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Executive summary

For life insurance companies, reviewing balance sheet provisioning within the context of the calculation engine
test is of high importance. Life insurers develop special reference calculators that serve as reliable tools,
facilitating the transfer of policies from legacy to target systems and supporting controlling and production.
Reference calculators are crucial for insurance projects to map new business in newer software solutions and
migrate existing portfolios to them.

The primary goal of these reference calculators is to serve as testing tools for the acceptance of the target
system's calculation engine during inventory migration by checking key calculated values, such as:

. Basis reserves,
. Balance sheet tariff reserves,
= Additional interest reserves, and

. Biometric corrected reserves,

among others. Additionally, they offer a valuable opportunity for production testing. This report summarizes the
most important requirements and evaluates the extent to which they can be fulfilled by a solution run on Milliman
Mind (MM), a Milliman cloud-based modeling platform. It discusses a basic policy status, scheduled/annual
updates, and unscheduled post-sales transactions on a policy.

Our simplified reference calculator will perform the following functions:
1. Import policy information from a .csv document.

- Policy information will include basic customer and policy information and provision values for
comparison with the reference calculator output.
2. Take key policy data and use mappings to find the cost factors and to build the actuarial table and
commutation functions for the policy.

- Pricing combinations are predetermined and mapped using a pricing code.
- A combination of age, sex, and insurance plan maps the actuarial table, starting year x, and policy
interest rate and reference interest rate.
3. Calculate premiums and subsequently technical provisions using mapped data (actuarial tables, interest
rate, pricing) and direct data (sum insured, transaction data).

- Using Milliman Mind’s Scenario feature, which enables parallel calculations on a model with using
different input values, technical provisions are calculated for both the policy and reference interest
rates, a necessity for calculating additional interest reserves (Zinszusatzreserve) in German
policies.

4. Compare the calculated provisions to the given provisions and determine if these are within tolerances
based on predetermined acceptance levels.

For simplicity, the model will only consist of endowment with death benefit and endowment insurance, and for
each policy will adjust the calculations for one of three transactions: suspension of premiums (paid up), partial
surrender, and top-up. This model will be fully built in Excel with Milliman Mind add-ins, then uploaded to Milliman
Mind for processing.

FIGURE 1: NO-CODE, LOW-CODE, AND FULL-CODE EXPLANATION

NO-CODE LOW-CODE FULL-CODE

An application that can be used without any A combination of application-based (Excel) All tasks are completed with a direct
programming or SQL skills. In our case, programming (e.g., Python, VBA) and SQL programming and SQL interface; no
Milliman Mind is a No-Code solution, tasks are required. applications with GUI elements are utilized.

requiring only .xlsx Excel models.
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Our solution, based on the innovative Milliman Mind technology, offers high security and a comprehensive, intuitive,
web-based product. As a No-Code solution, it is accessible to users without specific SQL or programming
knowledge. The maintainability of our tool is excellent due to its Excel foundation, with every model change
documented, eliminating the need for complex SQL or programming scripts that become difficult to manage over
time. Consequently, high resources are not tied up in the medium term, and security of the model is increased.

By using Milliman Mind, our customers could increase their efficiency in such projects, particularly because Excel
implementations are easier to maintain than full code. The goal is to generate concrete examples to present
impressive applications to customers, enabling us to offer Milliman Mind with this special use case in German-
speaking countries and potentially opening up the market for other Milliman tools.

Our mission is to reduce complexity and maximize user-friendliness. With our web- and cloud-based solution,
SQL and programming skills become unnecessary, as Excel knowledge is entirely sufficient for reference
calculator-specific tasks. Although SQL queries would be utilized to prepare the data for input regardless of
software solution, Milliman Mind could even be interfaced with an SQL database to streamline the workflow
between the two. We offer a user interface that is intuitive and easy to use. We automate data processing and
evaluation, enabling efficient and error-free processing.

Introducing new users to the models is seamless, as the modeling occurs directly in Excel and requires no
extraneous permissions and only the minimal training to become familiar with the Milliman Mind add-ins.
Debugging in Milliman Mind is straightforward and requires no additional software, offering significant value by
emphasizing efficiency and user-friendliness.

An interface allows seamless integration of Milliman Mind into the existing system landscape. These advantages
lead to low financial expenses while maintaining excellent performance. For instance, using MM instead of a
combination of a programming language and SQL can reduce development costs by approximately 50%—70%.
Replacing the combination of Excel and VBA with our MM solution can reduce runtime by up to 99.80%.

Our commitment to quality is evident in the high maintainability and performance of our solution. Model and data
changes are documented and always traceable, thanks to the Audit Trail within MM. Additionally, our
Performance Profiler allows for detailed evaluation and analysis of performance.

In summary, our solution combines the user-friendliness of Excel with automation, security, and speed of modern
modeling software and programming languages to offer a seamless and efficient user experience.

Concrete use case of Milliman Mind as reference calculator 2 January 2026
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1 Challenges for life insurers
ACTUARIAL TEST FRAMEWORK

Both in the context of portfolio migration projects—where an insurance policy administration system is replaced
by another (for example, to improve user experience)—and during the ongoing development of existing systems
(for example, due to changes in regulatory requirements), the testing of calculation functions within a policy
administration system is of critical importance.

Naturally, there are additional test phases such as:

= Graphical user interface (GUI) testing to verify whether the requirements of the administrative staff regarding
ease of use are being met.

= End-to-end (E2E) testing to ensure the proper functioning of peripheral systems, such as document
generation or integration with health insurance funds.

Those will not be covered in detail here.
Instead, let us focus on the so-called actuarial testing of the (new or existing) calculation engine.

It should first be mentioned that we assume accuracy and correctness of the input data, in particular the consistency
of the main policy data and the values calculated in the source system. Discrepancies between the policy data and
these calculated values would of course compromise the reference calculator. In the process of a standard portfolio
migration, any discrepancies of this type would be tested for and corrected/noted in a previous phase.

When selecting reference values, it is essential to ensure that these can be calculated in the source system with
reasonable effort. Generally, it can be assumed that the source system provides sufficient functionality, as the
tariffs to be migrated must have been administered in the source system up to the point of migration. However,
this assumption does not always hold true for new requirements imposed on an existing calculation engine.

Moreover, in migrations from a source calculation engine to a target calculation engine, projects are often
initiated precisely because the company no longer trusts the values produced by the source calculation engine.
Therefore, it would be a mistake to rely solely on the comparison of source and target systems in such cases.

= This concerns both the actuarial reserves of an insurance contract according to its current status and
scenarios where the current status is projected into the future—such as when bonuses are allocated to the
contract or scheduled post-sales transactions (e.g., predefined premium and benefit increases) occur.

= Additionally, it is important to consider so-called unscheduled transactions. These are interventions in the
contract, for example, at the request of the customer (such as changes to the insurance term, arbitrary
premium adjustments, or the settlement of part of the contract) or as a result of biometric events, such as the
temporary onset of occupational disability.

Currently, this is achieved either with tools provided directly by the manufacturers (e.g., msg Life Factory, a life
insurance administration software suite with a large market share in Germany) of the policy administration
software, which essentially enable the formulas to be reprogrammed independently by actuaries (potentially in a
different programming language) and require in-depth technical knowledge. These tools have one major
disadvantage: They are very expensive and still require specific expertise from in-house actuaries to ensure the
quality of the core policy administration system using the output from such tools.

Alternatively, simplified solutions are used, in which individual steps of the complex calculations are recreated in
Excel, LibreOffice, WPS Office, or similar software applications (for simplicity, in this paper we will reference
Excel as the standard for nonprogramming solutions). This approach enables actuaries and mathematicians to
verify the calculation logic of the policy administration system step by step. This is a fundamental skill for
mathematicians and actuaries within an insurance company. However, this approach raises the legitimate
question of the scope of the testing. It is clear, when using nonprogramming solutions for testing tools, that it is
not feasible to run tens of thousands of contracts of a single tariff through all desired post-sales transactions, as
Excel or comparable products simply do not offer sufficient performance. Therefore, a selection of real test cases
must be made, or, to reduce the volume, the testing process must even be based on synthetic test cases. To test
Milliman Mind’s computing performance, we will test this model on multiple data sets of up to 150,000 policies.

Concrete use case of Milliman Mind as reference calculator 3 January 2026
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MILLIMAN MIND

To address these limitations and better evaluate the computing capabilities of policy administration systems, it
becomes necessary to consider alternative testing approaches that can handle larger volumes and more complex
scenarios. As we move forward, it is important to focus on methods that not only allow for detailed verification but
also scale effectively to accommodate the demands of modern insurance portfolios. This brings us to the
development process of the reference calculator.

REFERENCE CALCULATOR

Life insurers face the challenge of modeling reference calculators, often having to choose between an Excel
solution and a programming language. Both options have their pros and cons. In practice, depending on
product/tariff diversity, 10 to 40 reference calculators can be run in parallel for many policies, making
performance crucial.

Excel reference calculators are very accessible to third parties but do not perform well in terms of computing
speed and memory. Maintainability can vary depending on modeling and may prove to be difficult.

Using a common programming language, such as Python, offers significantly better performance than Excel.
However, this requires programming knowledge, and the models are not as intuitive as those with GUIs, as in Excel.
Additionally scripts can become so complex over time that, without a visualization of data like in a spreadsheet,
reviewing the code becomes very time-consuming, making even the smallest adjustments expensive.

Beyond the development of reference calculators, automation is also of great importance. Ideally, the reference
calculators should be launched in parallel rather than individually, as individual calculators would increase
runtime and user involvement from the requirement to implement each calculator run. However, controlling the
automation of the reference calculator run via a programming language requires many and sometimes complex
scripts, leading to the aforementioned disadvantages.

Moreover, the question arises as to how data processing is organized within the automation framework. One
possibility is to build and use a database in the background during the reference calculator run. However, this
requires SQL knowledge and can result in a confusing amount of scripts and tables. Additionally, SQL programs
can easily cause the entire run to abort if, for example, an invalid data format is detected in a data field.

Debugging options are severely limited when reference calculators are modeled in Excel and automation is
controlled via a programming language. Even for reference calculators developed with a programming language,
debugging is very cumbersome due to the interplay of program scripts, SQL scripts, and database tables and
may require additional software.

SCOPE

To calculate balance sheet provisions for a complete portfolio of insurance policies, two particular challenges
present themselves. One is the variety of different tariffs that comprise a whole portfolio, each tariff requiring its
own complex calculations for provisions, and the other is policy transactions that affect provisions. One portfolio
could have many tariffs covering different insurances, some possibilities of which are listed in the Structure
section of chapter 2.

Policy transactions (or GeVos, from the abbreviated German Geschéftsvorfélle) can be scheduled or unscheduled
and may or may not immediately affect balance sheet provisions. They encompass a very broad range of actions or
changes to the policy. In this context, a transaction can involve three kinds of actions on a contract:

1. Technical: an action that only performs calculations based on current data or makes changes that do
not affect premiums, benefits, or reserves

2. (Mostly) scheduled: actions that affect premiums, benefits, or reserves that are planned when the policy
is created, such as a scheduled premium increase, or are expected to occur, although without a
planned transaction date, such as end of suspension of premiums

3. Unscheduled changes: actions that affect premiums, benefits, or reserves that are not planned, such as
partial surrender or suspension of premiums

A selection of possible transactions is shown in Figure 2.

Concrete use case of Milliman Mind as reference calculator 4 January 2026
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FIGURE 2: EXAMPLES OF POSSIBLE TRANSACTIONS
CATEGORY 1 CATEGORY 2 CATEGORY 3

ONLY TECHNICAL MOSTLY SCHEDULED WITH UNSCHEDULED BY WISH OF CLIENT OR
MATHEMATICAL IMPACT TRIGGERED BY INSURER

Balance Sheet Values (Reserves Batch,
Reserves Calculation)

Change agent/broker on a policy/portfolio

Deduction of Investment-Plan-Fee

Disinvestment for single premium (or single
premium layer)

Extraction of Risk Premium

Incoming payments accounting

Outgoing payments Accounting
Installments (Sollstellung)
Investments

Premium Split (recalculation)

Roll forward of reserves

(just the mathematical values described in a
separate document)

Premium reimbursement

Automatic Increase (3a max)

Automatic Increase (CPI index)

Dunning process - Cancellation / conversion

of the policy (GCH-trigger)

Tax documents (client information)

Billing (QR bill, automatic payment by Credit

Card, Post or Bank account for premiums
and loan interests)

End of temporary suspension of premiums

Optional Term Extension (near to maturity)
Maturity

End of Disability Benefit Payment period
Expiration of Premium Payment Period

Expiration of deferral Period

Expiration of Waiting Period
De-risk Option (only for fund)

Dynamic increase

Concrete use case of Milliman Mind as reference calculator 5
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Beginning of temporary suspension of
premiums

Benefits

Change Beneficiary

Change clause

Change of 3a-3b split of the gross premium

Change of Disability Benefit (e.g.,
Percentage)

Change of payment frequency
Change policyholder

Death claim

Disability Benefit (pension or waiver)

Disability Rider Claim

Discharge (due to Surrender or Transfer)
Exclusion of Riders
Full Conversion

General technical changes: Surcharges,
Employee discounts, ...

Inclusion of Riders
Info to customer on values

Miscellaneous Technical Changes: Name
change, Changes of IBAN, of address, of
marital status, ....

Partial conversion

Partial surrender

Policy’s start date change*
Reconversion

Sum insured/premium reduction
Sum insured/premium increase
Switch of Investment Plan

Top Up

Total surrender

Inclusion Policy Loans

Policy Term Reduction

Miscellaneous Technical Change on Riders:
Change of Waiting Period, change of Risk
class, ...

January 2026
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2 Solution approaches with Milliman Mind
MILLIMAN MIND

We will be building this proof-of-concept product on our Milliman Mind platform. Milliman Mind is a modeling
platform that runs on C# with grid-visualized data. Models are developed in Excel with the use of MM for Excel
add-in functions, then uploaded and converted to Milliman Mind. Many basic functionalities of Milliman Mind
resemble Excel: Data are presented in grid form with a formula bar at the top of the screen to display the
formulas for the cell, and most formulas have the same structure and syntax as Excel; however, Milliman Mind
provides value added on multiple levels.

The MM for Excel add-in functions expand certain capabilities that are not currently possible in Excel. In our
model, for example, we use the MM_LOOP function, which allows the parallel computation of the model for many
scenarios in multiple dimensions, to loop through all the policies in our portfolio and to compute each policy with
two different interest rates. Furthermore, Milliman Mind has an Audit Trail feature that allows detailed version
tracking and enables users to trace result changes from version to version.

These added functionalities, on top of the increased speed of the C#-based platform, have led us to hypothesize
that Milliman Mind would be an ideal solution for reference calculators often needed for life insurance portfolio
migrations.

PRODUCT DESCRIPTION

Modeling reference calculators in Excel can be a labor-intensive process, potentially requiring thousands of man
hours for around 20 reference calculators. Additionally, reference calculators are system-specific and should be
developed within the project. Therefore, an offer for Milliman Mind in the use for a migration project would not
include predeveloped reference calculators. Instead, our solution on offer consists of a combination of Milliman
Mind and a project for modeling and implementing reference calculators, providing the necessary actuarial and
technical expertise. As described previously, we have developed a basic reference calculator to examine
potential advantages and disadvantages of using Milliman Mind for this purpose, but without extending to the
actual detail that would be necessary for a real-world reference calculator.

In the first step, we model the required reference calculators in Excel and then integrate them into MM. Each
reference calculator represents a model in MM. Model changes can be made directly in Excel and implemented
in MM. Alternatively, the models can be further developed directly in MM.

For the input data of all reference calculators, we create a central input file, which is integrated into the model.
We do the same for the output data.

Each data point from the input file includes:

= Policy number

= Tariff variant

= CostID

= Policy dates (birth date, policy begin date, payment end date, policy end date)

= Payment structure (monthly, quarterly, etc.)

= Transaction information (transaction amount and transaction code)

= Gender

= Expected balance sheet provisions to be used as test values to compare with model-calculated values
Other input data, such as cost rate, interest rates, and mortality tables that can apply to all the given policies, are

built into the model and can be mapped to using the input file data. Test value tolerance parameters are also set
within the model.

Concrete use case of Milliman Mind as reference calculator 6 January 2026
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The output data encompass the policy-specific results of the calculations. This includes:

= Policy number

= Policy part ID (for policies with riders or multiple tariffs)

= Policy component ID (policy parts or individual tariffs with multiple components, for example, additional
components from top-up or regular premium increase)

= Tariff

= Tariff variant

= Transaction type

= Expected provisions

= Reference calculator provision values

= Absolute and relative differences

= Test value status (-1 = below tolerance level, 0 = acceptable, 1 = above tolerance level).

Additionally, the output data include aggregated results at the reference calculator level and tariff level. These
aggregated data provide an overview of the overall results of the reference calculator run and enable effective
and efficient analysis of the results.

Once the models are integrated into MM, the input data can be updated at any time, and the reference calculator
run can be restarted.

STRUCTURE

Our solution would hypothetically be applied in the testing phase after the generation of test data or after data
extractions and transformations. The diagram in Figure 3 shows a high-level view of possible extraction and
transformation steps that would precede the implementation of our Milliman Mind reference calculator.

FIGURE 3: POSSIBLE EXTRACTION AND TRANSFORMATION STEPS PRECEDING IMPLEMENTATION OF MM REFERENCE
CALCULATOR

Test case ‘ Test Data ’ 00 Milliman Mind
Generation [/ Processing

arget Data
System-DB Extraction Y S A—
Data
Transformation ’
: Data
Controlling-DB Extraction
R e ——

Data Table for

Previous DEIE] Automation

System-DB Extraction

Exports II

i Milliman

Alternatively, instead of manual data extractions and the manual import of input data and export of results, an
interface automation can be placed between existing systems and Milliman Mind. This allows the control of
inputs, calculation runs, outputs, etc. without the manual operation of MM through the browser interface.

Concrete use case of Milliman Mind as reference calculator 7 January 2026
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The data for the reference calculators can come from one of the following sources, depending on the use case:

Test case generation: data from the Test Calculation Engine

Target system database: data extraction from the target system

Migration controlling: data extraction from results from test migration runs in controlling
= Legacy system database: data extraction from the legacy system

The input data are simultaneously fed into the various reference calculators and processed there.
For example, 12 reference calculators might include:

Disability insurance Occupational Disability insurance

Unit-linked pension insurance Unit-linked Riester" pension insurance

FVB Unit-linked wealth-building life insurance Survivor’s pension insurance

KLV Conventional capital-building insurance Long-term care insurance

Conventional pension insurance Conventional Riester pension insurance

Term life insurance VB Conventional wealth-building life insurance

The outputs from these reference calculators are consolidated into a central output. The results can then be
exported in the form of tables or reports or visualized using a dashboard.

A more detailed overview of the process in MM is shown in the following diagram.

FIGURE 4: DETAILED OVERVIEW OF MM PROCESS

Inputs (e.g.KLV) Dashboard

Data Table Contract Data Input Charts

for "
. Client Values
Automation Steuerung
Bal. Sheet Values y Reports

Mapping Tables .
Kalkulation
Calculation Bases Comm. Vals.

Outputs

Costs Present Vals.

Contract Int. Reserves
Reference Int. All Outputs > Reports

Mort. Tables Output

Tolerances

RIS, BU, etc.

N Milliman Mind

The input data are integrated into the input model, which also includes auxiliary tables for mapping specifications,
actuarial assumptions, and test value tolerances. The transformed and prepared test case data/data extractions
flow into the first three blocks of the input model, i.e., policy data, expected customer values, and balance sheet
values. All other specifications in the input model, such as actuarial assumptions, are not part of the test case
data/data extractions. Instead, these specifications are manually defined in the input model and can be updated
as needed.

1. Riester insurance is a subsidized pension insurance product sold in Germany.

Concrete use case of Milliman Mind as reference calculator 8 January 2026
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The data from the input model are forwarded to the individual components of the reference calculators, with each
reference calculator only receiving the data relevant to it. For example, the policy data from the input model are
ideally distributed disjointly across the interfaces to the various reference calculators.

In the reference calculator model, relevant policy, customer, and balance sheet values are first temporarily stored
in the input table. A calculation loop is then executed over the input table.

For each policy (or each row in the input table):

= Transfer the data from the input table to the control sheet and supplement it with additional relevant
information from the input model (mapping results and actuarial assumptions).

For each scenario (e.g., scenario 1 for the policy interest rate and scenario 2 for the vector of reference interest
rates over the policy years):

= Start the calculation and write the results (present values and reserves) to the control.

= Determine additional reserves by calculating differences between the scenarios and write them to the
control.

= Copy the calculation results and expected results to the output and calculate deviations and status for the
individual test values.

After completing the calculations for all policies, the results are transferred from the output sheet to the
corresponding table in the output model, where the results of all reference calculators are consolidated.

Based on these policy-specific results in the output model, aggregated report tables are subsequently generated.
The results in the output model (total output and reports) can be exported as .csv, .txt, or .xlsx files. Intermediate
results from other models can also be exported. Additionally, it is possible to create a dashboard and visualize
the calculation results in charts.

Concrete use case of Milliman Mind as reference calculator 9 January 2026
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3 Technical and mathematical specifications

In this section we provide all details regarding the technical build of our model, such as input and output data
fields, tariff types and names, interest rates, and pricing variables, as well as its mathematical foundations, with
formulas for premiums, reserves, and each transaction included in the model. Specific stepwise examples of
calculations for each transaction under both tariffs are included in the Appendix.

Because this reference calculator is created with German insurance conventions, such as zillmerization, interest
top-up capital and the fictional portfolio is generally the structure of a German policy, all naming conventions for
data fields, tariffs, and model features are based on German abbreviations.

GENERAL

This reference calculator computes essential values from contract data sourced from a given source and
compares these values with those provided by the source. The reference calculator compares the basic reserve
(tariff-based actuarial reserve), interest top-up capital, and the balance sheet actuarial reserve. These are
compared by absolute difference and difference relative to the source values. The differences are then marked
as acceptable (0) or not acceptable (-1 or 1) according to specified tolerances.

TARIFFS

Tariffs of the endowment life insurance type (KLV), that is, endowment with death benefit and pure endowment,
are included in the reference calculator. The table below shows the tariff names and their characteristics.

TABLE 1: TARIFF NAMES AND CHARACTERISTICS

TARIFF NAME TYPE DESCRIPTION

ReinErl_2015 KLV Pure endowment insurance

GemLV_2016 KLV Endowment insurance with death benefit
Input data

This section specifies the precise structure of the input data, with names for each data field and their
meaning/function.

TABLE 2: INPUT DATA FIELD NAMES AND FUNCTIONS

FIELD DATA TYPE CONTENT

ID Integer Sequential identification number

wirkdat Date Balance sheet date

GeVodat Date Date of the transaction

Ivid Integer Contract ID

Ividext Integer Extended contract ID

vtid Integer Contract part ID

vbid Integer Contract module ID

tfid- Text Tariff ID, an abbreviation of the tariff name. This determines the actuarial interest rate, the

type of tariff (e.g., risk, KLV, or pension), and which mortality table is used.
varianteid Text Variant ID

pricingid Integer Pricing ID, determines the amount of various cost rates. The pricing configuration is shown in
the table in the Costs section.

zustand Integer Contract status

zweiink Integer Collection/payment frequency:
0: Single premium
1: Annually
2: Semi-annually
4: Quarterly
12: Monthly

Concrete use case of Milliman Mind as reference calculator 10 January 2026
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FIELD DATA TYPE CONTENT

zweiexk Integer Disbursement/payment frequency, same codes as for premium payment frequency

la1 Float Insured sum 1 (in this case survival benefit)

la2 Float Insured sum 2 (in this case death benefit)

Gevo Float Gevo_Code 1 (paid up): 0/1 indicator whether a premium waiver occurs on the GeVo date

Gevo_Code 2 (partial surrender): amount withdrawn from the policy

Gevo_Code 3 (top-up): extra amount paid into policy

Gevo_Code Integer Code indicating which transaction is executed:
1: Premium waiver, then Gevo field is indicator 0/1
2: Partial surrender, then Gevo field is the surrender amount

3: Additional payment, then Gevo field is the amount paid in

sex Integer Gender of the insured person:
1: Male
2: Female
vbbeg Date Contract start date, provides the start year, used to determine insurance and premium

payment duration

gebdat Date Date of birth
bzabl Date End of premium payment period
vtabl Date Contract end date
rbeg Date Pension start date
basres Float Basic reserve
aufflizinskl Float Supplementary capital due to ZZR (interest rate reserve)
bildr Float Balance sheet actuarial reserve
Output data

Likewise, here are the field names, data types, and meaning/function for output data.

TABLE 3: OUTPUT DATA FIELD NAMES AND FUNCTIONS

FIELD DATA TYPE CONTENT

ID Integer See table in Input Data section
bilanztermin Date See table in Input Data section
Tool See table in Input Data section
Ivid Integer See table in Input Data section
vtid Integer See table in Input Data section
vbid Integer See table in Input Data section
tfid Text See table in Input Data section
varianteid Text See table in Input Data section
pricingid Integer See table in Input Data section
Gevo Text Indicates which GeVo was implemented:

BFR: Premium waiver
TRK: Partial surrender
ZZ: Additional payment

basres_ EW Float Basres field from the Input Data
basres_tool Float Basic reserve as calculated by the reference calculator
basres_diffabs Float Difference between input data and MM-calculated value: basres_EW - basres_Tool
basres_diffrel Percent Relative difference based on input data: basres_diffabs / basres_EW
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FIELD DATA TYPE CONTENT

basres_status Integer Indicator whether absolute or relative difference is outside tolerances:
1: above tolerances
0: within tolerances

-1: below tolerances

zzr_ EW Float Supplementary capital due to interest from input data (aufflizinskl)

zzr _tool Float Supplementary capital due to interest as calculated by the reference calculator
zzr_diffabs Float Absolute difference: zzr_EW - zzr _tool

zzr_diffrel Percent Relative difference: zzr_diffabs / zzr_ EW

zzr_status Integer See basres_status

bildr_EW Float Balance sheet actuarial reserve from input data

bildr_tool Float Balance sheet actuarial reserve as calculated by the reference calculator
bildr_diffabs Float Absolute difference: bildr_EW - bildr_tool

bildr_diffrel Percent Relative difference: bildr_diffabs / bildr_EW

bildr_status Integer See basres_status

BASES OF CALCULATION

The calculations for premiums and benefits and reserves are performed according to the actuarial
equivalence principle.

Premium calculation
Mortality tables

DAV mortality tables are used in connection with the following tariffs:

TABLE 4: CORRESPONDING TARIFFS AND MORTALITY TABLES

TARIFF TYPE MORTALITY TABLE
ReinErl_2015 KLV DAV2004R-GT2
GemLV_2016 KLV DAV2008T3

For ReinErl_2015, the DAV mortality table 2004 R with age shift is used, which was created for (pension)
insurance with survival benefit. For the mixed tariff GemLV_2016, the DAV table 2008 T, which is intended for
insurance with death benefit, is used.

2 Fachgrundsatz der Deutschen Aktuarvereinigung e. V. (June 28, 2023). Herleitung der DAV-Sterbetafel 2004 R fir Rentenversicherungen,
Anhang 1, Teil C, p. 64—65. Retrieved December 2, 2025, from https://aktuar.de/content/PDF/Fachwissen/2023-06-28_DAV-
Richtlinie_Herleitung_DAV2004R.pdf.

3 Fachgrundsatz der Deutschen Aktuarvereinigung e. V. (November 29, 2022). Herleitung der Sterbetafel DAV 2008 T fir Lebensversicherungen
mit Todesfallcharakter, Anhang 1, p. 32—37. Retrieved December 2, 2025, from https://aktuar.de/content/PDF/Fachwissen/2022-11-29_DAV-
Richtlinie_Herleitung_DAV2008T.pdf.
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Actuarial interest rates

Actuarial interest rates (Rechnungszins or rechz in the model) are used in connection with the tariffs:

TABLE 5: CORRESPONDING TARIFFS AND INTEREST RATES

TARIFF INTEREST RATE

ReinErl_2015 1,25%
GemLV_2016 1,25%
Costs

Cost rates are determined by the pricing ID. The following costs are included:

TABLE 6: INCLUDED COST RATES AND DETAILS

COST RATE DESCRIPTION

o One-time acquisition costs

oY Amortization costs

B Collection costs

Y1 Administration costs for
continuing premium
payment

Y2 Administration costs for no
current premium payment

Y3 Administration costs,
prematurely free from
premium payment

Ya Administration costs, in
benefit period

Stk Fixed costs

razu2 Installment surcharge
semiannual

razu4 Installment surcharge
quarterly

razui12 Installment surcharge

monthly

Safety margins

REFERENCE VALUE

Gross premium sum / insured
sum / additional payment

Insured sum

Annual gross premium /

additional payment

Insured sum

Insured sum

Insured sum

Insured sum

Annual gross premium

Annual gross premium

Annual gross premium

DUE DATE

Once at contract start

In advance for each year of
the premium payment
period

In advance for each year of
the premium payment
period

In advance for each year of
the premium payment
period

In advance for each planned
free year

In advance for each
premature free year

In advance for each year in
benefit

In advance for each year of
the premium payment
period

In advance for each year of
the premium payment
period

In advance for each year of
the premium payment
period

In advance for each year of
the premium payment
period

VALUE (EXAMPLES)

GemLV_2016: 4%
ReinErl_2015: 4%

GemLV_2016: 0,01%
ReinErl_2015: 0,02%

GemLV_2016: 5%
ReinErl_2015: 4,5%

GemLV_2016: 0,25%0
ReinErl_2015: 0,5%o

GemLV_2016: 0,05%0
ReinErl_2015: 0,1%o

All: 0%

All: 0%

GemLV_2016: 3
ReinErl_2015: 1

GemLV_2016: 1%
ReinErl_2015: 1%

GemLV_2016: 2%
ReinErl_2015: 2%

GemLV_2016: 4%
ReinErl_2015: 4%

No safety margins are included in the model yet.
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Other

For the supplementary capital due to interest, a reference interest rate is used, determined according to the
corridor method* required by the German Reserve Regulation (Deckungsriickstellungsverordnung, or DeckRV).
The interest rates (Referenzzins or refz in the model) used are as follows?®:

TABLE 7: CORRESPONDING FISCAL YEARS AND INTEREST RATES

FISCAL REFERENCE
YEAR INTEREST RATE
2010 4,10%

2011 3,91%

2012 3,63%

2013 3,41%

2014 3,15%

2015 2,88%

2016 2,54%

2017 2,21%

2018 2,09%

2019 1,92%

2020 1,73%

2021 1,57%

2022 2,57%

2023 1,57%

2024 1,57%

Actuarial reserve

In a German life insurance contract, the standard premium that is paid by the policyholder may have more
conservative assumptions (mortality, interest rate) than the actuarial calculated gross premium, which leads to a
difference in the reserves. In our reference calculator, the standard premiums do not differ from the gross
premiums, so the actuarial reserve is calculated using the same actuarial assumptions as for the contributions.

Tolerances

The resultant values from the reference calculator are compared with the input values according to the absolute
and relative tolerances in Table 8. The current version of the reference calculator evaluates the differences for
basres, bildr, and aufflizinskl (corresponds to ZZRCap, in table) and returns 0 if they are within the tolerances, -1
if they are below tolerances, and 1 if they are above tolerances.

TABLE 8: TOLERANCES

PW NEG_MAX NEG_REL NEG_MIN POS_MIN POS_REL POS_MAX
BasRes -50,00 -0,01 -10,00 10,00 0,01 50,00
BalRes -50,00 -0,01 -10,00 10,00 0,01 50,00
biltarres -50,00 -0,01 -10,00 10,00 0,01 50,00
biores -50,00 -0,01 -10,00 10,00 0,01 50,00
sbdf -50,00 -0,01 -10,00 10,00 0,01 50,00
ZZRCap -50,00 -0,01 -10,00 10,00 0,01 50,00

4 Bundesministerium der Justiz und fir Verbraucherschutz. (n.d.). Verordnung lber Rechnungsgrundlagen fiir die Deckungsriickstellungen
(Deckungsriickstellungsverordnung - DeckRV). Retrieved December 2, 2025, from https://www.gesetze-im-internet.de/deckrv_2016/__5.html.

5 A breakdown of the key figures is available at https:/heistermannconsulting.de/aktueller-bezugszins-fuer-den-sicherungsbedarf/.
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The evaluations are calculated as follows:

= -1:if the difference is below the negative maximum difference OR the difference is below the negative
minimum difference and the relative difference below the negative relative tolerance

= 0: if the difference lies between the negative and positive minimum differences AND the relative difference
lies between the negative and positive relative tolerances

= 1:if the difference is above the positive maximum difference OR the relative difference is above the positive
minimum difference and above the positive relative tolerance

FORMULAS

This section features the mathematical formulas that underpin the calculations for premiums, reserves, and
transactions.

The formulas below use the following symbols:
x = Technical entry age
t = Premium payment period in years
t- = Maximum age (w from the corresponding mortality table) — Technical entry age
n = Insurance term in years
m = Balance sheet year — Insurance start year, or current year of the policy at the balance sheet date
VSU1 = Sum insured for survival benefit, la1
VSU2 = Sum insured for death benefit, 1a2
6= VSU2/VSuU1
a? = Zillmerized acquisition costs
a¥ = Amortized acquisition costs
y1 = Ongoing administrative expenses during premium-payment period
¥, = Ongoing administrative expenses during the planned non-premium-payment period
y3 = Ongoing administrative expenses during an unplanned non-premium-payment period
v, = Ongoing administrative expenses during the benefit phase
B = Collection cost factor
p(k) = Surcharge for installment payments (annually, semiannually, quarterly, or monthly)
Ex Present value of a pure endowment for an individual aged x after n policy years,
24y, Present value of a term life insurance benefit for an individual aged x with a term of n years,
dy.n7 = Present value of a temporary annuity for an individual aged x for a period of n years,

All formulas are derived from the actuarial equivalence principle.
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Premiums
The calculations for the premiums are all normalized for 1 monetary unit. The sum insured is not yet considered.

We first calculate the net premium, disregarding cost rates. Generally, the net premium (NP,..7 ) is as follows:

Net single premium(NEP,.,,7 )

NPy = :
*t1 ™ present value of premiums at policy inception

For pure endowment and endowment with death benefit, the net premium is calculated as follows:
(E,+6x* ,A)
NP, = X C Wxd

At

After the net premium, the gross premium BP,..7, which includes cost rates, is calculated:

BP — NEPyqy +(@¥ +y1)*5.01 +¥2*8xm]
x:t] (1-B)*iy.p] —aZst

After the gross premium, the zillmerized net premium (NPZ,; , which distributes the closing costs over the whole

payment period) and payment premium (ZPJE?W , gross premium adjusted for payment structure and fixed costs)

are calculated:
a?xt*BP,.
NPf = NPy +—— =L
ax:t—\

and

ZP™) = BP, .1 (14 p(k)) + Stk

x:t]

Actuarial reserve

According to EU regulations, the actuarial reserve for the m-th year {(,,V},) is calculated using the prospective
method. The net actuarial reserve is then calculated, if 0 <m <t < n:

mV;ant =VSU1 * (NEPx+m:n—mT - NPx:t"I * éx+m:t:—m"| )’
as well as the zillmerized actuarial reserve

mVy” =VSU1 * (NEPyimm-m1 — NP7 * 8xime—m1),
and V"t = V% = VSU1 * NEP e ,ift S m <,

= Contractual actuarial reserve
The contractual actuarial reserve is equal to the gross actuarial reserve (,,,V;.97%%%):

éix:n"l

mvscgross — msz +VSUL * y, * (ax+m:n—m—\ - * Ayemit—m] )‘

Ayt
fo<m<t<nand

mV 9705 = L VZ + VSUL * v, * dxymam_my for planned end of premium payment period and
mV 9705 = L V? + VSUL * y3 * 4y mam_my fOr unplanned end of premium payment

if t < m < n. This value is referred to as “basres” in the reference calculator.
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= Interest top-up capital

The supplementary reserve is calculated in the same way as the actuarial reserve, but under certain
conditions using a reference interest rate from the Other section instead of the technical interest rate from
the given actuarial interest rates. This reference interest rate is applied to the m-th to m+15-th policy years.
In this way, the additional interest reserve (,,V,Z%%) is calculated.

The interest top-up capital (“aufflizinskl” in the reference calculator) is determined from the difference of the
additional interest reserve and the contractual actuarial reserve, max(;,,Vi#?R — .V, 0).

To simplify this, the reference interest rate is first compared to the technical interest rate, and if the reference
interest rate is higher than the technical interest rate, we can immediately assume that the interest top-up
capital will be zero.
= Balance sheet actuarial reserve
The balance sheet actuarial reserve is simply the greater of the two calculated reserves: the contractual
actuarial reserve and the additional interest reserve. This is referred to as “bildr” in the calculator.
Transactions (GeVos)

The transactions described in this section yield new insured sums, from which, except in the case of contribution
waiver, a new actuarial reserve is calculated using the same methods. For all GeVos, the new death benefit is
calculated as follows:

VSU2IEW = 9 x VSU1EY,

= Contribution waiver (Paid up)

For this transaction, the new insured sums are calculated, which take into account the actuarial reserve
calculated before the transaction, as well as the new y; costs and the present value of benefits at the
transaction date m:

mVx

Vsu1new = — .
" NEPx+m:n—mT T3 * Ax+mn-m

With contribution waiver, a new actuarial reserve will also result not only due to the new insured sum, but
also due to a different cost structure. This uses the administrative cost reserve, i.e., the terms with y; are
used in the zillmerized actuarial reserve instead of the terms with y, from the formula given in the
Contractual actuarial reserve section, as follows:

rossnew __ z .
mV;cg = mV;c + VSUlgleu * V3 * Axpmin-—m7 -

= Partial surrender
An unscheduled partial surrender of amount TRK in the m-th policy year results in the new insured sum
for 0 <m <t <n as follows:
(mVx - TRK) + VSU = BPx:ﬂ * (1 - ﬁ) * éx+m:t—m‘|

VSU1ew = —
m NEPy min-m1 + (a¥ +y1 +v2) * Ax+m:t—m]

)

andfort <m<n,

(mVx — TRK)

VSU1}YW = —— =
" NEPx+m:n—mT

= Top-up
This version of the top-up transaction adds to the sum insured in the form of an additional policy with lump-
sum payment beginning at year x+m and maturity at year n. For an additional payment of amount ZZ in the
m-th policy year, the new insured sum is calculated as follows:

77+ (1 - B — a?)

VSUI™eY = VSU1 +

n—mEx+m
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4 Proof of concept

To provide a clear understanding of our solution, we have created a basic sample calculator. This example is
based on the following assumptions and simplifications:

= Only one reference calculator for endowment and survival insurance is modeled.
= Only three transaction types are modeled:
- Premium waiver
- Partial surrender
- Additional payment (to increase the sum insured; another version of this transaction could be to shorten
the premium payment period)
= The input data are presented in tabular form, consisting of up to 150,000 test cases generated using Excel's
random generator.
= The policies are premium-based with monthly payments and proceed as planned.
= No interest top-up relief measures, such as lapse probabilities, are considered.
= The test values consist of the basic reserve, additional interest reserve, and balance sheet provision.
= There is no biometric additional reserving or surrender values.

= No interpolation of balance sheet values occurs; all policy dates and balance sheet dates are set
to January 1.

For this example, the model is contained within one Excel spreadsheet. For a more complicated portfolio with
different kinds of tariffs, say for example pension, term life, whole life, and endowment, one would need one
Excel for each insurance type, as well as an input Excel to map and allocate each policy to its corresponding
model and an output Excel to gather the processed policies from all the models. Example:

= INPUT: Contains policy data and expected values for both reference calculators, DAV 1994 T mortality table,
cost rates per pricing ID, policy interest rate per tariff, reference interest per balance sheet year, reference
calculator per tariff, and tolerances for the three test values.

= RISIKO: Contains the relevant subset from INPUT, various auxiliary tables to control the loop over policies
(including premium calculation), calculation of the projection for the policy under consideration, including
commutation values, present values, and balance sheet provision, as well as the reconciliation of policy-
specific results with the corresponding expected values.

= RENTE: Analogous to RISIKO but with different input data for pension policies and the corresponding
appropriate calculations.

= KLV: Analogous to RISIKO but with different input data for endowment policies and the corresponding
appropriate calculations.

= OUTPUT: Contains the union of the result tables from RISIKO, RENTE, and KLV and a report with
aggregated results at the reference calculator and tariff level.

POTENTIAL EXPANSIONS TO THE MODEL

It has been clarified that our model is a simplified version, featuring only a small subsection of potential tariffs and
transactions. For a real reference calculator, many other factors may come into focus. Figure 5 discusses
potential expansions or adaptations of our reference calculator for more complex real-world applications.

FIGURE 5: POTENTIAL EXPANSIONS OR ADAPTATIONS FOR REAL-WORLD APPLICATIONS

TOPIC NECESSARY CHANGES OR EXPANSION

Retrospective changes In addition to the cases where wirkdat >= GeVo-Dat applies, retroactive changes are also
possible in practice. This would have to be taken into account in more accurate models.

Optical outputs Graphical representations of the outputs from the Milliman Mind models can be generated
without having to rotate via Excel-CSV-output. This must be specified in more detail in the
context of concrete projects.

Proof-of-Concept-2 So far, we have only simulated simple cases with only three transactions. With knowledge of
concrete tariff plans of insurance companies, more complexities (surcharges, sum or group
discounts, etc.) can be inserted and the simulation can be extended to several transactions.
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TOPIC NECESSARY CHANGES OR EXPANSION

Different time model If the system being referenced includes contract changes within a year or even within a
month, this would require a corresponding adaptation of the reference calculator.

Transactions Not only would a greater number of transactions have to be possible, but the reference
calculator would have to be expanded to enable multiple transactions within one policy and
maybe even multiple transactions on one balance sheet date.

Sub-policies Multiple tariffs or parts of one policy that may be calculated differently, e.g., if the additional
payment transaction creates a new sub-policy with current interest rates instead of the
original interest rate, or in the case of supplemental insurance. This and other circumstances
would split into sub-policies and could require multiple different parallel calculations to
determine the actuarial reserve on the policy.

SOLUTION IN EXCEL

Milliman Mind is specifically designed to mirror the structure of the Microsoft Excel files that are uploaded onto it
in many ways. We will focus on the overall structure of the model a bit more in this section, while the section
Solution in Milliman Mind will highlight the differences between the presentation in Milliman Mind compared to our
Excel base model. Most notable of those differences is that the Excel solution will only display the calculations
and results for one policy under one interest rate, while the model in Milliman Mind will be able to pull up any
policy in the input data file.

For the Excel model, an arbitrary number of sample policies, as described in chapter 2, is provided in the “Input”
tab. It is most important that the grid in this tab is labelled “Input,” which marks this data to be replaced by the
input file that will be entered after the model is uploaded, and thusly the data shown in the Excel do not have to
match the data that will be inputted into Milliman Mind.

FIGURE 6: SCREENSHOT OF “INPUT” TAB IN EXCEL

[ c o 3 F H ] K L M N o p o R s 7 u v X
Gevo_Cod
id  wirkdat Gevodat  Ivid Wwidext  viid wvbid tfid varianteid pricingid zustand zwelink lal la2 Gevo e sex lvbegt  whbeg gebdat  bzabl  viabl basres autfiizinskl bildr
] 01012020 OLOL2020 12455738 234570839 1  1GemlV_ 2016 STANDARD 2224 o 1 10200 102800 3as7 3 1 0L012003 01012003 OLOL19S 0L012028 0LOL2028  64857,09 333 6450043
2 01012019 0LOLZ019 12459303 234570904 1 1Reinr_2015 STANDARD 112 [} 0 55.500,00 ] 2500 2 2 0L01L2002 01012002 0LOL1SZ 0LOL20Z7 0LOL20Z7 5035367 679 50.36046
3 01012020 DLOL2020 121455789 234570830 1  1GemlV 2016 STANDARD 2224 ] 1 122.100,00 122.100,00 1500 3 1 0L012003 01012003 OLOL1SS 01012028 0LOL2025 7739582 om0 7739882
a 01012019 0LOLZ019 12459289 234570390 1 1ReinEr 2015 STANDARD 112 o 0 113.800,00 000 1 1 1 0L01L7002 01012002 0LOL19Z 0L0120Z7 0LOL20Z7 10159562 0go 10059562

Some of the information in the policy as given in the input file will be used to map relevant figures for direct
calculation, such as cost rates, policy interest rate, reference interest rate, transaction code, and probabilities
from mortality tables. Those mappings are set in the “hilfstab” tab (German abbreviation of “Help Tab”), shown in
Figure 7.

FIGURE 7: TWO MAPPING GRIDS IN “HILFSTAB” IN EXCEL

A 8 C D E F G H | J K L M N 0 P Q R S T u \ w
L \
) pricingld alphaz alpha_gamma beta gammal gamma2 gamma3 gammad Stk razu2 raud razu12  thd tool rechz tafel Istg.intervall Istg.dauer  Lstg.Tod Lstg.Erl. beschreibung
) 1112 4,000% 0,020% 4,500% 0,050% 0,100% 1,00 1,000% 2,000% 4,000% Risiko_1994 RIS  4,00% DAV1994T sofort abgekirzt ja nein abgek. Todesfallvers.
i 2223 4,000% 0,010% 5,000% 0,025% 0,050% 2,00 1,000% 2,000% 4,000% Risiko_2000 RIS 3,25% DAV2004R-GT sofort abgekirzt ja nein abgek. Todesfallvers.
3 2224 2,500% 0,010% 5,000% 0,025% 0,050% 3,00 1,000% 2,000% 4,000% Risiko_2004 RIS 2,75% DAV1994T sofort abgekirzt ja nein abgek. Todesfallvers.
3 3334 4,000% 0,200% 4,500% 0,500% 0,500% 1,500% 4,00 1,000% 2,000% 4,000% Risiko_2007 RIS  2,25% DAV1994T sofort abgekrzt Ja nein abgek. Todesfallvers.

7771 5,000% 2,000% 2,000% 1,500% L_Tod_2017 RIS  0,90% DAV2008T sofort lebenslang ja nein lebenslange Todesfallvers.

7772 5,000% 2,000% 2,000% 1,500% ReinErl_2015 KLV 1,25% DAV2004R-GT aufgeschoben abgekiirzt nein ja rein Erlebensfallvers.

7773 5,000% 2,000% 2,000% 1,500% GemlLV_2016 KLV 1,25% DAV2008T sofort abgekirzt ja ja Kapitalbildende LV
0 7774 5,000% 2,000% 2,000% 1,500%
1 9999 4,000% 0,000% 5,000% 1,000% 1,000% 0,000% 1,000% 0,00 0,000% 0,000% 0,000%

info  hilfstab input | Pramien DK  steuerung  kalk [output! report + P —

The screenshot in Figure 7 shows two grids, one for mapping cost rates and one that, alongside providing tariff
information for users, maps directly to the policy interest rate and provides an intermediate mapping to the
corresponding mortality tables to the tariff. The mortality tables themselves are used as mapping grids to pull
death likelihoods for the “kalk” tab (German abbreviation of “calculation”).
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Working together at the next step in the process are the “steuerung” (control) and “kalk” tabs. The “kalk” tab takes
the mapped relevant mortality likelihoods and interest rate and calculates all commutation figures. From the
commutation figures, the present value of premiums and benefits at each year of the policy are calculated. Next,
grids in the “steuerung” tab pull the commutation values and present values of premiums and benefits relevant to
this specific policy calculation and calculate normed premiums scaled to a sum insured of 1. Using those relevant
values and the transaction data, the sum insured after the transaction is calculated in “steuerung” for all possible
transactions, and the correct post-transaction sum insured is sent to “kalk” for use in the provisions calculations
for post-transaction years. Lastly, using the pre- and post-transaction sums insured, normed premiums from the
“steuerung” tab, and the mapped cost rates, provisions are calculated back in the “kalk” tab. Because the “kalk”
tab only has one grid that displays the actuarial table for one policy, it will look almost precisely the same in
Milliman Mind.

FIGURE 8: “KALK” TAB IN EXCEL

m  bpfl  tfi_vorh v v.vorhm v nachm  qx _bx T i = K K LBW  BBW 3 (xsmaVSU nettoDR  gez0R bruttoDR _ bilDR

0 1 1 0,0125 0,987654 1,000000 0,987654 0,001301 100000,000 130,100 100000,000 2916455,599 53833844,779 128494 63994,375 2251840232 0,744 20,773 20,773  102400,00 0,00 2.514,50 2.514,50 2.514,50
1 1 1 00125 0987654 0987654 0975461 0001447 99869900 144512 98636938 2816455,599  50917389,180 140,966 63365831 2187345856 0,753 20,047 20047 10446228 364,56 1179,16 1179,16 117916
2 1 1 00125 0987654 0975061 0963418 0001623 99725388 161854 97278,233 2717818661 48100933581 155,533 63724916 2123979975 0,762 19313 19313 10446228 734543 4.960,66 4.960,66 4.960,66
3 1 1 0,0125 0,987654 0,963418 0951524 0,001833 99563,534 182,500 95521,333 2620540,428 45383114,920 173,653 63568,983  2060255,059 0,771 18,572 18572 10446228 11.071,39 8.778,11 8.778,11 8.778,11
4 1 1 0,0125 0,987654 0,951524 0939777 0,002082 99381,034 206911 94563466 2524619,095 42762574,491 194,451 63395329  1996686,076 0,780 17,824 17,824 104462,28 14.831,20 12.630,25 12.630,25 12.630,25
5 1 1 00125 0987658 0939777 0328175 0002364 99174123 234448 9301565 2430055629  40237955,39 217,608 63200879 1933290747 0,789 17,070 17070 10446228 1862359 1651576 1651576 1651575
6 1 1 0,0125 0,987654 0,928175 0,916716 0,002669 98939,675 264,070 91833,321 2336854,063 37807899,768 242,077 62983270 1870089,868 0,799 16,309 16,309 104462,28 2244822 20.434,30 20.434,30 20.434,30
7 1 1 00125 0,987654 0916716 0905398 0002983 98675605 234,243 90457499 2245020742 35471045705 266,503 62741193 1807106598 0808 15592 15542 10446228 2630533 2438675 2438675 2438675
8 1 1 0,0125 0,987654 0,905398 0894221 0,003302 98381,256 324,855 89074236 2154563,244 33226024,963 290,492 62474690 1744365404 0818 14,768 14,768 10446228 30.198,54 28.375,36 28.375,36 28.375,36
9 1 1 0,0125 0987654 0,894221 0,883181 0,003630 98056,401 355,945 87684062 2065489,007 31071461,719 314,364 62184,198 1681890,715 0,827 13,986 13,986 10446228 34.129,91 32.402,85 32.402,85 3240285
10 1 1 0,0125 0,987654 0,883181 0,872277 0,002981 97700456 388,946 B86287,179 1977804,945 29005972,712 339,268 61869,834 1619706517 0,837 13,197 13197 10446228 38.101,35 36.471,81 36.471,81 36.471,81
n 1 1 00125 0987653 0872277 0851509 0004371 STIILSIL 425349 BASSL637 1891517766  27028167,767 365,441 61530566 1557436682 0,897 12,398 12,398 10846228 4211513 4058415 4058415 4058415
12/ 1 1 0,0125 0,987654 0,861509 0,850873 0,004812 96836,162 466,216 83468,262 1806635,129 25136650,001 396,691 61164,124  1496306,117 0,857 11,592 11,592 104462,28 46.172,50 44,741,15 4474115 44.741,15
13 1 1 0,0125 0,987654 0,850873 0,840368 0,005308 96419,946 511,797 82041,099 1723166,867 23330014,872 430,098 60767434  1435141,992 0,867 10,776 10,776 10446228 50.274,62 48.944,00 48.944,00 43.944,00
14 1 1 00125 0987651 0840368 0829993 0,005857 55908,149 561734 B0S9S,148 1641125768  21606348,005 466,235 60337336 1374374558 0877 9951 9,951 10446228 5442316 5319441 5319441 5315441
15 1 1 00125 0387654 0829953 0819746 0006460 55346415 615538 79136874 1560527,621 19965722236 SOAS13 59871100 1314037223 0,887 9,116 5,116 1086228 5862067 574499 574495 5745499
16 1 1 0,0125 0,987654 0,819746 0,809626 0,007117 94730477 674,197 77654962 1481350,747 18405194616 545,847 59366,188 1254166,122 0898 8271 8271 10436228 62.870,45 61.849,14 61.849,14 61.849,14
17 1 1 0,0125 0,987654 0,809626 0,799631 0,007831 94056,280 736,555 76150412 1403735785 16923803,869 588,972 58820,340 1194799,934 0908 7415 7415 10446228 67.176,69 66.261,11 66.261,11 66.261,11
18/ 1 1 0,0125 0,987654 0,799631 0,789759 0,008604 93319,725 802,923 74621,311 1327585,373 15520068,084 634,115 58231,369 1135979,594 0919 6,546 6,546 104462,28 71.544,33 70.736,01 70.736,01 70.736,01
19 1 1 0,0125 0,987654 0,789759 0,780009 0,009454 92516,802 874,654 73065945 1252964,061 14192482,711 682,237 57597,253 1077748,226 0,930 5664 5664 104462,28 75.979,28 75.279,86 75.279,86 75.279,86
2 1 1 00125 0987654 0780009 0770379 0010404 91642149 953,445 71481659 1179698116  12939518,650 734,514 56915016 1020150972 0341 4768 4768 1046228 6043808  79.89938  79.699,38  79.899,38
2 1 1 0,0125 0,987654 0,770379 0,760868 0,011504 90688,704 1043,283 65864,656 1108416,457 11759620,534 793,800 56180,502 963235,956 0,952 3,855 3,855 10446228 85.078,22 84.602,24 84.602,24 84.602,24
2 1 1 0,0125 0987654 0,760868 0,751475 0,012818 89645421 1149075 68208,329 1038551801 10651204,077 863,501 55386,702 907055,454 0964 29524 2924 10446228 89.758,26 89.397,15 89.397,19 89.397,19
23 1 1 0,0125 0,987654 0,751475 0,742197 0,014429 88496,346 1276914 66502,750 970343472 9612652,276 947,722 54523,201 851668,753 0976 1973 1973 104362,28 94.538,75 94.295,07 94.295,07 94.295,07
2 1 1 00125 0387653 0762157 0733033 0016815 57219432 143,707 64733007 903840722  B642308,804 1049430 S3I575473 79745552 0988 1000 1,000 10486228 9943364 9931016 9931016 9931016
25 1 1l 0,0125 0,987654 0,733034 0,723984 0,018832 85787,725 1615554 62885331 839106,715 7738468,081 1169,636 52525,989 743570,073 1,000 0,000 0000 10446228 104.462,28 104.452,28 104.462,28 104.462,28
26 0 0 0,0125 0,987654 0,723984 0,715046 0,021704 84172,171 1826,873 60939,333 776221,384 6899361,366 1306,299 51356,353 691044,083 0,000 0,000 0,000 0,00 0,00 0,00 0,00 0,00
27 o 0 0,0125 0,987654 0,715046 0,706219 0,025016 82345298 2059,950 58880,697 715282,051 6123139,982 1454,775  50050,055 639687,730 0,000 0,000 0,000 0,00 0,00 0,00 0,00 0,00
28 o 0 0,0125 0,987654 0,706219 0,697500 0,028738 80285,348 2307,240 56699,000 656401,354 5407857,931 1609,300 48595,280 589637,676 0,000 0,000 0,000 0,00 0,00 0,00 0,00 0,00
2 0

0 00125 0387654 0697500  0,688889 0,032822 77978,107 259,397 54389,713 4751456577 1763140 46985980 541042396 0,000 0,000 0,000 000 0,00 0,00 0,00 0,00

chaelog info hiistab 7lnput Primien DK steuerung  kalk report +
The “steuerung” tab gives an overview of the policy and its calculated values. Although this tab does not require
much of the model’s computing power, it is quite complex and pivotal to the functioning of the model. The
overview in “steuerung” provides a reference point for the calculation tab for many mapped values and also
performs some intermediate calculations.

FIGURE 9: “STEUERUNG” TAB IN EXCEL

lal B c D E F G H 1 | K L M N o
henwerte /Readonly /group.(erzdill #ergebnisse /Readonly /group.(ergebnisse_klv).
Testfall-ID Testfall-zeile  Feld wert Feld Wwert Feld wert Feld wert
9 1 Geschlecht M alphaz 2,500%  i_szenario rechz Nettopr. (rechz) 0,0357326
Baustein-BJ 2003 alpha_gamma 0,010% DO 100000,00  gez. Nettopr. (rechz) 0,0369910
Baustein-BM 1 beta 5,000% D_VD 62883,33 Bruttopr. (rechz) 0,0398327
Input-Feld Wert Geburtsjahr (GJ) 1962 gammal 0,025% D_Gevo 76150,41177  Zahlpr. (rechz) 3,0402310
wirkdat 01.01.2020  Natirl. Eintr.alter 40 gamma2 0,050% N_O 2916455,60 Normpr. (rechz) 0,0398327
GeVodat 01.01.2020 Techn. Eintr.alter 40 gamma3 0,000% N_BZD 839106,72 Netto-DR zum BT 68.369,44
Ivid 123459798 VD Jahre 25 gammad 0,000% N_VD 839106,72 gez. DR zum BT 67.424,72
Ividext 234570899 VD Monat 0 Stk 3,00 N_Gevo 1403735,785 Brutto-DR zum BT 67.424,72
viid 1 BZDlahre 25 ZW Ratenzuschl. M_0 63994,38 Bilanz-DR zum BT 67.424,72
vbid 1 BZD Monat o o 1,000% M_VD 52525,99
tfid GemlLV_2016 VSU 102.400,00 1 1,000% (BW O 0,7435372
varianteid STANDARD VSU_2 102.400,00 2 1,000% LBW Gevo 0,908461043
pricingid 2224 theta 1,00 4 2,000% BBW_O 20,7734888
zustand 12 4,000% BBW_Gevo 7,414655497 aufflizinskl 0,00
zweiink gamma2BW_0 20,7734888 bildr 67.424,72
lal #szenarien /Readonly /groupliN et e TS 0,0357926
a2 102.400,00  Bilanztermin 31122009 id iszenario  Amortisationsprimie 0,0011984
Gevo 3.497 omega 121 1 rechz gez. Nettopramie 0,0369910 Nummer kalkvsu
Gevo_Code 3 Rechnungszins 125% 2 refz Bruttopramie 0,0398327 1 71484,17
sex 1 Referenzzins 1,92% Zahlpramie 3,0402310 2 98577,15
Ivbegt 01.01.2003  Tafel DAV2008T [EEEFCUENTNPLEERLDIME  Normpramie 0,0398327 3 106317,06
vbbeg 01.01.2003  Tafelart standard  i_szenario basres Netto-DR zum BT 68.369,44
D.gsbdat 01.01.1963  Leistungsintervall sofort 1 67.424,72 gez.DR zum BT 67.424,72 donly/
bzabl 01.01.2028  Leistungsdauer abgekirzt 2 67.424,72  Brutto-DR zum BT 67.424,72 Wert
vtabl 01.01.2028  Lstg. bei Tod ja Bilanz-DR zum BT 67.424,72 01.01.2020
basres 64.897,09  Lstg. bei Erleben ja Bilanz-DR zum BT chne € 64940,58 Beitrag 76916,55
auffllzinskl 3,34 Anzahl Testfaelle 1 DK 67424,72
bildr 64.900,43 Tool-Name KLV
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In the top left corner, the serial number is matched with the row number of the input file to facilitate pulling the
data for the policy under calculation, shown in the grid right below it on the far left. The grids between columns D
and G are mapped or calculated data for further calculation purposes, such as the year of the contract begin,
natural and technical age of the insured, and duration of insurance and of premium payments, as well as general
mapped contract information, such as interest rates, which mortality table is applied, and tariff characteristics.
The grids between columns G and J handle cost rates and payment structure rebates in the top grid, and model
operation management in the bottom two grids, which concern Milliman Mind’s Loop function. The grid in
columns K and L pulls relevant actuarial values mentioned in the “kalk” tab for reference and calculates the
normed premiums (net, amortized, gross, and zillmerized), then pulls the relevant provisions calculated in the
“kalk” tab. The relevant provisions and calculated normed premiums are summarized in the top grid in columns N
and O, while the middle grid #erg_pw summarizes the final calculated provisions to be used in the “output” tab.
Next, the grid #GevoKalk just below calculates the new sum insured in the case of each three possible
transactions, all mapped according to their transaction code. The applicable value of those three is used in the
provisions calculation in the “kalk” tab. The last grid on the bottom right shows the total paid premium and
provisions at the date of the transaction. These are pulled from the “Pramien_DK” tab (German abbreviation of
“Premiums_Reserves”), which shows a simple vector view of total paid premiums (“ges. Beitrage”) and provisions
(“Netto-DR” or net reserves, “gez. DR” or zillmerized reserves, and “Brutto-DR” or gross reserves) over the
course of the policy.

FIGURE 10: “PRAMIEN_DK” TAB IN EXCEL

A B C D E F G H
Vertragsjahr ges. Beitrdge Netto-DR gez. DR Brutto-DR

0 4023,21 0 -2514,504 -2514,504

1 11543,41 3654,56288 1179,15853 1179,15853
i 2 15566,62 7345,43055 4960,65806 4960,65806
| 3 19589,83 11071,3887 8778,10977 B8778,10977
; 4 23613,03 14831,2011 12630,2469 12630,2469
| 5 27636,24 18623,5886 16515,7592 16515,7592
0 5] 3165945 22448,216 20434,303 20434,303
1 7 35682,65 26305,9331 24386,7491 24386,7491
2 8 39705,86 30198,9435 28375,355 28375,355
3 9 43729,06 341299065 32402,8456 32402,8456
4 10 47752,27 38101,3539 36471,8147 36471,8147
5 11 5177548 42115,1305 40584,1525 40584,1525
3] 12 55798,68 461724987 447411522 44741,1522
7 13 59821,89 50274,6177 489440016 48944,0016
8 14 63845,10 54423,1565 531944106 53194,4106
9 15 67868,30 58620,6653 574949923 57494,9923
0 16 7189151 62870,4542 61849,1377 61849,1377
1 17 75914,72 67176,687 66261,1131 66261,1131
2 18 7993792 71544,3288 70736,0055 70736,0055
3 19 83961,13 75979,279 75279,8589 75279,8589
4 20 87984,34 B0488,08160 79899,3784 79899,3784
5 21 92007,54 85078,2247 B84602,2356 84602,2356

a0 NEATIM IC ONTCO €47 OAINT ANT T ONINT 4n77

Sienielee  info  hilfstab  input  steuerung  kalk  Prémien DK | output  report
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The final tab for model calculations is the “output” tab. Here the calculated provisions are compared with the
provisions from the input data based on absolute and relative difference, then measured whether those
differences lie within tolerances that are pulled from a mapping grid in the “hilfstab” tab. Each provision is then
assigned a test value of -1, 0, or 1 as described in chapter 2. This grid will display copies of the output of one
sample calculated policy the same number of times as there are sample policies in the “input” tab.

FIGURE 11: “OUTPUT” TAB IN EXCEL

A [ E o E G 1 ) K | " n o P Q 3 5 T u v w x Y z

pse

i zeile B&Hibilanztermin  tool  fvid viid whid tfid wvarianteid  pricingid Gevo basres_EW basres_tool basres_diffabs basres_diffrel basres_status 221 EW  zzr_tool zzr_diffabs zzr_diffrel zzr_status bildr EW  bildr_tool bildr_diffabs bildr_diffrel  bildr_status
1 131122019 KLY 2 1 1Gemlv 2016 STANDARD  2224]zz 64897,08  66.261,11 1.364,02 2,10% 134 000 334 -100,00% 0 64.500,43 666,11 1.360,68 2,10% 1
2 2 31122009 KLY 1 lGemv 2016 STANDARD  222[2Z 6489708 G626L11 136402 210% 13 oo 331 -100,00% 4 136068 2,00% 1
3 3 SL122019KW 1236408 1 1Gemlv 2016 SIANDARD  222[22 64857,08 6626111 136402 2,10% 133 o0 331 -100,00% 626111 136068 2,10% 1
4 4 3122019KV 123608 1 1Gemlv 2016  STANDARD 222472 |64897.09 6626111 1.364,02 210% 1AM 0w 334 -100,00% 06450043 6626111 1360,68 2,10% 1

[ info  hifstab  input | Pramien DK  steuerung  kalk  SUtPut  report + )

Lastly, the “report” tab calculates summary figures from the “output” tab for the creation of graphs and
dashboards in Milliman Mind, showing totals for each status under each provision, with filters for tariff and for
transaction type.

FIGURE 12: “REPORT” TAB

#BFR_Frgebnisse/
status Anzahl BFR TRE o ReinErl_201% GemlV_2016 Feld o -1 Durchschnitt Median Abw.
o 0 ] o o o 0 basres o 0 ] ]
1 4 0 o 4 o 4 zzr o o 0 0
-1 o 0 o o o o bildr o o 0 0

status Anzahl BFR TRE s ReinErl_2015 GemLV_2016 Feld 1 [v] -1 Durchschnitt Median Abw.
o 4 0 o 4 o 4 basres 4 o o 1750,298 1750,298
1 1] o] 1] 1] 0 1] zzZr 1] 4 1] -3,34 -3.34
-1 o o o o o o bildr 4 o o 1746,958 17465,958

status Anzahl BFR TRK ZzZ ReinErl_2015 GemLV_2016 Feld 1 [v] -1 Durchschnitt Median Abw.
o a o] [+] [+] o a basres [+] o a o] o]

1 4 0 o 4 o 4 paig o o o 0 0

-1 o 0 o o o o bildr o o o 0 0

#ReinErl_2015_Ergebn

Feld 1

|
o] -1 Durchschnitt Median Abw. .Feld 1 0 -1 Durchschnitt Median Abw.
basres 4 o] 0 1750,298 1750,298 basres 1] 0 1] o] o]
zzr [} 4 1} 3,34 3,34 zzr [1} o [} o} o}
bildr 4 o} 0 1746958  1746,958 bildr [+} o 0 o} o}
#GemLV_2016_Ergebniss
Feld 1 1] -1 Durchschnitt Median Abw.
basres a o 0 1750,298  1750,298
zr ¥} 4 0 -3,34 -3,34
bildr 4 o 0 1746958 1746958
Witheee  info  hilfstab  input  steuerung  kalk  Prémien DK | output = report + i
e den Zielbereich, und dricken Sie die Eingabetaste.
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SOLUTION IN MILLIMAN MIND

Creating a project in Milliman Mind is a simple drag-and-drop procedure. Although our sample project consists of
one reference calculator, a Milliman Mind project can utilize multiple Excel files, allowing the processing of
multiple reference calculators for many different product types (e.g., term life, whole life, retirement, etc.) within
one portfolio/input file. The Excel file for the model is first uploaded and checked for compatibility, then the input
file is uploaded separately, also with drag-and-drop. Keeping the input file as a separate .csv or .ixt file avoids the
1,048,576 limit for number of policies in an Excel-only model without using pivot tables, which increase
complexity and reduce transparency.

As mentioned earlier, Milliman Mind is particularly easy to navigate if one already knows the structure of the
model in Excel. The tabs from the Excel file are listed in a drop-down menu, and the grids or grid groups in each
tab can be pulled up from those tabs. In Figure 13 we see the drop-down list of tabs and, in the “steuerung” tab,
the three grid groups that can be displayed, as well as the individual grid “hilfstabelle.”

FIGURE 13: TABS DISPLAY IN MILLIMAN MIND

KLV_Gevos v

changelog

info

hilfstab

input

Pramien_DK
steuerung

I Testfalldaten_klv

I Ergebnisse_klv

I Gevos_klv

hilfstabelle

kalk

output

report

If we display the grid group “Testfalldaten_kIv’ (German for “Test data_klIv”), we see the grids that relate to values
directly pulled, mapped, or calculated from the shown policy shown. This group contains no actuarial calculations.
Highlighted in yellow is the policy currently displayed. One may easily view the basic policy values for any policy
by entering the serial number of the policy in question.
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FIGURE 14: “TESTFALLDATEN_KLV“ GRID GROUP IN MILLIMAN MIND

. Gevos_20250528 v

fx
Testfalldaten_klv
v 1
testfall input vertragsdaten hilfswerte kosten
Testfall-Zeile
Testfall-ID Input-Feld Wert Feld ‘Wert Feld Wert Feld Wert

1 1 wirkdat 01/01/2019  Geschlecht M Bilanztermin 12/31/2018 alphaz 4.000%
GeVodat 01/01/2019  Baustein-BJ 2008 omega 121 alpha_gamma 0.020%
Ivid 123456789  Baustein-BM 1 Rechnungszins 1.25%  beta 4.500%
Ividext 234567890  Geburtsjahr (GJ) 1964  Referenzzins 2.09% gammal 0.050%
vtid 1 Natirl. Eintralter 44 Tafel DAV2004R-GT  gamma2 0.100%
vbid 1 Techn. Eintr.alter 44 Tafelart AV gamma3 0.000%
tfid ReinErl_2015 VD Jahre 17 Leistungsintervall aufgeschoben gamma4 0.000%
varianteid STANDARD VD Monat 0  Leistungsdauer abgekdrzt Stk 1.00
pricingid 1112 BZD Jahre 1 Lstg. bei Tod nein  ZW Ratenzuschl.
zustand 0 BZD Monat 0  Lstg. bei Erleben ja 0 1.000%
zweiink 0 Vvsu 129,907.00 | Anzahl Testfaelle 30,000 1 1.000%
la1 129,907.00 VsSU_2 0.00  Tool-Name KLv 2 1.000%
la2 0.00 theta 0.00 4 2.000%
Gevo 4,142 12 4.000%
Gevo_Code 2
sex 1
Ivbegt 01/01/2008
vbbeg 01/01/2008
gebdat 01/01/1964
bzabl 01/01/2025
vtabl 01/01/2025
basres 71,486.90
aufflizinskl 0.00
Hild, 71 a0e an

Similarly, the intermediate calculations for the selected policy, here also highlighted in yellow, are shown in the
“Ergebnisse_kIv” (German for “results_klIv”) grid group. Additionally, the calculations may be shown for the policy
interest rate or for the reference interest rate, determined by the “szenarien” (scenarios) field highlighted in green.

FIGURE 15: “ERGEBNISSE_KLV“ GRID GROUP IN MILLIMAN MIND

Ergebnisse_klv

/szenarien 4 testtaellekKLV 4
secumiisn swvisLisves “1y_sscnmnen —ry_pw
id i_szenario Feld Wert i_szenario basres Position Wert
1 rechz i_szenario rechz 1 83,217.52  basres 83,217.52
2 refz DO 100000.00 2 83,217.52  auffilzinski 0.00
D_VD 69566.90 bildr 83,217.52
D_Gevo 96013.96849739¢
N_O 3785735.81
N_BZD 3685735.81
N_VD 1663099.06
N_Gevo 3489745.703023¢
M_0 53262.52
M_VD 49034.81
LBW_0 0.6956690
LBW_Gevo 0.724549774
BBW_O 1.0000000
BBW_Gevo 0
gammaz2BwW_0 21.2263675
Nettoprémie 0.6956690
Amortisationspramie 0.0304424
gez. Nettopramie 0.7261114
Bruttopramie 0.7610590
Zahlpramie 1.7686696
Normpramie 0.7610590
Netto-DR zum BT 83,217.52
gez. DR zum BT 83,217.52
Brutto-DR zum BT 83,217.52
Bilanz-DR zum BT 83,217.52

Bilanz-DR zum BT ohne

Gevo 8245376
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One may scroll through all policies in the “input_gesamt” (German for “all input”) grid, from the “input” tab.
contrast to the Excel model, here all uploaded policies are available.

FIGURE 16: “INPUT” GRID AND TAB IN MILLIMAN MIND

input _gesamt
i wirkdat
1 0170172019
2 01/01/2023
3 01/01/2022
4 01/01/2021
5 01/01/2022
6 01/01/2018
7 01/01/2018
] 010172022
El 01/01/2024
0 01/01/2020
1 01/01/2024
12 017012022
13 01/01/2022
" 01/01/2024
15 0170172021
16 0170172018
17 01/01/2018
L] 0170172019
19 0170172019
20 01/01/2024
2 010172022

GeVodat

0170172019
01/01/2023
01/01/2022
0140172021
01/01/2022
01/01/2018
01/01,2018
0170172022
01/01/2024
014012020
0170172024
0170112022
014012022
01/01/2024
01/01/2021
01012018
017012018
010172019
010112019
0170172024
01/01/2022

id
123456789
123456790
123456791
123456792
123456793
123456794
123456795
123456796
123456797
123456798
123456799
123456800
123456801
123456802
123456803
123456804
123456805
123456806
123456807
123456808
123456809

Ividext
234567890
234567891
234567892
234567893
234567894
234567895
234567896
234567897
234567898
234567899
234567300
234567901
234567902
234567303
234567304
234567905
234567906
234567307
234567908
234567308
234567310

wid vbid  tfid

ReinErl 2015
Reingrl_2015
ReinErl_2015
ReinErl 2015
Reinkrl_2015
ReinErl_2015
ReinErl 2015
ReinErl_2015
Reinkrl 2015
ReinErl 2015
ReinErl_2015
Reinkrl 2015
ReinErl 2015
ReinErl_2015
Reinkrl_2015
Reinkrl_2015
ReinErl 2015
ReinErl_2015
Reinrl_2015
ReinErl 2015
ReinErl_2015

Bainkd 18

varianteid

STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD
STANDARD

pricingid  zustand  zweeink

1112
112
2
12
112
e
2
112
e
2
112
2
2
112
mz
12
112
mz
2
12
m2

129907
3.274.00
224,492.00
215,994.00
296.378.00
208,950.00
288,619.00
172.199.00
167,342.00
112.280.00
356.297.00
209,974.00
255,078.00
149.694.00
279,112.00
51,787.00
372,635.00
61,953.00
196,445.00
232,967.00
14.767.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00

Gevo_Cod
Gevo

e

4142 2

2242 3

1 1

1 1

4122 2

£l 3

1 1

2154 3

1 1

1 1

682 2

1 1

1737 3

3202 3

1701 2

4413 2

1608 3

1 1

1 1

1 1

3657 2

sex  Ivbegt vbbeg

01/01/2008
01/01/2009
01/01/2000

01/01/2008
01/01/2000
01/01/2004

01/01/2003
01/01/2004
01/01/2002

01/01/2005
01/01/2000
01/01/2001
01/01/2008
01/01/2004
01/01/2008
01/01/2008

01/01/2006
01/01/2008
01/01/2004

01/01/2007
01/01/2000

01/01/2008
01/01/2009
01/01/2000
01/01/2008
01/01/2000
01/01/2004
01/01/2003
01/01/2004
01/01/2002
01/01/2008
01/01/2000
01/01/2001
01/01/2008
01/01/2004
01/01/2008
01/01/2008
01/01/2006
01/01/2008
01/01/2004
01/01/2007
01/01/2000

gebdat

0170171964
01/01/1968
01/01/1967
01011960
0170111363
010111969
0140171984
01/01/1965
01/01/1963
0140171982
0170111363
01/01/1961
0140171983
01/01/1368
01/01/1961
01/01/1967
0170171964
010111969
01/01/1960
014011360
01/01/1965

n

bzabl viabl basres

01/01/2025  01/01/2025 7148683843
01/01/2032  01/01/2032 214984

01/01/2034  01/07/2034 19285857

01/01/2031 01/07/2031 13860813

01/01/2031  01/01/2031

266.564.67

01/01/2034  01/07/2034 11595062

01/01/2029  01/01/2029 22464942
01/01/2023  01/01/2023 11242462
01/01/2032  01/07/2032  131,275.22

01/01/2029  01/01/2029 76,600.10
01/01/2028 01/01/2028 31213355
01/01/2027  01/01/2027  137,441.00

0170172032 01/01/2032

207,52888

01/01/2031 01/01/2031 12424629
01/01/2028  01/01/2028  159,598.88
01/01/2028  01/01/2028 40,590.968

01/01/2034  01/01/2034

21993179

01/01/2026  01/01/2026 4327458

01/01/2031  01/07/2031  161,236.66

01/01/2030 01/01/2030 15945495
01/01/2023  01/01/2029 975062

And correspondingly to the input, the “output” grid and tab show the calculated provisions and test values for all
uploaded policies, in this case 30,000 policies. For further analysis, these results, as well as any grid in Milliman
Mind, can be exported in .csv, .txt, or .xlsx format. If we wish to perform analysis within Milliman Mind, it needs to
be set up in the Excel files that are to be converted, for example, the statistical summaries in the “report” tab,

which is used to generate dashboards in Milliman Mind.

FIGURE 17: “OUTPUT” GRID AND TAB IN MILLIMAN MIND

E=
id eile bilanztermin ool hid viid vbid tfid varianteid pricingid  Geve basres FW  basres_tool basres_diffrel basres_status. zmr BW  zzitool  zz diftabs g diffrel  zzvstatus bkl EW
1 1 LG 1234 1 Reinkr 2015 STANDARD ez 8479021 -185% 000 000 000 ).00% 84,790.21
z 2 v 1234562 1 Reinkr 2018 STANDARD M2 TRK 046% 0.00 000 000 0.00% 2055812
3 3 L 2 1 Reinkrl_2015 STANDARD 1112 BFR 149% 000 000 0 12616103
4 4 v 1234552 1 Reinkr_2015 STANDARD me2 2z 135% 0.00 000 95,357.25
& 5 L STANDARD 1112 8FR o0 000 RIALIAL
d & v STANDARD 1112 BFR 00 000 39,026.64
D 7 L STANDARD ma z o0 000 87.93790
& B v STANDARD m2 2z 00 000 0 4907864
N 9 L STANDARD ma z 1.30% 000 00 753296
1 0 v STANDARD 1112 BFR 0.59% 0.00 000 0 9435128
" n L STANDARD 1112 BFR 191% 000 oo o
2 2 23 12/31/2008 v STANDARD mz zz 38995 064% 0.00 000 0.00 .00 0 5091294
5 4 24 12/31/2009 v STANDARD 1112 BFR 0.00% o 0.00 000 0.00 0.00% 0 8534143
a % 26 12/31/2023 v STANDARD 1112 8RR 1.30% 000 000 000 0.00% 0 39.90
8 b1l 27 1231728 nv 1 Reinkrl_2015 STANDARD m2 zz 060% 0.00 000 .00 0 11921290
= FL 28 132000 wv 1 ReinErl_ 2015 STANDARD 12z 044% 0.00 000 000 0 11454560
-

8321752 15726

bild toel  ill_iffabs I

2046288

871.200.25
15,386.51

38
212ms3
wnam
a1z

48

7618457 76128
B096259 aua
10859241 5557
wa7e

1ag25¢

198584

6130289 3889t
2007 136

119927.22

1515121

Our dashboards are generated using the summary information from the “report” tab to display a grid containing
counts for below, within, and above tolerances and average and median absolute difference between the
reference calculator provisions and the source provisions, and a bar graph of the total results of the tolerances.
As mentioned earlier, the “reports” tab has summaries for the complete portfolio and for each tariff and each
transaction type. The dashboard for the whole portfolio summary is shown in the screenshot in Figure 18.

Concrete use case of Milliman Mind as reference calculator
For migration test cases or balance sheet projections

25

January 2026



MILLIMAN MIND

FIGURE 18: DASHBOARD “GESAMTE ERGEBNISSE” (TOTAL RESULTS) IN MILLIMAN MIND
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Feld 1 a 5 Dot s ab.
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Pulling up the model analytics in Milliman Mind, the distribution of processing power and time is more or less as
expected, with most of the resources going to the “kalk” tab to build out the actuarial tables, commutation values,
and provisions twice for each policy, once with the policy interest rate and once with the reference interest rate.

FIGURE 19: PROCESSING TIME BREAKDOWN BY PERCENTAGE

Bygrids  Bycolumns  Byrows  Bycells irst NaN

Grid
KLV_Gevos > Origma\Jnﬁaan > kalk > hPlFrhmmg) 0.0
KLV_Gevos > Original_Instance > output > output> (0,0)
KLV_Gevos > Original_Instance > steuerung > testfall> (0,0)
KLV_Gevos > Original_Instance > Pramien_DK > PramienundDK> (0,0)
KLV_Gevos > Original_Instance > steuerung > zwischenwertes (0,0}
KLV_Gevos > Original_Instance > steuerung > input> (0,0)
KLV_Gevos > Original_Instance > steuerung > hillswerte> (0,0)
KLV_Gevos > Original_Instance > steusrung > Teilrickkauf> (0,0)
KLV_Gevos > Original_Instance > report > basres> (0,0}
KLV_Gevos > Original_Instance > steuerung > ergebnisse> (0,0)
KLV_Gevos > Original_Instance > steuerung > kosten> (0.0)
KLV_Gevos > Original_Instance > report > zzr> (0,0}
KLV_Gevos > Original_Instance > steuerung > Beitragsfreistellung> (0,0
KLV_Gevos > Original_Instance > steuerung > vertragsdaten> (0,0)
KLV_Gevos > Original_Instance > report > bildr> (0,0)
KLV_Gevos > Original_Instance > steuerung > Fortschreibung> (0,0)
KLV_Gevos > Original_Instance > steusrung > Zuzahlung> (0,0}

KLV_Gevos > Original_Instance > steuerung > erg_szenarien> (0,0)

TEST RUNS WITH INCREASING INPUT SIZE

The reference calculator was tested with policy portfolios of 10k, 20k, 30k, 50k, 70k, 80k, 90k, 100k, and 150k
policies. From 10k to 100k policies, the increase in runtime is almost linear. From 100k to 150k, the rate of
change of the runtime increases a bit but still remains at acceptable levels. Runtime of the model on the same

input data can vary from those in the graph in Figure 20 depending on input size.
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FIGURE 20: RUNTIME INCREASE BY NUMBER OF POLICIES
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Our test runs were implemented on a multithread virtual machine with 256 GB total available RAM. Because
Milliman Mind is a cloud-based solution, the number of threads for a virtual machine can potentially affect
runtime. In practice, however, this is unlikely to cause any issue, as client accounts will often have their virtual
machines and the number of threads tailored to the client’s needs.

GENERALIZED COMPARISON OF MILLIMAN MIND WITH OTHER SOLUTIONS

To highlight the distinguishing features of our product in the application of reference calculators compared to
other approaches that do not utilize MM, alternative options are presented in this section and subjected to a
comparative analysis. When developing reference calculators for testing additional reserves without using MM,
there are essentially two paths: using Excel or a programming language. Both Excel and programming languages
prove to be viable solutions for automation and data processing, with SQL also being considered in combination
with a programming language. This leads to three possible configurations:

= Excel (No-Code): Excel is used for reference calculators, automation, and data processing.

= Excel + Programming Language + VBA (Low-Code): Excel is used for reference calculators and VBA or
other programming for automation and data processing, possibly with SQL as well. This can be relatively
simple with just Excel and VBA, or more complex, switching from Excel to full-code supplemental programs
to SQL.

= Programming Language + SQL (Full-Code): Both reference calculators and automation and data processing
are based on programming and SQL.

The evaluation of these three approaches compared to our solution in terms of performance, automation, data
processing, (easy/quick) maintenance and management, user-friendliness, and development costs paints a clear
picture:

Concrete use case of Milliman Mind as reference calculator 27 January 2026
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FIGURE 21: THREE APPROACHES COMPARED TO MM SOLUTION

Performance
10
9
8
7
6
Low Development Automation
Costs
5 Excel
1 Excel + VBA
0
==@==Code + SQL
Milliman Mind
User Friendliness \‘ Data Processing

Maintenance &
Administration

= The pure Excel solution proves to be impractical in practice, as it has significant limitations in automation and
data processing and is highly prone to errors.

= Integrating VBA allows for some degree of automation, but data processing and performance suffer from
Excel's limitations. Using a programming language for automation and SQL for data processing significantly
improves data processing, but performance remains limited due to the connection to Excel.

= Completely foregoing Excel and developing the reference calculators in a programming language achieves
high performance. However, this comes with high development costs and a complex maintenance and
management process.

= In contrast, our MM-based solution combines the advantages of Excel with those of modern programming
languages and modeling software. It achieves performance, automation, and data processing comparable to
a full-code solution, but surpasses it in terms of development costs, user-friendliness, and maintenance and
management efficiency.

Our solution is characterized by a number of distinguishing features and properties that make it a powerful tool
for our clients. A central feature is the basis in Excel models. Excel is a widely used and familiar software,
providing our clients with a familiar environment for their work, supported by a specialized Excel add-in for MM.

The models are automatically converted into the powerful programming language C#, a process enabled by
simple drag-and-drop.

The high performance of our solution and the possibilities for easy and quick debugging are due to MM's
innovative technology. MM enhances the efficiency of problem-solving and accelerates solution finding, offering a
significant advantage to our clients.

Another outstanding feature of our solution is its no-code orientation. This means that users do not need
programming knowledge to use or customize it, making our solution accessible and user-friendly, even for those
who are not technically skilled.
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Additionally, our solution is web- and cloud-based, meaning it is accessible from anywhere and does not require
special software or hardware. In particular, no installation on local servers or computers is necessary, providing
flexibility and convenience to our clients.

Finally, our solution is intuitive and easy to use. The user interface is clear and straightforward, allowing our
clients to complete their tasks efficiently without unnecessary complications.

Through an interface, it is possible to transfer data from existing systems to MM and, once there, to control the
models.

OUR MILLIMAN MIND MODEL VERSUS AN EXCEL MODEL

Visually, it is clear that Milliman Mind is as easy to navigate as an Excel spreadsheet. Differences in this respect
are minor, as values are gathered not only by tabs but also by grids; however, formulas for calculated values are
still visible and are presented as they would be in Excel. Also, any grid or grid group may be selected to display
with any other grid or grid group, avoiding the back-and-forth required in an Excel file when the cells to be
observed are located in different tabs.

It is worth noting that the Milliman Mind add-ins’ functionality require the Milliman Mind interface to be fully
realized. Due to this functionality deficit, our model in Excel only visualizes the results of one sample policy for
one interest rate, and therefore a direct comparison of our model in Excel versus Milliman Mind over 10,000
policies is not possible.

A comparable Excel model that calculates reserves for both policy and reference interest rates and takes the
difference of those reserves would require the duplication of many of the calculation grids, as well as a macro to
iterate through all the inputted policies and interest rates and compile the results. As Milliman Mind on average
performs this task for 30,000 policies in approximately 2:15 minutes using 2.8 GB of RAM, we estimate,
extrapolating from a similar test model calculating only the additional interest reserve of 10,000 policies run on a
standard computer with 32 GB available RAM, a runtime of up to approximately 20 hours for a hypothetical
analogous Excel model with a macro over the same database.

Conclusion

A reference calculator must be able to handle a specific set of complex calculations for a large database of
policies. We have shown proof of concept using a simplified calculator handling endowment insurance policies
with three possible policy transactions. This calculator successfully calculates balance sheet technical reserves
and additional interest reserves, compares the calculated values with given values from the source data, and
valuates whether the given reserves are within given tolerances and, if outside, whether they lie above or below
said tolerances.

With Milliman Mind, every step of the calculations for any policy is as easily accessible as if it were in an Excel
spreadsheet but featuring a significant reduction in required computing power and processing time. This
streamlines the time and energy requirements for running the model while maintaining transparency regarding
access to results and calculations for individual policies.

Furthermore, development of a reference calculator is a key task that can require hundreds of man hours and
effort. In comparison to developing primarily with code, this expenditure can be reduced significantly by
developing in the more visual and intuitive Excel interface, which restricts the ability to automate and, as
mentioned previously, increases runtime. Milliman Mind allows development in Excel, with a relatively low effort
adaptation for Milliman Mind via the MM for Excel add-in but retains the potential for automation and the shorter
runtime and lower energy cost of a primarily code solution.

This calculator is a sample of what can be developed for reference calculators in Milliman Mind. In real-world
application, it would require many more available transactions overall, as well as multiple transactions within a
policy history, connected sub-policies, possible changes to pricing structures, and many more complexities.
However, with this simplified calculator, we have already shown a strong proof of concept.

We have shown the build of our simplified reference calculator, its development in Excel, as well as its interface
in Milliman Mind, and its performance over increasing portfolio size; it is easily adapted, version tracking is
automated, and it scales well, showing runtimes of large portfolios at a fraction of the time for a similar Excel
model. We look forward to the opportunity to use this reference calculator as a foundation to build a fully
functional reference calculator in the future.
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Appendix

CALCULATION EXAMPLES

Following are six specific calculation examples taken from our generated portfolio, one for each transaction type
under each tariff.

The symbols from the “Formulas” section are used, as well as the common actuarial symbols and commutation
functions described below.

i, = Interest rate for the x-th year of life

Uy = ﬁ the discount factor for the x-th year of life.

I, = Number of survivors at the beginning of age x, [, := 100,000,
d, =L, — .41, number of deaths between ages x and x+1,

q, = Probability of death in the x-th year of life,

px = Probability of survival in the x-th year of life,

w = Maximum attainable age considered in the mortality table, usually 121,

X

Dx = lx*l_['l?j,

j=0

Cx =dy * Hj(:g Uj’

N, = Z?):_ox Dx+j1

M, = 23‘0:_0)( xX+jr

nEx = Dl’;—‘:‘, Present value of a pure endowment for an individual aged x after n policy years,

M,—M. . . . . .o .
= "D—"*", Present value of a term life insurance benefit for an individual aged x with a term of n years,

X

TlAX

. Ny—N. . . .o .
dyn = ——2% Present value of a temporary annuity for an individual aged x for a period of n years,
: D,

N

njdy = ;M’ Present value of a deferred life annuity for an individual aged x, deferred for n years.
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ENDOWMENT WITH DEATH BENEFIT
Contribution waiver

We consider a contract with the following input data:

TABLE 9: ENDOWMENT WITH DEATH BENEFIT — CONTRIBUTION WAIVER INPUT DATA

wirkdat 01.01.2020 la2 59,883.80
Gevodat 01.01.2020 Gevo 1

Ivid 123459790 Gevo_Code 1

Ividext 234570891 vpvt.sex 0

vtid 1 Iv.lvbegt 01.01.2006
vbid 1 vb.vbbeg 01.01.2006
tfid GemLV_2016 vpvt.gebdat 01.01.1966
varianteid STANDARD vt.bzabl 01.01.2029
pricingid 2224 vt.vtabl 01.01.2029
zustand 0 basres 6,961.98
zweiink 4 aufflizinskl 0,00

la1 8,317.00 bildr 6,961.98

This results in the following values:

x=40,t=n=23,t =81, m=14, k=4, VSU1 = 8,317, and 6=7.2.

From the pricing ID, the costs are as follows:

a% =

0.025, a” = 0.0001, y, = 0.00025, y, = 0.0005, y5 =y, = 0, 8 = 0.05, p(k) = 0.02, and fixed costs

(Stiickkosten or Stk) = 3.

The transaction is coded as 1, which means a paid-up policy or contribution waiver. According to the tariff, we
use the DAV 2008T mortality table without age shift or trend function.

The premiums from the given formulas are as follows:

D63 + 7.2 % (M40 + M63)
_ (23Es0 + 0 * 23440) _ Dy
NP40:231 - - Ny — Nes
Dy

0
69855.172 + 7.2 » (60585.830 — 54768.665)
100000 1.117397383

3192547.7483 — 1222007.0322 ~19.705407161
100000

d40:237

= 0.0567051,

BP _ NEP4g237 + (a¥ +y1) * 1+ 2 * 840237
40:237 = (1—[)’)*1—012*23
11173974 + (0.0001 + 0.00025) + 0.0005 * 19.7054072
- (1-0.05) — 0.025 % 23

= 0.0625042,

NPZy,51 = NPyop31 + a% % 23 % BPyp31 = 0.0567051 + 0.025 # 23 * 0.0625042 =
0.0585290,

and
ZP32 . = BPyons1 * (1 + p(k)) + Stiickkosten = 0.0625042 * (1 + 0.04) + 3 = 3.0637543.
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After the transaction, we calculate the new sum insured as described in the contribution waiver section,

VSu1neY = 14Va0 i _ 14Va0 .
NEPg407 +V3 * 85497 NEPss0

For this, we first calculate ,,V, with the original sum insured. That is,

14Va0” = VSU1 * (NEPg407 — NPJj 537 * d54:97)

= 8317 (D63 7,2 M5y + Ms) 0,0585290 « M)
D54 D54-
69855.172 + 7.2 * (58223.795 — 54768.665)
= 8317 < TR — 0.0585290
1911083.935 — 1222007.0322
: 81817.424 )

= 5,530.11.
Since the original premium payment period is equal to the insurance period, the y, term is zero and

14V2077%% = 14Vao” = 5,530.11.

This gives us
SUe — 5530.11 553011 477617
14 7 69855.172 + 7.2 * (58223.795 — 54768.665) ~ 1.1578547 o
81817.424

Therefore, the actuarial reserves are:

14Va0"" = VSUL * (NEPss00 — NPygpz * sai97 )
= 4776.17 * (1.1578547 — 0.0585290 = 19.7054072) = 3249.12,

and

14Va0” = VSUL * (NEPsy.97 — NPfy 557 * 5407 )
= 4776.17 * (1.1578547 — 0.0567051 = 19.7054072) = 3175.75.

This gives the gross actuarial reserve which, for the same reasons as above, is equal to the zillmerized actuarial
reserve,

14v40gTOSS = 3175.75.

Since the reference interest rate is greater than the technical interest rate, the interest top-up capital is zero, and
consequently the balance sheet actuarial reserve is equal to the contractual actuarial reserve at the balance
sheet date, 3,175.75. The base reserve or balance sheet actuarial reserve from the input data is 6,961.98, so
with an absolute difference of -3,786.23, the model calculated base reserve or balance sheet actuarial reserve is
below the absolute negative maximum tolerance of -50 and is rated as -1.
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Partial surrender

We consider a contract with the following input data:

TABLE 10:

ENDOWMENT WITH DEATH BENEFIT — PARTIAL SURRENDER INPUT DATA

INPUT-FIELD VALUE INPUT-FIELD VALUE

wirkdat
Gevodat
Ivid
Ividext
vtid

vbid

tfid
varianteid
pricingid
zustand
zweiink

la1

01.01.2021 la2 1,001,505.38
01.01.2021 Gevo 2,089
123459789 Gevo_Code 2
234570890 vpvt.sex 1

1 Iv.lvbegt 01.01.2005
1 vb.vbbeg 01.01.2005
GemLV_2016 vpvt.gebdat 01.01.1962
STANDARD vt.bzabl 01.01.2027
2224 vt.vtabl 01.01.2027
0 basres 297,569.46
4 auffllzinskl 0.00
363,842.00 bildr 297,569.46

This results in the following values:

x=43,t=n=22,t+=78 m=16, k=4, VSUT = 363,842.00 and 6=2.75

From the pricing ID, the costs are as follows:

a®=0.025, a¥ = 0.0001, y, = 0.00025, y, = 0.0005, y; =y, =0, 8 = 0.05, p(k) = 0.02,
and fixed costs (Stlickkosten) = 3.

The transaction is coded as 2, which means a partial surrender in the amount of 2,089. According to the tariff, we
use the DAV 2008T mortality table without age shift or trend function.

The premiums from the given formulas are as follows:

D65 + 275 * (M43 + M65)
_ (22Eaz + 0 % 55443) Dys
NP43:22—\ - - N43 _ N65
Dy3

65559.276 + 2.75 x (66271.996 + 54759.444)
100000 0.9724853

2731968.305 — 874786.333 ~ 185718197
100000
NEPy3.2071 + (¥ +y1) * 14y, * 843227
1-B)*x1—-azx1
0.9724853 + (0.0001 + 0.0005) + 0.0005 * 18.5718197
B (1 —0.05) — 0.025 * 22

43:227

= 0.0523635,

BPu3357 =

= 0.0578165,

NP7, = NPyoas1 + @ % 22 % BPyopsy = 0.0523635 + 0.025 * 22 * 0.0578165 =
0.0540757,

and
ZP32 = BPyoas1 * (1 + p(k)) + Stiickkosten = 0.0578165 * (1 + 0.02) + 3 = 3.0589729.
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After the transaction, we calculate the new sum insured as described in the partial surrender section,

(16Va3 = TRK) + VSU % BP3.5,7 * (1 — B) * d59.67 /

VSU1¥EY = —
16 NEPsg.c7 + (a¥ +y1 +¥2) * 359,67

)

For this, we first calculate ,,V, with the original sum insured. That is,
16Vas” = VSUL * (NEPsg.67 — NP? 43.57 * 85067)

D59

N59 B N65
= 363842,00 x — 0.0540757 + ————
59

363842 00 65559.276 + 2.75 * (60046.343 + 54759.444) 0.0540757
= * - V.
’ 76172.779

1306241.288 — 874786.333)

76172.779

= 271214.90.

gross

Since the original premium payment period is equal to the insurance period, the y, term is zero and |V,
16Va3” = 271214.90. Therefore, we obtain:
(271214.90 — 2089)

VSu1iEw = = 361864.77.
17 1.051713 4 (0.0001 + 0.00025 + 0.0005) * 5.6641619

Accordingly, the actuarial reserves are:
17Vao"e = VSULSY * (NEPs7.g7 — NP 43227 * d59.67)
= 361864.77 x(1.051713 — 0.0523635 * 5.6641619) = 273250.51,

17Vao” = VSU1TSY * (NEPg7.g7 — NP? 43557 * d59.67)
= 361864.77 * (1.051713 — 0.0540757 * 5.6641619) = 269741.03.

This gives the gross actuarial reserve which is, for the same reasons as above, equal to the zillmerized actuarial
reserve,

Va0 9% = 269741.03.

Since the reference interest rate is greater than the technical interest rate, the interest top-up capital is zero, and
consequently the balance sheet actuarial reserve is equal to the contractual actuarial reserve at the balance
sheet date, 269,741.03. The base reserve or balance sheet actuarial reserve from the input data is 297,569.46,
so with an absolute difference of -27,828.43, the base reserve or balance sheet actuarial reserve is below the
absolute negative maximum tolerance of -50 and is rated as -1.
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Additional payment

We consider a contract with the following input data:

TABLE 11: ENDOWMENT WITH DEATH BENEFIT — ADDITIONAL PAYMENT INPUT DATA
wirkdat 01.01.2020 la2 102,400.00
Gevodat 01.01.2020 Gevo 3,497
Ivid 123459798 Gevo_Code 3
Ividext 234570899 vpvt.sex 1
vtid 1 Iv.lvbegt 01.01.2003
vbid 1 vbbeg 01.01.2003
tfid GemLV_2016 gebdat 01.01.1963
varianteid STANDARD bzabl 01.01.2028
pricingid 2224 vtabl 01.01.2028
zustand 0 basres 64,897.09
zweiink 1 aufflizinskl 3.34
la1 102,400.00 bildr 64,900.43

This results in the following values:

x=40,t=n=25t=81, m=17, k=1, VSUT = 102.400, and 6=1.

From the pricing ID, the costs are as follows:

a” =0.025, a¥ = 0.0001, y; = 0.00025, y, = 0.0005, y, =0, 8 = 0.05, p(k) = 0.01, and fixed costs
(Stiickkosten) = 3.

The transaction is coded as 3, which means an additional payment in the amount of 3,497. According to the tariff,
we use the DAV 2008T mortality table without age shift or trend function.

The premiums from the given formulas are as follows:

Des | Mao —Mes  62885.33 | 63994.38 — 52525.99

vp. . —25Fa0t 0% asha0 Do " Dap  _ 100000 * 100000
40:257 - Nyo — Nos 2916455.6 — 839106.72
Dyo 100000
07435372 0.0357926
T 20.7734888 ’
NEPyg.557 + (a¥ +y,) * d40:257 T V2 * 8401257
BPyy57 =

(1 =p) *d40257 —a? =25
B 0.7435372 + (0.0001 + 0.00025) * 20.7734888 + 0.0005 = 20.7734888

(1 —0.05) * 20.7734888 — 0.025 * 25

= 0.0398327,

a*+25+BPyoas] _ 0.0357926 4 025725+ 00398327

NPZ, = NP,,.
40:257 40:257 440:257 21.593

= 0.0369910,
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and

ZPOE . = BPygast * (1+ p(k)) + Stiickkosten = 0.0398327 * (1 + 0.01) + 3 = 3.0402310.

After the transaction, we calculate the new sum insured as described in the additional payment section,
3,497 (1 — 0.05 — 0.025)

8E57

VSU1™Y = 102,400 +

62885.33

D65 .
= 102.400 + 3234,725 * == = 102,400 + 3234.725 - —————— = 106317.06.
*Ds, 76150.412

Accordingly, the actuarial reserves are:

17V4onet = VSU177" * (NEPs7.567 — NPag.257 * d57.87)

Dgs Ms; — M, Ns7 —
= 106317.06 * (—65 + =L _ 00357926 * M)
D57 D57 D57
= 106317.06
(62885.33 +58820340 — 5252599 .
" — U.
76150.412
1403735.785 — 839106.72) 6836944
76150.412 - o

and

17Vao” = VSU1TSY * (NEPs7.87 — NP% 45257 * d57.87) =

Dgs  Ms7; =M Ny — N
= 106317.06 * (ﬁ +——° 00369910 = u)
D57 D57 D57
= 106317.06
(62885.33 +58820.340 — 52525.99 0.0369910
" - .
76150.412
1403735.785 — 839106.72) — 6742472
76150.412 - o
This yields the gross actuarial reserve:
0.
17Vao "% = 1V + VSULTSY * y, % (358:71 - % * A5g:77 ) = 17Va0” = 67424.72.
40:25

Since the reference interest rate is greater than the technical interest rate, the interest top-up capital is zero, and
consequently the balance sheet actuarial reserve is equal to the contractual actuarial reserve at the balance
sheet date, 67,424.72. From the input data, the base reserve is 64,897.09, the ZZR is 3.34, the balance sheet
actuarial reserve is 64,900.43. Therefore, with an absolute difference of 2,527.72 and 2,524.29, respectively, the
base reserve or balance sheet actuarial reserve is above the absolute tolerance of 50 and is rated as 1, and the
ZZR with an absolute difference of -3.34 is within the absolute minimum tolerances of (-10, 10) and is rated as 0.
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PURE ENDOWMENT
Contribution waiver

We consider a contract with the following input data:

TABLE 12: PURE ENDOWMENT — CONTRIBUTION WAIVER INPUT DATA

wirkdat 01.01.2024 la2 0.00
Gevodat 01.01.2024 Gevo 1

Ivid 123456797 Gevo_Code 1

Ividext 234567898 vpvt.sex 0

vtid 1 Iv.lvbegt 01.01.2002
vbid 1 vbbeg 01.01.2002
tfid ReinErl_2015 gebdat 01.01.1963
varianteid STANDARD bzabl 01.01.2032
pricingid 1112 vtabl 01.01.2032
zustand 0 basres 131,275.22
zweiink 4 aufflizinskl 0.00

la1 167,342.00 bildr 131,275.22

This results in the following values:

x=39,t=n=30,t=82, m=22, k=4, and VSUT = 167,342, and 0=0.

From the pricing ID, the costs are as follows:

a” =0.04, a¥ = 0.0002, y; = 0.0005, y, = 0.001, y, =0, B = 0.045, p(k) = 0.02, and fixed costs
(Stlickkosten) = 1.

The GeVo is coded as 1, which means a paid-up policy (contribution waiver). According to the tariff, we use the
DAV 2008T mortality table without age shift or trend function.

The premiums from the given formulas are as follows:

Deo 66087.451
NPuc s = 30F39 + 0% 30450 Dyy 100000 _ 06608745
39:307 83030 N3g — Ngg  4064372.490 — 1579316.083  24.8505641
. D3 100000
= 0.026593946,

NEP39.307 + (@Y + 1) * d39.307 + V2 * 430307
(1 —p) * 839307 —a”=30
0.6608745 + (0.0002 + 0.0005) * 24.8505641 + 0.001 = 24.8505641
- (1 —0.045) * 24.8505641 — 0.04 * 30

BP3g.307 =

= 0.0312050,

@?+25%BP3q.301 0.04 * 30 * 0.0312050

z _ _ —
NPgo301 = NPaosg) +———= = 0.026593946 + — ——————— = 0.0281008,
and
ZP2 . = BPsgz07 * (1 + p(k)) + Stiickkosten = 0.0398327 (1 + 0.01) + 3 = 1.0318291,
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After the transaction, we calculate the new sum insured as described in the contribution waiver section,

|%
VSU1Ew = e
22 NEPgy.g7 + V3 * d61:87

For this, we first calculate ,,V, with the original sum insured.

VaiZ = VSU1 z « _ Dgg Ng1 — Ngg

2239 = * (NEPg1.g7 — NP?39.307 * dg1.87) = 167342 % D.. 0.0281008 * .
61 61

2144675.106 — 1579316.083)

74286.832

= 167342 * <0.8896254 —0.0281008 =
= 113083.81.

gross

Since the original premium payment period is equal to the insurance period, the y, term is zero and ,,V3q
22Vs9? = 113083.81.

Thus, the new sum insured is:

=127113.96.

VSU1mew = 22V39 _ 113083.81
22 = — =
NEP61:8“ + ]/3 * a61:8—| 08896254 + 0 * 76104877

Accordingly, the actuarial reserves are:

22V39n6t =VSU123" * (NEPg1.g7 — NP 39307 * dg1:87)

2144675.106 — 1579316.083)

= 113083.81 = (0.8896254 —0.0281008 * 74286.832

= 87356.85,
and
22V39” = VSU1Z3" * (NEPg1.g7 — NP?39.307 * d61.87)
_ Dego Ng1 — Ngo
= 113083.81 * D 0.0281008 * D

61 61
2144675.106 — 1579316.083)
74286.832

= 113083.81 * (0.8896254 —0.0281008 =
= 85899.12.

This yields the gross actuarial reserve which is, for the same reasons as above, equal to the zillmerized actuarial
reserve,

17V40gross = 85899.12

Since the reference interest rate is greater than the technical interest rate, the interest top-up capital is zero, and
consequently the balance sheet actuarial reserve is equal to the contractual actuarial reserve at the balance
sheet date, 85,899.12. The base reserve or balance sheet actuarial reserve from input data is 131,275.22, so
with an absolute difference of -45,376.10, the base reserve or balance sheet actuarial reserve is below the
absolute negative maximum tolerance of -50 and is rated as -1.
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Partial surrender
We consider a contract with the following input data:

TABLE 13: PURE ENDOWMENT - PARTIAL SURRENDER INPUT DATA

wirkdat 01.01.2019 la2 0.00
Gevodat 01.01.2019 Gevo 2,500

Ivid 123459j303 Gevo_Code 2

Ividext 234570404 vpvt.sex 2

vtid 1 Iv.lvbegt 01.01.2002
vbid 1 vb.vbbeg 01.01.2002
tfid ReinErl_2015 vpvt.gebdat 01.01.1962
varianteid STANDARD vt.bzabl 01.01.2027
pricingid 1112 vt.vtabl 01.01.2027
zustand 0 basres 50,353.67
zweiink 0 aufflizinskl 6.79

la1 55,900.00 bildr 50,360.46

This results in the following values:
x=40,t=1,n=25t=81, m=17, k=0, and VSUT = 55,900, and 6=0.
From the pricing ID, the costs are as follows:

a” =0.04, a¥ = 0.0002, y; = 0.0005, y, = 0.001, y, =0, B = 0.045, p(k) = 0.01, and fixed costs
(Stlickkosten) = 1.

The transaction is coded as 2, which means a partial surrender in the amount of 2,500. According to the tariff, we
use the DAV 2008T mortality table without age shift or trend function.

The premiums from the given formulas, with the note that 4,.,7 = 1, are as follows:

NPyo.os1 = 25E40 + 0% 35440 = Des = M = 0.7105987
' Do 100000 ’
NEP4g257 + (¥ +y1) * 14y, * 840257
A-p)*x1—-a?zx1
0.7105987 + (0.0002 + 0.0005) + 0.001 * 21.3824113
- (1 —0.045) — 0.04 * 1

BP,y257 =

= 0.8007444,

NPfo:zsq = NPyyps57 +a?*1*BP,y,57 = 0.7105987 + 0.04  0.8007444 = 0.7426285,
and

ZP32 . = BPyoas1 * (1 + p(k)) + Stiickkosten = 0.8007444 (1 + 0.01) + 1 = 1.8087519,

After the GeVo, we calculate the new sum insured as described in the partial surrender section fort < m,

(17Y40 — TRK)
VSU1§gy = ————=
v NEP57:87
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For this, we first calculate ,,V;, with the original sum insured. That is, also because t < m,

z __ netto __ _ E _ 71059.874
17Vao" = 17Vao % = VSUL * NEPs77 = 55900 » 2% = 55900 « 722 70 = 49911.43, and
1 Va0 = 17 Vao? + ¥y * sy = 4991143 + 0,001 x ZEITOTIOTEOTONN _ 50337 43,

79585.9284

Thus, we obtain:

(50337.43 —2500)  47837.43

71059.874 ~0.8928698
79585.928

= 53577.16.

VSU1e =

Accordingly, the actuarial reserves are:
17 Va0 = 1 Vao? = VSUTHEY « NEPs;.g7 = 53577.16 x 0.8928698 = 47837.43.
This yields the gross actuarial reserve:

T0SS _ z new ..
17Va0? = 17Vao” + VSULYF"Y * ¥, * 857.47

47837.43 + 53577 * 0.001 24845828476 — 1878067.6894 48245.74
79585.9284

Since the reference interest rate is greater than the technical interest rate, the interest top-up capital is zero, and
consequently the balance sheet actuarial reserve is equal to the contractual actuarial reserve at the balance sheet
date, 48,245.74. From the input data, the base reserve is 50,353.67, the ZZR is 6.79, the balance sheet actuarial
reserve is 50,360.46. Therefore, with an absolute difference of -2,107.93 and -2,114.72, respectively, the base
reserve or balance sheet actuarial reserve is below the absolute tolerance of -50 and is rated as -1, and the ZZR
with an absolute difference of -6.79 is within the absolute minimum tolerances of (-10, 10) and is rated as 0.

Additional payment
We consider a contract with the following input data:

TABLE 14: PURE ENDOWMENT - ADDITIONAL PAYMENT INPUT DATA

wirkdat 01.01.2021 la2 0.00
Gevodat 01.01.2021 Gevo 605

Ivid 123456791 Gevo_Code 3

Ividext 234567892 vpvt.sex 0

vtid 1 Iv.lvbegt 01.01.2009
vbid 1 vbbeg 01.01.2009
tfid ReinErl_2015 gebdat 01.01.1962
varianteid STANDARD bzabl 01.01.2031
pricingid 1112 vtabl 01.01.2031
zustand 0 Basres 107,053.37
zweiink 12 Aufflizinskl 0.00

la1 191,052.00 Bildr 107,053.37
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This results in the following values:
xX=47,t=n=22,t =74, m=12, k=12, and VSUT = 191,052.00, and 6=0.
From the pricing ID, the costs are as follows:

a? =0.04, a¥ = 0.0002, y; = 0.0005, y, = 0.001, y3 =y, =0, § = 0.045, p(k) = 0.04, and fixed costs
(Stiickkosten) = 1.

The transaction is coded as 3, which means an additional payment in the amount of 605. According to the tariff,
we use the DAV 2008T mortality table without age shift or trend function.

The premiums from the given formulas are as follows:

Dey 73438.286
NPy7.277 = zbu + 6% 2y = Dy - 100000 _ 0.7343829
. 47221 N,; —Ngg  3666958.355 — 1754981.674  19.1197668
Dy, 100000
= 0.0384096,

BP _ NEPu7.557 + (@ +¥1) * 847007 + V2 * 847227
47221 (1= P) * 847227 — @ * 22
_ 0.7343829 + (0.0002 + 0.0005) * 19.1197668 + 0.001 * 19.1197668

= 0.0441262
(1—0.045) x 19.1197668 — 0.04 * 22 0.0441262,
NPZ .27 = NP4z +‘”a”ﬁ = 00384096 + 220022 = 0,0404406,
47:227] .

and

ZPSZ, 1 = BPyyan * (1 + p(12)) + Stiickkosten = 0.0441262 * (1 + 0.04) + 1 = 1.0458913.

After the transaction, we calculate the new sum insured as described in the additional payment section,
VSU1EY = 191,052 + 605 = (1 — 0.05 — 0.025) * 1yEs5

191,052 + 559,625 « 22 = 191,052 + 559.625 - co202788 _ 1 51691.99
= * = . . = . .
’ ’ Deo ’ 73438.286

Accordingly, the actuarial reserves are:

net new = Deo Nso — Neo
12V47 = VSU112 * (NEP59:10‘| - NP4_7:22‘| * ds59:107 ) =191691.99 * D_59 —0.0384096 * ng

19169199 (734—38.286 0.0357926 2551849.443 — 1754—981.674) 96702.84
= * | ———— — 0. * = .
’ 84902.788 84902.788 ’
and
z new . D69 N59 B N69
12Vir” = VSULEE" * (NEPso01 = NPazaz) *dsgon ) = 191691.99 + (52 — 0.0404406 =25 —=
9 9
191691.99 (734—38.286 0.0404406 2551849.443 — 1754—981.674) 93048.87
84902.788 84902.788

This yields the gross actuarial reserve:

d40:257
gross __ z new = .
17Va0 = 17Vao” + VSULFY * vy * <ass:77 —
A40:257

* dsg.77] ) = 17V4.()Z =93048.87.

Since the reference interest rate is greater than the technical interest rate, the interest top-up capital is zero, and
consequently the balance sheet actuarial reserve is equal to the contractual actuarial reserve at the balance
sheet date, 93,048.87. The base reserve or balance sheet actuarial reserve from input data is 107,053.37, so
with an absolute difference of —14,004.50, the base reserve or balance sheet actuarial reserve is below the
absolute negative maximum tolerance of -50 and is rated as -1.
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