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'HDU�5HDGHUV�� 
7KH�SXUSRVH�RI�WKLV�EXOOHWLQ�LV�WR�GLVVHPLQDWH�VRPH��LPSRUWDQW�LQIRUPDWLRQ�UHODWHG�WR�GUXJV�DQG�PHGLFDO�GHYLFHV�OLNHO\�WR�EH�RI�
LQWHUHVW�WR�HYHU\RQH��LQYROYHG�GLUHFWO\�RU�LQGLUHFWO\��LQ�SDWLHQW�FDUH��7KH�FXUUHQW�LVVXH�KLJKOLJKWV�UHFHQW�GUXJ�DSSURYDOV��DQWL-
REHVLW\�GUXJV��GUXJ�IHYHU�DQG�IHZ�LQWHUHVWLQJ�SRWHQWLDO�SUHFOLQLFDO�UHVHDUFK��)HHGEDFN�DQG�VXJJHVWLRQV��LI�DQ\��PD\�EH��VHQW��DW�
HPDLO�,G��WKHSLOOER[DIPF#JPDLO�FRP�� 

$QWL-REHVLW\�GUXJV� 

0RUH�WKDQ���ELOOLRQ�SHRSOH�ZRUOGZLGH�DUH�REHVH�DQG�WKLV�QXPEHU�LV�VWLOO�LQFUHDVLQJ��:+2�HVWL�
PDWHV� WKDW� E\� ������ DSSUR[LPDWHO\�����PLOOLRQ� SHRSOH�–� DGXOWV� DQG�FKLOGUHQ�–�ZLOO� EHFRPH�
OHVV�KHDOWK\�EHFDXVH� WKH\� DUH�RYHUZHLJKW�RU�REHVH��7KRURXJK�DQG�FRPSDVVLRQDWH�FRXQVHOLQJ�
DERXW�KHDOWK\�HDWLQJ��SK\VLFDO�DFWLYLW\��DQG�KHDOWK-VHHNLQJ�EHKDYLRU�LV�HVVHQWLDO�IRU�HYHU\�SD�
WLHQW� VHHNLQJ�ZHLJKW� ORVV��ZKHWKHU� WKHVH� OLIHVW\OH� FKDQJHV� DUH� XVHG� DORQH� RU� LQ� FRPELQDWLRQ�
ZLWK�DQWL-REHVLW\�PHGLFDWLRQ�RU�EDULDWULF�VXUJHU\��:KHQ�D�GHFLVLRQ�KDV�EHHQ�PDGH�WR�LQLWLDWH�
SKDUPDFRORJLF�WKHUDS\��SDWLHQW�FRPRUELGLWLHV��FRQWUDLQGLFDWLRQV��SDWLHQW�SUHIHUHQFHV��FRVW��DQG�
SRWHQWLDO�DGYHUVH�HIIHFWV�DUH�WDNHQ�LQWR�DFFRXQW��6LQJOH�DJHQWV�DUH�SUHIHUUHG�RYHU�FRPELQDWLRQ�
PHGLFDWLRQV�DV�LQLWLDO�SKDUPDFRWKHUDS\�� 
 
,QGLFDWLRQ�IRU�GUXJ�WKHUDS\��,QGLYLGXDOV�ZLWK�IROORZLQJ�ERG\�PDVV�LQGH[��%0,��DQG�KDYH�
QRW�PHW�ZHLJKW-ORVV�JRDOV��ORVV�RI�DW�OHDVW���SHUFHQW�RI�WRWDO�ERG\ZHLJKW�DW�WKUHH�WR�VL[�PRQWKV��
ZLWK�D�FRPSUHKHQVLYH�OLIHVW\OH�LQWHUYHQWLRQ�DORQH�� 
¨ %0,�����NJ�P� 
¨ %0,�RI����WR������NJ�P��ZLWK�ZHLJKW-UHODWHG�FRPRUELGLWLHV 
7KH�GHFLVLRQ�WR�LQLWLDWH�GUXJ�WKHUDS\�VKRXOG�EH�LQGLYLGXDOL]HG��ZHLJKLQJ�WKH�ULVNV�DQG�EHQHILWV�
RI�DOO�WUHDWPHQW�RSWLRQV��OLIHVW\OH��SKDUPDFRORJLF��GHYLFH��VXUJLFDO��� 
 
&KRLFH�RI�DJHQW��3KDUPDFRORJLF�RSWLRQV�IRU �WKH�WUHDWPHQW�RI�REHVLW\�LQFOXGH�VHPDJOXWLGH�
RU� OLUDJOXWLGH� �ZHHNO\� RU� GDLO\� LQMHFWLRQ�� UHVSHFWLYHO\��� RUOLVWDW�� FRPELQDWLRQ� SKHQWHUPLQH-
H[WHQGHG� UHOHDVH� WRSLUDPDWH�� FRPELQDWLRQ� H[WHQGHG-UHOHDVH� EXSURSLRQ-QDOWUH[RQH�� SKHQWHU�
PLQH��EHQ]SKHWDPLQH��SKHQGLPHWUD]LQH��DQG�GLHWK\OSURSLRQ�� ,Q�PHWD-DQDO\VHV�RI� UDQGRPL]HG�
WULDOV�FRPSDULQJ�SKDUPDFRORJLF�WKHUDS\�ZLWK�SODFHER��DOO�DFWLYH�GUXJ�LQWHUYHQWLRQV�DUH�HIIHF�
WLYH� DW� UHGXFLQJ� ZHLJKW� FRPSDUHG� ZLWK� SODFHER�� 6DOLHQW� IHDWXUHV� RI� DSSURYHG� DQWL-REHVLW\�
GUXJV�DORQJ�ZLWK�GRVLQJ�VFKHGXOH��SUHFDXWLRQV��FRQWUDLQGLFDWLRQV�DUH�KLJKOLJKWHG�LQ�VXEVHTXHQW�
SDJHV� 
 
0RQLWRULQJ�� 0RUH� VSHFLILF� PRQLWRU LQJ� LQVWUXFWLRQV� GHSHQG� XSRQ� WKH� GUXJ� LQLWLDWHG��
3KHQWHUPLQH-WRSLUDPDWH� DQG� EXSURSLRQ-QDOWUH[RQH� PD\� FDXVH� QHXURSV\FKLDWULF� VLGH� HIIHFWV��
DQG�SDWLHQWV� WDNLQJ�WKHVH�GUXJV�VKRXOG�EH�PRQLWRUHG�IRU�GHSUHVVLRQ�RU�VXLFLGDO� WKRXJKWV��3D�
WLHQW�WDNLQJ�OLUDJOXWLGH�RU�VHPDJOXWLGH�VKRXOG�EH�PRQLWRUHG�IRU�V\PSWRPV�RI�DFXWH�SDQFUHDWLWLV�
DQG�JDOOEODGGHU�GLVHDVH��+\SHUFKORUHPLF��QRQ-DQLRQ�JDS�PHWDEROLF�DFLGRVLV�DQG� LQFUHDVHV� LQ�
VHUXP�FUHDWLQLQH�KDYH�EHHQ�UHSRUWHG�LQ�SDWLHQWV�WUHDWHG�ZLWK�SKHQWHUPLQH-WRSLUDPDWH�EHFDXVH�
WRSLUDPDWH�LV�D�FDUERQLF�DQK\GUDVH�LQKLELWRU��7KXV��VHUXP�HOHFWURO\WHV��LQFOXGLQJ�ELFDUERQDWH��
DQG�FUHDWLQLQH�VKRXOG�EH�PHDVXUHG�EHIRUH�DQG�DSSUR[LPDWHO\�IRXU�ZHHNV�DIWHU�LQLWLDWLRQ�RI�WKLV�
FRPELQDWLRQ�� 
5HIHUHQFH��1DWLRQDO�,QVWLWXWH�RI�'LDEHWHV�	�'LJHVWLYH�	�.LGQH\�'LVHDVH�DQG�8S7R'DWH 

7KH�3LOO�%R[ ,VVXH��)LIWK��-DQ–�0DU����� 

7KH�3LOO�%R[�4XL]���� 
,QVWUXFWLRQV� 
6FDQ�WKH�45�FRGH�WR�JHW�WKH�TXHVWLRQV�DQG�FRUUHFW�DQVZHUV� 
 
 

:RUOG�2EHVLW\�'D\�����0DU����� 



7KH�3LOO�%R[��,VVXH�)LIWK��-DQ-0DU����� 

$QWL-REHVLW\�GUXJV��$�JOLPSVH 
>5HIHUHQFH��1DWLRQDO�,QVWLWXWH�RI�'LDEHWHV�	�'LJHVWLYH�	�.LGQH\�'LVHDVH�DQG�8S7R'DWH@ 

  

6HWPHODQRWLGH�LV�WKH�ILUVW�)'$-DSSURYHG�WUHDWPHQW�IRU�FKURQLF�ZHLJKW�PDQDJHPHQW��ZHLJKW�ORVV�DQG�ZHLJKW�
PDLQWHQDQFH�IRU�DW�OHDVW�RQH�\HDU��LQ�SDWLHQWV�VL[�\HDUV�DQG�ROGHU�ZLWK�REHVLW\�GXH�WR�WKUHH�UDUH�JHQHWLF�FRQGL�
WLRQV��SUR-RSLRPHODQRFRUWLQ��320&��GHILFLHQF\��SURSURWHLQ�VXEWLOLVLQ�NH[LQ�W\SH����3&6.���GHILFLHQF\��DQG�
OHSWLQ�UHFHSWRU��/(35��GHILFLHQF\�FRQILUPHG�E\�JHQHWLF�WHVWLQJ� 

'UXJ 8VXDO�GRVLQJ��DGXOWV� $GYHUVH�HIIHFWV�DQG�SUHFDXWLRQV 

3DQFUHDWLF�OLSDVH�LQKLELWRU�DSSURYHG�IRU�ORQJ-WHUP�XVH 

2UOLVWDW ����PJ���WLPHV�GDLO\�ZLWK�IDW-FRQWDLQLQJ�
PHDOV� 
  
����PJ�ZKR�GR�QRW�WROHUDWH�����PJ� 

&UDPSV��IODWXOHQFH��IHFDO�LQFRQWLQHQFH��
RLO\�VSRWWLQJ��DEVRUSWLRQ�RI�IDW-VROXEOH�YLW�
DPLQV�PD\�EH�UHGXFHG��5DUHO\�UHSRUWHG��
VHYHUH�OLYHU�LQMXU\��R[DODWH-NLGQH\�LQMXU\� 
 
&RQWUDLQGLFDWHG�GXULQJ�SUHJQDQF\� 
 

&RPELQDWLRQ�RI�SKHQWHUPLQH-WRSLUDPDWH�DSSURYHG�IRU�ORQJ-WHUP�XVH 

3KHQWHUPLQH-
WRSLUDPDWH 

,QLWLDO�������PJ�SKHQWHUPLQH����PJ�WRSLU�
DPDWH�RQFH�GDLO\�LQ�WKH�PRUQLQJ�IRU����GD\V��
IROORZHG�E\�����PJ�SKHQWHUPLQH����PJ�WRSLU�
DPDWH�GDLO\�IRU����ZHHNV� 
  
7KHQ�WLWUDWH�EDVHG�XSRQ�UHVSRQVH��������PJ�
SKHQWHUPLQH����PJ�WRSLUDPDWH�GDLO\�IRU����
GD\V��DQG�WKHQ�WR�D�PD[LPXP�GRVH�RI����PJ�
SKHQWHUPLQH����PJ�WRSLUDPDWH�RQFH�GDLO\� 
 
0D[LPXP�GRVH�ZLWK�PRGHUDWH�KHSDWLF�RU�UHQDO�
LPSDLUPHQW��&U&O�����P/�PLQ������PJ�SKHQ�
WHUPLQH����PJ�WRSLUDPDWH�RQFH�GDLO\� 
 
8SRQ�GLVFRQWLQXDWLRQ��WDSHULQJ�RI�GRVH�RYHU�DW�
OHDVW���ZHHN�XVLQJ�HYHU\-RWKHU-GD\�GRVLQJ�LV�
UHFRPPHQGHG� 

'U\�PRXWK��WDVWH�GLVWXUEDQFH��FRQVWLSDWLRQ��
SDUDHVWKHVLDV��GHSUHVVLRQ��DQ[LHW\��HOHYDW�
HG�KHDUW�UDWH��FRJQLWLYH�GLVWXUEDQFHV��LQ�
VRPQLD��KLJKHU�GRVH�� 
  
$EXVH�SRWHQWLDO�GXH�WR�SKHQWHUPLQH� 
  
7RSLUDPDWH�LV�WHUDWRJHQLF��LQFUHDVHG�ULVN�
RI�RUDO�FOHIW�GHIHFWV���QHJDWLYH�SUHJQDQF\�
WHVW�SULRU�WR�DQG�GXULQJ�WUHDWPHQW�DQG���
IRUPV�RI�FRQWUDFHSWLRQ�QHFHVVDU\�IRU�
ZRPHQ�RI�FKLOG-EHDULQJ�SRWHQWLDO� 
  
$FWLRQV�RI�WRSLUDPDWH�FRPSRQHQW�LQFOXGH�
LQKLELWLRQ�RI�FDUERQLF�DQK\GUDVH��UDUHO\�
PHWDEROLF�DFLGRVLV�DQG�NLGQH\�VWRQHV�PD\�
UHVXOW�IURP�UHQDO�ELFDUERQDWH�ORVV� 
  
&RQWUDLQGLFDWHG�GXULQJ�SUHJQDQF\��K\SHU�
WK\URLGLVP��JODXFRPD��SDWLHQWV�WDNLQJ�
0$2�LQKLELWRUV� 

&RPELQDWLRQ�RI�EXSURSLRQ-QDOWUH[RQH�DSSURYHG�IRU�ORQJ-WHUP�XVH 

%XSURSLRQ-
QDOWUH[RQH 

:HHN������WDEOHW����PJ�QDOWUH[RQH����PJ�EX�
SURSLRQ��RQFH�GDLO\� 
  
:HHN������WDEOHW�WZLFH�GDLO\� 
  
:HHN������WDEOHWV�LQ�PRUQLQJ�DQG�RQH�WDEOHW�LQ�
HYHQLQJ� 
  
:HHN������WDEOHWV�WZLFH�GDLO\� 
  
0D[LPXP�GDLO\�GRVH����WDEOHWV�����PJ�QDO�
WUH[RQH�����PJ�EXSURSLRQ�� 

1DXVHD��FRQVWLSDWLRQ��KHDGDFKH��YRPLWLQJ��
GL]]LQHVV��LQVRPQLD��GU\�PRXWK� 
  
7UDQVLHQW�LQFUHDVH�LQ�EORRG�SUHVVXUH����WR�
��PP+J�RQ�DYHUDJH��GXULQJ�LQLWLDO����
ZHHNV�RI�WUHDWPHQW��KHDUW�UDWH�PD\�DOVR�EH�
LQFUHDVHG� 
  
&RQWUDLQGLFDWHG�LQ�SDWLHQWV�ZLWK�XQFRQ�
WUROOHG�K\SHUWHQVLRQ��VHL]XUH�GLVRUGHU��HDW�
LQJ�GLVRUGHU��XVH�RI�RWKHU�EXSURSLRQ-
FRQWDLQLQJ�SURGXFWV��FKURQLF�RSLRLG�XVH��
XVH�ZLWKLQ����GD\V�RI�0$2�LQKLELWRUV��
SUHJQDQF\��RU�EUHDVWIHHGLQJ� 
 



7KH�3LOO�%R[��,VVXH�)LIWK��-DQ-0DU����� 

$QWL-REHVLW\�GUXJV��$�JOLPSVH« 
>5HIHUHQFH��1DWLRQDO�,QVWLWXWH�RI�'LDEHWHV�	�'LJHVWLYH�	�.LGQH\�'LVHDVH�DQG�8S7R'DWH@ 

  'UXJ 8VXDO�GRVLQJ��DGXOWV� $GYHUVH�HIIHFWV�DQG�SUHFDXWLRQV 

*/3-��DJRQLVWV�DSSURYHG�IRU�ORQJ-WHUP�XVH 

/LUDJOXWLGH ,QLWLDO������PJ�VXEFXWDQHRXVO\�GDLO\� 
  
,QFUHDVH�DW�ZHHNO\�LQWHUYDOV�������������������PJ��
XQWLO�UHFRPPHQGHG�GRVH�RI���PJ�GDLO\��,I�LQ�
FUHDVHG�GRVH�LV�QRW�WROHUDWHG��FRQVLGHU�GHOD\LQJ�
GRVH�HVFDODWLRQ�E\�DQ�DGGLWLRQDO�ZHHN� 
 
>$FFRUGLQJ�WR�8QLWHG�6WDWHV�ODEHOLQJ��LI�ZHLJKW�
ORVV�LV�QRW�����DIWHU����ZHHNV�RU���PJ�GD\�LV�QRW�
WROHUDWHG��GLVFRQWLQXH�XVH� 
/DEHOLQJ�LQ�WKH�(XURSHDQ�8QLRQ�UHFRPPHQGV�
GLVFRQWLQXDWLRQ�RI�XVH�LI�ZHLJKW�ORVV�LV�QRW�����
DIWHU����ZHHNV�RI���PJ�GD\�@ 

1DXVHD��YRPLWLQJ��GLDUUKHD��FRQVWLSDWLRQ��
K\SRJO\FHPLD�LQ�SDWLHQWV�ZLWK�7�'0�
�PRUH�FRPPRQ�LI�XVHG�LQ�FRQMXQFWLRQ�ZLWK�
GLDEHWHV�PHGLFDWLRQV�NQRZQ�WR�FDXVH�K\�
SRJO\FHPLD���LQMHFWLRQ�VLWH�UHDFWLRQV��LQ�
FUHDVHG�OLSDVH��LQFUHDVHG�KHDUW�UDWH��5DUHO\�
UHSRUWHG��SDQFUHDWLWLV��JDOOEODGGHU�GLVHDVH��
UHQDO�LPSDLUPHQW��VXLFLGDO�WKRXJKWV� 
  
&DXVHV�D�PRGHVW�GHOD\�RI�JDVWULF�HPSW\�
LQJ� 
  
$GYLVH�SDWLHQWV�WR�DYRLG�GHK\GUDWLRQ�LQ�
UHODWLRQ�WR�*,�VLGH�HIIHFWV� 
  
0RQLWRU�EORRG�JOXFRVH�LQ�GLDEHWLF�SDWLHQWV�
DQG�DGMXVW�FR-DGPLQLVWHUHG�VXOIRQ\OXUHDV�
�HJ��UHGXFH�GRVH�E\������DQG�RWKHU�DQWL-
GLDEHWLF�PHGLFDWLRQV�DV�QHHGHG�WR�SUHYHQW�
SRWHQWLDOO\�VHYHUH�K\SRJO\FHPLD� 
  
3RVVLEOH�LQFUHDVH�LQ�WK\URLG�FDQFHU�ULVN�
EDVHG�RQ�PXULQH�PRGHO�GDWD� 
  
&RQWUDLQGLFDWHG�LQ�SUHJQDQF\�DQG�LQ�SD�
WLHQWV�ZLWK�D�SHUVRQDO�RU�IDPLO\�KLVWRU\�RI�
PHGXOODU\�WK\URLG�FDQFHU�RU�PXOWLSOH�HQGR�
FULQH�QHRSODVLD��$�RU��%� 
  
)RU�VHPDJOXWLGH��PRQLWRU�SDWLHQWV�ZLWK�GLD�
EHWLF�UHWLQRSDWK\�IRU�H\H�FRPSOLFDWLRQV� 

6HPDJOXWLGH ,QLWLDO�������PJ�VXEFXWDQHRXVO\�RQFH�ZHHNO\� 
  
,QFUHDVH�GRVH�DW��-ZHHN�LQWHUYDOV�������������������
PJ��XQWLO�UHFRPPHQGHG�GRVH�RI�����PJ�ZHHNO\��
,I�LQFUHDVHG�GRVH�LV�QRW�WROHUDWHG��FRQVLGHU�GHOD\�
LQJ�GRVH�HVFDODWLRQ�E\���ZHHNV� 
>$FFRUGLQJ�WR�8QLWHG�6WDWHV�ODEHOLQJ��LI�����PJ�
ZHHN�LV�QRW�WROHUDWHG��GLVFRQWLQXH�XVH�@ 

1RUDGUHQHUJLF�V\PSDWKRPLPHWLF�GUXJV�DSSURYHG�IRU�VKRUW-WHUP�XVH 
%HQ]SKHWDPLQH ,QLWLDO�����PJ�RQFH�GDLO\��PD\�WLWUDWH�XS�WR����WR�

���PJ�RQH�WR���WLPHV�GDLO\� 
  
0D[LPXP�GRVH�����PJ���WLPHV�GDLO\ 

'XH�WR�WKHLU�VLGH�HIIHFWV�DQG�SRWHQWLDO�IRU�
DEXVH��QRW�SUHIHUUHG��,I�SUHVFULEHG��OLPLW�WR�
VKRUW-WHUP������ZHHNV��XVH� 
 
$GYHUVH�HIIHFWV�LQFOXGH�LQFUHDVH�LQ�KHDUW�
UDWH��EORRG�SUHVVXUH��LQVRPQLD��GU\�PRXWK��
FRQVWLSDWLRQ��QHUYRXVQHVV� 
 
0D\�FRXQWHUDFW�HIIHFW�RI�EORRG�SUHVVXUH�
PHGLFDWLRQV��$YRLG�LQ�SDWLHQWV�ZLWK�KHDUW�
GLVHDVH��SRRUO\�FRQWUROOHG�K\SHUWHQVLRQ��
SXOPRQDU\�K\SHUWHQVLRQ��RU�KLVWRU\�RI�DG�
GLFWLRQ�RU�GUXJ�DEXVH� 
 
&RQWUDLQGLFDWHG�LQ�SDWLHQWV�ZLWK�D�KLVWRU\�
RI�&9'��K\SHUWK\URLGLVP��JODXFRPD��
0$2�LQKLELWRU-WKHUDS\��DJLWDWHG�VWDWHV��
SUHJQDQF\��RU�EUHDVW�IHHGLQJ� 

'LHWK\OSURSLRQ ,PPHGLDWH�UHOHDVH�����PJ���WLPHV�GDLO\����KRXU�
EHIRUH�PHDOV� 
  
&RQWUROOHG�UHOHDVH�����PJ�HYHU\�PRUQLQJ� 

3KHQWHUPLQH ,PPHGLDWH�UHOHDVH�����WR������PJ�GDLO\�RU�GLYLG�
HG�WZLFH�GDLO\� 
  
2UDOO\�GLVLQWHJUDWLQJ�WDEOHW��2'7������WR������
PJ�RQFH�GDLO\�LQ�WKH�PRUQLQJ� 
  
,PPHGLDWH�UHOHDVH��/RPDLUD�����PJ���WLPHV�GDLO\�
EHIRUH�PHDOV� 

3KHQGLPHWUD]LQH ,PPHGLDWH�UHOHDVH�������WR����PJ���RU���WLPHV�
GDLO\����KRXU�EHIRUH�PHDOV� 
  
0D[LPXP�GRVH�����PJ���WLPHV�GDLO\� 
  
6XVWDLQHG�UHOHDVH������PJ�GDLO\�LQ�WKH�PRUQLQJ� 



 

7KH�3LOO�%R[��,VVXH�)LIWK��-DQ-0DU����� 

'UXJ�IHYHU 

Ɣ'HILQLWLRQ�–�'UXJ�IHYHU�LV�D�GLVRUGHU�FKDUDFWHUL]HG�E\�IHYHU�WKDW�FRLQFLGHV�ZLWK�DGPLQLVWUDWLRQ�RI�D�GUXJ�DQG�GLVDS�
SHDUV�DIWHU�WKH�GLVFRQWLQXDWLRQ�RI�WKH�GUXJ��ZKHQ�QR�RWKHU�FDXVH�IRU�WKH�IHYHU�LV�HYLGHQW�DIWHU�D�FDUHIXO�FOLQLFDO�KLVWRU\��
SK\VLFDO�H[DPLQDWLRQ��DQG�ODERUDWRU\�LQYHVWLJDWLRQ�� 
 
Ɣ0HFKDQLVPV�–�0HFKDQLVPV�RI�GUXJ�IHYHU�DUH�LQFRPSOHWHO\�XQGHUVWRRG��FDQ�EH�FODVVLILHG�LQWR�ILYH�EURDG�FDWHJRULHV�� 
�D� +\SHUVHQVLWLYLW\�–�0RVW�FRPPRQ�FDXVH�RI�GUXJ�IHYHU��LQ�VRPH�FDVHV��IHYHU�LV�D�IHDWXUH�RI�D�VHYHUH�FXWDQHRXV�UHDF�

WLRQ��'UXJV�FRPPRQO\�DVVRFLDWHG�LQFOXGH�DQWLFRQYXOVDQWV��DQWLPLFURELDOV��DQG�DOORSXULQRO�� 
 
�E��,GLRV\QFUDWLF�UHDFWLRQV�–�+HWHURJHQHRXV�FDWHJRU\��LQFOXGHV�PDOLJQDQW�K\SHUWKHUPLD��QHXUROHSWLF�PDOLJQDQW�V\Q�
GURPH��DQG�VHURWRQLQ�V\QGURPH�� 
 
�F��'LUHFW�UHVXOW�RI�WKH�SKDUPDFRORJLF�DFWLRQ�RI�WKH�GUXJ�–�)HYHU�IROORZLQJ�FKHPRWKHUDS\��ZKLFK�UHVXOWV�LQ�FHOO�GDP�
DJH�DQG�UHOHDVH�RI�S\URJHQLF�VXEVWDQFHV�� 
 
�G��$OWHUHG�WKHUPRUHJXODWLRQ�–�'UXJV�VXFK�DV�WK\URLG�KRUPRQH��DQWLFKROLQHUJLF�DJHQWV��DQG�V\PSDWKRPLPHWLF�DJHQWV�
FDQ�PRGLI\�WKHUPRUHJXODWLRQ�SDWKZD\V�WR�UHVXOW�LQ�IHYHU�� 
 
�H��5HDFWLRQV�GLUHFWO\�UHODWHG�WR�DGPLQLVWUDWLRQ�RI�WKH�GUXJ�–�,QFOXGH�FRQWDPLQDWLRQ�RI�SDUHQWHUDO�IOXLGV�ZLWK�HQGRWR[�
LQ�RU�H[RJHQRXV�S\URJHQV�	�LQWULQVLF�S\URJHQLF�SURSHUWLHV�RI�VRPH�DJHQWV��VXFK�DV�DPSKRWHULFLQ�RU�EOHRP\FLQ�� 
 
Ɣ(YDOXDWLRQ�–�'UXJ�IHYHU�LV�D�GLDJQRVLV�RI�H[FOXVLRQ��$IWHU�UXOLQJ�RXW�RWKHU�VHULRXV�FDXVHV�RI�IHYHU��D�GHWDLOHG�UHYLHZ�
RI�WKH�KLVWRU\��SUHVHQWLQJ�IHDWXUHV��DQG�ODERUDWRU\�ILQGLQJV�PD\�UHYHDO�SRWHQWLDO�FOXHV�WR�WKH�SRVVLELOLW\�RI�GUXJ�IHYHU�� 
$�GHWDLOHG�PHGLFDO�KLVWRU\�VKRXOG�LQFOXGH�DOO�FXUUHQW�PHGLFDWLRQV��LQFOXGLQJ�RYHU-WKH-FRXQWHU�PHGLFDWLRQV��KHUEDO�
PHGLFDWLRQV��VXSSOHPHQWV��DQG�UHFUHDWLRQDO�VXEVWDQFHV��ZLWK�D�IRFXV�RQ�GUXJV�RU�GUXJ�FODVVHV�WKDW�DUH�PRUH�IUHTXHQWO\�
DVVRFLDWHG�ZLWK�IHYHU��7KH�PHGLDQ�WLPH�WR�RQVHW�RI�GUXJ�IHYHU�LV�DERXW�HLJKW�GD\V�DIWHU�LQLWLDWLRQ�RI�WKH�RIIHQGLQJ�
DJHQW�EXW�FDQ�UDQJH�IURP�D�IHZ�KRXUV�WR�D�IHZ�PRQWKV�DV�VKRZQ�EHORZ�LQ�WDEOH�� 

 
 
Ɣ0DQDJHPHQW�–�6WRSSLQJ�WKH�RIIHQGLQJ�DJHQW�FDQ�ERWK�HVWDEOLVK�D�SUHVXPSWLYH�GLDJQRVLV�RI�GUXJ�IHYHU�DQG�WUHDW�LW��
7KH�XVXDO�DSSURDFK�LV�WR�VHTXHQWLDOO\�GLVFRQWLQXH�GUXJV��EHJLQQLQJ�ZLWK�WKH�PRVW�SUREDEOH�RIIHQGLQJ�DJHQW��5HVROX�
WLRQ�RI�GUXJ�IHYHU�XVXDOO\�RFFXUV�ZLWKLQ����WR����KRXUV�RI�GLVFRQWLQXLQJ�WKH�FXOSULW�GUXJ�� 
 

7LPH�WR�IHYHU�RQVHW�IRU�PHGLFDWLRQV�FRPPRQO\�DVVRFLDWHG�ZLWK�GUXJ�IHYHU 

'UXJV�RU�GUXJ�FODVVHV (VWLPDWHG�WLPH�WR�RQVHW 

$QWLPLFURELDO�DJHQWV ��WR���ZHHNV 

������,VRQLD]LG +RXUV�WR���ZHHNV 

������0LQRF\FOLQH ��ZHHNV�WR���\HDUV 

������6XOIDVDOD]LQH ��ZHHNV 

$OORSXULQRO ��WR���ZHHNV 

$]DWKLRSULQH ��GD\�WR���ZHHNV 

$QWLVHL]XUH�PHGLFDWLRQV 

�������3KHQ\WRLQ ��WR���ZHHNV 

�������&DUEDPD]HSLQH ��GD\V�WR���ZHHNV 

&DUGLRYDVFXODU�DJHQWV 

�������4XLQLGLQH ��ZHHNV�WR���PRQWKV 

�������0HWK\OGRSD ���GD\V�WR���ZHHNV 

&KHPRWKHUDSHXWLF�DJHQWV��HJ��JHPFLWDELQH� ��GD\V 

+\GUR[\XUHD ��GD\�WR���ZHHNV 

 )HYHU�FDQ�EH�WKH�VROH�PDQLIHVWDWLRQ�LQ���WR���SHUFHQW�RI�DGYHUVH�GUXJ�UHDFWLRQV��
)DLOXUH�WR�UHFRJQL]H�WKH�HWLRORJLF�UHODWLRQVKLS�EHWZHHQ�D�GUXJ�DQG�IHYHU�RIWHQ�
KDV�XQGHVLUHG�FRQVHTXHQFHV�LQFOXGLQJ�H[WUD�WHVWLQJ��XQQHFHVVDU\�WKHUDS\��DQG�
ORQJHU�KRVSLWDO�VWD\V��WKXV�LQFUHDVLQJ�KHDOWKFDUH�FRVW� 



 

7KH�3LOO�%R[��,VVXH�)LIWK��-DQ-0DU����� 

1HZ�'UXJV�&RUQHU 

0LWDSLYDW 
02$��3\UXYDWH�NLQDVH�DFWLYDWRU � 
,QGLFDWLRQ��)RU �WKH�WUHDWPHQW�RI�KHPRO\WLF�DQHPLD�LQ�DGXOWV�ZLWK�S\UXYDWH�NLQDVH��3.��GHILFLHQF\�� 
 
6XWLPOLPDE-MRPH 
02$��&ODVVLFDO�FRPSOHPHQW�LQKLELWRU � 
,QGLFDWLRQ��7R�GHFUHDVH�WKH�QHHG�IRU �UHG�EORRG�FHOO��5%&��WUDQVIXVLRQ�GXH�WR�KHPRO\VLV�LQ�DGXOWV�ZLWK�FROG�
DJJOXWLQLQ�GLVHDVH��&$'��� 
 
)DULFLPDE-VYRD 
02$��9DVFXODU �HQGRWKHOLDO�JURZWK�IDFWRU ��9(*)��DQG�DQJLRSRLHWLQ-���$QJ-���LQKLELWRU� 
,QGLFDWLRQ��1HRYDVFXODU ��:HW��$JH-5HODWHG�0DFXODU�'HJHQHUDWLRQ��Q$0'���DQG�'LDEHWLF�0DFXODU�(GHPD�
�'0(� 
 
7HEHQWDIXVS-WHEQ 
02$��%LVSHFLILF�JS����SHSWLGH-+/$-GLUHFWHG�&'��7�FHOO�HQJDJHU� 
,QGLFDWLRQ��+/$-$
�����-SRVLWLYH�DGXOW�SDWLHQWV�ZLWK�XQUHVSHFWDEOH�RU�PHWDVWDWLF�XYHDO�PHODQRPD� 
 
$EURFLWLQLE 
02$��$�-DQXV�NLQDVH��-$.��LQKLELWRU � 
,QGLFDWLRQ��5HIUDFWRU\��PRGHUDWH-WR-VHYHUH�DWRSLF�GHUPDWLWLV�ZKHUH�GLVHDVH�LV�QRW�DGHTXDWHO\�FRQWUROOHG�ZLWK�RWK�
HU�V\VWHPLF�GUXJ�SURGXFWV��LQFOXGLQJ�ELRORJLFV��RU�ZKHQ�XVH�RI�WKRVH�WKHUDSLHV�LV�LQDGYLVDEOH� 
 
'DULGRUH[DQW 
02$��2UH[LQ�UHFHSWRU �DQWDJRQLVW� 
,QGLFDWLRQ��,QVRPQLD�FKDUDFWHU L]HG�E\�GLIILFXOWLHV�ZLWK�VOHHS�RQVHW�DQG�RU �VOHHS�PDLQWHQDQFH� 
 
(IJDUWLJLPRG�DOID-IFDE 
02$��1HRQDWDO�)F�UHFHSWRU �EORFNHU � 
,QGLFDWLRQ��*HQHUDOL]HG�P\DVWKHQLD�JUDYLV��J0*��ZLWK�DQWL-DFHW\OFKROLQH�UHFHSWRU��$&K5��DQWLERG\�SRVLWLYH 
 

,QFOLVLUDQ 
02$��6PDOO�LQWHU IHU LQJ�51$��VL51$��GLUHFWHG�WR�3&6.���SURSURWHLQ�FRQYHU WDVH�VXEWLOLVLQ�NH[LQ�W\SH����
P51$� 
,QGLFDWLRQ��$V�DQ�DGMXQFW�WR�GLHW�DQG�PD[LPDOO\�WROHUDWHG�VWDWLQ�WKHUDS\�IRU �WKH�WUHDWPHQW�RI�DGXOWV�ZLWK�KHW�
HUR]\JRXV�IDPLOLDO�K\SHUFKROHVWHUROHPLD��+H)+��RU�FOLQLFDO�DWKHURVFOHURWLF�FDUGLRYDVFXODU�GLVHDVH��$6&9'���ZKR�
UHTXLUH�DGGLWLRQDO�ORZHULQJ�RI�ORZ�GHQVLW\�OLSRSURWHLQ�FKROHVWHURO��/'/-&� 
 

7H]HSHOXPDE-HNNR 
02$��7K\PLF�VWURPDO�O\PSKRSRLHWLQ��76/3��EORFNHU ��KXPDQ�PRQRFORQDO�DQWLERG\��,J*�Ȝ� 
,QGLFDWLRQ��$GG-RQ�PDLQWHQDQFH�WUHDWPHQW�RI�DGXOW�	�SHGLDWULF�SDWLHQWV�DJHG����\HDUV�	�ROGHU�ZLWK�VHYHUH�DVWKPD�� 
 

3DIRODFLDQLQH 
02$��2SWLFDO�LPDJLQJ�DJHQW� 
,QGLFDWLRQ��,Q�RYDU LDQ�FDQFHU �DV�DQ�DGMXQFW�IRU �LQWUDRSHUDWLYH�LGHQWLILFDWLRQ�RI�PDOLJQDQW�OHVLRQV� 
 

0DULEDYLU 
02$��&\WRPHJDORYLUXV��&09��S8/���NLQDVH�LQKLELWRU � 
,QGLFDWLRQ��)RU �WKH�WUHDWPHQW�RI�DGXOWV�DQG�SHGLDWU LF�SDWLHQWV�����\HDUV�RI�DJH�DQG�ROGHU �DQG�ZHLJKLQJ�DW�
OHDVW����NJ��ZLWK�SRVW-WUDQVSODQW�&09�LQIHFWLRQ�GLVHDVH�WKDW�LV�UHIUDFWRU\�WR�WUHDWPHQW��ZLWK�RU�ZLWKRXW�JHQRW\SLF�
UHVLVWDQFH��ZLWK�JDQFLFORYLU��YDOJDQFLFORYLU��FLGRIRYLU�RU�IRVFDUQHW� 
 
 

5HIHUHQFH��86)'$ 



 

7KH�3LOO�%R[��,VVXH�)LIWK��-DQ-0DU����� 

3UH-FOLQLFDO�UHVHDUFK���3RWHQWLDO�PROHFXOHV 

([SHULPHQWDO�FRPSRXQG�SURWHFWV�REHVH�PLFH�IURP�GLDEHWHV-OLNH�PHWDEROLF�FKDQJHV 
6FLHQWLVW�WHVWHG�DQ�H[SHULPHQWDO�VPDOO-PROHFXOH�FRPSRXQG�FDOOHG�,;$��DQG�IRXQG�LW�WR�DFWLYDWH�D�QDWXUDO�VLJQDO�
LQJ�SDWKZD\�LQ�ERWK�WKH�OLYHU�DQG�WKH�SDQFUHDV�LQ�REHVH�PLFH��,W�DFWV�RQ�D�VLJQDOLQJ�SDWKZD\�LQYROYLQJ�WZR�SUR�
WHLQV�FDOOHG�,5(��DQG�;%3�V��:KHQ�DFWLYDWHG�E\�D�FHUWDLQ�W\SH�RI�FHOOXODU�VWUHVV��,5(��DFWLYDWHV�;%3�V��ZKLFK�LQ�
WXUQ� DOWHUV� WKH� DFWLYLW\� RI� D� KRVW� RI� JHQHV�� LQFOXGLQJ�PDQ\�PHWDEROLF� JHQHV�� LQ� DQ� HIIRUW� WR� UHGXFH� WKH� FHOOXODU�
VWUHVV��3ULRU�VWXGLHV�VXJJHVW�WKDW�WKH�DFWLYLW\�RI�WKLV�SDWKZD\��DW�OHDVW�LQ�WKH�VKRUW-WHUP��FDQ�SURWHFW�OLYHU�DQG�IDW�
FHOOV�IURP�VWUHVVHV�FDXVHG�E\�REHVLW\��+RZHYHU��SDVW�UHVHDUFK�KDV�DOVR�VKRZQ�WKDW�NHHSLQJ�,5(���;%3��VZLWFKHG�
RQ� FKURQLFDOO\� HQGV� XS� KDUPLQJ� FHOOV�� WULJJHULQJ� LQIODPPDWLRQ� DQG� ZRUVHQLQJ� RYHUDOO� PHWDEROLF� G\VIXQFWLRQ��
,5(��;%3�V�VLJQDOLQJ�LV�D�UHVSRQVH�WR�FHOOXODU�VWUHVV��DQG�NHHSLQJ�LW�RQ�DOO�WKH�WLPH�HVVHQWLDOO\�WHOOV�WKH�FHOO�WKDW�
WKH�VWUHVV�FDQ
W�EH�UHVROYHG��VR�WKH�FHOO�LQ�HIIHFW�NLOOV�LWVHOI��,;$��DFWLYDWHV�,5(��;%3�V�IRU�MXVW�D�IHZ�KRXUV�DW�D�
WLPH��%HFDXVH�LW�RWKHUZLVH�DOORZV�,5(��WR�WXUQ�RII��LW�FDQ�LQ�SULQFLSOH�EH�JLYHQ�GDLO\�ZLWKRXW�WULJJHULQJ�WKH�GHOHWH�
ULRXV�VLJQDOLQJ�VHHQ�ZLWK�FRQVWDQW�,5(��DFWLYDWLRQ��PDNLQJ�LW�D�SURPLVLQJ�FDQGLGDWH�WR�H[SORUH�IRU�KXPDQ�WUHDW�
PHQWV��$IWHU�MXVW�HLJKW�ZHHNV�RI�WUHDWPHQW�ZLWK�,;$��LQ�REHVH�PLFH��WKH�WUHDWHG�PLFH�KDG�LPSURYHG�JOXFRVH�PH�
WDEROLVP�DQG� LQVXOLQ� DFWLYLW\�� OHVV� IDW� EXLOG�XS� DQG� LQIODPPDWLRQ� LQ� WKH� OLYHU�� DQG�QR� ORVV�RI� LQVXOLQ-SURGXFLQJ�
FHOOV�LQ�WKH�SDQFUHDV��FRPSDUHG�WR�XQWUHDWHG�REHVH�PLFH��,;$��FDQ�DOVR�EH�H[SORUHG�DV�D�SRWHQWLDO�WUHDWPHQW�IRU�
RWKHU�PHWDEROLF�GLVRUGHUV�VXFK�DV�IDWW\�OLYHU�GLVHDVH� 

-RXUQDO�5HIHUHQFH��$SDUDMLWD�0DGKDYDQ��%HUQDUG�3��.RN��%LELDQD�5LXV�HW�DO��3KDUPDFRORJLF�,5(��;%3�V�
DFWLYDWLRQ� SURPRWHV� V\VWHPLF� DGDSWLYH� UHPRGHOLQJ� LQ� REHVLW\� 1DWXUH� &RPPXQLFDWLRQV�� ������ ��� ����
'2,� ��������V�����-���-�����-� 

$Q�LQVXOLQ�SDWFK�WKDW�VWLFNV�LQVLGH�D�SHUVRQ¶V�FKHHN 
3HRSOH�SULPDULO\�WDNH�LQVXOLQ�E\�LQMHFWLQJ�WKHPVHOYHV�ZLWK�SHQV�RU�V\ULQJHV��RU�WKH\�KDYH�VHPL-SHUPDQHQW�SXPSV�
LPSODQWHG�� 7KHVH�PHWKRGV� DUH� LQYDVLYH� DQG� XQFRPIRUWDEOH�� DQG� UHTXLUH� VDIH� QHHGOH� RU� ELRKD]DUG� GLVSRVDO� DQG�
VWHULOH�FRQGLWLRQV��7KH�PHPEUDQH�OLQLQJ�LQVLGH�RI�WKH�PRXWK�LV�YHU\�WKLQ��PDNLQJ�LW�D�SRWHQWLDO�SODFH�IRU�GUXJV�WR�
HDVLO\�HQWHU�WKH�EORRGVWUHDP��7KH�UHVHDUFKHUV�ILUVW�VRDNHG�VPDOO�VTXDUHV�RI�D�QDQRILEHU�PDW��PDGH�IURP�HOHFWUR�
VSXQ�ILEHUV�RI�SRO\��DFU\OLF�DFLG���ȕ-F\FORGH[WULQ�DQG�UHGXFHG�JUDSKHQH�R[LGH��LQ�D�VROXWLRQ�ZLWK�LQVXOLQ�IRU�WKUHH�
KRXUV��7KHQ��DSSOLHG�WKH�LQVXOLQ-ORDGHG�SDWFKHV�RQWR�FKHHN�OLQLQJV�DQG�FRUQHDV�IURP�SLJV��+HDWLQJ�WKH�PDWHULDO�
ZLWK�D�QHDU-LQIUDUHG�ODVHU�IRU����PLQXWHV�WR����-GHJUHH�)�DFWLYDWHG�WKH�PDWHULDO�DQG�UHOHDVHG�LQVXOLQ�LQWR�WKH�WZR�
W\SHV�RI�PHPEUDQHV�VHYHUDO�WLPHV�IDVWHU�WKDQ�WKURXJK�VNLQ��,Q�DGGLWLRQ��WKH�UHVHDUFKHUV�SODFHG�WKH�SDWFKHV�LQ�YLYR�
LQVLGH�WKH�FKHHNV�RI�WKUHH�LQVXOLQ-GHSHQGHQW�SLJV��7KH�FKHHN�OLQLQJV�VKRZHG�QR�LUULWDWLRQ�RU�YLVXDO�FKDQJHV�IURP�
WKH�ODVHU
V�KHDW��$V�VRRQ�DV�WKH�PDWHULDO�ZDV�DFWLYDWHG��WKH�SLJV
�EORRG�VXJDU�OHYHOV�GHFOLQHG��6LPXOWDQHRXVO\��WKH�
DQLPDOV
�SODVPD�LQVXOLQ�OHYHOV�LQFUHDVHG��7KLV�VWXG\�VHHPV�WR�EH�SURRI-RI-FRQFHSW�WKDW�WKLV�SUHOLPLQDU\�SODWIRUP�LV�
HIILFLHQW�DW�JHWWLQJ�LQVXOLQ�LQWR�WKH�EORRGVWUHDP�� 

-RXUQDO�5HIHUHQFH��$QQD�9RURQRYD��&U LVWLQD�3U LHWR��0DU LD�3DUGR-)LJXHUH]�HW�DO��3KRWRWKHUPDO�$FWLYDWDEOH�
0XFRDGKHVLYH�)LEHU�0DWV�IRU�2Q-'HPDQG�'HOLYHU\�RI�,QVXOLQ�YLD�%XFFDO�DQG�&RUQHDO�0XFRVD� $&6�$SSOLHG�%LR�
0DWHULDOV��������'2,� ��������DFVDEP��F����� 

'LDEHWHV��PHWDEROLF�V\QGURPH�LQ�PLFH�WUHDWHG�ZLWK�QRYHO�FODVV�RI�FRPSRXQGV 
5HVHDUFKHUV�IRXQG�WKDW�WKH�JUDGXDO�GHFOLQH�RI�SURWHLQ�6:(//���DOVR�/55&�D��PD\�KDYH�D�FHQWUDO�UROH�LQ�WKH�GH�
YHORSPHQW�RI�GLDEHWHV�DQG�RWKHU�DVSHFWV�RI�PHWDEROLF�V\QGURPH��7KLV�SURWHLQ�KHOSV� WR�FRQWURO� LQVXOLQ�VHFUHWLRQ�
IURP�WKH�SDQFUHDV�DQG�LPSURYH�LQVXOLQ�VHQVLWLYLW\��LQFOXGLQJ�LQ�VNHOHWDO�PXVFOH�DQG�DGLSRVH�WLVVXH��7KH�FRPSRXQG�
61-����ELQGV�WR�6:(//��LQ�D�PDQQHU�WKDW�VWDELOL]HV�WKH�SURWHLQ�FRPSOH[�VR�DV�WR�HQKDQFH�H[SUHVVLRQ�DQG�VLJQDO�
LQJ�DFURVV�PXOWLSOH�WLVVXHV��LQFOXGLQJ�DGLSRVH��VNHOHWDO�PXVFOH��OLYHU��WKH�LQQHU�OLQLQJ�RI�EORRG�YHVVHOV��DQG�SDQ�
FUHDWLF�LVOHW�FHOOV��7KLV�UHVWRUHV�ERWK�LQVXOLQ�VHQVLWLYLW\�DFURVV�WLVVXH�W\SHV�DQG�LQVXOLQ�VHFUHWLRQ�LQ�WKH�SDQFUHDV��
7KH�VWXG\�VKRZHG�WKDW�WKH�61-����FRPSRXQG�LPSURYHG�PXOWLSOH�DVSHFWV�RI�PHWDEROLF�V\QGURPH�LQ�WZR�JURXSV�RI�
PLFH�WKDW�HDFK�GHYHORSHG�GLDEHWHV� IURP�GLIIHUHQW�FDXVHV��RQH�EHFDXVH�RI�D�JHQHWLF�SUHGLVSRVLWLRQ�DQG�WKH�RWKHU�
GXH�WR�D�KLJK-IDW�GLHW��,Q�DGGLWLRQ�WR�LPSURYLQJ�LQVXOLQ�VHQVLWLYLW\�DQG�VHFUHWLRQ��WUHDWPHQW�ZLWK�WKH�FRPSRXQG�DO�
VR�LPSURYHG�EORRG�VXJDU�OHYHOV�DQG�UHGXFHG�IDW�EXLOGXS�LQ�WKH�OLYHU��0RVW�RI�WKHVH�VWXGLHV�ZHUH�FRQGXFWHG�ZLWK�DQ�
LQMHFWHG�IRUP�RI� WKH�FRPSRXQG��EXW� WKH�UHVHDUFKHUV�VKRZHG�HYLGHQFH� WKDW� LW�DOVR�FRXOG�EH�HIIHFWLYH� LI� WDNHQ�E\�
PRXWK��7KH�UHVHDUFKHUV�IXUWKHU�VKRZHG�WKDW�WKH�FRPSRXQG�GRHV�QRW�KDYH�D�ELJ�LPSDFW�RQ�EORRG�VXJDU�LQ�KHDOWK\�
PLFH��ZKLFK�LV�LPSRUWDQW�IRU�LWV�SRWHQWLDO�DV�D�IXWXUH�SRVVLEOH�WKHUDS\�� 

-RXUQDO�5HIHUHQFH��6XVKHHO�.��*XQDVHNDU ��/LWDR�;LH��$VKXWRVK�.XPDU �HW�DO� 6PDOO�PROHFXOH�6:(//��FRP�
SOH[�LQGXFWLRQ�LPSURYHV�JO\FHPLF�FRQWURO�DQG�QRQDOFRKROLF�IDWW\�OLYHU�GLVHDVH�LQ�PXULQH�7\SH���GLDEHWHV� 1DWXUH�
&RPPXQLFDWLRQV���������������'2,���������V�����-���-�����-�� 


