17 1 Vol. 17 No. 1
2014 1 JOURNAL OF MANAGEMENT SCIENCES IN CHINA Jan. 2014
@
( 210093)
:1) VWAP IS
. i 2)
)
: F830 DA : 1007 -9807(2014) 01 —0057 - 15
0
2
( algorithmic trading)
Ayesha
Kaljuvee ' @
o 1 2011 -07 -28; 1 2012 -03 -27.
: (70932003) ; (71171109; 71101068) ;
(708044) ; (20100091120050) ;
(10EYCO19) ; “ogs 7

(1966—)
@

(1118011806; 1107011811) .

. Email: xdli@ nju. edu. cn



— 58 — 2014 1
Krokhmal ~ Uryasev "
Aite Group N
2010
50%
Domowitz Yeger—
1-12
man N
©)
13
IT
Hasbrouck
Saar " . Hendershott
1
: Chaboud 15 Hender—
shott  Riordan '
Berkowitz 1988 VWAP
(
5 ; ) -
Almgren  Chriss ° IS
Dubil 7 ;
Gsell 17
Almgren Lorenz *~° IS
® ( fragmentation) ECNs



1 — 59 —
. Gomber Groth ' 1999 »
2003
Storkenmaier "
2003 NYSE
Deutsche Borse “
20
3: 1 80: 1 « ”
1)
2
21-23
“© 2)
(ACF) 20 90 :VWAP IS . VWAP
» 24-26 ACF IS
@
28
3)
@  Leombruni  Richiardi ¥  “Why are economists sceptical about agent-based simulations?” 1988  SFI

43 000

8

ABM( agent-based modeling) .



— 60 — 2014

885 A 12 2010 10 ( 1).

1

Table 1 Sample selection in the computational experiment of AT

A
« ) () « )

1 837 085 ~116 195 567 208 600085 600352601607 1733 733 1722 452

2 450 386 ~ 835 498 208 600533.600563 600628 596 314 572 400

3 240 797 ~448 128 208 600193.600523.600657 330 021 327 987

4 43 192 ~238 850 208 600116600165 600826 171 550 174 364
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Fig. 1 Sample simulation results of AT performance
(600352) 2010 10 19
2
Table 2 Comparison of execution cost between AT agents and institutional investors
VWAP 1S VWAP IS
( )
® (%)
() () (G (BP) (BP) (BP)
I( 1 684 083 )
600085 .69 =99.5% | 30.978 30.690 30.910 22.164 -71.090 24.370
600352 .92 =99.5% 11.433 11.310 11.409 21.500 -86.774 16.072
601607 .55 =99.9% | 20.562 20.498 20.523 19.184 -12.094 -0.331
2( 604 624 )
600533 .31 =99.5% 6.047 6.029 6.035 19. 665 -9.745 41.891
600563 .04 =99.5% | 25.255 25.100 25.228 10. 540 -50.744 0.978
600628 .65 =99.5% 13.273 13.232 13.258 11.192 -20.104 10.113
3( 342 176 )
600193 .61 =99.5% 15.746 15.759 15.750 -2.514 5.755 50.213
600523 .03 =99.5% | 21.539 21.379 21.539 -0.044 | -74.160 4.379
600657 .09 =99.5% 7.110 7.091 7.112 -1.754 | -29.323 34.503
4( 173 265 )
600116 .26 =99.5% 9.639 9.587 9.632 7.530 -47.216 -15.459
600165 .86 =99.5% 8.800 8.724 8.811 -13.071 | —-99.194 77.601
600862 .70 =99.5% 12.727 12. 606 12.720 6.162 -89.520 32.347
2 99.5% . VWAP
12 - 13 bp ~22 bp
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Fig. 2 Sample simulation results of the impact of AT on market liquidity
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Table 3 Comparison of relative bid-ask spreads between actual and simulated markets
ttest Welch F+est
1( 22.04%)
600085 .107% 6.96E - 04 | 1.00E - 04 .080% 5.11E =04 | 7.37E - 05 2.157** 4,653
600352 .104% 1.91E - 04 | 2.76E - 05 .082% 1.64E - 04 | 2.37E - 05 | 6.012*** 36. 142 ***
601607 .071% 2.71E =04 | 3.91E - 05 .057% 2.25FE - 04 | 3.25E - 05 | 2.910™** 8. 4667
2( 21.65%)
600533 .174% 1.35E - 04 | 1.95E - 05 137% 9.60E - 05 | 1.39E - 05 | 15.3157** |234.563 ***
600563 .080% 3.68E - 04 | 5.31E - 05 .062% 2.68E - 04 | 3.86E —05 | 2.7117*** 7.351 7%
600628 .085% 1.32E - 04 | 1.90E - 05 .067% 1.33E =04 | 1.91E - 05 | 6.384%** 40. 7527
3( 22.34%)
600193 .161% 6.52E - 04 | 9.41E - 05 125% 5.87E - 04 | 8.47E - 05 | 2.876™** 8.274 77
600523 .105% 6.39E - 04 | 9.22E - 05 .081% 4.78E - 04 | 6.89E - 05 2.105** 4.4327%
600657 .156% 2.24E - 04 | 3.23E - 05 122% 1.62E - 04 | 2.33E - 05 | 8.728*** 76. 177 ***
4( 21.89%)
600116 131% 3.78E - 04 | 5.45E - 05 .104% 3.52E - 04 | 5.08E - 05 | 3.727*** 13. 8937
600165 .167% | 5.78E - 04 | 8.34E - 05 L130% | 4.62E - 04 | 6.67E =05 | 3.434*** | 11.795***
600862 .096% 1.79E - 04 | 2.59E - 05 .074% 1.67E =04 | 2.42E - 05 | 5.991 *** 35.888 ***
*kk
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Table 4 Comparison of best market depth between actual and simulated markets
t-test Welch F+est

1( 29.66%)
600085 5 680.5 3331.3 480.8 7 398. 4 4037.8 582.8 2.274** 5.170**
600352 | 32729.4 16 900.5 2439.4 42 267.6 23 361.9 3372.0 2.292** 5.253**
601607 13 924.2 8197.9 1183.3 18 044. 1 10 723.0 1547.7 2.115* 4,472

2 42.90%)
600533 | 60 372.5 33 584.5 4847.5 81 145.2 47 010.9 6785.4 2.491 ** 6.205**
600563 8 763.0 7 857.9 1134.2 12 891.9 11 720.5 1691.7 2.027** 4.109**
600628 18 760.8 11 616.7 1676.7 27 609. 4 17 198.0 2482.3 2.954*%% | §.726**

3( 62.66%)
600193 8 693.5 5348.1 771.9 14 358.3 9173.1 1324.0 3.696 %% | 13.662**
600523 4939.3 2791.4 402.9 7 991.0 4681.1 675.7 3.879**% | 15.049 ***
600657 24 533.6 12 429.4 1794.0 39 508. 4 22 600.0 3262.0 4,022 | 16.180***

4( 87.29%)
600116 12 253.9 9816.9 1416.9 22 839.8 17 839.7 2574.9 3.6027%% | 12,9737
600165 9976. 1 6 876.6 992.5 18 866.8 15 489.6 2235.7 3.635%% | 13.210***
600862 14 836.2 7919.8 1143.1 27 650.6 15 599.5 2251.6 5.075%%% | 25,753 %
NN 10% 5% 1%
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Table 5 Comparison of the return volatility between actual and simulated markets
i-test Welch F-est

1 18.25%)
600085 7.22E -04 | 4.09E - 04 | 5.91E - 05 | 5.91E - 04 | 3.17E - 04 | 4.57E - 05 1.765" 3.117°
600352 7.11E =04 | 2.49E - 04 | 3.59E =05 | 5.79E - 04 | 2.03E - 04 | 2.93E - 05 | 2.855™** 8. 149 ***
601607 5.10E -04 | 2.84E - 04 | 4. 10E - 05 | 4.18E - 04 | 2.41E - 04 | 3.48E - 05 1.722° 2.966"

2( 23.06%)
600533 9.11E =04 | 2.32E - 04 | 3.35E =05 | 7.03E —04 | 2.02E - 04 | 2.92E - 05 | 4.674™** 21,848 ***
600563 | 5.10E - 04 | 2.39E - 04 | 3.45E - 05 | 3.90E - 04 | 1.87E - 04 | 2.70E - 05 | 2.743*** 7.524 7%
600628 4.56E - 04 | 1.76E - 04 | 2.54E - 05 | 3.52E - 04 | 1.49E - 04 | 2.15E - 05 | 3.144*** 9. 884 **

3( 27.51%)
600193 8.02E - 04 | 3.76E — 04 | 5.43E - 05 | 5.83E - 04 | 2.92E - 04 | 4.22E - 05 | 3.186™** 10. 151
600523 5.89E -04 | 3.79E - 04 | 5.47E - 05 | 4.26E - 04 | 3.03E - 04 | 4.38E - 05 2.330** 5.431**
600657 7.55E - 04 | 2.32E - 04 | 3.35E - 05 | 5.47E - 04 | 1.75E =04 | 2.52E — 05 | 4.974*** 24,744 %

4( 30.28%)
600116 | 5.97E - 04 | 3.62E - 04 | 5.22E - 05 | 4.15E - 04 | 3.01E - 04 | 4.34E - 05 | 2.675*** 7.155%%
600165 8.18E —04 | 4.30E —04 | 6.21E -05 | 5.72E - 04 | 3.41E — 04 | 4.92E - 05 | 3.109*** 9.667 ***
600862 5.68E —04 | 2.12E - 04 | 3.06E - 05 | 3.96E —04 | 1.72E - 04 | 2.48E - 05 | 4.356™** 18.9727**
NN 10% 5% 1%

6
Hendershott
Riordan '
t
( VWAP ) 10%
Welch F
3.3
WFE ( World
Federation of Exchanges) 2008

27% .
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Table 6 Comparison of the relative volatility between actual and simulated markets
ttest Welch F+est
1( 25.31%)
600085 | 2.70E —03 | 1.78E - 03 | 2.56E - 04 | 2.02E - 03 | 1.05E - 03 | 1.52E - 04 | 2.278** 5.190 **
600352 | 2.89E —03 | 1.48E - 03 | 2.14E - 04 | 2.15E - 03 | 1.09E - 03 | 1.57E - 04 | 2.758*** | 7.606***
601607 | 1.91E —03 | 1.67E —03 | 2.41E - 04 | 1.43E -03 | 1.15E - 03 | 1.67E =04 | 1.670" 2.790"
2( 30.52%)
600533 | 2.50E - 03 | 1.35E - 03 | 1.95E - 04 | 1.73E - 03 | 8.47E - 04 | 1.22E - 04 | 3.341%% | 11.164***
600563 | 1.84FE —03 | 9.34E —04 | 1.35E - 04 | 1.29E - 03 | 6.60E - 04 | 9.52E - 05 | 3.374*** | 11.386""*
600628 | 1.62E —03 | 7.99E - 04 | 1.15E - 04 | 1.12E - 03 | 5.78E - 04 | 8.34E - 05 | 3.547** | 12.585%"*
3( 35.51%)
600193 | 2.90FE - 03 | 1.79E - 03 | 2.58E - 04 | 1.88E - 03 | 1.22E - 03 | 1.75E - 04 | 3.267*** | 10.676*"*
600523 | 2.60E - 03 | 2.05E - 03 | 2.97E - 04 | 1.69E - 03 | 1.35E - 03 | 1.95E - 04 | 2.564** 6.576**
600657 | 2.24E -03 | 1.27E - 03 | 1.83E - 04 | 1.45E - 03 | 8.50E - 04 | 1.23E - 04 | 3.599*** | 12.953%**
4( 37.89%)
600116 | 1.81E —03 | 1.09E —03 | 1.57E —04 | 1.12E - 03 | 6.32E —04 | 9.12E - 05 | 3.814*** | 14.549***
600165 | 2.56E —03 | 1.56E —03 | 2.25E - 04 | 1.59E - 03 | 1.06E - 03 | 1.52E - 04 | 3.589*** | 12.881***
600862 | 2.47E - 03 | 1.48E =03 | 2.13E =04 | 1.54E =03 | 9.84E - 04 | 1.42E - 04 | 3.644* | 13.276***
SN 10% 5% 1%
7 21.33%
42.51%
1%
( Person
23.91% 14.89% 60% ).
37.67%;,
97.33% 58.00% 4
152.85%.
@ TABB 2000 2004 25% ; 2004
2008 22%; 2010 16% .
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Table 7 Comparison of numbers of orders between actual and simulated markets
('min) ('min) ('min)
t
1( 17.29%)
600085 67.125 39.435 76. 878 45.211 14.887% 89.604% 0.099 25.268 ***
600352 129. 208 78.915 151.301 94.999 16.454% 72.958% 0.117 25.616***
601607 93.183 59.117 110. 989 67.841 20.516% 59.476% 0.113 30. 846 ***
2( 24.31%)
600533 66. 658 37.476 80.240 45.312 21.242% 66.399% 0.130 26.910 ***
600563 42.163 21.172 57.470 29.592 36.756% | 141.954% 0.222 27.827 %
600628 67.908 40.373 77.635 45.577 14.941% 57.996% 0.093 27.718 ***
3( 26.20%)
600193 26.925 13.994 36.022 16.797 37.671% | 147.940% 0.225 25,884 %
600523 33.954 26.926 39.571 31.381 17.848% 64.091% 0.114 24,272 %%
600657 37.083 22.128 45.441 27.199 23.089% | 125.093% 0.144 24,805 ***
4( 27.84%)
600116 19.025 9.449 24.566 13.334 29.086% | 127.268% 0.197 22,889 ***
600165 26.950 21.199 36.872 31.685 35.515% | 152.854% 0.232 23.743 %%
600862 79.500 62.116 95.855 82.413 18.932% 62.386% 0.110 26.706 ***
689. 683 295.988 832. 839 347.899 21.333% | 42.512% 0.066 50. 092 ***
N 10% 5% 1%
50.00%
40.00%
30.00%
20.00%
10.00% 4
0.00% - e T T T
R R
4

19%

Fig. 4 Intraday volume weighted average growth of number of orders per min
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Market impact of algorithmic trading

WANG Yu-chao LI Xin-dan LIU Haifer
School of Management and Engineering Nanjing University Nanjing 210093 China

Abstract: The prospect of algorithmic trading in China is magnificent due to the exigent demand for reducing
trading cost from institutional investors. This paper builds a Socially Embedded Multi Agent( SEMA) model to
investigate the impact of algorithmic trading on execution costs market quality and trading system. The ap-
proach integrates the order book information of real world with a simulation of an artificial financial market to
enhance the value and usefulness of the simulation. The research indicates that: (1) The average execution
costs of VWAP and IS algorithm are lower than those of institutional investors; (2) Algorithmic trading can
both decrease market volatility by reducing the impact of large orders and improve market liquidity by updating
real-time limit orders; (3) The growing message traffic caused by algorithmic trading will not exceed the sys—
tem capacity of Shanghai Stock Exchange in the prometa phase.

Key words: algorithmic trading; execution costs; market quality; trading system; simulation



