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FRAM

A Systematic Review of Modelling Methodologies
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setting criteria for the requirements of an appropriate approach. The criteria chosen:
a solution based on system thinking.

sufficient resolution or granularity of the representations,

the nonlinear, non-predetermined nature of the process models

the ability to predict dynamic behaviour.

The ability to model unexpected outcomes — (resonance and emergence)
The ability to follow the propagation of variability through the system.

and the ability to optimise the performance and resilience of the system.
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FRAM

System Thinking
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“When you analyze a system, you learn something, but you don’t get understanding.

The result of analysis of a system is knowledge. And for the first time, in the 1950s, science
distinguished between knowledge and understanding, and recognized that all the work of science

has produced is knowledge — but not understanding. Understanding requires a different method of

SURROUNDINGS

thought’.
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“A system is never the sum of its parts; it’s the product of their interaction.
. OUTPUT

The performance of a system doesn’t depend on how the parts perform taken separately, it

depends on how they perform together. OPEN "

, SYSTEM 1
— how they interact, not on how they act, taken separately. " L
Therefore, when you improve the performance of a part of a system taken separately, you can " J,‘
destroy the system”. H"'-EGUNDAR\{”
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https://en.wikipedia.org/wiki/File:OpenSystemRepresentation.svg
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Non -System Models

MBSE (Model Based System Engineering )
FMEA (Failure Modes and Effects)

Cause consequence “Roots”
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vnaerstanding rnoutine vs Compiex Frocess

What we were designed for What we are facing



Suppliers Inputs Process Outputs Customers

The provider of Materials, A structured set of The products or The recipient of
inputs to your resources or activities that services that the process
process data required transform a set of result from the output
to execute your inputs into specified process
process outputs, providing

value to customers
and stakeholders
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How mathematical models can lead
us astray and what we can do about it

Abandon
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"Soft” Systems

Checkland
Rasmussen — Drift and Hierarchies
Accimaps - Hopkins

Economic failure boundary
Acceptable performance
boundary

Accident

Marginal

boundary Unacceptable workload boundary
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Process Inputs
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“The FRAM is a method-sine-model rather
than a model-cum-method.

This means that the FRAM is used to
develop a model of the activity (process or
performance) that is the focus of the
analysis.
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The FRAM merely describes (rather than
interprets) systems, allowing a prospective
or retrospective analysis.

The FRAM guides the analysts and
provides them with clues wherg:"fg‘, '
but not with answers!” . _ai56Ha
ChtGPT 1 PR
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A complex Adaptive system
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The Way
Ahead —
Hollnagel 2016

CONTINUOUS
IMPROVEMENT - ALMOST
CAUGHT UP?

T+

_FRAM combined with
other methods

Visualisation /
oanimation of FRAM
models

FRAM

Quantification of

FRAM models

Interpretation /
o simulation of FRAM

models

© Erik Hollnagel, 2016
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Extensions and add-ons
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Outcome Probabilities — Hill and Slater 2017 (BBN's)

Functional Signature - only a portion of the functions may be active at
atime (t) and outputs are not constant @ ©

Simulation — Smith 2018 (DynaFRAM)

®

®
Instance for
Time
DoV N\_

Time series and hierarchies (2019) — Patriarca ( myFRAM

Probability of variability — Hirose (Fuzzy FRAM)
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Generic
Function

Instance for Do
Input

Control and security systems (2019) — Nomoto (Byzantine

algorithms)
Mutual Monitoring using
Byzantine algorithm
guarantees to detect
hijacked function.
Etc., etc. ‘
Coninuty
Byzantine Security for Quartet
Prediction
7/10/2023 of Next
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FRAM

Implementation, interpretation and
validation of the “production rules”
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Open-source exploitation _

* Dynamics — Formula 1 pit stop
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* Dynamic BBN’s

- Machine Learning — Nomoto (Tokyo) ) "
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- Resilience — Nomoto (Copenhagen)

7110/2023 FRAM software Development Group
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MBSE

FMEA

Soft Systems

Rasmussen Drift

Accimaps

STAMP

SADT

Monte Carlo + FRAM

Byzantine Algorithm + FRAM

Fuzzy Logic + FRAM

Markov Chains

BBN’s + FRAM

DBBNs + FRAM

FMI

Metadata

Systemic potentials in FRAM
+++
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| rest my case!
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If - else statement

3.b) If false
3.a) If true
1.
L' if { condition )
4 {

11'body of the if
/I statements to be executed

}
else
5.
R )

/I body of the else
1/ statements to be executed
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{l- 1/ statements outside the if-eise QG

$skyColor = “blue”;

if ($skyColor == "blue") {
print “the sky is normal”;
) else {
print “Somaething isn't normal®;
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