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Pace of Trading Automation continues

Electronic volume records continue to be broken year on year since 2016
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Automated execution strategies: Continuous Advancement

All EGB secondary market participants remain motivated to increase automation of execution

= Fundamentally for same reasons as 4yrs ago: Addressing client demand for a better outcome Reducing costs & errors
Increasing price accuracy & efficiency  Freeing “eyes” to focus on larger risk trades Compliance

- Automation has evolved from fulfilling quoting obligations to continuously improving price accuracy and speed
Market Makers: - A subset are thought to have evolved further to fully automated strategies: Dealer Auto- Auto-
Inter-dealer = EGB dealer algo: “ms” speed matters in inter-dealer markets order hedge

execution execution

***Co-located market makers more than tripled to double digits in 4yrs’
- Noticeable uptick in market makers deploying fully automated strategies:
=>EGB Dealer algo: In 4 yrs,18% to 48% tkts done in 2secs, 5-7% dv01
Market Makers: ***1 in 2 tickets now executed in 2secs? ***
Dealer-to-client Compare UST: 60% tickets stable for last 4yrs, 30% dv01. Suggests algo drive peaked earlier.

DV01 remains low in EGB, algos focused on “small liquid products”

execution

=>“Fixed income algo trader” has become a normal front office trading role

- Last 4 years have seen clients dramatically increase use of automated rules engines

- These rules engines are implemented by the platforms and translate the client’s best execution policy into a few
simple automated rules:
Set Auto-execute conditions:
Require min x responses Auto-select
within max y secs; + Winning
within z tolerance to Dealer
close/target/composite

= EGB client algo: In 4yrs, 34% to 66% tickets done through client algo (7% to 9% DVO01)

Group RFQs

Client | int{o a List
D2C Algo el from OMS to

Liquidity Takers:
Dealer-to-client

*** 2 in 3 tickets now executed through “no touch” client algos® ***

=>» Highlights client algo suitability is skewed to small size tickets due to objective criteria

12 3 Footnotes and all stats sourced from relevant/significant venue in each case
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Automated execution strategies:

Market Impact

eTrading has increased market efficiency

Note: Supporting increased automation requires management
of multiple aspects - Continuous investment to ensure

competitive offering, compliance to risk management policies,

provides ability to further
improve pricing and to

Benefits analyse flows/revenue

Virtuous
Liquidity Circle

- Optimised hedging

- Inter-dealer Markets:

Trends:
Game Changers?

- Venue Operators:

- Increased availability of data

- Dealer-to-client Markets:

higher execution and data costs, awareness of requlatory changes.

- Increased Innovation from all participants

- New products: Venues continuously innovating e.g. odd lot

Automated , . . . -
matching, basis trading, firm pricing

Execution

\al
L/

- Increased confidence in prices generated

- More price transparency improves
attractiveness of bonds as asset class

- Tighter prices

Risk
management

- Increased certainty, reduced basis risk, reduced market impact

= EMEA: New entrants emerging: non-bank High Frequency Trading firms (HFTs)

= US: Principal Trading Firms (PTFs) dominate liquid products
Market making banks represent majority in less liquid products

= Hedge Funds demanding streamed firm pricing in order to connect to their existing
systematic trading strategies

=> Inter-dealer markets adding RFQ functionality
= Dealer-to-client markets adding firm pricing UST (with last look) & EGB (no last look)

Initiatives blurring the line between D2D and D2C?
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Automated execution strategies: Market Structure

So... has the Underlying Market Structure changed?

EGB
Market Structure

UST
Market Structure
- comparison

Significant increased use of “algos” across the board has been:
*  Mainly technology- and data-led
*  Mainly focused on small-sized trades in liquid instruments
*  Mainly leveraging on existing trading protocols i.e. no agency-style TWAP/VWAP yet....

No evidence at this stage that the Underlying Market Structure has changed or will change imminently

Market predominantly remains:
+  Bifurcated: D2D and D2C
*  Principal: Risk taking Liquidity Providers and Price Takers (clients)
* Institutional
+  RFQ
* Relationship-based

Bilateral risk taking has thus far proved to be critical for:
*  Bespoke, large and illiquid trades
*  Providing liquidity in stressed market conditions
*  Providing ability to absorb big imbalanced flows

Specific characteristics mean that UST secondary market has evolved into a more “algo-rich” structure than EGB
i.e.

. Fewer, larger, more liquid UST cash benchmarks vs EGBs

*  Therefore fewer, deeper corresponding UST futures contracts

Despite this, no evidence at this stage that the Underlying Market Structure has evolved or will imminently evolve
to an all-to-all central limit order book
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Discussion points

1) Will evolving automated execution strategies eventually lead to all-to-all central limit order for liquid bonds?
* Policy makers have considered enforcing clearing in bond markets to facilitate liquidity. Could this help?
* Would a central limit order book lead to better tighter pricing? And what about better liquidity?

Group

2) Should Issuers/policy makers be concerned with non-bank HFTs, particularly in times of stress?
or

Discussion

Points
could non-bank HFTs help unlock increasing capital restrictions facing banks?

3) Does/will increased use of algos by clients necessitate hiring of new skills (e.g. data, technology)?
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Disclaimer

This communication has been prepared by individual sales and/or trading personnel of Citigroup Inc. or its
subsidiaries or affiliates (collectively Citi). In the United Kingdom: Citigroup Global Markets Limited

(“CGML") is authorised by the Prudential Regulation Authority and regulated by the Financial Conduct
Authority and the Prudential Regulation Authority (together, the UK Regulator) and has its registered office at
Citigroup Centre, Canada Square, London E14 5LB. Amongst its affiliates, (i) Citibank, N.A., London Branch

is authorised and regulated by Office of the Comptroller of the Currency (USA), authorised by the Prudential
Regulation Authority and subject to regulation by the Financial Conduct Authority and limited regulation by

the Prudential Regulation Authority and has its UK establishment office at Citigroup Centre, Canada Square,
London E14 5LB and (ii) Citibank Europe plc, UK Branch is authorised by the Central Bank of Ireland and by
the Prudential Regulation Authority and subject to regulation by the Central Bank of Ireland, and limited
regulation by the Financial Conduct Authority and the Prudential Regulation Authority and has its UK
establishment office at Citigroup Centre, Canada Square, London E14 5LB. Outside the UK: i) Citibank Europe
plc (“CEP”) is Licensed by the European Central Bank and regulated by the Central Bank of Ireland and the
European Central Bank under the Single Supervisory Mechanism and has its registered office at 1 North Wall
Quay, Dublin 1, ii) Citibank Europe plc branches located in the EEA are subject to regulation by the respective
host country regulator and the Central Bank of Ireland (iii) Citigroup Global Markets Europe AG (“CGME”),
authorised and regulated by the Bundesanstalt flir Finanzdienstleistungsaufsicht (BaFin) and has its registered
office at Reuterweg 16, 60323 Frankfurt am Main, Germany This communication is directed at persons (i) who
have been or can be classified by Citi as eligible counterparties or professional clients in line with applicable
rules ], (ii) Persons in the United Kingdom, who have professional experience in matters relating to investments
falling within Article 19(1) of the Financial Services and Markets Act 2000 (Financial Promotion) Order 2005
and (iii) other persons to whom it may otherwise lawfully be communicated. No other person should act on the
contents or access the products or transactions discussed in this communication. In particular, this
communication is not intended for retail clients and Citi will not make such products or transactions available
to retail clients. The information contained herein may relate to matters that are not regulated by any applicable
financial services regulatory body, and not subject to protections under any relevant law including protection
under any applicable financial services compensation scheme.

To the extent that this communication/these materials has/have been produced in the UK by CGML or Citibank
N.A. London branch, it is/they are intended for distribution solely to clients of Citi in jurisdictions where such
distribution is permitted and the recipient shall not provide or distribute such materials to any person located in
a jurisdiction where it would otherwise trigger a financial services licensing requirement.

To the extent that this communication/these materials has/have been produced by CGME, it is/they are intended
for distribution solely to clients of Citi in jurisdictions where such distribution is permitted and the recipient

shall not provide or distribute such materials to any person located in a jurisdiction where it would otherwise
trigger a financial services licensing requirement.

To the extent that this communication/these materials has/have been produced by Citibank Europe plc, it is/they
are intended for distribution solely to clients of Citi in jurisdictions where such distribution is permitted and the

recipient shall not provide or distribute such materials to any person located in a jurisdiction where it would
otherwise trigger a financial services licensing requirement.
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Citi may be the issuer of, or may trade as principal in, the products or transactions referred to in this
communication or other related products or transactions. The sales and/or trading personnel involved in
preparing or issuing this communication (the Author) may have discussed the information contained in this
communication with others within Citi (together with the Author, the Relevant Persons) and the Relevant
Persons may have already acted on the basis of this information (including by trading for Citi’s principal
accounts or communicating the information contained herein to other customers of Citi). Certain personnel or
business areas of Citi may have access to or have acquired material non public information that may have an
impact (positive or negative) on the information contained herein, but that is not available to or known by the
Author of this communication.

Citi is not acting as your agent, fiduciary or investment adviser and is not managing your account. The
provision of information in this communication is not based on your individual circumstances and should not be
relied upon as an assessment of suitability for you of a particular product or transaction. It does not constitute
investment advice and Citi makes no recommendation as to the suitability of any of the products or
transactions mentioned. Even if Citi possesses information as to your objectives in relation to any transaction,
series of transactions or trading strategy, this will not be deemed sufficient for any assessment of suitability for
you of any transaction, series of transactions or trading strategy. Save in those jurisdictions where it is not
permissible to make such a statement, we hereby inform you that this communication should not be
considered as a solicitation or offer to sell or purchase any securities, deal in any product or enter into any
transaction. You should make any trading or investment decisions in reliance on your own analysis and
judgment and/or that of your independent advisors and not in reliance on Citi and any decision whether or not
to adopt any strategy or engage in any transaction will not be Citi’s responsibility. Citi does not provide
investment, accounting, tax, financial or legal advice; such matters as well as the suitability of a potential
transaction or product or investment should be discussed with your independent advisors. Prior to dealing in
any product or entering into any transaction, you and the senior management in your organisation should
determine, without reliance on Citi, (i) the economic risks or merits, as well as the legal, tax and accounting
characteristics and consequences of dealing with any product or entering into the transaction (ii) that you are
able to assume these risks, (iii) that such product or transaction is appropriate for a person with your
experience, investment goals, financial resources or any other relevant circumstance or consideration. Where
you are acting as an adviser or agent, you should evaluate this communication in light of the circumstances
applicable to your principal and the scope of your authority.

The information set forth in this communication is not intended to be used for the purposes of (a) determining
the price or amounts due in respect of one or more financial products, and/or (b) measuring or comparing the
performance of a financial product or a portfolio of financial instruments, and any such use is strictly prohibited
without the prior written consent of Citi.

The information in this communication, including any trade or strategy ideas, is provided by individual sales
and/or trading personnel of Citi and not by Citi’s research department and therefore the directives on the
independence of research, and rules prohibiting dealing ahead of dissemination, do not apply. Any view
expressed in this communication may represent the current views and interpretations of the markets, products
or events of such individual sales and/or trading personnel and may be different from other sales and/or
trading

personnel and may also differ from Citi’s published research — the views in this communication may be more
short term in nature and liable to change more quickly than the views of Citi research department which are
generally more long term. On the occasions where information provided includes extracts or summary material
derived from research reports published by Citi’s research department, you are advised to obtain and review
the original piece of research to see the research analyst’s full analysis.
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Any prices used herein, unless otherwise specified, are indicative. Although all information has been obtained
from, and is based upon sources believed to be reliable, it may be incomplete or condensed and its accuracy
cannot be guaranteed. Citi makes no representation or warranty, expressed or implied, as to the accuracy of the
information, the reasonableness of any assumptions used in calculating any illustrative performance information
or the accuracy (mathematical or otherwise) or validity of such information. Any opinions attributed to Citi
constitute Citi's judgment as of the date of the relevant material and are subject to change without notice.
Provision of information may cease at any time without reason or notice being given. Commissions and other
costs relating to any dealing in any products or entering into any transactions referred to in this communication
may not have been taken into consideration.

Any scenario analysis or information generated from a model is for illustrative purposes only. Where the
communication contains “forward-looking” information, such information may include, but is not limited to,
projections, forecasts or estimates of cashflows, yields or return, scenario analyses and proposed or expected
portfolio composition. Any forward-looking information is based upon certain assumptions about future events
or conditions and is intended only to illustrate hypothetical results under those assumptions (not all of which

are specified herein or can be ascertained at this time). It does not represent actual termination or unwind prices
that may be available to you or the actual performance of any products and neither does it present all possible
outcomes or describe all factors that may affect the value of any applicable investment, product or investment.
Actual events or conditions are unlikely to be consistent with, and may differ significantly from, those assumed.
lllustrative performance results may be based on mathematical models that calculate those results by using
inputs that are based on assumptions about a variety of future conditions and events and not all relevant events
or conditions may have been considered in developing such assumptions. Accordingly, actual results may vary
and the variations may be substantial. The products or transactions identified in any of the illustrative
calculations presented herein may therefore not perform as described and actual performance may differ, and
may differ substantially, from those illustrated in this communication. When evaluating any forward looking
information you should understand the assumptions used and, together with your independent advisors,
consider whether they are appropriate for your purposes. You should also note that the models used in any
analysis may be proprietary, making the results difficult or impossible for any third party to reproduce. This
communication is not intended to predict any future events. Past performance is not indicative of future
performance.

Citi shall have no liability to the user or to third parties, for the quality, accuracy, timeliness, continued
availability or completeness of any data or calculations contained and/or referred to in this communication nor
for any special, direct, indirect, incidental or consequential loss or damage which may be sustained because of
the use of the information contained and/or referred to in this communication or otherwise arising in connection
with the information contained and/or referred to in this communication, provided that this exclusion of liability
shall not exclude or limit any liability under any law or regulation applicable to Citi that may not be excluded

or restricted.

Citi may submit prices, rates, estimates or values to data sources that publish indices or benchmarks which may
be referenced in products or transactions discussed in this communication. Such submissions may have an
impact on the level of the relevant index or benchmark and consequently on the value of the products or
transactions. Citi will make such submissions without regard to your interests under a particular product or
transaction. Citi has adopted policies and procedures designed to mitigate potential conflicts of interest arising
from such submissions and our other business activities. In light of the different roles performed by Citi you
should be aware of such potential conflicts of interest.
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Certain products mentioned in this communication may contain provisions that refer to a reference or
benchmark rate which may change, cease to be published or be in customary market usage, become
unavailable, have its use restricted and/or be calculated in a different way. As a result, those reference or
benchmark rates that are the subject of such changes, may cease to be appropriate for the products mentioned
in this communication. We encourage you to keep up to date with the latest industry developments in relation to
benchmark transitioning and to consider its impact on your business. You should consider, and continue to keep
under review, the potential impact of benchmark transitioning on any existing product you have with Citi, or

any new product you enter into with Citi. Citi does not provide advice, or recommendations on the suitability

of your product choice including with respect to any benchmark transitioning on any existing product you have
with Citi. You should obtain professional independent advice (legal, financial or otherwise) in respect of the
suitability of your products in light of benchmark transitioning as you consider necessary.

The transactions and any products described herein may be subject to fluctuations of their mark- to market price
or value and such fluctuations may, depending on the type of product or security and the financial environment,
be substantial. Where a product or transaction provides for payments linked to or derived from prices or yields
of, without limitation, one or more securities, other instruments, indices, rates, assets or foreign currencies, such
provisions may result in negative fluctuations in the value of and amounts payable with respect to such product
prior to or at redemption. You should consider the implications of such fluctuations with your independent
advisers. The products or transactions referred to in this communication may be subject to the risk of loss of
some or all of your investment, for instance (and the examples set out below are not exhaustive), as a result of
fluctuations in price or value of the product or transaction or a lack of liquidity in the market or the risk that

your counterparty or any guarantor fails to perform its obligations or, if the product or transaction is linked to

the credit of one or more entities, any change to the creditworthiness of the credit of any of those entities.

Citi (whether through the individual sales and/trading personnel involved in the preparation or issuance of this
communication or otherwise) may from time to time have long or short principal positions and/or actively trade,
for its own account and those of its customers, by making markets to its clients, in products identical to or
economically related to the products or transactions referred to in this communication. Citi may also undertake
hedging transactions related to the initiation or termination of a product or transaction, that may adversely affect
the market price, rate, index or other market factor(s) underlying the product or transaction and consequently
its value. Citi may have an investment banking or other commercial relationship with and access to information
from the issuer(s) of securities, products, or other interests underlying a product or transaction. Citi may also
have potential conflicts of interest due to the present or future relationships between Citi and any asset
underlying the product or transaction, any collateral manager, any reference obligations or any reference entity.

Any decision to purchase any product or enter into any transaction referred to in this communication should be
based upon the information contained in any associated offering document if one is available (including any
risk factors or investment considerations mentioned therein) and/or the terms of any agreement. Any securities
which are the subject of this communication have not been and will not be registered under the United States
Securities Act of 1933 as amended (the Securities Act) or any United States securities law, and may not be
offered or sold within the United States or to, or for the account or benefit of, any US person, except pursuant
to an exemption from, or in a product or transaction, not subject to, the registration requirements of the
Securities Act. This communication is not intended for distribution to, or to be used by, any person or entity in
any jurisdiction or country which distribution or use would be contrary to law or regulation.
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Citi may offer, issue, distribute or provide other services (including, without limitation, custodial and other
posttrade services) in relation to certain financial instruments. Some of these financial instruments may be
unsecured financial instruments issued or entered into by BRRD Entities (i.e. EEA entities within the scope of
Directive 2014/59/EU (the BRRD including as such Directive has been on-shored into UK legislation), including
EEA credit institutions, certain EEA investment firms and/or their EEA subsidiaries or parents) (BRRD Financial
Instruments).

In various jurisdictions (including, without limitation, the UK, the EEA and the United States) national
authorities have certain powers to manage and resolve banks, broker dealers and other financial institutions
(including, but not limited to, Citi) when they are failing or likely to fail. There is a risk that the use, or
anticipated use, of such powers, or the manner in which they are exercised, may materially adversely affect (i)
your rights under certain types of unsecured financial instruments (including, without limitation, BRRD
Financial Instruments), (ii) the value, volatility or liquidity of certain unsecured financial instruments

(including, without limitation, BRRD Financial Instruments) that you hold and / or (iii) the ability of an

institution (including, without limitation, a BRRD Entity) to satisfy any liabilities or obligations it has to you.

You may have a right to compensation if the exercise of such powers results in less favourable treatment for
you than the treatment that you would have received under normal insolvency proceedings. By accepting any
services from Citi, you confirm that you are aware of these risks. Some of these risks (in particular the risks
that arise under the BRRD) are set out in more detail at the link below and you are deemed to have reviewed
and considered such risks prior to any decision to purchase any product or enter into any transaction referred to
in this communication.

This communication contains data compilations, writings and information that are confidential and proprietary
to Citi and protected under copyright and other intellectual property laws, and may not be reproduced,
distributed or otherwise transmitted by you to any other person for any purpose unless Citi’s prior written
consent have been obtained.

Further information on Citi and its terms of business for professional clients and eligible counterparties
are available at: http://icg.citi.com/icg/global_markets/uk_terms.jsp and
http://icg.citi.com/icg/global_markets/EEA_terms.jsp.

In any instance where distribution of this communication is subject to the rules of the US Commodity Futures
Trading Commission (“CFTC”), this communication constitutes an invitation to consider entering into a
derivatives transaction under U.S. CFTC Regulations § § 1.71 and 23.605, where applicable, but is not a
binding offer to buy/sell any financial instrument.

IRS Circular 230 Disclosure: Citigroup Inc. and its affiliates do not provide tax or legal advice. Any discussion
of tax matters in these materials (i) is not intended or written to be used, and cannot be used or relied upon, by
you for the purpose of avoiding any tax penalties and (ii) may have been written in connection with the
“promotion or marketing” of a transaction (if relevant) contemplated in these materials. Accordingly, you
should seek advice based your particular circumstances from an independent tax advisor.

Although CGML, CGME and Citibank Europe plc are affiliated with Citibank, N.A. (together with Citibank,
N.A.’s subsidiaries and branches worldwide, Citibank), you should be aware that none of the products
mentioned in this communication (unless expressly stated otherwise) are (i) insured by the Federal Deposit
Insurance Corporation or any other governmental authority, or (ii) deposits or other obligations of, or
guaranteed by, Citibank or any other insured depository institution.
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CGML’s operations are not subject to the supervision of the Israel Securities Authority. The permit granted by
the Israeli Securities Authority does not constitute an opinion regarding the quality of the services rendered by
the permit holder or the risks that such services entail.

The provision of any “advice” and/or “intermediary services” as defined in section 1 of the Financial Advisory
and Intermediary Services Act, 2002 (FAIS) and/or services that would not fall within the provisions of FAIS
will be done by the provider of such services acting in the capacity as representative and agent of Citibank,
N.A., South Africa Branch in accordance with Board Notice 103 of 2004, the Exemption of Banks in Respect
of Certain Clients. To the extent there are any queries or concerns about the services rendered, please direct
all complaints or concerns to citiservice.southafrica@citi.com.

© 2023 Citigroup Global Markets Limited. Citi, Citi and Arc Design are trademarks and service marks of
Citigroup Inc. or its affiliates and are used and registered throughout the world.
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