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Absence of arbitrage principle, 176
Accounting accruals factor, 490
Accounting risk factors, 491
Actual frontier, 362–363, 414–415
Adaptive arrival price strategy, 462–463
Adaptive market hypothesis, 2, 244
Adaptive modeling, 7–8
Add-On database (Compustat), 254
ADF (augmented Dickey-Fuller) test, 

138, 171
ADV (average daily volume), and turn-

over constraints, 328
Aitken’s estimator, 75
Akaike information criterion (AIC):

data driven approach, 296
estimation of number of lags, 138

Algorithmic trading:
arrival price, 461–463
crossing networks, 463–465
description of, 449
fi nanced trading, 465
liquidity seeking, 465
market-on-close, 461
participation strategy, 460–461
strategies for, 457
time-weighted average price, 459–460
volume-weighted average price, 

457–459
Alpha models and factors, see Factor-

based trading strategies
Analysis of data, and factor-based trad-

ing strategies, 261–266
Approximate factor models of returns, 

221–222
Arbitrage Pricing Theory (APT), 219
Arrival price strategy, 461–463
Arrow-Pratt risk aversion index, 321

Asset allocation in portfolio construc-
tion, 325

Asset-allocation models:
estimation of inputs for, 333–342
transaction costs in, 439–444

Asset-based factors in market impact 
forecasting, 435–436

Asset turnover factor, 488
Asymmetric market impact costs, 424, 

435
Augmented Dickey-Fuller (ADF) test, 

138, 171
Autocorrelation:

covariance matrix estimation and, 340
distributional properties of residuals 

and, 139
Automated crossing networks, 464
Automatic problem-solving, 162
Autoregressive models:

autoregressive conditional heterosce-
dastic type, 55

autoregressive distributed lag type, 
140–141

stable vector autoregressive processes, 
110–114

See also Variance autoregressive 
(VAR) models

Average daily volume (ADV), and turn-
over constraints, 328

Averages, bias in, 167–170

Backfi lling of data, 254
Backtesting of strategies, 306–309, 

383–384
Bayesian approach to modeling:

analysis of univariate AR(1) model, 
186–188

index.indd   497index.indd   497 1/6/10   11:35:47 AM1/6/10   11:35:47 AM

CO
PYRIG

HTED
 M

ATERIA
L

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



498 INDEX

Bayesian approach to modeling (Cont.)
analysis of VAR model, 188–191
Bayes’ theorem, 184–185
description of, 374
model risk in, 186
statistics, 182–184
See also Black-Litterman model

Bayesian information criterion (BIC):
data driven approach, 296
estimation of number of lags, 138

Bayes-Stein estimator, 403
Bayes’ theorem, 184–185
BD (breakdown) bound, 85
Beane, Billy, 44
Behavioral modeling, 21–22
Benchmark exposure constraints, 329
Benchmarks:

algorithmic trading strategies and, 457
trade, and market impact costs, 

424–425
Best linear unbiased estimator (BLUE):

estimation of regression coeffi cients, 
74–75

GLS estimator as, 75
sample mean as, 336

Beta, estimation of, 95–96
Bias:

in averages, 167–170
in samples, 165–167
survivorship type, 165–166, 255, 257

Bias in data:
factor-based trading strategies, 

250–251, 254, 255, 257
portfolio optimization, 340, 342
See also Data quality issues

BIC (Bayesian information criterion):
data driven approach, 296
estimation of number of lags, 138

Bid-ask spreads, 422–423
Black-Litterman model:

combining investor views with mar-
ket equilibrium, 379–380, 404

cross-sectional momentum strategy, 
385–394

data requirements and, 369
derivation of, 375–385
expressing investor views, 378–379

overview of, 373–375
robust portfolio optimization, 404, 

411–412
BLUE, see Best linear unbiased estimator
Breakdown (BD) bound, 85
Bridging principles, 182
Buy-side perspective, 456–457

Canonical correlation analysis (CCA), 
151–152

Canonical correlations, interpretation 
of, 149

Capital Asset Pricing Model (CAPM), 
as factor model, 219

Capital gains taxes, 421
Capital market line (CML), 323–326
Cardinality constraints, 331–333
CART (classifi cation and regression 

trees), 22, 96–98
Causality, 156–157
CCA (canonical correlation analysis), 

151–152
Central Limit Theorem, 396
Certain dollar cost equivalent, 453
Changing laws objection to using 

mathematics in fi nance, 7–8
Classifi cation and regression trees 

(CART), 22, 96–98
CLF (concentrated likelihood func-

tion), 144–149
Clustering models, 155–156
CML (capital market line), 323–326
Coarse graining, 179
Coherent risk measures, 350
Cointegrated and integrated variables, 

114–120
Cointegrating relationships, 226
Cointegration models, 22
Combined and integer constraints, 

330–333
Commissions, explicit transaction 

costs, 421
Common variation in residuals, 

279–281
Companion matrix:

defi nition of, 122
estimation with eigenvalues of, 154–155
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Company characteristics, and factor 
construction, 253–266

Company publications:
data quality issues, 255, 258
as source for factors, 252

Complete data, 208
Compustat data:

description of, 254, 483
templates, 257

Concentrated likelihood function 
(CLF), 144–149

Conditional entropy, 180–181
Conditional Value-at-Risk (CVaR) 

measure:
description of, 350–351
mean-CVaR optimization, 351–357

Confi dence intervals, 407–410
Conjugate prior, 185
Constraints:

combined and integer, 330–333
estimation error effects, 365–366
linear and quadratic, 327–330

Continuous crossing networks, 464
Corporate governance factor, 490
Correlation, see Autocorrelation; Serial 

correlation
Correlation and covariance, see Cova-

riance and correlation
Cost of immediacy, 451
Costs, see Market impact costs; Oppor-

tunity costs; Transaction costs
Covariance and correlation:

estimation of, 52–55, 90–96
overview of, 49–51
Random Matrix Theory, 55–61

Covariance matrix estimators:
sample estimators, 334, 335–340
uncertainty in inputs, 400–401, 

404–411
Covariance matrix of observations, 

203–204
Covariance stationary series, 103
Cowles Commission causality, 156–

157
Crossing aggregators, 464
Crossing networks, 463–465
Cross orders, 422–423

Cross-sectional characteristics:
analysis of factor data, 262–266
categories of factors, 245

Cross-sectional data, categories of 
data, 253

Cross-sectional models:
econometric considerations for, 

279–281
evaluation of factor premiums, 

270–278
factor models, 278–287
Fama-MacBeth regression and, 

281–282
model construction, 295–306

Cross-sectional momentum strategy, 
385–394

Custodial fees, 421
CVaR (Conditional Value-at-Risk) 

measure:
description of, 350–351
mean-CVaR optimization, 351–357

Dark liquidity, 464
Data:

backfi lling of, 254
complete, 208
cross-sectional, 253
fully pooled, 192
incomplete, 208
irregularly spaced, models of, 156
panel, 253

Data analysis, and factor-based trading 
strategies, 261–266

Data driven approach, 296–297
Data frequency issues:

implementing estimators and, 
341–342

pitfalls in selection of data frequency, 
173–174

Data quality issues:
factor-based trading strategies, 248, 

253–261
portfolio optimization, 340–342
See also Bias in data

Data sets:
Compustat Add-On database, 254
Compustat Point-in-Time, 483
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500 INDEX

Data sets (Cont.)
Compustat US database, 255, 257
IBES, 484
Lipper, 33
MSCI World Index, 473–482
one-month LIBOR, 482–483
Worldscope Global database, 

257–258
Decision making by human agents, 6
Decision trees, classifi cation and regres-

sion trees, 96–98
Demeaned processes, estimation of, 

132–134
Design matrix, 69
Diagnostics, regression, 80–83
Dickey-Fuller (DF) test, 138, 152
Differential equations, 161, 173
Diffuse prior, 185
Discrete crossing networks, 464
Discretionary orders, 422, 428
Dispersion measures, 342–344
Distributional properties of residuals, 139
Diversifi cation:

benefi ts of, 313–314
diversifi cation indicators, 365
VAR risk measure and, 350

Downside measures, 344–351
Dynamic factor models:

factor analysis and, 234–239
of integrated processes, 226–227
overview of, 222–226
principal components analysis and, 

228–234

Earnings growth factor:
information coeffi cients, 285
performance evaluation, 288–295

Earnings revisions factor, 488
Earnings surprises factor, 490
EBITDA/EV factor, see Enterprise value 

(EBITDA/EV) factor
Econometrics, see Financial economet-

rics
Economy:

as engineered artifact, 8
as machine, 1

Econophysics movement, 320

Effi cient frontiers:
defi nition of, 315, 319
mean-CVaR optimization, 355–356
of optimal trading, 454
optimization overview, 315–316
optimization with risk-free asset, 

323–324
problems encountered in optimiza-

tion, 362–363
Effi cient market theory (EMT), 

243–244
Eigenvalues, 493–494
Eigenvectors, 493–494
EM (expectation maximization) algo-

rithm, 208–213
Empirical Bayesian Statistics, 184
EMT (effi cient market theory), 

243–244
Engineering:

science and, 161–163
theory and, 159–161
See also Financial engineering

Enterprise value (EBITDA/EV) factor:
data analysis, 262, 263
data quality issues, 255–256
information coeffi cients example, 

284–285
performance evaluation, 288–295
portfolio sorts, 273, 274

Entropy, 179–181
Equilibrium market price of risk, 326
Equity forecasting models and factors, 

see Factor-based trading strategies
Ergodic processes, 4, 102
Error correction form of VAR models, 

116–118
Error maximizers, use of term, 365
Errors:

estimation error effects, 362–367, 
396

use of term, 109–110
E-step of EM algorithm, 211–212
Estimated frontier, 362–363, 414–415
Estimation errors in portfolio optimiza-

tion, 362–367, 396
Execution price, transaction cost mea-

surement, 430
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Index 501

Executive compensation factors, 491
Expectation maximization (EM) algo-

rithm, 208–213, 341
Expected returns:

estimation of inputs, 333–337
expected return maximization formu-

lation, 321
uncertainty in inputs, 396–404

Explicit transaction costs, 419, 
421–423

Exponentially weighted moving aver-
age (EWMA), 54

Extreme value theory (EVT), 15, 16

Factor analysis:
determining number of factors in fac-

tor model, 217–218
dynamic factor models and, 234–239
expectation maximization algorithm, 

208–213
overview of, 205–206
via maximum likelihood, 206–208
via principal components, 213–218

Factor-based trading strategies:
analysis of data, 261–266
backtesting, 306–309
defi nition of factors, 245–247
desirable properties of factors, 248, 

251
development of strategies, 247–249
effi cient market theory, 243–244
evaluation of factor premiums, 

270–278
factor models, 278–287
model construction, 295–306
performance evaluation of factors, 

288–295
risk to, 249–251
sources for factors, 251–253
working with data, 253–261

Factor mimicking portfolio (FMP), 271
Factor models:

Black-Letterman model and, 382–
383

CAPM as, 219
description of, 195
dynamic, 222–239

factor-based trading strategies, 
278–287

factor model approach, 297–298
Intertek European study of 2003, 

13–14
linear, 196–201, 436–437
market impact forecasting, 436–439
normal, 204
risk factor constraints, 328–329
robust portfolio optimization, 

405–407
static, 196–205
strict, 201–202, 221
use of, 204–205

Factor models of returns:
approximate, 221–222
overview of, 219–220
size of samples and uniqueness of fac-

tors, 220–221
Factor portfolios, 286–287
Factor premiums, evaluation of, 

270–278
Factors:

accounting accruals, 490
accounting risk, 491
adjustment methods for, 259–260
asset-based, 435–436
asset turnover, 488
categories of, 245
corporate governance, 490
defi nition of, 245–247
earnings revisions, 488
earnings surprises, 490
executive compensation, 491
growth, 485, 488–489
idiosyncratic risk, 489
momentum, 486, 489
monthly summary statistics, 486
performance evaluation of, 288–295
quality, 484–485
return reversal, 489
size, 488
trade-based, 434–435
use of term, 195–196
value, 484, 487
yield, 487

Fair market benchmark, 430–432
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502 INDEX

Fama-MacBeth (FM) regressions:
for cross-sectional regressions of 

returns on factors, 281–282
example of, 286
monthly coeffi cients from, 291, 

293–294
Fat-tailed distributions, 39
Feasible GLS (FGLS), 76
Feasible set, 315
Fees, explicit transaction costs, 421
Finance:

nonlinear models in, 22, 155–156
as quantitative, 1, 2

Financed trading, 465
Finance economic theory, treating as 

mathematical science, 3–8
Finance theory, 159
Financial econometrics:

autocorrelation and distributional 
properties of residuals, 139

causality, 156–157
classifi cation and regression trees, 

96–98
covariance and correlation, 49–61
estimation of nonstationary VAR 

models, 141–151
estimation of number of lags, 137–139
estimation of stable VAR models, 

120–137
estimation with canonical correla-

tions, 151–152
estimation with eigenvalues of com-

panion matrix, 154–155
estimation with principal component 

analysis, 153–154
historical notes, 47–49
integrated and cointegrated variables, 

114–120
multivariate regression, 76–78
nonlinear models in fi nance, 155–156
quantile regressions, 78–80
regression diagnostics, 80–83
regressions and projections, 61–76
robust estimation of regressions, 

83–96
stable vector autoregressive pro-

cesses, 110–114

stationary ARDL models, 140–141
stochastic processes, 101–102
time series, 102–110

Financial engineering:
defi nition of, 159
product design and, 163–164

Financial modeling, learning approach 
to, 164–165

Fixed transaction costs, 420, 421
FMP (factor mimicking portfolio), 271
FM regressions, see Fama-MacBeth 

regressions
Forecasting models:

factor use and, 245
for market impact costs, 433–439

Fractionability of investments, 332
Frequency domain, time series in, 

107–109
Frequentist interpretation of probabil-

ity, 182
Fully automated quant investment 

process, 38
Fully pooled data, 192
Fundamental risk, 249
Fund fl ows, Intertek study of 2007, 

32–34
Funding risk, 250

Garman-Klass estimators, 342
Gaussian white noise, 132, 134–137
Gauss-Markov theorem, 70, 75
Generalized dynamic factor model, 225
Generalized least squares (GLS) prin-

ciple, 75–76
Global minimum variance (GMV) 

portfolio, 316
Granger causality, 156–157
Gross error sensitivity, 86
Growth factors, 485, 488–489
Guaranteed volume-weighted average 

price, 459

Hat matrix, 91
Heteroskedasticity:

as common variation source, 279–280
covariance matrix estimation and, 

340
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Heuristic approach, 298–299
Hidden factors, 198
Hidden orders, 422, 428
Hidden qualitative variables objection 

to using mathematics in fi nance, 6
High-frequency trading:

latency and, 468–469
liquidity and, 469–470
overview of, 467–468

Highly correlated assets, issues with, 367
Holding constraints, 328, 331, 332
Horizon risk, 250
Huber weighting function, 92–93
Hybrid approach to fi nancial model-

ing, 165

IBES (Institutional Brokers Estimate 
System) database, 262, 484

IC (infl uence curve), 85–87
IC (information coeffi cients), 282–285, 

291, 292
Idiosyncratic risk factor, 489
Impact models:

buy-side perspective, 456–457
description of, 455

Imperfect substitution, 424
Implementation risk, 250
Implementation shortfall approach, 

432–433, 461–463
Implicit transaction costs:

description of, 419, 420, 423–426
forecasting model for, 433–439

Incomplete data, 208
Infl uence curve (IC), 85–87
Information coeffi cients (IC), 282–285, 

291, 292
Information ratios, for portfolio sorts, 

277
Information theory approach to model 

risk, 177–182
Input parameters, 457
In-sample methodologies, 307–308
Institutional Brokers Estimate System 

(IBES) database, 262, 484
Instrumental variables, 76
Integer and combined constraints, 

330–333

Integrated and cointegrated variables, 
114–120

Integrated portfolio management, and 
transaction costs, 444–446

Integrated processes, dynamic factor 
models of, 226–227

Integrity of data, see Data quality 
issues

Intelligent fi nance, 44
Interquartile range (IQR), 90
Intertek European study of 2003:

description of, 25
factor models, 13–14
integration of information, 16–17
performance of models, 11–12
risk management, 15–16
role for models, 9–10
use of multiple models, 12–13
value-based models, 14–15

Intertek study of 2006:
description of, 17–19
diffusion of models, 23–24
modeling methodologies, 19–22
optimization, 23
role for models, 19

Intertek study of 2007:
barriers to entry in business, 42–44
description of, 25
fund fl ows, 32–34
implementing quant processes, 36–38
model-driven investment strategies, 

impact of, 25–26
objectives for implementing quantita-

tive process, 40–42
performance improvement, 30–32
performance issues, 26–30
quantitative processes, oversight, and 

overlay, 34–36
risk management, 38–40

Inventory effects, 424
Invertibility and autoregressive repre-

sentations, 106–107
Investment delay cost, implicit transac-

tion costs, 423
Invisible orders, 464
IQR (interquartile range), 90
Irregularly spaced data, models of, 156
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504 INDEX

James-Stein shrinkage estimator, 370, 
403, 411–412

Johansen trace and maximum eigen-
value tests, 171

Kronecker product, 122

Lags, estimation of number of, 137–139
Large data sets, pitfalls in choosing 

from, 170–173
Latency, and high-frequency trading, 

468–469
Latent factors or variables, 198
Lazy portfolios, 465
LCCA (level canonical correlation 

analysis), 151–152
Learning approach to fi nancial model-

ing, 164–165
Least median of squares (LMedS) esti-

mator, 88, 89
Least squares (LS) estimation:

asymptotic distribution of estimators, 
131–132

multivariate, 124–131
unrestricted, 142–143

Least squares (LS) estimators, 87–88, 
91, 95–96

Least squares (LS) principle, 67
Least squares regression models, 

401–402
Least trimmed of squares (LTS) estima-

tor, 88, 89, 96
Leinweber, David, 1–2
L-estimators, 87
Level canonical correlation analysis 

(LCCA), 151–152
Leveraged portfolios, 324
Leverage points, 91
LIBOR (London Interbank Offered 

Rate), one-month, 482–483
Limit order book, 450–452
Limit orders, 428–430
Linear and quadratic constraints, 

327–330
Linear factor models:

description of, 196–200
empirical indeterminacy of, 200–201

in market impact forecasting, 
436–437

Linear regression, regression as proba-
bilistic model, 63–69

Lipper data, 33
Liquidity:

asset-based factors and, 435–436
crisis in, 30
defi nition of, 250
high-frequency trading and, 469–470
resting limit orders and, 451
transaction costs and, 423–424, 

427–430
Liquidity concession, 424
Liquidity risk, 250
Liquidity seeking, 465
Liquidity traders, 467
LMedS (least median of squares 

(LMedS) estimator, 88, 89
Lo, Andrew, 2
Local shift sensitivity, 86
London Interbank Offered Rate 

(LIBOR), one-month, 482–483
Long-only constraints, 327
Look-ahead bias, factor-based trading 

strategies, 255
Lower partial moment risk measure, 

347–348
LS estimation, see Least squares (LS) 

estimation
LS (least squares) estimators, 87–88, 

89, 96
LS (least squares) principle, 67

Macroeconomic infl uences, categories 
of factors, 245

MAD (mean absolute deviation), 
89–90, 343–344

MAM (mean-absolute moment), 344
Marčenko-Pastur law, 57–59
Market impact, 450–452
Market impact costs:

defi nition of, 420
as implicit transaction costs, 423–425
market impact forecasting, 433–439
market impact measurement, 

430–433
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Index 505

Market-on-close strategy, 461
Market orders, 428, 450
Market portfolio, 323
Market risk, estimation of, 95–96
Market risk premium, 377
Market timing costs, implicit transac-

tion costs, 426
Markowitz, Harry, 15
Markowitz effi cient frontiers, see Effi -

cient frontiers
Mathematical science, treating fi nance 

economic theory as, 3–8
Maximum eigenvalue test, 149–150, 

152, 171
Maximum likelihood estimation (MLE) 

principle, and factor analysis, 
206–208

Maximum likelihood (ML) estimators, 
87, 134–137, 143–149

Mean absolute deviation (MAD), 
89–90, 343–344

Mean-absolute moment (MAM), 344
Mean-standard deviation, 343
Mean-variance optimization, see Port-

folio optimization
Median absolute deviation (MAD), 

89–90
Median estimator, 89
M-estimators, 86–87, 91–92
Microtraders, 457
MI estimators, 150–151
Minimum holding constraints, 331, 332
Misspecifi cation risk, 250
Mixed estimation techniques:

description of, 379
importance as feature, 383

MLE (maximum likelihood estima-
tion) principle, and factor analysis, 
206–208

ML (maximum likelihood) estimators, 
87, 134–137, 143–149

Model averaging, 191–192
Model-driven investment strategies, 

impact of, 25–26
Model misspecifi cation, 250
Model risk:

Bayesian approach to, 186

defi nition of, 11, 175, 250
information theory approach to, 

177–182
shrinkage approach to, 191–192
sources of, 175–177

Modern portfolio theory, see Portfolio 
optimization

Momentum, 14
Momentum factor:

description of, 486, 489
information coeffi cients, 284–285
performance evaluation, 288–295

Momentum modeling, 20–21
Momentum strategy, cross-sectional, 

385–394
Monotonic relation (MR) test, 

277–278
MSCI World Index data set, 473–482
M-step of EM algorithm, 213
Multicollinearity, as inference problem, 

281
Multiple models, use of:

Intertek European study of 2003, 
12–13

Multiple regression, 67
Multivariate least squares (LS) estima-

tion, 124–131
Multivariate regression, 67, 76–78
Multivariate stochastic processes, 102
Multivariate time series, 102–103
Myopic behavior, 314

Negative alpha, 453
Negotiated crossing networks, 464
Negotiated markets, bid-ask spreads 

in, 422
Newey-West corrections, 340
Noise trader risk, 249–250
Nonlinear dynamics, 5
Nonlinear models in fi nance, 22, 

155–156
Nonlinear state-space models, 7
Normal factor models, 204
No-trade price, estimation of, 430–432

OLS (Ordinary Least Squares) method, 
67, 70–76, 78

index.indd   505index.indd   505 1/6/10   11:35:50 AM1/6/10   11:35:50 AM

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



506 INDEX

Opportunity costs:
defi nition of, 420
estimation of, 427
as implicit transaction costs, 426

Optimal execution:
description of, 452–453
sell-side perspective, 454–455

Optimization approach:
econometric forecasting and, 

163–164
Intertek study of 2006, 23
overview of, 299–300, 301
See also Portfolio optimization

Optimization techniques, 287. See also 
Portfolio optimization

Option pricing literature, 342
Order placement engines, 457
Ordinary Least Squares (OLS) method, 

67, 70–76, 78
Orthogonality conditions, 68, 72
Orthogonalization, factor adjustment 

methods, 259–260
Outliers:

detection and management of, 
260–261

properties of factors, 250
Out-of-sample methodologies, 307–308
Overdifferencing, 115
Overfi tting, 164–165
Overlay, fundamental, 35–36

Panel data, categories of data, 253
Participation strategy, 460–461
PCA, see Principal component analysis
Performance evaluation:

of factors, 288–295
of quantitative approach, 26–30

Performance of models:
in Intertek European study of 2003, 

11–12
in Intertek study of 2007, 30–32

Permanent market impact, 451
Piecewise-linear approximations, 

442–445
Pitfalls:

in choosing from large data sets, 
170–173

in selection of data frequency, 173–174
See also Bias

Point-In-Time database (Compustat), 
483

Portfolio management, approaches to, 
164–165

Portfolio optimization:
alternative risk measures, 342–357
backtesting and, 306–308
Black-Litterman model and, 373–394
classical framework for, 317–321
constraints use, 327–333, 365–366
estimation error effects, 362–367, 

396
estimation of inputs, 333–342
estimation of shrinkage, 366–373, 

403, 411–412
overview of, 313–317
problems encountered in, 361, 

362–369
with risk-free asset, 321–327
See also Robust portfolio optimiza-

tion
Portfolios of estimators, 339–340
Portfolio sorts, 270–278
Positive alpha, 453
Posterior distribution, in Bayesian 

approach, 374
Posterior probability, 185
Posttrade measures, 431–432
Pretrade measures, 431–432
Price movement risk:

description of, 420
implicit transaction costs, 425–426

Principal component analysis (PCA):
dynamic factor models and, 228–234
estimation with, 153–154
factor analysis via, 213–218

Principal components, 229
Prior distribution, in Bayesian 

approach, 374
Prior probability, 185
Private dark pools, 464
Probability:

frequentist interpretation of, 182
prior and posterior, 185
subjectivistic interpretation of, 183
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Index 507

Probability distribution, in Bayesian 
approach, 374

Problem-solving, automatic, 162
Product design, and engineering, 

163–164

Quadratic and linear constraints, 
327–330

Quadratic mixed integer program 
(QMIP), and round lot constraints, 
333

Quadratic program:
description of, 319
round lot constraints and, 333

Qualitative and quantitative robust-
ness, 84–85

Quality factors, 484–485
Quality of data, see Data quality issues
Quantile regressions, 78–80
Quantitative equity investment:

challenges for, 44–46
description of, 17
skepticism of, 1–2

Quantitative equity management:
Intertek European study of 2003, 

9–17
Intertek study of 2006, 17–24
Intertek study of 2007, 25–44
skepticism of, 1–2

Quantitative processes:
description of, 34–36
implementing, 36–38
objectives for implementing, 40–42

Random coeffi cient models, 192–193
Random matrix model (RMM), 56
Random Matrix Theory (RMT), 55–61
Recursive out-of-sample test, 307
Regime-shifting models, 156, 177
Regression analysis, 20
Regressions:

classifi cation and regression trees, 
96–98

estimation of coeffi cients, 69–74, 
90–96

multivariate, 67, 76–78
as probabilistic model, 61–69

quantile, 78–80
regression diagnostics, 80–83
relaxing of assumptions, 74–76
robust estimation of, 83–96

Rejection point, 86
Residuals:

autocorrelation and distributional 
properties of, 139

common variation in, 279–281
use of term, 109–110

Resistant beta, 95
Resistant estimators, 85–87
R-estimators, 87
Return premiums, evaluation of, 

270–278
Return reversal factor, 489
Returns, see Factor models of returns
Returns, expected

estimation of inputs, 333–337
expected return maximization formu-

lation, 321
uncertainty in inputs, 396–404

Reverse optimization, 377
Revisions factor:

data analysis, 262–264
performance evaluation, 288–295
portfolio sorts, 273–275

Reweighted least squares (RLS) estima-
tor, 88–89

Reweighted least squares (RLS) proce-
dure, 92

Risk:
determining market risk premium, 377
estimation of inputs, 333–342
estimation of market risk, 95–96
price movement type, 420, 425–426
to trading strategies, 249–251
See also Model risk

Risk aversion formulation, 321
Risk aversion parameter, 452–453
Risk factor constraints, 328–329
Risk-free asset, portfolio optimization 

with, 321–327
Risk management:

Intertek European study of 2003, 
15–16

Intertek study of 2007, 38–40
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Risk measures:
dispersion measures, 342–344
downside measures, 344–351
mean-CVaR optimization, 351–357

Risk minimization formulation, 318
Risk models:

factor-based trading strategies and, 
308

factor models as, 204–205
Risk premia:

estimation of, 96
portfolio optimization and, 326

RLS (reweighted least squares) estima-
tor, 88–89

RLS (reweighted least squares) proce-
dure, 92

RMM (random matrix model), 56
RMT (Random Matrix Theory), 55–61
Robust counterpart problem, 399
Robust estimation:

of the center, 89
of regressions, 90–96
robust statistics, 83–90
of the spread, 89–90

Robust portfolio optimization:
benefi ts of, 411–412, 415–416
checklist for, 416–417
defi nition of, 395
overview of, 368–369, 395
uncertainty in covariance matrix 

estimates, 404–411
uncertainty in expected return esti-

mates, 396–404
zero net alpha-adjustment, 412–416

Robust statistics, 83–90
Role for models:

Intertek European study of 2003, 
9–10

Intertek study of 2006, 19
Round lot constraints, 332–333
Roy’s safety-fi rst risk measure, 

345–346
Russell 1000:

backtesting of strategies, 308
EBITDA/EV factor, 255–256
portfolio constraints and, 327, 329

Sabermetrics, 44
Safety-fi rst risk measures, 344–351
Same-day measures, 431–432
Sample biases, 165–167
Sample mean estimator, estimation of 

inputs, 335–337, 340
Science, and engineering, 161–163
SDP (semidefi nite program), 408–410
Second-order cone problem (SOCP), 

406–407, 410
Seemingly unrelated regression (SUR) 

model, 77–78, 114
Selection bias, 166
Sell-side perspective, 454–455
Semidefi nite program (SDP), 408–410
Semivariance risk measure, 347
Sensitivity analysis, importance of, 367
Separation property, 324–325
Serial correlation:

as common variation source, 279–280
covariance matrix estimation and, 340

Share repurchase factor:
data analysis, 265–266
performance evaluation, 288–295
portfolio sorts, 275–277

Shortfall, 452
Shrinkage approach to model risk, 

191–192
Shrinkage estimators:

James-Stein, 370, 403, 411–412
overview of, 369–373
portfolio performance and, 339–340

Singular value decomposition of design 
matrix, 215–217

Size factor, 488
Small delta continuous trading, 465, 466
SOCP (second-order cone problem), 

406–407
Sorts, portfolio, 270–278
Sources:

for factors, 251–253
of model risk, 175–177

S&P 500:
classifi cation and regression trees, 98
portfolio constraints and, 327, 329

“Spiked” covariance model, 60–61
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Split-sample method, 307–308
Stable vector autoregressive processes, 

110–114
Standard deviation, coherence as con-

cern, 350–351
Standardization, factor adjustment 

methods, 259
Static factor models, 196–205
Stationary processes, 101–102
Statistical factors, categories of factors, 

245
Statistical (algorithmic) trading

arrival price, 461–463
crossing networks, 463–465
description of, 449
fi nanced trading, 465
liquidity seeking, 465
market-on-close, 461
participation strategy, 460–461
strategies for, 457
time-weighted average price, 459–

460
volume-weighted average price, 

457–459
Statistics, robust, 83–90
Stein paradox, 370
Stochastic processes, 101–102, 199
Stock selection models and factors, see 

Factor-based trading strategies
Strict factor models, 201–202, 221
Student’s t-test use, 271, 277
Studies of quantitative equity manage-

ment:
2003 Intertek European Study, 9–17
Intertek study of 2006, 17–24
Intertek study of 2007, 25–44

Subjectivistic interpretation of prob-
ability, 183

SUR (seemingly unrelated regression) 
model, 77–78, 114

Survivorship bias:
description of, 165–166
factor-based trading strategies, 255, 

257
Sweep operator, 494–495
Symbolic dynamics, 179

Tangency portfolio, 323
Taxes, explicit transaction costs, 421–422
Temporary market impact, 451
Tests:

augmented Dickey-Fuller (ADF), 138, 
171

Dickey-Fuller (DF), 138, 152
maximum eigenvalue, 149–150, 152, 

171
monotonic relation (MR), 277–278
recursive out-of-sample, 307
Student’s t-test, 271, 277

Theorems:
Bayes, 184–185
Central Limit, 396
Gauss-Markov, 70

Theoretical approach to fi nancial mod-
eling, 165

Theory:
Arbitrage Pricing, 219
effi cient market, 243–244
engineering and, 159–161
extreme value, 15, 16
fi nance, 159
fi nance economic, 3–8
information, 177–182
Random Matrix, 55–61
Vapnik Chervonenkis, 181–182

Threshold constraints, 331, 332, 333
Time series:

description of, 102–103
errors and residuals, 109–110
invertibility and autoregressive repre-

sentations, 106–107
representation in frequency domain, 

107–109
representation of time series, 

103–106
time series data category, 253

Time-weighted average price (TWAP), 
459–460

Trace test, 149–150, 152, 171
Tracking error constraints, 329–330
Tracy-Widom law, 59–60
Trade-based factors, in market impact 

forecasting, 434–435
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Trade benchmarks, and market impact 
costs, 424–425, 430–432

Trade execution, and transaction costs, 
419–420

Trade-outs, 465
Trade schedules, 457
Trade sizes, 465
Trading idea, trading strategy com-

pared to, 247–248
Transaction costs:

in asset-allocation models, 439–444
identifi cation example, 426–427
integrated portfolio management, 

444–446
liquidity and, 427–430
market impact forecasting models, 

433–439
market impact measurements, 

430–433
overview of, 419–420
taxonomy of, 420–427

Transaction size constraints, 331
Transfer entropy, 181
Transfer fees, 421
Transformation, factor adjustment 

methods, 260
Treynor-Black model, 376
Trimmed mean, 87, 89
Trimming, outlier management, 261
True frontier, 362–363, 414–415
T-statistic, information ratio compared 

to, 277
Tukey bisquare weighting function, 

92–93
Turnover constraints, 327–328
TWAP (time-weighted average price), 

459–460

Uncertainty:
in fi nancial economics, 4–6, 8
in physical systems, 5

Uncertainty in inputs:
covariance matrix estimates, 404–411
effects in optimization process, 

367–369
expected return estimates, 394–404

Univariate AR(1) model, Bayesian 
analysis of, 186–188

Universal function approximators, 164
Upstairs market transactions, 438
U.S. database (Compustat), 257

Value-at-Risk (VaR) measure, 348–
350, 353

Value-based models in Intertek Euro-
pean study of 2003, 14–15

Value factors, 484, 487
Vapnik Chervonenkis (VC) theory, 

181–182
Variables:

cointegrated and integrated, 114–120
instrumental, 76
latent, 198

Variable transaction costs, 420, 421
Variance autoregressive (VAR) models:

Bayesian analysis of, 188–191
description of, 112–114
deterministic terms, 118–120
in error correction form, 116–118
estimation of nonstationary models, 

141–151
estimation of stable models, 120–137
estimation with eigenvalues of com-

panion matrix, 154–155
nonstationary, 115–116

Variance-covariance matrices, 93–95
VC (Vapnik Chervonenkis) theory, 

181–182
Vech operator, 122
Vectoring operators, 122
Volatility, and high-frequency trading, 470
Volume-weighted average price 

(VWAP), 457–459
Volume-weighted average price 

(VWAP), calculation of, 431–432

W-estimators, 92–93
Winsorization:

outlier management, 261
Winsorized mean, 89
Winsorized standard deviation, 90

Winsor’s principle, 86
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Wishart matrices, 56–57
Wold representation, 103–106, 107
Worldscope Global database, 257–258

Yield factor, 487

Zero net alpha-adjustment, 412–416
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