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Goldman Sachs │ Project mBridge 

1. Executive Summary 

Digital securities which are issued, transacted and settled on a blockchain via the use of smart contracts enable 
streamlining of operational processes, shortened settlement times and greater visibility across participants. With the 
advent of Central Bank Digital Currencies (CBDCs), there is a need to investigate their role in the settlement process 
and take learnings to adequately adapt, or develop infrastructures to prepare for CBDC adoption.  
 
The mBridge Platform (mBridge) explores the creation of an international settlement platform utilizing CBDCs, with a 
key foundation of the platform being its Payment vs. Payment (PvP) capability. 
 
The use case outlined in this research paper evaluates the potential to leverage mBridge and a blockchain-based 
digital assets platform for an atomic cross-border tokenized security settlement, using a Delivery vs. Payment (DvP) 
settlement. It addresses the potential challenges1, as well as anticipated benefits, including: enhanced product 
functionality such as fractionalization providing greater market access and increased liquidity; automation of asset 
servicing; risk reduction; and cost savings. 

2. Introduction  

Primary issuance and cross-border settlement of a digitally-issued tokenized corporate bond denominated in 
HKD, settled in THB, leveraging mBridge for Foreign Exchange (FX) and settlement.  

 
Goldman Sachs proposes to leverage mBridge’s integrated FX functionality to provide atomic cross-border 
settlement2 for the primary issuance and settlement of a tokenized corporate bond. As mBridge currently only 
supports tokenized money, in this instance CBDCs, Goldman Sachs will develop a blockchain-based digital assets 
platform (hereafter referred to as “a blockchain-based digital assets platform”) to natively issue a security and 
represent it on a decentralized securities ledger. While OTC secondary trading has not been included in the research, 
the proposed infrastructure and workflow could equally satisfy this portion of the asset lifecycle.  
 

 Traditional Primary Bond Issuance and Settlement Flow  

Due to a lack of process automation and lengthy upstream processes, the typical settlement cycle of a primary-issued 
syndicated bond is up to T+4.  

 

 Transfer of funds, securities and settlement 

Once investors are informed of their allocation, a ticket is booked and a trade confirmation sent. The new securities 
are created at the central securities depository (CSD) upon receipt of the instruction from the issuer that there is a 
commitment to pay. Next, a sequential chain of events follows which leads to a transfer of funds vs. securities on the 
settlement date. A transaction is considered settled once the CSD has credited the account of the buyer with the 
purchased securities (and debited the corresponding cash amount), while debiting the account of the seller with the 
securities (and crediting its account with the corresponding cash amount). This is a DvP settlement. Clearing systems 
effectively manage counterparty credit risk between trade execution and settlement, with CSDs involved at the final 
layer when ownership of the securities is transferred and recorded.  Overall, the current process has scope for 
efficiency gains through redesign, streamlining and automation, in addition to eliminating some intermediaries and 
functions.  

  

                                                             
1 This research does not, at this point, detail legal, policy or external governance considerations required to execute this as a live transaction. 
2 Atomic Settlements means the simultaneous exchange of assets, and can be considered XvX as is asset & payment agnostic. Importantly, settlement cycles and settlement mechanisms should be 
dissociated from each other, atomic settlements are referring to a settlement mechanism, which does not automatically influence the settlement cycle. The contractual settlement date for an atomic 
settlement, can be determined to be any length, as guided by the conditionality of the atomic settlement. There is no standard settlement cycle for atomic settlements only settlement criteria, 
importantly, while atomic settlements can streamline a portion of the trading and settlement lifecycle they do not automatically result in a T+0 world.   
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3. Proposed Cross-Border Primary Issuance and Settlement Flow3 

 
1. Lead Manager (LM) initiates the book-building process and Investor(s) send orders to LM 
2. Book-Building process and capturing Investor orders occurs via a blockchain-based digital assets platform (with 

integrations to off-chain book-building platforms). As part of this process the LM must agree FX levels at which the 
Investor(s) is comfortable executing the transaction at [assumed FX levels agreed by Investor for this scenario is HKD/THB 
= 4.13886 – 4.30428] 

3. LM confirms final allocations back to the Investor (off-chain) 
4. Investors are also able to view the final allocation on-chain 
5. The Registrar (on-chain) records the deal details 
6. [Pre-Funding Process] Conversion of THB Fiat to equivalent HKD CBDC (pre-requisite for DvP Settlement to occur4)  

a. The Investor makes the fiat payment to LM’s account (which is held at the local agent bank (TH Bank A)) using 
traditional payment rails. The amount is equivalent to that of the least favourable FX rate as agreed by the Investor. 
This may differ from the final FX rate obtained, if there is a delta, the delta will be released to the Investor post FX 
rate being selected and PvP initiated (7.b). The amount transferred in this scenario is THB 43m 

b. LM instructs the agent bank (TH Bank A) to pay HKD 10m (equivalent to THB 43m) to HK Bank B (conditional that an 
FX rate can be found within the FX levels agreed with the Investor and towards DvP settlement of securities) 

c. TH Bank A requests BoT to set aside THB 43m (equivalent to the least favourable FX rate as agreed by the Investor) in 
TH Bank A’s Clearing Account with BoT 

d. BoT instructs Operator Node BoT to issue (mint) THB 43m worth of CBDC to TH Bank A node within the mBridge 
Network 

7. [Atomic FX PvP] 

                                                             
3 Assumptions: (i) single lead manager (LM) (ii) corporate bond issuance, denominated in HKD worth $10m HKD (iii) primary issuance only, asset servicing or secondary markets not considered as 
part of use case scope (iv) segregated client/investor accounts are able to be held as cash accounts & token wallets (v) The blockchain-based digital asset platform & mBridge Platforms are 
Private/Permissioned networks, Thai & Hong Kong domestic networks are traditional payment networks, therefore the workflow depicted illustrates an off & on-chain scenario.  
4 Once parties (investors) hold digital money (in this scenario CBDC) on a BAU basis there may not be a need for pre-funding conversion or FX PvP (therefore steps 6 & 7 may not be required for 
subsequent transactions).  

The proposed atomic flow will leverage mBridge for cash tokenization and settlement, with a blockchain-
based digital assets platform processing the security issuance, security token movement and ownership.  
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a. Best board rate is queried and accepted if within levels as agreed between LM and Investor, HK Bank X (one of the FX 
provider) is returned as having the best rate and hence selected as FX provider for this transaction. 

b. PvP transaction is initiated between HK Bank X and TH Bank A nodes 
c. At this point TH Bank A node receives HKD 10m CBDC in its HKD wallet and updates the investor’s HKD CBDC position 

in its register (off/on chain) 
8. [Fiat/CBDC Conversion Validation via API] [API between TH Bank A node & a blockchain-based digital assets platform] 

The blockchain-based digital assets platform issues a query to check the investor’s HKD wallet balance held with TH Bank A 
node. If the result satisfies that the fiat conversion has occurred and the investor’s HKD wallet with TH Bank A has sufficient 
HKD CBDC then the Hashed Timelock Contract (HTLC) DvP Settlement will be initiated (Step 9) 

9. [HTLC DvP Settlement] Once the API has validated that there is sufficient CBDC within the Investor’s HKD wallet the HTLCs 
will initiate, the Registrar initiates the HTLC based DVP settlement and in that process the security and cash tokens are 
atomically swapped.  

a. The Registrar, via a blockchain-based digital asset platform locks (via HTLC 1) 10mil notional Bonds in the Issuer’s 
security wallet using a secret known only to itself 

b. The Registrar communicates the hash of the secret and the settlement details to a TH Bank A node using an API 
(offline channel) 

c. TH Bank A node locks (via HTLC 2) HKD 10m CBDC using the communicated secret hash and sends and acknowledges 
back to the Registrar 

d. The Registrar verifies the locked cash asset and unlocks the cash into HK Bank B node HKD wallet using the known 
secret and in the process auto publishes the secret  

e. TH Bank A node uses the secret that is revealed by the Registrar to unlock security tokens into the Investor’s security 
wallet on a blockchain-based digital asset platform 

10. The DvP settlement is now complete – The Registrar records the deal closing. Post DvP settlement the Issuer has HKD 10m 
CBDC in it HK Bank B node HKD wallet and Investor has 10m notional Bonds in its Security wallet (held within a blockchain-
based digital asset platform ledger) 

11. [Issuer HKD CBDC – HKD Fiat Redemption process] [This stage of the process need not happen immediately after the DvP 
settlement; the Issuer can choose to redeem at their leisure] 

a. Issuer sends redemption request to HK Bank B (off-chain) 
b. HK Bank B sends redemption request to HKMA  
c. HK Bank B Node releases HKD 10m CBDC to Operator Node HKMA 
d. HKMA Operator Node sends an instruction to HKMA to release HKD 10m Fiat to HK Bank B clearing account  
e. HKMA releases HKD 10m to HK Bank B using traditional payment rails 
f. HK Bank B updates the cash position to Issuer’s account 

4. Potential Challenges/Considerations  

 Foreign Exchange   

mBridge offers three modes of FX execution5 (i) Board Rate (ii) Request for Quote (RFQ) (iii) Off-Corridor 

Arrangements. In the primary issuance scenario detailed above there would be an expectation that FX levels can be 

conditions within the smart contract(s) and a transaction only executes if a Board Rate is obtained within the stated 

FX levels. The requirement to find a rate within the set levels is related to the freezing of the Investor’s pre-funding 

payment within the Investor/Lead Manager’s fiat account at an equivalent value to that of the least favourable FX 

rate as agreed by the Investor, this ensures that there are sufficient cash tokens available to execute the transaction 

when the Board Rate6 is queried. Should there not be a rate within the specified levels the transaction will be 

rejected, the cash tokens will be unfrozen for the Investor’s usage and the Lead Manager will be informed that the 

transaction has not been initiated (off-chain the Lead Manager will have the ability to renegotiate with the Investor 

as to their agreed FX levels). This FX rate requirement therefore reduces market risk for the Lead Manager.  

Market makers publishing rates within the mBridge network will need to ensure they are triangulating the currency 

pairs with a standard pairing to reduce forex arbitrage risk. In addition, it is assumed that mBridge is a recipient of 

market maker rates versus being a publisher, hence rates will be published simultaneously on and off chain.  

Due consideration should be given to the possible 24/7 market that blockchain permits and how to ensure price 

integrity across all transactions in such a state. Resultantly, there should be deliberation from both the platform 

operators and the banking participants on their ability to post FX rates and respond to RFQs 24/7 (vs traditional 

                                                             
5 (i) Main Board Rate = Execute FX transactions by matching with the best rate available on the Board (ii) RFQ = Allow direct FX quotations through RFQ function and execution of FX transactions on 
agreed rate from quotes (iii) Off-Corridor arrangement = Settle FX transactions with are agreed bilaterally outside the corridor network. Source: https://www.hkma.gov.hk/media/eng/doc/key-
functions/financial-infrastructure/Report_on_Project_Inthanon-LionRock.pdf  
6 Assumption: Main Board Rate aggregation and operations is hosted and managed by the Operator Nodes.  

https://www.hkma.gov.hk/media/eng/doc/key-functions/financial-infrastructure/Report_on_Project_Inthanon-LionRock.pdf
https://www.hkma.gov.hk/media/eng/doc/key-functions/financial-infrastructure/Report_on_Project_Inthanon-LionRock.pdf
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market hours), if it is not possible to secure alternate out of hours’ liquidity provision then there should be attention 

to market cut-offs as there is in current practice, however this then restricts market access.   

 Liquidity  

Whilst most primary bond issuances are pre-funded there is, in some markets, the ability to pre-fund with a 
combination of cash and margin, via mBridge there doesn’t appear to be existing capabilities to pre-fund a portion of 
the allocation from margin. Resultantly, Investors may need to pre-fund with cash only which will have cost 
implications to participants. While pre-funding is standard practice, Investors currently have a period of time 
between allocation confirmation and settlement date to ensure they have related capital, hence the Lead Manager 
takes the settlement risk between these dates. In the proposed scenario it will either need to be made clear to 
Investors during the book-building process that capital is required at the time of order submission or a clear future 
trade date needs to be set for when the PvP & DvP settlements will happen, allowing Investors time to fund the deal 
(as with traditional markets) while still facilitating an atomic settlement, with atomic settlements providing precision 
on “freezing”7 thus reducing the risks associated to long-dated pre-funding, therefore permitting the latter scenario 
in order to remain in line with current market practice while benefitting from streamlined settlement.  

 

 Interoperability  

The assumption of this use case is that the interaction between the Lead Manager and Agent Bank is able to be 
conducted via either API or SWIFT message (assuming that the domestic networks are traditional payment rails). In 
the scenario researched, the payment and securities networks are operating on different networks, as such the 
depicted workflow doesn’t assume implementation of any specific blockchain, thus the underlying blockchain 
infrastructure is assumed to be interchangeable without impact to the operational workflow. 
 

 Account & Wallet Segregation 

This research is based on the assumption that there will be the ability for the Agent Banks (Participating Banks) to 
hold segregated client accounts or if omnibus accounts there need be a clear indication as to the client positions so 
the wallets can be queried via API.  
 

 Shared System & Operator Node Management  

A single Bridge system could create operational governance challenges, including the maintenance of the “Operator 

Node(s)”. Thought should be given to whether there will be an “Operator Node” per currency pairing, an “Operator 

Node” per participating central banks, or an overarching “Operator Node” co-managed by all participating central 

banks. The two former options pose potential challenges in the form of homogeny across the nodes governance and 

maintenance, with the latter posing potential consensus challenges. Irrespective of the Operator Node model, the 

instruction from the Lead Manager to the Agent Bank (in the scenario depicted above this role is played by TH Bank 

A) should include the Corresponding Agent Bank information (in the scenario depicted above this role is played by HK 

Bank B) so the appropriate Operator Node is selected.  

 New Risks  

While not directly considered in this research paper, it should be noted that the emergence of new technology and 
processes introduces different risks, such as cyber risks, technology malfunctions (via human error or otherwise), 
security, fraud, data protection, network stability etc. The operational and technology implications of such risks must 
therefore be considered when reviewing the use case’s commercial viability. Additionally, while not directly 
considered as part of this paper, legal implications resultant from regulatory regimes relating to: transfer of 
ownership; clearing and settlement; custody; books and records keeping, particularly in relation to cross-border 
transactions will need to be considered to assess jurisdictional legal requirements.  

  

                                                             
7 https://www.bis.org/publ/qtrpdf/r_qt2003h.pdf 

https://www.bis.org/publ/qtrpdf/r_qt2003h.pdf
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5. Potential Benefits8  

Based on the aforementioned research use case the following benefits could be expected if the use case were to be 

realized:  

 Cost Savings & Operational Efficiencies  

Aside from reduced settlement cycles, there is potentially greater efficiency via automation across the entire lifecycle 
of the product, including upstream processes such as book-building and allocation management. Creating an 
immutable, single source of truth provides the ability to certify, trace and view transactions in real-time, thereby 
reducing the need for intermediaries, which in turn may reduce risks and overheads.  
 
It has been estimated that in a tokenized scenario issuance, servicing and ongoing custody costs will reduce by 35-
65%9 across the lifecycle vs a traditional issuance (highlighted in 2.1). Additionally, the blockchain and smart-
contract elements of this use case allow for real-time audit and compliance monitoring of transactions, which 
potentially allows for a more robust governance structure and trading activity summary. 

 

 Liquidity & Market Access  

The ability to tokenize securities facilitates increased structuring capabilities such as fractionalization10. With the 
capability to reduce the denomination of the asset comes increased market access and democratisation of markets. 
Increased market access will also result in increased market liquidity; particularly once secondary markets are 
connected.  

 

 Risk Reduction  

The PvP system could bring a reduction of cross-currency settlement risk, however consideration should be given (as 
noted in 4.1) to the operational hours of the platform, with the potential scope increase of the platform to additional 
currencies the overlapping market hours will reduce. Therefore, in order to ensure this doesn’t introduce limitations, 
operational hours and cut-offs should be adequately considered to ensure platform and FX integrity.  
 
In addition to settlement risk, due to the ability to transact with finality, risks across the trade lifecycle are reduced, 
notably counterparty and operational risks. With the conditionality of smart contracts, counterparty risk could be 
minimised, in an atomic settlement scenario as there wouldn’t be the case where one side fails leaving the other side 
at a disadvantage, additionally due to a reduction of failed transactions Broker/Dealers could reduce the typical 
buffers held from a capital and liquidity perspective associated with failed transactions.  

6. Future Research/Considerations 

 Secondary Trading11 

While not directly researched as part of this use case, secondary market access could be made available through a 
blockchain-based digital asset platform via connectivity to a Bulletin Board (which will operate as with existing OTC 
inter-dealer systems streaming prices and volumes). Broker/Dealers will have access to an on-chain Bulletin Board 
where indicative prices are published and available to trade, once a trade has been agreed between a buyer/seller, 
the matched trade instructions will be broadcast and the on-chain DvP settlement initiated in a similar manner to 
that of settlement of primary issuance/settlement. Should there be a cross-currency transaction mBridge could be 
used for the FX and cross-border settlement.  
  

 Asset Servicing  

Asset servicing is another segment of the lifecycle that benefits from automation and the on-chain nature of 
mBridge. To leverage CBDC as the cash leg the following would be a proposed model for asset servicing: (i) Coupon 
payments made wholly via a CBDC, (ii) in this scenario the smart contract on a blockchain-based digital asset 
platform would periodically send instructions to mint CBDC (via the relevant Agents Banks and Operator Nodes) and 
deposit it into the Agent Bank’s Clearing Account on behalf of the Issuer (iii) with this then being transferred to the 
Investor/Bondholder’s wallet (the Investor/Bondholder then has the option to redeem the cash token as fiat). 

                                                             
8 It should be noted that full realization of such benefits is subject to regulatory policy 
9 Cashlink & Finoa (2020) Cost Disruption in the Issuance Market https://cashlink.de/cost-disruption/  
10 Subject to relevant securities offering regulations 
11 A full assessment (including legal, regulatory, operational) of the validity of secondary trading would be required if commercialization is considered 

https://cashlink.de/cost-disruption/
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Additionally, consideration should be given to the FX rate for ongoing coupon payments, whether this is fixed at the 
initial product purchase price or based on the asset servicing date, if the former, additional products (forward(s)) 
would need to be purchased at trade date.  
 

 Market Infrastructure Interoperability 

For full end-to-end lifecycle management and international connectivity, thought should be given to interoperability 
with existing market infrastructures such as CMU, iCSDs, Bond Connect, Local RTGS systems etc. as well as existing 
cross-currency settlement systems such as CLS and regionally focused infrastructures including GCC-RTGS.  

 

 Complex investment cases  

Scenarios such as the instance where there are multiple investors all looking to purchase the product in their 
differing domestic currencies were not considered for this use case for simplicity purposes. However, these scenarios 
are possible via the same flow depicted in 3.1, the difference being that the Lead Manager would be sending separate 
instructions to each of the corresponding domestic agent banks for each Investor, all instructions would be 
conducted simultaneously to ensure overall transaction execution and settlement.  

 

 Regulation 

The regulatory regime governing digital issuances is currently evolving, as such, new regulations and policies are 
likely to rapidly evolve, with new or updated laws and regulations or interpretations of existing laws and regulations 
potentially materially affecting the qualification and/or transfer and/or viability of issuances in the future. In relation 
to the use of DLT there are currently few jurisdictions that authorise the registration and transfer of unlisted 
securities using blockchain-based platforms and recognise it as a legally binding medium of settlement, thus if future 
research is pursued jurisdictional limitations should also be detailed. Legal implications of securities offerings 
regulations, cross-border/cross-currency settlements, anti-money laundering & counter-financing of terrorism 
management and considerations of legality of settlement finality were not considered for this research paper, 
however would be required should the use case be further developed.  

7. Conclusion 

This research paper has documented the potential for commercial banks, investment banks, investors (hedge fund, 
corporate, institutional and real-money client base) and issuers to leverage mBridge for cross-border cross-currency 
digitally-issued tokenized bond primary issuance and settlement. 

 As mBridge is primarily intended for settling cross-border payments and handling tokenized money there is a 
requirement for the securities leg to be conducted and recorded on a separate platform as depicted in the 
use case via a blockchain-based digital asset platform and consortium blockchain networks, which have 
appropriate capabilities across this space. 

 The paper highlights considerations relating to account and wallet set-up within the mBridge network, single 
system management, FX integrity, interoperability and 24/7 operations that should all be researched further 
prior to considering progression of the use case.  

 Possible benefits to be derived are clearly noted and include the forecast of significate operational 
efficiencies, costs savings and overall risk reductions all aiding the development of sustainable and scalable 
cross-border market infrastructure.  

Further research is required should this use case be commercialised, notably into the secondary markets and asset 
servicing portions of the trade lifecycle so to ensure there is full E2E automation and thus maximum efficiencies are 
realized.  
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of digital assets ranging from blockchain applications to nascent cryptocurrency initiatives.  We leverage enterprise blockchain 
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thought leading content across the Digital Assets space. 
 
The Goldman Sachs Group, Inc. is a leading global investment banking, securities and investment management firm that provides a 
wide range of financial services to a substantial and diversified client base that includes corporations, financial institutions, 
governments and individuals. Founded in 1869, the firm is headquartered in New York and maintains offices in all major financial 
centers around the world. 
 
https://www.goldmansachs.com/  
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9. Disclaimers  

This message has been prepared by personnel in the Global Markets 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 corporate advisory, 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, corporate advisory 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. 
 
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. 

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

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 the United Kingdom, Belgium, Cyprus, 
Denmark, Ireland, Italy, Liechtenstein, Luxembourg, Norway and Portugal by Goldman Sachs International ("GSI"); in France by Goldman Sachs 
Paris Inc. et Cie or GSI Paris branch; in Spain by GSI Madrid branch; in Sweden by GSI Stockholm branch; in all other European Economic Area 
jurisdictions by Goldman Sachs Bank Europe SE, including through its authorised branches ("GSBE"); in Switzerland by GSI; in the Cayman Islands 
by Goldman Sachs (Cayman) Trust, Limited; in Brazil by Goldman Sachs do Brasil Banco Múltiplo 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 
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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. GSI, whose registered office is at Plumtree Court, 25 Shoe Lane, London EC4A 4AU, appears in the FCA's 
Register (Registration No.: 142888). GSI is registered as a Private Unlimited Company in England and Wales (Company Number: 2263951) and its 
VAT registration number is GB 447 2649 28. GSI 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 12 Endeavour Square, London E20 1JN, and the PRA is 
located at Bank of England, 20 Moorgate, London EC2R 6DA. GSBE is a credit institution incorporated in Germany and, within the Single 
Supervisory Mechanism established between those Member States of the European Union whose official currency is the Euro, subject to direct 
prudential supervision by the European Central Bank and in other respects supervised by German Federal Financial Supervisory Authority 
(Bundesanstalt für Finanzdienstleistungsaufischt, BaFin) and Deutsche Bundesbank. 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) (including as implemented in the United Kingdom), and any investments, including derivatives, mentioned in this material 
will not be made available by us to any such retail client. 

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. 

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 a ffiliates 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.  

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. 

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.  

Virtual Currency Derivatives Risk Disclosures: Virtual currency derivatives may trade at a value other than that which may be inferred from 
current values of the underlier due to factors including, but not limited, high volatility, low liquidity and high market concentration in the 
underlier as well as the fact that there may be significant variations in publicly available pricing sources. Virtual currency derivatives give rise to 
substantial risk and are not available to nor suitable for all investors. Please ensure that you have read and understood the  current Disclosure 
Annex for Virtual Currency Transactions before entering into any transactions, which may be found at 
https://marquee.gs.com/regulatorydisclosures/ as well as information published by regulators including, but not limited to, "NFA Investor 
Advisory - Futures on Virtual Currencies Including Bitcoin" found at https://www.nfa.futures.org/investors/investor-advisory.html. If you have any 
questions about whether you are eligible to enter into these transactions with Goldman Sachs, please contact your sales representative.  

Notice to Australian Investors: When this document is disseminated in Australia by Goldman Sachs & Co. LLC ("GSCO"), Goldman Sachs 
International ("GSI"), Goldman Sachs Bank Europe SE ("GSBE"), Goldman Sachs (Asia) L.L.C. ("GSALLC"), or Goldman Sachs (Singapore) Pte ("GSSP") 
(collectively the "GS entities"), this document, and any access to it, is intended only for a person that has first satisfied the GS entities that:  
• the person is a Sophisticated or Professional Investor for the purposes of section 708 of the Corporations Act of Australia ; and  
• the person is a wholesale client for the purpose of section 761G of the Corporations Act of Australia.  
To the extent that the GS entities are providing a financial service in Australia, the GS entities are each exempt from the requirement to hold an 
Australian financial services licence for the financial services they provide in Australia. Each of the GS entities are regulated by a foreign regulator 
under foreign laws which differ from Australian laws, specifically:  
• GSCO is regulated by the US Securities and Exchange Commission under US laws;  
• GSI is authorised by the Prudential Regulation Authority and regulated by the Financial Conduct Authority and the Prudential Regulation 
Authority, under UK laws; 
• GSBE is subject to direct prudential supervision by the European Central Bank and in other respects is supervised by the German Federal 
Financial Supervisory Authority (Bundesanstalt für Finanzdienstleistungsaufischt, BaFin) and Deutsche Bundesbank;  
• GSALLC is regulated by the Hong Kong Securities and Futures Commission under Hong Kong laws; and  
• GSSP is regulated by the Monetary Authority of Singapore under Singapore laws. 

Notice to Brazilian Investors 
Marquee is not meant for the general public in Brazil. The services or products provided by or through Marquee, at any time, may not be offered or 

sold to the general public in Brazil. You have received a password granting access to Marquee exclusively due to your existing relationship with a 

https://marquee.gs.com/regulatorydisclosures/
https://www.nfa.futures.org/investors/investor-advisory.html
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GS business located in Brazil. The selection and engagement with any of the offered services or products through Marquee, at any time, will be 

carried out directly by you. Before acting to implement any chosen service or products, provided by or through Marquee you should consider, at 

your sole discretion, whether it is suitable for your particular circumstances and, if necessary, seek professional advice. Any steps necessary in 

order to implement the chosen service or product, including but not limited to remittance of funds, shall be carried out at your discretion. 

Accordingly, such services and products have not been and will not be publicly issued, placed, distributed, offered or negotiated in the Brazilian 

capital markets and, as a result, they have not been and will not be registered with the Brazilian Securities and Exchange Co mmission 

(Comissão de Valores Mobiliários), nor have they been submitted to the foregoing agency for approval. Documents relating to such services or 

products, as well as the information contained therein, may not be supplied to the general public in Brazil, as the offering of such services or 

products is not a public offering in Brazil, nor used in connection with any offer for subscription or sale of securities to the general public in Brazil. 
The offer of any securities mentioned in this message may not be made to the general public in Brazil. Accordingly, any such securities have not 

been nor will they be registered with the Brazilian Securities and Exchange Commission (Comissão de Valores Mobiliários) nor has any offer been 

submitted to the foregoing agency for approval. Documents relating to the offer, as well as the information contained therein, may not be 

supplied to the public in Brazil, as the offer is not a public offering of securities in Brazil. These terms will apply on every access to Marquee. 
Ouvidoria Goldman Sachs Brasil: 0800 727 5764 e/ou ouvidoriagoldmansachs@gs.com 
Horário de funcionamento: segunda-feira à sexta-feira (exceto feriados), das 9hs às 18hs. 
Ombudsman Goldman Sachs Brazil: 0800 727 5764 and / or ouvidoriagoldmansachs@gs.com 
Available Weekdays (except holidays), from 9 am to 6 pm. 
  

Note to Investors in Israel: GS is not licensed to provide investment advice or investment management services under Israeli law.  

Notice to Investors in Japan 
Marquee is made available in Japan by Goldman Sachs Japan Co., Ltd. 
 

本書は情報の提供を目的としております。また、売却・購入が違法となるような法域での有価証券その他の売却若しくは購入を勧めるものでもあ

りません。ゴールドマン・サックスは本書内の取引又はストラクチャーの勧誘を行うものではございません。これらの取引又はストラクチャーは

、社内及び法規制等の承認等次第で実際にはご提供できない場合がございます。 
 

<適格機関投資家限定 転売制限> 

ゴールドマン・サックス証券株式会社が適格機関投資家のみを相手方として取得申込みの勧誘（取得勧誘）又は売付けの申込み若しくは買付けの

申込みの勧誘(売付け勧誘等)を行う本有価証券には、適格機関投資家に譲渡する場合以外の譲渡が禁止される旨の制限が付されています。本有価

証券は金融商品取引法第４条に基づく財務局に対する届出が行われておりません。なお、本告知はお客様によるご同意のもとに、電磁的に交付さ

せていただいております。 

＜適格機関投資家用資料＞  

本資料は、適格機関投資家のお客さまのみを対象に作成されたものです。本資料における金融商品は適格機関投資家のお客さまのみがお取引可能

であり、適格機関投資家以外のお客さまからのご注文等はお受けできませんので、ご注意ください。 商号等/ゴールドマン・サックス証券株式会

社 金融商品取引業者 関東財務局長（金商）第６９号  

加入協会/ 日本証券業協会、一般社団法人金融先物取引業協会、一般社団法人第二種金融商品取引業協会  

本書又はその添付資料に信用格付が記載されている場合、日本格付研究所（JCR）及び格付投資情報センター（R&I）による格付は、登録信用格付

業者による格付（登録格付）です。その他の格付は登録格付である旨の記載がない場合は、無登録格付です。無登録格付を投資判断に利用する前

に、「無登録格付に関する説明書」（http://www.goldmansachs.com/disclaimer/ratings.html）を十分にお読みください。  

If any credit ratings are contained in this material or any attachments, those that have been issued by Japan Credit Rating Agency, Ltd. (JCR) or  
Rating and Investment Information, Inc. (R&I) are credit ratings that have been issued by a credit rating agency registered in Japan (registered 
credit ratings). Other credit ratings are unregistered unless denoted as being registered. Before using unregistered credit ratings to make 
investment decisions, please carefully read "Explanation Regarding Unregistered Credit Ratings" 
(http://www.goldmansachs.com/disclaimer/ratings.html). 

Notice to Mexican Investors: Information contained herein is not meant for the general public in Mexico. The services or products provided by or 
through Goldman Sachs Mexico, Casa de Bolsa, S.A. de C.V. (GS Mexico) may not be offered or sold to the general public in Mexico. You have 
received information herein exclusively due to your existing relationship with a GS Mexico or any other Goldman Sachs business. The selection and 
engagement with any of the offered services or products through GS Mexico will be carried out directly by you at your own risk. Before acting to 
implement any chosen service or product provided by or through GS Mexico you should consider, at your sole discretion, whether it is suitable for 
your particular circumstances and, if necessary, seek professional advice. Information contained herein related to GS Mexico services or products, 
as well as any other information, shall not be considered as a product coming from research, nor it contains any recommendation to invest, not to 
invest, hold or sell any security and may not be supplied to the general public in Mexico.  

Notice to New Zealand Investors: When this document is disseminated in New Zealand by Goldman Sachs & Co. LLC ("GSCO") , Goldman Sachs 
International ("GSI"), Goldman Sachs Bank Europe SE ("GSBE"), Goldman Sachs (Asia) L.L.C. ("GSALLC") or Goldman Sachs (Singapore) Pte ("GSSP") 
(collectively the "GS entities"), this document, and any access to it, is intended only for a person that has first satisfied; the GS entities that the 
person is someone:  

mailto:ouvidoriagoldmansachs@gs.com
mailto:ouvidoriagoldmansachs@gs.com
http://www.goldmansachs.com/disclaimer/ratings.html
http://www.goldmansachs.com/disclaimer/ratings.html
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(i) who is an investment business within the meaning of clause 37 of Schedule 1 of the Financial Markets Conduct Act 2013 (New Zealand) (the 
"FMC Act"); 
(ii) who meets the investment activity criteria specified in clause 38 of Schedule 1 of the FMC Act;  
(iii) who is large within the meaning of clause 39 of Schedule 1 of the FMC Act; or 
(iv) is a government agency within the meaning of clause 40 of Schedule 1 of the FMC Act.  
No offer to acquire the interests is being made to you in this document. Any offer will only be made in circumstances where disclosure is not 
required under the Financial Markets Conducts Act 2013 or the Financial Markets Conduct Regulations 2014. 

Notice to Swiss Investors: This is marketing material for financial instruments or services. The information contained in this material is for 
general informational purposes only and does not constitute an offer, solicitation, invitation or recommendation to buy or sell any financial 
instruments or to provide any investment advice or service of any kind. 

THE INFORMATION CONTAINED IN THIS DOCUMENT DOES NOT CONSITUTE, AND IS NOT INTENDED TO CONSTITUTE, A PUBLIC OFFER OF SECURITIES 
IN THE UNITED ARAB EMIRATES IN ACCORDANCE WITH THE COMMERCIAL COMPANIES LAW (FEDERAL LAW NO. 2 OF 2015), ESCA BOARD OF 
DIRECTORS' DECISION NO. (9/R.M.) OF 2016, ESCA CHAIRMAN DECISION NO 3/R.M. OF 2017 CONCERNING PROMOTING AND INTRODUCING 
REGULATIONS OR OTHERWISE UNDER THE LAWS OF THE UNITED ARAB EMIRATES. ACCORDINGLY, THE INTERESTS IN THE SECURITIES MAY NOT BE 
OFFERED TO THE PUBLIC IN THE UAE (INCLUDING THE DUBAI INTERNATIONAL FINANCIAL CENTRE AND THE ABU DHABI GLOBAL MARKET). THIS 
DOCUMENT HAS NOT BEEN APPROVED BY, OR FILED WITH THE CENTRAL BANK OF THE UNITED ARAB EMIRATES, THE SECURITIES AND 
COMMODITIES AUTHORITY, THE DUBAI FINANCIAL SERVICES AUTHORITY, THE FINANCIAL SERVICES REGULATORY AUTHORITY OR ANY OTHER 
RELEVANT LICENSING AUTHORITIES IN THE UNITED ARAB EMIRATES. IF YOU DO NOT UNDERSTAND THE CONTENTS OF THIS DOCUMENT, YOU 
SHOULD CONSULT WITH A FINANCIAL ADVISOR. THIS DOCUMENT IS PROVIDED TO THE RECIPIENT ONLY AND SHOULD NOT BE PROVIDED TO OR 
RELIED ON BY ANY OTHER PERSON. 

Notice to Investors in Korea: Marquee is made available in Korea by Goldman Sachs(Asia) L.L.C. Seoul Branch. 

© 2021 Goldman Sachs. All rights reserved. 

 


