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Abstract

This guide presents a pragmatic methodology for developing applied domain ontologies, derived from practical ontology engineering expe-
rience. It addresses the concrete architectural, technical, and methodological decisions confronting developers building formal knowledge
representations. The work introduces a layered model (LO-L4) connecting philosophical foundations to computational implementation,
demonstrating how ontological rigour translates into working systems. Emphasis is placed on modelling complex relationships—including
n-ary causal relations and interaction patterns—that exceed simple binary predicates. Technical coverage encompasses OWL 2 DL, BFO 2020
alignment, reification patterns, and integration with semantic web infrastructure. The guide bridges domain expertise and formal representa-
tion, providing workflows for collaborative development between subject matter experts and ontology engineers. Appendix A offers detailed
OWL /XML analysis, making abstract ontological structures accessible to developers with object-oriented programming backgrounds. This
resource serves as both implementation guide and methodological reference for computational ontology development. A reference domain

ontology is also available.
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1. Before You Begin: Critical Warnings

1.1 The Straight Story

If you're building a domain ontology, you're essentially creat-
ing a formal, machine-readable model of knowledge in a specific
area—whether that’s healthcare, e-commerce, manufacturing, or
whatever domain you're working in. Think of it as a sophisticated
data model that goes way beyond your typical database schema.

1.2 What Makes an Ontology Different from a Database
Schema?

Here's the thing: your MySQL schema defines how data is stored.
An ontology defines what things mean and how they relate to each
other in the real world. It's the difference between saying "this field
is VARCHAR(255)" and saying "a "Customer’ is a type of 'Person’
who has entered into at least one 'Transaction” with our 'Organisa-
tion’." Ontologies capture semantics, not just structure. They let
machines reason about your domain, infer new knowledge, and spot
inconsistencies you’d miss in traditional databases.

1.3 The Core Components You’ll Work With

Classes (Concepts): These are your main building blocks—like
'Vehicle', 'Person’, 'Document’. In OOP terms, they're similar to
classes, but with richer relationships and more formal definitions.
Properties (Relations): These define how classes relate. You've
got: Object properties: linking instances to other instances (e.g.,
'owns’, 'isPartOf’, 'employedBy’) Data properties: linking instances
to literal values (e.g., 'hasAge’, 'hasSerialNumber’)

Individuals (Instances): Specific examples of classes 'John Smith’,
'Vehicle 12345’. Like objects in OOP.

Axioms: The rules and constraints that govern your domain. This
is where ontologies really shine beyond traditional models. You can
specify that "every Manager must supervise at least one Employee"
or "nothing can be both a Vehicle and a Building."

1.4 Why Protégé Matters
Protégé is your visual workbench for ontology building. It's free,
it's powerful, and it handles OWL (Web Ontology Language)-the
de facto standard. You'll spend time in Protégé:

o Defining your class hierarchy

e Setting up properties and their domains/ranges

e Creating restrictions and axioms

e Running reasoners to check consistency

The interface can feel clunky at first, but once you understand the
OWL model underneath, it clicks.

1.5 The OWL Connection

OWL is to ontologies what SQL is to databases—it’s the language.
There are three flavours (OWL Lite, OWL DL, OWL Full), but you'll

probably work with OWL DL. It's based on description logic, which
means you can use automated reasoners to:

Check if your ontology is consistent
Infer new relationships

Classify individuals automatically
Spot logical contradictions

This reasoning capability is the killer feature that makes ontologies
more than just fancy data models.

1.6 Common Pitfalls (Learn from Others’ Pain)

Over-engineering: Don't try to model the entire universe. Model
what you actually need. Start small, iterate.

Confusing classes with instances: "London" isn't a class; it's an
instance of the class "City." This trips up newcomers constantly.

Ignoring upper ontologies: Look at established ontologies like FOAF
(Friend of a Friend), Dublin Core, or Schema.org before reinventing
the wheel. Reuse where sensible.

Poor naming conventions: Be consistent. Use camelCase or under-
scores, but pick one. Make names human-readable but unambigu-
ous.

1.7 Integrating with Your Tech Stack
Here’'s where your OOP and database skills come in handy:

APIs and Libraries: Use RDF libraries (like Apache Jena for Java,
RDFLib for Python, or dotNetRDF for C#) to programmatically
interact with your ontology.

Triple Stores vs. Relational Databases: Ontologies are often
stored in triple stores (like GraphDB, Virtuoso, or Apache Jena
TDB) rather than traditional RDBMS. They store subject-predicate-
object triples natively. However, you can export/import to MySQL
if needed, though you'll lose some semantic richness.

SPARQL Queries: This is the query language for ontologies—think
SQL, but for graph data. Learn it; you'll need it.

1.8 Practical Workflow
e Competency questions: Define what your ontology needs to
answer
o Enumerate key terms: List the main concepts
e Define the class hierarchy: Organise concepts into tax-
onomies
e Annotate the classes: You can also use multilingual annota-
tions
Define properties: Establish relationships
Create restrictions: Add the logical rules
Populate with instances: Add real data
Run reasoners: Check consistency and infer knowledge
Iterate: Ontologies evolve; they're never truly "finished".
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1.9 The Bottom Line

Building ontologies requires a shift in thinking. You're not just stor-
ing data; you're modelling knowledge. It's more upfront effort than
a database schema, but the payoff is a system that can reason,
adapt, and provide insights that traditional approaches miss. Get
comfortable with the foundational concepts, embrace the tooling,
and don’t be afraid to start simple and grow from there.

2. Introduction—What You're Actually Getting Into

2.1 What This Guide Covers (and What It Doesn’t)

This guide walks you through building a domain ontology from
conception to deployment. You'll learn to create formal, machine-
readable knowledge models that go far beyond traditional database
schemas. We’'ll cover technical architecture decisions, development
workflows, and integration strategies—all grounded in a real imple-
mentations.

What this isn’t: This isn't an academic treatise on description logic
or a philosophical exploration of ontological commitments. \We're
not teaching RDF from first principles or providing exhaustive OWL
syntax references. Those resources exist elsewhere and serve differ-
ent purposes.

2.2 Who This Is For
You're the ideal reader if you:

e Know at least one object-oriented programming language
(Java, Python, C#)

e Understand database fundamentals (schemas, queries, rela-
tionships)

e Have basic familiarity with Protégé ontology editor

o Want to actually build something, not just read about theory

You needn’t be an expert in semantic web technologies—we’ll explain
what's necessary as we go. However, you should be comfortable
learning new technical frameworks and willing to think differently
about knowledge representation.

2.3 The Promise: A Real Ontology by the End
By following this guide, you'll understand how to:

Make critical architectural decisions before writing codes

e Structure classes, properties, relationships systematically

e Implement complex patterns like n-ary relations for multi-
factor causation

o Integrate with upper ontologies (like BFO 2020) for interop-
erability

e Use reasoners to validate consistency and infer new knowl-
edge

e Deploy your ontology in triple stores or traditional databases

2.4 Your Reference Throughout

Throughout this guide, we'll reference the Ontology for Computa-
tional Sociology — OCS as a worked example. OCS demonstrates
these principles in practice. When abstract concepts need concrete
illustration, we'll show how OCS solved that specific challenge. Of
course, we will occasionally borrow examples from other ontologies
created by the author as well. Let’s get started.

3. Applied Ontology: A Layered Model

Regarding originality: these concepts exist partially in the liter-
ature, but synthesising them into this specific five-layer frame-
work, with explicit recognition of domain application as a dis-
tinct intellectual layer, is my own contribution.

3.1 LO - Philosophical Foundations: The Metaphysical Roots
Ontology as the philosophical study of being, traditionally under-
stood as a subdiscipline of metaphysics. This encompasses its his-
tory, contradictions, and established results—the foundation of ev-
erything we call ontology today.

This layer traces back to Aristotle’'s Metaphysics and Parmenides’
inquiries into the nature of existence. What does it mean for some-
thing to be? How do universals relate to particulars? What con-
stitutes identity and persistence through change? These ancient
questions establish the conceptual vocabulary that all subsequent
layers inherit, whether explicitly acknowledged or not.

The philosophical tradition provides essential distinctions: substance
versus accident, essence versus existence, continuants versus oc-
currents, abstract versus concrete entities. Contemporary formal
ontology—particularly frameworks like BFO (Basic Formal Ontol-
ogy)—grounds itself in rigorous philosophical analysis, ensuring that
computational representations rest on coherent metaphysical com-
mitments rather than ad hoc pragmatic decisions.

Without this foundational layer, applied ontology risks conceptual
incoherence-building elaborate formal structures on unexamined as-
sumptions that collapse under logical scrutiny. The philosophical
tradition offers centuries of refined thinking about categories, rela-
tions, and existence—wisdom that computational approaches ignore
at their peril.

3.2 L1 — Domain Applications: Ontology in Specific Contexts

Ontology applied to specific domains—religion, education, eco-
nomics, pleasure.

At this layer, philosophical abstractions meet concrete subject mat-
ter. Domain ontologists analyse specific areas of reality: What con-
stitutes a financial transaction 7 How do educational processes differ
from mere information transfer ? What defines religious versus secu-
lar institutions ? These questions demand both philosophical rigour
(LO foundations) and deep domain expertise.

This work on hedonic ontology demonstrates this layer's sophistica-
tion. Pleasure and pain aren't merely subjective experiences but pos-
sess formal structures amenable to ontological analysis—intensity,
duration, qualitative character, hedonic tone. Such work bridges
phenomenology, psychology, and formal metaphysics, producing
conceptual frameworks that illuminate previously murky domains.

Domain application requires sustained dialogue between ontologists
and subject-matter experts, ensuring formalisation faithfully cap-
tures domain understanding rather than imposing alien conceptual
schemes.

Success at L1 depends on respecting domain complexity whilst main-
taining philosophical coherence. Oversimplification produces useless
caricatures; uncritical acceptance of domain confusion merely for-
malises incoherence. The ontologist’'s role is mediating between
philosophical precision and domain authenticity.

3.3 L2 — Computational Formalisation

Ontology in computational form, as the Semantic Web interprets it.
Here, human-readable concepts receive full formal descriptions using
ontology languages (OWL, RDF) and mathematical logic (descrip-
tion logic, higher-order logics). The reference ontology operates at
this level.

This layer transforms philosophical and domain insights into precise
formal languages computers can process. It provides constructors for
defining classes, properties, and restrictions with unambiguous se-
mantics grounded in description logic. RDF (Resource Description
Framework) offers a graph-based model where subject-predicate-
object triples encode relationships systematically.

The translation from human concepts to formal representations
is non-trivial.  Natural language tolerates ambiguity, context-
dependency, and implicit background knowledge. Formal languages
demand explicitness, consistency, and completeness. An ontologist
must decide: Is "Manager" a subclass of "Employee" or a role that
employees assume ? Are social processes continuants or occurrents 7
Such decisions have logical consequences that ripple through the en-
tire ontology.

Description logic provides decidable reasoning—automated infer-
ence engines can check consistency, classify individuals, and detect
contradictions. This computational tractability comes at the cost
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of expressiveness; certain philosophical distinctions resist capture
in decidable fragments of logic. The ontologist navigates trade-
offs between expressiveness and computational efficiency, between
philosophical fidelity and practical utility.

Each domain-related concept receives formal definition, each re-
lationship specifies domain/range constraints and characteristics,
each causal pattern implements reification structures enabling com-
plex multi-factor causation representation. This formalisation en-
ables machines to reason about sociological knowledge—inferring
implicit relationships, validating theoretical consistency, and sup-
porting sophisticated queries impossible in informal frameworks.

3.4 L3 - Operational Systems: Deployed Knowledge

Computational ontologies imported into graph databases, enabling
semantic queries through nodes, edges, and properties. Combined
with natural language processing and web services, these become
complete systems deployable across various domains.

L3 transforms static ontologies into dynamic operational systems.
Triple stores like GraphDB, Virtuoso, or Apache Jena load OWL
ontologies, materialise inferred relationships through reasoning, and
expose SPARQL endpoints enabling sophisticated graph queries.
What was merely formal specification becomes queryable, updat-
able, and integrable infrastructure.

Real-world deployment introduces pragmatic concerns absent from
pure formalisation. Query performance matters—users won't tol-
erate minute-long reasoning times. Scalability becomes critical as
instance data grows from thousands to millions of entities. Version
management ensures system stability as ontologies evolve. Secu-
rity and access control protect sensitive information. Integration
with existing enterprise systems demands APls, data transformation
pipelines, and careful namespace management.

Natural language processing bridges human users and formal ontolo-
gies. Entity recognition extracts ontology concepts from unstruc-
tured text. Relation extraction identifies relationships mentioned
in documents. Question answering systems translate natural lan-
guage queries into SPARQL, execute them against ontology-backed
knowledge graphs, and present results in human-readable formats.

Web services and REST APIs expose ontology functionality to
diverse applications—mobile apps querying sociological concepts,
data integration pipelines annotating datasets with ontology terms,
analytics platforms leveraging ontology structure for feature engi-
neering in machine learning models. L3 is where ontology’s theo-
retical promise materialises as practical value in deployed systems
serving real users with genuine needs.

3.5 L4 — Al Integration: Machine Intelligence Grounded in
Formal Knowledge

The Semantic Web has become indispensable to contemporary sci-
ence, creating machine-readable knowledge that artificial intelli-
gence can process. This transformation parallels the revolutionary
impact of writing on information transmission.

Al systems increasingly require structured knowledge to transcend
pattern recognition and achieve genuine understanding. Machine
learning excels at extracting statistical regularities from data but
struggles with reasoning, explanation, and transfer learning across
domains. Ontologies provide the semantic scaffolding enabling Al
to understand what patterns mean, why relationships hold, and how
knowledge in one domain relates to another.

Knowledge graph embeddings learn vector representations of on-
tology entities whilst preserving logical structure. These embed-
dings power recommendation systems, similarity search, and analog-
ical reasoning—combining statistical learning's flexibility with log-
ical knowledge representation’s structure. A system might learn
that 'Social_Movement’ and 'Political_Mobilisation’ are semanti-
cally similar through embedding proximity whilst respecting their
formal ontological relationship through axiom constraints.

Explainable Al demands ontology grounding. When medical diag-
nostic systems explain recommendations, they reference ontology-
defined disease categories, symptom relationships, and treatment
protocols rather than opaque neural network activations. Similarly,

computational sociology systems analysing social phenomena can
explain findings through well-defined concepts and relationships—
""demographic transition correlates with institutional modernisation
because of formal causal relationships captured in the ontology"—
rather than mere statistical association.

Neuro-symbolic Al represents the frontier: hybrid systems combin-
ing deep learning’s perceptual capabilities with logical reasoning over
ontologies. Vision systems identify objects, ontologies provide con-
ceptual context enabling reasoning about those objects’ relation-
ships and implications. Language models generate text, ontologies
constrain generation ensuring factual consistency and logical coher-
ence. This integration promises Al systems that combine learning,
reasoning, and explanation—capabilities neither statistical learning
nor symbolic Al achieve in isolation.

The transformation indeed parallels writing's impact. Writing en-
abled knowledge transmission across time and space, creating cu-
mulative culture and civilisation.

Machine-readable ontologies enable knowledge transmission to arti-
ficial intelligences, creating the foundation for human-Al collabora-
tion and machine reasoning at scales impossible for unaided human
cognition. We stand at a similar inflection point: knowledge previ-
ously locked in human minds or unstructured text becomes formally
accessible to computational systems, with consequences as profound
as literacy’'s emergence millennia ago.

3.6 The Unity of Layers: No Level Privileged

Crucially, no layer is inherently superior to another. One cannot
meaningfully ask whether Konstantin Tsiolkovsky or Werner von
Braun contributed more significantly to rocketry—both were essen-
tial to achieving their shared goal, operating at different abstraction
levels.

Tsiolkovsky provided theoretical foundations—the rocket equation,
orbital mechanics, the feasibility of space travel. Von Braun en-
gineered practical rockets—the V-2, Saturn V—translating theory
into hardware that actually reached space. Neither achievement di-
minishes the other; both were necessary for humanity's expansion
beyond Earth’s atmosphere.

Similarly, philosophical ontology (L0) without computational imple-
mentation (L2-L4) remains abstract speculation lacking practical
validation. Computational systems (L3-L4) without philosophical
foundations (L0) and domain grounding (L1) become brittle, ad hoc
solutions that fail when confronting novel situations or requiring ex-
tension beyond initial scope. Each layer depends on those below
for conceptual foundations and those above for validation through
application. The old Latin maxims remain apt: Theoria sine praxi
sicut currus sine axi"—"Praxis sine theoria sicut currus sine via".

Applied ontology’s power emerges from integrating all layers: philo-
sophical rigour grounding domain analysis, formal representation en-
abling computation, operational deployment delivering value, and Al
integration amplifying human capability. The practitioner must nav-
igate this entire stack, understanding enough philosophy to avoid
conceptual incoherence, enough domain knowledge to ensure fi-
delity, enough formal logic and computer science to implement ef-
fectively, and enough systems engineering to deploy reliably.

This layered model offers a framework for positioning ontology work,
understanding disciplinary boundaries, and identifying collaboration
opportunities. An ontologist working at L1 (domain application)
benefits from engaging with computer scientists at L2 (formalisa-
tion) and philosophers at LO (foundations). A software engineer
at L3 (systems) gains from understanding the domain analysis (L1)
and philosophical commitments (LO) shaping the ontologies they de-
ploy. Recognising these layers clarifies where specific contributions
fit within the broader enterprise of applied ontology.

Note on terminology reification: In computational ontology, reifi-
cation refers to the technique of representing relationships as first-
class entities, enabling attachment of meta-properties and modelling
of n-ary relations. This is drastically distinct (almost diametrically
opposed) from the philosophical concept of reification as a cogni-
tive fallacy. The term'’s usage in formal knowledge representation
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is well-established and should not be confused with its pejorative
philosophical meaning.

4. Why Ontologies Matter—The Strategic Case

4.1 Cutting Through the Academic Waffle

Modern organisations face an increasingly acute challenge: siloed
knowledge scattered across incompatible systems. Your customer
data lives in a CRM using one vocabulary, your product cat-
alogue uses another, your regulatory compliance documentation
uses yet another, and your business intelligence tools struggle
to reconcile these competing conceptual frameworks. Traditional
approaches—manual mapping, brittle integration code, periodic
data warehousing—are expensive, fragile, and scale poorly.

Ontologies address this at a fundamental level. By providing a
shared, formal vocabulary with explicit semantics, they enable het-
erogeneous systems to communicate meaningfully. When your
CRM, ERP, and analytics platform all reference the same ontology-
defined concept of 'Customer’ or 'Transaction’, integration becomes
a matter of shared understanding rather than perpetual translation.

4.2 Reasoning: The Killer Feature

Here's what distinguishes ontologies from sophisticated data mod-
els: automated reasoning. A well-constructed ontology, paired with
a reasoner (HermiT, ELK, FaCT++), can:

Infer implicit knowledge: If your ontology states that 'Manager’ is
a subclass of 'Employee’ and that every Manager supervises at least
one Employee, the reasoner automatically classifies any individual
supervising others as a Manager—without explicit assertion.

Detect inconsistencies: If you accidentally classify something as
both 'Vehicle’ and 'Building’ (which you've declared disjoint), the
reasoner flags this immediately. In complex domains with thousands
of entities, such automated validation is invaluable.

Answer complex queries: SPARQL queries over ontologies can
traverse relationships, apply inference rules, and return results that
would require extensive procedural code in traditional databases.
"Find all customers who've purchased products from suppliers fac-
ing regulatory sanctions" becomes a straightforward graph query.

Support decision-making: In domains like healthcare or regulatory
compliance, ontology-based systems can identify relevant rules, flag
potential conflicts, and suggest applicable procedures based on for-
mal logical reasoning rather than keyword matching.

4.3 Interoperability and Standards Compliance

Ontologies built on W3C standards (RDF, OWL) integrate seam-
lessly into the broader semantic web ecosystem. Your domain on-
tology can align with established upper ontologies (BFO, DOLCE,
SUMO) or domain-specific standards (SNOMED CT for healthcare,
FIBO for finance), immediately gaining compatibility with tools,
datasets, and knowledge bases worldwide.

This interoperability extends beyond technical integration. When
regulatory bodies, industry consortia, or research communities pub-
lish standardised ontologies, adopting these frameworks ensures your
systems speak the same language as partners, regulators, and col-
laborators. Ontologies alignment with upper ones, for instance,
positions it for integration with biomedical, environmental, and eco-
nomic ontologies—enabling genuinely transdisciplinary research.

4.4 Future-Proofing and Adaptability

Business requirements evolve. New regulations appear. Domains
expand. Traditional database schemas require extensive refactoring
to accommodate fundamental changes. Ontologies, by contrast, are
designed for graceful evolution.

Adding new classes, properties, or restrictions needn’t break exist-
ing applications. Reasoners automatically propagate implications of
changes throughout the knowledge graph. Versioning strategies al-
low multiple ontology versions to coexist, enabling gradual migration
rather than disruptive overhauls.

This adaptability proves particularly valuable in rapidly evolving do-
mains—emerging technologies, shifting regulatory landscapes, inter-
disciplinary research areas. An ontology provides stable conceptual

foundations whilst accommodating new developments without ar-
chitectural rewrites.

4.5 The Al and Machine Learning Dimension

Contemporary Al and machine learning systems increasingly require
structured knowledge to move beyond pattern recognition towards
genuine understanding. Ontologies provide:

Feature engineering: Transform raw data into semantically meaning-
ful features for ML models. Rather than treating 'customer type -
7' as an arbitrary category, link it to a rich ontology of customer
classifications with explicit properties and relationships.

Explainability: When ML predictions reference ontology concepts,
their reasoning becomes interpretable. "This transaction is flagged
because it involves a high-risk customer category in a regulated
jurisdiction" is more actionable than "the model assigned a 0.87
probability score."

Knowledge graph embeddings: Modern techniques can learn vector
representations of ontology entities whilst preserving logical struc-
ture, enabling similarity search, analogical reasoning, and transfer
learning grounded in formal semantics.

Hybrid reasoning: Combine statistical ML predictions with logical
ontology reasoning. Use ML to extract entities and relationships
from unstructured text, then use ontology reasoning to validate con-
sistency, infer implications, and integrate with existing knowledge.

4.6 The Return on Investment

Building ontologies requires upfront investment—time, expertise,
and careful domain analysis. But organisations that embrace this
approach report:

e Reduced integration costs (one shared vocabulary vs. pair-
wise mappings)

e Faster onboarding of new systems (plug into existing ontol-
ogy)

e Improved data quality (automated consistency checking)

Enhanced discoverability (semantic search vs.
matching)

keyword

e Regulatory compliance (explicit, auditable knowledge repre-
sentation)

e Innovation enablement (new insights from inference, novel
applications from interoperability)

4.7 The Bottom Line

Ontologies represent a fundamentally different approach to knowl-
edge management. Rather than optimising for today’s specific
queries, they create semantic infrastructure supporting unfore-
seen future requirements. The upfront investment pays divi-
dends through interoperability, reasoning capabilities, and adaptabil-
ity—qualities increasingly essential in our complex, rapidly evolving
information landscape.

5. Critical Planning Decisions

5.1 Examining Your Domain: Scope and Boundaries

The most common failure mode in ontology development is attempt-
ing to model the entire universe. Resist this temptation. Successful
ontologies have clearly defined boundaries, explicit purposes, and
realistic scope constraints.

Definite requirements versus freely chosen scope: Some do-
mains come with predetermined boundaries—regulatory compliance
ontologies must cover specific legal frameworks; clinical ontologies
must represent particular diagnostic procedures. Others offer more
latitude.

The competency question method: Before writing a single class
definition, enumerate the questions your ontology must answer.
"What social processes influence political mobilisation ?" "Which
demographic factors correlate with educational attainment 7" "How
do organisational structures affect innovation rates?" These com-
petency questions serve as both specification and validation criteria.
If your ontology cannot support queries addressing these questions,
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it's incomplete. If it models concepts irrelevant to these questions,
it's over-engineered.

Domain expert access and collaboration: Ontology development
is fundamentally a knowledge acquisition exercise. Unless you pos-
sess deep domain expertise yourself, you'll require sustained access
to domain specialists. Plan for regular consultation, not merely an
initial requirements gathering session. As you formalise knowledge,
ambiguities and gaps emerge that only experts can resolve.

Realistic scope definition: A useful heuristic: if you cannot artic-
ulate your ontology’s core concepts in a single page, your scope is
probably too broad. Start with a minimal viable ontology covering
essential concepts, then expand iteratively.

5.2 Personal Readiness: Skills and Resources
Required technical skills: Object-oriented programming compe-
tence is essential. Ontology development involves thinking about
classes, inheritance, properties, and instantiation—concepts familiar
to OOP developers. Understanding these patterns in Java, Python,
or C#t translates directly to ontology engineering.

Database fundamentals matter. You needn’t be a database admin-
istrator, but understanding schemas, relationships, normalisation,
and queries provides crucial conceptual scaffolding. Much of ontol-
ogy engineering involves thinking about how entities relate, which
overlaps substantially with data modelling.

Logical thinking and precision are paramount. Ontologies demand
explicit, unambiguous definitions. The statement "a Manager is
someone who supervises employees" seems clear until you ask: Must
they supervise at least one employee ? Exactly one ? Can something
be both a Manager and not supervise anyone? Ontology engineer-
ing forces confrontation with such questions, requiring comfort with
formal logical specifications.

Computational background considerations: While deep semantic
web expertise isn't prerequisite, familiarity with XML, basic graph
theory, and formal logic accelerates learning. The W3C technol-
ogy stack (RDF, OWL, SPARQL) has specific syntax and semantics
that require investment to master. Budget time for learning these
standards—they're not intuitive initially, but become natural with
practice.

Version control proficiency is invaluable. Ontologies evolve through
iterations, and tracking changes systematically prevents disasters.
Git or similar systems allow experimentation, branching for major
revisions, and collaborative development.

Realistic time estimates: Personal experience with five ontologies
suggests: These estimates assume competent technical skills and
reasonable domain access. Lacking either extends timelines sub-
stantially:

e Simple ontology (50-100 classes, single domain): 12-14
weeks for someone familiar with the domain

o Medium complexity (200-500 classes, multiple intercon-
nected subdomains): 6-8 months with part-time effort

e Substantial ontology (500-1000+ classes, complex relation-
ships, n-ary patterns): 12-18 months, potentially longer

Resource requirements beyond your time: Access to appropriate
tools: Protégé is free and essential. A triple store (GraphDB,
Apache Jena, Virtuoso) for testing SPARQL queries and validating
deployment—many offer free versions sufficient for development.
Computational resources are modest; ontology development isn't
computationally intensive until reaching very large scales (tens of
thousands of classes).

Documentation infrastructure matters more than computational
power. Maintain clear records of design decisions, competency ques-
tions, and validation criteria. Future-you will thank present-you for
this discipline.

5.3 The Decision Point
Ontology development is intellectually demanding, time-consuming,
and requires sustained attention to detail. It’s also deeply reward-
ing, producing artefacts with longevity and reusability far exceeding
typical software projects.

Ask yourself: Do the benefits—interoperability, reasoning, semantic
precision, adaptability—justify the investment for your specific use
case ? If yes, proceed with confidence. If uncertain, consider start-
ing with a minimal prototype addressing one competency question,
then evaluating whether the approach delivers sufficient value to
warrant expansion.

6. Technical Architecture Decisions

6.1 The Implementation Technology Stack: Critical Choices
Before writing your first class definition, resolve fundamental archi-
tectural questions. These decisions shape everything downstream,
and changing them mid-project is costly.

6.2 Input: Capturing Domain Knowledge

How will domain experts provide information ? This seemingly mun-
dane question profoundly affects workflow efficiency.

Structured text files: The reference ontology development em-
ployed carefully formatted text files as control documents. Domain
experts (or developers working from expert consultations) speci-
fied classes, properties, and relationships in human-readable for-
mats. Benefits include version controllability, ease of editing without
specialised tools, and transparency—anyone can review text files.
Limitations include lack of immediate validation and potential for
formatting errors.

Direct Protégé editing: Domain experts with technical inclina-
tion can work directly in Protégé, defining classes and relationships
through the visual interface. This provides immediate validation
and visual feedback. However, it requires training domain experts
in Protégé’s interface and ontology engineering concepts, which may
not be feasible.

Interviews and documentation analysis: Many ontologies emerge
from systematic interviews with domain experts or analysis of exist-
ing documentation (textbooks, standards documents, policy manu-
als). This requires translating informal knowledge into formal on-
tology structures—a skilled intermediary role combining domain un-
derstanding with ontology engineering expertise.

Hybrid approaches: The most pragmatic strategy often combines
methods. Initial scoping through interviews, core concepts via struc-
tured text files or spreadsheets reviewable by domain experts, and
final refinement in Protégé. The reference ontology followed this
pattern: sociological literature review informed initial scope, struc-
tured control files captured detailed specifications, and Protégé en-
abled refinement and validation.

6.3 Storage: Knowledge Representation Infrastructure

Triple stores versus relational databases: This choice affects query
capabilities, reasoning performance, and integration patterns.

Triple stores (GraphDB, Apache Jena TDB, Virtuoso, Blazegraph)
store RDF triples natively: subject-predicate-object. They're opti-
mised for SPARQL queries, support inference efficiently, and inte-
grate seamlessly with semantic web standards. Performance scales
well for graph traversal queries. The reference ontology deploys nat-
urally to GraphDB, enabling sophisticated SPARQL queries across
sociological relationships.

Relational databases (MySQL, PostgreSQL) can store ontologies
but require mapping RDF's graph structure to relational tables—a
conceptual mismatch. Benefits include familiarity, mature tooling,
and integration with existing enterprise infrastructure. Limitations
include awkward SPARQL support, less efficient reasoning, and loss
of some semantic richness. Hybrid approaches exist: store the on-
tology in a triple store but cache materialized views in relational
databases for performance-critical queries.

Recommendation: Use triple stores for ontology-centric applica-
tions. Use relational databases when ontologies must integrate
tightly with existing relational systems and semantic reasoning isn’t
central.

6.4 Output: The Ontology File Itself

OWL variants—which flavour? OWL offers three expressiveness
levels.
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OWL Lite: Restricted expressivity, limited to simple class hierarchies
and simple constraints. Rarely sufficient for serious ontologies.

OWL DL (Description Logic): The sweet spot for most applica-
tions. Expressive enough for complex relationships and restrictions
whilst maintaining decidable reasoning—guarantees that reasoners
terminate with definite answers.

OWL Full: Maximum expressiveness, allowing arbitrary logical
statements. Reasoning becomes undecidable—queries might not
terminate. Rarely necessary and computationally expensive. Avoid
unless specific requirements demand this expressiveness.

Encoding formats: Once you've chosen OWL DL (as most projects
should), select a serialisation format:

OWL/XML: Verbose but explicit, directly representing OWL's log-
ical structure. Protégé’'s default format. The reference ontology
uses OWL /XML for clarity and tool compatibility.

RDF/XML: Standard RDF serialisation. More compact than
OWL /XML but less readable. Compatible with broader RDF tool-
ing.

Turtle, N-Triples, JSON-LD: Alternative RDF serialisations, each
with trade-offs regarding readability, compactness, and tooling sup-
port. Turtle offers good human readability; JSON-LD integrates
well with web applications.

Recommendation: Develop in OWL/XML (Protégé’s strength),
then convert to other formats as deployment requires.

6.5 Programming Language Selection

Which languages support ontology development? Several ma-
ture options exist:

Java: Apache Jena provides comprehensive RDF and OWL sup-
port—parsing, querying, reasoning, and manipulation. Mature,
well-documented, and performant. The reference development in-
frastructure uses Java extensively via Eclipse IDE, leveraging Jena's
capabilities.

Python: RDFLib offers solid RDF support with good documenta-
tion and Pythonic idioms. Reasoner integration is less mature than
Java's ecosystem but sufficient for many applications. Python's ap-
peal lies in rapid prototyping and data science library integration.

C#: dotNetRDF provides capable RDF/OWL support for .NET en-
vironments, enabling integration with enterprise Microsoft stacks.

Recommendation:  Java for substantial, production-oriented
projects. Python for rapid prototyping, data science integration,
or when Python's ecosystem offers other advantages. C# when
.NET integration is paramount.

6.6 Integration Points and Ecosystem Considerations

APIs and libraries matter: Beyond core RDF/OWL manipulation,
consider SPARQL query libraries, reasoner bindings (HermiT, ELK,
FaCT++), visualisation tools, and export utilities. Java's ecosys-
tem (Apache Jena, OWL API) is most comprehensive. Python's
RDFLib ecosystem is growing but less mature.

Deployment environment shapes choices: Web applications
might favour JSON-LD serialisation and JavaScript-accessible APls.
Enterprise integration might require SOAP/REST services exposing
ontology queries. Scientific computing might prioritise Python in-
teroperability. Consider deployment requirements when selecting
technologies.

Protégé remains central: Regardless of programmatic stack
choices, Protégé serves as the visual development environment. En-
sure your chosen technologies can import/export formats compatible
with Protégé, enabling bidirectional workflow—programmatic gen-
eration feeding into Protégé for refinement, and Protégé outputs
driving automated processes.

6.7 Technology Decisions in the Reference Ontology

The reference ontology exemplifies these choices: native Java-based
development using Eclipse IDE (without Apache Jena), OWL DL ex-
pressiveness in OWL /XML encoding, structured text files as domain

input, MySQL storage, and deployment to GraphDB for SPARQL
querying. This stack balanced expressiveness, tool maturity, and
deployment flexibility whilst remaining accessible to developers with
object-oriented programming backgrounds.

7. Essential Information Elements

7.1 The Minimum Required Components

Every ontology, regardless of domain or complexity, requires cer-
tain foundational elements. Understanding these components and
their interdependencies ensures systematic development and pre-
vents costly rework.

7.2 Class Definitions with Annotations

Classes form your ontology’s conceptual backbone. Each class
requires more than merely a label—comprehensive annotations
transform bare concepts into meaningful, reusable knowledge.

Essential annotations include:

Definitions (rdfs:icomment or skos:definition): Precise, unam-
biguous explanations of what the class represents. Such definitions
resolve ambiguity and guide consistent usage. If we want to see the
ontology among the OBO Foundry ontologies, then of course we
need to use OBO Foundry-conform annotation assertions, such as:

d obo:IA0_0000115 b RI
t : definition

iatedIRI>obo:IA0_0000119 )breviatedIRI
definition source iter

tion Bdl
Figure 1: OBO Foundry-conform annotation assertions.

Labels (rdfs:label): Human-readable names in one or more lan-
guages. Multilingual labels enhance accessibility and international
collaboration. The PRINCE2 ontology (it's a project management
methodology) could benefit from English, Dutch and German labels
alongside English ones, facilitating use by English, Dutch or German
managers:

Annotations  Usage Annotations Domains and ranges

Annotations
definition [language: en]
ProjectExecutive represents a senior stakeholder within PRINCE2 who sponsors the project and
provides strategic direction. They champion the project's value, secure resources, and make high-
level decisions to ensure project alignment with organizational goals.

definition [language: nl]

Projectsponsor: Een hoogwaardig stakeholder binnen PRINCE2 die het project sponsort en
strategische richting geeft. Ze ondersteunen de projectwaarde, beveiligen middelen en nemen
hoogwaardige beslissingen om de uitlijning van het project met de organisatiedoelen te verzekeren.

definition [language: de]

Projektauftraggeber: Ein hochrangiger Stakeholder innerhalb von PRINCE2, der das Projekt
sponsert und strategische Richtung vorgibt. Sie unterstiitzen den Projektwert, sichern Ressourcen
und treffen hochrangige Entscheidungen, um die Ausrichtung des Projekts auf die
Organisationsziele sicherzustellen.

BFO equivalent [language: en]

INDEPENDENT CONTINUANT - Elucidation: A continuant entity that is the bearer of qualities and a
participant in processes. Independent continuants are such that their identity can be maintained
over time through gain and loss of parts, as well as through changes in qualities. Source: Robert
Arp, Barry Smith, and Andrew D. Spear: Building Ontologies with Basic Formal Ontology. The MIT
Press Cambridge, Massachusetts London, England. ©2015 Massachusetts Institute of Technology.
ISBN 978-0-262-52781-1, Glossary. https://www.ebi.ac.uk/ols4 /ontologies /bfo/classes/http%
253A%252F%252Fpurl.obolibrary.org%252Fobo%252FBFO 0000004

Figure 2: Multilingual class annotation.

Editorial notes (skos:editorialNote): Documentation of design de-
cisions, scope boundaries, or known limitations. "This class excludes
purely online movements without physical manifestation; those be-
long under Digital Social Phenomena." Future maintainers thank
you for such clarifications.

Provenance metadata: Citations to authoritative
sources—textbooks, standards documents, domain experts con-
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sulted. This grounds your ontology in established knowledge and
facilitates verification.

7.3 Object Properties: Annotations and Characteristics

Object properties define relationships between instances. In
PRINCE2 ontology, properties like 'isMemberOfActor’, 'isStake-
holderOf’, and ’'stageFulfilmentBy’ structure the management
knowledge graph.

Critical specifications:

Domain and range: Which classes can serve as subjects and ob-
jects? The property 'supervises’ might have domain '"Manager’ and
range 'Employee’, constraining usage and enabling reasoner valida-
tion.

Property characteristics matter profoundly:

e Functional: Each subject relates to at most one object ('has-
BirthDate')

e Inverse functional: Each object relates to at most one sub-
ject (‘isldentifiedBy’ for unique identifiers)

o Transitive: If A relates to B and B relates to C, then A
relates to C ('isPartOf’, "hasAncestor’)

o Symmetric: If A relates to B, then B relates to A ('isMar-
riedTo’, 'isColleagueOf’)

e Asymmetric: If A relates to B, then B cannot relate to A
('isParentOf’, 'supervises’)

o Reflexive/Irreflexive: Whether entities can relate to them-
selves

The PRINCE2 ontology meticulously specifies these characteristics
for its 34 object properties, enabling sophisticated automated rea-
soning. For instance, marking 'isPartOf’ as transitive allows rea-
soners to infer that if a Department is part of a Faculty, and the
Faculty is part of a University, then the Department is transitively
part of the University—without explicit assertion.

Inverse properties: Defining inverse pairs ('creates’ / 'createdBy’,
'supervises' / 'supervisedBy') enables bidirectional navigation and
query flexibility. Both the OCS and the PRINCE2 ontologies define
inverses for each object property, ensuring comprehensive relation-
ship coverage.

7.4 Data Properties: Types and Constraints

Data properties link instances to literal values—numbers, strings,
dates, booleans. Where object properties connect entities within
your ontology, data properties ground those entities in measurable
or descriptive data.

Essential specifications:

Data types (xsd:integer, xsd:string, xsd:dateTime, xsd:decimal):
Explicit typing enables validation and appropriate handling. A prop-
erty 'hasAge’ typed as xsd:integer prevents nonsensical values like
"twenty-three" or "blue".

Domain constraints: Which classes can bear this property?
'hasEmployeeCount’ makes sense for 'Organisation’ but not for 'Per-
son’.

Cardinality restrictions:Must every instance have this property?
Can it have multiple values? "Every Person has exactly one birth-
Date" versus "A Person may have zero or more emailAddresses."

Functional characteristics: If 'hasSerialNumber’ is functional, each
instance has at most one serial number—reasoners flag violations.

The reference ontology’s 78 data properties include annotations
explaining measurement units, valid ranges, and data collection
methodologies—crucial for reproducibility and correct interpreta-
tion.

7.5 Relationship Definitions: Beyond Simple Triples

Simple subject-predicate-object triples suffice for many relation-
ships, but complex domains often require richer patterns. N-ary
relations handle multi-factor causation: Rather than stating "A

causes B" (binary), sociological phenomena often involve "factors
X, Y, and Z collectively produce outcomes A and B." The reference
ontology’s reification pattern creates explicit 'Collective Causal -
Event' individuals connecting multiple causes to multiple effects
whilst maintaining logical coherence and query tractability.

Each relationship requires:

Relation name and identifier: Systematic naming (‘causal_-
Event 1D000139’) enables reference and tracking.

Annotations explaining: Theoretical basis, empirical support,
scope limitations, and sociological significance. These transform
formal structures into interpretable scholarly knowledge.

Type specification: Is this causal, temporal, spatial, compositional,
or functional? Explicit typing guides appropriate reasoning and
query formulation.

Subject(s) and object(s): In n-ary patterns, multiple entities par-
ticipate. The reference ontology's pattern explicitly links contribu-
tory factors via 'contributesToCausalEvent’ and consequent effects
via 'causalEventProduces’, whilst also generating Cartesian product
assertions for direct query access.

7.6 Representation Formats for Information Elements

How you capture these elements depends on workflow prefer-
ences. We can employ structured text files—space-delimited for
class hierarchies, formatted specifications for properties and rela-
tionships. This approach balanced human readability, version con-
trollability, and automated processing.

Alternative approaches include spreadsheets (accessible to non-
technical domain experts but limited expressiveness), direct Pro-
tégé editing (immediate validation but requiring tool familiarity),
or programmatic generation from databases (powerful but requiring
robust scripting infrastructure).

The critical requirement: whatever format you choose, ensure com-
pleteness. Every class needs definitions and annotations. Ev-
ery property requires domain/range specifications and characteris-
tic declarations. Every relationship demands clear documentation.
Incomplete specifications create ambiguity, undermining the ontol-
ogy'’s value proposition.

8. Upper Ontologies—Standing on Giants’ Shoulders

8.1 Why Upper Ontologies Matter

Upper ontologies provide philosophical and logical foundations
for domain-specific ontologies. Think of them as the theoretical
frameworks in which your domain concepts are situated—analogous
to how programming languages provide type systems within which
your application code operates.

Building a domain ontology without considering upper ontology
alignment resembles writing application code without understand-
ing the programming language’s fundamental types and structures.
You might succeed through intuition and trial-and-error, but you'll
miss systematic benefits and create avoidable incompatibilities.

8.2 The Promise of Interoperability

The primary value proposition: ontologies aligned with common
upper ontologies can interoperate seamlessly. If your healthcare on-
tology and your environmental science ontology both ground their
concepts in BFO (Basic Formal Ontology), integrating them be-
comes tractable—shared foundational concepts like 'Process’, 'Ob-
ject’, 'Quality’, and 'Role’ provide common vocabulary and struc-
ture. The reference ontology’s alignment with BFO 2020 positions
it for integration with biomedical ontologies (the Gene Ontology,
the Ontology for Biomedical Investigations), economic ontologies,
and environmental science frameworks—all sharing BFO founda-
tions. This enables genuinely transdisciplinary research connecting
sociological phenomena with public health outcomes, economic in-
dicators, or environmental conditions.

8.3 BFO 2020: Structure and Benefits

Basic Formal Ontology is an ISO standard (ISO/IEC 21838-
2:2021), providing formal specifications ensuring consistency and
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interoperability across disparate knowledge domains. BFO's
widespread adoption spans biomedical research, defence and security
intelligence, industrial ontology, and increasingly, social sciences.

BFQ’s fundamental distinction: continuants versus occurrents.
Continuants are entities persisting through time whilst maintain-
ing identity—objects, qualities, roles. A person, an organisation,
a social institution are continuants. Occurrents are processes and
events unfolding over time—a social movement, a political election,
an economic transaction. This partition enables precise modelling of
both static entities and dynamic processes, crucial for representing
complex social phenomena.

BFO’s hierarchy provides scaffolding:

Material entities (physical objects—people, buildings, documents)
versus immaterial entities (spatial regions, temporal intervals).

Specifically dependent continuants—qualities (a person’s height,
an organisation’s reputation) and realizable entities (dispositions,
functions, roles). A person’s role as 'Manager’ or 'Citizen’ is a re-
alizable entity—it exists even when not currently manifesting.

Processes with temporal parts—social movements have initiation
phases, mobilisation periods, and decline stages.

8.4 Alternative Upper Ontologies

BFO isn’t the only option, though it's perhaps the most widely
adopted in scientific domains. Alternatives include:

DOLCE (Descriptive Ontology for Linguistic and Cognitive En-
gineering): Emphasises cognitive and linguistic perspectives. More
philosophically nuanced regarding qualities, events, and participa-
tion. Popular in natural language processing applications.

SUMO (Suggested Upper Merged Ontology): Comprehensive
coverage including abstract concepts, processes, and objects. Exten-
sive—over 20,000 terms and 70,000 axioms. Perhaps too elaborate
for many applications, but valuable for projects requiring exhaustive
conceptual coverage.

GIST (Minimalist upper ontology): Pragmatic, business-oriented
framework. Less philosophically ambitious than BFO or DOLCE but
more accessible for enterprise applications. Suitable when interop-
erability with academic research ontologies isn’t paramount.

GFO (The General Formal Ontology) is foundational upper on-
tology integrating processes and objects. It draws a fundamen-
tal distinction between concrete entities, categories and sets (sets
are described by an axiomatic fragment of set theory of Zermelo-
Fraenkel).

Comparison considerations: BFO offers scientific rigour and
widespread adoption in research contexts. DOLCE suits linguistic
and cognitive science applications. SUMO provides encyclopaedic
coverage. GIST enables rapid enterprise deployment without philo-
sophical complexity.

8.5 When to Use Upper Ontologies (and When to Skip)
Use upper ontologies when:

Interoperability matters: Your ontology must integrate with oth-
ers, particularly across domains.

Longevity and maintenance are priorities: Upper ontology align-
ment provides stable foundations. As your domain ontology evolves,
the upper ontology structure remains constant, preventing architec-
tural drift.

Rigour and consistency are paramount: Upper ontologies enforce
philosophical coherence, preventing conceptual muddles that plague
informally developed ontologies.

Consider skipping when:

Your ontology is narrowly scoped and standalone: A small,
application-specific ontology unlikely to integrate with external sys-
tems might not justify upper ontology complexity.

Rapid prototyping is the priority: Initial development can proceed
without upper ontology alignment, deferring this until core concepts
stabilise.

Domain experts lack philosophical inclination: Upper ontologies
introduce abstract concepts (continuants, occurrents, realizable en-
tities) that may confuse non-philosophically-minded collaborators.

8.6 Practical Integration: How the Reference Ontology Uses
BFO

The reference ontology doesn’t merely reference BFO abstractly—it
systematically maps every class to appropriate BFO categories. 'So-
cial Movement’ is a subclass of BFO:process. ’Social Institu-
tion' is a BFO:object _aggregate with specific BFO:roles. 'Social -
Change’ events are BFO:processes with temporal boundaries.

This mapping occurred iteratively during development of the ref-
erence ontology. Initial sociological concepts were defined infor-
mally, then progressively aligned with BFO structures as the ontol-
ogy matured. Reasoners validated these mappings, flagging incon-
sistencies where sociological concepts violated BFO's logical con-
straints—prompting either concept refinement or reconsideration of
BFO alignment.

The result: an ontology grounded in internationally standardised
philosophical foundations, ensuring longevity, interoperability, and
logical coherence whilst remaining faithful to sociological domain
expertise.

9. Beyond Binary Relations—N-ary Patterns

9.1 The Limitation of Binary Relationships

Traditional ontologies excel at binary relationships: "Person A
employs Person B," "Document X was created by Actor Y," "Or-
ganisation P is located in City Q." These subject-predicate-object
triples form the backbone of RDF and handle vast swathes of knowl-
edge representation effectively.

But reality is messier. Consider sociological causation: "Youth
mobilisation, social media proliferation, and economic inequality
collectively contributed to political instability and social movement
emergence." This isn't a simple binary relationship—multiple factors
operate conjointly to produce multiple effects. Attempting to repre-
sent this through binary relationships forces artificial simplifications
that distort the underlying phenomenon.

Some ontologies confront this challenge head-on with several n-
ary causal relations, representing complex domain-specific causation
through sophisticated reification patterns. This architectural deci-
sion distinguishes these ontologies from simpler ones, and exempli-
fies how careful modelling can capture domain complexity without
sacrificing logical coherence.

9.2 The Challenge of Complex Causation

Why binary relations fail for causation: Imagine modelling "Sur-
vey methods and questionnaires jointly enable qualitative research,
quantitative research, and representative sampling." Binary relations
force you to create multiple separate triples: "Survey causes quali-
tative research," "Survey causes quantitative research," "Question-
naire causes qualitative research," and so forth. This creates six
separate assertions, obscuring the crucial fact that these factors op-
erate collectively, not independently.

Moreover, you cannot attach metadata—certainty measures, tem-
poral scope, theoretical justification—to the causal relationship it-
self, only to individual binary triples. This fragments information
that belongs together conceptually.

9.3 Reification: Making Relationships First-Class Citizens

Reification transforms relationships into explicit ontology entities.
Rather than merely asserting "A causes B," you create a unique in-
dividual representing the causal relationship itself, then link causes
and effects to this reified entity. The reification pattern (used in
the reference ontology, as well) five architectural components:

o Reified Causal Events: Each n-ary relationship instanti-
ates a unique individual of the class 'Collective_Causal _-
Event'—for instance, 'causal _Event 1D000139'. This indi-
vidual serves as the ontological anchor for the entire causal
structure.
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e Contributory Linkages: Causal factors connect to the
reified event through the object property 'contributesTo-
CausalEvent’. For the research methods example, both 'Sur-
vey' and 'Questionnaire’ link to 'causal Event ID000139’
via this property.

e Consequential Linkages: Effects connect from the rei-
fied event via 'causalEventProduces’.  Thus 'causal -
Event 1D000139’ links outward to 'Qualitative Research -
Method’, 'Quantitative  Research Method’, and 'Represen-
tative_ Sample’.

e Cartesian Product Assertions: For query convenience, the
framework also generates direct binary assertions between
each cause and each effect. This provides multiple access
paths—sophisticated queries can navigate the reified struc-
ture; simple queries can use direct assertions.

e Semantic Annotations: Each reified event individual car-
ries structured annotations documenting theoretical basis,
empirical support, sociological significance, and formal no-
tation. This transforms bare logical structures into inter-
pretable scholarly knowledge.

9.4 Formal Semantics and Implementation

The mathematical structure: Let D = {di,d>,..
domain entities (causes) and R = {r1,r2,..
entities (effects). The framework generates:

.,dn} represent
.,Tm} represent range

o A unique reified individual e € Collective Causal _Event

e n contributory assertions: contributesToCausal Event(d;, e)
for ¥d; € D

e m consequential assertions: causalEventProduces(e,r;)
forVr; € R

e n x m direct assertions: relationPredicate(d;,r;)
forVd; € D and Vr; € R

This generates multiple inference paths whilst maintaining logical
coherence.

9.5 Implementation in OWL /XML

The reference ontology encodes these patterns systematically in
OWL/XML. Each reified event appears as a named individual with
class assertion, property assertions linking causes and effects, and
annotation assertions providing scholarly metadata.

This encoding is verbose but explicit, ensuring tool compatibility and
human readability. Automated generation from structured control
files (as the reference ontology development employed) makes this
verbosity manageable—humans specify the high-level relationship in
concise format; software generates comprehensive OWL /XML en-
coding.

9.6 Advantages Over Simpler Patterns
Why undertake this complexity? Several compelling benefits:

Semantic precision: The collective nature of causation is explicit,
not implicit. Reasoners and humans alike understand that factors
operate jointly, not independently.

Metadata attachment: Annotations attach to the relationship
itself—certainty measures, temporal scope, theoretical justifica-
tion—rather than fragmenting across multiple binary triples.

Query flexibility: SPARQL queries can traverse either the reified
structure (for sophisticated analysis) or direct assertions (for simple
retrieval), depending on requirements.

Extensibility: Additional causal factors or consequences can be in-
corporated without restructuring existing relationships, supporting
iterative ontology development.

9.7 Trade-offs and Considerations
N-ary patterns increase ontology size and complexity.

Development overhead is substantial. Implementing the reifica-
tion pattern requires careful design, systematic generation tooling,
and thorough validation.

Not every relationship warrants this treatment. Simple binary
relationships should remain binary. Reserve n-ary patterns for gen-
uinely complex, multi-factor phenomena where the additional ex-
pressiveness provides clear value.

The Bottom Line

N-ary relations represent principled solutions to genuine repre-
sentational challenges. For domains involving complex causation,
interaction effects, or multi-party relationships, n-ary patterns are
not optional luxuries but essential tools for faithful knowledge rep-
resentation.

10. Advanced Relational Patterns

10.1 Extending the N-ary Framework

The n-ary relation pattern presented in this guide effectively
captures conjunctive causation—scenarios where multiple factors
operate jointly to produce effects. This framework represents a
substantial advance over simplistic binary causation models. Yet
sociological phenomena exhibit additional causal complexities that
warrant formal representation. This slide explores five advanced
patterns representing natural extensions of the n-ary framework,
addressing representational challenges that emerge when modelling
sophisticated domain knowledge.

These patterns remain implementable within OWL 2’s expres-
sive capabilities while pushing beyond standard approaches. They
illustrate how ontology engineering evolves through iterative refine-
ment—identifying representational limitations, conceptualising so-
lutions, and extending frameworks systematically rather than aban-
doning them for entirely new architectures.

10.2 Disjunctive Causation: Alternative Sufficient Pathways

Standard n-ary relations encode conjunctive logic—Factor A
AND Factor B AND Factor C jointly cause Effect E. But numerous
social phenomena arise through alternative pathways, where any of
several factors proves independently sufficient. The representational
challenge lies in formalising "Factor A OR Factor B OR Factor C
causes Effect E" while maintaining the semantic precision and rea-
soning tractability that motivated n-ary structures initially.

Disjunctive causation fundamentally differs from conjunctive
patterns in its logical structure and empirical implications. Con-
junctive causation implies necessity—all specified factors must be
present for the effect to occur. Disjunctive causation implies suf-
ficiency—any single pathway produces the outcome, though multi-
ple pathways may coexist. This distinction carries profound conse-
quences for prediction, intervention, and theoretical understanding.
Blocking one pathway in disjunctive causation fails to prevent the
outcome if alternative routes remain available, whereas disrupting
any factor in conjunctive causation eliminates the effect entirely.

Formal representation must distinguish multiple sufficient path-
ways from genuine multicausality where factors genuinely com-
bine. The challenge intensifies when empirical evidence suggests
some pathways operate conjunctively while others operate disjunc-
tively—requiring hybrid structures capturing both logical modes si-
multaneously.

10.3 Threshold Effects: Cumulative Causation

Threshold causation introduces temporal and quantitative di-
mensions absent from standard n-ary patterns. Here, effects emerge
only after sufficient accumulation of causal factors—either through
repeated instances of a single factor or through progressive combi-
nation of multiple factors. A single instance proves causally inert;
cumulative exposure crossing some threshold activates the causal
mechanism.

This pattern challenges ontology’s traditional focus on state-
based representation. Standard n-ary relations assert "these fac-
tors, when present together, cause this effect"—a snapshot captur-
ing a moment where causation holds. Threshold effects demand
representing accumulation over time, quantitative measures of fac-
tor intensity or frequency, and the critical threshold boundary sepa-
rating causal inertness from activation.
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The distinction from standard n-ary patterns lies in this quan-
titative and temporal character. Simple presence/absence logic
proves inadequate; the ontology must represent degrees, frequen-
cies, and temporal trajectories. Moreover, threshold effects often
exhibit non-linearity—gradual accumulation produces sudden quali-
tative changes once thresholds cross, creating emergent phenomena
irreducible to constituent factors’ properties.

10.4 Interaction Effects: Synergistic Causation

Interaction effects represent scenarios where factors prove
causally inert individually but produce outcomes when combined.
This differs subtly but importantly from standard conjunctive causa-
tion. In conjunction, factors contribute independently—each brings
causal influence, which combine additively. In interaction, factors
lack individual causal power; their combination creates emergent
causal capacity absent from any constituent alone.

The representational challenge lies in capturing emergence for-
mally. Standard n-ary relations can encode "Factor A AND Factor B
cause Effect E," but this representation fails to distinguish whether
A and B contribute independently (conjunction) or whether their
interaction generates novel causal power (synergy). The ontology
must somehow represent that examining A alone or B alone reveals
no causal pathway to E—only their specific combination manifests
causal efficacy.

This pattern proves particularly significant for computational
sociology where macro-level phenomena emerge from micro-level
interactions, institutional structures arise from individual practices,
and cultural patterns crystallise from distributed individual be-
haviours. Capturing genuine emergence—where wholes exceed the
sum of parts—demands representational sophistication beyond ad-
ditive conjunction.

10.5 Conditional Causation: Moderating Variables

Conditional causation introduces context-dependency—Factor A
causes Effect E, but only when Condition M holds. The moderating
variable M doesn’t cause E directly, nor does it merely conjoin with
A as an additional causal factor. Rather, M governs whether A's
causal relationship to E operates at all.

This three-way relationship differs structurally from binary or
n-ary patterns. In standard n-ary relations, all participants hold
equivalent status as causal factors. In conditional causation, roles
differentiate: A is the primary cause, E is the effect, and M mod-
erates the causal relationship itself. The ontology must represent
not merely "A and M cause E" but rather "M determines whether
A causes E"—a second-order relationship about relationships.

Conditional patterns prove ubiquitous in social science where
cultural contexts, institutional environments, and historical circum-
stances shape whether observed regularities hold. Theories assert-
ing universal causal laws often fail empirically because unrecognised
moderating variables invalidate causal relationships outside specific
contexts. Formal representation of conditionality enables ontologies
to capture this theoretical sophistication.

10.6 Recursive Causation: Feedback Loops

Recursive causation involves effects that influence their own
causes—creating feedback loops, self-reinforcing cycles, or homeo-
static mechanisms. Factor A causes Effect E, which in turn influ-
ences A, creating temporal dynamics where causation flows circularly
rather than unidirectionally.

Standard n-ary patterns assume causal asymmetry and temporal
ordering—causes precede effects, and causal relationships point for-
ward in time. Recursive structures violate this assumption, requiring
representation of circular causation and temporal dynamics. The on-
tology must distinguish reinforcing feedback (where effects amplify
causes) from balancing feedback (where effects dampen causes),
positive loops (exponential growth or collapse) from negative regu-
lation (stability and homeostasis).

The representational challenge intensifies because recursive cau-
sation generates path-dependent dynamics, multiple equilibria, and
potential chaos—outcomes depend sensitively on initial conditions

and historical trajectories. Static ontological representation strug-
gles to capture these dynamic properties, suggesting that sophisti-
cated causal ontologies may require hybrid approaches integrating
formal logic with dynamical systems theory or agent-based simula-
tion.

10.7 Towards Richer Causal Ontologies
These five patterns

e Disjunctive Causation

e Threshold Effects

e Interaction Patterns

e Conditional Relationships

e Recursive Structures

represent natural progressions beyond basic n-ary conjunctive frame-
works. Each addresses genuine representational challenges emerging
from domain complexity, particularly in social sciences where causal
relationships exhibit logical variety, temporal dynamics, quantitative
thresholds, contextual dependency, and circular feedback.

Implementing these patterns within OWL 2 requires careful
architectural decisions balancing expressiveness against reasoning
tractability, semantic precision against practical usability. Not ev-
ery ontology requires all patterns; domain characteristics determine
which causal complexities warrant formal representation. Yet aware-
ness of these possibilities positions ontology engineers to recognise
when standard patterns prove inadequate and conceptualise appro-
priate extensions systematically.

The evolution of applied ontology proceeds through precisely this
iterative process—deploying established patterns, encountering their
limitations, conceptualising extensions, implementing and validating
refinements, and progressively enriching our capacity to represent
knowledge formally. These advanced causal patterns illustrate that
frontier clearly.

11. Integration with Your Tech Stack

11.1 Bridging Ontologies and Applications

An ontology’s value materialises through integration with appli-
cations, databases, and analytical workflows. Isolated ontologies,
however elegant, provide no practical benefit. This slide explores
how your OOP, database, and programming skills enable effective
ontology deployment within technical ecosystems.

11.2 Your Gateways to Ontology Manipulation

RDF libraries provide programmatic ontology access. These ma-
ture frameworks handle parsing, querying, manipulation, and se-
rialisation—freeing you to focus on application logic rather than
low-level RDF mechanics.

Apache Jena (Java): The most comprehensive and mature
RDF/OWL framework. Jena provides complete ontology manipu-
lation capabilities—loading OWL files, navigating class hierarchies,
querying with SPARQL, invoking reasoners, and serialising to vari-
ous formats.

Jena’s model interface represents RDF graphs; OntModel extends
this with ontology-specific operations. You can programmatically
create classes, define properties, establish restrictions, and populate
instances—everything achievable through Protégé’s GUI becomes
scriptable through Jena's APL. This enables automated ontology
generation, systematic population from databases, and integration
within larger application architectures.

RDFLib (Python): The standard Python library for RDF ma-
nipulation. Whilst less comprehensive than Jena, RDFLib han-
dles most common requirements—parsing RDF/OWL, executing
SPARQL queries, traversing graphs, and serialising to multiple for-
mats. lts Pythonic API integrates naturally with data science work-
flows, making it ideal when ontologies intersect with machine learn-
ing, statistical analysis, or scientific computing.

RDFLib's plugin architecture supports various parsers, serialisers,
and stores. Integration with Jupyter notebooks facilitates ex-
ploratory ontology analysis and visualisation—useful for validating
ontology structure or presenting results to stakeholders.
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dotNetRDF (C+#): Comprehensive RDF support for .NET envi-
ronments. If your application stack centres on Microsoft technolo-
gies—ASP.NET web applications, Azure cloud services, enterprise
integration with SharePoint or Dynamics—dotNetRDF provides na-
tive .NET ontology manipulation whilst maintaining compatibility
with RDF standards.

Selection criteria: Choose Jena for production systems requiring
robustness, comprehensive OWL support, and mature reasoner in-
tegration. Choose RDFLib for rapid prototyping, data science inte-
gration, or Python-centric environments. Choose dotNetRDF when
.NET ecosystem integration outweighs other considerations.

11.3 Triple Stores Versus Relational Databases

Storage architecture profoundly affects query performance, rea-
soning capabilities, and integration patterns. The fundamental
question: should your ontology live in a triple store or a traditional
relational database?

Triple Stores: Purpose-built for RDF data storage and SPARQL
query processing. GraphDB, Virtuoso, Apache Jena TDB, Blaze-
graph, and others store subject-predicate-object triples natively, op-
timising for graph traversal queries. They provide native SPARQL
endpoints, efficient reasoning support, and seamless integration with
semantic web standards.

Reasoner integration: Triple stores often provide integrated rea-
soning (materialisation or query-time inference), automatically com-
puting transitive closures, property inheritance, and classification.
This eliminates custom inference logic in application code.

Relational Databases: Traditional RDBMS (MySQL, PostgreSQL,
Oracle) can store RDF through schema mapping—triples become
rows in relational tables. This approach suits organisations with
existing relational infrastructure, deep SQL expertise, and require-
ments for tight integration with legacy systems.

However, the impedance mismatch is substantial.: RDF’s graph
structure maps awkwardly to relational tables. SPARQL queries
translate to complex SQL with numerous joins, often perform-
ing poorly. Reasoning becomes application-level logic rather than
database-supported inference. Semantic richness erodes as RDF's
flexibility confronts relational schema rigidity.

Hybrid approaches exist: Store the authoritative ontology in a
triple store, but materialise frequently—accessed views into rela-
tional databases for performance—critical queries. This balances
semantic richness with query performance, though at the cost of
synchronisation complexity.

11.4 SPARQL Queries: The Query Language for Graphs
SPARQL is to ontologies what SQL is to relational databases—
the standard query language. It allows users to retrieve and ma-
nipulate data from these databases, and is used for Linked Open
Data and knowledge graphs: Similar to how SQL works for rela-
tional databases. Mastering SPARQL is non-negotiable for effective
ontology deployment.

Basic pattern matching: SPARQL queries specify graph pat-
terns—templates of triples with variables. The query engine finds

all variable bindings matching the pattern. "Find all social processes
that influence political mobilisation" becomes:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX ocs: <https://www.edithlaszny.eu/0CS/data/#>
PREFIX skos: <http://www.w3.0rg/2004/02/skos/core#>

SELECT ?process WHERE
{

?process rdf:type :Social_Process .
?process :influences :Political_Mobilisation .

Figure 3: Simple SPARQL query.

Advanced features matter: SPARQL 1.1 introduced crucial ca-
pabilities—aggregation (COUNT, SUM, AVG), property paths for

transitive queries, subqueries, and federated queries spanning mul-
tiple SPARQL endpoints. The reference ontology's sophisticated
causal relationships benefit from property path queries traversing
multi-step inference chains,- see the following (quite complicated)
SPARQL script:

Integration with application code: RDF libraries provide SPARQL
execution APIs. Jena’s QueryExecution interface executes queries
and returns results as Java objects. RDFLib's query method re-
turns Python bindings. This enables embedding SPARQL queries
within application logic, parameterising queries with user input, and
processing results through standard programming constructs.

11.5 Export and Import Workflows

Ontologies rarely exist in isolation. Import/export workflows en-
able data exchange, backup/restore, format conversion, and tool
interoperability.

Export scenarios: Generate RDF/XML, Turtle, JSON-LD, or other
serialisations for external consumers. Export subgraphs for focused
analysis. Generate documentation (HTML, PDF) from ontology
annotations. The reference ontology’s development includes ex-
port utilities generating human-readable HTML browsing interfaces
alongside machine-readable OWL/XML.

Import scenarios: Ingest data from CSV files, relational databases,
APIs, or other ontologies. Map external vocabularies to your ontol-
ogy's concepts. Merge multiple ontologies whilst resolving names-
pace conflicts and property alignments.

Protégé bidirectional integration remains crucial: Regardless of
programmatic workflows, Protégé serves as the visual development
environment. Ensure your technical stack can export formats Pro-
tégé imports (OWL/XML, RDF /XML, Turtle) and import Protégé’s
outputs. This enables seamless switching between programmatic
generation and visual refinement.

11.6 Practical Integration Architecture
A typical deployment architecture for ontology-driven applica-
tions:
e Authoritative ontology storage: Triple store (GraphDB)
o SPARQL endpoint: RESTful APl exposing ontology queries
to applications
e Application layer: Java/Python services executing business
logic, formulating SPARQL queries, processing results
e Caching layer: Optional relational database or key-value
store caching frequent query results
e User interface: Web application or desktop tool presenting
ontology-derived insights

This architecture separates concerns—ontology management, query
processing, business logic, and presentation—enabling independent
evolution of each layer whilst maintaining integration through stan-
dard interfaces (SPARQL, REST APIs).

12. Common Integration Scenarios

12.1 Ontologies in Real-World Applications

Ontologies deliver value through deployment in concrete applica-
tions. This slide explores common integration scenarios where
ontology-based knowledge representation solves practical problems
across diverse domains, illustrating how the principles and tech-
niques covered throughout this guide materialise in working systems.

12.2 Web Applications: Semantic Content Management
Modern web applications increasingly leverage ontologies for in-
telligent content organisation, sophisticated search capabilities, and
personalised user experiences. Rather than relying solely on keyword
matching and manual tagging, ontology-backed systems understand
content semantically.

Typical architecture: A content management system stores arti-
cles, documents, or media annotated with ontology concepts. When
users search for "social movements," the system queries the ontol-
ogy to identify related concepts—'political mobilisation’, 'collective
action’, 'protest events'—and returns content tagged with these
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semantically related terms. This semantic expansion dramatically
improves recall without sacrificing precision.

Implementation considerations: RESTful APIs expose SPARQL
endpoints for web application queries. JSON-LD serialisation in-
tegrates naturally with JavaScript frameworks. Caching strategies
balance semantic richness with response time requirements. The
technical stack discussed in SLIDE 9 provides the foundation for
such deployments.

12.3 Data Integration Pipelines

Organisations accumulate data across incompatible sys-
tems—customer records in CRM platforms, product catalogues in
inventory databases, transaction logs in financial systems, opera-
tional metrics in analytics warehouses. Each system employs dif-
ferent vocabularies, schemas, and identifiers. Traditional ETL (Ex-
tract, Transform, Load) processes require brittle, pairwise mappings
that break as systems evolve.

Ontology-mediated data integration provides elegant solutions.
Rather than directly mapping system A to system B, each system
maps to shared ontology concepts. Integration becomes a matter of
ontology alignment rather than exponentially scaling pairwise trans-
formations.

Example scenario: A healthcare organisation integrates patient
records (medical ontology), social determinants data (sociology
ontology), and environmental exposure information (environmen-
tal science ontology). All three ontologies align with BFO 2020,
providing shared foundational vocabulary. Queries spanning do-
mains—"identify patients experiencing health disparities correlated
with neighbourhood-level social fragmentation"—become feasible
through ontology-mediated integration.

Technical implementation: Data pipelines extract from source sys-
tems, transform into RDF annotated with ontology concepts, load
into triple stores, and expose unified SPARQL interfaces. Reasoners
infer implicit relationships, enabling queries impossible in any single
source system.

12.4 Knowledge Graphs: Powering Discovery and Analytics

Knowledge graphs—networks of interconnected entities and
relationships—underpin contemporary Al and analytics platforms.
Google's Knowledge Graph, Amazon's product recommendations,
and pharmaceutical drug discovery platforms all leverage ontology-
backed knowledge representation.

Ontologies provide the schema layer for knowledge graphs, defin-
ing entity types, relationship semantics, and constraint rules. In-
stance data populates the graph; ontology axioms enable inference,
consistency checking, and sophisticated query capabilities.

Machine learning integration: Knowledge graph embeddings learn
vector representations of entities whilst preserving ontology-defined
relationships. These embeddings power recommendation systems,
similarity search, and predictive analytics—combining statistical
learning with logical knowledge representation.

12.5 Regulatory Compliance and Governance: Auditable

Knowledge Management

Regulated industries—healthcare, finance, pharmaceuticals,
aerospace—face stringent compliance requirements demanding
traceable, auditable knowledge management. Ontology-based sys-
tems provide formal, explicit documentation of regulatory concepts,
procedural requirements, and compliance evidence.

Example: pharmaceutical manufacturing compliance. An on-
tology models regulatory frameworks (FDA guidelines, ICH stan-
dards, GMP requirements), manufacturing processes, quality con-
trol procedures, and evidence documentation. Automated reasoning
validates process compliance against regulatory requirements, flags
potential violations, and generates audit trails demonstrating adher-
ence.

Benefits over traditional approaches: Formal ontology specifica-
tion eliminates ambiguity in regulatory interpretation. Automated
reasoning scales compliance checking beyond manual audit capa-
bilities. Changes in regulations propagate systematically through

ontology updates rather than requiring manual procedure revisions
across organisational silos.

12.6 Al and Machine Learning Feature Engineering

Contemporary Al systems increasingly require structured knowl-
edge to move beyond pattern recognition towards genuine under-
standing. Ontologies provide semantic context transforming raw
data into meaningful features for machine learning models.

Feature extraction scenarios: Rather than treating categorical
variables as arbitrary labels, link them to ontology concepts with
rich properties and relationships. A 'customer segment’ isn't merely
category 7—it’s a position within an ontology of customer classi-
fications with explicit characteristics, preferences, and behavioural
patterns. ML models trained on ontology-enriched features often
achieve superior performance and interpretability.

Explainability and transparency: When ML predictions reference
ontology concepts, reasoning becomes interpretable. "This trans-
action flagged as fraudulent because it involves a high-risk mer-
chant category in a sanctioned jurisdiction, violating typical cus-
tomer transaction patterns" provides actionable insight rather than
opaque probability scores.

12.7 Academic Research: Computational Analysis and Theory
Formalisation

Digital humanities, computational social science, and data-
driven research increasingly leverage ontologies for systematic anal-
ysis, theory formalisation, and reproducible research.

Theory formalisation: Sociological theories, often expressed infor-
mally in natural language, can be formalised as ontology axioms.
This enables rigorous testing—do empirical data satisfy theoretical
constraints? Are theories internally consistent? How do competing
theoretical frameworks differ formally?

Systematic literature analysis: Research publications annotated
with ontology concepts enable meta-analyses identifying theoreti-
cal gaps, methodological patterns, or emerging research directions
through SPARQL queries spanning entire corpora.

12.8 The Unifying Theme

Across these diverse scenarios, ontologies provide common ben-
efits: semantic precision eliminating ambiguity, interoperability en-
abling integration, reasoning supporting inference, and explicit for-
malisation facilitating validation. The investment in ontology de-
velopment—architectural decisions, class hierarchies, property spec-
ifications, axiom encoding—pays dividends across multiple deploy-
ment contexts, amortising development costs through reuse.

13. Validation, Reasoning, and Quality Assurance

13.1 Ensuring Your Ontology Actually Works

Building an ontology is one thing; ensuring it correctly, consis-
tently, and usefully represents domain knowledge is another.
Validation and quality assurance transform ontology engineering
from art into disciplined engineering practice.

13.2 Running Consistency Checks: The First Line of Defence

Consistency checking detects logical contradictions within your
ontology—assertions violating axioms, restrictions creating unsatis-
fiable classes, or individuals classified under disjoint classes simulta-
neously.

Cardinality constraint violations: If an axiom states "every Man-
ager supervises at least one Employee" but an individual classified
as Manager has no supervision relationships, reasoners detect this
inconsistency.

Addressing inconsistencies requires careful analysis. Sometimes
the ontology axioms need correction (restrictions were too strin-
gent). Sometimes instance data is wrong (individuals misclassified
or relationships incorrectly asserted). Occasionally, underlying con-
ceptual models require rethinking (the domain distinction you at-
tempted to formalise doesn't actually hold consistently).
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13.3 Understanding Reasoner Output: Classification and Infer-
ence

Beyond consistency checking, reasoners perform classification
and inference—automatically computing implicit knowledge from
explicit assertions and axioms.

Automatic classification: If you've defined '"Manager' as any Em-
ployee who supervises at least one other Employee, reasoners au-
tomatically classify individuals satisfying this criterion as Man-
agers—without requiring explicit type assertions. This reduces man-
ual data entry and ensures classifications remain consistent as rela-
tionships evolve.

Property inference: Transitive properties automatically infer indi-
rect relationships. If 'isPartOf’ is transitive, asserting "Department
is part of Faculty" and "Faculty is part of University" allows rea-
soners to infer "Department is part of University" without explicit
assertion.

Subsumption hierarchy computation: Reasoners compute inferred
class hierarchies based on restrictions and axioms. A class defined
through restrictions might not be explicitly positioned in the hier-
archy; reasoners infer its correct placement based on logical entail-
ments.

Interpreting reasoner output requires understanding description
logic semantics. Reasoners report inferred axioms—class subsump-
tions, property assertions, individual classifications—that weren’t
explicitly stated but follow logically from what was stated. Vali-
dating these inferences confirms that your axioms capture intended
domain knowledge rather than producing unexpected entailments.

13.4 Common Errors and Remediation Strategies

Ontology development inevitably produces errors. Recognising
common patterns accelerates diagnosis and correction.

Over-restrictive axioms:Universal restrictions ("all Managers su-
pervise Employees") often prove too strict. Reality includes excep-
tions; formal logic doesn’t tolerate exceptions without explicit mod-
elling. Solutions include weakening to existential restrictions ("some
Managers supervise Employees"), introducing subclasses for excep-
tional cases, or using probabilistic/fuzzy extensions (though these
complicate reasoning substantially).

Under-constrained models: Conversely, omitting necessary restric-
tions allows nonsensical instances. If you don't specify that 'birth-
Date’ is functional, nothing prevents asserting multiple birth dates
for one person. Reasoners won't flag this as inconsistent—it's
merely implausible. Comprehensive restriction definition prevents
such anomalies.

Circular definitions: Defining 'A’ in terms of '‘B" and 'B’ in terms of
‘A’ creates logical circularity, potentially causing reasoner failures or
infinite loops. Careful definition review and reasoner testing expose
such problems.

Namespace confusion: Mixing terms from multiple namespaces
without clear provenance creates ambiguity. Was ":Person’ from
your ontology or imported from FOAF? Explicit namespace man-
agement and prefix declarations prevent this confusion. It is worth
taking examples from mature ontologies.

13.5 Ontology Metrics That Actually Matter

e Numerous metrics quantify ontology characteristics: Not all
are equally meaningful; focus on metrics indicating quality
rather than merely size.

e Class and property counts indicate substantial scope, but
raw counts alone don't ensure quality. A poorly structured
1000-class ontology is worse than a well-designed 500-class
one.

e Axiom density (axioms per class): Higher density typically
indicates richer semantics and a substantial axiom count rel-
ative to class count reflects thorough restriction definition
and relationship specification: They are signs of mature de-
velopment.

e Inheritance depth: Excessively deep hierarchies (>10 levels)
often indicate over-engineering.

e Property usage patterns: Are properties actually used in in-
stance data, or merely defined abstractly? High property
definition counts with low usage show over-engineering.

e Reasoning performance: Can reasoners complete classifica-
tion within acceptable timeframes? Reasoning times extend-
ing to minutes or hours indicate complexity requiring optimi-
sation.

13.6 When "Good Enough" Is Actually Good Enough

Perfectionism is a personality trait characterized by a demand for
flawlessness and setting unrealistically high standards for oneself and
others. Perfectionism is the enemy of deployment. Ontologies
serve purposes; when they adequately serve those purposes, further
refinement yields diminishing returns.

Ship your ontology when it:
e Answers its competency questions adequately
e Passes consistency checking without errors
e Supports intended queries efficiently
e Integrates successfully with target systems
e Gains stakeholder acceptance

14. Real-World Case Study

14.1 The Ontology: From Concept to Deployment

Abstract principles become concrete through example. The On-
tology for Computational Sociology (OCS) demonstrates how the
methodologies, patterns, and decisions discussed throughout this
guide materialise in a substantial, deployed ontology addressing gen-
uine research requirements.

14.2 Domain Scope and Foundational Challenges

Computational sociology presents unique ontological challenges.
Unlike domains with established taxonomies (biological species,
chemical compounds), sociology encompasses diverse theoretical
traditions, contested concepts, and phenomena operating across
scales from individual interactions to global processes. No single so-
ciological paradigm commands universal acceptance; structuralism,
functionalism, conflict theory, symbolic interactionism, and network
analysis each conceptualise social reality differently.

The OCS ontology’s scope deliberately boundaries this com-
plexity: general sociological concepts, social processes, institu-
tions, stratification systems, demographic phenomena, and re-
search methodologies. It excludes exhaustive coverage of spe-
cific cultural contexts, historical periods, or micro-theoretical varia-
tions—pragmatic limits enabling completion whilst maintaining util-
ity for computational sociology research, educational applications,
and interdisciplinary integration.

Competency questions driving OCS development included:
"Which social processes influence political mobilisation?" "How do
organisational structures affect innovation capacity?" "What causal
relationships connect economic inequality to social movement emer-
gence?" "Which demographic transitions correlate with institutional
changes?" These questions, grounded in sociological research pri-
orities, specified the ontology’s required knowledge representation
capabilities.

14.3 Architectural Decisions and Scale

The OCS ontology’s classes are organised hierarchically under
BFO 2020 categories. Major branches include Social Processes
(collective actions, institutional changes, demographic transitions),
Social _Groups (primary/secondary groups, organisations, commu-
nities).

254 object properties define relationships—'influences’, ’'be-
longsToOrganisation’, ’causesProcessChange’, 'participatesin’,
'hasRole’. Each property specifies domain/range constraints, char-
acteristic declarations (transitive, symmetric, functional), and com-
prehensive annotations explaining sociological significance. Sys-
tematic inverse property definitions enable bidirectional relationship
navigation.
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79 data properties attach measurable or descriptive at-
tributes—population counts, temporal extents, spatial locations,
classification codes. These ground abstract sociological concepts
in quantifiable data, facilitating empirical research applications.

201 n-ary causal relations represent the ontology’'s most sophisti-
cated element. Rather than oversimplifying multi-factor sociological
causation into binary relationships, the OCS implements reification
patterns where 'Collective Causal Event’ individuals connect mul-
tiple causes to multiple effects whilst maintaining semantic precision
and query tractability. This pattern, detailed in SLIDE 7, distin-
guishes OCS from simpler ontologies and demonstrates how careful
architectural design captures domain complexity.

14.4 BFO 2020 Alignment: Grounding in Formal Ontology

Every OCS class maps to appropriate BFO 2020 categories,
ensuring philosophical coherence and enabling interoperability with
biomedical, economic, and environmental ontologies sharing BFO
foundations. 'Social Process’ aligns with BFO:process, 'Social -
Group’ with BFO:object aggregate, 'Social Role’ with BFO:role.

This alignment wasn't merely taxonomic labelling—it required care-
ful analysis of BFO's continuant/occurrent distinction, understand-
ing of specifically dependent continuants, and resolution of ten-
sions between sociological intuitions and BFO's metaphysical com-
mitments. lterative refinement, guided by reasoner validation, pro-
gressively improved alignment quality.

The payoff: The OCS ontology inherits BFO's logical rigour whilst
gaining potential integration with diverse domains. Sociological
phenomena can now be formally related to public health out-
comes (via biomedical ontologies), economic indicators (via finan-
cial ontologies), or environmental conditions (via ecological ontolo-
gies)—all sharing BFO's foundational vocabulary.

14.5 Development Pipeline and Technical Infrastructure

The OCS development employed a text-driven workflow address-
ing practical realities of domain expert collaboration and iterative
refinement. Rather than requiring sociologists to learn Protégé or
developers to intuit sociological nuances, structured text files medi-
ated knowledge capture.

Control files specified: Class hierarchies, class annotations (struc-
tured key-value pairs), object property definitions (characteristics,
domains, ranges), data property specifications, and n-ary relation
patterns (causes, effects, annotations). This format balanced hu-
man readability, version controllability, and automated processing.

The DBFOschemafy framework (developed specifically for OCS
but subsequently generalised) reads these control files and gener-
ates comprehensive OWL /XML encoding. This automation ensures
consistency, eliminates manual encoding errors, and dramatically ac-
celerates ontology generation. Modifications require updating text
files and regenerating—far more efficient than manual OWL editing
for large-scale changes.

Eclipse IDE provided the programmatic foundation. 87 Java classes
orchestrate control file parsing, OWL generation, validation, and
export. This architecture separates domain knowledge (text files,
their storage in RDB) from technical implementation (Java code),
enabling evolution of either independently.

Protégé integration remained central for visualisation, reasoner
execution, and refinement. The generated OWL/XML imports
seamlessly into Protégé, where visual inspection, consistency check-
ing, and manual adjustments occur before final deployment.

14.6 Deployment and Community Access

The OCS ontology is publicly accessible via NCBO BioPortal. the
premier repository for biomedical and scientific ontologies. This de-
ployment provides web-based browsing, SPARQL querying, REST
API access, and integration with BioPortal’s extensive ontology
ecosystem.

Applications enabled by OCS include:

e Research: Computational sociology studies can query OCS
for conceptual relationships, validate theoretical models

against formal specifications, or integrate OCS with empirical
data for hypothesis testing.

e FEducation: Sociology students can explore conceptual rela-
tionships visually, understand theoretical frameworks through
formal definitions, and grasp subdiscipline interconnections
through navigation.

e Data integration: Sociological datasets annotated with
OCS concepts gain semantic richness, enabling cross-dataset
queries, automated relationship inference, and integration
with other domains.

14.7 Lessons Learned and Reflective Insights
What the reference ontology development revealed:

o Domain expertise cannot be shortcuts: Sustained collabora-
tion with sociological experts proved essential. Early archi-
tectural decisions made without sufficient domain consulta-
tion required costly rework.

e Scope discipline is paramount: Initial ambitions for com-
prehensive coverage proved unrealistic; pragmatic boundary-
setting enabled completion.

e Automation pays dividends: The DBFOschemafy frame-
work's upfront development cost was recovered many times
through efficient generation, validation, and iteration.

e N-ary relations are complex but necessary: The reifica-
tion pattern’s implementation required substantial effort but
proved indispensable for faithfully representing sociological
causation.

e Upper ontology alignment takes time but delivers value: BFO
mapping was intellectually demanding and time-consuming
but positioned the reference ontology for interdisciplinary in-
tegration impossible otherwise.

If developing the reference ontology again, what would change?
Earlier and more systematic competency question definition would
have focused development more efficiently. Greater initial invest-
ment in automated testing infrastructure would have caught errors
sooner. More structured domain expert review cycles would have
reduced late-stage conceptual revisions.

But the fundamental approach (text-driven control, data storage
in RDB, programmatic generation, BFO alignment, n-ary causal re-
lations—proved sound, and generating a HTML browser—showing
all the details) would be retained in future projects.

Regrettably, efforts to secure substantive collaboration from domain
experts in the development of the reference ontology proved less
fruitful than one might have hoped—indeed, insufficiently so to war-
rant co-authorship designation for any participant. This represents
a significant lacuna in the ontology’s development, for which the
author must shoulder considerable mea culpa.

15. The Development Workflow

15.1 From Concept to Deployment: A Systematic Process
Ontology development is not linear, but successful projects follow
recognizable patterns. The workflow presented here distills lessons
from the development of the aforementioned OCS and PRINCE2
ontologies, as well as other domain ontologies, into a pragmatic,
iterative approach suitable for technical developers working with
domain experts.

15.2 Step 1: Competency Questions - Define Success Criteria
Begin not with classes but with questions. What must your ontology
answer 7 Competency questions serve simultaneously as elementary
requirements specification and validation criteria.

For example, competency questions included:

"Which social processes influence political mobilisation ?" "How do
organisational structures affect innovation capacity ?" "What de-
mographic factors correlate with educational attainment patterns 7"
"Which causal relationships connect economic inequality to social
movement emergence 7"
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These questions aren’t merely illustrative—they're operational spec-
ifications.  If the completed ontology cannot support SPARQL
queries answering these questions, it fails its purpose. If it mod-
els concepts irrelevant to these questions, it's over-engineered.

Formulate 10-20 competency questions before proceeding. In-
volve domain experts; their questions reveal what knowledge rep-
resentation must capture. Prioritise questions by importance—core
questions drive initial development; peripheral questions guide later
expansion.

15.3 Step 2: Enumerate Key Terms - Build Your Vocabulary
Systematically list domain concepts. Review competency ques-
tions, domain literature, expert interviews, and existing classifica-
tions. Extract nouns (candidate classes), verbs (candidate proper-
ties), and adjectives (candidate qualities or restrictions).

Don’t obsess over completeness at this stage—vocabularies ex-
pand naturally during development. Aim for 70-800obvious concepts,
then proceed.

15.4 Step 3: Define the Class Hierarchy - Organise Concepts

Structure your vocabulary taxonomically. Which concepts are
specialisations of others?

Use indented text files for initial hierarchy definition. This format
balances human readability with tool processability. The text-file ap-
proach enabled version control, collaborative review, and automated
generation whilst remaining accessible to domain experts reviewing
class structures.

Key principles:

e Single inheritance simplifies reasoning (though OWL sup-
ports multiple inheritance when genuinely needed).

e Hierarchies should reflect domain understanding, not arbi-
trary organisational convenience.

o Depth matters less than coherence—deep hierarchies aren’t
inherently better than shallow ones.

o Review with domain experts to catch conceptual errors be-
fore they propagate.

15.5 Step 4: Define Properties and Their Characteristics

Specify object properties (relating instances) and data proper-
ties (attributing values). For each property, declare:

Domain and range: Which classes can participate? Overly broad
domains/ranges reduce reasoning power; overly narrow ones create
brittleness. Balance precision with flexibility.

Characteristics: |s the property functional, inverse functional, tran-
sitive, symmetric, asymmetric, reflexive, or irreflexive? Each object
properties should be systematically declared per characteristics, en-
abling sophisticated automated reasoning.

Inverse properties: Define inverse pairs for bidirectional naviga-
tion. Well designed ontologies specify inverses comprehensively—
‘creates’/'createdBy’, 'influences’/’influencedBy'—;ensuring query
flexibility.

Annotations: Explain each property's intended meaning, usage ex-
amples, and domain significance. Future maintainers depend on
these explanations.

15.6 Step 5: Create Restrictions and Axioms - Encode Rules

Express domain constraints formally. Universal restrictions ("all
Managers must supervise at least one Employee"), existential
restrictions ("some Social Movements involve Youth Mobilisa-
tion"), cardinality restrictions ("every Person has exactly one birth-
Date"), and disjointness declarations ("nothing is both a Vehicle
and a Building"). These axioms transform taxonomies into logi-
cal frameworks. Reasoners validate instance data against axioms,
flagging violations and inferring implicit classifications.

15.7 Step 6: Populate with Instances - Add Real Data

Create individuals representing specific entities. For testing and
validation, generate representative instances spanning your class hi-
erarchy.

Production deployments often populate ontologies from databases,
APIs, or data integration pipelines. But during development, man-
ually crafted instances facilitate testing and expose modelling gaps.

15.8 Step 7: Run Reasoners - Validate and Infer

Leverage automated reasoning to check consistency and infer
implicit knowledge. Protégé integrates reasoners (ELK, HermiT,
FaCT++) directly. Reasoner returning NOTHING indicates logical
inconsistency or modelling errors. Axioms should be checked for
contradictions immediately.

Execute reasoning after significant changes to detect:

Inconsistencies: Contradictory assertions violating axioms. If
you've declared classes disjoint but classified an individual under
both, reasoners flag this immediately.

Unsatisfiable classes: Classes whose restrictions are logically im-
possible to fulfil. These indicate modelling errors requiring correc-
tion.

Inferred classifications: Individuals automatically classified based
on their properties and relationships. If an individual supervises em-
ployees, reasoners may infer 'Manager’ classification without explicit
assertion.

15.9 Step 8: Iterate Based on Results - Embrace Evolution
Ontologies evolve; they’re never truly "finished". New compe-
tency questions emerge. Domain understanding deepens. Integra-
tion requirements change.

Effective iteration requires:

e Version control (ClearCase, Git, SCCS or similar) enabling
rollback and branching.

e Systematic documentation of changes and rationale.

o Regression testing ensuring new additions don’t break exist-
ing functionality.

e Periodical stakeholder review validating changes align with
domain expertise.

Plan for evolution from the outset. Ontology architecture should ac-
commodate extension without fundamental restructuring—modular
design, clear extension points, and comprehensive documentation
facilitate graceful evolution.

15.10 The Reality of Ontology Development

This workflow implies orderly progression, but reality involves
backtracking, dead ends, and reconceptualisation. Each domain on-
tology development involves revising class hierarchies multiple times,
restructuring property definitions, and completely redesigning pat-
terns (such as the n-ary causal relations) before reaching a stable
architecture.

Accept this messiness as inherent to knowledge formalisation.
Ontology engineering explicates domain knowledge, forcing con-
frontation with ambiguities, inconsistencies, and gaps that informal
understanding glosses over. The discomfort of this confrontation is
the process working as intended—producing precise, rigorous knowl-
edge representation from informal expertise.

16. Resources and Next Steps

16.1 Continuing Your Ontology Journey

This guide has equipped you with foundational knowledge, prac-
tical methodologies, and architectural patterns for building do-
main ontologies. But ontology engineering is a discipline continually
evolving through research, tooling advances, and community prac-
tice. This final slide points towards resources for continued learning
and provides concrete next steps for your ontology development
journey.

16.2 Essential Reading: Practical Over Purely Academic

Numerous ontology engineering texts exist; prioritise those balanc-
ing theoretical foundations with practical guidance.
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e Semantic Web for the Working Ontologist—by Dean Alle-
mang and James Hendler: Perhaps the single most valuable
practical guide. Covers RDF, RDFS, OWL, and SPARQL
with concrete examples and design patterns. Accessible to
developers without semantic web backgrounds whilst main-
taining technical rigour.

e Building Ontologies with Basic Formal Ontology—by Robert
Arp, Barry Smith, and Andrew Spear: Essential for under-
standing BFO's philosophical foundations and practical ap-
plication. Particularly valuable if you're aligning domain on-
tologies with BFO.

e An Introduction to Ontology Engineering—by C.Maria Keet:
Comprehensive coverage of ontology development method-
ologies, evaluation techniques, and collaborative engineering
practices. More academic than Dean Allemang/Jim Hendler
but thorough.

e W3C Standards Documentation: The authoritative refer-
ences for RDF, RDFS, OWL 2, SPARQL, and SHACL. Dry
but definitive. Essential for resolving ambiguities or under-
standing edge cases.

e Try not to avoid: Purely philosophical ontology texts es-
pecially your interests extend to epistemology and meta-
physics in general. Avoid outdated materials predating OWL
2 (2009) or SPARQL 1.1 (2013)—semantic web technologies
evolved substantially, and older guidance may mislead.

16.3 Tool Ecosystem Overview: Beyond Protégé

e Protégé: remains central, but the broader tool landscape
merits exploration.

e Ontology editors: TopBraid Composer (commercial, sophis-
ticated), PoolParty (enterprise semantic suite).

o Triple stores: GraphDB (excellent free tier, enterprise-
grade) from ontotext, Virtuoso (high-performance, open-
source), Apache Jena Fuseki (Java-based, embeddable),
Blazegraph (graph analytics focus), Stardog (the semantic
Al platform, reasoning-optimised, commercial).

e Visualisation tools: OntoGraf (Protégé plugin), Gephi (net-
work visualisation).

e Version control and collaboration: Git for ontology files
(text-based formats like Turtle work well), OntoVersion for
ontology-specific versioning.

16.4 Online Communities and Support Networks
Ontology engineering benefits from community engagement:

e W3C Semantic Web Interest Group: Mailing lists and
working groups discussing standards, best practices, and
emerging technologies.

e Protégé User Community: Forums, mailing lists, and tuto-
rials. Responsive community helping troubleshoot issues and
share patterns.

e NCBO BioPortal Community: If working in biomedical or
scientific domains, BioPortal's community provides ontology
review, integration support, and collaborative development
infrastructure.

e Stack Overflow: [semantic-web], [sparql], [owl], and [rdf]
tags host active communities answering practical implemen-
tation questions.

e Academic conferences: ISWC (International Semantic Web
Conference), ESWC (Extended Semantic Web Conference),
and domain-specific venues provide cutting-edge research
and networking opportunities. It's worth being IAOA mem-
ber.

16.5 Your Next Concrete Steps

Access the aforementioned reference ontology via NCBO BioPortal.
for local inspection in Protégé, and consider how the patterns might
adapt to your domain. Explore its structure, examine class defini-
tions, study property specifications, and analyse n-ary causal rela-
tions. Use the ontology development pipeline, the SPARQL queries
to navigate relationships.

Moving from reading to doing:

e Define your competency questions: What must your on-
tology answer? Write 10-20 specific questions grounding
development in concrete requirements (and answer them).

e Enumerate your domain vocabulary: List 50-100 core con-
cepts through literature review, expert consultation, or exist-
ing classifications.

o Choose your tech stack: Select programming languages,
RDF libraries, triple stores, and development tools matching
your skills and requirements.

e Build a minimal prototype: Develop a small ontology (20-
30 classes) addressing one competency question. This proves
feasibility, reveals unanticipated challenges, and builds con-
fidence before scaling.

o Validate with domain experts:  Ontologies disconnected
from domain expertise fail. Establish review cycles ensuring
your formalisation faithfully represents domain knowledge.

e Deploy and iterate: Ship your ontology when it adequately
serves its purpose—not when it achieves theoretical perfec-
tion. Real-world usage drives valuable evolution better than
speculative elaboration.

16.6 The Bottom Line (Reprise)

Building ontologies requires a shift in thinking. You're not merely
storing data; you're modelling knowledge. You're not optimising to-
day’s specific queries; you're creating semantic infrastructure sup-
porting unforeseen future requirements. It's more upfront effort
than a database schema, but the payoff is a system that can reason,
adapt, and provide insights traditional approaches miss.

Get comfortable with the foundational concepts, embrace the
tooling, and don’t be afraid to start simple and grow from there.
Systematic iteration, guided by domain expertise and validation,
grew it into a substantial resource now serving the computational
sociology community.

Your ontology journey begins with a single class definition.
Armed with the knowledge from this guide, and the resources identi-
fied here, you're prepared to build ontologies that genuinely advance
knowledge representation in your domain.

Good luck, welcome to the ontology engineering community !

(1748

B
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17. Appendix A: Anatomy of an OWL/XML Ontology File

Understanding OWL/XML structure is essential because im-
plementations vary significantly. Some developers fully embed
upper ontologies (like BFO) into their domain ontologies, al-
tering or even destroying the overall structure. Others refer-
ence upper ontology classes only through annotations, main-
taining clearer separation. This appendix presents one coher-
ent approach whilst acknowledging that alternative structures
exist.

Note that only the first and last components are fixed in
their positions. Apart from these, a completely randomised
sequence of OWL lexemes is also syntactically acceptable (al-
though it is not customary to publish a domain ontology in
this way). The generally accepted and usual structure is as
follows: Read what interests you, skip what doesn't :)

The components are as follows:

1. OWL/XML Header
Ontology Metadata
OBO Foundry-conform Annotation Declarations
SKOS Annotation Declarations
Class Declarations
Subclass Declarations
Disjoint Class Declarations
Class Annotations
Object Property Definitions
Data Property Definitions

HOoO WO NOO R WS

_

N-ary Relation Declarations

11.1 Creating Domain Individuals

11.2 Creating Range Individuals

11.3 Connecting Causes to Event

11.4 Connecting Event to Effects

11.5 Direct Cartesian Product Assertions

12. OWL/XML Trailer

17.1 OWL/XML Header

The header establishes the ontology’s XML structure, names-
pace declarations, and prefix bindings. The ontologyIRI iden-
tifies the ontology uniquely, whilst xm/:base defines the de-
fault namespace for relative IRls. Prefix declarations en-
able abbreviated references throughout the file—obo:, bfo:,
skos:—improving readability whilst maintaining semantic pre-
cision. The (Import) statement incorporates BFO 2020 foun-
dational classes.

xml =
Ontology

Prefix
Prefix
Prefix
Prefix
Prefix
Prefix
Prefix
Prefix
Prefix
Prefix
Prefix
Prefix =
Import=http://purl.obolibrary.org/obo/bfo/2020/bfo.owl</Import

17.2 Ontology Metadata

Ontology-level annotations provide essential metadata us-
ing Dublin Core and DOAP vocabularies.  The dc:title
identifies the ontology, dc:description specifies scope and
scale, dc:subject declares the domain, doap:repository ref-
erences the BioPortal location, dc:UDC provides Univer-
sal Decimal Classification codes, and dc:rights establishes
licensing terms.  These annotations ensure discoverabil-
ity, proper attribution, and integration within ontology
repositories whilst maintaining standards compliance.

Annotation
AnnotationProperty =
Literal>0CS —- Ontology for Computational Sociology</Literal
Annotation
Annotation
AnnotationProperty =
Literal>The ontology contains 701 classes (BF0-2020: 36,
domain: 665) describing essential concepts of sociology
Literal
Annotation
Annotation
AnnotationProperty =
Literal>general sociology</Literal
Annotation
Annotation
AnnotationProperty =
Literal
https://bioportal.bioontology.org/ontologies/0CS
Literal
Annotation
Annotation
AnnotationProperty =
Literal
NT4 316.1, NT4 316.2, NT4 316.3, NT4 316.4
Literal
Annotation
Annotation
AnnotationProperty =
Literal>This ontology is distributed under an Attribution 4.0
International (CC BY 4.0). Copyright: Edit Hlaszny
(2025-)
Literal
Annotation

17.3 OBO Foundry-conform Annotation Declarations

These declarations establish OBO (Open Biological and
Biomedical Ontology) Foundry annotation properties required
for biomedical ontology interoperability. Properties include
IAO_ 0000112 (example of usage), IAO_ 0000115 (textual
definition), IAO_ 0000119 (definition source), and IAO_-
0000600 (elucidation). Declaration makes these properties
available throughout the ontology without importing the en-
tire IAO, maintaining lightweight structure whilst ensuring
semantic compatibility with the broader OBO ecosystem.
Declaration
AnnotationProperty =
Declaration
Declaration
AnnotationProperty =
Declaration
Declaration
AnnotationProperty =
Declaration
Declaration

AnnotationProperty =!
Declaration

17.4 SKOS Annotation Declarations

SKOS (Simple Knowledge Organisation System) property dec-
larations enable structured concept management and mul-
tilingual support. Properties include skos:altLabel (alterna-
tive labels), skos:broader/broaderTransitive (hierarchical rela-
tions), skos:broadMatch/closeMatch (mapping relationships),
skos:changeNote (versioning documentation), skos:Collection
(concept groupings), and skos:Concept (concept identifica-
tion). These facilitate thesaurus-like functionality and cross-
ontology alignment whilst maintaining W3C standards compli-
ance.
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Declaration
AnnotationProperty =
Declaration
Declaration
AnnotationProperty =
Declaration
Declaration
AnnotationProperty =
Declaration
Declaration
AnnotationProperty =
Declaration
Declaration
AnnotationProperty =
Declaration
Declaration
AnnotationProperty =
Declaration
Declaration
AnnotationProperty =
Declaration
Declaration
AnnotationProperty =
Declaration

17.5 Class Declarations

Class declarations establish the ontology’s conceptual vocab-
ulary. Each (Declaration) element with Class IRl creates a
named class within the domain namespace, using fragment
identifiers (# prefix) for efficient referencing. This excerpt
shows sociological concepts—Absolute Poverty, Achieved -
Status, Adoption, Affirmative _Action, Ageing—declared be-
fore receiving SubClassOf axioms, annotations, or logical
definitions. This separation of declaration from definition fol-
lows OWL 2 best practices, enabling forward references and
modular ontology construction.

Declaration:
Class =
Declaration:
Declaration:
Class =
Declaration:
Declaration:
Class =
Declaration:
Declaration:
Class =
Declaration:
Declaration:
Class =
Declaration:

17.6 Subclass Declarations

SubClassOf axioms establish taxonomic relationships within
the class hierarchy.  This excerpt demonstrates dual in-
heritance:  Sociological _Exceptional Phenomena__ Process
is subsumed by both Social Process (domain-specific par-
ent) and bfo:BFO_ 0000015 (BFO process class), whilst So-
cial _Process General inherits from both Social Process and
BFO_0000015. This pattern grounds domain concepts within
BFO’s upper ontology whilst maintaining sociological clas-
sification structure, enabling both philosophical rigour and
domain-specific reasoning.

SubClassOf
Class
Class

SubClassOf

SubClassOf
Class =
Class =

SubClassOf

SubClassOf
Class =
Class =

SubClassOf

SubClassOf
Class
Class

SubClassOf

17.7 Disjoint Class Declarations

DisjointClasses axioms assert logical exclusion between con-
cepts, preventing individuals from simultaneous membership.
The first group declares Ageing, Anticipatory Socialisation,
Role Exit, Role_Taking, and Self-identity as mutually ex-
clusive life course concepts. The second establishes disjoint-
ness amongst theoretical frameworks—Conflict Perspective,
Conflict_ Theory, Contact_ Hypothesis, Exploitation_ Theory,
Marxist _ Theory, and New _Urban__Sociology cannot overlap.
These constraints enforce ontological clarity and enable rea-
soners to detect inconsistencies in instance data.

DisjointClasses
Class
Class
Class
Class
Class

DisjointClasses

DisjointClasses:
Class
Class
Class
Class
Class
Class

DisjointClasses:

[T TR TR T ]

17.8 Class Annotations

AnnotationAssertion elements attach metadata to classes us-
ing SKOS vocabulary. The example shows Absolute Poverty
receiving a skos:definition with language tag xml:lang=én",
providing human-readable documentation. The literal content
defines the concept substantively, explaining measurement
criteria, World Bank thresholds, and conceptual limitations.
These annotations transform formal class declarations into in-
terpretable scholarly resources, supporting both human com-
prehension and automated documentation generation whilst
maintaining separation between logical axioms and descriptive
metadata.
AnnotationAssertion
AnnotationProperty =
IRI>#Absolute_Poverty</IRI
Literal - Absolute poverty, also known as
subsistence poverty, defines a condition where individuals
or families lack the minimal resources to meet their basic
needs for survival, including food, shelter, warmth, and
safety. This standard is based on a minimum level of
subsistence below which families should not be expected to
exist. It signifies a severe deprivation of essential
necessities required for human well-being. The measurement
of absolute poverty often involves a fixed income threshold
that remains constant over time, although the specific level
can vary between countries based on their economic conditions.
The World Bank defines extreme poverty as living on less than
US $1.25 or $1.90 a day. While useful for tracking income
changes over time, this measure may not fully capture the
realities of living in poverty, such as the inability to buy
in bulk or social and cultural needs.

Literal
AnnotationAssertion

17.9 Object Property Definitions

Object property declarations establish the ontology’s rela-
tional vocabulary. Following Declaration, properties receive
(AnnotationAssertions) (skos:definition), (InverseObjectProp-
erties) declarations (employedBy/employs bidirectionality),
SubObjectPropertyOf axioms (grounding in upper proper-
ties like economicallyRelatedTo), and characteristic assertions
(AsymmetricObjectProperty, IrreflexiveObjectProperty). This
structure defines not merely property existence but semantic
behaviour—asymmetry prevents reciprocal employment rela-
tions, irreflexivity ensures entities cannot employ themselves.
These characteristics enable sophisticated automated reason-
ing about social relationships.
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Declaration
ObjectProperty ="
Declaration
AnnotationAssertion
AnnotationProperty
IRI>#employedBy</IRI
Literal : ="en">"(Formal work relationship where one entity
provides labor in exchange for compensation.)"
Literal
AnnotationAssertion
InverseObjectProperties
ObjectProperty ="
ObjectProperty ="
InverseObjectProperties
SubObjectProperty0f
ObjectProperty ="
ObjectProperty ="
SubObjectProperty0f
AsymmetricObjectProperty.
ObjectProperty ="
AsymmetricObjectProperty:
IrreflexiveObjectProperty:
ObjectProperty ="
IrreflexiveObjectProperty:

17.10 Data Property Definitions

Data property declarations connect individuals to literal
values rather than other individuals. Following (Declara-
tion), the property receives SubDataPropertyOf ground-
ing (owl:topDataProperty), (AnnotationAssertion) with
skos:definition explaining epistemological significance, and
DataPropertyRange specifying xsd:decimal datatype. The
__causal _Certainty property quantifies confidence in causal
relationships, acknowledging sociology's probabilistic rather
than deterministic causation. This enables formal represen-
tation of evidential strength whilst maintaining ontological
rigour.

Declaration:
DataProperty =
Declaration:
SubDataProperty0f
DataProperty =
DataProperty =
SubDataProperty0f
AnnotationAssertion
AnnotationProperty =
IRI>#_causal_Certainty</IRI
Literal : =
This data property quantifies the degree of confidence in a causal
relationship's validity. It addresses the epistemological challenge
that sociological causation often involves probabilistic rather than
deterministic relationships. The property allows researchers to
express varying levels of certainty about causal claims, acknowledging
that some relationships are well-established through extensive
empirical evidence while others remain tentative or contested within
the discipline.
Literal
AnnotationAssertion
DataPropertyRange:
DataProperty =
Datatype =
DataPropertyRange

17.11 N-ary Relation Declarations

N-ary causal relations require reification—representing re-
lationships as first-class individuals. This example declares
causal _Event ID000020 as a Namedindividual, asserts its
membership in Collective Causal _Event class, and provides
extensive annotation explaining the Colonial Economic Extrac-
tion relationship. The formal notation shows multiple causes
(Colonialism, Neo-colonialism) producing multiple effects (ex-
ploits — Exploitation_ Theory, Underdevelopment). This
pattern transforms complex multi-participant relationships
into computationally tractable structures whilst preserving so-
ciological nuance. Note on terminology: In computational
ontology, reification refers to the technique of representing
relationships as first-class entities, enabling attachment of
meta-properties and modelling of n-ary relations.

—— freshing re nd L —
Declaration

NamedIndividual =
Declaration
ClassAssertion

Class ="

NamedIndividual =
ClassAssertion

AnnotationAssertion

AnnotationProperty =

IRI>#causal_Event_ID000020</IRI

Literal
The 'causal_Event_ID000020' named individual is
associated to the relation: 'Colonial Economic Extraction'
This relation captures the systematic appropriation of
resources, labor, and wealth from colonised territories by
imperial powers, establishing global patterns of economic
dependency and underdevelopment.

Formal notation: {Colonialism, Neo-colonialism} -
exploits -
{Exploitation_Theory, Underdevelopment}

Remark: The 'causal_Event_ID@@@nnn' individuals represent
reified causal events capturing sociological relations
defined by their name and the symbolic description. They
are named individuals of the 'Collective_Causal_Event'
class, with identifiers reflecting their systematic role
in modelling complex n-ary sociological relationships.
Literal
AnnotationAssertion

17.11.1 Creating Domain Individuals

Domain individuals represent causal antecedents in n-ary
relations.  Each sociological concept (Colonialism, Neo-
colonialism) receives (Declaration) as Namedindividual fol-
lowed by ClassAssertion establishing type membership. These
individuals will subsequently connect to the reified causal
event via contributesToCausalEvent property. The pattern in-
stantiates abstract classes as concrete participants in specific
causal mechanisms, enabling precise representation of which
factors operate conjointly to produce sociological outcomes.
Systematic naming conventions (concept [D000001) ensure
referential clarity.

Declaration
NamedIndividual =
Declaration
ClassAssertion
Class ="
NamedIndividual =
ClassAssertion
Declaration
NamedIndividual =
Declaration
ClassAssertion
Class ="
NamedIndividual =
ClassAssertion

17.11.2 Creating Range Individuals

Range individuals represent causal consequents in n-ary re-
lations. Following the same declaration pattern as domain
individuals, effect concepts (Exploitation _Theory, Underde-
velopment) receive NamedIndividual declaration and ClassAs-
sertion type membership. These will connect from the reified
causal event via causalEventProduces property. This struc-
ture captures that colonial mechanisms produce multiple si-
multaneous outcomes—theoretical frameworks explaining the
phenomenon and material conditions of underdevelopment—
completing the n-ary relationship architecture for complex
sociological causation.

Page 19 of 20



Building Domain Ontology

. r —
Declaration
NamedIndividual =
Declaration
ClassAssertion
Class =
NamedIndividual
ClassAssertion
Declaration
NamedIndividual
Declaration:
ClassAssertion
Class =
NamedIndividual =
ClassAssertion

17.11.3 Connecting Causes to Event
(ObjectPropertyAssertion)elements  establish  contributory
linkages between causal antecedents and the reified event.
Each assertion uses contributes ToCausalEvent property, spec-
ifying a domain individual (colonialism_ID000001, neo-
colonialism ID000001) as subject and the reified event
(causal Event ID000020) as object. This pattern formally
represents that both colonial mechanisms operate conjointly
within this causal relationship. The structure preserves individ-
ual causal factor identities whilst linking them to the collective
mechanism, enabling reasoning about which specific factors
participate in producing particular sociological outcomes.

ObjectPropertyAssertion
ObjectProperty =
NamedIndividual =
NamedIndividual =

ObjectPropertyAssertion

ObjectPropertyAssertion
ObjectProperty =
NamedIndividual =
NamedIndividual =

ObjectPropertyAssertion

17.11.4 Connecting Event to Effects

{ObjectPropertyAssertion)elements establish consequential
linkages from the reified event to causal outcomes. Each
assertion uses causalEventProduces property, with the rei-
fied event (causal Event ID000020) as subject and effect
individuals (exploitation Theory 1D000001, underdevelop-
ment_ID00000I) as objects. This directional structure pre-
serves causal asymmetry—the colonial mechanism produces
theoretical frameworks and material conditions, not vice versa.
Multiple assertions capture that single causal mechanisms
generate multiple simultaneous effects, reflecting sociology's
recognition of complex, multi-dimensional social causation.

ObjectPropertyAssertion
ObjectProperty =
NamedIndividual
NamedIndividual

ObjectPropertyAssertion

ObjectPropertyAssertion
ObjectProperty =
NamedIndividual =
NamedIndividual

ObjectPropertyAssertion

17.11.5 Direct Cartesian Product Assertions

Beyond reified structure, the framework generates direct bi-
nary assertions between all domain-range pairs using domain-
specific predicates. Each (ObjectPropertyAssertion) connects
a cause individual to an effect individual via the exploits
property, creating a Cartesian product: Colonialism, Neo-
colonialism x Exploitation_ Theory, Underdevelopment yields
four assertions. This dual representation accommodates vary-
ing ontological sophistication—domain experts query intu-
itive direct relationships whilst reasoners exploit richer reified
structures. The pattern ensures semantic accessibility without
sacrificing formal rigour.

Individual
Individual

ObjectProperty
NamedIndividual
Individual
opertyAssertion
ertyAssertion
ObjectProp /
NamedIndividual =
NamedIndividual
ObjectPropertyAssertion:

17.12 OWL/XML Trailer

The closing (/Ontology)tag completes the OWL/XML docu-
ment structure, marking the end of all declarations, axioms,
and assertions. This syntactic boundary ensures well-formed
XML whilst signalling ontological completeness for parsing
tools and reasoners.

Ontology

18. Appendix B: Technical Support and Collaboration

Readers are cordially invited to contact the author concern-
ing any matters relating to the reference system, including
installation procedures, system enhancement, or the resolu-
tion of technical difficulties. The author is pleased to provide
guidance and welcomes collaborative discussion regarding the
system's ongoing development.

A HTML version of this document is also available.

Correspondence may be directed to: edithlaszny@gmail.com

ey

This work is licensed under a Creative Commons Attribution 4.0 International (CC BY 4.0) license.
The author declares no conflicts of interest, including any competitive interests.
This paper has been typeset from a TEX/IATEX file prepared by the author.
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