
�7HPSHUDWXUH�6FDOHV�DQG&ODVVLILFDWLRQ�RI�7KHUPRPHWHUV
��� 7HPSHUDWXUH���+LVWRULFDO�%DFNJURXQG
7KH�FRQFHSW�RI�WHPSHUDWXUH�PDNHV�RQH�WKLQN�RI�SK\VLRORJLFDO�H[SHULHQFHV�ZKLOVW�WRXFKLQJ�RUDSSURDFKLQJ�VRPH�VROLG��6RPH�RI� WKHP�PD\�EH�GHVFULEHG�DV�FROG��FRRO�RU� WHSLG��RWKHUV�DVKRW� RU� ZDUP�� :DUPHU� ERGLHV� WUDQVIHU� KHDW� WR� RWKHU� FRROHU� ERGLHV�� %RWK� ERGLHV� WHQG� WRHTXDOLVH�WKHLU�WHPSHUDWXUHV��DSSURDFKLQJ�D�QHZ�FRPPRQ�LQWHUPHGLDWH�WHPSHUDWXUH��7KXV�WKHFRUUHFWQHVV�RI� WKH�GHILQLWLRQ��JLYHQ�WR�WHPSHUDWXUH�E\�WKH�6FRWVPDQ�-DPHV�&OHUN�0D[ZHOO�PD\�EH�VHHQ��+H�VWDWHG� WKDW� WKH�WHPSHUDWXUH�RI�D�ERG\� LV� LWV� WKHUPDO� VWDWH�� UHJDUGHG�DV�DPHDVXUH�RI� LWV�DELOLW\� WR� WUDQVIHU�KHDW� WR�RWKHU�ERGLHV��$W� WKH�SUHVHQW� WLPH�� WKLV�GHILQLWLRQFRPSHOV� WKH� DWWULEXWLRQ� RI� ODUJHU� QXPHULFDO� YDOXHV� WR� WKRVH� ERGLHV� ZKLFK� KDYH� D� KLJKHUDELOLW\� WR� WUDQVIHU� KHDW� WR� RWKHU� ERGLHV�� 7KLV� GHILQLWLRQ� IRUPV� WKH� EDVLV� RI� DOO� RI� WKHLQWHUQDWLRQDO�WHPSHUDWXUH�VFDOHV�LQ�XVH�ERWK�SUHVHQWO\�DQG�LQ�WKH�SDVW��6FLHQFH�WRRN�D�ORQJ�GLIILFXOW�DQG�WRUWXRXV�URXWH��IXOO�RI�HUURUV��WR�WKLV�FRQWHPSRUDU\�GHILQLWLRQ�RI�WHPSHUDWXUH�,Q�DQFLHQW�5RPH��GXULQJ�WKH�VHFRQG�FHQWXU\�%&��WKH�SK\VLFLDQ�&��*DOHQ�LQWURGXFHG�IRXUGHJUHHV� RI� FROGQHVV� UHJDUGLQJ� WKH� HIIHFWV� RI� GLIIHUHQW� PHGLFLQHV� XSRQ� KXPDQ� RUJDQLVPV�7KHVH�PHGLFLQHV�ZHUH� VXSSRVHG� HLWKHU� WR�ZDUP�RU� WR� FRRO� WKHP��*DOHQ� DOVR� LQWURGXFHG� DQHXWUDO� WHPSHUDWXUH�� DWWULEXWLQJ� WR� LW� D� YDOXH�RI� ]HUR�GHJUHHV��+H� FODLPHG� WKDW� WKLV� QHXWUDOWHPSHUDWXUH�GHSHQGHG�XSRQ�JHRJUDSKLFDO�ODWLWXGH�7KH�ILUVW�GHYLFH��ZKLFK�ZDV�XVHG�WR�PHDVXUH�WKH�GHJUHH�RI�ZDUPWK�RU�FROGQHVV��VHHPV�WRKDYH�EHHQ� LQYHQWHG�E\�*DOLOHR�*DOLOHL� VRPH� WLPH�EHWZHHQ� WKH� \HDUV� ����� DQG�������7KLVLQVWUXPHQW��ZKLFK�LV�VKRZQ�LQ�)LJXUH �����FRQVLVWHG�RI�D�JODVV�EXOE�FRQQHFWHG�WR�D�ORQJ�WXEHLPPHUVHG� LQ� D� FRORXUHG� OLTXLG�� $IWHU� D� SUHOLPLQDU\� KHDWLQJ� RI� WKH� FRQWDLQHG� JDV�� LWVVXEVHTXHQW�FRROLQJ�FDXVHG�D�FHUWDLQ�DPRXQW�RI�WKH�OLTXLG�WR�EH�VXFNHG�LQ��7KH�OLTXLG�FROXPQURVH�RU�IHOO�DV�D�IXQFWLRQ�RI�WKH�DPELHQW�WHPSHUDWXUH���,Q�WKH�DEVHQFH�RI�DQ\�HYLGHQFH�WKDW�WKHLQVWUXPHQW�KDG�DQ\�JUDGXDWLRQ��LW�LV�EHWWHU�WR�FDOO�LW�D�WKHUPRVFRSH���$V�WKH�LQGLFDWHG�YDOXHVZHUH�DOVR�D� IXQFWLRQ�RI� WKH�DWPRVSKHULF�SUHVVXUH� LWV�SUHFLVLRQ�PXVW�KDYH�EHHQ�TXLWH�SRRU�6XEVHTXHQWO\�� DERXW� WKH� \HDU� ������ WKH�PHPEHUV� RI� WKH� )ORUHQWLQH� $FDGHP\� RI� 6FLHQFHVPDGH� WKH� ILUVW� WKHUPRPHWHU��ZKLFK� LV� UHSUHVHQWHG� LQ�)LJXUH �����7KLV� FRQVLVWHG�RI� D� VSLUDOVKDSHG�WXEH�ZLWK�D�FORVHG�HQG�DQG�D�JUDGXDWLRQ��+RZHYHU��QR�QXPEHUV�ZHUH�DVFULEHG�WR�WKHJUDGXDWLRQ�PDUNV��/LQGVD\��������,Q� WKH�FRXUVH�RI� WLPH� WKH�QHHG�DURVH� WR�GHILQH� WHPSHUDWXUH� IL[HG�SRLQWV�� WR� VWDQGDUGLVHWKRVH� WKHUPRPHWHUV�ZKLFK� H[LVWHG� DW� WKDW� WLPH��2QH� RI� WKH� ILUVW� SURSRVDOV� FDPH�� LQ� �����
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)LJXUH�����*DOLOHR¶V�DLU�WKHUPRVFRSH������� )LJXUH�����7KHUPRPHWHU�RI�WKH)ORUHQWLQH�$FDGHP\�RI�6FLHQFHV�������
IURP�+��)DEUL�IURP�/HLGD��+LV�SURSRVDO�ZDV�IRU�WZR�IL[HG�SRLQWV��7KH�ORZHU�VKRXOG�EH�WKHWHPSHUDWXUH� RI� VQRZ� DQG� WKH� KLJKHU� WKH� WHPSHUDWXUH� RI� WKH� KRWWHVW� VXPPHU� GD\�� $� ODWHUSURSRVDO�� ZKLFK� ZDV� PDGH� E\� &�� 5LQDOGL� IURP� 3DGXD� LQ� ������ VXJJHVWHG� WKDW� WKH� IL[HGSRLQWV�VKRXOG�EH�WKH�WHPSHUDWXUHV�FRUUHVSRQGLQJ�WR�WKH�PHOWLQJ�SRLQW�RI�LFH�DQG�WKH�ERLOLQJSRLQW� RI� ZDWHU�� %HWZHHQ� WKHVH� WZR� SRLQWV�� WZHOYH� GLYLVLRQV� VKRXOG� EH� LQWURGXFHG�� ,Q� WKHVDPH� \HDU�� DQG� IRU� WKH� ILUVW� WLPH�� WKH� %ULWLVK� VFLHQWLVW� (�� +DOOH\� DSSOLHG� PHUFXU\� DV� DWKHUPRPHWULF�OLTXLG�5¡PHU��D�WKHUPRPHWULVW�ZRUNLQJ�LQ�&RSHQKDJHQ�DW�WKH�HQG�RI�WKH���WK�DQG�EHJLQQLQJ�RIWKH���WK�FHQWXU\��GHYHORSHG�D�VFDOH�ZKHUH�]HUR�GHJUHHV�ZDV�DVVRFLDWHG�ZLWK�WKH�FROGHVW�GD\�ZKLOH� WKH�QRUPDO� WHPSHUDWXUH�RI� WKH�KXPDQ�ERG\�ZDV�DVVRFLDWHG�ZLWK���q��7KLV�PDGH� WKHWHPSHUDWXUH� RI� ERLOLQJ� ZDWHU� HTXLYDOHQW� WR� | ��R���R RQ� WKLV� XQXVXDO� VFDOH�� ZKLFK� ZDVLQIOXHQFHG� E\� WKH� SUHGRPLQDQW� XVH� RI� WKHUPRPHWHUV� IRU� PHWHRURORJLFDO� SXUSRVHV� DW� WKDWWLPH�� +HQFH�� LI� WKH� IUHH]LQJ� SRLQW� RI� ZDWHU� KDG� EHHQ� WDNHQ� DV� ]HUR�� WKH� UHSHDWHG� XVH� RIQHJDWLYH� YDOXHV� IRU� ZLQWHU� WHPSHUDWXUHV� ZRXOG� KDYH� RFFXUUHG�� :LQWHU� WHPSHUDWXUHV� RI��� R&��|�� R)��DUH�TXLWH�FRPPRQ�LQ�FRQWLQHQWDO�(XURSH�$� IXUWKHU� QRWDEOH� PLOHVWRQH� LQ� WKHUPRPHWU\� LV� GXH� WR� '�� *�� )DKUHQKHLW� IURP� 'DQ]LJ�QRZ�WKH�FLW\�RI�*GDxVN� LQ�3RODQG���ZKR�YLVLWHG�5¡PHU¶V� ODERUDWRU\� � VKRUWO\�DIWHU�5¡PHUSURSRVHG�KLV�VFDOH��7R�DYRLG�WKH�SUREOHPV�DVVRFLDWHG�ZLWK�5¡PHU¶V�VFDOH��LW�VHHPHG�REYLRXVWR� )DKUHQKHLW� WR� XVH� WKH� ORZHVW� DWWDLQDEOH� WHPSHUDWXUH� RI� WKRVH� GD\V� DV� ]HUR��$V� D� UHVXOW�)DKUHQKHLW� GHYHORSHG� WKH� VSHFLILFDWLRQ� DQG� XVH� RI� WKH� PHUFXU\�LQ�JODVV� WKHUPRPHWHU� LQ������(YLGHQWO\�LQIOXHQFHG�E\�5¡PHU¶V�VFDOH��KH�SURSRVHG�KLV�RZQ��YHU\�ZHOO�NQRZQ�VFDOH�7KLV�VFDOH��FDOOHG�WKH�)DKUHQKHLW�VFDOH��ZKLFK�SHUVLVWV�WRGD\��LV�HVVHQWLDOO\�WKH�VDPH�DV�WKDWGHVFULEHG�E\�KLP�WR�7KH�5R\DO�6RFLHW\�LQ�������)DKUHQKHLW�GHVFULEHG�WKH�PHUFXU\�LQ�JODVVWKHUPRPHWHU��LQWURGXFLQJ�WKUHH�WHPSHUDWXUH�IL[HG�SRLQWV�
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x� $�PL[WXUH�RI�LFH��ZDWHU�DQG�DPPRQLXP�FKORULGH�ZDV�WDNHQ�DV�WKH�]HUR�SRLQW�x� $�PL[WXUH�RI�LFH�DQG�ZDWHU�ZDV�WDNHQ�DV�����x� $�KXPDQ�ERG\�WHPSHUDWXUH�ZDV�WDNHQ�DV�����

(YHQ�\HW�WKHUH�LV�QR�FOHDU�UHDVRQ�ZK\�)DKUHQKHLW�FKRVH�VXFK�D�VFDOH�GLYLVLRQ�EDVHG�XSRQWKHVH�DVVXPHG�WHPSHUDWXUH�IL[HG�SRLQWV��$V�1HZWRQ�)ULHQG��������LQGLFDWHG��WKH�UHDVRQV�IRUFKRRVLQJ�VXFK�D�VFDOH�GLYLVLRQ�E\�)DKUHQKHLW�PLJKW�KDYH�EHHQ�WKDW�LQ�WKH�HLJKWHHQWK�FHQWXU\WKH� PDMRULW\� RI� WKHUPRPHWHUV� ZHUH� LQWHQGHG� IRU� PHWHRURORJLFDO� SXUSRVHV�� 7DNLQJ� WKHIUHH]LQJ�SRLQW�RI�ZDWHU�DV�]HUR�ZRXOG�KDYH�LQYROYHG�WKH�UHSHDWHG�XVH�RI�QHJDWLYH�YDOXHV�IRUZLQWHU� WHPSHUDWXUHV�� 7R� DYRLG� WKLV�� )DKUHQKHLW� SURSRVHG� WR� XVH� WKH� ORZHVW� DWWDLQDEOHWHPSHUDWXUH�RI�WKRVH�GD\V�DV�]HUR�,Q� WKH� FDVH�RI� WKH� XSSHU� IL[HG�SRLQW�� WKH� WHPSHUDWXUH� RI� ERLOLQJ�ZDWHU�ZDV� UHMHFWHG� DVEHLQJ�XQQHFHVVDULO\�KLJK�IRU�PHWHRURORJLFDO�SXUSRVHV��,Q�KLV�GHFLVLRQ�WR�DVVXPH�����IRU�WKHWHPSHUDWXUH�RI�WKH�ERG\��)DKUHQKHLW�ZDV�LQIOXHQFHG�E\�WKH�DOUHDG\�H[LVWLQJ�5¡PHU�VFDOH��+HPHUHO\�FKDQJHG�5¡PHU¶V����GHJUHHV� IRU�ERG\� WHPSHUDWXUH� WR�����7KLV�FKDQJH��ZKLFK�ZDVHTXLYDOHQW�WR�IRXU�VXEGLYLVLRQV�RQ�HDFK�GHJUHH�RI�WKH�5¡PHU�VFDOH��ZDV�DOVR�SUREDEO\�PDGHEHFDXVH����LV�GLYLVLEOH�QRW�RQO\�E\���EXW�DOVR�E\�PXOWLSOHV�RI���DQG�KHQFH�����7KH�GHFLPDOV\VWHP�ZDV�QRW�LQ�JHQHUDO�XVH�DW�WKDW�WLPH�)XUWKHU� GHYHORSPHQW� RI� WKH� PHUFXU\�LQ�JODVV� WKHUPRPHWHU�� LQ� ������ ZDV� GXH� WR� WKH6ZHGLVK�DVWURQRPHU�DQG�SK\VLFLVW�$��&HOVLXV��+H�DVVLJQHG��R WR�WKH�WHPSHUDWXUH�RI�ERLOLQJZDWHU�DQG������WR�WKH�WHPSHUDWXUH�RI�PHOWLQJ�LFH��7KH�UHJLRQ�EHWZHHQ�WKHVH�WZR�SRLQWV�ZDVGLYLGHG�LQWR�����HTXDO�VWHSV��6XEVHTXHQWO\��DIWHU�WKH�GHDWK�RI�&HOVLXV�LQ�������0��6WU¡PHU�IULHQG�DQG� VFLHQWLILF� FROODERUDWRU� RI�&HOVLXV�� UHYHUVHG� WKHVH� YDOXHV��(YHQWXDOO\�� DV� VFLHQFHGHYHORSHG��D�QHHG�WR�PHDVXUH�WHPSHUDWXUHV�DERYH�WKH�PHOWLQJ�SRLQW�RI�JODVV�DURVH��3ULQVHS¶VDLU�WKHUPRPHWHU��ZKLFK�XVHG�D�JROG�EXOE�WR�PHDVXUH�WHPSHUDWXUHV�RI����� R&�LQ�������ZDVIROORZHG�VRRQ�DIWHU��LQ�������E\�D�SODWLQXP�EXOE�LQ�D�VLPLODU�WKHUPRPHWHU�E\�3RXLOOHW�$� WUXH� 7KHUPRG\QDPLF� 7HPSHUDWXUH� 6FDOH� �776��� GHVFULEHG� EHORZ�� KDG� EHHQ� WKHXQFRQVFLRXV� DLP� RI� DOO� RI� WKH� SUHYLRXV� HIIRUWV�� 6XFK� D� VFDOH� ZDV� QRW� SRVVLEOH� XQWLO� ����ZKHQ� LWV� IRXQGDWLRQV�ZHUH� ODLG� E\� WKH�%HOIDVW� ERUQ�:LOOLDP�7KRPVRQ��ZKR� ODWHU� EHFDPH3URIHVVRU�RI�1DWXUDO�3KLORVRSK\� LQ� WKH�8QLYHUVLW\�RI�*ODVJRZ��6FRWODQG�� DQG�DVVXPHG� WKHWLWOH�/RUG�.HOYLQ�RI�/DUJV��2I�FRXUVH��WKH�DLP�RI�DQ\�VFDOH�RI�WHPSHUDWXUH��EXW�HVSHFLDOO\�WKHWKHUPRG\QDPLF� VFDOH�� LV� WKH� UHSUHVHQWDWLRQ� RI� WKH� KRWQHVV� UHODWLRQV� EHWZHHQ� REMHFWV� DQGHYHQWV�LQ�WKH�UHDO�SK\VLFDO�ZRUOG�E\�QXPEHUV�
��� 7KHUPRG\QDPLF�7HPSHUDWXUH�6FDOH��776�
7KH� DLP� RI� DQ\� VFDOH� RI� WHPSHUDWXUH�� EXW� HVSHFLDOO\� WKH� WKHUPRG\QDPLF� VFDOH�� LV� WKHUHSUHVHQWDWLRQ� RI� KRWQHVV� DQG� KRWQHVV� UHODWLRQV� EHWZHHQ� REMHFWV� DQG� HYHQWV� LQ� WKH� UHDOSK\VLFDO� ZRUOG� E\� UHDO� QXPEHUV�� $V� QXPHULFDO� YDOXHV� DUH� FRUUHODWHG� WR� VRPH� GHILQHGWHPSHUDWXUHV�� WHPSHUDWXUH� IL[HG� SRLQWV DUH� UHTXLUHG� WR� FKDUDFWHULVWLF� FHUWDLQ� YDOXHV� RIWHPSHUDWXUH�� ,QWHUSRODWLRQ� WKHQ� DOORZV� WKH� GHILQLWLRQ� RI� WHPSHUDWXUH� EHWZHHQ� WKHVHWHPSHUDWXUH�IL[HG�SRLQWV�7R� HQDEOH� VRPH� GHILQHG� LQWHUSRODWLRQ� EHWZHHQ� WKHVH� WHPSHUDWXUH� IL[HG� SRLQWV�� DWKHUPRPHWULF�ZRUNLQJ�VXEVWDQFH��RQH�RI� LWV�SURSHUWLHV DQG�D�FRUUHODWLQJ� IXQFWLRQ PXVW�EHDVVXPHG�� �7KH�FKRVHQ�IXQFWLRQ�SURYLGHV� WKH�PHDQV�RI�DVVRFLDWLQJ� WKH� VSHFLILF�SURSHUW\�RIWKH�ZRUNLQJ�VXEVWDQFH�ZLWK�D�FHUWDLQ�WHPSHUDWXUH��%HFDXVH�RI�WKH�GLYHUVLW\�RI�PDWHULDOV�DQG



7(03(5$785(�6&$/(6�$1'�&/$66,),&$7,21�2)�7+(5020(7(56�
WKHLU�SURSHUWLHV�WKHUH�LV�DQ�XQOLPLWHG�QXPEHU�RI�WKHVH�WHPSHUDWXUH�VFDOHV��3URSHUWLHV�ZKLFKPD\�EH�UHOHYDQW�DUH��IRU�H[DPSOH�� WKH�OHQJWK�RI�D� URG�� WKH�SUHVVXUH�RI�VDWXUDWHG�VWHDP�� WKHUHVLVWDQFH� RI� D� ZLUH� DQG� VR� RQ�� ,Q� WKH� JLYHQ� WHPSHUDWXUH� UDQJH� WKH� SURSHUW\� PXVW� EHFRQVLVWHQWO\� UHSHDWDEOH� DQG� UHSURGXFLEOH�� ,Q� QRUPDO� FRQGLWLRQV�� FRUUHVSRQGLQJ� WR������� N3D�� OHW� WKH� LFH�SRLQW� WHPSHUDWXUH� EH� ��� DQG� WKH� WHPSHUDWXUH� RI� ERLOLQJ�ZDWHU� EH������$VVXPLQJ� WKDW� WKH� FKRVHQ�SURSHUW\� LV� OLQHDUO\� GHSHQGHQW� XSRQ� WKH� WHPSHUDWXUH� LW� LVDSSDUHQW�WKDW�DQ\�WHPSHUDWXUH�VFDOH�EDVHG�XSRQ�VD\�WKH�WKHUPDO�H[SDQVLRQ�RI�D�FRSSHU�URG�ZLOO�QRW�FRLQFLGH�ZLWK�D�VFDOH�EDVHG�XSRQ�WKH�WKHUPDO�H[SDQVLRQ�RI�DQRWKHU�PHWDO�RU�RQ�DQ\FKDQJH�RI�LWV�UHVLVWDQFH�ZLWK�WHPSHUDWXUH�7KH� PDWHULDO�� ZKLFK� PRVW� FORVHO\� DSSUR[LPDWHV� WKLV� LGHDO� WKHUPRPHWULF� ZRUNLQJVXEVWDQFH��LV�DQ�LGHDO�JDV��,QGHHG�LW�ZDV�WKH�ZRUN�RI�5REHUW�%R\OH�DQG�KLV�FR�ZRUNHUV�LQ�WKHPLGGOH�RI�WKH���WK�FHQWXU\�ZKLFK�OHG�WR�WKH�FRQYLFWLRQ�RI�PDQ\�ODWHU�VFLHQWLVWV�WKDW�WKHUH�ZDVVXFK� D� WKLQJ� DV� DQ�DEVROXWH� ]HUR RI� WHPSHUDWXUH�� 7KHVH� HPLQHQW� LQGLYLGXDOV� LQFOXGHG� *�$PRQWRQV��LQ�3DULV�LQ������ -��+��/DPEHUW��LQ�������DQG�*D\�/XVVDF��LQ�������*D\�/XVVDFJDYH�FUHGLW�WR�-��$��&��&KDUOHV�IRU�WKDW�LQGLYLGXDO¶V�SUHYLRXVO\�XQSXEOLVKHG�UHVHDUFK��$OO�RIWKHLU�HIIRUWV�UHVXOWHG�LQ�ZKDW�LV�QRZ�FDOOHG�WKH�LGHDO�JDV�ODZ��DOVR�FDOOHG�WKH�%R\OH�0DULRWWHODZ�ZKLFK�LV�ZULWWHQ�LQ�WKH�XVXDO�IRUP�

S9  QN7 �����
ZKHUH� S LV� WKH� SUHVVXUH��9 LV� WKH� YROXPH�� Q LV� WKH� QXPEHU� RI� PROHV� RI� JDV�� N  ������u����� -�.�LV�%ROW]PDQ¶V�FRQVWDQW�DQG�7 LV�WKH�DEVROXWH�WHPSHUDWXUH��:KHQ�WKH�WHPSHUDWXUHLV� KHOG� FRQVWDQW�� HTXDWLRQ ������ FRUUHVSRQGV� WR� %R\OH¶V� ODZ�� 6LPLODUO\� &KDUOHV¶� ODZ LVREWDLQHG�IURP�HTXDWLRQ�������ZKHQ�WKH�SUHVVXUH�LV�KHOG�FRQVWDQW�6LQFH�WKHUH�DUH�QR�GLUHFW�PHWKRGV�IRU�PHDVXULQJ�WHPSHUDWXUH��DV�WKHUH�DUH�ZLWK�VD\�OHQJWKPHDVXUHPHQW��GLIILFXOWLHV�DUH�DVVRFLDWHG�ZLWK�WHPSHUDWXUH�PHDVXUHPHQW��$V�RQO\�DVVRFLDWLYHWHPSHUDWXUH� PHDVXUHPHQWV� DUH� SRVVLEOH�� DQ\� WHPSHUDWXUH� VFDOH� GHSHQGV� XSRQ� WKH� FKRVHQWKHUPRPHWULF�ZRUNLQJ�VXEVWDQFH�DQG�LWV�FKRVHQ�SURSHUW\��$OWKRXJK�DQ\�ZRUNLQJ�VXEVWDQFHPD\�EH�HPSOR\HG� LQ�SULQFLSOH�� LW�ZLOO�EH� UHVWULFWHG� WR� VRPH� ILQLWH� UDQJH�GHWHUPLQHG�E\� LWVWKHUPDO� EHKDYLRXU�� )RU� H[DPSOH�� WKH� DSSOLFDWLRQ� RI� PHUFXU\�LQ�JODVV� WKHUPRPHWHUV� LVOLPLWHG�RQ�WKH�ORZ�WHPSHUDWXUH�VLGH�E\�WKH�VROLGLILFDWLRQ�RI�WKH�PHUFXU\�DV�LW�IUHH]HV�DQG�RQWKH�KLJK�WHPSHUDWXUH�VLGH�E\� WKH� LQDELOLW\�RI� WKH�JODVV� WR�H[SDQG� LQGHILQLWHO\�DV�ZHOO�DV� LWVPHOWLQJ� WHPSHUDWXUH�� 0HOWLQJ� RI� WKH� JODVV� ZDV� UHVSRQVLEOH� IRU� WKH� GHYHORSPHQW� RI� WKH3ULQVHS�DQG�3RXLOOHW�WKHUPRPHWHUV�$Q�LGHDO�VROXWLRQ�WR�WKH�SUREOHP�RI�SURSRVLQJ�D�VXLWDEOH�WHPSHUDWXUH�VFDOH�ZRXOG�EH�WRILQG�RQH�YDOLG�LQ�DQ\�WHPSHUDWXUH�UDQJH�DQG�WRWDOO\�LQGHSHQGHQW�RI� WKH�ZRUNLQJ�VXEVWDQFH�7KH�WKHUPRG\QDPLF�.HOYLQ�6FDOH��EDVHG�XSRQ�WKH�HIILFLHQF\�RI�WKH�LGHDO�UHYHUVLEOH�&DUQRWF\FOH�� LV�VXFK�D�VFDOH��+HU]IHOG��������0F*HH���������$�UHYHUVLEOH�&DUQRW�F\FOH��ZKLFK� LVLPSRVVLEOH�WR�UHDOLVH�LQ�SUDFWLFH��FRQVLVWV�RI�D�UHYHUVLEOH�KHDW�HQJLQH�RSHUDWLQJ�EHWZHHQ�WZRLVRWKHUPV�DW� WKH� WHPSHUDWXUHV�7� DQG�7���ZLWK�7� ! 7�� DQG�RI� WZR� DGLDEDWLF� SURFHVVHV��$UHYHUVLEOH� KHDW� HQJLQH� DEVRUEV� WKH� KHDW�� 4��� IURP� WKH� KLJK�WHPSHUDWXUH� VRXUFH�� DW� WKHWHPSHUDWXUH� 7��� DQG� GLVFKDUJHV� WKH� KHDW� 4� WR� WKH� ORZ�WHPSHUDWXUH� VRXUFH�� DW� WKHWHPSHUDWXUH�7���7KH�GLIIHUHQFH�EHWZHHQ�WKH�DEVRUEHG�KHDW�4� DQG�WKH�GLVFKDUJHG�KHDW�4��ZKLFK�LV�WKH�H[WHUQDO�ZRUN��$��SHUIRUPHG�E\�WKH�HQJLQH��PD\�EH�ZULWWHQ�DV�

$ 4 4= −� � �����
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5HYHUVLQJ� WKH�HQJLQH�DFWLRQ�� LQGLFDWHV� WKDW� LW�PD\�EH�GULYHQ�E\�D� VHFRQG� LGHQWLFDO� HQJLQH�ZRUNLQJ�EHWZHHQ� WKH� VDPH� WZR�KHDW� VRXUFHV��7KH� HIIHFW� RI� VXFK� DFWLRQ�PLJKW� EH� WKH� KHDWIORZ� IURP� WKH� ORZHU� WR� WKH� KLJKHU� WHPSHUDWXUH� VRXUFH��8VLQJ� WKH� SURSHUWLHV� RI� UHYHUVLEOHSURFHVVHV� LW� PD\� EH� SURYHQ� WKDW� WKH� UDWLR�4��4� LV� D� IXQFWLRQ� RQO\� RI� WKH� WZR� VRXUFHWHPSHUDWXUHV��VR�WKDW�
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)ROORZLQJ�.HOYLQ¶V�SURSRVDO�LW�PD\�EH�DVVXPHG�WKDW�WKH�IXQFWLRQDO�UHODWLRQ�LQ�HTXDWLRQ �����LV�

44 77�� ��= �����
(TXDWLRQ ������LV�WKH�EDVLV�RI�WKH�776�DQG�WKXV�WKH�HIILFLHQF\�RI�D�UHYHUVLEOH�KHDW�HQJLQH�LVGHILQHG�DV�
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7KLV�HIILFLHQF\�DQG�WKH�GHILQLWLRQ�RI�WHPSHUDWXUH��ZKLFK�LV�EDVHG�XSRQ�LW��PD\�EH�VKRZQ�WREH�LQGHSHQGHQW�RI�WKH�ZRUNLQJ�VXEVWDQFH��$V�D�UHVXOW�LW�PD\�EH�XVHG�WR�GHILQH�WKH�776�
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%\�PHDQV�RI� WKLV� VFDOH�DQ\�FKRVHQ� WKHUPDO� VWDWH� VXFK�DV� WKH�PHOWLQJ�SRLQW�RI� LFH��PD\�EHDVVLJQHG�D�FHUWDLQ�YDOXH�RI� WKHUPRG\QDPLF�WHPSHUDWXUH��7KH�776�PD\�EH�IRXQGHG�XSRQ�DGHILQHG�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�WZR�WHPSHUDWXUH�IL[HG�SRLQWV�RU�RQ�D�GHILQHG�YDOXHRI�RQH�WHPSHUDWXUH�IL[HG�SRLQW�,Q� WKH� FRXUVH� RI� WKH� GHYHORSPHQW� RI� WHFKQRORJ\�� WKH�PDQQHU� RI� GHILQLQJ� WKH� 776� KDVFKDQJHG�� 8QWLO� ������ LW� ZDV� DVVXPHG� WKDW� ����� UHSUHVHQWHG� WKH� GLIIHUHQFH� EHWZHHQ� WKHERLOLQJ�SRLQW�RI�ZDWHU�DQG�WKH�PHOWLQJ�SRLQW�RI�LFH��6LQFH�WKHQ��WKHUH�KDV�EHHQ�D�UHWXUQ�WR�WKHRULJLQDO�DQG�ROGHU�SURSRVDOV�RI�.HOYLQ��LQ�������0HQGHOH\HY��LQ�������DQG�*LDXTXH�LQ������7KXV��VLQFH������� WKH�776� LV�EDVHG�XSRQ�RQH� WHPSHUDWXUH� IL[HG�SRLQW��ZKLFK� LV� WKH�WULSOHSRLQW�RI�ZDWHU��7ULSOH�SRLQWV�RI�SK\VLFDO�PDWHULDOV�DUH�VWDEOH��UHSHDWDEOH�WHPSHUDWXUHV�ZKHUHWKH�VROLG�� OLTXLG�DQG�JDVHRXV�IRUPV�RI� WKH�PDWHULDO�H[LVW� LQ�WKHUPDO�HTXLOLEULXP��7KH� WULSOHSRLQW�RI�ZDWHU�RFFXUV�DW�WKDW�WHPSHUDWXUH�ZKHUH�LFH��ZDWHU�DQG�ZDWHU�YDSRXU�H[LVW�LQ�WKHUPDOHTXLOLEULXP� $�WHPSHUDWXUH�RI��������KDV�EHHQ�DVVLJQHG�WR�WKLV�WHPSHUDWXUH�IL[HG�SRLQW�,Q� ����� WKH� 7KLUWHHQWK� *HQHUDO� &RQIHUHQFH� RQ� :HLJKWV� DQG� 0HDVXUHV� �&*30�LQWURGXFHG�D�QHZ�GHILQLWLRQ�IRU�WKH�VFDOH�DQG�D�QHZ�V\PERO�IRU� WKH�XQLW�RI� WKHUPRG\QDPLFWHPSHUDWXUH���7KLV�XQLW�LV�FDOOHG�WKH�NHOYLQ�GHQRWHG�E\�WKH�V\PERO�.��,Q�WKH�6,��ZKHQ�XQLWVDUH�FDOOHG�DIWHU�SHRSOH��WKH�XQLW�QDPH�DOZD\V�VWDUWV�ZLWK�D�VPDOO�OHWWHU�WR�HPSKDVLVH�WKDW�LW�LVWKH� XQLW� EHLQJ� UHIHUUHG� WR�� QRW� WKH� SHUVRQ�� ,W� LV� GHILQHG� DV� ��������� SDUW� RI� WKHWKHUPRG\QDPLF�WHPSHUDWXUH�RI�WKH�WULSOH�SRLQW�RI�ZDWHU�
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(YHQ� WKRXJK� WKH� &DUQRW� F\FOH� FDQQRW� EH� UHDOLVHG� LQ� SUDFWLFH�� LW� FDQ� EH� GHPRQVWUDWHGXVLQJ�HTXDWLRQ ������WKDW�WKH�WKHUPRG\QDPLF�VFDOH�PD\�EH�UHSURGXFHG�E\�D�JDV�WKHUPRPHWHUZLWK� DQ� LGHDO� JDV� DV� WKH� ZRUNLQJ� VXEVWDQFH�� +HUH� DJDLQ�� DOWKRXJK� WKH� LGHDO� JDV� LV� TXLWHILFWLWLRXV�� LW� FRXOG� EH� UHSODFHG� E\� D� QREOH� JDV� DW� YHU\� ORZ� SUHVVXUH�� (LWKHU� SUHVVXUHGLIIHUHQFH�DW� FRQVWDQW�YROXPH�RU�YROXPH�GLIIHUHQFH�DW� FRQVWDQW�SUHVVXUH�FDQ�EH� FKRVHQ� DVWKH�PHDVXUH�RI�WHPSHUDWXUH��:KHQ�WKH�UHDGLQJV�RI�WHPSHUDWXUH�DW�FRQVWDQW�YROXPH��7Y ��DQGWKH�VLPLODU�UHDGLQJV�DW�FRQVWDQW�SUHVVXUH��7S ��DUH�H[WUDSRODWHG�WR�]HUR�WKH\�WHQG�WR�WKH�VDPHYDOXH� 7 7 7Y S= = �� LQGHSHQGHQWO\� RI� WKH� SURSHUWLHV� RI� WKH� JDV�� 7KXV�� WKH� 776� PD\� EHUHSURGXFHG�XVLQJ�JDV�WKHUPRPHWHUV�ZKLFK�KDYH�DQ�DSSOLFDWLRQ�UDQJH�XS�WR�DERXW�����.�$QRWKHU�VLPSOH�PHWKRG�RI�UHSURGXFLQJ�WKH�VFDOH�DW�WKHUPRG\QDPLF�WHPSHUDWXUHV�DERYH���� .�LV�DOORZHG�E\�PHDQV�RI�WKHUPDO�UDGLDWLRQ�IURP�KHDWHG�ERGLHV��:KHQ�WKLV�UDGLDWLRQ�LVLQ�WKHUPRG\QDPLF�HTXLOLEULXP�ZLWK�WKH�UDGLDWLQJ�ERG\��VRPH�SURSHUWLHV�RI�WKLV�UDGLDWLRQ�DUHGLUHFWO\�OLQNHG�WR�WKH�WHPSHUDWXUH�RI�WKH�ERG\��+HU]IHOG��������7KH�FRQFHSWV�RI�EODFN�ERG\�UDGLDWLRQ�DUH�HVVHQWLDO�IRU�SURSHU�XWLOLVDWLRQ�RI�WKH�PHWKRG�)RU� WKHUPDO� UDGLDWLRQ� WR� SRVVHVV� VLPLODU� SURSHUWLHV� WR� WKDW� IURP� EODFN� ERG\� UDGLDWRUV� LWVKRXOG�EH�HPLWWHG� IURP�DQ�DSHUWXUH�ZKLFK� LV� VXIILFLHQWO\�GHHS�DQG�QDUURZ�ZLWK� D� XQLIRUPWHPSHUDWXUH�GLVWULEXWLRQ�LQ�DFFRUGDQFH�ZLWK�WKH�SULQFLSOHV�JLYHQ�LQ�6HFWLRQ �����:KHQ�WKHVHFRQGLWLRQV�DUH�FRPSOLHG�ZLWK�� LW�PD\�EH�VKRZQ� WKDW� WKH� UDGLDWLRQ� LQWHQVLW\�DQG� LWV� VSHFWUDOGLVWULEXWLRQ�RQO\�GHSHQG�XSRQ�WKH�WHPSHUDWXUH�RI�WKH�ERG\�DQG�QRW�XSRQ�LWV�PDWHULDO��7DNH�DV�D�UHIHUHQFH�V\VWHP��D�KHDWHG�ERG\��ZKLFK�LV�UDGLDWLQJ�KHDW�ZLWK�VRPH�UDGLDWLRQ�LQWHQVLW\DQG�ZKRVH� WHPSHUDWXUH�� 7� �� LV�ZLWKLQ� WKH�PHDVXUHPHQW� UDQJH� RI� D� JDV� WKHUPRPHWHU�� 7KHUDGLDQW�LQWHQVLW\�RI�WKH�ERG\�SURYLGHV�D�PHDQV�RI�H[WHQGLQJ�WKH�776�WR�KLJKHU�WHPSHUDWXUHV�$�UHODWLRQ�EHWZHHQ�WKH�UDWLR�RI�VSHFWUDO�UDGLDQW� LQWHQVLWLHV�RI�D�EODFN�ERG\�DW� WZR�GLIIHUHQWWHPSHUDWXUHV�� 7� DQG� 7� �� DW� RQH� ZDYHOHQJWK�� O�� H[LVWV�� 7KLV� UHODWLRQ� LV� REWDLQHG� IURP3ODQFN
V�ODZ��JLYHQ�ODWHU�LQ�HTXDWLRQ��������ZKLFK�LV�
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ZKHUH� � : 7λ � DQG� : 7λ � DUH� WKH� VSHFWUDO� UDGLDQW� LQWHQVLWLHV� RI� D� EODFN� ERG\� DW� WKHWHPSHUDWXUHV� 7� DQG� 7� UHVSHFWLYHO\��F�  ����� ��� P .� LV 3ODQFN
V� FRQVWDQW�� DQG� λ LVWKH�ZDYHOHQJWK�LQ�PHWUHV�(TXDWLRQ ������SUHVHQWV�WKH�UDWLR�RI�WKH�VSHFWUDO�UDGLDQW�LQWHQVLWLHV�RI�D�EODFN�ERG\�DW�WZRWHPSHUDWXUHV� 7� DQG� 7� DW� WKH� VDPH� VLQJOH�ZDYHOHQJWK��O�� 7KH� WHPSHUDWXUH� 7� LV� WR� EHGHWHUPLQHG��ZKHUHDV�7� �LV�WKH�WHPSHUDWXUH�RI�D�IL[HG�SRLQW�PHDVXUHG�E\�D�JDV�WKHUPRPHWHU�
��� ,QWHUQDWLRQDO�7HPSHUDWXUH�6FDOHV����� )URP�WKH�1RUPDO�+\GURJHQ�6FDOH�WR�(37���
$� SULPDU\� VWDQGDUG� V\VWHP� IRU� PHDVXULQJ� WHPSHUDWXUH� LV� WKH� ³.HOYLQ� 7KHUPRG\QDPLF7HPSHUDWXUH� 6FDOH´� UHIHUUHG� WR� DERYH�� %HFDXVH� RI� WKH� GLIILFXOWLHV� ZKLFK� DUH� LQYROYHG� LQ
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UHDOLVLQJ�WKLV�SULPDU\�VWDQGDUG�V\VWHP��ZLGHO\�DFFHSWHG�UHDOLVDWLRQV�DUH�EDVHG�XSRQ�ERLOLQJSRLQWV��IUHH]LQJ�PHOWLQJ�SRLQWV DQG�WULSOH�SRLQWV��%RLOLQJ�SRLQWV�FRUUHVSRQG�WR�FKDUDFWHULVWLFWHPSHUDWXUHV� ZKHUH� WKH� OLTXLG� DQG� JDVHRXV� VWDWHV� RI� D� PDWHULDO� H[LVW� LQ� HTXLOLEULXP�)UHH]LQJ�PHOWLQJ�SRLQWV�DUH�WHPSHUDWXUHV�ZKHUH�D�PDWHULDO�XQGHUJRHV�DQ�HTXLOLEULXP�FKDQJHLQ� LWV� SK\VLFDO� VWDWH� IURP� OLTXLG� WR� VROLG� RU� VROLG� WR� OLTXLG� UHVSHFWLYHO\�� )UHH]LQJ�PHOWLQJSRLQWV�DUH�SUHIHUUHG�WR�ERLOLQJ�SRLQWV�DV� WKH\�DUH� OHVV�VHQVLWLYH� WR�SUHVVXUH�FKDQJHV��7ULSOHSRLQWV� DUH� WHPSHUDWXUHV�ZKHUH� WKH� VROLG� OLTXLG� DQG� JDVHRXV� IRUPV� RI� WKH�PDWHULDO� H[LVW� LQHTXLOLEULXP�3UDFWLFDO� UHDOLVDWLRQV� RI� WHPSHUDWXUH� VFDOHV� KDYH� EHHQ� GLVVHPLQDWHG� E\� SUHYLRXVO\DGRSWHG� UHVROXWLRQV� RI� WKH� &*30� LQ� ������ ������ ����� �UHYLVHG� LQ� ������� �����VXSSOHPHQWHG� LQ� ������ DQG� ������ )RU� FRPSDUDWLYH� SXUSRVHV� DOO� RI� WKHVH� VFDOHV� DUHVXPPDULVHG�LQ�)LJXUH�����7KH�1RUPDO�+\GURJHQ�6FDOH�� RU�1+6��ZKLFK�ZDV�EDVHG�XSRQ� WKH�ZRUN� FRQGXFWHG� E\&KDSSXLV� �������� D� VWDII� PHPEHU� RI� WKH� ,QWHUQDWLRQDO� %XUHDX� RI� :HLJKWV� DQG� 0HDVXUHV�%,30���ZDV�SURSRVHG�E\�WKH�,QWHUQDWLRQDO�&RPPLWWHH�RI�:HLJKWV�DQG�0HDVXUHV��&,30��LQ������8VLQJ�K\GURJHQ�JDV�DV�WKH�WKHUPRPHWULF�PDWHULDO��&KDSSXLV�EXLOW�D�JDV�WKHUPRPHWHU
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)LJXUH ��� &RPSDULVRQ�RI�WKH�YDULRXV�WHPSHUDWXUH�PHDVXUHPHQW�VFDOHV�DQG�WKH�PHDVXULQJ�UDQJHV�RIWKHLU�VWDQGDUG�LQWHUSRODWLQJ�LQVWUXPHQWV�RU�VHQVRUV
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FDOLEUDWLRQ�IDFLOLW\�FRYHULQJ�WKH�UDQJH���� R&�WR����� R&��7KLV�HDUO\�VFDOH��ZKLFK�ZDV�XVHGWR�FDOLEUDWH�PHUFXU\�LQ�JODVV� WKHUPRPHWHUV��ZDV�D� WUXH�FHQWLJUDGH� VFDOH�DV� LWV� IL[HG�SRLQWVZHUH�WKH�LFH�SRLQW��DW�� R&��DQG�WKH�ERLOLQJ�SRLQW�RI�ZDWHU��DW���� R&�$�JDV�WKHUPRPHWHU�LV�D�FRPSOH[�SLHFH�RI�DSSDUDWXV�ZKLFK�LV�RQO\�DSSURSULDWH�IRU�XVH�DVD�SULPDU\� VWDQGDUG� LQ� IXQGDPHQWDO� ODERUDWRU\�PHDVXUHPHQWV�� 6LQFH� WKLV� VHYHUHO\� OLPLWV� LWVSUDFWLFDO� XVH�� WKH� JDV� WKHUPRPHWHU� QHHGV� WR� EH� UHSODFHG� E\� VRPH� RWKHU�� PRUH� SUDFWLFDOO\FRQYHQLHQW�W\SHV��7R�WKLV�DLP��LQ�������*HUPDQ\��*UHDW�%ULWDLQ�DQG�86$�DJUHHG�WR�DFFHSWRQH�FRPPRQ��SUDFWLFDO�WHPSHUDWXUH�VFDOH��EXW�LWV�FRPSOHWLRQ�ZDV�GHOD\HG�E\�WKH�RXWEUHDN�RI:RUOG�:DU�,��:KHQ�LW�ZDV�GHILQHG�LQ������E\�WKH�6HYHQWK�*HQHUDO�&RQIHUHQFH�RQ�:HLJKWVDQG� 0HDVXUHV� ZLWK� WKH� DVVLJQPHQW� RI� VL[� GHILQLQJ� RU� IL[HG� SRLQWV�� LW� ZDV� FDOOHG� WKH,QWHUQDWLRQDO�7HPSHUDWXUH�6FDOH RI�������,76������'HYHORSPHQW�RI�WKHUPRPHWHUV�XVLQJ�WKHQREOH� PHWDO� SODWLQXP�� JLYLQJ� ULVH� WR� WKH� 3ODWLQXP� 5HVLVWDQFH� 7KHUPRPHWHU�� RU� 357�IROORZHG� WKH�SLRQHHULQJ�JURXQGZRUN�RI�6LHPHQV�� LQ�������DQG�&DOOHQGDU�� LQ�������%\� WKHHQG�RI�:RUOG�:DU�,��357V�ZHUH�DFNQRZOHGJHG�DV�SUHFLVLRQ�WKHUPRPHWHUV��7KLV�FRQILGHQFHSURYLGHG�WKH�EDVLV�IRU�WKHLU�VSHFLILFDWLRQ�DV�RQH�RI�WKH�VWDQGDUG�LQWHUSRODWLQJ�LQVWUXPHQWV�RI,76�����2YHU�WKH�UDQJH����� R&�WR������ R&��LQ�WKH�VXE�UDQJHV����� R&�WR�� R&�DQG�� R&�WR��� R&�� WKH� LQWHUSRODWLQJ� LQVWUXPHQW� ZDV� VSHFLILHG� DV� WKH�357�PDGH� IURP� SODWLQXP� ZLWKGHILQHG� SURSHUWLHV�� H[KLELWLQJ� UHVLVWDQFHV� DW� WKUHH� WHPSHUDWXUHV�� H[SUHVVHG� DV� UDWLRV� ZLWKUHVSHFW� WR� WKH� UHVLVWDQFH�DW�� R&��)URP���� R&� WR����� R&� WKH�VFDOH�ZDV� WR�EH� LQWHUSRODWHGXVLQJ� D� SODWLQXP���� UKRGLXP � SODWLQXP ����3W����5K�3W�� WKHUPRFRXSOH� PDGH� IURPPDWHULDOV�ZLWK� VSHFLILHG� SURSHUWLHV�� 7KH�:LHQ¶V� ODZ GHILQHG� WHPSHUDWXUHV� DERYH� ���� R&�,76���� ZDV� D� PDMRU� VWHS� IRUZDUG� LQ� WKH� XQLYHUVDOLW\� RI� WKHUPRPHWU\� DV� LW� UHPRYHGSUHYLRXVO\�REVHUYHG�DPELJXLWLHV�LQ�WKH�VSHFLILFDWLRQ�RI�WHPSHUDWXUH�7KH�WRUWXRXV�SDWK�LQ�WKH�GHYHORSPHQW�RI�D�WHPSHUDWXUH�VFDOH��ZKLFK�WUXO\�UHSUHVHQWHG�WKHWKHUPRG\QDPLF� VFDOH�� VRRQ� XQFRYHUHG� WKH� LQDGHTXDFLHV� RI� ,76����� 7KXV� ZDV� ERUQ� WKH,QWHUQDWLRQDO�7HPSHUDWXUH� 6FDOH RI� ����� �,76������ZKLFK� SRVVHVVHG� WKH� VDPH� QXPEHU� RIIL[HG� SRLQWV� DV� ,76����� EXW� ZLWK� WKH� IUHH]LQJ� SRLQW� RI� VLOYHU� QRZ� VSHFLILHG� DV� ����� R&�LQVWHDG� RI� ����� R&� DV� LQ� ,76����� 7KH� ORZHU� 357� LQWHUSRODWLQJ� OLPLW� ZDV� DOVR� UDLVHG� WR���� R&� WR� FRLQFLGH� ZLWK� WKH� R[\JHQ� ERLOLQJ� SRLQW� RI� �������� R&�� 2WKHUZLVH� WKH� 357VWDQGDUG� LQWHUSRODWLRQ� VXE�UDQJHV� UHPDLQHG� WKH� VDPH�� DV� ZHOO� DV� WKDW� RI� WKH���3W����5K�3W�LQWHUSRODWLQJ�WKHUPRFRXSOH��,Q�WKH�FDVH�RI�WKH�LQWHUSRODWLQJ�WKHUPRFRXSOH�D� TXDGUDWLF� LQWHUSRODWLQJ� HTXDWLRQ� ZDV� LQWURGXFHG� ZLWK� QHZ� FRQVWUDLQWV� SODFHG� XSRQ� WKHDFFHSWDEOH�YDOXHV�DQG� WROHUDQFHV�RI� WKH�HPI��$ERYH����� R&��:LHQ¶V� ODZ�ZDV�UHSODFHG�E\3ODQFN¶V� ODZ� WR� LPSURYH� WKH� WKHUPRG\QDPLF�FRQVLVWHQF\�RI� WKH� WHPSHUDWXUHV� LQ� WKLV� UDQJHDQG�DOVR�WR�DOORZ�WKH�XVH�RI�,76����DW�KLJKHU�WHPSHUDWXUHV�WKDQ�,76�����,Q�������D�UHYLVLRQRI�,76����EHFDPH�NQRZQ�DV�WKH�,QWHUQDWLRQDO�3UDFWLFDO�7HPSHUDWXUH�6FDOH RI�����������RU,376���������WR�DYRLG�FRQIXVLRQ�ZLWK�,76�����7KH�FKDQJHV��ZKLFK�VSHFLILHG�WKH�ZDWHU�WULSOHSRLQW� WHPSHUDWXUH� DV� ������ .�� FUHDWLQJ� WKH� SUHVHQW� .HOYLQ� 7KHUPRG\QDPLF� 6FDOH�� DOVRLQFOXGHG�LWV�DGRSWLRQ�DV�D�IL[HG�SRLQW�RI�WKH�VFDOH�LQ�SODFH�RI�WKH�LFH�SRLQW�WHPSHUDWXUH��7KHQDPH�RI�WKH�XQLW�RI�WHPSHUDWXUH�ZDV�FKDQJHG�WR�GHJUHHV�&HOVLXV���&���LQ�SODFH�RI�FHQWLJUDGH�,76���� ZDV� D� WUXH� FHQWLJUDGH� VFDOH� DV� LW� KDG� ���� GHJUHHV� DV� WKH� IXQGDPHQWDO� LQWHUYDOEHWZHHQ� WKH� LFH�SRLQW� DQG� WKH� ZDWHU� ERLOLQJ� SRLQW�� $V� WKH� IUHH]LQJ� SRLQW� RI� ]LQF�� DW������� R&��ZDV�PRUH�SUHFLVHO\�UHDOLVHG�� LW�ZDV�SURSRVHG�DV�D�UHSODFHPHQW�IRU� WKH�VXOSKXUERLOLQJ�SRLQW� DW� ������ R&��1HZ� UHVWULFWLRQV�ZHUH�SODFHG�XSRQ�RQH�RI� WKH�357� UDWLRV� DQGXSRQ�WKH�VWDQGDUG�WKHUPRFRXSOH�HPI�7KH�,QWHUQDWLRQDO�3UDFWLFDO�7HPSHUDWXUH�6FDOH RI�������RU�,376�����ZKLFK�ZDV�EDVHGXSRQ�ERLOLQJ�SRLQWV��PHOWLQJ�IUHH]LQJ�SRLQWV DQG�WULSOH�SRLQWV��DURVH�IURP�WKH�QHHG�WR�H[WHQG
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,376����WR�ORZHU�WHPSHUDWXUHV�DV�ZHOO�DV�IURP�LPSURYHG�PHDVXUHPHQW�PHWKRGV��$�WRWDO�RIWKLUWHHQ�IL[HG�SRLQWV�ZHUH�XVHG� WR�GHILQH� WKH� VFDOH��$OWKRXJK� WKH� LQWHUSRODWLQJ� LQVWUXPHQWVZHUH�WKH�VDPH�DV�IRU�,376�����WKH�357�UDQJH�ZDV�H[WHQGHG�WR�FRYHU�WKH�ORZHU�WHPSHUDWXUHUHJLRQ� GRZQ� WR� ����� .�� XVLQJ� IRXU� ZLUH� UHVLVWDQFH� FRQQHFWLRQV� LQ� WZR� GLIIHUHQW� VHQVRUVWUXFWXUHV��7KH�VFDOH�ZDV�DOVR�PRUH�FORVHO\�GHILQHG� LQ� WHUPV�RI�D� UHIHUHQFH� IXQFWLRQ��ZLWKIRXU� GLIIHUHQW� GHYLDWLRQ� IXQFWLRQV� GHILQHG� WR� SURYLGH� FRUUHFWLRQ� LQ� WKH� IRXU� GLIIHUHQWWHPSHUDWXUH�VXE�UDQJHV�IRU�WKH�SDUWLFXODU�357�EHLQJ�FDOLEUDWHG��,Q�WKH�RULJLQDO�VWDWHPHQW�RI,376����� WKH� VDPH� ���3W����5K�3W� WKHUPRFRXSOH� FRYHUHG� WKH� VDPH� UDQJH� DV� LQ� ,376��������ZLWK�WKH�VDPH�TXDGUDWLF�IRUP�IRU�WKH�HPI�GHILQLQJ�HTXDWLRQ��7KH�UDQJH�RI�DSSOLFDWLRQRI� WKLV� WKHUPRFRXSOH�� VXEVHTXHQWO\� DGRSWHG� E\� WKH� ��WK�&*30� LQ� ������ZDV� FKDQJHG� WR������ R&� WR� ������� R&� LQ� ,376�������� ZLWK� D� FRPPHQVXUDWH� WLJKWHQLQJ� RI� WKH� HPIVSHFLILFDWLRQV��$ERYH�������� R&��3ODQFN¶V� ODZ GHILQHG� WKH� VFDOH��$Q�([WHQGHG�3UDFWLFDO7HPSHUDWXUH 6FDOH RI� ������ RU� (37����� ZKLFK� LQFOXGHV� UHYLVLRQV� WR� ,376����� DOORZHG,376���� WR� EH� H[WHQGHG� DW� ORZ� WHPSHUDWXUHV� ZLWK� WKH� DGGLWLRQ� RI� ��� IL[HG� SRLQWV� LQ� WKHFU\RJHQLF� UDQJH� IURP� WKH� VXSHU�FRQGXFWLQJ� WUDQVLWLRQ�SRLQW� RI� FDGPLXP�DW� �����.� WR� WKHERLOLQJ�SRLQW�RI�QHRQ�DW��������.�
����� 7KH�,QWHUQDWLRQDO�7HPSHUDWXUH�6FDOH�RI�������,76����
,376����DQG�(37����KDYH�QRZ�EHHQ�VXSHUVHGHG�E\�WKH�,QWHUQDWLRQDO�7HPSHUDWXUH�6FDOH RI������DOVR�FDOOHG�,76����IRU�EUHYLW\��ZKLFK�ZDV�DGRSWHG�E\�WKH�,QWHUQDWLRQDO�&RPPLWWHH�RI:HLJKWV� DQG� 0HDVXUHV� LQ� 6HSWHPEHU� ������ �13/� ������ 3UHVWRQ�7KRPDV� ������ 5XVE\��������7KH�GLIIHUHQFHV�H[LVWLQJ�EHWZHHQ�YDOXHV�RI�,76����DQG�RI�,76����DUH�RI�QR�SUDFWLFDOLQIOXHQFH�LQ�LQGXVWULDO�PHDVXUHPHQWV�7KH�VFDOH�LV�HVWDEOLVKHG�E\�FRUUHODWLQJ�VRPH�WHPSHUDWXUH�YDOXHV�ZLWK�D�QXPEHU�RI�ZHOOUHSURGXFLEOH�HTXLOLEULXP�VWDWHV��L�H� WKH�WHPSHUDWXUH�IL[HG�SRLQWV���ZKLFK�GHILQH�WKH�SULPDU\VWDQGDUGV� WR� EH� XVHG� DQG� JLYHV� WKH� LQWHUSRODWLQJ� HTXDWLRQV� IRU� FDOFXODWLQJ� WHPSHUDWXUHVEHWZHHQ�WKH�IL[HG�SRLQWV��0RUH�GHWDLOV�DERXW� WKH�357�LQWHUSRODWLQJ�HTXDWLRQV�DUH�JLYHQ� LQ&KDSWHU ���3ODQFN¶V�ODZ�LV�XVHG�WR�GHILQH�,76����DERYH�WKH�IUHH]LQJ�SRLQW�RI�VLOYHU��2YHUDOO�,76����UHSUHVHQWV�7KHUPRG\QDPLF�7HPSHUDWXUH�ZLWK�DQ�XQFHUWDLQW\�RI�±� P.�IURP�� .�WR��� .�LQFUHDVLQJ�WR� ±� P.�DW���� .��7KH�XQLW�RI�776�LV�WKH�NHOYLQ� V\PERO�.��2QH�NHOYLQLV�GHILQHG�DV����������RI�WKH�WKHUPRG\QDPLF�WHPSHUDWXUH�RI�WKH�WULSOH�SRLQW�RI�ZDWHU�&HOVLXV�WHPSHUDWXUH�LV�H[SUHVVHG�DV�

W 7� � � �R &� .= − ����� �����
7KH�XQLW�RI�&HOVLXV�WHPSHUDWXUH�LV�GHJUHH�&HOVLXV��V\PERO�R&��ZKLFK�HTXDOV�RQH�NHOYLQ���7KHWHPSHUDWXUH�GLIIHUHQFH�LV�H[SUHVVHG�HLWKHU�LQ�NHOYLQV�RU�R&�,Q� ,76���� D� GLVWLQFWLRQ� H[LVWV� EHWZHHQ� WKH� ,QWHUQDWLRQDO�.HOYLQ�7HPSHUDWXUH��7���� DQGWKH�,QWHUQDWLRQDO�&HOVLXV�7HPSHUDWXUH��W����ZKHUH

W  7�� �� ������ � �R &� .� − �����
,Q�WKLV�ERRN�WKH�&HOVLXV�WHPSHUDWXUH�ZLOO�EH�LQGLFDWHG�E\�ϑ WR�DYRLG�FRQIXVLRQ�ZLWK�WKH�XQLWRI�WLPH��ZKLFK�LV�LQGLFDWHG�E\�W�



7(03(5$785(�6&$/(6�$1'�&/$66,),&$7,21�2)�7+(5020(7(56��
,QWHUSRODWLRQ EHWZHHQ� WKH�'HILQLQJ�)L[HG�SRLQWV� RI� ,76����� OLVWHG� LQ�7DEOH ����� DUH� DVIROORZV�

��� )URP� ���� . WR� ��� .�� 7�� LV GHILQHG� LQ� WHUPV� RI� WKH� YDSRXU� SUHVVXUH� WHPSHUDWXUHUHODWLRQV�RI��+H�DQG��+H���� )URP���� . WR�������� . �WKH�WULSOH�SRLQW�RI�QHRQ���WKH�FRQVWDQW�YROXPH�W\SH�RI��+H�RU�+H� JDV� WKHUPRPHWHU� LV� XVHG�� ,W� LV� FDOLEUDWHG� DW� WKUHH� H[SHULPHQWDOO\� UHDOLVDEOHWHPSHUDWXUHV�RI�GHILQLQJ�IL[HG�SRLQWV�XVLQJ�VSHFLILHG�LQWHUSRODWLRQ�SURFHGXUHV���� )URP�������� . �WKH� WULSOH� SRLQW� RI� HTXLOLEULXP� K\GURJHQ�� WR ������ R&� �WKH� IUHH]LQJSRLQW�RI�VLOYHU���WKH�VWDQGDUG�LQVWUXPHQW�LV�D�SODWLQXP�UHVLVWDQFH�WKHUPRPHWHU�FDOLEUDWHGDW�VSHFLILHG�VHWV�RI�GHILQLQJ�IL[HG�SRLQWV�DQG�XVLQJ�VSHFLILHG�LQWHUSRODWLRQ�SURFHGXUHV��$VLQGLFDWHG� LQ� )LJXUH ���� DQG� GHVFULEHG� E\�1LFKRODV� DQG�:KLWH� �������� 3W WKHUPRPHWHUVZLWK� �� GLIIHUHQW� VWUXFWXUHV� DUH� XVHG� LQ� ��� GLIIHUHQW� WHPSHUDWXUH� VXE�UDQJHV�� 7KHWHPSHUDWXUHV�DUH�GHWHUPLQHG�IURP�WKH�UHGXFHG�WKHUPRPHWHU�UHVLVWDQFH�UDWLR��GHILQHG�E\WKH�UHODWLRQ�
: 7 5 75� � � �� � ��� �������= . ������

7DEOH�����7KH�WHPSHUDWXUH�IL[HG�SRLQWV�RI�,76���
(TXLOLEULXP�VWDWH 6FDOH7���. W�� R&9DSRXU�SUHVVXUH�SRLQW�RI�KHOLXP ��WR�� ��������WR��������7ULSOH�SRLQW�RI�HTXLOLEULXP�K\GURJHQ ������� ���������%RLOLQJ�SRLQW�RI�K\GURJHQ�DW�D�SUHVVXUH����������3D �� �������%RLOLQJ�SRLQW�RI�HTXLOLEULXP�K\GURJHQ ���� �������7ULSOH�SRLQW�RI�QHRQ ������� ���������7ULSOH�SRLQW�RI�R[\JHQ ������� ���������7ULSOH�SRLQW�RI�DUJRQ ������� ���������7ULSOH�SRLQW�RI�PHUFXU\ �������� ��������7ULSOH�SRLQW�RI�ZDWHU ������ ����0HOWLQJ�SRLQW�RI�JDOOLXP �������� �������)UHH]LQJ�SRLQW�RI�LQGLXP �������� ��������)UHH]LQJ�SRLQW�RI�WLQ ������� �������)UHH]LQJ�SRLQW�RI�]LQF ������� �������)UHH]LQJ�SRLQW�RI�DOXPLQLXP ������� �������)UHH]LQJ�SRLQW�RI�VLOYHU ������� ������)UHH]LQJ�SRLQW�RI�JROG ������� �������)UHH]LQJ�SRLQW�RI�FRSSHU ������� �������7KH�YDOXHV RI�WKH�WHPSHUDWXUH�IL[HG�SRLQWV�ZLWK�WKH�H[FHSWLRQ�RI�WKH�WULSOH�SRLQWV�DUH�JLYHQ�DWSUHVVXUH��S�� ���������3D�
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ZKHUH�5��������.��LV�WKH�WKHUPRPHWHU�UHVLVWDQFH�DW�WKH�WULSOH�SRLQW�RI�ZDWHU�7KH�SODWLQXP�UHVLVWDQFH�VHQVRU�PXVW�EH�PDGH�IURP�SXUH��VWUDLQ�IUHH��DQQHDOHG�SODWLQXP�VDWLVI\LQJ�DW�OHDVW�RQH�RI�WKH�IROORZLQJ�UHODWLRQV�

z DW�WKH�JDOOLXP�PHOWLQJ�SRLQW�
��������&������� ≥$: ������

z DW�WKH�WULSOH�SRLQW�RI�PHUFXU\�
���������&������� ≥− $: ������

,I�XVHG�XS�WR�WKH�IUHH]LQJ�SRLQW�RI�VLOYHU�LW�PXVW�DOVR�VDWLVI\�WKH�UHODWLRQ�
�������&������� ≥$: ������

,Q�HDFK�RI�WKH�UHVLVWDQFH�WKHUPRPHWHU�UDQJHV��7�� LV�REWDLQHG�IURP�:U�7����DV�JLYHQ�E\DQ� DSSURSULDWH� UHIHUHQFH� IXQFWLRQ DQG� WKH� GHYLDWLRQV�:�7��� �:U�7����� $W� WKH� 'HILQLQJ)L[HG�3RLQWV�WKLV�GHYLDWLRQ�LV�REWDLQHG�GLUHFWO\�IURP�WKH�FDOLEUDWLRQ�RI�WKH�WKHUPRPHWHU��$WLQWHUPHGLDWH�WHPSHUDWXUHV�LW�LV�REWDLQHG�E\�PHDQV�RI�WKH�DSSURSULDWH�GHYLDWLRQ�IXQFWLRQV��DVJLYHQ�LQ�D�7DEOH�DWWDFKHG�WR�WKH�WH[W�RI�,76�����D� ,Q� WKH� UDQJH� IURP� ������� . �WKH� WULSOH� SRLQW� RI� HTXLOLEULXP� K\GURJHQ�� WR ������ .�WKH� WULSOH� SRLQW� RI� ZDWHU��� WKH� WKHUPRPHWHU� LV� FDOLEUDWHG� DW� WKH� WULSOH� SRLQWV� RIHTXLOLEULXP� K\GURJHQ� �������� .��� QHRQ� �������� .��� R[\JHQ� �������� .��� DUJRQ�������� .��� PHUFXU\� ��������� .�� DQG� ZDWHU� ������� .�� DQG� DW� WZR� DGGLWLRQDOWHPSHUDWXUHV�FORVH�WR������.�DQG������.��XVLQJ�D�JDV�WKHUPRPHWHU��E� ,Q� WKH�UDQJH� IURP�� �& WR������� �& �WKH� IUHH]LQJ�SRLQW�RI� VLOYHU�� WKH� WKHUPRPHWHU� LVFDOLEUDWHG� DW� WKH� WULSOH� SRLQW� RI� ZDWHU� ����� �&�� DQG� DW� WKH� IUHH]LQJ� SRLQWV� RI� WLQ�������� �&��� ]LQF� �������� �&��� DOXPLQLXP� �������� �&�� DQG� VLOYHU� ������� �&��� ,QERWK�RI�WKH�UDQJHV�GHVFULEHG�DERYH�DW���D��DQG���E���IRU�VXE�UDQJHV�ZLWK�OLPLWHG�XSSHUWHPSHUDWXUHV��IHZHU�FDOLEUDWLRQ�SRLQWV�PD\�EH�XVHG��DV�SUHFLVHO\�VSHFLILHG�LQ�,76�������� $ERYH�� ������ �& �WKH IUHH]LQJ� SRLQW� RI� VLOYHU�� 3ODQFN¶V� ODZ� LV� WR� EH� XVHG�� 7KHWHPSHUDWXUH�7���LV�GHILQHG�E\�WKH�HTXDWLRQ�
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ZKHUH�7�� �[��UHIHUV�WR�DQ\�RI�WKH�IUHH]LQJ�SRLQWV�RI�VLOYHU��JROG��RU�FRSSHU�� / 7λ � ���DQG� / 7 [λ > � �@�� DUH� WKH� VSHFWUDO� FRQFHQWUDWLRQV� RI� WKH� UDGLDQFH� RI� D� EODFN� ERG\� DWZDYHOHQJWK�� O�� DW� 7�� DQG� 7���[�� UHVSHFWLYHO\�� DQG� F� LV� D� FRQVWDQW� ZLWK� D� YDOXH� RI����������P�.�$OWKRXJK� WKH� ,76���� UHFRPPHQGHG� VFDOHV� DUH� WKH� &HOVLXV� DQG� WKH� .HOYLQ� 6FDOHV�� WKH)DKUHQKHLW� 6FDOH�� ZKLFK� LV� VWLOO� SHUPLVVLEOH� LQ� ,76����� LV� ZLGHO\� XVHG� LQ� $QJOR�6D[RQFRXQWULHV�� 7KH� UHODWLRQV� IRU� FRQYHUVLRQ� EHWZHHQ� WKH� WHPSHUDWXUH� VFDOHV�� VSHFLILHG� LQ7DEOH������DUH�XVHG�WR�FDOFXODWH�WKH�QXPHULFDO�FRQYHUVLRQV�LQ�7DEOH�,�DW�WKH�HQG�RI�WKH�ERRN�



7(03(5$785(�6&$/(6�$1'�&/$66,),&$7,21�2)�7+(5020(7(56��
7DEOH�����&RQYHUVLRQ�RI�WHPSHUDWXUH�VFDOHV7R�EH�GHWHUPLQHG6FDOH *LYHQ R& R)&HOVLXV ;��& ; ���;�����)DKUHQKHLW ;��) ������u�;����� ;.HOYLQ ;�. ;������� ���u�;�����������

��� &ODVVLILFDWLRQ�RI 7KHUPRPHWHUV
7HPSHUDWXUH�PHDVXULQJ�LQVWUXPHQWV�DSSOLHG�LQ�LQGXVWU\�DQG�LQ�ODERUDWRULHV�ZLOO�EH�GHVFULEHGLQ�WKLV�ERRN��$�V\VWHPDWLF�DSSURDFK�WR�JURXSLQJ�RI�WKH�GLIIHUHQW�W\SHV�RI�WKHUPRPHWHUV�ZLOOEH�JLYHQ�WR�REWDLQ�D�VXPPDULVLQJ�RYHUYLHZ��ZKLFK�ZLOO�KHOS�LQ�WKH�XVH�RI�WKLV�ERRN�
����� 7HPSHUDWXUH�PHDVXULQJ�FKDLQV
$�WHPSHUDWXUH�VHQVRU� LV� WKH� LQLWLDO�SDUW�RI�D� WHPSHUDWXUH�PHDVXUHPHQW�DQG� LQVWUXPHQWDWLRQFKDLQ�DV�VKRZQ�LQ�)LJXUH �����7KHVH�VHQVRUV�PD\�EH�HLWKHU�VHOI�VXSSRUWLQJ�FURVV�FRQYHUWHUVRU�PRGXODWRUV�LQ�WKH�WHUPLQRORJ\�RI�0F*KHH�HW�DO� ��������6HOI�VXVWDLQLQJ�FURVV�FRQYHUWHUW\SHV�RI�WHPSHUDWXUH�VHQVRUV�H[WUDFW�HQHUJ\�IURP�WKH�V\VWHP�XQGHU�PHDVXUHPHQW�GXULQJ�WKHFRQYHUVLRQ� RI� DQ� LQIRUPDWLRQ� EHDULQJ� VLJQDO� LQ� WKH� WKHUPDO� HQHUJ\� GRPDLQ� LQWR� DQLQIRUPDWLRQ� EHDULQJ� VLJQDO� LQ� DQRWKHU�� GLIIHUHQW�� HQHUJ\� IRUP�� 0RGXODWLQJ� WHPSHUDWXUHVHQVRUV�UHTXLUH�WKH�VXSSO\�RI�DQ�H[WHUQDO�SRZHU�VRXUFH�WR�VXSSRUW� WKH�DFTXLVLWLRQ�DQG�IORZRI�WKH�WHPSHUDWXUH�LQIRUPDWLRQ��7KH�VHQVRU��ZKLFK�LV�DOVR�FDOOHG�DQ�LQLWLDO�WUDQVGXFHU��LV�WKHWKHUPRPHWHU�

(F�,F �&RQWDPLQDWLRQ�,QIOXHQFH�

(F�,F �&RQWDPLQDWLRQ�,QIOXHQFH�(V��6XSSRUW�(QHUJ\
(P�,P (R�,R02'8/$725

(P�,P 6(/)�6867$,1,1*&5266�&219(57(5 (R�,R
,1387�75$16'8&(56

02',),(5 28738775$16'8&(5
(���(QHUJ\�IRUP��,�� ,QIRUPDWLRQ�IRUP
6XIIL[HV��P���PHDVXUDQG�LQSXW��F���FRQWDPLQDWLRQ�LQIOXHQFHR���RXWSXW��V���VXSSRUW�UHVRXUFH

02',),(5 28738775$16'8&(5

)LJXUH�����$�EORFN�GLDJUDP�RI�WHPSHUDWXUH�PHDVXULQJ�FKDLQV



&/$66,),&$7,21�2)�7+(5020(7(56 ��
0F*KHH�HW�DO� �������KDYH�DVVHUWHG�WKDW�WHPSHUDWXUH�VHQVRUV�H[WHQG�WKH�KXPDQ�IDFXOWLHVWR�VHQVH�KRWQHVV�UHODWLRQV�EHWZHHQ�ERGLHV�RU�HQWLWLHV�LQ�WKH�UHDO�ZRUOG��7KHLU�PDLQ�WDVN��DOVRGHVFULEHG� LQ� &KDSWHU ���� LV� WKH� LQLWLDO� VLJQDO� WUDQVIRUPDWLRQ� RI� WKH� LQIRUPDWLRQ� DERXW� WKHPHDVXUHG� WHPSHUDWXUH� LQWR� DQRWKHU� SK\VLFDO� TXDQWLW\� �6\GHQKDP�� ������� ,Q� WHPSHUDWXUHVHQVRUV��ZKLFK�DUH�WKH�IURQW�HQG�HOHPHQWV�LQ�WHPSHUDWXUH�LQVWUXPHQWDWLRQ��WKH�PDLQ�RXWSXW�LVDQ�LQIRUPDWLRQ�RXWSXW��7KLV�TXDQWLW\��NQRZQ�DV�WKH�PHDVXULQJ�VLJQDO��LV�VXEMHFWHG�WR�IXUWKHUWUDQVIRUPDWLRQ�LQ�D�PRGLILHU��VXFK�DV�D�GDWD�FRQYHUWHU��DQ�DPSOLILHU��D�ILOWHU�RU�RWKHU�NLQG�RIFRQGLWLRQHU��LQWR�WKH�GHVLUHG�RXWSXW�VLJQDO�

����� *HQHUDO�SULQFLSOHV�IRU�WKHUPRPHWHU�FODVVLILFDWLRQ
$� EURDG� YLHZ� RI� WHPSHUDWXUH� PHDVXUHPHQW� UHTXLUHV� WKH� DSSOLFDWLRQ� RI� WKH� SULQFLSOHV� RIFODVVLFDO�WD[RQRP\��/LRQ��������6WHLQ��������0F*KHH�DQG�+HQGHUVRQ��������0F*KHH�HW�DO���������7KH�SULQFLSDO�DLP�LQ�WHPSHUDWXUH�VHQVRU�FODVVLILFDWLRQ� LV� WR� LQWURGXFH�VRPH�NLQG�RIRUGHULQJ�VR�WKDW�VLPLODULWLHV�EHWZHHQ�HDFK�NLQG�RI�VHQVRU�PD\�EH� LGHQWLILHG�ZLWKRXW� LQ�DQ\ZD\�GLPLQLVKLQJ�WKHLU� LPSRUWDQW�GLIIHUHQFHV��7KLV� LV�DFKLHYHG�XVLQJ� WKH� IRXU� WHFKQLTXHV�RIFODVVLFDO�WD[RQRP\�ZKLFK�DUH�
x� ([DPLQH�JHQHUDOLW\�RU�UHVHPEODQFH�RI�VHQVRUV�XVLQJ�OLNHQHVV�UHODWLRQVKLSV�x� ([DPLQH�WKH�FROOHFWLYLW\�RU�FRPSRVLWLRQ�RI�VHQVRUV�VHHNLQJ�VWUXFWXUDO�GHWDLOV�x� %XLOG�D�XVLQJ�UHODWLRQVKLSV�EHWZHHQ�WKH�KHDGV RU�FHQWUDO�PHPEHUV RI�JURXSV�RI�VHQVRUVRQ�WKH�EDVLV�RI�NLQVKLS�E\�DVFHQW��GHVFHQW�DQG�FROODWHUDOLW\�x� ([DPLQH�WKH�HYROXWLRQ�RU�GHYHORSPHQW�RI�GLIIHUHQW�W\SHV�RI�VHQVRUV�

7KHUH�LV�D�QXPEHU�RI�ZD\V�LQ�ZKLFK�WHPSHUDWXUH�VHQVRUV�PD\�EH�JURXSHG��%HKDU�������+DPLGL�DQG�6ZLWKHQEDQN��������+HQGHUVRQ�DQG�0F*KHH��������0F*HH��������0F*KHH�HWDO���������������1LFKRODV�DQG�:KLWH��������3WiFHN��������6FKRO]�DQG�5LFROIL���������7KHPHWKRG� WR� EH� HPSOR\HG� KHUH� ODUJHO\� IROORZV� WKDW� SUHVHQWHG� LQ� +HQGHUVRQ� DQG� 0F*KHH������� DQG� 0F*KHH� HW� DO�� ������� ������� 7KXV� WHPSHUDWXUH� VHQVRUV� PD\� EH� JURXSHG� E\IXQFWLRQ�� VWUXFWXUH�� HQHUJ\� IRUP�� FRQGLWLRQLQJ� FLUFXLWV� DQG� VR� RQ�� 7KH� JHQHUDOLW\ DQGUHVHPEODQFH OHYHO� RI� WHPSHUDWXUH� VHQVRU� FODVVHV� FRPSDUHV� WKH� KXPDQ�PHWKRG� RI� VHQVLQJKRWQHVV� UHODWLRQV� E\� ORRNLQJ� DW� DQ� REMHFW�� E\� DSSURDFKLQJ� LW� RU� E\� WRXFKLQJ� LW�� 1HLWKHUORRNLQJ�DW�QRU�DSSURDFKLQJ�DQ�REMHFW�UHTXLUH�SK\VLFDO�FRQWDFW�WR�VHQVH�LWV�KRWQHVV��7RXFKLQJDQ�REMHFW�WR�VHQVH�LWV�KRWQHVV�UHTXLUHV�SK\VLFDO�FRQWDFW��7KXV�WKH�FRQWDFWLQJ�VHQVHV�DQG�VLJKWRU� SUR[LPLW\� VHQVLQJ�� ZLWK� QR� FRQWDFW�� DUH� WKH� UHVHPEOLQJ� IRUPV� RI� WHPSHUDWXUH� VHQVLQJ�+HQFH��WHPSHUDWXUH�VHQVRUV�DUH�FODVVLILHG�WKURXJK�WKHLU�XVH�RI� WKH�KHDW� WUDQVIHU�PHFKDQLVPE\� FRQWDFWLQJ� RU� QRQ�FRQWDFWLQJ� PHWKRGV�� 7HPSHUDWXUH� VHQVLQJ� FDQ� EH� HLWKHU�GLUHFW�� E\PHDVXULQJ�D�YDULDEOH�FKDUDFWHULVLQJ�WKHUPDO�HQHUJ\�IORZ�RU�E\�LQIHUHQWLDO�PHWKRGV �0F*KHHHW�DO����������7KH�ODWWHU�WHFKQLTXH�DSSOLHV�DQ�H[WHUQDO�HQHUJ\�DV�DQ�LQWHUURJDWLQJ�PHGLXP�LQWKH� PHDVXULQJ� VFKHPH� WR� FDSWXUH� LQIRUPDWLRQ DERXW� WKH� DELOLWLHV� RI� WKH� ERG\� XQGHUPHDVXUHPHQW�WR�VWRUH��GLVVLSDWH��WUDQVPLW�RU�WUDQVIRUP�WKHUPDO�HQHUJ\�7ZR� IRUPV� RI� GLDJUDP� DUH� YHU\� XVHIXO� LQ� WHPSHUDWXUH� VHQVRU� FODVVLILFDWLRQ�� 7KH� ILUVW�JLYHQ� LQ�)LJXUH ����� LV� FDOOHG�D�NH\�GLDJUDP�ZKLFK�KDV� WKH� VDPH�VWUXFWXUH�DV�D�FDUG� LQGH[ILOH��,W�VKRXOG�EH�UHDG�LQ�FRQMXQFWLRQ�ZLWK�)LJXUHV����������ZKLFK�DUH�FDOOHG�GHQGURJUDSKV�RUWUHH� GLDJUDPV�� 7KH� YDULRXV� OHYHOV� LQ� DOO� NH\� GLDJUDPV� DQG� GHQGURJUDSKV� FRUUHVSRQG� WRUHILQHPHQW�RI�WKH�FODVVHV�DV�SURJUHVV�LV�PDGH�GRZQ�WKURXJK�WKH�OHYHOV�
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K\SHU�NLQJGRP�RU�XQLYHUVDO�NLQJGRPVXSHU�NLQJGRPNLQJGRPGLYLVLRQ
VXE�GLYLVLRQFODVV

$FRXVWLF0DJQHWLF7KHUPDO(OHFWULFDO0DJQHWLF2SWLFDO�&KHPLFDO

RUGHU

QRQ�WHUUHVWULDO�HQWLWLHVWHUUHVWULDO�HQWLWLHVOLYLQJ�WKLQJVPDFKLQHPDWHULDOHQHUJ\�KDQGOHUVLQIRUPDWLRQ�KDQGOHUVLQGXFWLYHGHGXFWLYH FRQWUROFRPPXQLFDWLRQFDOFXODWLRQPHDVXUHPHQWGLVWULEXWLRQFRPPXQLFDWLRQDFTXLVLWLRQFRQGLWLRQLQJDGDSWLQJLGHQWLI\LQJVHQVLQJ

KHDW�IORZWHPSHUDWXUHQRQ�FRQWDFWLQJFRQWDFWLQJ

IDPLO\

VXE�IDPLO\JHQXV

1XFOHDU

NLQJGRPV�RI�WKH�RUGHULQJ�E\IXQFWLRQ�VWUXFWXUH�HQHUJ\�IRUP

OHYHOV
�RI�WK

H�NH\

)LJXUH ��� $�NH\� GLDJUDP� IRU� VHQVRU� FODVVLILFDWLRQ�ZLWK� WKH� ORFDWLRQ� RI� WHPSHUDWXUH� VHQVRUV� LQ� WKHRUGHULQJ�VFKHPH7KH�FODVVLILFDWLRQ�RI�WHPSHUDWXUH�LQVWUXPHQWV��LQ�)LJXUHV����������LV�EDVHG�PDLQO\�RQ�WKHSK\VLFDO� TXDQWLW\� LQWR� ZKLFK� WKH� WHPSHUDWXUH� VLJQDO� LV� WUDQVIRUPHG�� )LJXUH ���� VKRZV� WKHKLHUDUFKLFDO�FRQWH[W� IRU� WHPSHUDWXUH� VHQVLQJ�ZLWKLQ� WKH�SK\VLFDO� H[SHULHQFHV�RI�KXPDQV�� LWFDQ� EH� VHHQ� WKDW� WKH� XQLYHUVDO� NLQJGRP�� DOVR� FDOOHG� WKH� K\SHU�NLQJGRP�� FRQVLVWV� RI� WKHNLQJGRPV�RI�HDUWK�ERXQG� WKLQJV�DQG�QRQ�HDUWK�ERXQG� WKLQJV��7KH� OHYHOV�GHVFHQG� IURP� WKHXQLYHUVDO� RU� K\SHU�NLQJGRP� WKURXJK� WKH� VXSHU�NLQJGRP� RI� HDUWK� ERXQG� WKLQJV� WR� WKHNLQJGRPV�RI�PDWHULDOV�DQG�PDFKLQHV��)URP�WKH�GLYLVLRQ�RI�LQIRUPDWLRQ�PDFKLQHV��FRPHV�WKHVXE�GLYLVLRQ�RI�GHGXFWLYH�W\SHV�WR�WKH�FODVV�RI�PHDVXUHPHQW�PDFKLQHV��,W�LV�ZLWKLQ�WKLV�FODVVRI�PDFKLQH� WKDW� WKH� YDULRXV� IDPLOLHV� RI� VHQVRUV� DUH� SODFHG��1RWH� WKH� FODVVLILFDWLRQ� RI� WKHIDPLO\�LQ�)LJXUH�����E\�HQHUJ\�GRPDLQ��6WHLQ��������0F*KHH�HW�DO���������������
����� 7KH�QRQ�HOHFWULFDO�FRQWDFWLQJ�WHPSHUDWXUH�VHQVRUV
7KH�YDULRXV�OHYHOV�LQ�WKH�GHQGURJUDSKV��VKRZQ�LQ�)LJXUHV����������FRUUHVSRQG�WR�UHILQHPHQWRI�WKH�FODVVLILFDWLRQ�DV�SURJUHVV�LV�PDGH�GRZQ�WKURXJK�WKH�OHYHOV��,W�LV�EDVHG�RQ�WKH�SK\VLFDOTXDQWLW\� LQWR�ZKLFK� WKH� WHPSHUDWXUH� VLJQDO� LV� WUDQVIRUPHG��$OWKRXJK� WKHUH� LV� VRPHWLPHV� DFORVH� VLPLODULW\� LQ� WKH�FRQVWUXFWLRQ�RI�GLIIHUHQW� W\SHV� RI� WKHUPRPHWHUV�� WKH� RUGHU� LQ�ZKLFKWKH\�DUH�GHVFULEHG�LQ�WKLV�ERRN�PD\�QRW�DOZD\V�EH�WKH�VDPH�DV�LQ�WKH�FODVVLILFDWLRQ�JLYHQ�LQ)LJXUHV����������7KH�RQO\�UHDVRQ�IRU�WKH�GLIIHUHQFH�LV�SUDFWLFDO�FRQYHQLHQFH��$W�HDFK�OHYHO�LQWKH� WUHH�GLDJUDPV��JURXSV�RI�FHQWUDO�PHPEHUV�RI�GLIIHUHQW� W\SHV�RI� WHPSHUDWXUH� VHQVRU� DUH
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UHODWHG�E\�DVFHQW WR�RWKHU�FHQWUDO�PHPEHUV�DW�KLJKHU� OHYHOV� LQ� WKH�NH\��$Q�H[DPSOH�RI� WKHUHODWLRQVKLS�RI�GHVFHQW FDQ�EH�VHHQ�EHWZHHQ�WKH�FRQWDFWLQJ�JHQXV RI�WHPSHUDWXUH�VHQVRU�DQGWKH�YDULRXV�VHOI�VXVWDLQLQJ�FURVV�FRQYHUWHUV�VXE�JHQXV�&RQWDFW� VHQVRUV� IXQFWLRQ� WKURXJK� FRQGXFWLYH� DQG� FRQYHFWLYH� KHDW� WUDQVIHU�� )XUWKHUJURXSLQJ�E\�WKH�HQHUJ\�IRUP�RI�WKH�RXWSXW�VLJQDO��GLVWLQJXLVKHV�QRQ�HOHFWULFDO�VHQVRUV�IURPWKH�HOHFWULFDO�JURXS��1RQ�HOHFWULFDO� VHQVRUV�DUH�FODVVLILHG� LQ�)LJXUH ����RQ� WKH�EDVLV�RI� WKHWKHUPDO�H[SDQVLRQ�RI�VROLGV��OLTXLGV�DQG�JDVHV��,W�VKRXOG�EH�QRWHG�WKDW�VHOI�VXVWDLQLQJ�FURVV�FRQYHUWHU� W\SHV� DQG� PRGXODWLQJ� W\SHV� RI� QRQ�HOHFWULFDO� VHQVRUV� DUH� JURXSHG� ZLWKRXWGLVWLQFWLRQ�LQ�WKH�GHQGURJUDSK�RI�)LJXUH�����IRU�WKH�VDNH�RI�EUHYLW\�
����� 7KH�HOHFWULFDO�FRQWDFWLQJ�WHPSHUDWXUH�VHQVRUV
(OHFWULFDO� W\SHV� RI� FRQWDFWLQJ� WKHUPRPHWHUV�� ZKLFK� PD\� DOVR� EH� FODVVLILHG� DV� HLWKHUPRGXODWRUV� RU� VHOI�VXVWDLQLQJ� FURVV�FRQYHUWHUV�� DUH� JURXSHG� LQ� )LJXUH ����� +HQFH�PRGXODWLQJ�UHVLVWDQFH�WKHUPRPHWHUV�PD\�EH�EDVHG�RQ��L��PHWDOOLF�HOHFWULFDO�UHVLVWDQFH�RU��LL�VHPLFRQGXFWLQJ�HOHFWULFDO�UHVLVWDQFH��2WKHU�VHPLFRQGXFWLQJ�PRGXODWLQJ�WHPSHUDWXUH�VHQVRUVDUH� FODVVLILHG� XVLQJ� D� VWDQGDUG� PHWKRG� RI� VHPLFRQGXFWRU� FODVVLILFDWLRQ�� 6HOI�VXVWDLQLQJFURVV�FRQYHUWHUV� RSHUDWH� XSRQ� WKH� SULQFLSOH� RI� HLWKHU� WKHUPR�HOHFWULF� FURVV�FRQYHUVLRQ� RUXSRQ�QRLVH�WKHUPRPHWU\�
1.4.5 The non-contacting group of temperature sensors)LJXUH ���� JLYHV� D� IXOOHU� FODVVLILFDWLRQ� RI� QRQ�FRQWDFWLQJ� WHPSHUDWXUH� VHQVRUV�� ,W� LV� EDVHGXSRQ� FRPSDULQJ� WKH� VLPLODULW\� EHWZHHQ� KXPDQ� VHQVLQJ� E\� VLJKW� RU� SUR[LPLW\� DQG� WKHUDGLDWLRQ�RI�WKHUPDO�HQHUJ\�IURP�KHDWHG�ERGLHV��,W�VKRXOG�EH�QRWHG�WKDW�D�GLVWLQFWLRQ�LV�PDGHEHWZHHQ� WKRVH� QRQ�FRQWDFWLQJ�PHWKRGV�� ZKLFK� XVH�GLUHFW VHQVLQJ�� DQG� WKRVH� ZKLFK� DSSO\LQWHUURJDWLYH PHWKRGV�� ,Q� WKH� GLUHFW� VHQVLQJ�JURXS�RI� QRQ�FRQWDFWLQJ� WHPSHUDWXUH� VHQVRUV�
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WKH� LQWHQVLW\� RI� GLUHFWO\� UDGLDWHG� HQHUJ\� LV� GHWHFWHG�� 7KLV� W\SH� RI�GLUHFW VHQVLQJ� PD\� EHIXUWKHU�FODVVLILHG�DV�HLWKHU�LPDJH�IRUPLQJ�RU�S\URPHWULF��1LFKRODV�DQG�:KLWH��������3WiFHN��������)RU� WKH� LQWHUURJDWLQJ�JURXS�� DQ�H[FLWDWLRQ� VLJQDO� LV�XVHG� WR� LQWHUURJDWH� WKH� ERG\�RUREMHFW�ZKRVH� WHPSHUDWXUH� LV� WR� EH� VHQVHG��*URXSLQJ� IRU� WKLV� NLQG� RI� VHQVLQJ� LV� VKRZQ� LQ)LJXUH�����
����� 7HPSHUDWXUH�PHDVXULQJ�UDQJHV�RI�WHPSHUDWXUH�VHQVRUV
,W� LV�DOVR�SRVVLEOH� WR�FODVVLI\� WHPSHUDWXUH�VHQVRUV�RQ� WKH�EDVLV�RI� WKH� WHPSHUDWXUH� UDQJH�RIDSSOLFDWLRQ�� 6XFK� D� FODVVLILFDWLRQ� LV� JLYHQ� LQ� )LJXUH ����� $Q� DEEUHYLDWHG� IRUP� IRU� WKH
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WHPSHUDWXUH�UDQJHV�RI�WKH�VWDQGDUG�WKHUPRPHWHUV�RI�,76�����DGDSWHG�IURP�)LJXUH �����LV�DOVRLQFOXGHG�LQ�WKLV�GLDJUDP�IRU�WKH�SXUSRVHV�RI�FRPSDULVRQ��0RUH�GHWDLOHG�LQIRUPDWLRQ�LV�JLYHQLQ�DSSURSULDWH�FKDSWHUV�
��� 5HIHUHQFHV
%HKDU� 0�)���������2Q�FODVVLILFDWLRQ�RI�WHPSHUDWXUH�LQVWUXPHQWV��7HPSHUDWXUH��,WV�0HDVXUHPHQW�DQG&RQWURO�LQ�6FLHQFH�DQG�,QGXVWU\ ���������5HLQKROG�3XE��&R���1HZ�<RUN����������&KDSSXLV��0���������7UDY��(W�0HP��%X��,QW��7RPH�9,��*DXWKLHUV�9LOODUV�HW�)LOV��3DULV�+DPLGL� $�$�� DQG� 6ZLWKHQEDQN� -�� ������� 7HPSHUDWXUH� PHDVXUHPHQW� LQ� D� KRVWLOH� HQYLURQPHQW�7KHUPDO� DQG� 7HPSHUDWXUH�0HDVXUHPHQW� LQ� 6FLHQFH� DQG� ,QGXVWU\ �� 3URF� �UG� ,0(.2�6\PSRVLXP7(030(.2�����6KHIILHOG��,QVWLWXWH�RI�0HDVXUHPHQW�DQG�&RQWURO��/RQGRQ���������+HQGHUVRQ� ,�$��DQG�0F*KHH� -�� �������&ODVVLFDO� WD[RQRP\��$Q�KROLVWLF� SHUVSHFWLYH�RI� WHPSHUDWXUHPHDVXULQJ�V\VWHPV�DQG�LQVWUXPHQWV��3URF�,((�$� �����������+HU]IHOG� &�0�� ������� 7KH� WKHUPRG\QDPLF� WHPSHUDWXUH� VFDOH�� LWV� GHILQLWLRQ� DQG� UHDOLVDWLRQ7HPSHUDWXUH��,WV�0HDVXUHPHQW�DQG�&RQWURO�LQ�6FLHQFH�DQG�,QGXVWU\ ��������5HLQKROG�3XE��&R���1HZ<RUN�������/LQGVD\� 5�%�� ������� 7KH� WHPSHUDWXUH� FRQFHSW� IRU� V\VWHPV� LQ� HTXLOLEULXP�� 7HPSHUDWXUH�� LWV0HDVXUHPHQW�DQG�&RQWURO�LQ�6FLHQFH�DQG�,QGXVWU\ ��������5HLQKROG�3XE��&R���1HZ�<RUN�������/LRQ��.�6���������7UDQVGXFHUV��3UREOHPV�DQG�SURVSHFWV��,(((�7UDQV�,(&,���� ��0F*HH� 7�'�� �������3ULQFLSOHV� DQG�0HWKRGV� RI� 7HPSHUDWXUH�0HDVXUHPHQW �� -RKQ�:LOH\� DQG� 6RQV�1HZ�<RUN�0F*KHH� -���DQG�+HQGHUVRQ� ,�$���������&XUUHQW�WUHQGV�LQ�WKH�WKHRU\�DQG�DSSOLFDWLRQ�RI�FODVVLILFDWLRQWR� LQVWUXPHQWDWLRQ�DQG�PHDVXUHPHQW� VFLHQFH�� LQ�/��)LQNHOVWHLQ� DQG�.��7��9��*UDWWDQ� �(GV���6WDWHDQG�$GYDQFHV�RI�0HDVXUHPHQW�DQG�,QVWUXPHQWDWLRQ�6FLHQFH ��3URF�,0(.2�7&��7&��&ROORTXLXP�&LW\�8QLYHUVLW\��/RQGRQ��������0F*KHH� -��� +HQGHUVRQ� ,�$��� .RUF]\QVNL� 0�-�� DQG� .XOHV]D� :�� ������� 7KH� VHQVRU� HIIHFW� WHWUD�KHGURQ��$Q�H[WHQGHG�WUDQVGXFHU�VSDFH��0HDVXUHPHQW��������������0F*KHH� -���+HQGHUVRQ� ,�$���.XOHV]D� :�� DQG�.RUF]\QVNL� 0�-�� ������� 6FLHQWLILF�0HWURORJ\�� ,6%1���������������SULQWHG�E\�$�&�*�0��/2'$57��/RG]��3RODQG�0F*KHH� -��� +HQGHUVRQ� ,�$��� 6\GHQKDP� 3�+��� �������� 6HQVRU� VFLHQFH ± (VVHQWLDOV� IRU� ,QVWUXPHQW�DWLRQ�DQG�0HDVXUHPHQW�7HFKQRORJ\��0HDVXUHPHQW� �����������1HZWRQ�)ULHQG��-���������7KH�RULJLQ�RI�)DKUHQKHLW
V�WKHUPRPHWULF��VFDOH��1DWXUH�����������������1LFKRODV� -�9��DQG�:KLWH� '�5���������7UDFHDEOH�7HPSHUDWXUHV ��-RKQ�:LOH\�DQG�6RQV��&KLFKHVWHU�13/��������$GRSWLRQ�RI�,QWHUQDWLRQDO�WHPSHUDWXUH�6FDOH�RI�������,76����3UHVWRQ�7KRPDV� +���������7KH�,QWHUQDWLRQDO��7HPSHUDWXUH�6FDOH�RI�������,76���������0HWURORJLD����������3WiFHN� -���������8QLYHUVDO�FODVVLILFDWLRQ�RI�HTXLSPHQW�IRU�FRQWDFWOHVV�WHPSHUDWXUH�PHDVXUHPHQW��3URF7(030(.2� ���� �WK� ,0(.2� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 7HPSHUDWXUH� DQG� 7KHUPDO0HDVXUHPHQW�LQ�,QGXVWU\�DQG�6FL���3UDJXH����������5XVE\��5�/���������7KH�EDVLV�RI�WHPSHUDWXUH�PHDVXUHPHQW��0HDV��DQG�&RQW����������������6FKRO]� -�� DQG� 5LFROIL� 7�� ������� 7KHUPDO� 6HQVRUV�� 9RO� �� RI� *|SHO��:�� +HVVH�� -�� DQG� =HPHO� -�1��������6HQVRUV��$�FRPSUHKHQVLYH�VXUYH\� �LQ���YROXPHV���9&+�3XEOLVKHUV��&DPEULGJH�6WHLQ��3�.���������7KH�HQJLQHHULQJ�RI�PHDVXUHPHQW�V\VWHPV��-RXU�RI�0HWDOV���������6\GHQKDP� 3�+���������+DQGERRN�RI�0HDVXUHPHQW�6FLHQFH�� -RKQ�:LOH\�	�6RQV��&KLFKHVWHU��8.�


