
3V\FKRORJ\�5HVHDUFK��1RYHPEHU�������9RO�����1R��������������
GRL��������������������������������

$Q�([SORUDWRU\�%HKDYLRUDO�6WXG\�LQ�&KLOGUHQ�RI�)RXU�<HDUV�RI�

$JH�RQ�WKH�+\SRWKHVLV�RI�D�7ZR�6WUHDPV�6\VWHP�LQ�7RXFK�

3HUFHSWLRQ�DQG�/DQJXDJH�'HYHORSPHQW�

'DYLG�&DWHOD��&DWDULQD�6LOYD��-RDQD�5HLV��$QD�3DXOD�6HDEUD�

3RO\WHFKQLF�,QVWLWXWH�RI�6DQWDUpP��6DQWDUpP��3RUWXJDO�

$�WZR�VWUHDPV�V\VWHP�VHHPV�WR�H[LVW�IRU�WDFWLOH�SHUFHSWLRQ��:H�DVNHG�NLQGHUJDUWHQ�FKLOGUHQ�WR�LGHQWLI\��VHPDQWLF��

DQG�GHVFULEH� WKH� IXQFWLRQ�RI�JUDVSHG�XQVHHQ� LQVWUXPHQWV�RI� WKHLU�GDLO\� OLIH� �IRUN��NQLIH�� VSRRQ��EUXVK�� WRRWKEUXVK��

SHQFLO��DQG�VFLVVRU���DQG� WKHQ�� WR�VLPXODWH� LWV�XVH� �SUDJPDWLF���7KH�FDSDFLW\� WR�GHVFULEH� WKH� IXQFWLRQ�RI� WKH�VHW�RI�

LQVWUXPHQWV�ZDV�VLJQLILFDQWO\�VXSHULRU�WR�WKDW�RI�LGHQWLI\LQJ�WKHP�E\�QDPH��DOWKRXJK�WKHUH�ZDV�D�VLJQLILFDQW�GLUHFW�

DVVRFLDWLRQ�EHWZHHQ� LGHQWLILFDWLRQ�DQG�GHVFULSWLRQ�RI� WKH� IXQFWLRQ� LQ� WKH� UHVSRQVHV� WR� WKH� VHW�RI� LQVWUXPHQWV��7KH�

VLPXODWLRQ�RI�WKH�LQVWUXPHQW�IXQFWLRQ�ZDV�RI�WZR�W\SHV���L��XVH WKH�FKLOG�VLPXODWHG�KRZ�WKH�LQVWUXPHQW�LV�JUDVSHG�

DQG�XVHG�� DQG� �LL�� LQFRUSRUDWLRQ WKH� FKLOG� VLPXODWHG� WKH� IXQFWLRQ�RI� WKH� LQVWUXPHQW�ZLWK�KHU�KLV� RZQ�KDQG��7KH�

UHVXOWV� VXSSRUW� WKH� K\SRWKHVLV� RI� D� WZR� VWUHDPV� WDFWLOH� V\VWHP� �VHPDQWLF� DQG� SUDJPDWLF��� DQG� WKDW� NLQGHUJDUWHQ�

FKLOGUHQ�KDYH�WKH�DELOLW\�WR�LQFRUSRUDWH�IXQFWLRQDO�SURSHUWLHV�RI�LQVWUXPHQWV�RI�WKHLU�GDLO\�OLIH��SUREDEO\�DV�D�VXSSRUW�

IRU�ODQJXDJH�GHYHORSPHQW��

.H\ZRUGV��FKLOGUHQ��ODQJXDJH�GHYHORSPHQW��WDFWLOH�SHUFHSWLRQ��WRRO��WZR�VWUHDPV�V\VWHP�

,QWURGXFWLRQ�

7KH�XVH�ZH�PDNH�RI�YLVXDO�LQIRUPDWLRQ�LV�SURFHVVHG�LQ�WZR�QHXURQDO�SDWKZD\V��WKH�YHQWUDO�SURYLGHV�YLVXDO�

LQIRUPDWLRQ� IRU�SHUFHSWLRQ��DQG� WKH�GRUVDO�SURYLGHV� LQIRUPDWLRQ� IRU�DFWLRQ�FRQWURO� �*RRGDOH�	�0LOQHU��������

0LOQHU� 	� *RRGDOH�� ������� 6LPLODUO\�� -HDQQHURG�� $UELE�� 5L]]RODWWL�� DQG� 6DNDWD� ������� S�� ����� SURSRVHG� D�

³VHPDQWLF�PRGH´� RI� SURFHVVLQJ� RI� VWLPXOL� LQ� WKH� YHQWUDO� IORZ� DQG� D� ³SUDJPDWLF�PRGH´� LQ� WKH� GRUVDO� RQH��$�

VLPLODU�QHXUDO�RUJDQL]DWLRQ�VHHPV�WR�H[LVW�IRU�WDFWLOH�SHUFHSWLRQ��3DLOODUG��0LFKHO��	�6WHOPDFK��������5RVVHWWL��

������$QHPD�HW�DO����������

,Q� NLQGHUJDUWHQ� FKLOGUHQ�� SK\VLFDO� FRQWDFW� ZLWK� REMHFWV� DQG� WKHLU� PDQLSXODWLRQ�� LQ� WKH� FRQWH[W� RI�

VSRQWDQHRXV�SOD\��DOORZV� WKHP�WR�GHWHFW�SHUFHSWXDO�DQG� IXQFWLRQDO�DWWULEXWHV� WKDW�GLIIHUHQWLDWH� WKHP�IURP�RQH�

DQRWKHU�DQG�ZKLFK�ZLOO�DOORZ�WKH�IRUPDWLRQ�RI�REMHFW�FRQFHSW�QHFHVVDU\�IRU� WKH�XVH�RI� WKH�ZRUG��EHFDXVH�WKH�

FKLOG� UHODWHV� WKH� REMHFW� ZLWK� PHDQLQJV� JHQHUDWHG� LQ� WKH� FRQWH[W� RI� WKHLU� DFWLRQV� �/LIWHU� 	� %ORRP�� �������

'DYLG�&DWHOD��3K�'���$SSOLHG�3V\FKRORJ\�&RRUGLQDWRU��8,,36���/LIH�4XDOLW\�5HVHDUFK�&HQWHU��&,(49���3RO\WHFKQLF�,QVWLWXWH�RI�
6DQWDUpP��6DQWDUpP��3RUWXJDO��
&DWDULQD�6LOYD��/LF���+LJKHU�6FKRRO�RI�(GXFDWLRQ��3RO\WHFKQLF�,QVWLWXWH�RI�6DQWDUpP��6DQWDUpP��3RUWXJDO��
-RDQD�5HLV��/LF���+LJKHU�6FKRRO�RI�(GXFDWLRQ��3RO\WHFKQLF�,QVWLWXWH�RI�6DQWDUpP��6DQWDUpP��3RUWXJDO��
$QD�3DXOD�6HDEUD��0�6F���&KLOG�'HYHORSPHQW�0RWRU�'HYHORSPHQW��$SSOLHG�3V\FKRORJ\�0HPEHU��8,,36���3RO\WHFKQLF�,QVWLWXWH�

RI�6DQWDUpP��6DQWDUpP��3RUWXJDO��

$!6)$²²05",)3().'

$²
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GHYHORSLQJ� WKH�DELOLW\� WR�FRQQHFW�PHDQLQJ�DQG�UHIHUHQWLDO�DQG�HVVHQWLDO� LQ�ZRUG� OHDUQLQJ��%ORRP��������� ,W� LV�

DOVR�LQ�WKH�FRQWH[W�RI�WKH�REMHFW�DQG�LWV�IXQFWLRQDOLWLHV�WKDW�ZH�ILQG�WKH�FRQFHSW�RI�UHFRJQLWLYH�JHVWXUH��GHILQHG�DV�

D� VW\OL]HG� PRWRU� DFWLRQ� SURGXFHG� LQ� WKH� DVVRFLDWHG� REMHFW�� ZKLFK� LQGLFDWHV� WKH� DELOLW\� RI� WKH� FKLOG� WR�

LQWHQWLRQDOO\�DVVLJQ�PHDQLQJ�DQG�SURYLGHV�KLP�KHU�ZLWK�D�ZD\�RI�SUDFWLFLQJ�WKH�PHDQLQJ�WKDW�LV�DVVRFLDEOH�ZLWK�

WKH� ZRUG�� LQ� FRQFUHWH� FRQWH[WV� �&DSLUFL�� &RQWDOGR�� &DVHOOL�� 	� 9ROWHUUD�� ������ 9ROWHUUD�� &DVHOOL�� &DSLUFL�� 	�

3L]]XWR���������%HFDXVH��FRQWUDU\�WR�WKH�KLJKO\�DEVWUDFW�ZRUG�UHIHUHQWLDO�OLQNLQJ��UHTXLULQJ�WKH�SDLULQJ�RI�VRXQGV�

SURGXFHG�ZLWK�D�PHDQLQJ��WKH�OLQN�EHWZHHQ�WKH�UHFRJQL]LQJ�JHVWXUH�DQG�LWV�UHIHUHQW�LV�FRQFUHWH��,YHUVRQ���������

7KDW�ZD\��WKH�FKLOG�LV�DOVR�FDSDEOH�RI�SURGXFLQJ�PHDQLQJ��ZKLFK�FDQ�EH�UHFRJQL]HG�E\�WKH�RWKHU��,YHUVRQ���������

7KHVH� JHVWXUHV� EHFRPH� UHSUHVHQWDWLRQDO�� L�H��� SURGXFHG� E\� HPSW\� KDQGV�� EHFRPLQJ� SDUW� RI� WKH� FKLOG¶V�

FRPPXQLFDWLYH�UHSHUWRLUH�DQG�XVXDOO\�DSSHDU�EHIRUH�WKH�FRUUHVSRQGHQFH�EHWZHHQ�UHSUHVHQWDWLRQDO�JHVWXUH�DQG�

ZRUG� �&DSLUFL� HW� DO��� ������� %\� SURYLGLQJ� REMHFW�UHIHUHQWLDO� FRPSRQHQWV� RI� DQ� REMHFW�UHIHUHQW�� JHVWXUHV� FDQ�

VRIWHQ� WKH� UHTXLUHPHQWV� RI� WKH� GHYHORSPHQW� RI� V\PEROLF� VNLOOV� DQG� KHOS� WKH� FKLOG� LQ� WKH� WUDQVLWLRQ� WR� KLJKO\�

DEVWUDFW�UHODWLRQVKLSV�EHWZHHQ�ZRUG�DQG�UHIHUHQW��,YHUVRQ��&DSLUFL��	�&DVHOOL���������

&RQVLGHULQJ�WKH�UROH�RI�SHUFHSWXDO�PRWRU�DFWLYLW\�LQ�WKH�DELOLW\�WR�UHSUHVHQW�WKH�IXQFWLRQDOLWLHV�RI�REMHFWV�E\�

FKLOGUHQ� �&DSLUFL� HW� DO��� ������ 9ROWHUUD� HW� DO��� ������� ZH� LQWHQG� ZLWK� WKLV� EHKDYLRUDO� VWXG\� WR� H[SORUH� WKH�

K\SRWKHVLV�RI�D�WZR�ZD\�V\VWHP�LQ�WDFWLOH�SHUFHSWLRQ��3DLOODUG�HW�DO���������5RVVHWWL��������$QHPD�HW�DO����������

0HWKRGV�

6DPSOH�

7KH�VDPSOH�LV�FRPSRVHG�RI����FKLOGUHQ�����JLUOV��DOO�IRXU�\HDUV�ROG��IURP�DQ�LQVWLWXWLRQ�RI�VRFLDO�VROLGDULW\�

DQG�IURP�D�SXEOLF�.LQGHUJDUWHQ��,QIRUPHG�FRQVHQW�DQG�DVVHQW�ZHUH�REWDLQHG��RQH�FKLOG�UHIXVHG�WR�SHUIRUP�WKH�

DFWLYLW\� DQG� DQRWKHU� JDYH� XS� EHIRUH� H[SORULQJ� WKH� ODVW� WZR� REMHFWV�� 7KH� SURFHGXUHV� XVHG� FRPSO\� ZLWK�

LQWHUQDWLRQDO�VWDQGDUGV�IRU�KXPDQ�H[SHULPHQWDWLRQ��

3URFHGXUHV�DQG�3URWRFRO�

:H�DVNHG�WKH�FKLOG�WR�LGHQWLI\��VHPDQWLF�PRGH��DQG�GHVFULEH�WKH�IXQFWLRQ�RI�WKH�LQVWUXPHQWV�RI�HYHU\GD\�

OLIH��ZLWKRXW�DFFHVV�WR�YLVXDO�LQIRUPDWLRQ��DQG�WKHQ�WR�VLPXODWH�WKHLU�XVH��SUDJPDWLF�PRGH���

%HKLQG�D�YLVXDO�EDUULHU��D�FDUGERDUG�ER[��ZKLFK�KDG�WZR�DFFHVV�WXQQHOV�WR�WKH�KLGGHQ�VLGH��SODFHG�RQ�WRS�RI�

D�FKLOG¶V� WDEOH��ZDV�SODFHG�HDFK�LQVWUXPHQW�DW�D� WLPH��7KH�FKLOG�ZDV�VHDWHG�LQ�IURQW�RI� WKH�YLVXDO�EDUULHU��DQG�

WKUXVWLQJ�KLV�KHU�KDQGV�LQWR�WKH�WXQQHOV��VRXJKW�DQG�JUDVSHG�WKH�LQVWUXPHQW��H[SORULQJ�LW�WDFWLFDOO\��ZLWKRXW�WLPH�

OLPLW�� 7KH� H[SHULPHQWHU�ZDV� RQ� WKH� KLGGHQ� VLGH� RI� WKH� EDUULHU� DQG� KDG� WKH� LQVWUXPHQWV� KLGGHQ� LQ� DQ� RSDTXH�

SDFNDJH��VHH�)LJXUH�����

)RU� WLPLQJ� RI� HDFK� FKLOG¶V� UHVSRQVHV�� WKH� IROORZLQJ� FULWHULD�ZHUH� IROORZHG��7LPH� UHFRUGLQJ�ZDV� VWDUWHG�

ZKHQ�WKH�FKLOG�JUDEEHG�RU�UHFHLYHG�WKH�LQVWUXPHQW�DQG�ZDV�VWRSSHG�ZKHQ�VKH�VWDUWHG�WKH�YHUEDO�UHVSRQVH��7KH�

FKLOGUHQ¶V�YHUEDO�UHVSRQVHV�ZHUH�UHFRUGHG�LSVLV�YHUELV��

7KH�FROOHFWLRQV�ZHUH�GRQH�LQGLYLGXDOO\��LQ�D�TXLHW�VSDFH��ZLWK�SUHVHQFH�RI�DGXOW�NQRZQ�WR�WKH�FKLOG��7KH�

VHOHFWHG�REMHFWV�ZHUH� WKH� VDPH� IRU� DOO� FKLOGUHQ� DQG� LGHQWLFDO� WR� WKRVH�XVHG� LQ� WKHLU� GDLO\� OLIH� DW� KRPH�DQG� LQ�

NLQGHUJDUWHQ��QDPHO\���EOXQW�WLS��SHQFLOV��WRRWKEUXVK��SODVWLF�JULGGOH�FRPE���EOXQW�WLSSHG��VFLVVRUV��SODVWLF�NQLIH��

SODVWLF� IRUN� �ZLWK� URXQGHG� WLSV��� DQG� SODVWLF� VSRRQ��7KH� REMHFWV�ZHUH� SUHVHQWHG� RQH� DW� D� WLPH�� WKHLU� RUGHU� RI�

SUHVHQWDWLRQ�DOWHUQDWHV�DPRQJ�FKLOGUHQ�LQ�WKUHH�GLIIHUHQW�SVHXGR�UDQGRP�VHTXHQFHV��7KH�DFWLYLW\�ZDV�SUHVHQWHG�

WR� WKH�FKLOG�DV� D�JDPH� WKDW� FRQVLVWHG� LQ�GLVFRYHULQJ�ZKDW�REMHFW�ZDV�JUDEELQJ�DQG�ZKDW� LW� VHUYHG�� WDVNV� WKDW�
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ZHUH�DOWHUQDWHG�EHWZHHQ�WKH�FKLOGUHQ��,I�WKH�FKLOG�DQWLFLSDWHG�WKH�H[SHULPHQWHU¶V�TXHVWLRQ��KLV�KHU�UHVSRQVH�ZDV�

UHFRUGHG��DQG�WKHQ��WKH�H[SHULPHQWHU�DVNHG�WKH�PLVVLQJ�TXHVWLRQ��,Q�FDVH�RI�DQ�LQFRUUHFW�DQVZHU��QR�FRUUHFWLRQ�

DQG�QR�IXUWKHU�TXHVWLRQLQJ�ZHUH�PDGH��

(DFK� LQVWUXPHQW�ZDV�SODFHG�RQ� WKH�FKLOG¶V�PHGLDQ� OLQH��7KH�H[SHULPHQWHU�ZDV�DEOH� WR�RULHQW� WKH�FKLOG¶V�

KDQGV�WR�WKH�LQVWUXPHQW�RU�KDQG�LW�RYHU�LI�WKH�FKLOG�FRXOG�QRW�ILQG�LW��7KH�FKLOG�ZDV�DEOH�WR�WDNH�WKH�WLPH�KH�VKH�

ZDQWHG� WR�H[SORUH�HDFK� LQVWUXPHQW�� ,I� WKH�FKLOG� UHYHDOHG�DQ[LHW\��ZRUU\��GLVWUHVV��RU� IHDU�� LW�ZDV�H[SODLQHG� WR�

KLP�KHU� WKDW� LW� ZDV� RQO\� D� JDPH� WKDW� KH�VKH� ZDV� QRW� EHLQJ� HYDOXDWHG� DQG� WKDW� FRXOG� VWRS� SOD\LQJ� LI� KH�VKH�

ZDQWHG��,I�WKHVH�VLJQV�SHUVLVWHG��WKH�DFWLYLW\�ZDV�LQWHUUXSWHG�DQG�ZDV�WROG�KLP�KHU�QRW�WR�ZRUU\��

)LJXUH����([SHULPHQWDO�FRQWH[W�IRU�YHUEDO�QDPLQJ�FRQGLWLRQV�RI�WKH�LQVWUXPHQW�DQG�GHVFULSWLRQ�RI�LWV�IXQFWLRQ��

6WDWLVWLFDO�$QDO\VHV�

'DWD�ZHUH� VWDWLVWLFDOO\� WUHDWHG� LQ� WKH� ,%0�6366�SURJUDP�� Y����� DW� D� VLJQLILFDQFH� OHYHO� RI� ������)LVKHU¶V�

H[DFW�WHVW��S���WR�QDPH�DQG�GHVFULEH�IXQFWLRQ��DQG�WKH�8�0DQQ�:KLWQH\�WHVW��=���WLPH�LQ�WKH�WDVN�ZLWK�HIIHFW�VL]H�

HVWLPDWLRQ�>U@�DQG�0DQQ�:KLWQH\�*ODVV¶�ELVVHULDO�FRUUHODWLRQ�>UUE@��ZHUH�XVHG�IRU�FRPSDULVRQ�EHWZHHQ�JHQGHUV��

ZLWK� 0RQWH� &DUOR� �QXPEHU� RI� VDPSOHV �������� OHYHO� RI� FRQILGHQFH� LQWHUYDO ������ 7KH� &RFKUDQ� 4� WHVW�

�QDPLQJ�DQG�IXQFWLRQ�GHVFULSWLRQ���DQG�WKH�)ULHGPDQ�WHVW��;U
����WLPH� LQ� WKH� WDVN���ERWK�ZLWK�0RQWH�&DUOR� WHVW�

�QXPEHU� RI� VDPSOHV �������� FRQILGHQFH� LQWHUYDO� OHYHO ������ IROORZHG� E\� WKH�0F1HPDU� WHVW� �S�� DQG� WKH�

:LOFR[RQ� WHVW� �7�� �ZLWK� HIIHFW� VL]H� >U@� HVWLPDWLRQ� DQG� :LOFR[RQ¶� ELVVHULDO� FRUUHODWLRQ� FRHIILFLHQW� >UUE@���

UHVSHFWLYHO\��ZLWK�%RQIHUURQL�FRUUHFWLRQ��7KH�SUREDELOLW\�RI�HUURU�ZDV�RI������� WZR�VLGHG��7KH�0F1HPDU� WHVW�

ZDV� DOVR� XVHG� WR� FRPSDUH� WKH� WRWDO� QXPEHU� RI� FRUUHFW� DQVZHUV� IRU� QDPLQJ� DQG� GHVFULELQJ� WKH� LQVWUXPHQWV¶�

IXQFWLRQ�� 7KH� FRHIILFLHQW� RI� FRQWLQJHQF\� �&�� ZDV� XVHG� WR� YHULI\� WKH� DVVRFLDWLRQ� EHWZHHQ� WKH� WRWDO� FRUUHFW�

DQVZHUV�IRU�QDPLQJ�DQG�GHVFULELQJ�LQVWUXPHQWV¶�IXQFWLRQ��ZLWK�0RQWH�&DUOR�WHVW��QXPEHU�RI�VDPSOHV ��������

OHYHO�RI�FRQILGHQFH�LQWHUYDO ������

5HVXOWV�

)RU�WKH�IUHTXHQF\�RI�WKH�FRUUHFW�QDPLQJ�DQG�WKH�FRUUHFW�GHVFULSWLRQ�RI�WKH�IXQFWLRQ�RI�WKH�LQVWUXPHQWV��E\�

LQVWUXPHQW� DQG� IRU� DOO� LQVWUXPHQWV�� WKHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� DPRQJ� JHQGHUV�� )RU� WKH� VHW� RI�

LQVWUXPHQWV��JLUOV�WRRN�VLJQLILFDQWO\�OHVV�WLPH�������������V��0G� ����V��WR�DQVZHU�TXHVWLRQV�DERXW�WKHLU�QDPH�
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DQG� WKHLU� IXQFWLRQ� WKDQ� ER\V� ������� �� ����V��0G�  � ���V�� �=�  � ��������S � ������� U�  � ������ UUE�  � ������� %\�

LQVWUXPHQW�� IRU� WKH�EUXVK�� WKH�JLUOV� WRRN�VLJQLILFDQWO\� OHVV� WLPH�������������V��0G� ����V�� WR�DQVZHU�TXHVWLRQV�

DERXW�LW�QDPH�DQG�LW�IXQFWLRQ�WKDQ�ER\V��������������V���=� ���������S ��������U� �������UUE� ��������DV�ZHOO�DV�

IRU�VFLVVRUV��=� ���������S� �������U� �������UUE� �������������������V��0G� ����V��������������V��0G� �����V��

UHVSHFWLYHO\���)RU�WKH�UHPDLQLQJ�LQVWUXPHQWV��QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�JHQGHUV�ZHUH�REVHUYHG��

7KH� LQVWUXPHQW� ZLWK� WKH� KLJKHVW� IUHTXHQF\� RI� FRUUHFW� LGHQWLILFDWLRQ� ZDV� WKH� VSRRQ� ���� LQ� ��� FKLOGUHQ��

�������� IROORZHG�E\�WKH�IRUN����� LQ����FKLOGUHQ���������DQG� WKH� OHDVW� IUHTXHQWO\� LGHQWLILHG�FRUUHFWO\�ZDV�WKH�

NQLIH��IRXU�RXW�RI����FKLOGUHQ����������SUHFHGHG�E\�WKH�SHQFLO�����LQ����FKLOGUHQ����������WKH�WRRWKEUXVK��DQG�

WKH�VFLVVRUV��ERWK����LQ����FKLOGUHQ����������

$PRQJ�DOO�WKH�LQVWUXPHQWV��WKH�FKLOGUHQ�VKRZHG�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�IUHTXHQF\�RI�FRUUHFW�QDPLQJ�

�4�������� �������S�����������RI�FRUUHFW�GHVFULSWLRQ�RI�WKHLU�IXQFWLRQ��4�������� ��������S�����������DQG�RI�WKH�

WLPH�WDNHQ�WR�JLYH�ERWK�UHVSRQVHV��;U
��������� ��������S����������:� ��������,Q�WKH�IUHTXHQF\�RI�FRUUHFW�QDPLQJ��

WKH�VSRRQ�ZDV�VLJQLILFDQWO\�PRUH�IUHTXHQW�WKDQ�WKH�NQLIH�DQG�WKH�SHQFLO��S� ���������WKH�EUXVK��WRRWKEUXVK��DQG�

VFLVVRUV�ZHUH�VLJQLILFDQWO\�PRUH�IUHTXHQW�WKDQ�WKH�NQLIH��S� ���������S� ���������DQG�S� ��������UHVSHFWLYHO\���

7KH�UHVSRQVH�WLPH�IRU�WKH�VSRRQ�ZDV�VLJQLILFDQWO\�ORZHU�WKDQ�WKDW�IRU�WKH�VFLVVRUV��=� ���������S ���������U� �

������UUE� ��������IRU�WKH�WKH�EUXVK��=� ���������S ���������U� �������UUE� ��������IRU�WKH�NQLIH��=� ���������S ��

�������U� �������UUE� ��������IRU�WKH�WKH�IRUN��=� ���������S ��������U� �������UUE� ��������DQG�IRU�WKH�WRRWKEUXVK�

�=� ���������S ���������U� �������UUE� ��������

7KH� FDSDFLW\� WR� GHVFULEH� WKH� IXQFWLRQ� RI� WKH� VHW� RI� LQVWUXPHQWV� ZDV� VLJQLILFDQWO\� VXSHULRU� WR� WKDW� RI�

LGHQWLI\LQJ�WKHP�E\�WKH�QDPH��S� ���������DOWKRXJK�WKHUH�ZDV�D�VLJQLILFDQW�GLUHFW�DVVRFLDWLRQ�EHWZHHQ�IXQFWLRQ�

LGHQWLILFDWLRQ�DQG�GHVFULSWLRQ�LQ�WKH�UHVSRQVHV�IRU�WKH�VHW�RI�LQVWUXPHQWV��&� ��������S ����������

7KH� VLPXODWLRQ�RI� WKH� IXQFWLRQ�RI� WKH� LQVWUXPHQWV� RFFXUUHG� LQ� D� QXPEHU� VLPLODU� WR� WKDW� RI� WKHLU� QDPLQJ�

�VSRRQ ����IRUN ����VFLVVRUV ����WRRWKEUXVK�DQG�EUXVK ����SHQFLO ����DQG�NQLIH ����EHLQJ�GHWHFWHG�RQH�

HUURU��WRRWKEUXVK�LQVWHDG�RI�KDLUEUXVK���7KH�VLPXODWLRQ�RI�WKH�LQVWUXPHQW�IXQFWLRQ�ZDV�RI�WZR�W\SHV���L��XVH WKH�

FKLOG� VLPXODWHG� KRZ� WKH� LQVWUXPHQW� LV� JUDVSHG� DQG� XVHG�� DQG� �LL�� LQFRUSRUDWLRQ WKH� FKLOG� VLPXODWHG� WKH�

IXQFWLRQ� RI� WKH� LQVWUXPHQW� ZLWK� KLV�KHU� RZQ� KDQG�� 7KH� VLPXODWLRQ� RI� WKH� VFLVVRUV� IXQFWLRQ� ZDV� DOZD\V� RI�

LQFRUSRUDWLRQ�W\SH�����FKLOGUHQ� LQ����UHJLVWUDWLRQV���FORVLQJ�DQG�VHSDUDWLQJ�WKH� LQGH[�DQG� WKH�PHGLXP�ILQJHUV�

VWUHWFKHG��DV�ZHOO�DV�WKDW�RI�WKH�FRPE�����FKLOGUHQ�LQ����UHJLVWUDWLRQV���XVLQJ�WKH�KDQG�H[WHQGHG�WR�SDVV�WKURXJK�

WKH�KDLU�LQ�D�YHUWLFDO�GRZQZDUG�PRYHPHQW��2FFDVLRQDOO\��WKH�FKLOGUHQ�VLPXODWHG�WKH�XVH�RI�WKH�IRUN�XVLQJ�D�IHZ�

ILQJHUV�VWUHWFKHG�RI� WKH�KDQG�� LQ�D�GRZQZDUG�PRYHPHQW� WRZDUGV� WKH� WDEOH� WRS� �ILYH�FKLOGUHQ� LQ���� UHJLVWHUV���

2QH�FKLOG��LQ�WKUHH�FKLOGUHQ��XVHG�WKH�UDGLDO�HGJH�RI�WKH�KDQG�WR�VLPXODWH�NQLIH�FXWWLQJ��,Q�WKH�VLPXODWLRQ�RI�WKH�

XVH�RI�WKH�SHQFLO��WZR�FKLOGUHQ�XVHG�WKH�FORVHG�KDQG�DQG�WKH�UHPDLQLQJ�RQHV�WKH�KDQG�LQ�D�WULSRG�³JUDVS´��$Q�

DQHFGRWDO� UHFRUG� DERXW� D� FKLOG�ZKR�� GXULQJ� WDVNV�ZLWKRXW� YLVXDO� LQIRUPDWLRQ�� GLG� QRW� QDPH� DQG�GHVFULEH� WKH�

IXQFWLRQ�RI�WKH�VFLVVRUV��EXW�VLPXODWHG�WKHLU�IXQFWLRQ�ZLWK�WKH�ILQJHUV��LQ�WKH�LQFRUSRUDWLRQ�W\SH��

'LVFXVVLRQ�

:H�PXVW�DOZD\V�UHPHPEHU�WKDW�WKH�FKLOGUHQ�IHOW�DQG�PDQLSXODWHG�WKH�LQVWUXPHQWV�EXW�GLG�QRW�VHH�WKHP��

.QRZOHGJH�RI�LQVWUXPHQW�QDPHV�PD\�EH�DVVRFLDWHG�ZLWK�KRZ�RIWHQ�WKH\�XVHG�WKHP�RQ�D�GD\�WR�GD\�EDVLV��

7KLV�ZLOO�H[SODLQ�ZK\�WKH�VSRRQ�LV�LGHQWLILHG�E\�DOPRVW�DOO�FKLOGUHQ��EXW�WKH�NQLIH�RQO\�E\�VRPH��3UREDEO\��WKLV�

NQRZOHGJH�DOVR�SURYLGHG�D�IDVWHU�YHUEDO�UHVSRQVH��+RZHYHU��NQLIH�ZDV�RI�SODVWLF��PHDQLQJ�WKDW�ZLWK�OHVV�ZHLJKW��

DQG�DW�WKH�PRPHQW��ZH�GR�QRW�NQRZ�LI�WKLV�FRQVWUDLQW�DIIHFWHG�FKLOGUHQ�UHVSRQVHV��
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,Q�WKH�FRQWH[W�RI�D�UHIOHFWLRQ�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�PRWRU�H[SHULHQFH�DQG�ODQJXDJH�GHYHORSPHQW��LW�

HPHUJHV� WKDW� WKHVH� FKLOGUHQ� KDYH� VKRZQ�PRUH� VXFFHVV� LQ� GHVFULELQJ� WKH� IXQFWLRQ� RI� WKH� LQVWUXPHQWV� WKDQ� LQ�

QDPLQJ�WKHP��&DSLUFL�HW�DO���������9ROWHUUD�HW�DO����������DV�LI�WKH�IXQFWLRQ�ZHUH�D�QHFHVVDU\�SUHPLVH�WR�DIIL[�D�

QDPH�WR�DQ�LQVWUXPHQW��,YHUVRQ���������OLNH�WKDW�FKLOG�ZKR�GLG�QRW�NQRZ�WKH�QDPH�DQG�FRXOG�QRW�GHVFULEH�WKH�

IXQFWLRQ� RI� WKH� VFLVVRUV�� EXW� VLPXODWHG� LW� IXQFWLRQ� ZLWK� KLV�KHU� ILQJHUV� �,YHUVRQ� HW� DO��� ������� 7KLV� W\SH� RI�

VLPXODWLRQ��ZKLFK�ZH� FDOOHG� LQFRUSRUDWLRQ�� EHFDXVH� WKH� FKLOG� XVHV� SDUWV� RI� KLV�KHU� ERG\� DV� LI� WKH\�ZHUH� WKH�

LQVWUXPHQW�LQ�DFWLRQ��EHLQJ�WKH�PRVW�EODWDQW�FDVHV�WKH�VFLVVRUV�DQG�WKH�FRPE���FDQ�EH�UHYHDOLQJ�RI�KRZ�DQG�WR�

ZKDW�H[WHQW�WKH�LQVWUXPHQWV�DUH�DQG�DUH�LQWHJUDWHG�LQWR�RXU�FHQWUDO�QHUYRXV�V\VWHP�LQ�D�SUDJPDWLF�ZD\��DQG�DW�

WKHVH� DJHV� PRUH� SURIRXQGO\� WKDQ� LQ� WKH� VHPDQWLF� PRGH�� $QG� WKDW� WKHVH� WZR� PRGHV�� PRVW� SUREDEO\�

LQWHUFRQQHFWHG��DV�LV�VXVWDLQDEOH�E\�WKH�DVVRFLDWLRQ�IRXQG�DPRQJ�QDPLQJ�DQG�IXQFWLRQ�GHVFULSWLRQ��ZLOO�LQ�VRPH�

ZD\�DOVR�EH�VSHFLILF��DV�LW�LV�VXVWDLQHG�E\�WKH�DIRUHPHQWLRQHG�VXSHULRU�DELOLW\�WR�GHVFULEH�LWV�IXQFWLRQ��EXW�DOVR�

E\�PRWRU�FDSDFLW\�WR�UHSUHVHQW�LW��HYHQ�ZKHQ�WKH\�FDQQRW�QDPH�WKH�LQVWUXPHQW�WKDW�RZQV�LW��

&RQFOXVLRQ�

7KH� UHVXOWV� RI� WKH� VWXG\� VXSSRUW� WKH� K\SRWKHVLV� RI� D� WZR�ZD\� WDFWLOH� V\VWHP� �VHPDQWLF� DQG� SUDJPDWLF��

�3DLOODUG�HW�DO���������5RVVHWWL��������$QHPD�HW�DO����������ZLWK�OLQNV�WR�VSHHFK�FHQWHUV��7KH�UHVXOWV�DOVR�UHYHDO�

WKDW�NLQGHUJDUWHQ�FKLOGUHQ�KDYH�WKH�DELOLW\�WR�LQFRUSRUDWH�DQG�UHSUHVHQW�IXQFWLRQDO�SURSHUWLHV�RI�LQVWUXPHQWV�RI�

WKHLU�GDLO\�OLIH��&DSLUFL�HW�DO����������)LQDOO\��WKH�UHVXOWV�REWDLQHG�DOORZ�XV�WR�VXSSRVH�WKDW��DW�WKHVH�DJHV��WKH�XVH�

RI�DQ�LQVWUXPHQW�FRQVWUDLQV�WKH�DSSURSULDWLRQ�RI�LWV�QDPH��HYHQ�WKRXJK�WKH�GD\�WR�GD\�LQVWUXPHQWV�DUH�YLVXDOO\�

DYDLODEOH�LQ�WKHLU�IRUP��EXW�DOVR�LQ�WKHLU�IXQFWLRQ��E\�DGXOWV��WR�WKH�FKLOGUHQ��
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