
(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R�������-XQH������

� ������

��
�
6SHFLHV�,GHQWLILFDWLRQ�RI�&DQGLGD�,VRODWHV�2EWDLQHG�IURP�2UDO�OHVLRQV�
RI�+RVSLWDOL]HG�DQG�1RQ�+RVSLWDOL]HG�3DWLHQWV�ZLWK�2UDO�&DQGLGLDVLV�
6KDKHHQ�0$�DQG�7DKD�0
�

(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO�����������-XQH�������
�

�'HSDUWPHQW�RI�'HUPDWRORJ\�	�9HQHUHRORJ\��$LQ�6KDPV�8QLYHUVLW\�	�'HSDUWPHQW�
RI�0LFURELRORJ\��)DFXOW\�RI�9HWHULQDU\�0HGLFLQH��=DJD]LJ�8QLYHUVLW\
�

�
$FFHSWHG�IRU�SXEOLFDWLRQ�LQ��0D\���������

��
$EVWUDFW�
�

%DFNJURXQG��,QWHUHVW�LQ�FDQGLGD�VSHFLHV��VSS���KDV�EHHQ�REVHUYHG�GXH�WR�WKH�ULVH�
DQG�HSLGHPLRORJLFDO�VKLIWV�LQ�FDQGLGLDVLV���
,QIHFWLRQV�ZLWK�FDQGLGD�VSS��DUH�EHLQJ�VHHQ�PRUH�FRPPRQO\�LQ�KRVSLWDOL]HG�

SDWLHQWV��WKHLU�HPHUJHQFH�EHLQJ�IDYRUHG�E\�LPPXQRVXSSUHVVLRQ��7KHVH�HPHUJLQJ�
SDWKRJHQV�DUH�LPSOLFDWHG�LQ�FDVHV�RI�VXSHUILFLDO�DQG�GLVVHPLQDWHG�FDQGLGLDVLV�LQ�
ERWK�LPPXQRFRPSHWHQW�DQG�LPPXQRFRPSURPLVHG�SDWLHQWV��DUH�RIWHQ�UHVLVWDQW�WR�
FRQYHQWLRQDO�DQWLIXQJDO�WKHUDS\��DQG�PD\�FDXVH�VHYHUH�PRUELGLW\�DQG�PRUWDOLW\�
LQ�LPPXQRFRPSURPLVHG�SDWLHQWV��$FFXUDWH�LGHQWLILFDWLRQ�RI�FDQGLGD�VSS��LV�
WKHUHIRUH�FUXFLDO�IRU�VXFFHVVIXO�FOLQLFDO�PDQDJHPHQW�DQG�IRU�IDFLOLWDWLQJ�KRVSLWDO�
FRQWURO�PHDVXUHV���
7KH�SUHVHQW�VWXG\�ZDV�SHUIRUPHG�WR�LGHQWLI\�FDQGLGD�VSS��LQ�LVRODWHV�REWDLQHG�

IURP�RUDO�OHVLRQV�RI�KRVSLWDOL]HG�DQG�QRQ�KRVSLWDOL]HG�SDWLHQWV�ZLWK�FOLQLFDO�VLJQV�
DQG�V\PSWRPV�RI�RUDO�FDQGLGLDVLV�DQG�WR�DVVHVV�WKH�SRVVLEOH�ULVN�IDFWRUV�
DVVRFLDWHG�ZLWK�LQIHFWLRQ�ZLWK�VXFK�SDWKRJHQV�LQ�WKHVH�JURXSV�RI�SDWLHQWV���
�
0HWKRGV��,GHQWLILFDWLRQ�RI�FDQGLGD�VSS��ZDV�SHUIRUPHG�E\�FRUQPHDO�DJDU�
FXOWXUHV�DQG�\HDVW�DVVLPLODWLRQ�SURILOHV�XVLQJ�WKH�$3,���&�$8;�<HDVW�
,GHQWLILFDWLRQ�6\VWHP��
�
5HVXOWV�DQG�&RQFOXVLRQV��&DQGLGD�DOELFDQV�ZDV�WKH�PRVW�IUHTXHQWO\�LVRODWHG�
VSS��LQ�ERWK�JURXSV��,W�ZDV�WKH�RQO\�VSS��LVRODWHG�IURP�QRQ�KRVSLWDOL]HG�SDWLHQWV�
LPSO\LQJ�HLWKHU�D�PRUH�LQWHQVH�FDUULDJH�RI�WKLV�VSHFLHV�DQG�RU�WKDW�LW�LV�PRUH�
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YLUXOHQW�WKDQ�RWKHU�VSHFLHV��1RQ��DOELFDQV�VSS��2Q�WKH�RWKHU�KDQG��ZHUH�
H[FOXVLYHO\�UHFRYHUHG�IURP�KRVSLWDOL]HG�SDWLHQWV��7KH\�UHSUHVHQWHG�����RI�
LVRODWHV�LQ�WKLV�JURXS��)LYH�GLIIHUHQW�VSS��ZHUH�LVRODWHG�DQG�LGHQWLILHG�DV�IROORZV��
&��/XVLWDQLDH��������&�7URSLFDOLV��������&��3DUDSVLORVLV�������&��*ODEUDWD�
������DQG�&�.HI\U�������7KH�H[FOXVLYH�SUHVHQFH�RI�WKHVH�SDWKRJHQV�LQ�
KRVSLWDOL]HG�SDWLHQWV�ZDV�IRXQG�WR�EH�UHODWHG�WR�D�FRPELQDWLRQ�RI���IDFWRUV�
FRPPRQ�WR�DOO�SDWLHQWV�LQ�WKH�JURXS��LPPXQRVXSSUHVVLRQ��KRVSLWDO�
HQYLURQPHQWDO�FRQGLWLRQV��DQG�VHOHFWLYH�DQWLIXQJDO�SUHVVXUH��
��

�
,QWURGXFWLRQ�
7KH�JHQXV�FDQGLGD�LQFOXGHV�VHYHUDO�VSHFLHV�LPSOLFDWHG�LQ�KXPDQ�SDWKRORJ\��

&DQGLGD�DOELFDQV�LV�E\�IDU�WKH�PRVW�FRPPRQ�VSHFLHV�FDXVLQJ�LQIHFWLRQV�LQ�
KXPDQV>�@��7KH�HPHUJHQFH�RI�QRQ�DOELFDQV�FDQGLGD�VSS��DV�VLJQLILFDQW�SDWKRJHQV�
KDV�KRZHYHU�EHHQ�ZHOO�UHFRJQL]HG�GXULQJ�WKH�SDVW�GHFDGH>�@��1XPHURXV�UHFRUGV�
KDYH�GRFXPHQWHG�WKH�LQFUHDVHG�LQFLGHQFH�RI�QRQ�DOELFDQV�VSS��DPRQJ�
KRVSLWDOL]HG�DQG�LPPXQRVXSSUHVVHG�SDWLHQWV>�@�>�@��>�@�>�@��$OWKRXJK�WKLV�
LQFUHDVHG�UHSRUWLQJ�PD\�EH�FDXVHG�E\�LQFUHDVHG�ODERUDWRU\�UHFRJQLWLRQ>�@��\HW�
WKH�HPHUJHQFH�RI�WKHVH�RSSRUWXQLVWLF�SDWKRJHQV�LV�IDYRUHG�E\�WKH�FKDQJH�LQ�KRVW�
VXVFHSWLELOLW\�GXH�WR�WKH�JURZLQJ�QXPEHU�RI�LPPXQRFRPSURPLVHG�LQGLYLGXDOV�LQ�
WKH�SRSXODWLRQ�DV�D�UHVXOW�RI�WKH�+,9�SDQGHPLF�DQG�WKH�XVH�RI�ORQJ�WHUP�
LPPXQRVXSSUHVVLYH�WKHUDS\�LQ�FDQFHU�DQG�RUJDQ�WUDQVSODQW�SDWLHQWV>�@��>�@���
&DQGLGD�DOELFDQV�DQG�QRQ�DOELFDQV�VSS��DUH�FORVHO\�UHODWHG�EXW�GLIIHU�IURP�HDFK�

RWKHU�ZLWK�UHVSHFW�WR�HSLGHPLRORJ\��YLUXOHQFH�FKDUDFWHULVWLFV��DQG�DQWLIXQJDO�
VXVFHSWLELOLW\��$OO�FDQGLGD�VSS��KDYH�EHHQ�VKRZQ�WR�FDXVH�D�VLPLODU�VSHFWUXP�RI�
GLVHDVH�UDQJLQJ�IURP�RUDO�WKUXVK�WR�LQYDVLYH�GLVHDVH��\HW�GLIIHUHQFHV�LQ�GLVHDVH�
VHYHULW\�DQG�VXVFHSWLELOLW\�WR�GLIIHUHQW�DQWLIXQJDO�DJHQWV�KDYH�EHHQ�UHSRUWHG>�@��
)DFWRUV�ZKLFK�SUHGLVSRVH�WKH�FRPSURPLVHG�KRVW�WR�RUDO�FDQGLGLDVLV�DUH�SRRUO\�
FKDUDFWHUL]HG��'LVHDVH�LQ�WKLV�SRSXODWLRQ�UHSUHVHQWV�D�GLIILFXOW�PDQDJHPHQW�
SUREOHP��PD\�VSUHDG�ORFDOO\�WR�LQYROYH�WKH�RURSKDU\Q[�DQG�RHVRSKDJXV��DQG�LV�
NQRZQ�WR�SUHFHGH�V\VWHPLF�LQIHFWLRQ>�@�>�@��>�@��&DQGLGDO�RHVRSKDJLWLV�
IUHTXHQWO\�RFFXUV�LQ�$,'6�DQG�+,9�LQIHFWHG�SDWLHQWV��GLVVHPLQDWHG�LQIHFWLRQ�
KRZHYHU��LV�QRW�DV�FRPPRQ�LQ�WKHVH�SDWLHQWV�DV�LW�LV�LQ�RWKHU�LPPXQRVXSSUHVVHG�
SDWLHQWV>��@��(YLGHQFH�VXJJHVWV�WKDW�VRPH�VSHFLHV�RI�FDQGLGD�KDYH�D�JUHDW�
SURSHQVLW\�WR�FDXVH�V\VWHPLF��QRVRFRPLDO��DQG�VXSHUILFLDO�LQIHFWLRQV�WKDQ�GR�
RWKHU�VSHFLHV>�@���
&DQGLGD�VSS��LGHQWLILFDWLRQ�LV�WKHUHIRUH�LPSRUWDQW�IRU�VXFFHVVIXO�PDQDJHPHQW��

'LVWLQFWLRQ�EHWZHHQ�VSHFLHV�IDFLOLWDWHV�WKH�XQGHUVWDQGLQJ�RI�WKH�HSLGHPLRORJ\�RI�
FDQGLGD�VSS��SDUWLFXODUO\�UHJDUGLQJ�WKH�UHVHUYRLU�DQG�PRGH�RI�WUDQVPLVVLRQ�ZKLFK�
LV�D�UHTXLUHPHQW�IRU�WKH�GHYHORSPHQW�RI�HIIHFWLYH�PHDVXUHV�WR�SUHYHQW�DQG�
FRQWURO�WUDQVPLVVLRQ�RI�UHVLVWDQW�SDWKRJHQV>�@��>��@��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�
LGHQWLI\�FDQGLGD�VSS��LVRODWHG�IURP�WKH�RUDO�OHVLRQV�RI�KRVSLWDOL]HG�DQG�QRQ�
KRVSLWDOL]HG�SDWLHQWV�ZLWK�RUDO�FDQGLGLDVLV�DQG�WR�LQYHVWLJDWH�WKH�SRVVLEOH�ULVN�
IDFWRUV�DVVRFLDWHG�ZLWK�LQIHFWLRQ�LQ�ERWK�JURXSV��
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3DWLHQWV�DQG�0HWKRGV�
6WXGLHG�SRSXODWLRQ��6SHFLPHQV�ZHUH�FROOHFWHG�IURP�RUDO�OHVLRQV�RI����DGXOW�

SDWLHQWV�KDYLQJ�VLJQV�DQG�V\PSWRPV�FRPSDWLEOH�ZLWK�RUDO�FDQGLGLDVLV��$OO�
SDWLHQWV�ZHUH�UHFRYHUHG�IURP�$LQ�6KDPV�8QLYHUVLW\�+RVSLWDOV��+DOI�RI�WKH�
VSHFLPHQV�ZHUH�GHULYHG�IURP�KRVSLWDOL]HG�SDWLHQWV�ZKR�ZHUH�WUHDWHG�LQ�GLIIHUHQW�
FOLQLFDO�GHSDUWPHQWV�IRU�D�YDULHW\�RI�FRQGLWLRQV��5DGLRWKHUDS\��'HUPDWRORJ\��
*HQHUDO�PHGLFLQH��(17��DQG�*HULDWULF�'HSDUWPHQWV���2QO\�SDWLHQWV�LQ�ZKRP�RUDO�
OHVLRQV�RFFXUUHG�DW�OHDVW���GD\V�DIWHU�DGPLVVLRQ�ZHUH�LQFOXGHG��H[FOXGLQJ�
SDWLHQWV�ZKR�SUHVHQWHG�ZLWK�RUDO�FDQGLGLDVLV�DW�RU�SULRU�WR�KRVSLWDO�DGPLVVLRQ��
7KH�RWKHU�KDOI�RI�WKH�VSHFLPHQV�ZHUH�REWDLQHG�IURP�SDWLHQWV�DWWHQGLQJ�RXW�
SDWLHQW�FOLQLFV��(QGRFULQRORJ\��'HUPDWRORJ\��DQG�2GRQWRORJ\�&OLQLFV���1RQ�
KRVSLWDOL]HG�SDWLHQWV�ZLWK�UHPDUNDEOH�KHDOWK�KLVWRULHV�RU�XQGHUO\LQJ�GLVHDVHV�
DQG�RU�WKHUDSLHV�NQRZQ�WR�FRPSURPLVH�WKH�LPPXQH�V\VWHP�ZHUH�H[FOXGHG�IURP�
WKH�VWXG\��,Q�DOO�SDWLHQWV��FOLQLFDO�V\PSWRPV�DQG�VLJQV�RI�WKH�RUDO�GLVHDVH�ZHUH�
UHFRUGHG��2UDO�K\JLHQH��WREDFFR�XVH��RUWKRGRQWLF�DSSOLDQFHV�RU�GHQWXUH�ZHDULQJ��
DQG�PHGLFDWLRQV�ZHUH�QRWHG�LQ�ERWK�JURXSV��,Q�KRVSLWDOL]HG�SDWLHQWV��PHGLFDO�
UHFRUGV�ZHUH�H[DPLQHG�DQG�GDWD�RQ�PHGLFDWLRQV�ZHUH�FROOHFWHG��,QWULQVLF�DQG�
H[WULQVLF�IDFWRUV�WKDW�PLJKW�SURPRWH�LQIHFWLRQ�ZHUH�UHFRUGHG�IRU�HDFK�SDWLHQW��
&OLQLFDO�VSHFLPHQV�DQG�LGHQWLILFDWLRQ�RI�LVRODWHV��6SHFLPHQV�IURP�RUDO�OHVLRQV�

ZHUH�FROOHFWHG�E\�SDVVLQJ�D�VWHULOH�FRWWRQ�VZDE�VHYHUDO�WLPHV�DFURVV�WKH�DIIHFWHG�
VXUIDFH��&DQGLGD�LQIHFWLRQ�ZDV�GLDJQRVHG�E\�WKH�SUHVHQFH�RI�EXGGLQJ�\HDVWV�ZLWK�
K\SKDH�DQG�SVHXGRK\SKDH�RQ�SRWDVVLXP�K\GUR[LGH�H[DPLQDWLRQ��6ZDEV�ZHUH�
WKHQ�VWUHDNHG�RQWR�6DERXUDXG"V�GH[WURVH�DJDU�VORSHV�WR�ZKLFK�FKORUDPSKHQLFRO�
ZDV�DGGHG�����JP�GH[WURVH�����JP�SHSWRQH�����JP�DJDU��DQG������PO�GLVWLOOHG�
ZDWHU��DQG�LQFXEDWHG�DW���"&�IRU���GD\V��0DFURVFRSLF��FUHDP\�PRLVW�FRORQLHV��
�)LJ����DQG�PLFURVFRSLF��\HDVW�FHOOV��SVHXGRK\SKDH��DQG�EODVWRVSRUHV��
H[DPLQDWLRQ�RI�WKH�JURZWKV�YHULILHG�WKH�GLDJQRVLV�RI�FDQGLGLDVLV���

�
)LJ����&DQGLGDO�FRORQLHV��6DERXUDXG V�GH[WURVH�DJDU�VORSHV��

6SHFLHV�LGHQWLILFDWLRQ�RI�FDQGLGD�LVRODWHV�ZDV�SHUIRUPHG�E\�VXEFXOWXUH�RI�WKH�
REWDLQHG�FRORQLHV�RQ�FRUQPHDO�DJDU�SODWHV�DQG�LQFXEDWLRQ�DW���"&�IRU�������
KRXUV��)LJ������



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R�������-XQH������

� ������

�
)LJ����&DQGLGDO�FRORQLHV��FRUQPHDO�DJDU�SODWH��

&DQGLGD�DOELFDQV�VSS��ZDV�LGHQWLILHG�PLFURVFRSLFDOO\�E\�WKH�SURGXFWLRQ�RI�
FKODP\GRVSRUHV��)LJ������

�
)LJ����&DQGLGD�DOELFDQV�FKODP\GRVSRUHV�

1RQ�FKODP\GRVSRUH�SURGXFLQJ�VSHFLHV�ZHUH�WKHQ�LGHQWLILHG�E\�XVLQJ�WKH�$3,�
��&�$8;�<HDVW�,GHQWLILFDWLRQ�6\VWHP��ELR0pULHX[��)UDQFH��ZKLFK�DQDO\VHV�WKH�
FDUERK\GUDWH�DVVLPLODWLRQ�SURILOH�RI�HDFK�VSHFLHV��(DFK�VSHFLHV�ZDV�LGHQWLILHG�E\�
UHIHUULQJ�WR�WKH�DQDO\WLFDO�SURILOH�LQGH[�SURYLGHG�E\�WKH�PDQXIDFWXUHU��
�
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6WDWLVWLFDO�DQDO\VLV��'LIIHUHQFHV�EHWZHHQ�IUHTXHQFLHV�ZHUH�DQDO\]HG�E\�WKH�
&KL�6TXDUH�WHVW��[���DQG�WKH�)LVKHU
V�H[DFW�WHVW��$�S�YDOXH�RI�������ZDV�
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW��

5HVXOWV�
&OLQLFDO�FKDUDFWHULVWLFV�RI�WKH�VWXGLHG�SDWLHQWV�DUH�VXPPDUL]HG�LQ�WDEOH����

��

�� 1RQ�+RVSLWDOL]HG�3WV� +RVSLWDOL]HG�3WV�
1XPEHU� ��� ���
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���0HDQ���
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)HPDOHV����
0DOHV�
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6RXUFH�RI�
3DWLHQWV���

2XW�3DWLHQW�&OLQLFV�
(QGRFULQRORJ\��������
'HUPDWRORJ\���������
2GRQWRORJ\���������

+RVSLWDO�'HSDUWPHQWV�5DGLRWKHUDS\�
���������
'HUPDWRORJ\���������
*HQHUDO�0HGLFLQH���������
(17��������
*HULDWULF��������

5LVN�
)DFWRUV��

3RRU�RUDO�K\JLHQH�
7REDFFR�VPRNLQJ�
&RQWUDFHSWLYH�SLOOV�1RQ�
LGHQWLILHG��������

+HPDWRORJLF�PDOLJQDQF\�,UUDGLDWLRQ�
WKHUDS\�&DQFHU�FKHPRWKHUDS\�
6\VWHPLF�DQWLPLFURELDOV�6\VWHPLF�
DQWLIXQJDOV�'LDEHWHV��JO\FRV\ODWHG�
+%!�����3URORQJHG�KRVSLWDOL]DWLRQ��

7DEOH����&OLQLFDO�FKDUDFWHULVWLFV�RI�WKH�VWXGLHG�SDWLHQWV��
3RRU�RUDO�K\JLHQH��WREDFFR�VPRNLQJ��DQG�WKH�XVH�RI�RUDO�FRQWUDFHSWLYH�SLOOV�

ZHUH�UHFRUGHG�DV�SRVVLEOH�ULVN�IDFWRUV�IRU�GHYHORSPHQW�RI�WKH�RUDO�OHVLRQV�LQ�����
RI�QRQ�KRVSLWDOL]HG�SDWLHQWV��,Q�WKH�UHPDLQLQJ�����RI�SDWLHQWV��QR�REYLRXV�
SUHGLVSRVLQJ�IDFWRU�IRU�LQIHFWLRQ�ZDV�LGHQWLILHG��,Q�WKH�JURXS�RI�KRVSLWDOL]HG�
SDWLHQWV��XQGHUO\LQJ�PHGLFDO�FRQGLWLRQV�MXVWLI\LQJ�DGPLVVLRQ�LQFOXGHG��
KHPDWRORJLFDO�PDOLJQDQFLHV��������SHPSKLJXV�YXOJDULV��������FRPSOLFDWLRQV�RI�
XQFRQWUROOHG�GLDEHWHV�PHOOLWXV�ZLWK�JO\FRV\ODWHG�+%!����������DQG�ODU\QJHDO�
FDUFLQRPD��������0RVW�RI�WKHVH�SDWLHQWV�ZHUH�UHFHLYLQJ�V\VWHPLF�DQWLELRWLFV��
2WKHU�PHGLFDWLRQV�LQFOXGHG�FDQFHU�FKHPRWKHUDS\��������V\VWHPLF�
FRUWLFRVWHURLGV��������IOXFRQD]ROH��������DQG�LUUDGLDWLRQ�WKHUDS\��������3RRU�
QXWULWLRQDO�VWDWXV�ZDV�REVHUYHG�LQ�����RI�WKH�SDWLHQWV�DQG�KRVSLWDO�VWD\�UDQJHG�
EHWZHHQ����GD\V�DQG���PRQWKV��,Q�DOO�KRVSLWDOL]HG�SDWLHQWV��RUDO�OHVLRQV�KDG�
RFFXUUHG�����GD\V�DIWHU�KRVSLWDO�DGPLVVLRQ��
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,Q�DOO�VWXGLHG�SDWLHQWV����FOLQLFDO�SUHVHQWDWLRQV�RI�FDQGLGDO�VWRPDWLWLV�ZHUH�
REVHUYHG��SVHXGRPHPEUDQRXV�FRQIOXHQW�WKLFN�FUHDP\�FXUG�OLNH�OHVLRQV��
HU\WKHPDWRXV�DWURSKLF�OHVLRQV�ZLWK�ORVV�RI�OLQJXDO�SDSLOODH��DQG�D�FRPELQDWLRQ�RI�
ERWK�FOLQLFDO�SLFWXUHV��$�VLJQLILFDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ�WKH�
GLVWULEXWLRQV�RI�WKH���FOLQLFDO�SUHVHQWDWLRQV�LQ�WKH�VWXGLHG�SRSXODWLRQ�DV�D�ZKROH�
DQG�LQ�ERWK�JURXSV�RI�KRVSLWDOL]HG�DQG�QRQ�KRVSLWDOL]HG�SDWLHQWV��WDEOH����7KH�
SVHXGRPHPEUDQRXV�SUHVHQWDWLRQ�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�RWKHU�WZR�
SUHVHQWDWLRQV�LQ�DOO�SDWLHQWV�DV�D�JURXS�DQG�LQ�KRVSLWDOL]HG�SDWLHQWV��ZKHUH�S�
YDOXHV�ZHUH���������)LVKHU V�H[DFW�WHVW���,Q�QRQ�KRVSLWDOL]HG�SDWLHQWV�RQ�WKH�RWKHU�
KDQG��WKH�FRPELQHG�SVHXGRPHPEUDQRXV�HU\WKHPDWRXV�SUHVHQWDWLRQ�ZDV�
VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�RWKHU�WZR�SUHVHQWDWLRQV�ZLWK�S�YDOXHV��������
�)LVKHU V�H[DFW�WHVW���

��
3VHXGR�
PHPEUDQRXV�
/HVLRQV���

(U\WKHPDWRXV�
/HVLRQV���

&RPELQHG�
3VHXGRP���
(U\WKHPDWRXV�
/HVLRQV�

&KL�
6TXDUH�
WHVW�[ � ��

3��YDOXH�

$OO�6WXGLHG�
SDWLHQWV�
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9DOXHV �1XPEHU�RI�SDWLHQWV������

7DEOH����'LVWULEXWLRQ�RI�WKH�WKUHH�FOLQLFDO�SUHVHQWDWLRQV�RI�RUDO�
FDQGLGLDVLV�DPRQJ�WKH�VWXGLHG�SDWLHQWV��
6L[�&DQGLGD�VSS��ZHUH�LGHQWLILHG�LQ�DOO�VWXGLHG�SDWLHQWV��ZLWK�FDQGLGD�DOELFDQV�

EHLQJ�WKH�PRVW�IUHTXHQWO\�LVRODWHG�VSHFLHV��WDEOH�����$OO�ILYH�QRQ�DOELFDQV�VSS��
RULJLQDWHG�IURP�KRVSLWDOL]HG�SDWLHQWV��DQG�UHSUHVHQWHG�����RI�LVRODWHV�LQ�WKLV�
JURXS��WDEOH�����$OO�SDWLHQWV�ZHUH�LQIHFWHG�E\�RQO\�RQH�FDQGLGD�VSS���QR�PXOWLSOH�
LQIHFWLRQV�ZHUH�GHWHFWHG��
&DQGLGD�DOELFDQV�VSS��ZDV�VLJQLILFDQWO\�KLJKHU�LQ�QRQ�KRVSLWDOL]HG�SDWLHQWV�

FRPSDUHG�WR�KRVSLWDOL]HG�SDWLHQWV��)LVKHU"V�H[DFW�WHVW �������S���������,Q�WKH�
ODWHU�JURXS�FDQGLGD�DOELFDQV�VSS��ZDV�DOVR�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�QRQ�
DOELFDQV�VSS���)LVKHU V�H[DFW�WHVW ����S���������
�
��

6SHFLHV� 3URSRUWLRQ�����
&DQGLGD�$OELFDQV� ����
&DQGLGD�/XVLWDQLDH� ����
&DQGLGD�7URSLFDOLV� ����
&DQGLGD�3DUDSVLORVLV� �����
&DQGLGD�*ODEUDWD� �����
&DQGLGD�.HI\U�� �����
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�7DEOH����3URSRUWLRQV�RI�\HDVW�VSHFLHV�LQ�LVRODWHV�IURP�DOO�VWXGLHG�SDWLHQWV���
��

��
��
��
��
��

7DEOH����'LVWULEXWLRQ�RI�FDQGLGD�VSHFLHV�DPRQJ�WKH�WZR�VWXGLHG�JURXSV��
'LVWULEXWLRQ�RI�&DQGLGD�VSS��DPRQJ�WKH�WKUHH�FOLQLFDO�SUHVHQWDWLRQV�LQ�WKH�WZR�

VWXGLHG�JURXSV�RI�SDWLHQWV�LV�VKRZQ�LQ�WDEOH�����
�

�
&OLQLFDO�
3UHVHQWDWLRQ��

�
&DQGLGD�6SS��

�
1RQ�
+RVSLWDOL]HG�
SWV��

�
+RVSLWDOL]HG�
SWV�

�
3VHXGR�
PHPEUDQRXV�
�
��

�
&��$OELFDQV�
�
&��1RQ�$OELFDQV�

�
��������
�
1RQH�

�
��������
�
��������

�
(U\WKHPDWRXV�

�
&��$OELFDQV�
�
&��1RQ�$OELFDQV�

�
��������
�
1RQH�

�
��������
�
��������������

�
3VHXGRP���
(U\WKHPDWRXV�

�
&��$OELFDQV�
�
&��1RQ�$OELFDQV�

�
���������
�
1RQH�

�
��������
�
��������

��9DOXHV �1XPEHU�RI�SDWLHQWV������
7DEOH����'LVWULEXWLRQ�RI�FDQGLGD�LVRODWHV�LQ�FOLQLFDO�OHVLRQV�LQ�WKH�WZR�VWXGLHG�
JURXSV��

'LVFXVVLRQ�
$FFRUGLQJ�WR�PRVW�SXEOLFDWLRQV��FDQGLGD�DOELFDQV�LV�WKH�PRVW�IUHTXHQWO\�

HQFRXQWHUHG�VSHFLHV�LQ�ERWK�RUDO�FDUULDJH�DQG�RUDO�FDQGLGLDVLV>�@��>��@��>��@��,Q�
WKH�SUHVHQW�VWXG\��FDQGLGD�DOELFDQV�DQG���RWKHU�QRQ�DOELFDQV�VSS��ZHUH�LVRODWHG��
&DQGLGD�VSS��LGHQWLILFDWLRQ�ZDV�SHUIRUPHG�XVLQJ�WZR�P\FRORJLFDO�PHWKRGV�
DSSOLHG�VHTXHQWLDOO\�WR�DYRLG�IDOVH�UHVXOWV�DQG�HQVXUH�DFFXUDF\��7KLV�LV�EHFDXVH�
PLVLGHQWLILFDWLRQ�RI�\HDVW�VSHFLHV�KDV�EHHQ�SUHYLRXVO\�UHSRUWHG�WR�UHVXOW�IURP�WKH�
XVH�RI�D�VLQJOH�LGHQWLILFDWLRQ�PHWKRG>�@��&XOWXUH�RQ�FRUQPHDO�DJDU��ZKLFK�

&DQGLGD�VSHFLHV� 1RQ�+RVSLWDOL]HG�SWV�+RVSLWDOL]HG�SWV�
&DQGLGD�$OELFDQV�6SS�� ���������� ���������

1RQ�$OELFDQV�6SS������ 1RQH�

���������
�&��/XVLWDQLDH���������
&��7URSLFDOLV����������
&��3DUDSVLORVLV��������
&��*ODEUDWD���������
&��.HI\U��������
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LGHQWLILHV�FDQGLGD�DOELFDQV�E\�FKODP\GRVSRUH�IRUPDWLRQ��ZDV�SHUIRUPHG�LQLWLDOO\�
DV�WKLV�ZDV�WKH�PRVW�OLNHO\�VSHFLHV�WR�EH�LVRODWHG��7KH�$3,���&�$8;�V\VWHP�ZDV�
WKHQ�DSSOLHG�DV�D�VHFRQG�VWHS�WR�LGHQWLI\�QRQ�FKODP\GRVSRUH�IRUPLQJ�VSS��EDVHG�
RQ�WKHLU�FDUERK\GUDWH�DVVLPLODWLRQ�SURILOHV��&DQGLGD�DOELFDQV�ZDV�WKH�PRVW�
IUHTXHQW�VSHFLHV�LQ�WKH�VWXG\������RI�DOO�LVRODWHV���ZLWK�D�FOHDU�SUHGRPLQDQFH�LQ�
QRQ�KRVSLWDOL]HG�SDWLHQWV��,Q�KRVSLWDOL]HG�SDWLHQWV��WKLV�VSHFLHV�ZDV�DOVR�GHWHFWHG�
VLJQLILFDQWO\�PRUH�IUHTXHQWO\�WKDQ�QRQ�DOELFDQV�VSS��,Q�WKLV�JURXS�RI�SDWLHQWV�
KRZHYHU��WKH�SURSRUWLRQ�EHWZHHQ�DOELFDQV�DQG�QRQ�DOELFDQV�VSS��ZDV�PRUH�
EDODQFHG�LQ�DOO�WKUHH�FOLQLFDO�SUHVHQWDWLRQV��
0RVW�FDQGLGD�LQIHFWLRQV�DUH�WKRXJKW�WR�EH�HQGRJHQRXV��DFTXLUHG�WKURXJK�SULRU�

FRORQL]DWLRQ�ZKHUH�ORFDO�UHGXFWLRQ�LQ�KRVW�UHVLVWDQFH�UHVXOWV�LQ�RYHU�JURZWK�RI�
WKHLU�RZQ�\HDVW�IORUD>��@��7KH�VROH�SUHVHQFH�RI�FDQGLGD�DOELFDQV�VSS��LQ�QRQ�
KRVSLWDOL]HG�SDWLHQWV�PD\�WKHUHIRUH�EH�UHODWHG�WR�D�PRUH�LQWHQVH�FDUULDJH�RI�WKLV�
VSS��LQ�WKLV�JURXS�RI�SDWLHQWV��$�YDULHW\�RI�ORFDO�DQG�V\VWHPLF�KRVW�IDFWRUV�DQG�
H[RJHQRXV�IDFWRUV�KDYH�EHHQ�GHVFULEHG�WR�LQFUHDVH�WKH�SUHYDOHQFH�RI�FDQGLGDO�
FDUULDJH�DQG�SRSXODWLRQ�OHYHOV��DQG�HQKDQFH�WKH�WUDQVIRUPDWLRQ�IURP�WKH�
FRORQL]LQJ�EODVWRFRQLGLDO�SKDVH�WR�WKH�PRUH�YLUXOHQW�K\SKDO�SKDVH>�@��6LQFH�
URXJKO\�RQH�WKLUG�WR�RQH�KDOI�RI�DGXOW�LQGLYLGXDOV�DUH�UHSRUWHG�QRW�WR�FDUU\�
PHDVXUDEOH�OHYHOV�RI�FDQGLGD�VSS��LQ�WKH�RUDO�FDYLW\��FDUULDJH�SHUVH�KDV�EHHQ�
VXJJHVWHG�WR�EH�D�ULVN�IDFWRU�IRU�VXEVHTXHQW�LQIHFWLRQ��/LWWOH�LV�KRZHYHU�NQRZQ�
DERXW�WKH�UHTXLUHPHQWV�IRU�FDUULDJH�RU�WKH�QDWXUDO�EDUULHUV�DJDLQVW�FDUULDJH�ZKLFK�
UHVXOW�LQ�\HDVW�IUHH�KHDOWK\�LQGLYLGXDOV>��@��>��@��>��@��0DMRU�V\VWHPLF�IDFWRUV�
NQRZQ�WR�SUHGLVSRVH�WR�RUDO�FRORQL]DWLRQ�DQG�VXEVHTXHQW�LQIHFWLRQ�ZHUH�
H[FOXGHG�LQ�WKH�JURXS�RI�QRQ�KRVSLWDOL]HG�SDWLHQWV��3RRU�RUDO�K\JLHQH��WREDFFR�
VPRNLQJ��DQG�WKH�XVH�RI�ELUWK�FRQWURO�SLOOV�ZHUH�UHJDUGHG�DV�IDFWRUV�FRQWULEXWLQJ�
WR�LQIHFWLRQ�LQ�����RI�SDWLHQWV�LQ�WKLV�JURXS��,Q�WKH�UHPDLQLQJ�����RI�SDWLHQWV�
KRZHYHU��DSSDUHQW�SUHGLVSRVLQJ�IDFWRUV�ZKLFK�ZRXOG�H[SODLQ�WKH�RUDO�LQIHFWLRQV�
ZHUH�QRW�LGHQWLILHG��&DQGLGD�KRVW�LQWHUDFWLRQV�DUH�D�FRPSOH[�LVVXH��,QQDWH�DQG�
DFTXLUHG�GHIHFWV�LQ�QHXWURSKLO��PRQRF\WH�PDFURSKDJH��%�FHOO��DQG�7�FHOO�
IXQFWLRQV�DUH�NQRZQ�WR�SUHGLVSRVH�LQGLYLGXDOV�WR�VXSHUILFLDO�DQG�GLVVHPLQDWHG�
FDQGLGLDVLV>�@��,W�KDV�EHHQ�SRVWXODWHG�WKDW�QDWXUDO�EDUULHUV�DJDLQVW�\HDVW�
FRORQL]DWLRQ�H[LVW�DW�PXFRVDO�VXUIDFHV�DQG�WKDW�WKHVH�EDUULHUV�GLIIHU�EHWZHHQ�
LQGLYLGXDOV�DV�D�IXQFWLRQ�RI�FKDQJHV�LQ�KRVW�SK\VLRORJ\�OHDGLQJ�WR�YDULDWLRQ�LQ�
WKH�IUHTXHQF\�RI�FDUULDJH�DQG�DOVR�WKH�SUHGRPLQDQW�VSHFLHV�ZKLFK�LV�
FDUULHG>�@�>��@��,W�WKHUHIRUH�VHHPV�WKDW�LQ�WKLV�JURXS�RI�SDWLHQWV��GXH�WR�DQ�
XQLGHQWLILHG�KRVW�IDFWRU��UHGXFWLRQ�RI�D�SDUWLFXODU�EDUULHU�WR�FRORQL]DWLRQ�
HYHQWXDOO\�HQGHG�LQ�V\PSWRPDWLF�LQIHFWLRQ��7KLV�EDUULHU�PXVW�EH�VSHFLILF�WR�
FDQGLGD�DOELFDQV�DV�WKLV�ZDV�WKH�RQO\�VSHFLHV�LGHQWLILHG�LQ�WKH�RUDO�OHVLRQV�RI�
WKHVH�SDWLHQWV��
7KH�H[FOXVLYH�LVRODWLRQ�RI�FDQGLGD�DOELFDQV�VSS��IURP�KRVSLWDOL]HG�SDWLHQWV�PD\�

EH�DOWHUQDWLYHO\�H[SODLQHG�E\�D�KLJKHU�YLUXOHQFH�RI�WKLV�VSHFLHV�FRPSDUHG�WR�
RWKHU�QRQ�DOELFDQV�\HDVW�VSHFLHV��$W�WKH�FHOOXODU�DQG�PROHFXODU�OHYHO��VWXGLHV�
KDYH�UHYHDOHG�WKDW�FDQGLGD�DOELFDQV�LV�PRUH�DGDSWHG�WKDQ�RWKHU�QRQ�DOELFDQV�VSS��
DV�DQ�RUDO�FRPPHQVDO�RUJDQLVP>�@��7KLV�VSHFLHV�KDV�DOVR�EHHQ�GHVFULEHG�WR�EH�
WKH�PRVW�YLUXOHQW�DQG�SHUYDVLYH�RI�DOO�FDQGLGD�VSS�>��@��$PRQJ�WKH�YDULRXV�
YLUXOHQFH�IDFWRUV�ZKLFK�FRQWULEXWH�WR�LWV�SDWKRJHQLFLW\�LV�LWV�LQFUHDVHG�DGKHUHQFH�
WR�PXFRVDO�VXUIDFHV�ZKLFK�LV�VKRZQ�WR�EH�D�SUHUHTXLVLWH�WR�VXFFHVVIXO�
FRORQL]DWLRQ�DQG�VXEVHTXHQW�LQIHFWLRQ>��@��>��@��3UHYLRXV�VWXGLHV>��@�>��@�KDYH�
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VKRZQ�LQWHUVSHFLHV�YDULDWLRQ�LQ�FDQGLGDO�DGKHVLRQ�WR�EXFFDO�HSLWKHOLDO�FHOOV��
ZKHUH�&DQGLGD�DOELFDQV�GHPRQVWUDWHG�WKH�JUHDWHVW�DGKHVLRQ��'HFUHDVHG�DGKHVLRQ�
RI�WKH�QRQ�DOELFDQV�VSS��KDV�EHHQ�VXJJHVWHG�WR�FRQWULEXWH�WR�WKHLU�ORZHU�YLUXOHQFH�
DQG�WKXV�WKHLU�OLPLWHG�DELOLW\�WR�FDXVH�GLVHDVH�LQ�KHDOWK\�LQGLYLGXDOV>�@��>��@���
2UDO�FDQGLGLDVLV�LV�ZLGHO\�UHFRJQL]HG�DPRQJ�LPPXQRFRPSURPLVHG�SDWLHQWV>�@��

>��@��,PPXQRVXSSUHVVLRQ�ZDV�DQ�REYLRXV�FRPPRQ�ULVN�IDFWRU�IRU�GHYHORSLQJ�WKH�
RUDO�OHVLRQV�LQ�DOO�KRVSLWDOL]HG�SDWLHQWV��$OO�SDWLHQWV�LQ�WKLV�JURXS�KDG�GHYHORSHG�
WKH�RUDO�OHVLRQV�DW�OHDVW���GD\V�DIWHU�KRVSLWDOL]DWLRQ�DQG�WKHUHIRUH�WKHLU�LQIHFWLRQV�
ZHUH�FRQVLGHUHG�KRVSLWDO�DFTXLUHG�DFFRUGLQJ�WR�WKH�GHILQLWLRQ�SURSRVHG�E\�
&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�ZKLFK�VWDWHV�WKDW��$Q�LQIHFWLRQ�WKDW�
LV�QRW�SUHVHQW�RU�LQFXEDWLQJ�ZKHQ�D�SDWLHQW�LV�DGPLWWHG�WR�KRVSLWDO�EXW�LV�GHWHFWHG�
������KRXUV�DIWHU�DGPLVVLRQ�LV�FRQVLGHUHG�WR�D�QRVRFRPLDO�UDWKHU�WKDQ�
FRPPXQLW\�DFTXLUHG�LQIHFWLRQ>��@��,W�LV�HVWDEOLVKHG�WKDW�FRPSURPLVHG�KRVWV�DUH�
SURQH�WR�QRVRFRPLDO�LQIHFWLRQV�ZLWK�DQ�DUUD\�RI�RSSRUWXQLVWLF�SDWKRJHQV��
1XPHURXV�UHSRUWV�KDYH�GRFXPHQWHG�DQ�LQFUHDVHG�LQFLGHQFH�RI�FDQGLGD�VSS��
DPRQJ�KRVSLWDOL]HG�SDWLHQWV>�@�>�@�>�@�>�@�>�@��
9DULRXV�HSLGHPLRORJLF�IDFWRUV�PD\�DIIHFW�WKH�LQFLGHQFH�RI�LQIHFWLRQ�ZLWK�

FDQGLGD�VSS�>��@��7KRVH�VSHFLHV�DUH�IUHTXHQWO\�IRXQG�LQ�WKH�KRVSLWDO�HQYLURQPHQW�
LQ�IRRG��DLU��IORRUV��DQG�RWKHU�VXUIDFHV��7KH\�FDQ�DOVR�EH�IRXQG�RQ�WKH�KDQGV�RI�
KRVSLWDO�SHUVRQQHO>�@��$OWKRXJK�SULRU�FRORQL]DWLRQ�KDV�EHHQ�VKRZQ�WR�SUHFHGH�
LQIHFWLRQ�LQ�PRVW�FDVHV�RI�FDQGLGLDVLV>��@��VRPH�VWXGLHV>�@�>�@�KDYH�SURYLGHG�
HYLGHQFH�WKDW��LQ�KRVSLWDOL]HG�SDWLHQWV��LQIHFWLRQ�IURP�DQ�H[RJHQRXV�VRXUFH��FURVV�
LQIHFWLRQ�IURP�SDWLHQW�WR�SDWLHQW�RU�IURP�VWDII�WR��SDWLHQW�PD\�DOVR�EH�DQ�
LPSRUWDQW�PHFKDQLVP�RI�WUDQVPLVVLRQ��,W�DSSHDUV�WKHUHIRUH�WKDW�GHWHFWLRQ�RI�QRQ�
DOELFDQV�VSS���FRQVLGHUHG�WR�EH�RI�ORZ�YLUXOHQFH�RU��QRQ�SDWKRJHQLF���LQ�WKH�
JURXS�RI�KRVSLWDOL]HG�SDWLHQWV�PD\�EH�WKH�UHVXOW�RI�ERWK�LQFUHDVHG�VXVFHSWLELOLW\�
GXH�GHFUHDVH�LQ�KRVW�GHIHQVHV�DQG�HQYLURQPHQWDO�H[SRVXUH�WR�WKRVH�VSHFLHV�DV�D�
UHVXOW�RI�KRVSLWDOL]DWLRQ��3UHVHQFH�RI�WKH�QRQ�DOELFDQV�VSHFLHV�LQ�WKLV�JURXS�PD\�
KDYH�DOVR�UHVXOWHG�IURP�DQWLIXQJDO�VHOHFWLRQ�SUHVVXUH>��@GXH�WR�WKH�IUHTXHQW�XVH�
RI�DQWLIXQJDO�WKHUDS\��0RUHRYHU��WKH�ZLGH�XVH�RI�V\VWHPLF�DQWLELRWLFV�PLJKW�KDYH�
DOVR�FRQWULEXWHG�WR�WKH�SURPRWLRQ�RI�WKH�FDQGLGDO�RUDO�LQIHFWLRQV��
&DQGLGDO�LQIHFWLRQV�LQ�LPPXQRFRPSURPLVHG�SDWLHQWV�DUH�RIWHQ�VHYHUH��UDSLGO\�

SURJUHVVLYH��DQG�GLIILFXOW�WR�WUHDW�DV�WKH\�DUH�DVVRFLDWHG�ZLWK�VWUDLQV�ZKLFK�DUH�
RIWHQ�UHVLVWDQW�WR�FRQYHQWLRQDO�DQWLIXQJDO�7KHUDS\>�@��>�@�>��@�>��@�>��@��
,GHQWLILFDWLRQ�RI�VSHFLHV�DQG�GLIIHUHQWLDWLRQ�EHWZHHQ�H[RJHQRXV�DQG�HQGRJHQRXV�
DFTXLVLWLRQ�RI�LQIHFWLRQ�DLGHG�E\�WKH�QHZO\�GHYHORSHG�PROHFXODU�VWUDLQ�W\SLQJ�
PHWKRGV>��@ZKLFK�GHWHUPLQH�WKH�UHODWHGQHVV�RI�FDQGLGD�VSS���LV�WKHUHIRUH�
LPSRUWDQW�IRU�VXFFHVVIXO�FOLQLFDO�PDQDJHPHQW�DQG�IRU�GHWHUPLQLQJ�DSSURSULDWH�
FRQWURO�PHDVXUHV�WR�SUHYHQW�KRVSLWDO�WUDQVPLVVLRQ�RI�UHVLVWDQW�FDQGLGDO�
SDWKRJHQV��

5HIHUHQFHV�
�
���9D]TXH]�-$�DQG�6REHO�-'���������0XFRVDO�FDQGLGLDVLV��,QIHFW�'LV�&OLQ�1RUWK�
$P����������������
�
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���)OHPLQJ�59��:DOVK�7-��DQG�$QDLVVLH�(-���������(PHUJLQJ�DQG�OHVV�FRPPRQ�
IXQJDO�SDWKRJHQV��,QIHFW�'LV�&OLQ�1RUWK�$P����������������
�
���%UDZQHU�'/�DQG�&XWOHU�-���������2UDO�FDQGLGD�DOELFDQV�LVRODWHV�IURP�
QRQKRVSLWDOL]HG�QRUPDO�FDUULHUV��LPPXQRFRPSHWHQW�KRVSLWDOL]HG�SDWLHQWV��DQG�
LPPXQRFRPSURPLVHG�SDWLHQWV�ZLWK�RU�ZLWKRXW�DFTXLUHG�LPPXQRGHILFLHQF\�
V\QGURPH��-�&OLQ�0LFURELRO������������������
�
���5HVHQGH�-&��)UDQFR�*5��5RVD�&$��HW�DO���������3KHQRW\SLF�DQG�JHQRW\SLF�
LGHQWLILFDWLRQ�RI�FDQGLGD�VSS��LVRODWHG�IURP�KRVSLWDOL]HG�SDWLHQWV��5HY�,EHURDP�
0LFRO�����������
�
���6DQFKH]�9DUJDV�/2��2UWL]�/RSH]�1*��9LOODU�0��HW�DO��������3RLQW�SUHYDOHQFH��
PLFURELRORJ\�DQG�DQWLIXQJDO�VXVFHSWLELOLW\�SDWWHUQV�RI�RUDO�FDQGLGD�LVRODWHV�
FRORQL]LQJ�RU�LQIHFWLQJ�0H[LFDQ�+,9�$,'6�SDWLHQWV�DQG�KHDOWK\�SHUVRQV��5HY�
,EHURDP�0LFRO�����������
�
���6DQFKH]�9DUJDV�/2��2UWL]�/RSH]�1*��9LOODU�0��HW�DO��������2UDO�FDQGLGD�
LVRODWHV�FRORQL]LQJ�RU�LQIHFWLQJ�KXPDQ�LPPXQRGHILFLHQF\�YLUXV�LQIHFWHG�DQG�
KHDOWK\�SHUVRQV�LQ�0H[LFR��-�&OLQ�0LFURELRO������������������
�
���/R�+-��$Q�+R�<��DQG�+R�0���������)DFWRUV�DFFRXQWLQJ�IRU�PLVLGHQWLILFDWLRQ�
RI�FDQGLGD�VSHFLHV��-�0LFURELRO�,PPXQRO�,QIHFW�������������
�
���*XWLpUUH]�-��0RUDOHV�3��*RQ]"OH]�0$��HW�DO����������&DQGLGD�GXEOLQLHQVLV��D�
QHZ�IXQJDO�SDWKRJHQ��5HYLHZ���-�%DVLF�0LFURELRO�������������
�
���)ULGNLQ�6.�DQG�-DUYLV�:5���������(SLGHPLRORJ\�RI�QRVRFRPLDO�IXQJDO�
LQIHFWLRQV��&OLQ�0LFURELRO�5HYLHZV���������������
�
����)ROO\�3,�DQG�7URXQFH�-5���������,PPXQRORJLFDO�DVSHFWV�RI�FDQGLGD�LQIHFWLRQ�
FRPSOLFDWLQJ�VWHURLG�DQG�LPPXQRVXSSUHVVLYH�WKHUDS\��/DQFHW���������������
�
����3IDOOHU�0$�DQG�<8�:/���������$QWLIXQJDO�VXVFHSWLELOLW\�WHVWLQJ��1HZ�
WHFKQRORJ\�DQG�FOLQLFDO�DSSOLFDWLRQV��,QIHFW�'LV�&OLQ�1RUWK�$P������������
������
�
����6FXOO\�&��(O�.DELU�0��DQG�6DPDUDQD\DNH�/3���������&DQGLGD�DQG�RUDO�
FDQGLGRVLV���D�UHYLHZ��&ULW�5HY�2UDO�%LRO�0HG������������
�
����:LOOLDPV�':�DQG�/HZLV�0$2���������,VRODWLRQ�DQG�FHQWLILFDWLRQ�RI�FDQGLGD�
IURP�WKH�RUDO�FDYLW\��2UDO�'LV���������
�
����9D]TXH]�-$��6DQFKH]�9��'PXFKRZVNL�&��HW�DO���������1RVRFRPLDO�
DFTXLVLWLRQ�RI�FDQGLGD�DOELFDQV��DQ�HSLGHPLRORJLFDO�6WXG\��-�,QIHFW�'LV���������
�����
�
����5XVVHOO�&�DQG�/D\�.0���������1DWXUDO�KLVWRU\�RI�FDQGLGD�VSHFLHV�DQG�\HDVWV�
LQ�WKH�RUDO�FDYLWLHV�RI�LQIDQWV��$UFK�2UDO�%LRO��������������
�
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����2GGV�)&���������&DQGLGD�DQG�FDQGLGRVLV��D�UHYLHZ�DQG�ELEOLRJUDSK\���QG�
HGLWLRQ�/RQGRQ��%DLOOLHUH�7LQGDOO�S�����
�
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