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î·ôD Ïî°ð·î@�âÁà¼æ· ð>Èï·Èï°àJ�îØàÇ
ñ?Àæ»â×á» àLâjî·�à¾îÙèj·>��ÖÑ��> ºÈie��FÇH> Á£�¹É�R�Å·Ai��V�½i>�Å·�±°VÇ�µ·c��G«�Â?�Þ ��>�ºÈie�Â@�µ·d³Ç�)µ·dF�e>f¯Þ?F�Á»×�>Hº?¯& 7�> ØD�Å
·D�Ø�Â@�>ÇbÄnÉ�ÏKV�l?À·>�¹J?¯@�Â@�Mf»@�±
}�ØD�½�>È»@Ç�½ÃÑ?»a��»�>È¼r£�µ·c�>È¸¤«�>cE«�)Í?³h·>�>ÈJ×ÉÇ�)ÍÙr·>�>È¼Ê°ÉÇ�)�>�ºÈie�>b¼��Â@Ç��>�Ï¸£�½ÄF?jVÇ�)¾ÙiÞ>%&.6&%/-%+)ea?
¯�)bV>Ç�¥¿?q�½î·?¤¸·�èÂ@�Á»�Î»Ú>�ÅÊ¸£�L¤�@�?»�?ÄÊ·D�®?vÉÇ�>�bG£�ÁF�b¼��Å·Èie�Â@Ç�)ÑËm�Å¸O¼³�kÊ·�)ËV�)�rF�)¥Ê��½¸´K»�)bÉf»�)�?£H?
»�¹
³���²a?
q e?À·>Ç�)ÎÀ�>Ç�)Î»?Ê°·>Ç�)fnÀ·>Ç�)fn�>�Á»�)ÅF�Ñ?R�+
·>�ÎW
q�?
ÄÊ¸£�eÇbJ��·>�ËÃ�M>a?°K£Ø>�ÆdÃÇ�)ÁÉb�º>È
V@���®f
rJ�Å
À´·Ç�)Å
À£�¶f
n·>�Ï¬¿Ç��>�ÎÊ¿>bVÇ�b°K£>�Á»�ÂDÇ�)Î·?��Ø�f«?³�ÈÄ«�>f¬³�?ÃBe�Á¼«fn�>Ç�fnÀ·>�Î
°«>È»Ç�Î
£?í·>�ÂAF�®�£>�¹F�)¹qÚ>�e?´¿D�ÂÇa�)¹Êr¬K·>�Ø�)¹ÉÇAK·>�±ÉfíF�e?À·>Ç�ÎÀ�>Ç·>��D�Ëv¬É�HGi�ÐÈ�>Ç�M?»f�>�Á£�k¬À·>�³Ç�)ÎGR>Ç�¦fn·>�¦f
n·>�Î
¬·?�Ç�ÐÈ�>�¦?GJD�Â@Ç�)Ía?¤j

�º?¯�b¯Ç�)ÍÇ?°n·>��D�ÅGV?q�²ÈjÉ�ÏÄ¿Ç�f»@�?¼Ê«,�À·>�ÅÀ£�Ï´V�?¼Ê«H& 7��?
r·>�Ìa?G¤·�Mab£@ fnF�H¸¯�Ï¸£�fí]�ØÇ�L¤��Âc@�ØÇ�M@e��£�Ø�?»%&/.%Ï¸£�fí]�b°«�M?Ê¿?¼j�>�Á»�¶ebÉ�?»�¹³Ç�) �½
£gÇ�)H
¸°·?F�Æe?í]D�Á´��Ç@�)fnF�H¸¯�¾ØÜ>Ç�M>d
¸·�¹
ÊO¼K·>��D�Î
Ê£>b·>�ÎW¸
r�>�Â@�¹
Ò?°·>�>d
Ã
��>�M?¬
q���ÅÊG
nK·>�Ï¸£�Î·>b·>��?¬·Ú>���ÎW¸r�?³�)¾>È¤·>�bÀ£�?ÄÀ»�®È·A�?F,½
��
n³�È
·�Å
¿@Ç�fÃÈ|�kÊ·�aÈRÈ»��?¤·>�¥¿?q�)½��¹Ê¯Ç�Ñ?�Ú>Ç�M?¬r·>�ÅF��Ê��Ø�Ìd·>��>�ºÙR�½��qÇÇ�Ñ?í¨·>



� ��� � � � �ó���� ��

ºº ººº ºººó��������� ��

)zf£�ØÇ�)Å
À£�Ue?
]�È
Ã�ØÇ�)Å
Ê«�¹
]>a�ÈÃ�ØÇ�)ÅÀ£�¹r¬À»�ÈÃ�ØÇ��?¤·?F�¹rK»�ÈÃ�ØÇ�½jR�ØÇ�l>È
�>Ç�¾?
ÃÇÚ>�Æaf
J�aÈ
RÈ»�aÈ
RÈF�±ÉbrK·>�Ï¸£�ÐÈ°J�Ø�½�È°£�ÂE«�)ÆaÈRÇ�e?´¿D��D�±¸�>�ea?G·
�)ÅSÄÀ»�>dÃ�Â?³�Á¼Ê«ÇË·>h¨·>�º?¯+�&ÐÐ%7 *ÈKáÉ�Ø�YÉfq�f¬´«��ÀN>���EF�ºÈ°·>�?»@>�jÉ�ØÇ�ÅÊ«�¯IÍÇ?°
n·>Ç�Ía?¤
j·>�¹qAF�>È«�£>�>cD�?»@Ç�)�HRÈÉ�Ø�µ·cÇ�)I?°¤·>Ç�I>ÈO·>�fÉa?°»���¦>hÀ·?³�¹Êr¬K·>���¦>hÀ·?«�?¼ÄÊ·D�ÙÊGi�ÎÊr¤�>Ç�Î£?í·>�ÂÈ³Çb°K¤É�Á»��¬´J���¯ÈK·>�gÈ��Ø�Å¿@�ÅF�¥í°¿Ç�Æe?K��Ìd·>Ç�)>�¬´J�If
vJ�º?
O»@�af
��e?
À·>Ç�Î
À�>�Â@�Ï
¸£�Ï
n�Ç�¹
°¤·>�Å
Ê¬ÀÉ��Ç�¦f
n·>�Å
F�Ñ?
R�?»�aeÇ�Å·ÈieÇ��>�Id³�b°«�µ·c�b°K¤É�Â?³�ÂDÇ�)¾>È¤¸·ºÙv·>�Á»�ÅJbÊ°£�+)Ñ?¼¸¤·>�¦?�DÇ�Å·Èie�¾Ù³Ç��>�¾Ù´·�ÂD�cD?ÄÀ»�ÑÈuÈ·>�x¯>ÈÀ³�x¯>È¿7 'ØÇ@*à¼ö̧à£ ?»�®Ù]�b°K£>�>cD��¤É�)½¸´KÉ�Ç@�¹¼¤É���ÂDÇ�H¸°·>�a?°K£>�Å
·��G
J�?
»�b¤F�ÅK»@�ºÈif·>�áÅ ½¸¤·>�>dÃ+ 'ñ?Ê¿?NBb°K¤É��Ç�¹¼¤É���ÂDÇ�Â?j¸·?F�¾Ù³�+M>f¬´�>�Á»�f¬´��ÏJ@��¤É+ '?O·?NBx¯?ÀF�ÏJ@�Å¿@�?ÀÀ�Ç�¾ÙiÞ>�fÄ�@�Á»�Á´·Ç�)½¸´KÉÇ�b°K¤É���ÂDÇ�>f¬´»�Ù¼£�\e>È�?F�¹¼¤É�Â@)Á ·>�Å¤«fÉ�Ø��°Ê·>�ÂÚ�)Á ·?F�Æf¬´¿�Ø�)Å
À£�f³ác�x¯?¿�HGjF�f¬´·>�ÅÀ£�®f¤¿�Ø�Á»�f¬´¿�Ø�µ·d³Ç Å°°WK
¿���Á�Ç/0�%+ *>dÃ�à®ôf£�b¯Ç�)Å»>hK·>Ç�Æa?°K£>�½¸j»�¹³�Ï¸£�H��Ìd·>�I>Èr·>�ÈÃ�>dÃÇ¹Ò?j»�¥FeAF7 '�ÇÚ>�Î·Aj�>�7l?À·>�fO³@�Â>cB�²fíÉ���Å¿@�¥»�bÊVÈK·>�Â?ÊF+ 'ÎÊ¿?O·>�Î·Aj�>�7³ È·Ç�¶fn·>�Â?ÊF½¸¤·>��D�HjK
ÀÉ�Á»�¾Ù³���Â?�)�Á
»�ÑËnF�br¯�Á¼³��>��§�ÍÈ£a�Ç@ �>�bÀ£�Ñ?¤¬m�½Ä¿@�ÂÇbÉfÉ�½Ä¿@�>È¼£g�È·Ç�)�>��§�Ía?G¤·>+ 'ÎO·?O·>�Î·Aj�>�7Á
»�bÃ?RÇ�)ÅÀ£�l?À·>�àfö¬à¿Ç�Åv¨F@�½N�)Å·ÈieÇ��>�ÁÉa�ÈÃ�bÊVÈK·>�Â@�Å·�Â?F�Á»��¬´J®f£�Á»Ç�)ÅÊ«�ºÈif·>�à²èbq��> ºÈie�Â@Ç�)¶fn·>HáÅÀ
èjVÇ�Å
Vb»�½
N�µ·d
F�f
¯@Ç�)Æe?
´¿EF�P
æ¤áF ½ £Ú>�a>Èj·>�½Ä¿Ú�ÂÈÓí��Ø�Å¸Ã@�Â@�½£gÇ�)l?À¸·�+¾ÈÊ·>�If¨·>��ÈJ�Á¼³+ 'Î¤F>f·>�Î·Aj�>�7� Å¸³�ÁÉb·>�ÂÈ´ÉÇ�ÎÀ
K«�ÂÈ´J�Ø�ÏKV�Îq?]�ÑØ×Ã�º?K°F�f»Ú>&/1%+ f«?´·>�Â@�Ï¸£�Î»Ú>�L¤�@�b¯Ç�7ÈÃºÈif·>�ÁÉa�®f£�Á»H)Å
À£�l?
À·>�Ï
Ä¿Ç�)ÅG
i�Å
«f£�?
»�b¤F�½N�L
GN�b
¯Ç�)x¤G
F�f¬³Ç�I?K´·>�x¤GF�Á»B�Á»�f¬´F��°Ê·>�¥»�)YÉfr·>�f¬´·>�ÈÃ�>dÄ«�)Å¸¤«�Á»�Ða?£Ç�¾ÈÊ·?
F�Â?
�Þ>�f
´¿@�Á
��
Ê´«�)f
¬³�ÁÉb·>�Á»�ÅÊ¸£�?¤¼��?£f«�f´¿@�Á»�ÂÈ·È°É�½Ä¿@�Ñ?¼¸¤·>�eÈÄ��Á£

j�>�HiÇ�f]Ü>Â?�Þ>�Â?³e@�Á»�?Ã�§Ç�e?À·>Ç�ÎÀ�>Ç�P¤G·?F�>È¯èbq�>cD�)½Ä»ÙV@�Å¬iÇ�)�¼¸&ÏÒ�� '?ÄÊ«�¥¯Ç�Á���¬´K·>�HRÈJ��·>�eÈ»Ú>�½Ã@�ÆdÄ«�Î¸¼�?FÇ7
*ºÇÚ>7Å·È¯�¹Ê·b·>Ç�Å·�µÉfm�Ø�ÆbVÇ��>�Ía?G£���¶fn·>,7�áfæ¬â̈ àÉàÇ æÅæF î¶àfânáÉ�Âî@ áfæ¬â̈ àÉ�îØ�àÅó̧·>�èÂôD�?à»

áÑ?ànàÉ�Áà¼æ· îµæ·àc�àÂÇáa�&ºÑÕ��%)Ía?
j·>Ç�)eÈ
G°·>Ç�)I?G°¸·�Ç@�)ÁS¸·�YFdÉ�Á¼³��>��¨·�YFd·>�ÅÀ»Ç



� ��� � � � �ó���� ��

����ºººººº ºººººº ºººó��������

µ·c��§Ç+ *Ë¿?O·>7M>e>h�>Ç�eÈG°·?F�¥¬nKjÉ�Á¼³)Î£?¬n·>�½�AjÉÇ�½ÃÈ£bÉ��Ò?iÇ��>��FÇ�ÅÀÊF�¹¤R�Á»�+ *P·?O·>�7Ãf¬³���µm�Ç@��³fn�>�f¬´É���Á»½ÄGÃd»�YWq�Ç@�½�+ *¥F>f·>�7�À·>�ÐbÃ��§�Â@�b°K£>�Á»HÁÉd
·?³�)Å
¼´V�Á
»�Á
jV@�Æ�
§�½´V�Â@�Ç@�)ÅÉbÃ�Á»�¹¼³@
��>�½´V�Ï¸£�MÈ§?í·>�½´V�ÂÈ¸v¬É,+

*k»?�>7ºÈif·>�ÅF�Ñ?R�?��?ÓÊm�x¨F@�Á»HÅ·È¯�¹Ê·b·>Ç�)?£?�D�f¬³�ÅF�¹¼£�È·Ç,7�â½áÄè¿îA
æF�îµ
æ·àc î@�?à»�>ÈáÃôfî³�â½áÄî·?à¼â£î@ î�àGâVîAî«�áÅö̧·>�àºàh¿����+ *la?j·>�7Å·È¯�¹Ê·b·>Ç�)f¬³�)ÅF?°£�Ç@�)ÅF>ÈN�Ç@�)�>�ÁÉa�Á»�ÑËnF�@hÄKi>�Á»�,�æÅ
æJ?àÉBàÇ�æÅ
ó̧·?æFî@�â¹
ï̄
àÂÈáÒôhâÄàKâjàJ�â½K
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�Ò�º?¯Ç,�?à¿ðAîíâ]î@�âÇî@�?àÀÊæjè¿�ÂôD ?à¿âdæ]>à×áJ îØ�?àÀèFàe��ÏÕÓ�º?¯Ç�7�?à»�Ïî̧ à£ ð>ÇéfæráÉ â½î·àÇ

ÂÈá¼î̧ â¤àÉ�â½áÃàÇ�ð>Èï̧ à¤î«���Â>f
¼£�ºB.02%c bÊ°«½Ä¼¸¤F�½Ä»�+
¸´KF�¦fjK·>���bÄ�>�¹��Ù«� º++�Ï
KV�>Çf
´¿@�ÁÉd
·>�Íb
VÙ�>Ç�Î
¯a?¿h·>�f
¬´³�)Î
¼¸´·>�ÅÊ¸£�¥¼K�Ç�)²a?r·>�YGr·>�\?vJ>�¦bKG�>�f¬³�YvKÉÍeÇfv·?F�ÁÉb·>�Á»�½¸£�?»Ç�e?À·>Ç�ÎÀ�>Ç�Ñ>h�>Ç�P¤G·>&26%+++� *P·?O·>�ÅRÈ·>7�D ?¼j°À»�Â?³�?��Aí�>�Â@�7 .*»YÊWr·>�Ï¸£�M>a?ÄKRØ>���Aí�?³�?¤í¯�eÈ¬¨+
/*�> Ñ?
�AF�¾?
»Þ>�ÎÊ¼jJÇ�e?À·>Ç�ÎÀ�>Ç�P¤G·>�Ë¬¿���Aí�?³�?¤í¯�eÈ¬¨»��§Ç,�
§�Ë
·D µ·c+ 0*¹
ÉÇAK·>�¹
Ã@��¬´J�Ï¸£�¾>b¯Þ>���?À¬¯ÈJ�)�»b°K�>��¼j°·>�bVAF�²?WK·Ù·�¹¼K��ÅÊ«�¸K�Ç�¥»�)Æ?GKmØ>�bÀ£�Î¸G°·>�¹Ã@�Á»�¹
Ê·a�Ç@�¥{?
¯�Â?
ÃfF�aÈ
RÇ�¾b
¤·�µ·cÇ�)Î£bKG�>�¦bF�YÊG°J�IÈ
RÇÇ�)A
í�>�fÉb
°J�Ï¸£�dÓÀÊV�È¬¤·>���ÎWu>Ç�Î·aÚ>�¹F�)ÁÉb·>�Á»�½ÄRÇf]�Ï¸£�fÃ?����A

í�>�Á

»�ÂÈ

Ã@�

¯ÈK·>���A

í�>�ÂD�cD�)Íf

]Ü>�e>b

·>Ç�ÁÉb

¸·��È

V@�d

ÓÀÊV�

¯ÈK·>

&3-%+
¥F>f·>�ÅRÈ·>7Á£�¯ÈK·>�Â@¯ÈK·>���Aí�>�ÂÚ�µ·cÇ�)�ÈV@Ç��Ç@�Æ?GKmØ>Ç�ze?¤K·>�bÀ£

�Ñ?�f·>�½Ve@Ç�)Ñ?»f¨·>�Y�@�)eÈ¬¨·>��>�²È°V�Á»�±V����r°J�)ÆfÉb°J�Ï¸£,� A
í�>�Â?³�ÂD�?»@�)�)½Ãf
r¿Ç�)½ÄG
V�Á»��>�HRÇ@�?��a?v»Ç�M?É?À�>�½ £@�Á»�ÈÄ«�)�À»×�>��¼¸j�>�Æa?G£�±V����¬´K·>Ç�> ºÈ
ie�Á
£�?
¼ÄÀ£��>�Ë
ue�Î
nÒ?£Ç�Ë
¸£�Á£�ÌÇe�?»�¾b°J�?»�bv¤ÉÇ�)½ÄÀ£�Id·>Hº?
¯�Å
¿@�7
&ÎNÙN��>�bÀ£�ÁÉÇ>Çb·>�7ÅF ¶fn·>�ÈÃÇ��>�Æf¬¨É�Ø�Â>ÈÉa,)�¯È
¸^�>�²È
°V�È
ÃÇ�Å
³�É�Ø�Â>ÈÉaÇ�)

�Å
ÀÊF�?
»�È
ÃÇ�)Å
F�Ë·?
GÉ�Ø�Â>ÈÉaÇ,Æa?
G£��
FÇ%&3.%É ½Ê
 ¤·>�f
í�>�>d
Ã�¹
RÚÇ�)�� 
¯ÈK�>�ed
¤
��¸if�>�bÊi�Î»@�Á»��°°�>+

*k»?�>�ÅRÈ·>7�>�º?¯�>f¬³�IÈ¿d·>�x¤F�¦e?n·>�Ïè� b°·,7�îµæÓ
î·âÇïAî«�áÅó̧·>�àºàh¿î@�?à¼æF ½ḯ âWàÉ â½ö·�Áà»àÇ
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�&¹ÊÒ>fiD�%Çb¤JØ�?Ä¿@��GJ�b°« Ê�e?J�Îí·?¨»�ÂÈ´J�Â@�ÂÇf]AK�>�Í>eÈK·>�È¤u>Ç�?Ä£�]>�Î�&ÏiÈ»��À·>�Í>eÈJ�kÊ·Ç�e?GVÚ>Ç�ÎÀÄ´·>�Í>eÈJ �%�Î·?qÚ>Ç�Î¯>f
¤·>�½Äj¬¿Ú�>ÈGjÀÉ�?¼Ê³�+?�D�IÈ°¤É�ÆbÊ¬VÇ�¹Ê¸�>�½ÊÃ>fF>��À·>�fr£�ÂE«�)�ÎÄR�Á¼« �Âf°·>��D�¥RfÉ.6²+Âf°·>��D�aÈ¤É�ÏiÈ»��À·>�fr£�Â@��V���)�¾.0²+Á»Ç�)��¾�ÂE«�)�ÎÊ¿?N�ÎÄR�ÎFf§�ze@� ÅÊ·D� ÎGjÀ·?F�L¿?³��íj¸«� Â@�Ì@� )� ²fn·>� Á»� >b«>Ç��íj¸«� Ñ?R� ?�D� Åj¬¿� ¹Ê¸�>� ½ÊÃ>fF>�AnÀ»�b¸F�LjÊ·Ç�+Âf°·>���ÏiÈ»��À·>�fÄ��

.0²+�Éfr�>�Á»�Î£?��ÅF�Á»BÇ�¾�++�Á»�½j¯�¥»�fr»�fSÄÉ�Â@�fíu>Ç �Å£?GJ@&�ÉÈiÈ�>�%À³ ze@��D�ÅRÈKÉÇ�ØÇ��Å£?GJ�ÚÇ�Å·�ÎÀ£>f¬·>�a?Äu>�Á»�?r¸��)�ÎGÉf°·>Ç�ÍeÇ?�>�Â?¤ �ÂÈJ?À]@�bÄ£�b¤F�?¼Êi�&.04/

.021²+¾%ÌbÊVÈK·>��Éb·>�ÅRÈK·>�ÌcÇ�Y¸r�>��ÂÈ£f¬·>�+ ?ÄÊ¸£�±¸íÉ�Â?³Ç�)�Ë¿?¤À´·>�ËFf¤·>�H¤n·?F�Î·ÈÃA»�¶>d¿B��íj¸«�L¿?³�

�Â?¤À³�ze@�+L� b¿>�b¯Ç �Î£?¼�>�) ÎÉa?rK¯Ø>Ç�ÎÊ£?¼KRØ>�ÅJ?ÊVÇ�ÅK«?°N�ÅÀ£�Md]@Ç�)�bÉb�>�Ë¿?¤À´·>�¥¼K�>���Íb«>È·>�ÎÉÈiÈ�>�ÎÊÀNÈ·>�ÅK¿?Éa�MØ?�>�x¤F��Ç�+
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ÂÈÉÈiÈ�>� ¦?íKi>)ÎÊ�e?K·>� ÎG°�>� µ¸J� �� Î°íÀ�>� ?ÄJbÄm� �·>� M?»?j°¿Þ>Ç� M?£>fr¸·� ÎSÊKÀ³Ç� 

�Â?¤À³�ze@��D�ÂÇb«>È·>�&�íj¸«�%�íj¸«�ze@�Á»��°«�ÑhR�Ï¸£�½ÄF�Îq?]�Î´¸��kÊiAJ�+ ?¼Ã��K´¸���D� ?ÃeÇbF�L¼j°¿>� )Î´¸¼�>� ÆdÃ�Á¼u�ÎÊ¸]>a�M?£>fq�ÎSÊKÀFÇ�½N�Á»Ç� 

� 7>cÈÄÉ� Î´¸� �Á»�>cÈÄÉ�Î´¸��Mf¼Ki>�PÊV�)�ÌeÈ¼£�LÊF�Î´¸�Ç60.²+¾?£�får¿�d]ÈG¿�?Äí°i@�Â@��D��¾253²+¾ ±¸{@�b¯Ç��)�år¿�d]ÈG¿½iD��ÉÈiÈ�>�Á»�½Ã?Gi�Á»�Ï¸£f�aÈÄÊ·>�>cÈÄÉ�Î´¸���D�½ÄF?jK¿>��D�ÎGj¿+Î¿?Éb·>�±ÀK¤J��·>Ç�)�ÎÊ�?¤·>�M?¤¼K�>Ç�ºÇb·>�Á»�ab£���Î£gÈ�>�Î£?¼�>�Â@��D��nJ�ÎÊ�e?K·>�±Ò?°�>�ÂDË¸F?G·>�M?Kn·>�aÈÄÉ�Ï¸£�ÍfrK°»�LjÊ·Ç�)�ÎÄR�Á»�ÎÊ¯f£�Î£?��LjÊ·�)�ÎÉaÈÄÊ·>�ÎÄR�Á»�Ë¿?»Çf·>�Ç@ �Ðf]>&ñ?Ée?ÊK]D�Ç@�?Ée?GRD�M?Kn·>�>dÃ�Â?³@�Ñ>Èi�%IÈ¤n·>�¸K��Á»�l?À·>�Á»�Í�¬§�>a>b£@�Â@�µ·c�) �M?Kn·>�>dÃ�b¤FÇ�¹G¯�MaåÈÄJ�b¯�+ÌaÈÄÊ·>�H¤n·>�_Ée?J��ÅF?K³���µie?F�`e×�>�ºÈ°É�7�Aí�>�Á��Å¿D ·?F��nGK·>�>Çbr°É���aÈÄÊ·>�ÂAF�a?°K£Ø>�ÌaÈÄÊ·>�ÁÉb·?F�HÃd¼K·>� >È¸G°É���Ç@�)�ÎÉaÈÄÊ�&3,033+ % Å·È°F� ÍeÈr·>�M>c�b³×É�Ë´jJÇ?³�Â@� ?¼³� 7�È� a>bJeØ>� ÎÊ¼Ã@�L¼�?¤J� �ËWÊj�>� fr¤·>� ÎÉ>bF�Ë¬«�Î¤i>È·>�ÍfÃah�>�ÎÉe?SK·>�Î£È¼�>��D�>È¼vÀÉ�Â@�ÁÉ�O´¸·�ÎGjÀ·?F�Ìf¨�>�Á»�Â?³Ç�)�ÎÉaÈÄÊ·>�+dÀ»Ç.06 ²+½j°·>�ÂÈ¸´nÉ�ÂÇaÈÄK�>�Â?³�ÎÊ³?í¿D��Ç�Â?»Çf·>�x¤F�½ÃbÉÈÄK·�?»Çe�Á»�aÈÄÊ·>�af{�¾� ÎÉaÈÄÊ·>�Î¬Ò?í·>�Á»��³Ú>�&/-+ %_Ée?K·>���aÈÄÊ·>Ç�If¤·>�ÅF?K³���ÎiÈi�b�@�eÈK³b·>�aeÈÉÇ�7�Â@ EF�¾?¯Ç�ÌaÙÊ�>�¥F>f·>��Âf°·>���ÎåÉaÈÄÊ·>�±ÀK£>�b¯�Á¼Ê·>�µ¸»�If³�?F@�ÁÉb·>�>dÃ�²?ÀK£>��Ï¸£�ÅG¤m�e?GR� &3,033+ %�ÀÉÈJ�b·È¿e@�Ë¿?{�G·>�`e×�>� ?ÃabV�b°«�e?K^�>�H¤n·>�e?¤m�?Ä¸¼���·>�ÎÄÉf´·>�ÎÉfrÀ¤·>�ÎWÒ>f·>� ?»@� Ë·?K·>� ÈWÀ·>� Ï¸£� 7�aÈÄÊ·>� ½Ã� e?K�� H¤m� ½Ä¿@� ÂÈ¼£hÉ� ÁÉd·>� fÄm@� ÂD� +ÎÊ¿ÈÊÄr·>� M?³f�?« a>���äÑ>ÈiÎÉg?À·>Ç�ÎWÊWr·>��§ÎÉfrÀ¤·>�Î¬r·>�ÆdÃ�Ñ?£�+@Èi@�?ÄÊGÀR��F�L¤��b¯�ÎÊ¿ÈÊÄr·>�Î³f�>�ÂD � ÎÊFf¨·>� Íe?v�>��?»� 7e?¼¤KiØ>Ç� � Ñ?Ê¼¤·>� ÎÊ»È°·>� +Ëu>e@Ç�MÈÊF�Ï¸£� ÎÊ¿ÈÊÄr·>� Î³f�>� ÑÙÊKi>� ÂD �¶Ù»@Ç6--@ Á»�ÎÊ¯Ù]Ú>�ÎÊV?À·>�Á»�Ï¯e@�kÊ·�ÂÈÓRØ�ÂÜ>�½Ã��íj¸«���ËFf£�·@��·>�½Ò>f�>�¥nF �ÁÉf¼¤Kj�>Ç� Í>h¨·>Îíi>ÈF� Í�]Ú>�ÂÇf¯� Îj¼�>�ºÙ]�LG´Je>� +_Ée?J�Ï¸£��]Ú>�Ë¼´V� � ÈÃ� >dÃÇ ��íj¸«���ÎÊ¿ÈÊÄr·>�+a?ÄíuÙ·�zf¤K·>���_Ée?J�ºÈ{@�½���?¤·>�IÈ¤m�¹³��F�Á»�aÈÄÊ·>�ÂD� ¸£� ÆÈ¯Ø�Ìd·>� a?ÄíuÞ>� ÎÊ·Ç×j»�P·?N�®f{�¹Ê¼WKF� aÈÄÊ·>� ¾?Ê¯Ç� )�� µnÉ� Ñf�>�¹¤��If¨·>� bÉ�Ï �?Ä¸³�ÎÊ¿?j¿Þ>�Î¤ÊGí·>�&4,.33+ %µ·cÇ��)�ÎÉfrÀ£�Î³fV�?Ä¬qÈF�ÎÊ¿ÈÊÄr·>�Î³f�>�?Ê�e�ÍbWK�>�½»Ú>�ÎÓÊÃ�L¿>a@�b°«�®Çf¤»�ÈÃ�?¼³Ç�½¯e�?Ãe>f°F0046_Ée?JÇ.-,..,.642+> >dÃ��?Ê�e�Lv«e�b¯�ÍbWK�>�M?ÉØÈ·>�Â@�½¸¤·>�¥»�>dÃ�½¯e�lf¨¿È´¸·�¶�n�>�e>f°·>��£�Ë�Ú>�e>f°· 66_Ée?JÇ.2,IB,.652�Â>fÉhV���Ë�f·>�ËFf¤·>�¾? À·>�e?ÊÄ¿D�ñ?°VØ�Ló̧¨Ki>�½N�).634�Í?«ÇÇ �fq?À·>�bG£�º?�.64-�F b¬ÉbG»?³�Î°¬qÇ�lb°¸·�M>a?j·>eÈ¿@�Íe?Ég�Á»�?¼Ä¤GJÇ�?¼ÄÊ¸£�HJfJ�?»Ç��)
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) Ë¿ÈÊÄr·>�Â?Ê´·>Ç�fr»�f³d·>� ÎÓÊi�È¸iÇ@�M?Ê°¬J>Ç� )�ÂØÈ�>� ÎGvÃ�ºÙKV>�Ï¸£�ÌeÈj·>�L¼r·>Ç�_Ée?KF�¾È°K·� )�ËJ?Ê«Èj·>�a?�Þ>�e?ÊÄ¿>� ñ?vÉ@Ç.3,./,.66.Î»?¤·>�ÎÊ¤¼�>�Á»�bÉbR�e>f¯�fÉf¼KF �½¯e�±F?j·>�?Ãe>f¯�Ë¨¸É�ÍbWK�>�½»Û·0046ÎÊ¿ÈÊÄr·>�ÎÉfrÀ¤F�±¸¤K�>+ &./,/.4
/.6+ %
�+/ÎåÊ¼¸£��§�Î·È°»�ÎÊ�?¤·>�Î»Ú>��

�Î·Aj»�)�Â?´�>Ç�Â?»h·>�Ue?]�ÍaÈRÈ�>�Î»Ú>�)�ÎKKn�>�
�Î¤¼�>�Î»Ú>�)�Ífu?�>��
�ÎGÒ?¨·>�Î»Ú>�Î·È°»�ÂD�?vÉ@�¥¯>È·>�±Ò?°V�¥»��ÇÚ>�ÎReb·?FÇ�)�¹F�)�HjVÇ�±íÀ�>Ç��½¸¤·>�±Ò?°V�¥»�Ï«?ÀKJØ� +af¬·@�ºÈ°É » >bÀ¬»�Ë³?¿� ÎÉaÈÄÊ·>� Î»Ú>Ç�ÌaÈÄÊ·>�H¤n·>� Î·È°� 7�� >È¿?³�½Ä¿@�½§f«�<�t?]�H¤m�aÈÄÊ·>�¹Ã�¥{?°·>�Ë¬À·?F�º>×j·>�>dÃ�Ï¸£�HÊR@��¿@ØD�)�µm�?�Ça�?G¤m�bÊ¤G·>�Ëu?�>�+?{Çfm�H¤n·>�¾ÈÄ¬��ÂD �?»?��?ÀÃ�Î»Çb¤»�?ÄÀ´·�bV>�Ï¸£�Ï¬�Ø�+++�Î³�n»��Î¨·�ØÇ�ze@�aÈÄÊ¸·�kÊ¸«�+++�½N�Â?�Ú>�aÈÄÊ·>�ÂD�?ÄÊ«�kÊ·�aÈÄÊ¸·�ÍhÊ¼�>�M?¼j·>�Â@�?¼³�lÇf·>Ç��ÉbÀ·ÈG·>�aÈÄÊ·>�Á£�®ÙK]Ø>�¹³�ÂÈ¬¸K���Êj¿f¬·>Ç�Î»Û·�¥F?{�Ì@��¹¼�?»�&/,5-+ %Íf³d»���ÆeÇbF�b³×É�ÈR?K¿È»�ÌaÈÄÊ·>�Ë¿?íÉ�·>�fÉgÈ·>�>dÃÇ �Ï¸£�?R?SKV>�ÎÊ¿?íÉ�·>�Î»È´�>��D�?Ä¤«e�£ÇeÈ¬¸F�b�Å·È°F�Î°Ê°�>�ÆdÃ�®Çf¤�>�7
�Õa?G»�Î¤Fe@�Ï¸£�b³Ö@�Â@�HV@��¿D� 7.%ÎÉaÈÄÉ�Î»@�bRÈJØ�+� >Èm?£�ÁÉd·>�ÙO»�ËJfi@�a>f«@�ÂD�½Ä¤¼��ØÇ�)�ÎG§e�Ç@�Ì@e�Ì@���²?¬J>�Ì@�f]B�b¸F�Ì@���ÎÉaÈÄÉ�Ífi@�ÎÉAF�½ÄíFfÉØ�º?ÊR@�Íb£�b¸G·>�>dÃ¤É� ½Ä¿È³�Á»� fO³@� ?ÄFM?RebF� ÂÈ°ÀK�ÌhÊ¸�Þ>� � ËWÊj�>� ÂAF� � ºÈ°·>� YrÉ�ØÇ� )� Î¿?Éb·>�k¬¿� ÎJÇ?¬K»� bV>Ç��kÀ��?�e�Ç@�)�ÍbV>Ç�Î»Ú�Â?Ê¼KÀÉ�Ëj¿f¬·>�ËWÊj�>Ç�&3,041
044+ %ÌaÈÄÉ� >dÃÇ �Á¸¤É�Ë¿?�@�7�+++¿?�@�ÂÈ´¿����Â@�?»E«�>d�Ç�)�?¿b·Ç�?ÄÊ«��¹F�)�?Ê¿?�@��D�AS¸¿���Á��?À·�ÎÉÈÃØ�?»DÇ�?�&/ ,4.+ %Ëj¿f«�ÌaÈÄÉ�ÆeÇbF�ºÈ°ÉÇ�7�Ðf]@�Î»@�¹]>a�Î»@�·×¿�?Àj·�+++�) aÈÄÊ·>�?ÄÉ@�?ÀÀ{Ç�?j¿f«�ÂD �½³f KÀJ�Ía?¤j·>Ç�Mab��b¯�½´J?GR>Ç�ÂD�)�½´¤uÇ�ÈÃ�>dÃ�&1,/-+ %Â?³�Ì@f·>� >dÃ�Â@�?¼¸£ d·>� � �ÉebÄÀj·>�k¸�� Æd�>� Ìd·>� e>f°·>� ÎqÙ]� ¾?£� ºÇÚ>� ÂÈÊ¸F?¿� Å¤�� Ì.5-4½u Ìd·>Ç� ¾5- ÎÊ¼¸£Ç�ÎÊÀÉa�ÎÊr^m�Ø ¾@�½ÄÀ{Ç�?j¿f«�ÂÇ�K¤É�>È¿?³�>cD�?¼Ê«�½ÄÉ@e�¥¸íKjÊ·�ÎÊj¿f«�ÎÉaÈÄÉ�+Î³f�>�ki×»� Á»� Î·ÈG°»� Á´J� �� ÎÊ�?¤·>� ÎÉaÈÄÊ·>� Î»Ú>� ¾ÈÄ¬»� ¥»�ze?¤KJ� � �·>� Ñ>eÜ>� ÆdÃ� ¹O»� ÂDÌd·>�ºhJfÃ��eÇaÈÊJ�ÎÊ¿ÈÊÄr·>�ºÈ°É�7�) ?Ê�e?J�L¿È´J�l?À·>�Á»�Î£È¼��ËÃ�

�ËÉ@e���

��Î»Ú>�ÂDÇb¤·>�aÈRÇ�¹v¬F�bVÈ»�¹´³�?ÃaÈRÇ�Ï¸£�L «?VÇ�)�Î³�n�>�Í?Ê�>�¹¤¬F�ÍhÊ��M?��LGjK³>Ç�+È¸« �Î¼¸³�>dÃ�¹³��D��?À¬u@�ÎÉaÈÄÉ�ÎÉaÈÄÊ·>�Î»Ú>�Á£�½¸´J@�?»bÀ£�Ìbr°»�>È¼Ä¬J�Â@�½³eÇb°»���e?r·
�& ��/,5.+ %?¼Ã�ºhJfÃ�HjV�Î»Ú>� aÈRÈ·�ÂcD�Â?{fm� 7Çb¤·>� aÈRÇÇ�Î³�n�>� Í?Ê�>� + ���º>ÇhF� Å¿>� >dÃ�ÏÀ¤»Ç �ºÇhJ��{fn·>�ÁÉdÃ�ÎÉaÈÄÊ·>�Î»Ú>�Åj¬¿�Éf¤K·>��²ÈíÀ»�HjV�+ ÁÉd·>�aÈÄÊ·>�ÂE«�º?�>�¥¯>Ç�?ÀG¤m�Á»�M>ec�ÌÈK�Ç�óØD��?¤·>���H¤m�bRÈÉØ�?¼³�½Ã��?GÉf§@�ºÈ°É
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Î³�n�>�Í?Ê�>��fn·�ÂÇb¯?«�&ºÇÚ>�Ë¿ÈÊÄr·>���fn·>�%ÎÊ¿ÈÊÄr·>�e?´KF>�ÈÄ«�)�Çb¤·>�aÈRÇ��fm�?»@�) �ÎÊv°·�ÎÊ»?iÙ·>��M>ÈKÊ¨·>Ç�Î»È£h�>��ÎÉaÈÄÊ·>�Î»Ú>�aÈRÈ·��Ë¿?O·>�Ë¿ÈÊÄr·>��fn·>�±Ê°WK·��� +ºÈ°É�ºhJfÃ�>dÄ«��§ ÍÈ¯�ËÃÇ��ÎÊ»?iÙ·>�ÂD�aÈÄÊ·?F�fvJ�Á·�)��Ã?¼�>��F�l>f�>�ÍbÉbmÇ�ÎÉa?£��� &1,11%Å¿>�b³×É�¾?£?Ã�a?VB�>dÃÇ�fí] L��¥°Ki�?Ä¿E«�ÈKÊ¨·>�hR>ÈV�Á£�ÎÉaÈÄÊ·>�Ï¸^KJ�?¼ÀÊV �Â>b°«�?¿Ú>�¹³ ¹¼��ÏåKm�º?´m@��D�½j°ÀKi�?�eÇ�)�Ë»È°·>�?�?¼³�b°¬Ki�¹¯Ú>�Ï¸£�Ç@�)�?ÄF�Îq?�> { ?ÄÀ»�aÈÄÊ·>�?ÄÊ«�¦gÈKÉ��·>�Â>b¸G·>�µ¸K³ñ?»?��)�t?�>�ÆaÈRÇ�¥F?�&/,44% /+0�À�>Ç�M?Kn·>��·Aj»�Î°Ê°V�

7Á´J��� �ÌaÈÄÊ·>�M?Kn·>�I?Gi@�ÂE«� )� ÎÀÉ?ÄqÇ�aÈÄÉ�ÂÈ]e×»�½ÄÀÊF�Á»Ç�)��]e×�>�Á»�ab£�®>�£?F�ÎÊi?Êi�?F?Gi@�l?iÚ?F�&ÎÉe?GRD�%rK¯>�I?Gi@�?Ä¿D�¹F�ÑËm�¹³�¹G¯Ç�ØÇ@�ÎÊ«>f¨RÇ�ÎÉa?�+ÆdÃ�b³×É�?�Ç �ÎÊ·?K·>�bÃ>Èn·>�Î°Ê°�>�7lb°·>��È°i�¹G¯��íj¸«�Ue?]�ÂÈÀ´jÉ�>È¿?³�aÈÄÊ·>�¦?Fe@�ÎNÙN�Á»�fO³@�ÂE«�ÁFÇe�`e×�>�HjW«��

) Î¸ÉÈ{�Íb��»Çf·>���½N�ÎÊ°Éf§Þ>�ÎÉeÈ{>�»Þ>�Ñ?�@���ÁÉfO¤G»�>È¿?³�b¯Ç�ÑØ×���Á´É��Ç�¾?¼KÃ>�óØD�ÎÊ¿? ��íj¸«���ÎÉaÈÄÊ·>�Î´¸¼�?F�>bR�ÌÈ¿?N�& +5,.5+ % ÁÉd·>�aÈÄÊ·>�ÎG§e�¾b£�� 

�Ëie?¬·>�eÈ{>�»Þ>�½��Y��?»bÀ£��íj¸«��D� ÍaÈ¤·?F�får¿�d]ÈG¿�½Ã?Gi �¾?£�ÍaÈ¤·>�ÆdÄF�peÈ³205²+¾+Éd·>�aÈÄÊ·>�ÐfiÚ>�Â@�ÂÇb³×É��?Ê¼�Ç�>ed£Ç�¹ÊGiÇ@�Â?J?¿�>dÃÇ�Á ¾?£�¹F?F��D�får¿�d]ÈG¿�½Ä¸°¿253²+ÐÈi��íj¸«��D�½ÄÀ»�b¤É���¾3-ÎÉfO³Ú@�Me?K]>�?¼ÀÊF�)�?¬·@ �¹F?F���Ï°GJ�Â@�½ÄÀ»� &1,//%@ Ë´Éf»Ú>�`e×�>�±ó̧£�b¯Ç+I+Å·È°F�µ·c�Ï¸£�bKj�Ç@� 7Á» Â?³ I?vÃ�¹R@�Á»�ÎGr�>�¹F?F�>ÈÀK§>�Â@�b¤F�aÈÄÊ·>�¶�É�Â@�¥¯ÈK·>�H¤r·>�>aÈÄÉ�Î´¸��&0,/4+ % Â?Ê¬ÉD�M?Ê¯?¬J>�b¤F�Å¿@�ËÃÇ�)�?Ff¯�fO³@�Î¤¯>Ç�)�M?R?KÀKiÞ>�ÆdÃ�¹O»�ÎWq�LGOÉ�?�Ç�

.63/?j¿f«��F �fÒ>h�>�ea?§�)�fÒ>h�>Ç.0-ÐÈi�¹ÊÒ>fiD��D�½ÄÀ»�ÅRÈKÉ���)�ÌaÈÄÉ�·@/-ÂÈ¯?G·>�f«?i�?¼ÀÊF�)�?¬·@ Þ>�¹³�Á»�½§f·?F�¹F�)�Æ>f³D�ÂÇa� ?j¿f«��D�)�ÎÊ¿ÈÊÄr·>�ÎÉ?£b·>Ç�MÙÊÄjK·>Ç�M>Ñ>f§�+ ÅF?K³���ÂÈÊ·�¾?Ã>fF>�ÐfÉ�
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 .5-.%¸V Á»�Î°¸V�ÐÈi�L¯ÈFÇ�)��«fí·>�Á»�¹³�f´¬É�Â@�®br·>�HÉf§��Á��Å¿DÇ�)�¦>fr·>�>dÃ�M?°� ?FeÇ>���aÈÄÊ·?F�t?�>�¥uÈ·>�ºÙ¨Ki>���)�ñ?GÉf°J�bV>Ç�&ÎÉaÈÄÊ·>�Î·Aj�>�%� Îq?�>�ÅKW¸r��Å¬Ê�ÈJÇ
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¦>fr·>�>dÃ�+ ���ÅJ?Ê»ÈÉ���ºhJfÃ�f³c�b°«� 

� 7�Íf´¬·>� ÆdÃ�ÂD�&Ë»È¯�Á{Ç�Ñ?n¿D� Íf´«�¾ aÈÄÊ¸·+g%L·?¿�b¯�L¿?³ � Ñ?¼ £�bV@�í£�ºÇÚ>�ÂÈÊ¸F?¿�)�Âf°·>�>dÃ�¶È¸»�&2,.05+ % ¾?£��Ç� 

.51-��D ÎÉeÈi�¹ÉÈ�� ?Ê¿?íÉfF� ÎÊRe?]� fÉgÇ�Ï¸£�ÌeÈGjKÊ«?m�Ë¿?íÉ�·>� Ëi?Êj·>� \�¯>ÅÀÃc���?Wu>Ç�Â?³�b¯Ç�)��íj¸«���aÈÄÊ·>��{ÈJ�¹R@�Á»�ÎÉhÊ¸�D�Íf¼¤Kj»�Á´� Ìd·>�Ë·?É�»Þ>�eÇb·>�ÎÊRe?�>�fÉgÇ��D�ÅK·?ie���f³c�PÊV�)�>�¸�Þ�Íf¼¤Kj�>�ÆdÃ�¹O»�Å»b°J�Â@�ÎÉ?ÄÀ·>�ÏKV�?Àiea�?»�>cE«�M?R?V�bj·�¹Gj·>�s]e@�>dÃ�Â@�?À·��GKÉ��íj¸«���Â?íÊKiØ>Ç�h³f¼K·>�ÎÉÇ>g�Á»�aÈÄÊ·>�ÍaÈ£�Î·Aj»�Â?´j·?F�Í�°¬·>�Î°íÀ�>�ÆdÃ�&���/,21+ % ¾?£��Ç� 

.520�Ë·?K·>�YÉfrK·?F�ÌhÊ¸�Þ>�Â?��·>� Ñ?v£@�bV@��a@� 7�ÎÉeÈi�L¸¤R� ÎÊ�Þ>� ÎÓÊn�>�)�bÀ�>��

�ÎÉe?¼¤KiØ>�ÎÊRe?�>�?ÄJe?��º?����ÎÊ¼Ã@�fO³Ú>�Ðf]Ú>�½Ê·?¯Ú>��D� >�¸�D�±Éf{���fr»Ç�

�?Ê·>�i@Ç�)�bÀ�>�ehRÇ�)��r·>�+qD ÂD�±¸]�¹R@�Á»��?n¿Ç�Î¼ÄF�¹¼¤J�Â@�?Ê¿?íÉfF�Ï¸£��nJ��È�>�¥G ��KÉØÈ·>���KÃ���ÎÊJ>È�>��Çfn·>�+++�ÆdÄF�fÉb�>�bÊVÈ·>�H¤n·>�Îíi>ÈF�?ÉeÈi�ab��Â@��?Ê¿?íÉfF�Ï¸£�Â@ÀF@� )�zeÚ>� Æd���Ê°Ê°�>� Ñ?ÀFÚ>� Îíi>ÈF� Î·?å¤«Ç� Î¼Ò>a� ÍeÈrF� � ÅK¯?{� ¾>b^Ki>�Á´��Ìd·>Ç� )� Î¼Ä�>�Ñ? �¹ÊÒ>fiD�& ��/,21+ %ÅJ>f³d»���¹mfnJ�bÄnÉÇ�

�Å·È°F��Ë¿ÈÊÄr·>�Â?Ê´·>�±¸]���Ë¿?íÉ�·>�eÇb·>�Ï¸£�7?ÀJ?ÊV���?À·�eb¯�>cD�)� ñ?¤»�Âaf·>�fÄ¿��¬u�Ï¸£�¹F�?ÃbVÇ��íj¸«��Ø�ÎÉaÈÄÉ�Î·Ça�b·È»�bÄn¿�Â@�

� ?¼KV�¥°Êi?»�ÈÃÇ�

� )�Ë¿?íÉ�·>�U?K·>�ÎÉ?��L��¾È°J�bÄnÀi�?À¿E«� )�aÈÄÊ·>�Á»��ÉÙ»�Î¤Fe@�Ç@��ÉÙ»�ÎNÙN�Á»� >È��½vJÇ�ÎÊ¿?íÉ�·>�ÎÉeÈ{>f»ß·�ÎÉÈÊ�>��?r�>�¥»�²?¬JÞ>�¾?��±¬KÉ�Qa?V�¦È¯Ç�+
·>�Âf°·>�Á»�¥F?j·>� b°¤·>���MAn¿@� b¯� >�¸�D�Â@�Ì>aeÈ¿�k³?»�Ë¿ÈÊÄr·>�½Ê£h·>� �\fq�Ç� 

.6� ÉeÈj·>�ÎÉe?¼¤KiÞ>�Î³fn·>�ÎÊÀÊíj¸¬·>�Î�Á» ?��ÍeÇ?�>�Â>b¸G·>Ç��íj¸«Ç�ÎÉeÈi�Â?íÊKi>�Â?¼u�br°F � ?ÄÀ£�Ëuf�>�M?Ó¬·>� ¹G¯� +++� óØDÇ� )� eÈÄ ·>� óØD� ÎÊ¿ÈÊÄr·>� Ï¸£�±GÉ� �� >d´ÃÇ�?Äj¬¿� >�¸�D� bSKj« �?Ä£>�]Ø�Ífív»�&/,25+ %
·>�Âf°·>�ÎÉ?Ä¿�����b°«�¹¤¬·?FÇ.6�¦>�]>�ÎÊ¿ÈÊÄr·>��?°ÉDÇ�)�ÎÊ�?¤·>�ÎÊ·?É�»Þ>�¹G¯�Á»�ÆÈÄÉ� Å·�¾Èif�>�Ìe?¼¤KiÞ>�eÇb·?F�¾È°Ê·�?¿f¯�ÁÉfn£�Á»�fO³@�dÀ»�½Ò?À·>+ ¾?£��� � 

.561¹G¯�Á»� ¾?¤·>�í¤·>�ºhJfÃ�¹¨Ki>� )� ?j¿f«���lÈ¬Éea� ÎÊv°F�®f£?»� fN@�Ï¸£Ç� )) Î»?£�aÈÄÊ·>�Ï¸£Ç�lÈ¬Éea�Ï¸£�ÎÊFÇeÇÚ>�ÎÊ»b°K·>�ÐÈ°·>�aÈiÚ>�ÅF?K³�ebq@Ç�ÎÉaÈÄÊ·>�Î·Çb·>�Ìd·>� eÈíKJ�Â@�Ï¸£�)��KÀReÚ>���Ç@��íj¸«���)�ÎÊ¿?íÉ�·>�ÎÉ?qÈ·>�L��ÎÉaÈÄÉ��Íf¼¤Kj»��Î»?¯D��D�ÅÊ«�?£a�Îó̧°Kj»�ÎÊ»È¯�ÎÉaÈÄÉ�Î·Ça��D�ñ?°VØ�+ ���Æ?�?F�Ñ>aÈj·>�ÎÊ¤Rf·>�?ÄJ�j»�ÎÊ¿ÈÊÄr·>�Î³f�>�M@bF��dÒdÀ»Ç �íj¸«�ËFf¤·>�Á{È·>Ç�+
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IB�Ë¬«�

.564�Ë¿ÈÊÄq�f�×»�ºÇ@� >fjÉÈjF�º?F���b°£�+>d��ËV?KK«Þ>�ºhJfÃ�I?í]���aeÇ� ?�Ç �f�×�>�7
�ÌÇAÉ�®Èi�Ìd·>�LÊG·>�Ñ�?ÀF���l?iÚ>�fSV�¥v¿�?ÀÃ�?À¿D�[[�))�ÎÉaÈÄÊ·>�Î»Ú>�Á» ?�?¿fF�\�¯>�½N�) � �?°¿�QÙN�i?Êj·>�T»?¿�·>�ËÃ�LWGq@�ËÃÇ�)�ÎÊ¿ÈÊÄr·>�Î³fW¸·�Ë�7 .%) �íj¸«��D�²?íÀ·>�Î¤i>Ç�Î¼ À»��ÍfSÄF�¾?Ê°·>�¥ÊSnJ� /%) �íj¸«���Á{ÈK·>�>dÃ�ÎÊ£fnF�Ë·Ça�®>�£>�Ï¸£�ºÈr�>� 0%ÎÊ¿ÈÊÄr·>�ÎÊv°·>�Ñ>eÇ�¥�@��?¤·>�aÈÄÉ�®È¬q�½vJ�Î¼Ò>a�Î¼ À»�Ñ?n¿D+ ) Ë¿ÈÊÄr·>� Î³f�>�Ëji×��ÂcD� ?Wu>Ç�Â?³� b°·� 

�ÈÃÇ� )� ÎÊ�?¤·>� ÎÊ·?É�»Þ?F�Ì�r�>�½ÄK³fV��?GJe> �ÅWuÈÉ?»�Îq?]�½ÄÀ»�hÊ¸�Þ>Ç�Î»?£��ÊFÇeÇÚ>�?G{?���Å·È°F�Æf³c�f»�Ìd·>�Ç>aeÈ¿�k³?»�Æb³×ÉÇ�7�®f¤¿�Á� � ?åÀ»�ÂÇf KÀJ� >c?»� 7²fn·>��£�bÀ�>��D�½´°Éf{�½´·�lf��Â@Ç�)�kÉÈj·>� Í?À¯�½´·�lf��Â@�ÂÇbÉfJ �Ï¿aÚ>�ÎÊJ>c�ÍÈ¯�Ñ?n¿EF�?À·�>ÈW¼jJ�Â@�ÌeÇfv·>�Á»�ÅÀ´·�)�Î¯?n·>�Î¼Ä�>�ÆdÄF�¾?Ê°¸·�a>b¤Ki>�Ï¸£�Á�Ç�)�HR>È·>�>dÄF�¾?Ê°·>�Á»�?ÀÀ´��&/,.10�� +�%� Åj¬¿�ºhJfÃ�M?¼¸´FÇ�7�·>�ÍbÒ?¬·>�ÈÃÇ�Ø@�ÎÀi��NÙN�¹G¯�bV@�Å«f¤É��?»�¾ÈÊ·>�®f¤É��?¤·>�ÂE«�b¤FÇ Í?À¯�±Éf{�?Ä»b°J� ÍfrK^�>�kÉÈj·>� +� ÂÈ´É�g?�D�¹v«@�ÈÃ�ÎÉaÈÄÊ·>�Î·Aj�>�b¤F�ºÈ¯@�Á·Ç�)�ÎÊÀÊíj¸¬·>�Î·Aj�>�¹V�ÂD ?ÊiB� &2,.1-�%Å·È°F� ÎÊ¿ÈÊÄr·>�M>g?�Þ>� ÆdÃ�Á»� ?v¤F� ab�Ç� 7��� �D� ÎR?}� hÊ¸�Þ>�Á´É� �@ �?FÇeÇ@���²ÈNÈ»�+++®ØB�Â?³Ç�b°ÉÇ�)Â?´»�¹³���ÂÈ¸¼¤É�ÎÀÉ?Är·>�Â?´»�¹³���Î£gÈ�>�½Ä¤¯>È»�ÏKm���tÙ]EF�½ÄJ?»b]�ÂÈ»&/, /02�
/03�+ %ÍÈ°·>� ÁÉg>È»�HjV� f]B� ÁvV��D�Ë·?É�»D�ÁvV�Á»�¹°KÀJ� 
� º?�>� ¥¯>Ç� 
� � ÎÊ¿ÈÊÄr·>� Î³f�>�L¿?³?O·>�ÎÊ�?¤·>�If�>�b¤F�?´Éf»@�LWGq@�)�ÎÊ¿ÈÊÄr·>�ÎÀu?VÇ�ÎÊ»?V�ËÃ�>�¸�D�L¿?³�Â@�b¤G«�)�ÎÊ·Çb·>�ÎÊ¿ �ÎÊ»?�>Ç�ÎÀu?�>�ËÃ�+
·>�f�×�>�Ë¬«//¾?£�º?F���b°£�Ìd·>�Ë¿ÈÊÄr·>.613Î³f�>�h³f»�¹°¿�ef°J � ÎÊ·?¤·>�ÎÊ·?É�»ß·�ÍbÉb�>�Î¼Ê£h·>�ÎÊ´Éf»Ú>��ÍbWK�>�M?ÉØÈ·>��D�ÎÊ¿ÈÊÄr·>�+kÊÒe�ºÈ´mD�Ë¬Ê·� >dÃÇ �¾?£�Ë¿ÈÊÄr·>�Ñ>egÈ·>.635�Ë´Éf»Ú>�kÊÒf·>�¾?»@�\frÉ� ÈR�ÂÈj¿�7�cÈ¬À·>�È¼À·�bV�¥uÇ�Á»�ÎÊ´Éf»Ú>�ÍbWK�>�M?ÉØÈ·>�Á´���·>�ËÃ�?ÃbVÇ�¹ÊÒ>fiD�ÍÈ¯�ÂD�Ï¿aÚ>�²fn·>�Î°íÀ»����ÊÊ«Èj·>�&/,/.0+% 2+�?¤·>����{È·>�efWK·>�M?³fV�Î«?´·Ç�ÎÊ³>�mß·�Çb£�ÎÊ¿ÈÊÄr·>�

7 �»Þ>��F�?Ã?¿bÃ?m��·>�ÎÉÈv¤·>�Î¸r¸·ÎSÊKÀ³Ç�?Äj¬¿�Á»�LGår¿�b¯�Í�]Ú>�ÆdÃ�ÂE«�)�ÎÊ¿ÈÊÄr·>Ç�ÎÊ·?É



� � � ���� � � � �ó��� ��

����ºººººº ºººººº ºººó������������

?ÊjÊÒe�>Çb£��{È·>�efWK·>�M?³fV�Î«?´·Ç�)�±F?j·>�ËJ?Ê«Èj·>�a?�Ù·�+Ñ>b¤·>�>dÃ�ÂE«�)�HJ?´·>�f ¿�ÎÄRÇ�Hj}Ç ��Ê·?K·>�ÁÉf»Ú>��� Æ�j¬J�b�� ?�D� 7.%½Ã�§�¥»� aÈÄÊ·>�T»a�½KÉ�Â@�Á´�� ÎÊ³>�mÞ>�¹���� Å¿Ú�Á»Ï¸£� ?ÄF�ÂÈ «?���·>Ç� �ÂÈÊÄq�Ñ?¼´V�H¸¯�Ï¸£�ÍhÉh¤·>�ÎÊ»?iÙ·>�ÍeÈíi@�Ë·?K·?F�ºÇhJÇ�)� ��À{>È�>�ÎOÊG�>�ÎÉfrÀ¤·>�½Ã�{?i@+ /%Î¸¨Kj�>�ÎÊ·?É�»Þ>��ÎÉa?rK¯Þ>�M?Ó¬·>Ç�M?°Gí·>��D�?ÄJ>c�ËÃ�Ë¼KÀJ�ÎÊ¿ÈÊÄr·>�M>a?Ê°·>�ÂÚ�&fj´F �¨·>�%?vÊ°¿�Ë·?K·?F�¹O�Ç�)�Ë³>�mÞ>�f´¬·>Ç�ÎÊ³>�mÙ·�?Ê£ÈuÈ»�+ÎFe>È»�ÂÇa�ºhJfÃ�ÅF�\frÉ?»�>dÃÇ �Å·È°F�7�?ÀK³fV�Ï¸£�ÂD�?ÀK³fV���b���·>�ÎÉeÈO·>�I>hVÚ>�¥»�ÎÉe?u�?FfV�zÈ��Â@�)�Â?´»�¹³���?¤i>Ç�>e?nK¿>�MfnK¿>��·>� ±�>�?�Ç�?�� ?¼r]�)�µ·c�&2,30+ %f]B�Â?´»���ºÈ°ÉÇ� 7�Ie?��Â?´»�¹³��Ç�¾ÈÊ·>� ?À¿@�ÏjÀ¿�ØÇ��D�½Ä¬Éf¤KF�µ·cÇ�ÎÉÈuÈ¬·>Ç�ÎÊ³>�mÞ>�Á£�aÈÄÊ·>�º?¼¤·>Ç�IÙí·>�a?¤FD�Ï¸£� �¹¼¤¿� ?À¿@Ç�)��ÉeÈO·>ÎÊ°¿�ÎÊ·?O»�ÎÊ»È¯�Íf´«&2,.0/+%È·ÈGF��Ë¿?�Ú>�Î·Çb·>�fÉgÇ��D�?ÄF�P¤F�Î·?ie���ºÈ°ÉÇ�7�¹n«?»�>cE« M?Ó»�ÂE«�?À£Çfn»�?vÉ@�Ë¤ÊG{�>dÃÇ�)��ÎÉeÈO·>�I>hVÚ>��D�ÂÇg?WÀÉ�®Èi�?À£?GJ@�Á»�®È·Ú>�&2, .06+++� %� Ë{?nÀ·�bÊ¬»�fN@��D��m@�b¯�Ë¿@�b°K£@� 7ÎÊ³>�mÞ>� ÍeÈO·>�Õa?G»�Á£�ÁÉ�O´·>�LÊÀN@�b°· � ?Ê¸£�¹O»�Î¸���D�½ÄK·ÈVÇ�Î¬åÉh�>�&2,.16+++�%>�J�Á»�¹³�)�¾ÈÊ·>� ?ÀF?Gm�¹³�ÂD��F�½Ãe?¼£@�\Ç �åË·D�>È·ÈWKÊ·�Ñ>aÈj·>�ÎÊ³>�mÞ>�½�ÈÊ»�Á£�ÂÈ¤R>�É�®Èi�?»?£��NÙO·>Ç�ÁÉfn¤·>�&2,6.+ %¹´nF�L¬¯Ç��V�)�ÎÉfrÀ¤·>�e?´«Ú>�ÆdÃ�)�Ë¸¼¤·>�bÊ¤r·>�¹£�)�Ë¿ÈÊÄr·>�Â?Ê´·>�Î·Ça�MbjR�b¯Ç�>dÃ�ÍbWK�>�½»Ú>���)�Î£Çfn�>�IÈ¤n·>��?r»�bu�LF?NÇ�½Ò>a+Îí°À·>�ÆdÃ�ºÈV�ÌaÇe?§�ÅÊRÇe�ºÈ°É�7�IÈ¤n·>� ºÙ°Ki>� bu� ÍbWK�>� ½»Ú>� �� LÉÈrK·>� �D� ¹ÊÒ>fiD� Î·Ça� ÎÉe?¼¤KiÞ>� \Çf·>� k¬¿� Ma?¯Ç�H¤n·>� bu� ÎÊFÈÀ�>� ¾?ÀKÊ«� ¥Ò?ÀrFÇ� )� ±ÊG»>gÈ»Ç� ØÈ¨¿@� bu� Î�?¨·>� º?¨J�·?F� �?GJeØ>Ç� )� ÎÊ°Éf«Ú>ÈÀR��� ÎÉfrÀ¤·>�ºÇb·?FÇ� )�Ë»?ÀKÊ¬·>� ?Ê°Éf«@�I�&) I>aÚ>� Î¸�� ab¤·>.-,..,./¾?¤·.643�t ) 0/+%ÌaÇe?§�ºÈ°É�>dÃ�Á»�fO³@Ç�7�) ¹ÊÒ>fiD�Î·Çb·��ÎÊ¸]>b·>�Îi?Êj·>���½´WKJ�ÎÉe?¼¤KiÞ>�\Çf·>�k¬¿�ÂD�?´Éf»@Ç�?FÇeÇ@�Á»��»a?°·>�µÓ·Ç@��F�aÈÄÊ·>�¹]>a�ÏKV�hÊÊ��Î¼O«�&g?À´mÚ>�%Á» �»a?°·>�µÓ·Ç@Ç�) aÎÊFf§�LjÊ·�ºÇ�&½Éae?¬j·>�+ %�If¤·>�Æ?��ÈÃ�?»?��`e?r·>�hÊÊ¼K·>�Â@��§�+¹G¯�ÏKW«.634�ÐÈi�ÂÈ¸¨nÉ�If¤·>�Á´É��/�Á» ÎÉe>aÞ>�Hq?À�>�Íe>gÈ·>���Ç@� Ñ?v°·>�HrÀ»���bV>Ç�ËFf£�bRÈÉ�ØÇ�)�ÎÉÈ¿?O·>�Hq?À�>�Á»� ?Ä¸³Ç�++�¦?í°·>���ÏKVÇ É ÁÉd·>�If¤·>�ÂE«�t?�>�ÂÈ¸´n.0�ÐÈi�ÂÈ¸O�Ø�Â?´j·>�Á»1�Ç> ¶ÈÀG·>� Ç@�M?¤»?�>��



� � � ���� � � � �ó��� ��

ººº ºººººó��������� ������

ñØ?¼£�½ÄKÊG·?§�¹¼¤ÉÇ�)�HJ?´�>� Ñ?ÀF�º?¼£�Ç@��Ê£>eg�+++�ÎÊjÊÒf·>�M?Ã?�Þ>���t?]�ÅRÇ�Ï¸£�If¤·>�Æ?��ÎÉe?¼¤KiÞ>�Îi?Êj·>�Ïó̧SKJÇ
�ËÃ��·>Ç�)�ÎÊ¸]>b·>�Îi?Êj·>�º?����ÎÊ¿ÈÊÄr¸·�ÎNÙO·>�7� �

�&3,023+ %
Ó�ºº

����ÅÊ·D�Íe?mÞ>�L��Ìd·>��Ë¿ÈÊÄr·>�
�Ìe?¼¤KiÞ>�±«>ÈK·>Ç�²?¬JÞ>�dÊ¬ÀJ�e?{D���)�ËFf¤·>�Á{È·>�zf¤J�b°·�ÆÙ£@�D )�ËFf¤·>� ¾? À·>� ¹åO»� �·>� )� Î°Kn�>�M>f»>×�>� Á»� ab£� ?°VØ� � ?¼ÄÊ¸£�HJfJ� )� �KÊjÊÒe� �É�³� �Jf»>×»?ÄÊ«��Ë�f·>�ÎÊÀÊíj¸¬·>Ç�ÎÊFf¤·>��KÊv°·>�Ï¸£�f»CK·>�P¸O»����P·?O·>�¥¸v·>�+?¼Ä«�Â?Jf»>×�>�Â?J?Ã�?»@�7 .%>Ç )�?j¿f«Ç�>�¸�>��F�È´ÊF�
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�º @Ë°ÊGíK·>�Ñ?rVÞ>�c?Ki¶e?n�>�±Íe?SK·>�ÎÊ¸³�bÊ¼£*ID Î¤»?R
�M?ÊSÊJ>�iØ>�a>b£DÇ�)��ÎÊ¼ÀK·>��Êí��bÀ£�Î¨·?F�ÎÊ¼Ã@�Â?´j¸·�Ìf¼¤·>�¥ÉgÈK·>�HjK´É�½Ê¸¤K·?F�Î°¸¤K�> � e?¼£Ú>� Î¯bF�±¸¤KJ� Ñ?í]@�Á»�Ë¿?¤É� Å¿@�ØD� )� Å«Ù]Ç�¦?«b·>Ç� ÎWr·>Ç� +�D Îi>eb·>� ÆdÃ�L«bÃ� b¯Ç �¾?¤·��¼Ê·>�a>b¤K·>���)�¹Sj�>�Ìf¼¤·>�¥ÉgÈK·>�YÊWrJ�����Ñ?í]Ú>�µ¸J�Á»�)�¾�+¾>b^Ki>���PÊV

���� ) Uc?¼À·>�ÆdÃ��F�)�Î¸u?¬�>�Mgf«@Ç�)�ñ?RcÈ��Á»�fO³@�Â@��D��nÉ�ñ?RcÈ����ÂÈ¤°É�Â?´j·>�Á» �f¼¤·>�L����Î»a?¯�aÈ°¤·�ñ?¤¬Jf»�Ë¿?´j·>�È¼À·>�ºb¤»�¹¤��Ìd·>�f»Ú>�)�ÎÀi+
�½Ê¸¤K·?F�Î°¸¤K�>�M?ÊSÊJ>�iØ>�a>b£DÇ�)��ÎÊ¼ÀK·>��Êí��bÀ£�Î¨·?F�ÎÊ¼Ã@�Â?´j¸·�Ìf¼¤·>�¥ÉgÈK·>�HjK´É�¦?«b·>Ç�Ê�ÈK·>Ç�ÎWr·>Ç�Å«Ù]Ç�+ñ?G·?§�)�\Èj�>Ç�M>a>b¤K·>���)�½Ãe?¼£@�M?¿?ÊGF�a>f«Ú>�ÑØaD�Â@�ØD ?»�ÎÉb¼£��§�Ðf]@Ç�ÎÉb¼£�Ñ?í]@�ÅÉ�¤JZÂÇf]BÇ��¨·>bG£�7�����+ XÑ?í]Ú>�ÆdÃ�ea?r»�Á¼«7

�*f¼¤·>� ½¯e� �� ÎÀÊ¤»� a?VÜ� hÊWK·>� +¯eAF� @bGJ� �·>� e?¼£Ú>� ¹Êv¬J� ¹O»r·?F� Ç@� )� ÎÊRÇg� ¾?�Ç@� f¬ Îj¼�?F+
�*ÎÊFa@�L¿?³�ÂDÇ�ÎÀÊ¤»�?É>h»�±Ê°��Î·Ç?��+Áj·>�e?G³�f¯åÈJ��·>�M?¤¼K�>���¾>�VÞ>�Hj³�¹O»+
�*HÀ��Î·Ç?�M?»>hK·>�ÎÀÊ¤»�+ÅÊ¸£�HJ�Êi�Â?³�>cD�ÎÊ¸ÃÚ>�Ái�Á»�Ç@�)�b£?°K·>�Ái�Á»�IfÄK·>�¹O» ¾>hK·>��¤»+
�*Ê°�>� Æf¼¤·� af¬·>� Î«f¤»�¾b£�Ë°� +ÎÊ»Ú>�Hj¿�M>c�M?¤¼K�>��� ñ>e?nK¿D� fO³@�ÂÈ´É� ?»� ñ?G·?§� >dÃÇ� e?G´·>� ÎÊ»@� ÎGj¿� ÅÊ«�L¸qÇ�Ìd·>� �¼Ê·>� ¥¼K�>� ?ÄÀ»Ç� )� ÎÊ·?¤·>� &���fO³A«�M>ÈÀi� %fO³@� �D Á»�����Yj»�������Á¼Ê·>���¹¬í·>Ç�¾Ú>� ÎWrF�t?�>> &HQWUDO�6WDWLVWLFDO�

2UJDQL]DWLRQ� �� ����� @�>Ç�D Lv¬�������a>b¤J� ������¾ZÌh³f�>� g?Ä�> �Ñ?rVß·�7�¼jÉa�����+ XØ Îi>eb·>�ÆdÃ�ÂE«�)�µ·c�Ï¸£Ç�PÊV�Á»�?�DÇ�)�ºÈ¼n·>�PÊV�Á»�Â?´j¸·�Ìf¼¤·>�¥ÉgÈK·>�Î¯bF�½KÄJ
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ÐÈK�>�+ÎÊuf«�Ï¸£�¾È°J�PÊVK\SRWKHVLV��¤J f]B�L°«>e�b¯�e?¼£Ú>�M?¿?ÊGF�ÑØaÞ>�Ñ?í]@�Â@�a>b �a>b¤J�ÈÃÇ�)�Á¼Ê·>���d¬á¿�����¾+Â?´j¸·�Ìf¼¤·>�¥ÉgÈK·>�YÊWrJ��D�®bÄJ�Îi>eb·>�ÆdÃ�ÂE«�½N�Á»Ç �eÈ³d�>�a>b¤K·>���+Îi>eb·>�LÀ¼vJ�µ·c�¹ÊGi��Ç*Î»b°�>�ÆdÃ��D�Î«?uÞ?F*ÎÊ·?K·>�Ñ>hRÚ>7
���ÉgÈK·>�½ÊÊ°J�²f{�½Ã@��D�Î¤Éfj·>�Íe?mÞ>�PÊV�½Ã@��DÇ�)�Â?´j¸·�Ìf¼¤·>�¥ �ÅWÊWrJ�Uc?�Ç�²f{+
���a>b¤J���Â?´j¸·�¹Sj�>�Ìf¼¤·>�¥ÉgÈK·>�½ÊÊ°J�Á¼vKJÇ�����) ¾ UcÈ��Á»�fO³AF�ÅWÊWrJ�½N�Á»Ç+
���PÊVÇ�)� ñØÈG¯�fO³Ú>�UcÈ¼À·>�e?ÊK]>Ç�Uc?¼À·>�TÒ?K¿��F�Î¸u?¬�>�PÊV @?ÄF�UÇf�>�Á´»@��·>�M?ÊqÈK·>�½Ã+
���
���
���
�*�

�Â?´j¸·�Ìf¼¤·>�¥ÉgÈK·>�½ÊÊ°J�²f{�½Ã@+HÊ·?i@�ÎNÙN���x¤G·>�?Ä¬åÀrÉÇ�Â?´j¸·�Ìf¼¤·>�¥ÉgÈK·>�½ÊÊ°J�²f{�ab¤KJZÂÇf]BÇ��¨·>bG£�7����7X�
�*²?jJÞ>�HÊ·?i@&ÎÊ¸]>b·>�M?¿e?°�>+ %
�*ÎÊRe?�>�M?¿e?°�>�HÊ·?i@+
�*fm?G�>�±°WK·>�HÊ·?i@+I?GiÛ·�µ·cÇ�)�²?jJÞ>�HÊ·?i@�½Ã@�Ï¸£�Îi>eb·>�ÆdÃ���hÊ³�·>�½KÊiÇ7 @*ÅF?n»�¥¼KS��t?]�Ìf¼£�¥ÉgÈKF� Î¿e?°�>�Ï¸£�ÎÊi?i@� Î¬rF�b¼K¤J� ÎÊRe?�>�M?¿e?°�>�HÊ·?i@�Â@b·>�¥¼K��Îi>e�+ÎÊ¼´WK·>�Á»�ñ?»?��È¸�Ø�ÅF?n�>�¥¼K�>�bÉb��Â@�µmØÇ+ I*M?¿?ÊG·>� ½ÊÊ°J�\Èj»�Mf«ÈJ� ÂDÇ�ÏKV� &fm?G�>� ±°WK·>�¹R@�Á»� %M?¿?ÊG·� Î°«>f�>� Ñ?í]Ú>�ÂE«�Î¤¬Jf�>�ÎÊ»Ú>�Hj¿�M>c�ÎÊ£>eh·>�M?¤¼K�>���ñÎq?]�)�ñÍbV�¹¯>�L¿?³�ÂDÇ�)�Î¼Ò?¯�¹ J�e?¼£Ú>+ ¸£Ç�²?jJÞ>�HÊ·?i@�Á¼u�UebÀJ��·>�HÊ·?iÚ>�½Ã@�ÂE«�)�ÅÊ�7f¼¤·>�ÎGj¿DJH�UDWLR�¹Ê·aÇ�)�¹GÉÇ

�:HLEXOO���¹Ê·aÇ�)�gfÉ?»�0H\HUV��ÅF Ñ?¬K³Þ>�½KÊi�Ìd·>�ÍbWK�>�½»Ú>�ÎÉe?Jf´i�¹Ê·aÇ�) �I?GiÛ·�Îi>eb·>�ÆdÃ��7 @*D¹Ê·b·>�>dÃ�M?¿È´»�bV@�ÈÃ�f¼¤·>�ÎGj¿�l?Ê°»�Â+ I*D¹Ê·a�Â�¹GÉÇ�¹Ê·aÇ�fÉ?»�Â?´j·>�Á»�ÎvÉf£�ÎÓ«�ÂÙ¼ÄÉ�+� Â?´j·>�¹¼ÄÉ�ºÇÚ?« �Á»�¹¯@�f¼¤·>���Á» �³@�f¼¤·>���Â?´j·>� >d³Ç�ÎÀi���ÎÀi�+� Â?´j·>�Ë¿?O·>�¹¼ÄÉÇ
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Á»�¹¯@�f¼¤·>���M>ÈÀi+ U*·> ¥»� ñÎq?]� )� ÅJ>c� bV��� ñ?«bÃ�kÊ·�Ìf¼¤·>�¥ÉgÈK·>� ½ÊÊ°J�Â@�¥ÉgÈK·>� >dÃ�ÂAF�ÌÈ°·>�¥¯ÈK�Îq?]�Î¬rF�?ÄÀ»�ÎÊ»Ú>�M?¤¼K�>��Ç�)�ñÎ»?£�Ë»?À·>��?¤·>�ºÇa�H¸§@���Ñ?í]@�Ï¸£�ÌÈK�+ ÍbWK�>�½»Ú>�ÎÉe?Jf´i�¹Ê·a�ÂE«�)�µ·c�Ï¸£Ç,Á»�¹¯@�f¼¤·>���Â?´j¸·�eb°áÉ�Ìd·>����D �nÉ�)�ÎÀi �ÅK¼Ê¯�L¿?³�>cD�Ìf¼¤·>�¥ÉgÈK·>�Î¯a�¾b£���³A«�fO�+Î¯Ù¤·>�Á»�eb°áJ�Î¼Ê°·>�ÆdÃÇ7
���DI,DP,V,�, �� 

PÊV7
,V7¦ÈÀ·>�l?Ê°»�+ÎÉf¼¤·>�M?Ó¬·>���¦ÈÀ·>�HjÀ·�Î°¸í�>�²Çf¬¸·��iÈK¼³�HjWáÉÇ�+� ¦ÈÀ·>�ÎGj¿Ç

�ÎÓ¬·>�k¬¿���Q?¿Þ>�ab£�Ï¸£�ÎÓ¬·>���eÈ³d·>�ab£�Î¼j°F�HjWáJ ÎÓ«�¹³+
,DP7eÈ³d¸·�f¼¤·>�l?Ê°»�+Á£ f¼¤·>�HjÀF�Îq?�>�Î°¸í�>�M?«>f�ß·��iÈK¼³�HjWáÉÇ����+>cE«
�L¿?³&LÎÉf¼¤·>�ÎÓ¬·>���eÈ³d·>�ÎGj¿�ËÃLËÃ�ÎÓ¬·>�ÆdÃ���f¼¤·>�ÎGj¿�ÂE«�)7

�����@��L&�L&���� L&>
��� ,DI7Q?¿ß·�f¼¤·>�l?Ê°»�+eÈ³d¸·�f¼¤·>�l?Ê°»�I?jV�Î°Éf{�k¬ÀF�HjWáÉÇ+

�@Ìf¼¤·>�¥ÉgÈK·>�YÊWrJ�²f{�½Ã+ÎÊRe?�>�YÊWrK·>�²f{Ç�ÌÇbÊ·>�bÊÄ¼K·>�Á»�õ¹³�¾>b^KiEF�Ìf¼¤·>�¥ÉgÈK·>�YÊWrJ�ÂD�&¥ÉgÈJ�¾>b^KiD �LÊRÈ¸·>�IÈ¸i@Ç�)�Îi>eb·>�¥¼K��ÅF?n»�¥¼K��Ìf¼£/RJLW�%ÎÊ¼´WK·>�Á»�È¸�Ø�ñÎ�?¤»�¹O��+PÊV�ñ?ÉÇbÉÇ�)�Ìf¼¤·>�Å¤ÉgÈJ�ÏÀWÀ»�½Ê¤ÀKF�¾È°É�Ìd·>�¥¼K�>�ºÈV�PV?G·>�M>�]�Ï¸£�ÌÇbÊ·>�bÊÄ¼K·>�b¼K¤É�Î¿Èn]�Ç>�M?ÃÈnJ�Á»�ÅÉ�¤J�?��)�+¾>b^KiD�Ï¸£�ÎÊi?i@�Î¬rF�b¼K¤J�?Ä¿E«�)�ÎÊRe?�>�YÊWrK·>�²f{�?»> n»�¥¼KS��t?]�Ìf¼£�¥ÉgÈJ�Îi>eb·>�¥¼K��ÅF?�+rKJ��·>�)�ÎÊK¬·>�M?¤¼K�>�Hi?ÀJ��·>�ÎÊÒ?rVÞ>�Uc?¼À·>�Ï¸£�b¼K¤J�Îi>eb·>� ÆdÃ�ÂE«�)�µ·c�Ï¸£Ç�Ë»?À·>��?¤·>�ºÇa�M?¤¼K��½ ¤»�µ·dF�Z.KRUD]DW\��������+ XÂÈ´J�?�e�Îi>eb·>�ÆdÃ�ÂE«�)�>dÄFÇ ¸§@�ÅÊ¸£�Uea�?»�·?���·>�¹ÒÙ°·>�M?i>eb·>�Á»��Ê«>fRÈÉb·>�H+ Á´��PÊV*ñ?ÊÒbG»*Ìf¼¤·>�¥ÉgÈK·>�YÊWrJ�&Ìab¤·>�Ç@��jÀ·>�%ÎÊ¿?O·>�ÎReb·>�Î·a?¤»�UcÈ¼ÀF�Â?´j¸· �bV>È·>�ºÈÄ�>�M>c7
���L�L;�EL;�E�EL< H��� 

PÊV7
L<�ÎGj¿�&ab£�Ç@�%ÎÉf¼¤·>�ÎÓ¬·>���Â?´j·>�&f¼¤·>�Ç@%L+
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L;�ÎÉf¼¤·>�ÎÓ¬·>�h³f»�&f¼¤·>�Ç@%L+
ME7PÊV�UcÈ¼À·>�LF>ÈNM  ������������+
LH7ÎÉf¼¤·>�ÎÓ¬·>�bÀ£�fÉb°K·>�Aí]�&f¼¤·>�Ç@�%L

Á»Ç�)�¹Ò>bG·>�bÉb¤J�zf¨F�)�YWr»�Ìf¼£�¥ÉgÈJ�Á»�fO³@�Ï¸£�ºÈrW¸·Ç�¥ÉgÈK·>�e?ÊK]DÇ�Î¸u?¬�>�½N
�Ðf]@�Uc?��¾>b^KiD�Á´��)� ñØÈG¯�fO³Ú>�+Éf¤J�k¬ÀG«L<L;ÇME)LH¾>b^KiD�Á´�

�Ë·?K·>�ËiÚ>�UcÈ¼À·>�ZÍaÈ£�7�����
Ã*�����¾7 X
���L�L;�E�H[S�EL< H� 

Ë¼KÉe?§È¸·>�UcÈ¼À·>Ç7
���LL;/LQ�EL< H�� 

ÎÊ·?K·>� Uc?¼À·>� ¹O»� )� Ðf]@� Uc?�� �D� Î«?uÞ?F� ZÈSÀ³�*¹q>È·>� 7�����
Ã*�����) ¾
.RXWVR\LDQQLV��������7 X

���L�L;���L< H� 
���L�L�;���L< H� 
���L�L;���L< H� 

���L
��L;

��
�EL< H�� 

���L�L;��E��EL< H�� 

����L�EL;�EL< H� 

����LL;�E�EL< H� 
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����L@�L;��E��E>H[SL< H�� 
����L�;�E�E�H[SL< H�� 

���¤J���Á¼Ê·>�Â?´j·�¹Sj�>�Ìf¼¤·>�¥ÉgÈK·>�¥¯>Ç�Á»�a>b�����Îi>eb·>�ÎÊuf«�±°WKF�ºÈ°·>�Á´��)�¾�+ eÈ³d�>�a>b¤K·>���a>f«Ú>�¹G¯�Á»�e?¼£Ú>�M?¿?ÊGF�ÑØaÞ>�L°«>e�b¯�ñ>Ñ?í]@�Â@�ËÃÇ�+Á´� ºÈ°·>�>dÃÇ �Ë¸É�?��ÅÊ¸£�¹Ê·bK·>7
�*½¯e� ºÇb�>� Á»� &�%a>b¤J���¹Sj�>�Ìf¼¤·>� ¥ÉgÈK·?F�t?�>�����¹Ê·a� fÉb°J� Á´»@� )� ¾ � ÍbWK�>�½»Ú>� ÎÉe?Jf´i,&½¯e� Î¯Ù¤·?F� ÅÊ·D� e?n�>�%Á» fO³@��D�¹qÇÇ��M?¿È´�?F�µ·cÇ� )�7
���V,  Ç������DP,  Ç������DI,  +
�*½¯e�¹´n·>����G»�ÈÃ�?¼³�µ·cÇ�)�ÎÊ£ÈÀ·>�ÎÊGjÀ·>�ÎÉf¼¤·>�M?¤ÉgÈK·>�M?ÊÀWÀ»�Î¿Èn]�&�+ %� hÃ?�>�ËÒ?rVÞ>�T»?¿�·>�¾>b^KiEFÇ�)���b°«�)�±Gi?»�Ï¸£Ç6366�¹RÚ�)�Î°F?j·>�Uc?¼À·>�±Ê«ÈJ�) � Ë£ÈÀ·>��jÀ·>�Ìf¼¤·>� ¥ÉgÈK·>� YÊWrJ� &ÍbV�Ï¸£� )� Ë·?�Þ>Ç�Q?¿Þ>Ç� eÈ³d·>� Á»� õ¹´·� %� ae>È·> �½¯e�ºÇb�>�&�%]Ú>�ÎÉf¼¤·>�ÎÓ¬·>�Á»�õ¹³�a?¤GKiD�b¤F�µ·cÇ�)�ÎVÈK¬�>�Í��&���fO³A«�ÎÀi�%�§ ÎÓ«Ç ��ÀÊG�>�+ºÇÚ>�UcÈ¼À¸·�ñ?°«È«�&½¯e�Î¯Ù¤·?F�ÅÀ£��¤�>�%Ï¸£�ºÈr�>��7

�L;�������L;���������������LI< �� 
�����L;�������L;���������������LP< �� 

�L;�������L;���������������LW< �� 
PÊV7
L<7ÎÉf¼¤·>�ÎÓ¬·>���Â?´j·>�ÎGj¿L)¦ÈÀ·>��D��nÉ�f]Ü>��¿?�>�h»f·>Ç�7I) Q?¿ß·P) eÈ³d¸·W

Ë·?�ß·+
L;7ÎÉf¼¤·>�ÎÓ¬·>�h³f»L+

½¯e�ºÇb�>���ÎÀ¼v»�UcÈ¼À·>�>dÃ�TÒ?K¿Ç�&�%½¯e�¹´n·>��Ç�&�%¥ÉgÈK·>�M?ÊÀWÀ»�Â@��GÉ�Ìd·> bÊÄ��fO³@�LWGq@�)�ÎÊ£ÈÀ·>��jÀ·>�Ìf¼¤·>�ñØÈG¯�fO³@�½N�Á»Ç�ñ>+ ÎWWr�>�Â?´j·>�Hj¿�Ifu���b°«�)�µ·c��D�Î«?uÞ?F$b£@�M?Ê·?�D�ÎÊ£ÈÀ·>�Â?´j·>�a>�&eÈ³c�)�Q?¿D�) Î¸��%Á» õ¹³�I?jV��Ç7
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�*¹»?¤»�?GJeØ>��>ÈV��D�¹rÉ�Å¿@�bRáÇÇ�)�YWr�>�Æ� ¿��FÇ�¹Sj�>�Ë·?�Þ>�Ìf¼¤·>�¥ÉgÈK·>��F
�����+É >dÃÇ�ÅWÊWrJ�bÀ£�¹Sj�>�Ìf¼¤·>�¥ÉgÈK·?F�ñ>�O³�ºÙ]Þ>�¾b£��¤+
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Ú>� ÎÊ¼Ê¸¤K·>�M?ji×�>� Ï¸£Ç� Î»?£� ¥¼K�>� Ï¸£� ¦?¤mDebr»Îq?]�Ðf]+ºÇ?�� ?ÉÖf·>� ÆdÃ� ºÙ]�Á»Ç�±Ê°����?ÄKÉ?¬³�Ðb»�Ï¸£�®f¤K¸·�f]Ü>Ç���>��F�?ÄSÃ?À»Ç�?Ä�>fF�Î¤R>f»�M?¤»?�>@ÍaÈnÀ�>�?Ä«>bÃ+ �G³�ÎÊ¼Ã@�Ñ?¤Àq�Î¤»?R�¹K�ÇÍÊÀ¼Ê·>�M?¤»?�>��FÎ[@ ËÄ«�¾b¯Á¼Ê·>���Î¤»?R��³@Ç�+ �G³�ÎÊ¼Ã@�Î¤»?�>���ÎÊ¿?j¿Þ>�M?rr^K·>�¹K�ÇÍ[�nÉ�PÊV&Ê¼ÀK·>fÉf°JÎÉfnG·>Î� P·?O·>��{È·> Á¼Ê·>[/--1¾%G¸í·>�ÎGj¿�Â@��DÎÊÀ¼Ê·>�M?¤»?�>���M?rr^K·>�ÆdÃ��ÎL¨¸F�b¯&50[3�%H·?{ G·?{ÇÎÁ»¾?£����°WK¸�>�Ë·?�D,/--/*/--0¾+Gj¿�©¸GJÇÎÑ?¤Àq�Î¤»?R���ÎÊ¿?j¿Þ>�M?rr^K·> &26[0/�+%Î¤»?�>� �� ¾?j¯Û·� Ë¸´·>� ¦È¼�>� Á»�¨·?G·>Î&..5%ñ?¼j¯� [ÇÉ?ÄF� �·>�M?Ê¸´·>� ab£� ©¸G eÈrF�ÎÊ¿?j¿>�M?rr�Ç@�¾?j¯@ÍÊÒhRÎÊ¸³Ç@Î&.0%Ê¸³ÎÎGjÀFÇ&43[14�%¸´·>�¦È¼�>�Á»�Ë¸·M?Ê¸´ Î¤»?�>���¨·?G·>Î&.4%Ê¸³Î&Ë·Çb·>�ÂÇ?¤K·>Ç��Êí^K·>�Íe>gÇ[/--1t ¾66*.--% ÁÉ?GJ� �D� ¥¯>È·>�nÉÇ@a>b£EF� Î°¸¤K�>�M?É?¬´¸·� ½Ä³ÙK»>�Ðb»��� Î¤»?�>���kÉebK·>� ÎÓÊÃ� Ñ?v£ ÎÊ¸ÊrWK·>�M>e?GK]Ø>+?¼«¿Å VÙ�³A?GK]Ø>�x¤F���¤u�Á»�kÉebJ�ÎÓÊÃ�Ñ?v£�ÎÉ?Ä¿���¾b°J��·>�M>e � ÎÊi>eb·>� ºÈr¬·>@Ë¤»?�>� ÐÈKj�>� ¥»�Hi?ÀKÉ� Ø� b¯� f»� +Ú> x¤G«É@ Ë£>fJ� Ø� ÎÉe?GK]Ø>� ²>eÇñ?Á» Ú>�É?¤�>�cD)M>e?GK]Ø>�a>b£Þ�ÎÊi?iD�> M?ÉÈK��Î¸»?m�§�?Ä¿�ef°�Ï¸£�ÌÈK�Ç�ÎWu>Ç�§Ç@Ñ?í]�ÎÊ¼¸£ ÎÊÒÙ»>Ç�kÊ°JÇ@ÎÊ«f¤�>� M?ÉÈKj�>� �jF�ef°�>� �[Ðf]@� ÎÊV?¿� Á»Ç� ÎÊV?¿� Á»� >dÃ���>� �F� ¡VÙÉ Ü>Ç�> IÈif·>�Hj¿�ºÈV)Î¤»?�>Ç�M?Ê¸´·>Ç�¾?j¯Ø>�k·?���D�ÎG¸í·>�Á»�¥«fJ�ÐÇ?´m�f]Î¤¬Jf��·>Ç) �ÂÈ´J�b¯@bV@?ÄJ>c�M>e?GK]Ø>�ÎÉ?¬³�¤u�?ÄF?Gi+¡VÙÉ�µ·c��>�Î«?uØ?F� ÎG¸í·>�x¤F�IÈie� M>ef°»�M>e?GK]DÇ ÍdJ?i@�Ðb·� ÎÊi>ea�½ÄV?��¹F�½Ä¯È¬JÇÁÉf]B� ÍdJ?i@�Ðb·�M>ef°�>�k¬¿��[?¼³ �¡VÙÉef°�>�k¬¿���ÎG¸í·>�x¤F�IÈie�e>f´J�ºf»Íb£�M>�[¡VÙÉ�?¼³�x¤F�aÈRÇØ>ÎG¤q�M>e?GK] ÎÉ?¨¸·�Î¸ÄiÇ@�ÎÉ?¨¸·+�>�nÉ�ñ>bÀF�ÎG¸í·>�ÂÇ×m�ÎWÒØ�Á¼vJ�Ñ?¤Àq�Î¤»?R�L¸¤R�?Ã�§Ç�MÙ´n�>�ÆdÃ� ñ?ÉeÇa�?Ä�È°JÇ�?ÄJ>e?GK]>�¥¯>Ç�Îi>ebF�M?Ê¸´·>Ç�¾?j¯Ø>�¾?Ê¯�ÍeÇfu�[i>eb·�ñ?vÉ@�PV?G·>�¥«a�?»�>dÃÇÎ >dÃ�eÈr°·>�H¿>ÈR�Ï¸£�®È¯È¸·�¦ÈuÈ�>�M>e?GK]Ø>fÉÈíJ���µ·c�Á»�Ía?¬KiÙ·�M>e?GK]Ø>���ÍÈ°·>Ç ñÙG°Kj»�ÎÊ¤»?�>+
7» bÉb��Á´�M?§Èj�i>eb·>Î�ËJÜ>�7 *Íeb¿i>eb·>½ÉÈ°J�ºÇ?ÀKJ��·>�M?�M>e?GK]Ø>ÎÊÒ?ÄÀ·>�+ *DÆdÃ�Âi>eb·>ÅRÈJ�¥»�Î§Ç?jK»�ËJAJ�Î�M?Ê¸³�Ñ?¤Àq�Î¤»?R�?Ä�>�·�¹»?n·>�½ÉÈ°K¸·[½ÉÈ°J�?ÄK¤Ê¸{��Ç �ÍaÈRWK·>�M>e?GK]Ø>�ÎÊ¸Êr·>É �b¤?Ã@kÉebK·>�ÎÓÊÃ�Ñ?v£[FE»?n·>�½ÉÈ°K·>�M?G¸íK»�½Ã@�Á»�?Ãe?GK£¹+ *Î¿?´»�M>e?GK]Ø>ÎÊÒ?ÄÀ·>�ÎÊ¸¼£���� ½ÉÈ°K·>M?Ê¸³�Ñ?¤Àq�Î¤»?R[ÇÎR?V�ÆdÃM>e?GK]Ø>�½ÉÈ°J��D fÉÈíJÇ+

�7*ËJÜ>� �� Îi>eb·>� ÎÊ¼Ã@� ¹O¼KJ7*Íb£?j»� �� Îi>eb·>� TÒ?K¿� Á»� Ía?«Þ>� Á´� ÎÊ¤»?�>�TÃ?À�>fÉÈíJ���Ë¤»?�>�½Ê¸¤K·>�Ï¸£��¼Ò?°·>�[b¯ ?¼³�� Ë¤»?�>�c?KiÚ>�Îi>eb·>�TÒ?K¿�b£?jJ
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ÙG°Kj»�?Ä»b^KjÉ��·>�M>e?GK]Ø>��j�+
�7Îi>eb·>�®bÄJ��DÞ>Î¸ÓiÚ>�Á£�ÎF?RÜ>ÊJÎ7.*Î¯eÈ·>�M?¬q>È»�Í?£>f»�Ðb»� ?» ÍbÊ�>�ÎÉe?GK]Ø></*<M>e?GK]Ø>�ÐÈKj»���¦ÈÀK·>e?Ê¤»�Í?£>f»�Ðb»�?»�0*Í?£>f»�Ðb»�?»�¦ÈÀK·>e?Ê¤» <ÎÉe?GK]Ø>�²>eÇØ>�ÐÈKj»�Ï¸£�M>e?GK]Ø>���1*e?Ê¤»� Í?£>f»�Ðb»� ?»�M?£ÈuÈ�� e?GK]Ø>� ºÈ� <ef°�>2*M>e?GK]Ø>�?ÄjÊ°J��·>�ÎÊ«f¤�>�M?ÉÈKj�>���¦ÈÀK·>e?Ê¤»�Í?£>f»�Ðb»� ?»+Î¯eÈ·>��¼vJ�Ðb»Ç � <½ÄÒ>eB� Á£�G¤K·>� ÎG¸í¸·� YÊKJ� Î¸ÓiÚ� ÎÉe?GK]Ø>3*» ?»� Á»� ¦È¿� ¹³� a>b£D�É?¤»� Í?£>f»� Ðb@¦>È¿ Ü>�M>e?GK]Ø>ÎÊJ7*Ê·?°�>Î*ª>f¬·>�º?¼³>*Aí�>Ç�I>Èr·>>*e?ÊK]Ø>�Á»ab¤K»*°F?í�>Î<
�7°J·> M>e?GK]Ø>�Ï¸£�Îi>eb·>frKÄÀ?ÒÁ» Íb¤�>�ÎÉfÉfWK·>�ÎÊ@� kÉebK·>�ÎÓÊÃ�Ñ?v£ M?rr��M>ef°»Ç@£?¼KRØ>�¾È¸¤·>�ÎÊÇ@Ø>Ê¿?j¿ÎÎÊF�·>�M?Ê¸³��ÇI>aÜ>Ça?rK¯Ø>Ç�Íe?SK·>�Ç>Ú¾Ù£ Ë¤»?�>� ¾?¤·>� Á»� ºÇÚ>� Ëi>eb·>� ¹r¬¸·� Ñ?¤Àq� Î¤»?R��,/--1*/--2¾+ÎÊF�·>�M?Ê¸³��ÇI>aÜ> Ça?rK¯Ø>Ç�Íe?SK·>[Ç>Ú¾Ù£�[Î¤FeÚ>�ÎÊi>eb·>�M?ÉÈKj¼¸·+
��
�(YDOXDWLRQ��Å«f£&Ë¸ÊS¤·>[/--2¾%Íeb°�>�Ñ?ÊmÚ>�sÒ?r]�Ï¸£�Ë¼Ê¯�½´Ve>bqD�Å¿AF Èu���?Ê¬Ê³�Ç@�?Ê¼³�>fÉb°JnF M>e>f¯�c?�>Ç�e?Ê¤»�Ç@�µ��ÑAÎÊq?^¸·�Ë¼Ê°·>�½´�>�>dÃ��D�ºÈqÈ·>Ç�?Ä¿ &½ÉÈ°K·>ÈÃÇ�%ÍbÉb£�M>Ça@�HÊ·?i@��D�U?K�&Ë¸ÊS¤·>[/--2t ¾6%Å«åf£Ç&)HíVÈF@.64-¾%Å¿@ &bqD�ÎÊ¸¼£�Î¼Ê°·>�ÆdÃfÉb°K·�M?´�>Ç@�M?ÉÈKj�>Ç@��É?¤�>�¾>b^KiD�H¸íKÉÇ�Ñ?ÊmÚ>�Î¼Ê¯�Ï¸£�½´�>�e>¾?´VÚ>� ÆdÃ� Ï¸£� b¼K¤É� Ìd·>fÉÈíK·>Ç@� ¹Éb¤K·>Ç@� �jWK·>� ÏÀ¤»� Á¼vKÉÇ&+%)HíVÈF@.64-¾ t.+%ËÒ>fRØ>�Éf¤K·>7G·>�ÑÈu���Ñ?¤Àq�Î¤»?R���M>e?GK]Ø>�¥¯>>Ç�Ï¸£�¾?´V@e>bqD�ÎÊ¸¼£ÈÃ�M?¿?Ê ?Ã�j¬JÇ�M>e?GK]Ø>�µ¸J�¹Ê¸��U?K¿�M?»È¸¤�>Ç�+
�7?Ä«f£&ÂÇf]BÇ� ¾?»Ø>.66-� %s^m� Ì@� Ç@� H·?í·>� Á»� a>fÉ� �·>� ¯>È�>� ?Ä¿AF ?�� ÎF?SKiØ>&+)ÂÇf]BÇ� )¾?»Þ>.66-t ¾/.+%?Ä«f£Ç&)ÂÇf]BÇ� )HíVÈF@.643%?Ä¿AF&�·>� Í>aÚ> Ç Î«f¤�>� l?Ê¯� �� ¾b^KjJ>½Ä¬·�a>È�>� Á»� Î£È¼�Ç@� ÎÊGÉebJ� Ç@� ÎÊi>ea� Ía?»� �� Íe?Ä�>Ç&)HíVÈF@ )ÂÇf]BÇ.643�t/34�%ËÒ>fRØ>�Éf¤K·>7Ú> ËÃ�� kÉebK·>� ÎÓÊÃ� Ñ?v£@� ?Ä»b^KjÉ��·>� ÎÊ�È°K·>� Í>a Ñ?¤Àq�Î¤»?R�½ÄKG¸{�¹Êr��l?Ê°·�Ëi�>ea�¹r«�¹³�ÎÉ?Ä¿����@ ÎÊ£?¼KRØ>�¾È¸¤·>�MØ?�ÇÎÊ¿?j¿Þ>+

WHULD� &UD���
?Ä«f¤É&gf·ÈR[.640t.3.%?Ä¿AF&e>bqØ�ñ?i?i>�d^KÉ�l?Ê°»�Ë¼³�½´V�Î¿e?°»�Ñ>fRØ�Ç@�Ë£È¿�Ç@�% ?Ä«f£Ç&¾Ù£[.653%?Ä¿AF&ñ>bÉb�� ab�� ¶È¸j·>� Á»� ²?í¿� �� af¬·>� Ñ>a@fÉb°K·� ¾b^KjÉ� Ìd·>� ÐÈKj�> ñ>bÊR& %)¾Ù
£.653t.4%?Ä«f¤ÉÇ&aÈR[.63-%?Ä¿?F&��ÎÊ¼´·>� Î¿e?°¼¸·� ñ?i?i>� e?K�� ½´V� Ç@
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ÅK{?iÈF�AGÀK¿�Â>�ºÇ?��Ìd·>�ÑËn·>Ç@�)?»�Îi>ea���LF?O·>��¨K�>�ËÃÇ@�)ÎÊ£ÈÀ·>Ç@&hÉe?Ã[.63-t.20% �É?¤¼¸·�ËÒ>fRØ>�Éf¤K·>7� ÎÊ»?K�>�M>e?GK]Ø>� ½ÉÈ°J��� ?Ä»>b^KiD� ���·>�M?´�>�Á»� Î£È¼�� ?Ä¿@ Þ>�Ç@�ÎÊ£?¼KRØ>�¾È¸¤·>Ñ?¤Àq�Î¤»?R���ÎÊ¿?j¿�+
�7*D?Ä¿�¸q?�>� ÎG¸í·>� ?ÄF� ±WK¸É� �·>� ¾?j¯Ú>Ç@�MØ?�>ÈÂ ?¼�a?¤É� ?»Ç@�Ë¼¸¤·>Ç�ËFaÚ>� ?ÄÊ¼j°F� Î»?¤·>� ÎÉÈ¿?O·>�Ï¸£[¾È¸¤·>� ?¿?ÊV@�Ï¼jJ�¾?j¯Ú>Ç@�MØ?�>� ÆdÃÇ �ÎÊ¿?j¿Þ>� ?¿?ÊV@Ç�ÎÊ£?¼KRØ>@Éf À·>ÇÎ[Ç¹¼nJ�¯@¾?j7e?NÜ>Ç� ?Ê«>f¨�>Ç�¦?¼KRØ>�½¸£�_Ée?K·>Ç�Î¬j¸¬·>Ç Ç½¸£�� k¬À·>�M?Ê¸³�I>aÜ>[Ç¯@¾?j7Î¬j¸¬·>Ç� ?Ê«>f¨�>Ç�_Ée?K·>�½¸£Ç¦?¼KRØ>� &Ø¹¼nJ�M>e?GK]>� ÎÉÈF�·>�M>ef°�>%ÎÊF�·>�M?Ê¸³��[Ç¯@¾?j�Ê¸³���a?rK¯Ø>Ç�ÎÊi?Êj·>�¾È¸¤·>Îa?rK¯Ø>Ç�Íe?SK·>[Ç¯@¾?j� Ø>Ç�Î«?Wr·>Î»?¤·>�M?¯Ù¤·>Ç�ÂÈÉh¬¸K·>Ç�Î£>c�Ê¸³��Î>ÚÎ¤FeÚ>�ÎÊi>eb·>�M?ÉÈKj¼¸·�¾Ù£+

�
ÎÊ¼Ã@�M>c�½ÉÈ°K·>�ÎÊ¸¼£�b¤J¨·?F� Î�Ç Î»?£�Î¬rF�Í?Ê�>�ËV?À»�¥Ê��ÎÊ¼Ê¸¤K·>�ÎÊ¸¼¤·>�Î¬rF Îq?]�)«ÎÊ¼Ê¸¤K·>�ÎÊ¸¼¤·?�F?ÄK¬r�ÎÊ¸¼£�Î¼ À»[aÈRÈF�hÊ¼KJ�Â@�H�½ÉÈ°J�ÌÈFfJ�k´¤É�¹£?«Ç�½Ê¸i � ÎÊ¸£?«� Ðb»� \ÈuÈFÎÊ¼Ê¸¤K·>� ÎÊ¸¼¤·>�» ¥Ê¼|� ?ÄJ?¿È´[ãÑ?ÄK¿>Ç� ®>bÃÚ?F� >ÑbF�Å£>È¿@� ¥Ê¼|� ½ÉÈ°K·?F ÅJ>Ça@Ç� +Ç kÉebK·>� ÎÉ?¬³� Á£�n´É� µ·d³Ç� ÎÉÈF�·>� ®>bÃÚ>� Á»� ±°�� ?»� n´É� ½ÉÈ°K·?«@ÅGÊ·?i bÉb�Ç�?� ºÈ¸�>Ç�M?V�°�>�½Éb°JÇ�M?FÈ¤r·>+ ½ÉÈ°K¸·Ç�ÎÊ¸ÊrWK·>� M>e?GK]Ø>� ?Ä¼Ã@� Íb£� M>Ça@� ÌÈF�·>+½Ã@� ÎÊ¸ÊrWK·>� M>e?GK]Ø>� b¤J� PÊV Ëi>eb·>�¹ÊrWK·>�½ÉÈ°J�M>Ça@[IÙí·>ÇeÈ»Ú>�Ñ?Ê·Ç@Ç�ÎÊ¼Ê¸¤K·>�M?í¸j·>�¾?¼KÃ>eÈ��?Ä¸¤R�b¯�>dÃÇ�+ Â@� Ï¸£� ÂÈÉÈF�·>� ¥¼�Ç� ½Ã@�ÇËJÜ?F� ¹O¼KJ�M>e?GK]Ø>�Ò?7*Ía?¼¸·�H·?í·>� ½Ä«� Ðb»� Á»� ±°WK·> ?�� Å¼¸¤JÇ�ÇRÙ£fjÊÉ� ?��H·?í·>�¹Êr����¤v·>�H¿>ÈR�sÊ^nJ?Ä[ÇDÎ¸ÊiÇ� ?Ä¿J®>bÃÚ>�½ÉÈ° ÎÉÈF�·>�ÍaÈnÀ�>+?¼³�±Ò>f{Ç�ÎÊi>eb·>�TÃ?À�>���ÍÈ°·>Ç�¤v·>�H¿>ÈR�sÊ^nJ�Ï¸£�b£?jJ�kÉebK·>�?� � Ï¸£� b£?jÉ�ÀÊj?Ä[ÇÎ¸ÊiÇ� ?Ä¿@·Ç Ï¸£@�®È¬q� �>� ¹°À¸·� ºÈG°¸ÇÎj«?À�>Ç� ÎÊi>eb·>� YÀ�>Ç�Ê�ÈK·> Ç×GÀK·>Ç� Ëj¬À·>� a?meÞ>� Ï¸£� b£?jJ+?Ä¿@Ç�ËJ>d·>� ½ÉÈ°K¸·� Î¸ÊiÇ[ÇÍbÊ�>� Íf³>d�>� M>a?£� Ë¼ÀJ )½¸¤K·>� ÎÊ¸¼£� �Gv·� ¥«>b·>�OJÇ�Ça?ÄKRØ>Ç� ÍfF?O�>� Ï¸£� H·?í·>� PV� Ï¸£� b£?jJ +&ÊS¤·>Ë¸[/--2t33*45& %�?qÈF@[ÂÇf]BÇ[.662t ¾.25& %)¾Ù£ÈF@.654t../*..1% &ÂÈj·Ç.65.t.1.%

�7£>È¿@Ç@�M?¬ÊÀrJ�½ÉÈ°K·>Ç�l?Ê°·>�M?ÊFa@�L·Ç?ÀJñ?Íèb£ ËJÜ>� ?ÄÀ»� ÎÊ¸ÊrWK·>� M>e?GK]Û·7*M>e?GK]Ø>�·>Ç ÎÉÈ¬n·>Ç ÎÉfÉfWKÚ>ÎÊÒ>a*?GK]Ø>�ÎÊ·?°�>� M>e ?Ä£>È¿AF� ÎÊ£ÈuÈ�>Ç&M?§>f¬·>� º?¼³D*ab¤K»� Á»� e?ÊK]Ø>�*í�>Ç� I>Èr·>A*Î°F?í�>%*M>e?GK]Ø>
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·>ÎÉbÊÄ¼K*·>ÎÊÒ?ÀG*�>ÎÊ»?K*M>e?GK]Ø>�>�§Ç�ÎÀÀ°�>ÎÀÀ°�+
��Íèb£�É?¤»�¶?ÀÃÙ·?ÄÀ»�M>e?GK]7

*ºÈ¼n·>7&RPSUHKHQVLYHQHVV7e?GK]Ø>�ºÈ��ÅF�br°É�Ía?�>�®>bÃ@Ç�Ëi>eb·>�ÐÈK�>�½ ¤� ÎÊi>eb·>+
/*²br·>79DOLGLW\� 7)Å¸RÚ�¥uÇ�?»�l?¯� >cD� ñ?¯a?q�e?GK]Ø>�ÂÈ´É�Hj¿Ø>ÈÃ�ÐÈK�>�²bq�åb¤ÉÇ ÎÊ¸ÊrWK·>�M>e?GK]Ù·�[M?¬q>È»�ºÇbR�a>b£D��D�ÐÈK�>�²bq�Á»�±°WK·>�ÎÊ¸¼£�U?K�Ç+
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� bÒ>È«�Á»�ÎÊ¸¼¤·>�Æd��?��)ÎÊi?iÚ>�¹Ò?j�>Î¤»?�>���ÎÊ¼Ê¸¤K·>�ÎÊ¸¼¤·>�®>f{@�¥Ê¼+ÎÉe?GK]Ø>�²>eÇÚ?« >Î£ÈGí�G·?§ñ??»ÎWu>Ç�ÂÈ´J>dÃÇ�É¹Äj�Ï¸£�) ?ÄJÑ>f¯�H·?í·>�b¯�?�É°¸¹Á»?í]@�Ñb¯ �·>Ç�)�H·?í·> ��>�?ÃeÇbF�Ìa×J>Rea�z?¬�@ ÅJ?ÅFÈie��DÇ�¿?ÊV@ñ?+ ²>eÇÚ?«�Î£ÈGí�>FuÈÈ\?�í¸·�YÉf»�Ëj¬¿��NAJ?Ki>��D�½ÄKR?V�Á»�¹¸°JÇ�)e?GK]Ø>�Ñ?ÀN@�H·e?j¬� c?Ki@��>Ía?[ñÙv«�>dÃ�@ Á£�Ï¸£�Å¤SnJÇ�kÉebK·>�ÎÓÊÃÈv£�b£?jJ�ÎÊ¸¼¤·>�ÆdÃ�Â�¹¼£M?¬¸»�·Î¸ÓiÛ ¸ÓiÛ·�¸»Ç@�µÀF�¹´m�Ï¸£�?Ä¬ÊÀrJÇ�?ÃfÉÈíJÇÎ+ /*ÎÊÒÙ»Þ>�Ñ?í]Ú>�Á»�È¸��ÎÊ¤»?�>�M>e?GK]Ø>�²>eÇ@�½ ¤»7?ÄKGj¿�L¨¸F�PÊV[34[11�ÎGj¿Ç�) Ù»D� Ñ?í]@�Ï¸£�ÌÈK���·>�²>eÇÚ>ÎÊÒ[0/[23�ÎÉe?GK]Ø>�²>eÇÚ>��� ÎÊÒÙ»Þ>� Ñ?í]Ú>�½ ¤»Ç� ) bÊ·>��~�ÎFÈK´�>+ 0*eÈr¯�ÎÉe?GK]Ø>�²>eÇÚ>�Ï¸£�Á»h·>�bÉb����7Ï¸£�ÌÈK��Ø��·>�ÎÉe?GK]Ø>�²>eÇÚ>�ÎGj¿�L¨¸F�PÊV � ÎF?Rß·�Á»g� bÉb�[10[-0�+H¿?�>� >dÃ�º?¼ÃD�Ï¸£�ºbÉ� >dÃÇ+·?F� ÅKÊ¼Ã@�Á»�½§f·?FÇ�ÎG¸í¸·� ÎGjÀ�Á»h·>���M>�j¬K·>� ab¤K·� º?�>�YK¬ÉÇ� Í�O³�¹³?n»�±¸�� b°«� )M>e?GK]Ø>� Íe>aDÇ� ¾? ¿�Ï¸£��¼Ò?°·>Çe?GK]Ø>�Ï¸£�ÎF?Rß·�IÈ¸í�>+Á» ÎG¸í·>�Â?»fV���ñ?GGi�ÂÈ´J�b¯�PÊV)µ·c�ÎÊWuÈÃ�H·?í·>�ÂÈ´É�b¯Çµ·c�HGjF�?ÄÊ¸£�ÎF?RÞ>�Á»�>ÈÀ´¼KÉ���Î¸Ói@�M?Rea+ 1*Âg>ÈK»�¹´nF�Î¸ÓiÚ>�Ï¸£�ÎReb·>�¥ÉgÈJ�M>e?GK]Ø>�Ë£>fJ�Ø�7ÎÉe?GK]Ø>�²>eÇÚ>�ÎGj¿�L¨¸F�PÊV µ·c�Ë£>fJ�Ø��·>[51[55�ÎÊ¼Ã@�¶>eaD���¤uÇ�ÎReb·>�¥ÉgÈJ���ÎÊÒ>Èn£�aÈRÇ�Ï¸£�µ·c�ºbÉÇ�) µ·c+?í·>�ÂÈ´É�Ë·?K·?FÇ�º>×i�¹³�ÎRea�ÎÊ¼Ã@�H·?í¸·�YuÈÉ�Å¿@���µ·c�ÎÊ¼Ã@�Á¼´JÇ�Á»�ÎÀÊF�Ï¸£�H· Æf»@+ÅK«f¤»� ¾b£�HGjF� ?ÄÊ«� fr°É� Ç@�Ðf]@�¹Ã?SKÉÇ� ÎÀÊ¤»� Î¸Ói@�Ï¸£fO³@� ÅKF?RD���H·?í·>h³fÉ� b°«�Â@�Æa?°K£>Ç@�?ÄKRebF¥Ê��Rea�Î¸ÓiÚ>?ÎÉÇ?jK»�?ÄJ[¿@Ç�Î¯a?q��§�?Ä¿@Ç@�ÎÓÊi�ÎSÊKÀF�AR?¬Ê«Å»¸ È¾+ ÂD�µ·c�Á»�e?GK]Ø>È¸]I?F�YK¬É�b¯�>> M>�j¬K·�KÍab¤�+HjV�ÍbÉb¤·>�M>�j¬K¸·�Î¸F?¯�ÂÈ´J�?»�ñ?G·?§ Î°Gj�>�M?ÊÀ·>Ç�Ñ>ÈÃÚ>+e?GK]Ø>�ÎÊ¯>br»�Á»�¹¸°É�b¯�e?GK]Ø>�Î¯eÇ���º>×i�¹³�ÎRea�bÉb��¾b¤«+ È¸]�ÂD�?ÄÊ«�½Ê ÀK·>�¾>b¤¿>Ç�ÎÊÒÙ»Þ>�Ñ?í]Ú>�aÈRÇÇ�)ÎÊi?iÚ>�M?¿?ÊG·>Ç�M?¼Ê¸¤K·>�Á»�e?GK]Ø>�Î¯eÇ+ ·c�¹³e?GK]Ø>�Î£?¯���ÎG¸í·>�Ðb·�±¸°·>Ç�fJÈK·>�Î·?V�Á»�bÉhÉ�µ+ÎÊ£È¿Ç�ÐÈKj»�Ï¸£fN×J�b¯�Ë·?K·?FÇ e?GK]Ø>�Á£�ÅKF?RD�+ Çb¯¤»?�>� ÍdJ?i@� x¤F� Ðb·� eÈ¤m� aÈRÇ� �D� TÒ?KÀ·>� µ¸J� aÈ¤JÎM>e?GK]Ø>� �� ?ÄKÊ¼Ã@� ¾b¤F ÎÊ¤»?�>+É b¯� ?�DÇ� ÎÊ£ÈuÈ»�ki@� �D� bÀKjÉ� ØeÈ¤n·>� >dÃÇ�?ÄKÊ¼Ã@� ¶>eaD� ¾b£� �DÇ@�M?G§e� �D� ¥Rf ÎG¸í¸·+Îi>ea�¥»�Îi>eb·>�ÆdÃ�L°¬J>b¯Ç�ËVÙr·>[.665¾+Ë¬Ê¬£Îi>eaÇ[.661¾+ 2*ÎÉe?GK]Ø>�Î¯eÈ·>�ÐÈKj»�Ï¸£�M>e?GK]Ø>�¥ÉÈÀJ���¤u�aÈRÇ�7bV>Ç�¦È¿�Ï¸£�hÊ³�·>�½KÉ�PÊV M>e?GK]Ø>ÈÃÇ� ÎÉe?GK]Ø>� Î¯eÈ·>� ��M>e?GK]Ø>� Á»��°«�ÎGj¿�L¨¸F� b°«� )¦>È¿Ú>� ÎÊ°F� º?¼ÃDÇ� ÎÊ·?°�>ÎÊ·?°�>�M>e?GK]Ø>�ËÃÇ�M>e?GK]Ø>�Á»��°«�bV>Ç�¦È¿�Ï¸£�ÌÈK���·>�ÎÉe?GK]Ø>�²>eÇÚ>[5/[23�)
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ÎÉe?GK]Ø>� ²>eÇÚ>� �� ¥ÉÈÀK·>� ÎGj¿� gÇ?SKJ� �� ?¼ÀÊF[.4[11�+ÇºbÉ�µ·c�M>e?GK]Ø>eÈr¯� Ï¸£ )ÎÊV?À·>� ÆdÃ� Á»� ÎÊ¤»?�>¿ÚÅÊ£ÈuÈ»� Á»� ¤vÉ� b¯?ÄK�Ê¯>br»Ç?ÄK��É?¤»� ½Ã@� Á»� Â>e?Ê¤»� ?¼ÃÇ� >ÍbÊ�>�M>e?GK]Ø+M>e?GK]Ø>�Á»��°«�bV>Ç�¦È¿�Ï¸£�hÊ³�·>�ÂD*µ·c� Ñ>eÇ�M>e��>�L¿?³� ?¼Ä»Ç*¥» ÏKV�±¬KÉØ ±íÀ�>+°�>�®>bÃ@�¥Ê��l?Ê¯�Ï¸£�Íeb°·>�M>e?GK]Ø>�Á»�¦ÈÀ·>�>d��ÂÈ´É�Â@�¹°¤É�Ø�PÊV�ÎÊi>eb·>�M>ef ?Ã>ÈK�� ÎG¸í·>� ¹Êr��ÐÈKj»Ç� Î¤»?�>� �+Á» Ðf]Ú>� ¦>È¿Ú?F� Î«f¤�>� ¾b£� �D� ?»D�nÉ� >dÄ«� Ë·?K·?FÇµ·c� Ï¸£hÊ³�·>� �D� Ìa×J� ÎÊ£ÈuÈ»� �§� ñ?F?Gi@� ¶?ÀÃ� Â@Ç@)M>e?GK]Ø>+� ¦ÈÀK·>Ç� ab¤K·>� ÂÚ�µ·cÇ Ø>���¥ÉÈÀK·>�Á»�¹¤��ÅJ?£ÈuÈ»Ç�Ëi>eb·>ef°�>�®>bÃ@ÎÊ¯>br»Ç�ÎÊ£ÈuÈ»�fO³@Ç�ñ?Ê¼KV�ñ>f»@�M>e?GK]+ 3*ÎÊ£ÈuÈ�>Ç�ÎÊ·?°�>�M>e?GK]Ø>��F�¥ÉÈÀK·>���Âg>ÈK·>�¤u7> Î¸Ói@�ÐÈKj»�Ï¸£Ø¹´³ M>e?GK][ ÎÊ·?°�>�M>e?GK]Ø>�Î¸Ói@�ÎGj¿��L¨¸F�PÊV�&4-[1/�%ÎÊ£ÈuÈ�>Ç�)�&/6[25�+% ÇÉºbµ·c��F ¥ÉÈÀK·>���Âg>ÈK·>�¤u�Ï¸£��D �nÉ�>dÃÇ�)Î¸ÓiÚ>�M>f°«�ÐÈKj»�Ï¸£�M>e?GK]Ø> M>e?GK]Ø>� �� ¹¸]+M>e?GK]Ø>� ºÈ�� ¤u� �� ñ?GGi� ÂÈ´J� b¯� ÎÊ·?°�>� M>e?GK]Ø>� Â@� �D� Î«?uE« ÐÈKW¼¸·�F ?ÃfNAJÇÎ«br·>�¹»?¤�Ìd·>� b¯�> Ìa×É�H·?í·>� ºÈrV�k´¤J�Ø�M?ReaÇ�M>fÉb°J�Ï¸£ �ÍeÈrF�ef°�>���Ë¼¸¤·>�Æ>ÈKj»Î¯a?qÇ�ÎWÊWq�M>e?GK]Ø>�ÎÊ£ÈuÈ»�¤u���ËjÊÒe�HGi�?Ä¿E«+PÊV�YWr�>�ÎÊJ>dF�fNAKJ�ËÄ«�)?ÄWÊWrJ�ÎÊ£ÈuÈ»��� ñ?¬¤u�M>e?GK]Ø>�¦>È¿@fO³@�Á»�ÎÊ·?°�>�M>e?GK]Ø>�Â@&Â?´�>Ç�Â?»h·?FÇ�Å«Çf�Ç�ÅR>h»+++�>%+� ?ÄÀ£�¸K���¤»�L¯Ç�Ç@�®f��Ç@�Î·?V���ÎRea�Ëí¤É�b°« Ç L¯ÇÐf]@�Î·?VÇ�®f�[YÊWrK·>���M?GO·>�¤u�ÏÀ¤�+Á» ñ?vÉ@�ËJAJ�b¯�?ÄKÊ£ÈuÈ»�¤u�Â@�?¼³b£�M>�j¬J�¹¼K��?Ä¸¤��b¯�?��H·?í¸·�?ÄVÈuÇ�¾b£�ºÙ]Í+ÎG¸í·>�M?F?RD�®ÙK]>fj¬É�b¯�?»�>dÃÇ bV>È·>�º>×j·>�Ï¸£+Ë¬Ê¬£� Îi>ea� TÒ?K¿� ¥»� Îi>eb·>� ÆdÃ� TÒ?K¿� ±¬KJÇ[.661> Îi>eaÇ� ¾� ËVÙr·.665¾+Îi>eaÇ b�[.666� ¾Çf´G·>Îi>ea.666a>b�>� Îi>eaÇ� ¾/--.¾[ËíÊ¸j·>Îi>eaÇ�[ÅÉ?JÇ/--1¾+Îi>eaÇ ÌbG£.64.+
4*ÎÊ£ÈuÈ�>�M>e?GK]Ø>��F� ¥ÉÈÀK·>� �� Âg>ÈK·>� ¾b£7M>f°«� Ç@� ÎÉe?GK]Ø>� Î¯eÈ·>�ÐÈKj»�Ï¸£� ãÑ>Èi Î¸ÓiÚ>+ÈKV>��·>� ÎÉe?GK]Ø>�²>eÇÚ>� ÎGj¿�L¨¸F�PÊVÎÊ£ÈuÈ�>�M>e?GK]Ø>�Á»� bV>Ç� ¦È¿�Ï¸£�M[ ..[30��£È¿�Ï¸£�MÈKV>��·>�ÎGj¿�?¼ÀÊF�)[1[32�¦>È¿@�ÎNÙN�Ï¸£�ÎÉÈK�>�ÎGj¿Ç�)[.[.3�) ÎÊ£ÈuÈ�>�M>e?GK]Ø>�¦>È¿@�¥Ê��Ï¸£�ÎÉÈK�>�ÎGj¿�L¿?³�?¼ÀÊF[f¬q�+Î¸ÓiÚ>�M>f°«�ÐÈKj»�Ï¸£�?»@� [b°«�M>e?GK]>���?Ä¼ ¤»�Mh³fJ�)Aí�>Ç�I>Èr·>�?ÄKGj¿�L¨¸F�PÊV[2/[/5�¦ÈÀ·>�>dÃ�ÂAF�ñ?¼¸£) ¤ÉbÍ?£>f»�¾b£�Î·?V���ÎÊG¸i�TÒ?K¿��D�Ìa×J�Â@�Á´���·>�ÎÊ£ÈuÈ�>�M>e?GK]Ø>�¦>È¿@fO³@��É?¤»�Æ)ÎÊ¼¸¤·>� Î·?V���ÁÉ�G³�tfVÇ�Î¯a��D�U?K��PÊV�>Å»>b^Ki�[Ø Å¿@�ÅÊ¸£�I?¤É�?»�½Ã@ÇÉ·> H¿?R�ØD�kÊ°³dK�f )½¸¤K�>����¼^K¸·�Îuf£�M>e?GK]Ø>fO³@�Å¿@�?¼³+)ÅKÊ¯>br»�¤vÉ�b¯�>dÃÇ�Ï¸£�ÎG¸í·>�¹r��b¯�PÊV
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�¼^K·>�HGjF�Ë°Ê°�>�½Ä¸Êr��ÐÈKj»�k´¤J�Ø�TÒ?K¿+ ÌbG£� Îi>ea� TÒ?K¿� ¥»� Îi>eb·>� TÒ?K¿� ±¬KJÇ.64.ËVÙr·>� Îi>eaÇ� )¾[.665a>b�>� Îi>eaÇ)¾[ /--.Îi>eaÇ�¾�ËíÊ¸j·>�[?JÇÉÎ/--1¾+ 5*ÎÊi>eb·>�M>ef°�>�ÐÈK��M>e?GK]Ø>�ºÈ��¤u�7©¸F�ºÈ¼n·>��iÈK»�Â@�PÊV[24[23�ÆdÃÇ�) ¤J�ÎGjÀ·>�b)ÎÊ¿bK»�b³×É�PÊV�ÂÈrK^�>ºÈ��ÎGj¿�Â@�Ï¸£�e?GK]Ø>�Á£ ¹°J�Ø�Â@�Ë¨GÀÉ[5-�+ÇºbJ M>e?GK]Ø>� ?Ä¸¼nJ� �� ef°�>� ÐÈK��r¿�Ie?°É� ?»� Â@� Ï¸£� M>fm×�>� ÆdÃ�] b¤É� >dÃÇñÙ¸�� ñ>�G³� M>e?GK]Ø>[ÌÈK��ÎÉe?GK]Ø>�²>eÇÚ>�Á»�Í�G³�ÎGj¿�¶?ÀÃ�Â@�?À«f£�?»�>cD�x¬^ÀJ�b¯�ÎGjÀ·>�ÆdÃ�ÂAF�ñ?¼¸£ Î¸Ói@�Ï¸£�ÎÉe?ÊK]>+ÎGj¿�¦?¬Je>��>�HGj·>�aÈ¤É�b¯Ç�¾>b^Ki>Ú>ÍdJ?i�Ù·Ê·?°�>�M>e?GK]Î+PÊV@ÆdÃ�Â ÈKW¼¸·�ºÈ¼n·>�Î¬Ê¤u�M>e?GK]Ø>Ð+¤É�ef°�>�ÐÈK��e?GK]Ø>�ºÈ��ÎGj¿�Ë¿bJ�ÂDbÍ>a@�Å¸¤�Ç�e?GK]Ø>�ÍÈ¯�Á»�¤vJ��·>� ?É?v°·>�Á»ÎG¸í¸·�Ë°Ê°�>�Ëi>eb·>�ÐÈKj�>�Ï¸£�½´W¸·�Î¯a?q�§+ ºÈ��¤u�ÂD>?�ÈV�H·?í·>�º>×i�½KÉ�Ø�M>ef°�>�ÐÈK��½ ¤»�Â@��¤É�ÐÈK�[É b¯�>dÃÇ��>�Ìa× ÐÈKj»�¤u�¿Ú ²br·>�Ê¤u�ÂÈ´É� ÍeÈr·>� ÆdÄF� ½ÉÈ°K·>� Â@�PÊV�M?Rf^�>Å\?�� Ía?Äm�Ëí¤É hSÀÉ���Î°Ê°�>��ÈÃÇ�?»�sr��M?G¸íK»�¹¼´Ki@�Î¿AF�H·?í¸·�²È¬JÇ@�D Á´¼KÉ�Ç@�ØÁ» ¹Ê¸¯�ÑhR�Á» >dÃ�M?G¸íK»�sr^K·>�+
u>Ç� eÈr¯� �D� ¥RfÉ� b¯� M>ef°�>� ÐÈK�� M>e?GK]Ø>� ÎÊí¨J� ÎGj¿� Ë¿bJ� ÂD�ÆdÃ� Ë¤u>Ç� Ðb·� YÎG¸í¸·�Ë¸ÊrWK·>�½ÉÈ°K·>�ÎÊ¸¼£�½Ä«���eÈr¯�ñ?vÉ@Ç�H¿?�>�>dÃ�ÎÊ¼Ã@Ç�Î¤ÊG{�½Ä«���M>e?GK]Ø>+±¬KJÇ � ËVÙr·>� Îi>ea� TÒ?K¿� ¥»� Îi>eb·>� ÆdÃ� TÒ?K¿.665+b� Îi>eaÇ[.666¥» ¸K�Ç f´G·>Îi>ea[.666¾+
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�ËÃÇ�Å»>b^Ki>7*�&%
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.*ÎÊ¸¤¬·>� Î¼Ê°·?F� ?ÄvÊ¬^K«� ÎÉe?�>�M?°¬À·>�Á»� ÎÊ·?£� ÎGj¿��¸»?¤·>Ç��ieb�>�HJ>Çe�¹O�� ?�?{� &Î¼Ê¯ �²Èj·>�%Hi?À»�Ñ>fRD��K¤É�Ë·?�>�½^vK·>�ºb¤»��Á»�Ï¿a@�?Ä£?¬Je>�ºb¤»�Â?³�>cD+ /*Áj·>� e?¨q� �ieb�>� a>b£@� Ía?Ég� &I?Gn·>� %bV@� ?�eÇ� )� ¹¯Ú>� eÈRÚ>Ç� )� ÍaÇb�>� ÍhÊ�>� M>c ÂAn·>�>dÃ���Î·ÈG°�>�M>Ñ>fRÞ>+ 0*�ieb�>�a>b£@�Á»�¹¸°É�Ìd·>�f»Ú>�)�½¸¤¼¸·�ÎG¸í·>�ÎGj¿�¥«e+ Ã ÎGi?À»�Á»�½§f·>�Ï¸£Ç�ÎÊ£È¿�Ï¸£�ÎÊG¸j·>�ÅJ?i?´¤¿>�Å·�¥Gí·?F�½ÄÀ»�Ñ>fRD�¹´¸«�)�M>Ñ>fRÞ>�ÆdñÙG°Kj»Ç�ñ?Ê¿B�IÈ¸í�>�½Ê¸¤K·>�ÐÈKj»Ç+ 
Ã*Î£È«b�>�Ê·?´K·>�Ñ?¬ÊKi>�Îi?Êi7*
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M?ÀÊ¿?¼O·>��£Ç�M?ÀÊ¤Gj·>�dÀ»�Â?´j·>�Î¬ÊO´·>Ç�Í�°¬·>�ÎÊFf¤·>�ºÇb·>�x¤F���ñ?¼Ä»�Æ?�Ø>�>dÃ�YGq@�b°·�Á£c@�) ÎÊieb�>�M?»b�>��ÊjK·�ã�?¼Ä»�ÎÊ�e��§�Ç@�)�ÎÊ�e�ÎÊieb»�¾Èie�zf«�Î·?j»�YGrJ�Å°Éf{��?¬W¸·�)�Ë¿?�>�½Ê¸¤K·>�e?{D���ÏKV�)�Ífm?G�>�ÎÊieb�>�Ê·?´K·>�Æ?��)�Î·Çb·>�ÔG£�Á»�¹¸°É�Ìd·>�f»Ú>M?°¬À·>�Ë·?�D� Ía?Ég��¤É� >dÃÇ� )� ÎÊieb�>�M?»b�>�Á»�bÊR�ÐÈKj»�Ï¸£�ÎÊ¿>hÊ�>�º?°N@�ÂÇbF� ÎÊieb�>�s^n·>�¹]a�ÂÈ´É� ?»bÀ£� ÎÊG¸j·?F� Æ?�Ø>� >dÃ�rKÉ� Í>Ç?j�>Ç� Î·>b¤·>� f ¿� ÎÄRÇ�Á»�Á´·Ç� )� ÎÊÀ{È·>�¦?¬Je>Ç�e?¤iÚ>�H¸°J�?ÃaÈjÉ�M?¤¼K�����Îq?]Ç�)�aØÇÚ>Ç�Ñ?ÀFÚ>�Á»�¹Ê¸¯��§�ab¤F�ñÙ°O»Ç�ñ?v¬^À»
½^vK·>+&%

M?ÄRÈK·>� ÆdÃ�²?¬J>� ¥»Ç�?ÄÀ»�¹³�¦?GJD�¹Êv¬JÇ� ÎÉÈF�·>Ç� ÎÊ¼Ê¸¤K·>� Îín¿Û·�¹ÉÈ¼K·>��«ÈJ� ÎÊ¼Ã@�Ï¸£�ÎÊ£?¼KRØ>�ÎÊ¼ÀK·>�\È¼{�¦?GmD���½ÄjJ�Ø�ÎÊG¸i�H¿>ÈR�ñ?vÉ@�?��ÂE«�?ÄÀ»�¹v¬»�ÈÃ�?»�Ï¸£�a?¼K£Ø?FÎÊÀ{È·>�ÎÉa?rK¯Ø>Ç+
��� �?¬�>�Ï¸£�ñ>b¼K¤»�ÂÈ´É�ÍeÇfv·?F�)Ë£?¼KRØ>�H¸í·>�ÎR?VÇ�Ía?Ég�¥»�Âg>ÈKÉ�f¼Kj»Ç�bÊR�¹ÉÈ��Ï¸£�M?Êí¤»�Á»� Ía?«Þ>� ºÙ]�Á»�µ·cÇ� )� ÅKWmÇ� År°ÀF��Ê�� ?»�¹´·�ÌÈF�·>� e>f°·>� ¥¿?q�¶>eaDÇ�Ë£Ç¯Ù¤·>� Ï¸£Ç� )� ÅJ>Ñ>fRÞ� ½£>b·>� aÇb�Ù·>� �¤n·>� ½£b·>Ç� )� ñ?»È¼£� ÎÉa?rK¯Ø>� Îi?Êj·>��F� Î°ÊNÈ·>� Î Å·�Æe>f¼Ki>Ç��¤n·>�½£b·>�Ía?Ég��D�Ìa×É�?��½Ê¸¤K·>Ç�Î»È´�>+Î»g@�HÀSK·� ?ÄÊ¸£� a?¼K£Ø>� Á´�� ¹Ò>bG³�M>e?Ê�>� ÆdÃ� \fíJ� ¥À°»� ¹´nF�H¿>È�>� ÆdÃ� ±Ê°�� ¹RÚÇËJÜ?³�ËÃÇ�ÎÊFf¤·>�ÎÊ¼Ê¸¤K·>�Î¼ ¿Ú>���ÎÊ·?�>�ae>È�>�ÅWm�Ç@�¹ÉÈ¼K·>7* ñØÇ@�7¬´·>�¥«e�ÎÊ¼Ê¸¤K·>�ÎÊ¸¼¤¸·�ÎÉa?rK¯Ø>�ÍÑ?7*ÎÊ¼Ê¸¤K·>� Î¼ ¿Ú>� Ñ>a@� ÎÊ¸£?«� �j�� ?ÄF� br°É� ?»� Ç@� +ÍÑ?¬´·>Ç� )� ÎÊRe?�>� ÍÑ?¬´·>� H¿>È|� ¾?¼KÃØ>Ç��§Ç�Î¼ À�>�ÎÊ£?í°·>�Îín¿Ú>�¹G¯�Á»�t?rK»Ù·�Î¸F?¯�ÌÈF�·>�¾? À·>�M?Rf��¹¤��Î¼Ä»��ËÃÇ�ÎÊ¸]>b·>f��M?ÊF?�?«� )� Î¼ À�>�Î°N� a>ahKi� Ë·?K·?FÇ� ¹¼¤·>� Ï¸£�H¸í·>� ÎV?i� �� ?Äj¬¿�zf¬Ki� ½Ê¸¤K·>� M?R�ÎÊ¼Ê¸¤K·>�Îín¿Ú>�eÇa�ÎÊ¼ÃAF�ÎÉa?rK¯Ø>�M?£?í°·>�+le>b�>�gf¬É��°«�kÊ·�ÎÊ£f¬·>�H¿>È�?F�¾?¼KÃØ?« À·>�Ía?£D�Ï¸£�¥SnÉÇ�¹F�ÎÊ¼Ê¸¤K·>�M?ji×�>��F�¹v«Ú>�Î«?°O·>�±¸�Ç��°«�ÎÓÉaf·>�Á£�ÍbÊ�>�Î¬¸´·>���f �d]Ú>�¥»�)�f]B��D�Ë¼Ê¸¤J�º?����ae>È�>�¹°¿Ç�)�½Ê¸¤K¸·�Î¤¬Jf�>��¤F�Î·>b¤·>�H¿>È|�¾?¼KÃØ>�e?GK£Ø> ÍÑ?¬´·>Ç+

¹O»�½Ê¸¤K¸·�ÎÉa?rK¯Ø>�ÍÑ?¬´·?F�fm?G»��?GJe>�M>c�ÎÉa?rK¯>�H¿>È|�¾?¼KÃØ>�a?¼K£>�µ·d³�Á´�Ç7*&%

@*Ø> �Êí^K·?F�ÌÈF�·>��Êí^K·>��Fe�Îín¿Ú>���½Ê¸¤K·>�M?Rf��Á»� Ía?¬KiØ>�¹ÊÄjK·� �Ìa?rK¯ ÎÊ»È°·>�ÎÉÈ¼ÀK·>+ I*¹]b·>�ÐÈKj»��Fe�&fRÚ>�%Yu>Ç�¹´nFÇ�Ñ>aÚ>Ç�¹ÊÃAK·>�¦È¯Ç�ÐÈKj�+ U*�§ H¿>È�>�Î«f¤»�¹R@�Á»�ÎÊ¼Ê¸¤K·>�ÎÊ¿>hÊ�>�fq?À£�¹Ê¸�·>?ÃbÊ¼SKF�ÅÊRÈK·>Ç��ÎFÈ§f»�Ç@�Î¸£?¬
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?�h£�Ç@+ a*a?¼K£>�Î¼Ê°·>�?ÄÊ«�fO´J�¥Ée?n»�Î»?¯DÇ�)�e?¼OKiØ?³�ÎÊ·?�>�Îi?Êj·>�fq?À£�¹Ê¸WK·�ÎÊSÄÀ»�M?ÊÀ°J�ºÙ]� Á»� �ÀRÚ>� e?¼OKiØ>� Ï¸£� Å¸Êv¬JÇ� Ë¸�>� e?¼OKiØ>� ¥ÊSnJÇ� )� ¹¼¤·>� tf«Ç� Î«?v�>¾Èif·>Ç�HÒ>fv·>�¹Ê¸°JÇ�M>Ñ?¬£Þ>+ 
Ã�*ÃfÉf�Ç� ?ÄOÉb�Ç� Î¼Ò?°·>Ç� Î�b°·>� ¥Ée?n�>� ¥ÊSnJ�Ía?Éh·� ÎÊ¿Ù°¤·>� Îj«?À�>� aÈjJ� ÏKV� ñ?vÉ@� ?Î¿È¼v»�ÎÊRe?]�ñ?¯Èi�TÉf^¸·�YÊKJ�?Ä¿Ú�½Ê¸¤K·>�ÍaÈR�Ï¸£�bÊ³AK·>Ç)��f�>�t?rK»>Ç�U?K¿Þ>+ Ç*ÎG¸í·>��F�eb�>Ç�b¯?¬·>Ç�IfjK·>�½SV�Î«f¤��Ë£ÈÀ·>�Ë»È°·>�½ÊÊ°K·>�H¿?R��D�Ë¼³�½ÊÊ°J�a?¼K£>F�·>�M?»b�>�ºÙ¨Ki>�ÐÈKj»ÇÎÉÈ+ *Á» Î»È´�?F�½Ê¸¤K·>��GJe>� >cDÇ@� �?GJeØ>�Ï£>fÉ�Â@�HSÊ«� ÎÊF�·>� ae>È»���s°À·>� a>bi�¹R ÎÊ·?K·>�H¿>È�>7* *Î³>fmÇ�ÂÇ?¤J�Î¯Ù£�½Ê¸¤K·>Ç�Î»È´�>��F�Î¯Ù¤·>&ñ?°F?i�?¿f³c�?¼³�%Ë¿b�>�¥¼K�>�¾?ÄiD�?ÄÀ£�TKÀÉ �Hj´·�½Ê¸¤K·>�bq?°»Ç�M?i?Êi�Î«f¤»���Ë¸ÃÚ>ÇÅ· ½Ä¼£aÇ�½ÄK°N+ *ñÙO»� ÎÊ»È´�>� M?°¬À·>� �� bÉ>hK�>� eb�>� ¹Ê¸°J� 7ÍbÉbR� HÊ·?i@� ¦?GJD�Ñ?ÀF� �� Íf´KG»� ½Ê»?rJÇ le>b�>�dÊ¬ÀK·>Ç� ½Ê¼rK·>� �� ÎÊ·?£� M>�~� ?Ä¬Ê�ÈJÇ� Í�G´·>� ¥Ée?n�>� M>eÈ«Ç� Á»� Ía?¬KiØ>� ¥»� )ÎÊÒ?À·>�±{?À�>��D�ºÈqÈ·>Ç�)�hÊÄSK·>Ç+
��� ËÃÇ�ÎÉa?rK¯Ø>�Ía?mf·?F�Ï¼jÉ�?»�Ç@7*&% @*¾?¼KÃØ>� ¥»� ÎÊjÉebK·>� Î¬¸´·>� Á»� ¹¸°É� ?��kÉebK·>� �� Î»b°K�>� M?»È¸¤�>� ?ÊRÈ·ÈÀ´J� ¾>b^Ki>�½^vK·>� Á»� b�>Ç� )� kÉebK·>� M?ÓÊÃÇ� ÎÊ¼Ê¸¤K·>� M>a?Ê°¸·� ÎÊ¸¼¤·>Ç� ÎÊÀÄ�>� M>eb°·?F�È·>ÎÉe>aÞ>�Ò?�È·>���ÍbÒ>h·>�Î·?¼¤·>Ç�Ë¬Ê+ I*T»>�·��ÎÊ¸�>�M?í¸j·>�Ê�ÈJ��D��Ìa×É�>dÃÇ�)�½Ê¸¤K·>�¹ÉÈ�Ç�ÅÊRÈJ���ÎÉh³f»Ù·>�¾? ¿�a?¼K£>�M?°¬À·>�¹¯AF�ÅJÙ´n»�¹V�Ç�Ë¸�>�¥¯>È·>�¾b��?��ÎÊF�·>�+MCnÀ�?F�Î¿?¤KiØ>�Á´��?¼³ a>b£Þ>�º?����ÎÊÀÄ�>Ç�ÎÊ£?Àr·>��Ä�>+ U*ñÙO»� Î¬¸´·>�¹Ê¸°J���Ë£ÈÀ·>�¥F?í·>�Ï¸£�bÊ³AK·>� 7¹¯@� ÎÊieb»�HK³�Ç>� Î¿?K»�¹¯@�Q?N@�½Éb°JÂ?´j·>�Î¬ÊO´·>�Îq?]�IÈ¸iÚ>>dÃ�Mb¼K£>�ÎÊFf¤·>�ºÇb·>�Á»��O³�Â?F�e>f¯Þ>�bF�ØÇ�)�ÍaÈR+
� ����� » �O´·>��nÉ�Â?Ê¤¸·�ñÙN?»�Ï°GÉ�ÎÊF�·>�ae>È»���s°À·>��Â@��D�½Ã�§Ç�ÌÈF�·>�e>f°·>�Ë¤¿?qÇ��íí^�>�ÁÎ·Çb·>���Î»?¤·>�ÎÊ·?�>�ae>È�>�Ía?Ég�Ç@�Ìa?rK¯Ø>�È¼À·>�¦?¬Je>�¥»�ÏKV�ñ>�í]�ñ?r°¿�Å¿A³Ç�+aÈ¤É�HGj·>Ç ���¹q?�>�È¼À·>�Á»�¦fi@�ÂÈ´É� ÎÉÈF�·>�M?°¬À·>���È¼À·>�Â@��DÎ»?¤·>�M?°¬À·>�¹¼��+ÆdÃ�Ðh¤J�ØÇ

Á»�¹³��D�¹F��À{>È�>�ºÈ]a�¦?¬JeØ�ÎSÊK¿�Ë£?¼KRØ>�H¸í·>�¦?¬Je>��D�ÍfÃ? ·>7*&%
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@*�D ÍeÇfv·?F�Ìa×É�½ÄK»b]��£�½Ã>ÈKj»�eÈíKFÇ�)�½Ä¸ÊÃAJ�ÐÈKj���¸»?¤·>Ç��ieb�>�ºÈ]a��?GJe>½�È]a�¦?¬Je>+ I*> M?°¬À¸·�Ìb£?rK·>�ÏÀWÀ�>�¦?¬Je>�Ë¼Ê¸¤K·>�¾? À·>�½¸i�¦?¬Je?F�ñ?G·?§��GJfÉ�ÎÉa?¤·+ ?¼ÃÇ�¾gÙ·>�¹ÉÈ¼K·?F�ÌÈF�·>�Ç@�Ë¼Ê¸¤K·>�¾? À·>�>b«fÉ�Â@�Á´��ÂÙÉbF�bRÈÉ�?ÀÃÇ7* @*sr��?»�ÅÊ¸£�fN×É�?�e�ÅRÈK·>�>dÃÇ�)�Î»È´�>�¹G¯�Á»�ÎÊF�·>��?r·�ae>È�>�Á»��³@�ÎrV�sÊr�ín¿Ú>Ç�)�ÎÊ£?¼KRØ>�Íb£?j�>�Á»Á»Ú>Ç�¦?«b·>Ç�fm?G�>�U?K¿Þ>�M>c�Î+ I*HÒ>fv·>�Á»� ÍbÉbR�ae>È��½Ê¸¤K·>� ae>È»�b«e� ++++�º?�>�M>e>gÇ� ÎG§e�¾b¤F� ¾bírÉ� ?»� ñ?G·?§�Ìd·>Ç HÒ>fv·>�Á»�¦ÈÀ·>�>dÃ�¹Ê¸°KF+ebr»�¹´nJ��·>Ç� ÎÊÀ{È·>�zÇf°·>� ?»@ñ>¹ÉÈ¼K·� ¾b^KjJ� ?¼¸¯� ?Ä¿E«� )�M>a>fÉÞ>� ea?r»�Á» j·>Ç�)�½Ê¸¤K·>��Çfm�b°¤JÇ�)�MÙ»?¤�>Ç�M>Ñ>fRÞ>�¹°O·�ñ>f ¿�½Ê¸¤K·>�z>f¯D���x¤G·>�aa�·�aÈ¤É�HG�u�°�>�x¤F�f¬ÀÉ�?��z>f¯Þ>+M>Ñ>fRÞ>�Á»�ñ?v¤F�Ç@�ñÙ³�b¼K¤J�ÂA³�M?°¬À·>��¨v·�ÎÊ£f«�ÎÊ·?»�M?i?Êi�a?¼K£>�ñ?vÉ@�Á´�Ç
ÎÊJÜ>7*&%
.*Ç M>ÇaÚ>Ç�ÎÊi?{f°·>�Ç�HK´·>�Â?�@�Ñ?¬ÊKi>H·?í·>�Á»�IÈi?�>+ /*aÇb}�Ìh»e�¹ÊSjJ�ºbF�Ñ?¬ÊKi>.-�Î·?V���Å¬¤u�¥«bÉ�Â@�Ï¸£Ç�H·?í·>�±ÃfÉ�Ø�ºbF�ÈÃÇ�) IÈif·>�+b¼K¤»�ÈÃ�?¼£�¤v·>��D�ÎÊ¼¸¤·>�M?Ê¸´·>���H·?í¸·�¹ÊSjK·>�ºbF�¥«e�Á´�ÇÎÊ¿?j¿Þ>�M?Ê¸´·>��+ 0*KiØ>�eÈR@�Ç@� )ÎÊ¸]>b·>�¾?j¯Ú>���Á´j·>�eÈR@�Ñ?¬ÊKi>�M>a?Ê¤·>Ç� )ÎÉe?nKiØ>�HJ?´�>�Á»�Ía?¬ ÎÊGí·>+ 1*Îji×»�Ì@�Ç@� )Î¤»?�>�±Éf{�Á£�Î·È°¤»� ÍbÒ?¬F� )zÇf¯�½ÄÒ?í£D�Ç@� ÎG¸í·>�Ê¸jK·�©Êq�a?¼K£>�ÎG¸í·>� Á»��O´¸·� Îqf¬·>� f«ÈKJ�µ·dFÇ� )� ÎÊr^n·>� ?ÄÊ«� ?�� ÎFÈ¸í�>�M?°¬À·>� ÎÊí¨K·� ÎÊ�e� ÎÊ·?»?¤·>�½Ê¸¤K·>���ºÈ]b·>�Á»�ÁÉhR?¤·>«?´J�@bG»�bÊ³AJÇ�)�Å·?¼³EF���?í·>Ç�Ë·×tf¬·>�+Â@ Á´�Ç�b¤F�zÇf°·>Ç�¸j·>��ÈKjJ�½N�)ÎÊ»È´�>�M?ji×�>Ç�M>e>gÈ·>�Á»��O´·>�Æ?�Ø>�>dÃ���½ÄjJ�gÇ?SKÉ�Ø�?�Ç�ÎÉfÄm��?j¯AF�H·?í·>�Uf�/-�?ÄÊ«�¹Ò>ÇÚ>�ÎG¸í·>�Ñ?¬£D�¥»+ ®?vJ�Â@�Á´��M>Ñ>fRD�Íb£�¶?ÀÃ�Â@�?¼³�¹O»�?��7¤u�)�ÎÊ·?�>�ae>È�>�ºÙ¨Ki>�ÍÑ?¬³�z?¬�>�ae>È�>�ºÙ°Ki?F�Y¼jJ�Ø�ÎÊÀÄ�>�M>��>Ç�¹ÊÃAK·>�M?ÉÈKj»��Ç�ÎÊ¼Ê¸¤K·>�M?ÉfÉb�?F�ÎÉe>aÞ>�M?ÓÊ�>�ÍÑ?¬³¹v«@�¹´nF�ÎÊ¼Ê¸¤K·>+

��·>�Â>b¸G·>���ÍbÉb�?F�LjÊ·� ÍfÃ?��½Ê¸¤K·>�¹ÉÈ��ÎÊ¼Ã@�¾b°·>�dÀ»�ÌÈFfJ��?n¿�ÌÚ�½Ä»�Á³e�ÈÄ«� )ÎÊFf¤�¹´F�½Ê¸¤K·>�Ï¸£�Ë£?¼KRØ>�H¸í·>�¦?¬Je>�bÀ£� ÅK»g@� a>bKm>�b¤F� ÅKÊ¼Ã@�Ma>gÇ�¹F� )fu?�>� ?ÀÀ»g�b�Ç
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�� ¤K·>� b¼K¤É�?ÄÊ«� b¼K¤É��·>� )Î»b°K�>�ºÇb·>�k´£� ÎÊFf¤·>� Â>b¸G·>���M?»È´�>�M?Ê¿>hÊ»�Ï¸£�½Ê¸�?»Ç� )�\?Fe@�Á»� Å°°�� ?»�¹v¬F� ÎÊ·?�>Ç� ÎÊ£?Àr·>�M?ji×�>� Îq?]�t?�>�¹ÉÈ¼K·>�Ï¸£� Î�ÈW¸»� ÎGjÀFÇÆeÇa� ?¼ÀÊF� )� ÎÊ£?¼KRØ>�M?»b�>� ½Éb°J��� ?ÄK³e?n»�HGjF�M>Ñ?¬£DÇ� h«>ÈV�Á»� ÅÊ¸£� ¹r��ºÇb·>� �
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M?V�°�>�½Ã@�¾b°¿�µ·d·�)�ÎÊí¬¿��¨·>�ºÇb·>���Îq?]�Ëi?iÚ>�¾?¤·>�½Ê¸¤K·>�Ï¸£�ñ>frK°»Ç�aÇb��ÎÊFf¤·>�Ë·?K·>�¹´n·?F�hS¤·>�µ·c�Ê¬��Ç@��Ê¨J���½ÄjJ�Â@�Á´���·>7* .*�EF�ØD�½KJ�Ø��·>��ÎÉa?rK¯Ø>�Ía?mf·>�Á»�¦È¿��D�ÎÊFf¤·>�ÎÊ¼Ê¸¤K·>�Î¼ ¿Ú>�U?K��ÎÊi?i@�M?°¸íÀ»��a?�½£a�aÈRÇ�Ï¸£�b¼K¤J� Å»>b^Ki>� ÑÈi�Ç@�¹ÉÈ¼K·>� hS£�Á»�¬��M>Ñ>fRÞ�±ÊGíJ�Ì@�Ï¸£�Î°F?i���½Ê¸¤K·>�Î¼ ¿@Ç�M?»È´�>��F�Î³>fmÇ�ÂÇ?¤J�Ï¸£Ç�)�Íb¼K¤�>�M>Ñ>fRÞ>�ÎÊ¼ÃAF�Á»×É��¤m�Ëi?ÊiÌa×É� ?¼³Ç� ½Ê¸¤K·>� Îín¿@� �� ÍaÈnÀ�>� ÎÉa?rK¯Ø>� ÍÑ?¬´·>� ±Ê°��¥» ÎÊ¼Ê¸¤K·>� M?ji×�>� U?»aD� �D �¥Ê¼�>�ËufJ��·>�ÎGÒ?r·>�M>e>f°·>��£�¥¼K�>�M?R?ÊKV>+ /*ÎÊ·?�>�ae>È�>��F�Î¿g>È»�a?�D�Ï¸£�¹¼¤·>�&ÎÉe?¼OKiØ>�M?°¬À·>Ç�ÎÉe?�>�M?°¬À·>�%ÎÊ¼Ê¸¤K·>�¹V>f�>�� �>Ç�Éf·>�M?R?ÊKV>�HjVÇ�)ñ?ÉÈ¼ÀJ�Î¸Vf»�¹³�eÇb·� ñ?°«Ç�Î¬¸K^�>�tf¬·>���×«?´K·>�±°��?��fv ¥Ê¼S¸·+ 0*ÎÊ¿>bÊ�>�M?i>eb·>��GJÇ�)?ÄJ?»b]Ç�ÎÊieb�>�M?ji×�>���ÎÊíÊí^K·>�ÎÉa?rK¯Ø>�M?ji×�?F�¾?¼KÃØ>M?ji×�>�µ¸J�¥¯>È·�ÎGÉf°·>�M>e>f°¸·�ºÈqÈ·>�¹R>�Á»�ÎÊ¸Ê¸WK·>+ 1*j·>� ®Çf ·>� M?G¸íK»� HjV� ?Ä¼ÊÊ°JÇ� M>e?Ê�>� bÉb�� �� f À·>� Ía?£D�) Î°°WK�>� ÎÉa?rK¯Ø>Ç� ÎÊ¿?´�Îq?�>�ÎÊG¤n·>�M>ea?G�>�ºÙ]�Á»�½Ê¸¤K·>�¹ÉÈ��fÉÈíK·�ÍbÉb�>�e?´«Ú>�½Éb°J�Ï¸£��íí^�>�¥ÊSnJÇñÙO»�7ÎÊ¿?´»D�ºÈV�½ÄÒ>eB�Á»��O´·>�\f{����e?¼OKiØ>�I?Wq@Ç�º?¼£Ú>�º?Re�e?´«@�Ç�Ñ>eB�¹G°J) ÎÊ¼Ê¸¤K·>�M?ji×�>��� ½�>È»@� e?¼OKi>�ºÇb·>� �� Î·ÈG°»� Î°Ê°VÇ� ñ?¤i>Ç� ¾ÈÊ·>� YGq@� Æ?�Ø>� >dÃÇÎÊFf¤·>�?ÄÊ«�?��Ðf]Ú>�ºÇb·>�Á»��O´·>Ç�Î»b°K�>+ 2*QÈ}�M>bVÇ��D�ÎÊ�a?³Ú>�?ÄJ>bVÇ�¹ÉÈ��ºÙ]�Á»�ÎSKÀ»�M?¤»?R�ÎÊFf¤·>�M?¤»?�>�¹¤��Ë¤j·>ÎÊÀ¬·>�ÍeÈn�>�½Éb°JÇ�M?»b�>Ç�¹¼¤·>�MØ?����ÎÊR?K¿D+ 3* ÀJ?ÄÀ»�Ía?¬KiØ>�YÊKJ�Î¼´���F>Èv·�ñ?°«Ç�ÎÊ·ÇÚ>�zÇf°·>Ç�YÀ�>�Á»�Ía?¬KiØ>�½Ê+ ËÃÇ��rK^�>�Á»��O´·>�?ÄÊ·D�e?m@�ÎÊG¿?R�M?V�°»�¶?ÀÃÇ7* @*l?i@�Ï¸£� ÍhÊ¼K»�le>b»� Î»?¯Þ��Êí^K·>Ç� )� ½Ê¸¤K·>� fÉÈíJ��� ÎÊ¿Ç?¤K·>�M?Ê¤¼�>� aÈÄR�¹Ê¤¬JeÈ»@� Ñ?Ê·Ç@��F� ÎÊ¿Ç?¤K·>� Î³e?n�>�bÒ?£� Ï¸£� ½�ÈrV�¹F?°»� ËJ>d·>� ¹ÉÈ¼K·>� Ï¸£� ÁÉea?°·>� ÎG¸í·> ÎÊ�?£�ÎÊ¼Ê¸¤J�ÍaÈR�M>c�hÊ¼K»+ I*aÈRÇ�Á»�½§f·?F�tf¬·>�×«?´J�e?Ê¤»Ç�½Ê¸¤K·>�ÎÊ{>f°�a�abÄÊi�Å¿Ú�Ë¸Ò?¤·>�²?¬¿Þ>�½�?¤J�Á»�b�>½Ê¸¤K¸·�ÎÊ¿?�+ U*U*ÍbÉ>hK�>�½Ê¸¤K·>�Ê·?´J�Á»�ÑhR�ÎÊí¨K·�ÎÊi>ea�¾Èie�zf«+ a*a*T»>fF�½Éb°JÇ� Î£?Àr·>���½Ê¸¤K·>�I>�¯>� )ÎÊ¼Ê¸¤K·>� Îín¿Ú>�kÊ·Ç�TÒ?KÀ·>� Íe>aD�IÈ¸i@� a?¼K£>?ÄÊ¸£�®e?¤K�>�Î¸»?n·>�ÍaÈ�>�½ ¿�±ÊGíJÇ�)�¥¼K�>�Î»b��+�§Ç� �fm?G»�¹´nF�Î¸]>bK»Ç� ?ÄJ>�¨K»���Í�G³�ÍfÃ?��¹ÉÈ¼K·>� ÍfÃ?��Â@��D� Íe?mÞ>�Á»�bF�Ø� � ñ>�]@Ç
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3URI��'U���1DILH�$��$O�0XVOHW��

6XGDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\�
�,QVWLWXWH�RI�/DVHU��6XGDQ���.KDUWRXP���

6XOLPDQ�(OWD\HE�(��0RKDPPHG�
6KHQGL�8QLYHUVLW\��&ROODJH�RI�6FLHQFH�DQG�7HFKQRORJ\��

�'HSDUWPHQW�RI�3K\VLFV��6XGDQ���6KHQGL���$EVWUDFW��
,Q� WKLV�ZRUN�� WKLQ� ILOPV�ZHUH� SURGXFHG� IURP�5KRGDPLQH��*�GHSRVLWHG� RQ�JODVV�VXEVWUDWH�WKDW�KDV�D�WKLFNQHVV�RI��PP�DQG�UHIUDFWLYH�LQGH[�HTXDO�����LQ�D YDFXXP�FKDPEHU��7KH� WKLFNQHVV� RI� WKH� WKLQ� ILOP� ZDV� PHDVXUHG� E\� LQWHUIHUHQFH� SKHQRPHQD�XVLQJ�+H�1H�ODVHU�ZLWK�D�SRZHU�RI���P:�GXULQJ�WKH�GHSRVLWLRQ�SURFHVV��,QFLGHQW� DQG� WUDQVPLWWHG� LQWHQVLW\�RI�GLIIHUHQW� ODVHU�ZDYHOHQJWKV�� H[WHQGHG�IURP� PLG� YLVLEOH� ����QP�� WR� QHDU� LQIUDUHG� UHJLRQ� �����QP��� IURP� WKH�SUHSDUHG�ILOPV�ZHUH�PHDVXUHG��7KHVH�LQWHQVLWLHV�ZHUH�XVHG�WR�FDOFXODWH� WKH�WUDQVPLVVLRQ�SHUFHQWDJH�DQG�WKH�UHIOHFWDQFH�RI�WKH�WKLQ�ILOP�DV�D�IXQFWLRQ�RI�ZDYHOHQJWKV�� )XUWKHUPRUH�� LQGH[� DQG� WKH� DEVRUSWLRQ� FRHIILFLHQW� IRU� HDFK�WKLQ� ILOP� ZHUH� GHGXFHG�� $OO� WKHVH� PHDVXUHG� DQG� FDOFXODWHG� YDOXHV� ZHUH�REWDLQHG�DW�QRUPDO��LQFLGHQFH�RI�ODVHU�RQ�WKH�WKLQ�ILOP��7KH�UHVXOWV�JDYH�D�JRRG�LQGLFDWLRQ�WKDW�WKLV�PDWHULDO�FDQ�EH�XVHG�DV�ILOWHUV�DW�VRPH�ZDYHOHQJWKV�� 6RPH� YDULDWLRQ� LQ� WKH� UHVXOWV� ZHUH� QRWLFHG� ZKHUH� WKLV�PD\� EH� DWWULEXWHG� WR� WKH� LQKRPRJHQHRXV� GHSRVLWLRQ� RI� VRPH� RI� WKH�IDEULFDWHG�ILOPV��

���,QWURGXFWLRQ���
7KH�VWXG\�RI�WKH�RSWLFDO�FRPSRQHQWV�UHTXLUHV�NQRZOHGJH�RI�WZR�GLVFLSOLQHV��WKH� SK\VLFV� RI� OLJKW� DQG� WKH� SK\VLFV� RI� PDWWHU� �PRVWO\� VROLG�VWDWH��� 1RW� WR�XQGHUHVWLPDWH� WKHP�� RWKHU� GLVFLSOLQHV� VXFK� DV� PHWDOOXUJ\�� FKHPLVWU\�� DQG�FU\VWDOORJUDSK\� DUH� HTXDOO\� FULWLFDO�� EXW� IRU� WKH� SXUSRVH� RI� WKLV� SDSHU�� WKH\� DUH� RI�VHFRQGDU\�LPSRUWDQFH��+HUH�ZH�IRFXV�RQ�WKDW�SDUW�RI�WKH�SK\VLFV�RI�OLJKW�DQG�PDWWHU�WKDW�KHOSV�RQH� WR�XQGHUVWDQG�WKH�RSWLFDO�SURSHUWLHV�RI� WKH� WKLQ�ILOPV�XVHG�DV�RSWLFDO�FRPSRQHQWV�>�@��8VXDOO\�� WKLQ� ILOPV� DUH�PRGHOHG� DV� SDUDOOHO� ±� VLGHG�KRPRJHQHRXV� VODEV� RI�VRPH�PDWHULDO��ZKLFK�DUH�FKDUDFWHUL]HG�E\�WKH�RSWLFDO�FRQVWDQWV� Q �UHIUDFWLYH�LQGH[��

UHDO�SDUW��DQG�DQ�LQWROHUDQFHV�SK\VLFDO�WKLFNQHVV� G >�@���
� ����*HQHUDO�WKHRU\�RI�ILOWHU��7KHUH� DUH� PDQ\� GLIIHUHQW� ZD\V� RI� GHVFULELQJ� WKH� SHUIRUPDQFH� RI� RSWLFDO�FRDWLQJ� DQG� ILOWHUV�� )RU� H[DPSOH�� WUDQVPLVVLRQ� DQG� UHIOHFWLRQ� ILOWHU� LQWHQGHG� IRU�YLVXDO�DSSOLFDWLRQ�DUH�DGHTXDWHO\�GHVFULEHG�E\�D�FRORU�QDPH�DORQH��RU�E\�UHIHUHQFH�WR�RQH�RI� WKH� VHYHUDO� H[LVWLQJ� FRORU� V\VWHP��+RZHYHU�� WKH�PRVW� FRPSOHWH� LQIRUPDWLRQ�



��� � � ��3URI��'U���1DILH�$��$O�0XVOHW����6XOLPDQ�(OWD\HE�(��0RKDPPHG�
RQ� WKH� SHUIRUPDQFH� RI� WKH� ILOWHU� LV� SURYLGHG� E\� VSHFWUDO� WUDQVPLWWDQFH�� UHIOHFWDQFH��DEVRUSWDQFH��DQG�RSWLFDO�GHQVLW\�FXUYHV�>����@���5HIHUULQJ� WR� ILJ� ����� DW� ZDYHOHQJWK� � ��� WKH� QRUPDO� LQFLGHQFH� VSHFWUDO�WUDQVPLWWDQFH�7� � RI�D�ILOWHU�SODFHG�EHWZHHQ�WZR�VHPL�LQILQLWH�PHGLD�LV�HTXDO�WR�WKH�UDWLR�RI� WKH� OLJKW� LQWHQVLW\� RI� WKDW�ZDYHOHQJWK� WUDQVPLWWHG� ,7� � E\� WKH� ILOWHU� WR� WKDW�LQFLGHQW�,�� � XSRQ�LW�>�@��VHH��HTQ�����

� � � �� �OOO
�,
,7 7 «««««�����

)LJ������6SHFXODU�WUDQVPLVVLRQ�DQG�UHIOHFWLRQ�RI�OLJKW�E\�D�SODQH�SDUDOOHO�SODWH��$W�QRQ�QRUPDO� LQFLGHQFH�� WKH� FRPSRQHQW�RI� WKH� LQWHQVLW\� SHUSHQGLFXODU� WR�WKH�LQWHUIDFH�PXVW�EH�XVHG�LQ�WKH�SUHFHGLQJ�HTXDWLRQ��7KH�VSHFWUDO�UHIOHFWDQFH�5�� �RI�WKH�ILOWHU�LV�GHILQHG�LQ�D�VLPLODU�ZD\��
� � � �� �OOO

�,
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7KH� UHODWLRQVKLS�EHWZHHQ� WKH� WUDQVPLWWDQFH�7� � � DQG� WKH�GHQVLW\�RI� ILOWHU��VRPHWLPHV�DOVR�FDOOHG�WKH�DEVRUEDQFH��LV�JLYHQ�E\�
� � � �OO 7' �ORJ ««««««�����

� ����7KLQ�±�ILOP�PDQXIDFWXULQJ�PHWKRGV��7KHUH�DUH�PDQ\�GLIIHUHQW�PHWKRGV�IRU�WKH�PDQXIDFWXULQJ�RI�WKLQ�ILOPV��VRPH�RI�WKH�PRUH�FRPPRQ�SURFHVVHV�DUH�UHYLHZHG�EHORZ��



'HWHUPLQDWLRQ�RI�WKH�2SWLFDO�3URSHUWLHV�RI�5RKGDPLQH��*�7KLQ�±�)LOPV������� ��������������

,��(YDSRUDWLRQ��&RQYHQWLRQDO� �QRQ�UHDFWLYH�� RU� UHDFWLYH� HYDSRUDWLRQ� IURP� UHVLVWDQFH��LQGXFWLRQ��RU� HOHFWURQ�EHDP�JXQ� VRXUFHV� LV� D� ORZ�HQHUJ\�SURFHVV� �a���H9�� DQG� WKH�UHVXOWLQJ� ILOPV� IUHTXHQWO\�KDYH� D�SRURXV� VWUXFWXUH��7KH�SRURVLW\�PD\�YDU\�ZLWK� WKH�PDWHULDO��WKH�VXEVWUDWH�WHPSHUDWXUH��WKH�UHVLGXDO�SUHVVXUH�LQ�WKH�GHSRVLWLRQ�FKDPEHU��WKH� GHSRVLWLRQ� UDWH�� DQG� DQJOH� RI� LQFLGHQFH� RI� WKH� YDSRU� RQ� WKH� VXEVWUDWH�� 2Q�H[SRVXUH�WR�WKH�DWPRVSKHUH��VRPH�RI�WKH�YRLGV�LQ�WKH�ILOP�PD\�DEVRUE�ZDWHU�YDSRU��7KLV�LQFUHDVHV�WKH�HIIHFWLYH�UHIUDFWLYH�LQGH[�RI�WKH�ILOPV�DQG�UHVXOWV�LQ�D�VKLIW�RI�WKH�VSHFWUDO�IHDWXUHV�RI�WKH�PXOWLOD\HU�WRZDUGV�ORQJHU�ZDYHOHQJWKV���DJHLQJ����7KLV�VKLIW�LV�SDUWLDOO\�UHYHUVLEOH�±�E\�SODFLQJ�WKH�ILOWHU�LQ�DQ�LQHUW�DWPRVSKHUH�RU�LQ�D�YDFXXP��RU�RQ�KHDWLQJ��6RPH�RI�WKH�DGVRUEHG�ZDWHU�YDSRU�FDQ�EH�UHPRYHG��8QOHVV�LW�KDV�EHHQ�DOORZHG�IRU�DW�WKH�GHVLJQ�VWDJH��VXFK�DJHLQJ�FDQ�UHQGHU�VRPH�ILOWHUV�XVHOHVV�>����@��
,,��6SXWWHULQJ��6SXWWHULQJ�LV�D�YDFXXP�SURFHVV�XVHG�WR�GHSRVLW�YHU\�WKLQ�ILOPV�RQ�VXEVWUDWHV�IRU�D�ZLGH�YDULHW\�RI�FRPPHUFLDO�DQG�VFLHQWLILF�SXUSRVHV��,W�LV�SHUIRUPHG�E\�DSSO\LQJ�D KLJK�YROWDJH�DFURVV�D�ORZ�SUHVVXUH�JDV��XVXDOO\�DUJRQ�DW�DERXW���PLOOLWRUU��WR�FUHDWH�D �SODVPD���ZKLFK�FRQVLVWV�RI�HOHFWURQV�DQG�JDV� LRQV� LQ�D�KLJK�HQHUJ\�VWDWH� �WKLV� LV�VRPHWLPHV� FDOOHG� D� �JORZ� GLVFKDUJH�� SURFHVV� EHFDXVH� WKH� SODVPD� HPLWV� D� FRORUIXO�KDOR�RI�OLJKW���DV���ZHOO��DV�QHXWUDO��SDUWLFOHV��LQ��FROOHFWLYH��EHKDYLRXU���'XULQJ�VSXWWHULQJ��HQHUJL]HG�SODVPD�LRQV�VWULNH�D��WDUJHW���FRPSRVHG�RI�WKH�GHVLUHG�FRDWLQJ�PDWHULDO��DQG�FDXVH�DWRPV�IURP�WKDW�WDUJHW�WR�EH�HMHFWHG�ZLWK�HQRXJK�HQHUJ\�
WR�WUDYHO�WR��DQG�ERQG�ZLWK�WKH�VXEVWUDWH�>����@�5HDFWLYH� RU� QRQ�UHDFWLYH� GF� RU� 5)� PDJQHWURQ� VSXWWHULQJ� LV� DOVR� XVHG� WR�GHSRVLW� RSWLFDO�PXOWLOD\HU� FRDWLQJ��0DQ\� YDULDWLRQV� RI� WKLV� SURFHVV� H[LVW��0RVW� DUH�VLJQLILFDQWO\�VORZHU�WKDQ�HYDSRUDWLRQ�DQG�WKH�WDUJHWV�FDQ�EH�TXLWH�H[SHQVLYH��)LOWHUV�SURGXFHG�E\�GF�RU�5)�VSXWWHULQJ�PD\� WKHUHIRUH�DOVR�EH�PRUH�H[SHQVLYH��+RZHYHU��WKH�SURFHVV� LV� VWDEOH�� SURYLGHV� H[FHOOHQW� FRQWURO� RYHU� WKH� WKLFNQHVVHV�RI� WKH� OD\HUV��DQG�FDQ�EH� UHDGLO\� VFDOHG� WR�SURYLGH�XQLIRUP�FRDWLQJ�RYHU� ODUJH� DUHDV��%RWK�PHWDO�R[LGH� OD\HUV� FDQ� EH� SURGXFHG�� 6SXWWHULQJ� LV� DQ� HQHUJHWLF� SURFHVV� ZKLFQ� UHVXOWV� LQ�GHQVH��EXONOLNH�OD\HUV�ZKLFK�H[KLELW�YLUWXDOO\�QR�DJHLQJ�>����@�,,,��'HSRVLWLRQ�IURP�VROXWLRQV��,Q� WKLV� SURFHGXUH�� WKH� VXEVWUDWH� LV� HLWKHU� GLSSHG� LQ� DQ� RUJDQR�PHWDOOLF�VROXWLRQ�RU�ZLWKGUDZQ�DW�D�YHU\�VWHDG\�UDWH�IURP�LW��RU�WKH�VROXWLRQ�LV�DSSOLHG�IURP�D�SLSHWWH�RQWR�D�VSLQQLQJ�VXEVWUDWH��7KH�VXEVWUDWH�LV�WKHQ�SODFHG�LQ�DQ�RYHQ�WR�GULYH�RII�WKH� VROYHQW��7KH� WKLFNQHVV� RI� WKH� ILOP�GHSHQGV� RQ� WKH� FRQFHQWUDWLRQ� RI� WKH� VROYHQW�DQG�RQ�WKH�UDWH�RI�ZLWKGUDZDO�RU�VSLQQLQJ��2WKHU�IDFWRUV�ZKLFK�LQIOXHQFH�WKH�SURFHVV�DUH� WHPSHUDWXUH� DQG�KXPLGLW\�� DV�ZHOO�DV� WKH� IUHVKQHVV�RI� WKH� VROXWLRQ��$OWKRXJK� LW�\LHOGV� TXLWH� SRURXV� ILOPV�� WKLV� PHWKRG� LV� RI� LQWHUHVW� EHFDXVH� PDQ\� RI� WKH� OD\HUV�SURGXFHG�LQ�WKLV�ZD\�KDYH�D�KLJK�ODVHU�GDPDJH�WKUHVKROG��7KH�SURFHVV�KDV�DOVR�EHHQ�DGDSWHG� IRU� WKH� FRDWLQJ�RI�TXLWH� ODUJH� DUHD� VXEVWUDWHV�ZLWK�PXOWLOD\HU� DQWLUHIOHFWLRQ�FRDWLQJV�IRU�SLFWXUH�IUDPH�JODVV�DQG�IRU�GLVSOD\�ZLQGRZV�>�@��
���([SHULPHQWDO�SDUW���$��6HWXS��)LJXUH�����VKRZV�WKH�DUUDQJHPHQW�RI�WKH�VHWXS�XVHG�WR�SURGXFH�WKH�WKLQ�ILOP�DQG�PHDVXULQJ�LWV�WKLFNQHVV��
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)LJ�������7KH�DUUDQJHPHQW�RI��WKH���VHWXS��XVHG�WR�SURGXFH�WKH�WKLQ�IL�PV��DQG��PHDVXULQJ��WKH�WKLFNQHVV���'LIIHUHQW�ODVHU�VRXUFHV�ZHUH�XVHG�WR�PHDVXUH�WKH�WKLFNQHVV�DQG�WKH�RSWLFDO�SURSHUWLHV�RI�WKH�GHSRVLWHG�WKLQ�ILOP��+H���1H�/DVHU�ZLWK�ZDYHOHQJWK�RI�������QP�DQG�SRZHU�RI��P:�ZDV�XVHG�WR�PHDVXUH� WKH� WKLFNQHVV��1G��<$*�ZLWK� ����QP�ZDYHOHQJWK� DQG�PD[LPXP� SHDN��SRZHU�RI����:�ZLWK� LWV� VHFRQG�KDUPRQLF� �����QP���2PHJD� ODVHU� �D� W\SH�RI�GLRGH�ODVHU��ZLWK�WZR�SUREHV��WKH�ILUVW�ZLWK�ZDYHOHQJWK�RI�����QP�DQG�RXWSXW�SRZHU�RI����P:��DQG�WKH�VHFRQG�SUREH�ZLWK�ZDYHOHQJWK�������QP�DQG�RXWSXW�SRZHU�RI�����P:���2UD�±�/DVHU�MHW�RI�ZDYHOHQJWK�RI����QP�DQG�SRZHU�RI����:� DQG�'RUQLHU�0HGLODV�'�6NLQ3XOVH�ODVHU���D�W\SH�RI�GLRGH�ODVHU��ZLWK�D�SHDN�SRZHU�RI�����ZDWW�DQG�����QP�ZDYHOHQJWK�� ZHUH� XVHG� LQ� WKLV� ZRUN� WR� PHDVXUH� WKH� RSWLFDO� SURSHUWLHV� RI� WKH�GHSRVLWHG�WKLQ�ILOPV��
%��6DPSOHV�PDWHULDO��
� 5KRGDPLQH� LV� D� IDPLO\� RI� UHODWHG� FKHPLFDO� FRPSRXQGV�� IOXRULQH� G\HV��([DPSOHV�DUH�5KRGDPLQH��*�DQG�5KRGDPLQH�%��7KH\�KDYH�EHHQ�XVHG�DV�D�G\H DQG�DV�D�G\H�ODVHU JDLQ�PHGLXP� ,W�LV�RIWHQ�XVHG�DV�D�WUDFHU�ZLWKLQ�ZDWHU�WR�GHWHUPLQH�WKH�UDWH�DQG�GLUHFWLRQ�RI�IORZ�DQG�WUDQVSRUW��5KRGDPLQH�G\HV�IOXRUHVFH DQG�FDQ�WKXV�EH�PHDVXUHG�HDVLO\�DQG�LQH[SHQVLYHO\�ZLWK�LQVWUXPHQWV�FDOOHG�IOXRURPHWHUV� 5KRGDPLQH�G\HV�DUH�VROXEOH� LQ�ZDWHU��PHWKDQRO��DQG�HWKDQRO��)LJXUH�����VKRZV� WKH�VWUXFWXUH�RI�5KRGDPLQH��*�PROHFXOH�>�@���

�

)LJ������5KRGDPLQH��*�VWUXFWXUH��



'HWHUPLQDWLRQ�RI�WKH�2SWLFDO�3URSHUWLHV�RI�5RKGDPLQH��*�7KLQ�±�)LOPV������� ��������������

5KRGDPLQH��*�LV�RIWHQ�XVHG� LQ�D� ODVHU�G\H�SXPSHG�E\� WKH��QG� �KDUPRQLF������QP��IURP�D�1G��<$*�ODVHU�VLQFH�LW�KDV�D�UHPDUNDEO\�KLJK�SKRWRVWDELOLW\��KLJK�TXDQWXP� \LHOG�� ORZ� FRVW�� DQG� FORVH� SUR[LPLW\� WR� WKH� DEVRUSWLRQ� PD[LPXP��DSSUR[LPDWHO\�����QP���7KH�ODVLQJ�UDQJH�LV�����WR�����QP�ZLWK�D�PD[LPXP�DW�����QP��� 5KRGDPLQH� �*� LV� DOVR� FDOOHG� 5KRGDPLQH� ����� 5�*�� %DVLF� 5KRGDPLQH�<HOORZ�� RU� &�,�� ������� 0ROHFXODU� )RUPXOD�� &��+��1�2�&O�� 0ROHFXODU� :HLJKW���������J�PRO�>����@��&��([SHULPHQWDO�SURFHGXUH��7KH�H[SHULPHQWDO�SURFHGXUH�ZDV�GRQH�DV�IROORZV��
� 7KH�H[SHULPHQWDO�VHWXS�ZDV�DUUDQJHG�DV�VKRZQ�LQ�ILJ������
� 7KH�VDPSOH�KROGHU�ZDV�LQVHUWHG�LQ�WKH�YDFXXP�FKDPEHU��
� 7KH�YDFXXP�SXPS�ZDV�WXUQHG�21�WR�HYDFXDWH�WKH�FKDPEHU��
� +HOLXP�±�QHRQ�ODVHU�ZDV�WXUQHG�21�DQG�WKH�WUDQVPLWWHG�LQWHQVLW\���,����ZDV�GHWHFWHG�DQG�PHDVXUHG�E\�&52���
� 7KH� VDPSOH� ZDV� GHSRVLWHG� VORZO\� IURP� WKH� EXUUHWH� RQ� WKH� JODVV�VXEVWUDWH�� LQ� WKH� VDPH� WLPH� WKH� WUDQVPLWWHG� LQWHQVLW\� ZDV� GHWHFWHG� E\�&52�GXULQJ�WKH�GHSRVLWLRQ��DQG�WKH�LQWHUIHUHQFH�IULQJHV�ZHUH�UHFRUGHG�DV� VKRZQ� LQ� ILJ� ����� LQGLFDWHG� WKDW� WKH� WKLQ� ILOP� LV� IRUPHG�� WKHQ� WKH�WUDQVPLVVLRQ�LQWHQVLW\��,� ZDV�PHDVXUHG��
� 7KH� WKLFNQHVV� RI� WKH� WKLQ�ILOP� FDQ� EH� GHGXFHG� YLD� WKH� LQWHUIHUHQFH�IULQJHV��KHUH�LW�ZDV�HTXDO�WR�KDOI�ZDYHOHQJWK�RI�WKH�+H�1H�ODVHU��������QP�����
� 7KH� RSWLFDO� SURSHUWLHV� RI� WKH� WKLQ� ILOP� ZHUH� REWDLQHG� XVLQJ� GLIIHUHQW�ODVHU�VRXUFHV��
� 7KH�DEVRUSWLRQ�FRHIILFLHQW�DQG�WKH�UHIUDFWLYH�LQGH[�IRU�DOO�WKH�WKLQ�ILOPV�ZHUH� FDOFXODWHG� XVLQJ� WKH� PHDVXUHG� UHIOHFWLYLW\� 5 DQG� WKH� JODVV�UHIUDFWLYH�LQGH[�QV DFFRUGLQJ�WR�>������@��� �
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ZKHUH�7V UHSUHVHQWV�WKH�WUDQVPLVVLRQ�RI�JODVV�VXEVWUDWH��
� 7KH� DEVRUSWLRQ� FRHIILFLHQW� ZDV� GHGXFHG� IURP� WKH�PHDVXUHG� YDOXH� RI�UHIOHFWLYLW\� 5� WUDQVPLWWDQFH� 7� UHIUDFWLYH� LQGH[� QV� DQG� WKLFNQHVV� G��DFFRUGLQJ�WR�� � � ���

7
5QG

� D ««««��������
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)LJ������LQWHUIHUHQFH�IULQJHV�LQGLFDWH�WKH�ILOP�WKLFNQHVV���
���5HVXOWV�DQG�GLVFXVVLRQ��7KLV�ZRUN�ZDV�OLPLWHG�WR�WKH�FDVH�RI�D�VLQJOH�OD\HU�GHSRVLWHG�RQ�D�VXEVWUDWH��3UDFWLFDOO\��WKLV�NLQG�RI�WKLQ�ILOPV�FDQ�EH�XVHG�LQ�WKH�XOWUDYLROHW��YLVLEOH��RU�LQIUDUHG�UHJLRQV�RI�WKH�VSHFWUXP��$V�D�ILOWHU��VRPH�ZDYHOHQJWKV�ZHUH�WUDQVPLWWHG��DQG�RWKHUV�DUH�UHIOHFWHG��DFFRUGLQJ�WR�WKH�FKDUDFWHULVWLFV�RI�WKH�OD\HU�WKDW�FRQVWLWXWH�WKLV�RSWLFDO�ILOWHU��� ,Q�D�JHQHUDO�ZD\��HDFK�OD\HU�LV�FKDUDFWHUL]HG�E\�LWV�UHIUDFWLYH�LQGH[�� Q ���LWV�
DEVRUSWLRQ�FRHIILFLHQW��D ���DQG�LWV�WKLFNQHVV�� G ���

7ZR� VDPSOHV� ZHUH� SUHSDUHG� DW� WKH� VDPH� FRQGLWLRQ� RI� FRQFHQWUDWLRQ� DQG�WKLFNQHVV��DQG�DOVR�WKH�VXEVWUDWH��+RZHYHUH��WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�VDPSOHV�FRPH�IURP�WKH�GLIIHUHQFH�LQ�WKH�URRP�WHPSHUDWXUH������6DPSOH�6� DW�������7KH� WUDQVPLVVLRQ� VSHFWUXP�RI� WKLV� VDPSOH�� LQ� WKH� UHJLRQ�EHWZHHQ����� DQG������QP��LV�VKRZQ�LQ�ILJXUH�����EHORZ���
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)LJ������7UDQVPLVVLRQ�VSHFWUXP�RI�VDPSOH�6�

)URP�WKLV�ILJXUH�RQH�FDQ�VHH�WKDW�WKH�WUDQVPLVVLRQ�DW��������QP�LV�YHU\�KLJK�FRPSDUHG� ZLWK� RWKHU� ZDYHOHQJWKV�� DQG� WKHQ� RQH� FDQ� XVH� WKLV� SURSHUW\� WR� PDNH� D�WUDQVPLVVLRQ� ILOWHU� IURP� WKLV� PDWHULDO�� $OVR� RQH� FDQ� GR� WKH� VDPH� WKLQJ� DW� WKH�ZDYHOHQJWK� ������ QP�� 7KH� WUDQVPLVVLRQ� DW� ������ QP� LV� YHU\� ORZ� FRPSDUHG� ZLWK�RWKHU�ZDYHOHQJWKV�DQG�WKLV�SURSHUW\�JLYH�DELOLW\�WR�PDNH�DQ�RSWLFDO�ILOWHU��VSHFLDOO\�LI�ZH�XVHG�WKLV�PDWHULDO�ZLWK�D�WKLFNQHVV�JUHDWHU�WKDQ�WKLV�WKLFNQHVV���RU�ZH�GHSRVLWHG�LW�LQ� PXOWLOD\HU��� RU� E\� PL[LQJ� WKLV� PDWHULDO� ZLWK� RWKHU� PDWHULDOV� �E\� GLIIHUHQW�FRQFHQWUDWLRQV�RU�GLIIHUHQW�WKLFNQHVVHV���DOVR�RQH�FDQ�PDNH�WKH�VDPH�DVVXPSWLRQ�IRU�WKLV�VDPSOH�DW�������DQG�������QP��$OVR� WKLV� ILJXUH� JLYHV� D� JRRG� SHUPHDWLRQ� WR� XVH� WKLV� PDWHULDO� DV� DQ�DEVRUSWLRQ� ILOWHU� DW� WKH� ZDYHOHQJWKV� ������ ����� DQG� ������ QP�� RU� WR� XVH� LW�� ZLWK�PXOWLOD\HU�HDFK�ZLWK�WKH�VDPH�WKLFNQHVV��OLNH�FROG�PLUURU�LQ�WKH�UDQJH�IURP�������WR��������DQG�������WR��������QP��GXH� WR�WKH�KLJK� WUDQVPLVVLRQ�RI� WKLV�PDWHULDO�DW� WKLV�UDQJH�� �
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)LJ������5HIUDFWLYH�LQGH[�RI�VDPSOH�6� DV�D�IXQFWLRQ�RI�ZDYHOHQJWK��
)LJXUH�����LOOXVWUDWHV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�UHIUDFWLYH�LQGH[�RI�VDPSOH��6�� DQG�ODVHU�ZDYHOHQJWKV��$OVR� RQH� FDQ� VHH� IURP� WKLV� ILJXUH� WKDW� WKLV� PDWHULDO� FDQ� EH� XVHG� ZLWK� D�WKLFNQHVV�HTXDO�WR�D�TXDUWHU�±�ZDYHOHQJWK�OLNH��DQWL�UHIOHFWLRQ�VLQJOH�OD\HU�FRDWLQJ��DW�ZDYHOHQJWK��������QP�DQG�WKDW�GHSHQGV�RQ�WKH�IROORZLQJ�UHODWLRQVKLS�>��@�

VQQQ ��  
ZKHUH�� �Q � LV�WKH�UHIUDFWLYH�LQGH[�RI�DLU��DQG�� VQ � LV�WKH�UHIUDFWLYH�LQGH[�RI�WKH�JODVV�
VXUIDFH��ZKLOH�� �Q � LV�WKH�UHIUDFWLYH�LQGH[�RI�WKH�PDWHULDO��2QH�FDQ�GR�WKH�VDPH�WKLQJ�
DW�WKH�ZDYHOHQJWK�������QP��)URP�ILJXUHV����DQG����RQH�FDQ�VHH�WKDW�WKH�UHIUDFWLYH�LQGH[�EHFRPH�KLJK�ZKHQ�WKH�WUDQVPLVVLRQ�SHUFHQWDJH�EHFRPH�ORZ�DQG�YLVH�YHUVXV��7KH� DEVRUSWLRQ� FRHIILFLHQW� � � IRU� WKHVH� VDPSOHV� ZDV� GHGXFHG� IURP� WKH�PHDVXUHG�YDOXHV�RI�WKH�LQFLGHQW�LQWHQVLW\��,�� DQG�WUDQVPLWWHG�LQWHQVLW\��,��LQ�DGGLWLRQ�WR�WKH�WKLFNQHVV��[��DFFRUGLQJ�WR�%HHU
V�/DPEHUW� � ODZ��,WV�YDULDWLRQ�DV�D�IXQFWLRQ�RI�WKH�ZDYHOHQJWKV�LV�VKRZQ�LQ�ILJ�����EHORZ��
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)LJ������7KH�$EVRUSWLRQ�FRHIILFLHQW�RI�VDPSOH�6� DV�D�IXQFWLRQ�RI�ZDYHOHQJWK��$OVR��WKLV�ILJXUH�VXSSRUWHG�WKH�XVDJH�RI�WKLV�PDWHULDO�DV�D�FROG�PLUURU�DW�WKH�UDQJH� ������ WR� ������� DQG� ������ WR� ������� QP�� EHFDXVH� LW� VKRZV� ORZ� DEVRUSWLRQ�FRHIILFLHQW�DW�WKDW�VSHFLILF�UDQJH��2QH�FDQ�VHH�DOVR�WKDW�ZKHQ�WKH�UHIUDFWLYH�LQGH[�LV�KLJK��WKH�DEVRUSWLRQ�FRHIILFLHQW�LV�KLJK�DQG�YLVH�YHUVXV���6DPSOH�6� DW�����&���� 7KH�WUDQVPLVVLRQ�VSHFWUXP�RI�VDPSOH��6�� LQ�WKH�UDQJH�EHWZHHQ�����DQG������QP��LV��6KRZQ��LQ��)LJXUH�������
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�)LJ������7UDQVPLVVLRQ�VSHFWUXP�RI�VDPSOH�6�

7KH�FRPSDULVRQ�EHWZHHQ�ILJXUH�����DQG�ILJXUH�����VKRZV�D�VOLJKW�LQFUHDVH�LQ�WKH�WUDQVPLVVLRQ�RI�VDPSOH��6�� WKDQ�VDPSOH��6�� LQ�WKH�UHJLRQ�EHWZHHQ�����DQG�����QP��7KH�VDPH�WKLQJ�FDQ�EH�QRWLFHG�EHWZHHQ�����DQG������QP��VR�VDPSOH��6�� FDQ�EH�XVHG�WR�JHW�JRRG�ILOWHU��EDQG�SDVV�ILOWHU��LQ�WKHVH�WZR�UHJLRQV��7KH�VDPH�WKLFNQHVV�RI�VDPSOH��6�� ZDV�JDLQHG�IRU�VDPSOH��6�����
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�)LJ������5HIUDFWLYH�LQGH[�RI�VDPSOH�6� DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�� 7KH�UHIUDFWLYH�LQGH[HV��Q��RI�WKH�WZR�ILOPV�ZHUH�FDOFXODWHG�XVLQJ�WKH�FDOFXODWHG�UHIOHFWLYLW\��5��DQG�WKH�JODVV�UHIUDFWLYH�LQGH[��QV� DFFRUGLQJ�WR�HTXDWLRQ������� )LJ�����DQG�ILJ�����VKRZ�WKH�YDULDWLRQ�RI�WKH�UHIUDFWLYH�LQGH[��Q��ZLWK�WKH�ODVHU�ZDYHOHQJWKV� IRU� VDPSOHV� �6�� DQG� �6�� WKDW� ZHUH� SUHSDUHG� LQ� GLIIHUHQW� URRP�WHPSHUDWXUHV��7KHVH� ILJXUHV� VKRZ� WKDW� WKH� UHIUDFWLYH� LQGH[� RI� VDPSOH� �6�� LQFUHDVH�VOLJKWO\�PRUH�WKDQ�WKH�UHIUDFWLYH�LQGH[�RI�VDPSOH��6����7KH�YDULDWLRQV�LQ�WKH�GDWD�EHWZHHQ�WKH�WZR�VDPSOHV�DUH�GHSHQGLQJ�RQ�WKH�GLIIHUHQFH�LQ�WKH�WHPSHUDWXUH�ZKLFK�FRQWULEXWH��ZLWK�WKH�GHSRVLWLRQ�LWVHOI��WR�KRZ�PXFK�WKH�ILOP�LV�KRPRJHQHRXV�RU�QRW��)LJ� ���� DQG� ILJ� ����� VKRZ� WKH� DEVRUSWLRQ� FRHIILFLHQW� DV� D� IXQFWLRQ� RI�ZDYHOHQJWK� IRU� VDPSOHV� �6�� DQG� �6���� UHVSHFWLYHO\��7KH\�DUH� VLPLODU� LQ� WKH� UHJLRQV�IURP� ���� WR� ���� QP� DQG� IURP� ���� WR� ���� QP�� EXW� WKHUH� LV� D� VOLJKW� LQFUHDVH� IRU�DEVRUSWLRQ�FRHIILFLHQW�RI�VDPSOH��6�� WKDQ�VDPSOH��6�� EHWZHHQ�WKHVH�WZR�UDQJHV�DQG�WKDW�ZKLFK�LVGQH�WR�WKH�GLIIHUHQFH�LQ�WHPSHUDWXUH�GXULQJ�WKH�GHSRVLWLRQ�SURFHVV���
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�)LJ�������$EVRUSWLRQ�FRHIILFLHQW�RI�VDPSOH�6����&RQFOXVLRQV��)RUP�WKH�REWDLQHG�RSWLFDO�SURSHUWLHV�RI�5RKGDPLQH��*�WKLQ� ILOPV�DW� URRP�WHPSHUDWXUH�LQ�WKH�VSHFWUDO�UDQJH��������������QP��RQH�FRQFOXGHV�WKDW���
� 7KH� WKLFNQHVV� RI� WKH� GHSRVLWHG� OLTXLG� VDPSOHV� FDQ� EH� FRQWUROOHG� DQG�PHDVXUHG�YLD�LQWHUIHUHQFH�IULQJHV�RI�WKH�WUDQVPLWWHG�ODVHU�OLJKW��
� 7KH�UHVXOWV�VKRZHG�WKDW�WKH�LQFUHDVH�LQ�WKH�URRP�WHPSHUDWXUH�DIIHFWHG�WKH� WUDQVPLVVLRQ� RI� WKH� ILOPV� ZKHUH� WKH� UHIUDFWLYH� LQGH[�� DEVRUSWLRQ�FRHIILFLHQW�DUH�GHSHQGLQJ�PDLQO\�RQ�LW��7KLV� PDWHULDO� FDQ� EH� XVHG� WR� SURGXFH� RSWLFDO� FRPSRQHQWV� LQ� WKH� UDQJH� IURP�������WR��������QP���
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5HIHUHQFHV��
��+�.DUO� ��*XHQWKHU���3K\VLFDO�DQG�FKHPLFDO�DVSHFWV� LQ� WKH�DSSOLFDWLRQ�RI� WKLQ�ILOPV� RQ� RSWLFDO� HOHPHQWV��� RSWLFDO� 6RFLHW\� RI� $PHULFD�� $SSOLHG� 2SWLFV��9RO������1R�����2FWREHU����������.��+��*XHQWKHU��5��0HQQLQJHQ��DQG�&��$��%XUNH���7KLQ�)LOP�7HFKQRORJ\� LQ�'HVLJQ�DQG�3URGXFWLRQ�RI�2SWLFDO�6\VWHPV���3URF��6RF��3KRWR�2SW��,QVWUXP��(QJ�������������������� 0��'RQDOG��0DWWH[�� �7KH� )RXQGDWLRQV� RI� 9DFXXP� &RDWLQJ� 7HFKQRORJ\���1R\HV�3XEOLFDWLRQV��:LOOLDP�$QGUHZ�3XEOLVKLQJ��1HZ�<RUN�����������+��$��0DFOHRG�� �7KLQ� ±� )LOP�2SWLFDO� )LOWHUV��� LQ�5��5�� 6KDQQRQ�� DQG� -�� &��:\DQW� �HGV�����������$SSOLHG�2SWLFV�DQG�2SWLFDO�(QJLQHHULQJ��$FDGHPLF�3UHVV��6DQ�'LHJR��YRO��������������� -�� $�� 'REURZROVNL�� �2SWLFDO� 3URSHUWLHV� RI� )LOPV� DQG� &RDWLQJV��� LQ� +DQG�%RRN�RI�2SWLFV�� �QG� HGLWLRQ��0LFKDHO�%DVV�� HG���0F*UDZ�+LOO��1HZ�<RUN����������� +�� 3XONHU�� -�� (GOLQJHU�� DQG� 0�� %XHKOHU�� �,RQ� 3ODWLQJ� 2SWLFDO� )LOPV��� LQ�3URFHHGLQJV�� �WK� LQWHUQDWLRQDO� FRQIHUHQFH� RQ� ,RQ� DQG� 3ODVPD� $VVLVWHG�7HFKQLTXHV��%ULJKWRQ��(QJODQG����������� 5��3DUVRQV�� �6SXWWHU�'HSRVLWLRQ�3URFHVVHV��� LQ� -��/��9RVVHQ� DQG�:��.HUQ��HGV���7KLQ�)LOP�3URFHVVHV�,,��$FDGHPLF�3UHVV��%RVWHQ����������� 7KH� )UHH� (QF\FORSHGLD�� �5KRGDPLQH� �*��� KWWS���ZZZ�� :LNLSHGLD�� FRP��2FWREHU����������� 'DYLG�5��/LGH���+DQG%RRN�RI�&KHPLVWU\�DQG�3K\VLFV�����QG�HGLWLRQ��&5&�3UHVV�//&��1HZ<RUN������������������ $��0��0RXVD��DQG�-��3��3RQSRQ���*URZWK�RI�3E�7H�ILOPV�E\�ODVHU�LQGXFHG�HYDSRUDWLRQ�RI�SUHVVHG�3E�7H�SHOOHWV���(XU��3K\V��-��$SSO��3K\V������������ .��/��&KRSUD���7KLQ�)LOP�3KHQRPHQD���0F*UDZ�+LOO��1HZ�<RUN��������

�



7KH�8QLYHUVLW\�5HVHDUFKHU�-RXUQDO��,VVXH�1R���������������-XQH������� 7KH�8QLYHUVLW\�RI�,EE��<HPHQ������

��

:($5�%(+$9,285�$1'�75,%2&+(0,&$/�5($&7,216�2)�/2:�
02/(&8/$5�',&$5%2;</,&�$&,'�(67(56�81'(5�%281'$5<�
/8%5,&$7,21�2)�7+(�67((/�21�67((/�0$7,1*�(/(0(176�

0XILG�2EDGL��
8QLYHUVLW\�RI�+RGHLGD��)DFXOW\�RI�(GXFDWLRQ��

�'HSDUWPHQW�RI�&KHPLVWU\��<(0(1���
$%675$&7��

7KH� DFWLRQ�PHFKDQLVP� DQG� WKH� UHDFWLYLW\� RI� VRPH� RI� GLFDUER[\OLF� DFLGV�HVWHUV� LQ� VOLGLQJ� FRQWDFWV� RI� VWHHO�VWHHO� VXUIDFHV� ZKLFK� DUH� XVHG� DV�V\QWKHWLFV� EDVH� RLO� OXEULFDQWV� ZHUH� LQYHVWLJDWHG� E\� WULERORJLFDO� WHVWV���0RUHRYHU� DQWLZHDU� SURSHUWLHV� RI� GLHVWHU� XQGHU� ERXQGDU\� OXEULFDWLRQ� LQ�VWHHO�VWHHO� V\VWHP� KDYH� EHHQ� VWXGLHG�� 6XUIDFH� DQDO\VLV� RI� SURGXFWV� RI�FKHPLFDO�UHDFWLRQ�KDV�EHHQ�LQYHVWLJDWHG�E\�XVLQJ�)7,5�PLFURVFRS\���
1HZ�DEVRUSWLRQ�EDQGV�DW������FP���ZHUH�IRXQG�RQ�VWHHO�VXEVWUDWH�ZKLFK�EHORQJV�WR�
RUJDQRPHWDOLF�FRPSRXQGV�FRQWDLQLQJ�FDUERQ\O�JURXS���

,1752'8&7,21����2[\JHQ� FRQWDLQLQJ� FRPSRXQGV� KDYH� ORQJ� EHHQ� UHFRJQL]HG� DQG� ZLGHO\� XVHG� DV�DQWLIULFWLRQ� DQG� DQWLZHDU� DGGLWLYHV� >���@�� 7KH� VLPSOHVW� WULERORJLFDO� DGGLWLYHV�EHORQJLQJ�WR�R[\JHQDWHV�KDYH�RQH�SRODU�JURXS�FDSDEOH�RI�DGVRUSWLRQ�DW�VXUIDFH��IRU�H[DPSOH�� IDWW\� DFLG� DQG� IDWW\� DOFRKROV�� $QWLZHDU� UHGXFLQJ� SURSHUWLHV� RI� WKHVH�FRPSRXQGV� KDYH� DOVR� EHHQ� LQYHVWLJDWHG� DQG� GLVFXVVHG� LQ� GHWDLO� >���@�� $� W\SLFDO�H[DPSOH�IRU�WKDW�ZDV�IXOO\�GHVFULEHG�LQ�>�@�ZKLFK�SUHVHQWV�WULERFKHPLFDO�UHDFWLRQV�RI�VWHDULF�DFLG�RQ�FRSSHU�VXUIDFHV�E\�XVLQJ�,5�PLFURVFRS\��0RUH�FRPSOH[�FRPSRXQGV�KDYH�WZR�R[\JHQ�FRQWDLQLQJ�SRODU�JURXSV��7KH\�FDQ�EH�VLPLODU��DV�LQ�GLDFLGV��GLROV��DQG� GLHVWHUV�� RU� GLIIHUHQW�� DV� LQ� WKH� FDVH� RI� K\GUR[\DFLGV� DQG� DON\O�PRQRHVWHUV� RI�GLDFLGV��6RPH�RI�GLFDUER[\ODWHV�ZHUH�DOVR�XVHG�DV�DQWLZHDU�DGGLWLYHV�IRU�OXEULFDWLQJ�RLOV�� VXFK� DV� PRQRHVWHUV� RI� GLFDUER[\OLF� DFLGV� DQG� GLROV� >����@�� � 7KHLU� DQWLZHDU�
DFWLYLW\� LV� UHODWHG� WR� WKH� FRQFHSW� RI� LQ� VLWX� WULERSRO\PHUL]DWLRQ� DV� SURSRVHG� E\�
)XUH\� >�����@�� $FFRUGLQJ� WR� WKLV� FRQFHSW� WKH� DGGLWLYH� PROHFXOHV� DGVRUEHG� RQ�WULERORJLFDO� VXUIDFH� DUH� SRO\PHUL]LQJ� GLUHFWO\� RQ� UXEELQJ� VXUIDFHV� WR� IRUP� D� WKLQ�SURWHFWLYH�ILOP�ZKLFK�UHGXFHV�IULFWLRQ�FRQWDFW�DQG�ZHDU���7KH� SRWHQWLDO� WULERSRO\PHUL]DWLRQ� DQG� PHFKDQLVP� RI� PRQRHVWHU� DGGLWLYHV� XQGHU�IUHWWLQJ�FRQWDFW�FRQGLWLRQV�KDYH�EHHQ�DOVR�VWXGLHG�>��@��7KH�WULERFKHPLFDO�EHKDYLRXU�RI� VHYHUDO� PRQRPHUV� ZHUH� DOVR� LQYHVWLJDWHG� LQ� ERWK� VWHHO�RQ�VWHHO� DQG� VWHHO�RQ�DOXPLQXP�V\VWHPV��,W�ZDV�DOVR�IRXQG�WKDW�WKH� WULERSRO\PHUL]DWLRQ�GLG�QRW�RFFXU�LQ�WKH� PHWDO� V\VWHP� ZLWK� &��� GLPHU� DFLG� SDUWLDO� HVWHUV� XQGHU� WKH� IULWWLQJ� FRQWDFW�FRQGLWLRQV�XVHG�LQ�WKH�SUHYLRXV�VWXG\�>��@��$GGLWLRQDOO\�LW�ZDV�HPSKDVL]HG�WKDW�IRU�FRQGHQVDWLRQ� W\SH�PRQRPHUV�� WKH�PRVW� LPSRUWDQW� IDFWRU� LV� WKH� WHPSHUDWXUH� RI� WKH�UXEELQJ� VXUIDFHV��2Q� WKH�RWKHU�KDQG��EDVHG�RQ�)7,5� VSHFWUD� ILQGLQJV�GHVFULEHG� LQ�
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>��@��LW�ZDV�VKRZQ�WKDW�WKH�PHFKDQLVP�RI�ZHDU�UHGXFWLRQ�RI�WKH�PRQRHVWHU�LV�WKH�RQH�LQYROYLQJ�D�FKHPLFDO�UHDFWLRQ�ZLWK�VXEVWUDWH�DOXPLQD�IROORZHG�E\�WKH�IRUPDWLRQ�RI�ROLJRPHU�SRO\PHU� FKDLQ� LV� FRPSOH[�� DQG� RWKHU� SHDNV� LQ� VSHFWUD� KDYH� \HW� WR� EH�LGHQWLILHG��2Q� WKH�RWKHU�KDQG�� LW�ZDV�EDVHG�RQ�)7,5� VSHFWUXP��ZKLFK�ZDV�GHVFULEHG� LQ� >��@��7KH�SURSRVHG�PHFKDQLVP�RI�ZHDU�UHGXFWLRQ�RI�WKH�PRQRHVWHU�LV�WKDW�ZKLFK�LQYROYHV�D FKHPLFDO�UHDFWLRQ�ZLWK�DOXPLQD�VXEVWUDWH�IROORZHG�E\�WKH�IRUPDWLRQ�RI�ROLJRPHU��SRO\PHU�FKDLQ�FRPSOH[��7KH�SUHVHQW�ZRUN�UHODWHV�ZHDU�EHKDYLRXU�RI�ORZ�PROHFXODU�GLHVWHUV� DQG� WKHLU� WULERFKHPLVWU\� WR� SURYLGH� PRUH� LQIRUPDWLRQ� RQ� DQG� EHWWHU�XQGHUVWDQGLQJ�RI� WKH�VWHHO�RQ�VWHHO�ZHDU�SURFHVV� OXEULFDWHG�ZLWK� WKHVH�FRPSRXQGV��7KHUHIRUH�WKH�SUHVHQW�VWXG\�LQFOXGHV�WKH�SULPDU\�REMHFWLYH���L�� 7KH�LQIOXHQFH�RI�WKH�GLHVWHUV�RQ�WKH�VWHHO�PDWLQJ�HOHPHQW�ZHDU����LL�� 7R� HOXFLGDWH� WULERFKHPLFDO� UHDFWLRQV� RI� GLHWK\O� VXFFLQDWH�SURFHHGLQJ� RQ� WKH� VWHHO� PDWLQJ� HOHPHQW� XQGHU� VLPLODU� WHVW�FRQGLWLRQV��

(;3(5,0(17$/�7(&+1,48(�$SSDUDWXV�DQG�OXEULFDQWV�7ULERORJLFDO� WHVWV�� 7R� SHUIRUP� WULERORJLFDO� WHVWV� XQGHU� ERXQGDU\� OXEULFDWLRQ�FRQGLWLRQV�� D�7���SLQ�RQ�GLVF� WHVWHU�ZDV� XVHG��(OHPHQWV� RI� WKH� IULFWLRQ� SDLU� �EDOOV�DQG�GLVNV��ZHUH�PDGH�IURP�������EHDULQJ�VWHHO����+5&��5D� ����������P��'HWDLOHG�GHVFULSWLRQ�RI�ERWK�VSHFLPHQV�LV�LQFOXGHG�LQ�7DEOH����7KH�VSHFLPHQV�ZHUH�FODPSHG�LQ�SODFH�ZLWK�VWDLQOHVV�VWHHO�KROGHUV��7KH�ORZHU�KROGHUV�FRQWDLQHG�WKH�OXEULFDQW�IXOO\�IORRGLQJ� WKH� FRQWDFW� UHJLRQ�� $� GHDG�� ZHLJKW�ORDGLQJ� V\VWHP� DSSOLHG� WKH� QRUPDO�IRUFH��3XUH�GLHVWHUV�ZHUH�VHOHFWHG�DV�OXEULFDQWV�IRU�WKLV�UHVHDUFK���
0DWHULDO�V\VWHP� 6WHHO�RQ�6WHHO�
*HRPHWU\� %DOO�RQ�)ODW�
6SHFLPHQV� %DOO� �����PP�GLDPHWHU����+5&�EHDULQJ�VWHHO�

'LVF
�����PP�GLDPHWHU��������+5&EHDULQJ�VWHHO����PP�WKLFNQHVV�
5D  ��������� P

$SSOLHG�ORDG� ����1�
:HDU�WUDFN�UDGLXV� ��PP�
6OLGLQJ�YHORFLW\�� ������P�V�
6OLGLQJ�GLVWDQFH� ����P�
(QYLURQPHQW� $PELHQW��
7HPSHUDWXUH� ����&�

7DEOH����([SHULPHQWDO�VHW�±�XS�DQG�WHVW�FRQGLWLRQV��
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7HVW�FRQGLWLRQV�DQG�WKH�SURFHGXUH
(LJKW�DOLSKDWLF�GLFDUER[\OLF�HVWHUV�ZHUH�FKRVHQ�DV�DQWLZHDU�OXEULFDQWV�LQ�WKLV�VWXG\��)RUPXODV� DQG� SURSHUWLHV� RI� WKHVH� FRPSRXQGV� DUH� VKRZQ� LQ� 7$%/(� ��� 7HVW�FRQGLWLRQV�ZHUH�GHVLJQHG�WR�UHVXOW�LQ�ERXQGDU\�OXEULFDWLRQ�DW�WKH�VOLGLQJ�FRQWDFW��$OO�WKH� WHVWV� ZHUH� FDUULHG� RXW� XQGHU� WKH� VDPH� RSHUDWLQJ� FRQGLWLRQV�� 7$%/(� �� DOVR�VXPPDUL]HV� WKH� WHVW� FRQGLWLRQV� XVHG�� 3ULRU� WR� XVH�� WKH� VWHHO� VSHFLPHQV� ZHUH�XOWUDVRQLFDOO\� FOHDQHG� LQ� DFHWRQH� IRU� ��� PLQXWHV�� 0LQLPXP� WKUHH� WHVWV� ZHUH�SHUIRUPHG� IRU� HDFK� OXEULFDQW�� $OO� WKH� GLHVWHUV� XVHG� LQ� WKLV� VWXG\� ZHUH� REWDLQHG�FRPPHUFLDOO\�LQ�WKH�KLJKHVW�SXULW\�DYDLODEOH��7KH�VHDOV�ZHUH�FOHDQHG�EHIRUH�WHVWLQJ�WKH� QH[W� GLHVWHU�� 7KH� EDOO� ZHDU� VFDU� GLDPHWHU� ZDV� PHDVXUHG� DIWHU� XQORDGLQJ� WKH�VSHFLPHQV��XVLQJ�D�SKRWRPLFURVFRSH���7DEOH����&KDUDFWHULVWLF�RI�XVHG�FRPSRXQGV�

&RPSRXQG�QDPH� 8VHG�
DEEUHYLDWLRQ�

0ROHFXODU�
ZHLJKW�J�PRO�

3XULW\�
��

6RXUFH�RI�WKH�
FRPSRXQG�

'LHWK\O�0DORQDWH� '(K0DO� ���� ��� )OXND�

'LHWK\O�6XFFLQDWH� '(K6XF� ���� ��� )OXND�

'LHWK\O�$GLSDWH� '(K$GS� ���� ��� )OXND�

'LHWK\O�6HEDFDWH� '(K6HE� ���� ��� )OXND�

'LEXW\O�0DORQDWH� '%X0DO� ���� !��� )OXND�

'LEXW\O�6XFFLQDWH� '%X6XF� ���� ��� )OXND�

'LEXW\O�$GLSDWH� '%X$GS� ���� !��� )OXND�

'LEXW\O�6HEDFDWH� '%X6HE� ���� ��� )OXND�

6XUIDFH�DQDO\VLV
3URGXFWV� RI� FKHPLFDO� UHDFWLRQV� SUHVHQW� RQ� WKH� VWHHO� VXUIDFH� GXH� WR� IULFWLRQ� ZHUH�LGHQWLILHG� E\� PHDQV� RI� )7,5� PLFURVFRS\� XVLQJ� 3HUNLQ�(OPHU� L�6HULHV�PLFURVSHFWURSKRWRPHWHU�LQVWUXPHQW��7KH�VSHFWURPHWHU�ZDV�RSHUDWHG�LQ�PLG�LQIUDUHG�UDQJH����������FP��� ZLWK��FP���UHVROXWLRQ�DQG�DYHUDJH�VLJQDO�RYHU�WKDQ�����VFDQV�IRU�EDFNJURXQG�DQG�GLVF��7KLV�WHFKQLTXH�DOORZHG�JHQHUDWLRQ�RI�VSHFWUD�DW�DQ\�SRLQW�RI� VFDQQHG� VXUIDFH�� $OO� REWDLQHG� VSHFWUD� ZHUH� FRUUHFWHG� E\� ]DSSLQJ� RI� VSXULRXV�EDQGV�ZKLFK�RULJLQDWHG�IURP�FDUERQ�GLR[LGH�DQG�ZDWHU�YDSRXU��WKHQ�HDFK�VSHFWUXP�ZDV�VPRRWKHG�E\�6DYLWVN\±*ROD\�PHWKRG�DQG�PXOWLSRLQW�QRUPDOL]LQJ�RI�EDVH� OLQH�XVLQJ�3HUNLQ�(OPHU�VRIWZDUH�*5$06���������5HVXOWV�DQG�'LVFXVVLRQ7KH� EDOO� ZHDU� VFDU� GLDPHWHU� UHVXOWV� IRU� VWHHO� OXEULFDWHG� ZLWK� SXUH� GLHVWHUV� DUH�VXPPDUL]HG�LQ�WDEOH������DQG�LOOXVWUDWHG�LQ�ILJXUHV�����DQG�������



��� � � � � 0XILG�2EDGL��
7DEOH����&RPSDULVRQ�EHWZHHQ�WKH�VWHHO�EDOO�ZHDU�VFDU�GLDPHWHU�OXEULFDWHG�

E\���������������GLIIHUHQW�GLHVWHUV��
&RPSRXQG�QDPH :6'�PP����

'LHWK\O�0DORQDWH ������
'LHWK\O�6XFFLQDWH�� �����
'LHWK\O�$GLSDWH ������
'LHWK\O�6HEDFDWH� ������
'LEXW\O�0DORQDWH� ������
'LEXW\O�6XFFLQDWH� ������
'LEXW\O�$GLSDWH� ������
'LEXW\O�6HEDFDWH� ������

)LJ����&RPSDULVRQ�EHWZHHQ�WKH�VWHHO�EDOO�ZHDU�VFDU�GLDPHWHU�OXEULFDWHG�E\�� GLIIHUHQW�GLHVWHUV��7KH�UHVXOWV�SUHVHQWHG�LQ�)LJXUH�����VKRZ�WKH�ZHDU�SHUIRUPDQFH�GLIIHUHQFHV�IRU�WKH�WHVWHG�GLHVWHUV��7KLV�ILJXUH�FOHDUO\�VKRZV�WKDW��WKH�EDOO�ZHDU�VFDU�GLDPHWHU��:6'��GHFUHDVHV�ZLWK� LQFUHDVLQJ�GLDFLGV� DON\O� FKDLQ� OHQJWK�SDUW� RI�GLHVWHUV��)RU� H[DPSOH��
WKH� :6'� LQ� WKH� V\VWHP� OXEULFDWHG� ZLWK� '(K0DO�� '(K6HE� DUH� ���������PP��������������
���������PP�� DQG� ZLWK� '%X0DO�� '%X6HE� DUH� ������ ����PP� ������ ����PP�
UHVSHFWLYHO\�� 2Q� WKH� RWKHU� KDQG�� LQFUHDVLQJ� RI� DOFRKROV� DON\O� FKDLQ� OHQJWK� SDUW� RI�GLHVWHUV�UHVXOWV�LQ�UHGXFWLRQ�:6'��)RU�H[DPSOH��WKH�:6'�LQ�WKH�V\VWHP�OXEULFDWHG�
ZLWK�'(K0DO��'%X0DO�DUH�����������PP�DQG�����������PP���

%DVHG�RQ�WKHVH�GDWH��ZH�FDQ�VWDWH�WKDW��:6'�GHSHQG�RQ�WKH�PROHFXODU�ZHLJKW�RI�WKH�GLHVWHUV��)LJ������UHSUHVHQW�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�ZHDU�EDOO�VFDU�GLDPHWHU��:6'��DQG�PROHFXODU�ZHLJKW�RI� WKH� WHVWHG�GLHVWHUV��7KLV� ILJXUH�FOHDUO\� VKRZV�WKDW��WKH�:6'�GHFUHDVHV�ZLWK�LQFUHDVLQJ�PROHFXODU�ZHLJKW�RI�GLHVWHU��2Q�WKH�RWKHU�KDQG��LQFUHDVLQJ� WKH� PROHFXODU� ZHLJKW� RI� GLHVWHU� E\� LQFUHDVLQJ� WKH� GLDFLG� DON\O� RU� E\�DOFRKRO� DON\O� FKDLQ� OHQJWK� RI� GLHVWHU�� JDYH� WKH� VDPH� DOPRVW� HIIHFW� DQWLZHDU�SURSHUWLHV�� )RU� H[DPSOH� WKH� GLHVWHUV� '(K6HE� �� '%X$GS� ZKLFK� KDYH� WKH� VDPH�PROHFXODU� ZHLJKW� ����� J?PRO�� �� WKH� :6'� OXEULFDWHG� ZLWK� WKHVH� GLHVWHUV�
DSSUR[LPDWHO\�HTXDO������FP���DQG�����FP���UHVSHFWLYHO\���

,W�FDQ�EH�FRQFOXGHG�WKDW�WKH�PROHFXODU�ZHLJKW�YDOXH�RI�WKH�LQYHVWLJDWHG�GLHVWHUV�LV� D� VLJQLILFDQW� IDFWRU� FRQWUROOLQJ� WKH� VWHHO� EDOO� ZHDU� IRU� PHWDO�PHWDO� V\VWHP�OXEULFDWHG�ZLWK�WKHVH�GLHVWHUV���
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)LJ���5HODWLRQVKLSV�EHWZHHQ�WKH�VWHHO�EDOO�ZHDU�VFDU�GLDPHWHU�DQG�PROHFXODU�ZHLJKW�RI�GLHVWHUV���
7ULERFKHPLFDO�UHDFWLRQV�RI�GLHVWHUV�ZLWK�VWHHO�VXUIDFH���
)7,5� VXUIDFH� DQDO\VLV� DIWHU� WKH� IULFWLRQ� SURFHVV� ZDV� XVHG� WR� H[SODLQ� WKH�WULERFKHPLFDO� UHDFWLRQ�PHFKDQLVP�RI�GLHVWHUV� LQ�ERXQGDU\� OXEULFDWLRQ� FRQGLWLRQV��),*������H[HPSOLI\�WKH�SUHOLPLQDU\�)7,5�VSHFWUXP�WDNHQ�IURP�WKH�VWHHO�ZHDU�WUDFN�OXEULFDWHG�ZLWK�SXUH�GLHWK\O�VXFFLQDWH��&KDUDFWHULVWLF�IHDWXUH�RI�WKLV�VSHFWUXP�LV�WKH�
DSSHDUDQFH�VWURQJ�DEVRUSWLRQ�EDQG�DW������FP��� WKLV�SHDN�FDQ�DVVLJQHG� WR� �&�2��
JURXS�VWUHWFKLQJ�LQ�FKHODWH�FRPSRXQGV��DQG�������FP��SHDN�FDQ�DVVLJQHG�IRU�& 2�
JURXS�GLHVWHUV�VWUHWFK�>��@���� 7KH�PRVW� VSHFLILF� VLWXDWLRQ� DULVHV� IURP� WKH� IDFW� WKDW� VLPLODU�SHDNV�ZHUH� IRXQG� LQ�VSHFWUD� WDNHQ� IURP� DOXPLQXP�ZHDU� WUDFNV� OXEULFDWHG� E\� YLQ\O�PRQRPHUV� >��@� )RU�H[DPSOH�� WKH� )75,0$� VSHFWUXP� IURP� WKH� GLDOO\OSKWKDODWH� ZHDU� SURGXFWV� VKRZHG�
LQWHQVH� GXSOH[� SHDNV� REVHUYHG� LQ� WKH� UHJLRQ� RI� ����� FP��� WR� ����� FP��� 7KH�
VSHFWUXP� DOVR� VKRZHG� PXFK�� UHGXFHG� SHDNV� LQ� WKH� FKDUDFWHULVWLF� GLDOO\OSKWKDODWH�
DEVRUSWLRQ� UHJLRQV� DW� ����� FP��� DQG� ����� FP��� �� UHODWHG� WR� WKH� & 2� DQG� &�2�&�
VWUHWFKLQJ�RI� WKH�HVWHU�JURXSV�UHVSHFWLYHO\�� ,W� LV� WR�HPSKDVL]H� WKDW� LQYHVWLJDWLQJ� WKH�DFWLRQ�PHFKDQLVP�RI�DOFRKROV�XQGHU�ERXQGDU\�VOLGLQJ�FRQGLWLRQV�RI�DQ�VWHHO�RQ�VWHHO�V\VWHP�VRPH�VLPLODU�SHDNV�ZHUH�REVHUYHG�>��@���WKHVH�DEVRUSWLRQ�EDQGV�HQFRPSDVV�
PRVWO\� WKH� UHJLRQ� RI� ���������� FP��� �� ZKLFK� XVXDOO\� LV� FRPELQHG� ZLWK� WKH�
DEVRUSWLRQ� EDQGV� DURXQG� ���������� FP��� 7KH\� KDYH� EHHQ� DVVLJQHG� WR�
RUJDQRPHWDOOLF�FRPSRXQGV�LQFOXGLQJ�GRXEOH�ERQGLQJ��,Q� WKH�DERYH�GLVFXVVLRQV� LW�PD\�EH�VDLG� WKDW�HVWHU�JURXSV�SUHVHQW� LQ�D�ZLGH�YDULHW\�FRPSRXQGV�GR�UHDFW�ZLWK�PHWDOV�VXUIDFHV�XQGHU�ERXQGDU\�OXEULFDWLRQ�FRQGLWLRQV��WR�JUHDW�DQWLZHDU�SURWHFWLYH�OD\HUV��:H�SURSRVH�WKDW�DOVR�LQ�WKLV�FDVH��WKH�GRPLQDQW�IRUPDWLRQ�SURFHVV�RI�UHDFWLYH�VSHFLHV�IRUPLQJ�WKH�DQWLZHDU�RUJDQRPHWDOOLF�FRPSRXQG�ILOP�RQ�WKH�VWHHO�IULFWLRQ�WULERORJLFDO�FRQWDFW� DUHD��SURFHHGV� DFFRUGLQJ� WR� WKH� DQLRQ� UHGLFDO� DFWLRQ�PHFKDQLVP� �1,5$0��DSSURDFK��7KLV�DSSURDFK� �1,5$0��GHPRQVWUDWHG� WKDW� ORZ�HQHUJ\�HOHFWURQV��ZKLFK�DUH� VSRQWDQHRXVO\� HPLWWHG� IURP� UXEELQJ� VXUIDFHV�� FDQ� EH� WKH� NH\� IDFWRU� LQ� VRPH�WULERFKHPLFDO�UHDFWLRQV��ZDV�IRUPDOO\�SRVWXODWHG�E\�.DMGDV�LQ�UHODWLYHO\�UHFHQW�ZRUN�
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>�����@��+H�SURSRVHG�D�FRQFHSW�RI�LRQL]DWLRQ�RI�OXEULFDQW�FRPSRQHQWV�E\�ORZ�HQHUJ\�H[RHOHFWURQV� ��� WR� �� H9��� ZKLFK� DUH� HPLWWHG� IURP� IUHVKO\� IRUPHG� VXUIDFHV� LQ� WKH�IULFWLRQ�RI�PDWLQJ�VXUIDFHV�� �

)LJ����)7,50�VSHFWUXP�RI�WKH�GHSRVLW�DFFXPXODWHG�RQ�VWHHO�GLVN�GXULQJ�IULFWLRQ�OXEULFDWHG�ZLWK�SXUH�GLHWK\O�VXFFLQDWH��� �
$FFRUGLQJ� WR� WKH� 1,5$0� DSSURDFK�� WKH� WULERFKHPLFDO� SURFHVV� RI� VWHHO�RQ�VWHHO�OXEULFDWHG�ZLWK�GLHVWHUV�PD\�SURFHHG�DV�IROORZV����



:HDU�EHKDYLRXU�DQG�WULERFKHPLFDO�UHDFWLRQV�RI�ORZ�PROHFXODU�GLFDUER[\OLF�������������������������

&21&/86,216�7KH�HIIHFW�RI�DOLSKDWLF�GLHVWHU�RQ�ZHDU�RI�WKH�VWHHO�EDOO�VOLGLQJ�RQ�VWHHO�GLVF�FDQ�EH�DV�IROORZV����� 7KH�EDOO�ZHDU�GHFUHDVHV�DV�WKH�PROHFXODU�ZHLJKW�RI�GLHVWHU�LQFUHDVH������ 7KH�PROHFXODU�ZHLJKW�RI�WKH�GLHVWHU�LQFUHDVHV�DV�WKH�GLDFLG�DON\O�RU�DOFRKRO�DON\O� FKDLQ� LQFUHDVHV� ZKLFK� JDYH� DOPRVW� WKH� VDPH� HIIHFWLYH� DQWLZHDU�SURSHUWLHV����� 8VLQJ�)7,5�VXUIDFH�DQDO\VLV�QHZ�DEVRUSWLRQ�EDQGV�ZHUH�IRXQG�LQ�GHSRVLWV�IRUPHG� RQ� WKH� VWHHO� VXEVWUDWH�� 7KHVH� DEVRUSWLRQ� EDQGV� HQFRPSDVV� PRVWO\�
WKH� UHJLRQ� RI� ����� FP��� ZLWK� XVXDOO\� LV� FRPELQHG� ZLWK� WKH� DEVRUSWLRQ�
SHDNV� DURXQG� ����� FP��� 7KH\� KDYH� EHHQ� DVVLJQHG� WR� RUJDQRPHWDOOLF�
FRPSRXQGV� LQFOXGLQJ� FDUERQ\O� JURXS�� 7KLV� ILQGLQJ� FOHDUO\� FRQILUPV�WULERFKHPLFDO�UHDFWLRQV�RI�ORZ�PROHFXODU�ZHLJKW�RI�GLHVWHUV���

5()(5(1&(6�
>�@3HWWHUVVRQ� $�� 7ULERORJLFDO� FKDUDFWHUL]DWLRQ� RI� HQYLURQPHQWDOO\� DGDSWHG� HVWHU�EDVHG�IOXLGV��7ULERORJ\�,QWHUQDWLRQDO���������������±�����>�@�%DUW]�:�-���/XE��(QJ����������������������>�@���.DMGDV�&���0DM]QHU�0���%RXQGDU\�OXEULFDWLRQ�RI�,RZ�VXOSKXU�GLHVHO�IXHO�LQ�WKH�SUHVHQFH�RI���������IDWW\�DFLGV�/XEULFDWLRQ�6FLHQFH������������������������>�@��*HOOHU��'��3���*RRGUXP��-��:����(IIHFW�RI��6SHFLILF�)DWW\�DFLG�0HWK\O�HVWHUV�RQ�'LHVHO���������)XHO�/XEULFLW\��)XHO������������������������>�@� )R[�� 1�� -��� 7\UHU�� %��� 6WDFKDZLDN�� *�:�%RXQGDU\� OXEULFDWLRQ� SHUIRUPDQFH� RI�IUHH�)DWW\�DFLG�LQ�6XQIORZHU�RLO��7ULERO��/HOO����������������������>�@� � .DMGDV� &��� 2EDGL�0��:HDU� %HKDYLRXU� DQG� 7ULERFKHPLFDO� 5HDFWLRQV� RI� /RZ�0ROHFXODU�$OFRKROV�XQGHU�%RXQGDU\�/XEULFDWLRQ�RI�WKH�VWHHO�RQ�$OXPLQXP��� 6\VWHP��7ULERORJLD����������������������>�@� +X� =�� +VX� 6�0�� :DQJ� 3�6�� 7ULERFKHPLFDO� UHDFWLRQV� RI� VWHDULF� DFLG� FRSSHU�VXUIDFHV�VWXGLHG�E\�,5�PLFURVSHFWURVFRS\��7LE�7UDQV���������������������>�@� �*U\JOHZLF]D� 6�� 6WDQNLHZLF]D�0��2NRD� )�� 6XUDZVND� ,�� (VWHUV� RI� GLFDUER[\OLF�DFLGV�DV�DGGLWLYHV�IRU�OXEULFDWLQJ�RLOV��7ULERORJ\�,QWHUQDWLRQDO� �����������±���>�@���0DUWLQVD�5��6HDEUDE�-��%ULWRF�$��6H\IHUWG�&K��/XWKHUG�5��,JDUWXDH�$��)ULFWLRQ�FRHIILFLHQW�LQ��)=*�JHDUV�OXEULFDWHG�ZLWK�LQGXVWULDO�JHDU�RLOV���%LRGHJUDGDEOH�HVWHU�YV��PLQHUDO�RLO��7ULERORJ\�,QWHUQDWLRQDO������������±����>��@�&]HVáDZ�.DMGDV��.U\VW\QD�.DUGDV]��(ZD�. G]LHUVND � (IIHFWLYHQHVV�RI�VHOHFWHG�SRO\K\GUR[\O� DOFRKROV� HVWHUV� RI� PRQR� DQG� GLFDUER[\OLF� DFLG� DV� OXEULFLW\�DGGLWLYHV��7ULE������������������������>��@�)XUH\�0��-�� ��7KH�IRUPDWLRQ�RI�SRO\PHULF�ILOP�GLUHFWO\�RQ�UXEELQJ�VXUIDFHV�WR�UHGXFH�ZHDU���� :HDU�����������������������>��@� )XUH\�� 0�-��� DQG� .DMGDV�� &�� 7ULERSROLPHU\]DWLRQ� DV� D� QRYHO� DSSURDFK� WR�FHUDPLF� OXEULFDWLRQ�� LQ� 3URF�� �WK� ,QW�� 6\P�� 2Q� &HUDPLF� 0DWHULDOV� DQG�&RPSRQHQWV�IRU�(QJLQHV��5��&DUOVVRQ��7��-RKQDQVVRQ��DQG�/��.DKOPDQ��HGV����(OVHYLHU�$SSOLHG�6FLHQFH��/RQGRQ����������SS�����������



��� � � � � 0XILG�2EDGL��
>��@� � )XUH\�� 0�� -��� .DMGDV�� &��� .HPSL VNL� 5��$SSOLFDWLRQ� RI� WKH� &RQFHSW� RI��7ULERSRO\PHUL]DWLRQ� LQ� )XHOV�� /XEULFDQWV��0HWDOZRUNLQJ�� DQG� ³0LQLPDOLVW´�/XEULFDWLRQ��/XEULFDWLRQ�6FLHQFH� ����������� ���������
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*DXVH���WR�H[SRVH�VRPH�RWKHU�VDPSOHV�RI�3VHXGRPRQDV�WR�LQYHVWLJDWH�WKH�LQIOXHQFH� DQG� OHWKDO�GRVH� RI� 3VHXGRPRQDV� LUUDGLDWLRQ�� :H� H[SHFW� WKDW�UHVXOWV�ZLOO�JLYH�XV�LQGLFDWLRQ�DQG�D�SLFWXUH�RQ�WKH�LQIOXHQFH�RI�ERWK�89�DQG� HOHFWURPDJQHWLF� ILHOGV� RQ� OLYLQJ� WLVVXHV� LQ� JHQHUDO� LQFOXGLQJ� KXPDQ�EHLQJ��� ([SHULPHQWV�KDYH�UHYHDOHG�WKDW��WKH� LQFUHDVH�LQ�GLOXWLRQ�DQG�H[SRVXUH�WLPHV�FDXVH�GHFUHDVH�LQ�QXPEHU�RI�FRORQLHV���IRU�H[DPSOH�DW�WKH�GLOXWLRQV������DQG������WKH�QXPEHU�RI�FRORQLHV�ZHUH�UHGXFHG�IURP�����FIX�WR���LQ����VHFRQGV��DQG�IURP�����FIX�WR���DW���VHFRQGV��UHVSHFWLYHO\��� 2Q�WKH�FRQWUDU\��WKH�HIIHFW�RI��HOHFWURPDJQHWLF�ILHOG�LV�VHHQ�VRPHWLPHV�LQFUHDVLQJ� DQG� RWKHU� WLPHV� GHFUHDVLQJ�� 7KH� LQFUHDVH� LQ� JURZWK� LV�QRWLFHDEOH�HVSHFLDOO\�DW�WLPHV����DQG����PLQXWHV��� ,QWURGXFWLRQ�� 89�UDGLDWLRQ�KDV�ZDYHOHQJWKV�EHORZ�����QP�WLOO����QP�DQG�D�TXDQWXP�HQHUJ\�RI������H9���K � ����H9��7KH�TXDQWD�FRQWDLQ�HQHUJ\�VXIILFLHQW�WR�H[FLWH�HOHFWURQV�LQ�PROHFXOHV�IURP�WKHLU�JURXQG�VWDWH�LQWR�KLJKHU�HQHUJ\�RUELWDOV�PDNLQJ�WKH�PROHFXOHV�PRUH� UHDFWLYH�� &KHPLFDO� UHDFWLRQV� WKXV� LQGXFHG� LQ� PLFURRUJDQLVPV� FDQ� FDXVH� WKH�IDLOXUH�RI�FULWLFDO�PHWDEROLF�SURFHVVHV�OHDGLQJ�WR�LQMXU\�RU�GHDWK��� 7KH�JUHDWHVW�OHWKDOLW\�LV�VKRZQ�E\�ZDYHOHQJWKV�DURXQG�����QP�ZKLFK�FRUUHVSRQG�WR� D� VWURQJ� DEVRUSWLRQ� E\� QXFOHLF� DFLG� EDVHV�� 7KH� S\ULPLGLQH� EDVHV� DSSHDU�SDUWLFXODUO\� VHQVLWLYH�� DQG� 89� OLJKW� DW� WKLV� ZDYHOHQJWK� ZLOO�� DPRQJ� RWKHU� WKLQJV��LQGXFH�WKH�IRUPDWLRQ�RI�FRYDOHQWO\�OLQNHG�GLPPHUV�EHWZHHQ�DGMDFHQW�WK\PLQH�EDVHV�LQ� '1$� �� ,I� OHIW� LQWDFW� WKHVH� ZLOO� SUHYHQW� WUDQVFULSWLRQ� DQG� '1$� UHSOLFDWLRQ� LQ�DIIHFWHG�FHOOV��$OEHUW��HW�DO� ������
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E��0HWKRGV���� 7KH�QXPEHU�RI�FRORQ\�IRUPLQJ�ZDV�XVHG� WR�TXDQWLI\�RXU�UHVXOWV��)UHVK�EDFWHULDO�FXOWXUHV� ZHUH� XVHG� WKURXJKRXW� WKH� H[SHULPHQWV�� &RQWURO� FXOWXUHV� ZHUH� NHSW� LQ� WKH�VDPH� FRQGLWLRQV� DV� WKH� H[SRVHG� RQHV� H[FHSW� WKH� VROH� H[SRVLWLRQ� WR� WKH� PDJQHWLF�ILHOGV�RU�89�OLJKW��� ,Q�RXU�H[SHULPHQWV�GLOXWHG�EDFWHULDO�FXOWXUHV�ZHUH�H[SRVHG�DSSURSULDWHO\� WR�XOWUD�YLROHW� OLJKW� DQG� WR� PDJQHWLF� ILHOGV� IRU� VHYHUDO� WLPHV� DW� FHUWDLQ� GLVWDQFH� IURP�LUUDGLDWLQJ�VRXUFHV��� )RXU�UHSOLFDWHV�ZHUH�DSSOLHG�IRU�HDFK� WUHDWPHQW��6366������ZDV�XVHG� WR�SURFHHG�RQH�ZD\�$129$� LQ�RUGHU� WR�GHWHFW� WKH� VLJQLILFDQW�RI� �8OWUD±9LROHW� DQG�0DJQHWLF�)LHOG�HIIHFW�RQ�3��DHURJLQRVD����
� 5HVXOWV�DQG�'LVFXVVLRQ���D��(IIHFW�RI�XOWUD�YLROHW����� 'XULQJ� WKLV� UHVHDUFK� LQYHVWLJDWLRQ� ZH� KDYH� EHHQ� H[SRVLQJ� 3VHXGRPRQDV�DHUXJLQRVD�WR�WKH�XY�UDGLDWLRQ���WKH�GXUDWLRQ�RI�H[SRVXUHV�YDULHG�LQ�WKH�UDQJ�RI����±����VHF��:H�REVHUYHG�D�GHFUHDVH�LQ�WKH�QXPEHU�RI�FRORQLHV�IRU�DOO�GLOXWLRQV�ZLWK�WKH�LQFUHDVH�RI�GLOXWLRQ�DQG�GXUDWLRQ�RI�WKH�H[SRVXUH��5HVXOWV�DUH�VKRZQ�LQ�7DEOHV��	���DQG�LQ�)LJV��	����� )URP� WKHVH� UHVXOWV�� SUREDEO\� WKH� PRVW� LQWHUHVWLQJ� DVSHFW� RI� WKLV� VHULHV� LV� WKH�UHVXOWV�ZLWK�GLOXWLRQV������DQG������ �WDEOH���	�)LJ����ZKHUH� WKHUH� LV�D�YHU\�GHILQLWH�GHFUHDVH� LQ� WKH� QXPEHU� RI� FRORQLHV� DQG� UHFRUGHG� OHWKDO� GRVH� ��� DQG� �� VHF��UHVSHFWLYHO\��� 7KH� UHVXOWV� VKRZHG� WKDW�� 3VHXGRPRQDV� DHUXJLQRVD� H[KLELW� KLJK� SHUFHQW� RI�LQKLELWLRQ��7KLV�LV�PD\�EH�GXH�WR�WKH�LQHIILFLHQF\�RI�WKHLU�'1$�UHSDLU�V\VWHP�DQG�FDQ�QRW�IRUPLQJ�VSRUHV���
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� :H�DUH�JUDWHIXO�WR�'U��$KPHG�0��+HOODO�DQG�'U��$EGR�0DULH�IRU�WKHLU�VXSSRUW�LQ�ILJXUHV�DQG�VWDWLVWLFDO�DQDO\VLV�SUHSDUWLRQV��



��� � �������0RKDPPHG�$��$O�$EERXG��<DV�0��)DGHO�$/�+DGLWKL��3URI��$��7DOHE�

5HIHUHQFHV�
%ULGVRQ� (��<�� ������� ��1DWXUDO�DQG�V\QWKHWLF�FXOWXUH�PHGLD� IRU�EDFWHULD� LQ� ��&5&�KDQGERRN� VHULHV� LQ� 1XWULWLRQ� DQG� IRRG�� VHFWLRQ� -�� 9RO�� ,,,�� 0LORVOD\� 5HFKHLJO�� -U���HG���&5&�SUHVV��,QF��&OHYHODQG��86$��
$OEHUW� *��0���-RKQ��:�)��DQG�0LFKDHO��3��6�����������0LFURELDO�SK\VLRORJ\��:LOH\�/LVV��WK�HGLWLRQ���,QF����1HZ�<RUN������������
/XGHN� 6����9ODGLPLU��9��DQG�-DQ��6����������(IIHFW�RI�ORZ�IUHTXHQF\�PDJQHWLF�ILHOGV�RQ�EDFWHULD�(VFKHULFKLD�FROL���-RXUQDO�RI�%LRHOHFWUFKHPLVWU\������������±������
6WUDVDN� /����9HWWHUO��9��DQG�6PDUGD��-�����������(IIHFW�RI�ORZ�IUHTXHQF\�HOHFWULF�DQG�PDJQHWLF� ILHOGV�RQ� WKH� OLYLQJ�RUJDQLVPV�� �LQ�&]HFK��6ERUQLN�/HNDUVN\� ����� ������±������
-DQ� 1�� �/XGHN�� 6��� /XNDV�� )�� �� ,YD�� 6�� DQG� 9ODGLPLU�� 9�� ������� �� (IIHFW� RI� ORZ�IUHTXHQF\� PDJQHWLF� ILHOGV� RQ� WKH� YLDELOLW\� RI� \HDVW� 6DFFKDURP\FHV� FHUHYLVLDH��-RXUQDO�RI�%LRHOHFWUFKHPLVWU\�����������±������
0DVDKLUR� .�� ��0XQH\R��<�� �� ,VDR��.�� DQG�0RUL\DVX��:�� ������� ��(IIHFW� RI� VWDWLF�PDJQHWLF� ILHOGV� RQ� EDFWHULD� �� 6WUHSWRFRFFXV� PXWDQV� �� 6WDSK\ORFRFFXV� DXUHXV�� DQG�(VFKHULFKLD�FROL���-RXUQDO�RI�3DWKRSK\VLRORJ\�����������±������
6366������IRU�ZLQGRZV��5HOHDVH���������VHS����������6WDQGDUG�YHUVLRQ��6366��,QF���&KLFDJR��,OOLQRLV��86$��



7KH�8QLYHUVLW\�5HVHDUFKHU�-RXUQDO��,VVXH�1R���������������-XQH������� 7KH�8QLYHUVLW\�RI�,EE��<HPHQ������
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&KHPLVWU\�'HSDUWPHQW��)DFXOW\�RI�6FLHQFH��
�7DL]�8QLYHUVLW\��7DL]���<HPHQ��

�DQG�$��.��$OVVJKHHU�
&KHPLVWU\�'HSDUWPHQW��)DFXOW\�RI�(GXFDWLRQ��

�+RGHLGDK�8QLYHUVLW\��<HPHQ��$EVWUDFW�
� 'LVWULEXWLRQ� FRHIILFLHQW� VWXGLHV� RI� WKH� PHWDO� LRQV� 1L��� %D���$O��� &U��� &X��� 3E��� &R��� DQG� =Q��� RQ� VWDQQLF� VLOLFRPRO\EGDWH� �+�

IRUP��ZHUH�SHUIRUPHG� LQ� DTXHRXV� DQG� DTXHRXV��RUJDQLF� VROYHQW� V\VWHPV�KDYLQJ�GLIIHUHQW�GLHOHFWULF�FRQVWDQWV�QDPHO\�HWKDQRO��HWK\OHQH�JO\FRO�DQG�JO\FHURO��7KH�HIIHFW�RI�RUJDQLF�VROYHQW�SHUFHQWDJH�DQG�WHPSHUDWXUH�RQ�WKH�GLVWULEXWLRQ� FRHIILFLHQW� ZDV� H[SORUHG�� 7KH� HIILFLHQF\� RI� WKLV� FDWLRQ�H[FKDQJHU� LQ� GLIIHUHQW� H[SHULPHQWDO� FRQGLWLRQV� ZDV� HVWDEOLVKHG�� 'XH� WR�WKH� ODUJH� GLIIHUHQFH� LQ� WKH� GLVWULEXWLRQ� FRHIILFLHQW� YDOXHV�� VHSDUDWLRQV� RI�WKH� PHWDO� LRQV� IURP� WKHLU� PL[WXUH� ZHUH� SHUIRUPHG�� ,W� ZDV� ILQDOO\�FRQFOXGHG�WKDW� WKH�����&�DSSHDUHG�WR�EH�WKH�PRVW�IDYRUDEOH� WHPSHUDWXUH��,PSRUWDQW� TXDQWLWDWLYH� VHSDUDWLRQV� RI� PHWDO� LRQV� LQ� ELQDU\� PL[WXUHV�LQFOXGLQJ�&X��� 3E��� &X��� &R��� &X��� $O��� 1L��� 3E��� 1L��� $O��� =Q���3E��� =Q��� &R��� =Q��� $O��� &U��� 3E�� DQG�1L�� � &R��� ZHUH�SHUIRUPHG���,QWURGXFWLRQ��� ,QRUJDQLF� LRQ� H[FKDQJHUV� DUH� LQ� JHQHUDO� VXSHULRU� WR� RUJDQLF� H[FKDQJHU� LQ�VRPH�DVSHFWV�VXFK�DV�WKHLU�UHVLVWDQFH�WR�WKH�KLJK�LRQL]LQJ�UDGLDWLRQ�DQG�FDQ�EH�XVHG�DW�HOHYDWHG� WHPSHUDWXUHV�ZLWKRXW�DQ\�GDQJHU�RI�GHFRPSRVLWLRQ���� ��� 0RUHRYHU�� WKH\�RIWHQ�H[KLELW�VSHFLILFLW\�WRZDUGV�FHUWDLQ�PHWDO�LRQV��)RU�WKHVH�UHDVRQV��WKHUH�KDV�EHHQ�D UHYROXWLRQDU\�JURZWK�LQ�WKH�ILHOG�RI�V\QWKHWLF�LRQ�H[FKDQJHUV����,Q� UHFHQW� \HDUV�� WKHUH� KDV� EHHQ� D� JURZLQJ� FRQFHUQ� ZLWK� HQYLURQPHQWDO�SURWHFWLRQ��7KH�SUHVHQFH�RI�KHDY\�PHWDOV� LQ� WKH�HQYLURPHQW�KDV�EHHQ� VKRZQ� WR�EH�GHWULPHQWDO� WR�D�YDULHW\�RI� OLYLQJ�VSHFLHV� LQFOXGLQJ�KXPDQ�EHLQJV��7KH� UHPRYDO�RI�KHDY\� PHWDOV� UHFHLYHG� FRQVLGHUDEOH� DWWHQWLRQ� EHFDXVH� RI� WKHLU� DVVRFLDWLRQ� ZLWK�YDULRXV� KHDOWK� SUREOHPV�� &RPSDQLHV� WKDW� XVH� FKURPLF� DFLG� IRU� HOHFWURSODWLQJ��DQRGL]LQJ� DQG� RWKHU� VXUIDFH� ILQLVKLQJ� RSHUDWLRQV� KDYH� D� GLIILFXOW� DQG� FRVWO\�SURFHGXUH�XVHG�WR�WUHDW�ZDVWHZDWHU�GLVSRVDOV�FRQWDPLQDWHG�ZLWK�FKURPLF�DFLG�������,Q�DOO�PHWDO��ILQLVKLQJ�RSHUDWLRQV��FKURPLF�DFLG�LV�UHGXFHG�WR�&U���DQG�PHWDO�VDOWV�DUH�IRUPHG�E\�GLVVROXWLRQ�RI�WKH�PHWDOV��7R[LFRORJLFDO�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�GHJUHH�RI�WR[LFLW\�RI�VRPH�HOHPHQWV�VXFK�DV�3E��� 1L��� $O��� &R��� %D���«�HWF���GHSHQGV�RQ�WKH�FKHPLFDO�IRUP�LQ�ZKLFK�WKH�HOHPHQW�LV�SUHVHQW���



��� � � � ���.K��$��6��*KDOHE��DQG�$��.��$OVVJKHHU�

'LIIHUHQW� WHFKQRORJLHV�� L�H��� UHYHUVH� RVPRVLV�� HOHFWURO\WLF� UHFRYHU\�WHFKQLTXHV� DQG� OLTXLG�� OLTXLG� H[WUDFWLRQ�� DPRQJ� RWKHUV�� KDYH� DOVR� EHHQ� HPSOR\HG�ZRUOGZLGH���� 0RUH�UHFHQWO\��QHZ�PHPEUDQH�WHFKQRORJLHV�KDYH�EHHQ�LQYHVWLJDWHG�E\�GLIIHUHQW� UHVHDUFK� JURXSV� VLQFH� PHPEUDQHV� RIIHU� D� IOH[LEOH�� PRGXODU� HQHUJ\��HIILFLHQW�GHYLFH�ZLWK�D�KLJK�VSHFLILF�VXUIDFH�������/HDG�KDV�EHHQ�IRXQG�WR�EH����DFXWH�WR[LF�WR�KXPDQ�EHLQJV�ZKHQ�SUHVHQW�LQ�KLJK� DPRXQWV� �H�J�� !� ��� �J�/�� LQ� GULQNLQJ� ZDWHU��� /HDG� LV� NQRZQ� WR� GDPDJH� WKH�NLGQH\��OLYHU�DQG�UHSURGXFWLYH�V\VWHP��EDVLF�FHOOXODU�SURFHVVHV�DQG�EUDLQ�IXQFWLRQV��7KH� WR[LF� V\PSWRPV� DUH� DQHPLD�� LQVRPQLD�� KHDGDFKH�� GL]]LQHVV�� LUULWDELOLW\�� DQG�ZHDNQHVV�RI�PXVFOH��KDOOXFLQDWLRQ�DQG�UHQDO�GDPDJHV��� $�PRUW� FRPSUHKHQVLYH� VXUYH\� KDV� EHHQ� XQGHUWDNHQ� E\� PDQ\� DXWKRUV�������ZKR� GHWHUPLQHG� .G� YDOXHV� IRU� HOHPHQWV� LQ� PLQHUDO� DFLG�� FRQWDLQLQJ� PHWKDQRO��HWKDQRO��Q��SURSDQRO�� LVRSURSDQRO��HWK\OHQH�JO\FRO��DFHWLF�DFLG�� WHWUDK\GURIXUDQ�DQG�DFHWRQH�DV�RUJDQLF�VROYHQWV��$WWHQWLRQ�KDV�EHHQ�IRFXVHG�PDLQO\�RQ�HOHPHQWV�KDYLQJ�WHQGHQFLHV� WR� IRUP� KDOR� FRPSOH[HV�� ZKLFK� VKRZHG� VSHFWDFXODU� LQFUHDVH� LQ� WKHLU�DIILQLWLHV�WR�UHVLQ��� 7KLV� SDSHU� SUHVHQWV� UHVXOWV� RQ� WKH� DELOLW\� RI� VWDQQLF� VLOLFRPRO\EGDWH� WR�UHPRYDO� DQG� VHSDUDWLRQ� RI� WKH�PHWDO� LRQV� VWXGLHG� KHUHLQ� LQ� DTXHRXV� DQG� DTXHRXV��RUJDQLF� VROYHQW� VROXWLRQV�� %DWFK� H[SHULPHQWV� H[DPLQH� WKH� HIIHFW� RI� GLHOHFWULF�FRQVWDQWV�DQG�WHPSHUDWXUH���
([SHULPHQWDO��5HDJHQWV�DQG�FKHPLFDOV��� 6WDQQLF� �,9�� FKORULGH� SHQWDK\GUDWH� �/RED� &KHPLH�� ,QGLD��� 6RGLXP�PRO\EGDWH��0�	�%��86$���6RGLXP�PHWDVLOLFDWH��&'+��,QGLD���1LWUDWH�RI�PHWDO�LRQV�DQG�HWKDQRO��HWK\OHQH�JO\FRO�DQG�JO\FHURO��(��0HUFK�,QGLD��XVHG�ZHUH�RI�DQDO\WLFDO�JUDGH��6\QWKHVHV��6WDQQLF� VLOLFRPRO\EGDWH� ZDV� SUHSDUHG����� E\� DGGLQJ� D� PL[WXUH� RI� ���� 0�DTXHRXV�VROXWLRQV�RI�VRGLXP�PRO\EGDWH�DQG�VRGLXP�PHWDVLOLFDWH�WR�D�����0�DTXHRXV�VROXWLRQ�RI�VWDQQLF�FKORULGH�SHQWDK\GUDWH�ZLWK�FRQVWDQW�VWLUULQJ�LQ�D�����YROXPH�UDWLR��7KH�S+��������RI�WKH�UHVXOWLQJ�VROXWLRQ�ZDV�PDLQWDLQHG�E\�DGGLQJ���0�+12�� 7KH�UHVXOWDQW�PL[WXUH�FRQWDLQLQJ�WKH�SUHFLSLWDWH�ZDV�GLYLGHG�LQWR�WZR�HTXDO�SRUWLRQV��RQH�RI� WKH� SRUWLRQV� ZDV� ILOWHUHG� GLUHFWO\� DQG� WKH� RWKHU� RQH� ZDV� UHIOX[HG� IRU� �� K�� 7KH�VXEVHTXHQW�VWHSV�DUH�WKH�VDPH�DV�GHVFULEHG�EHIRUH��7KH�VXSHUQDWDQW�OLTXLG�ZDV�WHVWHG�WR�HQVXUH� IRU� WKH�FRPSOHWH�XWLOL]DWLRQ�RI� WKH� UHDJHQWV��7KH� OLTXLG� LV� VHSDUDWHG� IURP�WKH� SUHFLSLWDWHV� E\� GHFDQWDWLRQ�� 7KH� SUHFLSLWDWH� ZDV� ZDVKHG� ZLWK� '0:� VHYHUDO�WLPHV��ILOWHUHG�DQG�ZDVKHG�DJDLQ�WR�UHPRYH�UHDJHQWV�DGKHUHG�WR�WKH�SUHFLSLWDWHV��7KH�ILQDO�SURGXFW�ZDV�GULHG�DW���������&�LQ�D�HOHFWULFDOO\�FRQWUROOHG�RYHQ��7KH�PDWHULDO�ZDV�FUDFNHG�LQWR�ILQH�SDUWLFOHV�ZKHQ�LPPHUVHG�LQ�ZDWHU��,W�ZDV�FRQYHUWHG�LQWR�WKH�+�

IRUP�E\�WUHDWLQJ�ZLWK���������0�+12� VROXWLRQV��,W�ZDV�ILQDOO\�ULQVHG�ZLWK�'0:�WR�UHPRYH�H[FHVV�DFLG�LQ�D�FROXPQ�DQG�GULHG�LQ�DQ�RYHQ�DW���������&��'LVWULEXWLRQ�VWXGLHV��� 7KH�GLVWULEXWLRQ�FRHIILFLHQW��.G� IRU�PHWDO�LRQV�1L��� %D��� $O��� &U��� &X���3E��� &R���DQG�=Q���ZDV�GHWHUPLQHG�LQ�DTXHRXV�DQG�D�QXPEHU�RI�PL[HG�V\VWHPV�YL]��



&DWLRQ��H[FKDQJH�EHKDYLRXU�RI�VHYHUDO�HOHPHQWV�LQ�QLWULF�DFLG��RUJDQLF�VROYHQW�PHGLD����������������

DTXHRXV� HWKDQRO�� DTXHRXV�� HWK\OHQH� JO\FRO� DQG� ZDWHU�� JO\FHURO�� 7KH� HIIHFW� RI�WHPSHUDWXUH�RQ�WKH�GLVWULEXWLRQ�FRHIILFLHQW�ZDV�DOVR�VWXGLHG��6WDQQLF�VLOLFRPRO\EGDWH������J��LQ�WKH�+�� IRUP�ZDV�SXW�LQWR�����PO�FRQLFDO�IODVN�HDFK�FRQWDLQLQJ����PO�RI�WKH�GHVLUHG�PL[HG� V\VWHP� VROXWLRQ�RI���[������0�FRQFHQWUDWLRQ�RI�PHWDO� LRQV��7KH�PL[WXUH�ZDV�FRQWLQXRXVO\�VKDNHQ�IRU���K�DW��������DQG�����&��7KH�DPRXQW�RI�PHWDO�LRQV�SUHVHQW� LQ� WKH� VROXWLRQ�ZDV�GHWHUPLQHG�E\� WLWUDWLQJ� LW� DJDLQVW�GLVRGLXP�VDOW�RI�('7$� XVLQJ� VWDQGDUG� SURFHGXUHV����� .G� YDOXHV� ZHUH� FDOFXODWHG� E\� XVLQJ� WKH�IROORZLQJ�UHODWLRQVKLS������ .G  ��������������������������������� ��

�:KHUH���LV�WKH�YROXPH�RI�('7$�XVHG�EHIRUH�WUHDWPHQW�ZLWK�WKH�H[FKDQJHU��)�LV�WKH�YROXPH�RI�('7$�XVHG�DIWHU�WUHDWPHQW��DQG���)�LV�WKH�DPRXQW�RI�PHWDO�LRQ�LQ�WKH�UHVLQ�SKDVH��6HSDUDWLRQV��,Q� RUGHU� WR� H[SORUH� WKH� VHSDUDWLRQ� DELOLW\� RI� VWDQQLF� VLOLFRPRO\EGDWH� E\�FROXPQ�FKURPDWRJUDSK\��D�QXPEHU�RI�ELQDU\�TXDQWLWDWLYH�VHSDUDWLRQV�RI�PHWDO�LRQV�ZHUH�SUDFWLFDOO\�DFFRPSOLVKHG��6WDQQLF�VLOLFRPRO\EGDWH������J��LQ�+��IRUP����������PHVK��ZDV�SDFNHG�LQ�D�FROXPQ�ZLWK�D�JODVV�ZRRO�VXSSRUW�DW�WKH�EDVH��$�PL[WXUH�RI�PHWDO� LRQV�VROXWLRQ� WR�EH�VHSDUDWHG�ZDV� WKHQ�SRXUHG� LQWR� WKH�FROXPQ��7KH�VROXWLRQ�ZDV� DOORZHG� WR� PRYH� WKURXJK� WKH� FROXPQ� DW� WKH� UDWH� RI� ��� ��� GURSV� �� PLQ�� DQG�UHF\FOHG�DW�OHDVW�WKUHH�WLPHV��7KH�FROXPQ�WKHQ�ZDVKHG�ZLWK�'0:�WR�ULQVH�WKH�VLGHV�RI� WKH�FROXPQ��7KH�DGVRUEHG�PHWDO� LRQV�ZHUH� WKHQ�HOXWHG�ZLWK�DSSURSULDWH�HOXHQWV��7KH�IORZ�UDWH�RI� WKH�HIIOXHQW�ZDV�PDLQWDLQHG�DW���PO� ��PLQ�� WKURXJKRXW� WKH�HOXWLRQ�SURFHVV��7KH�HIIOXHQWV�ZHUH�FROOHFWHG�LQ����PO�IUDFWLRQV�DQG�PHWDO�LRQV�FRQWHQWV�KDYH�EHHQ�GHWHUPLQHG�WLWULPHWULFDOO\�DJDLQVW�('7$�VROXWLRQ��'LVFXVVLRQ��� 7KH� GLVWULEXWLRQ� FRHIILFLHQW� YDOXHV� SUHVHQWHG� LQ� 7DEOH� �� VKRZ� WKDW� WKH�DIILQLW\�RI�DOPRVW�DOO�PHWDO�LRQV�PRGLILHV�WKH�VHOHFWLYLWLHV�LQ�D�QXPEHU�RI�FDVHV��.G�YDOXHV�RI�VRPH�HOHPHQWV��DQG�WKXV�LQGLFDWLQJ�VHSDUDWLRQ�SRVVLELOLWLHV�ZKLFK�DUH�ZLVH�RWKHU�XQDWWDLQDEOH�LQ�DTXHRXV�PHGLXP��'LIIHUHQW�UHSRUWV�RQ�VXFK�VXEMHFW�KDYH�EHHQ�UHSRUWHG����� ���� GHPRQVWUDWHG� WKH� XVDJH� RI� PL[HG� RUJDQLF� VROYHQWV� QDPHO\� HWKDQRO��HWK\OHQH� JO\FRO� DQG� JO\FHURO�� $FFRUGLQJ� WR� WKH� LPSRUWDQW� UROH� SOD\HG� E\� WKHVH�RUJDQLF� VROYHQWV� RQ� WKH�.G� YDOXHV� RI� WKH� FDWLRQ� VWXGLHG� LQ� WKH� SUHVHQW� ZRUN�� WKH�EHKDYLRXU�RI�WKH�FDWLRQ�FDQ�EH�GLYLGHG�LQWR�WKUHH�JURXSV�ZLWK�YDU\LQJ�FRQFHQWUDWLRQ�RI�RUJDQLF�VROYHQWV���������DQG�����Y�Y��DW�FRQVWDQW�DFLGLW\�����0�+12�� 7KH�ILUVW�JURXS�RI� WKH�PHWDO� LRQV�KDV�D�FRQVLGHUDEOH�KLJK�.G� YDOXH�E\� WKH�FDWLRQ�H[FKDQJHU�DQG� JUDGXDO� LQFUHDVH� ZLWK� LQFUHDVH� HWKDQRO�� HWK\OHQH� JO\FRO� RU� JO\FHURO�FRQFHQWUDWLRQ�� $� QXPEHU� RI�PHWDO� LRQV� VXFK� DV�1L��� %D��� $O��� &U��� &X��� 3E���&R��� DQG� =Q��� VKRZ� LQFUHDVH� LQ� WKHLU� .G YDOXHV� ZLWK� JUDGXDO� LQFUHDVH� HWKDQRO�FRQFHQWUDWLRQ��7KLV�LQFUHDVH�RI�.G� YDOXHV�LV�GXH�WR�WKH�FRPSOH[DWLRQ�RI�PHWDO�LRQV�ZLWK�HWKDQRO�UHVXOWLQJ�LQ�WKH�IRUPDWLRQ�RI�SRVLWLYLW\�FKDUJHG�PHWDO��OLJDQG�VSHFLHV�����$V� WKH� FRQFHQWUDWLRQ� RI� HWKDQRO� LV� IXUWKHU� LQFUHDVHG� WKH� QXPEHU� RI� QHXWUDO� RU� ORZ�SRVLWLYHO\�FKDUJHG�VSHFLHV� LQFUHDVHV�E\� WKHLU�FDXVLQJ�GHFUHDVH� LQ� WKH�.G� YDOXHV�RI�3E���DQG�$O���LRQV�XS�WR�����Y�Y��� 7KH�HIIHFW�RI� LQFUHDVLQJ�HWK\OHQH�JO\FRO�RQ�.G� YDOXHV� IRU�PDQ\�HOHPHQWV�DUH� VKRZQ� LQ�7DEOH� ���ZKHUH� WKH�.G� YDOXHV� DUH� LQFUHDVHG� IRU�PDQ\� LRQV�� VXFK� DV�
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��� � � � ���.K��$��6��*KDOHE��DQG�$��.��$OVVJKHHU�

%D��� &R���DQG�$O��� WKHQ�VXGGHQ�GHFUHDVH�RFFXUUHG�IRU�WKH�.G� YDOXHV�XS�WR�����Y�Y��ZKLOH�WKH�RWKHU�LRQV��QDPHO\��&X��� 1L��� &U���DQG�=Q���VKRZ�6KDUS�GHFUHDVH�LQ�WKH�.G� YDOXHV�ZLWK�DGGLWLRQ�RI�HWK\OHQH�JO\FRO��([FHSWLRQ�RFFXUV�IRU�3E���LRQ��ZKHUH�D�GHFUHDVH� LQ� LWV� .G�� YDOXH� XS� WR� ���� Y�Y� HWK\OHQH� JO\FRO� WRRN� SODFH� WKHQ� VXGGHQ�LQFUHDVH�RFFXUUHG�DW�����Y�Y��7KH�YHU\�ORZ�.G� YDOXHV�RI�&X��� 1L���DQG�=Q���IURP���� WR� ���� Y�Y� HWK\OHQH� JO\FRO� VXJJHVW� WKH� IRUPDWLRQ� RI� HLWKHU� D� ODUJH� QXPEHU� RI�QHXWUDO�VSHFLHV�KDYLQJ�YHU\�ORZ�GLVVRFLDWLRQ�RU�QHJDWLYHO\�FKDUJHG�VSHFLHV��������0RUHRYHU�� VLPLODU� EHKDYLRXU� LQ� JO\FHURO� IRU� %D��� 1L��� &U��� 3E��� =Q���&R��� DQG� $O��� LRQV� ZDV� REVHUYHG�� 7KHVH� LRQV� WHQG� WR� IRUP� SRVLWLYHO\� FKDUJHG�FRPSOH[HV�ZLWK�LQFUHDVLQJ�JO\FHURO�FRQFHQWUDWLRQ�XS�WR�����Y�Y�DQG�WKHQ�D�GURS�LQ�WKHLU�.G� YDOXHV�RFFXUV�ZKHQ�WKH�SHUFHQWDJH�RI�JO\FHURO�LQFUHDVHG��,QIOXHQFH�RI�WHPSHUDWXUH�� 7R� GHWHUPLQH� WKH� HIIHFW� RI� WHPSHUDWXUH� RQ� WKH� H[FKDQJH� SURFHVV�� ���� J� RI�VWDQQLF� VLOLFRPRO\EGDWH� ZDV� HTXLOLEUDWHG� ZLWK� ��� PO� RI� GHVLUHG� DTXHRXV�� VROYHQW�V\VWHP� IRU� �� K� DW� GLIIHUHQW� WHPSHUDWXUHV� LQFOXGLQJ� ���� ��� DQG� ��� �&�� 7KH�FRQFHQWUDWLRQ� RI� WKH� UHDJHQW� DIWHU� HTXLOLEUDWLRQ� ZDV� GHWHUPLQHG� E\� WLWUDWLRQ� ZLWK�GLVRGLXP�VDOW�RI�('7$�XVLQJ�VWDQGDUG�SURFHGXUHV�����$Q� LQFUHDVH� LQ� .G� YDOXHV� IRU� DOO� PHWDO� LRQV� VWXGLHG�� QDPHO\� 1L��� %D���$O��� &U��� &X��� 3E��� &R���DQG�=Q���ZLWK�D�UDLVH�LQ�WHPSHUDWXUH�DV�VKRZQ�LQ�7DEOH����&RQFHUQLQJ�WKH�HIIHFW�RI�WKH�WHPSHUDWXUH�RQ�WKH�H[FKDQJH�SURFHVV��WKH�PHWDOV�XSWDNH�LV�IDYRUHG�E\�UDLVLQJ�WKH�WHPSHUDWXUH��VLQFH�D�KLJKHU�WHPSHUDWXUH�DFWLYDWHV�WKH�PHWDO�LRQV� IRU� HQKDQFLQJ� WKH� H[FKDQJH� SURFHVV�� $OVR�� LW� WKH� FDWLRQV� PRYH� IDVWHU� ZLWK�LQFUHDVLQJ� WHPSHUDWXUH�� /LNHO\� H[SODQDWLRQ� IRU� WKLV� LV� WKDW� UHWDUGLQJ� VSHFLILF� RU�HOHFWURVWDWLF�� LQWHUDFWLRQV� EHFRPH� ZHDNHU� DQG� WKH� LRQV� EHFRPH� VPDOOHU�� EHFDXVH�VROYDWLRQ�LV�UHGXFHG������3UHGLFWLRQ� RI� VHSDUDWLRQ� SRVVLELOLWLHV�� ,Q� WKH� SUHVHQW� ZRUN�� EDWFK� GLVWULEXWLRQ�FRHIILFLHQWV� ZHUH� XVHG� DV� D� JXLGH� IRU� WKH� VHOHFWLRQ� RI� VHSDUDWLRQ� FRQGLWLRQV�� 7KH�YROXPH� UHTXLUHG� WR� HOXWH� D� PHWDO� LRQ� IURP� D� FROXPQ� DJUHHG� IDYRXUDEO\� ZLWK� WKH�YROXPH� SUHGLFWHG� E\� WKH� GLVWULEXWLRQ� FRHIILFLHQW� GDWD�� 7R� VHSDUDWH� WZR�PHWDO� LRQV�IURP� HDFK� RWKHU� RQ� D� FDWLRQ� H[FKDQJH� FROXPQ�� WKH� VROYHQW� FRPSRVLWLRQ� DQG� QLWULF�DFLG�FRQFHQWUDWLRQV�ZHUH�FKRVHQ�VXFK�WKDW�RQH�PHWDO�ZLOO�EH�UDSLGO\�HOXWHG�IURP�WKH�FROXPQ��.G VKRXOG�EH�ORZ��SUHIHUDEO\�RQH�RU�OHVV��ZKLOH�WKH�RWKHU�PHWDO�LRQV�KDV�D�KLJK�.G YDOXH�DQG�LV�WLJKWO\�KHOG�E\�WKH�FROXPQ��7KH�VWDQQLF�VLOLFRPRO\EGDWH�FROXPQ�KDG�D� OHQJWK�RI����FP�DQG�GLDPHWHU�����FP��7DNLQJ�FDUH� WKDW�QR�DLU�EXEEOHV�ZHUH�LQWURGXFHG�LQWR�WKH�EHGV���=HUR�DQG�YHU\�ORZ�.G� YDOXHV��a���RI�&X�DQG�1L��� DW������0�+12�� ����Y�Y�JO\FHURO��&X��� 1L���DQG�=Q���DW�����0�+12�� ��������HWK\OHQH�JO\FRO�DQG�&U���DW� ����0�+12�� ����HWK\OHQH�JO\FRO� LQGLFDWHV� LWV� VHSDUDWLRQ� IURP�DOO� RWKHU�PHWDO�LRQV��7DEOH�����7KXV�� D� QXPEHU� RI� ELQDU\� VHSDUDWLRQV�� QDPHO\�� &X��� 3E��� &X��� &R���&X��� $O��� 1L��� 3E��� 1L��� $O��� =Q��� 3E��� =Q��� &R��� =Q��� $O��� &U��� 3E���DQG�1L��� &R��� ZHUH� DFKLHYHG� TXDQWLWDWLYHO\� IURP� D� V\QWKHWLF�PL[WXUH� RQ� D� FROXPQ� RI�VWDQQLF�VLOLFRPRO\EGDWH�7DEOH���DW�����&���
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5HIHUHQFHV�

���,RXQH�<���������6WXGLHV�RQ�WKH�V\QWKHWLF�LQRUJDQLF�LRQ�H[FKDQJHUV���6\QWKHVLV�RI�VWDQQLF�SKRVSKDWH�DQG�VRPH�RI�LWV�SURSHUWLHV��-��,QRUJ��1XFO���� &KHP���������������������$PSKOHWW�&�%���³,QRUJDQLF�,RQ�([FKDQJHUV´�(OVHYLHU��$PVWHUGDP����������� &DWKHUV� *�,��� 3RUJ�� 1XFO�� (QHUJ�� ��� ����� ������ &�%�� $PSKOHWW���� 3URFHHGLQJV� RI� �QG� &RQIHUHQFH� 3HDFHIXO� 8VHV� RI� $WRPLF� (QHUJ\���� *HQHYD������������������ /RZ� .�6��� /HH� &�.�� DQG� 1J� $�<��� �������� &ROXPQ� VWXG\� RQ� WKH� VRUSWLRQ��� RI�&U�9,��XVLQJ�TXDWHUQL]HG�ULFH�KXOOV���%LRWHVRXUFH�7HFKQRO��������������� 0�(�9DOOHMR�� )�� 3HUVLQ�� &�� ,QQRFQHW�� 3�� 6LVWDW� DQG� *�� 3RXUFHOO\�� �������� (OHFWURWUDQVSRUW� RI� &U�9,�� WKURXJK� DQ� DQLRQ� H[FKDQJH� PHPEUDQFH�� 6HS���� 3XULI��7HFKQRO����������������*XKD�� $�� .��� <XUL� &�� +��� %DVX� 5�� DQG� 6LUNDU� .�� .��� ������ +HDY\� PHWDOV��� UHPRYDO� DQG� UHFRYHU\� E\� FRQWDLQHG� OLTXLG� PHPEUDQH�� $,&K(-�� ���� ������� ��������� 2UWL]� 0�,��� *DODQ� %��� 6DQ� 5RPDQ� 0�� )�� DQG� ,EDQH]� 5��� ������ .LQHWLFV� RI��� WKH�VHSDUDWLRQ�RI�PXOWLFRPSRQHQW�PL[WXUHV�E\�QRQ��GLVSHUVLYH�VROYHQW��� H[WUDFWLRQ�� VHSDUDWLRQ� RI� 1L� DQG� &G� DV� D� FDVH� VWXG\�� $,&K(-�� ��� ����� ������� �������� 1DVHHP� 5�� DQG� 7DKLU� 6�� 6��� ������ UHPRYDO� RI� 3E�,,�� IURP� DTXHRXV���� DFLGLF�VROXWLRQV�E\�XVLQJ�EHQWRQLWH��:DW��5HV����������������
��� .RUNLVFK� -��� DQG� +XEHU� $��� �������� &DWLRQ�� ([FKDQJH� %HKDYLRXU� RI����� 6HYHUDO� (OHPHQWV� LQ� +\GURIORXULF� $FLG�2UJDQLF� 6ROYHQW� 0HGLD�� 7DODQWD���� �����������±�����
���� 0DVVDUW� '�� /��� �������� 'LVWULEXWLRQ� FRHIILFLHQWV� RI� 5E� RQ� ]LUFRQLXP��� SKRVSKDWH�LQ�PL[HG�DTXHRXV�±�RUJDQLF�PHGLD��7DODQWD��������������±����
���� 3RKO� 3��� �������� $SSOLFDWLRQ� RI� LRQ�� H[FKDQJH� UHVLQV� WR� WKH� IUDFWLRQDWLRQ��� RI�PHWDOV�LQ�ZDWHU��7U$&�7UHQGV�LQ�$QDO\WLFDO�&KHPLVWU\�������������������
���� 5RGULJXH]� $�� 5�� DQG� 3RLWUHQDXG� &��� �������� (IIHFW� RI� RUJDQLF� VROYHQWV��� RQ� H[FKDQJH� HTXLOLEULD� ZLWK� D� VXOSKRQLF� DFLG� UHVLQ� SDUW� ��� GLVWULEXWLRQ� RI��� PRQRYDOHQW�DQG�GLYDOHQW�PHWDO�LRQV��$QDO��&KLP��$FWD�����������±�����
���� 1DEL� 6�� $�� � DQG� .KDQ� $�� 0��� ������ 6\QWKHVLV�� LRQ� H[FKDQJH� SURSHUWLHV��� DQG� DQDO\WLFDO� DSSOLFDWLRQV� RI� VWDQQLF� VLOLFRPRO\EGDWH�� (IIHFW� RI��� WHPSHUDWXUH� RQ� GLVWULEXWLRQ� FRHIILFLHQWV� RI� PHWDO� LRQV�� 5HDFWLYH� DQG��� )XQFWLRQDO�3RO\PHUV����������������������9RJHO�� �������� ³7H[W� ERRN� RI� TXDQWLWDWLYH� FKHPLFDO� DQDO\VLV´� �WK� HG����� /RQJPDQ��*URXS�8.�/WG�������
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���� 'HPLUEDV� $��� 3HKOLYDQ� (��� � *RGH� )��� � $OWXQ� 7�� DQG� $UVODQ� *��� ���������� $GVRUSWLRQ� RI� &X��� =Q��� 1L��� 3E��� DQG� &G��� IURP� DTXHRXV� VROXWLRQ� RQ��� $PELUOLW� ,5����� V\QWKHWLF� UHVLQ�� -RXUQDO� RI� &ROORLG� DQG� ,QWHUIDFH��� 6FLHQFH��������������
���� 1DEL� 6�� $��� 1DXVKDG� 0�� DQG� .KDQ� $�� 0��� �������� 6RUSWLRQ� VWXGLHV� RI��� PHWDO� LRQV� RQ� QDSKWKRO� EOXH�� EODFN� PRGLILHG� $PEHUOLWH� ,5� ���� DQLRQ��� H[FKDQJH� UHVLQ�� 6HSDUDWLRQ� DQG� GHWHUPLQDWLRQ� RI� PHWDO� LRQ� FRQWHQWV� RI��� SKDUPDFHXWLFDO� SUHSDUDWLRQ�� &ROORLGV� DQG� 6XUIDFHV� $�� 3K\VLFRFKHP���� (QJ��$VSHFWV��������������
���� 5EGG\� 0�� 1�� 5��� *KRVE� $�� .�� DQG� +XQNKLXE� /�� 2�� 7��� �������� &DWLRQ��������� H[FKDQJH� VHSDUDWLRQ� RI� PHWDO� LRQV� LQ� DTXHRXV� VRGLXP� JO\FROODWH� PHGLD���� ,QGLDQ�&KHP��6RF���/;,�����������
���� $FNHU� 3�� 9��� �������� 7KH� VHSDUDWLRQ� RI� ODQWKDQLGHV� RQ� DQLRQ� ±� H[FKDQJH��� UHVLQ�LQ�DQK\GURXV�DFHWLF�DFLG�PHGLXP� $QDO��&KLP��$FWD�����������±����
���� ,QJOH]DNLV� 9�-��� /RL]LGRX� 0�'�� DQG� *ULJRURSRXORX� +�3��� �������� ,RQ��� H[FKDQJH� VWXGLHV� RQ� QDWXUDO� DQG� PRGLILHG� ]HROLWHV� DQG� WKH� FRQFHSW� RI��� H[FKDQJH�VLHW�DFFHVVLELOLW\��-��&ROORLG�,QWHUI��6FL������������������
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7KH�8QLYHUVLW\�5HVHDUFKHU�-RXUQDO��,VVXH�1R���������������-XQH������� 7KH�8QLYHUVLW\�RI�,EE��<HPHQ������

��

21 6+581.(1�%$<(6,$1�(67,0$7256�)25�7+(�0($1�2)�1250$/�',675,%87,21�
$KPHG��0��$O�±5REDVVL�

)DFXOW\�RI�$GPLQLVWUDWLRQ�6FLHQFH��7DL]�8QLYHUVLW\��<HPHQ�
(PDLO�DOUREDVL�#\KRR�FRP��$EVWUDFW��

7KLV� SDSHU� VWXGLHV� WKH� GRXEOH�VWDJH� VKUXQNHQ�%D\HVLDQ� HVWLPDWRUV� �'66%(��
IRU�WKH�PHDQ�VXJJHVWHG��,Q�WKLV�HVWLPDWRU�D�VKULQNDJH�IDFWRU� N LV�WDNHQ�DQG�WKH�
UHJLRQ� 5 ZDV�IRXQG�E\�PLQLPL]LQJ�PHDQ�VTXDUHG�HUURU��7KH�QXPHULFDO�UHVXOW�VKRZV� LPSURYHPHQW� RI� WKH� GRXEOH�VWDJH� VKUXQNHQ� %D\HVLDQ� HVWLPDWRUV� RYHU�WKH�GRXEOH�VWDJH�%D\HVLDQ�HVWLPDWRUV�LQ�VRPH�VLWXDWLRQV� �

,QWURGXFWLRQ�
� /HW MML QLM[ �������������   � GHQRWH�WZR�UDQGRP�VDPSOHV�LQGHSHQGHQWO\�
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%�[�U�W��� ;?$�z �� IRU� HYHU\� ���U � ��� $QG� WKH� ERXQGDU\� RI� $� LV� WKH� VHW� RI� DOO�
ERXQGDU\�SRLQWV�RI�$��GHQRWHG�E\�w$���
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'HILQLWLRQ�����>��@�$�IX]]\�PHWULF�VSDFH��;�0�� LV�FDOOHG�SUHFRPSDFW�LI�IRU�HDFK��
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'HILQLWLRQ����>��@� $ IX]]\�PHWULF� VSDFH� �;�0�� LV� FDOOHG� FRPSDFW� LI� �;� 0� LV� D�
FRPSDFW�WRSRORJLFDO�VSDFH��
�7KHRUHP������>��@� $ IX]]\�PHWULF�VSDFH�LV�FRPSDFW�LI�DQG�RQO\�LI�LW�LV�SUHFRPSDFW�DQG�FRPSOHWH��� $OVR��ZH�SURYH�WKH�IROORZLQJ�WKHRUHP�������
7KHRUHP������ (YHU\�FRPSDFW�IX]]\�PHWULF�VSDFH�LV�VHSDUDEOH��
�
3URRI��/HW��ã;�0��� EH�WKH�JLYHQ�FRPSDFW�IX]]\�PHWULF�VSDFH��/HW��� U�� �W�! � DQG��
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QQQ UD%[�
7KXV�DQ FRQYHUJHV�WR�[��%XW�VLQFH�DQ � $ IRU�HDFK� $[� � +HQFH�$�LV�GHQVH� LQ�;�
DQG�WKXV�;�LV�VHSDUDEOH������
�� =HUR�'LPHQVLRQDO�
�
5HFDOO�WKDW�LQ�WKH�XVXDO�PHWULF�VSDFH��5�G��WKH�RSHQ�EDVH�FRQVLVWLQJ��RI�RSHQ�VHW�RI�

WKH�IRUP�%�[�U�� ��[�U��[�U����
)RU�XVXDO�IX]]\�PHWULF�VSDFH��;�0�� �ZKHUH�;� �5 �DQG�IRU�H[DPSOH�0�LV�GHILQHG��
E\�0�[��\��W�� ���� ���� \[\[ ��� IRU�DOO�[�\�� 5 �W�! ��DQG� LV�GHILQHG�E\�
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LV�JLYHQ�E\�
%�[�U�W�� �  � ����� U[
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�� � %�[�U�W�� LV� DQ� RSHQ� LQWHUYDO� RU�5 ZKRVH� GLDPHWHU�
FRQYHUJHV�WR�]HUR�DV�Uo � ���������������������������������������������������������������������������������������������������������������������������
'HILQLWLRQ����$ IX]]\�PHWULF�VSDFH��;�0��� LV�]HUR�GLPHQVLRQDO�LI�DQG�RQO\�LI��WKHUH�
H[LVWV�D�EDVH�IRU�WKH�RSHQ�VHW�FRQVLVWLQJ�RI�FORSHQ�VHW����
�
([DPSOH�����$ QRQ�$UFKLPHGHDQ�IX]]\�PHWULF�VSDFH��;�0�� LV�]HUR�GLPHQVLRQDO��
([DSPH����/HW��;�0��� EH�IX]]\�PHWULF�VSDFH��; ^[��[��«���[Q` DQG�ZH�OHW��
U  �PLQ^0�[L�[M�W��W�! � �L�z M `WKHQ�DOO�RI�RSHQ�EDOOV�%�[M�U�W��LV�FORSHQ�DQG�WKHVH�EDOOV�
FRQVWLWXWH�D�EDVH�IRU�WKH�RSHQ�VHWV�RI��;�0�����
1RZ��ZH�SURYH�WKH�IROORZLQJ�WKHRUHP���

�
7KHRUHP���� � /HW� �;�W� EH� 7� WRSRORJLFDO� VSDFH� WKHQ� �[�W� LV� VWURQJO\� ]HUR�
GLPHQVLRQDO� DQG� PHWUL]DEOH� LI� DQG� RQO\� LI� �[�W0� LV� QRQ�$UFKLPHGHDQ� IX]]\�PHWUL]DEOH���
3URRI��6XSSRVH���;�W� LV�VWURQJO\�]HUR�GLPHQVLRQDO�DQG�PHWUL]DEOH��WKHQ�IURP�>��@�LW�LV�QRQ�$UFKLPHGHDQ�PHWUL]DEOH��DQG�IURP�SURSRVLWLRQ��������LW�LV�QRQ��$UFKLPHGHDQ�IX]]\�PHWUL]DEOH��
&RQYHUVHO\��VXSSRVH��;�0���LV�FRPSDWLEOH�QRQ�$UFKLPHGHDQ�IX]]\�PHWULF�LQ��;�W�
WKHQ� WKH�IDPLO\�^XQ � Q�1 ` ZKHUH�XQ �������^� �
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DEDVH�IRU�XQLIRUPO\�X RQ�;�ZKLFK�LV�FRPSDWLEOH�ZLWK�W0� LI��[�\���\�]���XQ WKHQ�^ `���������PLQ���� ���
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� XQ L�H��XQ LV�WUDQVLWLYH��WKHUHIRUH�IURP�>��@�WKH�+DXVGRUII�WRSRORJLFDO�VSDFH�;�W�LV�VWURQJO\�]HUR�GLPHQVLRQDO�DQG�PHWUL]DEOH�VSDFH��������
7KHRUHP�����7KH�RQO\�FORSHQ�VHWV�LQ�IX]]\�PHWULF�VSDFH��5�0��� DUH�WKH�VHWV�5 DQG�
��WKHUHIRUH��5� 0G�� LV�QRW��]HUR�GLPHQVLRQDO��
�
3URRI� /HW���5� 0G�� EH�D�IX]]\�PHWULF�VSDFH��DQG�$�EH�DQ�DUELWUDU\�RSHQ�VHW�LQ�5�
DQG� VXSSRVH� $� z �� DQG� $� z 5� ZH� PXVW� VKRZ� WKDW� $� LV� QRW� FORSHQ� VHW� RU�
HTXLYDOHQWO\�WKDW�$�KDV�D�ERXQGDU\�SRLQW��OHW��[Q� ��\Q � EH�WZR�VHTXHQFHV�LQ�5�
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7KXV�[�LV�ERXQGDU\�SRLQW�RI�$��6R�$�LV�QRW�FORSHQ�VHW������
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:H�LQWURGXFH�WKH�IROORZLQJ�GHILQLWLRQ�LQ�IX]]\�PHWULF�VSDFHV��

�



6RPH�3URSHUWLHV��DQG�=HUR�'LPHQVLRQDOLW\�RI��)X]]\�0HWULF��6SDFHV���� ��������������

'HILQLWLRQ����$�IX]]\�PHWULF�VSDFH�;  �;�0��� KDV�VPDOO�LQGXFWLYH�GLPHQVLRQ���
�VKRUWO\��)�LQG�;�� ���LI�DQG�RQO\�LI�; LV�QRQ�]HUR�GLPHQVLRQDO�DQG�WKHUH�LV�D�EDVH�
^%0�[�U�W�� ��[��;����� [ � � �W�! �`IRU�WKH�RSHQ�VHWV�FRQVLVWLQJ�RI�VHW�ZLWK�]HUR�GLPHQVLRQDO�ERXQGDU\��� :H�SURYH�WKH�IROORZLQJ�WKHRUHP��
�
7KHRUHP����7KH�IX]]\�PHWULF�VSDFH�5  �5�0��� KDV�D�VPDOO�LQGXFWLYH�GLPHQVLRQ�
���
3URRI��7KH� XVXDO� EDVH� IRU� WKH� OLQH�5 FRQVLVWLQJ� RI� RSHQ� EDOO� %�[�U�W�� ZKLFK� LV� DQ�
RSHQ�LQWHUYDO�RU�5 IRU�WKH�XVXDO�WRSRORJ\�W0� 7KHQ�WKH��ERXQGDU\�RI�DOO�VXFK�D�EDOO�LV��
WZR�±�SRLQW�VHW��ZLWK�I�LQG�GLPHQVLRQ�LV�HTXDO�WR�]HUR��%\�WKHRUHP��������5 LV�QRW��
�]HUR�GLPHQVLRQDO�7KXV�I�LQG�5�  ������
([DPSOH����,Q�WKH�D�DERYH�WKHRUHP�LI�ZH�WDNH�0�LV�GHILQHG��E\��
0�[��\��W�� ���� ���� \[\[ ��� IRU�DOO�[�\�� 5 �W�! ��DQG� LV�GHILQHG�E\�
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5HIHUHQFHV�
>�@� � � $OPDQ]RU� 6DSHQD�� ³$� FRQWULEXWLRQ� WR� WKH� VWXG\� RI� IX]]\� PHWULF� VSDFHV´��$SSOLHG��� *HQHUDO�7RSRORJ\���������>�@� � � <�M�&KH�� +�.�3DWKDN�6�0�� .DQJ�� -�6�-XQJ�� ³&RPPRQ� IL[HG� SRLQWV� RI�FRPSDWLEOH�
� PDSV� RI� W\SH� �E� RQ� IX]]\� PHWULF� VSDFHV´� )X]]\� 6HWV� DQG� 6\VWHPV��������������������>�@����=�.�'HQJ��³)X]]\�SVHXGR�PHWULF�VSDFHV´�-��0DWK��$QDO��$SSO������������±����>�@� � � �0��$��(UFHJ�� ³0HWULF� VSDFHV� LQ� IX]]\� VHW� WKHRU\´�� -��0DWK��$QDO��$SSO��� ������������� ����í�����>�@����+DNDQ��(IH��³5RXQG�IX]]\�PHWULF�VSDFHV´��,QWHUQDWLRQDO�0DWKHPDWLFDO�� )RUXP�������������í������>�@����3�)OHWFKHU�DQG�:�/LQGJUHQ��³4XDVL�XQLIRUP�VSDFH´��0DUFHO�'HNNHU��1HZ�� <RUN�������
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>�@� � � �$��*HRUJH��3��9HHUDPDQL�� ³2Q� VRPH� UHVXOWV� LQ� IX]]\�PHWULF� VSDFHV´�� )X]]\�6HWV�DQG��� 6\VWHPV���������������±�����>�@� � �$��*HRUJH� DQG�3��9HHUDPDQL�� ³2Q� VRPH� UHVXOWV�RI� DQDO\VLV� IRU� IX]]\�PHWULF�VSDFHV´��� )X]]\��6HWV�DQG�6\VWHPV�����������������í�����>�@���0��*UDELHF��³)L[HG�SRLQWV�LQ�IX]]\�PHWULF�VSDFHV´��)X]]\�6HWV�DQG�6\VWHPV������� �����������í �����>��@�9��*UHJRUL�DQG�6��5RPDJXHUD��³6RPH�3URSHUWLHV�RI�IX]]\�PHWULF�VSDFHV´��)X]]\�6HWV��� DQG�6\VWHPV������������������í������>��@�9��*UHJRUL�DQG�$��6DSHQD��³2Q�IL[HG�SRLQW�WKHRUHPV�LQ�IX]]\�PHWULF�VSDFHV´��)X]]\��� 6HWV�DQG�6\VWHPV������������QR��������±�����>��@�2��.UDPRVLO�DQG�-��0LFKDOHN��³)X]]\�PHWULF�DQG�VWDWLVWLFDO�PHWULF�VSDFHV´���� .\EHUQHWLFD����������������í������>��@�2��.DOHYD�DQG�6��6HLNNDOD��³2Q�IX]]\�PHWULF�VSDFHV´��)X]]\�6HWV�DQG�6\VWHPV������ ��������QR�������±�����>��@� -�� 5RGU�ÕJXH]�� /�RSH]� DQG� 6�� 5RPDJXHUD�� ³7KH� +DXVGRUII� IX]]\� PHWULF� RQ�FRPSDFW��� VHWV´��)X]]\�6HWV��DQG�6\VWHPV�������������QR�������±�����>��@� %�� 6FKZHL]HU� DQG� $�� 6NODU�� ³6WDWLVWLFDO� PHWULF� VSDFHV´�� 3DFLILF� -�� 0DWK�� ������������� ���±����>��@��6��6HGJKL�DQG1�6KREH��³&RPPRQ�)L[HG�3RLQW�7KHRUHPV�IRU�D�&ODVV�0DS�LQ��� /��)X]]\�0HWULF�6SDFHV´��$SSOLHG�0DWKHPDWLFDO�6FLHQFHV���������QR��������±������>��@��3��9HHUDPDQL��³%HVW�DSSUR[LPDWLRQ�LQ�IX]]\�PHWULF�VSDFHV´��-��)X]]\�0DWK������ ����������í������>��@��/��$��=DGHK��³)X]]\�VHWV´��,QIRUPDWLRQ�DQG�&RQWURO����������������í������
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(PDLOV��SUDVDG#\�QHW�\H�DQLOM\R#\DKRR�FRP��

$EVWUDFW��
7KH�GLVFXUVLYH� IRUPDWLRQV�RI� QHZ� LPPLJUDQW� OLWHUDWXUH� KDYH� � DOPRVW� WDNHQ�WKH�VKDSH�RI��D�VHSDUDWH�LGHQWLW\�RI�D�JHQUH��ZKLFK�,�ZRXOG�SUHIHU�WR�FDOO�WKH�
QDUUDWLYHV�RI� UHORFDWLRQ
��3HRSOH�� LQ� WKH�FRXUVH�RI� WKHLU�PRYHPHQWV�� VZXQJ�EHWZHHQ�WKH�LQ�EHWZHHQQHVV�RI�KRPH�DQG�H[LOH��ZLWK�D�VHQVH�RI�
WZR�ZRUOGV
��VWULYH� WR� FRSH� ZLWK� WKH� HQLJPDWLF� QDWXUH� RI� WKHLU� RUGHDOV� RI� DUULYDO� DQG�VXUYLYDO��7KH�RUGHDOV�RI�WKHLU�DPELYDOHQW�VXEMHFW�SRVLWLRQV���JHW�UHSUHVHQWHG�LQ DUWLVWLF� WHUPV� LQ� WKH� GLVFXUVLYH� SUDFWLFHV�� PRUH� UHFHQWO\�� RI� LPPLJUDQW�OLWHUDWXUH�� IRU� ZKLFK� $PHULFDQ� PXOWLFXOWXUDOLVP� KDV� SURYLGHG� D� FRPSOH[�VSDFH�IRU�WKH�LVVXHV�LPPLJUDQW�OLWHUDWXUH�GHDO�ZLWK��7KH��SDSHU�DUJXHV�IRU�D�FRPSUHKHQVLYH� FULWLFDO� DQG� FRPSDUDWLYH� � � UHPDSSLQJ� � � RI� WKHVH� SUDFWLFHV����7KH�SDSHU�ZLOO�LQFOXGH�DXWKRUV�IURP�$VLDQ�$PHULFDQ�GLDVSRUDV�SDUWLFXODUO\�WKRVH� �ZKRVH�ZRUNV�KDYH�EHHQ� �SLRQHHULQJ�LQ�SURYLGLQJ� � 
LQWHUSUHWDWLRQ
�RI�PDODGLHV�GLOHPPDV�� LPPLJUDQWV�FRQIURQW� LQ�WKHLU�DGMXVWPHQW�ZLWK� �WKH�QHZ��VRFLRFXOWXUDO�HQYLURQPHQW� �E\�EHFRPLQJ�D� 
PLGGOHPDQ
� LQ� � LQWHUSHQHWUDWLQJ�WKH� PHDQLQJ� RI� $PHULFD� WKURXJK� 
TXHVW� QDUUDWLYHV
� � DQG� E\� GHILQLQJ� � WKH�QDWXUH� RI� LGHQWLW\� LQ� WHUPV� RI� JHQGHU�� UDFH� RU� VH[XDOLW\�� 7KH� SDSHU� ZLOO�H[DPLQH�KRZ� WKHLU� H[SORUDWLRQ�RI� � WKH� FKDOOHQJHV�RI� FXOWXUDO� GLVSODFHPHQW�WKURXJK�D�GLVWLQFWLYH�DXWKRU�SURWDJRQLVW�UHODWLRQVKLS�UHYHDOLQJ� �WKH��XQHDV\�QHJRWLDWLRQV� EHWZHHQ� WKH� WUDGLWLRQDO� KRPHODQG� FXOWXUH� � DQG� WKH� $PHULFDQ�FXOWXUH� RQ� WKH� LVVXHV� RI� DVVLPLODWLRQ� DQG� UHVLVWDQFH�� WKURXJK� � D� FRPSOH[��PXOWL�OD\HUHG�� � KHWHURJORVVLF� � � DQG� TXDVL�ILFWLRQDO� QDUUDWLYH� E\� D� FRPSOH[�LQWHUPLQJOLQJ�RI�IDFW�DQG�IDQWDV\��KLVWRU\�DQG�ELRJUDSK\��� WKH�HFKRHV�RI�DQ�DXWRELRJUDSKLFDO�VXEMHFW��DQG�HYHQ�WKH�LQYRFDWLRQ��RI�JKRVWV�DV�DQ�DLG�WR�WHOO�VWRULHV���DUH�FRQVWUXFWV�WR�UHORFDWH�WKHLU�KRPHV�����1RWH��7KLV�LV�D�UHYLVHG�YHUVLRQ�D�SDSHU�HQWLWOHG�³�,QWHUSUHWLQJ�,PPLJUDQW�([SHULHQFH��$VLDQ� $PHULFDQ� 7DOHV� RI� WKH� (QLJPD� RI� $UULYDO� DQG� 6XUYLYDO´� JLYHQ� DW� WKH�,QWHUQDWLRQDO� &RQIHUHQFH� RQ� ³$VLDQ� $PHULFDQ� /LWHUDWXUH� LQ� WKH� ��VW� &HQWXU\´��%HLMLQJ�� &KLQD� 0D\� ������� ������ MRLQWO\� RUJDQL]HG� E\� %HLMLQJ� )RUHLJQ� 6WXGLHV�8QLYHUVLW\� 	� 6W� 7KRPDV� 8QLYHUVLW\�� )ORULGD�� 8�6�$�� 7KLV� UHYLVHG� YHUVLRQ� RI� WKH�SDSHU�ZDV�SUHVHQWHG�DW�9,�:RUOG�&RQIHUHQFH�� �	�;,9�$OO� ,QGLD�(QJOLVK�7HDFKHUV�$QQXDO�&RQIHUHQFH��XQGHU�WKH�DXVSLFHV�RI�:$6/(��:RUOG�$VVRFLDWLRQ�IRU�6WXGLHV�LQ�/LWHUDWXUHV�LQ�(QJOLVK���,$6&/���,QGLDQ�$VVRFLDWLRQ�IRU�6WXGLHV�LQ�&RQWHPSRUDU\�/LWHUDWXUH� �,$6&/��RQ� ³�1HZ�8UJHV� LQ�1HZ�/LWHUDWXUHV� LQ�(QJOLVK´�KRVWHG�E\� WKH�
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'HSDUWPHQW�RI�(QJOLVK�DQG�)RUHLJQ�/DQJXDJHV��0�'��8QLYHUVLW\��5RKWDN��+DU\DQD��,QGLD��6HSW����������������,QWURGXFWLRQ����7KHUH�KDV�EHHQ�DQ���HPHUJHQFH�RI��QHZ�LPPLJUDQW�OLWHUDWXUH��LQ�WKH�8QLWHG�6WDWHV�RI�$PHULFD�LQ��WKH�ODVW�WKUHH�GHFDGHV���0RVW�VLJQLILFDQW�ZULWHUV�RI�WKLV�JHQUH�RI��ZKLFK��LQ� IDFW�� � DUH� WKH�$VLDQ�$PHULFDQV�� LPPLJUDQWV� IURP�&KLQD�� WKH� 3KLOLSSLQHV�� -DSDQ��9LHWQDP�� ,QGLD��3DNLVWDQ��%DQJODGHVK��6UL�/DQND��7KDLODQG��&DPERGLD��.RUHD� � DQG�WKH� FRXQWULHV� RI� WKH� $UDE�:RUOG�� � ,WV� FRQWHPSRUDU\� � VLJQLILFDQFH� � WRGD\� KDV� EHHQ��FRJHQWO\�SXW�E\�(ODLQH�+�.LP��VHH�$'%��%XOOHWLQ�����6SULQJ�������������������$6�%27+�VRFLDO�GRFXPHQW� DQG� D�PLUURU�RI�PHPRU\��P\WK��GUHDPV�� DQG�GHVLUH��$VLDQ�$PHULFDQ� OLWHUDWXUH�SURYLGHV�XQLTXH� DFFHVV� WR�XQGHUVWDQGLQJ� WKH� VRFLDO�KLVWRU\� DQG�VHQVLELOLWLHV� RI� DQ� RIWHQ�PLVXQGHUVWRRG�$PHULFDQ� UDFLDO�PLQRULW\� JURXS��� � ,Q� RWKHU�ZRUGV�� WKLV� OLWHUDU\� GLVFRXUVH� LV� D� PHWRQ\P\� RI� 
SODFH
�� � 
GLVSODFHPHQW
� DQG�
UHORFDWLRQ
�� RULJLQDWLQJ� � IURP� WKH� H[SHULHQFH� RI� GLVSODFHPHQW� ZLWK� � D� VHQVH� RI�GLVORFDWLRQ�IURP� WKH�RULJLQDO� �KRPHODQG�RI� � WKH� LPPLJUDQW�ZULWHU�� �7KHUH� LV�DOZD\V��DQ�HQLJPD��LQ��DQG��RI���WKH�DUULYDO��VKRFNV��KROGLQJ�WKH�KRPHODQG�PHPRULHV��HWKRV��QRVWDOJLD�WU\LQJ�WR�VXUYLYH���LQ�DQRWKHU�PDQ
V�FRXQWU\��LQ�WKH�PLGVW�RI�WKH�IHHOLQJV�RI�VWUDQJHQHVV� DQG� VROLWXGH�� �1DLSDXO�� ��������� � $WWHPSWV� DW� DGMXVWPHQWV� DQG�UHFRQFLOLDWLRQV��WDNH�SODFH�LQ�D�G\QDPLF�DQG�VKLIWLQJ�HQYLURQPHQW�ZKLFK�GHFRQVWUXFW�WKH�IRUPDWLRQV�RI��D��VHSDUDWH�LGHQWLW\�DQG�FXOWXUDO�GLVWLQFWLYHQHVV����0HHQD�$OH[DQGHU��WKH�$VLDQ�$PHULFDQ�SRHW�DQG��QRYHOLVW��GHVFULEHV��WKLV�QHZ�WUHQG�LQ�OLWHUDWXUH�DV����D�ZRUOG�RI��PLJUDQW�PHPRULHV�DQG�PXOWLSOH�ODQJXDJHV�DW�WKH�ULP�RI�WKH� WZHQW\�ILUVW� FHQWXU\�� �$OH[DQGHU�� 0HHQD� �$SULO� ��� ������� 'LVFXVVLQJ� -HVVLFD�+DJHGRUQ��%KDUDWL�0XNKHUMHH�� &KHQJ�UDH� /HH� DQG� RWKHU� �� FHOHEUDWHG�ZULWHUV�� OLNH�0D[LQH�+RQJ�.LQJVWRQ��)UDQN�0H�&RXUW��6DQGUD�&LVQHURV�DQG�-DPDLFD�.LQFDLG��DQG�UHIHUULQJ� WR� WKHLU� ZRUNV� � DV� �� D� QHZ� OLWHUDWXUH� RI� LPPLJUDWLRQ�� 6�� 6KDQNDU� LQ� KLV�DUWLFOH�� �$PHULFD� ,QVLGH� 2XW�� � LQ� 7KH�+LQGX� �� 2QOLQH� HGLWLRQ� 6XQGD\��0DUFK� ���������� � VD\V�� �,W� LV� D� OLWHUDWXUH�RI� �SURWHVW�� DQG�RI�FHOHEUDWLRQ«�� LW� LV� D� OLWHUDWXUH� LQ�ZKLFK� WR� UHDG� WKH� VWRU\� RI� FRQWHPSRUDU\�$PHULFD���%XW� LQ�P\�RSLQLRQ�� LW� LV�PRUH�WKDQ� WKH� VWRU\� RI� FRQWHPSRUDU\�$PHULFD�� � ,Q� IDFW�� LW� LV� WKH� VWRU\� RI� KXPDQ�EHLQJ¶V�TXHVW�IRU�D�KRPH�DZD\�IURP�KRPH���,W�LV�D�FHOHEUDWLRQ��FHOHEUDWLRQ�RI�KXPDQ�EHLQJ¶V�LQGRPLWDEOH�LQQHU�GHVLUH�WR�PRYH��WR�ZDON�RQ�DQG�RQ�DQG�RQ����7KH� WDOHV� RI� $VLDQ� $PHULFDQ� ZULWHUV� RI� � FRQWHPSRUDU\� $PHULFD� DUH� WKH� WDOHV� RI��UHORFDWLRQ���QDUUDWLYHV�LQ�ZKLFK�WR�ERUURZ�WKH�OLQHV�IURP�-HVVLFD�+DJHGRUQ
V�SRHP��6RUFHU\���:RUGV�DUH�YHU\�WULFN\�WKLQJV«LQVWUXPHQWV�RI�LOOXVLRQ�«��DQG�RQFH��\RX�VWDUW�GDQFLQJ�WR�ZRUGV�\RX�PLJKW�QHYHU��VWRS����+DJHGRUQ���QG�����:RUGV�DUH�WULFN\�LQ�WKLV�ZRUOG�RI� FUDFNHG� VRXOV� DQG� IUDFWXUHG� � VHQVLELOLWLHV�EHFDXVH� � LW� LV� �� D� IXVLRQ� RI�PXOWLSOH� ZRUOGV�� �$OH[DQGHU�� 0HHQD� � TWG�� � LQ� �0LJUDQW� 0XVLF��KWWS���ZZZ�ERRNFRXQWHU�FRP�ELJ�R��������������� :RUGV� DUH� WULFN\� � LQVWUXPHQWV�GHSLFWLQJ��D�ZRUOG��RI��HQFRXQWHUV��D�ZRUOG�LQ�ZKLFK��PHQ�DQG�ZRPHQ�KDYH�PRYHG�SK\VLFDOO\� DQG� HPRWLRQDOO\� IURP� RQH� SODFH� WR� DQRWKHU� � WR� �VHHN� IRUWXQH� IDU� IURP�KRPH����/DKLUL��,QWHUSUHWHU�RI�0DODGLHV�������������7KH�7KLUG�DQG�)LQDO�&RQWLQHQW��
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��� KLGLQJ� � JXLOW� DQG� IHDUV� LQ� WKH� VLOHQW� FRUQHUV� RI� WKHLU� KHDUWV� OLNH� 0UV� 'DV�� 0U�3LU]DGD�� � /DKLUL�� ����� �� ,QWHUSUHWHU� RI� 0DODGLHV�� DQG� �:KHQ� 3LU]DGD� &DPH� WR�'LQH���� � 3DGPD�� �0XNKHUMHH� ������ 'HVLUDEOH� 'DXJKWHUV��� VHHGV� RI� UHEHOOLRQ� LQ�-DVPLQH� �� 0XNKHUMHH� ������ -DVPLQH��� WKH� PHPEHUV� RI� 5DPRXG� IDPLO\� LQ� $EX�-DEHU¶V�$UDELDQ�-D]]�DQG�WKH�EHDXWLIXO�DQG�DFFRPSOLVKHG�FKHI�6LULQH�DQG�WKH�YLVLWRUV�RI��8P�1DGLD¶V�FDIp�LQ�KHU�DQRWKHU�QRYHO�&UHVFHQW� 5LR�*RQ]DJD��+DJHGRUQ�������'RJHDWHUV���.LQJVWRQ
V�SURWDJRQLVW� LQ�7KH�:RPDQ�:DUULRU� ������� DQG� WKH� FRQIOLFW�EHWZHHQ�WKH�&KLQHVH�LPPLJUDQW�PRWKHUV�DQG�WKHLU�$PHULFDQ�ERUQ�GDXJKWHUV�LQ�$P\�7DQ��������7KH�-R\�/XFN�&OXE� DQG��������7KH�%RQHVHWWHU
V�'DXJKWHU���7R�XQUDYHO�WKH�P\VWHULHV�DQG�WKH�HQLJPD�RI�DUULYDO����WKH�ZRUGV�DUH�PHDQV�RI�UHORFDWLQJ�RQHVHOI�LQ�D�QHZ�HQYLURQPHQW�����7KLV� DWWHPSW� DW� UHORFDWLRQ� LV� LQYDULDEO\� DPELYDOHQW�� DQ� LQ�EHWZHHQQHVV� EHWZHHQ�KRPH�DQG�H[LOH�DEURDG��D�VKRFN��DQG�VWUDLQ�WR�RYHUFRPH�DQG�WR�EH�DEOH��WR��VXUYLYH����/DKLUL���������ZLWK�D�VHQVH�RI��WZR�ZRUOGV���1DLSDXO�TWG�LQ�3UDVDG���������7KH�SDSHU�KDV�VHOHFWHG��-KXPSD�/DKLUL
V�,QWHUSUHWDWLRQ�RI�0DODGLHV���������DQG�7KH�1DPHVDNH��������� %KDUDWL� 0XNKHUMHH
V� 7KH� 0LGGOHPDQ� DQG� RWKHU� 6WRULHV� �������� -DVPLQH�������� DQG�'HVLUDEOH� 'DXJKWHUV� �������� 'LDQD� $EX�-DEHU¶V�$UDELDQ� -D]]� �������DQG� &UHVFHQW� �������� � ,Q� WKH� FRXUVH� RI� GLVFXVVLRQ� 0D[LQH� +RQJ� .LQJVWRQ
V� 7KH�:RPDQ� :DUULRU� �������� � $P\� 7DQ
V� 7KH� -R\� /XFN� &OXE� � ����� � �� DQG� � 7KH�%RQHVHWWHU
V� 'DXJKWHU� ������ �� DQG� -HVVLFD�+DJHGRUQ
V�'RJHDWHUV� ������ �� ZLOO� EH�UHIHUUHG� WR� IRU� D� FRPSDUDWLYH� VWXG\� WR� VKRZ� KRZ� GHVSLWH� D� VKDUHG� H[SHULHQFH�� WKH�FXOWXUDO�UHDOLWLHV�UHSUHVHQWHG�LQ�WKHLU�ZRUNV�GLIIHU�JUHDWO\��%XW�WKH�VFRSH�RI�WKH�SDSHU�GRHV�QRW�DOORZ�PH�KHUH�WR�GR�VR���
��'LVFXVVLRQ��������7KH�1DUUDWLYHV�RI�6RXWK�$VLDQ�'LDVSRUD���7KH�VFRSH�RI� WKH�SDSHU�GRHV� �QRW�DOORZ�WKH� LQFOXVLRQ�RI� �DOO� WKH�QRYHOLVWV�DQG� WKHLU�ZRUNV� ZKR� EHORQJ� WR� $VLDQ� $PHULFDQ� OLWHUDWXUH�� 7KHUHIRUH�� � WKUHH� UHSUHVHQWDWLYH��ZULWHUV� RI� 6RXWK� $VLDQ� 'LDVSRUD�� � -KXPSD� /DKLUL�� %KDUDWL� 0XNKHUMHH�� DQG� 'LDQD�$EX�-DEHU�KDYH�EHHQ�FKRVHQ�� �ZKRVH�ZRUNV�KDYH�EHHQ�SLRQHHULQJ� LQ��LQWHUSUHWLQJ��WKH�PDODGLHV� RI� WKH�$VLDQ� LPPLJUDQWV� FRQVHTXHQW� XSRQ� WKHLU� DUULYDO� LQ�� WR� XVH� WKH�WLWOH�RI�/DKLUL
V�VKRUW�VWRU\���7KH�7KLUG�DQG�)LQDO�&RQWLQHQW���L�H���1RUWK�$PHULFD�DQG�DV�&KLWUD�%DQHUMHH�'LYDNDUXQL�LURQLFDOO\�SXWV�LW��OLEHUDWHG��DQG�WUDSSHG�E\�«��P\WK�DQG�PDJLF�RI�$PHULFD�����VHH�3URILOH�RI�D�6$-$�6SHDNHU��&KLWUD�'LYDNDUXQL����
�������/DKLUL��WKH�LQWHUSUHWHU�RI�PDODGLHV�/DKLUL
V�FROOHFWLRQ�RI�VKRUW�VWRULHV�DQG�DOVR�KHU�UHFHQW��QRYHO�7KH�1DPHVDNH�SRUWUD\�WKH�SLFWXUHV�RI�FXOWXUH�VKRFN�DQG�GLVSODFHG�LGHQWLW\�� �7KH�FKDUDFWHUV� LQYDULDEO\� OLYH��WZR� OLYHV�� OLNH� WKHLU� FUHDWRU� DQG� WKH� QDUUDWLYHV� XQIROG� WKHLU� H[SHULHQFH� RI� � WKH�IHHOLQJV�RI��IRUHLJQQHVV
���KRPHVLFNQHVV�DQG��EHLQJ�RXW�RI�SODFH�OLYLQJ��LQFRPSOHWH��IUDFWXUHG� OLYHV�� WKRXJK� OLYLQJ� D� OLIH� RI� IUHHGRP�ZLWK� RSSRUWXQLWLHV� RI� ZRUN�� � ,W� LV�LQWHUHVWLQJ�WKDW�/DKLUL��KHUVHOI�D�GDXJKWHU�RI��LPPLJUDQW�SDUHQWV��UHFDOOV���$V�D�FKLOG�,�VRXJKW� SHUIHFWLRQ� DQG� VR� GHQLHG� P\VHOI� WKH� FODLP� WR� DQ\� LGHQWLW\�� � $V� DQ� DGXOW� ,�
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DFFHSW� WKDW� D� ELFXOWXUDO�XSEULQJLQJ� LV� ULFK�EXW� LPSHUIHFW� WKLQJ��� ��0\�7ZR�/LYHV���2QOLQH�1HZVZHHN� ,QWHUQDWLRQDO� (GLWLRQ��� 6KH� IXUWKHU� FRPPHQWV�� �7KH� LPPLJUDQW
V�MRXUQH\�� QR� PDWWHU� KRZ� XOWLPDWHO\� UHZDUGLQJ�� LV� IRXQGHG� RQ� GHSDUWXUH� DQG�GHSULYDWLRQ�� EXW� LW� VHFXUHV� IRU� WKH� VXEVHTXHQW� JHQHUDWLRQ� D� VHQVH� RI� DUULYDO� DQG�DGYDQWDJH���,ELG����6LPLODU�DUH�WKH�IHHOLQJV�RI��WKH�XQQDPHG�QDUUDWRU�LQ���7KH�7KLUG�DQG�)LQDO�&RQWLQHQW��DIWHU�UHPDLQLQJ��LQ�WKLV�QHZ�ZRUOG�IRU�QHDUO\�WKLUW\�\HDUV���KH��UHIOHFWV�� �, DP�QRW�WKH�RQO\�PDQ�WR�VHHN�KLV�IRUWXQH�IDU�IURP�KRPH�DQG�FHUWDLQO\�,�DP�QRW�WKH�ILUVW���6WLOO�� WKHUH�DUH�WLPHV�,�DP�EHZLOGHUHG�E\�HDFK�WLPH�,�KDYH�WUDYHOHG��HDFK�PHDO�,�KDYH�HDWHQ��HDFK�SHUVRQ�,�KDYH�NQRZQ��HDFK�URRP� LQ�ZKLFK� ,� KDYH� VOHSW�� � $V� RUGLQDU\� DV� LW� DOO� DSSHDUV�� WKHUH� DUH�WLPHV�ZKHQ�LW�LV�EH\RQG�P\�LPDJLQDWLRQ����S�������+HU�FKDUDFWHUV�H[SUHVV�WKHLU�VHQVH�RI�GHSDUWXUH��GHSULYDWLRQ��DQG�DUULYDO�WKURXJK�WKH�WURSHV�RI�IRRG��FORWKLQJ��SHRSOH��DQG�SODFH�DV�LW�LV�HYLGHQW��IURP�WKH�SDVVDJH�TXRWHG�DERYH�� � ,W� LV� LQWHUHVWLQJ� WR� QRWH� � � KRZ� WKH� FKDUDFWHUV� GHILQH� WKHLU� LGHQWLW\�ZLWK� WKH�FORWKHV� WKH\� ZHDU�� WKH� IRRG� WKH\� HDW�� WKH� PHPRULHV� � WKH\� NHHS�� DQG� WKH� QHZ�HQFRXQWHUV� WKH\� KDYH�� $� EHDXWLIXO� H[DPSOH� � LV� LQ� 7KH� 1DPHVDNH� ZKHQ� $VKLPD�*DQJXOL� LV� WDNHQ� WR�0RXQW�$XEXUQ�+RVSLWDO� �� WKURXJK�GHVHUWHG�&DPEULGJH� VWUHHWV��XS�0DVVDFKXVHWWV� $YHQXH� DQG� SDVW�+DUYDUG�<DUG��� ��� 6KH� LV� DVNHG� WR� UHPRYH� KHU�0XUVKLGDEDG� VLON� VDUL� LQ� IDYRXU� RI� D� IORZHUHG� FRWWRQ� JRZQ� � WKDW�� WR� KHU� PLOG�HPEDUUDVVPHQW�� RQO\� UHDFKHV� KHU� NQHHV��� 6KH� FRQWLQXHV� WKLQNLQJ� DQG� KHU� WKRXJKWV�UHYHDO�KHU�GHSULYDWLRQ�LQ�D��IRUHLJQ�� ODQG�ZKHUH���VKH�� LV�DORQH��FXW�RII�E\�FXUWDLQV�IURP�WKH�RWKHU�ZRPHQ�LQ�WKH�URRP�����ZKHUH���>7@KHUH�LV�QRWKLQJ�WR�FRPIRUW�KHU�LQ�WKH�RII�ZKLWH�WLOHV�RI�WKH�IORRU��WKH�RII�ZKLWH�SDQHOV�RI�WKH�FHLOLQJ��WKH�ZKLWH�VKHHWV�WXFNHG��WLJKWO\�LQWR�WKH�EHG����,Q�,QGLD��VKH�WKLQNV�WR�KHUVHOI��ZRPHQ�JR�KRPH�WR�WKHLU�SDUHQWV�WR�JLYH� ELUWK�� DZD\� IURP� KXVEDQGV� DQG� LQ�ODZV� DQG� KRXVHKROG� FDUHV��UHWUHDWLQJ�EULHIO\�WR�FKLOGKRRG�ZKHQ�WKH�EDE\�DUULYHV���6KH� LV� GHSULYHG� RI� WKH� ORYH� DQG� FDUH� DQG� �LW� ZDV� KDSSHQLQJ� IDU� IURP� KRPH��XQPRQLWRUHG� DQG� XQREVHUYHG� E\� WKRVH� VKH� ORYHG�� � DQG� �� VKH� LV� WHUULILHG� WR� UDLVH� D�FKLOG�LQ�D�FRXQWU\�ZKHUH�VKH�LV� UHODWHG� WR�QR�RQH��ZKHUH�VKH�NQRZV�VR� OLWWOH��ZKHUH�OLIH� VHHPV�VR� WHQWDWLYH�DQG�VSDUH���7KH�FODVK�RI�FXOWXUH�FDXVHG�E\�DUULYDO� LQ�D�QHZ�SODFH��QRWKLQJ�IHHOV�QRUPDO�WR�$VKLPD��ZKR���)RU� WKH� SDVW� HLJKWHHQ�PRQWKV�� HYHU� VLQFH� VKH
V� DUULYHG� LQ� &DPEULGJH��QRWKLQJ� KDV� IHOW� QRUPDO� DW� DOO�� � ,W
V� QRW� VR�PXFK� WKH� SDLQ�� ZKLFK� VKH�NQRZV��VRPHKRZ��VKH�ZLOO�VXUYLYH�� � ,W
V� WKH�FRQVHTXHQFH��PRWKHUKRRG�LQ�D�IRUHLJQ�ODQG������2QH�RI� WKH� WKLQJV�RI�SODFH�ZKLFK�JLYHV� VRODFH� WR�KHU� LV� �D� WDWWHUHG� FRS\�� �RI�'HVK�PDJD]LQH��
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WKDW�VKH
G��EURXJKW�WR�UHDG�RQ�KHU�SODQH�ULGH�WR�%RVWRQ�DQG�VWLOO�FDQQRW�EULQJ�KHUVHOI�WR�WKURZ�DZD\���7KH�SULQWHG�SDJH�RI�%HQJDOL�W\SH��VOLJKWO\�URXJK�WR�WKH�WRXFK��DUH�D�SHUSHWXDO�FRPIRUW�WR�KHU���6KH
V�UHDG�HDFK�RI�WKH�VKRUW�VWRULHV�DQG�SRHPV�DQG�DUWLFOHV�D�GR]HQ�WLPHV����,Q� WKH�VKRUW� VWRU\��0UV�6HQ
V��0UV�6HQV
V� � � ORQHOLQHVV�DQG� LQ�EHWZHHQQHVV�EHWZHHQ�KRPH�DQG�H[LOH��DUH�XQGHUVWRRG�E\�WKH�\RXQJ�FKDUDFWHU��(OLRW���ZKR�XQGHUVWRRG�WKDW�ZKHQ�0UV��6HQ�VDLG�KRPH��VKH�PHDQW�,QGLD����S������DQG��7KH�PHQWLRQ�RI�WKH�ZRUG�VHHPHG�WR�UHOHDVH�VRPHWKLQJ�LQ�KHU���S��������+HU�ORQHOLQHVV�GHHSHQV��ULVLQJ�DERYH�WKH�ZHDU\�VLJK�RI�WKH�ZDYHV����S������ZKHQ�0U�6HQ�FRXOG�QRW�FRPH�EHLQJ�HQJDJHG�E\�D�PHHWLQJ��VKH�WDNHV�(OLRW�E\�WKH�KDQG�LQWR�WKH�EHGURRP�DQG��� 6KH� IOXQJ�RSHQ� WKH� GUDZHUV�RI� WKH� EXUHDX� DQG� WKH� GRRU�RI� WKH� FORVHW��ILOOHG�ZLWK�VDULV�RI�HYHU\� LPDJLQDEOH�WH[WXUH�DQG�VKDGH��EURFDGHG�ZLWK�JROG�DQG�VLOYHU� WKUHDGV�� �6RPH�ZHUH� WUDQVSDUHQW�� WLVVXH� WKLQ��RWKHUV�DV�WKLFN�DV�GUDSHV��ZLWK�WDVVHOV�NQRWWHG�DORQJ�WKH�HGJHV���,Q�WKH�FORVHW�WKH\�ZHUH�RQ�KDQJHUV��LQ�WKH�GUDZHUV�WKH\�ZHUH�IROGHG�IODW��RU�ZRXQG�WLJKWO\�OLNH� WKLFN� VFUROOV�� � 6KH� VLIWHG� WKURXJK� WKH� GUDZHUV�� OHWWLQJ� VDULV� VSLOO�RYHU�WKH�HGJHV����:KHQ�,�HYHU�ZRUQ�WKLV�RQH"�$QG�WKLV��$QG�WKLV"��6KH�WRVVHG� WKH�VDULV�RQH�E\�RQH�IURP�WKH�GUDZHUV�� WKHQ�SULHG�VHYHUDO� IURP�WKHLU�KDQJHUV���7KH\�ODQGHG�OLNH�D�SLOH�RI�WDQJOHG�VKHHWV�RQ�WKH�EHG��7KH�URRP�ZDV�ILOOHG�ZLWK�DQ�LQWHQVH�VPHOO�RI�PRWKEDOOV���S�������� (OLRW���HVSHFLDOO\�HQMR\HG�ZDWFKLQJ�0UV�6HQ�DV�VKH�FKRSSHG�WKLQJ��RQ�QHZVSDSHUV�RQ�WKH�OLYLQJ�URRP�IORRU����,QVWHDG�RI�D�NQLIH�VKH�XVHG�D�EODGH�WKDW���FXUYHG�OLNH�D�9LNLQJ�VKLS��VDLOLQJ�WR�EDWWOH�LQ�GLVWDQW�VHDV����S��������0HPRULHV�IURP�KRPH��WKH�ILVK�VKH�EX\V�DQG�WKH�OHWWHU�VKH�UHFHLYHV�IURP�KRPH�DUH��WKHUH�WR�VXVWDLQ�KHU�QR�PDWWHU�ZKHWKHU�VKH�LV�DEOH�WR�GULYH�D�FDU�RU�QRW���/LOLD��WKH��\RXQJ��QDUUDWRU�LQ��:KHQ�0U�3LU]DGD�&DPH��WR�'LQH���GHVFULEHV�WKLV�VHQVH�RI��IRUHLJQQHVV��LQ�D�QHZ�VRFLDO�DQG�FXOWXUDO�HQYLURQPHQW�RI�KRPH�DQG�H[LOH��IRUHJURXQGHG��WKURXJK�WKH�YLVLWV�RI�0U�3LU]DGD��/LOLD��>$@W�ILUVW�NQHZ�QRWKLQJ�RI�WKH�UHDVRQ�IRU�KLV�YLVLWV����S�������%XW�WKH�UHDVRQV�DUH�H[SUHVVHG�WKURXJK�D�GHVFULSWLRQ�WKDW�VSHDNV�IRU�LWVHOI�LQ�WKH�IROORZLQJ�OLQHV�� � 7KH�VXSHUPDUNHW�GLG�QRW�FDUU\�PXVWDUG�RLO��GRFWRUV�GLG�QRW�PDNH�KRXVH�FDOOV�� QHLJKERUV� QHYHU� GURSSHG� E\�ZLWKRXW� DQ� LQYLWDWLRQ�� DQG� RI� WKHVH�WKLQJV�� HYHU\� VR� RIWHQ� P\� SDUHQWV� FRPSODLQHG�� � ,Q� VHDUFK� RI�FRPSDWULRWV�� WKH\� XVHG� WR� WUDLO� WKHLU� ILQJHUV�� DW� WKH� VWDUW� RI� HDFK� QHZ�VHPHVWHU�� WKURXJK� WKH� FROXPQV� RI� WKH� XQLYHUVLW\� GLUHFWRU\�� FLUFOLQJ�VXUQDPHV�IDPLOLDU�WR�WKHLU�SDUW�RI�WKH�ZRUOG��,W��ZDV�LQ�WKLV�PDQQHU�WKDW�WKH\�GLVFRYHUHG�0U�3LU]DGD�� DQG�SKRQHG� KLP�� DQG� LQYLWHG�KLP� WR� RXU�KRPH����,ELG���� 0U� 3LU]DGD
V� ZDWFK� LV� DOZD\V� �VHW� WR� WKH� ORFDO� WLPH� LQ� 'DFFD��� WKH� FDSLWDO� RI� KLV�FRXQWU\�� %\� ORRNLQJ� DW� WKLV� 3LU]DGD
V� �WZR� OLYHV�� /LOLD� �UHDOL]HG�� WKDW� HYHQ� OLYLQJ�DZD\� IURP� KRPH� �/LIH«�� ZDV� EHLQJ� OLYHG� LQ� 'DFFD� ILUVW�� �� S� ����� $QG� /LOLD��
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XQGHUVWDQGV��WKDW��>2@XU�PHDOV��RXU�DFWLRQV��ZHUH�RQO\�D�VKDGRZ�RI�ZKDW�KDG�DOUHDG\�KDSSHQHG�WKHUH��D�ODJJLQJ�JKRVW�RI�ZKHUH�0U�3LU]DGD�UHDOO\�EHORQJHG����S�������/LOLD��WKH�\RXQJ�QDUUDWRU��GRHV�QRW�NQRZ�DERXW�WKH�KLVWRU\�RI�WKH�FRXQWU\��WKDW�LV�,QGLD���KHU�SDUHQWV�EHORQJHG���+HU�IDWKHU�FRUUHFWV�KHU�ZKHQ�VKH�UHIHUUHG�WR�0U��3LU]DGD�DV��WKH�,QGLDQ� PDQ��� �� ,ELG�� DQG� WHOOV� KHU� DERXW� WKH� FRXQWU\
V� SDUWLWLRQ� LQ� ����� DQG� WKH�DIWHUPDWK�RI�WKH�SDUWLWLRQ���7KLV��PDGH�QR�VHQVH����,ELG��WR�KHU�EHFDXVH��
� 0U� 3LU]DGD� DQG�P\� SDUHQWV� VSRNH� WKH� VDPH� ODQJXDJH�� ODXJKHG� DW� WKH�VDPH� MRNHV�� ORRNHG� PRUH� RU� PRUH� WKH� OHVV� VDPH�� � 7KH\� DWH� SLFNOHG�PDQJRHV� ZLWK� WKHLU� PHDOV�� DWH� ULFH� HYHU\� QLJKW� IRU� VXSSHU� ZLWK� WKHLU�KDQGV���/LNH�P\�SDUHQWV�0U�3LU]DGD�WRRN�RII�KLV�VKRHV�EHIRUH�HQWHULQJ�D URRP�� FKHZHG� IHQQHO� VHHGV� DIWHU� PHDOV� DV� D� GLJHVWLYH�� GUDQN� QR�DOFRKRO«��� 1HYHUWKHOHVV� P\� IDWKHU� LQVLVWHG� WKDW� ,� XQGHUVWDQG� WKH�GLIIHUHQFH�DQG�KH�OHG�PH�WR�D�PDS�RI�WKH�ZRUOG�WDSHG�WR�WKH�ZDOO�RYHU�KLV�GHVN��+H�VHHPHG�FRQFHUQHG�WKDW�0U�3LU]DGD��PLJKW�WDNH�RIIHQFH�LI�,�DFFLGHQWDOO\� UHIHUUHG� WR� KLP� DV� DQ� ,QGLDQ�� WKRXJK� ,� FRXOG� QRW� UHDOO\�LPDJLQH� 0U� 3LU]DGD� EHLQJ� RIIHQGHG� E\� PXFK� RI� DQ\WKLQJ�� � «�� +LV�ILQJHU� WUDLOHG� DFURVV� WKH�$WODQWLF�� WKURXJK�(XURSH�� WKH�0HGLWHUUDQHDQ��WKH�0LGGOH�(DVW��DQG�ILQDOO\�WR�WKH�VSUDZOLQJ�RUDQJH�GLDPRQG�WKDW�P\�PRWKHU�RQFH� WROG�PH� UHVHPEOHG�D�ZRPDQ�ZHDULQJ�D� VDUL�ZLWK�KHU� OHIW�DUP�H[WHQGHG���SS����������

7KH�GLOHPPD�RI� WKH�VHFRQG�JHQHUDWLRQ�$VLDQ�$PHULFDQ� IURP�,QGLD� LV�EHLQJ� VROYHG�E\�WKH�IDWKHU�ZKR�LV�VKRZLQJ�WKH�JHRJUDSKLFDO�FRQWRXUV�RI�EHLQJ�DQ� LPPLJUDQW�DQG�WKH�PLQXWH�GLIIHUHQFHV�RI�FRORXU�GLIIHUHQFLQJ� WKH�GLDVSRUDOLW\�RI� �D�SHUVRQ� OLYLQJ� LQ�$PHULFD�� %XW� WKH� LGHD� RI� D� KRPH� DZD\� IURP� KRPH� LV� IXUWKHU� FRPSOLFDWHG� E\� WKH�WHDFKLQJV� LQ� WKH� $PHULFDQ� VFKRROV� RI� WKH� $PHULFDQ� KLVWRU\� ZKLFK� WKH� \RXQJ�QDUUDWRU��/LOLD��ZKHQ�ZDV��JLYHQ�EODQN�PDSV�RI�WKLUWHHQ�FRORQLHV��DQG�DVNHG�WR�ILOO�LQ�QDPHV��GDWHV��FDSLWDOV��>6KH@�FRXOG�GR�LW�ZLWK�>KHU@�H\HV�FORVHG�����S�������7KH� VHFRQG� JHQHUDWLRQ� $VLDQ� $PHULFDQV� IURP� ,QGLD� ILJXUH� � LQ� WKH� WLWOH� VWRU\��,QWHUSUHWHU� RI� 0DODGLHV��� /LNH� /LOLD� ERWK� WKH� KXVEDQG� DQG� ZLIH� DUH� �ERUQ� LQ�$PHULFD�� DV� DQQRXQFHG� E\� WKH�ZLIH� DQG� FRUUHFWHG� E\� WKH� KXVEDQG��0U�6HQ� �%RUQ�DQG�UDLVHG���S�������7KH�IDPLO\�ORRNHG�,QGLDQ�EXW�GUHVVHG�DV�IRUHLJQHUV�GLG���SS��������� � 7KH�PDODG\� RI�0UV�'DV� �� KHU� �VHFUHW��ZKLFK�PDNHV� KHU� IHHO� 
WHUULEOH�� � ILQGV�H[SUHVVLRQ� HYHQWXDOO\� � LQ� KHU� FRQILGLQJ� LW� WR� 0U� .DSDVL� � WR� JHW� �VRPH� NLQG� RI�UHPHG\����S�����ZKR���IRXQG�LW�VWUDQJH�WKDW�0U�'DV�VKRXOG�UHIHU�WR�KLV�ZLIH�E\�KHU�ILUVW�QDPH�ZKHQ�VSHDNLQJ�WR��KLV�OLWWOH�GDXJKWHU����S������0UV�'DV
V��LPSDWLHQW�VLJK��UHIOHFWV��DV�LI�VKH�KDG�EHHQ�WUDYHOLQJ�KHU�ZKROH�OLIH�ZLWKRXW�SDXVH
��S������0U�.DSDVL�LV�DQ�LQWHUSUHWHU�ZLWKRXW�UHPHG\��7KH�UHPHG\�LV�QRW�VR�HDV\�WR�ILQG�DV�ZH�ILQG�LQ�WKH�IROORZLQJ� GLVFXVVLRQ� RI� %KDUDWL� 0XNKHUMHH
V� FKDUDFWHUV� ZKR� DUH� OLYLQJ� � D� OLIH� RI�DGYHQWXUH�LQWR�WKHLU�RZQ�SHUVRQDO�DQG�FXOWXUDO�H[SHULHQFH����
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������0XNKHUMHH�� DGYHQWXUHV� LQWR� SHUVRQDO� DQG� FXOWXUDO� H[SHULHQFH�� �1R� RQH�EHKLQG�QR�RQH�DKHDG«,�DP�DORQH�DQG�ILQG�P\�ZD\���0XNKHUMHH
V�ODWHVW�QRYHO�'HVLUDEOH�'DXJKWHUV��������GHVFULEHV��WKUHH�GDXJKWHUV�RI�D�ZHOO�RII�WUDGLWLRQDO�%HQJDOL�+LQGX�SDUHQWDJH��DPRQJ�WKHP�WKH�ROGHVW�RQH�3DGPD�KDV�D SUH�PDULWDO� � � DIIDLU� UHVXOWLQJ� LQWR� WKH� ELUWK� RI� D� VRQ� XQOLNH�0UV� 'DV� LQ� /DKLUL
V��,QWHUSUHWHU�RI�0DODGLHV��ZKR�KDV�SRVW�PDULWDO�DIIDLU�UHVXOWLQJ�LQWR�WKH�ELUWK�RI�D�VRQ�ZKLFK�LV�WKH�FDXVH�RI�KHU�PDODG\���)RU�3DGPD�WKLV��LV�QRW�D�PDODG\��RQ�WKH�FRQWUDU\��IRU�KHU�VLVWHU�7DUD�WKLV�LV�VRPHWKLQJ�YHU\�GLVFRQFHUWLQJ�KHU�HOGHU�VLVWHU�PXVW�EH�PDGH�DZDUH� RI�� � 7KH�PLJUDWRU\� YLVLRQ� RI� �0XNKHUMHH� LV� GUDPDWL]HG� � DJDLQVW� WKHVH� WKUHH�GDXJKWHU
V� MRXUQH\� IURP�&DOFXWWD� WR� WKH� WZR�GLIIHUHQW�SDUWV�RI� WKH�ZRUOG�� ,QGLD� DQG�WKH� 86$� � DQG� ZLWK� WKH� VWRU\� RI� WKH� WUHH�EULGH� RI� 0LVKWLJXQM�� 'KDND�� QRZ�%DQJODGHVK�� UHYHUEHUDWLQJ� � LQ� WKH�EDFNJURXQG��7KH�P\VWHU\�DQG�WKH�QRQ�IDPLOLDULW\��RI� WKH� VPDOO� YLOODJH� RI�0LVKWLJXQM� LV� FUHDWHG� � HDUO\� LQ� WKH� QRYHO�ZLWK� D� WKUHDG� WKDW�FURVVHG� DFURVV� WKH� ZKROH� UDQJH� RI� DQ� RXWVLGHU� LQ� WKH� 86$�� OLYLQJ� LQ� D� VWDWH� RI�SHUVRQDO� DQG� HPRWLRQDO� FRQIXVLRQ�ZLWK�ZKLFK� DQ� � LPPLJUDQW� LV� DOZD\V� EHVHW�ZLWK��7DUD��WKH�QDUUDWRU��VD\V��
%HQJDOL�FXOWXUH�WUDLQV�RQH�WR�FODLP�WKH�IDWKHU
V�ELUWKSODFH��VLJKW�XQVHHQ��DV�KLV�RU�KHU�GHVK��KHU�KRPH��«��:KHQ�,�VSHDN�RI�WKLV�WR�P\�$PHULFDQ�IULHQGV� ���� WKH� LURQ�FODG� LGHQWLILHUV� RI� UHJLRQ�� ODQJXDJH�� FDVWH�� DQG�VXEFDVWH�±�WKH\�FDOO�PH��RYHUGHWHUPLQHG��DQG�RI�FRXUVH�WKH\�DUH�ULJKW���:KHQ� ,� WHOO� WKHP� WKH\�VKRXOG�EH� WKDQNIXO� IRU� WKHLU� LGHQWLW\�FULVHV� DQG�IHHOLQJV� RI� DOLHQDWLRQ�� ,� RI� FRXUVH� DP� ULJKW�� �:KHQ� HYHU\ERG\� NQRZV�\RXU� EXVLQHVV� DQG� HYHU\� QDPH� GHFODUHV� \RXU� LGHQWLW\�� ZKHUH� QR�ODQGVFDSH�IDLOV�WR�FRQWDLQ�D�SOHWKRUD�RI�KXPDQ�ILJXUHV��HYHQ�D�GDPDJHG�FRQVFLRXVQHVV�� HYHQ� ORQHOLQHVV�� EHFRPH� SULYLOHJHG� FRPPRGLWLHV�� �� SS��������� �)RU�WKH��ZLIH�LQ�0XNKHUMHH
V��$�:LIH
V�6WRU\���������ORQHOLQHVV�KDV�WXUQHG�RXW�WR�EH�D �SULYLOHJHG� FRPPRGLW\��� $IWHU� UHWXUQLQJ� � EDFN� IURP� D� FLQHPD� VKRZ� ZLWK� KHU�ER\IULHQG�VKH�IHHOV��� OLJKW��DOPRVW� IUHH�� �0HPRULHV�RI�,QGLDQ�GHVWLWXWHV�PL[�ZLWK� WKH�KRUGHV�RI�1HZ�<RUN�VWUHHW�SHRSOH��DQG� WKH\� IORDW� IUHH�� OLNH�DVWURQDXWV�� LQVLGH�P\� KHDG�� � ,
YH�PDGH� LW�� � ,
P�PDNLQJ� VRPHWKLQJ� RI�P\� OLIH�� � ,
YH� OHIW�KRPH��P\�KXVEDQG��WR�JHW�D�SK�'��LQ�VSHFLDO�HG��,�KDYH�D�PXOWLSOH�HQWU\�YLVD�DQG�D�VPDOO�VFKRODUVKLS�IRU�WZR�\HDUV���$IWHU�WKDW��ZH
OO�VHH���S�������

+HU�KXVEDQG�YLVLWV�KHU��ZKR�EHKDYHV�OLNH��DQ�LQWHUQDWLRQDO�EXVLQHVV�PDQ�DW�KRPH�LQ�DOO� WKH�ILQDQFLDO�PDUNHWV���S������ �6KH�ZDQWV� WR��SUHWHQG�ZLWK�KLP�WKDW�QRWKLQJ�KDV�FKDQJHG���LQ�WKHLU�UHODWLRQVKLS�EXW��
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,Q�WKH�PLUURU�WKDW�KDQJV�RQ�WKH�EDWKURRP�GRRU��,�ZDWFK�P\�QDNHG�ERG\�WXUQ«7KH�ERG\
V�EHDXW\�DPD]HV�� � ,� VWDQG�KHUH� VKDPHOHVV�� LQ�ZD\V�KH�KDV�QHYHU�VHHQ�PH���,�IHHO��IUHH��DIORDW��ZDWFKLQJ�VRPHERG\�HOVH���S������
7KH�VWRU\�RI�WUDQVIRUPDWLRQ�WRZDUG�IUHHGRP��LQ�RWKHU�ZRUGV�WKH�VWRU\�RI�DGYHQWXUH�LQ�WR�SHUVRQDO�DQG�FXOWXUDO�H[SHULHQFHV�RI�IUHHGRP����LV�GLIIHUHQW��LQ�-DVPLQH��������LQ�ZKLFK�WKH�PDLQ�FKDUDFWHU�-DVPLQH�

EHJLQV�KHU� MRXUQH\� WUDYHOOLQJ� WKURXJK� WKH�XQGHUEHOO\�RI� WKH� LPPLJUDQW�WUDGH�URXWH�RQ�IRUJHG�SDSHUV�� WKURXJK�WKH� WLHUHG�EXQNV�RQ�WKH� WUDZOHUV�RXW�RI�(XURSH��DQG�HQGV�XS�PDNLQJ�JRRG�DV�D�UHVSHFWHG��FDUHJLYHU��DV�RSSRVHG� WR� WKH�PRUH� VHUYLOH� ,QGLDQ� YHUVLRQ� RI� WKH� �D\DK�� DQG� WKHQ� D�ZLIH� �� 6KH� PRYHV� IURP� -\RWL� WR� -DVPLQH� DQG� HYHQWXDOO\� WR� -DQH�5LSSOHPH\HU�� VKHGGLQJ� SHUVRQDV� OLNH� VR� PDQ\� VNLQV�� HYHQWXDOO\�PHWDPRUSKRVLQJ�LQWR�D�FUHDWXUH�UHDG\�WR�ILJKW�IDWH�DQG��UHSRVLWLRQ�WKH�VWDUV����'XWWD�&KRXGKDU\��6RQ\D��%HWZHHQ�0HPRU\�DQG�'HVLUH��IURP�7KH� +LQGX�� 2QOLQH� (GLWLRQ�� 6XQGD\� 0D\� ��� �����KWWS���ZZZ�KLQGX�FRP�WKHKLQGX�OU�LQGH[�KWP �

-\RWL
V�ZLGRZKRRG�DQG�H[LOH�JLYH�KHU�WKH�SRWHQF\�RI�D�JRGGHVV���,�IHHO�VR�SRWHQW��D�JRGGHVV���S�����6KH�EHFRPHV�-DQH�IRU�VXUYLYDO���D�ILJKWHU�DQG�DGDSWHU����S������6KH�LV�WUDQVIRUPHG�LQWR��6DWL�JRGGHVV��RU�� �D�*RGGHVV�.DOL�RU�D�VDJH�ZLWK�WKH�WKLUG�H\H��WKH�VWDU�RQ� WKH� IRUHKHDG�ZKLFK� WKUREV��ZLWK�SDLQ�DQG�KRSH�DQG�KRSH�DQG�SDLQ�� ��S������� �-DVPLQH
V�DGYHQWXUHV�LQWR�SHUVRQDO�DQG�FXOWXUDO�H[SHULHQFHV�FRPH�WR�D�FORVH��IRU� WKH� WLPH� EHLQJ�� LW� VHHPV�� ZLWK� WKH� HQG� RI� WKH� QRYHO� ZKHQ� VKH� ZKLVSHUV� WR� WKH�DVWURORJHU�RI� KHU� YLOODJH� �:DWFK�PH� UHSRVLWLRQ� WKH� VWDUV�� � DQG� LV� UHDG\� WR� JR�ZLWK�7D\ORU�ZLWK�WKH�IROORZLQJ�IHHOLQJV��
, FU\�LQWR�7D\ORU
V�VKRXOGHU��FU\�WKURXJK�DOO�WKH�OLYHV�,
YH�JLYHQ�ELUWK�WR��FU\�IRU�DOO�P\�GHDG��7KHQ�WKHUH�LV�QRWKLQJ�,�FDQ�GR���7LPH�ZLOO�WHOO�LI�,�DP�D�WRUQDGR��UXEEOH�PDNHU��DULVLQJ�IURP�QRZKHUH�DQG�HQWHULQJ�LQWR�D�FORXG�,�DP�RXW�RI�WKH�GRRU� DQG� LQ� WKH� SRWKROHG� DQG� UXWWHG� GULYHZD\V�� VFUDPEOLQJ� DKHDG� RI�7D\ORU��JUHHG\�ZLWK�ZDQWV�DQG�UHFNOHVV�ZLWK�KRSH���SS�����������

2Q�WKH�RWKHU�KDQG��7DUD��WKH�FHQWUDO�FKDUDFWHU�LQ�'HVLUDEOH�'DXJKWHUV�KDV�D�GLIIHUHQW�NLQG�RI�RG\VVH\�LQ�WKH�ZRUOG�RI�1HZ�<RUN�ZKLFK�LV��VHHWKLQJ�ZLWK�DOLHQV���-DVPLQH�S �������7DUD
V�GLYRUFH�IURP��KHU�KXVEDQG��KHU�DVVRFLDWLRQ�ZLWK�KHU�+XQJDULDQ�ORYHU��KHU�XSEULQJLQJ�RI�KHU�JD\�VRQ��DQG�KHU�KRPHFRPLQJ�WR�VHH�KHU�DJLQJ�SDUHQWV�LQ�,QGLD��DQG� WR� KHU� JUDQGPRWKHU
V� YLOODJH� 0LVKWLJXQM� DUH� GLIIHUHQW� GLPHQVLRQV� RI� DQ�LPPLJUDQW
V� MRXUQH\�� RI�ZKDW�%KDEKD� VD\V�� �� WXUPRLO�ULFK� K\EULG� VSDFH��� � WKH� WKLUG�VSDFH��D�K\EULG�ORFDWLRQ�RI�DQWDJRQLVP��SHUSHWXDO�WHQVLRQ��DQG�SUHJQDQW�FKDRV���TWG��LQ�5DWK��������DQG�5DWK�WHUPV�LW�D�7ULVKDQNX�OLNH�H[LVWHQFH���WDNLQJ�D�P\WK�IURP�WKH�
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5DPD\DQD� ��D�QHLWKHU�QRU�FRQGLWLRQ�SDUDOOHO�WR�WKDW�RI�7ULVKDQNX��DV�D�PHWDSKRU�IRU�WKH�PRGHUQ� H[SDWULDWH�LPPLJUDQW� LQKDELWLQJ� WKH� FRQWHVWHG�JOREDO�ORFDO� VSDFH� �,ELG���+RPH�LV�D�SODFH�LQ�WKH�JHRJUDSKLF�FDUWRJUDSKLF�VHQVH�EXW�LW�LV�D�UHDOP��DQ�LPDJLQDU\�FRQVWUXFW�FLUFXPVFULEHG�E\�FXOWXUDO�DQG�RU�KLVWRULFDO�ERXQGDULHV���7DUD
V��KRPHQHVV��DQG��KHUHQHVV��RI�SHUVRQDO�RG\VVH\�FRPHV�WR�D�FOLPD[�ZKHQ�KHU�KRPH�LV�EORZQ�E\�D�ERPE�DQG�KHU�GLYRUFHG�KXVEDQG�%LVK��VDYHV�KHU�OLIH�DW�WKH�HQG���6KH�DQDO\]HV���, GRQ¶W
�NQRZ��RU�UHPHPEHU��RU�HYHQ�FDUH�DERXW�P\�GLYRUFH���%LVK�KDG�EHHQ�ZLWK�PH��DV�KH�VKRXOG�EH���+H�VDYHG�P\�OLIH�DW�JUHDW�VXIIHULQJ�WR�KLPVHOI�� DV� LV� WKH� KXVEDQG
V� GXW\�� $QG� QRZ� KH� LV� LQ� UHKDE� FHQWHU�OHDUQLQJ�WR�ZDON��ZKLFK�IXOILOV�VRPH�ODUJHU�GHVWLQ\���6RPHWLPHV��ELVKH\�ELVK�NKDL� WKH�RQO\�DQWLGRWH�IRU�SRLVRQ�LV�SRLVRQ���0HDQLQJ�,�JXHVV�WKH�KDUVK� SRLVRQ� RI� WKH� ERPE� LV� QRW�� LQ� WKH� H\H� RI�*RG�� DQ\�PRUH� WUDJLF�WKDQ� WKH� SRLVRQRXV� PD\D� RI� DWWDFKPHQW� WR� PDNLQJ� PRQH\�� � %LVK
V�QLFNQDPH�LV�D�FRVPLF�SXQ�ZDLWLQJ�IRU�D�SXQFK�OLQH���S�������
7KH�VWRU\�RI�DOLHQDWLRQ�RI�3DGPD�DQG�7DUD� LV�GUDPDWL]HG�RQ�D�FDQYDV�RI�KRPH�DQG�H[LOH��WKH�UHSHUFXVVLRQV�RI�WKHLU��DFWLRQV�RI�KRPH�LQ�H[LOH�DQG�WKH�FKDQJHV�WKDW�WRRN�SODFH� � ZKLOH� OLYLQJ� LQ� D� FRXQWU\� QRW� WKHLU� RZQ�� FRPLQJ� RXW� RI� D� %UDKPLQLFDO�XSEULQJLQJ�� � 7DUD� LV� D� GLYRUFHG� ZRPDQ�� KHU� VHQVH� RI� WZR� OLYHV�� WZR� ZRUOGV� LV��UHIOHFWHG�LQ�WKH�GUDPDWLF�DUULYDO� �RI�D�\RXQJ�PDQ�SURFODLPLQJ�KLPVHOI�DV�WKH�VRQ�RI�3DGPD�IURP�D�SUHYLRXV�DIIDLU�� �,Q�D�VWRU\�HQWLWOHG��7KH�7HQDQW��0XNKHUMHH�XQIROGV�DQRWKHU� GLPHQVLRQ� RI� DQ� LPPLJUDQW
V� �� D� GLYRUFHG� ZRPDQ� QDPHG� 0D\D� 6DQ\DO��DGYHQWXUHV� LQWR� SHUVRQDO� DQG� FXOWXUDO� H[SHULHQFHV�� � +HU� HQFRXQWHUV� ZLWK� 5DE�&KDWWHUMHH� DQG�0UV� &KDWWHUMHH�PDNH� KHU� �YLVLEOH�� WKH� �P\VWHULHV�� RI� D� �FRQWDLQHG�SODQHW�� �S������� WKHLU�PDUULHG� OLIH��+HU� WHPSRUDU\�JOLPSVH�RI� WKH�ZRUOG�RI�0U� DQG��0UV�&KDWWHUMHH�DQG�WKHLU�QHSKHZ�3ROWRR�DQG�VKH�IHHOV�WKH��ORVWQHVV��RI�WKH��FRQIXVHG�ZRUOG�RI�WKH�LPPLJUDQW���S��������(YHU\�SODFH�KDV�VRPHWKLQJ�WR�JLYH���S�����DQG��$�SHUVRQ� KDV� WR� OHDYH� KRPH�� 7U\� RXW� KLV� ZLQJV�� �S� ���� DQG� VKH� LV� QRW� D� �KRPHVLFN�DOLHQV�� �S������� �%XW�ZKLOH� ORRNLQJ� DW� WKH�QHZVSDSHUV� IURP�,QGLD� LQ� WKH�SHULRGLFDO�URRP� RI� WKH� OLEUDU\� RI� KHU� FROOHJH�ZKHUH� VKH� WHDFKHV� &RPSDUDWLYH� /LWHUDWXUH�� VKH�IHHOV��� 2XW� KHUH�� LQ� WKH� KHDUWODQG� RI� WKH� QHZ� ZRUOG�� WKH� ,QGLD� RI� VHULRXV�QHZVSDSHUV�XQVHWWOHV���0D\D�ORQJV�DJDLQ�WR�IHHO�ZKDW�VKH�KDG�IHOW�LQ�WKH�&KDWWHUMHH
V�OLYLQJ�URRP��YLUWXHV�PDGH�SK\VLFDO���,W�LV�D�IDPLOLDU�IHHOLQJ��D ORQJLQJ��+DG�D�VXLWDEOH�PDQ�SUHVHQWHG�KLPVHOI�LQ�WKH�UHDGLQJ�URRP�DW�WKDW�LQVWDQW��VKH�ZRXOG�KDYH�VHGXFHG�KLP���6KH�JRHV�RQ�WR�WKH�VWDFN�RI�,QGLD��$EURDGV� UHDGV�WKURXJK�PDWULPRQLDO�FROXPQV��DQG�VWHDOV�DQ�LVVXH�WR�WDNH�KRPH���S���������$QG� WKH� �LPPLJUDQW� FRXUWVKLS� SURFHHGV�� �,ELG�� ZLWK� DQRWKHU� LPPLJUDQW� QDPHG�$VKRNH�0HKWD���,Q�WKH�QHZ�GHYHORSPHQW�RI�PRYLQJ�IURP�RQH�SODFH�WR�DQRWKHU��IURP�RQH�PDQ�WR�DQRWKHU����
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6KH�ZDQWV�WR� WHOO�VRPHRQH�KRZ�PRYHG�VKH
G�EHHQ�E\�0UV�&KDWWHUMHH
V�VLQJLQJ���+RZ�VKH
G�IHOW�LQ�2
+DUH��HYHQ�DERXW�'U�5DE�&KDWWHUMHH�LQ�WKH�FDU��%XW�)UDQ� LV�QRW� WKH�SHUVRQ�� �1R�RQH�VKH
V�HYHU�PHW� LV� WKH�SHUVRQ���6KH�FDQ
W�WDON�DERXW�WKH�GHDG�VSDFH�VKH�OLYHV�LQ���S�������
0D\D
V� DGYHQWXUH� LQWR� WKH� SHUVRQDO� DQG� FXOWXUDO� H[SHULHQFHV� FDQ� EH� FRPSDUHG� � WR�/DKLUL
V�0LUDQGD�LQ�KHU�VWRU\��6H[\��ZKRVH��DIIDLU�ZLWK�'HY�UHVXOWV�LQ�DQ�DZDUHQHVV�RI� WKH� IHHOLQJ� IRU�0LUDQGD� WKDW� �� LW� ZDV� QRW� IDLU� WR� KHU�� RU� WR� KLV� ZLIH�� �� S� �������+RZHYHU��� WKH�ZLIH�LQ���$�:LIH
V�6WRU\���RI�0XNKHUMHH
V�� LV�DOVR�DZDUH�RI�WKLV�QHZ�IRXQG� IUHHGRP� �� D� OLIH«�� OHG� DPLG� GLVRUGHU
� �S� ����� � � 7KH\� DUH� � OLNH� D� P\WKLFDO�7ULVKDQNX� ZKR� UHPDLQV� LQ� KLV� WKLUG� VSDFH�� WKH� LQ�EHWZHHQQHVV� RI� KRPH� DQG� H[LOH��EHWZHHQ�PHPRU\�DQG�GHVLUH���%XW�ZLWK�D�GLIIHUHQFH������7KH�GLIIHUHQFH�ZLOO�EH�XQGHUVWRRG�PRUH�FOHDUO\�LQ�WKH�GLVFXVVLRQ�WKDW�IROORZV�ZKHQ��ZH�ORRN�DW�WKH�QDUUDWLYHV�RI�UHORFDWLRQ�RI�VRPH�PRUH�$VLDQ�$PHULFDQ�ZULWHUV��,�KDYH�FKRVHQ�.LQJVWRQ��$P\�7DQ�IURP�&KLQD��DQG�-HVVLFD�+DJHGRUQ�IURP�WKH�3KLOLSSLQHV���0\�VHOHFWLRQ�RI�WKHVH�ZULWHUV�LV�EDVHG�QRW�RQO\�RQ�WKH�DYDLODELOLW\�RI�WKH�SULPDU\�DQG�VHFRQGDU\�VRXUFH�PDWHULDOV��ZKLFK�LV�RQH�RI�WKH���OLPLWDWLRQV�RI�P\��SDSHU��EXW�DOVR�P\�LQWHUHVW�LQ�WKH�SRHWLFV�DQG�SROLWLFV�RI�QDUUDWLYH�DQG�WKH�WKHPDWL]DWLRQ�RI�SODFH�DV�D�WURSH� RI� GLVSODFHPHQW�� LGHQWLW\�� DQG� ZKDW� 1DLSDXO� � �TWG� LQ� 3UDVDG�� ����� �� VD\V��GLVSRVVHVHG��URRWHGQHVV��RI��SDUWLFXODUO\�WKRVH�KXPDQ�EHLQJV�ZKR�DUH�DOZD\V�RQ�WKH�PRYH���VSLULWXDO�YDJDERQGV«�����'XWWD�&KRXGKDU\�����������2U�RQH�PLJKW�VD\���WKH�WUDYHOOLQJ�JRGV�RI�GLDVSRUD���3UDVDG��������RU�DV�3LFR�,\HU�WHUPV�VHOI�UHIOH[LYHO\�DV��WKH�IDVW�JURZLQJ�SRSXODWLRQ�RI�JOREDO�VRXOV�ZKR�H[LVW�LQ�PDQ\�FXOWXUHV�DOO�DW�RQFH�DQG�VR�IDOO� LQ�FUDFNV�EHWZHHQ�WKHP���� ,\HU��������� � WU\LQJ� WR�PDNH�VHQVH�RI� OLIH�E\�GHILQLQJ� ERUGHUV�� H[WHQGLQJ� WKHP�� QRW� RQO\� LQ� WKHLU� GLDVSRUDO� PRYHPHQWV�� LQ� WKHLU�WHQVLRQV� RI� KRPH� DQG� H[LOH� EXW� DOVR� LQ� WKHLU�ZULWLQJV� GHI\LQJ� FRQYHQWLRQDO� JHQUHV��UHGHILQLQJ�WUDGLWLRQDO�PRGHV��RI��FUHDWLYLW\���H[WHQGLQJ�WKHLU�ERUGHUV���HQULFKLQJ�WKHLU�SRWHQWLDOLWLHV� DQG� SRVVLELOLWLHV�� ZKHWKHU� LQ� SURVH� RU� LQ� SRHWU\�� WHOOLQJ� WKHLU� �DQJVW�ULGGHQ�DFFRXQW�RI�WKH�DVSLULQJ�RXWVLGHU���'XWWD�&KRXGKDU\��������IXVLQJ���PXOWLSOH�ZRUOGV���LQ�WKH�WZHQW\�ILUVW�FHQWXU\�PXOWLFXOWXUDO�PRVDLF�RI�WKH�1HZ�:RUOG���,W�LV�QR�ZRQGHU� WKH� %XGGKLVW� ORYHU� RI� 7DUD� LQ�0XNKHUMHH
V�'HVLUDEOH�'DXJKWHUV� � WDONV� RI��FUDFNV� DQG� IDXOW� OLQHV� ±� WKH� GLVFRYHUHG� DQG� WKH� XQGLVFRYHUHG� RQHV� �� S� ���� RI� WKH�LPPLJUDQW
V�HPRWLRQDO� � ODQGVFDSHV� �DQG�WKH� WLWOH� �RI�0HHQD�$OH[DQGHU
V�PHPRLUV� LV�)DXOW� /LQHV� �� $� 0HPRLU� ������� LQ� ZKLFK� H[SORULQJ� WKH� LGHQWLW\� RI� DQ� RXWVLGHU��$OH[DQGHU�VHDUFKLQJO\�DVNV�DQG�DQDO\]HV�WKH�PHDQLQJ�RI�SDVW�LQ�WKH�SUHVHQW�VWDWH�RI�DQ�LPPLJUDQW��

,Q�0DQKDWWDQ��,�DP�D�ILVVXUHG�WKLQJ��D�ERG\�FURVVHG�E\�IDXOW�OLQHV��:KHUH�LV�P\�SDVW"�:KDW�LV�P\�SDVW�WR�PH��KHUH��QRZ�DW�WKH�HGJH�RI�%URDGZD\"�,V�$PHULFD�D�SODFH�ZLWKRXW�PHPRU\"�
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������$EX�-DEHU��'LDORJLFV�RI�FXLVLQH��FRLQFLGHQFH�DQG�FXOWXUH��,Q� $EX�-DEHU¶V� $UDELDQ� -D]]� ������� DQG� �&UHVFHQW� ������� WKH� UHSUHVHQWDWLRQV� RI�KRPH�DQG�H[LOH�KDYH�DFTXLUHG�D�QHZ�GLPHQVLRQ��$UDELDQ�-D]]� QDUUDWHV�WKH�VWRU\�RI�GLVSODFHPHQW�RI� � WKH� � -RUGDQLDQ� IDPLO\�RI�0DWXVVHP�5DPRXG��D�ZLGRZHU�ZLWK�KLV�WZR�GDXJKWHUV� -HPRUDK� DQG�0HOYLQD� � DQG�KLV� UHODWLYHV� DQG� IULHQGV�ZKR� IUHTXHQWO\�PHHW�� � LQ�WKHLU�FRXQWU\�RI�H[LOH�WKH�8�6�$��ZKLFK�WKH\�FDOO� WKHLU�³1HZ�&RXQWU\´� WR�VLQJ�³GLUJHV� LQ�$UDELF�DERXW� WKHLU� ORQHOLQHVV�DQG�DFKLQJ�KHDUWV´��S������ �7KHLU� � LQ�EHWZHHQQHVV� RI� FXOWXUDO� GLIIHUHQFH� � LV� H[SUHVVHG� WRZDUGV� WKH� HQG� RI� WKH� QRYHO�WKURXJK�WKH�PXVLQJV�RI�)DWLPD��0DWXVVHP¶V�VLVWHU�DV��� >6@KH� OLYHG� DPRQJ� $PHULFDQV�� LQ� SODFHV� WKH\� KDG� EXLOW�� DPRQJ�WKHLU� SHRSOH�� EXW� GHVSLWH� WKLV� VKH� ZDQWHG� WR� NHHS� KHUVHOI�� KHU�IDPLO\��DQG�D� IHZ� IULHQGV�DSDUW� IURP� � WKH�UHVW�� �6KH�ZDQWHG�ZKDW�WKH�$PHULFDQV�KDG��EXW�DW�WKH�VDPH�WLPH�VKH�ZRXOG�QHYHU�UHOD[�KHU�KROG�RQ�KHUVHOI���,W�ZDV�QRW�DSSURSULDWH�WR�PLQJOH���$PHULFDQV�KDG�WKH� PRQH\�� EXW� $UDEV�� DK�� � 7KH\� KDG� WKH� IRRG�� WKH� FXOWXUH�� WKH�HWLTXHWWH�� WKH� ZD\V� RI� EHLQJ� DQG� VHHLQJ� DQG� XQGHUVWDQGLQJ� KRZ�ZDV� PHDQW� WR� EH� OLYHG�� � +HU� ZLVK�� DOZD\V�� QR� PDWWHU� ZKDW�� WKH�VKDUS�ZLVK�WKDW�FXW�LQWR�KHU�FHQWHU�DQG�KDG�OLIWHG�KHU�H\H�ZLWK�KRSH�ZDV� WKDW� KHU� QLHFHV� VKRXOG� PDUU\� $UDE� ER\V�� SUHIHUDEO\� LQ� WKH�IDPLO\���S�������
)DWLPD¶V�REVHVVLRQ�ZDV�WR�ILQG�³$UDE�ER\V´�IRU�KHU�EURWKHU�0DWXVVHP¶V�GDXJKWHUV��-HPRUDK�DQG�0HOYLQD��0HOYLQD�LV�D�GHGLFDWHG�QXUVH���³�D�PLUDFOH�ZRUNHU´�DW�WKH�KRVSLWDO�VKH�ZRUNV���³3HRSOH�IORXULVKHG�XQGHU�KHU�FDUH´��S�������$OZD\V�GDJJHUV�DUH�GUDZQ�EHWZHHQ�0HOYLQD�DQG�)DWLPD�RQ�WKH�LVVXH�RI�PDUULDJH����-HPRUDK��LV�GLIIHUHQW��+HU�ORQHOLQHVV�DQG�VHQVH�RI�H[LOH��LV�HPEHGGHG��ZLWK�KHU�IDWKHU¶V�EHKDYLRXU�ZKR�RQFH�KLV�ERVV�0U�%RLQN�UHIHUUHG�WR�DV�³WKH�GLUW\�VDQG�QLJJHU´��S������-HPRUDK��� «ZRQGHUHG� � ZKDW� ODQJXDJH� KH� >0DWXVVHP@� WKRXJKW� LQ�� KLV�GLVSODFHPHQW�ZDV�D�IHDWXUH�RI�KLV�SHUVRQDOLW\�� �+H�ZRXOGQ¶W�KDYH�EHHQ� WKH� VDPH� IDWKHU�� VKH� NQHZ�� LI� KH� KDG� VWD\HG� LQ� -RUGDQ� DQG�UDLVHG�WKHP�WKHUH���+LV�UHPRYDO�ZDV�SDUW�RI�WKDW�VRIW�JULHYLQJ�OLJKW�EHKLQG�KLV�H\HV�DQG�SDUW�RI�WKH�UHFNOHVVQHVV�LQ�KLV�ODXJK���+LV�H\HV�ZHUH�VR�VWHDG\��DW�WLPHV�-HP�WKH\�ZHUH�WDNLQJ�LQ�WKH�ZKROH�RI�WKH�ZRUOG��DQG�DOO�LWV�H[SDQVH�RI�ORQHOLQHVV«��:KR� ZDV� KHU� IDWKHU�� -HP� ZRQGHUHG�� LQ� WKLV� FRXQWU\� ZLWKRXW�VKDGRZV"��0DWXVVHP��IOLFNHUHG�WKLQ�LQ�WKH�IDPLO\�PLQG��HYHU\�VWHS�DOZD\V�WKH�ILUVW��SRLVHG�RYHU�KLV�GUXPV��UHYHOLQJ�EHDWV�WKURXJK�WKH�DLU�� WHOOLQJ�VWRU\�DIWHU�VWRU\� WKURXJK�WKHP�� OLNH�6KDKDUD]DG�JLYLQJ�OLIH���SS�����������
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7KH�DPELYDOHQFH�RI��OLYLQJ�D�OLIH�RI�XQFHUWDLQW\�DPLGVW�WKH�RSSRUWXQLWLHV��RI�IUHHGRP�DQG�ZRUN��LQ�WKLV�DGRSWHG�QHZ�FRXQWU\�LV�H[SUHVVHG�WKURXJK�WKH�DIIDLU�RI�-HPRUDK�ZLWK�5LFN\�(OOLV���³�>$@�JUDFHIXO�VKLQLQJ�ER\�RQ�OLJKWQLQJ�KRRYHV´��KHU�P\WKLFDO�3DQ��³>$@�EHDXWLIXO�PRQVWHU´��S�����DQG�0HOYLQD¶V�ZLWK�KHU�SDWLHQW�ORYHU�/DUU\�)DVFR���+RZHYHU��WKHLU�DVVLPLODWLRQ�LQWR�WKH�FXOWXUH�RI�WKH�³QHZ�FRXQWU\´�LV��UHVLVWHG�E\�WKH�SXOO�RI��GLYHUJHQW��WKUHDGV�RI�WKHLU�RZQ�FXOWXUH�����$EX�-DEHU¶V�&UHVFHQW��GHDOV�ZLWK��WKH�FKDUDFWHUV�ZKR�DUH�IRUFHG�WR�EH�LQ�H[LOH��/LNH�WKH�FKDUDFWHUV�LQ�$UDELDQ�-D]]�WKH\�DOVR�OLYH�E\�WKH�PHPRULHV�RI�WKH�SDVW��%XW�WKHLU�SDVW��ZDV�KDXQWHG�E\�SROLWLFDO���SHUVHFXWLRQ�E\�RSSUHVVLYH�UHJLPHV�QRW�E\�FXOWXUDO��FRQVWUDLQWV�RI�³IXUWLYH�EXULDOV´�RI�IHPDOH�FKLOGUHQ����WKH�,UDTL��H[LOH�+DQLI��DQG�6LULQH¶V�XQFOH��LQ�&UHVFHQW�DQG�)DWLPD�LQ�$UDELDQ�-D]]��DUH�UHVSHFWLYHO\�WKH�YLFWLPV�RI�WKHLU�SDVW���7KH�HWKQLF�KXPRU�RI�$UDELDQ�-D]]��LV�WUDQVIRUPHG�LQWR�D�GLVFRXUVH�RI���FXLVLQH�DQG��FRLQFLGHQFH��ZLWK�ZKLFK�WKH�QRYHOLVW�LV�ZRUNLQJ�WRZDUGV�WKH�VDPH�HQG���WR�H[SORUH�³ZKDW�D�SDLQIXO�WKLQJ�LW�LV�WR�EH�DQ�LPPLJUDQW´��$EX�-DEHU���,QWHUYLHZ�ZLWK�$QGUHD�6KDODO�(VD���������:KHQ�6LULQH¶V�XQFOH�WDNHV�KHU�WR�DQ�,WDOLDQ�UHVWDXUDQW��KH�DVNHG�WKH�ZDLWHU�(XVWDYLR�ZKR�³EULQJV�WKHP��SODWHV�RI�GHZ\��URVH�VFHQWHG�SHQQH�FRWWD´���³:RXOGQ¶W�\RX�VD\�WKDW�LPPLJUDQWV�DUH�VDGGHU�WKDQ�RWKHU�SHRSOH"´�� (XVWDYLR�VWUDLWHQV�XS�DQG�FORVHV�KLV�H\HV�� �+H�DQVZHUV�6LULQH¶V�XQFOH� LQ� ,WDOLDQ�� WKHQ� KH� VD\V� WR� 6LULQH� LQ� KLV� DFFHQWHG� (QJOLVK��³6DGQHVV"�&HUWR��:KHQ�ZH�OHDYH�RXU�KRPHV�ZH�IDOO�LQ�ORYH�ZLWK�RXU�VDGQHVV�´�� 6LULQH¶V�XQFOH�QRGV�DW�(XVWDYLR�ZDON�DZD\��³<RX�VHH�´�KH�VD\V��� 6LULQH�GUDZV�KHU�VSRRQ�WKURXJK�WKH� WKLFN�EDQNV�RI� IRDP�RQ�KHU�FRIIHH�´:KDW�ZDV�LW�OLNH"�,Q�\RXU�KRPH�WRZQ"��SS�����������
6LULQH��ZRUNV�DW�WKH�UHVWDXUDQW�RI�8P�1DGLD��ZKRVH�FRPPHQWV���EDVHG�RQ�KHU�REVHUYDWLRQ�RI�WKH�SHRSOH��PRVWO\�$UDEV���YLVLWLQJ�KHU�UHVWDXUDQW�UHYHDO�WKH�SDLQ�RI�WKHLU��ORQHOLQHVV�ZKLFK�LV�FUHDWHG�E\�WKHLU�GLVSODFHG�LGHQWLWLHV��� 7KH� ORQHOLQHVV� RI� WKH� $UDE� LV� D� WHUULEOH� WKLQJ�� LW� LV� DOO�FRQVXPLQJ«,W�WKUHDWHQV�WR�VZDOORZ�KLP�ZKROH�ZKHQ�KH�OHDYHV�KLV�RZQ� FRXQWU\�� HYHQ� WKRXJK� KH� PDUULHV� DQG� WUDYHOV� DQG� WDONV� WR�IULHQGV�WZHQW\�IRXU�KRXUV�D�GD\���S������
6LULQH��³WKH�,UDTL�$PHULFDQ�FKHI�´��ZKLOH�UROOLQJ�RXW�³GRXJK�HDUO\�LQ�WKH�PRUQLQJ�LQ�KHU� RSHQ� NLWFKHQ� EHKLQG� WKH� FRXQWHU´� DQG� ³GLVFUHHWO\´� ZDWFKLQJ� � WKH� H[FKDQJH�VWXGHQWV�DQG�LPPLJUDQWV�IURP�WKH�0LGGOH�(DVW�� 6LSSLQJ� FRIIHH�� VWXG\LQJ� WKH� QHZVSDSHUV�� DQG� KDYLQJ� DUJXPHQWV���(YHU\WKLQJ� DERXW� WKHVH� \RXQJ� PHQ� VHHPHG� LQILQLWHO\� YXOQHUDEOH�DQG� WHQGHU�� WKHLU� GHQVH� FXUOLQJ� ODVKHV�� VRIW� URXQG� QRVHV� DQG� IXOO�
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OLSV«�� 6RPHWLPHV� VKH� XVHG� WR� VFDQ� WKH� URRPV� DQG� LPDJLQH� WKH�ZRUG� WHUURULVW��%XW�KHU�JD]H� UDQ�RYHU� WKH�IDFHV�DQG�DOO� WKDW�FDPH�EDFN�WR�KHU�ZHUH�ZRUGV�OLNH�ORQHO\�DQG�\RXQJ���SS��������

6LULQH¶V� XQFOH� ³LQ� KHU� URRP� RI� LPDJLQHG� ERRNV´� � WULHV� WR� IRUJHW� KLV� SDLQ� RI�KRPHOHVVQHVV�DQG�ORQHOLQHVV��E\�WHOOLQJ��IDEOH�OLNH�RQJRLQJ�WDOHV�ZKLFK�KH�FDOOV�KLV�³PRUDOOHVV�VWRU\�RI�$EGHOUDKPDQ�6ODKDGLQ´��S������ZKLFK�ZRXOG�SXW�6KDKDUD]DG�WR�VKDPH�� RI� $XQW� &DPLOOH� DQG� KHU� VRQ�� $EGHOUDKPDQ� 6DODKDGLQ� FRPELQLQJ� WKH�HOHPHQWV� RI�$UDELDQ� 1LJKWV� EHVWRZLQJ� PDJLFR�� UHDOLVWLF� � IDLU\� WDOH� TXDOLW\� WR� WKH�QDUUDWLYH��WKH��³GHHSHU�OHYHOV�RI�WUXWK�DQG�LQVLJKW´�DQG�E\�SURYLGLQJ�³WKH�FULWLFDO�NH\�WR�WKH�FKDUDFWHUV�RZQ�VWUXJJOHV�DQG�XQFHUWDLQWLHV�´���$EX�-DEHU��,QWHUYLHZ�ZLWK�/XDQ�*DLQV�QG���DQG��³WKH�IODYRU�RI�WKH�RUDO�QDUUDWLYH´��$EX�-DEHU��,QWHUYLHZ�ZLWK�5RELQ�(�)LHOG�����������7KH� GLDORJLFV� RI� FXLVLQH�� FRLQFLGHQFH� DQG� FXOWXUDO� VLPLODULWLHV� DQG� GLIIHUHQFHV� LV�EHLQJ�HQDFWHG�RQ�D�WHUULWRU\�IDU�IURP�KRPH�ZLWK�D�VHQVH�RI�QRVWDOJLD�DQG�DJRQ\��ZLWK�D VHDUFK�IRU��D�SODFH�DQG�HPRWLRQDO�DQFKRUDJH�DV�LQ�WKH�YHU\�EHJLQQLQJ�RI�WKH�QRYHO���6LULQH¶V� XQFOH� WHOOV� KHU�� ³� ,� ZRXOG� MXVW� OLNH� WR� VHH� \RX� ZLWK� VRPHRQH� QLFH� DQG�FKDUPLQJ� DOO� WKRVH� WKLQJV�� 7KDW¶V� DOO�´� �S� ���� +H� PHDQW� E\� ³VRPHRQH´� WKH� ,UDTL�SURIHVVRU�+DQLI�$O�(\DG��³WKH�QHZ�KLUH� LQ� WKH�1HDU�(DVWHUQ�6WXGLHV�'HSDUWPHQW�DW�WKH�XQLYHUVLW\´�ZKR�KH�GHVFULEHG�³OLNH�8O\VVHV´�DQG�³DV�D�&DGLOODF�´��S������7KXV�WKH�QRYHO�SRLQWV�WRZDUGV�D�ORYH�VWRU\�EHWZHHQ�WZR�LPPLJUDQWV���+RZHYHU��WKH�HQGLQJ��RI�WKH�QRYHO�6LULQH�PL[HV�EHWZHHQ�+DQ�DQG�$EGHOUDKPDQ�6DODKDGLQ��DQG�VKH�ZDV�QRW�VXUH�³LI�LW�ZDV�+DQ�RU�$EGHOUDKPDQ�ZKR�ORYHG�KHU��LI� LW�ZDV�+DQ�RU�$EGHOUDKPDQ�ZKR�GRYH�LQWR�WKH�EODFN�SDJH�RI�WKH�RSHQ�VHD��:DV�LW�$EGHOUDKPDQ�ZKR�KDG�WR�OHDYH�KHU�� WR� UHWXUQ� WR�KLV�ROG�KRPH��RU�+DQ�ZKR�ZDV�FRPSHOOHG� WR�GURZQ�KLPVHOI��RYHU�DQG�RYHU�DJDLQ"´��S��������7KH� XVH� RI� D� GLVFRXUVH� RI� FRQYHUVDWLRQ� ZLWK� $UDELF� H[SUHVVLRQV� � LQ� (QJOLVK�WUDQVODWLRQV� LQ� $UDELDQ� -D]]� � DQG� RI� FXLVLQH� LQ� &UHVFHQW� DUH� � SRWHQW� FXOWXUDO�VLJQLILHUV�RI� � HPRWLRQDO�ERQG�ZKLFK� WKH\�KDYH�ZLWK� WKHLU� KRPH�FRXQWU\�HYHQ� IRU�D�SHUVRQ�OLNH�6LULQH�ZKR�KDV�QHYHU�EHHQ�WR�KHU��IDWKHU¶V�KRPH�LQ�,UDT��EXW�VKH�WULHV�WR�VHDUFK�IRU�KHU�URRWV�WKURXJK��PDNLQJ�D�EOHQG�RI��0LGGOH�(DVWHUQ�DQG�:HVWHUQ�FXLVLQH�E\� DQQRXQFLQJ� IRU� $Q� $UDELF� 7KDQNVJLYLQJ� ³ZLWK� ULFH� DQG� SLQH� QXWV� DQG� JURXQG�ODPE�LQ�WKH�WXUNH\�LQVWHDG�RI�FRUQEUHDG��DQG�\RJXUW�VDXFH�LQVWHDG�RI�FUDQEHUULHV´���S������ DQG� WKH� IDPRXV� �0LGGOH�(DVWHUQ� IRRG� LWHPV� �OLNH�EDNODYD�� NDQDIIHD�� KDPPXV�HWF��� DV� WKH� PRVW� DSSHDOLQJ� SHUVRQ� DW� 8P�1DGLD¶V� &DIp� ³7KH� 0LGGOH� (DVW� LQ�:HVWZRRG´� �S� ����� WKURXJK�GLJJLQJ� LQWR� WKH�PHPRULHV� RI� KHU� XQFOH� DQG� KHU� ORYHU�+DQ��DQG�WKURXJK�WKH�SDJHV�RI�WKH�SKRWR�DOEXPV�ZLWK�WKH�SLFWXUHV�RI�KHU��SDUHQWV�DQG�FKLOGKRRG�IULHQGV�����
%RWK� WKH� QRYHOV�$UDELDQ�-D]]� DQG�&UHVFHQW� � HQG�ZLWK� DPELYDOHQFH� � UHIOHFWLQJ� WKH�XQFHUWDLQWLHV� DQG� HPRWLRQDO� FRQIXVLRQ� RI� DQ� RXWVLGHU� LQ� WKH� ³� �1HZ�&RXQWU\´�� WKH�8�6�$���LQ�WKH�IRUPHU�-HPRUDK�³SODFLQJ�KHU�KHDG�DJDLQVW�>WKH@�FKDVWH´�RI�5LFN\��
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«FRXOG� KHDU� WKH� VRXQG� � RI� WKH� GUXPV� WKURXJK� WKH�PRYHPHQW� RI�5LFN\¶V� FKHVW�� MD]]� DQG� WKULOOV� RI� $UDELF� PXVLF�� EULJKW� DV� FRPHW�WDLOV�� � DQG� WKURXJK� WKLV�� WKH� SXOVH� RI� WKH� ZRUOG�� $OO� URXQG� KHU��WKURXJK�WKH� WKLQ��KLJK�EDVHPHQW�ZLQGRZV��WKH�PDSOH�WUHHV�VKRRN��VKH�ZDWFKHG�WKHP��WKHLU�OHDYHV�WXUQLQJ�GHVHUW�UHG�DQG�JROG���S������
�DQG� LQ� WKH� ODWWHU� � 6LULQH� ³DOPRVW� FDOP� DPRQJ� WKH� SDSHU\� ERXJDLQYLOOHD� ±� WKH�PDGZRPDQ� WUHH� DQG� DOO� LWV� ILQHU\´� JRHV� WR� UHFHLYH� D� WHOHSKRQH� FDOO�� � ³9LFWRU�+HUQDQGH]�LV�RQ�WKH�SKRQH���VD\LQJ�+DQ¶V�QDPH�DQG�ORRNLQJ�DW�KHU´�DW�WKLV�PRPHQW�WKH�³WUHHV�DQG� WKH�EXVKHV�DOO� VWDUW� WR� VZD\�DQG�6LULQH�QRWLFHV� WKH�SRPHJUDQDWH� WUHH�KDV� ILQDOO\� ERUQH� WKH� VWDUWV� RI� D� IHZ� IUXLWV´� � DQG� ZH� DUH� WROG� � DIWHU� VKH� WULHV� WR�UHFRJQL]H��+DQ¶V�SKRWR�LQ�WKH�QHZVSDSHU�³VKH�DOVR�FRXOGQ¶W�TXLWH�UHPHPEHU´�DV�VKH�ZDV�VOHHSLQJ�ZKHQ�+DQ�OHIW�KHU�³VKH�JRW�FRQIXVHG�DQG�FRXOGQ¶W�TXLWH�UHPHPEHU´��� « LI� LW�ZDV�+DQ�RU�$EGHOUDKPDQ�6DODKDGLQ� �ZKR�ORYHG�KHU�� LI� LW�ZDV� +DQ� RU� $EGHOUDKPDQ� ZKR� GRYH� LQWR� WKH� EODFN� SDJH� RI� WKH�RSHQ�VHD���:DV�LW��$EGHOUDKPDQ�ZKR�KDG�WR�OHDYH�KHU��WR�UHWXUQ�WR�KLV�ROG�KRPH��RU�+DQ�ZKR�ZDV�FRPSHOOHG�WR�GURZQ�KLPVHOI���RYHU�DQG�RYHU�DJDLQ"��SS������������
������.LQJVWRQ���-HVVLFD�+DJHGRUQ�DQG�$P\�7DQ���,QWHUSUHWDWLRQ�RI�GUHDPV�E\�FURVVLQJ�WKH�ERXQGDULHV���3DVW� DQG� SUHVHQW�� PHPRU\� DQG� GHVLUH�� DQG� WKH� YRLFH� RI� D� VLOHQW� VXEMHFWLYLW\� � KDYH�EHHQ� � � GUDPDWL]HG� RQ� D� FRPSOH[��PXOWL�OD\HUHG�� KHWHURJORVVLF� � � DQG� TXDVL�ILFWLRQDO�QDUUDWLYH�FDQYDV�LQ�.LQJVWRQ
V�7KH�:RPDQ�:DUULRU� $P\�7DQ
V�7KH�-R\�/XFN�&OXE�DQG�7KH� �%RQHVHWWHU
V�'DXJKWHU�NHHS�XV� �0RYLQJ�EDFN�DQG� IRUWK�DFURVV� WKH�GLYLGH�EHWZHHQ� WKH� WZR� JHQHUDWLRQV�� WKH� WZR� FRQWLQHQWV� DQG� WKH� WZR� FXOWXUHV� �6FKHOO��2UYLOOH��0DUFK� ��� ����.LQJVWRQ
V�7KH�:RPDQ�:DUULRU� LV� � DERXW� WKH� LGHQWLW\� RI� D�&KLQHVH�$PHULFDQ�LQ�$PHULFDQ�FXOWXUH�ZLWK�D�YRLFH�RI�D�SURWDJRQLVW�GLVSODFHG�IURP�WKH� FHQWUH� RI� FXOWXUH�� JHQGHU� DQG� JHQUH�� YRLFH� WKDW�PRYHV� EHWZHHQ� ELRJUDSK\� DQG��DXWRELRJUDSK\��IDFW�DQG�ILFWLRQ�DQG�$VLDQ�WDON�VWRU\�DQG�$PHULFDQ�PHPRLU����,W�LV�WKH�JURZLQJ�XS�RI�D�JLUOKRRG�DPRQJ� WKH�JKRVWV�ERWK� IRUHLJQ�DQG� IDPLOLDU�� � IURP�KRPH�DQG�LQ�H[LOH��.LQJVWRQ
V�DQG�$P\�7DQ
V��XVH�RI�WKH�JKRVWV�DV�FXOWXUDO�FRQVWUXFWV��LV�DQ�DWWHPSW�WR��UHORFDWH�WKHLU�KRPHV����.LQJVWRQ
V�7KH�:RPDQ�:DUULRU� 0XNKHUMHH
V�'HVLUDEOH�'DXJKWHUV�DQG�$P\�7DQ
V�$ %RQHVHWWHU
V� 'DXJKWHU� DUH� � TXDVL�ILFWLRQDO� DFFRXQWV� LQ� ZKLFK� WKH� DXWKRU�SURWDJRQLVW�UHODWLRQVKLSV�WDNH�D�QHZ�WXUQ�FUHDWLQJ�D�QHZ�JHQUH�LQ�ILFWLRQ��H[SDQGLQJ�LWV� SRWHQWLDOLWLHV� DQG� SRVVLELOLWLHV�� � 0XNKHUMHH�� D� PLGGOHPDQ� PHGLDWLQJ� EHWZHHQ�KRPH� DQG� H[LOH�� XVHV� WKH� DHVWKHWLF� VWUDWHJ\�� SDUWLFXODUO\� LQ�'HVLUDEOH� 'DXJKWHUV�LQVSLUHG�E\�D�VW\OH�RI�IRRWEDOO�PDGH�IDPRXV�E\�-RH�0RQWDQD��RI�XVLQJ�WKH�ZLGWK�RI�WKH�ILHOG�RI�KLVWRU\��JHRJUDSK\��GLDVSRUD��JHQGHU��HWKQLFLW\��ODQJXDJH�UDWKHU�WKDQ�WKH�ROG�IDVKLRQHG� ORQJ��FOHDQ� WKURZ�� ��0XNKHUMHH� ,QWHUYLHZ���%KDUDWL�0XNKHUMHH�5XQV�WKH�:HVW�&RDVW�2IIHQFH�$SULO��������E\�'DYH�:HLFK��3RZHO�FRP�����2EVHVVHG�ZLWK�
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DGGUHVVLQJ� WKH� LVVXHV� RI� PLQRULW\� GLVFRXUVH� LQ� WKH� 8� 6� �� SRVW�9LHWQDP� HUD�� DQG�&DQDGD��� � � VKH� VSHDNV� RI� KHU� �0XJKDO�LQVSLUHG� QDUUDWLYH� DHVWKHWLF� RI� $NEDUL�PLQLDWXUH�SDLQWLQJV��DQG�WKH�FRVPRORJ\�RI�KHU�FKDUDFWHUV�DQG�KHUV�GHULYHG�IURP�WKH�3XUDQLF� WDOHV� ZLWK� DQ� DZDUHQHVV� RI� PDQ\� XQLYHUVHV� DQG� EHFDXVH� RI� KHU� XQLTXH�SRVLWLRQ� LQ� D� ZRUOG� WKHUH� LV� D� GHVLUH� WR� ZULWH� DQ� DXWRELRJUDSK\� UDWKHU� WKDQ� WR�P\WKRORJL]H� WKH� ,QGLDQ� QDWLRQDO� LGHQWLW\� WKURXJK� WKH� �TXHVW� QDUUDWLYHV�� ��0XNKHUMHH�������� �$� FRPSDUDWLYH� VWXG\� RI� WKH� ,QWHUSUHWDWLRQ� RI�PDODGLHV� WKURXJK��WKH�GLDORJLFV�RI�FXLVLQH�DQG�FXOWXUH�LQ�/DKLUL�DQG�$EX�-DEHU�LV�JRLQJ�WR�XQUDYHO�WKH�GLOHPPD�RI�DQ�LPPLJUDQW�LQYDULDEO\�HQFRXQWHUV�LQ�KLV�KHU�MRXUQH\�WR�D�QHZ�WHUULWRU\��/DKLUL� DQG� $EX�-DEHU� EHORQJ� WR� WZR� GLYHUVH� FXOWXUDO� ORFDWLRQV� ZKRVH� FKDUDFWHUV�FRPH�WR�LQKDELW�D�FRPPRQ�ODQGVFDSH�DQG�WU\�WR�UHORFDWH�WKH�PHDQLQJ�RI�WKHLU�KRPHV�LQ�H[LOH����7KH� VWRU\� RI� -HVVLFD� +DJHGRUQ
V� 'RJHDWHUV� QDUUDWHG� LQ� D� SRVWPRGHUQLVW� VW\OH��FRPELQLQJ� JRVVLS�� PHGLD�� FLQHPD� DQG� KLVWRU\� RI� � SDVW� DQG� SUHVHQW� ±� FRORQLDOLVP��SRVWFRORQLDOLVP� � DQG� FXOWXUDO� LPSHULDOLVP� ±� DOVR� H[DPLQHV� � WKH� �QRWLRQV� RI�LPPLJUDWLRQ�� GLVSODFHPHQW�� LGHQWLW\� DQG� KLVWRU\�� �/XGLFH�� ������ 'RJHDWHUV�� DPRUGDQW� H[SORUDWLRQ� RI� FODVV� DQG� HWKQLF� GLYLVLRQV�� UDPSDQW� FRPPHUFLDOLVP��SOXWRFUDWLF�PDFKLQDWLRQV��UHYROXWLRQDU\�LQVXUJHQF\��DQG�WKH�YDULHWLHV�RI�FRUUXSWLRQ�LQ�D FRXQWU\� FDXJKW� LQ� WKH� JUDVS� RI� D� 0DUFRV�OLNH� UHJLPH� DQG� ODERULQJ� EHQHDWK� WKH�VKDGRZ�RI�:HVWHUQ�FRORQLDOLVP��'RJHDWHUV�LV�DOVR�QRWHZRUWK\�IRU�LWV�VW\OLVWLF�GDULQJ��3OD\IXOO\� VSOLFLQJ� WRJHWKHU� ERRN� DQG� OHWWHU� H[FHUSWV�� SRHWU\�� D� JRVVLS� FROXPQ��GUDPDWLF�GLDORJXH��DQG�QHZV�LWHPV�LQWR�D�FRQYHQWLRQDO�VWRU\WHOOLQJ�IUDPH��WKH�QRYHO�H[SORUHV� WKH� SRVVLELOLWLHV� RI� FRPELQLQJ� SRVWPRGHUQ� QDUUDWLYH� SUDFWLFHV� ZLWK� D�SRVWFRORQLDO� SROLWLFDO� DJHQGD«� -XVW� DV� KHU� ZRUN� UHVLVWV� HDV\� FDWHJRUL]DWLRQ� LQWR�³KLJK´� RU� ³SRS´� FXOWXUH�� LW� VHHNV� WR� FURVV� FRQYHQWLRQDO� ERXQGDULHV� RI� VHOI� DQG�FRXQWU\� DQG� RI� ZULWLQJ� DQG� DUW�� �� 8ED�� *HRUJH���&DOLIRUQLD� 6WDWH� 8QLYHUVLW\�� 1RUWKULGJH� /DXWHU�� 3DXO� *HQ�� (G�� 2QOLQH� +HDWK�$QWKRORJ\� RI� $PHULFDQ� /LWHUDWXUH��� 'RJHDWHUV� LV� � D� GLVWLQFWLYH� � DFFRXQW� RI�+DJHGRUQ
V�VHDUFK�IRU�DQ�LGHQWLW\��RI�D�KRPH�IURP�D�GLVWDQFH�WKDW�H[SUHVVHV��ORYH�IRU�RQH
V�FRXQWU\��WKURXJK��WKH�WUDMHFWRULHV�RI�KDWH����
�
,Q�7HQHPHQW�/RYHU�-HVVLFD�+DJHGRUQ�VD\V���:KHQ�,�WKLQN�RI�KRPH�QRZ�,�PHDQ�WKUHH�SODFHV��6DQ�)UDQFLVFR�%D\�DUHD�UHDOO\�FRORUHG�P\�ZRUN��1HZ�<RUN� LV�ZKHUH�,� OLYH��%XW�0DQLOD�ZLOO�DOZD\V�KDYH�D�KROG�RQ�PH��,�UHDOO\�GRQ¶W�WKLQN�RI�P\VHOI�DV�D�FLWL]HQ�RI�RQH�FRXQWU\�EXW�DV�D�FLWL]HQ�RI�WKH�ZRUOG���TWG�LQ�5DWK����������6LPLODU�VHQWLPHQWV�DUH� H[SUHVVHG�E\� -KXPSD�/DKLUL� ������� ��1R�FRXQWU\� LV�P\�PRWKHUODQG�� � ,� DOZD\V�ILQG�P\VHOI�LQ�H[LOH�ZKLFKHYHU�FRXQWU\�,�WUDYHO� � WR�� �7KDW
V�ZK\�,
P�DOZD\V�WHPSWHG�WR�ZULWH� VRPHWKLQJ�DERXW� WKRVH� OLYLQJ� WKHLU� OLYHV� LQ�H[LOH���$EX�-DEHU� LQ�KHU�QRYHOV�DWWHPSWV� WR�PDNH� VHQVH� RI�KHU� OLIH� WKURXJK� WKH�PHWDSKRUV� RI�PHPRU\�� FXLVLQH�� DQG�RUDOLW\�FRPELQLQJ� WKHP�ZLWK�PDJLF�UHDOLVP�DV�VKH�VD\V� LQ�DQ� LQWHUYLHZ�³�ZKHQ�\RX�OHDYH�\RXU�FRXQWU\��\RX�GRQ¶W� UHDOO\�NQRZ�ZKDW� LW� LV� WKDW¶V�DERXW�WR�KDSSHQ�WR�\RX���:KDW�DQ�LQFUHGLEOH�H[SHULHQFH�DQG�MRXUQH\�LW�LV��$QG�KRZ�IRU�D�ORW�RI�SHRSOH�LW�FDQ�EH� D� UHDO� SURFHVV� RI� ORVV´� ��$EX�-DEHU�� ,QWHUYLHZ�ZLWK�$QGUHD� 6KDODO�(VD� � �������
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0HHQD� $OH[DQGHU� LQ� � KHU� SRHP� �*ROG� +RUL]RQ�� �:HEHU� 6WXGLHV� :LQWHU� ������SRHWLFDOO\�FDSWXUHV�WKH���FRUXVFDWLQJ�JHRJUDSK\��RI�KHU�GLDVSRUDO�VHOI����3ODFH�QDPHV�VSOLQWHU��RQ�P\�WRQJXH�DQG�IOHH���$OODKDEDG��7LUXYHOOD��.R]KHQFKHUL��.KDUWRXP���1RWWLQJKDP��1HZ�'HOKL��+\GHUDEDG��1HZ�<RUN��WKH�SLHFH�ZRUN�RI�VDQLW\���VWLWFKLQJ�WKHP�LQWR�D�FRUXVFDWLQJ�JHRJUDSK\���ZK\�D�VLQJOH�ORQJ�GUDZQ�EUHDWK��LQ�DQ�LQIDQW
V�GUHDP�PLJKW�GR���UXLQHG�E\�EODFN�ZDWHU�LQ�D�SDGG\�ILHOG���
��&RQFOXVLRQ����)URP�WKH�LQWHUSUHWDWLRQ�RI�PDODGLHV�WR�WKH�LQWHUSUHWDWLRQ�RI�GUHDPV����, ZRXOG�OLNH�WR�FRQFOXGH�ZLWK�WKH�ZRUGV�RI�-HVVLFD�+DJHGRUQ�TXRWHG�E\��(ODLQH�.LP�� ������ZKR�KDV�FRPPHQWHG�WKDW��

$VLDQ� $PHULFDQ� ZULWHUV� FRQWLQXH� WR� FRQWULEXWH� WR� WKH� $PHULFDQ�OLWHUDU\�PRVDLF� DV� WKH\� FHOHEUDWH� WKH� FRPSOH[LW\� DQG� GLYHUVLW\� RI�WKHLU� H[SHULHQFH�� 7KH� VSLULW� RI� WKLV� FHOHEUDWLRQ� LV� FDSWXUHG� LQ�-HVVLFD�+DJHGRUQ
V�³6RPHWKLQJ�$ERXW�<RX´����������
GDQFLQJ��WKH�VSLULW�VKDNLQJ�HYHU\RQH��\RXU�IDFHV�DUH�IORZHUV�RI�GDUNQHVV��«FKLOGUHQ�RI�WKH�MXQJOH��FDOOLQJ�PH�WR�VLQJ��IRUJHW�P\�QLJKWPDUHV��PDQJRHV�VWDLQLQJ�P\�OLSV��6RPHWKLQJ�DERXW�\RX��DOO�RI�XV��ZLWK�VRQJV�LQVLGH��NQLILQJ�WKH�DLU�RI�VRUURZ��ZLWK�RXU�GDQFH��D FDUQLYDO�RI�VSLULWV��VKUHGGHG�EORVVRPV��LQ�WKH�ZDWHU����

$QG�DJDLQ�ZLWK�.LP
V��FRPPHQWV�RQ�WKH�&KLQHVH�$PHULFDQV�SRUWUD\HG�LQ�6KDZQ�:RQJ
V�+RPHEDVH��������ZKLFK�DSSO\�WR�DOO�$VLDQ�$PHULFDQV�ZKR�DUH���
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OLNH�D�ZLOG�SODQW�FRPPRQO\�³FRQGHPQHG�DV�D�ZHHG�´�D�SODQW�WKDW�VXUYLYHV�WR�EHDU�IORZHUV��FUHDWLQJ�EHDXW\�DQG�VKDGH�LQ�WKH�PRVW�GLIILFXOW�FRQGLWLRQV����,ELG�����
2U� ZKDW� +D� -LQ� ������� ��� D� FRQWHPSRUDU\� &KLQHVH� ZULWHU� LQ� H[LOH�� VD\V� RI� &KLWUD�'LYDNDUXQL
V�VWRULHV�FDQ��EH�DSSOLHG�WR�DOO�WKH�$VLDQ�$PHULFDQ�WDOHV�� 0RVW� RI� WKH� VWRULHV� LOOXPLQDWH� WKH� SDLQ�� ORVV� DQG� DOLHQDWLRQ� RI� WKH�LPPLJUDQW� H[SHULHQFH� DQG� WUDQVIRUP� WKHP� LQWR� WKH�GUDPD�RI� FRPPRQ�KXPDQ�H[LVWHQFH����TWG����IURP�KWWS���ZZZ�FKLWUDGLYDNDUXQL�FRP�

$VLDQ�$PHULFDQ�VWRU\WHOOHUV�DUH�>Q@DYLJDWLQJ�WKH�RFHDQ�RI�ZRUGV�WR�ILQG�WKH�PHDQLQJ�RI�D�XQLTXH�H[SHULHQFH��ZLWK�D�IHHOLQJ�RI��DQ�LQGHOLEOH�VHQVH�RI�RWKHUQHVV����6FKHOO�������� �NQLILQJ� WKH� DLU� RI� VRUURZ�� �+DJHGRUQ� TWG�� LQ� .LP��� :LWK� D� FDUQLYDO� RI�FUHDWLYH�HQHUJ\�WKH�$VLDQ�$PHULFDQ�WDOHV�DUH�D���FHOHEUDWLRQ�RI��WKH�HQLJPD�RI�DUULYDO�DQG� VXUYLYDO��7KLV� XQLTXH� FHOHEUDWLRQ� WDNHV� SODFH� � � LQ� D� ODQG� �ZKHUH�0UV�6HQV� DUH�KROGLQJ� D� KRPH�PDGH� � �EODGH� WKDW� � � FXUYHG� OLNH� D�9LNLQJ� VKLS�� VDLOLQJ� WR� EDWWOH� LQ�GLVWDQW� VHDV�� �S������ZKHUH�7DUDV� RI� WRGD\� � ORRN� EDFN� DQG� ORRN� IRUZDUG� WR� ILQG� D�VSDFH�WR�OLYH�DQG�GLH��ZKHUH�IRU�5DNKLV
�PRWKHUV��>$@�GUHDP�LV�D�WHOHJUDP�IURP�WKH�KLGGHQ� ZRUOG�� �VHH� 'LYDNDUXQL
V� 4XHHQ� RI� 'UHDPV� ����� TWG� LQ� KWWS���ZZZ��FKLWUDGLYDNDUXQL�FRP����ZKHUH�0DWXVVHPV��)DWLPDV��0HOYLQDV��-HPRUDKV��+DQV��DQG�6LULQHV�DUH�WUDSSHG�LQ�WKHLU�QHZ��ZRUOGV�DZD\�IURP�KRPH�DV�1DVVLU�LQ�$UDELDQ�-D]]�VD\V� D�ZRUOG� FUHDWHG� E\� KLVWRULDQV�� D� IUDFWXUHG�ZRUOG� � RI� ³� (DVW� VDQG�:HVW�� FKRS��FKRS�� WR� UHDVVXUH� WKHPVHOYHV� RI� WKHLU� VXSHULRU� LVRODWLRQ«´� �S������ 7R� TXRWH� IURP�+DPRG¶V�SRHP�³0RYLQJ´�� � WKH\� ³PRYH� IXUWKHU� DZD\� OLNH� ORVW�VKLSPDWHV�FU\LQJ� >WR�PH@�IRU�KHOS«�«,�VRPHWLPHV�WKLQN�DERXW�D�OLIH«�,Q�VRPH�ROG�FRXQWU\�RI�WLPH�WKDW�,�UHPHPEHU� P\� IDWKHU� DQG� JUDQGIDWKHU�WDONLQJ� DERXW«´� �+DPRG� TXRWHG� LQ� 0DMDM�������������ZKHUH�D�ZRPDQ�EHFRPHV�D�ZDUULRU� WR�YRLFH� WKH� VLOHQFH�DQG�VHDUFK� IRU�LGHQWLW\�DPRQJ�JKRVWV��ZKHUH�JKRVWV�DUH� LQYRNHG�OLNH�0XVHV�WR� WHOO� WKH� WDOH�RI�VHOI�GLVFRYHU\�DQG�LQGLYLGXDOLW\���DVVLPLODWLRQ�DQG�UHVLVWDQFH��DQG�OLNH�WKH�$UDELDQ�1LJKWV�WKH�VWRULHV� �ZLOO� JR�RQ�DQG�RQ�DQG�RQ� FURVVLQJ� WKH�ERXQGDULHV� UHFUHDWLQJ� � � ERUGHUV�SXVKLQJ� WKH� IURQWLHUV� RI� DUW� RI� VWRU\WHOOLQJ� DQG� WKH� DUW� RI� VXUYLYDO� DQG� FURVVLQJ� WKH�OLPLWV�RI� WKH�$PHULFDQ�'UHDP�� �(YLGHQWO\�� WKH�$VLDQ�$PHULFDQ� WDOHV�RI� WKH�HQLJPD�RI� DUULYDO� DQG� VXUYLYDO� ZKLFK� ,� ZRXOG� SUHIHU� WR� FDOO� WKH� �QDUUDWLYHV� RI� UHORFDWLRQ��KDYH� � � LPPHQVH� SRWHQWLDOLWLHV� DV� D� � FRXQWHUFDQRQLFDO� OLWHUDU\� GLVFRXUVH� LQ� WKH�GLDVSRUDO��ZRUOG�RI�WKH���VW� FHQWXU\����� BBBBBBBBBBBBBBB��
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:RUNV�&LWHG��
$EX�-DEHU��'LDQD���������$UDELDQ�-D]]��1HZ�<RUN�/RQGRQ��:��:��1RUWDQ�	�&RPSDQ\����BBBBBBBBBBBBBBBB�������� ³7KH� RQO\� 5HVSRQVH� WR� 6LOHQFLQJ� «�LV� WR� .HHS� 6SHDNLQJ�´�,QWHUYLHZ�ZLWK�$QGUHD�6DODO�(VD�$O�-DGLG������������������BBBBBBBBBBBBBBBB��������&UHVFHQW��1HZ�<RUN��/RQGRQ��:��:��1RUWDQ�	�&RPSDQ\����BBBBBBBBBBBBBBBBB�QG���³$Q�,QWHUYLHZ�ZLWK�'LDQD�$EX�-DEHU´�,QWHUYLHZ�ZLWK�/XDQ�*DLQV�YLD�HPDLO�IRU�FXUOHGXS�FRP�KWWS���ZZZ�FXOUHGXS�FRP�LQWDEX�KWPO
BBBBBBBBBBBBBBBBB�������� ³$�3URSKHW� LQ�+HU�2ZQ�7RZQ´� ,QWHUYLHZ�ZLWK�5RELQ�(�)LHOG�0(/86� 9RO������1R�����:LQWHU���������������
$OH[DQGHU��0HHQD���������)DXOW�/LQHV��$�0HPRLU��86$��7KH�)HPLQLVW�3UHVV���BBBBBBBBBBBBBBBBBB����������*ROG�+RUL]RQ��+WWS���ZZZ�:HEHU�6WXGLHV�DUFKLYH���%����9RO������������9RO���������$OH[DQGHU�LQWHUYLHZ��KWP���BBBBBBBBBBBBBBBBBB�������� ³,OOLWHUDWH� +HDUW� DQG� 6SULQJ�$OUHDG\´�KWWS���ZZZ�EDUQDUG�HGX�IURQWOLQH�ZLWK�DOH[DQSR�KWPO�

BBBBBBBBBBBBBBBBBB�QG����+HU�6WRU\��%%%&�:RUOG�6HUYLFH�KWWS���ZZZ�EEEF�FR�XN�ZRUOGVHUYLFH�DUWV�IHDWXUHV�ZRPHQZULWHUV�$OH[DQGHUBOLIH�VKWPO
BBBBBBBBBBBBBBBBBB�QG����0LJUDQW�0XVLF��KWWS���ZZZ�ERRNFRXQWHU�FRP

'LYDNDUXQL��&KLWUD�%DQHUMHH����3URILOH�RI�D�6$-$�6SHDNHU��?6$-$�&KLWUD�'LYDNDUXQL�ELR�KWP��BBBBBBBBBBBBBBBBB����������4XHHQ�RI�'UHDPV�TWG�LQ�KWWS���ZZZ��FKLWUDGLYDNDUXQL�FRP
'XWWD�&KRXGKDU\��6RQ\D����������%HWZHHQ�0HPRU\�DQG�'HVLUH��7KH�+LQGX�2QOLQH�HGLWLRQ�6XQGD\�0D\����������+WWS���ZZZ�+LQGX�FR��WKH�KLQGX�OU�LQGH[�KWP��
+DJHGRUQ��-HVVLFD���������'RJHDWHUV� 3HQJXLQ�%RRNV����BBBBBBBBBBBBBBB��6RUFHU\��2QOLQH�3RHPV�E\�-HVVLFD�+DJHGRUQ�0RGHUQ�$PHULFDQ�3RHWU\�KWWS���ZZZ�REHUOLQ�HGX�aPMHU]DN�KDJHGRUQ��KWPO

+DPRG��6DP��QG���³0RYLQJ´�TXRWHG�LQ��/LVD�6XKDLU�0DMDM��������³$UDE�$PHULFDQ�/LWHUDWXUH�DQG�WKH�3ROLWLFV�RI�0HPRU\�´�,Q�(GV��$PULWMLW�6LQJK��-RVHSK�7��6NHUUHWW��-U��5REHUW�(��+RJDQ�0HPRU\�DQG�&XOWXUDO�3ROLWLFV��1HZ�$SSURDFKHV�WR�$PHULFDQ�(WKQLF�/LWHUDWXUH�%RVWRQ��1RUWKHDVWHUQ�8QLYHUVLW\�3UHVV��
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,\HU��3LFR����������3LFR�,\HU
V�0RQJUHO��6RXO���,QWHUYLHZ�E\�'DYH�:HLFK�0DUFK����������3RZHOO�FRP���-LQ�� +D� �1'��� 5HYLHZ� RI� &KLWUD� EDQHUMHH� 'LYDNDUXQL
V� � FROOHFWLRQ� RI� VKRUW� VWRULHV��KWWS���ZZZ��FKLWUDGLYDNDUXQL�FRP
.LP��(ODLQH�+�����������$VLDQ�$PHULFDQ�/LWHUDWXUH�DQG�WKH�,PSRUWDQFH�RI�6RFLDO�&RQWH[W���$'(�%XOOHWLQ�����6SULQJ�������������KWWS���ZZZ�DGH�RUJ�DGH�EXOOHWLQ�1R���WRF����WRF�KWP�
.LQJVWRQ��0D[LQH�+RQJ���������7KH�:RPDQ�:DUULRU��0HPRLUV�RI�D�*LUOKRRG�$PRQJ�*KRVWV�*UHDW�%ULWDLQ��3LFDGRU��/DKLUL�� -KXPSD� �������� 7KH� 1DPHVDNH� �� ([FHUSWV� IURP� -KXPSD� /DKLUL
V� 'HEXW� 1RYHO��KWWS�"�+LQGXLVP�FERXW�FRP�OLEUDU\�ZHHNO\�H[WUD�EO�QDPHVDNH�KWP
BBBBBBBBBBBBBBB��������,QWHUSUHWDWLRQ�RI�0DODGLHV� ,QGLD��+DUSHU�&ROOLQV�3XEOLVKHUV��BBBBBBBBBBBBBBB��0\�7ZR�/LYHV��2QOLQH�1HZVZHHN�,QWHUQDWLRQDO�(GLWLRQ����BBBBBBBBBBBBBBBB�������� �$�+RPHFRPLQJ� IRU� -KXPSD�/DKLUL�� ,QWHUYLHZ� E\�5LIDW� -DZDLG�KWWS���ZZZ�UHGLII�FRP�QHZVVKRZ�KWP
/RZH��/LVD����������'HFRORQL]DWLRQ��'LVSODFHPHQW��'VLGHQWLILFDWLRQ�$VLDQ�$PHULFDQ�
1RYHOV
�DQG� WKH�4XHVWLRQ� RI�+LVWRU\��� ,Q�&XOWXUDO� ,QVWLWXWLRQV� RI� WKH�1RYHO� (GV��'HLGUH�/\QFK� DQG�:LOOLDP�%��:DUQHUV�86$��'XNH�8QLYHUVLW\�3UHVV��/XGLFH��0HJDQ����������*RVVLS��0HGLD�DQG�WKH�3RVWPRGHUQ�UHYLVLRQ�RI�+LVWRU\�LQ�-HVVLFD�+HJHGRUQ
V�'RJHDWHUV���,QWHUQHW�PDWHULDO�85/�QRW�DYDLODEOH����0XNKHUMHH��%KDUDWL����������+ROGHU�RI�WKH�:RUOGV����$Q�,QWHUYLHZ�ZLWK�%KDUDWL�0XNKHMHH��E\�7LQD�&KHD�DQG�6�;�*RXGLH��8QLYHUVLW\�RI�&DOLIRUQLD� ��%HUNHOH\������-RXYHUW� $�-RXUQDO�RI�3RVWFRORQLDO�6WXGLHV�KWWS���VRFLDO�FKDVV�QFVX�HGX�MRXYHUW�YOLO�EKDUDW�KWP
BBBBBBBBBBBBBBBB��>����@��������7KH�0LGGOHPDQ�DQG�2WKHU�6WRULHV� /RQGRQ��9LUDJR��BBBBBBBBBBBBBBB���������-DVPLQH� 1HZ�'HOKL��3HQJXLQ�%RRNV����BBBBBBBBBBBBBBBBB���������%KDUDWL�0XNKHUMHH�5XQV�WKH�:HVW�&RDVW�2IIHQVH��,QWHUYLHZ�E\�'DYH�:HLFK�$SULO���������3RZHOO�FRP��BBBBBBBBBBBBBBBBB�>����@��������'HVLUDEOH�'DXJKWHUV� 1HZ�'HOKL��5XSD�	�&R����
1DLSDXO��9�6��>����@��������7KH�(QLJPD�RI�$UULYD�O�/RQGRQ��3LFDGRU���
3UDVDG��$QLO�.�DQG�-\RWVDQD�.�3UDVDG�����������7KH�3RHW�DQG�WKH�3ODFH��7ZR�3RHPV�RQ�3DWQD�DQG�*DQJD���KWWS���ZZZ�OLWHUDWLPDJD]LQH�FRP
3UDVDG��$QLO�.����������,�/RRN�%DFN�DQG�/RRN�)RUZDUG���$�SRHP�UHDG�DW� WKH� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$VLDQ�$PHULFDQ�/LWHUDWXUH�LQ�WKH���VW�&HQWXU\��������0D\������DQG�SXEOLVKHG�RQ�ZZZ�ERORML�FRP 0D\�������������
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5DWK��6XUD�3�����������+RPH�V��$EURDG��'LDVSRULF�,GHQWLWLHV�LQ�7KLUG�6SDFH���,Q�7KH�&XOWXUH�RI�'LDVSRUDV�LQ�WKH�3RVWFRORQLDO�:HE��KWWS���ZZZ�SRVWFRORQLDOZHE�GLDVSRUDV�UDWK�DKWP /DVW�PRGLILHG���0DUFK���������6FKHOO��2UYLOOH����������<RXU�0RWKHU�LV�LQ�<RXU�%RQHV���5HYLHZ�RI�$P\�7DQ
V�7KH�-R\�/XFN�&OXE� 0DUFK� ���� ������ 7KH� 1HZ� <RUN� 7LPHV� RQ� WKH� :HE��KWWS���ZZZ�Q\WLPHV�FRP�ERRNV�KRPH���6KDQNDU��6�����������$PHULFD�,QVLGH�2XW��7KH�+LQGX�2QOLQH�HGLWLRQ�6XQGD\��0DUFK�����������KWWS���ZZZ�KLQGX�FRP�WKHKLQGX�OU�LQGH[
7DQ��$P\����������7KH�-R\�/XFN�&OXE� 1HZ�<RUN��%DOODQWLQH�%RRNV��BBBBBBBBBB���������7KH�%RQHVHWWHU
V�'DXJKWHU�1HZ�<RUN��%DOODQWLQH�%RRNV��8ED�*HRUJH�1'����-HVVLFD�+DJHGRUQ���,Q�3DXO�1RUWWULGJH�/DXWHU�*HQ��(G��2QOLQH�+HDWK�$QWKRORJ\�RI�$PHULFDQ�/LWHUDWXUH�KWWS���FROOHJH�KRPFR�FRP�(QJOLVK�ODXWHU�KHDWK�\H�VWXGHQWV�DXWKRUSDJHV�FRQWHPSRUDU\���KDJHGRUQ�MH�KWPO�������



7KH�8QLYHUVLW\�5HVHDUFKHU�-RXUQDO�RI�,EE�8QLYHUVLW\�
�

�

$ERXW�WKH�-RXUQDO��
�

7KH� 8QLYHUVLW\� 5HVHDUFKHU� LV� D� TXDUWHUO\�
SXEOLFDWLRQ� IRU� DOO� WKRVH� ZKR� DUH� SURIHVVLRQDOO\�
LQYROYHG�LQ�WKH�DFDGHPLF�UHVHDUFK�DQG�WHDFKLQJ�DW�
WKH� XQLYHUVLW\�� ,WV� SXUSRVH� LV� WR� SURYLGH� DQ�
RSSRUWXQLW\� IRU� FRQWULEXWRUV� ZKR� ZULWH� LQ� ERWK�
$UDELF� DQG� (QJOLVK� WR� SXEOLVK� WKHLU� RULJLQDO�
UHVHDUFK�� 7KH� HGLWRULDO� ERDUG� ZHOFRPHV� SDSHUV�
ZKLFK� GHDO� ZLWK� WKH� LVVXHV� LPSOLFLW� LQ� DUWV��
KXPDQLWLHV�DQG�VFLHQFH��
�

*XLGHOLQHV�IRU�3XEOLFDWLRQ�
�

���6XEMHFW�0DWWHU�
7KH�FRQWULEXWRUV�DUH�DVNHG�WR�WDNH�LQWR�DFFRXQW�
WKH� IROORZLQJ� LPSRUWDQW� IDFWRUV�ZKHQ�ZULWLQJ�
WKHLU�SDSHUV���

��

x� 3DSHUV�VKRXOG�EH�RULJLQDO�DQG�RI�YDOXH�DQG�
LQWHUHVW�WR�WKH�UHDGHUV�RI�WKH�-RXUQDO���

x� 7KH\�VKRXOG�EH�FOHDUO\�DQG�FRKHUHQWO\�ZULW�
WHQ�VR�WKDW�WKH�FRQWHQWV�DUH�DFFHVVLEOH�WR�WKH�
UHDGHUVKLS���

x� 7KH\� VKRXOG� GHPRQVWUDWH� DQ� DSSURSULDWH�
EDODQFH�EHWZHHQ�WKHRU\�DQG�SUDFWLFH���

�

���)RUPDW�RI�3DSHU��
3OHDVH�IROORZ�WKHVH� LQVWUXFWLRQV�H[DFWO\�RU�ZH�
ZLOO�EH�XQDEOH�WR�SURFHVV�\RXU�VXEPLVVLRQ���
�

x� 3OHDVH� JLYH� \RXU� SDSHU� D� FOHDU� DQG�
LQIRUPDWLYH� WLWOH� RI� DSSUR[LPDWHO\� ���
FKDUDFWHUV�� %HORZ� WKH� WLWOH�� ZULWH� \RXU�
QDPH�V�� DQG� IXOO� LQVWLWXWLRQDO� DGGUHVV��
LQFOXGLQJ�H�PDLO��$OO�WKHVH�VKRXOG�DSSHDU�DW�
WKH�WRS�RI�WKH�ILUVW�SDJH��

x� %HJLQ� \RXU� SDSHU� ZLWK� DQ� DEVWUDFW� RI� QR�
PRUH�����ZRUGV��LQ���SW��IRQW�VXPPDUL]LQJ�
\RXU�PDLQ�SRLQWV���

x� 3DSHUV� VKRXOG� EH� SULQWHG� RQ�$�� SDSHU� ����
FP�[����FP�DQG������FP�RQ�DOO�VLGHV���VLQJOH�
VSDFHG� LQ� 7LPHV� 1HZ� 5RPDQ� ��� SW�� IRQW��
DQG� VKRXOG� QRW� H[FHHG����SDJHV� LQ� VFLHQFH�
DQG� ��� SDJHV� LQ� DUWV� DQG� KXPDQLWLHV��
LQFOXGLQJ� IRRWQRWHV�� UHIHUHQFHV� DQG�
DSSHQGLFHV��$OO� SDJHV� VKRXOG�EH� QXPEHUHG�
FRQVHFXWLYHO\��

x� +HDGLQJV�DQG�VXEKHDGLQJV�VKRXOG�DSSHDU�RQ�
D� VHSDUDWH� OLQH�� UDQJHG� OHIW� DQG� ZULWWHQ� LQ�
EROG� W\SH�� 3OHDVH� XVH� D� QXPEHULQJ� V\VWHP�
IRU�KHDGLQJV�DQG�VXEKHDGLQJV��H�J�� ����������
HWF��������

x� 1RWHV� DQG� UHIHUHQFHV� LQ� WKH� WH[W� �FLWDWLRQV�� WR�
RWKHU� SXEOLFDWLRQV� VKRXOG� DSSHDU� DV� IRRWQRWHV�
RQ� LQGLYLGXDO�SDJHV��3OHDVH�QXPEHU�\RXU�IRRW�
QRWHV�FRQVHFXWLYHO\����

x� ,QGHQWHG� �ORQJHU�� FLWDWLRQV� DQG� WH[WV� LQ� FKDUWV�
DQG� WDEOHV�� DQG� IRRWQRWHV� VKRXOG� EH� LQ� �� SW��
IRQW����

x� &LWDWLRQV� DQG� UHIHUHQFHV� VKRXOG� IROORZ� WKH�
$3$�VW\OH����

�

���6XEPLVVLRQ�
7ZR� KDUG� FRSLHV� RI� WKH� SDSHU� VKRXOG� EH�
VXEPLWWHG��DORQJ�ZLWK�D�FRS\�RQ�&'�520�LQ�06�
:RUG�� &RQWULEXWLRQV� VKRXOG� EH� DGGUHVVHG� WR� WKH�
-RXUQDO�(GLWRU�LQ�&KLHI��VHH�&RUUHVSRQGHQFH����

�

���7HUPV�RI�$FFHSWDQFH��
D��7KH� -RXUQDO� LV� QRW� UHVSRQVLEOH� WR� UHWXUQ� WKH�
KDUG� FRSLHV� RI� WKH� PDQXVFULSW� UHFHLYHG��
ZKHWKHU�LW�LV�DFFHSWHG�RU�QRW��

E��7KH�PDQXVFULSW� UHFHLYHG� LV� EOLQG� UHYLHZHG� E\�
VSHFLDOL]HG� UHIHUHHV�� DQG� DFFHSWDQFH� LV�
GHSHQGHQW� RQ� WKHLU� UHFRPPHQGDWLRQ� IRU�
SXEOLFDWLRQ��:LWKLQ� WKUHH�PRQWKV� RI� UHFHLYLQJ�
LW��WKH�(GLWRU�ZLOO�OHW�\RX�NQRZ�ZKHWKHU��DQG�LI�
SRVVLEOH� ZKHQ�� \RXU� FRQWULEXWLRQ� ZLOO� EH�
SXEOLVKHG���

F��7KH�(GLWRULDO�ERDUG�UHVHUYHV�WKH�ULJKW�WR�DVN�IRU�
UH�IRUPDWWLQJ� RI�� RU� WR�PDNH� HGLWRULDO� FKDQJHV�
LQ��DQ\�PDQXVFULSW�DFFHSWHG�IRU�SXEOLFDWLRQ����

G��3DSHUV� VXEPLWWHG� WR� WKH� -RXUQDO� FRQWDLQ� WKH�
DXWKRU¶V� FRQFOXVLRQV� DQG� RSLQLRQV� DQG�� LI�
SXEOLVKHG�� GR� QRW� FRQVWLWXWH� D� FRQFOXVLRQ� RU�
RSLQLRQ�RI�WKH�(GLWRULDO�%RDUG��

H��$XWKRUV�� ZKR� DUH� QRW� PHPEHUV� RI� WKH�
8QLYHUVLW\� WHDFKLQJ� VWDII� DQG� DUH� ZLOOLQJ� WR�
SXEOLVK� WKHLU� SDSHUV� LQ� WKH� -RXUQDO�� DUH�
UHTXHVWHG� WR� SD\�<5� ������ � �86� ��� GROODUV��
IRU�SRVWDO�FKDUJHV��

I�� 7KH� HGLWRULDO� ERDUG� ZLOO� DVVXPH� WKDW� D� SDSHU�
VXEPLWWHG� KDV� QRW� EHHQ� SUHYLRXVO\� SXEOLVKHG��
DQG��LI�DFFHSWHG�IRU�SXEOLFDWLRQ�LQ�WKH�-RXUQDO��
ZLOO� QRW� EH� SXEOLVKHG� HOVHZKHUH� ZLWKRXW� WKH�
SULRU�ZULWWHQ�SHUPLVVLRQ�RI�WKH�(GLWRU�LQ�&KLHI��

��

&RUUHVSRQGHQFH��
(GLWRU�LQ�&KLHI��
-RXUQDO�RI�7KH�8QLYHUVLW\�5HVHDUFKHU��
7KH�8QLYHUVLW\�RI�,EE�
�3�2��%R[���������
�,EE�
�7KH�5HSXEOLF�RI�<HPHQ�
�
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6FLHQFH�DQG�+XPDQLWLHV���
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�
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7KH�8QLYHUVLW\�RI�,EE��7KH�5HSXEOLF�RI�<HPHQ�
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� 7KH�8QLYHUVLW\�RI�,EE�<HPHQ������
�
$OO�ULJKWV�UHVHUYHG��QR�SDUW�RI�WKLV�SXEOLFDWLRQ�PD\�EH�UHSURGXFHG��VWRUHG�LQ�D UHWULHYDO�V\VWHP��RU�WUDQVPLWWHG�LQ�DQ\�IRUP�RU�E\�DQ\�PHDQV��HOHFWURQLF��PHFKDQLFDO��SKRWRFRS\LQJ��UHFRUGLQJ��RU�RWKHUZLVH��ZLWKRXW�WKH�SULRU�ZULWWHQ�SHUPLVVLRQ�RI�WKH�3XEOLVKHU�����
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'LYLVLRQ�(GLWRULDO�%RDUG�)DZ]L�$OL�6RZDLOHK�� �������������������������6HFUHWDU\�(VD�0��$O�6KL
DUL�������������������������������������������7\SLVW�

$QQXDO�6XEVFULSWLRQ�
/RFDO��<5�����IRU�LQGLYLGXDOV�DQG������IRU�LQVWLWXWLRQV��([WHUQDO�� �� 86� ��� GROODUV� IRU� LQGLYLGXDOV� DQG� �� 86� ��� GROODUV� IRU�LQVWLWXWLRQV����

6XEVFULSWLRQ�
(GLWRU�LQ�&KLHI�-RXUQDO�RI�7KH�8QLYHUVLW\�5HVHDUFKHU�7KH�8QLYHUVLW\�RI�,EE�3�2��%R[��������,EE�7KH�5HSXEOLF�RI�<HPHQ��
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�(QJOLVK�6HFWLRQ���
&RQWHQWV� �x +XPDQLWLHV��/DQJXDJH�DQG�/LWHUDWXUH���1DUUDWLYHV�RI�5HORFDWLRQ��1HJRWLDWLRQV�EHWZHHQ�+RPH�DQG�([LOH�

$QLO�.�3UDVDG��3K�'««««««�«««��«««««««««��«��«�������
x 6FLHQFH��

6RPH�3URSHUWLHV��DQG�=HUR�'LPHQVLRQDOLW\�RI��)X]]\�0HWULF��6SDFHV�
$EGXO�*DZDG��$��4��$O�4XEDWL��3K�'��«««««««««««�««��������

2Q�6KUXQNHQ�%D\HVLDQ�(VWLPDWRUV�IRU�7KH�0HDQ�RI�1RUPDO�'LVWULEXWLRQ�
$KPHG��0��$O�±5REDVVL��««««««««««««««««««�«��������

&DWLRQ��H[FKDQJH�EHKDYLRXU�RI�VHYHUDO�HOHPHQWV�LQ�QLWULF�DFLG��RUJDQLF�VROYHQW�PHGLD�
.K��$��6��*KDOHE���DQG�$��.��$OVVJKHHU��«««««««««««���«��������

(IIHFW�RI�8OWUD�9LROHW�DQG�0DJQHWLF�)LHOG�([SRVXUHV�RQ�3VHXGRPRQDV�DHURJLQRVD�
�0RKDPPHG�$��$O�$EERXG��<DV�0��)DGHO�$/�+DGLWKL��3URI��$��7DOHE«««���������

:HDU�EHKDYLRXU�DQG�WULERFKHPLFDO�UHDFWLRQV�RI�ORZ�PROHFXODU�GLFDUER[\OLF�DFLG�HVWHUV�XQGHU�ERXQGDU\�OXEULFDWLRQ�RI�WKH�VWHHO�RQ�VWHHO�PDWLQJ�HOHPHQWV��
0XILG�2EDGL���««««««««««««««««««««««��«��������

'HWHUPLQDWLRQ�RI�WKH�2SWLFDO�3URSHUWLHV�RI�5RKGDPLQH��*�7KLQ�±�)LOPV�
3URI��'U���1DILH�$��$O�0XVOHW���6XOLPDQ�(OWD\HE�(��0RKDPPHG��««��������


