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Background—oprice formation

How to buy and sell stocks in the
financial market?
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Background—oprice formation

How to buy and sell stocks in the
financial market?

impatient traders = market orders
patient traders = limit orders
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Background—oprice formation

AAPL Q Orders Accepted Total Volume
How to buy and sell stocks in the 2008
financial market? o o n
impatient traders = market orders g — — — — =
patient traders = Ilimit orders < - 10708 o
* beSt aSk and best bid W) 400 107:02 09;38;02 107:05 9
Q 724 107.01 09:38:02 107.05 91
* Spread E 1,546 107.00 09:38:01 107.04 100
o mid pOint price 2,800 106.99 09:38:01 107.03 100

Ref. http://www.bats.com/us/equities/market_statistics/book_viewer/
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Background—oprice formation

sell limit orders
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Market liquidity:

 For a liquid market, the shares of a
stock can be rapidly bought or sold
with little impact on the stock price.

* The market liquidity can be
measured by the spread between
the best ask and the best bid
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Background—correlation of trade signs

How does the liquidity influence trades?
o : total cost liquidity
liquidity | volume | price ($) | cost ($) ($) cost ($)
high 10000 2 20000 20000 0
5000 2 10000
low 2000 2.2 4400 21500 1500
3000 2.5 7500
Correlation of trade signs in single stocks .
Co(0) = (epiien) — (€,)? 5 -
(€)= (Eneea) — (e0) | S
[ =S B
Ci(0) = (enye €nIn V) olb o el
[ - _?:1@::191 —a ]
CQ (f) = <€n+g In Vn+g en In Vn> S EQ\“¥>\\\,$\§$‘\\
i — %:@:%\Qé_
fitted by 10"t Q\@\G\\e\}j\z\‘\\\
~ @ EG—=8 C,(0) ﬂ\\&“g\;\siéi\\\
CO(E) — ) (€ = 1) S—= C,) ©
a4l o—oO C,0)
v=1/5 . .
T 10 10° 10’ 10"
Time (trades)

Ref. J.-P. Bouchaud, Y. Gefen, M. Potters, M. Wyart. Quantitative Finance, 4(2), 176 (2004).
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Background—correlation of trade signs

e "
How does the liquidity influence trades” Order splitting
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liquidit volume rice cost
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11 110 01 -]“
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1 111 00 —
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Ref. J.-P. Bouchaud, Y. Gefen, M. Potters, M. Wyart. Quantitative Finance, 4(2), 176 (2004).
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Background—price responses

0.1
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[l TF1
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A—A Pechiney
g 005 - * ‘
g ‘ * A . .
Price response = ¢ oo™
e A O e
measures how much the price change after time , G e = —©
on average, conditioned on an initial buy or sell .
trade. 0 S .
Time (Trades)
RM(T) B <(Sz (t u T) — 5 (t))ei (t)>t Ref. J.-P. Bouchaud, Y. Gefen, M. Potters, M. Wyart. Quantitative

Finance, 4(2), 176 (2004).

* The price reversion is contradictory to the long-memory sign correlation.
 To solve the paradox, a decaying quantity, i.e. an impact function, is required to reverse

the price.

Some questions

* |s it possible that the price of one stock is impacted by the trades of other stocks?
* |s it the long or short memory for the sign cross-correlation between stocks?

Background / Empirical results / Theoretical Model / Summary
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Empirical results—data sets

e Our study is based on the Trades and Quotes (TAQ) data set from
NASDAQ stock market

* The stocks we used are from S&P 500 index in the year 2008

* We use the intraday data with the trading time from 9:40 to 15:50 of
New York time

« For a stock pair, we consider the common trading days that the two
stocks have trades
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Empirical results—trade signs

S(t;n-1) S(t;n)

) ) A
A time series e et e . C e e tee 4 28 =5
n—1 n
of trades - ~— A\ N - _
t—1 t t+1

The trade sign of n-th trade in time interval ¢ is defined as

b — sgn(S(t;n) —S(t;n—1)) , if Sn)#SEn—1),
e(tin) = e(t;n —1) , otherwise .

The trade sign at time interval £ is

n=1

0 . if N(t)=0.

N(¢)
e(t) = sgn(z s(t;n)> , if N(t) >0,

+1, for a majority of buy market orders,
0, for alack of trading or a balance
e(t) = of buy and sell market orders
—1, for a majority of sell market orders.
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Empirical results—response function and sign correlator

The midpoint price at time ¢ is

mit) = 5 (@i(t) + bi(®))

The price change from ¢ to ¢t + 7 is

mz-(t —— ’7‘)
mi(t)

ri(t,7) = logm;(t + 7) — logm;(t) = log

The price cross—response function is defined as

Rij(T) = <?‘i(t,7)€j (t)> b

The cross—correlator of trade signs between stocks 2 and 7 is

©.;(T) = <8z‘(t + 7)e; (t)> |

where

0;;(0) =0,(0) and  ©;(7) =0;(—T).
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Rij(T)

Empirical results—oprice cross-responses for stock pairs

The influence of zero trade signs

%10

0.08

for €;(t) = 0 included

~ = for g;(t) = 0 excluded| 1
—-—-for g;(t) =0

Ref. S. Wang, R. Schafer, and T. Guhr, Eur. Phys. J. B 89, 105 (2016)
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Empirical results—oprice cross-responses for stock pairs
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10}
: : 10-200 1(;1 1(;2 10° 1c;‘ 1(;2 10°
Memory propertles of Sign cross-correlators
T/8 T/8
19 Ref. S. Wang, R. Schafer, and T. Guhr, Eur. Phys. J. B 89, 105 (2016)
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Empirical results—oprice cross-responses for stock pairs
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107 : : .
. . 0 1 2 0 1 2 3
Memory properties of sign cross-correlators 10 10 10 10 10 10 10
T/8 T/8
19. - Ref. S. Wang, R. Schafer, and T. Guhr, Eur. Phys. J. B 89, 105 (2016)
i
(1) = —7
(1 + (7/ 7‘-(.0))2) Y 0 <v; <1l along-memory process
Y vi; > 1 a short-memory process
; : : g (0) - ~. | 2 —6
Sign Stock ¢  Stock j Vij Ty [ 8] Vij Xi; (x107°)
Correlators inc. 0 exc.0 inc. 0 exc. 0 inc. 0 exc.0 inc. 0 exc.0
AAPL MSFT 0.46 0.05 0.05 3.46 1.00 1.35 0.23 1.52
MSFT AAPL 0.04 0.07 2.34 2.34 1.15 1.15 0.10 0.27
XOM CVvX 0.61 0.67 0.06 0.21 1.04 1.16 0.07 0.52
Cross GS JPM 0.45 0.48 0.07 0.13 1.00 1.00 0.04 0.18
AAPL GS 0.46 0.28 0.03 0.14 1.00 0.91 0.11 0.99
GS AAPL 0.49 0.49 0.06 0.10 1.00 1.00 0.05 0.13
GS XOM 0.61 0.73 0.04 0.08 1.04 1.10 0.04 0.20
XOM AAPL 0.76 0.29 0.05 0.34 1.09 1.42 0.12 0.18
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Empirical results—average cross-responses

Passive and active average cross-
responses
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Ref. S. Wang, R. Schafer, and T. Guhr, Eur. Phys. J. B 89, 207 (2016)
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Empirical results—average cross-responses

Passive and active average cross-
responses

RP) (1) = (Rij (7)),

J

RP ()
(a)
Rj ()

(a) s

Rj (7-) _ <Rz,7 (T)>z —-o—- 1 =AAPL, inc. 0 \ 5 { —-o—- j§ =AAPL, inc. 0
—— -1 =GS, inc. 0 ?‘ 10 - -0 - ] =GS, inc. 0 11
—<-1=X0M, inc. 0 ) —=<—-j=XOM, inc. 0| ]
006 —o—4 =AAPL, exc. 0 003 " | —=—Jj =AAPL, exc. 0]

| —_— :GS, exc. 0 | 4 —9—J =GS, exc. 0

P . d t 0.05 ;‘ i =XOM, exc. 0 0.025 | —«j=XOM, exc. 0

dssSive ana aclive average Cross- o

correlators of trade signs

0.03 1

o/ (r)

0.02} |

O (1) = (63(7)),

6;" (1) = (83(), |

. : : -0.005 : : .
10° 10" 102 108 104 10° 10! 102 108 104

T/8 T/8

Ref. S. Wang, R. Schafer, and T. Guhr, Eur. Phys. J. B 89, 207 (2016)

Sign cross-  Stock i, j ¥ or Y, 'rz-(o) or Tj(o) [s] Vi Or ; X; or x; (x107°)
correlators inc. 0 exc. 0 inc. 0 exc.0 inc. 0 exc.0 inc. 0 exc. 0
AAPL 0.0l  0.05 047  0.88 0.68  0.73 0.07 4.59
e (r)  GS 0.03  0.22 0.23  0.20 0.92  0.90 0.01 0.38
XOM 0.27  0.83 0.06  0.12 1.32  1.33 0.02 1.20
AAPL 0.02  0.03 1.44 1.4 0.90 091 0.03 0.08
e (r)  GS 0.0l  0.03 1.31 127 0.85  0.83 0.02 0.18
XOM 0.02  0.03 055  1.08 0.71  0.95 0.11 0.08
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Empirical results

identifying the influencing and influenced stocks

Influencing stocks Influenced stocks
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0.35 CV f\'.\‘l’l‘ Health Carz; —~0.25 SRG ICR\.'YN.\ Health C.are
~ SC : - Ls ME Industrials
r = GS 0 Industrials P WYNN
“INTC AMZN \%t':d . CE

Ref. S. Wang, R. Schafer, and T. Guhr, Eur. Phys. J. B 89, 207 (2016)

 The calculation 1s based on 99 stocks from 10 economic sectors in 2008.

» For each sector, we select the first 9 or 10 stocks with the largest average market
capitalization. Ri; (1)

 The responses are normalized by max([R;; (7)])
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Empirical results—some questions

e How to understand the cross-responses between stocks?
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Empirical results—some questions

e How to understand the cross-responses between stocks?

e \What's the relation between the cross-response and sign
correlators?
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Empirical results—some questions

e How to understand the cross-responses between stocks?

e \What's the relation between the cross-response and sign
correlators?

* \WWhy the active and the passive average cross-responses
have different behaviours?
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A price impact model—setup

(;i'i(Z) A
% s N A
| | | -
| | 1 Gm (7‘)
=0 =1 =2 t Drice

log mi(0) log mi(1) log mi(2)
f(v%(t)) k log m;(00)
logm; (1) = logm;(0) + Gi:(1) f (v:(0))ei(0) + ni: (0) Kmi(ﬂ

Time

Gii(1)f(vi(1))ei(1) + mii (1)

G:i(2) f(vi(0))ei(0) 4+ n::(0)
log m;(0) .

log mz(2)

+ +

logm;i(t) = Z Gii(t —t") f(vi(t))ei(t) + Z nii(t")

t! <t t! <t

Note that the price i1s changed
only by the stock i itself

+ logm;(—o0).

Equation: ref. J.-P. Bouchaud, Y. Gefen, M. Potters, M. Wyart. Quantitative Finance, 4(2), 176 (2004).
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A price impact model—setup

The price 1s changed by the stock i itself and another stock j A
log m;(t™)
logmi(t) = > [Gus(t—t)f(vi(¥))ea(t’) + mia(t))]
t/<t
i Gii(T) — internal impact
+ Z _Gij (t —t)g(vi(t))e;(t) + m'j(t')] Price Gij(T) — cross-impact
t<t Liquidity— f (vi(t)) \
+  logm;(—o0) Information— g(v;(t)) log m;(o0)
H)gmi(t) .

Time
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A price impact model—setup

The price 1s changed by the stock i itself and another stock j

logmi(t) = > [Gus(t—t)f(vi(¥))ea(t’) + mia(t))]
t/ <t

+ >0 Gt — g (w3 () e () + mis (2]
t/ <t

+ logm;(—o0)

4 ) For a sell market order
log mi(t) . .
A (a) For a buy market order (™7 ot Assume the impact function
log m; (t+) ' impact
........................................... log m(00)
Price
Iy
tgmpor?ry G T) = —I" F
~ temporary e ( ) 278/2
impact | | 1+ (:_0)
PriCe G’L'L (T) ) Time "
Gij(T)
fvi (t))____K y logm;(co) The properties of impact function, e.g.
9(v; (1)) pferm%mtentA * positive or negative impact
impac .
{)g mz(t) ........................................ ° temporary or permanent lmpact

are decided by the fitted parameters

Time

Ref. S. Wang and T. Guhr, arXiv:1609.04890, 2016
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A price impact model—setup

The price 1s changed by the stock i itself and another stock j

logmi(t) = > [Gus(t—t)f(vi(¥))ea(t’) + mia(t))]
t/ <t

+ Y0 |Gt — )9 (vi(t))es () + mis (¢)]
t/ <t

+ logm;(—o0)

temporary
4 ® For a sell market order ' Im paCt
log m;(t) . .
A (a) For a buy market.order ............................. pgfiﬁa;;g,;i'I ,,,,,,, Assume the impact function
10 gm; (t+ ) impact
........................................... — |
Y
— T Iy
~ temporary mpact G(r) = \2 B/2 +P ‘ pe rmanent
mpact | | N 4. l” (%) ] o impact
Price Gii(T) log m, (L") — R S
Gij(7)
fvi (ﬂ)____& y logm;(co) The properties of impact function, e.g.
9(v; (£)) P?rmantent* e positive or negative impact
1mpac .
{S'g'm';('i)' ............... pact N . tempo.rary or permanent impact
Time are decided by the fitted parameters

Ref. S. Wang and T. Guhr, arXiv:1609.04890, 2016
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A price impact model—setup

The price 1s changed by the stock i itself and another stock j A
log m;(t™)
logm;(t) = Z —Gm'(t —t')f ('v»,;(t'))sz- (t") + mis (t')] .................................................................... S
t/<t
_ , , , , Gii(T) - internal impact
+ Z _G'z',j (t ) )g('uj(t ))Ej(t ) + nij(t )] ....................... Prical Gw(
t<t Liquidity— £ (vs(®)) \
+ logm;(—o0) Information— g(v; (t))
'Ig‘ime
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A price impact model—setup

The price 1s changed by the stock i itself and another stock j A

log m;(t™)

logm;(t) = Z :Gii(t —t')f (’Uf,;(t'))sz-(t') + i (t')] .................................................................... o

t! <t

Gii(7) + internal impact

+ Z :Gij (t — t’)g('vj (t’))sj (') + 13 (t,)] ....................... P S - et
o Liquidity— f(vi()) \
T logmi(=co) Information— g(v;(t))
fonir -
'Ig‘ime
ngf) (1) = <r§f) (t, 7)e; (t)>t
- Z Gi(t+ 7 —t") (f(vi(t))), ©i; (¢ — 1) o
t<t/ <t+T
b3 [Gutt = 1) — Gl — )] (F(@i(t)), O5it — 1)
t' <t
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A price impact model—setup

The price 1s changed by the stock i itself and another stock j A
log m;(t™)
logm;(t) = Z :Gii(t —t")f (vi(t")) i (t') + mia (t')] .................................................................... B
t/ <t
_ , , , , Gii(T) - internal impact
+ Z _ng (t — ¢ )g(,u‘7 (t ))63 (t ) + N4 (t )] ....................... Prical GZJ(7'>—-—}C|’OSS_|mpaCt
vt Liquidity— J(vi(?))
+ logm;(—o0) Information— g(v;(t)) §0gmz;(°°)
'Ig‘ime
B = (rPtme®)
= > Gult+T—t)(f(vi))), 0t — 1)
t<t!/ <t+T
+ > |Gut ) = Gult — )| (f(i(t)), ©si(t — )
t/ <t
R (1) = (v tne0),
— Z Gij(t+7'—t,) <g(vj(t'))>t @jj(t, —t)
t<t/ <t+T
+ Z I:sz (t + - t,) _ sz (t _ t,)] <g(vg (t,))>t @Jg (t B t/) ...................................
t/<t
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A price impact model—setup

The cross-response functions

C S
Rij(t) = RS (1) + R ()

The passive and active average cross-response functions
R,Ep) (1) = (p,C) (,r)<f(p) (Uz)> + R(p,S) <g (p) (v;) >

Rga)('r) _ (a C)(T)<_f(a)(’l)])> +R(a S) <g a)(,vz >

According to the empirical analysis,

(Fui(t))e = 0¥ () , (g(v;(1)))e = v (2)

Definitions of average cross-
responses and sign correlators

R (1) = (Rij(7)),

R (1) = (Rji(r)),

O (1) = (84(r));

o{" (1) = (8;i(r),

£ i()))es (L2 @i(0)))esgs (957 (05(8)))esss (957 (wi(t)))¢ — constant

(Rij (T))i or 4 >R§%’C), RZ(%S)’ R'L(,OE),C)’ RE,C:),S)

corresponding average impact of traded volumes

S. Wang, Price cross-responses in correlated financial markets. Faculty of Physics, UDE.

Background / Empirical results / Theoretical Model / Summary



A price impact model—simulations of responses

Passive average cross-responses Active average cross-responses
11 x10° ' . 14 %105
T w=0.30 1 12| w =010

R{" (7)

—y
-

e

-y

10

9r 9t
~ 8} ~ 8} o
L | =
8.0 Il o
K et & 6t &
5t St
4 4y
3 4 :
3 1 10° 10' 102
11 T/8

o  empirical o  empirical

theoretical, Case (1) theoretical, Case (1)

— — — theoretical, Case (2) 6l ] — — — theoretical, Case (2)
. T T theoretical, Case (3) 4 . AR L theoretical, Case (3)
10° 10 102 10° 10’ 102
T/8 T/s

Ref. S. Wang and T. Guhr, arXiv:1609.04890, 2016

The stock i 1s MSFT in 2008, and the pairwise stocks j are other 30 stocks with the largest average number
of daily trades in S&P 500 index of 2008.
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A price impact model—impact functions

Sketch of price impacts

A(a)

- temporary
impact

Price

After averaging,

Gij(r) = GP(r), G (7)

The simulated impact function

S. Wang, Price cross-responses in correlated financial markets. Faculty of Physics, UDE.

Simulations of impact functions

35 x10™ .

The stock i 1s MSFT 1n 2008

impact function r I'o To0 B
(x1071%)  (x107%) [s]
Gii(7) 0.5 5.12 0.025  0.13
G (1) 0 0.25 70.873  0.49
G\ (r) 0 2.57 0.004  0.19

Ref. S. Wang and T. Guhr, arXiv:1609.04890, 2016
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Summary

sell limit orders

sssssss

* The price formation: -4l
* due to the interaction of market orders and limit orders, B I
where the liquidity plays an important role.

* Empirical results:
 for cross-responses of stock pairs
« for average cross-responses
* the influencing and influenced stocks.

A price impact model: |
 an internal and a cross-impact function oet)
» two response components related to the cross- and the
self-correlators, respectively S
- the comparison of empirical and simulated results it SOONN e
 the internal, active and passive impact functions. o

Time
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Thank you for your attention!
Any questions?



