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heterogeneous parameters 175-86
returns 177-86
short-term alpha 187-211
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portfolio values, turnover relationship 173-5,
1814
positioning losses 20
positive feedback traders, definition 31
post-trade TCA 209-10
power-law distributions 73, 115-33, 178-86
practitioners, HFT debates 3—4
previous-tick interpolations 99—-103
price discovery 4-5, 20-2, 26, 31-4, 36-7,
154-60, 167-9
fundamental values 20-1, 28, 31-4, 36-7
HFT critique 4-5, 31-4, 36-7
price impacts 4-5, 20-2, 26, 28-9, 47-8,
51-4, 55-7, 63-86, 115-33, 138-61
see also market . . . ; volatilities
algorithmic trading 4-5, 20-2, 26, 28-9,
138-61
concepts 4-5, 20-2, 26, 28-9, 47-8, 534,
115-33, 138-61
information content of orders 55-7,
154-60
order book events 115-33
order choice/information in limit order
markets 47-8, 51-4, 55-7
order flow data 115-33, 137-61
permanent function 47-8
symmetric information 47-8
temporary function 47-8
price-reversal (contrarian) strategies 29,
155-60, 189-211
price/time trade-off models 42-3, 117-32
prices 4-5, 20-2, 26, 28-9, 314, 26-7.47-8,
51-4, 55-7, 63-86, 115-35, 128-61,
167-9, 189-211
efficient prices 514
errors 31, 34
high-frequency correlations results 63—-86
impact of all order book events 115-33
NASDAQ limit order flows 140-61
overshooting 47-8
probit models 57
profitability issues, algorithmic trading
11-12, 19, 22-3, 29, 36, 141-5, 165-6
program trading 3, 6, 165-9
‘propagator’ concepts 116—17
Proprietary Algorithms (PA) 6-10
‘psi’, the Greeks 168-9
PTEN, NASDAQ limit order flows 141-60

QBEs see quasi Bayesian estimators
QLA see quasi likelihood analysis

QMLES see quasi maximum likelihood
estimators
QQ-plots, high-frequency correlations results
70-80
quantitative finance 7, 167-9
see also optimal trading strategies
QuantLab 11
quasi Bayesian estimators (QBEs) 87,
96-8
quasi likelihood analysis (QLA) 88-94,
104-5
see also asymptotic expansions
asymptotic behaviour 90—4
definition 87
ergodic diffusion processes 88-94;97-8,
104-5
semimartingales 87, 88-94
volatilities in finite time-hozizons 95-8
quasi maximum likelihocd estimators
(QMLEs) 87.90-4, 96--8
quoted depth 28, 14160
quotes files 65—36,-138-61

R commuinny 38, 104-5
randoi1 walks 192-3
sce ¢lso Brownian motion
RCOV 99
vealized volatilities 82—4, 99-103
recursive systems 46—7
references 213-25
RegNMS regulations 12-13, 167-8
regulators 3-6, 1214, 18, 27-8, 165-6,
167-8, 169
HFT debates 3-6, 165-6
MiFID 13-14, 18, 27-8, 167-8
RegNMS regulations 12-13, 167-8
Renaissance hedge fund 7
RENA.PA/PEUP.PA, high-frequency
correlations results 69-80
reserve orders 140
residual risks 178-86
resiliency concepts 45
response functions, market impacts 120-33,
138-61
retail investors 4, 17-18, 55-6, 173-86
‘return’ response functions, impact of all
order book events 121-33
returns 63—4, 66-86, 117-33, 177-86,
190-211
see also short-term alpha
excess returns 190-211
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returns (Continued )
high-frequency correlations results 30,
63-86
impact of all order book events 117-33
market impacts 117-33, 140-61
NASDAQ limit order flows 140-61
past returns 21-2, 117-18
portfolio optimizations 177-86
risk 177-86, 193-211
Reuters Tick Capture Engine (RTCE) 64-5
risk
see also idiosyncratic . . . ; inventory . . . ;
systemic. . .
aversion 57-8, 168, 202—11
returns 177-86, 193-211
sources 7-8, 19-20, 24-6, 45-6, 48-9,
160, 165-6, 167-9, 188-211
risk-adjusted costs
definition 195-6
optimal trading strategies 188-211
risk-free rates 190-211
risk-neutral traders 51-4, 57-8
Rosu, Toanid 41-60
RTCE see Reuters Tick Capture Engine

S&P500 index 11-12, 25-6, 35-6, 38
SAC hedge fund 7
sampling periods, high-frequency correla‘icr's
results 64-86
scatter plots 173—4
schedules, optimal trading straegies
187-211
scope and profitability, 2igositnmic trading
11-12, 36, 141-5,.155-6
search costs 14-15, 1¢-19
SEC 8,9, 10-11
sell limit orders (SLOs) 41-60
see also bid-ask . . .
sell marker orders (SMOs) 44, 52-4
semimartingales 87, 88-94, 102-3, 107
see also stochastic processes
Sharpe ratios 12, 179
shock vectors, market impacts 149—-60
short-run quote reactions, limit order flows
138-61
short-term alpha 187-211
see also capital asset pricing model;
expected returns
decay factors 191-3, 196-210
definition 1901
main results 206-8

signaling risk, hidden-order arbitrage theory
206-7
signed events, impact of all order book events
119-33
simulated annealing 195
simulations 88, 101, 103-5, 129-33, 195
sliding scales, fee structures 175-82
‘slippage’ of the trading processes 167-8
SLOs see sell limit orders
slow traders 19-20, 234, 28-9, 32-3, 42-3,
44-6,48-9, 51-4, 57
Slutsky’s theorem 67—8
small cap stocks 11-12, 28-9, 80, 118-33
small tick stocks, impact of all order book
events 118-33
‘smart’ liquidity traders, i‘ormed traders 54,
154-5
‘smart routing technoing.es’ 14-15, 17-18,
37,137-8
SMOs see sell ma ‘ker orders
software developers 7
SOGILPA #5—4, 69-80
specitic visk see idiosyncratic risk
spec tiation 4, 504, 57-8, 179-86
see also arbitrageurs
speed issues 5, 6-7, 8-10, 20-2, 24-5,
154-60, 187-211
see also latency
split orders 6-7, 17-18, 25, 64, 80-6
standard deviations 32, 49-50, 141-61, 174-5
stationary impacts, critique 188-9
statistical arbitrageurs (stat arbs) 6, 7-8, 29,
64-86
statistical inference 87-108, 167-9
statistical physics 171-86
stochastic clocks 67-86
stochastic differential equations 88-98,
99-105
stochastic integral equations 105-7
stochastic processes 67-8, 87-108, 168
see also Brownian motion; Itd . . . ;
martingales; semimartingales
stochastic sequential games 43—4
stochastic subordination framework 63—4,
67-86
stock exchanges
see also individual exchanges; LSE;
NASDAQ; NYSE
mergers 166
stop orders 139-40
see also cancellations. . .
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STRA, NASDAQ limit order flows 141-60

stress tests, optimal trading strategies 168-9

subprime crisis see credit crunch from
2007

subtrades, multiple limit order executions
140-61

Sun Trading 7, 11

survival function of a random variable,
definition 72

Swissquote Bank SA 172-86

Switzerland 172-3

symmetric information, order
choice/information in limit order
markets 428

systemic risk 4-5, 24-6, 34-7, 165-6,
190-211

see also market . . .

tail probability estimates 87, 90-4
tax considerations, slow traders 24
technical analysis, liquidity provisions
55-6
temporary price impact function 47-8
ticker-tape information 5, 15-16, 26, 29,
31-2,64-5
TIM see transient impact model
time series, limit orders 32-3
timestamps, high-frequency correlations
results 65-86
TOPIX system 82—4
TopixCore30 82—4
total costs
see also transaction costs
definition and constrainte 1536
market impact concave functions 189-90
optimization 196-211
TotalView-ITCH data 137-61
TOTF.PA 69-80
trade-related information
see also duration between trades; order
flow...;price...; volumes
concepts 21-2
Tradebot 7, 11
trades files 65-86, 138-61, 167-9
trading accounts 180-1
trading desks 6-7, 190-211
trading and market micro-structure 165-70,
171-86
trading strategies 6-12, 20, 29, 51-4, 58,
137-8, 141-61, 165-9
see also optimal . . .

transaction costs 4, 19-20, 23, 37, 54-7, 58,
171-86, 188-211
see also fee structures; total costs
collective portfolio optimization trading
strategies 171-86
HFT critique 4, 37
institutional investors 37
mean-variance framework 175-85
optimal trading strategies 171-86,
196-211
short-term alpha 190-211
transient impact model (TIM) 116, 118,
121-34, 188-9
see also market impacts
transitory volatilities 567, 119-33
transparency characteristic, limit ¢-der: books
141-61
triangular arbitrage 8
turnover relationship, po:tfoiio values 173-5,
1814
Turquoise 8, 14, 16

UK 8, 14, 25—, 81-4, 166

United Aurliaes 22

univar ate cases, high-frequency correlations
results 63—4, 66-8, 69

University of Tokyo 104-5

JS 11-16, 19, 30, 34-5, 37-8, 81, 824,
125-33, 137-61, 165-6, 173, 209

US Treasury Bonds 125

UTHR, NASDAQ limit order flows 141-60

valuations of assets 45-6, 567
value traders 48-54, 208-11
Vancouver exchange 57
VAR see vector autoregression approach
variance 63—4, 66-86, 98-103, 133-4, 168,
188-9, 195-211
see also covariance
VECS see vector error corrections
vector autoregression approach (VAR) 32,
55-6, 131-2, 138-61
vector error corrections (VECs) 147-60
volatilities 4-5, 6-7, 24-5, 28-31, 34-7,
48-9, 56-7, 58, 80-6, 95-8, 99-103,
119-33, 167-8, 171-86, 202-11
see also price impacts
algorithmic trading 4-5, 6-7, 24-5, 28-31,
34-7,167-8
clustering 171-2
efficient volatilities 52—4
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volatilities (Continued )
empirical evidence on algorithmic trading
28-31, 34-7
HFT critique 4-5, 24-5, 36-7
impact of all order book events 119-33
limit orders 48-54, 567, 58, 119-33
QLA in finite time-horizons 95-8
statistical inference 87—-108
transitory volatilities 567, 119-33
volume weighted average prices (VWAPs)
65,208
volumes 21-2, 32, 38, 45-6, 65, 68-74, 806,
116-33, 140-61, 167-8, 190-211
VRTX, NASDAQ limit order flows 141-60
VWAPs see volume weighted average prices

Waelbroeck, Henri 187-211

waiting costs, order choice/information in
limit order markets 44, 51-4, 55-7, 58

‘walking through the book’ trades 145, 147-8

WCRX, NASDAQ limit order flows 141-60

weakly dependent variables, CLT extensions
66-8

welfare effects of algorithmic trading 224,
26, 34

WFMI, NASDAQ limit order flows 141-60

whisker plots 82

white noise 147-60

Wiener processes 88-94, 95-8, 100-3, 104-5

see also Brownian motion

‘winner take all’ attitudes 9

winner’s curse 20, 48

‘wisdom of the crowds’ 185

Wolverine 11

yen—dollar rates 11-12, 30
Yoshida, Nakahiro 87-112
YUIMA application 88,10 -5, 107
YUIMA II project 88,.1C1, 103-5

Z-estimators 9t
Zero sum games 22-3
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