
6XSHUQRYD��D�VWDU�WKDW VXGGHQO\�EHFRPHV�PXFK�EULJKWHU�EHFDXVH�LW�LV�H[SORGLQJ��
$�QHXWURQ�VWDU�PXVW�KDYH�D�PLQLPXP�PDVV�RI�DW�OHDVW����[�VRODU�PDVVHV��WKDW�LV�����[�PDVV�RI�RXU�
6XQ��LQ�RUGHU�WR�EHFRPH�D�QHXWURQ�VWDU�LQ�WKH�ILUVW�SODFH� 6HH &KDQGUDVHNKDU�OLPLW �SDXOL�H[FOXVLRQ�
UHODWHG�SUHVVXUH�DQG�JUDYLWDWLRQDO�FROODSVH�SUHVVXUH�FRPSHWLQJ_�PDVV�DERYH�ZKLFK�ZKLWH�
GZDUI�EHFRPHV�HLWKHU�EODFNKROH�RU�QHXWURQ�VWDU�
$�QHXWURQ�VWDU�LV�IRUPHG�GXULQJ�D VXSHUQRYD��DQ�H[SORVLRQ�RI�D�VWDU�WKDW�LV�DW�OHDVW���VRODU�
PDVVHV��0D[LPXP�PDVV�RI�D�QHXWURQ�VWDU�LV���VRODU�PDVVHV��,I�LW�JHWV�PRUH�PDVVLYH�WKDQ�WKDW��
WKHQ�LW�ZLOO�FROODSVH�LQWR�D TXDUN�VWDU��DQG�WKHQ�LQWR�D�EODFN�KROH�
:H�NQRZ�WKDW���HOHFWURQ�����SURWRQ� ���QHXWURQ�
��QHXWURQ� ���TXDUNV� �XS�TXDUN���GRZQ�TXDUN���GRZQ�TXDUN�
��SURWRQ� ���TXDUNV� �XS�TXDUN���XS�TXDUN���GRZQ�TXDUN�
$�VXSHUQRYD�UHVXOWV�LQ�HLWKHU�D�QHXWURQ�VWDU��EHWZHHQ�����DQG���VRODU�PDVVHV���D�TXDUN�VWDU�DERXW���
VRODU�PDVVHV���RU�D�EODFN�KROH�JUHDWHU�WKDQ���VRODU�PDVVHV�� ZKLFK�LV�WKH�UHPDLQLQJ�FROODSVHG�FRUH�RI�
WKH�VWDU�
'XULQJ�D�VXSHUQRYD��PRVW�RI�WKH�VWHOODU�PDVV�LV�EORZQ�RII�LQWR�VSDFH� IRUPLQJ�HOHPHQWV�KHDYLHU�WKDQ�
LURQ�ZKLFK�FDQQRW�EH�JHQHUDWHG�WKURXJK�VWHOODU�QXFOHRV\QWKHVLV� EHFDXVH�EH\RQG�LURQ��WKH�VWDU�
UHTXLUHV�PRUH�HQHUJ\�WR�IXVH�WKH�DWRPV�WKDQ�LW�JHWV�EDFN�
'XULQJ�WKH�VXSHUQRYD�FROODSVH��WKH�DWRPV�LQ�WKH�FRUH�EUHDN�XS�LQWR�HOHFWURQV��SURWRQV�DQG�
QHXWURQV�

� ƌĞĚ�ŐŝĂŶƚ ŝƐ�Ă�ůƵŵŝŶŽƵƐ ŐŝĂŶƚ�ƐƚĂƌ ŽĨ�ůŽǁ�Žƌ�ŝŶƚĞƌŵĞĚŝĂƚĞ�ŵĂƐƐ�;ƌŽƵŐŚůǇ�Ϭ͘ϯʹϴ ƐŽůĂƌ�ŵĂƐƐĞƐ ;DոͿͿ�ŝŶ�Ă�ůĂƚĞ�ƉŚĂƐĞ�
ŽĨ ƐƚĞůůĂƌ�ĞǀŽůƵƚŝŽŶ͘

'DUN�PDWWHU�DQG�'DUN�HQHUJ\
�����'DUN�PDWWHU�DQG������'DUN�HQHUJ\_ LQYLVLEOH�ZKLFK�GRHV�QRW�HPLW�RU�UHIOHFW�OLJKW_�LW�KDV�EHHQ�
IRXQG�WKDW�JUDYLW\�RI�YLVLEOH�PDWWHU�LV�QRW�VXIILFLHQW�WR�PDNH�FRPSOH[�VWUXFWXUHV�OLNH�JDOD[\_�
REVHUYDWLRQV�DOVR�VXJJHVW�SODFHV�ZLWK�GHQVH�GDUN�PDWWHU�EHQG�OLJKW�LPSO\LQJ�LQWHUDFWLRQ�RI�JUDYLW\�
ZLWK�GDUN�PDWWHU_�'DUN�PDWWHU�LV�QRW�DQWL�PDWWHU EHFDXVH�LW GRHV�QRW�SURGXFH�JDPPD�UD\V�ZKHQ�LW�
LQWHUDFWV�ZLWK�QRUPDO�PDWWHU_�VHHPV�WR�VFDWWHUHG�DOO�RYHU�SODFH�XQOLNH�FRPSDFWHG�EODFN�KROH�_�
ĚĂƌŬ�ŵĂƚƚĞƌ�ƐůŽǁƐ�ĚŽǁŶ�ƚŚĞ�ĞǆƉĂŶƐŝŽŶ�ŽĨ�ƚŚĞ�ƵŶŝǀĞƌƐĞ͕�ǁŚŝůĞ�ĚĂƌŬ�ĞŶĞƌŐǇ�ƐƉĞĞĚƐ�ŝƚ�ƵƉ͘

*UDYLWDWLRQDO�UHG�VKLIW
7KH�OLJKW�IURP�GLVWDQW�VWDUV�DQG�PRUH�GLVWDQW�JDOD[LHV�LV�QRW�IHDWXUHOHVV��EXW�KDV�GLVWLQFW�VSHFWUDO�
IHDWXUHV�FKDUDFWHULVWLF�RI�WKH�DWRPV�LQ�WKH�JDVHV�DURXQG�WKH�VWDUV��:KHQ�WKHVH�VSHFWUD�DUH�H[DPLQHG��
WKH\�DUH�IRXQG�WR�EH�VKLIWHG�WRZDUG�WKH�UHG�HQG�RI�WKH�VSHFWUXP��7KLV�VKLIW�LV�DSSDUHQWO\�D 'RSSOHU�
VKLIW DQG�LQGLFDWHV�WKDW�HVVHQWLDOO\�DOO�RI�WKH�JDOD[LHV�DUH�PRYLQJ�DZD\�IURP�XV� _�,ƵďďůĞ�ƐĂŝĚ�ƌĞĚ�ƐŚŝĨƚ�
ǁĂƐ�ĚƵĞ�ƚŽ�ĨĂĐƚ�ƚŚĂƚ�ƵŶŝǀĞƌƐĞ�ǁĂƐ�ĞǆƉĂŶĚŝŶŐ͘�,ƵďďůĞΖƐ�ďƌŝůůŝĂŶƚ�ŽďƐĞƌǀĂƚŝŽŶ�ǁĂƐ�ƚŚĂƚ�ƚŚĞ�ƌĞĚ�ƐŚŝĨƚ�ŽĨ�ŐĂůĂǆŝĞƐ�
ǁĂƐ�ĚŝƌĞĐƚůǇ�ƉƌŽƉŽƌƚŝŽŶĂů�ƚŽ�ƚŚĞ�ĚŝƐƚĂŶĐĞ�ŽĨ�ƚŚĞ�ŐĂůĂǆǇ�ĨƌŽŵ�ĞĂƌƚŚ͘�dŚĂƚ�ŵĞĂŶƚ�ƚŚĂƚ�ƚŚŝŶŐƐ�ĨĂƌƚŚĞƌ�ĂǁĂǇ�ĨƌŽŵ�
�ĂƌƚŚ�ǁĞƌĞ�ŵŽǀŝŶŐ�ĂǁĂǇ�ĨĂƐƚĞƌ͘�/Ŷ�ŽƚŚĞƌ�ǁŽƌĚƐ͕�ƚŚĞ�ƵŶŝǀĞƌƐĞ�ŵƵƐƚ�ďĞ�ĞǆƉĂŶĚŝŶŐ͘�,Ğ�ĂŶŶŽƵŶĐĞĚ�ŚŝƐ�ĨŝŶĚŝŶŐ�
ŝŶ ϭϵϮϵ͘_�,W�LV�REVHUYHG�WKHUH�LV�PRUH�WR�LW��WKDW HPSW\�VSDFH�LV�EHLQJ�FUHDWHG�ZKLFK�LV�DWWULEXWHG�WR�GDUN�
HQHUJ\�

^ƉĂĐĞͲƚŝŵĞ�ŝƐ Ă�ŵĂƚŚĞŵĂƚŝĐĂů�ŵŽĚĞů�ƚŚĂƚ�ũŽŝŶƐ�ƐƉĂĐĞ�ĂŶĚ�ƚŝŵĞ�ŝŶƚŽ�Ă�ƐŝŶŐůĞ�ŝĚĞĂ�ĐĂůůĞĚ�Ă�ĐŽŶƚŝŶƵƵŵͮ�/Ŷ�
�ŝŶƐƚĞŝŶΖƐ�ǀŝĞǁ�ŽĨ�ƚŚĞ�ǁŽƌůĚ͕�ŐƌĂǀŝƚǇ�ŝƐ�ƚŚĞ�ĐƵƌǀĂƚƵƌĞ�ŽĨ�ƐƉĂĐĞƚŝŵĞ�ĐĂƵƐĞĚ�ďǇ�ŵĂƐƐŝǀĞ�ŽďũĞĐƚƐ�ƵŶůŝŬĞ�ŶĞǁƚŽŶŝĂŶ�
ĐŽŶĐĞƉƚ�ŽĨ�ŐƌĂǀŝƚǇ�ĂƐ�ĨŽƌĐĞͮ͘�>ĂƌŐĞ�ŽďũĞĐƚƐ�ƐƵĐŚ�ĂƐ�ƚŚĞ�^ƵŶ�ĂŶĚ�ƉůĂŶĞƚƐ�ĂƌĞŶΖƚ�ƚŚĞ�ŽŶůǇ�ŵĂƐƐĞƐ�ƚŚĂƚ�ǁĂƌƉ�ƚŚĞ�
ĨĂďƌŝĐ�ŽĨ�ƐƉĂĐĞͲƚŝŵĞ͘��ŶǇƚŚŝŶŐ�ǁŝƚŚ�ŵĂƐƐͶŝŶĐůƵĚŝŶŐ�ǇŽƵƌ�ďŽĚǇͶďĞŶĚƐ�ƚŚŝƐ�ĨŽƵƌͲĚŝŵĞŶƐŝŽŶĂů�ĐŽƐŵŝĐ�ŐƌŝĚ͘ 7KH�
ZDUS��LQ�WXUQ��FUHDWHV�WKH�HIIHFW�RI�JUDYLW\��UHGLUHFWLQJ�WKH�SDWK�RI�REMHFWV�WKDW�WUDYHO�
LQWR�LW͘

,QGLD
V�QXFOHDU�SURJUDP�VWDWXV��

KƉƚŝŽŶĂů
&ƌŝĚĂǇ͕�:ƵŶĞ�ϰ͕�ϮϬϮϭ ϭϬ͗ϰϮ��D





:K\�8UDQLXP�RQO\��8�����LV�WKH�RQO\ QXFOLGH�H[LVWLQJ�LQ�QDWXUH �LQ�DQ\�DSSUHFLDEOH�DPRXQW��WKDW�
LV ILVVLOH ZLWK WKHUPDO�QHXWURQV

:KDW�LV�IDVW�EUHHGHU�UHDFWRU"��$ EUHHGHU�UHDFWRU LV�D QXFOHDU�UHDFWRU WKDW�JHQHUDWHV�PRUH ILVVLOH�
PDWHULDO WKDQ�LW FRQVXPHV�_�8�����ERPEDUGHG�E\�QHXWURQ�WKHQ�GRXEOH�EHWD�GHFD\V�LQWR�3X������

+RZ�LV�QXFOHDU�ILVVLRQ�PDGH�VXVWDLQDEOH�XQGHU�ZKDW�FRQGLWLRQV" ��$EVRUELQJ�QHXWURQV�E\�FRQWURO�
URGV�OLNH�FDGPLXP��ERURQ��LQGLXP�
7RWDO�LQVWDOOHG�FDSDFLW\�RI�QXFOHDU�SRZHU�	�1XPEHU�RI�QXFOHDU�SRZHU�VWDWLRQV���� UHDFWRUV�ZLWK�D�
WRWDO�FDSDFLW\ RI����� 0:�LQ�RSHUDWLRQ

5HFHQW�GHYHORSPHQWV�LQ�DVWURQRP\
ILUVW�SKRWRJUDSK�RI�D�EODFN�KROH�ZDV�UHYHDOHG�E\�VFLHQWLVWV�UHFHQWO\�_�*UDYLWDWLRQDO�ZDYHV

����&DQ�\RX�H[SODLQ�TXDQWXP�SK\VLFV�WR�PH�LQ�VLPSOHVW�WHUPV"
4XDQWXP�PHFKDQLFV LV�D�IXQGDPHQWDO WKHRU\ LQ SK\VLFV WKDW�SURYLGHV�D�GHVFULSWLRQ�RI�WKH�SK\VLFDO�
SURSHUWLHV�RI QDWXUH DW�WKH�VFDOH�RI DWRPV DQG VXEDWRPLF�SDUWLFOHV��,W XVHV�ZDYHIXQFWLRQV�WR�H[SODLQ�
VWDWH�RI�DQ�REMHFW� _2QH�FRQVHTXHQFH�RI�WKH�PDWKHPDWLFDO�UXOHV�RI�TXDQWXP�PHFKDQLFV�LV�D�WUDGHRII�
LQ�SUHGLFWDELOLW\�EHWZHHQ�GLIIHUHQW�PHDVXUDEOH�TXDQWLWLHV�

����:KDW�GR�\RX�XQGHUVWDQG�E\�WKH�WHUP�PLFUR�IDEULFDWLRQ"
0LFURIDEULFDWLRQ LV�D�WHFKQLTXH�WKDW XVH�VHPLFRQGXFWRU�PDQXIDFWXULQJ�SURFHVVHV VXFK�DV�LRQ�
HWFKLQJ��GLIIXVLRQ��R[LGDWLRQ��VSXWWHULQJ�HWF��LQ�FRPELQDWLRQ�ZLWK�VSHFLDOL]HG�PLFURPDFKLQLQJ�
WHFKQLTXHV�

����:KR�JRW�WKH�UHFHQW�1REHO�SUL]H�LQ�SK\VLFV�DQG�IRU�ZKDW�FRQWULEXWLRQ"
$ZDUGHG�WR�WKUHH�DVWURSK\VLFLVWV 5RJHU�3HQURVH�IURP�WKH�8.��5HLQKDUG�*HQ]HO�IURP�*HUPDQ\��
DQG�$QGUHD�*KH]�IURP�WKH�86$�IRU�WKHLU�UHVHDUFK�RQ�EODFNKROHV�

����:KDW�DUH�%ODFN�KROHV"�:KDW�GRHV�WKH�ZRUN�RI�WKH�UHFHQW�1REHO�SUL]H�ZLQQHUV�LQ�3K\VLFV�WHOO�
XV�DERXW�%ODFN�KROHV"
$�EODFN�KROH�LV�D�SODFH�LQ�VSDFH�ZKHUH�JUDYLW\�SXOOV�VR�PXFK�WKDW�HYHQ�OLJKW�FDQ�QRW�JHW�RXW��
7KH�JUDYLW\�LV�VR�VWURQJ�EHFDXVH�PDWWHU�KDV�EHHQ�VTXHH]HG�LQWR�D�WLQ\�VSDFH� 7KLV�FDQ�KDSSHQ�
ZKHQ�D�VWDU�LV�G\LQJ�_�7KHUH¶V�D�ERXQGDU\�DW�WKH�HGJH�RI�D�EODFN�KROH�FDOOHG�WKH�HYHQW�KRUL]RQ��
ZKLFK�LV�WKH�SRLQW�RI�QR�UHWXUQ ² DQ\�OLJKW�RU�PDWWHU�WKDW�FURVVHV�WKDW�ERXQGDU\�LV�VXFNHG�LQWR�
WKH�EODFN�KROH� ,W�ZRXOG�QHHG�WR�WUDYHO�IDVWHU�WKDQ�WKH�VSHHG�RI�OLJKW�WR�HVFDSH��ZKLFK�LV�
LPSRVVLEOH�_�$OVR��ZKLOH�DQ\WKLQJ�SDVW WKH�HYHQW�KRUL]RQ�LV�LQYLVLEOH��RXWVLGH�WKDW�ERXQGDU\�WKHUH�LV
VRPHWLPHV�D�VSLUDO�GLVN�RI�JDV�WKDW�WKH�EODFN�KROH�KDV�SXOOHG�WRZDUG�² EXW�QRW�\HW�LQWR� LWVHOI�
ZKLFK�FDQ�EH�GHWHFWHG�E\�;�UD\�WHOHVFRSH_�

5HFHQW�QREHO�SUL]H��
$W�WKH�FHQWUH�RI�D�EODFN�KROH��ZKHUH�WKH�GHQVLW\�EHFDPH�LQILQLWH��WKH�ODZV�RI�SK\VLFV��ZRXOG�QR�ORQJHU�
DSSO\��3HQURVH�SURYHG�WKDW�D EODFN�KROH IRUPDWLRQ�LV�D UREXVW�SUHGLFWLRQ�RI�WKH�JHQHUDO�WKHRU\�RI�
UHODWLYLW\�_�*HQ]HO�DQG�*KH]�UHFHLYHG�WKH�VHFRQG�KDOI RI�WKH�SUL]H�IRU�WKH GLVFRYHU\�RI�D�
VXSHUPDVVLYH�EODFN�KROH�DW�WKH�FHQWUH�RI�WKH�0LON\ZD\�JDOD[\� QRZ�NQRZQ�WR�EH�WKH 6DJLWWDULXV�
$
�

����'LIIHUHQFH�EHWZHHQ�UHVLVWRU�DQG�VHPLFRQGXFWRU"

����'LIIHUHQFH�EHWZHHQ�ULJKW�KDQG�WKXPE�UXOH�DQG�OHIW�KDQG�WKXPE�UXOH�





����'LIIHUHQFH�EHWZHHQ�
7KHUPRG\QDPLFV�DQG�+HDW�7UDQVIHU


����'LIIHUHQW�W\SHV�RI�FRPPXQLFDWLRQV"�([SODLQ

����:KDW�LV�4XDQWXP�3K\VLFV"
%DVLF�SRVWXODWHV�RI�TXDQWXP�PHFKDQLFV��

����:KDW�GR�\RX�NQRZ�DERXW�7KRPDV�(GLVRQ�DQG�KLV�DFKLHYHPHQWV"

����:K\�HQWURS\�FKDQJH�RI�UHYHUVLEOH�DGLDEDWLF�SURFHVV�]HUR"
1R�KHDW�H[FKDQJH

����:K\�LV�D�FRXQWHU�IORZ�KHDW�H[FKDQJHU�EHWWHU�WKDQ�D�SDUDOOHO�IORZ�KHDW�H[FKDQJHU"

����:K\�DUH�PDQKROHV�LQ�YHVVHOV�XVXDOO\�HOOLSWLFDO�LQ�VKDSH"
(OOLSWLFDO�VKDSH KDV PLQLPXP�DUHD RI�RSHQLQJ�DQG�WKXV�SODWH�LV�ZHDNHQHG�WKH�OHDVW��)XUWKHU�LW�LV�YHU\�
FRQYHQLHQW�WR�LQVHUW�DQG�WDNH�RXW�WKH�FRYHU�SODWH�IURP HOOLSWLFDO RSHQLQJ��%HFDXVH�
UHFWDQJXODU VKDSHV WKDW�ZRXOG�EH�KXPDQ�IULHQGO\�LQYROYH ODUJH�VWUHVV�FRQFHQWUDWLRQV�QHDU�WKH�FRUQHUV��
5RXQG�PDQKROH�FRYHU�FDQ¶W�IDOO�WKURXJK�LWV�FLUFXODU�RSHQLQJ��EHFDXVH�QR�PDWWHU�KRZ�\RX�SRVLWLRQ�LW��WKH�
FRYHU�LV�ZLGHU�WKDQ�WKH�KROH��%XW�D�VTXDUH��UHFWDQJXODU��RU�RYDO�PDQKROH�FRYHU�FRXOG�IDOO�LQ LI�LW�ZDV�
LQVHUWHG�GLDJRQDOO\�LQWR�KROH��

����:K\�ZDV�WXQJVWHQ�FKRVHQ�WR�EH�XVHG�LQ�HOHFWULF�EXOEV"�:KDW�RWKHU�DOWHUQDWLYHV�ZHUH�
FRQVLGHUHG�DQG�ZK\�ZHUH�WKH\�GLVPLVVHG"
+LJK�PHOWLQJ�SRLQW_�ILUVW�ZDV�FDUERQL]HG�FRWWRQ�WKUHDG�

���:LWKRXW�XVLQJ�UHODWLYLVWLF�FRQFHSWV��LV�LW�SRVVLEOH�WR�WUDQVIHU�DQ�REMHFW�WKURXJK�D�FORVHG�ZDOO�
XVLQJ�PDWHULDO�VFLHQFH�RU�VLPLODU�SULQFLSOHV"
4XDQWXP�WXQQHOLQJ�XVLQJ�SRWHQWLDO�EDUULHU_�DSSOLFDWLRQV�LQ�QXFOHDU�IXVLRQ_�648,'�XVHG�IRU�VHQVLWLYH�
PDJQHWLF�ILHOG�GHWHFWLRQ�LQ�EUDLQ

����'HVFULEH�WKH�XVH�RI��'�SULQWLQJ�

����([SODLQ�WKH�ZRUNLQJ�RI�D���VWURNH�HQJLQH"�:K\�LV�LW�QDPHG���VWURNHV"

����([SODLQ�ZKDW�LV�GH[WUR�URWDWRU\�DQG�OHYR�URWDWRU\"

����6XSSRVH�LI�D�FDSDFLWRU�LV�FRQQHFWHG�WR�D�JHQHUDWRU�ORDG��:KDW�ZLOO�KDSSHQ"
&RQQHFWLQJ�D�FDSDFLWRU�DFURVV�D�JHQHUDWRU�DOZD\V�LPSURYHV�SRZHU�IDFWRU��EXW�LW�ZLOO�KHOS�
GHSHQGV�XS�RQ�WKH�HQJLQH�FDSDFLW\�RI�WKH�DOWHUQDWRU� RWKHU�ZLVH�WKH�DOWHUQDWRU�ZLOO�EH�RYHU�ORDGHG�GXH�
WR�WKH�H[WUD�ZDWWV�FRQVXPHG�GXH�WR�WKH�LPSURYHPHQW�RQ�SI�

����:KDW�DUH�FKXFN�JOLGHUV"�:LWK�ZKDW�PHFKDQLVP�GR�WKH\�IO\"

���:KDW�LV�&XULH�SRLQW"
$ERYH�ZKLFK�SDUWLFOHV�EHFRPH�SDUDPDJQHWLF�LH��UHPDLQ�PDJQHWLF�RQO\�XQGHU�LQIOXHQFH�RI�
PDJQHWLF�ILHOG�



Ϭ



����:KDW�DUH�+LJJV�ERVRQ�SDUWLFOHV"�:KDW�LV�D�ODUJH�KDGURQ�FROOLGHU�H[SHULPHQW"
LQWHUDFWLRQ�WKDW�JLYHV�PDVV�WR�HOHPHQWDU\�SDUWLFOHV�LV�FDOOHG�WKH +LJJV�PHFKDQLVP DQG�WKH�
SDUWLFOH�WKDW�PHGLDWHV�WKH�LQWHUDFWLRQ�LV�FDOOHG�WKH +LJJV�ERVRQ�_�SKRWRQV�DQG�JOXRQV�GR�QRW�
LQWHUDFW�ZLWK�WKH�+LJJV�ILHOG��ZKLFK�LV�ZK\�WKHVH�SDUWLFOHV�GR�QRW�KDYH�PDVV_�+LJJV�PHFKDQLVP�GRHVQ
W�
UHVXOW�LQ�DQ\WKLQJ�UHVHPEOLQJ�D�IRUFH�DV�LW¶V�D VFDODU�ILHOG�_� /+&�LV�D�QHDUO\����PLOH�ORQJ�FLUFXODU�WXQQHO�
WKDW�VHUYHV�DV�D�UDFHWUDFN�IRU�VPDVKLQJ�WRJHWKHU�SDUWLFOHV�RI�PDWWHU� 7KH�FDOFXODWLRQV�DOVR�VKRZHG�WKDW�
WKH�+LJJV�SDUWLFOH�ZRXOG�EH�XQVWDEOH��GLVLQWHJUDWLQJ�LQWR�RWKHU�SDUWLFOHV�LQ�D�PLQXVFXOH�IUDFWLRQ�RI�D�
VHFRQG�_�,Q�WKH�����V��D�SRVVLEOH�VROXWLRQ�ZDV�GLVFRYHUHG��RQH�WKDW�ULQJV�D�ORXG�+LJJVLDQ�EHOO��,I�D�
UHJLRQ�RI�VSDFH�LV�XQLIRUPO\�VXIIXVHG�ZLWK�D�ILHOG�ZKRVH�SDUWLFXODWH�FRQVWLWXHQWV�DUH�VSLQOHVV� WKHQ�
(LQVWHLQ¶V�WKHRU\�RI�JUDYLW\��WKH�JHQHUDO�WKHRU\�RI�UHODWLYLW\��UHYHDOV�WKDW�D�SRZHUIXO�UHSXOVLYH�IRUFH�
FDQ�EH�JHQHUDWHG²D�EDQJ��DQG�D�ELJ�RQH�DW�WKDW�_WĂƌƚŝĐůĞƐ�ŝŶƚĞƌĂĐƚĞĚ�ǁŝƚŚ�ƚŚĞ�,ŝŐŐƐ�ĨŝĞůĚ�ũƵƐƚ�
ϭϬͲϭϮ�ƐĞĐŽŶĚƐ�ĂĨƚĞƌ�ƚŚĞ��ŝŐ��ĂŶŐͮ͘��ĞĨŽƌĞ�ƚŚŝƐ�ƉŚĂƐĞ�ƚƌĂŶƐŝƚŝŽŶ͕�Ăůů�ƉĂƌƚŝĐůĞƐ�ǁĞƌĞ�ŵĂƐƐͲ
ůĞƐƐ͘�dŚĞǇ�ƚƌĂǀĞůůĞĚ�Ăƚ�ƚŚĞ�ƐƉĞĞĚ�ŽĨ�ůŝŐŚƚ͘ ͮ��ĨƚĞƌ�ƚŚĞ�ƵŶŝǀĞƌƐĞ�ĞǆƉĂŶĚĞĚ�ĂŶĚ�ĐŽŽůĞĚ͕�
ƉĂƌƚŝĐůĞƐ�ŝŶƚĞƌĂĐƚĞĚ�ǁŝƚŚ�ƚŚĞ�,ŝŐŐƐ�ĨŝĞůĚ͘�dŚŝƐ�ŝŶƚĞƌĂĐƚŝŽŶ�ŐĂǀĞ�ƚŚĞŵ�ŵĂƐƐͮ͘�
>ĞŽŶ�>ĞĚĞƌŵĂŶ�ƌĞĨĞƌƌĞĚ�ƚŽ�ƚŚĞ�,ŝŐŐƐ�ĂƐ�ƚŚĞ�Η'ŽĚĚĂŵŶ�WĂƌƚŝĐůĞ͘Η 7KH�QLFNQDPH�ZDV�PHDQW�WR�SRNH�
IXQ�DW�KRZ�GLIILFXOW�LW�ZDV�WR�GHWHFW�WKH�SDUWLFOH͘�/ƚ�ƚŽŽŬ�ŶĞĂƌůǇ�ŚĂůĨ�Ă�ĐĞŶƚƵƌǇ�ĂŶĚ�Ă�ŵƵůƚŝͲďŝůůŝŽŶ�
ĚŽůůĂƌ�ƉĂƌƚŝĐůĞ�ĂĐĐĞůĞƌĂƚŽƌ�ƚŽ�ĚŽ�ŝƚͮ͘��ƉƉůŝĐĂƚŝŽŶƐ�ŝŶĐůƵĚĞ�ĂƐƐĞƐƐŵĞŶƚ�ŽĨ�ĞǆŝƐƚĞŶĐĞ�ŽĨ�ŶĞǁ�ƐƵďĂƚŽŵŝĐ�ƉĂƌƚŝĐůĞƐ͕�

�����7HOO�PH�LI�WUDQVIRUPHUV�DUH�PDFKLQHV��:KHUH�DUH�WUDQVIRUPHUV�LQVWDOOHG"
6LU�D�PDFKLQH�QHHGV�WR�FRQYHUW�HOHFWULFDO�HQHUJ\�LQWR�PHFKDQLFDO�ZRUN_�UHDVRQ�IRU�WUDQVIRUPLQJ�WKH�
YROWDJH�WR�D�PXFK�KLJKHU�OHYHO�LV�WKDW�KLJKHU�GLVWULEXWLRQ�YROWDJHV�LPSOLHV�ORZHU�FXUUHQWV�IRU�WKH�VDPH�
SRZHU DQG�WKHUHIRUH�ORZHU�LA��[�5�ORVVHV�DORQJ�WKH�QHWZRUNHG�JULG�RI�FDEOHV�_�6WHS�XS�DQG�VWHS�GRZQ�
WUDQVIRUPHU�

��SKDVH�PHDQV���YROWDJH�DW�GLIIHUHQW�SKDVHV ���GLIIHUHQW�ILHOGV �VXSHUSRVLWLRQ�LV�URWDWLQJ�PDJQHWLF�
ILHOG��V\QFKURQRXV�JHQHUDWRU�

�����+RZ�GR�\RX�GHILQH�WUDQVLVWRUV�WR�D�QRUPDO�SHUVRQ"�'R�\RX�ILQG�WUDQVLVWRUV�XVHG�LQ�WKLV�
URRP"�:KHUH�ZDV�WKH�WUDQVLVWRU�LQYHQWHG"
7UDQVLVWRUV�DUH�HOHFWURQLF PDWHULDO_�D�VHPLFRQGXFWRU�GHYLFH�ZLWK�WKUHH�FRQQHFWLRQV��FDSDEOH�RI�
DPSOLILFDWLRQ�LQ�DGGLWLRQ�WR�UHFWLILFDWLRQ�_�-RKQ�EDUGHHQ��VKRFNOH\�LQYHQWHG�LW�LQ������

)DUDGD\
V�ILUVW�ODZ��>TXDQWLW\�RI�UHDFWLRQ�WDNLQJ�SODFH�LQ�WHUPV�RI�PDVV�RI�LRQV�IRUPHG�RU�
GLVFKDUJHG�IURP�DQ�HOHFWURO\WH�LV�SURSRUWLRQDO�WR�WKH�DPRXQW�RI�HOHFWULF�FXUUHQW�SDVVHG͘΁ͮ�
dƌĂŶƐŝƐƚŽƌ ŝƐ�Ă�ƚŚƌĞĞ�ƚĞƌŵŝŶĂů�ƐĞŵŝĐŽŶĚƵĐƚŽƌ�ĚĞǀŝĐĞ�ƚŚĂƚ�ƌĞŐƵůĂƚĞƐ�ĐƵƌƌĞŶƚ�Žƌ�ǀŽůƚĂŐĞ�ĨůŽǁ�ĂŶĚ�ĂĐƚƐ�ĂƐ�Ă�ƐǁŝƚĐŚ�
Žƌ�ŐĂƚĞ�ĨŽƌ�ƐŝŐŶĂůƐͮ͘�dŚĞ�ĞůĞĐƚƌŽŵŽƚŝǀĞ�ĨŽƌĐĞ�ĂƌŽƵŶĚ�Ă�ĐůŽƐĞĚ�ƉĂƚŚ�ŝƐ�ĞƋƵĂů�ƚŽ�ƚŚĞ�ŶĞŐĂƚŝǀĞ�ŽĨ�ƚŚĞ�ƚŝŵĞ�ƌĂƚĞ�ŽĨ�
ĐŚĂŶŐĞ�ŽĨ�ƚŚĞŵĂŐŶĞƚŝĐ�ĨůƵǆ ĞŶĐůŽƐĞĚ�ďǇ�ƚŚĞ�ƉĂƚŚ͘�;ĨĂƌĂĚĂǇΖƐ�ůĂǁ�ŽĨ�ŝŶĚƵĐƚŝŽŶͿͮ�tŚĞŶ�ƚŚĞ�ƐĂŵĞ�ƋƵĂŶƚŝƚǇ�ŽĨ�
ĞůĞĐƚƌŝĐŝƚǇ�ŝƐ�ƉĂƐƐĞĚ�ƚŚƌŽƵŐŚ�ĚŝĨĨĞƌĞŶƚ�ĞůĞĐƚƌŽůǇƚĞƐ͕�ƚŚĞ�ŵĂƐƐĞƐ�ŽĨ�ĚŝĨĨĞƌĞŶƚ�ŝŽŶƐ�ƚŚĂƚ�ĂƌĞ�ůŝďĞƌĂƚĞĚ�Ăƚ�ƚŚĞ�
ĞůĞĐƚƌŽĚĞƐ�ĂƌĞ�ĚŝƌĞĐƚůǇ�ƉƌŽƉŽƌƚŝŽŶĂů�ƚŽ�ƚŚĞŝƌ�ĐŚĞŵŝĐĂů�ĞƋƵŝǀĂůĞŶƚ�ǁĞŝŐŚƚƐ�;ϮŶĚ�ůĂǁ�ŽĨ�&ĂƌĂĚĂǇͿ





�ŝĨĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ĞůĞĐƚƌŝĐŝƚǇ�ĂŶĚ�ĞůĞĐƚƌŽŶŝĐƐ͗�΀�ůĞĐƚƌŝĐĂů�ĚĞĂůƐ�ǁŝƚŚ�ƚŚĞ�ĨůŽǁ�ŽĨ�ĞůĞĐƚƌŝĐĂů�ƉŽǁĞƌ�Žƌ�ĐŚĂƌŐĞ͕�
ǁŚĞƌĞĂƐ�ĞůĞĐƚƌŽŶŝĐƐ�ĚĞĂůƐ�ǁŝƚŚ�ƚŚĞ�ĨůŽǁ�ŽĨ�ĞůĞĐƚƌŽŶƐ͘΁

ŚƚƚƉƐ͗ͬͬǁǁǁ͘ƚƵƚŽƌŝĂůƐƉŽŝŶƚ͘ĐŽŵͬďĂƐŝĐͺĞůĞĐƚƌŽŶŝĐƐͬďĂƐŝĐͺĞůĞĐƚƌŽŶŝĐƐͺƚƌĂŶƐŝƐƚŽƌƐ͘Śƚŵ

�����:KDW�LV�0RRUH¶V�ODZ"��>DŽŽƌĞΖƐ�ƉĞƌĐĞƉƚŝŽŶ�ƚŚĂƚ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƚƌĂŶƐŝƐƚŽƌƐ�ŽŶ�Ă�ŵŝĐƌŽĐŚŝƉ�ĚŽƵďůĞƐ�
ĞǀĞƌǇ�ƚǁŽ�ǇĞĂƌƐ͕�ƚŚŽƵŐŚ�ƚŚĞ�ĐŽƐƚ�ŽĨ�ĐŽŵƉƵƚĞƌƐ�ŝƐ�ŚĂůǀĞĚ΁

�����:KDW�DUH�1HXWULQRV"�'R�1HXWULQRV�KDYH�PDVV�DQG�HQHUJ\"
1HXWULQRV�DUH VXEDWRPLF�IXQGDPHQWDO�SDUWLFOHV� ZLWK QR�FKDUJH�DQG�OLWWOH�RU�]HUR�PDVV WKDW�
LQWHUDFWV�RQO\�YLD�WKH�ZHDN VXEDWRPLF�IRUFH�DQG�JUDYLW\_�1HXWULQRV�ZHUH�ILUVW�SURSRVHG�E\�6ZLVV�
VFLHQWLVW�:ROIJDQJ�3DXOL�_�'HWHUPLQDWLRQ�RI�QHXWULQR�PDVVHV LV�RQH�RI�WKH�PRVW�LPSRUWDQW�RSHQ�
SUREOHPV�LQ�SK\VLFV�WRGD\_�1HXWULQRV�DUH�FUHDWHG�E\�YDULRXV�UDGLRDFWLYH�GHFD\V��GXULQJ�D�VXSHUQRYD��
E\�FRVPLF�UD\V�VWULNLQJ�DWRPV�HWF�_�UHODWLYLVWLF�HQHUJ\�GXH�WR�PRPHQWD�_�1XFOHLV�RI�FRVPLF�UD\V�FROOLGH�
ZLWK�DWPRVSKHULF�PROHFXOHV�VXFK�DV�1LWURJHQ�WR�JLYH�RII�SLRQV�DQG�PXRQV�ZKLFK�IXUWKHU�GHFD\�WR�
SURGXFH�QHXWULQRV�

�����:KDW�LV�WKH�REMHFWLYH�RI�,QGLD�EDVHG�1HXWULQR�2EVHUYDWRU\"
EXLOW�XQGHUJURXQG��WR�LVRODWH�WKH GHWHFWRU IURP�FRVPLF�UD\V�DQG�RWKHU�EDFNJURXQG�UDGLDWLRQ_�D��
������PHWHUV��������IW��GHHS�FDYH�XQGHU�,12�3HDN�QHDU�7KHQL��7DPLO�1DGX��,QGLD_�2EMHFWLYH��
�DQWLFLSDWHG�WR�SURYLGH�D SUHFLVH�PHDVXUHPHQW�RI�QHXWULQR�PL[LQJ�SDUDPHWHUV_�6WXG\�
FRQVHUYDWLRQ�ODZV�_�PDLQ�PDJQHWL]HG�LURQ�FDORULPHWHU��,&$/� H[SHULPHQW�ZLOO�LQFOXGH�WKH�ZRUOG¶V�
ODUJHVW�PDJQHW_ %HQHILWV���$�ZD\�WR�PRQLWRU�QXFOHDU�SUROLIHUDWLRQ IRU�QXFOHDU�UHDFWRUV_�$�ZD\�WR�
[�UD\
�
WKH�(DUWK�WR�ILQG�FDYLWLHV�RI�PLQHUDO�DQG�RLO�GHSRVLWV�GHSHQGLQJ�RQ�PDWWHU�SDVVLQJ�DQG�WLPH�WUDYHOOHG�_�
SRVVLEOH�WR HQFRGH�D�PHVVDJH�LQ�QHXWULQRV XVLQJ�ELQDU\�FRGH�IRU�YHU\�IDVW�FRPPXQLFDWLRQ_�WKHRUL]HG�
WKDW�D�FHUWDLQ�W\SH�RI�QHXWULQR�PLJKW�FRPH�IURP�GHFD\LQJ�GDUN�PDWWHU��_�PRXQWDLQ�FRQVLVWV�RI��NP�RI�
VROLG�URFN�WKDW�ILOWHUV�DZD\�PRVW�RI�WKH�FKDUJHG�SDUWLFOHV IURP�WKH�FRVPLF�UD\V_�HQGDQJHU�WKH�
ELRGLYHUVLW\ RI�WKH�:HVWHUQ�*KDWV�_�VWUXFWXUDO�GDPDJH�WR�WKH�PRXQWDLQ�WR�HPLVVLRQ�RI�KD]DUGRXV�
FKHPLFDOV_�LPSURYH�UHFRJQLWLRQ�DV�KDOI�RI�1REHO�SK\VLFV�DUH�IURP�SDUWLFOH�SK\VLFV�

�����:KDW�DUH�*UDYLWDWLRQDO�ZDYHV"�+RZ�(LQVWHLQ�ZDV�UHODWHG�WR�WKHP"�:KDW�LV�,12"
'ƌĂǀŝƚĂƚŝŽŶĂů�ǁĂǀĞƐ�ĂƌĞ�ƌŝƉƉůĞƐ�ŝŶ�ƐƉĂĐĞͲƚŝŵĞ�ĐƌĞĂƚĞĚ�ďǇ�ƚŚĞ�ŵŽǀĞŵĞŶƚ�ŽĨ�ŵĂƐƐͮ�dŚĞǇ�ŚĂǀĞ�ďĞĞŶ�ĚĞƚĞĐƚĞĚ�
ĨƌŽŵ�ĐŽůůŝƐŝŽŶ�ŽĨ�ƚǁŽ�ŵĂƐƐŝǀĞ�ďůĂĐŬ�ŚŽůĞƐͮ��ĞƚĞĐƚĞĚ�ŽŶ�ϭϰƚŚ�^ĞƉƚĞŵďĞƌ�ϮϬϭϱͮ�ůĂƐƚĞĚ�ĨŽƌ�Ă�ĨŝĨƚŚ ŽĨ�Ă�ƐĞĐŽŶĚ
'ƌĂǀŝƚĂƚŝŽŶĂů ǁĂǀĞƐ ŝŶƚĞƌĂĐƚ�ŽŶůǇ�ǁĞĂŬůǇ ǁŝƚŚ�ŵĂƚƚĞƌ͘�dŚŝƐ�ŝƐ�ǁŚĂƚ�ŵĂŬĞƐ�ƚŚĞŵ ĚŝĨĨŝĐƵůƚ�ƚŽ�ĚĞƚĞĐƚ͘ ͮdǁŽ�
ŶĞƵƚƌŽŶ�ƐƚĂƌƐ�ĐŽůůŝĚĞƐ�ƐŽŵĞ�ϭϯϬϬ͕ϬϬϬ͕ϬϬϬ�ǇĞĂƌƐ�ĂŐŽ�ĐƌĞĂƚŝŶŐ�ŐƌĂǀŝƚĂƚŝŽŶĂů�ǁĂǀĞƐ͕�ƚŚƵƐ�ĐĂŶ�ƚĞůů�ĂďŽƵƚ�ŚŝƐƚŽƌǇ�ŽĨ�
ƵŶŝǀĞƌƐĞͮ�ǁŝůů�ŚĞůƉ�ƵƐ�ƵŶĚĞƌƐƚĂŶĚ�ŶĂƚƵƌĞ�ŽĨ�ďůĂĐŬŚŽůĞƐͮ��ŝŶƐƚĞŝŶ�ƉŝĐƚƵƌĞĚ�ƚŚĞƐĞ�ǁĂǀĞƐ�ĂƐ�ƌŝƉƉůĞƐ�ŝŶ�ƚŚĞ�ĨĂďƌŝĐ�
ŽĨ�ƐƉĂĐĞͲƚŝŵĞ�ƉƌŽĚƵĐĞĚ�ďǇ�ŵĂƐƐŝǀĞ͕�ĂĐĐĞůĞƌĂƚŝŶŐ�ďŽĚŝĞƐ͕�ƐƵĐŚ�ĂƐ�ďůĂĐŬ�ŚŽůĞƐ�ŽƌďŝƚŝŶŐ�ĞĂĐŚ�ŽƚŚĞƌͮ�'ĞƚƚŝŶŐ�
ǁĞĂŬĞƌ�ĂƐ�ƚŚĞǇ�ŵŽǀĞ�ĂǁĂǇ�ĨƌŽŵ�ĐĞŶƚƌĞͮ��ŝŶƐƚĞŝŶ�ŝŵĂŐŝŶĞĚ�ŐƌĂǀŝƚǇ�ĂƐ�Ă�ĐƵƌǀĞ�ŽŶ�ƐƉĂĐĞ�ƚŝŵĞ�ƐƵƌĨĂĐĞͮ�ǁŚĞŶ�Ă�
ŵĂƐƐ�ŵĂŬŝŶŐ�ĚĞƉƌĞƐƐŝŽŶ�ŽŶ�ƚŚŝƐ�ĐƵƌǀĞ͕�ŐƌĂǀŝƚǇ�ŝƐ�ƐƚƌŽŶŐĞƌ�ŵŽƌĞ�ĚĞƉƌĞƐƐŝŽŶͮ�ĂƐ�ŵĂƐƐ�ŵĂŬŝŶŐ�ĚĞƉƌĞƐƐŝŽŶ�
ŵŽǀĞƐ͕�ŐƌĂǀŝƚĂƚŝŽŶĂů�ǁĂǀĞƐ�ĂƌĞ�ŐĞŶĞƌĂƚĞĚͮ͘�/Ĩ�ůĞŶŐƚŚ�ŽĨ�ŝŶƚĞƌĨĞƌŽŵĞƚĞƌ�ĐŚĂŶŐĞƐ͕�ŝƚ�ŵĞĂŶƐ�ĚĞƚĞĐƚŝŽŶ�ŽĨ�
ŐƌĂǀŝƚĂƚŝŽŶĂů�ǁĂǀĞƐͮ͘�ĐĂŶ ƚĞůů�ŝŶĨŽƌŵĂƚŝŽŶ�ŽĨ�ƐŽƵƌĐĞ�ŽďũĞĐƚͮ�EĞƵƚƌŽŶ�ƐƚĂƌƐ�ĐŽůůŝĚŝŶŐ�Žƌ�ĐŽůůĂƉƐĞ�ŝŶƚŽ�
ƐƵƉĞƌŶŽǀĂͮ ŵĂƐƐŝǀĞ�ŽďũĞĐƚƐ�ĐĂƵƐĞ�Ă�ĚŝƐƚŽƌƚŝŽŶ�ŝŶ�ƐƉĂĐĞͲƚŝŵĞ͕�ǁŚŝĐŚ�ŝƐ�ĨĞůƚ�ĂƐ�ŐƌĂǀŝƚǇͮ͘��ĞůĂǇ�ďĞƚǁĞĞŶ�
ŐƌĂǀŝƚĂƚŝŽŶĂů�ǁĂǀĞ�ĂŶĚ�ŐĂŵŵĂ�ƌĂǇ�ĞŵŝƚƚĞĚ�ǁĂƐ�ǀĞƌǇ�ŝŶƐŝŐŶŝĨŝĐĂŶƚ�ƐŽ�ŝƚ�ƚƌĂǀĞůƐ�ǁŝƚŚ�ƐƉĞĞĚ�ŽĨ�ůŝŐŚƚ͘

�ůĂĐŬ�ŚŽůĞ�ŝŶĨŽƌŵĂƚŝŽŶ�ƉĂƌĂĚŽǆ�ƐŚŽǁƐ�ǁŚǇ�ƐƚĂŶĚĂƌĚ�ŵŽĚĞů�ĂŶĚ�ŐƌĂǀŝƚǇ�ĂƌĞ�ŶŽƚ�ĂďůĞ�ƚŽ�ďĞ�ĐŽƵƉůĞĚͮ͘�
WŚŽƚŽĞůĞĐƚƌŝĐ�ĞĨĨĞĐƚ�;ƚŚƌĞƐŚŽůĚ�ĞǆŝƐƚĞŶĐĞ�ŝƌƌĞƐƉĞĐƚŝǀĞ�ŽĨ�ŝŶƚĞŶƐŝƚǇͿͮ�

tŚǇ�ĐĂŶƚ�ƐƚƌŝŶŐ�ƚŚĞŽƌǇ�ďĞ�ƚŚĞŽƌǇ�ŽĨ�ĞǀĞƌǇƚŚŝŶŐ͍�΀ŝƚƐ�ƋƵŝƚĞ�ŚŝŐŚ�ĞŶĞƌŐǇ�ƉŚǇƐŝĐƐͮ�ĐĂŶƚ�ďĞ�ĞǆƉĞƌŝŵĞŶƚĞĚ΁

:KDW�KDSSHQHG�LQ�ELJ�EDQJ"�>
>ĂƐĞƌ�/ŶƚĞƌĨĞƌŽŵĞƚĞƌ�'ƌĂǀŝƚĂƚŝŽŶĂůͲtĂǀĞ�KďƐĞƌǀĂƚŽƌǇ ;>/'KͿ�΀ƐŝƚƵĂƚĞĚ�ŝŶ�tĂƐŚŝŶŐƚŽŶ΁�ŝƐ�Ă�ůĂƌŐĞͲ
ƐĐĂůĞ ƉŚǇƐŝĐƐ ĞǆƉĞƌŝŵĞŶƚ�ĂŶĚ�ŽďƐĞƌǀĂƚŽƌǇ ĚĞƐŝŐŶĞĚ�ƚŽ�ĚĞƚĞĐƚ�ĐŽƐŵŝĐ ŐƌĂǀŝƚĂƚŝŽŶĂů�ǁĂǀĞƐ ĂŶĚ�ƚŽ�ĚĞǀĞůŽƉ�
ŐƌĂǀŝƚĂƚŝŽŶĂůͲǁĂǀĞ�ŽďƐĞƌǀĂƚŝŽŶƐ�ĂƐ�ĂŶ�ĂƐƚƌŽŶŽŵŝĐĂů�ƚŽŽůͮ�/ŶĚŝĂ�ŝƐ�ƉůĂŶŶŝŶŐ�ŝƚ�ĂŶĚ�ŝƚ�ǁĂƐ�ĂƉƉƌŽǀĞĚ�ŝŶ�ϮϬϭϲ͘





$P�,�SURGXFLQJ�JUDYLWDWLRQDO�ZDYH"� >ZDYHOHQJWK�LV�YHU\�ODUJH@

%ODFN�KROH�LQIRUPDWLRQ�SDUDGR[��>HXODWRU\�WLPH�HYROXWLRQ�RSHUDWRU��

'H�%URJOLH�ZDYHOHQJWK�RI�ODUJH�SDUWLFOH� >

:K\�LV�EODFNKROH�SLF�VR" >FDQW�WDNH�SLF�DV�OLJKW�GRHV�QRW�HVFDSH_�PDWWHU�VXUURXQGLQJ�EODFNKROH�
UHYROYH�DURXQG�JUDYLW\�RI�EODFNKROH_�DW�����5DGLXV�IURP�EODFN�KROH��SKRWRQ�UHYROYHV�DURXQG�EODFNKROH
V�
JUDYLW\��EHORZ�LW�OLJKW�ZLOO�EH�LQ�EODFN�KROH�O_�OLJKW�QHDU�XV�LV�UHGVKLIW��GRZQ�OLJKW�LV�FRPLQJ�WRZDUGV�XV_�
RXU�SURMHFWLRQ�RI�SODQH��SODQH�RI�OLJKW�LQFLGHQW�LV�SHUSHQGLFXODU�@

�
�����:KDW�LV��*�WHFKQRORJ\"�:KDW�DUH�WKH�FKDOOHQJHV�LQ�LPSOHPHQWLQJ�WKLV�WHFKQRORJ\"
�J�LV�WKH�QH[W�JHQHUDWLRQ�ZLUHOHVV�FHOOXODU�WHFKQRORJ\ WKDW�ZLOO�SURYLGH�IDVWHU�DQG�PRUH�UHOLDEOH�
FRPPXQLFDWLRQ�ZLWK�XOWUD�ORZ�ODWHQF\�_������*ESV�SHDN�VSHHG_�KLJKHU�UDGLR�IUHTXHQF\ PHDQV�KLJKHU�
GDWD�WUDQVIHU�KRZHYHU�FKDOOHQJHV�LPSRUW�GHSHQGHQFH��KLJK�XSIURQW�FRVW��WHFK��QHHG��LQWHUIHUHQFH�
ZLWK�UDGLR�DOWLPHWHUV�ILEUL]DWLRQ��DW�SUHVHQW�RQO\������KDV�WR�EH�GRXEOHG���WHFK�VWDQGDUG�
�JOREDOO\�LW�LV��*33�ZKLOH�,QGLD�KDV��*L�

6DWHOLWH�LQWHUQHW�SURYLGHV�DW�PD[�����0%36��KLJK�ODWHQF\������PV�FRPSDUHG�WR�������PV�IRU�ILEUH���
ZHDWKHU�GLVUXSWLRQ�DQG�H[SHQVLYH�_�9R/7( VWDQGV�IRU�YRLFH�RYHU�/RQJ�7HUP�(YROXWLRQ��8WLOLVLQJ�,06�
WHFKQRORJ\��LW�LV�D�GLJLWDO�SDFNHW�YRLFH�VHUYLFH�WKDW�LV�GHOLYHUHG�RYHU�,3�YLD�DQ�/7(�DFFHVV�QHWZRUN�

ZĂĚŝŽ�ĂůƚŝŵĞƚĞƌ�ŽƉĞƌĂƚĞƐ�ŝŶ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�ϰ͘ϮͲϰ͘ϰ�',ǌ͕�ǀĞƌǇ�ĐůŽƐĞ�ƚŽ�ƚŚĞ�ϱ'�ŶĞƚǁŽƌŬ�ďĂŶĚ�ƉůĂŶŶĞĚ�ŝŶ�ƚŚĞ�
h^�ĂŶĚ�ŝƚ�ŝƐ�ĨĞĂƌĞĚ�ƚŚĂƚ�ƚŚĞ�ϱ'�ŶĞƚǁŽƌŬ�ǁŝůů�ŝŶƚĞƌĨĞƌĞ�ǁŝƚŚ�ĂůƚŝŵĞƚĞƌ�ĨƵŶĐƚŝŽŶŝŶŐ͘�ZĂĚŝŽ�ĂůƚŝŵĞƚĞƌƐ�ĂƌĞ�ŵŽƌĞ�
ĂĐĐƵƌĂƚĞ�ƚŚĂŶ�ďĂƌŽŵĞƚƌŝĐ�ĂůƚŝŵĞƚĞƌƐ�ĂŶĚ�ŚĂǀĞ�ďĞĐŽŵĞ�ŵŽƌĞ�ŝŵƉŽƌƚĂŶƚ�ĂŶĚ�ŵĂŶǇ�ƚŝŵĞƐ�ĞƐƐĞŶƚŝĂů�ŝŶ�ĂǀŝĂƚŝŽŶ͘

�����:KDW�LV�SL�PHVRQ"�:KR�GLVFRYHUHG�LW"
%RVRQ_�<XNDZD�UHDVRQHG�WKDW�WKH�HOHFWURPDJQHWLF�IRUFH�ZDV�LQILQLWH�LQ�UDQJH�EHFDXVH�WKH�H[FKDQJH�
SDUWLFOH�ZDV�PDVVOHVV��+H�SURSRVHG�WKDW�WKH�VKRUW�UDQJH VWURQJ�IRUFH FDPH�DERXW�IURP�WKH�H[FKDQJH�
RI�D�PDVVLYH�SDUWLFOH�ZKLFK�KH�FDOOHG�D�PHVRQ�

�����:KDW�LV�PDJQHWLF�OHYLWDWLRQ�WHFKQRORJ\" �/HYLWDWLRQ���UHSHO�WR�SXVK�YLD�FKDQJLQJ�SRODULW\�RI�
JXLGHZD\�WKURXJK�$&�FXUUHQW�
$SSOLFDWLRQV��0DJOHY�7UDLQ��SURGXFW�GLVSOD\_�,I�D�VPDOO�PDJQHW�LV�EURXJKW�QHDU�D�VXSHUFRQGXFWRU��LW�
ZLOO�EH�UHSHOOHG�EHFDXVHG�LQGXFHG�VXSHUFXUUHQWV�ZLOO�SURGXFH�PLUURU�LPDJHV�RI�HDFK�SROH� ,I�D�





VPDOO�SHUPDQHQW�PDJQHW�LV�SODFHG�DERYH�D�VXSHUFRQGXFWRU��LW�FDQ�EH�OHYLWDWHG�E\�WKLV�
UHSXOVLYH�IRUFH�_�/LNH�SROHV�UHSHO_�5HTXLUHV�UDUH�HDUWK�HOHPHQWV�DQG�FRVWO\�_�

&DQ�EH�OHYLWDWHG�XVLQJ�OHQ]
V�ODZ�DV�0RYLQJ�UDLO�ZRXOG�LQGXFH�FXUUHQW�LQ�FRLOV�GXH�WR�FKDQJH�LQ�
IOX[�ZKLFK�WKHQ�FRXQWHUDFWV�PDJQHWLF�ILHOG�RI�VXSHUFRQGXFWRU�WKXV�OHYLWDWLQJ�UDLO_�WƌŽƉƵůƐŝŽŶ�ĐŽŝůƐ�
ŽŶ�ƚŚĞ�ƚƌĂĐŬ�ĂƌĞ�ƵƐĞĚ�ƚŽ�ĞǆĞƌƚ�Ă�ĨŽƌĐĞ�ŽŶ�ƚŚĞ�ĞůĞĐƚƌŽŵĂŐŶĞƚƐ�ŝŶ�ƚŚĞ�ƚƌĂŝŶ�ƚŽ�ŵĂŬĞ�ŝƚ�ŵŽǀĞ�ĂŚĞĂĚͮ͘�ŽŶďŽĂƌĚ�
ƐƵƉĞƌĐŽŶĚƵĐƚŝŶŐ�ŵĂŐŶĞƚƐ�ĂƌĞ�ĂƚƚƌĂĐƚĞĚ�ĂŶĚ�ƉƵƐŚĞĚ�ďǇ�ƚŚĞ�ƐŚŝĨƚŝŶŐ�ĨŝĞůĚ͕�ƉƌŽƉĞůůŝŶŐ�ƚŚĞ�DĂŐůĞǀ�ǀĞŚŝĐůĞͮ͘�
ŐĞŶĞƌĂƚĞ�ŵĂŐŶĞƚŝĐ�ĨŝĞůĚƐ�ƵƉ�ƚŽ�ϭϬ�ƚŝŵĞƐ�ƐƚƌŽŶŐĞƌ�ƚŚĂŶ�ŽƌĚŝŶĂƌǇ�ĞůĞĐƚƌŽŵĂŐŶĞƚƐ͕�ĞŶŽƵŐŚ�ƚŽ�ƐƵƐƉĞŶĚ�ĂŶĚ�
ƉƌŽƉĞů�Ă�ƚƌĂŝŶͮ͘�ƐĂĨĞƚǇ͕�ůĞƐƐ�ĨƌŝĐƚŝŽŶ΁

�����+RZ�ZLGH�LV�WKH�JHQGHU�JDS�LQ�67(0�ILHOGV"�:KDW�DUH�WKH�UHDVRQV�EHKLQG�LW"�&DQ�\RX�
WKLQN�RI�DQ\�PHDVXUHV�WR�EULGJH�LW"
$ERXW����SHU�FHQW�RI�VFLHQFH��WHFKQRORJ\�HQJLQHHULQJ�DQG�PDWKHPDWLFV��67(0��JUDGXDWHV�LQ�
,QGLD�PD\�EH�ZRPHQ� ZKLFK�LV�WKH�KLJKHVW�LQ�WKH�ZRUOG��EXW�ZRPHQ¶V�VKDUH�LQ�67(0�MREV�LQ�,QGLD�
LV�D�PHUH����SHU�FHQW�_ 5HDVRQV���6RFLDO�LVVXHV OLNH�PDUULDJH ZKLFK�LV�FRQVLGHUHG�LQFRPSDWLEOH�
ZLWK�SURIHVVLRQDO�MREV_�EHWWHU�ZRUN�FRQGLWLRQV OLNH�VH[XDO�KDUDVVPHQW�SUHYHQWLRQ_�SDWULDUFKDO�
DWWLWXGHV�LQ�KLULQJ SUDFWLFHV_ ODFN�RI�UHFRJQLWLRQ�OHDGLQJ�WR�ODFN�RI�UROH�PRGHOV�HJ����1REHO LQ�
SK\VLFV�_�VKLIW�RU�WUDQVIHU�FRPSURPLVLQJ�WKHLU�ZRUN��
6ROXWLRQV� 3URPRWH�VFLHQFH�HGXFDWLRQ LQ�JLUOV�E\�RUJDQL]LQJ�FDPSV�DW�VFKRRO�OHYHO_�SURPRWH�VDIH�
ZRUNVSDFH_�SURPRWH�UHFRJQLWLRQ RI�H[FHOOHQW�ZRPDQ�VFLHQWLVWV

)XQ�IDFW��1REHO�3UL]H�LQ�3K\VLFV�KDV�EHHQ�DZDUGHG�����WLPHV�WR�����1REHO�/DXUHDWHV EHWZHHQ�
�����DQG�������-RKQ�%DUGHHQ�LV�WKH�RQO\�1REHO�/DXUHDWH�ZKR�KDV�EHHQ�DZDUGHG�WKH�1REHO�
3UL]H�LQ�3K\VLFV�WZLFH��LQ������DQG�������7KLV�PHDQV�WKDW�D�WRWDO�RI�����LQGLYLGXDOV KDYH�UHFHLYHG�
WKH�1REHO�3UL]H�LQ�3K\VLFV��

%LJ�EDQJ�HQWURS\��>DGLDEDWLF_�LUUHYHUVLEOH_�HQWURS\�LV�UHODWLYH�TXDQWLW\_�HQWURS\�LQFUHDVHG�IURP�YHU\�ORZ�
�RQO\�RQH�VWDWH�ZDV�WKHUH��GXH�WR�HQHUJ\�UHGLVWULEXWLRQ�IURP�VLQJXODULW\��GHQVH�PDVV�@

%ODFN�KROH�LV�DUHD�RI�VSDFHWLPH�IDEULF�ZKHUH�JUDYLW\

�����:KDW�PHDVXUHV�KDV�WKH�JRYHUQPHQW�WDNHQ�WR�EULGJH�WKH�JHQGHU�JDS�LQ�VFLHQFHV
9LJ\DQ�-\RWL�6FKHPH�RIIHUV�H[SRVXUH�IRU�JLUO�VWXGHQWV�IURP�WKH�UXUDO�EDFNJURXQG�WR�KHOS�WR�SODQ�WKHLU�
MRXUQH\�IURP�VFKRRO�WR�D�MRE�RI�WKHLU�FKRLFH�LQ�WKH�ILHOG�RI�VFLHQFH��_�*HQGHU�$GYDQFHPHQW�IRU�
7UDQVIRUPLQJ�,QVWLWXWLRQV��*$7,� ZLOO�GHYHORS�D FRPSUHKHQVLYH�&KDUWHU�DQG�D�IUDPHZRUN�IRU�
DVVHVVLQJ�*HQGHU�(TXDOLW\ LQ�67(0�_�.QRZOHGJH�,QYROYHPHQW�LQ�5HVHDUFK�$GYDQFHPHQW�
WKURXJK�1XUWXULQJ��.,5$1��6FKHPH LV�VWDUWHG�E\�WKH 'HSDUWPHQW�RI�6FLHQFH�DQG�7HFKQRORJ\�
�'67� DLPHG�WR EULQJ�JHQGHU�SDULW\�LQ�WKH�6FLHQFH�	�7HFKQRORJ\�VHFWRU E\�LQGXFWLQJ�PRUH�ZRPHQ�
WDOHQW�LQ�WKH�UHVHDUFK�	�GHYHORSPHQW�GRPDLQ�_�6KH�ER[ DUH�HQVXULQJ ZRUNSODFH�VDIHW\

([SODLQ�VWDQGDUG�PRGHO�LQ�OD\PDQ�WHUPV�����
WKHRU\�RI�IXQGDPHQWDO�SDUWLFOHV�DQG�KRZ�WKH\�LQWHUDFW_�KDYH�WKUHH�IRUFHV H[FHSW�JUDYLW\_���VLJPD�
UXOH_����IHUPLRQV�DQG���ERVRQV_�UXOHV�IRU�VL[�TXDUNV��VL[�OHSWRQV�DQG�JOXRQV��SKRWRQV��=�ERVRQ�
DQG�:�ERVRQV��+LJJV�ERVRQ_�*OXRQV��SKRWRQV��=	:�ERVRQV�DUH�H[FKDQJH�SDUWLFOHV�IRU�TXDQWXP�
ILHOG�WKHRU\�_�0XRQV��RQH�RI�OHSWRQV��ODUJHU�WKDQ�HOHFWURQ�EXW�YHU\�XQVWDEOH��ODVWV�IUDFWLRQ�
RI�D�VHFRQG���J�IDFWRU�RI�LW�VKRZHG�GHYLDWLRQ�RI�YDOXH�SUHGLFWHG�DW����6R�H[SHULPHQW�LV�
NQRZQ�DV�0XRQ�J��_�J�IDFWRU�LV�PHDVXUH�RI�HIIHFW�RI�PXRQ
V�PDJQHWLF�SURSHUWLHV�RQ�LW
V�
VXUURXQGLQJV�DV�LW�LV�XQVWDEOH �D�TXDQWXP�PHFKDQLFDO�IDFWRU�LQ�FDOFXODWLQJ�PDJHQWLF�PRPHQW�
DVVRFLDWHG�ZLWK�SDUWLFOH�_��FXUUHQW�VWDQGDUG�GHYLDWLRQ�LV�RI�����DQG�LW�UHTXLUHV���VWDQGDUG�
GHYLDWLRQ�WR�FODLP�GLVFRYHU\�RI�XQNQRZQ�SDUWLFOH�ZKLFK�FDXVHG�DOWHUDWLRQ�WR�J�IDFWRU�_�
ZREEOLQJ�LV�WLOWLQJ�RI�D[LV�RI�VSLQQLQJ�WRS�

:KDW�LV�PRQWH�FDUOR�VLPXODWLRQ����
UHO\�RQ�UHSHDWHG�UDQGRP�VDPSOLQJ�WR�REWDLQ�QXPHULFDO�UHVXOWV�WR�WKHQ�FDOFXODWH�DYHUDJH

'RJUD�+DOO�#,,7'����
6WUXFWXUH�LV�QDPHG�³'RJUD�+DOO´�LQ�WKH�PHPRU\�RI�/DWH�





6WUXFWXUH�LV�QDPHG�³'RJUD�+DOO´�LQ�WKH�PHPRU\�RI�/DWH�3URI��'RJUD��WKH�ILUVW�'LUHFWRU�RI�,,7�'HOKL_�
&DQ�EH�VXSSRUWHG�DW�HGJHV�ZLWKRXW�KDYLQJ�DQ\�FROXPQV�LQ�PLGGOH_�+\SHUEROLF�SDUDERORLG

:KR�LQYHQWHG�;UD\�DQG�KRZ"����
5RHQWJHQ��JRW�QREHO�SUL]H�LQ������

4XDQWXP�FRPSXWLQJ�����
hŶŝŽŶ��ƵĚŐĞƚ�ϮϬϮϬͲϮϭ�ƉƌŽƉŽƐĞĚ�ƚŽ�ƐƉĞŶĚ�༤ϴ͕ϬϬϬ�ĐƌŽƌĞ ;Ψ�ϭ͘Ϯ�ďŝůůŝŽŶͿ�ŽŶ�ƚŚĞ�ŶĞǁůǇ�ůĂƵŶĐŚĞĚ EĂƚŝŽŶĂů�
DŝƐƐŝŽŶ�ŽŶ�YƵĂŶƚƵŵ�dĞĐŚŶŽůŽŐŝĞƐ�ĂŶĚ��ƉƉůŝĐĂƚŝŽŶƐ�;EDYd�Ϳͮ�ƉƌŽĐĞƐƐŽƌƐ ĐĂŶ�ďĞ�Ă�ϭ�ĂŶĚ�Ă�Ϭ�
ƐŝŵƵůƚĂŶĞŽƵƐůǇ͕ Ă�ƐƚĂƚĞ�ĐĂůůĞĚ ƋƵĂŶƚƵŵ�ƐƵƉĞƌƉŽƐŝƚŝŽŶ�ƋƵďŝƚƐ͘�,ŽǁĞǀĞƌ�ŽŶ�ŽďƐĞƌǀŝŶŐ�͕�ŝƚ�ǁŝůů�ĐŽůůĂƉƐĞ�ƚŽ�
ďĞĐŽŵĞ�Ϭ�Žƌ�ϭ͘�dŚŝƐŵĞĂŶƐ�YƵďŝƚ�ĐĂŶ�ƐƚŽƌĞ�Ăůů�ƉŽƐƐŝďŝůŝƚŝĞƐ�ŽĨ�ďŝƚƐ͘ ͮ��ŚŝŶĂ�ƌĞĐĞŶƚůǇ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ƐĞĐƵƌĞ�
ƋƵĂŶƚƵŵ�ĐŽŵŵƵŶŝĐĂƚŝŽŶ�ůŝŶŬƐ�ďĞƚǁĞĞŶ�ƚĞƌƌĞƐƚƌŝĂů�ƐƚĂƚŝŽŶƐ�ĂŶĚ�ƐĂƚĞůůŝƚĞƐ�;ƐĞĐƵƌĞ�ĐŽŵŵƵŶŝĐĂƚŝŽŶͿͮ ďŝŐ�
ďŽŽƐƚ�ƚŽ�ƚŚĞ�'ĞŶŽŵĞ�/ŶĚŝĂ�ƉƌŽũĞĐƚ�;ŐĞŶŽŵĞ�ŝƐ�Ăůů�ƚŚĞ�ŐĞŶĞƚŝĐ�ŵĂƚƚĞƌ�ŝŶ�ĂŶ�ŽƌŐĂŶŝƐŵ͘�/ƚ�ŝƐ�ĚĞĨŝŶĞĚ�ĂƐ�͞ĂŶ�
ŽƌŐĂŶŝƐŵ͛Ɛ�ĐŽŵƉůĞƚĞ�ƐĞƚ�ŽĨ��E�͕�ŝŶĐůƵĚŝŶŐ�Ăůů�ŽĨ�ŝƚƐ�ŐĞŶĞƐ͘Ϳͮ�ƚƌĂĐŬŝŶŐ�ƉƌŽƚĞŝŶ�ďĞŚĂǀŝŽƌ�Žƌ�ĞǀĞŶ�ŵŽĚĞůůŝŶŐ�
ŶĞǁ�ƉƌŽƚĞŝŶƐ ǁŝƚŚ�ƚŚĞ�ŚĞůƉ�ŽĨ�ƋƵĂŶƚƵŵ�ĐŽŵƉƵƚĞƌƐ�ĐŽƵůĚ�ďĞ�ŵĂĚĞ�ĞĂƐŝĞƌ�ĂŶĚ�ĨĂƐƚĞƌͮ͘�/ŶƚĞƌŶĞƚͲŽĨͲ
dŚŝŶŐƐ͕�ŵĂĐŚŝŶĞ�ůĞĂƌŶŝŶŐ͕�ƌŽďŽƚŝĐƐ͕�ĂŶĚ�ĂƌƚŝĨŝĐŝĂů�ŝŶƚĞůůŝŐĞŶĐĞ�ĂĐƌŽƐƐ�ƐĞĐƚŽƌƐ ǁŝůů�ĨƵƌƚŚĞƌ�ŚĞůƉ�ŝŶ�ůĂǇŝŶŐ�ƚŚĞ�
ĨŽƵŶĚĂƚŝŽŶ�ŽĨ�ƚŚĞ�<ŶŽǁůĞĚŐĞ�ĞĐŽŶŽŵǇͮ͘�
&KDOOHQJHV��KŶ�ƚŚĞŽƌĞƚŝĐĂů�ĨƌŽŶƚ�ůŝĞƐ�ƚŚĞ�ĐŚĂůůĞŶŐĞ�ŽĨ�ĐƌĞĂƚŝŶŐ�ƚŚĞ�ĂůŐŽƌŝƚŚŵƐ�ĂŶĚ�ĂƉƉůŝĐĂƚŝŽŶƐ�ĨŽƌ�
ƋƵĂŶƚƵŵ�ĐŽŵƉƵƚĞƌƐͮ�ŶĞĞĚ�ŽĨ�ƉƌŽƉĞƌ�ŝŶĨƌĂͮ�ƐŬŝůůĞĚ�ƉƌŽĨĞƐƐŝŽŶĂůƐ

ͻ

/Ŷ�ϮϬϭϱ͕�ƚŚĞ�EĂƚŝŽŶĂů�^ƵƉĞƌĐŽŵƉƵƚŝŶŐ�DŝƐƐŝŽŶ�ǁĂƐ�ůĂƵŶĐŚĞĚ ƚŽ�ĞŶŚĂŶĐĞ�ƚŚĞ�ƌĞƐĞĂƌĐŚ�ĐĂƉĂĐŝƚŝĞƐ�
ĂŶĚ�ĐĂƉĂďŝůŝƚŝĞƐ�ŝŶ�ƚŚĞ�ĐŽƵŶƚƌǇ ďǇ�ĐŽŶŶĞĐƚŝŶŐ�ƚŚĞŵ�ƚŽ�ĨŽƌŵ�Ă�^ƵƉĞƌĐŽŵƉƵƚŝŶŐ�ŐƌŝĚ͕�ǁŝƚŚEĂƚŝŽŶĂů�
<ŶŽǁůĞĚŐĞ�EĞƚǁŽƌŬ�;E<EͿ ĂƐ�ƚŚĞ�ďĂĐŬďŽŶĞ͘

48(67�± 4XDQWXP�(QDEOHG�6FLHQFH�DQG�7HFKQRORJ\�IRU����LQVWLWXWHV�E\�,QGLDͻ

+RZ�LV�TXDQWXP�FRPSXWLQJ�DFKLHYHG�DQG�KRZ�LV�LW�GLIIHUHQW�IURP�VXSHUFRPSXWHU��
>TXDQWXP�FRPSXWLQJ�XVHV�TXDQWXP�HQWDQJOHPHQW_ VXSHUSRVLWLRQ�PHDQV�LW�FDQ�GR�PDQ\�
RSHUDWLRQV�VLPXOWDQHRXVO\�E\�WDNLQJ�SRVVLELOLWLHV�RI�ELWV�WRJHWKHU�LQ�IRUP�RI�TXELWV�@

��

DĞĂŶŝŶŐ�ŽĨ�ŐŽĚ ĚŽĞƐ�ŶŽƚ�ƉůĂǇ�ĚŝĐĞ͍�΀�ŚĂŽƐ�ĂŶĚ�ƌĂŶĚŽŵŶĞƐƐ�ĂƌĞ͕�ƚŚĞƌĞĨŽƌĞ͕�ŶŽƚ�ƉĂƌƚ�ŽĨ�ŶĂƚƵƌĞ ;͞'ŽĚ�
ĚŽĞƐ�ŶŽƚ�ƉůĂǇ�ĚŝĐĞ͟Ϳͮ͘�ďůĂĐŬͲŚŽůĞƐ�ĞĚŐĞ�ĞĨĨĞĐƚƐ�ŝŶĐŽƌƉŽƌĂƚĞ�ƋƵĂŶƚƵŵ�ĞĨĨĞĐƚƐ΁

��

:KDW�LV�/DPLQDU�IORZ"��
,I DOO�SDUWLFOHV�SDVVLQJ�WKURXJK�D�SDUWLFXODU�SRLQW�LQ�IOXLG�IORZ KDYH�VDPH�YHORFLW\��WKHQ�LWV�
ODPLQDU�IORZ�

+RZ�DUH�SK\VLFV�DQG�,QGLDQ�SKLORVRSK\�UHODWHG"��
4XDQWXP�SK\VLFV�HOLPLQDWHV�WKH�JDS�EHWZHHQ�WKH�REVHUYHU�DQG�WKH�REVHUYHG� 7KH�
8SDQLVKDGV�VD\�WKDW�WKH�REVHUYHU�DQG�WKH�REVHUYHG�DUH�WKH�VDPH�WKLQJV��4XDQWXP�
PHFKDQLFV�VXJJHVW�FROODSVH�RI�WKH�ZDYH�IXQFWLRQ�LPSOLHV�WKDW�WKH�UHDOLW\�ZH�VHH�H[LVWV�
RQO\�ZKHQ�ZH�DUH�WKHUH�WR�REVHUYH�

'LIIHUHQFH�EHWZHHQ�$SSOLHG�DQG�(QJLQHHULQJ�3K\VLFV��
$Q�DSSOLHG�SK\VLFV�VWXGHQW�ZRXOG OHDUQ�VXEMHFWV�FRYHULQJ�EURDGHU�DUHDV��LQFOXGLQJ�+LJK�
HQHUJ\�SK\VLFV�DQG�VXSHUFRQGXFWLYLW\���ZKHUHDV�DQ�HQJLQHHULQJ�SK\VLFV�VWXGHQW�ZRXOG�JR�
GHHSHU�LQWR�WKH�VXEMHFWV�KH�OHDUQV��%XW�WKH�GLVWLQFWLRQ�LV�YHU\�EOXUU\�LQ�PRVW�FDVHV�

:K\�,QGLD�ODJV�LQ�5	'�LQ�ILHOG�OLNH�TXQDWXP�SK\VLFV���
/DFN�RI�GHGLFDWHG�IXQGLQJ_�5HVHDUFK�LQ�VLORV WKDW�WRR�E\�IHZ�KXQGUHGV_�,Q�GHYHORSHG�
FRXQWULHV��01&V�OLNH�JRRJOH�KDYH�WDNHQ�OHDG�XQOLNH�,QGLD�

'R�\RX�WKLQN�WHDFKLQJ�LV�VWLOO�UHVSHFWDEOH�MRE� QR�ERG\�ZDQWV�WR�MRLQ��
<HV�VLU��LW¶V�D WKDQNOHVV�MRE��6WXGHQWV�VWLOO�ORRN�XS�WR�WHDFKHU�DV�WKHLU�UROH�PRGHO� +RZHYHU�
WKHUH�DUH�LVVXHV�ZLWK�UHJDUG�WR�SD\��VRFLDO�VHFXULW\�EHQHILWV�HVSHFLDOO\�LQ�SULYDWH�VFKRROV��
LQFUHDVLQJ�UHFRJQLWLRQ�





:KDW�LV�(QJLQHHULQJ�3K\VLFV��0\�PDMRU�"�,V�WKHUH�VRPHWKLQJ�FDOOHG�(QJLQHHULQJ�
&KHPLVWU\"

��

(QJLQHHULQJ�SK\VLFV�LQYROYHV�HQJLQHHULQJ�WKLQJV�QHHGHG�LQ�FXWWLQJ�HGJH�UHVHDUFK�ZKLFK�
UHTXLUHV�SK\VLFDO�SULQFLSOHV��,WV�WKHUH�RQ�VLPLODU�OLQHV�LQ�FKHPLVWU\�DW�,,7�%+8��_�,,7�'HOKL�
VWDUWHG�LW�LQ������

+RZ�GR�\RX�GHWHUPLQH�WKDW�DQ�HOHFWURQ�LV�ERWK�D�ZDYH�DQG�D�SDUWLFOH"����
,W�LQYROYHG�D SODWH�ZLWK�WZR�VOLWV��ZLWK�D�VFUHHQ�EHKLQG�LW�DQG�DQ�HOHFWURQ�JXQ�LQ�WKH�IURQW��$�
EHDP�RI�HOHFWURQV�LV�SDVVHG�WKURXJK�WKH�VOLWV��DQG�LV�REVHUYHG�E\�WKH�VFUHHQ�SODFHG�EHKLQG�LW��
(OHFWURQ�LV�SDUWLFOH�DV�FDWKRGH�UD\�WXEH�WXUQV�ZKHHO�

7HOO�PH�ZKDW�LV�6FKURGLQJHU�:DYH�(TXDWLRQ"����
6FKU|GLQJHU�HTXDWLRQ�JLYHV�WKH HYROXWLRQ�RYHU�WLPH�RI�D ZDYH�IXQFWLRQ��TXDQWXP�PHFKDQLFDO�
FKDUDFWHUL]DWLRQ�RI�DQ�LVRODWHG�SK\VLFDO�V\VWHP�

6FKURGLQJHU�FDW����
D�K\SRWKHWLFDO FDW PD\�EH�FRQVLGHUHG�VLPXOWDQHRXVO\�ERWK�DOLYH�DQG�GHDG�DV�D�UHVXOW�RI�
EHLQJ�OLQNHG�WR�D�UDQGRP VXEDWRPLF HYHQW�WKDW�PD\�RU�PD\�QRW�RFFXU���%RKU�RQFH�
UHPDUNHG��LQ�TXDQWXP�ZRUOG�UHDOLW\�GRHV�QRW�H[LVW�XQOHVV�ZH�REVHUYH�LW�

ZKDW�DUH�GLVUXSWLYH�WHFKQRORJLHV"�&DQ�\RX�QDPH�VRPH�QHJDWLYH�GLVUXSWLYH�WHFKQRORJLHV"����
7KHVH�DUH�WHFKQRORJLHV�ZKLFK�GLVUXSWV�RXU�ZD\�RI�OLIH��,W�FDQ�LQFOXGH�GLVUXSWLRQ�LQ�ZD\�RI�RXU�
SXUFKDVLQJ�PRGH��ZD\�RI�FRPPXQLFDWLRQ��(FRPPHUFH��6RFLDO�PHGLD��1HJDWLYH�GLVUXSWLYH�
WHFKQRORJLHV��%LRZHDSRQV_�SODVWLF�

6WHSKDQ�KDZNLQJ
V�ZRUN��$�IDPRXV�SK\VLFLVW�VDLG�WKDW��7KRVH�ZKR�EHOLHYH�LQ�GHVWLQ\�DUH�WKH�
RQHV������

����

³%ULHI�$QVZHUV�WR�WKH�%LJ�4XHVWLRQV´ �*RG�LQIOLFWLQJ�FXUVH�RQ�GLVDEOHG�_�$�%ULHI�KLVWRU\�RI�
WLPH_�ZRUNHG�RQ�)DFW�WKDW�EODFN�KROHV�ZRXOG�HPLW�VXEDWRPLF�SDUWLFOHV XQWLO�WKH\�HYHQWXDOO\�
H[SORGHG�_�+DZNLQJ�UDGLDWLRQ�XVLQJ�TXDQWXP�HIIHFWV�QHDU�HYHQW�KRUL]RQ �dŚĞ�ΖHYHQW�KRUL]RQΖ�ŝƐ�
ƚŚĞ�ďŽƵŶĚĂƌǇ�ĚĞĨŝŶŝŶŐ�ƚŚĞ�ƌĞŐŝŽŶ�ŽĨ�ƐƉĂĐĞ�ĂƌŽƵŶĚ�Ă�ďůĂĐŬ�ŚŽůĞ�ĨƌŽŵ�ǁŚŝĐŚ�ŶŽƚŚŝŶŐ�;ŶŽƚ�ĞǀĞŶ�ůŝŐŚƚͿ�ĐĂŶ�
ĞƐĐĂƉĞͿ_�ZRUNHG�LQ�ILHOG�RI�FRVPRORJ\�

7HOO�PH�WKH�SKLORVRSK\�RI�3K\VLFV"�+RZ�LV�LW�GLIIHUHQW�IURP�SKLORVRSK\�RI�FKHPLVWU\"����
6WXG\�RI�FKDQJH�RI�FKHPLFDO�VXEVWDQFHV��FKHPLFDO�UHDFWLRQV��DQG V\QWKHVLV OLHV�DW�WKH�KHDUW�RI�
FKHPLVWU\��DQG�JLYHV�ULVH�WR�FRQFHSWV�VXFK�DV RUJDQLF IXQFWLRQDO�JURXSV DQG�UDWH�ODZV�IRU�
FKHPLFDO�UHDFWLRQV���PLFUR�SLFWXUH�
SK\VLFV�LV�LQYROYHG�ZLWK�WKH�IXQGDPHQWDO�SULQFLSOHV�RI�SK\VLFDO�SKHQRPHQD�DQG�WKH�EDVLF�
IRUFHV�RI�QDWXUH��DQG�DOVR�JLYHV�LQVLJKW�LQWR�WKH�DVSHFWV�RI�VSDFH�DQG�WLPH���PDFUR�
SLFWXUH�

:LWK�PRUH�XQFHUWDLQW\�LQ�SK\VLFV��LWV�QRZ�HQWHULQJ�LQWR�UHDOP�RI�SKLORVRSK\�

:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�6FLHQFH�DQG�HQJLQHHULQJ"����
6FLHQFH LV�WKH�VWXG\�RI�WKH�SK\VLFDO�ZRUOG��ZKLOH (QJLQHHULQJ DSSOLHV VFLHQWLILF NQRZOHGJH�WR�
GHVLJQ�SURFHVVHV��VWUXFWXUHV�RU�HTXLSPHQW��(QJLQHHULQJ LV�WKH�PLQG�DQG�HIIRUW LQWR�PDNLQJ�
VRPHWKLQJ� WHFKQRORJ\ LV�WKH�UHVXOW�RI�DSSOLFDWLRQ�RI�WKLV�PLQG�DQG�HIIRUW� (QJLQHHULQJ LV�PRUH�
VSHFLILF�WKDQ WHFKQRORJ\� (QJLQHHULQJ LV�D�SUREOHP�ZKHUHDV WHFKQRORJ\ LV�WKH�VROXWLRQ�

3ULQFLSOHV�EHKLQG�VZLPPLQJ����
%\�PRYLQJ�KLV�RU�KHU�DUPV�WKURXJK�WKH�ZDWHU�WKH�VZLPPHU�FUHDWHV�D�WKUXVW�IRUFH�WKDW�SURSHOV�WKH�
VZLPPHU�IRUZDUG�

7HOO�PH�DERXW�XQFHUWDLQW\�SULQFLSOH����
8QFHUWDLQW\�SULQFLSOH�SRVWXODWHV�SRVLWLRQ�DQG�PRPHQWD�FDQ
W�EH�PHDVXUHG�VLPXOWDQHRXVO\�

:KLFK�RQH�LV�\RXU�IDYRXULWH�WRSLF�LQ�SK\VLFV" ��4XDQWXP�PHFKDQLFV����





7HOO�PH�SUDFWLFDO�DSSOLFDWLRQ�V��RI�TXDQWXP�PHFKDQLFV��4XDQWXP�FRPSXWLQJ_�$WRPLF�FORFNV_�
QXFOHDU�IXVLRQ�DW�VWDUV�

����

:KDW�LV�QDQR�SK\VLFV�DQG�LWV�DSSOLFDWLRQV"
(QKDQFHG�UROH�RI�VXUIDFH�DWRPV ZLWK�WKHLU�XQSDLUHG�VSLQV�DQG�XQFRPSHQVDWHG�ERQGVD�
4XDQWXP�FRQILQHPHQW HIIHFWV� �GLVFUHWH�HQHUJ\�OHYHOVE�
+LJK�VXUIDFH�WR�YROXPH�UDWLRF�
OHDGV�WR�QDQRSDUWLFOHV�EHLQJ�PRUH�FKHPLFDOO\�UHDFWLYH�G�

����

$SSOLFDWLRQV��
6LQFH�WKH�GLPHQVLRQV�RI�DWRPV�DQG�PROHFXOH�DUH�LQ�QDQRPHWHUV��WKLV�WHFKQRORJ\�LV�FDOOHG�
QDQRWHFKQRORJ\��
,Q�������,QGLD�UDQNHG�WKLUG�LQ�WKH�QXPEHU�RI�SDSHUV�SXEOLVKHG��EHKLQG�RQO\�&KLQD�DQG�
86$� $�WHDP�IURP�,,7�0DGUDV�KDV�XVHG�QDQRWHFKQRORJ\�IRU�DUVHQLF�GHFRQWDPLQDWLRQ�RI�
ZDWHU� $QRWKHU�WHDP�IURP�,,7�'HOKL�KDV�FRPH�XS�ZLWK�D�ZDWHU�EDVHG�VHOI�FOHDQLQJ�WHFKQRORJ\�IRU�
XVH�LQ�WH[WLOH�LQGXVWU\��,PSRUWDQFH�IRU�WDUJHWHG�GUXJ�GHOLYHU\_�6PDOOHU�DQG�SRUWDEOH�1DQR�
HOHFWURQLFV_ 1DQRWHFKQRORJ\�LV�LPSURYLQJ�WKH�HIILFLHQF\�RI�IXHO�SURGXFWLRQ�IURP�UDZ�SHWUROHXP�
PDWHULDOV�WKURXJK�EHWWHU�FDWDO\VLV�_�(QYLURQPHQW�UHPHGLDWLRQ�_�1DQR�PLVVLRQ_�'67
V�
6RSKLVWLFDWHG�$QDO\WLFDO�,QVWUXPHQW�)DFLOLWLHV
:KDW�LV�QHXWURQ��QHXWURQ�VWDU�DQG�QHXWURQ�ERPE�����
D�VXEDWRPLF�SDUWLFOH�RI�DERXW�WKH�VDPH�PDVV�DV�D�SURWRQ�EXW�ZLWKRXW�DQ�HOHFWULF�FKDUJH��SUHVHQW�
LQ�DOO�DWRPLF�QXFOHL�H[FHSW�WKRVH�RI�RUGLQDU\�K\GURJHQ�_�1HXWURQ�VWDUV�DUH�IRUPHG�ZKHQ�D�
PDVVLYH VWDU UXQV�RXW�RI�IXHO�DQG�FROODSVHV� 7KH�YHU\�FHQWUDO�UHJLRQ�RI�WKH�VWDU�± WKH�FRUH�±
FROODSVHV��PDNLQJ�HYHU\ SURWRQ 	 HOHFWURQ LQWR�D�QHXWURQ���FROOSDVH�RFFXUV�DV�DIWHU�
LURQ�� VXGGHQ�VWRSSDJH�RI�HQHUJ\�JHQHUDWLRQ�FDXVHV�WKH�FRUH�WR�FROODSVH�DQG�WKH�RXWHU�
OD\HUV�RI�WKH�VWDU�WR�IDOO�RQWR�WKH�FRUH���_� 7KH QHXWURQ�EXUVW��ZKLFK�LV�XVHG�DV�WKH�SULPDU\�
GHVWUXFWLYH�DFWLRQ�RI�WKH�ZDUKHDG��LV�DEOH�WR�SHQHWUDWH�HQHP\�DUPRU�PRUH�HIIHFWLYHO\�WKDQ�D�
FRQYHQWLRQDO�ZDUKHDG��WKXV�PDNLQJ�LW�PRUH�OHWKDO DV�D�WDFWLFDO�ZHDSRQ��$�ORZ�
\LHOG WKHUPRQXFOHDU�ZHDSRQ GHVLJQHG�WR�PD[LPL]H�OHWKDO QHXWURQ�UDGLDWLRQ LQ�WKH�
LPPHGLDWH�YLFLQLW\�RI�WKH�EODVW�ZKLOH�PLQLPL]LQJ�WKH�SK\VLFDO�SRZHU�RI�WKH�EODVW�LWVHOI��7KH�
QHXWURQ�UHOHDVH�JHQHUDWHG�E\�D QXFOHDU�IXVLRQ UHDFWLRQ�LV�LQWHQWLRQDOO\�DOORZHG�WR�HVFDSH�
WKH�ZHDSRQ��UDWKHU�WKDQ�EHLQJ�DEVRUEHG�E\�LWV�RWKHU�FRPSRQHQWV�

)XQ�IDFWV� $�VWDU�LV�D�VSKHUH�RI�JDV�KHOG�WRJHWKHU�E\�LWV�RZQ�JUDYLW\� _ *UDYLW\�FRQVWDQWO\�
ZRUNV�WR�WU\�DQG�FDXVH�WKH�VWDU�WR�FROODSVH��7KH�VWDU
V�FRUH��KRZHYHU�LV�YHU\�KRW�ZKLFK�
FUHDWHV�SUHVVXUH�ZLWKLQ�WKH�JDV��7KLV�SUHVVXUH�FRXQWHUDFWV�WKH�IRUFH�RI�JUDYLW\��SXWWLQJ�WKH�VWDU�
LQWR�ZKDW�LV�FDOOHG�K\GURVWDWLF�HTXLOLEULXP�
:KHQ�WKH�6XQ�UXQV�RXW�RI�K\GURJHQ�WR�IXVH��WKH�EDODQFH�WLSV�LQ�WKH�IDYRU�RI�JUDYLW\��DQG�
WKH�VWDU�VWDUWV�WR�FROODSVH��%XW�FRPSDFWLQJ�D�VWDU�FDXVHV�LW�WR�KHDW�XS�DJDLQ DQG�LW�LV�DEOH�
IXVH�ZKDW�OLWWOH�K\GURJHQ�UHPDLQV�LQ�D�VKHOO�ZUDSSHG�DURXQG�LWV�FRUH��7KLV�EXUQLQJ�VKHOO�RI�
K\GURJHQ�H[SDQGV�WKH�RXWHU�OD\HUV�RI�WKH�VWDU��:KHQ�WKLV�KDSSHQV��RXU�6XQ�ZLOO�EHFRPH�
D UHG�JLDQW��LW�ZLOO�EH�VR�ELJ�WKDW�0HUFXU\�ZLOO�EH�FRPSOHWHO\�VZDOORZHG��
0RVW�QHXWURQ�VWDUV�DUH�REVHUYHG�DV�SXOVDUV��3XOVDUV�DUH�URWDWLQJ�QHXWURQ�VWDUV�REVHUYHG�
WR�KDYH�SXOVHV�RI�UDGLDWLRQ�DW�YHU\�UHJXODU�LQWHUYDOV�WKDW�W\SLFDOO\�UDQJH�IURP�PLOOLVHFRQGV�
WR�VHFRQGV��$ SXOVDU �IURP SXOVH DQG �DU DV�LQ�³TXDVDU´�>�@ LV�D�KLJKO\�PDJQHWL]HG�
URWDWLQJ FRPSDFW�VWDU �XVXDOO\ QHXWURQ�VWDUV EXW�DOVR ZKLWH�GZDUIV��WKDW�HPLWV�EHDPV�
RI HOHFWURPDJQHWLF�UDGLDWLRQ RXW�RI�LWV PDJQHWLF�SROHV�

1DQR�SK\VLFV��:H�NQRZ�WKDW�JROG�JOLWWHUV�EXW�LWV�QDQR�SDUWLFOHV�GRQ
W����:K\"����
*ROG�JOLWWHUV�EHFDXVH�RI VHD�RI�HOHFWURQV�PRYLQJ�WKURXJK�QHWZRUN�RI��YHO\�FKDUJHG�LRQV��
7KHVH�RI�VHD�RI�HOHFWURQV DEVRUE�LQFLGHQW�OLJKW��WKHLU�YLEUDWLRQ�FDXVH�HPLVVLRQ�RI�OLJKW ZKLFK�
ZH�VHH�DV�UHIOHFWHG�OLJKW�PDNLQJ�LW�VKLQ\��*ROG�LV�QRW�DEOH�WR�UHIOHFW�EOXHVW�ZDYHOHQWJKV��7LQ�
DQG�$OXPLQLXP�LV�DEOH�WR�UHIOHFW�89�UD\V�XQOLNH�VLOYHU�WKDW¶V�ZK\�XVHG�IRU�URRILQJ�
*ROG�GRHV�QRW�UHDFW�ZLWK�R[\JHQ�WKDW¶V�ZK\�LWV�FRQVLGHUHG�JRRG�PDWHULDO�WR�PDNH�WKLQJV��
1DQRSDUWLFOHV�XVLQJ�VXUIDFH�SURSHUWLHV�FDQ�EH�XVHG�DV�GUXJ�FDUULHU�ZKLOH�QRW�UHDFWLQJ�
ZLWK�RWKHU�PROHFXOHV��0D\EH�LW
V�EHFDXVH�RI�WKH�HQHUJ\�OHYHOV����,Q�D�PHWDO��WKH\�DUH�SUHWW\�
PXFK�FRQWLQXRXV�EXW�LQ�D�QDQR�SDUWLFOH��WKH\�DUH�GLVFUHWH����6R�QRW�DOO�FRORUV�FDQ�EH�





UHIOHFWHG�IURP�D�QDQR�SDUWLFOH��RQO\�FHUWDLQ�GHILQLWH�IUHTXHQFLHV_�3HDFRFN�FRORU�FKDQJH

OHW�PH�WHOO�\RX�ZH�FDQ
W�NHHS�PDNLQJ�VPDOO�DQG�VPDOOHU�GHYLFHV�DIWHU�D�ZKLOH��7HOO�PH�ZK\"����
7UDQVLVWRUV�OHDG�WR�*DWHV�ZKLFK�FDQ�DGG�WKHQ�PXOWLSO\�WKHQ�GR�DOO�DULWKPHWLF�FDOFXODWLRQV� $�
W\SLFDO�WUDQVLVWRU�LV����QP��OHVV�WKDQ���WLPHV�VL]H�RI�+,9�YLUXV��ZKLFK�HQDEOHV�WUDQVSRUW�RI�
HOHFWURQ��$W�VXFK�OHYHO��HOHFWURQV�PD\�SDVV�XVLQJ�TXDQWXP�WXQQHOLQJ WKXV�SRVLQJ�D�SK\VLFDO�
OLPLW�
:K\�ZDV�VWHSKDQ�KDZNLQJ�VR�IDPRXV" >tŝƚŚ�ƚŚĞ�KǆĨŽƌĚ�ŵĂƚŚĞŵĂƚŝĐŝĂŶ�ZŽŐĞƌ�WĞŶƌŽƐĞ͕�ŚĞ�
ƐŚŽǁĞĚ�ƚŚĂƚ�ŝĨ�ƚŚĞƌĞ�ǁĂƐ�Ă��ŝŐ��ĂŶŐ͕�ŝƚ�ŵƵƐƚ�ŚĂǀĞ�ƐƚĂƌƚĞĚ�ĨƌŽŵ�ĂŶ�ŝŶĨŝŶŝƚĞůǇ�ƐŵĂůů�ƉŽŝŶƚ�Ͳ Ă�ƐŝŶŐƵůĂƌŝƚǇͮ�

����

�ůĂĐŬ�ŚŽůĞƐ�ƌĂĚŝĂƚĞ�ĞŶĞƌŐǇ�ŬŶŽǁŶ�ĂƐ�,ĂǁŬŝŶŐ�ƌĂĚŝĂƚŝŽŶ͕�ǁŚŝůĞ�ŐƌĂĚƵĂůůǇ�ůŽƐŝŶŐ�ŵĂƐƐ͘�dŚŝƐ�ŝƐ�ĚƵĞ�ƚŽ�
ƋƵĂŶƚƵŵ�ĞĨĨĞĐƚƐ�ŶĞĂƌ�ƚŚĞ�ĞĚŐĞ�ŽĨ�ƚŚĞ�ďůĂĐŬ�ŚŽůĞ͕ Ă�ƌĞŐŝŽŶ�ĐĂůůĞĚ�ƚŚĞ�ĞǀĞŶƚ�ŚŽƌŝǌŽŶ

:KDW�DUH�ZRUPKROHV"����

:KDW�LV�TXDQWXP�WXQQHOOLQJ"����
TXDQWXP�PHFKDQLFDO SKHQRPHQRQ�ZKHUH�D ZDYHIXQFWLRQ FDQ�SURSDJDWH�WKURXJK�D SRWHQWLDO�
EDUULHU�_�

6XSSRVH�ZH�KDYH�WZR�LGHQWLFDO�SLHFHV�RQH�RI�D�PDJQHW�DQG�RQH�LURQ�EXW�QRW�PDJQHWLF��
6L]H�VKDSH�FRORU�HYHU\�RWKHU�WKLQJ�LV�VDPH��+RZ�ZLOO�\RX�ILQG�ZKLFK�RQH�LV�PDJQHW"�<RX�
RQO\�KDYH�WKHVH�WZR�WKLQJV�WKDW
V�LW�

����

%UHDN�ERWK�PDWHULDO_�3ODFH�WKH�HQG�RI�EDU�$�LQ�WKH�PLGGOH�RI�EDU�%�,I�EDU�$�VWLFNV�WR�EDU�%��WKHQ�
EDU�$�LV�WKH�PDJQHW�DQG�EDU�%�WKH�XPDJQHWL]HG�LURQ�EDU��,I�EDU�$�MXPSV�WR�RQH�RI�WKH�HQGV�RI�EDU�
%��WKHQ�EDU�%�LV�WKH�PDJQHW�

ZKDW�LV�)HUPDW
V�SULQFLSOH" ��2SWLFDO�SDWK WDNHQ�E\ D�UD\ EHWZHHQ�WZR�JLYHQ�SRLQWV�LV�WKH�SDWK�
WKDW�FDQ�EH�WUDYHUVHG�LQ�WKH OHDVW�WLPH�

����

(35�3DUDGR[��LQIRUPDWLRQ�IORZ�VSHHG�FDQ
W�EH�PRUH�WKDQ�VSHHG�RI�OLJKW� 4XDQWXP�
HQWDQJOHG�VWDWHV�DIIHFW�HDFK�RWKHU�LQVWDQWDQHRXVO\�LUUHVSHFWLYH�RI�GLVWDQFH�EHWZHHQ�WKHP�
7KLV�OHDGV�WR�(35�SDUDGR[� (LQVWHLQ�VXJJHVWHG�ORFDO�KLGGHQ�YDULDEOHV��+RZ�LW�LQWHUDFWV�LV�
SUREOHPDWLF���HLQVWHLQ�SRGROVNX�URVHQ�SDUDGR[�

����

4XDQWXP�HQWDQJOHPHQW��6WDWHV�RI�SDUWLFOHV�DUH�OLQNHG�DV�VXFK�WKDW�LQIRUPDWLRQ�DERXW�RQH�
LPSURYHV�RXU�NQRZOHGJH�RI�WKH�RWKHU��(J��3KRWRQ�EUHDNV�LQWR�SRVLWURQ�DQG�HOHFWURQ�

����

4XDQWXP�WHOHSRUWDWLRQ��FUHDWLQJ�DQ�H[DFW�FRS\ RI�D�TXDQWXP�VWDWH�LV�LPSRVVLEOH��QR�FORQLQJ�
WKHRUHP��

����

+RZ�GLG�,QGLDQ�QXFOHDU�SURJUDP�GHYHORS"����
,QGLD�KDV������RI�XUDQLXP�UHVHUYHV�FRPSDUHG�WR�����WKRULXP�UHVHUYHV�_�7KRULXP���� LV�
QRW�ILVVLOH��VR�LW�QHHGV�WR�EH�WUDQVPXWHG�LQWR�8����_�6R��UG�VWDJH�LV�QHHGHG�WR�XWLOL]H�WKRULXP�
YDVW�UHVRXUFHV�
$SVDUD���VW�QXFOHDU�UHDFWRU�LQ�����_�EXLOW�E\�,QGLD�ZLWK�IXHO�VXSSOLHG�IURP�8._�





ŚƚƚƉ͗ͬͬŚǇƉĞƌƉŚǇƐŝĐƐ͘ƉŚǇͲĂƐƚƌ͘ŐƐƵ͘ĞĚƵͬŚďĂƐĞͬEƵĐ�ŶĞͬĨĂƐďƌĞ͘Śƚŵů

��VWDJHV�
$��3UHVVXUL]HG�KHDY\�ZDWHU�UHDFWRU �3:+5��>QDWXUDO�XUDQLXP�������8����@���E\SURGXFW�
3OXWRQLXP����@

%��)DVW�EUHHGHU�UHDFWRU��)%5���GHSOHWHG�XUDQLXP���LQSXW�SOXWRQLXP�����OHDGV�WR�PRUH�
3X���_�%HVLGHV�D�EODQNHW�RI�7K�����DURXQG�WKH�)%5�FRUH�DOVR�XQGHUJRHV�QHXWURQ�FDSWXUH�
UHDFWLRQV�OHDGLQJ�WR�WKH�IRUPDWLRQ�RI�8�����������
&��$GYDQFHG�KHDY\�ZDWHU�UHDFWRU��$:+5��>VHOI�VXVWDLQLQJ�VHULHV�RI ƚŚŽƌŝƵŵͲϮϯϮͲ
ƵƌĂŶŝƵŵͲϮϯϯ IXHOOHG�UHDFWRUV�_�7KRULXP���������QHXWURQ� �7KRULXP�����ZKLFK�GHFD\V�TXLFNO\�WR�
3URWDFWLQLXP�����ZKLFK�VORZO\�GHF\DV�LQWR�8�����@

dŚĞ�WƌŽƚŽƚǇƉĞ�&ĂƐƚ��ƌĞĞĚĞƌ�ZĞĂĐƚŽƌ�;W&�ZͿ�ŝƐ�Ă�ϱϬϬ�DtĞ�ĨĂƐƚ�ďƌĞĞĚĞƌ�ŶƵĐůĞĂƌ�ƌĞĂĐƚŽƌ�
ƉƌĞƐĞŶƚůǇ�ďĞŝŶŐ�ĐŽŶƐƚƌƵĐƚĞĚ�Ăƚ�ƚŚĞ�DĂĚƌĂƐ��ƚŽŵŝĐ�WŽǁĞƌ�^ƚĂƚŝŽŶ�ŝŶ�<ĂůƉĂŬŬĂŵ͕�/ŶĚŝĂ͘

�

dŚĞ /ŶĚŝƌĂ�'ĂŶĚŚŝ��ĞŶƚƌĞ�ĨŽƌ��ƚŽŵŝĐ�ZĞƐĞĂƌĐŚ�;/'��ZͿ ŝƐ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞ�ĚĞƐŝŐŶ�ŽĨ�ƚŚŝƐ�
ƌĞĂĐƚŽƌ͘

�

�Ɛ�ŽĨ�ϮϬϬϳ�ƚŚĞ�ƌĞĂĐƚŽƌ�ǁĂƐ�ĞǆƉĞĐƚĞĚ�ƚŽ�ďĞŐŝŶ�ĨƵŶĐƚŝŽŶŝŶŐ�ŝŶ�ϮϬϭϬ�ďƵƚ�ŶŽǁ�ŝƚ�ŝƐ�ĞǆƉĞĐƚĞĚ�ƚŽ�
ĂĐŚŝĞǀĞ�ĨŝƌƐƚ�ĐƌŝƚŝĐĂůŝƚǇ�ŝŶ�DĂƌĐŚͲ�Ɖƌŝů�ϮϬϭϲ͘

�

�ŽŶƐƚƌƵĐƚŝŽŶ�ŝƐ�ŽǀĞƌ�ĂŶĚ�ƚŚĞ�ŽǁŶĞƌͬŽƉĞƌĂƚŽƌ͕ �ŚĂƌĂƚŝǇĂ�EĂďŚŝŬŝǇĂ�sŝĚǇƵƚ�EŝŐĂŵ�>ŝŵŝƚĞĚ�
;�,�s/E/Ϳ͕�ŝƐ�ĂǁĂŝƚŝŶŐ�ĐůĞĂƌĂŶĐĞ�ĨƌŽŵ�ƚŚĞ��ƚŽŵŝĐ��ŶĞƌŐǇ�ZĞŐƵůĂƚŽƌǇ��ŽĂƌĚ�;��Z�Ϳ͘

�

dŽƚĂů�ĐŽƐƚƐ͕�ŽƌŝŐŝŶĂůůǇ�ĞƐƚŝŵĂƚĞĚ�Ăƚ�ϯϱϬϬ�ĐƌŽƌĞ�ĂƌĞ�ŶŽǁ�ĞƐƚŝŵĂƚĞĚ�Ăƚ�ϱ͕ϲϳϳ�ĐƌŽƌĞ͘�
dŚĞ�<ĂůƉĂŬŬĂŵ�W&�Z�ŝƐ�ƵƐŝŶŐ ƵƌĂŶŝƵŵͲϮϯϴ�ŶŽƚ�ƚŚŽƌŝƵŵ͕�ƚŽ�ďƌĞĞĚ�ŶĞǁ�ĨŝƐƐŝůĞ�ŵĂƚĞƌŝĂů͕�ŝŶ�Ă�
ƐŽĚŝƵŵͲĐŽŽůĞĚ�ĨĂƐƚ�ƌĞĂĐƚŽƌ�ĚĞƐŝŐŶ͘

�

dŚĞ�ƐƵƌƉůƵƐ�ƉůƵƚŽŶŝƵŵ�Žƌ�ƵƌĂŶŝƵŵͲϮϯϯ�ĨŽƌ�ƚŚŽƌŝƵŵ�ƌĞĂĐƚŽƌƐ�΀hͲϮϯϴ�ƚƌĂŶƐŵƵƚĞƐ�ŝŶƚŽ�
ƉůƵƚŽŶŝƵŵ΁�ĨƌŽŵ�ĞĂĐŚ�ĨĂƐƚ�ƌĞĂĐƚŽƌ�ĐĂŶ�ďĞ�ƵƐĞĚ�ƚŽ�ƐĞƚ�ƵƉ�ŵŽƌĞ�ƐƵĐŚ�ƌĞĂĐƚŽƌƐ ĂŶĚ�ŐƌŽǁ�ƚŚĞ�
ŶƵĐůĞĂƌ�ĐĂƉĂĐŝƚǇ�ŝŶ�ƚƵŶĞ�ǁŝƚŚ�/ŶĚŝĂ͛Ɛ�ŶĞĞĚƐ�ĨŽƌ�ƉŽǁĞƌ͘

�

dŚĞ�ĨĂĐƚ�ƚŚĂƚ�W&�Z�ǁŝůů�ďĞ�ĐŽŽůĞĚ�ďǇ�ůŝƋƵŝĚ�ƐŽĚŝƵŵ�ĐƌĞĂƚĞƐ�ĂĚĚŝƚŝŽŶĂů�ƐĂĨĞƚǇ�ƌĞƋƵŝƌĞŵĞŶƚƐ�ƚŽ�
ŝƐŽůĂƚĞ�ƚŚĞ�ĐŽŽůĂŶƚ�ĨƌŽŵ�ƚŚĞ ĞŶǀŝƌŽŶŵĞŶƚ͕�ƐŝŶĐĞ�ƐŽĚŝƵŵ�ĞǆƉůŽĚĞƐ�ŝĨ�ŝƚ�ĐŽŵĞƐ�ŝŶƚŽ�ĐŽŶƚĂĐƚ�
ǁŝƚŚ�ǁĂƚĞƌ�ĂŶĚ�ďƵƌŶƐ�ǁŚĞŶ�ŝŶ�ĐŽŶƚĂĐƚ�ǁŝƚŚ�Ăŝƌ͘

�

&ULWLFDO�PDVV�LV�PDVV�QHHGHG�WR�GHWRQDWH�D�ERPE_�+\GURJHQ�ERPE�XVHV�ILVVLRQ�HQHUJ\�WR�
IXVH�WULWLXP�ZLWK�GHXWLULXP��WULWLXP�SURGXFHG�E\�QHXWURQ�DWWDFNLQJ�/LWKLXP�LQ�LWV�K\GULGH�

dĞůů�ŵĞ�ƚŚƌĞĞ�ůĂǁƐ�ŽĨ�ĞŶƚƌŽƉǇ͗�ϭϰϰ͘
ĞŶĞƌŐǇ�ĐĂŶ�ŶĞŝƚŚĞƌ�ďĞ�ĐƌĞĂƚĞĚ�ŶŽƌ�ĚĞƐƚƌŽǇĞĚ͖�ĞŶĞƌŐǇ�ĐĂŶ�ŽŶůǇ�ďĞ�ƚƌĂŶƐĨĞƌƌĞĚ Žƌ�ĐŚĂŶŐĞĚ�ĨƌŽŵ�ŽŶĞ�ĨŽƌŵ�
ƚŽ�ĂŶŽƚŚĞƌͮ��ŶƚƌŽƉǇ�ŽŶůǇ�ŝŶĐƌĞĂƐĞƐ�ĨŽƌ�ĂŶ�ŝƐŽůĂƚĞĚ�ƐǇƐƚĞŵ ĂƐ�ŝƚ�ŵŽǀĞƐ�ƚŽǁĂƌĚƐ�ĞƋƵŝďƌŝƵŵ�ŝĞ͘�^ƚĂƚĞ�ŽĨ�





ŵĂǆŝŵƵŵ�ĞŶƚƌŽƉǇͮ�dŚĞ�ƚŚŝƌĚ�ůĂǁ ŽĨ�ƚŚĞƌŵŽĚǇŶĂŵŝĐƐ�ƐƚĂƚĞƐ�ƚŚĂƚ�ƚŚĞ ĞŶƚƌŽƉǇ�ŽĨ�Ă�ƐǇƐƚĞŵ�ĂƉƉƌŽĂĐŚĞƐ�Ă�
ĐŽŶƐƚĂŶƚ�ǀĂůƵĞ�ĂƐ�ƚŚĞ�ƚĞŵƉĞƌĂƚƵƌĞ�ĂƉƉƌŽĂĐŚĞƐ�ĂďƐŽůƵƚĞ�ǌĞƌŽ

tŚĞŶ�Ăůů�ŐĂƐ�ŵŽůĞĐƵůĞ�ŽĐĐƵƉǇ�ũƵƐƚ�ŚĂůĨ�ƚŚĞ�ƌŽŽŵ͕�ƚŚŝƐ�ĐĂŶŶŽƚ�ďĞ�ĞƋƵůŝďƌŝƵŵ�ƐŝŶĐĞ�ŵŽůĞĐƵůĞƐ�ĐĂŶ�ĐƌŽƐƐ�ƚŽ�
ƚŚĞ�ŽƚŚĞƌ�ƐŝĚĞͮ͘�ǁŚĞŶ�ĞǀĞƌǇƚŚŝŶŐ�ŐĞƚƐ�ŵĂǆŝŵƵŵ�ƐƉĂĐĞ͕�ĞƋƵŝůŝďƌŝƵŵ�ŽĐĐƵƌƐ͘
tŚĂƚ�ŚĂƐ�ŚĂƉƉĞŶĞĚ�ŝŶ���ZE͍�tŚǇ�ŝƐ�ŝƚ�ŝŵƉŽƌƚĂŶƚ͍ϭϰϱ͘
��ZEΖƐ�ŵĂŝŶ�ĨƵŶĐƚŝŽŶ�ŝƐ�ƚŽ�ƉƌŽǀŝĚĞ�ƚŚĞ ƉĂƌƚŝĐůĞ�ĂĐĐĞůĞƌĂƚŽƌƐ ĂŶĚ�ŽƚŚĞƌ�ŝŶĨƌĂƐƚƌƵĐƚƵƌĞ�ŶĞĞĚĞĚ�ĨŽƌ�ŚŝŐŚͲ
ĞŶĞƌŐǇ�ƉŚǇƐŝĐƐ�ƌĞƐĞĂƌĐŚ�ͮ$ ERVRQ ZLWK�PDVV�DURXQG�����*H9�F� FRQVLVWHQW�ZLWK�WKH�ORQJ�
VRXJKW +LJJV�ERVRQ LQ������

+RZ�LV�SK\VLFV�UHODWHG�WR�HQHUJ\"����
/Ŷ ƉŚǇƐŝĐƐ͕ ĞŶĞƌŐǇ ŝƐ�ƚŚĞ ƋƵĂŶƚŝƚĂƚŝǀĞ ƉƌŽƉĞƌƚǇ ƚŚĂƚ�ŵƵƐƚ�ďĞ ƚƌĂŶƐĨĞƌƌĞĚ ƚŽ�ĂŶ ŽďũĞĐƚ ŝŶ�ŽƌĚĞƌ�ƚŽ�
ƉĞƌĨŽƌŵ ǁŽƌŬ ŽŶ͕�Žƌ�ƚŽ ŚĞĂƚ͕�ƚŚĞ�ŽďũĞĐƚ͘

dĞůů�ŵĞ�ƐŽŵĞ�ƉƌĂĐƚŝĐĂů�ĂƉƉůŝĐĂƚŝŽŶƐ�ŽĨ�'ĞŶĞƌĂů�ƚŚĞŽƌǇ�ŽĨ�ƌĞůĂƚŝǀŝƚǇϭϰϳ͘
'W^�ŶĂǀŝŐĂƚŝŽŶͮ�ƉƌĞĐŝƐŝŽŶ�ĂƚŽŵŝĐ�ĐůŽĐŬƐͮ�ƉƌĞĚŝĐƚŝŶŐ�ƉĂƚŚ�ŽĨ�ƉůĂŶĞƚΖƐ�Žƌďŝƚ�ůŝŬĞ�ŵĞƌĐƵƌǇ͘

ZKR�JDYH�WKH�WKHRU\�RI�HYROXWLRQ�DQG�ZKDW�ZDV�WKH�QDPH�RI�WKH�ERRN����
2Q�WKH�2ULJLQ�RI�6SHFLHV�E\�&KDUOHV�'DUZLQ�LQ������

tŚĂƚ�ŝƐ�ZĂŵĂŶ�ĞĨĨĞĐƚ͍ϭϰϵ͘
ZĂŵĂŶ�ĞĨĨĞĐƚ�ŝƐ�ƚŚĞ ŝŶĞůĂƐƚŝĐ�ƐĐĂƚƚĞƌŝŶŐ ŽĨ ƉŚŽƚŽŶƐ ďǇ�ŵĂƚƚĞƌ͕�ŵĞĂŶŝŶŐ�ƚŚĂƚ�ƚŚĞƌĞ�ŝƐ�ďŽƚŚ�ĂŶ�ĞǆĐŚĂŶŐĞ�ŽĨ�
ĞŶĞƌŐǇ�ĂŶĚ�Ă�ĐŚĂŶŐĞ�ŝŶ�ƚŚĞ�ůŝŐŚƚΖƐ�ĚŝƌĞĐƚŝŽŶͮ͘�ZĂŵĂŶ�ĂůƐŽ�ƚŽůĚ�ǁĂƚĞƌ�ŵŽůĞĐƵůĞƐ�ƐĐĂƚƚĞƌĞĚ�ůŝŐŚƚ�ƚŚĂƚ͛Ɛ�ǁŚǇ�
ĐŽůŽƌ�ŽĨ�ŽĐĞĂŶ�ŝƐ�ďůƵĞͮ͘�UDSLGO\�FKDUDFWHUL]H�WKH�FKHPLFDO�FRPSRVLWLRQ�DQG�VWUXFWXUH�RI�
D�VDPSOH��ZKHWKHU�VROLG��OLTXLG��JDV��JHO��VOXUU\�RU�SRZGHUͮ͘�ŶŽŶ�ŝŶǀĂƐŝǀĞ�ǁĂǇ͘

,Žǁ�ĚŽĞƐ�ĚǇŶĂŵŽ�ǁŽƌŬ͍͗�΀&ĂƌĂĚĂǇΖƐ�ůĂǁ�ŽĨ�ŝŶĚƵĐƚŝŽŶͮ͘��Ɛ�ƚŚĞ�ďŝĐǇĐůĞ�ŵŽǀĞƐ͕�ƚŚĞ�ǁŚĞĞů�ƚƵƌŶƐ�Ă�
ŵĂŐŶĞƚ�ŝŶƐŝĚĞ�Ă�ĐŽŝů͘ dŚŝƐ�ŝŶĚƵĐĞƐ�ĞŶŽƵŐŚ�ĞůĞĐƚƌŝĐŝƚǇ�ƚŽ�ƌƵŶ�ƚŚĞ�ďŝĐǇĐůĞΖƐ�ůŝŐŚƚƐ͘΁

ϭϱϬ͘

hƐĞ�ŽĨ�ƉŚǇƐŝĐƐ�ŬŶŽǁůĞĚŐĞ�ŝŶ�ƉĂŶĚĞŵŝĐ�ƌĞƐƉŽŶƐĞ͗�΀�ĞƉůŽǇ�ĚŝĂŐŶŽƐƚŝĐƐ�ƚŽŽů�ůŝŬĞ�ŽŶĞ�Ăƚ�//d�ͮ�
ŵĂƚŚĞŵĂƚŝĐĂůŝǌĂƚŝŽŶ�ŽĨ�ĚĂƚĂͮ�ďŝŽƉŚǇƐŝĐƐͮ�ƉƌŽďůĞŵ�ƐŽůǀŝŶŐ�ĂƉƉƌŽĂĐŚͮ�ĚĞƉůŽǇŵĞŶƚ�ŽĨ�ƚĞĐŚ�ůŝŬĞ�
ŶĂŶŽƐĞŶƐŽƌƐ΁

ϭϱϭ͘

dŚƌĞĞ�ƉƌŝŶĐŝƉůĞƐ�ŽĨ�ĞůĞĐƚƌŝĐŝƚǇ͗ ΀KŚŵΖƐ�ůĂǁͮ�&ĂƌĂĚĂǇΖƐ�ůĂǁͮ�DĂǆǁĞůůΖƐ�ůĂǁͮ�ŬŝƌĐŚŽĨĨΖƐ�ůĂǁ΁ϭϱϮ͘

tŚǇ�ĚŽĞƐ�ůŝŐŚƚ�ŶŽƚ�ŶĞĞĚ�ŵĞĚŝƵŵ�ƚŽ�ƚƌĂǀĞů͍͗�΀΁ϭϱϯ͘

tŚǇ�ĚŽĞƐ�ďĂůů�ƐǁŝŶŐ͍͗�΀ƉƌŝŵĂƌǇ�ŵŽƚŝǀĂƚŝŽŶ�ŽĨ ďĂůů�ƚĂŵƉĞƌŝŶŐ�ŝƐ ƚŽ�ŝŶƚĞƌĨĞƌĞ�ǁŝƚŚ�ƚŚĞ�ĂĞƌŽĚǇŶĂŵŝĐƐ�ŽĨ�
ƚŚĞ ďĂůů ƚŽ�ĂŝĚ ƐǁŝŶŐ ďŽǁůŝŶŐͮ͘ ĐŚĂŶŐŝŶŐ�ƌŽƵŐŚŶĞƐƐ�ŽŶ�ŽŶĞ�ƐŝĚĞ�ŽĨ�ďĂůů�ĐŚĂŶŐĞƐ�ƐǁŝŶŐŝŶŐ�ŽĨ�ďĂůůͮ�

ϭϱϰ͘

ďĂůů�ƚĞŶĚƐ�ƚŽ�ƐǁŝŶŐ�ŵŽƌĞ�ƐĞǀĞƌĞůǇ�ƚŚĂŶ�ĐŽŶǀĞŶƚŝŽŶĂů�ƐǁŝŶŐ�ĂŶĚ�ŵŽǀĞƐ�ůĂƚĞ�ŝŶ�ƚŚĞ�ĚĞůŝǀĞƌǇ͕�ŵĂŬŝŶŐ�ŝƚ�ŵŽƌĞ�
ĚŝĨĨŝĐƵůƚ�ĨŽƌ�ƚŚĞ�ďĂƚƐŵĂŶ�ƐǁŝŶŐŝŶŐ�ĂǁĂǇ�ĨƌŽŵ�ƐŝĚĞƐͮ͘�ŽŶ�ŽŶĞ�ƐŝĚĞ�ŽĨ�ďĂůů͕�ĂƌĞĂ�ŝƐ�ŵŽƌĞ�ƚŚƵƐ�ǀĞůŽĐŝƚǇ�ŝƐ�
ůĞƐƐĞƌ�ĂƐ�ƉĞƌ�ďĞƌŶŽƵůŝ�ƚŚĞŽƌĞŵ΁

,Žǁ�ĚŽĞƐ�Ă�ũĞƚ�ƉůĂŶĞ�ůŝĨƚ�ŽĨĨ͍͗�΀ĂĐƚŝŽŶͲƌĞĂĐƚŝŽŶ�ĂŶĚ�ďĞƌŶŽƵůŝΖƐ�ƚŚĞŽƌĞŵ΁ϭϱϱ͘

tŚǇ�ĚŽ�ĐůŽƵĚƐ�ĨůŽĂƚ͍�tŚǇ�ĚŽĞƐ�ƉĂƌƚŝĐƵůĂƚĞ�ŵĂƚƚĞƌ�ƌĞŵĂŝŶƐ�ƐƵƐƉĞŶĚĞĚ�ŝŶ�Ăŝƌ͍ ΀�ůŽƵĚ�ĚƌŽƉůĞƚƐ�ǁŝƚŚŝŶ�
ƚŚŝƐ�ƌŝƐŝŶŐ�Ăŝƌ�ĂƌĞ�ƚŚƵƐ�ĐŽŶƚŝŶƵĂůůǇ�ƉƵƐŚĞĚ�ƵƉǁĂƌĚ�Ăƚ�Ă�ŐƌĞĂƚĞƌ�ƌĂƚĞ�ƚŚĂŶ�ƚŚĞ�ƌĂƚĞ�Ăƚ�ǁŚŝĐŚ�ŐƌĂǀŝƚǇ�ƉƵůůƐ�
ƚŚĞŵ�ĚŽǁŶǁĂƌĚͮ͘�tŚĞŶ�ĂŶǇ�ŽďũĞĐƚ�ĨĂůůƐ�ƚŚƌŽƵŐŚ�ƚŚĞ�Ăŝƌ�;Žƌ�ƚŚƌŽƵŐŚ�ǁĂƚĞƌ͕�ĨŽƌ�ƚŚĂƚ�ŵĂƚƚĞƌͿ͕�ƚŚĞ�
ĂĞƌŽĚǇŶĂŵŝĐ�ĚƌĂŐ�ĨŽƌĐĞ�ĐŽƵŶƚĞƌƐ�ƚŚĞ�ĨŽƌĐĞ�ŽĨ�ŐƌĂǀŝƚǇ͕ ĂŶĚ�ĂĨƚĞƌ�Ă�ƚŝŵĞͬĚŝƐƚĂŶĐĞ͕�ƚŚĞ�ĨĂůůŝŶŐ�ŽďũĞĐƚ�
ƌĞĂĐŚĞƐ�ŝƚƐ ƚĞƌŵŝŶĂů�ǀĞůŽĐŝƚǇ͘&Žƌ�ƚŚĞ�ƚǇƉŝĐĂů�ĐůŽƵĚ�ĚƌŽƉůĞƚ�ŽĨ�ϭϬ�ŵŝĐƌŽŵĞƚĞƌƐ�;ŝƚ�ƚĂŬĞƐ�ĂďŽƵƚ�ϭϱ�ŵŝůůŝŽŶ�
ĐůŽƵĚ�ĚƌŽƉůĞƚƐ�ƚŽ�ĨŽƌŵ�ƚŚĞ�ƚǇƉŝĐĂů�ƌĂŝŶĚƌŽƉͿ͕�ŝƚƐ�ƚĞƌŵŝŶĂů�ǀĞůŽĐŝƚǇ�ŝƐ�ĂƌŽƵŶĚ�Ϭ͘ϯ�ĐŵͬƐ�Žƌ�ĂďŽƵƚ͘�ͮ��Ŷ�
ĂĞƌŽƐŽů�ŝƐ�Ă�ƐƵƐƉĞŶƐŝŽŶ�ŽĨ�ĨŝŶĞ�ƐŽůŝĚ�ƉĂƌƚŝĐůĞƐ�Žƌ�ůŝƋƵŝĚ�ĚƌŽƉůĞƚƐ�ŝŶ�Ăŝƌ�Žƌ�ĂŶŽƚŚĞƌ�ŐĂƐ΁

ϭϱϲ͘





tŚĂƚ�ŝƐ�ƋƵĂŶƚƵŵ�ƐƵƉƌĞŵĂĐǇ͍ ΀/Ŷ ƋƵĂŶƚƵŵ�ĐŽŵƉƵƚŝŶŐ͕ ƋƵĂŶƚƵŵ�ƐƵƉƌĞŵĂĐǇ Žƌ ƋƵĂŶƚƵŵ�ĂĚǀĂŶƚĂŐĞ ŝƐ�ƚŚĞ�
ŐŽĂů�ŽĨ�ĚĞŵŽŶƐƚƌĂƚŝŶŐ�ƚŚĂƚ�Ă�ƉƌŽŐƌĂŵŵĂďůĞ�ƋƵĂŶƚƵŵ�ĚĞǀŝĐĞ�ĐĂŶ�ƐŽůǀĞ�Ă�ƉƌŽďůĞŵ�ƚŚĂƚ�ŶŽ�ĐůĂƐƐŝĐĂů�
ĐŽŵƉƵƚĞƌ�ĐĂŶ�ƐŽůǀĞ ŝŶ�ĂŶǇ�ĨĞĂƐŝďůĞ�ĂŵŽƵŶƚ�ŽĨ�ƚŝŵĞ�;ŝƌƌĞƐƉĞĐƚŝǀĞ�ŽĨ�ƚŚĞ�ƵƐĞĨƵůŶĞƐƐ ŽĨ�ƚŚĞ�ƉƌŽďůĞŵͿ΁

ϭϱϳ͘

ZĞĨƌŝŐĞƌĂƚŝŽŶ�ŚĞĂƚ�ĐǇĐůĞ͗�΀EŽ͕�ƚŚĞ ƌŽŽŵ�ĐĂŶΖƚ�ďĞ ĐŽŽůĞĚ ďǇ�ůĞĂǀŝŶŐ�ƚŚĞ�ĚŽŽƌ�ŽĨ�ĂŶ�ĞůĞĐƚƌŝĐ ƌĞĨƌŝŐĞƌĂƚŽƌ�
ŽƉĞŶ͘�/Ŷ�ĨĂĐƚ�ƚŚĞ�ƚĞŵƉĞƌĂƚƵƌĞ�ŽĨ�ƚŚĞ ƌŽŽŵ ƌŝƐĞƐ�ďĞĐĂƵƐĞ�ƚŚĞ ƌĞĨƌŝŐĞƌĂƚŽƌ ĞǆƚƌĂĐƚƐ�ŚĞĂƚ�ĨƌŽŵ�ƚŚĞ�
ĨƌĞĞǌŝŶŐ�ĐŚĂŵďĞƌƐ�ĂŶĚ�ƌĞũĞĐƚƐ�ŝƚ�ƚŽ�ƚŚĞ�ƐƵƌƌŽƵŶĚŝŶŐ�Ăŝƌ�ŝŶ�ƚŚĞ ƌŽŽŵ͘΁

ϭϱϴ͘

,Žǁ�ĚŽĞƐ�ŚǇƉĞƌůŽŽƉ�ǁŽƌŬ͍ ΀ƐƉĞĐŝĂůŝǌĞĚ�ƉŽĚƐ�ĂƌĞ�ĂĐĐĞůĞƌĂƚĞĚ�ƚŚƌŽƵŐŚ�Ă�ůŽǁͲƉƌĞƐƐƵƌĞ�ƚƵďĞ ƚŽ�ĂĐŚŝĞǀĞ�
ƐƉĞĞĚƐ�ŶĞĂƌ�ƚŚĞ�ƐƉĞĞĚ�ŽĨ�ƐŽƵŶĚͮ͘�ŚǇƉŽƚŚĞƚŝĐĂů�ďĞŶĞĨŝƚƐ�ŽĨ�ƚŚĞ�,ǇƉĞƌůŽŽƉ�ŝŶĐůƵĚĞ�ŝŵŵƵŶŝƚǇ�ƚŽ�ǁĞĂƚŚĞƌ͕�
ůĂĐŬ�ŽĨ�ĐƌĂƐŚĞƐ͕�ƌĂƉŝĚ�ƐƉĞĞĚ͕�ůŽǁ�ƉŽǁĞƌ�ƌĞƋƵŝƌĞŵĞŶƚƐ͕�ĂŶĚ�ĞŶĞƌŐǇ�ŐĞŶĞƌĂƚŝŽŶ�ĨŽƌ�ŝƚƐ�ŽǁŶ�ŽƉĞƌĂƚŝŽŶͮ�KŶĞ�
ƉŽƐƐŝďůĞ�ŵĞĐŚĂŶŝƐŵ�ŝƐŵĂŐŶĞƚŝĐ�ůĞǀŝƚĂƚŝŽŶ͗�ƵƐŝŶŐ�ǀĞƌǇ�ůĂƌŐĞ�ƉĞƌŵĂŶĞŶƚ�ŵĂŐŶĞƚƐ�ƚŽ�ƐƵƐƉĞŶĚ�ƚŚĞ�ƉŽĚ�
ĂďŽǀĞ�ƚŚĞ�ďŽƚƚŽŵ�ŽĨ�ƚŚĞ�ƚƵďĞͮ�ĂŬŝŶ�ƚŽ�ƚŚĞ�Ăŝƌ�ďĞĂƌŝŶŐƐ�ĞŵƉůŽǇĞĚ�ďǇ�ĂŶ�Ăŝƌ�ŚŽĐŬĞǇ�ƚĂďůĞ͗�ƵƐŝŶŐ�Ă�ĐƵƐŚŝŽŶ�
ŽĨ�Ăŝƌ�ƚŽ�ƐƵƉƉŽƌƚ�ƉŽĚƐ͕�ĞůŝŵŝŶĂƚŝŶŐ�ƌŽůůŝŶŐ�ƌĞƐŝƐƚĂŶĐĞ͘΁

ϭϱϵ͘

tŚĂƚ�ŝƐ�^ĂŚĂ�ŝŽŶŝǌĂƚŝŽŶ�ĨŽƌŵƵůĂ͍ ΀^ĂŚĂ�ŝŽŶŝƐĂƚŝŽŶ�ĞƋƵĂƚŝŽŶ ŝƐ�ĂŶ�ĞǆƉƌĞƐƐŝŽŶ�ƚŚĂƚ�ƌĞůĂƚĞƐ�ƚŚĞ�ŝŽŶŝƐĂƚŝŽŶ�
ƐƚĂƚĞ�ŽĨ�Ă�ŐĂƐ�ŝŶ�ƚŚĞƌŵĂů�ĞƋƵŝůŝďƌŝƵŵ�ƚŽ�ƚĞŵƉĞƌĂƚƵƌĞ�ĂŶĚ�ƉƌĞƐƐƵƌĞ͘΁

ϭϲϬ͘

dĞůů�ĚŝĨĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ĂƐƚƌŽŶŽŵǇ�ĂŶĚ�ĂƐƚƌŽůŽŐǇ͘��Ž�ǇŽƵ�ƚŚŝŶŬ�ĂƐƚƌŽůŽŐǇ�ŝƐ�Ă�ƐĐŝĞŶĐĞ͍�΀ϭϲϭ͘
�ƐƚƌŽŶŽŵǇ�ŝƐ�Ă�ƐĐŝĞŶĐĞ�ƚŚĂƚ�ƐƚƵĚŝĞƐ�ĞǀĞƌǇƚŚŝŶŐ�ŽƵƚƐŝĚĞ�ŽĨ�ƚŚĞ�ĞĂƌƚŚΖƐ�ĂƚŵŽƐƉŚĞƌĞ͕�ƐƵĐŚ�ĂƐ�ƉůĂŶĞƚƐ͕�ƐƚĂƌƐ͕�
ĂƐƚĞƌŽŝĚƐ͕�ŐĂůĂǆŝĞƐ͖�ĂŶĚ�ƚŚĞ�ƉƌŽƉĞƌƚŝĞƐ�ĂŶĚ�ƌĞůĂƚŝŽŶƐŚŝƉƐ�ŽĨ�ƚŚŽƐĞ�ĐĞůĞƐƚŝĂů�ďŽĚŝĞƐ͘��ƐƚƌŽŶŽŵĞƌƐ�ďĂƐĞ�
ƚŚĞŝƌ�ƐƚƵĚŝĞƐ�ŽŶ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ŽďƐĞƌǀĂƚŝŽŶ͘ �ƐƚƌŽůŽŐǇ͕�ŽŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�ŝƐ�ƚŚĞ�ďĞůŝĞĨ�ƚŚĂƚ�ƚŚĞ�
ƉŽƐŝƚŝŽŶŝŶŐ�ŽĨ�ƚŚĞ�ƐƚĂƌƐ�ĂŶĚ�ƉůĂŶĞƚƐ�ĂĨĨĞĐƚ�ƚŚĞ�ǁĂǇ�ĞǀĞŶƚƐ�ŽĐĐƵƌ�ŽŶ�ĞĂƌƚŚͮ͘��ĞůŝĞĨ�ŽĨ�ƉŽƐŝƚŝŽŶ�ŽĨ�ƐƚĂƌƐ�ĂŶĚ�
ĞǀĞŶƚƐ�ŽŶ�ĞĂƌƚŚ�Ăƚ�ŵŽŵĞŶƚ�ƐĞĞŵƐ�ĨĂƌ�ĨĞƚĐŚĞĚ�ďƵƚ�ǁĞ�ĐĂŶ�ƚŚŝŶŬ�ŽĨ�ƌĞƐĞĂƌĐŚŝŶŐ�ƐƵĐŚ�ĂƐƉĞĐƚ͘΁

tŚǇ�ŝƐ�ƵŶĐĞƌƚĂŝŶƚǇ�ƉƌŝŶĐŝƉůĞ�ĨŽƵŶĚĂƚŝŽŶĂů�ƉƌŝŶĐŝƉůĞ�ŽĨ�ƋƵĂŶƚƵŵ�ŵĞĐŚĂŶŝĐƐ͍ ΀ƵŶĐĞƌƚĂŝŶƚǇ�ƉƌŝŶĐŝƉůĞ�ƐĂǇƐ�
ŵŝŶŝŵƵŵ�ƵŶĐĞƌƚĂŝŶƚǇ�ŝŶ�ŵĞĂƐƵƌĞŵĞŶƚͮ͘�ƵŶĐĞƌƚĂŝŶƚǇ�ƉƌŝŶĐŝƉůĞ�ŵĞĂŶƐ�ǁĞ�ĐĂŶΖƚ�ŵĞĂƐƵƌĞ�ǀĂƌŝĂďůĞƐ�
ƐŝŵƵůƚĂŶĞŽƵƐůǇ�ŝŶ�ƐĂŵĞ�ƐƚĂƚĞ�ǁŚŝĐŚ�ŝƐ�ǀŝƐŝďůĞ�ŝŶ�ƐƉŝŶ�ƐƚĂƚĞƐ�ĂŶĚ�ĞůĞŵĞŶƚĂƌǇ�ƉŚǇƐŝĐƐͮ�/Ŷ�ŚŝƐ�ŽƌŝŐŝŶĂů�
ƉƌŽƉŽƐĂů͕�,ĞŝƐĞŶďĞƌŐ�ƉƌĞĚŝĐƚĞĚ�Ă�ƚƌĂĚĞŽĨĨ�ďĞƚǁĞĞŶ�ĞƌƌŽƌ�ĂŶĚ�ĚŝƐƚƵƌďĂŶĐĞ͘�,Ğ�ƐƵŐŐĞƐƚĞĚ�ƚŚĂƚ�ǁŚĞŶ�Ă�
ŐĂŵŵĂͲƌĂǇ�ŵŝĐƌŽƐĐŽƉĞ�ŵĞĂƐƵƌĞƐ�ƚŚĞ�ƉŽƐŝƚŝŽŶ�ŽĨ�ĂŶ�ĞůĞĐƚƌŽŶ͕�ƚŚĞ�ŵĞĂƐƵƌĞŵĞŶƚ�ŝŶĞǀŝƚĂďůǇ�ĚŝƐƚƵƌďƐ�ƚŚĞ�
ĞůĞĐƚƌŽŶΖƐ�ŵŽŵĞŶƚƵŵ͘΁

ϭϲϮ͘

/ŵƉůŝĐĂƚŝŽŶƐ�ŽĨ�tĂǀĞ�ƉĂƌƚŝĐůĞ�ĚƵĂůŝƚǇ�ŝŶ�ƋƵĂŶƚƵŵ�ŵĞĐŚĂŶŝĐƐ�;ŶĂƚƵƌĞ�ŽĨ�ƉŚǇƐŝĐƐͿ͍ ΀WĂƌƚŝĐůĞ�ĂĐƚƐ�ĂƐ�ǁĂǀĞ�
ŽĨ�ƉƌŽďĂďŝůŝƐƚŝĐ�ĂŵƉůŝƚƵĚĞ�ĂƐ�ĞůĞĐƚƌŽŶ�ƐŚŽǁƐ�ŝŶƚĞƌĨĞƌĞŶĐĞ�ƉĂƚƚĞƌŶͮ��ǆƉůĂŝŶĞĚ�ďůĂĐŬ�ďŽĚǇ�ƐƉĞĐƚƌƵŵ�ĂŶĚ�
ƉŚŽƚŽĞůĞĐƚƌŝĐ�ĞĨĨĞĐƚͮ ǁĂǀĞ�ůŝŬĞ�ŶĂƚƵƌĞ�ŽĨ�ƉĂƌƚŝĐůĞ�ĞŶĂďůĞĚ�ĨŽƵŶĚĂƚŝŽŶ�ŽĨ�ƋƵĂŶƚƵŵ�ŵĞĐŚĂŶŝĐƐ΁

ϭϲϯ͘

ǁŚĂƚ�ĂƌĞ�ĐŽŶƐĞƋƵĞŶĐĞƐ�ŽĨ�ƵŶĐĞƌƚĂŝŶƚǇ�ƉƌŝŶĐŝƉůĞ�ŝŶ�ůĂǇŵĂŶ�ƚĞƌŵƐ͍�΀hŶĐĞƌƚĂŝŶƚǇ�ŵĞĂŶƚ�ǁĞ�ĐĂŶƚ�ŵĞĂƐƵƌĞ�
ƚǁŽ�ƐƚĂƚĞƐ�ƐŝŵƵůƚĂŶĞŽƵƐůǇ�ŝĨ�ƚŚĞǇ�ĐŽŵŵƵƚĞͮ��ŶŽǁ�ƚŚŝƐ�ǁĂƐ�ĐƌƵĐŝĂů�ƚŽ�ĞǆƉůĂŝŶ�ƉŚĞŶŽŵĞŶĂ�ůŝŬĞ�
ƋƵĂŶƚŝǌĂƚŝŽŶ�ŽĨ�ƐƉŝŶ�ŝŶ�ŽŶĞ�ĚŝƌĞĐƚŝŽŶ�ǁŚĞŶ�ǁĞ�ŽďƐĞƌǀĞ�ƚǁŽ�ƉŽŝŶƚƐ�ŝŶ�^ƚĞƌŶ�'ĞƌůĂĐŚ�ĞǆƉĞƌŝŵĞŶƚ͕�ƐƉŝŶ�ǁĂƐ�
ĐƌƵĐŝĂů�ĂƐƉĞĐƚ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ŵŽĚĞƌŶ�ƉŚǇƐŝĐƐ΁

ϭϲϰ͘

/ŵƉŽƌƚĂŶĐĞ�ŽĨ�ƉŽůǇŵĞƌƐ�ŝŶ�ĞŶĞƌŐǇ�ƉŚǇƐŝĐƐ͍�΀ϭϲϱ͘
tŚĂƚ�ŝƐ�ŶĞŐĂƚŝǀĞ�ƚĞŵƉĞƌĂƚƵƌĞ͍�΀ĞŶĞƌŐǇ�ĨůŽǁ�ĐĂŶƚ�ŚĂƉƉĞŶ�ĨƌŽŵ�ůŽǁ�ƚŽ�ŚŝŐŚ�ƚĞŵƉĞƌĂƚƵƌĞ�ǁŝƚŚŽƵƚ�
ĞǆƚĞƌŶĂů�ǁŽƌŬͮ�,Žǁ�ĚŽĞƐ�ůĂƐĞƌ�ďƵƌŶ�ƵƉ�ǁŚŝůĞ�ĐŽŶĐĞŶƚƌĂƚŝŶŐ�ŝƚ�ƵŶůŝŬĞ�ŽƚŚĞƌ�ǁĂǀĞƐ;ĞǆƉůĂŝŶĞĚ�ďǇ�
ƉŽƉƵůĂƚŝŽŶ�ŝŶǀĞƌƐŝŽŶͿͮ�ŝŶĨŝŶŝƚĞ�ƚĞŵƉĞƌĂƚƵƌĞ�ŝƐ�ǁŚĞƌĞ�ƉƌŽďĂďŝůŝƚǇ�ŽĨ�ŽĐĐƵƉǇŝŶŐ�Ăůů�ĞŶĞƌŐǇ�ůĞǀĞůƐ�ĂƌĞ�
ƐĂŵĞͮ͘�ƚĞŵƉĞƌĂƚƵƌĞ�ŚŽƚƚĞƌ�ƚŚĂŶ�ŝŶĨŝŶŝƚŝǀĞ�ƚĞŵƉĞƌĂƚƵƌĞ΁

ϭϲϲ͘

,Žǁ�ĚŝĚ�ƋƵĂŶƚƵŵ�ŵĞĐŚĂŶŝĐƐ�ƌĞǀŽůƵƚŝŽŶŝǌĞ�ĐůĂƐƐŝĐĂů�ŵĞĐŚĂŶŝĐƐ͍ ΀ĞǆƉůĂŝŶĞĚ�ƐƵďĂƚŽŵŝĐ�ƉŚĞŶŽŵĞŶĂ΁ϭϲϳ͘
dĂŽ�ŽĨ�ƉŚǇƐŝĐƐ͗�ϭϲϴ͘
tŚĂƚ�ĂƌĞ�ĚŝŵĞŶƐŝŽŶƐ�ŝŶ�ůĂǇŵĂŶ�ƚĞƌŵƐ͗�΀Ă�ŵĞĂƐƵƌĂďůĞ�ĞǆƚĞŶƚ�ŽĨ�Ă�ƉĂƌƚŝĐƵůĂƌ�ŬŝŶĚ͕�ƐƵĐŚ�ĂƐ�ůĞŶŐƚŚ͕�
ďƌĞĂĚƚŚ͕�ĚĞƉƚŚ͕�Žƌ�ŚĞŝŐŚƚͮ͘�ŶƵŵďĞƌ�ŽĨ�ǀĂƌŝĂďůĞƐ�/ƚ�ǁŽƵůĚ�ƚĂŬĞ�ƚŽ�ƐƉĞĐŝĨǇ�Ă�ƉŽŝŶƚ͘΁

ϭϲϵ͘

�ŝŐ�ďĂŶŐ�ƚŚĞŽƌǇ�Žƌ�'ŽĚ͍�΀�ŝŐ�ϭϳϬ͘
WƌŽŽĨ�ŽĨ�'ĞŶĞƌĂů�ƚŚĞŽƌǇ�ŽĨ�ƌĞůĂƚŝǀŝƚǇϭϳϭ͘





'ƌĂǀŝƚĂƚŝŽŶĂů�ůĞŶƐŝŶŐ͗�΀� ŐƌĂǀŝƚĂƚŝŽŶĂů�ůĞŶƐ ŝƐ�Ă�ĚŝƐƚƌŝďƵƚŝŽŶ�ŽĨ�ŵĂƚƚĞƌ�;ƐƵĐŚ�ĂƐ�Ă ĐůƵƐƚĞƌ�ŽĨ�ŐĂůĂǆŝĞƐͿ�
ďĞƚǁĞĞŶ�Ă�ĚŝƐƚĂŶƚ�ůŝŐŚƚ�ƐŽƵƌĐĞ�ĂŶĚ�ĂŶ�ŽďƐĞƌǀĞƌ͕�ƚŚĂƚ�ŝƐ�ĐĂƉĂďůĞ�ŽĨ�ďĞŶĚŝŶŐ�ƚŚĞ�ůŝŐŚƚ�ĨƌŽŵ�ƚŚĞ�ƐŽƵƌĐĞ�ĂƐ�
ƚŚĞ�ůŝŐŚƚ�ƚƌĂǀĞůƐ�ƚŽǁĂƌĚƐ�ƚŚĞ�ŽďƐĞƌǀĞƌͮ�

ϭϳϮ͘

ZĞĂƐŽŶƐ�ďĞŚŝŶĚ�ůŝŐŚƚŶŝŶŐ͗�΀��Ɛ�ŝĐĞ�ĐƌǇƐƚĂůƐ�ŚŝŐŚ�ǁŝƚŚŝŶ�Ă�ƚŚƵŶĚĞƌƐƚŽƌŵ�ĐůŽƵĚ�ĨůŽǁ�ƵƉ�ĂŶĚ�ĚŽǁŶ�ŝŶ�ƚŚĞ�
ƚƵƌďƵůĞŶƚ�Ăŝƌ͕�ƚŚĞǇ�ĐƌĂƐŚ�ŝŶƚŽ�ĞĂĐŚ�ŽƚŚĞƌ͘�^ŵĂůů�ŶĞŐĂƚŝǀĞůǇ�ĐŚĂƌŐĞĚ�ƉĂƌƚŝĐůĞƐ�ĐĂůůĞĚ�ĞůĞĐƚƌŽŶƐ�ĂƌĞ�ŬŶŽĐŬĞĚ�
ŽĨĨ�ƐŽŵĞ�ŝĐĞ�ĂŶĚ�ĂĚĚĞĚ�ƚŽ�ŽƚŚĞƌ�ŝĐĞ�ĂƐ�ƚŚĞǇ�ĐƌĂƐŚ�ƉĂƐƚ�ĞĂĐŚ�ŽƚŚĞƌ͘�dŚŝƐ�ƐĞƉĂƌĂƚĞƐ�ƚŚĞ�ƉŽƐŝƚŝǀĞ�;нͿ�ĂŶĚ�
ŶĞŐĂƚŝǀĞ�;ͲͿ�ĐŚĂƌŐĞƐ�ŽĨ�ƚŚĞ�ĐůŽƵĚ͘�dŚĞ�ƚŽƉ�ŽĨ�ƚŚĞ�ĐůŽƵĚ�ďĞĐŽŵĞƐ�ƉŽƐŝƚŝǀĞůǇ�ĐŚĂƌŐĞĚ�ǁŚŝůĞ�ƚŚĞ�ďĂƐĞ�ŽĨ�ƚŚĞ�
ĐůŽƵĚ�ďĞĐŽŵĞƐ�ŶĞŐĂƚŝǀĞůǇ�ĐŚĂƌŐĞĚͮ͘�>ŝŐŚƚŶŝŶŐ�ŚĂƉƉĞŶƐ�ǁŚĞŶ�ƚŚĞ�ŶĞŐĂƚŝǀĞ�ĐŚĂƌŐĞƐ�;ĞůĞĐƚƌŽŶƐͿ�ŝŶ�ƚŚĞ�
ďŽƚƚŽŵ�ŽĨ�ƚŚĞ�ĐůŽƵĚ�ĂƌĞ�ĂƚƚƌĂĐƚĞĚ�ƚŽ�ƚŚĞ�ƉŽƐŝƚŝǀĞ�ĐŚĂƌŐĞƐ�;ƉƌŽƚŽŶƐͿ�ŝŶ�ƚŚĞ�ŐƌŽƵŶĚͮ͘�

ϭϳϯ͘

ĂĐĐƵŵƵůĂƚŝŽŶ�ŽĨ�ĞůĞĐƚƌŝĐ�ĐŚĂƌŐĞƐ�ŚĂƐ�ƚŽ�ďĞ�ŐƌĞĂƚ�ĞŶŽƵŐŚ�ƚŽ�ŽǀĞƌĐŽŵĞ�ƚŚĞ�ŝŶƐƵůĂƚŝŶŐ�ƉƌŽƉĞƌƚŝĞƐ�ŽĨ�Ăŝƌ͘�
tŚĞŶ�ƚŚŝƐ�ŚĂƉƉĞŶƐ͕�Ă�ƐƚƌĞĂŵ�ŽĨ�ŶĞŐĂƚŝǀĞ�ĐŚĂƌŐĞƐ�ƉŽƵƌƐ�ĚŽǁŶ�ƚŽǁĂƌĚƐ�Ă�ŚŝŐŚ�ƉŽŝŶƚ�ǁŚĞƌĞ�ƉŽƐŝƚŝǀĞ�
ĐŚĂƌŐĞƐ�ŚĂǀĞ�ĐůƵƐƚĞƌĞĚ�ĚƵĞ�ƚŽ�ƚŚĞ�ƉƵůů�ŽĨ�ƚŚĞ�ƚŚƵŶĚĞƌŚĞĂĚ͘
/ŵƉŽƌƚĂŶĐĞ�ŽĨ�ĐĞŶƚƌĞ�ŽĨ�ŐƌĂǀŝƚǇ�ŝŶ�ƐƉŽƌƚƐ͗�΀ůŽǁĞƌ�ĐĞŶƚƌĞ�ŽĨ�ŐƌĂǀŝƚǇ�ŵĞĂŶƐ�ůĞƐƐ�ƚŽƌƋƵĞ�ƐŽ�ƐŚŽƌƚ�ƉĞŽƉůĞ�ĂƌĞ�
ŵŽƌĞ�ƐƵĐĐĞƐƐĨƵů�ŝŶ�ƐƉŽƌƚƐ�ůŝŬĞ�ǁĞŝŐŚƚůŝĨƚŝŶŐͮ͘�'ǇŵŶĂƐƚŝĐƐ�ŝƐ�ĂŶŽƚŚĞƌ�ƐƉŽƌƚ�ǁŚŝĐŚ�ƌĞƋƵŝƌĞƐ�ƐŽ΁

ϭϳϰ͘

:ŽŚŶ�ŵŝƚĐŚĞůů�ĐŽŝŶĞĚ�ǁŽƌĚ�Η�ǀĞŶƚ�,ŽƌŝǌŽŶΗͮ��ŶǇ�ŽďũĞĐƚ�ƚŚĂƚ�ĂƉƉƌŽĂĐŚĞƐ�ƚŚĞ�ŚŽƌŝǌŽŶ�ĨƌŽŵ�ƚŚĞ�ŽďƐĞƌǀĞƌΖƐ�
ƐŝĚĞ�ĂƉƉĞĂƌƐ�ƚŽ�ƐůŽǁ�ĚŽǁŶ�ĂŶĚ�ŶĞǀĞƌ�ƋƵŝƚĞ�ĐƌŽƐƐĞƐ�ƚŚĞ�ŚŽƌŝǌŽŶ͘��ƵĞ�ƚŽ ŐƌĂǀŝƚĂƚŝŽŶĂů�ƌĞĚƐŚŝĨƚ͕�ŝƚƐ ŝŵĂŐĞ�
ƌĞĚĚĞŶƐ�ŽǀĞƌ�ƚŝŵĞ�ĂƐ�ƚŚĞ�ŽďũĞĐƚ�ŵŽǀĞƐ�ĂǁĂǇ�ĨƌŽŵ�ƚŚĞ�ŽďƐĞƌǀĞƌ͘

ϭϳϱ͘

tŚǇ�ŝƐ�ƐĞĐŽŶĚ�ďŽŽƐƚĞƌ�ĚŽƐĞ�ŶĞĞĚĞĚ͍ ΀ĨŝƌƐƚ�ĚŽƐĞ�ŚĞůƉƐ�ǇŽƵƌ�ďŽĚǇ�ĐƌĞĂƚĞ�ĂŶ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞ͕�ǁŚŝůĞ�ƚŚĞ�
ƐĞĐŽŶĚ�ĚŽƐĞ�ŝƐ�Ă�ďŽŽƐƚĞƌ�ƚŚĂƚ�ƐƚƌĞŶŐƚŚĞŶƐ�ǇŽƵƌ�ŝŵŵƵŶŝƚǇ�ƚŽ�ƚŚĞ�ǀŝƌƵƐ͘΁

ϭϳϲ͘

�ůĂĐŬ�ŚŽůĞ�ŝŶĨŽƌŵĂƚŝŽŶ�ƉĂƌĂĚŽǆ͗�΀�ĂůĐƵůĂƚŝŽŶƐ�ƐƵŐŐĞƐƚ�ƚŚĂƚ�ƉŚǇƐŝĐĂů�ŝŶĨŽƌŵĂƚŝŽŶ�ĐŽƵůĚ�ƉĞƌŵĂŶĞŶƚůǇ�
ĚŝƐĂƉƉĞĂƌ�ŝŶ�Ă ďůĂĐŬ�ŚŽůĞ͕�ĂůůŽǁŝŶŐ�ŵĂŶǇ ƉŚǇƐŝĐĂů�ƐƚĂƚĞƐ ƚŽ�ĚĞǀŽůǀĞ�ŝŶƚŽ�ƚŚĞ�ƐĂŵĞ�ƐƚĂƚĞ͘�dŚŝƐ�ŝƐ�
ĐŽŶƚƌŽǀĞƌƐŝĂů�ďĞĐĂƵƐĞ�ŝƚ�ǀŝŽůĂƚĞƐ�Ă�ĐŽƌĞ�ƉƌĞĐĞƉƚ�ŽĨ�ŵŽĚĞƌŶ�ƉŚǇƐŝĐƐͶƚŚĂƚ͕ ŝŶ�ƉƌŝŶĐŝƉůĞ͕ ƚŚĞ�ǀĂůƵĞ�ŽĨ�Ă ǁĂǀĞ�
ĨƵŶĐƚŝŽŶ ŽĨ�Ă�ƉŚǇƐŝĐĂů�ƐǇƐƚĞŵ�Ăƚ�ŽŶĞ�ƉŽŝŶƚ�ŝŶ�ƚŝŵĞ�ƐŚŽƵůĚ�ĚĞƚĞƌŵŝŶĞ�ŝƚƐ�ǀĂůƵĞ�Ăƚ�ĂŶǇ�ŽƚŚĞƌ�ƚŝŵĞ͘΁

ϭϳϳ͘





ϭϳϴ͘





ϭϳϵ͘

sŝĞǁ�ŽŶ�ŶƵĐůĞĂƌ�ƚĞĐŚ͗�΀ĞǆƉŽƌƚ�ƉŽƚĞŶƚŝĂů͕�ĚŝǀĞƌƐŝĨǇŝŶŐ�ƚĞĐŚ�ŵŝǆ͕�ĞůĞĐƚƌŝĐŝƚǇ�ĚĞŵĂŶĚ͕�ĚĞǀĞůŽƉŵĞŶƚ�ŶĞĞĚƐ�
ĂŶĚ�ŚƵŐĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŶĞĞĚƐ͕�ĂĚǀĂŶĐĞĚ�ŚĞĂǀǇ�ǁĂƚĞƌ�ƌĞĂĐƚŽƌ�ƚĂƌŐĞƚͮ�ǁĂƐƚĞ͕�ĂĐĐŝĚĞŶƚ͕�ĞĨĨĞĐƚ�ŽŶ�ŵĂƌŝŶĞ�
ǁĂƚĞƌ�ĚŝƐĐŚĂƌŐĞ�ĂŶĚ�ŝŶŝƚŝĂů�ĐĂƉŝƚĂů�ĐŽƐƚ΁

^ŽůĂƌ�ƉŽǁĞƌ͗�΀ŽǀĞƌĂŵďŝƚŝŽƵƐͮ�ƐŽĐŝĂů�ĐŽƐƚ�ĂŶĚ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ĐŽƐƚͮ�ƐŽůĂƌ�ƌŽŽĨƚŽƉ�ůĞƐƐĞƌ�ĂŶĚ�ŶĞĞĚƐ�ŵŽƌĞ�
Dt�ƉůĂŶƚƐ΁ͮ�΀ƌĞůŝĂďŝůŝƚǇ�ĂŶĚ�ŝŶƚĞŐƌĂƚŝŽŶ�ŽĨ�ĞĐŽƐǇƐƚĞŵͮ�ŝŵƉŽƌƚ�ĚĞƉĞŶĚĞŶĐĞ�ŽŶ�ƚĞĐŚͮ�ĞͲǁĂƐƚĞͮ�ŶĞĞĚ�
ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƐƚŽƌĂŐĞ�ƐǇƐƚĞŵͮ�ďĂƚƚĞƌǇ�ĂŶĚ�ƐƚŽƌĂŐĞ�ƚĞĐŚ΁ͮ�΀ĨŝƌƐƚ�ƐŽůĂƌ�ƉŽǁĞƌĞĚ���Dhͮ�ŐŝǀŝŶŐ�ƐƉĂĐĞ�ƚŽ�
ƐŽůĂƌ�ƉĂŶĞůƐ�ůŝŬĞ�ƐŽĐŝĂů�ďĂƌƌŝĞƌƐͮ�ƐƵďƐŝĚǇ�ŽŶ�ƉĂŶĞůƐ΁

�ŝŽƚĞĐŚ͗�΀΁
/WZ͗�΀΁





tŚĂƚ�ŝƐ�ĚŝĨĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ŶĞďƵůŝǌĞƌ͕�ǀĞŶƚŝůůĂƚŽƌ�ĂŶĚ���DK͍�΀

/ŶĚŝĂ�ǁŝůů�ǁŽƌŬ�ŽƵƚ�Ă�ƉŽůŝĐǇ�ƚŽ ŝŶƐƚŝƚƵƚŝŽŶĂůŝƐĞ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ĚĞǀĞůŽƉŵĞŶƚ�ŽŶ�ƚŚĞ�ŶĞǆƚ�ŐĞŶĞƌĂƚŝŽŶ�ŽĨ�
ďĂƚƚĞƌǇ�ƚĞĐŚŶŽůŽŐŝĞƐ�ĨŽƌ�ĞůĞĐƚƌŝĐ�ǀĞŚŝĐůĞƐ͕�ůŝŬĞ�ŵĞƚĂůͲŝŽŶ͕�ŵĞƚĂů�Ăŝƌ͕�ŚǇĚƌŽŐĞŶ�ĨƵĞů�ĐĞůů͕ ĞƚĐ͕�ƚŽ�ƌĞƉůĂĐĞ�
ůŝƚŚŝƵŵͲŝŽŶ�ďĂƚƚĞƌŝĞƐ�ĂŶĚ ƌĞĚƵĐĞ�/ŶĚŝĂ͛Ɛ�ĚĞƉĞŶĚĞŶĐĞ�ŽŶ�ŽƚŚĞƌ�ĐŽƵŶƚƌŝĞƐ�ĨŽƌ�ŝƚƐ�ŝŵƉŽƌƚ�ǁŝƚŚŝŶ�ƚŚŝƐ�
ĚĞĐĂĚĞ͘

ͻ





�ŝĨĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ��ŽƐŵŽůŽŐǇ͕��ƐƚƌŽƉŚǇƐŝĐƐ�ĂŶĚ��ƐƚƌŽŶŽŵǇ͗ ΀�ŽƐŵŽůŽŐǇ�ƐƚƵĚŝĞƐ�ƵŶŝǀĞƌƐĞ�ĂƐ�Ă�ǁŚŽůĞ�
;ĞǀŽůƵƚŝŽŶͿ ĂŶĚ�ŝƚƐ�ƉŚĞŶŽŵĞŶĂ�Ăƚ�ůĂƌŐĞƐƚ�ƐĐĂůĞƐ�ƵŶůŝŬĞ��ƐƚƌŽŶŽŵǇͬ�ƐƚƌŽƉŚǇƐŝĐƐ͕�ǁŚŝĐŚ�ƐƚƵĚǇ�ŝŶĚŝǀŝĚƵĂů�
ŽďũĞĐƚƐ͘ �ŶĚ�ƚŚĞŶ��ƐƚƌŽŶŽŵǇ�ŝƐ�ƉƌŝŵĂƌŝůǇ�ĐŽŶĐĞƌŶĞĚ�ǁŝƚŚ�ŽďƐĞƌǀŝŶŐ�ĂŶĚ�ŵĞĂƐƵƌŝŶŐ�ƚŚĞ�ƌĞůĂƚŝǀĞ�
ƉŽƐŝƚŝŽŶƐ�ĂŶĚ�ƉĂƚŚƐ�ƚŚĂŶ�ŐŝǀŝŶŐ�ĞǆƉůĂŶĂƚŝŽŶƐ͘�KŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕��ƐƚƌŽƉŚǇƐŝĐƐ�ĂŶĚ��ŽƐŵŽůŽŐǇ�ƚƌǇ�ƚŽ�
ĞǆƉůĂŝŶ�ƚŚĞ�ƉŚĞŶŽŵĞŶŽŶ�ŽďƐĞƌǀĞĚ͘΁

ͻ

tŚĂƚ�ŝƐ�^ƚƌŝŶŐ�ƚŚĞŽƌǇ ͗ /ƚ�ƉƌŽƉŽƐĞƐ�ƚŚĂƚ�ƚŚĞ ĨƵŶĚĂŵĞŶƚĂů�ĐŽŶƐƚŝƚƵĞŶƚƐ�ŽĨ�ƚŚĞ�ƵŶŝǀĞƌƐĞ�ĂƌĞ�ŽŶĞͲ
ĚŝŵĞŶƐŝŽŶĂů�͞ƐƚƌŝŶŐƐ͟ ƌĂƚŚĞƌ�ƚŚĂŶ�ƉŽŝŶƚͲůŝŬĞ�ƉĂƌƚŝĐůĞƐ͘�tŚĂƚ�ǁĞ ƉĞƌĐĞŝǀĞ�ĂƐ�ƉĂƌƚŝĐůĞƐ�ĂƌĞ�ĂĐƚƵĂůůǇ�
ǀŝďƌĂƚŝŽŶƐ�ŝŶ�ůŽŽƉƐ�ŽĨ�ƐƚƌŝŶŐ͕�ĞĂĐŚ�ǁŝƚŚ�ŝƚƐ�ŽǁŶ�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐ�ĨƌĞƋƵĞŶĐǇ͘�ͮ�ϭϭ�ĚŝŵĞŶƐŝŽŶƐ

ͻ

�ĂŶ�ŝƚ�ďĞ�ƚŚĞŽƌǇ�ŽĨ�ĞǀĞƌǇƚŚŝŶŐ͍͗�΀
,Žǁ�ĚŽĞƐ�Ă�ŐƵŶ�ǁŽƌŬ͍ ΀�ůů�ĨŝƌĞĂƌŵ�ƵƐĞƐ�ƚŚĞ�ďĂƐŝĐ�ƉƌŝŶĐŝƉůĞƐ͘�&ŝƌƐƚ͕�ƚŚĞ�ƚƌŝŐŐĞƌ�ŝƐ�ƉƵůůĞĚ͕�ƚŚĞŶ�ĐĂƵƐŝŶŐ�Ă�
ĨŝƌŝŶŐ�ƉŝŶ�ƚŽ�ƐƚƌŝŬĞ�ƚŚĞ�ƉƌŝŵĞƌ͕�ƚŚĞ�ƉƌŝŵĞƌ�ĨŝƌĞ�ƵƉ�ƚŚĞ�ŐƵŶƉŽǁĚĞƌ ĂŶĚ�ƚŚĞ�ĨůĂŵŝŶŐ�ƉŽǁĚĞƌ�ŐĞŶĞƌĂƚĞƐ�
ƉƌĞƐƐƵƌĞ͕�ƚŚĞ�ƉƌĞƐƐƵƌĞ�ƉƵƐŚĞƐ�ƚŚĞ�ďƵůůĞƚ�ĚŽǁŶ ƚŚĞ�ďĂƌƌĞů�ĂŶĚ�ŽƵƚ�ƚŚĞ�ŵƵǌǌůĞ͘΁

ͻ

�ĞĨŝŶŝŶŐ�ĨĞĂƚƵƌĞ�ŽĨ�Ă ĐŽƌŽŶĂǀŝƌƵƐ ŝƐ�ƚŚĞ�ƐƉŝŬĞ�ƉƌŽƚĞŝŶ�ŽŶ�ŝƚƐ�ƐƵƌĨĂĐĞ͘ dŚĞ�ƐƉŝŬĞ�ƉƌŽƚĞŝŶ�ŝŶŝƚŝĂƚĞƐ�
ŝŶĨĞĐƚŝŽŶ�ďǇ�ďŝŶĚŝŶŐ�ǁŝƚŚ�Ă�ŚŽƐƚ�ƉƌŽƚĞŝŶ͕�ĐĂůůĞĚ����Ϯ�ƌĞĐĞƉƚŽƌ͘��ŝĨĨĞƌĞŶƚ�ƐƉĞĐŝĞƐ�ĞǆƉƌĞƐƐ����Ϯ�ƚŽ�
ĚŝĨĨĞƌĞŶƚ�ĞǆƚĞŶƚƐ͕�ĂŶĚ�ƚŚŝƐ�ƉůĂǇƐ�Ă�ŬĞǇ�ƌŽůĞ�ŝŶ�ĚĞƚĞƌŵŝŶŝŶŐ�ŚŽǁ�ŵƵĐŚ�Ă�ƐƉĞĐŝĞƐ�ŝƐ�ƐƵƐĐĞƉƚŝďůĞ�ƚŽ�
ĐŽƌŽŶĂǀŝƌƵƐ�ŝŶĨĞĐƚŝŽŶͮ͘��ŽŵĞƐƚŝĐ�ĐĂƚƐ�ĂŶĚ�ůŝŽŶƐ�ŚĂǀĞ�ŵŽƌĞ����Ϯ�ƌĞĐĞƉƚŽƌƐ�ƚŚĂŶ�ŽƚŚĞƌ�ĂŶŝŵĂůƐͮ����
ƌĞƐƉĞĐƚĞĚ�ƌĞƐĞĂƌĐŚ�ũŽƵƌŶĂů�W>K^�ĨŽƵŶĚ�ƚŚĂƚ�Η�ƚ�ǀĞƌǇ�ŚŝŐŚ�ƌŝƐŬ�ĂƌĞ�ƉƌŝŵĂƚĞƐ�ƐƵĐŚ�ĂƐ�ĐŚŝŵƉĂŶǌĞĞ�ƌŚĞƐƵƐ�
ŵĂĐĂƋƵĞ͘��ƚ�ŚŝŐŚ�ƌŝƐŬ�ĂƌĞ�ƐƉĞĐŝĞƐ�ƐƵĐŚ�ĂƐ�ďůƵĞͲĞǇĞĚ�ďůĂĐŬ�ůĞŵƵƌ͘��ĂƚƐ�ǁĞƌĞ�ĨŽƵŶĚ�ƚŽ�ŚĂǀĞ�Ă�ŵĞĚŝƵŵ�
ƌŝƐŬ͕�ǁŚŝůĞ�ĚŽŐƐ�ŚĂĚ�Ă�ůŽǁ�ƌŝƐŬ͘Η

ͻ

�ŝĨĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ��Z�K�ĂŶĚ�/^ZK͗�΀/^ZK�ǁŽƌŬƐ�ƵŶĚĞƌ�WDK ƵŶůŝŬĞ��Z�K�ǁŚŝĐŚ�ŚĂƐ�ƚŽ ƌĞůǇ�ŽŶ�
ďƵƌĞĂƵĐƌĂĐǇͮ�/^ZK�ŚĂƐ�ŚĂĚ�ďĞƚƚĞƌ�ůĞŐĂĐǇ�ŽĨ�ůĞĂĚĞƌƐŚŝƉͮ�ĚĞĐĞŶƚƌĂůŝǌĞĚ ůĞĂĚĞƌƐŚŝƉ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ĨŝŶĂŶĐŝĂů�
ĂƵƚŽŶŽŵǇ΁

ͻ

�Ƶƚ��Z�K�ŚĂĚ�ůĞĂĚĞƌƐŚŝƉ�ŽĨ�<ĂůĂŵ�ďƵƚ�ŝƚ�ŚĂƐ�ďĞĞŶ�ƵŶĞǀĞŶ ͕�ĨƵŶĚƐ�ĂƵƚŽŶŽŵǇ�ŚĂƐ�ďĞĞŶ�ůĞƐƐĞƌ ĂŶĚ�
ďƵƌĞĂƵĐƌĂƚŝĐ�ĐŽŶƚƌŽů ;ƌƵůĞƐ�ďĂƐĞĚ�ĨŽĐƵƐ�ƌĂƚŚĞƌ�ƚŚĂŶ�ŶĞĞĚ�ďĂƐĞĚͿͮ�ǁŚĂƚ�ƚŽ�ĚŽ͗�ŝŶĐƌĞĂƐŝŶŐ�ĂƵƚŽŶŽŵǇ�ĨŽƌ�
ĨƵŶĚƐ�ĚŝƐďƵƌƐĂů͕

�ŝŶƐƚĞŝŶ�ĐŽŶƐƚĂŶƚ�ďůƵŶĚĞƌ͗�΀ĐŽƐŵŽůŽŐŝĐĂů�ĐŽŶƐƚĂŶƚ ŝŶƚŽ�ŚŝƐ�ƚŚĞŽƌǇ�ŽĨ�ŐĞŶĞƌĂů�ƌĞůĂƚŝǀŝƚǇ�ƚŽ�ĨŽƌĐĞ�ƚŚĞ�
ĞƋƵĂƚŝŽŶƐ� ƚŽ ƉƌĞĚŝĐƚ�Ă�ƐƚĂƚŝŽŶĂƌǇ�ƵŶŝǀĞƌƐĞͮ�tŚĞŶ�ŝƚ�ďĞĐĂŵĞ�ĐůĞĂƌ�ƚŚĂƚ�ƚŚĞ�ƵŶŝǀĞƌƐĞ�ǁĂƐŶΖƚ�ĂĐƚƵĂůůǇ�
ƐƚĂƚŝĐ͕�ďƵƚ�ǁĂƐ�ĞǆƉĂŶĚŝŶŐ�ŝŶƐƚĞĂĚ͕��ŝŶƐƚĞŝŶ�ĂďĂŶĚŽŶĞĚ�ƚŚĞ�ĐŽŶƐƚĂŶƚ͕�ĐĂůůŝŶŐ�ŝƚ�ƚŚĞ�ΖΗďŝŐŐĞƐƚ�ďůƵŶĚĞƌΗ�ŽĨ�ŚŝƐ�
ůŝĨĞͮ͘�ĐŽƐŵŽůŽŐŝĐĂů�ĐŽŶƐƚĂŶƚ�ŝƐ�ƚŚĞ�ďĞƐƚ�Ĩŝƚ�ĨŽƌ�ĚĂƌŬ�ĞŶĞƌŐǇ͘΁

ͻ

tŚǇ�ǁĂƐ��ŝŶƐƚĞŝŶ�ƐŬĞƉƚŝĐĂů�ŽĨ�ƋƵĂŶƚƵŵ�ĞĨĨĞĐƚ͗ ΀tŽƌůĚ�ǁĂƐ�ĚĞƚĞƌŵŝŶŝƐƚŝĐͮ�ŶŽƚ�ŝŵĂŐŝŶĂďůĞ�ĂƐ�ŚĞ�
ĐŽŶƐŝĚĞƌĞĚ�ƉŚŝůŽƐŽƉŚǇ�ŽĨ�ƉŚǇƐŝĐƐ�ƚŽ�ďĞ�ďĂƐĞĚ�ŽŶ�ŝŵĂŐŝŶĂƚŝŽŶͮ�ĂƐ�ŚĞ�ĐŽƵůĚ�ŶŽƚ�ŐĞƚ�ĂŶƐǁĞƌƐ�ĂŶĚ�ŐŽƚ�
ĂŶƐǁĞƌ�'ŽĚ�ĂƐ�ĂŶƐǁĞƌ͘΁

tŚĂƚ�ŝƐ�ZdW�Z�ƚĞƐƚ͗�΀ZĞǀĞƌƐĞ�ƚƌĂŶƐĐƌŝƉƚŝŽŶ�ƉŽůǇŵĞƌĂƐĞ�ĐŚĂŝŶ�ƌĞĂĐƚŝŽŶͮ�ĐŽŵďŝŶŝŶŐ�ƌĞǀĞƌƐĞ�ƚƌĂŶƐĐƌŝƉƚŝŽŶ�ͻ





ŽĨ�ZE��ŝŶƚŽ��E� ĂŶĚ ĂŵƉůŝĨŝĐĂƚŝŽŶ�ŽĨ�ƐƉĞĐŝĨŝĐ��E��ƚĂƌŐĞƚƐ�ƵƐŝŶŐ�ƉŽůǇŵĞƌĂƐĞ�ĐŚĂŝŶ�ƌĞĂĐƚŝŽŶ ƚŽ�ŵĞĂƐƵƌĞ�
ĂŵŽƵŶƚ�ŽĨ�ZE�΁ͮ�dƌĂŶƐĐƌŝƉƚŝŽŶ�ŝƐ�ƚŚĞ�ƉƌŽĐĞƐƐ�ŽĨ�ĐŽƉǇŝŶŐ�Ă�ƐĞŐŵĞŶƚ�ŽĨ��E��ŝŶƚŽ�ZE�ͮ͘�ĚŝƐĂĚǀĂŶƚĂŐĞƐ�ĂƌĞ�
ƚŚĞ ĨŝŶĂŶĐŝĂů�ĐŽƐƚ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĞ�ĂŶƚŝŐĞŶ�ƚĞƐƚƐ͕�ƚŚĞ�ůŽŶŐĞƌ�ĞǀĂůƵĂƚŝŽŶ�ƚŝŵĞ�;ϮͲϱ�ŚŽƵƌƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ϯϬ�
ŵŝŶƵƚĞƐ�ŽĨ�Z��dͿ͕�ĂŶĚ�ŶĞĞĚ�ĨŽƌ�ŚŝŐŚůǇ�ƉƌŽĨĞƐƐŝŽŶĂů�ƐƚĂĨĨ�ĨŽƌ�ƐĂŵƉůĞ�ŚĂŶĚůŝŶŐ�ǁŚŝĐŚ�ŝƐ�ĂĚĚƌĞƐƐĞĚ�ďǇ�
ĂŶƚŝŐĞŶ�ƚĞƐƚ�ďƵƚ�ŝƚƐ�ŶŽƚ�ĂĐĐƵƌĂƚĞ͘
tŚĂƚ�ŝƐ�ĂŶƚŝŐĞŶ�ƚĞƐƚ͗�΀ƌĂƉŝĚ�ĂŶƚŝŐĞŶ�ĚĞƚĞĐƚŝŽŶ�ƚĞƐƚ�;Z��dͿͮ�ƚĞƐƚ�ŽŶ�ƐǁĂďďĞĚ�ŶĂƐĂů�ƐĂŵƉůĞƐ ƚŚĂƚ�ĚĞƚĞĐƚƐ�
ĂŶƚŝŐĞŶƐ�;ĨŽƌĞŝŐŶ�ƐƵďƐƚĂŶĐĞƐ�ƚŚĂƚ�ŝŶĚƵĐĞ�ĂŶ�ŝŵŵƵŶĞ�ƌĞƐƉŽŶƐĞ ŝŶ�ƚŚĞ�ďŽĚǇͿͮ�ŚŝŐŚĞƌ�ĐŚĂŶĐĞƐ�ŽĨ�ĨĂůƐĞ�
ŶĞŐĂƚŝǀĞƐ�ďĞĐĂƵƐĞ�ĂŶƚŝďŽĚŝĞƐ�ƵƐĞĚ�ƚŽ�ĚĞƚĞĐƚ�ĂŶƚŝŐĞŶ�ƐŝŐŶĂůƐ�ĂƌĞ�ŽĨƚĞŶ�ĐŽŶĨƵƐĞĚ�ƚŽ�ƌĞĂĐƚ͘΁

ͻ

tŚĂƚ�ŝƐ�ƐƵƌĨĂĐĞ�ƚĞŶƐŝŽŶ�ĂŶĚ�ŝƚΖƐ�ŝŵƉůŝĐĂƚŝŽŶƐ͗�΀FRKHVLYH ĨŽƌĐĞƐ�ďĞƚǁĞĞŶ�ůŝƋƵŝĚ�ŵŽůĞĐƵůĞƐ�ĂƌĞ�
ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞ�ƉŚĞŶŽŵĞŶŽŶ�ŬŶŽǁŶ�ĂƐ�ƐƵƌĨĂĐĞ�ƚĞŶƐŝŽŶ͘ ͮ� FRKHVLYH�IRUFHV ďĞƚǁĞĞŶ�ŵŽůĞĐƵůĞƐ�ĚŽǁŶ�
ŝŶƚŽ�Ă�ůŝƋƵŝĚ�ĂƌĞ�ƐŚĂƌĞĚ�ǁŝƚŚ�Ăůů�ŶĞŝŐŚďŽƌŝŶŐ�ĂƚŽŵƐ͘�dŚŽƐĞ�ŽŶ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŚĂǀĞ�ŶŽ�ŶĞŝŐŚďŽƌŝŶŐ�ĂƚŽŵƐ�
ĂďŽǀĞ͕�ĂŶĚ�ĞǆŚŝďŝƚ�ƐƚƌŽŶŐĞƌ�ĂƚƚƌĂĐƚŝǀĞ�ĨŽƌĐĞƐ�ƵƉŽŶ�ƚŚĞŝƌ�ŶĞĂƌĞƐƚ�ŶĞŝŐŚďŽƌƐ�ŽŶ�ƚŚĞ�ƐƵƌĨĂĐĞ͘ dŚŝƐ�
ĞŶŚĂŶĐĞŵĞŶƚ�ŽĨ�ƚŚĞ�ŝŶƚĞƌŵŽůĞĐƵůĂƌ�ĂƚƚƌĂĐƚŝǀĞ�ĨŽƌĐĞƐ�Ăƚ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŝƐ�ĐĂůůĞĚ VXUIDFH�WHQVLRQͮ͘ ^ƵƌĨĂĐĞ�
ƚĞŶƐŝŽŶ�ĚĞĐƌĞĂƐĞƐ�ǁŝƚŚ�ƚĞŵƉĞƌĂƚƵƌĞͮ�,Žƚ�ǁĂƚĞƌ�ŝƐ�Ă ďĞƚƚĞƌ�ĐůĞĂŶŝŶŐ�ĂŐĞŶƚ�ďĞĐĂƵƐĞ�ƚŚĞ�ůŽǁĞƌ�ƐƵƌĨĂĐĞ�
ƚĞŶƐŝŽŶ�ŵĂŬĞƐ�ŝƚ�Ă�ďĞƚƚĞƌ�ΗǁĞƚƚŝŶŐ�ĂŐĞŶƚΗ�ƚŽ�ŐĞƚ�ŝŶƚŽ�ƉŽƌĞƐ�ĂŶĚ�ĨŝƐƐƵƌĞƐ�ƌĂƚŚĞƌ�ƚŚĂŶ�ďƌŝĚŐŝŶŐ�ƚŚĞŵ�ǁŝƚŚ�
ƐƵƌĨĂĐĞ�ƚĞŶƐŝŽŶ͘ ^ŽĂƉƐ�ĂŶĚ�ĚĞƚĞƌŐĞŶƚƐ�ĨƵƌƚŚĞƌ�ůŽǁĞƌ�ƚŚĞ�ƐƵƌĨĂĐĞ�ƚĞŶƐŝŽŶͮ͘�ĂĚŚĞƐŝŽŶ�ŝƐ�ƚŚĞ�ĨŽƌĐĞ�ŽĨ�
ĂƚƚƌĂĐƚŝŽŶ�ďĞƚǁĞĞŶ�ƚŚĞ�ƉĂƌƚŝĐůĞƐ�ŽĨ�ĚŝĨĨĞƌĞŶƚ�ŵĂƚƚĞƌ�ĂŶĚ�ĐŽŚĞƐŝǀĞ�ĨŽƌĐĞ�ŝƐ�ƚŚĞ�ĂƚƚƌĂĐƚŝŽŶ�ďĞƚǁĞĞŶ�ƚŚĞ�
ƉĂƌƚŝĐůĞƐ�ŽĨ�ƐĂŵĞ�ŵĂƚƚĞƌͮ͘�^ƵƌĨĂĐĞ�ƚĞŶƐŝŽŶ ŝƐ�ƚŚĞ�ƚĞŶĚĞŶĐǇ�ŽĨ ůŝƋƵŝĚ ƐƵƌĨĂĐĞƐ�Ăƚ�ƌĞƐƚ�ƚŽ�ƐŚƌŝŶŬ�ŝŶƚŽ�ƚŚĞ�
ŵŝŶŝŵƵŵ ƐƵƌĨĂĐĞ�ĂƌĞĂ ƉŽƐƐŝďůĞ͘

ͻ





ͻ

,Žǁ�ĚŽĞƐ�ƚŚĞƌŵŽŵĞƚĞƌ�ǁŽƌŬ͍�΀ƚŚĞƌŵŽŵĞƚĞƌŵĞĂƐƵƌĞƐ�ƚĞŵƉĞƌĂƚƵƌĞ�ƚŚƌŽƵŐŚ�Ă�ŐůĂƐƐ�ƚƵďĞ�ƐĞĂůĞĚ�
ǁŝƚŚ�ŵĞƌĐƵƌǇ�ƚŚĂƚ�ĞǆƉĂŶĚƐ�Žƌ�ĐŽŶƚƌĂĐƚƐ�ĂƐ�ƚŚĞ�ƚĞŵƉĞƌĂƚƵƌĞ�ƌŝƐĞƐ�Žƌ�ĨĂůůƐͮ ŚŝŐŚ�ďŽŝůŝŶŐ�ƉŽŝŶƚ�ĂŶĚ�ŚŝŐŚ�
ĐŽĞĨĨŝĐŝĞŶƚ�ŽĨ�ĞǆƉĂŶƐŝŽŶ�ĚĞƐƉŝƚĞ�ďĞŝŶŐ�ƉŽŽƌĞƐƚ�ĐŽŶĚƵĐƚŽƌ�ŚĞĂƚ΁

ͻ

tŚĂƚ�ŝƐ�ďƵŽǇĂŶƚ�ĨŽƌĐĞ͍ ΀��ĞůŽǁ�ĞǆĂŵƉůĞ�ƐŚŽǁƐ�ŚŽǁ�ďƵŽǇĂŶƚ�ĨŽƌĐĞ�ĐĂŶ�ďĞ�ƵƐĞĚ�ƚŽ�ĚĞƚĞĐƚ�ŚŽůůŽǁŶĞƐƐ�ŽĨ�
ŐŽůĚ�ĐƌŽǁŶ�ďǇ�ĨŝŶĚŝŶŐ�ĚŝƐĐƌĞƉĂŶĐǇ�ŝŶ�ĚĞŶƐŝƚǇ΁

ͻ





ͻ

�ŝĨĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ǁĂǀĞ�ĂŶĚ�ĐƵƌƌĞŶƚ͗�΀ĚŝĨĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�Ă�ǁĂǀĞ�ĂŶĚ�Ă�ĐƵƌƌĞŶƚ�;ŽĨ�ǁĂƚĞƌͿ�ǁĂƐ�
ĐůĞĂƌůǇ�ƵŶĚĞƌƐƚŽŽĚ͖�Ă ĐƵƌƌĞŶƚ�ŝƐ�Ă�ŵŽƚŝŽŶ�ŽĨ�ƉĂƌƚŝĐůĞƐ�ŽĨ�ǁĂƚĞƌ�ƵŶĚĞƌ�ŐƌĂǀŝƚǇ�ĂŶĚ�ĨůƵŝĚŝƚǇ�ǁŚŝůĞ�Ă�ǁĂǀĞ�
ƌĞƐƵůƚƐ�ĨƌŽŵ�ƚŚĞ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ŽĨ�ǀŝďƌĂƚŝŽŶƐ�ŽĨ�ǁĂƚĞƌ�ƉĂƌƚŝĐůĞƐ͘΁

ͻ

ϱ�ƐŝŐŵĂ�ƌƵůĞ͗�΀ƐƚĂŶĚĂƌĚ�ĚĞǀŝĂƚŝŽŶ�ĐĂŶ�ƉƌŽǀŝĚĞ�Ă�ǇĂƌĚƐƚŝĐŬ͗�/Ĩ�Ă�ĚĂƚĂ�ƉŽŝŶƚ�ŝƐ�Ă�ĨĞǁ�ƐƚĂŶĚĂƌĚ�ĚĞǀŝĂƚŝŽŶƐ�
ĂǁĂǇ�ĨƌŽŵ�ƚŚĞ�ŵŽĚĞů�ďĞŝŶŐ�ƚĞƐƚĞĚ͕�ƚŚŝƐ�ŝƐ�ƐƚƌŽŶŐ�ĞǀŝĚĞŶĐĞ�ƚŚĂƚ�ƚŚĞ�ĚĂƚĂ�ƉŽŝŶƚ�ŝƐ�ŶŽƚ�ĐŽŶƐŝƐƚĞŶƚ�ǁŝƚŚ�ƚŚĂƚ�
ŵŽĚĞů͘ ͮ�ĚĞǀŝĂƚŝŽŶ�ŽĨ�ϱ�ŝƐ�ĐŽŶƐŝĚĞƌĞĚ�Ă�ĐŚĂŶĐĞ�ŽĨ�ĞǆŝƐƚĞŶĐĞ�ŽĨ�ĂŶŽƚŚĞƌ�ƉĂƌƚŝĐůĞ΁

ͻ

�ĞĨŝŶĞ�ďŝŽƉŚǇƐŝĐƐ͗�΀ƐĐŝĞŶĐĞ�ŽĨ�ƚŚĞ�ĂƉƉůŝĐĂƚŝŽŶ�ŽĨ�ƚŚĞ�ůĂǁƐ�ŽĨ�ƉŚǇƐŝĐƐ�ƚŽ�ďŝŽůŽŐŝĐĂů�ƉŚĞŶŽŵĞŶĂͮ͘�/ŶĚŝĂŶ�
ŽƌŝŐŝŶ�sĞŬŝ�ƌĂŵĂŬƌŝƐŚŶĂ�ǁŽŶ�ŶŽďĞů�ĨŽƌ�ďŝŽƉŚǇƐŝĐƐ�ŝŶ�ϮϬϬϵ�ĨŽƌ�ƐƚƵĚŝĞƐ�ŽĨ�ƚŚĞ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ĨƵŶĐƚŝŽŶ�ŽĨ�
ƚŚĞ ZŝďŽƐŽŵĞͮ�ŵŝŶƵƚĞ�ƉĂƌƚŝĐůĞ�ĐŽŶƐŝƐƚŝŶŐ�ŽĨ�ZE��ĂŶĚ�ĂƐƐŽĐŝĂƚĞĚ�ƉƌŽƚĞŝŶƐ ĨŽƵŶĚ�ŝŶ�ůĂƌŐĞ�ŶƵŵďĞƌƐ�ŝŶ�ƚŚĞ�
ĐǇƚŽƉůĂƐŵ�ŽĨ�ůŝǀŝŶŐ�ĐĞůůƐ͘�dŚĞǇ�ďŝŶĚ�ŵĞƐƐĞŶŐĞƌ�ZE��ĂŶĚ�ƚƌĂŶƐĨĞƌ�ZE��ƚŽ�ƐǇŶƚŚĞƐŝǌĞ�ƉŽůǇƉĞƉƚŝĚĞƐ�ĂŶĚ�
ƉƌŽƚĞŝŶƐ͘΁

ͻ

tŚǇ�ŝƐ�ďŝŽĚŝĞƐĞů�ŶŽƚ�ŐĂƌŶĞƌŝŶŐ�ƚƌĂĐƚŝŽŶ͗�΀ϮϬϭϴ��ŝŽĨƵĞů�WŽůŝĐǇ ŚĂƐ�ƚŚĞ�ŽďũĞĐƚŝǀĞ�ŽĨ�ƌĞĂĐŚŝŶŐ�ϮϬй�ĞƚŚĂŶŽůͲ
ďůĞŶĚŝŶŐ�ĂŶĚ�ϱй�ďŝŽĚŝĞƐĞůͲďůĞŶĚŝŶŐ�ďǇ�ƚŚĞ�ǇĞĂƌ�ϮϬϯϬͮ͘�ƐƵƉƉůǇ�ĐŚĂŝŶ�ƌĞƋƵŝƌĞƐ�ŵŽƌĞ�ƚŝŵĞ�ƚŽ�ďĞ�
ĚĞǀĞůŽƉĞĚͮ�ĐŽŶƐŝĚĞƌĞĚ�ůĞƐƐ�ĞĨĨŝĐŝĞŶƚ΁

ͻ

�ŽƐĞͲĞŝŶƐƚĞŝŶ�ĐŽŶĚĞŶƐĂƚĞ͗ ΀ϱƚŚ�ƚĞŵƉĞƌĂƚƵƌĞͮ�ĐŽŽůŝŶŐ�ƚŽ�ǀĞƌǇ�ůŽǁ�ƚĞŵƉĞƌĂƚƵƌĞͮ�ůŽǁ�ƚĞŵƉĞƌĂƚƵƌĞ�ůĞĂĚƐ�
ƚƉŽ�ďŽƐŽŶƐ΁�

ͻ

>ŝŶŬĂŐĞ�ǁŝƚŚ�ƵŶŝǀĞƌƐĞ͗ ΀
ZĞĚƵĐŝŶŐ�Ăŝƌ�ƉŽůůƵƚŝŽŶ�ĚƵĞ�ƚŽ�ŵŽďŝůŝƚǇ�ŝŶ��ĞůŚŝ͗�΀ĚĞĐŽŶŐĞƐƚ�ƚƌĂĨĨŝĐͮ�ƉƌŽŵŽƚĞ�ƵƐĞ�ŽĨ�ƉƵďůŝĐ�ƚƌĂŶƐƉŽƌƚ�ůŝŬĞ�
ĞǆƉĂŶĚŝŶŐ�ŵĞƚƌŽ�ĂŶĚ��d��ďƵƐĞƐͮ�ŝŶĐƌĞĂƐĞ�ŐƌĞĞŶ�ĐŽǀĞƌ΁

ͻ

/ŵƉŽƌƚĂŶĐĞ�ŽĨ�ĞĐŽůŽŐŝĐĂů�ƉĂƌŬ͗ ΀�ŽŶƐĞƌǀĂƚŝŽŶ�ŽĨ�ďŝŽĚŝǀĞƌƐŝƚǇͮ�ƚŽƵƌŝƐŵͮ�ƐƵƉƉŽƌƚ�ŐƌĞĞŶ�ĐŽǀĞƌ�ƚŽ�ĂĚĚƌĞƐƐ�
ŝƐƐƵĞ�ŽĨ�ƉŽůůƵƚŝŽŶ΁

ͻ

tŚĂƚ�ŝƐ�ƐƵƉĞƌŐƌĂǀŝƚǇ͍ ΀ƐƵƉĞƌƐǇŵŵĞƚƌǇ͗�ĐŽŶũĞĐƚƵƌĞĚ�ƐǇŵŵĞƚƌǇ�ǁŚŝĐŚ�ƉĂŝƌƐ�ĞǀĞƌǇ�ĨĞƌŵŝŽŶ�ǁŝƚŚ�Ă�ďŽƐŽŶ͘�ͻ





&Žƌ�ŝŶƐƚĂŶĐĞ͕�ƚŚĞ�ƐƉŝŶ�ŽŶĞ�ƉŚŽƚŽŶ�ǁŽƵůĚ�ŚĂǀĞ�Ă�ƐƉŝŶͲϭͬϮ�ƉĂƌƚŶĞƌ�ĐĂůůĞĚ�ƚŚĞ�ΗƉŚŽƚŝŶŽ͘Ηͮ�
>ĂŐƌĂŶŐŝĂŶ�ŽĨ�Ă�ƚŚĞŽƌǇ�ƚŽ�ďĞ�ůŽĐĂůůǇ�ŝŶǀĂƌŝĂŶƚ�ƵŶĚĞƌ�ƐƵƉĞƌƐǇŵŵĞƚƌǇ ƚƌĂŶƐĨŽƌŵĂƚŝŽŶƐ͕�ŽŶĞ�ŽďƚĂŝŶƐ�Ă�
ƚŚĞŽƌǇ�ĐĂůůĞĚ�ƐƵƉĞƌŐƌĂǀŝƚǇͮ͘�ƌĞƋƵŝƌĞŵĞŶƚ�ŝŶ�ƐƵƉĞƌŐƌĂǀŝƚǇ�ŽĨ�ůŽĐĂů�ƐƵƉĞƌƐǇŵŵĞƚƌǇ�ŝŵƉůŝĞƐ�ƚŚĞ�ĞǆŝƐƚĞŶĐĞ�ŽĨ�
Ă�ƐƉŝŶͲϯͬϮ�ƉĂƌƚŝĐůĞ�ĐĂůůĞĚ�ƚŚĞ�ŐƌĂǀŝƚŝŶŽ͘�dŚĞŶ�ƐƵƉĞƌƐǇŵŵĞƚƌǇ�ƌĞƋƵŝƌĞƐ�ƚŚĞ�ĞǆŝƐƚĞŶĐĞ�ŽĨ�ŝƚƐ�ƐƉŝŶͲϮ�
ƐƵƉĞƌƐǇŵŵĞƚƌŝĐ�ƉĂƌƚŶĞƌ͕�ƚŚĞ�ŐƌĂǀŝƚŽŶ͕�ǁŚŝĐŚ�ŝƐ�ƚŚĞ�ƋƵĂŶƚƵŵ�ƉĂƌƚŝĐůĞ�ŽĨ�ŐƌĂǀŝƚǇͮ͘�ŵŽĚĞƌŶ ĨŝĞůĚ�ƚŚĞŽƌǇ ƚŚĂƚ�
ĐŽŵďŝŶĞƐ�ƚŚĞ�ƉƌŝŶĐŝƉůĞƐ�ŽĨ ƐƵƉĞƌƐǇŵŵĞƚƌǇ ĂŶĚ ŐĞŶĞƌĂů�ƌĞůĂƚŝǀŝƚǇ͘΁�ͮ�
&ŝĞůĚ�ƚŚĞŽƌǇ�ƵƐƵĂůůǇ�ƌĞĨĞƌƐ�ƚŽ�Ă�ĐŽŶƐƚƌƵĐƚŝŽŶ�ŽĨ�ƚŚĞ�ĚǇŶĂŵŝĐƐ�ŽĨ�Ă�ĨŝĞůĚ͕�ŝ͘Ğ͘�Ă�ƐƉĞĐŝĨŝĐĂƚŝŽŶ�ŽĨ�ŚŽǁ�Ă�ĨŝĞůĚ�
ĐŚĂŶŐĞƐ�ǁŝƚŚ�ƚŝŵĞ�Žƌ�ǁŝƚŚ�ƌĞƐƉĞĐƚ�ƚŽ�ŽƚŚĞƌ�ŝŶĚĞƉĞŶĚĞŶƚ�ƉŚǇƐŝĐĂů�ǀĂƌŝĂďůĞƐ�ŽŶ�ǁŚŝĐŚ�ƚŚĞ�ĨŝĞůĚ�ĚĞƉĞŶĚƐ͘
tŚĂƚ�ĂƌĞ�ǁŽƌŵŚŽůĞƐ͍�΀ƉƌŽƉŽƐŝŶŐ�ƚŚĞ ĞǆŝƐƚĞŶĐĞ�ŽĨ�ΗďƌŝĚŐĞƐΗ�ƚŚƌŽƵŐŚ�ƐƉĂĐĞͲƚŝŵĞ͘ dŚĞƐĞ�ďƌŝĚŐĞƐ�ĐŽŶŶĞĐƚ�
ƚǁŽ�ĚŝĨĨĞƌĞŶƚ�ƉŽŝŶƚƐ�ŝŶ�ƐƉĂĐĞͲƚŝŵĞ͕�ƚŚĞŽƌĞƚŝĐĂůůǇ�ĐƌĞĂƚŝŶŐ�Ă�ƐŚŽƌƚĐƵƚ�ƚŚĂƚ�ĐŽƵůĚ�ƌĞĚƵĐĞ�ƚƌĂǀĞů�ƚŝŵĞ�ĂŶĚ�
ĚŝƐƚĂŶĐĞ͘ dŚĞ�ƐŚŽƌƚĐƵƚƐ�ĐĂŵĞ�ƚŽ�ďĞ�ĐĂůůĞĚ��ŝŶƐƚĞŝŶͲZŽƐĞŶ ďƌŝĚŐĞƐ͕�Žƌ�ǁŽƌŵŚŽůĞƐ͘΁

ͻ

,ĂǁŬŝŶŐ�ƚĂŬĞ�ŽŶ�ǁŽƌŵŚŽůĞƐ͗�΀

tŚĂƚ�ĂƌĞ�ŚĂǁŬŝŶŐ�ƌĂĚŝĂƚŝŽŶƐ͍�΀

tŚǇ�ŽŶůǇ�ŵŝŶŝŵƵŵ�ϯ�ƐĂƚĞůůŝƚĞƐ�ĂƌĞ�ŶĞĞĚĞĚ�ĨŽƌ�'W^�ƚŽ�ůŽĐĂƚĞ�ŽďũĞĐƚ͍�΀

,Žǁ�ĚŽĞƐ�ƉůĂŶĞƚ�ŐĞƚ�ĞŶĞƌŐǇ�ƚŽ�ƌĞǀŽůǀĞ�ĂƌŽƵŶĚ�ƐƵŶ͍ ΀^ŽůĂƌ�^ǇƐƚĞŵ�ǁĂƐ�ĨŽƌŵĞĚ�ĨƌŽŵ�Ă�ƌŽƚĂƚŝŶŐ�ĐůŽƵĚ�ŽĨ�
ŐĂƐ�ĂŶĚ�ĚƵƐƚ�ǁŚŝĐŚ�ƐƉƵŶ�ĂƌŽƵŶĚ�Ă�ŶĞǁůǇ�ĨŽƌŵŝŶŐ�ƐƚĂƌ͕�ŽƵƌ�^ƵŶ͕�Ăƚ�ŝƚƐ�ĐĞŶƚĞƌ͘�dŚĞ�ƉůĂŶĞƚƐ�Ăůů�ĨŽƌŵĞĚ�ĨƌŽŵ�
ƚŚŝƐ ƐƉŝŶŶŝŶŐ�ĚŝƐŬͲƐŚĂƉĞĚ�ĐůŽƵĚ͕�ĂŶĚ�ĐŽŶƚŝŶƵĞĚ�ƚŚŝƐ�ƌŽƚĂƚŝŶŐ�ĐŽƵƌƐĞ�ĂƌŽƵŶĚ�ƚŚĞ�^ƵŶ ĂĨƚĞƌ�ƚŚĞǇ�ǁĞƌĞ�
ĨŽƌŵĞĚ͘�dŚĞ�ŐƌĂǀŝƚǇ�ŽĨ�ƚŚĞ�^ƵŶ�ŬĞĞƉƐ�ƚŚĞ�ƉůĂŶĞƚƐ�ŝŶ�ƚŚĞŝƌ�ŽƌďŝƚƐ͘�dŚĞǇ�ƐƚĂǇ�ŝŶ�ƚŚĞŝƌ�ŽƌďŝƚƐ�ďĞĐĂƵƐĞ�ƚŚĞƌĞ�ŝƐ�
ŶŽ�ŽƚŚĞƌ�ĨŽƌĐĞ�ŝŶ�ƚŚĞ�^ŽůĂƌ�^ǇƐƚĞŵ�ǁŚŝĐŚ�ĐĂŶ�ƐƚŽƉ�ƚŚĞŵ͘΁

ͻ

^ƵďŽƌďŝƚĂů�ĨůŝŐŚƚ͗�΀ŵĂŝŶ�ĚŝĨĨĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ŽƌďŝƚĂů�ĂŶĚ�ƐƵďŽƌďŝƚĂů�ĨůŝŐŚƚ�ŝƐ�ƚŚĞ�ƐƉĞĞĚ�Ăƚ�ǁŚŝĐŚ�Ă�ǀĞŚŝĐůĞ�ŝƐ�
ƚƌĂǀĞůŝŶŐ͘ �Ŷ�ŽƌďŝƚĂů�ƐƉĂĐĞĐƌĂĨƚ�ŵƵƐƚ�ĂĐŚŝĞǀĞ�ǁŚĂƚ�ŝƐ�ŬŶŽǁŶ�ĂƐ�ŽƌďŝƚĂů�ǀĞůŽĐŝƚǇ͕�ǁŚĞƌĞĂƐ�Ă�ƐƵďŽƌďŝƚĂů�
ƌŽĐŬĞƚ�ĨůŝĞƐ�Ăƚ�Ă�ƐƉĞĞĚ�ďĞůŽǁ�ƚŚĂƚ͘ ͮ�ZŝĐŚĂƌĚ��ƌĂŶƐŽŶ�ĂŶĚ�:ĞĨĨ��ĞǌŽƐ�ƌĞĐĞŶƚůǇ�ďŽĂƌĚĞĚ�ĨůŝŐŚƚ�ŽŶ�sŝƌŐŝŶ�ĂŶĚ�
�ůƵĞ�ŽƌŝŐŝŶ�ĨůŝŐŚƚƐ�ĨŽƌ�ϭϭ�ŵŝŶƵƚĞƐ�ƌĞĂĐŚŝŶŐ�ƵƉƚŽ�ĂůƚŝƚƵĚĞ�ŽĨ�ϴϱ�ŬŵƐͮ�^ĂƚĞůůŝƚĞƐ�ŶĞĞĚ�ƚŽ�ƌĞĂĐŚ�ƚŚĂƚ�
ƚŚƌĞƐŚŽůĚ�ƐƉĞĞĚ�ŽĨ�Žƌďŝƚ�ǀĞůŽĐŝƚǇ�ŝŶ�ŽƌĚĞƌ�ƚŽ�Žƌďŝƚ��ĂƌƚŚ͘�^ƵĐŚ�Ă�ƐĂƚĞůůŝƚĞ�ǁŽƵůĚ�ďĞ�ĂĐĐĞůĞƌĂƚŝŶŐ�ƚŽǁĂƌĚƐ�
ƚŚĞ��ĂƌƚŚ�ĚƵĞ�ƚŽ�ŐƌĂǀŝƚǇ͕�ďƵƚ�ŝƚƐ�ŚŽƌŝǌŽŶƚĂů�ŵŽǀĞŵĞŶƚ�ŝƐ�ĨĂƐƚ�ĞŶŽƵŐŚ�ƚŽ�ŽĨĨƐĞƚ�ƚŚĞ�ĚŽǁŶǁĂƌĚ�ŵŽƚŝŽŶ�ƐŽ�
ƚŚĂƚ�ŝƚ�ŵŽǀĞƐ�ĂůŽŶŐ�Ă�ĐŝƌĐƵůĂƌ�ƉĂƚŚͮ͘�ƚŚĞǇ�ĨĞůƚ�ǁĞŝŐŚƚůĞƐƐŶĞƐƐ�;DŝĐƌŽŐƌĂǀŝƚǇ�ŝƐ ƚŚĞ�ĐŽŶĚŝƚŝŽŶ�ŝŶ�ǁŚŝĐŚ�
ƉĞŽƉůĞ�Žƌ�ŽďũĞĐƚƐ�ĂƉƉĞĂƌ�ƚŽ�ďĞ�ǁĞŝŐŚƚůĞƐƐ͘�dŚĞ�ĞĨĨĞĐƚƐ�ŽĨ�ŵŝĐƌŽŐƌĂǀŝƚǇ�ĐĂŶ�ďĞ�ƐĞĞŶ�ǁŚĞŶ�ĂƐƚƌŽŶĂƵƚƐ�ĂŶĚ�
ŽďũĞĐƚƐ�ĨůŽĂƚ�ŝŶ�ƐƉĂĐĞ�;�/Ĩ�ƚŚĞ�ŽďũĞĐƚ�ǁĞƌĞ�Ă�ŚƵŵĂŶ�ďĞŝŶŐ͕�ŚĞ�Žƌ�ƐŚĞ�ǁŝůů�ŶŽƚ�ĨĞĞů�ŚŝƐ�ǁĞŝŐŚƚ�ƐŝŶĐĞ�ƚŚĞƌĞ�ŝƐ�
ŶŽ�ƵƉǁĂƌĚ�ĨŽƌĐĞ�ŽŶ�Śŝŵ͘�dŚƵƐ͕�ǁŚĞŶ�ĂŶ�ŽďũĞĐƚ�ŝƐ�ŝŶ�ĨƌĞĞ�ĨĂůů͕�ŝƚ�ŝƐ�ǁĞŝŐŚƚůĞƐƐ�ĂŶĚ�ƚŚŝƐ�ƉŚĞŶŽŵĞŶŽŶ�ŝƐ�
ƵƐƵĂůůǇ�ĐĂůůĞĚ�ƚŚĞ�ƉŚĞŶŽŵĞŶŽŶ�ŽĨ�ǁĞŝŐŚƚůĞƐƐŶĞƐƐ͘Ϳ

ͻ





ĨŽƌĐĞ�ŽĨ�ŐƌĂǀŝƚǇ͕�ƉƵůůĞĚ�ƚŚŝƐ�ŵŽůƚĞŶ�ŵĂƚĞƌŝĂů�ŝŶǁĂƌĚƐ�ƚŽǁĂƌĚƐ�ƚŚĞ�ƉůĂŶĞƚΖƐ�ĐĞŶƚĞƌ�ŝŶƚŽ�ƚŚĞ�ƐŚĂƉĞ�ŽĨ�Ă�
ƐƉŚĞƌĞ͘�>ĂƚĞƌ͕�ǁŚĞŶ�ƚŚĞ�ƉůĂŶĞƚƐ�ĐŽŽůĞĚ͕�ƚŚĞǇ�ƐƚĂǇĞĚ�ƐƉŚĞƌŝĐĂů͘ WůĂŶĞƚƐ�ĂƌĞ�ŶŽƚ�ƉĞƌĨĞĐƚůǇ�ƐƉŚĞƌŝĐĂů�ďĞĐĂƵƐĞ�
ƚŚĞǇ�ĂůƐŽ�ƐƉŝŶ͘�dŚĞ�ƐƉŝŶŶŝŶŐ�ĨŽƌĐĞ�ĂĐƚƐ�ĂŐĂŝŶƐƚ�ŐƌĂǀŝƚǇ�ĂŶĚ�ĐĂƵƐĞƐ�ŵĂŶǇ�ƉůĂŶĞƚƐ�ƚŽ�ďƵůŐĞ�ŽƵƚ�ŵŽƌĞ�
ĂƌŽƵŶĚ�ƚŚĞŝƌ�ĞƋƵĂƚŽƌƐͮ͘�*UDYLW\ ƐƵƉƉůŝĞƐ�ƚŚĞ�ŶĞĐĞƐƐĂƌǇ FHQWULSHWDO�IRUFH ƚŽ�ŚŽůĚ�Ă�ƐĂƚĞůůŝƚĞ�ŝŶ�Žƌďŝƚ�ĂďŽƵƚ�
ƚŚĞ�ĞĂƌƚŚ͘�dŚĞ�ĐŝƌĐƵůĂƌ�Žƌďŝƚ�ŝƐ�Ă�ƐƉĞĐŝĂů�ĐĂƐĞ�ƐŝŶĐĞ�ŽƌďŝƚƐ�ĂƌĞ�ŐĞŶĞƌĂůůǇ�ĞůůŝƉƐĞƐ͕�Žƌ�ŚǇƉĞƌďŽůĂƐ�ŝŶ�ƚŚĞ�ĐĂƐĞ�
ŽĨ�ŽďũĞĐƚƐ�ǁŚŝĐŚ�ĂƌĞ�ŵĞƌĞůǇ�ĚĞĨůĞĐƚĞĚ�ďǇ�ƚŚĞ�ƉůĂŶĞƚΖƐ�ŐƌĂǀŝƚǇ�ďƵƚ�ŶŽƚ�ĐĂƉƚƵƌĞĚ͘�^ĞƚƚŝŶŐ�ƚŚĞ�ŐƌĂǀŝƚǇ�ĨŽƌĐĞ�
ĨƌŽŵ�ƚŚĞ�ƵŶŝǀĞƌƐĂů ODZ�RI�JUDYLW\ ĞƋƵĂů�ƚŽ�ƚŚĞ�ƌĞƋƵŝƌĞĚ�ĐĞŶƚƌŝƉĞƚĂů�ĨŽƌĐĞ�ǇŝĞůĚƐ�ƚŚĞ�ĚĞƐĐƌŝƉƚŝŽŶ�ŽĨ�ƚŚĞ�
Žƌďŝƚ͘

ͻ

�ŝĨĨĞƌĞŶƚ�ƚǇƉĞ�ŽĨ�ƐƉĂĐĞ�ŽƌďŝƚƐ�;ƐǇŶĐŚƌŽŶŝǌĞĚ�ǁŝƚŚ�ƚŚĞ��ĂƌƚŚ͛Ɛ�ƌŽƚĂƚŝŽŶ͕�ďƵƚ�ƚŚĞ�Žƌďŝƚ�ŝƐ�ƚŝůƚĞĚ�ǁŝƚŚ�ƌĞƐƉĞĐƚ�
ƚŽ�ƚŚĞ�ƉůĂŶĞ�ŽĨ�ƚŚĞ�ĞƋƵĂƚŽƌ�ŝŶ�ĐĂƐĞ�ŽĨ�ŐĞŽƐǇŶĐŚƌŽŶŽƵƐ�Žƌďŝƚ ďĞŝŶŐ�ĚŝĨĨĞƌĞŶƚ�ĨƌŽŵ�ŐĞŽƐƚĂƚŝŽŶĂƌǇ�Žƌďŝƚͮ�
^ƵŶ�ƐǇŶĐŚƌŽŶŽƵƐ�ŽƌďŝƚƐ�ĂƌĞ�ůŝŬĞ�ƉŽůĂƌ�Žƌďŝƚ�ǁŚĞƌĞ�ƐĂƚĞůŝƚĞ�ƉĂƐƐĞƐ�ŽǀĞƌ�ƉĂƌƚ�ŽĨ�ĞĂƌƚŚ�Ăƚ�ƐĂŵĞ�ůŽĐĂů�ƚŝŵĞ͕�
ƵƐĞĚ�ĨŽƌ�ƐĂƚĞůŝƚĞƐ�ǁŚŝĐŚ�ƌĞƋƵŝƌĞ�ĐŽŶƚŝŶƵŽƵƐ�ƐŽůĂƌůŝŐŚƚ�Ăƚ�ϳϬϬͲϴϬϬ�Ŭŵ�ĂůƚŝƚƵĚĞ�;>�KͿͮ�ZĞŵŽƚĞ�ƐĞŶƐŝŶŐ
;ZĞŵŽƚĞ�ƐĞŶƐŝŶŐ�ŝƐ�ƚŚĞ�ƉƌŽĐĞƐƐ�ŽĨ�ĚĞƚĞĐƚŝŶŐ�ĂŶĚ�ŵŽŶŝƚŽƌŝŶŐ�ƚŚĞ�ƉŚǇƐŝĐĂů�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ŽĨ�ĂŶ�ĂƌĞĂ�ďǇ�
ŵĞĂƐƵƌŝŶŐ�ŝƚƐ�ƌĞĨůĞĐƚĞĚ�ĂŶĚ�ĞŵŝƚƚĞĚ�ƌĂĚŝĂƚŝŽŶ�Ăƚ�Ă�ĚŝƐƚĂŶĐĞ ;ƚǇƉŝĐĂůůǇ�ĨƌŽŵ�ƐĂƚĞůůŝƚĞ�Žƌ�ĂŝƌĐƌĂĨƚͿ͘ ^ƉĞĐŝĂů�
ĐĂŵĞƌĂƐ�ĐŽůůĞĐƚ�ƌĞŵŽƚĞůǇ�ƐĞŶƐĞĚ�ŝŵĂŐĞƐ͕�ǁŚŝĐŚ�ŚĞůƉ�ƌĞƐĞĂƌĐŚĞƌƐ�ΗƐĞŶƐĞΗ�ƚŚŝŶŐƐ�ĂďŽƵƚ�ƚŚĞ��ĂƌƚŚ͘DŽƐƚ�
ŽĨ�ƚŚĞŵ�ĂƌĞ�ŝŶ�ƉŽůĂƌ�ƐƵŶͲƐǇŶĐŚƌŽŶŽƵƐ�ŽƌďŝƚͿͮ��ŽŵŵƵŶŝĐĂƚŝŽŶ�ƐĂƚĞůŝƚĞ�;ƚŽ�ƌĞůĂǇ�ds͕�ƌĂĚŝŽ�ĂŶĚ�ƉŚŽŶĞ�
ƐŝŐŶĂůƐͿ�΀ǁŚǇ�ŝƐ�ƌĂĚŝŽ�ǁĂǀĞ�ƵƐĞĚ�ŝŶ�ĐŽŵŵƵŶŝĐĂƚŝŽŶ͍ ͗�΀ZĂĚŝŽ�ǁĂǀĞƐ�ŚĂǀĞ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ƉĂƐƐ�ƚŚƌŽƵŐŚ�ƚŚĞ�
ĂƚŵŽƐƉŚĞƌĞ͕�ĨŽůŝĂŐĞ͕�ĂŶĚ�ŵŽƐƚ�ďƵŝůĚŝŶŐ�ŵĂƚĞƌŝĂůƐ͕�ĂŶĚ�ďǇ ĚŝĨĨƌĂĐƚŝŽŶ ĐĂŶ�ďĞŶĚ�ĂƌŽƵŶĚ�ŽďƐƚƌƵĐƚŝŽŶƐ͕�ĂŶĚ�
ƵŶůŝŬĞ�ŽƚŚĞƌ�ĞůĞĐƚƌŽŵĂŐŶĞƚŝĐ�ǁĂǀĞƐ�ƚŚĞǇ�ƚĞŶĚ�ƚŽ�ďĞ�ƐĐĂƚƚĞƌĞĚ�ƌĂƚŚĞƌ�ƚŚĂŶ�ĂďƐŽƌďĞĚ�ďǇ�ŽďũĞĐƚƐ�ůĂƌŐĞƌ�
ƚŚĂŶ�ƚŚĞŝƌ�ǁĂǀĞůĞŶŐƚŚ͘�/ƚ�Ăůů�ƐƚĞŵƐ�ĨƌŽŵ�ůĂƌŐĞƌ�ǁĂǀĞůĞŶŐƚŚ�;ϭ�ŵŵ�ǁŝƚŚ�ϯϬϬ�',ǌͿͮ͘ŶŽƚ�ĐĂƵƐĞ�ĚĂŵĂŐĞ�ŝĨ�
ĂďƐŽƌďĞĚ�ďǇ�ƚŚĞ�ŚƵŵĂŶ�ďŽĚǇ͕�ĂŶĚ�ƚŚĞǇ�ĐĂŶ�ďĞ�ƌĞĨůĞĐƚĞĚ�ƚŽ�ĐŚĂŶŐĞ�ƚŚĞŝƌ�ĚŝƌĞĐƚŝŽŶ͘΁ͮ�

ͻ





$FKLHYHPHQWV�
36/9�&��� ����VDWHOOLWHV �WR�GHOLYHU�HDUWK�REVHUYDWLRQ�VDWHOLWHV�ZLWK�XSWR������NJ�WR�
VXQ�V\QFKURQRXV�RUELW_���VWDJH�ZLWK��QG�DQG��WK�VWDJH�EHLQJ�OLTXLG�RQH�

��

*6/9�0.,,,� *72������NJ� ���VWDJH��VROLG�OLTXLG�FU\RJHQLFV�
,QGLJHQRXV�XSSHU�FU\RJHQLF�VWDJH��
&$5(�PLVVLRQ� H[SHULPHQWDO�VXERUELWDO�IOLJKW�RI�/90���&UHZ�0RGXOH�LQMHFWLRQ�WR�
WHVW�UHHQWU\�LQWR�DWPRVSKHUH�

��

6ROLG�6WUDS�RI�PRWRUV�DQG�OLTXLG�ERRVWHU��6�����/������

��

5HXVDEOH�/DXQFK�YHKLFOH� WHFKQRORJ\�GHPRQVWUDWRU���
6FUDPMHW�HQJLQH� 7'��$%36��DLU�EUHDWKLQJ� >��
/Ŷ�Ă�ƌĂŵũĞƚ͕�ƚŚĞ�ĐŽŵďƵƐƚŝŽŶ�ĐŚĂŵďĞƌ�Ͳ ǁŚĞƌĞ�ƚŚĞ�Ăŝƌ�ŝƐ�ŵŝǆĞĚ�ǁŝƚŚ�ĨƵĞů�ĂŶĚ�ŝŐŶŝƚĞĚ�Ͳ ŽŶůǇ�ǁŽƌŬƐ�Ăƚ�
ƐƵďƐŽŶŝĐ�ƐƉĞĞĚƐ͘�^Ž�ƚŚĞ�ŝŶƚĂŬĞ�ƐůŽǁƐ�ƚŚĞ�Ăŝƌ�ĚŽǁŶ͕�ƌĞůĞĂƐŝŶŐ�ƐŽŵĞ�ŽĨ�ŝƚƐ�ĞŶĞƌŐǇ�ĂƐ�Ă�ƐŚŽĐŬ�ǁĂǀĞ͕�
ďƵƚ�ƚŚŝƐ�ƌĞĚƵĐĞƐ�ĨƵĞů�ĞĨĨŝĐŝĞŶĐǇ͘�dŚĞ�ƐĐƌĂŵũĞƚ�ŝƐ�ĂŶ�ŝŶŶŽǀĂƚŝŽŶ�ŽŶ�ƚŚĞ�ƌĂŵũĞƚ�ŝŶ�ǁŚŝĐŚ�ƚŚĞ�
ĐŽŵďƵƐƚŝŽŶ�ĐŚĂŵďĞƌ�ŝƐ�ƐƉĞĐŝĂůůǇ�ĚĞƐŝŐŶĞĚ�ƚŽ�ŽƉĞƌĂƚĞ�ǁŝƚŚ�ƐƵƉĞƌƐŽŶŝĐ�ĂŝƌĨůŽǁ͘�^ĐƌĂŵũĞƚ�ŝƐ�ƐŝŵƉůǇ�ĂŶ�
ĂĐƌŽŶǇŵ�ĨŽƌ�ΖƐƵƉĞƌƐŽŶŝĐ�ĐŽŵďƵƐƚŝŽŶΖ�ƌĂŵũĞƚ͘΁
,5166� 1$9,&

$SSOLFDWLRQ� '0��&DUWRJUDSK\��0RELOH�SKRQH�LQWHJUDWLRQ��1DYLJDWLRQ��YLVXDO�DQG�YRLFH�
QDYLJDWLRQ� _���VDWHOLWHV

ż
��

(DUWK�REVHUYDWLRQ�VDWHOLWH XVHG�DV�VS\LQJ��HQYLURQPHQWDO�PRQLWRULQJ��FDUWRJUDSK\_�
FRQVLGHUHG�H\H�LQ�WKH�VN\�

��

:K\�6RXWK�SROH�IRU�&KDQGUD\DQ��"
/HDVW�H[SORUHG�ͻ
VFLHQWLILF�FXULRVLW\�WR�VWXG\�LWV�FUDWHUV�ZKLFK�FRQWDLQV�ZDWHU�LFH �GHWHFWHG�E\�
&KDQGUD\DDQ����

ͻ

0DQ\�FUDWHU�ERWWRP�KDYH�QHYHU�UHFHLYHG�VXQOLJKW��7KXV OLWWOH�SK\VLFDO��FKHPLFDO�RU�
JHRORJLFDO�FKDQJH�ZRXOG�KDYH�RFFXUUHG�VLQFH�WKH�FUHDWLRQ�RI�PRRQ��,W�DOVR�RIIHUV�
RSSRUWXQLW\�WR�VWXG\�IRVVLOV�LQ�WKH�FUDWHU�ZKLFK�DUH�SHUPDQHQWO\�GDUN�DQG�FRQWDLQV�
LQIRUPDWLRQ�RI�HDUO\�VRODU�V\VWHP�

ͻ

6LJQLILFDQFH�IRU�IXWXUH�H[SORUDWLRQ��PLQLQJ�DQG�FRORQL]DWLRQ� 6RXWK�FRQWDLQV�ZDWHU��
0RXQWDLQ�SHDNV�ZLWK�FRQWLQXRXV�VXQOLJKW�H[SRVXUH

ͻ





'W^�ƐĂƚĞůůŝƚĞƐ�ĨůǇ�ŝŶŵĞĚŝƵŵ��ĂƌƚŚ�Žƌďŝƚ�;D�KͿ�Ăƚ�ĂŶ�ĂůƚŝƚƵĚĞ�ŽĨ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϮϬ͕ϮϬϬ�Ŭŵ�;ϭϮ͕ϱϱϬ�
ŵŝůĞƐͿ͘��ĂĐŚ�ƐĂƚĞůůŝƚĞ�ĐŝƌĐůĞƐ�ƚŚĞ��ĂƌƚŚ�ƚǁŝĐĞ�Ă�ĚĂǇ͘

ͻ

EŽ�ƐĂƚĞůŝƚĞ�ďŽƌĂĚďĂŶĚ�ĂƐ�ǇĞƚͮ�ƉůĂŶŶĞĚ�ďǇ��ŵĂǌŽŶ͕�KŶĞǁĞď�ĂŶĚ�^ƉĂĐĞyͮ��ǆĂŵƉůĞ�ůŝŬĞ�^ƚĂƌůŝŶŬͮ�
�ŽŶƐƚĞůůĂƚŝŽŶ�ŽĨ�>�K�ƐĂƚĞůŝƚĞƐ�ŝŶ�ŚƵŶĚƌĞĚƐ ƚŽ�ĞŶƐƵƌĞ�ŚŝŐŚ�ƐƉĞĞĚ�ŝŶƚĞƌŶĞƚ�ǁŝƚŚ�ůŽǁ�ůĂƚĞŶĐǇͮ�ĂĨĨŽƌĚĂďŝůŝƚǇ�
ĐĂŶ�ďĞ�ĂĚĚƌĞƐƐĞĚ�ďǇ�ƌĂƚŝŽŶĂůŝƐŝŶŐ�ƌĞŐƵůĂƚŽƌǇ�ĐŚĂƌŐĞƐ�ůŝŬĞ�ĚĞĨŝŶŝŶŐ�ůĞǀŝĞƐ�ƚŽ�ƉƵƌĞ�ĐŽƐƚ�ƌĞĐŽǀĞƌǇ�ďĂƐŝƐ͘

ͻ

ϱ'�ŚĂƐ�ϭ�ŵƐ�ůĂƚĞŶĐǇͮ�ĐŽƐƚ�ĂŶĚ�ŵĂŝŶƚĞŶĂŶĐĞ�ƋƵŝƚĞ�ŚŝŐŚ΁

�ĞŶĞĨŝƚƐ�ŽĨ�ƐƚĂƌůŝŶŬ͗�;>Žǁ�ůĂƚĞŶĐǇ ĂƐ�ŶĞĂƌĞƌ�ƚŽ�ĞĂƌƚŚ͕�ĂĚĚƌĞƐƐ�ƌĞŵŽƚĞ�ĂƌĞĂ�ĐŽŶŶĞĐƚŝǀŝƚǇ ŽĨ�ƚĞƌƌĂŝŶ�ĂŶĚ�
ĚŝĨĨŝĐƵůƚǇ�ƚŽ�ƐĞƚƵƉ�ŝŶĨƌĂ͕�ůĞƐƐ�ƉƌŽŶĞ�ƚŽ�ĚŝƐĂƐƚĞƌƐͿͮ��ŚĂůůĞŶŐĞƐ ;DŽƌĞ�ŶĞĞĚĞĚ�ĂƐ ůĞƐƐ�ĐŽǀĞƌĂŐĞ�ŽĨ�ĂƌĞĂ�
ĐĂƵƐŝŶŐ�ƐƉĂĐĞ�ĚĞďƌŝƐ͕�ƉƌŽďůĞŵ�ŽĨ�ŵŝƐƚĂŬŝŶŐ�ůŝŐŚƚ�ĐŽŵŝŶŐ�ĨƌŽŵ�ƌĞĨůĞĐƚŝŽŶ ďǇ�ƐĂƚĞůŝƚĞƐ�ĂƐ�ŽŶĞ�ĐŽŵŝŶŐ�ĨƌŽŵ�
ƐƉĂƚŝĂů�ďŽĚŝĞƐ�;ŝŶƚĞƌĨĞƌĞŶĐĞ�ǁŝƚŚ�ƐƉĂĐĞ�ŽďƐĞƌǀĂƚŝŽŶͿ͕�ůŝŐŚƚ�ƉŽůůƵƚŝŽŶ�;ĞǆĐĞƐƐŝǀĞ�ĂŶƚŚƌŽƉŽŐĞŶŝĐ�ůŝŐŚƚƐ͕�
ĂĨĨĞĐƚŝŶŐ�ƐůĞĞƉ�ĐǇĐůĞс��ŚĞĂůƚŚ�͕�ďŝŽĚŝǀĞƌƐŝƚǇ�ŝƐƐƵĞƐ�ůŝŬĞ�ƚƵƌƚůĞƐ�ŐĞƚƚŝŶŐ�Śŝƚ�ŽŶ�ƌŽĂĚ�ǁŚŽ�ŐŽ�ŽƵƚ�ŽŶůǇ�ŝŶ�
ůŝŐŚƚͿ

ͻ

YƵĂŶƚƵŵ�ŝŶĨŽƌŵĂƚŝŽŶ�ƐǇƐƚĞŵ͗�΀ƐǇƐƚĞŵƐ�ƌĞůĂƚĞĚ�ƚŽ�ƋƵĂŶƚƵŵ�ĐŽŵƉƵƚŝŶŐ͕�ŝŶĨŽƌŵĂƚŝŽŶ�ĞǆĐŚĂŶŐĞ�ƵƐŝŶŐ�
ƋƵĂŶƚƵŵ�ĞŶƚĂŶŐůĞŵĞŶƚ�ĂŶĚ�ĂůŐŽƌŝƚŚŵƐ�ŽĨ�YƵ�ŝƚ΁

ͻ

dǇŶĚĂůů�ĞĨĨĞĐƚ͗�΀dǇŶĚĂůů�ĞĨĨĞĐƚ�ŝƐ�ůŝŐŚƚ�ƐĐĂƚƚĞƌŝŶŐ�ďǇ�ƉĂƌƚŝĐůĞƐ�ŝŶ�Ă�ĐŽůůŽŝĚ�Žƌ�ŝŶ�Ă�ǀĞƌǇ�ĨŝŶĞ�ƐƵƐƉĞŶƐŝŽŶͮ͘�
&ůŽƵƌ ƐƵƐƉĞŶĚĞĚ�ŝŶ ǁĂƚĞƌ ĂƉƉĞĂƌƐ�ƚŽ�ďĞ�ďůƵĞ�ďĞĐĂƵƐĞ�ŽŶůǇ ƐĐĂƚƚĞƌĞĚ�ůŝŐŚƚ ƌĞĂĐŚĞƐ�ƚŚĞ�ǀŝĞǁĞƌ�ĂŶĚ ďůƵĞ�ůŝŐŚƚ ŝƐ�
ƐĐĂƚƚĞƌĞĚ�ďǇ�ƚŚĞ�ĨůŽƵƌ�ƉĂƌƚŝĐůĞƐ�ŵŽƌĞ�ƚŚĂŶ ƌĞĚ�ůŝŐŚƚ͘΁

YƵĂŶƚƵŵ��ƌǇƉƚŽŐƌĂƉŚǇ͗�΀YƵĂŶƚƵŵ�ĐƌǇƉƚŽŐƌĂƉŚǇ�ŝƐ Ă�ŵĞƚŚŽĚ�ŽĨ�ĞŶĐƌǇƉƚŝŽŶ�ƚŚĂƚ�ƵƐĞƐ�ƚŚĞ�ŶĂƚƵƌĂůůǇ�ŽĐĐƵƌƌŝŶŐ�
ƉƌŽƉĞƌƚŝĞƐ�ŽĨ�ƋƵĂŶƚƵŵ�ŵĞĐŚĂŶŝĐƐ�ƚŽ�ƐĞĐƵƌĞ�ĂŶĚ�ƚƌĂŶƐŵŝƚ�ĚĂƚĂ�ŝŶ�Ă�ǁĂǇ�ƚŚĂƚ�ĐĂŶŶŽƚ�ďĞ�ŚĂĐŬĞĚͮ͘�hƐĞƐ�
ƋƵĂŶƚƵŵ�ƐƵƉĞƌŝŵƉŽƐĞĚ�ƐƚĂƚĞƐ�ĂŶĚ�ĞŶƚĂŶŐůĞŵĞŶƚͮ�ƉƌŽĐĞƐƐ�ŽĨ�ŵĞĂƐƵƌŝŶŐ�Ă ƋƵĂŶƚƵŵ�ƐǇƐƚĞŵ ŝŶ�ŐĞŶĞƌĂů�
ĚŝƐƚƵƌďƐ�ƚŚĞ�ƐǇƐƚĞŵͮ��Ǉ�ƵƐŝŶŐ ƋƵĂŶƚƵŵ�ƐƵƉĞƌƉŽƐŝƚŝŽŶƐ Žƌ ƋƵĂŶƚƵŵ�ĞŶƚĂŶŐůĞŵĞŶƚͬƐǇŶĐŚƌŽŶŝǌĂƚŝŽŶ ĂŶĚ�
ƚƌĂŶƐŵŝƚƚŝŶŐ�ŝŶĨŽƌŵĂƚŝŽŶ�ŝŶ ƋƵĂŶƚƵŵ�ƐƚĂƚĞƐ͕ Ă�ĐŽŵŵƵŶŝĐĂƚŝŽŶ�ƐǇƐƚĞŵ�ĐĂŶ�ďĞ�ŝŵƉůĞŵĞŶƚĞĚ�ƚŚĂƚ�ĚĞƚĞĐƚƐ�
ĞĂǀĞƐĚƌŽƉƉŝŶŐ�;ĚŝƐƚƵƌďŝŶŐͬƚƌǇŝŶŐ�ƚŚĞĨƚͿͮ�ŝŶ�ĐůĂƐƐŝĐĂů�ƐĞŶƐĞ͕�ĐƌǇƉƚĞĚ�ŵĞƐƐĂŐĞ�ĐĂŶ�ŝŶĨŝůƚƌĂƚĞ�ďǇ�ƌĞĂĚŝŶŐ�ŝŶƚŽ�ĐŽĚĞ�΁

YƵĂŶƚƵŵ�ŬĞǇ�ĚŝƐƚƌŝďƵƚŝŽŶ ;Y<�Ϳ�ŝƐ�Ă ƐĞĐƵƌĞ�ĐŽŵŵƵŶŝĐĂƚŝŽŶŵĞƚŚŽĚ�ǁŚŝĐŚ�ŝŵƉůĞŵĞŶƚƐ�Ă ĐƌǇƉƚŽŐƌĂƉŚŝĐ�
ƉƌŽƚŽĐŽů ŝŶǀŽůǀŝŶŐ�ĐŽŵƉŽŶĞŶƚƐ�ŽĨ ƋƵĂŶƚƵŵ�ŵĞĐŚĂŶŝĐƐ͘�/ƚ�ĞŶĂďůĞƐ�ƚǁŽ�ƉĂƌƚŝĞƐ�ƚŽ�ƉƌŽĚƵĐĞ�Ă�
ƐŚĂƌĞĚ ƌĂŶĚŽŵ ƐĞĐƌĞƚ ŬĞǇ ŬŶŽǁŶ�ŽŶůǇ�ƚŽ�ƚŚĞŵ͕�ǁŚŝĐŚ�ĐĂŶ�ƚŚĞŶ�ďĞ�ƵƐĞĚ�ƚŽ�ĞŶĐƌǇƉƚ�ĂŶĚ�ĚĞĐƌǇƉƚŵĞƐƐĂŐĞƐͮ͘�,Žǁ�
ŝƐ�ƋƵĂŶƚƵŵ�ŬĞǇ�ĚŝƐƚƌŝďƵƚĞĚ͍ ΀ƐƉĂĐĞ�ďĂƐĞĚ�ƐĂƚĞůŝƚĞͮ�ƉŚŽƚŽŶ�ĞǆĐŚĂŶŐĞ�ƵƐŝŶŐ�ĨƌĞĞ�ƐƉĂĐĞͮ�

�ƌĞ�ǁĞ�Ă�ƉĂůĞ�ďůƵĞ�ĚŽƚ�ŝŶ�ǁŽƌůĚ͕�ĂƌĞ�ŶŽƚ�ǁĞ�ŝŶƐŝŐŶŝĨŝĐĂŶƚ͍͗�΀tĞ�ĂƌĞ�ƉĂƌƚ�ŽĨ�ůĂƌŐĞƌ�ĐŽŶƐƚĞůůĂƚŝŽŶ�ŽĨ�ƚŚŝŶŐƐ͘
ͮ�KƵƌ�ƚŝŵĞ�ŽŶ�ĞĂƌƚŚ�ŝƐ�ůŝŵŝƚĞĚ͕�ǁĞ�ƚĂŬĞ ŽƵƌƐĞůĨ�ƚŽŽ�ƐĞƌŝŽƵƐůǇ͘�/ƚ͛Ɛ�Ă ŚƵŵďůŝŶŐ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌ�ďƵŝůĚŝŶŐ�
ĞǆƉĞƌŝĞŶĐĞ ;ƌĞƐƉŽŶƐŝďŝůŝƚǇ�ŽĨ�ďĞŝŶŐ�ŬŝŶĚ�ƚŽ�ĞĂĐŚ�ŽƚŚĞƌͿͮ�ǁĞ�ƐŚŽƵůĚ�ŶŽƚ�ĂƚƚĂĐŚ�ŽƵƌƐĞůĨ�ƚŽ�ƐŽĐŝĂů�
ĞǆƉĞĐƚĂƚŝŽŶƐ͕�ǁĞ�ƐŚŽƵůĚ�ĨŽĐƵƐ�ŽŶ�ŵĂŬŝŶŐ�ŽƵƌ�ƚŝŵĞ�ǁŽƌƚŚͮ͘���ĚŽƚ�ŝƐ�ƐƚĂƌƚŝŶŐ�ĂŶĚ�ĞŶĚŝŶŐ�ƉŽŝŶƚ�ŽĨ�
ĞǀĞƌǇƚŚŝŶŐ΁

dĂůŬ�ĂďŽƵƚ��Ăƌů�^ĂŐĂŶ�ĂƐ�Ă�ƐĐŝĞŶƚŝƐƚ͗�΀ƐƚƵĚǇ�ŽĨ�ƉŽƚĞŶƚŝĂů�ůŝĨĞ�ŽŶ�ŽƚŚĞƌ�ƉůĂŶĞƚƐ΁

�ŽƉƉůĞƌ�ĞĨĨĞĐƚ͗�΀ĐŚĂŶŐĞ�ŝŶ�ŽďƐĞƌǀĞĚ�ĨƌĞƋƵĞŶĐǇ�ĚƵĞ�ƚŽ�ƌĞůĂƚŝǀĞ�ŵŽƚŝŽŶ�ŽĨ�ƐŽƵƌĐĞ�ĂŶĚ�ŽďƐĞƌǀĞƌͮ͘�ƌĞůĂƚŝǀĞ�
ŵŽƚŝŽŶ�ŵĞĂŶƐ�ĚŝƐƚĂŶĐĞ�ƚƌĂǀĞůůĞĚ�ĐŚĂŶŐĞсǁĂǀĞůĞŶŐƚŚ�ĐŚĂŶŐĞ΁

,Žǁ�ĚŽĞƐ�ĐĂƉŝůůĂƌǇ�ĂĐƚŝŽŶ�ǁŽƌŬ͍ ΀ǁŚĞŶ�ĂĚŚĞƐŝŽŶ�ƚŽ�ǁĂůůƐ�ŝƐ�ƐƚƌŽŶŐĞƌ�ƚŚĂŶ�ĐŽŚĞƐŝǀĞ�ĨŽƌĐĞƐ�ďĞƚǁĞĞŶ�
ůŝƋƵŝĚ�ŵŽůĞĐƵůĞƐͮ�ŚĞŝŐŚƚ�ĂĐŚŝĞǀĞĚ�ŝƐ�ůŝŵŝƚĞĚ�ďǇ�ŐƌĂǀŝƚǇ�ĂŶĚ�ƐƵƌĨĂĐĞ�ƚĞŶƐŝŽŶͮ�ŵĞƌĐƵƌǇ�ĚŽĞƐ�ŶŽƚ�ƐŚŽǁ�
ĐĂƉŝůůĂƌǇ�ĂĐƚŝŽŶ�ĂƐ�ŝƚ�ŚĂƐ�ŚŝŐŚĞƌ�ĐŽŚĞƐŝǀĞ�ĨŽƌĐĞƐ�ƐŚŽǁŝŶŐ�ĐĂƉŝůůĂƌǇ�ƌĞƉƵůƐŝŽŶ΁͘

EŽďĞů�ƉƌŝǌĞ�ŝŶ�WŚǇƐŝĐƐ�ĨŽƌ�ϮϬϮϭ͗�΀'ŝŽƌŐŝŽ�ƉĂƌŝƐŝ͕�<ůĂƵƐ�,ĂƐƐĞůŵĂŶŶ͕�^ǇƵŬƵƌŽ�DĂŶĂďĞͮ�ĨŽƌ�ƚŚĞ�ƉŚǇƐŝĐĂů�
ŵŽĚĞůůŝŶŐ�ŽĨ��ĂƌƚŚΖƐ�ĐůŝŵĂƚĞ͕�ƋƵĂŶƚŝĨǇŝŶŐ�ǀĂƌŝĂďŝůŝƚǇ�ĂŶĚ�ƌĞůŝĂďůǇ�ƉƌĞĚŝĐƚŝŶŐ�ŐůŽďĂů�ǁĂƌŵŝŶŐΗ�ĂŶĚ�ƚŚĞ�





ŽƚŚĞƌ�ŚĂůĨ�ƚŽ�'ŝŽƌŐŝŽ�WĂƌŝƐŝ�ΗĨŽƌ�ƚŚĞ ĚŝƐĐŽǀĞƌǇ�ŽĨ�ƚŚĞ�ŝŶƚĞƌƉůĂǇ�ŽĨ�ĚŝƐŽƌĚĞƌ�ĂŶĚ�ĨůƵĐƚƵĂƚŝŽŶƐ�ŝŶ�ƉŚǇƐŝĐĂů�
ƐǇƐƚĞŵƐ�ĨƌŽŵ�ĂƚŽŵŝĐ�ƚŽ�ƉůĂŶĞƚĂƌǇ�ƐĐĂůĞƐ͘Η΁

�ŽƉƉůĞƌ�ZĂĚĂƌ͗ ΀ƐƉĞĐŝĂůŝǌĞĚ ƌĂĚĂƌ ƚŚĂƚ�ƵƐĞƐ�ƚŚĞ �ŽƉƉůĞƌ�ĞĨĨĞĐƚ ƚŽ�ƉƌŽĚƵĐĞ�ǀĞůŽĐŝƚǇ�ĚĂƚĂ�ĂďŽƵƚ�ŽďũĞĐƚƐ�Ăƚ�
Ă�ĚŝƐƚĂŶĐĞ͘�/ƚ�ĚŽĞƐ�ƚŚŝƐ�ďǇ�ďŽƵŶĐŝŶŐ�ĂŵŝĐƌŽǁĂǀĞ ƐŝŐŶĂů�ŽĨĨ�Ă�ĚĞƐŝƌĞĚ�ƚĂƌŐĞƚ�ĂŶĚ�ĂŶĂůǇǌŝŶŐ�ŚŽǁ�ƚŚĞ�
ŽďũĞĐƚΖƐ�ŵŽƚŝŽŶ�ŚĂƐ�ĂůƚĞƌĞĚ�ƚŚĞ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�ƚŚĞ�ƌĞƚƵƌŶĞĚ�ƐŝŐŶĂůͮ͘�ǁĞĂƚŚĞƌ�ĨŽƌĞĐĂƐƚŝŶŐ͕�ĂƐƚƌŽŶŽŵŝĐĂů�
ĚĂƚĂ�ŐĂƚŚĞƌŝŶŐ͘΁

,Žǁ�ĚŽĞƐ�ƌĂĚĂƌ�ǁŽƌŬ͍ ΀ZĂĚĂƌ�ŵĞĂŶƐ ƌĂĚŝŽ�ĚĞƚĞĐƚŝŶŐ�ĂŶĚ�ƌĂŶŐŝŶŐͮ�

,Žǁ�ĚŽĞƐ�ǀĂĐƵƵŵ�ďŽŵď�ǁŽƌŬ͍ ΀dK^ϭͲ��ƐǇƐƚĞŵ�ŽĨ�ZƵƐƐŝĂ�;ĂƌŵŽƌĞĚ�ŵƵůƚŝƉůĞ�ƌŽĐŬĞƚ�ůĂƵŶĐŚĞƌͿͮ�
ƚŚĞƌŵŽďĂƌŝĐ�;ƵƐŝŶŐ�ŽǆǇŐĞŶ�ĨƌŽŵ�Ăŝƌ�ƚŽ�ĐƌĞĂƚĞ�ŚŝŐŚ�ƚĞŵƉĞƌĂƚƵƌĞ�ĞǆƉůŽƐŝŽŶ�ĐĂƉĂďůĞ�ŽĨ�ǀĂƉŽƌŝǌŝŶŐ�ŚƵŵĂŶ�
ďŽĚŝĞƐ�ĂŶĚ�ůŽŶŐ�ĚƵƌĂƚŝŽŶ�ďůĂƐƚ�ǁĂǀĞͮ�ƚǁŽ�ƐƚĂŐĞ�ƉƌŽĐĞƐƐ�ǁŝƚŚ�ĨŝƌƐƚ�ŚĂǀŝŶŐ�ĂĞƌŽƐŽůƐ�ŵĂĚĞ�ĨƌŽŵ�ĐĂƌďŽŶ�
ďĂƐĞĚ�ĨƵĞůƐ�ĂŶĚ�ƐĞĐŽŶĚ�ƐƚĂŐĞ�ŚĂǀŝŶŐ�ƐŚŽĐŬ�ǁĂǀĞ�ƐƵĐŬŝŶŐ�ŽǆǇŐĞŶ�ĨƌŽŵ�ƚĂƌŐĞƚ�ĐƌĞĂƚŝŶŐ�Ă�ǀĂĐƵƵŵ�ĂƌŽƵŶĚ�
ƚĂƌŐĞƚͿ΁

�ĞƌŽƐŽůƐ�ĂƌĞ�ƐƵƐƉĞŶĚĞĚ�ĨŝŶĞ�ƐŽůŝĚ�ƉĂƌƚŝĐůĞƐ�Žƌ�ůŝƋƵŝĚ�ĚƌŽƉůĞƚƐͮ͘�

�Ǉ�ĐŚŽŽƐŝŶŐ�ĞŝƚŚĞƌ�ƚŚĞ�ǁĂǀĞ�Žƌ�ƚŚĞ�ƉĂƌƚŝĐůĞ�ƉŝĐƚƵƌĞ͕�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚĞƌ�ĚŝƐƚƵƌďƐ�ƵŶƚŽƵĐŚĞĚ�ŶĂƚƵƌĞ͘�^ƵĐŚ�
ĨĂǀŽƌŝƚŝƐŵ�ƵŶůĞĂƐŚĞƐ�Ă�ůŝŵŝƚĂƚŝŽŶ�ŝŶ�ǁŚĂƚ�ŽŶĞ�ĐĂŶ�ůĞĂƌŶ�ĂďŽƵƚ�ŶĂƚƵƌĞ�ΗĂƐ�ŝƚ�ƌĞĂůůǇ�ŝƐ͘Η�dŚŝƐ�ůŝŵŝƚĂƚŝŽŶ�ŝƐ�
ĞǆƉƌĞƐƐĞĚ�ďǇ�,ĞŝƐĞŶďĞƌŐΖƐ�ƵŶĐĞƌƚĂŝŶƚǇ�ƌĞůĂƚŝŽŶƐ͕�ǁŚŝĐŚ͕�ĨŽƌ��ŽŚƌ͕�ǁĞƌĞ�ƌĞůĂƚĞĚ�ƚŽ�ǁŚĂƚ�ŚĞ�ǁĂƐ�ŶŽǁ�
ĐĂůůŝŶŐ�ΗĐŽŵƉůĞŵĞŶƚĂƌŝƚǇ͘Η�dŚŝƐ�ƐŚŽǁƐ�ŚŽǁ�ƋƵĂŶƚƵŵ�ŵĞĐŚĂŶŝĐƐ�ǁĂƐ�ĨŽƵŶĚĞĚ�ŝŶ�ŚĞŝƐĞŶďĞƌŐ�ƵŶĐĞƌƚĂŝŶƚǇ�
ƉƌŝŶĐŝƉůĞ͘

ͻ

YƵĂŶƚƵŵ�ůŝŵŝƚ͗�΀ůŝŵŝƚĂƚŝŽŶƐ�ŽĨ�ƚƌĂĚĞŽĨĨƐ�ŝŶ�ŵĞĂƐƵƌĞŵĞŶƚͮ�ƚƌĂĚĞŽĨĨ�ďĞƚǁĞĞŶ�ĞƌƌŽƌ�ĂŶĚ�ĚŝƐƚƵƌďĂŶĐĞͮ�
ŵŽŵĞŶƚ�ǁŚĞŶ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ďĞĐŽŵĞ�ƵŶĐĞƌƚĂŝŶͮ�� ƋƵĂŶƚƵŵ�ůŝŵŝƚ ŝŶ�ƉŚǇƐŝĐƐ�ŝƐ�Ă�ůŝŵŝƚ�ŽŶ�ŵĞĂƐƵƌĞŵĞŶƚ�
ĂĐĐƵƌĂĐǇ�Ăƚ�ƋƵĂŶƚƵŵ�ƐĐĂůĞ΁

ͻ

KƉƚŝŽŶĂů�ƉĂƉĞƌƐ͗ ΀ͻ

WŚǇƐŝĐƐ�ŝŶ�ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ͗ ΀ŬŶŽǁůĞĚŐĞ�;ƋƵĂŶƚƵŵ�ŵĞĐŚͿ��ĂŶĚ�ŵŝŶĚƐĞƚ�;ƌĂƚŝŽŶĂů�ĂƉƉƌŽĂĐŚ�ĂŶĚ�ŽďũĞĐƚŝǀĞ�
ŵŝŶĚƐĞƚͿ΁

ͻ

'ƌĂǀŝƚǇ�ŝƐ�ƐŽ�ƐƚƌŽŶŐ�ŝƚ�ǁĂƌƉƐ�ƐƉĂĐĞ�ƚŝŵĞ�ĨĂďƌŝĐ͕�ŝƚ�ďĞŶĚƐ�ůŝŐŚƚ�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ŐƌĂǀŝƚǇ�ǁŝůů�ĐĂƉƚƵƌĞ�ŝƚ͘ͻ

tŚĂƚ�ŝƐ�ŝŵƉŽƌƚĂŶĐĞ�ŽĨ�ƉůĂŶĐŬ�ĐŽŶƐƚĂŶƚ�ŝŶ�YW͍�tŚĂƚ�ŝĨ�ǁĞ�ƌĞŵŽǀĞ�Ś͍͗�΀ƋƵĂŶƚŝǌĂƚŝŽŶ�ŽĨ�ǀĂƌŝĂďůĞƐ�ǁŝůů�ďĞ�ŐŽŶĞͮ�
ĞŶĞƌŐǇ�ůĞǀĞůƐ�ĂƌĞ�ĐŽŶƚŝŶƵŽƵƐ�ĂƐ�ǁĞ�ĞŶƚĞƌ�ƌĞĂůŵ�ŽĨ�ĐůĂƐƐŝĐĂů�ƉŚǇƐŝĐƐ΁

WƌĂĐƚŝĐĂů�ĂƉƉůŝĐĂƚŝŽŶƐ�ŽĨ�ZĂŵĂŶ�ĞĨĨĞĐƚ͍͗�΀ŵŽůĞĐƵůĂƌ�ĂŶĂůǇƐŝƐ�ŽĨ�ĐŚĞŵŝĐĂůƐͮ�ŶŽŶŝŶǀĂƐŝǀĞͮ�΁





tŚĂƚ
KŶ�Ă�ĐŽůĚ�ĞǀĞŶŝŶŐ͕�ŵĞƚĂůƐ�ĂƌĞ�ĐŽŵƉĂƌĂďůǇ�ŵŽƌĞ�ĐŽůĚĞƌ�ƚŚĂŶ�ǁŽŽĚ͕�ǁŚǇ�ƐŽ͍
tŚǇ�ĚŽĞƐ�Ă�ƐǇŵŵĞƚƌŝĐ�ƚŽƉ�ŬĞĞƉ�ƐƉŝŶŶŝŶŐ͍
;�ŽŶƐĞƌǀĂƚŝŽŶ�ŽĨ�ĂŶŐƵůĂƌ�ŵŽŵĞŶƚƵŵ͕�ŚĞ�ůŽŽŬĞĚ�ůĞƐƐ�ƐĂƚŝƐĨŝĞĚ�ǁĂŶƚĞĚ�ŵŽƌĞͿ




