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$%675$&7� ,W�KDV�EHHQ�DSSUR[LPDWHO\����\HDUV� VLQFH�+HQUL�9LGDO� ILUVW� HQYLVDJHG�DQG�EHJDQ� WR� GHYHORS�KLVSURSULHWDU\�7HUUH�$UPHH �5HLQIRUFHG�(DUWK���FRQFHSW�XVLQJ�PHWDOOLF�UHLQIRUFHPHQWV��7KLV�HYHQWXDOO\�JUHZ�LQWRWKH� EURDGHU� JHQHULF� WHFKQRORJLHV� RI� PHFKDQLFDOO\� VWDELOL]HG� HDUWK� �06(��� PHFKDQLFDOO\� VWDELOL]HG� HDUWK� ZDOOV�06(:V���DQG�VHJPHQWDO�UHWDLQLQJ�ZDOOV��65:V��XVLQJ�SRO\PHULF�JHRJULG�DQG�JHRWH[WLOH�UHLQIRUFHPHQWV��7KHVHJHRWHFKQRORJLHV� KDYH� FROOHFWLYHO\� UHYROXWLRQL]HG� HDUWK�UHWDLQLQJ� VWUXFWXUH� SUDFWLFH�ZRUOGZLGH�� ,Q� UHFHQW� \HDUV�WKHUH� KDV� EHHQ� LQFUHDVLQJ� LQWHUHVW� LQ� WKH� XVH� RI�FRPSUHVVLEOH� LQFOXVLRQV�� FRPSRVHG� SULPDULO\� RI� H[SDQGHGSRO\VW\UHQH��(36��JHRIRDP��WR�DOORZ�FRQWUROOHG�\LHOGLQJ RI�D�VRLO�PDVV�EHKLQG�D�ULJLG�DQG�RU�QRQ�\LHOGLQJ�HDUWK�UHWDLQLQJ� VWUXFWXUH�� 7KH� EHQHILWV� RI� GRLQJ� WKLV� DUH� VLJQLILFDQWO\� UHGXFHG� ODWHUDO� HDUWK� SUHVVXUHV� DFWLQJ� RQ� WKHVWUXFWXUH�ZKLFK�FDQ� UHGXFH� WKH�RYHUDOO� FRVW�RI� LWV� FRQVWUXFWLRQ�DV�ZHOO� DV�HQKDQFH� LWV� SHUIRUPDQFH��7KLV� SDSHURXWOLQHV�WKH�WZR�EDVLF�ZD\V�LQ�ZKLFK�JHRIRDP�FRPSUHVVLEOH�LQFOXVLRQV�DUH�XVHG�ZLWK�HDUWK�UHWDLQLQJ�VWUXFWXUHV�WKH�5HGXFHG�(DUWK�3UHVVXUH��5(3��DQG�=HUR�(DUWK�3UHVVXUH��=(3��FRQFHSWV��7\SLFDO�DSSOLFDWLRQV�DUH�DOVR�JLYHQDQG�WKHUH�LV�DQ�HPSKDVLV�RQ�GHVFULELQJ�VLPSOLILHG�DQDO\VLV�DQG�GHVLJQ�PHWKRGV�IRU�ERWK�DSSOLFDWLRQ�FRQFHSWV�
.(<�:25'6� HDUWK�UHWDLQLQJ�VWUXFWXUHV��FRQWUROOHG�\LHOGLQJ��FRPSUHVVLEOH�LQFOXVLRQ��JHRIRDP��JHRV\QWKHWLFV�FHOOXODU�JHRV\QWKHWLFV��H[SDQGHG�SRO\VW\UHQH
,1752'8&7,21
(DUWK�UHWDLQLQJ�VWUXFWXUHV�KDYH�EHHQ�FRQVWUXFWHG�E\�KXPDQV�IRU� WKRXVDQGV�RI�\HDUV�DQG�KDYH�DOZD\V�EHHQ�DQLPSRUWDQW�SDUW�RI�KXPDQ�FXOWXUH�DQG�FLYLOL]DWLRQ��$V�HYLGHQFH�RI�WKLV��LW�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�RQH�RI�WKH�ILUVW�LI� QRW� WKH� ILUVW�� DWWHPSWV� DW� GHYHORSLQJ� D� PHWKRGRORJ\� WR� DOORZ� IRU� ORJLFDOO\� FLYLO� HQJLQHHULQJ� D� JHRWHFKQLFDOVWUXFWXUH� LQYROYHG� DQ� HDUWK�UHWDLQLQJ� VWUXFWXUH�� ,Q� WKH� ��WK FHQWXU\�� ORQJ� EHIRUH� PRGHUQ� VRLO� PHFKDQLFV� ZDVFRQFHLYHG�DQG�GHYHORSHG��&RXORPE�GHYHORSHG�KLV�FRQFHSWXDO�WKHRU\��PRGHO�DQG�PDWKHPDWLFDO�VROXWLRQ�IRU�HDUWKSUHVVXUHV�DFWLQJ�RQ�JUDYLW\�ZDOOV�7KH� LPSRUWDQFH�RI�HDUWK�UHWDLQLQJ�VWUXFWXUHV� LQ� VRFLHW\� LV� VRPHWKLQJ� WKDW�KDV�FRQWLQXHG� LQWR� WKH���VW FHQWXU\�7KLV�LV�HYLGHQFHG�E\�WKH�H[WHQVLYH�UHVHDUFK�DQG�GHYHORSPHQW�RI�D�ZLGH�UDQJH�RI�JHRWHFKQRORJLHV�GXULQJ�WKH�ODVWGHFDGHV�RI� WKH� ��WK FHQWXU\� WKDW� ERWK� LPSURYHG�RQ� WUDGLWLRQDO� HDUWK�UHWDLQLQJ� VWUXFWXUHV� VXFK� DV� ULJLG� UHWDLQLQJZDOOV� DQG� LQWURGXFHG� HQWLUHO\� QHZ� FRQFHSWV� IRU� HDUWK� UHWHQWLRQ� VXFK� DV� LQWHUQDO� UHLQIRUFHPHQW� �2
5RXUNH� DQG-RQHV��������,Q�DOO�FDVHV��WKH�JRDO�RI�WKLV�UHVHDUFK�DQG�GHYHORSPHQW�ZDV�WR�GHYHORS�HDUWK�UHWDLQLQJ�VWUXFWXUHV�WKDWSHUIRUPHG�DFFHSWDEO\�DQG�SUHGLFWDEO\�ZKLOH�PLQLPL]LQJ�FRVWV��7KH�QHZO\�DSSUHFLDWHG�QHHG�WR�GHVLJQ�IRU�VHLVPLFORDGV�LQ�PDQ\�DUHDV�RI�WKH�ZRUOG�DOVR�IDFWRUHG�VLJQLILFDQWO\�LQWR�WKLQJV�2I� DOO� WKH� UHFHQW� GHYHORSPHQWV� LQ� HDUWK�UHWHQWLRQ� JHRWHFKQRORJ\�� QRQH� KDV� EHHQ�PRUH� VLQJXODUO\� VLJQLILFDQWWKDQ�WKH�ZRUN�RI�+HQUL�9LGDO��,W�KDV�EHHQ�DSSUR[LPDWHO\����\HDUV�VLQFH�KH�ILUVW�HQYLVDJHG�DQG�EHJDQ�WR�GHYHORSKLV�SURSULHWDU\�7HUUH�$UPHH �5HLQIRUFHG�(DUWK���FRQFHSW�XVLQJ�PHWDOOLF�VWULSV�IRU�VRLO�UHLQIRUFHPHQW��+LV�ZRUNHYROYHG�LQWR�WKH�EURDGHU�JHQHULF�JHRWHFKQRORJ\�FDOOHG�PHFKDQLFDOO\�VWDELOL]HG�HDUWK �06(��LQ�ZKLFK�D�YDULHW\�RISRO\PHULF��SODVWLF��JHRV\QWKHWLFV�IURP�WKH�JHRWH[WLOH�DQG�JHRJULG�JHRV\QWKHWLF�SURGXFW�IDPLOLHV�DUH�XVHG�DV�WKHV\QWKHWLF� UHLQIRUFHPHQW�� 7KH� JHRWHFKQRORJLHV� FDOOHG�PHFKDQLFDOO\� VWDELOL]HG� HDUWK� ZDOOV �06(:V�� DQGVHJPHQWDO�UHWDLQLQJ�ZDOOV �65:V��WKDW�HYROYHG�IURP�WKH�06(�FRQFHSW�KDYH�FHUWDLQO\�UHYROXWLRQL]HG�WKH�ZD\�LQZKLFK�HDUWK�UHWDLQLQJ�VWUXFWXUHV�DUH�GHVLJQHG�DQG�FRQVWUXFWHG�ZRUOGZLGH�,PSURYLQJ�HDUWK�UHWHQWLRQ�JHRWHFKQRORJ\�LV�D�QHYHU�HQGLQJ�SURFHVV��7KLV�SDSHU�GLVFXVVHV�D�JHRV\QWKHWLFV�EDVHGFRQFHSW� WKDW�EHJDQ�GXULQJ� WKH�����V��HYROYHG�VORZO\�GXULQJ� WKH�����V��DQG�QRZ�LQ� WKH���VW FHQWXU\� VKRZV� WKHSRWHQWLDO�WR�KDYH�DQ�HYHQ�JUHDWHU�LPSDFW�RQ�HDUWK�UHWDLQLQJ�VWUXFWXUH�GHVLJQ�DQG�HFRQRPLFV�WKDQ�06(��7KLV�QHZFRQFHSW�RI�DOORZLQJ�FRQWUROOHG�\LHOGLQJ ZLWKLQ�D�UHWDLQHG�VRLO�PDVV�E\�XVLQJ�D�FRPSUHVVLEOH�LQFOXVLRQ FRPSRVHGRI� FHUWDLQ� W\SHV� RI� JHRIRDP� JHRV\QWKHWLF� FDQ� EH� XVHG� ERWK� DORQH� RU� FRPELQHG� V\QHUJLVWLFDOO\� ZLWK� 06(� WRSURGXFH�HQG�UHVXOWV�WKDW�QHLWKHU�WHFKQRORJ\�FRXOG�DFKLHYH�DORQH��:KDW�LV�SDUWLFXODUO\�LQWULJXLQJ�DERXW�JHRIRDPFRPSUHVVLEOH� LQFOXVLRQV� LV� WKDW� WKH\�FDQ�HDVLO\�EH�GHVLJQHG� WR�EH�PXOWLIXQFWLRQDO�ZKLFK� IXUWKHU�HQKDQFHV� WKHLUHFRQRPLF�DWWUDFWLRQ�LQ�URXWLQH�SUDFWLFH��HYHQ�LQ�UHVLGHQWLDO�FRQVWUXFWLRQ�ZKLFK�LV�D�SRWHQWLDOO\�KXJH�PDUNHW� WKDW
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KDV� SURYHQ� VWXEERUQO\� UHVLVWDQW� WR� XVLQJ� JHRV\QWKHWLFV� LQ� JHQHUDO�� &RQVHTXHQWO\�� LW� LV� QRW� XQUHDVRQDEOH� WRFRQVLGHU�WKH�FRQFHSW�RI�XVLQJ�JHRIRDP�FRPSUHVVLEOH�LQFOXVLRQV�DV�SDUW�RI�DQ�HDUWK�UHWHQWLRQ�V\VWHP�D�WUXO\�QHZIURQWLHU�LQ�HDUWK�UHWDLQLQJ�VWUXFWXUH�WHFKQRORJ\�WKDW�KDV�WKH�SRWHQWLDO�WR�H[FHHG�WKH�LPSDFW�WKDW�06(�KDV�KDG�RQFKDQJLQJ�WKH�ZD\�LQ�ZKLFK�HDUWK�UHWDLQLQJ�VWUXFWXUHV�DUH�GHVLJQHG�DQG�EXLOW�
%$&.*5281'
7KH� DQDO\VLV� RU� GHVLJQ� RI� DQ\� JHRWHFKQLFDO� VWUXFWXUH� �UHWDLQLQJ� ZDOO�� XQVXSSRUWHG� VORSH�� IRXQGDWLRQ�� LVIXQGDPHQWDOO\�EDVHG�RQ�WKH�QHHG�WR�SUHYHQW��IDLOXUH���WKH�/LPLW�6WDWH��LQ�WKH�EURDGHVW�VHQVH�RI�WKH�ZRUG��L�H��ORVVRI�IXQFWLRQ��E\�VDWLVI\LQJ�RQH�HTXDWLRQ�

5HVLVWDQFH��&DSDFLW\��!�/RDGV��'HPDQG� ���
7KH� H[WHQW� WR� ZKLFK� UHVLVWDQFH� RI� D� VWUXFWXUH� H[FHHGV� WKH� ORDGV� DSSOLHG� WR� LW� LV� �VDIHW\�� DQG� WKLV� FDQ� EHLQFRUSRUDWHG�WR�WKH�UHTXLUHG�RU�GHVLUHG�OHYHO�XVLQJ�WKH�WUDGLWLRQDO�$OORZDEOH�6WUHVV�'HVLJQ��$6'��:RUNLQJ�6WUHVV'HVLJQ� �:6'�� DSSURDFK� RU� WKH� PRUH� PRGHUQ� /RDG�DQG�5HVLVWDQFH� )DFWRU� �/5)'��8OWLPDWH� 6WUHQJWK� 'HVLJQ�86'��DSSURDFK�+LVWRULFDOO\��FLYLO�HQJLQHHUV�KDYH�EHHQ�HGXFDWHG�WR�VDWLVI\�(T����LQ�WKH�PDMRULW\�RI�FDVHV�E\�LQFUHDVLQJ�WKH�OHIW�KDQG�RU��UHVLVWDQFH��VLGH�RI�WKH�HTXDWLRQ��7KH�ORDGV��JHQHUDOO\�GLFWDWHG�E\�QDWXUH�HLWKHU�GLUHFWO\�RU�LQGLUHFWO\��DUHJHQHUDOO\�DFFHSWHG�DV� LV� DQG� VWUXFWXUDO�PDWHULDO� LV� DGGHG� WR� WKH� VWUXFWXUH� VR� WKDW�(T���� LV� VDWLVILHG� IURP�ERWK� DVWLIIQHVV��6HUYLFHDELOLW\�/LPLW�6WDWH��6/6��DQG�VWUHQJWK��8OWLPDWH�/LPLW�6WDWH��8/6��SHUVSHFWLYH�:KLOH�WKLV�WUDGLWLRQDO�DSSURDFK�KDV�DQG�FRQWLQXHV�WR�VHUYH�WKH�SURIHVVLRQ�ZHOO��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�LW�LVQRW� WKH� RQO\�ZD\� WR� VDWLVI\�(T�� ��� 6SHFLILFDOO\�� WKH� ULJKW�KDQG� RU� �ORDG�� VLGH� RI� WKH� HTXDWLRQ� FDQ� EH� UHGXFHG�$OWHUQDWLYHO\�� WKHUH�FDQ�DOVR�EH�VRPH�FRPELQDWLRQ�RI� ORDG�UHGXFWLRQ�DQG�UHVLVWDQFH� LQFUHDVH��5HJDUGOHVV�RI� WKHVSHFLILFV��LW�LV�ZRUWK�QRWLQJ�WKDW�WKH�FRQFHSW�RI�ORDG�UHGXFWLRQ�ZRUNV�SDUWLFXODUO\�ZHOO�IRU�JHRWHFKQLFDO�VWUXFWXUHVEHFDXVH� LQ� PDQ\� SUREOHP� FDWHJRULHV�� HVSHFLDOO\� WKRVH� LQYROYLQJ� HDUWK�UHWDLQLQJ� VWUXFWXUHV� DQG� XQVXSSRUWHGVORSHV��D�VLJQLILFDQW�SRUWLRQ�RI�WKH�GHVLJQ�ORDGV�FRPHV�IURP�WKH�PDVV�RI�WKH�VRLO�LWVHOI�XQGHU�JUDYLW\�RU�VHLVPLFDFFHOHUDWLRQ�� 7KHUHIRUH�� D� SRWHQWLDO� DOWHUQDWLYH� IRU� HDUWK�UHWDLQLQJ� VWUXFWXUH� GHYHORSPHQW� LV� WR� GHYHORSWHFKQRORJLHV�ZKHUH�ORDGV�DUH�UHGXFHG�DV�SDUW�RI�DQ�RYHUDOO�VWUDWHJ\�WR�VDWLVI\�(T����
/2$'�5('8&7,21�$/7(51$7,9(6
2YHUYLHZ
(QJLQHHUV� VHHNLQJ� WR� UHGXFH� ORDGV� RQ� HDUWK�UHWDLQLQJ� VWUXFWXUHV�� ZKHWKHU� DV� SDUW� RI� QHZ� FRQVWUXFWLRQ� RU� WKHUHKDELOLWDWLRQ�XSJUDGLQJ�RI�DQ�H[LVWLQJ�VWUXFWXUH��KDYH�WZR�EURDG�DOWHUQDWLYHV�DYDLODEOH�WR�WKHP�
x XVH�D��OLJKWZHLJKW����ORZ�GHQVLW\��RU��ORZ�XQLW�ZHLJKW��LV�DUJXDEO\�D�PRUH�FRUUHFW�WHUP��PDWHULDO�IRU�VRPHSRUWLRQ�RI�WKH�ILOO�EDFNILOO�EHKLQG�WKH�VWUXFWXUH��DQGx XVH�D�FRPSUHVVLEOH�LQFOXVLRQ�WR�LQGXFH�RU�DOORZ�FRQWUROOHG�\LHOGLQJ�ZLWKLQ�D�QRUPDO�VRLO�ILOO�EDFNILOO�

7KH�IRUPHU�DOWHUQDWLYH�LV�LQWXLWLYH�DQG�LV�QRW�WKH�IRFXV�RI�WKLV�SDSHU�DOWKRXJK�VRPH�FRPPHQWV�DUH�SURYLGHG�LQ�WKHIROORZLQJ�VHFWLRQ��7KH�ODWWHU�DOWHUQDWLYH�LV�WKH�PRUH�WHFKQLFDOO\�QRYHO�RQH�DQG�LV�WKH�SULPDU\�IRFXV�RI�WKLV�SDSHU�
/LJKWZHLJKW�)LOO�0DWHULDOV
$OWKRXJK�QRW�WKH�IRFXV�RI�WKLV�SDSHU��LW�LV�ZRUWK�QRWLQJ�WKDW�WKHUH�LV�D�ZLGH�UDQJH�RI�GLIIHUHQW�PDQXIDFWXUHG�DQGZDVWH�PDWHULDOV�ZLWK�VROLG�DQG�SDUWLFXODWH�WH[WXUHV�WKDW�KDYH�EHHQ�XVHG�IRU�WKLV�SXUSRVH��3HUKDSV�WKH�VLQJOH�PRVWLPSRUWDQW�WKLQJ�WR�NHHS�LQ�PLQG�LV�WKDW��OLJKWZHLJKW��LV�D�UHODWLYH�WHUP�DQG�VLPSO\�PHDQV�D�PDWHULDO�KDV�D�GHQVLW\RU� XQLW�ZHLJKW� OHVV� WKDQ� WKDW� RI� QRUPDO� HDUWK�PDWHULDOV�� 7KXV� WKHUH� FDQ� EH�� DQG� LV�� D� UDWKHU� ODUJH� YDULDWLRQ� RI�OLJKWQHVV��ZLWKLQ�WKH�RYHUDOO�FDWHJRU\�RI�OLJKWZHLJKW�ILOO��&RQVHTXHQWO\��WKHUH�FDQ�EH�D�FRUUHVSRQGLQJ�ZLGH�UDQJHRI� ORDG� UHGXFWLRQ� EHKLQG� D� HDUWK�UHWDLQLQJ� VWUXFWXUH�� +RZHYHU�� LW� LV� ZRUWK� QRWLQJ� WKDW� E\� XVLQJ� H[SDQGHGSRO\VW\UHQH��(36��JHRIRDP��ZKLFK�LV�WKH�OLJKWHVW�RI�WKH�OLJKWZHLJKW�PDWHULDO�ZLWK�D�GHQVLW\�RQO\�DERXW����WKDW�RIQRUPDO�VRLO��WKH�KRUL]RQWDO�IRUFHV�DFWLQJ�RQ�DQ�HDUWK�UHWDLQLQJ�VWUXFWXUH��DW�OHDVW�IURP�JUDYLW\�DQG�VHLVPLF�ORDGV�FDQ�EH�UHGXFHG�WR�YHU\�VPDOO�PDJQLWXGHV�7KH� QHJDWLYHV� ZLWK� XVLQJ� OLJKWZHLJKW� ILOOV� LQ� HDUWK�UHWDLQLQJ� VWUXFWXUH� DSSOLFDWLRQV� LV� WKDW� UHODWLYHO\� ODUJHYROXPHV� RI� PDWHULDO� DUH� UHTXLUHG�� :LWK� IHZ� H[FHSWLRQV� �WKH� PDMRU� RQH� EHLQJ� VXEVLGL]HG� ZDVWH� PDWHULDOV��OLJKWZHLJKW�ILOO�PDWHULDOV�DUH�JHQHUDOO\�PXFK�PRUH�H[SHQVLYH�WKDQ�VRLO�RQ�D�YROXPH�EDVLV��,Q�DGGLWLRQ��WR�DFKLHYHVLJQLILFDQW�EHQHILWV�OLJKWZHLJKW�PDWHULDO�PXVW�EH�SODFHG�WR�D�UHODWLYHO\�ODUJH�GLVWDQFH�EHKLQG�WKH�HDUWK�UHWDLQLQJVWUXFWXUH��7KLV�FDQ�SRVH�FRQVWUXFWDELOLW\�LVVXHV�IRU�ERWK�QHZ�DQG�H[LVWLQJ�VWUXFWXUHV�
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)XUWKHU�GLVFXVVLRQ�RI�OLJKWZHLJKW�ILOO�PDWHULDOV�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU��$�UHDVRQDEO\�FRPSUHKHQVLYHDQG�XS�WR�GDWH�GLVFXVVLRQ�RI�WKHP��EXW�ZLWK�DQ�LQWHQWLRQDO�ELDV�WRZDUG�WUDQVSRUWDWLRQ�DSSOLFDWLRQV��FDQ�EH�IRXQGLQ�0DWpULDX[ ��������$�GLVFXVVLRQ�RI�WKH�XVH�RI�(36�JHRIRDP��ZKLFK�LV�FXUUHQWO\�WKH�OLJKWZHLJKW�ILOO�PDWHULDO�RIFKRLFH�LQ�PDQ\�FDVHV��LQ�D�ZLGHU�UDQJH�RI�DSSOLFDWLRQV�FDQ�EH�IRXQG�LQ�+RUYDWK��������
&RQWUROOHG�<LHOGLQJ
&RQWUROOHG�\LHOGLQJ�LV�D�WHUP�XVHG�QRZDGD\V�WR�GHVFULEH�WKH�JHQHULF�XVH�RI�D�UHODWLYHO\�VRIW�PDWHULDO��UHIHUUHG�WRKHUHLQ� DV� D� FRPSUHVVLEOH� LQFOXVLRQ�� EHWZHHQ� WKH� JURXQG� DQG� D� UHODWLYHO\� ULJLG� DQG�RU� QRQ�\LHOGLQJ� �QRQ�GLVSODFLQJ��VWUXFWXUH�WKDW�LV�SODFHG�DGMDFHQW�WR�WKH�JURXQG��7KH�IXQFWLRQ�RI�WKH�FRPSUHVVLEOH�LQFOXVLRQ�LV�WR�DOORZWKH�JURXQG� WR� GLVSODFH�� DW� OHDVW� WR� VRPH� H[WHQW�� DGMDFHQW� WR� WKH� VWUXFWXUH� LQ� D� VLWXDWLRQ�ZKHUH� LWV� GLVSODFHPHQWZRXOG�RWKHUZLVH�EH�UHVWULFWHG�RU�HYHQ�SUHYHQWHG�HQWLUHO\�GXH� WR� WKH�FRQVWUDLQWV� LPSRVHG�RQ� LW�E\� WKH� VWUXFWXUH�7KH�EHQHILW�RI�GRLQJ�WKLV�D�UHGXFWLRQ�LQ�HDUWK�IRUFHV�DFWLQJ�RQ�WKH�VWUXFWXUH��7KLV�FDQ�WUDQVODWH�LQWR�UHGXFHG�FRVWVIRU� QHZ� FRQVWUXFWLRQ� RU� LPSURYHG� SHUIRUPDQFH� �DQ� LQFUHDVH� LQ� �VDIHW\�� LQ� WKH� FRQWH[W� RI� (T�� ��� IRU� H[LVWLQJVWUXFWXUHV�7KHUH�DUH�QXPHURXV�SRWHQWLDO�DSSOLFDWLRQV�RI�WKH�FRQWUROOHG�\LHOGLQJ�FRQFHSW��$�EURDG�RYHUYLHZ�FDQ�EH�IRXQGLQ�+RUYDWK��������ZLWK�D�PRUH�IRFXVHG�LQWURGXFWLRQ�LQ�+RUYDWK��������UHSURGXFHG�LQ�+RUYDWK�����D���$�GHWDLOHGELEOLRJUDSK\�RI�SXEOLFDWLRQV�UHODWHG�WR�FRQWUROOHG�\LHOGLQJ�DV�RI�WKH�HQG�RI������FDQ�EH�IRXQG�LQ�+RUYDWK��������$Q� DVVHVVPHQW� RI� DOO� WKH� FRPSUHVVLEOH�LQFOXVLRQ� DSSOLFDWLRQV� LGHQWLILHG� WR� GDWH� LQGLFDWHV� WKDW� WKRVH� UHODWHG� WRHDUWK�UHWDLQLQJ�VWUXFWXUHV�KDYH�WKH�JUHDWHVW�SRWHQWLDO�IRU�GLYHUVH�DQG�ZLGHVSUHDG�XVH��$V�VXFK��WKLV�LV�WKH�IRFXV�RIWKLV�SDSHU�,W�LV�RI�LQWHUHVW�DQG�UHOHYDQFH�WR�QRWH�WKDW�DOWKRXJK�WKH�WHUPV�FRQWUROOHG�\LHOGLQJ�DQG�FRPSUHVVLEOH�LQFOXVLRQ�DUHUHODWLYHO\�QHZ��WKH�RYHUDOO�FRQFHSW�LV�QRW��,Q�IDFW��WKH�SXEOLVKHG�UHFRUG�FOHDUO\�LQGLFDWHV�WKDW�HQJLQHHUV�UHFRJQL]HGDQG�XVHG�WKLV�FRQFHSW�DW�OHDVW�DV�IDU�EDFN�DV�WKH�HDUO\�SDUW�RI�WKH���WK FHQWXU\�ZKHQ�EDOHV�RI�KD\�DQG�VWUDZ�ZHUHSODFHG�DERYH�XQGHUJURXQG�FRQGXLWV��SLSHV��WR�LQGXFH�YHUWLFDO�DUFKLQJ��D�SKHQRPHQRQ�WKDW�LV�RQH�PDQLIHVWDWLRQ�RIFRQWUROOHG�\LHOGLQJ��DQG�WKHUHE\�UHGXFH�YHUWLFDO�VWUHVVHV�DFWLQJ�RQ�WKH�FRQGXLWV��6SDQJOHU�DQG�+DQG\��������7KLVXVDJH� SUHGDWHV� WKH� IRUPDO� GHYHORSPHQW� RI� PRGHUQ� VRLO� PHFKDQLFV� DQG� SXEOLFDWLRQ� RI� 7HU]DJKL
V� WKHRUHWLFDOWUHDWPHQW�RI�WKH�VXEMHFW�RI�YHUWLFDO�DUFKLQJ��7HU]DJKL�������+RZHYHU��DOWKRXJK�LW�LV�FOHDU�WKDW�WKH�FRQFHSW�RI�FRQWUROOHG�\LHOGLQJ�XVLQJ�D�FRPSUHVVLEOH�LQFOXVLRQ�LV�UHODWLYHO\ROG��LW�LV�HTXDOO\�FOHDU�LW�KDV�EHHQ�VLJQLILFDQWO\�XQGHUH[SORLWHG�WR�GDWH��,W�DSSHDUV�WKDW�RQH�RI�WKH�PDLQ�UHDVRQV�IRUWKLV� LV� WKH� ODFN�RI�D�FRPSUHVVLEOH�LQFOXVLRQ�PDWHULDO� WKDW� LV�ERWK�SUHGLFWDEOH� LQ� LWV�EHKDYLRU� DQG�GXUDEOH� LQ� WKHJURXQG��VRPHWKLQJ�WKDW�RUJDQLF�PDWHULDOV�VXFK�DV�KD\��VWUDZ�RU�FDUGERDUG��D�SURGXFW�XVHG�LQ�PRUH�PRGHUQ�WLPHV�LQFOXGLQJ� EHKLQG� HDUWK�UHWDLQLQJ� VWUXFWXUHV�� DUH� QRW�� 7KLV� VLWXDWLRQ� KDV� QRZ� EHHQ� UHVROYHG� ZLWK� WKH� JOREDOHPHUJHQFH�DQG�UHFRJQLWLRQ�RI�JHRIRDPV�GXULQJ�WKH�����V��&HUWDLQ�JHRIRDP�PDWHULDOV�DQG�SURGXFWV�KDYH�SURYHQWR�EH�UHPDUNDEO\�ZHOO�VXLWHG�IRU�XVH�DV�FRPSUHVVLEOH�LQFOXVLRQV��&RQVHTXHQWO\��WKHUH�DUH�QR�ORQJHU�DQ\�EDUULHUV�WRXVLQJ�FRQWUROOHG�\LHOGLQJ�DV�D�GHVLJQ�WRRO��HVSHFLDOO\�ZLWK�HDUWK�UHWDLQLQJ�VWUXFWXUHV�

*(2)2$0�%$6,&6
,QWURGXFWLRQ
7KH� UDSLG� VSUHDG�RI� NQRZOHGJH� DERXW� JHRIRDPV� WKDW� RFFXUUHG� GXULQJ� WKH� ����V� DQG�ZKLFK� FRQWLQXHV� WR� WKHSUHVHQW�KDV��XQIRUWXQDWHO\��UHVXOWHG�LQ�WKH�VSUHDG�RI�VRPH�LQFRUUHFW�LQIRUPDWLRQ�DERXW�WKHP��&RQVHTXHQWO\��LW�LVXVHIXO�WR�UHYLHZ�VRPH�EDVLF�IDFWV�FRQFHUQLQJ�JHRIRDP�PDWHULDOV��IXQFWLRQV�DQG�SURGXFWV�

0DWHULDOV
*HRIRDP� LV� QRZ� UHFRJQL]HG� DV� WKH� JHQHULF� QDPH� IRU� D� W\SH� RU� FDWHJRU\� RI�FHOOXODU� JHRV\QWKHWLF DORQJ�ZLWKJHRFRPEV �+RUYDWK��������*HRIRDPV�LQFOXGH�DQ\�W\SH�RI�FORVH�FHOO�IRDP�XVHG�LQ�D�JHRWHFKQLFDO�DSSOLFDWLRQ�DQGLQFOXGH�D�ZLGH�YDULHW\�RI�GLIIHUHQW� W\SHV�DQG�IRUPXODWLRQV�RI�SRO\PHULF��SODVWLF��IRDPV�DV�ZHOO�DV� IRDPV�PDGHIURP�SRUWODQG�FHPHQW�FRQFUHWH��3&&��DQG�JODVV��$�GLVFXVVLRQ�RI�WKH�FRPSOHWH�UDQJH�RI�JHRIRDP�PDWHULDOV�FDQ�EHIRXQG�LQ�+RUYDWK��������*HRIRDPV�KDYH�EHHQ�XVHG�VLQFH�DW�OHDVW�WKH�����V�DOWKRXJK�WKH\�ZHUH�QRW�JHQHULFDOO\�UHIHUUHG�WR�DV�VXFK�XQWLOWKH� ����V�� &RQVHTXHQWO\�� WKHUH� KDV� EHHQ� VXIILFLHQW� WLPH� WR� WU\� DQG� HYDOXDWH� GLIIHUHQW� PDWHULDOV� LQ� JHRIRDPDSSOLFDWLRQV�� $V� GLVFXVVHG� LQ� WKH� IROORZLQJ� VHFWLRQ�� JHRIRDPV� DUH� SRVVLEO\� WKH� PRVW� GLYHUVH� FDWHJRU\� RIJHRV\QWKHWLFV� LQ� WHUPV� RI� WKH� QXPEHU� RI� GLIIHUHQW� JHRV\QWKHWLF� IXQFWLRQV� �UROHV�� WKH\� FDQ� SURYLGH�� +RZHYHU�H[SHULHQFH� WR� GDWH� FOHDUO\� LQGLFDWHV� WKDW� WKH� JHRIRDP� PDWHULDO� RI� FKRLFH� IRU� PRVW� IXQFWLRQV� �LQFOXGLQJFRPSUHVVLEOH�LQFOXVLRQV��LV�D�SRO\PHULF�PDWHULDO�FDOOHG�H[SDQGHG�SRO\VW\UHQH �(36���(36�LV�WKH�IDPLOLDU�ZKLWH�FRORUHG� IRDP� �DOWKRXJK� LW� FDQ� EH� FRORUHG� RWKHUZLVH� IRU� PDUNHWLQJ� SXUSRVHV�� WKDW� LV� VHHQ� LQ� PDQ\� FRQVXPHUDSSOLFDWLRQV�VXFK�DV�FXVKLRQ�SDFNDJLQJ��DQG�EHYHUDJH�DQG�IRRG�FRQWDLQHUV��7KHUH�DUH�QXPHURXV�UHDVRQV� IRU� LWV
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SULPDF\� DV� D� JHRIRDP�PDWHULDO� �VR�PXFK� VR� WKDW� VRPH� SHRSOH�PLVWDNHQO\� WKLQN� RI� (36� DV� WKH� RQO\� JHRIRDPPDWHULDO���&KLHI�DPRQJ�WKHP�DUH�WKDW� LWV�EHKDYLRUDO�SURSHUWLHV�DUH�ZHOO�PDWFKHG�WR�FLYLO�HQJLQHHULQJ�QHHGV�DQGWKDW�LW�LV�ORFDOO\�PDQXIDFWXUHG�DQG�WKXV�UHDGLO\�DYDLODEOH�LQ�PRVW�HYHU\�FRXQWU\�LQ�WKH�ZRUOG�7KH�PDWHULDO�SURSHUWLHV�RI�(36�WKDW�DUH�RI�LQWHUHVW�WR�FLYLO�HQJLQHHUV�DUH�GLVFXVVHG�LQ�GHWDLO�LQ�+RUYDWK��������7KH�NH\�SURSHUWLHV�WKDW�DUH�UHOHYDQW�WR�LWV�XVH�DV�D�FRPSUHVVLEOH�LQFOXVLRQ�DUH�
x ,W�KDV�D�YHU\�ORZ�GHQVLW\��LQ�WKH�UDQJH�RI����WR����NJ�P� �D�XQLW�ZHLJKW�RI�����WR�����OE�IW�����,Q�IDFW�LW�LV�WKHOLJKWHVW�OLJKWZHLJKW�PDWHULDO�NQRZQ��VR�LV�YHU\�HDV\�WR�KDQGOH�x ,WV�FRPSUHVVLELOLW\��PRGXOXV���ZKLFK�FRUUHODWHV�WR�LWV�GHQVLW\�ZLWK�VXIILFLHQW�SUHGLFWDELOLW\��FDQ�EH�PDGH�WREH�UHODWLYHO\�ORZ�FRPSDUHG�WR�RWKHU�FLYLO�HQJLQHHULQJ�PDWHULDOV��7KLV�LV�EHQHILFLDO�LQ�FRPSUHVVLEOH�LQFOXVLRQDSSOLFDWLRQV�x ,WV�FRPSUHVVLELOLW\�FDQ�EH�UHGXFHG�HYHQ� IXUWKHU�E\�DQ�DGGLWLRQDO�PDQXIDFWXULQJ� VWHS�FDOOHG�HODVWLFL]DWLRQ�7KH�UHVXOWLQJ�PDWHULDO�LV�UHIHUUHG�WR�DV�UHVLOLHQW RU�HODVWLFL]HG (36�x ,W�LV�ERWK�GXUDEOH�DQG�HQYLURQPHQWDOO\�IULHQGO\�LQ�D�W\SLFDO�JHRWHFKQLFDO�HQYLURQPHQW�

)XQFWLRQV
,W� LV� QRZ� DSSUHFLDWHG� WKDW� WKH� NH\� WR� XVLQJ� DQ\� JHRV\QWKHWLF� LQ� HQJLQHHUHG� FRQVWUXFWLRQ� LV� WR� LGHQWLI\� WKHIXQFWLRQ�V�� WKDW� WKH� JHRV\QWKHWLF� SURGXFW� RU� FRPELQDWLRQ� RI� SURGXFWV� PXVW� SURYLGH�� 2QO\� WKHQ� FDQ� WKHJHRV\QWKHWLF�EH�UDWLRQDOO\�GHVLJQHG�8VLQJ� JHRIRDPV� LV� QR� H[FHSWLRQ� WR� WKLV� JXLGHOLQH�� $� GHWDLOHG� GLVFXVVLRQ� RI� DOO� WKH� SRWHQWLDO� IXQFWLRQV� RIJHRIRDP� LV� EH\RQG� WKH� VFRSH� RI� WKLV� SDSHU� EXW� FDQ� EH� IRXQG� LQ� QXPHURXV� RWKHU� VRXUFHV�� H�J��+RUYDWK� �������������2I�UHOHYDQFH�WR�WKLV�SDSHU�LV�WKH�IDFW�WKDW�
x :LWK� RQH� H[FHSWLRQ� �WKH� IXQFWLRQ� RI�IOXLG� WUDQVPLVVLRQ��� JHRIRDPV� DV� D� JURXS� SURYLGH� IXQFWLRQV� WKDW� QRRWKHU� WUDGLWLRQDO� �SODQDU�� JHRV\QWKHWLFV� �JHRJULG�� JHRPHPEUDQH�� JHRWH[WLOH�� FDQ� SURYLGH�� 7KLV� SURYLGHVHQJLQHHUV�ZLWK�PDQ\�DGGLWLRQDO�GHVLJQ�WRROV�QRW�SUHYLRXVO\�DYDLODEOH�ZLWK�SODQDU�JHRV\QWKHWLFV�x ,Q� PDQ\� LI� QRW� PRVW� DSSOLFDWLRQV� ZKHUH� FRQWUROOHG� \LHOGLQJ� EHKLQG� DQ� HDUWK�UHWDLQLQJ� VWUXFWXUH� LV� WKHSULPDU\�UHDVRQ�IRU�XVLQJ�D�JHRIRDP�FRPSUHVVLEOH�LQFOXVLRQ��RQH�RU�PRUH�DGGLWLRQDO�JHRIRDP�IXQFWLRQV�FDQUHDOLVWLFDOO\�EH�EHQHILFLDO��7KLV�LQFOXGHV�SURYLGLQJ�GUDLQDJH�RI�ERWK�JURXQG�ZDWHU�DQG�JURXQG�ERUQH�EDVHV�WKHUPDO�LQVXODWLRQ��DQG�QRLVH�DQG�YLEUDWLRQ�DWWHQXDWLRQ�x 2I� DOO� WKH�JHRIRDP�PDWHULDOV� FXUUHQWO\� NQRZQ�� RQO\�(36�RU�PDWHULDOV� UHODWHG� WR�(36� FDQ� UHDOLVWLFDOO\� EHXVHG�WR�SURYLGH�HYHU\�JHRIRDP�IXQFWLRQ�

,Q�VXPPDU\��H[SHULHQFH�LQGLFDWHV�WKDW�E\�UHFRJQL]LQJ�WKH�PXOWLIXQFWLRQDOLW\�RI�(36�JHRIRDP�LW�LV�RIWHQ�SRVVLEOHWR�XVH�RQH�JHRFRPSRVLWH� SURGXFW� WR� FRVW� HIIHFWLYHO\� VHUYH�QRW� RQO\� DV� D� FRPSUHVVLEOH� LQFOXVLRQ� IRU� FRQWUROOHG\LHOGLQJ�EXW
3URGXFWV
$V�ZLOO� EH� VHHQ� LQ� WKH� IROORZLQJ� VHFWLRQ�� JHRIRDP� FRPSUHVVLEOH� LQFOXVLRQV� XVHG� DGMDFHQW� WR� HDUWK� UHWDLQLQJVWUXFWXUHV�DUH� W\SLFDOO\�SODFHG�DV� UHODWLYHO\� WKLQ� �RI� WKH�RUGHU�RI����� WR�����PP���� WR��� LQ�� WKLFN��� FRQWLQXRXVOD\HUV��7KXV� IDU� OHVV�PDWHULDO� LV� UHTXLUHG�FRPSDUHG� WR�D� W\SLFDO� OLJKWZHLJKW�ILOO� DSSOLFDWLRQ��([SHULHQFH� WR�GDWHLQGLFDWHV�WKDW�IRU�VXFK�DSSOLFDWLRQV�LW�LV�W\SLFDOO\�PRVW�HFRQRPLFDO�WR�PDQXIDFWXUH�WKH�JHRIRDP�SURGXFW�LQ�SDQHOVWKDW�DUH�W\SLFDOO\�RI� WKH�RUGHU�RI�RQH�PHWUH�����LQ��VTXDUH�DQG�RI� WKH� IXOO� WKLFNQHVV�GHVLUHG�IRU� WKH�DSSOLFDWLRQ�6XFK�SDQHOV�FDQ�WKHQ�EH�HDVLO\�KDQGOHG�DQG�JOXHG�WR�RQH�IDFH�RI�WKH�HDUWK�UHWDLQLQJ�VWUXFWXUH�7KH� H[DFW� FRPSRVLWLRQ� RI� D� SDQHO� GHSHQGV� RQ� WKH� IXQFWLRQV� WKDW� WKH� GHVLJQ� HQJLQHHU� GHVLUHV�� )RU� DOPRVW� DOODSSOLFDWLRQV�LQYROYLQJ�HDUWK�UHWDLQLQJ�VWUXFWXUHV��WKH�VROH�RU�DW�OHDVW�SULPDU\�FRPSRQHQW�ZRXOG�EH�UHVLOLHQW�(36VXFK�DV�7HUUD)OH[� WKDW�LV�PDQXIDFWXUHG�E\�*HR7HFK�6\VWHPV�&RUSRUDWLRQ�LQ�WKH�8�6�$��,Q�PRVW�DSSOLFDWLRQV�GUDLQDJH�LV�DOVR�D�GHVLUHG�IXQFWLRQ�DQG�WKLV�LV�W\SLFDOO\�DFKLHYHG�E\�IDFWRU\�ODPLQDWLQJ�D�GUDLQDJH�JHRFRPSRVLWHWR�RQH�IDFH�RI�WKH�SDQHO��6XFK�JHRFRPSRVLWHV�W\SLFDOO\�FRQVLVW�RI�D�KLJK�SHUPHDELOLW\�FRUH�WKDW�SURYLGHV�WKH�IOXLGWUDQVPLVVLRQ�FRYHUHG�E\�D�QRQ�ZRYHQ�JHRWH[WLOH�WR�SURYLGH�VHSDUDWLRQ�DQG�ILOWUDWLRQ��:KHUH�DYDLODEOH��WKH�PRVWFRVW�HIIHFWLYH�GUDLQDJH�JHRFRPSRVLWH� WR�XVH� LQ�FRPSUHVVLEOH�LQFOXVLRQ�DSSOLFDWLRQV� LV�RQH�ZLWK�D�JOXHG�SRURXVSRO\VW\UHQH �D�JHRIRDP�PDWHULDO�WKDW�LV�UHODWHG�WR�(36��FRUH�VXFK�DV�WKH�*HR7HFK�,QVXODWHG�'UDLQDJH�3DQHO��7KLV�LV�EHFDXVH�WKLV�SDUWLFXODU� W\SH�RI�GUDLQDJH�JHRFRPSRVLWH�DGGV� WR� WKH�RYHUDOO�FRPSUHVVLELOLW\� WKDW� LV�KLJKO\GHVLUDEOH� LQ� D� FRQWUROOHG�\LHOGLQJ� DSSOLFDWLRQV�� ,Q� WKH�8�6�$�� WKLV� FRPELQDWLRQ� RI� UHVLOLHQW� (36� DQG� JHRIRDP�EDVHG�GUDLQDJH�JHRFRPSRVLWH��ZKLFK�LV�FDOOHG�WKH�*HRLQFOXVLRQ���KDV�SURYHQ� WR�EH� WKH�FRPSUHVVLEOH�LQFOXVLRQSURGXFW�RI�FKRLFH�LQ�PRVW�HDUWK�UHWDLQLQJ�VWUXFWXUH�DSSOLFDWLRQV�
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$33/,&$7,216�72�($57+�5(7$,1,1*�6758&785(6
,QWURGXFWLRQ
7R�GDWH��WKHUH�DUH�WZR�EURDG�FDWHJRULHV�RI�FRQWUROOHG�\LHOGLQJ�DSSOLFDWLRQ�WKDW�KDYH�EHHQ�LGHQWLILHG�IRU�XVH�ZLWKHDUWK�UHWDLQLQJ�VWUXFWXUHV�
x WKH�5HGXFHG�(DUWK�3UHVVXUH�&RQFHSW DQGx WKH�=HUR�(DUWK�3UHVVXUH�&RQFHSW�

(DFK�RI� WKHVH�KDV�EHHQ�VWXGLHG� WR�YDU\LQJ�H[WHQWV�VLQFH� WKH�PLG�����V��0RVW�RI� WKLV� VWXG\�KDV� LQYROYHG�HLWKHUVPDOO�VFDOH� PRGHO� WHVWLQJ� XQGHU� �J FRQGLWLRQV� �QR� FHQWULIXJH� WHVWLQJ� LV� NQRZQ� WR� KDYH� EHHQ� SHUIRUPHG�� RUQXPHULFDO�DQDO\VHV�XVLQJ�D�ILQLWH�HOHPHQW�VROXWLRQ�RI�D�FRQWLQXXP��7KHUH�KDV�EHHQ�UHODWLYHO\�OLWWOH�SXEOLVKHG�GDWDIRU�IXOO�VFDOH�WHVWLQJ�RU�FDVH�KLVWRU\�REVHUYDWLRQV�WR�GDWH�&ROOHFWLYHO\�� WKHVH� VWXGLHV� KDYH� EHHQ� ERWK� QHFHVVDU\� DQG� XVHIXO� IRU� H[SORULQJ� WKH� EDVLF� EHKDYLRU� RI� WKHVHFRQFHSWV�WR�YDU\LQJ�OHYHOV�RI�GHWDLO��+RZHYHU��LW�LV�ZHOO�DSSUHFLDWHG�WKDW�IRU�WKH�FRQFHSW�RI�FRQWUROOHG�\LHOGLQJ�WREH� XVHG� URXWLQHO\� LQ� SUDFWLFH� DQDO\WLFDO� PHWKRGRORJLHV� VLPSOHU� WKDQ� FRPSOH[�� WLPH�FRQVXPLQJ� QXPHULFDODQDO\VHV�PXVW�EH�GHYHORSHG��7KHUHIRUH��WKLV�SDSHU�ZLOO�IRFXV�RQ�WKH�VWDWH�RI�GHYHORSPHQW�RI�VXFK�VLPSOH�PRGHOVLQWHQGHG�IRU�XVH�LQ�URXWLQH�SUDFWLFH�DV�RSSRVHG�WR�IXQGDPHQWDO�UHVHDUFK�
5HGXFHG�(DUWK�3UHVVXUH��5(3��&RQFHSW
2YHUYLHZ
7KLV�FDWHJRU\�RI�DSSOLFDWLRQ�LV�LOOXVWUDWHG�LQ�)LJ����DQG�FDQ�EH�FRQVLGHUHG�WKH�EDVLF��IXQGDPHQWDO�DSSOLFDWLRQ�RIFRQWUROOHG�\LHOGLQJ�ZLWK�DQ�HDUWK�UHWDLQLQJ�VWUXFWXUH��1RWH�WKDW�WKH�HDUWK�UHWDLQLQJ�VWUXFWXUH�VKRZQ�LV�FRQFHSWXDOLQ�QDWXUH�DQG�QRW� LQWHQGHG� WR�EH� OLPLWHG� WR�D�JUDYLW\� UHWDLQLQJ�ZDOO�� ,W� FDQ�EH�DQ\� W\SH�RI� ULJLG� UHWDLQLQJ�ZDOO�EULGJH�DEXWPHQW��EHORZ�JUDGH��EDVHPHQW��ZDOO�RI�D�EXLOGLQJ��QDYLJDWLRQDO�ORFN��HWF�

JHRIRDP�FRPSUHVVLEOH�LQFOXVLRQHDUWK�UHWDLQLQJVWUXFWXUH�FRQFHSWXDOL]HG�
SUHGRPLQDQW�GLUHFWLRQRIJURXQG�GLVSODFHPHQW�FRQWUROOHG�\LHOGLQJ�

)LJ������&RQFHSWXDO�,OOXVWUDWLRQ�RI�&RPSRQHQWV�RI�WKH�5HGXFHG�(DUWK�3UHVVXUH��5(3��&RQFHSW
,Q�PRVW�FDVHV��WKH�SULPDU\�GHVLJQ�YDULDEOH�LV�WKH�VWLIIQHVV�RI�WKH�FRPSUHVVLEOH�LQFOXVLRQ�ZKLFK�LV�GHILQHG�DV�WKH<RXQJ
V�PRGXOXV�RI�WKH�JHRIRDP�PDWHULDO�GLYLGHG�E\�LWV�WKLFNQHVV��5HFHQWO\��+RUYDWK��������LW�ZDV�IRXQG�XVHIXOWR� HVWDEOLVK� D� QHZ�GLPHQVLRQOHVV� SDUDPHWHU��O�� FDOOHG� WKH�QRUPDOL]HG� FRPSUHVVLEOH� LQFOXVLRQ� VWLIIQHVV�� IRU� WKHSXUSRVH�RI�FRPSDULQJ�VWLIIQHVVHV�RI�FRPSUHVVLEOH�LQFOXVLRQV��7KLV�SDUDPHWHU�LV�GHILQHG�DV�IROORZV�

DWPFL
FL SW +( � � O ���

ZKHUH�(FL LV� WKH�<RXQJ
V�PRGXOXV� RI� WKH� FRPSUHVVLEOH� LQFOXVLRQ�PDWHULDO��+ LV� WKH� JHRWHFKQLFDO� KHLJKW� RI� WKHHDUWK�UHWDLQLQJ� VWUXFWXUH�� WFL LV� WKH� WKLFNQHVV� RI� WKH� FRPSUHVVLEOH� LQFOXVLRQ� LQ� WKH� GLUHFWLRQ� SDUDOOHO� WR� WKHSUHGRPLQDQW�GLUHFWLRQ�RI�JURXQG�GLVSODFHPHQW�DV�VKRZQ�LQ�)LJ�����DQG�SDWP LV�WKH�DWPRVSKHULF�SUHVVXUH�FRQVWDQW�)RU� UHIHUHQFH�SXUSRVHV�� WKH� OLPLWLQJ�YDOXHV� RI�O DUH� ]HUR� IRU� WKH� �SHUIHFWO\� FRPSUHVVLEOH�� FDVH�RI� XQUHVWULFWHGGLVSODFHPHQW� �L�H�� D� SHUIHFWO\�VRIW� FRPSUHVVLEOH� LQFOXVLRQ�� DQG� LQILQLW\� IRU� WKH� �SHUIHFWO\� ULJLG�� FDVH� RI� QRGLVSODFHPHQW��4XDQWLWDWLYHO\��WKH�VPDOOHU�WKH�YDOXH�RI�O WKH�PRUH�FRPSUHVVLEOH�WKH�LQFOXVLRQ�LV�1RWH�WKDW�VRPH�WKRXJKW�DOZD\V�QHHGV�WR�EH�JLYHQ�WR�WKH�DSSURSULDWH�YDOXH�RI�(FL WR�XVH�LQ�(T�����7KLV�LV�EHFDXVHWKH�JHRIRDP�PDWHULDO�RU�PDWHULDOV�ZLOO�DOPRVW�FHUWDLQO\�EH�SRO\PHULF�DQG�VXFK�PDWHULDOV�DUH�VXVFHSWLEOH�WR�FUHHSRYHU�PRVW�RI�WKHLU�ORDG�UDQJH��7KXV�D�PRGXOXV�VKRXOG�EH�FKRVH�WKDW�LV�FRQVLVWHQW�ZLWK�WKH�WLPH�IUDPH�RYHU�ZKLFKWKH�JURXQG�ZLOO�GHYHORS�LWV�ORDG�
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'LVSODFHPHQW
JURXQG
JHRIRDP

)RUFHH[HUWHGRQHDUWK�UHWDLQLQJVWUXFWXUH

ZLWKRXW�JHRIRDP

ZLWKJHRIRDP

)LJ������&RQFHSWXDO�,OOXVWUDWLRQ�RI�3K\VLFDO�%HKDYLRU�RI�WKH�5HGXFHG�(DUWK�3UHVVXUH��5(3��&RQFHSW
:LWKLQ� WKH� FRQWH[W� RI� WKLV� JHQHUDO� EHKDYLRU�� WKHUH� DUH� VHYHUDO� GLVWLQFWO\� GLIIHUHQW� FDWHJRULHV� RI� DSSOLFDWLRQV�(DFK�LV�VXPPDUL]HG�LQ�WKH�IROORZLQJ�VHFWLRQV�

6KHDU�6WUHQJWK�0RELOL]DWLRQ
7KLV�ZDV�WKH�ILUVW�DSSOLFDWLRQ�RI�WKH�5(3�FRQFHSW�WKDW�ZDV�LGHQWLILHG�DQG�LV�DUJXDEO\�WKH�PRVW�FRPPRQ��,W�LV�DGLUHFW� RXWJURZWK� RI� WKH� XVH� RI� FRPSUHVVLEOH� LQFOXVLRQV� DERYH� XQGHUJURXQG� FRQGXLWV�� ,Q� WKLV� DSSOLFDWLRQ�� WKHGHVLUH� LV� WR� VLPSO\� PRELOL]H� WKH� LQKHUHQW� VKHDU� VWUHQJWK� RI� WKH� UHWDLQHG� VRLO� E\� DOORZLQJ� VXIILFLHQW� JURXQGGLVSODFHPHQW�VR�WKDW�WKH�DFWLYH�HDUWK�SUHVVXUH�VWDWH�GHYHORSV�LQ�VLWXDWLRQV�ZKHUH�GHVLJQ�IRU�WKH�DW�UHVW��RU�ODUJHU�ODWHUDO�HDUWK�SUHVVXUH�VWDWH�ZRXOG�QRUPDOO\�EH�DSSURSULDWH��7KXV�LQ�)LJ����WKH�IRUFH�H[HUWHG�E\�WKH�JURXQG�ZRXOGSODWHDX� DW� VRPH� QRQ�]HUR� PDJQLWXGH� DIWHU� D� FHUWDLQ� DPRXQW� RI� ODWHUDO� GLVSODFHPHQW��'D�� RI� WKH� VRLO� PDVV�KLVWRULFDOO\� WKLV�KDV�XVXDOO\�EHHQ�H[SUHVVHG�DV� WKH�GLPHQVLRQOHVV� UDWLR�'D�+���%HFDXVH� WKH�HDUWK� IRUFH� UHDFKHVDQG�UHPDLQV�DW�WKLV�OLPLWLQJ�PLQLPXP�YDOXH��WKLV�LV�RQH�RI�WKRVH�DSSOLFDWLRQV�ZKHUH�WKHUH�LV�D�XQLTXH�VROXWLRQ�LQWHUPV�RI�UHTXLUHG�WKLFNQHVV�RI�WKH�JHRIRDP�SURGXFW�LQ�WKDW�D�WKLFNHU�SURGXFW�ZRXOG�SURYLGH�QR�EHQHILW�)RU� VLPSOLFLW\�� LW� LV� JHQHUDOO\� DVVXPHG� WKDW� WKH� GLVWULEXWLRQ� RI� ODWHUDO� HDUWK� SUHVVXUHV� DFKLHYHG� XVLQJ� DFRPSUHVVLEOH� LQFOXVLRQ� LQ� WKLV�PDQQHU� ZLOO� IROORZ� WKH� WUDGLWLRQDO� WULDQJOH� DVVXPHG� IRU� ERWK� WKH�&RXORPE� DQG5DQNLQH�FODVVLFDO�VROXWLRQV�IRU�WKH�DFWLYH�HDUWK�SUHVVXUH�VWDWH��+RZHYHU��D�ZLGH�YDULHW\�RI�QXPHULFDO�DV�ZHOO�DVREVHUYHG� UHVXOWV� FRQVLVWHQWO\� LQGLFDWH�D�FXUYHG�GLVWULEXWLRQ�DV� VKRZQ� LQ�)LJ����ZKLFK�ZDV� WDNHQ� IURP�+RUYDWK�������� ,Q� UHWURVSHFW�� VXFK� D� UHVXOW� VKRXOG� QRW� EH� VXUSULVLQJ� DV� WKH� XVH� RI� WKH� 5(3� FRQFHSW� EHKLQG� DQ� HDUWK�UHWDLQLQJ�VWUXFWXUH�LV��LQ�HVVHQFH��LQGXFLQJ�KRUL]RQWDO�DUFKLQJ�ZLWKLQ�WKH�VRLO��6XFK�FXUYHG�GLVWULEXWLRQV�RI�ODWHUDOHDUWK� SUHVVXUHV� DUH� FRPSOHWHO\� FRQVLVWHQW� ZLWK� WKHRUHWLFDO� UHVXOWV� H[SHFWHG� EDVHG� RQ� YDULRXV� GHULYDWLRQV� RIDUFKLQJ� WKHRU\� �+DQG\� ������ +DUURS�:LOOLDPV� ������� 7KH� OLPLWLQJ� ODWHUDO� HDUWK� SUHVVXUH� FRQGLWLRQV� DUH� DOVRVKRZQ�LQ�WKLV�ILJXUH�XVLQJ�WKH�QRUPDOL]HG�FRPSUHVVLEOH�LQFOXVLRQ�VWLIIQHVV��O��SDUDPHWHU�LQWURGXFHG�HDUOLHU�,Q�GHYHORSLQJ�D� VLPSOLILHG�GHVLJQ�PHWKRGRORJ\� IRU� WKLV�EDVLF�DSSOLFDWLRQ�RI� WKH�5(3�FRQFHSW�� WKH�ZULWHU�KDVWDNHQ� WKH� SRVLWLRQ� WKDW� GHVLJQ� VKRXOG� EH� EDVHG� RQ� WKH� DFWLYH� UHVXOWDQW� IRUFH�� QRW� SUHVVXUHV�� +RZ� D� GHVLJQHUFKRRVHV�WR�GLVWULEXWH�WKLV�IRUFH�DORQJ�WKH�EDFN�RI�DQ�HDUWK�UHWDLQLQJ�VWUXFWXUH�LV�D�PDWWHU�RI�FKRLFH��$V�GLVFXVVHGLQ�GHWDLO�LQ�$SSHQGL[�$�RI�+RUYDWK���������WKH�GHYHORSPHQW�RI�D�VLPSOLILHG�VROXWLRQ�IRU�WKLV�EDVLF�DSSOLFDWLRQ�RIWKH� 5(3� FRQFHSW� KDV� JRQH� WKURXJK� VHYHUDO� HYROXWLRQDU\� FKDQJHV� VLQFH� LW� ZDV� ILUVW� SURSRVHG� E\� 3DUWRV� DQG.D]DQLZVN\���������7KH�FXUUHQW�YHUVLRQ�������GHYHORSHG�E\�WKH�ZULWHU�LV� �
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ZKHUH�.D LV�WKH�DFWLYH�HDUWK�SUHVVXUH�FRHIILFLHQW�REWDLQHG�XVLQJ�HLWKHU�&RXORPE�RU��H[DFW��WKHRU\��G LV�WKH�IULFWLRQDQJOH�EHWZHHQ�WKH�UHWDLQHG�VRLO�DQG�WKH�JHRIRDP�FRPSUHVVLEOH�LQFOXVLRQ�PDWHULDO��DQG�JW LV�WKH�WRWDO�XQLW�ZHLJKW�RIWKH�UHWDLQHG�VRLO�



�

,H&�*(2� ��,QWHUQDWLRQDO�H�&RQIHUHQFH�RQ�0RGHUQ�7UHQGV�LQ�*HRWHFKQLFDO�(QJLQHHULQJ��*HRWHFKQLFDO�&KDOOHQJHV�DQG�6ROXWLRQV�&RQWUROOHG�<LHOGLQJ�8VLQJ�*HRIRDP�&RPSUHVVLEOH�,QFOXVLRQV��7KH�1HZ�)URQWLHU�LQ�(DUWK�5HWDLQLQJ�6WUXFWXUHV�-RKQ�6��+RUYDWK��3K�'���3�(�

1RUPDOL]HG�ODWHUDO�SUHVVXUH��VK�SDWP
��� ��� ��� ��� ��� ���

1RUP
DOL]HG

�GHSW
K�EHOR

Z�WRS
�RI�DE

XWPH
QW��] �+

���
���
���
���
���
���
���
���
���
���
���

=(3��SRO\PHULF�UHLQIRUFHPHQW�=(3��PHWDOOLF�UHLQIRUFHPHQW�5(3

DFWLYH

DW�UHVW
O� �f

O� ��

)LJ�����&RPSDULVRQ�RI�/DWHUDO�(DUWK�3UHVVXUH�'LVWULEXWLRQV
$FFRPPRGDWLQJ�6WUXFWXUH�,QGXFHG�0RYHPHQW
2QH�RI�WKH�RIWHQ�RYHUORRNHG�DVSHFWV�RI�HDUWK�UHWDLQLQJ�VWUXFWXUHV�LV�WKDW�WKH\�PD\�XQGHUJR�GLVSODFHPHQWV�RI�DEURDGO\�KRUL]RQWDO�QDWXUH�GXH�WR�FRPELQDWLRQV�RI�WUDQVODWLRQ�DQG�URWDWLRQ�WKDW�DUH�GXH�WR�WKH�VWUXFWXUH�LWVHOI��QRW�DVD�UHVXOW�RI�WKH�VWUXFWXUH�UHDFWLQJ�WR�HDUWK�ORDGV��7KLV�LV�XVXDOO\�WKH�UHVXOW�RI�WKH�HDUWK�UHWDLQLQJ�VWUXFWXUH
V�EHLQJVXEMHFWHG� WR� WKHUPDO� ORDGV� �DQ� REVHUYHG� SKHQRPHQRQ� IRU� ZDVWHZDWHU� WUHDWPHQW� IDFLOLWLHV� �(QJODQG� ������ DQGQDYLJDWLRQDO�ORFNV�IRU�H[DPSOH��RU�EHLQJ�VWUXFWXUDOO\�FRQQHFWHG�WR�VRPH�VXSHUVWUXFWXUH�WKDW�PRYHV�DV�LQ�WKH�FDVHRI�LQWHJUDO�DEXWPHQW�EULGJHV��+RUYDWK�������7KH�LPSRUWDQFH�RI�WKLV�SKHQRPHQRQ�RYHUDOO�LV�WKDW�LW�FDQ�OHDG�WR�UHODWLYHO\�ODUJH�ODWHUDO�HDUWK�SUHVVXUHV��L�H��ZHOOLQ�H[FHVV�RI� WKH�DW�UHVW�VWDWH�DQG� WHQGLQJ� WRZDUG� WKH�SDVVLYH��ZKLFK�FDQ�DQG�KDV� OHG� WR�VWUXFWXUDO� IDLOXUH�RI� WKHHDUWK�UHWDLQLQJ�VWUXFWXUH��,W�LV�JHQHUDOO\�PXFK�PRUH�HFRQRPLFDO�WR�XVH�D�FRPSUHVVLEOH�LQFOXVLRQ�WR�DFFRPPRGDWHRU� �FXVKLRQ�� VWUXFWXUH� PRYHPHQW� ZLWKLQ� D� PLQLPL]HG� LQFUHDVH� LQ� ODWHUDO� HDUWK� SUHVVXUHV� WKDQ� WR� GHVLJQ� RUUHLQIRUFH� LW� WR�ZLWKVWDQG� WKHVH�SUHVVXUHV��$�JHQHULF�� VLPSOLILHG�GHVLJQ�PHWKRGRORJ\� IRU� JHRIRDP�FRPSUHVVLEOHLQFOXVLRQV�XVHG�LQ�WKHVH�VLWXDWLRQV�KDV�QRW�EHHQ�GHYHORSHG�WR�GDWH�DQG�PD\�SURYH�GLIILFXOW�JLYHQ�WKH�GLYHUVLW\�DQGFRPSOH[LW\�RI�WKHVH�DSSOLFDWLRQV��+RZHYHU��LW�PD\�SURYH�SRVVLEOH�WR�GHYHORS�D�VLPSOLILHG�GHVLJQ�SURFHGXUH�IRUHDFK�SUREOHP�FDWHJRU\��H�J��LQWHJUDO�DEXWPHQW�EULGJHV�

$FFRPPRGDWLQJ�9ROXPH�&KDQJH�RI�(DUWK�0DWHULDOV
$Q�DSSOLFDWLRQ�RI�FRQVLGHUDEOH�LQWHUHVW�ZRUOGZLGH�LQYROYHV�VLWXDWLRQV�ZKHUH�WKH�JURXQG�UHWDLQHG�E\�DQ�HDUWK�UHWDLQLQJ� VWUXFWXUH� LV� VXVFHSWLEOH� WR� YROXPH� FKDQJHV� VLPSO\�GXH� WR� HQYLURQPHQWDO� FRQGLWLRQV��PRVW� FRPPRQO\FKDQJHV�LQ�ZDWHU�FRQWHQW��7KLV�HQFRPSDVVHV�WKH�ZHOO�NQRZQ�SUREOHP�RI�H[SDQVLYH RU�VZHOOLQJ VRLOV��1RUPDOO\VXFK�VRLOV�ZRXOG�QRW�EH�XVHG�DV�EDFNILOO�ILOO�EHKLQG�DQ�HDUWK�UHWDLQLQJ�VWUXFWXUH�RU��FRQYHUVHO\��DQ�HDUWK�UHWDLQLQJVWUXFWXUH�ZRXOG�QRW�EH�EXLOW�ZKHUH�VXFK� VRLOV�DUH� WKH�RQO\�RQHV�DYDLODEOH� IRU�XVH��7KLV� LV�EURDGO\� IRU� WKH�VDPHUHDVRQ�DV�GHVFULEHG�LQ�WKH�SUHFHGLQJ�VHFWLRQ�IRU�VWUXFWXUH�LQGXFHG�PRYHPHQW��+RZHYHU��LQ�WKH�FDVH�RI�H[SDQVLYHVRLOV�WKH�ODWHUDO�HDUWK�SUHVVXUHV�JHQHUDWHG�FDQ�EH�H[WUHPHO\�ODUJH�*HRIRDP�FRPSUHVVLEOH�LQFOXVLRQV�RIIHU�WKH�SRWHQWLDO�IRU�D�WHFKQLFDOO\�DFFHSWDEOH�DQG�FRVW�HIIHFWLYH�DOWHUQDWLYHWKDW�ZRXOG�DOORZ�XVH�RI�H[SDQVLYH� VRLOV� DV�EDFNILOO�ILOO�EHKLQG�HDUWK�UHWDLQLQJ� VWUXFWXUHV��7KHUH�KDV�EHHQ� VRPHDQDO\WLFDO� ZRUN� WR� GDWH� WKDW� VXSSRUWV� WKLV� �$\WHNLQ� ������� ,Q� DGGLWLRQ�� WKH� XVH� RI� JHRIRDP� FRPSUHVVLEOHLQFOXVLRQV�EHQHDWK�IRXQGDWLRQ�VODEV�WR�UHOLHYH�YHUWLFDO�VWUHVVHV�IURP�H[SDQVLYH�VRLO�LV�D�ZHOO�SURYHQ�DSSOLFDWLRQZKLFK�DOVR�VXSSRUWV�WKH�YDOLGLW\�RI�WKH�EDVLF�FRQFHSW�2QH� WKLQJ� WR� NHHS� LQ� PLQG� ZLWK� UHJDUG� WR� XVLQJ� JHRIRDP� FRPSUHVVLEOH� LQFOXVLRQV� WR� UHGXFH� ODWHUDO� HDUWKSUHVVXUHV�IURP�H[SDQVLYH�VRLOV�LV�WKDW��ZLWK�UHIHUHQFH�WR�)LJ�����WKH�JURXQG�IRUFH�ZLOO�DFWXDOO\�JR�WR�]HUR�DW�VRPHGLVSODFHPHQW��7KLV�PHDQV�WKDW�WKHUH�LV�QHYHU�D�XQLTXH�WKLFNQHVV�RI�JHRIRDP�WR�XVH�LQ�VXFK�DSSOLFDWLRQV��5DWKHU�
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WKHUH�LV�D�UDQJH�RI�WKLFNQHVVHV��,Q�SUDFWLFH��D�YDOXH�FRXOG�EH�VHOHFWHG�WKDW�SURYLGHV�WKH�EHVW�RYHUDOO�HFRQRP\�RIERWK�WKH�HDUWK�UHWDLQLQJ�VWUXFWXUH�DQG�JHRIRDP�PDWHULDO�FRVWV�
=HUR�(DUWK�3UHVVXUH��=(3��&RQFHSW
2YHUYLHZ
7KLV�DSSOLFDWLRQ�FRQFHSW�HYROYHG�IURP�WKH�5(3�FRQFHSW�DQG�LV�LOOXVWUDWHG�LQ�)LJ�����1RWH�WKDW�WKH�HDUWK�UHWDLQLQJVWUXFWXUH� VKRZQ� LV� DJDLQ� FRQFHSWXDO� DQG� WKDW� WKH� SODFHPHQW� RI� WKH� JHRIRDP� FRPSUHVVLEOH� LQFOXVLRQ� DQG� WKHSULPDU\�GLUHFWLRQ�RI� JURXQG�GLVSODFHPHQW�DUH�ERWK�H[DFWO\� WKH� VDPH�DV� LQ� WKH�5(3�FDVH� VKRZQ� LQ�)LJ�� ���7KHXQLTXH� IHDWXUH� RI� WKH� =(3� FRQFHSW� LV� WKH� HPEHGPHQW� RI�PXOWLSOH� OD\HUV� RI� JHRV\QWKHWLF� WHQVLOH� UHLQIRUFHPHQW�PHWDOOLF� RU� SRO\PHULF�� ZLWKLQ� WKH� UHWDLQHG� VRLO�� ,Q� HVVHQFH�� D� VHOI�VWDEOH� PHFKDQLFDOO\� VWDELOL]HG� HDUWK� ZDOO�06(:��LV�FRQVWUXFWHG�EHKLQG�WKH�SULPDU\�HDUWK�UHWDLQLQJ�VWUXFWXUH�

JHRV\QWKHWLF�WHQVLOH�UHLQIRUFHPHQW

)LJ������&RQFHSWXDO�,OOXVWUDWLRQ�RI�&RPSRQHQWV�RI�WKH�=HUR�(DUWK�3UHVVXUH��=(3��&RQFHSW
:LWK� UHJDUG� WR� GHVLJQLQJ� WKH� VWLIIQHVV� RI� WKH� FRPSUHVVLEOH� LQFOXVLRQ� IRU� =(3� DSSOLFDWLRQV�� WKH� VDPH� EDVLFSURFHGXUH� DV� GLVFXVVHG� SUHYLRXVO\� IRU� WKH�5(3� FRQFHSW� DQG� LOOXVWUDWHG� TXDOLWDWLYHO\� LQ� )LJ�� �� DSSOLHV� KHUH�� $VLJQLILFDQW� GLIIHUHQFH� LV� WKDW� LQ� DOO� FDVHV� DQG� IRU� DOO� W\SHV� RI� VRLO� WKH� JURXQG� IRUFH� LQ� )LJ�� �� ZLOO� HYHQWXDOO\EHFRPH�]HUR�DW�VRPH�GLVSODFHPHQW��7KLV�EHKDYLRU�LV�ZKDW�JDYH�WKH�=(3�FRQFHSW�LWV�QDPH�

&RPSRVLWH�6KHDU�6WUHQJWK�DQG�7HQVLOH�5HLQIRUFHPHQW�0RELOL]DWLRQ
7KH�SRWHQWLDO�RI� WKH�=(3�FRQFHSW�KDV�EDUHO\�EHHQ�H[SORLWHG� LQ�SUDFWLFH� WR� GDWH��+RZHYHU�� LW� LV� OLNHO\� WKDW� LQPRVW�FDVHV�D�GHVLJQHU�ZRXOG�XVH�WKLV�FRQFHSW�VLPSO\�WR�VLPXOWDQHRXVO\�PRELOL]H�WKH�LQKHUHQW�VKHDU�VWUHQJWK�RIWKH�UHWDLQHG�VRLO�DQG�DOORZ�WKH�WHQVLOH�UHLQIRUFHPHQW�WR�VWUDLQ�WHQVLOHO\�VR�DV�WR�UHGXFH�WKH�ODWHUDO�HDUWK�IRUFHV�WRVPDOOHU� PDJQLWXGHV� WKDQ� FRXOG� EH� DFKLHYHG� XVLQJ� WKH� 5(3� FRQFHSW� DORQH� �LW� WXUQV� RXW� WKDW� VHWWOHPHQW� RI� WKHVXUIDFH� RI� WKH� UHWDLQHG� VRLO� LV� DOVR� UHGXFHG�� DQ� DGGLWLRQDO� EHQHILW��� 7KLV� LV� LOOXVWUDWHG� LQ� )LJ�� �� IRU� D� SUREOHPFRQVLGHUHG� LQ� +RUYDWK� �������� 1RWH� WKDW� WKLV� ILJXUH� GRHV� QRW� LQWHQG� WR� LPSO\� WKH� VXSHULRULW\� RI� RQH� W\SH� RIJHRV\QWKHWLF�WHQVLOH�UHLQIRUFHPHQW�RYHU�DQRWKHU��,W�PHUHO\�VKRZV�WKDW�� IRU� WKH�VDPH�PDJQLWXGH�RI�FRPSUHVVLEOHLQFOXVLRQ�VWLIIQHVV��O��WKH�ODWHUDO�HDUWK�SUHVVXUHV�DUH�VHQVLWLYH�WR�WKH�VWLIIQHVV�RI�WKH�WHQVLOH�UHLQIRUFHPHQW�XVHG��LIDQ\�,W�VKRXOG�EH�QRWHG�WKDW�LQ�DQ\�DQG�DOO�=(3�FRQFHSW�DSSOLFDWLRQV�WKHUH�LV�QHYHU�LV�D�XQLTXH��FRUUHFW��WKLFNQHVV�RIJHRIRDP� WR�XVH��5DWKHU� WKHUH� LV� D� UDQJH�RI� WKLFNQHVVHV�DQG�RQH� VKRXOG�� LGHDOO\��EH�FKRVHQ�EDVHG�RQ� D� UDWLRQDODVVHVVPHQW�RI�PLQLPL]LQJ�WKH�WRWDO�FRVW�RI�WKH�SULPDU\�HDUWK�UHWDLQLQJ�VWUXFWXUH��DQG�JHRIRDP�DQG�UHLQIRUFHPHQWPDWHULDOV�:LWK� UHJDUG� WR� GHYHORSLQJ� VLPSOLILHG� GHVLJQ� PHWKRGV�� ZRUN�ZLWK� WKH� =(3� FRQFHSW� LV� PXFK� OHVV� GHYHORSHGFRPSDUHG� WR� WKH� 5(3� FRQFHSW�� 7KLV� LV� EHFDXVH� RI� WKH� DGGHG� FRPSOH[LW\� RI� KDYLQJ� WR� GHILQH� WKH� KRUL]RQWDOVWLIIQHVV�RI�WKH�UHLQIRUFHG�UHWDLQHG�VRLO�PDVV��$Q�LQLWLDO�SRVWXODWLRQ�RI�D�VLPSOLILHG�GHVLJQ�SURFHGXUH�ZDV�PDGH�LQ+RUYDWK��������UHSURGXFHG�LQ�����E��DQG�ZDV�VXEVWDQWLDOO\�UHYLVHG��9HUVLRQ������LQ�6HFWLRQ����������RI�+RUYDWK�������� ,W� LV� VRPHZKDW� WRR� OHQJWK\� WR� UHSURGXFH� KHUH� EXW� LV� HDVLO\� VROYHG� E\� PDQXDO� FDOFXODWLRQ�� /LPLWHGFRPSDULVRQ� RI� UHVXOWV� REWDLQHG� XVLQJ� WKLV� PHWKRG� ZLWK� PRUH�ULJRURXV� QXPHULFDO� UHVXOWV� VKRZ� WKH� VLPSOLILHGPHWKRG� WR�EH�TXLWH�FRQVHUYDWLYH��&OHDUO\�� WKLV� LV� DQ�DUHD� UHTXLULQJ� IXUWKHU� LPSURYHPHQW� DQG� LW� DSSHDUV� WKH� WRSSULRULW\�LV�WR�DOORZ�EHWWHU�HVWLPDWLRQ�WKH�KRUL]RQWDO�VWLIIQHVV�RI�WKH�UHLQIRUFHG�UHWDLQHG�VRLO�PDVV�
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