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RTINS HIE, WaRN il —ER2FARNLESATINESR.
S A R AERB TSR T O NN T2 5 RKENE EHHTEERZNZMW.
AERBIRES, FHA1BEHAR Yacine Ai-Sahalia, Jianging Fan % A £ Hi2 X {How and
When are High-Frequency Stock Returns Predictable?) AT EL I, XL A S MU
w1 RO MR 4 7 ER IR B AN STUE AR

SCHREE

XA BNRZEITEAR T BSHRERSNERBLE T TN R FEME.
EELXI, ShkfikaRAk (TRUMRNERRE) SRRERERHNET
HEZE. REMMEBOTINGE . (FEEENIZRNEIEHE T HE XN
BT, HFHREFARETREERBTHIEH TN MEATL. ETR, EFEX
Wit SEESMEBIEN AR MRS, FNTHNMNRAHTT EUITHA.
®RiE, FERNTRITRBEIMTRRTIE (Rxx) NHUNENNZENME, XHMEE
MRENBEREBTRRNSARSE, EEFRSWARHNT U MEFEM.

SCHRSEMERTE

s HEEE

WXHEIERER TAQ #iEE, R 7T HTANIESHIZZFT 2019 £ 2020 F£4&1it
FENZHHRNEIE. TAQ BEALNESHZ ST (NYSE). HEHATRETH
(NASDAQ) FIEEEER AT (AMEX) E TR B IESM B AR SH— KRN (TiHLE
MREINMEM), BEEEELENT:

B LB ARREEEERS | B &

Table 1: Basic description of the size of TAQ data used

Securities included all companies in S&P100 on 2020.12.31
Number of different security symbols 101
Date range of data 2019.1.1 to 2020.12.31
Number of trading days included 505
Number of symbols available on all days 96
Number of available (symbol, date) pairs 50,273
Total disk size 2.3 Terabytes

Bdiks: (How and When are High-Frequency Stock Returns Predictable?) #7520 70 5%
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FEETH—TNE—EXH. eEBE—IHEESD, X5H0NE. ARTZFHTTE.
AR B IANFD H B, {EEEYE Lee T Ready (1991) Bk, MR G FFIHRITE A,
WMREBEIANRENRZ S, WEXZTIEIETA +1, WREZHEENRS, NS
JIEHETA -1,

THE () BRr7THRNEFLEENRETE . ROBETNE—TYETENNEE
RIRILBBRNM IR A RIERE.

B 2: XERFT R 32 SRRl | AL RT 3: CHRRT AR N B m bl . RT

Table 2: Examples of trade data: INTC on Jan. 3rd, 2019

Table 3: Example of quote data: INTC on Jan. 3rd, 2019

Time Price

Size Direction (Lee-Ready) - e = = =
. Time Best Bid Price Best Bid Size Best Ask Price Best Ask Size

10 : 07 : 48.956770900 45.18

100 -1 10 07 : 48.956906761 1518 100 15.19 1800

10 : 07 : 48.956773554 15.18 300 1 10: 07 : 48.956921135 15.18 100 15.19 1700
10 : 07 : 48.956916983 45.18 100 1 10: 07 : 48.956970663 45.17 1600 15.19 4700
- 10 07 - 48.956980355 1517 1600 15.19 4100
10: 07 : 48.956971093 45.18 100 +1 10: 07 : 48.956901775 45.17 1600 15.10 1000
10: 07 : 48957830128 45.18 66 +1
#4338 (How and When are High-Frequency Stock Returns #4ERIR: (How and When are High-Frequency Stock Returns

Predictable?) fE£ZHAZHIZ R

Predictable?) fEZR#AtH 5 BE

m TR E*R

RXFRNELBRAR—EREANNKBENAE KRRK). Mib, (EEEAT
=S (Time Clock) X2XXIE, #SIZEBMG. FXHMMRAZRNES. B
FESERENNNTRE (R nBOKARSEREAR), REHHUFZRE
BEYERRIANRE (A% EXSORAREERTR), TRZHRE U
XEWENERRFORE Rk n ETXPORERBERA®). UK EHEL
ARRFSRANT:

Int(T, T + A) if M = calendar
Intfomard(T: AM) = {t >T: (Eselnt(]‘,ﬂ Jl{Vﬁo}) < A} if M = transaction -

{t>T: (Cecturn V) <A} if M = volume
Int(Ty, Tp) = {t € R: Ty < t < To}.

Hep, THHARR, AWKEKRE, M AFmERH,

AH—FNARERETENTEITEZR, BNBEENE - LEHETSHEX.
REFSERRRNTEARNUREERFHMEARNPMEHRI, AL LT

1 Lee, C. M., Ready, M. J., 1991. Inferring trade direction from intraday data. The Journal of Finance 46, 733746.
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B REE R
COUMRRMAN BB P LEMZANE TR, DIRRAANEES SRONEXAE
BH R, HERSEHNEEBNAL D= DY u DY, KAt MREIN AP, HERHE

BEASY, BMEZMAPE, HNHEBEASEH tiEh P=(P? +PY/2. &iF, Kiat
BB TN HS S PE™ Horp t € DB,

TEE R TIUN X B U 35 R XA R SR — BB (8] R B S E S (A 5 B0 P a7 B9 L 1EDRL
—, AW

Return(T, A, M) = Average |PP™ : t ¢ D™ n Inth“*’afd(T,;\,)\-I)} /Pr—1.

S5&GNEEX S EENBERBMRERITETNMAL, XHNTESTESK:E
REEENRE, BEE/), REREEAZWEN.
RHHAETEAR A

Direction(T, A, M) = l{Retum(T,A._ﬂI] > R(AM)}

(i

Het, ROMARERE EMFHXEREE. BTN EXKERER, ZESESR
T 0,

n FRNTE
[ 3 X 8]

WXHEEMENTA BRXEMRZ NN 2 T 2857 B1# X 8 AR & R iR 241
(FArkM) Aa SEEE—H, FEEXXEHKE. BHXEHNFRIAETNESM
MK B EAR—F, MTPR:

Imt(T — A, T — Ay) if M = calendar
IntbaCk(T_‘Al; A, M) = {t t<T A < (Ese]m(ﬂ') Jl{pﬂ__\D}) < AQ} if M = transaction -

{t < T, A < (Ese]m[ﬂ"; Vs) < Ag} if M = volume

HEERT ENTEIMXEESBHXE. S FADRS, EEFERL4,) €
{(0,0.1),(0.1,0.2),(0.2,0.4), ... .., (12.8,25.6)} 3t 9 MR [EVE A E X 8] (BLLAFH, 4,
REXBERNSMYENRHER, LARKEFREAMYENANER), YT
BRARRTEh, 1EEEA L, 4,) € {(0,1),(1,2), (2,4), ..., (128,256) MEAEMIX 8] (#fir
APRKZER) ST, EEFERAL4L,) €

{(0,100), (100,200), (200,400), ... ..., (12800,25600) ME A EI M X ja] (BERL HBEEL) o
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BRAERDNEREAS I NEERSERERSNEHXEKENZER. A5,
MEN B, E— PN TTHESHAEFHN S8%SATHNARR R T B ix.
HTHFEZMIURENAS XEXRABREEXAVNRFZIBERBAR.

A FHiE

WXHET 1I3PMNE T, SNEFEHITAE 9 NMEHX EHM 3 N EitE, X
I3AFUNEFREE AT HIAT 3 2.

F—K: IXETHENE. F-ABNETFSRENZTZEEFX. flm, A1
BEIMEIAFSMEN X HUR TS AR NFTEEFE, FI b RE 7o RE BN

13
1 I"EEF (Breadth) ZEIMKX 8N ZEL:

Breadth(T, Ay, Az, M) = [D™" nInt"*(T, Ay, Ap, M)|.

2) BIESMEETF (Immediacy) 2EAX (8] A& AL 32 A 2518 PR A /) -

As — Ay
Breadth(T, Ay, A, M)

Immediacy (T, Ay, Ay, M) =
3) BRHZERT (VolumeAll) ZEIHMXE A EMIE:

VolumeAll(T, Ay, Ay, M) = Z V.
tentP k(T Ay, As M)

4) F¥RZERTF (VolumeAvg) REHX BRI EE R FEIMZE:

VolumeAll(T, Ay, Ay, M)
Breadth(T, Ay, Ay, M) -~

VolumeAvg(T, Ay, Ao, M) =

5) HZAMXERT (VolumeMax) ZEEIMXEHREMZNEANKXE!

VolumeMax(T, Ay, Ag, M) = max {v; .t € Int"™X(T, Ay, Ao, M)} .

FH: RBMAEEY. EEINRESRELPNZZHAXNHRER. Fla0,
RRZUXGEEMERTRNNIARL S, AERMRNTLEERESTREE,
BABATTRESBEMNMME LRAR KR TREM . FIL, FUURRERO—NERKZ S
BIFROMITEE (LOB) RYFEHE, BfEREEATEMN. AFBAM, XA FEMRERK
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M ER) (B Cont A (2014 4E) °IMU % Kercheval #1 Zhang (2015 4F) °).
1) MEIRIEEF (Lambda) &7 EIHX B R BAMZE TSR

Let I = D" A Int®*(T, Ay, Ay, M), then

Pma.x(l) - Pmlu(l)
VolumeAll(T, Ay, Ay, M)’

Lambda(T, Ay, Ay, M) =

2) RNMAFEEHREF (Loblmbalance) &7 BIHX 8 ARMLIRMNEIEE E AR
G

Sb

Loblmbalance(T, Ay, Aa, M) = Average S“ n Sb

1 e Int™ (T, Ay, Ag, M) | .

3) FRAFEEHETF (Txnimbalance) HE 7 EMXBAFERXFELEMESEES
BRI i

P Nnt*>*(T A 1,A2,M) (Vi - Dirg™)
VolumeAll(T', Ay, Az, M)

TxnImbalance(T, Ay, Ay, M) =

4) W ERFEF (PastReturn) BEIHXEANKZE, TEARS5ZFREAM
MK s R EA—2:

PastReturn(T, A1, Az, M) = 1 — Average [Pttxn te I] / Prax(x)-

F=K: FEMBA. F-ETNEREZTEEERTREZHHEEMALAR.

1) #HB“FRRAF (Turnover) RRIMXEINKERZES 2RBEREZ EALLHE:

VolumeAll(T, Ay, Ay, M)

Turnover(T, Ay, Ay, M) = 5

2) BMEXMEF (AutoCov) ZEIMPXEIAMAZKERNFHEMHITE!

L{Lt)

AutoCov(T, Ay, Ay, M) = Average |:log (g:;) log ( p}::“ ) :
t € D™ N Int" (T, Ay, Ag, M)].

3) HwMNZERET (QuotedSpread) ZEIMX [ RIFEMLEIFHRMRNMINTE:

2 Cont, R., Kukanov, A., Stoikov, S., 2014. The price impact of order book events. Journal of Financial Econometrics 12, 47{88.

3 Kercheval, A. N., Zhang, Y., 2015. Modelling high-frequency limit order book dynamics with support vector machines. Quantitative Finance 15,

1315{1329.
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a _ pb
QuotedSpread(T, Ay, Ay, M) = Average % :t € IntP* ¥ (T, Ay, Ay, M) | .

t

4) BRMZEREF (QuotedSpread) =2 7 BIHX BN AR MITERISEITTIN
(dollar-weighted) #YZ:
[log (4 - Dirk v P

teDtn AInt"** (T A1 As,M
EffectiveSpread(T, Ay, Ay, M) = (AR

(Vi - Plxm)
teDtxn AIntPaek (T A Ay M)

n  fREGERE

N EEFER T WME P EHFTION, -2 IEMNLEEEBIT (LASSO, Least
absolute shrinkage and selection operator) fEARFMHNSE T L, ULBEVIZRMA
(RF, Random Forest) fEARFRMMIESHTTE. BT TEZERANXAMHITEZSN,
EE XN EMMNTTEH# T TG, 8%/ % (OLS). &EI3 (Ridge).
FarmPredict Z MBI 3 R ERTH (GBT) FITik.

n  EEFNERYE

BT EHMNER, XEEEER T B NMERREETNNERE, D3I TRAK
RAMKRTG AR (MEBRHEAN) . RAREFRVEE NNREIERZ—, X
RN EE B RUAER M, AT

2y 9y =1 - Y= Vi)
SRR YU S A

RABESEEA(—o,1], RAKT 0 RMREEFEFEXNTNER, HTFMUHER
SMIERTUNATUURR. AL, RAXNMEIRERASZEREENTW, A
HItEFHEARBAEETEARE, RNAENE, BEMEAME LK X A6
HIMPWKITESIE R EENHINERRES. AL, FERNEZET —MHERENOVE
Jiik, RAEDESM, XMERNRSETHREEFAGE. ArERENITER
W

Accuracy(Y, ?) = %Z Jl{yr! - Y,>0)-

He, YATNEIRES{E, VATUE.
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n REGBHRAR

SSUEFr M ENMERERE KRESE, BEERHE OEM E#TRAZAMNK. (£E
FREEX 5 ROEEEASDNXBNE—NER, RAEERFTEIRNTWE. Lo,
FMAENBSEbESEA Q01MX5H) #TRE, NREBERHORS. BEER
RO
LESE (Learning): XTHE—ABSEMt =T, T+5 T+10,. FhE=R, EHANE
tREIF t+4 K (HES5MXHH) HWEIERING—MER, ERER 5 KX[E[t+5, t+9]
NI EXAMER, FAMREFNE—RITERELRIN RZ IBEREs, RE.o
2B (Tuning): %EFEHRAFES REMEBSEAES (HHEM T+5 5| T+19 XERR
BRFENXE REMNTFE, £F 15/MKE), FEEXEBSHEAT T —HH
il
3.FUMBNER (Predicting) : XFEANt = T+20, T+21, . ERja 5, FHME -5 XFE
t-1 ROEIERING—MER, FHERZERRITNE t RPNER.
4;%z5E 0 (Rolling): BEANREE Q@RS 20 M5 H, BITEANT+20, RE
EESR1IE4,

A 4: BRBEERNRFEEO | B4 X

Figure 1: Algorithm tuning and testing rolling windows

tune 1: 5d train 5d test

>
< tune 2: 5d train_ 5d test
< tune3:5dtrain 5d test
time i test 20: 5d|train_ 1d test
testl:Sdtrain Adtest
| Tuning Period (20 days): T, ..., T+19 | Tksting Period (20 days): T+20, ..., T+39 |

BedfikePsi: (How and When are High-Frequency Stock Returns Predictable?) #2212 0 70 5%

SCHRSEIESE SR

n R R

PEZ £ M LASSO MBI ARMARZRAGWARB TN AR KRR ZEIRAIFE S, ERAYEHX
BRI BHERM (GF. 30%) . i (10 . 200 %) MR AIHA &
(1,000 f. 20,000 Bg) . WS RFUMAYRI (GBI AT 505 R ASN REFI{ERK
BE) MFLZENER2NETE, SXAREER 100 ERPERZHOTVERR
TIF BN . T 5 #ERABEAS ReFAIEL 0 10%, ARV ATUNLEREL
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LASSO MFUMEZ R —. b5t EMHUARAR, 30 A9EIREE 5 a9 EREXE
TN, PAIEREY A 4%, AFMARAZFHRHNERSBHNHNERE -8 BE
X B MR MRE, BFEE X (8 A9 AT E AT S .

B 5: HEASMIEER R SHEE | B X

Figure 2: Distribution of average out-of-sample R? when predicting individual stock returns
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¥duks: (How and When are High-Frequency Stock Returns Predictable?) #7150 70 1%

We/E, {EBEM LASSO EMEIMERPLEH TR FHERMST. EEEATHRM AN EE
TEMBERE: F—NE LASSO EREFEE EAFINRENIE (LASSO K BFEAR
EEMEFREEO0), ENERFHEIFREA/N (A LASSO A Z FiH EX &
EMIENLE, FEEARKANEETEMN), AMEETRBEE 7RI -
Z£R  AEENTNTEERZ A EE(Txnimbalance) B FF1 5 £ Uk 25 (PastReturn) &
F. XAEEWLREATRIXOAZRRNEE XBEIMEFHEAEAREFSS5TE—3C
MRAERANLEZELANK S, XHBBEITRSFHE— RIS EFFHNNE LK. H
EE=ZHNEAFERNFESE (Lobimbalance) BF, HEFSthSTHI—%: #HWE
FANENINERLETIASSENME LK. F—1EBNURE, EERFEENTN
2Bt AL ME R BRI EN.

e
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B 6: LASSO =B AFEEM (=)

| B2fir: X

Figure 3: Top 20 explanatory variables selected hy LASSO for predicting 5-second returns

TxnImbalance(-, 0.0, 0.1, calendar)
PastReturn(-, 0.0, 0.1, calendar)|
LobImbalance(-, 0.0, 0.1, calendar)|
Immediacy(-, 0.0, 0.1, calendar))
Lambda(-, 0.0, 0.1, calendar)
PastReturn(-, 6.4, 12.8, calendar)|
PastReturn(-, 12.8, 25.6, calendar)
PastReturn(-, 0.8, 1.6, calendar)|
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TxnImbalance(-,
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PastReturn(-,
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PastReturn(

0.0, 0.1, calendar)
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0.4, 0.8, calendar)
0.8, 1.6, calendar)
, 0.2, 0.4, calendar)

PastReturn(-, 6.4, 12.8, calendar)

LobImbalance(-
LobImbalance(-,
Lambda(-
Lambda(-,
Lambda(-
Lambda(-,
Lambda(-
Lambda(-,
Breadth(-

, 0.0, 0.1, calendar)

0.1, 0.2, calendar)

, 0.0, 0.1, calendar)

0.1, 0.2, calendar)

, 0.4, 0.8, calendar)
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1.6, 3.2, calendar)

, 0.0, 0.1, calendar)

—0.5E-5 o

0.5E-5

1E-5

Coefficient magnitude for standardized predictors

FEHRIE: (How and When are High-Frequency Stock Returns Predictable?)

n FHEERETR

T3l AR M B A TIUN RIS I 55 FR T

M SRS B BN HEAR—B. BE

TR ILRE

N EREARA—E. BHERSH, FOM 5 #ER
BI7T AR R ALY A 64%, TTUN 30 B EIIR AT AT AT T FER T2 59%, A

=R

=x

y={:0p=

5 Z B Es RHUN A

ZRMLL, FEVHRMER TR S LASSO HEEA—, it FUNAZEREM

T HERTHREERD,

BRAKH).
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Figure 5: Distribution of average out-of-sample directional accuracy when predicting individual stock

returns

Accuracy
°
S

ST

benchmar

0.4
return_Sseconds  return_30seconds  return_iOtrades  return_200trades  return_1000volume return_20000volume

HdEkiE: (How and When are High-Frequency Stock Returns Predictable?) #2885 iF 58 Bt

n RS REHATN

BRTWEAEEMAEMTUNZ, EBENZZFFEHEA (Duration) #4777 UM, X5
GHIRIERE—ERBNX PR —EFRNZ S RNNE, ZEESRNMENEE

REZ—, HWEFEXSHEMURNMEEAERNEERHA. FEFERNTESTN

WHENTE—B. NERLE, XSHEHNTUNKRREZ LR EEAR, HE

BN SGIFEASFRNTRNMN, R ARREAN 15% (575200 £EXHRLESH
20,000 B&3Z ZHOBTEIXFEL 10 £ H 8 1,000 R HA93FEH) . thoh, LASSO 8AH

TN RER L T FEAL TR

E 8: A ZGZFFE RASHEE | 24L: Xk

Figure 6: Distribution of average out-of-sample B2 when predicting individual stock durations

0.4

Model

ode
O re
=]

LASSO

0.3

Duration R"2

e

S %% = =7

duration_10trades duration_200trades duration_1000volume duration_20000valume

Note: Similar captions to those in Figure 1 are used.

FEHRIE: (How and When are High-Frequency Stock Returns Predictable?) #2831 85 F 70
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EEXENE, LASSO iRFIHHNNZ ZHEHINREZNE 75 Z B @ E
FHRAARE. 8 20 MREENFHEIREARNERXERXNET: ZHXE
(VolumeMax) EFHHRABRZE (VolumeAll) BF. B8R TFHEITEREU
T ORFEMIN, ERXERNFRARPRENIZFGEMNREIL, XMIERTEE
PRFFE—RIE, FAUEXZFEISER, IRANREFR FRARPRIEEERH
TRFRNR S, BEAERKRPXFENZ S TSI mHELEN RS M~ E—ENRE
=,
EEEXBPREBRBFIZIR, BIMAA—NTERNERR, BEXTNITEEESR
SEULITRESEN (BlHRETH, SEMEEENBEREZIEFAZTE), BT
S E5FELFHELNNTHRNEEEE, AEEFEEFELRS, SBEXHHEHE
K.

9: LASSO BBWEFEEM (XSFEH) | 8ii: X

Figure 7: Top explanatory variables selected by LASSO when predicting duration

Volumeall(-, 16, 32
Volumeall(-, 8, 16
olu

| | | |
—6000 —4000 —2000 2000 4000

Coefficient magnitude for standardized predictors

B¥fik5: (How and When are High-Frequency Stock Returns Predictable?) #2620 70 ¢

—EVHNE

ERBIUERP, —LESHXZRABRENBEVEXFHATENTER: XBFYE
NERURFEERZARSE AT ARERMERE, FRITEMIRS, i
MEKLER, THIEFE. RRENENREBSTHMRELEMEBCER, M#ET
TEHBUATTE . AR T TN MR NI ERR & B M f L.

n  BIREIRHYR M
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Figure 14: The cost of data delays: Returns predictability as a function of lags in data acquisition

and exploitation
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FlowDir(T, A, M, p) = sign(2X — 1) - sign( Z Dir{JR).
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Figure 15: Peeking at the order flow: Predictability as a function of the accuracy of the directional

signal on the incoming order flow
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4 A"1t-Sahalia, Y., Sa“glam, M., 2021. High frequency market making: The role of speed. Tech. rep., Princeton University.
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