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The systems we’re building today are not 
just more complex, they are more 
interdependent. Software, hardware, 
safety, security, human factors, 
electromagnetic effects, and operational 
context all interact in ways that demand 
stronger integration.

The Hidden Opportunity in Systems 
Engineering: How UK Industry Can Unlock 
Its Next Leap Forward
Adam Lancaster Head of Engineering Capability for Systems Engineering 
(BAE) June 25, 2026

Whether we’re designing a next-generation 
defence platform, a safety-critical nuclear 
system, a semiconductor manufacturing 
process, or a high-assurance financial service, 
the opportunity is the same: to create 
engineering environments where clarity, 
traceability, and integration are built in from 
the start.

The Challenge



Objective of this Presentation Explore a Solution! 
                                                                           Three messages
COMPONENTS ARE NOT ENOUGH
- Systems thinking is not component inventory
Knowing the parts gives knowledge — but not necessarily 
understanding.

FUNCTIONS ARE THE UNIT OF UNDERSTANDING
 - FRAM gave functions interactive couplings
It showed how performance emerges from interacting functions, 
not simple chains. 

THE CRITICAL STEP IS EXECUTION
- FSM (Functional Systems Modelling) makes functions 

executable and traceable

(The aim is a generic silo-agnostic approach)

In short - From drawing Bows and Arrows to running functional 
models.6/30/2026 Functional Systems Modelling 3
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How does this work then?
Draw a diagram?

Model it?
How?

Read the Manual?



Systems 
Thinking is not 
about breaking 
it down into 
separate boxes 
and component 
parts

Individual Component Data
gives you 
KNOWLEDGE – 

But not 
UNDERSTANDING (Ackoff) 
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Silos of Systems Thinking
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First, we modelled 
things.

Then we modelled 
failures.

Then we modelled 
functions.

Now we need to model 
adaptive functional 
systems in motion.

Things go wrong through the same mechanisms by which they normally go right.

Goal?
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The evolution of systems modelling



But Qualitative models are just not 
enough to answer detailed needs
Safety-critical systems increasingly require models 
that can be queried, run, compared, updated and 
audited.

Not only “what is connected to what?” but “what 
happens when this function is late, weak, overloaded, 
missing, uncertain, degraded or contradicted by 
experience?”

Useful / useable generic functional modelling is 
surely not just drawing the model. It is running the 
model.

• UK Government COVID 
Response

• Drug Dispensing

• Emergency response of 
Trauma centres 

• Hospital Bed  availability

• Gulf of Mexico Oil Spill

• Formula 1 Pit stop

• Dollar / Yen Currency 
exchange rate

• Digital Twins

• Drones
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To Pump 
Water

Feed Water

Pump
 Primed

Mains
 Power

GovernorDemand

High
 Pressure

 Water

IF: 

All Aspects present 
and correct
- Input,
- Precondition,
- Resources,
- Control and
- Timing

THEN:
- Pump water

This is a line of computer code, 
and we can execute it as a 
program (The FRAM Model 
Interpreter (FMI) software Tool)

If we know how that function 
operates, (Ph(kW) = q ρ g h / (3.6 
106)), the program can calculate 
the OUTPUT as Metadata

Hollnagel’s  FRAM function can be made quantitative – THE BRIDGE

In effect – 
A Turing Machine



From FRAM Function to Executable Function

FRAM gave us - functions - couplings – interaction - 
emergence 

We can now generalise and simplify e.g., - 
“Resonance” = propagation of performance variability 
Resilience? Graceful extensibility???

Next step
• formalise the function (a “Turon”) 
as an executable unit with state:

System view
• a system is an interacting set of Turons 
• the system boundary is defined by a Markov blanket6/30/2026 Functional Systems Modelling 10



Examples
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https://functionalresonance.github.io/FMV_Community_Edition/

A model builder for visualising system behaviours

Blue Pills for Turons?

Open Source 
software
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Now available as an Excel add in – which allows us to build starter
 System models with ChatGPT

We can import / export data / standard function equations, etc

Using LLM’s to assist analysis 
– e.g. What if / HAZOP / Monte Carlo / 
             Learning / Prediction



FRAIXL – a FRAM AI Excel workbench and Data handling Facility
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Does that mean we don’t need to do all this standards 
stuff?
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After ANSYS

No – To build a car we do need to know what the parts / components are

And a Haynes manual of how you put it all together

 - KNOWLEDGE

But we need to drive it (or Simulate  it),
to be confident as to how it will perform on the road.

 - UNDERSTANDING - (Ackoff)

So, a detailed  Database on design intent, architecture
and documentation is an important precursor –

 - COMPONENT Level

But we still need to build the SYSTEM 
to pick up unexpected, emergent, non-linear, behaviours

So, we can now use FSM to put it all together  and drive it!



Thankyou - Questions?



Functional System
s M

odelling

• Why do you want these models -purpose.  (safety? 
Operability? Understanding?) These are not the same 
purposes and may require different approaches.

• What about variable behaviour and (random) 
deviations?

• What about humans. (I just saw one of the aircraft 
crash analysis issues again where the pilots just forgot 
(!) to extend the flaps before take-off.

• Is this really better than HAZOP combined with 
probabilistic fault and event trees?

• Do we really expect this modelling to produce more 
than we put in? 

--- (why can red bull suddenly not produce a winning car 
anymore)

• Maybe we should not aim at a universal model, but use 
the set of models as a toolkit to get to grips with system 
behaviour.
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Previous 
comments
/questions 
as 
starters?



Constraints 
and 

Assumptions
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Postscript from a colleague

• I find it interesting that we’ve gone from functions (60s/70s/80s) to 
objects (80s/90s/00s) and back to functions (10s/20s) courtesy of 
FRAM. 

• I think this is good news. I’m a big fan of object-orientation, it’s a great 
way to write a computer program. Functions, however, are a bit more 
anthropomorphic and feel a closer fit to the natural/human/real world, 
especially when you’re modelling at a more abstract level.

I’m trying to understand why we have had SO MANY different modelling 
methods and each one has never quite cut it. Perhaps it’s an impossible 
dream!

• Perhaps we keep hoping to come up with a universal modelling 
language that can model absolutely anything and will always fail. It 
seems that most modelling methods lend themselves to specific niche 
domains. In the end, just like statisticians, we tend to use the methods 
with which we are most familiar.
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(David Porter)
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