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3DO\QRORJ\�DQG�3DOHRHQYLURQPHQWDO�$QDO\VLV�RI�2/�$�:HOO�(DVWHUQ�1LJHU�'HOWD��1LJHULD

8MRK�2�/���2QRGXNX�8�6���2NRVXQ�(�$���&KXNZXPD�2UML�-�1�

'HSDUWPHQW�RI�*HRORJ\��)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD��1LJHULD
(PDLO��OLYLQXVXMRK#\DKRR�FRP 3KRQH����������������

$%675$&7
3DO\QRORJLFDO�DQDO\VLV�ZDV�FDUULHG�RXW�RQ�����GLWFK�FXWWLQJ�VDPSOHV�RI�D�VHFWLRQ������������IW��RI�
2/�$�ZHOO�� (DVWHUQ�1LJHU�'HOWD��1LJHULD�ZLWK� WKH� YLHZ� RI GHWHUPLQLQJ� WKH� DJH�� ELR]RQH�� DQG�
GHSRVLWLRQDO� HQYLURQPHQW� RI� WKH� VHGLPHQW� ZLWKLQ� WKH� LQWHUYDO�� $FLG� PHWKRG� ZDV� XVHG� IRU� WKH�
SDO\QRPRUSK�UHFRYHU\��$�WRWDO�RI�ILIW\�ILYH������SDO\QRPRUSK�VSHFLHV�ZHUH�UHFRYHUHG��7KH�VHFWLRQ�
ZDV�GDWHG�2OLJRFHQH�HDUO\�0LRFHQH GXH�WR�WKH�RFFXUUHQFH�RI�WKH�GLDJQRVWLF�PDUNHU�VSHFLHV�VXFK�
DV��&LFDWULFRVLVSRULWHV�GRURJHQVLV��$UHFLSLWHV H[LOLPXUDWXV��(FKLSHULSRULWHV�HVWHODH� $�WD[RQ�UDQJH�
]RQH�RI�&LFDWULFRVLVSRULWHV�GRURJHQVLV�=RQH��&RQFXUUHQW�UDQJH�]RQH�RI�$UHFLSLWHV H[LOLPXUDWXV�
6WULDWULFROSLWH� FDWDWXPEXV =RQH�� DQG� LQWHUYDO� ]RQH� RI�3DFK\GHUPLWHV� GLHGHUL[L�3HUHJULQLSROOLV�
QLJHULFXV�=RQH�ZDV�HVWDEOLVKHG��%DVHG�RQ�WKH�3DO\QRPRUSK�PDULQH�LQGH[��WKH�VHFWLRQ�ZDV�LQIHUUHG�
WR�EH�GHSRVLWHG�LQ�IUHVKZDWHU�WR�EUDFNLVK�DQG�PDULQH�HQYLURQPHQWV�

�� ,1752'8&7,21
3DO\QRORJ\�ILQGV�LWV�XVH�LQ�SHWUROHXP�H[SORUDWLRQ�ERWK�LQ�WHUUHVWULDO�DQG�PDULQH�HQYLURQPHQW��:KHQ�
LQWHJUDWHG� ZLWK� RWKHU� WRROV� OLNH� ZLUHOLQH� ORJV� DQG� VHLVPLF� VWUDWLJUDSK\�� LW� LV� XVHIXO� IRU�
SDOHRHQYLURQPHQWDO� VWXGLHV�� SDOHRFOLPDWLF� LQWHUSUHWDWLRQ�� FKURQRVWUDWLJUDSKLF� FRUUHODWLRQ� DQG�
HYDOXDWLRQ� RI� SRWHQWLDO� VRXUFH� UHVHUYRLU� DQG� VHDOLQJ� URFN� �&RSHVWDNH�� ������� 3DO\QRORJLFDO�
LQIRUPDWLRQ�DERXW�WKH�DJH�DQG�SDOHRHQYLURQPHQW�RI�WKH�1LJHU�'HOWD�EDVLQ�KDYH�EHHQ�SXEOLVKHG�E\�
$GHED\R�HW�DO�� ��������2ODMLGH�HW�DO� ��������2MR�DQG�*EDGDPRVL���������$GRMRK�HW�DO�� ��������
2QRGXNX�DQG�2NRVXQ��������DQG�,PDVHXQ�HW�DO����������+RZHYHU��SDO\QRORJLFDO�ZRUN�RQ�2/�$�
ZHOO�KDV�QRW�EHHQ�UHSRUWHG�RU�SXEOLVKHG��7KHUHIRUH��WKLV�ZRUN�DLPV�DW�LGHQWLI\LQJ�WKH� UHFRYHUHG�
SDO\QRPRUSKV�DQG�XVLQJ�WKHP�WR�]RQH��GDWH�DQG�LQIHU�GHSRVLWLRQDO�HQYLURQPHQW�RI�WKH�VHFWLRQ�RI�
WKH�2/�$�ZHOO�

�� /RFDWLRQ�DQG�*HRORJ\�RI�WKH�6WXG\�$UHD
7KH�1LJHU�'HOWD�OLHV�EHWZHHQ�ODWLWXGH����DQG����1�DQG�ORQJLWXGH��൏�DQG��൏�(�LQ�WKH�VRXWKHUQ�SDUW�RI�
WKH�1LJHULD��7KH�VWXGLHG�ZHOO��2/�$��LV�ORFDWHG�RQ�WKH�RQVKRUH�SDUW�RI�WKH�(DVWHUQ�1LJHU�'HOWD��
*UHDWHU�8JKHOOL�'HSREHOW��2/�$�ZHOO�LV�ORFDWHG�DURXQG�ODWLWXGH�����൏��൏൏1 DQG�ORQJLWXGH�����൏��൏൏(�
�)LJXUH����
7KH�OLWKR�XQLWV�RI�WKH�1LJHU�'HOWD�KDYH�EHHQ�JURXSHG�LQWR�WKUHH�IRUPDWLRQV�UDQJLQJ�IURP�PDULQH
SURGHOWD� VKDOH� �$NDWD� IRUPDWLRQ��� WKURXJK� D� VDQG�� VKDOH� SDUDOLF� XQLW� �$JEDGD� IRUPDWLRQ�� WR�
FRQWLQHQWDO�VDQGV��%HQLQ�IRUPDWLRQ���6KRUW�DQG�6WDXEOH���������7KH�OLWKRORJLFDO�VXFFHVVLRQ�RI�WKH�
1LJHU�'HOWD� LV� DQ� RYHUDOO� FRDUVHQLQJ� XSZDUG� VHTXHQFH�� *URZWK� IDXOWV�� UROORYHU� DQWLFOLQHV� DQG�
DQWLWKHWLF IDXOWV�DUH�WKH�FRPPRQHVW�VWUXFWXUH�LQ�WKH�1LJHU�GHOWD�DQG�PRVW�ZHOOV�LQ�WKH�1LJHU�'HOWD�
DUH�DQWLFOLQDO�UROORYHU�VWUXFWXUH�
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)LJXUH� �� /RFDWLRQ� RI� 2/�$�ZHOO�� RQ� *UHDWHU� 8JKHOOL� GHSREHOW�� (DVWHUQ� 1LJHU� 'HOWD�� 1LJHULD�
�0RGLILHG�DIWHU�'RXVW�DQG�2PDWVROD��������

�� 0$7(5,$/6�$1'�0(7+2'6
$�WRWDO�QXPEHU�RI�WKLUW\�WKUHH �����GLWFK�FXWWLQJ�VDPSOHV�IURP�2/�$�ZHOO�FROOHFWHG�IURP�$GGD[�
1LJHULDQ�3HWUROHXP�/LPLWHG��$13/��/DJRV��ZHUH�VXEMHFWHG�WR�SDO\QRORJLFDO�DQDO\VLV��7KH�VDPSOH�
SUHSDUDWLRQ�DQG�DQDO\VLV�ZHUH�GRQH�LQ�0RVXQPROX�/DERUDWRU\�1LJHULD�/LPLWHG��/DJRV�
6WDQGDUG�ODERUDWRU\�WHFKQLTXH�ZDV�LQYROYHG��ZKLFK�LQFOXGH�ZHLJKLQJ�DQG�FOHDQLQJ�RI�WKH�VDPSOH��
IROORZHG�E\�GLJHVWLRQ�RI� WKH�VDPSOH� LQ�K\GURFKORULF�DQG�K\GURIOXRULF�DFLGV� IRU FDUERQDWHV�DQG�
VLOLFDWHV� UHPRYDO� UHVSHFWLYHO\� �(GLJHU�� ������� 6HSDUDWLRQ� DQG� VLHYLQJ�ZHUH� GRQH� XVLQJ� EUDVRQ�
VRQLILHU�IRU�UHPRYDO�RI�VLOW�DQG�FOD\�SDUWLFOHV��&RQWUROOHG�R[LGDWLRQ�ZDV�FDUULHG�RXW�RQ�WKH�VLHYHG�
UHVLGXH�XVLQJ�FRQFHQWUDWHG�QLWULF�DFLG��+12����7KH�UHVLGXH�ZHUH�WKHQ�VSRWWHG�RQ�FRYHU�VOLSV�RI�
�����PP�DQG�DOORZHG�WR�GU\�IRU�PRXQWLQJ��/RFWLWH��LPSUXY��ZDV�XVHG�DV�WKH�PRXQWLQJ�PHGLXP��
7KH�VOLGH�ZHUH�WKHQ�VWDLQHG�ZLWK�VDIUDQLQ�2�WR�HQKDQFH�WKH�DSSHDUDQFH�RI�DQ\�GLQRIODJHOODWH�F\VW��
)RUPV�YLHZHG�ZHUH�LGHQWLILHG�DQG�QDPHG�XVLQJ�SDO\QRORJLFDO�DOEXPV�DQG�DOVR�GLIIHUHQW�V\VWHPDWLF�
SXEOLFDWLRQV� RI� &HQR]RLF� SDO\QRPRUSKV� VXFK� DV� 9DQ� GHU� +DPPDQ� DQG� :\PVWUD� ��������
*HUPHUDDG�HW�DO�� ��������(YDP\�HW�DO�� �������� �DQG�/HJRX[� ��������7KH� LGHQWLILHG�IRUPV�ZHUH�
FRXQWHG�XVLQJ�WKH�WDOO\�V\VWHP�DQG�UHFRUGHG�RQ�WKH�DQDO\VLV�VKHHW��7KH�SURFHVV�ZDV�UHSHDWHG�IRU�
DOO�WKH VOLGHV�DQG�WKH�UHVXOW�LQSXWHG�LQWR�WKH�VWUDWDEXJ�VRIWZDUH�WR�SUHSDUH�WKH�SDO\QRPRUSKV�FKDUW�

�� 5(68/7�$1'�',6&866,21
7KH�SDO\QRPRUSKV�UHFRYHUHG�IURP�2/�$�ZHOO ZHUH�DEXQGDQW��GLYHUVH��DQG�ZHOO�SUHVHUYHG�IURP�
WKH�GHSWKV�VDPSOHG��7KHUH�DUH�ILIW\�ILYH������SDO\QRPRUSK�VSHFLPHQ�UHFRUGHG�LQ�2/�$�ZHOO��3ROOHQ�
DQG�VSRUHV�ZHUH�JRRG�LQ�2/�$�ZHOO�ZLWK�D�WRWDO�VSHFLHV�FRXQW�RI�IRUW\�WZR�������'LQRIODJHOODWHV�
ZHUH� IDLUO\� UHSUHVHQWHG� ZLWK� WHQ� ����� VSHFLHV� IRXQG� LQ� ZHOO� 2/�$� ZHOO�� $OJDH� ZHUH� SRRUO\�
UHFRYHUHG�ZLWK�WKUHH�����VSHFLHV��7KH�UHFRYHUHG�SDO\QRPRUSK�DUH�SUHVHQWHG�LQ�ILJXUH���

K>Ͳ �
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)LJXUH���3DO\QRPRUSK�'LVWULEXWLRQ�FKDUW�RI�2/�$�ZHOO

��� 3DO\QRORJLFDO�=RQDWLRQ�DQG�$JH�'DWLQJ
=RQH�,���$UHFLSLWHV�H[LOLPXUDWXV� 6WULDWULFROSLWH�FDWDWXPEXV�=RQH
=RQH�W\SH��&RQFXUUHQW�UDQJH�]RQH
'HSWK������������IW
$JH���0LGGOH�2OLJRFHQH

'LDJQRVLV��7KH�WRS�RI�WKLV�]RQH�LV�PDUNHG�E\�WKH�)'2�RI�$UHFLSLWHV�H[LOLPXUDWXV�DW������IW�DQG�DW�
WKH�EDVH�E\�WKH�/'2�RI�6WULDWULFROSLWH�FDWDWXPEXV DW������IW��
7KH�EDVH�������IW��RI�WKLV�]RQH�LV�FKDUDFWHUL]HG�E\�WKH�/'2�RI�0RQRFROSLWH�VS���3DFK\GHUPLWHV�

GLHGHUL[L�� SROOHQ� LQGHWHUPLQDWH�� 9HUUXFDWRVSRULWH� VS��� =RQRFRVWLWH� UDPRQDH�� 0RQRSRULWH�
DQQXODWXV��6DSRWDFHRLGDHSROOHQLWHV VS���3VLODWULFROSRULWHV�FUDVVXV��6SLQLIHULWHV VS��:LWKLQ�WKH�]RQH�
DUH�WKH�)'2�DQG�/'2�RI�1HPDWRVSKDHURSVLV VS��$OVR�IRXQG�LQ�WKLV�]RQH�LV�WKH�VLQJOH�RFFXUUHQFH�
RI 6SLQLIHULWHV�SVHXGRIXUFDWXV��6SLQLIHULWHV�UDPRVXV��%RWU\RFRFFXV�EUDXQLL��3UDHGDSROOLV�IOH[LELOLV��
3VLODWULFROSLWHV�VS���5HFDPRQRFROSLWHV VS���DQG�5HWLPRQRFROSLWHV�VS��7KH�WRS�RI�WKLV�]RQH�LV�PDUNHG�
E\� WKH� DEXQGDQW�� LQFUHDVH� RFFXUUHQFH� RI� PDUNHU� VSHFLHV� 5HWLEUHYLWULFROSRULWHV�
RERGRHQVLV�SURWUXGHQV DW������IW�DV�LW�UHODWHV�WR�WKH�3����VXE]RQH�RI�(YDP\�HW�DO���������

=RQH�,,��&LFDWULFRVLVSRULWHV�GRURJHQVLV =RQH
=RQH�W\SH��7D[RQ�UDQJH�]RQH�
'HSWK������������IW��
$JH��/DWH�2OLJRFHQH
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'LDJQRVLV��7KLV�]RQH�LV�PDUNHG�E\�WKH�)'2�DQG�/'2�RI�&LFDWULFRVLVSRULWHV�GRURJHQVLV��7KH�EDVH�
LV� FKDUDFWHUL]HG� E\� DEXQGDQW�LQFUHDVH� RI� PDUNHU� VSHFLHV� 5HWLEUHYLWULFRSRULWHV�
RERGRHQVLV�SURWUXGHQV� 2WKHU� DVVRFLDWHG� VSHFLHV� ZLWKLQ� WKH� ]RQH� DUH /LQJXORGLQLXP�
PDFKDHURSKRUXP�� $UHFLSLWHV� FUDVVLPXUDWXV�� &RQFHQWULF\WHV� FLUFXOXV�� (FKLSHULSRULWHV� VS���
$OHWHVSRULWHV�VS�� DQG�(FKLSHULSRULWHV�HVWHOHD��2WKHU� ORQJ� UDQJLQJ�VSHFLHV� UXQQLQJ� WKURXJK� WKLV�
]RQH� DUH� GLQRF\VW� LQGHWHUPLQDWH�� 6HOHQRSHPSKL[� QHSKURLGHV�� ,QDSHUWXURSROOHQLWHV� VS���
0RQRFROSLWHV�VS���3DFK\GHUPLWHV�GLHGHUL[L��5HFDPRQRFROSLWHV�KLDQV��DQG�5HWLWULFROSRULWHV�VS� 7KH�
]RQH�FRUUHODWHV�ZLWK�WKH�3����VXE]RQH�RI�(YDP\�HW�DO���������ZKLFK�LV�PDUNHG�E\�WRS�RFFXUUHQFH�
RI�PDUNHU�VSHFLHV�&LFDWULFRVLVSRULWHV�GRURJHQVLV�

=RQH�,,,��3DFK\GHUPLWHV�GLHGHUL[L� 3HUHJULQLSROOLV�QLJHULFXV�=RQH
=RQH�W\SH��,QWHUYDO�]RQH
'HSWK������������IW
$JH��(DUO\�0LRFHQH

'LDJQRVLV��7KH�WRS�RI�WKLV�]RQH�LV�PDUNHG�E\�WKH�)'2�RI�3DFK\GHUPLWHV�GLHGHUL[L DW������IW�DQG�
WKH�EDVH�LV�PDUNHG�E\�WKH�)'2�RI�3HUHJULQLSROOLV�QLJHULFXV�DW������IW��2WKHU�VSHFLHV�PDUNLQJ�WKHLU�
)'2� DW� WKH� WRS� RI� WKLV� ]RQH� DUH� =RQRFRVWLWH� UDPRQDH�� 0RQRSRULWH� DQQXODWXV��
6DSRWDFHRLGDHSROOHQLWHV VS��� /DHYLJDWRVSRULWHV VS�� 5HWLWULFROSRULWHV� LUUHJXODULV�� GLQRF\VW�
LQGHWHUPLQDWH��/HLRVSKDHULGLD VS�� 3VLODWULFROSRULWH�VS��DQG�IXQJDO�VSRUHV�DQG K\SKDH��6SHFLHV�ZLWK�
WKHLU� )'2�DW� WKH� EDVH� RI� WKLV� ]RQH� LQFOXGH�&DQWKLXPLGLWHV� VS���&LFDWULFRVLVSRULWHV� GRURJHQVLV��
,QDSHUWXURSROOHQLWHV�VS���0RQRFROSLWH�VS���DQG�SROOHQ�LQGHWHUPLQDWH� 6SHFLHV�PDUNLQJ�WKHLU�RQO\�
RFFXUUHQFH� ZLWKLQ� WKLV� ]RQH� LQFOXGH� 3HGLDVWUXP� VS��� 1\PSKHDSROOLV� VS��� 3VLODWULFROSRULWHV�
RSHUFXODWXV��3URWHDFLGWHV�FRRNVRQQL�DQG�(FKLSHULSRULWH�LFDFLQRLGHV� 7KLV�]RQH�FRUUHVSRQGV�ZLWK�
3����RI�(YDP\�HW�DO� ��������DV�LW�LV�ERXQGHG�DW�WKH�EDVH�E\�WKH�WRS�RFFXUUHQFH�RI�PDUNHU�VSHFLHV�
&LFDWULFRVLVSRULWHV�GRURJHQVLV��

7KH�ELR]RQHV�HVWDEOLVKHG�IURP�2/�$�ZHOO�ZHUH�IRXQG�WR�FRUUHODWH�WR�3�����3����DQG�3����RI�
(YDP\� HW� DO�� �������� 7KHVH� SDO\]RQHV� IDOO� ZLWKLQ� WKH� 2OLJRFHQH� (DUO\�0LRFHQH� (SRFK� ZLWK�
GLIIHUHQW�DJHV��7KH�SDO\]RQH�3�����0LGGOH�2OLJRFHQH��IDOOV�ZLWKLQ�WKH�5XSHOLDQ�VWDJH��UDQJLQJ�
IURP���������� 0D��WKH�3����SDO\]RQH��/DWH�2OLJRFHQH��IDOOV�ZLWKLQ�WKH�&KDWWLDQ�VWDJH�ZLWK�DJH�
UDQJH� IURP� ����� WR� ����� 0D� DQG� 3���� SROOHQ� ]RQH� �(DUO\� 0LRFHQH�� ZKLFK� IDOOV� ZLWKLQ� WKH�
$TXLWDQLDQ�VWDJH�DQG�UDQJLQJ�EHWZHHQ�������WR������0D�

7KLV� LV� IXUWKHU� VXSSRUWHG� E\� WKH� SUHVHQFH� RI�2OLJRFHQH�HDUO\�0LRFHQH�PDUNHU� VSHFLHV� VXFK� DV��
&LFDWULFRVLVSRULWHV�GRURJHQVLV �ODWH�(RFHQH�WR�2OLJRFHQH���$UHFLSLWHV�H[LOLPXUDWXV �2OLJRFHQH�WR�
0LRFHQH���(FKLSHULSRULWHV� HVWHODH� �2OLJRFHQH� WR�0LRFHQH���&UDVVRUHWLWULOHWHV� YDQUDDGVKRRYHQL
�2OLJRFHQH�WR�0LRFHQH���6SLURV\QFROSRULWHV�EUXQL �2OLJRFHQH�WR�0LRFHQH���3UDHGDSROOLV�IOH[LELOLV
�(RFHQH� WR� 3OLRFHQH��� 3HUHJULQLSROOLV� QLJHULFXV �(RFHQH� WR� 3OLRFHQH���5HFDPRQRFROSLWHV� KLDQV
�2OLJRFHQH� WR�0LRFHQH���*HPPDWULFROSRULWHV VS��� �HDUO\�0LRFHQH���=RQRFRVWLWH� UDPRQDH �HDUO\�
0LRFHQH�WR�3OHLVWRFHQH���3DO\QRORJLFDO�GLVWULEXWLRQ�FKDUW�RI�WKH�(DVWHUQ�1LJHU�'HOWD��7KH�SUHVHQFH�
RI�WKH�DERYH�PHQWLRQHG�SDO\QRPRUSKV�DW�GLIIHUHQW�OHYHOV�LQ�2/�$�ZHOO�LV�DQ�LQGLFDWLRQ�WKDW�WKH�
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VWUDWLJUDSKLF� LQWHUYDO�XQGHU� LQYHVWLJDWLRQ ZDV�GHSRVLWHG�GXULQJ� WKH�2OLJRFHQH� WR�HDUO\�0LRFHQH�
(SRFK��

��� 3DOHRHQYLURQPHQW�RI�'HSRVLWLRQ
3ODQWV�DUH�DPRQJ�WKH�EHVW�LQGLFDWRUV�RI�WKH�HQYLURQPHQW�EHFDXVH�RI�WKH�SUHVHQFH�RI�VSRURSROOHQLQ�
ZKLFK�LV�UHVLVWDQW�WR�PLFURELDO�GHFD\�DQG�KHQFH�PDNH�WKHP�D�XVHIXO�WRRO�LQ�SDOHRHQYLURQPHQWDO�
LQWHUSUHWDWLRQ�
7KH� SDUDPHWHU� XVHG� LQ� WKH� LQWHUSUHWDWLRQ� RI� GHSRVLWLRQDO� HQYLURQPHQW� LV� VLPSO\� EDVHG� RQ� WKH�
DQDO\VLV�IRUPXODWHG�E\�+HOHQHV�HW�DO���������FDOOHG�SDO\QRORJLFDO�PDULQH�LQGH[�

����3DO\QRORJLFDO�0DULQH�,QGH[��30,��RI�2/�$�ZHOO�
+HOHQHV�HW�DO���������IRUPXODWHG�SDO\QRORJLFDO�PDULQH�LQGH[��30,��WR�VXSSRUW�LQ�WKH�LQWHUSUHWDWLRQ�
RI�GHSRVLWRQDO�HQYLURQPHQWV��30,�LV�FDOFXODWHG�XVLQJ�WKH�IRUPXOD��
30, �5P�5W��������:KHUH�5P�LV�ULFKQHVV�RI�PDULQH�SDO\QRPRUSKV��GLQRIODJHOODWH��DFULWDUFKV�
DQG�IRUDPLQLIHUD�WHVW�OLQLQJV��DQG�5W�LV�ULFKQHVV�RI�WHUUHVWULDO�SDO\QRPRUSKV��SROOHQ�DQG�VSRUHV��
FRXQWHG�SHU�VDPSOH��5P�DQG�5W�ZHUH�H[SUHVVHG�DV�QXPEHU�RI�VSHFLHV�SHU�VDPSOH��,Q�UHODWLRQ�WR�WKH�
FODVVLILFDWLRQ�E\�+HOHQHV�HW�DO��������������RU QLO�30,�YDOXHV�GHQRWHV�IUHVKZDWHU���������DV��30,�
YDOXHV� LQGLFDWLQJ� EUDFNLVK� HQYLURQPHQW� DQG� ������� �� DV� 30,� YDOXHV� LQGLFDWLQJ� PDULQH�
HQYLURQPHQW�

%DVHG�RQ�WKH�IRUPXOD��PRVW�GHSWK�LQ 2/�$�ZHOO�KDG�30,�YDOXHV�UDQJLQJ��IURP���������7DEOH���
DQG�)LJXUH����WKH\�DUH������IW����������������IW����������������IW���������������IW����������������
IW����������������IW��������������IW���������������IW���������������IW��������������IW���������������
IW���������������IW����������������IW����������������IW���������������IW���������������IW�����������
�����IW����������������IW��������������IW��������������IW�������������IW����������7KHVH�GHSWKV�
LQGLFDWH�D�EUDFNLVK�HQYLURQPHQW��)HZ�GHSWKV�KDG�30,�YDOXHV�UHFRUGLQJ�����GHQRWLQJ�D�IUHVK�ZDWHU�
HQYLURQPHQW��$W������IW��UHFRUGHG�IDLUO\�DEXQGDQW�GLQRIODJHOODWH�F\VW��D�30,�YDOXH�RI������ZDV�
UHFRUGHG� VLJQLILFDQWO\� LQGLFDWLYH� RI� D� PDULQH� HQYLURQPHQW�� )URP� WKH� 30,� UHDGLQJV�� LW� FDQ� EH�
FRQFOXGHG� WKDW� WKH� SDOHRHQYLURQPHQW� RI� GHSRVLWLRQ� UDQJH� IURP� IUHVKZDWHU�� EUDFNLVK� WR�PDULQH�
HQYLURQPHQWV�
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7DEOH����30,�YDOXHV�IRU�2/�$�ZHOO

'HSWK 0DULQH�5LFKQHVV
7HUUHVWULDO�
5LFKQHVV 30,
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)LJXUH���30,�SORW�IRU�2/�$�ZHOO

�� &21&/86,21
3DO\QRORJLFDO� DQG�SDOHRHQYLURQPHQWDO� DQDO\VLV�RI�2/�$�ZHOO� ����������� IW��ZHUH� FDUULHG�RXW��
3ROOHQ��VSRUHV�DQG�GLQRIODJHOODWHV�UHFRYHUHG�ZHUH�XVHG�DV�WKH�EDVLV�IRU�WKH�GDWLQJ�RI�WKLV�VHFWLRQ��
7KH�VHFWLRQ�LV�GDWHG�2OLJRFHQH�HDUO\�0LRFHQH�GXH�WR�WKH�RFFXUUHQFH�RI�GLDJQRVWLF�PDUNHU�VSHFLHV�
VXFK� DV�&LFDWULFRVLVSRULWHV� GRURJHQVLV�� $UHFLSLWHV H[LOLPXUDWXV�� (FKLSHULSRULWHV� HVWHODH��7KUHH�
]RQHV� HDFK� ZHUH� HVWDEOLVKHG�� $UHFLSLWHV� H[LOLPXUDWXV� 6WULDWULFROSLWH� FDWDWXPEXV =RQH��
&LFDWULFRVLVSRULWHV� GRURJHQVLV =RQH� LQ� DFFRUGDQFH� WR� WKH� LQWHUQDWLRQDO� VWUDWLJUDSKLF�
%LRVWUDWLJUDSKLF� JXLGH� �ZKLFK� FRUUHODWHV�ZLWK� WKH� 3����� 3���� DQG� 3���� VXE]RQH� RI� (YDP\� HW�
DO������� DQG� WKH� 0DJQDVWULDWLWHV� KRZDUGL� ±(FKLWULFROSRULWHV� VSLQRVXV FRPELQHG� ]RQHV� RI�
*HUPHUDDG�HW�DO��������DQG�WKLV�]RQHV�ZLOO�KHOS�LQ�LPSURYLQJ�WKH�]RQDWLRQ�VFKHPH�LQ�WKH�1LJHU�
'HOWD��7KH�30,�UHDGLQJV�VXJJHVW�WKDW�WKH�VHGLPHQWV�RI�WKH�VWXGLHG�LQWHUYDO�ZHUH�GHSRVLWHG�ZLWKLQ�
DQ�DOWHUQDWLRQ�RI�PDULQH�DQG�EUDFNLVK�WR�IUHVKZDWHU�HQYLURQPHQW��7KH�LQWHUYDO�VWXGLHG�ZLWKLQ�WKH�
PDULQH�DQG�FRDVWDO�HQYLURQPHQW�FRXOG�EH�VXLWDEOH�IRU�K\GURFDUERQ�H[SORUDWLRQ�

5()(5(1&(6
$GHED\R��2��)���$NSR��(��2���	�$GH\LQND��2��$����������3DO\QRORJ\�RI�%RJ���:HOO��6RXWKHUQ�

1LJHU�'HOWD�%DVLQ�1LJHULD��,QWHUQDWLRQDO�-RXUQDO�RI�VFLHQFH�$QG�7HFKQRORJ\������������
����

$GRMRK�2��� /XFDV�� )�� $��� 	� 6LODV�� '�� �������� 3DO\QRF\FOHV�� 3DOHRHFRORJ\� DQG� 6\VWHP� 7UDFWV�
&RQFHSWV�� $� &DVH� 6WXG\� IURP� WKH�0LRFHQH� 2NDQ��� ZHOO�� 1LJHU� 'HOWD� %DVLQ�� 1LJHULD��
$SSOLHG�(FRORJ\�DQG�(QYLURQPHQWDO�6FLHQFHV��������������

ͲϭϬ

Ϭ

ϭϬ

ϮϬ

ϯϬ

ϰϬ

ϱϬ

ϲϬ

ϳϬ

Ϭ ϮϬϬϬ ϰϬϬϬ ϲϬϬϬ ϴϬϬϬ ϭϬϬϬϬ

�ĞƉƚŚ��Ĩƚ

WD
/ǀ
Ăů
ƵĞ

Ɛ�;
ϭϬ

Ϭ�
й
Ϳ



hũŽŚ K͘>͕͘�KŶŽĚƵŬƵ�h͘^͕͘�KŬŽƐƵŶ��͘�͕͘��ŚƵŬǁƵŵĂͲKƌũŝ�:͘E͘�;ϮϬϭϵͿ

ϴ

&RSHVWDNH��3���������$SSOLFDWLRQ�RI�PLFURSDOHRQWRORJ\�WR�K\GURFDUERQ�H[SORUDWLRQ�LQ�7KH�1RUWK�
6HD�%DVLQ��,Q��-HQNLQV��'�*� �HG����$SSOLHG�0LFURSDOHRQWRORJ\��������

'RXVW�� +��� 	� 2PDWVROD�� (�� �������1LJHU� 'HOWD� 'LYHUJHQW�SDVVLYH� 0DUJLQ� %DVLQV�� $PHULFDQ�
$VVRFLDWLRQ�RI�3HWUROHXP�*HRORJLVW�0HPRLU��������������

(GLJHU�� 9�� 6�� � �������� 6LHYLQJ� 7HFKQLJXHV� LQ� 3DO\QRORJLFDO� VDPSOH� SURFHVVLQJ� ZLWK� 6SHFLDO�
5HIHUHQFH�WR�WKH 05$�V\VWHP��0LFURSDOHRQWRORJ\�����������������

(YDP\��'�'���+DUHPERXUH��-���.DPHOLQJ��3���.QDDS��:��$���0ROOHR\��)��$��	�5RZOD� QGV��3��+��
��������+\GURFDUERQ�+DELWDW�RI�WKH�7HUWLDU\�1LJHU�'HOWD���$PHULFDQ�$VVRFLDWLRQ�3HWUROHXP�
*HRORJLVW�%XOOHWLQ�����������

*HUPHUDDG�� -�� � +��� +RSSLQJ�� &�� � $�� 	�0XOOHU�� -�� � �������� 3DO\QRORJ\� RI� 7HUWLDU\� 6HGLPHQWV�
)URP7URSLFDO�DUHDV�5HYLVHG�3DODHRERWDQ\�DQG�3DO\QRORJ\�������������

+HOHQHV��-���GH�*XHUUD��&���	�9kVTXH]��-����������3DO\QRORJ\ DQG��FKURQRVWUDWLJUDSK\�2I���WKH�
8SSHU� � &UHWDFHRXV� � LQ� � WKH� � VXEVXUIDFH� � RI� � WKH� � %DULQDV� � DUHD�� � ZHVWHUQ� � 9HQH]XHOD�� 7KH��������
$PHULFDQ$VVRFLDWLRQ�RI�3HWUROHXP�*HRORJLVWV�%XOOHWLQ� �������������
,PDVXHQ�� 2�� ,��� -HQQLIHU�� <�� (��� 	� 0HEUDGX�� 6�� 0�� �������� 3DOHRHQYLURQPHQWDO� VWXGLHV� RI�

:HOO³$;´�� LQ� WKH�1LJHU�'HOWD�� ,QWHUQDWLRQDO� UHVHDUFK�-RXUQDO�RI�*HRORJ\ $QG�0LQLQJ��
������������

/HJRX[��2����������4XHOTXHV��(VSqFHV�'H��SROOHQ��&DUDFWpULVWLTXHV�'X��1pRJpQH� 'X��1LJHULD��
&HQWUH�IRU�5HVHDUFK�DQG�([SORUDWLRQ�3URGXFWLRQ��(OI�$TXLWDQH��������� ���

2MR��$���2���	�*EDGDPRVL��$��2�����������6HTXHQFH�3DO\QR�6WUDWLJUDSKLFDO�6WXG\�RI�'(/�����ZHOO��
2I���WKH���1LJHU�'HOWD���%DVLQ��1LJHULD����5HVHDUFK���-RXUQDO���LQ�(QJLQHHULQJ�DQG�$SSOLHG�
6FLHQFHV������������

2ODMLGH��)��$���$NSR�(��2���	�$GH\LQND��2��$�����������3DO\QRORJ\�RI���%RJ���ZHOO��6RXWKHDVWHUQ�
1LJHU�'HOWD�%DVLQ��1LJHULD� ,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\������������
����

2QRGXNX�� 8�� � 6�� � � 	� � � 2NRVXQ (�� � $�� � � �������� � 3DO\QRORJ\�� 3DO\QRVWUDWLJUDSK\� DQG�
3DOHRHQYLURQPHQWDO�$QDO\VLV RI� � �0DLJDQJD�&RDO�0LQH��*RPEH� )RUPDWLRQ��1LJHULD��
8QYLVHUDO�-RXUQDO�RI�*HRVFLHQFHV �������������

3DO\QRORJLFDO�'LVWULEXWLRQ�&KDUW�RI� WKH�(DVWHUQ�1LJHU�'HOWD�� ��������3DO\QRORJLFDO�&RQVRUWLXP�
%LRVWUDWLJUDSKLF�6XE�FRPPLWWHH��8QSXEOLVKHG�5HSRUW�

6KRUW�� .� &��� 	� 6WDEOH�� $�� � -�� � �������� � 2XWOLQH� RI� *HRORJ\� RI� 1LJHU� 'HOWD�� 7KH� $PHULFDQ�
$VVRFLDWLRQ�RI�3HWUROHXP�*HRORJLVWV�%XOOHWLQ������������������

9DQ�GHU�+DPPHQ��7���	�:\PVWUD��7��$����������$�SDO\QRORJ\�VWXG\�RQ�WKH�7HUWLDU\�DQG�8SSHU�
&UHWDFHRXV�RI�%ULWLVK�*XLDQD���/HLGVH��*HRORJLVFKH��0HGHGHOLQJHQ��'��������������


