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Outline 
Efficiency as the objective of public policy and 

private sector innovations 
Problems from fragmented markets 
Institutional workarounds exist but these come 

with problems 
The information solution with distributed ledger 
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Efficiency as the Objective of
Public Policy and Private Sector 
Innovations 
• Finding Pareto efficient allocations 

• Through the planner’s problem 
• Through competitive markets 
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Pareto Optimality and the Welfare Theorems 
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Commodity 1 Commodity 1 

 Standard: commodities or digital  Commodities j = 1, ... L 
representations thereof 

 Agents a element of set A 
 Time: Promises indexed by time, hence  Endowment ea, consumption cafinancial and digital assets 

 Utility Ua(ca) Uncertainty: indexed by states of the world,
hence contingent programmed promises  Feasible: sum over endowments = 

sum over consumption 
 Price vector p = (p1, ... pj, ... pL) 
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Two Problems from 
Fragmented Markets
• The US national marketing system – as if trading at a 

common price 
• The impossibility of informationally-decentralized efficient

exchange, Ostroy-Starr 
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Regulatory Solution to Fragmented Markets: 
The US National Marketing System 
Proposed regulations tie to an underlying market failure 

 The basic perspective of economists involved in financial regulation (or at 
least most SEC chief economists) 

A central feature of the SEC’s framework for the equity markets is 
Regulation NMS (adopted in 2005 and implemented in 2007) 
 “Order protection” to ensure that retail orders are executed at the exchange 

with the most favorable pricing (an exchange has to match or respect a 
competitor’s quote) 

How the exchanges compete for orders from brokers by using 
volume tiering (discounting to brokers who provide exchanges 
relatively more of their order flow) and the incentive to cross 
subsidize trading at the margin 
Ernst, Thomas and Chester Spatt (2024) “Regulating Market 

Microstructure” 
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SEC Recent Amendments; But in Another 
Case, SEC Is Inconsistent 

© Orrick. All rights reserved. This content is excluded from our Creative Commons 
license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 

Source: Sandoval, I. (2024) SEC Amends Regulation NMS 
to Provide for Half Penny Quoting in Securities and 
Reduction in Potential Rebate Money Orrick.com 

But see this: Federal judge issues sealed order in Amazon antitrust case 

© Courthouse News Service. All rights reserved. This content 
is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/ . 

Riquelmy (2024) Federal judge issues sealed order in 
Amazon antitrust case” Courthousenews.com 15 

https://www.orrick.com/en/Insights/2024/09/SEC-Amends-Regulation-NMS-to-Provide-for-Half-Penny-Quoting-in-Securities-and-Reduction
https://www.courthousenews.com/federal-judge-issues-sealed-order-in-amazon-antitrust-case/
https://ocw.mit.edu/help/faq-fair-use/
https://ocw.mit.edu/help/faq-fair-use/


 

 

The Impossibility of 
Informationally 
Decentralized Efficient 
Exchange 
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The Information Problem of Fragmented
Markets 
Ostroy-Star (1974) 
Distributed ledgers solve an information problem that 

gets in the way of efficiency 
Even if prices are common 
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Ostroy and Starr (1974) 
In the Ostroy-Starr model 

A finite number of goods, assets, or digital assets 
Agents are endowed with initial, beginning-of-period allocations of these 

securities. 
Agents are also characterized by utility functions over end-of- period holdings 

of the vector of assets. 

The goal is to achieve over time the trades associated with the 
Walrasian equilibrium through a sequence of decentralized bilateral 
meetings (a Pareto optimum) 
 Traders are matched pairwise, and the pairings are known in advance 
 Equilibrium prices are used for atomic swaps of digital assets against each 

other 
 Each bilateral exchange satisfies a quid pro quo, fair trade condition 
 Traders are viewed as only needing coded instructions on how to behave in 

order to achieve the given goal, as if traders were computers executing 
instructions on the ledgers. The central issue addressed is how much 
information is needed to implement the code that can reach the target. 
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  Mathematical Formalization of the Trading Process: 
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 Information Restrictions on Trades 
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Completion of Trades: Fast Efficient Chains,
Key Broker 
Theorem 1: There is a trading rule that (i) uses information C; (ii) 

satisfies A; and (iii) completes trading within a single round for any 
(p, Z, B) satisfying U. 
 This tells us that physical decentralization is possible when information is 

shared. The following theorems limit the types of information used for trading 
(D.1, D.2, D.3) 

Theorem 2: There is NO trading rule that (i) uses information D.3; 
(ii) satisfies A; and (iii) completes trading within a single round for 
any (p, Z, B) satisfying U. 
 It implies that some extra assumptions are necessary to allow decentralization, 

Theorems 3 and 4 are in this line. 

21 



   
 

Institutional 
Workarounds Exist But 
These Come with 
Problems 
• One security as money 
• One trader as universal broker dealer 
• An overdraft credit facility 
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Institutional Workaround: One Security as
Money, Medium of Exchange 
A first mechanism - one security as money 

 Picking one security which has the property that at the specified prices each 
trader can use it in pairwise meetings to buy the requisite targeted exchanges, 
regardless of the ordering and timing of meetings. 

Briefly, asset purchases can be accomplished before asset sales using this 
money-like security. 

Requirements 
1. Ex ante coordination on the security which is to be used as ‘money’ 
2. Much liquidity, i.e., having enough of that security, regardless of the 

ordering of meeting of traders, over dates and pairings (in a given 
environment, that condition may not be met for any possible security choice) 

23 



  
    

      
      

   

     
      

      

  
   

     
    
     

    

Formalization: Ample Ex Ante Liquidity 
Theorem 4: There is a trading rule that (i) uses information D.1; (ii)

satisfies A; and (iii) completes trading within a single round for any (p, Z,
B) satisfying U such that there exists a commodity m and for every trader i,
her endowment of commodity m is enough to fund all her purchases: 

 It is the case where commodity m serves as some type of money and in which 
every trader has a large enough stock of commodity m to pay for his purchases. 
Commodity m helps traders solve problems arising from the restriction of quid pro 
quo. 

Without quid pro quo, easy to find trading process that completes trade within a
single round without additional assumptions. However, with the restriction, when 
two meeting traders’ excess demands do not precisely offset each other, they
should decide which subset of their demands would be met at the meeting. 

Money solves this problem because at each meeting, the traders can just fulfill
individual demands as much as possible and settle the difference in commodity m. 
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Problem: Sufficient Liquidity Saving
Mechanisms 

© Federal Reserve Bank of New York. All rights reserved. This content is 
excluded from our Creative Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/ . 

Martin and McAndrews (2008) “An Economic Analysis of 
Liquidity-Saving Mechanisms” FRBNY Economic Policy Review 25 

https://www.newyorkfed.org/medialibrary/media/research/epr/08v14n2/0809mcan.pdf
https://ocw.mit.edu/help/faq-fair-use/


    

    

Bank of England: Liquidity Saving Users
Guide 

© Bank of England. All rights reserved. This content is excluded from our Creative Commons 
license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 

Source: “Liquidity Saving Mechanism User Guide” (2021) BankofEngland.co.uk 26 

https://www.bankofengland.co.uk/-/media/boe/files/payments/liquidity-saving-mechanism-user-guide.pdf
https://ocw.mit.edu/help/faq-fair-use/


Institutional Workaround: 
One Large Trader, Broker-
Dealer 
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Formalization: One Large Trader, Broker-
Dealer 
A second mechanism is to designate one of the traders as a key

intermediary broker-dealer, like a CCP (central counter party), and so all
trade happens only with that broker-dealer (as a warehouse facility). 
The requirements 

 The key broker-dealer has sufficiently large inventories of each of the securities so
as to be able to honor demands for any security exchange, of one asset for another,
regardless of who comes to the intermediary early and who comes late (for a given
environment, this condition may not be met, there is no such dealer). 

Theorem 3: There is a trading rule that (i) uses information D.2; (ii)
satisfies A; and (iii) completes trading within a single round for any (p, Z,
B) satisfying U such that there exists a trader i such that his endowment is
enough to cover all the other traders’ buying needs: 

 It is the case in which trader i serves as a facilitator of trades (giant
warehouse/supplier): She should have large enough stock of every commodity. It 
solves the difficulty of arranging trades when commodities are scarce and trades 
must be routed along the right chain to ensure that demands be met within a single
round. 

28 



   

    
 

    
     

 
   

 

Problem: Market Power Concentration in the 
Core Services Market 
Alcazar et al (2024) “Market Structure of Core Banking Services

Providers” Federal Reserve Bank of Kansas City 
 “The core services market is highly concentrated, as the “Big Three” core

providers—FIS, Fiserv, and Jack Henry and Associates (Jack Henry)—which have
sizable market shares. 

 “Collectively, the Big Three served more than 70 percent of banks surveyed in
2022 and nearly half of credit unions surveyed in 2020.” 

29 

https://www.kansascityfed.org/research/payments-system-research-briefings/market-structure-of-core-banking-services-providers/


    
 

    
  

 

  

  

    
    

 

 
   

  

Problem, Market Power: Currencies Held By
Top Dealers 
 Citibank has a presence in nearly 180 

countries and jurisdictions1. 

 Deutsche Bank operates in 57 
countries2. 

 UBS operates in over 50 countries3 

(references contain links to sources) 

Then what about the countries (resp. 
currencies) not serviced (resp. held) by 
these major dealers? It would be 
interesting to cross check country lists. 

Would including these countries / 
currencies on a new platform bring more 
access/use? What other roles would 
intermediaries from these 
countries/currencies potentially need to do 
on the platform? 

30 

https://www.citigroup.com/global/about-us/global-presence
https://www.db.com/who-we-are/strategy/
https://www.ubs.com/global/en/our-firm/locations.html


  
 

 
      

      
     

    
 

     
  

    
   

    
      

   
   

  
  
  

Empirical Validation of Balanced Flows/Risks
For All But 3-4 Banks 
This is verified in the so-called “two tier” intermediation of FX markets 

 “The average (periphery) dealer is able to hand over her exposure from FX trading
to major (core) dealers functioning as the ultimate liquidity providers […] core
dealers tend to take risks on their balance sheets from their FX business instead of 
engaging in the hot potato” [Moore, Schrimpf, and Sushko (2016) confirmed by
Hasbrouckand Levich (2019) using CLS settlement data]. 

o Very few dealers take imbalances! 
 “If balance sheet effects of FX trading is neutralized for periphery dealers, but not

for core dealers, then capital ratios of core dealers should contain most of the
information relevant for FX pricing, while those of periphery dealers are less likely
to be informative”. [Reitz and Umland Bundesbank discussion note (2021)] 

 “Shocks to the equity capital ratios of the top three foreign exchange dealers have
explanatory power for the cross-sectional variation in expected currency market
returns, while those of the average dealer provide no substantial additional
information” [Reitz and Umland (2021) empirically, Gabaix and Maggiori (2016)
theoretically] 

The next “mystery” is why “core FX dealers” are ok absorbing imbalances,
if it is sustainable, and its consequence for new multilateral platforms (in
terms of access to new currencies, role of intermediaries…) 

31 



Institutional Workaround: 
An Overdraft Credit 
Facility 

32 



  

    
   

  
    

   
 

  
  

     

Institutional Workaround: An Overdraft 
Credit Facility 
A third mechanism - an overdraft credit facility 

 Introducing two extra rounds of trading and a special bank institution (either private 
bankers or a public central bank) 

 That external bank issues credits for trade in a first initial round, i.e., creating accounts 
without deposits, as an overdraft facility 

 Security exchange is then done with these bank notes instead of the securities or money 
 At the end, there is a second additional round for this debt to be repaid (no reneging is 

allowed) 

Limitations 
In the context of Ostroy-Starr, this mechanism violates the stated 

goal of accomplishing the overall given Walrasian objective in 
one round (though costs of multiple rounds is not modeled) 

33 



    
  

   
   

   
        

      
         

           
  

        
           

         

        

Formalization: The Walras Banker, with 
Trade Credit, IOUs 
Theorem 5: There is a trading rule that (i) uses information. D.1; 

and (ii) completes trading within three rounds for any (p,Z,B) 
satisfying U in a ‘bank credit economy’ 
 In the credit bank economy, every trader can meet their excess demand using 

money, as in the ‘monetary economy’ described by theorem 4. 
However, in the bank credit economy, the premise that every trader holds 

enough money at the beginning is not required. Instead, there is a bank that 
can create money (issue notes/IOUs). 

 In the first round, traders do nothing other than borrowing money from the 
bank, so all of them have enough money as required by the premise of the 
monetary economy. 

 In the second round, they make trades as they would do in the monetary 
economy. At the end of the second round, every trader has met his excess 
demand and holds the same amount of money that he started the second round 
with. 

 In the third round, traders pay back what they borrowed from the bank. 

34 



 Townsend (1990), Medieval Trade Fairs 

© Blackwell Publishers. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 35 
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Townsend (1990) “Financial Structure and 
Economic Organization” 

© Blackwell Publishers. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 
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Problem: US Repo, Intraday Can Be Huge,
Risk of Default 

© Google/Alphabet. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 

Google AI Overview of “tri party repo 2010 reforms 
description,” Accessed 12/10/24 37 

https://www.google.com/search?q=tri+party+repo+2010+reforms+description&oq=tri+party+repo+2010+reforms+description&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRigAdIBCTExNDQ4ajFqNKgCALACAQ&sourceid=chrome&ie=UTF-8
https://ocw.mit.edu/help/faq-fair-use/


 

   

The Information Solution 
with Distributed Ledger
Technology 
• Tracking the history of exchange on the blockchain 
• Private sector innovations 
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Impossibility of Decentralized Monetary
Exchange 
With none of the above mechanisms available, there is an 

impossibility theorem, that is, the goal of achieving the objective 
cannot be accomplished IF the system is decentralized 
The impossibility of decentralized monetary exchange, proof by 

counter example 
Assert it is possible after all, and then show example environment in 

which it is necessary to share traders histories, not only the histories 
of each contemporary matched pair when they meet, but the histories 
of previous trades of those with whom the matched pair have not yet 
been matched 
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Two Solutions with Distributed Ledgers 
The ledgers work as a reference guide to provide the requisite 

(traders) history 
 Traders’ histories can be secured with atomic swaps, and instantaneous 

payment-for-value exchanges can be posted on public distributed ledgers as 
they occur 

 In practice, entire histories do not need to be revealed. That depends on the 
patterns of exchange. What needs to be revealed are when choices are made at 
key pairings among pairwise equivalent quid pro quo contemporary 
alternatives. 

An alternative way: Past trades are recorded and condition possible 
contemporary trades as with smart contracts 
 That said, there is really no conflict of interest in the model. Traders are trying 

to achieve a given social goal, not trying to keep things secret. 
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Key Example of the Difficulty: Proof of 
Theorem 2 (Kyungmin Kim 2015) 

41 
© Kyungmin Kim. All rights reserved. This content is excluded from our Creative Commons license. For more information, see 
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Innovations on the Blockchain 

© Harvard Business Publishing. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 

Source: Vitasek et al (2022) “How Walmart Canada Uses Blockchain 
to Solve Supply Chain Challenges” Harvard Business Review 44 

https://hbr.org/2022/01/how-walmart-canada-uses-blockchain-to-solve-supply-chain-challenges
https://ocw.mit.edu/help/faq-fair-use/


-

 

   
  

Tracr for Diamonds 

© DeBeers Group. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 

“De Beers group introduces world’s first blockchain backed 
diamond source platform at scale” (2022) DeBeersGroup.com 
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Ghana Trade Finance and Tracker 

© Bank of Ghana. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ . 

Source: “Press Release: Bank of Ghana Announces Successful Completion of Cross-Border 
Trade Using Digital Credentials” (2024) BOG.gov.gh 46 

https://www.bog.gov.gh/wp-content/uploads/2024/06/PRESS-RELEASE-BANK-OF-GHANA-ANNOUNCES-SUCCESSFUL-COMPLETION-OF-CROSS-BORDER-TRADE-USING-DIGITAL-CREDENTIALS-120624.pdf
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