
��WK ,8967$�:RUNVKRS�DQG�,6)�:RUNVKRS�³(OHFWURQLF�3URFHVVHV�DQG�6HQVLQJ�RQ�WKH�1DQRVFDOH´
7KLV�ZRUNVKRS�ZDV� LQLWLDWHG�ZLWK� WKH� LQWHQW� RI� DGGUHVVLQJ� WKH� IROORZLQJ� LVVXHV� DQG�TXHVWLRQV�
8QLTXH� HOHFWURQLF� HIIHFWV� DW� WKH� QDQR�VFDOH� �&RXORPE� HIIHFWV�� UHVRQDQW� WXQQHOLQJ��TXDQWXP� VL]H� HIIHFWV��� 1DQR�GHYLFHV� �ERWK� �WRS�GRZQ�� DQG� �ERWWRP� XS����0DWHULDOV�DVSHFWV� RI� 1DQRHOHFWURQLFV� �V\QWKHVLV�� DVVHPEO\��� (OHFWURVWDWLFV� RQ� WKH� QDQRVFDOH��XQLTXH� SRODUL]DWLRQ� DQG� PDJQHWLF� HIIHFWV�� 1DQR� VFDOH� OLPLWV� WR� WKH� VSDFH� FKDUJH�FRQWUROOHG� HOHFWURQLFV�� ,QWHUSOD\� EHWZHHQ� WKHRU\� DQG H[SHULPHQW�� VHOI�DVVHPEOHG�PROHFXODU�V\VWHPV�LQ�PROHFXODU�HOHFWURQLFV��
7KH� LQWHUQDWLRQDO� RUJDQL]LQJ� FRPPLWWHH� FRQVLVWLQJ� RI� 6LGQH\� &RKHQ� �&KDLUPDQ��:HL]PDQQ� ,QVWLWXWH� ,VUDHO��� $QWRLQH� .DKQ� �3ULQFHWRQ�� 86$��� +HUEHUW� 3IQXHU��+DQQRYHU�8QLY��*HUPDQ\���$QJXV 5RFNHWW��8QLY��RI�,OOLQRLV��86$��/DUV�6DPXHOVRQ��/XQG�8QLY���6ZHGHQ���<RVVL�6KDFKDP��7HO�$YLY�8QLY���,VUDHO���DQG�6KORPR�<LW]KDLN��+HEUHZ�8QLY���,VUDHO���UHFRJQL]HG�DW�WKH�RXWVHW�WKH�GHOLFDF\�RI�WKH�SROLWLFDO�VLWXDWLRQ�LQ� WKH� 0LGGOH� (DVW�� 7KH� VLWXDWLRQ� ZDV� FORVHO\� PRQLWRUHG� DQG� DV� WKH� ZDU� LQ� ,UDT�XQIROGHG�SUHFLVHO\�RQ�WKH�VFKHGXOHG�GDWH�RI�WKH�ZRUNVKRS��WKH�GHFLVLRQ�ZDV�PDGH�WR�SRVWSRQH�WKH�ZRUNVKRS�E\���PRQWKV��IURP�VWDUW�RI�0DUFK�WR�HQG�RI�0D\��ZKLFK�IRXQG�D�PXFK� LPSURYHG�SROLWLFDO� VLWXDWLRQ�� � ,QGHHG� WKH DWWHQGHHV�DOO�PDUYHOHG�DW� WKH�ZDUP�DWPRVSKHUH�LQ�WKH�FRQIHUHQFH��ZKLFK�OHG�WR�UHOD[HG�VFLHQWLILF�GLVFXVVLRQV�ERWK�LQ�DQG�RXW� RI� WKH� FRQIHUHQFH� KDOO�� � 2YHU� ��� GHOHJDWHV� UHSUHVHQWLQJ� �� GLIIHUHQW� FRXQWULHV��$XVWULD��)UDQFH��*HUPDQ\��,VUDHO��5XVVLD��6SDLQ��86$��ZHUH�LQ�DWWHQGDQFH��
7KH� FRQIHUHQFH� RSHQHG� RQ� 6XQGD\� DIWHUQRRQ� ZLWK� D� OHFWXUH� E\� 8]L� /DQGPDQ� RI�*HRUJLD� 7HFK� HQWLWOHG� ³60$//� ,6� ',))(5(17� ± 3K\VLFV� DQG� &KHPLVWU\� LQ� WKH�1DQR�6FDODEOH�5HJLPH´�ZKLFK�KHOSHG�WR�VHW�WKH�RYHUDOO�HPSKDVLV�RI�WKH�FRQIHUHQFH�LQ�H[DPLQLQJ�WKH�SHFXOLDULWLHV�RI�QDQR�V\VWHPV�ZLWK�UHVSHFW�WR�WKHLU�HOHFWURQLF�EHKDYLRU���+HUH�� WKH�FRQFHSW�RI� WKH�³QRQ�VFDODEOH�UHJLPH´�RI�RQO\�D�IHZ�QP�VL]H�ZKHUH�VFDOLQJ�ODZV� EUHDN� GRZQ�ZDV� HPSKDVL]HG�� � 7KH� HQVXLQJ� WDONV� GHDOW� ZLWK� H[SHULPHQWDO� DQG�WKHRUHWLFDO� FRQFHSWV� LQ� TXDQWXP� FRQGXFWDQFH�� FRQVLGHULQJ� ERWK� HODVWLF� DQG� LQHODVWLF�VFDWWHULQJ�HIIHFWV���7KH�RUDO�VHVVLRQ�ZDV�FRQFOXGHG�E\�VHOHFWHG�EULHI����PLQXWH��RUDO�



SUHOXGHV� WR� SRVWHUV�� ZKLFK� ZHUH� SUHVHQWHG� LQ� D� OLYHO\� HYHQLQJ� SRVWHU� VHVVLRQ��FRPSULVLQJ����SRVWHUV��WRJHWKHU�ZLWK�GLQQHU���
0RQGD\� PRUQLQJ�� WKH� JURXS� ERDUGHG� D� FKDUWHU� EXV� DQG� WUDYHOHG� WR� (LODW�� OHDUQLQJ�DERXW�WKH�IDVFLQDWLQJ�JHRORJ\�RI�WKH�1HJHY�FUDWHUV�RQ�WKH�ZD\�E\�D�VHDVRQHG�JHRORJ\�SURIHVVRU���7KH�VFLHQWLILF�VHVVLRQV�FRQWLQXHG�WKDW�DIWHUQRRQ�ZLWK�WZR�SUHVHQWDWLRQV�RQ�TXDQWXP� GRWV� DQG� VWUXFWXUHV� � WKHRUHWLFDO� DQG� H[SHULPHQWDO�� DQG� FRQFOXGLQJ�ZLWK� D�SHUVSHFWLYH�RQ�WKH�GHWHFWLRQ�RI�VLQJOH�VSLQV�RQ�D�VXUIDFH�XVLQJ�670�
7XHVGD\� ZDV� D� IXOO� GD\�� ZLWK� PRUQLQJ�� DIWHUQRRQ�� DQG� HYHQLQJ� VHVVLRQV�� � 7KH� GD\�VWDUWHG� ZLWK� D� FRQVLGHUDWLRQ� RI� RUJDQLF� V\VWHPV� ± V\QWKHWLF� LVVXHV�� WDLORULQJ� RI�HOHFWULFDO� SURSHUWLHV� �VXFK� DV� IRU� G\H�VHQVLWL]HG� VRODU� FHOOV�� E\� XQLTXH� V\QWKHVLV� DQG�PRGLILFDWLRQ�VFKHPHV��DQG�LQWHJUDWLRQ�RI�QHXURQV�LQWR�VPDOO�HOHFWURQLF�GHYLFHV�� �7KH�PRUQLQJ� FRQWLQXHG�ZLWK� WDONV� RQ� SKRWRHOHFWURQLF� SURSHUWLHV� RI� SRURXV� VLOLFRQ�� VPDOO�GRPDLQ�FUHDWLRQ�LQ�IHUURHOHFWULFV�DFWLYDWHG�E\�DSSOLFDWLRQ�RI�DQ�LQKRPRJHQHRXV�ILHOG�DQG� XQLTXH� SURSHUWLHV� RI� TXDQWXP� URGV�� � $IWHU� DQ� DIWHUQRRQ� WULS� WR� WKH� XQGHUZDWHU�REVHUYDWRU\� DQG� DTXDULXP� RI� H[RWLF� ILVK�� WKH� DIWHUQRRQ� VHVVLRQ� ZDV� KHOG�� � 6SHFLILF�HOHFWURQLF�UHODWHG�SURSHUWLHV�VXFK�DV� WKRVH�RI�FRORU�FHQWHUV� LQ� LQVXODWLQJ�VXUIDFHV�DQG�FXUUHQW� VSHFWURVFRS\� RI� KLJK� 7F� VXSHUFRQGXFWRUV� ZHUH� GLVFXVVHG�� � 7KH� HYHQLQJ�GLVFXVVLRQ�VHVVLRQ��KHOG�DIWHU�GLQQHU��ZDV�TXLWH�OLYHO\�DQG�FRQWLQXHG�LQ�VPDOOHU�JURXSV�LQWR�WKH�VPDOO�KRXUV�RI�WKH�PRUQLQJ�
:HGQHVGD\� DQG� 7KXUVGD\� PRUQLQJ� VHVVLRQV� LQFOXGHG� VHYHUDO 630�UHODWHG�PHDVXUHPHQW� WHFKQLTXHV� DQG� SUDFWLFHV�� �1HZ�PRGHV� IRU� QDQR�VFDOH� FKDUDFWHUL]DWLRQ�VXFK� DV� QDQR�SRWHQWLRPHWU\�� .HOYLQ� 3UREH� )RUFH� *UDGLHQW� 0LFURVFRS\�� DQG� XQLTXH�DSSOLFDWLRQV� RI� HVWDEOLVKHG� WHFKQLTXHV� VXFK� DV� VFDQQLQJ� FDSDFLWDQFH�PLFURVFRS\� IRU�IHUURHOHFWULF�LQYHVWLJDWLRQV��DQG�XVH�RI�GLVWDQFH�GHSHQGHQW�HOHFWULF�IRUFH�WR�GLVWLQJXLVK�WRSJUDSKLF�DQG�HOHFWULFDO�HIIHFWV�ZHUH�LQWURGXFHG���6FDWWHUHG�DPRQJVW�WKHVH�WDONV�ZHUH�OHFWXUHV� RQ� PRGLILFDWLRQ� RI� PHWDOOLF� DQG� VHPLFRQGXFWLQJ� VXUIDFHV� E\� WKLQ� RUJDQLF�ILOPV�� WKH� FKDUDFWHUL]DWLRQ� RI� VXFK� VXUIDFHV� DQG� KRZ� WKH\� DIIHFW� VXFK� SURSHUWLHV� DV�VSLQ�VHOHFWLYH� WUDQVSRUW� RI� HOHFWURQV�� VXUIDFH�ZRUN� IXQFWLRQ��0RUH� SK\VLFDOO\�UHODWHG�WDONV� LQFOXGHG� WKHRUHWLFDO� LVVXHV� RI� SRWHQWLDO� GURS� DFURVV� D� PROHFXOH� EULGJLQJ� WZR�HOHFWURGHV�� IXQGDPHQWDOV� RI� TXDQWXP� FRPSXWLQJ�� DQG� �'� HOHFWURQ� IORZ�� � 7KH�FRQIHUHQFH�ZDV� FORVHG�ZLWK� D� WDON� RQ� WKH� XVH� RI� EDVH�VSHFLILF� UHFRJQLWLRQ� IRU� XVLQJ�'1$�DV�D�WHPSODWH�IRU�PROHFXODU�OLWKRJUDSK\�



$OWKRXJK� QR� EULHI� VXPPDU\� FDQ� GR� MXVWLFH� WR� WKH� ZHDOWK� RI� WRSLFV� DQG� LQWHUSOD\�EHWZHHQ�FKHPLVWV�DQG�SK\VLFLVWV��H[SHULPHQWDOLVWV�DQG�WKHRUHWLFLDQV�DW�WKH�PHHWLQJ��D�IHZ� LVVXHV� ZKLFK� DURVH� GXULQJ� WKH� JHQHUDO� GLVFXVVLRQ� VHVVLRQV� DQG� LQ� TXHVWLRQ� DQG�DQVZHU�SHULRGV�DUH�ZRUWK\�RI�PHQWLRQ�
���(OHFWURQ�WUDQVSRUW�WKURXJK�PROHFXOHV��UDQJLQJ�IURP�'1$�GRZQ�WR�UHODWLYHO\�VKRUW�RUJDQLF�PROHFXOHV��LV�QRW�D���'�SUREOHP���:H�QHHG�WR�DOVR�EUHDN�DZD\�IURP�WKLQNLQJ�RI� WKHVH�V\VWHPV�DV�PROHFXODU�ZLUHV�IRU�HOHFWURQ�IORZ��&KDUJH WUDQVSRUW� LQ�'1$��IRU�LQVWDQFH��LV�E\�LRQV�ZKLFK�SODFHV�VWULFW�UHTXLUHPHQWV�RQ�WKH�FKHPLFDO�HQYLURQPHQW�
��� 7KH� LQIOXHQFH� RI� WKH�PROHFXOH�HOHFWURGH� FRQWDFW� LV� SRRUO\� XQGHUVWRRG�� DQG� OLNHO\�OHDGV� WR�PDQ\� RI� WKH� LQFRQVLVWHQFLHV� IRXQG� LQ� WKH� OLWHUDWXUH�� )XUWKHU�� JROG� LV� D� YHU\�SRRU�FKRLFH�RI�HOHFWURGH�VLQFH�LW�LV�QRW�VWDEOH�DW�URRP�WHPSHUDWXUH���6LQFH�PDQ\�VXFK�K\EULGH� PHWDO�RUJDQLF� V\VWHPV� UHO\� RQ� D� WKLRO�OLQNDJH� EHWZHHQ� PROHFXOH� DQG�HOHFWURGH��RWKHU�VROXWLRQV�VKRXOG�EH�VRXJKW�
��� &RPSDULVRQV� FRQWLQXH� WR� EH� PDGH� EHWZHHQ� ³FKHPLFDO´� QDQRVWUXFWXUHV� �H�J���FROORLGDO�TXDQWXP�GRWV��VHOI�DVVHPEOHG�PROHFXODU�ILOPV��WR�³SK\VLFDO´�QDQRVWUXFWXUHV��WKRVH� JURZQ� E\�0%(�� � ,W� VHHPV� WKDW� ERWK� KDYH� WKHLU� SODFH�� �:KHUHDV� SK\VLFDO� GRWV�HQMR\� FHUWDLQ� DGYDQWDJHV� VXFK� DV� ORZ� EDUULHU� IRU� GRW�GRW� WUDQVSRUW�� QR� VXUIDFH�SDVVLYDWLRQ�UHTXLUHG��WKDW�LV��WKH�OLJDQG�ZKLFK�LWVHOI�KDV�XQLTXH�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV����WKH�FKHPLFDO�GRWV�HQMR\�HDV\�DQG�ORZ�FRVW�SUHSDUDWLRQ��SRVVLELOLW\�WR�YDU\�WKH� SURSHUWLHV� FRQWLQXRXVO\� E\� FRQWURO� RI� QDQRSDUWLFOHV� GLPHQVLRQV�� DQG� JRRG�IOH[LELOLW\�LQ�W\SH�DQG�VKDSH�
���*UHDW� VWULGHV� LQ� FKHPLFDO� V\QWKHVLV�DOORZ� ILQH�WXQLQJ�RI� VXUIDFHV�DV�HYLGHQFHG�E\�ODUJH� GLIIHUHQFHV� LQ� WUDQVSRUW� DQG� RWKHU� SURSHUWLHV� VHHQ� EHWZHHQ� DOLSKDWLF� DQG�FRQMXJDWHG�V\VWHPV�
7KH� FORVLQJ� GLQQHU�� KHOG� LQ� D� %HGRXLQ� WHQW� LQ� WKH�7LPQD� YDOOH\� DQG� DQFLHQW� FRSSHU�PLQHV� MXVW� QRUWK� RI� (LODW�� DOORZHG� XV� WR� PDUYHO� DW� QDWXUH� DQG� PDQ¶V� FRQWLQXLQJ�DGDSWDWLRQ�WR�LW�LQ�RUGHU�WR�IXUWKHU�KLV�WHFKQRORJLFDO�QHHGV�± �����\HDUV�DJR�DV�ZHOO�DV�WRGD\�


