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The only true model of something is the thing itself
— Ashby, 1950’s

"every good regulator of a system must be a model of that system".
« Conant-Ashby Theorem, Int. J. Systems Sci., 1970, vol 1, No 2, pp. 89-97

All models are wrong, some are useful
— Box, 1976

A model is neither true nor false but more or less useful
— Beer, 1985

To be useful it must be persistent, evolving, adaptive (Beckford, 2021)

— It will necessarily be ‘self-approximating’
» Autopoietic — Maturana and Varela, 1974



[-d BECKFORD DigiProximation Hypothesis

C O NS ULTI NG

* We cannot conceive a model which will be ‘right’ from the outset:
— we can conceive a model that learns to be more right over time
— not necessarily In its data but in its assertions
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« A Digital Twin is not an end In itself
— It is an enabler of something, provides information or insight
— Purpose is a key determinant of the cost-benefit equation
« Enabling technology exists
— But should it be done?
— What is the cost?
— What is the value?
 |s Value a function of the extent to which purpose is fulfilled
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Challenges

Accuracy
Rate of degradation of assets
Rate of maintenance, upgrade, replacement of assets
Change in materials and specifications
Shadows at the back of the Cave?
» The model becomes the reality

Clarity of scope

Purpose

Temporal and spatial scales?
Resolution or granularity?
Precision?

Cost-Benefit?

Challenges
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The Perpetually Failing Problem Solving Engine (Beckford. 1993)
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 We need to work backwards from the outcome we desire to the process that generates it and
the inputs on which it depends

— The outcome is the insight, understanding or information NOT the decision that proceeds
from it

« Limitations
— Uncertainty analogies:

» Heisenberg: Assets deteriorate with use, we can either know what condition they are
in OR we can use them, we can’t have both

« Schrodinger: The state of an asset reveals itself only when we use it, our only
certainty is that it was OK last time we looked

— Absence of human nuance in digital twins:
« Reflect the (tacit) assumptions and biases of their designers
* The insights are treated as binary
« The model can be seen as the reality
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Seasonally Agnostic
Railway Model

Why do we need the Seasonally Agnostic Railway Model
(SARM)?
What will the SARM support?
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* Purpose:
— Seasonal perturbations in railway performance appear to be weather related
— Historically no (data) connection between maintenance activity and rail performance
— Can we develop a model that:
Improves resilience, i.e. enables predict and prevent rather than react and recover
Provides information for operational decision making around both operations and maintenance
Provides information to passengers to inform travel decisions
Enables learning and adaptation at multiple levels of consideration
« Case study undertaken for the Safer Complex Systems, Engineering X programme with

Royal Academy of Engineering and Lloyds Register Foundation
— https://engineeringx.raenqg.org.uk/media/upelge20/engx-short-1b-brian-haddock.pdf
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 NR Scale and Scope:
— 20000 miles of (mainly) twin track
— Innumerable bridges and other structures
— Thousands of vehicles
— Over 100000 people
— Millions of journeys
— Multiple data sources
* What matters?
— What matters is performance
* Il.e. Do people and packages get to destinations safely and timeously.
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Model
« Desire to:
— Understand effect of weather on services at varying temporal and spatial
levels

— Understand impact of seasonal planning/maintenance
— Pre-empt service failure
— Alert passengers and other users to potential delays

— Evaluate (E£) the potential effects of alternative maintenance/renewal
strategies

— Assess the service impact of climate changes and support development of
risk mitigations
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Was the specification appropriate? (Specification Fallure)

Seasonal Specification
(Defined Operating Ranges)

VAN

Predicted Seasonal Failed
Weather Range Validation
Weather Range

v

Seasonal Preparation
(Maintenance, People, Processes, Machines, Info)

—

Perf.

S

—

Was the specification met? (Performance Failure)

© 2021 Beckford Consulting All Rights Reserved
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Performance Thinking - Information

Whole Railway

Aggregation of Information for
Regulation and Improvement

Upline Slow
Upline Fast
Downline Slow
Downline Fast

Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops Ops

Route Route Route Route Route Route Route Route Route Route Route Route Route Route
Section Section Section Section Section Section Section Section Section Section Section Section Section Section

Distribution of Information
for Real-Time Control

Control Rooms and Signalling

Infrastructure Domain

Service Domain
Dissemination of Information for
Service Optimisation

< TOCS (Services, Vehicles) >

Dissemination of Information for
Passenger and Cargo Journey Optimisation

< Passenger and Cargo Journeys >

© 2021 Beckford Consulting All Rights Reserved
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From Padd Reading |Padd __|Theale Ha|Padd Padd __|NorthamdReading |Padd Reading. Newbury [M outhPenzance [Bedwyn
[To Paignton [Newbury Bed] | Reading |Acton |Padd  |Reading |Padd  |padd  |padd
Reading depart 10.02 38| 9.48| 9.53| 10.03] 10.38| 11.17] 11.39) 115
uthcote Jn 06 10.01| 10.04| 10.06| 10.16| 10.43| 11.06| 11.23) 11. 11.57|
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Weather Hot Cold Windy  Rain Rain(Cum) Snow Snow(Cum)
[Switch 0 0 0 1] 1 9] 9|
09:00 o 0 0 0 60 0 of
10:00 o 0 ] 0 32 0 of
11:00 ) 0 0 0 7 0 q
12:00 0 0 0 0 0 0 0|
[Train Timings for ORS's Southcote In to Kintbury 2 hour sample departing Reading 10.00 - 12.00 Exc Sat Down
Headcode 1C75 2K38 |1C75 Freight [1k08 |1C77 6V49 2k40 1C78 2250
[Train type XP. P xp P xp Freight |LP XP 1P
[Time 0037 [l012 [1004 [1008 |1007 [1035 [o747 [1112 [11.04 [i154
From Padd _|Reading
To Mil y
Reading depart 2| 1120] 1154
(ORS1 Southcote Jn 5 11.31 11.56)
Theale o] 1134 12,00
Impact] 000 o000 000 o000 -3.7
ORS2  |Aldermaston 1051 1109 1115|1123 1137  12.04
Midgham 12.05
[Thatcham 12.08] .
Inner Workings
Impact|
ORS3  [Newbury
Kintbury
Impact|
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Weather Hot Cold Windy Rain Rain(Cum) Snow Snow(Cum
Switch 0 0 0 1 1 0 0
09:00 0 0 0 0 60 0 0
10:00 0 0 0 0 32 0 0
11:00 0 0 0 0 7 0 0
12:00 0 0 0 0 0 0 0
Train Timings for ORS's Southcote Jn to Kintbury 2 hour sample departing Reading 10.00 - 12.00 Exc Sat Down
Headcode 1C75 2K38 1C76 Freight |1K08 1C77 6V49 2K40 1C78 2750
Train type XP LP XP SFP XP Freight [LP XP LP
Time 09.37 10.12 10.04 10.08 '10.07 10.35 07.47 11.12 11.04 11.54
From Padd Reading |Padd Theale Ha|Padd Padd NorthamgReading |Padd Reading
To Miles Paignton |Newbury |Penzance [Whatley dBedwyn |Exeter Whatley Newbury [Plymouth |Newbury
Reading depart 35.78 10.02 10.12 10.29 10.40 11.01 11.04 11.12 11.29 11.54
ORS1 Southcote Jn 37.62 10.04 10.15 10.31 10.43 11.04 11.09 11.15 11.31 11.56
Theale 41.22 10.07 10.19 10.34 10.37 10.47 11.07 11.12 11.19 11.34 12.00]
Impact 0.00 0.00 0.00 0.00 -3.75
ORS2 Aldermaston 44.63 10.09 10.23 10.37 10.44 10.51 11.09 11.15 11.23 11.37 12.04
Midgham 46.59 10.11 10.26 10.38 10.49 10.52 11.10 11.17 11.26 11.38 12.05
Thatcham 49.45 10.13 10.30] 10.40 10.52 10.55 11.12 11.20 11.30 11.40 12.08
Newbury Racecourse 52.31 10.14 10.35 10.42 10.55 11.00 11.14 11.23 11.35 11.42 12.13
Impact 0.00 0.00 0.00 0.00
ORS3 Newbury 53.06 10.16| 10.38 10.43 10.56 11.03 11.15 11.24 11.38 11.43 12.17
Kintbury 58.38 10.22 10.46 11.01 11.09 11.21 11.29 11.46
Impact 0.00 0.00 0.00 0.00

Interface for Demo Purposes only
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Weather Hot Cold Windy Rain Rain(Cum) Snow Snow(Cum
Switch 0 0 0 1 1 0 0
09:00 0 0 0 0 60 0 0
10:00 0 0 0 0 32 0 0
11:00 0 0 0 0 7 0 0
0
Train Timin Down
Headcode 1C78 2750
Train type XP LP
Time 11.04 11.54
From ing [Padd Reading
To bury |Plymouth |Newbury
Reading de 1.12 11.29 11.54
ORS1 Southcote J 1.15 11.31 11.56
Theale 1.19 11.34 12.00]
Impact 0.00 0.00 0.00 0.00 -3.75
ORS2 Aldermaston 44.63 10.09 10.23 10.37 10.44 10.51 11.09 11.15 11.23 11.37 12.04
Midgham 46.59 10.11 10.26 10.38 10.49 10.52 11.10 11.17 11.26 11.38 12.05
Thatcham 49.45 10.13 10.30 10.40 10.52 10.55 11.12 11.20 11.30 11.40 12.08|
Newbury Racecourse 52.31 10.14 10.35 10.42 10.55 11.00 11.14 11.23 11.35 11.42 12.13
Impact 0.00 0.00 0.00 0.00
ORS3 Newbury 53.06 10.16| 10.38 10.43 10.56 11.03 11.15 11.24 11.38| 11.43 12.17
Kintbury 58.38 10.22 10.46 11.01 11.09 11.21 11.29 11.46
Impact 0.00 0.00 0.00 0.00

Interface for Demo Purposes only
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 Challenges
— Avallability and accuracy of asset data:
« As designed
* As installed
* As maintained
« Operating Specifications
» Undocumented Assets
* Layers
— Working at level of ‘key functionality’
— Internally estimated 120 levels of asset in hierarchy
« Geolocation of some assets not easily attainable
« Adjacent environments not included in asset base
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* Modelling Challenges
— Scale of Railway
« 20000 miles of track
« Mainly twinned
 Bi-Directional
— Scale of Model
* 3 homeostats per ORS, 34000 data points per ORS, 36000 interacting ORSs
— Underpinning knowledge (at least):
« Systemic Modelling
» Cybernetics (complex, dynamic, adaptive systems)
» Information Theory
« Engineering
« Governance
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* Current capability:
— By weather event, Rain/Wind/Snow/Temperature
» Effects on individual assets
» Delays arising per ORS
» Delays arising per service
» Which weather events cause what delays (quantified) as a result of impact on which asset
* By Asset:
— Which weather causes disruption when
— What is ‘most likely to fail’ asset under what conditions
— Do (particular) combinations of above exacerbate?
— Asset Frailty and benefit of Maintenance
» The cost of each delay enabling value calculations
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* Core is Informational Cybernetics
— Making Reliable Decisions using Unreliable Data
— Developing and Applying ML/AI to a large scale predictive model
— Drawing on proprietary work of Beckford & Dudley
— Developing Organisational Adaptation Capability
« Development, Implementation and Distribution
— Inc. Cultural challenges and changes
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Twin models:
— One addressing the issues of asset data accuracy and availability
— One addressing the machine learning/artificial intelligence elements

Extending:
— From 3 * ORS to line of route
— Including mobile assets
Testing:
— Evaluating accuracy using historic incident data
Evolving:
— Already presented to Client, Industry and Government
— Now exploring additional requirements, potential for rail industry ‘Digital Platform’
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Let us be ‘less wrong, more useful’ by:

— Starting with an appreciation of the rationale for the model, the purpose to be fulfilled driven by understanding:
* What do we wish to do with it?
* What decisions do we wish to take using it?

— Resolving:
» Scope, Accuracy, Scale, Time, Value (Cost-Benefit), Limitations

— Addressing:
* R&D activities
* Model Development Trajectory
» Operational and Simulation Capability

— Being:
» Systemic not mechanistic in our mindset
* Humble enough to understand and accept the limitations of what can be done
* Arrogant (or confident) enough to keep pushing the boundaries of capability
« Sensible enough to not let the model get in the way of the reality!

Let us build a model that develops ‘rightness’ for itself
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