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A B S TR A C T
How stocks are traded in the United States has been totally transformed. Gone are
the dealers on NASDAQ and the specialists at the NYSE. Instead, a company’s stock can
now be traded on up to sixty competing venues where a computer matches incoming orders.
A majority of quotes are now posted by high-frequency traders (HFTs), making them the
preponderant source of liquidity in the new market.
Many practices associated with the new stock market are highly controversial, as
illustrated by the public furor following the publication of Michael Lewis’s book Flash Boys.
Critics say that HFTs use their speed in discovering changes in the market and in altering
their orders to take advantage of other traders. Dark pools – off-exchange trading venues
that promise to keep the orders sent to them secret and to restrict the parties allowed to trade
– are accused of operating in ways that injure many traders. Brokers are said to mishandle
customer orders in an effort to maximize the payments they receive in return for sending
trading venues their customers’ orders, rather than delivering best execution.
In this paper, we set out a simple, but powerful, conceptual framework for analyzing
the new stock market. The framework is built upon three basic concepts: adverse selection,
the principal-agent problem, and a multi-venue trading system. We illustrate the utility of
this framework by analyzing the new market’s eight most controversial practices. The effects
of each practice are evaluated in terms of the multiple social goals served by equity trading
markets.
We ultimately conclude that there is no emergency requiring immediate, poorlyconsidered action. Some reforms proposed by critics, however, are clearly desirable. Other
proposed reforms involve a tradeoff between two or more valuable social goals. In these
cases, whether a reform is desirable may be unclear, but a better understanding of the
tradeoff involved enables a more informed choice and suggests where further empirical
research would be useful.
Finally, still other proposed reforms are based on
misunderstandings of the market or of the social impacts of a practice and should be avoided.
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The New Stock Market: Sense and Nonsense
Merritt B. Fox*, Lawrence R. Glosten†, and Gabriel V. Rauterberg‡
“The United States stock market, the most iconic market in global capitalism, is rigged.”1
With this provocative statement on 60 Minutes, Michael Lewis, best-selling author of Flash
Boys: A Wall Street Revolt,2 brought to the forefront of public consciousness a growing
controversy concerning the way stocks are traded in the United States. Such trading has been
totally transformed over the last twenty years. There is a truly new stock market and not
everyone is pleased with the results. This paper addresses these dissatisfactions and, in doing so,
develops a framework for analyzing more generally the wide variety of policy issues to which
the new stock market has given rise.
The various actors whose interactions make up the new stock market have come in for
tremendous scrutiny. Particularly sharp criticism has been aimed at high-frequency traders
(“HFTs”), which are said to use their speed in finding out changes in the market and in altering
their own orders to take advantage of other traders in the market.3 HFTs are believed now to
participate in about half of all trades.4 Other features of the new stock market have been the
subject of attack as well. “Dark pools” are off-exchange trading venues that promise to keep
secret the existence of the orders sent to them and to restrict the kinds of parties allowed to trade.
Dark pools are said to often break these promises, to the disadvantage of traders sending orders
to these venues.5 A trader is also hurt if her broker fails to send her order to the trading venue
where it will execute at the best price or in the most timely and reliable fashion. Critics suggest
that brokers often fail in this way, sending the order instead to the venue that pays the most to the
* Michael E. Patterson Professor of Law, NASDAQ Professor of the Law and Economics of Capital Markets,
Columbia Law School.
†
S. Sloan Colt Professor of Banking and International Finance, Columbia Business School.
‡
Post-Doctoral Research Scholar in the Law and Economics of Capital Markets, Columbia Law School and
Columbia Business School; J.D., Yale Law School 2009. For particularly helpful comments, we are grateful to
Kevin Haeberle, Joseph McCahery, Laura Miller, and participants at a 2014 Columbia Law School Faculty
workshop.
1
60 Minutes: Rigged (CBS television broadcast, March 30, 2014) (text of interview available at
http://www.cbsnews.com/news/is-the-us-stock-market-rigged/).
2
MICHAEL LEWIS, FLASH BOYS: A WALL STREET REVOLT (2014) [hereinafter LEWIS, FLASH BOYS].
3
Charles Schwab, founder of the well-known brokerage firm bearing his name, recently suggested, for example, that
“‘[h]igh-frequency traders are gaming the system, reaping billions in the process and undermining investor
confidence in the fairness of the markets . . . . It’s a growing cancer and needs to be addressed.’” Steven Russolillo,
Schwab on HFT: ‘Growing Cancer’ That Must Be Addressed, WALL S.J., Apr. 3, 2014,
http://blogs.wsj.com/moneybeat/2014/04/03/schwab-on-hft-growing-cancer-that-must-be-addressed/. These
practices, and the criticisms of them, are discussed in more detail in Parts V.A, V.B. and V.C.
4
See infra note 18 and accompanying text.
5
Sam Mamudi, UBS Hit With Record Dark Pool Fine for Breaking U.S. Rules, BLOOMBERG, Jan. 15, 2015,
http://www.bloomberg.com/news/2015-01-15/sec-fines-ubs-dark-pool-more-than-14-million-for-breakingrules.html (imposing on UBS the largest fine ever given a dark pool operator); Sam Mamudi, Dark Pools Opening
Up Amid Increased Scrutiny, BLOOMBERG BUS. WEEK, May 20, 2014, http://www.bloomberg.com/news/2014-0521/dark-pools-opening-up-amid-increased-scrutiny.html (reporting on industry unease with dark pools). These
practices, and the criticisms of them, are discussed in more detail in Parts V.E.
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broker through practices such as “payment for order flow” or “maker fees.”6 Polls now indicate
that “roughly two-thirds of Americans believe the stock market unfairly benefits some at the
expense of others,” a belief that some commentators think explains what has been a sharp drop in
the percentage of Americans directly or indirectly owning equities.7
Actors in the nation’s legal, regulatory, and political arenas have reacted rapidly to the
growing furor over the new stock market. The U.S. Department of Justice, the FBI, the
Securities and Exchange Commission (“SEC”), and the Commodity Futures Trading
Commission have all confirmed investigations into HFTs.8 Plaintiffs’ class action lawyers have
filed several civil lawsuits based on various controversial market practices.9 The New York
Attorney General has brought a high-profile lawsuit against the major investment bank Barclays,
alleging that it misrepresented to investors the extent to which its dark pool was free of HFT
activity.10 Several Congressional hearings have been held, after which U.S. Senator Carl Levin
wrote to Mary Jo White, the Chair of the SEC, demanding significant changes to market
structure and the elimination of “[c]onflicts of interest [that] erode public confidence in the
markets.”11
6

See, e.g., Editorial, The Hidden Cost of Trading Stocks, N.Y. TIMES, July 3, 2014 (criticizing the practice of makertaker fees); William Alden, At Senate Hearing, Brokerage Firms Called Out for Conflicts, N.Y. TIMES, June 17,
2014, http://dealbook.nytimes.com/2014/06/17/trader-who-called-markets-rigged-tempers-his-critique/ (discussing
scrutiny of payment for order flow at recent Congressional hearings). These practices, and the criticisms of them,
are discussed in more detail in Parts V.F and V.G.
7
See Lydia Saad, U.S. Stock Ownership Stays at Record Low, Gallup Economy, May 8, 2013, available at
http://www.gallup.com/poll/162353/stock-ownership-stays-record-low.aspx. Lewis attributes this drop, which has
occurred in the face of a sharply rising market over the last five years, to a sense that the market is unfair. LEWIS,
FLASH BOYS at 200-01; see also Editorial, The Hidden Cost of Trading Stocks, N.Y. TIMES, June 22, 2014,
http://www.nytimes.com/2014/06/23/opinion/best-execution-and-rebates-for-brokers.html.
8
Del Quentin Wilber, Keri Geiger & Patricia Hurtado, Holder Vows High-Speed Trading Probe to Protect Markets,
BLOOMBERG, Apr. 4, 2014, http://www.bloomberg.com/news/2014-04-04/holder-vows-high-speed-trading-probeto-protect-markets.html; Keri Geiger & Patricia Hurtado, FBI Seeks Help From High-Frequency Traders to Find
Abuses, BLOOMBERG, Apr. 1, 2014, http://www.bloomberg.com/news/2014-03-31/fbi-said-to-probe-high-speedtraders-over-abuse-of-information.html; Sarah N. Lynch & Karen Freifeld, SEC Chair Discusses Probes into HighSpeed Trading, REUTERS, Apr. 1, 2014, http://www.reuters.com/article/2014/04/01/us-congress-sec-highspeedidUSBREA301RC20140401; Douwe Miedema, U.S. Futures Regulator CFTC Probing Speed Traders, REUTERS,
Apr.
3,
2014,
http://www.reuters.com/article/2014/04/03/us-hedgefunds-speed-trading-cftcidUSBREA321QU20140403.
9
Amended Complaint, City of Providence, Rhode Island v. Bats Global Markets, Inc., No. 14-cv-2811 (S.D.N.Y.
Sept. 2, 2014) [hereinafter “Providence Amended Complaint”] (securities fraud class action against every major
stock exchange); Complaint, Harel Ins. Co. v. BATS Global Mkts., Inc., No. 14-cv-3608 (S.D.N.Y. May 20, 2014)
(alleging that trading venues provided HFTs material non-public information in return for kickbacks); Complaint,
Flynn v. Bank of Am. Corp., No. 14-cv-4321 (S.D.N.Y. June 13, 2014) (alleging manipulation of securities markets
by HFTs); Complaint, Lanier v. BATS Exch., Inc., No. 14-cv-3745 (S.D.N.Y. May 23, 2014) (alleging breach of
contract based on trading venues’ differential-sale-of-information access to HFTs and other users). CME Group
Inc., which owns the world’s largest futures market, has been sued by users accusing it of catering to HFTs. See
Complaint, Braman v. CME Group, Inc., No. 14-cv-2646 (N.D. Ill. Apr. 11, 2014).
10
Complaint, Schneiderman v. Barclays, No. 451391/2014 (N.Y. Sup. 2014).
11
See Letter, July 9, 2014, http://levin.senate.gov/download/levin_letter_sec_070914; see also Conflicts of Interest,
Investor Loss of Confidence, and High Speed Trading in U.S. Stock Markets, 2014: Hearings Before U.S. Senate
Permanent Subcom. on Investigations of the Com. on Homeland Security and Governmental Affairs, 113th Cong.,
2d Sess. (2014) [hereinafter Permanent Subcommittee Hearings]; High Frequency Trading’s Impact on the
Economy, Hearings Before The Subcomm. on Securities, Insurance, and Investment of the Senate Comm. On
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It is time to step back and take a serious, dispassionate look at how the new stock market
functions and the implications of the regulatory choices we face going forward. Legal scholars
have done an able job of applying the insights of many economic theories to law. This has not
been true, however, of the now well-established field of microstructure economics. Its
foundational models of trading behavior in financial markets are rarely cited in legal scholarship
and never discussed in depth.12 The literature of the field itself, while empirically
sophisticated,13 lacks a broad-scope, institutionally nuanced look at the basic dynamics shaping
the modern equities market. Thus, we still lack a comprehensive framework for understanding
the new stock market. The absence of such a framework acts as a serious obstacle for legislators,
regulators, judges, and the public in deciding how to seriously think about regulating our
markets. Much is at stake. The performance of the equities market has important effects on the
efficiency with which goods and services are produced in our economy and on the real
economy’s rate of growth. Equities also play a vital role as a place for ordinary individuals to
invest their savings. This article brings the insights of microstructure economics to bear in order
to provide a comprehensive framework for thinking about the new stock market. We
demonstrate the usefulness of this framework by applying it to the new market’s most
controversial practices. While these practices may seem completely unrelated to each other, they
can all be understood through just three basic mechanisms: adverse selection, the principal-agent
problem, and a multi-venue trading system.14
We ultimately conclude that there is no emergency requiring immediate, less-than-fullyconsidered action. Some reforms proposed by critics, however, appear after analysis, to be
unambiguously desirable. We conclude, for example, that it would be good to require brokers to
pass through maker-taker fees and payment for order flow to their customers. Other proposed
reforms involve a tradeoff where an improvement in terms of one worthwhile social goal can
only come at a sacrifice of another such goal. In these cases, it may not be obvious whether a
reform is, or is not, desirable, but a better understanding of the tradeoff involved makes for a
more informed choice and may point to where further empirical research would be useful. We
find this to be the case with, for example, proposals to briefly delay providing HFTs with
information concerning new transactions and quotation changes so that HFTs have no
advantages over other traders. Finally, still other proposed reforms are bad ideas that seem to be
based on a misunderstanding of how the market really works or of the actual social impact of a
given practice. We find this to be the case with, for example, proposals that HFTs must keep
their quotes in force for some minimum amount of time and proposals aimed at generally
discouraging, or even banning, trading on dark pools.

Banking, Housing and Urban Affairs, 113th Cong., 2d Sess. (2014) [hereinafter Securities Subcommittee Hearings];
Oversight of the SEC’s Division of Trading and Markets, Hearings Before the Senate Comm. On Fin. Serv., 113th
Cong., 2d Sess. (2014); The Role of Regulation in Shaping Equity Market Structure and Electronic Trading,
Hearings Before the Senate Comm. On Banking, Housing and Urban Affairs, 113th Cong., 2d Sess. (2014).
12
Lawrence R. Glosten & Paul R. Milgrom, Bid, Ask and Transaction Prices in a Specialist Market with
Heterogeneously Informed Traders, 14 J. F IN. ECON. 71 (1985); Albert S. Kyle, Continuous Auctions and Insider
Trading, 53 ECONOMETRICA 1315 (1985). The seminal models of Glosten-Milgrom and Kyle have been cited far
less than 100 times in any publication covered by WestLaw’s “Law Reviews & Journals” database.
13
See infra notes 44, 46, 52, 70, 87, 89, 97, 108, 132 and 140.
14
See infra Section I.D. & Part III.
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I. Introduction
It is important at the outset to see how much the stock market has changed in a relatively
short time and to identify the forces that have led to this change. It is useful as well to specify in
more detail the most controversial practices associated with the new stock market and to lay out
the basics of our approach to these practices and the operations of the new market.
A. How the Stock Market Has Changed
The stock market is an institution that connects potential buyers and sellers of companies’
stocks. As recently as the early 1990s, trading in the stock of each publicly traded company of
any significance was still largely confined to a single venue, either NASDAQ or the New York
Stock Exchange (“NYSE”). At NASDAQ, a dealer was the purchaser of every share sold by a
trader and the seller of every share bought by a trader. The dealer did so at quoted prices
generated through the calculation and judgment of an individual human being. At the NYSE,
where there was an actual floor, the specialist for a stock, also a human being, often played a
similar dealer role, but in addition posted quotes sent in by traders willing to buy or sell at stated
prices, held auctions, and helped arrange trades by brokers and traders on the floor.
Today, any given stock is potentially traded in each of almost sixty competing venues:
eleven exchanges and almost 50 dark pools.15 The NASDAQ dealers and the NYSE specialists
are gone. Almost all of these competing trading venues are electronic limit order books, where a
trader can post, as a limit order, its firm commitment, until cancelled, to buy or sell up to a
specified number of shares at a quoted price.16 A computer (the venue’s matching engine)
matches these posted limit orders with incoming buy and sell market orders, which are orders
from traders willing to trade at whatever is the best available price in the market.17
Today, HFTs post a majority of the limit orders that are matched in this fashion and result
in executed trades.18 An HFT uses high speed communications to constantly update its
information concerning transactions occurring in each stock that it regularly trades, as well as
changes in the buy and sell limit orders posted by others on every major trading venue. This
information is automatically fed into a computer that uses algorithms to change the limit prices
and quantities associated with the HFT’s own limit orders posted on each of the various trading
venues. More than three-quarters of all trades in the United States are executed on one or
another of these electronic limit order book venues.19 Most of the remaining trades involve a
15

Laura Tuttle, Alternative Trading Systems: Description of ATS Trading in National Market System Stocks,
Division of Economic and Risk Analysis 5-6, http://www.sec.gov/marketstructure/research/ats_data_paper_october_2013.pdf.
16
See infra Section II.A. For a posted sell limit order, this stated limit price is an “offer.” For a posted buy limit
order, this stated limit price is a “bid.”
17
The computer will also match the limit orders posted on the venue with “marketable limit orders.” A buy limit
order is “marketable” when it has a limit price greater than or equal to the lowest offer in the market and a sell limit
order is “marketable” when it has a limit price less than or equal to the highest bid. See infra Section II.A.
18
See Jonathan A. Brogaard, High Frequency Trading and its Impact on Market Quality, Working Paper (2010),
http://www.futuresindustry.org/ptg/downloads/HFT_Trading.pdf (finding based on NASDAQ data set that HFTs
supply liquidity for 51% of all trades and provide the market quotes 50% of the time); see generally Albert J.
Menkveld, High-Frequency Trading and the New-Market Makers, 16 J. FIN. MARKETS 712 (2013).
19
Laura Tuttle, OTC Trading: Description of Non-ATS OTC Trading in National Market
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broker internally matching the buy and sell orders received from its own retail customers. 20
B. Forces for Change and the Role of Regulation
This transformation to the new stock market is a product of the fantastic increases in the
speed of communication and calculation that have arisen from the information technology
revolution. The new stock market’s particular structure, though, is due in important part to
choices made by Congress and the SEC. The initial impetus for this new market structure goes
back to Congress’s adoption in 1975 of the National Market System (“NMS”) amendments to the
Securities Exchange Act of 1934 (the “Exchange Act”). Multiple, competing trading venues
have the upside of the greater efficiency and higher rate of innovation that are likely to arise
from competition. They have the potential downside that orders from potential traders are
fragmented among multiple venues, which means that it is less likely that willing buyers and
sellers can easily find each other and transact. Congress, in its adoption of the NMS
amendments, foresaw that improving information technology could significantly reduce this
downside by making it easier for traders to see what is going on in each of these venues. The
NMS amendments pushed the system to develop in this direction, a push that has been
consistently supported by the SEC.21
This decision favoring multiple venues is unlikely to be reversed in the foreseeable
future. Data concerning the speed of trading, its cost, and the apparent amount of liquidity in the
system suggest that the new stock market is a substantial improvement over what went before
it.22 Today’s technology, if it instead were operating within a centralized single venue system,
might of course have led to even greater improvements – a question that is the subject of
continuing debate among academic theorists23 – but this is entirely a matter of speculation.
System Stocks, Division of Economic and Risk Analysis, https://www.sec.gov/marketstructure/research/otc_trading_march_2014.pdf.
20
For a discussion of internalization, see infra Sections I.C.8, V.G. and VI.D.
21
Congress, when the NMS amendments were adopted, expected that there would be a proliferation of competing
venues. It self-consciously rejected a proposal for an electronic limit order book where all order flow was directed
to a single trading venue, known as a central limit order book (“CLOB”). See, e.g., S. R EP. NO. 75, 94th Cong., 1st
Sess., 12 (1975), 1975 U.S.C.C.A.N. 179, 190 (“Senate Report”) (rejecting role for “the SEC . . . as an ‘economic
czar’ for the development of a national market system” and noting that “a fundamental premise of the bill is that . . .
a national market system . . . will depend upon the vigor of competition within the securities industry”); DIV. OF
MKT. REGULATION, U.S. SEC. & EXCH. COMM’N, MARKET 2000: AN EXAMINATION OF CURRENT EQUITY MARKET
DEVELOPMENTS, at III-6 (Jan. 1994) (discussing vigorous industry opposition to the SEC’s proposal of a CLOB in
the 1970s); see also Craig Pirrong, The Thirty Years War, REG. (2005) (discussing that a CLOB would effectively
function as a public utility and the problems attendant to that status); Lawrence R. Glosten, Is the Electronic Limit
Order Book Inevitable?, 49 J. F IN. 1127, 1129 (1994) (discussing mechanics of a CLOB); Milton H. Cohen, The
National Market System -- A Modest Proposal, 46 GEO. W ASH. L. REV. 743, 774 (1978) (“But to accord ultimate
and total benefit of the auction process to all orders is impossible unless that process is concentrated in one location
(which Congress certainly did not set as a goal of the NMS).”).
22
See James J. Angel, Lawrence E. Harris & Chester S. Spatt, Equity Trading in the 21st Century: An Update 11-12
(2013),
http://www.q-group.org/wp-content/uploads/2014/01/Equity-Trading-in-the-21st-Century-An-UpdateFINAL1.pdf (showing significant increases in the speed of execution, decreases in the bid-ask spread, decreases in
commissions, and increases in the number of quotes per minute); see also James J. Angel, Lawrence E. Harris &
Chester S. Spatt, Equity Trading in the 21st Century (2010), http://modernmarketsinitiative.org/wpcontent/uploads/2013/10/Equity-Trading-in-the-21st-Century.pdf.
23
See, e.g., Jean-Edouard Colliard & Thierry Foucault, Trading Fees and Efficiency in Limit Order Markets, 25
REV. FIN. STUD. 3389 (2012); Thierry Foucault & Albert J. Menkveld, Competition for Order Flow and Smart
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Moreover, as a matter of political economy, any attempt to reverse the decision for multiple
venues would meet stiff resistance from those who have built businesses based on the
assumption that the multi-venue structure will continue. So, to the extent that the criticisms of
the new stock market have merit, the challenge will be to design reforms within the current
multiple venue system.
C. The Eight Most Controversial Practices
Eight practices occurring within the new stock market have attracted particular
controversy. While they will be analyzed in detail in Parts V and VI of this paper, it is helpful to
introduce them at this point, using, in each case, a simple example.
Note at the outset that each of the first three of these practices involves an HFT benefiting
itself by taking advantage of having a “co-location” facility at each exchange. Co-location
involves the HFT having a computer located right next to an exchange’s matching engine. This
arrangement allows the HFT to find out about transactions occurring on the exchange, and
changes in quoted prices, sooner than other traders. It also allows the HFT to cancel old limit
orders posted on the exchange, and submit new ones, very quickly. The HFT’s co-location
facility at each exchange is connected to its co-location facility at every other exchange by
specialized fiber optic cables, which permit extremely rapid communication among the HFT’s
co-location facilities at the different exchanges, all of which have their matching engines in
northern New Jersey.
1. HFT electronic front running. Suppose an institutional investor wishes to buy a very
large number of shares of a given stock. The investor breaks the desired quantity into several
smaller, but still sizable, marketable orders, each going to a different exchange. Through its colocation facility, an HFT learns of the transaction at the exchange that is reached first by the
investor’s orders. The HFT’s algorithm infers from this information that there are quite possibly
similar sizable orders en route to other exchanges as well. The algorithm instantly sends out
signals to make advantageous adjustments in the HFT’s limit orders posted on these other
exchanges, adjustments that are completed within the tiny interval before the institution’s orders
reach these other exchanges. Critics of the practice point to the fact that the institutional investor
pays more for its shares than if these adjustments had not been made, while the HFT, using its
information advantage, is better off.
2. HFT slow market arbitrage. Suppose that on another day, the same HFT has posted on
one exchange buy and sell limit orders that respectively represent the highest bid and lowest
offer prices available on any exchange in the market for a particular stock. The HFT’s bid and
offer are reported as such on the national system for reporting what, across all the exchanges, is
the best available bid and offer for the stock. Then, an institutional investor, wishing to sell a
substantial quantity of this stock, posts a new limit offer on a second exchange that is lower in
price than the HFT’s offer. Through the HFT’s co-location facilities at the second exchange, the
HFT almost instantaneously observes the arrival of this new better offer. There is a short period
of time before the national reporting system reflects this new better offer, during which lag the
HFT has the possibility of making a certain profit. The HFT leaves standing its offer on the first
exchange. During the reporting lag, this offer continues to appear to the market, based on the
Order Routing Systems, 63 J. FIN. 119 (2008); SEC, Regulation NMS. Release No. 34-51808. File No. s7-10-04
(2006); Pirrong, supra note 21, at 54.
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national reporting system, to be the lowest price offer available. If a market buy order arrives at
this first exchange before the national reporting system reflects the new better offer on the
second exchange, the market order will execute against the HFT’s offer on the first market at the
higher price. The HFT can then repurchase the same quantity of shares on the second exchange
at the lower price being offered by the institutional investor, thereby making the HFT a certain
profit. Critics point out trading is a zero-sum game and so the HFT’s profit comes at the expense
of the other traders in the market.
3. HFT exploitation of mid-point orders sitting in dark pools. On yet another day,
suppose that an institutional trader posts a mid-point limit buy order in a dark pool. This is an
order that, until cancelled, will execute against any market sell order that subsequently arrives at
the dark pool and will do so at a price equal to what, at the moment of execution, is the mid-point
between the best offer and best bid reported by the national reporting system to be available on
any of the exchanges. The HFT from our previous examples very rapidly observes, through its
co-location facilities, that the quotes have changed on one exchange such that the new best offer
on that exchange is lower than the mid-point between what, until that moment, had been the best
bid and best offer available on any public exchange. Again, for a short period of time, the
national reporting system will not reflect the new better offer that has already been observed by
the HFT. The HFT purchases shares at the new better price and then immediately sends a sell
order to the dark pool, which executes against the trader’s order at the mid-point between the still
official, but now stale, best offer and best bid reported by the national system. Since the price
paid for the shares by the HFT on the exchange is lower than the price at which they are sold to
the trader in the dark pool, the HFT makes a profit. Critics point out that this profit again comes
at the expense of the other traders in the market.
4. HFT activities leading to increased volatility and crashes. In the same period that the
new stock market was emerging, with the large role played by HFTs, there was an upsurge in the
volatility of share prices. The new market has also had a number of brief crashes and
breakdowns in trading, which have been attributed to HFT algorithms receiving market
information that leads the HFTs to suddenly exit the market.
5. Large investment banks in their role as brokers steering orders to their own dark
pools. An institutional investor uses a large investment bank as its broker to handle a buy limit
order and the bank steers the institution’s order to a dark pool that the bank operates. The bank’s
proprietary traders learn through an internal source of the existence of the institution’s order.
Unless cancelled, this order may sit in the dark pool until such time that the bank’s proprietary
traders decide that it is advantageous for them to send in an order to execute against the
institution’s limit order (which would mean that the execution is disadvantageous for the
customer).
6. Large investment banks in their role as brokers ignoring customer directions to send
orders to a specified venue. Suppose that the institution using this investment bank as a broker
fears that its order will be sent to the bank’s dark pool and suffer the fate described above. So
the institution specifies that the order be sent to an alternative venue. The bank ignores the
direction and sends the order to its own dark pool anyway. Even if the trader detects that this has
happened, which may be difficult to do, it may not switch brokers because it may feel tied to the
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large bank due to the free “soft money” research services the bank provides.24 Market solutions
to this large investment bank’s violation of its duty to provide best execution for its customer
may not work effectively, under these circumstances.
7. Venue “maker-taker” and “taker-maker” fees paid to brokers. It is common for an
exchange to make payments to brokers to prompt the brokers to steer certain kinds of orders in
its direction, and to charge brokers for other kinds of orders that they send to the exchange.
Under the “maker-taker” model, the exchange pays for certain limit orders it receives that are
ultimately executed, and charges for each order it receives that executes immediately against the
limit orders posted on it. Under the “taker-maker model,” the venue does the opposite. Critics
characterize each of these arrangements as a system of bribes. The critics argue that they create
incentives for brokers to direct customer orders to the venue that pays the highest rebate, rather
than the one that delivers best execution for the customer.
8. Payment for order flow. For a fee, a brokerage firm may sell to another firm (an
“order execution facility”) its full order flow of buy and sell market orders from a certain kind of
customer, typically retail investors, who are considered “uninformed.” The other firm promises
to execute each purchased order at a price that is at least slightly improved over the best offer or
bid available in the market at the time that the order is placed. Selling order flow in this fashion
essentially outsources what a large retail broker might otherwise do internally. This would be
matching nearly simultaneous buy and sell orders, buying from the seller at a price slightly over
the best bid in the market and selling to the buyer at a price slightly below the best offer in the
market, and making the difference between the price paid and the price received as a profit.
Critics characterize payment for order flow as another kind of bribe. They argue that it creates
an incentive for the broker to direct their customer orders to the venue that pays the highest
rebate, rather than the one that most improves the prices that sellers receive and that buyers pay.
D. Undertaking a Serious Analysis
Most of the criticism of the new stock market simply consists of taking a representative
single transaction involving one of these eight practices, showing that the transaction benefits
one party at the expense of another, and labeling the resulting transfer as “larcenous,”
“extractive,” “predatory,” or simply “unfair.”
Serious analysis requires digging deeper. There needs to be a consideration of the effects
of each of these practices as something that occurs on a repeated basis among competing actors,
taking into account the reaction of the various other participants in the market to their knowledge
that the practice is going on. Additionally, there needs to be an evaluation of these effects in
terms of their ultimate impact on the multiple social goals, discussed in detail in Part IV, which
equity trading markets are expected to serve and that form the justificatory basis for regulation
24

“Soft money” research consists of ancillary services provided to an institutional investor by a broker free of direct
charge (i.e., “hard money”) in return for that investor directing order flow to that broker. “Soft money”
arrangements can be desirable from an institutional investor’s perspective because it passes the cost of the “soft
money” research on to the client (in the form of inferior or costlier execution by the broker), rather than as part of
the direct cost of the institutional investor’s own services to clients. See T HE O FFICE OF COMPLIANCE,
INSPECTIONS AND EXAMINATIONS, U.S. SECURITIES & E XCHANGE COMMISSION, Inspection Report on the Soft
Dollar
Practices
of
Broker-Dealers,
Investment
Advisers
and
Mutual
Funds
(1998),
http://www.sec.gov/news/studies/softdolr.htm.
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where the markets fall short.
Our framework for undertaking this analysis has a surprisingly simple foundation. While
each of the eight most controversial practices seems highly distinct, they can all be understood
by reference to just three basic concepts:
Adverse selection. Markets benefit enormously from businesses that compete to
post limit orders on venues against which marketable orders can transact, because the
availability of these limit orders substantially increases liquidity. These businesses are
referred to as “liquidity providers” or “market makers.” A professional supplier of
liquidity for an issuer’s shares – typically an HFT – engages in both the frequent
purchase and frequent sale of these shares. The liquidity supplier makes money if on
average it sells the shares that it buys for more than the price it paid. Its biggest problem
is adverse selection: the possibility that the person who anonymously places an order that
executes against the liquidity supplier’s quote is doing so because the trader has private
information about a stock’s value, which is not known to most of the market or to the
liquidity supplier. In such a situation, the liquidity supplier will on average lose money
on the trade. To survive in a competitive market, the liquidity supplier must set its bid
and offer quotes – the limits on the purchase and sell orders that it posts on trading
venues – aggressively enough to attract business, but not so aggressively that the money
it makes from buying from, and selling to, uninformed traders is less than what it loses
from engaging in such transactions with informed traders. Liquidity providers, to
minimize adverse selection, work to identify which orders come from informed traders.
Informed traders, in turn, work to prevent their orders from being so identified.
Principal-agent problems. Most traders are not allowed to send their orders
directly to a trading venue due to the need to ensure that contracts involving the exchange
of securities for cash are reliably completed. Instead, they must use a broker. The broker
needs to be given a certain amount of discretion to be able to handle the order of the
trader. Principal-agent problems arise because it is impossible to design a contract that
cost-effectively assures that the broker (the agent) will act in the best interests of the
trader (the principal).
Multiple venues. As just discussed, Congress and the SEC consciously chose to
encourage the development of multiple competing venues for the trading of any given
issuer’s stock, rather than one centralized trading venue. Each of the eight most
controversial practices is related, in one way or another, to some aspect of the system that
arises from this fundamental policy choice.
The fact that the adverse-selection-driven cat and mouse game between liquidity
suppliers and informed traders occurs within a world with multiple trading venues, combined
with rapid advances in information technology, explains the new stock market’s extraordinary
complexity and is key to understanding the social consequences of many of its most criticized
practices. This complexity, in turn, has created new scope for principal-agency problems
between brokers and traders. While the new stock market feels bewildering, the central claim of
this Article is that by understanding how these three factors interact in a competitive
environment, you can understand most of what is happening.
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E. Overview
The rest of the paper proceeds as follows. Part II specifies some basic vocabulary;
illustrates how, in a multi-venue market, the arrival of a market order, the arrival of a limit order,
and the cancellation of an already standing limit order each results in a transaction and/or
changes the available quotes; and describes how information concerning the quotes and
transactions on these venues is collected and disseminated. Part III considers the economics of
liquidity supply in the presence of adverse selection, explaining how the most complex and
important of our three factors operates.
Part IV sets out the normative framework for evaluating the social impact of a practice or
reform. Part V applies our analytic framework by analyzing each of the new stock market’s
eight most controversial practices and assessing the ultimate impact of each on the multiple
social goals discussed in Part IV. This grand tour of current controversies also serves as an
illustration of how the simple analytic framework described above can provide the key to
understanding the new stock market more generally. Part VI contains our recommendations.
Part VII concludes.
II. Primer on the Mechanics of the New Stock Market
In order to evaluate the critiques of the new stock market and consider what reforms
might be warranted, understanding the mechanics of this market is important. Readers wellversed in these mechanics should skip this discussion and move on to Part III.
A. Vocabulary
Before tackling the plumbing of an electronic limit order based market, it is worthwhile
to specify in more detail some vocabulary that helps to describe both what traders are seeking to
accomplish with the orders they send to trading venues and the services that trading venues offer
these traders.
1. Quotes and depth. Suppose at 1:59:32 PM on July 10, 2014, Maria decides she wants
to buy 200 shares of Apple. She contacts her broker and discovers the best quotes for Apple: the
national best bid (NBB) is $95.28 and the national best offer (NBO) is $95.29, with a depth,
respectively, of 500 and 1000 shares. In other words, according to the national reporting system,
on one or more trading venues, there are one or more buyers willing to pay $95.28 per share for
up to 500 shares in aggregate (but no one willing to pay more) and one or more sellers willing to
provide up to 1000 shares in aggregate for $95.29 (but no one willing to charge less).
2. Market orders, marketable limit orders, and marketable orders. One possibility is that
Maria submits a market buy order for 200 shares, i.e., an unconditional order to buy at whatever
is the best (i.e., lowest) price available. Because she places no limit on what she is willing to
pay, the order will execute almost immediately. It will do so at $95.29 unless the NBO, as
reported by the national reporting system, has changed by the time that her order arrives at the
trading venue to which it is ultimately sent. 25 If the NBO has changed by that time, the order
25

If there are at least 200 shares available at $95.29 at the venue to which Maria’s broker sends the order, the order
will execute on this venue. If not, NMS Rule 611 requires that the venue have procedures in place to send all, or the
unsatisfied part, of the order on to another venue where shares are available at the NBO of $95.29. See infra Section
II.C. A market sell order would work the same way if she instead wished to sell 200 shares, and, unless the NBB
changed, would execute almost immediately at $95.28.
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would execute at the new NBO.
Another possibility is that Maria, knowing the current quotes, but wanting to protect
herself in case the NBO moves up too much before her order can execute, places the order for
200 shares but with the caveat that she will not pay more than $95.31. In other words, Maria has
submitted a limit buy order for 200 shares at $95.31.26
Given that the NBO at the time Maria sent the order, $95.29, is below – i.e., at least as
favorable as – Maria’s $95.31 limit, we refer to her order as a marketable buy limit order.27 This
is because it will behave just like a market order and execute at whatever is the then current NBO
unless the NBO has changed and has moved to above $95.31 in the brief time that it takes her
order to arrive at the trading venue to which it is ultimately sent.28 For this reason, we call both
market orders and marketable limit orders marketable orders.
3. Non-marketable limit orders. In contrast, a non-marketable buy limit order is a buy
limit order with a price limit below the NBO at the time it is sent. It is called non-marketable
because at that moment, no one in the market is willing to sell at a price this low. Similarly, a
non-marketable sell limit order is a sell limit order with a price limit above the NBB at the time it
is sent, because at that moment, no one in the market is willing to buy at a price this high.
4. Where bid and offer quotes come from. The foregoing shows that equity market
trading venues provide a place for market participants to display a variety of different trading
interests. In the market we have described, the best offer quote is $95.29 with a depth of 1000
shares. This is the result of persons who had previously posted still-in-effect non-marketable sell
orders with a limit of $95.29 that aggregate to 1000 shares (i.e., sell orders with a limit price
above the NBB, which in our example is $98.28).29
5. Making and taking liquidity. The persons who have posted these standing nonmarketable limit sell orders have provided Maria with the option to trade immediately at $95.29,
an option that she can exercise by sending in a marketable order. We say that these persons have
provided liquidity or that they are makers of liquidity. Maria, who in our examples takes
advantage of this ability to trade immediately by submitting either a market order or a
marketable limit order, consumes liquidity. She is a taker of liquidity.
6. The tradeoff between taking and making liquidity. If Maria is willing to be less
aggressive, she can instead attempt to acquire her Apple shares by putting in a non-marketable
limit order to buy 200 shares at $95.28. Then, if the quotes do not change by the time her order
reaches the market, she will be adding 200 more shares to the already existing NBB for 500
26

A limit sell order would be a sell order with the caveat that the person placing it would not accept less than a
certain price.
27
A sell limit order where the NBB at the time the order is sent is above – i.e., at least as favorable as – the order’s
limit is referred to as a marketable sell limit order.
28
Quotes in fact can move quite quickly. In the ten minutes following when Maria first contacted her broker and
noted the best offer of $95.29, the offer was at one point as low as $95.28 and as high as $95.33. If by the time the
order arrives, the NBO had moved above $95.31, Maria’s limit order would not execute even though it was
considered “marketable” when sent. Note, however, that the order, until its expiration or cancellation, remains a
commitment to buy 200 shares at $95.31 or less.
29
Similarly, the best bid quote is $95.28 with a depth of 500 shares. This is the result of persons who had
previously posted still-in-effect non-marketable buy orders with a limit of $95.28 that aggregate to 500 shares (i.e.,
buy orders with a limit price below the NBO, which in our example is $98.29).
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shares at $95.28. Thus, if she follows this less aggressive strategy, she can be a maker, not a
taker, of liquidity, even though, unlike an HFT, she is not in the business of liquidity supply.
If Maria follows this less aggressive strategy and a sufficient number of marketable sell
orders come in before her offer expires or is cancelled, Maria’s limit order will execute and she
will have paid a penny less per share. If a sufficient number of such sell orders do not come in,
her order will fail to execute. She then runs the risk that she may still want to purchase the
shares and that the offer quotes will have moved up, in which case she will have to pay more
than the $95.29 per share that she would have paid had she initially submitted a marketable
order. Market orders provide speed and certainty of execution. Limit orders may obtain a better
price but are less certain to execute.
B. The Mechanics of Trading on a Single Venue
In order to understand the dynamics of a multi-venue electronic limit order book market
and the standard approach to its depiction, it is convenient to begin the discussion by considering
how trades would be depicted if we instead had just a single trading venue.30 In the section
following, we will add the complications involved with the multiple-venue system that we have
today.
1. Depicting the initial book. As an example, consider the initial state of an order book
for a stock such as XYZ. This book (i.e., the collection of standing limit orders) can be depicted
as follows:
B IDS

OFF E R S

P R IC E

SHARES

P R IC E

SHARES

30.48

500

30.50

700

30.46

200

30.51

300

30.45

300

30.52

400

30.44

200

30.57

400

In this case, the best offer is $30.50 with 700 shares available, and the best bid is $30.48
with 500 shares available.31 This simple description of the “top of the book” is all the
information that the typical retail investor receives. Notice, however, that this description does
not fully describe the market. For example, this simple top-of-the-book description does not
reveal that there are 500 additional shares bid and 700 additional shares offered within three
30

This is the way a centralized limit order book (“CLOB”) market would work. As already noted, while the matter
is controversial, some commentators believe it would have been better if Congress had required that there be a single
venue rather than pushing for the competitive, multi-venue system that has in fact developed. See supra note 20 and
accompanying text.
31
Note that the lowest offer of 30.50 is above the highest bid of 30.48. If that were not the case, then the seller and
buyer should transact since the seller would be willing to accept less than the buyer is willing to pay. Thus, under
normal circumstances, the lowest offer resting on a venue should exceed the highest bid.

12

cents of the best market quotes, i.e., information about the depth of the book beyond the best bid
and offer that is revealed only by a full order book. Nor does this simple description or the
depiction above reveal whether there are seven offers of 100 shares each at $30.50 or one offer
of 700 shares.
2. Depicting a marketable limit buy order. Suppose that Anna decides she wishes to buy
400 shares of XYZ, but is not willing to pay more than $30.60 per share. Accordingly, she
instructs her broker to submit a limit order to buy 400 shares with a limit price of $30.60.
Because $30.60 is above the best offer of $30.50 and there are more than 400 shares available at
$30.50, her order is marketable and would transact immediately at a price of $30.50.
Regulation NMS requires that a report of the executed transaction – a sale of 400 shares
at $30.50 – be sent almost immediately to a publicly disseminated last-trade data stream that
forms the national reporting system for transactions.32 The venue is also allowed to
simultaneously send the same last-trade report to persons, including co-locating HFTs, that
contract with it to receive a direct feed.33 Regulation NMS also requires that a report of the
changes in the quotes – the reduction in the number of shares offered at $30.50 from 700 to 300
– be sent to a publicly disseminated quote stream that forms the national reporting system for
quotes34 (and again the venue may simultaneously send this information to contracting persons
such as co-locating HFTs with a direct feed).35 The new order book, reflecting this change,
would appear as follows:
B IDS

OFF E R S

P R IC E

SHARES

P R IC E

SHARES

30.48

500

30.50

300

30.46

200

30.51

300

30.45

300

30.52

100

30.44

200

30.57

400

3. Depicting a non-marketable limit buy order. Suppose that another investor, Dave,
prompted by this new state of the book, decides he wishes to buy 200 shares of XYZ, but is not
willing to pay more than $30.49 per share. Accordingly, he instructs his broker to submit a limit
order to buy 200 shares with a limit price of $30.49. Because $30.49 is below the best offer of
$30.50, his order is non-marketable and no transaction will occur. Instead, his limit order will be
posted on the limit order book. Because he is expressing his willingness to buy at $30.49, it
becomes a bid for 200 shares at this price. Because $30.49 is higher than the previous best bid,
Dave’s limit order becomes the new best bid, thereby reducing the spread between the best bid
32

17 C.F.R. § 242.603(a)(2).
Id. See infra Subsection VI.A.3 for a fuller description and a discussion of proposed reforms to this practice.
34
17 C.F.R. § 242.602.
35
See, e.g., Concept Release on Equity Market Structure, 75 Fed. Reg. 3594, 3601 (Jan. 21, 2010).
33
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and the best offer by a penny (though also reducing depth at the best bid to 200 shares). The new
book reflecting the posting of this new order would appear as follows:
B IDS

OFF E R S

P R IC E

SHARES

P R IC E

SHARES

30.49

200

30.50

300

30.48

500

30.51

300

30.46

200

30.52

100

30.45

300

30.57

400

30.44

200

Information about the new state of the book would be disseminated as in the last
example.
4. Symmetry for sell orders. We have presented the dynamics associated with buy orders:
both marketable buy orders, which reduce what is available on the offer side of the book, and
non-marketable buy orders, which add to the bid side of the book. The situation is symmetric for
sell orders, both marketable sell orders, which reduce what is available on the bid side of the
book, and non-marketable sell orders, which add to the offer side of the book.
C. The Mechanics of Trading on Multiple Exchanges
With multiple exchanges, the order book dynamics are similar, but the routing of the order
can be much more complicated. Part of the complication comes from Reg. NMS Rule 611,
which requires that a marketable sell order – regardless of the trading venue to which it is
originally sent – execute at a price equal to the best bid available on any exchange in the country,
and a marketable buy order at the best offer.36 To see how this works, consider the following
consolidated limit order book, which aggregates the quotes from all the exchanges in the country.
The aggregate number of shares bid or offered at any given exchange is identified by a single
letter corresponding to that exchange.

36

Federal regulation requires trading venues to establish procedures reasonably designed to prevent the purchase or
sale of a stock at a price inferior to the lowest offer or highest bid, respectively, which is disseminated on the
national reporting system for quotations. See 17 C.F.R. § 242.611(a)(1) (establishing rule); 17 C.F.R. § 242.600(b)
(defining relevant terms). Regulation NMS is the most important body of federal regulation governing trading in the
stock market.
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B IDS

OFF E R S

P R IC E

SHARES

P R IC E

SHARES

30.48

Q 300
P 200

30.50

Q 500
P 100
Z 100

30.46

Q 200

30.51

Q 500
D 100

30.45

Z 300

30.52

Q 400

30.44

Z 200

30.57

Q 400

Now consider Maria wanting to purchase 1000 shares. One way to accomplish this is for
her broker to send the following market buy orders: 800 shares to Q, 100 shares to P, 100 shares
to Z. Assuming that the quotes are still good by the time her order arrives at these respective
venues, she would pay an average price of $30.503. If speed were important and there was
reason to think that the order would reach Q first, it might appear to be better to send the whole
1000 share order to Q and pay the slightly higher average price of $30.505. Because of Rule
611, however, sending the whole order to Q would not have this result. Instead, Q is required to
have a system that would forward 100 share orders to each of P and Z, where shares were also
available at the NBO of $30.50. These orders would execute on these venues at this price. On Q,
500 shares would execute at $30.50 and the remaining 300 at $30.51. Again, the average price
would be $30.503.
The preceding discussion, however, assumes that everyone involved is instantly aware of
all newly executed transactions and all changes in quotes. It also assumes that orders can be sent
and cancelled instantaneously. Things become more interesting when we drop these unrealistic
assumptions. Consider first how Maria’s broker became aware of the quotations and how Q
knows that there are offers on P and Z at $30.50. Traditionally, each exchange independently
provided quotation and transaction information. As discussed, however, the 1975 NMS
amendments to the Exchange Act included broad provisions for consolidating information in the
U.S. stock market, which reflected the congressional vision of an electronically linked market
made up of competing venues trading in the stock of the same issuers.37 Full realization of this
vision, including rules leading to the construction of the national reporting system for quotes and
transactions, took thirty years, culminating in the SEC’s adoption of Reg. NMS.
According to the rules, a trading venue must participate in reporting plans with the SEC,
which must approve these plans. The plan must provide that there is a system by which the best
bid and best offer quotes posted on the venue for each issuer’s stock traded there is furnished to
an exclusive processor. The price and size of all transactions in each of these stocks executed on
the venue must also be furnished. The exclusive processor consolidates all of this information
37

Sections 11A(c)(1)(B) provides, inter alia, that the SEC should “assure the prompt, accurate, reliable, and fair . . .
distribution” of transaction information. Pub. L. No. 94-29 (June 4, 1975), 89 Stat. 97 (1975).
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with the information that the processor acquires concerning each of the same stocks from the
other venues where they trade. From all this, the exclusive processor constructs a consolidated
book depicting the best offer and best bid for a stock, at each of the venues where it trades and
the corresponding sizes. The exclusive processor must make this quote information, as well as
price and size information concerning the latest executed transactions in the stock available to
the public on terms that are fair and reasonable.38 At any point in time, the best bid and best
offer on this consolidated book represents the official NBB and NBO.
It takes a short period of time for the national reporting system to reflect any change in
the quotations on a venue or any transaction executed on that venue. Thus, the national reporting
system lags slightly behind any change in what is the best bid or offer available at any venue. As
we noted in our initial descriptions of electronic front running, slow market arbitrage, and dark
pool mid-point order exploitation, HFTs can, through co-location, private data feeds, and
superior information technology infrastructure, become aware of changes in offers or bids, or of
newly executed transactions, before the information becomes available to the public from the
exclusive processor.39 During this brief reporting lag, they can act on this information by
cancelling standing limit orders and posting new ones. Thus, by the time that Maria sees the
quotes depicted in the sample consolidated book above, they may no longer in fact be available.
The same is true for venue Q at the time her order arrives there.
III. The Economics of Liquidity Provision
A professional supplier of liquidity for an issuer’s shares – today, typically an HFT
posting buy and sell limit orders – engages in both the frequent purchase and frequent sale of
these shares. In doing so, it stands ready to buy and sell shares up to stated amounts at stated
prices. The liquidity supplier makes money if on average it sells the shares that it buys for more
than the price paid. It might appear that doing so is easy, even in markets with a one cent spread:
buy at the bid and sell at the offer and make a half cent per share on every transaction. Do this
for a billion shares and pretty soon you are talking about real money. In fact, however, it is not
so easy.
The persons with whom a liquidity supplier trades generally do not reveal their identities.
There is always the possibility that the person (the “trader”) who places a marketable order that
executes against the liquidity supplier’s quote is doing so because the trader has private
information not known to most of the market or to the liquidity supplier.40 An informed trader of
this kind will buy from the liquidity supplier when her private information suggests that the
stock’s value is above the liquidity provider’s offer. And she will sell to the liquidity supplier
when her private information suggests the value is below the liquidity provider’s bid. In such
transactions, the liquidity supplier sells at prices below the value of the stock and buys at prices
above the value of the stock, not a formula for success. Despite this, the liquidity supplier, if
skillful, can still make money on a net basis, because the remaining traders with whom it
transacts do not possess private information and the liquidity supplier can profit on these
38
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transactions.
A. Kinds of Private Information and Their Sources
There are three primary kinds of private information, which we will label, respectively,
inside information, announcement information, and fundamental value information.
1. Inside information. Inside information has its ultimate origins from within some
institutional source. Frequently, this institution is the issuing company of the stock itself. This is
information that the institution seeks to prevent from becoming public or from being the basis of
trading by others. Trading on such information is, under many circumstances, illegal under
Section 10(b) and Rule 10b-5 of the Exchange Act. The existence of cases of successful
prosecutions under these provisions shows that such information is the basis of at least some of
the informed trading that occurs in the market.
2. Announcement information. Announcement information is information that has only
just been publicly revealed, for example a government statistic about the economy or a company
earnings announcement. A trader who acts on this information extremely quickly, before other
traders and the liquidity suppliers themselves can react, is also an informed trader.
3. Fundamental value information. Fundamental value information is a superior estimate
of an issuer’s future cash flows based on a person gathering bits of publicly available
information and analyzing what the person has gathered in a sophisticated way. The traders
whose trades are informed due to this kind of information include hedge funds, actively managed
mutual and pension funds, non-profit institutions, and very wealthy individuals with actively
managed portfolios. Liquidity suppliers are vulnerable to trades based on these superior
estimates because liquidity suppliers tend to specialize in the business of supplying liquidity.
Thus, they generally do not engage in their own fundamental analysis.
B. Adverse Selection
Whatever the source of an informed trader’s private information, the liquidity provider
will be subject to adverse selection and lose money when it buys at the bid from informed sellers
or sells at the offer to informed buyers. As long as there are enough uninformed traders willing
to suffer the inevitable expected trading losses of always buying at the offer and selling at the
bid, however, the liquidity provider can break even.41 There simply needs to be a large enough
spread between the bid and offer that the losses accrued by transacting with informed traders are
offset by the profits accrued from transacting with uninformed investors.42
There are two ways to think about the calculations that liquidity providers need to
perform in order to survive in a competitive market. The first, sometimes referred to as the
“accounting perspective,” is based on the proposition that for a liquidity supplier to survive in
business, what it loses from transacting with the informed traders must be offset by what it gains
from transacting with uninformed traders. The second, sometimes referred to as the
“information perspective,” relates to how a liquidity supplier rationally should update its
41
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It is possible for the market to break down so that there is no trade. The smaller the portion of trading attributable
to uninformed traders, the bigger the spread needs to be to compensate for the losses from the informed traders. But
the bigger the spread, the fewer are the uninformed investors willing to tolerate the associated trading losses.
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estimate of a stock’s value depending on whether the next order to transact against its quotes is a
buy or a sell. Each of these two perspectives leads to the same bid-ask spread.43
1. The accounting perspective. At a point in time, let P be the market’s assessment of the
value of a share of stock given current information. If A and B are respectively the offer and
bid, and the market consists entirely of traders with no private information, then the expected
profits are (A – P) from buyers and (P-B) from sellers. A liquidity supplier receives A from an
uninformed buyer and gives up a share of stock worth, given current information, P. Similarly,
the liquidity supplier pays out B to an uninformed seller and receives a share of stock worth P.
Now suppose, however, that there is also the possibility of informed traders in the
market. The informed trader’s private information leads to a different, on average more
accurate, appraisal of the stock’s value than the market assessment of P. Informed traders will
buy if their appraisal of the stock value, V, exceeds A, the offer. They will sell if their estimate
of value, V, is below B, the bid. The liquidity supplier knows that if a buyer is informed, its
view of V will on average be more accurate than the view of others in the market. Therefore the
liquidity supplier rationally expects that if it unknowingly sells at A to a person who is informed,
on average V is greater than A. It will similarly expect that if it unknowingly buys at B from a
person who is informed, on average V is less than B. Hence, expected profits from transactions
with informed buyers are negative, as they are from transactions with informed sellers.
The final input to the calculation is the likelihood of informed and uninformed traders.
There will on average be an equal number of buy and sell orders from uninformed traders. If
there is trading on the basis of positive private information, there will, in addition, be buy orders
from the informed traders, but no sell orders from them.
A concrete example is useful here. Suppose that over the next short interval of time the
market knows that there will be an announcement. If it is good news, the apparent value of the
stock will rise from $60 to $61.00. If it is bad news, the apparent value will instead fall to
$59.00. To those without private information, it is equally likely that the news will be good as
that it will be bad. There are informed traders, however, who know what the announcement will
be. One percent of the order flow is expected to come from informed traders, who will buy if
what they know is good and sell if what they know is bad. The uninformed are equally likely to
buy or sell.
Then, the probability that a buy is from an informed trader is (.5 x .01) (the likelihood
that the information is positive multiplied by the percentage of trades that will be informed),
while the probability that it is from an uninformed trader is (.99 x .5) (the percentage of traders
that are uninformed multiplied by the even chance that they will be buyer rather than sellers).
Thus, for the offer quote not to be a losing proposition, it must be at least as big as the A that
solves:
(.5 x .01)(A-$61.00) + (.99 x .5)(A-$60) = 0
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Solving this equation, A, the offer, must be $60.01. By the same reasoning, for the bid quote not
to be a losing proposition, it should be $59.99, i.e., a spread of two cents in a competitive market
of liquidity suppliers.44
2. The information perspective. The second way to view the quoting problem is the
following. A liquidity supplier knows that there is the possibility that the next marketable order
that arrives will be from an informed trader. The liquidity supplier knows that if the next
marketable order to arrive is a buy, it is possibly motivated by positive private information and
there is no chance it is motivated by negative private information. Similarly, if the next order to
arrive is a sell, it is possibly motivated by negative private information and there is no chance it
is motivated by positive private information. Thus, whichever is the kind of order next to arrive,
its arrival will alter the liquidity supplier’s estimate of the stock’s value: up if it is a buy order
and down if it is a sell order. The offer and the bid are set in advance of knowing which it will
be, with the offer being contingent on the arriving order being a buy and the bid on it being a
sell. Thus, when a liquidity supplier is deciding on its offer price, it knows that an informed
trader will only accept that offer if the information was positive, and that acceptance would cause
the liquidity supplier to revise its estimate upward. So, for a transaction with a buy order to be
regret free, the liquidity supplier must set the offer to reflect this upward revision in advance.
The same logic applies for setting the bid: to be regret free it must reflect the downward revision
that would accompany the arrival of a sell order.45
3. The pattern of transaction prices in the presence of informed trading. This second
approach highlights an important characterization of rational liquidity provision in a market with
private information. Liquidity suppliers will be constantly updating valuations in response to
transactions. With a sufficient number of trades, the market price will come to reflect private
information. The behavior of rational liquidity providers thus reflects a kind of “invisible hand”:
simply as a result of their efforts to avoid losses to informed traders, liquidity providers are
repeatedly revising their quotes so that they come to fully reflect informed traders’ information,
making stock prices genuinely informative. In our example, suppose that the news known by the
informed traders is good. Over a period of time, both marketable buy and marketable sell orders
will arrive at trading venues, but there will be more buys than sells. As a result, although there
will be ups and downs in the offers and bids as the estimate of value moves up and down with
the arrival of each buy and sell order, the ups will predominate and the mid-point between the
bid and offer will trend upward toward $30.50. Similarly, if the news known by the informed
traders is bad, the mid-point will trend downward toward $29.50. Empirical evidence strongly
supports the results of these adverse selection models. Analyses of intra-day changes in quotes
and in the prices of executed transactions consistently show that they respond to the pattern of
buy and sell orders at the time.46
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For expositional simplicity, we are ignoring here other determinants of the bid-ask spread, including inventory
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generally Ananth Madhavan, Market Microstructure: A Survey, 2 J. F IN. M ARKETS 205, 212-23 (2008). None of
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IV. The Evaluative Framework
Now that the reader has a basic understanding of how the new stock market works, we
can introduce the framework with which we will evaluate today’s most controversial market
practices and which can be used more generally to analyze stock market public policy issues.
The parties engaged in each of these controversial practices do so in a competitive market on a
repeated basis and the other actors in the system generally take this fact into account in
determining their own actions. The question then is how the existence of the practice affects the
system as a whole in terms of its ultimate impact on the multiple social goals that equity trading
markets are expected to serve and that form the justificatory basis for regulation when the
markets fall short.
A. Goals
A number of social goals animate discussion of secondary equity markets47 and their
regulation: (i) promoting the efficient allocation of capital so that it goes to the most promising
new investment projects in our economy, (ii) promoting the efficient operation of the economy’s
existing productive capacity; (iii) promoting the efficient allocation of resources between current
and future periods so as to best satisfy the needs of firms seeking funds for real investments
(trading the promise of future dollars to obtain current dollars) and the needs of savers seeking to
forgo current consumption in order to enjoy future consumption (trading current dollars to obtain
the promise of future dollars); (iv) promoting the efficient allocation among investors of the risks
associated with holding securities so that the volatility in the cash flows generated by productive
enterprises is borne by risk-averse investors in a way that generates the least disutility; (v)
fostering an overall sense of fairness; (vi) economizing on the real resources that society devotes
to the operation of the trading markets and to the enforcement and compliance costs associated
with their regulation; and (vii) fostering innovation that over time can improve the capacity of
the system to serve these preceding goals.
Any particular practice in the market may, of course, have a positive impact in terms of
some of these seven goals and a negative impact in terms of others. It is nevertheless desirable
to structure the market for the secondary trading of equities so that there are no unnecessary
tradeoffs – i.e., so that it satisfies each goal to the fullest extent possible without compromising
one or more others – and to identify the nature of the remaining unavoidable tradeoffs so that
intelligent choices can be made.
B. Market Characteristics that Impact on These Goals
The stock market’s operations relate to these social goals in complex ways that are the
product of its interacting characteristics. The two most important characteristics are share price
accuracy and liquidity. A third characteristic, anonymity, importantly affects these two and is
also discussed. The impact of any given practice on the goals above is most easily evaluated
through a two-step process, first assessing the effect of the practice on each of these three market
Johnson, The Intraday Behavior of Bid-Ask Spreads for NYSE Stocks and CBOE Options, 30 J. FIN. & QUANT.
ANAL. 329 (1995) (suggesting that adverse selection is an important determinant of the intra-day behavior of bid-ask
spreads).
47
In the primary market, stocks are purchased from the company issuing those stocks, while in the secondary
market, traders buy and sell stocks from each other. Stock exchanges are fundamentally secondary markets.
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characteristics and then identifying the effect of the characteristic on the goals.
1. Price accuracy. Price accuracy relates to the accuracy with which the market price of
an issuer’s shares predicts the issuer’s future cash flows. Because the price of any new share
offering by a publicly traded issuer will be determined largely by the price of its already
outstanding shares in the stock market, more accurate stock market prices will lead to capital
being more likely to go to the issuers with the most promising new real investment projects.
Share price also influences the availability of new project funding from other outside sources and
the willingness of managers to use internal funds for investment, and so greater price accuracy
assists the efficient allocation of capital in these other ways as well.48
More generally, more accurate share prices help reveal managers who are performing
poorly both in terms of their deployment of internal funds for new investment projects (again
assisting the efficient allocation of capital), and in terms of their management of the issuer’s
current assets (assisting the efficient operation of the economy’s existing productive capacity).49
Over time, more accurate share prices today also likely lead to a greater sense of fairness
on the part of investors because they will experience fewer negative surprises.50
2. Liquidity. A second characteristic is how liquid the market is. Liquidity is a multidimensional concept that relates to the size of a trade, the price at which it is accomplished, and
the time it takes to accomplish the trade. Generally, the larger the size of the purchase or sale
and the faster one wishes to accomplish it, the less desirable will be the price. The more liquid
the market is, however, the less severe are these tradeoffs. For a small retail purchase or sale of
stock, the spread between the NBO and the NBB is a good measure of liquidity because the
trader can effect the buy or sell transaction immediately at those respective prices and, in
essence, will be paying half the spread to do so. For larger orders, how much is available at
prices not too inferior to the NBO or NBB (the “depth of the book”) will become relevant as
well.
Liquidity also has an impact on a number of social goals:
a. More efficient allocation of resources over time. To start, the prospect of
greater liquidity promotes more efficient allocation of resources over time. Consider this first in
terms of enterprises seeking new capital to devote to real investment projects. In essence, they
are purchasers of current dollars in return for the promise of future dollars. The more liquid are
an issuer’s shares, the more valuable their shares are to hold for any given level of expected
future cash flow.51 Thus, when an issuer offers shares in the primary market, the more liquid that
48

Merritt B. Fox, Civil Liability and Mandatory Disclosure, 109 COLUM. L. REV. 237, 260-64 (2009).
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investors anticipate the shares will be in the future, the higher the price, all else equal, at which
the issuer can sell its shares. Hence, the lower the issuer’s cost of capital.52
In welfare economics terms, just like a tax, illiquidity results in a “wedge” between the
value of what the savers (the purchasers of future dollars) expect to receive in the future and
what the entrepreneurs or issuers (the suppliers of future dollars in the form of future dividend
streams) expect to give up in the future. As a result, illiquidity results in resources being
allocated less efficiently over time. This wedge prevents certain transactions from occurring that
would have occurred if the shares were expected to be more liquid. The fact that, absent this
wedge, the issuer and savers would have willingly entered into these transactions means that the
transactions prevented by illiquidity are ones that would have made both parties better off on an
expected basis. These lost transactions are projects with expected returns that are lower than the
marginal project that gets funded in a world with a degree of illiquidity, but that nevertheless are
high enough to make some people feel that, absent liquidity concerns, sacrificing their current
dollars for the projects’ promises of future ones would be worthwhile.53
b. Greater share price accuracy. More liquidity also lowers the transaction costs
associated with speculative trading based on acquiring a variety of bits of publicly available
information and analyzing them to make more accurate predictions of an issuer’s cash flows, i.e.,
creating fundamental value information. Thus, it stimulates such activity and in the process
increases share price accuracy, with the attendant benefits in terms of more efficient capital
allocation and utilization of existing productive capacity discussed just above.
c. More efficient allocation of risk. Greater liquidity also promotes the more
efficient allocation of risk. Constant change in the world means that what constitutes an optimal
portfolio, in terms of diversification and of each investor’s relative degree of risk aversion, is
always shifting. By making both the purchase and sale of securities less expensive, greater
liquidity allows the individual investor to cost effectively adjust her portfolio over time to keep it
closer at each moment to what is optimal for her.
3. Anonymity. A third relevant characteristic of a trading market is the extent of
anonymity that it offers.
a. Price accuracy. Anonymity’s direct effect on price accuracy can be positive.
Consider persons engaging in speculative trading based on acquiring various pieces of publicly
available information and analyzing them to make more accurate predictions regarding an
issuer’s cash flows, i.e., those who are in the business of developing and trading upon
fundamental value information. Suppose, for example, that a trader acquires and analyzes such
information and concludes that an issuer’s future cash flow will be better than the issuer’s
current share price suggests. The trader purchases a significant number of the issuer’s shares
point will be higher. This is because it is less expensive to buy the shares in the sense that the offer will be less
above the mid-point and again it will be less expensive for these buyers to sell at yet some further point in the future
because the bid then will be less below the mid-point.
52
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based on this conclusion. These trades will start a process in which this information will
ultimately get reflected in the issuer’s share price, making the price more accurate. Greater
anonymity, however, means that the trader is likelier to have more or all of its orders executed
before others detect that they are based on superior information. In other words, with greater
anonymity, his orders will have less impact on the average price that the trader will pay for the
shares. Thus, his trades will be more rewarding. The prospect of more remunerative trading
encourages further fundamental information gathering and trading. This enhances price
accuracy, with the social benefits discussed just above.
On the other hand, as discussed in Part III, when traders with private information can
more effectively hide the fact that their orders are informed, liquidity suppliers will provide less
aggressive quotes, thereby lessening liquidity. This makes the socially useful activities of
fundamental information traders more costly.
How the benefits and costs of anonymity balance out in terms of the profitability of
fundamental information trading – and hence anonymity’s effect on share price accuracy – is
complicated. As will be discussed below in connection with the practice of electronic front
running, as a group, traders with private information – fundamental value information, inside
information, and announcement information – get all of the gain from a higher level of
anonymity, but bear only a portion of the additional costs, the rest of which is borne by
uninformed traders. Whether or not the gains of fundamental value information traders are
greater than their costs, however, depends on how much the higher level of anonymity helps
them hide the informed nature of their trades relative to how much it helps those trading on the
basis of announcement information or inside information.54
b. Efficient allocation of resources over time and risk. In any event, regardless of the net
effect of greater anonymity on price accuracy, its effect of diminishing liquidity has deleterious
social consequences, as we have just seen, in terms of less efficient allocation of risk and of
resources over time.
V. Analyzing the Eight Most Controversial New Stock Market Practices
The usefulness of our analytic framework for assessing the new stock market can be
demonstrated by its application to the new stock market’s eight most controversial practices.
A. Electronic Front Running
So-called “electronic front running” involves a situation where an HFT, before others in
the market, learns of a transaction that has occurred at one exchange and infers from this that
similar orders may still be in transit heading towards other exchanges. The HFT races ahead of
these orders still on their way to the other exchanges and, before they arrive at their destinations,
changes its quotes on these other exchanges.55
Electronic front running has come in for harsh criticism. For example, Charlie Munger,
vice chairman of Berkshire Hathaway, has objected that high-frequency trading is “legalized
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front-running[,] . . . and it should never have been able to reach the size that it did.”56 Similarly,
New York Attorney General Eric Schneiderman has complained that “[w]hen blinding speed is
coupled with early access to data, it gives small groups of traders the power to manipulate
market movements in their own favor before anyone else knows what’s happening.”57 Flash
Boys, published after these comments, makes electronic front running its principal focus.58 Even
more recently, a prominent class action suit was filed against all of the nation’s exchanges that,
in support of its claim of fraud, includes allegations that the exchanges cooperated with HFTs in
facilitating electronic front running.59
Substantively, all these criticisms focus on the fact that when an HFT engages in an act of
electronic front running, the HFT can be expected to be better off and some other trader involved
worse off. It should be noted at the outset, however, that the HFT practice labeled as “electronic
front running” is distinctly different from the kind of behavior that has traditionally been termed
“front running.” Traditional front running, which is clearly illegal, relates to a situation
involving a customer giving her broker an order to handle. Then the broker, which has a legal
duty to its customer not to use knowledge of its customer’s order to its own advantage, breaches
this duty by engaging in a trade on its own behalf that executes ahead of the customer’s order.60
In contrast, when an HFT engages in the practice labeled as “electronic front running,” it has no
preexisting relationship with the trader placing the order that the HFT detects and so there is no
relationship between the two that could give rise to a duty on the part of the HFT akin to what a
broker owes its customer. The matter of whether there should be rules to prevent HFTs from
engaging in this practice is of course an appropriate issue for policy analysis, as is being
undertaken here. It is important to note, however, that the practice involves no breach of duty or
mutually agreed upon terms between contracting parties, nor does it involve any obvious breach
by HFTs of the federal anti-fraud laws.
1. An example. We will examine the practice of electronic front running through use of an
56
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example. For simplicity of exposition, just one HFT, Lightning, and two exchanges, BATS Y
and the NYSE, are involved. Lightning has co-location facilities at the respective locations of
the BATS Y and NYSE matching engines. These co-location facilities are connected with each
other by a high-speed fiber optic cable.61
An actively managed institutional investor, Smartmoney, decides that Amgen’s future
cash flows are going to be greater than its current price suggests. The NBO is $48.00, with
10,000 shares being offered at this price on BATS Y and 35,000 shares at this price on NYSE.
Smartmoney decides to buy a substantial block of Amgen stock and sends a 10,000 share market
buy order to BATS Y and a 35,000 share market buy order to NYSE.62 The 35,000 shares
offered at $48.00 on NYSE are all from sell limit orders posted by Lightning.
The order sent to BATS Y arrives at its destination first and executes. Lightning’s colocation facility there learns of the transaction very quickly. An algorithm infers from this
information that an informed trader might be looking to buy a large number of Amgen shares and
thus may have sent buy orders to other exchanges as well. Because of Lightning’s ultra-high
speed connection, it has the ability to send a message from its BATS Y co-location facility to its
co-location facility at NYSE, which in turn has the ability to cancel Lightning’s 35,000 share
$48.00 limit sell order posted on NYSE. All this can happen so fast that the cancellation would
occur before the arrival there of Smartmoney’s market buy order. If Lightning does cancel in
this fashion, it has engaged in “electronic front running.”
Why might Lightning wish to cancel its sell limit order on NYSE? One possibility is that
given its inference that a large market buy order is likely soon to arrive at NYSE, Lightning
wishes to submit, in place of its cancelled order, a new sell limit order for the same number of
shares at a higher price, say at $48.02. If Lightning does so and Smartmoney’s buy order
executes against this new higher quote, the HFT will be better off, and Smartmoney worse off,
by $.02 per share.
Note though, that the HFT will be able to improve its position in this way only if there is
room in the NYSE limit order book so that the $48.02 offer price is still more attractive to
potential buyers than any other offers with respect to Amgen already posted on NYSE.
Suppose, for example, that prior to Lightning’s cancellation, the next best offer on the NYSE
was 15,000 shares at $48.01 and the best offer after that was 20,000 shares at $48.02. The price
and time priority rules would mean that Smartmoney’s buy order would execute against these
other two standing offers, not against any new $42.02 offer by Lightning.
This cautionary note, though, hides a more critical point: Lightning may wish to cancel
its $48.00 sell limit order even if in fact there is no room in the book to improve its position by
selling to Smartmoney at a higher price. Recall that to survive in a competitive market, a market
maker like Lightning must set its quotes aggressively enough to attract business, but not so
aggressively that the money it makes by buying from, and selling to, uninformed traders is less
61
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than what it loses by engaging in such transactions with informed traders. $48.00 was what
Lightning calculated at the time it posted its sell limit order to be the optimal price for an offer of
35,000 shares, based on what it knew then about the likelihood of the existence of positive
private information. Now, however, Lightning knows something more: a large buy order has
transacted on BATS Y. This will cause Lightning to revise upward its assessment of the
likelihood that private information suggests that the value of a security is higher than the market
previously thought. The upward revision is very possibly great enough that $48.00 is no longer
the optimal price at which to offer to sell shares. In that case, Lightning will be better off
cancelling its $48.00 limit offer on NYSE.
2. Wealth transfer considerations. To see the distributive effects of electronic front
running, we need to consider how the world would differ if the practice were eliminated. As a
first cut for this discussion of the practice’s wealth effects, and for the discussion below of its
efficiency effects, we will make the assumption, later relaxed, that there are only three kinds of
market participants: HFTs, informed traders who trade on the basis of fundamental value
information, and uninformed traders.63
a. Electronic front running narrows spreads. As the analysis of the
example makes clear, the practice of electronic front running by HFTs makes orders by large
purchasers and sellers somewhat less anonymous in the sense that the practice allows HFTs to
better detect the possibility that informed market orders are headed for their limit orders. If
HFTs did not have the ability to learn these things and alter their standing limit orders
accordingly, they would know that a larger percentage of the trades that will execute against their
limit orders will come from informed traders. The primary cost of being a liquidity supplier –
the losses incurred from dealing with informed traders – would therefore go up. Accordingly,
HFTs would increase their initially posted spreads to compensate.
Going back to our example, if Lightning were not able to electronically front run, it might
have initially posted its limit sell order for 35,000 shares at $48.01 instead of $48.00. For the
same reasons, it would also have a lower bid. So if, with electronic front running being allowed,
its bid would have been $47.96, without the practice its bid might instead have been $47.95.
b. Electronic front running helps uninformed investors and hurts informed
investors. If electronic front running were eliminated, uninformed traders and informed traders
will each suffer from the resulting larger spreads – the higher offers and lower bids– because for
both it will be more expensive to trade. For uninformed traders, that is the end of the story.
Informed traders, however, would get a more-than-compensating benefit.
To see why, the starting point again is the fact that the elimination of electronic front
running would make it more difficult for HFTs to detect indications of possible informed, and so
more informed trades would execute against their quotes. Trading is a zero sum game. Thus, if
HFTs did not increase their spreads in response to the end of the practice, the gains enjoyed by
informed investors would just equal the increased losses suffered by HFTs. In fact, however, if
electronic front running is eliminated then HFTs will increase their spreads, and will do so by an
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amount just sufficient to cover what these losses would otherwise be.64 This is because, as we
learned in Part III, the economic pressures on HFTs operating in a competitive market require
them to set their spreads at a level such that they just break even.
The increased spreads will be borne by all traders, informed and uninformed alike,
because the HFTs cannot condition their exchange-posted limit orders on the identity of the
person who sends the market orders against which their limit orders execute.65 This means that
informed traders come out ahead: the gains they would have enjoyed without the increase in
spreads are not fully dissipated by the extra they must pay because the spreads in fact are
increased. The rest of what HFTs need to break even comes from uninformed traders, who must
pay the increased spread too.
In sum, without electronic front running, HFTs would find it harder to detect indications
of possible trading on private information and as a result would increase their spreads. Informed
traders would get all of the gains from being better able to hide the informed nature of their
trades. But they pay, through the increased spreads, only part of the added costs incurred by
HFTs as a result of entering into more losing transactions. The rest of these added costs are
borne by uninformed investors, who receive no such benefit. So, electronic front running
benefits uninformed investors and harms informed ones.
c. The ultimate incidence of electronic front running. Electronic front
running has been regularly attacked as harming “ordinary investors.”66 Our analysis, however,
suggests that this attack is unmerited. To start, consider retail investors, the paradigmatic
ordinary investors. Retail investors generally lack any significant private information and hence
are properly assumed to be uninformed. Uninformed investors, as we have just seen, are helped,
not hurt, by electronic front running.
Most of the persons whose money is invested in index-based mutual funds and pension
funds would also presumably count as ordinary investors. These entities too, by definition, are
uninformed traders: their purchases and sales are not prompted by any kind of private
information, rather they purchase all the stocks in the index when they receive a net inflow of
investor funds and sell all stocks in the index when the volume of investor redemptions is
sufficient to result in a net outflow of funds. Again, electronic front running, by narrowing
spreads and reducing the cost of trading, helps, not hurts these funds and derivatively their
ordinary investors.
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What though about people who invest in managed mutual or pension funds? They too
are presumably mostly ordinary persons.67 These entities do fundamental value research and
thus have the potential of being informed investors. The analysis above suggests that electronic
front running hurts informed investors. While these funds can be expected to enjoy gains from
the elimination of electronic front running, these gains might well not be passed on to the
ordinary people who invest in them. The investment industry and those that work in it each
appear to operate in fairly competitive markets. To the extent that these markets are in fact
competitive, much of whatever above-market returns are generated by these institutions’
informed trading will be captured in the form of higher fees or salaries for the professionals who
make the actual investment decisions.68 This suggests that any gains in these entities’ trading
returns that might result from the elimination of electronic front running are likely to go
primarily to increase the fees and salaries of the professionals who make the actual investment
decisions, not to the ordinary persons on whose behalf they trade. So even these ordinary
investors are not hurt by electronic front running.
The beneficiaries of electronic front running, according to the critics of the practice, are
the exchanges and the HFTs themselves.69 Here, the critics are closer to the mark. An exchange
charges HFTs fees for permitting co-location: namely, the right to place the HFT’s server very
near the exchange’s matching engine. If electronic front running were eliminated tomorrow,
HFT co-location facilities would be worth less to the HFTs and they might consequently not be
willing to pay as much in fees. This might reduce the rents collected by the exchanges. Any
such reduction in rents certainly would hurt the exchanges, at least in the short run.70 The
exchange business, however, has become much more competitive than in the past, making the
exchanges’ longer run ability to collect rents questionable. In the longer run, the revenues of
firms in a competitive industry can be expected to just equal their costs, including an ordinary
market return on capital. Thus, to the extent that the exchange business has in fact become
competitive, eventually any revenues lost from co-location fees would need to be made up
through higher charges to investors who trade on the exchange.
Similarly, the lower volume of HFT business that would result from the elimination of
electronic front running would reduce the profits of firms now in the HFT business and thus
lower the value of their existing assets. But in the longer run future, investments in the industry
can be expected to earn a competitive return, with or without the practice. Persons with abilities
and skills that are uniquely valuable to the business of HFTs would, however, suffer both a short
and longer term diminution in their wealth positions from its elimination.
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3. Efficiency considerations. Elimination of electronic front running would have three
effects in terms of the efficient operation of the economy, two of which would appear to be
efficiency enhancing and one efficiency diminishing.
a. Improved share price accuracy. We have just seen that informed traders
would be net gainers from the elimination of electronic front running. Their cost of trading
would go up from the increase in spreads, but this would be more than compensated for by the
more advantageous trades they can make with HFTs because of the reduced ability of HFTs to
detect indications of possible informed trading. In the simplified world that we are analyzing in
this first cut at the problem, the only informed traders are persons who trade on fundamental
value information. These are the speculative investors that make money by searching out bits of
publicly available information, analyzing what has been gathered in a sophisticated way, and
coming up with a superior estimate of a share issuer’s future cash flows than is implied by the
current market price of its shares. Hedge funds and actively managed mutual funds, pension
funds and endowments of non-profits are examples of such informed traders.
Because these informed traders buy when their superior estimate of share value suggests
that a stock is underpriced and sell when it indicates a stock is overpriced, their activities make
share prices more accurate. The elimination of electronic front running would make it more
profitable for these traders to engage in their activity and so they will do more of it. As a result,
prices will be more accurate. As we have seen, more accurate prices benefit the economy by
helping to allocate the economy’s scarce capital to the most promising potential real investment
projects and by improving the utilization of the economy’s existing productive capacity through
optimizing the signals provided to management about investment decisions and the signals given
to boards and shareholders about the quality of management decisions.71
b. Reduced resources going to HFT activities. The second positive effect
from eliminating electronic front running relates to the productive resources that are currently
being devoted to undertaking the practice, including the skills and abilities of highly
sophisticated technical personnel, advanced computers, and fiber optic networks. While highfrequency traders are notoriously secretive, HFT Virtu Financial, Inc. (“Virtu”) did make certain
public disclosures in the run up to its now postponed IPO.72 In 2013 alone, Virtu reported
spending approximately $65 million on communication and data processing and $78 million on
employee compensation and payroll taxes.73 Since Virtu has only 151 employees, this means
they pay an average salary of about $517,000.74 Virtu is just one of several large HFTs and there
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are many smaller ones as well. With this infrastructure and human capital no longer needed to
support electronic front running, they would be freed up to increase other productive activities in
the economy.
c. Allocation of resources over time and allocation of risk. The
elimination of electronic front running, by widening spreads, would make the market for equities
less liquid. This has an unambiguously negative effect on the efficient allocation of resources
over time. As we have seen, the prospect that an issuer’s shares will have less liquidity in the
secondary trading market increases the issuer’s cost of capital. Just like a tax, illiquidity results
in a “wedge” between the value of what the savers (the purchasers of future dollars) expect to
receive in the future and what the entrepreneurs or issuers (the suppliers of future dollars in the
form of future dividend streams) expect to give up in the future. This blocks transactions that
both parties would otherwise have found advantageous if the market for the stock was expected
to be more liquid, and hence diminishes economic welfare.75
Less liquidity would similarly have an unambiguously negative effect on the efficient
allocation of risk. The greater transaction costs deter each investor from adjusting as finely her
portfolio when circumstances alter what would be optimal in terms of diversification and
suitability to her risk preferences.
4. Taking other kinds of informed traders into account. The preceding discussion
assumed that the only informed traders are ones trading on the basis of fundamental value
information. In fact, we know that there are two other types of private information that can give
a trader a significant advantage: announcement information and inside information. Taking
account of these additional kinds of private information does not change the conclusions above
that electronic front running has positive effects on uninformed investors, as well as on the
efficiency with which risk is allocated and resources are allocated over time, nor does it alter the
fact that electronic front running has negative social effects in terms of the real resources that it
consumes. It also does not change the conclusion that it has a negative impact on informed
traders as a group. But, depending on one’s assessment of the parameters involved, taking
account of these additional kinds of private information may well change the conclusion above
concerning the impact of electronic front running on fundamental value information traders and
hence of the practice’s impact on price accuracy.
The issue is as follows. Suppose that electronic front running is much more helpful at
enabling market makers to respond to trading based on announcement information and inside
information than on trading based on fundamental value information. Suppose as well that
trading on the basis of these other two kinds of information constitutes a large portion of all
informed trading. Then most of the increased trading gains from the elimination of the practice
will be enjoyed by traders informed by these other two types of information. If electronic front
running were eliminated, HFTs would need to increase spreads sufficiently to cover their
corresponding increased trading losses, most of which would be due to inside information and
announcement information traders.
With the elimination of electronic front running,
fundamental value information traders will thus have to pay as much extra per trade from the
increased spread as traders on the other two kinds of private information, but will only get a
small portion of the additional trading gains It is thus quite possible that fundamental value
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information traders will gain less than they pay in increased spread and thus will be hurt by the
elimination of the practice.
A key factor in determining the likelihood of this possibility is the susceptibility of
fundamental value information trading to detection by electronic front running relative to that of
trading on the basis of the other two kinds of private information. Announcement information
traders are clearly particularly susceptible because they need to do all of their trading in a very
short period of time. They therefore need to engage in larger transactions, which are easier for
HFTs to detect and react to. Fundamental value traders, in contrast, may often have days to
complete their planned purchases or sales and can break the total amount they wish to transact
into small packets that look more like the trades of uninformed traders. But we would need to
know much more to resolve the question definitively. Existing empirical research is not very
enlightening concerning several other important factors: the proportion of informed trades based
on each of the three kinds of private information, the average value of the information associated
with each, and the exact sensitivity of the trading patterns associated with each of the three kinds
of informed traders to detection by electronic front running.
If further empirical research ultimately suggests that electronic front running actually
helps, not hurts, fundamental value information trading, it would suggest that the practice,
contrary to our earlier analysis, actually helps share price accuracy by making the business of
fundamental value information trading more rewarding. In contrast, announcement information
trading is not important in terms of the social benefits that are derived from share price accuracy
because the information will be reflected in price very quickly even without the trading. Inside
information trading is likely not socially useful either.76
B. Slow Market Arbitrage
Slow market arbitrage can occur when an HFT has posted a quote representing the NBO
or NBB on one exchange, and subsequently someone else posts an even better quote on a second
exchange, which the HFT learns of before it is reported by the national system. If, in the short
time before the national report updates, a marketable order arrives at the first exchange, the order
will transact against the HFT’s now stale quote. The HFT, using its speed, can then make a
riskless profit by turning around and transacting against the better quote on the second exchange.
Slow market arbitrage was a target of criticism in Flash Boys,77 which in turn reflected
growing discontent among commentators in the years preceding the book’s publication.78 The
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practice has also formed a basis for litigation. For example, in the City of Providence’s class
action against all the exchanges for their cooperation with HFTs, the complaint alleges that HFTs
engaged in slow market arbitrage and claims that the practice “generate[d] billions of dollars
more a year in illicit profits than front-running.”79
1. An example. To understand the practice in more detail, let us return to our HFT
Lightning. Suppose that Lightning has a limit sell order for 1000 shares of IBM at $161.15
posted on NYSE. This quote represents the NBO at the moment. Mr. Lowprice then posts a
new 1000 share sell limit order for IBM on EDGE for $161.13.
The national reporting system is a bit slow, and so a short period of time elapses before it
reports Lowprice’s new, better offer. Lightning’s co-location facility at EDGE very quickly
learns of the new $161.13 offer, however, and an algorithm sends an ultra-fast message to
Lightning’s co-location facility at NYSE informing it of the new offer. During the reporting gap,
though, Lightning keeps posted its $161.15 offer. Next, Ms. Stumble sends a marketable buy
order to NYSE for 1000 IBM shares. Lightning’s $161.15 offer remains the official NBO, and
so Stumble’s order transacts against it. Lightning’s co-location facility at NYSE then sends an
ultra-fast message to the one at EDGE instructing it to submit a 1000 share marketable buy order
there. This buy order transacts against Lowprice’s $161.13 offer. Thus, within the short period
before the new $161.13 offer is publicly reported, Lightning has been able to sell 1000 IBM
shares at $161.15 and purchase them at $161.13, for what appears to be a $20 profit.
It is worth noting that the first step in this story – Lowprice’s posting of the $161.13 offer
on EDGE – does not guarantee that Lightning can make this profit. No marketable buy order
may arrive at NYSE during the reporting gap. Also, even if one does, by the time Lightning is
able to submit its marketable buy order at EDGE, some other person may already have submitted
a buy marketable order to EDGE that picks off the $161.13 offer. This becomes particularly
likely if, as is the case in the real world, there are a number of HFTs besides Lightning with colocation facilities at EDGE and at the other exchanges. Depending on the nature of their own
respective offers posted on various exchanges, one or more of these other HFTs may be
competing with Lightning to pick off the one $161.13 offer.
2. Wealth transfer effects. Who is helped and who is hurt in the example above and what
are the larger distributive consequences with slow market arbitrage as an ongoing practice? In
the example, the first thing to note is that Ms. Stumble, the person who, during the reporting gap,
submits the marketable order that transacts against Lightning’s stale $161.15 offer, is not harmed
by Lightning’s slow market arbitrage activities. Stumble would have suffered the same fate if
Lightning had not engaged in slow market arbitrage because that course of action would have
also left the $161.15 offer posted on NYSE and so Stumble’s buy order would still have
transacted against it.
Still, someone must be worse off: Lightning is better off than if it had not engaged in the
slow market arbitrage, and trading is a zero-sum game. To see who this worse off person might
the potentially manipulative gaming of those feeds by HFTs); ZeroHedge, ‘Do It Yourself’ Latency Arbitrage: How
HFTs Can Manipulate The NBBO At Whim Courtesy Of NYSE Empty Quote Gluts, Aug. 23, 2010,
http://www.zerohedge.com/article/do-it-yourself-latency-arbitrage-how-hfts-can-manipulate-nbbo-whim-courtesynyse-quote-stuff.
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be, consider first why Lightning is better off. Lightning is in the business of buying and selling
shares, not holding on to long or short positions for any significant period of time. So it needs to
reverse quickly each transaction it enters. Here, it sold shares when Stumble’s order transacted
against Lightning’s $161.15 offer on NYSE. To reverse this transaction, Lightning needed to buy
shares. By engaging in slow market arbitrage, it did so by seizing the best offer in the market –
Lowprice’s $161.13 offer on EDGE – before others in the market even knew the offer was
available. If Lightning had not detected this new offer ahead of others and seized it, Lightning’s
reversal of the situation would occur through posting a bid that a marketable order transacts
against. We know from Part III that the sale of the shares at $161.15 and their repurchase at this
newly posted bid would each, on an expected basis, be a break-even transaction. By successfully
engaging in slow market arbitrage, Lightning instead made a certain $.02 profit per share sold
and purchased.
To figure out who is hurt from Lightning engaging in slow market arbitrage – i.e.,
detecting the $161.13 offer and seizing it – consider who would have been better off if Lightning
had posted a new buy limit order instead of seizing Lowprice’s $161.13 offer. The person or
persons helped would come from one of two groups of potential liquidity takers. One group is
potential sellers who submit marketable sell orders: the posted bid that Lightning would need
filled would improve the terms for the marginal seller. The other group is potential buyers who
submit marketable buy orders: the opportunity by members of this group to seize Lowprice’s
$161.13 offer, which was better than anything else available in the market at the time, would
improve terms for the marginal buyer.
The results from this example can be generalized. The persons who are hurt by HFTs
engaging in the practice of slow market arbitrage on an ongoing basis are regular traders, both
informed ones and uninformed ones.80 In contrast to electronic front running, where the practice
decreases the effective cost of trading for uninformed traders but increases it for informed
traders, slow market arbitrage increases the effective cost of trading for all regular traders.
3. Efficiency considerations. In most situations, arbitrage activities, at least if they do not
consume any real resources, have positive economic welfare effects. The actions of arbitrageurs
equilibrate prices in two markets, each of which has its own group of potential participants, and
as a result, presumptively welfare enhancing transactions are entered into that otherwise would
not have occurred.81 However, as the example shows, slow market arbitrage has little in
common with ordinary arbitrage. Slow market arbitrage adds a third party, the liquidity supplier,
whose only social purpose is to facilitate trades between regular traders but who instead are the
only gainers from the so-called arbitrage activity. Regular traders, both informed and
uninformed, are in fact losers because their cost of trading goes up. So the normal presumption
80
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in favor of activities carrying the label “arbitrage” does not apply here.
In fact, even if slow market arbitrage consumed no real resources, it would have an
unambiguously negative impact on welfare. Consider first the effect of the increased effective
cost of trading for informed traders. Slow market arbitrage, by raising the effective cost of
trading for informed traders, makes it less rewarding to seek out bits of publicly available
information and to analyze their implications in a sophisticated way. This reduces share price
accuracy, which, as we have seen, would in turn have negative effects on the allocation of capital
for new real investment projects and the efficient utilization of existing productive capacity. As
for the increased effective cost of trading on uninformed traders, it has the now familiar negative
effects on the efficient allocation of resources over time and on the efficient allocation of risk.82
Slow market arbitrage in fact does consume real resources, which is another efficiency
consideration. If it were the only HFT practice dependent on co-location facilities and ultra-fast
connections, it would use substantial amounts of real resources that could otherwise be usefully
employed increasing the production of other goods and services. If HFTs were to continue the
practice of electronic front running, however, the marginal cost in real resources of engaging in
slow market arbitrage as well is probably fairly low.
C. HFT Exploitation of Mid-Point Orders
A trader will often submit to a dark pool a “mid-point” limit buy or sell order, the terms
of which are that it will execute against the next marketable order with the opposite interest to
arrive at the pool and will do so at a price equal to the mid-point between the best publicly
reported bid and offer at the time of execution. Mid-point orders appear to have the advantage of
allowing a buyer to buy at well below the best offer and sell well above the best bid. It has been
noted for a number of years, however, that traders who post such orders are vulnerable to the
activities of HFTs,83 a point that was also picked up in Flash Boys.84 Mid-point order
exploitation again involves an HFT detecting an improvement in the best available bid or offer
on one of the exchanges before the new quote is publicly reported. The HFT puts in an order to
transact against the new improved quote, and then sends an order reversing the transaction to a
dark pool that contains mid-point limit orders with the opposite interest that transact at a price
equal to the mid-point between the now stale best publicly reported bid and offer. 85
1. An example. Let us bring back again our HFT, Lightning. Suppose that the NBO and
NBB for IBM are $161.15 and $161.11, respectively, and each are for 1000 shares and are
posted on NYSE by HFTs other than Lightning. Then the $161.15 offer is cancelled and a new
1000 share offer is submitted at $161.12. Lightning, through its co-location facilities at NYSE,
learns of these changes in advance of their being publicly reported. During the reporting gap, the
official NBO remains $161.15.
Lightning knows that mid-point orders for IBM are often posted on Opaque, a wellknown dark pool, and Lightning programs its algorithms accordingly. Because Opaque does not
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disclose what is in its limit order book, Lightning cannot know, however, whether at this moment
any such orders are posted on Opaque, and, if there are, whether they are buy orders or sell
orders. Still there is the potential for making money.
Using an ultra-fast connection between the co-location facility at NYSE and Opaque, a
sell limit order for 1000 shares at $161.13 is sent to Opaque with the condition attached that it
cancel if it does not transact immediately (a so-called “IOC” order). This way, if there was one
or more mid-point buy limit orders posted at Opaque for IBM, they will execute against
Lightning’s order at $161.13, half way between the now stale, but still official, NBB of $161.11
and NBO of $161.15. If there are no such mid-point buy orders posted at Opaque, nothing is
lost.
Assume that there are one or more such mid-point buy orders aggregating to at least 1000
shares and so Lightning’s sell order of 1000 shares transacts at $161.13. Lightning’s co-location
facility at NYSE is informed of this fact through Lightning’s ultra-fast connection with Opaque.
A marketable buy order for 1000 shares is sent almost instantaneously to NYSE, which transacts
against the new $161.12 offer. Thus, within the short period before the new $161.12 offer on
NYSE is publicly reported, Lightning has been able to execute against this offer, purchase 1000
IBM shares at $161.12, and sell them at $161.13, for what appears to be a $10.00 profit.
2. Wealth transfer and efficiency considerations. The regular practice of HFT
exploitation of dark pool mid-point orders clearly provides rents to HFTs – they are able to make
profitable trades they otherwise would not be able to do. There is no pro-social incentive effect
from this activity since it is unrelated to the positive social function that we have attributed to
HFTs: providing liquidity in a world with both uninformed and informed traders. Since trading
is a zero-sum game, if the HFTs gain, certain regular traders must lose. Because of the practice,
the expected cost of trading using mid-point orders in a dark pool goes up. This would hurt
those who are deterred from using dark pool midpoint orders because of this higher cost of
trading, as well as those who still do use them but have to incur these higher costs.
The efficiency effects of the practice closely resemble the efficiency effects of the abuses
by investment banks and dark pool operators that are the subject of later discussion.86 Suffice it
to say here, dark pools are a place for uninformed traders to lower their cost of trading by finding
other uninformed traders with which to trade. Mid-point exploitation undermines their ability to
do this at least to some extent. The practice increases the effective cost of trading for those
uninformed traders who use dark pools. This hurts not only those who use dark pools despite the
higher effective cost of trading and those who would have used them but for this higher cost.
For the same reasons as discussed with respect to the earlier practices, this will reduce the
efficiency of both the allocation of resources over time and the allocation of risk in the economy.
At the same time, as discussed more fully below, to the extent that the practice steers more
uninformed traders to trade in the exchanges, it leads to a narrowing of spreads on the exchanges,
thereby reducing the cost of fundamental value information trading and thus improving share
price accuracy.
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D. High-Frequency Trading and Volatility
While much of the controversy about high-frequency traders has focused on their trading
strategies, a different, but also important, strain of criticism has alleged a causal connection
between HFT activity and greater volatility in equity markets.87
1. General increase in volatility. One criticism is that HFTs have made the markets more
volatile on an ongoing basis month in and month out. Michael Lewis, in Flash Boys, for
example, asserts that the intra-day price volatility of the stock market was 40% greater between
2010 and 2013 than it was between 2004 and 2006, and associates this change with the
enactment of Reg. NMS and the rise of HFTs.88
Lewis’s use of this comparison to draw an inference about HFTs’ influence on volatility
seems deeply mistaken. One big problem is that the years 2004-2006 are a poor comparison
sample because they had uncharacteristically low volatility, below any other two year period
from 1998 to 2012.89 Another big problem is that the years 2010-2013 are also uncharacteristic,
as they followed the most severe financial crisis since the Great Depression and would be
expected to show high volatility due to the increased uncertainty associated with the fundamental
values of securities.90 A better comparison sample would be 2012 to the present, which shows
market volatility that is generally lower than the 1990s and early 2000s, despite the greatly
increased role of HFTs in the latter period. As one prominent article has noted, current “[i]ntraday volatility is below the levels of the pre-electronic 1990s.”91 As best one can tell so far, there
is no serious evidence showing a causal link between the rise of HFTs to ongoing increased
volatility. HFTs rose to prominence during a period of greater volatility, which was due to
extraneous causes, rather than to the HFTs themselves. There is also no general theoretical
reason for expecting greater volatility due to HFT activity. Instead, the majority of academic
evidence on the subject suggests that HFTs reduce volatility.92
2. The Flash Crash. More interesting is a second claim: that HFTs exacerbate volatility in
a very extreme manner when there has been some kind of disruption in the market, such as the
infamous May 6, 2010 “Flash Crash.” The Flash Crash occurred within a window of less than 30
minutes during which the Dow Jones Industrial Average (“DJIA”) – a benchmark of general
market performance – dropped about 1000 points, losing 9% of its value, and then recovered
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almost its entire loss.93 In this incident, the DJIA suffered the greatest one hour decline in its
history94 and several individual stocks displayed astonishing volatility. Accenture, for instance,
fell from trading at $39.98 at 2:46 to one cent at 2:49, only to return to $39.51 by 2:50.95 Apple,
on the other hand, at one moment traded for almost $100,000 per share.96
The Flash Crash was widely taken to “highlight[] the risks of electronic trading” as
NYSE’s then head of operations suggested.97 In the years since, blame has been persistently
attributed to HFTs and commentators have suggested that HFTs generally increase the severity
of market crashes.98 However, the report eventually issued by federal regulators explained the
Flash Crash not as the result of HFT predation, but as the result of a liquidity crisis caused by a
large sell order that triggered a flight of liquidity from the market. This flight involved HFTs,
but only in the sense that many HFTs are market-makers who left the market in response to the
large sell-order. This temporary disappearance of the HFTs removed substantial liquidity.99
The crucial question is: Why would a large market sell order trigger a flight by HFTs,
when the business of HFTs is to provide liquidity to persons submitting marketable orders? The
answer to this question returns us to the overarching theme of this article – that comprehension
and intelligent regulation of the modern stock market is impossible without a thorough
appreciation for the role of adverse selection in shaping the provision of liquidity.100 Volatility
of the kind involved in the Flash Crash is directly connected to adverse selection. The reason is
that a large, aggressive sell (or buy) order suggests to liquidity providers that the order submitter
may have important private information. HFTs know that if this apparent private information in
fact turns out to exist, then they will lose money from trading with that order and so they will
widen their spreads.101 If the threat of being adversely selected by the order becomes extreme
enough, many or all liquidity providers will temporarily exit from the market altogether and
prices will, as a result, fluctuate widely in the absence of quotes reflecting any plausible estimate
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of a security’s fundamental value.102 This, in essence, is what happened on a large scale during
the Flash Crash.
The behavior of HFTs during the Flash Crash was not predatory; it was simply unheroic.
Perceiving the large sell order to have a higher probability of being motivated by private
information, given its size and aggressiveness,103 HFTs removed their quotes to minimize their
trading losses, and liquidated the long positions they had accumulated, exacerbating pressures on
price declines.104 Because HFTs provide a large share of liquidity, in their absence, the only
quotes left lay far from the true price of a security.105
3. Wealth transfer considerations. Assessing the wealth transfers resulting from
gyrations, such as in the Flash Crash, is equivalent to asking who wins and loses when HFTs
stop providing liquidity. Despite suggestions by critics of predatory behavior, HFTs cannot
make money if they do not trade. Among traders, the losers are persons who put in market sell
orders for stocks that temporarily went way down and market buy orders for stocks that
temporarily went way up. The winners were the persons who posted previously way-out-of-themoney limit orders against which these market orders transacted.
4. Efficiency considerations. Events such as the Flash Crash seem bound to occur from
time to time with an HFT-dominated system for providing liquidity. The old NYSE specialist
system, where the specialist was supposed to “lean against the wind” to provide liquidity may
have been less prone to such problems. So perhaps was the dealer system more generally, where
human beings made the trading decisions. These occasional brief moments of total collapse of
liquidity do not really seem very important in terms of our touchstones for efficiency, however.
Very brief sharp deviations of share prices from fundamental values do not seriously undermine
the role of share prices in aiding the efficiency with which capital is allocated to new real
investment projects and with which existing productive capacity is utilized. It is accuracy most
of the time that matters. And investors can protect themselves from extreme results by using
orders with limits that would appear to make them marketable. They can stay briefly out of the
market without seriously undermining the efficient allocation of resources over time or the
efficient allocation of risk. The modern stock market’s overall performance in terms of liquidity
provision and operational costs is far better than the market of the past, which matters more for
the ultimate social goals promoted by a well-functioning equity market.
E. Dark Pools and the Fate of Customer Orders
The next two controversial practices involve the fate of customer orders that end up in
dark pools.106 The first alleged practice involves large investment banks, which are both
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important providers of brokerage services and operators of most of the largest dark pools.107
They are accused of routing their brokerage customers’ orders to the banks’ own dark pools even
when the orders will receive inferior execution there.108 Related to this first practice is the claim
that it is common for a dark pool operator to misrepresent the nature of other parties trading in its
pool in order to induce brokerage customers to agree to have their orders sent to this pool.
The second alleged practice involves large investment banks ignoring their brokerage
customers’ instructions to direct their orders to specific venues, and instead routing the orders to
their own dark pools, where, again they receive an inferior execution.109 The market may not
solve the problem, critics of the practice continue, because customers have difficulty detecting
the practice and because even where they do, the customers are reluctant to switch brokers
because of their dependence on “soft money” services that the banks provide their most loyal
customers.110
Dark pool operators have been no strangers to legal actions involving allegations that
they have engaged in these kinds of practices. The SEC has brought a number of successful
proceedings against dark pool operators.111 Most recently, New York Attorney General Eric
Schneiderman filed a civil suit against Barclays alleging that Barclays’ dark pool, Barclays LX
(then the second largest in the U.S.) misrepresented to users the involvement of HFTs in LX, the
informational advantages given to HFTs, and that Barclays, as a broker, claimed that it treated all
venues the same based on quality, while it actually disproportionately routed client orders to its
own pool.112
We do not know whether any of these practices is in fact widespread. As discussed
below, they are clearly illegal and their wealth transfer and efficiency effects appear completely
negative. If, despite their illegality, evidence emerges that they are in fact widespread, we will
suggest in Part VI some policy reforms that would make enforcement more effective.
1. Understanding the function of dark pools. Recall that a dark pool, like an exchange, is
typically an electronic limit order book, but, unlike an exchange, it does not publicly reveal the
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limit orders that are posted on it.113 Moreover, it has the ability to restrict who can post limit
orders and submit marketable orders.114 Dark pools, despite their nefarious-sounding moniker,
can provide useful, legitimate services to their customers. They arose because of the more
liberal regulatory environment established by the NMS Amendments to the Exchange Act and
the information technology revolution. The key force driving their rise – as with so many other
institutions and practices within the new stock market – was concern to mitigate adverse
selection. A dark pool’s most valuable characteristic, from this perspective, is to provide a venue
where uninformed buyers and sellers, seeking to trade substantial amounts of stock, can
minimize the movement of prices against them and transact at prices potentially much better than
the NBO and NBB.115 These advantages arise from the fact that quotes on a dark pool are not
publicly displayed and because dark pool operators have the ability to exclude traders.
In terms of serving these functions, the ideal dark pool would be one where both the
parties posting limit mid-point orders and parties sending in marketable orders are completely
uninformed. The mid-point is a substantially better price for the buyer than the NBO, and it is
the same for the seller relative to the NBB. The system begins to break down to the extent that
the parties posting limit orders are in fact informed. This is because their counterparties – the
parties submitting marketable orders – would be disadvantaged by being in a dark pool since
they would not be able to see from the size of the posted limit orders that there might be an
informed party on the other side. It similarly begins to break down to the extent that the parties
submitting the marketable orders are informed. This is because they will only transact against
the limit orders in the dark pool when their information suggests that the mid-point is a price that
makes the transaction advantageous to them, which means it is a price that makes the transaction
disadvantageous to the person posting the limit offer. Thus, the dark pool operator provides a
service to the extent that it can effectively monitor both the parties posting the mid-point limit
orders and the parties sending in marketable orders to assure that each side is relatively unlikely
to be informed.116
2. Wealth transfer and efficiency considerations. To the extent that a dark pool does not
function in accordance with the ideal described above, an order that is sent there may execute at
less desirable terms than if it were sent to another venue. An investment bank that operates a
dark pool has intimate knowledge of the extent to which it in fact falls short of this ideal. If a
brokerage unit of an investment bank sends a trader’s order to the bank’s own dark pool when
the broker knows, or should know, that the order would receive superior execution elsewhere,
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the bank gains from the extra volume of trade in its dark pool and in other possible ways,117 and
the customer loses from the inferior terms of execution. The same result is likely to arise if the
trader, having tried to determine where its order is most likely to get best execution, instructs its
broker that the order be sent to a venue other than the bank’s dark pool, but the instruction is
ignored. The same result is also likely if the bank operating the dark pool misrepresents to
customers the nature of the parties allowed to trade on the bank’s dark pool, in order to create the
impression that there is less danger of informed counterparties there than is in fact the case.
Such a misrepresentation is likely to attract orders that could execute on better terms elsewhere.
All of these results generalize if these failures are common practices: they make investment
banks richer and traders poorer.
At the simplest level, the negative efficiency consequences arising from these broker or
dark pool operator failures are the same as the efficiency justifications more generally for legal
remedies against those who breach contracts or engage in misrepresentation. A broker has a duty
of best execution in the way it routes a customer’s order.118 This requires the broker to exercise
“reasonable diligence to ascertain the best market” for a transaction to ensure an order receives a
price “as favorable as possible under prevailing market conditions.”119 In essence, the duty of
best execution is a default term in the contract between the broker and its customer. Its violation
leads to the same efficiency concerns that any other breach would: the fact that the parties
voluntarily entered into the transaction no longer leads to the presumption that it can be expected
to advance the interests of both and that it is thus efficiency enhancing. The same analysis
applies to a broker disregarding customer instructions as to where to route an order, which is also
clearly illegal.120 Where a misrepresentation induces a party to enter a contract – in this case
agreeing to have an order sent to a dark pool that has different counterparties than represented –
the same problem is again created: the transaction no longer carries the presumption of being
efficiency enhancing. Finally, if an investment bank that is both a broker and a dark pool
operator provides information concerning a customer order to its trading affiliates (or anyone
117
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else), it would be violating its agency duties of confidentiality, provisions of Reg. ATS, and
probably its own marketing material.121 Again, one can view these duties as default provisions
in a contract, the breach of which robs the transaction of the presumption that it is efficiency
enhancing.
If we look at the efficiency question from the more nuanced mode of inquiry that we have
been generally using in this article, the story becomes a bit more complicated. If these practices
are in fact widespread, then they increase the effective costs of trading for those uninformed
traders whose orders go to dark pools. They also discourage some traders from using dark pools
who would use them, and who would enjoy lower costs of trading as a result, if these practices
were not a problem. For the same reasons as discussed with respect to the earlier HFT practices,
these effects will reduce the efficiency of both the allocation of resources over time and the
allocation of risk in the economy.
On the other hand, these practices often probably improve share price accuracy and hence
enhance the real economy efficiency effects that flow from that. This is true to the extent that
informed investors get advantages trading in dark pools because these practices lower their cost
of trading. It is also true to the extent that uninformed investors are scared off from the dark
pools because of these practices. When more uninformed investors instead trade on exchanges,
the spreads are lower for informed investors. The uninformed investors trading on exchanges
subsidize informed investors and this subsidy encourages those in the business of generating and
trading on fundamental value information. However, even if the positive efficiency effects from
the practices dominate the negative ones, which we have no reason to believe, we would not
recommend abandoning the traditional rules of upright commercial practice that are breached by
these practices. There are other ways to achieve the same thing, for example by prohibiting or
limiting dark pools.122
F. Maker-Taker and Taker-Maker Fees
Recall that “maker-taker fees” refer to a situation where a trading venue pays a fee (a
rebate) for each non-marketable limit order it receives that is ultimately executed, and charges a
fee for each marketable order it receives that executes against a limit order posted on the venue.
With “taker-maker fees” the venue does the opposite. In a typical maker-taker structure, a venue
charges in the range of $.0025-$.0030 per share for marketable orders and pays rebates for
executed non-marketable orders in the range of $.0020-$.0025 per share.123 In contrast, the
taker-maker scheme will typically charge executed non-marketable limit orders $.0007-$.0010
per share and rebate $.0002-$.0005. The actual fees and rebates vary somewhat across
exchanges and vary through time,124 but under either scheme the venue typically nets in the
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neighborhood of $.0005 per share.
The maker-taker and taker-maker fee structure has been subject to vigorous criticism. In
a letter to the SEC, Senator Charles Schumer argued that it “create[d] a conflict of interest, as
brokers may be incentivized to execute trades on a particular venue even if that venue is not
offering the best price,” creating “room for brokers to arguably put their own interests ahead of
their clients by maximizing the rebates they receive from exchanges.”125 Senator Carl Levin,
asking a TD Ameritrade executive about the fact that TD Ameritrade had directed virtually all
non-marketable orders to a single trading venue, which happened to offer the highest rebate for
such orders, suggested, “[y]our subjective judgment as to which market provided best execution
for tens of millions of customer orders a year allowed you to route all of the orders to the market
that paid you the most . . . . I find that to be a frankly pretty incredible coincidence.”126 Since
those hearings, a class action lawsuit has been launched against TD Ameritrade, alleging that it
violated its duty of best execution in this way.127
1. Modeling the fee structures. To see how these fee structures work, we will start with a
model that makes several simplifying assumptions. These assumptions are that the maker rebate
and taker fee are the same and equal r, that there is a single, consolidated trading venue, that
regular traders (i.e., all traders except HFTs, which are in the business of being liquidity
suppliers) submit their orders directly to the trading venue rather than doing so through a broker,
and that regular traders are rational actors who are well-informed about the terms of trade
available in the market. Under these assumptions, maker-taker fees and rebates turn out to be
entirely benign: they have no effect on how liquidity is supplied, nor on anyone’s wealth
position. We will then go on to consider the consequences of relaxing these assumptions.
a. Liquidity suppliers. Let us look at things first from the liquidity
suppliers’ point of view. These are HFTs, the entities in the competitive business of supplying
liquidity through posting non-marketable limit orders, as well as regular traders who post such
orders in order to transact at better prices than they would get from marketable orders. Start with
the HFTs. Let s equal half of the spread that HFTs need to cover their costs associated with
making a market given the possibility of informed trading. Let p be the consensus value of a
security at the time a quote is made. Absent a liquidity maker rebate, the limit orders posted by
the HFTs at the trading venue will put the offer at p+s and the bid p-s.128 When there is rebate of
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r (r<s), the offer will be p+s-r. This is because an HFT will receive r every time a limit order it
posted transacts, and so receiving p+s-r is, from an economic point of view, the equivalent to
receiving p+s if there were no rebate (i.e., the amount that the HFT would need to receive to
break even without a rebate). Under the same logic, the bid will be p-s+r, which is the economic
equivalent for the HFT of paying the breakeven price of p-s per share in a world without
rebates.129 Rational regular traders who submit non-marketable limit orders will set the limit that
they specify so, relative to the limit they would have set in the absence of a rebate, they adjust a
buy order limit down by r and a sell order up by r.
b. Liquidity takers. Now consider liquidity takers, i.e., traders who submit
marketable orders. On the one hand, because of the adjustments to the available offers and bids
described above, posted by liquidity suppliers in reaction to receiving rebates, the offer price
which traders submitting marketable orders pay for shares, and the bid price at which they sell
them, are each improved by r relative to what they would have paid or received in the no rebate
world, respectively. On the other hand, this narrowing of the spread is exactly offset by the fee r
that they must pay the venue for each share bought or sold.
c. The benign effect of the fees and rebates given the simplifying
assumptions. This analysis shows that the combination of maker rebates and taker fees leads to
precisely the same terms of trade from an economic point of view as would prevail in their
absence. So there is no reason to think, at least under the assumptions we have employed so far,
that anyone would behave differently than in a world without rebates. This same analysis holds
for taker rebates and maker fees, since, if they are equal, they simply correspond to a negative r
in the expressions above.
2. Relaxing the assumptions of the model. Consider what happens when we relax various
assumptions of the model.
a. Relaxing the assumptions about the trading venues. Relaxing the
simplifying assumptions we made about trading venues does not change the conclusions. We
started with the assumption that the maker rebate and the taker fee are equal. In reality, they are
not because the venue needs to be paid a fee for the service of providing a place to trade. This
fee is the difference between the two.130 The size of the venue’s fee is irrelevant to the current
discussion, and, with it taken out, the maker rebate and taker fee are by definition always going
to be equal.
We also assumed that there was a single, consolidated trading venue. The real world,
with competing venues, should work the same way, however, at least as we continue to hold on
to our assumptions about the nature of the traders in the market, because both liquidity suppliers
and liquidity takers, when deciding whether to send an order to any given venue, can make the
same calculations as in the model above that the venue’s fee and rebate system will affect bids
and offers in a way that just offsets these fees and rebates.
b. Relaxing the assumptions about regular traders.
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about traders may play a more critical role. To start, we assumed that regular traders send their
orders directly to the market without the intermediation of a broker. That means that in makertaker venues, traders who submit non-marketable limit orders would receive the rebate directly
and those who submit marketable orders would pay the fee directly (and the reverse for takermaker venues). In fact, few regular traders are allowed to send orders directly to trading venues;
they must use a broker. So, for a regular trader, it is the broker who receives the rebate and pays
the fee. And typically, nothing in the trader’s contract with its broker provides that the rebates
and fees be passed through directly to the trader, 131 nor is this required by regulation.
If we continue to assume competitive exchanges, a competitive market for brokerage
services, and regular traders who are rational and sufficiently informed to be able to effectively
monitor the quality of service that their brokers are delivering, the effects of the maker-taker fee
structure (and the taker-maker one) remain benign. As set out below, the maker rebates offered
by a given venue will lead to commensurately lower brokerage fees for non-marketable limit
orders sent to this venue and the taker fees will lead to commensurately higher brokerage fees for
marketable orders there. So the rebates and fees are simply passed on indirectly through their
effects on brokerage fees.
Consider first a trader who wishes her broker to submit on her behalf a non-marketable
buy limit order. This buy order will be competing with bids posted by HFTs. Recall that each
HFT will increase its bid price commensurately to the size of the rebate, if any, at the venue
where it is posting its offer. The trader’s limit order, to have the same likelihood of timely
execution as it would in a venue without a rebate, would need to have a commensurately higher
limit price as well. If the trader’s limit order ultimately does transact, the cost of buying a share
to the trader is her limit price plus bnm, where bnm is the broker’s commission for non-marketable
orders posted on that venue. If cnm is the cost to the broker for the act of servicing a nonmarketable order, but the broker receives r as a rebate, then the broker’s net cost is cnm-r. In a
competitive brokerage market with informed consumers of the service, the forces of competition
would assure that bnm = cnm-r, whatever r is at the venue. Where r is higher, the trader will need
to submit a commensurately higher limit price to get the same likelihood of timely execution,
and so would need a commensurately lower brokerage fee to come out even.
Now consider a trader who wishes its broker to submit on his behalf a marketable buy
limit order. The price he will need to pay will be p+s+bm, where bm is the broker’s commission
for non-marketable orders posted on this venue. If cm is the cost to the broker for the act of
servicing a marketable order, and the broker must pay a taker fee of r as a rebate, the broker’s net
cost is cm+r. In a competitive brokerage market with informed consumers of the service, the
forces of competition would assure that bm = cn+r, whatever r is. Where r is lower, s will be
commensurately higher, and so the brokerage fee will need to be lower for the trader to end up
paying the same net price for a share.132
This story, though, has two flaws, which raise, but do not prove, the possibility that
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rebates affect how players in the market behave. First, at least for most retail trades, brokerage
fees are fixed on a per execution basis and do not depend on the venue in which a particular
order transacts. Second, it is not so easy for a trader to monitor the performance of his broker.
With brokerage commissions invariant to where an order is sent, a broker has an incentive to
send a non-marketable limit order to the venue with the highest maker rebate and marketable
orders to the venue with the lowest taker fee.
This problem is potentially more acute with a non-marketable limit order because
determining whether or not it received best execution is more difficult to figure out than with
marketable orders. The quality of a limit order execution includes whether it executes or not,
how long it takes to get executed, and how likely the market is to move in a disadvantageous
direction following an execution. A recent paper by Battalio et al sheds some light on this
question.133 To take the extremes at the time of their data, Edge X had a rebate rate of $0.0030
per share and provided a fill rate (partial or full) of 54%, an average fill speed of 111 seconds,
and a good fill ratio (measured as the proportion of time the mid-point of the market quotes five
minutes after a transaction was above the transaction price at the bid or below the transaction
price at the ask) of 49%. In contrast, Boston, with a rebate rate of -$0.0014 per share had a fill
rate of 74.5%, a fill speed of 33 seconds and a good fill ratio of 55%. Four retail brokerage
houses sent roughly half of their limit orders to Edge X and only Interactive Brokers spread its
limit orders around.134 Evidently, non-marketable limit orders posted on high rebate venues are
not getting very good execution. Yet that is where many retail brokerages are sending nonmarketable limit orders when the customer does not specify a venue for execution.
3. Wealth transfer considerations. Even if traders are unable to monitor the quality of
broker execution completely, especially with regard to non-marketable limit orders, the level of
competition among trading venues and among brokers probably assures that neither type of
enterprise is making excess returns as a result of the maker-taker/taker-maker rebate and fee
structures that abound. In terms of traders, there appears to be excess liquidity on the makertaker venues and this benefits large traders who place marketable orders there. Those who are
harmed are the ordinary traders, whose non-marketable limit orders get inferior execution.
Putting a cost on inferior execution is difficult.
4. Efficiency considerations. Extra liquidity of the kind that appears to be generated by
venue rebates and fees may be valuable to informed traders and hence may add to share price
accuracy. The welfare effects of poor execution quality for traders placing non-marketable limit
orders are harder to trace through without a better sense than we have of who they are and what
they are trying to accomplish. They too may be informed traders, or they may be uninformed
traders who think they are informed. In any event, as with dark pool misconduct, it is illegal for
brokers not to provide best execution, which is an implicit term in their contracts with customers.
Even if their failure to do so results in greater price accuracy, allowing this breach of an
understanding between broker and customer does not seem the right way to increase share price
accuracy.
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G. Purchase of Order Flow
Recall that many brokers sell their order flow to “internalizers” such as Citadel and KCG
Americas, which match incoming buy orders with nearly simultaneous incoming sell orders,
buying from the sellers and selling to the buyers. The payments that the brokers receive from the
internalizers are referred to as “payment for order flow.”135 Internalizers typically only pay for
marketable orders. They generally agree to provide the broker’s customers with nominal price
improvement, with shares purchased from sell order customers at perhaps $0.0001 over the NBB
and shares sold to buy order customers at that amount below the NBO. In the same study,
Battalio et al show that nine out of the ten retail brokers that they studied send virtually all
marketable orders to order flow purchasers.136
Payment for order flow has been heavily criticized as potentially “creat[ing] . . . conflicts
of interest” between brokers, who seek to maximize revenue from selling order flow, and
customers, who might receive better execution elsewhere.137 Indeed, in a subsequent letter to
SEC Chair White, Senator Carl Levin stated that “[c]onflicts of interest erode public confidence
in the markets” and that “payments [for order flow] create another incentive for brokers to
maximize their own profits at the expense of best execution of customer orders,” and should be
eliminated.138
1. Wealth effects. If the internalizer and broker markets are each competitive, then the
analysis of the wealth effects of payment for order is very simple. There are none. The
internalizers pay the brokers what they are able to make above their costs (plus a market return
on capital) from executing the buy and sell orders on the promised terms of slight price
improvement. What the brokers receive reduces the costs of providing brokerage services and in
a competitive brokerage market these savings are passed on through lower commissions.
If, on the other hand, the internalization market is not competitive, then internalizers are
the monopsonist equivalent of oligopolists and may have the market power to pay less for order
flow than what they make above their costs (plus a market return on capital) from executing
orders at a slight improvement over the NBO and NBB. What brokers then pass on to customers
in the form of lower brokerage fees may be insufficient, leaving traders worse off. Alternatively,
the internalization market may be competitive, but the broker market may not be. In that case,
the brokers may sell the order flow for an appropriate price but only pass a portion of those
savings on to customers. If so, then just like with maker-taker fees, payment for order flow
could create a genuine agency problem by aligning brokers’ incentives with receiving payments
for order flow, while better execution may be obtained on an exchange. In this non-competitive
version of the market, customers receive inferior execution because their orders are not routed to
exchanges and only receive a portion of the savings obtained.
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2. Efficiency effects. Liquidity suppliers on the exchange do not get the opportunity to
interact with internalized order flow. This alters the adverse selection environment on the
exchange.139 By removing uninformed order flow from exchanges, the probability that liquidity
providers face informed traders increases, thereby increasing the spread which fundamental
value traders need to pay. This, as we have seen, reduces their incentives to engage in this
activity and thus reduces share price accuracy. On the other hand, it is possible that execution at
terms slightly better than NBO and NBB, when combined with lower brokerage fees resulting
from the indirect passing on of at least part of the payment for order flow, reduces the effective
cost of trading for uninformed traders. If so, the practice of brokers selling order flow to
internalizers improves the efficiency with which resources are allocated over time and the
efficiency with which risk is allocated. Still, for these efficiency gains to be fully realized,
internalizers must pay competitive rebates for order flow and these must be fully passed on to
traders one way or the other.
VI. Recommendations
Potential regulatory responses, prompted by the preceding survey of controversial
practices in the new stock market, fall into four groups. The first three controversial practices
that we reviewed – electronic front running, slow market arbitrage, and exploitation of dark pool
mid-point orders – all involve HFTs acquiring information concerning newly executed
transactions and changing their quotes ahead of others in the market. The next practice, the
relation of HFTs to market volatility involves the entire market’s reliance on this form of
liquidity supply. The next two practices relate to dark pool operations and their investment bank
operators as brokers. And the last two involve payments to brokers relating to the customer
orders they are handling.
A. HFT Speed in Obtaining Market Information
Because electronic front running, slow market arbitrage and exploitation of dark pool
mid-point orders all involve HFTs acquiring market information ahead of others, once we have
assessed the social desirability or undesirability of each of these practices, any possible reform
will need to take account of its effect on all three. Below we will make such an assessment of
each of these practices and then discuss possible reforms.
1. Would it be desirable to eliminate electronic front running? Persons transacting in
stocks have always played a cat and mouse game whereby each tries to figure out what the others
are up to. One function of regulation is to step in and prohibit particular informational
advantages where such intervention can lead to improved social outcomes. The question is
whether the informational advantages that HFTs obtain from electronic front running call for
such an intervention. The first step to answering this question requires a policy analysis that
compares a world with and without electronic front running. Based on what we know at the
moment, the matter is too close to call, with considerations pointing in both directions.
The unfairness case against electronic front running is weak. It is the efficiency case for
and against the practice that is too close to call.
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a. Actual unfairness. The rhetoric of the critics of electronic front running
focuses primarily on what they see as the unfairness of the resulting wealth transfers. Deeper
analysis, however, shows that a compelling case for the elimination of the practice cannot be
made on this basis of perceived unfairness. As we have seen above, the practice actually appears
to benefit ordinary people to the extent that they invest directly in the market as retail customers.
The same is true to the extent that such ordinary people have channeled savings to mutual funds
or pension funds that invest all or a portion of their funds in equities on an index basis and
execute their purchase and sale transactions on exchanges. This is because retail investors are
largely uninformed and index investing is by definition uninformed. The elimination of
electronic front running would reduce liquidity, which, as we have seen, would make uninformed
trading more expensive and the uninformed traders would enjoy no countervailing gain from the
increased anonymity.140 To the extent that ordinary people invest through actively managed
mutual and pension funds, which, by definition, seek to be informed traders, any net benefit that
would arise from the practice’s elimination is, as discussed above, likely to be substantially
captured by the persons running the funds in the form of the higher fees and salaries that they
would be able to command.
b. Efficiency. A stronger case can be made for the elimination of
electronic front running on efficiency grounds. As at least our first cut efficiency analysis of
electronic front running shows, elimination of the practice would involve an unavoidable
efficiency tradeoff. There would be efficiency gains in the form of better capital allocation and
utilization of the economy’s existing productive capacity, which would arise from increases in
price accuracy.141 But there would be efficiency losses in the form of less efficient allocation of
resources over time and allocation of risk, which would arise from decreases in liquidity.142 A
priori, however, there is no obvious reason for choosing the point in this tradeoff associated with
the elimination of the practice over the point associated with the continuation of the practice.
Also, our more nuanced analysis, which takes account of the presence of announcement
information traders and inside information traders, suggests that it is quite possible that
eliminating electronic front running would in fact reduce, rather than improve, price accuracy, so
that there is no tradeoff and the practice is unambiguously efficiency enhancing.143
c. Resources consumed. What is clear is that prohibiting electronic front
running would save the very substantial human and material resources currently supporting the
practice that would be freed up to be used elsewhere in the economy in some more clearly
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productive way. These savings suggest that if a reasonably cost effective way could be found to
eliminate the practice and that there are no market forces that are likely to take us to the same
result in the foreseeable future, such regulation would be desirable.
d. Appearance of unfairness. While our analysis above suggests that electronic
front running does not actually result in unfairness, HFT practices of this sort are clearly viewed
by a substantial portion of the public as being unfair. Much of this perception is of course due to
the very criticism of HFT practices that this Article seeks to subject to more serious analysis.
Normally, the better response to misunderstanding is education, not a change in what people are
allowed to do where the activity does not in fact pose a problem. Still, this perception of
unfairness may be very hard to eradicate. If one were persuaded that an efficiency analysis leans
toward the conclusion that the practice is on balance socially undesirable, the existence of an
unfounded but persistent sense of unfairness can add to the desirability of its prohibition. Such a
perception of unfairness is demoralizing: it simply makes people feel bad to think that a major
social institution is corrupt. It also discourages direct and indirect ownership of equities by
persons who, absent having this sense that something unfair was going on, would find equities to
be an investment vehicle that suits some of their needs.
2. Adding slow market arbitrage and dark pool mid-point order exploitation to the
analysis. There are presumably large synergies in terms of the use of real productive resources
between electronic front running, slow market arbitrage, and dark pool mid-point order
exploitation. So resource use is not an independent consideration with regard to these other two
speed-based HFT practices. Still, these two practices each seem unquestionably undesirable.
There is no fairness argument that slow market arbitrage helps any ordinary investors: it
hurts all regular traders, uninformed and informed alike, by increasing their effective cost of
trading.144 And because of this, its economic welfare effects are unambiguously negative as
well.145 The increased effective cost of trading for informed traders means that it less rewarding
to seek out bits of publicly available information and to analyze their implications in a
sophisticated way. As a consequence, share price accuracy, with its beneficial effects on the real
economy, is reduced. The increased effective cost of trading on uninformed traders has negative
effects on the efficient allocation of resources over time and on the efficient allocation of risk.
Dark pool mid-point order exploitation hurts uninformed investors and in so doing again
has negative effects on the efficient allocation of resources over time and on the efficient
allocation of risk.146 It arguably helps share price efficiency by deterring uninformed traders
from using dark pools so that they use exchanges as well, where they cause spreads to lower and
reduce the effective cost of trading for fundamental value informed traders. But if it is in fact
good social policy to push uninformed traders into the market to subsidize such informed
trading, there are more direct ways of doing it than allowing HFTs to profit in this particular
fashion.
3. Measures to prevent electronic front running and other speed based practices. When
we combine our ambivalence concerning electronic front running with our clear negative
evaluation of slow market arbitrage and mid-point order exploitation, and add in the substantial
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resources that HFTs consume undertaking these three practices, we lean toward favoring reforms
that would eliminate HFT advantages in obtaining information ahead of others in the market, if
such a reform could be relatively low cost. The recent controversy surrounding HFTs – and
electronic front-running in particular – has resulted in a spate of proposals for addressing their
activity, which offer a range of potential benefits and costs.
Two proposals address HFT activity in general by taking aim at high frequency quoting
activity.147 The first provides financial disincentives for high-volume quoting, such as NYSE
Euronext’s recent surcharge on each order above a 100:1 order-to-trade ratio.148 These fees may
simply be a sensible response to HFTs externalizing the cost of bandwidth use. Things get more
complicated, however, if the fees are higher than what is necessary to tax this externality and are
aimed at reducing practices such as electronic front running. HFTs revise quotes for many
reasons other than information they learn from electronic front running and, assuming that HFTs
are often revising quotes above the 100:1 rate, then fees on quotes in numbers exceeding this
limit would create disincentives for all such revisions. Thus, they can be expected to widen
spreads and reduce depth because they make it harder for market makers to control adverse
selection and inventory risks through their quoting strategies. 149 That is not a concern if these
fees are imposed by an exchange in active competition with other exchanges: customers can
decide whether they like the tradeoffs implied by the ultimate results. But it would be a concern
if mandated by regulation as a way to stop electronic front running.
A second proposal regarding HFT conduct would impose a minimum time-in-force for
quotes, prohibiting them from being canceled, within, for example, 100 milliseconds of
submission.150 Again, HFTs cancel orders faster than 100 milliseconds for reasons other than
electronic front running. The costs of such a plan in terms of liquidity provision could be
substantial. It sets a floor on the length of the option offered by liquidity providers to liquidity
takers, increasing their chance of being adversely selected and so widening spreads.151
Another much-discussed proposal involves altering current market trading structure.152
Stock exchanges currently conduct continuous two-sided (i.e. buy and sell) auctions for each
security.
Budish et al’s proposal, endorsed by New York’s Attorney General Eric
Schneiderman,153 is to replace this with frequent batch auctions, say, every 100 milliseconds.
Batch auctions would consist of uniform-price, sealed-bid auctions conducted at discrete time
intervals. Echoing our own concerns about electronic front running, Budish argues that the
current structure permits frequent technical arbitrage opportunities based on speed, creating a
socially wasteful arms race to exploit these opportunities. Frequent batch auctions would
eliminate the value of minute speed advantages. While Budish’s proposal may have significant
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merit, much would depend on implementation. To eliminate electronic front-running, every
exchange would have to have its auction (nearly) simultaneously. If auctions were sufficiently
frequent and at different times at each exchange, then intra-exchange exploitation of tiny speed
differences might persist, including electronic front-running.
We think there is an approach to ending HFT information speed advantages that is
simpler both in terms of implementation and in terms of achieving the needed legal changes.
None of these three practices would be possible if private data feeds did not make market quote
and transaction data effectively available to some market participants before others. Thus, one
potential regulatory response to the problem posed by HFT activity is to require that private
dissemination of quote and trade information be delayed until the exclusive processor under the
Reg. NMS scheme, referred to as the “SIP,” has publicly disseminated information from all
exchanges.
Rule 603(a)(2) of Reg. NMS prohibits exchanges from “unreasonably discriminatory”
distribution of market data.154 In its adopting release for Reg. NMS, the SEC outlined its
interpretation of that provision, which is that privately “distributed data could not be made
available on a more timely basis [to private clients] than core data is made available to a
Network processor [the SIP]. . . . Rule 603(a) prohibits an SRO or broker-dealer from
transmitting data to a vendor or user any sooner than it transmits the data to a Network
processor.”155 Core data is composed of last trade reports and each exchange’s current highest
bids and lowest offers for each security, from which its NBB and NBO is ascertained.156
This interpretation of the “unreasonably discriminatory” distribution language of Rule
603(a)(2) appears to say that it is permissible for core data information to reach an HFT more
rapidly than the public recipients of the SIP as long as the signal sending the data to the HFT did
not precede the signal sent to the SIP. Certainly the exchanges and the HFTs, in agreeing to their
co-location arrangements, have assumed this interpretation to be correct. The SEC, in its choice
of enforcement actions, has confirmed this interpretation as well. No actions have been brought
against co-location arrangements where the signal sent to HFTs did not precede the signal sent to
the SIP. Indeed, the SEC, in a 2010 Concept Release, acknowledged the existence of exchanges’
widely known practice of submitting data simultaneously to the SIP and private feeds and that, as
a result, private feeds will reach subscribers far faster than the SIP distributes its data.157
However, in a 2012 proceeding, the SEC found that NYSE had been sending market data,
including best bids and offers, to private subscribers before it sent that data to the SIP, and fined
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NYSE $5 million.158
Certainly the language of Rule 603(a)(2) could plausibly be interpreted in a contrary
fashion. Sending the signal simultaneously to an HFT and to the SIP arguably is “unreasonably
discriminatory” distribution of core data to the end users since it is predictable that some will
consistently receive it faster than others. This interpretation of Rule 603(a)(2)’s language
already has its advocates. The market research firm Nanex has repeatedly insisted that the
exchanges are in standing violation of Reg. NMS for this reason.159 Interestingly, this focus on
the time at which information reaches end users rather than the time of a public announcement is
the approach the courts and the SEC have traditionally taken with respect to when, for purposes
of the regulation of insider trading, information is no longer non-public.160 Thus the SEC’s
ability to alter its interpretation of Rule 603(a)(2) may be the path of least legislative or
regulatory resistance to prohibiting electronic front-running. However, one may feel that too
much has already been invested in reliance on the SEC’s apparent original interpretation for a
prohibition to be imposed without the normal procedures of an administrative agency rule
change. If so, then obviously that process can be followed and the rule amended.
B. HFTs and Volatility
Overall, we concluded that there is no evidence of a relationship between HFT activities
and general increases in market volatility.161 We conclude as well that the connection between
HFTs and episodic volatility is not due to predatory behavior on their parts, but rather their
rational withdrawal from the market at certain moments of stress.162
There are, nonetheless, a number of existing proposals seeking to address the alleged link
between HFT activity and volatility. These proposals fall into two groups: one group seeks to
ameliorate trading volatility generally and would incidentally affect HFTs; the second group
seeks to target a specific link between HFTs and volatility.
Consider the first group. Soon after the Flash Crash, the SEC phased in single-stock
circuit breakers, which impose a 5-minute trading halt if the price of a specific stock moves by
more than 10% within 5-minutes.163 This trading pause is designed to give liquidity providers
breathing room to consider whether order imbalances actually reflect information or not.
Similarly, the SEC has also approved a “limit up-limit down” plan that pauses trading in a stock
if transactions move more than a certain amount, often 5%, away from the security’s average
price over the last five minutes.164 These are moderate proposals, which should have salutary
158
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effects in moderating future crashes.
The second set of proposals tackle the important question of whether market-makers,
however they be defined, should have stronger affirmative liquidity-providing obligations than
they currently do. In the wake of the Flash Crash, exchanges have already imposed a range of
affirmative obligations on institutionally-identified market makers at their venues. For instance,
the NYSE has “designated market makers,” who have specific obligations to help maintain an
orderly and continuous trading market in particular stocks.165 Some commentators want to go
further down this road and to impose on HFTs legal responsibilities resembling those imposed on
the institutionally designated market-makers of yesteryear, such as the specialists of the pre-2005
NYSE.166
There is an obvious attraction to proposals that might moderate the flight of liquidity
provision from the market during periods of extreme volatility. However, the historical evidence
suggests that strong paper obligations have proved insufficient in the past to motivate market
makers to continue supplying liquidity during periods of extreme volatility.167 Commentators
have also noted problems with strengthening such affirmative obligations, emphasizing that any
system that requires liquidity providers to take heavy losses during periods of extreme adverse
selection must compensate them for doing so at other times. At least two other problems result:
first, determining the value of that compensation is extremely difficult, and second, during times
of crisis these designated liquidity providers will be the prime targets of informed traders.168
Thus, we are skeptical about such proposals, especially given our conclusion that the
consequences of episodic volatility in terms of wealth transfer and efficiency are not
substantial.169
C. Dark Pools
We examined two practices associated with an investment bank playing the dual roles of
a broker for customers’ orders and as an operator of a dark pool. The first potential problem
concerns brokers directing customer orders to their own dark pools even when the customer
receives inferior execution there. The second concerns brokers ignoring client instructions to
direct an order to a specific venue and instead routing it to the broker’s own dark pool.
A series of regulatory proposals that seek to rein in the growth of dark pool volume
generally could affect these two practices, but with the added and potentially undesirable effects
of affecting access to dark pool trading in general. These proposals include: eliminating retail
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investors’ access to dark pools and reserving them solely for institutional investors;170 requiring
that dark pools offer price improvement before an order can be routed to one;171 and caps for the
volume that can occur on dark venues.172 All of these proposals seem insufficiently targeted,
however, if the problems with dark pools are solely the potential conflicts of interest noted
above, rather than more fundamental features.
More targeted and less intrusive would be a reform proposal focused on disclosure,
designed to assist customers in determining whether their orders are being routed to venues
offering best execution and whether order routing directions are being ignored. FINRA has
recently taken steps in the direction of greater disclosure, requesting comment on several new
proposed rules.173 The most relevant proposal would require dark pools to provide FINRA with
more extensive order book information than they currently provide to the Order Audit Trail
System (“OATS”). OATS is an order tracking system designed to assist FINRA’s surveillance
activities.174 Brokers could be required to disclose what percentage of orders routed to their
venue were executed there, at what price, and what instructions, if any, were associated with
those orders. Economist James Angel has called for greater disclosure by brokers, suggesting
that “brokerage firms themselves [] disclose execution quality directly to their customers.”175
Certainly, more could be done to strengthen the stock market’s mandatory disclosure
regime. Currently, brokers are not required to disclose to customers on their transaction
confirmation slips the venue in which an order was executed.176 The cost of requiring disclosure
of execution venue should not be taxing as records of where execution occurred must already be
retained. Such disclosures would provide customers with the ability to check whether their
requests were being followed.
Proposals based on disclosure share at least two vulnerabilities, however. First, if brokers
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are submitting inaccurate disclosures, then the SEC or private litigants must feasibly be able to
reveal such conduct. Second, disclosure to customers will only be effective if customers are in
fact examining and acting on those disclosures, which may not be the case. In an effort to
mitigate this problem, periodic audits could be conducted by the SEC to verify whether these
confirmations were being accurately completed.
D. Payments to Brokers in Connection With Customer Orders
The last two controversial practices that we considered were maker-taker/taker-maker
fees and payment for order flow. Each raises principal-agent problems between traders and their
brokers.
With regard to maker-taker/taker-maker fees, we saw that with different venues providing
different rebates and charging different fees – something we observe in the real world – if
brokerage commissions do not vary depending on the venue to which an order is sent, which
again in the real world they do not, the broker has an incentive to send non-marketable limit
orders to the venue with the highest rebate and marketable orders to the venue with the lowest
fee.177 In each case, the venue to which the order is sent will probably not provide best
execution, a proposition for which there is, as we have seen, some empirical evidence. If
customers were perfect monitors of their brokers, this incentive might not matter, but they are
not perfect monitors, especially with respect to limit orders. This leads us to the conclusion that
rebates should be passed directly through to customers and fees charged to them, each
independent of whatever commission the broker chooses to charge. Such a reform would not
guarantee best execution, but it would eliminate an incentive for poor execution.
With regard to payment for order flow, if the market for internalization services and for
brokerage services are both sufficiently competitive, internalization with payment for order flow
promises retail market order traders as low an effective cost of trading, when brokerage
commissions are counted as part of the calculation, as they are going to be able to get.
If one or both of the markets is not fully competitive, however, the practice leads to these
traders having much higher effective costs of trading than could be achieved by some other
arrangement. Remember that we are looking at a situation where brokers have the ability to
segregate out retail order flow, which is uninformed, and match buyers and sellers without the
adverse selection concerns that generate much of the spread on exchanges. So the cost of
execution should be very low. Indeed, it is even possible that these traders would be better off if
all their trades would be sent to the exchanges, since now the execution of retail market orders
execute at prices only slightly better than the NBB or NBO on exchanges that are deprived of
internalized order flow. If they had this additional uninformed order flow, the NBB and NBO
would be lower.
The key question is whether brokers pass on to customers the substantial payments they
receive for order flow in the form of lower commissions given that internalizers only offer
nominal price improvement. We do not know the answer to this question, and it is certainly
possible that it happens. Still, passing through the payments would solve the problem, if it is a
problem. Such a reform should also not be very costly. In essence, this appears to be a situation
where the cure is sufficiently cheap that “if it might be broke, fix it.”
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VII. Conclusion
Over the last two decades, the stock market has been completely transformed. Driven by
regulatory change and the information technology revolution, the structure of the market, the
behavior of its participants, and the character of liquidity provision have all undergone dramatic
and highly controversial changes. This Article provides a comprehensive framework for
understanding the new stock market and the social impact of the activities occurring within it.
We demonstrate the utility of this framework by applying it to eight of the new market’s most
controversial practices. These practices – which include activities of high frequency traders such
as electronic front running, the behavior of dark pool operators, and payments by trading venues
to brokers in return for sending their customer orders – may seem completely unrelated to each
other, but we show that they can all be understood through just three basic mechanisms: adverse
selection, the principal-agent problem, and a multi-venue trading system.
We come to a number of conclusions concerning the proposals for reform. We agree, for
example, with recommendations that brokers should be required to pass through maker-taker
fees and payment for order flow to their customers. We disagree, for example, with proposals
that HFTs must keep their quotes in force for some minimum amount of time and proposals
aimed at generally discouraging, or even banning, trading on dark pools. These are bad ideas
that seem to be based on a misunderstanding of how the market really works or of the actual
social impact of a given practice. Yet other proposed reforms involve a tradeoff where an
improvement in terms of one worthwhile social goal can only come at a sacrifice of another such
goal. In these cases, it may not be obvious whether a reform is, or is not, desirable, but our
framework allows for a better understanding of the tradeoff involved, makes for a more informed
choice, and may point to where further empirical research would be useful. We find this to be
the case with, for example, proposals to briefly delay providing HFTs with information
concerning new transactions and quotation changes, so that HFTs have no advantages over other
traders.
In many ways, this Article is just a beginning. As the new stock market continues to
evolve, issues arising out of it will not be in short supply. For example questions about whether
the minimum stock price differential (“tick size”) should be larger than the current one cent and
accusations that HFTs are sending in and cancelling quotes at a high rate of speed simply to clog
the system are each issues that have been recently getting increasing attention. Surely many
other issues will soon be coming at us from over the horizon. Thus, the framework developed
here should have continued utility for some time to come.
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