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� \^d@\^~@\
�#a�\ k s����Ta2o�\^s�Y[ac�(iT�/\^_`Y[]bs�fTf@� j \

�(� ob_b]v\ j _

�3� k o�Z@\^Z@Y[]M\^~G~G]bY[obo`Y[o�_b�GYMZG]`f � snY[a�f^g#o k dG��snY � Z@\^obo j s�iGob_bY[] k dG��f^g�s�\^]b��Y�tea2iGsn_ k�� ~ k a�Y[dGo k f^d@\^sG~@\^_v\hobY[_boI� �
��Y[dGY[]v\hs�_q�$f � ZG�@\^obYM\^ZGZG]bfT\ j ��_bf2_`� k o3ZG]bf � snY[a k o/~GY��@dGY[~�����d�_b�GY��@]bob_3ZG�@\^obY�t�\^d k d � a�Y[a�f�]bp&obiGa�a�\^]`p
f^g�_b�GY/~@\h_v\(obY[_ k o j f�dGob_`]bi j _bY[~2iGo k dG��\(o k dG��snY/Z@\^obo�_b�G]bf�iG���2_b�GY/~@\^_�\G�C�3�GY(obY j f�dG~�ZG�@\^obY(_b�GY[d2iGobY[o3\^dTp
j sniGob_`Y[] k dG��\hsn��f�] k _b�Ga�_`f j sniGob_`Y[]�_b�GY2o`iGaca�\^]bp�~@\^_�\G�� �f�ob_ j sniGob_bY[] k dG��\^sn��f�] k _b�Ga�o/g¡f�]Ms¢\h]b��Y2~@\^_�\^obY[_bo
\^]bYM_q�3f � ZG�@\^o`Y��

�£�$f¤_bY j �Gd kn¥ iGY[o&g¡f�]&ZG]bfT~Gi j[k dG� k d � a�Y[acf�]`p�o`iGaca�\^] k Y[o�\h]bY j f�a�Z@\^]bY[~����£�GY��@]bob_ k o � \^o`Y[~!f�dR\
ZG]bY mek f�iGobs�p � ZG]bf�Z@f�obY[~¤~@\^_�\�ob_b]bi j _biG]`Y j \^snsnY[~z\ j sniGo`_bY[] � g¡YI\^_biG]bY&_b]bY[Y�t�f�] �3¦O� _b]bY[Y��2�3�GY&obY j f�dG~�tCo k acZGs�Y[]
_bY j �Gd kn¥ iGYciGobY[o4]v\^dG~Gf�a�ov\^a�ZGs k dG�@�2��§¨ZEY[] k a�Y[dT_`oM� k _b�zo`��Y[�3Y[~�\^]b_ k � j[k \^sO~@\^_v\�o`Y[_bo�\^]`Y2iGobY[~8_bf�ob�Gf^�
_b�@\^_&ov\hacZGs k dG��ZG]bfe~Gi j Y[o j s�iGob_bY[]bo2_`�@\^_c\^]bY�\^_2s�YI\^ob_2\^oc\ j[j iG]�\^_bY�\^o&_b�Gf�o`Y�ZG]bfT~Gi j Y[~J� k _b� �£¦O� _b]bY[Y[oIt
\^dG~8_b�@\^_4ov\^a�ZGs k dG� k o4a2i j �©gª\^o`_bY[]I� � d k acZEf�]b_v\^de_ k obobiGY��/�GY[d8ov\^a�ZGs k dG� k o&_b�GY2o�\^acZGs�Y2o kn« Y�tO�/� knj �
~GY[_bY[]ba k dGY[o/_`�GY�\^a�f�iGde_$fhg�acY[a�f�]bp&]bY ¥ i k ]bY[~¤~GiG] k dG��_b�GY4�@]bob_/ZG�@\^o`Y�fhg�_q�3f � ZG�@\^obY j s�iGob_bY[] k dG�E�3��_M\^snobf
j f�de_b]bf�s�oC\(_b]v\^~GY � fh¬ � Y[_q�3Y[Y[d j sniGob_bY[] k dG��_ k acY�\^dG~2\^dG~ j sniGo`_bY[] k dG�M\ j[j iG]v\ j p��#�3� k oC_b]�\^~GY[f^¬ k o ¥ i@\^dT_ k �@Y[~�t
\^dG~���i k ~GY[s k dGY[o3g¡f�]/ov\hacZGsnY(o kn« YMo`Y[snY j _ k f�d�\^]bYMo`iG����Y[ob_bY[~��

­ ®E¯/°E±�²�³�´�µO°·¶b²�¯

�3� k o�Z@\^Z@Y[]M\^~G~G]bY[obo`Y[o�_b�GY4ZG]bf � snY[a-f^g�~@\^_v\ j s�iGob_bY[] k dG�E� {Mknm Y[d�\&~@\^_�\^obY[_/f^g j f�dGo k ob_ k dG�2fhg¹¸�Z@f k dT_`o k d
\�º�~ k a�Y[dGo k f�d@\hs·a�Y[_b] k�j obZ@\ j Y�t�\^dG~z»�t�_b�GY4~GY[o k ]bY[~¤deiGa � Y[](f^g j sniGob_`Y[]bo�¼�½�¾¿»¤¾À¸¤Á[tG_`�GY�ZG]`f � snY[a k o
_bf�Z@\^]b_ k _ k f�d�_b�GY&ZEf k de_bo k dT_bf�»Âobi � obY[_bo	t�f�] j s�iGob_bY[]boIt�o`i j �¤_b�@\^_M\^d¤Y[]b]bf�]�a�Y[_b] knjMk oMa k d k a k�« Y[~��/��d¤f�iG]
j \^obY�t:_b�GY2Y[]b]`f�]MacY[_`] knjMk o4_b�GY&]bfTf�_MacYI\^d¤o ¥ i@\^]bY[~8�#i j s k ~GYI\hd�~ k ob_v\^d j Y � Y[_q�$Y[Y[d8\�~@\^_v\�Z@f k dT_�\hdG~ k _bo
j sniGob_`Y[]IÃÄo3acYI\hd��
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� sniGob_bY[] k dG� j \^d � Y mTk Y[�3Y[~¤\^o�\�_�peZ@Y4f^g�~@\^_v\�a k d k dG�@�3��\ j ��\^_b_`] kn� iG_bYMf^g�_`�GY�~@\^_v\hobY[_ j f�]b]bY[obZEf�dG~Go
_bf2\4~ k a�Y[dGo k f�d2fhg�_b�GY(~@\^_v\4obZ@\ j Y�t@\^dG~�_biGZGsnY[o3g¡]bf�aQ_b�GY(~@\^_v\^o`Y[_ j f�]b]bY[obZEf�dG~�Z@f k dT_bo k d�_b�GYMobZ@\ j Y����3�GY
j sniGob_`Y[] k dG�z\^sn��f�] k _b�Ga�\^_b_bY[a�ZG_bo�_`f k ~GY[dT_ k gÚpz��]bf�iGZGo&f^gMo k a k s¢\^]M_biGZGs�Y[o k dR\¤dGf�d � iGd k g¡f�]ba�snp¤Z@f�ZGiGs�\^_bY[~
obZ@\ j Y�� � i j � k deg¡f�]ba�\^_ k f�dz~GY[o j ] k�� Y[o2_b�GY�a�iGsn_ k ~ k a�Y[dGo k f�d@\^sC~ k ob_b] kn� iG_ k f�d8f^g _`�GY�_biGZGsnY[oIt3\^dG~!a�\Ip � Y
iGobY�g¡iGs�g¡f�]/obi j ��~@\^_v\ � \hobYMobpeob_bY[a�_v\hob�To/\^o�obY[snY j _ knmek _qp2Y[ob_ k a�\h_ k f�d��

 z\^dep j sniGo`_bY[] k dG�z\^sn��f�] k _b�Ga�o(�@\ m Y � Y[Y[dRZG]bf�ZEf�obY[~�t3\^dG~!_b�GY[p!\^]bY � ] k Y � p8obiG] m Y[p�Y[~ k d � Y j _ k f�d 
 �
l�dT_ k s·]`Y j Y[dT_bs�p�tGacf�ob_ j sniGo`_bY[] k dG�c\hsn��f�] k _b�Gaco#�3Y[]bY k dT_bY[dG~GY[~ gÚf�]$~@\h_v\^obY[_bo�_b�@\^_��@_ k d�a�Y[acf�]bp�����Y[]bY�tG�3Y
g¡f j iGo�f�d&_b�GY3ZG]bf � snY[a f^g j sniGob_bY[] k dG�M~@\^_v\^o`Y[_boC_`�@\^_�\^]bY3_bfef�s�\^]b��Y3_bf��@_ k d2a�Y[acf�]bp��@��d2Z@\^]b_ knj iGs¢\^]It	�3Y/\^]bY
k de_bY[]bY[ob_`Y[~ k d j sniGo`_bY[] k dG�&\^sn��f�] k _b�Ga�o�_b�@\^_#�@\ m Y/_`�GY/g¡f�snsnf^� k dG��_q�3fM~GY[o k ]v\ � snY3ZG]bf�Z@Y[]`_ k Y[oI� ¦#k ]bo`_It k _�o`�Gf�iGsn~
� Y�Z@f�obo kn� snY2_bf j s�iGob_bY[]MiGo k dG�¤\�o k dG��s�Y�Z@\hobo�f m Y[]M_b�GY&~@\^_�\ k dzobY j f�dG~@\h]bp!¼¡f�]M_bY[]b_ k \^]bpGÁ3ob_bf�]v\^��Y��& z\^dep
j sniGob_`Y[] k dG�c\^s���f�] k _`�Gaco3~Gf�dGf�_�o�\^_ k oqg¡p�_b� k o j f�dG~ k _ k f�d � Y j \^iGobY&_b�GY[p�\h]bY k _`Y[]v\^_ knm Y�\^dG~�]bY ¥ i k ]bY4a2iGsn_ k ZGsnY
mek o k _bo#_`f�Z@f k dT_`o k d�_b�GY/~@\^_�\^obY[_I� � Y j f�dG~�t k _�ob�Gf�iGsn~ � Y(Z@f�o`o kn� snY/_`f j f�de_b]bf�sE_b�GY�\^a�f�iGde_#f^g�acY[a�f�]bpMiGo`Y[~
� p�_b�GYc\hsn��f�] k _b�Ga��M�3�GY2\^s���f�] k _`�Ga�ob�Gf�iGsn~ � Yc\ � s�Y2_bf�f�Z@Y[]v\h_bY2� k _`�©\hoMa2i j �ÂacY[a�f�]bp�\^o k _ k oM� knm Y[d�t
\^sn_`�Gf�iG�����$YMY�§GZ@Y j _(_b�@\^_�snY[obo/a�Y[acf�]bp�a�\	p2]bY[obiGsn_ k d���]bYI\^_bY[] j s�iGob_bY[] k dG�&Y[]b]`f�]I�

��dR_b� k ocZ@\^ZEY[]It/�3Y j f�dGo k ~GY[]�\zo k acZGs�Y�_��3f � ZG�@\hobY j sniGob_bY[] k dG�zg¡]v\^a�Y[�3f�]b�z_`�@\^_2�@\^o � f�_`�.fhg�_b�GY[obY
ZG]bf�ZEY[]b_ k Y[o	����d�_b�GY��@]bob_4ZG�@\^obY�t�\Âo k dG��snY2Z@\^o`o�f m Y[]4_b�GY�~@\^_v\ � \^o`Y k o�iGo`Y[~!_bf�ZG]bfe~Gi j Y�\^d k d � acY[a�f�]bp
obiGa�a�\h]bp�f^g/_b�GY�~@\h_v\^obY[_I�¤�3�GY�o kn« Y�f^g/_b�GY�o`iGaca�\^]bp j \^d � Y j f�de_b]bf�sns�Y[~zobf¤_b�@\^_ k _&� k sns¹�@_ k dT_bfÂ_b�GY
\ m \ k s¢\ � snYOacY[a�f�]bp��E��d4ZG�@\^obY�_��3f@tÝ_b�GY k d � a�Y[acf�]`p$o`iGaca�\^]bp3~@\^_v\ k o k _bo`Y[s�g j sniGob_`Y[]bY[~MiGo k dG�M\^dep j sniGo`_bY[] k dG�
\^sn��f�] k _b�GaQ�/�Gf�obY�a�Y[acf�]bp&iGov\^��Y j \^d � Y � f�iGdG~GY[~�� � Y m Y[]v\^s�]bY j Y[de_bsnp � ZG]bf�ZEf�obY[~ j sniGob_bY[] k dG�c\^sn��f�] k _b�Ga�oIt
k d j sniG~ k dG������� � ��� |
	�� \^dG~ � l
�/����� � t¹�@_2� k _b� k d!_b� k o���Y[dGY[]v\^s3g¡]v\^a�Y[�3f�]b������Y[o k ~GY[o k _bo�o k a�ZGs knj[k _qp�t
f�dGY�d knj Y�g¡YI\^_biG]`Y�f^g _`�GY�_��3f � ZG�@\hobY�\hZGZG]bfT\ j � k o2_b�@\h_}\hsnacf�ob_�\^dep�Y�§ k ob_ k dG� j s�iGob_bY[] k dG�8\^sn��f�] k _b�Ga�g¡f�]
a�Y[acf�]`p � ]bY[o k ~GY[dT_#~@\h_v\^obY[_bo j \^d � Y4iGobY[~ k d�_`�GYMobY j f�dG~�ZG�@\hobY��

�£� k o�Z@\^ZEY[]/a�\^��Y[o#_q�3f j f�de_b] kn� iG_ k f�dGoI� ¦#k ]bob_It k _ j f�acZ@\^]`Y[o�_q�3fM_bY j �Gd k�¥ iGY[o3g¡f�]�ZG]bfT~Gi j[k dG�2obiGa�a�\^]`p
~@\^_v\ k d¤_b�GY4�@]bob_(ZG�@\^obY��&u(dGY&_bY j �Gd kn¥ iGY k oM_`f � i k s�~©\��
���������������! "�#���$�%�#�&�'�&¼ �£¦O� _b]bY[YIÁ k d�_b�GY2\ m \ k s¢\ � snY
a�Y[acf�]`p�t�\^o&�@\^o � Y[Y[d!ZG]bf�ZEf�obY[~ k d _b�GY(����� � � j sniGo`_bY[] k dG�z\^sn��f�] k _b�Ga¤�)� |
	*� �3�GYco`Y j f�dG~ k o�_`f�~G]�\I�Q\
]v\^dG~Gf�a�ov\hacZGsnY(g¡]bf�a _b�GY4~@\^_v\^obY[_	�/rzY4ZG]bY[obY[de_�Y[a�Z k ] knj \hs�~@\^_v\&_`�@\^_ k dG~ knj \^_bY4_b�@\^_(ov\^a�ZGs k dG� k o(a2i j �
g�\^ob_bY[]3_b�@\^d � i k sn~ k dG��_`�GY �3¦O� _`]bY[Y�tG\^dG~c]`Y[obiGsn_bo k d j sniGob_bY[] k dG��o3f^g j f�a�Z@\^]v\ � snY ¥ i@\^s k _qp�� � \hacZGs k dG� k o/\^snobf
a2i j �co k acZGs�Y[]It k d�_`�GY�obY[dGobYM_`�@\^_ k _ k o/YI\ho k Y[]/_bf k a�ZGsnY[a�Y[dT_3\^dG~�YI\^o k Y[]/_bf j f�de_b]bf�s��

�£�GY \^a�f�iGde_#f^g�acY[a�f�]bp&\ m \ k s�\ � snY�gÚf�]�_q�3f � ZG�@\^obY j s�iGob_bY[] k dG�&\	¬�Y j _bo � f�_`�c_b�GY ¥ i@\^s k _qp�fhg _`�GY�]bY[o`iGsn_ �
k dG� j sniGob_`Y[]bo�\^dG~8_b�GY j sniGob_bY[] k dG�¤_ k a�Y���u(iG]&obY j f�dG~ j f�dT_`] kn� iG_ k f�d k o�\ ¥ i@\^de_ k � j \^_ k f�d¤f^g�_b�GY�_b]v\^~GY[fh¬
� Y[_q�3Y[Y[d2a�Y[acf�]bp�o kn« Y�\^dG~ j sniGob_`Y[] k dG�MY[]b]bf�]#�/�GY[d2ov\^a�ZGs k dG� k o#iGobY[~ k d2_b�GY��@]bob_�ZG�@\^obY3f^g�_b�GY/\^sn��f�] k _b�Ga¤�
� Z@Y j[k � j \^snsnp�tG�3Y(~GY m Y[snf�Z�\�gÚf�]`a2iGs¢\(_b�@\^_ j \^d � YMiGobY[~�_`f�Y[o`_ k a�\^_bY3_b�GY�\^a�f�iGde_�f^g#acY[a�f�]bp4]bY ¥ i k ]bY[~�_bf
��Y[Y[Z�ov\hacZGs k dG� ��k dG~Gi j Y[~ j sniGob_bY[] k dG��Y[]`]bf�] � Y[snf^�¿\4obZ@Y j[k �@Y[~�_b�G]bY[o`�Gf�sn~��#�3� k o j \hd � Y�iGobY[~�_bf&~GY[_bY[]`a k dGY
_b�GY�\^a�f�iGde_3f^gCa�Y[acf�]`p�]`Y ¥ i k ]`Y[~�_bf2iGobYM_q�3f � ZG�@\^obY j s�iGob_bY[] k dG�&� k _b�Gf�iG_3ov\ j ] k � j[k dG� j sniGob_`Y[]�\ j[j iG]v\ j p��

u(iG]�]bY[obiGsn_bo(\^snobf&~GY[a�f�dGob_b]v\h_bY/_b�@\^_�_��3f � ZG�@\hobY j s�iGob_bY[] k dG� j \^d � Y m Y[]`p2g�\^ob_/\^dG~¤\ j[j iG]v\^_bY�teZ@\^]`_ knj i �
s¢\^]`snp k g¨ov\hacZGs k dG� k o�iGobY[~ k d4ZG�@\^obY�f�dGY�� ¦ f�]�Y�§@\^a�ZGsnY�t^» � acYI\^dGo j sniGob_bY[] k dG�/f^g@f�dGY�a k s�s k f�d(_b�G]bY[Y � \^_`_b] kn� iG_bY
_biGZGsnY[o k d�a�Y[acf�]bp2]bY ¥ i k ]bY[o�\ � f�iG_ | ½ �,+ l � a k deiG_bY[o3f�d�\ �-+E� � � o`_v\^_ k f�d(�G�$�£�$f � ZG�@\^obY j sniGob_`Y[] k dG�2f^g
_b�GY&ov\^a�Y�~@\h_v\ j \hd � Yc\ j[j f�a�ZGs k o`�GY[~ k dz\ � f�iG_ | � �,+ l � obY j f�dG~GoIt:� k _b� j sniGob_bY[] k dG��Y[]b]bf�](� k _`� k d�\�g¡Y[�
Z@Y[] j Y[dT_&f^g/_b�GY�Y[]b]bf�]&\ j � k Y m Y[~ziGo k dG��_`�GY&gÚiGs�s�~@\^_v\hobY[_I���3�3f � ZG�@\^obY�_bY j �Gd kn¥ iGY[o�\^ZGZEYI\^]&_bf�o j \hsnY2�3Y[sns/.
�3YMY�§¨ZEY[] k a�Y[dT_`Y[~�� k _b��~@\^_�\^obY[_bo/f�dGY�_bf2_q�3f&f�]b~GY[]bo�f^g�a�\^��d k _biG~GY�s�\^]b��Y[]/_`�@\^d�_b�Gf�obY4iGobY[~ k d�ZG]bY mTk f�iGo
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ob_biG~ k Y[oI�
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 z\^dep j sniGob_bY[] k dG�z\^sn��f�] k _b�Ga�o��@\ m Y � Y[Y[dJZG]bf�Z@f�obY[~�� � Y m Y[]�\^s3f^g�_b�GY�a�\
�`f�] j s¢\^o`obY[o&f^g \^sn��f�] k _b�Ga�oM\^]bY
~GY[o j ] k�� Y[~ k d � Y j _ k f�d 
 � | �3 ¤f�]`Y�~GY[_v\ k snY[~ j f m Y[]v\h��YMf^g�_b�GY[obY&\^sn��f�] k _b�Ga�o j \^d � Y�g¡f�iGdG~ k d ���et ��� �/ ¤f�ob_
f^g/_b�GY[obY�\^sn��f�] k _b�Ga�oM\^]bY k dT_`Y[dG~GY[~zg¡f�] j s�iGob_bY[] k dG�ÂacY[a�f�]bp � ]bY[o k ~GY[dT_(~@\^_v\G� � Y m Y[]v\^s3]bY j Y[de_bsnp � ZG]bf�ZEf�obY[~
\^sn��f�] k _b�Ga�o#�@\ m Y � Y[Y[dÂ~GY[o k ��dGY[~ÂobZ@Y j[k � j \^snsnp�gÚf�]$s�\^]b��YM~@\^_�\^obY[_boI�#�3�GY[o`Y�\^]bYM~ k o j iGo`obY[~ k d � Y j _ k f�d 
 � y �

� sn_b�Gf�iG��� j sniGo`_bY[] k dG��\^s���f�] k _`�Gaco3Y�§ k ob_�gÚf�]Ma�\^dep�_qpTZEY[oMf^g$~@\^_�\Gt@�3Y&� k s�sC]bY[o`_b] knj _(f�iG]bobY[s m Y[o k d¤_b� k o
Z@\^ZEY[]�_`f©\hsn��f�] k _b�Gaco�g¡f�]�a�Y[_b] knj ~@\^_�\G����_ k o�ZEf�obo kn� s�Yc_bf¤\^ZGZGsnpz_q�3f � ZG�@\^o`Y j sniGob_bY[] k dG��_bfÂf�_b�GY[]&_qpTZEY[o
f^g�~@\^_�\GtGobi j �z\^o j \^_bY[��f�] knj \^s:~@\^_v\GtGZG]`f mek ~GY[~Â_b�@\^_ � f�_b�¤ZG�@\^obY[o j \^d�\ j[j f�aca�fe~@\^_bY k _I� � \^a�ZGs k dG� k oM\^d
Y�§@\^acZGs�Y�f^g�\(ZG�@\^obY/f�dGY3obiGa�a�\^] kn« \^_ k f^dM_bY j �Gd k�¥ iGY/_`�@\^_�\hZGZGs k Y[o#Y ¥ i@\^snsnp4�$Y[s�sT_bfMa�Y[_b] k�j \^dG~&dGf�d � a�Y[_b] knj
~@\^_v\ �
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� � k ~GY[snp � iGobY[~ j s¢\^obo�f^g j sniGob_`Y[] k dG�!\^sn��f�] k _b�Ga�o�g¡f�]�acY[_`] knj ~@\^_v\ k o � \^obY[~ f�d _b�GY k _bY[]�\^_ knm Y�» � a�YI\^dGo
a�Y[_b�GfT~�� ��� �$� s�iGob_bY[]boM\^]bY&~GY��@dGY[~ziGo k dG��\2obY[_Mfhg$» j s�iGob_bY[]M]bY[ZG]bY[o`Y[dT_v\h_ knm Y[oItEf�] j Y[dT_`]bf k ~GoI�4��\ j �¤]bY[ZG]bY �
obY[de_v\^_ k�m Y k o�\ÂZ@f k dT_ k dz_b�GY�a�Y[_b] knj obZ@\ j Y k dz��� knj � _b�GYc~@\h_v\ k o4~GY��@dGY[~�� � ]bY[ZG]bY[obY[de_v\^_ k�m Y2~GY��@dGY[o2\
j sniGob_`Y[] j f�dGo k ob_ k dG��fhgC_b�Gf�obYMZEf k de_bo�gÚ]`f�aQ_b�GYM~@\^_v\^o`Y[_$_`�@\^_/\^]bY j snf�obY[]/_`f k _$_`�@\^dc_`f}\hdTp�f�_b�GY[]3]bY[ZG]bY[o`Y[d �
_v\^_ knm Y��

� » � a�YI\^dGo�\hsn��f�] k _b�GaQob_v\^]b_`o/� k _b��o`f�acY k d k _ k \^s�obY[_(f^g�]bY[ZG]`Y[obY[dT_�\^_ knm YMZEf k de_boI�3��\ j � k _bY[]v\^_ k f�d�_b�GY[d
j f�dGo k ob_bo/f^g�_q�3f&ob_bY[ZGo ¦#k ]bob_	tGYI\ j ��~@\^_v\}Z@f k de_ k oM\^obo k ��dGY[~�_bf2_`�GY�]bY[ZG]bY[o`Y[dT_v\h_ knm YM_bf��/� knj � k _ k o j snf�obY[ob_I�
� Y j f�dG~�t�YI\ j �4]bY[ZG]bY[obY[de_v\^_ knm Y k oC]bY[ZGs�\ j Y[~ � pM_b�GY j Y[de_b]bf k ~c¼¡a�YI\^d@ÁEf^g·_`�GY�Z@f k dT_`oC_b�@\h_C�3Y[]bY3\^obo k ��dGY[~�_bf k _I�
�3�GY3dGY�§G_ k _`Y[]v\^_ k f�dMiGobY[oC_`�GY�dGY[�/snp j \^s j iGs¢\h_bY[~M]bY[ZG]bY[obY[de_v\^_ knm Y[oI�O�3�GY$\^s���f�] k _`�Ga j \^d � Y3_bY[]ba k d@\^_bY[~�\	g¡_bY[]
\��G§GY[~�deiGa � Y[]Mf^g k _bY[]v\h_ k f�dGo(f�]M\	gÚ_`Y[]�_b�GY&]bY[o`iGsn_ k dG� j sniGob_bY[] k dG��Y[]b]bf�] j YI\^obY[oM_`f k acZG]`f m YMo k ��d k � j \hdT_bs�p��
��\ j � k _bY[]v\^_ k f�d�f^g�\c» � a�YI\^dGoM\^sn��f�] k _b�GaQ_v\^��Y[o/.�¼�»G¸¤Á3_ k a�Y�te�/�GY[]bY2¸ k o�_`�GY�deiGa � Y[]/f^g�Z@f k dT_`o � Y k dG�
j sniGob_`Y[]bY[~�t#o k d j Y�_`�GYc~ k o`_v\^d j Y�g¡]bf�a�YI\ j �!ZEf k de_�_`f�YI\ j � j Y[dT_`]bf k ~ k o j f�a�ZGiG_bY[~�� ¦ f�]&s¢\h]b��Y2~@\^_�\�o`Y[_bo
¼¡dGf�_Ma�Y[a�f�]bp2]bY[o k ~GY[dT_�Á[t�» � acYI\hdGo \^s���f�] k _`�Gaco/]`Y ¥ i k ]`Y�f�dGY�o j \^d¤f^g$_b�GY�~@\^_v\�Z@Y[] k _bY[]v\^_ k f�d�� � sn_`�Gf�iG���
» � a�YI\^dGo$\^s���f�] k _`�GacoO_bY[dG~�_bf j f�d m Y[]b��Y ¥ i knj �esnp k dcZG]�\ j _ knj Y �0� � t�_`�GY�deiGa � Y[]3f^g k _`Y[]v\^_ k f�dGo�� k s�sGdGf�]ba�\^snsnp
� Y4��]bYI\^_`Y[]$_`�@\^d�f�dGY��

� o`Y j f�dG~�t/o k a k s�\^] j s¢\hobocfhg�\^sn��f�] k _b�Ga�o k o � \^obY[~ f�dJ_b�GY k _`Y[]v\^_ knm Y�» � acY[~ k fe~Go2a�Y[_b�Gfe~��¿��d obi j �
\^sn��f�] k _b�Ga�oIt^_b�GY j sniGob_`Y[]/]bY[ZG]bY[obY[de_v\^_ knm Y[o/\^]bY(Z@f k dT_bo£gÚ]bf�a _`�GYM~@\^_v\^obY[_	tT]�\^_b�GY[]3_b�@\^d�\^] �Gk _b]v\^]`p�ZEf k de_bo k d
_b�GY/o`Z@\ j Y�� � d k d k _ k \^seobY[_#f^g�»&]bY[ZG]bY[o`Y[dT_v\h_ knm Y[oIt^�edGf^�/d2\^o#a�Y[~ k fT~Go	t k oO�@]bob_�obY[snY j _bY[~�� � o k d&_b�GY�» � a�YI\^dGo
a�Y[_b�GfT~�tEYI\ j �¤]bY[ZG]bY[obY[de_v\^_ k�m YM~GY��@dGY[o�\ j sniGo`_bY[] j f�dGo k ob_ k dG�cf^g�_`�Gf�obY�ZEf k de_bo(g¡]bf�a _b�GY�~@\^_�\^obY[_(_b�@\^_M\^]bY
j snf�o`Y[]�_`f k _&_b�@\^d8_bfz\^depzf�_b�GY[]4]bY[ZG]bY[obY[de_v\^_ knm Y[oI� � _v\^]b_ k dG��� k _b��_`�GY k d k _ k \^s�obY[_&f^g/]bY[ZG]bY[obY[de_v\^_ k�m Y[oIt#\
» � a�Y[~ k fT~Go�\hsn��f�] k _b�Ga k _bY[]�\^_ knm Y[s�p�\^_`_bY[acZG_`o/_bf�ob�/\^Z¤acY[~ k fe~Go(� k _b�¤f�_b�GY[]MZEf k de_bo�gÚ]bf�a�_b�GY&~@\^_v\^obY[_	t k g
obi j �2\/ob�/\^Z4]bY[~Gi j Y[o#_b�GY j sniGob_`Y[] k dG�(Y[]b]bf�]I�Ou(dGY3obi j �2\^s���f�] k _`�Ga k o +E�   � � d k acZG]bf m Y[~ m Y[]bo k f�dMfhg +@�  !t
j \^sns�Y[~ �/x�� � � w � tEiGobY[o \}acf�]`Y�obf�ZG� k ob_ knj \h_bY[~�obYI\^] j ��ob_b]�\^_bY[��p&g¡f�]/~GY[_`Y[]ba k d k dG�&�/� knj ��~@\^_v\&ZEf k de_bo/_bf
ob�/\^Z�� k _b� j iG]`]bY[dT_�acY[~ k fe~GoI� � �!� ��f�_b��\hsn��f�] k _b�Gaco�\h]bY k de_bY[dG~GY[~�g¡f�]3acY[a�f�]bp � ]bY[o k ~GY[dT_�~@\^_v\G�
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u(_`�GY[]�_qpeZ@Y[o&f^g j s�iGob_bY[] k dG�z\^s���f�] k _`�Gaco k d j sniG~GY�\^����snf�a�Y[]v\^_ k�m Y�t�~ k�mTk o knm Y�t#\^dG~8acfe~GY � obY[Y[� k dG�z\^sn��f �
] k _`�GacoI� � ����snf�acY[]v\h_ k�m Y�\^sn��f�] k _b�Ga�o#ob_v\h]b_3� k _b��a�\^dep2oba�\^sns j s�iGob_bY[]boIt Y��Ä�@�ntef�dGY j sniGo`_bY[]/Z@Y[](~@\^_v\}Z@f k de_It
\^dG~ k _bY[]v\h_ knm Y[snp j f�a �Gk dGY�o k a k s¢\^] j sniGob_bY[]`oI��X k�mTk o knm Yc\^s���f�] k _`�Gaco(~Gf��biGob_&_b�GY�f�ZGZEf�o k _bY�tOob_�\^]b_ k dG�Â� k _b�
\�o k dG��snY j sniGo`_bY[]I��� k _b�GY[]M_qpTZEY&f^g$\^sn��f�] k _b�Ga�a�\	p � Y&�@\^sn_`Y[~����GY[d�\2o`Z@Y j[k �@Y[~8dTiGa � Y[](f^g j sniGob_bY[]`oM�@\^o
� Y[Y[dÂf � _v\ k dGY[~�tTf�]$���GY[d�obf�a�Y�f�_`�GY[]$o`_bf�ZGZ k dG� j ] k _`Y[] k f�d��@\^o � Y[Y[dÂov\^_ k o �@Y[~��C ¤fe~GY � obY[Y[� k dG�c\^sn��f�] k _b�Ga�o
\^_b_`Y[acZG_M_bf k ~GY[de_ k g¡p�]`Y[� k f�dGoM� k _b��\Â� k ���zZEf k de_�~GY[dGo k _�p�� ��� � ��u(dGY�Z@f�_bY[de_ k \hs$\^~ m \^dT_�\^��Y2f^g/obi j �!\^sn��f �
] k _`�Gaco k o/_`�@\^_/_b�GY[p�a�\	p � Y�\ � s�Y�_bf k ~GY[de_ k g¡p k ]b]bY[��iGs¢\h]bsnp2ob�@\hZ@Y[~ j s�iGob_bY[]boI����d j f�de_b]v\^ob_	t¨» � a�Y[~ k fe~�\^dG~
» � a�YI\^d�\^sn��f�] k _b�Ga�o$\^]`YM_bY[dG~¤_bf k ~GY[de_ k g¡pc]`Y[��iGs¢\^]It obZG�GY[] knj \^s j sniGob_bY[]bo(o k d j Y4YI\ j � j sniGob_`Y[] k o/]bY[ZG]`Y[obY[dT_`Y[~
� p�\&o k dG��snY j Y[de_b]v\^s�ZEf k de_I�

��� � ��� )�� �  �!#"

� obY j f�dG~!]bY[s¢\^_bY[~8_bf�Z k�j2k o&ov\^a�ZGs k dG�@t:]bY[�T\^]`~ k dG���/� k�j �8_b�GY[]bY k o2\^snobf¤\Âs¢\^]b��Y�s k _bY[]v\h_biG]bY��¤�3�3f�iGobY�g¡iGs
k de_b]bfe~Gi j _ k f�dGo/\^]`Y � |!� \^dG~ � 
�� ��u�g#ZG] k a�\^]bp k de_bY[]bY[o`_$�GY[]`Y�\^]bY(_bY j �Gd kn¥ iGY[o/g¡f�]3o k a�ZGsnY(]v\^dG~Gf�aQov\^a�ZGs k dG�Et
k �ÄY���tTo�\^acZGs k dG� k d���� knj ��YI\ j ��Y[snY[a�Y[de_$fhg�_b�GYMZEf�ZGiGs¢\^_ k f�d��@\^o�\hd�Y ¥ i@\^s j �@\^d j Y4f^g k d j sniGo k f�d��

�£Y[obY[] m f k ]2ov\^a�ZGs k dG� k oc\�gª\^o`_2_bY j �Gd kn¥ iGYÂg¡f�]2��Y[dGY[]�\^_ k dG�zo k acZGs�Yc]v\hdG~Gf�a ov\^a�ZGsnY[o2iGo k dG��\ o k dG��snY
obY ¥ iGY[dT_ k \^s@Z@\hobo3f m Y[]$_`�GY�~@\^_�\G� � |<y�� rzY�~GY[o j ] kn� YM]`Y[obY[] m f k ]�ov\^a�ZGs k dG��gÚiG]`_b�GY[] k d � Y j _ k f�d y � 
 �:Y j �Gd kn¥ iGY[o
�@\ m Y2\^snobf � Y[Y[d�ZG]`f�Z@f�o`Y[~¤gÚf�]M��Y[dGY[]v\^_ k dG��o k a�ZGsnY�]v\hdG~Gf�a�ov\^a�ZGsnY[o�gÚ]bf�a k dG~GY�§zob_b]bi j _biG]`Y[oMobi j �8\^o � �
_b]bY[Y[o/\^dG~��@\hob���@snY[o3�/� k snY(a k d k a kn«[k dG�(~ k ob�2f�ZEY[]v\^_ k f�dGoI� � | ½ ��� dep�f^gC_b�GY[obYM_`Y j �Gd kn¥ iGY[o j f�iGsn~ � YMiGobY[~ k d
_b�GY(�@]bo`_/ZG�@\^obY4f^gC_q�3f � ZG�@\^obY j sniGo`_bY[] k dG�@�
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	 � � � � ��� �

�3�GY[]bY&\^]bY4obY m Y[]v\^sOZG]bf�ZEf�obY[~ j sniGob_bY[] k dG�2_bY j �Gd kn¥ iGY[o(g¡f�]/s�\^]b��Y4~@\^_v\^obY[_`oI�� ¤f�o`_�\^]bY4_��3f � ZG�@\hobY��/�3�@\^_ k oIt
_b�GY[p4�@]bob_�ZG]bfe~Gi j Y�\ j f�a�Z@\ j _ k d � a�Y[acf�]bp�]`Y[ZG]bY[obY[de_v\^_ k f�d2f^g�_b�GY/~@\^_�\^obY[_$\hdG~2_b�GY[d j sniGob_bY[]�_b�@\^_It�]v\^_b�GY[]
_b�@\^d�_`�GYMf�] k � k d@\^s�~@\^_v\^obY[_	�

+ Y[]`�@\^ZGo�_b�GY}�@]bob_�o`i j �!\^sn��f�] k _b�Ga��/\^o �/x � � � tO�/� knj � k d m f�s m Y[oM~G]v\	� k dG��\ ]v\^dG~Gf�a�ov\^a�ZGsnY2\^dG~
_b�GY[d�\hZGZGsnp k dG� +@�   _bf�_b�GY�ov\^a�ZGsnY�� � ���$�/x�� � ��k oMdGf�_4ob_b] k�j _bsnp�\�_q�3f � ZG�@\^o`Y}\hsn��f�] k _b�Ga � Y j \^iGobY�_b� k o
ZG]bf j Y[~GiG]bY k o$]`Y[Z@YI\^_bY[~�o`Y m Y[]v\^s�_ k a�Y[oIt�� k _b��_b�GY � Y[o`_/]bY[obiGsn_3]bY[_�\ k dGY[~�� � iG����Y[ob_bY[~���i k ~GY[s k dGY[o�gÚf�]3ov\hacZGsnY
o kn« Y�\hdG~�_b�GY4dTiGa � Y[]/f^g k _bY[]v\h_ k f�dGo3�3Y[]bY � \^obY[~Âf�d�Y[a�Z k ] knj \^s�Y mek ~GY[d j Y�f � _v\ k dGY[~�� k _b� m Y[]bp�oba�\^sns�~@\^_v\
obY[_bo	�

� Y m Y[]v\^s�]`Y j Y[dT_bs�p � ZG]bf�Z@f�obY[~!\^sn��f�] k _b�Ga�o(iGobYco�\^acZGs k dG��\ho�_`�GY2�@]bo`_�ZG�@\^obY��¤u(dGY�ZG]bf�ZEf�ov\^s�iGobY[o&_b�GY
�/x�� � � w � \^sn��f�] k _b�Ga k dM_b�GY#o`Y j f�dG~�ZG�@\^o`Y�� � 	�� � � dGf�_b�GY[]	t j \^s�snY[~ � l �/��t[iGobY[o#\3obY j f�dG~ � ZG�@\hobY$\^s���f�] k _`�Ga
_b�@\^_:a�\ k dT_v\ k dGo�a2iGsn_ k ZGs�Y�]bY[ZG]bY[obY[de_v\^_ knm Y#Z@f k dT_`oCZEY[] j sniGo`_bY[]I� ��� � �£�GY$iGo`Y�f^gGacf�]bY#_b�@\^d4f�dGY�]bY[ZG]`Y[obY[dT_�\^_ knm Y
~ k ob_ k dG��i k ob�GY[o�_b� k o�\^sn��f�] k _b�Ga�gÚ]`f�a _`�Gf�obY�~GY[o j ] kn� Y[~ k d 
 � | \^dG~.\hsnsnf^�/o k _�_bf k ~GY[dT_ k gÚp8dGf�d � obZG�GY[] k�j \^s
j sniGob_`Y[]boI�

��� � � � k o \�_q�3f � ZG�@\^obY�\^s���f�] k _`�Ga _`�@\^_/~GfeY[o�dGf�_(iGobY4ov\^a�ZGs k dG� k d�ZG�@\hobY&f�dGY�� � |
	�� ��dGob_bYI\^~�t k _ j f�d �
ob_b]`i j _bo$\^d k d � a�Y[acf�]bp�� k Y[]�\^] j � knj \^sGobiGa�a�\h]bp�f^g�_b�GY�g¡iGsns@~@\^_�\^obY[_I�#�3�GY ����� � �>\^sn��f�] k _b�Ga k o�~GY[o j ] kn� Y[~
a�f�]bY�gÚiGsns�p k d � Y j _ k f�d y � | �

r Y$\^]bY�\	�/\^]bY#fhg@f�dGY�dGf�d � _q�3f � ZG�@\^o`Y j sniGob_`Y[] k dG��\^s���f�] k _`�GaRg¡f�]�s�\^]b��Y#~@\^_�\/obY[_`oI��X � �G�3� w k o#\/a�fT~GY �
obY[Y[� k dG�M\^sn��f�] k _b�Ga _b�@\^_It	s k ��Y � l ���/t k o j \^Z@\ � s�Y�f^g k ~GY[de_ k g¡p k dG� k ]b]`Y[��iGs¢\^]bs�p/ob�@\^ZEY[~ j s�iGob_bY[]boI� � y!� X � �G�3� w
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Phase One Phase Two
(summarize) (cluster)

final clusters

database

secondary or tertiary storage main memory main memory

summary
(M)

(N)

(k)

¦#k ��iG]bY | ���3�3f ��+ �@\^obY � sniGob_bY[] k dG�

\^obo`iGacY[oO_b�GY3Y�§ k ob_bY[d j Y3f^g \(a�iGsn_ k�� ~ k a�Y[dGo k f�d@\^s k dG~GY�§&f�d&_b�GY3~@\^_v\^o`Y[_I�C�3�GY(\^sn��f�] k _b�Ga k ~GY[de_ k �@Y[o j sniGob_`Y[]bo
� p�\^_b_bY[a�ZG_ k dG�2_`f2Y�§¨Z@\hdG~z�TdGf^�/dÂ]bY[� k f�dGo/f^g$� k ����ZEf k de_�~GY[dGo k _�p���XMiG] k dG��_b�GY&Y�§¨Z@\hdGo k f�dÂZG]bf j Y[o`oIt�_b�GY
k dG~GY�§ k oMiGobY[~�_`f�obiGZGZEf�]b_�Y ��j[k Y[dT_&]bY[_`] k Y m \hs#f^g/~@\^_v\�Z@f k dT_`o�snf j \^_bY[~zdGYI\h]�_b�GY��TdGf^�/d ]bY[� k f�d���l/dGs k ��Y
_b�GY4_��3f � ZG�@\hobY�\^s���f�] k _`�Gaco�~GY[o j ] kn� Y[~©\ � f m Y�tEX � �G�£� w>~GfeY[oMdGf�_/ZEY[]qgÚf�]ba \�o k dG��snY�obY ¥ iGY[de_ k \^s�o j \^d�f^g
_b�GY(~@\^_v\^o`Y[_I�O��dGob_bYI\h~�tG_b�GYM\^sn��f�] k _b�Ga Z@Y[] gÚf�]`aco3\^_3acf�o`_#f�dGY k dG~GY�§co j \hd�Z@Y[]3~@\^_v\4Z@f k dT_	���£�TiGoIt k _`o$����u
j f�ob_Ma�\	p � Y2obi � ob_�\^dT_ k \^snsnp�� k ���GY[]M_`�@\^d¤_b�@\^_(f^g£\�_q�3f � ZG�@\^obY&\^sn��f�] k _b�GaQg¡f�]Ms¢\h]b��Y�~@\h_v\^obY[_bo	����_��3f�iGsn~
� Y k de_bY[]bY[o`_ k dG�&_bf j f�acZ@\h]bYMX � �G�3� w>� k _b��\�_��3f � ZG�@\hobY�\^sn��f�] k _b�GaQ� k _`��o k a k s¢\^] j \^Z@\ �Gk s k _ k Y[o	tTo`i j �¤\^o
� l
�/�/tEiGo k dG��s¢\^]`��YM~@\^_v\^o`Y[_boI�,��f<�3Y m Y[]	tG_b�GY�ZGiG]`Z@f�obY4f^g�_b� k o(Z@\^ZEY[] k o(_bf2Y m \^sni@\^_`Y�\^sn��f�] k _b�Ga�o#g¡f�](iGobY
k dz_`�GY��@]`ob_�ZG�@\^o`Y2f^g$_q�3f � ZG�@\^o`Y}\hsn��f�] k _b�Gaco	� ¦ f�]M_`� k oM]bYI\^obf�d�t�_b�GY&X � �G�3� w � k sns#dGf�_ � Y j f�dGo k ~GY[]bY[~
g¡iG]b_b�GY[]/�GY[]bY��

� snobf f^g dGf�_bY k o�]bY j Y[dT_��3f�]b�8f�dR_`�GY j f�dGob_`]bi j _ k f�d!fhg�� k ob_bf���]v\^a�oMg¡f�]2f�dGYÂ~ k acY[dGo k f�d@\^s � |<
�� \^dG~
a2iGsn_ k ~ k a�Y[dGo k f^d@\^s � |�|!� ~@\^_v\G� � sn_b�Gf�iG��� j ]bYI\h_ k dG�8� k ob_bf���]v\^a�o k o�dGf�_c_`�GY�o�\^acY¤\^o j sniGob_bY[] k dG�@t � f�_b�
_bY j �Gd kn¥ iGY[o�Y�§G_b]v\ j _ k degÚf�]`a�\^_ k f�d�\ � f�iG_&_b�GY�~@\^_v\Â~ k ob_`] kn� iG_ k f�d�� ¦ f�]4s¢\^]b��Yc~@\^_�\^obY[_boIt:_b�GY[obY�� k o`_bf���]v\ha
j f�dGob_`]bi j _ k f�d�\^sn��f�] k _b�Ga�o�\^]bY(_q�3f � ZG�@\^obY�tea�YI\^d k dG�&_b�@\^_3_b�GYM~@\^_�\ k o$o�\^acZGs�Y[~�\^dG~�_`�GY[d�� k ob_bf���]v\^a�o�\^]bY
j f�dGob_`]bi j _bY[~!iGo k dG�¤_b�GY�o�\^acZGs�Y�� ¦ f�]�_`�GY�f�dGY � ~ k a�Y[dGo k f�d@\^s j \^obY�t�\hd@\^snpe_ knj \^s�]bY[obiGsn_bo�\^]bY�\ m \ k s¢\ � snY2g¡f�]
~GY[_bY[]ba k d k dG�2\^ZGZG]`f�ZG] k \^_`Y�ov\hacZGsnY(o kn« Y[o	� � |<
��

� ���¿²��
	�� ��
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E° �¹± ¶ ¯��

�3�GY&_q�3f � ZG�@\^obY j sniGob_bY[] k dG�2_bY j �Gd kn¥ iGY k o(obiGa�a�\h] kn« Y[~ k d ¦#k ��iG]bY | ���3�GY4�@]bo`_�ZG�@\^o`Y�iGo`Y[o�\2o k dG��snY�Z@\hobo
f m Y[]#_b�GY3~@\^_v\hobY[_#_bf j ]bYI\^_`Y£\�acY[a�f�]bp � ]bY[o k ~GY[dT_�obiGa�a�\h]bp����3�GY/obY j f�dG~2ZG�@\^obY/��Y[dGY[]v\^_bY[o�» j s�iGob_bY[]boOg¡]bf�a
_b�GYMa�Y[acf�]bp � ]`Y[o k ~GY[de_�obiGa�a�\h]bp����3�GY�f�iG_bZGiG_/f^gC_`� k o/ZG�@\^obY k o/» j sniGo`_bY[] j Y[dT_b]`f k ~GoI�

� Z@\h]v\^a�Y[_bY[]�� s k a k _bo3_b�GY�a�Y[a�f�]bp&iGobY[~ � p�_`�GYM�@]bob_(ZG�@\^obY��(�3�GY m \^sniGY4f^g�� j \^d � Y j f�dT_`]bf�snsnY[~
_bf&Y�¬�Y j _�\&_b]�\^~GY[f^¬ � Y[_q�$Y[Y[d j s�iGob_bY[] k dG��_ k a�Y�\^dG~ j s�iGob_bY[] k dG�2\ j[j iG]�\ j p�t@�3�GYMobY j f�dG~�ZG�@\^obYM� k sns�]bY ¥ i k ]bY
\^~G~ k _ k f�d@\^s�a�Y[acf�]`p2f m Y[]�\^dG~¤\ � f m Y�� _bf2ob_bf�]bY k deg¡f�]ba�\^_ k f�dc\ � f�iG_�_`�GY j sniGob_`Y[]boI�/�3�GY4Y�§ \ j _M\^a�f�iGde_
~GY[Z@Y[dG~Go(f�d�_b�GY j s�iGob_bY[] k dG��\^sn��f�] k _b�Ga _b�@\^_ k o3iGobY[~��$w�f�]ba�\^sns�p�_b�GY�\^a�f�iGde_�f^g�\^~G~ k _ k f�d@\^sEacY[a�f�]bp4� k sns
� Y�o`a�\^s�sC]bY[s�\^_ knm Y�_bf�� \hdG~�� k sns#~GY[Z@Y[dG~Jf�dGsnp¤f�d8_b�GYc_�\^]b��Y[_4dTiGa � Y[]�f^g j sniGo`_bY[]boIt#»�� ¦ f�]4Y�§ \^a�ZGsnY�t
_b�GY�» � a�YI\^dGo j sniGo`_bY[] k dG�2\^sn��f�] k _b�GaQ�3YMiGobYM]bY ¥ i k ]bY[o�obZ@\ j YMg¡f�]3_q�3f}\h]b]v\	pTo	tTYI\ j ��f^g#snY[dG��_`��»�� ¦ f�]�_b�GY[obY
]bYI\^o`f�dGoIte�3YM~GY[o j ] kn� Y�_b�GYM_bf�_v\^s�acY[a�f�]bp&]bY ¥ i k ]bY[a�Y[de_$\^o/o k acZGs�p�� �

��d&_b� k o#Z@\^ZEY[]��3Y j f�acZ@\h]bY�_q�3f�_`Y j �Gd kn¥ iGY[o#g¡f�]OZG]bfe~Gi j[k dG��_b�GY k d � a�Y[a�f�]bp(obiGaca�\^]bp(~GiG] k dG�M_`�GY��@]`ob_
ZG�@\^obY��#�3�GY£�@]bob_ k oO_bf j f�dGob_`]bi j _�\ j sniGob_bY[]Og¡YI\^_biG]`Y$_`]bY[YM¼ �3¦O� _b]bY[YIÁÝt[�@]bo`_#ZG]bf�Z@f�obY[~c\^oOZ@\^]b_#f^g�_b�GY,����� � �
\^sn��f�] k _b�Ga¤� � |
	!� �3�GY2obY j f�dG~ k oM_bfc~G]�\I� \�]�\^dG~Gf�a ov\^a�ZGsnYMg¡]bf�a _b�GY2~@\^_�\^obY[_I�M�3� k oMs�\^_b_bY[]M\^ZGZG]bfT\ j � k o

�
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iGobY[~ k d � l
�/�¿\^dG~ k dzf�_b�GY[]�\^s���f�] k _`�GacoI� ��f�_b�¤_bY j �Gd kn¥ iGY[o�]bY ¥ i k ]bY�f�dGsnp�\�o k dG��snY&obY ¥ iGY[dT_ k \^s#o j \^d¤f^g
_b�GY�~@\^_v\^o`Y[_I�(��f�_b��\hsnobf�\hsnsnf^� _b�GY�\^acf�iGdT_Mf^g/a�Y[acf�]bp�t � tO_bf � Y j f�de_b]bf�snsnY[~�� � Y j _ k f�dGo y � | \^dG~ y � 

~GY[o j ] k�� Y�_`�GY[obYM_bY j �Gd kn¥ iGY[o k d�a�f�]bY(~GY[_v\ k s��

�#��� �������
����� � � � � � � ��� � � �*�

���3¦O� _`]bY[Y k o�\Â�GY k ���e_ ��� \^s¢\hd j Y[~�_b]`Y[Y k d8�/� knj �8YI\ j �8dGfe~GY j f�dT_�\ k dGo�\ho�a�\^dep�\^o�� Y[dT_b] k Y[oI� � |�	 � �3�GY
_b]bY[Y��@\^o2\�a�\	§ k a2iGa � ]�\^d j � k dG��g�\ j _bf�]4f^g��ct:o k d j Y�YI\ j ��Y[de_b]bp k d j sniG~GY[o2\ Z@f k de_bY[]4_bf�\ j � k s�~�dGfe~GY��
��\ j �zY[de_b]bpz\^s�obf j f�de_v\ k dGo4obi �cj[k Y[de_ k deg¡f�]ba�\^_ k f<dÂ_bf�~GY[o j ] kn� Y�_b�GY j Y[de_b]bf k ~�t�o k�« Y�¼¡deiGa � Y[]Mf^g/ZEf k de_bovÁ[t
\^dG~ k de_b]v\ ��j sniGob_bY[] m \^] k \^d j Y�fhg�\ j sniGob_bY[]/fhgC~@\^_v\4Z@f k dT_`oI�#�3�GY�s�f j \^_ k f�dGo3f^gC_b�GY k dG~ knmek ~Gi@\^s�ZEf k de_bo3� k _b� k d
_b�GY j s�iGob_bY[]2\^]bY2dGf�_�ob_bf�]bY[~����3�GY2Y[de_ k ]bY2_`]bY[Y2]bY[ZG]bY[o`Y[dT_bo2\ � k Y[]v\^] j � knj \^s j s�iGob_bY[] k dG�Âf^g�\^sns#ZEf k de_boMg¡]bf�a
_b�GY&~@\^_v\hobY[_�_`�@\^_M�@\ m Y � Y[Y[d k dGobY[]b_`Y[~ k dT_bf�_b�GY&_b]bY[Y��4�#de_b] k Y[o k dÂsnYI\	g3dGfT~GY[oM]bY[ZG]`Y[obY[dT_ j s�iGob_bY[]bo � Y m Y[]bp
k dGobY[]`_bY[~cZEf k de_ k o3Z@\^]b_3f^gOY�§ \ j _`snp2f�dGY(obi j � j sniGob_bY[]I���#de_b] k Y[o k d k de_bY[]bd@\^sEdGfT~GY[o/]`Y[ZG]bY[obY[de_/acY[_�\ ��j sniGob_bY[]`o
_b�@\^_ k d j f�]bZEf�]v\^_`Y£\hsns@f^g�_b�GY�Z@f k de_bo k d2_b�GY j sniGob_bY[]`o k d2_`�GY k ]�obi �e� _`]bY[Y[oI���3�@\h_ k oIt�_b�GY j sniGo`_bY[]bo$\h_�f�dGY(snY m Y[s
f^g#_b�GYM_b]bY[Y�\h]bYMobi � obiGa�Y[~ � p j sniGob_`Y[]bo�\^_/_`�GYMsnY m Y[s�\ � f m Y��

XMiG] k dG�cZG�@\hobY2f�dGY�tO\ �3¦O� _b]bY[Y k o � i k sn_ k d¤a�Y[acf�]bp � p�o j \^dGd k dG��_`�GY�~@\h_v\ � \^obY2\^dG~ k dGo`Y[]b_ k dG��YI\ j �
Z@f k dT_ k dT_`f�_`�GY�_b]bY[Y�� + f k de_bo/\^]bY k dGobY[]`_bY[~ � p�_`]v\ m Y[]bo k dG�4_b�GY�_`]bY[Y(gÚ]`f�a�]bfef�_3_bf2snYI\<g � � _/YI\ j ��dGfT~GY�tE_b�GY
Y[de_b]bp2�/�Gf�obY j Y[dT_`]bf k ~ k o j snf�obY[o`_$_`f2_b�GY(Z@f k de_ k o3~GY[_bY[]`a k dGY[~�tG\^dG~�_`�GY�obYI\h] j � j f�dT_ k dTiGY[o k d�_b�@\h_$Y[de_b]bp�ÃÄo
obi �e� _b]`Y[Y��#r �GY[d�\&snYI\	g k o$]`YI\ j �GY[~�t f�dGYMf^gC_q�3f&_b� k dG��o3f j[j iG]boI�#�ªg�_b�GYMdGY[� Z@f k de_ k o j snf�obYMY[dGf�iG����_bf&f�dGY
f^g#_b�GY j s�iGob_bY[] j Y[de_b]bf k ~Go k d�s�YI\	g t _b�GY[d k _ k o k dGobY[]`_bY[~ k de_bf&_b�@\^_ j sniGob_bY[]I�3�3� k o(o k a�ZGsnp k d m f�s m Y[o3iGZ@~@\^_ k dG�
_b�GY j sniGob_bY[]�g¡YI\^_biG]bY[o¹gÚf�]$_`�@\^_�Y[de_b]bp k d2_b�GY(snYI\	g&.¨\hsns@f^g�_b�GY k dG~ knmek ~Gi@\^s�ZEf k de_bo�_b�@\h_�a�\^��Y/iGZ�YI\ j � j sniGo`_bY[]
\^]bY4dGf�_/ob_`f�]bY[~��3�¡g�_`�GY�Z@f k dT_ k o/dGf�_ j snf�obYMY[dGf�iG���¤_bfc\hdTp j Y[de_b]bf k ~ k d�_b�GY4snYI\	gbtG_b�GY[d¤\2dGY[�>Y[dT_`]bpz¼ k �ÄY���t
\�dGY[� j sniGo`_bY[]vÁ j f�dT_�\ k d k dG�&f�dGsnp�_`�GY�dGY[�/snp k dGobY[]b_bY[~ÂZ@f k de_ k o j ]bYI\^_`Y[~ k d�_b�GY4snYI\	gb�3�¡g�_b�GY4snYI\	g k o3g¡iGsns�t k _
k o/o`ZGs k _It@\hdG~�_b�GYMsnYI\<g<ÃÄo3Z@\^]bY[de_ k o/iGZ@~@\^_`Y[~��3��d���Y[dGY[]v\^s�tG_`� k o/obZGs k _b_ k dG�&ZG]bf j Y[~GiG]bY&a�\	p j f�dT_ k dTiGY�\^s�s�_b�GY
�/\	p2_bf2_b�GYM]`fTf�_3dGfe~GY��

�£�GY���Y[p�_bf�_b�GY �3¦O� _b]bY[Y k o \�_b�G]bY[o`�Gf�sn~�Z@\h]v\^a�Y[_bY[]It������£� k o�Z@\h]v\^a�Y[_bY[] k o�iGo`Y[~©\h_/_b�GY&snYI\	g#dGfT~GY[o
~GiG] k dG� k dGobY[]b_ k f�d�_`fz~GY[_bY[]ba k dGY��/�GY[_b�GY[]2_b�GY k dGobY[]b_`Y[~!Z@f k de_ k o j snf�obY�Y[dGf�iG���!_bf f�dGY�f^gM_b�GY�Y�§ k ob_ k dG�
j sniGob_`Y[]bo k d¤_b�GY&snYI\	gb���ªg�� k oM_bfefcoba�\^sns�t@_b�GY&_b]`Y[Y�� k snsO��]bf^�À_`fTf ¥ i knj �Tsnp¤\^dG~¤a�\	p�Y m Y[de_bi@\^s�snp�Y�§¨�@\hiGob_
_b�GY&\ m \ k s¢\ � snY�a�Y[a�f�]bp����ªg	� k o/_`fTf2s�\^]b��Y�tG_`�GYM_b]bY[Y�� k sns���]bf^� _bfef2obsnf^�/snp�tG\^dG~�_`�GY�a�Y[acf�]`p�� k sns�dGf�_ � Y
g¡iGsnsnp2iG_ k s kn« Y[~��#�3� k o/]`Y[obiGsn_bo k d j sniGob_bY[]`o$_`�@\^_/\^]bYMiGdGdGY j Y[obov\h] k snp�s¢\^]b��Y�t�]bY[obiGs�_ k dG� k d�f m Y[] � obiGa�a�\^] kn« \^_ k f�d
f^g#_b�GYM~@\^_v\ ¼ k deg¡f�]ba�\^_ k f�d2snf�obovÁ[�

�ek d j Y�_b�GY�a�\	§ k a&iGaRo kn« Y�f^gG_b�GY�_b]bY[Y k o j f�dGob_b]�\ k dGY[~ � p � t^_b�GY[]bY#a2iGo`_ � Y3\3ZG]bf j Y[~GiG]bY�gÚf�]:]bY j f m Y[] k dG�
k d j \^o`Y�_b�GY �£¦O� _b]bY[Y��@snsno3_b�GY�\ m \ k s¢\ � snY/a�Y[a�f�]bp � Y�gÚf�]bY�\^sns�f^gC_`�GYM~@\^_v\ � \^o`Y�ZEf k de_bo3�@\ m Y � Y[Y[d k dGobY[]`_bY[~��
�3� k o k o/�@\^dG~GsnY[~ � p k d j ]bYI\^o k dG�
�À\^dG~�_`�GY[d�]bY � i k sn~ k dG��_b�GYM_b]`Y[Y�iGo k dG��_b�GYMdGY[�À_`�G]bY[ob�Gf�sn~����3Y � i k s�~ k dG�
~GfeY[oMdGf�_ k d m f�s m Y�]`Y[o j \^dGd k dG��Z@f k dT_bo(_b�@\^_(�@\^~z\^sn]`YI\^~Gp � Y[Y[d k dGobY[]b_bY[~ k de_bf2_b�GY&f�] k � k d@\^s:_b]bY[Y��(��dGob_`YI\^~�t
\ÂdGY[��t�Y[acZG_qp¤_b]bY[Y k o j ]bYI\^_bY[~�t�\^dG~!_b�GY j Y[de_b]bf k ~Go4f^g�_b�GY�s�YI\ m Y[o�fhg�_b�GY�f�] k � k d@\^s�_b]`Y[Y�\^]`Yc_b]`YI\^_bY[~!\^o
¼¡�3Y k ���e_bY[~@Á�~@\^_v\�ZEf k de_bo�\hdG~ \^]`Y k dGo`Y[]b_bY[~ k dT_`f�_b�GY�dGY[�Q_b]bY[Y�tO�/� knj ��� k sns��Gf�Z@Y�g¡iGsnsnp � Ycoba�\^sns�Y[]M_b�@\^d
_b�GYMf�] k � k d@\^s � Y j \^iGobY�fhg k _`o/s¢\^]b��Y[]$_`�G]bY[ob�Gf�sn~���u(d j Y�_b� k o k o j f�a�ZGsnY[_bY�t�_b�GY�ZG]bf j Y[obo/fhg k dGo`Y[]b_ k dG�2~@\h_v\^obY[_
Z@f k dT_`o/Z knj �To/iGZ����GY[]bY k _3snY�g¡_/f^¬�tef�dGsnp�dGf<� k d�_b�GYMdGY[�>_b]bY[Y��

�£�GY ¥ iGY[ob_ k f�d�f^gC�Gf^�¿_bf&obY[_�� k o/\&~ k �cj iGsn_3f�dGYM_bf2\^dGob�3Y[]ItG\^o k o3dGf�_`Y[~ k d � |
	�� �#�3�GY k ~GYI\hs m \^sniGYMf^g
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�>~GY[Z@Y[dG~GoMf�dÂ_b�GYM~ k ob_b] kn� iG_ k f�d�fhg�ZEf k de_bo k dÂ_b�GY�~@\^_�\^obY[_Ite_b�GY4o kn« Y�fhg�_b�GY4~@\^_v\^o`Y[_It@\^dG~Â_b�GY�\^a�f�iGdT_3f^g
a�Y[acf�]`p�\ m \ k s¢\ � snY3_bf&�Gf�sn~�_b�GY �3¦O� _b]bY[Y�� ����� � � ob_v\h]b_bo#� k _`��\4oba�\^sns k d k _ k \^s@_b�G]`Y[ob�Gf�sn~�¼ªY��Ä�@�nt « Y[]bfTÁ3\^dG~
k d j ]bYI\hobY[o k _MYI\ j �z_ k a�Y�_`�GY2_b]bY[Y k oM]bY � i k sn_MiGo k dG��\ ]v\^_b�GY[] j f�a�ZGsnY�§�Y�§G_b]v\^ZEf�s¢\^_ k f�d��GY[iG] k ob_ knj&� \^o`Y[~zf�d
\�s k dGYI\h]M]bY[��]bY[obo k f�d�f m Y[]M_`�GY�� k ob_bf�]bp�fhg$ZG]bY mek f�iGoM_b�G]`Y[ob�Gf�sn~ m \^sniGY[oI�4��d f�iG] �3¦O� _b]bY[Y k a�ZGsnY[a�Y[dT_�\^_ k f�d�t
�3Y�iGo`Y[~�\4o k a k s¢\h] � iG_3o k a�ZGsnY[]#_b�G]`Y[ob�Gf�sn~�\^~
�`iGob_ba�Y[dT_#ZG]bf j Y[~GiG]bY�� � ZEY j[k � j \^sns�p�tT�3Y j f�dGo k ~GY[]`Y[~cf�dGs�p2_b�GY
_q�3f�a�f�ob_M]bY j Y[de_&_b�G]bY[ob�Gf�s�~ m \^sniGY[o2�/�GY[d8Z@Y[] gÚf�]`a k dG�Â_b�GY�]bY[��]bY[obo k f�d��¤�3�GY�Y�§¨ZEY[] k a�Y[dT_`o�]bY[ZEf�]b_bY[~ k d
� Y j _ k f�d 	 ���&\^~G~G]bY[obo(_b� k o k o`obiGY(gÚiG]`_b�GY[]I�

�#� � � � !���+ ) � � )��#�  �! "

� dGf�_b�GY[]2�/\	p¤_bf¤obiGaca�\^] k�« Y�_`�GY�~@\^_v\ � \^o`Y k o&_bf¤~G]v\	�Q\¤]v\^dG~Gf�a�ov\hacZGsnY}gÚ]bf�a k _I�¤��d!��Y[Y[Z k dG�z� k _b�
_b�GY j f�dGob_b]�\ k de_bo�f�d8_b�GY�_q�$f � ZG�@\^obYc\^s���f�] k _`�Ga�t�_b� k o�]bY ¥ i k ]bY[o2\Âov\^a�ZGs k dG��_bY j �Gd kn¥ iGYc_`�@\^_ j \^d�~G]�\I�Q\
]v\^dG~Gf�a ov\^a�ZGsnY3f^g \�obZ@Y j[k �@Y[~�o kn« Y4¼ �ÀÁOiGo k dG��f�dGs�p�f�dGY/Z@\hobo�_b�G]`f�iG���&_b�GY/~@\^_�\^obY[_I� �3Y[obY[] m f k ]#ov\hacZGs k dG�
\^sn��f�] k _b�Ga�o3~Gf�Y�§ \ j _bsnp�_b� k o	���3�GY2��Y[dGY[]�\^s k ~GYI\�f^g$_b�GY[o`Y}\hsn��f�] k _b�Gaco k oM\^o(g¡f�snsnf^�/o	� �:f�~G]v\	� \2ov\hacZGsnY
f^g�o kn« Y � t�\��b]bY[o`Y[] m f k ]���f^g � k _bY[a�o k o&a�\ k dT_v\ k dGY[~z\^o&_b�GY�~@\^_v\ � \hobY k o&o j \^dGdGY[~��8�3�GY j f�de_bY[de_bo�f^g
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\^]bYM~GY[o j ] kn� Y[~ k d � |<y�� �¹rzYM~ k ~�dGf�_ k acZGsnY[a�Y[de_#_b�GY[a��

w�f�_bY�_`�@\^_&_b�GY j f�dGo`_b]bi j _ k f�d�f^g�\ �3¦O� _`]bY[Y�]bY ¥ i k ]bY[o2_b�@\h_c\^sns3f^gM_b�GY�ZEf k de_bo&g¡]bf�a�_b�GYÂ~@\^_v\^obY[_ � Y
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�/� knj � k _`o k dGZGiG_�~@\^_�\ k o#ZG]bY[o`Y[dT_bY[~��¹r.�GY[d j f�a �Gk dGY[~2� k _b�2\^d2f�]`~GY[] ��k dG~GY[Z@Y[dG~GY[de_3ZG�@\^obY(f�dGY/_bY j �Gd kn¥ iGY�t
s k ��YM]v\^dG~Gf�a ov\^a�ZGs k dG�@te_b�GY&]bY[o`iGsn_ k oM\ j s�iGob_bY[] k dG��_bY j �Gd k�¥ iGY4g¡f�]/s¢\^]`��Y�~@\^_�\&obY[_bo(_b�@\^_ k o k dGo`Y[dGo k _ knm Y�_bf
_b�GY k dGZGiG_�f�]b~GY[]I�

 ¤f�]`Y/obf�ZG� k o`_ knj \^_bY[~ j sniGob_bY[] k dG��_bY j �Gd kn¥ iGY[o$~Gf&Y�§ k ob_Ite\^dG~ j f�iGsn~ � YMiGobY[~ k d j f�d
�biGd j _ k f�d�� k _b�2Y k _b�GY[]
f^g�_b�GYÂobiGa�a�\^] kn« \^_ k f^d!\^sn��f�] k _b�Ga�oI� � f�a�Y�fhg�_b�GY[obY�_`Y j �Gd kn¥ iGY[o��3Y[]bY�~GY[o j ] kn� Y[~ k d � Y j _ k f�d 
 �>�3�GY
j �Gf knj Y�fhg$\^d j sniGo`_bY[] k dG��\^sn��f�] k _b�Ga g¡f�]�ZG�@\hobY�_q�3f2~GY[Z@Y[dG~Go4ZG] k a�\^] k s�p2f�d�_`�GY�\^ZGZGs k�j \^_ k f�d����/�@\^_(_qpTZEY[o
f^g j sniGo`_bY[]bo/a2iGo`_ � Y k ~GY[dT_ k �@Y[~�t·\hdG~��/�@\^_(snY m Y[s:f^g�Z@Y[]qg¡f�]ba�\^d j Y k o(]bY ¥ i k ]bY[~��8�3�GY j �Gf knj Y4a�\	pc\hsnobf � Y
k d � iGY[d j Y[~ � pc_b�GYM_qpeZ@YMf^g#obiGa�a�\h]bp&~@\^_v\4��Y[dGY[]v\^_`Y[~�~GiG] k dG��ZG�@\^obYMf�dGY��

� 	 �#±��	²/±�� � ¯�µ#�

rzY4]v\^d�\�obY[] k Y[o�f^g�Y�§GZ@Y[] k acY[de_bo/~GY[o k ��dGY[~�_`f j f�a�Z@\^]bYMo�\^acZGs k dG�2\^dG~ �3¦O� _`]bY[Y j f�dGo`_b]bi j _ k f�d�\^o�a�YI\^dGo
f^g3obiGaca�\^] k�«[k dG�2s¢\^]`��Y&~@\^_v\^obY[_`oI�2��\ j �zY�§GZ@Y[] k acY[de_ k d m f�s m Y[~ j sniGo`_bY[] k dG��\�~@\^_�\^obY[_�iGo k dG��\�_q�3f � ZG�@\^obY
\^sn��f�] k _b�Ga j f�dGo k o`_ k dG�/f^gGY k _b�GY[]:ov\^a�ZGs k dG��f�] �3¦O� _b]bY[Y j f�dGob_b]bi j _ k f�d k dMZG�@\^obY�f�dGY�t^\^dG~�» � a�YI\^dGo j sniGo`_bY[] k dG�
k d!ZG�@\^o`Y�_��3f@� ��Y j \^iGobY�ZG�@\^obY�_q�3f k o&_b�GY�ov\^a�Y k d � f�_`� j \^obY[oIt#f � obY[] m Y[~!~ k ¬�Y[]bY[d j Y[o k d!_b�GY�f m Y[]v\^s�s
Z@Y[] gÚf�]`a�\^d j Y(f^g�_b�GYM_q�3f � ZG�@\^obY(\^sn��f�] k _b�Ga j \hd � Y�\^_b_b] k�� iG_bY[~c_`f�_b�GYMobiGa�a�\^] kn« \^_ k f�d�_bY j �Gd kn¥ iGYMiGobY[~ k d
ZG�@\^obY4f�dGY��

r Y j �Gf�obY¤_bf8g¡Y[Y[~¿]v\hdG~Gf�acs�p � ��Y[dGY[]�\^_bY[~R~@\h_v\8_bf!_b�GY¤_b�GY[obY8\^sn��f�] k _b�Ga�oIt#ZG] k a�\^] k snp � Y j \^iGobY8_b� k o
\^sns�f<�3Y[~�iGoM_bf j f�de_b]bf�s�_b�GY�ZG]`f�Z@Y[]b_ k Y[o/f^g�_b�GY4~@\^_v\G�/u(iG](Y�§GZ@Y[] k a�Y[de_bo/a�YI\^obiG]bY[~�_q�3f2ZG]bf�ZEY[]b_ k Y[o�f^g�_b�GY
j sniGob_`Y[] k dG�2\^sn��f�] k _b�Ga�oI� j sniGob_`Y[] k dG�2Y[]b]`f�]/\^dG~�Y�§GY j iG_ k f�d�_ k acY��

�



���������	��
��

XMY�g�\^iGsn_
� pTa � f�s ��\hsniGY XMY[o j ] k ZG_ k f�d
º y ~ k a�Y[dGo k f�d@\hs k _qp�f^g#_b�GYM~@\^_�\&obZ@\ j Y
¸ | ½�� _bf�_�\^s@deiGa � Y[]�f^g�ZEf k de_boM¼¡_biGZGsnY[o�Á
� | ½ � deiGa � Y[]3f^g#Z@f k dT_ j s�iGob_bY[]bo
�����
	 ½��Ì½�½"� a�\	§ k a2iGa j sniGob_bY[]�~GY mTk \h_ k f�d

¦#k ��iG]bY 
 �#X�\^_v\ � \^obY { Y[dGY[]v\^_ k f�d + \^]v\^a�Y[_bY[]bo


#��� � � + � � � �  �� � +�� � ��� $&! � � � 	 � � �

rzY k a�ZGsnY[acY[de_bY[~z\Â~@\^_v\ � \hobY2��Y[dGY[]v\h_bf�]�_`�@\^_&ZG]bfT~Gi j Y[o&]v\hdG~Gf�a�~@\^_v\^obY[_`o�iGo k dG�¤_b�GY�Z@\^]v\hacY[_bY[]`oM~GY �
o j ] k�� Y[~ k d8�C\ � s�Y 
 �2�3�GY2~@\^_v\hobY[_bo j f�dGo k ob_Mf^g£¸ Z@f k dT_`o k d�\�º � ~ k acY[dGo k f�d@\^sOiGd k _M�epTZEY[] j i � Y�t#_`�@\^_ k oIt
_b�GY�\^_`_b] kn� iG_bY m \^sniGY[o k d�YI\ j �!f^g(_b�GY�º¤~ k a�Y[dGo k f�dGo&\^]bY j f�dGo k ~GY[]`Y[~!_bf¤�@\ m Y � Y[Y[dRdGf�]ba�\^s k�« Y[~z_bf¤_b�GY
]v\^dG��Y � ½�� | � ����\ j � Z@f k de_ k oMZGs¢\ j Y[~ k dzf�dGY�f^g�� j sniGo`_bY[]boM� k _`�©\hdzY ¥ i@\hs#ZG]bf � \ �Gk s k _qp�f^g/ZGs¢\ j Y[a�Y[dT_ k d
YI\ j ���#�3� k o3]bY[obiGsn_`o k d m \^] k \ � snY j s�iGob_bY[]�o kn« Y[oIte� k _b��\Ma�YI\^d2o kn« Y(f^gC¸����8�#�3�GY j sniGob_bY[] j Y[dT_`]bf k ~Go/\^]bY�~ k o �
_b] k�� iG_bY[~c]�\^dG~Gf�a�snp�\^dG~�iGd k gÚf�]`acsnp k d�_b�GY�~@\h_v\4obZ@\ j Y���u(d j Y�\^o`o k ��dGY[~2_`f}\ j sniGo`_bY[]IteYI\ j �cf^gO_b�GY�ZEf k de_IÃÄo
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rzY k a�ZGsnY[a�Y[dT_bY[~ � f�_b� �3¦O� _b]`Y[Y[o \^dG~8\^dG~¤]bY[obY[] m f k ]�o�\^acZGs k dG�4gÚf�]MZG�@\hobY&f�dGY�t�\^dG~z_b�GY2» � a�YI\^dGo j sniGo �
_bY[] k dG��\^sn��f�] k _b�Ga ~GY[o j ] kn� Y[~ k d � Y j _ k f�d y � y gÚf�]MZG�@\^obY2_q�3f@�2�O\ � snY 	 ob�Gf^�/oM_b�GY2Z@\^]�\^acY[_`Y[]bo/g¡f�]4_b�GY[obY
\^sn��f�] k _b�Ga�oIt�\^dG~!_`�GY k ]&~GY�gª\^iGs�_ m \^s�iGY[oI����f�_b�!_`�GYc~@\^_�\ � \^obY�o k�« Y�t�¸8t�\^dG~!_b�GY�acY[a�f�]bpÂo kn« Y�t � t�\^]bY
a�YI\^obiG]bY[~ k d�_biGZGsnY[o	�

r �GY[d!]v\hdG~Gf�a ov\^a�ZGs k dG� k o2iGobY[~ k d!ZG�@\^obY�f�dGY�t�_b�GYÂo kn« Y�f^g(_b�GY�ov\hacZGsnY�~G]v\	�/d k o�� �!r �GY[dR\
�3¦O� _b]`Y[Y k o�iGobY[~ k d�ZG�@\^obYMf�dGY�tT�3YMa2iGo`_�~GY[_bY[]ba k dGY(_b�GYMa�\	§ k a2iGa dTiGa � Y[]3f^g �3¦O� _`]bY[Y�dGfe~GY[o(_b�@\^_ j \^d
�@_ k de_bfM_b�GY/\ m \ k s¢\ � snY3a�Y[acf�]`p�� � obobiGa k dG�(_b�@\^_#YI\ j �c\^_b_`] kn� iG_bY m \^sniGY�f j[j iGZ k Y[o�f�dGY3�3f�]b~�t^_b�GY[d2_`�GY/_bf�_v\hs
o kn« Y�f^g$_b�GY�acY[a�f�]bp k dz�3f�]b~Go k o��ÀºE�c��\ j � Y[dT_b]`p k d�\ �£¦O� _b]bY[Y2dGfe~GY2]bY ¥ i k ]bY[o&º�� 
 �3f�]b~GoIt�o k d j Yc\
j sniGob_`Y[]�g¡YI\^_biG]`Y j f�dGo k ob_bo�f^gC_b�GY(s k dGYI\^]3obiGaQf^gO_b�GY�ZEf k de_bo k d�_b�GY j s�iGob_bY[]M¼�º4�3f�]b~GovÁ¹ZGsniGo/_b�GY(o ¥ i@\^]bY(obiGa
f^gC_`�GY�ZEf k de_bo/\^dG~c_`�GYMdTiGa � Y[]�f^gOZ@f k de_boM¼¡f�dGY(�3f�]b~�YI\ j �@Á k dc_b�GY j sniGob_`Y[]I� � |
	��C�ek d j Y(YI\ j ��dGfT~GY j f�dGo k ob_bo
f^g	� Y[dT_b] k Y[oIte_b�GYMa�\	§ k a2iGa dTiGa � Y[]/f^g �3¦O� _b]`Y[Y�dGfe~GY[o k d�\&acY[a�f�]bp&f^gOo kn« Y�� k o3� knm Y[d � p��
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� pea � f�s ��\^sniGY XMY[o j ] k ZG_ k f�d
� ��½ �v½�½�½ acY[a�f�]bp&\ m \ k s¢\ � snY/g¡f�]/ZG�@\hobYMf�dGYc¼ k dc_`iGZGsnY[ovÁ
» | ½�½ dTiGa � Y[]3f^g j s�iGob_bY[]bo/ZG]`fT~Gi j Y[~ � p�ZG�@\^obY4_��3f
� 
 ½ �3¦O� _b]bY[Y � ]v\^d j ��g�\ j _bf�]M¼¡Y[de_b] k Y[o$ZEY[]�dGfe~GYIÁ

�
½G�Ì½ | _bY[]ba k d@\^_ k f�d�_`�G]bY[ob�Gf�sn~�g¡f�] � � a�YI\^dGo j sniGob_bY[] k dG�
¦#k ��iG]bY 	 � � s�iGob_bY[] k dG� � sn��f�] k _b�Ga + \^]v\^a�Y[_bY[]bo
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�3� k o�o k a�ZGsnY \hd@\^snpeo k o k ��dGf�]`Y[o$_`�GYMZ@f k de_bY[]bo�dGY j Y[obov\^]bp�_bf2s k dG�c_`�GY �3¦O� _b]bY[YMdGfe~GY[o k de_bf2_b�GYM_`]bY[Y�tG_b�eiGo k _
obf�a�Y[�/�@\^_�f m Y[]bY[ob_ k a�\^_`Y[o�_b�GYMa�\	§ k a2iGa o kn« YMfhg¹\ �£¦O� _b]bY[Y k d�\&a�Y[acf�]`p�fhg�o k�« Y�� �
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� sns#f^g/_b�GY�Y�§¨ZEY[] k a�Y[dT_boM]�\^dzf�d�\ � iGd �-+E� � � ob_v\^_ k f�d � ��]biGdGd k dG� � iGd@u � �G���G� � sns�f^g/_b�GYc\^sn��f�] k _b�Ga�o
�3Y[]bY k a�ZGsnY[a�Y[dT_`Y[~ k d � tC\hdG~ j f�a�Z k snY[~ iGo k dG� m Y[]bo k f�d 
 � � fhg£_`�GY { w�l j f�a�Z k snY[]M� k _b�zf�ZG_ k a kn« \h_ k f�d
¼ � u 
 Á£Y[d@\ � snY[~��

��\ j ��Y�§GZ@Y[] k a�Y[de_ j f�dGo k o`_bY[~�f^g#]biGdGd k dG��\�_q�3f � ZG�@\^obY j sniGo`_bY[] k dG�c\hsn��f�] k _b�Ga�\^�T\ k dGob_/\2~@\h_v\^obY[_(_b�@\^_
�@\^~ � Y[Y[d�ZG]`Y mTk f�iGobsnp���Y[dGY[]v\^_bY[~�\hdG~zob_bf�]`Y[~ k d�\��@snY�� ¦ f�]MYI\ j �zY�§GZ@Y[] k a�Y[de_It��3Y�a�YI\^obiG]`Y[~�_`�GY �,+ l
_ k a�YM]bY ¥ i k ]bY[~ gÚf�](YI\ j ��ZG�@\^o`Y�fhg�_b�GY j sniGo`_bY[] k dG�c\hsn��f�] k _b�Ga����3� k o k d j sniG~GY[oM_b�GY �,+ l>_ k acY k d m f�s m Y[~ k d
obi j �R\ j _ knmek _ k Y[o�\^o&]bYI\^~ k dG�¤_b�GY k dGZGiG_2~@\^_�\�g¡]bf�a�_b�GY��@snYco`pTob_`Y[a��ÂrzY j �Gf�o`Y�_bf�a�YI\^obiG]bY �,+ lQ_ k a�Y
]v\^_`�GY[]$_`�@\^d��/\^sns ��j snf j ��_ k acY3_bf2\ m f k ~ca�YI\^obiG] k dG��_b�GY(Y�¬�Y j _bo/f^g � \ j �e��]bf�iGdG~�snfT\h~cf�d�_`�GYMY�§¨ZEY[] k a�Y[dT_v\hs
a�\ j � k dGY£\hdG~2_b�GY/Y�¬�Y j _bo�f^g@�@snY�obpTo`_bY[a � ie¬�Y[] k dG�&\^dG~2ZG]bY�g¡Y[_ j � k dG��fhg·_b�GY/~@\h_v\ � \^obY£�@snY��#w/f�_`Y/_b�@\^_ � f�_b�
\^sn��f�] k _b�Ga�o�¼ �£¦O� _b]bY[Y/\^dG~2]v\hdG~Gf�a ov\^a�ZGs k dG�TÁ a�\^��Y£\(o k dG��snY3obY ¥ iGY[dT_ k \^sGZ@\^obo�_b�G]bf�iG����_`�GY/~@\^_v\ � \hobY��@snY��

�£�GY j s�iGob_bY[] k dG�(Y[]b]bf�] k oO~GY��@dGY[~�\^oC_`�GY$]`fTf�_Oa�YI\^d�o ¥ i@\^]bY/�¹i j s k ~GYI\^d&~ k ob_�\^d j Y � Y[_��3Y[Y[d2_`�GY$~@\h_v\ � \^obY
Z@f k dT_`o \^dG~ _b�GY k ](dGYI\^]bY[ob_ j sniGo`_bY[] j Y[de_b]bf k ~GoI�MrzY j f�a�ZGiG_bY[~¤_b�GY j sniGob_`Y[] k dG��Y[]b]bf�](iGo k dG��\�obY j f�dG~�Z@\hobo
_b�G]bf�iG����_b�GY&~@\^_�\^obY[_�\	g¡_bY[] j sniGob_bY[] k dG�c�/\^o£�@d k ob�GY[~����3�GY4_ k a�YM]bY ¥ i k ]bY[~ÂgÚf�]�_b� k o/obY j f�dG~¤Z@\^oboM�/\^o�dGf�_
k d j sniG~GY[~ k dJ_b�GY�Y�§GY j iG_ k f�dR_ k a�Y�acYI\^o`iG]bY[acY[de_I� w/f�_bY�_b�@\h_2a�\hdTp j sniGob_bY[]�Y[]b]bf�]�acY[_`] knj o&�@\ m Y � Y[Y[d
ZG]bf�ZEf�obY[~��&�3�GY j �Gf knj Y&f^g£\�a�Y[_b] knj iGs�_ k a�\^_bY[snp�~GY[Z@Y[dG~Go4f�d¤_b�GY k de_bY[dG~GY[~z\^ZGZGs knj \h_ k f�dÂf^g$_b�GY j sniGo`_bY[]boI�
�3�GY2Y[]`]bf�]Ma�Y[_b] knj _b�@\^_M�3Y&�@\ m Y�iGo`Y[~ k o�\ j f�aca�f�d�\^ZGZGs k�j \^_ k f�d ��k dG~GY[Z@Y[dG~GY[de_ j �Gf knj Y��&��_ k o�\^snobf��3Y[sns �
obi k _`Y[~z_bf�_`�GYc» � acYI\hdGo�\^sn��f�] k _b�Ga¤tE�/� knj �z~ k ]bY j _bs�p�obY[Y[�eo&_bf�a k d k a kn« YM_b�GY�~ k ob_v\hd j Y[o � Y[_q�3Y[Y[d j sniGo`_bY[]
Z@f k dT_`o \^dG~ j Y[de_b]bf k ~GoI��u(_b�GY[]`o k d j s�iG~GY j s�iGob_bY[](~ k \^a�Y[_bY[]�¼�\ m Y[]v\h��YMZ@f k dT_ � _`f � Z@f k dT_/~ k ob_v\^d j Y4� k _b� k dÂ_b�GY
j sniGob_`Y[]vÁ/\^dG~ m \^] k f�iGo k dT_`Y[] ��j sniGob_bY[]3~ k o`_v\^d j YMa�Y[_b] knj oI�
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�3�GYÂ��Y[p k o`obiGY�g¡f�]2_q�3f � ZG�@\^obY j sniGob_bY[] k dG� k o�Z@Y[]qg¡f�]ba�\^d j Y�\^o�\©gÚiGd j _ k f�dRf^g�_`�GY�\^a�f�iGde_2f^g�a�Y[acf�]`p
\ m \ k s¢\ � snY gÚf�]�_`�GY¤�@]bob_�ZG�@\^o`Y�����d f�iG]��@]bob_ÂY�§¨ZEY[] k a�Y[dT_It��3Y�]�\^d � f�_b� j sniGob_bY[] k dG�R\^sn��f�] k _b�Ga�o2� k _b�
m \h]bp k dG��\^a�f�iGde_bo/f^g�a�Y[a�f�]bp�¼ �>Á��/� k snY4�Gf�sn~ k dG��\^sns�f�_b�GY[]�Z@\h]v\^a�Y[_bY[]bo�\^_(_b�GY k ](~GY�g�\^iGsn_ m \^sniGY[o	� �£� k o
Y�§GZ@Y[] k a�Y[de_C�/\^o#]bY[ZEYI\^_bY[~&g¡f�]O_bY[d2]v\hdG~Gf�acs�p���Y[dGY[]�\^_bY[~&~@\^_v\^o`Y[_boIt^YI\ j �&��Y[dGY[]v\^_bY[~&iGo k dG�M_b�GY/Z@\^]v\hacY[_bY[]`o
ob�Gf^�/d k d��O\ � snY 
 �

�£�GYc]bY[o`iGsn_bo&f^g�_b�GY�Y�§GZ@Y[] k acY[de_2\^]bY�ob�Gf^�/d k d ¦#k ��iG]bY[o �¤\^dG~ �G���£�GY j iG] m Y[o&ob�Gf^�QacYI\^d m \hsniGY[o
j f�a�ZGiG_bY[~!f m Y[]&_b�GY�_`Y[d!~@\^_v\^obY[_`oIt�� k _b�8Y[]b]bf�] � \h]boc\^_2f�dGY�ob_v\^dG~@\^]`~!~GY mTk \h_ k f�d8g¡]bf�a�_b�GYÂacYI\^d��8��d
¦#k ��iG]`Y �&�3Y��@\ m Y�\^sno`f�ZGs�f�_b_bY[~�obY[Z@\h]v\^_bY j iG] m Y[o�ob�Gf^� k dG�2_b�GY�a�YI\^d �,+ l>_ k acY�g¡f�]/ZG�@\^obY4f�dGYMf�dGsnp�g¡f�]
YI\ j ��\^sn��f�] k _b�Ga¤�

�£�GY�]bY[obiGs�_bo/ob�Gf^�¿_b�@\h_/_b�GY�o�\^acZGs k dG�2\^sn��f�] k _b�Ga k o � f�_b��a2i j ��gª\hob_bY[]/_b�@\hd�_b�GY �3¦O� _b]bY[Y�\^s���f�] k _`�Ga
\^dG~R\^_&snYI\hob_2\^o2\ j[j iG]v\^_bY�� ¦ f�]&Y�§@\^a�ZGsnY�tO�/�GY[d!Y[dGf�iG���!a�Y[acf�]bp��/\^o2\ m \ k s¢\ � snY2_`f��Gf�sn~!�@\^s�g�fhg�f�dGY
Z@Y[] j Y[dT_�f^g�_b�GYÂ~@\^_v\^obY[_Â¼¡f�iG]2~GY�g�\^iGsn_2a�Y[a�f�]bpzo k�« YIÁ[t�_`�GY �3¦O� _b]`Y[Y�\^sn��f�] k _b�Ga�]bY ¥ i k ]bY[~Ra�f�]bY�_`�@\^d y
�,+ l � a k deiG_bY[o�_bf4ZG]bfe~Gi j Y j sniGob_bY[]bo3f^g ¥ i@\^s k _qp k ~GY[dT_ k�j \^s@_bf4_b�Gf�obY(ZG]bfe~Gi j Y[~ � p�_b�GY(ov\^a�ZGs k dG��\^s���f�] k _`�Ga
k d�\ � f�iG_ | � �,+ l � obY j f�dG~GoItE\^d�f�]b~GY[]/fhg�a�\^��d k _`iG~GY�obZEY[Y[~GiGZ��
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¦#k ��iG]bY �G� � s�iGob_bY[] k dG�2�¹]b]bf�] + ]`fT~Gi j Y[~ � p��3�3f � sniGo`_bY[] k dG� � sn��f�] k _b�Gaco
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¦#k ��iG]bY ��ob�Gf^�/o�_`�@\^_/_b�GY4Y�§¨Y j iG_ k f�d¤_ k a�Y�f^g�_`�GY �£¦O� _b]bY[Y�\^sn��f�] k _b�Ga k o/~GiGY2\^sna�f�ob_3Y[de_ k ]bY[snp�_bf�_b�GY
j f�dGob_`]bi j _ k f�d f^g�_b�GY �3¦O� _b]bY[Y k d�_`�GY2�@]bo`_�ZG�@\^obY��z�£� k o�_ k acY k d j ]bYI\^obY[o4� k _b�8_b�GY�acY[a�f�]bp�o k�« Y�tC��� k snY
_ k a�Y#g¡f�]#ov\hacZGs k dG��]bY[a�\ k dGo#Y[o`obY[dT_ k \^snsnp � \h_I�#�3�GY �3¦O� _b]`Y[Y k dGobY[]b_ k f�d}\hsn��f�] k _b�Ga k d m f�s m Y[oOa�\^dep�ZEf k de_ � _bf �
Z@f k dT_(~ k ob_�\^d j Y j \^s j iGs¢\^_ k f�dGo/_bf�~GY[_bY[]ba k dGY4_b�GY2\^ZGZG]bf�ZG] k \^_bY�s�YI\	g�dGfT~GY}gÚf�](YI\ j � k dGobY[]b_bY[~ÂZ@f k dT_I�4�3�GY[obY
j \^s j iGs�\^_ k f�dGo/\^]`YMY�§¨ZEY[dGo knm Y k d�_b�G]bY[YM~ k a�Y[dGo k f�dGo£\hdG~ j \^d � Y�Y�§GZ@Y j _bY[~Â_bf k d j ]bYI\hobY k d�obZ@\ j Y[o�f^g�� k ���GY[]
~ k a�Y[dGo k f�d�� � \^a�ZGs k dG�Et�f�d�_b�GYMf�_b�GY[]/�@\^dG~�tG]`Y ¥ i k ]`Y[o/dGf2~ k ob_�\^d j Y j \^s j iGs¢\h_ k f�dGoI�

¦#k ��iG]bY �8o`�Gf<��o�_b�@\^_ k d _bY[]ba�ocf^g&Y[]b]bf�]�]bY[~Gi j _ k f�d�t(_b�GY¤a�\^]`� k d@\^s/]�\^_bY¤f^g�]bY[_biG]`d¿f^g}\h~G~ k _ k f�d@\hs
a�Y[acf�]`p¤gª\hsnsno�f^¬¿ob�@\^]bZGsnp gÚf�] � f�_b�¿\^sn��f�] k _b�Ga�oI�Jr.�GY[d s k _b_bsnY�a�Y[acf�]bpz�/\^o�\ m \ k s¢\ � snY�t3_b�GY �£¦O� _b]bY[Y
\^sn��f�] k _b�Ga � Y[�e\^d�_`f�Y�§¨ZEY[] k Y[d j Y�Y�§¨_b]`Y[acY m \h] k \^d j Y&g¡]bf�a�~@\^_v\ � \hobY&_bf�~@\^_�\ � \^obY���rzY&g¡f�iGdG~z_b�@\^_4_b� k o
�/\^oM~GiGY2_bf�_`�GY �3¦O� _b]bY[Y�Ã�oM_b�G]bY[ob�Gf�s�~©\h~
�biGob_`acY[de_��GY[iG] k ob_ knj tO\�obi � �`Y j _�_bf���� knj �¤�3Y2_biG]`d k d¤_b�GY2dGY�§G_
Y�§GZ@Y[] k a�Y[de_I�

� j f�a�Z@\^] k obf�d�fhg ¦#k ��iG]bY[o ��\hdG~ �Mob�Gf^�/o#_`�@\^_��/�GY[d�_b�GY/a�Y[acf�]`pMo kn« Y � Y j f�acY[o�s¢\^]b��Y$_`�GY/Y�§¨Y j iG_ k f�d
_ k a�Y&f^g/_b�GY�ov\^a�ZGs k dG��\^sn��f�] k _b�Ga � Y[� k dGo&_bf k d j ]bYI\^obY¤¼¡_b�Gf�iG��� k _4]bY[a�\ k dGoMa2i j �¤gª\hob_bY[]�_`�@\^dz_b�GY �3¦O�
_b]bY[Y�\hsn��f�] k _b�Ga�ÁÝt�� k _b�!dGf j f�]b]`Y[obZ@f�dG~ k dG�z~GY j ]bYI\^obY k d j sniGob_`Y[] k dG�¤Y[]b]bf�]	���3�GY k d j ]bYI\^obY k o2~GiGYÂ_bf¤_b�GY
» � a�YI\^dGo/\^sn��f�] k _b�Ga k d�ZG�@\^obY�_q�3f@t��/� knj � k o3g�\ j Y[~�� k _b��s�\^]b��Y[] k dGZGiG_/���GY[d�_b�GY[]bY k o$ZGs�Y[dT_qp�f^g�a�Y[a�f�]bp��
�3� k o k sns�iGob_b]v\^_`Y[o$_`�GY�dGY[Y[~¤_bf j f�de_b]bf�s:_b�GY2\^acf�iGdT_3f^g�a�Y[acf�]bp2iGobY[~ � p�_b�GY&ov\^a�ZGs k dG�&_bY j �Gd kn¥ iGY".�a�f�]bY
a�Y[acf�]`p k o$dGf�_/dGY j Y[obov\^] k snp � Y[_b_bY[]	���3� k o k o�\}obi � �`Y j _/_bf2�/� k�j ���3YM]bY[_biG]`d k d � Y j _ k f�d(� �
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�3�GY/f�] k � k d@\hs ����� � � k acZGs�Y[acY[de_v\^_ k f�dMiGo`Y[~c\ j f�a�ZGs knj \h_bY[~��GY[iG] k ob_ knj g¡f�]�\^~
�`iGob_ k dG�M_b�GY �3¦O� _b]bY[Y/_`�G]bY[ob� �
f�sn~ k d j \^o`Y�_b�GY�\ m \ k s�\ � snY�acY[a�f�]bpÂ�£\ho�Y�§G�@\^iGob_`Y[~�� � |
	�� rzY k acZGsnY[a�Y[de_bY[~z\¤o k a�ZGsnY[] m Y[]bo k f�d8f^gM_b�@\^_
�GY[iG] k o`_ knj t � iG_3g¡f�iGdG~�_b�@\h_ k _/]bY[obiGsn_`Y[~ k d�_b�GYMY[]b]v\h_ knj(� Y[�@\ mTk f�iG]/ob�Gf^�/d k d ¦#k ��iG]`Y �&�/�GY[d�_b�GY�\ m \ k s¢\ � snY
a�Y[acf�]`p��/\^o3oba�\^sns��

��\^_b�GY[]�_`�@\^d2_b]bp k dG�M_bf j f�a�Y$iGZ�� k _b�c\ � Y[_b_`Y[]��GY[iG] k o`_ knj t��3Y3obf�iG���T_�_bfM~GY[_bY[]ba k dGY/�Gf^�!_b�GY �£¦O� _b]bY[Y
\^sn��f�] k _b�Ga �$f�iGsn~MZ@Y[]qg¡f�]ba k g k _��3Y[]bY3� knm Y[d&\^~ m \hd j Y$�edGf^�/snY[~G��Y�f^g·\^d2\^ZGZG]bf�ZG] k \^_bY#_`�G]bY[ob�Gf�sn~4_bf(iGobY��O��d2\
obY[dGobY�t	_b� k o:]bY[ZG]bY[obY[de_bo�_b�GY�Z@Y[]qg¡f�]ba�\^d j YO�3Y#�$f�iGsn~MY�§¨ZEY j _�g¡]bf�a¿\^d k ~GYI\^s�_b�G]bY[o`�Gf�sn~�\^~
�`iGob_ba�Y[dT_��GY[iG] k ob_ knj t
k gCo`i j ��\4�GY[iG] k o`_ knj(j f�iGsn~ � Y j ]bYI\^_`Y[~�� ¦ f�]�YI\ j ��f^gCf�iG]3_bY[d�_bY[o`_�~@\^_v\ � \^obY[oItG\^dG~�YI\ j ��acY[a�f�]bp4o kn« Y&¼¡_b�GY
k ~GYI\^s#_`�G]bY[ob�Gf�sn~ ~GY[Z@Y[dG~Go&f�d � f�_b�z_b�GY�~@\^_v\�~ k ob_`] kn� iG_ k f�d�\^dG~z_`�GYc\^a�f�iGdT_(f^g/a�Y[acf�]`p�\ m \ k s¢\ � snYIÁÝt@�3Y
iGobY[~ �Gk d@\^]bp�obYI\^] j ��_bf&�@dG~¤\&_b�G]bY[o`�Gf�sn~ m \hsniGY�_b�@\h_$�3f�iGs�~ j \^iGobY�_`�GY �3¦O� _b]bY[YM_bf �biGob_£�@sns�_b�GY�\ m \ k s¢\ � snY
a�Y[acf�]`p�tI� k _b�2dGf�]`Y � i k sn~ k dG�@�#�3� k o k o$\ m Y[]bp&_ k a�Y j f�dGobiGa k dG�MZG]bf j Y[oboIt�_`�Gf�iG��� k _ k o�ZEf�obo k�� snY/_b�@\^_ k ~GYI\^s
_b�G]bY[o`�Gf�sn~ m \hsniGY[oca k ���e_ � Y�~GY[_bY[]`a k dGY[~ k d!obf�a�Ycf�_`�GY[]2�/\Ip�t�Z@Y[]`�@\^ZGociGo k dG� k deg¡f�]ba�\^_ k f�d�\ � f�iG_2_b�GY
~ k ob_`] kn� iG_ k f�dcf^gOZ@f k de_bo k d�_b�GYM~@\^_v\^o`Y[_I�OrzYM_b�GY[d�]v\^d�_`�GY �3¦O� _b]bY[Y�\^s���f�] k _`�Ga iGo k dG��_b�GY k ~GYI\^s�_b�G]bY[o`�Gf�sn~
m \hsniGY[o$\^dG~�acYI\^o`iG]bY[~ j sniGob_`Y[] k dG�MY[]b]bf�]�\^dG~2Y�§GY j iG_ k f�d2_ k acY��O�3�GY/]bY[o`iGsn_ k dG� j sniGo`_bY[] k dG�4Y[]b]bf�] k o#o`�Gf<��d k d
¦#k ��iG]`Y � �#�3�GYM~@\h_v\�gÚf�]3_b�GY(ov\^a�ZGs k dG�&\^sn��f�] k _b�GaQ\^dG~c_`�GYMf�] k � k d@\^s �3¦O� _`]bY[Y \hsn��f�] k _b�Ga�¼�g¡]bf�a ¦#k ��iG]bY ��Á
\^]bY/\^s�obfMob�Gf^�/d&g¡f�] j f�a�Z@\^] k o`f�d����3�GY/iGobY�f^g k ~GYI\hs@_b�G]bY[o`�Gf�sn~Go#�@\^~2f�dGsnp�\�a k dGf�]CY�¬�Y j _#f�d2_`�GY/Y�§¨Y j iG_ k f�d
_ k a�Y(f^gC_b�GY&\^sn��f�] k _b�Ga¤tIobf��$YM�@\ m YMdGf�_/ZG]bY[obY[de_bY[~�_b�Gf�o`YM~@\^_v\&�GY[]bY��

u(iG]&~@\^_�\�o`�Gf<�Q_b�@\h_�Y m Y[d�iGdG~GY[] k ~GYI\^s j f�dG~ k _ k f�dGoIt#_b�GY �3¦O� _b]bY[Y�\^sn��f�] k _b�Ga�]bY[obiGsn_`o k d j sniGo`_bY[] k dG�
Y[]b]bf�] j f�a�Z@\^]v\ � s�Y�_`f��/�@\^_ k o&\ j � k Y m Y[~8iGo k dG��o�\^acZGs k dG�@t�iGdGs�Y[obo�_b�GY�\^a�f�iGde_Mf^g�a�Y[acf�]`p�\ m \ k s¢\ � snY k o
m Y[]bp�oba�\hsns��C�£�GYMiGobYMf^g k ~GYI\hs�_b�G]bY[ob�Gf�sn~ m \^sniGY[o/~ k ~�Y[s k a k d@\^_bY3a�f�ob_�fhg�_b�GY m \h] k \^d j YM�3YMf � obY[] m Y[~c���GY[d
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¦#k ��iG]`Y � � � sniGob_bY[] k dG�2�#]b]bf�]�l/o k dG�&��~GYI\^s �3¦O� �:]bY[Y��3�G]bY[ob�Gf�sn~Go

_b�GYM_b�G]`Y[ob�Gf�sn~�\^~
�`iGob_ba�Y[dT_��GY[iG] k ob_ k�j �/\^o�iGobY[~�t@\^o k dG~ knj \h_bY[~ � p�_b�GYMob�Gf�]b_`Y[]�Y[]b]bf�] � \h]boI�#�3� k o k dG~ knj \^_bY[o
_b�GY k a�Z@f�]b_v\^d j Y�f^g�\¤��fefT~!�GY[iG] k ob_ knj _bf _b�GY �3¦O� _b]bY[Y�\hsn��f�] k _b�Ga�� ¦ f�]b_biGd@\h_bY[snp�t�dGfzobi j �R�GY[iG] k o`_ knj�k o
]bY ¥ i k ]bY[~ k g#ov\^a�ZGs k dG� k o/iGobY[~��
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rzY�]v\^d�Y�§GZ@Y[] k acY[de_bo k d��/� knj ��_`�GY�~@\^_v\ � \^obY�o kn« Y��/\^o m \^] k Y[~4f m Y[]Co`Y m Y[]v\^s�f�]b~GY[]boOf^g@a�\h��d k _biG~GYO�/� k snY�_b�GY
]bY[a�\ k d k dG�(Z@\^]v\hacY[_bY[]`oIt k d j sniG~ k dG�4acY[a�f�]bpMo kn« Y�t��3Y[]bY(�GY[sn~c\^_�_b�GY k ]�~GY�gª\^iGs�_�Z@\^]v\hacY[_bY[]`oI����dcZ@\^]`_ knj iGs¢\^]	t
\^o&_b�GY�~@\^_v\ � \hobYc�/\^o&o j \hsnY[~�iGZ�t�_b�GY�dTiGa � Y[]&f^g j sniGo`_bY[]bo�¼ �¤Á k d8_b�GY���Y[dGY[]�\^_bY[~8~@\^_v\ � \^o`Yc]bY[a�\ k dGY[~
j f�dGob_�\^dT_	� ¦#k ��iG]bY[o � \^dG~ � ob�Gf^��_b�GY¤]bY[obiGsn_bo	���3�GY j iG] m Y[o�o`�Gf<��_b�GY¤acYI\hd j s�iGob_bY[] k dG�!_ k acY¤\^dG~
j sniGob_`Y[] k dG�&Y[]b]bf�]�f m Y[]$_`Y[d�]v\^dG~Gf�acsnp � ��Y[dGY[]v\h_bY[~2~@\^_v\hobY[_boI�

�ek d j Y��3Yc\h]bY&�Gf�sn~ k dG��_b�GY2a�Y[acf�]bpco kn« Y j f�dGob_v\^de_It�ZG�@\^o`Y�_q�3f�Y�§GY j iG_ k f�d¤_ k a�Y�]`Y[a�\ k dGo/Y[obobY[de_ k \^s�snp
j f�dGob_�\^dT_2\^o�_b�GY�~@\^_v\ � \hobY j �@\^dG��Y[o�o kn« Y��8��d j ]bYI\hobY[o k d!_bf�_v\^s j s�iGob_bY[] k dG�¤_ k acY�\^]bY�~GiGY�_bf¤ZG�@\^o`Y�f�dGY��
� snYI\h]bsnp�tG_b�GY&��Y[p�_`f j sniGo`_bY[] k dG�2s�\^]b��Y4~@\^_v\ � \^o`Y[o ¥ i k�j �esnp�� k s�s � Y4g�\^ob_/ov\hacZGs k dG�@�/w/Y k _b�GY[]�f�iG]�ov\hacZGs k dG�
k a�ZGsnY[a�Y[dT_v\h_ k f�dzdGf�]�f�iG] �3¦O� _`]bY[Y k a�ZGsnY[acY[de_v\^_ k f^d�\^]bYÂZ@\^]b_ knj iGs�\^]bsnpzY ��j[k Y[dT_	�RrzY � Y[s k Y m Y�_b�@\h_2_b�GY
obsnf�Z@Y[o/f^g � f�_b� j iG] m Y[o j f�iGsn~ � Y�]bY[~Gi j Y[~Âobi � ob_v\^de_ k \hsnsnp&� k _b��\h~G~ k _ k f�d@\hs@f�ZG_ k a kn« \h_ k f�d��

¦#k ��iG]bY � ~GY[acf�dGo`_b]v\^_bY[o3_b�@\h_�_b�GY j sniGob_bY[] k dG�2Y[]b]bf�] k o�Y[obobY[de_ k \^sns�p k dG~GY[ZEY[dG~GY[dT_Mfhg�_b�GY�~@\^_�\ � \^obY4o kn« Y
�/�GY[d¤ov\^a�ZGs k dG� k o(iGobY[~�� �ek d j Y&_b�GY4acY[a�f�]bp2o kn« Y�¼�\^dG~��GY[d j Y&_b�GY&ov\hacZGsnYMo kn« YIÁ/]`Y[a�\ k dGY[~��G§¨Y[~z\^o(_b�GY
~@\^_v\ � \^obY(�£\ho�o j \^s�Y[~ciGZ�tG_`�GY�ov\hacZGs k dG�Mg¡]v\ j _ k f�d2Y�¬�Y j _ knm Y[snp&~GY j ]bYI\hobY[~�\^o3_b�GY(~@\^_v\ � \^o`Y���]`Y[���#�3� k o3~ k ~
dGf�_/�@\ m Y�\}dGY[�T\^_ knm Y k acZ@\ j _�f�dÂ_b�GY j sniGob_bY[] k dG�2Y[]b]bf�]I�#�3�GY �3¦O� _`]bY[Y�\^sn��f�] k _b�Ga ~ k ~�dGf�_£gª\^]`Y�\^o/�3Y[sns�f�d
s¢\^]`��Y[]�~@\^_�\ � \^obY[oItG\^dG~�o`�Gf<�3Y[~�s¢\^]b��Y m \^] k \^_ k f�dGo#g¡]bf�aQ~@\^_v\ � \hobY[o�_bf&~@\^_�\ � \^obY&¼¡dGf�_3ob�Gf^�/d k d ¦#k ��iG]bY � Á[t
\^�T\ k dc~GiGY4_bf2_b�GY m \^�T\^] k Y[o3f^g�_`�GYM_b�G]bY[ob�Gf�s�~�\^~
�biGo`_bacY[de_3�GY[iG] k ob_ knj �
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� sn_b�Gf�iG���&_q�3f � ZG�@\^obY j sniGo`_bY[] k dG�Ma�\	p � Y�o k ��d k � j \^de_bsnp(g�\^ob_bY[]O_b�@\^d j sniGob_bY[] k dG��\^d&Y[dT_ k ]bY3~@\^_v\^obY[_#~ k ]bY j _bsnp�t
_b�GYÂobiGaca�\^] k�« \^_ k f�dzZEY[]qgÚf�]bacY[~ k dJ_b�GY��@]bo`_2ZG�@\^obYÂ� k sns3��Y[dGY[]v\hsnsnp k dT_`]bfT~Gi j Y�\h~G~ k _ k f�d@\hs$Y[]`]bf�] k dJ_b�GY
]bY[obiGs�_ k dG� j sniGo`_bY[]boI���£�GY�\^a�f�iGde_$fhg¹\^~G~ k _ k f�d@\^s�Y[]b]`f�]/~GY[Z@Y[dG~GoMf�d�_b�GY�\^a�f�iGde_3f^g�a�Y[a�f�]bp2\ m \ k s�\ � snYM_bf
�Gf�sn~ _b�GYco`iGaca�\^]bp�~@\^_�\G� � o k sns�iGob_b]v\^_`Y[~ k d ¦#k ��iG]bY[o �¤\^dG~ � t k dGobi ��j[k Y[dT_&a�Y[acf�]bp�]bY[obiGsn_`o k dzs�\^]b��Y[]
Y[]b]bf�]boIt���� k snY(_bfTf4a2i j �2acY[a�f�]bp k d j ]bYI\^o`Y[o j sniGob_`Y[] k dG�&_ k a�Y3� k _b�Gf�iG_�~GY j ]bYI\^o k dG��_`�GY�Y[]b]`f�]3o k ��d k � j \hdT_bs�p��

r Y©\h]bY k de_bY[]bY[o`_bY[~ k d j �@\^]�\ j _bY[] kn«[k dG��_b� k o�\^~G~ k _ k f�d@\^s(Y[]b]bf�]�\^o�\©g¡iGd j _ k f�d f^g&_b�GY¤acY[a�f�]bpzo kn« Y��
� iGZGZ@f�obYM_b�@\^_#�3Y(]biGd2_b�GYM» � acYI\hdGo j sniGob_`Y[] k dG��\hsn��f�] k _b�Ga \h�T\ k dGob_�\ j f�a�ZGsnY[_bY3~@\^_�\^obY[_
	 f^g�o kn« YM¸8� ¦ f�]
Y m Y[]bp�ZEf k de_���
�	ctE�3Y�~GY��@dGY�� � ¼��@Á£_bf � Y&_b�GY�o ¥ i@\^]bY[~Â~ k ob_v\hd j Y � Y[_q�3Y[Y[d��¤\^dG~¤_b�GY j sniGob_bY[] j Y[de_b]bf k ~
k _ k o j snf�obY[o`_�_bf@�Â¼ �e¥ i@\^]bY[~z~ k o`_v\^d j Y[o�\hsnsnf^�ÀiGo&_bf�g¡f j iGo�f�dz_b�GY2a�\^��d k _`iG~GY�fhg$_b�GY�Y[]b]bf�]	t�]v\^_b�GY[]4_b�@\^d
k _boMo k ��d��ÌÁ8w/Y�§G_It:obiGZGZ@f�o`Y2_b�@\^_M�3Y&~G]v\	� \�]v\^dG~Gf�a�o�\^acZGs�Y�� f^g$o k�« Y�� g¡]bf�a�_b�GY�ov\^a�Y�~@\^_v\hobY[_�\^dG~
_b�GY[d�\^ZGZGs�p2_b�GY�» � a�YI\^dGo/\^sn��f�] k _b�Ga _bf&_b�GYMov\hacZGsnY�� ¦ f�]3Y m Y[]`pcZEf k de_���
�	ctG�3Y(~GY��@dGY��� � ¼��EÁ�_`f � YM_b�GY
o ¥ i@\^]bY[~Â~ k ob_v\^d j Y � Y[_q�3Y[Y[d��¤\^dG~Â_b�GY j snf�obY[ob_ j Y[dT_b]`f k ~�ZG]bfe~Gi j Y[~¤iGo k dG��_b�GY�ov\hacZGsnY[~�~@\h_v\G�3rzY4~GY��@dGY
_b�GY�\^~G~ k _ k f�d@\^s#¼¡o ¥ i@\^]`Y[~@Á3Y[]b]bf�]3]bY[o`iGsn_ k dG�4g¡]bf�a�ov\hacZGs k dG��\^o

� � ��� 	��! �� �^¼��@Á#" � 	��! � �	¼��EÁ
� 	��$ � � ¼��EÁ

¼ | Á

rzY j \^sns � _b�GY(ov\^a�ZGs k dG�MY[]b]`f�]Itef�]�o`iGaca�\^] kn« \h_ k f^d&Y[]b]bf�]I�#w�f�_bY/_`�@\^_ � k o3~ k acY[dGo k f�dGsnY[obo	����_ k o3_b�GY�g�\ j _bf�]
� pc�/� k�j � j sniGo`_bY[] k dG�2Y[]`]bf�] k d j ]`YI\^obY[o�\^o(\&]bY[obiGsn_�f^g�o�\^acZGs k dG�@t�]`Y[s¢\^_ knm Y�_bf&_b�GY j sniGob_bY[] k dG�&Y[]b]bf�]/� k _b�Gf�iG_
ov\^a�ZGs k dG�E� ¦ f�]�Y�§@\^acZGs�Y�t � �¿½�� | acYI\^dGo3_b�@\h_ j sniGob_`Y[] k dG�&Y[]b]bf�]��@\^o k d j ]bYI\^o`Y[~ � p | ½�ZEY[] j Y[de_�\^o/\4]bY[obiGsn_
f^g#ov\^a�ZGs k dG�@�

r YM� k sns�]bY ¥ i k ]bY4_b�GYMg¡f�snsnf^� k dG��dGf�_v\h_ k f�d��Or �GY[d�_b�GY&» � acYI\hdGo�\^sn��f�] k _b�Ga k o \hZGZGs k Y[~�~ k ]bY j _`snpc_`f2_b�GY
�/�Gf�s�Y�~@\^_�\ � \^obY�te�3Y�� k sns@iGo`Y�%'&C_`f�~GY[dGf�_bYM_b�GY ��_b� j Y[dT_`]bf k ~¤¼ |)( � ( »GÁ�ZG]`fT~Gi j Y[~ � pc\4� k�m Y[d k _bY[]v\^_ k f�d
f^g3_b�GYc\^sn��f�] k _b�Ga¤t�\^dG~�	 & _bf�~GY[dGf�_bY�_b�GY2Z@f k dT_`o k dz_b�GY���_b� j sniGob_bY[]	� �3Y j \^s�s#_b�@\^_)	 &+* 	 j f�dGo k ob_boMf^g
_b�Gf�o`Y$ZEf k de_boOg¡]bf�a _b�GY/~@\h_v\^obY[_O_b�@\^_�\^]`Y j s�f�obY[]#_bf)%'&�_b�@\^d2_bfM\^dep&f�_b�GY[] j Y[de_b]bf k ~��O�3�GY/o k�« Y£\hdG~ m \^] k \^d j Y
f^g
	,&¹\h]bY�¸-&¹\^dG~ � �& tG]`Y[obZ@Y j _ k�m Y[snp��

¦ f�]#_b�GY j \hobY k d&�/� knj � j sniGo`_bY[] k dG� k o�\hZGZGs k Y[~2_bfMo�\^acZGs�Y[~�~@\h_v\Gt^�3Y/� k s�sTiGobY �%'&·_`fM~GY[dGf�_bY(_b�GY j Y[de_b]bf k ~
f^g�_b�GY ��_b� j sniGob_bY[]	t·\^dG~ �� �& _`fc]bY[ZG]`Y[obY[dT_ k _bo m \h] k \^d j Y��(�3�GY&obi � obY[_Mf^g#_b�GY&~@\^_v\^o`Y[_/_b�@\^_ k o j snf�obY[ob_(_bf �%'&
� k s�s � Y2�/] k _`_bY[d �	,& � ¦#k d@\^sns�p�t.��& � �	,&0/��>� k snsO]bY[ZG]bY[obY[de_M_b�@\^_MZEf�]b_ k f�d¤f^g �	,&3_b�@\^_ k o k d j s�iG~GY[~ k d¤_b�GY
ov\^a�ZGsnY��O�3�GY�o k�« YMf^g1�2& k o��3& �

r Y/� k snsea�\^��Y3obY m Y[]v\hs@\^~G~ k _ k f�d@\^s¨\hobobiGa�ZG_ k f�dGo#_bf�\ j � k Y m Y�\(_b]v\ j _�\ � snY/\^d@\^snpeo k o	�Cu(iG]�a�\ k d2\^o`obiGacZ �
_ k f�d�� k sns � Y�_b�@\^_2\	g¡_bY[]&Y m Y[]bp k _bY[]�\^_ k f�d f^g�_b�GY�» � a�YI\^dGo2\^sn��f�] k _b�Ga¤t�	,& � �	,&b�z��dRf�_b�GY[]&�3f�]b~Go	t#_b�GY
~@\^_v\ � \^obY�Z@\h]b_ k _ k f�dGo/ZG]bfe~Gi j Y[~ � p�_b�GY j sniGob_bY[] k dG��\^s���f�] k _`�GaV\h]bY�_b�GY&ov\hacY�tG]`Y[�T\^]b~GsnY[o`o�f^g����GY[_b�GY[]M_b�GY
~@\^_v\ � \^obY k o/ov\^a�ZGsnY[~��@]bob_I�54c��d���Y[dGY[]v\^s�_`� k o k o/dGf�_3_b]biGY�� � \^acZGs k dG��� k sns�Z@Y[]b_biG] � _b�GY j sniGob_bY[] j Y[dT_b]`f k ~GoIt
\^dG~¤Y m Y[d¤_ k dep�acf m Y[a�Y[dT_`o$fhg�_b�GY j Y[dT_b]`f k ~Go/a�\	p j \^iGo`Y�_`iGZGsnY[oM_bf/�`iGacZ gÚ]`f�a�f�dGY j s�iGob_bY[](_bf�\hdGf�_b�GY[]I�
��f<�3Y m Y[]	t@�3Y&� k sns#\^obo`iGacY4_b�@\^_(_b� k o(Y�¬ Y j _ k oMdGY[��s k � k�� snY k g�_`�GY[obY2ov\^a�ZGs k dG� ��k dG~Gi j Y[~�ZEY[]b_biG] � \^_ k f�dGoM\^]bY
oba�\^sns���l�dG~GY[]�_b� k o#\^obo`iGacZG_ k f�d�t[�3Y j \^d�]bY[��] k _bY�f�iG]#Y�§¨ZG]`Y[obo k f�d�gÚf�]Cov\hacZGs k dG� ��k dG~Gi j Y[~�Y[]`]bf�]Of�d2\ j sniGo`_bY[]
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� p j sniGob_`Y[] � \^o k oI� � g¡_bY[]#Y m Y[]`p k _bY[]�\^_ k f�d4f^g·_`�GY£» � a�YI\^dGo�\^s���f�] k _`�Ga�t�_b�GY3o ¥ i@\^]bY[~2o�\^acZGs k dG�/Y[]b]bf�] k oC� knm Y[d
� p·�
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� �&���� � 	��$ �� � � ¼��EÁ

� obobiGa k dG�4gÚf�]3dGf^�¿_b�@\h_/_b�GYM_b�GYM~@\^_�\ � \^obY k o�f�dGYM~ k a�Y[dGo k f�d@\^s�t��3Y j \^d�]bY[�/] k _bY(_b� k o�\^o

� � � � �&���� � 	��! �� ¼�� " �%'&ªÁ � " � �&���� � 	��$ �� ¼ � "�%'&�Á �
� �&���� � 	��! �� ¼�� "�%'&ªÁ �

� � �&���� � 	��! �� ¼�� " �%'&ÚÁ � " � �&���� ¸+& � �&
� �&���� ¸-& � �&

�ek d j Y/_b�GY[]bY�\h]bY3a�\^depMZ@f�obo kn� snY�ov\^a�ZGsnY[oC_`�@\^_#a k ���T_ � Y�~G]v\	�/d4gÚ]bf�a _b�GY/~@\^_v\ � \^obY�t^�3Y/� k s�sT_b]`YI\^_#_b�GY
ov\^a�ZGsnY j Y[de_b]bf k ~Go �%'&�\^o3]v\^dG~Gf�a m \^] k \ � s�Y[oI� �/Y[d j Y�t � � k o£\hsnobf2\4]v\^dG~Gf�a m \h] k \ � snY��OrzY(� k o`�c_bf&Y[ob_ k a�\h_bY
_b�GYMY�§GZ@Y j _bY[~ m \^sniGY�fhg � � f m Y[]£\hsns�Z@f�obo kn� snYMo�\^acZGs�Y[o$fhg�\&� knm Y[d�o kn« Y � ���3�GY4Y�§¨ZEY j _bY[~ m \^sniGY4f^g � �(j \^d
� Y4�/] k _`_bY[d
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 k o�\�]v\^dG~Gf�a m \^] k \ � s�Y�� k _`��a�YI\^d
���Q\^dG~ m \^] k \^d j Y � �� t�_b�GY4g¡f�snsnf^� k dG� k o�\^dz\^ZGZG]bf	§ k a�\^_ k f�d�g¡f�]
_b�GYMY�§GZ@Y j _bY[~ m \^sniGYMf^g�\&_q� knj Y � ~ k ¬�Y[]bY[de_ k \ � snY3g¡iGd j _ k f�d���¼�
zÁ[�
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� ZGZGsnp k dG�2_b� k oIte�3YMf � _v\ k d��
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��d � ZGZ@Y[dG~ k § � t:�3Y2ob�Gf^� _b�@\h_It�iGdG~GY[] j Y[]b_v\ k d�\^obo`iGacZG_ k f�dGoIt����� � � %'&�\hdG~ � � �� � � � �& � ¼ �À¸-& �[¸¤Á[t
�/�GY[]bYM_`�GYMg¡iGd j _ k f�d � k o/~GY��@dGY[~ � p

� ¼�!GÁ �#"%$'& � � k ¼�!GÁ " snd�¼�!GÁ �
\^dG~z� k#k oM_b�GY&Y�§¨ZEf�dGY[dT_ k \^s ��k de_bY[��]�\^s�g¡iGd j _ k f�d�tO\��$Y[s�s � �TdGf^�/dÂobZ@Y j[k \^sOgÚiGd j _ k f�d�� � i � ob_ k _biG_ k dG��\hdG~�o k a �
ZGs k g¡p k dG�@te�3YMf � _v\ k d

	 � � � ��� � �&���� ¸-& � �&(� ¼ �>¸-& �[¸¤Á
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��d¤��Y[dGY[]v\^s�t�o�\^acZGs k dG�2Y[]b]bf�]M~GY[Z@Y[dG~Go&f�d¤_b�GY j sniGob_bY[] m \^] k \hd j Y[o�\^dG~¤f�d¤_b�GY2~ k ob_`] kn� iG_ k f�d�f^g j sniGo`_bY[]
o kn« Y[o	� ��f^�3Y m Y[]It � p j f�dGo k ~GY[] k dG�M_b�GY3obZEY j[k \^s j \^obY k d&�/� knj ��\hsns j s�iGob_bY[]Oo kn« Y[o�\^]bY3_b�GY�ov\^a�Y�tI_`�GY$Y�§GZG]bY[obo k f�d
j \^d � Y�o k a�ZGs k �@Y[~�Y m Y[d gÚiG]b_`�GY[]I� � i � ob_ k _biG_ k dG�c¸-& �¿¸���»&g¡f�]�\hsns �vtG�3Y�\^]bY(snY�g¡_/� k _`�
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w�f�_bY2_b�@\h_M_b� k o�Y[o`_ k a�\^_bY k o k dG~GY[Z@Y[dG~GY[de_2f^g � f�_b� _b�GY j s�iGob_bY[] m \h] k \^d j Y[o&\^dG~�_`�GY2~@\^_v\ � \hobY&o kn« Y����3�GY
ov\^a�ZGs k dG�¤Y[]b]`f�]c~GY[ZEY[dG~Go�f�dGs�p!f�dR_b�GYÂ_bf�_v\hs/ov\^a�ZGsnY�o kn« Y � \^dG~J_b�GY¤_v\^]b��Y[_2dTiGa � Y[]2f^g j s�iGob_bY[]bo�»��
��de_bi k _ knm Y[snp�t j sniGob_bY[]`oc_b�@\h_2�@\ m Y�� k ��� m \h] k \^d j Y¤\^]bY � f�_b�J�@\^]b~R_`f j sniGob_bY[]��3Y[sns�\^dG~J�@\^]b~J_bf�o�\^acZGs�Y��
�3�Gf�iG���z_b�GY[pz�@\ m Y2� k ���GY[]�ov\hacZGs k dG�cY[]b]`f�]It�_`�GY[p��@\ m Y�� k ���GY[] j sniGob_bY[] k dG��Y[]b]bf�]&\^o��3Y[sns�� ��Y j \^iGobY�_b�GY
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¦#k ��iG]bY | ½G� + ]bY[~ knj _bY[~�\^dG~� ¤YI\^o`iG]bY[~ � \^a�ZGs k dG�&�#]b]`f�]

ov\^a�ZGs k dG��Y[]b]bf�] k oMdGf�]ba�\^s k�« Y[~�]bY[s¢\^_ k�m Y�_bf�_b�GY j sniGob_`Y[] k dG��Y[]b]bf�]It@_`�GY[obY&Y�¬ Y j _`o j \^d j Y[s#f�iG_I� � f�d m Y[]bobY[snp�t
�b_ k ���T_�� j sniGob_`Y[]bo/� k _`��snf^� m \^] k \hd j Y�\^]bY � f�_b��YI\^obp�_bf j sniGo`_bY[]/\^dG~�YI\^o`pc_bf&ov\hacZGsnYM\ j[j iG]v\h_bY[snp��

¦ f�]#_b�GY/o`Z@Y j[k \^s j \^obY k d2�/� knj �2_b�GY j s�iGob_bY[]�o kn« Y[o$\^]`Y�\^snsGY ¥ i@\^s�t�_b�GY/Y�§GZ@Y j _bY[~�o ¥ i@\^]bY[~�ov\^a�ZGs k dG�(Y[]b]bf�]
]bY[a�\ k dGoMiGd j �@\^dG��Y[~ gÚf�]M~@\^_v\^obY[_`o�f^g3~ k acY[dGo k f�d¤��]bYI\^_`Y[]�_b�@\^d f�dGY�����d!º�~ k a�Y[dGo k f�dGo	t��3Y j \^dz]`Y[�/] k _bY
f�iG]/~GY��@d k _ k f�d�f^g#ov\^a�ZGs k dG�4Y[]b]bf�]/\^o

� � � � 	��! � �� ��� �� �� ¼��@Á#" � 	��! � �� ��� � �� ¼��EÁ
� 	��$ � �� ��� � �� ¼ �@Á

�/�GY[]bYM_`�GYMg¡iGd j _ k f�dGo � �� \^dG~ �� � acYI\^o`iG]bYMo ¥ i@\^]bY[~�~ k ob_�\^d j Y k d�~ k a�Y[dGo k f�d��@�#l/o k dG�2_b�GY(g�\ j _/_b�@\^_
�
	��$ 

�� �� ¼��@Á � ¼ � �� � | Á �
	��$ 

� �� ¼��@Á

�/�GY[]bY � �� k o�_b�GYÂov\^a�ZGs k dG�zY[]`]bf�] k dR~ k a�Y[dGo k f�d��@t/\^dG~ _b�@\^_ 	%� � �� � � � ¼ ����»GÁ[t k dG~GY[ZEY[dG~GY[dT_Âf^g�_b�GY
~ k a�Y[dGo k f�d�te�3Y j \^d�]bY � f � _v\ k d�� ¥ i@\^_ k f�d y gÚf�]£\hdTp m \^s�iGYMf^g¹ºE�

¦#k ��iG]bY | ½ k sns�iGob_b]v\^_`Y[o�_b�GY3g¡iGd j _ k f�d 	%� � � � ~GY��@dGY[~ � p2� ¥ i@\^_ k f�d y \^dG~ j f�a�Z@\^]bY[oO_b�GY/o�\^acZGs k dG��Y[]`]bf�]bo
k _4ZG]bY[~ knj _bo&� k _`�z_b�Gf�obY��$Y�f � obY[] m Y[~ k d8f�iG]�Y�§GZ@Y[] k acY[de_boIt:g¡f�]�» � | ½�½G���:f�~GY[_bY[]ba k dGY2_`�GYcf � o`Y[] m Y[~
Y[]b]bf�]boIt#�3Y��@]bob_ j sniGob_bY[]bY[~JYI\ j �!f^g f�iG]2_bY[d!]v\^dG~Gf�a ~@\^_v\ � \hobY[o�¼¡��Y[dGY[]v\^_`Y[~!iGo k dG�z_b�GYÂZ@\^]v\^a�Y[_bY[]bo k d
¦#k ��iG]`Y 
 Á3g¡iGsnsnp�t:� k _b�Gf�iG_ j sniGob_`Y[] k dG�@�&�3�GY2a�YI\^obiG]bY[~Âov\^a�ZGs k dG��Y[]b]bf�]M�/\^o(_b�GY[dz~GY[_`Y[]ba k dGY[~�iGo k dG��_b�GY
\ j _bi@\hs j sniGob_bY[] k dG��Y[]b]bf�]2¼¡� k _b��o�\^acZGs k dG�TÁ(\^dG~z_b�GY&Y[]b]bf�]M� k _b�Gf�iG_Mo�\^acZGs k dG��\ j[j f�]b~ k dG��_bf�� ¥ i@\h_ k f�d | �
��dÂ_b�GY(�@��iG]bYM�3YMZGsnf�_b_bY[~�_b�GYMa�YI\^d�f � obY[] m Y[~Âo ¥ i@\^]bY[~�ov\^a�ZGs k dG�4Y[]b]bf�]�f m Y[]$_`�GYM_bY[d�~@\^_�\ � \^obY[oI�

l�de_ k s#_b�GY�ov\^a�ZGsnY&o kn« Y � Y j f�a�Y[o m Y[]bpzoba�\^sns�t�_`�GY2ZG]bY[~ knj _bY[~R\hdG~zacYI\hobiG]bY[~zY[]b]`f�]bo�\h]bY j s�f�obY�tO� k _b�
_b�GY�ZG]bY[~ knj _ k f�dziGdG~GY[]bY[ob_ k a�\h_ k dG��_b�GY�acYI\hobiG]bY[~zY[]b]`f�]&obs k ���e_bsnp�� ¦ f�] m Y[]`pzoba�\^snsOov\^a�ZGsnY2o kn« Y[o4_b�GY�iGd �
~GY[]bY[ob_ k a�\h_ k f�d k oca�f�]bY�o k ��d k � j \^dT_	�.l�dG~GY[]�obi j � j f�dG~ k _ k f�dGoIt�_b�GY�Y�§GZ@Y j _`Y[~.deiGa � Y[]cf^gMov\^a�ZGsnY[o&Z@Y[]
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j sniGob_`Y[] � Y j f�acY[o�oba�\hsns�t�\^dG~J_b�GY j �@\^d j YÂ_b�@\^_�_b�GY�ov\hacZGsnY�� k s�s j f�a�ZGsnY[_bY[snpza k obo2\ j sniGob_bY[] � Y j f�a�Y[o
dGf�d � dGY[��s k � kn� snY��(�3� k o mTk f�s¢\^_bY[o(\^d�\^o`obiGacZG_ k f�d�_b�@\^_(�3Y�a�\^~GY k d¤Y[ob_ k a�\^_ k dG��_b�GY&ob_�\^_ k ob_ knj o3f^g�_b�GY �%'& k d
� ZGZ@Y[dG~ k § � � ¦ f�]/s¢\^]`��Y[]�o�\^acZGs�YMo kn« Y[oItE_b�GY�\ j[j iG]v\ j p�fhg�_b�GY�ZG]bY[~ k�j _ k f�dGo(obiG����Y[o`_bo�_`�@\^_�f�iG]�]bY[a�\ k d k dG�
\^obo`iGacZG_ k f�dGo��3Y[]bYM]bYI\hobf�d@\ � snY��

¦ f�]M» � | ½�½Gt�\�ov\^a�ZGsnY�o k�« Y�fhg£\ � f�iG_ 
 ½�½�½ k oMobi ��j[k Y[dT_(_bf��Gf�s�~�_`�GY�ZG]`Y[~ knj _bY[~zo ¥ i@\^]bY[~¤ov\hacZGs k dG�
Y[]b]bf�]C_bfM\ � f�iG_�� m Y$ZEY[] j Y[de_I� �ek d j Y3_b�GY3ZG]bY[~ knj _ k f�dGo�\^]`Y�snf^��t^\/o�\^acZGs�Y#o kn« Y3obY m Y[]v\hsT_ k acY[o�s�\^]b��Y[]ItÝZ@Y[]b�@\^ZGo
y ½�½�½2f�] 	 ½�½�½Gt k oMZG]`f � \ � snpÂacf�]`Y�ZG]biG~GY[de_I� x \^]b��Y[]Mov\hacZGsnY4o kn« Y[oM~Gf m Y[]bp�s k _b_bsnY4_bf�g¡iG]b_b�GY[]M]bY[~Gi j Y�_b�GY
Y[]b]bf�]I�

¦ f�]#f�_b�GY[] m \^sniGY[o�f^g »�t^�3Y/dGf�_`Y�g¡]bf�a � ¥ i@\h_ k f�d y _b�@\^_#_`�GY/dTiGa � Y[]#f^g�ov\^a�ZGsnY[oC]`Y ¥ i k ]`Y[~2_bf(a�\ k dT_v\ k d
j f�dGob_�\^dT_�ov\^a�ZGs k dG�MY[]b]`f�] k d j ]`YI\^obY[o k d�ZG]bf�Z@f�]b_ k f�d�_bf�»����£�TiGoIt�_bf4�@dG~c_`Y[dc_ k acY[o�\^o3a�\^dep j sniGob_`Y[]boItef�dGY
ob�Gf�iGs�~ziGobYc\ ov\^a�ZGsnY�_bY[d _ k a�Y[o�\^oMs¢\^]b��Y�� ¦ ]bf�a�_`� k oIt��3Y j f�d j sniG~GY2_b�@\^_�gÚf�]�\^dTp¤~GY[o k ]bY[~�»z\�ov\hacZGsnY
o kn« Y � Y[_q�3Y[Y[d y ½�»�\^dG~ 	 ½�» k o/ZG]bf � \ � snp�\h~GY ¥ i@\^_`Y�t k dG~GY[ZEY[dG~GY[dT_Mfhg�_b�GY4~@\^_v\ � \hobYMo kn« Y�� ¦ f�]�f�_b�GY[](Y[]b]bf�]
snY m Y[s�oIte_b�GY�\^ZGZG]bf�ZG] k \^_bYMa2iGs�_ k ZGs k Y[]Og¡f�]�» j \hd � YMg¡f�iGdG~ÂiGo k dG�c� ¥ i@\^_ k f�d y �
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�3�GYÂY[]b]bf�]2\^d@\^s�pTo k o k d � Y j _ k f�d �¤�/\^o�obZ@Y j[k � j _bfz_b�GY�» � a�YI\^dGo j s�iGob_bY[] k dG�z\^s���f�] k _`�Ga�_b�@\^_��£\ho�iGo`Y[~
k dzZG�@\hobY2_q�3f@�2�3�GYc\^d@\hsnpTo k oM�/\^oMiGobY[~8_bf�obiG����Y[o`_M��i k ~GY[s k dGY[o�gÚf�]Mov\^a�ZGsnY&o kn« Y2obY[s�Y j _ k f�d�� � d�f �Tmek f�iGo
¥ iGY[ob_ k f�d k oO�Gf<�8~GY[Z@Y[dG~GY[de_�_`�Gf�obY���i k ~GY[s k dGY[o#\^]bY�f�d�_b�GY j sniGob_bY[] k dG� \hsn��f�] k _b�Ga����3� k o ¥ iGY[ob_ k f�d k o�~ k ��j iGsn_
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