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$XWKRU� %HQHGLFW�6ORWWH

1DPH�RI�WKHVLV� $FRXVWLFV�VLPXODWLRQ�LQ�PRELOH�SKRQH�DXGLR�GHVLJQ

'DWH� ���������� 1XPEHU�RI�SDJHV� ���

'HSDUWPHQW� (OHFWULFDO�DQG�&RPPXQLFDWLRQV�(QJLQHHULQJ

3URIHVVRUVKLS� $FRXVWLFV�DQG�DXGLR�VLJQDO�SURFHVVLQJ

6XSHUYLVRU� 0DWWL�.DUMDODLQHQ��3URI�

,QVWUXFWRU� -XKD�%DFNPDQ��06F

7KLV� WKHVLV�GHDOV�ZLWK� WKH�DSSOLFDWLRQ�RI�DFRXVWLFV�PRGHOOLQJ�DQG�VLPXODWLRQ�SULQFL�
SOHV�DQG�WRROV�WR�DFRXVWLFV�GHVLJQ�RI�PRELOH�SKRQHV�DQG�DFFHVVRULHV��HVSHFLDOO\�HDU�
SLHFHV�� 7KH� DFRXVWLFDO�PHFKDQLFDO� FRQVWUXFWLRQ� RI� D� W\SLFDO� PRELOH� SKRQH� DQG� LWV
DFFHVVRULHV�LV�RYHUYLHZHG��FRQFHQWUDWLQJ�RQ�WKH�KDQGSRUWDEOH�HDUSLHFH��7KH�DFRXVWL�
FDO�EHKDYLRXU�RI�WKH�HDUSLHFH�LQ�ERWK�QRUPDO�XVH�DQG�LQ�W\SH�DSSURYDO�PHDVXUHPHQWV
LV�H[DPLQHG� LQ�PRUH�GHWDLO��ZKLOH�DW� WKH�VDPH� WLPH� WKH�FRQFHSW�RI� OHDN� WROHUDQFH� LV
LQWURGXFHG��*XLGHOLQHV�IRU�WKH�GHVLJQ�RI�OHDN�WROHUDQW�HDUSLHFHV�DUH�GHULYHG�

$�EDVLF�WRROER[�IRU�DFRXVWLFV�VLPXODWLRQ�RI�PRELOH�SKRQHV�DQG�WKHLU�DFFHVVRULHV
LV� EXLOW� DV� D� ´PDFUR´� FROOHFWLRQ� LQVLGH� WKH�0LFUR�&DS�9� FLUFXLW� VLPXODWRU� SURJUDP�
6RPH� PRGHOV� DUH� GHULYHG� IURP� UHVXOWV� SXEOLVKHG� LQ� OLWHUDWXUH�� 'RFXPHQWDWLRQ� LV
DGGHG� WR� HDFK� PRGHO� WR� GHVFULEH� LWV� XVDJH� DQG� LWV� OLPLWDWLRQV�� %DVLF� WKHRUHWLFDO
SULQFLSOHV�EHKLQG�HTXLYDOHQW�FLUFXLWV�DQG�DFRXVWLFV� VLPXODWLRQ�DUH� LQWURGXFHG��ZKLOH
H[DPLQLQJ� EULHIO\� WKH� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� DFRXVWLFV� VLPXODWLRQ� ZKHQ
DSSOLHG�WR�UHDO�ZRUOG�HOHFWURPHFKDQRDFRXVWLFDO�FRQVWUXFWLRQV�

7KH�FUHDWHG�VLPXODWLRQ�WRROV�DV�ZHOO�DV�WKH�GHVLJQ�JXLGHOLQHV�DUH�SXW�WR�XVH�WR�
JHWKHU�LQ�SUDFWLFH�WR�GHVLJQ�D�SURSHU�PHFKDQLFDO�DFRXVWLFDO�VROXWLRQ�IRU�WKH�HDUSLHFH
LQ�D�FRPPHUFLDO�SKRQH��7KH�JRRG�SHUIRUPDQFH�RI�WKH�VLPXODWLRQ�WRROV�LV�YHULILHG�E\
HYDOXDWLQJ�SRVVLEOH�HDUSLHFH�VROXWLRQV��DQG�E\�FRPSDULQJ�PHDVXUHPHQWV�DQG�VLPXOD�
WLRQV�RI�KDUGZDUH�SURWRW\SHV�

.H\ZRUGV� 6LPXODWLRQ��PRGHOOLQJ��OHDN�WROHUDQFH��HDUSLHFH
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7HNLMl� %HQHGLFW�6ORWWH

7\|Q�QLPL� $NXVWLLNNDPDOOLQQXV�PDWNDSXKHOLQWHQ�DXGLRVXXQQLWWHOXVVD

3lLYlPllUl� ���������� 6LYXPllUl� ���

2VDVWR� 6lKN|��MD�WLHWROLLNHQQHWHNQLLNDQ�RVDVWR

3URIHVVXXUL� $NXVWLLNND�MD�llQHQNlVLWWHO\WHNQLLNND

9DOYRMD� 0DWWL�.DUMDODLQHQ��SURI�

2KMDDMD� -XKD�%DFNPDQ��GLSO��LQV�

7lPl�GLSORPLW\|�NlVLWWHOHH� DNXVWLLNNDPDOOLQQXNVHQ� MD� �VLPXORLQQLQ�SHULDDWWHLGHQ� MD
W\|NDOXMHQ� Nl\WW|l� PDWNDSXKHOLQWHQ�� HULW\LVHVWL� PDWNDSXKHOLQWHQ� NXXORNNHLGHQ�
DNXVWLVHVVD� VXXQQLWWHOXVVD�� 7DYDQRPDLVHQ� PDWNDSXKHOLPHQ� MD� VHQ� OLVlODLWWHLGHQ
DNXVWLVWD�PHNDDQLVWD� UDNHQQHWWD� NlVLWHOOllQ� O\K\HVWL�� NHVNLWW\HQ� HQQHQ� NDLNNHD� SX�
KHOLPHQ� NXXORNNHHVHHQ�� .XXORNNHHQ� DNXVWLVWD� Nl\WWl\W\PLVWl�� VHNl� QRUPDDOLVVD
Nl\WW|WLODQWHHVVD� HWWl� W\\SSLK\YlNV\QWlPLWWDXNVLVVD�� NlVLWHOOllQ� V\YlOOLVHPPLQ�
6DPDOOD�PllULWHOOllQ�YXRWRVLHWRLVXXV�NlVLWH��VHNl�MRKGHWDDQ�Nl\WW|NHOSRLVLD�VXXQQLW�
WHOXRKMHLWD�YXRWRVLHWRLVWHQ�NXXORNNHLGHQ�VXXQQLWWHOXD�YDUWHQ�

.RNRHOPD�SHUXVW\|NDOXMD�PDWNDSXKHOLQWHQ� MD� RKHLVODLWWHLGHQ� DNXVWLLNDQ� VLPX�
ORLQWLD�YDUWHQ� ODDGLWDDQ�0LFUR�&DS�9��SLLULVLPXORLQWLRKMHOPDDQ�´PDNUR´�NRNRHOPDQ
PXRGRVVD��0XXWDPD�PDOOL�MRKGHWDDQ�NLUMDOOLVXXGHVVD�HVLWHW\LVWl�WXORNVLVWD��-RNDLVHHQ
PDOOLLQ�OLLWHWllQ�PDOOLQ�Nl\WW|WDSDD�MD�UDMRLWXNVLD�NXYDDYD�WHNVWL��(VLWHWllQ�VLMDLVN\W�
NHQW|MHQ�MD�DNXVWLLNNDVLPXORLQQLQ�SHUXVSHULDDWWHHW��NlVLWHOOllQ�O\K\HVWL�HGXW�MD�KDLWDW
VRYHOOHWWDHVVD�VLPXORLQWLD�Nl\WlQQ|Q�VlKN|PHNDQRDNXVWLVLLQ�UDNHQWHLVLLQ�

6LPXORLQWLW\|NDOXW� MD� VXXQQLWWHOXRKMHHW� Nl\WHWllQ� \KGHVVl� NDXSDOOLVHQ�PDWND�
SXKHOLPHQ� NXXORNNHHQ� PHNDQLLNND��DNXVWLLNNDUDWNDLVXQ� VXXQQLWWHOXXQ�� 6LPXORLQ�
WLW\|NDOXMHQ� K\Yl� WRLPLYXXV� YDUPLVWHWDDQ� Nl\PlOOl� OlSL� MRXNNR� PDKGROOLVLD� NXX�
ORNHUDWNDLVXMD� VHNl� YHUWDDPDOOD� VLPXORLQWLWXORNVLD� MD�PLWWDXVWXORNVLD� SURWRW\\SHLVWl
NHVNHQllQ�

$YDLQVDQDW� 6LPXORLQWL��PDOOLQQXV��YXRWRVLHWRLVXXV��NXXORNH
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3UHIDFH

7KLV�PDVWHU�RI�VFLHQFH� WKHVLV�ZDV�ZULWWHQ�PDLQO\�GXULQJ�P\� WKLUG�\HDU�RI�HPSOR\PHQW�DW
1RNLD�0RELOH�3KRQHV��6DOR��)LQODQG��,�VWDUWHG�WKH�ZRUN�OHDGLQJ�WR�WKLV�WKHVLV�LQ�WKH�VXPPHU
RI������DV�DQ�DXGLR�GHVLJQ�HQJLQHHU�� DFTXLULQJ�H[SHULHQFH� LQ�DFRXVWLFV�GHVLJQ�RI�PRELOH
SKRQHV��7KH�WKHVLV�ZDV�ILQLVKHG�LQ�WKH�VSULQJ�RI�������:LWKRXW�WKH�H[SHULHQFH�WKDW�WKH�WZR
ILUVW�\HDUV�JDYH�PH� ,�ZRXOG�QRW�KDYH�KDG� WKH�QHFHVVDU\�NQRZOHGJH� WR� ILQLVK�D�ZRUN� OLNH
WKLV�

&DUO� 3ROG\� RI�3KLOLSV�6SHDNHU�6\VWHPV��9LHQQD��$XVWULD�� RQH� RI�P\�PRVW� YDOXDEOH
FRQWDFWV�ZLWK�ZKRP�,�KDYH�H[FKDQJHG�WKHRUHWLFDO� LGHDV��PRGHOV��DQG�H[SHULHQFH��ZDV� WKH
RQH�ZKR�LQVSLUHG�PH�LQ� WKH�ILUVW�SODFH� WR�FKRRVH�DFRXVWLFV�VLPXODWLRQ�DV� WKH� WRSLF�RI� WKLV
WKHVLV�� 0\� LQVWUXFWRU� DQG� FROOHDJXH�� -XKD� %DFNPDQ�� VKDUHV� P\� LQWHUHVW� LQ� WKHRUHWLFDO
DFRXVWLFV�DQG�KDV�DOVR�JLYHQ�PH�YHU\�YDOXDEOH�LQIRUPDWLRQ�DERXW�OLWHUDWXUH�RQ�WKH�VXEMHFW�
0\�VXSHULRUV�DW�WKH�FRPSDQ\��$UWR�6DLODMRNL��-DUL�5RPR��-XKD�5DXVVL�DQG�,VPR�3HOWRQHQ�
KDYH�DOORZHG�PH�WR�VSHQG�PRVW�RI�WKH�WKLUG�\HDU�ZULWLQJ�WKLV�WKHVLV�ZKLOH�UHGXFLQJ�P\�WLPH
VSHQW�DW�WKH�RIILFH��ZKLFK�KDV�IHOW�YHU\�FRPIRUWDEOH�DQG�PRWLYDWLQJ��&UHGLWV�JR�DOVR�WR�2OOL
1LHPL�ZKR�ZDV�P\�SDUWQHU�DW�WKH�EHJLQQLQJ�RI�P\�HPSOR\PHQW��P\�VXSHUYLVRU�3URI��0DWWL
.DUMDODLQHQ�RI�+HOVLQNL�8QLYHUVLW\�RI�7HFKQRORJ\��DQG�ILQDOO\�WR�DOO�RWKHU�FROOHDJXHV�DQG
SHRSOH�WRR�PDQ\�WR�PHQWLRQ�KHUH�

:KLOH�ZULWLQJ�WKLV�WKHVLV�,�KDG�WKUHH�JRDOV�LQ�PLQG�

• WR�FUHDWH�D�GRFXPHQW�WKDW�FRXOG�EH�XVHG�E\�RWKHU�SHRSOH�DV�DQ�HGXFDWLQJ�DQG�LQWHUHVWLQJ
LQWURGXFWLRQ�WR�DFRXVWLFV�PRGHOOLQJ�DQG�VLPXODWLRQ�

• WR� OHDYH�EHKLQG�PH�D�SLHFH�RI�JRRG�GRFXPHQWDWLRQ�RI� WKH�GHYHORSPHQW�RI� WKH�SURGXFW
ZKRVH�GHVLJQ�,�ZDV�LQYROYHG�LQ��DQG

• WR�FUHDWH�D�EDVLF�WRROER[�IRU�DFRXVWLFV�VLPXODWLRQ�WKDW�FRXOG�EH�XVHG�LQ�WKH�IXWXUH�

)LQLVKLQJ�WKLV� WKHVLV�DQG�LWV�DFFRPSDQ\LQJ�VLPXODWLRQ�PRGHO�FROOHFWLRQ�KDV�WDNHQ�D� ORW�RI
WLPH��EXW�,�DP�YHU\�VDWLVILHG�ZLWK�WKH�UHVXOW�DQG�,�KRSH�WKDW�WKH�ZKROH�GRFXPHQW�FDQ�EH�RI
JRRG�XVH�WR�RWKHU�SHRSOH�ZKR�ZDQW�WR�OHDUQ�PRUH�DERXW�WKLV�LQWHUHVWLQJ�WRSLF�

�%HQHGLFW�6ORWWH
�����������
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��,QWURGXFWLRQ ������������������������������������������������������������������������������������������������������������ ���

��$�W\SLFDO�PRELOH�SKRQH ������������������������������������������������������������������������������������������ ���
����7KH�KDQGSRUWDEOH�DQG�LWV�DFFHVVRULHV ��������������������������������������������������������������� ���

������7KH�KDQGSRUWDEOH �������������������������������������������������������������������������������������� ���
������&RPPRQ�DFFHVVRULHV �������������������������������������������������������������������������������� ���

����6SHHFK�WUDQVPLVVLRQ ����������������������������������������������������������������������������������������� ���
������7KH�QHWZRUN ���������������������������������������������������������������������������������������������� ���
������6SHHFK�SURSHUWLHV�DQG�FRGLQJ������������������������������������������������������������������� ���
������7UDQVGXFHUV����������������������������������������������������������������������������������������������� ���
������7\SH�DSSURYDO ������������������������������������������������������������������������������������������� ���

����8VHU�LQWHUIDFH���������������������������������������������������������������������������������������������������� ���
������$OHUWLQJ ����������������������������������������������������������������������������������������������������� ���
������.H\SDG�WRQHV�DQG�RWKHU�VLJQDOV ���������������������������������������������������������������� ���

��$XGLR�WUDQVGXFHUV �������������������������������������������������������������������������������������������������� ���
����3ULQFLSOHV�RI�RSHUDWLRQ�������������������������������������������������������������������������������������� ���

������'\QDPLF�WUDQVGXFHUV �������������������������������������������������������������������������������� ���
������(OHFWURPDJQHWLF�WUDQVGXFHUV��������������������������������������������������������������������� ���
������(OHFWUHW�WUDQVGXFHUV����������������������������������������������������������������������������������� ���
������3LH]RHOHFWULF�WUDQVGXFHUV �������������������������������������������������������������������������� ���

����7UDQVGXFHU�FKRLFHV ������������������������������������������������������������������������������������������� ���
������(DUSLHFHV�DQG�HDUSKRQHV��������������������������������������������������������������������������� ���
������/RXGVSHDNHUV �������������������������������������������������������������������������������������������� ���
������0LFURSKRQHV ��������������������������������������������������������������������������������������������� ���
������%X]]HUV������������������������������������������������������������������������������������������������������ ���

��3ULQFLSOHV�RI�DFRXVWLFV�VLPXODWLRQ������������������������������������������������������������������������� ���
����7KH�NH\V�WR�DFRXVWLFV�VLPXODWLRQ���������������������������������������������������������������������� ���
����$QDORJLHV ���������������������������������������������������������������������������������������������������������� ���

������7KH�WKUHH�SULPDU\�GRPDLQV����������������������������������������������������������������������� ���
������5DGLDWLRQ�DV�D�IRXUWK�GRPDLQ�������������������������������������������������������������������� ���
������6XPPDU\�RI�DQDORJLHV ������������������������������������������������������������������������������ ���

����%DVLF�FRPSRQHQWV�DQG�TXDQWLWLHV ��������������������������������������������������������������������� ���
������*HQHUDO�LPSHGDQFH ����������������������������������������������������������������������������������� ���
������5HVLVWDQFH ������������������������������������������������������������������������������������������������� ���
������,QGXFWDQFH������������������������������������������������������������������������������������������������� ���
������&DSDFLWDQFH����������������������������������������������������������������������������������������������� ���
������,QWHUFRQQHFWLQJ�WKH�GRPDLQV��������������������������������������������������������������������� ���

����$GYDQWDJHV�RI�VLPXODWLRQ��������������������������������������������������������������������������������� ���
������(YDOXDWLRQ�RI�EDVLF�VROXWLRQV�������������������������������������������������������������������� ���
������7UDQVGXFHU�VSHFLILFDWLRQ������������������������������������������������������������������������� ����
������7XQLQJ�DQG�RSWLPL]DWLRQ������������������������������������������������������������������������� ����
������9HULILFDWLRQ ��������������������������������������������������������������������������������������������� ����
������:KHQ�PHDVXUHPHQW�LV�KDUG�RU�LPSRVVLEOH���������������������������������������������� ����

����5HVWULFWLRQV ����������������������������������������������������������������������������������������������������� ����
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������1RQOLQHDULW\ �������������������������������������������������������������������������������������������� ����
������0RGHO�DYDLODELOLW\����������������������������������������������������������������������������������� ����
������3K\VLFDO�VL]H�YHUVXV�ZDYHOHQJWK������������������������������������������������������������� ����
������7UDQVGXFHU�LUUHJXODULWLHV������������������������������������������������������������������������� ����
������7KH�UHDOLW\�LV�WKUHH�GLPHQVLRQDO ������������������������������������������������������������� ����
������8QNQRZQ�GLPHQVLRQV ����������������������������������������������������������������������������� ����
������&RQYHUJHQFH ������������������������������������������������������������������������������������������� ����

��%XLOGLQJ�FLUFXLWV�IRU�VLPXODWLRQ ���������������������������������������������������������������������������� ���
����6WDUWLQJ�SRLQW�DQG�PHWKRGV������������������������������������������������������������������������������� ���

������2EMHFWLYHV ������������������������������������������������������������������������������������������������� ���
������6LPXODWRU�IHDWXUHV������������������������������������������������������������������������������������� ���

����6\VWHP�WRSRORJ\ ����������������������������������������������������������������������������������������������� ���
������7UDQVGXFHUV����������������������������������������������������������������������������������������������� ���
������0HDVXULQJ�HTXLSPHQW ������������������������������������������������������������������������������� ���
������/RDGV��������������������������������������������������������������������������������������������������������� ���
������'ULYLQJ�FLUFXLWU\ ��������������������������������������������������������������������������������������� ���
������6LJQDOV������������������������������������������������������������������������������������������������������� ���
������6HOHFWLRQ�RI�EXLOGLQJ�EORFNV ��������������������������������������������������������������������� ���

����$FRXVWLFV�VLPXODWLRQ�DV�SDUW�RI�D�GHYHORSPHQW�SURFHVV����������������������������������� ���
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,QWURGXFWLRQ������

�� ,QWURGXFWLRQ

7KLV� WKHVLV� GHDOV� ZLWK� WKH� DSSOLFDWLRQ� RI� ZHOO�NQRZQ� HOHFWURQLFV� VLPXODWLRQ� PHWKRGV� WR
DFRXVWLFV� GHVLJQ� RI�PRELOH� SKRQHV��ZKLFK� LV� EHFRPLQJ� DQ� LQFUHDVLQJO\� FKDOOHQJLQJ� WDVN�
7KLV�LV�GXH�WR�VHYHUDO�GLIIHUHQW�UHDVRQV��0RELOH�SKRQHV�DUH�UDSLGO\�EHFRPLQJ�D�SDUW�RI�HYH�
U\GD\�OLIH�LQ�PRUH�DQG�PRUH�FRXQWULHV��<HW�WKHUH�DUH�VWLOO�RQO\�D�IHZ�KLJKO\�SHQHWUDWHG�DU�
HDV�� SDUWLFXODUO\� 6FDQGLQDYLD�� WKH� 86$� DQG� $XVWUDOLD�� DQG� LQ� ODUJH� SDUWV� RI� WKH� ZRUOG� D
PRELOH� SKRQH� LV� D� UDULW\�� 7KH� SULFHV� RI� PRELOH� SKRQHV� KDYH� EHHQ� JRLQJ� GRZQ� VWHDGLO\
ZKLFK� FRPELQHG�ZLWK� WKH� ORZ�SHQHWUDWLRQ� KDV� OHDG� WR� HQRUPRXV�PDUNHW� JURZWK�� 7KH� LQ�
FUHDVLQJ�QXPEHU�RI�SRWHQWLDO�PRELOH�SKRQH�XVHUV�DQG�WKH�UDSLG�WHFKQRORJ\�LPSURYHPHQW��LQ
DGGLWLRQ� WR� ORZ� PDUNHW� SULFHV�� LPSOLHV� DJJUHVVLYH� FRPSHWLWLRQ� ZKHUH� PDQXIDFWXUHUV� DUH
IRUFHG�WR�DFKLHYH�EHWWHU�TXDOLW\�LQ�DOO�DUHDV��$XGLR�SHUIRUPDQFH�LV�RQH�RI�WKHVH��DQG�LW�KDV
QRW�EHHQ�WRR�JUHDW�D�FRQFHUQ�XQWLO�TXLWH�UHFHQWO\��0HWKRGV�WKDW�VSHHG�XS�WKH�SURGXFW�GHYHO�
RSPHQW�SURFHVV�RU�UHGXFH�WKH�KDUGZDUH�SURWRW\SH�QHHG�DUH�YHU\�ZHOFRPH�

0DQ\� DXGLR� VLJQDO� SURFHVVLQJ�PHWKRGV� DUH� DYDLODEOH� LQ�PRGHUQ�PRELOH� WHOHSKRQ\�
7KHVH� DUH� XVHG� PDLQO\� WR� LPSURYH� WKH� TXDOLW\� RI� WUDQVPLWWHG� VSHHFK�� EXW� D� SDUW� RI� WKH
DFRXVWLFDO�EHKDYLRXU�RI�WKH�SKRQH�ZLOO�DOZD\V�UHPDLQ�DQ�RXWFRPH�RI�LWV�EDVLF�PHFKDQLFDO�
DFRXVWLFDO�GHVLJQ��0HFKDQLFDOO\��PRELOH�SKRQHV�DUH�JHWWLQJ�VPDOOHU�DOO�WKH�WLPH��ZKLOH�WKHLU
SHUIRUPDQFH�LV�LPSURYLQJ�DQG�QHZ�VROXWLRQV�DUH�LQYHQWHG��7KH�VKULQNLQJ�GLPHQVLRQV�DGG�WR
WKH�FKDOOHQJH�RI�JRRG�DFRXVWLFV�GHVLJQ�

,Q�YLHZ�RI�WKHVH�WUHQGV�LW�LV�D�JRRG�FKRLFH�WR�VWDUW�XWLOL]LQJ�PRGHOOLQJ�RU�VLPXODWLRQ
PHWKRGV� LQ� DXGLR� DQG� DFRXVWLFV� GHVLJQ�� -XVW� DV� DQ� HOHFWULF� FLUFXLW� FDQ� EH� ILQH�WXQHG� DQG
RSWLPL]HG�E\�VLPXODWLRQ��VR�FDQ�WKH�DFRXVWLFDO�SDUWV�RI�D�PRELOH�SKRQH�XVLQJ�WKH�PHWKRGV
GHVFULEHG� LQ� WKLV� WKHVLV�� 7KH�0LFUR�&DS� 9� FRPSXWHU� VLPXODWLRQ� V\VWHP�� GHYHORSHG� E\
6SHFWUXP�6RIWZDUH��ZDV�FKRVHQ�IRU�WKH�VLPXODWLRQV�FDUULHG�RXW�LQ�WKLV�WKHVLV��7KH�SXUSRVH
RI� WKH� WKHVLV� LV� WR� GHVFULEH� WKH� SULQFLSOHV� EHKLQG� VLPXODWLRQ�� DQG� WR� DSSO\� VLPXODWLRQ� WR
VRPH�UHDO�DFRXVWLFV�SUREOHPV�LQ�PRELOH�SKRQHV�

$� VSHFLDO� FROOHFWLRQ� RI� DFRXVWLFV� VLPXODWLRQ�PRGHOV�� WDLORUHG� HVSHFLDOO\� IRU�PRELOH
SKRQH�DQG�DFFHVVRU\�DFRXVWLFV�VLPXODWLRQ��ZDV�FUHDWHG�WR�DLG�LQ�WKH�QHFHVVDU\�VLPXODWLRQV�
6RPH� RI� WKHVH� PRGHOV� QHHGHG� DGGLWLRQDO� GHULYDWLRQV� IURP� VHSDUDWH� UHVXOWV� SUHVHQWHG� LQ
DFRXVWLFV�OLWHUDWXUH�LQ�RUGHU�WR�REWDLQ�XQLI\LQJ��JHQHUDO�PRGHOV��7KH�FRQFHSW�RI�OHDN�WROHU�
DQFH� LV� GHILQHG� DQG� H[DPLQHG� LQ� IXUWKHU� GHWDLO��2QH� FKDSWHU� LV� GHGLFDWHG� WR� WKH� SUDFWLFDO
DVSHFWV�RI� WKH�GHYHORSPHQW�RI�D�QHZ�DFRXVWLFV� VROXWLRQ� LQ�D�1RNLD�SKRQH��$OVR�� WKH�SHU�
IRUPDQFH�RI�DFRXVWLFV�VLPXODWLRQ�LQ�JHQHUDO�LV�GLVFXVVHG�ZLWKLQ�WKH�VFRSH�RI�WKLV�WDVN�



$�W\SLFDO�PRELOH�SKRQH������

�� $�W\SLFDO�PRELOH�SKRQH

$OWKRXJK�WKHUH�DUH�PDQ\�PDQXIDFWXUHUV�DURXQG�DQG�HDFK�RI�WKHP�SURGXFHV�WKHLU�RZQ�UDQJH
RI�PRELOH�SKRQHV��ZLWK�PRGHOV�DLPHG�DW�GLIIHUHQW�FRQVXPHU�JURXSV��WKH�SULQFLSOHV�EHKLQG
WKH� XVH� RI� WKH� SKRQHV� UHPDLQ� WKH� VDPH��0RELOH� SKRQHV� DQG� WKHLU� DFFHVVRULHV� ORRN� IDLUO\
VLPLODU�RU�DW�OHDVW�ZRUN�YHU\�PXFK�WKH�VDPH�ZD\��7KLV�FKDSWHU�SURYLGHV�VRPH�EDVLF�EDFN�
JURXQG�LQIRUPDWLRQ�RQ�WKH�SK\VLFDO�DSSHDUDQFH��PRXQWLQJ�DQG�XVH�RI�SKRQHV�DQG�DFFHVVR�
ULHV��$OVR��WKH�WUDQVPLVVLRQ�QHWZRUN�LV�SUHVHQWHG�EULHIO\��VLQFH�LW�LV�HDVLO\�WKH�PRVW�VLJQLIL�
FDQW�ERWWOHQHFN�LQ�WHUPV�RI�VSHHFK�TXDOLW\�

���� 7KH�KDQGSRUWDEOH�DQG�LWV�DFFHVVRULHV

������ 7KH�KDQGSRUWDEOH

7KH�WHUP�KDQGSRUWDEOH�LV�XVHG�WR�GHQRWH�D�VLQJOH�SDFNDJH�KRXVLQJ�DOO�WKH�HOHFWURQLFV�DQG
PHFKDQLFDO�SDUWV�RI�D�PRELOH�SKRQH��DV�RSSRVHG�WR�D�XQLW�ZLWK�D�VHSDUDWH�KDQGVHW��%HLQJ�WKH
PDLQ�SDUW�RI�D�PRELOH�SKRQH�VHW��WKH�KDQGSRUWDEOH�FRQWDLQV�HYHU\WKLQJ�WKDW�LV�QHFHVVDU\�WR
PDNH�DQG�UHFHLYH�FDOOV��6SHFLILFDOO\�

• D�PLFURSKRQH�FORVH�WR�WKH�XVHU¶V�PRXWK�
• D�VPDOO�ORXGVSHDNHU��HDUSLHFH��FORVH�WR�WKH�XVHU¶V�HDU�
• D�EX]]HU�RU�RWKHU�DOHUWLQJ�GHYLFH�WR�VLJQDO�DQ�LQFRPLQJ�FDOO�
• FRQQHFWRUV�IRU�DFFHVVRULHV�DQG�FKDUJLQJ�
• RWKHU�SDUWV��VXFK�DV�DQ�DQWHQQD��D�UHFKDUJHDEOH�EDWWHU\�SDFN��D�NH\ERDUG��D�GLVSOD\��D�5)

SRZHU�DPSOLILHU�DQG�RWKHU�HOHFWURQLFV�

�

)LJXUH������$�KDQGSRUWDEOH� �WKH�H[DPSOH�VKRZQ�KHUH� LV� WKH�1RNLD�������ZKRVH�HDUSLHFH
ZLOO�EH�WKH�WRSLF�RI�FKDSWHU���LQ�WKLV�WKHVLV��

7KH� KDQGSRUWDEOH�PD\� DOVR� EH� HTXLSSHG�ZLWK� D�PRYLQJ� OLG� RU� FRYHU� WR� SURWHFW� WKH� NH\V
IURP� EHLQJ� SUHVVHG� E\� PLVWDNH�� 6XFK� D� OLG� �VOLGH� RU� IOLS�� PD\� SUHVHQW� VRPH� DGGLWLRQDO
SUREOHPV�IRU�DQ�DXGLR�GHVLJQHU��DV�ZLOO�EH�VHHQ�ODWHU�



$�W\SLFDO�PRELOH�SKRQH������

������ &RPPRQ�DFFHVVRULHV

)RU�WKH�VDNH�RI�ERWK�FRQYHQLHQFH�DQG�VDIHW\��D�FDU�GULYHU�VKRXOG�DYRLG�XVLQJ�RQH�KDQG�WR
KROG� WKH�SKRQH�ZKLOH� WDONLQJ�DQG�GULYLQJ�DW� WKH�VDPH� WLPH��+DQGV�IUHH�NLWV� �FDU�NLWV�� DUH
DYDLODEOH� WR�PRVW�PRELOH�SKRQHV�� ,Q� VRPH�FRXQWULHV�KDQGV�IUHH�NLWV� DUH� HYHQ� UHTXLUHG�E\
ODZ�LI�WKH�SKRQH�LV�WR�EH�XVHG�ZKLOH�GULYLQJ�

$�KDQGV�IUHH�NLW�LV�D�FRPELQDWLRQ�RI�D�ORXGVSHDNHU�DQG�D�PLFURSKRQH��XVXDOO\�WR�EH
PRXQWHG�RQ�WKH�GDVKERDUG�RI�WKH�FDU��7KH�PLFURSKRQH�SLFNV�XS�WKH�YRLFH�RI�WKH�GULYHU�RU
RWKHU�SDVVHQJHU��DQG�WKH�VSHHFK�QRUPDOO\�GLUHFWHG�WR�WKH�HDUSLHFH�LV�DPSOLILHG�DQG�VHQW�WR
WKH� ORXGVSHDNHU� �ZKLFK� LV� HQFORVHG� LQ� VRPH�NLQG� RI� ER[� WR� SURYLGH� D� JRRG� HQRXJK�EDVV
UHVSRQVH��� %HFDXVH� ERWK� WKH� PLFURSKRQH� DQG� WKH� ORXGVSHDNHU� DUH� ORFDWHG� PXFK� IDUWKHU
DZD\� IURP� WKH� XVHU¶V� PRXWK� DQG� HDUV� WKDQ� WKH� PLFURSKRQH� DQG� HDUSLHFH� RI� WKH� DERYH�
PHQWLRQHG�KDQGSRUWDEOH�� VSHFLDO� FDUH�PXVW� EH� WDNHQ� WR� VXSSUHVV� H[WUD� EDFNJURXQG�QRLVH�
7KH�ORXG�VRXQG�IURP�WKH� ORXGVSHDNHU� LV� IUHH� WR� WUDYHO� WR� WKH�PLFURSKRQH��ZKLFK��ZLWKRXW
FRXQWHUDFWLRQV��ZRXOG�OHDG�WR�VHYHUH�HFKR�DQG�KRZOLQJ��(FKR�LV�GHVFULEHG�EHORZ�

$�KHDGVHW� LV� OLNH�D�QRUPDO�KHDGSKRQH�RU�HDUSKRQH�ZLWK�DQ�DGGHG�PLFURSKRQH�� DQG
WKXV�WKH�KHDGVHW�IUHHV�WKH�XVHU¶V�KDQGV�EXW�LV�QRW�DV�VXVFHSWLEOH�WR�EDFNJURXQG�QRLVH�LQWHU�
IHUHQFH�DQG�KRZOLQJ�DV�D�KDQGV�IUHH�NLW��7KLV�LV�VLPSO\�EHFDXVH�ERWK�WKH�PLFURSKRQH�DQG
WKH�HDUSKRQH��RU�KHDGSKRQH��DUH�ORFDWHG�FORVHU�WR�WKH�PRXWK�DQG�HDU�� UHVSHFWLYHO\��ZKLFK
DOORZV�WKHP�WR�IXQFWLRQ�PRUH�RSWLPDOO\�

(DUO\�PRELOH�SKRQHV�XVHG�WR�KDYH�VHSDUDWH�KDQGVHWV��EXW�KDQGVHWV�DUH�DOVR�DYDLODEOH
WR�VPDOO�SRFNHW�VL]H�SKRQHV�WR�JLYH�DGGLWLRQDO�IOH[LELOLW\��$�VHSDUDWH�KDQGVHW�LV�FRQYHQLHQW�
IRU�H[DPSOH��ZKHQ�WKH�SKRQH�LV�PRXQWHG�RQ�WKH�GDVKERDUG�ZLWK�D�KDQGV�IUHH�NLW��7KH�XVHU
PD\�WKHQ�VZLWFK�EHWZHHQ�KDQGV�IUHH�DQG�KDQGVHW�RSHUDWLQJ�PRGH��)URP�WKH�DFRXVWLFV�GH�
VLJQ�SRLQW�RI�YLHZ�D�KDQGVHW�LV�YHU\�VLPLODU�WR�D�KDQGSRUWDEOH�

)LJXUH� ����� 7\SLFDO�PRELOH� SKRQH� DFFHVVRULHV� �IURP� WRS�� OHIW� WR� ULJKW�� KDQGVHW�� KHDGVHW�
KDQGV�IUHH� NLW� PLFURSKRQH�� KDQGV�IUHH� NLW� ORXGVSHDNHU��� $OO� RI� WKHVH� DFFHVVRULHV� DUH� IRU
1RNLD�SKRQHV�
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���� 6SHHFK�WUDQVPLVVLRQ

0RVW�RI�WKH�UHVWULFWLRQV�RQ�VSHHFK�WUDQVPLVVLRQ�DUH�GXH�WR�WKH�PDMRU�SDUW�RI� WKH�WUDQVPLV�
VLRQ�SDWK��WKH�WUDQVPLVVLRQ�QHWZRUN�FRQQHFWLQJ�WKH�PRELOH�WHUPLQDO�WR�WKH�RWKHU�SDUW\��2E�
WDLQLQJ� D� JRRG� HQRXJK� VSHHFK� TXDOLW\� LV� D� TXHVWLRQ� RI� UHFRJQL]LQJ� WKH� UHVWULFWLRQV� RQ
WUDQVPLVVLRQ�TXDOLW\��NQRZLQJ�WKH�SURSHUWLHV�RI�KXPDQ�VSHHFK��DQG�KDYLQJ�D�VRXQG�UHSUR�
GXFWLRQ�LQ�WKH�PRELOH�SKRQH�WKDW�GRHV�QRW�WRR�PXFK�GHJUDGH�ZKDW�LV�OHIW�RI�WKH�WUDQVPLWWHG
VSHHFK�

������ 7KH�QHWZRUN

7KH�SXUSRVH�RI�WKLV� WH[W� LV�QRW� WR�JR�LQWR�DQ\�GHWDLOHG�GHVFULSWLRQV�RI�KRZ�YDULRXV�SKRQH
QHWZRUN�VWDQGDUGV�GLIIHU��1HWZRUN��LQ�WKLV�FRQWH[W��PHDQV�WKH�SDUW�RI�WKH�WUDQVPLVVLRQ�SDWK
WKDW�LQWHUFRQQHFWV�WZR�RU�PRUH�WHUPLQDOV��LQ�WKLV�FDVH��WHOHSKRQHV�RU�PRELOH�SKRQHV��GXULQJ
D�FDOO��%DVLFDOO\��WKH�WUDQVPLVVLRQ�SDWK�EHWZHHQ�WZR�FHOOXODU�WHOHSKRQHV�LQYROYHG�LQ�D�FDOO
LQFOXGHV�UDGLR�FRQQHFWLRQV�IURP�WKH�WHOHSKRQHV�WR�WKHLU�EDVH�VWDWLRQV��DQG�D��PRVWO\��HOHF�
WULFDO�RU�RSWLFDO� WUDQVPLVVLRQ�SDWK�EHWZHHQ�WKH�EDVH�VWDWLRQV�� ,Q�VSLWH�RI� WKH�JHQHUDO�RYHU�
YLHZ�RI�W\SLFDO�QHWZRUNV�SUHVHQWHG�KHUH��WKHUH�DUH�VRPH�FRPPRQ�SURSHUWLHV�WKDW�KDYH�LP�
SDFW�RQ�DXGLR�WUDQVPLVVLRQ�TXDOLW\�DQG�DFRXVWLFV�GHVLJQ�

2QH� RI� WKH�PRVW� LPSRUWDQW� RI� WKHVH� LV� HFKR��ZKLFK� LV� FDXVHG�PRVWO\� E\� XQZDQWHG
FRXSOLQJ�IURP�HDUSLHFH�WR�PLFURSKRQH�LQ�D�WHOHSKRQH�KDQGVHW��&RPELQHG�ZLWK�VLJQDO�SURF�
HVVLQJ�DQG�WUDQVPLVVLRQ�GHOD\V�SUHVHQW�LQ�WKH�QHWZRUN��WKH�RWKHU�SDUW\�ZLOO�KHDU�HFKRHV�RI
KLV�RU�KHU�RZQ�YRLFH�ZKLOH�VSHDNLQJ�RQ�WKH�WHOHSKRQH��7KH�WUDQVPLVVLRQ�GHOD\�LV�HVSHFLDOO\
SURQRXQFHG�LQ�PRGHUQ�GLJLWDO�QHWZRUNV��GXH� WR� WKH�KHDY\�VLJQDO�SURFHVVLQJ��)RU� WKLV�UHD�
VRQ��VSHFLDO�HFKR�FDQFHOODWLRQ�PHWKRGV�DUH�XVHG�WR�SUHYHQW�WKH�HFKRLQJ�IURP�GLVWXUELQJ�WKH
FRQYHUVDWLRQ�>�@�

������ 6SHHFK�SURSHUWLHV�DQG�FRGLQJ

,W� LV� LPSRUWDQW� WR� VDYH� EDQGZLGWK� E\� LQFRUSRUDWLQJ� DQ� HIILFLHQW� FRGLQJ� PHWKRG� LQ� WKH
WUDQVPLVVLRQ�� 7KLV� VKRXOG� KDSSHQ� ZLWKRXW� XQQHFHVVDULO\� GHJUDGLQJ� WKH� LQWHOOLJLELOLW\� RI
VSHHFK�� 6SHHFK� WUDQVPLVVLRQ� WKHUHIRUH� LPSOLHV� D� FRPSURPLVH� EHWZHHQ�PD[LPL]LQJ� WUDQV�
PLVVLRQ� TXDOLW\� DQG� PLQLPL]LQJ� WUDQVPLVVLRQ� EDQGZLGWK�� 5HVHDUFK� DQG� H[SHULHQFH� KDYH
SRLQWHG�RXW� WKH�ZHOO�NQRZQ�IDFW� WKDW�VSHHFK�PD\�EH�EDQGSDVV�ILOWHUHG�WR�UHGXFH� LWV�EDQG�
ZLGWK�FRQVLGHUDEO\�ZLWKRXW�DQ\�FRUUHVSRQGLQJ�ORVV�LQ�LQWHOOLJLELOLW\�>�@�

8SSHU�WUHEOH�IUHTXHQFLHV�DUH�ZHOO�UHSUHVHQWHG�LQ�WKH�QRLVH�FUHDWHG�E\�PDQ\�FRQVRQDQW
VRXQGV��<HW�WKLV�QRLVH�LV�ZLGH�EDQG�DQG�WKH�XSSHU�IUHTXHQFLHV�PD\�EH�ILOWHUHG�RXW�ZLWKRXW
LQWHOOLJLELOLW\�VXIIHULQJ��7KH� ORZHVW�EDVV� IUHTXHQFLHV�DUH�QRW�SUHVHQW�DW�DOO��EXW� WKH�KLJKHU
EDVV�IUHTXHQFLHV�DUH�SURQRXQFHG�LQ�PDOH�VSHHFK��$OWKRXJK�ORZ�PDOH�YRLFHV�KDYH�WKHLU�IXQ�
GDPHQWDO�IUHTXHQF\�EHORZ�����+]��WKH�KXPDQ�JORWWLV�JHQHUDWHV�D�VRXQG�WKDW�LV�ULFK�LQ�KDU�
PRQLFV� LQ� WKH�YRLFHG� VRXQGV��7KH� UHVXOW� LV� WKDW� DSSUHFLDEOH� VDYLQJV� LQ�EDQGZLGWK� FDQ�EH
DFFRPSOLVKHG�ZKLOH�PDLQWDLQLQJ�DQ�DFFHSWDEO\�JRRG�VSHHFK�TXDOLW\�DQG�D�QHJOLJLEOH�ORVV�RI
LQWHOOLJLELOLW\��$OWKRXJK� WKH� VSHHFK� TXDOLW\� DOORZHG� E\� W\SLFDO� WHOHSKRQH� QHWZRUNV� LV� IDU
IURP�KL�IL�VWDQGDUGV�� WKH�LQWHOOLJLELOLW\�VXIIHUV�PXFK�OHVV� WKDQ�WKH�VXEMHFWLYH�TXDOLW\�ZKHQ
VSHHFK�LV�ILOWHUHG�
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������ 7UDQVGXFHUV

7KH�WUDQVGXFHUV��HDUSLHFH��RU�ORXGVSHDNHU��DQG�PLFURSKRQH�LQ�WKLV�FDVH��DUH�WKH�HQG�SRLQWV
RI� WKH� QRQ�DFRXVWLFDO� SDUW� RI� WKH� WUDQVPLVVLRQ� SDWK�� L�H�� WUDQVGXFHUV� DUH� HOHFWURDFRXVWLFDO
GHYLFHV�ZKRVH�SXUSRVH�LV�WR�WUDQVPLW�DQG�RU�UHFHLYH�VRXQG�ZDYHV��0RGHUQ�KL�IL�ORXGVSHDN�
HUV�DQG�PLFURSKRQHV�FDQ�ERDVW�WHFKQLFDO�VSHFLILFDWLRQV�WKDW�DUH�IDU�EH\RQG�ZKDW�LV�QHHGHG
LQ�D�PRELOH�SKRQH��6LQFH�FRVW�LV�D�SULPDU\�FRQFHUQ��LW�LV�QRW�IHDVLEOH�WR�DLP�DW�KL�IL�TXDOLW\
ZKLOH� WKH�QHWZRUN�FKDQJHV� WKH�VSHHFK�VSHFWUXP�DV�PXFK�DV� LW�GRHV�E\�EDQGSDVV� ILOWHULQJ
WKH� VSHHFK�� ,Q� SULQFLSOH�� WUDQVGXFHUV� QHHG� RQO\� UHSURGXFH� IUHTXHQFLHV� O\LQJ� ZLWKLQ� WKH
VSHFLILFDWLRQV�RI�WKH�QHWZRUN��,W�LV�DOVR�LPSRUWDQW�WR�XWLOL]H�WUDQVGXFHUV�WKDW�DUH�UHOLDEOH�DQG
VWDEOH�LQ�WKHLU�EHKDYLRXU��LQ�YDU\LQJ�HQYLURQPHQWDO�FRQGLWLRQV��DQG�ILW�LQWR�WKH�PHFKDQLFV
RI�WKH�SKRQH�

������ 7\SH�DSSURYDO

%HIRUH�PDNLQJ�D�QHZ�SKRQH�PRGHO�DYDLODEOH�RQ�WKH�PDVV�PDUNHW��D�SKRQH�PDQXIDFWXUHU�KDV
WR�JHW� WKH�SKRQH�RIILFLDOO\�DSSURYHG�LQ�VSHFLDO� WHVWV��7KLV� LV�FDOOHG� W\SH�DSSURYDO�DQG� WKH
SXUSRVH�RI� W\SH�DSSURYDO� LV� WR� HQVXUH� WKDW� WKH�SKRQH�ZLOO�ZRUN�SURSHUO\� DV� D� SDUW� RI� WKH
WUDQVPLVVLRQ�QHWZRUN�LW�LV�JRLQJ�WR�FRQQHFW�WR��)RU�WKLV�WR�EH�WKH�FDVH��WKH�SKRQH�PXVW�EH
IXOO\�FRPSDWLEOH�ZLWK�WKH�QHWZRUN���PRELOH�WHUPLQDO�LQWHUIDFH��7KLV�LQWHUIDFH�LV�GHILQHG�LQ
WKH�QHWZRUN�VSHFLILFDWLRQV��7KHUH�DUH�VSHFLDO�UHTXLUHPHQWV�RQ�WKH�HVVHQWLDO�DXGLR�IUHTXHQF\
UHVSRQVHV��DQ�H[DPSOH�LV�VKRZQ�EHORZ���DV�ZHOO�DV�PDQ\�RWKHU�RWKHU�QRQ�DXGLR�SURSHUWLHV�
H�J�� 5)� �UDGLR� IUHTXHQF\�� HPLVVLRQ�� 7KH� DXGLR� UHTXLUHPHQWV� DUH� D�PDLQ� FRQFHUQ� IRU� WKH
SKRQH�DXGLR�DQG�EDVHEDQG�HQJLQHHUV�

)LJXUH� ����� $Q� H[DPSOH� RI� D� VSHHFK� WUDQVPLVVLRQ� IUHTXHQF\� UHVSRQVH� UHTXLUHPHQW�� WKH
UHFHLYLQJ�IUHTXHQF\�UHVSRQVH�OLPLWV�VSHFLILHG�IRU�PRELOH�WHUPLQDOV�LQ�WKH�*60�V\VWHP�>�@�
7KH�PLQLPXP�DOORZDEOH�EDQGZLGWK�LV�����+]�WR�����N+]��G%�YDOXHV�DUH�UHODWLYH��QRW�DEVR�
OXWH�



$�W\SLFDO�PRELOH�SKRQH������

���� 8VHU�LQWHUIDFH

7KH�XVHU�LQWHUIDFH�RI�D�PRELOH�SKRQH�LQFOXGHV�D�FRXSOH�RI�IHDWXUHV�WKDW�EHORQJ�WR�WKH�GR�
PDLQ� RI� DXGLR� GHVLJQ�� ,Q� DGGLWLRQ� WR� NH\V� WR� GLDO� QXPEHUV� DQG� WKH� GLVSOD\�ZKHUH� WH[W� LV
GLVSOD\HG��VRPH�LQIRUPDWLRQ�LV�DOVR�VXSSOLHG�WR�WKH�PRELOH�SKRQH�XVHU�DV�VRXQG�

������ $OHUWLQJ

7KH� DOHUWLQJ� VLJQDO�� UHSURGXFHG� WKURXJK� WKH� EX]]HU� DQG� LQGLFDWLQJ� DQ� LQFRPLQJ� FDOO�� LV
GHILQLWHO\�WKH�PRVW�LPSRUWDQW�RI�DOO�XVHU�LQWHUIDFH�VRXQG�VLJQDOV��,W�VKRXOG�EH�ORXG�HQRXJK
WR�GUDZ�DWWHQWLRQ�WR�DQ�LQFRPLQJ�FDOO�HYHQ�LQ�UDWKHU�QRLV\�HQYLURQPHQWV��EXW�\HW�LW�VKRXOG
QRW�EH�KDUPIXO�WR�WKH�HDU�LI�WKH�WHOHSKRQH�DFFLGHQWDOO\�ULQJV�ZKLOH�KHOG�DW�D�VKRUW�GLVWDQFH
IURP� WKH� HDU��7KH� VKULQNLQJ�GLPHQVLRQV�RI�PRELOH� SKRQH�KDQGSRUWDEOHV� EULQJ� WKH�EX]]HU
FORVHU�WR�WKH�HDUSLHFH��ZKLFK�LV�D�SRWHQWLDO�ULVN�

0RGHUQ�PRELOH�SKRQHV�KDYH�PDQ\�GLIIHUHQW�DOHUWLQJ�VLJQDO�FKRLFHV��8VXDOO\�PRVW�RI
WKHP�DUH�PXVLFDO�PHORGLHV��ULQJLQJ�WXQHV��7KLV�SODFHV�VRPH�UHTXLUHPHQWV�RQ�WKH�SHUIRUP�
DQFH�RI�WKH�EX]]HU��,W�LV�GLIILFXOW�LQ�JHQHUDO�WR�FRPELQH�KLJK�ORXGQHVV�RI�WKH�DOHUWLQJ�VLJQDO
ZLWK�VPRRWK��HTXDOO\�ORXG�UHVSRQVH�RI�VHYHUDO�GLIIHUHQW�IUHTXHQFLHV�XVHG�LQ�ULQJLQJ�WXQHV�
7\SLFDOO\��LI�D�ORXG�VLJQDO�LV�ZDQWHG��UHVRQDQFH�KDV�WR�EH�WDNHQ�DGYDQWDJH�RI�E\�FKRRVLQJ�D
EX]]HU�ZLWK�VRPH�VWURQJ�UHVRQDQFH��DQG�D�VLJQDO�IUHTXHQF\� WKDW�FRLQFLGHV�ZLWK� WKDW� UHVR�
QDQFH�LQ�VXFK�D�ZD\�WKDW�WKH�VRXQG�SUHVVXUH�OHYHO��63/��LV�ERRVWHG�

2Q�WKH�RWKHU�KDQG��VXFK�UHVRQDQFHV�DOVR�HPSKDVL]H�FHUWDLQ�QRWHV�LQ�ULQJLQJ�WXQHV�DQG
PDNH�WKHP�VRXQG�WRR�SURQRXQFHG��7KH�ULQJLQJ�WXQHV�PXVW�EH�FKRVHQ�ZLWK�FDUH��NHHSLQJ�WKH
DFRXVWLFDO�SURSHUWLHV�RI�WKH�EX]]HU�LQ�PLQG��,W�LV�DOVR�HVVHQWLDO�WR�NQRZ�WKDW�WKH�EX]]HU�PD\
KDYH� D� GLIIHUHQW� UHVRQDQFH� IUHTXHQF\�ZKHQ�PRXQWHG� LQVLGH� WKH� SKRQH� WKDQ�ZKHQ� LQ� IUHH
VSDFH��7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKH�DFRXVWLFDO�ORDG�RQ�WKH�EX]]HU�LV�GLIIHUHQW�LQ�ERWK�WKHVH
FDVHV��([DPSOHV�RI�WKH�VDPH�SKHQRPHQRQ�ZLOO�EH�JLYHQ�ODWHU�IRU�HDUSLHFHV�

������ .H\SDG�WRQHV�DQG�RWKHU�VLJQDOV

2WKHU�VRXQGV�WKDW�GR�QRW�QHHG�WR�EH�ORXG�FDQ�EH�UHSURGXFHG�WKURXJK�WKH�HDUSLHFH��$�W\SLFDO
H[DPSOH� LV� NH\SDG� VRXQG� LQGLFDWLQJ� WKDW� D� NH\� LV� SUHVVHG�� '70)� �GXDO� WRQH� PXOWL�
IUHTXHQF\��WRQHV�JHQHUDWHG�E\�WKH�GLDOOLQJ�NH\V��DQG�ZDUQLQJ�VLJQDOV�LQGLFDWLQJ�D�ORZ�EDW�
WHU\� RU� ORVW� QHWZRUN� FRYHUDJH�� 6XFK�ZDUQLQJ� VLJQDOV�PD\� VRXQG� LQ� WKH�PLGGOH� RI� D� FDOO
ZKHQ� WKH� SKRQH� LV� KHOG� WR� WKH� HDU�� VR� WKH\� VKRXOG� QRW� EH� WRR� ORXG��5HSURGXFLQJ�'70)
WRQHV� LV�QRW�D�SUREOHP�IRU�D�ZRUNLQJ�HDUSLHFH�� VLQFH� WKH� VWDQGDUG�'70)�IUHTXHQFLHV�DUH
FKRVHQ�WR�OLH�LQVLGH�WKH�VSHHFK�WUDQVPLVVLRQ�EDQG�



$XGLR�WUDQVGXFHUV������

�� $XGLR�WUDQVGXFHUV

7KLV�FKDSWHU�ZLOO�SUHVHQW�WKH�SK\VLFDO�SULQFLSOHV�EHKLQG�WKH�WUDQVGXFHU�W\SHV�HQFRXQWHUHG�LQ
PRELOH�SKRQHV�DQG�DFFHVVRULHV��LQ�RUGHU�WR�H[SODLQ�WKHLU�SURSHUWLHV��DV�ZHOO�DV�WKH�VLPXOD�
WLRQ�PRGHOV�DQG�HTXDWLRQV�DSSHDULQJ� LQ�VXEVHTXHQW�FKDSWHUV��$OVR�� W\SLFDO� FKDUDFWHULVWLFV
DQG�IDFWRUV�DIIHFWLQJ�WKH�FKRLFH�RI�WUDQVGXFHU�W\SH�IRU�HDFK�JLYHQ�DSSOLFDWLRQ�DUH�GLVFXVVHG�

7KH�ZRUG�HDUSLHFH�KDV�EHHQ�XVHG�VR�IDU�WR�GHQRWH�WKH�VPDOO�ORXGVSHDNHU�KHOG�DJDLQVW
WKH�HDU�LQ�D�KDQGVHW�RU�KDQGSRUWDEOH��$GGLWLRQDO�PHFKDQLFDO�VWUXFWXUHV�PD\�EH�EXLOW�DURXQG
VXFK�D� ORXGVSHDNHU� WR� FKDQJH� LWV� DFRXVWLFDO�SURSHUWLHV��)RU� WKLV� UHDVRQ� WKH� WHUP�HDUSLHFH
FDSVXOH�ZLOO�EH�XVHG�KHUHDIWHU�WR�GHQRWH�WKH�DFWXDO�WUDQVGXFHU�FRPSRQHQW��ZKLOH��JHQHUDOO\�
HDUSLHFH�ZLOO�PHDQ�WKH�ZKROH�HDUSLHFH�DVVHPEO\��XQOHVV�WKH�GLVWLQFWLRQ�LV�REYLRXV�IURP�WKH
FRQWH[W���7KH�VDPH�JRHV�IRU�PLFURSKRQH�FDSVXOH�DQG�PLFURSKRQH�

���� 3ULQFLSOHV�RI�RSHUDWLRQ

������ '\QDPLF�WUDQVGXFHUV

7KH� G\QDPLF� WUDQVGXFHU� LV� WKH� EHVW�NQRZQ� DQG�PRVW� FRPPRQ� RI� DOO� WUDQVGXFHU� W\SHV�� ,W
XWLOL]HV� WKH� IRUFH� DFWLQJ� RQ� D� FXUUHQW�FDUU\LQJ� FRQGXFWRU� LQ� D� SHUPDQHQW�PDJQHWLF� ILHOG�
7KLV�IRUFH�LV�VWURQJHVW�ZKHQ�WKH�GLUHFWLRQ�RI�FXUUHQW�IORZ�LV�SHUSHQGLFXODU�WR�WKH�ILHOG��7KH
FRQGXFWRU�LV�XVXDOO\�ZRXQG�DV�D�FRLO��FDOOHG�WKH�YRLFH�FRLO��7KH�YRLFH�FRLO�LV�IDVWHQHG�WR�D
PRYDEOH�GLDSKUDJP�DQG�PRXQWHG�LQ�D�QDUURZ�JDS�ZLWK�D�VWURQJ�PDJQHWLF�ILHOG�FUHDWHG�E\�D
SHUPDQHQW�PDJQHW��,Q�D�VRXQG�HPLWWLQJ�WUDQVGXFHU��ORXGVSHDNHU���WKH�GHVLUHG�VRXQG�VLJQDO
LV�EURXJKW� WR� WKH�FRLO�DV�D�YROWDJH��DQG� WKH� UHVXOWLQJ�FXUUHQW� VHWV� WKH�VRXQG�UDGLDWLQJ�GLD�
SKUDJP�LQ�PRWLRQ��,Q�D�VRXQG�VHQVLQJ�WUDQVGXFHU��PLFURSKRQH���WKH�PRYHPHQW�RI�WKH�GLD�
SKUDJP�LV�WUDQVIRUPHG�LQWR�DQ�HOHFWULF�VLJQDO�E\�WKH�YRLFH�FRLO��7KLV�FDQ�EH�H[SUHVVHG�DV�

) %OL

X %OY

=

=
�����

ZKHUH�)�LV�WKH�IRUFH��%�LV�WKH�PDJQHWLF�IOX[�GHQVLW\��O�LV�WKH�OHQJWK�RI�WKH�FRQGXFWRU�LQVLGH
WKH�PDJQHWLF�ILHOG��X�LV�WKH�YROWDJH��L�LV�WKH�FXUUHQW�DQG�Y�LV�WKH�YHORFLW\��X�DQG�L�DUH�HOHFWUL�
FDO�TXDQWLWLHV��ZKLOH�)�DQG�Y�DUH�PHFKDQLFDO�TXDQWLWLHV��(TV��������GHVFULEH�WKH�WUDQVGXFWLRQ
EHWZHHQ�HOHFWULFDO�DQG�PHFKDQLFDO�TXDQWLWLHV�

7KH�GLDSKUDJP�KDV�D�FLUFXODU�VKDSH�LQ�PRVW�G\QDPLF�WUDQVGXFHUV��,W�LV�VXSSRUWHG�E\�D
IOH[LEOH� VXVSHQVLRQ� WKDW� DOORZV� LW� WR� PRYH� OLQHDUO\� ZLWKLQ� VRPH� OLPLW�� %LJJHU� G\QDPLF
WUDQVGXFHUV� �XVHG� DV� ORXGVSHDNHUV��PD\� KDYH� D� VWLII� FRQH�VKDSHG�PHPEUDQH� RI� SDSHU� RU
VRPH�SODVWLF�PDWHULDO��6PDOO�WUDQVGXFHUV��XVHG�DV�HDUSLHFH�FDSVXOHV��QHHG�QRW�EH�VWLII�RYHU
PRVW�RI�WKHLU�DUHD��VR�W\SLFDOO\�WKHLU�ZKROH�PHPEUDQH�LV�PDGH�RI�WKLQ�IOH[LEOH�PDWHULDO��7KH
YRLFH�FRLO�LV��LQ�WXUQ��IDVWHQHG�WR�WKH�FHQWHU�SDUW�RI�WKH�GLDSKUDJP��7KH�SHUPDQHQW�PDJQHW
KDV�D�F\OLQGULFDO�JDS�IRU�WKH�YRLFH�FRLO��DQG�WKH�HQGV�RI�WKH�FRLO�ZLUH�DUH�EURXJKW�RXW�WR�WKH
WUDQVGXFHU�WHUPLQDOV��WR�ZKLFK�WKH�HOHFWULF�VLJQDO�LV�FRQQHFWHG��

5HDG\�PDGH� HDUSLHFH� FDSVXOHV� KDYH� VRPH� NLQG� RI� KRXVLQJ� EXLOW� DURXQG� WKHP�� 7KH
DFRXVWLFDO�SURSHUWLHV�RI�VXFK�KRXVLQJV�YDU\�TXLWH�D�ORW��6RPH�HDUSLHFH�FDSVXOHV�KDYH�WKHLU
EDFN�DQG�IURQW�FRPSOHWHO\�RSHQ��LQ�VRPH�FDVHV�RQH�RU�WZR�RI�WKHP�LV�FRYHUHG�ZLWK�D�OD\HU



$XGLR�WUDQVGXFHUV������

RI�SRURXV�PDWHULDO��DQG�LQ�VRPH�FDVHV�WKH�EDFN�LV�FORVHG�RU�DOPRVW�FORVHG��7KLV�KDV�D�JUHDW
HIIHFW�RQ�WKH�DFRXVWLFDO�EHKDYLRXU�

)LJXUH������$�W\SLFDO�G\QDPLF�HDUSLHFH�FDSVXOH��RU�VPDOO�G\QDPLF�ORXGVSHDNHU��

������ (OHFWURPDJQHWLF�WUDQVGXFHUV

$�PDJQHWLF�ILHOG�LV� WKH�NH\�WR�WKH�RSHUDWLRQ�RI�DQ�HOHFWURPDJQHWLF�WUDQVGXFHU�DOVR��EXW� LQ
WKLV� WUDQVGXFHU� W\SH� WKH� FRLO� LV� SDUW� RI� D� IL[HG� �QRQ�PRYLQJ�� HOHFWURPDJQHW�� 7KH�PRYLQJ
GLDSKUDJP�W\SLFDOO\�LV�PDGH�RI�WKLQ�PHWDO�VKHHW��DQG�PRXQWHG�FORVH�WR�RQH�RI�WKH�HOHFWUR�
PDJQHW�SROHV��%HFDXVH�WKH�IRUFH�EHWZHHQ�WKH�HOHFWURPDJQHW�DQG�WKH�GLDSKUDJP�FDQ�RQO\�EH
DWWUDFWLYH��QRW�UHSXOVLYH��ZKLFK�ZRXOG�UHFWLI\�WKH�VLJQDO�EURXJKW�WR�WKH�FRLO���D�SHUPDQHQW
PDJQHW�PXVW�EH�LQFOXGHG�WR�ELDV�WKH�WUDQVGXFHU��,Q�LWV�HTXLOLEULXP�VWDWH�� WKH�GLDSKUDJP�LV
SDUWO\�SXOOHG�WRZDUGV�WKH�SHUPDQHQW�PDJQHW�DQG�FRLO�DVVHPEO\�E\�WKH�DWWUDFWLYH�IRUFH�RI�WKH
SHUPDQHQW�PDJQHW��DQG�WKH�FXUUHQW�WKURXJK�WKH�FRLO�FDQ�WKHQ�PRGXODWH�WKLV�IRUFH��UHVXOWLQJ
LQ�GLDSKUDJP�PRWLRQ��7KH�FRLO� LV�ZRXQG�DURXQG�D�SROH�SLHFH� WR� UDLVH� WKH�HIILFLHQF\��7KH
GLDSKUDJP�PD\�DOVR�KDYH�D�PHWDO�GLVF�LQ�WKH�FHQWHU�

(OHFWURPDJQHWLF�WUDQVGXFHUV�FDQ�EH�PDGH�WR�KDYH�JRRG�VSHHFK�UHSURGXFWLRQ�SURSHU�
WLHV��EXW� LQ�PRELOH�SKRQHV� LW� LV�PXFK�PRUH�FRPPRQ� WR�HPSOR\� WKHP�DV�EX]]HUV� IRU� ORXG
DOHUWLQJ�VLJQDOV�RQO\��,Q�W\SLFDO�EX]]HUV��WKH�PRWLRQ�RI�WKH�PRYLQJ�GLDSKUDJP�LV�QRQOLQHDU�
'XULQJ�RSHUDWLRQ�WKH�GLDSKUDJP�LV�QRW�NHSW�FRQILQHG�WR�LWV�OLQHDU�UHJLRQ�RI�PRYHPHQW��EXW
UDWKHU� GULYHQ� EHWZHHQ� LWV� WZR� H[WUHPHV� RI� PD[LPXP� GLVSODFHPHQW�� 7KLV� FUHDWHV� VWURQJ
KDUPRQLFV�WKDW�HQKDQFH�WKH�VXEMHFWLYH�ORXGQHVV�RI�WKH�DOHUWLQJ�VLJQDO�

7KH�PHFKDQLFDO�VWUXFWXUH�RI�DQ�HOHFWURPDJQHWLF� WUDQVGXFHU� LV�VLPSOH��7\SLFDOO\�� WKH
DVVHPEO\�LV�DV�VKRZQ�LQ�WKH�SLFWXUH�EHORZ��7KH�ULP�RI�WKH�PHPEUDQH�LV�VXSSRUWHG�E\�WKH
WUDQVGXFHU�KRXVLQJ��,W�VKRXOG�EH�QRWHG�WKDW�WKH�VKDSH�RI�WKH�KRXVLQJ��DV�ZHOO�DV�WKH�SODFH�
PHQW�RI�WKH�VRXQG�SRUW��PD\�YDU\�TXLWH�D�ORW�

)LJXUH������$�W\SLFDO�HOHFWURPDJQHWLF�EX]]HU�



$XGLR�WUDQVGXFHUV������

������ (OHFWUHW�WUDQVGXFHUV

(OHFWUHW� WUDQVGXFHUV� PDNH� XVH� RI� WKH� HOHFWURVWDWLF� IRUFH� DQG� FDSDFLWDQFH� EHWZHHQ� WZR
FKDUJHG�VXUIDFHV��2QH�RI�WKH�VXUIDFHV�LV�D�ULJLG�SODWH��ZKLOH�WKH�RWKHU�LV�DV�D�PRYDEOH�PHP�
EUDQH��:KHQ� WKH� GLVWDQFH� EHWZHHQ� WKH� SODWH� DQG� WKH� PHPEUDQH� YDULHV� GXH� WR� LQFRPLQJ
VRXQG�SUHVVXUH�ZDYHV��WKH�FDSDFLWDQFH�LV�PRGXODWHG�DQG�DQ�HOHFWULF�YROWDJH�VLJQDO�LV�JHQ�
HUDWHG�EHWZHHQ�WKH�SODWHV�EHFDXVH�RI�WKH�SUHVHQW�FKDUJH��7KLV�FKDUJH�LV�UHWDLQHG�WKURXJK�WKH
XVH�RI�D�SHUPDQHQWO\�FKDUJHG�PDWHULDO� �HOHFWUHW��RQ� WKH�PHPEUDQH��ZKLFK� LV�PHWDOL]HG� WR
SURYLGH�DQ�HOHFWULFDO�FRQQHFWLRQ��,Q�RWKHU�WUDQVGXFHUV�WKH�ULJLG�SODWH�� LQVWHDG�RI�WKH�PHP�
EUDQH��LV�FRDWHG�ZLWK�HOHFWUHW�PDWHULDO��EDFNSODWH�HOHFWUHW��

(OHFWUHW�WUDQVGXFHUV�DUH�YHU\�FRPPRQ�DV�PLFURSKRQHV��)LOPV�RI�SRO\PHUV�OLNH�SRO\�
YLQ\OLGHQH�IOXRULGH��SRO\DFU\ORQLWULOH�DQG�SRO\FDUERQDWH�DUH�XVDEOH�DV�HOHFWUHW�FRDWLQJV�>��
S�����������������S�����@��7R�PDNH�WKH�HOHFWUHW�PLFURSKRQH�HIILFLHQW��WKH�GLVWDQFH�EHWZHHQ
PHPEUDQH�DQG�EDFN�SODWH�VKRXOG�EH�VPDOO��+RZHYHU��D�YHU\�QDUURZ��FORVHG�DLU�VSDFH�DOVR
UHVWULFWV�WKH�PRYHPHQW�RI�WKH�PHPEUDQH�E\�DGGLQJ�VWLIIQHVV��ZKLFK�LV�ZK\�WKH�EDFN�SODWH�LQ
W\SLFDO� HOHFWUHW� WUDQVGXFHUV� LV� SHUIRUDWHG� WR� RSHQ� XS� WR� D� ELJJHU� DLU� FDYLW\� XQGHUQHDWK� LW�
+RZHYHU��WKHUH�LV�DOVR�D�FKRLFH�RI�KDYLQJ�ERWK�VLGHV�RI�WKH�PHPEUDQH�RSHQ�WR�WKH�DLU��RQH
RI�WKHP�WKURXJK�WKH�EDFN�SODWH��RI�FRXUVH���,I�WKLV�LV�GRQH��WKH�QHW�IRUFH�PRYLQJ�WKH�PHP�
EUDQH�ZLOO�GHSHQG�QRW�RQ�WKH�SUHVVXUH�RQ�RQH�VLGH�RI�WKH�PHPEUDQH��EXW�UDWKHU�RQ�WKH�GLI�
IHUHQFH� EHWZHHQ� SUHVVXUHV� RQ� ERWK� VLGHV�� )RU� WKLV� UHDVRQ� PLFURSKRQHV� RI� WKLV� NLQG� DUH
NQRZQ�DV�SUHVVXUH�JUDGLHQW�PLFURSKRQHV�DV�RSSRVHG�WR�SUHVVXUH�PLFURSKRQHV�KDYLQJ�RQO\
RQH�VLGH�RI� WKH�PHPEUDQH�RSHQ�WR� WKH�DLU��3UHVVXUH�PLFURSKRQHV�DUH�RPQLGLUHFWLRQDO�� L�H�
WKHLU� VHQVLWLYLW\� LV� LQGHSHQGHQW� RI� GLUHFWLRQ��3UHVVXUH�JUDGLHQW�PLFURSKRQHV�� RQ� WKH� RWKHU
KDQG��KDYH�D�ZHOO�GHILQHG�D[LV�RI�JUHDWHVW�VHQVLWLYLW\��7KLV�LV�EHFDXVH�PRUH�RU�OHVV�FDQFHO�
ODWLRQ�RI�WKH�SUHVVXUH�GLIIHUHQFH�EHWZHHQ�ERWK�VLGHV�RI�WKH�PHEUDQH�ZLOO�UHVXOW��GHSHQGLQJ
RQ�WKH�GLUHFWLRQ�RI�WKH�RQFRPLQJ�VRXQG�ZDYHV��$�VPDOO�SUHVVXUH�JUDGLHQW�PLFURSKRQH�KDV�D
´ILJXUH�RI�HLJKW´�GLUHFWLRQDO�FKDUDFWHULVWLF��LW�LV�D�ELGLUHFWLRQDO�PLFURSKRQH��

$OWKRXJK�SUHVVXUH�PLFURSKRQHV�DUH�LQ�HIIHFW�FORVHG�DW�WKH�EDFN��D�YHU\�VPDOO�SUHVVXUH
HTXDOL]DWLRQ�RSHQLQJ�PXVW�VWLOO�EH�SURYLGHG�WR�SUHYHQW�IOXFWXDWLRQV�LQ�WKH�VWDWLF�DWPRVSKHULF
SUHVVXUH� �RU�YHU\� ORZ�IUHTXHQF\�VRXQGV�� IURP�GLVSODFLQJ� WKH�PHPEUDQH� IURP� LWV� HTXLOLE�
ULXP�SRVLWLRQ�

)LJXUH������$�W\SLFDO�HOHFWUHW�SUHVVXUH�PLFURSKRQH��$�SUHVVXUH�JUDGLHQW�PLFURSKRQH�ZRXOG
KDYH�RQH�RU�D�IHZ�ELJ�RSHQLQJV�LQVWHDG�RI�WKH�YHU\�VPDOO�SUHVVXUH�HTXDOL]DWLRQ�KROH�
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������ 3LH]RHOHFWULF�WUDQVGXFHUV

3LHFHV� RI� VRPH�PDWHULDOV� �IRU� H[DPSOH�� 5RFKHOOH� VDOW�� DPPRQLXP� GLK\GURJHQ� SKRVSKDWH
DQG� OHDG� ]LUFRQDWH� WLWDQDWH� >��� S�� ����� ��� S�� ����������� ��� S�� ���@�� KDYH� WKH� SURSHUW\� RI
FKDQJLQJ�VKDSH�SURSRUWLRQDOO\�WR�DQ�H[WHUQDO�HOHFWULF�ILHOG��9LFH�YHUVD��IRUFHG�GHIRUPDWLRQ
RI�WKHVH�OHDGV�WR�SURSRUWLRQDO�SRWHQWLDO�GLIIHUHQFHV�RQ�WKHLU�VXUIDFH��0DWHULDOV�RI�WKLV�NLQG
DUH� FDOOHG� SLH]RHOHFWULF�� 7KHUH� DUH� ERWK� FU\VWDOOLQH� DQG� FHUDPLF� SLH]RHOHFWULF� PDWHULDOV
DYDLODEOH��7KH�UHODWLRQ�EHWZHHQ�VKDSH�DQG�HOHFWULF� ILHOG�PDNHV�SLH]RHOHFWULF�PDWHULDOV�XV�
DEOH�LQ�SLH]RHOHFWULF�WUDQVGXFHUV�

7KHUH�LV�D�JUHDW�QXPEHU�RI�SRVVLEOH�VKDSHV�DQG�DOLJQPHQWV�RI�D�SLH]RHOHFWULF�FU\VWDO
RU�FHUDPLF�LQVLGH�D�WUDQVGXFHU��DQG�WKH�PHFKDQLFDO�PRYHPHQW�FDQ�DSSHDU�LQ�PDQ\�ZD\V��DV
EHQGLQJ��FRPSUHVVLRQ�H[SDQVLRQ��VKHDU�RU�WRUTXH�RI�WKH�PDWHULDO��7KH�WUDQVGXFWLRQ�FDQ�WDNH
SODFH� HLWKHU�ZLWK� RU�ZLWKRXW� D� VHSDUDWH� GLDSKUDJP�� ,I� D� VHSDUDWH� GLDSKUDJP� LV� XVHG�� LW� LV
FRQQHFWHG�PHFKDQLFDOO\�WR�WKH�SLH]RHOHFWULF�PDWHULDO�VR�DV�WR�DOORZ�VRXQG�SUHVVXUH�DFWLQJ
RQ�LW�WR�WUDQVIHU�WR�WKH�PDWHULDO��DQG�YLFH�YHUVD�LQ�D�ORXGVSHDNHU���:LWKRXW�D�VHSDUDWH�GLD�
SKUDJP�� RQH� VXUIDFH� RI� WKH� SLH]RHOHFWULF�PDWHULDO� LWVHOI� LV� UHVSRQGLQJ� WR� DLU� SUHVVXUH�� ,Q
ERWK�FDVHV�WZR�HOHFWURGHV�DUH�FRQQHFWHG�WR�WKH�PDWHULDO�WR�SURYLGH�WKH�HOHFWULFDO�FRQQHFWLRQ�
7KH�VLPSOHVW�W\SH�RI�SLH]RHOHFWULF�WUDQVGXFHU�FRQVLVWV�RI�QRWKLQJ�EXW�D�GLVF�RI�SLH]RHOHFWULF
PDWHULDO� EHWZHHQ� WZR�SODWH� HOHFWURGHV��ZLWK� RQH� RI� WKH� HOHFWURGHV� HIIHFWLYHO\� DFWLQJ� DV� D
GLDSKUDJP�

���� 7UDQVGXFHU�FKRLFHV

7KH� DXGLR� WUDQVGXFHUV� XVHG� LQ� KDQGSRUWDEOHV� DUH� HDUSLHFHV�� PLFURSKRQHV� DQG� EX]]HUV�
/RXGVSHDNHUV�DQG�PLFURSKRQHV�DUH�XVHG�LQ�KDQGV�IUHH�NLWV��DQG�KHDGVHWV�DUH�FRPELQDWLRQV
RI�D�PLFURSKRQH�DQG�DQ�HDUSKRQH��7KHUH� LV�QR�GHILQLWH�GLVWLQFWLRQ�EHWZHHQ� ORXGVSHDNHUV�
HDUSLHFHV� DQG� HDUSKRQHV�� %\� ORXGVSHDNHU� RQH� JHQHUDOO\� PHDQV� D� ELJJHU� VRXQG�HPLWWLQJ
WUDQVGXFHU�PRXQWHG�IDU�IURP�WKH�HDUV��ZKLOH�HDUSLHFHV�DQG�HDUSKRQHV�DUH�LQ�IDFW�VPDOO�ORXG�
VSHDNHUV�KHOG�FORVH�WR�WKH�HDU��2QH�FRXOG�DOVR�GLVWLQJXLVK�WKHVH�E\�WKH�IDFW�WKDW�ORXGVSHDN�
HUV�UDGLDWH�VRXQG�WR�WKH�HDUV�IURP�D�GLVWDQFH��ZKLOH�HDUSLHFHV�DQG�HDUSKRQHV�DUH�KHOG�PRUH
RU�OHVV�WLJKWO\�WR�WKH�HDU��$�EX]]HU�GLIIHUV�IURP�D�ORXGVSHDNHU�LQ�WKDW�LW�LV�QRW�PHDQW�WR�UH�
SURGXFH�VSHFWUDOO\�FRPSOH[�VSHHFK�EXW�VLPSOH�DOHUWLQJ�VLJQDOV�

)LJXUH������)URP�WRS��OHIW�WR�ULJKW����PLFURSKRQHV����EX]]HUV����VPDOO�ORXGVSHDNHU��DQG��
HDUSLHFH�FDSVXOHV��7KH�HDUSLHFH�FDSVXOH�WR�WKH�OHIW��YLHZHG�LQ�GHWDLO�LQ�FKDSWHU����LV�XVHG�LQ
WKH�1RNLD������DQG�KDV�D�GLDPHWHU�RI����PP��3LFWXUHV�E\�SHUPLVVLRQ�RI�0DWVXVKLWD�&RUS��
6WDU�0LFURQLFV�&R��/WG��DQG�3KLOLSV�6SHDNHU�6\VWHPV�



$XGLR�WUDQVGXFHUV������

������ (DUSLHFHV�DQG�HDUSKRQHV

0RVW�HDUSLHFH�FDSVXOHV�DUH�RI�WKH�G\QDPLF�W\SH��EXW�WKHUH�DUH�DOVR�SLH]RHOHFWULF�DQG�HOHF�
WURPDJQHWLF�HDUSLHFH�FDSVXOHV�DURXQG��3LH]RHOHFWULF�WUDQVGXFHUV�KDYH�WKH�DGGHG�EHQHILWV�RI
EHLQJ�PHFKDQLFDOO\� VLPSOH� DQG� FKHDS�� )RU� KLJK�TXDOLW\� UHSURGXFWLRQ�� KRZHYHU�� G\QDPLF
HDUSLHFHV�DUH�SUHIHUUHG�WR�SLH]RHOHFWULF�RQHV��7KHLU�PHPEUDQHV�FDQ�EH�PDGH�WR�KDYH�JRRG
H[FXUVLRQ� FDSDELOLW\�� ZKLFK� LV� UHTXLUHG� IRU� JRRG� UHSURGXFWLRQ� RI� ORZ� IUHTXHQFLHV� XQGHU
YDU\LQJ�FLUFXPVWDQFHV��$OVR��WKH�JUHDW�QXPEHU�RI�G\QDPLF�HDUSLHFH�FDSVXOHV�RQ�WKH�PDUNHW
PDNH�WKHP�DWWUDFWLYH�LQ�WHUPV�RI�DYDLODELOLW\��DOWKRXJK�SLH]RHOHFWULF�HDUSLHFH�FDSVXOHV�FDQ
EH�PDGH�FKHDSHU��(DUSLHFH�FDSVXOHV�DUH�W\SLFDOO\�DURXQG����PP�LQ�GLDPHWHU�

(DUSKRQHV� DUH� VHSDUDWH� WUDQVGXFHUV� FRQQHFWHG� WR� WKH�PRELOH� SKRQH�ZLWK� D� FRUG��$
PRGHUQ� KHDGVHW� FRQVLVWV� RI� VXFK� DQ� HDUSKRQH� FRPELQHG� ZLWK� D� PLFURSKRQH� VRPHZKHUH
FORVHU�WR�WKH�XVHU
V�PRXWK��$V�ZLWK�SKRQHV�DQG�RWKHU�DFFHVVRULHV��WKH�WUHQG�LV�WR�PDNH�KHDG�
VHW�HDUSKRQHV�VPDOO��7KLV�IDYRXUV�WKH�LQ�HDU�W\SH�RI�HDUSKRQH��ZKLFK�IHHGV�VRXQG�GLUHFWO\
LQWR� WKH� HDU� FDQDO��%HLQJ� FORVHU� WR� WKH� HDUGUXP� WKDQ� D� SKRQH� HDUSLHFH� FDSVXOH�� D� W\SLFDO
HDUSKRQH�WUDQVIHUV�VRXQG�WR�WKH�HDU�PRUH�HIILFLHQWO\�WKDQ�DQ�HDUSLHFH��7KH�UHTXLUHPHQWV�RQ
H[FXUVLRQ�FDSDELOLW\�FDQ�EH�UHOD[HG��DQG�WKH�QHHGHG�VPDOO�VL]H�RI�WKH�HDUSKRQH�WUDQVGXFHU
SUHVHQWV�QR�SUREOHP�DV�IDU�DV�VRXQG�RXWSXW� LV�FRQFHUQHG��)RU� WKHVH�UHDVRQV��SLH]RHOHFWULF
WUDQVGXFHUV�DUH�EHWWHU� VXLWHG� IRU�HDUSKRQHV� WKDQ� IRU�HDUSLHFHV��<HW�PRVW�HDUSKRQHV�DUH�RI
WKH�G\QDPLF�W\SH�EHFDXVH�WKHUH�LV�D�YDVW�DPRXQW�RI�VPDOO�G\QDPLF�WUDQVGXFHUV�DYDLODEOH�RQ
WKH�PDUNHW�

������ /RXGVSHDNHUV

/RXGVSHDNHUV�DUH�XVHG�LQ�KDQGV�IUHH�NLWV��2I�VXFK�ORXGVSHDNHUV�LV�UHTXLUHG�RQO\�WKDW�WKH\
EH�FRQYHQLHQWO\�VPDOO�DQG�FDSDEOH�RI�UHSURGXFLQJ�LQWHOOLJLEOH�VSHHFK��3ULFH�LV�DQRWKHU�LP�
SRUWDQW� FULWHULRQ� IRU� WKH� DFFHVVRU\�PDQXIDFWXUHU�� &XUUHQWO\� WKHUH� DUH� QR� RIILFLDO� UHTXLUH�
PHQWV�RQ�WKHLU�IUHTXHQF\�UHVSRQVH��FRQWUDU\�WR�WKH�VLWXDWLRQ�LQ�W\SH�DSSURYDO�RI�SKRQHV�

7KHUH� DUH�PDQ\� VPDOO� DQG� JRRG� ORXGVSHDNHUV� DYDLODEOH�� 7KH� FRQVXPHU� HOHFWURQLFV
DQG�KL�IL�LQGXVWU\�KDV�EHHQ�LQYROYHG�ZLWK�WKHVH�IRU�GHFDGHV��DQG�WKH\�DUH�VHHQ�LQ�HYHU\WKLQJ
IURP�LQWHUFRP�HTXLSPHQW�WR�VPDOO�SRUWDEOH�UDGLRV��%HLQJ�FDSDEOH�RI�ERWK�ORZ�EDVV�DQG�KLJK
WUHEOH� UHSURGXFWLRQ� LV�D�GLIILFXOW� WDVN�IRU�D� VLQJOH� WUDQVGXFHU��DV� LV�ZHOO�NQRZQ�IURP�KL�IL
ORXGVSHDNHU�WHFKQRORJ\��,Q�WKLV�FRQWH[W�D�KDQGV�IUHH�ORXGVSHDNHU�UHSUHVHQWV�WKH�PLGUDQJH
HOHPHQW�LQ�D�WKUHH�ZD\�KL�IL�ORXGVSHDNHU��DQG�LW�KDV�WR�UHSURGXFH�QR�PRUH�WKDQ�WKH�VSHHFK
WUDQVPLVVLRQ�IUHTXHQF\�EDQG��7\SLFDO�KDQGV�IUHH�ORXGVSHDNHUV�KDYH�GLDPHWHUV�RI�DURXQG��
FP�DQG�DUH�RI� WKH�G\QDPLF� W\SH��7KH�GHVLJQ�RI� WKH� ORXGVSHDNHU� HQFORVXUH� LV� HVVHQWLDO� LQ
SURYLGLQJ�WKH�EHVW�REWDLQDEOH��RU�QHFHVVDU\��ORZ�IUHTXHQF\�UHVSRQVH�

������ 0LFURSKRQHV

(OHFWUHW�PLFURSKRQHV�DUH�WKH�W\SLFDO�FKRLFHV�IRU�PRELOH�SKRQHV�DQG�DFFHVVRULHV��7KH\�FDQ
EH�PDGH�YHU\�VPDOO��DQG�WKHLU�DFRXVWLFDO�SURSHUWLHV�DUH�IDU�FORVHU�WR�WKH�LGHDO�WKDQ�WKRVH�RI
HDUSLHFHV�� HDUSKRQHV�DQG� ORXGVSHDNHUV��7KH� VL]H�DGYDQWDJH� LV� LPSRUWDQW� LQ�PRELOH�SKRQH
GHVLJQ��EXW�UHGXFLQJ�PLFURSKRQH�VL]H�DOVR�PHDQV�OHVV�VHQVLWLYLW\��'LPHQVLRQV�RI�DURXQG��
PP�DUH�FRPPRQ��'\QDPLF�PLFURSKRQHV�DUH�QRW�VXLWDEOH�IRU�XVH�LQ�PRELOH�SKRQHV�GXH�WR
WKHLU�ODUJHU�VL]H�DQG�LQWHUIHUHQFH�SLFNXS�E\�WKH�YRLFH�FRLO�
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������ %X]]HUV

,Q�PRELOH�SKRQHV��EX]]HUV�DUH�QRW�XVHG�IRU�VSHHFK�UHSURGXFWLRQ��7KHLU�RQO\�SXUSRVH�LV� WR
HPLW� ORXG� HQRXJK� DOHUWLQJ� DQG� ZDUQLQJ� VLJQDOV�� )RU� WKLV� UHDVRQ� LW� GRHV� QRW� PDWWHU� KRZ
PXFK�WKH\�GLVWRUW� WKH� LQFRPLQJ��HOHFWULF��VLJQDO�DV� ORQJ�DV� WKH�UHVXOWDQW�VRXQG� LV�� VXEMHF�
WLYHO\��ORXG�HQRXJK�DQG�QRW�WRR�XQSOHDVDQW�DW�WKH�LQWHQGHG�IUHTXHQFLHV�

7KHUH� LV� D�PLQRULW\� RI� SLH]RHOHFWULF� EX]]HUV� DYDLODEOH�� EXW�PRVW� EX]]HUV� DUH� RI� WKH
HOHFWURPDJQHWLF� W\SH��7KH\� DUH� QRQOLQHDU� LQ� EHKDYLRXU�� IRU� UHDVRQV� VWDWHG� DERYH��&RQVH�
TXHQWO\��LI�D�VLQH�VLJQDO�LV�IHG�WR�VXFK�D�EX]]HU��LW�ZLOO�EH�GLVWRUWHG�DQG�KDUPRQLFV�ZLOO�DS�
SHDU�LQ�WKH�VRXQG�VSHFWUXP��7KH�QRQOLQHDULW\�LV�DQ�DGYDQWDJH�KHUH��VLQFH�RQH�RU�VHYHUDO�RI
WKH� KDUPRQLFV� PD\� EH� ERRVWHG� E\� DQ� DFRXVWLF� +HOPKROW]� UHVRQDWRU� �FRUUHVSRQGLQJ� WR� D
VHULHV�5/&�HOHFWULFDO�UHVRQDWRU��DV�ZLOO�EH�VHHQ�ODWHU���7KLV�UDLVHV� WKH�63/�DQG�PDNHV� WKH
DOHUWLQJ�VRXQG�PRUH�SHQHWUDWLQJ�WR�WKH�HDU��%X]]HUV�DUH�W\SLFDOO\�IHG�ZLWK�UHFWDQJXODU�SXOVH
VLJQDOV��XVLQJ�QDUURZHU�SXOVHV�ZKHQ�ORZHU�VRXQG�RXWSXW�OHYHO�LV�ZDQWHG��7KXV�WKH�VSHFWUDO
FRPSRVLWLRQ�RI�WKH�VDPH�ULQJLQJ�VRXQG�VLJQDO�ZLOO�YDU\�ZLWK�WKH�OHYHO�VHWWLQJ�



3ULQFLSOHV�RI�DFRXVWLFV�VLPXODWLRQ������

�� 3ULQFLSOHV�RI�DFRXVWLFV� VLPXOD�
WLRQ

7KLV�FKDSWHU�GHDOV�ZLWK� WKH�EDVLF� WKHRUHWLFDO�SULQFLSOHV� WKDW� DOORZ�RQH� WR�DSSO\� WRROV� DQG
PHWKRGV� IRU� HOHFWULF� FLUFXLW� DQDO\VLV� WR� DFRXVWLFV� �DQG� PHFKDQLFV�� ZKLFK� EHORQJV� WR� WKH
VDPH�ILHOG�VLQFH�SK\VLFDO�WUDQVGXFHUV�ZLWK�PRYLQJ�SDUWV�DUH�HPSOR\HG���+RZ�WKHVH�PHWK�
RGV�DUH�SUDFWLFDOO\�LPSOHPHQWHG�ZLOO�EH�YLHZHG�LQ�WKH�QH[W�FKDSWHU�

���� 7KH�NH\V�WR�DFRXVWLFV�VLPXODWLRQ

&RPSXWHU� SURJUDPV� IRU� HOHFWULF� FLUFXLW� VLPXODWLRQ� DUH� ZLGHO\� XVHG� E\� FLUFXLW� GHVLJQHUV�
7KHVH�SURJUDPV��KHUHDIWHU�FDOOHG�VLPXODWRUV��DUH�W\SLFDOO\�DEOH�WR�UXQ�DW�OHDVW�WUDQVLHQW��$&
DQG�'&�DQDO\VHV�RQ�FLUFXLWV��7KH\�DUH�WKHQ�DEOH�WR�RXWSXW�UHVXOWV�WR�D�ILOH��D�SULQWHU�RU�WKH
VFUHHQ��&LUFXLWV� DUH� GHVFULEHG� XVLQJ� VLPSOH� WH[W� VWDWHPHQWV� REH\LQJ� D� VSHFLILF� V\QWD[�� RU
GUDZQ�RQ�WKH�VFUHHQ�XVLQJ�D�JUDSKLFDO�HGLWRU��7KH�EHVW�NQRZQ�FLUFXLW�VLPXODWRU� LV�63,&(
�LQ� YDULRXV� DSSHDUDQFHV��� ,Q� VRPH�PRUH� DGYDQFHG� V\VWHPV� �VXFK� DV�$3/$&�� WKH� FLUFXLW
GHVFULSWLRQ� DSSURDFKHV� D� SURJUDPPLQJ� ODQJXDJH�� ZKLFK� DOORZV� WKH� GHVLJQHU� WR� LQFOXGH
RSWLPL]DWLRQ�URXWLQHV�RU�RWKHU�VSHFLDO�IXQFWLRQV�>�@�

,W�LV�YHU\�GHVLUDEOH�WR�WDNH�DGYDQWDJH�RI�WKH�HIILFLHQW�HOHFWULF�FLUFXLW�VLPXODWLRQ�WRROV
WKDW�DUH�DYDLODEOH�DQG�DSSO\�WKHP�WR�DFRXVWLFV�GHVLJQ��7KLV�LV�TXLWH�VLPSOH�LQ�SULQFLSOH��EH�
FDXVH�WKH�HTXDWLRQV�JRYHUQLQJ�YROWDJH�DQG�FXUUHQW�LQ�EDVLF�OXPSHG�DQG�OLQHDU�HOHFWULF�FLU�
FXLWV�DUH�DOVR�IRXQG�LQ�WKH�ILHOGV�RI�PHFKDQLFV�DQG�DFRXVWLFV��)RU�H[DPSOH��DQ�HTXDWLRQ�WKDW
UHODWHV� FXUUHQW� WR� YROWDJH� LQ� D� FLUFXLW� HOHPHQW� LQ� DQ� HOHFWULF� FLUFXLW�PLJKW�� LQ�PHFKDQLFV�
KDYH�WKH�VDPH�IRUP�H[FHSW�IRU�YROWDJH�DQG�FXUUHQW�EHLQJ�H[FKDQJHG�ZLWK�GLIIHUHQW�SK\VLFDO
TXDQWLWLHV��7KH�NH\�SRLQW�KHUH� LV� WKDW� WKLV�DOORZV�RQH� WR�FUHDWH�DQDORJLHV� DQG�XVH�HOHFWULF
FLUFXLW� WKHRUHPV��DQDO\VLV��DQG�VLPXODWLRQ� WRROV�RQ�� LQ� WKLV�SDUWLFXODU�FDVH��PHFKDQLFV�DQG
DFRXVWLFV��%HIRUH�UXQQLQJ�D�VLPXODWLRQ��D�FRUUHVSRQGLQJ�HOHFWULF�FLUFXLW��HTXLYDOHQW�FLUFXLW�
PXVW�EH�FUHDWHG�DQG�SUHVHQWHG�WR�WKH�VLPXODWRU��6LPXODWLRQ�UHVXOWV��YROWDJHV�DQG�FXUUHQWV�
FDQ�WKHQ�EH�LQWHUSUHWHG�DV�FRUUHVSRQGLQJ�DFRXVWLFDO�TXDQWLWLHV�

���� $QDORJLHV

������ 7KH�WKUHH�SULPDU\�GRPDLQV

7KH�EDVLF�SK\VLFDO� ODZV�JRYHUQLQJ�FKDUJH��YROWDJH��FXUUHQW�DQG�RWKHU�HOHFWULFDO�TXDQWLWLHV
DUH� WUDQVIRUPDEOH� WR� RWKHU� GRPDLQV� �VXFK� DV� PHFKDQLFV� DQG� DFRXVWLFV�� E\� H[FKDQJLQJ
TXDQWLWLHV� DFFRUGLQJ� WR� FHUWDLQ� DQDORJLHV�� 6XFK� DQDORJLHV� PD\� EH� IRUPHG� LQ� YHU\� PDQ\
ZD\V��7KH�HTXDWLRQV�LQ�WKH�RWKHU�GRPDLQV�DUH�VLPSO\�UHTXLUHG�WR�KDYH�WKH�VDPH�IRUP�DQG
UHODWLRQV�DV�LQ�WKH�HOHFWULFDO�GRPDLQ��H[FHSW�IRU�WKH�H[FKDQJHG�TXDQWLWLHV��%HFDXVH�HOHFWULF
FLUFXLW� VLPXODWRUV� DUH� WR� EH� XWLOL]HG� LQ� DFRXVWLFV� �DQG�PHFKDQLFV�� VLPXODWLRQ�� WKHUH� DUH� D
FRXSOH�RI�DGGLWLRQDO�UHTXLUHPHQWV�WKDW�WKH�DQDORJLHV�VKRXOG�PHHW�LQ�RUGHU�WR�EH�SUDFWLFDOO\
XVHIXO�LQ�WKLV�FDVH�
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• HTXLYDOHQW�FLUFXLWV�VKRXOG�EH�HDV\�WR�FUHDWH��DQG
• WKH�VLPXODWLRQ�VRIWZDUH�VKRXOG�EH�DEOH�WR�RXWSXW�WKH�QHFHVVDU\�LQIRUPDWLRQ�

6LPXODWRUV�RXWSXW�QRGH�YROWDJHV�DQG�EUDQFK�FXUUHQWV��,Q�DGGLWLRQ�WR�WKHVH��FKDUJH�VWRUHG�LQ
FDSDFLWRUV� DQG� PDJQHWLF� IOX[HV� LQ� LQGXFWRUV� DUH� GLUHFWO\� DYDLODEOH� LQ� W\SLFDO� VLPXODWRUV�
7KLV�FDQ�EH�WDNHQ�DGYDQWDJH�RI�E\�FKRRVLQJ�D�VXLWDEOH�VHW�RI�TXDQWLWLHV��7KH�ILUVW�UHTXLUH�
PHQW�PHDQV�WKDW�LW�VKRXOG�EH�DV�VWUDLJKWIRUZDUG�DV�SRVVLEOH�WR�VNHWFK�DQ�HTXLYDOHQW�FLUFXLW
ZKHQ�WKH�PHFKDQRDFRXVWLFDO�WRSRORJ\�RI�WKH�V\VWHP�LV�NQRZQ�

,Q�WKLV�SDUWLFXODU�FRQWH[W��DFRXVWLFV�DQG�PHFKDQLFV�ODZV�DUH�WR�EH�WUDQVIRUPHG�WR�WKH
HOHFWULFDO�GRPDLQ��$FRXVWLFV�OLWHUDWXUH�GHILQHV�WZR�HOHFWULFDO�DQDORJLHV�IRU�ERWK�PHFKDQLFDO
DQG�DFRXVWLFDO�V\VWHPV��7KH�WZR�DQDORJLHV�DUH�UHODWHG�E\�WKH�VZDSSLQJ�RI�TXDQWLWLHV��%RWK
ZLOO�EH�SUHVHQWHG�KHUH��VLQFH�LQ�PRVW�FDVHV�RQH�RI�WKHP�LV�HDVLHU�WR�XVH�LQ�DFRXVWLFV��ZKLOH
WKH�RWKHU�LV�HDVLHU�WR�XVH�LQ�PHFKDQLFV�>�@��&RUUHVSRQGLQJ�DQDORJLHV�IRU�URWDWLRQDO�PRWLRQ
DUH� DOVR� DYDLODEOH�� EXW� VLQFH� DOO� FDVHV� YLHZHG� KHUH� ZLOO� LQYROYH� RQO\� UHFWLOLQHDO� PRWLRQ�
WKHVH�DQDORJLHV�ZLOO�EH�OHIW�RXW��$�VWDUWLQJ�SRLQW�LV�IRUPHG�E\�OHWWLQJ�TXDQWLWLHV�FRUUHVSRQG
WR�HDFK�RWKHU�DV�IROORZV�

7DEOH������%DVLF�DQDORJRXV�TXDQWLWLHV�LQ�WKH�HOHFWULFDO��PHFKDQLFDO�DQG�DFRXVWLFDO�GRPDLQV
�LPSHGDQFH�DQDORJ\��

(OHFWULFDO�GRPDLQ 0HFKDQLFDO�GRPDLQ $FRXVWLFDO�GRPDLQ
9ROWDJH )RUFH 3UHVVXUH
&XUUHQW 9HORFLW\ )ORZ�UDWH

)ORZ�UDWH��DV�PHQWLRQHG�DERYH�� LV� FDOOHG�YROXPH�YHORFLW\� LQ�DFRXVWLFV��%RWK�SUHVVXUH�DQG
IORZ�UDWH�DUH�GHILQHG�DV� LQ�IOXLG�SK\VLFV��7KH�DQDORJ\�GHILQHG�DERYH�LV�FDOOHG� LPSHGDQFH
DQDORJ\�RU�GLUHFW�DQDORJ\��$QRWKHU�ZHOO�NQRZQ�DQDORJ\��FDOOHG�DGPLWWDQFH�DQDORJ\��PR�
ELOLW\�DQDORJ\��RU�LQYHUVH�DQDORJ\��LV�IRUPHG�E\�H[FKDQJLQJ�WKH�UROHV�RI�YROWDJH�DQG�FXU�
UHQW�>���S����@��,Q�WKLV�DQDORJ\�WKH�YROWDJH�FRUUHVSRQGV�WR�YHORFLW\�DQG�IORZ�UDWH��DQG�FXU�
UHQW�FRUUHVSRQGV�WR�IRUFH�DQG�SUHVVXUH�

7DEOH� ����� $OWHUQDWLYH� DQDORJRXV� TXDQWLWLHV� LQ� WKH� HOHFWULFDO��PHFKDQLFDO� DQG� DFRXVWLFDO
GRPDLQV��DGPLWWDQFH�DQDORJ\��

(OHFWULFDO�GRPDLQ 0HFKDQLFDO�GRPDLQ $FRXVWLFDO�GRPDLQ
&XUUHQW )RUFH 3UHVVXUH
9ROWDJH 9HORFLW\ )ORZ�UDWH

7KH�LPSHGDQFH�DQDORJ\�LV�WKH�PRUH�LQWXLWLYH�FKRLFH�IRU�DFRXVWLFV��7KLV�LV�EHFDXVH�DLU�IORZ
URXWHV�DSSHDU�DV�FXUUHQW�EUDQFKHV��DFRXVWLF�LPSHGDQFHV�WUDQVODWH�LQWR�HOHFWULF�LPSHGDQFHV�
DQG� WKH� WRSRORJ\� RI� WKH� HTXLYDOHQW� FLUFXLW� WKXV� UHVHPEOHV� WKDW� RI� WKH� RULJLQDO� DFRXVWLFDO
V\VWHP��7KH�VLWXDWLRQ�LV�GLIIHUHQW�LQ�PHFKDQLFV��6RPH�OLNH�WR�XVH�WKH�LPSHGDQFH�DQDORJ\�LQ
PHFKDQLFV� WRR� WR� DYRLG� FRQIXVLRQ�� EXW� WKH� WRSRORJLHV� RI� WKH� SK\VLFDO� V\VWHP� DQG� WKH
HTXLYDOHQW�FLUFXLW�GR�QRW�UHVHPEOH�HDFK�RWKHU�DV�LQ�WKH�DFRXVWLFDO�GRPDLQ��+HQFH�WKH�FKRLFH
WR�XVH�WKH�DGPLWWDQFH�DQDORJ\�IRU�PHFKDQLFV�LQ�WKLV�WKHVLV��DOWKRXJK�WKH�IDPLOLDU�LPSHGDQFH
DQDORJ\�LV�XVHG�LQ�DFRXVWLFV��7KH�SULFH�SDLG�LV�WKDW�WKH�QDWXUH�RI�TXDQWLWLHV�LQ�WKH�PHFKDQL�
FDO�GRPDLQ�LV�OHVV�LQWXLWLYH��$�YROWDJH�GRHV�QRW�FRUUHVSRQG�WR�D�IRUFH��EXW�UDWKHU�WR�D�YHORF�
LW\��DQG�FRPSRQHQWV�LQ�WKH�PHFKDQLFDO�GRPDLQ�DUH�DGPLWWDQFHV��QRW�LPSHGDQFHV�
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������ 5DGLDWLRQ�DV�D�IRXUWK�GRPDLQ

7KH�WKUHH�GRPDLQV�GHVFULEHG�DERYH�DUH�WKH�RQHV�FRPPRQO\�XVHG�LQ�VLPXODWLRQ�RI�HOHFWURD�
FRXVWLF� WUDQVGXFHUV��9ROXPH�YHORFLW\� LV� D� FRQYHQLHQW�TXDQWLW\� LQ� DFRXVWLF� FLUFXLWV�KDYLQJ
FRQILQHG� VSDFHV� ZLWK� JLYHQ� FURVV�VHFWLRQDO� DUHDV� DQG� YROXPHV�� EXW� LW� LV� QRW� YHU\� XVHIXO
ZKHQ�GHVFULELQJ�VRXQG�UDGLDWHG�LQWR�IUHH�DLU��6XFK�D�VRXQG�ILHOG�LV�EHWWHU�GHVFULEHG�E\�SUHV�
VXUH�DQG�SDUWLFOH�YHORFLW\�LQVWHDG�RI�SUHVVXUH�DQG�YROXPH�YHORFLW\��3DUWLFOH�YHORFLW\�LV�WKH
QHW�YHORFLW\�RI� WKH�DLU�PROHFXOHV�FDXVHG�E\� WKH�SURSDJDWLQJ� VRXQG�ZDYHV� �L�H��QHJOHFWLQJ
WKHUPDO�PRWLRQ��� 7KH� FRUUHVSRQGLQJ� YROXPH� YHORFLW\� LV� REWDLQHG� E\�PXOWLSO\LQJ� SDUWLFOH
YHORFLW\�E\�DUHD��)RU�WKHVH�REYLRXV�UHDVRQV��LW�ZDV�GHFLGHG�WR�HPSOR\�D�IRXUWK�GRPDLQ�LQ
WKLV�WKHVLV��DQG�LQ�WKH�FROOHFWLRQ�RI�VLPXODWLRQ�WRROV�WR�EH�GHYHORSHG��WR�GHVFULEH�UDGLDWLRQ�

7KH�UDGLDWLRQ�GRPDLQ��DV�LW�ZLOO�EH�FDOOHG�KHUHDIWHU��FDQ�EH�VHHQ�DV�D�PRGLILFDWLRQ�RI
WKH�DFRXVWLFDO�GRPDLQ�GHVFULEHG�SUHYLRXVO\�

7DEOH������5HODWLRQ�RI�UDGLDWLRQ�GRPDLQ�WR�FRPPRQ�DFRXVWLFDO�GRPDLQ�

$FRXVWLFDO�GRPDLQ 5DGLDWLRQ�GRPDLQ
S��SUHVVXUH� S��SUHVVXUH�
T��YROXPH�YHORFLW\� Y��SDUWLFOH�YHORFLW\�

2I�FRXUVH��VRXQG�UDGLDWLRQ�LV�DQ�DFRXVWLFDO�SKHQRPHQRQ�MXVW�DV�DLU�IORZ�DQG�DLU�FRPSUHV�
VLRQ�LQ�FRQILQHG�VSDFHV��DQG�LQ�WKDW�UHVSHFW�WKH�UDGLDWLRQ�GRPDLQ�LV�DOVR�´DFRXVWLFDO´��+RZ�
HYHU��LQ�RUGHU�WR�GLVWLQJXLVK�WKLV�GRPDLQ��DV�GHILQHG�KHUH��IURP�WKH�DFRXVWLFDO�GRPDLQ��DV
GHILQHG� DERYH� DQG� LQ� FRPPRQ� DFRXVWLFV� OLWHUDWXUH��� LW� ZDV� JLYHQ� WKH� VSHFLDO� QDPH
´UDGLDWLRQ�GRPDLQ´�� ,PSHGDQFHV�KDYH�D�VSHFLDO�PHDQLQJ� LQ� WKH� UDGLDWLRQ�GRPDLQ��VHH�EH�
ORZ���EXW�PRVW�RWKHU�TXDQWLWLHV�DQG�HTXLYDOHQFHV�LQ�WKH�UDGLDWLRQ�GRPDLQ�ZLOO�QRW�EH�H[DP�
LQHG�DQ\�IXUWKHU�EHFDXVH�WKH�UDGLDWLRQ�GRPDLQ�ZLOO�QRW�EH�XVHG�WKLV�WKHVLV�

������ 6XPPDU\�RI�DQDORJLHV

$OO�WKH�QHHGHG�TXDQLWLWLHV�FDQ�EH�GHULYHG�IURP�WKH�IHZ�RQHV�FKRVHQ�DERYH��DGGLQJ�DOVR�WKH
WLPH�W�ZKLFK�LV�LGHQWLFDO�LQ�DOO�GRPDLQV��7KLV�LV�VWUDLJKWIRUZDUG�DQG�WKH�GHWDLOV�ZLOO�QRW�EH
SUHVHQWHG�KHUH�GXH�WR�ODFN�RI�VSDFH��7KH�WDEOH�EHORZ�VKRZV�DOO�WKH�XVHIXO�TXDQWLWLHV��WKHLU
XQLWV��LQ�WKH�6,�V\VWHP��DQG�WKHLU�GHILQLWLRQV��ER[HG�HTXDWLRQV��

7DEOH� ����� 6XPPDU\� RI� DQDORJLHV� XVHG� LQ� WKLV� WKHVLV�� 6RPH� TXDQWLWLHV� WKDW� DUH� QRW� RIWHQ
XVHG��DQG�RU�GR�QRW�KDYH�DQ\�HVWDEOLVKHG�QDPH��DUH�OHIW�RXW�

(OHFWULFDO 0HFKDQLFDO
�DGPLWWDQFH�DQDORJ\�

$FRXVWLFDO
�LPSHGDQFH�DQDORJ\�

5DGLDWLRQ

9ROWDJH�X 9HORFLW\�Y 3UHVVXUH�S 3UHVVXUH�S
YROW��9� P�V SDVFDO��3D� SDVFDO��3D�
&XUUHQW�L )RUFH�) 9ROXPH�YHORFLW\�T 3DUWLFOH�YHORFLW\�Y
DPSHUH��$� QHZWRQ��1� P��V P�V
&KDUJH�T ,PSXOVH�, 9ROXPH�9 3DUWLFOH�GLVSODFHPHQW�[

FRXORPE��&� 1V P� P
GT LGW= G, )GW= G9 TGW= G[ YGW=
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(QHUJ\�( (QHUJ\�( (QHUJ\�(
MRXOH��-� MRXOH��-� MRXOH��-�
G( 3GW= G( 3GW= G( 3GW=

0DQ\�QHZ�TXDQWLWLHV�DUH�VHHQ�LQ�WKLV�WDEOH��7KH�HOHFWULFDO�GRPDLQ�KDV�WKH�IDPLOLDU�TXDQWLWLHV
LPSHGDQFH��UHVLVWDQFH��LQGXFWDQFH�DQG�FDSDFLWDQFH��DV�ZHOO�DV�DGPLWWDQFH�DQG�FRQGXFWDQFH
�UHFLSURFDOV�RI�LPSHGDQFH�DQG�UHVLVWDQFH���7KH�FRUUHVSRQGLQJ�TXDQWLWLHV�LQ�WKH�PHFKDQLFDO
DQG�DFRXVWLFDO�GRPDLQ�DUH� FDOOHG�PHFKDQLFDO� DQG�DFRXVWLFDO� LPSHGDQFHV�� UHVLVWDQFHV� HWF�
,PSHGDQFH�LQ�WKH�UDGLDWLRQ�GRPDLQ�LV�WKH�UDWLR�RI�SUHVVXUH�WR�SDUWLFOH�YHORFLW\��ZKLFK�LV�D
TXDQWLW\�FRPPRQO\�NQRZQ�DV�WKH�VSHFLILF�DFRXVWLF�LPSHGDQFH��$OVR�QHZ�LV�LPSXOVH��D�PH�
FKDQLFDO�GRPDLQ�TXDQWLW\�ZKLFK�HTXDOV� WKH�SURGXFW�RI� IRUFH�DQG� WLPH�� ,W� VKRXOG�EH�QRWHG
WKDW�PHFKDQLFDO�FRQGXFWDQFH� LV�DOVR�NQRZQ�DV�UHVSRQVLYHQHVV��PHFKDQLFDO�FDSDFLWDQFH�DV
FRPSOLDQFH�� DFRXVWLF� LQGXFWDQFH� DV� LQHUWDQFH�� DQG�PHFKDQLFDO� LQGXFWDQFH� LV� LGHQWLFDO� WR
PDVV�

���� %DVLF�FRPSRQHQWV�DQG�TXDQWLWLHV

7KLV�VHFWLRQ�SURYLGHV�D�PRUH�GHWDLOHG�ORRN�DW�WKH�GHILQLWLRQV�RI�WKH�YDULRXV�LPSHGDQFHV�DQG
WKH�ZD\V� WKDW� WKH\� DUH� GLVJXLVHG� LQ� UHDO�PHFKDQLFV� DQG� DFRXVWLFV�� 6XFK� XQGHUVWDQGLQJ� LV
HVVHQWLDO� LQ� RUGHU� WR� EH� DEOH� WR� H[WUDFW� FRPSRQHQWV� IRU� WKH� HTXLYDOHQW� FLUFXLWV� IURP� UHDO�
ZRUOG�DFRXVWLFDO�V\VWHPV�

7KH�6,��PNV��V\VWHP�LV�XVHG�WKURXJKRXW�LQ�WKLV�WKHVLV��DOWKRXJK�IRUPHUO\�WKH�FJV�V\V�
WHP��FHQWLPHWUHV��JUDPPHV�DQG�VHFRQGV�LQVWHDG�RI�PHWUHV��NLORJUDPPHV�DQG�VHFRQGV��ZDV
XVHG� DOPRVW� H[FOXVLYHO\� LQ� DFRXVWLFV�� 7KH� LQWHUUHODWLRQV� EHWZHHQ� WKHVH� V\VWHPV� DUH� WDEX�
ODWHG�LQ�DSSHQGL[�,,�

������ *HQHUDO�LPSHGDQFH

0HFKDQLFDO� LPSHGDQFH� UHODWHV� WKH� IRUFH� DFWLQJ�RQ�D� ULJLG�REMHFW� WR� LWV� YHORFLW\� �ZLWK� WKH
IRUFH� DOZD\V� SDUDOOHO� WR� WKH� YHORFLW\�� L�H�� E\� GHILQLWLRQ� D� RQH�GLPHQVLRQDO� FDVH��� MXVW� DV
HOHFWULFDO�LPSHGDQFH�UHODWHV�WKH�YROWDJH�DFURVV�D�OXPSHG�HOHFWULFDO�GHYLFH�WR�LWV�FXUUHQW��7KH
GHILQLWLRQ�LV�VHHQ�LQ�WDEOH������7KH�PHFKDQLFDO�LPSHGDQFH�LV�D�FRPSOH[�TXDQWLW\��DQG�MXVW
OLNH�DQ�HOHFWULF�LPSHGDQFH�LW�FDQ�EH�VSOLW�XS�LQWR�D�PHFKDQLFDO�UHVLVWDQFH�DQG�RU�D�PHFKDQL�
FDO�UHDFWDQFH��0HFKDQLFDO�LPSHGDQFH�KDV�WKH�XQLW�1V�P��RU�NJ�V��ZKLFK�LV�DOVR�FDOOHG�PH�
FKDQLFDO�RKP��$FRXVWLF�LPSHGDQFH��LQ�WKH�VDPH�PDQQHU��UHODWHV�WKH�SUHVVXUH�RQ�D�VXUIDFH�WR
LWV� YROXPH� YHORFLW\�� ,I� QRQXQLIRUP�� RQH�PXVW� LQWHJUDWH� LQILQLWHVLPDO� VXUIDFH� HOHPHQWV�� ,W
VKRXOG�EH�QRWHG�WKDW�WKH�YROXPH�YHORFLW\�FDQ�EH�YLHZHG�HLWKHU�DV�WKH�IORZ�UDWH�RI�PHGLXP
WKURXJK�WKH�VXUIDFH��ZKLFK�PD\�EH�K\SRWKHWLFDO���RU�DV�WKH�WLPH�GHULYDWLYH�RI�WKH�YROXPH�RI
VSDFH�WKDW�VRPH�UHDO�PRYLQJ�VXUIDFH�WUDYHUVHV�>���S����@��LQ�ERWK�FDVHV�WKH�YROXPH�YHORFLW\
LV�WKH�WLPH�GHULYDWLYH�RI�WKH�YROXPH��7KLV�LV� LPSRUWDQW��EXW� LW�ZLOO�QRW�EH�H[SOLFLWO\�VWDWHG
KHUHDIWHU�� 7KH� XQLW� RI� DFRXVWLF� LPSHGDQFH� LV� 3DV�P��� RU� NJ��P�V��� ZKLFK� LV� DOVR� FDOOHG
DFRXVWLFDO�RKP��6SHFLILF�DFRXVWLF�LPSHGDQFH��XQLW��3DV�P�RU�NJ��P�V����ZKLFK�LV�WKH�UDGLD�
WLRQ�GRPDLQ�HTXLYDOHQW�RI�WKH�DFRXVWLF�LPSHGDQFH�GHILQHG�DERYH��LV�GHILQHG�IRU�D�SURSDJDW�
LQJ�DFRXVWLF�ZDYH�DV�WKH�UDWLR�RI�SUHVVXUH�WR�SDUWLFOH�YHORFLW\�

)URP�WKH�GHILQLWLRQV�LW�FDQ�EH�GHGXFHG�WKDW�WKH�DFRXVWLF�DQG�PHFKDQLFDO�LPSHGDQFHV
IRU�D�JLYHQ�FDVH�DUH�UHODWHG�DV�IROORZV�
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ZKHUH� $ �LV�WKH�VXUIDFH�DUHD�
5HVLVWDQFHV��LQGXFWDQFHV�DQG�FDSDFLWDQFHV�ZLOO�EH�YLHZHG�QH[W��7KHUH�DUH�SUDFWLFDOO\

QR� LGHDO� UHVLVWDQFHV�� LQGXFWDQFHV�RU�FDSDFLWDQFHV� LQ� WKH� UHDO�ZRUOG��KRZHYHU��$�JRRG�H[�
DPSOH� LV�D� ULJLG�ERG\�KDYLQJ�D�FHUWDLQ�PRYLQJ�PDVV� �PHFKDQLFDO� LQGXFWDQFH���7KLV�ERG\
ZLOO�XVXDOO\�HQFRXQWHU�IULFWLRQ�RI�VRPH�NLQG�DV�LW�PRYHV��ZKLFK�PHDQV�WKDW�LWV�PHFKDQLFDO
LPSHGDQFH�ZLOO�QRW�EH�SXUHO\�LQGXFWLYH�EXW�DOVR�UHVLVWLYH��7KLV�UHVLVWLYH�SDUW�LV�KDUG�WR�JHW
ULG�RI�FRPSOHWHO\�EHFDXVH�WKH�ERG\�KDV�WR�EH�VXSSRUWHG�LQ�VRPH�ZD\��$�FHUWDLQ�LPSHGDQFH
GHVFULELQJ� WKH� UHODWLRQVKLS�EHWZHHQ� IRUFH� DQG�YHORFLW\�� RU� SUHVVXUH� DQG� YROXPH�YHORFLW\�
FDQ�EH�IRXQG�IRU�VRPH�IUHTXHQF\��,Q�PRVW�FDVHV�LPSHGDQFHV�ZLOO�DOVR�EH�PRUH�RU�OHVV�IUH�
TXHQF\�GHSHQGHQW� RU� QRQOLQHDU�� 7KLV� SXWV� UHVWULFWLRQV� RQ� WKH� XVH� RI� VLPSOH� OXPSHG� DQG
OLQHDU�LPSHGDQFHV�LQ�VLPXODWLRQ��2Q�WKH�RWKHU�KDQG��WKH�0LFUR�&DS�9�SURJUDP�FDQ�KDQGOH
IUHTXHQF\�GHSHQGHQFH�EHWWHU�WKDQ�PDQ\�RWKHU�W\SLFDO�VLPXODWLRQ�WRROV��ZKLFK�DOORZV�RQH�WR
WDNH� IUHTXHQF\� GHSHQGHQFH� LQWR� DFFRXQW� LQ� D� IUHTXHQF\� VZHHS�� %HLQJ� XVHG� WR� FDOFXODWH
IUHTXHQF\�UHVSRQVHV��WKLV�ZLOO�EH�WKH�PRVW�XVHG�IHDWXUH�RI�WKH�VLPXODWRU�

������ 5HVLVWDQFH

$�SXUH�PHFKDQLFDO�UHVLVWDQFH�LV�IRUPHG�E\�DQ�LGHDO�YLVFRXV�IRUFH�RSSRVLQJ�WKH�PRYHPHQW
RI�D�ULJLG��PDVVOHVV�REMHFW��%HFDXVH�WKH�YLVFRXV�IRUFH�LV�DVVXPHG�WR�EH�LGHDO��WKH�UHVXOWDQW
YHORFLW\�LV�SURSRUWLRQDO�WR�WKH�IRUFH�DFWLQJ�RQ�WKH�REMHFW��0HFKDQLFDO�UHVLVWDQFH�KDV�WKH�XQLW
1V�P� �RU�NJ�V���$Q\� IRUFH�EHKDYLQJ�DV�GHVFULEHG�DSSHDUV� DV� D�PHFKDQLFDO� UHVLVWDQFH�� UH�
JDUGOHVV� RI� LWV� RULJLQ� �YLVFRVLW\� RU� VRPH� RWKHU� SKHQRPHQRQ��� 1RQ�YLVFRXV� RU� QRQOLQHDU
IRUFHV�PLJKW�EH�OLQHDU�HQRXJK�LQ�VRPH�DPSOLWXGH�DQG�IUHTXHQF\�UDQJH��VXFK�WKDW�WKH\�FDQ
EH�PRGHOOHG�DSSUR[LPDWHO\�E\�OLQHDU�PHFKDQLFDO�UHVLVWDQFHV��7KH�PRVW�W\SLFDO�PHFKDQLFDO
UHVLVWDQFHV�DSSHDULQJ�LQ�WKH�FRQWH[W�RI�HOHFWURDFRXVWLFV�DUH�

• PHFKDQLFDO�GDPSLQJ��IRU�H[DPSOH��WR�UHGXFH�YLEUDWLRQ�RU�VPRRWK�RXW�D�PHFKDQLFDO�UHVR�
QDQFH���DQG

• VXVSHQVLRQ�ORVVHV��H[DPSOH��WKH�VXVSHQVLRQ�RI�D�ORXGVSHDNHU�PHPEUDQH��

$�SXUH�DFRXVWLF� UHVLVWDQFH� �XQLW��3DV�P��RU� NJ��P�V��� FDQ�EH� YLHZHG� DV� DQ� LGHDO� YLVFRXV
IRUFH�RSSRVLQJ�WKH�IORZ�RI�D�PDVVOHVV�PHGLXP��ZKRVH�SUHVVXUH�LV�S��WKURXJK�D�K\SRWKHWLFDO
VXUIDFH��)URP�HT����������IRU�VRPH�JLYHQ�FDVH�
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$FRXVWLF�UHVLVWDQFH�LV�W\SLFDOO\�GXH�WR�WKH�YLVFRVLW\�RI�WKH�PHGLXP��DLU��LWVHOI��7KLV�YLVFRV�
LW\�LV�HVSHFLDOO\�SURQRXQFHG�LQ�

• VPDOO�KROHV�
• QDUURZ�VOLWV��DQG
• OD\HUV�RI�FORWK�

7KHUH�DUH�DOZD\V�YLVFRVLW\�ORVVHV�SUHVHQW�ZKHQ�DLU�IORZV�WKURXJK�PHFKDQLFDO�VWUXFWXUHV��7R
PRGHO� WKLV� LPSRUWDQW�EHKDYLRXU�� WKH�FRUUHVSRQGLQJ�DFRXVWLF�UHVLVWDQFH�PXVW�EH� WDNHQ�LQWR
DFFRXQW��2I�FRXUVH�� LI�VRPH�RWKHU�DFRXVWLF� LPSHGDQFH�SUHGRPLQDWHV��RQH�PD\�GLVFDUG� WKH
YLVFRXV�UHVLVWDQFH�XQOHVV�WRR�PXFK�DFFXUDF\�LV�ORVW�
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������ ,QGXFWDQFH

,W�ZDV�DOUHDG\�VWDWHG�WKDW�PHFKDQLFDO�LQGXFWDQFH��XQLW��NJ��LV�LGHQWLFDO�WR�PDVV��L�H��D�SXUH
PHFKDQLFDO�LQGXFWDQFH�ZRXOG�EH�IRUPHG�E\�D�ULJLG�ERG\�ZKRVH�PRYHPHQW�LV�RSSRVHG�E\
QR�RWKHU�IRUFHV�H[FHSW�WKH�LQHUWLD�RI�LWV�RZQ�PDVV��,Q�UHDO�OLIH��DQ\�PRYLQJ�REMHFW�ZLOO�KDYH
D�PHFKDQLFDO� LQGXFWDQFH� LQ� LWV�PHFKDQLFDO�HTXLYDOHQW�FLUFXLW�EHFDXVH�PDVVOHVV�REMHFWV�GR
QRW�H[LVW�H[FHSW�DW�HOHPHQWDU\�SDUWLFOH�OHYHO��7KH�PHFKDQLFDO� LQGXFWDQFH�RI�VRPH�PRYLQJ
SDUW�PD\�VWLOO�EH�OHIW�RXW�LI�LW�LV�QRW�UHOHYDQW�LQ�WKH�JLYHQ�FDVH��H�J��LI�VRPH�RWKHU�PHFKDQLFDO
LPSHGDQFH�SUHGRPLQDWHV��0RYLQJ�PHFKDQLFDO�SDUWV�DUH�IRXQG�LQ�DOO�HOHFWURDFRXVWLF� WUDQV�
GXFHUV�XVHG�LQ�PRELOH�SKRQHV�

$FRXVWLF� LQGXFWDQFHV� �XQLW��NJ�P���DUH�QRW�DV�HDV\� WR�YLVXDOL]H�DV�PHFKDQLFDO�RQHV�
7KH�GHILQLWLRQ�GHULYHG�IURP�WKH�DQDORJLHV�DQG�VKRZQ�LQ� WDEOH����� LV�QRW�YHU\�HDV\� WR�XQ�
GHUVWDQG� HLWKHU�� %XW� FRPSDULQJ� LW� WR� WKH� GHILQLWLRQ� RI� HOHFWULF� LQGXFWDQFH� RQH� VHHV� WKDW
DFRXVWLF�LQGXFWDQFH�LV�WKH�SURSHUW\�RI�WKH�PHGLXP�WKDW�RSSRVHV�FKDQJHV�LQ�WKH�YROXPH�YH�
ORFLW\��MXVW�DV�DQ�LQGXFWDQFH�RSSRVHV�FKDQJHV�LQ�WKH�FXUUHQW���7KLV�SURSHUW\� LV�DOVR�FDOOHG
LQHUWDQFH��$FRXVWLF�LQGXFWDQFHV�DSSHDU�EHFDXVH�WKH�PHGLXP�KDV�PRYLQJ�PDVV��7KLV�LV�DOVR
VHHQ�LQ�WKH�UHODWLRQ�EHWZHHQ�DFRXVWLF�LQGXFWDQFH�DQG�PHFKDQLFDO�LQGXFWDQFH��PDVV��

/
/
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ZKHUH� $ � LV�WKH�VXUIDFH�DUHD��RYHU�ZKLFK�WKH�SUHVVXUH�DFWV��DQG�P� LV� WKH�PRYLQJ�PDVV��$
SXUH�DFRXVWLF�LQGXFWDQFH�ZRXOG�EH�IRUPHG�E\�D�YROXPH�RI�PHGLXP�PRYLQJ�ZLWKRXW�FRP�
SUHVVLRQ�DQG�YLVFRXV�ORVVHV��7\SLFDO�FDVHV�ZKHUH�DFRXVWLF�LQGXFWDQFHV�PD\�EH�ODUJH�DUH�

• LQ�VPDOO�RSHQLQJV�
• LQ�ORQJ�WXEHV�RU�GXFWV�

7KH�VPDOOHU�WKH�DUHD��WKH�ELJJHU�WKH�DFRXVWLF�LQGXFWDQFH��EHFDXVH�WKH�DUHD�LV�LQ�WKH�GHQRPL�
QDWRU�LQ�HT��������

������ &DSDFLWDQFH

$�SXUH�PHFKDQLFDO�FDSDFLWDQFH� �XQLW��P�1�RU�V��NJ�� LV� IRUPHG�E\�D� IRUFH� WKDW� LV�SURSRU�
WLRQDO� WR�GLVSODFHPHQW��DV� LV�XQGHUVWRRG� ORRNLQJ�DW� WKH�GHILQLWLRQ� LQ� WDEOH������7KLV� LV� WKH
NLQG�RI�EHKDYLRXU�VKRZQ�E\�DQ�LGHDO�VSULQJ��DQG�WKH�PHFKDQLFDO�FDSDFLWDQFH�LV�VLPSO\�WKH
UHFLSURFDO�RI�WKH�VSULQJ�FRQVWDQW��UDWLR�RI�IRUFH�WR�GLVSODFHPHQW�IURP�HTXLOLEULXP���7\SLFDO
PHFKDQLFDO�FDSDFLWDQFHV�DUH�

• VXVSHQVLRQV��DURXQG�D�ORXGVSHDNHU�FRQH��IRU�H[DPSOH���DQG
• IOH[LEOH�PHPEUDQHV�

$QDORJRXVO\��DQ�DFRXVWLF�FDSDFLWDQFH��XQLW��P��3D�RU�P�V��NJ��LV�IRUPHG�E\�D�SUHVVXUH�WKDW
LV�SURSRUWLRQDO�WR�D�FKDQJH�RI�YROXPH��,I�D�SUHVVXUH�DFWV�WR�FKDQJH�VRPH�FORVHG�YROXPH��LW
ZLOO�EH�RSSRVHG�E\�D�SUHVVXUH�SURSRUWLRQDO�WR�WKH�FKDQJH�RI�YROXPH��%\�GHILQLWLRQ�RI�FRP�
SUHVVLELOLW\�RI�DQ�LGHDO�IOXLG��WKH�DFRXVWLF�FDSDFLWDQFH�IRU�VRPH�YROXPH�RI�IOXLG�LV�HTXDO�WR
WKH�SURGXFW�RI�FRPSUHVVLELOLW\�DQG�HTXLOLEULXP�YROXPH�

& .9D = �����
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ZKHUH�.� LV� WKH�FRPSUHVVLELOLW\��,Q�RWKHU�ZRUGV��DFRXVWLF�FDSDFLWDQFH�DQG�YROXPH�DUH�SUR�
SRUWLRQDO� IRU� D� JLYHQ� FRPSUHVVLEOH� IOXLG�� ,Q� WKLV� SDUWLFXODU� FDVH�� WKH� IOXLG� LV� WKH� DLU� WKDW
SURSDJDWHV� VRXQG��5HDO� DLU� LV� QRW� DQ� LGHDO� IOXLG�� KHQFH� D� UHDO�ZRUOG� DFRXVWLF� FDSDFLWDQFH
ZLOO�SUDFWLFDOO\�DOZD\V�KDYH�ORVVHV��)LQDOO\��IURP�HT��������

& $ &D P= � �����

$FRXVWLF�FDSDFLWDQFH�DSSHDUV�ZKHQHYHU�WKH�IORZ�RI�PHGLXP�LV�RSSRVHG�E\�D�SUHVVXUH�SUR�
SRUWLRQDO� WR� WKH�FKDQJH�RI�YROXPH��$�FDYLW\�RI�DLU� LV�E\�IDU� WKH�PRVW� W\SLFDO�FDVH��ZLWK�D
VPDOO�FDYLW\�DSSHDULQJ�DV�D�VPDOO�DFRXVWLF�FDSDFLWDQFH��DQG�YLFH�YHUVD�

������ ,QWHUFRQQHFWLQJ�WKH�GRPDLQV

6R�IDU��IRXU�GRPDLQV�KDYH�EHHQ�GHVFULEHG��$OO�HOHFWURDFRXVWLFV�WKDW�ZLOO�EH�YLHZHG�LQ�WKLV
FRQWH[W�LQFOXGHV�VRPH�RU�DOO�RI�WKHVH�GRPDLQV��'LUHFW�FRPELQDWLRQ�RI�GRPDLQV�LV�QRW�SRV�
VLEOH�LQ�SULQFLSOH��VLQFH�WKHLU�XQLWV�GLIIHU�DQG�WKH\�UHSUHVHQW�GLIIHUHQW�V\VWHPV��WKH�DFRXVWL�
FDO� DQG� UDGLDWLRQ� GRPDLQV� DUH� FORVHO\� UHODWHG�� KRZHYHU��� ,W� LV� ORJLFDO� WR� KDYH� DOO� HOHFWULF
FLUFXLWU\�LQ�WKH�HOHFWULFDO�GRPDLQ��DQG�DOO�PRYLQJ�SDUWV�LQ�WKH�PHFKDQLFDO�GRPDLQ��,W�LV�RE�
YLRXV� WKDW� WKH� ERUGHU� EHWZHHQ� WKHVH� GRPDLQV� JRHV� WKURXJK� WKH� WUDQVGXFHU�� EHFDXVH� WKH
WUDQVGXFHU�WUDQVIRUPV�VLJQDOV�LQ�RQH�GRPDLQ�WR�VLJQDOV�LQ�WKH�RWKHU��$V�ZLOO�EH�VHHQ�LQ�ODWHU
H[DPSOHV�� WKLV� WUDQVIRUPDWLRQ� FDQ� EH� LPSOHPHQWHG� E\� LQWHUFRQQHFWLQJ� WKH� GRPDLQV� ZLWK
HLWKHU�WUDQVIRUPHUV�RU�J\UDWRUV�>���SS����������@�
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β  WUDQVFRQGXFWDQFH

)LJXUH� ����� ,GHDO� �WRS�� WUDQVIRUPHU� DQG� �ERWWRP�� J\UDWRU� DQG� WKHLU� FKDUDFWHULVWLF� HTXD�
WLRQV��7KH�TXDQWLWLHV�D���YROWDJH���DQG�E���FXUUHQW���PD\�UHSUHVHQW�DQ\�DQDORJRXV�TXDQWL�
WLHV�DV�GHVFULEHG�DERYH�

7KH�ERUGHU�EHWZHHQ�WKH�PHFKDQLFDO�DQG�DFRXVWLFDO�GRPDLQ�LV�HDVLHVW�WR�YLVXDOL]H�DV�D�ERU�
GHU�EHWZHHQ�PHFKDQLFDO�PRYHPHQW�DQG�DLU�IORZ��L�H��ZKHUH�WKH�PHGLXP�HQWHUV�WKH�VWDJH��$
JRRG�H[DPSOH�LV�WKH�VXUIDFH�RI�D�ORXGVSHDNHU�PHPEUDQH��8VLQJ�WKH�DERYH�UHODWLRQV��LW�FDQ
EH� VHHQ� WKDW� DQ� LQWHUIDFH� EHWZHHQ� WKH�PHFKDQLFDO� DQG� DFRXVWLFDO� GRPDLQ�PXVW� KDYH� WKH
SURSHUWLHV� RI� D� J\UDWRU�� 7KH� IRXUWK� �UDGLDWLRQ�� GRPDLQ� FDQ� EH� WKRXJKW� WR� KDYH� LWV� ERUGHU
EHWZHHQ�DQ�DFRXVWLF�FLUFXLW��FRQVLVWLQJ�RI�VWUXFWXUHV�DOWHULQJ�WKH�IORZ�RI�DLU��DQG�WKH�IUHH�DLU
WKDW�VRXQG�UDGLDWHV�LQWR��$Q�H[DPSOH�RI�WKLV�PLJKW�EH�WKH�EDVV�UHIOH[�SRUW�RSHQLQJ�LQ�D�EDVV
UHIOH[�ORXGVSHDNHU�FDELQHW��ZLWK�DQ�DFRXVWLF�FLUFXLW�GHVFULELQJ�WKH�SRUW�DQG�WKH�LQWHULRU�RI
WKH�FDELQHW�RQ�RQH�VLGH��DQG�WKH�UDGLDWLRQ�LQWR�IUHH�DLU�RQ�WKH�RWKHU�VLGH�

$�VSHFLDO�FRPSOLFDWLRQ�DULVHV�IURP�WKH�H[FKDQJH�RI�RQO\�RQH�TXDQWLW\�LQ�JRLQJ�IURP
WKH�DFRXVWLFDO�GRPDLQ�WR�WKH�UDGLDWLRQ�GRPDLQ�DQG�YLFH�YHUVD��8VLQJ�WKH�UHODWLRQV�GHILQHG
DERYH�� LW� FDQ�EH� VHHQ� WKDW� LQ� WKLV� FDVH� WKH�GRPDLQ� LQWHUIDFH�KDV� WR�EH� D� WUDQVIRUPHU�ZLWK
GLIIHUHQW� WUDQVIRUPDWLRQ� UDWLRV� IRU� YROWDJH� DQG� FXUUHQW�� WKH� YROWDJH� WUDQVIRUPDWLRQ� UDWLR
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PXVW�EH�XQLW\��SUHVVXUH�RQ�ERWK�VLGHV��ZKLOH�WKH�FXUUHQW�WUDQVIRUPDWLRQ�UDWLR�PXVW�GHSHQG
RQ�WKH�UDGLDWLQJ�DUHD��YROXPH�YHORFLW\�RQ�RQH�VLGH�DQG�SDUWLFOH�YHORFLW\�RQ�WKH�RWKHU�VLGH�
VHH�WDEOH������

$IWHU�FUHDWLQJ�DQ�HTXLYDOHQW�FLUFXLW��WKH�GRPDLQ�ERUGHUV�FDQ�EH�PRYHG�RU�HYHQ�HOLPL�
QDWHG�E\�XVLQJ�FLUFXLW�WKHRUHPV�WR�UHGXFH�WKH�QHW�RQ�RQH�VLGH�RI�D�WUDQVIRUPHU�RU�J\UDWRU�WR
WKH�RWKHU�VLGH��7KLV�ORZHUV�WKH�QXPEHU�RI�FRPSRQHQWV�LQ�WKH�FLUFXLW�WKDW�LV�WR�EH�VLPXODWHG�
$W�WKH�VDPH�WLPH��ERUGHU�HOLPLQDWLRQ�SURYLGHV�DGGLWLRQDO�LQVLJKW�LQWR�KRZ�DQ�LPSHGDQFH�LQ
RQH� GRPDLQ� LV� VHHQ� E\� VRPH�RWKHU� GRPDLQ��$�ZHOO�NQRZQ� H[DPSOH� LV� WKH� FKDQJH� LQ� WKH
HOHFWULF�LQSXW�LPSHGDQFH�RI�D�G\QDPLF�WUDQVGXFHU�ZKHQ�PHDVXUHG�ILUVW�ZLWK�LWV�PHPEUDQH
IL[HG� �PHFKDQLFDO�PRYHPHQW� HOLPLQDWHG�� DQG� WKHQ� IUHH�� 7KH� H[SUHVVLRQV� IRU� WKH� UHGXFHG
FRPSRQHQW�YDOXHV�WHQG�WR�EH�PRUH�FRPSOLFDWHG�WKDQ�WKH�RULJLQDO�H[SUHVVLRQV��:KHQ�FUHDW�
LQJ�WKH�HTXLYDOHQW�FLUFXLW��LW�LV�JRRG�WR�GR�LW�WKH�VLPSOH�DQG�LQWXLWLYH�ZD\��ZLWK�DOO�GRPDLQV
WKHUH�� WR�DYRLG�HUURUV��7KH�DGGLWLRQDO�QXPEHU�RI�FRPSRQHQWV�GRHV�QRW�PHDQ�PXFK� WR� WKH
IDVW�VLPXODWLRQ�VRIWZDUH�RI�WRGD\��VLQFH�HYHQ�WKH�FRPSOHWH�FLUFXLWV�ZLOO�EH�VPDOO�FRPSDUHG
WR�ZKDW�PRGHUQ�VLPXODWRUV�FDQ�KDQGOH�

���� $GYDQWDJHV�RI�VLPXODWLRQ

%HIRUH�JRLQJ� LQWR�PRUH�GHWDLO�� VRPH�DGYDQWDJHV�RI� VLPXODWLRQ�DUH�SUHVHQWHG� LQ� D�JHQHUDO
PDQQHU��0DQ\�RI�WKH�VWDWHPHQWV�KHUH�ZLOO�EH�H[HPSOLILHG�LQ�ODWHU�FKDSWHUV�ZKHUH�SUDFWLFDO
FDVHV�DUH�YLHZHG��7KH� VDPH�JRHV� IRU� WKH�GLVDGYDQWDJHV�DQG� UHVWULFWLRQV�PHQWLRQHG�DW� WKH
HQG�RI�WKLV�FKDSWHU�

������ (YDOXDWLRQ�RI�EDVLF�VROXWLRQV

7KH�SURFHGXUH�RI�FKDQJLQJ�SDUDPHWHUV�DQG�URXWLQJ�FRQQHFWLRQV�LV�IDVW�DQG�VLPSOH�LQ�VLPX�
ODWLRQ��HVSHFLDOO\�LI�D�JUDSKLFDO�VFKHPDWLFV�HGLWRU�LV�DYDLODEOH��&KDQJLQJ�FRPSRQHQW�YDOXHV
UHSUHVHQWV�FKDQJLQJ�HOHFWULF��PHFKDQLFDO�DQG�DFRXVWLF� LPSHGDQFHV��DQG�FKDQJLQJ�FRQQHF�
WLRQV�PHDQV�FUHDWLQJ�QHZ�IORZ�SDWKV�IRU�FXUUHQW��L�H��DLU�LQ�WKH�DFRXVWLFDO�GRPDLQ��$OO�WKLV�LV
HVSHFLDOO\�JRRG�DW�DQ�HDUO\�VWDJH� LQ� WKH�GHYHORSPHQW�RI�D�SURGXFW��ZKHQ�QR�RU�YHU\� OLWWOH
KDUGZDUH�LV�DYDLODEOH��6LPXODWLRQ�LV�WKHQ�XVHIXO�ZKHQ�HYDOXDWLQJ�ZKLFK�KDUGZDUH�VROXWLRQ
WR�XVH��7KHUH�DUH�RIWHQ�VHYHUDO�PHFKDQLFDO�GHVLJQ�DQG�WUDQVGXFHU�FKRLFHV�

,W�LV�FOHDU�WKDW�VRPH�SDUW�RI�WKH�V\VWHP�PXVW�EH�VSHFLILHG�EHIRUH�VWDUWLQJ�WR�VHDUFK�IRU
WKH�EHVW� VROXWLRQ��7U\LQJ�GLIIHUHQW�PHFKDQLFDO� VROXWLRQV�QHHGV�D�PRGHO�RI� WKH� WUDQVGXFHU�
DQG�YLFH�YHUVD��7KH� WDVN�EHFRPHV�GLIILFXOW� LI� WKHUH� DUH� WRR�PDQ\�XQVSHFLILHG�SDUDPHWHUV�
3ULFH��PHFKDQLFDO� FRPSOH[LW\� �ZKLFK� GLUHFWO\� DIIHFWV� WKH� SURGXFWLRQ� SURFHVV��� DV�ZHOO� DV
ZDWHU�DQG�GXVW�UHVLVWDQFH��DUH�RWKHU�LPSRUWDQW�IDFWRUV��,Q�DQ\�FDVH�� LW� LV�D�JUHDW�DGYDQWDJH
WKDW�KDUGZDUH�LV�QRW�QHFHVVDULO\�QHHGHG�DW�DOO�IRU�VXFK�HDUO\�VWDJH�WDVNV�DV�

• HYDOXDWLQJ�WKH�DFRXVWLFDO�SHUIRUPDQFH�RI�YDULRXV�SKRQH�PHFKDQLFDO�GHVLJQ�RSWLRQV�
• ILQGLQJ�WKH�EHVW�PRXQWLQJ�RSWLRQ�RI�WKH�WUDQVGXFHU�FRPSRQHQW�LQVLGH�WKH�SKRQH�
• FKHFNLQJ�ZKHWKHU�RU�QRW�VRPH�LQWHQGHG�WUDQVGXFHU�FDQ�EH�SURWHFWHG�E\�D�GXVW�DQG�ZDWHU

VKLHOG�PHPEUDQH�ZLWKRXW�SHUIRUPDQFH�VXIIHULQJ��DQG
• HYDOXDWLQJ�WUDQVGXFHU�FRPSRQHQWV�RI�YDULRXV�EUDQGV�LQ�WKH�LQWHQGHG�SKRQH�PHFKDQLFV�



3ULQFLSOHV�RI�DFRXVWLFV�VLPXODWLRQ�������

������ 7UDQVGXFHU�VSHFLILFDWLRQ

,I�WKHUH�LV�D�FKRLFH�RI�KDYLQJ�D�FXVWRP�WUDQVGXFHU�FRPSRQHQW�PDGH�WR�RUGHU��VLPXODWLRQ�LV
HDVLO\� WKH� RQO\�ZD\� WKDW� RSWLPDO� SDUDPHWHUV� IRU� WKH� WUDQVGXFHU� FDQ� EH� IRXQG� �H[FHSW� IRU
PRUH� WHGLRXV�HTXDWLRQ�VROYLQJ�RU�KDQG�FDOFXODWLRQ��RI�FRXUVH���8SSHU�DQG�RU� ORZHU� OLPLWV
IRU�VXFK�SDUDPHWHUV�DV�HIILFLHQF\��PHPEUDQH�DUHD��H[FXUVLRQ�FDSDELOLW\�HWF��PD\�EH�IRXQG
E\�VLPXODWLRQ�ZKHQ�WKH�GHVLUHG�SHUIRUPDQFH�FKDUDFWHULVWLFV��DQG�SKRQH�PHFKDQLFV�UHVWULF�
WLRQV��DUH�NQRZQ��7KH�WUDQVGXFHU�FDQ�EH�D�PRGLILFDWLRQ�RI�DQ�RII�WKH�VKHOI�FRPSRQHQW�E\
WKH�VDPH�PDQXIDFWXUHU�� LQ�ZKLFK�FDVH� LW�KHOSV�D� ORW� LI�D�VLPXODWLRQ�PRGHO� LV�DYDLODEOH�IRU
WKDW�FRPSRQHQW��([DPSOHV�RI�VLPXODWLRQ�WDVNV�DUH�

• FUHDWLQJ�DQ�LQLWLDO�WUDQVGXFHU�PRGHO��XQOHVV�RQH�LV�DYDLODEOH��
• VSHFLI\LQJ� UHTXLUHG� RXWSXW� FDSDELOLW\� RI� D� WUDQVGXFHU� FRPSRQHQW�ZKHQ� WKH�PHFKDQLFV

GHVLJQ��PRXQWLQJ��LQSXW�VLJQDO�DPSOLWXGH�HWF��DUH�NQRZQ�
• WHVWLQJ�SRVVLEOH�LPSURYHPHQWV�WR�DQ�DYDLODEOH�WUDQVGXFHU�FRPSRQHQW��DQG
• VSHFLI\LQJ�PD[LPXP�DOORZDEOH�WROHUDQFHV�RI�JLYHQ�WUDQVGXFHU�SDUDPHWHUV�

������ 7XQLQJ�DQG�RSWLPL]DWLRQ

2QH�RU�PRUH�GHVLJQ�SDUDPHWHUV�FDQ�EH�WXQHG�WR�WKH�EHVW�YDOXHV��RSWLPL]HG��XVLQJ�UHSHDWHG
SDUDPHWHU�VWHSSLQJ��D�VLPXODWRU�IHDWXUH�LQYROYLQJ�VHTXHQWLDO�VLPXODWLRQ�UXQV�ZLWK�D�JLYHQ
VHULHV�RI�YDOXHV�IRU�RQH�RU�PRUH�SDUDPHWHUV�>���S�����@��7KLV�LV�D�YHU\�FRPPRQ�DSSOLFDWLRQ
RI�VLPXODWLRQ��2SWLPL]DWLRQ�FDQ�EH�DSSOLHG�DOVR�WR�ILUVW�FXW�HVWLPDWHV�RU�KDQG�FDOFXODWLRQV�
'RLQJ�WKLV�ZLWK�UHDO�KDUGZDUH�LV�IDU�PRUH�H[SHQVLYH�DQG�WLPH�FRQVXPLQJ��EHFDXVH�VHYHUDO
VDPSOHV��ZLWK�YDU\LQJ�SURSHUWLHV��RI�VRPH�PHFKDQLFDO�SDUW�RU�WUDQVGXFHU�KDYH�WR�EH�EXLOW��,I
WKLV�RSHUDWLRQ�ODWHU� WXUQV�RXW� WR�EH�XQQHFHVVDU\��HYHQ�PRUH� WLPH�DQG�UHVRXUFHV�KDYH�EHHQ
ZDVWHG�WKDQ�ZRXOG�KDYH�EHHQ�WKH�FDVH�XVLQJ�VLPXODWLRQ�

������ 9HULILFDWLRQ

$V� VRRQ� DV�PHDVXUDEOH� KDUGZDUH� LV� DW� KDQG�� RQH� VKRXOG� VWDUW� E\� YHULI\LQJ�PHDVXUHPHQW
UHVXOWV�DJDLQVW�VLPXODWLRQ�UHVXOWV��7KHQ�WKH�HTXLYDOHQW�FLUFXLW�PRGHOV�FDQ�EH�ILQH�WXQHG�WR
LQFOXGH�SRVVLEOH�LUUHJXODULWLHV�WKDW�DUH�IRXQG��IRU�H[DPSOH��D�VPDOO�DLU�OHDN�LQ�D�FDYLW\�WKDW
ZDV�DVVXPHG�WR�EH�DLU�WLJKW���6RPHWLPHV�DFFLGHQWDO�HUURUV� LQ�PHDVXUHPHQWV�FDQ�EH�IRXQG
E\� UXQQLQJ�VLPXODWLRQV�RI� WKH�VDPH�PHDVXUHPHQWV��)RU�H[DPSOH�� LI�D� IUHTXHQF\� UHVSRQVH
PHDVXUHPHQW� UHVXOW� ORRNV� VXUSULVLQJ� GXH� WR� LPSURSHU� DVVHPEO\� RI� PHFKDQLFDO� SDUWV�� WKH
ORFDWLRQ�DQG�VL]H�RI�WKH�HUURU��XVXDOO\�OHDNDJH��FDQ�EH�WUDFNHG�GRZQ�E\�WU\LQJ�OHDNV�LQ�WKH
VLPXODWHG�HTXLYDOHQW�FLUFXLW�RI� WKH�PHDVXUHPHQW��0HDVXUHPHQWV�DQG�VLPXODWLRQ�FDQ�FRP�
SOHPHQW�HDFK�RWKHU��EXW�RQH�PXVW�WDNH�FDUH�WR�EH�VXUH�ZKLFK�UHVXOW�LV�WKH�PRUH�UHOLDEOH�RQH
ZKHQ�WKH\�GLIIHU�DSSUHFLDEO\��,I�WKLV�KDSSHQV��WKH�EHVW�WKLQJ�WR�GR�LV�WR�ZRUN�EDFNZDUG�DQG
UHPRYH�SDUWV�IURP�WKH�DVVHPEO\�

$OO�GHFHQW�VLPXODWRUV�KDYH�VRPH�NLQG�RI�0RQWH�&DUOR�RU�ZRUVW�FDVH�DQDO\VLV�RSWLRQ
WR�YHULI\� WKH�HIIHFW�RI� WKH� LQHYLWDEOH� WROHUDQFHV�� ,I� VRPH�SDUWLFXODU� VROXWLRQ�DSSHDUV� WR�EH
YHU\�VHQVLWLYH�WR�WROHUDQFHV�RU�VPDOO�DLU�OHDNV��WKDW�VROXWLRQ�FDQ�EH�HLWKHU�PRGLILHG�RU�GLV�
FDUGHG�WR�JLYH�ZD\�WR�DQRWKHU�EHWWHU�VROXWLRQ��$OO�WKLV�LV�FKHDS�DQG�TXLFN�XVLQJ�VLPXODWLRQ�
EXW�FKDQJLQJ� WKH�DFRXVWLFV�RU�PHFKDQLFV�VROXWLRQ�DW�D� ODWHU� VWDJH� LQ� WKH�SURGXFW�GHYHORS�
PHQW�SURFHVV�LV�FRVWO\�DQG�WLPH�FRQVXPLQJ�
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������ :KHQ�PHDVXUHPHQW�LV�KDUG�RU�LPSRVVLEOH

7KH� VPDOO� GLPHQVLRQV�RI�PRELOH� SKRQHV� DQG� WKHLU� WUDQVGXFHUV� FRPSOLFDWH�PHDVXUHPHQWV�
7R� H[DPLQH�� VD\�� WKH� H[FXUVLRQ� RI� D�PLFURSKRQH�PHPEUDQH�� WKH� VRXQG�SUHVVXUH� LQVLGH� D
VPDOO�FDYLW\��RU�WKH�IRUFHV�DFWLQJ�RQ�WKH�PRYLQJ�WUDQVGXFHU�SDUWV��RQH�QHHGV�WR�KDYH�VSHFLDO�
L]HG�HTXLSPHQW�DW�KDQG��,Q�VRPH�FDVHV�VXFK�PHDVXUHPHQWV�DUH�HYHQ�LPSRVVLEOH��OHDYLQJ�WKH
HQJLQHHU�ZLWK�RWKHU�PHWKRGV�VXFK�DV�HVWLPDWLRQ��KDQG�FDOFXODWLRQ�RU�VLPXODWLRQ��2I� WKHVH
WKUHH��VLPXODWLRQ�LV�WKH�EHVW�FKRLFH�LQ�WHUPV�RI�VLPSOLFLW\�DQG�DFFXUDF\��SURYLGHG�RI�FRXUVH
WKDW�JRRG�PRGHOV�DUH�DYDLODEOH�

���� 5HVWULFWLRQV

������ 1RQOLQHDULW\

7\SLFDO�VLPXODWRUV�DUH�QRW�FDSDEOH�RI�VLPXODWLQJ�QRQOLQHDU�EHKDYLRXU�LQ�WKH�IUHTXHQF\�GR�
PDLQ��7KLV�LV�EHFDXVH�DQ�RSHUDWLQJ�SRLQW�DQDO\VLV�LV�PDGH�ILUVW��DQG�WKHQ�WKH�FLUFXLW�LV�OLQH�
DUL]HG� DURXQG� WKDW� RSHUDWLQJ� SRLQW� >��� S�� ��@�� ,Q� WKLV� SURFHVV� DOO� QRQOLQHDULW\� LV� ORVW�� QR
PDWWHU�KRZ�ZHOO�PRGHOOHG��7KH�PRVW�LPSRUWDQW�QRQOLQHDULWLHV�LQ�UHDO�ZRUOG�HOHFWURDFRXVWLFV
DUH�

• WKH�QRQOLQHDU�FRPSUHVVLRQ�DQG�IORZ�RI�DLU�
• QRQOLQHDU�EHKDYLRXU�RI�PDWHULDOV��VXVSHQVLRQV��PHPEUDQHV���DQG
• QRQOLQHDULW\�UHVXOWLQJ�IURP�WKH�FRQVWUXFWLRQ�RI� WUDQVGXFHUV��QRQXQLIRUP�PDJQHWLF�ILHOG

DURXQG�WKH�YRLFH�FRLO��HWF��

2I�FRXUVH��QRQOLQHDULW\�FDQ�EH�QHJOHFWHG�LI�VPDOO�VLJQDO�EHKDYLRXU�RQO\�LV�VLPXODWHG��8VLQJ
VLPXODWRUV�WKDW�SURSHUO\�VXSSRUW�QRQOLQHDULW\��GLVWRUWLRQ�HIIHFWV�FDQ�EH�H[DPLQHG�LI�DOO�WKH
UHOHYDQW�QRQOLQHDULWLHV� DUH�EXLOW� LQWR� WKH� HTXLYDOHQW� FLUFXLW��8VXDOO\� WKLV�PHDQV� WKDW� VRPH
FRPSRQHQWV�KDYH�PDWKHPDWLFDO�H[SUHVVLRQV�LQVWHDG�RI�FRQVWDQW�YDOXHV��7KH�0LFUR�&DS�9
YHUVLRQ���VLPXODWRU�FDQQRW�VLPXODWH�QRQOLQHDULW\�LQ�WKH�IUHTXHQF\�GRPDLQ��EXW�IRUWXQDWHO\�LW
FDQ�KDQGOH�IUHTXHQF\�GHSHQGHQW�FRPSRQHQW�YDOXHV��ZKLFK�LV�D�IHDWXUH� WKDW�ZLOO�EH�SXW� WR
XVH�LQ�WKLV�WKHVLV�

������ 0RGHO�DYDLODELOLW\

0RGHOOLQJ�WUDQVGXFHUV�LQ�GHWDLO�FDQ�EH�D�GLIILFXOW�WDVN�WKDW�QHHGV�DFFXUDWH�LQIRUPDWLRQ�IURP
WKH�PDQXIDFWXUHU�� 7KH� VLWXDWLRQ� LV� RSWLPDO� LI� WKH�PDQXIDFWXUHU� LV� FDSDEOH� RI� SURYLGLQJ� D
FRPSOHWH� VLPXODWLRQ� PRGHO� �HTXLYDOHQW� FLUFXLW��� DQG� TXLWH� JRRG� LI� YDOXHV� IRU� PHPEUDQH
PDVV�� VWLIIQHVV�� LQWHUQDO�GLPHQVLRQV� HWF�� DUH� DYDLODEOH��8QIRUWXQDWHO\��KRZHYHU�� WRR�PDQ\
PDQXIDFWXUHUV� DUH� QRW� DEOH� WR� SURYLGH� HQRXJK� RI� WKH� LQIRUPDWLRQ� QHHGHG� IRU� DFRXVWLFV
VLPXODWLRQ�� ,Q� WKLV� FDVH� D� PRGHO� PXVW� EH� GHYHORSHG� IURP� VFUDWFK�� ZKLFK� PD\� EH� WLPH�
FRQVXPLQJ� GXH� WR� WKH�PHDVXUHPHQWV� DQG� YHULILFDWLRQV� UHTXLUHG�� $� FRPSURPLVH� EHWZHHQ
PRGHO�DFFXUDF\�DQG�PRGHOOLQJ�HIIRUW�FDQ�EH�VRXJKW��EXW�LQ�WKLV�FDVH�LW�LV�LPSRUWDQW�WR�NHHS
UHPHPEHULQJ�WKDW�WKH�DFFXUDF\�LV�OLPLWHG�

,Q�SULQFLSOH�D�WUDQVGXFHU��IRU�ZKLFK�QR�PRGHO�LV�DYDLODEOH��FDQ�EH�PRGHOOHG�DV�D�WZR�
SRUW�ZLWK�UHOHYDQW�SDUDPHWHUV�VXFK�DV�LQSXW�DQG�RXWSXW�LPSHGDQFH��ZLWK�RQH�RI�WKHVH�EHLQJ
HOHFWULF�DQG�WKH�RWKHU�RQH�DFRXVWLF���&LUFXLW�V\QWKHVLV�PHWKRGV�FDQ�EH�DSSOLHG��RU�D�PDWKH�
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PDWLFDO�H[SUHVVLRQ��RU�HYHQ�UDZ�PHDVXUHPHQW�GDWD��PRGHOOLQJ�WKH�PHDVXUHG�EHKDYLRXU�FDQ
EH�LQFOXGHG�LQ�WKH�HTXLYDOHQW�FLUFXLW�²�SURYLGHG�WKDW�WKH�VLPXODWRU�VXSSRUWV�VXFK�PRGHOV�
8QNQRZQ�HOHFWULF�LPSHGDQFHV�FDQ�EH�PHDVXUHG�XVLQJ�VRPH�RI�WKH�PRUH�DGYDQFHG�PXOWLPH�
WHUV�RU�DQDO\]HUV�RQ� WKH�PDUNHW��EXW�QR�FRPPHUFLDO�PXOWLPHWHUV�H[LVW� IRU�DFRXVWLF� LPSHG�
DQFHV��7KXV�DFRXVWLF� LPSHGDQFHV�KDYH� WR�EH�PHDVXUHG�XVLQJ�SUHVVXUH�RU� IORZ�JHQHUDWRUV
DQG�SUREHV��RU��PRUH�FRPPRQO\��WHUPLQDWLQJ�D�WUDQVPLVVLRQ�OLQH�ZLWK�WKH�LPSHGDQFH�WR�EH
PHDVXUHG�DQG�FDOFXODWLQJ�LWV�YDOXH�ZLWK�WKH�DLG�RI�D�6PLWK�GLDJUDP�RU�VLJQDO�DQDO\]HU�

$�PRGHO�REWDLQHG�GLUHFWO\� IURP�UHVXOWV�RI�PHDVXUHPHQWV� LV�SUREDEO\�PRUH�DFFXUDWH
WKDQ�D�OXPSHG�FLUFXLW�PRGHO�WXQHG�E\�KDQG�ZLWK�YDOXHV�WDNHQ�IURP�PDQXIDFWXUHU�VSHFLILFD�
WLRQV�� 7KH� GLVDGYDQWDJH� LV� WKDW� WKH� SLFWXUH� RI� VHYHUDO� LQWHUQDO� SHUIRUPDQFH� SDUDPHWHUV� LV
ORVW��DQG�RQH�VLQJOH�LPSHGDQFH�FDQQRW�EH�LVRODWHG��)RU�H[DPSOH��LW�PD\�QRW�EH�SRVVLEOH�WR
VLPXODWH�ZKDW� KDSSHQV�ZKHQ� VRPH� LQWHUQDO�PHFKDQLFDO� GLPHQVLRQ� FKDQJHV� GXH� WR� WROHU�
DQFHV�

������ 3K\VLFDO�VL]H�YHUVXV�ZDYHOHQJWK

7KH�PRGHOOLQJ�RI�PHFKDQLFDO�VWUXFWXUHV�XVLQJ�VLPSOH�HTXLYDOHQW�FLUFXLWV�ZLWK�OXPSHG�FRP�
SRQHQWV� LV� UHVWULFWHG� E\� RQH� RI� WKH� LPSRUWDQW� GLIIHUHQFHV� EHWZHHQ� HOHFWULF� FLUFXLWV� DQG
DFRXVWLFV�DW�DXGLR�IUHTXHQFLHV��,Q�HOHFWULF�FLUFXLWV��WKH�ZDYHOHQJWKV�DUH�IDU�JUHDWHU�WKDQ�WKH
FRPSRQHQW�GLPHQVLRQV�HYHQ�DW� WKH�KLJKHVW�DXGLR�IUHTXHQFLHV��6XFK� LV�QRW�QHFHVVDULO\� WKH
FDVH�IRU�PHFKDQLFDO�GLPHQVLRQV�HQFRXQWHUHG�LQ�PRELOH�SKRQHV��*HQHUDOO\��WR�SHUPLW�WKH�XVH
RI� OXPSHG� FRPSRQHQWV� LQ� HTXLYDOHQW� FLUFXLWV�� WKH�SK\VLFDO� GLPHQVLRQV�RI� WKH�PHFKDQLFDO
VWUXFWXUHV� WKDW� DUH� WR� EH�PRGHOOHG� VKRXOG� EH� FRQVLGHUDEO\� VPDOOHU� WKDQ� WKH� VRXQG�ZDYH�
OHQJWK��DW�DOO�IUHTXHQFLHV�XVHG���,I�WKH\�DUH��XVH�RI�OXPSHG�DFRXVWLF�LPSHGDQFHV�LV�MXVWLILHG�

$�TXLFN�FDOFXODWLRQ�JLYHV�D�ZDYHOHQJWK�IRU�VRXQG�LQ�URRP�WHPSHUHG�DLU�RI�OHVV�WKDQ
���FP�DW�WKH�KLJKHVW�VSHHFK�WUDQVPLVVLRQ�IUHTXHQFLHV��DURXQG���N+]���7KXV�RQO\�VPDOO�PH�
FKDQLFDO�VWUXFWXUHV�ZLWK�GLPHQVLRQV�OHVV�WKDQ���FP�FDQ�EH�PRGHOOHG�E\�OXPSHG�FRPSRQHQWV
LQ�DOO�FDVHV��ZLWK�RQO\�ORZ�ORVV�RI�DFFXUDF\�DW�WKHVH�IUHTXHQFLHV��,I�PRUH�DFFXUDF\�FDQ�EH
VDFULILFHG�RU�LI�RQO\�PLGGOH�DQG�ORZHU�IUHTXHQFLHV�DUH�LQWHUHVWLQJ��LW� LV�IXOO\�DFFHSWDEOH�WR
UHOD[� WKLV� UHVWULFWLRQ��7KLV� LV�DOVR� WKH�FDVH� LI� WKHUH� LV�QR�DSSUHFLDEOH� LQWHUIHUHQFH�EHWZHHQ
VLJQDOV�ZLWK�GLIIHUHQW� SKDVHV��5HTXLULQJ� WKDW� WKH�PD[LPXP�SKDVH� GLIIHUHQFH� EH�� VD\��π��
���°���ZKLFK�FRUUHVSRQGV�WR�D�WZHOIWK�RI�WKH�ZDYHOHQJWK��JLYHV�WKH�PD[LPXP�GLPHQVLRQV��
PP�DW���N+]�DQG���FP�DW���N+]��$�WDEOH�RI�WKHVH�FDQ�EH�IRXQG�LQ�DSSHQGL[�,�

7R�VLPXODWH�ODUJHU�VWUXFWXUHV�ZLWK�SKDVH�GLIIHUHQFHV��RQH�QHHGV�WR�HPSOR\�WUDQVPLV�
VLRQ�OLQH�PRGHOV��6XFK�PRGHOV�DUH�DYDLODEOH�LQ�DOO�JRRG�HOHFWULF�FLUFXLW�VLPXODWRUV��LQFOXG�
LQJ�0LFUR�&DS�>����S�����@��7KHVH�PRGHOV�DUH�PDGH�IRU�VLPXODWLRQ�RI�VLQJOH�PRGH�HOHFWULF
WUDQVPLVVLRQ�OLQHV��WKRXJK��ZKLFK�UHVWULFWV�WKHLU�XVH�LQ�DFRXVWLFV�VLPXODWLRQ��RQO\�RQH�PRGH
FDQ� EH� VLPXODWHG��9LHZHG� LQ� D� JHQHUDO�ZD\�� WKLV�PHDQV� WKDW� DOWKRXJK� WKH� OHQJWK� �LQ� WKH
VRXQG� SURSDJDWLRQ� GLUHFWLRQ�� LV� DOORZHG� WR� EH� FRPSDUDEOH� WR� RU� JUHDWHU� WKDQ� WKH� ZDYH�
OHQJWK��WKH�RWKHU�GLPHQVLRQV��ZLGWK��KHLJKW��PXVW�QRW�EH��,Q�RWKHU�ZRUGV��SKDVH�GLIIHUHQFHV
PD\�H[LVW�DORQJ�RQH�D[LV�RQO\�

������ 7UDQVGXFHU�LUUHJXODULWLHV

(DUSLHFH�FDSVXOHV� �DQG� ORXGVSHDNHUV��� IHHGLQJ� WKH�QHWZRUN�FRQVLVWLQJ�RI� DFRXVWLF� LPSHG�
DQFHV�RI� WKH� VXUURXQGLQJ�PHFKDQLFV� DQG� DLU��PXVW� EH�PRGHOOHG� DFFXUDWHO\� HQRXJK� WR� JHW
UHOLDEOH�UHVXOWV��7KH�VPDOO�PLFURSKRQHV�XVHG�LQ�PRELOH�SKRQHV�KDYH�IHZ�LUUHJXODULWLHV�DQG
DUH� W\SLFDOO\� HDV\� WR� PRGHO�� (DUSLHFH� WUDQVGXFHUV�� RQ� WKH� RWKHU� KDQG�� PD\� KDYH� VHYHUDO
UHVRQDQFHV�LQVLGH�WKHLU�LQWHQGHG�IUHTXHQF\�UDQJH��7KHVH�QRW�RQO\�VKDSH�WKH�IUHTXHQF\�UH�
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VSRQVH�RI� WKH� WUDQVGXFHU�E\� LWVHOI��EXW�PD\�DOVR� LQWHUDFW�ZLWK�DFRXVWLF� LPSHGDQFHV� LQ� WKH
VXUURXQGLQJ�PHFKDQLFV�

%UHDNXS�PRGHV� RI� WUDQVGXFHU�PHPEUDQHV� DUH�ZHOO�NQRZQ� VRXUFHV� RI� IUHTXHQF\� UH�
VSRQVH�LUUHJXODULWLHV��:KHQ�WKHVH�RFFXU��WKHUH�DUH�SRLQWV�RQ�WKH�PHPEUDQH�VXUIDFH�PRYLQJ
ZLWK�GLIIHUHQW��DQG�HYHQ�RSSRVLWH��SKDVHV� >���S�����@��7KLV�FDQ�KDSSHQ� IDU�EHORZ� WKH� IUH�
TXHQFLHV�ZKHUH�WKH�PHPEUDQH�LV�QR�ORQJHU�QHJOLJLEO\�VPDOO�FRPSDUHG�WR�WKH�ZDYHOHQJWK�
%UHDNXS�PRGHV�DUH�QRW�PRGHOOHG�E\�OXPSHG�HTXLYDOHQW�FLUFXLWV��+RZHYHU��E\�GLYLGLQJ�WKH
PHPEUDQH� LQWR� VHYHUDO� VPDOOHU� SDUWV� �VXUIDFH� HOHPHQWV��� DQG� FUHDWLQJ� LQWHUFRQQHFWHG
OXPSHG�FLUFXLW�PRGHOV� IRU�HDFK�SDUW��DW� OHDVW�VRPH�RI� WKH�EUHDNXS�PRGHV�FDQ�EH�PDGH� WR
DSSHDU�LQ�D�VLPXODWLRQ��7KH�VDPH�SULQFLSOH�RI�GLYLGLQJ�LV�HPSOR\HG�LQ�VR�FDOOHG�ILQLWH�HOH�
PHQW�PHWKRG��)(0��DQDO\VLV�

$Q� DFFXUDWH�PRGHO�PD\� QHHG� WR� LQFOXGH� LUUHJXODULWLHV� WKDW� OLH� RXWVLGH� WKH� LQWHQGHG
IUHTXHQF\�UDQJH�RI�WKH�WUDQVGXFHU��7KLV�LV�EHFDXVH�D�UHVRQDQFH�VRPHZKHUH�DERYH�RU�EHORZ
WKH�OLPLWV�PD\�LQWURGXFH�D�SHDN�RU�GLS�WKDW�LV�EURDG�HQRXJK�WR�EH�YLVLEOH�LQVLGH�WKH�LQWHQGHG
IUHTXHQF\�UDQJH��(YHQ�LI�GRQH�WKH�RSSRVLWH�ZD\��D�VHOI�PDGH�HTXLYDOHQW�FLUFXLW�WKDW�LV�XVHG
WR� VSHFLI\� WUDQVGXFHU� SURSHUWLHV� WR� WKH� PDQXIDFWXUHU��� WKHUH� ZLOO� EH� FRPSURPLVHV� LQ� WKH
SHUIRUPDQFH�� ,Q�DOO� FDVHV�� WKH� WUDQVGXFHU�PRGHO� VKRXOG�EH�YHULILHG�E\�PHDVXUHPHQWV� DQG
LQIRUPDWLRQ�H[FKDQJH�ZLWK�WKH�PDQXIDFWXUHU�

������ 7KH�UHDOLW\�LV�WKUHH�GLPHQVLRQDO

$LU� IORZ�DQG�VRXQG� UDGLDWLRQ�DUH� WKUHH�GLPHQVLRQDO�SK\VLFDO�SURFHVVHV��7KLV� LV�QRW� WDNHQ
LQWR�DFFRXQW�ZKHQ�OXPSHG�FRPSRQHQWV�DQG�RQH�GLPHQVLRQDO�WUDQVPLVVLRQ�OLQHV�DUH�XVHG��,Q
PRVW� VLPSOH� VLWXDWLRQV� WKLV� GRHV� QRW�PDWWHU�� +RZHYHU�� LI� PRUH� WKDQ� RQH� GLPHQVLRQ� RI� D
FDYLW\�LV�FRPSDUDEOH�WR�RU�ODUJHU�WKDQ�WKH�ZDYHOHQJWK��LW�LV�FOHDU�WKDW�WKH�SUREOHP�FKDQJHV
IURP�RQH�WR�WZR�RU�WKUHH�GLPHQVLRQV��DQG�VSHFLDO�FDUH�PXVW�EH�WDNHQ�WR�VLPXODWH�VXFK�FDVHV�

7KHUH�DUH�RWKHU�LPSRUWDQW�VLWXDWLRQV�ZKHUH�WKUHH�GLPHQVLRQDOLW\�FRPHV�LQWR�WKH�SLF�
WXUH�HYHQ�ZKHQ�DOO�GLPHQVLRQV�DUH�VPDOO��2QH�RI� WKHVH� LV� WKH�FDVH�RI�EUHDNXS�PRGHV�GLV�
FXVVHG�DERYH��$QRWKHU�H[DPSOH�LV�WKH�PRGXODWLRQ�RI�DLU�IORZ�E\�VRPH�PRYLQJ�PHFKDQLFDO
SDUW��0RUH� VSHFLILFDOO\�� RQH� FDQ� WKLQN� RI� D� W\SLFDO� FDVH�ZLWK� D� WUDQVGXFHU�PRXQWHG� YHU\
FORVH�WR�D�ULJLG�VXUIDFH��VXFK�WKDW�WKHUH�LV�RQO\�D�QDUURZ�DLU�JDS�EHWZHHQ�WKH�PHPEUDQH�DQG
WKH�VXUIDFH��:KHQ�WKH�PHPEUDQH�PRYHV��WKH�ZLGWK�RI�WKH�DLU�JDS�FKDQJHV��7KLV�FKDQJH�PD\
EH�DSSUHFLDEOH�IRU�HDUSLHFH�FDSVXOHV�DQG�ORXGVSHDNHUV��EXW�QRW�IRU�PLFURSKRQHV�VLQFH�WKHLU
H[FXUVLRQV�DUH�D�ORW�VPDOOHU��$�QDUURZ�DLU�JDS�DFWV�OLNH�DQ�DLU�IORZ�UHVLVWDQFH��L�H��DQ�DFRXV�
WLF�UHVLVWDQFH��:KHQ�WKH�JDS�ZLGWK�FKDQJHV�GXH�WR�PHPEUDQH�YLEUDWLRQV��WKH�DFRXVWLF�UHVLV�
WDQFH� JHWV� PRGXODWHG� E\� WKH� PHPEUDQH� PRYHPHQW�� 7KH� FRQVHTXHQFH� LV� GLVWRUWLRQ� >��@�
7KLV�SKHQRPHQRQ�SDVVHV�E\�FRPSOHWHO\�XQQRWLFHG�LQ�D�VLPSOH�VLPXODWLRQ��VLQFH�WKH�XVXDO
SURFHGXUH�LV�WR�PRGHO�HDFK�SDUW��PHPEUDQH��DLU�JDS��VHSDUDWHO\�

������ 8QNQRZQ�GLPHQVLRQV

5HOLDEOH�VLPXODWLRQ�LV�QRW�SRVVLEOH�LI� WKHUH�DUH�XQNQRZQ�PHFKDQLFDO�GLPHQVLRQV�RU� WUDQV�
GXFHU�SURSHUWLHV��,Q�VXFK�D�FDVH�RQH�FDQ�VZHHS�WKH�XQNQRZQ�TXDQWLW\�RYHU�VRPH�UDQJH�RI
SRVVLEOH� YDOXHV� WR� VHH� KRZ� LW� DIIHFWV� WKH� UHVXOW�� ,I� WKH� UHVXOW� LV� LQVHQVLWLYH� HQRXJK� WR� WKH
FKDQJHG�TXDQWLW\��WKHQ�WKH�VLWXDWLRQ�LV�TXLWH�VDIH��,I��RQ�WKH�FRQWUDU\��WKHUH�LV�D�ORW�RI�GHYLD�
WLRQ�� LW� LV� SUREDEOH� WKDW� WKH�PHDVXUHPHQW� UHVXOWV� RI� UHDO� KDUGZDUH� ZLOO� QRW� ORRN� OLNH� WKH
VLPXODWLRQ��8QNQRZQ� GLPHQVLRQV� DSSHDU� LQ� HTXLYDOHQW� FLUFXLWV� DV� XQNQRZQ� LPSHGDQFHV�
7DNLQJ�LQWR�DFFRXQW�WKH�VPDOO�SK\VLFDO�GLPHQVLRQV�HQFRXQWHUHG�LQ�PRELOH�SKRQHV��LW�FDQ�EH
KDUG�WR�PHDVXUH�WKHVH�DFFXUDWHO\�DQG�UHOLDEO\�
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������ &RQYHUJHQFH

'LPHQVLRQV�IRXQG�LQ�PRELOH�SKRQH�DFRXVWLFV�DUH�VPDOO�FRPSDUHG�WR�VRPH�IXQGDPHQWDO�6,
XQLWV��7KH�TXHVWLRQ�LV�DERXW�PLOOLPHWUHV�DQG�JUDPPHV�LQVWHDG�RI�PHWUHV�DQG�NLORJUDPPHV�
,Q�PDQ\�FDVHV��WKH�YDOXH�RI�VRPH�LPSHGDQFH�LQ�DQ�HTXLYDOHQW�FLUFXLW�LV�REWDLQHG�E\�VTXDU�
LQJ�DQG�GLYLGLQJ�YDOXHV�WKDW�OHDG�WR�LPSUDFWLFDOO\�VPDOO�RU�ODUJH�UHVXOWV��$�JRRG�H[DPSOH�LV
HT�� �������ZKHUH� DQ� DUHD� DSSHDUV� VTXDUHG��([SUHVVHG� LQ�PHWUHV�� WKLV�ZLOO� EH� D� YHU\� VPDOO
YDOXH��7KHQ��ZKHQ�WKHUH�DUH�FRPSRQHQW�YDOXHV�ZLWK�ERWK�YHU\�VPDOO�DQG�YHU\�ODUJH�PDJQL�
WXGHV�PL[HG�XS�LQ�WKH�VDPH�FLUFXLW��LW�PD\�KDSSHQ�WKDW�WKH�LWHUDWLYH�VLPXODWLRQ�DOJRULWKPV
HQFRXQWHU� FRQYHUJHQFH� SUREOHPV�� ,Q� VXFK� D� FDVH� QR� UHOLDEOH� VROXWLRQ� LV� IRXQG� DQG� WKH
VLPXODWLRQ�KDOWV�ZLWK�DQ�HUURU�PHVVDJH�



%XLOGLQJ�FLUFXLWV�IRU�VLPXODWLRQ������

�� %XLOGLQJ� FLUFXLWV� IRU� VLPXOD�
WLRQ

$FFRUGLQJ�WR�WKH�SUHFHGLQJ�FKDSWHU�RQ�SULQFLSOHV�RI�VLPXODWLRQ�� WKH�V\VWHP�WR�VLPXODWH� LV
LQSXW�DV�DQ�HTXLYDOHQW�FLUFXLW�WR�WKH�VLPXODWRU��,Q�WKLV�FDVH�RQH�FDQ�GR�YHU\�ZHOO�XVLQJ�MXVW
WKH� EDVLF� FRPSRQHQWV� DYDLODEOH� LQ� PRVW� FLUFXLW� VLPXODWRUV�� +RZHYHU�� PRVW� PHFKDQLFDO
VWUXFWXUHV�DQG�DFRXVWLFDO�SKHQRPHQD�DSSHDU�DV�FRPELQDWLRQV�RI�VHYHUDO�FRPSRQHQWV��ZKRVH
YDOXHV�DUH� UHODWHG� WR�JLYHQ�SK\VLFDO�GLPHQVLRQV�DFFRUGLQJ� WR�PDWKHPDWLFDO� IRUPXODH��)RU
WKH�VDNH�RI�VLPSOLFLW\�LW�LV�UHDVRQDEOH�WR�EXLOG�FRPSOHWH�VXEFLUFXLWV��FDOOHG�PDFURV�LQ�0L�
FUR�&DS�� RI� YDULRXV�PHFKDQLFDO� DQG� DFRXVWLFDO� VWUXFWXUHV� DQG� SKHQRPHQD�� 7KHVH�PDFURV
DUH� OLNH� ´EODFN� ER[HV´� WKDW� FDQ� WDNH� SK\VLFDO� SURSHUWLHV� �GLPHQVLRQV�� PDWHULDO� FRQVWDQWV
HWF���DV�LQSXW�SDUDPHWHUV�DQG�FDOFXODWH�FRUUHVSRQGLQJ�LQWHUQDO�FRPSRQHQW�YDOXHV�DXWRPDWL�
FDOO\��)XOO�GHVFULSWLRQV�RI�DOO�PDFURV�FUHDWHG�IRU�WKLV�WKHVLV�DUH�QRW�LQFOXGHG�LQ�WKH�WH[W��7KH
FRPSOHWH�PDFUR�VFKHPDWLFV�DQG�QDPHV��DV�ZHOO�DV�WKH�PHQX�VWUXFWXUH��FDQ�EH�IRXQG�LQ�DS�
SHQGL[�,9�

)URP�QRZ�RQ��XQOHVV�VWDWHG�RWKHUZLVH���WKH�ZRUG�REMHFW�ZLOO�PHDQ�D�SK\VLFDO�VWUXF�
WXUH�RU�SKHQRPHQRQ�WKDW�LV�WR�EH�VLPXODWHG�XVLQJ�D�PDFUR��$�V\VWHP�LV�D�FRPSOHWH�DVVHP�
EO\��XVXDOO\� LQFOXGLQJ�FRPSRQHQWV� LQ� DOO� GRPDLQV�� HOHFWULFDO��PHFKDQLFDO�� DFRXVWLFDO� �DQG
UDGLDWLRQ���0LFUR�&DS�FRPSRQHQWV�DUH�DQ\�EXLOGLQJ�EORFNV��HLWKHU�UHDG\�PDGH�RU�PDFURV�
FRPELQHG�WR�IRUP�D�VFKHPDWLF��$�VKDSH�LV�WKH�JUDSKLFDO�DSSHDUDQFH�RI�D�0LFUR�&DS�FRP�
SRQHQW�LQ�D�VFKHPDWLF��$�FLUFXLW�FDQ�EH�HLWKHU�HOHFWULF��PHFKDQLFDO��DFRXVWLF��RU�D�FRPELQD�
WLRQ�RI�WKHVH��3DUDPHWHUV�DUH�GDWD�VXSSOLHG�WR�PDFURV��DQG�SLQV�DUH�WKH�FRQQHFWLRQ�SRLQWV�RI
PDFURV�

���� 6WDUWLQJ�SRLQW�DQG�PHWKRGV

������ 2EMHFWLYHV

.QRZLQJ�WKH�JRDO�RI�FUHDWLQJ�D�KDQG\�DQG�YHUVDWLOH�DFRXVWLFV�VLPXODWLRQ�SDFNDJH��LQ� WKLV
FDVH�HVSHFLDOO\�IRU�PRELOH�SKRQHV�DQG�WKHLU�DFFHVVRULHV���D�VWDUWLQJ�SRLQW�LV�HVWDEOLVKHG�E\
UHDOL]LQJ�WKDW�VXFK�D�VLPXODWLRQ�SDFNDJH�VKRXOG�

• EH�IOH[LEOH��\HW�HDV\��WR�XVH�
• EH�DEOH�WR�VLPXODWH�UHOHYDQW�V\VWHPV�ZLWK�SURSHU�DFFXUDF\�
• DFFHSW�PHDVXUDEOH�SK\VLFDO�SURSHUWLHV��GLPHQVLRQV�HWF���RI�REMHFWV�DV�LQSXW�SDUDPHWHUV�
• DOORZ�WKH�XVHU�WR�GHILQH�FXVWRP�FRPSRQHQWV��DQG
• EH�DEOH�WR�RXWSXW�QHFHVVDU\�LQIRUPDWLRQ�DERXW�WKH�EHKDYLRXU�RI�WKH�V\VWHP�

7KHVH�REMHFWLYHV�ZHUH�NHSW�LQ�PLQG�ZKHQ�FUHDWLQJ�WKH�0LFUR�&DS�DFRXVWLFV�PDFURV�IRU�WKLV
WKHVLV��,Q�DGGLWLRQ�WR�ZKDW�LV�OLVWHG�DERYH��FDUH�ZDV�WDNHQ�DOVR�WR�PDNH�WKH�DFRXVWLFV�PDFURV
VXLWDEOH�IRU�GRFXPHQWDWLRQ�SXUSRVHV��FLUFXLW�VFKHPDWLFV��

$�IOH[LEOH�DFRXVWLFV�VLPXODWLRQ�SDFNDJH�FDQ�EH�REWDLQHG�E\�LGHQWLI\LQJ�EDVLF�REMHFWV
DSSHDULQJ�LQ�HOHFWURDFRXVWLFDO�V\VWHPV��DQG�LPSOHPHQWLQJ�WKHVH�DV�EXLOGLQJ�EORFNV�WKDW�FDQ
EH�FRPELQHG�E\�WKH�XVHU��$Q�HTXLYDOHQW�FLUFXLW��RI�YDU\LQJ�FRPSOH[LW\�DQG�DFFXUDF\��FDQ
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WKHQ�EH�EXLOW�LQWR�HDFK�EORFN��DQG�WKH�EORFN�FDQ�EH�DWWDFKHG�WR�D�VXLWDEOH�JUDSKLFDO�VKDSH
DQG�QDPH��7KLV�ZDV� WKH�SULQFLSOH�EHKLQG� WKH�FUHDWLRQ�RI� WKH�0LFUR�&DS�DFRXVWLFV�PDFURV
IRU� WKLV� WKHVLV��1DPHV�DQG� VKDSHV�ZHUH� FKRVHQ� WR�GHSLFW� WKH�SXUSRVH�RI� HDFK�PDFUR� LQ� D
V\VWHPDWLF�DQG�LQWXLWLYH�ZD\�� WU\LQJ�WR�NHHS�LQ�PLQG�WKH�YRFDEXODU\�DQG�V\PEROV�XVHG�LQ
OLWHUDWXUH�

7KH�IROORZLQJ�VWHSV�FDQ�EH�LGHQWLILHG�LQ�FUHDWLQJ�0LFUR�&DS�9�PDFURV�IRU�DFRXVWLFV
VLPXODWLRQ��DV�VRRQ�DV�WKH�DUHD�RI�DSSOLFDWLRQ��LQ�WKLV�FDVH��PRELOH�SKRQHV��KDV�EHHQ�VSHFL�
ILHG�

• LGHQWLILFDWLRQ�RI�GRPDLQV��HOHFWULFDO��PHFKDQLFDO��DFRXVWLFDO��UDGLDWLRQ��DQG�WKHLU�H[WHQW�
• LGHQWLILFDWLRQ�DQG�VHOHFWLRQ�RI�QHHGHG��DQG�VLPXODEOH��EXLOGLQJ�EORFNV�
• LGHQWLILFDWLRQ�RI�UHOHYDQW�LQSXW�SDUDPHWHUV�IRU�HDFK�EXLOGLQJ�EORFN�
• FUHDWLRQ�RI�WKH�HTXLYDOHQW�FLUFXLW�IRU�HDFK�EXLOGLQJ�EORFN�
• LPSOHPHQWDWLRQ�RI�HDFK�EXLOGLQJ�EORFN�DV�D�0LFUR�&DS�9�PDFUR�
• GRFXPHQWDWLRQ�RI�HDFK�PDFUR��SDUDPHWHUV��XVDJH��OLPLWDWLRQV�
• FKRLFH�RI�D�VXLWDEOH�JUDSKLFDO�VKDSH�DQG�QDPH�IRU�HDFK�PDFUR�
• SODFHPHQW�RI�HDFK�PDFUR�LQ�D�KLHUDUFKLFDO�PHQX�LQ�WKH�0LFUR�&DS�9�XVHU�LQWHUIDFH��DQG
• YHULILFDWLRQ�RI�WKH�PDFURV��DFFXUDF\��UHOLDELOLW\�HWF���

'RPDLQV�ZHUH�LGHQWLILHG�LQ�WKH�SUHFHGLQJ�FKDSWHU��DV�ZHOO�DV�QHHGHG�TXDQWLWLHV��&KRRVLQJ
WKH� ULJKW� EXLOGLQJ� EORFNV�PHDQV� WR� LGHQWLI\�ZKDW� NLQG� RI� REMHFWV� �PHFKDQLFDO� VWUXFWXUHV�
HOHFWULFDO� FRQQHFWLRQV�� SK\VLFDO� SKHQRPHQD� VXFK� DV� DLU� IORZ�� UDGLDWLRQ� HWF��� DUH� OLNHO\� WR
DSSHDU�LQ�WKH�V\VWHPV�WKDW�DUH�WR�EH�VLPXODWHG��7KH�EXLOGLQJ�EORFNV�VKRXOG�DOORZ�IOH[LEOH
LQWHUFRQQHFWLRQ�ZLWKRXW�ORVLQJ�WRR�PXFK�DFFXUDF\��,QSXW�SDUDPHWHUV�VKRXOG�EH�NHSW�JHQHUDO
EXW�VWLOO�VLPSOH�HQRXJK�WR�ILQG�DQG�VXSSO\� WR� WKH�EXLOGLQJ�EORFNV��VLQFH�SURSHUWLHV�RI��IRU
H[DPSOH�� WUDQVGXFHUV�FDQ�EH� VSHFLILHG�E\�PDQXIDFWXUHUV� LQ�PDQ\�ZD\V�²� LI� VSHFLILHG�DW
DOO��,Q�WKH�ODWWHU�FDVH�WKH\�VKRXOG�SUHIHUDEO\�EH�PHDVXUDEOH�

7KH�ZHDNQHVVHV� RI� VLPSOH� OLQHDU� �DQG�� IRU� WKH�PRVW� SDUW�� OXPSHG�� FLUFXLW� DFRXVWLFV
VLPXODWLRQ�GLVFXVVHG�LQ�WKH�SUHFHGLQJ�FKDSWHU�ZLOO�EHFRPH�DSSDUHQW�LQ�WKH�ORQJ�UXQ��+RZ�
HYHU��LQ�WKLV�FDVH�RQH�KDV�WR�EH�VDWLVILHG�ZLWK�OHVV�DFFXUDWH�UHVXOWV�LQ�PDQ\�FDVHV��VLQFH�WKH
DOJRULWKPV�RI�FLUFXLW� VLPXODWRUV� OLNH�0LFUR�&DS�GR�QRW� HYHQ�DOORZ�DQ\�JHQHUDO�QRQOLQHDU
DQG�WKUHH�GLPHQVLRQDO�DQDO\VLV��,I�WKH�DQDO\VLV�PHWKRG�LV�VLPSOLILHG��WKHQ�VR�LV�DOVR�WKH�ZD\
RI�LQSXWWLQJ�LQIRUPDWLRQ�WR�WKH�VLPXODWRU�²�QR�H[WHQVLYH�GDWD�RQ�VKDSHV�DQG�PDWHULDO�SURS�
HUWLHV�KDV�WR�EH�VXSSOLHG��EXW�MXVW�D�IHZ�SDUDPHWHUV�GHVFULELQJ�WKH�VLPSOLILHG�PRGHO�ZLOO�GR�

������ 6LPXODWRU�IHDWXUHV

,Q�0LFUR�&DS�9��D�PDFUR�FRQVLVWV�RI�DQ�HTXLYDOHQW�FLUFXLW�VWRUHG�DV�D�QRUPDO�FLUFXLW�VFKH�
PDWLF�ZLWK�D�JLYHQ�ILOHQDPH��$�JUDSKLFDO�VKDSH�LV� OLQNHG�WR�WKH�ILOH��,QSXW�SDUDPHWHUV�DUH
VSHFLILHG� E\� D� VSHFLDO� WH[W� VWDWHPHQW� ��3$5$0(7(56�� SODFHG� VRPHZKHUH� RQ� WKH�PDFUR
VFKHPDWLF��7KH�PDFUR�FDQ�DOVR�KDYH�QDPHG�LQSXW�RXWSXW�SLQV�>���S�����@�

0LFUR�&DS�KDV�D�JUHDW�QXPEHU�RI�UHDG\�PDGH�VKDSHV�IRU�HOHFWULFDO�FRPSRQHQWV��,W�LV
IXOO\�SRVVLEOH�WR�GR�ZLWKRXW�DQ\�DGGLWLRQDO�PDFURV�DQG�VKDSHV��HVSHFLDOO\�IRU�DQ�DFRXVWLFV
HQJLQHHU�ZLWK� HTXLYDOHQW� FLUFXLW� H[SHULHQFH��&KRRVLQJ� WKLV� DSSURDFK�ZLOO�PDNH� DFRXVWLFV
VLPXODWLRQ� PRUH� ORZ�OHYHO� DQG� FRQFUHWH�� EXW� KDUGHU� WR� SHUFHLYH� IRU� DQ\RQH� ZKR� LV� QRW
DZDUH�RI�WKH�SK\VLFDO�GHWDLOV�RI�WKH�V\VWHP�WKDW�WKH�HTXLYDOHQW�FLUFXLW�GHVFULEHV��7KH�KLJKHU�
OHYHO�DSSURDFK�FKRVHQ�KHUH� �LQYROYLQJ� WDLORU�PDGH�JUDSKLFDO� VKDSHV�DQG�PDFURV�ZLWK�RE�
VHUYDEOH�SK\VLFDO�SURSHUWLHV�DV�SDUDPHWHUV��LV�FOHDUO\�EHWWHU�IRU�GRFXPHQWDWLRQ�SXUSRVHV��,W
DOVR�KHOSV�WKH�GHVLJQHU�WR�UHPHPEHU�PHFKDQLFDO�VROXWLRQV��LW�LV�VLPSOH�DQG�XQGHUVWDQGDEOH
IRU�DQ\RQH�ZKR�NQRZV�WKH�VKDSHV�DQG�SDUDPHWHUV��DQG��DERYH�DOO��LW�OLEHUDWHV�WKH�HQJLQHHU
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IURP� FDOFXODWLQJ� FRPSRQHQW� YDOXHV��7KH� GUDZEDFN� LV� WKDW� WKH� SLFWXUH� RI�PDJQLWXGHV� DQG
SURSRUWLRQV�RI�FRPSRQHQW�YDOXHV�LV�HDVLO\�ORVW�DW�WKH�VDPH�WLPH��,Q�PDQ\�FDVHV�D�FRPSUR�
PLVH�LV�EHVW��L�H��WKH�XVHU�FDQ�VWLOO�JR�RQ�XVLQJ�VHSDUDWH�UHVLVWRUV��LQGXFWRUV�HWF���RU�PL[LQJ
WKHP�ZLWK�PDFURV�

0LFUR�&DS�DOORZV�RQH�VKDSH�DQG�QDPH�WR�EH�DWWDFKHG�WR�RQH�PDFUR��,I�RQH�ZDQWV�GLI�
IHUHQW� VKDSHV� IRU� VLPLODU� REMHFWV� �KDYLQJ� WKH� VDPH� HTXLYDOHQW� FLUFXLW��� D� VHSDUDWH� PDFUR
PXVW�EH�PDGH�IRU�HDFK�REMHFW��7KHUH�DUH�IRXU�GRPDLQV�LQYROYHG��)RU�FODULW\�DQG�VLPSOLFLW\
LW� ZDV� GHFLGHG� WR� XVH� GLIIHUHQW� GHVFULSWLYH� VKDSHV� IRU� PDFURV� LQ� HDFK� GRPDLQ�� DOWKRXJK
PDQ\�PDFURV�KDYH�VLPLODU�HTXLYDOHQW�FLUFXLW�UHSUHVHQWDWLRQV�

���� 6\VWHP�WRSRORJ\

������ 7UDQVGXFHUV

$�EDVLF�HTXLYDOHQW�FLUFXLW�RI�D� WUDQVGXFHU� LV� IRUPHG�E\� LQFOXGLQJ� LWV� HOHFWULF��PHFKDQLFDO
DQG�DFRXVWLF�LPSHGDQFHV�DV�FLUFXLW�HOHPHQWV�LQ�WKH�FRUUHVSRQGLQJ�GRPDLQV��(OHFWULF�LPSHG�
DQFHV�DUH�GXH�WR�WKH�HOHFWULF�FLUFXLWU\�LQ�WKH� WUDQVGXFHU��0HFKDQLFDO� LPSHGDQFHV�RULJLQDWH
IURP�WKH�PRYLQJ�SDUWV��$FRXVWLF�LPSHGDQFHV�UHVXOW�IURP�YDULRXV�DFRXVWLF�ORDGV��IRU�H[DP�
SOH��FDYLWLHV�DQG�DLU� IORZ�URXWHV� LQVLGH� WKH� WUDQVGXFHU���&RQFUHWH�H[DPSOHV�RI�PHFKDQLFDO
DQG�DFRXVWLF�LPSHGDQFHV�ZHUH�JLYHQ�LQ�WKH�SUHFHGLQJ�FKDSWHU�

������ 0HDVXULQJ�HTXLSPHQW

$OO� DFRXVWLFV� GHVLJQ� LQYROYHV� PHDVXUHPHQWV� WR� YHULI\� DQG� RSWLPL]H� RSHUDWLRQ�� 7\SLFDO
ORXGVSHDNHU�IUHTXHQF\�UHVSRQVH�PHDVXUHPHQWV�HPSOR\�MXVW�D�VLQJOH�IUHH�ILHOG�PLFURSKRQH
WR�PHDVXUH� WKH� 63/� RQ�D[LV�� 7KH� VLWXDWLRQ� LV� GLIIHUHQW� LQ� WKH� FDVH� RI� HDUSLHFHV��%HFDXVH
HDUSLHFHV�DUH�QRW�LQWHQGHG�WR�UDGLDWH�VRXQG�LQWR�IUHH�DLU��LW�PDNHV�QR�VHQVH�WR�PHDVXUH�WKHP
WKDW�ZD\��6SHFLDO�HDU�VLPXODWRUV��DUWLILFLDO�HDUV�RU�FRXSOHUV��KDYH�EHHQ�GHYHORSHG�WR�SUR�
YLGH�PRUH�RU�OHVV�UHDOLVWLF�DFRXVWLFDO�PRGHOV�RI�WKH�KXPDQ�HDU��ZLWK�PLFURSKRQHV�WR�PHDV�
XUH� WKH� UHVXOWLQJ� UHVSRQVHV��7KHVH�FRXSOHUV�DUH�HDV\� WR�VLPXODWH�XVLQJ�HTXLYDOHQW�FLUFXLWV
WKDW�PDQXIDFWXUHUV�VXSSO\�LQ�WKHLU�GDWD�VKHHWV�>������@�

6WDQGDUG�DUWLILFLDO�PRXWKV�DUH�XVHG�DV�UDGLDWLRQ�VRXUFHV�WR�DSSUR[LPDWH�WKH�UDGLDWLRQ
IURP�D�W\SLFDO�KXPDQ�PRXWK��7KHVH�KDYH�FHUWDLQ�GLUHFWLRQDO�FKDUDFWHULVWLFV��DQG�WKHLU� IUH�
TXHQF\� UHVSRQVHV�DUH�FDOLEUDWHG�EHIRUH� HDFK�PHDVXUHPHQW� WR� FDQFHO� LQGLYLGXDO�YDULDWLRQV
WKDW� DUH� GXH� WR� QRQLGHDOLWLHV� LQ� WKHLU� LQWHUQDO� ORXGVSHDNHUV�� )RU� WKHVH� UHDVRQV� LW� GRHV� QRW
PDNH�DQ\�UHDO�VHQVH�WR�VLPXODWH�DUWLILFLDO�PRXWKV�LQ�WKLV�FRQWH[W�

������ /RDGV

$Q\�REMHFW�DOWHULQJ�WKH�UDWLR�RI�SUHVVXUH�WR�IORZ�UDWH�KDV�WKH�HIIHFW�RI�DQ�DFRXVWLF�LPSHG�
DQFH��7KH�WUDQVGXFHU�LV�D�SDUW�RI�WKH�VDPH�DFRXVWLF�FLUFXLW�DV�DQ\�DFRXVWLF�ORDG�FRQQHFWHG�WR
LW��,Q�WKH�VDPH�PDQQHU�DV�HOHFWULF�VLJQDOV�DUH�VKDSHG�DQG�DOWHUHG�XVLQJ�HOHFWULF�FLUFXLWV��VR
PD\�DOVR�WKH�DFRXVWLFDO� UHVSRQVH�RI�D� WUDQVGXFHU�EH�DOWHUHG�E\�LQFOXGLQJ�YDULRXV�DFRXVWLF
FLUFXLWV��7\SLFDO�H[DPSOHV�RI�DFRXVWLF�ORDGV�DUH

• HQFORVHG�YROXPHV�RI�DLU��DLU�FDYLWLHV��
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• OD\HUV�RI�WH[WLOH��FORWK�RU�RWKHU�GDPSLQJ�PDWHULDO�
• RSHQLQJV��KROHV��VOLWV��DQG
• GXFWV�

7KH� VRXQG� WR� DQG� IURP� WKH� WUDQVGXFHU�PD\�EH� IRUFHG� WKURXJK�RQH� RU�PRUH� RI� WKHVH�PH�
FKDQLFDO�VWUXFWXUHV�LQ�RUGHU�WR�DOWHU�WKH�UHVXOWDQW�IUHTXHQF\�UHVSRQVH�

%HFDXVH�WKHUH�LV�DOVR�VRXQG�UDGLDWLRQ�IURP�D�WUDQVGXFHU��VRPH�RI�WKH�LQFRPLQJ�HQHUJ\
KDV� WR� EH� WUDQVIHUUHG� WR� WKH� VXUURXQGLQJ�PHGLXP� �DLU�� DV� ZHOO� �DOWHUQDWLYHO\�� WUDQVIHUUHG
IURP�WKH�PHGLXP�WR�WKH�WUDQVGXFHU�LQ�WKH�FDVH�RI�D�PLFURSKRQH���7KH�VXUURXQGLQJ�DLU�FDQ
EH�VHHQ�DV�D�ORDG�LQ�ZKLFK�WKH�UDGLDWHG�DFRXVWLF�SRZHU�LV�GLVVLSDWHG��)RU�REYLRXV�UHDVRQV
WKLV�DLU�ORDG�LV�NQRZQ�DV�WKH�UDGLDWLRQ�LPSHGDQFH��7KH�UDGLDWLRQ�LPSHGDQFH�PD\�EH�VSOLW�XS
LQ� D� UHVLVWDQFH�DQG�D� UHDFWDQFH��7KH�SRZHU� ORVV� LQ� WKH� UDGLDWLRQ� UHVLVWDQFH� UHSUHVHQWV� WKH
DFRXVWLF�SRZHU�UDGLDWHG�E\�WKH�WUDQVGXFHU��DQG�WKH�UHDFWDQFH�DFFRXQWV�IRU�UHDFWLYH��VWRUHG�
HQHUJ\�UHWXUQHG�EDFN�WR�WKH�WUDQVGXFHU�>���S�����@��7KLV�VLWXDWLRQ�PD\�EH�FRPSDUHG�WR�DQ
HOHFWURQLFV�FDVH��WKH�UHVLVWLYH�SDUW�RI�DQ�LPSHGDQFH�FRQQHFWHG�WR�DQ�HOHFWULF�FLUFXLW�WUDQVIHUV
HIIHFWLYH� SRZHU� �W\SLFDOO\�� KHDW�� WR� WKH� VXUURXQGLQJ� PHGLXP�� LQ� DGGLWLRQ� WR� ORDGLQJ� WKH
FLUFXLW�

$OWKRXJK� UDGLDWLRQ� LPSHGDQFH� PD\� EH� QHJOHFWHG� LQ� PDQ\� FDVHV�� LW� LV� YHU\� XVHIXO
ZKHQ�FDOFXODWLQJ�WKH�UDGLDWHG�DFRXVWLF�SRZHU��)RU�H[DPSOH��WKH�HIIHFWLYH�SRZHU�LV�VLPSO\
WKH�SRZHU�GLVVLSDWHG�LQ�WKH�UHVLVWDQFH�PRGHOOLQJ�WKH�UHVLVWLYH�SDUW�RI� WKH�UDGLDWLRQ�LPSHG�
DQFH���0HDVXULQJ��WKH�DFRXVWLF�RXWSXW�SRZHU�WKLV�ZD\�LV�HDV\�LQ�D�FLUFXLW�VLPXODWRU��ZKLOH
WKH�RWKHU�ZHOO�NQRZQ�ZD\�RI�LQWHJUDWLQJ�WKH�UDGLDWHG�VRXQG�LQWHQVLW\�RYHU�D��π�VROLG�DQJOH
LQ�WKUHH�GLPHQVLRQDO�VSDFH�ZRXOG�EH�PXFK�PRUH�HODERUDWH�LQ�D�JHQHUDO�FDVH�

������ 'ULYLQJ�FLUFXLWU\

7KH�HOHFWURQLFV�FRQQHFWHG�WR�WKH�HOHFWULFDO�LQSXWV�RI�WKH�WUDQVGXFHU�DUH�KHUHDIWHU�UHIHUUHG�WR
DV� GULYLQJ� FLUFXLWU\�� *RRG� H[DPSOHV� DUH� WKH� SUHDPSOLILHU� RI� D�PLFURSKRQH� RU� WKH� SRZHU
DPSOLILHU�RI�D�KDQGV�IUHH�ORXGVSHDNHU��$Q\�RWKHU�HOHFWULFDO�FRPSRQHQWV��VXFK�DV�ILOWHUV�DQG
FURVVRYHU�QHWZRUNV��EHORQJ�WR�WKLV�JURXS�DOVR��7KH�GULYLQJ�FLUFXLWU\�LV��RI�FRXUVH��LQFOXGHG
DV�LW�LV�LQ�WKH�VLPXODWLRQ�

������ 6LJQDOV

,QSXW�VLJQDOV�LQ�WKH�YDULRXV�GRPDLQV�DUH�LQFOXGHG�LQ�WKH�HTXLYDOHQW�FLUFXLW�DV�FRUUHVSRQGLQJ
DQDORJRXV�VRXUFHV��)RU�H[DPSOH��DQ�HOHFWULF�VLJQDO�WR�WKH�GULYLQJ�FLUFXLWU\�DSSHDUV�DV�LW�LV�
6RXQG�SUHVVXUH�DFWLQJ�RQ�D�PLFURSKRQH�LV�VLPXODWHG�DV�D�YROWDJH�VRXUFH�FRQQHFWHG�WR�WKH
LQSXW�RI�WKH�PLFURSKRQH�HTXLYDOHQW�FLUFXLW��7R�RXWSXW�D�IRUFH�DV�D�UHVXOW�RI�D�VLPXODWLRQ��WKH
VLPXODWRU�LV�WROG�WR�RXWSXW�WKH�FRUUHVSRQGLQJ�FXUUHQW�LQ�WKH�PHFKDQLFDO�SDUW�RI�WKH�FLUFXLW��,W
LV�LPSRUWDQW�WR�NHHS�LQ�PLQG�WKDW�WKHUH�DUH�QR�QRQOLQHDU�HIIHFWV�OLPLWLQJ�VLJQDOV�LQ�VLPXOD�
WLRQ�� DV� WKHUH� DUH� LQ� WKH� UHDO�ZRUOG�� )RU� WKLV� UHDVRQ� WKH� SK\VLFDO� YDOLGLW\� RI� WKH� REWDLQHG
UHVXOW�PD\�KDYH�WR�EH�YHULILHG�VHSDUDWHO\�

������ 6HOHFWLRQ�RI�EXLOGLQJ�EORFNV

$�URXJK�SLFWXUH�RI�ZKDW�LV�QHHGHG�FDQ�EH�REWDLQHG�IURP�WKH�DERYH�RXWOLQH�RI�WKH�V\VWHP�WR
VLPXODWH�
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• YDULRXV�LPSHGDQFHV��PHFKDQLFDO��DFRXVWLF��
• YDULRXV�VRXUFHV��IRUFH��YHORFLW\��SUHVVXUH��YROXPH�YHORFLW\��
• LQWHU�GRPDLQ�WUDQVIRUPHUV�DQG�J\UDWRUV��PRGHOV�RI�WUDQVGXFWLRQ�
• PRGHOV�RI�PHFKDQLFDO�VWUXFWXUHV��VXVSHQVLRQV��FDYLWLHV��KROHV��GXFWV�HWF���
• PRGHOV�RI�VRXQG�UDGLDWLRQ�DQG�DLU�ORDG�
• JHQHUDO�WUDQVGXFHU�PRGHOV��HDUSLHFH�FDSVXOHV��ORXGVSHDNHUV��PLFURSKRQHV��
• PRGHOV�RI�UHOHYDQW�PHDVXULQJ�HTXLSPHQW��HDU�VLPXODWRUV�HWF����DQG
• RWKHU�QHFHVVDU\�PDFURV�WR�VXSSRUW�WKH�DERYH�

7KH�ZRUG�PRGHO� DERYH� LV� XVHG� WR�GHQRWH� DQ� HTXLYDOHQW� FLUFXLW�PRGHO� �LPSOHPHQWHG� DV� D
PDFUR��WKDW�PRGHOV�WKH�LWHP�LQ�TXHVWLRQ��0RGHOOLQJ�PHDQV�FUHDWLQJ�D�PRGHO�RI�WKH�LWHP�

���� $FRXVWLFV� VLPXODWLRQ� DV� SDUW� RI� D� GHYHO�
RSPHQW�SURFHVV

)LJXUH������$Q�H[DPSOH�RI�D�W\SLFDO�DFRXVWLFV�VLPXODWLRQ�SURFHGXUH�

$FRXVWLFV�VLPXODWLRQ�DOVR�VKRXOG�EH�YLHZHG�LQ�LWV�SURSHU�FRQWH[W�DV�LQ�ILJ�������7KLV�LV�DQ
H[DPSOH�RI� KRZ�DFRXVWLFV� VLPXODWLRQ� FDQ�EH�XVHG� DV� D� SDUW� RI� D� GHYHORSPHQW� SURFHVV� LQ
ZKLFK� D� V\VWHP� �WUDQVGXFHU� DQG� VXUURXQGLQJ�PHFKDQLFV�� LV� WXQHG� WR�PDWFK� SHUIRUPDQFH
UHTXLUHPHQWV��7KLV�LV�VKRZQ�DV�D�IHHGEDFN�SDWK�DW�WKH�WRS�RI�WKH�GLDJUDP��$QRWKHU�SRVVLEOH
IHHGEDFN�SDWK�LV�VKRZQ�DW�WKH�ERWWRP��6XFK�FRPSDULVRQ�RI�PHDVXUHG�DQG�VLPXODWHG�UHVXOWV
LV�HVVHQWLDO�ZKHQ�YHULI\LQJ�WKH�DFFXUDF\�RI�WKH�VLPXODWLRQV��MXVW�DV�PHQWLRQHG�LQ�VHF��������
$W� WKH� VDPH� WLPH� WKH� VLPXODWLRQ�PRGHOV� WKHPVHOYHV� FDQ� EH� FRQWLQXRXVO\� LPSURYHG�� H�J�
SKHQRPHQD�ZKRVH�HIIHFWV�DUH�KDUG�WR�GHULYH�WKHRUHWLFDOO\�FRXOG�EH�DSSUR[LPDWHG��EDVHG�RQ
HPSLULFDO�UHVXOWV��LQ�WKH�PRGHOV��2I�FRXUVH��WKLV�UHTXLUHV�JUHDW�FDUH�DQG�JRRG�XQGHUVWDQGLQJ
RI�DFRXVWLFV�

,Q� WKH� DERYH� GLDJUDP� ´SHUIRUPDQFH� UHTXLUHPHQWV´�PD\�PHDQ� H�J�� UHTXLUHPHQWV� RQ
WKH�IUHTXHQF\�UHVSRQVH�RI�DQ�HDUSLHFH��´3KRQH�PHFKDQLFV´�LV�WKH�LQWHQGHG�PHFKDQLFV�RI�WKH
SKRQH� �H�J�� LQ� WKH� IRUP� RI� D� &$'� ILOH��� DQG� VXFK� GDWD� LV� XVHG� WR� EXLOG�SURWRW\SHV� �UHDO
KDUGZDUH� IRU� WHVWLQJ�SXUSRVHV���$�VXEVHW�RI� WKH�GLPHQVLRQV� FRQWDLQHG� LQ� WKH�&$'�ILOH� LV
XVHG� DV� SDUDPHWHUV� IRU� WKH� VLPXODWLRQV� �´PHFKDQLFDO� GLPHQVLRQV´�� H�J�� WKH� GLDPHWHU� DQG
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OHQJWK�RI�D�VRXQG�RXWOHW�LQ�WKH�SKRQH�FRYHU���7UDQVGXFHU�VDPSOHV�REWDLQHG�IURP�WKH�WUDQV�
GXFHU� PDQXIDFWXUHU� DUH� XVHG� LQ� WKHVH� SUHOLPLQDU\� SURWRW\SHV� WR� DOORZ� PHDVXUHPHQWV� RI
SHUIRUPDQFH��7KH� WUDQVGXFHU�VSHFLILFDWLRQ��DV�ZHOO�DV�GDWD� IURP� WUDQVGXFHU� VDPSOH�PHDV�
XUHPHQWV��FDQ�EH�XVHG�WR�IRUP�DQ�HTXLYDOHQW�FLUFXLW�RI�WKH�WUDQVGXFHU��XQOHVV�RQH�LV�DYDLO�
DEOH�IURP�WKH�PDQXIDFWXUHU��

7KH�ERWWRP�EUDQFK�OHDGLQJ�WR�WKH�´VLPXODWLRQV´�ER[��´PHDVXULQJ�HTXLSPHQW´��´RWKHU
REMHFWV´�WR�´JHQHUDO�SXUSRVH�VLPXODWLRQ�PRGHOV´��LV�WKH�SDUW�RI�WKH�GHYHORSPHQW�ZRUN�WKDW
ZLOO�EH�RYHUYLHZHG�LQ�WKLV�FKDSWHU��7KH�´JHQHUDO�SXUSRVH�VLPXODWLRQ�PRGHOV´�FROOHFWLRQ�LV
WKH�UHVXOW�RI�WKLV�ZRUN��DSSHQGL[�,9����7KH�PLGGOH�EUDQFK��´WUDQVGXFHU�VSHF�´��´WUDQVGXFHU
VDPSOHV´�WR�´WUDQVGXFHU�HTXLYDOHQW�FLUFXLW´��ZDV�KDQGOHG�E\�WKH�FRPSRQHQW�PDQXIDFWXUHU
LQ�WKH�SUDFWLFDO�FDVH�YLHZHG�LQ�WKLV�WKHVLV��FKDSWHU�����DQG�WKH�UHVXOWV��´WUDQVGXFHU�HTXLYD�
OHQW�FLUFXLW´��DUH�VKRZQ�LQ�DSSHQGL[�9��0RVW�RWKHU�SDUWV�RI�WKLV�GLDJUDP�DOVR�DUH�H[HPSOL�
ILHG�LQ�WKH�FDVH�VWXG\�LQ�FKDSWHU����)LQDOO\�LW�VKRXOG�EH�QRWHG�WKDW�DOO�SDUWV�RI�WKH�IORZFKDUW
ZLOO�SUREDEO\�QRW�EH�DFWLYH�DW�WKH�VDPH�WLPH��VRPH�VXESURFHGXUHV�DUH�PRVW�HVVHQWLDO�DW�HDU�
OLHU�VWDJHV�RI�D�SURMHFW�ZKLOH�RWKHUV�DUH�PRUH�LPSRUWDQW�ODWHU��7KH�´JHQHUDO�SXUSRVH�VLPXOD�
WLRQ�PRGHOV´�EUDQFK�FDQ�EH�D�RQFH�DQG�IRU�DOO�SURFHGXUH�WKDW�GRHV�QRW�KDYH�WR�EH�UHSHDWHG
RQFH�WKH�EDVLF�PRGHOV�DUH�ILQLVKHG�

���� ,PSOHPHQWDWLRQ

,Q� WKLV� VHFWLRQ�� WKH� VHOHFWLRQ�� SDUDPHWHU� LGHQWLILFDWLRQ�� PRGHOOLQJ�� VKDSH� VHOHFWLRQ� DQG
PDFUR�LPSOHPHQWDWLRQ�ZLOO�EH�EULHIO\�RXWOLQHG�IRU�HDFK�PDFUR��DOO�PDFURV�DUH�GLYLGHG�LQWR
���FDWHJRULHV�IRU�FODULW\���$SSHQGL[�,9�FRQWDLQV�WKH�IXOO�GHVFULSWLRQV�RI�DOO�WKH�FUHDWHG�PDF�
URV��LQ�WKH�VDPH�RUGHU�DV�EHORZ��$V�PHQWLRQHG��WKH�PDFURV�DUH�RQO\�RXWOLQHG�KHUH��/DFN�RI
VSDFH�SUHFOXGHV�GHWDLOHG�GHVFULSWLRQV�� DQG�PRUH� LQIRUPDWLRQ�PXVW� EH� VRXJKW� LQ� DSSHQGL[
,9��DV�ZHOO�DV�LQ�DSSHQGL[�,,,�FRQWDLQLQJ�GHULYDWLRQV�RI�VRPH�RI�WKH�PRGHOV�

������ *OREDO�GHILQLWLRQV

0LFUR�&DS�QHHGV�WR�NQRZ�YDOXHV�RI�UHOHYDQW�SK\VLFDO�FRQVWDQWV�VXFK�DV�DLU�GHQVLW\��VSHHG
RI�VRXQG�HWF��7KHVH�DUH�GHILQHG�LQ�D�VHSDUDWH�WH[W�ILOH��$&28'()�7;7���$QRWKHU�WH[W�ILOH
�78%('()�7;7��LQFOXGHV�GHILQLWLRQV�RI�PDWKHPDWLFDO�IXQFWLRQV�WKDW�DUH�XVHG�E\�VRPH�RI
WKH�PDFURV�

������ 6KDSH�DQG�QDPLQJ�FRQYHQWLRQV

7KHUH�DUH�VRPH�JHQHUDO�V\PEROV�WKDW�DUH�XVHG�LQ�VHYHUDO�PDFUR�VKDSHV�WR�IXUWKHU�GHVFULEH
WKH�SURSHUWLHV�RI�WKH�REMHFWV�WKDW�WKH�PDFURV�DUH�PRGHOOLQJ�
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/HWWHUV�GHQRWH�GRPDLQV��1XPEHUHG�SRUWV�RQ�D�WZR�SRUW�PHDQV�WKDW
WKH�FRPSRQHQW�LQ�TXHVWLRQ�LV�QRQUHFLSURFDO�

/RXGVSHDNHUV�DQG�PLFURSKRQHV�DUH�GHSLFWHG�XVLQJ� VWDQGDUG� V\P�
EROV�

*HQHUDO� LPSHGDQFHV� DUH� GHSLFWHG� E\� WKH� ´ER[´� UHVLVWRU� V\PERO
�SXUH�UHVLVWDQFHV�XVH�WKH�´]LJ�]DJ´�V\PERO���5DGLDWLRQ�LPSHGDQFHV
DUH�VKRZQ�DV�ZDYH�IURQWV��GDVKHG�OLQHV�� WR�GLVWLQJXLVK� WKHP�IURP
DFWXDO� UDGLDWLRQ� WKDW�XVHV� VROLG� OLQHV���'LIIHUHQW� V\PEROV�DUH�XVHG
IRU�VSKHULFDO�DQG�SODQH�ZDYHV�

5DGLDWLRQ�LV�VKRZQ�DV�ZDYH�IURQWV��VSKHULFDO�RU�SODQH�ZDYHV���=HUR
VRXQG� SUHVVXUH� �W\SLFDOO\�� RSHQLQJ� WR� VWDWLF� DWPRVSKHULF� SUHVVXUH
LQ�D�FLUFXLW�� LV�VKRZQ�DV� IORZ�OLQHV�RI�SUHVVXUH�HVFDSLQJ� LQWR� IUHH
DLU�

$�VLQJOH�DUURZ��UHVHPEOLQJ�D�YHFWRU��PHDQV�D�PHFKDQLFDO�TXDQWLW\
�IRUFH�� YHORFLW\�� RU� HOHFWULFDO� FXUUHQW�� 7ULSOH� DUURZV�� UHVHPEOLQJ
IORZ�OLQHV�RI�D�IOXLG��LQGLFDWH�DQ�DFRXVWLFDO�TXDQWLW\��SUHVVXUH��YRO�
XPH� YHORFLW\��� 7KH� FURVV�OLQH� LV� XVHG� LQ� WKH� IRUFH� DQG� SUHVVXUH
VKDSHV�WR�VKRZ�WKDW�WKH\�DUH�DFWLQJ�RQ�D�ERG\�RU�VXUIDFH�

7KHVH� VKDSHV� V\PEROL]H� GLVSODFHPHQW� �PHFKDQLFDO� GRPDLQ�� DQG
YROXPH��DFRXVWLFDO�GRPDLQ��

&RLOV�DUH�XVHG�WR�V\PEROL]H�G\QDPLF�WUDQVGXFWLRQ��FRLO�ZLWK�FRUH� 
HOHFWURPDJQHWLF� WUDQVGXFHU���6WDQGDUG� FDSDFLWRU�� FU\VWDO� DQG� HOHF�
WUHW�VKDSHV�GHSLFW�HOHFWURVWDWLF�WUDQVGXFWLRQ��FU\VWDO� �SLH]RHOHFWULF
WUDQVGXFHU��HOHFWUHW� �HOHFWUHW�WUDQVGXFHU��

3DWWHUQV�XVHG�WR�UHSUHVHQW��IURP�OHIW�WR�ULJKW���ULJLG�SK\VLFDO�VWUXF�
WXUHV�LQ�WKH�PHFKDQLFDO�GRPDLQ��ULJLG�SK\VLFDO�VWUXFWXUHV�LQ�WKH
DFRXVWLFDO�GRPDLQ��GDPSLQJ�PDWHULDO�

0LFUR�&DS�9�VWRUHV�PDFURV�DV�VHSDUDWH�ILOHV��DQG�WKH�RSHUDWLQJ�V\VWHP�UHVWULFWV�ILOH�QDPHV
WR�D�PD[LPXP�RI���FKDUDFWHUV�SOXV�H[WHQVLRQ���&,5���)RU�WKLV�UHDVRQ�D�QXPEHU�RI�DEEUHYLD�
WLRQV�ZHUH�FUHDWHG�

= ,PSHGDQFH��JHQHUDO�
5 5HVLVWDQFH
/ ,QGXFWDQFH��LQFO��PDVV� �PHFKDQLFDO�LQGXFWDQFH�
& &DSDFLWDQFH��LQFO��FRPSOLDQFH� �PHFKDQLFDO�FDSDFLWDQFH�
3UE 3UREH
&LU &LUFXODU
5FW 5HFWDQJXODU
3OQ 3ODQH
6SK 6SKHULFDO
$LU/��$ $LU�ORDG
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(QG&��( (QG�FRUUHFWLRQ
5DG 5DGLDWLRQ
'LVS 'LVSODFHPHQW
9HO 9HORFLW\
9RO 9ROXPH
9RO9HO��9RO9 9ROXPH�YHORFLW\
'\Q '\QDPLF
(V (OHFWURVWDWLF
(P (OHFWURPDJQHWLF
(OFW (OHFWUHW
3] 3LH]RHOHFWULF
,QW ,QWHUIDFH
0LF 0LFURSKRQH
6SNU /RXGVSHDNHU
% %DIIOH

������ 3DUDOOHO�FRQQHFWLRQ

,Q�SUDFWLFDO�GHVLJQV��VHYHUDO�HTXDOO\�GLPHQVLRQHG�PHFKDQLFDO�VWUXFWXUHV�DUH�RIWHQ�VHHQ�´LQ
SDUDOOHO´�� 7KH�PRVW� W\SLFDO� FDVH� LV� D�PRELOH� SKRQH� RU� KDQGVHW� FRYHU��ZLWK� VHYHUDO� VPDOO
KROHV�DV�VRXQG�RXWOHWV�IRU�WKH�HDUSLHFH�FDSVXOH�XQGHUQHDWK�LW��$Q�DUUD\�RI�LGHQWLFDO�KROHV�LQ
SDUDOOHO�� ZLWK� HTXDO� SUHVVXUH� DQG� YROXPH� YHORFLW\� LQ� HDFK� KROH� DW� HYHU\� LQVWDQW�� FDQ� EH
PRGHOOHG�DV�RQH�VLQJOH�LPSHGDQFH�HTXDO�WR�WKH�LPSHGDQFH�RI�RQH�KROH�GLYLGHG�E\�WKH�WRWDO
QXPEHU�RI�KROHV��7KLV�SULQFLSOH�RI�YLHZLQJ�VLPLODU�SDUDOOHO�VWUXFWXUHV�RU�SKHQRPHQD�DV�RQH
VLQJOH�HQWLW\� LV�XVHG� LQ� VHYHUDO�RWKHU�PDFURV� �H�J�� DLU� ORDG�� HQG�FRUUHFWLRQV���$OO�RI� WKHVH
KDYH�WKH�QXPEHU�RI�REMHFWV��QR��DV�D�SDUDPHWHU�

������ ,PSHGDQFHV

7KH�EXLOW�LQ�LPSHGDQFH�FRPSRQHQWV��UHVLVWRUV��LQGXFWRUV��FDSDFLWRUV��PD\�DV�ZHOO�EH�XVHG
GLUHFWO\�ZLWKRXW�DQ\�QHHG� IRU�PDFURV��0LFUR�&DS�DOORZV� WKH�FUHDWLRQ�RI�FRPSRQHQWV� WKDW
DUH�GHILQHG�DV�EXLOW�LQ�FRPSRQHQWV��EXW�KDYH�FXVWRP�VKDSHV�DWWDFKHG�WR�WKHP��+RZHYHU��D
SUREOHP� LV� HQFRXQWHUHG� ZLWK� VRPH� RI� WKH� FRPSRQHQWV� GXH� WR� WKH� XVH� RI� WKH� LQYHUVH
�DGPLWWDQFH��DQDORJ\�LQ�PHFKDQLFV��PHFKDQLFDO�LPSHGDQFHV�ZLOO�VKRZ�XS�LQ�WKH�FLUFXLW�DV
WKHLU�GXDOV��7KLV�PHDQV�WKDW�D�PHFKDQLFDO�UHVLVWDQFH�VKRZV�DV�D�UHFLSURFDO�YDOXHG�UHVLVWRU��D
PHFKDQLFDO� LQGXFWDQFH� �PDVV�� VKRZV� DV� D� FDSDFLWRU�� DQG� D� PHFKDQLFDO� FDSDFLWDQFH
�FRPSOLDQFH��VKRZV�DV�DQ�LQGXFWRU��:KLOH�WKH�WZR�ODWWHU�FDVHV�FDQ�EH�KDQGOHG�ZLWKRXW�PDF�
URV��LW�ZDV�VWLOO�GHFLGHG�WR�XVH�PDFURV�WR�LPSOHPHQW�DOO�WKH�LPSHGDQFHV�LQ�WKH�PHFKDQLFDO
DQG�DFRXVWLFDO�GRPDLQ�IRU�WKH�VDNH�RI�FRQVLVWHQFH�

7KH�GHILQLWLRQV�RI�WKH�LPSHGDQFH�PDFURV�DUH�VHOI�H[SODQDWRU\��6KDSHV�ZHUH�FKRVHQ�WR
GHSLFW�WKH�W\SLFDO�DSSHDUDQFHV�RI�WKH�LPSHGDQFHV�LQ�D�FOHDU�DQG�LQWXLWLYH�ZD\��6LPLODU�V\P�
EROV�DOVR�KDYH�EHHQ�XVHG�LQ�WKH�OLWHUDWXUH��H�J��>���S�������������S����@�
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=P

5P /P &P=D

5D /D &D

)LJXUH������,PSHGDQFH�VKDSHV��WRS�URZ��DFRXVWLFDO�LPSHGDQFH��UHVLVWDQFH��LQGXFWDQFH�DQG
FDSDFLWDQFH��ERWWRP�URZ��WKH�VDPH�FRPSRQHQWV�LQ�WKH�PHFKDQLFDO�GRPDLQ��

7KH�PHFKDQLFDO�LQGXFWDQFH��PDVV��PDFUR�/P� LV� WKH�RQO\�RQH�ZLWK�MXVW�RQH�SLQ�LQVWHDG�RI
WZR��7KH�PDFUR� LV� LQWHUQDOO\�JURXQGHG�� DQG� WKH�XQJURXQGHG� WHUPLQDO� LV� FRQQHFWHG� WR� WKH
FLUFXLW��7KLV�LV�EHFDXVH�WKH�YHORFLW\��YROWDJH��RI�WKH�PDVV�LV��E\�GHILQLWLRQ��UHIHUHQFHG�WR�WKH
LQHUWLDO� IUDPH� �]HUR� SRWHQWLDO�  � JURXQG���$OVR�� D�PDVV� LV� ULJLG� DQG� QR� YHORFLW\� �YROWDJH�
GLIIHUHQFHV�FDQ�H[LVW��LPSO\LQJ�DJDLQ�WKDW�D�PDVV�KDV�RQH�VLQJOH�QRGH�LQ�WKH�FLUFXLW�

������ 6RXUFHV��WUDQVIRUPLQJ�WZR�SRUWV�DQG�JURXQGV

,W�LV�FOHDU�IURP�WKH�SUHFHGLQJ�FKDSWHU�WKDW�WKH�LGHDO�YROWDJH�DQG�FXUUHQW�VRXUFHV�RI�WKH�0L�
FUR�&DS� VLPXODWRU� DUH� GLUHFWO\� XVDEOH� DV� IRUFH�� YHORFLW\�� SUHVVXUH� DQG� YROXPH� YHORFLW\
VRXUFHV� �LQ�FRUUHVSRQGLQJ�GRPDLQV���0LFUR�&DS� �OLNH�PRVW�RWKHU� VLPXODWRUV��GHILQHV� VHY�
HUDO� W\SHV�RI�YROWDJH�DQG�FXUUHQW�VRXUFHV�� UDQJLQJ�IURP�LQGHSHQGHQW�VRXUFHV� WR�SLHFHZLVH
OLQHDU��/DSODFH�DQG�ILOH�VRXUFHV�>��@��,Q�RUGHU�QRW�WR�KDYH�WRR�PDQ\�JUDSKLFDO�VKDSHV�IRU�DOO
SRVVLEOH�VRXUFHV��D�FKRLFH�ZDV�PDGH�WR�XVH�MXVW�IRXU�VKDSHV��IRUFH��YHORFLW\��SUHVVXUH�DQG
YROXPH�YHORFLW\�VRXUFHV���7KHVH�VRXUFHV�ZHUH� LQVWHDG�PDGH�YROWDJH�FRQWUROOHG�� L�� H�� FRQ�
QHFWDEOH�WR�RWKHU�0LFUR�&DS�YROWDJH�VRXUFHV��7KLV�DOORZV�DQ\�RI�WKH�PDQ\�DYDLODEOH�0LFUR�
&DS�YROWDJH�VRXUFHV�WR�EH�XVHG�WR�JHQHUDWH�WKH�GHVLUHG�IRUFH��YHORFLW\��SUHVVXUH�RU�YROXPH
YHORFLW\�

,Q�DGGLWLRQ�WR�VLPSOH�VRXUFHV��WKH�GRPDLQ�ERUGHUV�QHHG�WUDQVIRUPLQJ�WZR�SRUWV��LGHDO
WUDQVIRUPHUV�DQG�J\UDWRUV���LPSOHPHQWHG�KHUH�DV�WZR�FRPELQHG�FRQWUROOHG�YROWDJH�RU�FXU�
UHQW�VRXUFHV��6HH�VHF��������

(YHU\�FLUFXLW�QHHGV�D�JURXQG��*URXQG�PHDQV�]HUR�SRWHQWLDO��ZKLFK�LV�GLUHFWO\� LQWHU�
SUHWDEOH�DV�]HUR�YHORFLW\�LQ�WKH�PHFKDQLFDO�GRPDLQ��DQG�]HUR�VRXQG�SUHVVXUH�LQ�WKH�DFRXVWL�
FDO�GRPDLQ��,Q�RWKHU�ZRUGV��JURXQG�PHDQV�DQ�LPPRYDEOH�SRLQW��LQHUWLDO�UHIHUHQFH�IUDPH��LQ
WKH�PHFKDQLFDO�GRPDLQ��DQG�HTXLOLEULXP��DWPRVSKHULF��SUHVVXUH� LQ� WKH�DFRXVWLFDO�GRPDLQ�
)RU�WKLV�UHDVRQ��VSHFLDO�VKDSHV�ZHUH�FUHDWHG�IRU�PHFKDQLFDO�DQG�DFRXVWLF�JURXQGV�

)RUFH9HORFLW\

9RO9HO3UHVVXUH � � ,GHDO7UI

,GHDO*\U

$WP3UHVV

)L[HG3W

)LJXUH� ����� 9HORFLW\�� IRUFH�� SUHVVXUH� DQG� YROXPH� YHORFLW\� VRXUFH�� LPPRYDEOH� SRLQW� DQG
DWPRVSKHULF�SUHVVXUH��LGHDO�J\UDWRU�DQG�WUDQVIRUPHU�

7KH�WUDQVIRUPHU�KDV�LWV�SRUWV�QXPEHUHG��ZKLOH�WKH�J\UDWRU�KDV�QRW��7KLV�LV�WR�VKRZ�WKDW�WKH
WUDQVIRUPHU�LV�QRQUHFLSURFDO��DV�RSSRVHG�WR�WKH�J\UDWRU��7KH�ER[HV�DURXQG�WKHVH�DUH�PHDQW
WR� VKRZ� WKDW� WKH� FRPSRQHQWV� DUH� LGHDO�� DQG� WR� IXUWKHU� GLVWLQJXLVK� WKHP� IURP� WKH� EXLOW�LQ
RQHV��,W�VKRXOG�EH�QRWHG�WKDW�WKH�$WP3UHVV�VKDSH�GRHV�QRW�V\PEROL]H�VRXQG�UDGLDWLRQ��VHH
EHORZ���DOWKRXJK�WKH�VKDSH�FRXOG�OHDG�WR�FRQIXVLRQ��+RZHYHU��QR�EHWWHU�VKDSH�ZDV�IDQFLHG�
DQG�UDGLDWLRQ�VKDSHV�ZHUH�PDGH�YHU\�GLIIHUHQW�IURP�WKLV�RQH�WR�SUHYHQW�FRQIXVLRQ�
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3OXV�DQG�PLQXV�VLJQV�LQGLFDWH�WKH�SRODULW\�RI�WKH�YHORFLW\�DQG�SUHVVXUH�VRXUFHV��MXVW�DV
LQ� WKH�0LFUR�&DS�EXLOW�LQ� YROWDJH� VRXUFHV�� ,Q� WKH� IRUFH� DQG�YROXPH�YHORFLW\� VRXUFHV�� WKH
DUURZV�LQGLFDWH�WKH�IORZ�GLUHFWLRQ�RI�WKH�FRUUHVSRQGLQJ�FXUUHQWV�WKURXJK�WKH�VRXUFHV��MXVW�DV
LQ�WKH�EXLOW�LQ�FXUUHQW�VRXUFHV�

������ 3K\VLFDO�VWUXFWXUHV

7KLV�FDWHJRU\�RI�PDFURV� LV�YHU\� LPSRUWDQW��EXW�DOVR� WURXEOHVRPH�VLQFH� LW� LV� LPSRVVLEOH� WR
PRGHO�DOO�NLQGV�RI�H[LVWLQJ�PHFKDQLFDO�VWUXFWXUHV�XVLQJ�D�OLPLWHG�VHW�RI�PRGHOV��5HDVRQV�IRU
WKLV�FDQ�EH�IRXQG�LQ�WKH�IDFW�WKDW�RQH�GLPHQVLRQDO�OXPSHG�FLUFXLWV�FDQQRW��LQ�JHQHUDO��PRGHO
WKUHH�GLPHQVLRQDO�GLVWULEXWHG�SKHQRPHQD�DFFXUDWHO\�WKURXJKRXW�WKH�DXGLR�IUHTXHQF\�EDQG�
$V�D�UHVXOW��VRPH�EDVLF�VWUXFWXUHV�KDYH� WR�EH� LGHQWLILHG��DQG�LW�KHOSV� LI�HYHQ� WKHVH�FDQ�EH
PRGHOOHG�ZLWK�JRRG�DFFXUDF\�

5LJLG�PHFKDQLFDO�VWUXFWXUHV�FUHDWH� IORZ�SDWKV� IRU� WKH�DLU� LQ�DQ�DFRXVWLF�FLUFXLW��([�
DPSOHV� RI� VXFK� VWUXFWXUHV� DUH� FDYLWLHV� DQG� WXEHV� RI� YDU\LQJ� OHQJWK�� 7KH�ZRUG�KROH� ZLOO�
KHUHDIWHU�� PHDQ� D� IORZ� SDWK� ZLWK� D� XQLIRUP� FURVV� VHFWLRQ� �FLUFXODU�� UHFWDQJXODU� HWF��
ERXQGHG� E\� ULJLG�ZDOOV�� DQG� VKRUW� �LQ� WKH� IORZ� GLUHFWLRQ�� FRPSDUHG� WR� WKH� VRXQG�ZDYH�
OHQJWK��$�GXFW�LV�GHILQHG�DV�RWKHUZLVH�HTXLYDOHQW�WR�D�KROH��EXW�QRW�DFRXVWLFDOO\�VKRUW��L�H�
SRVVLEO\�KDYLQJ�D�OHQJWK�FRPSDUDEOH�WR�RU�JUHDWHU� WKDQ�WKH�ZDYHOHQJWK��,Q�RWKHU�ZRUGV��D
VKRUW�WXEH�ZLOO�EH�FDOOHG�D�KROH��ZKLOH�D�ORQJ�WXEH�ZLOO�EH�FDOOHG�D�GXFW��$OWKRXJK�´KROH´�LV
SHUKDSV�QRW�WKH�EHVW�ZRUG�IRU�D�VKRUW�WXEXODU�FRQQHFWLRQ��LW�LV�XVHG�KHUH�EHFDXVH�LW�DVVRFL�
DWHV�WR�SKRQH�DQG�DFFHVVRU\�PHFKDQLFV��ZKHUH�VPDOO�KROHV�DUH�H[WUHPHO\�FRPPRQ�DV�VRXQG
RXWOHWV�� 7KH� RSHQLQJV� DW� WKH� HQGV� RI� D� KROH� RU� GXFW� ZLOO� EH� FDOOHG� DSHUWXUHV� �RU� VLPSO\
RSHQLQJV��� ,Q�RWKHU�ZRUGV�� DQ� DSHUWXUH� LV� WKH�K\SRWKHWLFDO� VXUIDFH� WKDW�� WRJHWKHU�ZLWK� WKH
ZDOOV��ERXQGV�WKH�YROXPH�RI�DLU�LQVLGH�WKH�KROH�RU�GXFW��7KHUH�DUH�DOVR�QRQ�ULJLG�PHFKDQL�
FDO� VWUXFWXUHV� HQFRXQWHUHG� LQ� DFRXVWLF� FLUFXLWV�� VXFK� DV� PRUH� RU� OHVV� HODVWLF� PHPEUDQHV
�XVHG�FRPPRQO\�DV�GXVW�DQG�ZDWHU�VKLHOGV��

&DYLW\/V&DYLW\

&LU+ROH 5FW+ROH

+HOPK5HV

&LU'XFW 5FW'XFW

0HPEUQ� 0HPEUQ�

)LJXUH� ����� &DYLW\� �ORVV�IUHH� DQG� ORVV\��� +HOPKROW]� UHVRQDWRU�� PHPEUDQHV�� FLUFXODU� DQG
UHFWDQJXODU�KROH��FLUFXODU�DQG�UHFWDQJXODU�GXFW�

�������� &DYLWLHV

,Q�D�FDYLW\��WKH�SUHGRPLQDQW�SK\VLFDO�SKHQRPHQRQ�LV�FRPSUHVVLRQ�DQG�GHFRPSUHVVLRQ�RI�DQ
HQFORVHG� YROXPH� RI� DLU��:KHQ� UHVWULFWLQJ� WKH� DWWHQWLRQ� WR� VPDOO� HQRXJK� SUHVVXUH� DPSOL�
WXGHV��VR�WKDW�DLU�FRPSUHVVLRQ�FDQ�EH�FRQVLGHUHG�OLQHDU��WKH�VSULQJ�OLNH�DFWLRQ�RI�WKH�FRP�
SUHVVHG�DLU�ZLOO�DSSHDU�DV�D�FRQVWDQW�DFRXVWLF�FDSDFLWDQFH�� ,Q�PRGHOOLQJ�DQ�DLU�FDYLW\� WKLV
ZD\��LW�LV�DVVXPHG�WKDW�LWV�GLPHQVLRQV�DUH�VPDOO�FRPSDUHG�WR�WKH�ZDYHOHQJWK��EXW�QRW�VPDOO
FRPSDUHG�WR�WKH�WKHUPDO�ERXQGDU\�OD\HU�WKLFNQHVV���,I�WKH�FDYLW\�LV�VPDOO�FRPSDUHG�WR�WKH
WKHUPDO�ERXQGDU\�OD\HU�WKLFNQHVV��WKHQ�FRQGLWLRQV�ZLOO�EH�LVRWKHUPDO�DQG�WKH�DSSDUHQW�FD�
SDFLWDQFH�ZLOO�EH�XS�WR������KLJKHU�>��@���7KH�VWDWLF�DWPRVSKHULF�SUHVVXUH�LV�WDNHQ�DV�WKH
UHIHUHQFH��ZKLFK�PHDQV� WKDW� D� FDSDFLWDQFH�GXH� WR� D� FDYLW\� DOZD\V� DSSHDUV� JURXQGHG��$OO
HQWUDQFHV� WR� D� VLQJOH� FDYLW\� DUH�� LQ� HIIHFW�� FRQQHFWHG� WR� WKH� VDPH� QRGH� LQ� WKH� HTXLYDOHQW
FLUFXLW��7KLV�LV�EHFDXVH�WKH�SUHVVXUH�KDV�WR�EH�HTXDO�DW�HDFK�HQWUDQFH��ZKLFK��LQ�WXUQ��LV�EH�
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FDXVH�WKH�GLPHQVLRQV�RI�WKH�FDYLW\�DUH�DVVXPHG�WR�EH�FOHDUO\�VPDOOHU�WKDQ�WKH�ZDYHOHQJWK�
LPSO\LQJ�WKDW�QR�DSSUHFLDEOH�SKDVH�GLIIHUHQFHV�FDQ�H[LVW�

7KH�RQH�DQG�RQO\�SDUDPHWHU�VXSSOLHG�WR�WKH�&DYLW\�PDFUR�LV�WKH�YROXPH�RI�WKH�FDYLW\�
7KLV�YROXPH�GHILQHV�WKH�FRUUHVSRQGLQJ�FDSDFLWDQFH�DFFRUGLQJ�WR�HT��������LQ�WKH�SUHFHGLQJ
FKDSWHU��ZLWK�WKH�FRPSUHVVLELOLW\�RI�DLU�DV�WKH�SURSRUWLRQDOLW\�FRHIILFLHQW��0RVW�UHDO�FDYLWLHV
KDYH�ORVVHV��DQG�D�ORVV\�FDYLW\�PRGHO��&DYLW\/V��ZDV�DOVR�LQFOXGHG�LQ�WKH�PDFUR�FROOHFWLRQ�
7KLV�PDFUR�GLIIHUV� IURP�WKH� ORVV�IUHH�FDYLW\� LQ� WKDW� LW�KDV� WZR�DGGLWLRQDO� UHVLVWRUV��RQH� WR
DFFRXQW�IRU� OHDNV�DQG�WKH�RWKHU�WR�DFFRXQW�IRU� ORVVHV� LQ�� IRU�H[DPSOH�� ILOOLQJ�PDWHULDO� WKDW
PD\�EH�XVHG�WR�GDPS�WKH�FDYLW\��)LOOLQJ�PDWHULDO�LV�FRPPRQ�LQ�ORXGVSHDNHU�ER[HV��KDQGV�
IUHH�ORXGVSHDNHUV���8QIRUWXQDWHO\��LW�LV�KDUG�WR�FUHDWH�DQ�DFFXUDWH�DQG�YHUVDWLOH�PRGHO�RI�D
ILOOHG�FDYLW\��7KH�SK\VLFDO�SURSHUWLHV�RI�WKH�ILEUHV�LQ�WKH�ILOOLQJ�PDWHULDO�DUH�VHOGRP�NQRZQ�
WKHUH�DUH�PDQ\�SDUDPHWHUV��DQG�PHDVXULQJ�WKHP�PD\�QRW�EH�ZRUWK�WKH�HIIRUW��$�VLPSOH�DS�
SURDFK�ZDV�FKRVHQ�KHUH��ZLWK� MXVW� WZR�WLPH�FRQVWDQWV��RQH�IRU� WKH�ILOOLQJ�DQG�RQH�IRU� WKH
OHDNV��DV�DGGLWLRQDO�SDUDPHWHUV�FKDUDFWHUL]LQJ�WKH�ORVVHV��$�IRXUWK�SURYLGHG�SDUDPHWHU�LV�D
FRHIILFLHQW�WR�FKDUDFWHUL]H�WKH�DSSDUHQW�YROXPH�LQFUHDVH��DERXW������PD[LPXP��DV�VWDWHG
DERYH��WKDW�LV�GXH�WR�WKH�WKHUPRG\QDPLFDO�SURSHUWLHV�RI�WKH�ILOOLQJ�PDWHULDO��,W�PD\�VWLOO�EH
GLIILFXOW�WR�NQRZ�ZKDW�YDOXHV�WR�XVH��EXW�DW�OHDVW�WKHUH�DUH�IHZHU�SDUDPHWHUV�WKDQ�ZRXOG�EH
QHHGHG�LQ�D�PRUH�JHQHUDO�FDVH�

�������� +ROHV

$�KROH�FRQWDLQV�D�YROXPH�RI�DLU��ERXQGHG�E\�WKH�ULJLG�LQQHU�ZDOOV�RI�WKH�KROH�DQG�WKH�DSHU�
WXUHV�DW�WKH�HQGV��:KHQ�VRXQG�HQWHUV�VXFK�D�KROH��WKH�DLU�YROXPH�ZLOO�YLEUDWH�ZLWK�QHJOLJL�
EOH�FRPSUHVVLRQ��7KLV�LV�EHFDXVH�WKH�KROH�LV��E\�GHILQLWLRQ�DERYH��PXFK�VKRUWHU�LQ�WKH�IORZ
GLUHFWLRQ�WKDQ�WKH�ZDYHOHQJWK�� L�H��QR�DSSUHFLDEOH�SKDVH�GLIIHUHQFHV�FDQ�DSSHDU�LQVLGH� WKH
KROH��+RZHYHU��WKHUH�LV�DQ�LQHUWDQFH��DFRXVWLF�LQGXFWDQFH��GXH�WR�WKH�PRYLQJ�PDVV�RI�DLU�
DQG�YLVFRVLW\�ORVVHV�DSSHDU�DV�DQ�DFRXVWLF�UHVLVWDQFH��$�KROH�WKXV�LV�UHSUHVHQWHG�E\�D�VHULHV
5/��UHVLVWDQFH�LQGXFWDQFH��EUDQFK�LQ�DQ�HTXLYDOHQW�FLUFXLW��ZLWK�WZR�QRGHV��WKH�HQGV�RI�WKH
KROH��FRQQHFWLQJ�WR�WKH�RXWVLGH�DFRXVWLF�FLUFXLW�

)RU�SK\VLFDO�UHDVRQV��WKH�IORZ�SURILOH�RI�WKH�DLU�LQVLGH�D�KROH�VKRZV�D�IUHTXHQF\�GH�
SHQGHQFH��$W�ORZ�IUHTXHQFLHV��DVVXPLQJ�D�FLUFXODU�FURVV�VHFWLRQ���WKH�IORZ�SURILOH�LV�SDUD�
EROLF�ZLWK� ]HUR� IORZ� YHORFLW\� RQ� WKH�ZDOO� DQG�PD[LPXP� RQ� WKH� FHQWHU� D[LV��$V� WKH� IUH�
TXHQF\�ULVHV��WKH�YLVFRXV�ERXQGDU\�OD\HU�RI�DLU��ZKRVH�PRYHPHQW�LV�UHVWULFWHG�E\�WKH�YLV�
FRVLW\��QDUURZV��DQG�D�JUHDWHU�SRUWLRQ�RI�WKH�DLU�PRYHV�ZLWK�DERXW�WKH�VDPH�YHORFLW\�DV�WKH
DLU�RQ�WKH�FHQWHU�D[LV��7KH�UHVLVWDQFH�LV�FRQVWDQW�EHORZ�D�FHUWDLQ�WKUHVKROG�IUHTXHQF\��DQG
ULVHV�SURSRUWLRQDOO\�WR�WKH�VTXDUH�URRW�RI� WKH�IUHTXHQF\�DERYH�LW��7KH� LQGXFWDQFH�VKRZV�D
WUDQVLWLRQ� ����� LQ� FLUFXODU� KROHV�� ���� LQ� YHU\� ZLGH� UHFWDQJXODU� KROHV�� DURXQG� WKH� VDPH
WKUHVKROG�IUHTXHQF\�>���SS�������������������S�����@�

+ROHV�PD\�KDYH�YDULRXV�FURVV�VHFWLRQDO� VKDSHV��&DOFXODWLQJ�H[SOLFLW�5/�FRPSRQHQW
YDOXHV�IRU�DQ\�DUELWUDU\�VKDSH�DQG�IUHTXHQF\�LV�LPSRVVLEOH��,W�LV�PRUH�UHDOLVWLF�WR�PRGHO�MXVW
WZR�EDVLF�FDVHV��FLUFXODU�DQG�UHFWDQJXODU�FURVV�VHFWLRQ��&LU+ROH�DQG�5FW+ROH���5HDO�ZRUOG
KROHV�PD\�WKHQ�EH�DSSUR[LPDWHG�E\�RQH�RI�WKHVH�WZR��$�FLUFXODU�KROH�LV�D�IDLU�DSSUR[LPD�
WLRQ�RI�DOO�KROHV�WKDW�DUH�HOOLSWLFDO��VTXDUH�VKDSHG�HWF��DV�ORQJ�DV�WKH�FURVV�VHFWLRQDO�DUHD�LV
HTXDO��7KHUH�DUH�DOVR�FDVHV�ZKHQ�WKH�UDWLR�EHWZHHQ�KHLJKW�DQG�ZLGWK�RI�WKH�KROH�LV�IDU�IURP
�����)RU� WKHVH�FDVHV�D�PRGHO�RI�D� UHFWDQJXODU�KROH�ZDV�FUHDWHG��ZLWK�KHLJKW�DQG�ZLGWK�DV
SDUDPHWHUV�LQVWHDG�RI�WKH�GLDPHWHU��7KH�OHQJWK�LQ�WKH�IORZ�GLUHFWLRQ��IURP�DSHUWXUH�WR�DSHU�
WXUH��LV�QHHGHG�DV�D�SDUDPHWHU�E\�ERWK�KROH�PDFURV�

$OWKRXJK�DFFXUDWH�IRUPXODH�DUH�DYDLODEOH�IRU�FLUFXODU�KROHV�DQG�LQILQLWHO\�ZLGH�VOLWV�
WKHVH� LQYROYH�FRPSOH[�%HVVHO�DQG� WDQJHQW� IXQFWLRQV� WKDW� WKH�0LFUR�&DS�VLPXODWRU�FDQQRW
KDQGOH��)RU� WKLV� UHDVRQ�SRO\QRPLDO�DSSUR[LPDWLRQV�ZHUH�FUHDWHG�XVLQJ�QXPHULFDO�RSWLPL�
]DWLRQ�� $OVR�� UHDVRQDEOH� PRGLILFDWLRQV� WR� PRGHOV� DYDLODEOH� LQ� DFRXVWLFV� OLWHUDWXUH� ZHUH
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PDGH� WR� DOORZ� DUELWUDU\� UHFWDQJXODU� KROH� DVSHFW� UDWLRV� �QRW� MXVW� UDWLRV� IDU� IURP� XQLW\�� DV
PRVW�SXEOLVKHG�PRGHOV�DVVXPH��

�������� 'XFWV

'XFWV�DUH�PRGHOOHG�E\�WKH�&LU'XFW�DQG�5FW'XFW�PDFURV��ERWK�RI�ZKLFK�QHHG�WKH�VDPH�GL�
PHQVLRQ�SDUDPHWHUV�DV�WKH�FRUUHVSRQGLQJ�KROH�PDFURV�GHVFULEHG�DERYH��,W�KDV�DOUHDG\�EHHQ
PHQWLRQHG�WKDW�D�WXEH�QRW�VKRUW�FRPSDUHG�WR�WKH�ZDYHOHQJWK�PXVW�EH�WUHDWHG�DV�D�WUDQVPLV�
VLRQ�OLQH��7KH�IUHTXHQF\�GHSHQGHQFH�RI�WKH�DFRXVWLF�LPSHGDQFH�RI�D�KROH��VKRUW�WXEH��ZLOO
VKRZ�XS�LQ�GXFWV��ORQJ�WXEHV��WRR��VLQFH�D�ORQJ�WXEH�FDQ�EH�YLHZHG�DV�D�VHULHV�FRQQHFWLRQ�RI
PDQ\�VKRUWHU�WXEHV��$OO�WKLV�PHDQV�WKDW�D�UHDOLVWLF�GXFW�PRGHO�VKRXOG�FRQVLVW�RI�D�WUDQVPLV�
VLRQ� OLQH� ZLWK� IUHTXHQF\�GHSHQGHQW� GLVWULEXWHG� LPSHGDQFHV�� VHULHV� UHVLVWDQFH� DFFRXQWLQJ
IRU�YLVFRVLW\��VHULHV�LQGXFWDQFH�DFFRXQWLQJ�IRU�PRYLQJ�DLU�PDVV��VKXQW�FDSDFLWDQFH�DFFRXQW�
LQJ�IRU�DLU�FRPSUHVVLRQ��DQG�VKXQW�UHVLVWDQFH�DFFRXQWLQJ�IRU�WKHUPDO�GLIIXVLRQ�ORVVHV�>��@�

0LFUR�&DS�FDQ�KDQGOH�IUHTXHQF\�LQGHSHQGHQW�WUDQVPLVVLRQ�OLQH�SDUDPHWHUV�RQO\��DQG
VR�D�JRRG�GXFW�PRGHO�LV�RXW�RI�UHDFK��$OVR��QR�PRUH�WKDQ�WZR�RU�WKUHH��GHSHQGLQJ�RQ�OLQH
W\SH��RI�WKH�IRXU�GLVWULEXWHG�LPSHGDQFHV�PD\�KDYH�QRQ]HUR�YDOXHV�>����S�����@��7KH�5/&
WUDQVPLVVLRQ�OLQH�W\SH�ZDV�FKRVHQ��DQG�WKH�VKXQW�UHVLVWDQFH�KDG�WR�EH�OHIW�RXW��7KLV�LQWUR�
GXFHV� D� GRZQZDUG� HUURU� LQ� WKH� UHDO� SDUW� RI� WKH� SURSDJDWLRQ� FRQVWDQW� �L�H�� GDPSLQJ��� 7R
FRXQWHUDFW�WKLV��WKH�GLVWULEXWHG�VHULHV�UHVLVWDQFH�FDQ�EH�UDLVHG�WR�SURYLGH�D�FRUUHFW�GDPSLQJ�
EXW�WKHQ��RI�FRXUVH��WKH�VHULHV�UHVLVWDQFH�ZLOO�EH�WRR�KLJK��%RWK�WKHVH�FRQIOLFWLQJ�HUURUV�DUH
LQ�WKH�RUGHU�RI�������$�FRPSURPLVH�LV� LQHYLWDEOH��$Q�H[WUD�SDUDPHWHU�ZDV�DGGHG�WR�JLYH
WKH�XVHU�VRPH�FRQWURO�RYHU�KRZ�WKH�GXFW�VKRXOG�EH�VLPXODWHG��)LQDOO\��HYHQ�WKH�IUHTXHQF\
RI� LQWHUHVW�KDV� WR�EH� VXSSOLHG�DV� D�SDUDPHWHU� WR� DOORZ�0LFUR�&DS� WR� FDOFXODWH� GLVWULEXWHG
LPSHGDQFH�YDOXHV�DW�RQH�VLQJOH�IUHTXHQF\��DQG�XVH� WKH�VDPH�VWDWLF�YDOXHV�RYHU� WKH�ZKROH
VLPXODWHG�IUHTXHQF\�UDQJH��ZLWK�PRUH�RU�OHVV�LQDFFXUDWH�UHVXOWV�DV�D�FRQVHTXHQFH��

�������� 2WKHU�VWUXFWXUHV

7KH�+HOPKROW]�UHVRQDWRU��W\SLFDOO\��D�FORVHG�FDYLW\�FRQQHFWHG�WR�D�WXEH��DSSHDUV�PRUH�RU
OHVV� GLVJXLVHG� LQ�PDQ\� DFRXVWLF� FLUFXLWV�� ,W� LV� HDV\� WR� VLPXODWH� D�+HOPKROW]� UHVRQDWRU� E\
XVLQJ�WKH�FDYLW\�DQG�KROH�PDFURV�WRJHWKHU��EXW�LQ�VRPH�FDVHV�RQH�ZDQWV�WR�WU\�RXW�D�+HOP�
KROW]�UHVRQDWRU�ZLWK�JLYHQ�DFRXVWLFDO�SURSHUWLHV�ZLWKRXW�FDULQJ�PXFK�DERXW�WKH�GLPHQVLRQV�
7KH�+HOPK5HV�PDFUR�LV�FUHDWHG�ZLWK�WKHVH�FDVHV�LQ�PLQG��DQG�LW�WDNHV�WKH�DFRXVWLFDO�SURS�
HUWLHV� �UHVRQDQFH� IUHTXHQF\� DQG� TXDOLW\� IDFWRU�� DV� SDUDPHWHUV�� 2QH� PRUH� SDUDPHWHU� LV
QHHGHG�LQ�RUGHU�WR�GHWHUPLQH�D�XQLTXH�HTXLYDOHQW�FLUFXLW��WKXV�WKH�FDYLW\�YROXPH�LV�JLYHQ�DV
D�WKLUG�SDUDPHWHU��$LU�YROXPH�LV�D�YHU\�OLPLWHG�UHVRXUFH�LQ�VPDOO�SKRQHV�DQG�DFFHVVRULHV�
DQG�UHVWULFWLRQV�RQ�FDYLW\�YROXPHV�DUH�HDVLO\�NQRZQ��VR�WKH�FKRLFH�RI�YROXPH�DV�WKH�WKLUG
SDUDPHWHU�LV�PRWLYDWHG�

7KH�ILQDO�VWUXFWXUH�PRGHOOHG�KHUH�LV�WKH�PHPEUDQH��0HPEUDQHV�XVHG�LQ�DFRXVWLF�FLU�
FXLWV� DUH� XVXDOO\� SRURXV�� ZKLFK�PHDQV� WKDW� WKH\� OHW� PRUH� RU� OHVV� RI� WKH� VRXQG� WKURXJK�
7\SLFDO�H[DPSOHV�LQ�PRELOH�SKRQHV�DUH�GXVW�DQG�ZDWHU�VKLHOG�PHPEUDQHV�DWWDFKHG�WR�VRXQG
RXWOHWV�� 6XFK� D� PHPEUDQH� KDV� D� IORZ� UHVLVWDQFH� �GXH� WR� WKH� SRURVLW\��� $OVR�� XQOHVV� WKH
PHPEUDQH�LV�ULJLG��WKHUH�LV�D�PRYLQJ�PDVV��DQG�D�FRPSOLDQFH�DVVRFLDWHG�ZLWK�WKH�VWLIIQHVV�
)LQDOO\�� WKH�PHFKDQLFDO� ORVVHV� LQ� WKH�PHPEUDQH�VKRZ�XS�DV�D�UHVLVWDQFH�� ,Q�PDQ\� W\SLFDO
FDVHV�WKH�IORZ�UHVLVWDQFH�ZLOO�EH�WKH�RQO\�UHOHYDQW�SDUDPHWHU��ZKLOH�WKH�PHFKDQLFDO�EHKDY�
LRXU� RI� WKH�PHPEUDQH� FDQ� EH� QHJOHFWHG�� 7KH� FRPSOLDQFH� FDQQRW� EH� DFFXUDWHO\�PRGHOOHG
XVLQJ�0LFUR�&DS��VLQFH�LQ�UHDO�ZRUOG�FDVHV�LW�PLJKW�EH�VWURQJO\�QRQOLQHDU�DW�KLJK�YROXPH
YHORFLW\�DPSOLWXGHV��DQG�0LFUR�&DS�FDQQRW�VLPXODWH�QRQOLQHDU�EHKDYLRXU�LQ�WKH�IUHTXHQF\
GRPDLQ��7KLV�QRQOLQHDULW\�LV�GXH�WR�WKH�IDFW�WKDW��DV�LV�XVXDOO\�WKH�FDVH��D�QRQ�HODVWLF�PHP�
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EUDQH�IDVWHQHG�E\�LWV�HGJHV��ZLWKRXW�WHQVLRQ��ZLOO�DOORZ�PRYHPHQW�XS�WR�VRPH�GLVSODFHPHQW
OLPLW��EXW�VWURQJO\�UHVLVW�PRYHPHQW�EH\RQG�WKLV�OLPLW�

7KHUH�DUH�WZR�PHPEUDQH�PRGHOV�LQ�WKH�PDFUR�FROOHFWLRQ��2QH��0HPEUQ���LV�VLPSOH
DQG�PRGHOV�MXVW�WKH�IORZ�UHVLVWDQFH��DFFHSWLQJ�WKH�VSHFLILF�DFRXVWLF�UHVLVWDQFH�DV�D�SDUDPH�
WHU��7KH�RWKHU�PHPEUDQH�PRGHO��0HPEUQ���LV�PRUH�FRPSOH[�DQG�PRGHOV�DOVR�WKH�HIIHFWV�RI
WKH�ILQLWH�VWLIIQHVV�RI�WKH�PHPEUDQH��7KH�WKUHH�PHFKDQLFDO�SDUDPHWHUV��UHVLVWDQFH��PRYLQJ
PDVV��FRPSOLDQFH��RI�WKH�PRXQWHG�PHPEUDQH�DUH�JLYHQ�VHSDUDWHO\�WR�WKH�PDFUR��DV�ZHOO�DV
D�IHZ�SDUDPHWHUV�GHVFULELQJ�WKH�JHRPHWU\�RI�WKH�SRUHV��7KH�DUHD�DQG�WKH�QXPEHU�RI�SDUDOOHO
PHPEUDQHV�DUH�JLYHQ�DV�SDUDPHWHUV�WR�ERWK�PHPEUDQH�PDFURV�

������ $LU�ORDG

7KH�FRQFHSW�RI�UDGLDWLRQ�LPSHGDQFH�ZDV�LQWURGXFHG�LQ�WKH�EHJLQQLQJ�RI�WKLV�FKDSWHU��,W� LV
FOHDU� WKDW�UDGLDWLRQ� LPSHGDQFH�ZLOO�VKRZ�XS�ZKHQHYHU�VRXQG� LV� UDGLDWHG�E\�VRPH�VRXUFH�
1RZ� LW� LV� LPSRUWDQW� WR� QRWH� WKDW� WKHUH� LV� QR� GLIIHUHQFH� EHWZHHQ� DQ� DSHUWXUH� �DV� GHILQHG
DERYH��DQG�D�UHDO�PHFKDQLFDO�VXUIDFH�RI�WKH�VDPH�VKDSH��DW�WKH�VDPH�ORFDWLRQ��DQG�PRYLQJ
ZLWK�WKH�VDPH�YHORFLW\�DV�WKH�DLU�SDUWLFOHV�LQ�WKH�DSHUWXUH��DV�IDU�DV�UDGLDWLRQ�LV�FRQFHUQHG�
7KLV�PHDQV�WKDW�WKH�VDPH�UDGLDWLRQ�LPSHGDQFH�ZLOO�EH�VHHQ�DV�D�ORDG�E\�ERWK�WKHVH�VRXUFHV�
DV�FDQ�EH�XQGHUVWRRG�IURP�WKH�GHILQLWLRQ�RI�DFRXVWLFDO�LPSHGDQFH��)URP�QRZ�RQ��D�VRXUFH
RI�UDGLDWLRQ��RI�DQ\�W\SH��LV�FDOOHG�D�UDGLDWRU��7KLV�PHDQV�WKDW�ERWK�DSHUWXUHV�DQG�PRYLQJ
VXUIDFHV�PD\�DFW�DV�UDGLDWRUV� LQ�DFRXVWLF�FLUFXLWV��DQG�PDFURV�PRGHOOLQJ�UDGLDWLRQ� LPSHG�
DQFH�PXVW�EH�FRQQHFWDEOH�WR�WKHVH�

'LPHQVLRQV�RI�UDGLDWRUV�GHDOW�ZLWK�LQ�WKLV�WKHVLV��HVSHFLDOO\�SKRQH�FRYHU�VRXQG�RXWOHW
KROHV�� DUH� VPDOO� FRPSDUHG� WR� WKH� VRXQG�ZDYHOHQJWK�� LPSO\LQJ� RPQLGLUHFWLRQDO� VRXQG� UD�
GLDWLRQ��7KLV� VLPSOLILHV� WKH� UDGLDWLRQ�PRGHOV�� DQG� WKH� UDGLDWLRQ� UHVLVWDQFH�EHFRPHV�HIIHF�
WLYHO\�LQGHSHQGHQW�RI� WKH�JHRPHWULFDO�SURSHUWLHV�RI� WKH�UDGLDWRU��$OWKRXJK�SURSRUWLRQDO� WR
WKH�VTXDUH�RI� WKH�IUHTXHQF\��VHH�DSSHQGL[�,,,��� UDGLDWLRQ�UHVLVWDQFHV�ZLOO� WHQG� WR�EH�VPDOO
FRPSDUHG� WR�RWKHU� �W\SLFDOO\��YLVFRXV�� UHVLVWDQFHV��H[FHSW�SHUKDSV�DW� WKH�KLJKHVW� IUHTXHQ�
FLHV��9LVFRXV�UHVLVWDQFH�DSSHDUV�QRW�RQO\�LQVLGH�D�WXEH��EXW�DOVR�DW�WKH�VXUURXQGLQJ�VXUIDFHV
RXWVLGH�WKH�WXEH�FORVH�WR�WKH�DSHUWXUHV�>��@��7KLV�UHVLVWDQFH�PXVW�EH�LQFOXGHG�LQ�VLPXODWLRQV
RI� VRXQG� UDGLDWLRQ� WR� PDLQWDLQ� DFFXUDF\�� )ORZ� OLQHV� RI� YLEUDWLQJ� DLU� HQWHULQJ� D� VSDFH
WKURXJK�D� VPDOOHU�RSHQLQJ� VSUHDG�RXW�JUDGXDOO\��QRW� DEUXSWO\��7KLV�PHDQV� WKDW� WKHUH� LV� D
NLQG�RI� VPRRWK� WUDQVLWLRQ� UHJLRQ� LQ�ZKLFK� VRPH�RI� WKH� IUHH� DLU�RXWVLGH�� DQG�FORVH� WR�� WKH
RSHQLQJ�FDQ�EH�WKRXJKW�WR�YLEUDWH�WRJHWKHU�ZLWK�WKH�DLU�LQ�WKH�RSHQLQJ��7KH�VLWXDWLRQ�LV�WKH
VDPH�IRU�DQ\�UDGLDWRU��+HQFH�WKH�YLVFRXV�ORVVHV�RXWVLGH�WKH�UDGLDWRU��$Q�DGGLWLRQDO�FRQVH�
TXHQFH�RI�WKLV�LV�WKDW�D�FHUWDLQ�PDVV�RI�DWWDFKHG�DLU�KDV�WR�EH�LQFOXGHG�DV�DQ�DFRXVWLF�LQGXF�
WDQFH�� 7KLV� LQGXFWDQFH� IRUPV� WKH� UDGLDWLRQ� LQGXFWDQFH�� WKH� UHDFWLYH� SDUW� RI� WKH� UDGLDWLRQ
LPSHGDQFH�

1RZ�LW�LV�REYLRXV�WKDW�D�UDGLDWRU�ZLOO�VHH�WZR�ORDGV��DQ�LPSHGDQFH�GXH�WR�WKH�UDGLD�
WLRQ��ZLWK�D�UHVLVWLYH�SDUW�DFFRXQWLQJ�IRU�UDGLDWHG�SRZHU�DQG�DQ�LQGXFWLYH�SDUW�DFFRXQWLQJ
IRU�WKH�DWWDFKHG�DLU�PDVV���DQG�D�UHVLVWDQFH�GXH�WR�YLVFRXV�ORVVHV�LQ�WKH�LPPHGLDWH�YLFLQLW\
RI�WKH�UDGLDWRU��7KH�FRPELQDWLRQ�RI�WKHVH�ORDGV�ZLOO�KHUHDIWHU�EH�FDOOHG�DLU�ORDG��WR�GLVWLQ�
JXLVK�LW�IURP�WKH�UDGLDWLRQ�LPSHGDQFH��ZKLFK��DV�GHILQHG�KHUH��GRHV�QRW�LQFOXGH�WKH�YLVFRXV
ORVVHV���,Q�RWKHU�ZRUGV��DLU�ORDG�LV�WKH�VXP�RI�UDGLDWLRQ�LPSHGDQFH�DQG�YLVFRXV�ORVV�UHVLV�
WDQFH��WZR�DFRXVWLF�UHVLVWDQFHV�DQG�RQH�DFRXVWLF�LQGXFWDQFH�DOO�LQ�DOO��

$LU�ORDG�FRXOG�EH�UHDGLO\�LQFOXGHG�LQ�RWKHU�PDFURV��+RZHYHU��WKLV�ZRXOG�OHDG�WR�DQ
LQFRQYHQLHQW�QXPEHU�RI�FRPELQDWLRQV��LW�LV�QRW�GHVLUDEOH�RU�HYHQ�SRVVLEOH�WR�EXLOG�RQH�JHQ�
HUDO�PRGHO��ZLWK�FRQYHQLHQW�LQSXW�SDUDPHWHUV��IRU�DOO�NLQGV�RI�DLU�ORDG��$OVR��WKHUH�DUH�PDQ\
SRVVLEOH�UDGLDWRUV��WXEHV�RI�YDULRXV�FURVV�VHFWLRQ��ORXGVSHDNHUV��RU�RWKHU�YLEUDWLQJ�VXUIDFHV�
)RU�WKLV�UHDVRQ�LW�ZDV�GHFLGHG�WR�FUHDWH�VHSDUDWH�PDFURV�PRGHOOLQJ�QRWKLQJ�EXW�WKH�DLU�ORDG�
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7KHVH�FDQ�� LQ� WXUQ��EH�FRQQHFWHG� WR�DQ\�PDFUR�PRGHOOLQJ�D� UDGLDWRU�RI� VRPH�NLQG� �H�J�� D
KROH�RU�D�ORXGVSHDNHU��

(QG&&LU

$LU/&LU

3OQ5DG5

(QG&5FW

$LU/&LU% $LU/5FW $LU/5FW%

6SK5DG5

)LJXUH������(QG� FRUUHFWLRQ� IRU� FLUFXODU�DQG� UHFWDQJXODU� UDGLDWRU� �WRS� URZ��� DLU� ORDG� RQ
FLUFXODU�DQG�UHFWDQJXODU�UDGLDWRU��DQ\�VROLG�UDGLDWLRQ�DQJOH��RU�HTXLSSHG�ZLWK�ILQLWH�EDIIOH
�PLGGOH�URZ���UDGLDWLRQ�UHVLVWDQFH�RI�UDGLDWRU�UDGLDWLQJ�VSKHULFDO�RU�SODQH�ZDYHV��ERWWRP
URZ��

�������� $LU�ORDGV�IRU�VSHFLILF�UDGLDWRU�JHRPHWULHV

)XOO� DLU� ORDG� PRGHOV� ZHUH� FUHDWHG� VSHFLILFDOO\� IRU� FLUFXODU� DQG� UHFWDQJXODU� UDGLDWRUV
�$LU/&LU��$LU/&LU%��$LU/5FW��$LU/5FW%���'HWDLOV�RI�WKH�GHULYDWLRQV�DQG�SULQFLSOHV�EHKLQG�WKH
PRGHOV�FDQ�EH�IRXQG�LQ�DSSHQGL[�,,,��7KH�IRXU�IXOO�DLU�ORDG�PRGHOV�DUH�FDSDEOH�RI�PRGHO�
OLQJ�WKH�DLU�ORDG�RQ�RQH�RU�PRUH�HTXLYDOHQW�UDGLDWRUV��O\LQJ�LQ�WKH�VDPH�SODQH��PRUH�RU�OHVV
VHSDUDWHG�IURP�HDFK�RWKHU��7KH�ZDOO�VXUURXQGLQJ�WKH�UDGLDWRU�V��PD\�EH�SODQH��LW�PD\�IRUP
D�FRQLFDO�KRUQ��LQILQLWH�H[WHQW�DVVXPHG��ZLWK�DQ�DUELWUDU\�VROLG�RSHQLQJ�DQJOH��RU�WKHUH�PD\
EH� QR�ZDOO� DW� DOO�� 7ZR� RI� WKH�PDFURV� �$LU/&LU%� DQG�$LU/5FW%�� DUH� VSHFLILFDOO\� IRU� FDVHV
ZKHQ�WKH�VXUURXQGLQJ�ZDOO��EDIIOH��LV�SODQH�DQG�RI�ILQLWH�H[WHQW��DQG�WKH�UHVXOWDQW�WUDQVLWLRQ
LQ�WKH�DLU�ORDG�LV�WR�EH�PRGHOOHG��2I�FRXUVH��DOO�UHDO�ZRUOG�EDIIOHV�DUH�RI�ILQLWH�H[WHQW�DQ\�
ZD\��EXW�LQ�PDQ\�FDVHV�LW�LV�DFFXUDWH�HQRXJK�DQG�PRUH�FRQYHQLHQW�WR�DVVXPH�LQILQLWH�EDIIOH
GLPHQVLRQV�

$OO�IRXU�DLU�ORDG�PDFURV�DUH�VLPSO\�VHULHV�FRQQHFWLRQV�RI�WKH�WKUHH�FRPSRQHQWV�PHQ�
WLRQHG�DERYH��UDGLDWLRQ�UHVLVWDQFH��UDGLDWLRQ�LQGXFWDQFH�� �DWWDFKHG�DLU�LQHUWDQFH��DQG�YLV�
FRXV�GUDJ�UHVLVWDQFH��7KH�GLIIHUHQFHV�OLH�RQO\�LQ�KRZ�WKH�PDFURV�FDOFXODWH�FRPSRQHQW�YDO�
XHV� IURP�JLYHQ� SK\VLFDO� GLPHQVLRQV�� DQG� KRZ� WKHVH� YDOXHV� GHSHQG� RQ� IUHTXHQF\��7R� EH
DEOH� WR�FDOFXODWH� WKH�DLU� ORDG�� WKH�PDFURV�QHHG�WKH�GLPHQVLRQV�RI� WKH� UDGLDWRU�V�� WKDW� WKH\
DUH� FRQQHFWHG� WR��0LFUR�&DS�PDFURV� FDQQRW� UHDG� WKH� SDUDPHWHU� YDOXHV� RI� RWKHU� DGMDFHQW
PDFURV�LQ�WKH�VFKHPDWLF��VR�WKH�GLPHQVLRQV�KDYH�WR�EH�JLYHQ�DV�SDUDPHWHUV�WKH�XVXDO�ZD\�
7KLV�PHDQV�GLDPHWHU�IRU�FLUFXODU�UDGLDWRUV��DQG�ZLGWK�DQG�KHLJKW�IRU�UHFWDQJXODU�UDGLDWRUV�
$LU/&LU�DQG�$LU/5FW�QHHG�WZR�PRUH�SDUDPHWHUV�WR�GHVFULEH�WKH�HQYLURQPHQW�VXUURXQGLQJ�WKH
UDGLDWRU�V���D�FRHIILFLHQW�GHVFULELQJ�ZKDW�SRUWLRQ�RI� IXOO�VSDFH� WKH� UDGLDWLRQ� LV� LQWR��DQG�D
FRHIILFLHQW� FKDUDFWHUL]LQJ� WKH� VWUHQJWK� RI� WKH� PXWXDO� FRXSOLQJ��0XWXDO� FRXSOLQJ� DSSHDUV
ZKHQ� WZR�RU�PRUH� UDGLDWRUV� DUH� ORFDWHG� FORVH� WR�RQH� DQRWKHU�� DQG� LW� KDV� WKH� HIIHFW� RI� DQ
DGGHG�PXWXDO� UDGLDWLRQ� LPSHGDQFH�� $LU/&LU%� DQG� $LU/5FW%� WDNH� WKH� EDIIOH� SHULPHWHU� DV
LQSXW�LQVWHDG�RI�WKH�VROLG�UDGLDWLRQ�DQJOH�FRHIILFLHQW�MXVW�PHQWLRQHG�

�������� (QG�FRUUHFWLRQV

7KHUH�DUH�FDVHV�ZKHQ�WKH�DLU� ORDG�PRGHOV�GHVFULEHG�DERYH�DUH�QRW�QHFHVVDU\��RU�QRW�HYHQ
WKH�EHVW�FKRLFH��*RRG�H[DPSOHV�DUH�LUUHJXODU�JHRPHWULHV�WKDW�DUH�KDUG�WR�VSHFLI\�XVLQJ�WKH
QHHGHG�SDUDPHWHUV��FDVHV�ZKHQ�OHVV�DFFXUDF\�LV�HQRXJK��RU�FDVHV�ZKHQ�VRPH�FRPSOLFDWHG
IUHTXHQF\� GHSHQGHQFH� DSSHDUV� WKDW� FDQQRW� EH�PRGHOOHG� XVLQJ� WKH� SUHYLRXV� IRXU� DLU� ORDG
PDFURV�� $OVR�� IRU� FRPSDWLELOLW\� ZLWK� FRPPRQ� DFRXVWLFV� PRGHOV�� LW� LV� JRRG� WR� LQFOXGH� D
FRXSOH�RI�PRUH�VWUDLJKWIRUZDUG�DLU�ORDG�PDFURV�

,Q�WXEHV��WKH�HIIHFW�RI�WKH�YLVFRVLW\�DQG�LQHUWDQFH�SDUWV�RI�WKH�DLU�ORDG�LV�VLPSO\�WR�LQ�
FUHDVH�WKH�WRWDO�DFRXVWLF�LPSHGDQFH�DERYH�WKDW�DVVRFLDWHG�ZLWK�WKH�DLU�LQVLGH��)RU�WKLV�UHD�
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VRQ�WKH�YLVFRVLW\�DQG�LQHUWDQFH�FDQ�EH�LQFOXGHG�LQ�D�KROH�RU�GXFW�PRGHO�DV�ZKDW�LV�NQRZQ�DV
DQ�HQG�FRUUHFWLRQ��$Q�DQG�FRUUHFWLRQ�LV�DQ�LPDJLQHG�OHQJWK�H[WHQVLRQ��XVXDOO\�H[SUHVVHG�DV
VRPH�IUDFWLRQ�RI�WKH�WXEH�GLDPHWHU��RU�WKH�VPDOOHU�RI�HLWKHU�WKH�ZLGWK�RU�WKH�KHLJKW�LQ�D�UHF�
WDQJXODU�WXEH���7R�PDNH�FDOFXODWLRQ�VLPSOH��LW�LV�XVXDOO\�DVVXPHG�WKDW�WKH�HQG�FRUUHFWLRQ�LV
IUHTXHQF\�LQGHSHQGHQW��WKLV�LV�LQ�IDFW�WUXH�DW�ORZ�IUHTXHQFLHV���$Q�LQGXFWDQFH�HQG�FRUUHF�
WLRQ�RI������ WLPHV� WKH�GLDPHWHU� LV�XVXDOO\� DVVXPHG� IRU� D� FLUFXODU� UDGLDWRU�ZKHQ� LW� LV� VXU�
URXQGHG�E\�DQ�LQILQLWH�EDIIOH��DQG������WLPHV�WKH�GLDPHWHU�LV�WKH�YDOXH�XVHG�ZKHQ�WKHUH�LV
QR�EDIIOH��7KH�UHVLVWDQFH�HQG�FRUUHFWLRQ�LV�HLWKHU�QHJOHFWHG��RU�VHW�HTXDO�WR�WKH�LQGXFWDQFH
HQG�FRUUHFWLRQ�ZKHQ�LW�LV�GHVLUHG�WR�PRGHO�WKH�YLVFRVLW\�HIIHFWV�>������@��$�UHVLVWDQFH�HQG
FRUUHFWLRQ� LV� LQ� HIIHFW� D�PRGHO� RI� WKH� YLVFRXV� ORVVHV� RQO\� �WKH� UDGLDWLRQ� UHVLVWDQFH� LV� QRW
FRQVWDQW� EXW� YDULHV� FRQVLGHUDEO\�ZLWK� IUHTXHQF\�� WKXV� LW� FDQQRW� EH�PRGHOOHG� XVLQJ� D� IUH�
TXHQF\�LQGHSHQGHQW�HQG�FRUUHFWLRQ���$W�ORZ�IUHTXHQFLHV��IRU�VPDOO�UDGLDWRUV��WKH�UDGLDWLRQ
UHVLVWDQFH�LV�RXWZHLJKHG�E\�WKH�YLVFRXV�UHVLVWDQFH��DQG�WKH�XVH�RI�D�VLPSOH�HQG�FRUUHFWLRQ
PRGHO�ZLWKRXW�UDGLDWLRQ�UHVLVWDQFH�LV�PRWLYDWHG�

$�FRXSOH�RI�JHQHUDO�HQG�FRUUHFWLRQ�PDFURV�ZHUH�FUHDWHG��7KHVH�PDFURV��(QG&&LU�DQG
(QG&5FW�� IRU�FLUFXODU�DQG� UHFWDQJXODU� UDGLDWRUV�� UHVSHFWLYHO\��QHHG�HQG�FRUUHFWLRQ�FRHIIL�
FLHQWV�DV�SDUDPHWHUV� �LQ�DGGLWLRQ� WR� WKH� VXUIDFH�GLPHQVLRQV�RI� WKH� UDGLDWRU� WKH\�DUH� WR�EH
FRQQHFWHG� WR���&RHIILFLHQWV� DUH� JLYHQ� VHSDUDWHO\� IRU� WKH� UHVLVWLYH� �YLVFRXV�� DQG� LQGXFWLYH
�DWWDFKHG�DLU��SDUWV�� IRU� WKH�VDNH�RI�YHUVDWLOLW\��7KH�PDFURV�HYHQ�FDQ�EH�JLYHQ� IUHTXHQF\�
GHSHQGHQW�HQG�FRUUHFWLRQ�FRHIILFLHQWV�WR�PRGHO�PRUH�FRPSOLFDWHG�DLU�ORDGV�

�������� 5DGLDWLRQ�UHVLVWDQFHV

5DGLDWLRQ� UHVLVWDQFHV� ZHUH� LQFOXGHG� DV� VHSDUDWH� PDFURV� �6SK5DG5�� 3OQ5DG5�� WR� DOORZ
DVVHPEO\�RI�FXVWRP�DLU�ORDG�PRGHOV�E\�FRPELQLQJ�WKHP�ZLWK�FXVWRP�HQG�FRUUHFWLRQV��7KLV
ZD\�DOO�WKUHH�SDUWV�RI�WKH�DLU�ORDG�FDQ�EH�PRGHOOHG��MXVW�DV�WKH�IXOO�DLU�ORDG�PDFURV�GR��$OVR�
LW�LV�VLPSOH�WR�FDOFXODWH��VLPXODWH��WKH�DFRXVWLF�RXWSXW�SRZHU�RI�D�UDGLDWRU�ZKHQ�WKH�UDGLD�
WLRQ�UHVLVWDQFH�LV�GLUHFWO\�DFFHVVLEOH�LQ�WKH�VFKHPDWLF�

7KH�UDGLDWLRQ�UHVLVWDQFH�RI�D�UDGLDWRU�UDGLDWLQJ�VSKHULFDO�ZDYHV�LV�LQGHSHQGHQW�RI�UD�
GLDWRU� GLPHQVLRQV� �DV� ORQJ� DV� WKH� UDGLDWRU� LV� VPDOO� FRPSDUHG� WR� WKH�ZDYHOHQJWK��� DQG� QR
GLPHQVLRQV�DUH�QHHGHG�DV�SDUDPHWHUV�>����S�����@��+RZHYHU��LQ�VRPH�FDVHV��VXFK�DV�ZKHQ
VRXQG�UDGLDWLRQ�LV�LQWR�D�QDUURZ�WXEH�RU�FDYLW\�RU�WKH�IUHTXHQF\�LV�YHU\�KLJK��WKH�ZDYHV�DUH
QRW� VSKHULFDO�EXW�SODQH��7KH� UDGLDWLRQ� UHVLVWDQFH� LV� WKHQ�DOVR�GLIIHUHQW� IURP� WKH� VSKHULFDO
ZDYH�FDVH��DQG�D�VHSDUDWH�PDFUR�LV�QHHGHG��1RZ�WKH�UDGLDWLRQ�UHVLVWDQFH�GHSHQGV�RQ�UDGLD�
WRU�DUHD��DQG�WKH�DUHD�KDV�WR�EH�JLYHQ�DV�D�SDUDPHWHU�

������ 'RPDLQ�LQWHUIDFHV

+DYLQJ�IRXU�GLIIHUHQW�GRPDLQV�PHDQV�WKDW�DW�OHDVW�WKUHH�W\SHV�RI�LQWHUIDFHV�DUH�QHHGHG��1RZ
RQH� RI� WKHVH�� WKH� DFRXVWLFDO�UDGLDWLRQ� GRPDLQ� LQWHUIDFH�� ZLOO� EH� JLYHQ� VSHFLDO� WUHDWPHQW
KHUH��7KLV�LV�EHFDXVH�RI�LWV�VSHFLDO�WKUHH�GLPHQVLRQDO�WUDQVPLVVLRQ�OLQH�QDWXUH��PDNLQJ�WKH
PDFURV� PRUH� FRPSOLFDWHG� WKDQ� WKRVH� IRU� WKH� WZR� RWKHU� LQWHUIDFHV�� $OVR�� WKH� DFRXVWLFDO�
UDGLDWLRQ�GRPDLQ�LQWHUIDFH�FDQ�EH�VHHQ�DV�EHORQJLQJ�WR�WKH�JURXS�RI�PDFURV�PRGHOOLQJ�UD�
GLDWLRQ�DV�D�SKHQRPHQRQ��VR� LW�ZLOO�EH�YLHZHG�VHSDUDWHO\� LQ� WKH�QH[W�VHFWLRQ�RQ�UDGLDWLRQ
PDFURV�

7KH� WZR�RWKHU� LQWHUIDFHV�DUH�YHU\�VWUDLJKWIRUZDUG��KRZHYHU��7KH\�DUH�VLPSO\� WUDQV�
IRUPLQJ�TXDQWLWLHV�E\�PXOWLSO\LQJ�RU�GLYLGLQJ�WKHP�ZLWK�VRPH�FKDUDFWHULVWLF�FRQVWDQW��SRV�
VLEO\�FKDQJLQJ�WKHLU�QDWXUH�IURP�D�YROWDJH�WR�D�FXUUHQW�RU�YLFH�YHUVD�� ,Q�D�G\QDPLF� WUDQV�
GXFHU��WKH�HOHFWULFDO�GRPDLQ�FXUUHQW�LV�WUDQVIRUPHG�LQWR�D�PHFKDQLFDO�GRPDLQ�IRUFH��ZLWK�D
SURSRUWLRQDOLW\�FRHIILFLHQW�HTXDO�WR�WKH�WUDQVGXFHU�IRUFH�IDFWRU��$W�WKH�VDPH�WLPH�� WKH�PH�
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FKDQLFDO�GRPDLQ�YHORFLW\� LV� WUDQVIRUPHG� LQWR�DQ�HOHFWULFDO�GRPDLQ�YROWDJH��ZLWK� WKH�VDPH
SURSRUWLRQDOLW\�FRHIILFLHQW��7KLV�ZDV�H[SUHVVHG�DERYH�E\�HTV��������

7KH�VLWXDWLRQ�LV�DQDORJRXV�LQ�DQ�HOHFWURVWDWLF�WUDQVGXFHU��EXW�WKHQ�LW�LV�WKH�YROWDJH�WKDW
LV�WUDQVIRUPHG�LQWR�D�PHFKDQLFDO�GRPDLQ�IRUFH��DQG�WKH�PHFKDQLFDO�GRPDLQ�YHORFLW\�WKDW�LV
WUDQVIRUPHG�LQWR�DQ�HOHFWULFDO�GRPDLQ�FXUUHQW��1RZ�WKH�SURSRUWLRQDOLW\�FRQVWDQW�LV�GHSHQG�
HQW�RQ�WKH�PHPEUDQH�WR�EDFN�SODWH�GLVWDQFH��PHPEUDQH�DUHD��DQG�SRODUL]DWLRQ�YROWDJH��7KXV
WKHUH�DUH�WZR�EDVLF�NLQGV�RI�HOHFWULFDO�PHFKDQLFDO�GRPDLQ�LQWHUIDFHV��7KH�G\QDPLF�W\SH�KDV
WKH�SURSHUWLHV�RI�D�WUDQVIRUPHU��ZKLOH�WKH�HOHFWURVWDWLF�W\SH�DFWV�DV�D�J\UDWRU��UHFDOOLQJ�DJDLQ
WKDW�WKH�LQYHUVH��DGPLWWDQFH��DQDORJ\�KDV�EHHQ�FKRVHQ�IRU�WKH�PHFKDQLFDO�GRPDLQ��

*RLQJ� IURP� WKH�PHFKDQLFDO� WR� WKH� DFRXVWLFDO� GRPDLQ� LQYROYHV� WUDQVIRUPLQJ� D� PH�
FKDQLFDO�GRPDLQ�YHORFLW\�LQWR�DQ�DFRXVWLFDO�GRPDLQ�YROXPH�YHORFLW\��ZKLFK�PHDQV�PXOWL�
SO\LQJ�WKH�YHORFLW\�E\�DUHD���$Q�DFRXVWLFDO�GRPDLQ�SUHVVXUH�WUDQVIRUPV�LQWR�D�PHFKDQLFDO
GRPDLQ�IRUFH��PXOWLSO\LQJ�DJDLQ�E\�WKH�VDPH�DUHD��7KLV�LV�HTXLYDOHQW�WR�VD\LQJ�WKDW�D�PH�
FKDQLFDO�DFRXVWLFDO�GRPDLQ�LQWHUIDFH�LV�D�J\UDWRU�ZLWK�WKH�DUHD�RI�WKH�FRQQHFWLQJ�VXUIDFH�DV
WKH�SURSRUWLRQDOLW\�FRQVWDQW�

( 0 (0,QW'\Q
(

0
(0,QW(V

0

$
0$,QW

)LJXUH������(OHFWULFDO�PHFKDQLFDO�GRPDLQ� LQWHUIDFH� IRU�G\QDPLF� WUDQVGXFWLRQ�� HOHFWULFDO�
PHFKDQLFDO� GRPDLQ� LQWHUIDFH� IRU� HOHFWURVWDWLF� WUDQVGXFWLRQ�� DQG� PHFKDQLFDO�DFRXVWLFDO
GRPDLQ�LQWHUIDFH�

7KH�WKUHH�LQWHUIDFHV�PHQWLRQHG�DUH�YHU\�VLPSOH�DV�PDFURV��FRQWDLQLQJ�MXVW�WKH�QHHGHG�LGHDO
WUDQVIRUPHU�RU�J\UDWRU�DQG�WKH�RQH�QHFHVVDU\�SDUDPHWHU��)RU�WKH�HOHFWULFDO�PHFKDQLFDO�GR�
PDLQ�LQWHUIDFH�RI�WKH�G\QDPLF�W\SH��(0,QW'\Q��LW�LV�WKH�WUDQVGXFHU�IRUFH�IDFWRU��7KH�HOHF�
WURVWDWLF�W\SH��(0,QW(V��QHHGV�D�VLPLODU�FRQVWDQW�WKDW�FDQ�EH�FDOFXODWHG�IURP�WKH�WUDQVGXFHU
GLPHQVLRQV� DQG� WKH� SHUPDQHQW� FKDUJH� RU� SRODUL]DWLRQ� YROWDJH�� )LQDOO\�� WKH�0$,QW� PDFUR
QHHGV�WKH�HIIHFWLYH�DUHD�RI�WKH�VXUIDFH��UHDO�RU�K\SRWKHWLFDO��FRQQHFWLQJ�WKH�PHFKDQLFDO�DQG
DFRXVWLFDO�GRPDLQV��7KH�HIIHFWLYH�DUHD�RI�D�PRYLQJ�ULJLG�VXUIDFH�LV�WKH�DUHD�RI�WKH�SURMHF�
WLRQ�RI� WKH�PRYLQJ�VXUIDFH�RQ�D�SODQH�SHUSHQGLFXODU� WR� WKH�GLUHFWLRQ�RI�PRYHPHQW�� ,I� WKH
PRYLQJ�VXUIDFH�LV�LQVWHDG�D�IOH[LEOH�PHPEUDQH�IDVWHQHG�E\�LWV�HGJHV��WKH�HIIHFWLYH�DUHD�ZLOO
EH�VPDOOHU�WKDQ�WKH�WRWDO�PRYLQJ�DUHD�

,W�VKRXOG�EH�QRWHG�HVSHFLDOO\�WKDW�PRGHOOLQJ�FRPSOHWH�G\QDPLF�RU�HOHFWURVWDWLF�WUDQV�
GXFHUV�JHQHUDOO\�UHTXLUHV�DGGLWLRQDO�FRPSRQHQWV�LQ�ERWK�WKH�HOHFWULFDO�DQG�WKH�PHFKDQLFDO
GRPDLQ�� VXFK� DV� YRLFH� FRLO� UHVLVWDQFH� DQG�PHPEUDQH� WR� EDFN� SODWH� FDSDFLWDQFH�� (OHFWUR�
VWDWLF�WUDQVGXFWLRQ�ZLOO�QRW�EH�VLPXODWHG�LQ�WKLV�WKHVLV�

������ 5DGLDWLRQ

5DGLDWLRQ�PRGHOV� DUH�PDGH� QHFHVVDU\� E\� WKH� IDFW� WKDW� WKH� IUHH� DLU� LV� DQ� HVVHQWLDO� SDUW� RI
PDQ\�RI�WKH�V\VWHPV�WR�EH�VLPXODWHG��)UHH�ILHOG�UDGLDWLRQ�LV�QRW�LQYROYHG�ZKHQ�VLPXODWLQJ
WKH�VRXQG�SUHVVXUH�FUHDWHG�E\�DQ�HDUSLHFH�KHOG�FORVH�WR�WKH�HDU��EXW�LW�FRPHV�LQWR�SOD\�H�J�
ZKHQ�FKHFNLQJ� WKH�SHUIRUPDQFH�RI� D�KDQGV�IUHH� ORXGVSHDNHU��)XUWKHUPRUH�� UDGLDWLRQ� LQWR
IUHH� DLU� FDQQRW� EH� GHVFULEHG� XVLQJ� VLPSOH� OXPSHG� FLUFXLWV� LQ� WKH� DFRXVWLFDO� GRPDLQ�� 7KH
UHDVRQ�LV�WKDW�GLVWDQFHV�LQYROYHG�DUH�W\SLFDOO\�ORQJ�HQRXJK�WR�PDNH�WKH�ILQLWH�SURSDJDWLRQ
YHORFLW\�DQG�ZDYHOHQJWK�RI�VRXQG�YLVLEOH�LQ�WKH�UHVXOWV��7KLV�LV�QR�SUREOHP�LI�MXVW�WKH�IUHH�
ILHOG�VRXQG�SUHVVXUH�RI�D�ORXGVSHDNHU�LV�VLPXODWHG��+RZHYHU��LW�ZLOO�OHDG�WR�ZURQJ�UHVXOWV�LI
VRPH�NLQG�RI�IHHGEDFN��ZLWK�D�PLFURSKRQH�SLFNLQJ�XS�WKH�VRXQG�DW�D�GLVWDQFH�DQG�IHHGLQJ
LW�EDFN�WR�WKH�VRXQG�VRXUFH��LV�XVHG��VLQFH�WKHQ�WKH�ORRS�GHOD\�LV�DQ�HVVHQWLDO�SDUDPHWHU�
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$�VRXQG�VRXUFH�ZKRVH�GLPHQVLRQV�DUH�QHJOLJLEOH�FRPSDUHG� WR� WKH�ZDYHOHQJWK�� DQG
ZKRVH�SRLQWV�UDGLDWH�LQ�SKDVH��ZLOO�HPLW�VSKHULFDO�ZDYHV�MXVW�DV�DQ�LGHDO�SRLQW�VRXUFH��7KLV
UHTXLUHPHQW�LV�XVXDOO\�IXOILOOHG�IRU�DOO�VPDOO�VRXQG�VRXUFHV�HQFRXQWHUHG�LQ�PRELOH�SKRQHV
DQG�DFFHVVRULHV�� H[FHSW�SHUKDSV�DW� WKH�KLJKHVW� IUHTXHQFLHV�� ,W� LV� WKHUHIRUH�QDWXUDO� WR�KDYH
WKLV�W\SH�RI�UDGLDWLRQ�PRGHOOHG�E\�D�IHZ�PDFURV��7KH�RWKHU�EDVLF�FDVH�WKDW�FRPHV�WR�PLQG�LV
SODQH� ZDYH� UDGLDWLRQ�� 3ODQH� ZDYHV� DUH� FRPPRQO\� XVHG� DV� DSSUR[LPDWLRQV� RI� VSKHULFDO
ZDYHV�ZKHQ�WKH�VRXQG�VRXUFH�LV�GLVWDQW��LQ�WKH�IDU�ILHOG���$OVR��ZDYHV�SURSDJDWLQJ�LQVLGH�D
QDUURZ�GXFW�DUH�XVXDOO\�WUHDWHG�DV�SODQH�ZDYHV�

$FFRUGLQJ� WR� WKH� GHVFULSWLRQ� LQ� WKH� SUHFHGLQJ� FKDSWHU�� UDGLDWLRQ� LV� VLPXODWHG� XVLQJ
EULHIO\�D�IRXUWK�´UDGLDWLRQ´�GRPDLQ��ZLWK�YROXPH�YHORFLW\�H[FKDQJHG�E\�SDUWLFOH�YHORFLW\�
7KH�SURSDJDWLRQ�GHOD\�VXJJHVWV�D�WUDQVPLVVLRQ�OLQH�DQDORJ\��+RZHYHU��WKLV�ZRXOG�EH�SRV�
VLEOH�RQO\�IRU�SODQH�ZDYHV�LQ�D�GXFW��6SKHULFDO�ZDYHV�VSUHDG�RXW��ZKLFK�PDNHV�WKH�VSHFLILF
DFRXVWLF� LPSHGDQFH�GLVWDQFH�GHSHQGHQW��ZKLFK�LQ� WXUQ�ZRXOG�UHTXLUH�D�QRQXQLIRUP�WUDQV�
PLVVLRQ� OLQH�� ,W� KDV� DOUHDG\�EHHQ�SRLQWHG�RXW� WKDW� WKLV� OLHV� EH\RQG� WKH� FDSDELOLWLHV� RI� WKH
0LFUR�&DS�VLPXODWRU��7KH�UHVXOW�LV�WKDW�WKH�UDGLDWLRQ�PDFURV�KDYH�WR�EH�PDGH�PDGH�QRQUH�
FLSURFDO�

5

6QG3UHVV

$ 5

6SK:DYH

$ 5

6SK:DYH%

$ 5

3OQ:DYH

$5 5$,QW $5 5$,QW%

)LJXUH������5DGLDWLRQ�DFRXVWLFDO�GRPDLQ� LQWHUIDFH��JHQHUDO�DQG�ZLWK� ILQLWH�EDIIOH���VRXQG
SUHVVXUH�VRXUFH��VSKHULFDO�ZDYH�UDGLDWLRQ��JHQHUDO�DQG�ZLWK�ILQLWH�EDIIOH���DQG�SODQH�ZDYH
UDGLDWLRQ�

�������� 6SKHULFDO�DQG�SODQH�ZDYHV

7KH�DLU� ORDG�PDFURV�GHVFULEHG� LQ�VHF��������ZHUH� OHIW�XQJURXQGHG�� ,W�ZDV�DOVR� VWDWHG� WKDW
WKLV�ZDV�GRQH�LQ�RUGHU�WR�OHW�WKHP�EH�FRQQHFWHG�WR�UDGLDWLRQ�PDFURV��7KLV�FRQYHQLHQW�VROX�
WLRQ��VHSDUDWLQJ�DLU�ORDG�DQG�UDGLDWLRQ��ZDV�FKRVHQ�LQ�RUGHU�WR�PDNH�WKH�PDFURV�DV�IOH[LEOH
DV� SRVVLEOH�� ,I� DFWXDO� UDGLDWLRQ� LV� LUUHOHYDQW�� DQ� DLU� ORDG� PDFUR� IROORZHG� E\� ´DFRXVWLFDO
JURXQG´� �DWPRVSKHULF� SUHVVXUH� $WP3UHVV�� LV� HQRXJK�� ,I� WKH� UDGLDWHG� ZDYHV� KDYH� WR� EH
VLPXODWHG��WKHQ�WKH�DLU�ORDG�PDFUR�LV�IXUWKHU�FRQQHFWHG�WR�D�UDGLDWLRQ�PDFUR��DQG�WKLV�UDGLD�
WLRQ�PDFUR�XVHV�WKH�UHVXOWDQW�YROXPH�YHORFLW\�RI�WKH�UDGLDWRU�DV�LWV�LQSXW�LQ�RUGHU�WR�EH�DEOH
WR�GHWHUPLQH�WKH�UDGLDWLRQ��7KH�FKRVHQ�DSSURDFK�PHDQV�WKDW�WKH�DLU�ORDG�PDFURV�DFFRXQW�IRU
DOO�WKH�ORDG��DQG�WKH�UDGLDWLRQ�PDFURV�GR�QRW�ORDG�WKH�FLUFXLW�EXW�PRGHO�WKH�UDGLDWHG�ZDYHV
RQO\�

7KH�VSHFLILF�DFRXVWLF�LPSHGDQFH�RI�WKH�ZDYHV�LV�PRGHOOHG�DV�DQ�LQWHUQDO�LPSHGDQFH�
7ZR�H[WUD�RXWSXWV�DUH�SURYLGHG��2QH�RI�WKHVH�´FRSLHV´�WKH�LQSXW�YROXPH�YHORFLW\��WR�DOORZ
LW�WR�EH�XVHG�DV�LQSXW�WR�DQRWKHU�UDGLDWLRQ�PDFUR��7KLV�SURYLGHV�D�FRQYHQLHQW�ZD\�RI�VLPX�
ODWLQJ� SUHVVXUHV� DW� VHYHUDO� GLVWDQFHV� IURP� RQH� VLQJOH� UDGLDWRU�� 7KH�PHDQLQJ� RI� WKH� RWKHU
RXWSXW�ZLOO�EH�GLVFXVVHG�EHORZ�

5DGLDWLRQ�PDFURV�QHHG�WKH�GLVWDQFH�WR�WKH�REVHUYDWLRQ�SRLQW�DV�D�SDUDPHWHU��)XUWKHU�
PRUH�� WKH�VSDFH�WKDW�SURSDJDWHV�WKH�UDGLDWLRQ�PXVW�EH�GHVFULEHG��UHVXOWDQW�VRXQG�SUHVVXUH
ZLOO�GHSHQG�RQ�WKH�VROLG�DQJOH�RI�UDGLDWLRQ���6SK:DYH�DQG�6SK:DYH%�QHHG�WKH�VROLG�DQJOH
�JLYHQ�DV�D�FRHIILFLHQW�DV�LQ�WKH�$LU/&LU�DQG�$LU/5FW�PDFURV���3OQ:DYH�QHHGV�WKH�DUHD�RI�WKH
ZDYH� IURQW� DV� D� SDUDPHWHU� LQ� RUGHU� WR� EH� DEOH� WR� FDOFXODWH� WKH� UHVXOWDQW� VSHFLILF� DFRXVWLF
LPSHGDQFH��6SK:DYH%�VLPXODWHV�WKH�HIIHFW�RI�D�ILQLWH�EDIIOH�DURXQG�WKH�UDGLDWRU��DQG�WKXV
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WKH� EDIIOH� SHULPHWHU� LV� DOVR� JLYHQ� DV� D� SDUDPHWHU�� 3DUDOOHO� DUUD\V� RI� DOO� WKHVH�PDFURV� DUH
PDGH�SRVVLEOH�E\�KDYLQJ�D�´QXPEHU´�SDUDPHWHU�

7KH�LQSXW�RI�WKH�UDGLDWLRQ�PDFURV�EHORQJV�WR�WKH�DFRXVWLFDO�GRPDLQ��EXW�WKH�RXWSXW�LV
HVVHQWLDOO\� ´UDGLDWLRQ� GRPDLQ´�� L�H�� LQSXW� FXUUHQW� LV� DQDORJRXV� WR� YROXPH� YHORFLW\�� ZKLOH
RXWSXW�FXUUHQW�LV�DQDORJRXV�WR�SDUWLFOH�YHORFLW\��+HQFH�WKH�´5�→�$´�LQ�WKH�VKDSHV��WR�VKRZ
WKDW�DOO�WKHVH�UDGLDWLRQ�PDFURV�DUH�LQ�IDFW�DOVR�GRPDLQ�LQWHUIDFHV�DW�WKH�VDPH�WLPH��7KH�DU�
URZ� HPSKDVL]HV� WKDW� WKH�PDFURV� DUH� QRQUHFLSURFDO�� L�H�� WKH\� FDQQRW�� IRU� H[DPSOH��PRGHO
ZKDW�KDSSHQV�ZKHQ�ZDYHV�UHIOHFW�EDFN�DQG�LQWHUDFW�ZLWK�WKH�UDGLDWRU��8VXDOO\�WKLV�LQWHUDF�
WLRQ�LV�QHJOLJLEOH�LQ�IUHH�DLU�DQ\ZD\��H[FHSW�IRU�YHU\�FORVH�GLVWDQFHV�

�������� 5DGLDWLRQ�DFRXVWLFDO�GRPDLQ�LQWHUIDFHV

$QRWKHU�LQWHUIDFH�IURP�WKH�UDGLDWLRQ�GRPDLQ�WR�WKH�FRPPRQ�DFRXVWLFDO�GRPDLQ�VKRXOG�EH
SURYLGHG�LQ�RUGHU�WR�DOORZ�VLPXODWLRQ�RI�FRPSOHWH�IHHGEDFN�V\VWHPV��6XFK�DQ�LQWHUIDFH�KDV
WR� FRQYHUW� RQFRPLQJ� UDGLDWLRQ�� GHVFULEHG� DV� SUHVVXUH� DQG� SDUWLFOH� YHORFLW\�� EDFN� WR� WKH
SUHVVXUH� DQG� YROXPH� YHORFLW\� GRPDLQ��$W� ILUVW�� WKLV�ZRXOG� VHHP�PRGHOODEOH� E\� D� VLPSOH
WUDQVIRUPLQJ�WZR�SRUW�WKDW�PXOWLSOLHV�WKH�YHORFLW\��FXUUHQW��E\�WKH�DUHD�RI�WKH�VXUIDFH�VXE�
MHFW�WR�UDGLDWLRQ��ZKLOH�QRW�FKDQJLQJ�WKH�PDJQLWXGH�RI�WKH�SUHVVXUH��YROWDJH��

+RZHYHU��GLIILFXOWLHV�DULVH�VLQFH�LW�PXVW�DOVR�EH�NQRZQ�ZKHWKHU�WKH�VXUIDFH�VXEMHFW�WR
UDGLDWLRQ�LV�VLWXDWHG�LQ�IUHH�VSDFH�RU�VXUURXQGHG�E\�VRPH�UHIOHFWLQJ�EDIIOH��$�EDIIOH�GRXEOHV
WKH� SUHVVXUH� GXH� WR� UHIOHFWLRQV�� 7KLV� LV�ZK\� UDGLDWLRQ�PDFURV� DUH� LPSOHPHQWHG�ZLWK� WZR
SUHVVXUH�RXWSXWV��RQH�IRU�IUHH�ILHOG�UDGLDWLRQ�DQG�DQRWKHU�WKDW�FDQ�EH�IXUWKHU�FRQQHFWHG�WR
DFRXVWLF� FLUFXLWV� �ZKLFK�PXVW�EH�GRQH� WKURXJK� WKH� UDGLDWLRQ�DFRXVWLFDO� GRPDLQ� LQWHUIDFHV
5$,QW�RU�5$,QW%���7KH�´ORDG´�RXWSXW�RI� WKH�UDGLDWLRQ�PDFURV�GRXEOHV� WKH�SUHVVXUH� WR�SUH�
SDUH� WR� WDNH� SRVVLEOH� UHIOHFWLRQV� LQWR� DFFRXQW�� 7KH�5$,QW� RU�5$,QW%�PDFURV�� LQ� WXUQ�� DUH
LPSOHPHQWHG�LQ�VXFK�D�ZD\�WKDW�WKH�FRUUHFW�SUHVVXUHV�DQG�SDUWLFOH�RU�YROXPH�YHORFLWLHV�ZLOO
UHVXOW��GHSHQGLQJ�RQ�ZKHWKHU�RU�QRW�WKHUH�LV�D�UHIOHFWLQJ�EDIIOH�DURXQG�WKH�VXUIDFH�KLW�E\�WKH
UDGLDWHG�ZDYHV��5$,QW�LV�WROG�DERXW�WKH�H[LVWHQFH�RU�QRQH[LVWHQFH�RI�D�EDIIOH��DVVXPHG�LQ�
ILQLWH��E\�D�VLQJOH�SDUDPHWHU��5$,QW%� VLPXODWHV� �YHU\� URXJKO\�� WKH� IUHTXHQF\�GHSHQGHQFH
GXH�WR�D�EDIIOH�ZLWK�ILQLWH�GLPHQVLRQV��DQG�LW�LV�VXSSOLHG�ZLWK�WKH�EDIIOH�SHULPHWHU�DV�D�SD�
UDPHWHU�

�������� 2WKHU�UDGLDWLRQ�PDFURV

,W� VHHPV� XQQHFHVVDU\� WR� KDYH� D� GHGLFDWHG� VRXQG� SUHVVXUH�PDFUR�ZKHQ� DQ� LGHDO� SUHVVXUH
VRXUFH�FRXOG�GR�WKH�MRE��DQG�WKLV�LV�DOVR�WUXH�DV�ORQJ�DV�WKH�LQKHUHQW�FKDUDFWHULVWLF�LPSHG�
DQFH�RI�DLU�GRHV�QRW�DIIHFW�WKH�UHVXOWV��+RZHYHU��WKHUH�PD\�DSSHDU�VLWXDWLRQV�ZKHQ�WKH�SDU�
WLFOH� YHORFLW\� LV� D� TXDQWLW\� RI� LQWHUHVW�� H�J�� ZKHQ� GHDOLQJ� ZLWK� PLFURSKRQHV� DQG� ZLQG
VKLHOGV��)RU�WKHVH�FDVHV�D�VSHFLDO�VRXQG�SUHVVXUH�PDFUR��YROWDJH�FRQWUROOHG�MXVW�DV�WKH�RWKHU
LGHDO�VRXUFHV��ZDV�FUHDWHG��0RUHRYHU��LW�KDV�WKH�DGGHG�EHQHILW�RI�GRXEOH�RXWSXWV��IRU�ERWK
IUHH�ILHOG�DQG�ORDGV��DV�WKH�UDGLDWLRQ�PDFURV�

������� 7UDQVGXFHUV

7KH�PRVW�FRPPRQO\�PRGHOOHG�HOHFWURDFRXVWLF� WUDQVGXFHUV�DUH� WKH�G\QDPLF� ORXGVSHDNHUV�
7KH\� KDYH� PHFKDQLFDO� DQG� HOHFWULFDO� SURSHUWLHV� WKDW� DUH� UHODWLYHO\� HDV\� WR� PHDVXUH� DQG
VSHFLI\��$V� D� UHVXOW� RI� WKH� FRPPRQ�PRGHOOLQJ� RI� WKHVH� WUDQVGXFHUV��PDQ\�PDQXIDFWXUHUV
KDYH� DOVR� EHFRPH� TXLWH� JRRG� DW� VXSSO\LQJ� QHFHVVDU\� LQIRUPDWLRQ� LQ� WKHLU� SURGXFW� GDWD
VKHHWV�� 8QIRUWXQDWHO\�� WKH� VLWXDWLRQ� LV� QRW� DV� JRRG� IRU� HOHFWURPDJQHWLF� RU� SLH]RHOHFWULF
ORXGVSHDNHUV�� 0LFURSKRQHV� DUH� XVXDOO\� PXFK� PRUH� LGHDO� LQ� WKHLU� EHKDYLRXU� WKDQ� ORXG�
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VSHDNHUV��ZKLFK�LV�SDUWO\�EHFDXVH�RI�WKHLU�VPDOOHU�VL]H���'\QDPLF�PLFURSKRQHV�DUH�DQ�H[�
FHSWLRQ�WR�WKLV�UXOH��EXW�VXFK�PLFURSKRQHV�DUH�QRW�XVHG�LQ�PRELOH�SKRQHV�DQG�DFFHVVRULHV
DQ\ZD\��DQG�WKH\�ZLOO�QRW�EH�FRQVLGHUHG�KHUH��$V�D�FRQVHTXHQFH�RI�DOO�WKLV��LW�VHHPV�WKDW
RQH�FDQ�PDQDJH�ZHOO�HQRXJK�PRGHOOLQJ�MXVW� WZR�WUDQVGXFHU� W\SHV��G\QDPLF� ORXGVSHDNHUV
DQG�HOHFWUHW�PLFURSKRQHV��$V�PHQWLRQHG�EHIRUH�� EX]]HUV� DUH� YHU\�QRQOLQHDU� LQ� EHKDYLRXU
DQG�WU\LQJ�WR�DSSUR[LPDWH� WKHLU�EHKDYLRXU�XVLQJ�D� OLQHDU�FLUFXLW�VLPXODWRU� LV�SUREDEO\�QRW
ZRUWK�WKH�HIIRUW�

'\Q6SNU� '\Q6SNU� (OFW0LF� (OFW0LF�

)LJXUH� ����� '\QDPLF� ORXGVSHDNHUV�� HOHFWUHW� PLFURSKRQHV� �RPQLGLUHFWLRQDO� DQG� SUHVVXUH
JUDGLHQW�W\SH��

��������� '\QDPLF�ORXGVSHDNHUV

7KH�SURYLGHG�G\QDPLF�ORXGVSHDNHU�PDFURV�'\Q6SNU��DQG�'\Q6SNU��DUH�QHDUO\�HTXLYDOHQW�
H[FHSW�IRU�WKH�RPLVVLRQ�RI�YRLFH�FRLO�LQGXFWDQFH�LQ�'\Q6SNU���DQG�WKH�GLIIHUHQW�VHW�RI�SD�
UDPHWHUV��7KH�IRUPHU�PDFUR�DFFHSWV�GLUHFWO\�WKH�HOHFWULFDO��PHFKDQLFDO�DQG�DFRXVWLFDO�SURS�
HUWLHV�RI�WKH�ORXGVSHDNHU��ZKLOH�WKH�ODWWHU�PDFUR�XVHV�7KLHOH�6PDOO�SDUDPHWHUV�DV�GHVFULEHG
LQ�>��@��7KLHOH�6PDOO�SDUDPHWHUV�DUH�WKH�RQHV�XVXDOO\�VXSSOLHG�E\�PDQXIDFWXUHUV��*LYLQJ�DOO
WKH�QHHGHG�HOHFWULFDO��PHFKDQLFDO�DQG�DFRXVWLFDO�FRPSRQHQW�YDOXHV�GLUHFWO\�PLJKW�EH�PRUH
XVHIXO�LI�VLPXODWLRQ�LV�WR�EH�UXQ�DW�D�ORZHU��PRUH�PDQXIDFWXUHU�RULHQWHG��OHYHO��7KLV�FRXOG
EH� WKH� FDVH� LI� D� FXVWRP�FRPSRQHQW� LV�XQGHU�GHYHORSPHQW� DQG� D� FKDQJH� LQ� VRPH� LVRODWHG
SURSHUW\��H�J��PHPEUDQH�VWLIIQHVV��LV�WR�EH�VLPXODWHG�

%RWK�ORXGVSHDNHU�PDFURV�PRGHO�ORXGVSHDNHUV�XVLQJ�RQH�VLQJOH�UHVRQDQW�FLUFXLW�LQ�WKH
PHFKDQLFDO� GRPDLQ�� 7KLV� PD\� QRW� EH� DFFXUDWH� HQRXJK� DW� KLJK� IUHTXHQFLHV�� RU� ZKHQ� D
JUHDWHU� SDUW� RI� WKH� ORXGVSHDNHU� PHPEUDQH� LV� QRQULJLG� �ZKLFK� LV� XVXDOO\� WKH� FDVH� LQ� WKH
VPDOOHVW�G\QDPLF� ORXGVSHDNHUV���$Q�H[DPSOH� LV� WKH����PP�HDUSLHFH�FDSVXOH� WKDW�SOD\V�D
OHDGLQJ�UROH�LQ�WKH�FDVH�VWXG\�ODWHU�LQ�WKLV�WKHVLV��7KH�HPSOR\HG�PRGHO�RI�WKLV�FRPSRQHQW�
DGDSWHG�IURP�DQ�HTXLYDOHQW�FLUFXLW�VXSSOLHG�E\�WKH�PDQXIDFWXUHU��3KLOLSV�6SHDNHU�6\VWHPV
/WG��$XVWULD���FDQ�EH�IRXQG�LQ�DSSHQGL[�9�

��������� (OHFWUHW�PLFURSKRQHV

'DWD� RQ� WKH� HOHFWURDFRXVWLFDO� SURSHUWLHV� RI� VPDOO� HOHFWUHW� PLFURSKRQHV� LV� XVXDOO\� YHU\
VSDUVH��)URP�D�PRGHOOLQJ�SRLQW�RI�YLHZ��DQ�HOHFWUHW�PLFURSKRQH�FDQ�EH�VHHQ�EDVLFDOO\�DV�D
VLPSOH� FRPELQDWLRQ� RI� D� YHU\� KLJK� DFRXVWLF� LQSXW� LPSHGDQFH� �GXH� WR� WKH� VPDOO� DUHD� DQG
KLJK�WHQVLRQ�RI�WKH�PHPEUDQH���D�SUHVVXUH�FRQWUROOHG�YROWDJH�VRXUFH��WKH�EXLOW�LQ�SUHDPSOL�
ILHU���DQG�DQ�HOHFWULF�RXWSXW� LPSHGDQFH��ZKLFK�LV�DOVR�GXH� WR� WKH�SUHDPSOLILHU���7KH�EDVLF
DSSURDFK�FKRVHQ�LQ�ERWK�PLFURSKRQH�PDFURV��(OFW0LF��DQG�(OFW0LF���DVVXPHV�D�QHJOLJLEO\
KLJK�DFRXVWLF�LQSXW� LPSHGDQFH��7KH�VHQVLWLYLW\��JLYHQ�LQ�GDWD�VKHHWV�� LV�DFFHSWHG�DV�D�SD�
UDPHWHU� WRJHWKHU� ZLWK� WKH� SDUDOOHO� 5&� RXWSXW� LPSHGDQFH��0DQXIDFWXUHU� GDWD� VKHHWV� PD\
JLYH�WKHVH�IRU�D�VLQJOH�IUHTXHQF\��XVXDOO\���N+]���EXW� WKH�PDFUR�DVVXPHV�WKDW� WKHUH�LV�QR
IUHTXHQF\�GHSHQGHQFH�

7KH� WZR�PDFURV� GLIIHU� LQ� WKH� QXPEHU� RI� FRQQHFWLRQV� WR� WKH�PHPEUDQH��$� FRQYHQ�
WLRQDO�SUHVVXUH�PLFURSKRQH��UHSUHVHQWHG�E\�(OFW0LF���KDV�RQH�VLGH�RI�LWV�PHPEUDQH�RSHQ�WR
WKH�DLU��ZKLOH� WKH�RWKHU� VLGH� LV�HQFORVHG� LQ�D� VPDOO� DLU� FDYLW\��$�SUHVVXUH�JUDGLHQW�PLFUR�
SKRQH��(OFW0LF���KDV�ERWK�VLGHV�RI�WKH�PHPEUDQH�RSHQ�WR�WKH�DLU��7KH�ODWWHU�PDFUR�GHILQHV
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VHQVLWLYLW\�DV�WKH�VHQVLWLYLW\�WR�SUHVVXUH�GLIIHUHQFH��IURQW�YV�EDFN�RI�PHPEUDQH���$OWKRXJK
WKLV�LV�QRW�WKH�ZD\�WKDW�SUHVVXUH�JUDGLHQW�PLFURSKRQH�PDQXIDFWXUHUV�XVXDOO\�VSHFLI\�VHQVL�
WLYLW\��LW�ZDV�FKRVHQ�KHUH�EHFDXVH�LW�LV�FRQYHQLHQW�DQG�UHTXLUHV�IHZHU�SDUDPHWHUV�

������� 0HDVXULQJ�HTXLSPHQW

7KUHH�VWDQGDUG�HDU�VLPXODWRUV��DUWLILFLDO�HDUV��ZHUH�LQFOXGHG�LQ�WKLV�PDFUR�FROOHFWLRQ��7KH
HTXLYDOHQW� FLUFXLWV� IRU� WKHVH� ZHUH� REWDLQHG� IURP� WHFKQLFDO� GDWD� IRU� WKH� FRUUHVSRQGLQJ
HTXLSPHQW�IURP�%U�HO�	�.M U��DQG�WKLV�HTXLSPHQW�IROORZV�WKH�,78�7�3����VWDQGDUG��7KHUH
DUH�LQKHUHQW�LQDFFXUDFLHV�LQ�WKHVH�FLUFXLWV��HVSHFLDOO\�DW�WKH�KLJKHVW�IUHTXHQFLHV��1HYHUWKH�
OHVV��LW�LV�H[WUHPHO\�LPSRUWDQW�WR�KDYH�PDFURV�PRGHOOLQJ�WKH�HDU�VLPXODWRUV��LQ�RUGHU�WR�EH
DEOH�WR�FRPSDUH�PHDVXUHG�DQG�VLPXODWHG�UHVXOWV�LQ�D�UHOLDEOH�ZD\��2I�FRXUVH��HTXDOO\�LP�
SRUWDQW� LQIRUPDWLRQ�DERXW� WKH�DFRXVWLFDO�SHUIRUPDQFH�RI�DQ�HDUSLHFH�FDQ� WKHQ�DOVR�EH�RE�
WDLQHG�XVLQJ�SXUH�VLPXODWLRQ�ZLWK�QR�KDUGZDUH�DW�KDQG�

7KH�WKUHH�PRGHOOHG�W\SHV�DUH�WKH�VHDOHG�,78�7�3����W\SH����(DU����DQG�W\SH�����ORZ�
OHDN��(DU��/R��DQG�KLJK�OHDN��(DU��+L��HDUV��$�VSHFLDO�OHDN�DGDSWHU��´*HUPDQ�OHDN�ULQJ´�
PDQXIDFWXUHG�E\�6\VWHO�(OHNWURQLN��*HUPDQ\��ZDV� DOVR� LQFOXGHG��7KLV� OHDN� DGDSWHU� FRQ�
QHFWV� WR� WKH�%U�HO�	�.M U������ �W\SH����HDU� VLPXODWRU��DQG�DOORZV�PHDVXUHPHQW�RI�ZKDW
KDSSHQV�ZKHQ�DQ�HDUSLHFH� LV�QRW�ZHOO�VHDOHG� WR� WKH�XVHU¶V�HDU��7KH� W\SH����� ORZ�OHDN�HDU
VLPXODWRU�KDV�D�OHDN�RI�URXJKO\�WKH�VDPH�VL]H�DQG�NLQG��7KH�W\SH�����KLJK�OHDN�HDU�KDV�D�ELJ
OHDN�DQG�FRUUHVSRQGV�WR�FDVHV�ZKHQ�WKH�KDQGVHW�RU�KDQGSRUWDEOH�LQ�TXHVWLRQ�LV�KHOG�ORRVHO\
DJDLQVW� WKH� XVHU¶V� HDU�� 5XQQLQJ� WKH� VDPH� VLPXODWLRQ� RU� PHDVXUHPHQW� ZLWK� GLIIHUHQW� HDU
VLPXODWRUV�DV�ORDGV�ZLOO�GHPRQVWUDWH�WKH�OHDN�WROHUDQFH�RI�WKH�HDUSLHFH��7KLV�LV�RQH�RI�WKH
FHQWUDO�WRSLFV�LQ�WKLV�WKHVLV��DQG�LW�LV�GHIHUUHG�WR�WKH�ODWHU�FKDSWHUV�������GHDOLQJ�ZLWK�LW�

1RQH�RI�WKH�HDU�VLPXODWRU�PDFURV�QHHGV�DQ\�SDUDPHWHUV��7KH�PDFURV�VLPSO\�DFFHSW�D
FRQQHFWLRQ� WR� WKH� DFRXVWLF� FLUFXLW� DW� WKHLU� LQSXW�� DQG� WKHLU� RXWSXW� JLYHV� WKH� SUHVVXUH� WKDW
ZRXOG� EH� VHQVHG� E\� WKH� PLFURSKRQHV� LQVLGH� WKH� HDU� VLPXODWRUV�� 7KH� OHDN� RSHQLQJV� DUH
DYDLODEOH�DV�VHSDUDWH�SLQV�LQ�(DU��/R��(DU��+L�DQG�*HUP/N��IRU�VSHFLDO�VLPXODWLRQ�FDVHV�

(DU� (DU��/R (DU��+L *HUP/N

)LJXUH������,78�7�W\SH����W\SH�����ORZ�OHDN��W\SH�����KLJK�OHDN�HDU�VLPXODWRUV��OHDN�DGDSWHU
IRU�WKH�W\SH���HDU�VLPXODWRU�

,W�VKRXOG�EH�QRWHG�WKDW�WKH�*HUPDQ�OHDN�ULQJ�LV�QRW�D�VWDQGDUGL]HG�OHDN�DGDSWHU��LQ�WKH�VHQVH
WKDW�LW�LV�QRW�D�SDUW�RI�W\SH�DSSURYDO�VSHFLILFDWLRQV���)RU�H[DPSOH��*60�W\SH�DSSURYDO�GLG
QRW�DOORZ�DQ\�OHDNV�DW�DOO� LQ�WKH�SDVW��EXW� WKH�VLWXDWLRQ�FKDQJHG�GXULQJ�WKH�ZULWLQJ�RI� WKLV
WKHVLV��1RZDGD\V�*60�W\SH�DSSURYDO�DOORZV�W\SH�����HDU�VLPXODWRUV��%XW�HYHQ�EHIRUH�WKDW
WKH�*HUPDQ�OHDN�DGDSWHU�ZDV�D�XVHIXO�WRRO�LQ�PHDVXUHPHQWV�RI�OHDN�WROHUDQFH�DQG�KHQFH�LW
LV�LQFOXGHG�LQ�WKH�PRGHO�FROOHFWLRQ�GHYHORSHG�LQ�WKLV�WKHVLV��$QRWKHU�YHU\�LPSRUWDQW�IDFW�LV
WKDW� WKH� W\SH� ���� HDU� VLPXODWRUV� DUH� DOZD\V� FRPSHQVDWHG� �XVLQJ� D� VWDQGDUG� HTXDOL]DWLRQ
FXUYH�DV�GHVFULEHG�LQ�>��@��LQ�W\SH�DSSURYDO�PHDVXUHPHQWV��$�PRGHO�RI�WKLV�HTXDOL]HU�LV�QRW
LQFOXGHG�LQ�WKLV�WKHVLV�
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������� 3UREHV�DQG�DQQRWDWRUV

0RVW�RI� WKHVH�PDFURV�DUH�QRW�PXFK�PRUH� WKDQ�D�FRQYHQLHQW�DGGLWLRQ� WR� WKH�JUDSKLFDO�FD�
SDELOLWLHV�RI�0LFUR�&DS��)RU�H[DPSOH��D�YHORFLW\�SUREH�LQ�D�VFKHPDWLF�FDQ�EH�XVHG�ERWK�WR
DQQRWDWH� D� JLYHQ� YHORFLW\�� SUHVVXUH� RU� RWKHU� TXDQWLW\� �ZKLFK� LV� JRRG� IRU� GRFXPHQWDWLRQ
SXUSRVHV��DQG� WR� UHIHUHQFH� WKH�JLYHQ�SRLQW� LQ� WKH� FLUFXLW� LQ� D�YHU\�FRQYHQLHQW�ZD\�ZKHQ
UXQQLQJ�D�VLPXODWLRQ��7KH�SUREH�PDFURV�VHQVH�WKH�PDJQLWXGH�DQG�SKDVH�RI�WKH�JLYHQ�TXDQ�
WLW\��DQG�RXWSXW�WKH�UHVXOW�DV�D�YROWDJH�ZLWKRXW�LQWHUIHULQJ�ZLWK�WKH�FLUFXLW�LQ�DQ\�ZD\��7KLV
PDNHV�WKHP�XVHIXO�LQ�EXLOGLQJ�FRQWUROOHG�VRXUFHV��WKH�IRUFH��YHORFLW\��SUHVVXUH�DQG�YROXPH
YHORFLW\�VRXUFHV�YLHZHG�DERYH�ZHUH�PDGH�YROWDJH�FRQWUROOHG���0RUHRYHU��PLVWDNHV�UHVXOW�
LQJ�IURP�WKH�XVHU�IRUJHWWLQJ�ZKLFK�TXDQWLWLHV�DUH�YROWDJHV�DQG�ZKLFK�RQHV�DUH�FXUUHQWV��RU
LQWHJUDWHG�GLIIHUHQWLDWHG�YROWDJHV�RU�FXUUHQWV��FDQ�EH�SUHYHQWHG��6RPH�RI�WKH�SUREH�PDFURV
KDYH�EXLOW�LQ�GHULYDWRUV�LQWHJUDWRUV�

7KUHH�RI�WKH�SUREH�DQQRWDWRU�PDFURV�KDYH�EXLOW�LQ�YROWDJH�RU�FXUUHQW�VRXUFHV�WR�DOORZ
WKHP�WR�DFW�DV�VLPSOH�LPSHGDQFH�SUREHV��&KHFNLQJ�DQ�LPSHGDQFH�DW�VRPH�SRLQW�FDQ�EH�YHU\
XVHIXO�GXULQJ�D� VLPXODWLRQ� �WR�YHULI\� WKDW� WKH� HTXLYDOHQW� FLUFXLW�PDNHV� VHQVH�� WR�RSWLPL]H
VRPH� SDUW� RI� LW�� WR� UHJDLQ� D� SLFWXUH� RI� WKH�PDJQLWXGHV� RI� UHVXOWDQW� DFRXVWLF� LPSHGDQFHV�
HWF����2I�FRXUVH��WKH�SUREH�PDFURV�GR�QRW�PRGHO�DQ\WKLQJ�LQ�WKH�VHQVH�WKDW�PRVW�RWKHU�PDF�
URV�GR�

9HO3UE )RUFH3UE 'LVS3UE
0

0,PS3UE

3UHVV3UE 9RO93UE 9RO3UE
$

$,PS3UE

&XUU3UE
(

(,PS3UE

)LJXUH�������3UREHV�DQQRWDWRUV�IRU��FXUUHQW��HOHFWULF�LPSHGDQFH��WRS�URZ���YHORFLW\��IRUFH�
GLVSODFHPHQW��PHFKDQLFDO�LPSHGDQFH��PLGGOH�URZ���SUHVVXUH��YROXPH�YHORFLW\��YROXPH��DQG
DFRXVWLF�LPSHGDQFH��ERWWRP�URZ��

������� &RPSRXQG�PDFURV

7KH�JURXS�RI� FRPSRXQG�PDFURV� FRQVLVWV� RI� RIWHQ� XVHG� FRPELQDWLRQV� RI�PDFURV�� H�J�� WKH
REYLRXV�FRPELQDWLRQ�RI�DQ�DLU�ORDG�DQG�D�UDGLDWLRQ�PDFUR��7KH�VKDSHV�RI�WKHVH�PDFURV�DUH
DOVR� VLPSOH� FRPELQDWLRQV� RI� WKH� RWKHU� VKDSHV�� DQG� WKH\� VKRZ� FOHDUO\� ZK\� DQG� KRZ� WKH
PDFUR� VKDSHV�ZHUH� GHVLJQHG� WR� ILW� WRJHWKHU�� 7KH� RQO\� DGYDQWDJHV� SURYLGHG� E\� WKH� FRP�
SRXQG�PDFURV�LV�WKDW�VRPH�FRPPRQ�SDUDPHWHUV�KDYH�WR�EH�JLYHQ�RQO\�RQFH��DQG�GUDZLQJ
VFKHPDWLFV�EHFRPHV�D� OLWWOH�TXLFNHU��7KLV�JURXS�FRXOG�EH�H[WHQGHG�E\�DGGLQJ�RWKHU�FRP�
PRQ�PDFUR�FRPELQDWLRQV�
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&LU+ROH$ 5FW+ROH$

$ 5

5DG&LU

$ 5

5DG5FW

$ 5

5DG&LU%

$ 5

5DG5FW%

$ 5

5DG3OQ

&LU+ROH( 5FW+ROH(

(DU��/R$ (DU��+L$ *HUP/N$

)LJXUH�������+ROHV�ZLWK�DLU�ORDGV�DQG�HQG�FRUUHFWLRQV��WRS�URZ���DLU�ORDGV�DQG�UDGLDWLRQ�RI
VRXUFHV�ZLWK�YDULRXV�VKDSHV��PLGGOH�DQG�ERWWRP�URZ��

������� 2WKHU�PDFURV

7KH� UHVW� RI� WKH� PDFURV� �WZR� FRPELQHG� GHULYDWRUV�LQWHJUDWRUV� DQG� DQ� ,(&� ���� FRXSOHU
PRGHO��DUH�XVHG�LQWHUQDOO\�E\�VRPH�RI�WKH�PDFURV�YLHZHG�DERYH��+RZHYHU��WKH�'LVS9HO�DQG
9RO9RO9�PDFURV�KDYH�VRPH�YDOXH�RI�WKHLU�RZQ��WRR��$OWKRXJK�WKHLU�HTXLYDOHQW�FLUFXLWV�DUH
LGHQWLFDO�� WKH\�KDYH�GLIIHUHQW� VKDSHV�DQG�SDUDPHWHU�QDPHV��([DPSOHV�RI� WKHLU�XVH� FDQ�EH
IRXQG�LQ�VRPH�RI�WKH�SUREH�DQG�DQQRWDWRU�PDFURV��VHH�DSSHQGL[�,9��

'LVS9HO 9RO9RO9 ,(&���

)LJXUH� ������ 'LVSODFHPHQW�YHORFLW\� DQG� YROXPH�� YROXPH� YHORFLW\� FRQYHUWHU�� ,(&� ���
PRGHO�
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�� 6SHFLDO� DXGLR� SUREOHPV� DQG
VROXWLRQV

6RPH�LPSRUWDQW�DQG�FRPPRQ�SUREOHPV�LQIOXHQFLQJ�DFRXVWLFV�GHVLJQ�ZLOO�EH�EULHIO\�RYHU�
YLHZHG� LQ� WKLV� FKDSWHU�� ERWK� DV� VXFK� DQG� IURP� D� VLPXODWLRQ� YLHZSRLQW�� 7KHVH� IDFWV�PD\
VRPHWLPHV�HYHQ�EH�IRUJRWWHQ��DQG� WKH�DVVRFLDWHG� WURXEOHV�FDXVHG�E\�QRW� WDNLQJ� WKHP� LQWR
DFFRXQW�PD\�QRW�VKRZ�XS�DW�DOO�LQ�HDUO\�SURWRW\SHV�DQG�FRPSXWHU�VLPXODWLRQ��$�IHZ�RI��WKH
SRLQWV� PHQWLRQHG� KHUH� ZLOO� EH� H[HPSOLILHG� LQ� FKDSWHU� �� ZKLFK� GHVFULEHV� D� FRPPHUFLDO
1RNLD�SKRQH�

���� 0HFKDQLFV�DQG�PDVV�SURGXFWLRQ

������ 6DYLQJ�VL]H

7KH�FRQVWDQW�GHVLUH�WR�UHGXFH�VL]H�DSSHDUV�LQ�PDQ\�GLUHFW�DQG�LQGLUHFW�ZD\V�DV�D�UHVWULFWLRQ
RQ�DXGLR�SHUIRUPDQFH�RI�PRELOH�SKRQHV��)DFWV�WKDW�KDYH�WR�EH�WDNHQ�LQWR�DFFRXQW�LQFOXGH�

• 5HGXFLQJ� WKH�HIIHFWLYH�DUHD�RI�D� WUDQVGXFHU� ORZHUV� LWV� VHQVLWLYLW\�DQDORJRXVO\� �LI�RWKHU
SURSHUWLHV�DUH�NHSW�XQFKDQJHG��

• 5HGXFHG�GLPHQVLRQV�XVXDOO\�OHDG�WR�QDUURZHU�WROHUDQFH�OLPLWV�WKDW�PXVW�EH�WDNHQ�FDUH�RI
LQ�VSHFLILFDWLRQV�DQG�LQ�WKH�SURGXFWLRQ�SURFHVV�

• 7UDQVGXFHUV� KDYH� WR� EH�PRXQWHG� FORVHU� WR� HDFK� RWKHU� LQ� D� VPDOO� KDQGSRUWDEOH��ZKLFK
EULQJV�WKH�EX]]HU�FORVHU�WR�WKH�HDU��DQG�WKH�HDUSLHFH�FORVHU�WR�WKH�PLFURSKRQH��7KH�IRU�
PHU�LV�D�SRWHQWLDO�SURGXFW�OLDELOLW\�ULVN��WKH�ODWWHU�FDQ�OHDG�WR�PRUH�VHYHUH�HFKRLQJ�

• 0DNLQJ� WKH�KDQGSRUWDEOH� VKRUWHU� EULQJV� WKH�PLFURSKRQH� IDUWKHU� DZD\� IURP� WKH�PRXWK
�XQOHVV�D�IOLSSLQJ�RU�VOLGLQJ�FRYHU�LV�XVHG���$JDLQ��WKLV�LV�OLNHO\�WR�PDNH�WKH�HFKR�UHOD�
WLYHO\�ORXGHU�

$�VPDOO�HDUSLHFH�FDSVXOH�RU�EX]]HU�KDV�D�VPDOOHU�PHPEUDQH�DUHD�WR�PRYH�DLU��DQG�WKH�ORVV
LQ�DUHD�PXVW�EH�FRPSHQVDWHG�IRU�E\�DQ�LQFUHDVH�LQ�GLVSODFHPHQW�WR�NHHS�WKH�YROXPH�YHORF�
LW\�XQFKDQJHG��7KXV�LI�WKH�VL]H�RI�D�JLYHQ�HDUSLHFH�FDSVXOH�RU�EX]]HU�LV�WR�EH�UHGXFHG��RQH
FDQQRW� H[SHFW� WKH� RXWSXW� WR� EH� DW� WKH� VDPH� OHYHO� XQOHVV� WKH� PHPEUDQH� FDQ� KDQGOH� WKH
QHHGHG�LQFUHDVH�LQ�GLVSODFHPHQW��7KLV�SUREOHP�LV�PRVW�SURQRXQFHG�DW�ORZ�IUHTXHQFLHV��L�H�
DURXQG�����+]�IRU�DQ�HDUSLHFH�FDSVXOH���ZKHUH�WKH�GLVSODFHPHQW�KDV�D�PD[LPXP�

7KH�FRQVHTXHQFHV�RI�WROHUDQFHV�DQG�PRUH�SURQRXQFHG�HFKR�DUH�GHDOW�ZLWK�EHORZ��7KH
IRXUWK� DQG� ODVW� VWDWHPHQW� DERYH� LV� D� QDWXUDO� FRQVHTXHQFH� RI� WKH� EHKDYLRXU� RI� WKH� W\SLFDO
SKRQH�XVHU��NHHSLQJ�WKH�HDUSLHFH�DJDLQVW�WKH�HDU�SUHYHQWV�WKH�PLFURSKRQH�IURP�EHLQJ�FORVH
WR�WKH�PRXWK�DW�WKH�VDPH�WLPH��7KLV�LV�QR�SUREOHP�LI�WKH�KDQGSRUWDEOH�LV�H[WHQGHG�GXULQJ�D
FDOO��E\�IOLSSLQJ�XS�RU�VOLGLQJ�RXW�DQ�H[WUD�FRYHU��DQG�WKH�PLFURSKRQH�LV�PRXQWHG�RQ�WKDW
FRYHU��+RZHYHU��ORQJ�GLVWDQFH�WR�WKH�PRXWK��SHUKDSV�FRPELQHG�ZLWK�ORZ�PLFURSKRQH�VHQ�
VLWLYLW\��UHTXLUHV�PRUH�HOHFWULF�JDLQ�LQ�WKH�PLFURSKRQH�SUHDPSOLILHU��1RLVH�DQG�LQWHUIHUHQFH
IURP�WKH�5)�SDUWV�RI�WKH�SKRQH�DUH�WKHQ�DOVR�DPSOLILHG��$�ORW�RI�FDUH�PXVW�EH�WDNHQ�LQ�WKH
FLUFXLW�GHVLJQ�DQG�OD\RXW�DV�D�ZKROH�WR�SUHYHQW�WKLV�LQWHUIHUHQFH�IURP�GLVWXUELQJ�WKH�DXGLR
SHUIRUPDQFH��,W�DOZD\V�KHOSV�LI�PLFURSKRQH�DPSOLILHU�JDLQV�FDQ�EH�NHSW�DV�ORZ�DV�SRVVLEOH�
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������ 0HFKDQLFDO�WROHUDQFHV

$OWKRXJK�PRELOH�SKRQH�DQG�DFFHVVRU\�DXGLR�VSHFLILFDWLRQ� OLPLWV�DUH�QRW�DV� WLJKW�DV� WKRVH
UHTXLUHG� IRU�PHDVXULQJ� RU� KL�IL� HTXLSPHQW�� D� EDGO\� SODQQHG�PHFKDQLFDO� FRQVWUXFWLRQ� FDQ
HDVLO\�FDXVH�VRPH�RI�WKH�XQLWV�LQ�D�SURGXFWLRQ�VHULHV�WR�EH�RXW�RI�VSHFLILFDWLRQV��7ROHUDQFHV
LQ�WKH�PRXQWLQJ�RI�SDUWV�LQVLGH�WKH�SKRQH�KRXVLQJ�FDQ�EH�VXUSULVLQJO\�KLJK��HVSHFLDOO\�LI�WKH
FRQVWUXFWLRQ� LV� VXFK� WKDW� VHYHUDO� VHSDUDWH� WROHUDQFHV�DFFXPXODWH�DW�SRLQWV� WKDW� DUH�FULWLFDO
IURP�DQ�DFRXVWLFV�YLHZSRLQW��7UDQVGXFHU�WROHUDQFHV�DGG�WR�WKHVH�PHFKDQLFDO�WROHUDQFHV�

0HFKDQLFDO� GLPHQVLRQV� DUH� FRQYHQLHQW� DV� LQSXW� SDUDPHWHUV� WR� VLPXODWLRQ� PDFURV�
)RUWXQDWHO\�� WKLV�PDNHV� VLPXODWLRQ� RI� WROHUDQFH� HIIHFWV� HDV\�� SURYLGHG� RI� FRXUVH� WKDW� WKH
WROHUDQFHV�WKHPVHOYHV�DUH�NQRZQ��6LPXODWLRQ�RI�PHFKDQLFDO�WROHUDQFHV�FDQ��LQ�IDFW��EH�VHHQ
DV�RQH�RI�WKH�PRVW�LPSRUWDQW�DQG�YDOXDEOH�WDVNV�LQ�WKH�VLPXODWLRQ�RI�PRELOH�SKRQH�DFRXV�
WLFV��7KH�UHOLDELOLW\�RI�WROHUDQFH�VLPXODWLRQ�FDQ�EH�JRRG��VLQFH�RQH�LV�IRFXVLQJ�RQ�UHODWLYH
YDULDWLRQV�LQ�ZHOO�NQRZQ�SURSHUWLHV��&DUH�PXVW�EH�WDNHQ�QRW�WR�IRUJHW�WR�DGG�WKH�WROHUDQFHV
RI�WKH�WUDQVGXFHU�FRPSRQHQW�LWVHOI��DW�OHDVW�LI�WKH�FRPSRQHQW�LV�D�ORXGVSHDNHU��0LFURSKRQHV
WHQG�WR�EH�PRUH�LGHDO�LQ�WKHLU�EHKDYLRXU�

0RQWH�&DUOR�DQDO\VLV��DYDLODEOH�LQ�DOO�GHFHQW�VLPXODWRUV��FDQ�GR�WKH�MRE��7KLV�DQDO\VLV
SULQFLSOH�LQYROYHV�UHSHDWHG�VLPXODWLRQ�UXQV�ZLWK�UDQGRP�FKDQJHV�WR�DOO�SDUDPHWHUV�VXEMHFW
WR�WROHUDQFHV�VSHFLILHG�E\�WKH�XVHU��0LFUR�&DS�9�KDV�EXLOW�LQ�0RQWH�&DUOR�DQDO\VLV�VXSSRUW
IRU�PDQ\�FRPSRQHQW�SURSHUWLHV��EXW�XQIRUWXQDWHO\�VXFK�LV�QRW�WKH�FDVH�IRU�PDFUR�SDUDPH�
WHUV��7KLV�PDNHV�SDUDPHWHU�VWHSSLQJ�WKH�PHWKRG�RI�FKRLFH�ZKHQ�XVLQJ�0LFUR�&DS�PDFURV�

,W�KHOSV�LQ�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�SURFHVV�LI�VLPXODWLRQ�FDQ�EH�XVHG�WR�ORFDWH
DQG�HOLPLQDWH�FULWLFDO�VSRWV�LQ�WKH�PHFKDQLFDO�DVVHPEO\�RU�WUDQVGXFHU�VSHFLILFDWLRQV��6LPX�
ODWHG�WROHUDQFH�HIIHFWV�DUH�LPSRUWDQW�LQGLFDWRUV�RI�VXFFHVVIXOQHVV�LQ�WKH�HYDOXDWLRQ�RI�SRV�
VLEOH�DFRXVWLFDO�VROXWLRQV��7KH� WROHUDQFHV�VKDOO��RI�FRXUVH��EH� UHODWHG� WR� WKH� W\SH�DSSURYDO
OLPLWV�LQ�RUGHU�WR�SUHYHQW�FRVWO\�FKDQJHV�DW�WKH�ODWH�W\SH�DSSURYDO�VWDJH�

������ ,QGXVWULDO�GHVLJQ

,QGXVWULDO�GHVLJQHUV�GHDO�ZLWK�WKH�VKDSHV�RI�SKRQH�FRYHUV��NH\V��GLVSOD\�OHQVHV��DQG�RWKHU
FKDUDFWHULVWLFV�YLVLEOH�RQ�WKH�RXWVLGH�RI�WKH�SKRQH��6RXQG�RXWOHWV�IRU�WKH�HDUSLHFH�DUH�D�SDUW
RI�WKHVH�FKDUDFWHULVWLFV�WRR��,Q�PDQ\�FDVHV�WKH�VKDSH��QXPEHU�DQG�ORFDWLRQ�RI�WKH�IURQW�KROHV
KDV�WR�EH�D�VXLWDEOH�FRPSURPLVH�EHWZHHQ�JRRG�LQGXVWULDO�GHVLJQ�DQG�JRRG�DFRXVWLFV�GHVLJQ�
,W�LV�ZRUWKZKLOH�WR�HVWDEOLVK�D�GLDORJXH�EHWZHHQ�WKHVH�WZR�DW�DQ�HDUO\�VWDJH�LQ�WKH�SURGXFW
GHYHORSPHQW�SKDVH�WR�SUHYHQW�XQQHFHVVDU\�RU�EDG�FRPSURPLVHV��(QYLURQPHQWDO�FRQGLWLRQV
DQG�GXVW�DQG�ZDWHU�VKLHOGLQJ��GHDOW�ZLWK�EHORZ��PXVW�DOVR�QRW�EH�IRUJRWWHQ�

������ 0DVV�SURGXFWLRQ

7KH�IDFW�WKDW�PRELOH�SKRQHV�DUH�PDVV�SURGXFHG�LQ�KXJH�QXPEHUV�FRPSOLFDWHV�PDWWHUV��7KH
WLPH�QHHGHG�IRU�HDFK�VWHS�LQ�WKH�DVVHPEO\�SURFHVV�PXVW�EH�DV�VKRUW�DV�SRVVLEOH��ZKLFK�LV
XVXDOO\�HTXLYDOHQW�WR�UHTXLULQJ�WKDW�WKH�PHFKDQLFDO�FRQVWUXFWLRQ�RI�WKH�SKRQH�EH�DV�VLPSOH
DV�SRVVLEOH���7KH�DFWXDO�PRXQWLQJ�PHWKRG�RI�SDUWV�PDWWHUV��L�H��ZKLFK�SDUW�LV�LQVHUWHG�ZKHUH
DQG�LQ�ZKDW�RUGHU��)RU�H[DPSOH��VRPH�FOHDUDQFH�PXVW�EH�OHIW�DURXQG�FRPSRQHQWV�WKDW�DUH�WR
EH�PRXQWHG�LQ�FURZGHG�VSDFHV��GXH�WR�PRXQWLQJ�WROHUDQFHV���DQG�SDUWV�VXFK�DV�UXEEHU�VHDOV
PXVW�EH�GLPHQVLRQHG�DQG�PRXQWDEOH�LQ�VXFK�D�ZD\�WKDW�WKH\�DUH�VXLWHG�IRU�UDSLG�PDVV�SUR�
GXFWLRQ�DVVHPEO\�
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,Q�RUGHU�WR�NHHS�WKH�SDUW�FRXQW�DQG�FRVW�WR�D�PLQLPXP��DFRXVWLFDO�VROXWLRQV�LQYROYLQJ
VHYHUDO�VSHFLDO�SDUWV��H�J��FDYLWLHV�RU�WXEHV�WKDW�PXVW�EH�VHSDUDWHO\�DVVHPEOHG��DUH�XQGHVLU�
DEOH��8QIRUWXQDWHO\��WKLV�DOVR�SXWV�WKH�DFRXVWLFDO�GHVLJQHU�LQ�D�VLWXDWLRQ�ZKHUH�KH�RU�VKH�KDV
OHVV�FRQWURO�RYHU�KRZ�WKLQJV�GHYHORS�GXULQJ�WKH�SURGXFW�GHYHORSPHQW�SKDVH��6RPH�FKDQJH
LQ�LQWHUQDO�FRPSRQHQW�OD\RXW�PDGH�E\�SULQWHG�FLUFXLW�ERDUG�GHVLJQHUV�PD\�UHTXLUH� LPPH�
GLDWH� HYDOXDWLRQ� DQG� IHHGEDFN� IURP� DQ� DFRXVWLFV� GHVLJQHU� �IRU� H[DPSOH� LI� D� ELJ� QHZO\
DGGHG�FRPSRQHQW�ZRXOG�DFFLGHQWDOO\�EH�EORFNLQJ�VRPH�VRXQG�RSHQLQJ��RU�FKDQJLQJ�D�FULWL�
FDO�LQWHUQDO�DLU�YROXPH��

$Q� LQWHUHVWLQJ�UHVWULFWLRQ�DULVHV� IURP�WKH�IDFW� WKDW�SKRQH�FRYHUV�DUH�FDVW� LQ�PRXOGV�
$OWKRXJK�FRYHUV�DUH�PDGH�RI�SODVWLF�PDWHULDO�DQG�WKH�PRXOGV�DUH�PHWDO��WKHUH�ZLOO�EH�VRPH
JUDGXDO�ZHDULQJ�RI�WKH�PRXOGV��7KLV�PD\�EH�D�VLJQLILFDQW�HIIHFW�LQ�WKH�EX]]HU�RU�HDUSLHFH
VRXQG�RSHQLQJV��1DUURZ�KROHV�LQ�WKH�FRYHU�PHDQ�WKLQ�URGV�LQ�WKH�PRXOG��DQG�DV�WKHVH�URGV
ZHDU�RXW��WKH�IURQW�KROHV�ZLOO�EHFRPH�VOLJKWO\�VPDOOHU��7KH�PRXOG�FRXOG�HYHQ�EUHDN�LQ�WKH
ORQJ�UXQ�LI�WRR�QDUURZ�RSHQLQJV�ZHUH�VSHFLILHG�DQG�WKH�FRYHU�LV� WKLFN��$QRWKHU�LPSRUWDQW
PDWWHU�LV�WKH�WROHUDQFHV�LQ�WKH�PDNLQJ�RI�WKH�PRXOG�LWVHOI��7KH�ILQLVKHG�PRXOG�PD\�QRW�KDYH
WKH�H[DFW�GLPHQVLRQV�VSHFLILHG�LQ�WKH�PHFKDQLFV�&$'�ILOH��ZKLFK�LV�ZK\�VROXWLRQV�UHTXLU�
LQJ� GLPHQVLRQLQJ� WR� DQ� DFFXUDF\� RI� MXVW� D� IHZ� KXQGUHGWKV� RI� D� PLOOLPHWHU� DUH� EHWWHU
DYRLGHG�

���� $FRXVWLFV�DQG�WKH�HQYLURQPHQW

������ (QYLURQPHQWDO�FRQGLWLRQV

0RELOH�SKRQHV��DQG�WKH�FRPSRQHQWV�FRQWDLQHG�ZLWKLQ�WKHP��KDYH�WR�SDVV�FHUWDLQ�HQYLURQ�
PHQWDO�WHVWV�WR�DVVXUH�WKDW�WKH\�ZLWKVWDQG�XVDJH�LQ�YDULRXV�VLWXDWLRQV�ZLWKRXW�PDOIXQFWLRQ�
LQJ�� ,PSRUWDQW� SDUDPHWHUV� LQ� VXFK� WHVWV� DUH� KXPLGLW\�� WHPSHUDWXUH� DQG� YLEUDWLRQ�� +RZ� D
SKRQH�EHKDYHV�LQ�D�KXPLG�RU�ZHW�HQYLURQPHQW�LV�PRUH�RU�OHVV�LQIOXHQFHG�E\�WKH�VL]HV�DQG
ORFDWLRQV�RI�RSHQLQJV�LQ�WKH�FRYHUV��H�J��EX]]HU�DQG�HDUSLHFH�VRXQG�RXWOHWV��)URP�D�ZDWHU
UHVLVWDQFH� SRLQW� RI� YLHZ�� VHYHUDO� VPDOO� RSHQLQJV� DUH� EHWWHU� WKDQ� RQH� ELJ� RSHQLQJ� RI� WKH
VDPH�WRWDO�DUHD��7KLV�LV��WR�SXW�LW�VLPSO\��WKH�SULQFLSOH�HPSOR\HG�LQ�SRURXV�GXVW�DQG�ZDWHU
VKLHOG�PHPEUDQHV��$�SRURXV�PHPEUDQH�LV�LQ�HIIHFW�D�FROOHFWLRQ�RI�D�JUHDW�QXPEHU�RI�YHU\
VPDOO� RSHQLQJV��ZKLFK�SUHYHQWV�ZDWHU� HQWU\� �XS� WR� D� FHUWDLQ�PD[LPXP�SUHVVXUH�� EXW� OHWV
VRXQG�SDVV�PRUH�RU�OHVV�XQDWWHQXDWHG��'XVW�DQG�ZDWHU�VKLHOG�PHPEUDQHV�DOZD\V�KDYH�VRPH
VSHFLILF�DFRXVWLF�UHVLVWDQFH��DQG�WKH�FKRLFH�RI�VKLHOG�PHPEUDQH�LV�XVXDOO\�D�EHVW�FRPSUR�
PLVH�EHWZHHQ�WKH�UHVLVWDQFH�DQG�WKH�ZDWHU�HQWU\�SUHVVXUH�

6KLHOGLQJ�RI�WKH�SKRQH�EX]]HU�LV�HVSHFLDOO\�SUREOHPDWLF�EHFDXVH�D�W\SLFDO�EX]]HU�UH�
OLHV� RQ� DFRXVWLF� UHVRQDQFH� �D� WXQHG� +HOPKROW]� UHVRQDWRU�� WR� REWDLQ� WKH� KLJKHVW� SRVVLEOH
VRXQG�SUHVVXUH�OHYHO��,I�WKH�UHVRQDQFH�LV�VKDUS��L�H��KDV�D�KLJK�4�YDOXH��ZKLFK�LV�GHVLUDEOH��
WKHQ�LW�LV�DOVR�YHU\�VHQVLWLYH�WR�DQ\�DFRXVWLF�UHVLVWDQFHV�VXFK�DV�GXVW�DQG�ZDWHU�VKLHOG�PHP�
EUDQHV�

)RUWXQDWHO\��WKH�DFRXVWLF�UHVLVWDQFHV�RI�GXVW�DQG�ZDWHU�VKLHOG�PHPEUDQHV�DUH�DPRQJ
WKH� HDVLHVW� WR� PHDVXUH� �DW� OHDVW� DW� VWHDG\� IORZ�� ]HUR� IUHTXHQF\��� 7KH� VLWXDWLRQ� LV� PRUH
FRPSOLFDWHG�DW�DUELWUDU\�IUHTXHQFLHV��EHFDXVH�WKH�PHPEUDQH�FDQ�PRYH�VOLJKWO\�DORQJ�ZLWK
WKH�RVFLOODWLQJ�DLU�IORZ��2I�FRXUVH��WKLV�EHKDYLRXU�LV�VWURQJO\�GHSHQGHQW�RQ�KRZ�WKH�PHP�
EUDQH�LV�PRXQWHG��$V�D�ILUVW�URXJK�DSSUR[LPDWLRQ��D�GXVW�DQG�ZDWHU�VKLHOG�PHPEUDQH�PD\
EH�UHSUHVHQWHG� LQ�D�VLPXODWLRQ�DV�D�SXUH�DFRXVWLF�UHVLVWDQFH�HTXDO� WR� WKH�VSHFLILF�DFRXVWLF
UHVLVWDQFH�RI�WKH�PHPEUDQH�PXOWLSOLHG�E\�LWV�IORZ�WKURXJK�DUHD�
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������ 5)�VKLHOGLQJ

7KH�SUHVHQFH�RI�VWURQJ�HOHFWURPDJQHWLF�ILHOGV��UDGLDWHG�E\�WKH�DQWHQQD��YHU\�FORVH�WR�VHQVL�
WLYH�EDVHEDQG�HOHFWURQLFV�KDV�VRPH�LPSDFW�RQ�SKRQH�DXGLR�GHVLJQ�DV�ZHOO��3URSHU�VKLHOGLQJ
DW� WKH� KLJK� IUHTXHQFLHV� XVHG� UHTXLUHV� WKDW� WKHUH� EH� QR� ELJ� RSHQLQJV� LQ� WKH� FRQGXFWLQJ
VKLHOGV� DURXQG� VHQVLWLYH� HOHFWURQLF� FRPSRQHQWV� DQG� FLUFXLWV�� +HUH� LW� LV� QRW� WKH� DUHD� WKDW
PDWWHUV�� EXW� WKH� ORQJHVW�GLPHQVLRQ�� �$FRXVWLF� LPSHGDQFH��RQ� WKH�RWKHU�KDQG�� LV�PRVW� GH�
SHQGHQW�RQ�WKH�FURVV�VHFWLRQDO�DUHD��6R�LI�DQ�DLU�IORZ�URXWH�KDV�WR�EH�SURYLGHG�WKURXJK�DQ
5)�VKLHOG��LW�LV�LPSRUWDQW�WR�NQRZ�WKDW��LGHDOO\�

• RSHQLQJV� VKRXOG� EH� FLUFXODU� LQ� VKDSH� �D� FLUFOH� KDV� WKH� JUHDWHVW� SRVVLEOH� UDWLR� EHWZHHQ
DUHD�DQG�ORQJHVW�GLPHQVLRQ���DQG

• WKHLU�GLDPHWHU�PXVW�EH�NHSW�EHORZ�VRPH�PLQLPXP�

,I�D�ELJ�DLU� IORZ�URXWH� LV�QHHGHG�� WKLV�RSHQLQJ�PD\�KDYH� WR�EH�VSOLW�XS� LQWR�VHYHUDO�VPDOO
�H�J��FLUFXODU�RU�VTXDUH�VKDSHG��RSHQLQJV�LQVWHDG�RI�RQH�ELJ�RSHQLQJ��RWKHUZLVH�WKH�PD[L�
PXP�DOORZDEOH�GLPHQVLRQ�OLPLW�ZRXOG�EH�H[FHHGHG�

$�IOLSSLQJ�RU�VOLGLQJ�FRYHU�WR�SURWHFW�WKH�NH\SDG�LV�D�SRWHQWLDO�VRXUFH�RI�5)�VKLHOGLQJ
SUREOHPV�LI� WKH�PLFURSKRQH�LV�SODFHG�LQ� WKH� IDU�HQG�RI� WKH�FRYHU�DQG�KDV� WKXV� WR�EH�FRQ�
QHFWHG�WR�WKH�EDVHEDQG�HOHFWURQLFV�XVLQJ�D�SDLU�RI�ORQJ�OHDGV��7KH�OHDGV�DFW�DV�DQ�XQLQWHQ�
WLRQDO� DQWHQQD� WKDW� SLFNV� XS� WKH� 5)� ILHOG�� ZKLFK�PD\� FDXVH� KDUPIXO� LQWHUIHUHQFH� LQ� WKH
EDVHEDQG�DXGLR�FLUFXLWU\�

������ %DFNJURXQG�DQG�KDQGOLQJ�QRLVH

%DFNJURXQG�QRLVH�LV�DQ\�VRXQG��SUHVHQW�RQ�WKH�ORFDWLRQ�ZKHUH�WKH�SKRQH�LV�XVHG��WKDW�LV�LQ
H[FHVV�RI�WKH�VSHHFK�RI�WKH�SDUWLHV�HQJDJHG�LQ�D�FDOO��7KH�SUREOHPV�FDXVHG�E\�EDFNJURXQG
QRLVH�DUH�PLVVHG�FDOOV��DOHUWLQJ�QRW�KHDUG��DQG�UHGXFHG�RU�ORVW�VSHHFK�LQWHOOLJLELOLW\��GXH�WR
H[FHVVLYH� EDFNJURXQG� QRLVH� SLFNXS� RI� WKH� PLFURSKRQH� GXULQJ� FRQYHUVDWLRQ� RYHU� WKH
SKRQH��� %DFNJURXQG� QRLVH� SLFNXS� LV� IXUWKHU� H[DJJHUDWHG� E\� WKH� FRPSUHVVLRQ� WHFKQLTXHV
XVHG�LQ�WHOHSKRQ\�WR�UHGXFH�YRLFH�VRXQG�OHYHO�YDULDWLRQV�DQG�WR�LPSURYH�WKH�VLJQDO�WR�QRLVH
UDWLR��'63�DOJRULWKPV�DUH�XVHG� WR�VXSSUHVV�SLFNHG�XS�EDFNJURXQG�QRLVH� LQ�GLJLWDO� WHOHSK�
RQ\��$�SRVVLEOH�DFRXVWLFDO�VROXWLRQ�WR�WKH�VDPH�SUREOHP�LV� WR�XVH�D�SUHVVXUH�JUDGLHQW�PL�
FURSKRQH��PHQWLRQHG�EULHIO\�LQ�FKDSWHU����

$�SUHVVXUH�JUDGLHQW�PLFURSKRQH�KDV� WKH�JUHDW� DGYDQWDJH�RI� EHLQJ� DEOH� WR� DWWHQXDWH
EDFNJURXQG�QRLVH�LQ�UHODWLRQ�WR�VSHHFK�HPLWWHG�E\�WKH�XVHU¶V�PRXWK��2QH�RI�WKH�UHDVRQV�IRU
WKLV�EHKDYLRXU� LV� WKH� IDFW� WKDW� VRXQG�FRPLQJ� IURP�GLUHFWLRQV�SHUSHQGLFXODU� WR� WKH� D[LV�RI
JUHDWHVW�VHQVLWLYLW\�DUH�VWURQJO\�DWWHQXDWHG�7KH�RWKHU�HIIHFW�WKDW�UHGXFHV�EDFNJURXQG�QRLVH
SLFNXS�LV�WKH�DWWHQXDWLRQ�RI�VSKHULFDO�VRXQG�ZDYHV�ZLWK�GLVWDQFH��7KLV�PHDQV�WKDW�WKH�SUHV�
VXUH�DPSOLWXGH�GLIIHUHQFH�EHWZHHQ�ERWK�VLGHV�RI�WKH�PHPEUDQH��IRU�D�JLYHQ�VRXQG�LQFLGHQFH
DQJOH��ZLOO�EH�SURSRUWLRQDOO\�JUHDWHU�ZKHQ�WKH�VRXQG�VRXUFH��PRXWK��LV�FORVHU�WR�WKH�PLFUR�
SKRQH��$�GLVWDQW�VRXUFH�RI�EDFNJURXQG�QRLVH�ZLOO�SURGXFH�D�SURSRUWLRQDOO\�VPDOOHU�SUHVVXUH
DPSOLWXGH� GLIIHUHQFH�� VLQFH� WKH� UHODWLYH� GLIIHUHQFH� LQ� SDWK� OHQJWK� IURP� WKH� VRXUFH� WR� WKH
IURQW�DQG�EDFN�RI� WKH�PHPEUDQH�ZLOO�EH�D� ORW�VPDOOHU��3UHVVXUH�JUDGLHQW�PLFURSKRQHV�DUH
WKHUHIRUH� DOVR� NQRZQ� DV� QRLVH�FDQFHOOLQJ� PLFURSKRQHV�� )RU� ORZ�IUHTXHQF\� VRXQGV�� WKH
SKDVH� GLIIHUHQFH� EHWZHHQ� SUHVVXUHV� RQ� ERWK� VLGHV� RI� WKH�PHPEUDQH�ZLOO� DOZD\V� EH� YHU\
VPDOO��UHVXOWLQJ�LQ�DOPRVW�FRPSOHWH�FDQFHOODWLRQ�ZKHQ�WKH�VRXQG�VRXUFH�LV�GLVWDQW��6XFK�LV
QRW� WKH� FDVH� IRU� VRXUFHV� FORVH� WR� WKH�PLFURSKRQH�� KRZHYHU�� VLQFH� WKHQ� WKH� ��GLVWDQFH� DW�
WHQXDWLRQ�RI�VSKHULFDO�ZDYHV�ZLOO�SUHGRPLQDWH�DQG�FUHDWH�D�FRQVLGHUDEOH�SUHVVXUH�DPSOLWXGH
GLIIHUHQFH��7KXV�LI�D�SUHVVXUH�JUDGLHQW�PLFURSKRQH�LV�HTXDOL]HG�WR�KDYH�D�IODW�UHVSRQVH�WR
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�VSKHULFDO�ZDYH��VRXUFHV�DW�D�JLYHQ�GLVWDQFH��WKH�QHW�HIIHFW�LV�WKDW�ORZ�IUHTXHQFLHV�ZLOO�EH
ERRVWHG� LI� WKH� VRXUFH� PRYHV� FORVHU� WR� WKH� PLFURSKRQH�� DQG� GDPSHG� LI� LW� PRYHV� IDUWKHU
DZD\��7KLV�LV�NQRZQ�DV�WKH�SUR[LPLW\�HIIHFW�

7KH�VLWXDWLRQ�RI�EDFNJURXQG�QRLVH�SUHYHQWLQJ�WKH�SKRQH�XVHU�IURP�KHDULQJ�WKH�DOHUW�
LQJ�RI�DQ� LQFRPLQJ�FDOO� FDQ�RQO\�EH� LPSURYHG�E\� UDLVLQJ� WKH� VRXQG� OHYHO� DQG�RU� VSHFWUDO
FRPSRVLWLRQ� RI� WKH� DOHUWLQJ� VLJQDO�� RU� E\� HPSOR\LQJ� RWKHU� NLQGV� RI� DOHUWLQJ� �YLEUDWLRQ�
IODVKLQJ�OLJKW��HWF����7KH�ODWWHU�PHWKRG�LQYROYHV�LPSURYHPHQWV�LQ�WKH�SKRQH�XVHU�LQWHUIDFH�
7KH�IRUPHU�PHWKRG�LV�DERXW�XVLQJ�D�EX]]HU�FDSDEOH�RI�FUHDWLQJ�D�KLJKHU�PD[LPXP�VRXQG
OHYHO��ZKLFK� �XVXDOO\��PHDQV� D� ELJJHU� EX]]HU� FRPSRQHQW�� ,W� LV� LPSRVVLEOH� WR� XVH� VPDOOHU
DQG�VPDOOHU�EX]]HU�FRPSRQHQWV�ZLWKRXW�KDYLQJ� WR�VDFULILFH�VRXQG� OHYHO��XQOHVV� WKH�PD[L�
PXP�GLVSODFHPHQW�RI�WKH�EX]]HU�PHPEUDQH�LV�HQKDQFHG�SURSRUWLRQDOO\��WR�NHHS�WKH�UHVXOW�
LQJ�YROXPH�YHORFLW\�FRQVWDQW��

6LPXODWLQJ� WKH� EDFNJURXQG� QRLVH� LWVHOI� LV� W\SLFDOO\� QRW� D� UHOHYDQW� WDVN�� +RZHYHU�
VLPXODWLRQ�LV�XVHIXO�WR�VRPH�H[WHQW�ZKHQ�RSWLPL]LQJ�WKH�SHUIRUPDQFH�RI�WKH�SKRQH�EX]]HU�
7KH�W\SLFDO�SURFHGXUH�LV�WR�HQKDQFH�RQH�RI�WKH�KDUPRQLFV�SURGXFHG�E\�WKH�DOHUWLQJ�VLJQDO
E\�LQFOXGLQJ�D�WXQHG�+HOPKROW]�UHVRQDWRU�LQ�IURQW�RI�WKH�EX]]HU��$V�WKH�EX]]HU�LWVHOI�UHOLHV
RQ� SURQRXQFHG� QRQOLQHDULW\� �ZLWK� WKH�PRYLQJ� GLDSKUDJP� RU� SODWH� RVFLOODWLQJ� EH\RQG� LWV
OLQHDU� PRYHPHQW� OLPLWV��� LW� LV� QRW� UHDOLVWLFDOO\� VLPXODEOH� LQ� WKH� IUHTXHQF\� GRPDLQ� XVLQJ
FRPPRQ�OLQHDU�FLUFXLW�VLPXODWRUV��)RUWXQDWHO\�� WKDQNV� WR� WKH� ODUJH�DFRXVWLF�RXWSXW� LPSHG�
DQFH�RI�D�W\SLFDO�EX]]HU��WKH�+HOPKROW]�UHVRQDWRU�FDQ�EH�WXQHG��DW�OHDVW�WR�D�ILUVW�DSSUR[L�
PDWLRQ��DV�D�VHSDUDWH�HQWLW\�XVLQJ�VLPXODWLRQ��,I�QHHGHG��PHDVXUHPHQWV�FDQ�DLG�LQ�WKH�ILQDO
WXQLQJ�

7KHUH�LV�RQH�PRUH��SHUKDSV�OHVV�REYLRXV��VRXUFH�RI�LQWHUIHUHQFH��KDQGOLQJ�QRLVH��L�H�
VWURQJ�SLFNXS�RI�QRLVHV�FDXVHG�E\�WRXFKLQJ�DQG�VFUDWFKLQJ� WKH�SKRQH�GXULQJ�D�FDOO��+DQ�
GOLQJ� QRLVHV� FDQ� SUREDEO\� EH� FRXQWHUDFWHG� WR� VRPH� H[WHQW� E\� LPSURYLQJ� WKH� GDPSLQJ� RI
PHFKDQLFDO�YLEUDWLRQV�DURXQG�WKH�PLFURSKRQH��7KH�URXJKQHVV�DQG�WKLFNQHVV�RI� WKH�SKRQH
VXUIDFH��DV�ZHOO�DV�SRVVLEOH�DLU�FDYLWLHV�EHQHDWK�WKH�VXUIDFH�DFWLQJ�DV�VRXQG�ERDUGV��SOD\�D
UROH� WRR�� ,W� VKRXOG� DOVR� EH� UHPHPEHUHG� WKDW� SUHVVXUH� JUDGLHQW� �QRLVH� FDQFHOOLQJ�� PLFUR�
SKRQHV�WHQG�WR�EH�PRUH�VHQVLWLYH�WR�KDQGOLQJ�QRLVHV�WKDQ�SUHVVXUH��RPQLGLUHFWLRQDO��PLFUR�
SKRQHV��WKH�UHDVRQV�IRU�WKLV�ZLOO�QRW�EH�WUHDWHG�KHUH��

������ :LQG�QRLVH

1RLVH� FUHDWHG� E\� WXUEXOHQFH� DURXQG� WKH� PLFURSKRQH� FDQ� LQWHUIHUH� PRUH� VHULRXVO\� ZLWK
XSOLQN�VSHHFK� WKDQ�GRHV� ORXG�EDFNJURXQG�QRLVH��9RUWLFHV�FUHDWHG�E\�ZLQG� WXUEXOHQFH�DUH
HDVLO\� ORFDWHG�FORVHU� WR� WKH�PLFURSKRQH� WKDQ� WKH�XVHU¶V�PRXWK��7KH�VLWXDWLRQ�FDQ�EH�HYHQ
ZRUVH�LI�D�SUHVVXUH�JUDGLHQW�PLFURSKRQH�LV�XVHG��7KHQ��WKH�ORZ�IUHTXHQF\�WXUEXOHQFH�QRLVH
SLFNXS� JHWV� IXUWKHU� HQKDQFHG� E\� WKH� FORVH� GLVWDQFH� EHWZHHQ� WKH� YRUWLFHV� DQG� WKH�PLFUR�
SKRQH� �UHFDOOLQJ� WKH� SUR[LPLW\� HIIHFW� GHVFULEHG� DERYH��� HVSHFLDOO\� EHFDXVH� RI� WKH� TXDG�
UXSROH� QDWXUH� RI� YRUWLFHV� DV� VRXQG� VRXUFHV�� 6RXQG�ZDYHV� RULJLQDWLQJ� IURP� D� TXDGUXSROH
VRXUFH� VKRZ� DQ� ��GLVWDQFH�� DWWHQXDWLRQ� FKDUDFWHULVWLF� DW� VPDOO� GLVWDQFHV�� 7KLV� FDXVHV� D
JUHDWHU�SUHVVXUH�DPSOLWXGH�GLIIHUHQFH�EHWZHHQ�IURQW�DQG�EDFN�RI�D�SUHVVXUH�JUDGLHQW�PLFUR�
SKRQH�PHPEUDQH�WKDQ�ZRXOG�D�SRLQW�VRXUFH��HPLWWLQJ�VSKHULFDO�ZDYHV�ZLWK�DQ�DWWHQXDWLRQ
FKDUDFWHULVWLF�RI���GLVWDQFH��DW�WKH�VDPH�ORFDWLRQ�

)LOWHULQJ�FDQ�RQO\�OHDG�WR�OLPLWHG�LPSURYHPHQW��7KH�ZLQG�QRLVH�SLFNHG�XS�E\�WKH�PL�
FURSKRQH�ZLOO�XVXDOO\�KDYH�TXLWH�D�EURDG�VSHFWUXP�ZLWK�D�SHDN�DW�WKH�ORZ�IUHTXHQFLHV�DQG
H[WHQGLQJ� LQWR� WKH� VSHHFK� WUDQVPLVVLRQ�EDQG� �H�J�� >��@���:LQG� VFUHHQ� WHFKQLTXHV�XVHG� WR
SURWHFW�ELJJHU�PLFURSKRQHV�UHO\�RQ�SURYLGLQJ�D�SDUWO\�LVRODWHG�VSDFH�RI�DLU�DURXQG�WKH�PL�
FURSKRQH�� 6XFK� VSDFH� LV� KDUGHU� WR� SURYLGH� DURXQG� D� PRELOH� SKRQH� PLFURSKRQH� ZLWKRXW
PDNLQJ�WKH�SKRQH�ELJJHU��,W�LV�JRRG�WR�WU\�WR�ILQG�D�ORFDWLRQ�RQ�WKH�SKRQH�FRYHU�ZKHUH�WKH



6SHFLDO�DXGLR�SUREOHPV�DQG�VROXWLRQV������

PLFURSKRQH�FDQ�KDYH�VRPH�SURWHFWLRQ�DJDLQVW�WXUEXOHQFH��7KH�ZLQG�QRLVH�SUREOHP�ZLOO�QRW
EH�H[DPLQHG�DQ\�IXUWKHU�LQ�WKLV�WKHVLV�

������ (FKR

7KH� SUREOHP� RI� HFKRLQJ� ZDV� EULHIO\� LQWURGXFHG� LQ� VHFWLRQ� ������� (FKR� FDQFHOODWLRQ� LV
PDLQO\�D�WDVN�IRU�WKH�SKRQH�VRIWZDUH��EXW�VRPH�DFRXVWLFV�JXLGHOLQHV�FDQ�KHOS�WR�UHGXFH�WKH
ORDG�RQ�WKH�HFKR�FDQFHOODWLRQ�DOJRULWKPV��7KH�PDLQ�FRQFHUQ�LV�WKH�VRXQG�FRXSOLQJ�IURP�WKH
HDUSLHFH� WR� WKH�PLFURSKRQH��7KLV� VRXQG� FDQ� FRXSOH� WKURXJK� WKH� DLU� DQG� WKURXJK� WKH�PH�
FKDQLFDO� VWUXFWXUHV�RI� WKH�SKRQH��1R�H[SHULPHQWDO�RU� WKHRUHWLFDO� VWXG\�RI� WKH�PHFKDQLFDO
FRXSOLQJ�LV�NQRZQ�WR�WKH�ZULWHU��&RXSOLQJ�WKURXJK�WKH�DLU�LV�PRUH�VWUDLJKWIRUZDUG��DQG�WKLV
NLQG� RI� FRXSOLQJ� FRXOG� HYHQ� EH� DQDO\]HG� XVLQJ� VLPXODWLRQ�� 6XFK� D� VLPXODWLRQ�ZRXOG� LQ�
YROYH�WKH�UHFRJQL]DWLRQ�RI�D�W\SLFDO�OHDN�EHWZHHQ�WKH�SKRQH�FRYHU�DQG�WKH�XVHU¶V�HDU��DQG
VRPH�DSSUR[LPDWH�UHSUHVHQWDWLRQ�RI�WKH�DLU�SDWK�IURP�WKH�HDUSLHFH�WR�WKH�PLFURSKRQH��)UHH
ILHOG�FRQGLWLRQV�FRXOG�SUREDEO\�EH�XVHG�DV�D�URXJK�ILUVW�DSSUR[LPDWLRQ��DOWKRXJK�WKH�SUHV�
HQFH�RI�WKH�KHDG�ZLOO�KDYH�VRPH�HIIHFW�

������ (DUSLHFH�SHUIRUPDQFH

2I�WKH�WKUHH�PRELOH�SKRQH�DXGLR�WUDQVGXFHUV��WKH�HDUSLHFH�LV�VSHFLDO�LQ�WKDW�LW�KDV�WR�RSHUDWH
LQWR�D�ZLGHO\�YDU\LQJ�DFRXVWLF�ORDG��7KH�PLFURSKRQH�DQG�WKH�EX]]HU�DUH�SUDFWLFDOO\�DOZD\V
VXUURXQGHG�E\�IUHH�DLU��ZKLOH�WKH�HDUSLHFH�VHHV�WKH�DFRXVWLF�LQSXW�LPSHGDQFH�RI�WKH�XVHU¶V
HDU�DV�D�ORDG��1RZ��KRZHYHU��WKH�HDU�LPSHGDQFH�DORQH�LV�QRW�HQRXJK�WR�SURYLGH�D�UHDOLVWLF
SLFWXUH�RI�WKH�VLWXDWLRQ��7KHUH�ZLOO�DOPRVW�DOZD\V�EH�VRPH�OHDN�SUHVHQW�EHWZHHQ�WKH�SKRQH
FRYHU�DQG�WKH�XVHU¶V�HDU��DQG�WKLV�OHDN�DSSHDUV�DV�DQ�LPSHGDQFH�LQ�SDUDOOHO�ZLWK�WKH�LPSHG�
DQFH�IRUPHG�E\�WKH�HDU��6LQFH�WKH�HDU�LPSHGDQFH�LV�KLJK�FRPSDUHG�WR�WKH�UDGLDWLRQ�LPSHG�
DQFH�LQWR�IUHH�DLU��D�YDU\LQJ�OHDN�ZLOO�VKRZ�DV�D�FRQVLGHUDEOH�YDULDWLRQ�LQ�WKH�ORDG�LPSHG�
DQFH�VHHQ�E\�WKH�HDUSLHFH�

7KH�OHDN�EHWZHHQ�WKH�SKRQH�FRYHU�DQG�WKH�XVHU¶V�HDU�GHSHQGV�RQ�WKH�VKDSH�RI�WKH�HDU
DV�ZHOO�DV�RQ�WKH�UHODWLYH�SRVLWLRQ�RI�WKH�SKRQH��(DU�VKDSHV�DUH�LQGLYLGXDO��DQG�WKH�SRVLWLRQ
RI�WKH�SKRQH�PD\�FKDQJH�D�ORW�HYHQ�GXULQJ�D�VLQJOH�FDOO��7KH�XVHU�PLJKW�SUHVV� WKH�SKRQH
ILUPO\� DJDLQVW� WKH� HDU�� KROG� LW� ORRVHO\� �OLJKWO\� WRXFKLQJ� WKH� SLQQD��� RU� DQ\WKLQJ� EHWZHHQ
WKHVH� WZR� H[WUHPHV�� 7KLV� FDQ� KDYH� D� JUHDW� HIIHFW� RQ� WKH� VXEMHFWLYH� VRXQG� TXDOLW\� RI� WKH
HDUSLHFH��'HSHQGLQJ�RQ�WKH�DFRXVWLF�GHVLJQ��QRW�RQO\� WKH�SHUFHLYHG� ORXGQHVV�EXW�DOVR� WKH
IUHTXHQF\�EDODQFH�PD\�YDU\�PRUH�RU�OHVV�GHSHQGLQJ�RQ�KRZ�WKH�SKRQH�LV�KHOG�DJDLQVW�WKH
HDU��7\SLFDOO\�� EDVV� IUHTXHQFLHV� DUH�PRVW� DIIHFWHG� E\� D� YDU\LQJ� OHDN�� ,I� WKH� HDUSLHFH� IUH�
TXHQF\�UHVSRQVH� LV�VKDSHG�WR�EH�IODW�RU�QHDUO\� IODW� LQWR�D�VHDOHG�HDU�� WKH�EDVV� IUHTXHQFLHV
ZLOO�XVXDOO\�GURS�ZKHQ�D� OHDN� LV�SUHVHQW��7KXV�D�QRUPDO�XVHU�PD\�SHUFHLYH� WKH� VRXQG�DV
EHLQJ� XQSOHDVDQWO\� WKLQ� RU�ZHDN�� HYHQ� LI�PHDVXUHPHQW� UHVXOWV� LQWR� D� VHDOHG� DUWLILFLDO� HDU
LQGLFDWH�D�ZHOO�EDODQFHG�IUHTXHQF\�UHVSRQVH�

7R�FRXQWHUDFW�WKH�HIIHFWV�RI�WKH�YDU\LQJ�DFRXVWLF�ORDG��VRPH�LPSRUWDQW�IDFWV�PXVW�EH
UHFRJQL]HG�� DQG� DFFRUGLQJ� GHVLJQ� UXOHV� HVWDEOLVKHG�� 7KLV� ZD\� DQ� HDUSLHFH� FDQ� EH� PDGH
PRUH� OHDN� WROHUDQW��/HDN� WROHUDQFH� LV� D�PDMRU� WRSLF� LQ� WKLV� WKHVLV�� DQG� WKH� IROORZLQJ� WZR
FKDSWHUV�DUH�GHGLFDWHG�WR�WKLV�SDUWLFXODU�DUHD�RI�DFRXVWLFV�GHVLJQ�



'HVLJQ�H[DPSOH��OHDN�WROHUDQW�HDUSLHFH������

�� 'HVLJQ� H[DPSOH�� OHDN� WROHUDQW
HDUSLHFH

7KH�FRQFHSW�RI� OHDN� WROHUDQFH�ZLOO�EH�YLHZHG� LQ�D�JHQHUDO�PDQQHU� LQ� WKLV�FKDSWHU�� ,W�ZDV
PHQWLRQHG� LQ� FKDSWHU� �� WKDW�PHDVXULQJ�� RU� VLPXODWLQJ�� WKH� IUHTXHQF\� UHVSRQVH� RI� DQ� HDU�
SLHFH�ZLWK� GLIIHUHQW� DUWLILFLDO� HDU� LPSHGDQFHV� DV� ORDGV�ZLOO� SURYLGH� D� SLFWXUH� RI� WKH� OHDN
WROHUDQFH�RI�WKH�HDUSLHFH�LQ�TXHVWLRQ��:KDW�OHDN�WROHUDQFH�LV��DQG�ZK\�LW�LV�LPSRUWDQW��ZLOO
EH�WKH�ILUVW�WRSLF�RI�WKLV�FKDSWHU��7KH�HQG�RI�WKH�FKDSWHU�LV�GHGLFDWHG�WR�GHVLJQ�PHWKRGV�IRU
JRRG�OHDN�WROHUDQFH��,W�LV�WKHQ�ORJLFDO�WR�JR�RQ�WR�D�SUDFWLFDO�H[DPSOH�LQ�WKH�QH[W�FKDSWHU��LQ
RUGHU�WR�H[HPSOLI\�DQG�LOOXVWUDWH�WKH�VWDWHPHQWV�PDGH�KHUH�

���� /HDN�WROHUDQFH�²�ZKDW�DQG�ZK\

������ 3HUIRUPDQFH�UHTXLUHPHQWV

,W�KDV�EHHQ�PHQWLRQHG�WKDW�QRUPDO�XVH�RI�D�SKRQH�LQYROYHV�NHHSLQJ�LW�DJDLQVW�WKH�HDU�LQ�D
YDULHW\�RI�SRVLWLRQV��ZLWK�D�YDU\LQJ�SUHVVXUH��7KH�HDUSLHFH�LWVHOI�VKRXOG�EH�DEOH�WR�SURYLGH�D
VXIILFLHQW�DPRXQW�RI�VRXQG�SUHVVXUH�WR�WKH�HDU�LQ�DOO�QRUPDO�VLWXDWLRQV��,GHDOO\��WKHUH�VKRXOG
EH�QR�QHHG�WR�SUHVV�WKH�SKRQH�WLJKWO\�DJDLQVW�WKH�HDU�LQ�RUGHU�WR�JHW�D�JRRG�VSHHFK�UHSUR�
GXFWLRQ��+DYLQJ� WR� NHHS� SUHVVLQJ� WKH� SKRQH� WLJKWO\� DJDLQVW� WKH� HDU� GXULQJ� D� FDOO� FUHDWHV
GLVFRPIRUW��DQG�UHOLHYLQJ�WKH�SUHVVXUH�LQWURGXFHV�D�OHDN�WKDW�ZLOO�FDXVH�WKH�ORZ�IUHTXHQFLHV
WR�GURS�LI�WKH�HDUSLHFH�LQ�TXHVWLRQ�LV�QRW�OHDN�WROHUDQW��WKH�UHDVRQ�IRU�WKLV�ZLOO�EH�H[DPLQHG
ODWHU���0LVVLQJ�ORZ�IUHTXHQFLHV�FRPELQHG�ZLWK�EDFNJURXQG�QRLVH�FDQ�DOVR�OHDG�WR�UHGXFHG
RU� ORVW� VSHHFK� LQWHOOLJLELOLW\�� 7KH� SRVVLEOH� UHPHG\�²� HTXDOL]LQJ� WKH� UHVSRQVH� WR� EH� IODW
HQRXJK�ZKHQ�D�OHDN�LV�SUHVHQW�²�ZRXOG�WKHQ�OHDG�WR�WRR�ORXG�EDVV�IUHTXHQFLHV�LI�WKH�SKRQH
ZHUH�SUHVVHG�WLJKWO\�DJDLQVW�WKH�HDU��7KLV�LV�YHU\�LPSRUWDQW�IRU�SURGXFW�OLDELOLW\�UHDVRQV��WKH
SKRQH�XVHU�PLJKW�EH�WHPSWHG�WR�SUHVV�WKH�SKRQH�WLJKWO\�DJDLQVW�KLV�RU�KHU�HDU� LI� WKH�HQYL�
URQPHQW�LV�QRLV\��EXW�WKHQ�WKH�GRZQOLQN�VSHHFK�PLJKW�DOVR�FUHDWH�GDQJHURXVO\�KLJK�VRXQG
SUHVVXUH�OHYHOV�LQ�WKH�HDU��$�SKRQH�PDQXIDFWXUHU�LV�QRW�ZLOOLQJ�WR�WDNH�WKLV�ULVN�

������ 7HVW�DQG�PHDVXUHPHQW�UHTXLUHPHQWV

,Q�RUGHU�WR�IRUPXODWH�DQ�XQDPELJXRXV�UHTXLUHPHQW�RQ�VRPH�DXGLR�IUHTXHQF\�UHVSRQVH��H�J�
UHFHLYLQJ�IUHTXHQF\�UHVSRQVH��VKRZQ�LQ�ILJ��������WKH�IXOO�VLJQDO�SDWK�KDV�WR�EH�FOHDUO\�GH�
ILQHG��0DQ\�W\SH�DSSURYDO�DXGLR�WHVWV�LQFOXGH�WKH�SKRQH�WUDQVGXFHUV��DQG�WKXV�WKHVH�WUDQV�
GXFHUV�KDYH�WR�EH�FRQQHFWHG�WR�WKH�WHVW�HTXLSPHQW�LQ�D�SUHGHILQHG�ZD\��7KLV�LV�GRQH�XVLQJ
VWDQGDUG�DUWLILFLDO�PRXWKV�DQG�HDUV��,Q�DGGLWLRQ��WKH�PRXQWLQJ�RI�WKHVH�WR�WKH�SKRQH�XQGHU
WHVW�LV�DFFXUDWHO\�GHILQHG�LQ�W\SH�DSSURYDO�WHVW�VSHFLILFDWLRQV��)RU�REYLRXV�UHDVRQV��WKH�WHVWV
DUH�GHILQHG�VR�DV�WR�EH�DFFXUDWH�DQG�VLPSOH�HQRXJK�WR�UXQ�

,Q�VRPH�FDVHV�WHVW�UHTXLUHPHQWV�DQG�SHUIRUPDQFH�UHTXLUHPHQWV�DUH�FRQWUDGLFWRU\��$
YHU\�LPSRUWDQW�H[DPSOH�LV�WKH�SKRQH�HDUSLHFH�SHUIRUPDQFH��GHVFULEHG�LQ�WKH�DERYH�VHFWLRQ�
7\SH� DSSURYDO� WHVWV� XVXDOO\� VSHFLI\� �IRU� VLPSOLFLW\�� XQDPELJXLW\�� DQG� REYLRXVO\� WR� VRPH
H[WHQW�HYHQ�KLVWRULFDO�UHDVRQV��WKDW�WKH�HDUSLHFH�EH�VHDOHG�WR�DQ�DUWLILFLDO�HDU�GXULQJ�PHDV�
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XUHPHQW��7KLV�UHPRYHV�WKH�DGGLWLRQDO�OHDN�WKDW�LV�DOPRVW�DOZD\V�SUHVHQW�LQ�D�QRUPDO�XVDJH
VLWXDWLRQ��,Q�RWKHU�ZRUGV��WKH�W\SH�DSSURYDO�PHDVXUHPHQW�ZLOO�EH�LQWR�DQ�DFRXVWLF�ORDG�WKDW
GLIIHUV� TXLWH� D� ORW� IURP� WKH� ORDG� VHHQ� E\� WKH� HDUSLHFH� XQGHU�PRVW� QRUPDO� FLUFXPVWDQFHV�
8QOHVV�WKH�HDUSLHFH�LV�PDGH�OHDN�WROHUDQW��WKLV�ZLOO�OHDG�WR�LQHYLWDEOH�WUDGHRIIV�LQ�WKH�DFRXV�
WLFV�GHVLJQ��VRXQG�SUHVVXUH� OHYHO� LQWR�D�VHDOHG�DUWLILFLDO�HDU�PXVW�EH�NHSW�EHORZ�VSHFLILHG
OLPLWV��EXW�WKHQ�WKH�RXWSXW�LQWR�D�QRUPDO��OHDNLQJ��HDU�ZLOO�EH�WRR�ORZ��L�H��WKH�VSHHFK�ZLOO
VRXQG�WRR�ZHDN�DQG�WKLQ�

������ %DFNJURXQG�WKHRU\

$�FOHDU�LQVLJKW�LQWR�ZKDW�WKH�FRQFHSW�RI�OHDN�WROHUDQFH�LV�DERXW�FDQ�EH�JDLQHG�E\�FUHDWLQJ
DQ�HTXLYDOHQW�FLUFXLW�RI�D�FRQYHQWLRQDO�SKRQH�HDUSLHFH�KHOG�DJDLQVW�WKH�XVHU¶V�HDU�

)LJXUH������&URVV�VHFWLRQDO�YLHZ�RI� FRQYHQWLRQDO�SKRQH�HDUSLHFH�KHOG�DJDLQVW� WKH�XVHU¶V
HDU��LQWHUQDO�SDUWV�RI�WKH�SKRQH��RWKHU�WKDQ�WKH�HDUSLHFH�FDSVXOH��DUH�QRW�VKRZQ��

7KH�YLVXDOL]DWLRQ�RI�WKH�FLUFXLW�EHJLQV�E\�UHFRJQL]LQJ�WKDW�WKH�HDUSLHFH�FDQ�EH�VLPSO\�GH�
VFULEHG�DV�D�SUHVVXUH� VRXUFH�ZLWK� D�JLYHQ� LQWHUQDO� VHULHV� LPSHGDQFH� �E\�DSSO\LQJ�7KHYH�
QLQ¶V� WKHRUHP� LQ� WKH� DFRXVWLFDO� GRPDLQ�� MXVW� DV� LQ� HOHFWULF� FLUFXLW� WKHRU\��� 7KLV� VRXUFH� LV
WKHQ� FRQQHFWHG� WR� DQ� DFRXVWLF� LPSHGDQFH� UHSUHVHQWLQJ� WKH� HDU�� )LQDOO\�� WKH� OHDN�PXVW� EH
LQFOXGHG��5HPHPEHULQJ�WKDW�DLU�IORZ�LV�HTXLYDOHQW�WR�FXUUHQW�LQ�WKH�DFRXVWLFDO�GRPDLQ��LW�LV
HDV\�WR�XQGHUVWDQG�WKDW�WKH�OHDN�PXVW�EH�DQ�DFRXVWLF�LPSHGDQFH�LQ�SDUDOOHO�ZLWK�WKH�HDU��WKH
FXUUHQW��YROXPH�YHORFLW\��VXSSOLHG�E\�WKH�HDUSLHFH�LV�GLYLGHG�EHWZHHQ�WKH�HDU�DQG�WKH�OHDN�
7KH�UHVXOW�LV�

SH

=DH

=DO =DX

TO

TH

SX

3KRQH ([WHULRU

)LJXUH������6LPSOH�HTXLYDOHQW�FLUFXLW�RI�HDUSLHFH�KHOG�DJDLQVW�HDU�
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,Q�WKH�DERYH�SLFWXUH��DQG�IURP�QRZ�RQ��WKH�IROORZLQJ�VXEVFULSWV�DUH�XVHG��H� �HDUSLHFH��O� 
OHDN��X� �XVHU¶V�HDU��7KH�SUHVVXUH�LQWR�WKH�XVHU¶V�HDU�LV�GHQRWHG�KHUH�E\� SX ��7KH�HDU�LQSXW
LPSHGDQFH� =DX �LV�IUHTXHQF\�GHSHQGHQW�DQG�YDULHV�WR�VRPH�H[WHQW�EHWZHHQ�LQGLYLGXDOV��EXW
IRU�VLPSOLFLW\�LW�LV�FRQVLGHUHG�LQYDULDQW�KHUH��$�QRQ�OHDNLQJ�DUWLILFLDO�HDU�VXFK�DV�WKH�,78�7
3����W\SH���HDU�>��@�LV�DQ�DSSUR[LPDWLRQ�RI�D�W\SLFDO�KXPDQ�HDU�ZLWK�LPSHGDQFH� =DX ��7KH
LQWHUQDO� LPSHGDQFH� =DH � GHSHQGV� RQ� WKH� SURSHUWLHV� DQG�PRXQWLQJ� RI� WKH� HDUSLHFH� FDSVXOH
LQVLGH�WKH�SKRQH��L�H��LW�LV�FRQVWDQW�IRU�DQ\�JLYHQ�HDUSLHFH�FDSVXOH�DQG�SKRQH�PHFKDQLFV��7R
VXP�LW�XS��DW�D�JLYHQ�IUHTXHQF\�� WKH�FLUFXLW�FRQVLVWV�RI� WZR�FRQVWDQW� LPSHGDQFHV�DQG�RQH
WKDW�VKRZV�D�ZLGH�YDULDWLRQ��WKH�OHDN�LPSHGDQFH� =DO ���7KLV�LPSHGDQFH�LV�YHU\�KLJK��LQ�WKH�
RU\�� LQILQLWH��ZKHQ�WKH�SKRQH�LV�SUHVVHG�ILUPO\�DJDLQVW� WKH�HDU��ZKLOH�LW� LV�YHU\�ORZ�ZKHQ
WKHUH�LV�D�ELJ�OHDN�EHWZHHQ�WKH�HDU�DQG�WKH�SKRQH�FRYHU�

$VVXPLQJ�D�FRQVWDQW�HOHFWULF�LQSXW�VLJQDO�WR�WKH�HDUSLHFH�FDSVXOH��WKH�VRXUFH�SUHVVXUH
SH �ZLOO�DOVR�EH�FRQVWDQW��+RZHYHU�� WKH�UHVXOWDQW�YROXPH�YHORFLW\� TH �ZLOO�YDU\�GXH� WR� WKH
SUHVHQFH�RI�WKH�YDU\LQJ�OHDN��$V�D�UHVXOW��WKHUH�ZLOO�EH�D�YDU\LQJ�SUHVVXUH�GURS�DFURVV� =DH �
ZKLFK�ZLOO�LQ�WXUQ�OHDG�WR�D�YDU\LQJ� SX �GHOLYHUHG�WR�WKH�XVHU¶V�HDU��([SUHVVHG�PDWKHPDWL�
FDOO\��WKH�YDULDWLRQ�RI� SX �LV

( )∆ ∆S T =X H DH= �����

,W�LV�VHHQ�QRZ�WKDW�WR�PLQLPL]H�WKLV�YDULDWLRQ��ZKLFK�LV�HTXLYDOHQW�WR�PDNLQJ�WKH�HDUSLHFH
OHDN�WROHUDQW���RQH�KDV�WR�

• PLQLPL]H�WKH�LQWHUQDO�LPSHGDQFH�=DH ��DQG�RU
• VWDELOL]H�WKH�RXWSXW�YROXPH�YHORFLW\�TH �

$FFRUGLQJ� WR� WKLV� LW� LV�SRVVLEOH� WR� VWDWH� D�PRUH� VWULQJHQW�GHILQLWLRQ�RI� OHDN� WROHUDQFH�� WKH
OHDN�WROHUDQFH�RI�DQ�HDUSLHFH�LV�WKH�UHODWLYH�VHQVLWLYLW\�RI�WKH�VRXQG�SUHVVXUH�GHOLYHUHG�WR
WKH�XVHU¶V� HDU� WR� FKDQJHV� LQ� WKH� WRWDO� ORDG� LPSHGDQFH� IRUPHG�E\� WKH�XVHU¶V� HDU�DQG�DQ\
OHDNV�EHWZHHQ�WKH�XVHU¶V�HDU�DQG�WKH�HDUSLHFH�

,W�LV�DOVR�LPSRUWDQW�WR�QRWH�WKDW��EHLQJ�D�PRUH�RU�OHVV�QDUURZ�FRQVWULFWLRQ�� =DO �KDV�WKH
QDWXUH�RI�D�5/�VHULHV�LPSHGDQFH��7KXV�WKH�OHDN�ZLOO�EH�PRUH�RSHQ�DW�ORZ�IUHTXHQFLHV��DQG
ORZ�IUHTXHQFLHV�FDQ�EH�H[SHFWHG�WR�GURS�PRUH�WKDQ�KLJK�IUHTXHQFLHV�ZKHQ�WKH�OHDN�LV�SUHV�
HQW� �DV�ZDV�EULHIO\�VWDWHG� LQ�VHF����������7KHUHIRUH� LW� LV�XVXDOO\�JRRG� WR� IRFXV�RQ� WKH� ORZ
IUHTXHQF\�EHKDYLRXU�ZKHQ�GHVLJQLQJ�DQ�HDUSLHFH�IRU�JRRG�OHDN�WROHUDQFH�

������ 3UDFWLFDO�LPSOHPHQWDWLRQ

7KH� LQWHUQDO� DFRXVWLF� LPSHGDQFH� �RU�� HTXLYDOHQWO\�� DFRXVWLF� RXWSXW� LPSHGDQFH�� =H � RI� WKH
HDUSLHFH�FDQ�EH�DOWHUHG�E\�FKDQJLQJ�WKH�SURSHUWLHV�DQG�RU�PRXQWLQJ�RI�WKH�HDUSLHFH�FDSVXOH�
=DH � LV�WKH�DFRXVWLF�LPSHGDQFH�WKDW�ZRXOG�EH�VHHQ�ORRNLQJ�LQWR�WKH�HDUSLHFH�IURP�WKH�RXW�
VLGH�RI�WKH�SKRQH��0DNLQJ�WKLV�LPSHGDQFH�VPDOO�PHDQV�PDNLQJ�WKH�PHPEUDQH�RI�WKH�HDU�
SLHFH�FDSVXOH�DV�PRELOH�DV�SRVVLEOH� �UHFDOOLQJ� WKH�GHILQLWLRQV�RI� DFRXVWLF� DQG�PHFKDQLFDO
LPSHGDQFHV�LQ�FKDSWHU�����$QRWKHU�SRVVLEOH�ZD\�LV�WR�DGG�DLU�IORZ�URXWHV��OHDNV��LQ�SDUDOOHO
ZLWK�WKH�WUDQVGXFHU��7KHVH�VROXWLRQV�ZLOO�DOO�EH�YLHZHG�LQ�PRUH�GHWDLO�EHORZ�

6WDELOL]LQJ�WKH�YROXPH�YHORFLW\� TH �FRXOG�PHDQ�HLWKHU�PDNLQJ� =DH �YHU\�ODUJH��ZKLFK
ZRXOG�FRQWUDGLFW�WKH�DERYH�DQG�ZDVWH�PRVW�RI�WKH�HDUSLHFH�RXWSXW�SUHVVXUH�DQG�LV�WKHUHIRUH
ZRUWKOHVV�DV�D�GHVLJQ�PHWKRG���RU�VWDELOL]LQJ� WKH� OHDN� LPSHGDQFH� =DO ��7KH�VLPSOHVW� �DQG�
XVXDOO\��PRVW�HOHJDQW��ZD\�WR�DFFRPSOLVK�WKLV�LV�WR�DGG�D�GHOLEHUDWH�SDUDOOHO�OHDN�WKDW�FDQQRW
EH�EORFNHG�E\�WKH�XVHU¶V�HDU��,Q�RWKHU�ZRUGV��WKLV�DGGHG�SDUDOOHO�OHDN�LV�WR�EH�LPSOHPHQWHG
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DV�WRSRORJLFDOO\�HTXLYDOHQW�WR� =DO �EXW�D�SDUW�RI�WKH�HDUSLHFH�LWVHOI�²�QRW�EHORQJLQJ�WR�WKH
H[WHULRU�RI�WKH�SKRQH�DV�=DO �GRHV�

=D[ =DO

TO

=DO


)LJXUH������$GGLQJ�D�GHOLEHUDWH�OHDN�

7KH�DGGHG�OHDN� =D[ �PXVW�EH�FKRVHQ�VPDOO�HQRXJK�LQ�FRPSDULVRQ�ZLWK� =DX �IRU�JRRG�VWDELOL�
]DWLRQ��,QVWHDG�RI�YDU\LQJ�EHWZHHQ�YHU\�VPDOO�DQG�YHU\�ODUJH��WKHRUHWLFDOO\��LQILQLWH��YDOXHV�
WKH�WRWDO�OHDN�LPSHGDQFH� =DO 
 �ZLOO�QRZ�KDYH�DQ�XSSHU�ERXQG�HTXDO�WR� =D[ �� =D[ �PXVW�QRW�EH
FKRVHQ�WRR�VPDOO��KRZHYHU��EHFDXVH�WKDW�FRXOG�PDNH�WKH� OHDN�GUDZ�WRR�PXFK�YROXPH�YH�
ORFLW\��DQG�DV�D�UHVXOW�WKH�SUHVVXUH�GURS�DFURVV�=DH �ZRXOG�EH�H[FHVVLYH�

,Q�WKHRU\��DV�FDQ�EH�VHHQ�IURP�HT����������JRRG�SHUIRUPDQFH�FRXOG�EH�DFKLHYHG�DOVR
E\�PDNLQJ� TH �DV�VPDOO�DV�SRVVLEOH��ZKLFK�ZRXOG�PHDQ�HOLPLQDWLQJ�DOO�OHDNV���7KLV�VROXWLRQ
LV�QRW�UHOHYDQW�KHUH��RI�FRXUVH��EHFDXVH�WKH�YHU\�LGHD�RI�OHDN�WROHUDQFH�LV�DERXW�DOORZLQJ�D
YDU\LQJ�DPRXQW�RI� YROXPH�YHORFLW\� WR� HVFDSH� WKURXJK� WKH� OHDN�EHWZHHQ� WKH�SKRQH� FRYHU
DQG�WKH�XVHU¶V�HDU��(YHQ�LI� WKLV� OHDN�ZHUH�HOLPLQDWHG�� WKH�HDU� LWVHOI�ZRXOG�VWLOO�GUDZ�VRPH
YROXPH�YHORFLW\�VLQFH�WKH�DFRXVWLF�LQSXW�LPSHGDQFH�RI�D�KXPDQ�HDU�LV�ILQLWH��VHH�ILJ������IRU
DQ�DSSUR[LPDWLRQ�E\�WKH�,78�7�3����W\SH���HDU�VLPXODWLRQ�PRGHO���7KXV�RQH�KDV�WR�EH�VDW�
LVILHG�ZLWK�PHUHO\�VWDELOL]LQJ��QRW�HOLPLQDWLQJ��TH �

���� 7KH�WUDQVGXFHU�FRPSRQHQW

������ '\QDPLF�HDUSLHFH�FDSVXOH�LQ�WKUHH�GRPDLQV

7KH�W\SLFDO�HDUSLHFH�FDSVXOH�LV�D�VPDOO�G\QDPLF�WUDQVGXFHU��(YHQ�LQ�H�J��DQ�HOHFWURPDJQHWLF
WUDQVGXFHU� WKH�PHFKDQLFDO�FRQVWUXFWLRQ�UHPDLQV� WKH�VDPH� LQ�SULQFLSOH�� WKHUH� LV�D�PRYDEOH
PHPEUDQH�DFWLQJ�DV� D� VRXQG� VRXUFH��7KLV�PHPEUDQH�DOZD\V�KDV� D�JLYHQ�PHFKDQLFDO� LP�
SHGDQFH��RU�DFRXVWLF�LPSHGDQFH��LI�UDWKHU�YLHZHG�LQ�WKH�DFRXVWLFDO�GRPDLQ���,Q�LWV�VLPSOHVW
IRUP�� WKH�PHFKDQLFDO� LPSHGDQFH�RI� WKH�PHPEUDQH�FDQ�EH� UHSUHVHQWHG�E\�D�SDUDOOHO�5/&
FLUFXLW��7KH�LQGXFWDQFH�DQG�FDSDFLWDQFH�DUH�WKH�FRPSOLDQFH�&PP �DQG�PRYLQJ�PDVV� /PP �RI
WKH�PHPEUDQH�� UHVSHFWLYHO\�� DQG� WKH� UHVLVWDQFH� LV� WKH� UHFLSURFDO� YDOXH� RI� WKH�PHFKDQLFDO
UHVLVWDQFH� 5PP �� 7KLV� UHSUHVHQWDWLRQ� RI� WKH�PHPEUDQH� LV� XQGHUVWRRG�E\� UHFDOOLQJ� WKDW� WKH
LQYHUVH� �DGPLWWDQFH��DQDORJ\� LV�XVHG� LQ� WKH�PHFKDQLFDO�GRPDLQ��2WKHU�QHFHVVDU\�FRPSR�
QHQWV�LQ�WKH�HTXLYDOHQW�FLUFXLW�DUH�WKH�YRLFH�FRLO�UHVLVWDQFH�DQG�WKH�LQWHU�GRPDLQ�WUDQVIRUP�
HUV�DQG�J\UDWRUV��7KH��HIIHFWLYH��DUHD�RI�WKH�PHPEUDQH� $P �DSSHDUV�DV�WKH�WUDQVFRQGXFWDQFH
RI�WKH�J\UDWRU��DQG�WKH�UHFLSURFDO�RI�WKH�IRUFH�IDFWRU�%O�DSSHDUV�DV�WKH�WUDQVIRUPDWLRQ�UDWLR
RI� WKH� WUDQVIRUPHU�� ,W� LV� DVVXPHG� IURP� QRZ� RQ� WKDW� WKH� YRLFH� FRLO� LQGXFWDQFH� LV� VPDOO
HQRXJK�WR�EH�VDIHO\�GLVUHJDUGHG�
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9RLFH 7UDQVGXFWLRQ 0HPEUDQH����YRLFH�FRLO�
FRLO

(DUSLHFH�FDSVXOH

0HPEUDQH�DUHD

(OHFWULF
LQSXW

$FRXVWLF
ORDG

)LJXUH������(TXLYDOHQW�FLUFXLW�RI� WKH�WUDQVGXFWLRQ�PHFKDQLVP�DQG�PHPEUDQH�RI�D� W\SLFDO
G\QDPLF�HDUSLHFH�FDSVXOH��7KH�WUDQVIRUPHU�DQG�WKH�J\UDWRU�DUH�LGHDO�

7KH�H[WHQW�RI�WKH�HDUSLHFH�FDSVXOH�LV�PDUNHG�LQ�WKH�SLFWXUH��,W�VKRXOG�EH�QRWHG�WKDW�WKHUH�LV
DOZD\V�VRPH�NLQG�RI�DFRXVWLF�ORDG�WKDW�ORDGV�WKH�PRYLQJ�PHPEUDQH��7KH�PRVW�LPSRUWDQW�RI
WKHVH�LV�WKH�KRXVLQJ�RI�WKH�HDUSLHFH�FDSVXOH�LWVHOI��,Q�RWKHU�ZRUGV��D�FRPSOHWH�PRGHO�RI�DQ
HDUSLHFH�FDSVXOH�ZLOO�QHHG�WR�LQFOXGH�D�IHZ�FRPSRQHQWV�UHSUHVHQWLQJ�WKH�KRXVLQJ�LQ�DGGL�
WLRQ�WR�WKH�HOHFWULFDO�DQG�PHFKDQLFDO�GRPDLQ�FRPSRQHQWV�VKRZQ�DERYH��6XEVFULSWV�XVHG��LQ
DGGLWLRQ�WR�WKH�RQHV�DOUHDG\�LQWURGXFHG��DUH��F� �YRLFH�FRLO��P� �PRYLQJ�SDUWV��PHPEUDQH
DQG�YRLFH�FRLO�WRJHWKHU��

7KH�KRXVLQJ�� VXSSRUWLQJ� WKH�PHPEUDQH� DQG� FRQWDLQLQJ� WKH�PDJQHW� DQG� WKH� HOHFWULF
FRQQHFWRUV��PD\� YDU\� LQ� FRQVWUXFWLRQ�� +RZHYHU�� D� JHQHUDO�PRGHO� RI� WKH� KRXVLQJ� FDQ� EH
YLVXDOL]HG�E\�QRWLQJ�WKDW� WKHUH�LV�DOZD\V�D�VPDOO�VSDFH�RI�DLU�EHKLQG�WKH�GLDSKUDJP��7KLV
VSDFH�PD\�EH�HLWKHU� IXOO\�HQFORVHG�E\� WKH�KRXVLQJ��FORVHG��DLU�WLJKW�EDFN���RU�FRPSOHWHO\
IUHH��RSHQ�EDFN���RU�DQ\WKLQJ�LQ�EHWZHHQ��,W�LV�FRPPRQ�WR�KDYH�VRPH�NLQG�RI�VPDOO�SHUIR�
UDWLRQ�RU�SRURXV�PHPEUDQH�RQ�WKH�EDFN�RI�WKH�KRXVLQJ��ZKLFK�IXQFWLRQV�DV�D�ILQLWH�DFRXVWLF
UHVLVWDQFH� �WKLV� LV� GHQRWHG� E\� VPDOO� FURVVHV� LQ� ILJ�� ������ 7KLV� UHVLVWDQFH� FDQ� EH� VPDOO� RU
ODUJH��DQG�WKH�H[WUHPH�OLPLWV�FRUUHVSRQG�WR�D�IXOO\�FORVHG�RU�IXOO\�RSHQ�EDFN��$Q\�RSHQLQJV
LQ�WKH�EDFN�VKRZ�XS�DV�D�VHULHV�5/�LPSHGDQFH��DQG�WKH�VSDFH�EHKLQG�WKH�GLDSKUDJP�DSSHDUV
DV�D�JURXQGHG�FDSDFLWRU��7KH�KRXVLQJ�LV�GHQRWHG�E\�WKH�VXEVFULSW�K�

=

/DK5DK

&DK

)LJXUH������$FRXVWLF� LPSHGDQFH�RI�D� W\SLFDO� HDUSLHFH� FDSVXOH�KRXVLQJ� �WKH�PHPEUDQH� LV
OHIW�RXW�LQ�WKH�SLFWXUH��

1RZ�WKH�IXOO�HTXLYDOHQW�FLUFXLW�FDQ�EH�FUHDWHG�
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9RLFH 7UDQV� 0HPEUDQH����YRLFH�FRLO�

DFRXVWLF
ORDG

FRLO GXFWLRQ
+RXVLQJ

(OHFWULF
LQSXW

)URQW

DFRXVWLF
ORDG

%DFN

0HPEUDQH
DUHD

)LJXUH������)XOO�WKUHH�GRPDLQ�HTXLYDOHQW�FLUFXLW�RI�D�W\SLFDO�HDUSLHFH�FDSVXOH�

$�JHQHUDO�G\QDPLF�HDUSLHFH�FDSVXOH�PRGHO�KDV�IRXU�WHUPLQDOV��WZR�HOHFWULF�LQSXW�WHUPLQDOV�
DV�ZHOO� DV� IURQW�DQG�EDFN�DFRXVWLF� WHUPLQDOV���2I� FRXUVH�� LI� WKH�EDFN�RI� WKH�PHPEUDQH� LV
FRPSOHWHO\�FORVHG��DLU�WLJKW���WKHQ�LQ�HIIHFW�WKH�DFRXVWLF�UHVLVWDQFH�LQ�WKH�´KRXVLQJ´�SDUW�RI
WKH�FLUFXLW�LV�LQILQLWH�DQG�WKHUH�LV�RQO\�D�IURQW�DFRXVWLF�WHUPLQDO�

������ '\QDPLF�HDUSLHFH�FDSVXOH�LQ�WKH�DFRXVWLFDO�GRPDLQ

7R�LOOXVWUDWH�WKH�FRQFHSW�RI�OHDN�WROHUDQFH��LW�LV�XVHIXO�WR�UHVWULFW�WKH�DWWHQWLRQ�WR�WKH�DFRXVWL�
FDO� GRPDLQ� RQO\�� )LUVW� LV� LV� DVVXPHG� WKDW� WKH� DERYH� HDUSLHFH� FDSVXOH� LV� FRQQHFWHG� WR� DQ
DPSOLILHU��ZLWK�]HUR�RU�QHJOLJLEOH�RXWSXW�LPSHGDQFH��E\�LWV�HOHFWULF�LQSXW�WHUPLQDOV��DQG�WKH
DFRXVWLF�WHUPLQDOV�DUH�OHIW�RSHQ�FLUFXLWHG���,I�WKH�DPSOLILHU�GRHV�QRW�KDYH�D�QHJOLJLEOH�RXW�
SXW� LPSHGDQFH�� WKHQ� WKLV� LPSHGDQFH� FDQ� EH� LQFOXGHG� LQ� WKH� YRLFH� FRLO� LPSHGDQFH���$V� D
UHVXOW�� D�JLYHQ�SUHVVXUH�ZLOO� DSSHDU�EHWZHHQ� WKH� IURQW� DQG�EDFN�DFRXVWLF� WHUPLQDOV��$OVR�
WKHUH�LV�D�FHUWDLQ�LPSHGDQFH�DVVRFLDWHG�ZLWK�WKH�DFRXVWLF�RXWSXW�WHUPLQDOV��7KLV�LPSHGDQFH
FDQ�EH�PRGHOOHG�E\�ILUVW�UHGXFLQJ�WKH�HOHFWULF�FLUFXLW�WR�WKH�PHFKDQLFDO�GRPDLQ��7KH�UHVXOW
RI�WKLV�RSHUDWLRQ�LV�D�UHVLVWDQFH�LQ�SDUDOOHO�ZLWK�WKH�PHPEUDQH�PHFKDQLFDO�UHVLVWDQFH��7KLV
PHDQV�DOVR�WKDW�WKH�PHFKDQLFDO�UHVLVWDQFH��GDPSLQJ��RI�WKH�PHPEUDQH�LV�GHSHQGHQW�RQ�WKH
UHVLVWDQFH� LQ� WKH� HOHFWULF� FLUFXLW�� D�SKHQRPHQRQ�NQRZQ�DV�HOHFWURPDJQHWLF�GDPSLQJ��7KH
VPDOOHU�WKH�HOHFWULF�FLUFXLW�UHVLVWDQFH��WKH�KLJKHU�WKH�GDPSLQJ�

7KH�VDPH�SURFHGXUH�FDQ� WKHQ�EH�DSSOLHG� WR� UHGXFH� WKH� WRWDO�PHFKDQLFDO� LPSHGDQFH
�LQFOXGLQJ�HOHFWURPDJQHWLF�GDPSLQJ��WR�WKH�DFRXVWLFDO�GRPDLQ��7KLV�ZLOO�UHVXOW� LQ�D�VHULHV
5/&�FLUFXLW��7R�VXP�LW�XS��WKH�ZKROH�HTXLYDOHQW�FLUFXLW�WR�WKH�OHIW�RI�WKH�KRXVLQJ�LQ�ILJ������
LQFOXGLQJ�WKH�DPSOLILHU�QRW�VKRZQ�LQ�WKH�SLFWXUH��FDQ�EH�UHSUHVHQWHG�VLPSO\�E\�D�SUHVVXUH
VRXUFH�DQG�DQ�DFRXVWLF�LPSHGDQFH��VHULHV�5/&�FLUFXLW��DFFRUGLQJ�WR�7KHYHQLQ¶V�WKHRUHP�

/DK 5DK

&DK
SH

&DP/DP5DP


0HPEUDQH��YRLFH�FRLO�DQG�DPSOLILHU+RXVLQJ

%DFN )URQW

)LJXUH������$FRXVWLFDO� GRPDLQ� HTXLYDOHQW� FLUFXLW� RI� G\QDPLF� HDUSLHFH� FDSVXOH� IHG�E\�DQ
DPSOLILHU�

8VLQJ�ILJV����������DQG�EDVLF�HOHFWULF�FLUFXLW�WKHRUHPV��LW�FDQ�EH�VKRZQ�WKDW�



'HVLJQ�H[DPSOH��OHDN�WROHUDQW�HDUSLHFH������

S
%O

5 $
XH

F P
LQ= �����

( )
5

5

$

%O

5 $DP
PP

P F P


 = +�

�

� �����

/
/
$DP
PP

P

= � �����

& & $DP PP P= � �����

ZKHUH� XLQ �LV�WKH�LQSXW�YROWDJH�EURXJKW�WR�WKH�HOHFWULF�FRQQHFWRUV�E\�WKH�DPSOLILHU��7KH�VHF�
RQG�WHUP�LQ�HT��������UHSUHVHQWV�WKH�HOHFWURPDJQHWLF�GDPSLQJ��DQG�WKLV�WHUP�JRHV�WR�]HUR�LI
WKH�DPSOLILHU�LV�GLVFRQQHFWHG��EHFDXVH�WKH�WRWDO�UHVLVWDQFH�LQ�WKH�DPSOLILHU���YRLFH�FRLO�ORRS�
QRUPDOO\�HTXDO�WR� 5F ��ZLOO�WKHQ�EH�LQILQLWH��

,W� LV� LPSRUWDQW� WR�QRWH� WKDW� WKH�FLUFXLWV�DERYH�DVVXPH�WKDW� WKH�PHPEUDQH�LV�DLU�WLJKW
DQG�WKDW�QR�DLU�FDQ�IORZ�SDVW� WKH�PHPEUDQH� LQVLGH� WKH�HDUSLHFH�FDSVXOH�� ,I� WKLV� LV�QRW� WKH
FDVH��WKHQ�DQ�H[WUD�5/�VHULHV�FLUFXLW��UHSUHVHQWLQJ�WKH�IORZ�SDWK��ZLOO�DSSHDU�LQ�SDUDOOHO�ZLWK
WKH�PHPEUDQH�5/&�LPSHGDQFH�EUDQFK��7KHUH�H[LVW�VXFK�HDUSLHFH�FDSVXOHV�KDYLQJ�SRURXV
PHPEUDQHV� RU� GHOLEHUDWH� OHDNV� LQ� SDUDOOHO�ZLWK� WKH�PHPEUDQH�� 7KH� H[WUD�5/� EUDQFK� KDV
IUHTXHQF\�GHSHQGHQW�FRPSRQHQW�YDOXHV�LQ�WKLV�VLPSOLILHG�FLUFXLW�LI�WKH�PHPEUDQH�LV�SRURXV
>��@�

������ 0XOWLSOH�PDVV�HTXLYDOHQW�FLUFXLW

7KH� FLUFXLWV� FUHDWHG� DERYH� DUH� XVXDOO\� JRRG� HVWLPDWHV� DW� ORZ� DQG�PLGUDQJH� IUHTXHQFLHV�
EHFDXVH�DW�WKRVH�IUHTXHQFLHV�LW�LV�MXVWLILHG�WR�WUHDW�WKH�HQWLUH�PRYLQJ�PHPEUDQH�DV�RQH�VLQ�
JOH�HQWLW\��+RZHYHU��W\SLFDO�VPDOO�G\QDPLF�ORXGVSHDNHUV�KDYH�D�PHPEUDQH�WKDW�FRQVLVWV�RI
WZR�VHSDUDWH�SDUWV��D�FLUFXODU�FHQWHU�SDUW�LQVLGH�WKH�SHULPHWHU�RI�WKH�YRLFH�FRLO��DQG�DQ�DQQX�
ODU�VXVSHQVLRQ�RXWVLGH�WKH�SHULPHWHU�RI�WKH�YRLFH�FRLO�

)LJXUH������$�W\SLFDO�HDUSLHFH�FDSVXOH�PHPEUDQH�GLYLGHG�E\�WKH�YRLFH�FRLO�LQWR�D�FLUFXODU�
GRPH�VKDSHG�FHQWHU�SDUW�DQG�DQ�DQQXODU�VXVSHQVLRQ�

7KH�GRPH�DQG�WKH�YRLFH�FRLO�FDQ�EH�VDIHO\�UHJDUGHG�DV�RQH�VLQJOH�ULJLG�HQWLW\�DW�ORZHU�IUH�
TXHQFLHV��ZKLOH�WKH�FHQWHU�RI�WKH�GRPH�PD\�QR�ORQJHU�PRYH�LQ�SKDVH�ZLWK�WKH�YRLFH�FRLO�DW
WKH� KLJKHVW� IUHTXHQFLHV�� 7KLV� GHFRXSOLQJ� RI� WKH� GRPH� LV� GXH� WR� LWV� QRQ]HUR� FRPSOLDQFH
FRPELQHG�ZLWK� WKH� VPDOO�PDVV� RI� WKH� GRPH�PDWHULDO� �LQFOXGLQJ� DWWDFKHG� DLU��� IRUPLQJ� D
VHSDUDWH�PDVV�VSULQJ�V\VWHP�FRXSOHG�WR�WKH�YRLFH�FRLO�PDVV��2I�FRXUVH��GHFRXSOLQJ�ZRXOG
QRW�KDSSHQ�LI�WKH�GRPH�ZHUH�PDGH�ULJLG��,I�QHFHVVDU\��HYHQ�WKH�ULQJ�DQG�WKH�YRLFH�FRLO�FDQ
EH�VHSDUDWHG�DQG�PRGHOOHG�DV�PDVVHV�FRXSOHG�E\��ORVV\��VSULQJV��OHDGLQJ�WR�D�WRWDO�RI�WKUHH
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FRXSOHG�PDVVHV� LQ� WKH�PRGHO�RI� WKH�YRLFH� FRLO� DQG�PHPEUDQH�DVVHPEO\��$OVR�� DV� FDQ�EH
VHHQ�LQ�WKH�DERYH�SLFWXUH��WKHUH�DUH�WZR�VHSDUDWH�FDYLWLHV�XQGHU�WKH�GRPH�DQG�WKH�ULQJ��DQG
WKHVH�FDYLWLHV�DUH�FRXSOHG�WR�HDFK�RWKHU�DQG�WR�WKH�EDFN�RI�WKH�HDUSLHFH�FDSVXOH�E\�QDUURZ
DLU�IORZ�SDWKV��$Q�DFFXUDWH�PRGHO�IRU�D�ZLGH�IUHTXHQF\�UDQJH�PD\�QHHG� WR� LQFOXGH� WKHVH
VHSDUDWH� DFRXVWLF� LPSHGDQFHV�� LQVWHDG� RI� RQH� VLQJOH� 5/&� FLUFXLW� PRGHOOLQJ� WKH� KRXVLQJ
>��@�

7KH�PXOWLSOH�PDVV�DSSURDFK�KDV�EHHQ�XVHG�LQ�WKH�PRGHO�RI�WKH�3KLOLSV�6SHDNHU�6\V�
WHPV����PP�HDUSLHFH�FDSVXOH��VHH�DSSHQGL[�9��WKDW�ZLOO�EH�WKH�VXEMHFW�RI�WKH�FDVH�VWXG\�LQ
WKH� QH[W� FKDSWHU�� 7KH� PRGHO� KDV� EHHQ� UHFUHDWHG� �IURP� DQ� RULJLQDO� VXSSOLHG� E\� 3KLOLSV
6SHDNHU�6\VWHPV��XVLQJ� WKH�GHYHORSHG�0LFUR�&DS�PDFUR�FROOHFWLRQ�� VR�PRVW�FRPSRQHQWV
GR� QRW� ORRN� OLNH� QRUPDO� UHVLVWRUV�� LQGXFWRUV�� FDSDFLWRUV�� WUDQVIRUPHUV� DQG� J\UDWRUV� LQ� WKH
VFKHPDWLF�DOWKRXJK� WKH\�DUH� VWLOO� WKHUH�KLGGHQ�EHQHDWK�QHZO\�FUHDWHG� V\PEROV��7KHUH� DUH
WKUHH�PDVVHV�PRGHOOLQJ�WKH�PHPEUDQH�DQG�YRLFH�FRLO��ZLWK�RQH�ORVV\�VSULQJ��FRPSOLDQFH�
PRGHOOLQJ� WKH� JOXH� EHWZHHQ� WKH� YRLFH� FRLO� DQG� WKH�PHPEUDQH�� DQG� DQRWKHU� ORVV\� VSULQJ
PRGHOOLQJ� WKH� GRPH� FRPSOLDQFH�� 7KH� ULQJ� �VXVSHQVLRQ�� LV�PRGHOOHG� DV� D� ORVV�IUHH�PDVV�
VSULQJ�V\VWHP��2I�FRXUVH�� WKH� ULQJ�KDV� ORVVHV� WRR��EXW� WKH\�ZHUH�REYLRXVO\�FRQVLGHUHG� LU�
UHOHYDQW�DQG�ZHUH�WKHUHIRUH�OHIW�RXW��,W�VKRXOG�EH�QRWHG�WKDW�WKHUH�DUH�WZR�VHSDUDWH�PHFKDQL�
FDO�DFRXVWLFDO�GRPDLQ�LQWHUIDFHV��L�H��J\UDWRUV���RQH�IRU�WKH�ULQJ�DQG�RQH�IRU�WKH�GRPH��7KH
VHSDUDWH�DFRXVWLF�LPSHGDQFH�FRPSRQHQWV�PRGHO�WKH�KRXVLQJ�

���� 0HFKDQLFDO�FRQILJXUDWLRQV

%DVLF�PHWKRGV�RI�DFKLHYLQJ�OHDN�WROHUDQFH�DUH�RYHUYLHZHG�QH[W��7KHUH�LV�D�JUHDW�QXPEHU�RI
SRVVLEOH�PHFKDQLFDO� VROXWLRQV�� HVSHFLDOO\� VLQFH� WKHUH� DUH� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ
YDULRXV�EUDQGV�DQG�W\SHV�RI�HDUSLHFH�FDSVXOHV��+RZHYHU��DOO�WKH�VROXWLRQV�ZRUN�LQ�ZD\V�WKDW
UHGXFH�WKH�YDOXHV�RI�FHUWDLQ�LPSHGDQFHV�LQ�WKH�HTXLYDOHQW�FLUFXLW�RI�ILJV������DQG������7KH
VROXWLRQV�FDQ�EH�UHGXFHG�WR�D�IHZ�EDVLF�FDVHV�

������ /RZHULQJ�WKH�RXWSXW�LPSHGDQFH

)LUVW�WKH�DWWHQWLRQ�LV�IRFXVHG�RQ�WKH�DFRXVWLF�RXWSXW� LPSHGDQFH� =DH �RI� WKH�HDUSLHFH��8QWLO
QRZ�DWWHQWLRQ�KDV�EHHQ�SDLG�RQO\�WR�WKH�LPSHGDQFHV�RI�WKH�HDUSLHFH�FDSVXOH�LWVHOI��$V�GH�
ILQHG�HDUOLHU�LQ�WKLV�WKHVLV��WKH�ZRUG�´HDUSLHFH´�PHDQV�QRW�RQO\�WKH�HDUSLHFH�FDSVXOH�FRP�
SRQHQW�EXW�WKH�ZKROH�SDUW�RI�WKH�SKRQH�IHHGLQJ�VSHHFK�LQWR�WKH�XVHU¶V�HDU��VHH�ILJ��������,Q
RWKHU�ZRUGV��WKH�HDUSLHFH�LQFOXGHV�WKH�ZKROH�DFRXVWLF�FLUFXLW�IRUPHG�E\�WKH�HDUSLHFH�FDS�
VXOH�DQG�WKH�PHFKDQLFV�VXUURXQGLQJ�LW�LQVLGH�WKH�SKRQH��)URP�WKLV�GHILQLWLRQ�LW�LV�FOHDU�WKDW
WKHUH�H[LVW�DGGLWLRQDO�DFRXVWLF�LPSHGDQFHV�FRQQHFWHG�WR�WKH�´IURQW´�DQG�´EDFN´�WHUPLQDOV�RI
WKH�HTXLYDOHQW�FLUFXLW�VKRZQ�LQ�ILJ�������7KH�IURQW�LPSHGDQFH�LV�GXH�WR�WKH�VRXQG�RXWOHWV�DQG
WKH�VPDOO�DLU�FDYLW\�EHWZHHQ�WKH�SKRQH�FRYHU�DQG�WKH�VRXQG�RXWOHWV��ILJ��������2I�FRXUVH��WKH
PHFKDQLFDO�VWUXFWXUH�DW�WKH�IURQW�RI�WKH�HDUSLHFH�FDSVXOH�PD\�YDU\��EXW�WKH�VHULHV�FRQQHF�
WLRQ�RI�D�FDYLW\�DQG�D�IHZ�KROHV�LQ�WKH�FRYHU�LV�E\�IDU�WKH�PRVW�FRPPRQ�FRQVWUXFWLRQ�

7KH�EDFN�RI� WKH�HDUSLHFH�FDSVXOH�PD\�EH�FORVHG�� DQG� LI� WKLV� LV� WKH� FDVH� LW� GRHV�QRW
PDWWHU�ZKDW�LV�EHKLQG�WKH�FDSVXOH�LQVLGH�WKH�SKRQH��2I�FRXUVH��LI�WKH�EDFN�RI�WKH�FDSVXOH�LV
LQVWHDG�RSHQ�RU�RQO\�SDUWO\� FORVHG�� DQ\WKLQJ�EHKLQG� WKH� FDSVXOH�ZLOO� EH� VHHQ�DV� DQ�DGGL�
WLRQDO�DFRXVWLF� LPSHGDQFH� LQ�DQ�HTXLYDOHQW�FLUFXLW�RI� WKH�HDUSLHFH��7KH�PHFKDQLFV�EHKLQG
WKH� HDUSLHFH� FDSVXOH�PD\� YDU\� TXLWH� D� ORW� EHWZHHQ� SKRQH� EUDQGV� DQG� W\SHV��8VXDOO\� WKH
EDFN�SUHVVXUH�MXVW�SURSDJDWHV�DORQJ�VRPH�URXWH�LQWR�WKH�LUUHJXODU�VSDFH�EHWZHHQ�WKH�SKRQH
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FRYHUV�DQG� WKH�SULQWHG�FLUFXLW�ERDUG�DQG�HOHFWURQLF�FRPSRQHQWV��7KLV� VSDFH� LV� LQ�SUDFWLFH
QHYHU� DLU�WLJKW�� VR� D� IUDFWLRQ�RI� WKH�YROXPH�YHORFLW\� VRXUFHG�E\� WKH�EDFN�RI� WKH� HDUSLHFH
FDSVXOH�ZLOO�HVFDSH�LQWR�IUHH�DLU�WKURXJK�QDUURZ�OHDNV�WKDW�DUH�DOZD\V�SUHVHQW�LQ�D�W\SLFDO
PRELOH�SKRQH��7KLV�ZRXOG�VXJJHVW�D�PRGHO�FRQVLVWLQJ�RI�D��JURXQGHG��FDSDFLWDQFH�IRU�WKH
FDYLW\��FRPELQHG�ZLWK�5/�VHULHV�LPSHGDQFHV�IRU�WKH�DLU�IORZ�SDWKV�IURP�WKH�FDSVXOH�WR�WKH
FDYLW\��DQG�IURP�WKH�FDYLW\�WR�WKH�RXWVLGH�DLU��DV�ZHOO�DV�WKH�UDGLDWLRQ�LPSHGDQFH�RI�WKH�OHDN
RU� OHDNV� LQ� WKH�SKRQH�FRYHU���7KH�UHDOLW\�PD\�EH�PRUH�FRPSOLFDWHG��ZLWK�VWDQGLQJ�ZDYHV
LQVLGH� WKH� SKRQH� DW� KLJKHU� IUHTXHQFLHV�� DQG� PXOWLSOH� UHVRQDQFHV� GXH� WR� WKH� YDULRXV� DLU
VSDFHV�DQG�DLU�IORZ�URXWHV��)RU�QRZ��KRZHYHU��LW�LV�HQRXJK�WR�PRGHO�WKH�HIIHFW�RI�DQ\�PH�
FKDQLFDO�VWUXFWXUHV�EHKLQG�WKH�EDFN�RI�WKH�HDUSLHFH�FDSVXOH�DV�MXVW�RQH�VLQJOH�LPSHGDQFH�

/DI5DI

&DI=DE

)URQW�FDYLW\�DQG�KROHV

(DUSLHFH
FDSVXOH

([WHULRU

6WUXFWXUHV�EH�
KLQG�FDSVXOH

)LJXUH������(TXLYDOHQW�FLUFXLW�RI�W\SLFDO�PHFKDQLFDO�VWUXFWXUHV�LQ�IURQW�RI�DQG�EHKLQG�WKH
HDUSLHFH�FDSVXOH�

7KH�EDFN�LPSHGDQFH� =DE ��WKH�IURQW�LPSHGDQFH�IRUPHG�E\� 5DI �� /DI �DQG�&DI ��WRJHWKHU�ZLWK
WKH�HTXLYDOHQW�FLUFXLW�RI�WKH�HDUSLHFH�FDSVXOH�LQ�ILJ�������IRUP�WKH�HTXLYDOHQW�FLUFXLW�RI�WKH
ZKROH�HDUSLHFH��7KLV�LV�DOVR�WKH�FLUFXLW�VKRZQ�DW� WKH� OHIW� LQ�ILJ������DV�D�VLPSOH�7KHYHQLQ
VRXUFH�

,I�WKH�HDUSLHFH�LV�YLHZHG�DV�VXFK�D�SUHVVXUH�VRXUFH�ZLWK�D�JLYHQ�LQWHUQDO�VHULHV�LPSHG�
DQFH� =DH ��WKHQ�LW�LV�FOHDU�WKDW�WKH�LGHDO�VROXWLRQ�ZRXOG�EH�WR�HOLPLQDWH�WKH�LQWHUQDO�LPSHG�
DQFH�FRPSOHWHO\�RU�DOPRVW�FRPSOHWHO\��7KLV�ZD\�WKH�VRXUFH��HDUSLHFH��ZRXOG�EH�FDSDEOH�RI
GHOLYHULQJ�LWV�SUHVVXUH�WR�DQ\�ORDG�ZLWKRXW�DSSUHFLDEOH�ORVVHV��6XFK�D�VROXWLRQ�LV�LPSRVVLEOH
IRU�D�QXPEHU�RI�UHDVRQV�

• WKH�PHPEUDQH�ZLOO�DOZD\V�KDYH�D�QRQ]HUR�PHFKDQLFDO��DQG�DFRXVWLF��LPSHGDQFH�
• WKH�YRLFH�FRLO��XVXDOO\�D�ORW�KHDYLHU�WKDQ�WKH�PHPEUDQH��FDQQRW�EH�HOLPLQDWHG�
• WKH�RSHQLQJV� LQ� WKH�SKRQH�FRYHU�SURWHFWLQJ� WKH�HDUSLHFH�FDSVXOH� �ILJ�������ZLOO� DOZD\V

KDYH�D�QRQ]HUR�DFRXVWLF�LPSHGDQFH�
• WKH�DLU�JDS�EHWZHHQ�WKH�PDJQHW�DQG�WKH�YRLFH�FRLO�PXVW�EH�NHSW�QDUURZ�WR�PDLQWDLQ�HIIL�

FLHQF\��ZKLFK�UDLVHV�WKH�DFRXVWLF�LPSHGDQFH�RI�WKH�DLU�IORZ�SDWK�WKURXJK�WKH�DLU�JDS�XQ�
OHVV�D�VHSDUDWH�IORZ�URXWH�LV�SURYLGHG��

• WKH�VWUXFWXUHV�EHKLQG�WKH�PHPEUDQH��H�J��WKH�PDJQHW��FDQQRW�EH�HOLPLQDWHG�
• WKH�DUHD�RI� WKH�PHPEUDQH�PXVW�EH�NHSW�VPDOO�HQRXJK�WR�NHHS�HDUSLHFH�FDSVXOH�GLPHQ�

VLRQV�ZLWKLQ�DFFHSWDEOH�OLPLWV�IRU�XVH�LQ�VPDOO�PRELOH�SKRQHV�

7KH� DFRXVWLF� RXWSXW� LPSHGDQFH� RI� WKH� HDUSLHFH� FDQQRW� EH� HOLPLQDWHG�� EXW� ZD\V� FDQ� EH
IRXQG�WR�PLQLPL]H�LW�

�������� ,QWHUQDO�VWUXFWXUH�RI�WKH�HDUSLHFH�FDSVXOH

,W�LV�HDV\�WR�VWDUW�E\�FRQVLGHULQJ�WKH�KRXVLQJ�EHKLQG�WKH�PHPEUDQH��,Q�WKH�H[WUHPH�FDVH�RI�D
IXOO\�VHDOHG��DLU�WLJKW��EDFN��RQO\�&DK ��H[LVWV�DQG�WKH� 5DK ��� /DK �EUDQFK��VHH�ILJ�������LV�UH�
PRYHG��&DK �LV�VHHQ�LQ�VHULHV�ZLWK�WKH�PHPEUDQH�LPSHGDQFH��,I�&DK �LV�VPDOO��L�H��WKH�FDYLW\
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XQGHU�WKH�PHPEUDQH�LV�VPDOO��� WKHQ�WKH�LPSHGDQFH�GXH�WR�WKH�KRXVLQJ�ZLOO�EH�KLJK��HVSH�
FLDOO\�DW�ORZ�IUHTXHQFLHV��7KLV�LV�QRW�GHVLUDEOH��6R�LW�LV�FOHDU�WKDW�WKH�DLU�FDYLW\�PXVW�EH�HL�
WKHU�ELJ�DQG�RU�RSHQHG�XS�WR�WKH�VXUURXQGLQJ�DLU��E\�LQFOXGLQJ�WKH� 5DK ��� /DK �IORZ�SDWK��LQ
RUGHU� WR�PDNH� WKH� GHVLUHG� DFRXVWLF� RXWSXW� LPSHGDQFH� UHGXFWLRQ� SRVVLEOH�� 6LQFH� VL]H� LV� D
SULPDU\�FRQFHUQ�LQ�PRELOH�SKRQHV��WKH�ODWWHU�ZD\�LV�EHWWHU��$�VLPSOLILHG�HTXLYDOHQW�FLUFXLW
RI�VXFK�D�KRXVLQJ��YDOLG�DW�DOO�EXW�WKH�KLJKHVW�IUHTXHQFLHV��FDQ�EH�IRUPHG�E\�UHPRYLQJ�WKH
&DK �EUDQFK�

$�W\SLFDO�HDUSLHFH�FDSVXOH�PD\�KDYH�D�UHVRQDQFH�IUHTXHQF\�LQ�IUHH�DLU��KHUHDIWHU�GH�
QRWHG�E\� I U ��RI�URXJKO\�����+]��7KLV�LV�D�GLUHFW�FRQVHTXHQFH�RI�WKH�UHVRQDQFH�RI�WKH�VHULHV
FRQQHFWLRQ�RI�WKH�ILYH�DFRXVWLF�FRPSRQHQWV� 5DK �� /DK �� 5DP 
 �� /DP �DQG�&DP ��&DK �FDQ�EH�VHHQ
DV� DQ� RSHQ� FLUFXLW� DW� ORZ� IUHTXHQFLHV���$IWHU�PLQLPL]LQJ� WKH� LPSHGDQFH� RI� WKH� ILUVW� WZR
FRPSRQHQWV��KRXVLQJ���IXUWKHU�LPSURYHPHQW�LV�SRVVLEOH�E\�ORZHULQJ�WKH�PHPEUDQH�LPSHG�
DQFH��7KH�WRWDO�HDUSLHFH�FDSVXOH�LPSHGDQFH��GHQRWHG�KHUH�E\�WKH�VXEVFULSW�V��ZLOO�EH
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L�H��RQO\�RQH�RI�WKUHH�WHUPV�SUHGRPLQDWHV�DW�WKH�UHVRQDQFH�IUHTXHQF\�DQG�DW�IUHTXHQFLHV�IDU
DERYH�RU�EHORZ��,I�DOO�WKUHH�WHUPV�DUH�PLQLPL]HG��WKHQ� =DV �ZLOO�DOVR�EH�PLQLPL]HG�RYHU�D
ZLGH� IUHTXHQF\� UDQJH��0LQLPL]LQJ�DOO� WKUHH� WHUPV�PHDQV� LPSOHPHQWLQJ� WKH�HDUSLHFH�FDS�
VXOH�ZLWK�PLQLPL]HG� DFRXVWLF� UHVLVWDQFH��PLQLPL]HG� DFRXVWLF� LQGXFWDQFH�� DQG�PD[LPL]HG
DFRXVWLF�FDSDFLWDQFH�
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=DV

%DFN )URQW =
SH

&DV/DV5DV

%DFN )URQW

)LJXUH�������6LPSOLILHG�HTXLYDOHQW�FLUFXLW�RI�HDUSLHFH�FDSVXOH�IHG�E\�DQ�DPSOLILHU�

,W�FDQ�EH�VHHQ�IURP�HT��������WKDW�LQFUHDVLQJ�PHPEUDQH�DUHD�ZLOO�UHGXFH�WKH�DFRXVWLF�LPSHG�
DQFH�SURSRUWLRQDOO\�WR�WKH�VTXDUH�RI�WKH�DUHD�LQFUHDVH��LI�WKH�PHFKDQLFDO�LPSHGDQFH�LV�NHSW
FRQVWDQW��� ,QFUHDVLQJ� WKH�DUHD� LV�XVXDOO\�QRW� IHDVLEOH� LQ�PRELOH�SKRQHV��KRZHYHU��EHFDXVH
FRPSRQHQW�VL]H�WHQGV�WR�EH�WKH�PRVW�LPSRUWDQW�FULWHULRQ�RI�DOO�DV�IDU�DV�PRXQWLQJ�LQVLGH�WKH
SKRQH�LV�FRQFHUQHG�

7KH�YRLFH�FRLO�LV�UHVSRQVLEOH�IRU�PRVW�RI�WKH�PRYLQJ�PDVV��EXW�PDNLQJ�WKH�YRLFH�FRLO
OLJKWHU� PHDQV� UHGXFLQJ� HLWKHU� WKH� OHQJWK� RU� WKH� GLDPHWHU� RI� WKH� FRLO� ZLUH�� 7KH� IRUPHU
PHWKRG�OHDGV�WR�ORZHU�HIILFLHQF\��WKH�IRUFH�IDFWRU�%O�LV�UHGXFHG��XQOHVV�WKH�PDJQHWLF�ILHOG�LV
VWUHQJWKHQHG���7KH�ODWWHU�PHWKRG�LQFUHDVHV�WKH�YRLFH�FRLO�UHVLVWDQFH��ZKLFK�OHDGV�WR�ORZHU
GDPSLQJ�DQG�HIILFLHQF\��PRUH�SRZHU�LV�ORVW�LQ�WKH�YRLFH�FRLO���,QFUHDVLQJ�WKH�FRPSOLDQFH�RI
WKH�PHPEUDQH��H�J��E\�PDNLQJ�LW�WKLQQHU�RU�XVLQJ�D�PRUH�FRPSOLDQW�PDWHULDO��GRHV�QRW�KDUP
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WKH�SHUIRUPDQFH�RI�WKH�FDSVXOH�LWVHOI��EXW�WKH�PHPEUDQH�PD\�ORVH�PHFKDQLFDO�VWUHQJWK�DQG
EH�PRUH�VHQVLWLYH�WR�YDULRXV�HQYLURQPHQWDO�FRQGLWLRQV�WKDW�PRELOH�SKRQH�FRPSRQHQWV�KDYH
WR�ZLWKVWDQG��7R�VXPPDUL]H�WKH�HIIHFWV�RQ�HIILFLHQF\�ZKHQ�YDULRXV�SDUDPHWHUV�DUH�FKDQJHG�
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DV�FDQ�EH�UHDGLO\�VHHQ�IURP�HT�������RI�>��@��VXEVWLWXWLQJ�HT���������7KH�KRXVLQJ�LV�QRW�LQ�
FOXGHG�LQ�HT�� �������EXW� LW� LV�HDVLO\�DFFRPPRGDWHG�E\�XVLQJ� LQVWHDG�RI� /PP � WKH�FRPELQHG
�PHFKDQLFDO��LQGXFWDQFH� / / /PV PP PK= + ��PHPEUDQH�DQG�KRXVLQJ�WRJHWKHU���7KH�IDFW�WKDW
FRVW�DQG�HIILFLHQF\� �LQ�DGGLWLRQ� WR�VL]H��DUH�SULPDU\�FRQFHUQV� IRU� WKH�SKRQH�DQG�HDUSLHFH
PDQXIDFWXUHU�FRQWUDGLFWV�PDQ\�RI�WKH�GHVLJQ�UHTXLUHPHQWV�WR�DFKLHYH�D�ORZ�DFRXVWLF�RXWSXW
LPSHGDQFH�

7KH�HDUSLHFH�FDSVXOH�VWUXFWXUH�GHSLFWHG�LQ�ILJ������LV�YHU\�VLPSOH��2WKHU�VOLJKWO\�PRUH
FRPSOH[� VWUXFWXUHV� DUH� FRPPRQ�� )RU� H[DPSOH�� WKHUH� PD\� EH� DGGLWLRQDO� DLU� IORZ� SDWKV
WKURXJK�WKH�PDJQHW��RU�WKURXJK�WKH�SROH�SLHFH�LQVLGH�WKH�YRLFH�FRLO���DQG�WKHUH�PD\�EH�DG�
GLWLRQDO�OHDNV�DW�WKH�HGJHV�RI��RU�HYHQ�WKURXJK��WKH�PHPEUDQH��/DVW�EXW�QRW�OHDVW��LW�LV�LP�
SRUWDQW�WR�UHPHPEHU�WKDW�WKH�IUHTXHQF\�UHVSRQVH�RI�WKH�HDUSLHFH�FDSVXOH�LV�QR�OHVV�LPSRU�
WDQW�WKDQ�JRRG�OHDN�WROHUDQFH��7KH�FKDQJHV�IRU�EHWWHU�OHDN�WROHUDQFH�VXJJHVWHG�KHUH�ZLOO�DOO
DOWHU� WKH� IUHTXHQF\� UHVSRQVH� LQ� VRPH�ZD\�� DQG� LW� LV� WKH� SXUSRVH� RI� JRRG� GHVLJQ� E\� WKH
PDQXIDFWXUHU�WR�PDLQWDLQ�D�SURSHU�IUHTXHQF\�UHVSRQVH�

�������� 0HFKDQLFDO�VWUXFWXUHV�EHKLQG�WKH�HDUSLHFH�FDSVXOH

,W�LV�SHUKDSV�QRW�ZRUWKZKLOH�WR�WU\�WR�EXLOG�D�XQLYHUVDO�PRGHO�RI�WKH�PHFKDQLFDO�VWUXFWXUHV
XVXDOO\�HQFRXQWHUHG�EHKLQG�WKH�HDUSLHFH�FDSVXOH��,Q�FRQYHQWLRQDO�FDVHV�WKHVH�VWUXFWXUHV�DUH
QRW�HYHQ�VSHFLILHG��EXW�WKH�FDSVXOH�LV�UDWKHU�MXVW�ILWWHG�LQVLGH�WKH�SKRQH�DQG�SRVVLEOH�LUUHJX�
ODULWLHV� LQ� WKH�IUHTXHQF\�UHVSRQVH�DUH�VPRRWKHG�RXW�E\�HTXDOL]DWLRQ��7\SLFDO�FDSVXOHV�QRW
GHVLJQHG�IRU�OHDN�WROHUDQFH�PD\�KDYH�D�KLJK� 5DK �DQG� /DK ��ZKLFK�KDV�WKH�EHQHILW�RI�PDNLQJ
WKH�HDUSLHFH�IUHTXHQF\�UHVSRQVH� OHVV�VHQVLWLYH� WR�ZKDW� LV�EHKLQG�WKH�FDSVXOH��+RZHYHU�� LI
WKH� FDSVXOH� DFRXVWLF� LPSHGDQFH� =DV � LV�PLQLPL]HG�� WKHQ� DQ\� DGGLWLRQDO� VHULHV� LPSHGDQFH
IRUPHG�E\�WKH�PHFKDQLFV�EHKLQG�WKH�HDUSLHFH�FDSVXOH�ZLOO�QHHG�WR�EH�JLYHQ�D�WKRXJKW��7KH
LPSHGDQFH�VHHQ�E\�WKH�EDFN�RI�WKH�HDUSLHFH�FDSVXOH�ZLOO�EH�FDOOHG�=DE �DV�DERYH�LQ�ILJ������

,W�LV�HDV\�WR�RXWOLQH�VRPH�JHQHUDO�GHVLJQ�UXOHV��$Q�DLU�WLJKW�FDYLW\�EHKLQG�WKH�FDSVXOH
ZRXOG�VKRZ�DV�DQ�DFRXVWLF�FDSDFLWDQFH�&DE ��SURSRUWLRQDO�WR�WKH�YROXPH�RI�WKH�FDYLW\��6R�LQ
RUGHU�WR�DLP�DW�D�ORZ�WRWDO�LPSHGDQFH

= = = =DH DE DV DI= + + �����

WKH�FDYLW\�YROXPH�VKRXOG�EH�PDGH�ELJ�HQRXJK��L�H��&DE �VKRXOG�EH�JUHDWHU�WKDQ�&DV ��7KLV�LV
QRW� D�XQLYHUVDO� WUXWK��KRZHYHU�� HYHQ�D� VPDOO� FDYLW\�PD\�EH�´FDQFHOOHG´�E\� WKH� LQGXFWLYH
VHULHV�LPSHGDQFH� /PV ��EHFDXVH�DW�WKH�FRUUHVSRQGLQJ�UHVRQDQFH�IUHTXHQF\�RQO\�WKH�UHVLVWLYH
SDUW�RI�WKH�LPSHGDQFH�VKRZV��DV�LV�WKH�FDVH�IRU�VHULHV�5/&�FLUFXLWV�LQ�JHQHUDO���7KH�GUDZ�
EDFN��RI�FRXUVH��LV�WKDW� =DH �FDQ�EH�UHGXFHG�WKLV�ZD\�LQ�D�QDUURZ�IUHTXHQF\�UDQJH�RQO\��,I
WKH�EDFN�RI�WKH�FDSVXOH�LV�QRW�HQFORVHG�LQ�DQ�DLU�WLJKW�FDYLW\�EXW�UDWKHU�OHIW�RSHQ�WR�WKH�LU�
UHJXODU� VSDFH� RI� DLU� LQVLGH� WKH� SKRQH�� WKHQ� VRPH� VSDFH� VKRXOG� EH� SURYLGHG� DURXQG� WKH
RSHQLQJV�DW�WKH�EDFN�RI�WKH�FDSVXOH��,I�WKLV�LV�QRW�GRQH��H�J��LI�WKH�FDSVXOH�LV�PRXQWHG�ZLWK
LWV�EDFN�DJDLQVW�D�SULQWHG�FLUFXLW�ERDUG�RU�VRPH�ELJ�HOHFWURQLF�FRPSRQHQW��WKHQ�WKH�IORZ�RI
DLU�ZLOO� EH� FRQVWULFWHG� DQG� =DE �ZLOO� FRQVLVW� RI� D� KLJK�5/� VHULHV� LPSHGDQFH��8VXDOO\� WKH
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UHDOLW\�OLHV�VRPHZKHUH�EHWZHHQ�WKHVH�WZR�FDVHV��DQG�DOO�WKUHH�FRPSRQHQWV��5��/�DQG�&��DUH
IRXQG�LQ�=DE �

7KH�REYLRXV�GUDZEDFN�WR�PDNLQJ�WKH�EDFN�RI�WKH�HDUSLHFH�FDSVXOH�PRUH�RSHQ�LV�WKDW
WKH�UHVW�RI� WKH�SKRQH�PHFKDQLFV�ZLOO�KDYH�D�JUHDWHU�HIIHFW�RQ� WKH�IUHTXHQF\�UHVSRQVH�DQG
WKH� OHDN� WROHUDQFH�� 3UHIHUDEO\� VRPH� DFRXVWLFDOO\� ZHOO� EHKDYHG� �RU� DW� OHDVW� SUHGLFWDEOH�
VWUXFWXUH�VKRXOG�EH�VSHFLILHG�EHKLQG�WKH�FDSVXOH�LQVLGH�WKH�SKRQH��8QIRUWXQDWHO\�WKLV�LV�QRW
DOZD\V�SRVVLEOH�IRU�H�J��VSDFH�VDYLQJ��FRVW�VDYLQJ�RU�SURGXFWLRQ�DVVHPEO\�UHDVRQV��0RUHR�
YHU��UHOLDEOH�VLPXODWLRQ�RI�WKH�LUUHJXODU�VSDFH�DQG�OHDNV�LQVLGH�D�PRELOH�SKRQH�LV�YHU\�GLIIL�
FXOW�RU�LPSRVVLEOH�XVLQJ�WKH�PHWKRGV�GHVFULEHG�LQ�WKLV�WKHVLV��7KH�HIIHFWV�RQ�IUHTXHQF\�UH�
VSRQVH� FDQQRW� LQ� JHQHUDO� EH� VLPXODWHG� RU� SUHGLFWHG� DW� DQ� HDUO\� VWDJH�� EXW� RQH� LV� UDWKHU
IRUFHG�WR�ZDLW�IRU�JRRG�SURWRW\SH�SDUWV�WR�PHDVXUH�WKH�SHUIRUPDQFH�LQ�UHDO�PHFKDQLFV��7KH
HTXLYDOHQW�FLUFXLW�FDQ�WKHQ�EH�DGMXVWHG�IRU�D�EHWWHU�PDWFK�WR�WKH�PHDVXUHG�UHVXOWV�

$QRWKHU� REYLRXV� SUREOHP� LV� WKDW� RI� PHFKDQLFDO� DVVHPEO\� WROHUDQFHV�� $FRXVWLFDOO\
FULWLFDO� WROHUDQFHV� ZLOO� EH� YLVLEOH� DV� LQVWDELOLWLHV� LQ� WKH� IUHTXHQF\� UHVSRQVH�� ,I� WKH� VSDFH
LQVLGH�WKH�SKRQH�DFFLGHQWDOO\�FUHDWHV�RQH�RU�PRUH�UHVRQDQFHV�WRJHWKHU�ZLWK�WKH�OHDNV�LQ�WKH
SKRQH�FRYHUV�� WKHQ�PHFKDQLFDO� WROHUDQFHV�PLJKW�VKLIW� WKHVH� UHVRQDQFHV�XS�RU�GRZQ�DORQJ
WKH�IUHTXHQF\�D[LV��3URQRXQFHG�SHDNV�DQG�GLSV�ZLOO�DSSHDU�LI� WKH�UHVRQDQFHV�DUH�VKDUS�DV
ZHOO��DQG�WKH�IUHTXHQF\�UHVSRQVH�ZLOO�YDU\�EHWZHHQ�SKRQH�XQLWV��WKH�HTXDOL]LQJ�ILOWHUV�DUH
QRW� LQGLYLGXDOO\� ILQH�WXQHG� LQ�HDFK�SKRQH�XQLW�EHFDXVH� WKDW�ZRXOG�EH�D�ERWWOHQHFN� LQ� WKH
SURGXFWLRQ�OLQH��

$QRWKHU�LQWHUHVWLQJ�DQG�OHVV�REYLRXV�ZD\�RI�JHWWLQJ�ULG�RI�WKH�XQSUHGLFWDELOLW\�RI�WKH
DFRXVWLFDO�EHKDYLRXU�RI�WKH�VWUXFWXUHV�EHKLQG�WKH�HDUSLHFH�FDSVXOH�LV�WR�FRQQHFW�WKH�EDFN�WR
WKH�IUHH�DLU�RXWVLGH�WKH�SKRQH��+ROHV��RU�D�SRURXV�GXVW�DQG�ZDWHU�VKLHOG�PHPEUDQH��LQ�WKH
EDFN�FRYHU�PXVW�VWLOO�EH�XVHG�WR�SURWHFW�WKH�FDSVXOH��EXW�DW�OHDVW�LW�ZLOO�EH�HDVLHU�WR�VSHFLI\
DQG�SUHGLFW� WKH� HDUSLHFH�SHUIRUPDQFH�� DQG� =DE � FDQ�EH�PDGH� ORZ��7KLV� NLQG�RI� DVVHPEO\
VKRXOG�EH�TXLWH�HDV\� WR� LPSOHPHQW� LQ�D� WKLQ�SKRQH��SURYLGHG�RI�FRXUVH� WKDW� WKH�HOHFWULFDO
FRQQHFWLRQV�WR�WKH�FDSVXOH�FDQ�VWLOO�EH�PDGH��$�GUDZEDFN�LV�WKDW�LW�PD\�EH�HDVLHU�IRU�RWKHU
SHRSOH�WR�RYHUKHDU�ZKDW�LV�VDLG�RQ�WKH�SKRQH�

�������� )URQW�FDYLW\�DQG�KROHV

7KH�IURQW�KROHV�DQG�IURQW�FDYLW\�IRUP�WRJHWKHU�DQ�HTXLYDOHQW�FLUFXLW�VLPLODU� WR� WKDW�RI� WKH
KRXVLQJ��7KH�FDYLW\�LV�XVXDOO\�ELJJHU�WKDQ�WKH�LQWHUQDO�FDYLW\�LQVLGH�WKH�HDUSLHFH��DOWKRXJK
LW�KDV�WR�EH�PDGH�VPDOO�LI�VSDFH�LV�D�PDMRU�FRQFHUQ�LQVLGH�WKH�SKRQH���0RUHRYHU��D�+HOP�
KROW]�UHVRQDWRU�LV�IRUPHG�LQ�IURQW�RI�WKH�HDUSLHFH�FDSVXOH�E\�WKH�FDYLW\�DQG�WKH�KROHV��7KLV
+HOPKROW]� UHVRQDWRU� ZLOO� DWWHQXDWH� WKH� HDUSLHFH� RXWSXW� DERYH� LWV� UHVRQDQFH� IUHTXHQF\
IRUPHG�E\� /DI �DQG�&DI ��7KXV�LW�LV�LPSRUWDQW�WR�FKRRVH�FDYLW\�DQG�KROH�GLPHQVLRQV�VR�DV�WR
WXQH�WKH�+HOPKROW]�UHVRQDQFH�DERYH�WKH�XSSHU�IUHTXHQF\�OLPLW�RI�WKH�VSHHFK�WUDQVPLVVLRQ
IUHTXHQF\� UDQJH�� ,I�ZDQWHG�� WKH� KLJKHVW� IUHTXHQFLHV�PD\� EH� ERRVWHG� E\� WXQLQJ� WKH� UHVR�
QDQFH� MXVW� VOLJKWO\� DERYH� WKH�XSSHU� IUHTXHQF\� OLPLW� �VRPH�PDUJLQ�PXVW� EH� OHIW� IRU� WROHU�
DQFHV��
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)LJXUH� ������ 6LPSOLILHG� HTXLYDOHQW� FLUFXLW� RI� IURQW� FDYLW\� DQG� KROHV� WRJHWKHU� ZLWK� RWKHU
SDUWV�RI�WKH�HDUSLHFH�



'HVLJQ�H[DPSOH��OHDN�WROHUDQW�HDUSLHFH�������

7KH�IDFW�WKDW�WKH�HDUSLHFH�FDSVXOH�KDV�D�ILQLWH�RXWSXW�LPSHGDQFH�FRPSOLFDWHV�WKH�VLWXDWLRQ�
7KH�H[DFW�ORFDWLRQ�RI�WKH�IURQW�FDYLW\�+HOPKROW]�UHVRQDQFH�ZLOO�QRW�LQ�JHQHUDO�EH�WKDW�SUH�
GLFWHG�E\� /DI �DQG�&DI �DORQH��,I��IRU�VRPH�UHDVRQ��WKH�IURQW�FDYLW\�LV�PDGH�YHU\�VPDOO��WKHQ
WKH� LPSHGDQFH�RI� WKH� &DI � EUDQFK�ZLOO� EH� FRQVLGHUDEO\�KLJKHU� WKDQ� WKH� LPSHGDQFH�RI� WKH
=DE ��� =DV �EUDQFK�HYHQ�DW�WKH�KLJKHVW�IUHTXHQFLHV��DQG�WKH�+HOPKROW]�UHVRQDQFH�FDQQRW�EH
WXQHG�ORZ�HQRXJK�WR�ERRVW�WKH�KLJKHVW�VSHHFK�IUHTXHQFLHV�DV�GHVFULEHG�DERYH��,I�WKH�FDYLW\
LV�PDGH�ELJ��WKHQ�WKH�DFWXDO�+HOPKROW]�UHVRQDQFH�ZLOO�EH�VOLJKWO\�KLJKHU�WKDQ�WKDW�SUHGLFWHG
E\� /DI �DQG�&DI �GXH�WR�WKH�SDUDOOHO�LQGXFWLYH�LPSHGDQFH�RI�WKH�=DE ���=DV �EUDQFK�

$�GHVLJQ�UXOH�FDQ�EH�GHULYHG�IRU�WKH�IURQW�FDYLW\�DV�IROORZV��LW�FDQ�EH�DVVXPHG�WKDW
=DV �DQG� =DE � IRUP�DQ�LQGXFWLYH� LPSHGDQFH��KHUHDIWHU�FDOOHG� /DEV ��DW� WKH�KLJK�IUHTXHQFLHV
QRZ�FRQVLGHUHG��7KLV� LQGXFWDQFH�DSSHDUV� LQ�SDUDOOHO�ZLWK� WKH� DFRXVWLF� FDSDFLWDQFH�RI� WKH
IURQW�FDYLW\��7KHVH� WZR�ZLOO�KDYH�D�SDUDOOHO� UHVRQDQFH�DW�D�FHUWDLQ� IUHTXHQF\��$ERYH� WKLV
IUHTXHQF\�WKH�FDSDFLWLYH�LPSHGDQFH�RI�&DI �ZLOO�EH�ORZHU�WKDQ�WKH�LQGXFWLYH�LPSHGDQFH�RI
/DEV �� L�H�� WKH� LPSHGDQFH� IRUPHG�E\� HYHU\WKLQJ� EHKLQG� WKH� IURQW� KROHV�ZLOO� EH� FDSDFLWLYH�
%HORZ�WKH�SDUDOOHO� UHVRQDQFH�IUHTXHQF\�� /DEV �ZLOO�KDYH� WKH� ORZHU� LPSHGDQFH�DQG� WKH� LP�
SHGDQFH�IRUPHG�EHKLQG�WKH�IURQW�KROHV�ZLOO�WKXV�EH�LQGXFWLYH��6LQFH�+HOPKROW]�UHVRQDQFH
LQ�WKH�IURQW�FDYLW\�LV�QRW�SRVVLEOH�ZLWKRXW�D�FDSDFLWLYH�LPSHGDQFH�EHKLQG�WKH�IURQW�KROHV��LW
FDQ�EH�FRQFOXGHG� WKDW� LQ�RUGHU� WR�PDNH�KLJK�IUHTXHQF\�ERRVW�E\�XWLOL]DWLRQ�RI� WKH�+HOP�
KROW]�UHVRQDQFH�SRVVLEOH��WKH�IURQW�FDYLW\�PXVW�EH�PDGH�ELJ�HQRXJK�WR�SXW�WKH�SDUDOOHO�UHVR�
QDQFH�IUHTXHQF\��RI� /DEV �DQG� &DI ��EHORZ�WKH�XSSHU� OLPLW�RI� WKH�VSHHFK� WUDQVPLVVLRQ� IUH�
TXHQF\�UDQJH�

�������� /HDNV�LQVLGH�WKH�SKRQH

7KH�DERYH�DQDO\VLV�KDV�FRQFHQWUDWHG�RQ�WKH�SDWK�IURP�WKH�EDFN�RI�WKH�HDUSLHFH�FDSVXOH�WR
WKH�IURQW�KROHV��$W�ORZ�IUHTXHQFLHV��WKLV�SDWK�LV�D�VLPSOH�VHULHV�FRQQHFWLRQ�RI�LPSHGDQFHV�
DQG�WKH�WRWDO�LPSHGDQFH�FDQ�EH�QR�ORZHU�WKDQ�WKH�KLJKHVW�LPSHGDQFH�DORQJ�WKH�SDWK�

,W� LV�KRZHYHU�SRVVLEOH� WR�RSHQ�XS�´SDUDOOHO´�DLU� IORZ�SDWKV� LQ�D�YDULHW\�RI�ZD\V�E\
KDYLQJ�FRQWUROOHG�OHDNV�DW�FHUWDLQ� ORFDWLRQV��2QH�REYLRXV� ORFDWLRQ� LV� WKH�IURQW�FDYLW\�� ,I�D
OHDN�LV�LQWURGXFHG�LQ�WKH�IURQW�FDYLW\��DQG�WKLV�OHDN�LV�OHIW�RSHQ�H�J��WR�WKH�DLU�EHWZHHQ�WKH
SKRQH�FRYHUV��WKHQ�WKH�HTXLYDOHQW�FLUFXLW�ZLOO�KDYH�DQ�H[WUD�EUDQFK�LQ�SDUDOOHO�ZLWK�&DI �DQG
WKH�=DE ���=DV �EUDQFK�

)LJXUH�������$GGLQJ�DQ�H[WUD�OHDN�WR�WKH�IURQW�FDYLW\��RWKHU�SDUWV�LQVLGH�WKH�SKRQH��DSDUW
IURP�WKH�HDUSLHFH��DUH�QRW�VKRZQ�LQ�WKH�SLFWXUH��



'HVLJQ�H[DPSOH��OHDN�WROHUDQW�HDUSLHFH�������
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)LJXUH�������7KH�DGGHG�LQWHUQDO� OHDN�DSSHDUV�DV�D�SDUDOOHO�EUDQFK�LQ� WKH�HTXLYDOHQW�FLU�
FXLW�

7KH�OHDN��KHUHDIWHU�FDOOHG�LQWHUQDO�OHDN�EHFDXVH�LW� LV� LQ�WKH�IURQW�FDYLW\�ORFDWHG�LQVLGH�WKH
SKRQH��LV�QRW�FRQQHFWHG�DQ\ZKHUH�LQ�WKH�DERYH�SLFWXUH��7KLV�LV�WR�HPSKDVL]H�WKDW�WKHUH�DUH
YHU\�PDQ\�SRVVLEOH�ZD\V�WR�URXWH�WKH�OHDN��H�J�� WR�RXWVLGH�DLU�� WR�D�FDYLW\�EHKLQG�WKH�HDU�
SLHFH��RU�WR�WKH�LUUHJXODU�VSDFH�RI�DLU�EHWZHHQ�WKH�SKRQH�FRYHUV��,Q�RWKHU�ZRUGV��D�SDUW�RI
=DE �PD\�RU�PD\�QRW�EH�FRPPRQ�WR�WKH�WZR�EUDQFKHV�VKRZQ�ZLWK�GDVKHG�OLQHV��7KH�PDLQ
SRLQW�WR�QRWH�KHUH�LV�WKDW�WKH�HDUSLHFH�FDSVXOH�LWVHOI�LV�E\SDVVHG�LQ�VRPH�ZD\�E\�WKH�OHDN�
DQG�DV�D�UHVXOW�WKH�WRWDO�DFRXVWLF�LPSHGDQFH�RI�WKH�HDUSLHFH�LV�ORZHUHG��,Q�RWKHU�ZRUGV��ZKDW
ZDV�DFKLHYHG�DERYH�E\�DOWHULQJ�WKH�FRQVWUXFWLRQ�RI�WKH�FDSVXOH�LWVHOI�FDQ�DOVR�EH�DFKLHYHG
XVLQJ�OHDNV�WKDW�E\SDVV�WKH�FDSVXOH��7KLV�FDQ�EH�XQGHUVWRRG�E\�WKLQNLQJ�DERXW�WKH�7KHYHQLQ
HTXLYDOHQW�ZKLFK�KDV�DQ�LQWHUQDO�LPSHGDQFH� =DH �HTXDO�WR�WKH�LPSHGDQFH�VHHQ�ORRNLQJ�LQWR
WKH�IURQW�KROHV��7KH�LQWHUQDO�OHDN�ZLOO�XVXDOO\�UDLVH�WKH�+HOPKROW]�UHVRQDQFH�IUHTXHQF\�RI
WKH�IURQW�FDYLW\��EHFDXVH�WKH�WRWDO�LQGXFWLYH�DFRXVWLF�LPSHGDQFH�VHHQ�E\�WKH�FDYLW\�ZLOO�EH
ORZHU���ZKLFK�PD\�EH�D�GLVDGYDQWDJH�LQ�VRPH�FDVHV�

������ 6WDELOL]LQJ�WKH�RXWSXW�YROXPH�YHORFLW\

,W�ZDV�DOUHDG\�VWDWHG�WKDW�WKH�OHDN�EHWZHHQ�WKH�SKRQH�FRYHU�DQG�WKH�XVHU¶V�HDU�LV�EHVW�VWDEL�
OL]HG�E\�DGGLQJ�DQRWKHU�FRQVWDQW�SDUDOOHO�OHDN�DV�LQ�ILJ�������'LPHQVLRQLQJ�RI�WKLV�OHDN�LV�D
FRPSURPLVH�EHWZHHQ�OHDN�WROHUDQFH��PD[LPXP�VRXQG�SUHVVXUH�LQWR�WKH�HDU��DQG�PHFKDQLFDO
UHDOL]DELOLW\��$�YHU\�ELJ�OHDN�\LHOGV�D�YHU\�JRRG�OHDN�WROHUDQFH��EXW�WKH�PD[LPXP�DYDLODEOH
VRXQG�SUHVVXUH�OHYHO�PD\�EH�WRR�ORZ��UHPHPEHULQJ�WKDW�WKH�HDUSLHFH�FDSVXOH�DQG�RU�GULYLQJ
FLUFXLWV�ZLOO�KDYH�VRPH�OLPLW�DERYH�ZKLFK�WKH\�ZLOO�GLVWRUW�WKH�VSHHFK��

$� OHDN� URXWH� JRLQJ� IURP� WKH� HDUSLHFH� DUHD� WR� WKH� RXWVLGH� DLU�PXVW�� RI� FRXUVH�� VWDUW
FORVH�HQRXJK�WR�WKH�VRXQG�RXWSXW�KROHV��7KLV�LV�DOVR�WR�JXDUDQWHH�WKDW�WKH�HDUSLHFH�ZLOO�EH
PHDVXUHG�FRUUHFWO\�XVLQJ�VRPH�VWDQGDUG�DUWLILFLDO�HDU��H�J��WKH�,78�7�W\SH���VHDOHG�FRXSOHU
ZLWK�D�FLUFXODU�DUHD�RI����PP�GLDPHWHU�WR�FRQQHFW�WR�WKH�HDUSLHFH�WKDW�LV�WR�EH�PHDVXUHG��
$OVR��WKH�OHDN�PXVW�EH�URXWHG�VRPH�ZD\�SDVW�WKH�HDU�DQG�DORQJ�WKH�SKRQH�FRYHU��ZKLFK�PD\
UHTXLUH�D�IORZ�SDWK�WKDW� LV�TXLWH�ORQJ�LQ�WKH�DLU�IORZ�GLUHFWLRQ��$�ORQJ�IORZ�SDWK�PHDQV�D
KLJKHU�UHVLVWDQFH�DQG�LQGXFWDQFH��L�H��D�OHVV�HIILFLHQW�OHDN���ZKLFK�PD\�KDYH�WR�EH�FRXQWHU�
DFWHG�E\�XVLQJ�D�ODUJH�FURVV�VHFWLRQDO�DUHD�LQVWHDG�



'HVLJQ�H[DPSOH��OHDN�WROHUDQW�HDUSLHFH�������

)LJXUH�������$GGLQJ�DQ�H[WHUQDO�OHDN�WR�WKH�HDUSLHFH�

$Q�REYLRXV�GLVDGYDQWDJH�RI� WKLV� VROXWLRQ� LV� WKDW� LW�PD\� UHTXLUH�TXLWH�D� ORW�RI�H[WUD�VSDFH
�XQOHVV� VRPH� VXLWDEOH�PHFKDQLFDO� VWUXFWXUH� LV� DOUHDG\� DYDLODEOH� LQ� WKH� SKRQH� FRYHU���7KH
HTXLYDOHQW�FLUFXLW�LV�REYLRXV�IURP�ILJ�������
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)LJXUH�������$Q�H[WHUQDO�OHDN�WR�WKH�RXWVLGH�DLU��WKH�UDGLDWLRQ�LPSHGDQFH�RI�WKH�OHDN�LV�QRW
H[SOLFLWO\�VKRZQ��EXW�LW�LV�UHODWLYHO\�VPDOO�DQG�LW�KDV�WKH�VDPH�5/�QDWXUH��

,W�KDV�EHHQ�SRLQWHG�RXW�DOUHDG\�WKDW�WKHUH�LV�D�OHDNLQJ�DLU�VSDFH�EHWZHHQ�WKH�SKRQH�FRYHUV
DQG�WKH�HOHFWURQLFV�SDUWV��7KLV�SURYLGHV�DQ�LQWHUHVWLQJ�VROXWLRQ�LQ�ZKLFK�WKH�H[WHUQDO�OHDN�LV
URXWHG�WKURXJK�WKH�SKRQH�FRYHU�LQVWHDG�RI�EHWZHHQ�WKH�FRYHU�DQG�WKH�XVHU¶V�HDU��ERWK�WKLV
NLQG�RI�OHDN�DQG�WKH�RQH�GHSLFWHG�LQ�ILJ�������ZLOO�EH�FDOOHG�H[WHUQDO�OHDNV�EHFDXVH�WKH\�DUH
URXWHG�IURP�RXWVLGH�WKH�IURQW�FDYLW\��



'HVLJQ�H[DPSOH��OHDN�WROHUDQW�HDUSLHFH�������

)LJXUH� ������ $� OHDN� WKURXJK� WKH� SKRQH� FRYHU� �IURP� WKH� RXWVLGH� DLU� WR� WKH� LQVLGH� RI� WKH
SKRQH��

7KH�HTXLYDOHQW�FLUFXLW�ZLOO�KDYH�DQ�5/�VHULHV�LPSHGDQFH�EUDQFK�LQ�SDUDOOHO�ZLWK�WKH�IURQW
KROHV�DQG�WKH�HDUSLHFH�FDSVXOH�
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)LJXUH�������7KH�HTXLYDOHQW�FLUFXLW�RI�ILJ�������

'DVKHG�OLQHV�DUH�XVHG�DJDLQ�LQ�WKH�DERYH�FLUFXLW�WKR�VKRZ�WKDW�WKH�H[WHUQDO�OHDN�URXWH�PD\
HQG�LQ�YDULRXV�ZD\V��7KH�PRVW�W\SLFDO�FDVH��RI�FRXUVH��ZRXOG�EH�VLPSO\�D�JURXQGHG�FDSDFL�
WRU�LQ�SDUDOOHO�ZLWK�DQ�5/�VHULHV�LPSHGDQFH��UHSUHVHQWLQJ�WKH�VSDFH�DQG�OHDNV�EHWZHHQ�WKH
SKRQH�FRYHUV�DQG�HOHFWURQLFV��,W�LV�LPSRUWDQW�WR�QRWH�WKH�VLPLODULW\�RI�WKH�HTXLYDOHQW�FLUFXLWV
LQ�ILJV�������DQG�������7KLV�PHDQV�WKDW�D�OHDN�WKURXJK�WKH�SKRQH�FRYHU�FDQ�ZRUN�PXFK�WKH
VDPH�ZD\�DV�D�OHDN�WR�WKH�RXWVLGH�DLU��SURYLGHG�WKDW�WKH�LPSHGDQFH�IURP�WKH�OHDN�KROHV�WR
JURXQG�LV�QRW�WRR�ELJ��$Q�H[FHOOHQW�H[DPSOH�RI�WKLV�ZLOO�EH�YLHZHG�LQ�WKH�QH[W�FKDSWHU�

7KH�JUHDW�DGYDQWDJH�RI�D�OHDN�WKURXJK�WKH�FRYHU�FRPSDUHG�WR�D�OHDN�WR�WKH�RXWVLGH�DLU
LV�WKDW�WKH�OHDN�URXWH�LWVHOI�FDQ�EH�PDGH�D�ORW�VKRUWHU�LQ�WKH�DLU�IORZ�GLUHFWLRQ��ZKLFK�PDNHV
WKH�OHDN�PRUH�HIILFLHQW��WKH�LPSHGDQFH�LV�ORZHUHG���6HFRQGO\��DW�EHVW�QR�H[WUD�VSDFH�LV�UH�
TXLUHG�LQ�WKH�SKRQH�PHFKDQLFV��H[FHSW�IRU�VRPH�VSDFH�EHQHDWK�WKH�IURQW�FRYHU�IRU�WKH�DLU�WR
OHDN� LQWR�� EXW� VXFK� VSDFH� LV� XVXDOO\� DYDLODEOH� DQ\ZD\� XQOHVV� SDUWV� DUH� YHU\� WLJKWO\� ILWWHG
LQVLGH�WKH�FRYHUV���7KLUGO\��WKH�IURQW�FDYLW\�DQG�LWV�KROHV�FDQ�EH�GLPHQVLRQHG�LQGHSHQGHQWO\
WR�WXQH�WKH�+HOPKROW]�UHVRQDQFH�LI�QHHGHG��7KH�LPSRUWDQW�GLVDGYDQWDJH�LV�WKDW�WKH�OHDN�LV
QRW� QHFHVVDULO\� D� VLPSOH�5/� VHULHV� LPSHGDQFH� EHFDXVH� LW� HQGV� LQ� VRPH� FDYLW\� LQVLGH� WKH
SKRQH��7KLV�FDYLW\�DQG�LWV�OHDNV�PD\�HYHQ�IRUP�UHVRQDQFHV�LQVLGH�WKH�VSHHFK�WUDQVPLVVLRQ
IUHTXHQF\� UDQJH��DQG� WKHVH� UHVRQDQFHV�PD\�EH�KDUG� WR�SUHGLFW� �VLPXODWH��XQOHVV�DOO� OHDNV
DUH�ZHOO�NQRZQ�



'HVLJQ�H[DPSOH��OHDN�WROHUDQW�HDUSLHFH�������

������ &RPELQDWLRQ�PHWKRGV�DQG�PRGLILFDWLRQV

7KH�EDVLF�FRQILJXUDWLRQV�YLHZHG�DERYH�DUH� LQ�QR�ZD\� WKH�RQO\�ZRUNLQJ�RQHV��EXW�SUDFWL�
FDOO\�DQ\�NLQG�RI�PHFKDQLFDO�FRQVWUXFWLRQ�FDQ�EH�UHGXFHG�WR�D�FRPELQDWLRQ�RI�RQH�RSWLRQ
IURP�HDFK�RI�WKH�IROORZLQJ�WKUHH�JURXSV�

���%DFN�RI�HDUSLHFH�FDSVXOH
• FORVHG��D��
• HQFORVHG�LQ�D�FDYLW\��E��
• RSHQ�WR�DLU�LQVLGH�SKRQH��F���RU
• RSHQ�WR�RXWVLGH�DLU��G��

���)URQW�RI�HDUSLHFH�FDSVXOH
• VHDOHG�WR�SKRQH�FRYHU��D��
• OHDNLQJ�WR�DLU�LQVLGH�SKRQH��E���RU
• OHDNLQJ�WR�RXWVLGH�DLU��F��

���5HJLRQ�DURXQG�IURQW�KROHV
• VHDOHG��D��
• OHDNLQJ�WR�RXWVLGH�DLU��E���RU
• OHDNLQJ�WR�DLU�LQVLGH�SKRQH��F��

7KXV�D�FRQYHQWLRQDO�HDUSLHFH�ZRXOG�FRUUHVSRQG�WR���D��RU���F��WRJHWKHU�ZLWK���D��DQG���D��
$Q�HDUSLHFH�ZLWK�D�JRRG�OHDN�WROHUDQFH�FRXOG�KDYH�H�J����G�����D��DQG���F���RU���F�����E��DQG
��D���2I�WKH�DERYH����F�����G�����E��RU���F��DOO�LPSOHPHQW�WKH�ILUVW�RSWLRQ�GHVFULEHG�LQ�VHF�
�������UHGXFLQJ� =DH ���ZKLOH���E��RU���F��LPSOHPHQW�WKH�VHFRQG�RSWLRQ��VWDELOL]LQJ� TH ����,Q
IDFW���E��DQG���F��FRXOG�DOVR�EH�VHHQ�DV�LPSOHPHQWDWLRQV�RI�WKH�ILUVW�RSWLRQ��LW�LV�VLPSO\�D
TXHVWLRQ�RI�ZKHWKHU� WKH� OHDN� URXWHV�DUH�YLHZHG�DV�SDUWV�RI� =DH � RU�QRW���$V� VWDWHG� LQ� VHF�
������� ERWK� RSWLRQV� GR� QRW� QHFHVVDULO\� KDYH� WR� EH� LPSOHPHQWHG� EXW� RQH� RI� WKHP�PD\� EH
HQRXJK��)RU�H[DPSOH��D�FDSVXOH�ZLWK�D�KLJK�LQWHUQDO�DFRXVWLF�LPSHGDQFH�FDQ�VWLOO�SHUIRUP
YHU\�ZHOO�LI���E��RU���F��LV�XVHG��$OVR�LW�VKRXOG�EH�QRWHG�WKDW�PRUH�FRPSOLFDWHG�VWUXFWXUHV
DUH�SRVVLEOH�LQVLGH�WKH�SKRQH��IRU�H[DPSOH��DQ�LQWHUQDO�OHDN�IURP�WKH�IURQW�FDYLW\�FRXOG�EH
FRQQHFWHG�WR�DQRWKHU�FDYLW\��ZKLFK�LV�IXUWKHU�FRQQHFWHG�WR�D�FDYLW\�EHKLQG�WKH�FDSVXOH��2QH
VXFK�FRQVWUXFWLRQ�ZLOO�EH�H[HPSOLILHG�LQ�WKH�IROORZLQJ�FKDSWHU�

7KH�SUHVHQFH�RI�OHDNV��HLWKHU�ZDQWHG�RU�XQZDQWHG��LQ�FDYLWLHV�RU�EHWZHHQ�WKH�SKRQH
FRYHUV�FDQ�EH�VHHQ�DV�DGGLWLRQDO�LPSRUWDQW�FKDUDFWHULVWLFV�RI�WKH�DERYH�RSWLRQV��)RU�H[DP�
SOH��DW�OHDVW�LQ�D�OLPLWHG�IUHTXHQF\�UDQJH����E��ZLOO�DSSURDFK���F��LI�WKHUH�DUH�ELJ�OHDNV�LQ
WKH�FDYLW\��DQG���F��ZLOO�DSSURDFK���G��LI�WKHUH�DUH�ELJ�OHDNV�LQ�RU�EHWZHHQ�WKH�SKRQH�FRY�
HUV�
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�� &DVH� VWXG\�� OHDN� WROHUDQW� HDU�
SLHFH

7KLV�FKDSWHU� LV�D� VWXG\�RI� WKH�GHVLJQ�DQG� LPSOHPHQWDWLRQ�RI�D� OHDN� WROHUDQW�HDUSLHFH� LQ�D
1RNLD� *60�PRELOH� SKRQH� NQRZQ� RIILFLDOO\� DV� WKH� 1RNLD� ������ 7KH� KLVWRU\� EHKLQG� WKH
FKRLFH�RI�WKH�ILQDO�DFRXVWLFDO�VROXWLRQ�IRU�WKH�HDUSLHFH�LV�LPSRUWDQW�DQG�LW�FRQWDLQV�VHYHUDO
JRRG�H[DPSOHV�RI�SUREOHPV� WR�EH�VROYHG��0HFKDQLFDO�GHVLJQ�� LQGXVWULDO�GHVLJQ��PHDVXUH�
PHQW�DQG�SURGXFWLRQ�UHTXLUHPHQWV�DUH�GHVFULEHG�WR�WKH�H[WHQW�WKDW�WKH�FRPSURPLVHV�PDGH
FDQ�EH�XQGHUVWRRG�

%RWK�VLPXODWLRQ�DQG�PHDVXUHPHQW�UHVXOWV�DUH�XVHG�LQ�WKLV�FKDSWHU��$OVR��WKH�UHVLVWRU�
LQGXFWRU��FDSDFLWRU��YROWDJH�VRXUFH��FXUUHQW�VRXUFH��WUDQVIRUPHU�DQG�J\UDWRU�UHSUHVHQWDWLRQ
XVHG�LQ�WKH�SUHYLRXV�FKDSWHU�LV�VXEVWLWXWHG�E\�DFWXDO�0LFUR�&DS�FLUFXLWV��FRQWDLQLQJ�PDFURV
GHILQHG�LQ�DSSHQGL[�,9���7KLV�LV�GRQH�WR�GLVSOD\�WKH�SURSHUWLHV�DQG�SRZHU�RI�WKH�GHYHORSHG
VLPXODWLRQ�V\VWHP��2I�FRXUVH��WKH�FRQVWUXFWLRQ�RI�WKH�FLUFXLWV�LQ�WHUPV�RI�EDVLF�FRPSRQHQWV
�UHVLVWRUV�� LQGXFWRUV�� FDSDFLWRUV� HWF��� FDQ� DOZD\V� EH� UHFDOOHG� E\� UHIHUULQJ� WR� WKH� PDFUR
GHILQLWLRQV�LQ�DSSHQGL[�,9�

���� 7KH�VWDUWLQJ�SRLQW

������ /HDN�WROHUDQFH�DQG�SUHYLRXV�HDUSLHFHV

1R�FRQFHQWUDWHG�HIIRUWV�ZHUH�PDGH�LQ�1RNLD�0RELOH�3KRQHV�EHIRUH�WKH������WR�DVVXUH�WKDW
WKH� HDUSLHFHV� XVHG� LQ� FRPPHUFLDO� SURGXFWV�ZHUH� OHDN� WROHUDQW�� ,QVWHDG��PHFKDQLFDO� VROX�
WLRQV�ZHUH�GHYHORSHG� WRJHWKHU�ZLWK� WKH�HDUSLHFH�FDSVXOH�PDQXIDFWXUHU�ZKR�XVXDOO\�KDG�D
VLPSOH�VHW�RI�GHVLJQ�UXOHV�IRU�WKH�IURQW�FDYLW\�DQG�IURQW�KROHV��1HLWKHU�WKH�HDUSLHFH�FDSVXOHV
QRU�WKH�PHFKDQLFV�DURXQG�WKHP�ZHUH�GHVLJQHG�HVSHFLDOO\�IRU�OHDN�WROHUDQFH��EXW�RI�FRXUVH
VRPH�DPRXQW�RI�OHDN�WROHUDQFH�ZDV�VWLOO�DFKLHYDEOH�GHSHQGLQJ�RQ�WKH�SURSHUWLHV�RI�WKH�HDU�
SLHFH�FDSVXOHV�WKHPVHOYHV�

7KH�HDUSLHFH�XVHG�LQ� WKH�1RNLD�������DQRWKHU�YHU\�VXFFHVVIXO�1RNLD�SKRQH��FDQ�EH
XVHG�DV�DQ�H[DPSOH�RI�DQ�HDUSLHFH�QRW�GHVLJQHG�IRU�OHDN�WROHUDQFH��,Q�RUGHU�WR�VHH�WKLQJV�LQ
WKHLU� ULJKW�SURSRUWLRQV��PHDVXUHPHQW� UHVXOWV�RI� WKH������VKRXOG�EH�FRPSDUHG� WR������ UH�
VXOWV�SUHVHQWHG�ODWHU�



&DVH�VWXG\��OHDN�WROHUDQW�HDUSLHFH������

)LJXUH������0HDVXUHG�IUHTXHQF\�UHVSRQVH�RI�3KLOLSV�6SHDNHU�6\VWHPV�:'������HDUSLHFH
FDSVXOH�LQ�1RNLD������PHFKDQLFV��XVLQJ�,78�7�3����W\SH���FRXSOHU�ERWK�VHDOHG�DQG�ZLWK
OHDN�ULQJ��´*HUPDQ�OHDN´��VHH�VHF����������

$V�GHVFULEHG�LQ�VHFWLRQ���������WKH�DPRXQW�RI�OHDN�WROHUDQFH�RI�D�JLYHQ�HDUSLHFH�LV�LQGLFDWHG
E\� WKH� UHODWLYH� GLIIHUHQFH� EHWZHHQ� WKH� WZR�PHDVXUHG� �RU� VLPXODWHG�� IUHTXHQF\� UHVSRQVHV
XVLQJ� WKH� W\SH���FRXSOHU�ZLWK�DQG�ZLWKRXW� WKH�*HUPDQ� OHDN� ULQJ��2I�FRXUVH�� DQ\�NLQG�RI
UHDOLVWLF�YDU\LQJ�DFRXVWLF�ORDG�FRXOG�EH�XVHG��EXW�WKH�WUHDWPHQW�LQ�WKLV�FKDSWHU�ZLOO�FRQFHQ�
WUDWH�RQ�WKH�W\SH���FRXSOHU�DQG�OHDN�ULQJ�EHFDXVH�WKH\�ZHUH�WKH�RQHV�XVHG�GXULQJ�WKH�GHYHO�
RSPHQW�RI�WKH������HDUSLHFH�VROXWLRQ��6HH�DSSHQGL[�9,��)URP�QRZ�RQ��IUHTXHQF\�UHVSRQVHV
ZLWK�DQG�ZLWKRXW�WKH�*HUPDQ�OHDN�ULQJ��KHUHDIWHU�DOVR�FDOOHG�VLPSO\�OHDN�ULQJ�RU�*HUPDQ
OHDN��ZLOO�EH�XVHG�WR�GLVSOD\�WKH�OHDN�WROHUDQFH�RI�HDFK�SDUWLFXODU�VROXWLRQ�
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)LJXUH������6LPXODWHG�DFRXVWLF� LPSHGDQFH� �WRS��PDJQLWXGH��ERWWRP��DUJXPHQW��RI� W\SH��
FRXSOHU�ZLWK�DQG�ZLWKRXW�*HUPDQ�OHDN�ULQJ�

�� �6($/('
�� �*(50$1�/($.

(DU SRXW

6HDO*HUP�Q�

$

=DX

)LJXUH� ����� $Q� DFRXVWLF� LPSHGDQFH� SUREH� LV� XVHG� WR� REWDLQ� WKH� UHVXOWV� RI� ILJ�� ����� 7KH
6HDO*HUP�PDFUR�WR�WKH�ULJKW�ZDV�FUHDWHG�WR�VLPSOLI\�OHDN�WROHUDQFH�DQDO\VLV��VHH�WKH�HQG
RI�DSSHQGL[�,9��

,W�LV�YHU\�LQIRUPDWLYH�WR�QRWH�WKDW�WKH�W\SH���FRXSOHU��ZKLFK�VKRXOG�UHVHPEOH�D�W\SLFDO�KX�
PDQ�HDU�ZLWK�JRRG�HQRXJK�DFFXUDF\��KDV�D�KLJK�FDSDFLWLYH�LPSHGDQFH�EHORZ�����+]�ZKHQ
VHDOHG�� EXW� WKLV� LPSHGDQFH� GURSV� GUDPDWLFDOO\� DQG� EHFRPHV� LQGXFWLYH�ZKHQ� WKH�*HUPDQ
OHDN�ULQJ�LV�DGGHG��7KH�GLIIHUHQFH�DERYH�����+]�LV�QRW�YHU\�VLJQLILFDQW��6LQFH�WKH�*HUPDQ
OHDN�ULQJ�LV�LQWHQGHG�WR�FRUUHVSRQG�WR�D�W\SLFDO�VPDOOLVK�OHDN�EHWZHHQ�WKH�SKRQH�FRYHU�DQG
WKH�XVHU¶V�HDU��LW�LV�HDV\�WR�XQGHUVWDQG�WKH�VWDWHPHQW�PDGH�HDUOLHU�WKDW�WKH�EDVV�IUHTXHQFLHV
DUH�WKH�RQHV�VXIIHULQJ�PRVW�ZKHQ�WKH�HDUSLHFH�OHDNV��7KHUH�DUH�RWKHU�FRXSOHU�W\SHV��H�J��WKH
W\SH�����KLJK�OHDN�FRXSOHU��PRGHOOLQJ�W\SLFDO�ELJ�OHDNV��EXW�WKHVH�ZLOO�QRW�EH�XVHG�LQ�WKLV
WKHVLV��7KH�W\SH���FRXSOHU�VLPXODWLRQ�PRGHO�KDV�DQ�LPSHGDQFH�WKDW�GHYLDWHV���G%��DW�PRVW�
IURP�WKH�PHDVXUHG�UHVXOW�LQ�WKH�IUHTXHQF\�UDQJH�XVHG�IRU�VSHHFK�WUDQVPLVVLRQ��DFFRUGLQJ�WR
JUDSKV�LQ�>��@���7KH�DFFXUDF\�RI�WKH�*HUPDQ�OHDN�PRGHO�LV�QRW�NQRZQ�WR�WKH�ZULWHU�
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������ 7KH�QHZ�WUDQVGXFHU

7KH�HDUSLHFH�FDSVXOH�WHQGV�WR�EH�RQH�RI�WKH�ELJJHVW�FRPSRQHQWV�LQ�D�PRELOH�SKRQH��VR�TXLWH
D�ORW�RI�VSDFH�FRXOG�EH�VDYHG�E\�WU\LQJ�WR�PLQLDWXUL]H�LW��7KLV�ZDV�GRQH�LQ�WKH������SKRQH�
ZKLFK�ZDV�WR�XVH�D�QHZ����PP�GLDPHWHU�HDUSLHFH�FDSVXOH�IURP�3KLOLSV�6SHDNHU�6\VWHPV
�366���VKRZQ�EHORZ��D�SKRWRJUDSK�FDQ�EH�IRXQG� LQ�FKDSWHU���� ILJ��������7KH�FDSVXOH�ZDV
FR�GHYHORSHG� E\� 366� DQG�1RNLD�0RELOH� 3KRQHV� �103�� IRU� DQ� LQWHQGHG� QHZ� DFRXVWLFDO
VROXWLRQ�WKDW�LV�YLHZHG�LQ�PRUH�GHWDLO�EHORZ�

7KH����PP�FDSVXOH��LQ�DGGLWLRQ�WR�EHLQJ�VPDOO��ZDV�DOVR�WR�KDYH�D�ORZHU�DFRXVWLF�LP�
SHGDQFH� WKDQ� W\SLFDO�FRPSHWLWRUV� �L�H��D� ORZ� =DV ���7KLV�ZDV�DFKLHYHG�E\�PDNLQJ� WKH�PH�
FKDQLFDO�FRQVWUXFWLRQ�RI�WKH�FDSVXOH�YHU\�RSHQ�WR�WKH�DLU�IORZ�

)LJXUH������%RWWRP�YLHZ��OHIW��DQG�VLGH�YLHZ��FURVV�VHFWLRQDO�YLHZ��ULJKW��RI�QHZ�366���
PP�OHDN�WROHUDQW�HDUSLHFH�FDSVXOH��W\SH�:'�������IURP�>��@��

7KH�RSHQQHVV�RI�WKH�FDSVXOH�LV�QRW�VHHQ�LQ�WKH�FURVV�VHFWLRQDO�GUDZLQJ��+RZHYHU��WKHUH�DUH
IRXU�TXLWH�ELJ�RSHQLQJV��KHUHDIWHU�FDOOHG�WKH�FRUH�SODWH�KROHV��WKDW�FDQ�EH�VHHQ�LQ�WKH�ERW�
WRP�YLHZ�GUDZLQJ��7KHVH�RSHQLQJV�DUH�GLUHFWO\� FRQQHFWHG� WR� WKH� VPDOO� DLU� FDYLW\� IRUPHG
XQGHU�WKH�FHQWHU��´GRPH´��SDUW�RI�WKH�PHPEUDQH��:KHQ�WKH�FDSVXOH�LV�SODFHG�EHWZHHQ�WZR
SDUDOOHO�SODQH�VXUIDFHV��ZLWK�FRPSUHVVHG�VSULQJ�FRQWDFWV���WZR�DGGLWLRQDO�VPDOO�FDYLWLHV�DUH
IRUPHG��RQH�XQGHU� WKH�FDSVXOH�ERG\��DQG�RQH�DERYH� WKH�PHPEUDQH��7KLV� LV�ZK\� WKH�366
FDSVXOH�PRGHOV� VKRZQ� LQ�DSSHQGL[�9�KDYH� WKHVH�FDYLWLHV� LQFOXGHG�DV�ZHOO��2I� FRXUVH�� DW
OHDVW�WKH�IURQW�RI�WKH�FDSVXOH�LV�QRUPDOO\�FRQQHFWHG�GLUHFWO\�WR�D�ELJJHU�FDYLW\�DQG�WKH�FDY�
LW\�EHWZHHQ�WKH�PHPEUDQH�DQG�WKH�SODQH�LV�WRR�VPDOO�WR�EH�VLJQLILFDQW��+RZHYHU��LW�LV�YHU\
FRQYHQLHQW�WR�KDYH�VLPSOH�UHIHUHQFH�SODQHV�IRU� WKH�FDSVXOH�VLPXODWLRQ�PRGHO�WKDW�FRPSO\
ZLWK�WKH�PHFKDQLFDO�PRXQWLQJ�RI�WKH�FDSVXOH�FRPSRQHQW�

7KH�WKUHH�FDSVXOH�PRGHOV��RI�YDU\LQJ�FRPSOH[LW\�DQG�DFFXUDF\��VKRZQ�LQ�DSSHQGL[
9�VKRXOG�EH�XQGHUVWDQGDEOH�E\�UHIHUULQJ�WR�ILJ������DQG�FKDSWHU����+HUHDIWHU�RQO\�RQH�VLQJOH
VKDSH�ZLOO� EH� VHHQ� LQ� VLPXODWLRQ� VFKHPDWLFV�� WKRXJK�� EHFDXVH� WKH� FDSVXOH�PRGHO�ZLOO� EH
KLGGHQ�EHQHDWK�D�PDFUR��XQOHVV�PHQWLRQHG�RWKHUZLVH��WKH�PRVW�DFFXUDWH�WKUHH�PDVV�PRGHO
LV�WKH�RQH�XVHG��DQG�WKH�PDFUR�FRQWDLQLQJ�WKLV�PRGHO�LV�FDOOHG�366��B���

,PSRUWDQW�GDWD�GHVFULELQJ�WKH�HDUSLHFH�FDSVXOH�DUH�

• QRPLQDO�LPSHGDQFH�����Ω�
• YRLFH�FRLO�UHVLVWDQFH�� 5F ������Ω�±������
• VHQVLWLYLW\������±���G%����P:����N+]��W\SH���FRXSOHU��
• PD[LPXP�OLQHDU�GLVSODFHPHQW�� [PPD[ ���±�����PP
• HIIHFWLYH�DUHD�� $P �������FP

��
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,W�LV�XVHIXO�WR�ILQG�RXW�WKH�YDOXHV�RI�WKH�FRPSRQHQWV�VKRZQ�LQ�ILJ�������$�FRXSOH�RI�WKHVH�DUH
VHHQ� GLUHFWO\� LQ� WKH� FDSVXOH�PRGHOV��2WKHU� YDOXHV� DUH� HDVLO\� FDOFXODWHG� IURP� WKH�PRGHOV
XVLQJ�HTV��������������DQG�WKH�IRUPXOD�IRU�WKH�DFRXVWLF�FDSDFLWDQFH�RI�D�FDYLW\��IRXQG�LQ�WKH
GHILQLWLRQ�RI�WKH�&DYLW\�PDFUR���7KH�UHVXOWV�DUH��IRU�WKH�PHPEUDQH�
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DQG�IRU�WKH�RXWSXW�RSHQ�FLUFXLW�SUHVVXUH�
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DQG��ILQDOO\��IRU�WKH�KRXVLQJ�
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8VLQJ�WKH� /DK �DQG�&DK �YDOXHV�QRZ�REWDLQHG��LW�FDQ�EH�FDOFXODWHG�WKDW�WKH�KRXVLQJ�ZLOO�EH�
FRPH�FDSDFLWLYH�DW�D�IUHTXHQF\�DV�KLJK�DV����N+]��IDU�DERYH�WKH�VSHHFK�WUDQVPLVVLRQ�IUH�
TXHQF\�UDQJH��7KXV��EHORZ����N+]��WKH�KRXVLQJ�FDQ�EH�VHHQ�DV�D�SXUH�5/�VHULHV�FLUFXLW��7R
SXW� LW� DQRWKHU�ZD\�� WKH�KRXVLQJ� UHPDLQV� DFRXVWLFDOO\� ´RSHQ´� WR� WKH�RXWVLGH� DLU� DW� DOO� IUH�
TXHQFLHV�RI�LQWHUHVW�DQG�WKH�FDSDFLWDQFH�RI�WKH�KRXVLQJ�FDQ�EH�OHIW�RXW��DV�DOUHDG\�DVVXPHG
LQ� FKDSWHU� ���1RZ� LI� WKH�RWKHU� FRPSRQHQWV� DUH� DGGHG� LQ� VHULHV�� WKH�YDOXHV� IRU� WKH�ZKROH
FDSVXOH�DUH�REWDLQHG�
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6RPH� YHU\� LPSRUWDQW� WKLQJV� FDQ� EH� VHHQ�� /DP � LV� FRQVLGHUDEO\� ELJJHU� WKDQ� /DK �� L�H�� WKH
PRYLQJ�PDVV��PHPEUDQH�DQG�YRLFH�FRLO��IRUPV�WKH�PDMRU�SDUW�RI�WKH�WRWDO�DFRXVWLF�LQGXF�
WDQFH� /DV ��DQG�LW�ZRXOG�QRW�KHOS�PXFK�WR�RSHQ�XS�WKH�FRUH�SODWH�KROHV�PRUH�WR�UHGXFH� /DK �
7KH� W\SLFDO�PDLQ� UHVRQDQFH� IUHTXHQF\� �����+]��RI� WKH� FDSVXOH� FDQ�EH� UHDGLO\� FDOFXODWHG
IURP� /DV �DQG�&DV �
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)LJXUH������6LPXODWHG�DFRXVWLF�LPSHGDQFH� =DV ��ZLWK�WKH�DPSOLILHU�FRQQHFWHG��RI�WKH�WKUHH
HDUSLHFH�FDSVXOH�PRGHOV��WRS��PDJQLWXGH��ERWWRP��DUJXPHQW��

$

&DYLW\����Q�

$

&DYLW\����Q�

366��B�

366��B�

$

&DYLW\����Q�

366��B�

$

5D��0HJ�

/D����N�

&D���S�

���Q������PP���YROXPH�DGGHG�WR�FDQFHO�WKH���Q�IURQW�YROXPH�XVHG�LQ�WKH�PRGHOV��L�H�

UHIHUHQFH�SODQH�KHUH� �PHPEUDQH�VXUIDFH��QRW�SODQH�LQ�IURQW�RI�FDSVXOH�

0RGHO�0RGHO�

0RGHO� 5/&

)LJXUH������6FKHPDWLF�WR�REWDLQ�WKH�VLPXODWLRQ�UHVXOWV�RI�ILJ�������7KH�YRLFH�FRLO� LV�VKRUW�
FLUFXLWHG� WR�VLPXODWH� WKH�VLWXDWLRQ�ZLWK�D�]HUR�LPSHGDQFH�DPSOLILHU�FRQQHFWHG� WR� WKH�HDU�
SLHFH�FDSVXOH��$FRXVWLF�LPSHGDQFH�SUREHV�DUH�XVHG�WR�SUREH�WKH�LPSHGDQFHV�



&DVH�VWXG\��OHDN�WROHUDQW�HDUSLHFH������

)LJXUH� ����� 6LPXODWHG� RSHQ�FLUFXLW� SUHVVXUH� OHYHO� �WRS�� DQG� SKDVH� �ERWWRP�� RI� WKH� WKUHH
HDUSLHFH�FDSVXOH�PRGHOV�

&DYLW\����Q� &DYLW\����Q�

366��B�

366��B�

&DYLW\����Q�

366��B�

$&��

$&��

$&��

%N� )U�

%N� )U�

%N� )U�

)LJXUH������6FKHPDWLF�WR�REWDLQ�WKH�VLPXODWLRQ�UHVXOWV�RI�ILJ������

7KH�PDLQ�UHVRQDQFH�LV�DOVR�VHHQ�DV�]HUR�DFRXVWLF�UHDFWDQFH�LQ�ILJ�������ULJKW���0RGHOV���DQG
��KDYH�LUUHJXODULWLHV�DW�KLJK�IUHTXHQFLHV�EHFDXVH�WKH\�VLPXODWH�WKH�HIIHFWV�RI�GRPH�GHFRX�
SOLQJ�
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3HUKDSV�VXUSULVLQJO\��WKH�PRGHOV�LQ�DSSHQGL[�9�KDYH�QR�UHVLVWDQFH�DW�DOO�LQ�WKHLU�PH�
FKDQLFDO�GRPDLQV��7KLV�LV�QRW�WR�VD\�WKDW�WKH�PHFKDQLFDO�LPSHGDQFH�RI�WKH�PHPEUDQH��ZLWK
QR� DPSOLILHU� FRQQHFWHG�� LV� ]HUR�� EXW� WKH� UHVLVWDQFH� RI� WKH�ZKROH� FDSVXOH� �PHPEUDQH� DQG
KRXVLQJ�� LV� LQFOXGHG� DV� D� UHVLVWDQFH� LQ� WKH� DFRXVWLFDO� GRPDLQV� LQVWHDG�� 7KLV� ZDV� DQ� DS�
SURDFK�FKRVHQ��IRU�VLPSOLFLW\��E\�WKH�HQJLQHHUV�DW�366�ZKR�GHYHORSHG�WKH�PRGHO��7KH�UHVLV�
WDQFH�PLJKW�MXVW�DV�ZHOO�EH�VSOLW�XS�LQWR�D�PHFKDQLFDO�PHPEUDQH�UHVLVWDQFH�DQG�DQ�DFRXVWLF
KRXVLQJ�UHVLVWDQFH�LI�ZDQWHG��7KH�PHFKDQLFDO�UHVLVWDQFH�ZRXOG�WKHQ�EH�YHU\�VPDOO�

������ 7KH�QHZ�SKRQH

$OO�WKH�LQWHQGHG�IHDWXUHV�RI�WKH�QHZ�SKRQH�ZLOO�QRW�EH�GHVFULEHG�KHUH��EXW�LW�VKRXOG�EH�VHOI�
HYLGHQW�E\�QRZ�WKDW�JRRG�DXGLR�SHUIRUPDQFH�RI�WKH�HDUSLHFH�ZDV�RQH�RI�WKH�LPSRUWDQW�WDU�
JHWV��7KH�UHDVRQV�IRU�DLPLQJ�DW�D�JRRG�OHDN�WROHUDQFH�KDYH�DOUHDG\�EHHQ�PHQWLRQHG�

,W� ZDV� VSHFLILHG� DW� DQ� HDUO\� VWDJH� WKDW� WKH� SKRQH� ZDV� WR� KDYH� WZR� SULQWHG� FLUFXLW
ERDUGV� �3&%V�� VHSDUDWHG� E\� D� SODVWLF� IUDPH�� 7KH� XSSHU� 3&%� �L�H�� WKH� RQH� FORVHU� WR� WKH
SKRQH� IURQW� FRYHU�� KHUHDIWHU� FDOOHG� WKH�$�FRYHU�� ZDV� WR� KDYH� XVHU� LQWHUIDFH� �8,�� UHODWHG
IXQFWLRQV�DQG�FRQQHFWLRQV�RQ�LW��ZKLOH�WKH�ORZHU�3&%�ZDV�WR�EH�ORDGHG�PRVWO\�E\�EDVHEDQG
DQG�5)�FRPSRQHQWV��+HQFH�WKH�QDPHV�WKDW�DUH�WR�EH�XVHG�IURP�QRZ�RQ��8,�3&%�DQG�(Q�
JLQH�3&%��7KH�HDUSLHFH�FDSVXOH��QDWXUDOO\��ZDV�WR�UHVLGH�RQ�WKH�8,�3&%��7KH�EDFN�RI�WKH
FDSVXOH�ZDV�WR�EH�RSHQ��RWKHUZLVH� =DE ��DQG�KHQFH� =DH ��ZRXOG�EH�WRR�ODUJH�DW�ORZ�IUHTXHQ�
FLHV��� VR� ELJ� KROHV� WKURXJK� WKH� 8,� 3&%� ZHUH� VSHFLILHG� EHKLQG� WKH� FDSVXOH�� 7KH� VL]H
�GLDPHWHU�����PP��DQG�QXPEHU����SLHFHV��RI�WKHVH�KROHV�ZDV�FKRVHQ�WR�NHHS�WKHLU�DFRXVWLF
LPSHGDQFH�ORZ�HQRXJK�FRPSDUHG�WR�RWKHU�LPSHGDQFHV�DSSHDULQJ�LQ�VHULHV�ZLWK�WKHP�

0RUHRYHU��WKH�WZR�3&%V�VHSDUDWHG�E\�D�IUDPH�SURYLGHG�D�FRQYHQLHQW�ZD\�RI�DUUDQJ�
LQJ�D�FDYLW\�EHKLQG�WKH�FDSVXOH��PRUH�VSHFLILFDOO\��EHKLQG�WKH�KROHV�LQ�WKH�8,�3&%��EXW�WKH
LPSHGDQFH�RI� WKHVH�KROHV� LV�QRW�YHU\� VLJQLILFDQW���7KH�H[DFW� VL]H�RI� WKLV� FDYLW\��ZKLFK� LV
KHUHDIWHU�WR�EH�FDOOHG�WKH�EDFN�FDYLW\��ZDV�QRW�NQRZQ�LQ�DGYDQFH��$OVR��LW�ZRXOG�LQHYLWDEO\
GLIIHU�EHWZHHQ�SKRQH�PRGHOV��RWKHU�PRGHOV�EHORQJLQJ�WR�WKH�VDPH�IDPLO\�RI�SURGXFWV�DV�WKH
�����EXW�ZLWK�VOLJKWO\�GLIIHUHQW�FRPSRQHQWV�DQG�PHFKDQLFV��H�J��WKH��������$�YROXPH�RI��
FP��ZDV�HVWLPDWHG��DQG�WKH�HDUSLHFH�FDSVXOH�ZDV�WR�IXQFWLRQ�FRUUHFWO\�LQ�D�EDFN�FDYLW\�YRO�
XPH�RI�WKLV�VL]H��:KDW�WKLV�PHDQW�ZDV�WKDW�&DP ��WKH�DFRXVWLF�FDSDFLWDQFH�RI�WKH�PHPEUDQH�
ZDV� WR� EH� ORZHU� WKDQ� &DE � �WKH� VHULHV� DFRXVWLF� FDSDFLWDQFH� RI� WKH� EDFN� FDYLW\�� VHH� VHF�
����������7KLV�LV�HDVLO\�YHULILHG�XVLQJ�WKH� &DP �YDOXH�FDOFXODWHG�DERYH�DQG�WKH�IRUPXOD�IRU
WKH�DFRXVWLF�FDSDFLWDQFH�RI�D�FDYLW\�� ,W�ZDV�DOVR�NQRZQ�IURP�WKH�EHJLQQLQJ� WKDW� WKH�EDFN
FDYLW\�ZRXOG�QRW�EH�FRPSOHWHO\�VHDOHG��WKH�3&%V��RI�PXOWL�OD\HU�FRQVWUXFWLRQ��DSSUR[�����
PP�WKLFN��ZHUH�WR�KDYH�D�JUHDW�QXPEHU�RI�VPDOO�WKURXJK�KROHV�LQ�WKHP��7KLV�LV�QRW�D�EDG
WKLQJ�²�RQ� WKH� FRQWUDU\� WKH� KROHV�ZRXOG� KDYH� D� EHQHILFLDO� GDPSLQJ� HIIHFW� RQ� WKH�PDLQ
UHVRQDQFH�DV�ZLOO�EH�VHHQ�ODWHU��,W�ZDV�HVWLPDWHG�WKDW� WKH�WKURXJK�KROH�GLDPHWHU�ZRXOG�EH
����PP�DQG�WKH�WRWDO�QXPEHU�RI�KROHV�ZRXOG�EH�DURXQG������)RU�VLPSOLFLW\��LW�LV�DVVXPHG�LQ
WKH�IROORZLQJ�VLPXODWLRQV�WKDW�DOO�WKH�WKURXJK�KROHV�DUH�FRQQHFWHG�WR�IUHH�DLU��DOWKRXJK�WKLV
ZDV�QRW�JRLQJ�WR�EH�WKH�FDVH�LQ�WKH�UHDO�SKRQH�PHFKDQLFV�ILQDOL]HG�ODWHU��

,Q�WHUPV�RI�WKH�FODVVHV�RI�WRSRORJLHV�GHILQHG�DW�WKH�HQG�RI�WKH�SUHYLRXV�FKDSWHU��WKLV
VROXWLRQ�ZRXOG�FRUUHVSRQG�WR���E�����D�����E���ZLWK�D�OHDN�LQ�WKH�EDFN�FDYLW\��
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)LJXUH������([SORGHG�YLHZ�RI�WKH�1RNLD������SKRQH������$�FRYHU��IURQW�FRYHU�������VHDOLQJ
JDVNHW�IRU�HDUSLHFH�FDSVXOH������HDUSLHFH�FDSVXOH���0���8,�PRGXOH������IUDPH���0���5)�	
EDVHEDQG� �(QJLQH�� PRGXOH�� ���� %�FRYHU� �EDFN� FRYHU��� 2WKHU� SDUWV�� ���� GLVSOD\� OHQV�� ���
NH\SDG������GLVSOD\������UXEEHU�ERRW�FRQWDLQLQJ�PLFURSKRQH�������DQWHQQD�

)LJXUH�������6RPH�LPSRUWDQW�DFRXVWLFDO�SDUWV�������IURQW�KROHV�������IURQW�FDYLW\�ERXQGHG
E\�$�FRYHU�� JDVNHW� DQG� FDSVXOH�� ����� KROHV� LQ�8,�3&%� EHKLQG� FDSVXOH�� ����� EDFN� FDYLW\
ERXQGHG�E\�8,�PRGXOH��IUDPH�DQG�5)�	�EDVHEDQG�PRGXOH�������5)�	�EDVHEDQG��(QJLQH�
3&%�ZLWK�WKURXJK�KROHV�

7KHUH� DUH� D� IHZ�PRUH� LPSRUWDQW� SDUWV� QRW�PHQWLRQHG� LQ� ILJV�� ���������� EXW� WKHVH�ZLOO� EH
WUHDWHG�ODWHU�WRJHWKHU�ZLWK�WKH�DFRXVWLFDO�VROXWLRQV�PDNLQJ�XVH�RI�WKHP�
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������ 'HVLJQ�DQG�SURGXFWLRQ�UHTXLUHPHQWV

$�IDFW�WKDW�ZLOO�EHFRPH�REYLRXV�LQ�WKLV�FKDSWHU�LV�WKDW�PHFKDQLFDO�DQG�DFRXVWLFDO�GHVLJQ�FDQ
EH� VXUSULVLQJO\� FORVHO\� UHODWHG�� 7KLV� LV� WUXH� HVSHFLDOO\�ZKHQ�PDQ\�PHFKDQLFDO� VWUXFWXUHV
DURXQG�WKH�HDUSLHFH�FDSVXOH�DUH�D�SDUW�RI�WKH�HDUSLHFH�DFRXVWLFDO�FLUFXLW��$Q�HDUSLHFH�ZLWK�D
FORVHG�EDFN�� VHDOHG� DJDLQVW� WKH�SKRQH� IURQW� FRYHU��ZRXOG� KDYH� RQO\� WKH� IURQW� FDYLW\� DQG
IURQW�KROHV�FRPPRQ�ZLWK�WKH�SKRQH�PHFKDQLFV��7KH�LQWHQGHG�VROXWLRQ�IRU�WKH�1RNLD�����
SKRQH�H[WHQGV�WKLV�WR�LQFOXGH�WKH�EDFN�FDYLW\�DV�ZHOO��7KLV�ZD\�WKH�ORFDWLRQV�DQG�VL]HV�RI
FRPSRQHQWV�RQ�WKH�(QJLQH�3&%�FDQ�KDYH�VRPH�HIIHFW�RQ�WKH�HDUSLHFH�IUHTXHQF\�UHVSRQVH
DQG�OHDN�WROHUDQFH�LQ�FULWLFDO�FDVHV��,W�LV�QRW�GHVLUDEOH�WR�KDYH�YHU\�KLJK�FRPSRQHQWV�EHKLQG
WKH�KROHV� LQ� WKH�8,�3&%�� VLQFH� WKHQ� WKH�KROHV�PD\�EH�DFRXVWLFDOO\�EORFNHG� �OHDGLQJ� WR� D
KLJK�=DE ��

6LQFH�WKH�IURQW�FRYHUV�ZHUH�WR�EH�FDVW�LQ�PRXOGV��LW�ZDV�GHFLGHG�DW�DQ�HDUO\�VWDJH�QRW
WR�XVH�IURQW�KROHV�ZLWK�FURVV�VHFWLRQDO�GLPHQVLRQV�VPDOOHU�WKDQ�����PP�LQ�WKH������SKRQH
�IRU�UHDVRQV�PHQWLRQHG�LQ�VHF����������0D[LPXP�KROH�VL]HV�DUH�UHVWULFWHG�E\�GXVW�DQG�ZDWHU
VKLHOGLQJ�UHTXLUHPHQWV��'XVW�DQG�ZDWHU�VKLHOG�PHPEUDQH�ZDV�QRW�LQWHQGHG�WR�EH�D�SDUW�RI
WKH� ����� SKRQH�� VR� VXIILFLHQW�ZDWHU� UHVLVWDQFH� RI� DFRXVWLFDO� RSHQLQJV�ZDV� WR� EH� YHULILHG
VHSDUDWHO\�

$OWKRXJK� WKH� EDFN� FDYLW\�ZDV� VSHFLILHG� WR� KDYH� D� JUHDW� QXPEHU� RI� VPDOO� RSHQLQJV
�WKURXJK�KROHV�� LQ� LW�� LW�ZDV�NQRZQ�DOVR� WKDW� WKH�3&%�PDQXIDFWXULQJ�SURFHVV�FRXOG�EORFN
WKH�WKURXJK�KROHV�E\�VROGHU�UHVLVW��VR�RQH�FRXOG�QRW�UHO\�RQ�WKH�KROHV�EHLQJ�RSHQ�LQ�HDFK
SKRQH�XQLW��7KLV�KDG�WR�EH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�DFRXVWLFV�GHVLJQ��&KHFNLQJ�WKH�HIIHFW
RI�EORFNHG�KROHV� LV�YHU\�HDV\� LQ�D� VLPXODWLRQ��EXW�PRUH�GLIILFXOW� LQ�D�PHDVXUHPHQW�PDGH
ZLWK�UHDO�SKRQH�SDUWV�

������ 6ROXWLRQ����VWDUWLQJ�SRLQW���OHDN�LQ�PHDVXUHPHQW

7KH�GHYHORSPHQW�RI� WKH�HDUSLHFH�FDSVXOH�ZDV�DW� ILUVW� WDUJHWHG�DW� WKH�VROXWLRQ� LQYROYLQJ�D
EDFN� FDYLW\� �DV� GHVFULEHG� DERYH�� EHKLQG� WKH� HDUSLHFH� FDSVXOH�� ,Q� W\SH� DSSURYDO� UHTXLUH�
PHQWV�DW�WKH�WLPH��HDUSLHFH�PHDVXUHPHQWV�ZHUH�PDGH�XVLQJ�D�VHDOHG��W\SH����FRXSOHU��7KLV
ZRXOG�FRUUHVSRQG� WR�DQ� LQILQLWH� =DO � �VHH�VHF����������7KH�VLWXDWLRQ�FRXOG�EH� LPSURYHG�E\
DGGLQJ�D�VWDELOL]LQJ�OHDN� =D[ �DFFRUGLQJ�WR�WKH�SULQFLSOHV�GHVFULEHG�LQ�VHFWLRQ��������D�VSH�
FLDO� FDUHIXOO\� VSHFLILHG�� ZHOO� EHKDYHG� OHDN� FRXOG� EH� XVHG� EHWZHHQ� WKH� $�FRYHU� DQG� WKH
PHDVXUHPHQW� FRXSOHU� GXULQJ� W\SH� DSSURYDO� PHDVXUHPHQWV�� :LWKRXW� D� OHDN� WKH� ORZ� IUH�
TXHQFLHV�ZRXOG�EH�YHU\�ORXG��ZKLFK�ZRXOG�UHTXLUH�KHDY\�GDPSLQJ�LQ�WKH�'63�HTXDOL]DWLRQ
ILOWHUV� WR� ILW� WKH� HDUSLHFH� IUHTXHQF\� UHVSRQVH� �VWULFWO\� VSHDNLQJ�� UHFHLYLQJ� IUHTXHQF\� UH�
VSRQVH�� DV� GHVFULEHG� LQ� *60� VSHFLILFDWLRQV�� ZLWKLQ� W\SH� DSSURYDO� OLPLWV�� 7KHQ� EDVV� UH�
VSRQVH�ZRXOG�VXIIHU� WRR�PXFK� LQ�QRUPDO�XVH�RI� WKH�SKRQH�EHFDXVH�RI� WKH� LQHYLWDEOH� OHDN
WKDW�ZRXOG�EH�SUHVHQW�EHWZHHQ�WKH�SKRQH�DQG�WKH�XVHU¶V�HDU��%\�XVLQJ�WKH�DGGLWLRQDO�SXU�
SRVH�EXLOW� OHDN�� WKH�PHDVXUHPHQW�ZRXOG� WDNH�DFFRXQW�RI� WKH� OHDNV� LQ�QRUPDO�XVH�DQG� OHVV
GDPSLQJ� RI� EDVV� IUHTXHQFLHV�ZRXOG� EH� QHHGHG� WR� SDVV� W\SH� DSSURYDO� OLPLWV�� 7KLV�ZRXOG
DSSHDU� WR� WKH� XVHU� DV� D� IXOOHU� DQG� PRUH� SOHDVDQW� VRXQG� �FRPSDUHG� WR� FRQYHQWLRQDO� HDU�
SLHFHV��EHFDXVH�RI�WKH�JRRG�EDVV�UHSURGXFWLRQ�

�������� 'HVLJQ�UXOHV

7KH�EHVW� SRVVLEOH�PHDVXUHPHQW� OHDN�ZRXOG�� QDWXUDOO\�� EH� GLPHQVLRQHG� DFFRUGLQJ� WR� 366
GHVLJQ� UXOHV� IRU� WKH� FDSVXOH�� 7KLV� ZRXOG� PHDQ� SURYLGLQJ� D� IODW� $�FRYHU� VXUIDFH� ZLWK� D
EURDG�DQG�VKDOORZ�JURRYH�LQ�LW��:KHQ�SUHVVHG�DJDLQVW�H�J��WKH�%U�HO�	�.M U�FRXSOHU��VHH
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DSSHQGL[�9,��KDYLQJ�LWV�VHDO�DQG�FROODU�ULQJ�UHPRYHG��WKLV�ZRXOG�IRUP�D�QDUURZ�VOLW�VKDSHG
OHDN� ERXQGHG� E\� WKH� JURRYH� DQG� WKH� HGJH� DURXQG� WKH� PLFURSKRQH� LQ� WKH� PLGGOH� RI� WKH
DFRXVWLF�FRXSOHU��DV�LQGLFDWHG�LQ�WKH�IROORZLQJ�GUDZLQJ�RI�WKH�PHDVXUHPHQW�VHWXS�XVHG�E\
366�

)LJXUH�������366�GHVLJQ�UXOHV� WR�JHW�D�JRRG� IUHTXHQF\� UHVSRQVH�ZKHQ�PHDVXULQJ� WKH���
PP� HDUSLHFH� FDSVXOH� �IURP� >��@��� 7KH� SDUWV� EHORZ� WKH� FDSVXOH� FRUUHVSRQG� WR� LQWHQGHG
SKRQH�PHFKDQLFV�

7KH�IROORZLQJ�OHDN�GLPHQVLRQV�ZRXOG�JLYH�JRRG�UHVXOWV�DFFRUGLQJ�WR�PHDVXUHPHQWV�

• HIIHFWLYH�ZLGWK������PP��WKH�ZLGWK�RI�WKH�JURRYH�LV����PP��EXW�WKH�FRXSOHU�KDV�D�FLUFX�
ODU�HGJH�VR�WKH�HIIHFWLYH�ZLGWK�LV�JUHDWHU��

• KHLJKW������PP�� �GHSWK�RI�JURRYH��
• OHQJWK�DSSUR[������PP��WKH�DLU�LV�VLPSO\�IORZLQJ�SDVW�WKH�HGJH�RI�WKH�FRXSOHU��WKH�OHQJWK

LQ�WKH�DLU�IORZ�GLUHFWLRQ�LV�WKXV�QRW�FOHDUO\�GHILQHG��
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)LJXUH�������6LPXODWHG�DFRXVWLF�LPSHGDQFH�RI�WKH�OHDN�IRUPHG�E\�WKH�JURRYH�DQG�WKH�W\SH��
FRXSOHU�

2WKHU�UHOHYDQW�GLPHQVLRQV�DUH�VHHQ�LQ�WKH�GUDZLQJ��ILJ���������,W�LV�QRW�QHFHVVDU\�WR�HQVXUH
WKDW�WKH�IURQW�FRYHU�DQG�IURQW�KROHV�RI�WKH�SKRQH�EH�GLPHQVLRQHG�H[DFWO\�DV�LQ�WKH�GUDZLQJ�
KRZHYHU��7KH�WRWDO�IURQW�YROXPH��EHWZHHQ�FDSVXOH�PHPEUDQH�DQG�$�FRYHU��ZRXOG�EH�RQO\
DERXW������FP��������FP��LQ�WKH�FRYHU��������FP��EHFDXVH�WKH�PHPEUDQH�LV�VOLJKWO\�FRQ�
FDYH��LI�EXLOW�WKLV�ZD\��,I�WKLV�YROXPH�ZHUH�WR�EH�HQODUJHG��WKHQ�D�FKDQJH�ZRXOG�EH�VHHQ�LQ
WKH� IUHTXHQF\� UHVSRQVH�� EXW� WKLV� FKDQJH� FRXOG� EH� FRPSHQVDWHG� E\� FKDQJLQJ� DOVR� WKH� GL�
PHQVLRQV�DQG�RU�QXPEHU�RI�WKH�IURQW�KROHV��$Q�H[DPSOH�RI�VXFK�WXQLQJ�ZLOO�EH�JLYHQ�ODWHU�
$OVR�WKH�OHDN�FRXOG�EH�UHDOL]HG�DV�VRPH�NLQG�RI�VHSDUDWH�DGDSWHU�LQVWHDG�RI�D�JURRYH�LQ�WKH
SKRQH�FRYHU�LWVHOI�
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�������� 3HUIRUPDQFH

)LJXUH�������6LPXODWHG�VRXQG�SUHVVXUH�OHYHO�LQWR�W\SH���FRXSOHU��VHDOHG�DQG�ZLWK�*HUPDQ
OHDN�ULQJ��RI�VROXWLRQ����7KH�LQSXW�YROWDJH�DPSOLWXGH�LV�����P9��SHDN��

&DYLW\�%N&DY�

&LU+R$�%N&DY/N�

366��B�

&DYLW\�)U&DY�

$&�9LQ

&LU+R$�)U+RV�

�� �6($/('
�� �*(50$1�/($.

6DU�Q�

&LU+R$�%N+RV�

5FW+R$�0DV/N�

�'(),1(�)U+RV�������������������

�'(),1(�)U&DY������

�'(),1(�9LQ�����

�'(),1(�%N&DY���

�'(),1(�%N&DY/N�����������������������

�'(),1(�Q��

�'(),1(�%N+RV���������������������

S

�'(),1(�0DV/N���������������������������

)LJXUH�������6FKHPDWLF�WR�REWDLQ�WKH�UHVXOW�VKRZQ�LQ�ILJ��������%N+ROHV�DUH�WKH�VL[�KROHV�LQ
WKH�8,�3&%�XQGHU�WKH�FDSVXOH��7KH�VL[�IURQW�KROHV�KDYH�D�GLDPHWHU�RI���PP��FRYHU�WKLFN�
QHVV�����PP� �KROH�OHQJWK��

)LJXUH�������&RPSDULVRQ�RI�PHDVXUHG��WKLFN�FXUYH��DQG�VLPXODWHG��WKLQ�FXUYH��IUHTXHQF\
UHVSRQVH�RI�VROXWLRQ����W\SH���FRXSOHU�ZLWKRXW�*HUPDQ� OHDN�� L�H�� LGHQWLFDO� WR�´VHDOHG´� LQ
ILJ���������7KH�PHDVXUHPHQW�UHVXOW�ZDV�REWDLQHG�IURP�366�
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7KH�VLPXODWHG�IUHTXHQF\�UHVSRQVH�RI�VROXWLRQ���LV�ZHOO�EHKDYHG��LW�ZRXOG�HYHQ�SDVV�*60
W\SH�DSSURYDO�ZLWK�QR�HTXDOL]DWLRQ�DW�DOO��7KH�OHDN�WROHUDQFH�LV�DOVR�JRRG��*HUPDQ�OHDN�ULQJ
YV�QR�*HUPDQ�OHDN�ULQJ���7KLV�LV�WKH�FDVH�WKDQNV�WR�WKH�DGGLWLRQDO�VWDELOL]LQJ�OHDN�IRUPHG
E\�WKH�JURRYH��7KH�VLJQLILFDQW�GLIIHUHQFH�DSSHDULQJ�LI�WKH�JURRYH�LV�UHPRYHG�FDQ�EH�VHHQ�LI
WKH� VDPH� VLPXODWLRQ� LV� UXQ�ZLWKRXW� WKH� EUDQFK� FRQWDLQLQJ� WKH�5FW+ROH$�0HDV/N��PDFUR�
DQG�WKH�JURRYH�LV�EORFNHG�E\�VHDOLQJ�PDWHULDO�LQ�WKH�PHDVXUHPHQW�

)LJXUH�������6LPXODWLRQV��WKLQ�FXUYHV��DQG�PHDVXUHPHQWV��WKLFN�FXUYHV��RI�VROXWLRQ���ZLWK�
RXW�WKH�VWDELOL]LQJ�OHDN��W\SH���FRXSOHU��VHDOHG�DQG�ZLWK�*HUPDQ�OHDN���7KH�LQSXW�YROWDJH�LV
WKH�VDPH�DV�DERYH�

7KH�GUDPDWLF�LPSURYHPHQW�LV�REYLRXV�LQ�ILJV�������DQG�������7KH�OHYHO�GLIIHUHQFH�EHWZHHQ
ORZ�DQG�KLJK� IUHTXHQFLHV� LV��DW�PRVW��FORVH� WR����G%�ZLWKRXW� WKH�JURRYH� OHDN��ZKLOH� LW� LV
RQO\�D�IHZ�G%�ZLWK�LW��WKH�WZR�FXUYHV�PDUNHG�´VHDOHG´�VKRXOG�EH�FRPSDUHG���7KH�OHDN�WRO�
HUDQFH��VHDOHG�FRXSOHU�YV�*HUPDQ�OHDN��LPSURYHV�IURP������G%�ZLWKRXW�WKH�JURRYH�WR�OHVV
WKDQ���G%�ZLWK�LW��7KLV�LV�EHFDXVH�WKH�SDUDOOHO�LPSHGDQFH�LQWURGXFHG�E\�WKH�JURRYH�OHDN�LV
FOHDUO\� VPDOOHU� WKDQ� WKH� LPSHGDQFH�RI� WKH�PHDVXUHPHQW� FRXSOHU�ZLWK�RU�ZLWKRXW�*HUPDQ
OHDN��H[FHSW�DW�DURXQG���N+]�DQG�DERYH��DV�VHHQ�E\�FRPSDULQJ�ILJV�������DQG�������VR�WKH
VWDELOL]LQJ�HIIHFW�PHQWLRQHG�LQ�VHF��������LV�YHU\�HIILFLHQW�

8QIRUWXQDWHO\�� LQ�VSLWH�RI� LWV�DGYDQWDJHV�� WKLV�VWUDLJKWIRUZDUG�VROXWLRQ�EDVHG�RQ�RS�
WLPL]HG�GHVLJQ�UXOHV�LV�QRW�D�JRRG�FKRLFH�LQ�D�FRPPHUFLDO�SKRQH�IRU�WKH�IROORZLQJ�UHDVRQV�

• 7\SH�DSSURYDO�UHTXLUHPHQWV�YDU\�EHWZHHQ�V\VWHPV��*60��$036��3'&�HWF���� ,Q�VRPH
FDVHV� W\SH� DSSURYDO�PHDVXUHPHQW� VSHFLILFDWLRQV� H[SOLFLWO\� UHTXLUH� WKDW� WKH� FRXSOHU� EH
VHDOHG��QR�H[WUD�OHDN�JURRYH�RU�DGDSWHU�HWF��DOORZHG��

• ,W�PD\�QRW� EH� SRVVLEOH� WR� VKDSH� WKH� SKRQH� IURQW� FRYHU� WR� REWDLQ� WKH� GHVLUHG� OHDN� LQ� D
PHDVXUHPHQW�

• 7KHUH�ZRXOG�EH�D�SRVVLELOLW\�RI�WRR�KLJK�VRXQG�OHYHOV�JHWWLQJ�LQWR�WKH�XVHU¶V�HDU��D�SURG�
XFW�OLDELOLW\�ULVN��²�WKH�SLQQD�LV�TXLWH�VRIW�DQG�VR�LW�FRXOG�EORFN�D�JURRYH�LQ�WKH�SKRQH
FRYHU�

�������� 6LPXODWLRQV�YV�PHDVXUHPHQWV

7KH�PHDVXUHPHQWV�PDWFK�WKH�VLPXODWLRQV�TXLWH�ZHOO�H[FHSW�IRU�WKH�GLIIHUHQFHV�DW�WKH�KLJK�
HVW�IUHTXHQFLHV��WKH�SHDN�LV�GXH�WR�WKH�+HOPKROW]�UHVRQDQFH�RI�WKH�IURQW�FDYLW\���$�SUREDEOH
UHDVRQ�IRU�WKLV� LV� WKH�JHRPHWU\�RI� WKH�SURWRW\SH��D�IURQW�FDYLW\�RI�RQO\������FP��PHDQV�D
GLVWDQFH�RI�RQO\�DERXW�����PP�IURP�WKH�HDUSLHFH�FDSVXOH�PHPEUDQH�WR�WKH�$�FRYHU��7KLV



&DVH�VWXG\��OHDN�WROHUDQW�HDUSLHFH�������

FKDQJHV� WKH� IORZ�RI�DLU�FORVH� WR� WKH� IURQW�KROHV�� VR� WKH�0LFUR�&DS�KROH�PRGHOV�EDVHG�RQ
VLPSOH�LGHDO�JHRPHWULHV�PD\�QRW�EH�DFFXUDWH�HQRXJK��$OVR�WKHUH�DUH�VRPH�WROHUDQFHV�LQ�WKH
HDUSLHFH�FDSVXOH�LWVHOI�WKDW�DIIHFW�WKHVH�KLJK�IUHTXHQFLHV�

7KH� DGYDQWDJHV� RI� WKH� PDFURV� DQG� VKDSHV� GHYHORSHG� IRU� WKH�0LFUR�&DS� DFRXVWLFV
VLPXODWLRQ�V\VWHP�DUH�EHFRPLQJ�REYLRXV�ORRNLQJ�DW�ILJ��������WKH�DFWXDO�SK\VLFDO�WRSRORJ\
RI�WKH�VROXWLRQ��L�H��KRZ�FDYLWLHV��KROHV�DQG�RWKHU�WKLQJV�DUH�LQWHUFRQQHFWHG��FDQ�EH�XQGHU�
VWRRG� VLPSO\� E\� ORRNLQJ� DW� WKH� VFKHPDWLF�� )RU� WKLV� UHDVRQ� RQO\� D� FRXSOH� RI� PHFKDQLFV
GUDZLQJV�DUH�LQFOXGHG��,W�LV�EHOLHYHG�WKDW��LQ�WKH�UHVW�RI�WKH�FDVHV�YLHZHG�KHUH��DOO�UHOHYDQW
LQIRUPDWLRQ�FDQ�EH�REWDLQHG�IURP�ILJV������������DQG�WKH�VLPXODWLRQ�VFKHPDWLFV�WKHPVHOYHV�
3K\VLFDO�GLPHQVLRQV�DUH�VHHQ�DV�SDUDPHWHUV�WR�PDFURV��,W�VKRXOG�EH�QRWHG�WKDW�WKH�6,�V\VWHP
LV�XVHG��DQG�WKXV�IRU�H[DPSOH�D�YROXPH�LQ�FP��ZLOO�KDYH�WKH�SRVWIL[�X�� �µ�LQ�0LFUR�&DS�
DQG�D�OHQJWK�LQ�PP�ZLOO�KDYH�WKH�SRVWIL[�P�

7KH�YDOXHV�JLYHQ� �ERWK�DERYH�DQG� LQ�PRVW�RI� WKH� UHPDLQLQJ� VLPXODWLRQV�� WR� FHUWDLQ
DGYDQFHG�SDUDPHWHUV��VXFK�DV�VSDFH�FRHIILFLHQWV�UHTXLUHG�E\�WKH�KROH�DQG�DLU�ORDG�PDFURV�
DUH�MXVW�URXJK�HVWLPDWHV�EDVHG�RQ�WKH�PHFKDQLFDO�FRQVWUXFWLRQ��PXWXDO�FRXSOLQJ�LV�VLPSO\
LJQRUHG�E\�VHWWLQJ� WKH�PXWXDO�FRXSOLQJ�FRHIILFLHQWV� WR� ]HUR���7KH� UHDOLW\� LV�PRUH� FRPSOL�
FDWHG� WKDQ� WKH�PRGHOV��DQG�DFRXVWLF� LPSHGDQFH�PHDVXUHPHQWV�ZRXOG�KDYH� WR�EH�PDGH� WR
ILQG�RXW�WKH�PRVW�UHDOLVWLF�SDUDPHWHU�YDOXHV��6XFK�DQDO\VLV�KDV�QRW�EHHQ�FDUULHG�RXW�LQ�WKLV
WKHVLV�

���� 6ROXWLRQ�DOWHUQDWLYHV

,Q�DGGLWLRQ�WR�WKH�GHVLJQ�UXOH�EDVHG�VROXWLRQ��VROXWLRQ�����D�IHZ�RWKHU�VROXWLRQV�ZHUH�FRQ�
VLGHUHG�LQ�PRUH�RU�OHVV�GHWDLO�WR�GHYHORS�D�ILQDO�VROXWLRQ�IRU�WKH�1RNLD������SKRQH�DQG�LWV
VLPLODU� VXFFHVVRUV��0RVW�RI� WKHVH�KDG� WKHLU�RZQ�FOHDU�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�� DQG
WKH�ILQDO�VROXWLRQ�KDG�WR�EH�FKRVHQ�ZLWK�DOO�WKH�UHVWULFWLRQV�PHQWLRQHG�DERYH�DQG�LQ�FKDSWHU
���DVVHPEO\�UHTXLUHPHQWV��HQYLURQPHQWDO�FRQGLWLRQV��WROHUDQFHV��LQGXVWULDO�GHVLJQ��FRVW��LQ
PLQG��7KH�PDLQ�FRQFHUQV�ZHUH�KRZ�WR�URXWH�WKH�OHDN�WKDW�ZRXOG�KDYH�EHHQ�KDQGOHG�E\�WKH
OHDN�LQ�VROXWLRQ����DQG��ZKLFK�LV�MXVW�DV�LPSRUWDQW�DV�JRRG�OHDN�WROHUDQFH��KRZ�WR�REWDLQ�D
VWDEOH�IUHTXHQF\�UHVSRQVH��SUHIHUDEO\�HTXDOL]DEOH�ZLWKRXW�WRR�FRPSOLFDWHG�ILOWHUV�

������ 1R�IURQW�OHDN��VROXWLRQ���

2QH�VWUDLJKWIRUZDUG�ZD\�RI�VROYLQJ�WKH�IURQW�OHDN��JURRYH�RU�DGDSWHU��SUREOHP�LV�WR�VLPSO\
OHDYH�LW�RXW�DQG�GHVLJQ�WKH�HTXDOL]LQJ�ILOWHUV�DFFRUGLQJ�WR�WKH�´VHDOHG´�UHVSRQVH�VKRZQ�LQ
ILJ��������7KH�OHDN�WROHUDQFH�LV�QRW�JRRG�DW�WKH�ORZ�IUHTXHQFLHV��EXW�RQ�WKH�RWKHU�KDQG�WKH
VROXWLRQ� KDV� WKH� DGYDQWDJH� RI� EHLQJ�PHFKDQLFDOO\� VLPSOH��$OWKRXJK� WLOWHG�� WKH� IUHTXHQF\
UHVSRQVH�FXUYH�LV�TXLWH�VPRRWK�DQG�VKRXOG�EH�HDVLO\�HTXDOL]DEOH�H[FHSW�IRU�WKH�SHDN�DW����
+]�

%HIRUH�JRLQJ�RQ�WR�RWKHU�SRVVLEOH�VROXWLRQV��LW�LV�LQIRUPDWLYH�WR�FKHFN�WKH�PDJQLWXGHV
RI�YDULRXV�LPSHGDQFHV�DORQJ�WKH�SDWK�IURP�WKH�IURQW�KROHV�WR�WKH�EDFN�FDYLW\��DQG�FRPSDUH
WKHVH�ZLWK�WKH�LPSHGDQFHV�RI�WKH�IURQW�OHDN�DQG�WKH�HDU�
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)LJXUH� ������ 6LPXODWHG� DFRXVWLF� LPSHGDQFH� �PDJQLWXGH� DQG� DUJXPHQW�� RI�� FDSVXOH� RQO\
�=D����8,�3&%�KROHV�DGGHG��=D���� IURQW�FDYLW\�DQG� IURQW�KROHV�DGGHG� �=D����FORVHG�EDFN
FDYLW\�DGGHG��=D����WKURXJK�KROHV�DGGHG�WR�EDFN�FDYLW\��=D����IURQW�OHDN�DGGHG��=D���

,W�LV�VHHQ�DJDLQ�LQ�ILJ�������WKDW� WKH�LPSHGDQFH�RI�WKH�IURQW� OHDN�LV�PXFK�VPDOOHU� WKDQ�WKH
LPSHGDQFH�RI�WKH�FDSVXOH�DQG�WKH�VWUXFWXUHV�FRQQHFWHG�LQ�VHULHV�ZLWK�LW��&RQVHTXHQWO\�WKH
IURQW�OHDN��ZKLFK�DSSHDUV�LQ�SDUDOOHO�ZLWK�WKH�RWKHU�LPSHGDQFHV��SOD\V�D�NH\�UROH�LQ�PLQL�
PL]LQJ�WKH�WRWDO�LPSHGDQFH�RI�WKH�ZKROH�HDUSLHFH�DQG�LW�ZRXOG�EH�D�SLW\�WR�KDYH�WR�JHW�ULG
RI�LW�FRPSOHWHO\��2WKHU�LPSRUWDQW�FRQFOXVLRQV�IURP�ILJ�������DUH�

• 7KH�KROHV�EHKLQG�WKH�FDSVXOH�LQ�WKH�8,�3&%�ORZHU�WKH�PDLQ�UHVRQDQFH�VOLJKWO\�
• 7KH�KROHV�EHKLQG�WKH�FDSVXOH�GR�QRW�UDLVH�WKH�WRWDO�LPSHGDQFH�DSSUHFLDEO\��L�H��WKH\�DUH

RSHQ�HQRXJK��
• 7KH�EDFN�FDYLW\�OHDN��KROHV�WKURXJK�3&%��KDYH�D�VLJQLILFDQW�HIIHFW�²�ZLWKRXW�WKHP�WKH

PDLQ� UHVRQDQFH� LV� VKLIWHG� XS� WR� ���� +]�� DQG� ZLWK� WKHP� WKH� UHVRQDQFH� UHPDLQV� XQ�
FKDQJHG�LQ�IUHTXHQF\�EXW�KDV�D�ORZHU�4�YDOXH��ZKLFK�LV�JRRG�IRU�HTXDOL]DWLRQ��

• 7KH�IURQW�KROHV�DQG�IURQW�FDYLW\�GR�QRW�UDLVH�WKH�WRWDO�LPSHGDQFH�YHU\�PXFK�DW�ORZ�DQG
PLGUDQJH�IUHTXHQFLHV��WKHUH�LV�D�UHVRQDQFH�DW�WKH�KLJKHVW�IUHTXHQFLHV��

7KH� RQH�PDVV� PRGHO��366��B��� ZDV� XVHG� LQ� WKLV� VLPXODWLRQ� WR� GLVUHJDUG� WKH� HIIHFWV� RI
GRPH�GHFRXSOLQJ��IRU�WKH�VDNH�RI�FODULW\���6ROXWLRQ���FRXOG�EH�GHVFULEHG�DV���E�����D�����D�
XVLQJ�WKH�RSWLRQV�GHILQHG�DW�WKH�HQG�RI�WKH�SUHYLRXV�FKDSWHU�



&DVH�VWXG\��OHDN�WROHUDQW�HDUSLHFH�������

������ ,QWHUQDO�OHDN�LQWR�SDUDOOHO�FDYLW\��VROXWLRQ���

7KLV�VROXWLRQ�LV�D�JRRG�H[DPSOH�RI�D�VROXWLRQ�WKDW�ORRNV�TXLWH�JRRG�LQ�VLPXODWLRQV��EXW�GRHV
QRW�ZRUN�LQ�UHDOLW\�XQOHVV�GLPHQVLRQV�RI�FDYLWLHV�DQG�OHDNV�FDQ�EH�UHDOL]HG�DV�WKH\�ZHUH�LQ
WKH�VLPXODWLRQ��,Q�RWKHU�ZRUGV��WKH�VROXWLRQ�LV�VHQVLWLYH�WR�FHUWDLQ�FKDQJHV�LQ�WKH�PHFKDQLFV�

6ROXWLRQ� �� GLIIHUV� IURP� WKH� DERYH� VROXWLRQV� LQ� WKDW� D� WKLUG� FDYLW\� �KHUHDIWHU� FDOOHG
SDUDOOHO�FDYLW\�EHFDXVH�LW�LV��WRSRORJLFDOO\��LQ�SDUDOOHO�ZLWK�WKH�FDSVXOH��LV�DGGHG�DQG�FRQ�
QHFWHG�EHWZHHQ�WKH�EDFN�FDYLW\�DQG�WKH�IURQW�FDYLW\��7KH�YROXPH�DYDLODEOH�IRU�WKLV�SDUDOOHO
FDYLW\�ZDV�HVWLPDWHG� WR�EH���FP��� DQG�QR� OHDNV�ZHUH�DVVXPHG��5HDOL]DEOH�RSHQLQJV�FRQ�
QHFWLQJ�WKH�SDUDOOHO�FDYLW\�WR�WKH�EDFN�FDYLW\�DQG�IURQW�FDYLW\�ZHUH�GLPHQVLRQHG�PDQXDOO\
�XVLQJ�VLPXODWLRQ��XQWLO�DQ�DFFHSWDEOH�IUHTXHQF\�UHVSRQVH�ZDV�IRXQG��7KH�UHVXOWV�DUH�

• ��VOLW��KHUHDIWHU�FDOOHG�WKH�LQWHUQDO�OHDN��RI�ZLGWK����PP��KHLJKW�����PP��DQG�OHQJWK����
PP�LQ�IORZ�GLUHFWLRQ��IURQW�FDYLW\�WR�SDUDOOHO�FDYLW\���DQG

• ���KROHV�RI�GLDPHWHU���PP��SDUDOOHO�FDYLW\�WR�EDFN�FDYLW\��

7KH�VOLW�ZRXOG�EH�IRUPHG�E\�RSHQLQJ�XS�WKH�F\OLQGULFDO�IODQJH�RQ�WKH�LQQHU�VLGH�RI�WKH�$�
FRYHU��SODQQHG�WR�VHDO�WKH�FDSVXOH�WR�WKH�$�FRYHU��VHH�DOVR�ILJ�������EHORZ���7KH����KROHV
ZRXOG� EH� HDVLO\� UHDOL]DEOH� LQ� WKH�8,� 3&%� �SURYLGHG� RI� FRXUVH� WKDW� WKH� 3&%� LV� QRW� IXOO\
FURZGHG�ZLWK�FRPSRQHQWV���+HQFH�WKH�QDPH��8,�3&%�KROHV��XVHG�IRU�WKHVH�KROHV�IURP�QRZ
RQ��WKH�KROHV�EHKLQG�WKH�FDSVXOH�ZLOO�EH�FDOOHG�EDFN�KROHV�DOWKRXJK�WKH\�DOVR�UHVLGH�LQ�WKH
VDPH�3&%���7KH�8,�3&%�KROHV�FDQ�DOVR�EH� VHHQ�DV�QR�� ����� LQ� ILJ��������7KH�QXPEHU�RI
KROHV�VKRZQ�LQ�WKLV�SLFWXUH�LV�OHVV�WKDQ����EHFDXVH�WKH�ILQDO�VROXWLRQ�GLG�QRW�QHHG�DOO�KROHV
WR�EH�WKHUH�

6RPH� DVVXPHG� GLPHQVLRQV� DQG� OHDNV� ZHUH� DOVR� XSGDWHG� ZKLOH� WKLV� VROXWLRQ� ZDV
VRXJKW��EHFDXVH�WKH�$�FRYHU�VKDSH�KDG�EHHQ�GHYHORSHG�IXUWKHU�DQG�PRUH�LQIRUPDWLRQ�ZDV
DYDLODEOH�

• IURQW�FDYLW\�����FP���QRW������FP���������FP��DV�DERYH��
• H[WUD�FDYLW\�IRUPHG�EHWZHHQ�%�FRYHU�DQG�(QJLQH�3&%��YROXPH���FP���
• VOLW�VKDSHG�OHDN�EHWZHHQ�%�FRYHU�DQG�SKRQH�EDWWHU\��ZLGWK����PP��KHLJKW�����PP�DQG

OHQJWK��LQ�IORZ�GLUHFWLRQ����PP�

,W�ZDV�DVVXPHG� ILUVW� �IRU� VLPSOLFLW\�� WKDW� DOO� WKH� WKURXJK�KROHV� LQ� WKH�(QJLQH�3&%�ZRXOG
OHDG�WR�WKH�FDYLW\�LQ�WKH�%�FRYHU��KHUHDIWHU�FDOOHG�%�FRYHU�FDYLW\���7KH�OHDN�URXWH�EHWZHHQ
WKH�%�FRYHU�DQG�WKH�EDWWHU\�ZDV�WKRXJKW�WR�EH�WKH�PRVW�VLJQLILFDQW�OHDN�RXW�RI�WKH�%�FRYHU
FDYLW\��LQ�VSLWH�RI�RWKHU�VPDOOHU�OHDNV�WKDW�PD\�EH�SUHVHQW���DQG�WKXV�LW�ZDV�XVHG�WR�UHSUH�
VHQW�WKH�WRWDO�OHDN�LQ�WKH�VLPXODWLRQV��$V�D�ILQDO�FKDQJH��WKH�IURQW�KROHV�ZHUH�VKRUWHQHG�IURP
����PP�WR�����PP��ZKLFK�LPSURYHG�KLJK�IUHTXHQF\�UHVSRQVH�D�ELW��7KH�VFKHPDWLF�WR�VLPX�
ODWH�WKLV�VROXWLRQ�LV�DV�IROORZV�
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SX
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�'(),1(�3DU&DY���X �'(),1(�%&RY&DY���X

�'(),1(�%DWW/N����P����P��P������������

)LJXUH�������6FKHPDWLF�WR�VLPXODWH�VROXWLRQ���

)LJXUH�������6LPXODWHG�IUHTXHQF\�UHVSRQVH��DQG�OHDN�WROHUDQFH��RI�VROXWLRQ���

7KH�OHDN�WROHUDQFH�RI�VROXWLRQ��� LV�ZHOO�EHKDYHG�� WKH�GLIIHUHQFH�EHWZHHQ�VHDOHG�DQG�*HU�
PDQ� OHDN� FXUYHV� GHFUHDVHV� VPRRWKO\� IURP� ORZ� WR� KLJK� IUHTXHQFLHV�� (YHQ� WKH� IUHTXHQF\
UHVSRQVH�LWVHOI�LV�JRRG��SURYLGHG�WKDW�WKH�TXLWH�VWURQJ�EDVV�UHVRQDQFH�GRHV�QRW�VKLIW�DORQJ
WKH�IUHTXHQF\�D[LV�GXH�WR�WROHUDQFHV�

6ROXWLRQ���ORRNV�TXLWH�FRPSOLFDWHG��,W�ZDV�QRW�EXLOW�IURP�VFUDWFK�EXW�UDWKHU�IRXQG�DV�D
UHVXOW� RI� VLPXODWLRQV� XVLQJ� PHFKDQLFDO� VWUXFWXUHV� DYDLODEOH� DW� WKH� WLPH�� )XUWKHU� DQDO\VLV
UHYHDOV�WKDW�WKH�XQGHUO\LQJ�SULQFLSOH�LV�IDLUO\�VLPSOH��DQG�WZR�RI�WKH�IRXU�FDYLWLHV�FRXOG�EH
RPLWWHG��2QH�LV�WKH�%�FRYHU�FDYLW\�DQG�WKH�RWKHU�LV�WKH�SDUDOOHO�FDYLW\��WKH�IDFW�WKDW�WKH�DLU
IORZ� URXWH�DURXQG� WKH�HDUSLHFH�FDSVXOH�JRHV� WKURXJK� WKLV� FDYLW\� LV�QRW� HVVHQWLDO�� LW� LV� WKH
URXWH� LWVHOI� WKDW� PDWWHUV��� 8VLQJ� WKH� FODVVLILFDWLRQ� LQWURGXFHG� DW� WKH� HQG� RI� WKH� SUHYLRXV
FKDSWHU��VROXWLRQ���FRXOG�EH�GHVFULEHG�DV�D�PRGLILFDWLRQ�RI���F�����E�����D���$OO�WKLV�ZLOO�EH
EULHIO\�DQDO\]HG�LQ�WKH�IROORZLQJ�VLPXODWLRQV�
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)LJXUH�������)UHTXHQF\�UHVSRQVHV��WRS��VHDOHG��ERWWRP��*HUPDQ�OHDN��RI�FDSVXOH�ZLWK�EDFN
KROHV��EDFN�FDYLW\�� WKURXJK�KROHV�� IURQW� FDYLW\� DQG� IURQW� KROHV� �SX����%�FRYHU� FDYLW\� DQG
EDWWHU\� OHDN�DGGHG��SX���� LQWHUQDO� OHDN�DGGHG��SX����8,�3&%�KROHV�DGGHG��SX���� LQWHUQDO
OHDN�DQG�8,�3&%�KROHV�FRQQHFWHG�WRJHWKHU��SX����SDUDOOHO�FDYLW\�FRQQHFWHG�WR�LQWHUQDO�OHDN
RQO\��SX����SDUDOOHO�FDYLW\�FRQQHFWHG�WR�8,�3&%�KROHV�RQO\��SX����SDUDOOHO�FDYLW\�FRQQHFWHG
EHWZHHQ�8,�3&%�KROHV�DQG�LQWHUQDO�OHDN��SX���
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)LJXUH�������6FKHPDWLF�WR�REWDLQ�WKH�UHVXOWV�LQ�ILJ�������

&RPSDULVRQ�RI�WKH�ILUVW�WZR�SDUWLDO�UHVXOWV��SX���SX���LQGLFDWHV�WKDW�DGGLWLRQ�RI�WKH�%�FRYHU
FDYLW\�DQG�EDWWHU\�OHDN�LQ�VHULHV�ZLWK�WKH�EDFN�FDYLW\�DQG�WKURXJK�KROHV�GRHV�QRW�LPSURYH
WKH�IUHTXHQF\�UHVSRQVH� LQ�DQ\�ZD\��$GGLQJ�DQ� LQWHUQDO� IURQW� OHDN� WR� IUHH�DLU� �SX����KRZ�
HYHU��FKDQJHV�WKH�EHKDYLRXU�GUDPDWLFDOO\��DQG�WKH�WRWDO�HDUSLHFH�RXWSXW�LPSHGDQFH�LV�FRQ�
VLGHUDEO\�UHGXFHG�MXVW�DV�LQ�VROXWLRQ����:KHQ�WKH�8,�3&%�KROHV�DUH�DOVR�RSHQHG�WR�IUHH�DLU
�SX����WKH�FDSVXOH�PHPEUDQH�FDQ�PRYH�PRUH�IUHHO\�DW�ORZ�IUHTXHQFLHV��,WV�PRYHPHQW�LV�QRW
RSSRVHG�E\�DQ\�DFRXVWLF�FRPSOLDQFH��´DLU�VSULQJ´��QHLWKHU�WKDW�RI�WKH�EDFN�FDYLW\�QRU�WKDW
RI�WKH�IDLUO\�WLJKW�YROXPH�IRUPHG�EHWZHHQ�WKH�SKRQH�FRYHU�DQG�WKH�W\SH���FRXSOHU��7KLV�LV�D
JHQHUDO�IDFW��LI�WKH�HDUSLHFH�FDSVXOH�KDV�WR�EH�HQFORVHG�LQ�D�FDYLW\�VPDOOHU�WKDQ�D�JLYHQ�OLPLW
�URXJKO\���FP��IRU�WKH�FDSVXOH�LQ�TXHVWLRQ���WKHQ�WKH�PDLQ�UHVRQDQFH�VHHQ�DW�����+]�LQ�IUHH
DLU�ZLOO�ULVH��$�ZD\�WR�FRXQWHUDFW�WKLV�LV�WR�RSHQ�XS�D�ELJ�HQRXJK�OHDN�LQ�WKH�FDYLW\�²�WKLV
E\SDVVHV�WKH�FRPSOLDQFH�RI�WKH�HQFORVHG�DLU�DQG�OHWV�WKH�PHPEUDQH�PRYH�PRUH�IUHHO\��7KH
EHVW�H[DPSOH�VR�IDU�LV�WKH�OHDN�IRUPHG�E\�WKH�WKURXJK�KROHV�LQ�WKH�EDFN�FDYLW\��DV�VHHQ�LQ
ILJ��������=D��YV�=D���

1RZ��FRQQHFWLQJ�WKH�8,�3&%�KROHV�WR�WKH�LQWHUQDO�OHDN��SX���SX���FKDQJHV�WKH�WRSRO�
RJ\�RI�WKH�VROXWLRQ�WR�D�NLQG�RI�E\SDVV�RU�VKRUW�FLUFXLW�VROXWLRQ��WKH�IURQW�DQG�WKH�EDFN�RI
WKH�VSHDNHU�DUH�FRQQHFWHG�WRJHWKHU�WKURXJK�D�FRXSOH�RI�FDYLWLHV�DQG�KROHV���6WULFWO\�VSHDN�
LQJ��WKH�´SX�´�VLPXODWLRQ�LV�QRW�UHDOLVWLF��WKH�8,�3&%�KROHV�DQG�WKH�LQWHUQDO�OHDN�VOLW�PXVW
QHFHVVDULO\�KDYH�VRPH�DLU�VSDFH�EHWZHHQ�WKHP�EHFDXVH�WKH\�DUH�VHSDUDWHG�E\�VHYHUDO�PLO�
OLPHWUHV�LQVLGH�WKH�SKRQH��7KH�UHVXOW�LV�VWLOO� LQIRUPDWLYH�DQG�WKHUHIRUH�LQFOXGHG�KHUH��7KLV
LOOXVWUDWHV�DQRWKHU�VWUHQJWK�RI�VLPXODWLRQ��LW�LV�SRVVLEOH�WR�WU\�RXW�VROXWLRQV�WKDW�KDYH�D�WKHR�
UHWLFDO�DQDO\WLFDO�LQWHUHVW�DOWKRXJK�WKH\�PD\�QRW�EH�SK\VLFDOO\�UHDOL]DEOH�LQ�WKH�SKRQH�PH�
FKDQLFV�LQ�TXHVWLRQ��$OVR�LQWHUHVWLQJ�LV�WKH�´SX�´�FDVH��ZKLFK�LV�LGHQWLFDO�WR�WKH�FRPSOHWH
VROXWLRQ� DSDUW� IURP� WKH� GLVFRQQHFWLRQ� RI� WKH� SDUDOOHO� FDYLW\� IURP� WKH� EDFN� FDYLW\�� 7KLV
IRUPV�D�+HOPKROW]�UHVRQDWRU��SDUDOOHO�FDYLW\���LQWHUQDO�OHDN��WKDW�DEVRUEV�PRVW�RI�WKH�VRXQG
DW���N+]��ZKLFK�LV�VHHQ�DV�D�VKDUS�GLS�LQ�ILJ�������
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$V�D� UHVXOW�RI�FORVLQJ� WKH�SDWK� WKURXJK� WKH�SDUDOOHO�FDYLW\�� WKH�KLJK� IUHTXHQFLHV�DUH
ERRVWHG��ZKLFK�LV�JRRG�EHFDXVH�WKH\�ZHUH�XQQHFHVVDULO\�ZHDN�LQ�VLPXODWLRQV�SX��DQG�SX��
7KH�UHDVRQ�REYLRXVO\�LV�WKDW�WKH�LPSHGDQFH�VHHQ�ORRNLQJ�IURP�LQVLGH�WKH�IURQW�FDYLW\�LQWR
WKH�LQWHUQDO�OHDN�URXWH�DURXQG�WKH�FDSVXOH�KDV�ULVHQ�DW�WKRVH�IUHTXHQFLHV�

)XUWKHU�DQDO\VLV�RI�WKLV�VROXWLRQ�VKRZV�WKDW�WKH�DPRXQW�RI�OHDN�IURP�WKH�SDUDOOHO�FDY�
LW\�WR�WKH�EDFN�FDYLW\� LV�DQ� LPSRUWDQW�DQG�FULWLFDO�SDUDPHWHU��2PLWWLQJ� WKLV� OHDN��SX���GH�
VWUR\V�WKH�KLJK�IUHTXHQF\�UHVSRQVH�DV�ZDV�DOUHDG\�SRLQWHG�RXW��,I�WKH�8,�3&%�LV�FURZGHG
DQG��VD\��RQO\�KDOI�WKH�VSDFH�LV�DYDLODEOH�IRU�OHDN�KROHV��L�H����KROHV�LQVWHDG�RI�WKH�LQWHQGHG
�����WKH�KLJK�IUHTXHQFLHV�ZLOO�GURS�YHU\�TXLFNO\�DERYH�����N+]��7KLV�LV�LOOXVWUDWHG�EHORZ�

)LJXUH�������6LPXODWLRQ�RI�VROXWLRQ���DV�LQ�ILJ��������EXW�ZLWK�RQO\���LQVWHDG�RI����KROHV�LQ
WKH�8,�3&%�

$�UHVSRQVH�OLNH�WKLV�ZRXOG�EH�QH[W�WR�LPSRVVLEOH�WR�HTXDOL]H�WR�ILW�ZLWKLQ�WKH�*60�VSHFLIL�
FDWLRQV� IRU� UHFHLYLQJ� IUHTXHQF\� UHVSRQVH� �LQ� D� UHOLDEOH� ZD\�� UHPHPEHULQJ� WKH� LQHYLWDEOH
WROHUDQFHV��

$QRWKHU� SUREOHP� LV� WKH� IDFW� WKDW� VROXWLRQ� �� DVVXPHV� D� TXLWH� VPDOO� DQG�ZHOO� VHDOHG
SDUDOOHO�FDYLW\��H[FHSW�IRU�WKH�FRQQHFWLRQV�WR�EDFN�DQG�IURQW�FDYLW\��RI�FRXUVH���,I�WKH�SDUDO�
OHO�FDYLW\�LV�FOHDUO\�ELJJHU�WKDQ���FP��DQG�RWKHU�GLPHQVLRQV�DUH�NHSW�XQFKDQJHG��WKHQ�KLJK
IUHTXHQF\�UHVSRQVH�ZLOO�DOVR�VXIIHU��7KH�VDPH�WKLQJ�KDSSHQV�LI�WKH�SDUDOOHO�FDYLW\�KDV�ELJ
OHDNV��H�J�� WR� IUHH�DLU�� ,W� WXUQHG�RXW� WR�EH� LPSRVVLEOH� WR�JXDUDQWHH�D� VHDOHG�SDUDOOHO� FDYLW\
EHFDXVH�RI�OHDNV�EHWZHHQ�SKRQH�FRYHUV��LI�WKH�ZKROH�VSDFH�RI�DLU�EHWZHHQ�WKH�FRYHUV�DQG
WKH�3&%V�ZHUH�WR�EH�XVHG�DV�D�SDUDOOHO�FDYLW\���7KLV�VSDFH�RI�DLU�LV�TXLWH�ELJ��URXJKO\����
FP����/RRNLQJ�DW�ILJV������DQG�������LW�LV�HDV\�WR�XQGHUVWDQG�WKDW�FUHDWLQJ�D�VHSDUDWH�FDYLW\
VWUXFWXUH�EHVLGH�WKH�HDUSLHFH�FDSVXOH�ZRXOG�DOVR�EH�GLIILFXOW��WKH�8,�3&%�ZRXOG�DOUHDG\�EH
FURZGHG�ZLWK�FRPSRQHQWV�VXFK�DV�WKH�EX]]HU�DQG�LWV�GULYLQJ�FLUFXLWU\��
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)LJXUH�������0HDVXUHPHQWV�RQ�D�PHFKDQLFDO�SURWRW\SH�VKRZLQJ�LGHDO�VLWXDWLRQ��WRS��DQG
ZKDW�KDSSHQV�ZKHQ�WKH�SDUDOOHO�FDYLW\�LV�HQODUJHG�WR���FP��DQG�D�ELJ�OHDN�LV�DGGHG�WR�LW
�ERWWRP��

)LJV�������VKRZ�WKDW�WKH�VROXWLRQ�LV�DEOH�WR�ZRUN�ZHOO�LI�WKH�SDUDOOHO�FDYLW\�LV�UHDOL]HG�DV�LQ
WKH�VLPXODWLRQV��EXW�HQODUJLQJ�LW�DQG�LQWURGXFLQJ�D�ELJ�OHDN�UHGXFHV�WKH�FXWRII�IUHTXHQF\�WR
OHVV� WKDQ� �� N+]�� )RU� WKLV� UHDVRQ� D� VLPSOHU� DQG� OHVV� FULWLFDO� VROXWLRQ� WKDQ� VROXWLRQ� ��ZDV
VRXJKW��HVSHFLDOO\�EHFDXVH�LW�FRXOG�QRW�EH�NQRZQ�DW�WKH�WLPH�H[DFWO\�KRZ�ELJ�WKH�FDYLWLHV
DQG�OHDNV�ZHUH�JRLQJ�WR�EH�LQ�WKH�ILQDO�SURGXFW�

������ ,QWHUQDO�OHDN�LQWR�VLGH�FDYLW\��VROXWLRQ���

,W�KDV�EHHQ�SRLQWHG�RXW�WKDW�WKH�SDUDOOHO�FDYLW\�RI�VROXWLRQ���ZDV�QRW�IHDVLEOH�WR�LPSOHPHQW
PHFKDQLFDOO\��7KH�IDFW�WKDW�WKH�ZKROH�VSDFH�RI�DLU�EHWZHHQ�WKH�FRYHUV�LV�ELJ������FP���DQG
KDV� OHDNV� PDNHV� LW� DSSHDU� DFRXVWLFDOO\� DV� D� ELJ� JURXQGHG� FDSDFLWDQFH� �FDYLW\� YROXPH�
VKXQWHG�E\�D�VPDOO�5/�VHULHV�LPSHGDQFH��OHDNV��H�J��MRLQW�EHWZHHQ�FRYHUV���,I�WKH�FDYLW\�LV
ELJ�HQRXJK�DQG�RU�WKH�OHDNV�EHWZHHQ�WKH�FRYHUV�DUH�ELJ�HQRXJK��WKHQ�WKH�UHVXOWLQJ�LPSHG�
DQFH�ZLOO�EH�ORZ��$FRXVWLFDOO\��DQ\�OHDN�URXWHG�WR�WKLV�FDYLW\�ZLOO�DSSURDFK�D�OHDN�URXWHG�WR
IUHH�DLU��DW�OHDVW�LQ�D�OLPLWHG�IUHTXHQF\�UDQJH���SURYLGHG�WKDW�WKH�FDYLW\�LPSHGDQFH�LV�VPDOO
FRPSDUHG�WR�WKH�LPSHGDQFH�RI�WKH�OHDN�RSHQLQJ�OHDGLQJ�WR�WKH�FDYLW\��2I�FRXUVH��WKHUH�ZLOO
SUREDEO\�EH�D�+HOPKROW]�UHVRQDQFH�RI�WKH�FDYLW\�WRJHWKHU�ZLWK�WKH�OHDNV�EHWZHHQ�WKH�FRY�
HUV��%XW�OHDNV�LQ�D�SKRQH�WHQG�WR�EH�QDUURZ�VOLW�OLNH�RSHQLQJV��ZKLFK�DOVR�PHDQV�WKDW�WKHLU
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UDWLR�RI�UHVLVWDQFH�WR�LQGXFWDQFH�LV�FOHDUO\�KLJKHU�WKDQ�WKDW�RI�FLUFXODU�KROHV��VR�WKH�+HOP�
KROW]�UHVRQDQFH�ZRXOG�EH�ZHOO�GDPSHG�DQ\ZD\�DQG�PRVW�OLNHO\�QRW�FDXVH�SUREOHPV���0RUH
JHQHUDOO\��WKH�UDWLR�RI�UHVLVWDQFH�WR�LQGXFWDQFH�RI�D�FRQVWULFWLRQ��H�J��D�OHDN�KROH��GHSHQGV
RQ�WKH�UDWLR�RI�SHULPHWHU�WR�FURVV�VHFWLRQDO�DUHD��,I�WKH�SHULPHWHU�DUHD�UDWLR�LV�ELJ��WKHQ�WKH
UHVLVWDQFH� LV�ELJ�FRPSDUHG� WR� WKH� LQGXFWDQFH��DQG�YLFH�YHUVD��7KH� WZR�H[WUHPHV�DUH�D�VOLW
ZLWK�D�YHU\�KLJK�ZLGWK�KHLJKW�UDWLR��KLJK�5�/��DQG�D�FLUFXODU�KROH��ORZ�5�/���7KLV�FDQ�DOVR
EH� YHULILHG� XVLQJ� WKH� IRUPXODH� IRXQG� LQ� WKH�PDFURV� IRU� UHFWDQJXODU� DQG� FLUFXODU� KROHV� LQ
DSSHQGL[�,9��

7KH�VSDFH�RI�DLU�EHWZHHQ� WKH�FRYHUV�DQG� WKH�3&%V�ZLOO�KHUHDIWHU�EH�FDOOHG� WKH�VLGH
FDYLW\�EHFDXVH� LW� IRUPHG�DURXQG��QRW� LQ� IURQW�RI�RU�EHKLQG�� WKH�FDSVXOH��$FFRUGLQJ� WR� WKH
DERYH�DVVXPSWLRQV�WKH�VLGH�FDYLW\�KDV�D�IDLUO\�ORZ�LPSHGDQFH�FRPSDUHG�WR�RWKHU�DFRXVWLF
LPSHGDQFHV� DURXQG� WKH� HDUSLHFH� FDSVXOH�� VR� LW� VHHPV� WKDW� LW� FRXOG� EH� XVHG� DV� D� NLQG� RI
VXEVWLWXWH�IRU�IUHH�DLU�

$OO� WKLV� VXJJHVWV� D� VLPSOH� VROXWLRQ�ZLWK� MXVW� DQ� LQWHUQDO� OHDN� EHWZHHQ� WKH� HDUSLHFH
FDSVXOH�DQG�WKH�$�FRYHU��ZLWK�WKH�EDFN�FDYLW\�EHKLQG�WKH�FDSVXOH�DV�GHVFULEHG�DERYH���$Q
LOOXVWUDWLRQ�RI�ZKDW�KDSSHQV�LI�WKH�VDPH�LQWHUQDO�OHDN�DV�LQ�VROXWLRQ���LV�XVHG�FDQ�EH�IRXQG
LQ� ILJ�� ������ VLPXODWLRQ� ´SX�´�� 7KH� OHDN� WROHUDQFH� LV� JRRG�� EXW� WKH� KLJK� IUHTXHQFLHV� DUH
PRUH�GDPSHG�WKDQ�LQ�VROXWLRQ���� ,I� WKH� LQWHUQDO� OHDN�VOLW� LV�QDUURZHG�EHORZ�����PP�� WKHQ
ORZ� IUHTXHQFLHV� DUH� ERRVWHG� DQG� WKH� OHDN� WROHUDQFH� LV� UHGXFHG�� +RZHYHU�� WKH� IUHTXHQF\
UHVSRQVH�FDQ�EH�PDGH�WR�IDOO�TXLWH�VPRRWKO\�DW�D�UDWH�FORVH�HQRXJK�WR�±��G%�RFWDYH��VR�D
ILUVW�RUGHU�HTXDOL]LQJ�ILOWHU�GDPSLQJ�EDVV�IUHTXHQFLHV�DQG�ERRVWLQJ�KLJK�IUHTXHQFLHV�FRXOG
DFWXDOO\�PDNH�WKH�UHVSRQVH�ORRN�YHU\�JRRG��,I��RQ�WKH�FRQWUDU\��D�ELJJHU�VOLW� LV�XVHG�� WKHQ
WKH�OHDN�WROHUDQFH�LV�LPSURYHG�EXW�WKH�RYHUDOO�RXWSXW�OHYHO�LV�UHGXFHG��EHFDXVH�PRVW�RI�WKH
VRXQG�SUHVVXUH�LV�ZDVWHG�WKURXJK�WKH�LQWHUQDO�OHDN���5HGXFLQJ�WKH�RYHUDOO�OHYHO�LV�XQGHVLU�
DEOH��WKH�HDUSLHFH�FDSVXOH�PHPEUDQH�KDV�WR�PRYH�PRUH�WR�JHQHUDWH�D�JLYHQ�SUHVVXUH�LQVLGH
WKH�XVHU¶V�HDU��DQG�PRUH�GLVWRUWLRQ�ZLOO�DSSHDU�DV�D�UHVXOW�

6RPH�XSGDWHV�WR�WKH�PHFKDQLFV�ZHUH�HYLGHQW�DIWHU�WKH�DEDQGRQLQJ�RI�VROXWLRQ����7KH
1RNLD������EDFN�FDYLW\�YROXPH�ZDV� WR�EHFRPH�ELJJHU� WKDQ� H[SHFWHG�� DERXW� ���� FP�� LQ�
VWHDG�RI���FP���WKH�H[DFW�VSDFH�WDNHQ�XS�E\�HOHFWURQLF�FRPSRQHQWV�FRXOG�QRW�EH�NQRZQ�LQ
DGYDQFH�����KROHV�ZHUH�FUHDWHG�LQ�WKH�8,�3&%��DOWKRXJK�WKH\�DUH�QRW�QHHGHG�DV�PXFK�DV�LQ
VROXWLRQ����+RZHYHU�� KDYLQJ� WKHVH�KROHV� LV� D� XVHIXO�ZD\�RI� DVVXULQJ� WKDW� WKHUH�ZLOO� EH� D
VWDEOH�OHDN�LQ�WKH�EDFN�FDYLW\��7KLV�ZD\�WROHUDQFH�HIIHFWV�FDQ�EH�UHGXFHG�

)LJXUH�������6LPXODWLRQ�RI�VROXWLRQ���ZLWK�D�QDUURZ�LQWHUQDO�OHDN��±��G%�RFWDYH�VORSH�LQ�
FOXGHG�IRU�FRPSDULVRQ��
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7KH� LQWHUQDO� OHDN� VOLW� XVHG� LQ� WKH� DERYH� VLPXODWLRQ�KDG� WKH� IROORZLQJ�GLPHQVLRQV�� KHLJKW
�����PP��ZLGWK� ���PP� �H[WHQGHG� DURXQG� WKH�ZKROH� SHULPHWHU� RI� WKH� FDSVXOH�� DQG� IORZ
GLUHFWLRQ�OHQJWK�����PP��$�SUREOHP�LV�REYLRXV��WKH�KHLJKW�LV�YHU\�VPDOO�DQG�WKXV�VHQVLWLYH
WR� WROHUDQFHV�� 7KH� VPRRWKQHVV� RI� WKH� IUHTXHQF\� UHVSRQVH� RI� VROXWLRQ� �� LV� D� UHVXOW� RI� WKH
UHVLVWLYH��GDPSLQJ�QDWXUH�RI�WKH�LQWHUQDO�OHDN��UHFDOOLQJ�DJDLQ�WKDW�D�VOLW�KDV�D�KLJK�5�/�UD�
WLR��� VR� WKH� VOLW� KHLJKW� KDV� WR� EH� VPDOO�� $OWHUQDWLYHO\� D� QXPEHU� RI� QDUURZ� YHUWLFDO� VOLWV
�LQVWHDG�RI�RQH�KRUL]RQWDO��FRXOG�EH�FUHDWHG�EHWZHHQ�WKH�FDSVXOH�DQG�WKH�$�FRYHU��EXW�WKHVH
ZRXOG�EH�YHU\�GLIILFXOW� WR� LPSOHPHQW� LQ� UHDOLW\�EHFDXVH�RI�PRXOG� OLPLWDWLRQV��$� VHSDUDWH
SUHFLVLRQ�PDQXIDFWXUHG�SDUW�FRXOG�EH�XVHG�LQVWHDG��EXW�WKDW�ZRXOG�LQFUHDVH�FRVW�DQG�FRP�
SOLFDWH�WKH�DVVHPEO\�

7KH�VLGH�FDYLW\�ZDV�RPLWWHG�DQG� UHSODFHG�E\�JURXQG� �IUHH�DLU�� LQ� WKH� VLPXODWLRQ�RI
VROXWLRQ����7KLV�URXJK�DSSUR[LPDWLRQ�ZLOO�EH�DQDO\]HG�LQ�PRUH�GHWDLO� ODWHU��$FFXUDWH�SUH�
SURGXFWLRQ� VLPXODWLRQV�RI� WKLV� VROXWLRQ� �RU�DQ\�RWKHU� VROXWLRQ�HPSOR\LQJ� WKH� VLGH� FDYLW\�
DUH�PDGH�GLIILFXOW�E\�WKH�IDFW�WKDW�WKH�HIIHFWLYH�VL]H�RI�DOO�WKH�OHDNV�WR�RXWVLGH�DLU�SUHVHQW�LQ
ILQDO�PDVV�SURGXFWLRQ�PHFKDQLFV�DUH�QRW�NQRZQ�LQ�DGYDQFH��,W�ZRXOG�RI�FRXUVH�EH�SRVVLEOH
WR�FUHDWH�GHGLFDWHG�OHDNV�EHWZHHQ�WKH�FRYHUV�IRU�DFRXVWLFDO�SXUSRVHV��DQG�WKHQ�RQH�ZRXOG
NQRZ�WKDW�WKH�ILQDO� OHDN�ZLOO�EH�JUHDWHU� WKDQ�RU�HTXDO� WR�WKH�WRWDO�GHGLFDWHG�OHDN��:LWKRXW
VXFK�D�GHGLFDWHG�OHDN��WKH�VLPSOHVW�FRPSURPLVH�LQ�VLPXODWLRQV�LV�WR�UHSODFH�WKH�VLGH�FDYLW\
ZLWK�HLWKHU�IUHH�DLU�RU�D�IXOO\�VHDOHG�FDYLW\��RI�WKH�DVVXPHG�VL]H���7KHQ�VRPH�VOLW�FRXOG�EH
DGGHG�WR�WKH�FLUFXLW�DQG�LWV�GLPHQVLRQV�VWHSSHG�EHWZHHQ�SUREDEOH�YDOXHV�

������ ([WHUQDO�OHDN�LQWR�VLGH�FDYLW\��VROXWLRQ���

$FFRUGLQJ�WR�FXUUHQW�DVVXPSWLRQV�� WKH�VLGH�FDYLW\�FDQ�SHUIRUP�ZHOO�DV�D� WHUPLQDWLRQ�RI�D
IURQW�OHDN��EHFDXVH�LQ�WKLV�UHVSHFW�LWV�EHKDYLRXU�LV�FORVH�HQRXJK�WR�WKDW�RI�IUHH�DLU��7KH�IURQW
OHDN�ZDV�LQWHUQDO�LQ�VROXWLRQ����7KH�RULJLQDO�VROXWLRQ��VROXWLRQ����KDG�DQ�H[WHUQDO�IURQW�OHDN
WR�IUHH�DLU��3XWWLQJ�WKLV�DOO�WRJHWKHU�UHYHDOV�WKDW�DQRWKHU�LQWHUHVWLQJ�VROXWLRQ��KHUHDIWHU�FDOOHG
VROXWLRQ����LV�SRVVLEOH��DQ�H[WHUQDO�OHDN�LQWR�WKH�VLGH�FDYLW\��WKURXJK�WKH�$�FRYHU��FRXOG�EH
FUHDWHG� RXWVLGH� WKH� SHULPHWHU� RI� WKH� HDUSLHFH� FDSVXOH�� 7KLV� RSWLRQ�ZDV� DOVR� EULHIO\�PHQ�
WLRQHG�LQ�VHF���������,I�D�OHDN�HTXLYDOHQW�WR�WKH�OHDN�LQ�WKH�OHDN�DGDSWHU�XVHG�LQ�VROXWLRQ��
FRXOG�EH�FUHDWHG�LQ�WKH�$�FRYHU��WKHQ�LW�ZRXOG�LQ�SULQFLSOH�EH�SRVVLEOH�WR�UHWXUQ�WR�WKH�JRRG
SHUIRUPDQFH�RI�VROXWLRQ����SURYLGHG�WKDW�WKH�VLGH�FDYLW\�LV�RSHQ�HQRXJK���,I�VXFK�D�VROXWLRQ
ZHUH�WR�EH�VLPXODWHG�ZLWK�WKH�VLGH�FDYLW\�DSSUR[LPDWHG�E\�IUHH�DLU��WKHQ�RQH�ZRXOG�DUULYH
DW�D�VLPXODWLRQ�VFKHPDWLF�KDYLQJ�WKH�VDPH�WRSRORJ\�DV�WKH�RQH�VKRZQ�LQ�ILJ�������IRU�VROX�
WLRQ���
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)LJXUH� ������ &URVV�VHFWLRQ� �IURP� D� &$'� ILOH�� WKURXJK� WKH� HDUSLHFH� RI� WKH� 1RNLD� �����
VKRZLQJ�WKH�ILQDO�PHFKDQLFDO�FRQVWUXFWLRQ��7KH�EDFN�KROHV�DQG�8,�3&%�KROHV�DUH�QRW�YLVL�
EOH�LQ�WKLV�GUDZLQJ�

$�OHDN�WKURXJK�WKH�$�FRYHU��DV�QDUURZ�DV�WKH�RQH�IRUPHG�E\�WKH�OHDN�DGDSWHU�RI�VROXWLRQ���
LV� YHU\� GHVLUDEOH� EXW� XQIRUWXQDWHO\� QRW� D� JRRG� RSWLRQ� IRU� WKH� SKRQH� PHFKDQLFV�� 7KLV� LV
SDUWO\�GXH�WR�WROHUDQFHV��UHFDOOLQJ�WKDW�WKH�OHDN�KDV�WKH�VKDSH�RI�D�QDUURZ�VOLW�ZLWK�D�VPDOOHU
GLPHQVLRQ�RI�RQO\������PP���LQGXVWULDO�GHVLJQ�UHDVRQV��DQG�PRXOG�WHFKQRORJ\��%XW�WKH�OHDN
XVHG�LQ�VROXWLRQ���JLYHV�VRPH�URXJK�HVWLPDWH�RI�ZKDW�NLQG�RI�FURVV�VHFWLRQDO�DUHD�ZRXOG�EH
UHTXLUHG��ZLGWK������PP�DQG�KHLJKW������PP�JLYHV�DQ�DUHD�RI� URXJKO\���PP���8QIRUWX�
QDWHO\�� WKLV� DUHD�ZRXOG� QHHG� WR� EH� IXUWKHU� LQFUHDVHG� WR� NHHS� WKH� LPSHGDQFH� HTXDOO\� ORZ�
EHFDXVH�WKH�OHDN�LQ�VROXWLRQ���KDG�D�YHU\�VKRUW�SK\VLFDO�OHQJWK�LQ�WKH�IORZ�GLUHFWLRQ��ZKLOH
WKH�H[WHUQDO� OHDN�RI� VROXWLRQ���QHHGV� WR�JR� WKURXJK� WKH�$�FRYHU� �ZKLFK� LV� DERXW�����PP
WKLFN��

*RRG�PHFKDQLFDO�SURWRW\SHV�ZHUH�DYDLODEOH�DW�WKH�WLPH�ZKHQ�WKLV�VROXWLRQ�ZDV�EHLQJ
ILQDOL]HG��VR�PHDVXUHPHQWV�ZHUH�XVHG� WR� ILQG�RXW�SRVVLEOH�VL]HV� IRU� WKH�H[WHUQDO� OHDN�DQG
IURQW�KROHV��7KH�IURQW�KROHV�FRXOG�EH�GLPHQVLRQHG�RSWLPDOO\��EXW�WKH�OHDN�KROHV�ZHUH�IDFHG
E\� FRQIOLFWLQJ� UHTXLUHPHQWV��ZDWHU� DQG� GXVW� VKLHOGLQJ� �UHTXLULQJ� VPDOO� KROHV��� JRRG� OHDN
WROHUDQFH� �UHTXLULQJ� D� ELJ� WRWDO� OHDN� DUHD��� DQG� PRXOG� WHFKQRORJ\� DQG� LQGXVWULDO� GHVLJQ
�UHTXLULQJ�D� IHZ�ELJ�KROHV� LQVWHDG�RI�PDQ\�YHU\� VPDOO�KROHV��� ,W� LV� D�SXUSRVH�RI� WKH�QH[W
VHFWLRQ�WR�H[SODLQ�WKH�FRPSURPLVHV�PDGH�

���� 6ROXWLRQ���²�WKH�ILQDO�FKRLFH

$�PHDVXUHPHQW�RI�WKH�IUHTXHQF\�UHVSRQVH�DQG�OHDN�WROHUDQFH�RI�WKH�ILQDOL]HG������SKRQH�LV
JLYHQ�ILUVW�IRU�ODWHU�UHIHUHQFH�
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)LJXUH� ������ )UHTXHQF\� UHVSRQVHV� �XQHTXDOL]HG�� L�H�� QR� '63� FRUUHFWLRQ�� RI� ILQDO� ����
SKRQH��WKLQ�FXUYHV��VLPXODWHG��WKLFN�FXUYHV��PHDVXUHG��

������ 'LPHQVLRQLQJ

�������� )URQW�KROHV

:KHQ�WKH�WRSRORJ\�LV�FKRVHQ��WKH�QH[W�VWHS�LV�WR�WXQH�UHOHYDQW�GLPHQVLRQV��,Q�WKLV�SURFHVV�LW
LV�JRRG� WR� VWDUW�ZLWK� WKH�PRVW� VWUDLJKWIRUZDUG�SDUWV�RI� WKH�GHVLJQ��6XFK�SDUWV� DUH�� LQ� WKLV
SDUWLFXODU�FDVH��WKH�IURQW�FDYLW\�DQG�IURQW�KROHV��IRUPLQJ�WRJHWKHU�D�+HOPKROW]�UHVRQDQFH�DV
GHVFULEHG� LQ� VHF�� ��������� 9DULRXV� LQGXVWULDO� GHVLJQ� RSWLRQV� ZHUH� FRQVLGHUHG� �LQYROYLQJ
IURP���WR���IURQW�KROHV���:KHQ�WKH�QXPEHU�RI�KROHV�LV�QRW�NQRZQ�LQ�DGYDQFH��D�JRRG�UHVXOW
FDQ�EH�REWDLQHG�VLPSO\�E\�DVVXPLQJ�VRPH�QXPEHU�DQG�WXQLQJ�WKH�UHVRQDQFH�WR�WKH�ZDQWHG
IUHTXHQF\�E\�FKDQJLQJ�WKH�GLDPHWHU�DQG�RU�OHQJWK��LQ�WKH�IORZ�GLUHFWLRQ��RI�WKH�KROHV�LQ�WKH
VLPXODWLRQ��DQG�UHFRUGLQJ�WKH�WRWDO�DUHD�RI�WKH�KROHV�WKDW�JDYH�WKH�EHVW�UHVXOWV��7KH�WRWDO�DUHD
RI� WKH� KROHV� LV� WKH� PRVW� FULWLFDO� SDUDPHWHU�� WKXV� LI� WKH� QXPEHU� RI� IURQW� KROHV� KDV� WR� EH
FKDQJHG�RQH�VKRXOG�WU\� WR�NHHS�WKH� WRWDO�DUHD�FRQVWDQW��)LQDO� WXQLQJ�VKRXOG�SUHIHUDEO\�EH
GRQH� E\� PHDVXUHPHQWV� WR� DYRLG� VLPXODWLRQ� LQDFFXUDFLHV�� 7KH� IURQW� FDYLW\� LQ� WKH� 1RNLD
�����ZDV�WR�EH�������FP��LQ�WKH�ILQDO�PHFKDQLFV��DQG�WKUHH�IURQW�KROHV�ZHUH�WXQHG�WR�SODFH
WKH�+HOPKROW]�UHVRQDQFH�DW�URXJKO\�����N+]��7KLV�ZD\�WKH�UHVRQDQFH�FRXOG�EH�WDNHQ�DGYDQ�
WDJH�RI�DV�D�ERRVWHU�RI�WKH�KLJK�IUHTXHQFLHV��%HLQJ�TXLWH�VKDUS��WKH�UHVRQDQFH�FRXOG�QRW�EH
SODFHG�LQVLGH�WKH�*60�VSHHFK�WUDQVPLVVLRQ�IUHTXHQF\�UDQJH��VLQFH�WKDW�ZRXOG�KDYH�PDGH
VXLWDEOH� '63� HTXDOL]DWLRQ� RI� WKH� UHFHLYLQJ� IUHTXHQF\� UHVSRQVH� KDUG� RU� LPSRVVLEOH�� 7KH
UHVSRQVH�GURSV� UDSLGO\� DERYH� WKH� UHVRQDQFH�� KHQFH� WKH� FKRLFH� WR�KDYH� WKH� UHVRQDQFH� DS�
SUR[LPDWHO\�DW�WKH�XSSHU�OLPLW�RI�WKH�UHTXLUHG�IUHTXHQF\�UDQJH������N+]��

,QGXVWULDO� GHVLJQ� SURYLGHG� WKUHH� IURQW� KROHV�� DQG� DV� D� UHVXOW� RI� WXQLQJ� XVLQJ� ERWK
PHDVXUHPHQWV� DQG� VLPXODWLRQ� HDFK� KROH� ZDV� FKRVHQ� WR� KDYH� DQ� DUHD� RI� ����� PP��� 7KH
OHQJWK�RI�HDFK�KROH� LQ� WKH� IORZ�GLUHFWLRQ�ZDV�����PP��7KLV�FKRLFH�SODFHG� WKH�+HOPKROW]
UHVRQDQFH�DW�����N+]�DFFRUGLQJ�WR�YHULILFDWLRQ�PHDVXUHPHQWV��ILJ���������$OWKRXJK�WKH�IURQW
KROHV�DUH�QRW�FLUFXODU�EXW�HOOLSWLF�LQ�WKH�������VLPXODWLRQV�VWLOO�VKRZ�TXLWH�JRRG�FRUUHVSRQ�
GHQFH�ZLWK�WKH�PHDVXUHPHQWV�

�������� ([WHUQDO�OHDN�KROHV

7KH�ILQDO�LQGXVWULDO�GHVLJQ�FKRLFH�DOORFDWHG���KROHV�IRU�H[WHUQDO�OHDN�WKURXJK�WKH�$�FRYHU�
+DYLQJ�RQH�ZLGH�VOLW�DV�LQ�VROXWLRQ���ZDV�QRW�GHVLUDEOH�IRU�PHFKDQLFDO�DQG�LQGXVWULDO�GHVLJQ
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UHDVRQV��DV�VWDWHG�DERYH��6R�WKH�JRDO�ZDV�WR�ILQG�RXW�D�VXIILFLHQW�KROH�DUHD�WR�IXOILO�FRQIOLFW�
LQJ�UHTXLUHPHQWV��7KH�ILQDO�GHFLVLRQ�WR�JR�IRU�DQ�DUHD�RI������PP��SHU�KROH�������PP��DOO
LQ�DOO��ZDV�EDVHG�RQ�UHVXOWV�IURP�PHDVXUHPHQWV�RQ�SURWRW\SHV�WKDW�ZHUH�DYDLODEOH��5HGXF�
LQJ�WKH�OHQJWK�RI�WKH�OHDN�KROHV�IURP�����PP��WKLFNQHVV�RI�$�FRYHU�ZKHUH� WKH� OHDN�KROHV
DUH��WR�OHVV�WKDQ���PP�ZRXOG�LPSURYH�WKH�SHUIRUPDQFH��EXW�DW�WKH�H[SHQVH�RI�UHGXFHG�ZDWHU
UHVLVWDQFH��&RQVHTXHQWO\�WKH�OHDN�KROHV�ZHUH�QRW�VKRUWHQHG�

)LJXUH�������7KH�1RNLD������HDUSLHFH�YLHZHG�IURP�WKH�RXWVLGH��VHHQ�DOVR�LQ�ILJ�������

7KH�GLVDGYDQWDJH�RI�KDYLQJ�D�VPDOOHU�OHDN�DUHD��DQG�KROHV�WKDW�DUH�TXLWH�ORQJ�LQ�WKH�IORZ
GLUHFWLRQ��LV�WKDW�WKH�OHDN�WROHUDQFH�LV�ZRUVH�WKDQ�WKDW�REWDLQHG�LQ�WKH�LGHDOL]HG�VROXWLRQ���
7KH�DGYDQWDJH�LV�WKDW�WKH�VHQVLWLYLW\��RI�WKH�HDUSLHFH�DV�D�ZKROH��LV�KLJKHU�WKDQ�LQ�VROXWLRQ
���L�H��OHVV�SRZHU�LV�UHTXLUHG�WR�UHDFK�D�JLYHQ�VRXQG�SUHVVXUH�OHYHO�LQ�WKH�XVHU¶V�HDU��)XUWKHU
DQDO\VLV�RI�VROXWLRQ���VKRZV�WKDW�ORZ�IUHTXHQF\�RXWSXW�LV�KLJKHU�EHFDXVH�RI�WKH�KLJKHU�LP�
SHGDQFH� LQ� WKH� OHDN�� ZKLOH� KLJK� IUHTXHQF\� RXWSXW� LV� KLJKHU� EHFDXVH� RI� WKH� IURQW� FDYLW\
+HOPKROW]�UHVRQDQFH��7KH���N+]�UHJLRQ�LV�WKH�RQO\�UHJLRQ�KDYLQJ�DOPRVW�DV�ORZ�RXWSXW�DV
VROXWLRQ���

*RRG�SURWRW\SHV�ZHUH�DYDLODEOH�GXULQJ�WKH�WXQLQJ�RI�VROXWLRQ����VR�LW�ZDV�SRVVLEOH�WR
YHULI\�WKDW�D�OHDN�WKURXJK�WKH�$�FRYHU�UHDOO\�ZRUNHG��DOWKRXJK�LW�GLG�QRW�OHDG�GLUHFWO\�WR�WKH
RXWVLGH�DLU�EXW�WR�WKH�VLGH�FDYLW\�LQVLGH�WKH�SKRQH��6LPXODWLRQ�RI�WKH�VLGH�FDYLW\�LV�QRW�LP�
PHGLDWHO\�SRVVLEOH�VLQFH�WKH�OHDNV�DQG�ORVVHV�LQ�WKLV�LUUHJXODU�VSDFH�RI�DLU�DUH�YHU\�KDUG�WR
HVWLPDWH�ZLWKRXW�VSHFLDO�DFRXVWLF�LPSHGDQFH�PHDVXUHPHQWV��,W�KDV�DOUHDG\�EHHQ�SRLQWHG�RXW
WKDW�WKH�VLGH�FDYLW\�ZRXOG�SUREDEO\�DSSHDU�DV�D�FDSDFLWDQFH�VKXQWHG�E\�DQ�5/�VHULHV�FLUFXLW
�VHF����������7KH�FDSDFLWDQFH�FDQ�EH�FDOFXODWHG�IURP�WKH�VLGH�FDYLW\�YROXPH������FP����EXW
WKH�UHVLVWDQFH�DQG�WKH�LQGXFWDQFH�DUH�XQNQRZQ��$Q�XQFRQYHQWLRQDO�EXW�YHU\�VLPSOH�PHDV�
XUHPHQW�ZDV�VHW�XS�WR�DOORZ�VRPH�URXJK�HVWLPDWLRQ�RI�WKHVH�FRPSRQHQWV��WKH�W\SH���FRX�
SOHU�ZDV�PRYHG�WR�FRYHU�WKH�OHDN�KROHV�RQO\��ZKLOH�WKH�IURQW�KROHV�ZHUH�DOORZHG�WR�UDGLDWH
VRXQG� LQWR� IUHH� DLU�� ,Q�RWKHU�ZRUGV�� WKH� WUDQVPLVVLRQ� RI� VRXQG� IURP� WKH� HDUSLHFH� FDSVXOH
WKURXJK�WKH�EDFN�FDYLW\��8,�3&%�KROHV��VLGH�FDYLW\�DQG� OHDN�KROHV�ZDV�PHDVXUHG�� ,Q� WKLV
FKDLQ�HYHU\WKLQJ�FDQ�EH�VLPXODWHG�ZLWK�UHDVRQDEOH�DFFXUDF\�H[FHSW�IRU� WKH�XQNQRZQ�VLGH
FDYLW\�UHVLVWDQFH�DQG�LQGXFWDQFH��7KXV�LW�VHHPV�ORJLFDO�WKDW�WKH�WZR�XQNQRZQ�FRPSRQHQWV
FRXOG�EH�HVWLPDWHG�E\�WU\LQJ�WR�PDWFK�D�VLPXODWHG�UHVSRQVH��WKURXJK�WKH�VDPH�FKDLQ��WR�WKH
PHDVXUHG�UHVXOW��7KH�PDWFKLQJ�ZRXOG�EH�GRQH�PDQXDOO\�E\�WU\LQJ�GLIIHUHQW�UHVLVWDQFH�DQG
LQGXFWDQFH�YDOXHV��7KH�RXWFRPH�RI�WKLV�PRGHOOLQJ�ZDV�D�VXFFHVV��LOOXVWUDWLQJ�LQ�D�JUHDW�ZD\
WKH�SRZHU�RI�VLPXODWLRQ�ZKHQ�FRPELQHG�ZLWK�PHDVXUHPHQWV�
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)LJXUH�������6RXQG�RXWSXW�WKURXJK�OHDN�KROHV�RQO\��XVLQJ�D�W\SH���FRXSOHU�ZLWKRXW�D�*HU�
PDQ� OHDN� ULQJ���7KH� WKLFN� FXUYH� LV� WKH�PHDVXUHPHQW� UHVXOW� WR�ZKLFK� WKH� VLPXODWHG� UHVXOW
�WKLQ�FXUYH��ZDV�PDWFKHG�
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)LJXUH�������7KH�VFKHPDWLF�XVHG�LQ�WKH�VLPXODWLRQ�RI�ILJ�������

$V�VHHQ�LQ�ILJ��������WKH�VLGH�FDYLW\�ZDV�IRXQG�WR�EHKDYH�DV�LI�LW�KDG�D�VKXQW�DFRXVWLF�5/
LPSHGDQFH�FRUUHVSRQGLQJ� DSSUR[LPDWHO\� WR� D� UHVLVWDQFH�RI� ����NΩ� DQG� DQ� LQGXFWDQFH�RI
����+��7KLV� LPSHGDQFH�FRXOG�EH� WUDQVODWHG� WR�D�FRUUHVSRQGLQJ�PHFKDQLFDO� OHDN�RSHQLQJ�
IRU�H[DPSOH��D� VOLW�RI�ZLGWK�����PP��KHLJKW�����PP�DQG� OHQJWK�����PP�ZRXOG�KDYH� WKH
VDPH� LPSHGDQFH� DW� ORZ� IUHTXHQFLHV�� 7KLV� LV� YHU\� UHDVRQDEOH� DQG� FORVH� WR� WKH� OHDN� RQH
ZRXOG�H[SHFW�EHWZHHQ�WKH�SKRQH�FRYHUV��2QH�PRUH�SXUH�DFRXVWLF�UHVLVWDQFH�LV�VHHQ�LQ�WKH
VFKHPDWLF��D�´JURXQGHG´�UHVLVWDQFH�RI����0Ω��HIIHFWLYHO\�VKXQWLQJ�WKH�EDFN�FDYLW\�FDSDFL�
WDQFH��7KLV�UHVLVWDQFH�ZDV�DGGHG�WR�WDNH�DFFRXQW�RI� ORVVHV�WKDW� WXUQHG�RXW� WR�EH�KLJKHU� LQ
UHDOLW\�WKDQ�LQ�WKH�VLPXODWHG�EDFN�FDYLW\��7KLV�LV�QRW�VXUSULVLQJ�VLQFH�WKH�EDFN�FDYLW\�ZDOOV
DUH� QRW� SHUIHFWO\� ULJLG� DV� DVVXPHG� LQ� WKH�&DYLW\� PDFUR�� 7KH� ���0Ω� UHVLVWDQFH� ZDV� QRW
IRXQG�DV�D�UHVXOW�RI�FDUHIXO�PHDVXUHPHQWV�EXW�LW�LV�MXVW�D�URXJK�HVWLPDWH�WKDW�LPSURYHG�WKH
FRUUHVSRQGHQFH� EHWZHHQ� FHUWDLQ�PHDVXUHPHQWV� DQG� VLPXODWLRQV�ZLWK� EORFNHG� 3&%� KROHV
�UHVXOWV� RI� WKHVH� ZLOO� QRW� EH� DQDO\]HG� KHUH��� 7KH� VSDFH� FRHIILFLHQWV� SDVVHG� WR� WKH
&LU+ROH$�)U+ROHV�� �IURQW� KROHV�� DQG� &LU+ROH$�([W/N�� �H[WHUQDO� OHDN�� PDFURV� DUH� TXLWH
VPDOO��WKLV�LV�WR�WDNH�DFFRXQW�RI�WKH�IDFW�WKDW�WKH�KROHV�DUH�TXLWH�FORVH�WR�HDFK�RWKHU�DQG�WKH
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VROLG�DQJOH�VKRXOG�EH�GLYLGHG�EHWZHHQ�WKH�KROHV��6RPH�ILQH�WXQLQJ�RI�WKH�VSDFH�FRHIILFLHQWV
ZDV�GRQH�DOVR�WR�JHW�D�EHWWHU�FRUUHVSRQGHQFH�EHWZHHQ�PHDVXUHG�DQG�VLPXODWHG�UHVXOWV�

1RZ�WKH�DVVXPSWLRQ�WKDW�WKH�EDFN�FDYLW\�LPSHGDQFH�LV�ORZ�HQRXJK�WR�ZRUN�DV�D�JRRG
WHUPLQDWLRQ�RI�WKH�H[WHUQDO�OHDN�FDQ�EH�YHULILHG�

)LJXUH�������6LPXODWHG�DFRXVWLF�LPSHGDQFHV��PDJQLWXGH��RI��HDUSLHFH�ZLWKRXW�WKH�H[WHUQDO
OHDN��=D����H[WHUQDO�OHDN�KROHV�RQO\��=D����VLGH�FDYLW\�RQO\��=D����H[WHUQDO�OHDN�FRQQHFWHG
WR�VLGH�FDYLW\��=D����HDUSLHFH�ZLWK�WKH�H[WHUQDO�OHDN��=D���
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)LJXUH�������6FKHPDWLF�XVHG�LQ�WKH�DERYH�VLPXODWLRQ�
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$V� VHHQ� LQ� WKH� DERYH� VLPXODWLRQ� UHVXOW� WKH� VLGH� FDYLW\� LPSHGDQFH� �=D��� UHPDLQV� FOHDUO\
ORZHU�WKDQ�WKH�LPSHGDQFH�RI�WKH�OHDN�KROHV��=D���DW�DOO�IUHTXHQFLHV�RI�LQWHUHVW��VR�DFFRUGLQJ
WR�WKH�VLPXODWLRQV�WKH�OHDN�EHKDYHV�PXFK�WKH�VDPH�ZD\�DV�LW�ZRXOG�GR�LI�URXWHG�WR�IUHH�DLU�
7KH�EDFN�FDYLW\�KDV�VRPH�HIIHFW��KRZHYHU��VR�LW�LV�YLHZHG�QH[W�

�������� /HDNV�LQ�WKH�EDFN�FDYLW\

$V�VWDWHG�DERYH����KROHV�ZHUH�FUHDWHG�LQ�WKH�8,�3&%�WR�PDLQWDLQ�D�OHDN�LQ�WKH�EDFN�FDYLW\
HYHQ�ZKHQ�WKH�WKURXJK�KROHV�DUH�EORFNHG�E\�VROGHU�UHVLVW��ZKLFK�KDSSHQV�PRVW�RI�WKH�WLPH
DFFRUGLQJ�WR�YLVXDO�LQVSHFWLRQ�RI�SURWRW\SHV���:LWKRXW�WKH�8,�3&%�KROHV�WKH�VKDUSQHVV�RI
WKH� UHVRQDQFH� VHHQ� DW� ����+]� �ILJ�� ������ZRXOG� YDU\� GHSHQGLQJ� RQ� WKH� QXPEHU� RI� RSHQ
WKURXJK�KROHV��'XULQJ�WKH�ILQH�WXQLQJ�PHDVXUHPHQWV�LW�WXUQHG�RXW�WKDW�D�VOLJKWO\�VPRRWKHU
UHVSRQVH�FRXOG�EH�REWDLQHG�E\�DGGLQJ���PRUH�KROHV��7KLV�LV�VHHQ�LQ�ILJ�������DV�D�VPRRWK
SHDN�DW�����+]��ZLWK���KROHV�LQVWHDG�RI����WKLV�SHDN�ZRXOG�EH�VKDUSHU��7KHUH�ZDV�QR�VSDFH
IRU�WKH���KROHV�LQ�WKH�8,�3&%��VR�WKH\�ZHUH�DGGHG�LQVWHDG�WR�WKH�SODVWLF�IUDPH�EHWZHHQ�WKH
3&%V��ILJ��������QR��������

7KH�EDFN�FDYLW\�KDV�URXJKO\�WKH�IROORZLQJ�GLPHQVLRQV��ZLGWK����PP��KHLJKW����PP
DQG� GHSWK� ��PP��2QH�PLJKW� H[SHFW� WKDW� LI� WKH� EDFN� FDYLW\� ZHUH� DFFLGHQWDOO\� YHU\�ZHOO
VHDOHG�LQ�WKH�´ORZHU´�HQG��QR�WKURXJK�KROHV�RSHQ���WKHQ�WKHUH�PLJKW�SHUKDSV�DSSHDU�LUUHJX�
ODULWLHV�LQ�WKH�IUHTXHQF\�UHVSRQVH�EHFDXVH�RI�VWDQGLQJ�ZDYHV�LQVLGH�WKH�EDFN�FDYLW\��7ZR�RI
WKH�GLPHQVLRQV�MXVW�PHQWLRQHG�DUH�QR�ORQJHU�YHU\�VPDOO�FRPSDUHG�WR�WKH�ZDYHOHQJWK�DW�WKH
KLJKHVW� VSHHFK� WUDQVPLVVLRQ� IUHTXHQFLHV�� VR� WKH� EDFN� FDYLW\� FRXOG� DFFLGHQWDOO\� DFW� DV� D
TXDUWHU�ZDYH�UHVRQDWRU�DW�WKRVH�IUHTXHQFLHV��6WDQGLQJ�ZDYHV�ZHUH�IRXQG�RXW�WR�FDXVH�YLVL�
EOH�FKDQJHV�LQ�WKH�IUHTXHQF\�UHVSRQVH�LQ�DQ�HDUO\�SURWRW\SH��ZKLFK�KDG�D�KDUGHU�IUDPH�DQG
ZKRVH�EDFN�FDYLW\�ZDV�XQUHDOLVWLFDOO\�ZHOO�VHDOHG�LQ�WKH�´ORZHU´�HQG���+RZHYHU�WKLV�SURE�
OHP�KDV�QHYHU�UHDSSHDUHG�LQ�ODWHU�SURWRW\SHV�RU�PDVV�SURGXFHG�XQLWV��LQGLFDWLQJ�WKDW�WKHUH
DUH�KLJK�HQRXJK� ORVVHV� LQ� WKH�EDFN�FDYLW\� WR�SUHYHQW�VWDQGLQJ�ZDYHV�IURP�GHVWUR\LQJ� WKH
SHUIRUPDQFH�

������ )LQDO�VLPXODWLRQ�PRGHO

7KH�ILQDO�VLPXODWLRQ�PRGHO�RI�WKH�1RNLD������HDUSLHFH�LV�VHHQ�LQ�ILJ��������WKH�ORZHVW�FLU�
FXLW� WR�ZKLFK�WKH�´=D�´�SUREH�LV�FRQQHFWHG���7KH�PDQ\�VPDOO�3&%�WKURXJK�KROHV�DUH�OHIW
RXW�EHFDXVH�WKH\�WHQG�WR�EH�EORFNHG�LQ�PRVW�XQLWV�DV�ZDV�DOUHDG\�PHQWLRQHG�

7KLV�PRGHO�ZDV�DOVR�WULHG�ZLWK�EORFNHG�OHDNV�EHWZHHQ�SKRQH�FRYHUV��%OX�7DFN��ZDV
XVHG� DV� VHDOLQJ�PDWHULDO� LQ� D� FRUUHVSRQGLQJ�PHDVXUHPHQW�� DQG� WKH� 5/� VHULHV� EUDQFK� DF�
FRXQWLQJ�IRU�WKH�OHDNV�ZDV�UHPRYHG�LQ�WKH�VLPXODWLRQ��)RU�VRPH�UHDVRQ�WKH�PRGHO�IDLOHG�WR
SUHGLFW�WKH�IUHTXHQF\�UHVSRQVH�LQ�UHDO�PHFKDQLFV�LQ�WKLV�SDUWLFXODU�FDVH��LQGLFDWLQJ�WKDW�WKH
GHULYHG������HDUSLHFH�PRGHO�LV�QRW�IDLOVDIH��6HSDUDWH�PRGHOOLQJ�ZRXOG�SUREDEO\�KDYH�WR�EH
GRQH�WR�JHW�D�EHWWHU�FRUUHVSRQGHQFH�EHWZHHQ�PHDVXUHPHQWV�DQG�VLPXODWLRQ�HYHQ�ZKHQ�WKH
OHDNV�LQ�WKH�VLGH�FDYLW\�DUH�UHPRYHG��,W�LV�KDUG�WR�HOLPLQDWH�DOO�OHDNV�LQ�WKH�VLGH�FDYLW\�LQ�D
UHDO�PHDVXUHPHQW��DQG�HYHQ�ZKHQ�WKH\�DUH�HOLPLQDWHG�WKHUH�ZLOO�EH�RWKHU�ORVVHV�H�J��GXH�WR
WKH�QRW�IXOO\�ULJLG�PHFKDQLFDO�VWUXFWXUHV�LQVLGH�WKH�SKRQH��7KLV�PD\�EH�DQRWKHU�UHDVRQ�ZK\
WKH�PRGHO�GRHV�QRW�\LHOG�UHDOLVWLF�UHVXOWV�ZKHQ�OHDNV�EHWZHHQ�SKRQH�FRYHUV�DUH�HOLPLQDWHG�

������ 7KH�ILQDO�HDUSLHFH

7KH� UHFHLYLQJ� IUHTXHQF\� UHVSRQVH�RI� WKH� ILQDO� HDUSLHFH�ZDV� WXQHG� WR� VSHFLILFDWLRQV�XVLQJ
VHSDUDWH�'63� HTXDOL]DWLRQ� HPSKDVL]LQJ� WKH� �� N+]� UHJLRQ� DQG� VOLJKWO\� GDPSLQJ� WKH� EDVV



&DVH�VWXG\��OHDN�WROHUDQW�HDUSLHFH�������

UHJLRQ��$�PHDVXUHPHQW�RI� WKH� UHVSRQVH��GRQH� WKURXJK� WKH�ZKROH� WUDQVPLVVLRQ�SDWK�XVLQJ
DUWLILFLDO�VSHHFK��LV�VKRZQ�EHORZ��,W�VKRXOG�EH�QRWHG�WKDW�WKLV�PHDVXUHPHQW�GRHV�QRW�FRUUH�
VSRQG�WR�W\SH�DSSURYDO�VSHFLILFDWLRQV�� LQ�ZKLFK�D�'$,� �GLJLWDO�DXGLR�LQWHUIDFH�� LV�XVHG�WR
E\SDVV� WKH�VSHHFK�FRGLQJ��7KH� UHVSRQVH� WKXV�PHDVXUHG�ZRXOG�EH�YHU\�VLPLODU� WR� WKH�RQH
VKRZQ�KHUH��KRZHYHU�

)LJXUH�������5HFHLYLQJ�IUHTXHQF\�UHVSRQVH�RI�D�1RNLD������SKRQH�PHDVXUHG�XVLQJ�DUWLIL�
FLDO�VSHHFK�WKURXJK�WKH�HQWLUH� WUDQVPLVVLRQ�SDWK� �QRW� WKURXJK�D�'$,�DV� LQ� W\SH�DSSURYDO
PHDVXUHPHQWV��

$V� VHHQ� DERYH�� LW�ZDV� QR� SUREOHP� WR� JHW� D� JRRG�ORRNLQJ� IUHTXHQF\� UHVSRQVH� XVLQJ�'63
HTXDOL]DWLRQ��7KH�SKRQH�SDVVHG�W\SH�DSSURYDO�DV�LQWHQGHG�

1RZ��DW�WKH�HQG�RI�WKLV�DQDO\VLV��WKH�SHUIRUPDQFH�RI�WKH������HDUSLHFH�FDQ�EH�FRP�
SDUHG�WR�WKDW�RI�WKH�1RNLD������HDUSLHFH�ZKRVH�UHVSRQVH�DQG�OHDN�WROHUDQFH�ZDV�VKRZQ�DW
WKH�EHJLQQLQJ�RI�WKLV�FKDSWHU��7KLV�SURYLGHV�D�SLFWXUH�RI�WKH�LPSURYHPHQW��&RPSDULQJ�ILJV�
���� DQG������ DW� H�J�� ����+]�� RQH� FDQ� VHH� WKDW� WKH� GLIIHUHQFH� EHWZHHQ� VHDOHG� DQG� OHDNLQJ
�*HUPDQ�OHDN��FRQGLWLRQV�DSSHDUV�DV�D����G%�GURS�LQ�WKH�������ZKLOH�WKH�GURS�LQ�WKH�����
LV�MXVW���G%��7KH�QHW�UHVXOW�LV�D��� � �− = �G%�ORXGHU�RXWSXW�RI�WKLV�IUHTXHQF\�FRPSDUHG�WR
KLJK�IUHTXHQFLHV��ZKLFK�DUH�QRW�VHQVLWLYH�WR�OHDNV�RI�WKLV�VL]H�DFFRUGLQJ�WR�WKH�VDPH�PHDV�
XUHPHQW�UHVXOWV���L�H��D�VLJQLILFDQW�LPSURYHPHQW�LQ�WKH�EDVV�UHVSRQVH�DV�H[SHULHQFHG�E\�WKH
SKRQH�XVHU��,W�VKRXOG�EH�UHPHPEHUHG�DJDLQ�WKDW�WKH�VKDSHV�RI�WKH�´VHDOHG´�UHVSRQVHV�GR�QRW
PDWWHU� LQ� WKLV� OHDN� WROHUDQFH� FRPSDULVRQ� EHFDXVH� WKH\� DUH� IODWWHQHG� DQ\ZD\� XVLQJ� '63
HTXDOL]DWLRQ�� LW� LV�RQO\� WKH� UHODWLYH�GLIIHUHQFH�EHWZHHQ�VHDOHG�DQG� OHDNLQJ�FRQGLWLRQV� WKDW
PDWWHUV�

6RPH�ILQH�WXQLQJ�RI�WKH�'63�HTXDOL]DWLRQ�ZDV�GRQH�WR�JHW�D�JRRG�VRXQGLQJ�UHVSRQVH
ZLWKLQ�WKH�W\SH�DSSURYDO�OLPLWV��$OO�LQ�DOO��WKH�HDUSLHFH�KDV�SURYHQ�WR�EH�D�VXFFHVVIXO�GHVLJQ
DFFRUGLQJ�WR�RSLQLRQV�VWDWHG�E\�HQG�XVHUV�DQG�WHVWHUV�LQ�PDJD]LQH�UHYLHZV��7KH�VDPH�EDVLF
VROXWLRQ� KDV� EHHQ� XVHG� LQ� 1RNLD� ����� VXFFHVVRUV� EHORQJLQJ� WR� WKH� VDPH� JHQHUDWLRQ� RI
SURGXFWV��H�J��1RNLD������



&RQFOXVLRQV������

�� &RQFOXVLRQV

7KLV�WKHVLV�KDV�GHVFULEHG�WKH�GHYHORSPHQW�RI�D�QHZ�DFRXVWLFDO�VROXWLRQ�IRU�D�OHDN�WROHUDQW
HDUSLHFH�LQ�D�1RNLD�PRELOH�SKRQH�DV�DQ�H[DPSOH�RI�DQ�LQWHUHVWLQJ�DQG�FKDOOHQJLQJ�GHVLJQ
WDVN��$�XVHIXO�VHW�RI�VLPXODWLRQ�PRGHOV�ZDV�GHYHORSHG�WR�DLG�LQ�WKLV�ZRUN��5HOHYDQW�EDFN�
JURXQG� WKHRU\� KDV� EHHQ� LQWURGXFHG�� DQG� GRFXPHQWDWLRQ� SURYLGHG� WR� PDNH� LW� SRVVLEOH� WR
XQGHUVWDQG� WKH� XVDJH� DQG� OLPLWDWLRQV� RI� WKH� VLPXODWLRQ�PRGHOV��$� IHZ� LPSRUWDQW�PRGHOV
ZHUH�GHULYHG�IURP�UHVXOWV�LQ�WKH�OLWHUDWXUH�WKDW�KDYH�QRW�\HW�EHHQ�SUHVHQWHG�LQ�D�PRUH�JHQ�
HUDO�ZD\�²�QDPHO\�� WKH� LPSHGDQFHV�RI�YHU\�VPDOO�FLUFXODU�DQG�UHFWDQJXODU�RSHQLQJV�DQG
UDGLDWRUV�� DQG�HVSHFLDOO\� WKH� IUHTXHQF\�GHSHQGHQFH�RI� WKHVH��$�FRXSOH�RI� VSHFLDO� FKRLFHV
ZHUH�PDGH�WR�PDNH�WKH�VLPXODWLRQ�WRROV�PRUH�IOH[LEOH��H�J��WKH�LQFOXVLRQ�RI�D�IRXUWK�GRPDLQ
LQ�DGGLWLRQ�WR�WKH�XVXDO� WKUHH��DQG�WKH�FKRLFH�WR�XVH�GLIIHUHQW�DQDORJLHV�LQ�WKH�PHFKDQLFDO
GRPDLQ� WKDQ� LQ� WKH� RWKHU� WKUHH� GRPDLQV�� 7KH� FRPSOHWH�PRGHO� FROOHFWLRQ� KDV� FDSDELOLWLHV
WKDW�DFWXDOO\�JR�TXLWH�IDU�EH\RQG�ZKDW�ZDV�QHHGHG�LQ�WKH�GHVLJQ�GHVFULEHG�LQ�WKLV�WKHVLV�

7KH�SUDFWLFDO�DVSHFWV�RI�PRELOH�SKRQH�DXGLR�DFRXVWLFV�GHVLJQ�KDYH�EHHQ�RYHUYLHZHG
WR� SURYLGH� D� SLFWXUH� RI� WKH� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� VLPXODWLRQ�ZKHQ� DSSOLHG� WR
VXFK�GHVLJQ��DQG�WR�H[SODLQ�FKRLFHV�PDGH�LQ�WKH�1RNLD�SURGXFW�ZKRVH�HDUSLHFH�VROXWLRQ�KDV
EHHQ�DQDO\]HG��6LPXODWLRQ�SURYHG�WR�EH�SRZHUIXO�LQ�WKH�GHVLJQ�SURFHVV��DQG�WKH�GHVLJQHG
HDUSLHFH�LWVHOI�SURYHG�WR�EH�D�FOHDU�LPSURYHPHQW�FRPSDUHG�WR�WKRVH�XVHG�LQ�HDUOLHU�SKRQH
JHQHUDWLRQV�

,W�LV�ZRUWK�QRWLQJ�WKDW�WKH�VLWXDWLRQ�KDV�FKDQJHG�LQ�D�YHU\�IDYRXUDEOH�ZD\�GXULQJ�WKH
ZULWLQJ�RI�WKLV�WKHVLV��DW�OHDVW�DV�IDU�DV�*60�W\SH�DSSURYDO�LV�FRQFHUQHG��:KHQ�SUHYLRXVO\
*60�W\SH�DSSURYDO�PHDVXUHPHQWV�RI�UHFHLYLQJ�IUHTXHQF\�UHVSRQVH�KDG�WR�EH�GRQH�XVLQJ�D
VHDOHG�FRXSOHU�� WKH\�FDQ�QRZ��ZKLOH� WKLV� WKHVLV� LV�EHLQJ�ILQLVKHG��EH�GRQH�XVLQJ�VWDQGDUG
OHDNLQJ�FRXSOHUV�DV�ZHOO��7KLV�UHGXFHV�WKH�UHDVRQV�WR�DLP�DW�JRRG�OHDN�WROHUDQFH�IURP�WKUHH
����PRUH�UHDOLVWLF� W\SH�DSSURYDO�PHDVXUHPHQWV�����SURGXFW� OLDELOLW\����� WKH�VRXQG�GHSHQGV
OHVV�RQ�KRZ�WKH�SKRQH�LV�KHOG�DJDLQVW�WKH�HDU��WR�RQO\�WZR��QR���LV�QR�ORQJHU�DV�UHOHYDQW�DV
EHIRUH��� +RZHYHU�� WKLV� GRHV� QRW� PHDQ� WKDW� OHDN� WROHUDQFH� LV� OHVV� LPSRUWDQW� WKDQ� EHIRUH�
/HDN�WROHUDQFH�KDV�� LQ�HIIHFW��VLPSO\�EHFRPH�VRPHWKLQJ� WKDW�VKRXOG�EH� LPSOHPHQWHG�DV�D
JRRG�IHDWXUH�WKDW�PDNHV�WKH�XVH�RI�DQ\�SKRQH�PRUH�FRPIRUWDEOH�� LQVWHDG�RI�D�IHDWXUH�WKDW
PDNHV�W\SH�DSSURYDO�PHDVXUHPHQWV�PRUH�UHDOLVWLF�DQG�DOORZV�RQH�WR�XVH�D�PRUH�IDYRXUDEOH
'63� HTXDOL]DWLRQ�� 7KH� HYHU�LQFUHDVLQJ� GHPDQGV� RI� HQG� XVHUV� FDQ� RQO\� PDNH� JRRG� OHDN
WROHUDQFH�HYHQ�PRUH�GHVLUDEOH�LQ�IXWXUH�SURGXFWV�



5HIHUHQFHV�������

��� 5HIHUHQFHV

� 7XWWOHEHH��:��+��:��&RUGOHVV� WHOHFRPPXQLFDWLRQV� LQ�(XURSH��/RQGRQ��8.�������
6SULQJHU�9HUODJ�

� &KDUL��1��&���+HUPDQ��*���'DQKDXHU��-��/��3HUFHSWLRQ�RI�RQH�WKLUG�RFWDYH�EDQG�ILO�
WHUHG�VSHHFK��-��$FRXVW��6RF��$P���YRO������������5HI��LQ�>��@�

� 'LJLWDO� FHOOXODU� WHOHFRPPXQLFDWLRQV� V\VWHP� �SKDVH� �����PRELOH� VWDWLRQ� �06�� FRQ�
IRUPDQFH�VSHFLILFDWLRQ��*60���������YHUVLRQ���������FKDSWHU�������5HFHLYLQJ�VHQVL�
WLYLW\�IUHTXHQF\�UHVSRQVH��������(76,�

� &URFNHU��0��-�� �HGLWRU���(QF\FORSHGLD�RI�DFRXVWLFV��YRO�����1HZ�<RUN��86$�������
-RKQ�:LOH\�	�6RQV��,QF�

� %HQVRQ��.��%���HGLWRU���$XGLR�HQJLQHHULQJ�KDQGERRN��86$��������0F*UDZ�+LOO�

� %HUDQHN��/��/��$FRXVWLFV��1HZ�<RUN��86$��������0F*UDZ�+LOO�

� $SODF�����XVHU¶V�PDQXDO��������.DULVWR�2\�

� %DXHU��%��%��(TXLYDOHQW� FLUFXLW� DQDO\VLV� RI�PHFKDQR�DFRXVWLF� VWUXFWXUHV�� -��$XGLR
(QJ��6RF���YRO������QR����������

� 0LFUR�&DS�9�XVHU¶V�JXLGH��������6SHFWUXP�6RIWZDUH�

�� 0LFUR�&DS�9�UHIHUHQFH�PDQXDO��������6SHFWUXP�6RIWZDUH�

�� %DFNPDQ��-��'LVWRUWLRQ�IURP�ERXQGDU\�OD\HUV��GUDIW��������

�� 3URGXFW�GDWD��HDU�VLPXODWRU�IRU�WHOHSKRQRPHWU\���W\SH�������%U�HO�	�.M U��1 UXP�
'HQPDUN�������

�� 3URGXFW� GDWD�� ZLGHEDQG� HDU� VLPXODWRU� IRU� WHOHSKRQRPHWU\� �� W\SH� ������ %U�HO� 	
.M U��1 UXP��'HQPDUN�������

�� 2OVRQ��+��)��$FRXVWLFDO�HQJLQHHULQJ�������HGLWLRQ��RULJ��'��YDQ�1RVWUDQG�&R��������
3KLODGHOSKLD��3$��86$��������3URIHVVLRQDO�$XGLR�-RXUQDOV�,QF�

�� 1ROOH��$��:��6PDOO�VLJQDO�LPSHGDQFH�RI�VKRUW� WXEHV��-��$FRXVW��6RF��$P���YRO�����
QR����������

�� %RUZLFN�� -�� �HGLWRU���/RXGVSHDNHU� DQG� KHDGSKRQH� KDQGERRN�� �QG� HGLWLRQ��2[IRUG�
8.��������)RFDO�3UHVV�

�� ,QJDUG��.��8��2Q�WKH�WKHRU\�DQG�GHVLJQ�RI�DFRXVWLF�UHVRQDWRUV��-��$FRXVW��6RF��$P��
YRO������QR����������

�� .LQVOHU��/��(���)UH\��$��5��)XQGDPHQWDOV�RI�DFRXVWLFV��0RQWHUH\��&DOLI���86$�������
-RKQ�:LOH\�	�6RQV��,QF�



5HIHUHQFHV�������

�� 6PDOO��5��+��'LUHFW�UDGLDWRU� ORXGVSHDNHU�V\VWHP�DQDO\VLV��-��$XGLR�(QJ��6RF���YRO�
����QR����������

�� :�WWNH��-��0LFURSKRQHV�DQG�ZLQG��-��$XGLR�(QJ��6RF���YRO������QR�����������

�� 3ROG\�� &�� $�� (OHFWULFDO� DQDORJV� IRU� PHPEUDQHV� ZLWK� DSSOLFDWLRQ� WR� HDUSKRQHV�� -�
$XGLR�(QJ��6RF���YRO������QR�����������

�� 'DWD�VKHHW�QR��������IRU�HDUSLHFH�FDSVXOH�W\SH�:'�������3KLOLSV�6SHDNHU�6\VWHPV�
9LHQQD��$XVWULD�

�� 'DWD� VKHHW�QR���������� IRU� HDUSLHFH� FDSVXOH� W\SH�:'�������3KLOLSV�6SHDNHU�6\V�
WHPV��9LHQQD��$XVWULD�

�� 6WLQVRQ��0��5���6KDZ��(��$��*��$FRXVWLF�LPSHGDQFH�RI�VPDOO��FLUFXODU�RULILFHV�LQ�WKLQ
SODWHV��-��$FRXVW��6RF��$P���YRO������QR����������

�� &UDQGDOO��,��%��7KHRU\�RI�YLEUDWLQJ�V\VWHPV�DQG�VRXQG��1HZ�<RUN��86$��������9DQ
1RVWUDQG��5HI��LQ�>��@�

�� ,QJDUG�� .��8��1RWHV� RQ� VRXQG� DEVRUSWLRQ� WHFKQRORJ\��86$�� ������1RLVH� &RQWURO
)RXQGDWLRQ�

�� 3ULWFKDUG��5�� /��0XWXDO� DFRXVWLF� LPSHGDQFH� EHWZHHQ� UDGLDWRUV� LQ� DQ� LQILQLWH� ULJLG
SODQH��-��$FRXVW��6RF��$P���YRO������������5HI��LQ�>��@�

�� -DFREVHQ��2��6RPH�DVSHFWV�RI�WKH�VHOI�DQG�PXWXDO�UDGLDWLRQ�LPSHGDQFH�FRQFHSW�ZLWK
UHVSHFW�WR�ORXGVSHDNHUV��-��$XGLR�(QJ��6RF���YRO������QR����������

�� 0RUVH�� 3��0��� ,QJDUG�� .�� 8�� 7KHRUHWLFDO� DFRXVWLFV�� 3ULQFHWRQ�� 1HZ� -HUVH\�� 86$�
������3ULQFHWRQ�8QLYHUVLW\�3UHVV�

�� %DQN��*���:ULJKW��-��5��5DGLDWLRQ�LPSHGDQFH�FDOFXODWLRQV�IRU�D�UHFWDQJXODU�SLVWRQ��-�
$XGLR�(QJ��6RF���YRO������QR����������

�� .UH\V]LJ��(��$GYDQFHG�HQJLQHHULQJ�PDWKHPDWLFV��������-RKQ�:LOH\�	�6RQV��,QF�

�� /HDFK��:��0���-U��2Q�WKH�HOHFWURDFRXVWLF�DQDORJRXV�FLUFXLW�IRU�D�SODQH�ZDYH�LQFLGHQW
RQ�WKH�GLDSKUDJP�RI�D�IUHH�ILHOG�SUHVVXUH�PLFURSKRQH��-��$XGLR�(QJ��6RF���YRO�����
QR������������

�� %UDGEXU\��/��-��6��7KH�XVH�RI�ILEURXV�PDWHULDOV�LQ�ORXGVSHDNHU�HQFORVXUHV��-��$XGLR
(QJ��6RF���YRO������QR����������

�� /HDFK�� :�� 0�� (OHFWURDFRXVWLF�DQDORJRXV� FLUFXLW� PRGHOV� IRU� ILOOHG� HQFORVXUHV�� -�
$XGLR�(QJ��6RF���YRO������QR������������
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6,�XQLWV &JV�XQLWV 6,�XQLWV &JV�XQLWV 6,�XQLWV &JV�XQLWV
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HDUSLHFH�FDSVXOH��$OO�PHFKDQLFDO�VWUXFWXUHV��H�J��WKH�VPDOO�DLU�FDYLW\�XQGHU�WKH�PHPEUDQH�
DUH�QRW�PRGHOOHG�



$SSHQGL[�9��0RGHOV�RI�HDUSLHFH�FDSVXOH���9��

)LJXUH�9����7ZR�PDVV� YHUVLRQ�RI� WKH�DERYH�PRGHO��PRGHOOLQJ�DOVR� WKH�GHFRXSOLQJ�RI� WKH
GRPH� �FHQWHU� SDUW� RI� WKH�PHPEUDQH��� 7KH�PRGHO� LQFOXGHV� WKH� VPDOO� DLU� FDYLW\� XQGHU� WKH
PHPEUDQH�OHIW�RXW�LQ�WKH�VLPSOLILHG�RQH�PDVV�PRGHO�



$SSHQGL[�9��0RGHOV�RI�HDUSLHFH�FDSVXOH���9��

)LJXUH� 9���� 7KUHH�PDVV� YHUVLRQ� RI� WKH� DERYH� PRGHO�� VHSDUDWLQJ� WKH� YRLFH� FRLO� DQG� WKH
PHPEUDQH�LQWR�WZR�PDVVHV�LQWHUFRQQHFWHG�E\�WKH�JOXH�EHWZHHQ�WKHP�



$SSHQGL[�9,��0HDVXUHPHQW�VHWXS���9,��

$SSHQGL[��9,� 0HDVXUHPHQW
VHWXS

7KH�HDUSLHFH�PHDVXUHPHQWV�FRQWDLQHG�LQ�WKLV�WKHVLV�ZHUH�PDGH�XVLQJ�D�%U�HO�	�.M U�����
DFRXVWLF�FRXSOHU�ZLWK�D�W\SH������ò�´�PLFURSKRQH�DQG�D������SUHDPSOLILHU�

)LJXUH�9,����%U�HO�	�.M U������DFRXVWLF�FRXSOHU��FRUUHVSRQGLQJ�WR�,78�7�3����VSHFLILHG
W\SH� �� FRXSOHU� �WKH� VRIW� VHDO�� EODFN� FROODU� SDUW� LV� UHPRYDEOH�� �IURP� >��@��� 7KH� LQWHUQDO
VRXQG� VRXUFH� LV� MXVW� IRU� YHULI\LQJ� WKDW� WKH� FRXSOHU� LV� ZHOO� VHDOHG� EHIRUH� D�PHDVXUHPHQW
EHJLQV�

$OWKRXJK� WKH� FRXSOHU� LV� HTXLSSHG�ZLWK� D� IDLUO\�JRRG� VHDO�� LW�ZDV�QHFHVVDU\� WR�XVH� DGGHG
VHDOLQJ� PDWHULDO� �%OX�7DFN��� WR� SUHYHQW� DQ\� OHDNV� EHWZHHQ� WKH� FRXSOHU� DQG� WKH� SKRQH
FRYHU� GXULQJ� ´VHDOHG´� PHDVXUHPHQWV�� EHFDXVH� RI� WKH� FXUYHG� VXUIDFH� RI� WKH� 1RNLD� ����
IURQW�FRYHU��0RUHRYHU��WKH�MRLQW�EHWZHHQ�WKH�FRYHU�DQG�WKH�GLVSOD\�OHQV�LQ�WKH�SKRQH�ZDV
VHDOHG�VHSDUDWHO\�WR�HOLPLQDWH�DQ\�OHDNV�RWKHU�WKDQ�WKRVH�GHOLEHUDWHO\�EXLOW�LQWR�WKH�HDUSLHFH�
,Q�´*HUPDQ�OHDN´�PHDVXUHPHQWV�WKH�VRIW�VHDO��EODFN�FROODU�SDUW�ZDV�UHPRYHG�DQG�WKH�*HU�
PDQ� OHDN� ULQJ� LQVHUWHG� LQ� LWV� SODFH��%OX�7DFN��ZDV� XVHG� LQ�*HUPDQ� OHDN�PHDVXUHPHQWV
DOVR�WR�HOLPLQDWH�OHDNV�EHWZHHQ�WKH�SKRQH�FRYHU�DQG�WKH�UXEEHU�VHDO�RI�WKH�OHDN�ULQJ�

$�VLQXVRLGDO�YROWDJH�RI�����P9�SHDN�DPSOLWXGH�ZDV�EURXJKW�GLUHFWO\�WR�WKH�HDUSLHFH
FDSVXOH� WHUPLQDOV� LQ� IUHTXHQF\� UHVSRQVH�PHDVXUHPHQWV�� 8QOHVV�PHQWLRQHG� RWKHUZLVH�� DOO
VSHHFK�SURFHVVLQJ�DQG�RU�ILOWHULQJ�FLUFXLWU\�LQ�WKH�SKRQH�ZDV�E\SDVVHG�

)UHTXHQF\�UHVSRQVH�PHDVXUHPHQWV�ZHUH�PDGH�XVLQJ�DQ�$XGLR�3UHFLVLRQ�6\VWHP�7ZR
����� DQDO\]HU� �DV� FRPELQHG�JHQHUDWRU� DQG� DQDO\]HU���7KH� VLQXVRLGDO� GULYLQJ� VLJQDO� IURP
WKH�$XGLR�3UHFLVLRQ�DQDO\]HU�ZDV�URXWHG�WR�WKH�HDUSLHFH�WHUPLQDOV�WKURXJK�D�5RWHO�5%����
SRZHU� DPSOLILHU�� ZLWK� IHHGEDFN� WR� WKH�$XGLR� 3UHFLVLRQ� DQDO\]HU� WR�PDLQWDLQ� WKH� GHVLUHG
OHYHO�RI�WKH�GULYLQJ�VLJQDO��7KH�PLFURSKRQH�ZDV�FRQQHFWHG�WR�WKH�$XGLR�3UHFLVLRQ�DQDO\]HU
YLD�D�%U�HO�	�.M U� W\SH������PHDVXULQJ�DPSOLILHU��7KH�PLFURSKRQH�� FRXSOHU�DQG�SKRQH
XQGHU�WHVW�ZHUH�ORFDWHG�LQ�DQ�DQHFKRLF�FKDPEHU�GXULQJ�DOO�PHDVXUHPHQWV�

$� VHSDUDWH� UHFHLYLQJ� IUHTXHQF\� UHVSRQVH� PHDVXUHPHQW� UHVXOW� WKURXJK� WKH� ZKROH
WUDQVPLVVLRQ�SDWK�ZDV�LQFOXGHG�DOVR�WR�VKRZ�WKH�ILQDO�UHVSRQVH��7KLV�PHDVXUHPHQW�XVHG�D
+HZOHWW�3DFNDUG������*60�06�WHVW� VHW��%U�HO�	�.M U������GXDO�FKDQQHO� UHDO� WLPH� IUH�
TXHQF\�DQDO\]HU��%U�HO�	�.M U�:4������SRZHU�DPSOLILHU��%U�HO�	�.M U������DUWLILFLDO
PRXWK��%U�HO�	�.M U������*60�WHVW�VRIWZDUH��DQG�D�%U�HO�	�.M U������WHVW�KHDG��$�FDOO
ZDV�HVWDEOLVKHG�WR� WKH�*60�06�WHVW�VHW�� WKH�SKRQH�ZDV�PRXQWHG�LQ� WKH�/5*3��ORXGQHVV
UDWLQJ�JXDUG�ULQJ�SRVLWLRQ�� LQ� WKH� WHVW�KHDG� WRJHWKHU�ZLWK� WKH�DUWLILFLDO�PRXWK�� DQG� WKH� UH�
FHLYLQJ�IUHTXHQF\�UHVSRQVH�ZDV�PHDVXUHG�E\�WKH�VRIWZDUH�WKURXJK�WKH�IUHTXHQF\�DQDO\]HU
XVLQJ�VWDQGDUG�DUWLILFLDO�VSHHFK��7KH�WHVW�KHDG��DUWLILFLDO�PRXWK�DQG�SKRQH�XQGHU�WHVW�ZHUH
ORFDWHG�LQ�DQ�DQHFKRLF�FKDPEHU�GXULQJ�WKH�PHDVXUHPHQW�




