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)LJXUH����$Q�,&(�*%�WUHH��IRU�WKH�VHQWHQFH�0\�FROOHDJXH�HGLWHG�WKLV�XQUHDGDEOH�ERRN��

� 6HH�ZZZ�XFO�DF�XN�HQJOLVK�XVDJH�LFH�JE��ZKHUH�LQIRUPDWLRQ�DERXW�WKH�FRUSXV�DQG�VRIWZDUH�GRZQORDGVDUH�DYDLODEOH�IRU�UHYLHZ�� *ORVV� �IHDWXUHV� DUH� LQ� LWDOLFV��� 38 SDUVH� XQLW�� &/ FODXVH�� PDLQ PDLQ�� PRQWU PRQRWUDQVLWLYH�SDVW SDVW� WHQVH�� 68 VXEMHFW�� 13 QRXQ� SKUDVH�� '7 GHWHUPLQHU�� '73 GHWHUPLQHU� SKUDVH�'7&( FHQWUDO� GHWHUPLQHU�� 3521 SURQRXQ�� SRVV SRVVHVVLYH�� VLQJ VLQJXODU�� 13+' 13� KHDG�1 QRXQ�� FRP FRPPRQ�� 9% YHUEDO�� 93 YHUE� SKUDVH��09% PDLQ� YHUE�� 9 YHUE�� 2' GLUHFW� REMHFW�GHP GHPRQVWUDWLYH�� 1335 13� SUHPRGLILHU�� $-3 DGMHFWLYH� SKUDVH�� $-+' DGMHFWLYH� KHDG�$'- DGMHFWLYH��DWWUX DWWULEXWLYH��JH JHQHUDO�
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,Q�WKLV�UHSUHVHQWDWLRQ�HDFK�QRGH��ER[��LV�DVVLJQHG�D�IXQFWLRQ ODEHO��WRS�OHIW���D�FDWHJRU\ODEHO� �WRS� ULJKW��� DV� ZHOO� DV� IHDWXUHV �ORZHU� SDUW� RI� WKH� ER[�� ZKLFK� PD\� SHUFRODWHXSZDUGV��H�J��WKH�IHDWXUHV��µPRQWU¶�DQG�µSDVW¶�KDYH�SHUFRODWHG�XS�IURP�WKH�YHUE�HGLWHGWR�WKH�KLJKHVW�OHYHO��38���,&(�*%�FRQWDLQV���������ZRUGV�RI�WUDQVFULEHG�VSHHFK�DQG��������ZRUGV�RI�ZULWWHQ�(QJOLVK�7KH�//&�FRPSRQHQW�RI�'&36(�KDV�EHHQ�DQQRWDWHG�LQ�WKH�VDPH�ZD\�����7KH�H[SORUDWLRQ�RI�,&(�*%2QFH�FRUSRUD�KDYH�EHHQ�FRQWUXFWHG� WRROV�PXVW�EH�GHYHORSHG� WR�H[SORLW� WKHP��$W� WKH6(8� ZH� GHYHORSHG� ,&(&83� �WKH� ,QWHUQDWLRQDO� &RUSXV� RI� (QJOLVK� &RUSXV� 8WLOLW\3URJUDPPH��� ZKLFK� DOORZV� XVHU�IULHQGO\�� IDVW� DQG� HIIHFWLYH� JUDPPDWLFDO� VHDUFKHV�&HQWUDO� WR� WKH�H[SORLWDWLRQ�RI�DQ\�GDWDVHW�� LQFOXGLQJ�D�SDUVHG�FRUSXV�� LV� WKH�TXHU\��$FRUSXV� TXHU\� LV� EHVW� XQGHUVWRRG� DV� DQ� DEVWUDFW� SDWWHUQ�ZKLFK� UHSUHVHQWV� D� SDUWLFXODUW\SH� RI� OLQJXLVWLF� VWUXFWXUH�� ,Q� D� FRUSXV� FRQVLVWLQJ� RQO\� RI� SODLQ� WH[W�� D� TXHU\�PLJKWVLPSO\�EH�D�VWULQJ�RI�FKDUDFWHUV�RU�ZRUGV��RU�D�ZLOGFDUG��,I�WKH�FRUSXV�FRQWDLQV�SDUW�RIVSHHFK� �326� WDJV�� WKHQ� RQH� FDQ� H[SUHVV� D� TXHU\� H[SORLWLQJ� WKHVH� WDJV�� H�J�� RQH� FDQVHDUFK�IRU�D�SURQRXQ�IROORZHG�E\�D�YHUE��0XFK�PRUH�LQWHUHVWLQJO\��TXHULHV�SHUIRUPHGRQ�D�SDUVHG�FRUSXV�DUH�DEOH�WR�H[SORLW�WUHH�FRQILJXUDWLRQV�DQG�H[WUDFW�SDUWLFXODU�NLQGVRI�VWUXFWXUHV��H�J��D�YHUE�IROORZHG�E\�D�GLUHFW�REMHFW�DQG�DQ�DGMXQFW��RU�D�QRXQ�SKUDVHFRQWDLQLQJ�DQ�DGMHFWLYH�SKUDVH�
,Q� D� SUHYLRXV� SURMHFW� �(65&� 5����������� ZH� FRQFHQWUDWHG� RQ� WKH� UHWULHYDO� RIJUDPPDWLFDO�VWUXFWXUHV� LQ�D�SDUVHG�FRUSXV��GHYHORSLQJ�D� V\VWHP�RI� VWUXFWXUDO�TXHULHVZKLFK�ZH�FDOO�)X]]\�7UHH�)UDJPHQWV �)7)V��:DOOLV�DQG�1HOVRQ������D��� $Q�)7)�LV�DNLQG�RI�V\QWDFWLF�VHDUFK�ZLOGFDUG�ZKLFK�FDQ�EH�FRQVWUXFWHG�E\�XVHUV�� H[SUHVVHG�DV�DSDUWLDO�WUHH��)LJXUH ����-XVW�OLNH�IXOO�WUHHV��)7)V�FRQWDLQ�QRGHV�DQG�OH[LFDO�LWHPV��ERWKRI� ZKLFK� FDQ� EH� PRUH� RU� OHVV� FRPSOHWHO\� VSHFLILHG� �KHQFH� IX]]\��� DFFRUGLQJ� WR� WKHXVHU¶V� QHHGV�� /LQNV� EHWZHHQ� QRGHV� PD\� EH� VSHFLILHG� H[DFWO\� RU� LQH[DFWO\�� )RUH[DPSOH�� LQ� )LJXUH �� WKH� XVHU� PD\� VSHFLI\� WKDW� WKH� VXEMHFW� 13� PXVW� LPPHGLDWHO\SUHFHGH�WKH�YHUE�SKUDVH��RU�DOORZ�IRU�WKHUH�WR�EH�LQWHUYHQLQJ�PDWHULDO��H�J��D�VHQWHQFHDGYHUE��6LPLODUO\��D�XVHU�PD\�LQVLVW�WKDW�D�SDUWLFXODU�QRGH�LV�WKH�ODVW�RQH�LQ�D�VHTXHQFHRI�QRGHV��7KH�UHVXOW�LV�DQ�LQWXLWLYH�VHDUFK�V\VWHP�IRU�JUDPPDWLFDO�TXHULHV�
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)LJXUH����D�VLPSOH�)7)�PDWFKLQJ�D�FODXVH�ZLWK�D�VXEMHFW�13�DQG�D�YHUE�SKUDVH)7)V� IRUP� WKH� FHQWUHSLHFH� RI� D� FRUSXV� H[SORUDWLRQ�� DQQRWDWLRQ� DQG� PDLQWHQDQFHSODWIRUP�� ,&(&83� VXSSRUWV� WKH� FRQVWUXFWLRQ� RI� )7)V�� WKH� HIILFLHQW� UHWULHYDO� RIPDWFKLQJ�VWUXFWXUHV�DQG�WKH�EURZVLQJ�RI�UHVXOWV��,W�DOVR�DOORZV�OLQJXLVWV�WR�VHDUFK�IRUORJLFDO� FRPELQDWLRQV� RI� )7)V�� ,Q� DGGLWLRQ�� D� µZL]DUG¶� WRRO� LQ� ,&(&83� OHWV� XVHUVH[WUDFW�D�PRUH�JHQHUDO�)7)�IURP�DQ�H[LVWLQJ�WUHH�LQ�WKH�FRUSXV��DOORZLQJ�WKHP�WR�ILQGPDQ\�PRUH� FDVHV� RI� WKH� VDPH� VWUXFWXUH��$V� D� UHVXOW�� XVHUV� FDQ� OHDUQ� WKH� XQGHUO\LQJJUDPPDU� WKURXJK� D� SURFHVV� RI� FRUSXV� H[SORUDWLRQ�� D� EHQHILW� IRU� H[SHULHQFHGUHVHDUFKHUV� DQG�QRYLFHV� DOLNH��)X]]\�7UHH�)UDJPHQWV�KDYH�EHHQ�XVHG� IRU� WKHRUHWLFDO
� 6HH�ZZZ�XFO�DF�XN�HQJOLVK�XVDJH�IWIV�IRU�D�GHWDLOHG�GHVFULSWLRQ�RI�)7)V��OLQNV�DQG�HGJHV��,&(&83�LVDYDLODEOH��ZLWK�VDPSOH�FRUSXV�DQG�GRFXPHQWDWLRQ��IURP�ZZZ�XFO�DF�XN�HQJOLVK�XVDJH�LFH�JE�VDPSOHU�
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V\QWDFWLF�UHVHDUFK��WHDFKLQJ��GLFWLRQDU\�FRQVWUXFWLRQ��NQRZOHGJH�GLVFRYHU\��:DOOLV�DQG1HOVRQ���������DQG�FRUSXV�H[SHULPHQWDWLRQ �1HOVRQ��:DOOLV�DQG�$DUWV��������:DOOLV�����E��
���2EMHFWLYHV$V�PHQWLRQHG�DERYH�WKH�SULQFLSDO�REMHFWLYH�RI� WKLV�SURMHFW�KDV�EHHQ�WKH�FRQVWUXFWLRQRI�DQ���������ZRUG� WH[W�FRUSXV�RI� VSRNHQ�(QJOLVK� WR�SURYLGH� D�XQLTXH�SODWIRUP� IRUUHVHDUFK�LQ�UHFHQW�FKDQJH�LQ�JUDPPDU�DQG�OH[LV�7KLV� UHVRXUFH��ZKLFK� ZH� FDOO� D�'LDFKURQLF� &RUSXV� RI� 3UHVHQW�'D\� 6SRNHQ� (QJOLVK�'&36(���ZLOO�DOORZ�UHVHDUFKHUV�WR�LQYHVWLJDWH�FKDQJHV�LQ�WKH�JUDPPDU�DQG�XVDJH�RI3UHVHQW�'D\� (QJOLVK� RYHU� D� SHULRG� RI� ��� \HDUV�� '&36(� GLIIHUV� IURP� )/2%� DQG)52:1��VHH�VHFWLRQ������LQ�D�QXPEHU�RI�LPSRUWDQW�ZD\V��)LUVWO\��WKH�FRUSXV�LV�XQLTXHLQ� FRQWDLQLQJ� H[FOXVLYHO\� VSRQWDQHRXV� VSRNHQ�(QJOLVK�� ,Q� GXH� FRXUVH�ZH� KRSH� WRSURYLGH� D� SOD\EDFN� IDFLOLW\� HQDEOLQJ� OLQJXLVWV� WR� OLVWHQ� WR� WKH� RULJLQDO� UHFRUGLQJV�6HFRQGO\�� WKH� FRUSXV� LV� SDUVHG� ZKLFK� ZLOO� SHUPLW� UHVHDUFK� LQWR� V\QFKURQLF� DQGGLDFKURQLF� JUDPPDWLFDO� YDULDWLRQ�� 7KLUGO\�� WKH� FRUSXV� LV� IXOO\� VHDUFKDEOH XVLQJ� WKH,&(&83�VRIWZDUH�WKDW�ZH�GHYHORSHG�IRU�,&(�*%��7KLV�VRIWZDUH�KDV�EHHQ�PRGLILHG�WRRSHUDWH�RQ�WKH�QHZ�GDWD�'&36(�ZLOO�EH�D�PDMRU�QHZ�UHVRXUFH�FRPSOHPHQWLQJ�WKH�)UHLEXUJ�FRUSRUD��DOORZLQJDFFHVV�IRU�WKH�ILUVW�WLPH�WR�UHFRUGLQJV�WKDW�FRXOG�KLWKHUWR�RQO\�EH�OLVWHQHG�WR�DW�WKH�6(8SUHPLVHV�
$LPV�DQG�REMHFWLYHV��DV�OLVWHG�LQ�WKH�5HVHDUFK�3URSRVDO��DQG�KRZ�WKH\�KDYH�EHHQDFKLHYHG�
�� 6HOHFW�D�WRWDO�RI���������ZRUGV�RI�VSRNHQ�(QJOLVK�IURP�FRPSDUDEOH�FDWHJRULHVLQ�WKH�//&�DQG�LQ�,&(�*%����������ZRUGV�IURP�HDFK�FRUSXV���7KH�GHVLJQ�RIWKHVH� FRUSRUD� LV� VLPLODU�� DQG� LW� ZLOO� WKXV� EH� SRVVLEOH� WR� VHOHFW� LGHQWLFDOFDWHJRULHV� RI� VSRQWDQHRXV� VSRNHQ� (QJOLVK�� ,Q� HDFK� FDVH� ZH� ZLOO� VHOHFW� DPDWFKLQJ�SDLU�RI�WH[WV��DQG�FURVV�FKHFN�WKH�VWUXFWXUDO�PDUNXS�DQG�WDJJLQJ�LQWKH�//&�&RPSOHWHG��6HH�$SSHQGL[���IRU�D�OLVW�RI�WKH�WH[WV�VHOHFWHG�IURP�WKH�//&�DQG�,&(�*%��� ,QWHJUDWH�WKH�//&�DQG�,&(�*%�PDWHULDO�&RPSOHWHG� //&�WH[WV�ZHUH�ODEHOOHG�µ'/�[QQ¶�DQG�,&(�*%�WH[WV�ODEHOOHG�µ',�[QQ¶ZKHUH�[�VWDQGV�IRU�D�FDWHJRU\� ODEHO�DQG�QQ IRU�D� WZR�GLJLW�QXPEHU��7KHVH� UHSODFHSUHYLRXV� LQGH[� ODEHOV�� $� QXPEHU� RI� SURFHVVHV� ZHUH� FDUULHG� RXW� WR� QRUPDOLVH� WKHDQQRWDWLRQ� �VHH� EHORZ��� 6RPH� YHU\� ORQJ� PRQRORJXH� XWWHUDQFHV� �!������ ZRUGV�ZHUH� LQLWLDOO\� EURNHQ� LQWR� IHDVLEOH� VHJPHQWV�� 7KHVH� FRXOG� WKHQ� EH� UHDG� LQWR,&(&83� DQG� LQGH[HG� LQ� DQ� LQWHJUDWHG� IDVKLRQ��:H� DOVR� GHFLGHG� WR� DOORZ� FRUSXVFRUUHFWRUV� WR�PDQXDOO\� DOWHU� WKH� VHJPHQWDWLRQ�GXULQJ� WKH� SDUVH� FRUUHFWLRQ� SURFHVV
� $FFRUGLQJ� WR� RXU� HVWLPDWHV�� WKHUH� DUH� RQO\�XQGHU� D�PLOOLRQ�ZRUGV� RI� SXEOLFO\� DYDLODEOH�� SDUVHG� DQGFKHFNHG��RUWKRJUDSKLFDOO\�WUDQVFULEHG�VSRNHQ�PDWHULDO��RI�ZKLFK���������DUH�LQ�,&(�*%����������LQWKH�3HQQ�7UHHEDQN�DQG��������� LQ�*HRIIUH\�6DPSVRQ¶V�&+5,67,1(�FRUSXV��&+5,67,1(�LQFOXGHVDERXW�RQH�WHQWK�RI�WKH�//&�ZLWK�WKH�SURVRGLF�DQQRWDWLRQ�UHPRYHG�
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�VHH���F��EHORZ��� WR� IROORZ� WKH� VDPH�JHQHUDO� VHPDQWLF� FULWHULD� DV�ZHUH� XVHG�ZLWK,&(�*%��� 0RGLI\� ,&(&83� WR� KDQGOH� WKH� FRPELQHG� GDWD�� ,&(&83� ZDV� RULJLQDOO\GHYHORSHG� WR� RSHUDWH� RQ� ,&(�*%�� ,W� ZLOO� QHHG� WR� EH�PRGLILHG� WR� KDQGOH� WKHSURSRVHG�µWZR�LQ�RQH¶�FRUSXV�&RPSOHWHG��7KHUH�DUH�D�QXPEHU�RI�LVVXHV�KHUH��LQFOXGLQJ�WKH�IDFW�WKDW�//&�WH[WV�DUHD�VWDQGDUG�������ZRUG�OHQJWK�DQG�PD\�FRQVLVW�RI�DV�PDQ\�DV�D�WKRXVDQG�LQGLYLGXDOµVHQWHQFHV¶��$� FRUSXV� GHILQLWLRQ� ILOH�QRZ� GHVFULEHV� WKH� VXPPDU\� VWUXFWXUH� RI� WKHFRUSXV�� 6RFLROLQJXLVWLF� LQIRUPDWLRQ� ZDV� H[WUDFWHG� IURP� D� QXPEHU� RI� GDWDEDVHVRXUFHV�DQG�LQWHJUDWHG�ERWK�WR�FRQVWUXFW�D�XQLILHG�FRUSXV�PDS�DQG�IXUWKHU�HODERUDWHWKH�VSHDNHUV�LQ�WKH�FRUSXV��� 3DUVH�WKH�//&�PDWHULDO��*LYHQ�WKH�µPHVV\¶�QDWXUH�RI�VSRNHQ�(QJOLVK�WKLV�ZLOOEH�D�PDMRU�WDVN�7KLV� ZDV� FDUULHG� RXW� DXWRPDWLFDOO\� WR� SKUDVDO� OHYHO� XVLQJ� D� SDUWLDO� SDUVHUGHYHORSHG�IRU�WKH�SURMHFW��VHH�0HWKRGV��EHORZ���7KH�SDUVLQJ�SURFHVV�FRQVLVWV�RI�DQXPEHU�RI� VXEWDVNV��ZKLFK� DUH�GHVFULEHG� LQ�6HFWLRQ���� �1RWH� WKDW� WKH� FRUSXV� KDGEHHQ�WDJJHG�ZLWK�326�ODEHOV��EXW�QRW�FKHFNHG��SULRU�WR�WKH�VWDUW�RI�WKH�SURMHFW���� (QVXUH� µDQDO\WLF� FRQVLVWHQF\¶�DFURVV� WKH� WZR� VXEFRUSRUD�� L�H��PDNH� VXUH� WKDWDQDO\WLFDO�GHFLVLRQV�IRU�WKH�//&�PDWHULDO�DUH�FRQVLVWHQW�ZLWK�WKRVH�PDGH� IRU,&(�*%��7KLV�ZLOO�QHFHVVLWDWH�WKH�ZULWLQJ�RI�DGGLWLRQDO�VRIWZDUH�:H�KDYH�HQVXUHG�WKDW�DQDO\WLF�FRQVLVWHQF\�ZDV�DSSOLHG�WR�HYHU\�W\SH�RI�DQQRWDWLRQIURP� VHJPHQWDWLRQ�� WKH� FRQVLVWHQW� XVH� RI� H[WUD�FRUSXV� DQQRWDWLRQ� DQG� WKHHPSOR\PHQW� RI� LGHQWLFDO� 326�WDJJLQJ� FULWHULD� WR� WKH� GHWDLO� RI� WKH� JUDPPDWLFDODQDO\VLV��$GGLWLRQDO�WRROV�ZHUH�ZULWWHQ�WR��D��WUDQVODWH�WDJV�DQG�UH�WDJ�WKH�FRUSXVDQG� �E�� SDUVH� WKH� FRUSXV� XVLQJ� ,&(�*%� DV� D� NQRZOHGJH� EDVH�� 7KH� ,&(&83VRIWZDUH� ZDV� H[WHQGHG� WR� LQFOXGH� DGGLWLRQDO� FRUUHFWLRQ� DQG� SURRILQJ� WRROV�LQFOXGLQJ��F��QHZ�HGLWLQJ�FRPPDQGV�IRU�VHJPHQWDWLRQ��VHOI�FRUUHFWLRQ�DQG�PDFUR�LQVHUWLRQ���G��D�OH[LFRQ�DQG��H��D�JUDPPDWLFRQ��6HH�6HFWLRQ����0HWKRGV���� 0DQXDOO\�FKHFN�WKH�SDUVH�UHVXOWV�5HVHDUFK�DVVLVWDQWV�ZHUH�IXOO\�WUDLQHG�WR�FKHFN�WKH�SDUVH�UHVXOWV�XVLQJ�WKH�,&(&83VRIWZDUH� �VHH�6HFWLRQ�����*LYHQ� WKH�FRPSOH[LWLHV�RI� VSRNHQ� ODQJXDJH� �VHH�EHORZ�WKLV� KDV� SURYHG� WR� EH� D� PDMRU� WDVN�� ZKLFK� ZH� KDYH� QRZ� YLUWXDOO\� FRPSOHWHG�� $VPDOO�DPRXQW�RI�FKHFNLQJ�UHPDLQV�WR�EH�GRQH��ZKLFK�ZH�HQYLVDJH�WR�FRPSOHWH�HDUO\LQ� WKH� QHZ� \HDU�� :H� RUJDQLVHG� D� ZRUNVKRS� LQYROYLQJ� DOO� WKH� PHPEHUV� RI� WKHUHVHDUFK� WHDP��DV�ZHOO� DV�'U�*HUU\�1HOVRQ�� WR�GLVFXVV� WKH�DQDO\VLV�RI�SDUWLFXODUO\GLIILFXOW�SDUVLQJ�XQLWV��� 3UHSDUH�DQG�HQKDQFH�WKH�GLJLWLVHG�//&�VRXQG�UHFRUGLQJV��VR�WKDW�WKHVH�FDQ�EHXVHG� E\� UHVHDUFKHUV�� 7KH�//&� UHFRUGLQJV� KDYH� QRW� EHHQ� GLVVHPLQDWHG� XQWLOQRZ��:H�ZLOO� µEOHHS� RXW¶� WKH� QDPHV� DQG� VXEGLYLGH� WKHP� LQWR� µVHQWHQFHV¶� RUJURXSV�RI�RYHUODSSLQJ�µVHQWHQFHV¶�7KLV�WDVN�ZDV�SURSRVHG�DV�D�SDUDOOHO�WDVN�WR�WKH�FKHFNLQJ�RI�WKH�SDUVLQJ��$V�D�UHVXOWRI�WKH�FKHFNLQJ�SKDVH�WDNLQJ�ORQJHU�WKDQ�DQWLFLSDWHG��WKH�SUHSDUDWLRQ�RI�WKH�VRXQG
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PDWHULDO�KDV�EHHQ�GHOD\HG��$VVHVVRUV��SOHDVH�QRWH�WKDW�ZH�GLG�QRW�UHTXHVW� IXQGLQJIURP� WKH�(65&� IRU� WKLV� WDVN�� �6HH�7HFKQLFDO�$SSHQGL[� RI� WKH� RULJLQDO� SURSRVDO��+RZHYHU��ZH� KRSH� WR� FDUU\� RXW� WKLV� WDVN� E\� VHHNLQJ� DGGLWLRQDO� IXQGLQJ��:H� DOVRLQWHQG�WR�XSJUDGH�'&63(�WR�LQFOXGH�WKH�RULJLQDO�SURVRGLF�PDUNXS�LQ�WKH�//&��� :ULWH� GRFXPHQWDWLRQ� DQG� GLVVHPLQDWH� WKH� QHZ� IXOO\� VHDUFKDEOH� GLDFKURQLFFRUSXV�ZLWK�WKH�,&(&83�VRIWZDUH�&RPSOHWHG��:H�KDYH�XSGDWHG�DQG�H[SDQGHG�WKH�*HWWLQJ�6WDUWHG�PDQXDO�RULJLQDOO\GHVLJQHG� IRU� WKH� ,&(�*%�FRUSXV��:H�ZLOO� GLVVHPLQDWH� D� IUHH� VDPSOH� FRUSXV�ZLWK,&(&83� RYHU� WKH� ZHE�� 7KH� IXOO� FRUSXV� FDQ� EH� SXUFKDVHG� IURP� WKH� 6XUYH\� RI(QJOLVK�8VDJH�
���0HWKRGV$V�QRWHG�DERYH��WKH�FRUSXV�KDG�EHHQ�WDJJHG��EXW�QRW�FKHFNHG��EHIRUH�WKH�SURMHFW�ZDVVWDUWHG�2QH�RI�WKH�SULQFLSDO�WDVNV�LQ�WKLV�SURMHFW�KDV�EHHQ�WKH�FRUUHFWLRQ�DQG�SURRILQJ�RI� WKHDXWRPDWLF�SDUVLQJ�SURFHGXUH��$V� LV�ZHOO�NQRZQ�� WKH�JUDPPDWLFDO� DQDO\VLV� RI� VSRNHQXWWHUDQFHV� LV� QRW� D� VWUDLJKWIRUZDUG� SURFHVV��:KHUHDV� WKH� ZULWWHQ� ZRUG� LV� VXEMHFW� WRYDU\LQJ�GHJUHHV�RI�HGLWRULDO�FRUUHFWLRQ�E\�DXWKRUV��VSRQWDQHRXV�VSHHFK�LV�QRW�VXEMHFW�WRVXFK� H[SOLFLW� FRUUHFWLRQ�� ,QVWHDG�� VSHDNHUV� WHQG� WR� UHSHDW� WKHPVHOYHV�� µVHOI�FRUUHFW¶WKHLU�XWWHUDQFHV��7KH\�SURGXFH�XQJUDPPDWLFDO�XWWHUDQFHV��PDNH�IDOVH�VWDUWV�DQG�VOLSV�RIWRQJXH��DQG�PLVSURQRXQFH�ZRUGV��0DQ\�FRQYHUVDWLRQV�DUH�VXEMHFW�WR�RYHUODS��SHRSOHVSHDNLQJ�DW�WKH�VDPH�WLPH���7KH�GLIILFXOW\�RI�FRPSOHWLQJ�WKH�SDUVH�DQDO\VLV�RI�VSRNHQPDWHULDO�LV�D�FKDOOHQJH�WKDW�KDV�IDFHG�D�QXPEHU�RI�UHVHDUFK�SURMHFWV��VXFK�DV�WKH�+&5&0DSWDVN�&RUSXV �(65&�5������������7KH� FRUROODU\�RI� WKLV� LV� WKDW� LQ� WKH� VFKRODUO\FRPPXQLW\�D�UHODWLYHO\�VPDOO�DPRXQW�RI�VXFK�PDWHULDO�KDV�EHHQ�DQDO\VHG�$� UHODWHG� LVVXH� FRQFHUQV� VHJPHQWDWLRQ��3DUVLQJ� D� FRUSXV� UHTXLUHV� WKDW� WH[WV� DUH� VSOLWLQWR� VHJPHQWV� �µWH[W� XQLWV¶�� ZKLFK� DUH� WKHQ� SDUVHG�� +RZHYHU�� WKH� //&� FRUSXV� LVVXEGLYLGHG� LQWR� VSHDNHU� WXUQV�� $V� D� UHVXOW�� H[WHPSRUH� PRQRORJXHV� FDQ� UXQ� IRU� DWKRXVDQG�ZRUGV�RU�PRUH��LQWHUUXSWHG�RQO\�E\�DXGLHQFH�ODXJKWHU�RU�FRXJKLQJ���ZKLOH�LQFRQYHUVDWLRQDO�WH[WV��VSHDNHU�LQWHUUXSWLRQV�DQG�RYHUODS�RIWHQ�OHDG�WR�KLJKO\�IUDJPHQWHGVHQWHQFHV�� (YHU\� LQWHUUXSWLRQ� HQWDLOV� D� QHZ� IUDJPHQW�� 1HLWKHU� RI� WKHVH� H[WUHPHV� LVFRPSDWLEOH�ZLWK�D�FRKHUHQW�V\QWDFWLF�LQWHUSUHWDWLRQ�RI�XWWHUDQFHV�:H�KDYH�XVHG�D�QXPEHU�RI�PHWKRGV�WR�RYHUFRPH�WKH�GLIILFXOWLHV�DVVRFLDWHG�ZLWK� WKHSDUVLQJ� RI� VSRNHQ� PDWHULDO�� 7KH� SDUVLQJ� RI� WUDQVFULEHG� VSHHFK� FRQVLVWV� RI� WKUHHVXEWDVNV��� ,GHQWLI\�DQG�DEVWUDFW�HDFK�LGHDOLVHG�VHQWHQFH��VWDUWLQJ�E\�LGHQWLI\LQJ�HDFK�VHJPHQWDQG�GHWHUPLQLQJ�DUHDV�RI�VHOI�FRUUHFWLRQ��1RWH�WKDW�ZH�GR�QRW�SHUPLW� WKH�LQVHUWLRQRI�HOOLSWHG�PDWHULDO��QXOO�HOHPHQWV��HWF��� 6XEMHFW�WKHVH�VHQWHQFHV�WR�D�SDUVH�DQDO\VLV�FRQVLVWHQW�ZLWK�WKH�DQDO\VLV�LQ�,&(�*%��� &RPSOHWH�WKH�SDUVLQJ�RI�WKH�WUHH�WR�LQFOXGH�DQ�DQDO\VLV�RI�VHOI�FRUUHFWHG�PDWHULDO�,&(�*%�KDQGOHV�VHJPHQWDWLRQ�E\�WUHDWLQJ�HDFK�VSHDNHU� WUDFN�DV�D�SRWHQWLDO�VHTXHQFHRI�VHQWHQFHV�DQG�WKHQ�LQWURGXFLQJ�DGGLWLRQDO�PDUNXS�WR�LQGLFDWH�KRZ�VSHDNHUV�RYHUODS�
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&RQVLGHU�WKH�XWWHUDQFHV�EHORZ��WDNHQ�IURP�,&(�*%��6�$�����������������6SHDNHU�$RYHUODSV�%�WZLFH�LQ�WKH�VDPH�VHQWHQFH��'LIIHUHQW�SULQFLSOHV�RI�VHJPHQWDWLRQ�DUH�XVHGLQ�//&�DQG�,&(�*%�
//& ,&(�6SHDNHU�%!�,�PHDQ�VKH�IHOO�LQ�ORYH�ZLWK�KLP�6SHDNHU�$!�><HV�6SHDNHU�%!�WKH@�ILIWHHQ�\HDU�ROG�KLP�6SHDNHU�$!�><HV�6SHDNHU�%!�EDFN@�LQ�WLPH

�6SHDNHU�%!�,�PHDQ�VKH�IHOO�LQ�ORYH�ZLWK�KLP>WKH@� ILIWHHQ�\HDU�ROG�KLP�>EDFN@�LQ�WLPH�6SHDNHU�$!�><HV@��6SHDNHU�$!�><HV@�
,Q�WKH�//&��D�VHQWHQFH�ZLWK�RYHUODSV�LV�EURNHQ�DW�HDFK�RYHUODS��OHIW���ZKLOH�LQ�,&(�*%WKH� VHQWHQFH� LV� UHWDLQHG� DV� DQ� HQWLUH� VHJPHQW� DQG� WKH� RYHUODSSLQJ� LV� QXPEHUHGDFFRUGLQJO\��3ULRU�WR�SDUVLQJ�LW�LV�QHFHVVDU\�WR�MRLQ�VXFK�FRKHUHQW�IUDJPHQWV�WRJHWKHU�DVPXFK�DV�SRVVLEOH�DQG�UHRUGHU�WKH�RYHUODSSLQJ�HOHPHQWV�2YHUODSSLQJ�FDQ�EH�LQ� WKH�EDFNJURXQG�RU� IRUFH� WKH� WHUPLQDWLRQ�RI� WKH� ILUVW� VSHDNHU¶VXWWHUDQFH��DQ�LQWHUUXSWLRQ��DQG�HIIHFW�D�FKDQJH�RI�VSHDNHU�WXUQ��,Q�VRPH�FDVHV�VHYHUDOVSHDNHUV� VSHDN� VLPXOWDQHRXVO\�� $QQRWDWLRQ� WKHUHIRUH� FDQQRW� EH� SHUIRUPHG� ZLWKRXWDGGUHVVLQJ�WKLV�LVVXH�PDQXDOO\��:H�KDYH�SURYLGHG�QHZ�WRROV�LQ�WKH�,&(&83�SODWIRUPZKLFK�DOORZ�FRUUHFWRUV�WR�ERWK�EUHDN�UXQ�RQ�XWWHUDQFHV�DQG�MRLQ�LQWHUUXSWHG�IUDJPHQWV�6HH�DOVR�EHORZ�$XWRPDWLF� SDUVLQJ� FDQ� RQO\� EH� FDUULHG� RXW� HIIHFWLYHO\� RQFH� VHQWHQFHV� KDYH� EHHQDGHTXDWHO\�VHJPHQWHG��7KH�FODXVH�OHYHO�DQDO\VLV�RI� VXFK�VHQWHQFHV� LV�D�GLIILFXOW� WDVNZKLFK�LV�IXUWKHU�FRPSOLFDWHG�E\�LVVXHV�RI�VXSSOHPHQWDWLRQ��DV�ZHOO�DV�VHOI�FRUUHFWLRQ�ERWK�RI�ZKLFK�DUH�FRPPRQ�LQ�VSHHFK�,Q�WKH�SURMHFW�SURSRVDO�ZH�VXJJHVWHG�XVLQJ�WKH�726&$�,&(�SDUVHU�GHYHORSHG�E\�WKH726&$� UHVHDUFK� JURXS� LQ� 1LMPHJHQ�� +ROODQG�� +RZHYHU� WKLV� KDG� D� QXPEHU� RIGUDZEDFNV��LW�QRW�EHHQ�XSGDWHG�IRU�VRPH�WLPH��UDQ�RQ�81,;�ZRUNVWDWLRQV��UHTXLUHG�DPDQXDO�SUH�SDUVLQJ�VWDJH�DQG�WKH�DQQRWDWLRQ�VFKHPH�LW�XVHG�ZDV�VOLJKWO\�LQFRQVLVWHQWZLWK� ,&(�*%�� 7KLV�PHDQW� WKDW� GHFLGLQJ� WR� XVH� WKH� 1LMPHJHQ� SDUVHU� ZRXOG� LQYROYHVLJQLILFDQW�PDQXDO�SUH�SURFHVVLQJ�EHIRUH�DQ\�WUHHV�FRXOG�EH�H[DPLQHG�DQG�FRUUHFWHG�7KLV� µWRS�GRZQ¶� SDUVHU� DOVR� KDV� VHULRXV� GLIILFXOWLHV� ZLWK� OHVV� µUHJXODU¶� DQG� ORQJVHQWHQFHV�:H� WKHUHIRUH�GHFLGHG� WR�GHYHORS�D� VWRFKDVWLF� µERWWRP�XS¶�SDUVHU��ZKLFK�ZDV� WUDLQHGRQ� ,&(�*%�DQG�DSSOLHG� WR� WKH�//&�PDWHULDO��7KLV� FDQ�KDQGOH�YHU\� ODUJH� VWUHDPV�RIWH[W��DQG�KDV�KLJK�FRYHUDJH��,W�ZRUNV�E\�DWWHPSWLQJ�WR� LGHQWLI\�DQG�PDWFK�SKUDVHV� LQWKH�VWUHDP�FRPSHWLWLYHO\��7KH�DGYDQWDJH�RI�ZRUNLQJ�IURP�WKH�ERWWRP�XS�LV�WKDW�LW�LV�IDUOHVV� GHSHQGHQW� RQ� WKH� RYHUDOO� FRPSOHWHQHVV� RI� D� VHQWHQFH�� 7KH� GLVDGYDQWDJH� LV� WKDWORFDO�YDULDWLRQ�DW�WKH�WDJ�OHYHO�WHQGV�WR�RYHUUXOH�JHQHUDO�NQRZOHGJH�,Q�RUGHU�IRU�XV�WR�DVVHVV�WKH�SHUIRUPDQFH�RI�WKH�SDUWLDO�SDUVHU��FRQVLGHU�WKH�IROORZLQJXWWHUDQFH�,�GLG�GR�D�FHUWDLQ�DPRXQW� ,¶YH�GRQH�,�GLG�D�FHUWDLQ�DPRXQW�RI� UHDGLQJ�GXULQJWKH�ODVW�IHZ�PRQWKV����!�DQG�,�KDYH�EHHQ���!�DQG�,�ZHQW�DZD\�WR�GLG�LW���!�WRGR�LW�,�ZHQW�DZD\�IURP�KRPH
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7KH�SDUWLDO�SDUVHU�FDQ�EH�DSSOLHG�WR�WKLV�µVHQWHQFH¶��SURGXFLQJ�WKH�WUHH�LQ�)LJXUH���RQSDJH� ��� +RZHYHU�� WKLV� IUDJPHQW� RI� VSRQWDQHRXV� VSHHFK� LQFOXGHV� D� QXPEHU� RI� IDOVHVWDUWV��:KHUH�WKH�VSHDNHU�µUHSDLUV¶�WKHLU�RZQ�VHQWHQFH��LW�LV�SRVVLEOH�WR�PDUN�WKLV�VHOI�FRUUHFWLRQ�� ,Q�DGGLWLRQ�� WKH�HGLWRU�FDQ�FKRRVH� WR�EUHDN� WKH� WH[W�XQLW�E\� LQVHUWLQJ� µªµPDUNV��&RUUHFWHG�PDWHULDO� LV�PDUNHG�ZLWK� D� VWULNH�WKURXJK�DQG� IODJJHG� DV� µLJQRUHG¶�7KH�UHSODFHPHQW�PDWHULDO�LV�PDUNHG�ZLWK�DQ�LQVHUW��µÖ¶��DQG�SODFHG�LQ�D�ER[�
7KH�XWWHUDQFH�DERYH�KDV�EHHQ�VSOLW�DQG�VHOI�FRUUHFWHG�DV�IROORZV�
,�GLG�GR�D�FHUWDLQ�DPRXQWª ,¶YH�GRQH ,�GLG D�FHUWDLQ�DPRXQW�RI�UHDGLQJ�GXULQJ�WKH�ODVW�IHZ�PRQWKV����!�DQG�,�KDYH�EHHQ���! �DQG�,�ZHQW�DZD\ WR�GLG�LW���! WR�GR�LWª ,�ZHQW�DZD\�IURP�KRPH7KH�SDUVLQJ�RI�HDFK�RI�WKHVH�LV�WKHQ�FKHFNHG�PDQXDOO\� 7KH�FHQWUDO�IUDJPHQW��SDUVHGDQG�FRUUHFWHG��LV�VKRZQ�LQ�)LJXUH���
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)LJXUH����3DUWLDOO\�SDUVHG�YHUVLRQ�RI�WKH�LQLWLDO�XWWHUDQFH
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7UHHV�ZHUH� FRUUHFWHG� XVLQJ� WKH� ,&(&83� ���� VRIWZDUH�� 7KLV� VRIWZDUH� FRQVLVWV� RI� DQXQGHUO\LQJ� FRUSXV� PDLQWHQDQFH� V\VWHP� RQWR� ZKLFK� D� XVHU� LQWHUIDFH�� LQFOXGLQJ� DQXPEHU�RI�SRZHUIXO�TXHU\�DQG�EURZVLQJ�WRROV��LV�FRQVWUXFWHG�,Q� WKLV� SURMHFW� ZH� H[WHQGHG� WKLV� VRIWZDUH� WR� VXSSRUW� UXQ�WLPH� LQGH[LQJ�� SDUDOOHOVHDUFKLQJ� DQG� D� IDFLOLW\� IRU� UH�LQWHJUDWLQJ� FRUUHFWLRQV� FDUULHG� RXW� RII�VLWH�� 7KHVHH[WHQVLRQV� WR� WKH� FRUSXV� PDLQWHQDQFH� V\VWHP� ZHUH� SULPDULO\� GHVLJQHG� WR� DLG� RXUDQQRWDWRUV�� DOWKRXJK�SDUDOOHO� VHDUFKLQJ� LV� D�XVHIXO� IDFLOLW\� IRU� UHVHDUFKHUV��7KH� VDPHVRIWZDUH�LV�XVHG�WR�GLVVHPLQDWH�WKH�FRUSXV��ZLWK�HGLWLQJ�IDFLOLWLHV�KLGGHQ�DQG�ORFNHG�,&(&83� FRQWDLQV� D� UREXVW� WUHH� HGLWRU� GHULYHG� IURP� ,&(7UHH� �� �:DOOLV� DQG� 1HOVRQ������ ZKLFK� ZDV� XVHG� WR� FRPSOHWH� WKH� SDUVLQJ� RI� ,&(�*%�� 7KLV� HGLWRU� KDV� EHHQ

)LJXUH����3DUVHG�YHUVLRQ�RI�WKH�FHQWUDO�IUDJPHQW��FRUUHFWHG��*UH\HG�QRGHV�KDYH�EHHQ�VHOI�FRUUHFWHG�
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GHSOR\HG� RQ� DSSUR[LPDWHO\� �������� WUHHV�� 7KH� HGLWRU� ZDV� H[WHQGHG� WR� LQFOXGH� WKHIDFLOLW\�WR�FRS\�DQG�LQVHUW�ZKROH�EUDQFKHV�$V� ZH� VWDWHG� LQ� WKH� SURSRVDO�� WUDGLWLRQDO� DSSURDFKHV� WR� FRUUHFWLQJ� DQG� DXJPHQWLQJSDUVH� DQDO\VLV� FRQVLVW� RI� D� XVHU� FDUU\LQJ� RXW� D� ORQJLWXGLQDO� SDVV� WKURXJK� D� WH[WVHTXHQFH�� VHQWHQFH�E\�VHQWHQFH�� FRUUHFWLQJ� HDFK� WUHH� LQ� WXUQ�� 7KLV� PHWKRGRORJ\� LVSDUWLFXODUO\� GLIILFXOW� DQG� SURQH� WR� LQFRQVLVWHQF\�� EHFDXVH� WKH� XVHU� LV� W\SLFDOO\SUHVHQWHG�ZLWK�D�GLIIHUHQW�VHW�RI�JUDPPDWLFDO�SUREOHPV�ZLWK�HYHU\�WUHH�$V� DQ� DOWHUQDWLYH��ZH� KDYH� EHHQ� GHYHORSLQJ� D� QHZ� DSSURDFK� WHUPHG� FURVV�VHFWLRQDOFRUUHFWLRQ �DOVR� UHIHUUHG� WR� DV� WUDQVYHUVH� FRUUHFWLRQ�� :DOOLV� ����D��� +HUH� KXPDQHIIRUW� LV� GLUHFWHG� E\� VHOHFWLQJ� VSHFLILF� W\SHV� RI� FRQVWUXFWLRQ�� DQG� FRUUHFWLQJ� WKHPV\VWHPDWLFDOO\�DFURVV�WKH�HQWLUH�FRUSXV��7KLV�KDV�WKH�EHQHILW�WKDW�LW�IRUFHV�WKH�FRUUHFWRUWR�FRQVLGHU�LVVXHV�RI�FRQVLVWHQF\�ZLWK�H[LVWLQJ�SDUVHG�PDWHULDO���D�SUHUHTXLVLWH�LQ�WKLVSURMHFW� ,W�LV�DOVR�HDVLHU�:KHQ� ZH� FRPSOHWHG� ,&(�*%�� ZH� XVHG� WKLV� WUDQVYHUVH� PHWKRG� DW� D� ILQDO� SURRILQJVWDJH��ZRUNLQJ�RQ�FRPSOHWHG��EXW�SRWHQWLDOO\�LQFRQVLVWHQW��WUHHV��$V�VKRZQ�DERYH��LQSDUVLQJ�WKH�//&�ZH�GHSOR\HG�D�SDUWLDO�SDUVHU�� WUDLQHG�RQ�,&(�*%�� WR�ZRUN�IURP�WKHVHQWHQFH�XS��DQG�WKHQ�FURVV�FKHFNHG�DQG�H[WHQGHG�WKLV�DQDO\VLV�XSZDUGV��7KLV�LV�D�IDUPRUH�DPELWLRXV�XVH�RI�WUDQVYHUVH�FKHFNLQJ�:H�XVHG�VLPSOH�)X]]\�7UHH�)UDJPHQWV��)7)V��VHH�6HFWLRQ�����DERYH��EDVHG�RQ�OH[LFDOLWHP�RU�326�WDJ� VHTXHQFHV�� WR�FURVV�FKHFN� WKH�SDUVLQJ��7KH� LGHD� LV� WR�XVH�ZKDW�RQHNQRZV�WR�EH�UHOLDEOH�DV�D�EDVHOLQH�WR�FKHFN�SRWHQWLDOO\�XQUHOLDEOH�SDUVLQJ� MXGJPHQWV�6LQFH�WKH�DSSURDFK�LV�FURVV�VHFWLRQDO��WKH�OLQJXLVW�LV�SUHVHQWHG�ZLWK�D�VHULHV�RI�VLPLODUGHFLVLRQ�WDVNV��RQH�DIWHU�DQRWKHU��UHVXOWLQJ�LQ�D�KLJK�GHJUHH�RI�FRQVLVWHQF\��$V�ZH�QRWHDERYH��ZH�SURYLGHG�D�VLPSOH�VWUXFWXUH�LQVHUWLRQ�WRRO�WR�DOORZ�OLQJXLVWV�WR�µSDVWH�LQ¶�RQHRI�VHYHUDO�SRVVLEOH�VWUXFWXUHV�:KLOH�FURVV�VHFWLRQDO�FKHFNLQJ�LV�XVHIXO��LW�LV�PRUH�GLIILFXOW�WR�LGHQWLI\�WKH�FRQWH[W�RI�DVHQWHQFH� WKDQ� LQ�D� ORQJLWXGLQDO�H[HUFLVH�±� WKH� VRIWZDUH�DOORZV� IRU� WKLV��EXW� LW� FDQ�EHGLVWUDFWLQJ��6HFRQGO\��FRUUHFWRUV�PD\�ILQG�WKDW�IRFXVLQJ�RQ�D�VLQJOH�SUREOHP�DW�D�WLPHLV� UHSHWLWLYH�� 1HYHUWKHOHVV�� ZH� EHOLHYH� WKDW� FURVV�FKHFNLQJ� KDV� UHVXOWHG� LQ� PRUHUHOLDEOH�SDUVLQJ��DQG�URXJK�HVWLPDWHV�VKRZ�WKDW�WKH�SURFHVV�LV�DURXQG�WZLFH�DV�IDVW�DVFRQYHQWLRQDO�ORQJLWXGLQDO�FKHFNLQJ��,W�LV�HDVLHU�WR�WUDLQ�FRUUHFWRUV�WR�FDUU\�LW�RXW��DQG�LWLV� XVHIXO� LQ� WKH� WUDLQLQJ� RI� FRUUHFWRUV�� +RZHYHU� LW� LV� DOZD\V� QHFHVVDU\� WR� DSSO\ORQJLWXGLQDO�µSURRILQJ¶�WR�WKH�FRUSXV�WR�JDLQ�FRPSOHWH�FRYHUDJH�%HFDXVH�LW�FDQ�EH�GLIILFXOW�WR�DVFHUWDLQ�KRZ�PXFK�RI�WKH�FRUSXV�KDV�EHHQ�FKHFNHG�ZHLQWURGXFHG�D�PHFKDQLVP�IRU�PDUNLQJ�VHQWHQFHV�DV�µILQLVKHG¶�:H�ZLOO�FRPPHQW�RQ�RQH�ILQDO� W\SH�RI�FURVV�FKHFNLQJ��:H�KDYH�GHYHORSHG�WZR�QHZLQWHJUDWHG�µRYHUYLHZ¶�WRROV�LQ�,&(&83������D�OH[LFRQ�DQG�D�JUDPPDWLFRQ�7KH�OH[LFRQ�LV�D�VLPSOH�KLHUDUFK\�RI�OH[LFDO�DQG�OH[LFDO�SDUW�RI�VSHHFK�HOHPHQWV�ZKLFKFDQ�EH�RUJDQL]HG� LQ� D�YDULHW\�RI�ZD\V�E\� WKH�XVHU��(DFK� HOHPHQW� LQ� WKH� OH[LFRQ�� L�H�HDFK� ZRUG�� ZRUG�WDJ� FRPELQDWLRQ�� RU� LQWHUPHGLDWH� JURXS�� LV� D� TXHU\�� DQG� WKHIUHTXHQF\�RI�HDFK�LWHP�LQ�WKH�FRUSXV�LV�VKRZQ��&OLFNLQJ�RQ�WKH�LWHP�OLVWV�DOO�PDWFKLQJFDVHV�LQ�WKHLU�VHQWHQFH�FRQWH[W��ZLWKLQ�D�VHFRQG�ZLQGRZ��)URP�D�FURVV�FKHFNLQJ�SRLQWRI�YLHZ��WKH�OH[LFRQ�DOORZV�WKH�XVHU�WR�VSRW�LPSODXVLEOH�OH[LFDO�LWHPV�RU�326�WDJV��DQG
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WR�UHWULHYH�DOO�FDVHV�RI�WKDW�LWHP��:KHUH�PRUH�WKDQ�RQH�326�WDJ�LV�JLYHQ�IRU�D�OH[LFDOLWHP��RQH�FDQ�DOVR�LGHQWLI\�DOWHUQDWLYHV�IRU�DQ�LQFRUUHFW�WDJ�7KH�JUDPPDWLFRQ�JRHV�IXUWKHU��7KLV�WRRO�VXPPDULVHV�DOO�WKH�GLVWLQFW�QRGH�SDWWHUQV LQWKH� FRUSXV�� IURP� FODXVDO� DQG� SKUDVDO� QRGHV� WR� SDUW� RI� VSHHFK� QRGHV�� $JDLQ�� WKHVWUXFWXUH�FDQ�EH�RUJDQL]HG�E\� WKH�XVHU�� ,PSODXVLEOH�SDWWHUQV�FDQ�EH�GHWHFWHG�DQG� WKHH[DPSOH� VHQWHQFHV� FRQWDLQLQJ� WKHP� KLJKOLJKWHG�� )LQDOO\�� RQH� FDQ� FDOFXODWH� WKHLQWHUVHFWLRQ�EHWZHHQ�WKH�JUDPPDWLFRQ�RU�OH[LFRQ�IUHTXHQFLHV�DQG�DQ\�RWKHU�TXHU\��,QSDUWLFXODU��ZH�FDQ�H[DPLQH� WKRVH�HOHPHQWV�ZKLFK�GLIIHU�PDUNHGO\� LQ� WKHLU� IUHTXHQF\EHWZHHQ� WKH� //&� DQG� ,&(�*%� VXEFRUSRUD�� 7KLV� LV� DQ� H[WUHPHO\� XVHIXO� IHDWXUH� IRUVFKRODUV�LQWHUHVWHG�LQ�ODQJXDJH�FKDQJH�
���5HVXOWV
7KH�FROOHFWLRQ�DQG�DQQRWDWLRQ�RI� WKH�PDWHULDO�IRU�'&36(�LV�FRPSOHWH��7KH�//&�DQG,&(�*%�PDWHULDOV� KDYH�EHHQ� LQWHJUDWHG� DQG� WKH� H[SORUDWLRQ� VRIWZDUH� �,&(&83�� KDVEHHQ�PRGLILHG�WR�RSHUDWH�ZLWK�WKH�QHZ�UHVRXUFH��$V�QRWHG�DERYH��D�VPDOO�DPRXQW�RIFRUUHFWLRQ�VWLOO�QHHGV� WR�EH�GRQH��$V� VRRQ�DV�ZH�KDYH�GRQH� WKLV�ZH�ZLOO�SXEOLVK� WKHFRUSXV�� WRJHWKHU� ZLWK� ,&(&83� DQG� WKH� GRFXPHQWDWLRQ� ZH� KDYH� ZULWWHQ�� $� VDPSOHFRUSXV�ZLOO�EH�SXEOLVKHG�RQ�WKH�ZHE�
���$FWLYLWLHV7KH�'&36(�SURMHFW�ZDV�SUHVHQWHG�LQ�D�QXPEHU�RI�GLIIHUHQW�SODFHV��OLVWHG�EHORZ�
$$576�� %� ������� 5HFHQW� GHYHORSPHQWV� LQ� FRUSXV� OLQJXLVWLFV�� LQFOXGLQJ� DGHPRQVWUDWLRQ�RI�'&36(��3UHVHQWDWLRQV�DW��WKH�8QLYHUVLW\�RI�-DpQ��6SDLQ���7KH$FDGHP\�RI�.RUHDQ�6WXGLHV��6HRXO��6RXWK�.RUHD���3XVDQ�1DWLRQDO�8QLYHUVLW\�3XVDQ�� 6RXWK� .RUHD��� .LQJ¶V� &ROOHJH� /RQGRQ�� 7KH� ,QVWLWXWH� RI� (GXFDWLRQ�/RQGRQ�$$576��%��DQG�6��:$//,6� �������5HFHQW�GHYHORSPHQWV�LQ�WKH�V\QWDFWLF�DQQRWDWLRQ�RIFRUSRUD��D�GHPRQVWUDWLRQ�RI� ,&(�*%�DQG�'&36(��3DSHU� WR�EH�SUHVHQWHG� DWWKH�1LQWK� ,QWHUQDWLRQDO�6\PSRVLXP�RQ�6RFLDO�&RPPXQLFDWLRQ� DQG� WKH�3UH�6\PSRVLXP�6HPLQDU�RQ�&RUSXV�/LQJXLVWLFV��6DQWLDJR�GH�&XED��&XED�:$//,6��6� �������8VLQJ�,&(&83�ZLWK�SDUVHG�FRUSRUD��3UHVHQWDWLRQ�DW�5RHKDPSWRQ�8QLYHUVLW\�RI�6XUUH\�:$//,6��6��DQG $$576��%� �������7UDFNLQJ�WKH�GHYHORSPHQW�RI�VSRNHQ�(QJOLVK�DFURVVWKH� GHFDGHV�� WKH� 'LDFKURQLF� &RUSXV� RI� 3UHVHQW�GD\� 6SRNHQ� (QJOLVK�� 3DSHUSUHVHQWHG�DW�WKH�DQQXDO�,&$0(�FRQIHUHQFH��*XHUQVH\�
���2XWSXWV
6RIWZDUH
'&63(�LV�H[SORUHG�XVLQJ�WKH�QHZ�UHOHDVH�RI�,&(&83������ZKLFK�LQFOXGHV�D�VHULHV�RIUHILQHPHQWV�DQG�H[WHQVLRQV�WR�YHUVLRQ����,&(&83�����LV�FXUUHQWO\�EHLQJ�EHWD�WHVWHG�E\D�QXPEHU�RI�H[WHUQDO�UHYLHZHUV�ZKR�DUH�DFWLYH�LQ�H[SHULPHQWDO�FRUSXV�OLQJXLVWLFV�
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7KH�EHWD�YHUVLRQ� LV� DYDLODEOH� IRU� IUHH�GRZQORDG� DW�ZZZ�XFO�DF�XN�HQJOLVK�XVDJH�LFH�JE�EHWD��FRPSOHWH�ZLWK�VDPSOH�FRUSRUD�IURP�,&(�*%�DQG�'&36(�
:H�KDYH�ZULWWHQ� WKH� VHFRQG�HGLWLRQ�RI�RXU�*HWWLQJ�6WDUWHG ERRNOHW� IRU� XVH�ZLWK� WKHFRUSXV�DQG�VRIWZDUH��VHH�EHORZ��
'DWDVHWV
:H�KDYH�DJUHHG�ZLWK�6XVDQ�&DGRJDQ��6HQLRU�$FTXLVLWLRQ�2IILFHU�DW� WKH�(65&�'DWD$UFKLYH��WKH�IROORZLQJ�SURFHGXUH�WR�DVVHVV�DQG�DUFKLYH�WKH�GDWD��WKH�6(8�ZLOO�PDNH�DSURYLVLRQDO�GHSRVLW��µWKH�EHWD�GDWDVHW¶���DQG�WKHQ�SURYLGH�WKH�'DWD�$UFKLYH�ZLWK�D�ILQDOGHSRVLW� DW� D� ODWHU� GDWH�� �7KH� UHDVRQ� IRU� WKLV� LV� WKDW� ZH� ZLVK� WR� WHVW� DQG� UHYLVH� WKHUHVRXUFH�LQ�DQ�RQJRLQJ�PDQQHU�IRU�D�VKRUW�SHULRG��L�H��XS�WR�VL[�PRQWKV��
7KH�(65&�'DWD�$UFKLYH�ZLOO� DVVHVV� WKH� VXLWDELOLW\�RI� WKH�RQZDUG�VXEPLVVLRQ�RI� WKHFRUSXV�WR�WKH�2[IRUG�7H[W�$UFKLYH�
7KH�SRVLWLRQ�ZH�DJUHHG�ZLWK�WKH�27$��VSHFLILHG�LQ�WKH�RULJLQDO�(65&�SURSRVDO��ZDVDV�IROORZV�

x 7KH� 6(8� ZLOO� GHSRVLW� WKH� SULPDU\� GDWD�� FUHDWH� UHFRUGV�� HWF�� GHVFULELQJ� WKHUHVRXUFH��EXW�HQTXLULHV�DQG�GLVVHPLQDWLRQ�ZRXOG�EH�KDQGOHG�E\�WKH�6(8�x $�QXPEHU�RI�FRQVHTXHQWLDO�GDWD�RXWSXWV��FUHDWHG�IURP�WKH�SULPDU\�GDWD��ZRXOGEH� GHSRVLWHG�� 7KHVH� ZRXOG� EH� IUHHO\� GLVVHPLQDWHG� E\� WKH� UHFHLYLQJ� DJHQF\�6XSSRUW�LVVXHV�DULVLQJ�IURP�WKHVH�GDWD�ZLOO�EH�KDQGOHG�E\�WKH�6(8�
:H�DOVR�DJUHHG�WKH�IROORZLQJ�ZLWK�WKH�'DWD�$UFKLYH�
7KH�6(8�ZLOO�VHQG�VDPSOH�ILOHV�RI�'&36(�PDWHULDO�ZLWK�WKH�GDWD�VXEPLVVLRQ�IRUP�
$W�D�ODWHU�VWDJH�WKH�6(8�ZLOO�VXSSO\�D�&'�FRQWDLQLQJ�WKH�FXUUHQW�EHWD�GDWDVHW�DQG�ZLOODJUHH� D� UHFRUG� IRU� WKH� (65&� GDWDEDVH�� FURVV�UHIHUHQFHG� LW� WR� WKH� 6(8¶V� ZHE� SDJHVGHDOLQJ�ZLWK�WKH�SXEOLVKHG�UHVRXUFH�
7KH� ILQDO�YHUVLRQ�RI� WKH�FRUSXV�ZLOO�EH�SXEOLVKHG� IURP� WKH�6(8�RQ�D�SURIHVVLRQDOO\SURGXFHG�&'��DQG�GLVVHPLQDWHG��DW�D� OLFHQFHG�FRVW��E\�WKH�6XUYH\�RI�(QJOLVK�8VDJH�$V�RXWOLQHG�LQ�WKH�5HVHDUFK�3URSRVDO��ZH�ZHUH�JUDQWHG�ULJKWV�E\�FRS\ULJKW�KROGHUV�WRDQ� DXGLWHG� GLVWULEXWLRQ� RI� PDWHULDO� IRU� QRQ�FRPPHUFLDO� UHVHDUFK� DQG� HGXFDWLRQDOSXUSRVHV�� $� µSUHVHUYDWLRQ� FRS\¶� ZLOO� EH� VHQW� WR� WKH� 'DWD� $UFKLYH�� DV� ZHOO� DV� WKHFRQVHTXHQWLDO�GDWDVHWV�DEVWUDFWHG�IURP�WKH�SULPDU\�UHVRXUFH��ZLWK�GHVFULSWLRQV�RI�WKHVHWR�DLG�GLVVHPLQDWLRQ�
'&36(�PDWHULDOV�� LQFOXGLQJ�D�VDPSOH�FRUSXV�� OH[LFRQ�DQG�JUDPPDWLFRQ�GDWD�ZLOO�EHSXEOLVKHG�DW�WKH�SURMHFW�ZHEVLWH��ZZZ�XFO�DF�XN�HQJOLVK�XVDJH�GLDFKURQLF�
7KH� VDPSOH� FRUSXV� LV� D� �������ZRUG� EDODQFHG� VXEFRUSXV� RI�'&36(�� �������ZRUGVKDYH�EHHQ�WDNHQ�IURP�WKH�����V��,&(�*%��SDUW�RI�WKH�FRUSXV��DQG��������ZRUGV�IURPWKH�����V���V��//&��SDUW�
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7KH�OH[LFRQ�GDWD�LV�SXEOLVKHG�IURP�'&36(�DQG�VWUXFWXUHG�LQWR�VHSDUDWH�WDEOHV�E\�,&(ZRUGFODVV� FDWHJRULHV�� ,W� FRQVLVWV� RI� WDEOHV� RI� QRXQV�� YHUEV�� DGYHUEV�� HWF�� DQG� WKHLUIUHTXHQFLHV�LQ�WKH�FRUSXV�
7KH�JUDPPDWLFRQ�GDWD�LV�DOVR�H[WUDFWHG�DQG�VWUXFWXUHG�E\�FDWHJRULHV�DQG�IXQFWLRQV��,WFRQVLVWV�RI�WDEOHV�RI�JUDPPDWLFDO�SDWWHUQV�DQG�WKHLU�FRUSXV�IUHTXHQFLHV�
'RFXPHQWDWLRQ� IRU� WKLV� GDWD� ZLOO� EH� DYDLODEOH� IURP� WKH� ZHEVLWH� VKRZQ� DERYH�� 7KHVDPSOH�FRUSXV�LQFOXGHV�WKH�,&(&83�����VRIWZDUH�ZKLFK�SHUPLWV�EURZVLQJ��VHDUFKLQJDQG�H[SORUDWLRQ�RI�WKH��������ZRUG�FRUSXV��DQG�FRQWDLQV�IXOO�KHOS�ILOHV�
3XEOLFDWLRQV$$576��)��DQG� %��$$576� �������5HODWLYH�:KRP��D�µ0LVFKLHI��0DNHU¶��,Q��$�)LVFKHU*��7RWWLH�DQG�3��6FKQHLGHU��HGV��� 7H[W�7\SHV�DQG�&RUSRUD� 7�ELQJHQ��*XQWHU1DUU�9HUODJ����������:$//,6�� 6�� �����D�� &RPSOHWLQJ� SDUVHG� FRUSRUD�� IURP� FRUUHFWLRQ� WR� HYROXWLRQ�� ,Q�$QQH�$EHLOOp��HG����7UHHEDQNV��EXLOGLQJ�DQG�XVLQJ�SDUVHG�FRUSRUD��%RVWRQ�.OXZHU��������:$//,6�� 6� �����E�� 6FLHQWLILF� H[SHULPHQWV� LQ� SDUVHG� FRUSRUD�� DQ� RYHUYLHZ�� ,Q�6\OYLDQH�*UDQJHU�DQG�6WHSKDQLH�3HWFK�7\VRQ� �HGV���([WHQGLQJ� WKH� VFRSH�RIFRUSXV�EDVHG� UHVHDUFK�� QHZ� DSSOLFDWLRQV�� QHZ� FKDOOHQJHV�� /DQJXDJH� DQG&RPSXWHUV�����$PVWHUGDP�1HZ�<RUN��5RGRSL��������1(/621��*���6�:$//,6�DQG %��$$576��������*HWWLQJ�6WDUWHG�ZLWK�,&(&83��9HUVLRQV���� DQG� ����� )RU� XVH� ZLWK�� 7KH� %ULWLVK� &RPSRQHQW� RI� 7KH� ,QWHUQDWLRQDO&RUSXV� RI� (QJOLVK� �,&(�*%�� DQG� $� 'LDFKURQLF� &RUSXV� RI� 3UHVHQW�'D\6SRNHQ� (QJOLVK �'&36(��� 6HFRQG� (GLWLRQ�� /RQGRQ�� 6XUYH\� RI� (QJOLVK8VDJH�:$//,6��6���IRUWKFRPLQJ���������6HDUFKLQJ�WUHHEDQNV�DQG�JUDSKV��,Q��$QNH�/�GHOLQJ�0HUMD� .\W|�� DQG� 7RQ\� 0F(QHU\� �HGV�� +DQGERRN� RQ� &RUSXV� /LQJXLVWLFV�+DQGE�FKHU�]XU�6SUDFK��XQG�.RPPXQLNDWLRQVZLVVHQVFKDIW��%HUOLQ��0RXWRQGH�*UX\WHU����,PSDFWV
$V�ZH�KDYH�VWDWHG�LQ�WKH�UHVHDUFK�SURSRVDO��WKHUH�LV�D�JURZLQJ�FRPPXQLW\�RI�OLQJXLVWVZKR� DUH� LQWHUHVWHG� LQ� FXUUHQW� FKDQJH LQ� WKH� (QJOLVK� ODQJXDJH�� :H� ZLOO� ZLGHO\SXEOLFLVH� WKH�UHOHDVH�RI� WKH�FRUSXV�DQG� LWV�VHDUFK�VRIWZDUH�DQG�H[SHFW� WKH� WDNH�XS�RIWKLV�UHVRXUFH�WR�EH�FRQVLGHUDEOH����)XWXUH�5HVHDUFK�3ULRULWLHV
:H�HQYLVDJH�WKH�SRVVLELOLW\�LQ�WKH�IXWXUH�RI�PDNLQJ�WKH�SURVRGLF�PDWHULDO�RI�WKH�//&VHDUFKDEOH��$QRWKHU�UHVHDUFK�DLP�PLJKW�EH�SURVRGLFDOO\�DQQRWDWLQJ�WKH�,&(�*%�SDUW�RI'&36(� �DQG� DOVR� PDNLQJ� WKLV� PDWHULDO� VHDUFKDEOH��� $� IXUWKHU�� ORQJ�WHUP�� SURMHFWPLJKW�EH� WKH� FROOHFWLRQ� DQG� DQQRWDWLRQ� RI� IXUWKHU� VSRNHQ�PDWHULDO� RYHU� WKH� GHFDGHV�WKXV� FUHDWLQJ� D� PRQLWRU� FRUSXV� WKDW� FDQ� EH� XVHG� WR� WUDFN� FKDQJHV� LQ� FRQWHPSRUDU\(QJOLVK�
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���5HIHUHQFHV
$$576�� %��� 1(/621�� *��� DQG :$//,6�� 6�$� ������� 8VLQJ� )X]]\� 7UHH� )UDJPHQWV� WR([SORUH�(QJOLVK�*UDPPDU��(QJOLVK�7RGD\ ����������$$576��)�� DQG� %��$$576� �������5HODWLYH�:KRP�� D� µ0LVFKLHI� �0DNHU¶�� ,Q��$QGUHDV)LVFKHU�� *XQQHO� 7RWWLH� DQG� 3HWHU� 6FKQHLGHU� �HGV��� 7H[W� W\SHV� DQG� FRUSRUD�7�ELQJHQ��*XQWHU�1DUU�9HUODJ����������'(1,621�� '� ������� 6\QWD[�� ,Q�� 6�� 5RPDLQH� �HG���� 7KH� &DPEULGJH� +LVWRU\� RI� WKH(QJOLVK�/DQJXDJH��,9������������ &DPEULGJH���������.(11('<��*���������$Q�,QWURGXFWLRQ�WR�&RUSXV�/LQJXLVWLFV��/RQGRQ�/((&+��*� �������'LDFKURQLF� OLQJXLVWLFV�DFURVV� D�JHQHUDWLRQ�JDS�� IURP� WKH�����V� WRWKH� ����V�� 3DSHU� UHDG� DW� WKH� V\PSRVLXP�*UDPPDU� DQG� /H[LV�� 8QLYHUVLW\&ROOHJH�/RQGRQ�,QVWLWXWH�RI�(QJOLVK�6WXGLHV�/-81*��0� �������HG���&RUSXV�%DVHG�6WXGLHV�LQ�(QJOLVK� $PVWHUGDP�0$,5�� &�� ������� &KDQJLQJ� 3DWWHUQV� RI� &RPSOHPHQWDWLRQ� DQG� &RQFRPLWDQW*UDPPDWLFDOLVDWLRQ� RI� WKH�9HUE�KHOS LQ� 3UHVHQW�'D\� (QJOLVK�� ,Q�� %��$DUWV�DQG�&�)�0H\HU��HGV����7KH�9HUE�LQ�&RQWHPSRUDU\�(QJOLVK��&DPEULGJH����������0$,5��&� �������3DUDOOHO�&RUSRUD��D�5HDO�7LPH�$SSURDFK� WR� WKH�6WXG\�RI�/DQJXDJH&KDQJH�LQ�3URJUHVV��,Q��0��/MXQJ��0���HG������������0$,5��&� DQG�+81'7��0���������:K\�LV�WKH�3URJUHVVLYH�%HFRPLQJ�0RUH�)UHTXHQW�LQ(QJOLVK"� $� &RUSXV�%DVHG� ,QYHVWLJDWLRQ� RI� /DQJXDJH� &KDQJH� LQ� 3URJUHVV�=HLWVFKULIW�I�U�$QJOLVWLN�XQG�$PHULNDQLVWLN ��������������0$,5��&��DQG 0��+81'7 �������7KH�&RUSXV�%DVHG�$SSURDFK�WR�/DQJXDJH�&KDQJH�LQ3URJUHVV�� ,Q�� 8�� %|NHU� DQG� +�� 6DXHU�� +�� �HGV���� $QJOLVWHQWDJ� �����'UHVGHQ�������1(/621�� *��� :$//,6�� 6�$��� DQG� $$576�� %�� �������� ([SORULQJ� 1DWXUDO� /DQJXDJH�$PVWHUGDP�48,5.�� 5��� *5((1%$80�� 6��� /((&+� *��� DQG 69$579,.�� -�� ������ $� *UDPPDU� RI&RQWHPSRUDU\�(QJOLVK��/RQGRQ�²²²²�������$�&RPSUHKHQVLYH�*UDPPDU�RI�WKH�(QJOLVK�/DQJXDJH��/RQGRQ�60,7+��1��$1'�*��/((&+ �������*UDPPDWLFDO�FKDQJH�LQ�UHFHQW�ZULWWHQ�(QJOLVK��EDVHGRQ� WKH� )/2%� DQG� /2%� FRUSRUD�� 3DSHU� UHDG� DW� WKH� ,&$0(� FRQIHUHQFH�/RXYDLQ�OD�1HXYH��%HOJLXP�69$579,.��-��������HG����7KH�/RQGRQ�/XQG�&RUSXV�RI�6SRNHQ�(QJOLVK��'HVFULSWLRQ�DQG5HVHDUFK��/XQG�6WXGLHV�LQ�(QJOLVK�����/XQG�69$579,.��-���DQG 48,5.��5� ������$�&RUSXV�RI�(QJOLVK�&RQYHUVDWLRQ��/XQG�:$//,6�� 6�� �������&RPSOHWLQJ� SDUVHG� FRUSRUD�� IURP� FRUUHFWLRQ� WR� HYROXWLRQ�� ,Q�� $�$EHLOOp� �HG���� -RXUQpHV� $7$/$� VXU� OHV� &RUSXV� $QQRWpV� SRXU� OD� 6\QWD[H� ±7UHHEDQNV�:RUNVKRS�������:$//,6�� 6�� DQG� *�� 1(/621 ������� 6\QWDFWLF� SDUVLQJ� DV� D� NQRZOHGJH� DFTXLVLWLRQSUREOHP��3URFHHGLQJV�RI� ��WK�(XURSHDQ�.QRZOHGJH�$FTXLVLWLRQ�:RUNVKRS�&DWDORQLD��6SDLQ��6SULQJHU�9HUODJ����������:$//,6��6��DQG�*��1(/621 ������ ([SORLWLQJ�IX]]\�WUHH�IUDJPHQWV�LQ�WKH�LQYHVWLJDWLRQRI�SDUVHG�FRUSRUD��/LWHUDU\�DQG�/LQJXLVWLF�&RPSXWLQJ ���������������:$//,6��6��DQG�*��1(/621 ������ µ.QRZOHGJH�GLVFRYHU\� LQ�JUDPPDWLFDOO\�DQDO\VHGFRUSRUD¶��'DWD�0LQLQJ�DQG�.QRZOHGJH�'LVFRYHU\ �����������
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