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What is an Internal Model?

A brief introduction
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What is an Internal Model?

Automation IM4

• In (re)insurance companies, Internal Models project  the 
financial situation over a one-year time horizon

• Ingredients:

• Risk Landscape – What risks do we want to cover?

• Calibration of Risks – Parameters to take into account

• Modelling of Risk Factors – Monte Carlo Simulation

• Aggregation of Cash Flows – Present Values at t=1

• Valuation – Value at Risk, TV@R, SCR etc.

• Main purpose: 

• (Solvency) Reporting

• Analyses of special business cases

• Estimation of Capital Requirements



Workflow of an Internal Model
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Heterogeneous Data Stochastic Modelling Aggregation & Statistics

• Calibration Parameter

• (Projected) Cash Flows

• Volume Measures 
(Reserves etc.)

• t=0 Base Values (B/S)

• Several hundred Risk 
Factors

• Numerous Dependencies 
between Risk Factors

• Monte Carlo Simulation 
with 100k scenarios for t=1 
values

• Discounting of Stochastic 
Cash Flows →Present 
Values

• Aggregation to different 
levels of granularity 
(currencies, entities etc.)

• Calculation of several 
statistics

• SCR = V@R – Mean

• TV@R allocation

• Dependencies



Why do we use MATLAB and how?

Some arguments and examples…
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Why do we use MATLAB?

• In 2008 starting to use MATLAB as a support tool (in addition to Excel / VBA / ReMetrica / Moody’s ESG) – Arguments: 

• Renowned software with worldwide customers in various industries

• Easy-to-learn programming language with an excellent editor

• Supported by seminars, webinars, MATLAB help and documentation

• Fast and stable performance

• Several built-in features and extensions available via toolboxes

• Over the years, it grew more and more important…

• Some features to be implemented in our IM could not be done with other tools in place

• New model parts have been built based on MATLAB

• Generally accepted and appreciated to work with

• In 2018, starting a five-year project… 

• One of our goals: Complete switch to MATLAB in terms of our core calculations

• Automate all relevant manual processes
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How do we use MATLAB? – Some examples…
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Gaussian Process 
Regression 

Predicting 100k 
Life&Health cash 

flows based on ~300 
supporting points

General Data 
Processing

> Scenario 
Aggregation

> CF discounting 

> r/w data

> Random Numbers 
& Distributions

> Large matrices

Dependency Tree

Simulation of copulas 
for >700 

Property&Casualty
risk factors

Statistics & 
Valuation 

Generating several 
statistics and 

analyses for Solvency 
Reporting



How do we use MATLAB? – Version and Toolboxes in use

• Version and licences:

• Currently using version R2023b, updating to R2024b soon

• About 40 NNU licences and 2 CN for MATLAB, varies in terms of toolboxes between 1 and 40 licences

• Toolboxes in use (alphabetical order):

• Curve Fitting Toolbox

• Database Toolbox

• Econometrics Toolbox

• Financial Instruments Toolbox

• Financial Toolbox

• Global Optimization Toolbox

• MATLAB Compiler

• MATLAB Compiler SDK

• Optimization Toolbox

• Parallel Computing Toolbox

• Risk Management Toolbox

• Spreadsheet Link

• Statistics and Machine Learning Toolbox
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Architecture of Automation03
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• Taking into account:

• Main targets on the right-hand side

• Project scope and time constraints

• Costs

• Regulatory requirements

Architecture of Automation – Targets



Architecture of Automation – Technical Setup

Automation IM12

Basic technical setup



Architecture of Automation – Growing Complexity

Process Overview
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Example Workflow

Some basics about our Internal Model Application
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Example Workflow – Module Counterparty Default Risk (CPD)
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Example Workflow – Module Group Aggregation (GRP)
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Example Workflow – Create Tasks

• Set name and description

• Calculation ID created automatically

• Select dependent runs that are available (released)
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Example Workflow – Setup Task
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Example Workflow – MS Excel still important for us…

Output StatisticsInput Parameters
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Security and Audit Aspects

Recommendations
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Security and Audit Aspects
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• Several best practices around in terms of writing code:

• Style Guide

• Code Review

• Git source control

• Pull Requests

• Unit Testing

• However, our Internal Model Application (IM App) 
executes compiled .exe files…

• Can’t really manage different versions in git (binary files)

• How to be sure what code is actually executed?

• →Develop Compiler Tool !



Security and Audit Aspects – Our Compiler Tool
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Security and Audit Aspects – Compiler Tool Output Folder
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Security and Audit Aspects – Compiler Tool Snapshot
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Q&A06
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Q&A
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Thank you for your attention! 
Happy to answer your 
questions.



Backup

Additional Slides
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Backup – Main Challenges
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