
D7: Actuarial Cashflow Modelling with Python



▪Culture: Leading and influencing innovation

▪Open Source: Introducing the heavylight python package

▪ Idea to Implementation: Our Journey within LBG

Agenda
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Setting the stage for success



Pace of change
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Culture
Shared purpose

Trusting, safe environment

Regular challenge

Building a change culture
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Maximising 

Engagement
Setting guardrails for 

empowerment

Driving

Output
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Python: the heavylight framework



Great language for everything else in the tech stack

▪ Data Processing

▪ Machine Learning (linear algebra)

▪ Process automation & pipelines

▪ Excel interaction 

▪ API serving & distributed computing

▪ Version Control

Challenges:

▪ Out of box numerical performance poor

▪ No simple frameworks to deliver robust models

Why Python?

IFoA Life Conference 2025 9



What makes actuarial models different?
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Feature

Assumption Tables

Actuarial models typically have 10+ tables covering economic 

assumptions, demographic assumptions, product parameters and 

related contracts like reinsurance.

Recursive Nature
All but the simplest actuarial models have a time dependency

(time t depends on time t-1)

Explainability
Models are imperfect. Practitioners need to be able to understand 

and analyze the model.

+ performant



The heavylight Platform

Provides:

▪ Model class for defining models & controlling execution.

▪ Table class: vectorized tables, handles multiple keys, including ranges.

▪ Example models with Excel spreadsheet replica.

▪ Direct export to pandas dataframes & Excel (.df).

▪ Documentation! https://lewisfogden.github.io/heavylight/

Benefits:

▪ Free: No usage restrictions (MIT licence)

▪ Open Source: install from pypi, extensible

▪ Lightweight: sub 1k lines of code.

▪ Tested: 88% code coverage



Open Source: Your invitation to Use / Steal / Improve
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Sample Model Walkthrough



Heavylight includes an example model implementation in both Python and Excel.

Caveat: This model was defined primarily to allow the Actuarial Open Source 

group to write comparable models in different programming languages & 

packages for methodology and performance benchmarking.

https://lewisfogden.github.io/heavylight/#loading-from-templates-examples

Heavylight Model Walkthrough



Model Walkthrough: Model Definition (~100 L.O.C.)

Source: https://github.com/lewisfogden/heavylight/blob/main/examples/std_model_numpy/protection_model.py



Model Walkthrough: Define The Basis



Model Walkthrough: Generate Test Data (10k pols)



Model Walkthrough: Run the Model



Model Walkthrough: View / Export Cashflows
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Explorable: Model Graph



Performance



Python core performance is poor.  If you write your python code based on Excel or 

other languages, you won’t see much benefit.

Time to run 1000 policies Time (secs)

Excel / VBA (Mac M1) 95

Python - naïve loop 26 

Python Performance



We can use vectorization and other techniques to massively improve performance.

Approach / Batch Size pols/sec

Excel

1k
11 

Python Core

1k
39 

Heavylight CPU

1k
25,575 

Heavylight T2 GPU

1k
19,724 

Heavylight T2 CPU

100k
68,493 

Heavylight T2 GPU

100k
130,000 

Python Performance with Heavylight
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The LBG Journey
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Challenges we set ourselves

LBG Journey: From Idea to Production

To develop the team’s Python 
modelling capabilities

To increase pricing agility

To pass model governance 
requirements

LBG Journey: The challenge we set ourselves



LBG Journey: What Have We Delivered?
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U
p

s
k
ill

in
g ▪ Developed by new 

user of Python

▪ Improved product 
understanding and 
documentation

▪ LBG Finance 
award finalist

F
u

n
c
ti
o

n
a

lit
y ▪ E2E in one 

language

▪ 17 assumptions 
tables / ~500 lines 
of code

▪ Typical run takes 
1 sec per 1k 
model points G

o
v
e

rn
a

n
c
e ▪ Complies with 

LBG software 
engineering 
guardrails

▪ Tested and 
Independent 
internal validation 
completed



Developing 

Capability

Relatively easy to 

learn Python

SME availability

Building Models

Documentation 

availability

Assumption 

definition

People and 

Process

Design thinking 

essential

Model is a small 

component

LBG Journey: What Have We Learned?
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Process 
simplification

Documentation

People Future ready

What are the next opportunities?
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Questions



Lewis.Fogden@scottishwidows.co.uk

Chloe.Tervit@scottishwidows.co.uk
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