What is an Ontology for FRAM, and Why Does It Matter?

An ontology for the Functional Resonance Analysis Method (FRAM) would serve as a structured
representation of the key concepts, relationships, and rules that underpin this powerful
methodology for analyzing and modeling complex adaptive systems. It would be a critical tool for
creating a shared understanding of this unique approach to analyzing and managing complexity in
everyday systems. In FRAM, the ontology should go beyond being a shared vocabulary; it can
become a framework for mapping the intricate web of interactions within systems, enabling us to
grasp their emergent behaviour and variability.

FRAM is built on the premise that complex systems are defined by their dynamic interactions,
inherent variability, and emergent outcomes. Hollnagel maintains that a FRAM-built model can be
manipulated formally and correctly as a production system, defined as:

"A production system (or production rule system) is a computer program typically used to provide
some form of artificial intelligence, which consists primarily of a set of rules about behaviour, but it
also includes the mechanism necessary to follow those rules as the system responds to states of the
world."

It has recently been suggested that a FRAM-built model could also be described as a collection of
linked interdependent Turing machines. With this in mind, a FRAM ontology should formalize these
elements, offering a way to describe the system in terms of functions, the couplings between those
functions, and the variability that naturally arises within and across them. This structure provides a
foundation for exploring how individual elements of a system combine to produce outcomes—
sometimes unexpected, sometimes resilient, and sometimes catastrophic.

At its heart, a FRAM ontology is a layered framework. At the macro-level, it captures the overarching
dynamics of the system, focusing on emergent behaviours that arise from the interplay of functions.
At the meso-level, it identifies clusters of interconnected functions and couplings that reveal critical
pathways and interactions. At the micro-level, it dives into the specific properties (metadata) and
internal behaviour of individual functions, detailing their inputs, outputs, and dependencies. This
hierarchy allows for zooming in and out, offering both a granular and holistic perspective of the
system.

Core Elements of the FRAM Ontology

The ontology should perhaps revolve around the key concepts, each essential for modelling the
behaviour of complex adaptive systems:

1. Functions At the centre of such an ontology will be functions, which represent the actions or
activities that make up the system. A function is not isolated but interacts dynamically with
other functions. Each function is defined by six aspects:

o Input: The triggers or preconditions that initiate the function.
o Output: The results or consequences produced by the function.

o Preconditions: The necessary conditions that must exist before the function can
proceed.

o Resources: The tools, materials, or energy required to execute the function.

o Control: The rules, procedures, or mechanisms guiding the function.



o Time: The temporal constraints or requirements associated with the function.

2. Variability: Variability is a defining characteristic of functions, reflecting how their
performance fluctuates due to internal or external factors. Variability can stem from human
performance, environmental conditions, technical failures, or even organizational dynamics.
It is not inherently negative; in many cases, variability is what allows a system to adapt to
changing circumstances. However, it is also the source of potential disruptions when
variability propagates through the system.

3. Couplings: Functions within a system are interconnected through couplings, which describe
how they depend on or influence each other. Couplings can take many forms:

o Temporal Couplings: Relationships based on the sequence or timing of functions.
o Resource Couplings: Shared tools, materials, or energy linking functions.
o Control Couplings: Shared rules, procedures, or decision-making processes.

These couplings are central to understanding how variability in one function can ripple through the
system.

4. Resonance: Resonance describes the amplification of variability as it propagates through
coupled functions. It explains how small deviations or fluctuations in one part of the system
can lead to large-scale, emergent effects. Resonance is the key to understanding how
systems can shift from stability to instability—or vice versa.

5. Emergence: Emergence is the overall behaviour of the system that arises from the
interactions between its components. It reflects the system’s capacity to adapt, evolve, or
fail in response to variability. Emergent behaviour is not predictable from the analysis of
individual functions; it is the product of the system’s interconnectedness and complexity.

Why Ontology Matters for FRAM

The ontology of FRAM should provide a structured way to model, analyze, and simulate the
behaviour of socio-technical systems. By formalizing concepts like functions, variability, couplings,
and resonance, it would enable practitioners to move beyond fragmented or linear models of
systems. Instead, it offers a holistic perspective that captures the dynamic and emergent properties
of real-world systems.

For example, in healthcare, a FRAM ontology might be used to express how variability in human
performance during surgery interacts with technological tools (particularly now Al), organizational
policies, and environmental factors to shape patient outcomes. In aviation, it could map the
interactions between pilots, automated systems, air traffic control, and environmental conditions to
understand how small deviations in one area can lead to significant safety risks—or how adaptive
human responses can mitigate those risks. In industrial processes, a FRAM ontology might reveal
where resource dependencies create vulnerabilities or opportunities for resilience.

Formalizing and Applying a FRAM Ontology

To make the ontology actionable, it should be encoded using semantic web technologies like RDF
(Resource Description Framework), OWL (Web Ontology Language), and SPARQL (a query language
for semantic data). These technologies allow relationships between functions, couplings, and
variability to be represented as machine-readable data, enabling:



e Reasoning: Identifying hidden relationships and dependencies within the system.
e Querying: Extracting insights about specific aspects of the system’s behaviour.
e Simulation: Exploring how variability propagates and how resilience can be enhanced.

e Interoperability: Integrating FRAM models with other analytical approaches, such as
System-Theoretic Process Analysis (STPA) or digital twins.

Challenges and Opportunities

While the promise of a FRAM ontology is clear, challenges remain. Discovering and reusing existing
ontologies is often difficult, limiting opportunities for interoperability. Additionally, the complexity of
formal ontology development can be a barrier for practitioners without expertise in semantic
technologies. There is also the issue of fragmentation—how do we ensure that FRAM ontologies
integrate seamlessly with other methodologies and frameworks?

Despite these challenges, the development of robust FRAM ontologies is a critical step forward. They
would provide the backbone for understanding and improving the behaviour of systems in domains
where resilience and adaptability are essential. As systems become more complex, the need for
structured, formalized frameworks like FRAM ontologies will only grow.

The Future of FRAM Ontologies

A FRAM ontology would be more than a technical tool; it can be a lens for understanding the world’s
complexity. By formalizing the elements of FRAM —functions, variability, couplings, and resonance—
it enables us to model and analyze systems in ways that are both rigorous and practical. As we refine
these ontologies, making them more discoverable, interoperable, and accessible, we unlock new
possibilities for resilience engineering, safety analysis, and system design.

The journey toward building these ontologies needs to be a collaborative one, requiring input from
all current users and modelers, covering diverse fields and applications. It would also be an
opportunity for continuous refinement. The methodology’s scope and ambition have evolved
considerably since it was introduced over a coffee near the Sydney Opera House 20 years ago. But
the potential payoff is immense: a deeper understanding of the systems we depend on and the tools
to make them more robust in the face of uncertainty. With FRAM ontologies, we don’t just want to
analyze systems—we want to transform how we approach complexity itself.



