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Abstract

Face recognition has become a very active research field. Despite the existence of commercial
face recognition systems, there are still important challenges for further research. The problems
of variable lighting, pose, facial expression, aging, and inaccurate alignment continue to cause
larger than desired error rates. This paper discusses the current state of the art in face recognition
and suggests some promising directions for future research.
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]_^Q` V�[�V ` NbaQPdcfegchNQP�i ^bj YLV ` NQTWV ^lk VX[�m ^b` e�c k V�[gV j V ^ [ ` i2nZVXoqp<rOs)V jgt cue�V>e�idV>VXvSc j egV\P ` V�NQw ` NbTxTWV\[ ` c ^ o<w ^Q` V�[gV ` NbayRPdcfegchNQP j m j egV\T jXz egi_VX[�V ^ [gV j e�cfoho{cfT t NQ[ge ^ Pbe ` i ^ ofohVXPdabV j w|NQ[)w|}d[gegidV\[
[�V j V ^ [ ` i,r�~Gi_V t [�NQY_ofV\T j NQw k�^ [�c ^ YdofVEofchaQi�e�cfPda z
t N j V z w ^Q` c ^ o�VXv t [gV jgj cfNbP zA^ aQchPda zJ^ P_p�cfP ^Q`X` }d[ ^ egV ^ ofchaQP_TxV\P�e ` NbPbe�cfP�}dV�egN `\^ } j V�o ^ [�aQVX[�egi ^ P�pSV j cf[�V\p�V\[g[�NQ[�[ ^ e�V j r~Gidc j�tZ^yt VX[OpSc j�` } j�j V j egidV ` }d[�[gV\P�e j e ^ egV�NQwAegidV ^ [�e�chP�w ^Q` V�[gV ` NbaQPdcfegchNQP ^ P_p j }dabaQV j e j�j NQTWV t [�NQTWc j chPdalpSch[gV ` e�cfNbP jw|Nb[Gw|}Seg}d[�V�[�V j V ^ [ ` i$r
�x�y�Z�O���X�����$���\�:�G���:�������b�����u�\�Z ��\�:�:��¡¢¡��:�\���¢����£¤ �¡¢¥Q��¦§�:�¨£¨£f�X���:�

©_ª¬«y­J®Q¯�°{±G²�³S®�´µ°J­
~Gi_c j
t_^Qt V\[
¶�chohoAeg[�m�egN ^Qj�j V jgj egidV ` }d[g[�VXP�e j e ^ egVWNQw·egidV

^ [ge�chP¸w ^b` Vl[�V ` NQaQP_cue�cfNbP ^ P_p j }dabaQV j e j NQTWV t [gNbTWc j cfP_a�pdcuR[�V ` e�cfNbP j w|NQ[Gw|}deg}d[�V�[gV j V ^ [ ` i$rA¹ j�j V jgj cfP_aEe�idV ` }_[g[�VXP�e j e ^ e�VNywJegi_V ^ [ge�c jO^ pScuº ` }doue)e ^bj�» r�~Gi_V ^ TWNQ}dP�e�NQwA¶�NQ[ » abNQchPdaNQP¸cfP¸egi_VEnZVXoqp¼NQw·w ^Q` VE[�V ` NQaQP_cue�cfNbP¼c j i�}dabV ^ P_p½ab[gN�¶�chPdaZr¹¿¾
N�NQabofV�À ` idNbo ^ [ j V ^ [ ` i>w|NQ[ t_^Qt V\[ j ¶�cfegixe�idV�¶�Nb[�p j)Á w ^Q` V[�V ` NbaQPdcfegchNQPZÂ�m�cfV\ohpdV\p¸Ã z Ã\ÄQÄ t_^yt VX[ j cfPÆÅyÄbÄQÄ ^ P_p�Ç z Ã\ÈQÄ t_^ R
t VX[ j chP/ÅyÄQÄ�É�rËÊ/idV\PÌe�idV�o ^ [gabV ^ TxNb}dP�exNQw)}dP t }dYdohc j idV�p¶�NQ[ » w|[�NQT�w ^Q` V�[gV ` NQabPdcfegchNQP ` NbT tZ^ PdchV j$^ P_p�chP_pS} j eg[�c ^ oQo ^ YSRNQ[ ^ e�NQ[�cfV j c jG^ o j N ` NQP j cqpSVX[�V\p z e�idV ^ TWNQ}dP�eGNyw,¶�NQ[ » c j N k VX[gR¶�idV\ofTWchPda_r�~GidVWe ^Qjg» Nyw�eg[�m�cfP_aCe�N j }_TxT ^ [gchÍXV ^ oho{Nyw�egi_c j¶�NQ[ » c j)j }_[gV�e�NlcfabPdNQ[�V�T ^ P�m2chT t Nb[�e ^ P�e t_^Qt V\[ j rGsOV j�t cfegVegi_c j\z cfwL¶�V j egV t Y ^Q`:»�z ¶�V `\^ P>abV�e ^ aQN�NSp j VXP j VGNywde�idV j e ^ e�VNyw�egidV ^ [�e ^ P_p j NQTWV
NywJegidV
e�[gV\P_p j chPCe�idV�n_V\ohp2egN j }daQabV j e
t [�NQTWc j chPdaÆpSch[gV ` egchNQP j w|NQ[�w|}Se�}d[gVl[�V j V ^ [ ` i,rx~Gidc j�t_^Qt V\[�c jPdNQeOcfP�e�VXP_pSV�p�egN2YZV ^�j }_[ k VXm�NQw{egidV�nZVXoqp<r)ÎLi ^ N�V�e ^ oµrÐÏ�ÑÓÒÓÔ
^ PZp�Õ�N�¶�mQVX[>V�e ^ oÓr:Ï�ÒUÔ t [gN k cqpSV2abN�NSp�[�V ` VXP�e j }d[ k VXm j r½Ö¢PSR
j egV ^ p z ¶�V�¶�cfohoGeg[�m�egN�aQc k V ^�j V\P j V�Nyw)egidV ` }d[g[�VXP�e j e ^ e�VNywJegi_V�egV ` i_PdNQohNQabm ^ P_p j NQTWV�NywJegidV>T ^y× NQ[ t [�NQY_ofV\T j e�i ^ e[�V\Ø�}dch[gV
w|}d[gegidV\[�[gV j V ^ [ ` i$r
Ù�ª¬Ú�Û$³dÜ!Ý¸ÜL³d°�Þ�­�´ß®�´µ°J­áàA³dÜ�­�Û$¯�´Ó°�â
~Gi_VX[�V�c j PdN j chPdaQohV j e ^ egVXRÓNQw¤Rµe�idV�R ^ [ge,w ^b` V�[gV ` NbaQPdcfegchNQP j m j RegV\T�rA~Gi_V�T ^ cfPx[gV ^Qj NQP>w|NQ[Jegidc j c j YZV `X^ } j V�e�idVX[�V ^ [�V�T ^ P�mpScfãLV\[gV\P�e,w ^Q` V�[�V ` NQaQP_cue�cfNbP ^ytdt ohc `X^ e�cfNbP j e�i ^ eJV ^b` i�i ^§k V�pdcuw¤Rw|VX[�VXP�e�[�V\Ø�}dch[gV\TxV\P�e j�^ P_p ` NbP j eg[ ^ chPbe j rE~GidV j VWcfP ` of}ZpSV ^Q` R

` V jgj�` NbP�eg[�NQo j m j e�VXT j\z [�V ` NQabPdcue�cfNbPWw|[gNbT j }d[ k V\cfoho ^ P ` V `X^ TERVX[ ^Qj\z [�V ` NQaQP_cue�cfNbPEchP t idNQegN ` NQohofV ` egchNQP jXzQ^ P_pW[�V ` NbaQPdcfegchNQPxchP
` NbP j }dTWVX[EpdV k c ` V j r¸~GidVCo ^ e�e�VX[xcfP ` of}ZpSV j pSV k c ` V j>j } ` i ^Qj
`X^ [ j Nb[GegV\ofV k c j cfNbP j egi ^ e�[gV ` NbaQPdchÍXV
} j VX[ j egN½ä¤w|Nb[�V�v ^ T t ohV�å
` } j e�NQTWcfÍ\Vl} j VX[ t [�V�w|V\[gV\P ` V j r�æ ^b` i¸NQw�e�idV j V ^yt_t ofc `X^ egchNQP ji ^bjJ^ pScfã�VX[�VXP�e j V�e{NQw ` NbP j eg[ ^ chPbe jXz�j } ` i ^Qj ¶�idV�e�idVX[ jgt V ` c ^ o
j VXP j NQ[ j ä¤w|NQ[�chP j e ^ P ` V z ÇQs j VXP j NQ[ j å ` NQ}doqpCYZV�} j V\p$rÕ�V j cqpSV j egidV)pScuã�VX[�VXP�e ^ytdt ohc `X^ e�cfNbP j e�idVX[�V ^ [gV ^ o j N>pScfãLV\[�RVXP�exTxNSpSV j w|NQ[�w ^b` V�[gV ` NbaQPdcfegchNQP$r�ç)PdV2c j�è§éXêÐë ì�í:î�ïÓëßð�ñZz chP¶�idc ` iÆegi_V>} j VX[�pSc jg` ofN j V j idc j cqpSV\Pbe�cue�mËäß} j chPda ^ P½Ö�s `X^ [�p zw|NQ[�cfP j e ^ P ` V§å ^ P_p>egi_V j m j egV\TòT>} j e k VX[�cuw|m�e�idc j chpdVXP�egcfe�mEY�m
` NbT t_^ [�cfP_a ^ w ^Q` VOcfT ^ abV × } j e ^Q` Ø�}dcf[�V\p ^ a ^ chP j e·NQPdV j egNb[gV�p
ó$ô �¨��¡¢¥bõ��¨¡¢ö��L÷,£¨�:�g�¢���u��ø��:¡¢�Ð�����gölùZ�\õS�X���X���\���¨�:¡

cfP ^ p ^ e ^ Y ^Qj VQr�~Gi_c j c jA`\^ ohofV�plÃ�RÓegNQR�Ã·T ^ e ` idchPda_rJ~GidV�PdVX¶�ohm
^Q` Ø�}dch[�V\p�w ^b` V�chT ^ abV·c j NQw¤egVXP `X^ ohohV\p ^�úLêgðbû�é,ü�îQí:é NQ[ ^EýXþ_é�êÐÿ
ü�îQí:é r�~GidV
w ^Q` V jGj e�NQ[�V\p�chP�e�idV�p ^ e ^ Y ^bj V ^ [�V `\^ ohofV�p�� î����hé�êÐÿ
ü�îQí:é�� Nb[ éXñ_ê�ð����fé���ü�îQí:é	� r
~GidVxNye�idVX[)Y ^Qj c ` TWNSpSV>c j>ë
�bé�ñZïµë��
ì�í:î�ïÓëßð�ñ r>Ö¢P¸egidc j TWN�pdV z PdN�cqpSVXP�egcfe�m½c j aQc k V\P z<j N ^ PdVX¶�ohm
^Q` Ø�}dch[�V\p)w ^Q` V{cfT ^ abV{T>} j e,YLV ` NbT t_^ [�V\p ^ a ^ chP j e$V k V\[gm�w ^b` VcfP�e�idV>p ^ e ^ Y ^Qj V)e�N2pSVXegVX[�TWcfP_V�¶�idV�e�idVX[OegidV\[gV�c jO^ T ^ e ` i$r~Gidc j c j�`\^ ohofV�p¸ÃXRµe�NyR¢M T ^ e ` idchPda_r~�N�TWV ^bj }_[gVÆe�idV ^Q`\` }d[ ^Q` m�NQw ^ w ^b` V�[gV ` NQabPdcfegchNQP j m j RegVXT z egi_VX[�V ^ [�VCe�¶�N ` NbTxTWNbP�TWV�e�idNSp j r ç)PdV�c j egN t ohNye
` }dTE}do ^ egc k VWT ^ e ` i j�` NQ[�V j\z$^ PZp½e�idVWNyegi_VX[�c j e�N t ofNQe�w ^ o j V
^Q`X` V t e ^ P ` V�[ ^ egV k VX[ j } j w ^ o j V�[�V × V ` e�cfNbPÆ[ ^ egVQrG~�N ` NQT t }degVegidV ` }dT>}do ^ e�c k VGT ^ e ` i j�` NQ[�V z cfe·c j n_[ j e ^Qj�j }dTWV\p>egi ^ e·V ^Q` i
t [gNbYZVWw ^b` V�i ^Qj�^Æ` NQ[�[gV j�t NQP_pdcfPda�a ^ ofohVX[�mÆw ^b` VQr�~GidV\P¸e�idVØb}_V j egchNQP!c j idN�¶áNQw¤egVXP e�idV ` Nb[g[�V ` eWT ^ e ` i c j chP egidV½egN t
� j�` Nb[gV j r ¹ tZ^ [gegc ` }do ^ [xw ^Q` V�[gV ` NQabPdcfegchNQP j m j e�VXT�c jljg^ chpegNÆi ^§k V ^ [ ^ P » R � [�V ` NQaQP_cue�cfNbP¼[ ^ egVlNQw�
��%cuw�egi_V ` NQ[�[�V ` eT ^ e ` i¸c j ¶�cfegidchP½e�idVxegN t � T ^ e ` idV j 
�� Nyw�egidVEegchTWVQr�¹
aQ[ ^yt iÆNQw ` }dTE}do ^ egc k V�T ^ e ` i j�` NQ[�V j�t ofNQe j [ ^ P » R � [�V ` NQaQP_cuRegchNQP�[ ^ egV j�k V\[ j } j � r·~GidV Á [ ^ P » R:ÃO[�V ` NQaQP_cue�cfNbP�[ ^ egV�Â2ä|i_N�¶Nyw¤egV\PÌe�idV ` Nb[g[�V ` eET ^ e ` iÌc j e�idV�egN t j�` Nb[gV§å�c j NQw¤egV\P × } j e
`X^ ohohV\p2egidV Á [gV ` NQabPdcfegchNQP2[ ^ e�V\Â_r~GidV�NQegidV\[ ` NbTxTWNbP�¶ ^ m�e�NlTWV ^Qj }d[�V�[gV ` NQabPdcfegchNQP ^Q`X` }SR[ ^b` mlc j egN ` NbT t }SegV
egi_V�w ^ o j V ^Q`\` V t e ^ P ` V
[ ^ egVlä ] ¹��Oå ^ P_pw ^ o j VC[gV × V ` e�cfNbPË[ ^ egV¼ä ] ���OåÐr{~Gidc j c j YZV ` NbTxchPdaÆe�idV2TWNb[gV
` NQTWTWNQP!TWV ^bj }_[gV�cfP![�cfabNQ[�NQ} j e�V j e j r/ÖUe2pSN�V j PdNQelT ^Q» V
^ P�m ^Qj�j }dT t e�cfNbP j
^ YLNQ}Se
egidV t [�NQYLV j V�e�YZV\cfP_a ^Cj }dY j VXe
NQwegidV�a ^ ofohVX[�m j V�e�r ] ¹�� ^ P_p ] ��� ^ [gV ` NQT t }degV\p>N k V\[ ^ o ^ [�aQV
j VXe�Nyw�w ^Q` V�cfT ^ aQV t_^ cf[ j rA¹!w ^b` V�chT ^ aQV t_^ cf[ ` NQP j c j e j VXcfegi_VX[Nyw�e�¶�N�chT ^ abV j NQwLe�¶�N�pScfãLV\[gV\P�e t V\N t ohV�NQ[�Nyw�e�¶�N�chT ^ abV j NQwegidV j�^ TWV t VX[ j NbPÆä t [�V j }dT ^ Ydohm�e ^y» VXP ^ e�pdcuã�VX[�VXP�e·e�cfTWV j NQ[}dP_pSV\[Wpdcuã�VX[�VXP�e ` NbP_pScfegchNQP j åÐr�~GidVCw ^ o j V ^b`X` V t e ^ P ` VC[ ^ egVc j e�idV t VX[ ` VXP�e ^ aQV�Nyw)w ^Q` VÆcfT ^ abV tZ^ ch[ j NQw
pScfãLV\[gV\P�e t V\NyR
t ofV�e�i ^ e ^ [�V�TWc j e ^y» VXPdohm ` o ^Qj�j cun_V�p ^bj egidV jg^ TxV t VX[ j NbP$r~GidV>w ^ o j Vx[gV × V ` e�cfNbP½[ ^ egVEc j e�idV t VX[ ` V\P�e ^ abV>NQw·w ^Q` V>chT ^ aQV
t_^ ch[ j NQw�e�idV j�^ TWV t V\[ j NQP�e�i ^ e ^ [gVWTWc j e ^Q» V\Pdofm ` o ^Qj�j cfn_V\p
^Qj pdcuã�VX[�VXP�e t VXN t ofVbr�~GidV k VX[�cun `\^ e�cfNbP�[ ^ e�V�c j V\Ø�} ^ o$e�N½Ã�R
] ��� ^ P_p¼c j egi_V t VX[ ` V\P�e ^ abV>NQw j�^ TWV>w ^b` V t_^ cf[ j egi ^ e ^ [gV
` NQ[�[�V ` e�ofm ` o ^bjgj cunZV\p<r·À�chP ` V
TWN j e�w ^b` V
[gV ` NbaQPdcfegchNQP j m j e�VXT j[gVXeg}d[�P ^Oj chTxcho ^ [�cue�m jg` NQ[�V{w|NQ[ ^�t_^ cf[�NywSw ^b` V�chT ^ abV j\z e�idVX[�V�c j
^ e�id[�V j idNQoqp�¶�idc ` iWpSV�e�VX[�TxchPdV j ¶�idV�e�idVX[ ^ w ^Q` V tZ^ ch[{c j{` o ^bj R
j cfn_V\p ^Qj�j�^ TWVxNQ[�pScfãLV\[gV\P�e\rW~Gidc j e�id[�V j idNQoqp `\^ P¸YZVl} j V\pegNÆe�[ ^ pSV�Nyã YZVXe�¶�V\VXPËe�idVlw ^ o j V ^Q`\` V t e ^ P ` V�[ ^ e�V ^ P_p�e�idV
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w ^ o j V�[�V × V ` egchNQP�[ ^ e�VQrA@·ohNye�e�cfP_a�egi_V ] ��� ^ P_p ] ¹���P�}dTEYZV\[ jw|NQ[ ^ oho t N j�j chYdohV�egi_[gV j idNbohp jXz m�cfV\ohp j egidVE[gV ` V\c k VX[�N t VX[ ^ e�cfP_a
` i ^ [ ^b` egV\[gc j egc ` äB��ç>CGå ` }d[ k VQrÕ�NQegi k VX[�cun `X^ e�cfNbP ^ PZp�cqpSVXP�egcfn `\^ egchNQP j i ^ [�V·egi_V j�^ TWV�Y ^ R
j c ` Y_}dcfoqpSchPda>Y_ofN `:»ED abc k VXPxe�¶�N�w ^Q` V j chT ^ abV j\z [�V�eg}_[gP ^�j chTERcho ^ [gcfe�m j�` Nb[gVbr�~�N ` NbT t }SegV ^>j chTWcfo ^ [�cue�m jg` NQ[�VGYZVXe�¶�V\VXPWe�¶�Nw ^Q` V j\z TWN j e>w ^Q` VC[�V ` NQabPdcue�cfNbP j m j egV\T j [�V\Ø�}dch[gV ^ P�}dT>YLVX[Nyw t [�V t [gN ` V jgj chPda j e�V t_j r�~Gi_V j V ^ [�VWcfohof} j e�[ ^ egV\p�chP ] cfab}d[�VÃQr�~GidV�n_[ j e j e�V t c j egNWn_PZp ^ P�m�w ^b` V j cfP�e�idV�chP t }SeOchT ^ abV} j cfP_a ^ w ^Q` V�pdV�egV ` e�NQ[�r�M�VXv�e z e�¶�NWNQ[�TWNb[gV
w ^Q` c ^ o<w|V ^ eg}d[�V jä j } ` i ^Qj e�idV ` Nb[gPdV\[ j NQw,egi_V�VXmQV j å ^ [gV)w|NQ}dPZpCchP�V ^b` i2w ^b` VGF
egi_V j V ^ [�V�} j V\p�e�N¼PdNb[gT ^ ohchÍXVWegi_V�w ^Q` Vlw|NQ[EcfPdR t o ^ P_V�[gNQe ^ RegchNQP z�j�`X^ ofV z�^ PZp�e�[ ^ P j o ^ e�cfNbP$rHC�[gN tdt V\pÌw ^Q` V�chT ^ aQV jW^ [�V} j } ^ ohohm ` [gV ^ egV�p<rA~GidV ` [�N t_t V�pxw ^Q` V j T ^ mxYZV)ofchaQi�egchPda�PdNb[�RT ^ ohcfÍ\V\p½egN�idVXo t [�V\pd} ` VEegidVWVXãLV ` e�Nyw�ohchaQi�egchPda k§^ [gc ^ e�cfNbP j r
] cfP ^ ohofm z T ^ P�m j m j egV\T j�` NbT t }SegV j NQTWV » chP_p�Nyw�w|V ^ eg}_[gV k V ` RegNb[�aQc k V\P�egi_V�PdNQ[�T ^ ohcfÍ\V\plw ^b` V zd^ P_p2egidV j V
w|V ^ eg}_[gV k V ` e�NQ[ j
^ [�V ` NbT tZ^ [�V\ple�Nlm�cfV\ohp ^Wj chTWcfo ^ [�cue�m jg` NQ[�VQræ k V\P
cfwd¶�V ` NbP j cqpSV\[$NQPdohm ^�t_^ [gegc ` }_o ^ [ ^ytdt ofc `X^ egchNQP z egi_VX[�V
^ [�V�pdNQÍXV\P j NywZpdcuã�VX[�VXP�eJw ^Q` V�[�V ` NbaQPdcfegchNQP ^ ohaQNQ[�cfegidT j äßcuwLPdNyeTWNQ[�V�å zJ^ P_pËTWN j e>NywGe�idV j V�i ^§k VlPdNyexYZV\VXP�egV j e�V\pËNbP�egidV
j�^ TWVGegV j e j V�e j rAÖUe·c j TWV ^ P_cfPdabofV jgj egN j e ^ e�VGegidV ^Q`X` }d[ ^Q` m�NQw
^ w ^Q` Vx[�V ` NbaQPdchÍXV\[)¶�cfegi_NQ}Se ^ o j N j e ^ e�cfP_a2e�idVxegV j e j VXe
} j V�pw|NQ[WV k§^ of} ^ egchNQP,rÌ~Gidc j c j YLV `X^ } j V2e�idVÆpSV�e ^ cho j NywOegidV�egV j e
j V�e zZj } ` i ^bj idN�¶ TE} ` i k�^ [�c ^ egchNQP�cfP t N j V�NQ[�chofoh}dTWchP ^ e�cfNbP¶ ^Qj cfP ` of}ZpSV\p z i ^§k V ^>k V\[gmWo ^ [�aQVOVXãLV ` eGNQP ^Q`X` }d[ ^Q` mbrJ¹ jG^[�V j }doue)cue
c j)k V\[gm�pScuº ` }doue
egN2aQV�e ^ i ^ P_pSohV>NQP�e�idV j e ^ egV�NQwegi_V ^ [ge\rGM�NbPdV�e�idVXohV j�j TWN j e�[�V j V ^ [ ` idV\[ j ¶�NQ}doqp ^ ab[gV\V)e�i ^ ew|NQ[2egidV j chT t ohV j e j�` VXP ^ [�cfNËNQw ^�` N�N t VX[ ^ e�c k V ^Q`\` V jgj�` NQPSReg[�NQo j m j egV\T ¶�cfegi ` NQP�e�[gNbofohV\p�ohcfabibe�cfP_a z egidV t [gNbYdohVXT c j Y ^ R
j c `\^ ohofm j Nbo k V\p<r�~Gi ^ e)c jXz egi_VX[�V ^ [�V�T ^ P�m�w ^b` VE[gV ` NQabPdcfegchNQP
^ ohaQNb[gcfegi_T j egi ^ e t V\[�w|Nb[gT k V\[gmC¶�V\ofoÓr ] Nb[�V�v ^ T t ofV z chPÆegidV[�V ` V\P�e ]_^b` VI��V ` NbaQPdcfegchNQP¼¾
[ ^ P_p�C�i ^ ohofV\PdaQVCä ] ��¾JCGåGegV j e
` NbP_pS} ` egV�p/Y�mÌe�idVLK
À¿M ^ egchNQP ^ oOÖ¢P j egcfeg}degV¼NQwEÀ�e ^ P_p ^ [�p j
^ PZpl~,V ` idPdNQohNQabm�Ï�MÓÒUÔ z NQPdV)Nyw�egi_V j�` VXP ^ [�cfN j egV j e�V\pl¶ ^Qj e�i ^ eNyw ` N�N t V\[ ^ egc k V j }_Y × V ` e j chP ^l` NbP�eg[�NQohofV�p2ohcfabi�egchPdalVXP k cf[�NQPdRTWVXP�e�ä ^ ofegidNb}daQi j T ^ ohoOVXv t [gV jgj chNQP k�^ [�c ^ egchNQP j Nyw j TWcfohcfP_a
^ PZp�PdV\}Seg[ ^ oL¶�V\[gV t [�V j VXP�e:å�rJ~GidV
TWV\pSc ^ P k V\[gcfn `X^ egchNQPl[ ^ e�VNyw{e�idV2Ã�É ^ ohaQNb[gcfegi_T j egi ^ e)¶�VX[�V�egV j e�V\pÆ¶ ^Qj ÈdÃ5� ^ e�ÄdrhÃ5�
w ^ o j V ^Q`X` V t e ^ P ` V�[ ^ egVQr¿~Gi_VÆYZV j e j m j e�VXT [�V t NQ[gegV�p�ÈbÈN�
k V\[gcfn `\^ egchNQPC[ ^ egV ^ eOÄ_rfÃ��òw ^ o j V ^b`X` V t e ^ P ` V)[ ^ e�VQr~Gi_V t [�NQYdohVXT c j egi ^ eCe�idc j c j P_Nye ^ [�V ^ ohc j e�c `¸jg` VXP ^ [gchNw|NQ[ ^ P�m ^ytdt ohc `X^ e�cfNbP$rlæ k VXP½w|Nb[�egidV j cfT t ohV j e ^yt_t ofc `X^ egchNQP zegi ^ e>NQw ^ P ^Q`\` V j�j�` NQP�eg[�NQo j m j e�VXT cfP�¶�i_c ` i j }dY × V ` e jE^ [�V

[gV�Øb}_cf[�V\pCegN ` N�N t VX[ ^ egV z egidV\[gV�c j PdNlab} ^ [ ^ P�e�VXV
egi ^ e�cue `X^ PYZVxcfP j e ^ ohofV�pÆcfP ^ ohN `\^ e�cfNbP½¶�cue�i ` NQT t ohV�egV\ofm ` NQP�eg[�NQohofV�p�cfofRof}dTWchP ^ e�cfNbP$r!M�V ^ [gY�mËNb}Se j chpdV�¶�chP_pSN�¶ j T ^ m `\^ } j VCo ^ [�aQV
` i ^ PdabV j cfP�cfohof}_TxchP ^ egchNQP z·^ P_pËV k VXPËe�m t c `X^ o�N k VX[�idV ^ p�Nyw¤Rn ` V�ohcfabi�e j·`\^ } j V k§^ [gc ^ Y_ofVGchofoh}dTWcfP ^ egchNQP ^bj{^�j }_Y × V ` e·TxN k V j[gV\o ^ egc k V�e�N�egi_VOohcfabibe j r ] }d[�e�idVX[�TWNQ[�V zbk§^ [gc ^ e�cfNbP j chP t N j VONQwegidV jg^ TxVC} j VX[�w|[�NQT NQP_V2} j V�Nyw�e�idV j m j e�VXT egN½egidVCPdV�v�e
`X^ P_PdNye�YLV ^§k NQcqpSV�p<r ] chP ^ ohohm z cfw�e�idV j m j egV\T c j V�v t V ` e�V\pCegN¶�Nb[ » N k VX[ ^Wt V\[gchNSp2NQwJT ^ P�m2mQV ^ [ j\z egidV\P ^ aQchPdaWc j�^ o j N ^ Pc j�j }_VQr~Gidc j ohV ^ p j } j egN�egidV�w|}dP_p ^ TxV\P�e ^ o t [�NQYdohVXT j,` NQPSw|[�NQP�e�cfPdaw ^Q` VË[�V ` NQabPdcue�cfNbP j m j e�VXT j egNSp ^ m D ohchaQi�egchPda z�t N j V z w ^b` c ^ oV�v t [�V j�j chNQP z�^ aQchPda z�^ P_p ^ ohcfabPdTWVXP�e\r ~Gi_V¼ohcfabibe�cfP_a t [�NQYSRofV\T ` NQTWV j w|[�NQT egidV)w ^Q` e�egi ^ e�pdcuã�VX[�VXP�e�chohof}dTWchP ^ e�cfNbP j�`X^ P
`X^ } j V k VX[�m>o ^ [�aQV ` i ^ PdaQV j egN�e�idVOchT ^ abV�Nyw ^�t VX[ j NbPPO j w ^Q` VQrÀ�cfTWcho ^ [gohm z·` i ^ PdabV j chP�idV ^ p t N j V z w ^Q` c ^ o�VXv t [gV jgj cfNbP z{^ P_p
^ aQV `X^ P ^ o j N¼ofV ^ p�e�N k V\[gm�pScfãLV\[gV\P�eEw ^b` V2chT ^ abV j w|Nb[>e�idV
jg^ TxV t V\[ j NQP$r ] }d[gegi_VX[�TxNb[gV zZ^ ofo<w ^b` V�[�V ` NQabPdcue�cfNbP j m j e�VXT jPdVXV�p�e�N ^ ofchaQPCegi_V
chP t }de�w ^Q` V�chP j NQTWV
¶ ^ mbr ] NQ[ ^ Åys w ^b` V[gV ` NQabPdcfegchNQP j m j egV\T z e�idc j c j e�m t c `\^ ohofmlpSNbPdVOY�mxn_P_pSchPda>e�¶�NNQ[,TWNb[gV{w ^b` c ^ obw|V ^ eg}d[�V t NQchPbe j e�N)pSN�egidV ^ ohcfabPdTWVXP�e,PdNb[gT ^ ouRcfÍ ^ egchNQP j idN�¶�P�chP ] chaQ}d[�V�ÃQr,ÖUwZegidV�w ^b` c ^ o�w|V ^ eg}d[�V t NbcfP�e j{^ [gVPdNye{w|Nb}dP_p ^Q`\` }d[ ^ e�VXohm z egi_c j·`\^ P `X^ } j VGo ^ [�aQV ` i ^ P_aQV j e�N)e�idVNQ}Se t }Se�w ^b` VWcfT ^ aQVQr�¹Oofo�Nyw�egidV j V t Nye�VXP�egc ^ o k�^ [gc ^ e�cfNbP j egNegidV>w ^Q` VEcfT ^ aQV�T ^y» V�egi_V�w ^Q` V�[�V ` NbaQPdcfegchNQP t [�NQY_ofV\T pScfºWR
` }dofe\r�¹�P�m�PdVX¶5[�V j V ^ [ ` i�chPËw ^Q` V2[�V ` NbaQPdcfegchNQP j idNb}dohp ^ p�RpS[gV jgj)^ eOohV ^bj e)NQPdV�NQw{egidV j V t [gNbYdohVXT j chP½NQ[:pSV\[�egN�T ^Q» V ^[gV ^ o ` NbP�eg[�cfYd}degchNQP$rM�VXv�e z ¶�VW¶�cfoho{V�v ^ TWchPdV ` }d[�[�VXP�e ^Qtdt [�N ^b` idV j egN�V ^b` i¸NQwegidV j V t [gNbYdofV\T j cfPÆNb[�pSV\[GegN�abV�e ^lj VXP j V�w|NQ[O¶�idVX[�V�¶�V ^ [gV
^ P_p�¶�idV\[gV�¶�V
TWchaQi�e�aQNEw|[�NQT idV\[gVbr

Q�ª(«SRTRU²�U ´U­�Û<®�´µ°J­
C�NQT t_^ [gchPdaËe�¶�N�w ^b` V j ¶�cfegi pScfãLV\[gV\Pbe�chofoh}dTWcfP ^ egchNQP j c jNQPdV{NQw�e�idV{w|}dPZp ^ TWVXP�e ^ o t [�NQY_ofV\T j w|NQ[<w ^b` V{[�V ` NbaQPdcfegchNQP j m j RegVXT j r�ÖUe)c j ¶�VXoho » PdN�¶�P�e�i ^ e)egidVxpScfãLV\[gV\P ` V j chP t cfv�V\o k�^ ofR}dV jJ`X^ } j V�p�Y�m�pScuã�VX[�VXP�eJofchaQi�egchPda ` NQPZpScue�cfNbP jJ`X^ P>YZV�aQ[�V ^ e�VX[egi ^ PCe�idV�pScfãLV\[gV\P ` V j YZVXe�¶�V\VXP�e�¶�NxpScfã�VX[�VXP�e t V\N t ohV�}dP_pdVX[egidV j�^ TWVWofchaQi�e�cfPda ` NQP_pScfegchNQPOÏ VßÔ�r�À�VXV ] chaQ}d[�V�Å�w|Nb[�V�v ^ TxR

t ofV j NywLidN�¶ ^ w ^Q` V `\^ P k§^ [gm�}_P_pSVX[·pdcuã�VX[�VXP�e{cfohoh}dTWcfP ^ egchNQP j rÖ¢PÆegidV\cf[ j VXTWchP ^ o�¶�Nb[ »�z Õ�V\ofi�}dTWV\}d[ ^ P_pXW�[�cfV\aQT ^ P�Ï�ÑUÔ�pdV�R
k VXohN t V\p ^ egi_VXNQ[�V�e�c `\^ o ^ P j ¶�V\[·e�N�egi_V)Ø�}dV j egchNQP2Nyw$¶�i ^ e j V�eNywAcfT ^ abV j�^ PCNbY × V ` e>ä¤w ^Q` V�å `\^ P�[gV ^ ohcfÍ\V
}_P_pSVX[ ^ ofo t N jgj cfY_ofVcfohof}_TxchP ^ egchNQP j ä j V\V ^ o j N�ä�Ã\Ç�å<ä�Ã+Y�å�äµÅQÈbågåÐrA~GidVXm j idN�¶�V\p>egi ^ ecue{c jJ^)` NbP k V�v ` NbPdV�chP[Z]\�¶�i_VX[�V�^�c j egidV�P�}dT>YLVX[ANQw t cfv�V\o j r
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~GidV\m ` NQchPdV\plegidV)egV\[gT ë����¨þ3pxë¤ñLîyïµëßðyñ¸í:ð�ñ�é e�NEpSV jg` [gchYLV�egi_c j
j V�eONQwJchT ^ aQV j rdK�P_pdVX[ ^rq�^ TEYZV\[�e�c ^ PC[�V	s_V ` e ^ P ` V ^Qj�j }dT t RegchNQP ^ PZp ^bjgj }dTWcfP_a ^W` NQP k VXv�NQY × V ` e z e�idVXm j idN�¶�V\p�egi ^ e�cue
`X^ PËYZV ` NbT t }SegV�p�w|[gNbT ^bj w|VX¶ ^bj e�id[gV\V�chT ^ aQV j rtK�PZpSVX[
TWNQ[�V�[�V ^ ofc j egc `�^bjgj }dT t egchNQP j äßPdNQPdR q�^ T>YLVX[gegc ^ P>[gV4s_V ` e ^ P ` V zPdNbPSR ` NQP k VXv j i ^Qt V§å�e�idVXm t [gV j V\Pbe�V\pÆV k chpSV\P ` VEegi ^ e�egidVxchouRoh}dTWcfP ^ egchNQP ` NbPdV�ofchV j P_V ^ [ ^ ohN�¶GRUpSchTWVXP j chNQP ^ o j }dY jgt_^b` VQr~GidV�chT t ohc `\^ egchNQP�c j e�i ^ e�}dPZpSVX[>ndvSV\p t N j V zJ^ w ^b` Vl}dPZpSVX[
^ P�mWchofoh}dTWcfP ^ egchNQP2c j ¶�V\ofo ^yt_t [gN§vSchT ^ egV�pWY�m ^E` NbP k V�v ` NbTERYdchP ^ e�cfNbPCNQw ^xj T ^ oho j V�e�Nyw,Y ^Qj c j w ^Q` V�cfT ^ abV j r�Ö¢P t [ ^Q` egc ` V zegi_V t [�NQYdohVXT ¶�cfegi>} j chPda�e�idc j chT t NQ[ge ^ P�e,[gV j }_oueJc j egi ^ e�TE}douRegc t ohV�chohof}dTWchP ^ e�cfNbP j NywSegi_V j�^ TWV·w ^b` V�chP�e�idV j�^ TWV t N j V�T ^ mPdNQe�YLV ^§k�^ cho ^ YdohV j N�egi ^ e�egi_VOchofoh}dTWcfP ^ egchNQP ` NQP_V `X^ PdPdNQe�YZV
` NbT t }SegV�p<r�À�}dY j V\Ø�}dV\P�e
¶�NQ[ » i ^Qj eg[�cfV�p�egN ^ p_pS[gV jgj egidV j V
t [�NQYdohVXT j r ] Nb[WV�v ^ T t ohV z Õ ^bj [�c ^ P_pvu ^b` NbY j Ï�MUÔ ^ P ^ ofm�ÍXV�pegi_V t [�N t VX[gegchV j Nyw<e�idV
cfohof}_TxchP ^ egchNQP ` NQPdV ^ P_p j idN�¶�V\p ^ P ^ Rohmbe�c `\^ ohofmli_N�¶!egN ` NQT t }degV ^ ohN�¶ pSchTWVXP j cfNbP ^ o j }dY jgt_^Q` V�egN
^yt_t [gN§vSchT ^ egV)egi_V�cfohof}_TxchP ^ egchNQP ` NQP_VQr·~GidV�Y ^bj c j w|}dP ` egchNQP jNyw�e�idV�ofN�¶5pSchTWVXP j cfNbP ^ o j }dY jgt_^Q` V ^ [�V2[�V t [�V j VXP�e�V\p�} j cfP_a
jgt idVX[�c `X^ o�i ^ [�TxNbPdc `Xj\z ¶�idc ` i!c j egidV ^ P ^ ohNQab}dV2e�N ] Nb}d[gchVX[
^ P ^ ohm j c j NbP�egidV j }d[gw ^Q` V
Nyw ^Wj�t idVX[�VQr¹OPdNye�idVX[�c jgj }dVÌ¶�cfegi egidV cfohoh}dTWcfP ^ egchNQP ` NQPdV�TWN�pdVXoxc jegi ^ eAegN�i ^ P_pSohV�PdNbPSR ` NQP k V�v�NQY × V ` e j ¶�i_c ` ixi ^§k V `X^bj e j i ^ p�RN�¶ j ä j i ^ pdN�¶ jx`\^Qj elY�m ^ PdN j V�w|Nb[xchP j e ^ P ` V§å z egidV�TWNSpSVXoT>} j e·YLV�V�v t ohc ` cfegVXohm>VXv�egVXPZpSV\pxe�N ^Q`X` }d[ ^ egV\ofm>i ^ P_pdofVGe�idV j VQr¾
VXNb[gabidc ^ pSV j VXe ^ oµrÐÏwVßÑÓÔ)} j V\pÌ[ ^ m�eg[ ^Q` cfP_a ^ ofNbPda¼¶�cfegi�egidVÇQs j }d[�w ^b` V ` NQT t }Se�V\p½pd}d[gchPdale�idV ` NQT t }Se ^ e�cfNbP½NywAegi_V>chouRoh}dTWcfP ^ egchNQP ` NQPdV>egN ` NQ[�[�V ` e�ofmCTWN�pdVXo `X^Qj e j i ^ pSN�¶ j r�~Gi_c jT ^y» V j egidV�w|[ ^ TWV\¶�Nb[ » TE} ` i�TWNb[gV ` NbT t }Se ^ egchNQP ^ ofohm�VXv�R
t VXP j c k VQryxÆNb[gV ` NQT t }de ^ e�cfNbP ^ ohohmÌV�º ` cfV\Pbe�¶ ^ m j NQw�i ^ PSRpSohcfP_a `X^Qj e j i ^ pSN�¶ jG^ [�V�pSV j cf[ ^ Y_ofVbr~Gi_VX[�V ^ [gV�T ^ P�m¿NQegidV\[ÆcfT t NQ[ge ^ P�e j�` idVXTWV j w|Nb[½pSV ^ ouRchPda�¶�cfegi�chofoh}dTWchP ^ e�cfNbP ` i ^ P_aQV j ¶�idc ` iWe�idVX[�V�c j P_Nye�V\PdNQ}dabi
jgt_^Q` V�egN�pSc jg` } j�jXz Yd}de
e�idVxcfohof}_TxchP ^ egchNQP ` NQPdV ^ PZp½[�VXo ^ egV�pTWV�e�idNSp j�^ [�V)egidV�TWN j e�w|}dP_p ^ TWVXP�e ^ oµr¹Ooue�idNQ}_aQi�egi_V·egi_VXNQ[�m
NywdidN�¶�w ^Q` V j�` i ^ PdabV·pS}dV�egN ` i ^ PdaQRchPdaOchofoh}dTWchP ^ e�cfNbP>c j ¶�VXoho�pdV k V\ofN t V�p zy` NbP k VX[gegchPdaGe�idc j e�idVXNb[gmegN t [ ^Q` e�c `\^ o j m j egV\T j�j e�cfoho�[gV�Ø�}dcf[�V j cfP_PdN k�^ egchNQP,rJÖUe ^ o j NxpSV�R
t VXP_p j NQP�egidV ^ytdt ohc `X^ e�cfNbP$rÆÖ¢P ^Qtdt ohc `\^ egchNQP j ¶�idV\[gV�VXv�eg[ ^
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V�ã�NQ[ge `\^ P�YLV j�t VXP�e�pS}d[�cfP_a�V\Pd[�NQohofTWVXP�e z�^ pScfãLV\[gV\Pbe j NQoh}SRegchNQP�T ^ m�YZV2w|V ^bj chYdohV�egi ^ P�chP ^yt_t ofc `X^ egchNQP j ¶�idVX[�V ^¸j chPSRaQohV2chT ^ aQVCc jx^ oho�egi ^ eEc jx^§k�^ cfo ^ YdohVlw|Nb[EV\Pd[gNbofohTWVXP�e\r�¹�o j N zT ^Q» cfPda�egidV j Nbof}degchNQPWegN k�^ [�m�chPda�chofoh}dTWchP ^ e�cfNbP�¶�Nb[ »W^Q` [gN jgj
` i ^ PdabcfP_a t N j V�c j�^ PdNye�idVX[�chT t Nb[�e ^ P�e t [�NQYdohVXT5e�N j Nbo k VQr

| ª~}x°,âyÜ
C�NQT t_^ [gchPda
w ^Q` V j }dPZpSVX[ k�^ [gm�chPda t N j V�c j·^ P_Nyegi_VX[Aw|}dP_p ^ RTxV\P�e ^ o ` i ^ ohohVXPdabV�w|NQ[�w ^b` V�[�V ` NQabPdcue�cfNbP j m j e�VXT j r ] chaQ}d[�V>Ç

j idN�¶ j idN�¶ ^ w ^Q` V�cfT ^ aQV `X^ P ` i ^ P_aQV�}dP_pdVX[
TxNSpSV j e t N j V
k§^ [gc ^ e�cfNbP$r�KOPdofc » V2egidV `X^bj V�NQw�cfohoh}dTWcfP ^ egchNQP k�^ [gc ^ e�cfNbP z cfepSN�V j PdNQe ^ytdt V ^ [Gegi ^ e ^ oho$cfT ^ aQV j NQw ^ w ^b` V�}dP_pSV\[ k�^ [�m�cfPda
t N j V `X^ PCYLV j NxP_V ^ e�ofm ` i ^ [ ^Q` egVX[�chÍXV\p$rJ~Gidc j pSN�V j P_Nye�PdV ` RV j�jg^ [gchofm�TWV ^ PÆegi ^ e)chT ^ aQV j NQw ^ w ^b` V>}_P_pSVX[ k�^ [�m�cfPda t N j VpSN�PdNyelohcfV�NQP ^ [gV\o ^ egc k VXohm�ofN�¶GR¢pSchTWVXP j cfNbP ^ o�T ^ Pdcfw|NQoqp�cfPcfT ^ abV jgt_^b` VQr���N�¶�V k VX[ z egidc j T ^ Pdcfw|NQoqp¸pdN�V j PdNye j VXV\T%egN
j }dY_Txcfe�egN ^Wj cfT t ohV�T ^ e�idVXT ^ e�c `\^ o ` i ^ [ ^b` e�VX[�cfÍ ^ egchNQP,rÀ�Nbof}Se�cfNbP j egNCegidV t N j V t [�NQYdohVXT%pSV t V\P_p¼ab[gV ^ e�ofm�NQPÆe�idV
t_^ [gegc ` }do ^ [ ^ytdt ofc `X^ egchNQP$r�ç)PdV ^Qtdt [�N ^b` i�c jEk chVX¶GRUY ^bj V�p�cfP¶�idc ` i ^Wj VXe�Nyw t N j V�R jgt V ` cfn `)` o ^bjgj cfn_VX[ j Nb[ j chTWcfo ^ [�cue�mlTWV ^ R
j }d[�V j c j } j V�p
egN ` NbT t_^ [�VJw ^Q` V j chP ^�j chTWcfo ^ [ t N j VQrA@AVXP�ego ^ PZpV�e ^ oµr Ï�MÓÑÓÔ e ^y» V j egidc j�^Qtdt [�N ^Q` i z w|NQ[�V�v ^ T t ohVQr{~GidV t [gNbYdofV\T¶�cue�i¼e�idc j�^Qtdt [�N ^Q` iÆc j egi ^ e
c j [gV�Ø�}dcf[�V j T>}_oue�c t ohV k chVX¶ j NQwV ^Q` iÌa ^ ohohVX[�m¼w ^b` V ^ P_p�cfeW[gV�Øb}_cf[�V j aQN�NSp t N j VCV j egchT ^ egchNQPNywOe�idV½Ø�}dVX[�m¿ä t [gNbYZV§å�w ^b` V�egN » PdN�¶ ¶�i_c ` i t N j VXR jgt V ` cfn `
` o ^Qj�j cfn_VX[ ^ P_p�a ^ ohohVX[�mlcfT ^ abV
egNW} j V�w|NQ[ ` NbT t_^ [�c j NQP,r¹�P_Nyegi_VX[ ^Qtdt [�N ^b` i c j egN�} j V ^ Åys¬TxNSpSV\o z)j } ` i ^bj2^TxNb[ t i ^ YdohV�TWNSpSVXo�ÏwV
�ÓÔ·NQ[ ^ P ^Q` egc k V ^Qtdt V ^ [ ^ P ` V�TWN�pdVXo§Ï?�ÓÔ�r~GidV j VGTxNSpSV\o j\z ¶�idc ` ix} j V k VX[�m j chTWcfo ^ [Jw|NQ[�T>}_o ^ egchNQP j\z YZNQegi
j V t_^ [ ^ e�V ^lj V�e�NQwJVXv ^ T t ohV�cfT ^ abV j ä j } ` i ^bj w ^Q` V j�k�^ [�m�cfPdacfP t N j V�åJchP�egN
egVXv�e�}d[�V ^ P_p j i ^yt V ` NbT t NQP_VXP�e j rJ~�N�pSN�egi_c j\z
^ oho·Nyw�egidVlVXv ^ T t ohVxchT ^ abV j T>} j e�YLV t }Se�chP�egN ` NQ[�[gV j�t NQPSRpSVXP ` V�¶�cue�i ^ [�V�w|VX[�VXP ` V�cfT ^ aQVQr ~GidVXP�egi_V k§^ [gc ^ e�cfNbP j cfP
j i ^Qt V�ä t N j cue�cfNbP j Nyw�e�idVÆw ^Q` c ^ o�w|V ^ eg}d[�V j å ^ PZp egidV k�^ [gc ^ RegchNQP j cfPWe�V�v�eg}d[�V>äßYd[gchaQi�e�PdV j�jAk�^ oh}dV j Nyw�egidV t cuvSV\o j å ^ [�VG[gV t R[gV j V\Pbe�V\p ^bj ohchPdV ^ [ ` NQT>Y_cfP ^ egchNQP j Nyw,Y ^Qj c j�j i ^Qt V j�^ P_ple�V�v�Reg}d[�V j rJ~Gi_V j V�Y ^bj c jAj i ^Qt V jA^ P_p�egV�v�e�}d[gV j�^ [gV�} j } ^ ohohm)w|Nb}dP_p} j chPda t [�chP ` c t_^ o ` NQT t NQPdV\Pbe ^ P ^ ohm j c j rlÕ�V `\^ } j VxegidV j V ^ [gVÅys TWNSpSVXo jXz e�idVXm�i ^§k V)pdcuº ` }_oue�cfV j ¶�cue�i j VXofw,N `X` of} j chNQP j NQP
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egi_V�w ^Q` V `\^ } j V\p�Y�m t N j V ` i ^ PdabV j r���N�¶�V k V\[ z�^ TxNSpSV j e
^ TWNb}dP�eONyw t N j V k�^ [�c ^ egchNQP `X^ PÆYZVEi ^ P_pdofV�p<r�¾
c k VXP ^ PdV\¶chP t }Se�w ^b` V
cfT ^ abV z e�idV�TxNSpSV\o<c j n_e�egNEegidV�chT ^ aQV
} j cfP_a ^ PcfegVX[ ^ e�c k V�N t egchTxchÍ ^ egchNQP j�` idV\TxV>Y�m�n_PZpScfP_a�egi_V j i ^yt V ^ P_pegVXv�eg}d[�V t_^ [ ^ TWVXegVX[ j egi ^ eOm�cfV\ohp ^ TWNSpSVXo,cfT ^ abV
egi ^ eOTWN j e
` ohN j VXohm�T ^ e ` i_V j egidV�chP t }SelchT ^ aQVbr�~GidV�TxNSpSV\o t_^ [ ^ TWVXRegV\[ j�`\^ P�YLVlT ^Qtdt V\p�chPbe�N�egidN j VWe�i ^ e ^ ãLV ` e�T ^ chPdohm t N j V
^ PZp�egidN j VEegi ^ e ^ ã�V ` e
Nye�idVX[ k�^ [�c ^ egchNQP j r
¹�w¤egV\[
T ^ e ` idchPda zegi_V tZ^ [ ^ TWV�e�VX[ j e�i ^ e ^ ã�V ` e t N j V `X^ PCYZV�chaQPdNb[gV�p zS^ P_p�egidV
t_^ [ ^ TxVXegV\[ j e�i ^ e ^ ã�V ` e)NbPdofm�cqpSVXP�egcfe�m ^ [�V�} j V\pÆw|NQ[O[�V ` NQaQRPdcfegchNQP)Ï V��UÔ�r·¹OPdNye�idVX[ t N j�j cfYdchohcue�m�c j egNl[�VXPZpSVX[ ^ PdV\¶ TWNSpSVXochT ^ aQV ^ w¤egVX[ ` i ^ PdabcfP_a�egidV t N j V t_^ [ ^ TxVXegV\[ j e�N�[gV t [gV j V\P�e ^w|[�NQP�e ^ o t N j V ^ PZpCchP�egidc j ¶ ^ m t [�N�pd} ` V ^xt N j V�RUPdNQ[�T ^ ohcfÍ\V\p
k V\[ j chNQP�Nyw_egidVGchP t }SeJw ^Q` V�w|Nb[�[�V ` NQaQP_cue�cfNbP$r,~GidV�T ^ chP t [�NQYSRohVXT j ¶�cue�i¼e�idVWTxNb[ t i ^ YdohV>TWNSpSV\o ^ P_p ^b` e�c k V ^Qtdt V ^ [ ^ P ` VTWNSpSVXo jA^ [�V·cfP>egidV�T ^ e ` idcfP_a)NQwSegidV�TWN�pdVXo�egN)egidV�chP t }SeAcfTxR
^ abVQr,~Gi_c j N t e�cfTWchÍ ^ egchNQP t [�N ` V jgj�`X^ P�abV�e j e�} `:» cfP�Y ^ p�ohN `X^ oTWcfP_cfT ^ r·~Gi_V t [gN ` V jgj c j NQPdohml[�NQYd} j eGcuwJegidV�TWNSpSVXo `\^ P�YZVchPdcue�c ^ ofchÍXV�p!egN ^�j e ^ [gegchPda t NQchPbe ` ohN j V�egNÌegidV½chP t }deCw ^b` VQr
] }_[�e�idVX[�TWNQ[�V zd` [�V ^ egchPda ^ TxNSpSV\o<egi ^ e�chP ` oh}_pSV j�^ o ^ [gabV j V�eNyw�pScfãLV\[gV\P�e�w ^Q` V j ¶�cfegi ^ oho{e�idV k�^ [�c ^ egchNQP j [�V\Ø�}dch[gV�p�ä j } ` i
^Qj chohof}dTWchP ^ e�cfNbP ^ P_p t N j V§å�c j�^ e�V\pSchNQ} j�t [gN ` V j�j r

x½NQ[�VC[�V ` VXP�egohm z�^Qtdt [�N ^b` idV j Y ^Qj V\pÌNQP ÇQs w ^Q` VCTWNSpSV\o ji ^§k V¸abNye�e�VXP ^ ofNQeÆNyw ^ e�e�VXP�egchNQP w|NQ[½pdV ^ ohchPda!¶�cue�i t N j VQr~GidV\[gV ^ [�V k�^ [�cfNb} j ¶ ^ m j ÇbsáTWNSpSV\o jW`X^ PÌYLVC} j V�pË¶�idc ` i
^ a ^ chP¼pSV t V\P_p¼i_V ^§k cfohmÆNQP¼egidV ^Qtdt ohc `\^ egchNQP jg` VXP ^ [gchN_rEç)P_V
j NQoh}SegchNQPËc j>^ Çbs�RÓw|[�NQTxR¢ÅQs ^yt_t [gN ^Q` i¸egi ^ eET ^ e ` idV j>^ ÇQsTWNSpSVXo�egN ^ Åysòw ^Q` V>cfT ^ abV ^ PZp�egidV\P t N j VEPdNQ[�T ^ ohcfÍ\V j Y�m[�VXP_pSV\[gchPda ^ w|[�NQP�e ^ o k chVX¶ Nyw·e�idVxw ^Q` VJÏ �¢Ô¢rx~Gidc j [�V\Ø�}dch[�V j
^TWV�e�idNSp2NQw$n_ohofchPdaxcfP�TWc j�j chPdaEegVXv�e�}d[�VOw|Nb[ tZ^ [ge j Nyw$e�idV
w ^Q` Vegi ^ e�¶�VX[�VlN `\` oh}_pSV�p¸chP�egidV2PdNQPSRÓw|[�NQP�e ^ o k chVX¶�rC~GidVlT ^ chPpScfº ` }dofe�m ¶�cfegi e�idc jË^ytdt [�N ^b` i c j [�NQYd} j e�ofm ^ P_pòØ�}dc `:» ofmT ^ e ` idcfP_alegidVxÇQs TWN�pdVXo�egNle�idVxÅQsòchT ^ aQVbr�~Gidc j c j V j�t V�R
` c ^ ohohm>pScfº ` }dofe·¶�idVXPEegidV\[gV ^ [gVGNye�idVX[ j NQ}d[ ` V j Nyw k�^ [gc ^ Ydchohcue�m
j } ` i ^bj ohchaQi�egchPda ^ P_p�w ^Q` c ^ oGVXv t [gV jgj cfNbP$r�¹�P_Nyegi_VX[ k�^ [�c ^ RegchNQPCNyw$e�idc j�^Qtdt [�N ^b` ilc j PdNQe�e�NE[�VXP_pdVX[ ^�t N j V�RUPdNQ[�T ^ ohcfÍ\V\pw|[�NQP�e ^ o,w ^b` VxcfT ^ abV z Yd}de�[ ^ e�idVX[�pSch[gV ` e�ofm ` NQT t_^ [�V�e�idVEnde�RegV�p¼Çbs TWNSpSV\o j r�~Gidc jXz idN�¶�V k VX[ zLj egchofoAohV ^§k V j egidV t [�NQYdohVXTNyw�idN�¶ e�N ` NQT t_^ [gVWÇQs w ^b` VWTWNSpSVXo j rxÊ�VlYd[gchV	sZm¼pSc jg` } jgj
^yt_t [gN ^Q` idV j e�NWegidc j�t [�NQY_ofV\T YZV\ofN�¶�r

� VXe ^ P_Nyegi_VX[ ^yt_t [gN ^Q` i¸egi ^ e�i ^Qj>j V\VXP ^ ofNQe>Nyw ^Q` egc k cue�m[�V ` V\P�egohmEc j e�N>} j V ^ Çbs j VXP j NQ[·egN ^b` Ø�}dch[gV ^ ÇQs/w ^b` Vbr ]Z^Q` V[�V ` NbaQPdcfegchNQPÌc j e�idVXP t VX[gw|NQ[�TxV�p�Y�m ` NQT t_^ [�chPda¸Çbs w ^Q` V j r~GidV\[gV ^ [�V k�^ [�cfNb} j e�m t V j NQwEÇQs j V\P j NQ[ jCj } ` i ^bjCj egV\[gV\N
`X^ TWVX[ ^Qj\zAj eg[�} ` eg}d[�V\pËohchaQi�e j m j e�VXT jx^ P_pËo ^Qj VX[x[ ^ PdabV�n_P_pSRVX[ j rWç)PdVWT ^�× Nb[ t [gNbYdofV\T%¶�cue�i j } ` i j m j egV\T j c j egi ^ e�egidV
^Q` Ø�}dcf[�V\pWÇbs j i ^yt V�NQw¤egVXPli ^Qj�j chaQPdcfn `X^ P�e ^ [gegcfw ^Q` e j·j } ` i ^QjidNbofV j NQ[ j�t c » V j r�~GidV t [gNbYdohVXT `\^ PÆYLV>V j�t V ` c ^ ofohm2Y ^ p�}dPSRpSV\[�pScuº ` }doue�ohchaQi�egchPda ` NbP_pScfegchNQP j�j } ` i ^Qj ¶�idV\P¼e�idVX[�V ^ [�Vo ^ [�aQV j�t V ` }do ^ [�[gV\aQchNQP j Ï¨ÒÓÔ�r~Gi_VX[�V ^ [�V k�^ [gchNQ} j ¶ ^ m j egN ` NbT tZ^ [�VEÇQs w ^b` V j r�À�VXV�äB�Qåw|NQ[ ^ [�V k chVX¶�r�x ^ P�m�egV ` i_PdchØ�}dV j chP k NQo k V ^ P�cfegVX[ ^ e�c k V ` ofN j RV j e t NQchP�e ^ ohaQNb[gcfegi_T egNCT ^ e ` i½Çbs j i ^yt V j NQ[)ofN `X^ o ` }_[ k�^ Reg}_[gVWTWV ^bj }d[�VXTWV\Pbe j�^ e�pScfãLV\[gV\Pbe�w|V ^ eg}_[gV t NQchPbe j Ï¨ÒÓÔ�r�x½N j e[�V\Ø�}dch[gV ^ e�V ` idPdcqØ�}dV�VXcfegidV\[�w|Nb[�V j e�cfT ^ egchPda t N j V�NQ[�w|NQ[�n_P_p�RchPda ` NQ[�[gV j�t NQP_pdVXP ` V j YLV�e�¶�VXV\PËe�¶�N¸ÇQs TWNSpSVXo j\z ¶�idc ` iÌc jPdNQe ^ e�[gc k c ^ o t [�NQYdohVXT�rçOw�e�idV)Çbs ^yt_t [gN ^Q` idV jXz NQPdohm>e�idVOÇbs�RÓw|[gNbTxR¢ÅQs ^ytdt [gN ^Q` ic j>t Nye�VXP�egc ^ ohofm ^Qtdt ohc `\^ YdohV2chP ^ ofo�Nyw�e�idV j�^ TWV ^ytdt ohc `X^ e�cfNbP
j�` VXP ^ [�cfN j{^Qj ÅQs¿[�V ` NbaQPdcfegchNQP,r)@·}_[gV�Çbs ^ytdt [gN ^Q` idV j pSN�PdNye
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^ytdt ohm z w|NQ[JV�v ^ T t ohV z e�N)[�V ` NQabPdcue�cfNbP�w|[�NQT t idNQegN ` NQohohV ` e�cfNbP jNQ[Jw|[gNbT V�vSc j e�cfP_a j }d[ k VXchoho ^ P ` V `X^ TxV\[ ^bj r ] NQ[ ^b`X` V jgjA` NQP�eg[�NQo
jg` VXP ^ [gchN j\z egi_V ^ pdpSV�p ` N j e�Nyw ^ ÇQs j VXP j NQ[�T ^ m½YLV × } j egcfRn_V\p�Y�mÆegi_VxchT t [�N k V\p¸[�NQYd} j egP_V j�j e�N t N j Vbr���V j }doue j w|[gNbTegidV ]_^b` V���V ` NQabPdcue�cfNbP¸¾
[ ^ P_p�C�i ^ ohofV\PdaQVEegV j e�chP�ÅQÄQÄ��Ww|NQ[
` NQT t_^ [gchPda�Çbs¿w ^b` V j ¶�cue�iCÇbs/w ^Q` V j�j idN�¶�V\p k VX[�m>abN�NSp ^b` R
` }d[ ^Q` m z ¶�cue�i¸[�V ` NQabPdcue�cfNbPÆ[ ^ egV j
^ [gNb}dP_p½È�ÉG� w|NQ[
e�idVEYLV j e
j m j egVXT�rH�ON�¶�V k V\[ z e�idc j egV j eCpdchp PdNQe�cfP ` of}ZpSV k�^ [�c ^ egchNQP jegN�ofchaQi�egchPda j N z cue�c j i ^ [�p½egNCV�v�eg[ ^yt NQo ^ e�V�egi_V j VE[�V j }dofe j egN[gV ^ ofRÓ¶�NQ[�ohp ^Q`X` V j�j�` NbPbe�[gNbo jg` VXP ^ [gchN j r
] Nb[ ^ytdt ohc `X^ e�cfNbP j cfP�¶�idc ` i ^ ÇQs j VXP j NQ[
c j w|V ^Qj cfYdohV z ÇQsw ^Q` V ^b` Ø�}dc j e�cfNbP!¶�cfoho�TWN j e�ofc » V\ofm�ofV ^ p�egN ^ [�NQY_} j e j NQoh}SRegchNQP/e�NÌe�idV t N j V t [�NQY_ofV\T�r ~GidV¼T ^ cfP¿Y ^ [�[gchVX[ ^ytdt V ^ [ jegN�YLV>TWNQ[�V�[�NQYd} j eOÇQs j V\P j NQ[ j egi ^ e ^ [�V�PdNQe j N ^ p k V\[ j VXohm

^ ã�V ` e�V\plY�mWi ^ [ j iWofchaQi�egchPda ` NQPZpScue�cfNbP j r ] NQ[�NQegidV\[ ^Qtdt ohc `\^ RegchNQP j chP�¶�idc ` i�Çbs j V\P j NQ[ j�^ [gV�PdNQe ^ P�N t e�cfNbP z_j NQTWV
w|NQ[�TNyw<ÇQsORµw|[�NQTxR�Åys ^ytdt [gN ^Q` i ^Qtdt V ^ [ j egN�YLV�egidV�TWN j e t [�NQTWc j RcfPda)w|NQ[ t N j V�[�NQYd} j e�PdV j�j rAxÆNQ[�V�[�V j V ^ [ ` i�c j [gV�Ø�}dcf[�V\p�NQP�e�idVYZV j e�¶ ^ mlegNlpSNxe�idc j r
� ª~���{��¯�ÜLâyâQ´Ó°�­
C�NQT t_^ [gchPdaÌw ^Q` V j ¶�cue�i pScfã�VX[�VXP�eCw ^b` c ^ o�V�v t [�V j�j cfNbP j c j

^ PdNQegidV\[ t [gNbYdofV\T5w|NQ[ j NQTWV
w ^Q` V
[�V ` NQabPdcue�cfNbP ^yt_t ofc `X^ egchNQP j r
] NQ[ ^Q`X` V j�j�` NbP�eg[�NQo j m j egV\T j cfP/¶�i_c ` i!e�idV j }dY × V ` e�T>} j e
` N�N t VX[ ^ e�V z w ^b` c ^ oGV�v t [�V j�j cfNbPÌc j PdNye ^ T ^�× NQ[Wc jgj }dVbr ] NQ[PdNQPSR ` N�N t V\[ ^ egc k V�w ^Q` V½[gV ` NbaQPdcfegchNQP ^ytdt [gN ^Q` idV jXz idN�¶�V k V\[ z
j } ` i ^Qj [�V ` NbaQPdchÍXchPda t VXN t ohV
chP�w ^ TWcfohm t idNQegN jXz cfe�c j�^ PCcfTxR
t Nb[�e ^ P�e t [�NQYdohVXT�r�À�V\V ] cfab}d[�V�YWw|Nb[ ^ P�VXv ^ T t ofV�NQw ^ w ^b` V¶�cue�i¼T ^ P�m½pScfãLV\[gV\P�e)V�v t [�V j�j cfNbP j r�~GidV\[gV ^ [�V k�^ [�cfNb} jO^Qt R
t [gN ^Q` idV j egN�pSV ^ ohcfP_a�¶�cue�i�V�v t [�V j�j chNQP)egi ^ e ^ [�VAY ^Qj V\p
NbP)e�idVchpSV ^ NywGYd}dchoqpScfP_a ^ TWN�pdVXo�NQw�e�idV ` i ^ PdaQV j egi ^ e�w ^Q` V j }dPSRpSVX[�aQN)egid[�NQ}_aQixV�v t [�V j�j chNQP k§^ [gc ^ e�cfNbP j r)xÆNSpSV\o j{^ [gV�ofV ^ [�PdV\pegid[�NQ}dabi VXv ^ T t ofV j r ] NQ[�chP j e ^ P ` V z�^ TWNQ[ t i ^ Y_ofV¸TxNSpSV\oäµÅys�Nb[
Çbs
åZÏ �¢ÔgÏwV
�UÔ�Nb[ ^b` e�c k V ^Qtdt V ^ [ ^ P ` V�TWNSpSVXo�Ï��UÔ `\^ P½YLV} j V�p�e�N `X^Qt eg}_[gV�V�v t [�V j�j chNQP k�^ [�c ^ egchNQP j ä ^bj ¶�VXoho ^Qj cqpSV\Pbe�cue�m zofchaQi�egchPda z�^ PZp t N j V k�^ [�c ^ egchNQP j åÐrC¹ j ¶�cfegi t N j V z egidV�TWNb[�R
t i ^ Y_ofVCTxNSpSV\oGNQ[ ^b` e�c k V ^yt_t V ^ [ ^ P ` V�TWN�pdVXo�c j ndexegN½e�idVcfP t }SeEw ^b` V zA^ P_p�e�idVXP�V\cue�idVX[Eegi_V�w ^Q` V `X^ P�YLV2V�v t [�V j�j cfNbPPdNQ[�T ^ ohcfÍ\V\p egNÌm�chVXoqp ^ P cfT ^ abVÆNyw ^ w ^b` V½}_P_pSVX[CPdVX}deg[ ^ oV�v t [�V j�j chNQP ä ^ P ^ ohNQabNQ} j egN t N j V ^ PZp�ohchaQi�egchPda�PdNQ[�T ^ ohcfÍ ^ RegchNQPZå z NQ[ j NbTxV Á VXv t [gV jgj cfNbPSRÓw|[gV\V\Â�TWN�pdVXo t_^ [ ^ TWVXegVX[ j>^ [gVV�v�eg[ ^Q` egV\p ^ PZp�} j V�p pdcf[�V ` egohm ^Qj e�idV�w|V ^ eg}d[�V k V ` egNb[�w|NQ[[gV ` NQabPdcfegchNQP$r ~GidV t [�NQY_ofV\T ¶�cfegi egidc j�^ytdt [gN ^Q` i!c j egi ^ ende�e�cfPda ^ TxNb[ t i ^ YdohVlTWNSpSVXo�NQ[ ^b` egc k V ^Qtdt V ^ [ ^ P ` VWTxNSpSV\oc jG` NbT t }Se ^ egchNQP ^ ofohmxV�v t V\P j c k V ^ PZplPdNye k V\[gmW[�NQYd} j e z V jgt V�R
` c ^ ohofm�chP�egidV t [gV j V\P ` V�NywAohcfabibe�cfP_a ^ P_p t N j V k�^ [�c ^ egchNQP j r
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���\����ø��:�������b�����u�\�ba`cËö��g���dc��=e·�����\�NfIcËöb������:L�Jg����Q����hji��g���
¹OPdNye�idVX[ ^ytdt [gN ^Q` i
c j T>}dofegchofchPdV ^ [,TWNSpSV\o j NQ[<e�VXP j NQ[gw ^Q` V j\z¶�idc ` i�c jl^ P!VXv�e�VXP j chNQPÌNQw j chPdaQ}do ^ [ k�^ oh}dVÆpSV ` NQT t N j cue�cfNbPäµÀ3�)s�å�e�N2T>}_oue�cuR¢pSchTxV\P j cfNbP ^ o,egVXP j Nb[ j Ï V��UÔ�Ï¨ÑBMUÔ�r)¾
c k VXP ^�j V�eNywAchT ^ aQV j w|NQ[�V ^b` i t VX[ j NQPCegi ^ e k§^ [gchV j N k VX[GV�v t [�V j�j cfNbP ^Qj¶�VXoho ^Qj�t N jgj cfY_ofm�N k VX[lohchaQi�egchPda ^ P_p t N j V z pScuã�VX[�VXP�e j }dYSR

jgt_^Q` V j{`X^ PWYZV�ohV ^ [gPdV�pEw|NQ[{V ^b` iETWNSpSV�NQw k�^ [gc ^ e�cfNbP$r�¹!PdV\¶w ^Q` V2c j T ^ e ` idV�p�egN¸egi_V2e�VXP j NQ[gw ^Q` V�TWN�pdVXoGY�m t [gN × V ` e�cfP_aegi_V�PdVX¶ w ^b` VlchPbe�NÆegi_VlegV\P j Nb[�w ^b` V jgt_^Q` V ^ P_p¸n_PZpScfP_aÆegidV
` ohN j V j e�a ^ ofohVX[�mlw ^b` V�chP�egi ^ e j�tZ^Q` Vbr�~GidV�pd[ ^ ¶�Y ^b`:» NywJegi_c j
^yt_t [gN ^Q` i�c j e�i ^ eAcfeA[�V\Ø�}dch[�V j,^ o ^ [gabV j V�eJNyw_VXv ^ T t ofV�cfT ^ aQV jw|NQ[�V ^Q` i t V\[ j NQP�¶�cfegi ^ oho<NywJegidV�pdV j cf[�V\p k�^ [�c ^ egchNQP j rÀSNQTWV j m j e�VXT j e ^y» V�egidV k V\[gm j chT t ohV ^yt_t [gN ^Q` iWNyw$chaQP_NQ[gRchPda�e�idVETWNb}Segi¸[gV\aQchNQPÆ¶�idc ` i¼c j e�idVxTxN j e k�^ [�c ^ YdohV�cfP¼egidV
t [�V j VXP ` VENQw�VXv t [gV jgj cfNbP ` i ^ PdaQV j rE~Gidc j T ^ m½YLV ^ pSV�Ø�} ^ e�Vw|NQ[ j NQTWV ^yt_t ofc `X^ egchNQP j r

��ª���Þ�´U­�Þ
~Gi_V2w ^b` exegi ^ exmbNQ}d[>w ^Q` V ` i ^ PdaQV j>j cfabPdcun `X^ P�e�ofm ^Qj mQNb}

^ abV>TWV ^ P j egi ^ e
e�idVEw ^Q` Vxc j)^ w|}dP_p ^ TWVXP�e ^ ofohm�s ^ ¶�V\pÆYdchNyRTWV�e�[gc ` r¼À�V\V ] cfab}d[�V���w|NQ[ ^ PËV�v ^ T t ofVlNQw�egidV j chaQPdcfn `X^ P�e
` i ^ PdaQV j)^ w ^Q` Vx}dP_pdVX[�aQN�V j
^Qj cfe ^ aQV j r ] Nb[
NQegidV\[�YdcfNbTWV�e�R[�c `\jOj } ` i ^Qj ch[�c j V j�^ P_p�n_PdabVX[ t [�cfP�e j\zZ^ aQchPdalc jO^ TE} ` iÆofV jgj
j VX[�cfNb} j�t [gNbYdohVXT�r{sOV j�t cfegV�e�idc j w ^Q` e z e�idV�w ^Q` V
c j�j egchofo$NQw¤egV\P
t [�V�w|V\[gV�p ^Qj
^ YdchNQTWV�e�[gc `yz T ^ chPdofm�YLV `\^ } j V�cfe
c jOj N2V ^Qj m�egN
`X^Qt eg}_[gVbr~Gi_V ` i ^ PdabV j egi ^ e ^ w ^b` V�}dP_pdVX[�aQN�V jG^Qj cfe ^ abV j�^ [�V j chTERcho ^ [ ^Q` [gN jgj pdcuã�VX[�VXP�e t VXN t ohVQr�~GidVETxNb[ t idNQohNQabc `\^ o ` i ^ PdaQV j
^Qj ¶�V\ofo ^bj egVXv�eg}d[ ^ o ` i ^ PdabV j äß¶�[gchP » ofV j å ^ [gV j chTxcho ^ [�w|[�NQT
t VX[ j NbP¼e�N t VX[ j NQP$rW~Gidc j T ^Q» V j cfe t N j�j chYdohV>e�NÆTxNSpSV\oAegidVV�ã�V ` e j Nyw ^ abcfP_a ^ P_p!chP ` Nb[ t NQ[ ^ e�V j } ` i/TxNSpSV\o j cfP�e�NËegidVw ^Q` V�[gV ` NQabPdcfegchNQP j m j egVXT�r

C�NbT t_^ [�V\p�e�N�egidV�chofoh}dTWcfP ^ egchNQP z�t N j V z�^ P_pÌVXv t [gV jgj chNQP
t [�NQYdohVXT j\z e�idVX[�V�i ^bj YLVXV\P½[gV\o ^ egc k V\ofm�ofcfe�e�ofVE¶�Nb[ » NQPÆT ^Q» RchPdaËw ^Q` V½[�V ` NbaQPdcfegchNQP![�NQYd} j e�e�N k�^ [�c ^ egchNQP j cfP ^ aQVQr ~GidV
T ^ chP/[gV ^Qj NQPÌw|NQ[le�idc j c j2t [�NQY ^ Ydofm�pS}dVÆe�N�egidVÆw ^b` e�e�i ^ ecfe�c j pScfº ` }dofe�egN ` NQohofV ` e�p ^ e ^Qj V�e j Nyw�w ^b` VWchT ^ aQV j egi ^ e�chPSR
` oh}_pSV�egi_V j�^ TWV t V\[ j NQP�e ^y» VXP ^ eJT ^ P�m�pScfãLV\[gV\P�e ^ aQV j r,~GidVp ^ e ^Qj V�e j egi ^ eOpSNEVXvSc j e ^ o j Nxi ^§k V j cfabPdcun `X^ P�e k�^ [�c ^ egchNQP j chP
t N j V ^ P_pWchofoh}dTWchP ^ e�cfNbPWegi ^ e�T ^y» V�cfe�pScfº ` }dofe�e�N j e�}_pSm ^ abVchP½c j NQo ^ e�cfNbP$r���N�¶�V k VX[ z T ^ P�m�Nyw{egi_V�egV ` idPdcqØb}_V j egi ^ e `X^ Pi ^ P_pSohV�egidV�NQegidV\[�w|NQ[�T j Nyw k�^ [�c ^ egchNQP `X^ P ^ o j Nli ^ P_pSohV ^ abV
k�^ [�c ^ egchNQP j abc k VXPCegidV�[�cfabi�e�e�[ ^ cfP_cfPdalp ^ e ^ rÖ¢P j NQTWV ^ytdt ofc `X^ egchNQP j\z,^ abcfP_a�T ^ m½P_Nye�YLV ^�j chaQPdcfn `X^ P�e
t [�NQYdohVXT YZV `X^ } j V�V\Pd[�NQohofV�p2w ^b` V j T ^ m2YLV t V\[gchNSpSc `X^ ohohm�} t Rp ^ egV\p j N¼egi ^ eEe�idV ^ aQVCpScuã�VX[�VXP ` V�YZVXe�¶�V\VXPÌV\Pd[�NQohofV�p�w ^Q` V
^ PZpEØ�}dV\[gm�w ^b` VGc j PdV k V\[ k VX[�m�o ^ [gabVQr�Ö¢PENQegidV\[ ^Qtdt ohc `\^ e�cfNbP jXzidN�¶�V k VX[ z e�idc j T ^ m2PdNye�YLV t N jgj chYdofVbrç)P_V
NQw�e�idV�w|V\¶ t_^Qt V\[ j e�N�pSV ^ o,pSch[gV ` e�ofm�¶�cfegi�e�idV t [�NQYSRohVXT'NQw ^ abVEchP�w ^Q` Vx[�V ` NQabPdcue�cfNbP½c j egidVl¶�NQ[ » Nyw q�^ Pdcfegc j V�e
^ oÓr�Ï V��UÔ�r�~GidV\m�} j V�p ^ P ^Q` e�c k V ^Qtdt V ^ [ ^ P ` V�TWNSpSVXoJegi ^ e)chPSR
` oh}_pSV�p/V�v ^ T t ofV j NQw�egidV jg^ TxV t V\[ j NQP ^ e�pScfã�VX[�VXP�e ^ aQV jegN�TWNSpSVXo�w ^Q` V j r�¹�w¤egV\[
T ^ e ` idchPdaCegidc j TxNSpSV\oJegN ^ P¼chP t }Sew ^Q` V z egidV\mET ^yt_t V�p>e�idV�TWNSpSVXo t_^ [ ^ TWV�e�VX[ j egN ^�j V�e·NQw ^ aQVXRPdNb[gT ^ ohchÍXV\p½TxNSpSV\o t_^ [ ^ TWVXegVX[ j } j chPda ^ T ^yt_t cfP_aCohV ^ [gPdV�pw|[�NQT e�idV�e�[ ^ cfPdchPdalVXv ^ T t ofV j rdK j cfP_aWegidV\cf[ ^ aQV�PdNb[gT ^ ofchÍ ^ RegchNQP�TWV�e�idNSp2e�idVXm j i_N�¶�V�p ^ TWN�pdV j e ^ TWNQ}dP�e�NywJcfT t [�N k VXRTWVXP�e�chP�[�V ` NQabPdcue�cfNbP$r¹OPdNye�idVX[ tZ^yt VX[�egi ^ e�ofN�N » V\p ^ e�egi_V t [gNbYdohVXT+Nyw ^ abVchP/w ^Q` V¼[�V ` NbaQPdcfegchNQP!c j � ^ T ^ P ^ egi ^ P ^ P_pHC�i_VXoho ^Qtdt_^ Ï?M��ÓÔ¢r~GidV\m¸} j V\p ^ Õ ^ mbV j c ^ P¼chPbe�[ ^�  VXv�e�[ ^ TWNSpSVXo�egNÆTWNSpSVXo ^ abV

���¨��8l¡S85÷Pmb�+h><b£¨�:¡x�4o
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k§^ [gc ^ e�cfNbP j Ï?MB�UÔ¢rW~GidVXm½w|NQ}dP_p¼egi ^ e zJ^Qj V�v t V ` egV\p z egidV j chTxcfRo ^ [gcfe�m j�` Nb[gV{YLV�e�¶�VXV\P�e�¶�N�chT ^ abV j NQw�e�idV j�^ TWV t VX[ j NQP
e ^Q» VXP
^ eJpdcuã�VX[�VXP�e ^ aQV j pSV ` [gV ^Qj V j$^bj e�idV ^ aQV·pScfã�VX[�VXP ` V�chP ` [�V ^bj V j rÊ/idVXP�e�idV ^ abV�pdcuã�VX[�VXP ` V�¶ ^bj w|NQ}d[�mbV ^ [ j NQ[�ohV j�j\z egidV�w ^b` V
k VX[�cfn `X^ egchNQP ^b`X` }_[ ^b` mx¶ ^bj abN�NSp�w|NQ[�egidV\cf[Ge�V j e j V�e z Y_}SeGw|NQ[aQ[�V ^ e�VX[ ^ abV�pScuã�VX[�VXP ` V j�^b`X` }d[ ^b` ml¶ ^Qj�t N�Nb[\r¹�abcfP_aÆT ^ m t [gN k V>e�idV�TWN j e�pScfº ` }dofe k�^ [�c ^ egchNQP¸egN½pSV ^ o¶�cue�ixYLV `\^ } j V�NywZegidV�pdcuº ` }_oue�mENyw ` NQohohV ` e�cfP_a
o ^ [�aQV ^ TWNb}dP�e jNyw ^Qtdt [�N t [�c ^ egV eg[ ^ chPdcfP_a p ^ e ^ ^ P_p YZV `X^ } j V egidV w ^b` c ^ o
` i ^ PdabV jE`X^ PÌYZV k V\[gm j chaQP_cun `\^ P�eEcfw�e�idV ^ aQV2pdcuã�VX[�VXP ` VCc jo ^ [gabVQr

¢ ª£��RU´µÞJ­�U�Ü�­J®
~GidV ^ ohcfabPdTWVXP�e t [�NQY_ofV\T c j)^2k V\[gm�cfT t NQ[ge ^ Pbe t [ ^Q` e�c `\^ oc j�j }_VOchPlw ^Q` V�[gV ` NbaQPdcfegchNQP j m j e�VXT j e�i ^ e�c j Nyw¤e�VXP�chaQPdNb[gV�pxcfP

` NQPdw|VX[�VXP ` V ^ P_p × Nb}d[gP ^ o t_^Qt V\[ j rG~GidV t [�NQYdohVXT c j egN ^ ofchaQPNQ[�aQV\NQTWV�e�[gc `X^ ofohm�PdNQ[�T ^ ohcfÍ\V ^ PZp ` [�N t�^ w ^b` VxcfP ^ P¸cfP t }SecfT ^ abV�egNlm�chVXoqp ^ ndvSV\p j chÍXV\p�Nb}Se t }Se)chT ^ aQV�¶�cfegi�e�idV�w ^b` VcfP ^½» P_N�¶�P t N j cfegchNQP$r¸~Gidc j c j } j } ^ ohohm�pSNbPdV�Y�m¸n_[ j expdV�RegV ` egchPda ^ w ^b` V z n_P_pdcfPda ^ P�}dT>YLVX[)NywAw ^Q` c ^ o$w|V ^ eg}d[�V t NQchP�e j¶�cue�idcfP�e�idV�pSV�e�V ` egV\p¼w ^Q` VW[gV\aQchNQP z$^ P_p½e�idVXP ` NQT t }Se�cfPda ^w|NQ}d[ t_^ [ ^ TWVXegVX[ j cfTWcho ^ [gcfe�m2e�[ ^ P j w|NQ[�T(ä jg`\^ ohV z chPSR t o ^ PdV>[�NyRe ^ e�cfNbP z¥¤�^ P_p�¦�eg[ ^ P j o ^ egchNQPZåGegN�T ^yt egidVEcfP t }Se)w ^b` V�e�N ^ndvSV\p j chÍXV�p>Nb}Se t }de·cfT ^ abVQr{çOegidV\[Aeg[ ^ P j w|NQ[�T ^ egchNQP j�j } ` i ^Qj
^ ºlPdVOT ^ mEYZV)} j V�plchP j e�V ^ p z Y_}Se ^�j chTxcho ^ [�cue�m>eg[ ^ P j w|NQ[�T c j} j } ^ ohofmlYLV j e�YLV `\^ } j V
cue�pSN�V j PdNQe�pdc j egNb[�e�egidV�aQV\NQTWV�e�[gmWNQwegidV�w ^b` VbrJ~�N j Nbo k VGw|NQ[{e�idV�w|Nb}d[ t_^ [ ^ TxVXegV\[ j Nyw�e�idV j cfTWcho ^ [�Rcue�mWe�[ ^ P j w|Nb[gT z NQPdohmWe�¶�N�w ^Q` c ^ oLw|V ^ e�}d[�V t NQchPbe jG^ [�VOPdV\V\pSV�p zYd}Se�TWNQ[�V ^ [�V
NQw¤egV\PCw|Nb}dP_pCegNWchT t [gN k V)[�NQY_} j e�PdV j�j r~�N�p ^ m�egi_VX[�V ^ [�V�[gNbYd} j e{w ^Q` VOpSV�e�V ` egchNQP ^ ohaQNb[gcfegi_T j�j } ` i
^Qj äµÇQÇbå ^ P_p�äµÇQÄ�åAegi ^ e `\^ P�YLV
} j V�pWw|NQ[�n_P_pSchPdaEw|[gNbP�e ^ o z } t R[gchaQi�eJw ^Q` V j cfP ` oh}Se�e�VX[�V\p jg` VXPdV j rJ~GidVX[�V ^ [gV ^ o j N
T>}_oue�cuR k cfV\¶w ^Q` V
pSV�e�V ` egchNQP ^ ohaQNb[gcfegi_T j w|NQ[�n_P_pSchPda�PdNbPSRÓw|[gNbPbe ^ odNb[�PdNbPSR} t [�cfabibe�w ^b` V j ÏwVßÒÓÔ:ÏwVB�ÓÔgÏ�Ñ��UÔ�r�~GidV j V ^ ofabNQ[�cue�idT j�^ [�V j }Sº ` chVXP�ew|NQ[·nZP_pSchPda�w ^Q` V j w|NQ[�TWN j e ^Qtdt ohc `\^ e�cfNbP jXz�^ P_pxe�i�} j w ^b` VOpdV�RegV ` egchNQPEc j PdNOohNQP_aQVX[ ^ T ^�× Nb[ t [�NQY_ofV\T�w|Nb[,w ^b` V�[gV ` NQabPdcfegchNQP$r~GidV�YZNb}dP_pSchPda
YZN§v�w|Nb}dP_p�Y�m ^ w ^b` VGpSV�e�V ` egchNQP ^ ofabNQ[�cue�idTc j PdNQe�chP�aQVXP_VX[ ^ o t [gV ` c j V
VXP_NQ}dabi�egNx} j VOw|Nb[ ^ ohcfabPdTWVXP�e\rAÖUen_P_p j�^ [gNb}daQi¼YZNb}dP_pSchPda�YZN§v ^ [gNb}dP_p�e�idVxw ^Q` VxYd}Se�c j PdNyecfP�egV\P_pSV�pWegN>n_P_pWe�idV t [gV ` c j V j�`X^ ofV z [�Nye ^ egchNQP z�^ P_pWofN `\^ egchNQPNyw·e�idV�w ^b` VQr ] NQ[�e�idc j [�V ^bj NbP z TxNb[gV t [gV ` c j V>w ^Q` c ^ o,w|V ^ eg}_[gVpSV�e�V ` e�NQ[ j�^ [�V�PdVXV�pSV\p2w|NQ[�abN�N�p ^ ohcfabPdTWVXP�e\r~GidV\[gV ^ [�V¼T ^ P�m¿pScfã�VX[�VXP�e ^ ofabNQ[�cue�idT j w|Nb[�n_P_pSchPda�w ^ R
` c ^ o�w|V ^ e�}d[gV j ròÀSNQTWV ^ [�V½Y ^bj V�p!NQP/ohV ^ [gPdchPda ^�` o ^bjgj cfn_VX[ä¤w|NQ[lVXv ^ T t ohV�À�} tdt Nb[�er�{V ` egNb[rx ^Q` idchPdV j äÓÀ���x¸å z PdV\}d[ ^ oPdV�e�¶�NQ[ »SjXz YLN�N j egV\p ` o ^bjgj cfn_VX[ jXz Nb[�Õ ^ mQV j c ^ P ` o ^bjgj cfn_VX[ j ÏwV
MUÔßåegi ^ eGpSVXegV ` e jG^Ej chPdaQohV�w ^b` c ^ oZw|V ^ eg}d[�VOabc k VXP ^ P�cfT ^ aQV tZ^ e ` iNQ[ j NQTWVAw|V ^ eg}_[gV j Nyw�e�idV�chT ^ aQV tZ^ e ` i�ä j } ` i ^Qj,^ ¾ ^ YLNQ[<w|V ^ Reg}d[�V j Ï�ÑB�UÔµåÐrW~GidVEchT ^ abV t_^ e ` i¸e�m t c `\^ ohofm ` N k V\[ j)j NbTxV ^ [�V ^
^ [�NQ}dP_p¼egi_Vlw|V ^ eg}d[�VQr2~Gi_VWeg[ ^ chPdcfP_aÆV�v ^ T t ohV j PdV\V\p¸egNÆYLV
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`X^ [gVXw|}dohofm�T ^ P�} ^ ofohm ^ ohchaQPdV�p j NOe�i ^ eAegi_V�[gV j }dofegchPda ` o ^Qj�j cfn_V\[c j{t [�V ` c j VQrA¹ j ¶�cfegixw ^Q` V�pSV�e�V ` egchNQP z�j } ` i>w|V ^ eg}_[gV�pSVXegV ` egNb[ j¶�NQ[ » YZV j e·¶�idV\P>e�idVXm ^ [�V ` NQP j eg[ ^ chPdV�p�e�N
¶�NQ[ » N k V\[ ^ P ^ [�R[�N�¶¿[ ^ PdaQV�NQw,w ^Q` c ^ o t N j V j rçOe�idVX[ ^ ofabNQ[�cue�idT jW^ e�e�VXT t e�e�NË} j VCe�idVÆaQV\NQTWV�e�[gmÌNyw ^aQ[�NQ} t Nyw�w ^Q` c ^ oAw|V ^ e�}d[gV j egN ` NbP j e�[ ^ cfP½egidV j V ^ [ ` i½w|Nb[
w|V ^ Reg}_[gV j r{Õ�}d[�oZVXe ^ oµrÐÏ?�ÓÔ$c j�^ P2V ^ [�ofmxV�v ^ T t ohV
Nyw j } ` i ^ P ^ ohaQNQR[�cue�idT�r
ç)P ` V ^ a ^ chP z�^ ÅysáTWNQ[ t i ^ Y_ofVWTWNSpSVXo�ÏwV
�ÓÔ�Nb[ ^Q` egc k V ^yt R

t V ^ [ ^ P ` V�TWNSpSVXo�Ï��UÔ ` NQ}doqpËYLV2} j V\p�e�N¼ohN `X^ ohchÍXVlw ^b` c ^ o�w|V ^ Reg}_[gV jXz$^ oue�idNQ}dabiÆegi_Vx[�NQY_} j e�PdV j�j NQw�e�idVET ^ e ` idchPda t [gN ` V j�jc j�j egchofo ^ P2c j�j }_V ^Qj c j egi_VO[�VXo ^ egc k V ` NQT t }de ^ e�cfNbP ^ oZV�v t VXP j VQr¹ j2^ [�V�nZPdVXTWVXP�e j e ^ aQV ^ w¤e�VX[ ^ P_Nyegi_VX[lTWV�e�idNSp!i ^Qj YLVXV\P} j V\p2w|NQ[�chPdcfegc ^ ohcfÍ ^ egchNQP z egidV j V�TWV�e�idNSp j T ^ mlYLV�TxNb[gV�} j V�Rw|}do�Ï��UÔ�r
~Gi_VX[�Vxi ^Qj YLVXVXP k VX[�m½ofcfe�e�ofV ` NQT t_^ [ ^ egc k VxV k�^ oh} ^ e�cfNbP¸NQw

k�^ [�cfNb} j w ^Q` c ^ obw|V ^ eg}d[�V�ohN `X^ ofchÍ ^ egchNQP ^ ofabNQ[�cue�idT j,j NOcfeAc j pScuºWR
` }_oue�e�NWpdV�egV\[gTWchPdV�egi_V�YZV j e ^Qtdt [�N ^Q` i_V j rJ¹ pSVXe ^ chohV\p ` NbTER
t_^ [gc j NbPËNywOpScfã�VX[�VXP�e ^ ofabNQ[�cue�idT j ¶�NQ}doqpËYLV ^ P�chT t NQ[ge ^ P�e
` NbP�eg[�cfYd}degchNQP�egN2egidVx[�V j V ^ [ ` i ` NbTxTE}dPdcfe�mQr��ON�¶�V k V\[ z cue
c j
j�^ w|VEegN jg^ m�e�i ^ e�e�idVX[�VEc j w|}d[gegidV\[�[gN�NQT w|Nb[�cfT t [�N k V\TWVXP�eegN�pdV j cfabP�w|V ^ e�}d[gV¸pSV�e�V ` e�NQ[ j egi ^ e ^ [�V�w ^Qj e zGt [�V ` c j V z�^ P_p[�NQYd} j eGegNWohcfabibe�cfP_a zdt N j V zd^ P_p2VXv t [gV jgj chNQP ` i ^ PdabV j r

¨�ªª©�Û$âQ´Ó³ ÛP�d��¯�°,Û,³N«�ÜZâ ®Q° «�Û,­�±dRU´U­�Þ ¬gÛ$³_´ÓÛ`R
­ Û$¯�´ÓÛ<®b´Ó°�­�â

¹ j TxV\P�egchNQPdV�p�V ^ [gohchVX[ z e�idVX[�V�i ^§k V�YZV\VXPEegidNb} jg^ P_p j Nyw_[�V�R
j V ^ [ ` i t_^yt VX[ j e�i ^ e t [�N t N j V k§^ [gchNQ} j�^ytdt [gN ^Q` idV j egN�T ^Q» RchPda ^ w ^b` V�[gV ` NQabPdchÍXVX[$egi ^ e�c j [�NQYd} j e$e�N ^ e�ohV ^Qj e j NQTWV·NQwSegidVe�m t V j NywGw ^b` c ^ o k�^ [�c ^ egchNQP j r�¹�w¤egVX[EV�v ^ TWchPdchPda�egidV k§^ [gchNQ} j
^yt_t [gN ^Q` idV jXz ¶�V `X^ P j VXVxegi ^ e�T ^ P�m½Nyw�egi_VXT j i ^ [gV j NbTWVY ^bj c ` cqpSV ^bj r·ç)PdV ` VXP�eg[ ^ odcqpSV ^ c j egNEYd}dchohp ^ abVXPdV\[ ^ odTWNSpSVXoNyw�idN�¶ w ^Q` V j T ^ m k�^ [�mQrÆ~Gidc j c j } j } ^ ohofm�pSNbPdV�Y�m¼ohV ^ [gPSRchPda ^ TWN�pdVXoZw|[gNbT5V�v ^ T t ohV�w ^b` VOchT ^ abV j r{ç)P ` V ^ TWN�pdVXoLc j
` [�V ^ egV�p z egidV\[gV ^ [gV
egi_[gV\V
Y ^Qj c ` ¶ ^ m j e�Nl} j V�cfe D

® x ^ e ` i2e�idV�TWN�pdVXo<e�NEe�idV
w ^Q` V ^ P_pCegidV\PCP_NQ[�T ^ ofchÍXV)egNaQVXe ^ PdVX¶¿w ^Q` V
chT ^ aQV
¶�cue�i ^x`X^ PdNQP_c `\^ oLcfohof}_TxchP ^ egchNQP z
t N j V z V�v t [�V j�j chNQP z Nb[ ^ abVQr

® x ^ e ` i5egi_V�TWNSpSVXoCegN egi_V w ^b` V ^ P_p�e�idVXP } j V�w|NQ[[gV ` NbaQPdcfegchNQPENQPdohm�egi_V t_^ [ ^ TWV�e�VX[ j egi ^ e·TxNSpSV\odcqpSVXP�egcfe�m
` i ^ P_aQV j r

® K j V�e�idV�TWNSpSVXo�e�N)abVXPdV\[ ^ egV j m�P�egidVXegc ` V�v ^ T t ohV j NywZegidVw ^Q` V
}_P_pSVX[ ^ ofo k§^ [gc ^ e�cfNbP j r¹OPdNye�idVX[ t N jgj cfY_cfohcue�m [�VXo ^ egV�p egN5e�idV egi_cf[:p ^ytdt [gN ^Q` i
^ YLN k VOc j egNxa ^ egidV\[ ^>j V�eGNyw$VXv ^ T t ohV�w ^Q` VOchT ^ aQV j�` N k V\[gchPdaegi_V�pSV j ch[�V\p�[ ^ P_aQV2NQw�w ^Q` c ^ o k�^ [gc ^ e�cfNbP j w|Nb[WV ^Q` iÌVXPd[�NQohofV�p
t VX[ j NbP$rò~GidV j VXeCNQw�cfT ^ abV j w|NQ[2NbPdV t VX[ j NQP!egi ^ e ` N k V\[
^ oho�w ^b` c ^ o k�^ [gc ^ e�cfNbP j ä|¶�i_V�egi_VX[ ^b` Ø�}dch[gV�p NQ[ j m�Pbe�idV j chÍXV\pZåc j�`X^ ofohV\p¼egidVWw ^b` V jgt_^Q` V>w|Nb[�egi ^ e t VX[ j NbP$r2ç)P ` Vxegi_Vlw ^Q` V
jgt_^Q` VGw|NQ[ ^�t V\[ j NQPWc j·» PdN�¶�P z egidV\PlT ^ e ` i_cfPda ^�t [�NQYLV�w ^Q` VYLV ` NbTWV j{` NbT t }SegchPda
egi_V�pSc j e ^ P ` V�NywLegi_V t [gNbYZV�egN
e�idVGw ^Q` V
jgt_^Q` VQr½~GidV\[gV ^ [gV2pdcuã�VX[�VXP�e>¶ ^ m j egi ^ e>e�idc jx`X^ PËYZV�pSNQP_Vä j VXV�w|Nb[�V�v ^ T t ohV·äµÅdÃ�ågåÐr¹�w ^b` V�[gV ` NbaQPdcfegchNQP j m j egVXTáT ^ ml} j V ^ TWcuv�Nyw,e�idV j V ^yt R
t [�N ^b` idV j w|NQ[CpScuã�VX[�VXP�e k�^ [�c ^ egchNQP j r¿¹Oo j N z egi_V½cfP t }Se ^ P_pTWNSpSVXo<T ^ mlYLV
V\cue�idVX[OÅQs NQ[�ÇQsErbC�ofV ^ [�ofm z cue�c j P_Nye t [ ^Q` e�cuR
`X^ ode�N ^Q` Øb}_cf[�V ^Q` e�} ^ oZcfT ^ aQV j Nyw ^ w ^Q` V�}dP_pSV\[�T ^ P�m t N j V jXzchofoh}dTWcfP ^ egchNQP jXz V�v t [�V j�j chNQP jXz�^ P_p ^ aQV j w|NQ[WV k VX[�mËVXPd[�NQohofV�p
t VX[ j NbP$r>~Gi�} j�j NbTWV » chP_p¼NQw�aQV\PdVX[ ^ oJTWNSpSVXo{NQw�idN�¶ w ^b` V j
k�^ [�m>}dPZpSVX[�pScuã�VX[�VXP�e�cfohof}_TxchP ^ egchNQP j\zbt N j V j\z VXe ` rJc j P_VXV\pdV\p<r

] NQ[�T>}_o ^ egchPda ^ TWNSpSVXo�egi ^ eOc j V ^bj m2egN�Y_}dcfoqp z<` N k VX[ j�^ oho,NQwegidV�pSV j ch[gV�p k�^ [�c ^ egchNQP jE^ P_p `X^ P�YZV�T ^ e ` idV\pÌ[gNbYd} j egohm�c jegidV�pScfº ` }dofe ` i ^ ofohVXP_aQVQr
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c k VXP�e�idVEpdc j�` } j�j cfNbP ^ YZN k V z cue
c j)` ohV ^ [�egi ^ e)PdV\¶ ¶�NQ[ »cfP w ^Q` V�[gV ` NQabPdcfegchNQP j idNb}dohp ^ p_pS[gV jgj NbPdV�NQ[WTWNQ[�V�NywOe�idVn k VEY ^Qj c `>t [�NQYdohVXT j+D ofchaQi�egchPda zLt N j V z VXv t [gV jgj cfNbP z�^ aQV ^ P_p

^ ohcfabPdTWVXP�e\r�ç)P_V�¶ ^ m¸egN¸pSN½e�idc j c j egN�pSV k c j V2PdVX¶5TWNSp�R
VXo j egi ^ e�VXcfegi_VX[ ^ [gV�YLV�egegVX[ ^ YdohV�e�N `X^yt eg}d[�V�egidV>cfT t NQ[ge ^ P�e
j Nb}d[ ` V j Nyw�w ^Q` c ^ o k§^ [gc ^ e�cfNbP j NQ[ ^ [�V
TxNb[gV
V�º ` cfV\Pbe�Nb[�TWNb[gV[gNbYd} j e�e�NWnde�egN ^ P�chP t }de�w ^Q` Vbrç)PdV t [�NQTWc j chPda�pSch[gV ` e�cfNbP>w|Nb[{w|}Seg}_[gV�[�V j V ^ [ ` iEc j e�idV�cqpSV ^Nyw�} j cfPda ^ P Á V\Pdi ^ P ` V\p_Â�VXPd[�NQohofTWV\Pbe t [gN ` V\pS}d[�V j } ` i ^Qj
` NQohohV ` e�cfP_a½T>}dofegc t ohVCchT ^ abV j ¶�cfegi�ohchaQi�egchPda zAt N j V z·^ P_p�V�v�R
t [gV jgj chNQP k�^ [�c ^ egchNQP j w|NQ[ ^ytdt ohc `X^ e�cfNbP j egi ^ e ^ ohohN�¶ cfe
ä|w|NQ[�V�v�R
^ T t ohV j NbTWV ^Q`\` V j�j$` NQP�eg[�NQo ^Qtdt ohc `\^ e�cfNbP j,^ P_p j NbTWV j }_[ k VXchouRo ^ P ` V `X^ TWVX[ ^E^Qtdt ohc `\^ egchNQP j å�rA~Gi_V
TWNQegc k§^ egchNQPCw|NQ[Ge�idc j�^Qt R
t [gN ^Q` i ` NQTWV j w|[gNbT%[gV j V ^ [ ` iÆNQP½i�}dT ^ P½w ^Q` V>[�V ` NQaQP_cue�cfNbP
t V\[�w|Nb[gT ^ P ` V�ä|chPlNye�idVX[{¶�NQ[:p j e�idV ^ Y_cfohcue�mENyw t VXN t ofVGe�N�[gV ` RNQaQP_cfÍ\V�w ^Q` V j åÐrEç)PdVxNyw�egidVxTWN j e j eg[�c » chPda�nZP_pSchPda j Nyw�egidc j[gV j V ^ [ ` i�c j e�i ^ e t V\N t ohV ^ [gVlTE} ` iËYZVXe�e�VX[ ^ e>[�V ` NQaQP_cfÍ\cfPdaw ^Q` V j Nyw)w ^ TWcfohc ^ [ t VXN t ofVbr ÖUe ^Qtdt V ^ [ j egi ^ e t V\N t ohV�Yd}dchohp
k VX[�m aQN�NSp/TWN�pdVXo j NQw�w ^ TWcfohc ^ [Cw ^Q` V jC^ P_p j N `\^ P¿[�V ` NQayRPdcfÍ\V j } ` iËw ^b` V j ¶�V\ofo�V k VXP�w|[�NQT k V\[gm�ohN�¶ [�V j NQoh}Se�cfNbPËcfTxR
^ aQV j Ï��UÔgÏ¨ÑTVµÔ�r�¹ ` NQT t }Se�VX[ ^ ohaQNQ[�cfegidT ` NQ}doqp j cfTWcho ^ [gohmÆe ^Q» V
^ p k�^ P�e ^ aQV>Nyw ^ aQN�NSp�TxNSpSV\oANyw·V ^b` iÆw ^Q` V>Yd}_cfofe ^ e
V\Pd[�NQohouRTxV\P�e{egchTxVbr{¹ j chPdaQohV�Ø�}dVX[�m�chT ^ aQVGT ^ m�egi_VXPWYZV ` NQT t_^ [gV�pegNEegidV�pSV�e ^ chofV�p�TWNSpSVXoZw|NQ[GV ^Q` i�V\Pd[gNbofohV\plw ^Q` Vbr·À�NQTWVO¶�NQ[ »
^ ohNQPda)egidV j VGohcfP_V j i ^bj YZV\VXPWpSNQPdV�ä|w|NQ[{V�v ^ T t ofV zQ^ ohaQNb[gcfegidT jegi ^ e ` NbT t_^ [�V ^ PÆV\Pd[gNbofohV\pÆÇbsòTWNSpSV\o$egN ^ Åys Ø�}dVX[�m2w ^b` VcfT ^ abV�å�Yd}SeOegidV\[gV�c j [gN�NQT w|NQ[ t [�NQab[gV jgj idVX[�VQr~�N�p ^ m>e�idVO[�V j NQoh}SegchNQPlNQw j e�cfoho `\^ TWVX[ ^Qj c j�k V\[gmxidchaQi z�^ P_pegidV¸[gV j Nbof}Se�cfNbP�NQw k cqpSV\N `X^ TxV\[ ^bj c j cfP ` [�V ^Qj chPda_r ~ ^Q» chPda
^ p k�^ P�e ^ aQVONyw$e�idc j idchaQiC[gV j Nbof}degchNQP�chPSw|NQ[�T ^ e�cfNbP�c jG^ PdNye�idVX[
t [gNbTWc j cfP_a�pScf[�V ` egchNQPWw|Nb[·cfT t [�N k cfP_a�w ^Q` VO[gV ` NQabPdcfegchNQP ^Q`X` }SR[ ^b` mQr¸~GidVX[�V ^ [gV k�^ [gchNQ} j ¶ ^ m j e�i ^ eWidchaQi�[�V j NQoh}Se�cfNbPËcfTxR
^ aQV\[gm `\^ P�YZVlVXv t ofNbcue�V\p<rCç)P_V j eg[ ^ chaQi�egw|NQ[�¶ ^ [�pÆ¶ ^ mÆc j egN} j Vlcfe�egN�abV�e�YLV�e�e�VX[�w ^b` c ^ oAw|V ^ eg}_[gVWohN `\^ ohcfÍ ^ e�cfNbP ^ P_p¸egi�} jYZVXe�egV\[ ^ ofchaQP_TxV\P�e\r ¹OPdNye�idVX[ t N jgj chYdcfohcfe�m c j e�N } j V jg» cfPT ^ [ » chPda jlj } ` i ^Qj w|[�V `:» ohV j\z TWNQohV j\z�^ P_p jg`\^ [ jW^Qj }dPdcqØ�}dVchpSV\P�egcfn_VX[ j r�À�NbTxVE¶�Nb[ »�^ ohNQP_alegidc j ofchPdVxi ^Qj)^ oh[gV ^ pSm�YZV\VXPpSNQPdV
Y�m·@·chVX[�[ ^ [�p ^ P_p·�{VXe�e�VX[ Ï?MB�UÔ z ¶�idN ^ P ^ ohm�ÍXV�plTWNQohV j egN[gV ` NQabPdchÍXV�w ^b` V j rEÖUe�T ^ m ^ o j NCYLV t N jgj chYdofVEegN ^ P ^ ohm�ÍXV�e�idV
k VX[�mËn_P_VÆ[gcqpSaQV jl^ P_p t NQ[�V j chP j�» chP�w|Nb[ ` NbT t }SegchPda j cfTxRcfo ^ [�cue�m jg` NQ[�V jx^ P ^ ofNbaQNQ} j e�N�¶�i ^ elc j pdNQPdV�chP�nZPdaQV\[ t [�chPbe[gV ` NQabPdcfegchNQP$r¹�P_Nyegi_VX[ t [�NQTWc j chPdaCpdcf[�V ` egchNQP¸w|NQ[
w|}Seg}_[gVW[�V j V ^ [ ` i½c j egN} j V�chpSV ^Qj w|[gNbT e�idV·[ ^yt cqpSohmOaQ[�N�¶�chPda ^ [�V ^ Nyw ` NQT t }Se ^ egchNQP ^ o
t idNye�NQab[ ^Qt i�mQr[C�NQT t }de ^ e�cfNbP ^ o t idNQegNbaQ[ ^yt i�m ^ egegVXT t e j egNTxNSpScfw|m/e�idV `X^ TWV\[ ^ i ^ [:pS¶ ^ [�V½cfP ^ ¶ ^ m egi ^ eÆT ^y» V j cfe
t N jgj cfY_ofVCegN ` NbT t }SegV�chT ^ aQV j ¶�idc ` i `X^ P_PdNyeWYZV ^b` Ø�}dch[gV�pw|[gNbT ^ P¿NQ[:pSchP ^ [�m�pdcfabcue ^ o `X^ TWV\[ ^ r ~GidV¼Y ^bj c ` cqpSV ^ YLV�RidcfPZp/egi_V j V ^yt_t [gN ^Q` idV j c j egN�TWN�pdcuw|m egi_V `X^ TWVX[ ^ i ^ [:p�R¶ ^ [gV
cfP�Nb[�pSV\[�egNWT ^y» V)egi_V t [gNbYdohVXT V ^Qj cfV\[�e�i ^ P�cfe�¶�Nb}dohpYZV
} j cfPda ^ e�[ ^ pScue�cfNbP ^ o `X^ TWVX[ ^ r·ç)PdV t N j�j chYdchofcfe�mWc j e�NEpSV ^ o¶�cue�i2chofoh}dTWcfP ^ egchNQPCY�ml[ ^Qt chpdofmxe ^Q» cfPdaET>}dofegc t ohV)chT ^ abV j }dPSRpSVX[�pScfãLV\[gV\Pbe�chofoh}dTWcfP ^ egchNQP j ä|w|NQ[
V�v ^ T t ohV>¶�cfegi ^ P_p½¶�cue�iSRNQ}Se>s ^bj iLå ^ P_p¸} j VWegidV j VWe�N ` NQT t }degV ^ P�chT ^ aQVW}dP_pdVX[ ^
`X^ P_NQPdc `X^ oLchohof}dTWchP ^ e�cfNbP)ÏwV�VßÔ:Ï�MB�¢Ô�r�C�NQT t }de ^ e�cfNbP ^ o t idNye�NQaQ[ ^ R
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^ PZp w|N ` } jCt [gNbYdohVXT j Ï�M�MUÔ�Ï?MB�UÔ¢r ] NQ[ j NbTxV½w ^Q` V¼[gV ` NQabPdcfegchNQP
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©�»<ª½¼�°�­�³'RU²�âQ´Ó°J­�â
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