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Figure 2.8. Total SA’s volume pattern on the French market during continuous
auction. (a) The average pattern (dark) and the pattern when US markets are closed
(light). (b) We added in the average pattern during the “NY shift”.

Opcniho ot US Markef 1)

NY twith
* WY fwity palm Woy been Cam'\l\-ul ld“rb *“‘]S wheee tve is o
Sh ditent hetwan frewh and U§ Aime

s mceat ™ vewmt in U wmakeBs one howr eaviitr



'h")g jImp at .00 de b WikhinJ dmj

NY cloved

‘US wmaret cowd, Frenchh marker  ven
- vlvckane ¢ kvade When no  nto  ones Sram |M5V\J VS wmeviket

opening linked movket can hae wpuct in 3 waeys

* el 1n ofher mariet = exivm velve trovled
- ngw be: increne  vol traded, covrtition tn evnl of filanental
pic of stk

» Arbilvoge, Yertmie  etbm vel
US Macroecen omic  nws (1)

Relene VS emplay mmt s,

‘ VAWt paltirn compuled  exdWivin—
whm wprit  wienved

o | ISV\ Mﬂh\lh‘dﬁ"’o: M“Hahkd oMt
L}:Jp_f_{f 3iw.h only porthith gy (onee ned
il
*'”‘%uli__,,h * mnediale elhect  dictuled b, how
I, wpn':i "3 hews i



K)) Equ'.h‘. duivahiy Lrpive

. Wiktin oy § ¢ datey Qv
Ah'lfoﬁ\gs @ypire Pa.

- deviverie with  etpirm
art hwes aad orh‘ml
Euvo SWRX CO amd CAC %0

Figure 2.8. Total SA’s volume pattern on the French market during continuous
auction. (a) The average pattern (dark) and the pattern when US markets are closed
(light). (b) We added in the average pattern during the “NY shift”.

EN:homlrt, ml‘nwd. stleront pive (EPSP) arithnefic nun
I\i¢D - (200 CET

Tt gov W gotirion in tune helged h\s floke, dint woant fo
voll  porihun gve,

Ly onwind  cath prrHon ingane vimt arovnd EDSP
> henuw lmje vol

EQ"(\’V] devi vaihe uyives M an et on  Volvwe drackd ot c(oﬁng__
(iﬁ‘no

Lo €0SP hw single ook fubwes [ opiom cluing Calt awsfion priue

203 Fraq 4 wdvhion m&mduj vol  palorns

* Puvonet Ilﬂ)t marlet shae ‘)!1'\0!!'"\3 ot Aﬁ‘\

> plp ks piae on pimaey markt be only vne  fo hat
ovdev book tined drt ©©  not wakched oven‘m:) Gmuj orders

lM1L the ot :
- plaqers stop [thmd SoR



EURONEXT CHIX
90.4% 72.5% 19.0%

35.1%

67.5% 16.5% \ {30.9%

62.6% 14.0% 26.8%

1 157.7% 11.5% 22.7%

52.8% 9.0% 18.6%
fia

A~ LY
VS M Y
WUV

2.2% 47.8% 6.5%
0 20 40 60 80 100 0 20 40 60 80 100

14.4%

TURQUOISE
8.5% 24%

10 7% 20%
68% wiin U
6.0% 1 marlids open
51%
1.5% g 3% 09% 45%
o 20 40 60 80 100 o 20 40 60 80 100

Figure 2.10. Intraday market share on CAC 40 stocks (January and February 2009
in grey, January and February 2012 in black).

Dccrtm'\mﬁ mhohn'wika_ evvonet
link Wtineyn
. Wqwer Prep qadity previders in CWiK W pt'mwa, m Arlks
+ mongtIng o\wwih:) bid [asl¢ 1pead oy alw],. oqve(ie)
- need fof liqvidiha, providers to D noktvivy z‘wmi EoD
U shape  Evronet v. Turquoire
wvery thape);  Tuvquohe inlvuclw:) mukct Shat,  Newdoe Hnt
¢ Tovquate MM nyreements  Amonn i h\m% mem b

DATS COhﬁI\"W]‘ Vl\"“ Vs madets o')gv\



ks traded piw. und I empimbm  EDCP

'ihlmdm., madle! thve putitvn:

= Mart paficipants wied b wwind (ah hulcj'm%_
poiims  as clie oy pessivie {8 EDSD

D hade on Mmaltt e pr  obwind

2.2 Y man liquidiby, Vadables: Traded Vo), Bid/wK,
\[o\c\\"\\'\\"'a.| Quottd Quant

e tekive vded amomt  Shows  Stwie ot {'ﬁuathM

* participants mowky bpuded wvalve  fo yudevstand
nwine  fradury comnhva_, agree €o Evoole

* liquidibe hays o be desenhed b\] moe than pust
tvaded yolvwe Oppusite  obered h’1w'd,'/-7
ofieved liqaidibv~

quantity bt bid 4 sk

fl,'“”‘a in fre book [ book site
uvy et meen 1vantiha at Kver limiks

Hoe siyes

book site Cmictqant oF max iradable quankik)
hWaw (b fov  baded wol

Ly ot order books repkenish



bid /oW Wd
tpead PR difiewmt Yo boy MK phv and bad bid prie

fey hqoid'- [avqe ipead
moe liqud: Swmall Spvtad

fuatim spred 4, with Yo guen imall fick site

Y= a+b- [l -6

6i velab i
N avy wom hrakiy pevr d»\r

acb (omtankt  chwed 53 wl istwinents  mide
gieh awut clogg

[arge Hok ients
vt 1] capivees bid| ak bone

‘();‘- a+ l/m (by:6; tb, - N- bick)

N poramehy R makion

. N°
L

N nwmha alkraalon (pie incem tan  deweac )
(and vice vevin)
N wmber ot (onBuvuriony (tnpease - incveae)
Cdeteare - dewean)



—Bid ot bamwe: vaded ‘n'uu. osullafes beMen be)k bid Vs, bert mll.)

T bone P alkrabms § N

Traded Quantity Volatility GK

Talva d«j feasoma lilf e)

Traded vol, spnad, 1vanh‘h'os

Bt Uik, et
-5 mme Wa.vhlnlwa_ atler openiny
=ty asviby mid doy .
~ vwvu B enol h«dlg betoe clort -

Figure2.12. Renormalized intraday seasonalities on Royal Dutch Shell (UK listed
stock), from top left to bottom right: traded quantity (i.e. volumes), volatility
(estimated using the Garman-Klass method on 5-min bins), bid-ask spread, average

L) . ~ b\ e T volume at the first limits (i.e. book size). All trading days from 2011 to 2016 have
A“ L‘ ( ‘1“' % v' w " “ exh'b'*‘ been used to compute these medians (dark lines) and +25% to +75% quantiles (grey
o .

inhra dnj senyonatl e

0 [ 2 0 W
Avg BA-spread Avg Size at first limit
20

zones).

* VoluH\iVa, ditliwlt Yo esimnic C socmd ddt)

«Brownian mode)
. Cemi martin qale

. implicit volatili
Cnol ve oed, vals uUnceyini
ooy “&migoahuom fricHon) ""‘3-

d Z haive  €IH i
not Soed, polwid by Lid/asik bovne
¥ owd ak wvy
- spuat at given treq,
- fpved at  specitl ewnt
. qu“kll (v\' vd)

EoD motnent
* Hnlth ordrs | Start & Kike betart clove to  pedvee mavkpt impact
0\""":) cln'mj call avcHow



14
Jomt  wmewernent of bid-ak spend £ book cize

bid- &tk cpvead lame

—  voWwit ow hook C(wmall
Vd-asx spread mall

— volume on book lﬁfjb

EoD aclvity ® cpvead at min, booksite inernts o cmpensake

l'-qv'-dlikh proitobers who can't Jhep into  Sprad (fick)

= iniwne Titel al bt bid and bid sie b
provide liqidibg-

liqﬁdll-v‘) proviston of tick Sited spead

s liguidthy  providers  (ocked oot ol pPiL \mprvimint
jo C(an Onh1 iMmprove 1«""““"'&"
I pot lacgey ovdey Siuy  whith inotmis degth ab top
ok Yook
b play:  1prad Stick fo one ik , incrtac in beok sime playt
vole similar jo rpread demen

Hqu'\.\: provider (ompekey with ofr LP b7 1u/ﬁy3 bat paw
(hehter  spwol)

PIL tmprevenent = arrgw  Spvead
. \ey pro\—i\-c.\ok.
*adverce,  Selech am
. \Mh\mn iyl



2.3 Doe) mow liqeldig gawhiee by markk  shave?
Europun Bid - Ask tprcaal

AI‘I’N&ﬁnO MM = makiy] nlsr o)

* oM wbalt b MM 6o mlvidil»‘) providers
¢ churye liqvluih'b fakers

N‘hnoh'nj mmben =5 wind cmmh'ha_ ol
Ladan ; Foveavtl, Kand¢| (ink 1¢cking ond price Jimm,_)

LAl Hain ot cach pavkicipant in kim) of ks and oty

e lack of HFT: wbal RF MM
> €OV muno bET: nhalt invalovs

Conneckled wembpers

*numbty of connecied Members § Sutistmcion MM conditioned
on (iqvidiha_ of a&chomvb

Maih uqvidlha fealvrey

svolvme o I volvme volahilihy,
« volahiki Tiqut  Spcad
* Hoht “bid- ak spead [ligud Stok])

o1 wuh‘vi'rb wide spiad
[iiquid stock]

chid-am  (pread conidded an clenent oF maviet daia n
choice) oy wn C)\chow‘c (not (Iolal'iliha,)



Bd - ask spwa-d vepewnin Hong

- Bid A wperats rward Jvn b MM br ik Py are faking
when I!qvldiha. providern

* hs (rqvidiha fealne : Wey for tcharge) to qrmb mavit share

= S0R/[ pett exewhm, pdfva--v invorne s ohumye)  of vent o
hoit bremiachons

TuUS Amrimn frode whe mamdako) e:ohan"cl trewhe ordeyy ot
prics 9Mn by contidaked fape

VS consilldaied fope vi. Evropenn fro\aMnkd mavhots

US comsotidaled hype
* canlvalited shvenm o veal ~Hime data acrost all US thdk ushanrs

= 8t bid/aik  NBBO (Welttws) bal bid oter)

lmwediobe bt exewhtm | franipiriry, ulva'l ot PR into aovess all
vene )

Ewopenn  Fraapentatiom
sWavd W ke Wil wmarkt depth

* mify beWy priw)
mnﬁn:) | minh\m-r Mulin:) wnre
Ru(mn k) 1voliﬁe)

\.l.ialvidiho. previders (MM)
L camptHtve bid| il fpwead

3. conntckd members



Bid- sk tprtnd ond wlah'liha_ mat auwrdlth)

‘DEUTSCHE‘ TELEKOMV . Da; la p‘ lh"hs

“adfviked by (nel of wlaﬁliha | bradke

“bid-all (pread wvones al Evnoiton
ot daily velatilhy, divided by frade vl

o i 2 s n s . 7 s
Volatiity *per trade” x10™
Figure 2.14. Bid-ask spread and volatility per trade on Deutsche Telekom.
Note: Data from January 2008 to July 2012 on the primary market.

Talva d0u1 paiting

o Atley opening: vl Goh of noite
' bid ~ak cpread | Volah'll'fv ?

1
120f
\

| . oot for Vh“""'"")"
80 Nmiiiag ,""\,/—“" v‘l"‘v"l’\. i "‘1'
‘ dwe 1o vtmight ma)

W * Limt nedded b0 gt SOR

oy Py P2y Ty, ey e My, s, 4y, Sy 6 "% Eop- H F M M “¢‘ d h PI a m ”
Figure 2.15. Bid-ask spread and volatility intraday curves on SBM Offshore NV.
viidwl inwntiy

1dd wod: horr PFP
Middie period: oy LAl fum fake Hhboy bid-aik

withodt operny ¢t eop Spreads v!.anvd!-cls ot laHve
pulerng visk
2.3.1 Bid- ask fpead and mavketr  shat deegy linked

- MM ucﬂfiz N mne v’ult:) on lest  fradygd Stocks henw
fheiv  rewoard s lnighw

=5 slvdy velwbit Vakl ot bid-wk  cprews Gmahg YU V) compned by shee



Maflet shoe

{
. Foaty
<, - et loagl, 'y -
10 0 Aot ety v oy 1, -
F 23 :r"'lﬁ‘ - ! /i .’W 'nﬂ."k"gdhid"'l"ﬂ
ST |
e 1 1 1 1 1 1 1 1 1 L 1
2 2 2 2 2, 2, %, 2, %, %, %, %,
%05, “Po5, “og, “09;, Vo, "oy, Vo, rp ry, Oy U2y, V2g, 2,
(a)
3 o 0
‘ o velrhiee bid
1 = = = Turquoise
2F | BATS || atX

Figure 2.16. Market shares (a) and relative bid-ask spreads (b) on DAX30 stocks

since 2007.

Maviet W of each frudi

6% Lid- Ll  Spread

Turqoire bum\o

“j Rrm mMovey G.ad\rdl'uJ ) qvql)'}?_

“bump correipinding o (aprt of MM aqroLrun t
© aqneed PO Mitullv‘ bt on Tovqueit, (prov AL cunstant

l'ulv'-dil'\" )

Tyt pthe Gid- atlk  tprad tmpliey ‘mmm‘w:') market  shave

(OR mardad (o ganvakl fancackow) on vemdt pravloh‘b bast

P,

of 7 R 1.
MR A Lt t 07 Wh‘

0,7T $$§%§%+§ N M “ '

os! ::::?%% f % 06 N,luH‘lr!. 1"“.'?' ot

codt THI A bid- mk spvead beonw

g“ [ E g Poowr‘

&Mhnnv-e) pro vidinJ

bely li1vidiha me

0.4
03f 1 a1 \1‘
ot [
[ B I I 0.3
02wy
o 1
I R L | 1 ]
0.1 0.2
AR I N v
+ 1 !
0 1
015
— 0, 73, 7.
0.36-0-2B:2005010Y.00.050.14 0.41 00!70 4‘;q5 2 7s
Spread vs PM Day time
(a) (b)

’e
08,
%

favoved



2.3.3 € xthanges need v Show Vd“ﬁli"")- "IV LUR
MM (hoore markets that av wiliom’ $o hish lentls ot vdul‘iﬁhb.
* MM haw lM\a b provide l.'lpﬁl\'ha bo otker pavkivipanks

—> wlkontnip beban numboy of dey n a hwlinj venne
ond piw yola I-im—a.\

250 350

— . lwnlu tpe: move frad®
nistive o vol

300

200

250

150
200

© thi X aa\nd Similar  paliorn
bo plman markels

= =
o o
=z z

150
100

100

Mae wiliand, move part in
PFP

50
50

—— MAIN
’ = = =CHIX o
0 v 05— .
0 20 40 60 [ 20 40 60
VoL VoL

(a) (b)

Figure 2.18. Median number of trades over quantiles of high frequency volatility
for Total SA in 2008 (a) and 2012 (b).
Note: 15-min data.

Flow Rwoﬁvihd_.
Flow veactivitn @ correlaon betwen the uumber ot Erodes and
hujh anvcnud. waIOh'liI"b\
‘urtd b compaws Vinve) and indexe) (\w) meant ot ealianle)
Sh‘ﬂnj Rlafionhie  btinen

-olvo\\il"&. Imd‘mj vonwe

. TVCLEIS

o RET MM



improt. madlat thwe —> Imalley bid-ax ;pw.ao‘
= wlilianw o vol

—> belir liq«io\iha.,
2.9 HFT: How do ﬂvr xknd thelr  Univeree

HFT: avbiyare and prevent price inwrsiony
Do nw‘-. W megative X rnalities?

2.4.1 Mehicd fov balunw in !iqvidﬂ'b Amgny indeke)

Did fragmamrim (it vp t crpetabions, wat it eliidnt  for all
evropean  Stooles !

Turnover
choore meatvvg ot hckro«,-mll*a. ot h‘c,uidu'h}, umnﬂ Stodes

=5 Turniev: mmbar shaes compaved  with numhar mves
traded

‘How well hvnovey dupakihed?

» What 15 the meight of Slooks  cmhibvhing aoflvif} of nolex?
Covevoy ¢ l;apMiha menc & ﬂ\"m'- cehigent

Coverame \;1\;\4“} mhic | LC raHo CLur):

* °fo wumber Stocks needed o Wealite 0% ol hrnover

Reparibom of hwvnover  wrosy louy
Repar i tvnovwy  awosl stode: how  Volvme Jyatwe 18 dishibvite  acress
difient sds in marid |, why hadey how  much, how  Conunbmicd

o« CLM  Chatle = don't i u'urﬂﬂan indo  Contiglevatfow



Cini  coeft:

© Uiy whit  wpartitin o to emimale Ay of iney amony
Stock$

(0 pertect tn )

 repmilition cnt ot VMo obtained by
| sert companents deneaing order:
2. Svmmin) inkadng tvvnovorn  on  each cemprrint

3. dividt bj yum ( oblmin  mar (00 7.)

Wahev covtrage liqvidlk:r mehic [ lovey gini
= Mmoo dlshibvied

= mort, can Hnd  equivitent qualibig ot liquidity,
on ovwa. Shook ot Index 6y speditic cxdrmm‘l.
- («qu nm bar com ponenh  havder f Hind el dist

Tenover on §S ETSE (00
weks et b 807, il
pymoww ot (SE

LSE CLM bn FTSE
45/101 = 457,

LONDON STOCK EXCHANGE
1| = = =CHIX

0.1 I'l" | ——— TURQUOISE - LIGHT
- I'l'" | —é— BATS TRADING EUROPE
o . = n T ,
0 0.2 0.4 0.6 0.8 1
) I, . {ni 0.9
Figure 2.19. Repartition of turnover among FTSE 100 stocks on the four main \

trading venues: The primary market, Chi-X, Turquoise and BATS. The dotted lines
show how the coverage liquidity metric is built: Trace an horizontal line at a level
of 80%, and read the value on the horizontal axis when it crosses the repartition
function. The Gini index equals two times the area between the repartition curve
and the bisector line.

Note: Data from January 2012 to June 2012.
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Figure 2.26. (a) Difference between 20 days moving averages of intraday volatil-
ities for FTSE 100 and for IBEX 35 (base: 0). (b) Difference between 20 days
moving average of intraday to daily volatility ratios for FTSE 100 and for IBEX 35
(base: 0).
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Figure 2.27. CLES 60 (a) and DAX (b) overnight vs. intraday correlation.

nva . Pairwie corr

'mbmduq Y =
Corr(\n\rm\tp wivrm !
inver "y whem £)

M,Vh'\1h\' e =
cove ( wun’ughr A ( ovtm'u,hl' )

inhnday wetwa = (oyClore )~ foy Lopeny)

ovevmght voven ¢ = log Copeny) - log(clorey )

© valL ot priw wor Gegohin depomdent ow  micrmatucivel  prrenoion

. ow'ma Wght  mavket 1 ﬂalmi\-eo\ Ay avctm Bixi ny

[t un

apm'mo Hxing > dou'mJ Hxih:)

maving 18 combinws dwb\e WweHm

-op(,n'ua lex Giable bo bti)n Con fawmi naked bg hotwe,
bty whiethon priwe v, c\ol\n) Hriny

2.5-T Flosh Crath : Hhiw fay ae we tom syskemobie vtk

lqv“e ovder Cavied {laghy Cronh

'wlaﬁlih& hi‘h and |(1vidiha., low
‘HET cowmbeparts h(c\fj{. ) cTﬁﬁc) mavket

Lo eXmlarion volvme ¢khm.’a| while |;1vidika_ nmaintd ﬂ.;hqw,ld



" Ivmp Velume  Thwwred movket  bollywmed hJ lavge nomber of HFT
players |lqvidﬂ-|"mj pelitiong

Liquidiby. Repltnishwent Point (LRP)

NYSE Ipecikio fystem  that slackens mwikt fwv pedod of
fime i ovder b let fiqudify- wtivin

. unmuve. ovders virovkd o other m.hum,a
* vomod) passive liqridie while vebaining oyt

H“‘)“‘ Skl civeviy brealers
e Trading pavid fov 6 min it Shick piw move) vp/down thavply
in S wih  window

bmmih:) MM b quoks

Hub queke: oo 1y buyfidll n shock aF o price So Gy awen from the
prevailing mavikt ~ not inkndid o be exewked

« ved to tomply with fwo fided querativny
bunn\m) naled  meceys
Prowivit Byokers Erem 5"’"""3 untilkved awad Y0 ¢X and venves

Componsnty o Qamh crmih

- k)Y l-c.\\'m3 withovt i-um‘h\') mh auwnt quuidn’lﬂ‘) ritk
* frodes w.m\vr. us'm:) olgo

* HET wedging  poition ( vivees/ equiby)

© InkwalizaHon  vebw'|  orders

-tmd':vn Aqtinahons Mn:, within



2.9.3  Sqckmatty visk PO ciruir brenkers
Csvant breqkovs

* (vucial prektchon Manilnsf tvdden demand ot \'.qv'»\“""n 5‘)
mavlit purho‘\ymls

oty mafically haltivyg  frading  proweg
local or ﬂll wl

Lo aithi vt of oenl tevdl o Wl i mbalane
which tpwwrtnts b hat CETF or com ponents?)
(Hpecmtiony ot Clreit bvenkors

I. loolt at priws
2. acivated v owme ot abnormal Priw twingg
(vol a""“ P"""j for vival price vom1;,)

3, Tmwwnhl wdeked o halkd asels  shold by hatked
4. h‘-qh\\’ covclated insivwwmbs shold be helked
S. h«dina vims halk Same asuly

(syne ob circvit brenken ¢ propayation)

2.% Beyond Equity, Mavkeh

Tradi v\:) Fvivwves

*00 (a\l avekiory
* parficipants agne b Wqikd hovey

v PFP tvivwe Al PFP cmpmcnl-_;



* lavoe RS C(bid-ak Vovre, priv. avertion)

+ sTvey lavger Vs. eqwkics

¢ v\ tragmented ( pait hodikg provel mow complex)
Tra '““3 opHons

poy ’rradin:) pross on oplions movt cemplex
* US ophions marketd we (wsmnkd
+ Bovopenn ot Em3

erahicn 1y MM pny \"q"‘d“'& Cuell slde) €y ouet manndey, Inrae
(hay Tie) b0 cmpwe



