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8OWUD�ORZ�QR[�R[\�FRPEXVWLRQ�V\VWHP�IRU�JODVV�IXUQDFHV�ZLWK�

DGMXVWDEOH�IODPH�OHQJWK�DQG�KHDW�WUDQVIHU�SURILOH�

/(528;�%HUWUDQG����6,021�-HDQ�)UDQoRLV����'83(55$<�3DVFDO���
76,$9$�5pPL����628/$�5LFKDUG���

��$,5�/,48,'(�&ODXGH�'HORUPH�5HVHDUFK�&HQWHU�
���FKHPLQ�GH�OD�3RUWH�GHV�/RJHV�²�/HV�/RJHV�HQ�-RVDV�²�%3������������-28<�(1�-26$6�&HGH[�

��$,5�/,48,'(�+HDG�RIILFH�������4XDL�G·2UVD\���������3DULV�
�

�
�

7KH� SHUIRUPDQFH� RI� D� FRPEXVWLRQ� V\VWHP� LQ� D� JODVV� IXUQDFH� LV�PDLQO\� FKDUDFWHUL]HG� E\� WZR� UHOHYDQW�

SDUDPHWHUV��

• WKH�FRQWURO�RI�WHPSHUDWXUH�ILHOG�ZKLFK�LV�HVVHQWLDO�IRU�JODVV�TXDOLW\�DQG�SURFHVV�SHUIRUPDQFH��

• SROOXWDQW�HPLVVLRQ�OHYHOV��12[��GXVW«��ZKLFK�PXVW�UHVSHFW�PRUH�DQG�PRUH�VWULQJHQW�UHJXODWLRQV��

�

$�QHZ�R[\JHQ�EXUQHU�WHFKQRORJ\�KDV�EHHQ�GHYHORSHG�E\�$,5�/,48,'(�LQ�RUGHU�WR�DQVZHU�WKH�GRXEOH�

QHHG�RI�WKHUPDO�SURILOH�RSWLPL]DWLRQ�DQG�PLQLPL]DWLRQ�RI�12[�HPLVVLRQV��7KLV�FRPEXVWLRQ�V\VWHP��UHO\LQJ�RQ�

D� ODUJH�VHSDUDWLRQ�RI� WKH� IXHO�DQG�R[LGDQW� VWUHDPV�DQG�RQ� WKH�DGMXVWDEOH�GLVWULEXWLRQ�RI� WKH�R[LGDQW� LQ� WKUHH�

GLIIHUHQW�VWUHDPV��SURPRWHV�D�VWURQJ�GLOXWLRQ�RI�WKH�IXHO�DQG�R[LGDQW�MHWV�ZLWK�IXUQDFH�JDVHV���

7KH� EHQHILWV� SURYLGHG� E\� VXFK� D� GHVLJQ� ZHUH� XQGHUVFRUHG� ZLWK� DQ� R[\JHQ±QDWXUDO� JDV� EXUQHU� DW� D�

QRPLQDO�ILULQJ�UDWH�RI��0:�LQ�DQ�$LU�/LTXLGH�SLORW�IXUQDFH��7KH�VFDOH�XS�RI�WKLV�EXUQHU�WR�D�QRPLQDO�ILULQJ�

UDWH�RI��0:�ZLOO�SDUWLFXODUO\�VXLW�WR�ODUJH�JODVV�IXUQDFHV��

'XULQJ� WKHVH� H[SHULPHQWV�� SDUDPHWULF� PHDVXUHPHQWV� RI� IXUQDFH� KHDW� WUDQVIHU� SURILOH�� IOXH� JDV�

WHPSHUDWXUH�DQG�12[�FRQFHQWUDWLRQ�ZHUH�SHUIRUPHG��

7KLV� EXUQHU� GHPRQVWUDWHG� XOWUD� ORZ�12[� HPLVVLRQV��PHDVXUHG� OHYHOV� DUH� ��� WR� ��� WLPHV� DV� ORZ� DV� LQ�

VWDQGDUG�R[\�EXUQHUV�IRU�WKH�VDPH�IXUQDFH�WHPSHUDWXUH�DQG�2��SHUFHQWDJH�LQ�GU\�IOXH�JDV��

,W�ZDV�DOVR�VKRZQ�WKDW�E\�YDU\LQJ�R[\JHQ�GLVWULEXWLRQ�EHWZHHQ�YDULRXV�VWUHDPV��WKH�IXUQDFH�KHDW�WUDQVIHU�

SURILOH� DORQJ� WKH� IODPH� D[LV� FRXOG� EH� DGMXVWHG� WR� UHGXFH� WKH� PD[LPXP� FURZQ� WHPSHUDWXUH� E\� ���&� DQG�

VLPXOWDQHRXVO\�LQFUHDVH�WKH�IXUQDFH�EDFN�HQG�WHPSHUDWXUH�E\����&��7KXV��IRU�D�FRQVWDQW�EXUQHU�WKHUPDO�LQSXW��

WKH�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�FURZQ�DQG�PLQLPXP�EDFN�HQG�WHPSHUDWXUHV�FRXOG�EH�YDULHG�IURP�����

WR�D�PLQLPXP�RI����&��9DULDWLRQV�LQ�KHDW� WUDQVIHU�SURILOH�VKRZHG�D�PLQLPXP�LPSDFW�RQ�WKH�XOWUD�ORZ�12[�

SHUIRUPDQFH�DQG�WKH�RYHUDOO�IXUQDFH�KHDW�WUDQVIHU�HIILFLHQF\��:KHQ�FRPSDUHG�WR�VWDQGDUG�EXUQHUV�ZLWK�IL[HG�

FKDUDFWHULVWLFV�� WKH� DELOLW\� WR� RSWLPL]H� IODPH� SURSHUWLHV� DQG� KHDW� WUDQVIHU� SURILOH� LQ� LQGXVWULDO� IXUQDFHV� LV�

H[SHFWHG�WR�WUDQVODWH�LQWR�DSSUHFLDEOH�HQHUJ\�VDYLQJV��

�

��� ,1752'8&7,21�$1'�2%-(&7,9(6�

7KH� VSHFLILFDWLRQV�RI� D�QHZ�R[\�FRPEXVWLRQ� V\VWHP� LQWHQGHG� IRU�*ODVV� ,QGXVWU\�ZHUH�
WKH�IROORZLQJ���

• 0HDQV�WR�RSWLPL]H�WKH�KHDW�WUDQVIHU�SURILOH�IRU�D�JLYHQ�IXUQDFH�JHRPHWU\��LQ�SDUWLFXODU�
IRU�ODUJH�IXUQDFHV��ZLWK�D�WUDQVYHUVH�GLPHQVLRQ�RI���WR���P���

• 6LJQLILFDQW�UHGXFWLRQ�LQ�12[�HPLVVLRQV�FRPSDUHG�WR�H[LVWLQJ�R[\�IXHO�EXUQHUV��
�
7KH�HIIHFW�RI�VRPH�EXUQHU�DQG�IXUQDFH�SDUDPHWHUV�RQ�WKH�KHDW�WUDQVIHU�SURILOH�DORQJ�WKH�

IODPH�D[LV�KDV�DOUHDG\�EHHQ�SXW� LQWR�HYLGHQFH�E\�+RWWHO�DQG�6DURILP�>����@��%HpU� >������E�@��
0LFKHOIHOGHU�DQG�/RZHV�>����@��)RU�IXUQDFHV�ZLWK�DQ�D[L�V\PPHWULFDOO\�SRVLWLRQHG�EXUQHU��WKH�
VKDSH�RI�WKH�WHPSHUDWXUH�SURILOH�DORQJ�WKH�IXUQDFH�D[LV�LV�DIIHFWHG�E\�GHVLJQ�YDULDEOHV�VXFK�DV�
WKH�IODPH�VKDSH�DQG�PRPHQWXP��WKDW�LV�WR�VD\�WKH�SURGXFW�RI�PDVV�IORZ�UDWH�DQG�YHORFLW\���WKH�
SRVLWLRQ� DQG� LQWHQVLW\� RI� WKH� IXUQDFH� UHFLUFXODWLRQ� ]RQH�� WKH� EXUQHU� VZLUO� OHYHO�� DQG� WKH� IXHO�
W\SH��%HFDXVH�RI�WKH�ODFN�RI�TXDQWLWDWLYH�GHVLJQ�JXLGHOLQHV��D�PRGHOLQJ�VWXG\�ZDV�FRQGXFWHG�WR�
LGHQWLI\�WKH�RSWLPXP�UDQJH�RI�IODPH�OHQJWK�DQG�PRPHQWXP�IRU�D�JLYHQ�IXUQDFH�WR�DFKLHYH�D�
XQLIRUP�KHDW�WUDQVIHU�SURILOH��)LQHW�>����@���7KH�UHVXOWV�RI�WKLV�VWXG\�ZHUH�WKH�IROORZLQJ��

• $�ORQJ��KLJK�PRPHQWXP�IODPH�LV�UHFRPPHQGHG�WR�PD[LPL]H�KHDW�WUDQVIHU�DZD\�IURP�
WKH� EXUQHU��PRUHRYHU� VXFK� RSHUDWLQJ� FRQGLWLRQV� HQDEOH� WR� UHGXFH� WKH�PD[LPXP� ORFDO� IODPH�
WHPSHUDWXUH�DORQJ�WKH�IXUQDFH�D[LV��DQG�WKH�PD[LPXP�IXUQDFH�ZDOO�WHPSHUDWXUH��
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• $�VKRUW�� ORZ�PRPHQWXP�IODPH� LV� UHFRPPHQGHG� WR�PD[LPL]H�KHDW� WUDQVIHU�FORVH� WR�
WKH�EXUQHU��

3UHYLRXV�IODPH�FKDUDFWHULVWLFV��ORQJ�DQG�KLJK�PRPHQWXP�RQ�WKH�RQH�KDQG��VKRUW�DQG�ORZ�
PRPHQWXP� RQ� WKH� RWKHU� KDQG�� FDQQRW� EH� UHDFKHG�ZLWK� VWDQGDUG� R[\�EXUQHUV� �IRU� LQVWDQFH�
SLSH�LQ�SLSH� EXUQHUV�� HYHQ� ZLWK� GRXEOH� LPSXOVH� LQMHFWLRQV� IRU� R[LGDQW�� ,Q� WKHVH� JHRPHWULHV�
ZKHUH�R[LGDQW� IORZ� LV� ORFDWHG�QHDU� IXHO� LQMHFWLRQ�� LQFUHDVLQJ� WKH� IODPH�PRPHQWXP�FDXVHV�DQ�
DFFHOHUDWLRQ� RI� WKH� PL[WXUH�� D� UHGXFWLRQ� LQ� HTXLYDOHQW� EXUQHU� GLDPHWHU� DQG� FRQVHTXHQWO\� D�
GHFUHDVH�RI�IODPH�OHQJWK��$�SRVVLEOH�VROXWLRQ�WR�PHHW�GHVLUHG�IODPH�VSHFLILFDWLRQV�LV�D�GRXEOH�
LPSXOVH�V\VWHP��VHH�)LJ����ZLWK�D�ILUVW�R[LGDQW�IORZ�ORFDWHG�QHDU�WKH�IXHO�LQMHFWLRQ��SULPDU\�2���
DQG�D� VHFRQG�RQH�SRVLWLRQHG�DW� D� ODUJHU�GLVWDQFH� �VHFRQGDU\�2���� 6XSSRVLQJ� WKH�GLDPHWHU�RI�
SULPDU\�2��MHW�EH�PRUH�LPSRUWDQW�WKDQ�VHFRQGDU\�2���FKDQJLQJ�WKH�UHSDUWLWLRQ�EHWZHHQ�WKHVH�
WZR� LQMHFWLRQV� HQDEOHV� WR� PRGLI\� IODPH� PRPHQWXP� DQG� OHQJWK� DFFRUGLQJ� WR� UHTXLUHG�
FKDUDFWHULVWLFV��,QGHHG�ZKHQ� LQFUHDVLQJ�WKH�R[LGDQW�UHSDUWLWLRQ�WKURXJK�WKH�VPDOOHU�DQG�PRUH�
GLVWDQW�LQMHFWLRQ��VHFRQGDU\�2����IODPH�PRPHQWXP�EHFRPHV�KLJKHU�DQG�UHDFWDQW�MHWV�HQWUDLQ�DQ�
LPSRUWDQW� IORZ� UDWH� RI� FRPEXVWLRQ� SURGXFWV�� FRPEXVWLRQ� LV� GHOD\HG� DQG� WDNHV� SODFH� RYHU� D�
ORQJHU�DQG�ODUJHU�YROXPH���

$Q�RWKHU�UHTXLUHPHQW�IRU�WKLV�QHZ�R[\�EXUQHU�LV�D�VLJQLILFDQW�UHGXFWLRQ�LQ�12[�HPLVVLRQV�
FRPSDUHG�ZLWK�VWDQGDUG�EXUQHU�JHRPHWULHV��6RPH�GDWD�XVHG�IRU�VXFK�D�GHYHORSPHQW�KDYH�EHHQ�
REWDLQHG�GXULQJ�WKH�2;<)/$0�SURJUDP�>/DOOHPDQW������@��7KLV�UHVHDUFK�SURMHFW�RQ�R[\JHQ�
²�QDWXUDO�JDV�IODPHV�ZDV�SHUIRUPHG�IURP������WR������ZLWK�ILQDQFLQJ�IURP�D�FRQVRUWLXP�RI�
HLJKW� FRPSDQLHV� LQFOXGLQJ� $*$�� $LU� /LTXLGH�� *D]� GH� )UDQFH�� +RRJRYHQV��� /LQGH�� 1LSSRQ�
6DQVR��7RN\R�*DV�DQG�WKH�,)5)��7KH�PDLQ�SURJUDP�REMHFWLYH�ZDV�WR�JHQHUDWH�D�GHWDLOHG�VHW�RI�
H[SHULPHQWDO�GDWD�WR�KHOS�LQ�WKH�GHVLJQ�RI�R[\JHQ�EXUQHUV�DQG�LQ�WKH�YDOLGDWLRQ�RI�FRPSXWHU�
FRGHV�IRU�IODPH�FDOFXODWLRQV��

$� IXUWKHU� DQDO\VLV�RI� WKHVH�H[SHULPHQWDO� UHVXOWV� VKRZHG� WKDW� WKH�HIIHFWV�RI� WKH� LQMHFWLRQ�
YHORFLW\�DQG�R[\JHQ²QDWXUDO�JDV�MHW�VHSDUDWLRQ�RQ�12[�HPLVVLRQV�FRXOG�EH�FRUUHODWHG�E\�RQH�
VLPSOH�SDUDPHWHU�GHILQHG�DV�UDWLR�RI�WKH�R[\JHQ�²�QDWXUDO�JDV�GLVWDQFH�RYHU�WKH�R[\JHQ�QR]]OH�
GLDPHWHU��&RQVHTXHQWO\�12[� HPLVVLRQV� DUH�SULPDULO\� FRQWUROOHG�E\� WKH�GHJUHH�RI�GLOXWLRQ�RI�
LQFRPLQJ� UHDFWDQWV� E\� FRPEXVWLRQ� SURGXFWV� IURP� WKH� FROGHU�� ORZ� 2�� FRQWDLQLQJ� IXUQDFH�
UHFLUFXODWLRQ� ]RQH�� $VVXPLQJ� IUHH� MHW� EHKDYLRU�� LW� LV� HDVLO\� GHPRQVWUDWHG� IURP� WKH� 5LFRX�
6SDOGLQJ� MHW�HQWUDLQPHQW�HTXDWLRQ�>%pHU�DQG�&KLJLHU������@� WKDW� WKH�GHJUHH�RI�GLOXWLRQ�RI�WKH�
R[\JHQ�MHW�XQWLO�WKH�SRVLWLRQ�RI�LQWHUDFWLRQ�EHWZHHQ�WKH�WZR�MHWV�LV�SURSRUWLRQDO�WR�WKH�2��1*�
LQMHFWRUV�GLVWDQFH�RYHU�WKH�R[\JHQ�MHW�GLDPHWHU��

)URP� WKH� UHVXOWV� RI� WKH� VWXGLHV� SUHVHQWHG� DERYH�� WKH� GHVLJQ� JXLGHOLQHV� RI� D� ORZ�12[�
EXUQHU�ZLWK�DGMXVWDEOH�KHDW�WUDQVIHU�SURILOH�ZHUH�GHILQHG�DV�IROORZHG��

• 7KH� FRPEXVWLRQ� V\VWHP� VKRXOG� IHDWXUH� PHDQV� WR� FKDQJH� IURP� D� ORQJ�� KLJK�
PRPHQWXP� WR� D� VKRUW�� ORZ� PRPHQWXP� IODPH� LQ� RUGHU� WR� PRGLI\� WKH� D[LDO� KHDW� WUDQVIHU�
GLVWULEXWLRQ��

• 7KH� FRPEXVWLRQ� V\VWHP� VKRXOG� IDYRU� WKH� GLOXWLRQ� RI� UHDFWDQWV� E\� FRPEXVWLRQ�
SURGXFWV�DQG�SURPRWH�ORZ�SHDN�IODPH�WHPSHUDWXUH���

7KH�FULWHULD�DERYH�ZHUH�PHW�E\��0:�EXUQHU�SURWRW\SH�SUHVHQWHG�LQ�WKH�QH[W�SDUDJUDSK��
�

��� (;3(5,0(17$/�6(7�83�

)LJ����VKRZV�WKH�UHODWLYH�SRVLWLRQ�RI�WKH�QDWXUDO�JDV�DQG�R[\JHQ�LQMHFWRUV�LQ��0:�EXUQHU�
SURWRW\SH��)RU�WKH�H[SHULPHQWDO�WHVWV��D�WKLUG�FULWHULRQ�ZDV�DGGHG��IODPH�VWDELOLW\��7KLV�H[SODLQV�
WKH�H[LVWHQFH�RI�DQ�R[LGDQW�DGMRLQLQJ�WKH�QDWXUDO�JDV�LQMHFWRU�LQ�RUGHU�WR�SURPRWH�UDSLG�PL[LQJ�
EHWZHHQ�WKH�WZR�VWUHDPV��7KLV�IORZ��FDOOHG�LQ�WKH�IROORZLQJ�SDUDJUDSKV�´DGMRLQLQJµ��JXDUDQWHHV�
D� VWDEOH� UHDFWLRQ�]RQH� LPPHGLDWHO\�GRZQVWUHDP�RI� WKH�QDWXUDO� JDV� LQMHFWRU��EXW� LWV� UDWH�PXVW�
UHPDLQ�ORZ�HQRXJK�WR�DYRLG�D�KLJK�UDWH�RI�WKHUPDO�12�IRUPDWLRQ��
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7KH� UDWLR�RI� WKH� VHFRQGDU\�R[LGDQW�²�QDWXUDO� JDV� LQMHFWRU�GLVWDQFH�YHUVXV� WKH� VHFRQGDU\�
LQMHFWRU� GLDPHWHU� LV� KLJK� HQRXJK� WR� PHHW� WKH� FULWHULRQ� SURSRVHG� E\� $,5� /,48,'(��
)XUWKHUPRUH� WKH� VHFRQGDU\� LQMHFWRU� VHFWLRQ� VKRXOG� EH� VPDOO� HQRXJK� VR� WKDW� LQFUHDVLQJ� WKH�
VHFRQGDU\�R[LGDQW�UDWLR�OHDGV�WR�DQ�LQFUHDVH�LQ�WRWDO�EXUQHU�PRPHQWXP��7KH�SULPDU\�R[LGDQW�
LQMHFWRUV�VKRXOG�DOVR�PHHW�WKH�MHW�GLOXWLRQ�FULWHULRQ�DQG�DOORZ�LQMHFWLRQ�RI�DW�OHDVW�����RI�WKH�
WRWDO�R[LGDQW�UDWH��

,W�PXVW�EH�QRWHG� WKDW� FRPSDUHG� WR� WUDGLWLRQDO�EXUQHUV�EDVHG�RQ�D� VLQJOH� FHUDPLF�EORFN��
WKLV�EXUQHU�FRQVLVWV�RI�WZR�W\SHV�RI�VPDOO�FHUDPLF�EORFNV��RQH�IRU�WKH�VHFRQGDU\�R[\JHQ�ODQFHV��
DQG�RQH�IRU�WKH�QDWXUDO�JDV��DGMRLQLQJ�DQG�SULPDU\�R[\JHQ�LQMHFWRUV��$�FHUDPLF�EORFN�KHLJKW�RI�
����PP�LV�VXIILFLHQW�WR�DFFRPPRGDWH�LQMHFWRUV�IRU�EXUQHU�ILULQJ�UDWHV�XS�WR�����0:��

7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�WKH�$,5�/,48,'(�&5&'�SLORW�IXUQDFH��VHH�)LJ�����
7KLV�FHUDPLF�ILEHU�OLQHG�IXUQDFH�KDV�D�ORZ�WKHUPDO�LQHUWLD�DQG�FDQ�RSHUDWH�DW�D�ZDOO�WHPSHUDWXUH�
XS�WR������&��7KH�FRPEXVWLRQ�FKDPEHU�LV�����P�ORQJ��DQG�KDV�D�UHFWDQJXODU�FURVV�VHFWLRQ�RI�
���� E\� ���P�� 7KHVH� LQWHUQDO� GLPHQVLRQV� DUH� ODUJH� HQRXJK� WR� PLQLPL]H� IODPH� FRQILQHPHQW�
HIIHFWV�DQG�DOORZ�LQYHVWLJDWLQJ�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�IODPH�DHURG\QDPLFV�DQG�WKH�IXUQDFH�
UHFLUFXODWLRQ� ]RQHV��%DVHG� RQ� FRQVWDQW� YHORFLW\� VFDOLQJ� UXOHV�� H[DFW� DHURG\QDPLF� VLPLODULW\� LV�
REWDLQHG�EHWZHHQ�D����0:�IODPH�LQ�WKH�&5&'�IXUQDFH�DQG�D����0:�IODPH�LQ�D�IXUQDFH�ZLWK�
D�OHQJWK�RI����P�DQG�D�FURVV�VHFWLRQ�RI������E\�����P���

+HDW�H[WUDFWLRQ�DQG�IXUQDFH�RXWOHW�WHPSHUDWXUH�FRXOG�EH�YDULHG�E\�LQVXODWLQJ�WKH�VLGHV�RI�
WKH� ZDWHU�FRROHG� IXUQDFH� IORRU�� DQG� E\� FRYHULQJ� SDUW� RI� WKH� ZDWHU�FRROHG� SDQHOV� ZLWK� D�
UDGLDWLYH�VFUHHQ�FRQVLVWLQJ�RI�VLOLFRQ�FDUELGH�SDQHOV��7KH�IXUQDFH�URRI�D[LDO�WHPSHUDWXUH�SURILOH�
ZDV�PHDVXUHG� E\� ��� W\SH� 6� WKHUPRFRXSOHV�� $YHUDJH� IXUQDFH� WHPSHUDWXUH� LV� FDOFXODWHG�ZLWK�
GDWD�JLYHQ�E\�WKHVH����WKHUPRFRXSOHV��7KH�KHDW�H[WUDFWLRQ�SURILOH�ZDV�REWDLQHG�E\�FDORULPHWULF�
PHDVXUHPHQWV� RYHU� WKH� ��� ZDWHU�FRROHG� IORRU� SDQHOV�� $� VHW� RI� DQDO\]HUV� DQG� D� VXFWLRQ�
S\URPHWHU�PHDVXUHG�WKH�IOXH�JDV�FRPSRVLWLRQ��2���&2��&2���DQG�12[

��DQG�WHPSHUDWXUH���
9LGHR� FDPHUDV� ZHUH� SRVLWLRQHG� LQ� WKH� IXUQDFH� VLGH�� DQG� DERYH� WKH� IXUQDFH� KRUL]RQWDO�

H[KDXVW�VHFWLRQ��,PDJH�DQDO\VLV�ZDV�DFKLHYHG�� LQ�SDUWLFXODU�IOXFWXDWLRQ�LPDJHV�ZHUH�FDOFXODWHG�
LQ�RUGHU�WR�SXW�LQWR�HYLGHQFH�OXPLQRVLW\�IOXFWXDWLRQ�DQG�TXDQWLI\�IODPH�FRQWRXU��,Q�WKLV�FDVH��
IOXFWXDWLRQ�LPDJH�ZDV�GHILQHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�FXUUHQW�DQG�DYHUDJH�LPDJHV��

$Q� HOHFWULF� GDPSHU� LQ� WKH� FKLPQH\� GXFW� DOORZHG� UHJXODWLQJ� WKH� IXUQDFH� SUHVVXUH� DQG�
PLQLPL]LQJ�DLU�OHDNDJH�LQWR�WKH�IXUQDFH��)XUWKHU�GHWDLOV�RQ�WKLV�IXUQDFH�DQG�LWV�GLDJQRVWLFV�FDQ�
EH�IRXQG�LQ�>'XJXp������@��7KH�OHYHO�RI�QLWURJHQ�FRQFHQWUDWLRQ�LQ�WKH�IXUQDFH�GU\�IOXH�JDV�ZDV�
WDNHQ�DV�WKH�FRPSOHPHQW�RI�WKH��&2��2���FRQFHQWUDWLRQV�WR�������&DUH�ZDV�WDNHQ�WR�UHFRUG�
WLPH�DYHUDJHG�GDWD� IRU� VWDEOH� LQSXW� DQG�RXWSXW�SDUDPHWHUV��([SHULPHQWDO� FKDUDFWHUL]DWLRQ�RI�
WKH�EXUQHU�SURWRW\SH�LQYROYHG�SDUDPHWULF�PHDVXUHPHQWV�RI�IXUQDFH�KHDW�WUDQVIHU�SURILOH��IOXH�
JDV�WHPSHUDWXUH�DQG�12[�FRQFHQWUDWLRQ��$�WRWDO�RI�����ILULQJ�PRGHV�ZHUH�PHDVXUHG��

�

��� 5(68/76��
�

D�� ,QIOXHQFH�RI�VHFRQGDU\�R[\JHQ�UDWLR�RQ�IODPH�VWUXFWXUH�DQG�D[LDO�KHDW�WUDQVIHU�SURILOH�
�

7KH� LQIOXHQFH� RI� VHFRQGDU\� R[\JHQ� UDWLR� RQ� IODPH� VWUXFWXUH� LV� HPSKDVL]HG� E\� )LJ����
)OXFWXDWLRQ�LPDJHV�DUH�VKRZQ�DFFRUGLQJ�WR�IDFH�YLHZ�IRU�WKUHH�YDULRXV�R[LGDQW�UHSDUWLWLRQV��,Q�
WKHVH�WKUHH�FDVHV��DGMRLQLQJ�R[\JHQ�IORZ�UDWH�UHPDLQV�FRQVWDQW�DQG�UHSUHVHQWV�����RI�WKH�WRWDO�
R[\JHQ� IORZ� UDWH�� 7KH� UHSDUWLWLRQ� EHWZHHQ� SULPDU\� DQG� VHFRQGDU\� R[\JHQ� IORZV� LV� WKH� RQO\�
PRGLILHG�SDUDPHWHU��%XUQHU�SRZHU�LV�HTXDO�WR��0:�DQG�IXUQDFH�WHPSHUDWXUH�LV�DERXW������&��
)LJ��� VKRZV� WKH�HIIHFW�RI�R[LGDQW� VWDJLQJ�RQ� IODPH�ZLGWK��)RU� WKH� ORZHVW� VHFRQGDU\�R[LGDQW�
IORZ� UDWHV�� WZR� VHSDUDWHG� IODPH� FRQWRXUV� PD\� EH� GLVWLQJXLVKHG�� 2Q� WKH� RWKHU� KDQG� IRU� D�
VHFRQGDU\�R[\JHQ�UHSDUWLWLRQ�HTXDO�WR������WKH�WZR�UHDFWLRQV�]RQHV�DUH�DOPRVW�FRQWLJXRXV��,Q�
WKLV�FRQILJXUDWLRQ��IODPH�YROXPH�EHFRPHV�YHU\�ODUJH�VLQFH��0:�IODPH�LV�DERXW��P�ZLGH�DQG�
���P�ORQJ��

�
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)ODPH�YROXPH�HYROXWLRQ�DV�D�IXQFWLRQ�RI�VHFRQGDU\�R[\JHQ�UDWLR�KDV�DQ�LQIOXHQFH�RQ�D[LDO�
KHDW� WUDQVIHU�� )LJ��� VKRZV� WKDW� ORZ� FRPEXVWLRQ� VWDJLQJ� ����� R[\JHQ� LQ� VHFRQGDU\� IORZ��
HQDEOHV� WR�PD[LPL]H�KHDW� WUDQVIHU� FORVH� WR� WKH�EXUQHU�ZKHUHDV�KLJK� VWDJLQJ� �����VHFRQGDU\�
R[\JHQ�� DOORZV� PD[LPL]LQJ� KHDW� WUDQVIHU� DZD\� IURP� WKH� EXUQHU�� ,Q� WKH� ODWWHU� FDVH�� WKHUPDO�
SURILOH� LV� PXFK�PRUH� KRPRJHQHRXV� VLQFH� WKH�PD[LPDO� GLIIHUHQFH� RQ� WKHUPDO� IOX[� LV� DERXW�
��N:�� &RQVHTXHQWO\� WKH� GHVLJQ� RI� WKLV� QHZ� EXUQHU� DQVZHUV� RQH� RI� WKH� SUHYLRXVO\� GHILQHG�
SXUSRVHV��D�ODUJH�IOH[LELOLW\�IRU�WKH�D[LDO�KHDW�WUDQVIHU�GLVWULEXWLRQ��,W�PXVW�EH�SRLQWHG�RXW�WKDW�
WKH� YDOXH�RI� WKH� VHFRQGDU\�R[\JHQ� UDWLR� \LHOGLQJ� WKH�KLJKHVW�KHDW� H[WUDFWLRQ�PD\�EH� IXUQDFH�
GHSHQGHQW��DQG�LQ�SDUWLFXODU�GHSHQGDQW�RQ�WKH�SRVLWLRQ�RI�WKH�IOXH�JDV�GXFW�FRPSDUHG�WR�WKH�
EXUQHU�SRVLWLRQ��,W� LV�H[SHFWHG�WKDW� WKH�DELOLW\� WR�ILQH�WXQH�WKH�KHDW� WUDQVIHU�SURILOH�DORQJ�WKH�
IODPH�D[LV�VKRXOG�WUDQVODWH�LQ�LPSURYHPHQW�LQ�SURGXFW�TXDOLW\�LQ�PDQ\�IXUQDFH�W\SHV��

)ODPH�YROXPH�HYROXWLRQ�KDV�DOVR�DQ�HIIHFW�RQ�IXUQDFH� ORFDO� WHPSHUDWXUHV��)LJ���GLVSOD\V�
WKH� UHODWLRQ�EHWZHHQ� WKH�IXUQDFH� IURQW�VLGH��PLGGOH��EDFN�HQG�DQG�IOXH�JDV�WHPSHUDWXUHV� �VHH�
)LJ���IRU�WKH�SRVLWLRQ�RI�FRUUHVSRQGLQJ�WKHUPRFRXSOHV��DV�D�IXQFWLRQ�RI�WKH�VHFRQGDU\�R[\JHQ�
UDWLR�� ,W� VKRZV� WKDW� LQFUHDVLQJ� WKH� VHFRQGDU\� R[\JHQ� UDWLR� IURP� ��� WR� ���� LQFUHDVHV� WKH�
IXUQDFH�EDFN�HQG�WHPSHUDWXUH�E\����&��ZKLOH�GHFUHDVLQJ�WKH�IXUQDFH�IURQW�HQG�DQG�PD[LPXP�
URRI�WHPSHUDWXUHV�E\����&��)LJ���VKRZV�WKH�FRUUHODWLRQ�EHWZHHQ�EXUQHU�WRWDO�PRPHQWXP�DQG�
WKH�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�DQG�EDFN�HQG�WHPSHUDWXUHV��2Q�WKH�RQH�KDQG�LQFUHDVLQJ�
WKH� VHFRQGDU\� R[\JHQ� UDWLR� XS� WR� ���� �YHU\� ORZ� VWDJLQJ�� IODPH� VWUXFWXUH� VLPLODU� WR� WKLV�
REVHUYHG� LQ� VWDQGDUG�R[\�EXUQHUV�� FDXVHV� D�GHFUHDVH�RI� WKH� WRWDO� EXUQHU�PRPHQWXP�DQG� DQ�
HOHYDWLRQ�LQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�PLQXV�EDFN�HQG�WHPSHUDWXUHV�IURP�����WR�
����&��2Q�WKH�RWKHU�KDQG�LQFUHDVLQJ�WKH�VHFRQGDU\�R[\JHQ�UDWLR�IURP����WR�����OHDGV�WR�DQ�
LQFUHDVH� RI� WKH� WRWDO� EXUQHU� PRPHQWXP� DQG� D� UHGXFWLRQ� LQ� WKH� GLIIHUHQFH� EHWZHHQ� WKH�
PD[LPXP�PLQXV�EDFN�HQG�WHPSHUDWXUHV�IURP�����WR����&��$V�REVHUYHG�IURP�H[SHULHQFH�DQG�
LQWHUQDO� VWXGLHV�� WKH� LQFUHDVH� LQ� EXUQHU� PRPHQWXP� KDV� D� EHQHILFLDO� LPSDFW� RQ� WKH� IXUQDFH�
WHPSHUDWXUH�XQLIRUPLW\���

�
E�� 12[�HPLVVLRQV�

�

L�� ,QIOXHQFH�RI�VHFRQGDU\�R[\JHQ�UDWLR�
�

)LJ����VKRZV�WKH�HIIHFW�RI�VHFRQGDU\�R[\JHQ�UDWLR�RQ�12[�HPLVVLRQV�DV�D�IXQFWLRQ�RI�WKH�
DYHUDJH� IXUQDFH� WHPSHUDWXUH��7KH� IXUQDFH� WHPSHUDWXUH�ZDV�PRGLILHG� HLWKHU� E\� FKDQJLQJ� WKH�
KHDW� H[WUDFWLRQ�� RU� E\� FKDQJLQJ� WKH� ILULQJ� UDWH�� )RU� DOO� GDWD� VKRZQ� RQ� )LJ�� ��� WKH� QLWURJHQ�
FRQFHQWUDWLRQ� LQ� WKH� GU\� IOXH� JDV� ZDV� DURXQG� ������ 7KH� UHVXOWV� VKRZ� WKDW� IRU� D� VHFRQGDU\�
R[\JHQ�UDWLR�RI�����DQG�DQ�DGMRLQLQJ�R[\JHQ�UDWLR�EHWZHHQ����DQG������WKH�12[�HPLVVLRQV�
UDQJH�IURP���WR����SSP�IRU�DYHUDJH�IXUQDFH�WHPSHUDWXUHV�EHWZHHQ������DQG������&��%HFDXVH�
SXUH�R[\JHQ�FRPEXVWLRQ�OHDGV�WR�D�GU\�IOXH�JDV�YROXPH�UHGXFWLRQ�E\�D�IDFWRU�RI�DERXW������WKH�
12[�HPLVVLRQV�LQGLFDWHG�DERYH�DUH�HTXLYDOHQW�WR�12[�FRQFHQWUDWLRQV�RI�����WR���SSP������WR�
���PJ�1P���LQ�WKH�FRPEXVWLRQ�SURGXFWV�IURP�DLU�FRPEXVWLRQ���

7KURXJKRXW� WKH�H[SHULPHQWV�� LW�ZDV�QRWHG� WKDW� WKH�FRPELQDWLRQ�RI�DQ�DGMRLQLQJ�R[\JHQ�
UDWLR�RI� ���DQG� VHFRQGDU\�R[\JHQ� UDWLRV� DERYH����� OHG� WR� ODUJH�SUHVVXUHV� IOXFWXDWLRQV� DQG�
LQFUHDVHG�DLU�DVSLUDWLRQ�LQWR�WKH�IXUQDFH��8QGHU�H[WUHPH�FRQGLWLRQV��D�IODPH�ZLWK����DGMRLQLQJ�
R[\JHQ�UDWLR�DQG�ZLWK�����VHFRQGDU\�R[\JHQ�UDWLR�H[KLELWHG�LPSRUWDQW�FKDQJHV�LQ�WKH�IODPH�
UHDFWLRQ� ]RQH�� ZLWK� WZR� PDLQ�� OXPLQRXV� FRPEXVWLRQ� ]RQHV� ORFDWHG� DURXQG� WKH� VHFRQGDU\�
R[\JHQ� MHWV�� )URP� WKH� LQVWDQWDQHRXV� IXUQDFH� SUHVVXUH� GDWD�� WKH� VWDQGDUG� GHYLDWLRQ� RI� WKH�
SUHVVXUH�PHDVXUHPHQWV�ZDV�FDOFXODWHG��,W�VKRZHG�WKDW�WKH�IXUQDFH�SUHVVXUH�VWDQGDUG�GHYLDWLRQ�
LV� DERXW� FRQVWDQW� IRU� D� VHFRQGDU\� VWDJLQJ� UDWLR� IURP��� WR������ DQG� LQFUHDVHV� VKDUSO\� LQ� WKH�
UDQJH�IURP����WR������7KLV�HIIHFW�ZDV�REVHUYHG�H[SHULPHQWDOO\�IURP�WKH�LQFUHDVH�LQ�QLWURJHQ�
FRQWHQW� LQ� WKH� IOXH� JDV�� 8QGHU� YHU\� KLJK� VHFRQGDU\� R[\JHQ� VWDJLQJ� FRQGLWLRQV�� FORVLQJ� WKH�
FKLPQH\�GDPSHU�DQG�LQFUHDVLQJ�WKH�PHDQ�IXUQDFH�SUHVVXUH�WR�����PP�+���FRXOG�QRW�SUHYHQW�
WKH� LQFUHDVH� LQ�QLWURJHQ� FRQFHQWUDWLRQ� LQ� WKH� IOXH�JDV��7KXV�� DOWKRXJK�D�KLJK� VWDJLQJ� UDWLR� LV�
EHQHILFLDO�WR�PLQLPL]H�12[�HPLVVLRQV��LW�DSSHDUV�SUHIHUDEOH�QRW�WR�H[FHHG�D�VHFRQGDU\�R[\JHQ�
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UDWLR� RI� ���� LQ� RUGHU� WR� NHHS� SUHVVXUH� IOXFWXDWLRQV� DQG� DLU� DVSLUDWLRQ� WR� D� PLQLPXP�� 7KH�
VWDQGDUG�GHYLDWLRQ�RI�WKH�LQVWDQWDQHRXV�IXUQDFH�SUHVVXUH�FDQ�EH�XVHG�DV�D�XVHIXO� LQGLFDWRU�WR�
RSWLPL]H�WKH�EXUQHU�R[\JHQ�GLVWULEXWLRQ��

�

LL�� ,QIOXHQFH�RI�1LWURJHQ�FRQFHQWUDWLRQ�LQ�IOXH�JDV��

7KH�LQIOXHQFH�RI�QLWURJHQ�FRQFHQWUDWLRQ�LQ�IOXH�JDV�RQ�12[�HPLVVLRQV�ZDV�LQYHVWLJDWHG�IRU�
YDULRXV�DYHUDJH�IXUQDFH�WHPSHUDWXUHV�DQG�LV�GLVSOD\HG�LQ�)LJ�����>'XJXp������@�VKRZHG�WKDW�WKH�
12[�HPLVVLRQV�DUH�FRUUHODWHG�WR�WKH�QLWURJHQ�FRQFHQWUDWLRQ�LQ�WKH�IOXH�JDV�ZKDWHYHU�WKH�VRXUFH�
RI�QLWURJHQ��7KXV��IRU�D�VDPH�QLWURJHQ�FRQFHQWUDWLRQ�LQ�WKH�IOXH�JDV��SUHPL[LQJ�QLWURJHQ�LQ�WKH�
IXHO� RU� R[\JHQ� VXSSO\� OLQH� RU� DVSLUDWLQJ� DLU� LQWR� WKH� IXUQDFH� OHDGV� WR� QHDUO\� LGHQWLFDO� 12[�
HPLVVLRQV�� ,Q� WKH�SUHVHQW� H[SHULPHQWV�� WKH�QLWURJHQ�FRQFHQWUDWLRQ�ZDV� LQFUHDVHG�E\�RSHQLQJ�
WKH�FKLPQH\�GDPSHU��ZKLFK�UHGXFHG�WKH�IXUQDFH�SUHVVXUH�DQG�LQFUHDVHG�WKH�DLU�DVSLUDWLRQ�LQWR�
WKH�IXUQDFH��7KH�IXUQDFH�DYHUDJH�WHPSHUDWXUH�ZDV�PDLQWDLQHG�FRQVWDQW�E\�LQFUHDVLQJ�WKH�ILULQJ�
UDWH� WR� FRPSHQVDWH� WKH� DVSLUDWLRQ� RI� FROG� DLU�� 7KH� R[\JHQ� IORZ� UDWH� ZDV� DOVR� DGMXVWHG� WR�
PDLQWDLQ����2��LQ�WKH�GU\�IOXH�JDV���

)LJ���GLVSOD\V�12[�HPLVVLRQV�UHVXOWV�DV�D�IXQFWLRQ�RI�QLWURJHQ�FRQFHQWUDWLRQ� LQ�GU\�IOXH�
JDV� DQG� DYHUDJH� IXUQDFH� WHPSHUDWXUH�� ,W� PXVW� EH� QRWHG� WKDW� EHFDXVH� WKH� IOXH� JDV� YROXPH�
LQFUHDVHV� ZLWK� WKH� QLWURJHQ� FRQFHQWUDWLRQ�� 12[� FRQFHQWUDWLRQ� H[SUHVVHG� DV� D� YROXPH�
FRQFHQWUDWLRQ� GRHV� QRW� SURYLGH� D� WUXH� DVVHVVPHQW� RI� WKH� DEVROXWH� LQFUHDVH� LQ� 12[� DV� D�
IXQFWLRQ�RI�QLWURJHQ� LQ�WKH�IOXH�JDV��)RU�WKLV�SXUSRVH�� LW� LV�SUHIHUDEOH�WR�UHFDOFXODWH�WKH�12[�
HPLVVLRQV�DV�D�PDVV�SHU�XQLW�RI�IXHO�HQHUJ\��,W�FDQ�EH�REVHUYHG�WKDW�WKH�12[�HPLVVLRQV�RI�WKH�
GLOXWHG� MHW� EXUQHU� LQFUHDVH� DERXW� OLQHDUO\� ZLWK� WKH� QLWURJHQ� FRQFHQWUDWLRQ� DQG� H[SRQHQWLDOO\�
ZLWK�WKH�DYHUDJH�IXUQDFH�WHPSHUDWXUH��,W� LV�VLJQLILFDQW�WKDW�WKH�12[�HPLVVLRQV�RI�WKLV� W\SH�RI�
FRPEXVWLRQ� V\VWHP�DUH� FRQWUROOHG�SUHGRPLQDQWO\�E\� WKH� IXUQDFH� WHPSHUDWXUH� UDWKHU� WKDQ�E\�
WKH� WKHRUHWLFDO� DGLDEDWLF� IODPH� WHPSHUDWXUH�� 7KLV� LV� LQ� DJUHHPHQW� ZLWK� WKH� DVVHUWLRQ� WKDW�
EHFDXVH� RI� WKH� KLJK� MHW� VHSDUDWLRQ� DQG� LQMHFWLRQ� YHORFLWLHV�� WKH� SHDN� IODPH� WHPSHUDWXUH� LV�
VRPHZKDW� DERYH� WKH� IXUQDFH� WHPSHUDWXUH�� EXW� PXFK� EHORZ� WKH� WKHRUHWLFDO� DGLDEDWLF� IODPH�
WHPSHUDWXUH�REWDLQHG�IRU�XQGLOXWHG�UHDFWDQWV��)LJ����DOVR�VKRZV�WKDW�ZLWK����1��LQ�WKH�GU\�IOXH�
JDV��WKH�12[�HPLVVLRQV�UDQJH�IURP�����WR�����PJ�0-�IRU�DYHUDJH�IXUQDFH�WHPSHUDWXUHV�IURP�
����� WR� �����&�� ,W� LV� LQWHUHVWLQJ� WR� FRPSDUH� WKHVH� UHVXOWV� ZLWK� WKH� HPLVVLRQV� IURP� DLU�
FRPEXVWLRQ�� )RU� H[DPSOH�� WKH� FXUUHQW�12[� HPLVVLRQ� WDUJHW� RI� ���PJ�1P�� DW� ���2�� IRU�
JODVV�IXUQDFHV�LV��IRU�DLU�QDWXUDO�JDV�FRPEXVWLRQ��HTXLYDOHQW�WR����PJ�0-��

�

��� &21&/86,216�

7KH�SHUIRUPDQFH�RI�WKH�$,5�/,48,'(�'LOXWHG�-HW�EXUQHU�FRQFHSW�ZDV�FKDUDFWHUL]HG�E\�
SDUDPHWULF� PHDVXUHPHQWV� RI� IXUQDFH� KHDW� WUDQVIHU� SURILOH�� IOXH� JDV� WHPSHUDWXUH� DQG� 12[�
FRQFHQWUDWLRQ�IRU�D� WRWDO�RI�����ILULQJ�PRGHV��7KH�UHFRPPHQGHG�R[\JHQ�GLVWULEXWLRQ�RI� WKH�
'LOXWHG�-HW�EXUQHU�LV�WKH�IROORZLQJ���

��DQ�DGMRLQLQJ�R[\JHQ�UDWLR�RI���WR������LQ�RUGHU�WR�PDLQWDLQ�D�VWDEOH�IODPH�IURQW�DQG�
ORZ�IXUQDFH�SUHVVXUH�IOXFWXDWLRQV��

��D�VHFRQGDU\�R[\JHQ�UDWLR�EHWZHHQ����DQG������GHSHQGLQJ�RQ�WKH�UHTXLUHG�IODPH�KHDW�
UHOHDVH� DQG�KHDW� WUDQVIHU�SURILOH��ZLWK� WKH� UHPDLQLQJ�R[\JHQ� IORZ� LQWURGXFHG� WKURXJK� WKH�
SULPDU\�R[\JHQ�LQMHFWRUV��
,W�ZDV�VKRZQ�WKDW�E\�YDU\LQJ�WKH�VHFRQGDU\�R[\JHQ�UDWLR�EHWZHHQ����DQG������WKH�IXUQDFH�

KHDW�WUDQVIHU�SURILOH�DORQJ�WKH�IODPH�D[LV�FRXOG�EH�DGMXVWHG�DV�WR�UHGXFH�WKH�PD[LPXP�FURZQ�
WHPSHUDWXUH�E\����&�DQG�VLPXOWDQHRXVO\�LQFUHDVH�WKH�IXUQDFH�EDFN�HQG�WHPSHUDWXUH�E\����&��
7KXV�� IRU� D� EXUQHU� WKHUPDO� LQSXW� PDLQWDLQHG� FRQVWDQW�� WKH� GLIIHUHQFH� EHWZHHQ� PD[LPXP�
FURZQ� DQG�PLQLPXP� EDFN� HQG� WHPSHUDWXUH� FRXOG� EH� YDULHG� IURP� ����&� WR� D�PLQLPXP� RI�
���&��7KH�YDULDWLRQV�LQ�KHDW�WUDQVIHU�SURILOH�VKRZHG�D�PLQLPXP�LPSDFW�RQ�WKH�XOWUD�ORZ�12

[
�

SHUIRUPDQFH� DQG� WKH� RYHUDOO� IXUQDFH� KHDW� WUDQVIHU� HIILFLHQF\�� :KHQ� FRPSDUHG� WR� VWDQGDUG�
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EXUQHUV�ZLWK�IL[HG�FKDUDFWHULVWLFV��WKH�DELOLW\�WR�RSWLPL]H�WKH�IODPH�SURSHUWLHV�DQG�KHDW�WUDQVIHU�
SURILOH� WR�HDFK� LQGXVWULDO� IXUQDFH�JHRPHWU\� LV�H[SHFWHG�WR�KDYH�D�SRVLWLYH� LPSDFW�RQ�SURGXFW�
TXDOLW\��UHIUDFWRU\�ZHDU��DQG�IXHO�HIILFLHQF\���

8QGHU�RSWLPL]HG�FRQGLWLRQV��WKLV�EXUQHU�GHPRQVWUDWHG�12[�HPLVVLRQV�EHWZHHQ���DQG����
SSP��DW����2��DQG����1��LQ�GU\�IOXH�JDV��HTXLYDOHQW�WR�����WR�����PJ�0-���IRU�DYHUDJH�IXUQDFH�
WHPSHUDWXUHV�EHWZHHQ������DQG������&��UHVSHFWLYHO\��%HFDXVH�RI�WKH�FLUFD�WHQIROG�UHGXFWLRQ�LQ�
GU\� IOXH� JDV� YROXPH�� WKHVH� UHVXOWV� DUH� HTXLYDOHQW� WR� HPLVVLRQV�RI� ���� WR� �� SSP�12[� IRU� DLU�
FRPEXVWLRQ��)RU�DQ�DYHUDJH�IXUQDFH�WHPSHUDWXUH�RI������&�DQG�D�QLWURJHQ�FRQFHQWUDWLRQ�RI�
���� LQ� GU\� IOXH� JDV�� WKH� 12[� HPLVVLRQV� ZHUH� ��� SSP�� HTXLYDOHQW� WR� �����PJ�0-�� )RU� DQ�
DYHUDJH�IXUQDFH�WHPSHUDWXUH�RI������&�DQG�D�QLWURJHQ�FRQFHQWUDWLRQ�RI�����LQ�GU\�IOXH�JDV��
WKH� 12[� HPLVVLRQV� ZRXOG� EH� DERXW� ���SSP�� 7KLV� DELOLW\� WR� PDLQWDLQ� XOWUD� ORZ� 12[�
HPLVVLRQV�� HYHQ� XQGHU� KLJK� QLWURJHQ� FRQFHQWUDWLRQV� LQ� WKH� IXUQDFH� JDVHV�� DOORZV�
LPSOHPHQWDWLRQ� RI� WKLV� WHFKQRORJ\� LQ� LQGXVWULDO� IXUQDFHV� ILUHG�ZLWK� DLU� DQG� R[\JHQ� EXUQHUV��
)XUWKHUPRUH��DV�'LOXWHG�-HW�EXUQHU�FRQVLVWV�RI�WZR�W\SHV�RI�VPDOO�FHUDPLF�EORFNV�����PP�KLJK�
IRU� EXUQHU� ILULQJ� UDWHV� XS� WR� ����0:��� WKLV� EXUQHU� LV� YHU\� HDV\� WR� LPSOHPHQW� LQ� H[LVWLQJ�
JHRPHWULHV��

1H[W�SHUVSHFWLYHV�IRU�'LOXWHG�-HW�FRQFHSW�DUH�HVVHQWLDOO\�DERXW�WKH�IXHO�RLO�YHUVLRQ��)LJ�����
VKRZV�D�IDFH�YLHZ�RI�OLYH�IODPH�REWDLQHG�GXULQJ�WKH�ILUVW�H[SHULPHQWV��+HDW�WUDQVIHU�IOH[LELOLW\�
DQG�ORZ�12[�HPLVVLRQV�DOVR�WHQG�WR�EH�WKH�PDLQ�FKDUDFWHULVWLFV�RI�WKLV�IXHO�RLO�YHUVLRQ��

�
$&.12:/('*(0(176�

7KH�DXWKRUV�ZLVK�WR�DFNQRZOHGJH�-��'XJXp�IRU�WKH�FRQFHSWLRQ�RI�WKLV�QHZ�EXUQHU�DQG�WKH�
FRQWULEXWLRQ�RI�%��*UDQG�DQG�3��5HFRXUW�IRU�WKH�IXUQDFH�SUHSDUDWLRQ��7KH�DXWKRUV�DOVR�ZLVK�WR�
WKDQN�&��,PEHUQRQ�IRU�DVVLVWDQFH�LQ�SRVW�SURFHVVLQJ�RI�WKH�IXUQDFH�GDWD��
�

�

%HpU�-�0��DQG�&KLJLHU�1�$���&RPEXVWLRQ�DHURG\QDPLFV��$SSOLHG�6FLHQFH�3XEOLVKHUV��������D��

-�0�%HpU��5HFHQW�DGYDQFHV�LQ�WKH�7HFKQRORJ\�RI�IXUQDFH�IODPHV��-RXUQDO�RI�WKH�,QVWLWXWH�RI�)XHO��9RO�����
-XO\�������E��

'XJXp�-���&RPSDULVRQ�EHWZHHQ�KLJK�DLU�SUHKHDW�DQG�SXUH�R[\JHQ�FRPEXVWLRQ�LQ�SLORW�VFDOH�DQG�LQGXVWULDO�
IXUQDFHV����WK�,)5)�7RWHP�PHHWLQJ�±�©�+LJK�7HPSHUDWXUH�&RPEXVWLRQ�5HVHDUFK�IRU�,QGXVWU\�ª��
$NHUVORRW��7KH�1HWKHUODQGV��$SULO�������������

'XJXp�-���9RQ�'UDVHN�:���6DPDQLHJR�-�0���&KDURQ�2���2JXUR�7���$GYDQFHG�FRPEXVWLRQ�IDFLOLWLHV�
DQG�GLDJQRVWLFV��$PHULFDQ�-DSDQHVH�)ODPH�5HVHDUFK�&RPPLWWHHV�������,QWHUQDWLRQDO�6\PSRVLXP�
0DXL��+DZDLL��2FWREHU��������

)LQHW��6���,QYHVWLJDWLRQ�RQ�WKH�LQIOXHQFH�RI�WKH�EXUQHU�PRPHQWXP�DQG�IODPH�OHQJWK�RQ�IXUQDFH�D[LDO�KHDW�
WUDQVIHU�SURILOH��$,5�/,48,'(�5HSRUW��6HSWHPEHU������

+RWWHO�+��&���6DURILP�$��)���³5DGLDWLYH�WUDQVIHU´��0F*UDZ�+LOO��1HZ�<RUN�������
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