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QHS@E»SUQTS�×}A�QHSYÏj?NSrÒUQTÒFÕzÏ�VDE0?BIcÛ�?NÏ�CU?BSìE»Õ�Ý�GfA�?NêFG)Ù@SYÒFÎ�Ø�G+V�QHÞ	Ï�?BÎ7G,ÕhÏjG+ÝFÕ)à�ï�CUG7E0SYÏ�A+EHS
QHSUIBX�Ï�ÒFV�S7ING+Þ Ï)Ú0Vj?BÖHCYÏ)Ú�ÎªQ�ÑHGRÞáQHVjÛ�E0VDÙ�QHSUG�ÕjîYÒFE0VjGHà|ûxÏ³Î»E|X1E0I�Õ§Q*IBQYQTç�E0CFG)EHÙ�QHSUG�ÕjîYÒFE0VjG
?NS¿Ï�CFG1Ù�?NVjG)A�Ï�?BQHS¿?uÏfL Õ�Þ¯EHA�?BSUÖ7Ï�Q»Ù�G+Ï�G)V�Îª?BSUG�?uÞdÏ�C�E�Ï�ÕjîTÒ�E0VjG*A+QHSYÏjEH?NSFÕ�E7ÝU?BG)A+G�Q0ÞKÞáQYQ�Ù¤à



¦ §����rÊFVhÆ2�

ï�ÛRQ¿Õ§G+ÏjÕ*Q0ÞºG+ß�Ý�G)V�?BÎªG+SYÏjÕ*ÛzG+VjG,A+EHV�Vj?BG)Ù�QHÒUÏ�ÞáQTV*GfEHADC@ÝFV�QTØUING)Î Ù�QHÎ»E0?BS%à¤éd?uÞ ÏhX�VjÒUSFÕ
ÛRG)V�G1A)E0VjV�?BG)Ù¿QHÒUÏ�Û�CUG)V�G�ÖTG+SUG+Ï�?�A1A�Q�Ù�G7Ù�G+ÖTG+SUG)VjETA�X�Û�EHÕ�V�G)Î7Q�ÑTG)Ù¿Õ§Q�Þ¯E0V�ETÕ�Ý�QTÕjÕ§?BØUIBG
ØYX�VjG)ÙUÒFA�?BSUÖ�ÏjCUG7SYÒFÎ�Ø�G+V*Q0ÞºØU?NÏjÕ*?BS!E¼ÖHG+SFG�ÏjQ�Ï�CFG7IBQ�ÛzG)Õ§Ï�Ý�QYÕ�Õ�?BØUING7Ñ�E0IBÒUG1ÏjCFE�Ï�A+EHS
ÕhÏj?NIBIKVjG+ÝFV�GfÕ§G)STÏ�ÏjCUG�Î»E0ßr?BÎ�ÒFÎ SrÒUÎ,Ø�G)V�QHÞ	ÝFV�Q�Ù�ÒFA�Ï�?BQHSFÕ�V�ÒFINGfÕ�Ø�G+IBQHSUÖT?NSUÖ�Ï�Q9EHSrX¼QHSFG
SUQHS�×tÏ�G)V�Îª?BSFE0Itàrü�SUQHÏ�CUG)VºêUÞ ÏhXªVjÒUSFÕRÛRG)V�G*A+EHV�Vj?NGfÙªQHÒ�ÏzÛ�CUG+VjG�ÙUG+ÖHG)SUG+VDEHA+X�Û�EHÕRÝUVjG)Õ�G+SYÏ
EHÕ�?BS9ÏjCUG1Õ§ÏjE0S�ÙUE0VDÙ Í Ð�?BÎªÝUING)ÎªG+SYÏjE0Ï�?BQHS¿ÒFÕ§?BSUÖ>[7ØU?NÏ�ÖHG)SUG)Õ)à

ï�ÛRQ�ÎªG)ETÕ§ÒUVjG)Õ	ÛzG+VjG�ÒFÕ�G)Ù,Ï�Q�ÖT?NÑTG�E0Sª?BSFÙ�?�A+E�Ïj?NQTSªQ0Þ¤ÖHG)SUQ0ÏhXrÝU?�A�Ù�?NÑTG+VDÕ§?NÏhXHÚ|ÏjCUG�êFVDÕ§Ï
?BÕ�E�ÎªG)EHÕ�ÒUVjGRÛ�CF?BADC7ÛRGzCFE|ÑTGºÏjG+VjÎ7GfÙ�ÏjCUG *3��"��>��"�!7#���ÿ@� àHï�CU?�Õ	ÎªG)ETÕ§ÒUVjGzÛzETÕcQTØ�ÏjEH?NSUGfÙ
ØYX9A+E0I�A�ÒFIBE0Ï�?BSUÖ7Ï�CUG1E|ÑTG+VDE0ÖHG�Q0ÞKÏ�CUG�Ñ�E0Vj?�E0SFA+G)Õ�E�Ï�GfEHADC¿ØU?uÏ�IBQ�A�ÒFÕ�QTS¿Ï�CUG�ÖHG)SUQHÎªGTà

Zñ?uÏjCäE@Ý�QHÝUÒFIBE0Ï�?BQHSäÕ�?�¨)G¼QHÞ O0÷H÷ ÏjCU?�Õ,ÎªGfE0SYÏ1Ï�C�E�Ï7Ï�CUG9ÖHVjG)E�ÏjG+V�ÏjCUG¿Ñ|EHV�?�E0S�A�G�?BS
E@Ý�QHÝUÒUI�E�Ïj?NQTSëÏjCUG¿A+INQYÕ§G)V�ÏjCUG¿Î7GfE0SëÑ�EHV�?BG�ÏhXÁÎªG)ETÕ§ÒUVjG¼?�Õ�Ï�Q ÷ à©| O à	ï�CUG¿E0?BÎòQ0Þ�ÏjCU?BÕ
Î7GfEHÕ�ÒUVjG�?BÕ³Ï�Q7E�Ï§ÏjG+ÎªÝ�ÏzÏ�Q1GfÕhÏDE0ØUIB?�Õ§C�CFQ�Û�ÙU?«ª G+VjG+SYÏºÏjCUG�?BSFÙ�?BÑr?BÙUÒFE0I�ÖHG)SUQ0ÏhXrÝ�G)Õ³?BS¼EHSYX
ÖH?BÑHG+S¿Ý�QHÝUÒUI�E�Ïj?NQTS¿EHV�GTà

ï�CUG1Q0ÏjCUG+V�ÎªG)EHÕ�ÒUVjG1ÒFÕ�G)Ù�Û�EHÕ�Ï�CUG,SYÒFÎ�Ø�G+V�QHÞ³ÒUSU?�îYÒUG�?BSFÙ�?BÑr?BÙ�Ò�E0I�Õ�?BSìE»Ý�QHÝUÒUI�E�×
Ï�?BQHS%ÚKÛ�CU?BADCëA)E0SôE0I�Õ�Q¿Ø�G¼Ò�Õ§GfÙìÏjQìÕ�QHÎªG»G�ßrÏ�G)SYÏ1Ï�Q�?BINIBÒFÕ§Ï�VDE�ÏjG»Ï�CUG¼ÖHG+SFG�Ï�?�A»Ù�?BÑHG)VjÕ�?uÏhX
Û�?uÏjCU?NS�EªÝ�QHÝUÒFIBE0Ï�?BQHS ã ¬0æ à

W�G)Õ�ÒUINÏjÕ�ÞáQHV*Ø�QHÏ�CìQHÞ³Ï�CFG)Õ�G�ÎªG)ETÕ§ÒUVjG)Õ�Q�ÑHG)V�Ø�Q0Ï�C!ÝUVjQHØUIBG+Î Ù�QTÎªEH?NS�Õ�A)E0S@Ø�G7Õ�G+G)S
?NS�éd?NÖTÒUVjG)Õ ö |�àUü�Õ�A+E0S�Ø�G�Õ§G)G+S¿ÞáV�QTÎ Ï�CFG)Õ�G*ÖTVjEHÝUCFÕzÏjCUG1A�Q�Ù�G�Ù�G)ÖHG+SFG+VDEHA�X»?�Õ�CFE|Ñr?BSUÖ
EÁÎªEHV�çTG)Ù4G'ª G)A�Ï¼QHS Ï�CFG�Î7GfE0S�Ñ�E0Vj?NG+ÏhXäÎªG)ETÕ§ÒFV�GTÚ³E0SFÙ QHS ÏjCUG@SrÒUÎ�Ø�G+V¼Q0Þ�ÒUSU?�îTÒFG
?NSFÙU?NÑr?�Ù�ÒFE0I�Õ)à

ü�Î7GfEHÕ�ÒUVjG7QHÞRÏjCUG�E|ÑHG)VjEHÖHG,SYÒFÎ�Ø�G+V1QHÞz?BSrÑ|EHIN?�Ù#?NS�Ù�?NÑr?�Ù�ÒFEHIBÕ�?BSÁG)ETADC!ÖTG+SUG)VjE0Ï�?BQHS
Q�ÑHG+VcÏ�CUG O0÷ V�ÒUS�ÕcÛ�EHÕdA+EHV�Vj?NGfÙ�QHÒ�ÏKÞáQHVdØ�QHÏ�C,ÝUV�QTØUIBG+Î Ù�QHÎ»EH?NSFÕ)Ú|E0SFÙ�VjG)Õ�ÒUINÏjÕdÕ§CFQ�ÛÁÏ�CFE0Ï
Û�CUG+S#Ï�CFG¼Ù�G+ÖTG+SUG)VjETA�X�?�Õ�VjG+ÎªQ�ÑHGfÙ@ÞáVjQHÎ Ï�CUG»ÖTG+SUG+Ï�?�A»A�Q�Ù�GHÚ%Ï�CUG�SrÒUÎ,Ø�G)V1Q0Þ�?BSYÑ�EHIN?�Ù
?NSFÙU?NÑr?�Ù�ÒFE0I�Õ�?NSFA+V�GfEHÕ�G)Õ�Õ�?BÖHSU?Nê�A+EHSYÏ�IBX9Q�ÑTG+V�E»VjÒUS�Û�CUG)SìA�QTÎªÝFE0VjG)Ù¿ÏjQ�Ï�CFG,A+ETÕ§G�Û�CUG+VjG
E7ÙUG+ÖHG)SUG+VDE�ÏjG�A�Q�Ù�G�G�ß�?�ÕhÏDÕ+à

0

0.05

0.1

0.15

0.2

0.25

0 5 10 15 20

M
ea

n 
V

ar
ie

ty



Generation

Grammatical Evolution

Santa Fe (Degeneracy)
Santa Fe (No Degeneracy)

Symbolic Regression (Degeneracy)
Symbolic Regression (No Degeneracy)

® ��¯��4°r��¦ [DoT[j]hmnl�bd`0qT[�Z�[D¬)[DoY[ji§p+ljv7p)orqA±7[_p)oA²dp�ihmu[�]tv



0

0.2

0.4

0.6

0.8

1

0 5 10 15 20

(N
o.

 U
ni

qu
e 

In
di

vi
du

al
s)

 / 
(P

op
ul

at
io

n 
S

iz
e)

³

Generation

Grammatical Evolution

Santa Fe (Degeneracy)
Santa Fe (No Degeneracy)

Symbolic Regression (Degeneracy)
Symbolic Regression (No Degeneracy)

® ��¯��
´F��¦ [DoT[j]hmnl�bd`0qT[�Z�[D¬)[DoY[�i§p)ljv7p)oYq,yzoTm«µ0gT[�stoYqTmn{0muqTgrp+�nw

¶ · Ì.�rË¤ÊF�-�rÌhÈºÅ

û}S�Ï�CUG�Õ§ÏjE0S�ÙUE0VDÙ Í Ð@?BÎªÝUING)ÎªG+SYÏjE0Ï�?BQHS9[�ØU?uÏdÖHG)SUG)ÕdE0VjG³ÒFÕ�G)Ù¤ÚfÛ�CU?�ADC�A+EHS1VjG+ÝUVjG)Õ�G+SYÏ�| O {
Ù�?BÕ§Ï�?BSFA�Ï	?BSYÏ�G)ÖHG+V	Ñ�E0IBÒUGfÕ+à0ï�CUG)V�G+ÞáQHVjGHÚf?NS,Ï�CF?BÕ�Õ§ÏjE0Ï�G Í Ð!A)E0S7V�G)ÝUVjG)Õ�G+SYÏ¸| O {�ÝUV�Q�Ù�Ò�A_Ï�?BQHS�Õ
ÞáQHV*G)EHADC���x�� £ ��zH¹Hº»����¼-�³?BS@Ï�CFG7ÖTVjEHÎªÎªEHV)à�û}S@ÏjCUG7A)EHÕ�G�QHÞ³Ï�CUG»ø�EHSTÏDE¼éFG�ÏjVjEH?NIdÏ�CFG
ÎªE0ß�?NÎ,ÒUÎíSYÒFÎ�Ø�G+VªQ0Þ�ÝUVjQ�Ù�ÒFA�Ï�?BQHSFÕ�Ï�CFE0ÏªEHSrX!QTSUG���x�� £ ��z½¹�º»����¼%��CFEHÕ,?�Õ å ÚdEHSFÙ
ÞáQHVªÕ§XrÎ�Ø�QHIB?�A¼VjG+ÖTV�GfÕ�Õ�?NQTSÁÝUV�QTØUIBG+Î»Õ1ÏjCU?�Õ,SrÒUÎ,Ø�G)V,?�Õ ¬ à	ü�ÕªE!V�GfÕ§ÒUINÏ)ÚKÏ�CFG9Îª?BSU?NÎ,ÒUÎ
SYÒFÎ�Ø�G+V�Q0ÞºØF?uÏDÕ*EHSrX�ÖHG+SFG,A+EHSìCFE|ÑTG�?BS@ÏjCUG7A)EHÕ�G,QHÞ³Ï�CFG)Õ�G,ÝUVjQHØFING)ÎªÕ�?�Õ�ÏhÛzQFÚ EHÕ�ÏjCU?BÕ
A+E0SìV�G)ÝUV�GfÕ§G)SYÏ*E9ÎªE0ß�?NÎ,ÒUÎ/Q0Þ ¬ Ù�?�ÕhÏj?NSFA�Ï*ÝFV�Q�Ù�ÒFA�Ï�?BQHSFÕ)à�ûxÏ*ÞáQTINIBQ�Û�Õ�ÏjCFE�Ï�?BS@ÏjCUG7A)EHÕ�G
Q0ÞzÏ�CUG�Õ�XrÎ�Ø�QHIB?BAªVjG+ÖTV�GfÕ�Õ�?NQTS@ÝUVjQHØUIBG+Î�ÚcEHINI³ÙUG+ÖHG)SUG+VDEHA+X�CFEHÕ1Ø�G)G+SÁV�G)ÎªQ�ÑHG)Ù%Ú�Û�CF?NIBG�?NÏ
ÕhÏj?NIBI%G�ß�?�ÕhÏDÕzÏ�Q�E7ÑHG)V�X�Õ�Î»E0IBI¤G�ßrÏ�G)SYÏ�?NS¿Ï�CFG�ø�E0SYÏjEªéFG�Ï�VDE0?BI¤ÝUV�QTØUIBG+Î�à

Í ?NÑTG+S9Ï�CUG�SrÒUÎ,Ø�G)V�Q0Þ	?NSrÑ�E0IB?BÙ9?BSFÙ�?BÑY?�Ù�ÒFEHIBÕ�ÝUV�Q�Ù�Ò�A�G)Ù9Û�CUG)S¿ÖTG+SUG+Ï�?�A�A�Q�Ù�G1Ù�G)ÖHG+SU×
G+VDEHA�X�?BÕ	VjG+ÎªQ�ÑHGfÙ¤Ú|?uÏR?BÕ�A+INGfE0V	Ï�C�E�ÏºÙ�G)ÖHG+SFG+VDEHA�X�?�Õ�VjG)Õ�Ý�QTSFÕ�?NØUIBGRÞáQHV�ÏjCUG�ÝUVjG)Õ�G+VjÑ|E0Ï�?BQHS,Q0Þ
Ï�CUG�ÞáÒFSFA_Ïj?NQTSFE0IB?uÏhX7Q0Þ ÏjCUG�ÝUCFG+SUQHÏhXYÝ�GHÚTÛ�CU?BING�Õ§Ï�?BIBI�E0IBIBQ�Û�?NSUÖ�ÒFSUV�GfÕhÏjV�?�A_ÏjG)ÙªÕ�G)E0VDADCªQ0Þ Ï�CFG
ÖHG+SFQ0ÏhXrÝU?�A�Õ§GfE0VDADC»Õ§ÝFETA�GTàTè�EHÕ�G)Ù»QTSªÏ�CUG�ÏhÛRQ,ÎªG)EHÕ�ÒUVjG)Õ�Ò�Õ§GfÙªÏ�Q,ÖH?BÑHG�EHS»?NSFÙU?BA)E�Ï�?BQHS¼Q0Þ
Ï�CUG�ÖHG+SFQ0ÏhXrÝU?�A�Ù�?NÑTG+VDÕ§?NÏhX�?BS¼E�Ý�QHÝFÒUIBE0Ï�?BQHS%ÚHÏ�CUG�V�GfÕ§ÒFIuÏDÕ³A�IBG)EHV�IBX7Õ�CUQ�Û4Ï�CFE0ÏzÙ�G)ÖHG)SUG+VDEHA+X
?NS Ï�CFG¿ÖTG+SUG+Ï�?�A�A�Q�Ù�G�?BÕªC�E|ÑY?BSUÖÁE#Ø�G)SUG�ê�A+?BEHI�G'ª G)A�Ï�QHS ÖHG+SFQ0ÏhXrÝU?�A9Ù�?BÑHG)VjÕ�?NÏhXô?NS Ï�CFG
Ý�QTÝUÒUI�E�Ï�?BQHScà

¾�?NÎ,ÒUVjEFL Õ�SUG+ÒUÏ�VDE0IKÏ�CUG)QHVjX9QHÞºÎªQHIBG)A�ÒFIBEHV�G+ÑTQHIBÒ�Ï�?BQHS ã | æ Ú Õ§ÒFÖHÖHGfÕhÏDÕ�ÏjCFE�Ï�ÎªQHIBG)A�ÒFIBEHV
G+ÑHQTINÒUÏ�?BQHS#?BÕ1ETÕ�E¿V�GfÕ§ÒUINÏ1I�E0VjÖHG+IBX�Q0Þ�Î�ÒUÏjE�Ïj?NQTSFÕ*Ï�C�E�Ï1CFE|ÑTG7SFQ¿G
ª�GfA_Ï�QTSìÏjCUG»ÝUCUG)SUQ0×
ÏhXYÝ�GHÚ�?�à GHàUÞáÒUSFA_Ïj?NQTSFE0IB?NÏhXHà¿¾�?BÎ�ÒFVjE7ÎªG+SYÏ�?BQHS�Õ�Ï�C�E�Ï�Ï�CF?BÕ�A�QHÒFIBÙ�E0I�Õ�Q»Ø�G1VjG)Õ�Ý�QHSFÕ�?NØFING�ÞáQTV
ÎªEH?NSYÏDE0?BSU?NSFÖ7ÖTG+SUG+Ï�?�A�Ù�?BÑHG+VDÕ�?uÏhX»Û�?NÏ�CU?BS@E7Ý�QTÝUÒUI�E�Ïj?NQTS%àFï�CUG�VjG)Õ�ÒUINÏjÕ�ÝUVjQ�Ù�ÒFA�GfÙ¿ØYX Í Ð
ÛRQTÒUIBÙ�VjG'À�G)A_Ï�Ï�CUG,ØFEHÕ�?�Õ�ÞáQHV�Ï�CU?�Õ�Ï�CUG)QHVjX9Û�?NÏ�CU?BSìQTÒUV�EHV§Ïj?uê�A�?�E0IcÝ�QHÝFÒUIBE0Ï�?BQHS%Ú�Û�CU?�ADC@?BÕ
QrA)A�ÒUVjVj?NSUÖ¿Ù�ÒUG,Ï�Q¿Ï�CFG,ÖTG+SUG+Ï�?�A,A+QrÙUGªÙUG+ÖHG)SUG+VDEHA+X9Û�CF?BADC!?BÕ�ÝFEHV§Ï�Q0ÞºÏ�CUGªÖHG)SUQ0ÏhXrÝ�G1ÏjQ
ÝUCUG+SFQ0ÏhXrÝ�G�Î»EHÝUÝU?BSUÖªÝUV�Q�A+G)ÕjÕ+à



éUQHIBIBQ�Û�?NSUÖªQTS�ÞáV�QTÎÁ¾�?BÎ�ÒUVDEUÚ�QHÏ�CUG)VjÕ�C�E|ÑHG�SUQHÏ�G)Ù¿ÏjCUG1Ø�G+SUG+êUÏjÕ�Ï�CFE0Ï�SUG)Ò�Ï�VDE0I%G)ÑHQH×
INÒ�Ïj?NQTSäA+EHSëØUVj?NSFÖ@Ï�QìÏ�CUG9G+ÑTQHIBÒ�Ï�?BQHSFEHV�X!ÝUVjQrA+G)ÕjÕ ã [ æ�ã { æ àdû}SëÝFEHV§Ïj?BA+ÒUI�E0V�?BS ã { æ ?uÏªCFETÕ
Ø�G)G+S9Õ�ÒUÖTÖHG)Õ§Ï�GfÙ7Ï�CFE0ÏºÏjCUG�Î»E0ßr?BÎ�ÒFÎðêFÏ�SUGfÕ�ÕzE�Ï�ÏjE0?BSFEHØUING�QHS¼E1êUÏ�SUGfÕ�ÕRI�E0SFÙUÕjA+EHÝ�G�Û�?uÏjC
E#ÙUG+ÖHVjG+G¿Q0Þ*SUG+ÒUÏ�VDE0IB?uÏhXô?BSFA�VjG)ETÕ§GfÕªEHÕ,Ï�CUG@ÙUG+ÖHVjG+G¿Q0Þ*SUG+ÒUÏ�VDE0IB?uÏhXë?BSFA+V�GfEHÕ�G)Õ)àdéFÒUV§ÏjCUG+V
?NSrÑHGfÕhÏj?NÖYE�Ïj?NQTS�?BÕ�VjG)îYÒU?BVjG)Ù»ÏjQ»Ù�G�ÏjG+VjÎ7?BSUG*Ï�CFG*VDE0Îª?Nê�A+E0Ï�?BQHSFÕ)Úr?uÞ	E0SrXHÚrÞáQTV Í Ð4Ø�EHÕ�G)Ù�QTS
Ï�CUGfÕ§G1EHSFÙ¼QHÏ�CUG)V�QHØFÕ�G+VjÑ�E�Ïj?NQTSFÕ+à

Â Ã!ÈRÅ�ËvV§Ê��rÌhÈºÅ��

ï�CUG1VjG)Õ�ÒUIuÏDÕ�ÝUVjG)Õ�G+SYÏjG)Ù¿CUG+VjG�Õ�CUQ�ÛóÏ�CFE0Ï�ÖHG)SUG�Ïj?BA�A�Q�Ù�G�Ù�G)ÖHG)SUG+VDEHA+X�?BÕ�CFE|Ñr?NSFÖ�E�A�IBG)EHV
Ø�G)SUG�ê�A+?BEHI¤G'ª G)A�Ï�QTS�ÏjCUG�ÖHG+SFQ0ÏhXrÝU?�A�Ù�?BÑHG)VjÕ�?NÏhXHÚrE0SFÙ9?NS9Ï�CFG*ÝFV�GfÕ§G)V�Ñ�E�Ïj?NQTS�Q0ÞKÑ|EHIN?�Ù9ÝUCUG�×
SUQ0ÏhXrÝ�G)Õ)Ú%Ù�ÒUVj?NSUÖ�VjÒUSFÕ�QHÞ Í Ð�àcï�CUG»Ø�G+SUG+êUÏjÕ�QHÞ�E�A+QHÎªÝUIBG�ßìÎ»E0ÝFÝU?NSFÖ¿ÝFV�Q�A�GfÕ�Õ�Õ�CUQ�Û
Ï�CFE0Ï�Ï�CUG�QTSUG�×tÏ�QH×tQTSUGRÖTG+SUQHÏhXrÝ�GzÏ�Q�ÝFCUG+SUQHÏhXrÝ�G�Î»E0ÝFÝU?NSFÖ�ÏjCFE�ÏR?BÕ�Õ�Q�ÝUV�G)Ñ�E0IBG+SYÏ³?NSªQHÏ�CUG)V
G+ÑHQTINÒUÏ�?BQHSFEHV�X�E0IBÖHQTV�?NÏ�CUÎ»Õc?BÕKSUQ0ÏdSUG)A+G)ÕjÕ�EHV�?BIBX*E�ÖHQrQ�Ù�?BÙUG)EUàHZ#GRCFE|ÑTGºÝUVjG+Ñr?BQHÒFÕ�IBX*Õ�CUQ�Û�S
Ï�CFE0ÏRØrX,C�E0VjSUG)ÕjÕ§?BSUÖ�ÞáGfE�Ï�ÒFV�GfÕ�ÞáVjQHÎ Ï�CUG�ÖHG)SUG�Ïj?BA�Õ�X�ÕhÏjG+Î Q0Þ%ØU?BQHIBQHÖT?BA)E0IUQTV�ÖYE0SU?�Õ�ÎªÕ�Ï�CFE0Ï
Ï�CUG*Ý�G)V§ÞáQTV�Î»EHSFA�G�QHÞ Í ÐäA)E0S�Ø�G�G)SUCFEHSFA�GfÙ¤ÚYEHSFÙ�ETÕºÕ�ÒFADC»Ï�CFG+VjG�E0VjG�A+INGfE0VzEHÙ�Ñ�E0SYÏDE0ÖHGfÕ
Ï�Q#Ø�G�ÖTEH?NSFG)ÙëØrXëÒ�Õ§?BSUÖ#Î7QTV�G9ØU?BQHIBQHÖH?�A+EHINIBXÁ?NS�Õ§ÝU?BVjG)ÙäÏ�G)ADCFSU?BîYÒUGfÕ7Û�?uÏjCU?NS G+ÑTQHIBÒ�Ï�?BQHSU×
E0VjX7EHINÖTQHVj?uÏjCUÎ»Õ+à0ûxÏRÞáQHIBINQ�Û�Õ)Ú0ÏjCFE�ÏzØrX7ÎªQ�Ù�?NÞáXr?NSUÖ�Ï�CUG*A�ÒUVjVjG+SYÏºÖHG)SUQ0ÏhXrÝ�G�Ï�Q,ÝUCUG)SUQ0ÏhXrÝ�G
ÎªEHÝUÝU?BSUÖ�ÝUVjQrA+G)ÕjÕ�Ï�Q�QHSFG,ÏjCFE�Ï�?�Õ�G+ÑTG+SÁA�IBQTÕ�G+V*Ï�Q¿ÏjCFE�Ï1QHÞRØU?BQHIBQHÖT?BA)E0I	QHVjÖTEHSU?BÕ�Î»Õ+Ú�ÛzG
ÎªE|X�êFSFÙ9Ï�CFE0Ï�Ï�CUG�Ý�G+V�ÞáQHVjÎ»E0SFA+G�QHÞ Í Ð Û�?BINIcØ�G)SUG�êUÏ�ÏjQ�E0S¿G+ÑTG+S¿ÖHVjG)E�ÏjG+V�G�ßrÏjG+SYÏ)à

ïKEHçY?BSUÖ�QTSëØ�QYE0VDÙ!Ï�CUGfÕ§G¼êFSFÙ�?BSUÖTÕ)Ú	E0SFÙ#ÏjCUG�Þ¯ETA_Ï�ÏjCFE�Ï Í Ð CFETÕ1ÝUVjQ�ÑHG)SÁÕ�ÒFA)A�G)ÕjÕ§×
ÞáÒUIzETA�VjQTÕjÕ1Ù�?BÑHG)VjÕ�G�ÝUVjQHØUIBG+ÎíÙ�QTÎªEH?NS�Õ+ÚK?uÏ7CFEHÕ�Ø�G)G+SäÕ�CUQ�Û�SÁÏ�C�E�Ï Í Ð ?BÕ,E@Ý�Q�ÛRG)V§ÞáÒFI
E0ÝUÝUVjQTETADC�ÏjQªEHÒ�Ï�QTÎ»E�Ï�?�A+EHINIBX�ÖTG+SUG)VjE0Ï�?BSUÖ,ÝFV�QTÖHVDE0Î»Õº?BS�E0SrX�I�E0SUÖTÒFE0ÖTGHà

§f��ÄD�cÇ2�cÅ�Ë8���

Å ^�¨%�uw}[�] ²�¦ [ji§p)�uqªZ*^n·T´	p+gYe�¬|p�i§qToT[jiYÆ�p)orq0v1Z*^ Å7ÇHÇHÈ ^
¹¤ihmuoTlDmn\Y�n[Dwº`)a�±7`0qH[jiho ¦ [DoT[j]hmnlDwD^=É3Ê.Ë�Ì�Í¸Î0Ï�Ð ÑÒË�Ó�ÑÒÔ�ÕMÖ�×½Ø=Ù�Ú
Ô%Û�Ü

Ý ^ÞÆ�mne*gHi§pH·�±9^ Å�ÇHßHà ^¿á ² [*µR[DgT]}i§p+��á ² [D`+i}v»`)aE±7`f�n[DlDgT�up+i�¨%{|`f�ngT]hmn`)o�^�b	p)e�®TihmuqT¬)[
yzoTmn{|[jihw}m~]tv,¹¤ih[Dw}wD^

à ^ÞÆ�`HâDpH·%ãT^ Å�ÇHÇ�Ý ^5äYÊ.Ô�Ê.Ì�Ñ1åCÍ¸æ�×�Õ½æ�Ú½Ø�Ø�ÑÒÔ�Õ)^�±7s�áë¹%ih[jw}wD^
çH^���p+oY¬fqT`foF·'è�^ Å7ÇHÇ½ß ^ ¦ [DoY[�]hmul³¹¤ih`f¬+i§p)e�e�mnoY¬Rp)oYq�Z�p+]§p�k�]}ihgYlj]hgHih[DwD^
Æ��ng ± [ji ° l_p+
qT[je�mul�¹cgT®Y�nmnw ² [jihwD^

È ^���p+oY¬+]h`fo�·�bR^ ¦ ^ Å7Ç½Ç�Ý ^U¹%ih[�a p)lj[f^�sto»bR^ ¦ ^r��p+oY¬)]h`)o�·�bR^ á�p_vH�n`)i_·�ãT^ Z*^r¶Yp+ihe�[ji_·Yp)oYq
kU^ ÂRp)w}e�gYw}w}[DoF·T[DqTm~]h`)ihwD· ° i}]hm~½rlDmup+���FmnaB[�s}s�^

é ^�µz[ ± e1p)oM±9^ ¨�^ ãT^n·U¨coT¬f[D� ² p+i§qH]ºÂº`f®TmuoF^r¨¤ÀU[Dlj]hw³`+a%oY[DgH]}i§p)�Fw}[D�n[Dlj]hmn`fo»`)o7] ² [�[j{|`)
�ngT]hmn`fo7`)a¤e�`)�u[jlDgY�up+iºw}\�[Dljmu[jwD^rsto3ÍEæ�×7å'Ü©êCÜ«ë�×7å'Ü ì ×½Ô�íH×½Ô>î�· ´-ï%ð \rp)¬)[Dw Å7àHà½à  Å7à½àHß ^

ñ ^,ò�ó µz[Dmn�n��±9^n·RÂ³v0p+oäbR^ Å�ÇHÇ½Ç ^z¨c{|`)�n{HmnoT¬�±7gT�n]hm~¯�nmnoY[@bd`)e�\Ymn�up)®Y�n[�b�¹%ih`)¬)i§p)e�wD^
sto�Í¸æ�×7åKÊ�Ê�í½ÑÒÔ4Õ½Ëa×�ô,Ì;Ó%Ê�ë2Ê�å�×½Ô-í�õEÎ�æ�×.Ù0Ê�Ú½Ô�ÉA×½æ�ö
Ë�Ó0×KÙ)×½Ô�ä�Ê.Ô2Ê.Ì�Ñ1å,Í¸æ�×�Õ½æ�Ú½Ø�Ø�ÑÒÔ�Õ
÷Hø�øHø ^

ß ^�Âº[DmuqHvHw�bR^n·	¶Y`+ihwx]7bR^ ²�^n·³kHl ² gYwx]h[ji�¹¤^KÂº[D\Y�nmnl_p+]hmn`)oôp)oYq�±7gT]§p�]hmn`foÁ`)oÁµz[DgH]}i§p)�
µz[�] ± `+ih�0wD^�kHp)o�]§p*¶Y[�s�oYwx]hm~]hgT]h[�è�`)ih�0mnoY¬*¹¤p)\�[ji Ç½ß �ù½ç+@ù àHé ^

Ç ^�Â³v0p)oìbR^n·Kbd`f�n�nmnoYwúãT^ ãT^n·5ò�ó µz[Dmn�n�Y±9^ Å7Ç½ÇHß ^ ¦ i§p+e�e1p+]hmnl_p+�³¨c{|`)�ngT]hmn`fo�ûc¨c{|`)�n{HmnoT¬
¹¤ih`f¬)i§p+e�wza�`+i�p+o ° ih®Ym~]}i§p+i}vª��p+oY¬fgYp)¬)[f^Usto:Í¸æ�×7åKÊ�Ê�í
ÑÒÔ�Õ½Ë�×�ôFÌ;Ó0ÊFü�Ñ;æ.Ë�Ì�õ¸Î�æ�×.Ù0Ê�Ú½Ô
ÉA×½æ�ö
Ë�Ó0×KÙý×½Ô)äYÊ.Ô�Ê.Ì�Ñ1åÞÍ¸æ�×�Õ½æ�Ú½Ø�Ø�ÑÒÔ�Õ)·Y\rp)¬)[Dw ßHà  ÇHÈ ^

Å ù0^�Â³v0p)oªbR^u·2ò�ó µR[Dmn�n�v±9^ ¦ i§p+e�e1p+]hmnl_p+� ¨%{|`f�ngT]hmn`)o¿û ° k0]h[_p)qHvªk0]§p�]h[ ° \Y\Hih`|p+l ² ^rsto
ì Ú½Ì�ÊÞî�æ�Ê�Ú'ö
ÑÒÔ4Õ�Í�Ú.Ù0Ê.æKËKþ�äYÊ.Ô2Ê.Ì�Ñ�åÞÍ¸æ�×�Õ½æ�Ú
Ø�Ø�Ñ;Ô�Õ ÷HøHøHÿ ·r\Yp)¬)[Dw Å7ß ù� Å7ß�È ^


