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the armival ofF nens produass sevial correlatian in the number of trades and sevial aor=
reltion in souared price denges - B ecause the bid-esk spreed of the market spedalist
teck o shiink as individuak trace and reveal thalrinformatian, the serial conrelatian
in tradkes is mare pearsistant than the serial conrelatian in souared price daengss.-

W e thank |l amence H anris, B e L édman Stewel oy, Charks Stuart, and saminar partidpants at
U niversity oft artus, U niversity oft izaa, U nivarsity of Califomia atSanta Cnuz, U niversity of Califfomia
atSan D iegp, Eaonanetric Sodety 1998 W interll estings, Federal R esene B ank of Karsss City, Federal
R esene B arnk of San Frardisao, and U nivarsity of T exas, Torammats and suggesstias- A lerrars are aur
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1 Iiroducton

I aryasset prresexhb it con itiora lheterodel agk ity through ria k orre ht o NniNnsjuared
prie charges. Statigcalmod elbthat t the ob rvel srialcorrebtioninguarel prie
charepsare row wiiely u=i inempircal ranel |l od elirg <rialcorre ktioNniNnsjuarel
prre chargeshasmportart mp kators®r optonpre irgan con ikoralreturnbrecag-
ing- Accurate peci cationofa gatigcalmod elrequireskrow Bi e ofanecoramt mod el
that e>p hirsw hy rialcorrehtionispresri. Akhouth there iIsw il epreal ecubton
that the arrivalofrew sin raniklmarketshasanimportart mpact onsjuarel prce
charges we krow ofro ecoramt mod elthat Brksthe arrivallofrew sto rielcorre hton
iNngjuarel pree charges.We provi e anecorsmk mod e lthat Brksthe behavior oftrad ers
ina ranealmarket v irgthe arrivalofirew s to <rialcorre htbnNinthe sjuarel prece
chargesthat arie fom the market .

E mpircalarabasof rankli ata revea b<veralal d itibral aturesofthe ( ata that
anecoromt mod elshoul e>p RiNLF irg, there isexterave <ria lcorre ktonNinthe runmber
oftral es (Harris 1987) ani intotaldarestrai el (Harris 1987, Arieren 1996; Brock
art LeBaron 1996). Secorn, fralcorrehtonNnintral es ismore peradert than<sril
correhtoninsyuared price charges (Harris 1987: Aniersn 1996; Steigerwal , 1997) 2
¢ alhri, H=eh,arh Tauhen(1991) show that rfthe rumber oftral esina cakriar period
iseria l/correbtel , thensyuared prie chartpsare rial/corre htel . Akhoughthe il iry
o alkrt,H=eh,ari Tauhenprovi esanmportart Brkbetw eentral esari sjuared prce
charges anecoramc mod elthat Brksthe arrivallofrew sto the empirca I atuesofthe
d ata through the actiorsoftrad ersisreel el to accurately fec iy a gatidrallmod el

We devebp anecorsamic mod eloftraie ima ranklmarket that Erksthe arrvalloF
rew sto frelcorrehtonintral es arn hene, frelcorrektoNningjuarel prre charges.
T he exocerousarrivallofprivate inbrmation(rew 9 iscaptured by Sgrakthat inbrmed
acenisreceve. Ageristral e arorymously w ith a market specialig who d oesrot receive
a 9gal The market ecle fresanald vere = Ektionprob Em becauw the ecnlig
trad esw ith more inbrmed agerisw ith pogtive probab 1lity.

T he arrvalofprivate Sgakhastwo mportart eRects. Firs, inbrmed trad erserter
the market, inreagrgthe rumber oftral esrehtive to tral irg period sinw hich there is
o rew s(sch trad irgperiod sare commordy refrred to as\tral rgd ays?). 0 ver tral irg
period s shorter thana trad irgd ay, firnbrmed trad ershave aninbrmatioralal vartace,

! Farasuney, see B diierskv, Engle, and !l elbon ((993).
2Similarly, Tauden, I hang, ad L iu (996) repart that a price dhange hes mare persistenit eRects an
volLme then an souared price danges.-



thenmog Bkely inbrmed trad ersw ilhave aninbrmatoralad vartace the rext peronid as
wellane inbrmatonisrevea kbl sbw b/ over time, d Le to the preene oFllgurl ity trad ers.
T husthe ertry ari exat ofirnbrmel tral ersimp bestrai esare <ria B/ correhtel - Secoru,
the market pec i w 1 ersthe b i -adkpreal INrepore to the possh b al vere < kctonN
prob Bm _ Astrad e occurs the market ec i lig uesB ayesruk to Lpd ate belleBari hernie
theb @ arl adk. Asirnbrmel trad erstrad e ari revea lther inbrmation the b i -adk Yread
dec Bres_Becauw the sjuarel (Cakriar period) prre charee isietermirgl by the rumber
oftral esinthe period ari the variarne ofthe prre irmevation®r each trai e, pogtive rial
correbktonintral es kal sto pogtive rielcorre ktioNninguarel prre charges. Becauw
the b U -adk Preal hourd sthe variane oftrad e-by-trai e prre irvovatiors the d ec irirg
bl -adk pread ref uwesthe rinlcorre htoNingjuarel prce chargesw ithout a®ectirgthe
<rakorre htobnintrad es. T hus frialkorre htioNintrad esismore peragert thanissril
correktoNiNgjuared prre charges.

T he ertry ani exat ofinbrmed trad ersa®er the arrivallofprivate inbrmationisa key
comporert ofour mod eL T he mportarne ofprivate iNBrmationNasa ( eterm irart oftock
prre vo htilkty isspportel by Frernh ardi Rol(1986), who cora Li e that revebhtionof
private iNbrmaton (rather thanpw k inBrmatonor prrirg errory ( rives dock prre
charges. O r modelisbasd onthe market mrrogruture mod eloft asky ard 0 Hara
(1992) whrh mod ebthe rew sarrivallprocess.ll arket mrrogrutue modelbwhrhdo rot
mod elthe rew sarrivallprocesscererall/d o rot exhb it ®rilcorre btionintrad es.¢ bgen
art I 1brom (1985) cordaler orly a Srgk rew severt, © tral esare corgart ari thus
<raly unorrebtel - Sargert (1993) ard Brock ard LeBaron(1996) mod eltrad ersw ho
receive niisy Sgab.Becauw trajersd o rot decl e to Bave the market, trad esare <raly
urorre hted , akhough voLme cerera ly ( ec Bresthrough time -

Severallrearcherspropo< akerrative exp hratiors®r riakorre htioninguarel prre
charges. T mmerman(1996) comb iresrare sruturallb reaksinthe d vil eri processw ith
inomp kte Barrirg- Shoridh ari Spear (1996) sow how moralhazard betw eenthe ow rer
ari maracger oFfa rm cererates rialcorrebtioNninguarel prre charggsina Luas
as®t prrirg mod e DenHaanari Spear (1997) show how ageny codsard borrow irg
corgrairisgwe ri to wealh efectsthat yel srelcorrehtoninguarel irteres rate
charges.Divil eri basd mod elbprovil e animportart rg gep byd irect yexp hirimg<erial
correhtonNningjuarel priee chargesat bw fequenies. Serelcorrebktoningch modekb
d oesrot arie Fom the trad irgprocess gne the \ro trad e*"theoremsholl - Incortrag our
mod ele>xp hirshow rew s(sty abou the i Vil eri proces gererateshigh fequeny srial
corre Rtonthrouth the trad irgprocess.



2 N arketl crogrutuell odel

Wecordl erapuredeabrdhip market . Inthiswvayw e ruk out bhrokerace ®rvesprovi el by
the 9ec i, imp Virgthat a Bord ersare market ori ers® The 9ecia e ®tsabil arnl ask,
w hch are the prresat whrh he isw ilirgto hbuyarnn =B reectively, ore Sare ofdock.
Thebil ard adkaredetermired = that the pec inlis earrszero expectel pro tsfom each
trale.T he zero expected pro t cort itbnisanequilb rium coni itlonw hch ariesfom the
potertialfee ertry ofad d toralmarket ecnigssoul the b ar adk Bal to pogtive
expectel pro tsPrthe ecialid T hus asint bgenant || ibom (1985) ani £ asky ani

0 Hara (1992 ),we assme a Bertrari-gyk market -

T he inbrmatongrutue ofthe market iIsasthw s. INbrmed  trad ers karnthe true
share valLe w ith pogtive probab ility b eBre tral irg garts w hik the ecnlid arnk N
Prmed trad ersi o rot Barnthe trie share valLe hebre trad irggarts.Wed e re the irterval
over whch agmmetre inBrmatonispresn to be a tral irgd ay, akhough we recogee
that the irtervallreed rot correpori to orecakriar d ay. At the begrmirgofeach trad irg
day inbrmel trad ersreceive the SgralS, ,where m Ine>estral gl ays. At the eri oF
each trad irgd ay the agralisrevea bl to uirbrmel trad ersari to the ecialit,arn all
tral ersagee Yonthe share valle .-

0 neach trad rgday the raraom dolkr vale per sare, V,, , takesore oftwo vales
Vi, < W, with PV, = v, )= £_To ersure the cortiruity ofprresover tral rgd ays
EVn = vy ;1 TRithe inBrmel  Barnthe true valle ofthe ockontrad rgdaym § 1. Hthe
inbrmed d o rot Barnthe true valle ofthe fockontrald rgday m § 1, thenwe presume
the possb B share vallesare unharepl an vy, = v, ., arn W, = Wy, ,, -

The sgakreceivel by inbrmed trad ersat the gart ofa trad irgd ay are wieperdert
acrosstral rgdaysan derntcallyd drbuel - The sgals, takesthe vale: s, ifthe
irbrmed receive the hich sagalan BarnV, = v, s rfthe inbrmed receive the bw
agalan karnV, = v, ,an 5 rfthe inbrmel receive the unnBrmative sgralan
henie, ro private inbrmaton. T he probab ility that the inbrmed Barnthe tree valLe ofthe
dockthrough the agralisy, @ the probab ility that S, takesthe valle s; ISt -

T he agralcomp ktely d eterm iresthe trad rg d ec iorsofthe inbrmel - Cord itioral
onrecevirg the uirnbrmative Sgrall inNbrmel agerisd o rot trade becaux ofd ertral
prefrennes. HAnbrmed trad ersreceive Sgralls, , thenirnbrmel trad ersabayssBas bryg
asthe sec i Isunertainthat the true vale sy, - HAnbrmed trad ersreceive sgral
S , theninbrmed tral ersabaysbuy as brgasthe e g Isunertainthat the true

30 urmarketgpedalist does notkegp an aderbodk. B dllarskv and D anonitz (991) relte the variance
ofpricss directly tothe spreed exdstingin the aderbadk A s sudh, they are abe todotain hetercskedsstid ty
withautserial correlatian in the numberof trades.-



vale iSVH n -

Altral ersari the market gec B bs,are ridkreuralan ratoralTo i ue unnbrmel
ratioraltrad ersto trad e, @me ( iarity ofpreErernesor eri ow mertsacrosstral ersmug
exas .We Bt !;be the rate oftime ( isourt Br the kh trad er . Asint bgenarni || ibrom
each N v talasggrsrariom Wwilty to sharesofgock, s, ari curert corgmption gas
IsV, + & The hrgpr the valle oF! the geater isthe ( edire to irves ari Bregp currert
coremptiontWe st I = 1 Br the ec g ard inbrmel trad ers. T here are three types
ofurinbrmel tralerstho with ! = 1,who have t erticallpre€rernesani (o rot trade,
thowith ! = 0,who alayssHlthe fock, ard thoewith ! = 1 ,who akaysbhuy the
dock. Amorgthe popubtionofuirbrmel trald ers the proportonwith ! = 1 1s1 § ",
the proportionwith ! = 1 s § 9", arnt the proportionwith ! = 0 IS<'_The trad 'y
d ec iI0rsofthe uirnbrmed are d etermired comp ktely/bythe valle o ari d o rot d epera
onthebi arl adk.

Trad ersarrive to the market ore at a time, @ we raextrad ershy their ord er ofarrivalL
T he probab ility that the arrivirgtrad er isirnbrmed IS® > 0 _A trad er arrives ob ®rvesthe
b art adk, ard dec i esw hether to buy, B or rot trale. Let C ;be the raraom varib B
that correpori sto the trad e d ec Idonoftrad er 1-T henC ; takesore ofthree vales G 1F
the &h trad er b uysore share at the ask, A;; g fthe ih tral er € Bsore share at thebi ,
Bi;an  ifthe kh trad er ekctsrot to trald e. T he fguerie oftral irgd ec iorsispuw k
inbrmaton. Let Z ;be the puh k b/ avaikb B inbfrmatonst afer 1trad ershave come to
the market . T he iNbrmatioN<et avaihb b to the ec e arn the unnbrmel Is? ;.-

Becau® the fecrlig ard the unrbrmel have the sime imbrmaton<t, they have
the same Barnirgprocess. Inw hat ©bw s we amp ly re®r to the Barrirgprocessr the
e alig, rotirgthat the sme processapp besto the urinbrmel - Afer the actonofthe
trad er,the ec B is reviesh elleBab out the Sgallrecevel by inbrmed trad ersari thene
ab out the true vaLe ofa share . Afer the h trad er hascome to the market,the fecnlid’s
helefthat inbrmel trad ersreceivel a high sgralis

PSS =sidd= W
Correpori irgly, the ec n i4"shellefthat iNbrmed trad ersrecevel a bv sgralis
PGS = s »= Xi:
W eassume an in Nite rumberoftradars 0 that the prdosbi ity ofFany plaerpljingmae ten ace is

Zer0. B ecause V, s realized at the end ofthe trading day, V i, is the randam share valle used to aastiuct
atriader's utiity at the end ofFa trading day.




Bycorgrutionthe ec b 4 'sh elefthat inbrmed trad ersrecevel anurinbrmative Sgral
[

P& =sid=1ixXiiW
The ecnlidsheleBabou S, trarshte ( rectly irto helleBabou the valle ofa are.
Hthe ec e s helevesS, = s, ,thenthe accuracy ofthe Sgrallimp Eesthat the gec b ig
helevesV, = vy, - Smikrly, ifthe eclid hebevesS, = s, thenthe ecilld ab
helevesV, = v_, - IFthe ecinlis hebevesS, = g5, thenthe eciald asmsgsthe

unon itiorallprob ab ilitiesto the possh Evales®rV, .To sammarke, afer the kh traid er
hascome to the market, the ec bt "sconi itiorallprobab ility that vV, = v, IS

PV =i, Id=Yit QixiiyD(d id);

whik PV, = v, I D=1 iPV, = w, J i-Theactionofeach trad er, eventhe d ec ioN
rot to trad e, corveysinbrmationab out the Sgrallreceivel by iNBrmel trad ers.

21 DetermimratonofAdkari B @

At the begirmirg ofeach tral rgday, X, = prtart y = p(@ §1)- Let Ay ari B, be
the intialadan b, repectivel/. (T husA; isthe adkthat the ra traier fces) The
equilb rium coni itionthat the secia i earnzero expectel pro t fom each trad e provil es
the equatibrsthat d eterm ire the quotel prres(B1;A)) - INneskne, the quotel prres<t
the fecrit'sexpectel bssfom trale w ith anirnbrmed trad er equalito the ecnlit’s
expectel cuinfom tradew ith anurnBrmel trader .Weexp kikyderve A; (lervatonoF
B, Tbwsamikr bgr). Hthe r4a trad er trad esat the adk, thenthe et ia it 'sexpectel
bssfom trad e w ith aninbrmel trader Is

® & (As iVH,)s

where 6 (A1 1 W, ) isthe expectel bssifthe ra trad er trai esat the adk, gventhat the
“rd trader isinbrmel - Simikrly, ifthe ra trad er trad esat the ask, thenthe ecnlid’s
expectel cpinfom trad e w ith anurnbrmed trad er is

Ci"A iMoo+ @ % iWIA iV, )+ ¥+ CidC ix 1¥)IA:iw,)o:
Hexpectel pro tsequallzero, then

_ Oy, + L 0)" @i DEVndo).

A Pt Qi) Q19
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where EVn Fo)= XV, + MWW, + L 1% i¥)EV, - InparaRIE3hoN

_0xv, + QE®)"EVaFo).
- Ox + L §0)" -

T he equatiors®r (B ; Ay are amp by the equatiors®r B ; A)) w ithy rep beel by y;; 1 and
X rephced by X51 Wheh mplesiE(V, J ) isrephced by E(V, J 5;1)) - Asore woul
expect,boththe bl ard agkinreas w ith y;;, ari d ecreae w ith Xj;; -

k iseag/to e that v, -B;i - Aj - v, ,With drict irequa ity urkssthe ecnlig
iscertainthe iNbrmed Barred the true vale ofV, (ro ai vere kctior) Il athematraly,
the ec g iscertainthe inbrmed Barred the true valle ofV, X5 = 1orys: = 1.
k isab eag/to ke that B - EVp J 51) - Ai, wheh Tbwsd rectly fom v, -

EVn T i1) - W, -

B

22 LearrrgR uks

Astral irgoccus inBrmationacc ruesto the ecielbig - INrepore, the ec b b4 Wd ates
the probab ikties(X; y;) - We beginby exam irirg how the ecialigd Barrsfom the acton
ofthe rd traleran exp Eitl/d isusorly wiatirgofy;, (Wl atirgofx, Tbw samibr
bar) > T he key parametersthat governthe speel ofkarrirgare ® ard "' Hthe "r< trad er
tral esat the ask

O+ Qa®)"A i) .
O+ L i®)"Q i)
Asbrgasy < l,atraie at the akinreassy, - H® = 1 or "= 0 ornly inbrmed trad ers
trale, ® Barrirgisimmed iate ard y; = 1. Hthe rd trad er trad esat the b i

_ adi®)y™

T g i)

Asbrgasx > 0,atraleat the bl decreaesy;- H® = 1 or " = 0 againkarrrg is
immel Bte,® y1 = 0 ani x; = 1.Firaly, ifthe r4 trader d oesrot trade

di®)adi" ]
Oix iw+ Qi) i)’

Asbrgas(l ix iy)> 0,adecigonrot to tradedecreaesy; - H® = 1,or if'= 1IN
whrhcas aluirnbrmel trad erstrad e, thenkarrirgismmel mtewithy; = 0 ard x; = 0

Yi= M

Yi=M¥

5T he updating, ar kaming Tomulkee are derived filam B ayes ik in theh ppadix.

Ve



T he Barrirg Brmubke Br y; are amp b/ the Barrirg Brmubke Bry; withy rep bcel by
Vii1 -1 he Barrirg Brmukbe Br Xx; are:

Ci®)y"as9 .
Oyt L 10)"A i)
rftrad er 1trad esat the adg

e @+ 1 i®)"= |
'i1®xii1+ aieo

rftrad er 1trad esat the bl ;an

Ci®)d " )
O ixir iyt Qi®A "

rfitrad er 1d oesrot trade.

Xi= Xjj1

Xi=

Xi= Xjj1

2 3 Cormagenyoflearriryg

We have podtel that the Sgalisrevealkl at the erd ofa trad irgday, whrh corggds
ofa rite rumber oftrader arrivals. To ersre that the Barrirg Brmube we desribed
above are u=Eil we esab kh that fthere were anin rite rumber oftrad er arrivalg the
ecialig woul Barnthe vale ofS, -Asa resul,the bl ard adkcorverce to the grorg
Brm ex ciert valle ofa dare, inwhrhthe b arn askre®ect both the pub k ari private
inbrmation. Becauxk trarmctioNnpreesare determired by the bl an adk, trarmction
prresab corverce to the grorg®rm et ¢ ert valle ofa dare.

T hree tsofh eleBrapture the fec b It 'sunertairtyabou the vale oS, .The rg
isthe ecnidshelefthat § = s ,whrh isexprese! asthe fquene oftoniitoral
prob ab iltiesfyigl-Fl -The =tonl isthe ecnlit'shelefthat § = s ,whth isexpres=d
asthe sqene oftoni itioralprobab iltiesfxg; , ,ar rallythe thirn isthe belefthat
S = s,whrh isexpresi asthe fgquene 1 j X; iyigl-Fl -

T heorem 1:T he fqLene ofhd san asks ari herue the gqLene oftrarmctiornprres
corverg alnog srel/to their grorgBrm et clert vallesat ane>porertialrate _.Formall,
asi! 1:

l‘faq =S ,thenxi!aSO,yi!aS 1ani AiﬁSVHm ’Bi!as VH, -

rf% = sL,thenxif"S 1,yif"SO an AiﬁSVLm , BiﬁSVLm -

S = 5, thenx;i P° 0, s 50 ard A;F° EV, , B ° EV,, -
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P roo®E See Apper ix.

Alkhouth the agmptotr behavior ofprresissraightbrwari to d etermire, cabuktirg
the @ria kcorre htionpropertiesrequireskrow B ¢ ofthe d idrib utionofhare prresirneach
tme period ,a more d i culk tadkw hchwe turnto rext -

3 CaBkrnarPeriod Impkatiors

W ith the Barrirg ruksedab kel ,we row sow that the mod elaccourtisBr the main
empircal nirgsiesribel inthe inrol ution.We rg show that ore imp katonofthe
mod e listhat the rumb er oftral esima cakriar pernd issrilBycorrebtel _Asiesrbel IN
the intirod ution sch <rielcorre htoNnkal sto «rialcorrebhtioNningjuared prre charges.
We thenghow that the srialcorre htioninthe rumber oftrai esper cakrdar perind ismore
peragert thanisthe rralcorre ktoNiNnguarel pre charges.

Todervecakriarpernl mpEkatorgwemud bec Barabou how trad irgopporturities
are agyeantel - A tral rgd ay cortairskcakriar period s(arh asanhowr). A cakriar
period ,whih isiniexel by t cortairs” trader arrivalg w hich asabove are inexel by i.
(We canthirkofa trad er arrivall or trad irgopporturity, asa urit ofecoromik time) T he
smp k period coragsofa hrgg smp b oftral irgd ays.

Calendar Period Trades

Fird we examire the covariane sruture ofthe rumber oftrad esper cakriar period -
Let the rumber oftrad esin(Ccakriar) period the l ¢Becaus ~ trad ersarrive each period , | ¢
takesirtecer vallesbetweer) ari ~ - INnfct | ¢isd idrb uted asa b irom ialrari om variab b
w here the rumber oftrad escorrepori sto the rumber oRAssceses’ In” \tre B'_.For all
perid sontral rgdaym the probab ility that a tralerdeci esto trai e Is

PCise¢h 6%) @+ @ i0®)";
PCise¢h = 9) @iv)™

D thed igrbuioNof conl torallonthe vale oS, 1S

& 6s) » B(;0+ "1 ibd));
& =) » B(;"Qi0%)):

Thus Br allcakriar perod sontrad irgdaym



Elld> 6] 1= @+"Ai0));

ElldS =] = %=""Ci®);
Varlgs 6] = %= "[0+"Ci®Li®)i";
Varlds = 51 = % =""Ci®N i "¢ i®)]:

Uraord itiora By, w e have:

E[ld
Var[ld

Lz (1R I~
W= g+ (@ R+ A F ) CGr i Yo @)

¢ venthe above gsruture Br the rumber oftral esina cakraar period ,we cand erive
the srelcorrebtionpropertiesofthe rumber oftrad es.

Theorem 2 :Letr> 0. Hr < K thenlyg, ari |¢are pogtively sriall/ correhted - IF
r _ k thenlg, art I care unorrehted - Further Br allr, the corre htionbetweenl ¢ and
| ¢ iIsgvenby~-
" ) #
U i EY kimirk

Cor(lgr;l9= . =

P roo® See Apper ix.

T heorem 2 gwesthe exact Brmulk Br the corre htion. T herebre, it iIsgraightBrw ar
to edab b comparative gatcswhrhwe sammarize inthe ©bw irgcoro lhry.

Corolry 3: Hr < k thenthe correbtionbetweenl, an ¢ isdecreagrg inr,
iNnreagrgink, inreagrgin” an inreagrgin® .

ProoE
Suw gitutirg inthe d e ritbrsofkan % iro equatioNn(?) an assmirgr < K, resukts
in
oM “ud i pe? i
Cor(lgr;l9= - - - — :
¢ QiR i"A i)+ w[Q i®)Q a2+ 0" QA il

10



T he resuksthen®©bw by takirgthe appropriate d erivatves. .

T he comparative gatr caluktiorsinCoro lkry 3imp V/certainpatterrsofxrialcorre-
htonintral esacrossmarkets.We rg sul yhow the riakorre bt bnintral esisa®ec ted
by chargesinthe parameterscharactere irgagyegationover time - Asthe runber ofpert
ol sima trad rgd ay, K, inreasks the mpact ofthe ertryari exat ofinbrmed trad ersgow s
an the srilcorre htoNinreaks. Asthe runber oftral er arrivalbina cakriar period ,
~, inreases the mpact oFinBrmed tral ersisacpinreirnbrecel ari the srialcorrebkton
inreaes] husore may expect to e more prorounel rilcorrehtioNninasket markets
irnw hrh the reve htonofprivate iNBrmationtakesa rebtively breer pernd oftime - Sim-
ikril, ore mayexpect to e more prorounel srilcorrebtioninthe ker marketsthanin
thirrer markets.

Both ofthe preced rgcalubhtorsabw orly ore parameter to charge; mp Kk it Inowr
comparimnofmarket thk kressisthe asamptionthat the Brgth ofthe trad irgd ay is >ed -
Y\ et Hr marycomparsorgboth kart ~ are chargirg-A Bal irgcase woul be comparson
ofinbrmatioNnaatherel at two d Rerert cakriar perond fequenikes sty Smirue irtervalb
verashourl intervalb. Becau=s the d ata are catherel Br the ssme as®t, the rumber oF
trad er arrvalina trad rgday, ¢ = K, iscorgan Br both fequenikes. To uiergan
the eRect onthe correbhtbncauwd by chargirgfom 5mirue irntervalbto hourly inervalg
we sbditue ¢ Br ~ ard take the d erivative w ith repect to kK. Asthe charge fom 5
m inue inerva lbto hourly inervalbamulareously | ecreaseskan inreaks” ,we have two
courtervailirge®ectsonthe corre ktion Ingerera l the rialcorre htiorcaneither inreas
ordecrea with a charge incakriar period ara, perhapsmogd irteresirgly, the charee is
rot corgart acrossr B ecau the magitul e ofthe eRect ofa charge inkonthe corre htonN
d eperd sonr, it isBr brg hgsthat we woul mos lkely e the rilcorre htonintrad es
d ec lire aswe move fom 5mirue ( ata to hourly( ata .

To unerdari how the srialcorrehtionintral esd eperi syonthe url er barg para-
metersofthe market mrrogrutue modell we candecompo= the corre htionirio three
terms.The rg term isthe d Pererue betw eenthe rumber oftrad esona trad irgd ay w ith
rew sari ona tral irgday w ithout rews whith is(®; i %) - The remairirgtwo terms
are the coni itioralvariannesona trad irgd ay w ith rew s:) ari a trad irgd ay w ithout
rew s@%), repectivel/ . Aninreas iN(; j 1,) inreasshoth the covariane offral esan
the variarie oftral es w here (*; i 10)2 entersthe variane through the comporerts Br the
variane ofthe coni tobrallmeary @ the overalimpact onthe srielcorre ktbnNnintrai es
mug be caluhbtel - Aninrease to the coni itiora lvarienes kal sorly to aninreae iNthe
variane, 9 the overallmpact isto red ue the rie lcorre htioNnintrald es.

To udergart why the frelcorrebtioNnisaninreadrg tntonNnof®, ob rve that
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inreadrg ® hastwo eRectsonthe correbtion. Fird, with a hrger rumb er oFirnbrm ef
tral ers there isa w tl er d Rererue b etw eenthe rumb er oftrad esora tral rgd ayw ithrew s
art ona tral rgday w ithout rew s. Secord, becaus the inbrmed trai ersa@make the
sume tral irgd ec o aninrea iNthe rumber ofirbrmed trad ersi ecreagsat kag ore
ofthe coni tioralvaranes. Asa resul, the pogtive mpact onthe covarierne ouw eighs
the pogive mpact onthe variane _B ecaus the frialcorre ht bNniNtral esisaninreadry
TntonNnof®, a market w ith mary inbrmed trad ershasmore srialcorre htobnintrai es
thand oesa market w ith ®wer inbrmel trad ers.

Next, cordl er the re htiorghip b etw een’ (the Factonofurirbrmel who d o rot trad e)
ari the srialcorrehtbnintrai es. For feci ¢ parameter valesthe partiald erivative
iste ritively Sgwil . P issnallpreciely, if' < Zi(ilzi%), thenvirtua iy altrad esare
by inbrmel tradersari inreadry ™ d iltesthe inbrmed trad ersard rel westhe sril
correbhtbnintrai es. HW is hrge Qreciely P _ 1), theninreadry " inreassthe
varationintral esacrossi aysar inreaksthe srialcorre ktioNnintrai es.

Inamibr EhionN iNreagrg  inreaesthe correbhtionifjl issnaBerouth (preciely
@ ipt)> %) -Becaum gpod art bad rew sare smmetrt irnthemod el the riakorre htion
isualectel by chargesto <or +. Anirteresirg mp kationisthat our mod ellpred rts
correhtionNina varety ofmarkets. For examp B, there is<rialcorre htionintrad esinb oth
kuil ant illquil markets.0 ur i irgsof=ria kkorre htioneveniniligui marletsisa
apported emprrallyby Laree (1998).

0 Ftou=s, rilcorrehtbninthe rumber oFtrai escoul be arti cly mposi by
creatirg <rialcorrebtioninthe private iNbrmatonarrivallprocess. £t rgk et aLl (1990)
" 9me evil enne oferialcorre htoninpuw k rew s akhouth srialcorrehtioninpuw k
rew sioesrot mply rialcorrebtioninprivate rew s. Appealirgto srilcorrehtionin
private rew st oesrot rea lBy/provi e anecoromt cau Br frialcorre ht bNiNgjuarel prre
chargesastt begsthe quetbnasto w hat causs<rialcorre htioninprivate rew s

Behavior of Individual Trader Price Changes

To uierdan the ralcorrebktioningyuarel prre chargesper cakriar period ,we
“rd gu y the behavior oFthe prie chargpsthat Tbw the arrivalofeach traier. T he
prre charee that resuksfom the actornoftraier 11sUi= EVn ¥ ) i E(Vn J 5;1),W here
EVaF D= XV, + Vi, + A iXi 1YDEV, & Thede ritionofU; inorporatesthe arrival

5T he price is aaditiaal an public infrmatian ad is hence thearetically doservebk 1O the econame-
tridan. In realty the sst of parameters must be estimated, resulting in an estimate of the price bessed an
the estimated parameters -.H onever, in mastampirical studies of sevial conelatian in suared price dences,
ecoanetridars use the bid, ask, or st trade, \Whidh may have d®@rent properties fran the price.
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ofpu k inbrmatonater thedecigonoftraler 11 bu bebre thedecigonoftraler 1.To
relte d eciIGorsinecorom time gvenby our mod elto the cakriar periodl measremenis
wewrite cakriar period prre chargesas

D3
¢ R:= Uj: (©)
FGL) +1

Prre chargesinecorami time thusd rive cakriar prre charges. Inturn the inbrmaton
cortert oftrales (or ro tradeg drive prre charges inecorosm time. The inbrmatonN
cortert ofa trade or ro trad e d eperi sonthe hidory oftrad esari the parameter vaLes.
For examp b, 1F" is hreg, ro tral escorvey rehtively more inbrmaton. iF<is bhrge, a
trad e at the adkcorveysrebhtively more inBrmation. Trad esor ro tral esat earlyecoromc
tme perod scorvey more inBrmatonthantral esat kter time irterva k. Inthisw ay, <ril
correbktoNniNngjuared prre chargesare srialy/corre hted

To provi e wradght,we gul y iINd etaillthe prre charge asmc lated w ith the arriva lofthe
“rd trad er ontrad irgday m - T here are three possb B valles®r U, ore correspon irgto
each ofthe possh Btraledecigors. HC; = G,thenE(V, J 1) = A, an

_ 0% v, iEQnT0)]
PCi= Gio) )

HC,= g,thenE(, J )= B;an

U, = % [V, i EVnFo)l.
' PC:= Gi,)

Firnll, ifC, = ¢, then

O ix iW)EV:+ Qi®)QA iNEV.Fo)
e ax iw+rLi®)@i"

Uq

E(ij 1):

an

_0dix i¥EVY iEVaTo)l.
PC.= ¢J0) )

Hintilprorsare boraly coradert, © that tyy = (1 § )X, thenupd atirg fom the
“rg trad er ismore inNBrmative fthe a trade occursthenifa trad er d oesrot occur an

Uy
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Bi< EVnio0:Ci= ¢)< A -Whik the irrquekty iscererally sitis el r the remairirg
traders it ispossh B BrE(V,, J 51;Ci= @) to Eloudie B Ay S
The meanprre charge fom trajer 1 is

EU )= ) % PC.:= gI)U:(C1= @);

FABN
whrhequelb
OWW, * v, + @0 1% IiWEVY i®EV, Jo)=0:
Becaus

PCi= ak)6PCi= ai»

Pr ary rite L, prre chargesare rot meanzero w ith respect to the inBrmation<st ofthe
inbrmed .
T he varerne ofthe prre charge fom traler 1l is

EUfe = PCiz GIDUC:=
FABN
whrhequelb
OWY M, iEVad)f, @x) M, iEVaEf , @ Cix i%) [EVa i EVaRo)] .
PC.:= Gi) PC.:= cJ) PC.:= «¢io) )

To uriergart the mpact ofirnbrmed trad ersonthe b ehavior oftakriar period sjuared
prre charges we mug compare the variene ofU; Br §, = 5 w ith the variaene ofU; Br
S 6 5 - (Incgereral the comparionw illd epera onw hether the bw or high agallwas
receivel . HFP= £ = 5,thenx; = y ari the variane ofU; isti enticalBr the bwv ard high
gga k. Inthe remairier ofthe fttobNwe asgme <= £+ = Sarl © we do rot reel to
l itirguish b etw eenthe bw ari high 9ga k) T he ad d tionofthe Sgalalkersthe variane
ofU; orllythrough the mpact onthe probab ilityw ith w hch each trad e outcome isob rved

= A

EUB =% = . PCi= GB = $)UICi= 9

FABN

We compare the probab iltiesofeach tral e outcome Br §, = sy with §, = 5:

"Foreampk, if""is vary e ad ® is very small Go that the rare no trecke dedsias are most ofien
macke by infamed tradkers), then itis passibe thatE ¢ d i;1:Ci =G )> Aj-
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PC.= Gak = )
PC:=e¢B = )

w here the probab ilitythat C ;
E(Uijm = s;20) equals

COwY . 1EW. 30T 0 (L% i) [V, FEVa BT
[PC:= Gi o] [PC:.= @)l

whrh isgeater thanzero becaue EV, = E(V, J)- Becaus the term ispogtive, the
prie unertairty fom the r<g trad er ishicher ona d ay w ith raw sthanomna d ay w ithout
rews. The mpact oftraler 2 arn ©lbw irg tradersisrot mmel imtely 9g® becauw
EV, 6 EWV, J o) Br 1> 0_To determire the agnofthe ¢ Rererne we gul y the behavior
ofU; Br cereralli.

For cprerall i there are 3 possb B vallesBr U;, © ( irect calubtionofthe momeris
ofU; istel bus. Rather, we corgrut arabAr bourd sto the momeristhat desrbe the
behavior ofthe { itrb utioNofU;- Let

PCi=Gal =)+ 0@
PCi= ¢ =9)10;

G isthe sme BrthetwovalesofS, .ThuisEU: S = s4:20)i

AiiFi= maxdIdAGEV, § i1:Ci= ¢ imirB;EV, § i1:Ci= ¢

he the \read " or the i Rererne betweenthe maxamum prre charge ard the mirmum

prre charge -For mog parameter valles the freal isequalto the Emillar b il -ad pread -
However,asrotel earler, Br @me parameter vallesa ro tral e may iri ue bhrger or snalkr
prre chargesthana trad e at the adkor b ol , repectively.

Let ﬁJigtl he the squerie oftrader prre charges (prre charges inecorsmre time)
Pr a trad rgd ay-W ith repect to the pub k inbrmation<t, the e bmertsofthe :qLene
are unorrehted but are deperiert ard rot f erticallyd idrib ued - Speci cally, the trad er
prre chargesare heterodel agr art the heterodel asr ity iIsauoregessve -

T heorem 4 P rke charggsineorame time satisky:

1.EUd 50)=10
) _EUnUsll 5;0)= 0 Brh< i

3.[PCi= GPCi= @PCi= @) Aiifi -EUT ) - AiBi
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P roo® See Apper ix.

The r« two partsofT heorem 4 deliver the trad itibralresulsthat EU; = 0 ari that
EUiUp = 0 rFidoesrot equal j. The real d rivesthe variane iNU;. T heorem 4 ard
P ropositiont tocether imp l/that E(Uijf 5:)! 0asi! 1 _Asthemarket makerbecomes
certaimofthe true vaLe ofthe share,the b ard ad<corverce to the true va Le ofthe share
arn sjuared prre chargeso to zero.

To determire how the propertiesofthe ( igrbuionNoTU; are a®ected by the sgral
receivel by inbrmed trad ers we compare the variane ofU; ifS, = 5 w ith the variare oF
Ui TS, 6 5 -Paralklto theca Brtraler ,EUIE = sl 5) iEULER = 99 51)
equn b

VGV SN [=TVA T ECIRCR EOTR TOP (=88 T8 ) K
[PC1= G 5] [PC:= &J ]

T he ¢ Bererne (¢) deperni soNE (V, § 1), W hrh intund epert soNn(Xs; 15 Vs 1) -

Hthe proportonofirbrmel trad ersishigh erough, then karnirg takesp kece qur kil
art the ertire ( iIfrbutobNofU;scarbed rectlycalubtel _Fore>xamp b, i® = 9, thenthe
bi-adk preal isrel el veryc b= to zero iNnorly 10 trades.For® = 9 anl <= = 5,
the coLmrsofiab k 1 cortainthe vallesof(4) correpor irgto trad er 1 through trad er 8
art the row soffab B 1 correpord to d Rerert vallesof'.

Table 1

vale of EUI = si5l51) i EULR = 032 51)
®=9

rader: 1 2 3 4 5 6 7 8

T
"= 9 346 08 05 014 008 003 001 000
8 28 02 046 011 007 002 001 000
7 13 047 0232 009 004 001 001 000
6 165 042 018 007 002 001 000 000
5 097 033 004 004 000 000 000 000
2 020 0218 -05 -01 000 000 000 000
3 -66 -11 -09 -09 -01 ~-01 000 000
2 -1 -0 -1 -05 -04 -01 -01 000
1 273 21 -3 -15 -09 -02 -01 000

The ertriesinTab B 1 revealtwo mportart fatues. Fird, as karrirg accunuktes
(movirgacrossa row ) the d Rererne INKuarel prre chargesteri stoward zero. Secort,
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the valle oF' p hysa key rok_For hrge valesoF’, the behavior oftrarmctionkvelprre
chargesisarh that the variane ishigher, utbrm Vy, Br  aysirw hch the inbrmed trade.
As" ( ec ires the variane oftrarmctonkvelpre chargescanb e higher ond aysirw hech
the inbrmed do rot trale. Why? With ™ bw , very €w ofthe unirbrmel trale ani @
there are very Bv tralesifS, = 5 (becaus the inbrmel abo d o rot trade) . W ith @ Bw

tral es Barrirg issbw el erovugh that the sbw Barrirgcorreporirgto §, = § actually
ouw eighsthe unertairty assciatel with §, 6 5 -

For snalkr valesof® EBarrirgoccursmore sbw i, @ rel uwtionofthe b o -ad gread
to zero takesmary more trai esari calbubtionofthe exact ¢ iIkrb ubNiscunberame.
To uriergary the behavior oF(¢) with a snallkr vale of®, we approxanate the exact
i igrbuonw ith amubtiors. Inthe kg gure titkl \meart sjuarel prie charges'we
report the amubktel ( idrbuoBre = 2 ard "= S5ani cordrut 300 amubktors.Tobe
precie,we amuhkte 300 trad gl ays. At the outet ofeach trad irgd ay the prob ab ilkity that
the iNbrmel receve a Sgral(y) is! , @ sigt by Bssthanha ofthe amubktorscorrepor
to the lre Bbeld \New sDays'® A tral irgd ay isasamel to corsigt o @ traier arrivalg
bu asthe gure revealbthe gjuarel price charee iseRectivelyzero afer the rg 50 trad er
arrivale. The ha attachel “gure comairsEUL S = s ;2 51) 1 EULER = 9957 1) as
the d Rererne b etw eenthe Erescorrepori irgto \New sDays"ari \No New sDays'. As
the gure revealg the (¢ Rerene iscererally postive ard shrirksto zero asthe rumber oF
tral ersinreas. (T he horzortalaxdismeasresthe runb er oftrad ersthat have arrived ,
9 Rarrirgisrearlycomp bte ater 50 trad ershave come to the market )

Calendar Period Squared Price Changes

From the resulksabove,we Brm a gruture Br the expectationofthe cakrdar period
sjuared prre chargge. The arabtr arnn Smuktonresuksin cate that (Br reasrab Iy
bhree vaLlesoF') ontrald irgd aysirw heh the inbrmed ¢ o rot trad e, the 9ec et sintial
unertairty ab out the agalisre Vel Eirly qurkl/. Asa resul, the variane imcakriar
perid prrechargeswhih isi riverby the rariom d ec ISorsofthe uninbrmed , iIscorgart
over the course ofthe tral irgd ay- Incortrag, ontral irgd aysinw heh the inbrmed do
tral e, the fec B 4 'sunertainy isrot re Vel que ki, b ut rather d ec Bresover the cours
ofthe trai rgd ay- To capture thes pheromera mathematcall, bt jirdexthe cakriar
period sina trad irgd ay-For &= 1;:::; gwe reprexrt the drutue as

h i
ECRB =5 = %

8T oasure that aur resuls are stebke, we ™ rd ke variation in resuliis when the number of simulstias
is daubEd.
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h i Do
ECR B 6s = %l (D
F1
wherewe asame %, > %, > &> %> %, - Htabriar perind tisthe rd pernd oftral irg
daym onwhrh § 6 5,the expectel sjuared prre charte IS%; - T he irequa ity %> ¥
ariesfom the ob ®rvationthat the imnbrmationad vartace ofthe imnbrmel peragsurtilthe
tral rgday eris. T he unon itbralexpectatonofta kriar perond sjuarel pre charges
is
h i
ECR) = pht L iWh;
w here % = %(Pﬁl%j-
To derive the rialcorrebtionpropertiesofthe sjuarel pre charge Na cakriar
period ,animportart cord koNariesthat ervre the corre htioNispogtive 4 i
For cereralicthe covariane ofabriar period sjuarel priechargesCov (¢ R, ) ;¢ RY ,
equn b
" #
K § min(r; b NS
.kr(k) i CGji%)Cr 1%+ Ceitbp) P ity

F1 F1

r

w here the add tionNisw rapped at K-That is i+ r > K, thenrep bce g+ rwith g+ r j ko

AsTtr thecovariane oftakriar pernd tral esthe covariarne ofta kriar period sjuared
prre chargesiszero fr _ K. To d eterm ire the agnofthe covariane fr < k,we mugs
examire each term iNndetail. The rg term inbrackets isthe am oFthe coniitoral
covarianes w hrh ispogtive. T he scori term iNnbracketsisthe am ofthe covarianes
ofthe conitobralmears whrh iscererally regative . Determ irationofthe agnofthe
covariane (¢ eperi sonthe re htive magritul esofthe two terms.

We begnour arabAr ( erivatiorsw ith a tral irgd ay inw hich there are two pernl § @
k= 2 _For thisca animportart cori itlonemergesthat isreed el to ersure the covariane
iIspodtive.

ConiitioNnl issatl to holl Br period F,withl< J - Kk 1ff isthe hrgd vale ofj
Brwhich

%> Wt Qi Whe:
Coniitionl isperhapsmogd irtuitive Br the cae k= 2 . (Ha trald irgd ay correspori el
to a cakriar ( ay, thenempircalsu y ofmornirgsversssaterrvorswoul yel k= 2)
Reca Mthat pogtive covariarne betweentwo raraom variab ks w ith the ssme unon itoral
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meary imp Eesthat rfore rarnom variab k isbebw the unon itioraImean thenthe other
rariom variab Bterasto bhebebw the unon tioralmean Correpori irgly, ifore rard om
variab B isabove the unon itiora Imean thenthe other rard om variab k tera sto be ab ove
the uron toralmean. From the sruture Br the expectatibnoftakriar period suarel
prre chargesit Tbw sthat %, Eesabove the unoni itioralmeanari %, Eesbebw the
unon toralmean Let (¢ Pm) be the rd period oftrai irgdaym . IFS, = 5, then
iNnexpectatioN(¢ Pm) equaBY%; anl @ teristo be bebw the unon itioralmean. Y et
ifS = 5, theninexectatibNn(¢ B ab equak¥%, an < alb teristo be bebw the
unon itioralmean. FS, 6 5, theninexpectatbN(¢ B ) equaB¥; an @ teristo be
above the unoni itbralmeanW ith S, 6 5, theninexpectatibN(¢ RY equak¥, an the
b ehavior ofthe covariarnie d epert sorthe rektive magritul e o¥; ari thecord tobralmean
HConi itionl hol s then?,; is krger thanthe unon toralmean @ (¢ By, 1)2 tenis
to be above the urnoni itioraImean then(¢ R) a teri sto be above the unori itbral
mear

Propogaton5:Letr > 0 .The covariarne oftakriar period Sjuarel prree chargsis

" #
k § min(r; b X
._kr(k) i Cji%)Cor 1%+ CGeibp P ity
F1 F1
where the add itioniswrappal at K- That Is I+ r > K, thenrepbce g+ rwith g+ r j ko
Hr < k=2 ani Coniitionl hol s®r period 2, then
Kjr
Kk

h i 2
Cov (¢ Py i@ RY = Qi 0G %0k %)+ - O 1% g0

P roo® See Apper ix.

To shed Trther Bght onthe behavior ofthe covariare oftakriar pernd sjuared prre
charges we derive arabAr resuksBr a trad rgday with 3 pernd s. k= 3, thenthe
scori term iNthe ®rmulk BrCov (¢ By, r)2 (" PQZ ,Whrhcorrepori sto the covariane
ofthe cont torallmears isiertcal®rr= 1 arn r = 2 _Asthe coni itbralcovariane Br
r=1 exeed sthe cori |t|oralcovararue Brr=2,

Cov (¢ Py1) ;¢ RY 'S Cov (¢Pm) (¢P1) -

i
We beginby estab Eshirg uri er w hat cortd itionC ov (¢ Py:) (¢ R ispodtive.
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P ropogaton6: Let Corditionl holl Br period 3with k= 3_For r < Kkthe covariane
oftakriar periol Sjuarel price chargsispogtive.

P roo®E See Apper ix.

W hik Coni itionl hol sratually Br pernd 2, there iIsro sch ratualinutonNr
extert irg Coni itionl to hol ®r perind 3. Hthere are 3 period siNa tral rgd ay, then
inthe k4 pernd ofa tral irg d ay erough ofthe iNbrmationofthe trad ersmay have
bheenrevea bl that the expectel sjuared pre charge Br that periodl reel rot exceel the
unon toralexpectel sjuared pree charge Br a period - HConitionl hol sorly Br
period 2 ,thenthe d ec Bire ofthe covariarie incakriar period sjuared pree chargescanbe
dramatcallyrapi -

More Rapid Decay of Covariance for Calendar Period Squared Price Changes

Aswe shall e, the heterodel agt ity iNnU¢ that aries fom the movemertsinthe
expectel bl -askspreal p hyanimportart ro k inexp Ririrgthe perdgene puz k. HU: is
assmel tobe homoded adr ,asirt alhrn,H=eh,ar Tauhen(1991), thenthe covariare
oftakriar perind sjuarel prre chargesist rivenex Lavelyby the covariane incakriar
periol trades ari the peragerie inthe covariane iNtrad esshoull be matched by the
peragenie iNthe covariane iNguarel prre charges. 0 ur mod ellb reaksthe peragene
Brkbecaus ore pred ctionofour mod elisthat the variarne ofU; isrot corgart - Infct,
the variarie ofU; 0 ec Bresastral esoccur becau inbrmatonisrevealbd art the b o -ask
preal d ec Bresover time - Hthe variane ofU;d ec lires thenthe covarene iNnsjuared prce
chargesw illeveriua iy he Bssthanthe covariane inthe rumber oftrades. We sow that
everd urirgthe period irw hch altrad ersare w ilirgto trad e, the variarie ofU;d ec iress
that the rew sarrivallhasa more peragert eRect onthe rumber oftral esthanonsjuared
prre charges.

Cbhb= gsu yofthe ca inwhcrh k= 3revealbmuh abou the rehtive d ecay ofthe
correbhtonirtakriarperod trai esarnt sjuarel preecharges.0 reoftheempircaHeatues
brought Brward iNthe irtrod uwtonisthat the corre ktionoftakriar period trad esi ecays
more sbw I/ thard oesthe corre ktionoftakriar period sjuared prreecharges.Cbhbs U y
ofthe ca INwhrh k= 3reveabwhy thisis® . Asthe variene ofeither quarity is
corgan asthe hgotfthe corre ktoncharges the d ec ay ofthe corre htionis(d rivenby the
i ecay offthe covariare. i

Swppo= CortitioNl hol sBr pernd 3 @ that C ov (¢ P,ir) (¢ R ispodtive Br
r=1;2.
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Propogaton7: Let Connitionl hol Br period 3with k= 3. The covariane, ani
hernie the corre htiorn oftakriar periol Suarel prre chargesd ecaysmore rap by thanthe
covariare oftakruar period trades.

P rooET he proportioralld ecay ratesare revealbl by d rect cabubktion®om the covark
arnes.For cakriar perod trades

Covllgai;ldiCovllga;ld_ 1,
Covilgi;ld T
@ the covarianie d ec ireshy €y percert.
For cakriar perind sjuarel prie chargesthe correpon rgquarnitty is
Ys Y
1

1 1
ot Covh((l: P o (C Pl)ZI éll(l D[ §%)Ch i %)+ o i %) P 1 %0)] -

Becau Corditionl holl s&r peribd 3, the covarianie between(¢ Py,) art (¢ B is
podtive.Byde ritiord, > %, > %3> Y%, , the =torl term ispodtive ari the covariane
i ec Bresby more than €y percert. .

HCon itonNl hol s®r period 2, it ispossb k that the covariarie oftakriar period
gjuared prre chargesat hg? isrecative . Asthe covarine oftakriar perod tralesis
abaysrorrecative, ath a i irg Brther ernbrcesthe more rapil d ecay ofthe covariane
oftabriar pernl suarel prie charges.

Corrohry 8: Let Coriitiorpl holl Br period § with k= 3.T here iIsanopensb<et oF
parameter vales®r whthCov (¢ P;) ;¢ R isregtive.

P rooE We reel orllyedab ksh that there exad parameter va Les®rw hrh the covariarne
isrecative. Corsier the =t Fi;07 , = R0;73 @ %5 = 10: Let e = 1. From the

i e ritiorofthe covarene ofakriarperiod sjuarel prrecharggsCov (¢ Pm)2 (¢ RY
isreqative il > V. letpu= 4,2 Connitonl hol sbrperpod 2 .AsConi itionl conirnes
to holl Br perind 2 Br anopenst ofvalesofu above 4,Corolhry 8 isedab el . =

Note that Br the st ofparameter vaLesthat edab ks Corolkry 8, Coni itbnl ( oes
rot hol Br pernd 3,asmud be the cae fom Lemmad
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4  Smubtors

To provii e ani ea ofthe pattermof<zrelcorrehtionthat ismplel by our moiel we
anubte :quenesoftral esar the assc |mted prce chargesover a perond ofmarytrad irg
lays.

Let the urit ofecoramt time be ore fcori ard asgme that inbrmatonisrevea bl at
the erd ofeach d ay, ® that there are ¢ = 2880 trad irgopporturitiesinang hour trad irg
d ay- Note that the mod elcoul abo be irterpreted as®r examp b, w ith a urit ofecorome
time beirg? scorisw ith rew srevea bl at the eri ofthe =cori d ay?

Swpoe " = I, that cakriar time perbd sare 3 scori sinkrgh.0 ur amukktel
smp k coragsoT100 trad rgdays each ofw hech hasprobab ity ofrewsp = 24 .6 iven
rew s the probab ility ofgpod rew sist = 55_To ersure that agmmetriesinthe mod elare
rot  rivilgour resulswe st ©= "= ;-L,S) that the uninbrmed are equa il kel to buy
or L A key parameter that remairsisthe proportionoftral ersw ith private inbrmation
We irtialy <t ® = 2 ,bu vary thisparameter,abrgw ith ~ invarousamuktors

Figuae 1 cortairsthe bl ari ask fom a smp k oFbur trad irgd ays.0 nthe r< d ay,
S= 5,9 the iNbrmel trai el .0 Nthe <co an third days S= 5, % the inbrmel ( @
rot trad e, w hik onthe Buthday, S= s, , 9 aguainthe iNBrmed traiel -The w Il e Pread
at the gart ofeach d ay re°ectsthe al vere @ ktonfcel bythe sec b it unertainofthe
partk patonofinbrmed trad ers. Squarel prie chargesare thus brge at the begrirgof
the d ay- AsseninFigure 3, sjuared prre chargesi ec ire exporertiallyw ith the b o -ask
Preal asrewsisrevealkbl . Futher, sjuarel prre chargesare hrge onrew sd aysverss
o rew siays. Figure 2 show sthe trad e process. 0 ndays1 ari 4 the imnbrmel trade, ®
there are more trad es(the meanis19). 0 Nro rew si aysthe iNBrmed d o rot trad e ar
the meaniscorrespori irgly bwer (the meanisl 1).

Figue 4 deprtsthe resuksover 100 trad wgd ays. Figuare 4 show sthe auocorre hton
Tntorstrbothtral esart guarel prrecharges. T he magritul e ofthe @riakcorrehtion
iNntralesismuh brger ari more pergdert, barely d ec inirg evenater 10 hgs. Serial
correbktonNiNguarel prre chargesismuh snalkr ant ( ec Bresto rearlyzero afer 4 hogs.

Anirteredirg examp b isto ue the edmationresuksin(8]. Ina amikr mod el [8]
obtainegimateso®® = 17,"= B,u= 7B, = 96,art += Bl . Weab st ™ = 4,
equivakrt to 5 mirue cakriar irtervalb. Resulsare (etaibl INFigae 5. The ril
correbktonNintral esissna b u quite peradert. T he srialcorre htoNiNgjuarel prre
chargesissnalan barely/perads®rtwo hgs

SEssky and0 | ara ((993)in amadel similarto aurs, assume thata trading qopartLnity is Ve mirutes
ad atradingday is ae day txh shiend 0 il, based an the numberoftrades doservad dailly @ maxdmum of
).
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5 ConbL=ors

Inthispaper we provi e anecoramt mod el that cererates srialcorrehtobn iNtral es
an <ralcorrebktioning)uarel prre charges. Futher, <ria lcorre htoNnintrad esismore
peragert thansriakorre htioNningjuarel prrecharges.We propo< that friakorre hton
iNntrad esarieksdamp by fom the ertry ari exat ofirbrmed trad ers w ho receive a private
ggal( venthat inbrmed trad ersare trad irg iNnthe currert perod , inbrmed trad er w il
mog Bkelytrai e inthe Tbw rgpernd ,w heh cererates<rialcorrebtionintrales. T he
srelcorrehtionintral esisquite drorgarn peragert. Inthe anukbtorsater 3 bhgs
the correhtornwas<illabove 8.

Inour modelzralcorrehtioNnintral es gererates erelcorrehtioNningjuarel prre
charges. 6 iventhat the inbrmel trad ersare trad irg, there iIsmore varerne iNnsuarel
prre chargesamply becau there are more trai esina cakriar perod - || ore trales
mp Eesthat the prre charee isthe m ofmore rardom trad es w hch inturnimp Eesthat
the prre charge hasa hrger variane. Becaue there isrialcorrektonintral es there
issrialcorre htbNniNngjuarel prce charges. How ever, there isanad d itoralleRect onthe
srelcorrebtioNningjuarel prce charges the d ec Bre inthe b U -adkpreal - ABtrad esare
at theb il -adkpread , herne expected prrechargesare bouriel bytheb o -adkspreal -T he
bil-adkpreal dec Bresaskarrirgproceel swhich red uwesthe varierne ari the peragerne
ofthe rialcorrehtioNniNng)uared prre charges.t venthere are more trad esima cakriar
period , there are mog Bkely more trad esinthe rext cakraar period ,w hch mp Eeshigher
variane inboth perod s. However, the trai es inthe <cort cakrdar perind are fom a
raraom varib Bw ith a snalkr variarne,d Le to the snalkrb i -adkpreai -Herue the <rial
correbktoNnissnalkr ann ksspergagert. 0 ur amuktors inl cate that the correbhtoN
coexciertat ore Bgis 35,ani dec Bresto 1 after 3 hgs.Herne our mod ellrep katesthe
ob ®rvel empircalatuesofthe d ata ari exp kirsserialcorre htionthrough the ertryani
exat ofinbrmed trad ersart the assc lated reve htonofinbrmatioNinthe prres.

W hat inBrmationst soul be usl to Him coni tioralexpectatiorsof(¢ PY ? T he
ab ove resuksin cate that pred ctionofthe varierne ofpre chargesi eperi sonprel ctionN
ofthe ertryani exit ofirbrmed trad ers.Speci call, theconi itioralvarene ofockpries
d eperd sonthe previousrumber oftral esbu ( oess iNa rorlirear way.- T he probab ility
ofinbrmatorarrivirg, |4, p hysaninriguirgro kB _Seria ke orre bt onishighed immarketsin
w hich rew sarrivesirfeqrert bz, w here the arriva lofrew scausa hrge rumb er ofirbrmed
to erter.

Future rearch i Li esexpani irgour mod ellto the possv ility ofmulkip E trad irgpe-
riod swith rardiom b7 arrivirg private rew severts. |l ukip k trad irg period salbw s®r the
Tl inbrmel rot to trad e (Mo rew sisreka<ed ) hene the <ri lcorre ktonintrad esw il
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Bkel/be evendroreer.
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6 Appen ix

Derivation of Learning Formulae

We exp kikyderwve the Barrirg Brmubk Br y; gventhat trad er 1trad esat the ad<c AR
other Barrirg trmubke Tbw the sme bgr _From B ayesruk

FsLis

Wemud callubte PCi= G = p Br J= s.;S ;S - Hthe inbrmed receive the sgral
S ,thenthe inbrmed w iltrad e at the adk_Further, the Faction' (1 § <) ofthe urirnbrm el
willaB trad e at the adk_Herne

PCi=GEB =s)=0+ Q10)"Q 19:

Hthe inbrmed receive the Sgralls, or d o rot receive a Sgrall thenthe iNbrmel w il rot
trad e at the adk-B ecau orlly the urinbrmed trad e at the ak IfS, equabs_ or 5, both

PCi= G/ =s)an PCi= GEK = s)equal@ §0)"A 1 9-
Proof of Theorem 1

T he Barrirg Brmube Br X; arnt y; are rorflirear iN(X;; 1;Yi;1) ard are rot recursve,
whrh make it d & cuk to d etermire the agmptotr behavior oFx; arl y;. Becaus the
d erom irator ofthe Barrirg Brmubk, coni itorallonthe d ec igonoftrad er &, ist ertca lbr
Xi, Viarn 1 i X;i i Vi, the Barrirg Brmubke Br ratiosofX; ari y; are Brear iNnratiosof
Xi;1:V4;1) art recursve .We workw ith ratiosx; ari y; arnt begnw khtheca §, = sy,

Hr w hih the rebvan ratibsare §- ar 1";‘: i _Cord er §' - Hitrad er 1trad esat the ak

Xi_ Xu1 JACi= G = s).

Yi Yii: PCi= GEB = s)
Htrad er 1tral esat the b il , thenthe expresson®r §' iIsasabovew ith C = G rep kecel by
C;= G .- Hraler id oesrot trad e

Xi_ Xji1,

Yi_ Yii1
becaue PCi= ¢ 5 = s0) equuBP(Ci= ¢ |5 = s)-We have

! ! " "
" ax PCi= @B =) , | PCi= G = %)

X _ X
VLRV = e D PCi= G5 = 1)




w here n, isthe rumber ofthe ra itrad irgopporturitiesBr w hch there wasa trad e at
the adk, ng isthe rumber ofthe ra itrad irgopporturities Br w hih there wasa trai e
at theb i ,art ny isthe rumber ofthe rg itrad irgopporturities®r w hich there w asro
trale.
B ecau= the trad er arrivallprocessisiiid |
A 1
X —

Yi Faae P(C i~ _.lﬁt
asi! 1 _Therigt-hari 9le o (5), mukip kel by mirusore, isa measre ofi idane
b etw eenthe probab ility measre P(g5, = s;) ari the probab ity measre P(g5, = s.),
whrh istermel the ertropy oFP(g5, = sy) rebhtive to P(g5, = s) anl is( ervted
J (s ;8.)-Bycorgrutonthe ertropy isrorrecative ari equa bszero orlly fthe prob ab ility
measresl '®er 9kl ona st w ith measure zero - Here

A

—h—' FS §J (s ;8)< 0

#
SL)
Si)

)

asi! 1,9 that i hehavesasei? &S0 T hus—' corvergesainog srelyto zero at the

exporertelrate U (sH ;SL) -A amihkrargumert show sthat M corvergesainod srely
to zero at the exporertmlrate 1J (s ;S )-

IS = s, theniif"so ari 1";“ if°0 asi! 1.

IFS = s|_ thenthe relavan ratbsare ary 1 i iFS, = 5, thenthe relavan
ratiosare ; arsy ar ¥ X. Vi - Aginthe ﬁct that the trad er arrivallprocessisiii -
Sk ckert to etab Bh that

ifS, = s, then £ 0 an 223 F° 0,

ﬁ - S, tmnl—xill—yiﬁso am Thr‘ﬂso’
asi! 1.

From the corvergenie propertiesofthe ratiog we caneadly d el ue the corvercere
propertesofx;an yi-Wecortinew iththeca §, = s ari rote that amikr argumerts
hol r S, = 5. ani S, = 5 -T he Satemert 1% ° 0 sequiva Brily v rittenas

— i ilfo: ©

B ecause f" 0,the gatemert (6) iIsequiva bkt to
1
— j1F%0;

Vi
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whichd rectly imp Eesy; £° 1. Hy; F° 1, thenthe datemert §- FS0 impBesx; ° 0 - From
the d e ritionofA;ari B;, if;F° 0 art v F° 1,thenA; F° vy ant B; P vy - .
Proof of Theorem 2

T he proofisa draicht®Brward , b ut tel busca lubtionofthe correbtionLByide rition
the covarrmne is

Hr _ K thenthe i eperierne ofthe Sgrallprocessimp kesthat | ¢ . Isirieperiert oF
le ® E(g4rl 9= Elgr €lcarn the covariarne iszero -

HT < K, thenthere are three possb b cort torallexpectatorsof(l 4l 9-Firs, A 4,
ari |¢are measurel onthe sme trad rgd ay the cont itioralexpectatioNof(l 4 (19 IS

pti+ @ iwal;

whch occursw ith probabilty%'('—r - Secori, iflg, ard |l¢are measrel oNMcorsc uive
trad rgdaysan S, .16 5,the cont toralexpectationof(l gl o IS

T (R T) ETE

which occursw ith probab ility {y1 - T hird , Il i, ari | care measrel orcorscuive trad irg
laysan S +1= S,theconitiorallexpectatioNnof(l 4,19 IS

Hoti+ (L i U)lé;

which occursw ith probab ility ¢ (1 § 1) -We comb ire the three cori itiora lexpectatiorsto
vel

kirh oy

EQurdo= = — i+ @i + s @ awh] -

Becau= the processBr cakriar perod tral esisgatorary, El 4, equa BEl - Asrotel N
the text

Ele= pti+ @ iW);

Cov(gr;lo = kliru(l PGP Yo)
k_
i NGO
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Comb irirgthe two possi) Ecassorr rehtive to kyel s

lgril9=
Cov(lgr;lo 0 -

Comb inirg the covariane art varne ofl¢« gvenby (1) gvesthe degarel correhtion
B ecau= altermsare podive Brr < K, the correhtionispogtive. .

Proof of Theorem 4

For the proofo®T heorem 4, Bt C, reprert C ;=  INthe con itiorirg inbrmaton
<t .We have

EUWF &1

=PCi= @QAITEVhIsi)t PCi= G@)Bi i E(VnT 5i1))

+PCi= @) KE[NVn J 5i1:Ch ] T EVn I 51))

= PCi= @A+ PCi= @)Bi+ PCi= @)ENV, ¥ 5i1:Cv 1T EVo ¥ ii1)

=EViTu) iEVaEs50)=0:

Inamibr iionwe i that U; isa <rially unorrebhted rariom variab B_ Let h ari
ibed gint valeswithh < 1,

EUnlUd )= B, , Th[EV J i) iEVnF 5000= 0:

RecaBE UL ;1) equelb
PCi= Q)AIEV I50))* PCi= @)Bii EVnE i)
+PCi= @)EN: F sinsCh 1i EVaF 50)) -

The Lpperbo,mi Tr the cord tbrallvariane is

EUls: - PCi= QATEVhIs))+ PCi= @)Bii EVn 51))
+PCi= @)EN: F 5i1:Cv D i EVn I 5i1))
[PCi= @)+ PCi= @)]Ai i EVn J 51))
+[PCi= @)+ PCi= @IBi i EVnJ 1))
(A. i E(ij |.1)) + 03] i E(ij I.l))2

(A. i E(ij |.1)) 6- i E(ij |.1))

= A|l§



w here the r<g irequa ity Tbw sfom thede ritbnofA;anl B;ar the Huth irequa ky
Thwsfom B; - E[Vy J i;1] - Ai- Note that the unord torallvariane ismmel ately
obtairel fom Jermrisirequa ity

3 - 3 -

EU! -E & iB; - EA; jEB; -

To obtainthe bwer houd Br the contitbralvarene we cordl er three cass. IF
Bi - E[ij iil;CN] - Ai,then
= i

G)ATEVhT 5)) + PCi= @)Bi i E(Vn i 5i1))

. PCiz @)PCi= @) A iBi ;

w here the =cori requa ity Tbw sfom Lemma 4 1,whreh isprovenbebw - HB; - A; -
E[ij iil;CN ],then
- -

E Uij ijl

E Uif i1 PC;

=

PCi= @¢)EVnJ iil;:SN 1iEVn ¥ i)+ PCi= G)Bi i EVn ¥ 5i1))
. PCi= €)PCi= @) AiiB; ;

w here the =cori ireque ity Tbw sfom Lemma4 1_ HE[V, J 1:Cv ] - Bi - A, then

3

E Ui - PCi= @AITEVT 50)) tPCi= @)EN T 5t liEWH ¥ i)
. PCi= @QPC:i= @) AiiBy ;

w here the cori ireque ity Tbw sfom Lemmad 1. .
T he unoni itiora lvariane thussitises

=

= -

. = o
E PCi= @QPCi= ¢)PCi= @) A i¥: -E Uj
Lemma 4 1detc2[0;1]-For arypair ofrealrumbersa ari b

qlig@+h) -&+ Ligh:

Proo®E The BEE die ofthe irequality iscl j Q@ + b + 2ab), whth whensbtracted
Fom both gl escorvertsthe ireque ity to

0 -&'+Qidb jidl joab=[@ i jobf :



Proof of Proposition 5
h

i
We “rg carefilly/{ erive C ov (¢ Py1) (¢ PR Hrk=2_LetN = 1iftjlisthe rg
perlod ofa tral |rgdayard BtN =2 ftjl lsthe =con perlod -Then
Eh(¢ Po) B = 1 = W+t QW% =E (¢ R §
E CRy) ¥ 3 ' = g+ @R = E € R
ECRY =p %+ % + L ilk:

Becauz N isequaly lkely to tale the vallesl or?, the cord ltnralcovararue s
h h

 TE QgFPm) CRYJ = ) iE q}Pm)JJ =1 E qgﬁPaj\l = 19
+3fE C P CRY 3 =2 -E(¢Pm)JJ—2E(¢P1)J\I—29 A1)
From the Brmulke Br the expectel cakriar period sjuared prce charge gventhe valle oF
N,AlDdequeb
TR + @ BT E @t @ F)%) W + @ § %)+ LW %+ @ § WY Yo]
@t @ %] T @Wet @ FW%) @t @ §1)%)G;
whih isampl el as
I TG § %) i Yo): A7)
T he covarlarue ofthe cord itioralmearsis
l -3

h i
EfE(cch) |E(¢Pm)j| ECRY iECR I g
whrhequelb
3

1
[
-

i
1;

PN = )FEE Pyy) ithq: Py B = 7 B R ithq: R j§ =1 g
+PN =) FECPR;1) iECP;) ) =2 ECRY FTECRYN =2 g
Note _

E(¢ Py 1) lEh(¢ Plil)jl = 1 = U@ i%);
EC R iE (ﬁ PY J§l = 1 -iu(%z i%);
ECRa) iE CPaY B 21 = ulh i%);
ECRY iECRY I =2 =pth i¥%):

T hus the covariarie ofthe coni itioralmearsis



h 3 'ih 3 'l 33 -3
W mogu op e Bogy, = gl Rogia o W~ 3
h i
From (A 2)an (A D) theCov (¢ RBy1) ;¢ R equab
33 -3 -

THQA GGy §%) G i)+ W 5§

Becau %; > %, the =cori term ofthe covariane isrecptive (W hik the rg term is
podgtive) ard the covarrmne ispogtie 1f

Qi %) 1%)> ¥ G i) - A1)
Fird,by irmecton
Cr i%)> G i%):
T husto verrfy (A4 1), we reel orlly how
Qi i%)> § 1 i%):
Becau } (41 1 %)= u(h i§%),to verrfythe preced irgirequa lity, we mug show
Qi i%) ikt §%)>0:
Connitionl mp ks
QawG i%)> A TG i%):
Herue
QawG i%) iul i%)> A i %) vt 1%):
T he right-hart i e ofthe preced rg ireque ity equa s
WGk %) i i %)];
arn Conitionl mp ks
G i%) TUGh G%)> 0 =

o

61

Proof of Proposition 6

Hk= 3, thenthe covariarne oftakriar period Kjuegel pre chargesishreer Brr=1
than®r r = 2, 9 Proposition6 isegah Eswel HCov (¢ R;;) ;(¢ R ispodtive. We
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h i
have Cov (¢ Py;) ;(¢ B equk

SR W) Cr %) Gz i %)t U s i %) Bz i %t UWGha i %) Bz i )t HGs i %) (s i Y)Y

The rg term ispostive, the tori recative, ari the remairgtw o termsare opposgte iNn
ggan depert onthe g%z i %;)-Wecord ereach ofthethree caes *s §%,)> 0,
Gzsi¥%)<0,ard GEz i%)=0 Intun

Cal:(F3i¥m)>0
(s %) > 0,then¥y > %3> % p %a> % -De r@d; = % jha, d; = %3 i,
03= % j¥s,ard 0, = %z i¥-TheCov (¢ Py.) ;(¢ R ispositive if
Qi %) O %) UG i%) Gz i¥)> PG il) Gz i%)+ p(ts i) G i )i
which isequivakrily expres®i as
(1ill)3pf‘i=1dj Qg+ p(@;+ da)d; > iy Qdy + d3): (A51)
Rewrite (A51) as

3

. .
dr@ aWdet @ W) ol dot @+ d9)dy > dau @ + da)+ piad,y:

HConi itionl hol s®r period 3, then
Qawds> p@; + d3);
an (A51) issitid el IF )
G, @ ady+ pd, @ + i)+ @ ill)gp}?,dj 0y > pdads: (AS2)
HConi itionl hol s®r period 3, then
@ awds > pdy;
ann (A52) issitisel IfF
u, @d, + dg) gpdqad, = pd, Qdy + dz gdg)=0
From the d ¢ ritorofs, 2, Gy i %)= 01 120, i03 D

Qd;+dz §dy)=0:
Ca2:(F3im)<0

3



(s %) < 0,then¥y > % > #3p %a> % -De r@d; = % §¥%,0; = % i%s,
(3= %3 j¥s,ard 0, = %3 i¥ -TheCov (¢ Py.) ;(¢ R ispositive if

Qi %)z %)t UG aih)Gsi%)> BGEs i¥h) Gz i%)+t PGz i%) Rz i 43)k;
whih isequivakbrily expres®i as

@ ill)3pf‘i=1dj Qg+ p@o+ dy)dy > pdaQdy + dg): (ASD)
From the d e ritbnoFs,

20, +d1=dg;
@ (ASD) issitisel 1F

@ aWdad, Fud5> 0:
Note (1 ju)dal, juds=ds(@, gu(@s+ d4))- HCon itionl hol sBr period 3

ha it > Wa i %0);
whrh isequivakrily exprese! as

0> p@s+ dy):

Ca= 3: (3’43 i3/42): 0

h i
TheCov (¢ Py:) ;¢ R) ispositive if

QaWCs i%) Gz i¥%)> Bt i) G ikl
Fird,by irmecton
Cr i%)> (G i%a):
Secort , ifConi itonl1 holl sBr pernd 3
QiwCszi¥h)> PGt ia): .
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