Citi Markets| Rates and Currencies

20 November 2019

Update on Algorithmic Trading

ECB Bond Market Contact Group, 20" November 2019

Zoeb Sachee

Head of Euro Linear Rates Trading - Euro Governments, SSA, IRS
zoeb.sachee@citi.com

+44 20 7986 9340

For institutional use only CI t I



Table of Contents

1. Execution Strategies in Fixed Income 3
2. Execution Strategies - Risk Management 8
3. Appendices 11

2 For institutional use only Cltl



1. Execution Strategies in Fixed Income
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Where have automated strategies evolved?

Matching

Main Venues

Participant
Types

Trade match
automation

Degree of
Automation

Dealer-to-Client

RFQs

Dealer-to-Dealer

Central Limit Order Book (CLOB)
price-driven

Tradeweb, Bloomberg, BondVision

Brokertec, MTS Markets

Client Side
Institutional clients

High touch, all manual

Dealer Side

Dealers mainly

Dealers only

Some auto-response

Low touch, mostly automated

Automation focused on
increased efficiency:

- Order Management Systems
- Trading tools e.g. bid lists
- Post-trade processing of tickets

Automation focused
on inquiry handling:

- Certainty in mids
- Auto-responding
- Auto-hedging

- Others e.qg. risk, credit

Automation focused on
Speed:

- Data feeds
- Trading APIs
- Fibre optic networks
- Some co-location

Low Speed

Moderate Speed

High Speed

Significant evolution
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Buyside automated execution strategies

Buyside executions strategies = All Venue-developed

- First generation execution strategy with basic “trade at best price” auto-selection
Auto-select . : : : . :

o - Evolution: Tie-break logic allowing clients to pre-determine order of dealer preference (UST)
Winning Dealer

- Execution strategy allowing clients to group multiple in-comp inquiries e.g. eod re-balancing

- Evolution: - Formed basis for Swaps Compression Trading and ETF Portfolio Trading

List Trades : : : J
- Increased use led to multiple other execution strategies mentioned below

- Execution strategy allowing clients to pre-determine order of dealer preference in an RFQ / List RFQs; earliest
strategy was “static” by issuer and/or on “rotation” from a pre-set broker list
Auto-Select

Dealers in an RFQ | Evolution Added a dynamic element by combining with a preferred weighting of:

- Best prices in stack; Axe indications from dealers; Historical dealer performance

- Evolution  Most sophisticated and most game-changing algorithmic execution strategy for clients

- “No touch” direct RFQ submission from client OMS to Venue with auto-execution
- Utilises existing execution strategies and adds two more to create one combined strategy

Auto-execute conditions:

Auto-execute Submit

directly from Auto-Select Require min x responses Auto-select
' within max y secs; Winning
[ :
s 0 fiaces + within z tolerance to + Dealer

VB close/target/composite

- Evolution - “Execution Strategy” allowing clients to add efficiency to their voice flows
Process Trades - MIFID2 assistance tool for reporting, best ex audit trail, record-keeping
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Sellside automated execution strategies

Sellside Execution Strategies =» All Proprietary Solutions

- Earliest algorithmic strategy allowing dealers to fulfil quoting obligations on various D2D Bond/Swap TVs

- Evolution  Has been moderately evolving, mostly around accuracy and speed
Market Making - Increased data available providing further confidence in price generation
- More sophisticated technology available to address latency

- D2C Market Making

- Earliest execution strategy allowing dealers to focus on risk trades and increase hit rates in small tickets

DAV B elelglf=] - Evolution  As etrading grew, increased size and extended to less liquid instruments, even corporates

- Rapidly growing execution strategy allowing dealers to deploy a hedge with more certainty, less basis risk and less

market impact
Auto-hedgin . . - .
ging - Evolution Increased use of “smarter hedge” algorithms to optimise macro risk exposure and cost outlay

- Rapidly growing execution strategy allowing dealers to fully automate and separately manage “algo size” client RFQs
through a “no touch” process

- Evolution  Extended scope significantly: 0% in Jan 2016 to >40% EG e-tickets
- Utilises existing execution strategies and increased reliability/logic in indicative price streams

D2C Algo Trading

- Evolution  Leveraging current technology/data to suggest execution and risk management of large orders

Large Order - Ability to view multiple liquidity sources simultaneously, not possible by one trader

S E T - Ability to substantially reduce information leakage and market impact
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What can we expect next?

Dealers -

Clients

D2C Trading -
Venues

Expect continued emphasis on speed and latency in D2D markets

Expect smarter quoting to achieve required outcomes e.g. balance sheet reductions
Expect increased algo % at market makers, in some cases to 100%

Will there be more price makers in less liquid segments such as credit?

Expect speed and automation efforts to increase

Expect Hedge Funds to increase use of systematic trading strategies

Expect emphasis on automation of voice flows

Will there be in-house/off-Venue implementation of current execution strategies?

= Increasingly utilising “EMS-style” functionality evidenced through increased demand for direct pipes containing
dealer streamed pricing and axe indications

Could future execution strategies include “smart selection of Venue”?
= Currently client's Venue choice is sticky — TVx for Rates, TVy for Credit

Expect increased use of and demand for firm pricing (growing share of UST market)
Expect some form of laddered pricing to be introduced alongside greater use of firm pricing capability
Will this result in the creation of an executable order book?
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2. Execution Strategies - Risk Management
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Fixed Income Execution Strategies — Risk Management

e Unprecedented emphasis on risk management of algorithmic trading strategies compared to Jan-2016
— External requirements: MIFID2, NCA-specific (e.g. FCA/PRA, BAFIN...)
— Regulatory objective has been to
= Mandate transparency of all “black boxes” and their intentions
= Make firms accountable for the risk management of algos — risk assessment, risk controls, change procedures

e Typical Dealer Framework for automated strategies:

Algo Senior RiSk_ =Dedicated to automated strategies, cross asset
Management Committee

= e.g. Algo Policy: Min. standards for use, supervision, maintenance, testing, monitoring.
Governance Algo Policies Algo Conduct Risk Policy = standards to identify potential Conduct Risks associated with
material changes to existing, or creation of new apps & trading strategies

Algo Business/Product

= Maintenance and change management / Embedded in New Product process
Governance

Product_specific Algo Control environment =>» Contains mandatory min controls, conduct risk, business risk, testing, systems controls etc

Algo Risk and Compliance = Monitors compliance of “algo” controls; acts as first line escalation

Internal Audit

e Ideal outcome: Deeply embedded within the firm so becomes self-regulating
— Undeniably increased awareness e.g. asymmetric last look, spoofing, front-running
= ...despite criticism that controls are disproportionate for some types of algorithms e.g. RFQ-related

e Will this heightened risk management LOWER the frequency of market disruption/malpractice?
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Sellside automated execution strategies: Risk Management Controls

Examples

Automated Strateqgy  Controls

e D2D Market Making Volatility, Position Limits
e Auto-response Repeat Execution

e Auto-hedging Position Limits; Frequency of Orders; PNL/Risk reconciliation

N

Triggers “Kill Switch” halting the relevant algo and any related algos
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3. Appendices
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What has changed since Jan 20167

Electronic trading has grown every year since 2016 and looks set for the largest growth this year*

Euro Government Client e-Market
Annual Notional Volume (€ Billions)

BondVision

Tradeweb
2015 a8
First time down Gr 34%
7,000 - —
0,
D 4 AR +16% YoV
+11%
6,000 2019 |
YTD
5,000 - 2018
YTD
4,000 - slovenia Au;;{:ia Belgium
4% i
Portugal 0% i F|nllga/nd
0
3,000 - - 2% \\
Spain
Netherlands 13%
2,000 - 3%
1,000 - (- .
0 - —
2015 2016 2017 2018 2019YTD

Source: Tradeweb, Bloomberg, BondVision
Ireland

1% Greece
0%

*Euro Govt Bonds used as example (similar trends seen in Credit, with some nuances as expected) N\
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What has not changed since Jan 20167

e The fixed income market structure has largely remained intact, whereby majority of bond trading is still:
— Principal
— Name give-up
— Institutional participants
— Institutional size
— Voice-negotiation significant, though to a lesser degree
— Bifurcated Inter-dealer (D2D) and dealer-to-client (D2C) markets
— Firm price order book in D2D electronic markets
— Indicative pricing and RFQs in D2C electronic markets
— Conducted on the same Trading Venues (TVS)
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Increased e-trading: cause and effect

eTrading growth accelerated by: Increased eTrading exposed inefficiencies:

MiFID2 Cost Pressures Buyside Sellside
- Clear Regulatory Objective - Cheaper than voice - Required more consistent - Evident and necessatry to:
- Trading mandates - Competition strengthened SErEE o) Sl S - Increase quote rate
- Incentives (reporting) - No choice but to increase " D Emneng) SEee - Decrease time to quote
- Easier than voice to record- S i nganding ellatoillsg .in - Increase pricing accuracy
keep/evidence best ex PISIG, FEIIENEE i

of “indicative” price

Hedge Fund use of streams

systematic trading strategies

- Decr li
- Demanded automated tools HeliEeits S|l pielee

from Trading Venues - Competitive pressure esp. in
liquid bonds

Result? Increased use of automated execution strategies or “algos”

Note: Evolution in Fixed Income execution reflects the current market structure, merely allowing participants to deploy execution
strategies that automate an existing set of processes and rules. So no agency-style TWAP / VWAP references just yet....
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[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 fir 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 (i) not regulated by the UK Regulator and/or (ii) 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.

All material contained herein, including any proposed terms and conditions, is indicative and for discussion purposes only, is subject to change without notice, is strictly confidential, may not be reproduced and is intended for your use only. It
does not include a number of terms and conditions that will be included in any actual transaction and final terms and conditions are subject to further discussion and negotiation nor does it purport to identify all risks (direct or indirect). This
communication is not a commitment to deal in any product, offer financing or enter into any transaction described herein.

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 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. 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.... Contd...
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...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.

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.

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.

Unless a key information document (KID) has been prepared pursuant to the PRIIPs Regulation (Regulation (EU) 1286/2014) including as such Regulation has been on-shored into UK legislation and published on our designated website, no
transaction or product manufactured by Citi for which such a KID is required, is to be offered, sold or otherwise made available to a retail investor in the EEA.

Unless you notify us otherwise in writing, you will not, and do not intend to, “distribute” any of the transactions, products or investments that we “manufacture” or transactions, products, investments or services that we “distribute” (as such terms
are defined pursuant to Markets in Financial Instruments Directive (recast) (Directive 2014/65/EU)) including as such Directive has been on-shored into UK legislation.

Citi may offer, issue, distribute or provide other services (including, without limitation, custodial and other post-trade 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, EEA countries 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
detalil 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 §8§ 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 is 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.

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.

© 2019
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