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1 Technology



AXIS — 64-bit

Calculation engine & model data storage

Advantages
» Access to much larger memory space
» Eliminate paging during stochastic processing — reduce runtime

» New storage engine — no size limit for dataset files

Challenges

» Support legacy import / export options (MS Access format)
» Massive data conversion

» Potential for differences in results vs. 32-bit version
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GPGPU

» Research project with NVIDIA completed in 2022

Prototype built in AXIS code (450x speed up for pricing simple equity annuity
option)

>

v

Potential applications for VA / Hedging

>

v

Plan to re-visit in 2023 (pending AXIS 64-bit conversion)

>

A\
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Advanced Optimization Tools

» Policy Compression
» Scenario Compression
» Proxy functions for modeling structured securities

» Avrtificial Intelligence - Machine Learning / Neural Networks technology to train /
parametrize compression models
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Automation

FormulaLink External API’s
» Advanced scripting & programmability for » ELinkTask DLL
AXIS Formula Tables » GlaaS API's (available via
» Referencing .NET DLLs GlaaSPublicLibrary.dll)
» Integration with EnterpriseLink Jobs » Planning to introduce Web API’s for hosted
» 3 party DLLs & data files embedding environments

» Full scripting support for GlaaS
» Version Control & Permission Framework
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2 Architecture



Model Development & Governance

Super Dataset

»

»

»

»

»

Develop and hydrate models in parallel
streams

Centralize common objects

No need to merge data

Aggregate results from multiple datasets
Fully version controlled

https://www.qqy.com/kb/article/2360
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Basis Reference

» Externalize assumptions, manage outside of
the cells

» Fast switching of the assumptions basis
without rebuilding the model

» Easy audit / reporting

https://www.ggy.com/Basis-Reference-
Technique/\Webinar-2021-03-11
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User Interface & User Experience Initiative

Modernize AXIS User
Interface

» Improve icons and
remove menus clutter

» Add color to highlight
most important elements
on screens

» Improve usage of fonts

MOODY'S ANALYTICS

Give better control to the
user & reduce learning time

» More intuitive navigation
» Automatic guidance

» Auto hide unnecessary
objects and Ul elements

» Add more screen
customization options

Provide more informative
content

» Improve search and shortcut
features

» Add more metadata & tooltips

» Add analytics (e.g. model
setup completion progress)

» Make screen and log
messages more informative

Redesign AXIS Help
system.

» Web based (Moody’s
InfoWeb)

» Context sensitive
» Improved search
» Versioning

» Bookmarks

» Favorites
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Services



Cloud Services

Cloud Compute
GlaaS (GridLink as a Service)

»

»

»

»

SaaS offering for running actuarial calculations in
the cloud

Multi-region — for capacity & data residence
Full automation via scripting
Industry standard security

Scenario Generator Cloud
Risk Integrity (SaaS)
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Cloud Hosting

» Fully managed service

» Hosting EnterpriseLink, SQL Servers

» Resizable data storage

» Fast on-boarding
» Audit and monitoring

Cloud Operations &

Support Team

» Common Operations Team across all insurance

products
» Common Help Desk
» Common SLAs & audits
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GlaaS Dashboard

88 General / GlaaS Overview Dashboard ¢ =3

“ East US EUS Site 1 EUS Site 2 East Us 2 EUS2 Site 1

559 176 3264 800

Canada Central North Europe Total Current Cores

2032 160 12024

Active Core History
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New GridLink Licensing and Billing Portal

» New look & feel

» All farm types in
O n e p O rtal MR‘T:"EYE GridLink License Administration Internal Portal

Companies

Campany

New Q Searchall = search

» Consolidated
usage reports

Company Active usL Farms Base Billable Cores Current Cores

g0 O 0 0 0
» Role based e

Test Adding Company - 63807 3445737803376 0 288 0

access CO ntrol HEmalREs Test Adding Company - 538071344542107645% o 288 0

Test Adding Company - 638071 3445098790748 0 288 0
Test Adding Company - 63807 3444364628069 0 288 0
o o Test Adding Company - 63807 3443628754340 0 288 0

All company usages

Test Adding Company - 63801 3442¢714674517 0 288 0
Farm usage

Test Adcing Company - 63801 3441690431107 0 288 0
Company usage

Test Adding Company - 638071 3030883115638 0 288 0
Bulk package balance

Test Adding Company - 63807 3030568733816 0 288 0
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© 2022 Moody’s Corporation, Moody’s Investors Service, Inc., Moody’s Analytics, Inc. and/or their licensors and affiliates (collectively, “MOODY’S”). All
rights reserved.

CREDIT RATINGS ISSUED BY MOODY'S CREDIT RATINGS AFFILIATES ARE THEIR CURRENT OPINIONS OF THE RELATIVE FUTURE CREDIT
RISK OF ENTITIES, CREDIT COMMITMENTS, OR DEBT OR DEBT-LIKE SECURITIES, AND MATERIALS, PRODUCTS, SERVICES AND
INFORMATION PUBLISHED BY MOODY’S (COLLECTIVELY, “PUBLICATIONS”) MAY INCLUDE SUCH CURRENT OPINIONS. MOODY’S DEFINES
CREDIT RISK AS THE RISK THAT AN ENTITY MAY NOT MEET ITS CONTRACTUAL FINANCIAL OBLIGATIONS AS THEY COME DUE AND ANY
ESTIMATED FINANCIAL LOSS IN THE EVENT OF DEFAULT OR IMPAIRMENT. SEE APPLICABLE MOODY’S RATING SYMBOLS AND
DEFINITIONS PUBLICATION FOR INFORMATION ON THE TYPES OF CONTRACTUAL FINANCIAL OBLIGATIONS ADDRESSED BY MOODY’S
CREDIT RATINGS. CREDIT RATINGS DO NOT ADDRESS ANY OTHER RISK, INCLUDING BUT NOT LIMITED TO: LIQUIDITY RISK, MARKET
VALUE RISK, OR PRICE VOLATILITY. CREDIT RATINGS, NON-CREDIT ASSESSMENTS (“ASSESSMENTS”), AND OTHER OPINIONS INCLUDED IN
MOODY’S PUBLICATIONS ARE NOT STATEMENTS OF CURRENT OR HISTORICAL FACT. MOODY’S PUBLICATIONS MAY ALSO INCLUDE
QUANTITATIVE MODEL-BASED ESTIMATES OF CREDIT RISK AND RELATED OPINIONS OR COMMENTARY PUBLISHED BY MOODY’S
ANALYTICS, INC. AND/OR ITS AFFILIATES. MOODY’S CREDIT RATINGS, ASSESSMENTS, OTHER OPINIONS AND PUBLICATIONS DO NOT
CONSTITUTE OR PROVIDE INVESTMENT OR FINANCIAL ADVICE, AND MOODY’S CREDIT RATINGS, ASSESSMENTS, OTHER OPINIONS AND
PUBLICATIONS ARE NOT AND DO NOT PROVIDE RECOMMENDATIONS TO PURCHASE, SELL, OR HOLD PARTICULAR SECURITIES. MOODY’S
CREDIT RATINGS, ASSESSMENTS, OTHER OPINIONS AND PUBLICATIONS DO NOT COMMENT ON THE SUITABILITY OF AN INVESTMENT FOR
ANY PARTICULAR INVESTOR. MOODY’S ISSUES ITS CREDIT RATINGS, ASSESSMENTS AND OTHER OPINIONS AND PUBLISHES ITS
PUBLICATIONS WITH THE EXPECTATION AND UNDERSTANDING THAT EACH INVESTOR WILL, WITH DUE CARE, MAKE ITS OWN STUDY AND
EVALUATION OF EACH SECURITY THAT IS UNDER CONSIDERATION FOR PURCHASE, HOLDING, OR SALE.

MOODY'S CREDIT RATINGS, ASSESSMENTS, OTHER OPINIONS, AND PUBLICATIONS ARE NOT INTENDED FOR USE BY RETAIL INVESTORS
AND IT WOULD BE RECKLESS AND INAPPROPRIATE FOR RETAIL INVESTORS TO USE MOODY’S CREDIT RATINGS, ASSESSMENTS, OTHER
OPINIONS OR PUBLICATIONS WHEN MAKING AN INVESTMENT DECISION. IF IN DOUBT YOU SHOULD CONTACT YOUR FINANCIAL OR OTHER
PROFESSIONAL ADVISER.

ALL INFORMATION CONTAINED HEREIN IS PROTECTED BY LAW, INCLUDING BUT NOT LIMITED TO, COPYRIGHT LAW, AND NONE OF SUCH
INFORMATION MAY BE COPIED OR OTHERWISE REPRODUCED, REPACKAGED, FURTHER TRANSMITTED, TRANSFERRED, DISSEMINATED,
REDISTRIBUTED OR RESOLD, OR STORED FOR SUBSEQUENT USE FOR ANY SUCH PURPOSE, IN WHOLE OR IN PART, IN ANY FORM OR
MANNER OR BY ANY MEANS WHATSOEVER, BY ANY PERSON WITHOUT MOODY’S PRIOR WRITTEN CONSENT.

MOODY'S CREDIT RATINGS, ASSESSMENTS, OTHER OPINIONS AND PUBLICATIONS ARE NOT INTENDED FOR USE BY ANY PERSON AS A
BENCHMARK AS THAT TERM IS DEFINED FOR REGULATORY PURPOSES AND MUST NOT BE USED IN ANY WAY THAT COULD RESULT IN THEM
BEING CONSIDERED A BENCHMARK.

All information contained herein is obtained by MOODY’S from sources believed by it to be accurate and reliable. Because of the possibility of human or
mechanical error as well as other factors, however, all information contained herein is provided “AS IS” without warranty of any kind. MOODY'S adopts all
necessary measures so that the information it uses in assigning a credit rating is of sufficient quality and from sources MOODY'S considers to be reliable
including, when appropriate, independent third-party sources. However, MOODY’S is not an auditor and cannot in every instance independently verify or
validate information received in the rating process or in preparing its Publications.

To the extent permitted by law, MOODY’S and its directors, officers, employees, agents, representatives, licensors and suppliers disclaim liability to any
person or entity for any indirect, special, consequential, or incidental losses or damages whatsoever arising from or in connection with the information
contained herein or the use of or inability to use any such information, even if MOODY'’S or any of its directors, officers, employees, agents, representatives,
licensors or suppliers is advised in advance of the possibility of such losses or damages, including but not limited to: (a) any loss of present or prospective
profits or (b) any loss or damage arising where the relevant financial instrument is not the subject of a particular credit rating assigned by MOODY’S.
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To the extent permitted by law, MOODY’S and its directors, officers, employees, agents, representatives, licensors and suppliers disclaim liability for any
direct or compensatory losses or damages caused to any person or entity, including but not limited to by any negligence (but excluding fraud, willful
misconduct or any other type of liability that, for the avoidance of doubt, by law cannot be excluded) on the part of, or any contingency within or beyond the
control of, MOODY’S or any of its directors, officers, employees, agents, representatives, licensors or suppliers, arising from or in connection with the
information contained herein or the use of or inability to use any such information.

NO WARRANTY, EXPRESS OR IMPLIED, AS TO THE ACCURACY, TIMELINESS, COMPLETENESS, MERCHANTABILITY OR FITNESS FOR ANY
PARTICULAR PURPOSE OF ANY CREDIT RATING, ASSESSMENT, OTHER OPINION OR INFORMATION IS GIVEN OR MADE BY MOODY’S IN ANY
FORM OR MANNER WHATSOEVER.

Moody’s Investors Service, Inc., a wholly-owned credit rating agency subsidiary of Moody’s Corporation (“MCQ”), hereby discloses that most issuers of debt
securities (including corporate and municipal bonds, debentures, notes and commercial paper) and preferred stock rated by Moody’s Investors Service, Inc.
have, prior to assignment of any credit rating, agreed to pay to Moody’s Investors Service, Inc. for credit ratings opinions and services rendered by it fees
ranging from $1,000 to approximately $5,000,000. MCO and Moody's Investors Service also maintain policies and procedures to address the independence
of Moody’s Investors Service credit ratings and credit rating processes. Information regarding certain affiliations that may exist between directors of MCO
and rated entities, and between entities who hold credit ratings from Moody’s Investors Service and have also publicly reported to the SEC an ownership
interest in MCO of more than 5%, is posted annually at www.moodys.com under the heading “Investor Relations — Corporate Governance — Director and
Shareholder Affiliation Policy.”

Additional terms for Australia only: Any publication into Australia of this document is pursuant to the Australian Financial Services License of MOODY’S
affiliate, Moody’s Investors Service Pty Limited ABN 61 003 399 657AFSL 336969 and/or Moody’s Analytics Australia Pty Ltd ABN 94 105 136 972 AFSL
383569 (as applicable). This document is intended to be provided only to “wholesale clients” within the meaning of section 761G of the Corporations Act
2001. By continuing to access this document from within Australia, you represent to MOODY’S that you are, or are accessing the document as a
representative of, a “wholesale client” and that neither you nor the entity you represent will directly or indirectly disseminate this document or its contents to
“retail clients” within the meaning of section 761G of the Corporations Act 2001. MOODY'S credit rating is an opinion as to the creditworthiness of a debt
obligation of the issuer, not on the equity securities of the issuer or any form of security that is available to retail investors.

Additional terms for Japan only: Moody's Japan K.K. (‘MJKK”) is a wholly-owned credit rating agency subsidiary of Moody's Group Japan G.K., which is
wholly-owned by Moody’s Overseas Holdings Inc., a wholly-owned subsidiary of MCO. Moody’s SF Japan K.K. (“MSFJ”) is a wholly-owned credit rating
agency subsidiary of MJKK. MSFJ is not a Nationally Recognized Statistical Rating Organization (‘“NRSRO”). Therefore, credit ratings assigned by MSFJ
are Non-NRSRO Credit Ratings. Non-NRSRO Credit Ratings are assigned by an entity that is not a NRSRO and, consequently, the rated obligation will not
qualify for certain types of treatment under U.S. laws. MIJKK and MSFJ are credit rating agencies registered with the Japan Financial Services Agency and
their registration numbers are FSA Commissioner (Ratings) No. 2 and 3 respectively.

MJKK or MSFJ (as applicable) hereby disclose that most issuers of debt securities (including corporate and municipal bonds, debentures, notes and
commercial paper) and preferred stock rated by MJKK or MSFJ (as applicable) have, prior to assignment of any credit rating, agreed to pay to MIJKK or
MSFJ (as applicable) for credit ratings opinions and services rendered by it fees ranging from JPY100,000 to approximately JPY550,000,000.

MJKK and MSFJ also maintain policies and procedures to address Japanese regulatory requirements.

Technology — Insurance & Pensions 17


http://www.moodys.com/

