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SUHGHWHUPLQHG�W\SH�WKDW�DUH�ZLWKLQ�UDQJH��<RXU�PDUNHWLQJ�PDWHULDOV�VWDWH��ILUH��ZLOGHUQHVV�
DYDODQFKH��HDUWKTXDNH�>SLFWXUHV�RI�DOO�IRXU@���,Q�WKUHH�WR�ILYH�VHFRQGV��'./
V�UHYROXWLRQDU\�KDQGKHOG

GHWHFWRUV�FDQ�ILQG�DQG�WUDFN�D�SHUVRQ�XS�WR�����\DUGV�DZD\�

,�WULHG�D�/LIH*XDUG���NQRZLQJ�LQ�DGYDQFH�WKH�LGHRPRWRU�HIIHFW�LOOXVLRQ��FRPPRQ�WR�GRZVLQJ
URGV��7KXV�,�GLGQ
W�PLVLQWHUSUHW�VXEWOH�WLOWLQJ��PXOWLSO\LQJ�WKH�JUDYLWDWLRQDO�WRUTXH�RQ�WKH
GHYLFH��,�ZDV�XQDEOH�WR�IHHO�DQ\�WRUTXH��DFFHOHUDWLRQ��YLEUDWLRQ��(YHQ�LI�KDG�IHOW�VRPHWKLQJ��,
,�FRXOG�KDYH�EH�PLVOHG�E\�WKH�LGHRPRWRU�HIIHFW����WKXV��WKH�LPSRUWDQFH�RI�ULJRURXV�GRXEOH�
EOLQG�WHVWLQJ�RI�DQ\WKLQJ�DV�VXEMHFWLYH�DV��IHHOLQJ�D�WRUTXH���$QG��WKH�8�6��'HSDUWPHQW�RI
(QHUJ\�FRQGXFWHG�ULJRURXVO\�FRQWUROOHG�VFLHQWLILF�WHVWV�RI�WKH�/LIH*XDUG���XQGHU
FRQGLWLRQV�DJUHHG�WR�EHIRUH�WKH�WHVW�E\�'./�WR�EH�ZLWKLQ�WKH�VSHFLILFDWLRQ�RI�WKH�GHYLFHV�
>0XUUD\��'DOH�:���6SHQFHU��)OR\G�:���6SHQFHU��'HEUD�'���'RXEOH�%OLQG�(YDOXDWLRQ�RI�WKH
/LIH*XDUG�0RGHO�����8�6��'HSDUWPHQW�RI�(QHUJ\��6DQGLD�1DWLRQDO�/DERUDWRULHV��2IILFH�RI
6DIHJXDUGV�DQG�6HFXULW\��5HSRUW�6DQG��������8&������0D\�����@��,Q�WKHVH�GRXEOH�EOLQG
WHVWV��WKH�/LIH*XDUG�IDLOHG�WR�SHUIRUP�DV�VWDWHG��DQG�ZDV�QR�EHWWHU�WKDQ�UDQGRP�JXHVVLQJ���
DQ\�SRVW�KRF�UDWLRQDOL]DWLRQV�DQG�VFXUULORXV�DVVHUWLRQV�DJDLQVW�WKH�'HSDUWPHQW�RI�(QHUJ\
ODERUDWRULHV�QRWZLWKVWDQGLQJ��1RWH�WKDW�,�KDYH�QR�FRQQHFWLRQ�ZKDWVRHYHU�ZLWK�WKH
'HSDUWPHQW�RI�(QHUJ\��WKH�'2(�6DQGLD�/DEV��RU�DQ\�RI�WKHLU�DIILOLDWHG�FRPSDQLHV�

7KHUHIRUH��P\�VWDWHPHQW��WKDW�WKH�GHYLFH�LV�XVHOHVV����IRU�WKH�SXUSRVHV�\RX�VWDWH��DQG�LQ�WKH
FRQWH[W�RI�P\�ZHE�SDJH��IRU�SXUSRVHV�RI�XUEDQ�RU�ZLOGHUQHVV�VHDUFK����LV�EDVHG�RQ�DQG
FRQVLVWHQW�ZLWK�WKH�RIILFLDO�8�6��*RYHUQPHQW�WHVWV�RI�\RXU�GHYLFH��DQG�LV�WUXH�

����7KHVH�GHYLFHV��ZKLFK�VHOO�RQ�WKH��������������UDQJH��DUH�QRWKLQJ�PRUH�WKDQ�DQ
H[SHQVLYH�GRZVLQJ�URG��

7KXV�IDU��QHLWKHU�'./��QRU�DQ\�RWKHU�SHUVRQ�ZKR�KDV�FRQWDFWHG�PH��KDV�SURYLGHG�VFLHQWLILF
HYLGHQFH�WKDW�FRQWUDGLFWV�P\�VWDWHPHQWV�DQG�WKH�8�6��'HSDUWPHQW�RI�(QHUJ\�WHVWV�RI�WKH
/LIH*XDUG��GHYLFHV��6RPH�/LIH*XDUG��GHYLFHV�PD\�FRQWDLQ�DQ�HOHFWURVWDWLF�PHWHU��DQG
PD\�EH�DEOH�WR�GHWHFW�HOHFWURVWDWLF�ILHOGV�XQGHU�FHUWDLQ�OLPLWHG�FLUFXPVWDQFHV��DV
GRFXPHQWHG�LQ�-RVHSK�'RXJKHUW\
V�WHVWV�DW�$GYDQFHG�0DWHULDOV�7HFKQRORJLHV�LQ�6WDWH
&ROOHJH��3HQQV\OYDQLD���0U��'RXJKHUW\
V�WHVWV�GR�QRW�PHDQ�WKDW�WKH�GHYLFHV�DUH�DQ\�PRUH
XVDEOH�WKDQ�D�GRZVLQJ�URG�IRU�GHWHFWLQJ�SHRSOH�DW�����\DUGV��RU�WKURXJK�FROODSVHG
EXLOGLQJV��RU�GLVWLQJXLVKLQJ�OLYH�IURP�GHDG�KXPDQV��RU�GLVWLQJXLVKLQJ�OLYH�KXPDQV�IURP
OLYH�FRZV���/LNHZLVH��0U��'RXJKHUW\
V�WHVWV�DUH�LQ�QR�ZD\�UHIXWDWLRQ�RI�WKH�8�6��'HSDUWPHQW
RI�(QHUJ\�WHVWV��QRU�GRHV�WKH\�VXSSRUW�FODLPV�PDGH�E\�'./��DV�TXRWHG�IURP�'./
V�:HE
SDJH��WKDW�'./
V�QHZ�OLQH�RI�/LIH*XDUG�LQVWUXPHQWV�FDQ�ORFDWH�DQG�WUDFN�DQ\�OLYLQJ�KXPDQ�EHLQJ
PRUH�WKDQ�����\DUGV�DZD\�LQ�WKH�RSHQ�DQG�DW�VKRUWHU�GLVWDQFHV�WKURXJK�FRQFUHWH�ZDOOV��VWHHO

EXONKHDGV��KHDY\�IROLDJH��HDUWKZRUNV��RU�XS�WR����IHHW�RI�ZDWHU��$OO�WKUHH�/LIH*XDUG�PRGHOV�FDQ�GHWHFW

DQG�ORFN�RQWR�D�SHUVRQ�LQ�WKUHH�WR�ILYH�VHFRQGV��DQG�WKH\�FDQ�GLVWLQJXLVK�D�KXPDQ�IURP�DQ\�RWKHU

DQLPDO��HYHQ�D�JRULOOD�RU�DQ�RUDQJXWDQ��)RU�WKH�SXUSRVHV�VWDWHG�RQ�\RXU�:HE�SDJH��WKH�8�6�
*RYHUQPHQW�WHVWV�KDYH�VKRZQ�WKH�GHYLFH�WR�EH�QR�EHWWHU�WKDQ�UDQGRP�FKDQFH��ZKLFK�LV
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ZKDW�RQH�ZRXOG�H[SHFW�RI�D�GRZVLQJ�URG��DQG�DJDLQ�P\�DVVHUWLRQ�LV�EDVHG�RQ�DQG
FRQVLVWHQW�ZLWK�WKH�RIILFLDO�8�6��*RYHUQPHQW�WHVWV�RI�\RXU�GHYLFH��DQG�LV�WUXH�

����7KHUH�LV�QR�JRRG�VROLG�WKHRUHWLFDO�EDVLV�IRU�WKHLU�FODLPV�DERXW�WKHLU�GHYLFHV�QRU�GR
WKH\�ZRUN�LQ�FRQWUROOHG�HPSLULFDO�WHVWLQJ��

7KH�TXHVWLRQ�RI��JRRG�VROLG�WKHRUHWLFDO�EDVLV��LV�D�PDWWHU�RI�VFLHQWLILF�RSLQLRQ�DQG�GHEDWH�
DV�LV�FKDUDFWHULVWLF�RI�VFLHQWLILF�SHHU�UHYLHZ��DQG�QRW�D�VXEMHFW�DERXW�ZKLFK�DQ\�FODLP�RI
GHIDPDWLRQ�LV�OHJLWLPDWH���,I�RQH�WDNHV��ZRUN��WR�PHDQ�IXQFWLRQLQJ�LQ�WKH�PDQQHU�DQG
XQGHU�WKH�FRQGLWLRQV�FODLPHG�E\�'./�RQ�LWV�ZHE�SDJH��LQ�LWV�SDWHQW��DQG�LQ�WKH
SURPRWLRQDO�PDWHULDO�JLYHQ�WR�PH��,�KDYH�EHHQ�DEOH�WR�ILQG�QR�VXFK�VFLHQWLILF�HYLGHQFH�
'./�KDV�QRW�SURYLGHG�DQ\�VXFK�HYLGHQFH�RQ�LWV�:HE�SDJH�RU�RWKHU�SXEOLF�PDWHULDOV
DYDLODEOH�WR�PH��QRU�KDYH�\RX�LQFOXGHG�DQ\�VXFK�LQ�\RXU�OHWWHU�

,Q�\RXU�OHWWHU�\RX�GHPDQG�WKDW�,�UHWUDFW�P\�:HE�VLWH�VWDWHPHQWV��SRVW�D�QRWLFH�DERXW�P\
�ODFN�RI�VFLHQWLILF�EDFNJURXQG���ZLWKGUDZ�P\�FRQFOXVLRQV��DQG�LVVXH�DQG�HPDLO�DSRORJLHV��,
UHMHFW�WKLV�DV�XQVXSSRUWHG�E\�DQ\�IDFWXDO�FRQWHQWV�RI�\RXU�OHWWHU�RU�DQ\�RWKHU�PDWHULDO
DERXW�\RXU�GHYLFHV�FRPPXQLFDWHG�WR�PH�WKURXJK�DQ\�SXEOLF�RU�SULYDWH�PHDQV�

/HW�PH�VSHFLILFDOO\�VWDWH�WKDW�P\�EDFNJURXQG�LV�LGHDO�IRU�GHWHFWLQJ�SUREOHPV�LQ�UHVHDUFK�RQ

HOHFWURQLF�DQG�SK\VLFDO�V\VWHPV�WKDW�DOVR�GHSHQG�RQ�KXPDQ�LQWHUDFWLRQ�WR�ZRUN��DQG�DUH
GHVLJQHG�WR�GHWHFW�WKH�XQLTXH�HOHFWURQLF�VLJQDWXUH�RI�WKH�KXPDQ�KHDUW��6SHFLILF�H[DPSOHV
LQFOXGH�
� XQGHUJUDGXDWH�WUDLQLQJ�LQ�SK\VLFV��SV\FKRORJ\��DQG�PXOWLGLVFLSOLQDU\�VFLHQFHV�DW�RQH�RI

WKH�QDWLRQ
V�WRS�XQLYHUVLWLHV�
� GRFWRUDO�OHYHO�JUDGXDWH�WUDLQLQJ�LQ�WKH�PHWKRGV�RI�VFLHQWLILF�UHVHDUFK��FDUGLDF

HOHFWURSK\VLRORJ\��DQG�UHODWHG�WRSLFV�DW�RQH�RI�WKH�QDWLRQ
V�WRS�PHGLFDO�VFKRROV�
� WKUHH�\HDUV�RI�SRVWGRFWRUDO�WUDLQLQJ�LQ�LQWHUQDO�PHGLFLQH��ZKLFK�LQFOXGHV�WKH

VXEVSHFLDOW\�RI�FDUGLRORJ\��WKH�VWXG\�RI�WKH�KXPDQ�KHDUW��
� RYHU�WHQ�\HDUV�LQYROYHG�LQ�UHVHDUFK�DQG�WHDFKLQJ�RQ�WKH�PHGLFDO�VFKRRO�IDFXOW\�RI

DUJXDEO\�WKH�FRXQWU\
V�WRS�SRVWJUDGXDWH�HPHUJHQF\�PHGLFLQH�SURJUDP��DQG
� WZHQW\�IRXU�\HDUV�H[SHULHQFH�DV�DQ�DPDWHXU�UDGLR�RSHUDWRU�WHVWHG�DQG�OLFHQVHG�E\�WKH

)HGHUDO�&RPPXQLFDWLRQV�&RPPLVVLRQ�
7KLV�EDFNJURXQG�KHOSV�PH�WR�UHFRJQL]H�WKH�LPSRUWDQFH�RI�FRQWUROV�LQ�UHVHDUFK�LQ�WHVWLQJ��,Q
SDUWLFXODU��,�DSSUHFLDWH�WKH�QHHG�IRU�FRQWUROV�DJDLQVW�XQFRQVFLRXV�ELDV��VXFK�DV�GRXEOH�EOLQG
H[SHULPHQWV����HVSHFLDOO\�VR�ZKHQ�KXPDQ�LQWHUSUHWDWLRQ�LV�D�NH\�SDUW�RI�WKH�V\VWHP��7KLV
VHHPV�WR�KDYH�HVFDSHG�PDQ\�SK\VLFLVWV�ZKHQ�WKH\�YHQWXUH�LQWR�DUHDV�LQYROYLQJ�KXPDQ
ELRORJ\��SV\FKRORJ\�RU�PHGLFLQH�

,�GLUHFW�\RXU�DWWHQWLRQ�WR�8QLWHG�6WDWHV�3DWHQW�����������IRU�WKH�/LIH*XDUG��GHYLFH��DQG�LQ
SDUWLFXODU�WR�WKH�IROORZLQJ�OLQHV�
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&ROXPQ����OLQHV�������7KHVH�IRUFHV�FUHDWH�D�VXEVHTXHQW�WRUTXH�DURXQG�D�ZHOO�GHILQHG�SLYRW�OLQH�ZKHQ
WHQGV�WR�PDNH�WKH�ORFDWRU�GHYLFHªV�DQWHQQD�DQG�WKH�GHYLFHªV�RWKHU�FRPSRQHQWV�

&ROXPQ����OLQHV���������WKH�RSHUDWRU�FKDQJHV�WKH�VL[�SRVLWLRQ�VZLWFK�XQWLO�D�PD[LPXP�IRUFH�DQG
VXEVHTXHQW�UHVXOWLQJ�WRUTXH�LV�GHWHFWHG�DQG�XVHG�WR�§DLP¨�WKH�DQWHQQD�DQG�WKH�GHYLFHªV�RWKHU

FRPSRQHQW�SDUWV�WRZDUG�WKH�WDUJHW�HQWLW\�

&ROXPQ����OLQHV��������%\�KROGLQJ�WKH�ORFDWRU�����LQ�D�KRUL]RQWDO�OHYHO�SRVLWLRQ�DQG�VFDQQLQJ�WKH

ORFDWRU�GHYLFH�����LQ�D�XQLIRUP�DQG�FRQVWDQW�PRWLRQ�EDFN�DQG�IRUWK��WKH�RSHUDWRU�$�GHWHFWV�D�VHOI�

FRUUHFWLQJ�FRQVWDQW�GLUHFWLRQ�VHHNLQJ�IRUFH��DQG�WKH�VXEVHTXHQW�UHVXOWLQJ�WRUTXH�XSRQ�WKH�DQWHQQD����

DQG�WKH�ORFDWRU�GHYLFHªV�RWKHU�FRPSRQHQW�SDUWV�FDXVH�WKH�ORFDWRU�GHYLFH�WR�SRLQW�WRZDUG�WKH�GLUHFWLRQ

DQG�ORFDWLRQ�RI�WKH�YLVXDOO\�REVFXUHG�VHFRQG�KXPDQ�EHLQJ�%�

&ROXPQ����OLQHV��������%\�DGMXVWLQJ�5��5��DQG�6���WKH�LQGLYLGXDO�KXPDQ�RSHUDWRU�DQG�WKH

ORFDWRU�GHYLFH�����FDQ�EH�MRLQWO\�WXQHG�DQG�RSWLPL]HG�WR�GHWHFW�WKH�PD[LPXP�GLHOHFWURSKRUHWLF�IRUFH

DQG�VXEVHTXHQW�UHVXOWLQJ�WRUTXH�IRU�WKH�VSHFLILF�KXPDQ�EHLQJ�RSHUDWLQJ�WKH�ORFDWRU�GHYLFH������7KLV�LV

DFFRPSOLVKHG�E\�XVLQJ�D�UHIHUHQFH�HQWLW\��VXFK�DV�D�YLVLEOH�KXPDQ�EHLQJ��DQG�DGMXVWLQJ�6��DQG�5�

XQWLO�WKH�PD[LPXP�GLHOHFWURSKRUHWLF�IRUFH�DQG�VXEVHTXHQW�UHVXOWLQJ�WRUTXH�DUH�GHWHFWHG�E\�WKH

LQGLYLGXDO�KXPDQ�RSHUDWRU�

&ROXPQ����OLQHV��������7KH�GLHOHFWURSKRUHWLF�IRUFH�PDQLIHVWV�LWVHOI�DV�DQ�HDVLO\�GHWHFWHG�WRUTXH
PRWLRQ�RI�WKH�DQWHQQD�����DERXW�WKH�SLYRW�OLQH�����

7KHVH�LOOXVWUDWH�WKH�FULWLFDO�FODLPV�IRU�WKH�GHYLFH��WKDW�D�KXPDQ�FDQ�IHHO�D�GLHOHFWURSKRUHWLF
WRUTXH�¥�EXW�LQ�D�VLWXDWLRQ�ZKHUH�WKH�VOLJKWHVW�LQVHQVLEOH�WLOWLQJ�RI�WKH�GHYLFH�ZLOO�UHVXOW�LQ�D
SRZHUIXO�WRUTXH���7KXV��UHJDUGOHVV�RI�DQ\�GLHOHFWURSKRUHWLF�IRUFHV��RU�DQ\�FLUFXLWU\�LQ�WKH
GHYLFH��HIIHFWLYHQHVV�GHSHQGV�RQ�D�KXPDQ�GHWHFWLQJ�D�IRUFH�WKDW�FRXOG�EH�PDVNHG�E\�WKDW�RI
JUDYLW\�

$V�WKH�'./�:HE�SDJH�VWDWHV����:K\�GRHV�WKH�/LIH*XDUG�QHHG�DQ�RSHUDWRU�DQG�ZK\�GRHV�LW
QRW�GHWHFW�WKH�RSHUDWRU"���7KH�RSHUDWRU�PXVW�UHFRJQL]H�WKH�WRUTXH�WKDW�VLJQDOV�D
GHWHFWLRQ���$QG�UHVHDUFKLQJ�KXPDQ�GHWHFWLRQ�RI�VXEWOH��RU�QRW�VR�VXEWOH��HIIHFWV�UHTXLUHV
FRQWUROV�RI�WKH�W\SH�XVHG�LQ�PHGLFDO�VFLHQFH��L�H���GRXEOH�EOLQGHG�WULDOV�ZLWK�FRQWUROV�DJDLQVW
XQFRQVFLRXV�ELDV��$V�6LU�3HWHU�0HGDZDU�REVHUYHV�LQ�7KH�$UW�RI�WKH�6ROXEOH���,I�D�SHUVRQ��D��LV
SRRUO\���E��UHFHLYHV�WUHDWPHQW�LQWHQGHG�WR�PDNH�KLP�EHWWHU��DQG��F��JHWV�EHWWHU��WKHQ�QR
SRZHU�RI�UHDVRQLQJ�NQRZQ�WR�PHGLFDO�VFLHQFH�FDQ�FRQYLQFH�KLP�WKDW�LW�PD\�QRW�KDYH�EHHQ
WKH�WUHDWPHQW�WKDW�UHVWRUHG�KLV�KHDOWK��

,I�FDUHIXO�FRQWUROV�DJDLQVW�ELDV�DUH�QRW�XVHG��UHVHDUFKHUV�PD\�EH�PLVOHG��DV�KDV�KDSSHQHG
WLPH�DQG�DJDLQ�LQ�H[DPSOHV�RI�ZKDW��VLQFH�6LU�3HWHU�0HGHZDUªV�WLPH��KDV�EHHQ�FDOOHG
§SDWKRORJLFDO�VFLHQFH�¨��,QGHHG��VRPHRQH�ZLWK�D�PHGLFDO�EDFNJURXQG�LV�PXFK�EHWWHU�VXLWHG
WKDQ�D�SXUH�SK\VLFLVW�WR�FRPPHQW�RQ�DSSURSULDWH�UHVHDUFK�PHWKRGV�ZKHQ�D�KXPDQ
V
SHUFHSWLRQV�DUH�FULWLFDO�WR�WKH�V\VWHP
V�IXQFWLRQ�
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$V�IDU�DV�SRVWLQJ�D�OLQN�WR�WKH�'./�VLWH�IURP�P\�SHUVRQDO�VLWH��,�DJUHH�WKDW�WKLV�LV�DQ
LPSRUWDQW�FRQYHQLHQFH�IRU�YLVLWRUV�WR�P\�:HE�VLWH��DQG�,�KDYH�DGGHG�D�OLQN�WR�WKH�'./
ZHE�VLWH�IURP�P\�:HE�VLWH�

,�DP�ZLOOLQJ�WR�ZLWKGUDZ�P\�SXEOLF�FRPSODLQWV�DERXW�WKH�XVHIXOQHVV�RI�WKH�'./
/LIH*XDUG��GHYLFHV��XQGHU�WKH�IROORZLQJ�FRQGLWLRQV�

���7KDW�'./�ZLWKGUDZ�DQG�SXEOLFO\�UHIXWH�WKH�IROORZLQJ�H[RUELWDQW�FODLPV�IRU�WKH�GHYLFHV�

D� WKDW�WKH�/LIH*XDUG��FDQ�UHOLDEO\�GLVFULPLQDWH�EHWZHHQ�KXPDQ�DQG�RWKHU�VLPLODU�VL]HG
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