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Overview: Automated trading

 Background

 Institutional features

 Economic analysis

 Empirical analysis

 One-month of SingleBook data for 100 U.S. stocks

 Features of the data & construction of measures

 Relation of automated trading to (conventional) 
liquidity
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Related work

 Effects of one-shot system upgrade that lowers latency

 NYSE: Easley, Hendershott and Ramadorai (2008)

 Xetra (Deutsche Boerse): Riordan and Storkenmaier
(2008)

 Xetra

 Gsell and Gomber (2008), Gsell (2008)
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Two Faces of Automated Trading

 Proprietary Trading / Statistical Arbitrage (PT/SA)

 Hedge funds and prop trading groups within larger 
financial institutions.

 Strategic objectives: trading profits

 Short term momentum trading

 Controlled and opportunistic liquidity supply.

 Distinguished by speed

“Low latency” 
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 Agency Algorithmic (AA)

 Broker provide order management and routing to 
institutional investors

 Strategic objectives: minimization of trading costs.

 Orders are broken up and worked over time.

Minimize market impact.

 Alternatively, some benchmark prices are computed over 
time.
 Daily volume weighted average price (VWAP).

 Distinguished by recurrence.
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What is Latency?

 Delay in signal acquisition, processing and propagation.
 Market interaction 
 Order generated
 Communicated sent to market venue
 Market event occurs
 Confirmation received by originator

 Industry sources: for the fastest participants º5 ms.

 Full loop
 Event broadcast to other agents
 Agent(s) receive signal
 Agent(s) process signal
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Excerpt from 
“The Peake-Mendelson-Williams proposal for an 
electronically assisted auction market” (1979)

 “…It is sometimes argued that a completely 
automated execution system loses some of the 
speed of “open outcry” largely because a person can 
yell … more rapidly than he can key it into a 
computer terminal…”
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Speed: some benchmarks

 Human “startle reflex” 300 ms.

 Information transmission 2x108 m/sec in fiber optics

 London to Berlin (935km) 5 ms.

 London to New York (5,585 km) 28 ms.

 Collocation

 Placing the trading intelligence on a computer in very 
close proximity to the market

 Cuts transmission delay to essentially zero.

Service is priced. (“$3,500 per rack per month”)
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Real perspective: What is the value of being “fast”?

 What is the “real” economic cost of a 500 msdelay?

 Assume log annual volatility of 0.30 (“30% per year”)

 Evenly distributed over 250 trading days (6.5 hrs),

 500ms volatility is 0.00009 (< 1bp)

 Impact might be magnified in scenarios that feature 
multiple sequential actions over

markets

 securities

 agents
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Strategic perspective: What is the value of being “first”?

 At some (non-negligible) cost, a small group of agents attains 
a timing advantage.

 First/last mover advantage

 Suppose the annual volatility (0.30) is realized discretely in 
the form of one (randomly timed) public news 
announcement per day.

 A first mover can take a long or short position immediately 
before the announcement.
Value is 0.015 (“1.5%”) per day.

 Alternatively a first mover can undercut the bids and asks 
of other players (because he can withdraw his quotes in a 
timely fashion).
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Strategic timing advantages are a staple of 
microstructure analysis

 Limit order sellers define an offer schedule (supply curve)

 Incoming buyer (last mover) chooses size of purchase.

 Sellers’ uncertainty about size hurts supply at all prices.

 Suppose that offer side of the book is in competition with a dealer.

 Dealer knows the full size of the purchase and then determines 
how much to sell himself (and how much to take from book).

 Dealer’s last mover advantage imposes a cost on public sellers 
who use limit orders.

 This cost further impairs the public supply of liquidity.

 Private information

 Virtually all private information is advance knowledge of public 
information.
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Algorithmic agency (AA) activity

 “Algorithmic” rules govern order splitting, routing (to 
different market venues) and timing

 “Agency” a broker working on behalf of an (institutional) 
customer.

 Goal: minimization of trading cost

 Mechanical and repetitive (“periodic”)
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Our market: SingleBook 

 Nasdaq’s principal (U.S.) market venue

 Lineage: Island ECN  Inet SingleBook

 All orders are priced

 Orders may be qualified

 Immediate or cancel

 All or nothing

 Hidden or visible

 Distinct from reserve (“iceberg”) orders, which are always 
at least partially visible.
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Our sample

 October, 2007

 We rank stocks by market capitalization.

 Take every 5th stock

 Sample is 100 stocks

 Modeled variables are (mostly) constructed summary 
measures over 5-minute windows.

 Examine both dynamic and x-sectional variation

14



Data: stream of system messages

 Messages are time stamped to the millisecond. 

 Messages

 Add a visible order to the book

 Cancel a visible order

 Execution against a visible order

 Execution against a hidden order

 Grouping of executions 

 We group an unbroken series of executions into a single 
execution when:
 Same millisecond.

 Same direction (buy or sell).
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Constructed statistics

 Low latency (PT/SA) activity

 Proportion of event durations ¢5ms

 Algorithmic agency (AA) activity 
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Measuring low latency activity

 For each firm, on each day, each 5-minute time window

 Let t1, t2, … tn be the durations for the n events in the 
window.

 Prop_5ms ¹Proportion of t¢5ms

 Sample average (over firms, days, windows)º0.38
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What does Prop_5ms º0.38 mean?

 Estimate an arrival intensity for firm i, time t (day, 5-
minute time window)

li,t = 1/mean(t) 

 Across firms and time, average li,t≈ 2.5 (events per 
second)

 Assuming a homogeneous Poisson process, the 
expected proportion of durations ¢5 ms º0.012

 For a Prop_5ms º0.38, the implied l≈ 95
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Adjusting Prop_5ms

 In financial markets, we expect intensities to have 
deterministic patterns and persistence.

 We adjust:
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Periodicity in activity (Algorithmic Agency)

 Times are stamped to the millisecond.

 Eg. 10:31:54.123

 123 is the millisecond remainder.

 Reasonable null hypothesis: 

 Remainder is a uniform discrete distribution on the 
integers 0, …, 999.
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… and in the data
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Is periodicity concentrated in one event type?
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Are there components with period>1 second?
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How to summarize?

 Discrete sample space with k=1,…,K states

 In a sample of size N, the observed frequency of 
outcome k is Ok.

 Null hypothesis: outcomes are drawn from a probability 
distribution with expected frequencies Ek.
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 Problem: bias related to sample size, N.

 Solution
 Under the (uniform) null hypothesis, can compute E[DFU] 

for any N.
 Other adjustments: base statistic on hundredth-second 

remainders; smooth Ok.
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Intraday patterns in DFU
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Spectral analysis

 Good at picking up periodicities uniformly distributed 
over time.

 But not periodicities concentrated in time.
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Variables

 Automated trading measures
 Low latency: XSProp_5ms
 Algorithmic Agency: DFUCorrected

 Liquidity
 Spread: spLog= log(ask)-log(bid), time-wtd average.
 Effective cost
 EffCost= volume-wtd average of

 trade price –quote midpoint (for a buy)
 quote midpoint –trade price (for a sell)

 Control variables
 dqmAbs= |Dlog quote midpoint|
 LogMktCapLog market capitalization
 LogAvgVolAverage trading volume
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Sources of Variation: 
Percent of total variation explained by …
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xsProp_5ms DFUCorrected EffCostLog dqmAbs

Firm 68 19 55 9

Date 1 3 0 3

Time of day 2 6 5 17

Unexplained 29 72 40 70

All 100 100 100 100



Cross-sectional correlations
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XSProp_5ms DFUCorrected effCostLog dqmAbs logAvgVol

Pearson XSProp_5ms 1.000 -0.291 -0.331 0.146 0.821

DFUCorrected -0.291 1.000 0.784 -0.097 -0.583

effCostLog -0.331 0.784 1.000 -0.029 -0.635

dqmAbs 0.146 -0.097 -0.029 1.000 0.170

logAvgVol 0.821 -0.583 -0.635 0.170 1.000

Spearman XSProp_5ms 1.000 -0.292 -0.651 0.147 0.888

DFUCorrected -0.292 1.000 0.496 -0.036 -0.336

effCostLog -0.651 0.496 1.000 0.294 -0.633

dqmAbs 0.147 -0.036 0.294 1.000 0.173

logAvgVol 0.888 -0.336 -0.633 0.173 1.000



Cross-sectional correlations

 Low latency strategies associated with firms that have high 
activity and volatility 

 Algorithmic agency activity associated with firms that have 
low activity and high effective costs
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Contemporaneous correlations (avg across firms)
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XSProp_5ms DFUCorrected effCostLog dqmAbs

Pearson XSProp_5ms 1.000 0.147 0.069 0.252

DFUCorrected 0.147 1.000 -0.072 -0.138

effCostLog 0.069 -0.072 1.000 0.250

dqmAbs 0.252 -0.138 0.250 1.000

Spearman XSProp_5ms 1.000 0.156 0.115 0.296

DFUCorrected 0.156 1.000 -0.115 -0.134

effCostLog 0.115 -0.115 1.000 0.246

dqmAbs 0.296 -0.134 0.246 1.000



Contemporaneous correlations (avg across firms)

 Low latency strategies at times of high volatility.

 Algorithmic agency strategies when low volatility.
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Latency: further reflections

 XSProp_5ms is a summary measure of fast activity.

 It does not tell us what strategies are being used.
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What sort of low-latency strategies do we expect?

 SingleBook is a pure limit order market.
 A customer who has more complicated needs can use the 

RASH (routing and special handling) system

 RASH is a “front end” that implements simple strategies

 Pegging
 pricing a bid or offer relative to the best alternative bid or 

offer in the book
 Example “100 shares to buy, at $0.03 below the ask”

 Discretionary orders
 Order is held in the book. When the opposite-side quote 

moves within range, becomes a marketable order.
 Example: Suppose the market is 100 bid, offered at 100.10. 

Bid 100; marketable when ask <= 100.05
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 With pegging, we expect to see …

 A buy order arrives priced above the prevailing bid.

 Orders at the previousbid are cancelled.

 Orders arrive at the newbid.

 Preliminary analysis suggests this doesn’t happen.
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Ticker AAWW, 15OCT07 at 14:23:05.518 
¢ƘŜ ōƛŘ ƛǎ ŀǘ ррΦнп ŀƴŘ Χ
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“Manipulation?”

 Bid is at 55.24. I want to sell.

 I enter an order to buy at 55.27

 When a pegger follows me up to 55.27, I

 Cancel my limit buy order

 Put in an order to sell at 55.27.

 If it executes before pegger can cancel, I sell at 55.27  

 In equilibrium peggers will delay before following onto a 
more aggressive price.
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ADCT on 01OCT07 at 13:15:23.965 
¢ƘŜ ōƛŘ ƛǎ ŀǘ нлΦом ŀƴŘ Χ
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… repeated at least 20 times



“…full of sound and fury. Signifying nothing.”

 MacBeth (Wm. Shakespeare)

 via Richard Lyons (“Foreign Exchange Volume: Sound 
and Fury Signifying Nothing?” in The Microstructure of 
Foreign Exchange Markets, J. Frankel et al. (eds.), 
University of Chicago Press, 1996, 183-201.)
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Will we see these things in all markets?

 Euronext and Xetra charge for “excessive” cancellations 
and modifications of orders.
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Latency and market structure

 The old floor-based exchanges

 Physically compact spaces

 By paying a fixed cost (buying a membership) agent 
could get access to the space.

 The access gave agent timing advantages.

Other agents (“away from the floor”) would encounter 
delays.

 With the electronic revolution, floors closed in markets 
around the world.
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The new electronic market

 Constituted as a server (a physically compact “rack”)

 By paying a cost (renting a slot) agent can get next to the 
server.

 The access gives agent timing advantages.

 Other agents encounter delays.
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