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b�Y�y¹Z´��¾¬�Y�¶§zp¯�
{Z-�²À]yºc

b�Y�¾�yz]�©Zo� yu�±Z¯v³Yy� uº^¸]� Z]� zcÇZ]�¾k¹zs�ayv£�¶]�¾]Z¿�b�u�½Yz]�¾ ¬dt¯�½Z·��¹y�½Z·�²À]yºc
v³zÀ-�¾¯�yYz£�µuZ d�Y�uyº¯�±Z¸k�z�Zcz��yu�¶d�z�À��½{Z-�yºcº¯�{Y��º³�²¿Y�½ÇZ]�±Z¯v³Yy�¹ ¾k¹zs�±YºcYy�±M

b�Y�µuz§�Z¿yu�yu�µuZ d�Y�½Yz]�\�Z´¯�½Z·�¶´¿|-�{Y�¾¨¿�¶]�ª¿v^c�µuZ d�Y�ªÀ«u�¶]�{Z-�²À]yºc�{Y�µuZ d�Y��¿Y|�Y
{YÎ��¾³ZÀ¯�²§uz��Ï��Z¯z-�v¿vlc�Ð��yZt]�¢¿y|c�Ñ���¿Z¯z-{Z]�Ò���¿Z¯z��¶d�]�ª¨À��Ó�¹ �¿Z�§Y�Ô�b�-{Z]�

b�Y�[M@ÐÍ�>
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±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y¾¿Z¿yu��¿Z´���¿Z°·�²À°d ·�aÇZ¤¯�¶�º°l¯
¾dsº��ªÀ�

½Z·�©Z�� yu½zÀ.°�#�v�y� �±M�½Z¿Y|¯�ªÀ«u�¶]�½yZlc� ¹ ¾¯Z�³�½Z·y¹Z´�� yu�¾dsº��ªÀ�� {Y� µuZ d�Y�zÀsY
b�Y� ¶d�Yu�{Y� Z¯z-� ¹ ¶dÀ�¿zd¨«Y� vÀ«ºc�bÀ¬]Z£� ¹ b�Y�¾¿ÇZ]�±Z¯v³Yy�½YyYu� ¹ µuº]� |À°c�¾dsº��ªÀ�� ®d�À�

uyYu�Yy�¾¿ZÀ°À�¹zd¨«Y�½Z·yºd§Yy�¦#º§�_{Yv³Y��¾dsº��ªÀ��½Z·�b¿|¯�z.¿u�{Yb�Y�±M�±uº]�Yv��¾]�¹@ÐÎ�>
¾^À§zc�½Z·�®d�À�

uºk¹�¶]�¾¨¿zd¨«Y�½Z·yºcº¯�¹ {Z-�²À]yºc��yZt]�²À]yºc��¾«|¿u�½Z·�yºcº¯�\À§zc�{Y�Çº°�¯�¾^À§zc�½Z·�®d�À�
v´¿M�¾¯�½Z·�Z³� Z]��³Yy�½Z·�®d�À��²¿Y�{Y�¾ ¬dt¯��Yº³Y&26$*�&2'2*�&2'$*�&2'/2*¹

½Yz]�µuZ d�Y�©Zo�yu�µzÀ��¬dt¯�½Z·�b�z��yu�ª°��±Z¨¯Y�y¹Z´��½Yz]�Z·�®d�À���º³�²¿Y�b�Y��¬dt¯�½Z·y¹Z´�
v´´§�ª°��¶´À¸]�Zd^�³�bsº���z�¯�Z]�¾cZÀ¬°��v¯�²¿v´#�yu�v´³Yºc�¾¯�Z·y¹Z´��¹ µuy¹M�®·Yz��Yy@çì�>

ê½yYuz]�µz¸]�º
]¾°³�±M�¶´À¸]�uz¨¬°��yu�±Z´À°�Y�f�Z]�y¹Z´��¦¿�¶´À¸]�bsZ��¹ \�Z´¯�¾oYz�v�Z�²¨°¯�z.¿u�ayZ^��¶]

uº��½yYv¸.³�\�Z´¯Z³�ayº��¶]�Z¿�¹ µv��½yYuz]�µz¸]�\�Z´¯Z³�ayº��¶]�y¹Z´��¦¿�{Y�b�Y�uyYº¯�²¿Y�{Y�¦¿�z·�yu
uº°³�¶kºc��º�º¯�²¿Y�¶]�v¿Z]�¹ v]Z¿�¾¯��¿Y|�Y�bsº���z�¯�

ÒºÎ¾d�§�¾]Z¿zÀ�¯�º
p¯�aYzgY�Z]�v¿Z°³�¾¯�b§zo�uY{M� Z¿yu�yu�¾d�§�¶§�¾³Z¯{¹ ¶¯��¾¿Z¿yu�½Z¸³Z¿zk��iYº¯Y��uZ]�v´³Z°·�¾ ¬dt¯�¾�À

uº��¾¯�¶kYº¯�µzÀ��v³yYx-�¾¯�zgY�¾d�§�¾´°¿Y�¹ ¾cZÀ¬°��uz¨¬°��½¹y�z]�¾�Àp¯�aYzgY�²¿Y�¾d�§�yu�aYzgY�²¿Y
aYzgY�²¿Y�¾¯Z�³�¾d�§�yu�¶§�¾«Zo�yu�uº��¾¯�¾d�§�¾cZÀ¬°��½Z·�¶´¿|·�fp]� yu�¾cYzÀÀ�c�\^��½yZlc�½Z·

Z§�\^�uuz-�¾¯�y¹Z´��¾¨Àd§Zc�uz¨¬°���·�
½Yz]�iYº¯Y��¿Yz��¹ Yº·���¹��¾¿Z¿yu�aZ³Z¿zk�{Y�¾·Z-M�Z]�Z·�¾d�§�¾]Z¿zÀ�¯�½Yz]�¦À´¨c�¦¿�¾d�§�zÀ�¯�[Ztd³Y
½Yz]�¾doYyZ³�²¿zd°§� Z¿�¾d�§� ¶]� µuyY¹�ayZ�s�ª£Yvo� Z]�²¨°¯�±Z¯{�²¿zd°§� yu� z�³� uyº¯�v�¤¯� ¶]�±vÀ�y

v�Z]�²¿z�Z�¯�
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±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y¾¿Z¿yu��¿Z´���¿Z°·�²À°d ·�aÇZ¤¯�¶�º°l¯
Y|¯�²¿zd°¸¯b§zo�½v´^³Z¯{�©¹vk�²dsZ��µuy¹Mz]� �bsº���z�¯��·Z§� �¶´À¸]�½uyº³Z¿yu� �¶´À¸]�¾]Z¿zÀ�¯� Z¿

b�Y�¾d�§�yZ]�¹ ¶³v]�¶]�µuyY¹�ayZ�s�©Z°doY��·Z§��¾d�§�¶¯vs�¾´°¿Y�n���±uz]�ÇZ]��¾d�§@èç�>
¶´À¸]�¾]Z¿zÀ�¯�v´°cyv£�½zcºÀ�¯Z§�½Z·�©v¯� ¹ ¾�Z´�Yº·�¶´À¯{� yu�¾¿Z·�b�z�À�� yº¸�� Z]z¿x��±Z¨¯Y�¾d�§�

b�Y� ¶d�-�Yy�¾¿Z¿yu�½Z·zÀ�¯� yu� Z·y¹Z´��b�z�� `^�Zp¯�b�Y� µv��ª�Zo� zÀsY� `·u� yu� ¶§�¾¿Z·�b�z�À�
b�Y�µuz§��t�¯�z]�¹ uz§�z�d´¯� Yy�y¹Z´��b§zo�¹ ±Yºc� �b�z��¾´À]��À��½Yz]�¾�¹y�b «u�¾d�´��µZ.�³Yu

Yy��¬dt¯�¾¿Z¿yu��¿Yz��yu�y¹Z´��uz¨¬°��±Yºc�¾¯�±M�}Z�Yz�³�yZ¸�Y�\�Z´¯�b¸k�¹ b�z��¶]�b^�³�¹ ¾]Z¿{yY�
uº°³��·Z§�±Z¨¯Y�{Y�¾§Zo�µv��Zl³Y�aZ¤À¤pcæå�v�Z]�¾¯��¹y�²¿Y�{Y�µuZ d�Y�Z]�bsº���z�¯@èè�>

ÒºÏ½yYv¸.³�¹ zÀ°�c�º
Z¿�¾d�§�b�z���·Z§�f�Z]�¹ µv��y¹Z´��½z]{�zÀÀ�c�f�Z]�¾d�§�`³v]�z]�|¿y�aYyw�¹ ¾¿Z¿yu�½Z·�µ|s�v�y

�Yuuz-�¾¯�bsº���z�¯��¿Y|�v��½Z·�,³y�zÀgZc��¾d�§�aZÀ¬°��±Z¯{�av¯�¶]�¾«º¨«º¯�aYyw�¹ Z·�µ|s�v�y�qz³
uyYu�¾.d�]�[M�½Z¯u�Z�º�s��Àp¯��¿Yz���µuZ d�Y�uyº¯�µ|s�

z°�� Z]�y¹Z´��¦¿�yu� �©Zh¯�±Yº´��¶]� �b�Y�yYx-zÀgZc�¾d�§�¾§Z¨��Y�b¯¹Z¤¯�z]�|À³�[º�yê`¬�Z��yu�¹ ©Z��
¾³Z¯{zÀ°�c� ¹u�²À]�èå�b�Y� ¶d�Z¿��¿Y|�Y�¾§Z¨��Y�b¯¹Z¤¯�Z·z¨³Zc� ¹ z]z´Àd³Z§�½Z·y¹Z´�� z]�[º�y� zÀgZc

b�Y�zc�v¿v��¾d�§�uyº¯�yu�¢À¤pc�¦¿�}Z�Y�z]çåååååb¯¹Z¤¯��¿Y|�Y�±Y|À¯�©Z��¦¿�{Y�~��¾´c�çë�çî�¹
©Z�� ¹u� {Y�~�éì�êç�b�Y� µuº]@èé�>º�ª¨�çåuyº¯�ayv£��¿Y|�Y�±Y|À¯�Z]�bsº���z�¯�¾cyZ^��¶]� ¹ {ZÀ³

v·u�¾¯�±Z�³�Yy�b]Zg�b�z��yu�¶³v]�[º�y��¿Y|�Y�
±M�¾¿YyZ§��¿Y|�Y�yu�¾°¸¯��¤³�½yºcº¯�z·�½Yz]�¾«Z°doY��£Yº³���y�¹ ¾¿YyZ§�{Y�±Z´À°�Y�½Yz]�®�´¯�zÀ°�c

uyYu�ºcº¯�zÀ°�c�½Yz]�Yy�¾³Z¯{�½Z·�µ{Z]�¹ ¶¯Z³z]�Çº°�¯�Z·yºcº¯�_v³{Z��½Z·�¶³ZsyZ§Z�º�s�¹ v´·u�¾¯�uZ¸´�À��Z·y
b�Y�®¸¯�yZÀ�]�µv´´§�Yvk�Y|kY�¹ bsº��¹ ²�¹y�aYzÀÀ�c�©zd´§�

ë±{¹��·Z§�º
uyYu�ª¤³� ¹ ª°o� z.¿u�½Z·��t]�v´³Z°·�¾°¸¯� yZÀ�]��¤³�±{¹��·Z§� �¾¿Z¿yu��t]� yu�uyº¯� yu� Z�º�s

uyYu�|À³�y¹Z´��©uZ�c�yu�¾°¸¯�zÀgZc�¶§�y¹Z´��¾³Z£º��½Z·��t]�{¹��·Z§yYv¤¯�yu�®À¤d�¯�zgY�z]�µ¹È��y¹Z´��±
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±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y¾¿Z¿yu��¿Z´���¿Z°·�²À°d ·�aÇZ¤¯�¶�º°l¯
�·Z§�b¯¹Z¤¯�¶lÀd³� yu� ¹ ¶d�Z¿��·Z§� y¹Z´��~Às�n��� ¹ µv�� y¹Z´�� yºt]M��·Z§�f�Z]�²À´$°·� �b¯¹Z¤¯

v]Z¿�¾¯�b�Y�z¿x��±Z¨¯Y�zd¨^��¶À«¹Y�uYº¯�{Y�µuZ d�Y�²À´$°·�¹ Z·�¾oYz��½{Z��¶´À¸]�Z]�Z·y¹Z´��±{¹��·Z§@ÐÒ�>
ÓºÎv¿vk�uYº¯�º

µ{¹z¯Yv³zÀ-�¾¯�yYz£�µuZ d�Y�uyº¯�¾¿Z¿yu�½Z·y¹Z´��yu�¾ ¬dt¯�½Z·�½%º«º´¨c�¹ uYº¯��f�Z]�ÇZ]�Z¨pd�Y�Z]�uÇº�
®¿|À´¯�½Z·%ZÀ«M�¹ ºÀ´À¯º«M�²À´$°·��uuz-�uZl¿Y�µ{Z��Z¨pd�Y�yu�½zÀÀ�c�¶§�²¿Y�±¹v]�uº��¾¯�y¹Z´��±{¹��·Z§

f�Z]�|À³�\§z¯�uYº¯�¹ v³uz-�uÇº��²¿|.¿Zk�v´³Yºc�¾¯uuz-�y¹Z´��±{¹��·Z§��
ÓºÏ¶´À¸]�¾oYz��º

y¹Z´��¾cZÀ¬°��½Z·�¶´¿|·�`À¬§�¹ ½yYv¸.³�¹ zÀ°�c�¶]�{ZÀ³��y¹Z´��vÀ ¯�z°��yu�½uZ¿{�zÀgZc�¾d�§�_{Z��¾oYz�
uyYu�b�Y�zÀ.°�#�yZÀ�]�+y|]�½Z·y¹Z´��uyº¯�yu�Z�º�s��¤³�²¿Y��¬dt¯�½Y|kY�¾oYz���Z·�¾d¿º¤c��Z·�µyYº¿u

ÇZ�cY�¹ aZp �µzÀ��¹ a�uyYu�µ{Z��ª¨��¹ uYº¯�[Ztd³Y�ªÀ^£�{Y�¾¿Z·yºd§Z���]Zc�¶]�yZÀ�]�¾oYz��v´¿Yz���Çº°�¯
b�Y� ¶´À¸]� zd°§�¾oYz�� Çº°�¯� v¿vk�½Z·�mz��½Yz]� ¹ uyYu�¾.d�]�mYz�� `]zlc��¿Y|�Y� Z]� zÀsY�½Z·�©Z�� yu

±Yºc�¾¯�½uv��½Z·��¹y�{Y�µuZ d�Y�Z]�¹ µv��zc�¶´À¸]�Z·�¾oYz��aZ�È�Y¾´À]��À��Yy�y¹Z´��¾¨À¯Z´¿u¹yvÀ·�¾¿YyZ§�
uº°³�¶´À¸]� Yy�±M� ¹ uº°³@ÐÓ�>�¬dt¯�½Z·��t]�yu�zÀsY�½Z·�©Z��yu�¾oYz��½Yz]�¾�Z¿y�¾]Z¿�¶´À¸]�{Y� µuZ d�Y

b�´��yu�È���aZÀ¬°��±uº]�ª¨�¯�²À´$°·�¹ ©v¯�¾-vÀ$À��ªÀ«u�¶]�¾«¹�b�Y�¶d�z-�yYz£�µuZ d�Y�uyº¯�b�´�
yYz£�µuZ d�Y�uyº¯uº°³�µuZ d�Y�Z·�¾oYz��uº^¸]�½Yz]�Z¸³M�{Y�±Yºc�¾¯��Z·��¹y�²¿Y�b�z�À��Z]�Z¯Y�uzÀ-�¾°³@ÐÔ�>

ì½zÀ-�¶lÀd³¹�½v´^�°k�º
v�� y¹z¯�v³zÀ-�¾¯� yYz£� µuZ d�Y� uyº¯�bsº���z�¯��·Z§�½Yz]� ¶§�¾¿Z·��¹y� zd�À]�ªÀ�³Zd�� Z·��¹y�²¿Y

¿{�b�z�À��±Z¨¯Y�²À´$°·�¹ v³yYu�µuZ d�Y�½Yz]�½uZ¿{v³yYu�½uZ�
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±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y¾¿Z¿yu��¿Z´���¿Z°·�²À°d ·�aÇZ¤¯�¶�º°l¯
í�kYz¯�º

�� 7KRPDV� +HOOVWU|P�� �2SWLPL]LQJ�&RQWURO� DW� 6HD�� 7KH� ([SHULHQFH� RI� WKH� 6HDSDFHU� 3URMHFW���
����

�� %HUWUDP� 9RONHU�� �3UDFWLFDO� 6KLS� +\GURG\QDPLFV��� *UHDW� %ULWDLQ�� %XWWHUZRUWK�+HLQHPDQQ��
5HSULQWHG������

�� %ORXQW� 'RQDOG� /�� DQG� %DUWHH� 5REHUW� -��� �'HVLJQ� RI� 3URSXOVLRQ� 6\VWHPV� IRU� +LJK� 6SHHG�
&UDIW���0DULQH�7HFKQRORJ\��9RO������1R�����2FW��������SS����������

�� *LDVVL�$�� 0DLVRQQHXYH�-�-�� %HQQLV�)�� 0XOWLGLVFLSOLQDU\� 'HVLJQ� 2SWLPLVDWLRQ� DQG� 5REXVW�
'HVLJQ�$SSURDFKHV�DSSOLHG�WR�&RQFXUUHQW�'HVLJQ��&203,7�������+DPEXUJ��0D\�����

�� 7RPV��%��$�������2EVHUYDWLRQ�RQ�WKH�IORZ�RI�OLQHDU�SRO\PHU�VROXWLRQV�WKURXJK�VWUDLJKW�WXEHV�
DW�ODUJH�5H\QROGV�QXPEHUV��,Q�3URF��,QWO�5KHRORJLFDO�&RQJUHVV��+ROODQG��������9RO�B��SS�����
�����

�� 0\VHOV��.��)ORZ�RI�WKLFNHQHG�IOXLGV��86�SDWHQW��������1R���������
�� :HL�� 7�� 	� :LOOPDUWK�� :�:�� PRGLI\LQJ� WXUEXOHQW� VWUXFWXUH� ZLWK� GUDJ�UHGXFLQJ� SRO\PHU�

DGGLWLYHV�LQ�WXUEXOHQW�FKDQQHO�IORZV��-��)OXLG�0HFK���������9RO������SS���������
�� /XPOH\��-�/��'UDJ�UHGXFWLRQ�E\�DGGLWLYHV��$QQ�5HY��)OXLG�0HFK�������� 9RO����SS�����
�� 5DELQ�� <�� 	� =LHOLQVND�� %�� -�� $�� 6FDOH�GHSHQGHQW� HQKDQFHPHQW� DQG� GDPSLQJ� RI� YRUWLFLW\�

GLVWXUEDQFHV�E\�SRO\PHUV�LQ�HORQJDWLRQDO�IORZ��3K\V��5HY��/HWW��������9RO�����SS�����
��� >��@�������
��� :LOOLV�	�5DWOLII�&RUSRUDWLRQ���6XUYH\�RI�$OWHUQDWLYH�:DWHUERUQH�7HFKQRORJLHV��
��� �$,5�&$9,7<�6+,36��DW��KWWS���ZZZ�FFR�FDOWHFK�HGX�aPDWYHHY�),/(��$&6�DFV�KWPO�
��� +LURKDUX�.$72��0LFUREXEEOHV�DV�D�6NLQ�)ULFWLRQ�5HGXFWLRQ�'HYLFH� �$�0LGWHUP�5HYLHZ�RI�

WKH� 5HVHDUFK�� 'HSDUWPHQW� RI� 0HFKDQLFDO� (QJLQHHULQJ�� 7R\R� 8QLYHUVLW\� � DQG� � <RVKLDNL�
.2'$0$�&HQWHU�IRU�6PDUW�&RQWURO�RI�7XUEXOHQFH��1DWLRQDO�0DULWLPH�5HVHDUFK�,QVWLWXWH�

��� <RVKLDNL� .RGDPD��� $NLUD� .DNXJDZD�� 7DNDKLWR� 7DNDKDVKL�� 6KLJHNL� 1DJD\D�� DQG� 7DNDIXPL�
.DZDPXUD�� �'UDJ� 5HGXFWLRQ� RI� 6KLSV� E\� 0LFUREXEEOHV��� 1DWLRQDO� 0DULWLPH� 5HVHDUFK�
,QVWLWXWH�RI�-DSDQ�

��� 1DJDPDWVX��7��HW�DO��������$�IXOO� VFDOH�H[SHULPHQW�RQ�PLFUREXEEOHV�IRU�VNLQ�IULFWLRQ�UHGXFWLRQ�
XVLQJ�6HLXQ�0DUX��SDUW����7KH�IXOO�VFDOH�H[SHULPHQW��-�6RF�RI�QDYDO�$UFKLWHFWV�RI�-DSDQ

��� /DWRUUH��5��0U��$DURQ�0LOOHU�DQG�0U��5LFKDUG�3KLOLSV��0LFUR�%XEEOH�5HVLVWDQFH�5HGXFWLRQ�
IRU�+LJK�6SHHG�&UDIW��������

��� /DWRUUH��5���%DEOHQNR��9����������5ROH�RI�EXEEOH�LQMHFWLRQ�WHFKQLTXH�LQ�GUDJ�UHGXFWLRQ���3URF��
215�18:&�,QWHUQDWLRQDO�6\PSRVLXP�RQ�6HDZDWHU�'UDJ�5HGXFWLRQ��1HZSRUW��5,��SS�����±
����
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±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y¾¿Z¿yu��¿Z´���¿Z°·�²À°d ·�aÇZ¤¯�¶�º°l¯
��� 6HLI��0�6��� 7DYDNROL��0�7���³7HFKQLFDO�$VSHFWV�RI�)XWXUH�6KLSV�³1(9$������ /�7KH�6HYHQWK�

,QWHUQDWLRQDO� &RQIHUHQFH� /� 5XVVLDQ� 6KLSEXLOGLQJ� $QG� 6KLSSLQJ� ,Q� 7KH� *OREDO� 0DUNHW/�6W��

3HWHUVEXUJ��5XVVLD�������
��� 7HUUHQFH�:��6FKPLGW����7HFKQRORJ\�IRU���VW�FHQWXU\��
��� -$16621�� %�2��� /$0%�� *�5�� �������� %XR\DQWO\� VXSSRUWHG� PXOWLKXOO� YHVVHOV�� +LJK�

3HUIRUPDQFH�0DULQH�9HKLFOHV�&RQI���$UOLQJWRQ��0+�����
��� �$HURK\GUR��,QF����DW��KWWS���ZZZ�DHURK\GUR�FRP�SURGXFWV�PDULQH�QDYDWHN�KWP�
��� �+\GURIRLO�%DVLFV�� &KDUDFWHULVWLFV��DW��KWWS���ZZZ�IRLOV�RUJ�EDVILJV�KWP
��� 1�1�������E���)LQQLVK�KRYHUFUDIW�7XXOL��+DQVD��������SS���
��� /26,��3�&����������7KH�ZLQJVKLS�SRWHQWLDO�IRU�VWUDWHJLF�OLIW��,QGXVWULDO�&ROOHJH�RI�WKH�$UPHG�

)RUFHV��:DVKLQJWRQ�
��� � KWWS���ZZZ�VH�WHFKQRORJ\�FRP�ZLJ�
��� �+<'52)2,/� 3+272� *$//(5<�� ZLWK� VRPH� VSHFLILFDWLRQV� RI� KLJK�VSHHG� FUDIWV��� DW��

KWWS���ZZZ�FFR�FDOWHFK�HGX�aPDWYHHY�K\GURIRLO�KWPO�
��� KWWS���ZZZ�VXQ�DF�]D�NLH�XQLVWHO�WHFKQRORJLHV�K\VXFDW�H[SODQDW�KWPO�
��� &DUOWRQ� -�6�� �0DULQH�3URSHOOHUV�DQG�3URSXOVLRQ��� ILUVW�SXEOLVKHG��0DQFKHVWHU��%XWWHUZRUWK�

+HLQHPDQQ�������
��� 1R]DZD�.D]XR�DQG�7DND\DPD�1DRKLVD���+\GURG\QDPLF�3HUIRUPDQFH�DQG�([FLWLQJ�)RUFH�RI�
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