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.(<� :25'6� GHHS� IRXQGDWLRQV�� SLOHV�� GULYHQ� SLOHV�� WDSHUHG� SLOHV�� GULOOHG� SLOHV�� GULOOHG� VKDIWV�� D[LDO�FRPSUHVVLYH�FDSDFLW\��F\OLQGULFDO�FDYLW\�H[SDQVLRQ
,1752'8&7,21
'ULYHQ�SLOHV�ZLWK�D�GHSWK�YDULDEOH�FLUFXPIHUHQFH�RU�SHULPHWHU�RYHU�DOO�RU�DW�OHDVW�SDUW�RI�WKHLU�OHQJWK�DUH�FDOOHGWDSHUHG�GULYHQ�SLOHV RU�VLPSO\�WDSHUHG�SLOHV��7KH\�DUH�XVXDOO\�LQVWDOOHG�XVLQJ�VRPH�W\SH�RI�LPSDFW��DV�RSSRVHG�WRYLEUDWRU\�� KDPPHU� DQG�KDYH� ORQJ� EHHQ� UHFRJQL]HG� DV� WKH�PRVW� FRVW� HIIHFWLYH� GULYHQ� SLOH� DOWHUQDWLYH� WR� XVH� LQDSSOLFDWLRQV�FDOOLQJ�IRU��IULFWLRQ�SLOHV���HVSHFLDOO\�LQ�FRDUVH�JUDLQ�VRLO�FRQGLWLRQV��3HFN��������,W�LV�LQWHUHVWLQJ�WRQRWH�WKDW��RQ�RQH�KDQG��WDSHUHG�SLOHV�DUH�WKH�ROGHVW�W\SH�RI�SLOH��LQGHHG�SHUKDSV�WKH�ROGHVW�W\SH�RI�GHHS�IRXQGDWLRQLQ�JHQHUDO��EHFDXVH�KXPDQV�KDYH�EHHQ�XVLQJ�QDWXUDOO\�WDSHUHG�WLPEHU��ZRRG��SLOHV�IRU�WKRXVDQGV�RI�\HDUV��2Q�WKHRWKHU� KDQG�� LQ�PDQ\� FRXQWULHV� WDSHUHG�SLOHV� DUH� UHODWLYHO\� XQNQRZQ�DQG�KDYH�EHHQ�XQGHUXWLOL]HG� WR� GDWH��7KLVDSSHDUV�WR�EH�GXH�WR�D�FRPELQDWLRQ�RI�VHYHUDO�IDFWRUV�
x ODFN�RI� NQRZOHGJH� DQG� HGXFDWLRQ� DERXW� WKHLU� H[LVWHQFH� DQG�RU� WKH� YDULRXV� W\SHV� RI� WDSHUHG� SLOHV� WKDW� DUHDYDLODEOH�RU�FDQ�EH�FUHDWHG�FRPPHUFLDOO\�x ODFN� RI� D� UHOLDEOH� DQDO\WLFDO� PHWKRG� IRU� HVWLPDWLQJ� WKHLU� D[LDO� JHRWHFKQLFDO� FDSDFLW\�� HVSHFLDOO\� LQFRPSUHVVLRQ��DQGx ODFN�RI�PDUNHWSODFH�FRPSHWLWLRQ�WR�PLQLPL]H�FRVW�E\�PDNLQJ�D�ZLGHU�YDULHW\�RI�DOWHUQDWLYH�W\SHV�RI�WDSHUHGSLOHV�DYDLODEOH�FRPPHUFLDOO\�
+RZHYHU�� WKHUH�LV�HYLGHQFH� WKDW� WKLV�RYHUDOO�XQGHUDSSUHFLDWLRQ�DQG�XQGHUXWLOL]DWLRQ�RI� WDSHUHG�SLOHV� LV�VORZO\FKDQJLQJ� DV� WKH� UHVXOW� RI� UHQHZHG� LQWHUHVW� DQG� WHFKQLFDO� GHYHORSPHQWV� GXULQJ� WKH� SDVW� GHFDGH� IURP� VHYHUDOLQGHSHQGHQW�VRXUFHV��,Q�SDUWLFXODU��HGXFDWLRQ�DQG�UHVHDUFK�ZRUN�DW�WKH�0DQKDWWDQ�&ROOHJH�6FKRRO�RI�(QJLQHHULQJ&HQWHU� IRU�*HRWHFKQRORJ\� �&*7��ZDV� LQLWLDWHG� LQ� UHFHQW� \HDUV� WR� DGGUHVV� WKH� ILUVW� WZR� LVVXHV��&RLQFLGHQWDOO\�GXULQJ�URXJKO\�WKH�VDPH�WLPH�IUDPH�PDUNHW�IRUFHV�ZHUH�DGGUHVVLQJ�WKH�WKLUG�LVVXH��LQ�WKH�8�6�$��DW�OHDVW�>+RUYDWKHW�DO������@�7KLV� SDSHU� LV� LQWHQGHG� SULPDULO\� WR� EH� D� FRQWULEXWLRQ� WRZDUG� LQIRUPLQJ� WKRVH� LQYROYHG� LQ� WKH� GHVLJQ� DQGLQVWDOODWLRQ�RI�GHHS�IRXQGDWLRQV�DERXW�WDSHUHG�SLOHV��,Q�SDUWLFXODU��WKLV�SDSHU�LV�LQWHQGHG�WR�SUHVHQW�D�VXPPDU\�RIUHFHQW� GHYHORSPHQWV� UHODWHG� WR� WDSHUHG� SLOHV�� DQG� RIIHU� VRPH� WKRXJKWV� DQG� VXJJHVWLRQV� DV� WR� ZKHUH� IXWXUHUHVHDUFK�DQG�GHYHORSPHQW� HIIRUWV�PLJKW� EH�GLUHFWHG��+RSHIXOO\�� VKDULQJ� LQIRUPDWLRQ� DERXW� WKH� FXUUHQW� VWDWH� RINQRZOHGJH� FRQFHUQLQJ� WDSHUHG� SLOHV� ZLOO� HQFRXUDJH� WKHLU� JUHDWHU� FRQVLGHUDWLRQ� LQ� SUDFWLFH�� +RZHYHU�� D� EULHIUHYLHZ�RI�WKH�SDVW�ZLOO�ILUVW�EH�SUHVHQWHG�DV�LW�SURYLGHV�XVHIXO�HYROXWLRQDU\�LQVLJKW�IRU�WKH�SUHVHQW�DQG�IXWXUH�
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$�/22.�$7�7+(�3$67
$�%ULHI�+LVWRU\�RI�7DSHUHG�'ULYHQ�3LOHV
2YHUYLHZ
7KH�IROORZLQJ�GLVFXVVLRQ�FRYHUV�WKH�PDLQ�W\SHV�RI�WDSHUHG�SLOHV�WKDW�KDYH�ILJXUHG�LQWR�WKH�HYROXWLRQ�RI�WDSHUHG�SLOH� WHFKQRORJ\� DQG� DV� VXFK� LV� FRQVLGHUHG� FRPSUHKHQVLYH� IRU� WKH� SXUSRVHV� RI� WKLV� SDSHU�� +RZHYHU�� WKHUH� DUHXQGRXEWHGO\�LQGLYLGXDO�SLOH�GHVLJQV�RU�GHVLJQ�YDULDWLRQV�WKDW�ZHUH�GHYHORSHG�DW�VRPH�WLPH�LQ�WKH�SDVW�WKDW�DUH�QRWPHQWLRQHG��6RPH�RI�WKHVH�DUH�FRYHUHG�LQ�ROGHU�WH[WV�RQ�SLOHV��H�J��&KHOOLV��������%HIRUH� FRQWLQXLQJ�� LW� LV� QHFHVVDU\� WR� GHILQH� WKH� WHUP�WDSHU� DQJOH�� Z�� ZKLFK� LV� WKH� VLQJOH� PRVW� LPSRUWDQWSDUDPHWHU�IRU�WDSHUHG�SLOHV��7KLV�LV�GHILQHG�DV�WKH�DQJOH��W\SLFDOO\�H[SUHVVHG�XVLQJ�WKH�LPSHULDO�XQLW�RI�GHJUHHV�WKDW�WKH�SODQDU�RXWVLGH�VXUIDFH�RI�D�SLOH�PDNHV�ZLWK�UHVSHFW�WR�LWV�ORQJLWXGLQDO�D[LV��7KXV�DV�D�EDVHOLQH�UHIHUHQFH�DQRQ�WDSHUHG��L�H��FRQVWDQW�GLDPHWHU��SLOH�KDV�D�Z  ��q�2QH�RI�WKH�LQWHUHVWLQJ�DVSHFWV�RI�WDSHUHG�SLOHV�LV�WKDW�D�UHPDUNDEO\�VPDOO�WDSHU�DQJOH��W\SLFDOO\�OHVV�WKDQ��q��LVUHTXLUHG�WR�GHYHORS�VLJQLILFDQW�EHQHILWV�RI�WDSHU��,Q�IDFW��IRU�DOPRVW�D�FHQWXU\�QRZ�WKH�GH�IDFWR��RSWLPXP��WDSHUDQJOH�IRU�WDSHUHG�VWHHO�SLOHV�LQ�WKH�8�6�$��KDV�EHHQ�D�VORSH�RI����YHUWLFDO��WR�����KRUL]RQWDO��ZKLFK�LV�Z # ����q��,QDGGLWLRQ�� WKH� D[LDO�FRPSUHVVLYH�JHRWHFKQLFDO� FDSDFLW\� LV� UHODWLYHO\� VHQVLWLYH� WR� FKDQJHV� LQ� WDSHU� DQJOH�� DW� OHDVWZLWKLQ�VRPH�UDQJH�RI�DQJOHV�

7LPEHU
$V�QRWHG�SUHYLRXVO\�� WLPEHU��ZRRG��SLOHV��ZKLFK�DUH�VLPSO\�WKH�WUXQNV�RI� WUHHV�PLQXV�EUDQFKHV�DQG�EDUN��DUHWKH�ROGHVW� W\SH�RI�SLOH�LQ�JHQHUDO�IRU� WKH�REYLRXV�UHDVRQ�RI�QDWXUDO�DYDLODELOLW\��,W� LV�KDSSHQVWDQFH�WKDW� WKH\�DUHWDSHUHG�RYHU� WKHLU�HQWLUH� OHQJWK�E\�YLUWXH�RI� WKH�ZD\� WUHHV�JURZ��$OWKRXJK� WKH\�ZHUH� WKH�RQO\� W\SH�RI�SLOH� IRUFHQWXULHV� DQG� QXPHURXV� GLIIHUHQW� NLQGV� RI� KDUG�� DQG� VRIWZRRG� KDYH� EHHQ� XVHG� UHJLRQDOO\� RYHU� WLPH� �&KHOOLV�������LQ�UHFHQW�GHFDGHV�WKH�XVH�RI�WLPEHU�SLOHV�KDV�EHHQ�OLPLWHG�WR�JHRJUDSKLF�DUHDV�ZKHUH�WKH�XVH�RI�VRIWZRRGVVXFK�DV�6RXWKHUQ�<HOORZ�3LQH�DQG�'RXJODV�)LU�LQ�WKH�8�6�$��ZDV�VWLOO�FRPSHWLWLYH�HFRQRPLFDOO\��,Q�DGGLWLRQ��IRUVRPH�GHFDGHV�QRZ�LW�KDV�EHHQ�FXVWRPDU\� WR� WUHDW� WLPEHU�SLOHV�ZLWK�D�SUHVHUYDWLYH�VXFK�DV�FUHRVRWH� WR�HQKDQFHWKHLU�GXUDELOLW\�LQ�XQVDWXUDWHG�VRLOV�DQG�RSHQ�DLU�DQG�ZDWHU��ZRRG�LV�QDWXUDOO\�TXLWH�GXUDEOH�ZKHQ�NHSW�SHUIHFWO\GU\�RU�EXULHG�ZLWKLQ�VDWXUDWHG�VRLO��)LJ����VKRZV�D�W\SLFDO�WLPEHU�SLOH�ZLWK�FUHRVRWH�SUHVHUYDWLYH�EHLQJ�UHDGLHG�IRU�GULYLQJ�LQ�WKH�8�6�$��VRPH�WLPHGXULQJ�WKH�ODWWHU�SDUW�RI�WKH���WK FHQWXU\��7KH�SRZHU�DXJHU�PRXQWHG�RQ�WKH�VLGH�RI�WKH�OHDGV�LV�IRU�SUHGULOOLQJ�IRUREVWUXFWLRQV��HWF��SULRU�WR�SODFLQJ�DQG�GULYLQJ�WKH�SLOH�

),*������&UHRVRWH�7UHDWHG�7LPEHU�3LOH�%HLQJ�5HDGLHG�IRU�,QVWDOODWLRQ
7KH�WDSHU�DQJOH�RI�WLPEHU�SLOHV�FDQ�EH�KLJKO\�YDULDEOH��QRW�RQO\�EHWZHHQ�GLIIHUHQW�W\SHV�RI�ZRRG�DQG�OHQJWK�RISLOHV� EXW� HYHQ� EHWZHHQ� VLPLODU� SLOHV� RQ� D� JLYHQ� SURMHFW� DQG� DORQJ� D� JLYHQ� SLOH�� )RU� H[DPSOH�� UHFHQW� VWXGLHV�+RUYDWK�������+RUYDWK�DQG�7URFKDOLGHV�������RI�WLPEHU�SLOHV�XVHG�DW�WKH�-RKQ�)��.HQQHG\�,QWHUQDWLRQDO�$LUSRUW
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�-).,$��LQ�1HZ�<RUN�&LW\�GXULQJ�WKH������WR������WLPH�IUDPH�IRXQG�WKDW�Z YDULHG�EHWZHHQ����q DQG����q IRUSLOHV�RI�VLPLODU� OHQJWK��,Q� IDFW��IRU�RQH����P�����IW�� ORQJ�SLOH�IRU�ZKLFK�UHODWLYHO\�GHWDLOHG�PHDVXUHPHQWV�ZHUHPDGH�Z ZDV�IRXQG�WR�YDU\�EHWZHHQ�����q DQG�����q DORQJ�WKH�SLOH�ZLWK�DQ�DYHUDJH�RI�����q��2QO\�YHU\�UHFHQWO\KDV� LW� EHHQ� IXOO\� DSSUHFLDWHG� WKDW� WKHVH� XQDYRLGDEOH� YDULDWLRQV� LQ� WDSHU� DQJOH� KDYH� D� VLJQLILFDQW� HIIHFW� RQFDOFXODWLQJ�WKH�D[LDO�FRPSUHVVLYH�JHRWHFKQLFDO�FDSDFLW\�RI�WLPEHU�SLOHV�,W�DSSHDUV�WKDW�WLPEHU�SLOH�XVDJH�KDV�EHHQ�GHFOLQLQJ�LQ�UHFHQW�\HDUV��HYHQ�LQ�DUHDV�VXFK�DV�WKH�(DVWHUQ�8�6�$�ZKHUH�WLPEHU�SLOHV�ZHUH�DOZD\V�DQ�HFRQRPLFDOO\�YLDEOH�DOWHUQDWLYH�ZKHQ�OLJKWO\�ORDGHG�SLOHV�ZHUH�UHTXLUHG��,W�LVOLNHO\�WKDW�WKH�XVH�RI�WLPEHU�SLOHV�ZLOO�FRQWLQXH�WR�GHFOLQH�ERWK�IURP�SXUHO\�HFRQRPLF�SHUVSHFWLYHV��YDULRXV�W\SHVRI�JURXQG� LPSURYHPHQW�� LQFOXGLQJ�PLQLSLOHV�� QRZ�SURYLGH� DOWHUQDWLYHV�� DV�ZHOO� DV� WKH� IDFW� WKDW� LW� LV� EHFRPLQJLQFUHDVLQJ�GLIILFXOW�WR�ILQG�SUHVHUYDWLYH�WUHDWPHQWV�WKDW�DUH�HQYLURQPHQWDOO\�DFFHSWDEOH�
6WHHO�6KHOO�DQG�3LSH
,Q� JHQHUDO�� WDSHUHG� VWHHO� SLOHV� GHYHORSHG� DQG� XVHG� WR� GDWH� FRQVLVW� RI� D� KROORZ�� FORVHG�HQG� VHFWLRQ� WKDW� LVQRPLQDOO\�FLUFXODU�LQ�FURVV�VHFWLRQ��,Q�DOPRVW�DOO�FDVHV��FHUWDLQO\�IRU�SLOHV�GULYHQ�RQ�ODQG�RU�FORVH�WR�VKRUH�LQ�DPDULQH�HQYLURQPHQW��WKH�LQVLGH�RI�WKH�SLOH�LV�ILOOHG�ZLWK�SRUWODQG�FHPHQW�FRQFUHWH��3&&��DIWHU�WKH�SLOH�LV�GULYHQ�'HSHQGLQJ�RQ�WKH�VSHFLILF�W\SH�RI�VWHHO�SLOH�XVHG��ILOOLQJ�ZLWK�3&&�LV�HLWKHU�D�QHFHVVLW\�RU�KLJKO\�GHVLUDEOH�IURP�DVWUXFWXUDO�FDSDFLW\�SHUVSHFWLYH�)URP�WKHVH�FRPPRQ�HOHPHQWV��WKH�GLVWLQFWLRQ�LV�PDGH�KHUH�EHWZHHQ�ZKDW�ZLOO�EH�UHIHUUHG�WR�DV�VWHHO�VKHOO SLOHVDQG�SLSH SLOHV��7KH�VWHHO�ZDOO�RI�VKHOO�SLOHV�LV�VR�WKLQ��LW�LV�XVXDOO\�FRUUXJDWHG�WR�JLYH�LW�VRPH�QRPLQDO�VWLIIQHVV�IRUKDQGOLQJ�� WKDW� WKH� SLOH� KDPPHU� FDQQRW� GULYH� RQ� WKH� VKHOO� GLUHFWO\�� 5DWKHU�� D� WHPSRUDU\� VWHHO� LQVHUW�� FDOOHG� DPDQGUHO��LV�SODFHG�ZLWKLQ�WKH�VKHOO�DQG�WKH�KDPPHU�DFWXDOO\�LPSDFWV�RQ�WKH�PDQGUHO�ZKLFK�HVVHQWLDOO\�GUDJV�WKHVKHOO� LQWR� WKH�JURXQG�ZLWK� LW�� ,Q�HVVHQFH�� WKHQ�� WKH�VKHOO�KDV�QHJOLJLEOH�VWUXFWXUDO�FDSDFLW\�DQG� VHUYHV�RQO\�DV�DIRUP�IRU�WKH�SRXUHG�LQ�SODFH�3&&��2Q�WKH�RWKHU�KDQG��D�SLSH�SLOH�KDV�D�VXIILFLHQWO\�WKLFN�DQG�UREXVW�ZDOO�VR�WKDWWKH�SLOH�KDPPHU�FDQ�LPSDFW�RQ�LW�GLUHFWO\��7KH�SLSH�DOVR�KDV�VRPH�SHUPDQHQW�VWUXFWXUDO�FDSDFLW\�RQFH�LQVWDOOHG�LQWKH�JURXQG��+RZHYHU��ZKHWKHU�RU�QRW�WKH�GHVLJQ�HQJLQHHU�FRQVLGHUV�DOO�RU�VRPH�RI�WKLV�FDSDFLW\�GHSHQGV�RQ�VLWH�DQG�SURMHFW�VSHFLILF�FRQFHUQV�RYHU�ORQJ�WHUP�FRUURVLRQ�,W�DSSHDUV�WKDW�WKH�ILUVW�WDSHUHG�VWHHO�SLOHV�GHYHORSHG�ZHUH�RI�WKH�VKHOO�YDULHW\�DQG�JUHZ�RXW�RI�D�SDWHQW�LVVXHG�DWWKH� HQG� RI� WKH� ��WK FHQWXU\� �&KHOOLV� �������7KHVH�ZHUH� WKH�5D\PRQG� 6WDQGDUG� SLOH� DQG� WKH�5D\PRQG� 6WHS�7DSHU� SLOH��7KH�IRUPHU�ZDV�D��WUXH�� WDSHUHG�SLOH� LQ� WKDW�ZDV� WDSHUHG�FRQWLQXRXVO\�DQG�RYHU� LWV�HQWLUH� OHQJWK�HVVHQWLDOO\�PLPLFNLQJ�D�WLPEHU�SLOH��7KH�WDSHU�DQJOH�ZDV�IL[HG�DW�����q �ZKLFK�OLPLWHG�WKH�PD[LPXP�OHQJWK�RISLOH� WKDW� FRXOG� HYHU� EH� GULYHQ��ZKLFK� VHHPV� WR� KDYH� VHW� D� GH�IDFWR� VWDQGDUG� IRU� VXEVHTXHQW� WDSHUHG�VWHHO�SLOHGHYHORSPHQW�LQ�WKH�8�6�$��WKDW�FRQWLQXHV�LQWR�WKH���VW FHQWXU\��7KH�ODWWHU�SLOH�ZDV�D�SVHXGR�WDSHUHG�SLOH�LQ�WKDW�LWZDV�DQ�DVVHPEODJH�RI�VHYHUDO�FRQVWDQW�GLDPHWHU�VHJPHQWV��HDFK�ZLWK�D�GLIIHUHQW�GLDPHWHU�� VR� WKDW� WKH�GLDPHWHUFKDQJHG�DORQJ�WKH�ORQJLWXGLQDO�D[LV�RI�WKH�SLOH�LQ�GLVFUHWH�VWHSV�DV�WKH�SLOH
V�WUDGHQDPH�VWDWHV�)LJ����VKRZV�D�5D\PRQG�6WHS�7DSHU SLOH�EHLQJ�UHDGLHG�IRU�GULYLQJ��1RWH�WKH�VWHHO�PDQGUHO�EHLQJ�LQVHUWHG�LQWRWKH�WKLQ��FRUUXJDWHG�VWHHO�VKHOO�RI�WKH�SLOH��D�SURFHVV�WKDW�ZDV�UHIHUUHG�WR�FROORTXLDOO\�DV��VKHOOLQJ�XS���1RWH�DOVRDJDLQ�WKH�DXJHU�PRXQWHG�RQ�WKH�VLGH�RI�WKH�OHDGV��D�QRW�XQFRPPRQ�SUDFWLFH�LQ�WKH�8�6�$�

),*������5D\PRQG�6WHS�7DSHU 3LOH�%HLQJ�5HDGLHG�IRU�,QVWDOODWLRQ
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%RWK� RI� WKH� 5D\PRQG� VKHOO� SLOHV� ZHUH� SURSULHWDU\� ZLWK� UHJDUG� WR� ERWK� WKH� SLOHV� WKHPVHOYHV� DV� ZHOO� DV� WKHFRQWUDFWRU� ZKR� LQVWDOOHG� WKHP�� L�H�� LQ� JHQHUDO� RQO\� 5D\PRQG� ZRXOG� LQVWDOO� WKHP�� 7KLV� VLJQLILFDQWO\� OLPLWHGRSSRUWXQLWLHV�IRU�WKHVH�SLOHV�WR�EH�XVHG�DQG�DOVR�OLQNHG�WKHLU�XVDJH�WR�D�VLQJOH�EXVLQHVV�HQWLW\��$V�WKH�IRUWXQHV�RIWKLV�EXVLQHVV�HQWLW\�GHFOLQHG�GXULQJ�WKH�ODWWHU�GHFDGHV�RI�WKH���WK FHQWXU\��WKHVH�SLOHV�HVVHQWLDOO\�GLVDSSHDUHG�IURPWKH�PDUNHWSODFH�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� QHHG� WR� GULYH� WKHVH� SLOHV� ZLWK� D� PDQGUHO�� D� SURFHVV� WKDW� LV� ERWKFXPEHUVRPH�DQG�WLPH�FRQVXPLQJ��VHYHUHO\�DIIHFWV�WKHLU�DSSOLFDWLRQ�DQG�RYHUDOO�HFRQRPLFV�VR�LW�LV�GRXEWIXO�WKDWWKH�VSHFLILF�FRQFHSWV�RQ�ZKLFK�WKHVH�SLOHV�ZHUH�EDVHG�ZRXOG�HYHU�EH�ZRUWKZKLOH�WR�UHVXUUHFW�JLYHQ�DOO�WKH�RWKHUDOWHUQDWLYHV�DYDLODEOH�WR�WKH�PRGHUQ�GD\�IRXQGDWLRQ�HQJLQHHU�DQG�FRQWUDFWRU�2Q�WKH�RWKHU�KDQG��WDSHUHG�VWHHO�SLSH�SLOHV�DSSHDU�WR�UHSUHVHQW�WKH�IXWXUH��DW�OHDVW�DV�IDU�DV�KLJK�FDSDFLW\�WDSHUHGSLOHV� DUH� FRQFHUQHG�� 6LQFH� WKH� HDUO\� SDUW� RI� WKH� ��WK FHQWXU\�� WKH� RQO\� WDSHUHG� VWHHO� SLSH� SLOH� KDV� EHHQ� WKH0RQRWXEH� EUDQG�� 7KH� FRPSDQ\� DFWXDOO\� PDNLQJ� DQG� GLVWULEXWLQJ� WKLV� SLOH� LQ� WKH� 8�6�$�� KDV� JRQH� WKURXJKVHYHUDO�FRUSRUDWH�FKDQJHV�RYHU�WKH�\HDUV��+RZHYHU�� WKH�0RQRWXEH �DV� LW� LV�FROORTXLDOO\� UHIHUUHG� WR��KDV�DOZD\VEHHQ�D�SLOH�WKDW�DQ\�SLOH�GULYLQJ�FRQWUDFWRU�FDQ�SXUFKDVH�DQG�LQVWDOO�7KH�0RQRWXEH DOZD\V� FRQVLVWV� RI� D� WDSHUHG� ORZHU� VHFWLRQ� DQG� FRQVWDQW�GLDPHWHU� XSSHU� VHFWLRQ�� ZLWK� ERWKVHFWLRQV�PDGH�RI�FROG�UROOHG�VWHHO�DQG�SRVVHVVLQJ�YHUWLFDO�IOXWLQJ�WKDW�KDV�DOZD\V�EHHQ�WKH�YLVXDO�KDOOPDUN�RI�WKLVSLOH��7KH� WDSHUHG� VHFWLRQV� FRPH� LQ� WKUHH� VWDQGDUG� WDSHUV� RU� �W\SHV��� GHVLJQDWHG� 
)
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-
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<
�ZLWK�Z  � ����q�����q DQG�����q UHVSHFWLYHO\��$�YDULHW\�RI�GLDPHWHUV�DQG�SLSH�ZDOO�WKLFNQHVV�DUH�DYDLODEOH�)LJ����VKRZV�D�SDUWLDOO\�GULYHQ�0RQRWXEH��7KH�VLJQDWXUH�YHUWLFDO�IOXWLQJ�RI� WKH�FROG�UROOHG�SLSH�VHFWLRQV�XVHGIRU�ERWK�WKH�WDSHUHG�ORZHU�VHFWLRQ�DQG�FRQVWDQW�GLDPHWHU�XSSHU�VHFWLRQ��H[WHQVLRQ��DUH�UHDGLO\�DSSDUHQW�

),*�� ��� 3DUWLDOO\�'ULYHQ�0RQRWXEH 3LOH� +DYLQJ� D� &RQVWDQW�'LDPHWHU� 8SSHU� 6HFWLRQ� �([WHQVLRQ�� %HLQJ)LHOG�:HOGHG�WR�WKH�7DSHUHG�/RZHU�6HFWLRQ
$V� WKH� \HDUV� ZHQW� RQ�� IRXQGDWLRQ� HQJLQHHUV� LQ� WKH� 8�6�$�� SXVKHG� WKH� HGJH� RI� WKH� WDSHUHG�VWHHO�SLOH� GHVLJQHQYHORSH� VR� WKDW� E\� WKH� HQG� RI� WKH� ��WK FHQWXU\� RQ� D� SURMHFW� DW� -).,$� LW� EHFDPH� LQFUHDVLQJO\� GLIILFXOW� WRFRQVLVWHQWO\�DFKLHYH�DOORZDEOH�D[LDO�FRPSUHVVLYH� VHUYLFH� ORDGV�SHU�SLOH�RI������N1������NLSV��� HYHQ�XVLQJ� WKHKHDYLHVW�0RQRWXEH VHFWLRQV� DYDLODEOH��7KLV� IDFW� GLUHFWO\� OHG� WR� WKH�GHYHORSPHQW� RI� WKH�7DSHUWXEH� SLOH� DV� DQDOWHUQDWLYH��+RUYDWK�HW�DO���������7KH�7DSHUWXEH SLOH�LV�LGHQWLFDO�WR�WKH�0RQRWXEH LQ�WHUPV�RI� LWV�RYHUDOO�VKDSH�JHRPHWU\� DQG� FRPSRQHQWV� �L�H�� D� WDSHUHG� ORZHU� VHFWLRQ� DQG� FRQVWDQW�GLDPHWHU� XSSHU� VHFWLRQ��� +RZHYHU�� WKH7DSHUWXEH LV�PDGH�RI�KRW�UROOHG�VWHHO�ZKLFK�UHVXOWV�LQ�D�SLOH�WKDW�LV�VWUXFWXUDOO\�PRUH�UREXVW�WKDQ�WKH�0RQRWXEH�,Q� IDFW�� ZLWKLQ� D� UHODWLYHO\� VKRUW� WLPH� DIWHU� LQWURGXFWLRQ� DQG� XVH� RI� WKH�7DSHUWXEH SLOH� DOORZDEOH� D[LDO�FRPSUHVVLYH�VHUYLFH�ORDGV�SHU�SLOH�ZHUH�LQFUHDVHG�WR�LQ�H[FHVV�RI������N1������NLSV���,Q�VRPH�FDVHV��QHW�XOWLPDWHD[LDO�FRPSUHVVLYH�JHRWHFKQLFDO�FDSDFLWLHV�SHU�SLOH�DSSURDFKLQJ������N1�������NLSV��KDYH�EHHQ�PHDVXUHG�)LJ����VKRZV�D�7DSHUWXEH SLOH�EHLQJ�SRVLWLRQHG�IRU�GULYLQJ�RQ�D�YHU\�UHFHQW�SURMHFW�LQ�WKH�1HZ�<RUN�&LW\�DUHD�1RWH�WKH�XELTXLWRXV�SRZHU�DXJHU�DWWDFKHG�WR�WKH�OHDGV�WKDW�LV�VWLOO�EHLQJ�XVHG�LQ�8�6��SUDFWLFH��+RZHYHU��QRZ�WKHSLOH�GULYLQJ�ULJ�ZDV�RI�D�PRUH�PRGHUQ�W\SH�IURP�)LQODQG�FRPSDUHG�WR�WKRVH�VKRZQ�LQ�)LJV����DQG����1RW�RQO\�DUHWKH� OHDGV�RI� D� FRPSOHWHO\�GLIIHUHQW� GHVLJQ�EXW� D� K\GUDXOLF� KDPPHU�ZDV� XVHG� WR� LQVWDOO� WKH� SLOH�� 7KH� VWHDP�DLUKDPPHU��DQG�WKH�GLHVHO�KDPPHU�WR�D�OHVVHU�H[WHQW��KDG�EHHQ�SUHGRPLQDQW�LQ�8�6��SUDFWLFH�HYHU�VLQFH�PHFKDQL]HGSLOH�GULYLQJ�KDPPHUV�EHJDQ�WR�EH�XVHG�WKHUH�
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),*�����7DSHUWXEH 3LOH�%HLQJ�3RVLWLRQHG�IRU�'ULYLQJ
3RUWODQG�&HPHQW�&RQFUHWH
3UHFDVW� DQG� ODWHU� SUHFDVW�SUHVWUHVVHG� 3&&� SLOHV� KDYH� RIWHQ� EHHQ� WKH� GULYHQ� SLOH� RI� FKRLFH� LQ�PRVW� FRXQWULHVRXWVLGH�RI�WKH�8�6�$��DV�WKH\�DUH�PRUH�HFRQRPLFDO�WKDQ�VWHHO�SLOHV��,Q�WKH�YDVW�PDMRULW\�RI�FDVHV��3&&�SLOHV�DUHJHQHULF�LQ�ERWK�WKHLU�PDQXIDFWXUH�DQG�LQVWDOODWLRQ��DQG�FDQ�EH�PDQXIDFWXUHG�ORFDOO\�WR�VRPH�VWDQGDUG�GHVLJQ�WKDWLV�JHQHUDOO\�ZLGHO\�DYDLODEOH�8QIRUWXQDWHO\��LW�LV�WKLV�JHQHULF��ORFDOL]HG�QDWXUH�RI�3&&�SLOHV�WKDW�PDNHV�LW�GLIILFXOW�WR�LGHQWLI\�DQG�WUDFH�WKHLUXVH�DV�WDSHUHG�SLOHV��,Q�WKH�DEVHQFH�RI�D�SURSULHWDU\�EXVLQHVV�LQWHUHVW��WKHUH�LV�QR�RUJDQL]DWLRQ�WR�GRFXPHQW�WKHLUGHVLJQV� DQG�XVDJH� LQ� WKLV�PDQQHU��$W� WKH� SUHVHQW� WLPH�� RQO\� UHODWLYHO\� VSDUWDQ� DQG� DQHFGRWDO� LQIRUPDWLRQ�ZDVDYDLODEOH�WR�WKH�DXWKRU�WR�LQGLFDWH�WKDW�WDSHUHG�3&&�SLOHV�KDYH�LQGHHG�EHHQ�XVHG��.RGLNDUD�DQG�0RRUH��������DQG)HOOHQLXV� �������PDNH�UHIHUHQFH� WR� WKHLU�XVH� LQ� WKH� IRUPHU�6RYLHW�8QLRQ�DQG�1RUZD\� UHVSHFWLYHO\��7KH�DXWKRUKDV�KHDUG�UHSRUWV�RI�WKHLU�XVH�LQ�WKH�6WDWH�RI�)ORULGD��8�6�$�6HSDUDWH�IURP�WKH�W\SLFDO�3&&�SLOH�WKDW�LV�UHODWLYHO\�ORQJ�DQG�VOHQGHU�LQ�VKDSH�LV�D�YDULDQW�FDOOHG�WKH�EXOE�SLOH�6XFK�SLOHV�KDYH�D�ORZHU�SRUWLRQ���EXOE���WKDW�LV�EORFN�OLNH�LQ�VKDSH�DV�RSSRVHG�WR�WKH�URG�OLNH�VKDSH�RI�D�W\SLFDOSLOH��7KH�SDUWLFXODU�VKDSH�RI�WKH�EXOE�PD\�EH�URXJKO\�VSKHULFDO�RU�F\OLQGULFDO�GHSHQGLQJ�RQ�ZKHWKHU�LW�LV�IRUPHGLQ� SODFH� RU� SUHFDVW�� UHVSHFWLYHO\�� ,W� LV� WKH� SUHFDVW� YHUVLRQ�� ZKLFK� ZDV� GHYHORSHG� LQ� WKH� 8�6�$�� FD�� ����� DV� DSURSULHWDU\�SLOH�FDOOHG�WKH�7DSHUHG�3LOH�7LS� �737� SLOH��WKDW�LV�RI�LQWHUHVW�KHUH��7KLV�LV�EHFDXVH�WKH�SUHFDVW�EXOEKDV�WKH�VKDSH�RI�D�WDSHUHG��ULJKW�FLUFXODU�F\OLQGHU�VR�FDQ�EH�FODVVLILHG�DV�D� WDSHUHG�SLOH��7KH�737 SLOH�FDPH��LWGRHV�QRW�DSSHDU�WR�EH�DFWLYHO\�PDUNHWHG�DW�WKH�SUHVHQW�WLPH��LQ�D�YDULHW\�RI�VL]HV�ZLWK�WDSHU�DQJOHV�LQ�WKH�UDQJH�RI���q WR����q��,W�ZDV�XVHG�PDLQO\�LQ�WKH�1RUWKHDVWHUQ�8�6�,W�PLJKW�EH�DUJXHG�WKDW�WKH�737 SLOH�LV�LQ�D�JUD\�DUHD�FDWHJRULFDOO\�DV�LW�FDQ�EH�FRQVLGHUHG�D�W\SH�RI�FRPSRVLWHSLOH �GLVFXVVHG� LQ� WKH� IROORZLQJ� VHFWLRQ��� 7KLV� LV� EHFDXVH� D� VHFWLRQ� RI� WUDGLWLRQDO� SLOLQJ� LV� DOZD\V� UHTXLUHG� WRFRQQHFW� WKH� SUHFDVW� 3&&�EXOE� WR� WKH� VXUIDFH��$� YDULHW\� RI� SLOHV�� LQFOXGLQJ� WLPEHU� DQG� FRQVWDQW�GLDPHWHU� VWHHOVKHOO�DQG�SLSH�VHJPHQWV� �WKH� ODWWHU� ILOOHG�ZLWK�3&&�DIWHU�GULYLQJ� LQ�DOO�FDVHV���KDYH�EHHQ�XVHG� IRU� WKLV�SXUSRVHRYHU�WKH�\HDUV��+RZHYHU��IRU�WKH�SXUSRVHV�RI�WKLV�SDSHU�WKH�737 LV�QRW�FRQVLGHUHG�WR�EH�D�FRPSRVLWH�SLOH�DV�IRU�DOOSUDFWLFDO�SXUSRVHV�DOO�D[LDO�FRPSUHVVLYH�FDSDFLW\�LV�GHULYHG��E\�DVVXPSWLRQ�LI�QRW�LQ�DFWXDOLW\��E\�WKH�SUHFDVW�EXOESRUWLRQ�DORQH�)LJ����VKRZV�D�737 SLOH�EHLQJ�UHDGLHG�IRU�LQVWDOODWLRQ��7KLV�SDUWLFXODU�WLS��EXOE��LV�W\SLFDO�RI�737 SLOHV�LQ�WHUPVRI� LWV�RYHUDOO� VKDSH�DQG� VL]H��7KLV� LV� RQH�RI� WKH� HDUOLHVW� SURMHFWV� WR� XVH� WKH�737 SLOH� DV� D� VWHHO� VKHOO� �QRWH� WKHFKDUDFWHULVWLF�VSLUDOHG�FRUUXJDWLRQV��LV�EHLQJ�XVHG�IRU�WKH�H[WHQVLRQ��7KH�SKRWR�VKRZV�WKH�VKHOO�EHLQJ�FRQQHFWHGWR�WKH�SUHFDVW�737 WLS�WR�SUHSDUH�D�FRPSOHWH�SLOH�IRU�GULYLQJ��1RWH�WKDW�WKLV�W\SH�RI�VKHOO�LV�YHU\�WKLQ�DQG�UHTXLUHGD�PDQGUHO�WR�EH�LQVHUWHG�ZLWKLQ�LW�LQ�RUGHU�WR�GULYH�WKH�SLOH��7KLV�LV�RQH�UHDVRQ�ZK\�WKH�GHVLJQ�RI�737 SLOHV�ZDVFKDQJHG�VRRQ�DIWHU�WKHLU�LQYHQWLRQ�WR�XVLQJ�D�VWHHO�SLSH�VHFWLRQ�IRU�WKH�H[WHQVLRQ�DV�LW�HOLPLQDWHG�WKH�QHHG�IRU�DPDQGUHO��1RWH�DOVR�LQ�)LJ����WKDW�WKH�WRS�RI�WKH�SUHFDVW�EXOE�LV�FRQVLGHUDEO\�ODUJHU�LQ�GLDPHWHU� WKDQ�WKH�RXWVLGHGLDPHWHU�RI�WKH�VKHOO�H[WHQVLRQ��7KLV�GHVLJQ�GHWDLO�UHVXOWHG�LQ�WKH�FUHDWLRQ�RI�DQ�DQQXOXV�DURXQG�WKH�VKHOO�DV�WKHSLOH�ZDV�GULYHQ��7KLV�DQQXOXV�ZDV�EDFNILOOHG�PDQXDOO\�ZLWK�VRLO�DQG�LV�RQH�UHDVRQ�ZK\�DQ\�VLGH�IULFWLRQ�DORQJ�WKHFRQVWDQW�GLDPHWHU� H[WHQVLRQ�ZDV� QHJOHFWHG� LQ� GHWHUPLQLQJ� WKH� D[LDO�FRPSUHVVLYH� JHRWHFKQLFDO� FDSDFLW\� RI� WKHLQVWDOOHG�SLOH�
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),*������$Q�(DUO\�9HUVLRQ�RI�D�737 3LOH�%HLQJ�$VVHPEOHG�3ULRU�WR�'ULYLQJ
&RPSRVLWH
$V�WKH�QDPH�LPSOLHV��WKHVH�DUH�SLOHV�FRQVLVWLQJ�RI�WZR�GLIIHUHQW�W\SHV�RI�SLOH�PDWHULDOV�FRQQHFWHG�D[LDOO\�VR�DVWR� UHVXOW� LQ� RQH� SLOH� RQFH� LQVWDOOHG�� 7KH� EDVLF� UHDVRQ� IRU� GRLQJ� WKLV� LV� SXUHO\� HFRQRPLFV� DQG� WKH� SUDFWLFH� KDVODUJHO\�EHHQ�DEDQGRQHG�IRU�WKH�YHU\�UHDVRQ�WKDW�LW�LV�QR�ORQJHU�HFRQRPLFDO��+RZHYHU��LW�LV�PHQWLRQHG�KHUH�IRU�WKHVDNH�RI�FRPSOHWHQHVV�&KHOOLV��������LOOXVWUDWHV�D�QXPEHU�RI�YDULDWLRQV�WKDW�ZHUH�XVHG�IRU�FUHDWLQJ�FRPSRVLWH�WDSHUHG�SLOHV�LQ�WKH�HDUO\GHFDGHV�RI�WKH���WK FHQWXU\��(DFK�LQYROYHG�WKH�XVH�RI�RQH�W\SH�RI�5D\PRQG�VKHOO�SLOH�WKDW�ZDV�SODFHG�RQ�WRS�RIHLWKHU� D� WLPEHU� SLOH� �XVXDOO\� XQWUHDWHG� DV� LW� ZRXOG� EH� EHORZ� WKH� SHUPDQHQW� JURXQG�ZDWHU� WDEOH�� RU� VHFWLRQ� RIFRQVWDQW�GLDPHWHU�VWHHO�SLSH�SLOH��$�PXFK�PRUH�UHFHQW��ODWH���WK FHQWXU\��H[DPSOH�RI�FRPSRVLWH�WDSHUHG�SLOHV�ZDVWKH�XVH�RI�D�FRQVWDQW�GLDPHWHU�VWHHO�SLSH�SLOH�WKDW�ZDV�XVHG�DV�WKH�H[WHQVLRQ�RI�D�0RQRWXEH WDSHUHG�ORZHU�VHFWLRQ�%UDQG�������
$QDO\VLV�RI�*HRWHFKQLFDO�$[LDO�&DSDFLW\
&RPSUHVVLRQ��,QWURGXFWLRQ
*LYHQ�WKDW�KXPDQV�KDYLQJ�EHHQ�LQVWDOOLQJ�GULYHQ�SLOHV�IRU�WKRXVDQGV�RI�\HDUV��FDOFXODWLQJ�WKH�JHRWHFKQLFDO�D[LDOFDSDFLW\� RI� SLOHV� LV� D� UHODWLYHO\�QHZ�HQGHDYRU��$V� UHFHQWO\� DV� WKH�����V��7HU]DJKL� DQG�3HFN� �������ZURWH� WKHIROORZLQJ�ZLWK�UHJDUG�WR��IULFWLRQ�SLOHV��LQ�VDQG�
�$WWHPSWV�WR�SUHGLFW�WKH�XOWLPDWH�EHDULQJ�FDSDFLW\�RI�VXFK�SLOHV�RQ�D VHPL�HPSLULFDO�EDVLV�DSSHDU�SURPLVLQJEXW�DV�\HW�WKH�SURFHGXUHV�DUH�LQ�D�IRUPDWLYH�VWDJH��

(VVHQWLDOO\� WKH\�ZHUH� VD\LQJ� WKDW� FDOFXODWLQJ� WKH�SRVW�GULYLQJ�D[LDO�FRPSUHVVLYH�JHRWHFKQLFDO� FDSDFLW\� RI� SLOHVGULYHQ�LQWR�FRDUVH�JUDLQ�VRLO�ZDV�DQ�XQUHOLDEOH��VWLOO�HYROYLQJ�WHFKQRORJ\��+RZHYHU��WKH\�GLG�QRWH�WKDW�WDSHU�ZDVRQH�RI�VHYHUDO�SDUDPHWHUV�WKDW�FRXOG�LQIOXHQFH�WKH�FDSDFLW\�RI�GULYHQ�SLOHV�LQ�FRDUVH�JUDLQ�VRLO�DQG��WKHUHIRUH��DIDFWRU� WR�EH�FRQVLGHUHG� LQ�GHVLJQ�� ,Q� IDFW�� D� IHZ� \HDUV� HDUOLHU� LW�ZDV�3HFN� �������� LQ�ZKDW�PD\�EH� WKH� HDUOLHVWSXEOLVKHG�GHWDLOHG�DVVHVVPHQW�RI�WDSHUHG�SLOHV��VDLG�
�«LW�LV�REYLRXV�IURP�DQ�LQVSHFWLRQ�RI�)LJXUH«WKDW�WDSHU�KDV�D�EHQHILFLDO�LQIOXHQFH�RQ�WKH�FDSDFLW\�RI�SLOHV�LQVDQG«LW�ZRXOG� DSSHDU� UHDVRQDEOH� WR� FRQFOXGH� WKDW� D� WDSHU� RI� �� SHUFHQW� RU�PRUH� LV� OLNHO\� WR� LQFUHDVH� WKHFDSDFLW\�RI�D�SLOH��IRU�D�JLYHQ�OHQJWK�RI�HPEHGPHQW��EHWZHHQ����� DQG����� WLPHV��&RPSUHVVLRQ��6WDWLF�$SSURDFK
,W� DSSHDUV� WKDW� WKH� ILUVW� VLJQLILFDQW� HIIRUW� WR� GHYHORS� DQ� DQDO\WLFDO� PHWKRG� IRU� WKH� D[LDO�FRPSUHVVLYHJHRWHFKQLFDO� FDSDFLW\� RI� WDSHUHG� SLOHV� ZDV� WKH� ZRUN� RI� 1RUGOXQG� ������� ZLWK� DQ� XSGDWHG� SUHVHQWDWLRQ� LQ+DQQLJDQ� HW� DO�� ����D���+H�XVHG�ZKDW�ZLOO� EH� UHIHUUHG� WR� KHUHLQ� DV� WKH� �VWDWLF� DSSURDFK�� WR� SLOH� FDSDFLW\�� L�H�
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V�ZRUN��WKH�SXEOLVKHG�UHFRUG�VXJJHVWV�WKDW�UHODWLYHO\�OLWWOH�QHZ�UHVHDUFK�LQWR�WKH�VXEMHFWRI� FDOFXODWLQJ� WDSHUHG�SLOH� FDSDFLW\� ZDV� GRQH� IRU� DOPRVW� ��� \HDUV�� 0H\HUKRI� ������� ZDV� RQH� RI� WKH� IHZUHVHDUFKHUV�ZKR�HYHQ�PHQWLRQHG�WDSHUHG�SLOHV�DQG�HYHQ�WKHQ�KH�GLG�VR�LQ�D�YHU\�VLPSOLVWLF�PDQQHU�E\�VXJJHVWLQJWKDW�WKH�VLGH�UHVLVWDQFH�RI�WDSHUHG�SLOHV�LQ�FRDUVH�JUDLQ�VRLO�ZDV�XQLIRUPO\�����WLPHV�WKDW�RI�D�FRQVWDQW�GLDPHWHUSLOH�LQ�WKH�VDPH�VRLO��WKLV�WXUQV�RXW�WR�EH�JURVVO\�FRQVHUYDWLYH�DQG�GRHVQ
W�GR�MXVWLFH�WR�WDSHUHG�SLOHV��,W�ZDV�QRW�XQWLO�FD�������WKDW�VLJQLILFDQW�DQG��DV�LW�WXUQHG�RXW��ODQGPDUN�ZRUN�UHODWHG�WR�WDSHU�SLOHV�ZDV�GRQH�E\.RGLNDUD��.RGLNDUD�DQG�0RRUH��������)RU�WKH�ILUVW�WLPH��WKH�WUXH�ZD\�LQ�ZKLFK�WDSHUHG�SLOHV�GHYHORS�WKHLU�D[LDO�FRPSUHVVLYH�FDSDFLW\�ZDV�LGHQWLILHG��6SHFLILFDOO\��.RGLNDUD�GHPRQVWUDWHG�WKDW�DORQJ�WKH�WDSHUHG�SRUWLRQ�RI�D�SLOHWKH�SULPDU\� VRLO�PHFKDQLFV�PHFKDQLVP�ZDV�QRW� WKH� WUDGLWLRQDO� VOLGLQJ� IULFWLRQ� DV�1RUGOXQG� DQG�0H\HUKRI� KDGSRVWXODWHG�EXW�WKDW�RI�F\OLQGULFDO�FDYLW\�H[SDQVLRQ��,Q�HVVHQFH��DV�D�WDSHUHG�SLOH�LV�SXVKHG�LQWR�WKH�JURXQG�WKH�VRLODURXQG�LW�LV�XQGHUJRLQJ�UDGLDO�H[SDQVLRQ��VLPLODU�WR�ZKDW�RFFXUV�LQ�D�SUHVVXUHPHWHU��307��WHVW��,W� LV� WKLV�UDGLDOH[SDQVLRQ�WKDW�UHVXOWV�LQ�WKH�LQFUHDVHG�ODWHUDO�HDUWK�SUHVVXUH�WKDW�SURYLGHV�WKH�UHODWLYHO\�ODUJH�D[LDO�FRPSUHVVLYHFDSDFLWLHV�RI�WDSHUHG�SLOHV�1RWH�WKDW�WKLV�FDYLW\�H[SDQVLRQ�LV�D�XQLTXH�PHFKDQLVP�WKDW�LV�IXQGDPHQWDOO\�GLIIHUHQW�WKDQ�WKH�WUDGLWLRQDO�GHHSIRXQGDWLRQ� FDSDFLW\� PHFKDQLVPV� RI� VLGH� IULFWLRQ� DQG� HQG� EHDULQJ�� $V� VXFK�� F\OLQGULFDO�FDYLW\� H[SDQVLRQUHSUHVHQWV�D�QHZ��WKLUG�FDSDFLW\�PHFKDQLVP�IRU�GHHS�IRXQGDWLRQV��,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�EDVLF�PDQQHU�LQZKLFK� WDSHUHG� SLOHV� GHYHORS� FDSDFLW\�� E\� ODWHUDO� H[SDQVLRQ� RI� WKH� VRLO� VXUURXQGLQJ� D� SLOH�� KDG� EHHQ� FRUUHFWO\FRQFHSWXDOL]HG�E\�1RUGOXQG� FD�� ������+RZHYHU�� DW� WKDW� WLPH�PRGHUQ� VRLO�PHFKDQLFV� KDG� QRW� DGYDQFHG� WR� WKHSRLQW�ZKHUH�SK\VLFDO�PHFKDQLVPV�VXFK�DV� FDYLW\� H[SDQVLRQ� KDG�EHHQ� LGHQWLILHG� DQG� UHVHDUFKHG� WR� SURYLGH� WKHDQDO\WLFDO�UHVXOWV�WKDW�ZHUH�DYDLODEOH�WR�.RGLNDUD��$V�D�UHVXOW��1RUGOXQG�GLG�QRW�KDYH�WKH�WKHRUHWLFDO�UHVRXUFHV�WRSURSHUO\� PRGHO� ZKDW� KH� YLVXDOL]HG�� 1HYHUWKHOHVV�� 1RUGOXQG� GHVHUYHV� FUHGLW� IRU� KLV� EDVLF� LQVLJKWV� ZKLFKXOWLPDWHO\�SURYHG�FRUUHFW�$W� WKH� SUHVHQW� WLPH��.RGLNDUD
V� VROXWLRQ� DSSHDUV� WR� EH� WKH� VWDWH� RI� DUW� IRU� FDOFXODWLQJ� WKH� D[LDO�FRPSUHVVLYHFDSDFLW\�RI�WDSHUHG�SLOHV��+RZHYHU��KLV�VROXWLRQ�LV�PDWKHPDWLFDOO\�YHU\�FRPSOH[�DQG�DOZD\V�UHTXLUHV�D�QXPHULFDOVROXWLRQ� XVLQJ� D� FRPSXWHU��:KLOH� WKHVH� DUH� QRW� LQVXUPRXQWDEOH� REVWDFOHV� QRZDGD\V�� H[SHULHQFH� VXJJHVWV� WKDWXQWLO�VRIWZDUH�FRQWDLQLQJ�.RGLNDUD
V�VROXWLRQ�LV�ZLGHO\�DYDLODEOH�WR�HQJLQHHUV�KLV�DQDO\WLFDO�PHWKRGRORJ\�ZLOO�QRWVHH�ZLGHVSUHDG�XVH�7R�RYHUFRPH�WKLV�SUDJPDWLF�KDQGLFDS��WKH�DXWKRU�GHYHORSHG�DQ�LQWHULP�LPSURYHG�PHWKRG�IRU�DQDO\]LQJ�WDSHUHGSLOHV�ZLWK�WKH�LQWHQWLRQ�WKDW�LW�ZRXOG�SURYLGH�D�PHWKRGRORJ\�WKDW�ZDV�ERWK�LPPHGLDWHO\�DYDLODEOH�DQG�UHODWLYHO\HDV\�WR�XVH��7KLV�LQWHULP�PHWKRG�ZDV�SDUW�RI�D�ODUJHU�UHVHDUFK�SURMHFW�WR�EHWWHU�LQWHJUDWH�VLWH�FKDUDFWHUL]DWLRQ�DQGJHRWHFKQLFDO� DQDO\VLV� WKDW� ZDV� ILUVW� DSSOLHG� WR� WKH� SUREOHP� RI� VKDOORZ�IRXQGDWLRQ� EHDULQJ� FDSDFLW\� �+RUYDWK����D������E���7KLV�LQWHULP�DQDO\WLFDO�PHWKRG�IRU�SLOHV�ZDV�ILUVW�SUHVHQWHG�LQ�+RUYDWK��������DQG�ZDV�UHFHQWO\XSGDWHG��+RUYDWK�����D���$�GLVFXVVLRQ�RI�KRZ�WR�XVH�WKH�FXUUHQW�YHUVLRQ�RI�WKLV�PHWKRG�FDQ�EH�IRXQG�LQ�+RUYDWK�����E��
&RPSUHVVLRQ��'\QDPLF�$SSURDFK
$Q�DOWHUQDWLYH�WR�WKH��VWDWLF�DSSURDFK��WR�SLOH�FDSDFLW\�WKDW�ZDV�XVHG�E\�1RUGOXQG��0H\HUKRI��.RGLNDUD�DQG�WKHDXWKRU� DV� GHVFULEHG� DERYH� LV� WKH� �G\QDPLF� DSSURDFK���7KLV� DSSURDFK� XVHV� WKH� IDPLOLDU� RQH�GLPHQVLRQDO� ZDYHHTXDWLRQ� DV� WKH� IXQGDPHQWDO� WKHRUHWLFDO� PRGHO� DQG� VROXWLRQ�� DQG� LV� EDVHG� RQ� WKH� SKLORVRSK\� WKDW� UHVLVWDQFHHQFRXQWHUHG�GXULQJ�GULYLQJ�UHODWHV�WR�VWDWLF�D[LDO�FRPSUHVVLYH�FDSDFLW\�DIWHUZDUG�,Q�SUDFWLFH��WKLV�G\QDPLF�DSSURDFK�LV�XVHG�LQ�WZR�GLVWLQFW�ZD\V�
x DV� DQ� RIILFH� WRRO� XVLQJ� FRPPHUFLDOO\� SURGXFHG� DQG�ZLGHO\� DYDLODEOH� ZDYH�HTXDWLRQ� VRIWZDUH� WR� SHUIRUPFDSDFLW\�DQG�RU�GULYDELOLW\�DVVHVVPHQWV�XVLQJ�DVVXPHG�KDPPHU�SHUIRUPDQFH��HWF��DQGx DV� D� ILHOG� WRRO� IRU� REWDLQLQJ� DQG� LQWHUSUHWLQJ� DFWXDOO\� PHDVXUHG� UHVXOWV� XVLQJ� SURSULHWDU\� KDUGZDUH� DQGVRIWZDUH�VXFK�DV�WKH�3LOH�'ULYLQJ�$QDO\]HU� �3'$��DQG�&$3:$3���ERWK�IURP�3LOH�'\QDPLFV��,QF�

(DFK�RI�WKHVH�XVHV�LV�QRZ�FRQVLGHUHG�WR�EH�D�QRUPDO�SDUW�RI�URXWLQH�GULYHQ�SLOH�SUDFWLFH�ZRUOGZLGH��+DQQLJDQ�HWDO������D������E��
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5HJDUGOHVV�RI�WKH�VSHFLILF�PDQQHU�LQ�ZKLFK�WKH�G\QDPLF�DSSURDFK�LV�XVHG�LQ�SUDFWLFH��LW�LV�LPSRUWDQW�WR�QRWH�WKDWLW�LV�DOZD\V�EXLOW�DURXQG�WKH�EDVLF�PRGHO�WKDW�UHVLVWDQFH�RI�WKH�SRUWLRQ�RI�WKH�SLOH�WKDW�LV�HPEHGGHG�LQ�WKH�JURXQGLV�SURYLGHG�RQO\�E\�WKH�WZR�WUDGLWLRQDO�PHFKDQLVPV�RI�VLGH�IULFWLRQ�DQG�HQG�EHDULQJ��7KLV�LV�QRZ�UHFRJQL]HG�DVDQ� LQFRUUHFW�PRGHO� IRU� WDSHUHG�SLOHV� LQ� YLHZ�RI� WKH�SUHFHGLQJ�GLVFXVVLRQ� FRQFHUQLQJ� WKH�QRZ�UHFRJQL]HG� WKLUGFDSDFLW\� PHFKDQLVP� RI� F\OLQGULFDO�FDYLW\� H[SDQVLRQ�� 5HFHQW� VWXGLHV� FRQGXFWHG� IRU� WKH� QHZ�7DSHUWXEH SLOHVXJJHVW�WKDW�WKH�IDLOXUH�RI�WKHVH�G\QDPLF�FDSDFLW\�PHWKRGV�WR�SURSHUO\�PRGHO�KRZ�D�WDSHUHG�SLOH�GHYHORSV�D[LDO�FRPSUHVVLYH� UHVLVWDQFH� LV� DW� OHDVW� SDUW� RI� WKH� UHDVRQ� IRU� WKH� UHODWLYHO\� SRRU� FRUUHODWLRQ� EHWZHHQ� JHRWHFKQLFDOFDSDFLW\�HVWLPDWHV�PDGH�XVLQJ�G\QDPLF�PHWKRGRORJLHV�VXFK�DV�WKH�3'$�DQG�&$3:$3��DQG�FDSDFLWLHV�PHDVXUHGLQ�WUDGLWLRQDO�PDLQWDLQHG�ORDG�WHVWV��+RUYDWK�HW�DO��������
8SOLIW��7HQVLRQ�
2QH� RI� WKH� DUJXPHQWV� KHDUG� DW� WLPHV� DV� WR� ZK\� WDSHUHG� SLOHV� DUH� QRW� XVHG� PRUH� ZLGHO\� LV� WKDW� WKH\� KDYHQHJOLJLEOH�XSOLIW�FDSDFLW\��0DQ\�IRXQGDWLRQ�HQJLQHHUV�VLPSOLVWLFDOO\��DQG�LQFRUUHFWO\��YLVXDOL]H�D�WDSHUHG�SLOH�WKDWLV�VXEMHFWHG�WR�DQ�XSOLIW�IRUFH�DV�LPPHGLDWHO\�DQG�QHDWO\�VHSDUDWLQJ�IURP�LWV�WDSHUHG�KROH�LQ�PXFK�WKH�VDPH�ZD\WKDW�HQG�EHDULQJ�RI�D�GHHS�RU�VKDOORZ�IRXQGDWLRQ�LV�DVVXPHG��DJDLQ�VLPSOLVWLFDOO\�DQG�LQFRUUHFWO\��WR�LPPHGLDWHO\GLVDSSHDU�XQGHU�XSOLIW�IRUFH�DSSOLFDWLRQ�7KHUH�KDV�EHHQ�UHODWLYHO\�OLWWOH�QHHG�WR�GDWH�WR�GHYHORS�D�WKHRUHWLFDOO\�VRXQG�PRGHO�IRU� WKH�XSOLIW�EHKDYLRU�RIWDSHUHG�SLOHV�WR�FRXQWHUDFW�WKLV�PLVFRQFHSWLRQ�DQG��DV�IDU�DV�LV�NQRZQ��QRQH�KDV�EHHQ�GHYHORSHG��7KHUH�KDYH�EHHQVRPH�VPDOO�VFDOH�PRGHO�WHVWV�RI�WKH�XSOLIW�EHKDYLRU�RI�WDSHUHG�SLOHV�EXW�WKHVH�WHVWV�KDYH�EHHQ�KHDYLO\�FULWLFL]HG�LQGLVFXVVLRQ� DQG� GR� QRW� DSSHDU� WR� SURYLGH� D� VRXQG� EDVLV� IRU� GHYHORSLQJ� HYHQ� DQ� LQWHULP� HPSLULFDO� PRGHO� DQGVROXWLRQ�IRU�FDOFXODWLQJ�WKH�XSOLIW�FDSDFLW\�RI�D�WDSHUHG�SLOH�
$1�$66(660(17�2)�7+(�35(6(17
,Q� YLHZ� RI� WKH� SUHFHGLQJ� SUHVHQWDWLRQ� DQG� GLVFXVVLRQ�� LW� DSSHDUV� WKDW� DV� D� UHVXOW� RI� VHYHUDO� VLJQLILFDQWGHYHORSPHQWV�LQ�UHFHQW�\HDUV�WDSHUHG�SLOH�WHFKQRORJ\�KDV�WKH�SRWHQWLDO�IRU�VLJQLILFDQW�LQFUHDVH�LQ�UHFRJQLWLRQ�DQGJURZWK�ZRUOGZLGH��$W�WKH�SUHVHQW�WLPH��WKHUH�LV�PDUNHWSODFH�FRPSHWLWLRQ�IRU�VWHHO�SLOHV�DQG��DV�DOZD\V��WKHUH�LVWKH� DELOLW\� WR� GHYHORS� ORFDOO\�PDQXIDFWXUHG� SUHFDVW�� SUHVWUHVVHG� 3&&� SLOHV� ZLWK� D� VKDSH� DQG� WDSHU� WR� ILW� ORFDOQHHGV��:LWK�SDUWLFXODU�UHJDUG�WR�WKH�VWHHO�7DSHUWXEH SLOHV��EHFDXVH�WKH\�DUH�PDGH�RI�KRW�UROOHG�FRPSRQHQWV�WKHUHLV� VLJQLILFDQW� URRP� IRU� JURZWK� LQ� WHUPV� RI� SLOH� GLDPHWHUV� DQG� ZDOO� WKLFNQHVVHV�� 7KLV� PHDQV� WKDW� WKHUH� LV� WKHSRWHQWLDO� IRU� PXFK� ODUJHU� D[LDO�FRPSUHVVLYH� FDSDFLWLHV� WKDQ� KDYH� EHHQ� H[SORLWHG� WR� GDWH�� HVSHFLDOO\� LQ� WKHRIIVKRUH�HQYLURQPHQW�$QDO\WLFDOO\�� WKHUH� LV� QRZ� D� FXUUHQWO\�DYDLODEOH�� JHQHULF� PHWKRGRORJ\� IRU� HVWLPDWLQJ� WKH� D[LDO�FRPSUHVVLYHJHRWHFKQLFDO� FDSDFLW\� RI� WDSHUHG� SLOHV� LQ� FRDUVH�JUDLQ� VRLO� WKDW� VKRZV� DFFHSWDEOH� FRUUHODWLRQ� ZLWK� PHDVXUHGFDSDFLWLHV��+RUYDWK�����E���7KHUH�LV�DOVR�D�PRUH�JHQHUDO�DQG�WKHRUHWLFDOO\�ULJRURXV�DQDO\WLFDO�PHWKRG��.RGLNDUDDQG� 0RRUH� ������ WKDW� FDQ� EH� GHYHORSHG� IRU� URXWLQH� SUDFWLFH� ZLWK� VRPH� DGGLWLRQDO� HIIRUW� E\� GHYHORSLQJ� DFRPPHUFLDOO\�DYDLODEOH�FRPSXWHU�FRGH�
$�9,(:�72�7+(�)8785(
,QWURGXFWLRQ
$V�QRWHG� LQ� WKH�SUHFHGLQJ� VHFWLRQ�� WKHUH� KDV� QHYHU� EHHQ� D�PRUH� FRQGXFLYH� FOLPDWH� WKDQ� DW� SUHVHQW� IRU� XVLQJWDSHUHG�GULYHQ�SLOHV�LQVWDOOHG�LQ�WKH�WUDGLWLRQDO�PDQQHU�XVLQJ�LPSDFW�KDPPHUV��+RZHYHU��WKHUH�LV�DOVR�QR�UHDVRQWR� OLPLW� WKH� GHYHORSPHQW� RI� WDSHUHG� GHHS�IRXQGDWLRQ� JHRWHFKQRORJ\� ZKHUH� LW� LV� DW� SUHVHQW�� 7KHUHIRUH�� DV� DFRQFOXVLRQ�WR�WKLV�SDSHU�LW�LV�XVHIXO� WR�VXJJHVW�DUHDV�ZKHUH�DGGLWLRQDO�UHVHDUFK�DQG�GHYHORSPHQW�PD\�EH�XVHIXODQG�SURGXFWLYH�
5HVHDUFK
7KH�IROORZLQJ�WRSLFV�DUH�VXJJHVWHG�IRU�FRQGXFWLQJ�IXWXUH�UHVHDUFK�DQG�GHYHORSPHQW�RI�WDSHUHG�GULYHQ�SLOHV��1RDWWHPSW� KDV� EHHQ�PDGH� WR� DVVHPEOH� WKHP� LQ� DQ\� RUGHU� RI� LPSRUWDQFH� DV� LPSRUWDQFH� LV� KLJKO\� VXEMHFWLYH�� )RUH[DPSOH�� D� IRXQGDWLRQ� HQJLQHHU� PD\� FRQVLGHU� FDSDFLW\� FDOFXODWLRQ� D� FULWLFDO� QHHG� ZKHUHDV� D� SLOH�LQVWDOODWLRQFRQWUDFWRU�PD\�FRQVLGHU�RSWLPL]DWLRQ�RI�SLOH�GHVLJQ�FULWLFDO�IRU�WKHLU�LQWHUHVWV�
x &RPSXWHU� VRIWZDUH� VKRXOG� EH� GHYHORSHG� DQG� PDGH� DYDLODEOH� FRPPHUFLDOO\� WKDW� LPSOHPHQWV� .RGLNDUD
VVROXWLRQ��6WURQJ�FRQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�LQWHJUDWLQJ�VLWH�FKDUDFWHUL]DWLRQ�LQWR�WKH�RYHUDOO�VROXWLRQDOJRULWKP�DORQJ�WKH�OLQHV�RI�ZKDW�ZDV�GRQH�IRU� WKH�DXWKRU
V� LQWHULP�LPSURYHG�DQDO\WLFDO�PHWKRG��+RUYDWK����E��
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x )LQH�JUDLQ� VRLOV� VKRXOG� EH� FRQVLGHUHG� LQ� DQ\� VROXWLRQ� PHWKRGV� GHYHORSHG� LQ� WKH� IXWXUH�� 7KHUH� GRHV� QRWDSSHDU�WR�KDYH�EHHQ�DQ\�V\VWHPDWLF�VWXG\�WR�GDWH�WR�LQGLFDWH�ZKHWKHU�RU�QRW�WDSHU�LV�EHQHILFLDO�LQ�ILQH�JUDLQVRLO�FRQGLWLRQV��7KLV�LV�VRPHWKLQJ�WKDW�VKRXOG�EH�H[SORUHG�x $Q�DQDO\WLFDO�PHWKRGRORJ\�VKRXOG�EH�GHYHORSHG�IRU�HVWLPDWLQJ�WKH�JHRWHFKQLFDO�XSOLIW��WHQVLRQ��FDSDFLW\�LQDOO� VRLO� FRQGLWLRQV��7KHUH� LV� HYLGHQFH� WKDW� WKLV� W\SH�RI� ORDGLQJ�PD\�EH�RI� JUHDWHU� LQWHUHVW� LQ� WKH� IXWXUH� DVSUHVHQWO\�DYDLODEOH�LQIRUPDWLRQ�VXJJHVWV�WKDW�WDSHUHG�SLOHV�KDYH�EHHQ�XVHG�RU�DW�OHDVW�DUH�EHLQJ�FRQVLGHUHGIRU�XVH�LQ�KLJK�FDSDFLW\�RIIVKRUH�DSSOLFDWLRQV��0��5DQGROSK��SHUVRQDO�FRPPXQLFDWLRQ��������x 7KH�FDSDELOLW\�RI�DVVHVVLQJ�WKH�HIIHFW�RI�JURXS�EHKDYLRU�RQ�SLOH�FDSDFLW\�LQ�DOO�VRLO�FRQGLWLRQV�DQG�IRU�ERWKW\SHV�RI�D[LDO�ORDGLQJ�VKRXOG�EH�GHYHORSHG��7KHUH�LV�YHU\�OLPLWHG�HYLGHQFH�WKDW�VXJJHVWV�LQ�FRDUVH�JUDLQ�VRLODW� OHDVW� WKHUH� LV� D� VLJQLILFDQW� LQFUHDVH� LQ� ODWHUDO� HDUWK� SUHVVXUHV� GXH� WR� JURXS� HIIHFWV� WKDW� WUDQVODWHV� LQWRLQFUHDVHG�D[LDO�FRPSUHVVLYH�FDSDFLW\��+RUYDWK�HW�DO���������:KLOH�VXFK�LQFUHDVHV�KDYH�ORQJ�EHHQ�NQRZQ�IRUFRQVWDQW�GLDPHWHU�SLOHV��LW�LV�SRVVLEOH�WKDW�WKH\�PD\�EH�HYHQ�PRUH�VLJQLILFDQW�IRU�WDSHUHG�SLOHV�x )RU�ERWK�FRPSUHVVLRQ�DQG� WHQVLRQ� ORDGLQJ� LQ�FRDUVH�JUDLQ� VRLOV�� WKH� HIIHFW� RI� WLPH�RQ� FDSDFLW\� VKRXOG�EHFRQVLGHUHG� LQ�DQ\�DQDO\WLFDO�PHWKRGV�DV�ZHOO�DV�ZKHQ� LQWHUSUHWLQJ�DQ\�DFWXDO� ORDG�PHDVXUHPHQWV� WKDW� DUHXVHG�WR�YDOLGDWH�DQDO\WLFDO�PHWKRGV��7LPH�HIIHFWV�DUH�QRZ�UHFRJQL]HG�DV�LPSRUWDQW�HYHQ�IRU�SLOHV�EHDULQJ�LQFRDUVH�JUDLQ�VRLO��<RUN�HW�DO��������&KRZ�HW�DO��������x 2QH�RI�WKH�PRUH�LQWULJXLQJ�LVVXHV�LV�ZKHWKHU�RU�QRW�WKHUH�LV�D�OLPLWLQJ�WDSHU�DQJOH��7KLV�LV�GHILQHG�KHUHLQ�DVD�WDSHU�DQJOH�EH\RQG�ZKLFK�QR�DGGLWLRQDO�EHQHILW�RI�WDSHU�GHYHORSV��1RUGOXQG�FRQFOXGHG�WKHUH�ZDV�VXFK�DYDOXH�EXW�WKLV�ZDV�GXH�WR�WKH�FRQFHSWXDO�PRGHO�RI�D�UHWDLQLQJ�ZDOO�WKDW�KH�XVHG��L�H��WKHUH�LV�DOZD\V�DQ�XSSHUERXQG�RQ�SDVVLYH�HDUWK�SUHVVXUH��)RU�ERWK�VLPSOLFLW\�DQG�WKH�IDFW�WKDW�LW�UDUHO\�FRQWUROOHG�D�SUREOHP�VROXWLRQWKLV� FRQFHSW� RI� D� OLPLWLQJ� WDSHU� DQJOH� ZDV� UHWDLQHG� IRU� WKH� DXWKRU
V� LQWHULP� LPSURYHG� DQDO\WLFDO� PHWKRG�+RUYDWK�����������E���2Q�WKH�RWKHU�KDQG��.RGLNDUD
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