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Aims
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• Present overview of Strathclyde Joint Appointment / PhD 

supervision work

• Present case for the value of theoretical computer science 

and functional programming for NPL / Data Science Dept.:

• Or for anyone who codes…

• ...just a little appreciation helps

• Show how case is pitched
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And get some feedback!
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About NPL
• UK’s National Metrology Institute founded in 1900

• https://www.npl.co.uk/125

• A public corporation owned by the Department for 

Science, Innovation and Technology (DSIT) 

• Based in Teddington (London) with locations in 

Strathclyde, Surrey, Cambridge, Huddersfield 

and Solihull

• Strategic partners DSIT, the University of Surrey and 

The University of Strathclyde 

• 800 scientists with a breadth and depth of metrology 

expertise.
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Introduction
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https://www.npl.co.uk/125


National Challenges 

Metrology improves the effectiveness and efficiency 

of science and trust in its outcomes, which in turn 

unlocks the potential of innovation, allowing faster 

routes to market. Evidence-based policy, regulation 

and decision making are heavily reliant on 

measurements and data, and NPL is key in providing 

and digitising that measurement infrastructure. 

Introduction

© NPL Management Ltd, 2025
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• Prosperity

• Security and resilience

• Environment

• Health



Pilot ACE 1946
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Packet-switching developed at NPL 1966

Introduction
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No Introduction Required



Aim: Confidence in the intelligent & effective use of data

• Mix of mathematicians, data scientists, AI / machine learning experts, 

statisticians and physicists and software / data quality experts.

• ~50 staff across three sites. Including 11 graduate scientists and joint 

appointments with Surrey and Edinburgh Universities

• ~25 students (PhDs, sandwich courses)

• Extensive collaboration: Can’t do data science without data

• Internal: work with most other departments at NPL

• Fellow NMIs worldwide

• External companies: collaborations and consultancy

• Academia: CDT engagement, grant-funded projects

• Other establishments & industry bodies: UK & worldwide
© NPL Management Ltd, 2025 9

Introduction: NPL Data Science Dept.

https://www.npl.co.uk/data-science

https://www.npl.co.uk/data-science


Introduction
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• If there’s one part of NPL where metrologists and 

computer scientists should be able to communicate 

fruitfully it should be Data Science

Or fruitful communication should 

be facilitated

And it’s nothing new [1]… 

© NPL Management Ltd, 2025
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Introduction

• Project Trust4, “Trust to the fore”

• Engagement between:

o Strathclyde, Mathematically Structured Programming Group [2]

▪ Joint appointments: Connor McBride, Fredrik Nordvall Forsberg

▪Head of department: Neil Ghani

▪PhD students: André Videla, Eigil Rischel 

o NPL, Data Science

▪Alistair Forbes, Keith Lines, Ian Smith
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Dimensionally correct by construction: 

Type systems for programs [3]

Date presented: June 24, 2021

Dependent types for practical use [4]

Date presented: March 29, 2022

Introduction

Some computer scientists:

https://www.youtube.com/watch?v=DVDvIoz9vE0
https://www.youtube.com/watch?v=DVDvIoz9vE0
https://www.youtube.com/watch?v=txJiuDM2gUM
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Introduction

They publish papers, full of things that look like this example [5]:

• What do such examples mean?

• Is it worthwhile, for NPL, to try and find out?

• Is any of this work directly applicable to developing trustworthy 

software tools for metrology?

Amongst many other things



14

Introduction

• BS 10754-1:2018 [6] defines trustworthy as:

Appropriately addresses safety, reliability, availability, 

resilience and security issues

• Five facets of trustworthiness:

Trustworthiness

Safety Reliability Availability SecurityResilience

But that’s a discussion for 

another presentation…
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Background: Theoretical computer science (TCS)
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• This work concerns theoretical computer science (TCS)

• What is TCS?

• UK Research and Innovation [7] says:

This area explores the fundamental and foundational aspects of 

computers and computation. Aiming to improve understanding of 

computation and its capabilities, limitations and future potential, this 

research area encompasses research around logic and semantics, 

and the study of algorithms, complexity and automata.

Some theoretical computer scientists would object to 

“computers” in the above definition.



Background: Theoretical computer science (TCS)
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Over to Wikipedia: [8]



Also:

Formal specification, verification 

and validation

Functional programming

Programming language semantics

ONTOLOGIES

[9] 



Background: Functional Programming: Reasons…

Peter Landin, 1930 - 2009

“LISP brought the class of entities that are 

denoted by expressions a programmer can 

write nearer to those that arise in models of 

physical systems and in mathematical and 

logical systems.”

P. J. Landin, The Next 700 Programming Languages, March 1966 [10]

Also applies to newer functional languages, such as Haskell 

and Idris2

Worth exploring by NPL…?
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Case Studies: Resistance Calibration [11]

Voltage / V  ML2T-3I-1Time / s   TUnitless, no dimensions

What if the type of columns is a function from the 

column index to a combination of numeric / dimension?

…
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Case Studies

• Realistic but not too complicated:

1. Law of Propagation of Uncertainty

2. GravCalc

3. Resistance Calibration (Certificates DB)

NOTHING TO DO WITH LIVE SOFTWARE.
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μμ – σ μ + σ

Area = 1

Case Study 1: Law of Propagation of Uncertainty

© NPL Management Ltd, 2025

• Simplified example from calibration certificate:

μ = Measured value

σ = Standard uncertainty

Approx. 95 % probability true 

value lies within quoted interval.

Other distributions are available…

• Based on a normal distribution

• Often need to combine standard 

uncertainties from a variety of inputs 

(e.g., sensors)

• Law of Propagation of Uncertainty

P
ro

b
ab

il
it

y

Measured value 

/ Units

Expanded uncertainty = k  
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Case Studies: Law of Propagation of Uncertainty
From Guide to the Expression of 

Uncertainty in Measurement 

(GUM) [12] 

© NPL Management Ltd, 2025

A measurement result is 

incomplete without a 

quantitative statement about 

the quality of the measured 

value (in the form of an 

uncertainty), and hence the 

importance to metrology of 

making such statements 

trustworthy.
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Case Studies: Law of Propagation of Uncertainty

© NPL Management Ltd, 2025

MATLAB
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Case Studies: Law of Propagation of Uncertainty
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Case Studies: Law of Propagation of Uncertainty

© NPL Management Ltd, 2025

Vector module by 

André
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Case Studies: Law of Propagation of Uncertainty

© NPL Management Ltd, 2025

Vector module by 

André

Sized vectors 
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Case Studies: Law of Propagation of Uncertainty
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Case Studies: GravCalc

• Realistic example of metrology software for coding in a functional 

language

• GravCalc [13], calculates the amount fraction and uncertainty of 

all components in gravimetrically prepared gas mixtures using the 

method described in ISO 6142 [14].

• The composition of the final gas mixture is, by the principle of the 

gravimetric method, defined by the mass of each component.

• Version currently in use coded in Visual Basic 6 C# version to 

be released

© NPL Management Ltd, 2025
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Case Study 2: GravCalc: Amount Fraction 

© NPL Management Ltd, 2025



Matrix safeMatrix unsafe

Dimension unsafe

Dimension safe
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Matrix safeMatrix unsafe

Dimension unsafe

Dimension safe

Python
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Matrix safeMatrix unsafe

Dimension unsafe

Dimension safe

Python

F#
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Matrix safeMatrix unsafe

Dimension unsafe

Dimension safe

Python

Haskell

F#

36



37



Matrix safeMatrix unsafe

Dimension unsafe

Dimension safe

Python

Haskell

F# Idris
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Conclusion

• More Types -> More Safety

• More Types -> More Expressivity

• Usability Questions
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Case Study 3: Resistance Calibration
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First: Theory
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App Database
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App DatabaseOuter
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App 1

Database

App 2
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App 1

Database

App 2

CLI
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App 1

Database

App 2

Web
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Containers
(Polynomial Functors)
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C1

C2

+

C1

C2

×

C1

C2

|>
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C1 C2=>>
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C1 =>> C2
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=>>

Request 1

Response 1

Request 2

Response 2
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Request 1

Response 1

Request 2

Response 2
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C1 C2=>> C3=>>
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Container = API

Application

Programming

Interface
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C1

C2

+ Handle Either 1 of 2 APIs

C1

C2

×
Handle 2 APIs 

Simultaneously

C1

C2

|> Handle 2 APIs Sequentially

C1 C2=>> Delegate
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Back to Software
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Send Measurement

List Measurement

Ok

Query

Response

DB
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Analyse

Ok

Query

Response

DB

ID
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Certify

PDF

Query

Response

DB

ID
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Certify

PDF

DB

ID

DatabaseCertify
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Send Measurements

Ok

DB

ID

DatabaseMeasure
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Analyse

Ok

DB

ID

DatabaseAnalyse
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DatabaseAnalyse

DatabaseCertify

DatabaseMeasure
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DatabaseAnalyse

DatabaseCertify

DatabaseMeasure

=>>

=>>

=>>
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Database

=>>

+

+
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Database

=>>

+

+

App
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Database

=>>

App
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Database

=>>

App

=>>

HTTP
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Database

=>>

App

=>>

CLI
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Conclusion

• Very Flexible

• Unparalleled Abstraction Level

• Confined to Dependent Types

• Requires Better Ergonomics & Tooling
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Conclusions
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• Can this work be made accessible to non-specialists?

❑ Jury is still out. Probably “yes”. More case studies / 

publications aimed at metrologists needed. Software tools 

will be vital. 

❖May be easier to make NPL’s work more accessible to 

computer scientists.

❑ Existing, more “unit aware”, languages (e.g., F#) worth 

exploring. Despite limitations noted with these languages.

LabMate

© NPL Management Ltd, 2025



Conclusions
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• Value of theoretical computer science and functional programming for 

NPL / Data Science Dept.

❑ Plenty of value. Has been for many years [1]. 

❖ NPL should not be “passive acceptor” of software tools / 

computer science theory. Should be helping “shape the future”.

❑ Functional languages as prototyping tools. Alternative to MATLAB.

❑ Ontologies, big crossover.

• Or for anyone who codes… just a little appreciation helps.

❑Example, lambda expressions in Python [15]. 

Powerful tool to make code more concise and reusable.



Conclusions
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And then…
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This work was undertaken jointly by the Mathematically Structured

Programming Group of the University of Strathclyde and the National

Physical Laboratory’s Data Science department as part of Data 

Science’s Tools for Trustworthiness National Measurement System 

(NMS) project 2023–2024.

Thanks to NPL colleague Nick Fletcher for his help and guidance. 

Thanks also to NPL colleagues Peter Harris, Louise Wright and Ian 

Smith for reviewing, and to Professor Neil Ghani for his support.
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