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��hiWYWlS�\]XEcYtjcuXlS�Z�c�å } bik{cEZ[SwUg\dc�XlbdU�XÂâ(UgcE~NSwzmzKUgcEWYS�?qhdkmWlkm\dn
��^g\jÿV|iS�\]XYk{U(z�kõXutñU(\d|yXYbiS�TdWY^gXYSw��XYk�^g\í^(_@XYbiS�k�\]XYSwngWlkõXut+^g_
XlbiS/Z[SwclclU(ngS/S"�i�rbdU(\dngSw|[��S�Xu~@S�Sw\�XYbdS/hdcYS�W
U(\d|�XYbiSÒcsSwWsä
pKk{��SHTiWl^�pKk�|iS�WÂâ�U(\V|óU(hjXlbiS�\]XYk{��U(XYk�^g\ó^g_@XlbiS hVcsSwW�XY^aXYbiS
cYS�WlpKk���S�TiWl^�pKk�|iS�WÂâ0_ühjXYhdWYS+cYtKcsXYSwZ�c�csbi^qhiz{|ôUgz�cY^ñWlS�?]hik�WlS
UghjXYbiSw\]XYk{��U�Xlkm^q\�^(_ÎXYbdS#cYS�Wlp]k{��S/TiWY^�pKk{|jS�W�XY^�XlbiS/hVcsSwWNU(\V|
nqhdU(WrU(\]XYSwS!bik�ngbdS�W�z�S�pqS�z{c�^(_VTdWYk�p�Ug��tqå�÷dhiWYXYbiSwWYZ[^gWlSgâ(��zmSÂU(W
�ik�z�zmk�\in[bdUgc@Xl^��VS�Sw\dcYhiWYSÂ|�å



� \�XYbdk�c TdU(T�S�WÂâ�Uý\iSw~.UgTiTiWl^qUq�rb Xl^;Ug|i|jWlSwclcòXlbiS
U(��^�pgS�ä>Z[S�\]XYk�^g\dSw| TiWY^q�iz�S�Z�cúk{cóTiWl^gT�^qcYSw|�å } bik{c UgTjäTiWY^]Ug�rb�k{có�dUgcYSw|�^q\ XYbiSöfNWlSw|iS�\]XYk{U(zÇfNSw\]XYWlSgâ�Ug\d|ûU
XYk{� þ S�XYäA�VUgcYSw|�Z*SÂ�rbdU(\dk�cYZM_ü^qW/csSwWYpKk{��S�Ug�w��SÂcYcwå } biS�Z�U(k�\k�|jSÂU[k�c
k�z�zmhdcsXYWrU�XlSw|�km\+÷�k�nghiWlS ¢qå
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÷�k�nghiWlS[¢g� > ì£­�� 9]©��;é�ê 9$4

� \aXlbik{c#Z[^j|jSwz£â�SÂUg�rbahdcYS�W�k{c#WlS�nqk�csXYSwWYSÂ|�~�kõXlbíU�fNWYS�ä|jS�\]XYk{U(z0fNS�\]XYWlSgå } bik{c�fNWlSw|iS�\]XYk{U(z0fNS�\]XYWlS�k�clcYhiSwc�XYk{� þ S�XrcXY^+kmXlc�hdcYS�Wrcwå } bdS�hdcsSwWlc��wU(\íhdcYS[XYbiS[Xlk�� þ S�Xlc�Xl^+Ug����SwclccsSwWYpKk{��Swc�U(\d^g\KtKZ*^qhdcYzmtqåEïðbiSw\�WlS�?]hiSÂcuXlkm\in�U#cYS�WlpKk���Sgâ¬XlbiS
hdcsSwW�k{c�WYS�?qhdkmWlSw|íXl^abdU(\V|ó^�pgSwW�U(\úUgTiTiWl^gTiWlk{U�XYS[Xlk�� þ S�XÂå��_¶XYSwWÇ�rbdSw� þ km\dnòXYbiS+Xlk�� þ S�XÂâ
XYbiSycYS�WlpKk���S+TiWl^�p]k{|jSwW�TiWY^gäp]k{|jSÂc[XYbiSyWYS�?qhdSwcsXYSw|3cYS�Wlp]k{��SÇXl^òXYbiSahVcsSwWwåP��U�XlS�WÂâ!XlbiS
hdcsSwW ��Ug\3cYS�SaUó��zmSÂU(WH�rbdUgWYnqkm\dnñ�ik�z�z�km\ÔXlbiSñfNWlSw|jSw\qXlk�Ugz
fNS�\]XYWlS+U(\d|ôXYbdSñfNWYSÂ|jS�\]XYk{U(z#fNSw\]XYWlSÇTVU¬tKc�_ü^qW[XYbiSacYS�WYä
p]k{��SÂc
hdcYSw|Ç�Kt�XYbiS�hVcsSwWwå
} k{� þ S�Xrc�U(WlS*km\òXu~@^+��U�XlS�nq^gWlkmSÂc�Ug\d|ò|jk E�SwWYSw\qX�Z[SÂ�rbjäU(\ik{csZ�c#WYSwz�U(XYS�Xl^HSwUq�rb�XYk{� þ S�X#ngWl^ghdT�å o cYS�Wrc/UgWYSCUg\i^g\Kt]äZ*^qhdc�k�\[TihiWr�rbdUgcYk�\in�csk�\d��S�\i^�TiWlkmp�U�XlS�Z[SwclcYUgngS
\iSwSw|ic�Xl^

�VS�cYbi^�~�\+XY^�cYS�Wlp]k{��SCTiWY^�pKk{|jS�Wrcwå o csS*^(_NUHXYk{� þ S�Xsä>�dUgcYSw|cstjcsXYS�Z ��Ug\íU¬pq^gk{|+WY^]U(Z[k�\in�Z�hizmXYk�TizmSHcYS�WlpKk���S�|j^gZ�U(k�\dcwå
�;csk�Z[Tiz�SC��UqcsS�k{c/U�cYkm\dngz�SCcsk�ng\VU�XYhdWYSqå } bik{c/�wUgcYSÒ�wU(\+��ShdcsSÂ|*km\[Xlk�� þ S�Xlc�~�kmXYb[^q\izmt�^g\iS���^ghd\d|*S�\]XYkmXut��ÉhdcsSwWlcwâgcYS�WYäp]k{��S*TiWl^�pKk�|jSwWlc#^gWÒcYS�Wlp]k{��SÂc���å } biS[�V^qhi\d|yS�\]XYkmXutahdcYSwcÒUcsk�ng\dU(XYhiWlS�Xl^�UghjXYbiSw\]XYk{��U�XlS*UHXYk{� þ S�Xwå } ^Ç��^qTVS*~�kõXlbaXlbiS��UgcYSwcE^(_jXu~@^�^gW�Z[^gWlS��V^qhi\d|�Sw\]XYkmXYk�Swcwâ�kõX�k�c�S"�KXYSw\d|jSÂ|ÒXY^	�
vKkmnq\iS�W WY^qzmSÂc�å } bik{c0Z[SwUg\dc�XYbVU�X!UÒhdcYS�W!�wU(\*ngS�X!U�csSwWYpKk{��Skõ_�U(z�z
��Sw\]XYkmXYk�Swc!UgngWlS�Sqå } biS���vjkmnq\iS�W WY^qzmSÂc0��UgcYS���Ug\*Ugz�cY^Ugclcs^j��k{U�XlS ~�kmXYbôXYbiS�^gXYbiSwW*cYS�WlpKk���Swc�TiWY^�pKk{|jSw| �KtóZ[Ug\Kt
TiWY^�pKk{|jS�Wrcwå��öfNWlSw|iS�\]XYk{U(z WY^qzmS�k�\[XYbiSÒfNWYSÂ|jS�\]XYk{U(z�fNS�\]XYWlS
k�c
cYS�X
hiTHXl^�k{cYcYhiS#XYk{� þ S�Xlc@U(\d|���^g\]XlWY^qzdXlbiS#hVcsSwWwù cN�rbVU(Wln(äkm\in �ikmz�zAâ�U(\d|ÔU } WYhVcuXlSw| Wl^gz�S+k�c�U(z{cs^úcYS�XHhiTÔXl^�@uhd|jnqS
��^g\�
dk���Xlcwå � Ug�rbÔhdcYS�WÂù c�csXlU(XYSwZ*Sw\]X ^(_�Ug�w��^qhi\]X ��U(\Ô��ScsSwS�\ú��z�SwUgWYz�tak�\òXYbiS+fNWYSÂ|jS�\]Xlk�UgzNfNS�\]XYWlSgå�÷ihiWYXYbdS�WlZ*^qWYSqâ
kõX�k{c�|jtK\dUgZ*k{�(âVcsk�\d��SÒ\iSw~îhVcsSwWlc�Ug\d| TdWY^�pKk{|jS�Wrc
��U(\8@u^gk�\
XYbiSÒXlk�� þ S�Xsä>�dUqcsSÂ|�cYtjcuXlS�Z U(X/U(\Kt]XYk�Z*Sqå
} biS�Z*^j|jSwzEbdUqc
XYbdS�_ü^gz�z�^�~�km\in[XlbiWlS�S�k�Z[TV^qWsXrU(\]X�_üSwU(äXYhiWlSwcw�
¢gå � X�k�c/U(\i^q\]tKZ[^ghVc!_ü^qW�hdcYS�Wrc�å
� å � X#TiWl^�pKk�|iSwc/UHngz�^g�dUgz�cY^gz�hjXYk�^g\�_ü^qW#U(z�z�Xut]T�Swc#^(_�cYS�WYäpKk���Sgå
�iå � X�k�c/cY�wU(z{U(�iz�S�Ug\d|�|jtK\dU(Z[k{�(å
} bik{cETVU(T�S�W�k�c�^gWlnqUg\ik�
wSw|ÒUgcE_ü^gz�z�^�~�c���k�\CcYSw�»Xlkm^q\ � âÂXlbiS�dUgcYk���Z[^j|jS�z
U(\d|úXYk{� þ S�X�XutKT�Swc*U(WlS k�\qXlWY^j|jhV��Sw|�åóvj^gZ[S�dUgcYk��ñ|jS�ÿV\ikõXlkm^q\dcÇU(\d|ðcY^gZ[SñcYk�Z*TdzmSñS"�iU(Z[Tiz�Swc�U(WlSaWYS�ä

p]k�S�~@Sw|akm\ycYSw��XYk�^g\y�då } biS*csk�\inqzmSCcYk�ng\dU(XYhiWlSCcl�rbiS�Z[S�_ü^qWXYk{� þ S�X�nqWY^qhiT ¢gâ�kmXlc�cYSw��hiWlkõXutyUg\dU(z�tjcsk{c�U(\d|yXYk{� þ S�XÒhVcYUgngSU(WlSíTdWYSÂcsSw\qXlSw|îkm\FcYSw��XYk�^g\ö�då � \FcsSÂ�»Xlkm^q\F�iâ�UôZ�hizmXYkmäcsk�ng\dU(XYhiWlS[cY�rbiSwZ[SC_ü^qW#Xlk�� þ S�XÒngWl^ghiT � â�kõXrc�csSÂ��hiWlkmXut�Ug\d|XYk{� þ S�XNhdcYUgngS�UgWYS�|jk{cY��hdclcsSÂ|�âq~�bdkmz�S�WlS�z{U�XYSÂ|*~N^qW þ k{c�nqkmpqS�\km\+cYSw�»Xlkm^q\��iå�÷�km\VU(z�zmt XYbiS���^g\d��zmhdcYk�^g\dc�UgWYSÒTiWlSwcYS�\]XYSÂ| k�\
csSÂ�»XYk�^g\y¡jå

� � «d¨wì£­�� é�ê,9/4�« è êÔ©ÂìÉ­��59]©�©DC��09K¨
� 6Éæ � «i¨ÂìÉ­��úéEê,9/4
} biSwWYS�U(WlS�XYbiWlS�S�WY^qzmSÂc��üXYbiS*hdcYS�WÂâdXlbiS*cYS�WlpKk���S�TiWl^�pKk�|jSwWwâUg\d|�XYbdS[fNWlSw|jSw\qXlk�Ugz0fNSw\]XYWlS���Ug\d|aU�TdWY^gXY^j��^qz�~�kmXYbycYS�p]ä
SwWlUgz�cYhi�iTiWl^(Xl^K��^gz{c��üXYk{� þ S�X3Ug��?]hik�cYkmXYk�^g\�âÇXYk{� þ S�X3hVcYUgngSgâ��zmSÂU(WrU(\d��Sgâ(U(\V|��dkmz�zmk�\in���km\[Xlbik�c�Z*^j|jSwz£å�ïíS/UgclcshdZ*S@XlbdU�X
SÂUg�rb�hdcYS�W@k�c@WlS�nqk�csXYSwWYSÂ|[~�kõXlb�U*fNWlSw|iS�\]XYk{U(z�fNS�\]XYWlSgå } biShdcYS�W�^q�jXlUgkm\Vc
XYk{� þ S�Xlc
�Kt Wlhi\i\ik�\in[XlbiSÒXYk{� þ S�X/Ug��?]hik{cYkõXlkm^q\
TiWl^(Xl^j��^gz
~�kmXYb3XYbdSñfNWYSÂ|jS�\]XYk{U(z#fNSw\]XYWlSgå } biSÂcsSÇXYk{� þ S�Xlc�wU(\ó��SHhdcYSw|òXl^yUg�w��Swclc�cYS�WlpKk���Swc�Ug\i^g\KtKZ[^ghdcYzmtqå � \òXYbiSXlk�� þ S�X#hVcYUgngS�TiWl^(Xl^j��^gzAâVXYbiS*hdcYS�W�TiWYSÂcsSw\]Xlc�U(\yUgTiTiWl^gTiWlkõäU(XYSNXYk{� þ S�X�Xl^/XlbiS�csSwWYpKk{��SNTiWY^�pKk{|jS�WÂâ�~�bik{�rb*�wU(\�pgS�Wlkm_ütÒXYbiSp�U(z�k{|jkõXut�^(_ÎXYbdS�XYk{� þ S�X!U(\d|*XlbiS/z�S�nqkõXlkmZ�Uq��tC^g_ÎXYbiS�hVcsSwW�XY^hdcYS�kmXwå�ïðbikmz�S�XlbiS�hdcYS�WÂù c�TiWlkmp�U(XYS0k{|jS�\]XYkmXutÒk�cE\i^(X�WYSwpgSwUgzmSÂ|
k�\[XYbik{c�TdWY^gXY^j��^qz£âgXYbiS/cYS�WlpKk���S�TiWl^�p]k{|jSwW!U(hjXlbiS�\]Xlk��wU�XYSÂc0kmXsä
cYS�zm_�XY^�XlbiS/hVcsSwWwå � _�XYbdS/pgSwWYkmÿV�wU�XYk�^g\�^g_ÎXYbiS#XYk{� þ S�X!k�c@cYhd�»ä��Swclcu_ühizAâ]XYbiSw\HXlbiS�csSwWYpKk{��S�TiWl^�pKk�|iS�W@TiWY^�pKk{|jSwc�XYbiS�cYS�WlpKk���S
Xl^�XlbiS�hdcYS�W�Uq����^qWl|ikm\in�XY^*XlbiS���^q\d|jkmXYk�^g\dc
^q\�XlbiSÒXYk{� þ S�Xwå
� UgcYSw|a^g\+XlbiS[WYSÂ��S�k�pgSÂ|ÇXYk{� þ S�XlcwâÎXYbiSHfNWYSÂ|jS�\]Xlk�Ugz0fNSw\qXlWYSTiWlS�TVU(WlSwc@U���z�SwU(W
�ik�z�z�_ü^gW�SÂUg�rbÇhdcsSwWwå } biSÒS��jUq�»X
_ü^gWlZM^g_
XlbiS���z�SwU(WrU(\V��S��üTdU¬tKZ[S�\]X�XY^ÇXlbiSHcsSwWYpKk{��S*TiWl^�p]k{|jSwW���U(\V|
�ik�z�zmk�\in��üTdU¬tKZ[S�\]X*XY^íXYbiS+��hdcuXl^gZ[S�W[��UgWYS�U(nqS�\d��t
��TiWl^(ä
Xl^K��^gz{cÒU(WlS*\d^(X�csT�Sw��kõÿVSw|íkm\í^ghdW�Z*^j|jSwz£å } biSwtñ�wU(\íhdcsScY^gZ[S�SwzmSÂ�»XYWl^g\dk���TVU¬t]Z[Sw\qXNTiWY^gXY^j��^qz�cNcshV�rbHUgc�ïòU(\dn�U(\V|
� bVU(\in[cshdngngSÂcuXA� ïíUg\in�U(\d| � bdUg\indâ � �g�d¢D�Aå
� nqzm^q�dU(z+cY^gz�hjXYk�^g\ k�c3TiWl^gT�^qcYSw|M_ü^gWðU(z�z þ k�\d|ic3^g_cYS�WlpKk���Súkm\ ~�bik��rb hdcsSwWlcí|j^î\i^(XíbdU¬pgSóXl^î�rbdUg\ingSúXYbiS

Z[^g�dkmz�S+csSwWYpKk{��S�cYtjcuXlS�Z&~�bdS�\ôXYbiSwtô|j^ò|jk E�SwWYSw\qX þ k�\d|ic^g_/�ihdcYkm\dSwclc�^q\óXYbdS � \]XlS�Wl\iS�XÂâ!U(\d| km\3~�bik{�rbúXlbiS�hVcsSwWlc�wU(\HcYS�S#UC��z�SwU(W@�rbdU(Wlngk�\in��dkmz�zVk�\�XlbiS�fNWlSw|iS�\]XYk{U(z�fNS�\]XYWlSgå
} biSÒTiWl^g�dzmSwZ[c@^g_�z{Ug� þ ^g_EXYWlhdcsX�U(\d|ÇcY�wU(z{U(�ik�z�kõXutHUgWYS�U(z{cY^Uq|i|jWlSwclcsSÂ| Ugc@_ü^qzmz�^�~�cw�
> ª�ë�¨w© 6 } k{� þ S�Xrc+TiWl^�pKk�|jSúUg\i^g\KtKZ[^ghdcyUg����Swclc�XY^öcsSwWsäpKk{��Swc�_ü^gW�hdcYS�Wrcwâ�XYbdS�WlS�_ü^gWlSgâ�hdcYS�Wrc�|j^a\i^gXC\iSwSw|ñXY^+_ühdzmz�t
XlWYhdcsX�csSwWYpKk{��SÒTiWl^�pKk�|jSwWlc!XY^�bVU(\d|jz�SÒhdcYS�W�U(\V|�cYS�WlpKk���S�hVcuä
UgngSCWlS�z{U�XlSw|ñkm\i_ü^gWlZ[U(XYk�^g\�å! #\aXlbiS[^(XYbdS�W�bdUg\d|�âEcYS�WlpKk���S
TiWl^�pKk�|iS�Wrc@UghjXYbdS�\]XYk{��U(XYS�XYbiSwZ�csSwzmpqSwc
Xl^HUg����Swclcsk�\in*hdcYS�Wrc�â
Xlb]hVc�âgXYbiS�hVcsSwW!��Ug\*��S/cYhiWlS
XYbdU(X�XYbiS#csSwWYpKk{��S�k{c�TiWl^�pKk�|jSÂ|
�Kt3XYbiSícsSwzmSÂ�»XlSw|PcYS�WlpKk���SaTiWl^�pKk�|jSwWwå�vKS�WlpKk���SaTiWl^�pKk�|jSwWlc
�wU(\�pgSwWYkm_üt*XYbiS#p�U(z�k�|jkmXut[^(_�XlbiS/Xlk�� þ S�Xrc!U(\V|H�rbiSw� þ km_�XYbiSwt~@S�WlSóhdcYSw|F�KtöXYbiSwkmWíz�S�ngkmXYk�Z�U�XlSúhdcYS�Wrc�å � _H\dSw��SÂcYclU(WltgâUg\i^g\KtKZ[kõXut[��Ug\��VS�WYSwpg^ þ Sw|[Ug\d|�hdcYS�Wrc�~�bi^C�VSwbdU¬pgS#km\ UZ�U(z�k{��k�^ghdc@~
U¬t ��Ug\���SÒXYWrUg��Sw|��]tHXYbiS } WYhVcuXlSw|afNS�\]XYWlSgå
BE­g«�4£«j§�ì:4ÉìÉ©DC 6 � \dcsXYSÂUg|Ç^(_0��^q\]XlUg��XYk�\in[XYbdS�bi^gZ[S�|j^qZ�U(k�\UgngS�\]X�^(_�XYbdSaUg����Swclcsk�\inòhdcYS�WÂâNk�\ÔXYbdk�c�Z[^j|jSwz£â@XYbdSycsSwWsä
pKk{��S�TiWY^�pKk{|jS�Wrc@^g\iz�t�\iSwSw| XY^[pgSwWYkm_üt�XYbdS#Xlk�� þ S�XÂå H�^g\dS#^g_
hdcYS�WrcÒWlS�?]hik�WYS[z�^g\in+|jk{cuXrU(\d��S�TiWl^(XY^j��^gz{c#�dhjX���^q\i\iSÂ�»X�XY^
XlbiS[fNWlSw|jSw\]XYk{U(z�fNS�\]XYWlSgå � \yZ[^qcsX��wUgcYSwcwâdXlbiS�XYk{� þ S�X�~�kmz�z��S Ug��?]hikmWlSw|í�KtaXlbiS hVcsSwW�_üWY^qZ XlbiSÇfNWlSw|jSw\]XYk{U(z@fNSw\qXlWYS
��S�_ü^qWYSÒWl^qU(Z[k�\inCk�\]XY^*XYbdSÒ_ü^gWlS�k�ng\�|i^gZ�U(k�\�å } bKhdcwâKXYk{� þ S�XUq��?]hik{cskmXYk�^g\�hdcYhdUgzmz�t�|j^KSwc�\i^(X�WYS�?]hikmWlS!z�^g\dn/|jk{cuXrU(\d��SNTiWl^(ä
Xl^K��^gz{c�å

� 6"� > ì£­�� 9]©�© C�� 9]¨
} biSwWYS[U(WlS[csSwpgS�WrU(z�Ug|ip¬Ug\]XlU(nqSwc/km\íhdcYkm\inÇXlk�� þ S�Xlc#_ü^qWÒUq�»ä��Swclcsk�\in[csSwWYpKk{��Swc)� � hjXsXut]U(\+U(\d|   hd�dU(hG��â�¢����
���A�
# 4 9%$�ìÉ§�ì 4ÉìÉ© C 6 o csSwWlc���Ug\ySÂUgcYkmz�t+��^g\VcuXlWYhd��X�T�S�WrcY^g\dUgzmk{csSÂ|cYS�WlpKk���S/TiWl^(ÿdz�Swc@�KtH�ihdt]k�\in*XYbdSÒUgTiTiWl^gTiWlk{U�XYS�csS�X�^(_EXlk�� þ äS�Xlcwå } bdS�tñ|i^a\i^(X�bdU¬pgS[Xl^aS�\]XYSwW�k�\qXl^az�^g\in�XlS�WlZ ��^g\jä
XlWlUq�»XYhVU(zKWYSwz�U(XYk�^g\dcYbik�Tdc�~�kõXlb�csSwWYpKk{��S@TiWY^�pKk{|jS�Wrcwå � \dcsXYSÂUg|�âXlbiS�t���Ug\a�rbi^K^qcYS�csSwWYpKk{��Swc/Ugc�XlbiS�t�\iSwSw|ÇXlbiS�Z U(\V|�km\yU
~
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Y,6Éæ ç�è ìÉ©wì£«�4Éì�^g«j©ÂìÉé è é!��©�;,9a¨�C�¨w©�9��
o cshdUgzmz�tgâ*XlbiS�WlS3UgWYSôXu~@^ö��^gZ[TV^q\iS�\]Xrcñk�\ UýcYkmnq\dU�XlhiWlS
cl�rbiS�Z[SqâE^g\dS�k�cÒXlbiS vKk�ng\iSwW Wl^gz�S�Tiz{U¬tgSw|ñ�Ktñ��^g\dcYhiZ[S�Wrc�â
cYS�WlpKk���S TiWl^�pKk�|jSwWwâ�^gWòcsSwWYpKk{��S6QHXYbdS3^gXYbiSwWñk{cñXYbiS_[0SwWsä
kmÿdS�W WY^qzmS Tiz�U¬tqSw| �Kt csSwWYpKk{��S ��^g\dcYhiZ[S�WrcF^qW cYS�WlpKk���S
TiWl^�pKk�|iS�Wrc�åF�/cÇUòXlk�� þ S�Xwâ#Uúcsk�ng\VU�XYhdWYSak{c�p¬Ugzmk{|ð^q\izmt3km_kmXlc
pqS�WlkõÿV�wU�Xlkm^q\�k{c���^qWYWlSw��Xwå
} biSH_ü^qzmz�^�~�km\dnyk{c�Ug\ ^ghiXYz�km\iS�^(_�XlbiSÇTiWY^j��Swclc�^(_/XYbiScl�rbiS�Z[Sqå � \�XlbiS#cYtjcuXlS�Z�k�\ikõXlk�Ugzmk 
wU(XYk�^g\�âqXYbdS } WYhdcsXYSÂ| WY^qzmScYS�\d|dcCXlbiS+TiWlkmp�U(XYS�Z[SwclcYUgngSwc���` #ba ��XY^íXlbiSavKkmnq\iS�W WY^qzmS~�biSw\óXYbdS+vjkmnq\iS�W WY^qzmSHk{c[csS�X*hdT�å � \úXYbdSÇcYSw��^g\d|úcsXYSwT�âXlbiS+fNWlSw|iS�\]XYk{U(z WY^qzmSÇpgSwWYkmÿdSwc�km_�XYbiS+|iU(XlU ��\ # ` #dc �*csSw\qX�Kt�XYbdS�vjkmnq\iS�W WY^qzmS*U(WlS�p�U(z�k{|a^gWÒ\i^gXwåCR�U�XrU ��\ #dc �#~�kmz�z��S�TihjX�^q\�U[Tdhi�iz�k���|jk�WlSw�»Xl^gWlt�km\�XlbiS�fNWlSw|jSw\qXlk�Ugz���Sw\qXlWYS

km_VXlbiS/|iU(XlUÒU(WlS
p�U(z�k�|�å0�@X0Xlbik�c�XYk�Z[Sgâ(XlbiS#vKk�ng\dS�W Wl^gz�S���Ug\
|j^�U[cYkmnq\ikm\dn*Z[SÂcYclU(nqS0@u^q��å

� _ XlbiS vKk�ng\iSwW Wl^gz�S csk�ng\dc�U Z*SÂcYclU(nqSfeíâ XYbiS
vKk�ng\dS�W Wl^gz�S�~�k�zmz�csSw\d|ÇXYbiS*csk�ng\dSw| ��
 #:g�# e��@XY^HXYbiS�[0S�WlkõäÿdSwW Wl^gz�SgâgUg\d|*XYbdS�z�U(XsXYSwWN�rbiSÂ� þ c�kõ_�kmX!k�c0XYWlhiS�^gW�\d^(Xwå } biS|iU(XlU���\ #dc �!km\�XlbiSÒfNWlSw|iS�\]XYk{U(z�fNS�\]XYWlS/UgWYS�\dS�Sw|iSw|�å } biS[0SwWYkmÿdS�W WY^qzmS ~�kmz�zN\d^(XCpqS�Wlkõ_ütíkõ_�XlbiS�|iU�XrU ��\ #:c ��km\úXYbiSfNWlSw|jSw\]XYk{U(z���S�\]XYWlS�UgWYSC\i^(X���^qWYWlSw��Xwå } bdS�\+XlbiS�fNWlSw|iS�\jäXlk�Ugz Wl^gz�S��wU(\ WlS�pq^ þ S�XYbiS�Ug\i^g\KtKZ[kõXut[^(_EXYbiS�vKk�ng\iSwW Wl^gz�Sgâ



(t, T, m)

(public center)

(I,D) Update the old 

Limit the signer

(step 1)

Verifier _role

(r, S)

Trusted_role (System initialization)

Signer_role Credential_rolestep2 (I,r,D)

(step 3)

(step 5)

(step 4) get data

data
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U(\d|ûSwpgSw\ûÿd\d|û~�bd^ k{cóXYbdSîhdcYS�Wôkõ_akmXð��^g\]XrUg�»XrcóXlbiS
} WlhdcsXYSw| WY^qzmSqå � \�XYbiS#ÿd\dUgz�cuXlS�T�â]XlbiS"[0S�WlkõÿdSwW Wl^gz�S#cYS�\d|dcXYbiS[\iSw~ |iU(XlU�Xl^�hiT�|dU�XYS*XlbiS�^qz�|í|iU(XlUHk�\ñXYbiS fNWlSw|jSw\jä
XYk{U(z�fNS�\]XlWYS�kõ_�XYbiS�cYkmnq\iSw| Z[SwclcYUgngS/k{cNXYWlhiSgå } bik{c���Ug\ ��SS"�jTiWlSwclcsSÂ|�Uqc
km\+÷�kmnqhiWlS � |jS�XrU(k�zmSÂ|���S�z�^�~�å
} biS } WlhdcsXYSÂ| WY^qzmSö��^gZ[TihiXYSwc3U;Tdhi�iz�k��ö��^qZ*T�^qcYkmXYSZ*^j|jhdzmhdc ME,DJPK�~�bdS�WlSN_ÉUq�»Xl^gWrc�UgWYS
csXYWl^g\in�TiWlkmZ[Swcwå } biS

} WlhdcsXYSw| WY^qzmSy�rbd^]^]csSÂc Ugz�cY^úTiWlkmZ[SñS"�jTV^q\iS�\]XrcNSòU(\d|HU
cshd�rbÇXlbdU�XÂ�

S � U ,ý¢!��e��]U�� ��M � ���
ïðbiS�WlS�� ��M �G, � JW
Ç¢�� ��K 
Ç¢���å } biS
TdUgkmW���M # S ��U(WlSNZ�Uq|jSTihi�iz�k��gâdU(\V|�UHk�c þ S�TjX�cYSw��WlS�X��KtHXlbiS } WYhdcsXYSÂ|�fNSw\]XYWlSÒUqcXYbiS�cYtjcuXlS�Z þ S�tqå } bdS } WlhdcsXYSw| Wl^gz�S���^qZ*TdhjXYSÂc��

`�,
	�����e��]UGM � # a ,
	 � \ ��e��]U M �
~�biS�WlS�	�������� ��������� Z[SwUg\dc�XYbdU(X�XlbiSñSwzmSwZ[S�\]X
�ak{c�csSwzmSÂ�»XlSw|òWrU(\d|j^qZ[zmt+_üWl^gZ)XYbiS cYS�X��M~�kõXlbíhd\ikõ_ü^qWYZ
|jk�csXYWlk��ihjXYk�^g\ �»å } biSw\

a � ,_` � \ � ��e��]UGM ���
zmS�X c , a � ��e��]UGM ��� } biS } WlhdcsXYSw| Wl^gz�SCcYSw��WYS�XYz�tÇcYS�\d|dc��` #da ��Xl^*XYbiS�vKk�ng\iSwW Wl^gz�S#~�bd^qcYS#Tihd�izmk{��k�|iS�\]XYkmXutHk{cW\då a~�kmz�z0�VS[hdcYSw|íUgc#XlbiS*ÿdWlcsX�csk�ng\dU(XYhiWlS þ S�tqå  #�Kp]k�^ghVcsz�tgâ�kmXk�cÒbdUgWl|yXY^+��^gZ[TihjXlS a _üWl^gZ c ~�kmXYbi^qhjX�cstjcsXYS�Z þ S�t Uhi\d|jSwW�XYbiS�ã#vj�FUgclcshdZ*TiXYk�^g\�å
} biS7vKkmnq\iS�W WY^qzmSû~�kmXYb&XYbiSMTdhi�iz�k�� þ S�t \ cYS�\d|dc

��\ # ` #:c ��Xl^�XlbiS�fNWlSw|iS�\]XYk{U(z WY^qzmSqâ]Ug\d|�XlbiS#z{U�XYXYSwWNpqS�WlkõÿdSÂcXYbiSÒ_ü^qzmz�^�~�km\dn*S�?]hdU�Xlkm^q\��

c , ` � \ � ��e��]U_M ���
} biS�|iU�XrU ��\ # ` #:c ��k{c�p�Ugzmk{|Ckm_dXlbiS@S�?]hdU�Xlkm^q\Ck{c�cshd�w��SÂcYcs_ühizAâ
km\+~�bik{�rbE`[U(\d| c UgWYS���^qZ[TihjXYSÂ|��KtHXYbdS } WlhdcsXYSÂ| WY^qzmS6Q^(XYbdS�Wl~�k�cYS/XlbiS!��\ # ` #dc �@k�c
k�\Kp�U(z�k�|�å } biSCfNWlSw|jSw\]XYk{U(z Wl^gz�STihi�iz�k�cYbiSÂc
km\ÇUCTihd�izmk{�Ò|jk�WYSÂ�»XY^qWYt*XlbiSÒTdU(k�W ��\ #:c �!_ü^gW@XlbiSvKkmnq\iS�W WY^qzmS@~�kmXYb�XlbiS
Tihi�iz�k{� þ S�t�\�~�biS�\CXYbiS�vKk�ng\dS�W Wl^gz�Sk�c�csS�X�hiT�å } bdS�Tihi�iz�k{��|iU�XrU c ~�kmz�zg��S��rbdUg\ingSÂ|#SÂUg�rb�XYk�Z[S�]tíU+[0S�WlkõÿVS�W Wl^gz�S�~�biSw\íkmXCpqS�WlkõÿdSÂc�XYbdU(X�XYbdSHcsk�ng\dU(XYhiWlS
k�c�p�Ugzmk{|�å
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} biS�[0S�WlkmÿdS�W WY^qzmS��wU(\�Ug�w��Swclc�XlbiS�Tihi�dzmk{��p�U(z�hiSwc M # S/Ug\d|XYbiSôTihi�iz�k�� TdU(k�W ��\ #dc �+WlS�nqk�csXYSwWYSÂ|îk�\ýXYbdSÔfNWlSw|jSw\qXlk�UgzfNS�\]XYWlSgå } biS |dU�XlU c km\óXlbiSÇfNWlSw|jSw\]XYk{U(z
fNSw\]XYWlS�ZChdcsX
�VS[WlkmnqbqXÂâ�^(XlbiS�Wl~�k{csSCXYbiS [0SwWYkmÿdS�W WY^qzmS[��Ug\y\i^gX�pgS�Wlkm_üt+kõ_
XYbiS�cYkmnq\iSw|�Z[SwclcYUgngSÒk{c@XYWlhiS�^gW
\i^gXwå
} ^ S��KTdWYSÂcYc XYbiS7nqS�\iSwWlUgz TiWl^j��Swclc ^(_6XlbiS csk�\ingz�S

csk�ng\dU(XYhiWlS cY�rbiSwZ[SgâûkmX7k{c UgclcYhiZ[Sw| XYbdU(X7Z[SÂcYclU(nqSwc
e Q # e � # ����� # e! #" Q ��$&% ¢ �+csSw\]Xy�Kt'$W
�¢úhVcsSwWlc+bVU¬pgS
U(z�WYSÂUg|jt3�VSwS�\öcsk�ng\iSÂ|Ô�KtôXlbiSóvKkmnq\iS�W WY^qzmSy~�kõXlbPTihi�dzmk{�
þ S�t_\Vå } biSyZ[SÂcYclU(nqSwc e Q # e � # ���(� # e� #" Q �)$�% ¢��H�wU(\
km\d|ik��wU�XYSñ|jk EÎS�WlS�\]X�cYS�WlpKk���S�WYS�?qhdkmWlS�Z[S�\]Xrc�åý� hdcYS�W �wU(\
ngS�XÔUFp�U(z�k�|ûXYk{� þ S�Xôkõ_+XlbiSîcYkmnq\dU�XlhiWlSðk�côWYk�ngb]XÂå } biS��^gWlWlSwcYTV^q\d|jk�\in�Tdhi�iz�k�� þ Swt ��\ #:c  #" Q � � c � , c ��^g_!XlbiS

vKk�ng\dS�W Wl^gz�S�k{cC\i^�~�WlS�nqk�csXYSwWYSÂ|ñk�\óXlbiS�Tdhi�iz�k���|jkmWlSw��XY^qWYt
^g_ñXlbiS fNWYSÂ|jS�\]Xlk�UgzñfNS�\]XYWlSgå } bdSFZ*SÂcYclU(nqS e  ~�kmz�z��Sðcsk�ng\iSÂ| �KtFXlbiS6vKk�ng\iSwW Wl^gz�SôhdcYk�\inöXYbiS6cYSw��WYS�X þ S�t
a  *" Q � a � , a �»å } biS vjkmnq\iS�W WY^qzmSHUg\d|ñXYbiS [0SwWYkmÿdS�W WY^qzmST�S�WY_ü^gWlZûXYbdSÒ_ü^gz�zm^�~�k�\ind�
ç�è ��ëE© ����\ #:c  #" Q]# S # M ��âBEì:< è 9]ª ª¬é 4:9 �¢qå ��k{� þ c `+ *" Q � � � � Ug\d|)��^qZ[TihjXYSÂc�� g  #" Q ,
` � #" Q ��e��]U M �»å
� åôfN^gZ[TihjXlSwcw� a  , a  *" Q � e  ��e��]U2M ��â a  ~�kmz�z
�VShdcYSw|�Uqc
XYbiS*csSÂ��WlS�X þ S�t �Kt XYbiS[vKkmnq\iS�W WY^qzmS�~�kmXYb+Tdhi�iz�k��
þ S�tX\�k�\ÇXYbiS�\iS��KX/csk�ng\ik�\in[^gT�S�WrU�Xlkm^q\�å
�då�fN^qZ[TihjXYSÂc
XYbdS   UgcYbik�\in[p�U(z�hiSU, #" Q , A � g  #" Q # e� � ��e��]U_M �»å�Vå�fN^qZ[TihjXYSÂc
XYbdSÒÿd\dU(z�~�kmXY\dSwclc

  #" Q , `  #" Q � � a  #" Q � e  �

".-�/(021 ��e��]U M ���
3 éV©�9  �öXYk{� þ S�X�k�c
XlbiSCcYkmnq\dU�XlhiWlS ��
4 #" Q # g  #" Q # e! ��å } biSXlk�� þ S�X!~�k�zmz���S/csSw\]X!XY^�U�csSwWYpKk{��S�TdWY^�pKk{|jS�W�~�bdS�\[XYbdS/hdcYS�W~
U(\]XlcNXl^�ng^[csbi^qTiTik�\indå
5 9]ª�ì�5 9qª ª�é54 9 ��iå } biS+[0S�WlkõÿVS�W Wl^gz�SÇngS�Xrc���
4 #" Q #:g  *" Q # e! �*Ug\d| þ \i^�~�c��\ #dc  *" Q ��âjXYbdS�\+�rbiSw� þ c@XlbdU�XÂ�
U, #" Q , A ��
6� #" Q � c

-�/(021 #" Q � e �
-�/(021 ��e��]U M � # e� ����e��]U M ���

� XÇk�c SwUgcYtôXY^ôcYS�SaXYbdU(X�km_�XYbiSòvKkmnq\iS�W Wl^gz�S�_ü^gz�zm^�~�cHXYbiSTiWl^(Xl^j��^gzAâ]XYbiS�S�?]hdU�Xlkm^q\�~�k�zmzE�VS�p�U(z�k{|�å � \d|jSwSw|��
U  *" Q , A � g  #" Q # e  � ��e��]U M ���
g  #" Q , ` � #" Q ��e��]U_M �, ��
4 #" Q � � a  #" Q � e� �

-�/(021 � � ��e��]U_M �
, ��
 � #" Q � c

- /(021 *" Q � e �
- /(021 � ��e��]U_M ���

o csk�\inÒXYbdk�c!TiWY^gXY^j��^qzKXYbiS'[0S�WlkõÿdSwW Wl^gz�S�k�c!��^g\KpKk�\d��SÂ|�~�kmXYb^�pqS�Wl~�biS�z�Z[km\in[TiWl^g�VU(�ik�zmkmXutHXlbdU�X/XYbiS�vjkmnq\iS�W WY^qzmS þ \i^�~�cXlbiS!cYSw��WlS�X þ S�t a  #" Q å } bdk�c a  #" Q k�cEhdcYSw|Ò�ihjX�\i^(X�WYSwpgSwUgzmSÂ|U(X@XlbiS�S�\V|�^g_EXlbiS�TiWl^(XY^j��^gzAå
�då } bdS	[0SwWYkmÿdSwW Wl^gz�S�cYS�\d|dc@XYbiS�\iSw~PTihd�izmk{��TdU(k�W ��\ #:c  �Xl^�XYbiSÇfNWlSw|iS�\]XYk{U(z WY^qzmS[k�\ó^gWr|jS�WÒXl^+hiT�|dU�XYSHXYbiSHTdhi�iz�k��
|jk�WlSw�»Xl^gWlt ��\ #:c  #" Q �»âd~�biS�WlS

c  , c  #" Q � e � ��e��]U_M �G, a � ��e��]U_M ���
I 9 � «jª � � } biS3[0SwWYkmÿdSwW Wl^gz�S�Z�hdcsX
hVcsS�XYbdS�Tihi�iz�k���|dU�XlU
c k�\óXlbiS�fNWlSw|jSw\]XYk{U(z
fNSw\]XYWlSH~�biS�\ôkõX[�rbiSw� þ cC~�biS�XlbiS�WXlbiS@cYk�ng\iSÂ|�Z[SwclcYUgngS!k{c�XYWlhiS@^gW�\i^(XÂå } biS
csk�ng\dSw|�Z[SÂcYclU(nqS~�k�zmz���Sñhi\VU¬p¬Ugkmz{U(�dzmSñkõ_�XlbiSñ|dU�XlU c k{c��rbVU(\inqSw|�â�XlbiS�\
XlbiS fNWYSÂ|jS�\]XYk{U(z WY^qzmS��wU(\íWYSwpg^ þ S�XlbiSHU(\i^q\Kt]Z[kmXut+^(_NXYbiSvKk�ng\dS�W Wl^gz�Sgå
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} bik{c�cYSw�»Xlkm^q\íUg\dU(z�tjcsSÂc#XYbiWlSwU(Xlc�XY^ÇXlbiSHcstjcsXYSwZ)_üWl^gZ Ugzmz
TdUgWsXrc�âVkm\V��z�hd|jk�\inHXlbiS�^ghiXlcYk�|jS�TdU(WYX/~�bik{�rb+k{c�XlbiS�T�S�^gTdzmS
~�bi^�|i^�\i^(X�@u^qkm\�XlbiS!cYtKcsXYSwZ�å } biSwWYS�UgWYS�_ü^qhiW�Wl^gz�SwcÎk�\ÒXYbiScl�rbiS�Z[Sqå } biS�túUgWYS XYbiSavKk�ng\iSwW Wl^gz�Sgâ�XlbiS+[0S�WlkõÿdSwW Wl^gz�SgâXlbiS�fNWYSÂ|jS�\]Xlk�Ugz Wl^gz�S�Ug\d|�XYbiS } WYhVcuXlSw| Wl^gz�Sgå
798;: à=<ÉßqÚ � þ \d^�~�c
XYbiSCTihi�iz�k��C|iU�XrU���\ #:c  �»å � X/k{c�bdUgWl|�XY^��^gZ[TihjXlS!XlbiS�csSÂ��WlS�X þ S�t a  d_üWl^gZ c ~�kõXlbi^ghiX0cYtjcuXlS�Z þ S�t
U[hi\V|jS�W�XlbiS�ã/vj�FUqcYcYhiZ[TjXlkm^q\�å
>VÚ�Þ�< ?NÚ�Þ ÞYÝA@mÚ � þ \i^�~�c ��\ #:c  �MUg\d| ��
  #" Q]#:g  #" Q]# e  �»å� hjX \i^ hdcsS�_ühizûZ[SwclcYUgngS��wU(\ �VS ^g�iXlU(k�\iSÂ| _üWl^gZ
��
  #" Q]# g  #" Q]# e  �[Xl^ k{|jS�\]XYkm_üt3XYbiSícsSÂ��WlS�X þ S�tqâ
XYbiS [0S�WlkõäÿdSwW Wl^gz�S þ \i^�~�cH\d^úZ[^gWlSakm\i_ü^gWlZ[U(XYk�^g\6Ug�V^qhjX XlbiS þ S�tXlbdU(\�XYbiS�^qhjXlcYk{|jSgå
B ÞYÚrßgÚ+C : <)DE@ ÞYÝE@�Ú � ��U(\ ��^g\]XYWl^gzýXlbiS&U(�ik�z�kõXut ^(_ XYbiS
cYkmnq\iS�W WY^qzmS XY^òcsk�ng\úZ[SÂcYclU(nqSwcwå � X þ \i^�~�c�^q\izmt ��\ #dc  �»âcY^[kõX�Xl^]^��wU(\Ç\i^(X�nqS�X
XYbiS�cYSw��WYS�X þ S�tqå



� <�� C�Ú�Þ ÞYÝE@�Ú � þ \d^�~�c@XYbiSCcYSw��WYS�X þ S�tÇU(\d|�XlbiSÒXYk{� þ S�Xwâd�dhjX��U(\3\i^gXHhdcsSÇXlbiSacsSÂ��WlS�X þ Swt a  U(\d| XYbdS�XYk{� þ S�X[Xu~�k{��Sqåo cYSgâ�_ü^qW�U�cYSw��^g\d|yXYk�Z[Sgâ�^g_!XYbdS[clU(Z[S�cYSw��WlS�X þ Swt a  �Xl^TiWY^j|jhV��S�U(\i^gXYbiSwW�XYk{� þ S�XÒk�Z*Tdzmk�Swc�UÇcsSÂ��^q\d|ypqS�Wlkõÿ���U�Xlkm^q\�å
� _�XlbiS+TiWlS�pKk�^ghdc[pqS�WlkõÿdSwW[~@Uqc[bi^g\iSÂcuXÂâ!XlbiS+Tihi�dzmk{�a|iU(XlUkm\òXlbiSÇfNWlSw|jSw\qXlk�Ugz@fNS�\]XlWYS�~@^ghiz{|í�VS�hdT�|iU(XYSÂ|úU(\d|ñXlbiS
csSÂ��^g\V|HXlk�� þ S�X�~@^ghiz{| ��S�WlS @uSw��XYSÂ|�å
�jÞ 8 à : Úlß ÞYÝE@�Ú � þ \i^�~�c�XYbdSacstjcsXYS�Z þ S�t UVâ
U(\d|3��Ug\ ngS�XXYbiS cYk�ng\iSwWwù c þ Swt a  å+vK^�XlbiS } WYhdcsXYSÂ|úfNS�\]XYWlS�ZChdcsXC��SXYWlhdcuXlSw|�å   S�WlSÒXYbiS } WlhdcuXlSw| Wl^gz�S���U(\Ç��S�U @uhV|jngSqå
} biSícsSÂ��WlS�X þ S�t a  �k{c \i^gX�WlS�pqSwU(z�Sw|ÔU(X XYbdSyS�\V|ð^(_XYbiS�TdWY^j��SÂcYc0Ug\d|*\i^�csSÂ��WlS�X�k�\j_ü^gWlZ�U�Xlkm^q\�k{c0WlS�pgSÂU(z�Sw|*|jhiWYä

km\in XYbiS*Wlhi\i\ik�\in ^g_�XYbdS�cYtKcsXYSwZ�å } biS[cYSw��WlS�X a  0k{c#^q\iz�t|jS�T�S�\d|iS�\]X#^q\�XlbiS } WYhVcuXlSw| Wl^gz�SgâdUg\d|+|j^KSwc�\d^(X#|jSwTVSw\d|^g\�XYbiSCfNWlSw|jSw\qXlk�Ugz Wl^gz�Sgå } biSÒcsSÂ��hiWlkmXut�k�c�Ugz�cY^�k�Z[TiWl^�pgSw|csk�\d��S*XlbiSHcsSÂ��WlS�X þ Swt a  Nk{c��rbdUg\ingSÂ|a^g\V��S[U�Z[SÂcYclU(nqSCk{ccsk�ng\iSÂ|�å

Y 6 Y > ; 9aë�¨w« <59+é!��©wì£­��59]©w¨Hì è ©wìÉ­�� 9q© <Vª�éVë � æ
} k�� þ S�Xlc km\ûnqWY^qhiT ¢6U(WlSðWlSw��^qWl|dcó~�bik{�rbM��U(\û��SPcYkmngä
\dU�XlhiWYSÂc�â�Ug\d|ôXYbiSófNWYSÂ|jS�\]Xlk�Ugz Wl^gz�Sa��U(\ðWlS�Z[SwZC��S�W�XlbiS
WYSÂ��^gWr|icwå } k�� þ S�XZ
 & â!_ü^gW[km\VcuXrU(\d��Sgâ�k{c�UñcYk�ng\dU(XYhiWlS ^g_�UhdcsSwW�Ug\d|ó��Ug\ó�VS��V^qhingb]XC�KtñXYbiS�hdcsSwWwå } biSH_ü^gz�zm^�~�k�\inU(\dUgzmtjcYk�c k�cÇ^g\dzmtÔ^(_�Xlk�� þ S�X�
 & cYkm\V��SñXYbiSícsk�ng\dU(XYhiWlSa_ü^qWXYk{� þ S�Xrc 
 Q]# 
 � U(WlSÒcYk�Z*k�z{U(W
XY^*XlbdU�X�^g_ 
�&qåïðbiSw\FXYbiS hdcsSwWaWlS�?]hiSwcsXlcyU3XYk{� þ S�Xy_üWY^qZ$XYbdS3fNWYS�ä
|jS�\]XYk{U(z/fNSw\qXlWYSqâ�XYbiSafNWlSw|jSw\qXlk�Ugz Wl^gz�SH~�k�zmz�cYS�\d|ôUaZ[Swcsä
cYUgngS�km\d��zmhV|jkm\dn�XlbiS���hiWlWlS�\]XNXlkmZ[SqâjXYbiSÒWlS�?]hik�WYSwZ[S�\]X
Ug\d|
XYbiSôTihi�iz�k�� þ S�tî^(_[XYbdSúhdcYS�WaS�Xl�óXl^ÔXYbiSôhdcYS�WÂå �#cyU
vKkmnq\iS�W WY^qzmSqâ�XYbdS�hdcsSwW�csk�ng\Vc/XlbiS�Z[SwclcYUgngS[U(\d|ñZ�U þ Swc�UXYk{� þ S�X���
  #" Q$# g  #" Q # e  ��å } biS�XYk{� þ S�X���
  #" Q$# g  #" Q # e  ���wU(\�VS�hdcsSÂ|ñXY^a^q�jXlUgkm\úU+cYS�WlpKk���S[_üWY^qZ U+cYS�WlpKk���S�TiWY^�pKk{|jS�WÂå
�/c�U [0S�WlkõÿVS�W WY^qzmSqâÎXYbiSHcYS�WlpKk���S�TiWl^�pKk�|iS�W�pgS�WlkmÿdSwc�km_NXlbiS
XYk{� þ S�X�k�c/p�U(z�k�|+^qW�\i^gXwâ�hdcsk�\in XYbiS*|iU�XrU ��\ #:c  #" Q ��k�\+XlbiSfNWYSÂ|jS�\]XYk{U(z�fNS�\]XYWlSgå�H/S�kmXYbiSwW�XYbdS csSwWYpKk{��S�TiWl^�pKk�|iS�W�\i^qW
XYbiSyfNWlSw|jSw\qXlk�Ugz Wl^gz�S þ \i^�~�c�XlbiS�hdcsSwWwù c*k�|iS�\]XYkmXutgå  #\iz�t
XYbiS } WYhdcsXYSÂ| Wl^gz�SN��Ug\�XlWlUq��SNXYbiS
hdcYS�WÂù c�k{|jS�\]XYkmXut�_üWl^gZýXlbiSTihi�iz�k�� þ SwtE\då���_¶XlS�W�XYbdS*cYS�WlpKk���SCTiWl^�pKk�|jSwW/hiTÎ|iU(XYSwc#XlbiS|iU�XrU�k�\�XYbdS�fNWlSw|jSw\]XYk{U(zKfNSw\]XYWlSgâ¬S�pqS�Wltg^g\dSgâÂkm\d��zmhV|jkm\dn/XlbiS
hdcsSwWwâ���U(\òcYS�S[XYbdS*Tdhi�iz�k���|iU(XlUdâ�XYbdS�\íXYbiS��rbdUgWYnqkm\dn��ik�z�z
~�kmz�z
�VS+��z�SwUgWwå } bik{c*k�c*~�bdU(X*��^q\dcYhiZ[S�WrcCS��KT�Sw��X*~�bdS�\
XYbiSwtú|j^ñ�dhdcsk�\iSÂcYc�^g\ XYbiS � \]XYS�Wl\iS�Xwåó÷�km\dUgzmz�tgâ�XYbiSafNWYS�ä|jS�\]XYk{U(z Wl^gz�SÒ�wU(\�csSw\d|ÇU[�ikmz�z�Xl^�XlbiS�hdcYS�WÂå

� \6Xlbik{c�Z[SÂ�rbdU(\ik{cYZ.TdWYSÂcsSw\qXlSw|ðbdS�WlSgâ�XlbiSíhdcsSwWÇ�wU(\
U(z{cs^�z�S�\d|+XYbiSCXYk{� þ S�X/XY^H^gXYbiSwWlcwå   S��gvKbiS�nqkmpqSwc�^q\iz�t XlbiSXYk{� þ S�X���
  #" Q]#:g  *" Q # e  �ÒXY^a^gXYbiSwWlcwå } bik�cCk�cCpgSwWYtí��^g\KpqS�ä\ikmSw\]X�_ü^gWÒXYbdS�Z*^q�ik�zmS�hdcYS�Wrcwå[÷dhiWYXYbiSwWYZ[^gWlSgâ�Z[^]cuXC��^gZ*ä
TihjXYk�\in�km\�XYbik{c�cY�rbiSwZ[S�k�c�|j^q\iS!�Kt�XYbiSNXYSwWYZ[k�\dU(z]csk{|jS �¶XlbiS
hdcsSwW�^gW
XlbiS�TiWl^�pKk�|jSwW�� QKXYbik{c��wU(\ÇWYSÂ|jhd��SÒXlbiS�WlSwcY^ghiWr��S�^(_
XYbiS�Z[^g�dkmz�S�cstjcsXYSwZÇå
} biS�\dS�~6cYkm\inqzmS�cYk�ng\dU(XYhiWlS�cY�rbdS�Z[S�bdUgc�XYbiS�_ü^gz�zm^�~�k�\inTiWY^qTVSwWsXlkmSÂc��

¢gå � X�k{c�U(\i^q\]tKZ[^ghVc!_ü^qW
XYbiS�cYk�ng\iSwWwå
� å } biS Xlk�� þ S�X[��U(\ �VS�XYWrU(\dcs_üS�WlWlSw|óU(\V|ókõXrc[csSÂ��hiWlkõXutík{ckmZ[TiWl^�pgSÂ| �Kt�XlbiS�^g\d��S�äÌU�äAXYk�Z[S þ S�t a  å
  ^�~@S�pqS�WÂâ¬XYbik{c0cl�rbiS�Z[S@^g\iz�tCcYhikõXrc�XYbiS
Xlk�� þ S�X�km\�XYk{� þ S�XngWl^ghiT ¢qå } biSCTiWl^g�dzmSwZ[c�^(_0XYk{� þ S�Xlc'
 ( # 
 ) # 
 * # 
��C�wU(\+\i^gX�VSycY^gz�pgSÂ| k�\ÔXYbdSycY�rbdS�Z[S�^(_ÒXYbik{cHcYSw��XYk�^g\�åö� ZChizmXYk�ä

csk�ng\dU(XYhiWlS�cl�rbiS�Z[S
XY^�cs^qzmpqSNXlbiSwcYS�TiWl^g�dzmSwZ[c�k�c!S"�jTiz{U(k�\iSw|
km\ÇXYbdS�\iS"�KX/cYSw�»Xlkm^q\�å

� � ë,4É©wì 8r¨wì < è «j©ÂëEª=9�¨w­ ; 9�� 9+�AéVªH©ÂìÉ­��59]© <Vª¬é�ë � �

� Z�hizmXYkmä>cYkmnq\dU�XlhiWlSñcl�rbiS�Z[Sí~�kmz�z��VSò|jSÂcY��WYk��VSÂ|6k�\PXlbik{c
csSÂ�»XYk�^g\�_ü^gW�XYk{� þ S�Xrc 
 ( # 
 ) # 
 * # 
��gå } biS�\KhiZC��S�W�^g_�cYkmnq\iS�Wrck�c�\i^(X*zmk�Z[kõXlSw|úXY^aXu~@^y^qW�XlbiWYSwSgâ0�ihiX �ócsk�ng\dS�Wrc�å } bdS�\XYbiS�cl�rbiS�Z[S��wU(\íU(z{cs^��VS*hdcYSw|a~�bdS�\ñcY^gZ[S[csSwWYpKk{��SÂc/U(WlS
TiWY^�pKk{|jSw|��KtHZ�U(\KtHTiWl^�pKk�|iS�Wrc�å
} bik{cMk{c�â km\$�dWYk�S�_uâFXlbiS)TiWl^j��SÂcYcû^g_ýXYbiS)Z�hizmXYkmä

csk�ng\dU(XYhiWlSacl�rbiS�Z[Sgå � \ÔXlbiSñcYtjcuXlS�Z.km\dkõXlk�Ugzmk 
wU(XYk�^g\�â
XlbiS
} WlhdcsXYSw| WY^qzmS
csSw\d|ic�XlbiS
TiWYk�p�U�XlS@Z[SÂcYclU(nqSwc ��`�� #da � �EXY^�XlbiS

(ri, Si)

Update the old 
messages

Signer_role i

Trusted_role

Credential_role

Verifier_role

(step 3)

(step 4)

(t, T, m) (step5 )

(t, T, m)(step 2)

(step 1)
(ti, Ti) (IDi,g)
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vKk�ng\dS�W Wl^gz�Swc�~�kõXlbóTihi�iz�k�� þ Swt \ c � km\òXlbiSHnqWY^qhiT �ÉcYhiTjä
T�^qcYS ��vKk�ng\iSwW Wl^gz�Swc���~�biSw\HXYbdSÒvKk�ng\dS�W Wl^gz�SwcNU(WlS#cYS�X@hiT�å
} biSíTihi�dzmk{� þ S�t \ c � k�c�cYkmZ[k�z�UgW�Xl^ XlbiSòTihi�iz�k{� þ S�t \_üWl^gZ XlbiS[z�UqcuX�cYSw��XYk�^g\�âEUg\d|ñ^g\iz�t+XYbdS } WlhdcsXYSw| WY^qzmS[��Ug\XlWlUq��S ~�bd^qcYS�Tihd�izmk{� þ Swtók�cZ\ c �så � \ôXYbiS�cYSw��^q\d| csXYSwT�âXlbiSófNWlSw|iS�\]XYk{U(z WY^qzmSípgSwWYkmÿdSwc�km_CXYbdSí|iU(XlU ��\ c � # ` � #:c � �cYS�\]X��]t6XYbiSúvKk�ng\iSwW Wl^gz�Swc�k{c�p¬Ugzmk{|î^gW�\i^(XÂå�� pqSw��XY^gW
��\ cHQ # \ c[�0# ���(� # \ c
	6#��]Q ��â�Ugc�XYbiS�nqWY^qhiTñTdhi�iz�k�� þ S�tgâ�~�kmz�z��S!TihiX�k�\�XlbiS
fNWlSw|jSw\]XYk{U(z Wl^gz�SgâÂXlbiS�\CXYbiS@ngWl^ghiT��wU(\CcYk�ng\�å

� \CXlbiS�csk�ng\dU(XYhiWlS@TiWY^j��Swclc�â¬XlbiS/fNWYSÂ|jS�\]XYk{U(z WY^qzmS@ngS�Xlc �TdUgkmWrc
^(_�|iU(XlU���
 � #:g � �@_üWl^gZ XYbiS�vjkmnq\iS�W WY^qzmSÂc
~�kõXlb+k�|jSw\jä
XlkõXut \ c � �u¢�
F,���
F, ����å � \òXYbiSH\dS"�KX�csXYS�TEâ�XlbiSÇfNWlS�ä
|jSw\]XYk{U(z Wl^gz�S�csSw\d|ic@XlbiS�csk�ng\dSw|�Z*SÂcYclU(nqS ��
 # g�# e��NXl^*XYbiSvKk�ng\dS�W Wl^gz�S�Ugc�U*Xlk�� þ S�XÂå } biSÒXlk�� þ S�X�~�k�zmz��VSCcYS�\]X�Xl^[XYbiS[0SwWYkmÿdS�W0Ug\d|�XYbiS [0S�WlkmÿdS�W WY^qzmS
�rbiSÂ� þ c�km_�kmX�k{c�XYWlhiS
^gW�\i^gXwå
} biS3[0SwWYkmÿdSwW Wl^gz�S�Z[U¬t�\i^(X�pqS�Wlkõ_üt�kõ_�XlbiSC|iU(XlU �]Q k�\�XYbiSfNWlSw|jSw\]XYk{U(z�fNS�\]XYWlS k{c*\i^(X[WYk�ngb]XÂâ�U(\d|úXYbiSw\ XlbiSÇcYk�ng\iSÂ|
Z[SwclclU(ngSNk�c�k�\Kp�U(z�k�|*U(\d|CXYbdS�\*XYbiS/fNWlSw|jSw\]XYk{U(zdfNS�\]XYWlS���Ug\
WlS�pq^ þ S*XlbiS U(\d^g\KtKZ*kmXuty^g_
XYbiS�vKkmnq\iS�W WY^qzmSÂc�å � \òXYbdSHÿiä\dUgz0cuXlS�T�â�XlbiS [0S�WlkõÿdSwW Wl^gz�S�cYS�\V|ic�XYbiS*\iSw~ |iU(XlU XY^ÇhiTjä
|iU(XYSCXYbiS*^gz{|a|iU(XlUHk�\aXlbiSHfNWYSÂ|jS�\]XYk{U(z�fNS�\]XlWYS*U(\d|�XlbiS�\
XlbiS fNWYSÂ|jS�\]XYk{U(z!fNSw\qXlWYS��wU(\yWlSw��^gWr|akmXwå } bik{cÒTiWl^K��Swclc�k�ccYbi^�~�\ k�\+÷�kmnqhiWYS �iå
vKhiTiT�^qcYSHXlbiS�WlS�UgWYS��òvKk�ng\dS�W WY^qzmSÂc�� Q]# � �$# ����� # � 	 km\XlbiSócsk�ng\dU(XYhiWlSòcstjcsXYS�Z$XY^ðcsk�ng\ýUôZ*SÂcYclU(nqSícYk�ZChizmXlUg\iS�ä

^qhdcsz�tgâd_ü^gW�Xlk�� þ S�Xrc�
 ( # 
 ) # 
 * # 
��gâdXu~@^�^gW/XYbiWlS�S�csk�ng\iSwWlc�UgWYSSw\i^ghinqb�å } biSHcY�rbdS�Z[S���U(\òU(z{cY^Ç��^gT�S*~�kmXYbócY^gZ[S[^(XlbiS�W�wUgcYSwc�_ü^qW�S��iU(Z[Tiz�SñcY^gZ[SñcYS�WlpKk���SwcHTdWY^�pKk{|jSw|ð�KtÔZ�U(\Kt
TiWl^�pKk�|iS�Wrc�å } k�� þ S�XN
 * â
_ü^gW k�\dcsXlUg\d��Sqâ�k�c �V^qhi\d|3XY^úXYbiShdcYS�W�Ug\d|*XYbdS�csSwWYpKk{��S�TiWl^�pKk�|jSwWwå } biS�\[XlbiS�XYk{� þ S�X�~�kmz�zdk�\jä��zmhd|iS�XYbdS*UgngWlS�S�Z[Sw\qX#�VS�Xu~NSwS�\+XlbiSwcYS�Xu~@^���^gZ[TV^q\iS�\]Xrc�å
 #\iz�t�U��dUqcsk{�
ZChdzõXlkiä�cYkmnq\dU�XlhiWlS
cl�rbiSwZ*S�k{c�cYbi^�~�\�å0vKk�ng\jä
SwWlc
~�k�zmzE�VSC�rbVU(\inqSw|�km\+^qWl|jSwW@XY^ cYhikmX/|jk EÎS�WlS�\]X þ k�\d|ic�^g_Xlk�� þ S�Xlcwå

� 6Éæ ç�è ìÉ©wì£«�4Éì�^g«j©ÂìÉé è é!��©�;,9a¨�C�¨w©�9��
vKk�Z[kmz{U(WÇXl^ XlbiSòTiWYSwpKkm^qhdc�cYSw��XYk�^g\�â/XYbiSòTdUgkmW ��M # S � UgWYSZ�Ug|iS@Tdhi�iz�k��gâqU(\V| U�k�c þ S�TjX!cYSw��WYS�X��Kt�XlbiS } WYhdcsXYSÂ|HfNS�\jäXlWYS�Uqc�XYbdSCcstjcsXYSwZ þ S�tgå } biS*vKkmnq\iS�W WY^qzmS�����^g_�XlbiSCcYtjcuäXlS�Z bVUgc�UÇTihi�dzmk{� þ Swt \ c � ~�bik��rbòk{c�TiWl^j|jhd��SÂ|y�KtyXYbiS} WYhVcuXlSw|�fNSw\qXlWYSN~�biS�\CXYbiS
cYkmnq\iS�W5@u^gk�\dc�XYbiS
cYtKcsXYSwZ�å } biS
} WYhVcuXlSw| Wl^gz�SÒ��^gZ[TihjXlSwcw�

`�� ,
	 �� ��e��]U M � # a � ,
	�� � \ c � ��e��]UGM �
	�� � � � � å } bdS�\ a �� ,=`�� � \ c �� ��e��]UGM �»å+��S�X c �F,
a �� ��e��]U M ��� } bdS } WYhVcuXlSw| Wl^gz�S�cYSw��WYS�XYz�tòcYS�\V|ic���` � #ba � �Xl^aXYbdS�vKk�ng\dS�W Wl^gz�S ~�kmXYbôXYbdS�Tihd�izmk{� þ S�tD\ c �uå a �#~�kmz�z��SÒhdcsSÂ| �Kt�� � UgcNXYbdSÒÿdWlcsX�csk�ng\dU(XYhiWlS þ S�tqå � X�k�c
bdUgWl| XY^��^gZ[TihjXlS a � _üWY^qZ \ c � ~�kmXYbd^ghjX0XlbiS�cstjcsXYSwZ þ Swt U�hi\V|jS�WXlbiS�ã/vj�FUqcYcYhiZ[TjXYk�^g\Eå
} biS�vKk�ng\iSwW Wl^gz�S�� � csSw\d|ic ��\ c � # ` � #dc � ��XY^�XlbiS[fNWlS�ä|jSw\]XYk{U(z Wl^gz�Sgâ(Ug\d|�XlbiS
z�U(XsXlS�W0pgSwWYkmÿdSÂc�XlbiS@_ü^gz�zm^�~�k�\in/S�?]hdU�ä

Xlkm^q\��
c � ,_` � � \ c �� ��e��]U_M � �s¢��



} biS�|iU(XlU ��\ c � # `�� #:c � ��k{c�p�U(z�k�|òkm_�XYbdSHS�?]hdU(XYk�^g\ �u¢ �Òk{c
cshd�w��SÂcYcs_ühizAâ�k�\ò~�bik��rbD` � U(\V| c � UgWYS���^gZ[TihjXlSw|ò�KtaXlbiS} WlhdcsXYSw|ÔfNS�\]XYWlSgå� /XYbiSwWY~�k{csS�XYbdS ��\ c � # `�� #:c � ��UgWYS�km\iäp¬Ugzmk{|�å � _@XYbdS�S�?]hdU�Xlkm^q\ñk{c�cYhd����Swclcu_ühdz�_ü^gW �	,�¢ # � # ���(� # ��âXYbiS�fNWlSw|jSw\]XYk{U(z Wl^gz�S���^qZ*TdhjXYSÂc�U�cstjcsXYS�Z Tihi�iz�k�� þ S�tÎ�

�]Q ,
	�
��� Q c

� ��e��]U M � , 	�
��� Q a

�� ��e��]U_M ���

} biS�fNWYSÂ|jS�\]XYk{U(z WY^qzmS WYSwngk{cuXlS�Wrc k�\ U Tihi�dzmk{� |jkmWlSw��ä
XY^gWltòUapgSÂ�»Xl^gW���\ c Q # \ c � # ���(� # \ c 	 # � Q ��_ü^gW[vKkmnq\iS�W WY^qzmSÂc� Q # � �0# ���(� # � 	 å } biSó|iU(XlU �]Q k�\ökõX+~�k�zmz���SóhdcYSw|PUg\d|�rbdU(\inqSw|[SÂUg�rb*XYk�Z[S/�Kt*U�[0S�WlkõÿdSwW Wl^gz�S�~�biS�\�U�p�U(z�k�|�cYkmngä
\dU�XlhiWYSÒk{c�|j^q\iSgå
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ïðbiS�\�XlbiS�[0SwWYkmÿdS�W WY^qzmS�Uq����SwclcsSÂc�XYbiS/cYtjcuXlS�Z Tihi�iz�k{� þ Swt
M # SaUg\d|úXlbiS+Tihi�dzmk{�ÇpgSw��XY^qW���\ cHQ$# \ c[�]# ���(� # \ c
	R# �]Q �*k�\XYbiSÇfNWlSw|iS�\]XYk{U(z@fNSw\]XYWlSgâ�XYbiS |dU�XlU � Q ZChdcsX��VSÇ��^qWYWlSw��Xwâ^(XYbdS�Wl~�k�cYSÒXYbiS�csk�ng\dU(XYhiWlSÒk�c�hi\dU¬p�U(k�z�Ug�iz�S�csk�\d��SÒXlbiS�[0SwWYkmä
ÿdS�W WY^qzmSÒ��Ug\�\i^(X�pgSwWYkm_üt�XlbiS�csk�ng\dSw|�Z*SÂcYclU(nqSgå
�/clcYhiZ[km\inîXYbVU�XíXYbiSÔZ[SwclcYUgngS e� �)$�� � �a~�k�zmz[��S

csk�ng\iSÂ|ò�KtaXYbdSÇvKk�ng\iSwW Wl^gz�Swc � Q # � �$# �(��� # � 	 â��+k{cCU�Tihi�iäzmk{�+TiWlkmZ[Sa\KhiZ��VSwW ~�bik{�rbÔk�c þ \i^�~�\3XY^ �ÔvKkmnq\iS�W WY^qzmSÂcU(\d|�kõX�~�k�zmzj��S
hdcsSÂ|�k�\CXlbiS
\iS�~ ZChizmXYkmä>cYk�ng\dU(XYhiWlS@cl�rbiSwZ*Sqå
B�©�9%� æ 6 } biSÇvjkmnq\iS�W WY^qzmS � � � � , ¢ # � # ����� # ���ÒhVcsSÂc�XlbiScsSÂ��WlS�X þ Swt a �= #" Q � a � , a � ���NXl^Hcsk�ng\�XYbiS�Z[SÂcYclU(nqSFe  å
ç�è ��ë�© �"��\ c � #dc � # S # M ��âB�ì < è 9]ª ª�é 4:9 �¢gå�¢)�!k�� þ c `��( �� � � � Ug\d|���^qZ*TdhjXYSÂc�� g �( , ` ��( ��e��]U M ��å¢gå � fN^qZ[TihjXYSÂc�� a �  , a �= #" Q � e� ��e��]U M �»å
a �( ~�k�zmzV�VS#hdcsSÂ|HUgc0XYbiS�csSÂ��WlS�X þ S�t*�]t � � km\[XlbiS/\dS"�KX

csk�ng\ik�\in[^gT�S�WrU�Xlkm^q\�å
¢gå ��fN^qZ[TihjXYSÂc�� 
 �( , ` �  � � a �= #" Q � e  �
	���e��]U_M �»å¢gå ��vjS�\d|ic�XYbiS�TdUgkmW ��
 �  # g �  �NXl^[XYbiS�fNWlSw|iS�\]XYk{U(z WY^qzmSqå
} biS�fNWlSw|jSw\]XYk{U(z Wl^gz�S���Ug\�\i^�~PXY^[TiWl^j|jhd��S�U�Xlk�� þ S�Xwå
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B�©�9%� � 6 } biS�fNWYSÂ|jS�\]Xlk�Ugz Wl^gz�SÒ��^gZ[TihjXlSwcw�


4 , 	�
�( �� Q


 �  ��e��]U_M � # g  ,
	�
�( �� Q

g �( ��e��]U M �

U(\d|òcYS�\d|ic!��
  # g  # e  �#Xl^�XlbiS o cYS�WÂå } bik{cÒk�c�XYbiS*XYk{� þ S�X_ü^gW
XYbdS�hdcsSwWwå
} biS�hdcYS�W�~�k�z�zEcsSw\d| XYbiSÒXlk�� þ S�X�XY^�U[cYS�Wlp]k{��SÒTiWl^�pKk�|iS�WXY^ðUgc þ _ü^gWaUôTihiWr�rbdUgcYSgå } biSócsSwWYpKk{��SíTiWl^�p]k{|jSwWwâ�Ugc+UpgS�WlkmÿdS�WÂâi~�k�zmz�pqS�Wlkõ_üt XYbiS�XYk{� þ S�XÂå } bdS�pgS�WlkmÿdS�W�~�k�zmzE_ü^gz�zm^�~XYbiS�\iS��KX/cuXlS�Tdc�~�bdS�\�XYbiSÒXlk�� þ S�X�k{c
WYSÂ��S�k�pgSÂ|�å
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B�©�9%� 4 6 } biS [0S�WlkõÿVS�W Wl^gz�S þ \i^�~�caXYbiSôTihi�iz�k��3|iU(XlU
��\ c Q # \ c � # ����� # \ c 	 # �  ��k�\ XlbiSñfNWlSw|jSw\qXlk�Ugz/fNS�\]XYWlSÇUg\d||iU�XrU���
  # g  # e  ��âd�rbiSw� þ c@XlbdU�XÂ�

g  , 
 � � �
" 	 � e

" 	 	 � ��e��]U_M � � � �

� X�k�c�SwUqcst�Xl^+csSwS�XlbdU�X�km_NXlbiSHvKk�ng\iSwW Wl^gz�S*Ug\d|aXlbiS fNWYS�ä|jS�\]XYk{U(z Wl^gz�SÒ_ü^gz�zm^�~PXYbiSCcsXYSwTdcwâiXYbdS�S�?]hdU(XYk�^g\ � � ��~�kmz�zE��Sp¬Ugzmk{|�å � \d|iS�Sw|�â

g  , 	��  �� Q g
�( ��e��]U_M �

, 	��  �� Q

 ��( � � a �� #" Q � e  �

" 	 � ��e��]U_M �
, 
 � Q � �

" 	Q � e
" 	 	 � ��e��]U_M ���

B�©�9 � Y,6 } biS2[0S�WlkõÿdSwW Wl^gz�S cYS�\d|dcPXlbiS \iS�~øTdhi�jä
z�k��îpgSÂ�»Xl^gW ��\ c Q # \ c � # �(��� # \ c 	 # �  �
 Q � XY^ XYbdS;fNWlSw|iS�\jä
Xlk�Ugz�fNS�\]XYWlS+k�\ð^gWr|jS�W[Xl^úhiTÎ|iU�XlS+XYbiSyTihi�iz�k��y|jkmWlSw��XY^qWYt
��\ cHQ # \ c[�0# ���(� # \ c
	6#��  �»âi~�bdS�WlS

�  �
 Q ,
	�
��� Q

� a �= #" Q � e  � � , �  � e 	 � ��e��]U_M ���

I 9 � «jª � � } biSÒcYkmnq\iSw|�Z[SÂcYclU(nqS/k�\HXYbdS�Z�hizmXYkmä>cYkmnq\dU�XlhiWlScl�rbiS�Z[S�~�k�zmz���S/k�\]p�Ugzmk{|[kõ_�XlbiS#|dU�XlU �  k{c@�rbdU(\inqSw|�å } biS�\XlbiS/fNWYSÂ|jS�\]XYk{U(z WY^qzmS
��Ug\�WlS�pq^ þ S�XYbdS
Ug�ik�zmkmXut�XY^�cYkmnq\�Z[SÂcuäclU(nqSwc@^(_�XYbiSCvKk�ng\dS�W Wl^gz�Swcwå
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} biSñcsSÂ��hiWlkõXutÔU(\VU(z�tKcYk{c�k�c�csk�Z[kmz{U(W XY^óXlbiSyz{UgcsX�cYSw��XYk�^g\�å
} bik{c�k{c0XlbiS/Ug\dU(z�tjcsk{c0^(_ÎXlbiS#U(XsXlUq� þ c�_üWY^qZ XlbiS�ÿdpqS�TdUgWsXrc�å
798;: à=<ÉßqÚ � þ \i^�~�cñXYbdSðTihi�iz�k��ð|dU�XlU ��\ cHQ # �(��� # \ c�	 #��  �»å} biSwtyU(WlS*\i^(X�U(�dzmS*XY^+nqS�X�U(\Kt+k�\j_ü^gWlZ�U�Xlkm^q\íUg�V^qhjXÒXYbiScYSw��WYS�X þ Swt a �  /_üWY^qZ �  #cYkm\d��SHXlbiS�WlS�k{c*\i^yWlS�z{U�Xlkm^q\ú��S�äXu~@S�Sw\ XlbiSwcYS�Xu~N^�|iU(XlUiå
>VÚ�Þ�< ?NÚ�Þ ÞYÝA@mÚ � þ \i^�~�c ��\ cHQ # �(��� # \ c
	 # �  ��Ug\d|���
  #:g  # e  �»å� hjX \i^ hdcsS�_ühizûZ[SwclcYUgngS��wU(\ �VS nqU(XYbiSwWYSÂ| _üWl^gZ
��
4 # g  # e� ��Xl^ô^q�jXlUgkm\6XYbiSòcsSÂ��WlS�X þ S�t a �( uå } biS%[0S�WlkõäÿdSwW Wl^gz�Sgâqzmk þ SÂc0XYbdS  #hjXlcYk{|jSgâK��Ug\�\i^(X@ngS�X!XYbiS/cYSw��WYS�X þ Swtgå
B ÞYÚrßgÚ+C : <)DE@ ÞYÝE@�Ú �E�wU(\�WlS�pq^ þ S�XlbiS!U(\d^g\KtKZ*kmXut/^g_KXYbiS�hVcsSwWlccYkm\V��S@kõX!�wU(\���^g\]XYWl^gz]XlbiS�U(�ik�zmkmXut�Xl^ÒcYk�ng\CZ[SÂcYclU(nqSwc��]t�XYbiS
vKk�ng\dS�W Wl^gz�Swcwå � X þ \i^�~�cÒ^g\iz�tòUgc�Z�hd�rbúUgcÒXlbiS� #hiXlcYk�|jS|j^KSÂc�âjkmX/��Ug\�\i^gX�ngS�X@XlbiS�cYSw��WlS�X þ S�tHSwkõXlbiS�WÂå
� <��ACÎÚ�Þ ÞYÝA@mÚ�à �
ïðbiS�XYbiSwW�XlbiS�cYkmnq\iSw|ÇZ[SwclclU(ngS�k{c�p�Ugzmk{|�^gW\i^gX!|jS�T�S�\V|ic!^q\*XYbiS�S�?]hdU�Xlkm^q\�� � ��å � _�cY^gZ[S#vKk�ng\dS�W Wl^gz�SwchdcYSÇXYbiSwkmW þ S�tjc[Xu~�k{��Sqâ!XlbiSaS�?qhVU�XYk�^g\ � � �[��Ug\3\d^(X cYhd�»ä��S�Sw|ú�VSÂ��U(hVcsS�XlbiS�|iU�XrU+km\ XYbiS+fNWYSÂ|jS�\]Xlk�Ugz
fNS�\]XlWYS�bdUgc
��S�Sw\Ô�rbVU(\inqSw|3U�_¶XYSwW�XYbdSaz�UqcuX cYk�ng\dU(XYhiWlSgå } bdk�c�Z[SÂU(\dcXlbiS�XYk{� þ S�X���Ug\ó\i^(X��VS�hdcsSÂ|íXu~�k���Sgåa÷dhiWsXlbiS�WlZ[^gWlSgâ�kõ_/UcYkmnq\iS�W!Z*k{cY�VSwbdU¬pgSÂc�Z�U(\Kt�XYk�Z*SÂc�âqXYbdSÒfNWlSw|jSw\qXlk�UgzÎfNSw\qXlWYS
�wU(\[��^g\]XrUg�»X�XYbdS } WlhdcsXYSw|�fNS�\]XlWYS@XY^ÒÿV\d|*~�bi^�XYbiS�cYkmnq\iS�Wk{c�å
�iÞ 8 à : Úrß ÞlÝE@mÚ � þ \i^�~�c/XYbiS[cstjcsXYSwZ7cYSw��WYS�X þ S�tgå � X�bdUgc#XY^��SÒXYWlhdcsXYSw|ÇU(\V|Ç�wU(\Ç�VS�U�@uhd|ingSgå
} biS�csSÂ��WlS�X þ S�t a �  �k{c0\i^gX!WYSwpgSÂU(z�Sw|*U�X�XlbiS�S�\V|�^g_ÎXYbiScl�rbiS�Z[S[U(\d|y\i^+csSÂ��WlS�XÒkm\i_ü^gWlZ[U(XYk�^g\ñk�cÒWlS�pqSwU(z�Sw|y|jhiWlkm\in

XlbiS
WYhi\d\ikm\dn�^g_dXlbiS�cstjcsXYSwZÇå } biS�cYSw��hdWYkmXut�^(_VXYbiS�cYtjcuXlS�Zk{c/Ugz�cY^�S�\ibVU(\d��Sw|��Kt XlbiS�cYSw��WYS�X þ Swt a �( ��S�k�\in �rbdUg\ingSÂ|^q\d��S�U*Z[SwclcYUgngS�k�c�cYk�ng\iSÂ|�å

� 6 Y � ¨w«�< 9aé!�
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} biS hdcYUgngS�^g_�XYk{� þ S�Xrc�k�\óXYk{� þ S�XCngWl^ghiT � âEXlk�� þ S�X 
 * â�_ü^gWk�\dcsXlU(\V��Sgâ��dkm\d|dcÇUúhdcsSwWÇUg\d|ÔTiWl^�pKk�|jSwWlc U(\d|ðkmX+csbi^qhiz{|
��S�Ug\�UgngWlS�S�Z[Sw\qX@�VS�Xu~NSwS�\�XYbiSÒhdcYS�W
U(\V|HXlbiS#TdWY^�pKk{|jS�Wrc�å
} biS�hVcYUgngSwc�^(_0^(XlbiS�W�Xlk�� þ S�Xrc�U(WlS�csk�Z[kmz{U(W�XY^�XlbdU�X/^g_�XYbiSXlk�� þ S�X�
 * å vK^í^g\iz�tíXYbiS�XYk{� þ S�X 
 * k�c[Ug\dU(z�tjcsSÂ|óU(\d|úXYbiS^gXYbiSwW
XYk{� þ S�Xrc�U(WlS#^qZ[kõXYXYSw|�åïðbiS�\ñXYbiS*hdcYS�WÒWlS�?]hiSwcsXlcÒU XYk{� þ S�X	
�*C_üWY^qZ XYbdS�fNWlS�ä
|jSw\]XYk{U(zKfNSw\]XYWlSgâÂXYbiS�fNWYSÂ|jS�\]Xlk�Ugz Wl^gz�S�~�kmz�zKcsSw\d|�XYbiSNhdcYS�WÂù c
WlS�?]hik�WYSwZ[S�\]X�XY^óXlbiSycYS�WlpKk���S+TiWY^�pKk{|jS�Wrcwå } biSífNWlSw|iS�\jäXlk�Ugz Wl^gz�S�~�kmz�z!k{cYcYhiSHU�Tihd�izmk{� þ S�ta_ü^qW�XYbdSHhdcYS�WCUg\d|ñXYbiScYS�WlpKk���S@TdWY^�pKk{|jS�Wrc�kõ_�XlbiS/cYS�WlpKk���S�TiWY^�pKk{|jS�Wrc0U(nqWYSwS@XY^�TiWl^(ä
pKk{|jS
XYbiS#csSwWYpKk{��Sgå } biS#fNWlSw|jSw\qXlk�Ugz Wl^gz�S�csSw\d|ic�UÒZ[SÂcYclU(nqSk�\d��z�hd|jk�\inÇXYbdS[��hiWlWYSw\qXÒXlkmZ[Sgâ�XYbiS�WlS�?]hik�WYSwZ[S�\]XÒUg\d|yXYbiS
UgngWlS�S�Z[Sw\qXrc�^(_0XlbiS�cYS�WlpKk���S�TiWl^�pKk�|jSwWlc/U(\d|acY^H^q\+XY^ XYbiS
hdcYS�W�U(\d|íXlbiS�cYS�WlpKk���S�TiWY^�pKk{|jS�Wrcwå��#c�vKk�ng\dS�W Wl^gz�Swcwâ�XYbiS
hdcYS�W�Ug\d|�XYbiS�cYS�WlpKk���S�TiWl^�p]k{|jSwWlc@hdcYSÒXYbiSwkmW#csSÂ��WlS�X þ SwtHXY^cYkmnq\+XYbdk�c�Z[SwclcYUgngSqâÎUg\d|+XlbiS�\ñWYS�XYhiWl\aXlbiS[|iU�XrU ��
 �( #:g �  �Xl^[XYbiS*fNWlSw|iS�\]XYk{U(z�fNSw\qXlWYSqå } biS[fNWYSÂ|jS�\]XYk{U(z WY^qzmS�Z�U þ SwcU�Xlk�� þ S�X	��
4 # g  # e� �»å } biS�XYk{� þ S�X ��
4 #:g  # e! ����U(\���S�hdcYSw|Xl^�XYbdS�cYS�WlpKk���S/TiWl^�pKk�|jSwWwå��/c
U [0S�WlkõÿdSwW Wl^gz�SgâqXYbiS�cYS�WlpKk���S
TiWl^�pKk�|iS�W�pgSwWYkmÿdSÂcÒkõ_
XYbdS�XYk{� þ S�XCk�c�p¬Ugzmk{|òhdcYkm\dn�XYbiSHTdhi�jäz�k��y|iU�XrU ��\ c Q # ����� # \ c 	 # �  �Hkm\ÔXlbiSòfNWlSw|iS�\]XYk{U(z�fNS�\]XYWlSgå



H�S�kmXYbdS�W*XYbiS�cYS�Wlp]k{��S TiWY^�pKk{|jS�W�\i^gW�XYbdS+fNWlSw|jSw\]XYk{U(z Wl^gz�S
þ \d^�~�c�XYbiS#hdcYS�WÂù c0WlSwUgzik{|jS�\]XYkmXutgå  #\iz�t�XlbiS } WlhdcuXlSw|HfNS�\iäXYWlS[�wU(\yXYWrUg��S�XYbdS*hVcsSwWwù c�k�|jSw\]XYkmXut�_üWY^qZ XYbiS[Tihd�izmk{� þ Swt
\ c � å[��_¶XYSwWÒXYbiSHcYS�WlpKk���S�TiWl^�pKk�|iS�WÒhiTÎ|iU�XlSwc�XYbdSH|iU�XrU�k�\XYbiS�fNWYSÂ|jS�\]Xlk�Ugz�fNSw\qXlWYSqâgXlbiS�hdcsSwW@�wU(\ cYS�S�UC��zmSÂU(WN�rbVU(Wln(ä
km\in��dkmz�zEk�\ÇXYbiS*fNWlSw|iS�\]XYk{U(z�fNSw\qXlWYSqâi~�bik{�rb�k�c
XlbiS�S��KT�Sw��ä
XlU�Xlkm^q\�^g_iXYbdS@Z[^q�ikmz�S
��^g\VcshiZ[SwWlc�~�biS�\�XYbdS�t�|j^Ò�ihdcYk�\iSwclc
^g\�XlbiS � \]XlS�Wl\iS�XÂå�÷�k�\dU(z�z�tgâ]XYbiS�fNWYSÂ|jS�\]Xlk�Ugz Wl^gz�S/��Ug\ csSw\d|U[�ikmz�zÎXY^[XlbiS�hdcYS�WÂå

� _�U Xlk�� þ S�XÒk�cÒhVcsSÂ|aXu~�k{��Sqâ�XYbiSwWYS�UgWYS�Xu~N^+cYkmnq\dU�XlhiWlSwc�]tÔXlbiSíhdcsSwWwå } biSñTiWl^�p]k{|jSwWlc ~�kmz�z�ÿd\d|ðXlbdU�XÇXYbdSíz{UgcsXcsk�ng\dU(XYhiWlSHk{c�k�\Kp¬Ugzmk{|ócYkm\d��SHXlbiS |iU(XlU+k�\óXYbdS�fNWlSw|jSw\qXlk�Ugz
fNS�\]XYWlS bdUqc���S�Sw\ �rbdU(\dngSw|�å } biSH\iSw~ûZChizmXYkmäÌcsk�ng\dU(XYhiWlS
cY�rbiSwZ[S�bVUgc@XYbdSÒ_ü^gz�zm^�~�k�\in*_üSwU(XYhiWlSwcw�
¢gå � X�k{c�U(\i^q\]tKZ[^ghVc!_ü^qW
XYbiS�hVcsSwWwå
� å } biS�XYk{� þ S�X/��Ug\���S�zmSw\]X�XY^[^(XlbiS�Wrc�å�iå } biS�cYSw��hiWYkmXutH^g_EXYbdS�cstjcsXYS�Z k�c
k�Z[TiWl^�pgSw|�pgSwWYt�Z�hd�rb
csk�\d��SÒXlbiS�cYSw��WlS�X þ S�t a �( �k�c�hVcsSÂ| ^q\izmt ^g\d��Sgå
I 9��ú«jª � � } bdk�c#cY�rbiSwZ[SC��Ug\+\i^(X/^q\iz�t ��SChdcYSw|��KtÇZ*^gä�ikmz�S/hVcsSwWlc0�dhjX@Ugz�cY^��Kt*Z�Ug\]t�^(XlbiS�W � \qXlS�Wl\iS�XNhdcsSwWlcwå } biSfNWYSÂ|jS�\]XYk{U(z�fNS�\]XlWYS*��U(\ñ�VS[|jSÂ��S�\]XlWlUgzmk 
�SÂ|Ç_ü^gW�km\d��WYSÂUgcYSw|
\]hdZC��S�Wrc�^(_�hdcYS�Wrc�åÇ÷ihiWYXYbdS�WlZ*^qWYSqâ�XlbiS } WYhdcsXYSÂ| fNS�\]XYWlS��U(\���S�U�@uhd|jngSÒ~�biSw\�hdcsSwWlc
Z[k{cs��S�bVU¬pgSgå

� I 9/4É«j©�9]êL9CéVª �
} biS�WlS k�c cY^gZ[S WlS�z{U�XlSw| ~N^qW þ ^q\ XYbdk�c Xl^gTik{�
^(_ Z[^g�ik�zmS ��^gZ[Z�hi\ik{��U�Xlkm^q\ csSÂ��hiWlkõXut cshd�rb Uqc
�   ^gWl\ÇUg\d|���WlS�\iSwS�zAâ�¢����
	Kâ `aU(WYXYk�\�S�X/U(zAåmâ�¢����
	Kâ
��hi�ik�\dc þ kEU(\d|   SwhiS�WÂâ � �g�g�Kâ ïðkmz�biSwzmZ�S�X/Ugz£å�â�¢��
��	��>å
} ~N^�U(TiTdWY^]Ug�rbiSÂc�â+cYkmZ[k�z�UgWôXl^ XlbiSý^g\iSý|jSÂcY��WYk��VSÂ| k�\
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