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$UWHPLVLD�9XOJDULV�/��7LWH�3DDWL��D�1HZ�6RXUFH�IRU�,PPHQVHO\�
%LRDFWLYH�&RPSRXQG�1DULQJLQ��

$FK\XW�$GKLNDUL� �DQG�6DOLP�6DLIXOODK�

�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO��
��+(-�5HVHDUFK�,QVWLWXWH�RI�&KHPLVWU\��,&&%6��8QLYHUVLW\�RI�.DUDFKL��.DUDFKL��3DNLVWDQ����

(�PDLO��DGKLNDULPLQH#\DKRR�FRP

$EVWUDFW�

1DULQJLQ�� �� ������ WULK\GUR[\IODYDQRQH���UKDPQRJOXFRVLGH��� LV� D� IODYDQRQH�JO\FRVLGH�PDLQO\� ILQG� LQ��
JUDSHIUXLWV�� WRPDWRHV� � DQG� PDQ\� RWKHU� FLWUXV� IUXLWV�� ,W� KDV� EHHQ� UHSRUWHG� WR� SRVVHVV� YDVW� ELRORJLFDO�
SURSHUWLHV� VXFK� DV� DQWLR[LGDQW�� DQWL�LQIODPPDWRU\�� DWKHURVFOHURVLV�� FDUGLRYDVFXODU� GLVRUGHUV�� GLDEHWHV�
PHOOLWXV��QHXURGHJHQHUDWLYH�GLVRUGHUV��RVWHRSRURVLV�� UKHXPDWRORJLFDO�GLVRUGHUV��DQWLDSRSWRWLF�DFWLYLWLHV��
KHSDWRSURWHFWLYH�DQG�FKHPRSUHYHQWLYH�HIIHFW���$GGLWLRQDOO\��QDULQJLQ�KDV�DQWLFDQFHU�DFWLYLWLHV�LQ�YDULRXV�
PRGHOV� RI� RUDO�� EUHDVW�� FRORQ�� OLYHU�� OXQJ�� DQG� RYDULDQ� FDQFHU�� 7KLV� UHVHDUFK� ZRUN� GLVFRYHUHG� D� QHZ�
QDWXUDO� VRXUFH� IRU� WKLV�PDJLF�FRPSRXQG��ZKLFK� LV�SODQW�$UWHPLVLD�YXOJDULV�/� �7LWH�3DDWL���6WUXFWXUH�RI�
FRPSRXQG� ZDV� GHGXFHG� IURP� PDVV� DQG� �'�DQG� �'�105� WHFKQLTXHV�� 'HWDLO� ��&�� DQG� �'�105� RI�
FRPSRXQG�QDULQJLQ�LV�DOVR�UHSRUWHG�LQ�WKLV�SDSHU��

<ĞǇǁŽƌĚƐ͗�$UWHPLVLD�YXOJDULV��QDULQJLQ

,QWURGXFWLRQ

$UWHPLVLD�LV� D� ODUJH�JHQXV�RI� SODQWV� ZLWK� EHWZHHQ� ���� DQG� ���� VSHFLHV� RI� $VWHUDFHDH� IDPLO\��� $�
FRPSUHKHQVLYH�LQVSHFWLRQ�RI�OLWHUDWXUH�H[SRVHG�WKDW�VSHFLHV�RI�$UWHPLVLD�H[KLELW�D�QXPEHU�RI�ELRORJLFDO�
DFWLYLWLHV� OLNH� DV� DQWLR[LGDQW�� DQWLPDODULDO�� DQWLIXQJDO� F\WRWR[LF�� DQWLEDFWHULDO�� DQG� DQWLKHSDWRWR[LF�
DFWLYLW\���7KLV�JHQXV�KDV�EHHQ�FUHGLWHG�IRU�YHU\�VLJQLILFDQW�GUXJ�DUWHPLVLQLQ��D�IDPRXV�DQWL�PDODULDO�GUXJ�
ILUVW�WLPH�H[WUDFW�IURP�WKH�&KLQHVH�DURPDWLF�SODQW�$UWHPLVLD�DQQXD���3K\WRFRQVWLWXHQWV�RI�WKLV�JHQXV�DUH�
FRXPDULQV��FDIIHR\OTXLQLF�DFLGV��VWHUROV��DFHW\OHQHV�WHUSHQRLGV��DQG�IODYRQRLGV���

$UWHPLVLD� YXOJDULV� /� LV� D� SHUVLVWHQW�ZLOG� SODQW� JURZLQJ� QDWXUDO� DQG� LQ� DEXQGDQFH� LQ�PRGHUDWH� DQG�
IUR]HQ�WHPSHUDWXUH�DUHDV�RI�WKH�JOREH��$UWHPLVLD�YXOJDULV�KDV�EHHQ�HPLQHQW�QRW�RQO\�DV�D�VDIH�WR�HDW�SODQW�
EXW�PRUH�IDPLOLDU�DV�D�IRON�PHGLFLQH�VXSSO\���7KH�PLVFHOODQHRXV�ELRORJLFDO�DFWLYLWLHV�RI�JHQXV�$UWHPLVLD
DUH�PDQLIHVWHG�E\�YDULRXV�FRPSRXQGV�ZKRVH�PDMRU�FRPSRQHQWV�DUH�HVVHQWLDO�RLOV�DQG�IODYRQRLGV��

1DULQJLQ� KDV� VKRZQ� WR� SRVVHVV� VWURQJ� VXSHUR[LGH� VFDYHQJLQJ� DQG� [DQWKLQH� R[LGDVH� LQKLELWRU\�
DFWLYLW\�����,W�VXSSUHVVHG�/36�LQGXFHG�V\QWKHVLV�RI�12��L126��&2;����71)� ��,/���SURGXFWLRQ��DQG�1)�
%� DFWLYDWLRQ� LQ�5$:�������PDFURSKDJHV��� DQG� � SUHYHQWV� LQ� YLWUR�/'/�R[LGDWLRQ� DQG� WKHUHIRUH� FRXOG�
SRWHQWLDOO\� UHWDUG� WKH� SURJUHVVLRQ�RI� DWKHURVFOHURVLV���1DULQJLQ� VKRZHG� SRWHQW� YDVRUHOD[DQW� HIIHFW��� DQG�
SURWHFWLYH�HIIHFWV�RQ�WKH�SDQFUHDWLF�LVOHWV���1DULQJLQ�KDV�DOVR�VKRZQ�GRVH�GHSHQGHQW�SURWHFWLYH�HIIHFWV�RQ�
URWHQRQH�LQGXFHG�FHOO�GHDWK�LQ�KXPDQ�QHXUREODVWRPD�6+�6<�<�FHOOV�E\�UHGXFLQJ�WKH�DFWLYLW\�RI�FDVSDVH�

&RUUHVSRQGLQJ�DXWKRU
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���FDVSDVH����DQG�3$53��DQG�LQKLELWLQJ�-1.�DQG�S���SKRVSKRU\ODWLRQ����1DULQJLQ�LQKLELWHG�3K,3�LQGXFHG�
JHQRWR[LFLW\�LQ�KXPDQ�OLYHU�VOLFHV��KLJKOLJKWLQJ�D�SURWHFWLYH�HIIHFW�DJDLQVW�QDWXUDOO\�RFFXUULQJ�JHQRWR[LQV�
LQ�IRRG�VXFK�DV�3K,3�DQG�RWKHU�FRRNHG�IRRG�PXWDJHQV���

1DULQJLQ�KDV��VKRZQ�WR�LQKLELW�WKH�SUROLIHUDWLRQ�RI�KXPDQ�EUHDVW�FDUFLQRPD�DV�ZHOO�DV�'0%$�LQGXFHG�
PDPPDU\� WXPRU� IRUPDWLRQ� LQ� IHPDOH� 6SUDJXH�'DZOH\� UDWV���� ,Q� $���� KXPDQ� OXQJ� FDQFHU� FHOO� OLQHV��
QDULQJLQ��VXSSUHVVHG�WKH�HQKDQFLQJ�HIIHFW�RI�EHWD�FDURWHQH�RQ�'1$�GDPDJH�LQGXFHG�E\�D�SRWHQW�WREDFFR�
UHODWHG� FDUFLQRJHQ� LQ� KXPDQV���� 1DULQJLQ� KDV� EHHQ� VKRZQ� WR� RIIHU� VLJQLILFDQW� SURWHFWLRQ� LQ� 1�
QLWURVRGLHWK\ODPLQH�LQGXFHG� OLYHU� FDUFLQRJHQHVLV� LQ� UDWV���� ,Q� D� KDPVWHU� FKHHN� SRXFK� PRGHO�� QDULQJLQ�
VLJQLILFDQWO\� UHGXFHG� WKH� WXPRU�EXUGHQ� LQ�'0%$�LQGXFHG�RUDO�FDQFHU���� ,Q�DQ� LQ�YLWUR�VWXG\�RQ�KXPDQ�
NHUDWLQRF\WHV�DQG�ILEUREODVWV��QDULQJLQ�SUHYHQWHG� WKH�IRUPDWLRQ�RI�GRXEOH�VWUDQG�'1$�EUHDNV�IROORZLQJ�
H[SRVXUH�WR�89�UDGLDWLRQ����,Q�UDW�RVWHREODVW�OLNH�805�����FHOOV��QDULQJLQ�LQFUHDVHG�FHOO�SUROLIHUDWLRQ�DQG�
$/3�DFWLYLW\����0DQ\�PRUH�ELRDFWLYLWLHV�RI�QDULQJLQ�LV�VXPPDUL]HG�LQ�UHYLHZ�SDSHU�E\�%KDUWL�HW��DO�����

([SHULPHQWDO�DQG�0HWKRGV�

*HQHUDO�([SHULPHQWDO�
2SWLFDO�URWDWLRQV�ZHUH�UHFRUGHG�RQ�D�-$6&2�GLJLWDO�SRODULPHWHU��PRGHO�',3�������LQ�FKORURIRUP�DQG�

PHWKDQRO��3XULW\�RI�FRPSRXQG�ZDV�FRQILUPHG�XVLQJ�SUH�FRDWHG�VLOLFD�JHO�7/&���� ��������PP�WKLFN��(��
0HUFN��W\SH��������0HVK���ZHUH�H[DPLQHG�XQGHU�89�OLJKW�DW�����DQG�����QP��6SRWV�RQ�7/&�SODWHV�ZHUH�
IXUWKHU� FRQILUPHG�E\� VSUD\LQJ�ZLWK� FHULF� VXOIDWH� UHDJHQW�� -HRO�06� URXWH� -06����+�DWWDFKHG�ZLWK�766�
�����ZDV�XVHG�WR�UHFRUG�(,�06��7KH�+5(,�06�PHDVXUHG�RQ�7KHUPR�)LQQLJDQ�0$7���;3�DWWDFKHG�ZLWK�
;�FDOLEXU��-HRO�-06�+;�����DWWDFKHG�ZLWK�7*5$)������PDVV�VSHFWURPHWHU�ZDV�XVHG�IRU�WKH�)$%�06�
�)DVW�$WRP�%RPEDUGPHQW�0DVV�6SHFWUXP��DQG�+5)$%�06��+LJK�5HVROXWLRQ�)DVW�$WRP�%RPEDUGPHQW���
7KH� ,5� VSHFWUD� ZHUH� DFTXLUHG� IURP� )7,5������ �)RXULHU� 7UDQVIRUP� ,QIUDUHG� 6SHFWURSKRWRPHWHU��
6KLPDG]X�� -DSDQ�� XVLQJ� .%U� GLVF�� 89�9LVLEOH� VSHFWUD� ZHUH� DFTXLUHG� IURP� (YROXWLRQ� 89�9LVLEOH�

VSHFWURSKRWRPHWHU��7KHUPRVFLHQWLILF��8QLWHG�6WDWH��LQ� PD[�� ���3RODULPHWHU�3�������-$6&2��-DSDQ��ZDV�
XVHG�WR�PHDVXUH�RSWLFDO�URWDWLRQV��$OO��'��DQG��'��105�VSHFWUD�ZHUH�UHFRUGHG�RQ�$YDQFH ���������DQG�
����0+]�LQVWUXPHQWV��

WůĂŶƚ�DĂƚĞƌŝĂů��

7KH�SODQW�ZDV�FROOHFWHG�IURP�.DWKPDQGX�1HSDO��GXULQJ�$XJ��������7KH�SODQW�PDWHULDO�ZDV�LGHQWLILHG�E\�
3URI��'U��.ULVKQD�.XPDU�6KUHVWKD�&HQWUDO�'HSDUWPHQW�RI�%RWDQ\��7ULEKXYDQ�8QLYHUVLW\��.DWKXPDQGX�1HSDO��

([WUDFWLRQ�DQG�,VRODWLRQ�

�����.J�DLU�GULHG�SODQW�PDWHULDO�LV�JULQGHG�RU�FXW�LQWR�VPDOO�SLHFHV�WR�PDNH�KRPRJHQRXV�SRZGHU�DQG�
PDFHUDWHG��UDWLR���J����P/��LQ�PHWKDQRO������J�PHWKDQROLF�H[WUDFW�UHFHLYHG�DIWHU�HYDSRUDWLRQ�RI�VROYHQW��
,W�ZDV�GLVVROYHG�LQ�GLVWLOOHG�ZDWHU�DQG�SUHFHGHG�IRU�IUDFWLRQDWLRQ��7KH�(WK\O�DFHWDWH�IUDFWLRQ�ZDV�LPSHOOHG�
WR�WKH�VLOLFD�JHO�FROXPQ��IOXVKHG�ZLWK�GLIIHUHQW�JUDGH�RI�KH[DQH��HWK\O�DFHWDWH��DQG�DFHWRQH��ZKLFK�JLYHQ�D�
QXPEHU�RI�VXE�IUDFWLRQV�($��(%��(&��('��DQG�((��6XE�IUDFWLRQ�($�ZDV�IXUWKHU�SDVVHG�WKURXJK�VLOLFD�JHO�
FROXPQ�� HOXWHG� ZLWK� ���� DFHWRQH� LQ� KH[DQH�� )UDFWLRQ�(%� ZDV� FKURPDWRJUDSKHG� RQ� VLOLFD� JHO� FROXPQ�
IOXVKHG�ZLWK�HWK\O�DFHWDWH�DQG�KH[DQH�������DQG�FROOHFWHG�WR�VXE�IUDFWLRQV�(%D�DQG�(%E���)UDFWLRQ�(%E
ZDV�HOXWHG�RQ�/+����VHSKDGH[�FROXPQ�XVLQJ�PHWKDQRO�DV�PRELOH�SKDVH�DIIRUG�FRPSRXQG���������PJ���
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5HVXOWV�DQG�'LVFXVVLRQ�

&RPSRXQG���ZDV�REWDLQHG�DV�D�GLUW\�ZKLWH�DPRUSKRXV�VROLG�IURP�HWK\O�DFHWDWH�IUDFWLRQ��7KH�(,�06�
VSHFWUXP�RI�FRPSRXQG���VKRZHG�WKH�>0�@�DW�P�]�����DQG�EDVH�SHDN�DW�P�]����� 7KH��+�105�VSHFWUXP�

�7DEOH����VKRZHG�UHVRQDQFHV�IRU�IRXU�VLJQDOV�DW� �����GW��-����D� �������-����E� �����+]��������G��-����� ������
+]��� ����� G� �-��� ��  � ���� +]��� DQG� ����� G� �-��� ��  � ���� +]�� ZHUH� DVVLJQHG� WR� +���� +���� +���� DQG� +���

UHVSHFWLYHO\��6LJQDOV�UHVRQDWHG�DW� ������G��-�¶���¶� �����+]��������GG��-�¶���¶� �����+]��-�¶���¶� �����+]��������
GG��-�¶���¶� ������-�¶���¶� �����+]���DQG������G��-�¶���¶  �����+]��ZHUH�GXH�WR�SURWRQV�DWWDFKHG�WR�+��¶��+��¶��+�
�¶��DQG�+��¶�UHVSHFWLYHO\��6LJQDO� UHVRQDWHG�DW� ������G��-�¶¶�� �¶¶� �����+]��DQG������G��-�¶¶¶�� �¶¶¶� �����+]��
ZHUH�DWWULEXWHG�WR�DQRPHULF�SURWRQV�DWWDFKHG�WR�DQRPHULF�FDUERQV�&��¶¶�DQG�&��¶¶¶�UHVSHFWLYHO\���$Q�XS�
ILHOG�VLJQDO�UHVRQDWHG�DW� ������ZDV�DWWULEXWHG�WR�SURWRQV�RI�&��¶¶¶��7KH�H[LVWHQFH�RI�PHWK\O�VLJQDO�LQ�VXJDU�
PRLHW\�FRQILUPHG�WKH�UKDPQRVH�PRLHW\�LQ�FRPSRXQG��

7KH�EURDG�EDQG���&�105�DQG�'(37�VSHFWUD��7DEOH����UHYHDOHG�UHVRQDQFH�IRU�WZHQW\�VHYHQ�FDUERQV��
LQFOXGLQJ� RQH� PHWK\O�� WZR� PHWK\OHQH�� VHYHQWHHQ� PHWKLQHV�� DQG� VHYHQ� TXDWHUQDU\� FDUERQV�� �'� 105�
VSHFWURVFRS\��&26<��12(6<��+64&��DQG�+0%&���)LJ����ZHUH�EURXJKW�LQ�XVH�WR�SUHGLFW�WKH�SRVLWLRQ�RI�
VXJDU�PRLHW\�DQG�FRQIRUPLQJ�WKH�FRPSRXQG���VWUXFWXUH��7KH�+0%&�LQWHUDFWLRQ�EHWZHHQ�DQRPHULF�SURWRQ�
DQG� FDUERQV� UHVRQDWHG� DW� � ����� DQG� � ������ �&����� FOHDUO\� VKRZHG� WKH� ORFDWLRQ� RI� VXJDU� PRLHW\� LQ�
FRPSRXQG��7KH�+0%&�LQWHUDFWLRQ�RI�SURWRQV�PHWK\O�JURXS�RI�UKDPQRVH�ZLWK�DQRPHULF�FDUERQ��DQG�WKH�
LQWHUDFWLRQ� RI� DQRPHULF� SURWRQ� RI� UKDPQRVH� WR� JOXFRVH� PRLHW\� FOHDUO\� VKRZHG� WKH� SRVLWLRQ� RI� ERWK�
PRLHWLHV�LQ�FRPSRXQG����

7DEOH������&��DQG��+�105�FKHPLFDO�VKLIW�YDOXHV�RI����0H2'��SSP������DQG�����0K]��
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)LJ�����.H\�+0%&�LQWHUDFWLRQV�RI���

&RQFOXVLRQ�

$UWHPLVLD�YXOJDULV��7LWH�SDWL��IURP�1HSDO�FRQWDLQV�ZLGHO\�ELRDFWLYH�FRPSRXQG�QDULQJLQ��WKHUHIRUH�WKH�
SODQW�$UWHPLVLD�YXOJDULV�FDQ�EH�D�QDWXUDO�UDZ�PDWHULDO�IRU�PDQ\�KHUEDO�IRUPXODWLRQV�WR�FXUH�GLVHDVHV����

$FNQRZOHGJHPHQW�

:H�ZRXOG�OLNH�WR�WKDQN�'U�.KDJD�5DM�6KDUPD��&HQWUDO�'HSDUWPHQW�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��
7ULEKXYDQ�8QLYHUVLW\�IRU�KHOSLQJ�LQ�WKH�FROOHFWLRQ�RI�SODQW��

5HIHUHQFHV�

�� ,��.DUDEHJRYL ��1��0LOHQD��'��9HOL NRYL ��6��6WRML HYL ��9��9HOMNRYL �� DQG�0��/D]L ��&KLQ�� -���
&KHP��(QJ�����������������������

�� 1��-��:KLWH��$QWLPLFURE���$JHQWV�&KHPRWKHU�������������������������
�� 6���-��/HH��+��<��&KXQJ��*��$��&DPHOLD��$��5��:RRG��5��$��'L[RQ��DQG�7��-��0DEU\��-��$JULF���

)RRG�&KHP��������������������������
�� <��7��&KHQ��5��/���=KHQJ��=��-��-LD��DQG�<��-X��)UHH�5DGLF��%LRO��0HG�������������±���
�� $��5XVVR��5��$FTXDYLYD��$��&DPSLVL��9��6RUUHQWL��&��'L*LDFRPR��*��9LUJDWD��0��/��%DUFHOORQD��

DQG�$��9DQHOOD���&HOO�%LRO��7R[LFRO��������������±���
�� 6��.DQQR��$��6KRXML��$��7RPL]DZD��7��+LXUD��<��2VDQDL��0��8MLEH��<��2EDUD��1��1DNDKDWD��DQG��

0��,VKLNDZD���/LIH�6FL���������������±����
�� *��$��1DGHUL��6��$VJDU\��1��6��=DGHJDQ��DQG�+��6KLUYDQ\���0RO��&HOO��%LRFKHP����������������±

����
�� 0��$MD\��$��8���*LODQL��DQG�0��5��0XVWDID��/LIH�6FL���������������±����
�� +��6�� �3DUPDU��3��-DLQ��'��6��&KDXKDQ��0��.��%KLQFKDU��9��0XQMDO��0��<XVXI��.��&KRXEH���$��

7DZDQL��9��7LZDUL��(��0DQLYDQQDQ���DQG�$��.XPDU���'LDEHWHV�5HV��&OLQ��3UDFW���������������±
����

��� +��-���.LP��-��<��6RQJ���+��-��3DUN��+��.��3DUN��'��+��<XQ��DQG�-��+��&KXQJ���.RUHDQ�-��3K\VLRO��
3KDUPDFRO���������������±����

��� %��*��/DNH��-��$��%HDPDQG��-��0��7UHGJHU��3��7��%DUWRQ��$��%��5HQZLFN��DQG�5��-��3ULFH��0XWDW��
5HV���������������±����
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��� �)��9��6R��1��*XWKULH��$��)��&KDPEHUV��0��0RXVVD��DQG�.��.��&DUUROO��1XWU��&DQFHU������������
���±����
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