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THE FRAM FUNCTION AS A TURING MACHINE

Which of these functions should be performed by human operators
and which by machine elements? (Fitts)

David Slater

The Functional Resonance Analysis Method (FRAM) Hollnagel (2012), offers a unique lens to
examine the complexity and variability of socio-technical systems, making it a powerful tool to
analyze both human and machine interactions within such systems. Among its many insights,
the description of a FRAM function shares intriguing parallels with the formal definition of an
automaton, particularly the classical Turing machine, Turing (1936). This analogy bridges
concepts from systems engineering and computational theory to deepen our understanding of
system behaviour and emergent outcomes.

An automaton can be formally described as a quintuple, Hollnagel (2024):

A=(,0,S,4,9)
where:

e listhe setof inputs,

e Ois the set of outputs,

e Sisthe set of internal states,

e A:SxI - Sisthesetof rules governing state transitions, and

e 8:SxI- 0is the setof rules for determining the output based on the current state and

input.

This foundational structure has long been used to describe computational systems, such as
finite automata and Turing machines, which operate by transitioning between discrete states in
response to inputs, producing outputs based on predefined rules. Interestingly, this description
can also encapsulate the essence of a FRAM function.

In FRAM, a function is defined by six aspects: Input, Output, Precondition, Resource, Time, and
Control. These aspects form a network of interdependencies that govern the variability and
interactions within a system. Conceptually, this aligns closely with the automaton structure. The
Input in FRAM corresponds to the automaton’s set of inputs (I), while the Output parallels the
automaton’s outputs (0). The states (S) of the automaton can be likened to the function’s
endogenous processing of the inputs to produce the outputs in the operational context, shaped
by Precondition, Resource, Time, and Control; information transmitted in the metadata of the
functions and processed by the algorithms used. The transitions between states (1) they
produce, and the outputs derived (8) mirror the dynamic coupling and emergent behaviour
captured in FRAM models.

This analogy is particularly compelling because it frames a FRAM function as not merely a static
representation, but an active element in the computational fabric of a system. Each function,
influenced by variability, transitions dynamically between states, producing outcomes
contingent on its interactions with other functions and the broader system context. This
perspective elevates the role of a FRAM function to that of an automaton-like entity, capable of
representing and interpreting the complexity inherent in socio-technical systems.
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Yet, as Hollnagel and Woods (2005) and Roth, Bennett, and Woods (1987) have argued, the
automaton analogy is fraught with limitations when applied to human-machine systems. The
irony lies in its insufficiency to fully encapsulate either human or machine performance. While
automata provide a neat, formalized structure for describing machine behaviour, they fail to
account for the emergent, adaptive, and context-sensitive nature of human actions. Conversely,
applying the same analogy to humans imposes a forced anthropomorphism on machines,
attributing to them a level of adaptability and nuance they do not inherently possess. One
proposal for an alternative description is the notion of a cognitive system as defined by
Hollnagel & Woods (1983): "A cognitive system produces intelligent action, that is, its behaviour
is goal-oriented, based on symbol manipulation, and uses knowledge of the world (heuristic
knowledge) for guidance. Furthermore, a cognitive system is adaptive and able to view a
problem in more than one way. A cognitive system operates using knowledge about itself and
the environment in the sense that it is able to plan and modify its actions on the basis of that
knowledge" (Hollnagel & Woods, 1983, p. 589).

This dual inadequacy underscores the need for a framework that transcends traditional
boundaries. FRAM fulfils this role by focusing on how variability propagates through
interactions between functions, whether human or machine. It acknowledges that neither
humans nor machines operate in isolation; instead, their performance emerges from a
continuous interplay shaped by constraints, opportunities, and dependencies. By retaining
“distinct human elements” in the description of user functions, FRAM resists reducing human
performance to mechanistic terms. Simultaneously, it applies those same elements to describe
machine functions, creating a shared vocabulary for understanding their combined impact on
system behavior.

This integrative approach holds profound implications for human-machine systems. As
automation becomes more prevalent, understanding how variability manifests and propagates
is critical to ensuring resilience and adaptability. Viewing FRAM functions as automaton-like
entities, while recognizing their limitations, provides a bridge between computational
formalism and the lived reality of socio-technical systems. It enables analysts to model systems
with a nuanced understanding of both deterministic and emergent behaviours, fostering
designs that enhance safety, efficiency, and robustness.

In conclusion, the analogy between a FRAM function and an automaton offers a valuable
perspective on the dynamics of complex systems. While the formalism of automata like the
Turing machine provides a structured lens, FRAM’s emphasis on variability and context bridges
the gap between the theoretical and the practical. This dual perspective equips us to navigate
the complexities of human-machine systems, ensuring that both human adaptability and
machine precision are leveraged to their fullest potential. By embracing this interplay, we move
closer to creating systems that are not only robust but also resilient, capable of thriving in the
face of uncertainty and change.
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