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0(0%(56�
6XVDQ�$UURZ��&KULVWFKXUFK�&LW\�/LEUDULHV���/\QQ�&DPSEHOO��&KULVWFKXUFK�$UW�*DOOHU\���&\QWKLD�&ULSSV��&RQVHUYDWRU��3ULYDWH�3UDFWLFH���-R�
'U\VGDOO��&KULVWFKXUFK�&LW\�/LEUDULHV��3ULYDWH�3UDFWLFH���7HUUL�(OGHU��0DF0LOODQ�%URZQ�/LEUDU\��&DQWHUEXU\�8QLYHUVLW\���3HQQ\�0LQFKLQ�
*DUYLQ��/RJLH�&ROOHFWLRQ��8QLYHUVLW\�RI�&DQWHUEXU\���5RVHPDU\�2¶1HLOO��&KULVWFKXUFK�&LW\�/LEUDULHV���*UDKDP�3HQZHOO��/LQFROQ�8QLYHUVLW\�
/LEUDU\��

�
�
&217(176�
7KLV�LVVXH¶V�PDLQ�IRFXV�LV�WR�SURYLGH�VRPH�EDFNJURXQG�LQIRUPDWLRQ�DV�D�SULPHU�IRU�WKH������$QQXDO�
:RUNVKRS�RQ�&DUH�DQG�+DQGOLQJ�RI�3KRWRJUDSKV��VHH�&'67�1HZV�VHFWLRQ�RQ�ODVW�SDJH�IRU�PRUH�
GHWDLOV����
�
+LVWRU\�RI�3KRWRJUDSK\�
�
+LVWRULF�3KRWRJUDSKLF�3URFHVVHV�
�
8VHIXO�:HEVLWHV�
�
:HEVLWH�5HYLHZ�±�&RQQHFWLQJ�WR�&ROOHFWLRQV��$�&DOO�WR�$FWLRQ�
�
&'67�1HZV�
�
�
�
�
+LVWRU\�RI�3KRWRJUDSK\�
�6RXUFH��:LNLSHGLD�ZHEVLWH��IRU�WKH�HQWLUH�DUWLFOH�JR�WR�KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�3KRWRJUDSK\��
�
3KRWRJUDSK\�LV�WKH�SURFHVV�RI�UHFRUGLQJ�SLFWXUHV�E\�PHDQV�RI�FDSWXULQJ�OLJKW�RQ�D�OLJKW�VHQVLWLYH�
PHGLXP��VXFK�DV�D�ILOP�RU�HOHFWURQLF�VHQVRU��/LJKW�SDWWHUQV�UHIOHFWHG�RU�HPLWWHG�IURP�REMHFWV�H[SRVH�D�
VHQVLWLYH�VLOYHU�KDOLGH�EDVHG�FKHPLFDO�RU�HOHFWURQLF�PHGLXP�GXULQJ�D�WLPHG�H[SRVXUH��XVXDOO\�WKURXJK�
D�SKRWRJUDSKLF�OHQV�LQ�D�GHYLFH�NQRZQ�DV�D�FDPHUD�WKDW�DOVR�VWRUHV�WKH�UHVXOWLQJ�LQIRUPDWLRQ�
FKHPLFDOO\�RU�HOHFWURQLFDOO\��
�
7KH�ZRUG��SKRWRJUDSK\��FRPHV�IURP�WKH�)UHQFK�SKRWRJUDSKLH�ZKLFK�LV�EDVHG�RQ�WKH�*UHHN�ZRUGV�

�SKRV���OLJKW����DQG� �JUDSKLV���VW\OXV����SDLQWEUXVK���RU� �JUDSKr���UHSUHVHQWDWLRQ�E\�
PHDQV�RI�OLQHV��RU��GUDZLQJ����WRJHWKHU�PHDQLQJ��GUDZLQJ�ZLWK�OLJKW���
�
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3KRWRJUDSKLF�FDPHUDV�
7KH�FDPHUD�RU�FDPHUD�REVFXUD�LV�WKH�LPDJH�IRUPLQJ�GHYLFH��DQG�SKRWRJUDSKLF�ILOP�RU�D�VLOLFRQ�
HOHFWURQLF�LPDJH�VHQVRU�LV�WKH�VHQVLQJ�PHGLXP��7KH�UHVSHFWLYH�UHFRUGLQJ�PHGLXP�FDQ�EH�WKH�ILOP�
LWVHOI��RU�D�GLJLWDO�HOHFWURQLF�RU�PDJQHWLF�PHPRU\��
�
3KRWRJUDSKHUV�FRQWURO�WKH�FDPHUD�DQG�OHQV�WR��H[SRVH��WKH�OLJKW�UHFRUGLQJ�PDWHULDO��VXFK�DV�ILOP��WR�
WKH�UHTXLUHG�DPRXQW�RI�OLJKW�WR�IRUP�D��ODWHQW�LPDJH���RQ�ILOP��RU��UDZ�ILOH���LQ�GLJLWDO�FDPHUDV��ZKLFK��
DIWHU�DSSURSULDWH�SURFHVVLQJ��LV�FRQYHUWHG�WR�D�XVDEOH�LPDJH��0RGHUQ�GLJLWDO�FDPHUDV�UHSODFH�ILOP�ZLWK�
DQ�HOHFWURQLF�LPDJH�VHQVRU�EDVHG�RQ�OLJKW�VHQVLWLYH�HOHFWURQLFV�VXFK�DV�FKDUJH�FRXSOHG�GHYLFH��&&'��
RU�FRPSOHPHQWDU\�PHWDO�R[LGH�VHPLFRQGXFWRU��&026��WHFKQRORJ\��7KH�UHVXOWLQJ�GLJLWDO�LPDJH�LV�
VWRUHG�HOHFWURQLFDOO\��EXW�FDQ�EH�UHSURGXFHG�RQ�SDSHU�RU�ILOP��
�
,PDJH�FDSWXUH�LV�RQO\�SDUW�RI�WKH�LPDJH�IRUPLQJ�SURFHVV��5HJDUGOHVV�RI�PDWHULDO��VRPH�SURFHVV�PXVW�
EH�HPSOR\HG�WR�UHQGHU�WKH�ODWHQW�LPDJH�FDSWXUHG�E\�WKH�FDPHUD�LQWR�WKH�ILQDO�SKRWRJUDSKLF�ZRUN��7KLV�
SURFHVV�FRQVLVWV�RI�WZR�VWHSV��GHYHORSPHQW��DQG�SULQWLQJ��
�
+LVWRU\�

�
1LFpSKRUH�1LpSFH
V�HDUOLHVW�VXUYLYLQJ�SKRWRJUDSK��F��������7KLV�
LPDJH�UHTXLUHG�DQ�HLJKW�KRXU�H[SRVXUH��ZKLFK�UHVXOWHG�LQ�VXQOLJKW�
EHLQJ�YLVLEOH�RQ�ERWK�VLGHV�RI�WKH�EXLOGLQJV��
�
3KRWRJUDSK\�LV�WKH�UHVXOW�RI�FRPELQLQJ�VHYHUDO�WHFKQLFDO�GLVFRYHULHV��
/RQJ�EHIRUH�WKH�ILUVW�SKRWRJUDSKV�ZHUH�PDGH��,EQ�DO�+D\WKDP�
�$OKD]HQ������±������LQYHQWHG�WKH�FDPHUD�REVFXUD�DQG�SLQKROH�
FDPHUD��$OEHUWXV�0DJQXV������±������GLVFRYHUHG�VLOYHU�QLWUDWH��DQG�

*HRUJHV�)DEULFLXV������±������GLVFRYHUHG�VLOYHU�FKORULGH��'DQLHO�%DUEDUR�GHVFULEHG�D�GLDSKUDJP�LQ�
������:LOKHOP�+RPEHUJ�GHVFULEHG�KRZ�OLJKW�GDUNHQHG�VRPH�FKHPLFDOV��SKRWRFKHPLFDO�HIIHFW��LQ�
������7KH�ILFWLRQ�ERRN�*LSKDQWLH��E\�WKH�)UHQFK�7KLSKDLJQH�GH�/D�5RFKH�������������GHVFULEHG�ZKDW�
FDQ�EH�LQWHUSUHWHG�DV�SKRWRJUDSK\��
�
3KRWRJUDSK\�DV�D�XVDEOH�SURFHVV�JRHV�EDFN�WR�WKH�����V�ZLWK�WKH�GHYHORSPHQW�RI�FKHPLFDO�
SKRWRJUDSK\��7KH�ILUVW�SHUPDQHQW�SKRWRJUDSK�ZDV�DQ�LPDJH�SURGXFHG�LQ������E\�WKH�)UHQFK�LQYHQWRU�
1LFpSKRUH�1LpSFH��+RZHYHU��WKH�SLFWXUH�WRRN�HLJKW�KRXUV�WR�H[SRVH��VR�KH�ZHQW�DERXW�WU\LQJ�WR�ILQG�D�
QHZ�SURFHVV��:RUNLQJ�LQ�FRQMXQFWLRQ�ZLWK�/RXLV�'DJXHUUH��WKH\�H[SHULPHQWHG�ZLWK�VLOYHU�FRPSRXQGV�
EDVHG�RQ�D�-RKDQQ�+HLQULFK�6FKXOW]�GLVFRYHU\�LQ������WKDW�D�VLOYHU�DQG�FKDON�PL[WXUH�GDUNHQV�ZKHQ�
H[SRVHG�WR�OLJKW��1LpSFH�GLHG�LQ�������EXW�'DJXHUUH�FRQWLQXHG�WKH�ZRUN��HYHQWXDOO\�FXOPLQDWLQJ�ZLWK�
WKH�GHYHORSPHQW�RI�WKH�GDJXHUUHRW\SH�LQ�������
�
0HDQZKLOH��+HUFXOHV�)ORUHQFH�KDG�DOUHDG\�FUHDWHG�D�YHU\�VLPLODU�SURFHVV�LQ�������QDPLQJ�LW�
3KRWRJUDSKLH��DQG�:LOOLDP�)R[�7DOERW�KDG�HDUOLHU�GLVFRYHUHG�DQRWKHU�PHDQV�WR�IL[�D�VLOYHU�SURFHVV�
LPDJH�EXW�KDG�NHSW�LW�VHFUHW��$IWHU�UHDGLQJ�DERXW�'DJXHUUH
V�LQYHQWLRQ��7DOERW�UHILQHG�KLV�SURFHVV�VR�
WKDW�LW�PLJKW�EH�IDVW�HQRXJK�WR�WDNH�SKRWRJUDSKV�RI�SHRSOH��%\�������7DOERW�KDG�LQYHQWHG�WKH�FDORW\SH�
SURFHVV��ZKLFK�FUHDWHV�QHJDWLYH�LPDJHV��-RKQ�+HUVFKHO�PDGH�PDQ\�FRQWULEXWLRQV�WR�WKH�QHZ�
PHWKRGV��+H�LQYHQWHG�WKH�F\DQRW\SH�SURFHVV��QRZ�IDPLOLDU�DV�WKH��EOXHSULQW���+H�ZDV�WKH�ILUVW�WR�XVH�
WKH�WHUPV��SKRWRJUDSK\����QHJDWLYH��DQG��SRVLWLYH���+H�GLVFRYHUHG�VRGLXP�WKLRVXOSKDWH�VROXWLRQ�WR�EH�D�
VROYHQW�RI�VLOYHU�KDOLGHV�LQ�������DQG�LQIRUPHG�7DOERW�DQG�'DJXHUUH�RI�KLV�GLVFRYHU\�LQ������WKDW�LW�
FRXOG�EH�XVHG�WR��IL[��SLFWXUHV�DQG�PDNH�WKHP�SHUPDQHQW��+H�PDGH�WKH�ILUVW�JODVV�QHJDWLYH�LQ�ODWH�
������
�
,Q�0DUFK�RI�������)UHGHULFN�6FRWW�$UFKHU�SXEOLVKHG�KLV�ILQGLQJV�LQ��7KH�&KHPLVW��RQ�WKH�ZHW�SODWH�
FROORGLRQ�SURFHVV��7KLV�EHFDPH�WKH�PRVW�ZLGHO\�XVHG�SURFHVV�EHWZHHQ������DQG�WKH�ODWH�����V�ZKHQ�
WKH�GU\�SODWH�ZDV�LQWURGXFHG��7KHUH�DUH�WKUHH�VXEVHWV�WR�WKH�&ROORGLRQ�SURFHVV��WKH�$PEURW\SH�
�SRVLWLYH�LPDJH�RQ�JODVV���WKH�)HUURW\SH�RU�7LQW\SH��SRVLWLYH�LPDJH�RQ�PHWDO��DQG�WKH�QHJDWLYH�ZKLFK�
ZDV�SULQWHG�RQ�$OEXPHQ�RU�6DOW�SDSHU��
�
0DQ\�DGYDQFHV�LQ�SKRWRJUDSKLF�JODVV�SODWHV�DQG�SULQWLQJ�ZHUH�PDGH�LQ�WKURXJK�WKH�QLQHWHHQWK�
FHQWXU\��,Q�������*HRUJH�(DVWPDQ�GHYHORSHG�WKH�WHFKQRORJ\�RI�ILOP�WR�UHSODFH�SKRWRJUDSKLF�SODWHV��
OHDGLQJ�WR�WKH�WHFKQRORJ\�XVHG�E\�ILOP�FDPHUDV�WRGD\��
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7\SHV�
�
%ODFN�DQG�ZKLWH�SKRWRJUDSK\�
$OO�SKRWRJUDSK\�ZDV�RULJLQDOO\�PRQRFKURPH��RU�EODFN�DQG�ZKLWH��(YHQ�DIWHU�FRORU�ILOP�ZDV�UHDGLO\�
DYDLODEOH��EODFN�DQG�ZKLWH�SKRWRJUDSK\�FRQWLQXHG�WR�GRPLQDWH�IRU�GHFDGHV��GXH�WR�LWV�ORZHU�FRVW�DQG�
LWV��FODVVLF��SKRWRJUDSKLF�ORRN��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�VRPH�PRQRFKURPDWLF�SLFWXUHV�DUH�QRW�DOZD\V�
SXUH�EODFNV�DQG�ZKLWHV�EXW�FRQWDLQ�RWKHU�KXHV�GHSHQGLQJ�RQ�WKH�SURFHVV��7KH�&\DQRW\SH�SURFHVV�
SURGXFHV�DQ�LPDJH�RI�EOXH�DQG�ZKLWH�IRU�H[DPSOH��
�
&RORU�SKRWRJUDSK\�
&RORU�SKRWRJUDSK\�ZDV�H[SORUHG�EHJLQQLQJ�LQ�WKH�PLG�����V��(DUO\�H[SHULPHQWV�LQ�FRORU�FRXOG�QRW�IL[�
WKH�SKRWRJUDSK�DQG�SUHYHQW�WKH�FRORU�IURP�IDGLQJ��7KH�ILUVW�SHUPDQHQW�FRORU�SKRWR�ZDV�WDNHQ�LQ������
E\�WKH�SK\VLFLVW�-DPHV�&OHUN�0D[ZHOO��
�
2QH�RI�WKH�HDUO\�PHWKRGV�RI�WDNLQJ�FRORU�SKRWRV�ZDV�WR�XVH�WKUHH�FDPHUDV��(DFK�FDPHUD�ZRXOG�KDYH�
D�FRORU�ILOWHU�LQ�IURQW�RI�WKH�OHQV��7KLV�WHFKQLTXH�SURYLGHV�WKH�SKRWRJUDSKHU�ZLWK�WKH�WKUHH�EDVLF�
FKDQQHOV�UHTXLUHG�WR�UHFUHDWH�D�FRORU�LPDJH�LQ�D�GDUNURRP�RU�SURFHVVLQJ�SODQW��5XVVLDQ�SKRWRJUDSKHU�
6HUJHL�0LNKDLORYLFK�3URNXGLQ�*RUVNLL�GHYHORSHG�DQRWKHU�WHFKQLTXH��ZLWK�WKUHH�FRORU�SODWHV�WDNHQ�LQ�
TXLFN�VXFFHVVLRQ��
�
3UDFWLFDO�DSSOLFDWLRQ�RI�WKH�WHFKQLTXH�ZDV�KHOG�EDFN�E\�WKH�YHU\�OLPLWHG�FRORU�UHVSRQVH�RI�HDUO\�ILOP��
KRZHYHU��LQ�WKH�HDUO\�����V��IROORZLQJ�WKH�ZRUN�RI�SKRWR�FKHPLVWV�VXFK�DV�+��:��9RJHO��HPXOVLRQV�
ZLWK�DGHTXDWH�VHQVLWLYLW\�WR�JUHHQ�DQG�UHG�OLJKW�DW�ODVW�EHFDPH�DYDLODEOH��
�
7KH�ILUVW�FRORU�SODWH��$XWRFKURPH��LQYHQWHG�E\�WKH�)UHQFK�/XPLqUH�EURWKHUV��UHDFKHG�WKH�PDUNHW�LQ�
������,W�ZDV�EDVHG�RQ�D�
VFUHHQ�SODWH
�ILOWHU�PDGH�RI�G\HG�GRWV�RI�SRWDWR�VWDUFK��DQG�ZDV�WKH�RQO\�FRORU�
ILOP�RQ�WKH�PDUNHW�XQWLO�*HUPDQ�$JID�LQWURGXFHG�WKH�VLPLODU�$JIDFRORU�LQ�������,Q�������$PHULFDQ�
.RGDN�LQWURGXFHG�WKH�ILUVW�PRGHUQ��
LQWHJUDWHG�WUL�SDFN
��FRORU�ILOP��.RGDFKURPH��EDVHG�RQ�WKUHH�
FRORUHG�HPXOVLRQV��7KLV�ZDV�IROORZHG�LQ������E\�$JID
V�$JIDFRORU�1HXH��8QOLNH�WKH�.RGDFKURPH�WUL�
SDFN�SURFHVV�WKH�FRORU�FRXSOHUV�LQ�$JIDFRORU�1HXH�ZHUH�LQWHJUDO�ZLWK�WKH�HPXOVLRQ�OD\HUV��ZKLFK�
JUHDWO\�VLPSOLILHG�WKH�ILOP�SURFHVVLQJ��0RVW�PRGHUQ�FRORU�ILOPV��H[FHSW�.RGDFKURPH��DUH�EDVHG�RQ�WKH�
$JIDFRORU�1HXH�WHFKQRORJ\��,QVWDQW�FRORU�ILOP�ZDV�LQWURGXFHG�E\�3RODURLG�LQ�������
�
&RORU�SKRWRJUDSK\�PD\�IRUP�LPDJHV�DV�D�SRVLWLYH�WUDQVSDUHQF\��LQWHQGHG�IRU�XVH�LQ�D�VOLGH�SURMHFWRU�
RU�DV�FRORU�QHJDWLYHV��LQWHQGHG�IRU�XVH�LQ�FUHDWLQJ�SRVLWLYH�FRORU�HQODUJHPHQWV�RQ�VSHFLDOO\�FRDWHG�
SDSHU��7KH�ODWWHU�LV�QRZ�WKH�PRVW�FRPPRQ�IRUP�RI�ILOP��QRQ�GLJLWDO��FRORU�SKRWRJUDSK\�RZLQJ�WR�WKH�
LQWURGXFWLRQ�RI�DXWRPDWHG�SKRWRSULQWLQJ�HTXLSPHQW��
�
�
+LVWRULF�3KRWRJUDSKLF�3URFHVVHV�
�6RXUFH��:LNLSHGLD�ZHEVLWH��IRU�WKH�HQWLUH�DUWLFOH�JR�WR�KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�3KRWRJUDSK\�DQG�
ORRN�XS�WKH�OLQN�IRU�HDFK�SURFHVV�XQGHU�WKH�PDLQ�OLVW��0DWHULDO�IURP�WKH�$PHULFDQ�0XVHXP�RI�
3KRWRJUDSK\�ZHEVLWH��VHH�8VHIXO�:HEVLWHV�DW�HQG�RI�WKLV�DUWLFOH��KDV�DOVR�EHHQ�LQFOXGHG���
�
7KLV�LV�D�VHOHFWHG�OLVW�RI�WKRVH�PRVW�FRPPRQO\�IRXQG�LQ�KHULWDJH�FROOHFWLRQV��7KHUH�DUH�PDQ\��PDQ\�
PRUH�GLIIHUHQW�W\SHV��VHH�ZHEVLWHV�OLVWHG�DERYH�DQG�DW�WKH�HQG�RI�WKLV�DUWLFOH�IRU�IXUWKHU�LQIRUPDWLRQ��
�
$OEXPHQ�SULQW�
7KH�DOEXPHQ�SULQW��DOVR�FDOOHG�DOEXPHQ�VLOYHU�SULQW��ZDV�LQYHQWHG�LQ������E\�/RXLV�'pVLUp�%ODQTXDUW�
(YUDUG��DQG�ZDV�WKH�ILUVW�FRPPHUFLDOO\�H[SORLWDEOH�PHWKRG�RI�SURGXFLQJ�D�SKRWRJUDSKLF�SULQW�RQ�D�
SDSHU�EDVH�IURP�D�QHJDWLYH��,W�XVHG�WKH�DOEXPHQ�IRXQG�LQ�HJJ�ZKLWHV�WR�ELQG�WKH�SKRWRJUDSKLF�
FKHPLFDOV�WR�WKH�SDSHU�DQG�EHFDPH�WKH�GRPLQDQW�IRUP�RI�SKRWRJUDSKLF�SRVLWLYHV�IURP������WR�WKH�WXUQ�
RI�WKH�FHQWXU\��ZLWK�D�SHDN�LQ�WKH���������SHULRG��'XULQJ�WKH�PLG�����V��WKH�FDUWH�GH�YLVLWH�EHFDPH�
RQH�RI�WKH�PRUH�SRSXODU�XVHV�RI�WKH�DOEXPHQ�PHWKRG��,Q�WKH���WK�FHQWXU\��(��	�+��7��$QWKRQ\�	�
&RPSDQ\�ZHUH�WKH�ODUJHVW�PDNHUV�DQG�GLVWULEXWRUV�RI�WKH�$OEXPHQ�SKRWRJUDSKLF�SULQWV�DQG�SDSHU�LQ�
WKH�8QLWHG�6WDWHV��
�
$PEURW\SH�
7KH�DPEURW\SH�SURFHVV��IURP�*UHHN�DPEURWRV���LPPRUWDO���RU�DPSKLW\SH�LV�D�SKRWRJUDSKLF�SURFHVV�
WKDW�FUHDWHV�D�SRVLWLYH�SKRWRJUDSKLF�LPDJH�RQ�D�VKHHW�RI�JODVV�XVLQJ�WKH�ZHW�SODWH�FROORGLRQ�SURFHVV��,W�
ZDV�SDWHQWHG�LQ������E\�-DPHV�$PEURVH�&XWWLQJ�RI�%RVWRQ��LQ�WKH�8QLWHG�6WDWHV��7KH�ZHW�SODWH�
FROORGLRQ�SURFHVV�ZDV�LQYHQWHG�MXVW�D�IHZ�\HDUV�EHIRUH�WKDW�E\�)UHGHULFN�6FRWW�$UFKHU��EXW�&XWWLQJ�
XVHG�LW�DV�D�SRVLWLYH��LQVWHDG�RI�D�QHJDWLYH��
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�
,Q�*UHDW�%ULWDLQ�LW�ZDV�FDOOHG�FROORGLRQ�SRVLWLYH��RQH�VLGH�RI�D�YHU\�FOHDQ�JODVV�SODWH�LV�FRYHUHG�ZLWK�D�
WKLQ�OD\HU�RI�FROORGLRQ��WKHQ�GLSSHG�LQ�D�VLOYHU�QLWUDWH�VROXWLRQ��7KH�SODWH�LV�H[SRVHG�WR�WKH�VXEMHFW�ZKLOH�
VWLOO�ZHW���([SRVXUH�WLPHV�YDU\�IURP�ILYH�WR�VL[W\�VHFRQGV�RU�PRUH�GHSHQGLQJ�RQ�WKH�DPRXQW�RI�
DYDLODEOH�OLJKW���7KH�SODWH�LV�WKHQ�GHYHORSHG�DQG�IL[HG��7KH�UHVXOWLQJ�QHJDWLYH��ZKHQ�YLHZHG�E\�
UHIOHFWHG�OLJKW�DJDLQVW�D�EODFN�EDFNJURXQG��DSSHDUV�WR�EH�D�SRVLWLYH�LPDJH��WKH�FOHDU�DUHDV�ORRN�EODFN��
DQG�WKH�H[SRVHG��RSDTXH�DUHDV�DSSHDU�OLJKW��7KLV�HIIHFW�LV�DFKLHYHG�E\�FRDWLQJ�RQH�VLGH�RI�WKH�JODVV�
QHJDWLYH�ZLWK�EODFN�YDUQLVK��(LWKHU�WKH�HPXOVLRQ�VLGH�RU�WKH�EODQN�VLGH�FDQ�EH�FRYHUHG�ZLWK�WKH�
YDUQLVK��ZKHQ�WKH�EODQN�VLGH�LV�EODFNHQHG��WKH�WKLFNQHVV�RI�WKH�JODVV�DGGV�D�VHQVH�RI�GHSWK�WR�WKH�
LPDJH��,Q�HLWKHU�FDVH��DQRWKHU�SODWH�RI�JODVV�LV�SXW�RYHU�WKH�IUDJLOH�HPXOVLRQ�VLGH�WR�SURWHFW�LW��DQG�WKH�
ZKROH�LV�PRXQWHG�LQ�D�PHWDO�IUDPH�DQG�NHSW�LQ�D�SURWHFWLYH�FDVH��,Q�VRPH�LQVWDQFHV�WKH�SURWHFWLYH�
JODVV�ZDV�FHPHQWHG�GLUHFWO\�WR�WKH�HPXOVLRQ��JHQHUDOO\�ZLWK�D�EDOVDP�UHVLQ��7KLV�SURWHFWHG�WKH�LPDJH�
ZHOO�EXW�WHQGHG�WR�PDNH�LW�GDUNHU��
�
7KH�DPEURW\SH�ZDV�PXFK�OHVV�H[SHQVLYH�WR�SURGXFH�WKDQ�WKH�GDJXHUUHRW\SH��DQG�LW�ODFNHG�WKH�
GDJXHUUHRW\SH
V�VKLQ\�PHWDOOLF�VXUIDFH��ZKLFK�VRPH�IRXQG�XQDSSHDOLQJ��%\�WKH�ODWH�����V��WKH�
DPEURW\SH�ZDV�RYHUWDNLQJ�WKH�GDJXHUUHRW\SH�LQ�SRSXODULW\��E\�WKH�PLG�����V��WKH�DPEURW\SH�LWVHOI�ZDV�
VXSSODQWHG�E\�WKH�WLQW\SH�DQG�RWKHU�SURFHVVHV��
�
$PEURW\SHV�ZHUH�RIWHQ�KDQG�WLQWHG��8QWLQWHG�DPEURW\SHV�DUH�JUD\LVK�ZKLWH�DQG�KDYH�OHVV�FRQWUDVW�
DQG�EULOOLDQFH�WKDQ�GDJXHUUHRW\SHV��
�
$XWRFKURPH�
$XWRFKURPH�SODWHV�ZHUH�WKH�LQYHQWLRQ�RI�$XJXVWH�DQG�/RXLV�/XPLHUH��ZKR�SDWHQWHG�WKH�SURFHVV�LQ�
�����DQG�EHJDQ�WR�PDUNHW�LW�FRPPHUFLDOO\�LQ�������0LFURVFRSLF�JUDLQV�RI�SRWDWR�VWDUFK�ZHUH�G\HG�UHG��
JUHHQ��DQG�EOXH�YLROHW��WKHQ�PL[HG�HYHQO\�DQG�FRDWHG�RQWR�D�VKHHW�RI�JODVV��$�EODFN�DQG�ZKLWH�
HPXOVLRQ�ZDV�WKHQ�IORZHG�RYHU�WKLV�OD\HU��'XULQJ�H[SRVXUH��WKH�JUDLQV�RI�SRWDWR�VWDUFK�RQ�HDFK�SODWH�
DFWHG�DV�PLOOLRQV�RI�WLQ\�ILOWHUV��7KH�OLJKW�VHQVLWLYH�HPXOVLRQ�ZDV�WKHQ�UHYHUVDO�SURFHVVHG�LQWR�D�SRVLWLYH�
WUDQVSDUHQF\��:KHQ�YLHZHG��OLJKW�SDVVHV�WKURXJK�WKH�HPXOVLRQ�DQG�LV�ILOWHUHG�WR�WKH�SURSHU�FRORU�E\�
WKH�VWDUFK�JUDLQV��7KH�UHVXOWLQJ�PRVDLF�RI�JORZLQJ�GRWV�RQ�JODVV�JLYHV�DXWRFKURPHV�WKH�ORRN�RI�
SRLQWLOOLVW�SDLQWLQJV��
�
%URPRLO�3URFHVV�
7KH�%URPRLO�3URFHVV�ZDV�DQ�HDUO\�SKRWRJUDSKLF�SURFHVV�WKDW�ZDV�YHU\�SRSXODU�ZLWK�WKH�3LFWRULDOLVWV�
GXULQJ�WKH�ILUVW�KDOI�RI�WKH�WZHQWLHWK�FHQWXU\��7KH�VRIW��SDLQW�OLNH�TXDOLWLHV�RI�WKH�SULQWV�DUH�YHU\�W\SLFDO�
IRU�WKLV�JHQUH��DQG�KDYH�UHFHQWO\�OHG�WR�VRPH�DUW�SKRWRJUDSKHUV�XVLQJ�WKH�SURFHVV�DJDLQ��
�
7KH�EURPRLO�SURFHVV�ZDV�EDVHG�RQ�WKH�RLO�SULQW��ZKRVH�RULJLQV�JR�EDFN�WR�WKH�PLG�QLQHWHHQWK�FHQWXU\��
$�GUDZEDFN�RI�RLO�SULQWV�ZDV�WKDW�WKH�JHODWLQ�XVHG�ZDV�WRR�VORZ�WR�SHUPLW�DQ�HQODUJHU�WR�EH�XVHG��VR�
WKDW�QHJDWLYHV�KDG�WR�EH�WKH�VDPH�GLPHQVLRQV�DV�WKH�SRVLWLYHV��$IWHU�*�(�+��5DZOLQV�SXEOLVKHG�D������
DUWLFOH�RQ�WKH�RLO�SULQW�SURFHVV��(�-��:DOO�LQ������GHVFULEHG�WKHRUHWLFDOO\�KRZ�LW�VKRXOG�EH�SRVVLEOH�WR�
XVH�D�VPDOOHU�QHJDWLYH�LQ�DQ�HQODUJHU�WR�SURGXFH�D�VLOYHU�EURPLGH�SRVLWLYH��ZKLFK�VKRXOG�WKHQ�EH�
EOHDFKHG�DQG�KDUGHQHG��WR�EH�LQNHG�DIWHUZDUGV�DV�LQ�WKH�RLO�SURFHVV��&�:HOERUQH�3LSHU�WKHQ�H[HFXWHG�
WKLV�WKHRU\�LQ�SUDFWLFH��DQG�VR�WKH�EURPRLO�SURFHVV�ZDV�ERUQ��
�
&DORW\SH�
&DORW\SH�ZDV�WKH�QDPH�JLYHQ�WR�WKH�ILUVW�SUDFWLFDO�QHJDWLYH�SRVLWLYH�SURFHVV�RI�SKRWRJUDSK\��&DSDEOH�
RI�SURGXFLQJ�PXOWLSOH�FRSLHV�RI�DQ\�JLYHQ�LPDJH��WKH�FDORW\SH��DOVR�FDOOHG�7DOERW\SH��ZDV�LQYHQWHG�E\�
:LOOLDP�+HQU\�)R[�7DOERW�LQ�6HSWHPEHU�RI�������$Q�HDUOLHU�7DOERW�LQYHQWLRQ��SKRWRJHQLF�GUDZLQJ��ZDV�
DOVR�FDSDEOH�RI�FUHDWLQJ�SKRWRJUDSKLF�LPDJHV�LQ�WKH�FDPHUD��EXW�ZDV�TXLWH�VORZ�DQG�FRXOG�QRW�EH�XVHG�
IRU�SKRWRJUDSKLQJ�SHRSOH�RU�DQ\WKLQJ�WKDW�PRYHG��7R�PDNH�D�FDORW\SH��SODLQ�VKHHWV�RI�ZULWLQJ�SDSHU�
DUH�FRDWHG�ZLWK�D�VROXWLRQ�RI�VLOYHU�QLWUDWH��GULHG��WKHQ�GLSSHG�LQ�SRWDVVLXP�LRGLGH�WR�IRUP�VLOYHU�LRGLGH��
$IWHU�EHLQJ�GULHG�DJDLQ��WKH�SDSHU�LV�IORDWHG�RQ�D�PL[WXUH�FRQWDLQLQJ�VLOYHU�QLWUDWH�DQG�JDOOLF�DFLG��7KH�
VDPH�PL[WXUH�LV�XVHG�WR�GHYHORS�WKH�QHJDWLYH�LPDJH�DIWHU�H[SRVXUH��)ROORZLQJ�IL[LQJ�LQ�K\SR��WKLV�
SDSHU�QHJDWLYH�ZDV�JHQHUDOO\�ZD[HG�IRU�WUDQVSDUHQF\�DQG�XVHG�WR�PDNH�VDOW�SULQWV��
�
&DUERQ�3ULQWV�
&DUERQ�SULQWV��SDWHQWHG�LQ������E\�-RVHSK�:LOVRQ�6ZDQ��RIIHUHG�D�SHUPDQHQW�LPDJH�ZLWKRXW�JUDLQ��
7KH�SURFHVV�ZDV�FDSDEOH�RI�PDNLQJ�H[TXLVLWH�SULQWV�ZLWK�D�ZLGH�WRQDO�UDQJH��1HJDWLYHV�ZHUH�SULQWHG�
RQWR�D��WLVVXH��FRQWDLQLQJ�FDUERQ�DQG�RWKHU�SLJPHQWV�LQ�D�JHODWLQ�EDVH��7KH�JHODWLQ�KDG�SUHYLRXVO\�
EHHQ�PDGH�OLJKW�VHQVLWLYH�E\�D�EDWK�RI�SRWDVVLXP�ELFKURPDWH��$IWHU�ZDVKLQJ��WKH�LPDJH�RQ�WKH�WLVVXH�
ZDV�WUDQVIHUUHG�WR�D�SDSHU�EDVH�DQG�WKH�EDFNLQJ�RI�WKH�WLVVXH�ZDV�VWULSSHG�RII��
�
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&ROORGLRQ�3ULQWV�
&ROORGLRQ�SULQWV�XVHG�WKH�VDPH�VWLFN\�QLWURFHOOXOXVH�HPXOVLRQ��FROORGLRQ��DV�DPEURW\SHV��7KLV�ZDV�
PL[HG�ZLWK�VLOYHU�FKORULGH�DQG�FRDWHG�RQWR�SDSHU��7KH�VXUIDFH�FRXOG�EH�PDWWH��JORVV\��RU�VHPL�JORVV�
OLNH�DQ�DOEXPHQ�SULQW��7KH�ZKLWHV�RI�WKH�LPDJH�JHQHUDOO\�ODFN�WKH�\HOORZLVK�FDVW�RI�DOEXPHQ�SULQWV��
&ROORGLRQ�SULQWV�DUH�GLIILFXOW�WR�GLVWLQJXLVK�IURP�RWKHU�VLOYHU�SULQWV�PDGH�FLUFD������������DQG�XVXDOO\�
UHTXLUH�WHVWLQJ�E\�D�WUDLQHG�FRQVHUYDWRU�WR�LGHQWLI\�ZLWK�FHUWDLQW\��
�
&\DQRW\SH�
7KH�F\DQRW\SH�SURFHVV�ZDV�LQYHQWHG�LQ������E\�6LU�-RKQ�+HUVFKHO�EXW�ZDV�PRVW�SRSXODU�DURXQG�WKH�
WXUQ�RI�WKH�FHQWXU\��7KH�EULOOLDQW�EOXH�LPDJHV�KDYH�D�PDWWH�VXUIDFH��%HFDXVH�LURQ�VDOWV�DUH�XVHG��UDWKHU�
WKDQ�VLOYHU�FRPSRXQGV��IRU�WKH�OLJKW�VHQVLWLYH�PDWHULDO��F\DQRW\SHV�DUH�KLJKO\�VWDEOH��$UFKLWHFWXUDO�
EOXHSULQWV�ZHUH�PDGH�E\�WKH�VDPH�SURFHVV��
�
'DJXHUUHRW\SH�
7KH�GDJXHUUHRW\SH�LV�DQ�HDUO\�W\SH�RI�SKRWRJUDSK��GHYHORSHG�E\�/RXLV�'DJXHUUH��LQ�ZKLFK�WKH�LPDJH�
LV�H[SRVHG�GLUHFWO\�RQWR�D�PLUURU�SROLVKHG�VXUIDFH�RI�VLOYHU�EHDULQJ�D�FRDWLQJ�RI�VLOYHU�KDOLGH�SDUWLFOHV�
GHSRVLWHG�E\�LRGLQH�YDSRU��,Q�ODWHU�GHYHORSPHQWV�EURPLQH�DQG�FKORULQH�YDSRUV�ZHUH�DOVR�XVHG��
UHVXOWLQJ�LQ�VKRUWHU�H[SRVXUH�WLPHV��7KH�GDJXHUUHRW\SH�LV�D�QHJDWLYH�LPDJH��EXW�WKH�PLUURUHG�VXUIDFH�
RI�WKH�PHWDO�SODWH�UHIOHFWV�WKH�LPDJH�DQG�PDNHV�LW�DSSHDU�SRVLWLYH�LQ�WKH�SURSHU�OLJKW��7KXV��
GDJXHUUHRW\SH�LV�D�GLUHFW�SKRWRJUDSKLF�SURFHVV�ZLWKRXW�WKH�FDSDFLW\�IRU�GXSOLFDWLRQ��
�
:KLOH�WKH�GDJXHUUHRW\SH�ZDV�QRW�WKH�ILUVW�SKRWRJUDSKLF�SURFHVV�WR�EH�LQYHQWHG��HDUOLHU�SURFHVVHV�
UHTXLUHG�KRXUV�IRU�VXFFHVVIXO�H[SRVXUH��ZKLFK�PDGH�GDJXHUUHRW\SH�WKH�ILUVW�FRPPHUFLDOO\�YLDEOH�
SKRWRJUDSKLF�SURFHVV�DQG�WKH�ILUVW�WR�SHUPDQHQWO\�UHFRUG�DQG�IL[�DQ�LPDJH�ZLWK�H[SRVXUH�WLPH�
FRPSDWLEOH�ZLWK�SRUWUDLW�SKRWRJUDSK\��
7KH�GDJXHUUHRW\SH�LV�QDPHG�DIWHU�RQH�RI�LWV�LQYHQWRUV��)UHQFK�DUWLVW�DQG�FKHPLVW�/RXLV�-�0��'DJXHUUH��
ZKR�DQQRXQFHG�LWV�SHUIHFWLRQ�LQ������DIWHU�\HDUV�RI�UHVHDUFK�DQG�FROODERUDWLRQ�ZLWK�-RVHSK�1LFpSKRUH�
1LpSFH��DSSO\LQJ�DQG�H[WHQGLQJ�D�GLVFRYHU\�E\�-RKDQQ�+HLQULFK�6FKXOW]���������D�VLOYHU�DQG�FKDON�
PL[WXUH�GDUNHQV�ZKHQ�H[SRVHG�WR�OLJKW��7KH�)UHQFK�$FDGHP\�RI�6FLHQFHV�DQQRXQFHG�WKH�
GDJXHUUHRW\SH�SURFHVV�RQ�-DQXDU\���RI�WKDW�\HDU��
�
7KH�GDJXHUUHRW\SH�LV�D�XQLTXH�SKRWRJUDSKLF�LPDJH�DOORZLQJ�QR�UHSURGXFWLRQ�RI�WKH�SLFWXUH��
3UHSDUDWLRQ�RI�WKH�SODWH�SULRU�WR�LPDJH�H[SRVXUH�UHVXOWHG�LQ�WKH�IRUPDWLRQ�RI�D�OD\HU�RI�SKRWR�VHQVLWLYH�
VLOYHU�KDOLGH��DQG�H[SRVXUH�WR�D�VFHQH�RU�LPDJH�WKURXJK�D�IRFXVLQJ�OHQV�IRUPHG�D�ODWHQW�LPDJH��7KH�
ODWHQW�LPDJH�ZDV�PDGH�YLVLEOH��RU��GHYHORSHG���E\�SODFLQJ�WKH�H[SRVHG�SODWH�RYHU�D�VOLJKWO\�KHDWHG�
�DERXW����&��FXS�RI�PHUFXU\��
�
7KH�PHUFXU\�YDSRXU�FRQGHQVHG�RQ�WKRVH�SODFHV�ZKHUH�WKH�H[SRVXUH�OLJKW�ZDV�PRVW�LQWHQVH��LQ�
SURSRUWLRQ�ZLWK�WKH�DUHDV�RI�KLJKHVW�GHQVLW\�LQ�WKH�LPDJH��7KLV�SURGXFHG�D�SLFWXUH�LQ�DQ�DPDOJDP��WKH�
PHUFXU\�YDSRXU�DWWDFKLQJ�LWVHOI�WR�WKH�DOWHUHG�VLOYHU�LRGLGH��5HPRYDO�RI�WKH�PHUFXU\�LPDJH�E\�KHDW�
YDOLGDWHV�WKLV�FKHPLVWU\��7KH�GHYHORSLQJ�ER[�ZDV�FRQVWUXFWHG�WR�DOORZ�LQVSHFWLRQ�RI�WKH�LPDJH�WKURXJK�
D�\HOORZ�JODVV�ZLQGRZ�ZKLOH�LW�ZDV�EHLQJ�GHYHORSHG��
�
7KH�QH[W�RSHUDWLRQ�ZDV�WR��IL[��WKH�SKRWRJUDSKLF�LPDJH�SHUPDQHQWO\�RQ�WKH�SODWH�E\�GLSSLQJ�LQ�D�
VROXWLRQ�RI�K\SRVXOSKLWH�RI�VRGD�±�NQRZQ�DV��IL[HU��RU��K\SR���7KH�LPDJH�SURGXFHG�E\�WKLV�PHWKRG�LV�
VR�GHOLFDWH�LW�ZLOO�QRW�EHDU�WKH�VOLJKWHVW�KDQGOLQJ��3UDFWLFDOO\�DOO�GDJXHUUHRW\SHV�DUH�SURWHFWHG�IURP�
DFFLGHQWDO�GDPDJH�E\�D�JODVV�IURQWHG�FDVH��,W�ZDV�GLVFRYHUHG�E\�H[SHULPHQW�WKDW�WUHDWLQJ�WKH�SODWH�
ZLWK�KHDWHG�JROG�FKORULGH�ERWK�WRQHV�DQG�VWUHQJWKHQV�WKH�LPDJH��DOWKRXJK�LW�UHPDLQV�TXLWH�GHOLFDWH�DQG�
UHTXLUHV�D�ZHOO�VHDOHG�FDVH�WR�SURWHFW�DJDLQVW�WRXFK�DV�ZHOO�DV�R[LGDWLRQ�RI�WKH�ILQH�VLOYHU�GHSRVLWV�
IRUPLQJ�WKH�EODFNV�LQ�WKH�LPDJH��7KH�EHVW�SUHVHUYHG�GDJXHUUHRW\SHV�GDWLQJ�IURP�WKH�QLQHWHHQWK�
FHQWXU\�DUH�VHDOHG�LQ�UREXVW�JODVV�FDVHV�HYDFXDWHG�RI�DLU�DQG�ILOOHG�ZLWK�D�FKHPLFDOO\�LQHUW�JDV��
W\SLFDOO\�QLWURJHQ��
�
7KH�LQWULFDWH��FRPSOH[��ODERU�LQWHQVLYH�GDJXHUUHRW\SH�SURFHVV�LWVHOI�KHOSHG�FRQWULEXWH�WR�WKH�UDSLG�
PRYH�WR�WKH�DPEURW\SH�DQG�WLQW\SH��7KH�UHVXOWLQJ�UHGXFWLRQ�LQ�HFRQRP\�RI�VFDOH�PDGH�GDJXHUUHRW\SHV�
H[SHQVLYH�DQG�XQDIIRUGDEOH�IRU�WKH�DYHUDJH�SHUVRQ��$FFRUGLQJ�WR�0DFH���������WKH�ULJLGLW\�RI�WKHVH�
LPDJHV�VWHPV�PRUH�IURP�WKH�VHULRXVQHVV�RI�WKH�DFWLYLW\�WKDQ�D�ORQJ�H[SRVXUH�WLPH��ZKLFK�KH�VD\V�ZDV�
DFWXDOO\�RQO\�D�IHZ�VHFRQGV��(DUO\�3KRWRJUDSKV��S�������7KH�GDJXHUUHRW\SH
V�ODFN�RI�D�QHJDWLYH�LPDJH�
IURP�ZKLFK�PXOWLSOH�SRVLWLYH��SULQWV��FRXOG�EH�PDGH�ZDV�D�OLPLWDWLRQ�DOVR�VKDUHG�E\�WKH�WLQW\SH�DQG�
DPEURW\SH�DQG�ZDV�QRW�D�IDFWRU�LQ�WKH�GDJXHUUHRW\SH
V�GHPLVH�XQWLO�WKH�LQWURGXFWLRQ�RI�WKH�FDORW\SH��
8QOLNH�ILOP�DQG�SDSHU�SKRWRJUDSK\�KRZHYHU��D�SURSHUO\�VHDOHG�GDJXHUUHRW\SH�FDQ�SRWHQWLDOO\�ODVW�
LQGHILQLWHO\��
�
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7LQW\SH�
7KH�WLQW\SH��PHODLQRW\SH�RU�IHUURW\SH���LV�D�SKRWRJUDSKLF�SURFHVV�LQYHQWHG�LQ�WKH�8QLWHG�6WDWHV�LQ������
E\�3URI��+DPLOWRQ�6PLWK�RI�.HQ\RQ�&ROOHJH�LQ�2KLR��+H�SDWHQWHG�WKH�WLQW\SH�RQ�)HEUXDU\����������DQG�
LW�ZDV�ILUVW�FDOOHG�D�PHODLQRW\SH��WKHQ�IHUURW\SH��E\�D�ULYDO�PDQXIDFWXUHU�RI�WKH�LURQ�SODWHV�XVHG���EXW�
WKDW�QRZDGD\V�DUH�JHQHUDOO\�WHUPHG�WLQW\SHV���
�
7KH�SKRWRJUDSKV�DUH�PDGH�E\�D�ZHW�SODWH�SURFHVV��VLPLODU�WR�WKH�DPEURW\SH��:KLOH�WKH�DPEURW\SH�
UHPDLQHG�YHU\�SRSXODU�LQ�WKH�UHVW�RI�WKH�ZRUOG��WKH�WLQW\SH�SURFHVV�VXSHUVHGHG�WKH�DPEURW\SH�LQ�WKH�
8QLWHG�6WDWHV�E\�WKH�HQG�RI�WKH�&LYLO�:DU�DQG�ZHQW�RQ�WR�EHFRPH�WKH�PRVW�FRPPRQ�SKRWRJUDSKLF�
SURFHVV�XQWLO�WKH�LQWURGXFWLRQ�RI�PRGHUQ�JHODWLQ�EDVHG�SURFHVVHV��DQG�WKH�LQYHQWLRQ�RI�WKH�UHORDGDEOH�
DPDWHXU�FDPHUD�E\�WKH�.RGDN�FRPSDQ\��)HUURW\SHV�ZDQHG�LQ�SRSXODULW\�E\�WKH�HQG�RI�WKH���WK�
FHQWXU\��DOWKRXJK�D�IHZ�PDNHUV�ZHUH�VWLOO�DURXQG�DV�ODWH�DV�WKH�����V�DQG�RQ�VRPH�FDUQLYDOV�LQ�
(XURSH�WKHVH�LPDJHV�DUH�VWLOO�PDGH�DV�QRYHOW\��
�
7KH�WLQW\SH�ZDV�D�PLQRU�LPSURYHPHQW�WR�WKH�DPEURW\SH��UHSODFLQJ�WKH�JODVV�SODWH�RI�WKH�RULJLQDO�
SURFHVV�ZLWK�D�WKLQ�SLHFH�RI�EODFN�HQDPHOHG��RU�MDSDQQHG��LURQ��WKXV��IHUUR����7KH�QHZ�PDWHULDOV�
UHGXFHG�WKH�FRVW�RI�WKH�SURGXFWLRQV�FRQVLGHUDEO\��DQG�WKH�LPDJH��RQ�JHODWLQ�VLOYHU�HPXOVLRQ�RQ�WKH�
YDUQLVKHG�VXUIDFH��KDV�SURYHQ�WR�EH�YHU\�GXUDEOH��/LNH�WKH�DPEURW\SH��WKH�LPDJH�LV�WHFKQLFDOO\�
QHJDWLYH��EXW��GXH�WR�WKH�EODFN�EDFNJURXQG��DSSHDUV�DV�D�SRVLWLYH��6LQFH�WKH�WLQW\SH�
ILOP
�ZDV�WKH�
VDPH�DV�WKH�ILQDO�SULQW��PRVW�WLQW\SH�LPDJHV�DSSHDU�UHYHUVHG��OHIW�WR�ULJKW��IURP�UHDOLW\��6RPH�FDPHUDV�
ZHUH�ILWWHG�ZLWK�PLUURUV�RU�D����GHJUHH�SULVP�WR�UHYHUVH�DQG�FRUUHFW�WKH�LPDJH��ZKLOH�VRPH�
SKRWRJUDSKHUV�ZRXOG�SKRWRJUDSK�WKH�UHYHUVHG�IHUURW\SH�WR�SURGXFH�D�SURSHUO\�RULHQWHG�LPDJH��
�
7KH�HDUOLHU�PHODLQRW\SHV�ZHUH�RIWHQ�FDVHG��OLNH�GDJXHUUHRW\SHV�DQG�DPEURW\SHV��EXW�XQFDVHG�LPDJHV�
LQ�SDSHU�VOHHYHV�DQG�IRU�DOEXPV�ZHUH�SRSXODU�IURP�WKH�EHJLQQLQJ���
�
6DOW�3ULQWV�
6DOW�SULQWV�ZHUH�WKH�HDUOLHVW�SRVLWLYH�SULQWV�DQG�ZHUH�LQYHQWHG�E\�:LOOLDP�+HQU\�)R[�7DOERW�LQ�������DV�
D�GLUHFW�GHYHORSPHQW�IURP�KLV�HDUOLHU�SKRWRJHQLF�GUDZLQJ�SURFHVV��$�VDOW�SULQW�ZDV�PDGH�E\�VRDNLQJ�D�
VKHHW�RI�SDSHU�LQ�VDOW�VROXWLRQ�DQG�WKHQ�FRDWLQJ�RQH�VLGH�ZLWK�VLOYHU�QLWUDWH��7KLV�SURGXFHG�OLJKW�
VHQVLWLYH�VLOYHU�FKORULGH�LQ�WKH�SDSHU��$IWHU�GU\LQJ��WKH�SDSHU�ZDV�SXW�GLUHFWO\�EHQHDWK�D�QHJDWLYH��
XQGHU�D�VKHHW�RI�JODVV��DQG�H[SRVHG�WR�VXQOLJKW�IRU�XS�WR�WZR�KRXUV��6DOW�SULQWV�ZHUH�PDGH�XQWLO�DERXW�
�����KDYLQJ�EHHQ�JUDGXDOO\�UHSODFHG�E\�WKH�DOEXPHQ�SULQW�ZKLFK�JDYH�D�FOHDUHU�LPDJH�DOWKRXJK�WKH�
SURFHVV�ZDV�VRPHWLPHV�UHYLVHG�ODWHU��
�
:RRGEXU\W\SH�
$�SKRWRPHFKDQLFDO�SURFHVV�LQ�ZKLFK�WKH�FRPSOHWHG�SULQWV�DUH�QRW�PDGH�ZLWK�OLJKW�VHQVLWLYH�PDWHULDOV��
2QH�RI�WKH�PRVW�EHDXWLIXO�DQG�SHUPDQHQW�RI�DOO�PHWKRGV�RI�SURGXFLQJ�SULQWV�LQ�TXDQWLW\��WKH�
:RRGEXU\W\SH�SURFHVV�ZDV�DOVR�DPRQJ�WKH�PRVW�GLIILFXOW��$�OLJKW�VHQVLWLYH�JHODWLQ�PDWHULDO�LV�H[SRVHG�
WR�D�QHJDWLYH��UHVXOWLQJ�LQ�D�WKUHH�GLPHQVLRQDO�UHOLHI�PDS�RI�WKH�LPDJH��7KHQ�WKH�GLIILFXOW�SDUW��DSSO\LQJ�
KXJH�SUHVVXUH��ZLWK�D�K\GUDXOLF�SUHVV��RQ�WKH�JHODWLQ�UHOLHI�WR�PDNH�DQ�LPSUHVVLRQ�LQ�D�EORFN�RI�OHDG��
7KH�OHDG�PROG�LV�XVHG�WR�PDNH�WKH�SULQWV��ZKLFK�KDYH�H[TXLVLWH�WRQDOLW\�DQG�D�VOLJKWO\�UDLVHG�VXUIDFH��
,QWURGXFHG��������
�
�
�
�
8VHIXO�DQG�,QWHUHVWLQJ�6LWHV�
�
*HQHUDO�+LVWRU\�DQG�3URFHVVHV�
�
$PHULFDQ�0XVHXP�RI�3KRWRJUDSK\��
KWWS���ZZZ�SKRWRJUDSK\PXVHXP�FRP��
$Q�H[FHOOHQW�VLWH�ZLWK�KHDSV�RI�LQIRUPDWLRQ�DQG�KDV�OLQNV�WR�VHYHUDO�XVHIXO�VLWHV�RQ�SKRWRJUDSKLF�
WHFKQLTXHV�DQG�KLVWRU\��
�
061�(QFDUWD�±�+LVWRU\�RI�3KRWRJUDSK\�
KWWS���HQFDUWD�PVQ�FRP�HQF\FORSHGLDB���������B�BBBB���SKRWRJUDSK\BKLVWRU\BRI�KWPO�V���
$Q�LQIRUPDWLYH�VXPPDU\�RI�WKH�PDLQ�SRLQWV�RI�WKH�KLVWRU\�RI�WKH�WHFKQLFDO�GHYHORSPHQW�DQG�XVH�RI�
SKRWRJUDSK\��
�
�
�
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:LNLSHGLD�±�OLVW�RI�SKRWRJUDSKLF�SURFHVVHV�
KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�3KRWRJUDSKLFBSURFHVVHV�
0DQ\��PDQ\�OLQNV�WR�IXUWKHU�LQIRUPDWLRQ��$V�ZLWK�DOO�:LNLSHGLD�HQWULHV��WKH\�DUH�JHQHUDOO\�UHOLDEOH��EXW�
GR�UHFRPPHQG�WKDW�\RX�FRQILUP�DQ\�LQIRUPDWLRQ�EHIRUH�UHO\LQJ�RQ�LW��
�
9LFWRULD�DQG�$OEHUW�0XVHXP�±�3KRWRJUDSKLF�SURFHVVHV�
KWWS���ZZZ�YDP�DF�XN�YDVWDWLF�PLFURVLWHV�SKRWRJUDSK\�SURFHVVHV�SKS�
�
3UHVHUYDWLRQ�DQG�&RQVHUYDWLRQ�
�
7KH�*HWW\�)RXQGDWLRQ�
KWWS���ZZZ�JHWW\�HGX�FRQVHUYDWLRQ�VFLHQFH�SKRWRFRQ��
8SGDWHV�RQ�UHFHQW�UHVHDUFK�SURMHFWV��
�
0LQQHVRWD�+LVWRULFDO�6RFLHW\�
KWWS���ZZZ�PQKV�RUJ�SUHVHUYH�FRQVHUYDWLRQ�SKRWRJUDSKV�KWPO�
6HOHFWLRQ�RI�LQIRUPDWLRQ�SDPSKOHWV�RQ�FDULQJ�IRU�GLIIHUHQW�W\SHV�RI�SKRWRJUDSKV��
�
/LEUDU\�RI�&RQJUHVV�±�3UHVHUYDWLRQ�GRFXPHQWV�
KWWS���ZZZ�ORF�JRY�SUHVHUY�SXEVFDUH�KWPO�
6HOHFWLRQ�RI�SXEOLFDWLRQV�RQ�FDULQJ�IRU�GLIIHUHQW�W\SHV�RI�SKRWRJUDSKV��LQFOXGLQJ�ELEOLRJUDSKLHV�IRU�
IXUWKHU�UHIHUHQFH��
�
,&20�SKRWRJUDSKLF�PDWHULDOV�ZRUNLQJ�JURXS�
KWWS���LFRP�FF�LFRP�PXVHXP�:*�3KRWRJUDSKLF5HFRUGV��
�
,&21��LQVWLWXWH�IRU�FRQVHUYDWLRQ��
KWWS���ZZZ�FRQVHUYDWLRQUHJLVWHU�FRP�FDUHSKRWRJUDSKV�DVS"LG ��
6XPPDU\�RQ�FDUH�DQG�SUHVHUYDWLRQ�RI�SKRWRJUDSKV��
�
�
�
�
:HEVLWH�5HYLHZ�
-R�'U\VGDOO�
�
&RQQHFWLQJ�WR�&ROOHFWLRQV��$�&DOO�WR�$FWLRQ�
�
KWWS���ZZZ�LPOV�JRY�FROOHFWLRQV��
�
7KLV�ZHEVLWH�LV�SDUW�RI�D�PXOWL�\HDU��PXOWL�IDFHWHG�QDWLRQDO�LQLWLDWLYH�E\�WKH�$PHULFDQ�,QVWLWXWH�RI�
0XVHXP�DQG�/LEUDU\�6HUYLFHV���/DXQFKHG�DW�WKH�-XQH������1DWLRQDO�&RQVHUYDWLRQ�6XPPLW�DW�7KH�
'RQDOG�:��5H\QROGV�&HQWHU�IRU�$PHULFDQ�$UW�DQG�3RUWUDLWXUH�RI�WKH�6PLWKVRQLDQ�,QVWLWXWLRQ��LW�DLPV��
WKURXJK�WKH�ZHEVLWH��D�WRXULQJ�URDGVKRZ�DQG������JUDQWV�RI�FROOHFWLRQV¶�FRQVHUYDWLRQ�WH[WV��WR�UDLVH�
SXEOLF�DZDUHQHVV�RI�FRQVHUYDWLRQ�LVVXHV�IDFLQJ�KHULWDJH�DQG�OLYLQJ�FROOHFWLRQV�DQG�LQVSLUH�DFWLRQ��
�
7KH�LQLWLDWLYH�LV�JURXQGHG�LQ�WKH�UHVXOWV�RI�WKH������UHSRUW�$�3XEOLF�7UXVW�DW�5LVN��7KH�+HULWDJH�+HDOWK�
,QGH[�5HSRUW�RQ�WKH�6WDWH�RI�$PHULFD¶V�&ROOHFWLRQV��ZKLFK�UHYHDOHG�WKDW�LQ�WKH�86�DORQH��
�

•� ����PLOOLRQ�REMHFWV�QHHG�FRQVHUYDWLRQ�WUHDWPHQW��
•� ���SHUFHQW�RI�FROOHFWLQJ�LQVWLWXWLRQV�KDYH�GDPDJHG�FROOHFWLRQV�GXH�WR�LPSURSHU�VWRUDJH��
•� ���SHUFHQW�RI�FROOHFWLQJ�LQVWLWXWLRQV�ODFN�DQ�HPHUJHQF\�SODQ�IRU�WKHLU�FROOHFWLRQV�DQG�WUDLQHG�

VWDII�WR�FDUU\�LW�RXW��DQG�
•� ���SHUFHQW�RI�LQVWLWXWLRQV�KDYH�QR�IXQGV�DOORFDWHG�LQ�WKHLU�DQQXDO�EXGJHW�IRU�SUHVHUYDWLRQ�DQG�

FRQVHUYDWLRQ��
�
5HDGLQJ�WKURXJK�WKH�VLWH��PXFK�RI�LW�GRHV�VHHP�WR�EH�H[DFWO\�ZKDW�LW�DLPV�WR�EH�±�DQ�LQVSLUDWLRQDO�
SLHFH���7KHUH�DUH�WUDQVFULSWV�RI�WKH�6XPPLW�VSHHFKHV�IURP�$QQH�,PHOGD�0��5DGLFH��'LUHFWRU��,QVWLWXWH�
RI�0XVHXP�DQG�/LEUDU\�6HUYLFHV��$OOHQ�:HLQVWHLQ��$UFKLYLVW�RI�WKH�8QLWHG�6WDWHV��DQG�)UDQFLH�
$OH[DQGHU��6HQLRU�9LFH�3UHVLGHQW�	�&KLHI�$FDGHPLF�2IILFHU��6FKRODVWLF�,QF���$OO�WKUHH�VSHDNHUV�VWUHVV�
WKH�QHHG�IRU�PRUH�DJJUHVVLYH�DFWLRQ�LQ�UDLVLQJ�DZDUHQHVV�RI��DQG�IXQGLQJ�WR�DOOHYLDWH��WKH�SOLJKW�RI�
PDQ\�FROOHFWLRQV��
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�
+RZHYHU��WKH�LQLWLDWLYH�DV�D�ZKROH�FRQWDLQV�PRUH�SUDFWLFDO�VXEVWDQFH��DV�SDUW�RI�WKH������$PHULFDQ�
FROOHFWLRQV�EDVHG�LQVWLWXWLRQV�KDYH�EHHQ�JLYHQ�IUHH�FRSLHV�RI�WKH�&RQQHFWLQJ�WR�&ROOHFWLRQV�%RRNVKHOI��
D�FRUH�VHW�RI�ERRNV��'9'V��RQOLQH�UHVRXUFHV��DQG�DQ�DQQRWDWHG�ELEOLRJUDSK\�VHOHFWHG�E\�,0/6�DV�
HVVHQWLDO�WH[WV�IRU�WKH�FDUH�RI�FROOHFWLRQV���7KH�%RRNVKHOI�IRFXVHV�RQ�FROOHFWLRQV�W\SLFDOO\�IRXQG�LQ�DUW�RU�
KLVWRU\�PXVHXPV�DQG�LQ�OLEUDULHV
�VSHFLDO�FROOHFWLRQV��ZLWK�DQ�DGGHG�VHOHFWLRQ�RI�WH[WV�IRU�]RRV��
DTXDULD��SXEOLF�JDUGHQV��DQG�QDWXUH�FHQWUHV���$�VXPPDU\�RI�WKH�FRQWHQWV�RI�WKLV�UHVRXUFH�FDQ�EH�IRXQG�
RQ�WKH�VLWH�±�D�XVHIXO�UHIHUHQFH�DV�HDFK�ZRUN�LV�UHYLHZHG�DQG�VXPPDULVHG�LQ�WHUP�RI�WKH�PDMRU�
TXHVWLRQV�LW�DQVZHUV��
�
7KH�VLWH�LWVHOI�LV�RI�FRXUVH�86�IRFXVHG�LQ�LWV�VHFWLRQV�RQ�IXQGLQJ�DQG�SODQQLQJ�JUDQWV���+RZHYHU��WKH�
UHVRXUFHV�VHFWLRQ�LV�D�XVHIXO�SDJH�IRU�LQWHUQDWLRQDO�UHDGHUV��EULQJLQJ�WRJHWKHU�D�FRPSUHKHQVLYH�VHW�RI�
OLQNV�WR�3')�PDWHULDO�IURP�WKH�86��WKH�8.�DQG�D�VFDWWHULQJ�RI�RWKHU�FRXQWULHV�RQ�FROOHFWLRQV�FDUH�DQG�
SUHVHUYDWLRQ���,W�LV�WKLV�VHFWLRQ�PRUH�WKDQ�DQ\WKLQJ�WKDW�ZLOO�EH�RI�LQWHUHVW�WR�ORFDO�UHDGHUV��DV�PRVW�RI�
WKH�LQIRUPDWLRQ�LW�FRQWDLQV�LV�FOHDU��FRQFLVH�DQG�DXWKRULWDWLYH�±�DQG�DSSOLFDEOH�DQ\ZKHUH��
�
�
�
�
&'67�1HZV�
�
:HEVLWH�
�
:HEVLWH�SURWRW\SH�KDV�EHHQ�FRPSOHWHG��7KHUH�LV�VWLOO�D�ELW�RI�GHYHORSPHQW�ZRUN�WR�GR��EXW�WKH�ZHEVLWH�
LV�DW�D�VWDJH�QRZ�ZKHUH�LW�ZLOO�VRRQ�EH�UHOHDVHG�SXEOLFO\��$�QRWLFH�ZLOO�EH�VHQW�RXW�ZKHQ�WKLV�KDV�EHHQ�
GRQH��
�
,Q�UHODWLRQ�WR�WKH�ZHEVLWH�GHYHORSPHQW��WKH�&'67�VXEPLWWHG�D�JUDQW�DSSOLFDWLRQ�WR�WKH�/RWWHULHV�
(QYLURQPHQW�DQG�+HULWDJH�IXQG�LQ�-XQH�������7KLV�DSSOLFDWLRQ�ZDV�IRU�WKH�GHYHORSPHQW�RI�IRXU�
ERRNOHWV�IRFXVVLQJ�RQ�(PHUJHQF\�5HVSRQVH�IRU�YDULRXV�FROOHFWLRQV�DQG�HPHUJHQF\�VLWXDWLRQV��2XU�
DSSOLFDWLRQ�ZDV�VXFFHVVIXO�DQG�QRZ�/\QQ�&DPSEHOO�DQG�&\QWKLD�&ULSSV�DUH�EXV\�GRLQJ�WKH�UHVHDUFK�
DQG�FUHDWLQJ�GUDIWV�IRU�WKH�ERRNOHWV��:KHQ�FRPSOHWHG��WKH�&'67�ZLOO�DSSO\�IRU�D�IXUWKHU�JUDQW�WR�DVVLVW�
ZLWK�SXEOLFDWLRQ��DQG�DOVR�SRVW�WKH�XQSXEOLVKHG�PDQXVFULSWV�RQ�WKH�QHZ�ZHEVLWH��
�
�
�����:RUNVKRS�
�
�

7KH�&DUH�DQG�&RQVHUYDWLRQ�RI�3KRWRJUDSKV�
�

��WK�DQG���WK�-XO\������
�

,QVWUXFWRU��0DUN�6WUDQJH��3KRWRJUDSK\�&RQVHUYDWRU��1DWLRQDO�/LEUDU\�RI�1HZ�=HDODQG�
�

9HQXH��51=$)�0XVHXP�:LJUDP�
0D[LPXP�SDUWLFLSDQWV����

�
)RU�IXUWKHU�LQIRUPDWLRQ�RU�WR�UHJLVWHU�\RXU�LQWHUHVW�FRQWDFW�/\QQ�&DPSEHOO�

�����������RU�O\QQ�FDPSEHOO#FFF�JRYW�Q]�
�
�
�
/RJR�
�
$QG�ODVWO\��WKH�&'67�KDV�D�QHZ�ORJR��SUHVHQWHG�IRU�WKH�ILUVW�WLPH�DW�WKH�WRS�RI�SDJH�RQH�RI�WKLV�
QHZVOHWWHU��


