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3. Cellular automata model for stock market dynamics
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3.2 The cellular automata model
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3. Cellular automata model for stock market dynamics

3.2.1 Percolation clustering
{�*10j9CS�,/.10�AC8:Ue=�9CS�9C;14]>70DGWG:;1GnAH4eAH;5,R9<UeAH,RAcUV9TK107G�8W=e,/9¢4/07214/9�K1;1>70j,R.50 cByQ�X�C�����
� y c5�C�t��~ fT��9CSrAH>7,R8N6<0],/4RACK50D4/=�· ¼Kt�ÉC½H»�hi�_0d4X07S[074L,R9`.50D4/K58W*1b`vp0D.1At6�8:9<;14�AC=-,R.10e,R0D*�m
K10D*5>7I�9CS32p0D9<21G:0�8W*'6C9<G:6C0DK£8W*`,R.50�U]AC4X^C0Q,�,R9�ACb<bC4/0Db<AH,R0�8:*�*107,+E39<4/^l=-9<4�>7GW;1=g,R0D4X=�9CS
8W*��1;10D*1>70Chi Z.10],R4/ACK1074/=�,/.10D*a;5=/0e,/.10d8:*5S[9<4/UeAH,/8W9<*�9<vT,@AC8:*10DK¢v'Iq,R.50D8W4�*107,+E39<4X^c8:*
9<4/K50D4Z,R9�S[9<4XU�;1GnAw,R0�A�U]AH4/^C0Q,r=X,R4/AH,R07bCI<hªË®6<07*`8:S?,/.10-,/9<2p9<GW9<bC8W>YAHGs=g,R4/;5>7,R;54/0-9CS�,/.10D=X0
*107,+E39<4X^�=�9CSP8:*5S[9<4/UeAH,/8W9<*V>YAC*�vp0�*107b<GW07>7,/0DK¤AC=ZAL\B4X=X,rAC25214/9YfT8WUeAH,R8:9<*�kl=/8:*1>D0�=X076C0D4RAHG
^l8W*1K1=�9CS�GW9<*5bV4/AC*1b<0�8:*l,/0D4/AC>7,/8W9<*¤AC4X0�AY6HAC8:GnACv1G:0u*19tEFACKBAYI�=�·�p	qGquÉ<¾w»�k1,/.10�*l;1U�vp0D4r9CS
>D9<*5*10D>Q,R8W9C*1=�S[9<4�0DAC>@.£,/4RACK50D4�U�;1=g,�vs0Hk�8W*qAC*'Ij>YAC=X0Ck�\B*18N,R0�AC*5K£*59C,�0Qf�,R07*1K107Kc9t6<074
,R.10�E�.19CGW0�U]AH4/^C0Q,Yh¥)+* ,/.18W=�S[4RAHUe0QEF9<4X^aAqK18W4X0D>7,V2p0D4X>D9<GWAH,R8:9<*aUe0Q,R.19�K 8W=�;1=X0DK±,/9
=/8:U�;1GnAw,R0].50D4/K58W*1b�K5I�*BAHUe8:>D=�vp07,+E30D07* AC>Q,R8:6C0],R4/ACK1074/=�E�.1074/0�,R.10�K507\B*18N,R8:9<*¢9CS�,R.50
*10D8:b<.lvs9C;14/=¬8:=F,R.50�9<*10�9CS�6C9<* ��07;1U]AH*1*£¦�;12Ok1K19tE�*�k1G:07S�,YkT4/8:b<.',}©Qh� Z.10LxQ�H�O� c��R~w�O~ f'x
;12pKBAH,R8:*1b�8W=Z\5fT07Kiv'I�,R.50�S[9CGWGW9tE�8:*1b�2BAC4/ACUV07,R074/=7«

��� «3,/.10L214X9<vBACv58WGW8N,+I],/.BAH,uAC*jAH>7,R8N6<0-,R4RAHK10D4r>YAC*¤,R;14X*j9<*50L9CS�.18W=r8W*BAH>7,R8N6<0�*1078Wb<.Tm
vs9C;14/=ª8W*',R9-AC*]AC>7,/8:6C0�9<*50uAH,�,/.10�*50Qf�,3,/8WUV0Z=X,/0D2�kTÀ1Á�¦[ÂX©�Ã!É�� À1Ág¦[ÂlÄ_Æ�©¡Ã r�Æ<h® Z.18:=
=/8:U�;1GnAw,R0D=Z,/.10-S�AH>7,r,R.BAH,�>D074X,RAC8W*¤8W*5S[9C4/UeAH,R8:9<*�2s9C=/=/07=/=X0DK�v'IiAV,R4/ACK1074�UeAYI�8W*1K5;1>D0LA
�B~w��yQ�B�����Czl,R4RAHK10D4Z,R9u³X9<8:*d,R.10�UeAC4/^H07,rK5I�*BACUV8W>7=Dh

��� «®,R.10-214/9CvBACv18:GW8:,+ICk�S[9C4Ly/��� c�9CS�8:,/=Z8W*BAC>Q,R8N6<0�*1078Wb<.lvp9<;14/=7k1,R.BAw,uAH*iAH>7,R8N6<0�,R4/ACK1074
�C� 	-flxty@xZAC*1Ki=/9dvp0D>79<Ue07=�8:*BAC>Q,R8:6C0CkÀ1Ág¦�ÂX©FÃ r�Æ�� À1Ág¦[Â�Ä Æ�©FÃ É5hZ Z.58W=rUe8:Ue8:>D=¬,R.50
S�AC>7,Z,/.BAH,�9<*5G:I],/4RACK50D4/=rAH,Z,/.10�vs9C4/K1074/=�9CS�AV*10Q,+EF9C4/^kB,R.BAH,�8:=¬,R.10�E30YAC^H0D4rGW8:*1^l=Dk1>DAC*
°l;18:,Z,/.10�U]AC4X^C0Q,Yh

��
 «P,R.10�214X9<vBACv58WGW8N,+I�,/.BAH,ªA�*19<*�,R4/ACK18:*1b�>D0DG:G1=/2p9<*',@AH*10D9<;5=/G:I�K50D>D8:K10D=¡,/9-07*',R0D4�,R.50
U]AH4/^C0Q,�K5I�*BACUV8W>7=DkBÀ1Ág¦�ÂX©¡Ã!É�� À1Á�¦�Â?Ä²Æ�©¡Ã r�Æ<h
 Z.10-6HACG:;10D=�9CSP,R.50�AHK18WUV0D*1=X8W9<*1ACGO2BAH4RACUV07,/0D4/=7k ��� k ��� AC*1K ��
 kB8:*��B;107*1>D0�,R.50-=g,@Awm

v18WG:8:,+I¤9CS�,R.50�=XI�=X,/0DU AC*1K�,/.10�2s074/>70D*',@ACbC0V9HSFAH>7,R8N6<0�,/4RACK1074/=�9<*�,/.10�b<4/8:K�h-)+*£9C4/K1074
,R9�,R07=X,�K18:Ms0D4X0D*',-U]AH4/^C0Q,�AC>7,/8:6�8:,/8W0D=�EF0�\5fq,R.50�6HACG:;10D= ��� Ã�É�� ÉW
�AC*5K ��
 Ã�É� É<É<ÉTÆ
E�.18WG:0�EF0�,R;1*50�,R.50�2BAH4RACUV07,/0D4 ��� hF¨¬,r,R.50�vp0Db<8:*1*18:*1b�9CS�,/.10�=X8WU�;5GnAH,/8W9<*d,/.10�bC4/8WK¤8W=
GW9'AHK10DK�4/AC*1K19<UVG:IVE�8:,/.�A�=/UeACGWGs2s074/>D07*',@ACb<0�9CS�AC>Q,R8:6C0�,R4/ACK10D4X=�AC*1K�,R.50D*�,R.10�=gIT=g,R07U
8W=�2p0D4/UV8:,X,R07K ,/9_076C9<G:6C0`AC>7>D9<4XK18W*5b£,/9c,R.50i214X076�8W9C;1=]4X;1GW07=Dh()oS�E30`AC4X0i8:*±A£=X,RACv1GW0
4RAC*5b<0�9CSs,/.10�2BAC4/ACUe0Q,R074 ��� k�AHS�,R074�A�,/4RAC*5=/8W07*',32p0D4X8W9�K�,R.BAH,�K50D2p0D*1K1=3vs9H,R.�9<*�,R.10�2BAwm
4RACUV07,/0D4F6HACG:;10D=¬AC*1Kd,R.50�8W*18N,R8nAHGB*�;5U�vs074Z9CS�AC>7,/8:6C0�>D07GWGW=7kT,/.10�,R9C,RACGO*l;1ULvs074¬9CS�AC>7,/8:6C0
,R4/ACK10D4X=�9<*¢,/.10db<4X8WK_vp0DbC8W*1=L,/9��B;1>Q,R;BAw,R0�AC4X9<;1*1K�Ai>D0D4g,@AC8:*�AY6<0D4/ACb<0Hk�AC=�=/.59�E�*�8:*
µ�8Wb5h3½Th:Æ]¦� P9<2©}hF Z.10-U]AH4/^C0Q,r>YAC*ivs0�>D9C*1=/8:K10D4X0DK ~@�ByQ�e=/8:*1>D0�,R.50�*l;1U�vp0D4r9CS®ACb<0D*',/=
>@.BAC*1bC0D=�K5I�*BACUV8W>DACGWGNI�8W*j,/8WUV0Ch�)+*`,/.18W=�4/07b<8WUV0Ckp,R.10�>79<UV2s0Q,R8:,/8W9<*ivs0Q,+EF070D*£.10D4XK18W*5b
AC*1K¤K18:Ms;1=X8W9<*¤214/9�K1;1>70D=�AV2p9tEF074�GWAYEÅK18:=X,R4X8Wv1;T,R8W9C*¤9HS�,R.50->7GW;1=g,R074�=X8WJD0HkpAC=�=/.19tE�*`8:*
µ�8Wb5h ½5hNÆV¦m�39C,/,/9<Ud©}k��p¦���©��������'k1E�.10D4X0��¥8:=¬,R.10->DG:;1=X,/0D4�K18:Ue07*1=/8:9<*�k5K507\B*107K�AC=Z,R.50
*l;1U�vp0D4F9HSPAC>7,/8:6<0�>D07GWGW=ªvp0DGW9C*1b<8W*5b�,R9-,R.10u=RACUV0u>7GW;1=g,R0D47k1AC*5K����(É5k�>D4X0YAH,/8W*1b�A�.18:0D4gm
AC4/>@.'Ij9CS�*107,+E39<4X^�=7h� Z.58W=�.18:0D4/AC4/>@.'Ii8W=�*107>D07=/=RAH4XI�8NS®EF074/0�AC4X0L,R9e,@AC^H0�8W*',R9�AH>D>D9C;1*',
A£4X0YACG�AH=/2p0D>7,e9CS�,R.10¤U]AH4/^C0Q,Yk3*BACUV0DG:I_,R.BAH,VK18NMO074/07*l,�,/4RACK1074/=eACGW=X9c.1At6C0iK58:Ms0D4/07*',



3.2 The cellular automata model
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3.2.2 Stochastic trading dynamics
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3.3 Numerical results and comparison with the S&P500
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3.3 Numerical results and comparison with the S&P500
���

-10 -5 0 5 10
r

10
-4

10
-3

10
-2

10
-1

10
0

P

S&P500
Model
Gaussian

µ�8Wb<;54/0i½5h ½T« �¡4/9<vBAHv18WG:8:,+IaK18:=X,/4/8Wv5;5,R8:9<*aS[;1*1>7,/8W9<*¥S[9<4V,/.10�¼&�N��
CÉCÉc>D9CUe21;T,R0DK¥E�8:,R.
KBAC8WGNI¢KBAw,@A�S[4/9<U ½TÆ��TÆ��TÆ�VW
CÉ`,R9 Æt¹���T �<¾CÉ<É<½�AH*1K¥,/.10iUV9�K10DG�h ¨ y�AC;1=/=X8nAC* 8W=VACG:=/9
21GW9C,X,R07K�S[9C4�>D9<UV2BAC4X8W=/9C*�h_ Z.10¤2BAC4/ACUV07,R074/=�;1=X0DK¥AC4/0 ��� Ã É� É �WV<½5k � Ã Æ � ¹qAC*1K�dÃ É5h
4/07,/;14/*5=�AC4X0V*59<4/UeACGWGNIjK58W=X,/4/8:v1;5,R07K�h] Z.58W=�S�AC>7,-.BAC=-vp0D0D*c214/9t6C0D*_,/9ivp0e07Ue258W4/8:>YACG:G:I
S�ACGW=X0CklAC=¡=X.19tE�*dACG:=/9�8W*�µ�8Wb1h�½5h ½e¦[=/070�¶�07S�hB·[�`¼&V�VH»1S[9<4�A�b<07*10D4/ACG14X07S[0D4X0D*1>70t©}h�µ�8W*1K58W*1b
AuUe9C4/03AC21214X9<214/8WAH,R0ªK18:=X,R4X8Wv1;T,R8W9C*-E39<;1G:K�vs0FAC*�8:Ue2p9<4X,RAC*',P8WUV214/9t6<07Ue07*',�8:*�,R.58W=�\10DGWK
9CS�4X0D=X0YAC4X>@. � h
)+*j9<4/K1074r,/9];1*5K10D4X=X,@AH*1K`,R.10-,R4/ACK18W*5beK5I�*BAHUe8:>D=r9CS®,R.50LAC;T,R9<UeAH,@A�E30�ACG:=/9V=/.19tE

,+EF9�=/*1AC21=/.59C,R=¡9CSB,/.10Zb<4X8WKL>79<*5\BbC;14RAH,/8W9<*OkC,R.103\B4/=g,�K1;14/8:*1b�Au*59<4/UeACG�=/0D=X=/8:9<*�klµ�8:b1h ½Th[�
¦� P9<2©QkFAC*1K ,R.10�=/07>D9<*5K K1;14X8W*1bcA£>74RAC=X.�k¬µ�8Wb1h ½5h��±¦E�F9C,X,R9<U]©Qhjn�;14X8W*1b�,R.50i*19C4/UeACG
=/0D=X=/8:9<*£,/.10�9<4X8W0D*',RAH,R8:9<*1=�9CS�,/.10�=/218:*1=�AC4/0�K58W=X,/4/8:v1;5,R07K�;1*18NS[9<4/UVG:I¤9t6<074�,/.10�6HAC4/8:9<;1=
>DGW;5=X,R074/=iAC*1K¯,R.1074/0£8W=�*19 =/.BAC4X2!K18NMO074/07*1>D0cvs0Q,+EF070D*ÅK107U]AH*1K!AH*1K!=X;12121GNI<h� Z.10
=/8:,/;BAH,/8W9<*`8:=uK18NMO074/07*l,�K1;14/8:*1b�Ad>D4/AC=/.Oh-)+*�,/.18W=�>YAC=X0�,R.10�>7GW;1=g,R0D4X=�AH,u,/.10�,R9C2�9CS¡,R.10
.18W074RAC4X>@.lICk<,R.10Fv18Wb<bC0D4�9C*10D=7k'21GnAYI�AuS[;1*1KBAHUe07*l,RACG54X9<GW0Hh�)+*�S�AH>7,®,/.107I�;1*1K1074/b<9�A�25.BAC=/0
,R4RAH*1=/8N,R8W9C*�E�.10D4X0r,/.10�b<4/0DAH,R07=X,32BAC4X,�9HSO,R.50D8W4¡=X218W*5=ª=X.BAC4X0r,/.10�=RACUV0Z9<4/8:0D*',@Aw,R8W9C*�h� Z.10
>YAC2BAH>D8:,+I±9CS�,R.10q>7GW;1=g,R0D4X=d,R9�b<07*10D4/AH,R0qAa>D9C.10D4X0D*',¤9<4/8:0D*',@AH,/8W9<*±9CS�,R.10q=/258W*1=7k�AC*1K
.10D*1>70�9HSO,R.50D8W4®,/4RACK58W*1b�=X,RAH,R0Hkl>YAC*Vvs0�8:*l,/0D4X214/0Q,R0DKe8W*�,R074/UV=¡9CS�A�U�;5G:,R8:21GW8:>YAH,/8:6C0F*19<8:=/0
214/9�>D07=/=�·��]�RV�V5k ^�0DA�V�VH»�kBE�.10D4X0�,R.50L>D9CGWGW07>7,/8:6<0�=gI�*1>@.14/9C*18WJDAH,R8:9<*`AC4X8W=X0D=�AC=uA�4/07=/;1GN,u9HS
,R.10�4/AC*1K19CUeGNI¤6HAC4gI�8W*1bd8:*',R0D4/AC>7,/8W9<*i=X,/4/0D*5bC,R.1=�vp07,+E30D07*_AHb<0D*',R=7h� Z.10�2p0D>D;5GW8nAH4/8:,+I�9HS
9<;14uUV9�K10DGP8W=r,R.BAH,�>D4RAH=/.107=�9<4uv1;5v1v1GW07=�¦�=X;1K1K107*q214/8:>D0L>@.1AC*1b<07=@©�AC4X0�4/07GnAH,/0DK`*19H,u,R9

�������	��
���	������������������������� !�"���	�$#���%&
��	���"
��	���('���%*)+�,���.-���/#$�	01�203)$4�
'��!576/598&:�;�<=:�5�>@?BA/:�>C<ED"<F?G>C<H?JI@D/K
L :@IM�D/59?JIC>N-����-+��%���0O)$4QPR%���S�S	�	%(T PR%��U�U�V=PR%���W�W�V=X�X�Y�Z*[�\�V^]�_`[�a�VEbdc�[�e�V=��f^[�e�V=Pg�!h�ij[�e/kEl



���
3. Cellular automata model for stock market dynamics
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3.4 Multifractal analysis
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3.5 Discussion and conclusion
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