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�ÁZ-¦zºº# ¾ºº�·Â&��¶º¤�´¯�°®��®ºº°³�ÄzºÀ-¶ºlÀd³�¦°�¾º�°z]
²º¿v´#�¾ºº�¦z-º�ºcÂz¨À¯�Z¿�¬º���¸Z c°¦�°®�|À#Z³�ÄZ·©ÂZ c
�Zº·°Z^¿ºk ®ººkÂ�Â�z.ºº¿v¨¿�¶]�b^�³�©Z��£�²¿¦�Äzd¯¾d³Z�
$��OLWWRUDOLV Â�+��VWURELODFHXP ¾´À#°Z���¿±ºc�f�Z]�>ÇZ°do¦
Zººc ®º�¾¯�\^��bÀ��Â�²¿¦��b�¦�Áv��®·�°ÂZl¯�©Z��£�°®
§¡�ÀZººÀ���Â�¾-v³°Zº] ±¦�¾º�Z³�§Zº³¦Â°��§ºº�z¯�¾ºº���°®
�®®z-�Ä°Zººk zcb���ÄZ·�t]�ÄÂ°�¶¤�´¯�°®�Áv´§¦z��ÄZ·z¸³
ÄZ·zÀº�¯�Zºº¿ Z·¶´¸��¾¿º�§¡�f�Z]�j¿°vc�¶]�Áv¿v��²¿¦�°¦z¨c
ªº¤d´¯�°ÂZºl¯�©Zº��£�¶ºº] ¾�¦°¦�²¿¦�¬È¯¦�Â�Áv¿®z-�°x-§¡
v³°¦®�Ä°º��¶]�Äzd°§�b¯ÂZ¤¯�¶§�¾¿Z·¶³º-�¶lÀd³ °®��®º�¾¯
zdº°§��vºº³®z-�z¤d�¯�Áv��¾¿º�§¡�ÄZ·½Zs�²¿¦�°®�v´³¦ºc¾¯
�(& À¦|Àº¯ �®Àº�Zd���®¿|Àºº´¯��®À�¬§��®¿v��z�Z´��z¿®Z¤¯�À®º]
ÁZ.ºº�¿Â°�°®�b¬Àºº� vºº�°®�À®ººº] ÇZººº] Â 6$5 �sZº�
¬Èº¯¦�±¦�¾º´��¨®zº§ �º� ÄZº·½Zs�¶º] b^ºº�³�$��OLWWRUDOLV
¿Zºººl³¦�zº] Äv·Zº� ��Ï ¾Âvºk��+�� VWURELODFHXP ÁZ.º�¿Â°

�v�Z]¾¯�¾¿º�§¡
¾ººº¨À¿¦±º¯��ºº¿±ºc�ªºº¿Ç®�Á°Zºº] °®��ÎÍ���ºº¿®°Â�Ç¡
¶ºº§ ®°¦®¾¯�ÀZÀ]�ÀZd��¦®�©È��¾¬oZ��¾o¦º³�°®�$��OLWWRUDOLV
Zºº] ÄZº·½Zs��+�� VWURELODFHXP Zº] ¶º�¿Z¤¯�°®��°ºº]|¯�¶º³º-
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ÏÏÔ

©ÂZº c�°®�zºgR¯�ª¯Zºº� ÄÂ��b�¦�Á®º°³�¾Z��¦�¦°�zd°§�Ä°º�
�ÄÂ�zºº�³�¶]��v´§¾¯�À¦º´��²À¯±�Äv´¬]�Â�¾d���¦°�½Zs�Ä°º�
�+�� VWURELODFHXP °Zººº´§�°®�$�� OLWWRUDOLV ÄZ·¶º��£�®ººkÂ
bºººÀ¿ZºÀ¬£�Â�Ä°º���·Z§ ·Zp«�±¦�½Zs��¿¦z��®º^¸]��sZ�

�b�¦
ÄZ·¶ººº³º-�±¦�ÁvÀº�º��ÄZ·¶º´¸���¿Â®�¾º�·Â&��`º¤�´¯�°®
¾º«Â�®º¿È¯�ÄZº·Äv´¬]�Â�¾dºº���Ä¦°¦®�¾�°z]�®°º¯�v´��°º�
z¿±�¢°��®§�Áz ��z¿±�Â�¾p���ÄZ·§¡�¶§��v�Z]¾¯�²º�p¯
°®��vº´§¾¯�bº¿¦v·�bºº���ÄZ·b°�£�Äº��¶]�¦°�°º��¾p��
¶ºº] zd¯¾d³Z� ÑÍ ¢°��±¦�¾�°�¶¿Ç�bt��®ºkÂ��Z·b°�£�²¿¦
°®�bÀ¿ZºÀ¬£�Â�Ä°ºº� Zº] ¿¢ºc�¾¿¦v³Z¯�b«Zo�®Zl¿¦�f�Z]��²À¿Z�
b«Zººo Zº·�t]�²º¿¦�°®�½Zºs �®ºº�¾¯�zcbº���ÄZ·b°º�£
��Ò��²º·¡�ÄZºÀo¦�¶ºlÀd³�°®�Â��À&Àºº�§¦�®º^°§�Â�¶d�¦®�¾]¦v³Z¯
¾�¿¦z��²À´#�°®��b�¦�Áv��Ä®°ºkÇ�Â�Äzd�§Zs�,³°�f�Z]
¶ºº] Z·¶º³º-�²¿zc¿ÂZº¤¯ ±¦�¶º§ �+�� VWURELODFHXP ¶º³º-��º¤�
Â�¶ºd�Z¿�°¦z¤dº�¦��bºº�¦�½Zs�¾]¦v³Z¯�b«Zo�Â�bÀ¿ZÀ¬£��Ä°º�
Äºººº� ¶º] bº§zo�Zº] �bº�¦�Á®¦®�ªÀ¨º�c�¦°�¶º³º-¦ºc ¾º�Àc
�¿¦|�¦�6��HXURSHD ¶³º-���º��v�°®��zc¶d�kz]�ÄZ·b°�£
$�� ODJRSRLGHV º̀³º-��bÀ¿ZÀ¬£�Â�Ä°º��zd�À]��·Z§�Z]�Â�¶d�Z¿

�b�¦�Áv��z·Z��|À³

ÄZ·°¦±Á°ºº� °®�¶º#z-�¶º§ bºº�z-�¶lÀd³�À¦ºc¾¯��²¿¦z]Z´]
Äv´]¶ºº¤�´¯��½Zs�b]º�°�°®�¾l¿°vc�©¦zÀÀ�c�ªÀ«®�¶]�¾¬oZ�
Zºº] Ä±¦º¯�ÄZ·°¦º³�©°º��¶]�¾·ZÀ-��¬dt¯�ÄZ·�Àc�Â�Z·¶³º-
°ºº� ÀZº°·��¾ºº¬§�Äº.«¦�²À´#�¾«Â��b�¦�Áv·Z�¯�ª]Z£�ªoZ�
¶º¬°k�±¦��Äz.º¿®�ÄZº·º.«¦�zººg¦�°®�b�¦�²¨°¯��v��Á°Z�¦�¶§
Ävº´¬]�Â�¾dº���°®�¦º#ººº§ ¾��º¯�©Z�Èds¦�Z¿�Z·z¸³�®ºkÂ
Â�¾d���®ºkÂ��²¿¦z]Z´]��®º��Àº-z-®���¾�¦z-º�ºcÂz¨À¯��²À¯±
zÀºÀ�c�®¸º¯ ªº¯¦º��±¦��²ººÀ¯±�n���°®�|À#Z³�v´#z·�ÄZ·Äv´¬]
ÄzºÀ-ª¨��f�Z]�>Zd�À^��Â�Á®º]�½Zs�¾¨¿|À��Â�¾¿ZÀ°À���¿¦z�

�®º�¾¯��¬dt¯�¾·ZÀ-�ÄZ·¶³º-�Ä¦z]�´Zs�ÁZ.�¿Â°

Ä°¦|.�Z��
Â�¾º�À^���]Zº´¯�ÄZ·Áv¨º�³¦®�¿zdºp¯�²À«ºXºº�¯�±¦�¶¬À�Â�²¿v]
À®¦®�°¦zº£ °ZºÀds¦�°®�Ä¦zº] ÀZ¸ºº �¦�¾d�´��ÁZ.�³¦®�Ä±°ÂZ�§
�¾¿Zº�°�vÀl°«¦v^��zd§®�ÀZ¿Z£¡�±¦�|À³�Â���·Â&��¿Zl³¦�©Z³Z¨¯¦
zdºº§®�Â�Ä°¦v°d�¿z��²À�o�zd§®��Ä°Z�º¯�¾¯®Zs�²À�o�zd§®
Ä°¦|.º�Z���v´¯®ºº� ©Zº¿z�³�¶ººW¦°¦�z�Zs ¶]�ºl¯±°�vÀ�°ºs

�®º�¾¯

Á®Z d�¦�®°º¯��]Z´¯
�À¦z¸c���c¦z¯�Â�Z·ª.´k�©Z¤À¤pc�¶��R¯�©¦°Z�d³¦��Z·ÄÂ°°º��Â�Ä°º��ÄZ°À� �ÎÐÔÐ �¿��Äz �k �Î

b�Zºº o�ª§�Á°¦®¦��¾�Z£�ÁÈ§�¾¬¯�½°Z��¾·ZÀ-���º��¶�¤³��ÎÐÔÔ �ÀZ¿°º���¿Â°®��¿�Â�¾¿Z�º§�¾³Z�¬���²���«��²¿v«¦¶k¦ºs �Ï
�ÀZ¸ �¦�ÀZd�¦�b�¿±��Àp¯

�]Zº´¯�ªº§ Á°¦®¦��ÀZ¸º �¦�ÀZdº�z¸� ø¶º³±°Âù�¾ºº³ºsÂZ-��c¦z¯�Ä°¦®�cz¯�¬z���ÎÐÔÒ �ÀZ¸ �¦�ÀÂZ�c�®Z¸k�¿¦®�Â�b�§�b§z� �Ð
�ÀZ¸ �¦�ÀZd�¦�¾�À^�

�ÀZ¸ �¦�ÁZ.�³¦®��v�°¦�¾�Z´�°Z§�¶¯Z³ÀZ¿Z���ÀZ¸ �¦�®Z]¡\À^o�Äz¿º§�¶¤�´¯�¾·ZÀ-���º��ÄÞº«º§¦�¾�°z]��ÎÐÓÓ �«��¾^oZ� �Ñ
�|¿z^c�ÁZ.�³¦®�©¦°Z�d³¦���¾¿¦z�§��°�¶°kzc��¾·ZÀ-�`¿x�c�®¬� Á°Z] °®�Ä¦ÁvÀ¨# �ÎÐÔÏ �¡��,´À� �Ò

�ÀZ¸ �¦�ÀZd�¦�¶k®º]�Â�¶¯Z³z]�ÀZ¯±Z���ÀZ¸ �¦�ÀZd�¦�Ä¦º·�Â�§¡��ÎÐÔÎ �¿��¾°¿z§ �Ó
�À¦z¸c�ÁZ.�³¦®�©¦°Z�d³¦��¿Â®�v¬k���Äv³Â¡�ÀZ·ZÀ-�°º¬���À¦z¿¦�ÄZ·¾´d�° �ÎÐÒÕ �´��²À^¯ �Ô

�®¬�¯�bÀ]zc�ÁZ.�³¦®��¾³ºsÂZ-�§ÇZc�¾�¿Â°�¶�¤³�¶À¸c�Â�¾·ZÀ-���º��°®�¾�Àp¯�zgR¯�ª¯¦º��¾�°z]��ÎÐÔÒ �¬��Ä°Zl³ �Õ
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ÎÐÕÎ ÀZd�]Zc���¿Â®�Á°Z°����®���v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÏÏÕ

�À¦z¸c�ÁZ.�³¦®�©¦°Z�d³¦��Ä±°ÂZ�§�ÄZ·�·Â&��°®�Ä°Z¯¡�ÄZ·¬z� �ÎÐÔÓ �Á®¦±¾«Â��¿�Â�¾¿Z�°��¸���§��Äv°�Ä®|¿ �Ö
��� $ODNKYHUGLHY�� )�� '�� ������ ,QGLFDWLRQDO�VLJQLILFDQFH�RI�PRVDLFLVP�RI�PHDGRZV�ZLWK�GRPLQDQFH�RI�WKH�6KRUHJUDVV

�$HOXURSXV�OLWWRUDOLV� LQ�WKH�FRDVWDO�SRUWLRQ�RI�IODWODQG�'DJHVWDQ��6RYLHW�-��(FRO��������������
��� $\RXE�� $�� 7�� DQG� &��9��0DOFROP��������+DORSK\WHV�IRU�OLYHVWRFN��UHKDELWDWLRQ�RI�GHJUDGHG�ODQG�DQG�VHTXHVWHULQJ

DWPRVSKHULF�FDUERQ��8��1��'��3���1DLUREL��.HQ\D�
��� %ODFN� &��$��������0HWKRGV�RI�6RLO�$QDO\VLV��$P��6RF��$JURQ�� 0DGLVRQ��:LVFRQVLQ��86$�
��� (/�*KDUHHE�� 5�� DQG� 0��$��6KDEDQD��������9HJHWDWLRQ�HQYLURQPHQWDO�UHODWLRQVKLSV�LQ�WKH�EHG�RI�:DGL�(/�6KHLNK

RI�6RXWKHUQ�6LQDL��9HJHWDWLR��������������
��� (VFXGHUR�� $��� -��0��,ULRQGR��-��0��2ODQR��$��5XELR�DQG�5��&��6RPROLQRV��������)DFWRU�DIIHFWLQJ�HVWDEOLVKPHQW�RI�D

*\SVRSK\WH��WKH�FDVH�RI�/HSLGLXP�VXEXODWXP��%UDVVLFDFHDH���$P��-��%RW��������������
��� *DUFLD�*RQ]DOH]�� $��DQG�6��&��&ODUN��������7KH�GLVWULEXWLRQ�RI�0LQXDULWD�YHUQD DQG�7KODVSL�DOSHVWUD LQ�WKH�%ULWLVK

,VOHV�LQ�UHODWLRQ�WR��� VRLO�PHWDOV��9HJHWDWLR������������
��� -RQJPDQ�� 5�� +�� *��� &�� -�� )�� 7HU� %UDDN� DQG� '�� )�� 5�� 9DQ� 7RQJHUHQ��������'DWD�$QDO\VLV�LQ�&RPPXQLW\�DQG

/DQGVFDSH�(FRORJ\��3XGRF��:DJHQLQJHQ�
��� .DU�� $�� ������ /DQG� VXUIDFH� SURFHVVHV� LQ� WKH� HYDOXDWLRQ� RI� SRWHQWLDO� ODQG� GHJUDGDWLRQ�� 33�����������,Q��$��6�

.GDUNDU�� '�� &�� -RVKL� DQG� $�� .DU� �(GV���� /DQG� 5HVRXUFHV� DQG�7KHLU�0DQDJHPHQW�IRU�6XVWDLQDELOLW\�LQ�$ULG
5HJLRQV��6FLHQWLILF�3XEOLVKHUV��-RGKSXU��,QGLD�

��� .KDMHGGLQ�� -�� ������ $� VXUYH\� RI� WKH� SODQW� FRPPXQLWLHV�RI�WKH�-D]PRULDQ��,UDQ��XVLQJ�/DQGVDW�066�GDWD��3K��'�
7KHVLV��7KH�8QLYHUVLW\�RI�5HDGLQJ��/RQGRQ�

��� /L�� 0�� <�� DQG� <�� -�� /LX��������+DORSK\WHV�RI�<HOORZ�5LYHU�'HOWD�LQ�1RUWK�6KDQGRQJ�3URYLQFH�RI�&KLQD��-��4YIX
1RPDO��8QLY����������

��� 0DOFROP��&��9��DQG�5��&KRXNU�$OODK��������&KDUDFWHULVWLFV�DQG�PHWKRGV�IRU�GHWHUPLQLQJ�WKH�EHVW�IRUDJH�VSHFLHV�IRU
SDUWLFXODU� VLWHV��33����������,Q��&��9��0DOFROP��(G����7KH�+DORSK\WHV�DQG�%LRVDOLQH�$JULFXOWXUH��0DUFHO�'HNNHU
,QF���1HZ�<RUN�

��� 0LOOHU�� 5�� +�� DQG� '�� 5�� .HHQH\�� ������ 0HWKRGV� RI�6RLO�$QDO\VLV��3DUW����$P��6RF��$JURQ�� 6RLO�6FL��6RF��$P��
0DGLVRQ��:LVFRQVLQ��86$�

��� 0XHOOHU�� 'RPERLV�� '�� DQG� +�� (OOHQEHUJ��������$LPV�DQG�0HWKRGV�RI�9HJHWDWLRQ�(FRORJ\��-RKQ�:LOH\�DQG�6RQV�
1HZ�<RUN�

��� 7HU� %UDDN�� &�� -�� )�� ������ 7KH� DQDO\VLV� RI� YHJHWDWLRQ�� HQYLURQPHQW� UHODWLRQVKLSV�E\�FDQRQLFDO�FRUUHVSRQGHQFH
DQDO\VLV��9HJHWDWLR������������

��� 7HU� %UDDN�� &�� -�� )��������&DQRFR��D�IRUWUDQ SURJUDP IRU�FDQRQLFDO�FRPPXQLW\�RUGLQDWLRQ�E\�>3DUWLDO@�>'HWUHQGHG@
>&DQRQLFDO@� FRUUHVSRQGHQFH� DQDO\VLV�� SULQFLSDO� FRPSRQHQWV� DQDO\VLV� DQG� UHGXQDQF\� DQDO\VLV� �9HUVLRQ������
:DJHQLQJHQ��7KH�1HWKHUODQGV�

��� :DWVRQ��/��DQG�0��-��'DOOZLW]��������7KH�*UDVVHV�*HQHUD�RI�WKH�:RUOG��&$%�,QWHUQDWLRQDO��:DOOLQJIRUG��&DQDGD�
��� :HL�� <��� ;�� *XDQJPLQ�� =�� 'D\LQJ� DQG� &�� +XLPLQ�� ������ 7UDQVIHU� RI� VDOW� WROHUDQFH�IURP�$HOXURSXV�OLWWRUDOLV

VLQHQVLV�WR�ZKHDW��7ULWLFXP�DHVWLYXP�/���YLD�DV\PPHWULF�VRPDWLF�K\EULGL]DWLRQ��3ODQW�6FL���������������
��� <XQIHL�� <�� DQG� /�� -LDQ'RQJ��������$QDO\VLV�RI�WKH�SURGXFWLRQ�RI�WKUHH�SHUHQQLDO�DONDOL�VDOLQH JUDVV�FRPPXQLW\�LQ

DONDOL�PHDGRZV�LQ�WKH�6RQJQHQ�SODLQ��3UDWDFXOWXUDO�6FLHQFH�����������
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