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7KH�$XVWUDOLDQ�PHODOHXFD�RU�SDSHUEDUN�WUHH�ZDV�LPSRUWHG�DV�DQ�RUQDPHQWDO�DW�WKH�EHJLQQLQJ�
RI�WKH���WK�FHQWXU\���,W�LV�QRZ�LQYDGLQJ�QDWXUDO�V\VWHPV�LQ�VRXWK�)ORULGD�DW�DQ�DODUPLQJ�UDWH���
7KLV�LQYDVLRQ�WKUHDWHQV�WKH�VXFFHVV�RI�SODQV�IRU�WKH�UHVWRUDWLRQ�RI�WKH�VRXWK�)ORULGD�HFRV\V�
WHP�� � 5HVHDUFKHUV� DW� WKH�86'$�$56�%LRORJLFDO� &RQWURO� RI�:HHGV� /DERUDWRU\� LQ� $XVWUDOLD�
KDYH�VXUYH\HG�PHODOHXFD�DQG�LGHQWLILHG�PDQ\�SRWHQWLDO�FRQWURO�DJHQWV���2QH�RI�WKHVH��WKH�PH�
ODOHXFD�VQRXW�EHHWOH��2[\RSV�YLWLRVD�3DVFRH���ZDV�UHOHDVHG�LQ�VRXWKHUQ�)ORULGD�LQ������DIWHU�
H[WHQVLYH� WHVWLQJ�� � 7KUHH� DGGLWLRQDO� VSHFLHV� KDYH� EHHQ� LPSRUWHG� LQWR� TXDUDQWLQH� DW�
*DLQHVYLOOH��)ORULGD��IRU�KRVW�UDQJH�WHVWV�IROORZLQJ�LQLWLDO�WHVWLQJ�LQ�$XVWUDOLD��$�SHUJLG�VDZIO\�
�/RSK\URWRPD�]RQDOLV�5RKZHU���D�W\SH�RI�QRQ�VWLQJLQJ�ZDVS��KDV�FDWHUSLOODU�OLNH�\RXQJ�WKDW�
FDQ�GHIROLDWH�PHODOHXFD�WUHHV���2YHU����SODQW�VSHFLHV�ZHUH�WHVWHG�LQ�TXDUDQWLQH�IRU�RYLSRVLWLRQ�
DQG� ODUYDO� GHYHORSPHQW� DQG� ��� VSHFLHV� IRU� IHHGLQJ� RI�PHGLXP�VL]HG� ODUYDH�� � $� VPDOO� VDS�
VXFNLQJ�SV\OOLG��%RULHRJO\FDVSLV�PHODOHXFDH�0RRUH��NLOOV��WKH�IROLDJH�RI��SODQWV�LQ�TXDUDQWLQH�
WKDW�DUH�KHDYLO\�LQIHVWHG�ZLWK�Q\PSKV�����2YLSRVLWLRQ�DQG�Q\PSKDO�GHYHORSPHQW�WHVWV�DUH�EH�
LQJ� FRQGXFWHG�� � $� VPDOO� FRORQ\� RI� D�PLULG� EXJ� �(XFHURFRULV� VXVSHFWXV� 'LVWDQW�� KDV� EHHQ�
PDLQWDLQHG� LQ� TXDUDQWLQH� DIWHU� LQLWLDO� KRVW� WHVWLQJ� ZLWK� QDWLYH� DQG� LQWURGXFHG� 0\UWDFHDH���
$GXOWV�DQG�Q\PSKV�IHHG�RQ�OHDYHV�FDXVLQJ�GDUN�EORWFKHV�DQG�OHDI�GHDWK���)XUWKHU�TXDUDQWLQH�
WHVWLQJ�LV�DZDLWLQJ�UHVXOWV�RI�DGGLWLRQDO�ILHOG�VWXGLHV�LQ�$XVWUDOLD��
�
�
�
,QWURGXFWLRQ�

0HODOHXFD��RU�WKH�$XVWUDOLDQ�SDSHUEDUN�WUHH�0HODOHXFD�TXLQTXHQHUYLD��&DY���6�7��%ODNH�
�0\UWDFHDH����ZDV�LQWURGXFHG�IURP�$XVWUDOLD�LQWR�VRXWK�)ORULGD�LQ�WKH�HDUO\�����V�
WR�GUDLQ�ZHWODQGV�DQG�IRU�XVH�DV�DQ�RUQDPHQWDO��%RGOH�HW�DO����������7KH�DHULDO�GLV�
VHPLQDWLRQ�RI�PHODOHXFD�VHHGV�RYHU�WKH�(YHUJODGHV�LQ������ZDV�RQH�IRUP�RI�LQWUR�

���



������� )ORULGD·V�*DUGHQ�RI�*RRG�DQG�(YLO�

GXFWLRQ����7KH�DELOLW\�RI�PHODOHXFD�WR�UHSURGXFH�XQFKHFNHG�DQG�WR�JURZ�DV�PXFK�
DV� ����P�\U�KDV� DOORZHG� LW� WR�GHYHORS� IURP�ZLGHO\� VSDFHG� VDSOLQJV� ULVLQJ� RXW� RI��
RSHQ� ODQGVFDSHV� WR�GHQVH�PRQRFXOWXUHV�ZKLFK�GLVSODFH�QDWXUDO� HFRV\VWHPV� DW� DQ�
DODUPLQJ�UDWH��

2QH�UHDVRQ��PHODOHXFD�LV�D�SHVW�LQ�)ORULGD�DQG�QRW�LQ�LWV�QDWLYH�KDELWDW��$XVWUDOLD��LV�
WKDW�LW�ZDV� LQWURGXFHG�KHUH�ZLWKRXW� LWV�QDWXUDO�HQHPLHV�� �([SORUDWLRQV�IRU�QDWXUDO�
HQHPLHV�RI�PHODOHXFD�ZHUH�LQLWLDWHG�LQ�$XVWUDOLD�LQ�WKH�ODWH�����V�E\�'DOH�+��+D�
EHFN��8QLYHUVLW\�RI�)ORULGD��DQG�FRQWLQXHG�LQ�WKH�PLG�����V�E\�-RVHSK��.��%DOFLX�
QDV��DOVR�RI�WKH�8QLYHUVLW\�RI�)ORULGD�DQG�ODWHU�RI�WKH�8�6�'HSDUWPHQW�RI�$JULFXO�
WXUH�� $JULFXOWXUDO� 5HVHDUFK� 6HUYLFH� �86'$�$56��� � 2YHU� ���� KHUELYRUHV� ZHUH�
IRXQG�� �%\�WKH�HDUO\�����V�� WKH� ILUVW�ELRFRQWURO�FDQGLGDWHV�KDG�EHHQ�VHOHFWHG�DQG�
DSSURYHG� IRU� WHVWLQJ� � DW� WKH� )ORULGD� 'HSDUWPHQW� RI� $JULFXOWXUH� DQG� &RQVXPHU�
6HUYLFHV�TXDUDQWLQH� IDFLOLW\� LQ�*DLQHVYLOOH��)ORULGD�� �7KXV� IDU��ZH�KDYH� FRQGXFWHG�
TXDUDQWLQH� UHVHDUFK�RQ� IRXU�SRWHQWLDO�ELRFRQWURO� DJHQWV�RI�PHODOHXFD�� WLS�IHHGLQJ�
PHODOHXFD�VQRXW�EHHWOH��GHIROLDWLQJ�PHODOHXFD�VDZIO\��VDS�VXFNLQJ�PHODOHXFD�SV\OOLG��
DQG�OHDI�EORWFKLQJ�PHODOHXFD�PLULG��

�
�
7LS�)HHGLQJ�0HODOHXFD�6QRXW�%HHWOH�
�
7KH�ILUVW�PHODOHXFD�ELRFRQWURO�FDQGLGDWH�VWXGLHG�LQ�TXDUDQWLQH�ZDV�WKH�WLS�IHHGLQJ�
PHODOHXFD�VQRXW�EHHWOH�RU�ZHHYLO�2[\RSV�YLWLRVD�3DVFRH��&ROHRSWHUD��&XUFXOLRQLGDH����
3HUPLVVLRQ� WR� VWXG\� WKH� EHHWOH� LQ� TXDUDQWLQH� ZDV� EDVHG� RQ� ILHOG� DQG� ODERUDWRU\�
VWXGLHV�FRQGXFWHG�LQ�$XVWUDOLD��IURP�������WR�������%DOFLXQDV�HW�DO��������3XUFHOO�
DQG�%DOFLXQDV�������3XUFHOO� HW� DO�� ������� � �+RVW� UDQJH� VWXGLHV�ZHUH�FRQGXFWHG� LQ�
TXDUDQWLQH��IURP������WR�������7HVW�UHVXOWV�VKRZHG�WKDW�WKLV�LQVHFW�KDG�D�QDUURZ�
KRVW� UDQJH� DQG�ZDV� VDIH� WR� UHOHDVH� LQ�)ORULGD� �:LQHULWHU� DQG�%XFNLQJKDP���������
7KH�ILUVW�EHHWOHV�ZHUH�UHOHDVHG� LQ�WKH�VSULQJ�RI�������:RRG�������� � �%RWK�DGXOWV�
DQG�ODUYDH�IHHG�RQ�WKH�\RXQJ�JURZWK�RI�PHODOHXFD�ZLWK�ODUYDH�FRQVXPLQJ�WHQ�WLPHV�
WKDW�RI�WKH�DGXOWV���%DOFLXQDV�HW�DO����������)LHOG�VWXGLHV�DUH�QRZ�EHLQJ�FRQGXFWHG�LQ�
VRXWK�)ORULGD�E\�WKH�86'$�$56�WR�HYDOXDWH�LWV�HIIHFWLYHQHVV�DV�D�ELRFRQWURO�DJHQW��
��
�
'HIROLDWLQJ�0HODOHXFD�6DZIO\�
�
7KH�VHFRQG�PHODOHXFD�ELRFRQWURO�FDQGLGDWH�VWXGLHG�LQ�TXDUDQWLQH�ZDV�WKH�GHIROLDW�
LQJ� PHODOHXFD� VDZIO\� /RSK\URWRPD�]RQDOLV�5RKZHU� �+\PHQRSWHUD�� 3HUJLGDH��� � 3HU�
PLVVLRQ�WR�VWXG\�WKH�VDZIO\�LQ�TXDUDQWLQH�ZDV�EDVHG�RQ�ILHOG�DQG�ODERUDWRU\�VWXGLHV�
FRQGXFWHG� LQ�$XVWUDOLD� �IURP�������WR�������%XUURZV�DQG�%DOFLXQDV��������+RVW�
UDQJH� VWXGLHV�ZHUH� FRQGXFWHG� LQ� TXDUDQWLQH� IURP� ����� WR� ������ � 7KH� ZDVS�OLNH�
DGXOWV��DERXW����� LQ� ORQJ��DUH�VWULNLQJO\�FRORUHG��\HOORZ�RUDQJH�DQG�EODFN���EXW�GR�
QRW�VWLQJ���$GXOWV�DUH�VKRUW�OLYHG���7KH\��IHHG�KHDYLO\�RQ�KRQH\�LQ�WKH�ODE�EXW�KDYH�
QRW�EHHQ�REVHUYHG� IHHGLQJ� LQ� WKH� ILHOG�� �(VVHQWLDOO\�� DGXOWV�PDWH�� UHSURGXFH�� DQG�
GLH�� �(JJV�DUH� LQVHUWHG� LQ�D�VLQJOH�URZ�EHQHDWK�HGJHV�RI�PDWXUH�PHODOHXFD� OHDYHV���
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7KH� OHDI� FXWLFOH� VHUYHV� DV� WKH�HJJ�FDVH�� � ,Q�TXDUDQWLQH�� ODUYDH�KDWFK�PRUH�RU� OHVV�
V\QFKURQRXVO\�LQ�DERXW����GD\V���<RXQJ�ODUYDH�IHHG�LQ�KHUGV�GHYRXULQJ�WKH�HQWLUH�
VXUIDFHV�RI�OHDYHV��ROGHU�ODUYDH�GLVSHUVH�DQG�IHHG�VROLWDULO\�RU�LQ�VPDOO�JURXSV�DQG�
HDW�HQWLUH�OHDYHV���,Q�TXDUDQWLQH��ODUYDH�PDWXUHG�LQ�DERXW�ILYH�ZHHNV�DQG�SXSDWHG�LQ�
WKH�EDUN�RI�PHODOHXFD�WUHHV�ZKHUH�WKH\�UHPDLQHG�IRU������PRQWKV�EHIRUH�HPHUJLQJ�
DV�DGXOWV��

+RVW�UDQJH�WHVWV�RI�WKH�VDZIO\�GHWHUPLQHG�WKH�SODQWV�RQ�ZKLFK�IHPDOHV� ODLG�HJJV��
DQG�RQ�ZKLFK��QHZO\�KDWFKHG�ODUYDH�DQG�PHGLXP�VL]HG�ODUYDH�GHYHORSHG�WR�SUHSX�
SDH���)HPDOHV�SURGXFHG�RQ�WHVW�SODQWV�ZHUH�SODFHG�RQ�WKH�VDPH�VSHFLHV�WR�WHVW�IRU�
RYLSRVLWLRQ���7HVWV�ZHUH�FRQGXFWHG�LQ�RXU�TXDUDQWLQH�JUHHQKRXVH��PRVW�RIWHQ�ZLWK�
LQVHFWV�FDJHG�RQ�SRWWHG�SODQWV�EXW�VRPHWLPHV�ZLWK�PHGLXP�ODUYDH�FDJHG�ZLWK�SODQW�
ERXTXHWV�� � 3ODQWV� WHVWHG� LQFOXGHG� QDWLYH� DQG� LQWURGXFHG� 0\UWDFHDH�� DQG� RWKHU�
SODQWV� RI� FRQFHUQ�� H�J��� ZD[� P\UWOH� �0\ULFD�FHULIHUD�/���� VXJDUFDQH� �6DFFKDUXP�RIILFL�
QDUXP�/����&LWUXV���$�VXPPDU\�RI�WHVW�UHVXOWV�LV�OLVWHG�LQ�7DEOH����

)HPDOHV�ODLG�HJJV�UHDGLO\�RQ�PRVW�VSHFLHV�RI��P\UWDFHRXV�SODQWV���2Q�VRPH�SODQWV��
OHDYHV�ZHUH�WRR� WKLQ�RU�VPDOO� � IRU� LQVHUWLRQ�RI� WKH�HJJV�� �7KRVH�HJJV� ODLG�RQ� WHVW�
SODQWV�KDWFKHG��EXW�LQ�PRVW�LQVWDQFHV��ODUYDH�GLHG�ZLWKLQ��D�IHZ�GD\V�RU�DW�PRVW�LQ�D�
ZHHN�RU�WZR�����%HFDXVH�WKH\�ZHUH�RQO\�D�IHZ�PLOOLPHWHUV�ORQJ�DW�GHDWK��WKH�IHHGLQJ�
ZDV�XVXDOO\�PLQRU���2IWHQ�LW�ZDV�VFDWWHUHG�RYHU�WKH�OHDYHV��XQOLNH�IHHGLQJ�RQ�PH�
ODOHXFD�ZKLFK�XVXDOO\�KDG�DQ�HQWLUH�VXUIDFH�RU�ERWK�VXUIDFHV�RI�WKH�OHDI�EODGHV�FRQ�
VXPHG���)HHGLQJ�RQ�ERWWOHEUXVKHV�ZDV�OHVV�WKDQ�RQ�PHODOHXFD��EXW�LW�ZDV�QRWLFHDEOH�
DQG�PDQ\�ODUYDH�GHYHORSHG�WR�PHGLXP�VL]H�DQG�D�IHZ�WR�DGXOWV���:H�GLG�QRW�SUR�
GXFH�HQRXJK�IHPDOHV�WR�REWDLQ�HJJV�LQ�WKH�QH[W�JHQHUDWLRQ���)HPDOHV�ZHUH�XQDEOH�
WR�RYLSRVLW� LQ� WKH�VPDOO� OHDYHV�RI�0HODOHXFD�GHFRUD��6DOLVE���%ULWWHQ��EXW� ODUYDH�FRP�
SOHWHG�GHYHORSPHQW�ZKHQ� �0��TXLQTXHQHUYLD� OHDYHV�ZLWK�QHZO\�KDWFKHG� ODUYDH�ZHUH�
DWWDFKHG�WR�0��GHFRUD���2Q�WKRVH�VSHFLHV�ZKHUH�VDZIO\�ODUYDH�FRXOG�FRPSOHWH�GHYHO�
RSPHQW��&DOOLVWHPRQ� VSS�� DQG�0��GHFRUD�� SXSDWLRQ� VLWHV� ZHUH� QRW� DYDLODEOH� EHFDXVH�
WKH� WUXQN�ZDV� WRR�KDUG�� DQG� VW\URIRDP�EORFNV�KDG� WR�EH�SURYLGHG� IRU�SXSDWLRQ���
:KHWKHU�ODUYDH�ZRXOG�ILQG�VXLWDEOH�SXSDWLRQ�VLWHV�LQ�ODUJHU�WUXQNV�RI�WKHVH�VSHFLHV�
LQ�WKH�ILHOG�LV�QRW�NQRZQ���

,Q� IHHGLQJ� WHVWV�� ODUYDH� ZHUH� UHDUHG� RQ� PHODOHXFD� XQWLO� PHGLXP�VL]HG� DQG� WKHQ�
SODFHG�RQ�PRVW�RI�WKH�P\UWDFHRXV�VSHFLHV���7KH�ODUYDH�IHG�RQ�YDULRXV�VSHFLHV�IRU�D�
IHZ�GD\V��DQG�RQ�PRVW��WKH\�VKULYHOHG�DQG�GLHG���7KH�H[FHSWLRQV�ZHUH�RQ�&DOOLVWH�
PRQ� VSS���0��GHFRUD�� DQG�ZD[�P\UWOH��$� IHZ� ODUYDH� RQ� WKHVH� VSHFLHV� SXSDWHG� DQG�
VRPH�EHFDPH�DGXOWV���$GGLWLRQDO�WHVWV��LQFOXGLQJ�SODQW�VSHFLHV�ZKLFK�RFFXU�LQ�PH�
ODOHXFD�KDELWDWV��ZHUH�SHUIRUPHG�ZLWK�PHGLXP�VL]HG�ODUYDH�DQG�ERXTXHWV�LQ�PXOWL�
FKRLFH�WHVWV�ZLWK�DQG�ZLWKRXW�PHODOHXFD���7KHUH�ZDV�VRPH�LQLWLDO�IHHGLQJ�LQ�WKRVH�
WHVWV��EXW�QRW�HQRXJK�WR�ZDUUDQW�IXUWKHU�WHVWLQJ���7KHVH�WHVWV�LQGLFDWH�WKDW�LI� ODUJH�
ODUYDH�GHIROLDWH�PHODOHXFD�LQ�WKH�ILHOG��WKH\�PLJKW�IHHG�XSRQ�YDULRXV�SODQWV�DV�WKH\�
FUDZO�LQ�VHDUFK�RI�QHZ�PHODOHXFD��EXW�WKH\�ZRXOG�HYHQWXDOO\�GLH�LI�WKH\�GR�QRW�ILQG�
LW�� � (YHQ� WKRXJK� WKH\� FRXOG� IHHG�� WKH\� SUREDEO\�ZRXOG� QRW� EHFDXVH� WKH\� ZRXOG�
TXLFNO\�FUDZO�DZD\�IURP�QRQ�PHODOHXFD�SODQWV����,Q�RXU�WHVWV��LI�ODUYDH�FUDZOHG�DZD\�
IURP�WHVW�SODQWV��WKH\�VRRQ�HQFRXQWHUHG�WKH�VDPH�SODQWV�DJDLQ�EHFDXVH�RI�WKH�VPDOO��

:LQHULWHU�DQG�%XFNLQJKDP�
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7DEOH� ��� �4XDUDQWLQH� KRVW� UDQJH� RI� WKH�PHODOHXFD� GHIROLDWLQJ� VDZIO\�/RSK\URWRPD�
]RQDOLV��

�

6WDWXV�
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�
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)ORULGD�

�
�
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(JJV�
ODLG�
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�

�

$GXOWV�
SURGXFHG��

1DWLYH� &DO\SWUDQWKHV����� �� ������������������������������������������������ ��
0\UWDFHDH� (XJHQLD����� �� �������������������������������� ��
� 0\UFLDQWKHV����� �� �������������������������������� ��
� 3VLGLXP�����

�

�� �������������������������������� ��

,QWURGXFHG� $FFHUD����� �� �������������������������������� ��
0\UWDFHDH� &DOOLVWHPRQ����� �� ������������������������������ ��
� (XFDO\SWXV����� �� ��������������������������������� ��
� (XJHQLD����� �� �������������������������������� ��
� /HSWRVSHUPXP����� ��� �������������������������������� ��
� 0HODOHXFD������ �� ������������������������������ ��
� 0HODOHXFD�FRQWURO�� �� ������������������������������ ��
� 0\UFLDULD����� �� ���������������������������������� ��
� 3LPHQWD����� �� �������������������������������� ��
� 3VHXGDQDPRPLV����� �� �������������������������������� ��
� 3VLGLXP����� �� �������������������������������� ��
� 6\]\JLXP�����

�

�� �������������������������������� ��

2WKHU�� 6XJDUFDQH� �� �������������������������� ��
SODQWV�RI� :D[�P\UWOH� �� ������������������������� ��
FRQFHUQ� &LWUXV����� �� �������������������������� ��
� 2WKHU�������

�

�� �������������������������� ��

�

3ODQWV�RQ�ZKLFK�

� � � ��
�1HZO\��������������0HGLXP���������������
KDWFKHG���������������VL]HG�
�

�

� � � � �

��'DWD� UHIHU� WR� 0HODOHXFD� GHFRUD�� ��0HODOHXFD� TXLQTXHQHUYLD�� ��$GXOWV� SURGXFHG� IURP� QHZO\�
KDWFKHG�ODUYDH��PHGLXP�VL]HG�ODUYDH�DOVR�SURGXFHG�DGXOWV��RQ�ZD[�P\UWOH��

FDJH�VL]H���:KHQ�WKH�WHVWV�ZHUH�VWRSSHG��PDQ\�ODUYDH�ZHUH�RII�WKH�WHVW�SODQWV�EXW�
ZHUH�RQ�WKH�FRPSDQLRQ�PHODOHXFD�FRQWURO�SODQWV�LQ�WKH�FRQWURO�FDJHV���
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$Q�DGGLWLRQDO�FRQFHUQ�DERXW�WKH�UHOHDVH�RI��/RSK\URWRPD�LQ�)ORULGD�ZDV�WKH�SRWHQ�
WLDO�WR[LFLW\�RI�WKH� ODUYDH�WR�YHUWHEUDWHV�� �%XUURZV�DQG�%DOFLXQDV��������GLVFXVVHG�
WKH�SUHVHQFH�RI�D�YHUWHEUDWH�WR[LQ��ORSK\URWRPLQ��LQ�ODUYDH�RI�WKH�$XVWUDOLDQ�/RSK\�
URWRPD� LQWHUUXSWXV�.OXJ�ZKLFK� IHHGV� RQ� HXFDO\SWXV� DQG� VXJJHVWHG� WKDW�/��]RQDOLV�EH�
LQYHVWLJDWHG�IRU�WKH�WR[LQ���&RQVHTXHQWO\��GULHG�ODUYDH�ZHUH�IHG�WR�PLFH�E\�D�FRRS�
HUDWRU�DW�WKH�86'$�$56�7R[LF�3ODQWV�/DERUDWRU\�LQ�/RJDQ��8WDK��ZLWK�QR�HIIHFW�
RQ� WKH�PLFH� �*��:KHHOHU��SHUV��FRPP���� �$GGLWLRQDOO\�� DW� WKH�86'$�$QLPDO� DQG�
3ODQW� +HDOWK� ,QVSHFWLRQ� 6HUYLFH� /DERUDWRU\� LQ� *DLQHVYLOOH�� ODUYDH� ZLWK� OLJDWHG�
KHDGV�DQG�JURXQG�XS�IUHH]H�GULHG�ODUYDH��DGXOWV��DQG�PHODOHXFD�OHDYHV�ZHUH�IHG�WR�
UHG�ZLQJHG� EODFNELUGV� ZLWK� QR� QRWLFHDEOH� LOO� HIIHFWV� �0�� $YHU\�� SHUV�� FRPP������
7KHUH�DUH�QR�UHSRUWV�RI�/��]RQDOLV�RU�DQ\�RWKHU�/RSK\URWRPD��H[FHSW�WKH�RQH�VSHFLHV�
PHQWLRQHG��KDYLQJ�D�WR[LQ��
�
:LWK�WKH�KRVW�UDQJH�WHVWV�QRZ�FRPSOHWH�IRU�WKH�VDZIO\��WKH�DSSOLFDWLRQ�SURFHVV�IRU�
SHUPLVVLRQ�WR�UHOHDVH�LV�QRZ�XQGHU�ZD\����,I�WKH�SHUPLW�LV�DSSURYHG��WKH�VDZIO\�LV�
OLNHO\�WR�EH�UHOHDVHG�IURP�TXDUDQWLQH�LQ�WKH�VXPPHU�RI�������
�
�
6DS�6XFNLQJ�0HODOHXFD�3V\OOLG�

�
7KH�WKLUG�PHODOHXFD�ELRFRQWURO�FDQGLGDWH�VWXGLHG�LQ�TXDUDQWLQH�KDV�EHHQ�WKH�VDS�
VXFNLQJ� PHODOHXFD� SV\OOLG� %RUHLRJO\FDVSLV�PHODOHXFDH�0RRUH� �+RPRSWHUD�� 3V\OOLGDH����
3HUPLVVLRQ� WR� VWXG\� WKH�SV\OOLG� � LQ�TXDUDQWLQH�ZDV�EDVHG�RQ� ILHOG� DQG� ODERUDWRU\�
VWXGLHV�FRQGXFWHG�LQ�$XVWUDOLD��IURP�������WR�������3XUFHOO�HW�DO���������+RVW�UDQJH�
VWXGLHV�ZHUH�LQLWLDWHG�LQ�TXDUDQWLQH�LQ������DQG�FRQWLQXH�WR�WKH�SUHVHQW����6WXGLHV�
DUH�PRUH�WKDQ�KDOI�FRPSOHWH��
�
7KH�SV\OOLG�DGXOW��DERXW�RQH�HLJKWK� LQFK� ORQJ�� ORRNV� OLNH�D�FUHDP�FRORUHG� �PLQLD�
WXUH� FLFDGD�� � 8QOLNH� VDZIO\� DGXOWV�� WKH\� IHHG� RQ�PHODOHXFD� DQG� SURGXFH� FRSLRXV�
TXDQWLWLHV�RI�KRQH\GHZ���$GXOW�IHHGLQJ�GDPDJH��KRZHYHU��LV�QRQ�DSSDUHQW���$GXOWV�
PDWH�ZLWKLQ����K�RI�HPHUJHQFH�DQG�OLYH�RQ�DYHUDJH��DERXW�������GD\V���$�IHPDOH�
OD\V�DERXW����\HOORZ�WHDUGURS�VKDSHG�HJJV�GXULQJ�KHU�OLIHWLPH�RQ�WKH�\RXQJ�JURZWK�
RI�PHODOHXFD��LQFOXGLQJ�OHDI�VXUIDFHV��HGJHV��SHWLROHV��DQG�PHODOHXFD�VWHPV��3XUFHOO�
HW�DO��������� �(JJV�KDWFK� LQ�TXDUDQWLQH� LQ�DERXW�������GD\V�� �7KH�Q\PSKDO� � VWDJH�
ODVWV� DERXW� ����ZHHNV� DQG� DFFRXQWV� IRU� WKH�PDMRULW\� RI� WKH� VHYHQ�ZHHN� F\FOH� LQ�
TXDUDQWLQH��
�
1HZO\�KDWFKHG�Q\PSKV�PD\�ZDQGHU�IRU�D�IHZ�KRXUV�EXW�XVXDOO\�VHWWOH�GRZQ�DQG�
VWDUW� IHHGLQJ�� �2QFH� Q\PSKV� VWDUW� IHHGLQJ�� WKH\� SURGXFH� DEXQGDQW� TXDQWLWLHV� RI�
KRQH\GHZ�DQG�ZKLWH�ZD[\�IORFFXOHQW�WKUHDGV�WKURXJKRXW�DOO�Q\PSKDO�VWDJHV���7KH�
ZD[\� WKUHDGV� IRUP� D� FRYHU� RYHU� WKHP�� � ,I� YHU\�PDQ\� Q\PSKV� DUH� IHHGLQJ� RQ� D�
EUDQFK� RI� PHODOHXFD�� WKHQ� WKH� EUDQFK� DSSHDUV� WR� EH� VKURXGHG� LQ� FRWWRQ��
7KH�Q\PSKDO�VWDJH�LV�WKH�PRVW�GHYDVWDWLQJ�WR�PHODOHXFD����<HOORZLQJ�RI�OHDYHV�LV�DQ�
HDUO\� VLJQ� RI� IHHGLQJ� GDPDJH�� DIIHFWHG� OHDYHV� GURS�ZLWK� VOLJKW� SUHVVXUH�� �:LWK� D�
KHDY\�LQIHVWDWLRQ��HQWLUH�SODQWV��OHDYHV��DQG�EUDQFKHV�WXUQ�EURZQ��OHDYHV�DQG�\RXQJ�

:LQHULWHU�DQG�%XFNLQJKDP�
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VWHPV� FXUO�� DQG� SODQWV� DSSHDU� GHDG�� VRPH� OHDYHV� GURS� DQG� RWKHUV� SHUVLVW� IRU�
PRQWKV�� �)RU�H[DPSOH�� LQ�'HFHPEHU������� D�PHODOHXFD�EUDQFK� FD�� �� IW� LQ� OHQJWK�
DQG� LQIHVWHG�ZLWK�SV\OOLGV�ZDV� FDJHG�ZLWK� D� �� IW� WDOO�PHODOHXFD� VDSOLQJ�� �%\�PLG�
)HEUXDU\��DERXW���������JHQHUDWLRQV�ODWHU��WKH�HQWLUH�VDSOLQJ�ORRNHG�GHDG�DQG�WKHUH�
ZDV�QR�PRUH�SODQW�PDWHULDO� WR� VXVWDLQ�SV\OOLGV�� �7KH�SODQW�ZDV� UHJXODUO\�ZDWHUHG�
WKHUHDIWHU���%\�ODWH�0D\�������RU�RYHU�WKUHH�PRQWKV�ODWHU��WKUHH�QHZ�VKRRWV�DERXW�
���LQ�ORQJ�ZHUH�REVHUYHG�JURZLQJ�QHDU�WKH�EDVH�RI�WKH�VDSOLQJ����:KLOH�ZH�KRSHG�
WR� VHH�QR� UHJURZWK�� WKH� ODJ� WLPH� IRU� UHJURZWK� LQGLFDWHV� WKH� OHYHO�RI� �SODQW� VWUHVV�
FDXVHG�E\�SV\OOLGV��D�EHQHILW�IRU�FRQWURO�RI�PHODOHXFD���5HJURZWK�LV�D�JRRG�LQGLFD�
WLRQ� WKDW� WKHVH�SV\OOLGV� �RXU�TXDUDQWLQH� VWRFN�� DUH�QRW�YHFWRULQJ�DQ\�GLVHDVHV� DQG�
SURYLGHV�XV�ZLWK�WKH�RSSRUWXQLW\�WR�WHVW�IRU�KRVW�SODQW�UHVLVWDQFH�WR�PXOWLSOH�LQIHV�
WDWLRQV����
�
7KURXJKRXW�RXU�TXDUDQWLQH�VWXGLHV�ZLWK�PHODOHXFD�DQG�WHVW�SODQWV��ZH�KDYH�QHYHU�
REVHUYHG� V\VWHPLF�GDPDJH�FDXVHG�E\�SV\OOLG� IHHGLQJ�� �:H� DUH�KROGLQJ� VRPH�PH�
ODOHXFD�SODQWV�IURP�WHVWV�IRU�D�\HDU�WR�GHWHUPLQH�ZKHWKHU�WKHUH�LV�D�VORZ�DFWLQJ�V\V�
WHPLF�HIIHFW���6RPH�RI�WKH�SRVVLEOH�HIIHFWV�RI�SV\OOLG�GDPDJH�RQ�PHODOHXFD� LQ�WKH�
ILHOG�PD\�EH�VLPLODU�WR�WKH�GRFXPHQWHG�GDPDJH�FDXVHG�E\�WKH�PLPRVD�SV\OOLG�+HW�
HURSV\OOD� VSLQXORVD� RQ� 0LPRVD� LQYLVD� 0DUWLXV�� DQ� LQWURGXFHG� ZHHG� LQ� $XVWUDOLD��
´)ORZHULQJ�DQG�VHHG�SURGXFWLRQ�FDQ�EH�DSSUHFLDEO\�UHGXFHG�DQG�SUHPDWXUH�GHDWKV�
RI� VHHGOLQJV� DQG� VRPH�PDWXUH� SODQWV� KDYH� EHHQ� REVHUYHG� LQ� WKH� ILHOGµ� �.XQLDWD�
�������

�
+RVW�UDQJH�WHVWV�RI�WKH�SV\OOLG�KDYH�EHHQ�GHVLJQHG�WR�GHWHUPLQH��RQ�ZKLFK�SODQWV�
IHPDOHV�VXUYLYH�DW�OHDVW�WKUHH�GD\V�DQG�OD\�HJJV�DQG�Q\PSKV�FRPSOHWH�GHYHORSPHQW�
DQG�EHFRPH�DGXOWV��$V�ZLWK� WKH� VDZIOLHV��KRVW� UDQJH� WHVWV�ZHUH�FRQGXFWHG� LQ� WKH�
TXDUDQWLQH�JUHHQKRXVH�ZKHUH�LQVHFWV�ZHUH�FDJHG�RQ�WHVW�SODQWV�ZLWK�FORWK�VOHHYHV��
/LNH�WKH�VDZIOLHV��SODQWV�WHVWHG� LQFOXGHG�QDWLYH�DQG�LQWURGXFHG�0\UWDFHDH��DV�ZHOO�
DV�DQ\�RWKHU�SODQWV�RI�FRQFHUQ��
�
7KH�SHUFHQWDJH�RI��IHPDOHV�VXUYLYLQJ�WKUHH�GD\V�RQ�WHVW�SODQWV�ZDV�ORZHU�WKDQ�RQ�
PHODOHXFD� �7DEOH����� �:H�KDYH�DOVR�REVHUYHG� WKDW� WKH�PHODOHXFD�SV\OOLG�GRHV�QRW�
SURGXFH�QHDUO\�DV�PDQ\�KRQH\GHZ�GURSOHWV�ZKHQ�SODFHG�RQ�WHVW�SODQWV�DV�RQ�PH�
ODOHXFD��DQ�LQGLFDWLRQ�RI�SK\VLFDO�OLPLWDWLRQ��PRXWK�SDUWV�FDQQRW�UHDFK�SKORHP��RU�
SK\VLRORJLFDO�FKHPLFDO�LQFRPSDWLELOLW\���$Q\�DGXOW�IHHGLQJ� LV�D�FRQFHUQ��KRZHYHU��
DV�DGXOW�SV\OOLGV�DUH�NQRZQ�WR�YHFWRU�GLVHDVHV���2I�SDUWLFXODU�LQWHUHVW�LQ�WKLV�FDVH�LV�
ZKHWKHU� WKH�PHODOHXFD� SV\OOLG�PLJKW� YHFWRU� GLVHDVHV� ZKLFK� FDXVH� FLWUXV� GLHEDFN���
)XUWKHU�WHVWLQJ�ZLOO�EH�FRQGXFWHG�LQ�FRRSHUDWLRQ�ZLWK�WKH�'LYLVLRQ�RI�3ODQW�,QGXV�
WU\��)ORULGD�'HSDUWPHQW�RI�$JULFXOWXUH� DQG�&RQVXPHU�6HUYLFHV�� DQG�RWKHU� VFLHQ�
WLVWV�WR�GHWHUPLQH�ZKHWKHU�WKH�PHODOHXFD�SV\OOLG�FDUULHV�DQG�YHFWRUV�FLWUXV�GLHEDFN��
��
7KH�PHODOHXFD�SV\OOLG�ODLG�HJJV�RQ�PDQ\�RI�WKH�WHVW�SODQWV��7DEOH�����DV�ZDV�WUXH�LQ�
$XVWUDOLD� �3XUFHOO� HW� DO�� ������� �:KHQ� OHDI�PDWHULDO�ZLWK� HJJV�ZDV�KHOG� LQ� UHDULQJ�
GLVKHV�ZLWK�KLJK�KXPLGLW\��HJJV�GLG�KDWFK�EXW�Q\PSKV�GLG�QRW�VXUYLYH�ORQJ�H[FHSW�
RQ�PHODOHXFD���:KHQ�HJJV�ZHUH�WHWKHUHG�LQ�YLDOV�WR�SODQWV�RU�OHIW�RQ�SODQWV��Q\PSKV�
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KDWFKHG�EXW�GLG�QRW�VXUYLYH�RU�FDXVH�DQ\�GDPDJH�H[FHSW�RQ�&DOOLVWHPRQ�VSS�� � �7R�
GDWH�� WKHUH�KDV�EHHQ� VRPH�Q\PSKDO�GHYHORSPHQW�RQ� WKUHH� VSHFLHV�RI�&DOOLVWHPRQ��
EXW�RQO\�RQ�&��ULJLGXV�KDYH�DQ\�DGXOWV�EHHQ�SURGXFHG�� � IHZHU�QXPEHUV�ZHUH�SUR�
GXFHG��KRZHYHU��WKDQ�RQ�WKH�PHODOHXFD�FRQWURO���'HYHORSPHQW�WLPH�RQ�&DOOLVWHPRQ�
VSS��LV�JHQHUDOO\�ORQJHU�WKDQ�RQ�PHODOHXFD���([FHSW�IRU�&��ULJLGXV�5��%U���QR�GDPDJH�
WR� WHVW�SODQWV�E\�DGXOWV�RU�Q\PSKV�KDV�EHHQ�REVHUYHG�� �'DPDJH� WR�&��ULJLGXV�ZDV�
VLPLODU�WR�WKDW�VHHQ�LQ�PHODOHXFD��ZLWK�\HOORZLQJ�DQG�EURZQLQJ�RI� OHDYHV�DQG� OHDI�
GURS��EXW�RQO\�RQ�WKH�SRUWLRQ�RI�WKH�SODQW�H[SRVHG�WR�WKH�SV\OOLGV��

7DEOH�����4XDUDQWLQH�KRVW�UDQJH�RI�WKH�VDS�VXFNLQJ�SV\OOLG�%RULHRJO\FDVSLV�PHODOHXFDH��
3UHOLPLQDU\� GDWD� RQ� WKH� VXUYLYRUVKLS� RI� IHPDOHV� RQ� WHVW� SODQWV� UHODWLYH� WR� PH�
ODOHXFD���7KH�VFRUH�LV�EDVHG�RQ�WKH�QXPEHU�RI��IHPDOHV�VXUYLYLQJ�RQ�WHVW�SODQWV�GL�
YLGHG�E\� WKH�QXPEHU�VXUYLYLQJ�RQ� �PHODOHXFD�� �7KH�KLJKHVW�SHUFHQWDJH� VXUYLYLQJ�
RQ�DQ\�SODQW�RI�WKH�VSHFLHV��QRW�WKH�PHDQ��LV�VKRZQ��
�

�

6WDWXV�LQ��
)ORULGD�

�

*HQXV��
�QXPEHU�RI�

VSHFLHV�WHVWHG��
�

� � �

������
�

�

�������
�

�������

� � � � �
1DWLYH� &DO\SWUDQWKHV����� �� � �
0\UWDFHDH� (XJHQLD����� �� � �
� 0\UFLDQWKHV����� �� � �
� 3VLGLXP�����

�

�� � �

,QWURGXFHG� &DOOLVWHPRQ����� � �� �
0\UWDFHDH� (XFDO\SWXV����� � � ��
� (XJHQLD����� � �� �
� /HSWRVSHUPXP����� � �� �
� 0HODOHXFD�GHFRUD� �� � �
� 0\UFLDULD����� �� � �
� 3LPHQWD����� �� � �
� 3VHXGDQDPRPLV����� �� � �
� 3VLGLXP����� �� � �
� 6\]\JLXP�����

�

�� � �

2WKHU�SODQWV� 6XJDUFDQH� � �� �
RI�FRQFHUQ� :D[�P\UWOH� �� � �
� &LWUXV�����

�

�� � �

�

6XUYLYRUVKLS�RI�IHPDOHV�IRU���GD\V��
RQ�WHVW�SODQWV��

���WHVW�SODQW�RI�PHODOHXFD�FRQWURO��
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7KH�GDWD�VKRZ�WKDW�WKH�SV\OOLG�KDV�D�YHU\�QDUURZ�KRVW�UDQJH�RQ�ZKLFK�LW�FDQ�FRP�
SOHWH�LWV�OLIH�F\FOH���7KLV�LV�WUXH�IRU�SV\OOLGV�LQ�JHQHUDO��+RGNLQVRQ���������7HVWLQJ�
QHHGV�WR�EH�FRPSOHWHG�DQG�ZKHWKHU�WKH�SV\OOLG�YHFWRUV�DQ\�SODQW�GLVHDVHV�QHHGV�WR�
EH�GHWHUPLQHG��
�
�
/HDI�%ORWFKLQJ�0HODOHXFD�0LULG�
�
7KH�IRXUWK�PHODOHXFD�ELRFRQWURO�FDQGLGDWH�VWXGLHG�LQ�TXDUDQWLQH�KDV�EHHQ�WKH�OHDI�
EORWFKLQJ�PHODOHXFD�PLULG�(XFHURFRULV�VXVSHFWXV�'LVWDQW� �+HPLSWHUD��0LULGDH��� �%RWK�

�

6WDWXV�
LQ��

�

*HQXV�
�QXPEHU�RI�VSHFLHV��

)ORULGD� WHVWHG�� (JJV�
ODLG�

1\PSKV�
FRPSOHWH�

GHYHORSPHQW�
�

$GXOWV�
SURGXFHG�

� � � � �
1DWLYH� &DO\SWUDQWKHV����� �� �� ��
0\UWDFHDH� (XJHQLD����� �� �� ��
� 0\UFLDQWKHV����� �� �� ��
� 3VLGLXP�����

�

�� �� ��

,QWURGXFHG� &DOOLVWHPRQ����� �� �� ��
0\UWDFHDH� (XFDO\SWXV����� �� �� ��
� (XJHQLD����� �� �� ��
� /HSWRVSHUPXP����� �� �� ��
� 0HODOHXFD�GHFRUD� �� �� ��
� 0HODOHXFD�TXLQTXHQHUYLD� �� �� ��
� 0\UFLDULD����� �� �� ��
� 3LPHQWD����� �� �� ��
� 3VHXGDQDPRPLV����� �� � �
� 3VLGLXP����� �� � �
� 6\]\JLXP�����

�

�� �� ��

2WKHU�SODQWV�� 6XJDUFDQH� �� � �
RI�FRQFHUQ� :D[�P\UWOH� �� �� ��
� &LWUXV�����

�

�� �� ��

�

3ODQWV�RQ�ZKLFK�
�

7DEOH�����4XDUDQWLQH�KRVW�UDQJH�RI�WKH�VDS�VXFNLQJ�SV\OOLG�%RULHRJO\FDVSLV�PHODOHXFDH��
3UHOLPLQDU\�GDWD�RQ�WKH�SODQWV�RQ�ZKLFK�IHPDOHV�OD\�HJJV�DQG�Q\PSKV�GHYHORS�DQG�
EHFRPH�DGXOWV����%ODQNV�LQ�D�FROXPQ�LQGLFDWH�GDWD�KDYH�QRW�EHHQ�WDNHQ�\HW��



���������

WKH� DGXOW� DQG� Q\PSK� FDXVH� IHHGLQJ� GDPDJH� WR�PHODOHXFD�� � 7KHLU� IHHGLQJ� FDXVHV�
GDUN�EORWFKHV�RQ� OHDYHV� DQG� HYHQWXDOO\� OHDI�GHDWK�� �7KH\� DUH�SUROLILF� DQG� HDV\� WR�
FRORQL]H�LQ�WKH�ODERUDWRU\���+RVW�UDQJH�VWXGLHV�ZHUH�LQLWLDWHG�LQ�TXDUDQWLQH�LQ�������
EXW�GXULQJ�WKH�LQLWLDO�IHHGLQJ�WHVWV��WKH\�PDGH�GLVWLQFWLYH�EORWFKHV��VLPLODU�WR�WKRVH�
RQ�PHODOHXFD��ZKHQ�WDVWLQJ�PDQ\�WHVW�SODQWV�� �)XUWKHU�KRVWV�UDQJH�WHVWV�DUH�WR�EH�
FRQGXFWHG�LQ�WKH�ILHOG�LQ�$XVWUDOLD��$�VPDOO�FRORQ\�LV�EHLQJ�PDLQWDLQHG�LQ�TXDUDQ�
WLQH��
�
�
&RQFOXVLRQ�
�
7KH�ILUVW�UHOHDVHV�RI�WKH�VQRXW�EHHWOH�ZHUH�PDGH�LQ�WKH�VSULQJ�RI��������+RVW�UDQJH�
WHVWV�RI� WKH� VDZIO\� DUH� FRPSOHWH� DQG� WKH� DSSOLFDWLRQ� IRU� SHUPLVVLRQ� WR� UHOHDVH� LV�
QRZ� XQGHU� ZD\�� � +RVW�UDQJH� WHVWV� RI� WKH� SV\OOLG� ZHUH� LQLWLDWHG� LQ� TXDUDQWLQH� LQ�
�����DQG�FRQWLQXH�WR�WKH�SUHVHQW���7KH�GDWD�ORRN�SURPLVLQJ���+RVW�UDQJH�WHVWV�RI�
WKH�PLULG�ZHUH�VWDUWHG� LQ������EXW�KDYH�EHHQ�SXW�RQ�KROG�XQWLO� IXUWKHU� WHVWLQJ� LV�
FRQGXFWHG�LQ�$XVWUDOLD���,W� LV�KRSHG�WKDW�LQ�WKH�QHDU�IXWXUH�WKHUH�ZLOO�EH�QRW�RQO\�
VQRXW�EHHWOH�DGXOWV�DQG�ODUYDH�IHHGLQJ�RQ�WKH�\RXQJ�VXFFXOHQW�OHDYHV�RI�PHODOHXFD��
EXW�DOVR�VDZIO\�ODUYDH�IHHGLQJ�RQ�PDWXUH�OHDYHV���/DWHU�LQWURGXFWLRQV�RI�WKH�SV\OOLG�
DQG�SRVVLEO\�PLULG�ZLOO�SODFH�PHODOHXFD�XQGHU�IXUWKHU�VWUHVV���8VH�RI�WKHVH�QDWXUDO�
HQHPLHV�VKRXOG�UHGXFH�IORZHULQJ�DQG�VHHG�VHW��ORZHU�WKH�UHSURGXFWLYH�UDWH�RI�PH�
ODOHXFD�� UHGXFH�SODQW�YLJRU�� DQG� DORQJ�ZLWK�RWKHU� FRQWURO�PHDVXUHV�� KHOS�KDOW� WKH�
VSUHDG�RI�PHODOHXFD�LQ�VRXWKHUQ�)ORULGD��
�
�
$FNQRZOHGJPHQWV�
�
7KLV� UHVHDUFK�ZDV� FRQGXFWHG� WKURXJK� 6SHFLILF� &RRSHUDWLYH�$JUHHPHQWV�86'$�
$56����������������'�+��+DEHFN��3�,���DQG����������������-�+��)UDQN��3�,���EH�
WZHHQ�WKH�8QLYHUVLW\�RI�)ORULGD��,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO�6FLHQFHV��'H�
SDUWPHQW�RI�(QWRPRORJ\�DQG�1HPDWRORJ\�� DQG� WKH�8�6��'HSDUWPHQW�RI�$JULFXO�
WXUH��$JULFXOWXUDO�5HVHDUFK�6HUYLFH�� �:H� WKDQN� WKH�6RXWK�)ORULGD�:DWHU�0DQDJH�
PHQW�'LVWULFW�DQG�)ORULGD�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ�IRU�SDUWLDO�IL�
QDQFLDO� VXSSRUW�� DQG� -�+�� )UDQN� DQG� 5�%�� /RZHQ� IRU� UHYLHZ� RI� WKH�PDQXVFULSW��
7KLV�DUWLFOH� LV�)ORULGD�$JULFXOWXUDO�([SHULPHQW�6WDWLRQ�-RXUQDO�6HULHV�1XPEHU�1�
���������
�
�
/LWHUDWXUH�&LWHG�
�
%DOFLXQDV��-�.���'�:��%XUURZV��DQG�0�)��3XUFHOO����������)LHOG�DQG�ODERUDWRU\�KRVW�UDQJHV�RI�WKH�$XV�

WUDOLDQ�ZHHYLO��2[\RSV�YLWLRVD��&ROHRSWHUD��&XUFXOLRQLGDH���D�SRWHQWLDO�ELRORJLFDO�FRQWURO�DJHQW�
IRU�WKH�SDSHUEDUN�WUHH��0HODOHXFD�TXLQTXHQHUYLD���%LRORJLFDO�&RQWURO������������

%RGOH��0�-���$�3��)HUULWHU�� DQG�'�'��7KD\HU�� ������ 7KH� ELRORJ\�� GLVWULEXWLRQ�� DQG� HFRORJLFDO� FRQVH�
TXHQFHV�RI�0HODOHXFD�TXLQTXHQHUYLD� LQ�WKH�(YHUJODGHV�� �,Q�6�0��'DYLV�DQG�-�&��2JGHQ��HGV����
(YHUJODGHV��7KH�(FRV\VWHP�DQG�,WV�5HVWRUDWLRQ��'HOUD\�%HDFK��)OD���6W��/XFLH�3UHVV��

:LQHULWHU�DQG�%XFNLQJKDP�
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%XUURZV��'�:���DQG�-�.��%DOFLXQDV����������%LRORJ\��GLVWULEXWLRQ�DQG�KRVW�UDQJH�RI�WKH�VDZIO\��/RSK\�
URWRPD�]RQDOLV� �+\PHQRSWHUD��3HUJLGDH��� D� SRWHQWLDO� ELRORJLFDO� FRQWURO� DJHQW� IRU� WKH�SDSHU�
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