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The strategies employed by algorithmic traders on the Tel Aviv Stock
Exchange and the connection between them and indicators of trading quality

Orry Kaz and Roy Stein
Abstract

In recent years, securities trading algorithms have been developed, and they have
allowed automated high-frequency trading (HFT) without human intervention. HFT has
changed the face of trading: it is widely considered to have a marked impact on its
quality, and it can be established that it is responsible for a notable share of its quantity,
including on the Tel Aviv Stock Exchange (TASE). HFT reflects various trading
strategies, and this paper identifies the main ones based on intraday data on securities
trading. Its findings indicate that the various strategies have different connections with
trading-quality indicators: while HFT that functions as a market maker reduces
transaction costs and volatility, and improve the price discovery process, other strategies
are not characterized by the same connections and at times even negatively impact the
quality of trading. It was also found that HFT that functions as a market maker
significantly decreases its activity on noisy days. This phenomenon indicates that HFT
probably creates phantom liquidity, which enhances the systemic risk in the secondary
market. These findings cast doubt on the advantages of the algorithmic trading tools
functioning with the various strategies, and particularly question the advantages of HFT
that does not function as a market maker.
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TTONND YT INAY TN NMINN (VYY) PON IDPAN NPOY DI 0N NYNIND NOY DO ¥ )0
NMNONT MNRPOY WYY XD 12 INDN 0P NN NN INNY 71IP2 MNYHD DI D35 105 17 7Pyl oY
12NN N1V MDY INITON DRNNT PWNY DIDIN NN MO NF MNYHD MYSNNI HDNY YA
MMNONA NOR OINYNA DY DXNRRNNN MDY 1PINN LIPNN DMV, YHINND 1PN0 NS OINNN ONDY

R alantiRTal!

HY MISYN SNITON ONINDY PHN HPVLOY DINVYNH DY DINRNNH M B1ODILLYH DINNIN
DNV 071N 1NIT AN MIINPOYN 2NN 1MPYN

MNOPYTINND NYOHN¥NN 1900 Y8I0NN PHN I”M”VO NN

autocor deal 10 25,591 -0.06992 0.278979 -0.05813
autocor deal 20 25,588 -0.05168 0.310768 -0.03992
autocor deal 30 25,585 -0.058 0.345112 -0.05015
std deal 10 25,619 0.002712 0.002896 0.001936
std deal 20 25,619 0.002988 0.003123 0.002212
std deal 30 25,619 0.003224 0.003367 0.002404

autocor_deal 10 autocor deal 20 autocor deal 30 std deal 10 std deal 20
autocor_deal 10 1

autocor_deal 20 0.71 1

autocor_deal 30 0.52 0.6947 1

std deal 10 -0.10 -0.1216 -0.1335 1

std deal 20 -0.01 -0.0802 -0.0929 0.9707 1
std deal 30 0.05 0.0007 -0.069 0.9366 0.9676
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DITIPAN NN THD DY NVPHV-TIND IPNN NPV I8N 171700 oxrnnD Bid-Ask-n nin 2won

992 DYTTRNN TNX Y92 DXONN TN Y3 Yv Bid-Ask-n n1Hn NN MWD MTIPON NN Tod DY
NN P YITNI ININ NITHIN HNN NAOY H¥ NN 2PN NHYI .INDNN O NN YT NPI
MPYN NPY NN NAYIN 190 INNRD P21 DTIPY Y22 79012 23070 7PN PNHNY IN»2 10N NONN
I NIMONND THXR DI YNNRN NN NNIND NI YINPRND PN ,Ask-n nn |, Bid-n 9nn by
09215 MTIPAN MNNY ,MRPOYN MNMN 2>TAN7 .PT 30-Y MPT 20 ,MPT 10 ,MPT 5 ,NPT : 0NN
IND DX .0 DMIVP PAT NMONA DXIWINN AN TIIYD NI P9I 198 PON Y22 0NN INY NN
AN NIV NOXOY NN MITIPO NTIY XD 12¥ INDNRN O NN NN INMNY NIPL MY OO
Bid-n nna nxY TNRD 1 020N MW NI PPN 555 1IN OMNNN ONPAID DXAWINNY DD
=N PN DD DY IT-DIIVN YXIDN DY DDINN MW T PON Y2 ININK Maxn Ask-n NN

NPV XANYN PNITON ORNAN PNPN YIINT NN NIYN 1IN INND .10 Pon Tina Ask-m Bid
OOTOIND Y DM NAPYTIAD WYY MNYN DIWINN MOOY DN DXPNNI NPYN YNPY DY 1PNN
PI0NMPRN NN

YY MINYN INITON ORDND) IPHN HMVOY DINYNN HY DMNNND N DIVDIVVLON DINMIN
292-7IN 11T MNTINA MNPON 9902 YSNNN 299NN 0INPYN

9901 A EReIv)
MNOPITYIND NYANNN  YNINNN 21 18NN
autocor mid 1 27,289 0.144 0.243 0.168
autocor mid 5 27,283 0.121 0.250 0.152
autocor mid 10 27,281 0.110 0.260 0.138
autocor mid 20 27.275 0.096 0.288 0.117
autocor mid 30 27,267 0.070 0.317 0.087
std mid_1 27,291 0.004 0.013 0.001
std mid 5 27,289 0.005 0.021 0.002
std mid_10 27,289 0.005 0.025 0.002
std mid 20 27,282 0.006 0.031 0.002
std mid 30 27,279 0.006 0.035 0.002
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autocor mid 1 Autocor mid 5 Autocor mid 10 Autocor mid 20

autocor_mid_1 1

autocor mid 5 0.2719 1

autocor mid 10 0.166 0.4954 1

autocor mid 20 0.0866 0.259 0.4162 1

autocor mid_ 30 0.0587 0.1799 0.2486 0.5618
std mid_1 std mid_5 std mid_10 std mid 20

std mid_1 1

std mid 5 0.9266 1

std_mid_10 0.8835 0.9715 1

std mid_ 20 0.8456 0.9378 0.9746 1

std mid_30 0.819 0.9143 0.9578 0.9864

1) NOTY PN HNVOI YNITON ORNNN JOP TO OODTY AT SNNINY DI D P22 MXIY 1M
MDD YTOIRD T3 Y20 XNNIN DY OMIXPNN DYY MIYLI NIMIN IT IR (PP¥NA 1) y8Inma
NMONA DITOIND P ORNNN 2D NIRIZ N T . HRM NIYOONN MDD IV 1NN NYHLN
DT RYDN APEONP-IVIND IITHYI INY TN JPNN APLDI IDTAYD TIND MY 0NV YITD
J9INTY INN NAKNVNND PIONP-IVINRG YITN NMON DY OMIIRNN OYY T DY 510N INY YN

2MYNYN

DIVYD DMWY NMIVIVON NN OXVPNN O0INND MDY
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AT NYOY INND NPT 00N DI INDNN TYN NN NOVI (1 : OITOIN MY NN .OMNYN OXOINN
TYR NN NOVI (2 . NTIPON 19D DY DITTIN YD NPINT-I2 MTIP PNY NINAD 1230 1Y DINN 12Y
-2 MITIPI OXNY NINAD IPY XIN 1AW YA NYY 1NN NPT INDHRN 0P DINN DI DY MDOVIN
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W NV YUY
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Std_mid/deal
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.2 hov)

DNRNN MINNYNI DINVYNH DY DILDIVLY DINM

mnvmnn ov NPANNN 'oN YSIMmnn | PHnn NMYo NN
avg_spread 27,292 0.009 0.021 4 5E-03
autocor_mid_10 27,281 0.110 0.260 0.138
std mid_10 27,289 5.5E-03 0.025 1.8E-03
std_spread 27,285 0.452 0.220 0411
autocorr_deal 10 25,591 -0.070 0.279 -0.058
std_deal 10 25,619 0.003 0.003 1.9E-03
algo deal 27,296 0.221 0.108 0.209
algo order 27,406 0.834 0.176 0.9
return 27,135 0.004 0.692 0
abs_return 27,135 0.016 0.692 0.006
amihud 27,406 6.3E-08 1.7E-07 8.6E-09
In_volume 27,402 14.1 1.8 142
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autocor std avg In_ std autocorr std algo
mid 10 | mid 10 | spread | algo order | volume | spread | return | abs return | amihud deal 10 | deal 10 | deal
autocor mid 10 1
std mid 10 -0.0154 1
avg spread 0.0531 0.5032 1
algo order -0.0793 | -0.0349 | -0.0014 1
In volume -0.0767 | -0.1038 | -0.3145 -0.3203 1
std spread -0.3653 02513 | 0.1903 -0.013 0.1853 1
return 0.0018 | -0.0002 | -0.0001 0.0044 | -0.0011 0.0031 1
abs_return 0.0041 0.0008 | 0.0025 0.0021 | -0.0013 | 0.0021 | 0.9985 1
amihud 0.0595| 0.1191 | 0.2678 0.0744 | -0.4083 | -0.1321 | 0.0398 0.0416 1
autocorr_deal 10 0.1558 | -0.0092 | -0.0695 -0.1036 0.229 | 0.0446 | -0.006 -0.0037 -0.0931 1
std deal 10 0.1402 | 0.1196 | 0.3498 -0.0164 | -0.4284 | -0.1984 | 0.0055 0.0142 0.3852 -0.1054 1
algo _deal -0.0639 | -0.0419 | -0.0666 0.4934 -0.023 | -0.0041 | 0.0078 0.0065 0.0248 -0.0201 | -0.0176 1
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Dependent Variable: avg_spread Number of obs: 27,272
F (383, 26786): 54.91
Source SSs df MS Prob > F: 0
Model 5.44786 383 0.01422 R-squared: 0.4389
Residual 6.96475 26,888 0.00026 | AdjR-squared: 0.4309
Total 12.4126 27,271 0.00046 Root MSE: 0.01609
Coef. Std. Err. t P>t  |[95% Conf. Interval]
algo_orders |-0.00523 | 0.00094 | -5.56 0 -0.00708 |-0.00339
autocor | 0.00532 | 0.00042 | 12.75 0 0.0045 | 0.00614
std_mid 0.3366 | 0.00442 | 76.09 0 0.32793 | 0.34527
In_volume | -0.0028 | 0.00012 | -23.21 0 -0.00304 |-0.00257
std_spread | 0.01748 | 0.00055 | 31.69 0 0.01639 | 0.01856
cons 0.04052 | 0.00283 | 14.31 0 0.03497 | 0.04608
Dependent Variable: autocor Number of obs: 27,272
F (383, 26786): 17.46
SS df MS Prob > F: 0
Model 368.077 383 0.96104 R-squared: 0.1992
Residual 1480.07 26,888 0.05505( AdjR-squared: 0.1878
Total 1848.14 27,271 0.06777 Root MSE: 0.23462
Coef. Std. Err. t P>t  |[95% Conf. Interval]
algo_orders |-0.09521] 0.01371| -6.95 0 -0.12208 |-0.06835
avg_spread| 1.13045 | 0.08863 | 12.75 0 0.95672 | 1.30418
std_mid | 0.16199 | 0.07108 | 2.28 0.023 | 0.02266 | 0.30132
In_volume | 0.00799 | 0.00178 | 4.49 0 0.00451 | 0.01147
std_spread [-0.42113 | 0.00778 | -54.16 0 -0.43637 |-0.40589
cons 0.20877 | 0.04143 | 5.04 0 0.12757 | 0.28996
Dependent Variable: std_mid Number of obs: 27,272
F (383, 26786): 43.78
SS df MS Prob > F: 0
Model 6.79149 383 0.01773 R-squared: 0.3841
Residual 10.8917 26,888 0.00041 Adj R-squared: 0.3753
Total 17.6832 27,271 0.00065 Root MSE: 0.02013
Coef. Std. Err. t P>t  [[95% Conf. Intervall
algo_orders |-0.00517 | 0.00118 -4.4 0 -0.00748 |-0.00287
avg_spread| 0.52639 | 0.00692 | 76.09 0 0.51284 | 0.53995
autocor | 0.00119 | 0.00052 | 2.28 0.023 | 0.00017 | 0.00222
In_volume | 0.00058 | 0.00015 | 3.78 0 0.00028 | 0.00088
std_spread | 0.02096 | 0.00069 | 30.35 0 0.01961 | 0.02232
cons -0.01588| 0.00355 | -4.47 0 -0.02285 [-0.00892

J2Y NTIPI 9991 DY 90T BNWNI D) DYHNYN N NIDI DNI¥INN D¥P100N DINYHY qon >
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Dependent Variable: avg_spread

Number of obs:

2,639

if nois e_rule_high== F (383, 26786): 6.13
Source SS df MS Prob > F: 0
Model 0.55573 360 0.00154 R-squared: 0.4922
Residual 057344 2,278 0.00025| AdjR-squared: 0.4119
Total 112917 2,638 0.00043 Root MSE: 0.01587
Coef. Std. Err. t P>t [[95% Conf. Interval]
algo_orders| -0.0152 | 0.00342 | -4.45 0 -0.0219 | -0.0085
autocor | 0.00304 [ 0.00148 | 2.06 0.04 | 0.00014 | 0.00593
std_mid | 0.31308 | 0.01846 | 16.96 0 0.27688 | 0.34928
In_volume [-0.00355| 0.00044 | -8.16 0 -0.00441 | -0.0027
std_spread | 0.02203 | 0.00223 | 9.86 0 0.01765 | 0.02641
cons 0.05778 | 0.01269 | 4.55 0 0.03289 | 0.08266
Dependent Variable: autocor Number of obs: 2,639
if nois e_rule_high== F (383, 26786): 2.59
Source SS df MS Prob > F: 0
Model 47.1999 360 0.13111 R-squared: 0.2907
Residual 115176 2,278 0.05056 | AdjR-squared: 0.1786
Total 162.376 2,638 0.06155 Root MSE: 0.22486
Coef. Std. Err. t P>t [[95% Conf. Interval]
algo_orders [-0.14356 | 0.04854 | -2.96 0.003 |-0.23874]-0.04838
avg_spread| 0.61027 | 0.29666 | 2.06 0.04 | 0.02852 | 1.19202
std_mid | 0.15051 | 0.27764 | 0.54 0.588 |-0.39393| 0.69496
In_volume | 0.00567 | 0.00625 | 0.91 0.365 |-0.00659| 0.01794
std_spread [-0.47861| 0.03075 | -15.57 0 -0.5389 |-0.41831
cons 0.36479 | 0.1805 2.02 0.043 | 0.01084 | 0.71874
Dependent Variable: std_mid Number of obs: 2,639
if nois e_rule_high== F(383, 26786): 5.51
Source SS df MS Prob > F: 0
Model 0.57123 360 0.00159 R-squared: 0.4655
Residual 0.65584 2,278 0.00029 | AdjR-squared: 0.3811
Total 1.22707 2,638 0.00047 Root MSE: 0.01697
Coef. Std. Err. t P>t [[95% Conf. Interval]
algo_orders | 0.00095 | 0.00367 | 0.26 0.795 |-0.00624 | 0.00815
avg_spread| 0.35806 | 0.02111 | 16.96 0 0.31666 | 0.39947
autocor | 0.00086 [ 0.00158 | 0.54 0.588 |-0.00224| 0.00396
In_volume | 0.00044 | 0.00047 | 0.93 0.353 |-0.00049| 0.00136
std_spread | 0.02612 | 0.00238 | 10.98 0 0.02145 | 0.03078
cons -0.0153 | 0.01363 | -1.12 0.262 |-0.04203| 0.01143
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Dependent Variable: avg_spread Number of obs: 27,170
F(383, 26786): 58.63
Source SS df MS Prob > F: 0
Model 5.03199 383 0.01314 R-squared: 0.456
Residual 6.00219 26,786 0.00022 | AdjR-squared: 0.4483
Total 11.0342 27,169 0.00041 Root MSE: 0.01497
Coef. Std. Err. t P>t  [[95% Conf. Intervall
algo_deals |-0.00875| 0.00104 | -8.41 0 -0.01079 |-0.00671
autocor | 0.00535 | 0.00039 | 13.76 0 0.00459 | 0.00611
std_mid | 0.32545 | 0.00417 | 77.96 0 0.31727 | 0.33364
In_volume |-0.00252 | 0.00011 | -22.19 0 -0.00275 | -0.0023
std_spread | 0.01769 | 0.00051 | 34.41 0 0.01668 | 0.0187
cons 0.03366 | 0.0025 | 13.47 0 0.02876 | 0.03856
Dependent Variable: autocor Number of obs: 27,170
F(383, 26786): 17.47
Source SS df MS Prob > F: 0
Model 367.898 383 0.96057 R-squared: 0.1999
Residual 1472.83 26,786 0.05499 | AdjR-squared: 0.1884
Total 1840.73 27,169 0.06775 Root MSE: 0.23449
Coef. Std. Err. t P>t  [[95% Conf. Intervall
algo_deals | -0.0585 | 0.0163 | -3.59 0 -0.09046 | -0.02655
avg_spread| 1.31236 | 0.09538 | 13.76 0 1.12542 | 1.4993
std_mid | 0.16141 | 0.07243 | 2.23 0.026 | 0.01945 | 0.30338
In_volume | 0.00927 [ 0.0018 5.16 0 0.00575 | 0.01279
std_spread |-0.42749 | 0.0078 | -54.77 0 -0.44279 |-0.41219
cons 0.12514 [ 0.03928 [ 3.19 0.001 | 0.04815| 0.20213
Dependent Variable: std_mid Number of obs: 27,170
F(383, 26786): 43.76
Source SS df MS Prob > F: 0
Model 6.55601 383 0.01712 R-squared: 0.3849
Residual 10479 26,786 0.00039 | AdjR-squared: 0.3761
Total 17.035 27,169 0.00063 Root MSE: 0.01978
Coef. Std. Err. t P>t [[95% Conf. Interval]
algo_deals | 0.00341 | 0.00138 | 2.48 0.013 | 0.00071 | 0.0061
avg_spread| 0.5682 | 0.00729 | 77.96 0 0.55391 | 0.58249
autocor | 0.00115] 0.00052 | 2.23 0.026 | 0.00014 | 0.00216
In_volume | 0.00073 | 0.00015| 4.82 0 0.00043 | 0.00103
std_spread | 0.01956 | 0.00068 | 28.59 0 0.01821 [ 0.0209
cons -0.02281| 0.00331 | -6.89 0 -0.0293 |-0.01632
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Dependent Variable: avg_spread

Number of obs:

2,638

if nois e_rule_high== F(383, 26786): 6.16
Source SS df MS Prob > F: 0
Model 0.54828 360 0.00152 R-squared: 0.4933
Residual 0.56316 2,277 0.00025| AdjR-squared: 0.4132
Total 111145 2637 0.00042 Root MSE: 0.01573
Coef. Std. Err. t P>t [[95% Conf. Interval]
algo_deals |-0.01671| 0.0044 -3.8 0 -0.02534 |-0.00808
autocor | 0.00354 | 0.00146 | 2.42 0.016 | 0.00067 | 0.00641
std_mid | 0.31316 | 0.0183 17.12 0 0.27729 | 0.34904
In_volume [-0.00311| 0.00042 | -7.39 0 -0.00394 |-0.00228
std_spread | 0.02249 | 0.00222 [ 10.15 0 0.01815 | 0.02684
cons 0.04211 [ 0.01194 [ 3.53 0 0.01869 | 0.06553
Dependent Variable: autocor Number of obs: 2,638
if nois e_rule_high== F(383, 26786): 2.58
Source SS df MS Prob > F: 0
Model 47.0445 360 0.13068 R-squared: 0.2898
Residual 115315 2277 0.05064 | AdjR-squared: 0.1775
Total 162.36 2,637 0.06157 Root MSE: 0.22504
Coef. Std. Err. t P>t [[95% Conf. Interval]
algo_deals |-0.10952| 0.06316 | -1.73 0.083 |-0.23338| 0.01433
avg_spread| 0.72453 | 0.29949 [ 2.42 0.016 | 0.13722 | 1.31184
std_mid | 0.12833 | 0.27813 | 0.46 0.645 |-0.41709| 0.67376
In_volume | 0.00913 [ 0.00609 1.5 0.134 |-0.00281 | 0.02108
std_spread |-0.48222 | 0.0308 | -15.66 0 -0.54262 |-0.42182
cons 0.22319 | 0.17132 1.3 0.193 |-0.11277| 0.55916
Dependent Variable: std_mid Number of obs: 2,638
if nois e_rule_high== F(383, 26786): 5.53
Source SS df MS Prob > F: 0
Model 0.57238 360 0.00159 R-squared: 0.4665
Residual 0.65459 2277 0.00029 | AdjR-squared: 0.3822
Total 1.22698 2,637 0.00047 Root MSE: 0.01696
Coef. Std. Err. t P>t |[95% Conf. Interval]
algo_deals | 0.00138 | 0.00476 | 0.29 0.772 |-0.00796 | 0.01072
avg_spread| 0.36401 | 0.02127 | 17.12 0 0.3223 | 0.40571
autocor | 0.00073 | 0.00158 | 0.46 0.645 |-0.00237 | 0.00382
In_volume | 0.0004 [ 0.00046 | 0.88 0.378 | -0.0005 | 0.00131
std_spread | 0.02579 | 0.00238 [ 10.83 0 0.02112 | 0.03046
cons -0.01414 | 0.01291 -1.1 0.273 |-0.03946| 0.01117
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