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 &RQWDFWV� �� � %ORJ�� � � 1HZV�/HWWHU�� � � &RQWDFW�� � � � $UFKLYH
 �
 /LJKWZRUNV�,Q�DQ�XQXVXDO�UHYHUVDO� �FROG �ODVHU�WKHUDS\�ZDV�XVHG�RQ�SHRSOH �GHFDGHV�EHIRUH �
 LW�ZDV�WULHG� RQ�GRJV� �&ROG�ODVHUV��ORZ�OHYH O�ODVHUV�RU �O LJKW�HPLWW LQJ�GLRGHV��DUH �
 QRQLQYDVLYH �DQG� DUH�PRVW�RIWHQ�XVHG� WR�KH OS �GRJV�VXIIHULQJ� IURP�DU WKU LW LV� �
 G\VSODVLD�RU� RWKHU �PXVFXORVNHOH WDO�SDLQ��7KH�ODVHU¶V�UHG�OLJKW�SHQHWUDWHV� WKH�
 VNLQ�DQG�UHGXFHV�SDLQ�DQG� LQIODPPDWLRQ�E\ �VWLPXODWLQJ� FLUFXODWLRQ� �2YHU �WKH�
 SDVW�I HZ�\HDUV�� ODVHU �WHFKQRORJ\�KDV�LPSURYHG� DQG�VR�� UHSRUWHGO\ �� KDYH� WKH �
 UHVXOWV��
 $QRWKHU� W\SH� RI� OLJKW �LV�VDLG�WR�KHOS�6$'�GRJV²WKRVH�ZKR�VXII HU� IURP�
 VHDVRQDO�DI IHFWLYH �GLVRUGHU� �$�QHZ�3RUWODQG�EDVHGFRPSDQ\�LV �FUHDWLQJ� OLJKW �
 ER[HV� VLPLODU �WR�WKRVH�XVHG�E\�KXPDQV��LQ�I DFW �� WKH �IRXQGHU �ZDV� LQVSLUHG�E\�
 VHH LQJ�KRZ�ZH OO� KLV�GRJ�UHVSRQGHG�WR�WKH� OLJKW �ER[�KH�XVHG� WR�WUHDW�KLV �RZQ�
 LQVRPQLD��7DNHQ� LQ�URXJKO\ ����PLQXWH �GRVHV� �WKH� EULJKW �ZKLWH� OLJKW �LV �
 WKRXJKW� WR� LQFUHDVH�OHYHOV �RI�VHURWRQLQ�DQG�WKXV��D �IHHOLQJ�RI�RYHUDOO�ZHOO�
 EHLQJ� �ZKLFK�GRJV� VHHP� WR� HQMR\ �DV�PXFK�DV�ZH�GR��
 &DQLQH�*HQRPH�7RGD\� �LQVLGH �WKH� HOHJDQW� GRXEOH�KHOL[ �RI �WKH� FDQLQH�JHQRPH�� VFLHQFH� LV �
 VHDUFKLQJ�IRU �DQVZHUV�WR�KHDOWK�SUREOHPV�SODJXLQJ�ERWK�SHRSOH �DQG�GRJV� �
 7KH LU� VHDUFK� LV� JXLGHG�E\� WKH�PDS�FRPSOHWHG�LQ������E\ �WHDPV� LQYROYHG�LQ�
 WKH ��� 7KLV�PDS�KDV�EHFRPH� D� YDOXDEOH �WRRO�LQ�LGHQWLI\LQJ�JHQHWLF�PDUNHUV�IRU �
 GLVHDVHV�FRPPRQ� WR�ERWK�VSHFLHV�� WR� GDWH� �PRUH �WKDQ�����GLVRUGHUV� IRXQG�LQ�
 KXPDQV�KDYH �DOVR�EHHQ�GHVFULEHG�LQ�GRJV��7KH�QH[W�VWHS �KDV� EHHQ� WR�ORRN�IRU�
 WUHDWPHQWV� �/DVW �\HDU �� D�&DOLIRUQLD�EDVHG�FRPSDQ\�EHJDQ� WHVWLQJ� D��
 JHQHWLFDOO\ �HQJLQHHUHG� YLUXV�WKDW ��LW� LV� KRSHG��ZLOO�DQQLKLODWH� WXPRU �FHOOV� �$OVR�LQ����� �� D�8QLYHUVLW\� RI�
 3HQQV\OYDQLD� UHVHDUFK�WHDP�VWXG\LQJ� DQRWKHU �VKDUHG�GLVRUGHU ��;�OLQNHG�UHWLQLWLV �S LJPHQWRVD� �ZKLFK�LV�
 FDXVHG�E\�GHIHFWV� LQ� WKH�53*5�JHQH�� IRXQG�WKDW �D �WKHUDSHXWLF�53*5�JHQH� FDQ�EH�GHOLYHUHG�VSHFLI LFDOO\�WR�
 GLVHDVHG�URGV�DQG� FRQHV�YLD� D�JHQHWLFDOO\ �PRGLILHG� YLUXV��
 6ZDEELQJ�WKH�'RJ�'RJ"�&KHFN� �%XFFDO�VZDE"�&KHFN� �$SSO\� WKH �ODWWHU �WR�WKH� IRUPHU�� LQVLGH� RI� FKHHN��5XE �IRU� ���VHFRQGV��9RLOj� �
 '1$�FROOHFWHG��8QWLO� IDLUO\� UHFHQWO\ ��ZH� FRXOG�RQO\ �ZRQGHU� LI �SRWHQWLDO �SURE OHPV� OXUNHG�LQ� RXU �FR�SLORWV ¶�
 '1$��1RZ��KRZHYHU� �LW ¶V �SRVVLEOH� WR� NQRZ²PD\EH �QRW� HYHU\WKLQJ�DQG�PD\EH �QRW� ����SHUFHQW�� EXW�DW� OHDVW�
 WKH �SUREDELOLWLHV� �7KDQNV� WR�WKH�2UWKRSHGLF�)RXQGDWLRQ�IRU�$QLPDOV�DQG� WKH �8QLYHUVLW\� RI�0LVVRXU L�&ROOHJH�
 RI9HW0HGLFLQH ��,�NQRZ�WKDW �P\�GRJ�KDV� WZR�QRUPDO�FRSLHV� RI� WKH�JHQH�WKDW�� LI �PXWDWHG�� SXWV� D�GRJ�DW �ULVN�IRU�
 GHJHQHUDWLYH�P\H ORSDWK\ ��LQ�KXPDQV�� LW ¶V� NQRZQ�DV�/RX�*HKULJ¶V�GLVHDVH���1RZ�,� FDQ�VWDUW�ZRUU\ LQJ�DERXW�
 VRPHWKLQJ�H OVH�6 WHP�&HOO�5HVHDUFK�,Q�WKH� ILHOG �RI�UHJHQHUDW LYH�PHGLFLQH ��ZKLFK� VHDUFKHV�IRU �LQQRYDW LYH �
 WKHUDSLHV�WKDW�DOORZ� WKH�ERG\�WR� UHSDLU�DQG�UHVWRUH �GDPDJHG�RU�GLVHDVHG�WLVVXHV�� VWHP� FHOOV �RI IHU�RQH� RI �WKH�
 EHVW�KRSHV� IRU�VXFFHVV� �3DUW �RI �WKH� ERG\¶V� UHSDLU�WHDP�� VWHP� FHOOV �DUH� XQVSHFLDOL]HG�FHOOV� WKDW� FDQ�UHQHZ�
 WKHPVH OYHV� DQG�FDQ�VRPHWLPHV�EHFRPH� VSHFLILF�FHOOV�ZLWK� VSHFLDO� IXQFW LRQV� �,Q�1RYHPEHU �RI �ODVW �\HDU ��WKH �
 7HFKQR�'RJV �
 )@�+9��(9-
 ��<RX�PLJKW�VD\�WKDW�GRJV�ZHUH�RXU�ILUVW�KLJK�WHFK�SURMHFWV��$V�ZH�FR�HYROYHG��ZH�OHDUQHG�KRZ�WR�GLUHFW�DQG�GHYHORS�GRJV·�VNLOOV�WR�EHQHILW�RXUVHOYHV�DQG�WR�H[WHQG�RXU�UHDFK��)DVW� IRUZDUG�WR�WKH���VW�FHQWXU\��DQG�GHYHORSPHQWV�LQ�WHFKQRORJ\�DUH�EODVWLQJ�DW�XV�DW�ZDUS�VSHHG��)URP�WKH�EDVLF��FRQYHUWLQJ�SRR�WR�SRZHU��WR�WKH�MDZ�GURSSLQJ��JURZLQJ�ELRQLF�ERQH���WHFKQRORJ\�KROGV�D�SURPLVH�RI�EHWWHU�OLYHV³ QRW�WR�PHQWLRQ�VRPH�SUHWW\�FRRO�JL]PRV³ IRU�XV�DOO��+HUH�DUH�D�IHZ�KLJKOLJKWV�
 UHVXOWV� RI� D� WULDO �FRQGXFWHG�DW �WKH�8QLYHUVLW\ �RI�&DPEULGJH �VKRZHG�VSLQDO� FRUG�
 UHJHQHUDWLRQ� LQ�GRJV�ZLWK� VHYHUH� VSLQDO�FRUG�LQMXULHV� �PDQ\�RI�ZKRP�ZHUH�
 'DFKVKXQGV���7KLUW\�IRXU�SHW �GRJV�WRRN�SDUW �LQ�WKH� WULDO��WKRVH�ZKR�UHFHLYHG�D�
 WUDQVSODQW� RI �ROIDFWRU\ �HQVKHDWKLQJ� FH OOV²�ZKLFK�FDPH� IURP� WKHLU �RZQ�QRVHV²
 KDG�VLJQLILFDQW� LPSURYHPHQWV����
 )HDWXUH�$UWLFOH
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