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p�c [kb d hO[kb bli^_OblZ M XQxOj e ]4_OW
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» MJP�bzXhOQP�|d| V tY}1P�|dP�}lX �u^ `9R Vl^h^ RJOQPTt�M ^fV UcU�P7b ^ P�Xf 7MJbJ}9RJP ^ o62 ^ XhP�U ^ v1`1|d| ^ X .lbJRJOd}�RJMYS g e
P�OdbJP�b +�P k Xf`lS¤RJP7S 04`1bJ �P7bzXfS V XfOQ`lbJP�b g e V S V_k XhP�STO ^ OdP�S�X¤w�OdShR�n'��OdPcXheJP�STU�`�R�2�b V bYO ^hg eYP�b
MJbJR¼RYOQP=Uc`1|QP k MJ| V S k OQbJP�XfO ^Tg eJP�b�b V S V UcP7XfP7S ^ `½w�OdP=RJOQP V Xf`lU V STP�t�M ^hV UcU�P7b ^ P�Xf �MYbJ}
'TP�RYP�SNo � P� �OdP ^ wxP7ShRJP7b V M ^ � V XfP7b�t V b k P7b�¾�¿QÀ1ÁhÂhÃqÄÆÅ½¿ÇÅ*tJ �w�n'ÃqÈ½ÉÊÄ2Å2¿ÇÅlËxP�OdbJ}1P�|dP ^ P�b�nWsNM ^
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MONOLITH
Temperatur der festen Struktur

durch eine 2D / 3D - Wärmebilanz

CHANNEL
Simulation des 2D-Strömungsfeldes durch Grenzschicht-Näherung

für eine repräsentative Anzahl einzelner Monolithkanäle

Gasphasenkonzentrationen,
Temperatur chemischer Quellterm

Temperaturprofil
an der Wand

Wärmequellterm
Zeitskala ~ 1s

Kontaktzeit < 100 ms

instationär

stationär

DETCHEM
detaillierte Gasphasen- und Oberflächen-

reaktionsmechanismen

s�tYtJOQ|dRJMJbJ} fYn3�	��b�Sh`1}1S V UcU ^ XfShM k XhMJS�RJP ^ �&�1_435-��-R�~pb Vlk P7X ^  7MJS5o�OQU¡MJ| V XfOd`1b*Uc`1bJ`_~
|QO�XfeJO ^hg eJP7S%i�P Vlk Xf`lShP�b
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�xP�S*) g{kp^ O g epXhOQ}lXNwxP7ShRJP7b k £lbJbJP�b�P�Odb���b ^ P�U¡tJ|dP¢vl`1b�F Vl^ � e Vl^ P�bG~)o � P7 �OdP ^ MJbJR�UcP�~
eJP7ShP�STP=��b ^ P�U¡tJ|dP ^ ¾�_BP�OQ|dU�P7bJ}1P7bDË,v1`1b Z&t�P�S\[]. g eJP7bG~�o � P� 7OQP ^ n5�NMJS g e ^ � P7 �OQP7|Q|dP�i�`1MG~
XfOdbJP�b#waP�STRJP�b�RJOdPyF Vl^ � e Vl^ P7bG~S04`1bJ �P7bzXfS V XfOQ`lbJP�b�MJbJR RYOQPyZ&t�P�S*[U. g eJP�bpt�P�RJP g{k MJbJ}1P7b
OQbjRJP�b 04`1bJ 7P�bzXfS V OdXh`1b ^ vlP k Xf`lS V |Q|dP�S¤o � P� 7OQP ^ P�OQbY}1P7mG)J}_X,MJbYR V M ^ }lP�|QP ^ P7b�n � ^ P�cYO ^ XhOQP�~
ShP7b,mÇP�STbJP�S i4`1MGXfOQbYP�b¡ 7MJS��4U�STP g eJbpMJbJ}&vl`1b F Vl^ � e Vl^ P7bG~S04`1bJ �P7bzXfS V XfOQ`lbJP�b*Odb`R Vl^T^ P7bG~
tJ �w�nlR0`1|QP7b�tYS ) g eJP_n

o�Xf`�� � V S�XfbJP7S�~�o � P7 �OQP ^ wxP7ShRJP7b¤RYMJS g e¢OQeJSTP��s4�P k XfOdv�O�Xr._X ^ m Vlk Xf`lShP�b�t�P�  )J}1|QO g eqRJP�S F Vl^ ~
� e V_^ P�b�~�o � P� 7OQP ^ RJP Í bJOdP�STX�n%��OdP 0N`1bJ 7P�bzXfS V XfOd`1bJP7b¼RJP�S�o�Xh`�� � V S�XfbJP7S�~)o � P7 �OdP ^ waP�STRJP�b
RJMJS g e=��OQbGmG)J}1P�b�RJP7S F Vl^ � e Vl^ P�bG~)o � P� �OdP ^NV MYXh`1U V XfO ^Tg e Vlk XfM V |QO ^ OQP7STX¥n
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�&�1_435-��-R ^ XhP�|d|dXBP�OdbJPxi�`1MYXhOQbJP�t�P�ShP7OdX � UcOdX'RYP�S�RYOQP(F Vl^ � e Vl^ P�bG~;i4P Vlk XfOd`1b ^ }lP ^hg ezw�OdbG~
RJOd} k P7OdX'OQbqsNtJeU.lbY}1OQ} k P�O�X(v1`1U 04`1bJ 7P�bzXfS V XfOd`1b ^ vlP k Xf`lS
MJbYR¤RJP7S,_
P7U � P�S V XfMJS(t�P�STP g eJbYP7X
waP�ShRYP�b kÆV bJb�nLklP�RJP�o�OQU¡MJ| V XfOd`1b¢tuP7OQbJe V |dXfP�X�U V cGOQU V |zP7OQbJP7b F Vl^ � e Vl^ P�bJUcP g e V bJO ^ U¡M ^7�
R V RYOQP ^ P�Sab�MYSxv1`1b9RYP�S%o � P7 �OQP ^  7M ^fV UcUcP�b ^ P7Xf 7MJbJ} V tJe .lbJ}lX�nY��P7S R�P g e V bJO ^ U¡M ^xk_V bJb
V M ^ P7OQbJP7SBt�P�|dOQP7tJOQ}1P7bu0N`1U,tJOQb V XfOQ`lb�v1`1b,��|QP�UcP�bzX V S�~�MJbYR Fq|Q`1t V |QSTP Vlk XfOd`1bJP7b&tuP ^ XhP�eJP7b �
wa`1tuP7O�P�S ^ XfP7ShP V MYmÇ}1ShMYbJR RJP7S b�eJOd|Q` ^ ` � eJOdP¡v1`1b#�&�1_435-��-R � b .lU�|dO g ejoGOdU¡MJ| V XfOQ`lbJP�b
UcOdX(RJP�X V Od|Q|dOQP�S�XfP7b R�`GRYP�|Q|dP�b�RJP7S g eJP7U�O ^hg eJP7b b�Sh`l �P ^T^ PaRJMJS g eY �MYmG)JeYShP�b �  �M¢t�P7v1`lSh �MY}1P�b
^ OdbJR�n

��OQP �aP�ShP g eJbpMJbJ}!RJP�Syi�P V_k XhOQ`1b ^ }1P ^hg ezw�OQbJRYOQ} k P�OdXhP�b P�S�mÇ`1|Q}lX�RJMJS g e ^Tg eJShO�XhX;waP�O ^ P
s�M ^ waP�STXhMJbJ}jRJP ^cV |d}1P�tJS V O ^Tg eJP�b�sNM ^ RJSTM g{kp^ }lP�UW.�� F�| n1gGn BLBGns�xP�OdU sNMYm XfSTP7XfP7b vl`1b
Fq|QP�O g eJ}1P�w�O g ezX ^ ShP V_k XhOQ`1bYP�b�w�OdShR�RJOdPmFqP ^Tg epw�OdbJRJOd} k P7OdX5RYP�S%i ) g{k ShP Vlk XfOQ`lb�U�O�XhXh|QP ^ RJP7S
Fq|QP�O g eJ}1P�w�O g ezX ^Tk `1b ^ X V bzXhP�b ¾OFq| n�gGn����pË V M ^ RJP7b=XfeJP7ShUc`GR�2Gb V U�O ^hg eJP7by� V XhP�br}1P�wx`1b�~
bJP7b�n
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^ OdbJbzv1`1|d| � UcP�eJSTP�STP�MJb V tJeU.lbJ}lOQ}1P0i�P Vlk XfOd`1b ^ U�P g eJb V bJO ^ UcP�b  �M t�P7XhS Vlg ezXhP�b�nx��OQP ^ P�U
�NU ^ X V bJR�w�OdShR=Odb=�&�1_435-N�HR i�P g eJbpMJbJ}9}lP7XfS V }1P7b�n�klP7RJP�SuZ&t�P�S\[]. g eJP7bpXp2 � O ^ X&UcOdX
P�OdbJP�U�P7OQ}1P7bJP�b R�P g e V bJO ^ U¡M ^ MJbJR�P7OQbJP7S� �MJ}1P7eJ£1STOQ}1P7b�Z&tuP7S*[]. g eJP�b � | V Xh �RJO g epXhP���� Vl^ ~
^ `l �OQOdP�S�X¥n

��OQPu�aP�ShP g eJbpMJbJ}�RJP�S4i�P Vlk XfOd`1b ^ }1P ^Tg epw�OdbJRJOd} k P7OdX%mG)JS%P7OQbJPq}1P7}1P�t�P�bYP 04`1b Í }lMJS V XhO�~
`1b*RJP ^ 0N`1bJ 7P�bzXfS V XfOd`1b ^ v1P k Xh`1S ^ P�S�mÇ`1|Q}_X V b V |Q`1}& 7MJS-F Vl^ � e Vl^ P%RJMYS g ecs�M ^ wxP7STXfMYbJ}¢vl`1bFq| n�gGn @=@YnUt�MJU ��OQb ^hV Xf  k `1UcU�P7b9R V t�P�O�eU._M Í }*t�P�RJP g{k MYbJ} ^fV tJeU.lbJ}lOQ}1P FqP ^hg ezw�OdbJRJOQ}Æ~
k P7OdX ^hk `�P76c 7OQP�bzXhP�b�n

v )JSaRJOQP8�xP�STP g eJbpMJbJ} ^ X V XhOQ`1bU._ShP�S t�M ^ X .lbJRJP ^ `1|d|�t�P�Ou}1P�}lP�t�P�bJP7b	F Vl^ � e Vl^ P�bG~p0N`1b�~
 �P7bYXfS V XfOd`1bJP7bcP7OQbJP�04`1b Í }1MYS V XhOQ`1b*RJP7SHZqt�P�S\[]. g eJP4}1P�mÇMJbJRJP7bcwaP�STRJP�b � RJOdP ^ O g e� 7P�OdXh|QO g e
bJO g epX .lbYRJP�S�X¥nD��OdPqP:c Vlk XfP¤8(£ ^ MJbY}�P7OQbJP ^NV |Q}1P7tJS V O ^hg eJP7b�F�|dP�O g epMJbY} ^h^ 2 ^ XfP7U ^
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O ^ X V MGmÇ}1ShMJbYR�RJP�SxeJ` g eY}1S V RYOQ}1P7b�:NO g ezXT~)8(OdbJP V STOdX ._X ^hg ezw�OQP7ShOQ}YnJ:NO g ezX ^ P7|dXhP�b�XfSTP7XhP�b9R V ~
t�P�O V M g e U¡MY|dXfO ~ ^ X V tJOd|QPWt�M ^ Xr.lbJRYP V MYm)n sNM ^ }1P7bpMYXf �X�waP�STRJP�b kÆV bJb 'TP�RJ` g e � R V_^h^ P�Odb
o62 ^ XhP�U b Vlg erRJP7U  �wxP7OdXfP7by- V M � X ^hV Xf ¡RYP�S�_%eJP7ShUc`GR�2Gb V U�O k U�O�X4RJP�Sut�P7OdXNOQb=P7OQbJP7bFq|QP�O g eJ}1P�w�O g ezX ^  �M ^ X V bJR�)YtuP7Sh}1P7epX�n��NbzXhP�S&RJP7S8+�`1S V M ^h^ P7Xh �MJbJ} � R Vl^T^ RJOQP F V_^ � e V_^ P�b�~
k `lbJ �P7bpXhS V XhOQ`1b k `1b ^ X V bzX4}1P�e V |dXhP�b�waP�STRJP�b kÆV bJb � Í bJRJP�X�U V b�P�OQbYP�b ^ `l| g eJP7b t�M ^ X V bJR
RJMJS g e�&;bzXfP�}lS V XhOQ`1b�vl`1b	Fq| n6gGnA@L@ )Jt�P�SxRJOQP8t�P�O�X¥n6&;b�RJP�S5i4P7}1P�|�ShP7| V cGOQP7ShP7b�RJOQP�Z&tuP7S*[].Æ~
g eJP7b�t�P�RYP g{k MJbJ}1P7b V MYm k MJSh 7P�byt�P7OdX ^hkÆV |QP7b �z^ `¤R Vl^T^5V | ^ &;bzXhP�}1S V XfOd`1b ^  7P�O�XxUcP�O ^ X�wxP7bJOQ}lP
oGP k MYbJRJP�b�RJOQP7bJP�b�n
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v )JS'P�Odb¤}lP ^hg eY|Q` ^T^ P�bYP ^ o62 ^ XfP�U ^ XfP�|d|dX' �w V S't�P�Op}1P7}1P�t�P�bJP7S _BP�U � P�S V XfMJS'RJP7SsFq|QP7O g eG~
}1P�w�O g ezX ^  �M ^ X V bJR�P�Odbc|d` kÆV |QP ^ R�OdbJOQU,MJU Odb*RJP�S Nlo 7:nO7:���H�U9���;=< ��nO7¢¾�� #�� �"!�# Ë�R V S �'TP�RY` g e¹}1OQ|�XqRJOdP ^ bJO g ezX V |d|QP�Odb=mG)JSqRJOdPwZ&t�P�S\[]. g eJP7b ^ � P� 7OQP ^ tuP7O~0N`1b ^ X V bpXhe V |�XfMJbJ}0RJP7SF Vl^ � e Vl^ P7bG~\t�M ^hV UcU�P7b ^ P�Xf �MYbJ}Jn�-NOdbJ �M k `1U�U¤X � R Vl^h^ mG)JS�RYOQPrUcP�O ^ XfP7b¼RJP�S�OQb¼RYOQP�~
^ P7S�s�Sht�P�O�Xqv1P7STwaP�bJRJP�XfP7b^Zqt�P�S\[]. g eJP7bG~�o � P7 �OQP ^ RYOQP*XfeJP7ShUc`GR�2Gb V U�O ^hg eJP7b b V S V U�P�XfP7S
bJO g epX�tuP kÆV bJbzX ^ OQbJR�n_-NOdbG~uMJbJR*i ) g{k ShP Vlk XfOd`1bJP�b ^ OQbJR 'TP7waP�Od| ^ RYMJS g e ^ P � V S V X V bJ}1P � Vl^h^ ~
XfP%$8o:o&�U7:�Un ICq�~pb V S V U�P�XfP7SNt�P ^Tg eJShOdP�t�P�b�n(� V RJMJS g e k £1bJbJP7by|QP�O g ezX�XfeYP�ShUc`�R�2�b V UcO ^hg eYP
&;b k `1b ^ O ^ XhP�bJ 7P�b V MGm XfShP�XfP7b�n

s�| ^ �xP7O ^ � OQP�|�mG)JS¤R Vl^ sNMYm XfSTP7XfP7b ` ^  7OQ|d|QOQP7ShP7bJRJP�S¤8(£ ^ MYbJ}1P�b ^ P�OaRJP�STR0P g e V bYO ^ U,M ^
RJP7S(s�tJ} V_^hkÆV X V |a2 ^ P V MGmYP7OQbJP7U b�| V XhOQb('_i4eJ`�RJOdMJU�~p0 V X V |32 ^fV Xh`1S'¾ ^ OQP7eJP�s�bJe V bJ}���n��pËu}1Pº~
b V bYbpX�n��NbzXfP7S
RJP7b¤Odb¤Odbu_ V t�nEfYna��}1P7}1P�t�P�bJP7b �xP7RJOQbY}1MJbJ}1P7b ^ XfP�|d|dX ^ O g e k P�Odb ^ X V XhOQ`1b .lShP ^
Fq|QP�O g eJ}1P�w�O g ezX�P�OQb�np��OQPN8(£ ^ MJbY}¢mG)JSHf�RJP�S�R V STOQb�v1`1S k `1UcU�P7bJRJP7b�Z&tuP7S*[]. g eJP�b ^ � P7 �OdP ^
O ^ X�OQb�s�tYt�n]fYn g*R V Sh}1P ^ XhP�|Q|�X¥n

� ^�^ XfP7|Q|dX ^ O g ecRYOQP vWS V }1P � w V bYbcRYOQP ^ P ^ +�P7She V |�XfP7b V MYm XfSTP7XhP�b kÆV bJb�n1sNM ^ RJP7S�3xe V ` ^ ~
_%eJP7`1ShOdP�O ^ Xxt�P kÆV bYbpX � R Vl^h^ o62 ^ XfP7U�P V M ^ UcOQbYRJP ^ XfP�b ^ f¤}lP k ` �J� P7|dXhP7XfP7b�bJO g epX�~;|dOQbJP V ShP7b
��O34�P7ShP�bzXhO V |d}1|QP7O g epMJbJ}1P7br �M k `1U � |QP�cGP�U R�2�b V U�O ^hg eJP7b +�P7She V |�XfP7bjt�P7m�.leYOQ}lX ^ OQbJR ? �"D n
�xP�XfS V_g epXhP7X ^ P�O�R V eYP�S�P�OQb�P�OdbYm Vlg eJP ^ o62 ^ XhP�U V M ^ f Z&t�P�S\[]. g eJP7bG~�o � P� 7OQP ^�� RYOQP�  2 k |QO ^hg e
RJMJS g e=i�P Vlk XhOQ`1bJP7b�U�O�XfP�Odb V bJRYP�SxvlP�ShtYMJbJRJP7b ^ OdbJR �

) ��* 	,+.-�0/ 12�3* 	,+54�6/ 72��* 	,+98�0/ ) �3* 	 : ¾ fGn fzË
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_ V t�P�|d|QPufYn3�	�JsNbYm V bJ} ^ t�P�RJOdbJ}1MJbJ}lP�b�mG)JS%P�OdbJP�` ^  7OQ|Q|dP�STP�bJRJP&8'£ ^ MJbJ}
_
P7U � P�S V XfMJS �LiL|T0
��ShM g{k � %�� b V
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s�tYtJOQ|dRJMJbJ} fYn g �6�xP�O ^ � OdP�|DP�OdbJP�S�` ^  7OQ|d|QOQP7ShP7bJRJP�bwZ&tuP7S*[]. g eJP�bpt�P�RJP g{k MYbJ}Jn V Ë~fL|L| ^ &;bzXfPº~
}1S V XfOd`1b ^  7P�O�X � tWË%sNM ^h^Tg eJbJO�XhX ^ v1P7Sh}1ST£��1P�STMJbJ}�vl`1b �h| ^
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��OdP FqP ^Tg epw�OdbJRJOd} k P7OdX ^Tk `�P76c �OdP�bzXfP7b ^ P�OdP�b=P7tuP7bYm V |d| ^ tJO ^NV MYm� :2 k |dO ^hg eYP +�P�S�X V M ^hg epMJbJ}
RJP7S�&;bYRJOQ 7P ^ }1P�}lP�t�P�b0RJMJS g e �

+.- # ������� � �	��

� -8��� ! � ����� � ������ !�� : ¾ fGn �pË
��P7SamÇP ^ XfP8b V S V U�P�XfP7S � tuP ^hg eJSTP�OQt�P&P7OQbJP4s�tJe .lbJ}1Od} k P7OdX�RJP�Sas k XfO�v�OQP�STMJbJ} ^ P�bJP7Sh}1OdP4vl`1bRJP7S �xP7RJP g{k MJbY}¼RJP�S�b�Sh`�RJM k XT~)o � P7 �OdP ^ n4��OdPjs k XfOdv�OdP�ShMYbJ} ^ P7bJP�ST}1OQPyt�P�O�MJbpt�P�RJP g{k XhP�SZ&tuP7S*[]. g eJP¡t�P7XfS .l}lXNR V bJb ��

� -8 � n�v )JS4RJOQP,o � P� �OdP ^ s*¾ ^ Ë4|Q. ^h^ X ^ O g e=R V bYb�mÇ`1|Q}lP�bJRJP� 2�b V UcO k�V MYm ^ XfP�|d|QP7b �

� ������ # � +.- ��� � +98 ���
# ������� � � ��
�� -8 �� ! ��� � ��� ����� � ������ ! � � ��� ����� � � ���� ! �"! ¾ fGn B1Ë

^ `½w�OdP V b V |Q`l}1PuFq|QP�O g epMJbJ}1P7b�mG)YS �&¾ ^ Ë5MJbYR=3q¾ ^ Ë�n�Z84uP�bpt V S�O ^ X

��� # ��� # ��� # �# ¾ fGn @zË
P�OdbJP ^ X V XfOd`1bU.lSTP�8(£ ^ MJbY}�RJOdP ^ P ^ ��Oa4uP�STP�bzXfO V |Q}l|QP�O g epMJbJ} ^T^ 2 ^ XhP�U ^ fGn BGn

Z&t�RJOdP ^ X V XfOd`1bU.lSTPq8(£ ^ MJbY} V M g e�RJMYS g e0P�OQby&;bzXfP7}1S V XfOQ`lb ^ vlP�STm V eJShP7b�P7She V |�XfP7b�waP�S)~
RJP7b kÆV bJb � |/. ^T^ X ^ O g e�UcOdX�P7OQbJP7S�o�X V tJOQ|dOdXr.ÆX ^fV b V |a2 ^ Pxt�P�MJS�XfP�Od|QP7by?3�"D npoGP7OQP7b%$ � � $ � MYbJR&$ �k |QP7OQbJP�s�tzwaP�O g e�MYbJ}1P�bjv1`1b ��� � ��� tJ �w�n ��� v1`1b¹RJP7S ^ X V XhOQ`1bU._ShP�b¹8(£ ^ MJbJ}JnB� V bYbj}1Od|dXmG)JS%RJOdP¢� 2�b V UcO k RYP�S"$(' ^ OQb�|QOdbJP V ShP�S5:8.leJP7ShMJbY}

�
����)* $ �$ �$ �

+,
# -/. )* $ �$ �$ �

+, �10 � $ ! $ �
	 � ¾ fGnÊ/1Ë

wa`1tuP7O - RJOQP k Vlg `1tG~\R V XfSTO3c RYP ^ ��Oa4uP�STP�bzXfO V |Q}l|QP�O g epMJbJ} ^T^ 2 ^ XhP�U ^ fGn B OQU F�|dP�O g eY}1P�~
w�O g ezX ^ � MJb k XNO ^ X¥n�oGOdPq|/. ^T^ X ^ O g e0R V S ^ XfP7|Q|QP7b V | ^

- # ������� � � ��
� ! � )* �
83254 � � � �

83254 �
� �

83264 � � � �
83254� �

83264 � �
83254 � �

+,
: ¾ fGn {zË

��P7S,+�`lSTm Vlk Xf`lS�O ^ X V MYmh'TP�RJP7b v V |d| � ` ^ O�XfO�v �7^ `�R Vl^T^ |QP�RYOQ}1|dO g e&RJOdP���OQ}1P7bpwaP�S�XfP�RJP7S R V XfSTO3c
mG)JS%RJOdP¢� 2�b V UcO k P7bzX ^hg eYP�OQRYP�bJR ^ OQbJR�n]R�OdX�RYP�S�s�t k )JST �MJbY}7 # �# � ! ¾ fGn izË
| V_^h^ P7b ^ O g e0RJOQP���Od}1P�bzwaP�STXhP ^Tg eJShP7OQt�P�b V | ^ �8 - # % �8 4 #

# 7 � #9 � 7 � �9 : #<; � ¾ fYn3�h|zË8 8 #
# 7 � #9 � 7 � �9 : #<; :
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b)

s�tYtJOQ|dRJMJbJ}�fYn f �8Z ^  �OQ|d|QOdP�ShP7bJRJP ^ o62 ^ XfP�U U�O�X�f�Z&tuP7S*[]. g eJP�b ^ � P7 �OdP ^ n V Ë�sNMYm ^hg e V MG~
k P7|Qb¼P7OQbJP7S�o�Xf£lShMJbJ}�RJP ^ F�|dP�O g eJ}1P7w�O g ezX ^  7M ^ X V bJRJP ^  �MJSyZ ^  �OQ|d| V XhOQ`1b � tDË� �MY}1P�eJ£lShOQ}lP
b�e Vl^ P�bJS V MJU*~p_BS V 'TP k Xh`1ShOdP

��OQb���Od}1P�bzwaP�S�X5RJP ^ o62 ^ XhP�U ^ O ^ X�b�MY|Q| � R V $ � � $ � � $ � # % P7OQbJPN��She V |dXfMYbJ} ^ }lSh£��1P�O ^ X¥n
��OdPqtuP7OQRJP7b V bYRJP�STP�b���Od}1P�bzwaP�S�XfP¢e V t�P�b�mG)JS7 � � ¾ fYn3�L�2Ë
tJ �w�n

� � # � ! ¾ fYn3�Eg1Ë
P�OdbJP�b � ` ^ OdXhOdv1P7b#i�P V |�XfP7OQ| � RYP�S, 7MJU s�bzw V_g e ^ P7b P7OQbJP7S*o�Xh£1ShMYbJ}�mG)JeJS�X¥n
� V UcOdX¢O ^ X¡Odb
RJOdP ^ P7U�v V |Q|uRJOQP Fq|QP7O g eJ}lP7w�O g ezX ^ |Q£ ^ MJbJ}�bJO g ezX ^ X V tYOQ| n

s�| ^�^ � P7 �OdP�|Q|dP ^ �xP7O ^ � OQP�| ^ P�OdP�b V | ^ b V S V UcP7XfP7S � # � % - � *�� - � ��
 #���%����
	���
 � - MJbJR! # # %�%
� }1P7w(.leJ|�X¥n5v )JS P7OQbJP5t�P�RYP g{k MJbJ} ^hV tJeU._bJ}1OQ}lP�b�s�bzXfP7OQ|GRJP�S�s k XhOdv�OQP7ShMJbY} ^ P7bJP�S)~
}1OdP�vl`1b UcP�eYS V | ^ P7X;w V�� � # ����	���
 � - O ^ XcRJOdP ^ 2�U�UcP7XhShO ^hg eJP F�|dP�O g eY}1P7w�O g epX ^ |d£ ^ MJbY}OQb ^ X V tJOQ| n�&;b�s�tYt�n]fYnAf�O ^ X%RYOQP�� 2�b V UcO k RJP ^ o62 ^ XfP�U UcOdX � #�������	���
 � - R V Sh}1P ^ XhP�|Q|�X¥nv )JS�RJOQP ^ P ^�^ � P� 7OQP�|d|QP�o62 ^ XhP�U w )JShRJP7b¼RJOQP Z ^  7OQ|Q| V XfOd`1bJP7b�w�OdP�RJP7S�vlP�S ^Tg ezw�OQbJRJP7b �
waP�bJb0U V b�XheJP�STU�`�R�2�b V UcO ^Tg e k `1b ^ O ^ XfP7bpXhP,i ) g{k ShP Vlk XfOd`1bJP�b0UcOdXft�P�S*) g{kp^ O g epXhOQ}lX�nYsNM ^
� c � P7ShOQUcP�bzXhP�b=MJbYR R�`1bzXfPº~�3 V ST|Q`_~)oGOQU,MJ| V XhOQ`1bYP�b9O ^ X V |Q|QP7ShRJOdbJ} ^ t�P kÆV bJbzX � R Vl^T^ RJMYS g e&;bzXfP7S Vlk XfOd`1bJP7b¢t�P�b Vlg ept V STXhP�S Z&tuP7S*[]. g eYP�bG~)o � P7 �OdP ^ OQb¢o62 ^ XfP�UcP�b¢UcOdX k `1b ^ X V bzXfP7b`F Vl^ ~
� e V_^ P�b�~S0N`lbJ �P7bpXhS V XhOQ`1bYP�b Z ^  7OQ|Q| V XfOd`1bJP7b V MYm�RJP7SuZ&tuP7S*[]. g eYP V MYm XhShP7XhP�b k £1bJbJP7b ?A@=f5D n&;b�w�OQP�mÇP�STb ^ O g e ^ `1| g eJP0�s4�P k XhP ^ OQbYbpvl`1|Q|%MYbJR � e�2 ^ O kÆV |QO ^hg e k `lb ^ O ^ XfP7bzX�UcOdXTXfP�| ^ RJP7S
� 7 ;=�UMON~nO7:<3��~): .leJP�STMJbJ}�tuP ^hg eJSTP�OQt�P�br| Vl^h^ P�b � O ^ X&bJO g ezX&}1P k |Q.lSTX�nU+�`1ShP7S ^ X&U¡M ^h^ 'TP�RJ` g e
t�P�O�RYP�S�oGOdU¡MJ| V XfOd`1b ^ X V XhOQ`1b .lShP7S9o62 ^ XhP�UcPrtuP7S ) g{kp^ O g ezXfOd}lX9wxP7ShRJP7b � R V_^h^ P ^ mG)YS�RJOdP
Z&tuP7S*[]. g eJP�bpt�P�RJP g{k MYbJ}�UcOdX4RJP7br}1P�}1P7tuP7bJP�beR�P g e V bJO ^ UcP�brbJO g ezX&bJ`lX;waP�bYRJOQ}1P7STwaP�O ^ P
P�OdbJP k `lbpvlP�ST}1P�bzXfP¡8'£ ^ MJbJ}c}1OdtYX¥n
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s�MGmWRJP�b,s�|Q}l`1ShO�XfeJUcP�bq 7MJSs�xP7ShP g eJbpMJbJ}qRJP7S g eJP7U�O ^hg eJP7b! &MJP�|d|dXfP7ShUcP V MYmÇt V MJP�bJR k_V bJb
P�OdbJP*o�OQU¡MJ| V XfOd`1b0RJP�SNShP V_k XhOdvlP�bjo�XfST£1U¡MJbY}�P�S�mÇ`1|Q}lP�b�nu��OQP V V eJ|�RJP ^ oGOdU¡MJ| V XfOQ`lb ^ � ST`_~
}1S V U�U ^ eU._bJ}lX%v1`lb�RJP7S4sNSTX�RJP ^  7M�|d£ ^ P7bJRJP7b b�Sh`ltJ|QP7U ^�V t�nD��OQP V |d|Q}1P7U�P7OQb ^ XfP80�| Vl^ ~
^ P�v1`lb�b�Sh`1tY|QP�UcP�b�|Q. ^h^ X ^ O g e U�O�X k `1UcUcP�Sh 7OQP7|Q|QP7b o�XfST£1U¡MJbY} ^h^ OQU¡MJ| V XfOd`1b ^ � Sh`1}lS V U*~
UcP�b � w�OQP� ln �Nn v 8 ����: _ ? ��gED � MYbpXhP�S ^ M g eJP7b�n�-NOdP�STtuP7O4waP�STRJP�b.RJOdP#"m;�$hnO7:o:M&%]9pP('C7rq�~
Fq|QP�O g epMJbJ}1P7b U�O�XctuP7|QOQP7tJOQ}lP�b i V bJRYtuP7RJOQbJ}lMJbJ}1P7b V MYm�P7OQbJP7U }lP�}1P7tuP7bJP�b.t�P�|QOdP�tJOd}1P�b
FqOdXhXhP�SN}1P�|d£ ^ X�n�� V RYOQP ^ P`b�Sh`1}lS V UcU�P 'TP�RY` g e V MYm�P7OQbJP7b V |Q|d}1P�UcP�OdbJP�b�v V |Q|B �MY}1P ^Tg eJOdX�~
XfP7b#w�MJShRYP�b � k £1bJbJP7b ^ � P� �OdP�|d|QP�R0`GRJP7|Q|�v1P�STP�OdbYm Vlg epMJbJ}1P7b U�P7O ^ X,bJO g ezX*tuP7S ) g{kp^ O g ezXfOd}lX
waP�ShRYP�b�n�� V eYP�S ^ OQbYR0R V U�O�X V M ^ }1P7mG)YeJSTXhP,o�OQU¡MJ| V XfOd`1bJP7b ^ P7eJS� �P�O�X V MGm w .lbYRJOQ}Jn

��OQbJPa}1Sh`��lP 0q| Vl^T^ P k_V X V |32�XhO ^Tg eJP�S
i4P Vlk Xf`1STP�b*O ^ X ^ ` V MGmÇ}1P�t V MYX � R Vl^T^ RJOQP5o�XfST£1U¡MJbY}
RJMJS g e9P�OdbJP�sNbJ  V eY|�UcP�eJSa`GRJP7SawaP�bJOd}1P�SxShP�}lP�|QUW.��1Od}�}1P7mÇ`1STU,XfP7S 0 V bU._|QP4}1P7mG)JeYSTXxw�OdShR�n
��OdP VX.lbJRJP9RJOdP ^ P�ST0 V bU.l|dP ^ OdbJR R V t�P�OxU�O�X¡RJP7S k_V X V |32�XhO ^Tg e Vlk XfOdvlP�b oGMJt ^ X V bJ �tuPº~
^hg eYO g ezXfP�X � RYOQP�}1P�}lP�t�P�bJP7bYm V |Q| ^ bY` g e�OQb0P�OQbYP�U�V V_^ e g ` V XNP�OQbY}1P�t�P7XTXfP7XNO ^ X¥n�t�OQP7|(RJOQP ^ P7S
0N`lb ^ XhShM k XfOd`1b0O ^ X � P�OdbJP�U�£1}l|QO g e ^ X�eJ`1eYP¢sNM ^ t�P�MGXfP � Sh`wt�P�OdXhP�OdbJeJP�O�X% �M�P�ST �OQP7|QP7b � R�nhe�n
P�OdbJP�S ^ P7OdX ^ O ^ XaR Vl^ +�P�She .l|dXhbJO ^ v1`1b	Z&t�P�S*[U. g eJP& 7M +�`1|QMJUcP�b�U�£l}1|QO g e ^ Xa}1Sh`�� �YV bJRJP�STP�S)~
^ P7OdX ^¤^ OQbJRjRJOQPcs�MYmÇP7bzXfe V |�X ^  �P�O�XfP7b mG)JS¢R Vl^¢^ XfST£1UcP�bJRJP F V_^ }1P7ShOdbJ}Jn'��OdP ^,^ OQbJRj}1P�b V M
RJOdP +�`lS V M ^T^ P�Xf �MYbJ}1P�b �YV MGm�RJP7bJP�b�RJOQP FqShP�bY  ^hg eYO g ezXfbU._eJP�STMJbJ} V MYmÇt V MYX �zRYOQP�s�t ^ Xr.lbYRJP
 �MYS V V bYR ^ OQbJR k |QP7OQb OQU�+�P�ST}1|QP7O g e UcOdX V bJRJP�STP�b 8,.lbJ}1P7b ^hkÆV |dP�b � MYbJR�RJP�S k `lbpvlP k ~
XfO�v1P�o�Xf`=4�XfS V b ^ � `1S�X )JtuP7STw�OdP�}lX,RJP�b#RYOa4uM ^ O�v1P�b#o�Xf`54uXhS V b ^ � `lSTX¤OQb V cYO V |QP7S¢i4O g epXhMJbJ}Jn+�P�ST}1|QP7O g eJP� �w�O ^hg eYP�b�RYP�U)"m;�$hnO7:o:M&%]9pP('C7rq�~�MYbJR�RYP�U�FqShP�bY  ^hg eYO g ezXfUc`GRYP�|Q|(e V tuP7b0mG)YS
RJP7S V S�XfOQ}lP�o�2 ^ XfP7U�P0MJbzXfP7S � S Vlk XfO ^Tg e STP�|QP�v V bzXfP�b��xP�RYOQbJ}1MYbJ}1P�b bpMJS�}lP�ShOdbJ}1P�s�tzwaP�O ~
g epMJbJ}1P7b�}1P7 �P7OQ}lX ?j{L|5D n

�NbJ}lP Vlg ezXfP�XqRJP7S4X V X ^ . g eJ|QO g eJP�b* &MJP�S ^hg eJbJO�XhX ^ mÇ`1STU RJP�S80 V bU.l|QP ^ `1|Q|(P7OQbJP¢  2�|dOQbJRJSTO�~
^hg eYP FqP�`1UcP7XhShOdP V bJ}1P7bJ`1UcU�P7b=wxP7ShRJP7b�nB- V t�P�byRJOdPT0 V bU.l|dP¡P�OdbJP*ShP7}1MJ|/._ShPTvW`1ShU ��^ `
O ^ X�P�OQbYPNRJO g ezXfP4s�bJ`1STbpMJbJ},OdU�i�P Vlk Xf`lSabpMJS�U�£l}1|QO g e � waP�bJb ^ OQP�P�OdbJP�b�RJShP7O�~ � vGOdP�S)~�`�RJP7S
^ P g e ^ P g{k OQ}1P7b* &MJP7S ^hg eYbJOdXTX V MYm waP�O ^ P7b�n �xP7OQU �xP ^hg eJO g ezXfMJbJ} ^ � ST`1 �P ^h^ RJP ^ _
S .l}1P�STU V XfP�~
ShO V | ^ | V }1P�S�X ^ O g e 'TP7RJ` g e,U�P7eJS�oGMYt ^ X V bJ %OQb¤RJP�b�� g{k P�b V t � wx`�RJMJS g e�RJOQP ^ P V tJ}1P�STMJbJRJP�X
waP�ShRYP�b�n�R�OdX�sNM ^ b V eJU�P4RJP ^ RJSTP�OdP g{k OQ}1P7b+ &MJP7S ^hg eYbJOdXTX ^ O ^ X�R V b Vlg e�RJOdP R�`GRYP�|Q|dOQP7ShMJbJ}
RJMJS g e�P7OQbJP�ShMYbJR vW`1STU k P7OQbJP ^hg eJ|dP g ezXfP7ShP�:8.leJP7ShMJbY} V | ^ RJOQP�RJMJS g e�P7OQbJP � `1|a2�}1`1bYO ^hg eYPvW`1ShU0n
��P�S +�`lSTXfP7OQ|aRJP�S¡ :2�|QOQbYRJShO ^hg eJP7b^F�P7`1U�P�XfSTOQP�|dOQP7}lX 'TP7RJ` g e Odb#P�OdbJP�S¡i4P7RJM k XfOd`1b
RJP7S4 7M�t�P7XhS Vlg ezXhP�bJRJP7br��OdU�P7b ^ Od`1bJP�b�RJMYS g e0s�M ^ b�MGXf �MYbJ}�RJP7SNo62�U�UcP7XhShOQP_n

F�MGX v1P7ShP�Odbpt V S�U�O�X RJOdP ^ P�bWR�`�RJP�|d| V b ^ ._Xf 7P�b ^ OQbJR ^ `1}1P�b V bJbzXfP4i�`1eJShSTP Vlk Xh`1ShP7b�nz��OdP
t�2�|QOdbJRJP�ST}1P�`lU�P�XfShOdP=P�ST| V MYtYX0R V t�P�O V M g e � R V_^h^�V | ^ R�`�RJP�|d|Q}1P7tJOQP�X9P�Odb -4`1eJ|d  2�|QOdbJRJP�S
t�P7XfS Vlg ezXfP�X9w�OQShR�nx��OdP ^ O ^ X�STP�|dP7v V bzX � wxP7bJb ^ O g e V b ^ X V XhX9P7OQbJP7S kÆV X V |a2pXfO ^hg e V_k XhOdvlP�b
V V bJR¡Odb,RJP7S1t�2�|QOdbJRJP�S Vlg e ^ PxP�Odb kÆV X V |a2pXfO ^hg e Vlk XfOdvlP�S���S V ezX�tuP Í bJRJP�X¥n5+�`lb`�xP�RYP�MYXhMJbJ}
^ OdbJR�bpMJSNRYP�S%OQbYbJP�STP¢MYbJR ._M��1P�STP¢i V RYOQM ^7�-,/.1032 tJ �w�n ,/. 
54 � RJP ^ R�`�RJP7|Q|Q}lP�tJOdP7XfP ^ n
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V | ^ MJb V tJe .lbJ}1Od} V bJ}1P ^ P�eYP�b�waP�STRJP�b k_V bJb�n
� Vl^ � V S V t�`1|QO ^hg eJP���Oa4uP�STP�bzXfO V |Q}1|dP�O g e�MYbJ} ^h^ 2 ^ XfP7U kÆV bJb�UcOdXTXfP�| ^ RYP�S�8(OQbJOdP�bJUcP7XheJ`_~
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54 vlP�STwaP�bYRJP7X�na� Vl^ eJP�O �lX �Fq|QP�O g epMJbJ}1P7b�fGna�hf���fYn3�h@¤waP�ShRYP�b�P7bzX ^ � ShP g eYP�bJR=RYP�S�t�2�|QOdbJRJP�ST}1P�`lU�P�XfShOdPNUcOdX 90/ , U,MJ|�~
XfO � |QOd �OdP�STX4MJbYR V b ^hg eJ|dOQP �1P�bJR )Jt�P�S�R Vl^ &;bzXfP7STv V |Q| � , !

� - � , ! 	 OQbzXfP7}1ShOdP�STX�n��NOQP¡OdbpXhP�b ^ OdvlP�b+ V STO V tJ|dP�b waP�STRJP�b!OQbYbJP�STe V |Qt P�OQbYP ^ &;bzXfP7STv V |Q|dP ^ RYMJS g e.P�OdbJP�b k `1b ^ X V bzXfP7bXVjP�S�X9ShPº~
� S . ^ P7bpXhOQP7STX � RYOQP9S V RJO V |dP�b v�|a) ^h^ P�MJbJR FqP ^Tg ezw�OQbJRJOd} k P7OdXhP�b ^ OQbYR�'TP�wxP7OQ| ^�V b RJP7b &;b�~
XfP7STv V |d|Q}1STP�bJ 7P�b RYP Í bJOdP�S�Xr¾G&;bJRJP:c ' # � : : : *(Ëºnx� V S V M ^ P�ST}1P�t�P�b ^ O g e RJOQP�mÇ`1|Q}lP�bJRJP7b
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54 ¾ fYnAfCg1Ë
}1Od|dX¥n

&;b�RJP7S � S Vlk XfO ^hg eJP7b9s�bzwxP7RJMJbJ}*P7STwaP�O ^ X ^ O g e�RYOQP48(£ ^ MJbY}¡RJP ^ RJOa4uP�STP�bzXfO V |�~ V |Q}lP�tJS V ~
O ^Tg eJP�bYF�|dP�O g e�MYbJ} ^h^ 2 ^ XfP7U ^,V MYm w(.lbJRJOd}1P�S V | ^ RJOQPc8(£ ^ MYbJ}�P7OQbJP ^ }1P�wx£leJbJ|QO g eJP�b ��Oa4uP�~
ShP7bzXfO V |Q}1|dP�O g epMJbY} ^h^ 2 ^ XfP7U ^ nYs�M ^ RJP�S%P7OQbYm Vlg eYP�b�+�`1S ^ XfP7|Q|QMYbJ} � R Vl^h^ P7OQbJP&��STeJ£1epMJbJ}�RJP ^
��STM g{kp^  7M�P7OQbJP7S +�P�ShSTOQbJ}lP�ShMYbJ}*RJP ^ +�`1|dMJUcP�b ^ MJbYR0eYOQP�S%R V U�O�X5RJP ^ i V RYOQM ^T^ P ^ mG)JeYSTX �
|QP7OdXhP7X ^ O g e�RJP�S4mÇ`1|Q}1P7bJRJP¤i4P7| V c V XhOQ`1b ^fV b ^hV Xf ¢ �MYSm�xP ^ XfOdU�U¡MYbJ}�RYP ^ ��STM g{k }1S V RJOQP7bpXhP�b
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��OQP V bJRYP�ShP7b�Odb�RJP7b�Fq|QP7O g epMJbJ}1P7b fGn g=i���fYnAf�� V MYm XfSTP7XhP�bJRJP7b�FqSh£��lP�b ^ OQbYR0vl`1b=RJP7S
8(£ ^ MYbJ} V tJeU.lbJ}lOQ}1P b V S V UcP7XhP�S�n�t�MYbU. g e ^ X k £1bJbJP7b�RJOdP¢ 7MJ}1P7eJ£1ShOd}1P�b0OQbzXhP ^ O�v1P7b�+ V STO V ~
tJ|dP�b V M ^ RJP�b���P Í bJO�XfOQ`lb ^ }1|dP�O g e�MYbJ}1P�byfGn gLg ��fYn gLB¢}1P�wx`lbJbJP�b9waP�STRJP�b�nD��OdbJP&t�P ^ `lbJRJP�STP
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P7U � P�S V XfMYS ! P�Odb � RJOdPqOQU � |QOd �OdX�RJMYS g e
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t�P ^ XhOQUcU,X�O ^ X¥n6�xP�O]+�P�S�wxP7bJRJMJbY}*RJP ^ 8�&\R���� � RJP7SxP7OQb�8(£ ^ P�S�mG)JSaRYOa4uP�ShP7bYXfO V |�~ V |Q}lP�tJS V ~
O ^Tg eJPyFq|QP7O g epMJbJ} ^T^ 2 ^ XhP�UcP�O ^ X �'kÆV bJb RJOdP ^ P�Fq|QP�O g epMJbJ} ^ OQU¡MJ|�X V b¹UcOdX¢RJP�b��NOa4uP�ShP7bzXfO�~
V |d}1|QP7O g epMJbJ}1P7b V MGmÇ}1P�|d£ ^ X¤wxP7RJP�b�n�s�b ^ `1b ^ XhP�b�U ) ^T^ XhP�RJOQPW_
P7U � P�S V XfMYS,UcOdXhXhP�| ^ P7OQbJP ^
^ P � V S V XfP7b�" 7 � 9SP}�W~ +�P7STm V eYShP�b ^ t�P ^ XfOQUcU,X5waP�STRJP�b�n

¦�§ ¦�§ ¦ � ¶�±�� �,­ �N¯�±�����±���­(±
��OdP~�xP ^Tg eJShP7OQtJMJbY}�RJMJS g e � V STXhOQP�|d|QP���Oa4uP�STP�bzXfO V |Q}1|dP�O g e�MYbJ}1P�b�O ^ X'bYO g ezX(v1`1|d| ^ Xr.lbJRYOQ}%`1eJbYP
RJOdPqs�bJ} V tuPqv1`lb�sNbYm V bJ} ^ ~�MJbJR�i V bJRJt�P�RJOdbJ}1MJbJ}lP�b�n

F�P ^ X V STXhP7Xqw�OQSTRyRJOQP�o�OQU¡MJ| V XfOd`1b�RYP�Su0 V b V | ^ XhSh£1U¡MYbJ}�UcOdX k `1b ^ X V bzXfP7b _BP�U � P7S V ~
XfMYS�~ � FqP ^Tg ezw�OQbJRJOd} k P7OdX ^ ~xMJbJRyo � P� 7OQP ^ � ST` Í |QP7b � RJOQPqvl`1UÌs�bzwxP7bJRJP7S�v1`1ST}1P�}lP�t�P�b�waP�S)~
RJP7b�n'��OQP +�P7STXhP�OQ|dMJbJ}�RJP7S R Vl^h^ P�b�[ ) ^h^ P V MYmaRJOQP*RYO ^hk STP7XfO ^ OdP�STXhP�bet�P�|d|QP7brP�STmÇ`l|Q}lX V MYXf`_~
U V XfO ^hg e9RJP7S V S�X � R V_^h^ RJOQP�S V RJO V |QPNs�M ^ RJP�eYb�MYbJ}�RJP7S�t�P�|d|QP�b� �MJS V V bJR�eJOQb V M g e�b Vlg e
s�M ^ tJOd|QRJMJbY}cRYP ^ o�XfST£1U¡MJbY} ^ � ST` Í | ^NV tJbJOQUcU,X�n

o�X V bJR V STRJUw. �1OQ}¹O ^ X�RYP�S 0 V b V |�b Vlg e V M��lP�b RYMJS g e¼P7OQbJP�mÇP ^ XfP V V bJR tuP7}1ShP7bJ 7X�n
oG`1|d|pR Vl^ oGOdU¡MJ| V XfOd`1b ^ }lP�tJOdP7X'P�OdbJP�b¡-N`1eJ|d  2�|QOdbJRJP7S
R V S ^ XhP�|d|QP�b �Æ^ ` kÆV bJb V M g e*P�OQbYPxOQbYbJP�STP
V V bJRyRJP Í bJOQP7STXqwaP�ShRYP�b�n's�b ^ `1b ^ XfP7b O ^ XqRJOdP*OQbJbJP7ShP FqShP7bJ �P�RJOdP�o62�U�UcP7XhShOdP�|QOdbJOQP ��V b
RJP7S V |Q|QP�S V RJO V |QP7b +�P k Xf`lS k `lU � `1bJP7bpXhP�b0MJbJR�s�tJ|dP�OdXhMJbJ}1P7b�v1P7S ^hg ezw�OdbJRJP�b�n

s�b�P�OdbJP�SamÇP ^ XhP�b�V V bJR ^ OdbJR9tuP7OQRJPmF�P ^hg ezw�OQbJRYOQ} k P�OdX ^hk `1U � `1bJP7bzXfP�b0bpMJ|Q| n�v )JS5RJOdP�xP7ShP g eYb�MYbJ}.RJP�S�_
P7U � P�S V XfMJS ^ OdbJR� 7waP�O¢v1P7S ^hg eYOQP�RYP�bJP Z � XfOd`1bJP7b v1`lSh}1P ^ P�eYP�b�nm&;U
V RJO V t V XhO ^Tg eJP�b v V |Q| Í bJRJP�X k P�OQb VX.lSTU�P V M ^ X V M ^Tg e UcOdX�P:c�XhP�ShbYP�b� &MJP7|Q|QP7b ^ X V XhX ��^ `
R Vl^T^ }lP�UW.���RJP�U mÇP7eJ|QP7bJRJP�bXVX.lShUcP [JM ^h^ RJP�Sy_BP�U � P7S V XhMJSh}lS V RJOdP�bzX�v1P7S ^hg ezw�OdbJRJP�b
U¡M ^T^ n &;U V bJRJP7ShP7b�v V |d| ^ P�OdP�b��un o�n�� �6<Q7:9 ^hg eJP¢i V bJRJt�P�RJOdbJ}1MJbY}1P�b9RJMYS g e0P�OQbYP�mÇP ^ X%v1`1S)~
}1P7}1P�t�P�bJP _BP�U � P�S V XfMJS V bJ}1P�bY`1U�UcP�b�nl��OdP _BP�U � P7S V XhMJS kÆV bJb¡vl`1b*RJP�S V cYO V |QP7b`b
` ^ OdXhO�~
`1b V tJeU._bJ}1P�b�n�o�`1|Q| ^ OQP�RJMJS g e�P7OQbJP�RJO ^hk ShP�XfP _
STP �J� P�bYmÇMYb k XfOQ`lb�STP � S . ^ P7bpXhOQP7STX4wxP7ShRJP7b �
^ `�waP�ShRYP�b 'TP7RJ` g e�RJOQP¤o � S )JbJ}lP¤RJMYS g e�� 7:o	�`n 9S7�~Sb�|d`E2�bJ`lU�P�RJSTOdXhXhP�b�FqS V RJP ^�V �J� Sh`dcGO�~
UcOQP�S�X � R V UcOdXxRJOQP ^ XfP7XhOQ}1P&��Oa4uP�STP�bJ 7OQP�STt V S k P�O�X�RJP�S%Odb9RJP�b���O34�P7ShP�bzXhO V |d}1|QP7O g epMJbJ} ^ |Q£ ^ P�S
P�Odb�[WOdP"�1P7bJRJP�b�vWMJb k XfOd`1bJP7b0}lP7w(.leJSh|dP�O ^ XfP�X4O ^ X�n

��OQP R Vl^T^ P7b�[U) ^T^ P V b RJP7S Z&t�P�S*[U. g eJP ^ OQbYR OQU v V |Q|dP kÆV X V |32pXfO ^Tg eJP�Sci�P Vlk XhOQ`1bJP7b
RJMJS g e�Fq| n�g�n iL{�}1P7}1P�t�P�b�n6v )YS�MYbJShP7}1P�|dUw.��lOQ}q`�RJP�S�UcOdXsV Vl^ e g ` V Xat�P ^hg eYO g ezXfP�XfPmZ&t�P�S)~
[]. g eYP�b ^ OdbJRy'TP7RJ` g e bJ` g e RJP�STP�b ��OQb�[U) ^h^ P� �M tuP7S ) g{kp^ O g ezXfOQ}lP�b�nst�MJU�P�OQbYP�bz.lbYRJP�S�X
^ O g e9RJOQP�P 4uP k XfO�v1Pu0N`lbpX Vlk X []. g eJP� 7w�O ^Tg eJP�b�F Vl^ MJbYR kÆV X V |a2pXhO ^hg eYP�b	R V XhP�STO V | � RYP ^h^ P�b
Z&tuP7S*[]. g eJP ^ O g e tuP7 ")J}l|QO g e�P7OQbJP7S*}1| V XTXfP7b V V bJRY`1tuP7S*[]. g eJP�MYU RJP�b b�Sh` � `1S�XfOQ`lb V |QO ~
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	 v1P�ST}1Sh£��1P�STb ^ `1|d| n�t�MJU V bJRJP7ShP�b k £1bJbJP7brXfP�Od|dwaP�O ^ P,RYOQP¡�NOa4uM ^ Od`1b ^ ~
|QOdU�O�XfOdP�ShMYbJ}1P�b*OdU V V_^ e g ` V X5RYMJS g e�P7OQbwV Vl^ e g ` V XT~)�s4uP k XfO�v�OdXr.ÆX ^ Uc`�RJP�|d|JOQb�}1P�P7OQ}1bJP�XfP7S
VjP�O ^ P�UcOdXhXhP�| ^ RJP ^ �s4�P k XfOdv�O�Xr._X ^ m Vlk Xf`lS ^�� � tuP ^hg eJSTOQP�t�P�b#waP�STRJP�b ?AgLgED n�sN| ^ i V bJRYtuPº~
RJOdbJ}1MJbJ}*mG)JS%RYOQP R Vl^T^ P7b�[U) ^T^ P V b0RJP7S8Z&t�P�S\[]. g eJP�}1Od|dX%R V U�O�X �
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s�M ^ F�S*)JbJRJP7b¤RJP7SBo�XfP7OdmÇeJP7OdX�RJOQP ^ P�S Fq|QP7O g epMJbJ}%O ^ X(P ^ U�P7O ^ X ^ OQbYbpvl`1|Q|dP�S � RJOdP~Z&tuP7S*[]. g eYP�bG~
i�P Vlk XfOd`1b ^ }1P ^Tg epw�OdbJRJOd} k P7OdXfP7bjP7bzX k ` �J� P7|dX�v1`lU ShP ^ Xf|dO g eJP7bYFq|QP7O g epMJbJ} ^h^ 2 ^ XfP�U� �M¹tuPº~
ShP g eJbJP7b�n���OQP¢��bzX k ` �J� |QMYbJ}cvl`1b0RJP�S4��O34�M ^ OQ`1b ^ }1|dP�O g epMJbY}
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}1P ^hg eJOdP�ezX�R V RJMJS g e � R Vl^h^ Odb0RYOQPu�xP7ShP g eYb�MYbJ}�RJP7SNi�P V_k XhOQ`1b ^ }1P ^hg eJOdbJRJOQ} k P�O�X�bJO g ezX4RJOdP
OQU � |dOQ �O�X�}1P7}1P�t�P�bJP�F V_^ � e V_^ P�bY �M ^hV U�UcP�b ^ P7Xh �MJbY}*RJOQSTP k X V b�RJP�S Z&tuP7S*[]. g eYP ��� � � 
 
 2��1�^ `lbJRJP�STb�RJOdPqP:c � |dOQ �O�X%}1P7}1P�t�P�bJP�RJP7S�tuP7b Vlg ept V S�XfP�b F V_^ � e V_^ P�bY �P�|d|QP ��� � � � 
 ��P7OQb�[JOQP"�_X¥n��OQbJP V |�XfP�STb V XhOdv1P`R�£1}1|dO g e k P�OdXqmG)YS&wxP7bJOQ}1P7S ^ XfP7OdmÇP Z&t�P�S*[U. g eJP�bYU�P g e V bJO ^ UcP�b¹tuPº~
^ XhP�ezX�OQb*P7OQbJP7U�i4P7| V c V XhOQ`1b ^fV b ^hV Xf amG)JS RJOdP �xP ^ XfOQUcU¡MJbY}qRJP�S-Z&t�P�S*[U. g eJP�bpt�P�RJP g{k MJbJ}Jn
� V RYMJS g erSTP�RJMJ 7OQP7STX ^ O g erRJP7S�sNMYm w V bJRrtuP7O
RYP�S��aP�ShP g eJbpMJbJ}�RJP7SmZ&tuP7S*[]. g eJP�bG~;i4P Vlk ~
XfOd`1b ^ }1P ^Tg epw�OdbJRJOd} k P7OdXfP7b�nWs�| ^ s�b ^hV Xf  ^ P7O
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}1P�w .leY|dX¥n_��OdP5i�P7mÇP�STP�bJ 7}1P ^Tg ezw�OQbJRJO k P7OdX � ����� w V bJRJP7|dX RYOQPxt�P kÆV bYbpXhP �xOd|QRJMJbY} ^ }1P ^hg ezw�OQb�~
RJOd} k P7OdX4OQb0P�OdbJP 04`1U � `1bYP�bzXfP¤tuP7 ")J}1|dO g e0RJP�S4 �P7OdX V STXhOQ}1P7b 04`G`1STRJOQb V XfP � MJU0nD��P7S�b V ~
S V U�P�XfP�S ��� O ^ X�R V bJb V MYm�RJOQP ^ P�SNo kÆV | V P�OdbJPqRJOQUcP�b ^ OQ`lb ^ |d` ^ P�i�P V | V c V XfOd`1b ^  �P�O�X¥n&;b#t�P�OQRYP�bzvs._|Q|QP7bjO ^ X¤RJOQPwR�£1}l|QO g e k P�O�X,bYO g ezXT~ ^ X V XfOQ`lbU.lShP7S Z&t�P�S\[]. g eJP7b�t�P�RYP g{k MJbG~
}1P7b¹ 7MrtuP7S ) g{kp^ O g ezXfOd}1P�b�n �4U�MJb ^ XfP�XfOd}1P*i V bJRJt�P�RJOdbJ}1MJbY}1P�by �M=vlP�STU�P7OQRJP7b � RJOdP¡ �MJU
s�tYtJShM g e0RJP7S�&;bzXhP�}1S V XfOd`1b�mG)JeJSTP�b k £1bJbYP�b � O ^ X ^ O g eJP�S� 7M ^ XfP�|d|QP7b � R V_^h^ w ._eJShP7bJR�P7OQbJP ^
&;bzXfP7}1S V XhOQ`1b ^h^hg eYShOdXTXfP ^ RJOQP �xP�STP g eJbpMJbJ}�OdU�UcP�SctuP7OQU }1|dP�O g eYP�bXZ&tuP7S*[]. g eJP�bJ 7M ^ X V bJR
V bYm�._bJ}lX¥n2��S ^ X b Vlg e¡RJP7S
sNt ^hg eJ|dM ^h^ RJP�S
� cGXhS V � `1| V XfOd`1b�R V STmYRJP�S o�X V STX;waP�STX
RJP7S 8(£ ^ MYbJ}
v1`lb Fq| nlfYn g�RJMJS g e¹RJP7b¹bYP�MJP7b �'V | ^�^ X V XfOQ`lbU.lS V bY}1P�bJ`lU�UcP�bJP7b t�M ^ X V bJR Vlk XfM V |QO ^ OQP7STX
waP�ShRYP�b�n
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K C�[]\'> w�MJSTRJP V | ^ b�Sh`1}lS V UcU mG)JS�RJOdP¤XhS V b ^ OQP7bpXhP�oGOdU¡MJ| V XfOQ`lb�P7OQbJP ^
Uc`1bJ`1|dOdXfeYO ^hg eYP�b�i�P Vlk Xf`lS ^  �MJS�s�tY} Vl^hkÆV X V |a2 ^ P¢vl`1b=3�n�vWP g ezXhP�b k £lXhXhP�S�P7bzX;w�O g{k P7|dX�n�&;U
i V eJUcP�b=RJOdP ^ P�Sqs�STtuP7OdXNw�MJShRJP7b¹��S�wxP7OdXhP�ShMYbJ}1P�byMJbYR R0`GRJP7|Q|�v1P�STtuP ^h^ P�ShMYbJ}1P�b¹OQU � |dP�~
UcP�bzXfOdP�STX � RJOdP0P ^ P�ShUc£1}1|dO g eJP7b � P7OQbJP�}1ST£��1P�STPy0q| Vl^T^ P9v1`1b i4P Vlk Xf`1STP�b bpMJU�P7ShO ^hg e  �M
MJbzXfP7S ^ M g eJP�b�n�s�|d|QP7byi4P Vlk Xf`1STP�b¹}1P�UcP�Odb ^fV U O ^ X�RJOQPco�XhShM k XhMJShOdP�ShMYbJ}�RYP ^¢k_V X V |32�XhO ^Tg e
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Vlk XfO�v1P7b R�`1bJ`1|dOdXheJP�b � t�P�O
RJP�bYP�brRJOdP`F Vl^ ~pvDP ^ X k £1S � P7S�~p&;bzXhP�S V_k XhOQ`1b�OQU &;bJbJP7ShP7brShP�}lP�|�~
UW.��1OQ}�}1P�mÇ`1ShU¤XfP�S 0 V bU.l|dP ^ X V XhX Í bJRJP7X�n vWP7ShbJP7S¤w�OQSTR P7OQbJPcShP7| V XhOdv k MJST �P�04`1bzX Vlk Xf 7P�O�X
v1`lS V M ^ }1P ^ P7Xh 7X �Æ^ `4R Vl^T^ _
P7U � P�S V XfMJS�v1P7S .lbJRYP�ShMYbJ}1P�b,OQU vWP ^ X k £1S � P�S(w(.leJSTP�bJR¤RJP�S t�P�O�X �
P�OdbXF V_^  �MJU ��MJS g e » MYP�ShP7b�P�OdbJP ^ 0 V b V | ^ tuP7bJ£lXfOd}lX � bJO g ezX�t�P�S*) g{kp^ O g ezXhOQ}lX9waP�STRJP�b
U ) ^T^ P7b�n'� V RJMYS g e¹}1P�|dOQbJ}lX�P ^7� RJOQPTFq|QP7O g epMJbJ}lP�br �MYS �aP ^hg eYShP�OdtJMJbJ}0RJP ^ XfeJP7ShUcO ^hg eYP�b
+�P�STe V |�XfP�b ^ RYP ^ FqP ^hV U,XhU�`1bY`1|QO�XfeJP7b v1`1b RJP�bYP�b  7MJS �xP ^Tg eJShP7OQtJMJbY}#RJP�SW0 V b V | ^ XhSh£_~
U¡MJbY}� 7M#P�bzX k ` �J� P�|db�nB� V�^ O g e#RJOdPci V bYRJtuP7RJOQbY}1MJbJ}1P7b RJP7S 0 V b .l|QP*bpMJS V MYm5}lSh`��1P7bt�P�O�X ^Tk_V |QP�b .lbYRJP�STb �_kÆV bYb¤RJOdPao�XfST£1U¡MJbJ}4 �M¤P�OdbJP�U }1P7}1P�t�P�bYP�bTt�P7OdX � MJb k X V | ^'^ X V XfOd`1bU.lS
V bJ}lP�bJ`1UcUcP�b¤waP�STRJP�b�nCt�MJS
RJP�STP�b�oGOdU¡MJ| V XfOd`1b k_V bJb ^ `1U�O�X V MYmD�&�1_435-��-R <(>'?
@
@BADC
 �MYS ) g{k }1P7}1ShO34�P7b�waP�ShRYP�b�n

R�`�RJP�|d|Q}1STMJbJRJ| V }1P¤vl`1b¹�&�1_435-��-R=Z K @BK C�[]\'> tJOQ|dRJP�brRYOQP¡Odbrs�t ^Tg eJbJOdXTX gGn��9tuPº~
^hg eYShOQP7tuP7bJP�bWFq|QP7O g epMJbJ}1P7b�n_� ^ }1OQtYX ^ `½wa`1eJ|GP�OQbYPx 7waP�O ~ V | ^ V M g e*P�OQbYPxRJSTP�OQRYOQUcP�b ^ OQ`1b V |QP
+�P�S ^ Od`1brRJP ^ b�Sh`l}1S V UcUcP ^ n���OQP, �M¹U�`�RJP�|d|QOdP�ShP7bJRJP¤��OQ}1P7b ^hg e V m X�O ^ X�RYOQP _BP�U � P7S V XhMJS�n
� V t�P�O ^ P7O�eJOdP�S V M ^ RJS ) g{k |dO g erbpMJS�RYOQP,|d` kÆV |(}1P7U�O�XhXfP7|dXhP _BP�U � P�S V XfMJSNRJP ^ vWP ^ X k £1S � P�S ^
t�P7XfS Vlg ezXfP�X¥n5�NP�S�i�P V_k Xh`1S�w�OQShR V | ^ 0N`lbpXhOQbpMJMJU t�P�e V bJRJP7|dX¥n~+ V STO V XhOQ`1bJP7b V MYmqP7OQbJP7S
8,.lbJ}1P�Odb RJP7SWF�ST£��1P�bY`1ShRJbpMJbY} RJP ^ 0 V b V |QRJMJS g eJUcP ^h^ P�S ^ tJ|dP�OdtuP7b MYb�t�P�S*) g{kp^ O g epXhOQ}lX�n
��P7S%P�OQbY �OQ}lP&RJOQP8&;bpXhP�S Vlk XfOQ`lb F Vl^ ��vWP ^ X k £1S � P7S%tuP7P�Odb�[WM ^T^ P�bYRJP b V S V U�P�XfP7S%O ^ X5RJOQPm0 V ~
b V |dRJO g ezXhP�
 n

��P�S�i�P V_k Xh`1S kÆV bYb V M ^ vlP�S ^Tg eJOQP7RJP�bYP�b9o g eJO g ezXfP7b�U�O�X�MJbzXhP�S ^Tg eJOQP7RJ|QO g eJP�bWR V XfP�STO V ~
|QOdP�bqMJbYR¡��OQ}1P7b ^hg e V m XfP7b V MGmÇ}1P�t V MYX ^ P�Odb�n2:NP7tuP7b¤RYP�U kÆV X V |a2pXfO ^hg e Vlk XfO�v1P�b R�`1bY`1|QO�XfeJP7b
k £lbJbJP�b V M g e R V UcOdX*mÇP ^ X�v1P�STtJMJbJRYP�bJP & ^ `1| V XfOQ`lb ^ ~�`�RJP7SwFqP�e .lM ^ P ^hg eJO g ezXfP�b¼t�P�S*) g{k ~
^ O g ezXfOQ}_X�wxP7ShRJP7b�nY��OdbJPNo g ezw�OQP�STOQ} k P�O�Xat�P�OWRYP�S(R�`GRYP�|Q|dOQP7ShMJbJ}qtYOQ|QRYP7Xl'TP�RY` g ecRJOQP��xP7ShP7OdXT~
^ XhP�|d|QMJbJ}¤ShP V |QO ^ XfO ^hg eJP7S5opXf`=4 k `1b ^ X V bpXhP�b¹¾ ��O g ezXfP � VX.lSTU�P kÆV � V  7OdXr.ÆXaMYbJR�OQb ^ t�P ^ `lbJRJP�STP
RJP7S VX.lSTU�P7|QP7OdXhm�._eJOQ} k P�O�X ^ ~ _
P7b ^ `lS{Ë ^ `2w�OdP�RYOQPWb V S V U�P�XfP7S�mG)YS¤RJOdPci V bYRJtuP7RJOQbY}1MJbJ}1P7b
¾GVX._ShUcP")Jt�P�ST} V bJ} ^Tk `�P76c �OdP�bzX � ��UcO ^T^ Odv�O�Xr._X{Ë�n

0qP�Shb ^ X ) g{k RJP ^ R�`�RJP7|Q| ^ O ^ XqRJP�S R0`1bJ`1|dOdXfe�U�O�X�RJP7bjOdb=OQeYbrP�OQbY}1P�t�P7XTXfP7XhP�b 0 V bU.Æ~
|QP7b�n5�NMJS g e!P�OdbJP�b�Sh`1}lS V UcU�P7STwaP�O�XfP�STMJbJ} k £1bJbJP7b 'TP7Xf �X�R�`1bJ`l|QOdXheJP�b U�O�X�UcP�eJSTP�STP�b
_~2 � P�b¼MYbpXhP�S ^hg eJOdP�RJ|dO g eJP7S 0 V bU.l|dP�tuP7e V bJRJP7|dXcwxP7ShRJP7b�nxoG` O ^ X�P ^ Uc£1}1|dO g e � R Vl^T^ RJOdP
0 V bU.l|dP�MJbzXhP�S ^Tg eJOQP7RJ|QO g e�tuP ^hg eJO g epXhP7X ^ OdbJR MJbJR ^ `1U�O�X,RYMJS g e�v1P7S ^hg eYOQP�RYP�bJP Z&tuP7S*[].Æ~
g eJP7bJU�P g e V bJO ^ UcP�b¹tuP ^hg eJSTOQP7tuP7b¹waP�STRJP�b�n'sNM g ejRYOQP*��MYS g e�[WM ^h^ STO g ezXfMYbJ}=RJP7Su0 V bU.l|QP
kÆV bJb¹MJUc}1P k P�eJS�X¢waP�STRJP�b � wa`1UcOdX V M g e i�P V_k Xh`1ShP7bjUcOdX8VX.lShUcP7X V M ^hg eYP�ShbjtuP ^hg eJSTOQPº~
t�P�b�wxP7ShRJP7b k £1bYbJP�b�nu��bzX ^hg eYP�OQRYP�bJRJP ^ R�P7S k U V |(O ^ X4|dP�RJOd}1|QO g e�RJOQP�STP�}1MJ|Q.lShPuvW`1STU RJP7S
0 V bU.l|dP&MJbJR�RJP�STP�b0}1|QP7O g eJUW.��1Od}1P +�P7STXhP�OQ|dMJbJ}`)Jt�P�S�RJP7b R0`1bJ`1|dOdXfeYP�b�n

��OQP0��O ^hk ShP�XfO ^ OQP7ShMJbY}jRJP ^ R0`GRJP7|Q|d}1P�tJOdP7XhP ^ P�S�mÇ`1|Q}_X�P�t�P�bYm V |d| ^ UcOdXTXfP�| ^ RJP7S R�P�XfeJ`Æ~
RJP¢RJP�S Í bYOdXfP7b	+�`l|QMJUcP�b ?j@L@ � /=@ED nD�&�1_435-N�HR Z K @
K�CG[]\'> v1P7STmG)J}lXN �MYU s�MYmÇt V M�RJP ^
FqOdXhXhP�S ^ )Jt�P�SqP�OdbJP�brOdbzXfP�}lShOQP7STXhP�b FqOdXhXhP�ST}1P�bJP7S V Xh`1S�n�&;U�v V |d|QP�v1`1by 7waP�O���OdU�P7b ^ Od`1bJP7b
O ^ X�R Vl^ R�`�RJP�|d|Q}1P7tJOQP�X*ShP g ezXfP g{k Od} � t�P�O%RYShP�O��NOQUcP�b ^ OQ`1bJP7b ^ OQbYR  :2G|dOQbJRYP�S V STXfOd}1PyFqP�`_~
UcP7XfSTOQP7b�UcOdX�t�P�|QOdP�tJOd}1P�U  qMYP�S ^Tg eJbJO�XhX5Uc£1}1|dO g e�n1��OQPNi4O g ezXfMJbJ}¤RJP�S(0 V bU.l|dP4RYP Í bJOdP�STP�b
RJOdP�- V M � X Vlg e ^ P�RJP ^ F�O�XhXhP�S ^ ¾ V cGO V |dP�i4O g epXhMJbJ}pËºn
oG`1UcOdX ^ OdbJR RYOQP 0 V bU.l|dP�'TP�wxP7OQ| ^ Odb
P�OdbJPNi4P7OQeJP�bJP7tuP7bJP�Odb V bJRJP7Sh|dOQP�}lP�bJRJP7S t�P7|Q|dP�b�P�OdbJ}1P�t�P7XTXfP�X¥n6v )JS�RJOQP ^ P8t�P�|d|QP�b*waP�RJP7b�RJOdP
VX.lSTU�P » MYP�|Q|�XfP7ShUcP (�� V M ^ Fq| nCg�na�h|=i&U�O�XfeJOd|dmÇP�v1`1bc�&�1_435-N�HR <(>B?
@
@BADC tuP7ShP g eJbJP7X�nt�MJSxbpMJUcP�STO ^Tg eJP�b�&;bzXfP7}1S V XfOQ`lb�RJP ^ RJO ^Tk ShP7XhO ^ OQP�S�XfP7b9��Oa4uP�STP�bzXfO V |Q}l|QP�O g epMJbJ} ^T^ 2 ^ XhP�U ^
waP�ShRYP�b w V eJ|dwaP�O ^ P9RJOdP���O34�P7ShP�bzXhO V |d}1|QP7O g epMJbJ} ^ |Q£ ^ P�S¢8�&\R���� ?Af=i5Dx`�RJP7S*8Bo Zq�&� ?ABLB}D
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P�OdbJ}1P ^ P7Xh 7X�n
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s�MGm�|Q` kÆV |dP�S¢��tuP7bJP Í bJRYP7X*OdU��;bJbJP�STP�b RJP ^ R�`1bY`1|QO�XfeJP7b P�Odb VX.lSTU�P V M ^ X V M ^Tg e  7w�O�~
^hg eYP�b F Vl^ MJbJR vDP ^ X k £1S � P7S ^ X V XTX¥n �NbzXfP7S¤RYP�S�s�bJb V eJUcP � R Vl^T^ RJOdP 0N`1bzX V_k Xh �P7OdX¢bpMJS
waP�bJOd}1P R�OQ|d|QO ^ P k MJbJRYP�b*t�P7XfS .l}lX �1kÆV bJb V bJ}1P7bJ`1UcU�P7b*wxP7ShRJP7b � R Vl^h^�^ O g ecRJOQP _BP�U � P7S V ~
XfMYSxRJP ^ vDP ^ X k £1S � P7S ^ w(.leJShP7bJR9RJP7S t�P�O�X � RJOQPNP�OQb�F Vl^ v1`1|dMJUcP�b�t�P�bJ£_XfOQ}_X � MJU RJP�b	R�`Æ~
bJ`1|dOdXheJP�b# 7M RJMJS g e ^ XhSh£1UcP�b � bJO g ezX ^ OQ}1bJO Í kÆV bzX`.lbYRJP�S�X¥n���OdP�vWP ^ X k £lS � P�S�~ _
P7U � P�S V XfMYS
P�bzXh| V bJ}yP7OQbJP ^ 0 V b V | ^*kÆV bYb ^ `1UcOdX V | ^ » M Vl^ O�~ ^ X V XhOQ`1b .lShP ^ _
P7U � P�S V XfMYS � ST` Í | V b RJP7S
V V bJR9RJOdP ^ P ^ 0 V b V | ^ t�P7XfS Vlg ezXfP�X%wxP7ShRJP7b�nW� Vl^ eYP�O �_X � R Vl^ _BP�U � P7S V XhMJS � ST` Í | ! 
 
 2�� � - �n�n7n � ! 
 
 2�� � .����2� R Vl^ RJMJS g erP�OQbYP¡i�P�OQeYP¤v1`lb * 
54 V cGO V |'t�P�b V_g e�t V STXhP�S t�P�|d|QP7b�STP � S . ^ P7bG~XfOdP�S�X�w�OQSTR � tYOQ|QRYP7X �TP�wxP7OQ| ^ P�OdbJP*i V bJRJt�P�RJOdbJ}1MJbY}�m"!JS&RJOdP�oGOdU¡MJ| V XfOQ`lb�P7OQbJP ^ ��OQbJ 7P�| kÆV ~
b V | ^ n
� V RJOdP���O ^hk ShP�XfO ^ OQP7ShMJbJ}rRYMJS g e Í bYOdXfPW+�`1|QMJUcP�bjP�S�mÇ`1|Q}lX � P7bzX ^ � ShO g ezX�R V_^ b�Sh` Í |
P�OdbJP�S%RYO ^hk STP7XfP7bro�XhMYmÇP�bGmÇMJb k XfOd`1b�n

:NP7tuP7b¹RYP�byi V bJRJt�P�RJOdbJ}1MJbY}1P�b k £1bJbJP7b V M g erRJOQP¡��OdbJ} V bY} ^ t�P�RJOdbJ}1MJbY}1P�b�m"!YS�RJOdP
P�OdbJ �P7|QbJP7b 0 V bU.l|QP,OQbJRJO�v�OQRJMJP7|Q|
}1P7w(.leJ|�XqwxP7ShRJP7b�nB� V RJMJS g ejO ^ X�P ^ `leJbJPWR�`�RJP�|d|QP�S�wxP7O�~
XfP7ShMJbY}¹Uc£1}1|dO g e � S ._MJU�|dO g e#MYbJR� �P�O�Xf|dO g e#v V ShOdOQP7ShP�bYRJP9��OQbJ} V bJ} ^ tuP7RJOQbJ}lMJbJ}1P7b  7M�tuPº~
S#! g{k�^ O g ezXfOd}1P�b�n(��OQP,S .lMJUc|QO g eJP�b�+ V ShO V XfOd`1bJP�b�U�! ^T^ P�by|dP�RJOd}1|QO g e�RJP7Sh}1P ^ X V |dX ^ P�OQb � R Vl^T^
^ OdP�RJMYS g e R Vl^ F�O�XhXhP�S�RJP ^ R�`1bJ`1|dOdXheJP�b V MYmÇ}1P7|Q£ ^ X¤waP�STRJP�b�n�� V RJMYS g e O ^ X¡P ^ Uc£1}1|QO g e �
 ln ��n�+�P�S�XfP7OQ|QMYbJ} ^ P:4�P k XfP � RYOQP�RJMJS g ejRJOdP t�MJ|QP7OdXhMJbJ}9RJP ^ F Vl^ P ^  �MJU�i�P V_k Xh`1SqP�bzX ^ XfPº~
eJP7b �  7M�MJbzXfP7S ^ M g eJP�b�nW:NP7tuP7b�RJP�U k `1bzXfOQbpMJOdP�ST|QO g eYP�bW�xP7XhShOQP7t�RJP ^ i�P Vlk Xf`lS ^�^ OQbYR�eU.lM�~
Í } V M g e OQb ^ X V XfOQ`lbU.lShPTb�ST`1 �P ^h^ P�vl`1b$�;bzXfP7ShP ^h^ P � w�OQPc ln ��n�t�P�O�RJP7S,sNtJ} Vl^Tk_V X V |32 ^ P�Odb
P�OdbJP�U v V eJST �P7MJ}=t�P�O�wxP g e ^ P7|QbJRJP7S R�`lXh`1Sh| Vl^ X�nBsNb#RJOdP� �P7OdXh|QO g eYP�be+ V ShO V XfOQ`lbJP�byU¡M ^T^
�TP�RY` g e#RYOQPWvD`lShRJP7ShMJbJ}�}1P ^ XfP7|Q|dX¢waP�ShRYP�b � R Vl^h^,^ OQPcP�t�P�bGm V |Q| ^ Odb }1ST£��1P7ShP�b s�t ^ Xr.lbJRYP�b
V | ^ RJOdP 0N`lbpX Vlk Xf 7P�OdX V MYm XfSTP7XhP�b � R V UcOdXNR Vl^ » M Vl^ O�~ ^ X V XfOQ`lbU.lShP R�`�RJP�|d|�RJP7Sm0 V b V | ^ XhSh£_~
U¡MJbY} F%!J|�XfOd} k P7OdXBtuP7eU.l|�X¥nLv�!JS&�TP7RJP�bWt�P�O�X � MYb k X�MJbJRWZ&STX V MYm�RJP�S���OdbJ| Vl^T^h^ P�OdXhPawaP�STRJP�b
V | ^ ��OQbJ} V bJ} ^ tuP7RJOQbJ}lMJbJ}1P7b*RJOQP FqP ^Tg ezw�OQbJRJOd} k P7OdX � 032l� RJOdP F V_^ � e V_^ P�b�~p_BP�U � P7S V XhMJS ! 032
MJbJR0RJOdP¢o � P7 �OdP ^  7M ^fV U�UcP�b ^ P7Xh �MJbJ}=¾ eJOdP�S�R V_^h^ P7bptJS#! g eYP � � 032 � - � : : : � � 032 � .�' ËxtuP7bJ£lXfOd}lX¥nVX.leJSTP�bJR�P7OQbJP7S-0 V b V | ^ OQU¡MY| V XhOQ`1b¤U�O�X�}1P�}1P7tuP7bJP�b�s�bYm V bY} ^ ~
MJbJR�i V bJRJt�P�RJOdbJ}1MJbG~
}1P7b�wxP7ShRJP7b�RJOQP�VX.lShUcP » MJP7|Q|dXhP�STU�P (�� V b9�&�1_435-N�HR Z K @
K�CG[]\'> !YtuP7ShUcOdXhXhP�|�X¥np��OdP
� ST` +�`1|QMYU�P7bJP�OdbJeJP�O�X(!JtuP7STXhS V }1P7bJPWVX._ShUcP�UcP�bJ}1PcO ^ X¡}1|dP�O g e RJP7S VX.lSTU�P � RJOdP�Odb)�TPº~
RJP7U�0 V b V | � Sh`c8,.lbJ}1P7bJP�OdbJeJP7OdX5mÇSTP�OQ}lP ^ P�Xf �X%w�OQShR � U¡MJ|�XfO � |QOQ 7OQP7STX�UcOdX5RYP�S�0 V b V |dRJO g ezXfP

 ¾ 0 V bU.l|dP � ST`  &MJP7S ^Tg eJbJOdXTX ^ ~Sv�|Q. g eJP�bYP�OQbYeJP�O�XºË �

(�� # � 
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0�P�STb Vlg eJ|21 ^h^ OQ}lX&U V byRJOdP*��bzXfe V | � OQP31lbJRJP7ShMJbY}1P�byP�bzXh| V bJ}�RJP ^(4¢V b V |QP ^qV MYmÇ}lShMJbJRyRJP ^
��STM g{k }1S V RYOQP�bzXhP�b ��^ ` kÆV bJb RYOQP ^ b Vlg e Fq| n fYnAf�� V M g e RJMJS g e P7OQbJP65�bJRJP7ShMJbY} RJP ^
FqP ^fV U,XT~;��bzXhe V | � OQP [JM ^h^ P ^ �� � � � 
 . � V | ^
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s�tYtJOQ|dRJMJbJ} fYn�� � o g eJUcP�U V XfO ^hg eJP � V S ^ XhP�|Q|dMJbJ} RJP�S 4 ` �J� |QMYbJ} vl`1b
��� � 7�� �	� ��� � � ���	� 
 UcOdX ����� 7�� �	� � 
 � ����
��
}1P ^hg eJSTOQP�t�P�b waP�STRJP�b�ns�xP�OdU sNbzwxP7bJRJP�b RJP�S Í bJOdXhP�b60�`l|QMJUcP�bG~SR�P7XheJ`�RJP�w�OdShR#RJMYS g e
�;bzXfP7}1S V XhOQ`1b !YtuP7SBRYOQP~FqOdXTXfP�ST �P7|Q|QP
RJP ^ R�`lbJ`1|QO�XfeJP7bq|QP7RJOQ}1|dO g eNRJP�SB��bzXfe V | � OQP:[WM ^T^ OdU 4�V ~
b V | V b¤RJP�b F�STP�bJ 7P�b¡RYP�S1R0`1bJ`1|dOdXfe�~\FqOdXhXhP�ST �P�|d|QPBtuP7bJ£lXhOQ}lX�n2��P�S�0�`1STXhP�OQ|zRYOQP ^ P�S R�P7XheJ`�RJP
t�P ^ XhP�ezXNR V ShOdb � R Vl^T^ R Vl^ R�`1bJ`1|dOdXheG~\FqOdXTXfP�SabJO g ezX4UcOdX�RJP7U 4¢V b V |�~SF�O�XhXhP�Sx 7M ^fV U�UcP�bG~
m V |d|QP�brU,M ^h^7� R V RYOQPTv�| ! ^h^ P V bjRJP7bYFqShP7bJ �P7b |dP�O g ezX�RJMYS g e6�;bzXhP�S � `1| V XfOd`1br}1P7wa`1bJbYP�b
waP�ShRYP�b k £1bJbJP7b�n

��P�S �;bYmÇ`1STU V XhOQ`1b ^fV M ^ X V M ^hg e� �w�O ^Tg eJP�brRJP7S�R0`1bJ`1|dOdXfe�~�MJbJR=RJP7S 4�V b V | ^ OQU¡MJ| V XfOd`1b
O ^ X ^hg eYP�U V XfO ^hg e¹OQbrs�tYt�n,fYn��9}1P� 7P�OQ}_X¥n(��OdP¡RJP7b b�Sh`l}1S V UcU,XhP�OQ|dP�b� �MeF�STMJbJRJP�|dOQP�}lP�bG~
RJP7b Fq|QP7O g epMJbJ}lP�b�waP�STRJP�b¹P�bzX k ` �J� P�|�Xq}1P�|d£ ^ X�n�� V_^ eJP�O �lX � R Vl^ _BP�U � P�S V XfMJS � Sh` Í | 1lbG~
RJP7STX ^ O g e bJO g ezX�OQU 8 V MGmÇP9P�OQbYP�S 4�V b V | ^ OQU,MJ| V XhOQ`1b�n �NUc}1P k P�eJS�XcwaP�STRJP�b RJOQP9P7OQbJU V |
t�P�ShP g eJbJP�XfP�b V 1lSTU�P » MJP�|d|dXfP7ShUcP0w 1leJSTP�bJR¼P7OQbJP ^ �;bzXfP7}1S V XfOQ`lb ^  7P�OdX ^hg eJSTOdXTXfP ^�V | ^ck `1b�~
^ X V bzX V bJ}1P ^ P�eYP�b�n�FqP�ShP g ezXhmÇP�S�XfOd}lX�O ^ X%RJOQP ^ RJMJS g e�P�OdbJPqs%R V � XfOQP7ShMJbY}cRYP ^ t�P�O�X ^hg eYShOdXTXfP ^
V b�P�OdbJP¢8(OQUcOdXfOdP�STMJbJ},RYP�S _
P7U � P�S V XfMYS 1lbJRYP�ShMYbJ}�OdbJbJP7She V |dt�RJP�S FqOdXhXhP�ST �P�|d|QP7b�nv !JS¢RJOQPc}1|d`1t V |dP*s�M ^ wxP7STXfMYbJ}rRJP ^ �NU ^fV Xh 7v1P7She V |dXfP7b ^ RYP ^ i�P V_k Xh`1S ^ waP�ShRYP�b RJOdP
}1P7U�O�XhXfP7|dXhP�b ��bpXhe V | � OQP7b MJbJR o � P� �OdP ^ ~\t�M ^hV U�UcP�b ^ P7Xh �MJbY}1P�b V U 4¢V b V | V M ^ } V bJ} V b
RJOdP R�`1bJ`l|QOdXheG~�o�OQU¡MJ| V XfOd`1b$!Jt�P�ST}1P�t�P�b�n���OQP ^ Pr� V XfP�b k £1bJbJP7b ^ `2wa`1eJ|�|Q` kÆV | V MYm¢RJP7S
s�M ^ | V_^h^h^ P�O�XfP V MYmÇ}lP�|Q£ ^ X V | ^%V M g e9P�bzX ^ � ShP g eJP�bYR�}1P�w�O g ezXfP�X�}1P�UcOdXTXfP�|�Xam"!YS » M V bzXfO�X V XhOdvlP
s�M ^h^fV }1P�b�eJP�S V bJ}1P7 �`1}1P7b0waP�STRJP�b�n

¦�§3�4§ ¦ � ��°��¹¶)���¡´J­�¬N´���°G­(±�¸Y¶ ¸G¯���­�´ � ¶�± � �)­
��OdPxo�OQU¡MJ| V XfOd`1b�RYP�SB��OQbJ 7P�| kÆV b 1l|QP�O ^ X V MYmÇ}lShMJbJR¢RJP7S 4 `1U � |QP��YO�X 1_X�MJbJR¡o�XfP7OdmÇeJP7OdX(RJP7S' �M
|Q£ ^ P�bYRJP�b	�q|QP7O g epMJbJ} ^h^�
�^ XfP�UcP¡RJP7S� 7P�OdX V MYm waP�bJRYOQ} ^ XfP
�BP�Od|
RYP�S��aP�ShP g eJbpMJbJ}�RJP ^ �
P7U�~
� P�S V XfMJS�mÇP�|QRYP ^ RJP ^ �qP ^fV U,XfUc`1bJ`1|dOdXheJP�b�nu� V eYP�S�O ^ X¤P ^�^ OQbYbpvl`1|Q| �(V byRJOdP ^ P7S¡opXfP�|d|QP¡RYP�b
bpMJUcP�ShO ^hg eJP7b�sNMYm w V bJR�}lP�P�Od}1bJP�X� �M0ShP�RYMJ �OdP�ShP7b�n

��bpX ^ � STP g eJP7bJRyRJP�SN��O ^hk ShP�XfO ^ OQP7ShMJbJ}cRJP ^ �BP�U � P7S V XhMJSTmÇP7|QRJP ^ mÇ`1ShUcP�b��TP7waP�Od| ^ RJOQP�Odb
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