Contents

Chapter 1 INtroducCtion .....cecccerenvienseicssercssneicssenssssesssnssssssesssssssssssssnsssssssssssssssassesens 1
Market EffICIENCY ...uviiviiiiieiecieccieeste ettt st te e staestaeesaeesbeens 1
Technical Analysis versus Fundamental Analysis ..........ccooeievienienienienieeieeeeene 5
QUANTILALIVE ANALYSIS ..iivvieiieiieiieiieiieete e ete e ere ettt et sbeetbeesbeebeesaeessaeessessseenns 6
Active Mutual Funds and Hedge Funds ...........ccocvveviieiieiiieiieiesiecece e 8
Fundamental Law of Active Management ............c.cceeveeevierieeenieesiee e eevee e 10
CONCIUSION . ...ttt ettt et e et e e et e e et e e eaaeeeaaeesaseeeaeeeenseeenns 13

Chapter 2 Data......iccciveiiciineiinissericsssnncssssssncssssssssssssssssssssssssssssssssssssssssssssssssssssssssssse 15
Asset Identifiers, Descriptions, Prices and Volumes...........cccoeveeeviinieniniiineieeiene 15

ASSEt IAENTITIETS ...veeiiviiciie e et 15
ASSCE DESCTIPLIONS....vveeireeeiieeiieieeieesiee e stteeaesaeeereesbeesbeesseessaesssessseesseenseeseenseens 17
Price, Volume, Dividends and SPIits ........cccccveeviiriiiiiiiiieie et 18
Trade and Quote (TAQ) Data......cceccieriieiieiieiieieeie ettt es 19
Fundamental Data............c.ooooviiiiiiiciiiceiee e 19
FIinancial REPOTLS .......cccviiiiieriieriesie ettt ettt ae ettt seseenseensaesae s 20
Analyst ESHMALIONS .....c.evcvieiieiieiiesiiesiesiiesteseesreereeieebeesseeseeeseseesseesseesaenseens 20
Institutional Ownership and Insider Trades .........cccceevveeviieviienienieeie e 20
SHOTE INEEIEST ...ttt ettt et e et e e e eeaeeeereeenns 21
RISK IMOMEIS ... et 22
Industry-Specific Data ..........ccciiiiiiiiiiieieeeiee e e 22
Patents ... e 23
AddItional DAt .......cocvviiiiieiiie et 23
INEWS DIALA ....eiiiiiciiiiccce ettt e e e e e e e e e tbe e e e erbeaeeaaes 23
Internet Data and Social Media Data .............cooouveiieiiiiiiiiiic e 24
Economic LNKS ....ccouviiiiiiiiii et 24
OPHON DALA ...ttt et ettt s 25
Data ManaQ@emeNt..........cccveeeiieiiiieeiieeeiieerieesieesteeeteeeeaeesseeesseeessseesnseeessseesnseeennns 25
CONCIUSTION ...t e e e e e e e e e e e et e e e eaaeeeeetreeeeeaaeeean 29

Chapter 3 Seasonal Effects......cccccervrercriccnicssnrcssanissssnsssnssssssssssssssssssssnssssssssssassssnssse 31

Seasonality in Market REtUINS ......cocoevuiiiiiiniiiiiiinieiec e 31
Presidential and Mid-Term Election Effect.............cccoooiiiiiiiiiiiiiieeec 31
Sell in May and GO AWAY ....cccuverieiieeieeiieieeieesieesieestesae e ereesraeseaessnesnseenseenses 33
Santa Claus Rally .......cocceiiiiiiiieiieiecieceese ettt 35
JaNUATY EffECE.....cciiiiiiiiciiceece et 35

Turn-of-the-Month EfTECt....c.ooooeieiiieie e 36



Option EXpiration WeekK .......cccveviiiiiiiiiiiiiiiieciecee et 37

HOLIAAY EffECT. .. oiiiiieeiii ettt et 37
Seasonality in Cross-Sectional Stock Returns ..........ccoccevveviiniienienienie e, 38
Industry Return Seasonality.........ccccvevveeriiiriieniienieniesie et 38
January Effect — Market Cap ...c..ccvevvieviieiieiie et 40
OPtIONS MaX PaiN ....ccuviiiiiiiiciiciieeet et st sb e enes 40
Intraday RETUIT ....ccviiiiiiiiicce e et 41
CONCIUSION ...ttt ettt ettt ettt et e et ebe e teestaeesaeesseenseenseessaeseessaesnsesnseensenns 41
Chapter 4 Economic and Market INAicators .....cc.cocieecnsericssssanicssssneicssssnescssssnessssnns 43
Economic Activity INAICAtOTS ......cceevvierieiieiieeie ettt 44
GDP ettt 44
RELAIL SALES ..eevvieiieciiecii ettt ettt ettt stb e e ebeesb e e baestaesraesraeenaeenns 45
HOUSING ACLIVILIES .vvievviieiieiieiierieeeitesiteetteereeteete e teesebesebeesbeesseesaesseessaessaeesseenns 46
Employment INAIiCatOrs........ccouiieiiieiiiieiieeie ettt aaeeevee e 47
Purchasing Managers Index (PMI) and Consumer Confidence Index ................. 48
Inflation, Interest Rate, and Currency Indicators.........ccocevvvevveriercienciieieeiiesee e 49
Price Indices and Commodity PriCes.......cccovveviierieriiriiniieieeeesee e 49
Interest Rate and Yield CUIVE......c.ocoviiiviiiiiiiieiieiccecceeeee e 50
CUITENCY MOVEIMENAL ....eeiviieiiieeiiieeiieeeiteeeieeestaeesreeeteeeseseessseeessseessseeesaeesssesensnas 51
Monetary and Fiscal POIICIES .......c.ccevuiiiiiiiiiieeiie et 51
Market Sentiment INAICALOTS ........ccvvevvieriiiriieiie e eee et ebe b raesrae 53
CONCIUSION ..ttt ettt ettt et et e e e e et e e esteeeeaseeeabeeetaeesaseeeneeas 55
Chapter 5 Technical Signals .......ccccievveieiverincricssercssnissercssssessssssssasssssssssssssssasssssssesens 57
Price, Volume and Volatility MEaSUIES .........cccueerviieriiieiieeciee e 58
Trend FOIlOWING SiZNAIS.......c.cccviiviiiriieriieiieiie e eie e et esteesieesaeseeessaeesbeesseesseens 59
MOVING AVErages (IMA).....coviiiieiieiieiie ettt ettt sebe b e beesteestaesrbessaeesse e 59

1A L0358 1S] 111053 o BRSPS 64
Channel BreaKouts.........oiviiiiiiiieccie ettt e e e e e 66
Trend Strength Indicators and Whipsaw Reduction ............cccceeevieiiiiienveesneenne, 66
Mean Reversion S1ZNAIS .......c..ccviiviiiriiinienieiie e eie e ere et esieeseaesae v e esveesseesaesseens 69
BollINZEr BandS ........cccueeviiiiiiieiiecie ettt ettt st s 69
Relative Strength INAeX ......c.eovvieiiiiiiiiieiie e 70
StochastiC OSCIIATOL .....cuvieieiieeiii ettt et e e e e saneas 72
Volume-Adjusted Technical INdicators ..........ccoeeeeriiieiieniiieeeeceee e 74
On-balance Volume (OBV) ......cooiiiiiiiiee e 74
Chaikin Accumulation/Distribution Line (ADL) and Chaikin Money Flow........ 74

Money FIow IndeX (MFI) ......ccviiiiiiiiiiciecie et 75



EXIt Strat@@ICS. . .eeiiuiiiiiieeiiiecieecie e eee ettt et e st e e e s b e e estbeesaaeesnbeeenbeeenseeennes 76

SigNAl REVETSION ....viiiiiiiiiiieciie ettt ettt e e st e e saa e e snbeeeseveeeareeenes 76
Stop Loss and Trailing STOPS ....cc.eeevvieeciiieiiie ettt 76
PrICE TaI@ELS. . cuieeieieiieiie ettt ettt ettt et e et e ettt e et e sbeesaeeenneeneeens 78
THINE SEOPS c.vventtenteette ettt ettt ettt ettt ettt et et e st e e ateeabe e beenaeesneesneeenneenseeeeens 78
Momentum versus Mean Reversion Strate€@ies .........cccvvevveeecieeeiiieiiiie e ecvee e 78
Technical Signals for Quantitative Portfolio Management ..............ccocovevverivenenennen. 81
MOMENTUM STZNALS ...eeiiiiiiiiiieiiesieeie ettt ee e e be et eseeenbeenseeseensnens 82
Short-Term Mean Reversion Signals ..........ccccvevviiviieniienienie e e e sre e 83
Technical Analysis for Fundamental Portfolio Management...............ccceevevienennee. 85
CONCIUSION.....eeeviieiiieie et et et e et e bt e bt e b e et eesteestseetaeesbeesseesseesseesseesssesssessseesseesseassanns 86
Chapter 6 Fundamental Signals ..........cccoveevvercveecsveercsercssncccnnees 87
Financial StatemeENtsS..........ccueiviieviiiriieriesieste et sreereere e sraesteestressseeebeesseesseesseesneas 88
Factor Models and Residual REtUrns..........c..ocovieiviieiiiiciieciie e 92
ValUC FACIOTS....iiiiiiieciiicic ettt et ettt tb e e sb e e b e e b e e sbeestaesssenens 94
Profitability and Efficiency Factors.........cccoccveviiiiiiiiiiiiiiiieteeece e 101
Growth and Fundamental Momentum Factors............ccoecvveevieiieviienienie e 104
SentiMENt FACLOTS ......eiiiiiiiiiieiieiieeteete ettt ere et essaeseneenneenseennes 107
ANALYSt ESHMALES ....c.vveiiiieiieiieiieieeieeieesiee et e see e ebe e te e esaesnseenseenseenes 108
Management Actions and StatemENnts ...........ccecvvereereereeneenireeieeeesie e e 111
Institutional OWNETSNIP ...c.viiiieiieiieciecie ettt ettt seae b e sseenes 114
SROTE INEETESE .veevviiniieiieciie ettt ettt ettt e b e et e e steesteestaeesbeesbeessaessaenssenes 116
QUALILY FACLOTS ..eiiviieiiieiieieeitesiee sttt ettt ettt e et et e staesaaesnseesseesaensnenes 119
Earnings QUAlity.......c.cccuviiiieriieriieriecieeie ettt see et nes 119
AgENCY ProbDICM......cuiiiiiiiiciieeee e e e e 122
Research and Development (R&D) Expenses and Extraordinary Items............. 123
RISK FACLOTS ...ttt ettt et eb e et e e abeeeseeesaseeas 124
BUSINESS RISK ..t 124
FInancial RiSK.........cccueviiiiiiiiiieiieiiecece ettt 125
LiqQUidity RISK....icvieiiieiiieiieeie ettt s enes 126
Beta and [diosyncratic RisK.........cccevieeiiiiiiiiiiiciieeccec e 129
Skewness and Lottery INdiCator ..........ccvevvverieriiiieiie e 129
(07031 1o] 11 5T 1 USROS 130
Chapter 7 Other Signals.........ccocovvicrcvnricscsnricscsnrecssssnrscscnnns 131
ECONOMIC LINKS......oooiiiiiiiiiiiicciie ettt ettt e eeearee s 131
Order FIOW INAICALOTS .....veieiiiiiiieeiiieciie ettt ettt et e e e e s e eeaeesaveeenns 132

Order IMDALANCE ... .. eeeeeseeeenennes 133



Probability of Informed Trading (PIN)........ccceouveviieriieniieniesiecre e 135

Volume-Synchronized Probability of Informed Trading (VPIN)....................... 136
Equity FIOW INAICALOT .....ccuviiiiiieiieeeiie ettt et 137
Derivative Market and Bond Market Data............cocveeveviiiiiiieeniieiecie e 137
OPHON DALA.....cciiiiiiiiiicie ettt e b e et eestaesrbeesbeesbeesseesseessnenes 137
(03D D - TSP PPSPRRNE 139
Broker and Third-Party Research ............cccceevievienienieniieieceeeeee e 140
Channel Checks and EXpert NetWorks ........ccccccvevvieviieniienienienienie e 140
AIPNA CAPLUTEC ...ttt et a e e sbeeabeesseesseessaeesseenseas 141
News, Internet and SOCIal Media..........oovviiiiiiiiiiiiiiiieeeeeeeee e 143
NEWS SIZNALS 1..viiiiiiieiie ettt ettt ettt s e st enes 143
Social Media, Blogs and Other Internet Sites.........ccooevvvevrveiiereereeneesie e 145
Industry-Specific FACLOTS ......uiiiiiiiiieeiiieciee ettt ettt bee e 147
(0031 1o] 11 3T 1 LU 149
Chapter 8 Performance MEaSUIES .......cocvverecrsseressssasrsssssssssssssssssssssssssssssssssssssssssssse 151
Trade-Level Performance Measures ...........ccooeeeeriiriienieniiniieienieeceie e 151
Portfolio-Level Performance MEasUures ..........ccueervreeiieeieeenieesiieesieeeeveeesveesveeens 152
Sharpe Ratio and Information Ratio ..........ccccecveeiiiieiiiiiiie e 154
Other Risk-Adjusted Performance Measures............ccecverueeriienienienieeieenieeneenns 156

| A T TSP 159
CONCIUSION ..ttt ettt e et e e e e e eteeesebeeebaeeetbeeenseeennseeenns 161
Chapter 9 Signal Construction and TeSting.........cocceeeverescneecssercssaressnrcscnssssssssnsece 163
FaCLOT SCOTE ...ttt et e e bee e e eebee e e eaneeas 163
FaCtOT Z-SCOTES ...ttt et e e e e ree e e enaeeas 163
NEULTAIIZALION ...vevvviiiieiieeieesiee sttt ettt ettt e s taeseaessbeesse e seessaessseenseenseennes 168
Conditional FACIOTS.......coviiriierieeieeiieiieiierite st seesee e ere et re e ereenseenseessae s 169
Evaluation of a Single FaCtor...........coouiiiiiiiiiieiieeee e 170
REtUIN IMEASUTIES .....vviieeiiiiieeeiiee ettt e et e e e et e e e nbeaeeenens 171
Information Coefficient (IC).......cccooovviiiiiiieiiieeiec e 172
Hedged Portfolio RetUIN ........cc.viiieiieiieieciecees e 175
Turnover, Information Decay and Rebalancing............cccccceevevvenciiiciinniiennennnnns 176
Stratified MOAEIS.......cccuiiiiiiieiie e e 177
G00d MOdElING PractiCeS.....uievuiiriieriieriiesiiicie ettt et e steesee e ere e sareseseeeveennas 180
INaccuracies in Data........cc.ccieiiiiiiiiiiiecie et eeaeeaae s 180
DAt SNOOPING ...veeevieeiiieeeiiieeiie e eeteeeteesae e s tee e aeessseesseaeessseesssseessseesnseeensseens 181
LOOK-AREad BiIas ......cccuiiiiiiiiiiieiieeeiie ettt et 182

SUIVIVOISRIP BIaS....cuiiiiiiiiiiieciiccciee ettt e e eevee e 183



REtUIN DISIIIDULION. ...ttt ettt e e et eeeeeeeeeeaeeeeeeas 184

Stocks With LOW LIQUIAILY ......eeeeiiiiiieiiieeciie ettt 184
Market Friction and COStS .......cuieecuiiiiiieiiieciieeciee et vee s 185
Credibility of Simulated ReSUlts ..........ccooceiriiiiiiiiiiiieeeee e 186
RegIMe SHift......ooouiiiiiiieiie e e 187
CONCIUSION....etiieietie ettt ettt e ettt e et e e e teeestbeeesbaeessseeesseeesseessseeensseensseeanes 188
Chapter 10 Portfolio Construction and Risk Management .........cceceeseesueesseecsaeens 191
Mean-Variance OPtimMiZaAtION .........ccveeveevierrieriiesieseesaesreereesseeseessseesseeseessessseens 191
RISK FOT@CASE ....uvieiieiieiiecie sttt ettt ettt st e staesnseesseesbeessaesnne e 197
Sample Covariance MatliX........cccueeverciererieriieniienee e ereeieeseeseeseeeesseeseesseessaens 197
Fundamental Factor MOdeIS.........c.cecievieriiniieiieieeeeee s 199
Economic Factor MOdeELS ........ccvevuieriieriiiiiiiiciieieeieesiee s ee e 202
Statistical FACtOr MOAEIS.......coviriieiiiiieiieiieieeree et 202
Limitation of Risk MoOdelS ......c..coocuiiiiiiiiiiiciiieeeecee e 204
Risk-Adjusted Information Coefficient............cccceevevieiiiiienciieiiieeie e 206
RETUIN FOT@CAST.....vtieiiieeiieeiiieciee ettt ettt e et e e ae e eeb e e stae e saeeenseeesnseeas 209
Factor Group and Composite FACtor SCOTes.........cccvvviirierieiiieiiieieeieriieeve e 209
Factor Interactions, Sequential Screening, and Selection Scores.............c......... 212
Quantitative Linear ModelS.........coooviiiiiiiiiiiiiiie e 213
Short-Term Signals for Long-Term Investors..........ccccveeeveeiiiieevieesiie e 215
Nonlinear Models and Statistical Learning Approaches...........cccccevceevverurennne. 215
Interaction between Return Forecast and Risk Forecast ..........ccccooovveeviieninennen. 219
Black-Litterman Model ............cccuiiiiiiiiiiiiiicieecee e 221
POTtfOlio CONSIIAINTS. .. .ccuviiireiieeieeieeieesieeste ettt eaeesteestaeseaesnseenseesseesseessnenes 228
CONCIUSION....utiieiiie ettt ettt ettt e et e e et eeeteeestbeeestaeestsaessseeesseessseeessseenssenanes 230
Chapter 11 Dynamic Portfolio Construction ..........eeeeneecseecseccseecsnensnessecesnens 231
Factor MOMENTUIT ........uviiiiiiiie e et e e s e e e ee e 232
Macroeconomic and Market FaCtOrs..........ccvevviirieiieiie e 236
Economic CONAItIONS .......c.cevveeriieriieriienienieeie ettt eieeseeesseesenessneesseesseessaesnnesnnes 237
Market REGIMES .....ccuveveviiiiiieeiieieeceeete ettt stae e sraeesbaessaessaesnneennas 238
INVESTOT SENTIMENL ....eiiiiiiiiieeiie ettt et e e e e s e e eeaeeensaeennnas 240
Valuation SPreads........ceiieiieiieiiieiieiee ettt ettt sttt ebeestee s e 241
SCASONALILY ..viivvieiieiiiiie ettt ettt e e et e e stbestaeesbeesbe e beesssessbeesseenseennes 243
(07034 1o] 11 5] 1 USRS 243
Chapter 12 Statistical Arbitrage.....c.cccceceerevueecrscnnrcsscnnrscsscnanees 245

Dual-Class-Shares Based Pairs Trading.........ccecevevieieninieninenienencceniceee 245



Correlation-Based Pairs Trading.........ccccocvvieeiiieeiieiiiecieeeiee et 247

Cointegration-Based Pairs Trading...........ccecvevveeriierienienie e eie e 249
Benchmark-Based Statistical Arbitrage .........occuvevvveeeiiieecieeeiiieeiieerieeereeeevee s 254
COMNCIUSION ...ttt ettt b e ettt ettt et st ebeeaeenee 255
Chapter 13 Other Investment Strategies.....ccoeveeeessvericsssnnressssnsssssssnsssssasssssssassssse 257
Oher SETALEZIES . ..eueetetieierieeiiete ettt sttt ettt et sttt ee e besaeenee 257
LOW RiSK Strat@Ies .....vevveruieiiitieiieieeiieieseee ettt 257
RiISK ATDIITAZE. ...ttt ettt s 259
ConVertible ATDItTAZE .....eovevereieieie ettt et eneas 261
COMMOUAITICS ...eeuevieeiiie ettt ettt et ettt et et e ettt e eteeesaseeeteeeseseeensaeessseeenseeesssesenns 262
MOMENTUM SEFALEZIES ...cvvenvieretiriieieeie ettt ettt sttt 265
Backwardation Strategies ..........cccercuerieririiiieeiieeiie e eieeseeseesereereeseeseesseesenens 265
Hedging Pressure (Normal Backwardation) Strategies ...........cceceveevenereenenne. 266
CUITEIICY ..ttt ettt ettt ettt e sae e sttt e b b enaees 268
ASSEE ATIOCALION ...ttt ettt et e e eneens 272
RiSK Parity Strat@@IeS......c.ecvveruierierieiieeiieeieesieesieesteesteesnessseesseesseesseesssessseesses 272
Tactical Asset AllOCAtION.......cc.eiiuiiiiiiiiiie et 275
Alternative Beta Strat@ZIes ....ccuieivieeriieiiieiiie ettt 277
L00) 162 1L T 10 4 LRSS 280
Chapter 14 Implementation ........ccccceeeessrerccsssnnnesssssnsssssssasees 281
Trading Costs and Trading RiSK ........c.ccccveviierienieniiiiieireeeeesee e 281
Trading Cost COMPONENLS .........ccueerreeriiereerreaieeieeteeieessreseessresseeseesseesseessaens 281
Trading RISK ....eoiuieiiiciiciicieeeeeee ettt e seaesaaeenne s 287
Pre-Trade ANaLYSiS.....cooierieriiiieeie ettt ettt st e et e b e snee e ens 288
Trading Cost MOAEIS ......c.oevieiieiieriie ettt seae e s 288
Portfolio Optimization with Trading COStS .......ccceevereeririerenieeeeeeeeee e 291
Volume and Volatility Patterns.........c.ceeveevierienieiierie e e 293
Pre-Trade REPOTT .....eveeiieiieciie ettt ettt e e e s 295
Trading StrALEZICS .. eevieurietietiertiereeeteete ettt et e sttesate et et e teesseessteenseenseesseesneeens 295
EXecution MEthods .......cc.coiiiiiiiiiieieeeeee e 296
OTAETS ..ttt ettt ettt a et et et et st e beeae et e sbeeneas 298
Trade SChedUle ......cc.ooiiiee e 299
Trading Venues and Order ROULING.........ccovveiiiiiiiiiiiieciecieciecie e 302
POSt-TTade ANALYSIS ....eoueeuieiiiiieieiieiiete ettt 304
Impact of High-Frequency Trading ..........ccceecuiieiiiiiiiieiiie e 306
Other Implementation COSES .......cccvercieeriierierierie e rieesee e ere e esieeseaeseseesseesseenees 308

CONCIUSION <. e e e e e e e e e e e e e e e e e 309



