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o The Market for FX Algos

Total Volume Estimate

* Estimates of the total volume traded via FX algos can be attempted from

SECURITIES DIVISION

* (limited) wallet share statistics from multi-dealer platforms where FX algos are offered

* Participation in market surveys
* Published studies such as by Greenwich Associates

 Using a combination of these approaches, we estimate

« ADV: $20-25bn
* Split: largely real money and hedge fund

Algo Usage
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Compiled by GS FX SMM Engineering (Securities Division), as of Sep-19
Source: GS FX SMM Engineering (Securities Division)

FX Algo ADV
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EURUSD Trade Counts vs. Rate for
5th September (Primary Markets)?

Heat map sh

Algo behaviour

Algo function in illiquid conditions and distressed markets

owing time-weighted average touch spread in pips by time of day for G10, Deliverable EM and NDF" crosses (using 5th September primary markets data)
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USDJPY Trade Counts vs. Rate for
5th September (Primary Markets)?

GBPUSD Trade Counts vs. Rate for
5th September (Primary Markets)?

USDCNH Trade Counts vs. Rate for

5th September (Primary Markets)?
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Compiled by GS FX SMM Engineering (Securities Division), as of Sep-19
Source: GS FX SMM Engineering (Securities Division), EBS, Reuters
2 Imbalances show the number of paids minus the number of givens within each price range. Trade counts, paids and givens are calculated using data from the 24 hour period ending at midnight Hong 3

Kong time.

3 NDF data shown is for 1 month settlement dates and aggregates both on-SEF and off-SEF liquidity.

Significant intra-day
variation in market
spreads and imbalance
between market paids
and givens are typical
even in normal markets

Algos must constantly
react to changing
conditions
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i Risks to market functioning

Co-movement and interconnectedness

] Co-movement:
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* New portfolio algos offer
ability to control
correlated market impact

All Crosses Interconnectedness: by setting basket level
------ expected fill = actual fill X . .
100 — Fit through origin, r? = 0.663 » l[imits and flow rate

« Simple aggregation of
liquidity seen on FX ECNs is
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i Transparency — algo provider

Pre-, Intra- and Post-trade tools, algo questionnaires

Example of real-time algo analytics provided by GS .

Executed

100%)  BUY 32,000,000 USD SELL KRW @112 32,000,000
Filled Dynamic Hybrid

+~ Performance Chart B volume + Liquidity +~ Execution Summary

rmance vs | Arrival Mid v‘ Performance @il

Time 06:05:18:793 Avg Fill 1,123.0333 = Arrival Mid 1,123.348 == Performance 31.47 Bid/Ask Spread 1,122.91 -1,123.09

|S|art 05:59:03 End: 06:09:24
GMT
o
06:00 |
Execution Summary by Venue Type i= View all executions |_D Copy
VENUE NAME MIC CODE QUANTITY (USD) QUANTITY (KRW) OF FILL TAKING PROVIDING %

TOTAL 32,120,000.00 36,070,439,760.00 100.00% 34.25% 65.75%
v INTERNAL 14,120,000.00 15,856,839,760.00 43.96% ERIEY | 40.85%
GOLDMAN SACHS INTERMAL MATCHING GSIM 14,120,000.00 15,856,839,760.00 43.96% 3% 40.85%
v PRIMARY 18,000,000.00 20,213,600,000.00 56.04% 31.13% [l 24.9%
EBSX (NDF OFF SEF) EBSX (NDF OFF SEF) 18,000,000.00 20,213,600,000.00 56.04% 31.13% [l 24.9%

Compiled by GS FX SMM Engineering (Securities Division), as of Sep-19
Source: GS FX SMM Engineering (Securities Division)
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Demands on algo
providers significantly
greater than in the early
years 2010-15.

* pre-trade cost,
liquidity, and algo
duration estimates

* live intra-trade
performance
analysis

* algo provider AND
third-party post-
trade TCA
reporting

* FAQs
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Example of BestX Ltd report on dummy algo data

BESTX

Transparency — third-party

Third-party analytical tools

AUDUSD Buy AUD 431,250,000 @ 0.777171 - Oct 6, 2017 08:47:30 GMT

BestX Summary

Summary
Spread
Impact

Price
Speed
Reval 30secs

Signaling

Implementation Shortfall Bps

1.0

0.0

-1.0

-2.0

-3.0

Day Range

0.7798400 N

0.7733203

1h Sm 54s

do.7mn

4

Completed

Spread & Impact Cost Bps

2.0

1.0

0.0

-1.0

-2.0

i

Spot Impact Spot Spread

B Actual WM Expected [ Difference

Volume by Venue

STOMO

nternal

Y

4

Compiled by GS FX SMM Engineering (Securities Division), as of Sep-19

Source: GS FX SMM Engineering (Securities Division), BestX Ltd

Perf Vs Benchmarks Bps

Signaling Risk

TN

Risk -0.17

\

0
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Score -0.15

Fill Speed: 12s / 1M USD
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Third-party analytical
tools are increasingly
popular with algo users
to standardize TCA and
provide a performance
report that is
independent of the algo
provider

* |In FX, the most
widely used
names include
BestX, ITG,
Tradefeedr,
Bloomberg
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i Safety measures

Global controls, fat-finger checks, disclaimers

SECURITIES DIVISION

* C(Client algos fall under a framework of automatic oversight that sits above and
supervises all electronic execution to address regulatory and operational risks

* Fat-finger checks are performed on order entry on trade size and limit through
market. These can be customized at client request.

/. n

The No Worse Than
Product | EURUSD - Product | EUR USD - Level is a level
019/ 1.102 013 015 i
013 /11013 beyond which the
Type | Dynamic - Type | Dynamic v algo user is not
. - = .
Quantity EUR 100,000,000,000 Quantity FUR 1,000,000 willing to have the
Strate Hybrid I3 i Iceb algo source liquidity.
o yer cebere % Disclaimer: you have unchecked the No  Z{|
No Worse Than @) | 1.10190 No W Worse Than Level option. Fills on the
o Wor
Roll to order can be as far away as 25 BPS @
above/below touch price.
»  More Good Until: Cance
Start|] GS Default ~ <+ Add Tile <  New Order .
() Too large. Should be at most 750,000,000
UsD Dynamic Aggressive EUR USD ~ B -

1.10

27 28
aienll 7 Z Jas

22 23 24 25 26 27 Eur 100,000,000,000 28 29 30 31 32
Compiled by GS FX SMM Engineering (Securities Division), as of Sep-19 S
Source: GS FX SMM Engineering (Securities Division) OM @000

o Order Rejected !




Disclaimers

This message has been prepared by personnel in the Securities Division of one or more affiliates of The Goldman Sachs Group, Inc. (“Goldman Sachs") and is not the product of Global
Investment Research. It is not a research report and is not intended as such.

Non-Reliance and Risk Disclosure: This material is for the general information of our clients and is a solicitation of derivatives business generally, only for the purposes of, and to the extent it would
otherwise be subject to, CFTC Regulations 1.71 and 23.605. This material should not be construed as an offer to sell or the solicitation of an offer to buy any security in any jurisdiction where such an
offer or solicitation would be illegal. We are not soliciting any specific action based on this material. For the purposes of U.S. rules and regulations, it does not constitute a recommendation or take
into account the particular investment objectives, financial conditions, or needs of individual clients. Before acting on this material, you should consider whether it is suitable for your particular
circumstances and, if necessary, seek professional advice. The price and value of the investments referred to in this material and the income from them may go down as well as up, and investors
may realize losses on any investments. Past performance is not a guide to future performance. Future returns are not guaranteed, and a loss of original capital may occur. We do not provide tax,
accounting, or legal advice to our clients, and all investors are advised to consult with their tax, accounting, or legal advisers regarding any potential investment. The material is based on
information that we consider reliable, but we do not represent that it is accurate, complete and/or up to date, and it should not be relied on as such. Opinions expressed are our current
opinions as of the date appearing on this material only and only represent the views of the author and not those of Goldman Sachs, unless otherwise expressly noted.

Conflict of Interest Disclosure: We are a full-service, integrated investment banking, investment management, and brokerage firm. The professionals who prepared this material are paid in part
based on the profitability of The Goldman Sachs Group, Inc., which includes earnings from the firm's trading, capital markets, investment banking and other business. They, along with other
salespeople, traders, and other professionals may provide oral or written market commentary or trading strategies to our clients that reflect opinions that are contrary to the opinions expressed herein
or the opinions expressed in research reports issued by our Research Departments, and our market making, investing and lending businesses may make investment decisions that are inconsistent
with the views expressed herein. In addition, the professionals who prepared this material may also produce material for, and from time to time, may advise or otherwise be part of our trading desks
that trade as principal in the securities mentioned in this material. This material is therefore not independent from our interests, which may conflict with your interests. We and our affiliates, officers,
directors, and employees, including persons involved in the preparation or issuance of this material, may from time to time have "long" or "short" positions in, act as principal in, and buy or sell the
securities or derivatives (including options) thereof in, and act as market maker or specialist in, and serve as a director of, companies mentioned in this material. In addition, we may have served as
manager or co manager of a public offering of securities by any such company within the past three years.

Not a Fiduciary: To the extent this material is provided to an employee benefit plan or account subject to the Employee Retirement Income Security Act of 1974, as amended ("ERISA") or Section
4975 of the Internal Revenue Code of 1986, as amended (the "Code") (each, a "Benefit Plan Investor"), by accepting this material such Benefit Plan Investor will be deemed to have represented,
warranted and acknowledged that (1) the Benefit Plan Investor is represented by a fiduciary that is independent of Goldman Sachs and its affiliates (the "Independent Fiduciary"), (2) the Independent
Fiduciary is a bank (as defined in section 202 of the Investment Advisers Act of 1940 (the "Advisers Act")) or a similar institution that is regulated and supervised and subject to periodic examination
by a State or Federal agency; an insurance carrier which is qualified under the laws of more than one State to perform the services of managing, acquiring or disposing of assets of a plan; an
investment adviser registered under the Advisers Act or, if not registered as an investment adviser under the Advisers Act by reason of paragraph (1) of section 203A, is registered as an investment
adviser under the laws of the State in which it maintains its principal office and place of business; a broker-dealer registered under the Securities Exchange Act of 1934; or an Independent Fiduciary
that holds or has under management or control total assets of at least $50 Million; (3) the Independent Fiduciary is capable of evaluating investment risks independently, both in general and with
regard to the information contained in this material; (4) the Independent Fiduciary is a fiduciary under ERISA and/or the Code with respect to, and is responsible for exercising independent judgment
in evaluating, the information contained in this material; (5) neither Goldman Sachs nor its affiliates are undertaking to provide impartial investment advice, or to give advice in a fiduciary capacity, in
connection with the information contained in this material or with respect to any Benefit Plan Investor's subsequent investment decisions; and (6) any financial interest of Goldman Sachs and its
affiliates is or has been disclosed. To the extent this material is provided to any other recipient, this material is provided solely on the basis that the recipient has the capability to independently
evaluate investment risk and is exercising independent judgment in evaluating investment decisions in that its investment decisions will be based on its own independent assessment of the
opportunities and risks presented by a potential investment, market factors and other investment considerations.
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Not a Municipal Advisor: Except in circumstances where Goldman Sachs expressly agrees otherwise in writing, Goldman Sachs is not acting as a municipal advisor and the opinions or views
contained herein are not intended to be, and do not constitute, advice, including within the meaning of Section 15B of the Securities Exchange Act of 1934.

Legal Entities Disseminating this Material: This material is disseminated in Australia by Goldman Sachs Australia Pty Ltd (ABN 21 006 797 897); in Canada by either Goldman Sachs Canada Inc.
or Goldman Sachs & Co. LLC; in Hong Kong by Goldman Sachs (Asia) L.L.C. or by Goldman Sachs Asia Bank Limited, a restricted licence bank; in Japan by Goldman Sachs Japan Co., Ltd.; in the
Republic of Korea by Goldman Sachs (Asia) L.L.C., Seoul Branch; in New Zealand by Goldman Sachs New Zealand Limited; in Singapore by Goldman Sachs (Singapore) Pte. (Company Number:
198602165W), by Goldman Sachs Futures Pte. Ltd (Company Number: 199004153Z) or by J.Aron & Company (Singapore) Pte (Company Number: 198902119H); in India by Goldman Sachs (India)
Securities Private Limited, Mumbai Branch; in Europe by Goldman Sachs International ("GSI"), unless stated otherwise; in France by Goldman Sachs Paris Inc. et Cie and/or GSI; in Germany by GSI
and/or Goldman Sachs Bank Europe SE; in the Cayman Islands by Goldman Sachs (Cayman) Trust, Limited; in Brazil by Goldman Sachs do Brasil Banco Mdltiplo S.A.; and in the United States of
America by Goldman Sachs & Co. LLC (which is a member of FINRA, NYSE and SIPC) and by Goldman Sachs Bank USA. You may obtain information about SIPC, including the SIPC brochure, by
contacting SIPC (website: http://www.sipc.org/; phone: 202-371-8300). GSI, which is authorised by the Prudential Regulation Authority ("PRA") and regulated by the Financial Conduct Authority
("FCA") and the PRA, has approved this material in connection with its distribution in the United Kingdom and European Union. GSI, whose registered office is at Peterborough Court, 133 Fleet
Street, London EC4A 2BB, appears in the FCA's Register (Registration No.: 142888). GSl is registered as a Private Unlimited Company in England and Wales (Company Number: 2263951) and its
VAT registration number is GB 447 2649 28. GSl is subject to the FCA and PRA rules and guidance, details of which can be found on the websites of the FCA and PRA at www.fca.org.uk and
www.bankofengland.co.uk/pra. The FCA is located at 25 The North Colonnade, Canary Wharf, London E14 5HS, and the PRA is located at Bank of England, 20 Moorgate, London EC2R 6DA.
Unless governing law permits otherwise, you must contact a Goldman Sachs entity in your home jurisdiction if you want to use our services in effecting a transaction in the securities mentioned in this
material. This material is not for distribution to retail clients, as that term is defined under The European Union Markets in Financial Instruments Directive (2014/65/EU), and any investments,
including derivatives, mentioned in this material will not be made available by us to any such retail client.

Phone recording: Telephone conversations with Goldman Sachs personnel may be recorded and retained.

Reproduction and Re-Distribution: Without our prior written consent, no part of this material may be (i) copied, photocopied or duplicated in any form by any means or (ii) redistributed.
Notwithstanding anything herein to the contrary, and except as required to enable compliance with applicable securities law, you (and each of your employees, representatives and other agents) may
disclose to any and all persons the U.S. federal income and state tax treatment and tax structure of the transaction and all materials of any kind (including tax opinions and other tax analyses) that
are provided to you relating to such tax treatment and tax structure, without Goldman Sachs imposing any limitation of any kind.

Information Not for Further Dissemination: To the extent this communication contains Goldman Sachs’ pricing information, such pricing information is proprietary and/or confidential and is
provided solely for the internal use of the intended recipient(s). You are notified that any unauthorized use, dissemination, distribution or copying of this communication or its contents, including
pricing information, in whole or in part, is strictly prohibited. Further, unless prohibited by local law, any use, review or acceptance of this information is subject to and manifests your agreement with
Goldman Sachs to use such information only in accordance with the terms set forth above. Goldman Sachs has caused its proprietary information to be delivered to you in reliance upon such
agreement.

Receipt of Orders: An order sent to Goldman Sachs by email or instant message is not deemed to be received by Goldman Sachs until a Goldman Sachs representative verifies the order details
with a phone call to the client or acknowledges receipt of the order via email or instant message to the client. Goldman Sachs does not accept client orders sent via fax or voicemail systems.

Not a Valuation: Values herein are not customer valuations and should not be used in lieu of a customer valuation statement or account statement. These values may not reflect the value of the
positions carried on the books and records of Goldman Sachs or its affiliates and should not be relied upon for the maintenance of your books and records or for any tax, accounting, legal or other
purposes. The information provided herein does not supersede any customer statements, confirmations or other similar notifications.
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Disclaimers

Indicative Terms/Pricing Levels: This material may contain indicative terms only, including but not limited to pricing levels. There is no representation that any transaction can or could have been
effected at such terms or prices. Proposed terms and conditions are for discussion purposes only. Finalized terms and conditions are subject to further discussion and negotiation.

OTC Derivatives Risk Disclosures: Terms of the Transaction: To understand clearly the terms and conditions of any OTC derivative transaction you may enter into, you should carefully review
the Master Agreement, including any related schedules, credit support documents, addenda and exhibits. You should not enter into OTC derivative transactions unless you understand the terms of
the transaction you are entering into as well as the nature and extent of your risk exposure. You should also be satisfied that the OTC derivative transaction is appropriate for you in light of your
circumstances and financial condition. You may be requested to post margin or collateral to support written OTC derivatives at levels consistent with the internal policies of Goldman Sachs.

Liquidity Risk: There is no public market for OTC derivative transactions and, therefore, it may be difficult or impossible to liquidate an existing position on favorable terms.

Transfer Restrictions: OTC derivative transactions entered into with one or more affiliates of The Goldman Sachs Group, Inc. (Goldman Sachs) cannot be assigned or otherwise transferred without
its prior written consent and, therefore, it may be impossible for you to transfer any OTC derivative transaction to a third party.

Conflict of Interests: Goldman Sachs may from time to time be an active participant on both sides of the market for the underlying securities, commodities, futures, options or any other derivative or
instrument identical or related to those mentioned herein (together, "the Product"). Goldman Sachs at any time may have long or short positions in, or buy and sell Products (on a principal basis or
otherwise) identical or related to those mentioned herein. Goldman Sachs hedging and trading activities may affect the value of the Products.

Counterparty Credit Risk: Because Goldman Sachs, may be obligated to make substantial payments to you as a condition of an OTC derivative transaction, you must evaluate the credit risk of
doing business with Goldman Sachs or its affiliates.

Pricing and Valuation: The price of each OTC derivative transaction is individually negotiated between Goldman Sachs and each counterparty and Goldman Sachs does not represent or warrant
that the prices for which it offers OTC derivative transactions are the best prices available, possibly making it difficult for you to establish what is a fair price for a particular OTC derivative transaction;
The value or quoted price of the Product at any time, however, will reflect many factors and cannot be predicted. If Goldman Sachs makes a market in the offered Product, the price quoted by
Goldman Sachs would reflect any changes in market conditions and other relevant factors, and the quoted price (and the value of the Product that Goldman Sachs will use for account statements or
otherwise) could be higher or lower than the original price, and may be higher or lower than the value of the Product as determined by reference to pricing models used by Goldman Sachs. If at any
time a third party dealer quotes a price to purchase the Product or otherwise values the Product, that price may be significantly different (higher or lower) than any price quoted by Goldman Sachs.
Furthermore, if you sell the Product, you will likely be charged a commission for secondary market transactions, or the price will likely reflect a dealer discount. Goldman Sachs may conduct market
making activities in the Product. To the extent Goldman Sachs makes a market, any price quoted for the OTC derivative transactions, Goldman Sachs may differ significantly from (i) their value
determined by reference to Goldman Sachs pricing models and (ii) any price quoted by a third party. The market price of the OTC derivative transaction may be influenced by many unpredictable
factors, including economic conditions, the creditworthiness of Goldman Sachs, the value of any underlyers, and certain actions taken by Goldman Sachs.

Market Making, Investing and Lending: Goldman Sachs engages in market making, investing and lending businesses for its own account and the accounts of its affiliates in the same or similar
instruments underlying OTC derivative transactions (including such trading as Goldman Sachs deems appropriate in its sole discretion to hedge its market risk in any OTC derivative transaction
whether between Goldman Sachs and you or with third parties) and such trading may affect the value of an OTC derivative transaction.

Early Termination Payments: The provisions of an OTC Derivative Transaction may allow for early termination and, in such cases, either you or Goldman Sachs may be required to make a
potentially significant termination payment depending upon whether the OTC Derivative Transaction is in-the-money to Goldman Sachs or you at the time of termination.

Indexes: Goldman Sachs does not warrant, and takes no responsibility for, the structure, method of computation or publication of any currency exchange rates, interest rates, indexes of such rates,

or credit, equity or other indexes, unless Goldman Sachs specifically advises you otherwise.
© 2019 Goldman Sachs. All rights reserved.
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