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,Q�WKLV�SDSHU��ZH�GHVFULEH�RXU��H[SHULPHQWDO�UHVXOWV�IRU

17&,5�DG�KRF�WDVN�DQG�&/,5�WDVN�XWLOL]LQJ�0(,67(5��D

JURXS�RI�VRIWZDUH�OLEUDULHV�WR�FRQVWUXFW�KLJK�SHUIRUPDQFH

IXOO�WH[W�VHDUFK�DSSOLFDWLRQV��GHVLJQHG�HVSHFLDOO\�IRU

DJJOXWLQDWLYH�ODQJXDJH�WH[W�VXFK�DV�-DSDQHVH��7KH�UHVXOWV

VKRZ�WKDW�WKH�EDVLF�IDFLOLWLHV�RI�0(,67(5�DUH��LQ�IDFW

HIIHFWLYH�IRU�DG�KRF�WDVN��DQG�VXSSRUWLYH�IRU�&/,5�WDVN�

:H�DOVR�VKRZ�WKDW�D�NLQG�RI�FRUSXV�EDVHG�DSSURDFK

DGRSWHG�KHUH�IRU�&/,5�WDVN�LV�KHOSIXO�WR�FRYHU�WKH

ZHDNQHVV�RI�WUDQVODWLRQ�GLFWLRQDULHV�DQG�07�V\VWHPV�

.H\ZRUGV

Q�JUDP�EDVHG�LQGH[��ZRUG�EDVHG�LQGH[��IXOO�WH[W�VHDUFK�V\VWHP�

LQIRUPDWLRQ� UHWULHYDO� PRGHO�� WHUP� H[WUDFWLRQ�� VLPLODULW\

PHDVXUH��%RROHDQ� RSHUDWRU�� FRRUGLQDWLRQ� OHYHO� VFRULQJ�� TXHU\

WHUP�WUDQVODWLRQ��FURVV�ODQJXDJH�LQIRUPDWLRQ�UHWULHYDO

�� ,1752'8&7,21
,Q� UHFHQW� \HDUV�� WKH� Q�JUDP�EDVHG� LQGH[LQJ�PHWKRG� KDV� EHHQ

EURDGO\� XVHG� LQ� IXOO�WH[W� VHDUFK� V\VWHPV� IRU� DJJOXWLQDWLYH

ODQJXDJH�� VXFK� DV� � -DSDQHVH>�@>��@>��@� DQG� .RUHDQ>��@�

EHFDXVH�LW� �GRHV�QRW�QHHG� WKH�PDLQWHQDQFH�RI�GLFWLRQDULHV�QRU

ZRUG�VHJPHQWDWLRQ� SURFHVVHV�� HLWKHU� RI� WKRVH� LV� DQ� H[SHQVLYH

SURFHVV�� $QRWKHU� DGYDQWDJH� RI� WKH� Q�JUDP�EDVHG� LQGH[LQJ� LV

WKDW� RQH� FDQ� VHDUFK� WH[W� QRW� RQO\� ZLWK� UHJLVWHUHG� ZRUGV

�GLFWLRQDU\�WHUPV���EXW�DOVR�ZLWK�DUELWUDU\�VWULQJV��ZKLFK�PLJKW

EH� XQ�UHJLVWHUHG� ZRUGV� �QRQ�GLFWLRQDU\� WHUPV��� 6R� LW� LV� IUHH

IURP� WKH� SUREOHPV� RI� ZRUG�EDVHG� LQGH[LQJ�� VXFK� DV� WKH

SUREOHP� RI� XQNQRZQ� ZRUGV� RU� WKH� SUREOHP� RI� VHJPHQWDWLRQ

IDLOXUH�

%XW� WKH� Q�JUDP�EDVHG� LQGH[LQJ� FDQ� QRW� EH� GLUHFWO\

DSSOLFDEOH�WR�RWKHU�W\SHV�RI�UHTXHVW�VXFK�DV�¦H[WUDFW�VLJQLILFDQW

WHUPV� IURP� VHDUFK� UHVXOWV§�� RU� ¦H[SDQG� TXHULHV� ZLWK� UHODWHG

WHUPV§��EHFDXVH�LW��GRHV�QRW�UHFRJQL]H�¦ZRUGV§�LQ�SULQFLSOH��7R

KDQGOH� WKRVH�NLQGV�RI� UHTXHVW�� WKH�Q�JUDP�EDVHG� LQGH[LQJ�KDV

WR�EH�FRPELQHG�ZLWK�RWKHU�VRUWV�RI�GHYLFHV�

:H� KDYH� GHYHORSHG� D� QHZ� W\SH� RI� � ZRUG�EDVHG� LQGH[LQJ

PHWKRG��PD[LPDO� ZRUG� LQGH[LQJ>��@>��@�� ZKLFK� HQMR\V� ERWK

PHULWV� RI� WKH� Q�JUDP�EDVHG� DQG� RI� WKH� ZRUG�EDVHG� LQGH[LQJ�

7KH�PD[LPDO�ZRUG� LQGH[LQJ�PHWKRG�XVHV� D�GLFWLRQDU\��ZKLFK

PHUHO\� GHILQHV� ¦ZRUGV§�DV� FKDUDFWHU�VWULQJV�� DQG�RQO\� FKRRVH

PD[LPDO� RFFXUUHQFHV� RI� ZRUGV� LQ� WKH� WH[W� DV� LQGH[LQJ� XQLWV�

+HUH��D�VLQJOH�RFFXUUHQFH�RI�VRPH�ZRUG� LQ� WKH�WH[W� LV�GHILQHG

¦PD[LPDO§ LI� DQG� RQO\� LI� LW� LV� QRW� LQFOXGHG� E\� DQ\� RWKHU

RFFXUUHQFHV� RI� RWKHU� ZRUGV� LQ� WKH� GLFWLRQDU\�� 7KLV� VLPSOH

LQGH[LQJ� PHFKDQLVP� HQDEOHV� XV� WR� VHDUFK� WKH� IXOO�WH[W� ZLWK

DUELWUDU\� VWULQJV� DW� KLJK� VSHHG�� ZLWK� UHODWLYHO\� FRPSDFW� VL]H

LQGH[��FRPSDUHG�WR�WKH�Q�JUDP�EDVHG�LQGH[LQJ>��@�

0RUHRYHU��VLQFH�WKH�PD[LPDO�ZRUG�LQGH[LQJ�LV�ZRUG�EDVHG�

LW�FDQ�EH�D�XQLIRUP�SODWIRUP� WR�KDQGOH� WKRVH�NLQGV�RI� UHTXHVW

GHVFULEHG�DJDLQ�EHORZ�

/5DQN�WKH�GRFXPHQWV�DFFRUGLQJ�WR�WKH�UHOHYDQFH�WR�D�TXHU\�

/([WUDFW�VLJQLILFDQW�WHUPV�IURP�GRFXPHQWV�RU�TXHU\�VHQWHQFHV�

/3LFN� XS� VRPH� UHODWHG� �VLPLODU�� WHUPV� WR� WKH� RULJLQDO� TXHU\

WHUPV�

%DVHG�RQ�WKLV�QHZ�LQGH[LQJ�PHWKRG��ZH�KDYH�GHYHORSHG�D

JURXS�RI�VRIWZDUH�OLEUDULHV�FDOOHG�0(,67(5��ZKLFK�UHDOL]HV�DOO

WKH� DERYH� PHQWLRQHG� IXQFWLRQV>��@�� 0(,67(5� FRPSULVHV

VHYHUDO�VRIWZDUH�PRGXOHV��IRU�H[DPSOH��DQ�LQGH[LQJ�PRGXOH��D

VHDUFKLQJ� DQG� UDQNLQJ� PRGXOH�� D� WHUP� H[WUDFWLRQ� PRGXOH�� D

WHUP�VLPLODULW\�FDOFXODWLRQ�PRGXOH��DQG�VR�RQ�

)RU� WKH� H[SHULPHQWV� RQ� 17&,5� WDVNV�� ZH� FRQVWUXFWHG� D

IXOO�WH[W� VHDUFK� V\VWHP� IRU� WKH� WHVW� FROOHFWLRQ� GRFXPHQWV

FRPELQLQJ� VHYHUDO� PRGXOHV� RI� 0(,67(5�� %HVLGHV�� TXHU\

FRQVWUXFWLRQ� DQG� TXHU\� H[SDQVLRQ� SURFHVVHV� ZHUH� DOVR

LPSOHPHQWHG� XWLOL]LQJ� 0(,67(5�� :H� XVHG� DQ� ('5�EDVHG

GLFWLRQDU\� DV� D� VROH� VRXUFH� RI� OLQJXLVWLF� LQIRUPDWLRQ��:H� GLG

QRW� XVH� DQ\� OLQJXLVWLF� SURFHVVLQJ� VXFK� DV� PRUSKRORJLFDO

DQDO\VLV�QRU�V\QWDFWLF�DQDO\VLV�

,Q�VHFWLRQ����ZH�LQWURGXFH�0(,67(5�EULHIO\�� LWV�,5�PRGHO

DQG� LWV� EDVLF� IDFLOLWLHV� ZH� DUH� JRLQJ� WR� XWLOL]H� LQ� RXU

H[SHULPHQWV�DUH�SUHVHQWHG��6HFWLRQ���GHVFULEHV�WKH�H[SHULPHQWV

RQ�DG�KRF�WDVN���$V�IRU�WKH�DG�KRF�WDVN��ZH�SXW�RXU�IRFXV�RQ�WKH

HYDOXDWLRQ�RI�WKH�EDVLF�UDQNLQJ�IDFLOLWLHV�RI�0(,67(5���6HFWLRQ

�� GHVFULEHV� WKH� H[SHULPHQWV� RQ�&/,5� WDVN�� �$V� IRU� WKH�&/,5

WDVN�� WKH� WHUP� VLPLODULW\� FDOFXODWLRQ� PRGXOH� LV� DSSOLHG� WR

SDUDOOHO� �ELOLQJXDO�� FRUSRUD� IRU� VHOHFWLQJ� WUDQVODWHG� WHUPV�

6HFWLRQ���VXPPDUL]HV�WKH�SDSHU�

�� $�%5,()�'(6&5,37,21�2)�0(,67(5

��� ,5�0RGHO
$V�GHVFULEHG��0(,67(5�LV�GHVLJQHG�DV�D�VRIWZDUH�SODWIRUP�VR

DV� WR� EH� HDVLO\� DSSOLHG� WR� YDULRXV� DQG� EURDG� IXOO�WH[W� VHDUFK

DSSOLFDWLRQ�V\VWHPV��6R�WKH�FRQYHQWLRQDO�VHDUFK�IDFLOLWLHV�VXFK

DV�IDVW�VWULQJ�VHDUFK�DQG�%RROHDQ�VHDUFK�QHHG�WR�EH�VXSSOLHG��LQ

RUGHU� WR� VDWLVI\� H[SHUWLVH� XVHUV��+HUH�� VWULQJ� VHDUFK� IDFLOLW\� LV

IDLUO\� LPSRUWDQW� HVSHFLDOO\� IRU� � -DSDQHVH� WH[W�� EHFDXVH� QRQ�

GLFWLRQDU\�WHUPV��VXFK�DV�QHZO\�LQWURGXFHG�WHUPV�RU�FRPSRXQG



WHUPV� FRXOG� EH� W\SLFDO� TXHU\� WHUPV��0RUHRYHU�� WKH� GRFXPHQW

UDQNLQJ� IDFLOLW\� QHHG� WR� EH� VXSSOLHG� DV�ZHOO� WR� VDWLVI\� QRYLFH

XVHUV��+HUH�DJDLQ��DUELWUDU\�VWULQJV�VKRXOG�EH�KDQGOHG�DV�TXHU\

WHUPV�E\�WKLV�GRFXPHQW�UDQNLQJ�

7KXV��WKH�,5�PRGHO�RI�0(,67(5�LV�D�NLQG�RI�PL[WXUH�RI��D

%RROHDQ� PRGHO� DQG� D� YHFWRU� VSDFH� PRGHO�� 0(,67(5� FDQ

KDQGOH� %RROHDQ� TXHULHV� FRPSRVHG� RI� DUELWUDU\� VWULQJV� ZKLFK

FRXOG�RIWHQ�EH�QRQ�GLFWLRQDU\�WHUPV��WKHQ�IL[HV�WKH�UHVXOW�VHW�RI

GRFXPHQWV�ZKLFK�VDWLVILHV�LQSXW�%RROHDQ�TXHU\��DQG�UDQNV�HDFK

GRFXPHQW� LQ� WKH�UHVXOW�VHW�E\�D�FHUWDLQ�VLPLODULW\�PHDVXUH�� � ,Q

ERWK�SURFHVVHV��0(,67(5�FDQ�KDQGOH�DUELWUDU\�VWULQJV��DV�ZHOO

DV� GLFWLRQDU\� WHUPV��$V� IRU� WKH� VLPLODULW\�PHDVXUH��0(,67(5

OHDYHV� LW� WR�EH� IUHHO\� GHILQHG�E\� XVHUV��&XUUHQWO\� DQG� IRU� WKLV

H[SHULPHQWV�� ZH� XVH� D� VLPLODULW\� PHDVXUH� UHSUHVHQWHG� LQ� WKH

IRUPXOD�����
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+HUH� T�LV�D�TXHU\��GM�LV�D�GRFXPHQW��4�LV�D�VHW�RI�TXHU\�WHUPV

LQFOXGHG�LQ�WKH�TXHU\�T� WILM�LV�WKH�RFFXUUHQFH�IUHTXHQF\�RI� WKH

WHUP�TL� LQ� WKH�GRFXPHQW�GM� �_WILM_�PHDQV� VRPH�QRUPDOL]DWLRQ� LV

GRQH� RQ� WILM��� LGIL� LV� WKH� LQYHUVH� GRFXPHQW� IUHTXHQF\� RI� � TL
FRPSXWHG�E\�WKH�IRUPXOD������ZL�LV�D�JLYHQ�ZHLJKW�RI�TL��DQG�&��

&� DUH�FRQVWDQWV�
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�1 �LV�WKH�QXPEHU�RI�WKH�ZKROH�GRFXPHQWV��GIL�LV�WKH

GRFXPHQW�IUHTXHQF\�RI�TL�

7KH� ILUVW�FRPSRQHQW�RI� WKH� IRUPXOD� ����FDQ�EH� WKRXJKW�DV� WKH

LQQHU� SURGXFW� RI� D� GRFXPHQW� YHFWRU� DQG� D� TXHU\� YHFWRU�� 7KH

VHFRQG� FRPSRQHQW�0M� LV� WKH� QXPEHU� RI� FR�RFFXUULQJ� WHUPV

DPRQJ� 4� LQ� WKH� GRFXPHQW� GM�� ZKLFK� UHSUHVHQWV� D� NLQG� RI

FRRUGLQDWLRQ� OHYHO� LQIRUPDWLRQ�� :H� DGGHG� 0M� KHUH� LQ� WKH

IRUPXOD� ���� EHFDXVH� RI� WKH� IDFWV� WKDW� FRRUGLQDWLRQ� OHYHO

LQIRUPDWLRQ� LV� XVHIXO� HVSHFLDOO\� IRU� VKRUW� TXHULHV>�@>��@>��@�

WKDW�PRVW� RI� UHDO� XVHU� TXHULHV� DUH� FRPSRVHG� RI� D� IHZ�ZRUGV�

DQG� WKDW� XVHUV� WHQG� WR� UHDG� MXVW� D� IHZ� WRS�UDQNHG� GRFXPHQWV�

7KH� GHIDXOW� VHWWLQJ� RI� 0(,67(5�� ZKLFK� WDNHV� WKHVH� IDFWV

VHULRXVO\��PDNHV�&��FRQVLGHUDEO\�ELJJHU�WKDQ�&�>�@>��@��7KDW�LV�

&���KDV�WR�VDWLVI\��WKH�FRQGLWLRQ�����
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+HUH� '� LV� WKH�VHW�RI� WKH�ZKROH�GRFXPHQWV��7KH�FRQGLWLRQ� ���

PHDQV� WKDW� WKH� UHVXOW� VHW� RI� GRFXPHQWV� DUH� UDQNHG� E\

FRRUGLQDWLRQ�OHYHO�LQIRUPDWLRQ�ILUVW��SURGXFLQJ�VHYHUDO�OD\HUV�RI

VFRUH��WKHQ�WKH�GRFXPHQWV�LQ�HDFK�OD\HU�DUH�UDQNHG�E\�D�NLQG�RI

WILGI� PHDVXUH�� :H� ZLOO� FDOO� WKLV� GHIDXOW� VHWWLQJ� RI� VLPLODULW\

PHDVXUH�¦&RRUGLQDWLRQ�/HYHO�6FRULQJ§��&/6�IRU�VKRUW��DQG�FDOO

WKH� VHWWLQJ� ZKHUH� &�  � �� ¦QDwYH WILGI§� IRU� � WKH� HDVH� RI

IROORZLQJ�GLVFXVVLRQ�

��� %DVLF�)DFLOLWLHV�RI�0(,67(5�8VHG�LQ�WKH

([SHULPHQWV

����� $''�2SHUDWRU
&RQYHQWLRQDO�%RROHDQ� V\VWHPV� KDYH� VHW�WKHRUHWLF� FRQFHSWV� DV

WKH�FRQFHSWXDO� LQWHUIDFH�EHWZHHQ�XVHUV�DQG�V\VWHPV��8VHUV�DUH

FRQVFLRXV� RI� D� VHW� RI� UHWULHYHG� GRFXPHQWV� FRQVWUXFWLQJ

VWUXFWXUHG�TXHULHV��)RU� WKH� V\VWHPV� RI�PL[WXUH�PRGHO� OLNH� WKH

RQH�ZH�DUH�SURSRVLQJ��XVHUV�PLJKW� LPDJLQH�VRPH�TXHU\� WHUPV

WKDW� VKRXOG� FRQWULEXWH� RQO\� WR� UDQNLQJ� WKH� GRFXPHQWV�� EXW

VKRXOG� QRW� FRQWULEXWH� WR� IL[LQJ� WKH� UHVXOW� VHW� RI� GRFXPHQWV�

0(,67(5�KDV�D�VSHFLDO�RSHUDWRU�RWKHU�WKDQ�%RROHDQ�RSHUDWRUV�

$''� RSHUDWRU�� KDQGOLQJ� WKHVH� VLWXDWLRQV�� 8VHUV� FDQ� LQSXW

TXHULHV�OLNH�����

��� ��0DWVXVKLWD�25 �621<�� $''��'9'

7KH� UHVXOW� VHW� RI� GRFXPHQWV� LV� HLWKHU� D� GRFXPHQW� LQFOXGLQJ

¦0DWXVKLWD§��RU�D�GRFXPHQW�LQFOXGLQJ�¦621<§��RU�D�GRFXPHQW

LQFOXGLQJ�ERWK��UDQNHG�E\�VLPLODULW\�FDOFXODWLRQ�XVLQJ�DOO�RI�WKH

WHUPV� KHUH�� ¦0DWVXVKLWD§�� ¦621<§�� DQG� ¦'9'§�� 7KDW�PHDQV

ZKLOH� ¦'9'§� LV� QHLWKHU� QHFHVVDU\� QRU� VXIILFLHQW� WR� IL[� WKH

UHVXOW�VHW��GRFXPHQWV�LQ�ZKLFK�¦'9'§�RFFXUV�ZRXOG�EH�UDQNHG

KLJKHU�� 7KDW� LV�� WKH�$''� RSHUDWRU� RQO\� DGGV� LQIRUPDWLRQ� IRU

UDQNLQJ�

����� 7UHDWLQJ�V\QRQ\PV�DQG�WKH�OLNH�SURSHUO\�

6\QRQ\P�2SHUDWRU
([SDQGLQJ� FRQFHSWXDOO\� RQH� WHUP� LQWR� VHYHUDO� OLQJXLVWLF

H[SUHVVLRQV� �V\QRQ\PV�� DFURQ\PV�� DEEUHYLDWLRQV�� HWF��� LV� DQ

LPSRUWDQW�IHDWXUH�IRU�,5�V\VWHPV�LQ�JHQHUDO��8VXDOO\��V\QRQ\P

GLFWLRQDULHV� RU� WKHVDXUXV� GLFWLRQDULHV� DUH� XVHG� IRU� H[SDQGLQJ

VXFK� WHUPV�� DQG� WKH� H[SDQGHG� H[SUHVVLRQV� DUH� DGGHG� WR� WKH

TXHU\� DV� GLVMXQFWLYH� FRPSRQHQWV�� 7KDW� LV�� WKH\� DUH�25�HG� WR

WKH� TXHU\�� %XW� VLPSOH� DGGLWLRQ� RI� WKHVH� H[SUHVVLRQV� PLJKW

UHVXOWV�LQ�WKH�SUREOHPDWLF�VLWXDWLRQV�DV�GHVFULEHG�EHORZ�

z )UHTXHQF\� GDWD� RI� WKRVH� H[SUHVVLRQV� DUH� LQ� D� VHQVH� QRW

DFFXUDWH�EHFDXVH�DOO�WKH�H[SDQGHG�H[SUHVVLRQV�VKRXOG�EH

WUHDWHG� DV� VDPH� VLQJOH� WHUP�� 7KLV� FDXVHV� RYHU� �XQGHU��

HVWLPDWLRQ� IRU� WKH� VLPLODULW\� FDOFXODWLRQ� UHJDUGLQJ� VXFK

H[SUHVVLRQV�� �,QYHUVH� GRFXPHQW� IUHTXHQFLHV� RI� VXFK

H[SUHVVLRQV�DUH�W\SLFDO�H[DPSOHV��

z :KHQ� � WKHUH� DUH� VHYHUDO� TXHU\� WHUPV�� WKH� UHODWLYH

LPSRUWDQFH�RI� WKHVH� WHUPV�DUH� LQIOXHQFHG�E\�WKH�QXPEHU

RI�H[SDQGHG�H[SUHVVLRQV�HDFK�RI�WKHVH�WHUPV�KDV��$QG�WKH

QXPEHU�RI� H[SDQGHG�H[SUHVVLRQV� IRU� HDFK�TXHU\� WHUP� LV

KHDYLO\�GHSHQGHQW�RQ�D�GLFWLRQDU\�

0(,67(5� KDV� DQRWKHU� RSHUDWRU�� 6\QRQ\P� RSHUDWRU�

KDQGOLQJ�WKHVH�VLWXDWLRQV���8VHUV�FDQ�VSHFLI\�TXHULHV�OLNH�����

��� 0DWVXVKLWD�0(,� 3DQDVRQLF��25��621<

7KH� 6\QRQ\P� RSHUDWRU� UHSUHVHQWHG� E\� ¦�§� DFWV� DV� DQ� 25

RSHUDWRU�LQ�IL[LQJ�WKH�UHVXOW�VHW��%XW�LQ�VLPLODULW\�FDOFXODWLRQ��LW

DFWV�DV�DQ�XQLI\LQJ�RSHUDWRU�IRU�WKRVH�FRQFDWHQDWHG�H[SUHVVLRQV�

)RU� H[DPSOH�� ¦0DWVXVKLWD§�� ¦0(,§�� DQG� ¦3DQDVRQLF§� DUH

WUHDWHG� DV� RQH� WHUP� LQ� ����� WKDW� LV�� WHUP� IUHTXHQFLHV� DQG

GRFXPHQW�IUHTXHQFLHV�IRU�WKRVH�WHUPV�DUH�DFFXPXODWHG�LQWR�RQH

VWDWLVWLFV� WR� FRPSXWH� WKH� VLPLODULW\� RI� HDFK� GRFXPHQW�� 7KLV

PDNHV� UHODWLYH� LPSRUWDQFH� RI� ¦0DWVXVKLWD§� DQG� ¦621<§� VWD\

HTXDO�

����� ([WUDFWLQJ�7HUPV
0(,67(5� DOVR� KDV� WHUP� H[WUDFWLRQ� IDFLOLWLHV� XWLOL]LQJ� ZRUG�

EDVHG� LQGLFHV�� ,W� FDQ� H[WUDFW� WHUPV� IURP� GRFXPHQWV� RU� IURP

VHQWHQFHV� VSHFLILHG� E\� XVHUV�� 7KLV� LV� D� NH\� IDFLOLW\� WR� UHDOL]H

YDULRXV�SURFHVVHV��VXFK�DV�TXHU\�FRQVWUXFWLRQ��TXHU\�H[SDQVLRQ

�UHOHYDQFH� IHHGEDFN� RU� SVHXGR� IHHGEDFN��� � VLPLODU� GRFXPHQW

UHWULHYDO��RU�DXWRPDWLF�VXPPDUL]DWLRQ�RI�UHVXOW�GRFXPHQWV�

,Q� RXU� H[SHULPHQWV�� ZH� XVHG� WKLV� IDFLOLW\� IRU� TXHU\

FRQVWUXFWLRQ�DQG�TXHU\�H[SDQVLRQ�SURFHVVHV�

������� ([WUDFWLQJ�7HUPV�IURP�'RFXPHQWV
:KHQ� D� VHW� RI� GRFXPHQWV� 6 LQ� WKH� ZKROH� GRFXPHQWV� '� LV

VSHFLILHG�� 0(,67(5� FRPSXWHV� WKH� ZHLJKW� RI� HDFK� WHUP

RFFXUULQJ� LQ� 6� DQG� VHOHFWV� KHDYLO\� ZHLJKWHG� WHUPV�� 7KH� WHUP

ZHLJKWLQJ�IRUPXOD�FDQ�EH�XVHU�GHILQHG��EXW�FRQFHSWXDOO\��LW�FDQ

EH�UHSUHVHQWHG�DV�LQ�WKH�IRUPXOD�����
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7KH� IRUPXOD� ���� PHDQV� WKDW� WKH� ZHLJKW� ZL� RI� WKH� WHUP� WL� LV

FRPSXWHG� ZLWK� � LWV� RFFXUUHQFH� IUHTXHQF\� LQ� 6�� LWV� LQYHUVH

GRFXPHQW� IUHTXHQF\�� DQG� 0L�� ZKLFK� LV� WKH� QXPEHU� RI

GRFXPHQWV�DPRQJ�6� LQ�ZKLFK� WHUP� WL� RFFXUV��0L�� UHSUHVHQWV� D

NLQG� RI� FRRUGLQDWLRQ� OHYHO� LQIRUPDWLRQ� UHODWLQJ� WR� WKH� WHUP� WL
DQG� D� VHW� RI� GRFXPHQWV� 6�� 7KH� GHIDXOW� VHWWLQJ� RI�0(,67(5�

DJDLQ� WDNLQJ� WKLV� FRRUGLQDWLRQ� OHYHO� LQIRUPDWLRQ� VHULRXVO\�

DGRSWV�D�ZHLJKWLQJ�IRUPXOD�VKRZQ��LQ�����
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,Q�WKH�IRUPXOD������D�NLQG�RI�WILGI�ZHLJKW�LV�PXOWLSOLHG�E\�0L� 1L

LV� D� QRUPDOL]DWLRQ� IDFWRU� IRU� WHUP� IUHTXHQF\� FKRVHQ� E\� RXU

SUHYLRXV�H[SHULPHQWV�

$IWHU� WHUP� ZHLJKWV� DUH� FRPSXWHG��0(,67(5� WKHQ� VHOHFWV

WHUPV� LQ� RUGHU� RI� WKHLU� ZHLJKW�� 8VHUV� FDQ� VSHFLI\� KRZ� PDQ\

WHUPV�VKRXOG�EH�VHOHFWHG��DQG�DOVR�FDQ�SXW�VRPH�FRQGLWLRQV�RQ

VHOHFWLQJ� WHUPV�� )RU� LQVWDQFH�� � WKUHVKROG� YDOXHV� �HLWKHU� XSSHU

DQG�ORZHU�WKUHVKROG��IRU�LGI��FDQ�EH�VSHFLILHG��DQG�WKH�VHOHFWLQJ

FRQGLWLRQV�DERXW�H[WHQVLRQ� UHODWLRQ�EHWZHHQ� WHUPV�FDQ�EH� VHW�

$OVR��XVHU�GHILQHG�VWRS�ZRUGV��FDQ�EH�JLYHQ�WR�WKLV�SURFHVV�

������� ([WUDFWLQJ�7HUPV�IURP�6HQWHQFHV
:KHQ�VHQWHQFHV� DUH� VSHFLILHG��0(,67(5� H[WUDFWV� WHUPV� XVLQJ

VRPH�GLFWLRQDU\��+HUH�DJDLQ���0(,67(5�GRHV�QRW�FRQFHUQ�DQ\

OLQJXLVWLFDOO\� VHQVLWLYH� SURFHVVHV�� VXFK� DV� PRUSKRORJLFDO

DQDO\VLV� RU� V\QWDFWLF� DQDO\VLV�� %HVLGHV�� QRQ�GLFWLRQDU\� WHUPV

DUH� DOVR� H[WUDFWHG� XVLQJ� FKDUDFWHU� W\SH� LQIRUPDWLRQ�� EHFDXVH

WKH\�FRXOG�UHSUHVHQW�LPSRUWDQW�FRQFHSWV�LQ�XVHU�TXHULHV�

,I� QHFHVVDU\�� H[WUDFWHG� WHUPV� FDQ� EH� ZHLJKWHG� E\� WKH

IRUPXOD������VR�DV�WR�EH�VHOHFWHG�

����� 7HUP�6LPLODULW\�&DOFXODWLRQ
2WKHU�WKDQ�WHUP�H[WUDFWLRQ��0(,67(5�KDV�DQRWKHU�WHUP�UHODWLQJ

IDFLOLW\�� WHUP� VLPLODULW\� FDOFXODWLRQ� IDFLOLW\��7HUP� VLPLODULW\� LV

FDOFXODWHG� EDVHG� RQ� RFFXUUHQFH� SDWWHUQV� RI� HDFK� WHUP� DW� D

GRFXPHQW�OHYHO��,Q�RWKHU�ZRUGV��WKH�VLPLODULW\�PHDVXUH�DPRQJ

WHUPV�FRUUHVSRQGV�WR�WKH�GHJUHH�RI�GRFXPHQW�OHYHO�FROORFDWLRQ

LQ� SDUWLFXODU� GRFXPHQW� VHW�� 0(,67(5� XVHV� WHUP� YHFWRU� WR

UHSUHVHQW� WKH� RFFXUUHQFH� SDWWHUQ� RI� HDFK� WHUP�� DQG� FDOFXODWHV

VLPLODULWLHV�EHWZHHQ�WHUPV�XVLQJ�WKLV�YHFWRU�UHSUHVHQWDWLRQ�

$ WHUP�YHFWRU�KDV�1�GLPHQVLRQV��ZKHUH�1�LV�WKH�QXPEHU�RI

GRFXPHQWV� LQ� D� WDUJHW� GRFXPHQW� VHW�� 7KH� G�WK� YDOXH� RI� WKH

YHFWRU�RI�WKH�WHUP�WL��LV�GHWHUPLQHG�E\��WILGI�ZHLJKW�RI�WKH�WHUP

WL�LQ�WKH�G�WK�GRFXPHQW��6LPLODULW\�EHWZHHQ�WZR�WHUPV�WL�DQG� WM
LV�FDOFXODWHG�XVLQJ�RQH�RI�WKH�IROORZLQJ�WKUHH�IRUPXODH��RU�WKHLU

FRPELQDWLRQ>�@�

����,QQHU�3URGXFW���������������� ¦
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1 ��QXPEHU�RI�WKH�ZKROH�GRFXPHQWV

:H�KDYH�WULHG�VHYHUDO�FRPELQDWLRQ�RI�WKHVH�IRUPXODH��DQG�XVHG

IROORZLQJ�IRUPXOD�DV�WKH�GHIDXOW�VHWWLQJ�

���� LMLMML 76,3WW6LP � ���

7R� PDNH� WKLV� IDFLOLW\� SUDFWLFDO��0(,67(5� EXLOGV� D� WHUP�

GRFXPHQW�PDWUL[�LQ�DGYDQFH��ZKLFK�FRPSULVHV�WKH�VHW�RI�DOO�WKH

WHUP�YHFWRU�RFFXUULQJ�LQ�WKH�ZKROH�GRFXPHQWV��2QFH�WKH�WHUP�

GRFXPHQW�PDWUL[� KDV� EHHQ� EXLOW�� LW� FDQ� FDOFXODWH� VLPLODULW\� RI

HYHU\�WHUP�SDLU�LQ�WKH�PDWUL[�HIILFLHQWO\�

+RZHYHU��WKHUH�DUH�RQO\�GLFWLRQDU\�WHUPV�LQ�WKH�PDWUL[��WKXV

LW�FDQQRW�FDOFXODWH�VLPLODULW\�RI�D�WHUP�SDLU�LI�RQH�RU�ERWK�WHUPV

DUH� QRQ�GLFWLRQDU\� WHUPV�� 7KLV� LV� RIWHQ� SUREOHPDWLF�� EHFDXVH

QRQ�GLFWLRQDU\�WHUPV�VRPHWLPHV� UHSUHVHQW� LPSRUWDQW�FRQFHSWV�

7R�VROYH�WKLV�SUREOHP��0(,67(5�HPSOR\V�D�G\QDPLF�DSSURDFK

DV�ZHOO��7KDW�LV��D�WHUP�YHFWRU�IRU�D�QRQ�GLFWLRQDU\�WHUP�FDQ�EH

FRQVWUXFWHG� RQ�GHPDQG� XVLQJ� LWV� IUHTXHQF\� GDWD�� ZKLFK� LV

REWDLQHG� E\� VHDUFKLQJ� DQ� LQGH[�� $V� PHQWLRQHG� EHIRUH�

0(,67(5�KDV�VWULQJ�VHDUFK� IDFLOLW\� IRU�DUELWUDU\�VWULQJV�� VR� LQ

LWV�G\QDPLF�DSSURDFK�� LW� FDQ�FDOFXODWH� VLPLODULW\�RI� DQ\� VWULQJ

SDLU��HLWKHU�RI�ZKLFK�FRXOG�EH�D�QRQ�GLFWLRQDU\�WHUP��DV�IDU�DV

ERWK�RI�ZKLFK�RFFXU�LQ�WKH�GRFXPHQWV�

8VLQJ� WHUP� VLPLODULW\� FDOFXODWLRQ�� 0(,67(5� FDQ� VHOHFW

VLPLODU��RU�FROORFDWHG��WHUPV�LQ�RUGHU�RI�WKHLU�VLPLODULW\�

,Q�RXU�H[SHULPHQWV��WHUP�VLPLODULW\�FDOFXODWLRQ�IDFLOLW\�ZDV

XVHG� IRU� TXHU\� H[SDQVLRQ� LQ� DG�KRF� WDVN�� DQG� IRU� WUDQVODWHG

WHUP�VHOHFWLRQ�LQ�&/,5�WDVN�

�� $'�+2&�7$6.
$V�IRU� WKH�DG�KRF� WDVN��ZH�SXW�RXU� IRFXV�RQ�WKH�HYDOXDWLRQ�RI

WKH� EDVLF� UDQNLQJ� IDFLOLWLHV� RI�0(,67(5�� 'RFXPHQW� LQGH[LQJ

ZDV�GRQH�E\�WKH�PD[LPDO�ZRUG�LQGH[LQJ�PHWKRG��WKHQ�LWV�WHUP

H[WUDFWLRQ� IDFLOLWLHV� ZHUH� XVHG� LQ� TXHU\� FRQVWUXFWLRQ�� DQG� LQ

VHDUFKLQJ� DQG� UDQNLQJ� WKH� GRFXPHQWV�� VHYHUDO� SDUDPHWHU

VHWWLQJV�ZHUH�WULHG�WR�HYDOXDWH�HDFK�IDFLOLWLHV�

,Q� ����� ZH� GHVFULEH� RXU� TXHU\� FRQVWUXFWLRQ� SURFHVV�� :H

FRQVLGHUHG�FKDUDFWHULVWLFV�RI�HDFK�ILHOG� LQ� WKH�WRSLF�RI�17&,5

WHVW� FROOHFWLRQ� DQG� GHVLJQHG� VXLWDEOH� ZD\� RI� FRQVWUXFWLQJ� IRU

HDFK� ILHOG��7KHQ�ZH�VKRZ�VRPH�UHVXOWV�RI� WKH�H[SHULPHQWV�RQ

WKH�EDVLF�UDQNLQJ�IDFLOLWLHV�RI�0(,67(5�IURP�����WKURXJK�����

7R� PDNH� FOHDU� WKH� HIIHFW� RI� HDFK� IDFLOLW\�� ZH� FRPSDUHG� WKH

UHVXOW�RI�D�UXQ�XVLQJ�HDFK�IDFLOLW\�WR�WKH�UHVXOW�RI�D�EDVH�UXQ�RQH

E\� RQH�� )LQDOO\� LQ� ����� WKH� UHVXOW� RI� RXU� IRUPDO� UXQV� DUH

SUHVHQWHG�

��� 4XHU\�&RQVWUXFWLRQ
6LQFH�¦WKH��'(6&5,37,21!�ILHOG�RQO\§� UXQ� LV�REOLJDWRU\� LQ

WKH� ZRUNVKRS�� ZH� ILUVW� H[WUDFWHG� WHUPV� IURP� WKLV� ILHOG�� 7KH

�'(6&5,37,21!� ILHOG� LV� GHVFULELQJ� XVHUV
� LQIRUPDWLRQ� QHHG

LQ�VHYHUDO�VHQWHQFHV��WKXV�ZH�XVHG�0(,67(5
V�WHUP�H[WUDFWLRQ

IDFLOLW\�PHQWLRQHG� LQ� ���������7KH��7,7/(!� ILHOG� H[SUHVVHV� D

PDLQ�FRQFHSW�RI�XVHUV
�QHHG�LQ�VLPSOH�OLQJXLVWLF�IRUP��RIWHQ�LQ

D�IRUP�RI�D�VLQJOH�SKUDVH�RU� LQ�RQH�FRPSRXQG�WHUP��ZKLFK� LV

VRPHWLPHV�D�VSHFLILF� WHFKQLFDO� WHUP���6R�ZH�XVHG�WKLV�ILHOG�DV

RQH� TXHU\� WHUP��$V� IRU� WHUPV� LQ� WKH��&21&(37!� ILHOGV��ZH

WKRXJKW� WKHP� H[SUHVVLQJ� UHOHYDQW� FRQFHSWV� IRU� UHWULHYDO�� WKXV

ZH�VLPSO\�XVHG�WKHVH�WHUPV�DV�TXHU\�WHUPV��:H�GLG�QRW�XVH�WKH

�1$55$7,9(!�ILHOG�EHFDXVH�ZH�WKRXJKW�LW�JDYH�LQIRUPDWLRQ

IRU�UHOHYDQFH�DVVHVVPHQW�UDWKHU�WKDQ�IRU�UHWULHYDO�UHTXLUHPHQW�



,Q� WHUP�H[WUDFWLRQ� IURP� WKH��'(6&5,37,21!� ILHOG��ERWK

GLFWLRQDU\�WHUPV�DQG�QRQ�GLFWLRQDU\�WHUPV�ZHUH�H[WUDFWHG���$V

GHVFULEHG� LQ� ��������� 0(,67(5� FDQ� H[WUDFW� QRQ�GLFWLRQDU\

WHUPV� � XVLQJ� FKDUDFWHU� W\SH� LQIRUPDWLRQ�� VR� LW� ZDV� RIWHQ� WKH

FDVH� WKDW� VRPH� GLFWLRQDU\� WHUPV�ZHUH� RYHUODSSHG� RU� LQFOXGHG

E\�QRQ�GLFWLRQDU\�WHUPV��)RU�H[DPSOH��IURP�WRSLF�������¦½�

@6;bo"cº§� �GLVWULEXWHG� QHWZRUN� HQYLURQPHQW�� LV

H[WUDFWHG� DV� D� QRQ�GLFWLRQDU\� WHUP� DQG� ¦½�@6;bo"§

�GLVWULEXWHG� QHWZRUN��� ¦cº§� �HQYLURQPHQW�� DUH� H[WUDFWHG� DV

¦RYHUODSSHG§� GLFWLRQDU\� WHUPV�� � :H� EHOLHYH� WKDW� WKRVH� FDVHV

ZKHUH�D�VHW�RI�TXHU\� WHUPV� LQFOXGHV�QRW�RQO\�VKRUW�XQLW� WHUPV

�¦cº§��EXW�DOVR�UHODWLYHO\�ORQJ�FRPSRXQG�WHUPV��¦½�@6

;bo"cº§�� ZRXOG� KDYH� JRRG� LQIOXHQFH� WR� WKH� UHWULHYDO

HIIHFWLYHQHVV�

7KH�QXPEHU�RI�WHUPV�WR�H[WUDFW�LV�FRQWUROODEOH�LQ�0(,67(5�

:H� VHW� WKLV�QXPEHU� DW�PRVW� IRXU� IRU�GLFWLRQDU\� WHUPV�DQG� IRU

QRQ�GLFWLRQDU\�WHUPV�UHVSHFWLYHO\��FRQVLGHULQJ�WKH�UHVXOW�RI�WKH

SUHOLPLQDU\� UXQ�� ,Q� WKH� IRUPDO� UXQ�� WKH� DYHUDJH� QXPEHUV� RI

H[WUDFWHG� GLFWLRQDU\� WHUPV� DQG� QRQ�GLFWLRQDU\� WHUPV�ZHUH� ���

DQG� ���� UHVSHFWLYHO\�� :H� XVHG� WKH� GHIDXOW� VHWWLQJ� IRU� WKH

FRQGLWLRQ�RI� VHOHFWLQJ� WHUPV�� VXFK� DV� WKH� WKUHVKROG� YDOXHV� IRU

LGI�� WKH� FRQGLWLRQV� RQ� H[WHQVLRQ� UHODWLRQ� EHWZHHQ� WHUPV�� :H

DOVR�XVHG����VWRS�ZRUGV�ZKLFK�ZHUH�VHOHFWHG�IURP�WKH�UHVXOW�RI

SUHOLPLQDU\�UXQ�

,Q�WKH�WHUP�H[WUDFWLRQ�SURFHVV��DOO� WKH�H[WUDFWHG�GLFWLRQDU\

WHUPV�ZHUH�ZHLJKWHG�ZLWK�WKH�IRUPXOD�����VKRZQ�LQ���������WR

EH�VHOHFWHG��:H�XVHG�WKHVH�ZHLJKWV�DV�TXHU\�WHUP�ZHLJKWV��)RU

WKH� H[WUDFWHG� QRQ�GLFWLRQDU\� WHUPV�� WKH� WHUPV� IURP� WKH

�7,7/(!�ILHOG��DQG�WKH�WHUPV�IURP�WKH��&21&(37!�ILHOG��ZH

DVVLJQHG�WKH�PD[LPXP�ZHLJKW�RI�WKH�H[WUDFWHG�GLFWLRQDU\�WHUPV�

)LQDOO\�� DOO� WKH� ZHLJKWHG� TXHU\� WHUPV� DUH� 25�HG� WR

FRQVWUXFW�ZHLJKWHG�VWUXFWXUHG�TXHU\��ZKLFK�ZRXOG�EH�DQ�LQSXW

WR� VHDUFKLQJ�DQG� UDQNLQJ�SURFHVVHV�RI�0(,67(5��:H�GLG� QRW

XVH�DQ\�RWKHU�%RROHDQ�RSHUDWRU��$1'�QRU�127��EHFDXVH�WKHVH

RSHUDWRUV� DUH� WRR� UHVWULFWLYH� LQ� IL[LQJ� WKH� UHVXOW� VHW� WR� XVH

DSSURSULDWHO\� LQ� D� IXOO\� DXWRPDWLF�TXHU\�FRQVWUXFWLRQ�SURFHVV�

,QVWHDG��ZH�XVHG��$''�RSHUDWRU�DQG�6\QRQ\P�RSHUDWRU�LQ�WKH

IROORZLQJ�H[SHULPHQWV�ZKLFK�ZH�EHOLHYH�KDYH� UHODWLYHO\�ZHDN

EXW�JRRG�LQIOXHQFH�WR�WKH�UHWULHYDO�HIIHFWLYHQHVV��ZKHQ�SURSHUO\

XVHG��$Q�H[DPSOH�RI�FRQVWUXFWHG�TXHU\�LV�VKRZQ�EHORZ�

723,&�����

'(6&5,37,21�UC�^cºæÅÌ�#^oJ���éçôP

ãê×Æ�

7,7/(�#^oJ���

-�&21&(37�äê5Ã�UC�^b>

-�&21&(37�#^oJ����R+Þ:�&\O_o*Zf

-�&21&(37��3HUVRQDO��7HUPLQDO��0RELOH�&RPPXQLFDWLRQ

-�&21&(37��*URXSZDUH��&ROODERUDWLYH�:RUN��&ROODERUDWLRQ

H[WUDFWHG�WHUPV�IURP�'(6&5,37,21��UC�^cº�UC�^�

#^oJ����çôP�cº

H[WUDFWHG�WHUPV�IURP�7,7/(��#^oJ���

H[WUDFWHG�WHUPV�IURP�&21&(37��äê5Ã�UC�^b>�

#^oJ����R+Þ:�&\O_o*Zf�

3HUVRQDO��7HUPLQDO��0RELOH�&RPPXQLFDWLRQ�

*URXSZDUH��&ROODERUDWLYH�:RUN��&ROODERUDWLRQ

FRQVWUXFWHG�TXHU\�

UC�^cº25 UC�^25#^oJ���25 çôP

25 cº25#^oJ���

25 äê5Ã 25 UC�^b> 25 #^oJ���

25 R+Þ:25&\O_o*Zf

25�¦3HUVRQDO��7HUPLQDO§�25�¦0RELOH�&RPPXQLFDWLRQ§

25�¦*URXSZDUH§�25�¦&ROODERUDWLYH�:RUN§

25�¦&ROODERUDWLRQ§

7KH�WHUP�ZHLJKWV�DUH�RPLWWHG�IRU�FRQYHQLHQFH��1RWH�WKDW�D�WHUP

IURP� WKH��7,7/(!� ILHOG�� ¦#^oJ���§� LV� WDNHQ� DV� RQH

WHUP��7KH�GXSOLFDWHV�RI�WHUPV�DUH�QRW�HOLPLQDWHG��VLPSO\�WDNHQ

DV�LVRODWHG�WHUPV�

��� (IIHFW�RI�$''�2SHUDWRU
:H� ILUVW� H[SHULPHQWHG� RQ� QHZO\� LQWURGXFHG� RSHUDWRUV� LQ

0(,67(5� $''�RSHUDWRU�DQG�6\QRQ\P�RSHUDWRU��$V�GHVFULEHG

LQ��������$''�RSHUDWRU�FDQ�PRGLI\�WKH�UDQNLQJ�RI�WKH�UHWULHYHG

GRFXPHQWV� ZLWKRXW� FKDQJLQJ� WKH� QXPEHU� RI� DOO� WKH� UHWULHYHG

GRFXPHQWV��6R�ZKHQ� D� WHUP� LV�$''�HG� WR� D� TXHU\� LQVWHDG� RI

25�HG�WR� LW�� VRPH�IDOVH�GURSV�FRXOG�EH�DYRLGDEOH��%XW�� WR� WKH

FRQWUDU\�� UHFDOO� UDWH� FRXOG� EH� JHWWLQJ� ZRUVH� ZKHQ� WHUPV� DUH

LPSURSHUO\�$''�HG�WR�D�TXHU\�

$V� IRU� WKH� 17&,5� WRSLFV�� ZH� REVHUYHG� WKDW� ZKLOH� WKH

�'(6&5,37,21!�ILHOG�KDG�NH\�FRQFHSWV�WR�IL[�WKH�UHVXOW�VHW�

WKH� �&21&(37!� ILHOG� VRPHWLPHV� PHUHO\� KDG� VXSSRUWLYH

FRQFHSWV� IRU� XVHUV
� QHHG�� 6R�ZH�PDGH� D� FRPSDULVRQ� EHWZHHQ

WZR�W\SHV�RI�TXHU\�FRQVWUXFWLRQV��RQH�RI�ZKLFK�RQO\�XVHV�25

RSHUDWRU�� DQG� DQRWKHU� XVHV�$''� RSHUDWRU� IRU� WHUPV� IURP� WKH

ILHOGV�RWKHU�WKDQ�WKH��'(6&5,37,21!�ILHOG�WR�PDNH�FOHDU�WKH

HIIHFW�RI�$''�RSHUDWRU�

7DEOH�����VKRZV�WKH�UHVXOW��+HUH��'7&�LQGLFDWHV�WKDW�DOO�WKH

TXHU\�WHUPV�IURP�WKH��'(6&5,37,21!��WKH��7,7/(!�DQG�WKH

�&21&(37!� ILHOGV� DUH�25�HG� WR� FRQVWUXFW� TXHULHV�� �'�$7&

LQGLFDWHV�WKDW�RQO\�WKH�TXHU\�WHUPV�IURP�WKH��'(6&5,37,21!

ILHOG� DUH�25�HG�DQG� WKH� TXHU\� WHUPV�IURP� WKH��7,7/(!� ILHOG

DQG�WKH��&21&(37!�ILHOG�DUH�$''�HG�WR�TXHULHV���$V�IRU�WKH

UDQNLQJ�� QDwYH� WILGI� VHWWLQJ� ZDV� XVHG� IRU� WKH� VLPLODULW\

FDOFXODWLRQ��$Q�H[DPSOH�RI�D�FRQVWUXFWHG�TXHU\� IRU�'�$7&�LV

VKRZQ�EHORZ��IRU�WRSLF�������

FRQVWUXFWHG�TXHU\�IRU�'�$7&�

UC�^cº25 UC�^25#^oJ���25 çôP

25 cº $''#^oJ��� $''�äê5Ã

$''UC�^b>�$''#^oJ���

$''R+Þ: $''&\O_o*Zf

$''�¦3HUVRQDO��7HUPLQDO§�$''�¦0RELOH�&RPPXQLFDWLRQ§

$''�¦*URXSZDUH§�$''�¦&ROODERUDWLYH�:RUN§

$''�¦&ROODERUDWLRQ§

'�$7&�KDV�EHWWHU�SHUIRUPDQFH�WKDQ�'7&�LQ�ERWK�SUHFLVLRQ�DQG

UHFDOO���7KLV�VKRZV�WKDW�WKH�WHUPV�DVVLJQHG�$''�RSHUDWRU�FRXOG

UDLVH�UHOHYDQW�GRFXPHQWV� LQ� WKH�ILUVW�������UDQNHG�GRFXPHQWV�

1RWH� WKDW� WKH� DYHUDJH� QXPEHU� RI� WKH� ZKROH� UHWULHYHG

GRFXPHQWV�ZDV��������LQ�'7&�DQG��������LQ�'�$7&��EXW�WKH

UHFDOO�UDWLR�ZDV�LPSURYHG�IURP��������WR����������2QH�UDWLRQDO

FRQFOXVLRQ�IURP�WKRVH�IDFWV�FRXOG�EH�WKDW�WKH�TXHU\�WHUPV�IURP

WKH� �'(6&5,37,21!� ILHOG� DUH� HQRXJK� WR� FROOHFW� UHOHYDQW

GRFXPHQWV� DQG� WKH� TXHU\� WHUPV� IURP� WKH� �7,7/(!� DQG� WKH

�&21&(37!� ILHOG�ZRUN� IRU� WKH� UHOHYDQFH� DVVHVVPHQW�� � 7KLV

H[SHULPHQW� VKRZV� WKDW� WKH� WHUPV�ZLWK� WKH�$''� RSHUDWRU� FDQ

LPSURYH� SUHFLVLRQ� ZLWKRXW� H[SDQGLQJ� WKH� VHW� RI� UHWULHYHG

GRFXPHQWV�LI�WKH�RSHUDWRU�LV�SURSHUO\�XVHG�

7DEOH����

'7& '�$7&

$YH��3UHFLVLRQ ������ ������

5�3UHFLVLRQ ������ ������

5HFDOO ������ ������

$YH���UHWULHYHG�GRFV ������ ������



��� (IIHFW�RI�6\QRQ\P�2SHUDWRU
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HIIHFWLYHQHVV� ZKHQ� 6\QRQ\P� RSHUDWRU� LV� XVHG� RQO\� IRU

FRQFDWHQDWLQJ�V\QRQ\PV��DFURQ\PV���DEEUHYLDWLRQV�RU�ZKDWHYHU

ZH� FDQ� WKLQN� WKHP� DV� GLIIHUHQW� OLQJXLVWLF� H[SUHVVLRQV� RI� WKH

VDPH� VLQJOH� FRQFHSW�� $V� IRU� 17&,5� WRSLFV�� WKH� TXHU\� WHUPV

IURP� WKH� �&21&(37!� ILHOG� FDQ� EH� JRRG� FDQGLGDWHV� EHLQJ

FRQFDWHQDWHG�E\�WKLV�RSHUDWRU�

7DEOH�����GHVFULEHV�WKH�HIIHFW�RI�6\QRQ\P�RSHUDWRU���'7&

LQGLFDWHV�VLPSO\�WKH�VDPH�DV�VWDWHG�LQ�SUHYLRXV�VHFWLRQ��'7&�

6<1�����XVH�WKH�VDPH�ILHOGV�DV�'7&�WR�H[WUDFW�TXHU\�WHUPV��EXW

WKH�TXHU\�WHUPV�IURP�WKH��&21&(37!�ILHOG�DUH�FRQFDWHQDWHG

E\�6\QRQ\P�RSHUDWRU�LQWR�D�VLQJOH�WHUP��,Q�'7&�6<1���WHUPV

ZULWWHQ� LQ� WKH� VDPH� OLQH� RI� WKH� �&21&(37!� ILHOG� DUH

DXWRPDWLFDOO\� FRQFDWHQDWHG� E\� 6\QRQ\P� RSHUDWRU�� � )RU

H[DPSOH�� LQ� WRSLF� ������ WZR� WHUPV� ¦IORZ� FRQWURO§� DQG� ¦UDWH

FRQWURO§�DUH�ZULWWHQ�LQ�WKH�VDPH�OLQH�RI�WKH��&21&(37!�ILHOG�

VR� WKHVH� WZR� WHUPV� DUH� FRQFDWHQDWHG� LQWR� D� VLQJOH� WHUP�� � ,Q

'7&�6<1����DOO�WHUPV�LQ�WKH��&21&(37!�ILHOG�LQ�D�WRSLF�DUH

LQYHVWLJDWHG� DQG� VHOHFWLYHO\� FRQFDWHQDWHG� ZLWK� 6\QRQ\P

RSHUDWRU� E\� KDQG� ZKHQ� ZH� FDQ� VHH� WKHP� DV� V\QRQ\PV� RU

DFURQ\PV���)RU�H[DPSOH��¦426§�DQG�¦4XDOLW\�RI�6HUYLFH§�DUH

FRQFDWHQDWHG�EXW� ¦IORZ� FRQWURO§� DQG� ¦UDWH� FRQWURO§� DUH�QRW� LQ

'7&�6<1��� $JDLQ�� QDwYH� WILGI� VHWWLQJ� ZDV� XVHG� IRU� WKH

VLPLODULW\� FDOFXODWLRQ�� $Q� H[DPSOH� TXHU\� RI� WRSLF� ����� IRU
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RSHUDWRU��6\QRQ\P� RSHUDWRU�ZRUNV�ZHOO�ZKHQ� LW� FRQFDWHQDWHV

V\QRQ\PV�� DFURQ\PV�� DEEUHYLDWLRQV�� HWF��� � EHFDXVH� LW� WUHDWV

FRQFDWHQDWHG� WHUPV�DV�RQH� WHUP� WR�SUHYHQW�RYHUHVWLPDWLQJ� WKH

LGI YDOXHV���*HQHUDOO\�WKH�DGMXVWHG�LGI�YDOXH�RI�WKH�FRQFDWHQDWHG

WHUPV�LV�ORZHU�WKDQ�WKH�VXP�RI�DOO�WKH� LGI YDOXHV�RI�HDFK�WHUP�

:KHQ� 6\QRQ\P� RSHUDWRU� LV� XVHG� WR� FRQFDWHQDWH� FRQFHSWXDOO\

UHODWHG� EXW� QRW� VXEVWLWXWDEOH� WHUPV�� DV� LQ� WKH� FDVH� RI� � ¦IORZ

FRQWURO§� DQG� ¦UDWH� FRQWURO§�� WKH� DGMXVWPHQW� RI� LGI PDNHV� QR

VHQVH��RU�HYHQ�PDNHV�WKLQJV�ZRUVH����)RU�JLYHQ�WRSLFV��ZH�KDYH

REVHUYHG�WKDW�VRPH��&21&(37!�ILHOGV�KDG�LQ�IDFW�V\QRQ\PV

RU�DFURQ\PV��EXW�RWKHUV�KDG�PHUHO\�FRQFHSWXDOO\�UHODWHG�WHUPV�

ZKLFK�FDQQRW�EH�VXEVWLWXWHV�IRU�HDFK�RWKHU�

7KLV� PLJKW� EH� D� UHDVRQ� ZK\� WKH� SUHFLVLRQ� DQG� UHFDOO� RI

'7&�6<1��ZHUH�VOLJKWO\� ORZHU� WKDQ�'7&��ZKLFK�GLG�QRW�XVH

6\QRQ\P� RSHUDWRU�� �%XW� WKH� UHVXOW� RI�'7&�6<1�� VKRZV� WKDW

WKH� 6\QRQ\P� RSHUDWRU� FDQ� LPSURYH� HIIHFWLYHQHVV� ZKHQ� XVHG

SURSHUO\��:H� WKLQN� WKDW� LW� LV� GLIILFXOW� WR� DXWRPDWLFDOO\� NQRZ

ZKLFK�WHUPV�DUH�DSSURSULDWH�IRU�6\QRQ\P�RSHUDWRU�IRU�WKH�WDVNV

OLNH� 17&,5�� EXW� LQ� WKH� UHDO� LQIRUPDWLRQ� UHWULHYDO� VLWXDWLRQ

ZKHUH�V\QRQ\PV�DUH�VXSSOLHG�E\�VRPH�GLFWLRQDULHV��6\QRQ\P

RSHUDWRU�FDQ�VLPSO\�EH�DSSOLFDEOH�WR�LPSURYH�HIIHFWLYHQHVV�

��� (IIHFW�RI�&RRUGLQDWLRQ�/HYHO�6FRULQJ
2XU�VHFRQG�H[SHULPHQW�LV�RQ�WKH�UDQNLQJ�IDFLOLW\�RI�0(,67(5�

HVSHFLDOO\�RQ�WKH�HIIHFW�RI�FRRUGLQDWLRQ�OHYHO�VFRULQJ��&/6���,W

ZDV� UHSRUWHG�E\�VHYHUDO� UHVHDUFKHUV� >�@�>��@� WKDW� FRRUGLQDWLRQ

OHYHO� LQIRUPDWLRQ�ZDV� LQ� IDFW� XVHIXO� IRU� VKRUW� TXHULHV� JHWWLQJ

EHWWHU� SHUIRUPDQFH�� 2XU� &/6� LV� RQ� WKH� VDPH� OLQH� RI� WKRVH

UHVHDUFKHV�� ,Q� WKH� H[SHULPHQW�� ZH� FRPSDUHG� WZR� UDQNLQJ

PHWKRG��QDwYH�WILGI�DQG�&/6�GHVFULEHG�LQ������7R�VHH�WKH�VROH

HIIHFW�RI�&/6�FOHDUO\��ZH�OHIW�RWKHU�FRQGLWLRQV�HTXDO�DQG�VLPSOH�

4XHULHV� ZHUH� FRQVWUXFWHG� RQO\� E\� 25� RSHUDWRU�� $''� DQG

6\QRQ\P�RSHUDWRUV�ZHUH�QRW�XVHG�

7DEOH� ���� VKRZV� WKH� UHVXOW�� ,Q� WKH� WDEOH��'� LQGLFDWHV� WKDW

TXHU\� WHUPV� DUH� H[WUDFWHG� RQO\� IURP� WKH� �'(6&5,37,21!

ILHOG�� DQG� WKH� UDQNLQJ�ZDV�GRQH�E\�QDwYH� WILGI��'�&/6� LV� WKH

VDPH�DV�'�LQ�TXHU\�FRQVWUXFWLRQ��EXW�WKH�UDQNLQJ�ZDV�GRQH�E\

&/6�� � '7&� DQG� '7&�&/6� LQGLFDWHV� WKDW� TXHU\� WHUPV� DUH

H[WUDFWHG� IURP� WKH� �'(6&5,37,21!�� WKH� �7,7/(!� DQG� WKH

�&21&(37!�ILHOGV��DQG�WKH� UDQNLQJ�GRQH�E\�QDwYH� WILGI� DQG

&/6�� UHVSHFWLYHO\��$YHUDJH� QXPEHUV� RI� TXHU\� WHUPV� DUH� ����

IRU�'�DQG�'�&/6��������IRU�'7&�DQG�'7&�&/6��6R�'�DQG�'�

&/6� FRUUHVSRQG� WR� �YHU\�� VKRUW� TXHULHV�� DQG�'7&� DQG�'7&�

&/6�FRUUHVSRQG�WR�UHODWLYHO\�ORQJ�TXHULHV�

7KH�SUHFLVLRQ�DQG�UHFDOO�ZHUH�LPSURYHG�GUDVWLFDOO\�LQ�ERWK

'�&/6�DQG�'7&�&/6�FRPSDUHG�ZLWK�'�DQG�'7&��7KLV�UHVXOW

LV� VXSSRUWLQJ� � WKH� SUHYLRXV� VWXGLHV�� %HVLGHV�� DV� IDU� DV� RXU

H[SHULPHQWV� RQ�17&,5� WRSLFV� DQG� GRFXPHQWV� DUH� FRQFHUQHG�

FRRUGLQDWLRQ� OHYHO� LQIRUPDWLRQ� LV� IDLUO\� HIIHFWLYH� HLWKHU� IRU

VKRUW�TXHULHV�DQG��UHODWLYHO\��ORQJ�TXHULHV�

7R� VHH� WKH� HIIHFW� RI� &/6� PRUH� FOHDUO\�� ZH� LQYHVWLJDWHG

ZKDW� ZDV� JRLQJ� RQ� LQ� UDQNLQJ� WKH� GRFXPHQWV� ZLWK�&/6�� $V
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GHSHQGLQJ� RQ� WKH� QXPEHU� RI� PDWFKHG� TXHU\� WHUPV� LQ� WKH
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VHFRQG�OD\HU�KDV� WKRVH�WKDW�PDWFK�DQ\�WKUHH�RXW�RI�IRXU�TXHU\
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� VLPSOH� LQWXLWLRQ� DERXW� WKRVH� OD\HUV� LV� WKDW� LI� D
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GRFXPHQW� WR� WKH�TXHU\� JRHV� XS��7KXV�ZH� FDQ�H[SHFW� WKDW� WKH

XSSHU�D�OD\HU�LV��WKH�EHWWHU�LWV�SUHFLVLRQ�UDWH�LV��7DEOH�����VKRZV
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%RWK� LQ�'�&/6� DQG�'7&�&/6�� WKH� KLJKHU� OD\HUV� KDYH� EHWWHU

DYHUDJH� SUHFLVLRQ�� � 7KLV� UHVXOW� VXSSRUWV� RXU� H[SHFWDWLRQ� DQG

VXJJHVWV� WKDW�&/6��ZKLFK� XVHV� WKH� QXPEHU� RI�PDWFKHG� TXHU\

WHUP�IRU�VFRULQJ�� LV�DSSURSULDWH�ZD\�RI� UDQNLQJ�� ORRNLQJ�DW� LWV

DYHUDJH� SHUIRUPDQFH�� )RU� H[DPSOH�� WKH� UHVXOW� RI� WRSLF� ����

VKRZHG� W\SLFDO� OD\HUV� RI� VFRUH�� 7KH� SUHFLVLRQ� RI� WKH� KLJKHVW

WKUHH�OD\HUV�������ZHUH�����DQG�WKH�SUHFLVLRQ�RI�WKH�ORZHVW�OD\HU

�LQFOXGLQJ�RQO\�RQH�WHUP��ZDV����%XW�LI�ZH�DUH�ORRNLQJ�DW�HDFK

WRSLF� RQH� E\� RQH�� WKHUH� DUH� SOHQW\� RI� FDVHV� ZKHUH� RXU

H[SHFWDWLRQ� VLPSO\� EOXUUHG��7RSLF� ����� LV� VXFK� D� FDVH�ZKHUH

WKH� SUHFLVLRQ� RI� �� WHUPV� OD\HU� �������� ZDV� KLJKHU� WKDQ� WKH

SUHFLVLRQ�RI��� WHUPV� OD\HU� ��������� �2XU�JXHVV� IRU� WKLV�FDVH� LV

WKDW� WKHUH�PLJKW� EH� DW� OHDVW� RQH� QRQ�UHOHYDQW� WHUP� RXW� RI� VL[

WHUPV�H[WUDFWHG�IURP�WRSLF�������7KH�VLPLODU�SKHQRPHQD�� WKDW

ORZHU� OD\HUV� KDYH� KLJKHU� SUHFLVLRQ� WKDQ� KLJKHU� OD\HUV�� � ZHUH

VHHQ�LQ����RXW�RI����WRSLFV�LQ�'7&�&/6�

2QH� RI� WKH� SRVVLEOH� GLUHFWLRQV� LPSURYLQJ� &/6� LV

LQWURGXFLQJ� VRPH� ZHLJKWV� RQ� FRRUGLQDWLRQ� OHYHO� LQIRUPDWLRQ�

:&0� �ZHLJKWHG� FRRUGLQDWLRQ� PDWFK�� RI� >��@� LV� VXFK� DQ

H[DPSOH�� $QRWKHU� SRVVLEOH� GLUHFWLRQ� LV� LQWURGXFLQJ� VRPH

QRUPDOL]DWLRQ�IDFWRU�LQWR�FRRUGLQDWLRQ�OHYHO�LQIRUPDWLRQ�EDVHG

RQ� WKH�TXHU\� OHQJWK��645� �6KRUW�4XHU\�5DQNLQJ�� IXQFWLRQ�RI

>��@� LV� VXFK� DQ� H[DPSOH�� DOVR�� 2U�� DFFRUGLQJ� WR� RXU� &/6

IRUPXOD� ����� FKDQJLQJ� LWV� UDWLR� RI� PL[WXUH� ZLWK� DQRWKHU

LQIRUPDWLRQ��FKDQJLQJ�&� DQG�&���ZRXOG�EH�DQRWKHU�SRVVLELOLW\�

$OWKRXJK� WKRVH�GLUHFWLRQV�DUH�ZRUWK�EHLQJ�SXUVXHG��HLWKHU

RI�WKRVH�ZRXOG�OHDG�XV�WR�ZKHUH�DOO�ZH�KDYH�WR�GR�LV�SDUDPHWHU

WXQLQJ��2XU� DQRWKHU�PRWLYDWLRQ� IRU�KHDY\�XVH�RI� FRRUGLQDWLRQ

OHYHO� LQIRUPDWLRQ� LQ�&/6� LV� WKDW�&/6� LV� IDLUO\� LQWXLWLYH� DQG

WUDQVSDUHQW�WR�XVHUV�ZKHQ�WKH\�ORRN�DW�WKH�UDQNLQJ�RI�WKH�UHVXOW

GRFXPHQWV�� ,Q�SUDFWLFDO� WH[W� UHWULHYDO� VLWXDWLRQ�ZKHUH�HIILFLHQW

LQWHUDFWLRQV�EHWZHHQ�XVHUV�DQG�V\VWHPV�DUH�YHU\�LPSRUWDQW��WKLV

WUDQVSDUHQF\�PLJKW�EH�D�JUHDW�KHOS��,Q�WKLV�VHQVH��DQRWKHU�URXWH

WR�LPSURYH�&/6�ZRXOG�EH�WKDW�ZH�OHW�WKH�FRPELQDWRULDO�QDWXUH

RI� FRRUGLQDWLRQ� OHYHO� LQIRUPDWLRQ� UHPDLQ�XQFKDQJHG�� OHW� LW� EH

ORFDOL]HG��)RU�H[DPSOH��TXHU\�WHUPV�VKRXOG�EH�ORFDOL]HG�VR�WKDW

RQO\� PHDQLQJIXO� SDLUV� RI� WHUPV� DUH� FRQVLGHUHG�� 2U�� WKH

FRRUGLQDWLRQ�RI�TXHU\�WHUPV�LQ�D�GRFXPHQW�VKRXOG�EH�ORFDOL]HG

VR� WKDW� RQO\� PHDQLQJIXO� IUDJPHQWV� RI� WKH� GRFXPHQW� DUH

FRQVLGHUHG��7KH�FRYHU�GHQVLW\� UDQNLQJ� LQ� >�@� LV� WDNLQJ� VXFK�D

URXWH��RU�LQWURGXFLQJ�SKUDVH�TXHU\�LQWR�&/6�ZRXOG�EH�DQRWKHU

SRVVLELOLW\�� 7KRVH� DSSURDFKHV� ZLOO� EH� LQYHVWLJDWHG� LQ� IXWXUH

UHVHDUFK�

��� �(IIHFW�RI�4XHU\�([SDQVLRQ�IURP�1RQ�

GLFWLRQDU\�7HUPV
2XU�WKLUG�H[SHULPHQWV� LV�RQ�TXHU\�H[SDQVLRQ��$V�GHVFULEHG� LQ

������ 0(,67(5� KDV� D� WHUP� VLPLODULW\� FDOFXODWLRQ� IDFLOLW\�

ZKLFK� � XVHV� FR�RFFXUUHQFH� LQIRUPDWLRQ� DW� D� GRFXPHQW� OHYHO�

DQG� FDQ� FDOFXODWH� VLPLODULWLHV� EHWZHHQ� ERWK� GLFWLRQDU\� WHUPV

DQG� QRQ�GLFWLRQDU\� WHUPV�� :H� XVHG� WKLV� IDFLOLW\� WR� H[SDQG

TXHULHV�� VHOHFWLQJ� VLPLODU� WHUPV� IRU� HDFK�TXHU\� WHUP�� ,Q� TXHU\

FRQVWUXFWLRQ� SURFHVVHV�� ZH� H[WUDFWHG� QRQ�GLFWLRQDU\� WHUPV� DV

ZHOO�XVLQJ�0(,67(5
V�WHUP�H[WUDFWLRQ�IDFLOLWLHV��7KHQ�LQ�TXHU\

H[SDQVLRQ�SURFHVVHV��ZH�FDQ�FKRRVH�WKHVH�QRQ�GLFWLRQDU\�WHUPV

DV�H[SDQGLQJ�WHUPV�

7KH� GRFXPHQWV� RI� 17&,5� WDVNV� DUH� SDSHUV� RI� -DSDQHVH

DFDGHPLF�VRFLHWLHV��6R�WKHUH�ZRXOG�EH�D�ORW�RI�WHFKQLFDO� WHUPV

LQ�VXFK�SDSHUV�DQG�TXHULHV��ZKLFK�DUH�YHU\�RIWHQ�QRW�UHJLVWHUHG

LQ�D�GLFWLRQDU\��LI�WKH�GLFWLRQDU\�LV�QRW�HTXLSSHG�ZLWK�WHFKQLFDO

WHUPV�LQ�FHUWDLQ�GRPDLQ���7KHQ�WKH�DELOLW\�WR�H[SDQG�VXFK�QRQ�

GLFWLRQDU\� WHUPV� ZRXOG� EH� D� NH\� WR� LPSURYH� HIIHFWLYHQHVV

WKURXJK�TXHU\�H[SDQVLRQ�

7R�PDNH�FOHDU�WKH�PHULW�RI�H[SDQGLQJ�QRQ�GLFWLRQDU\�WHUPV�

ZH� FRPSDUHG� WKH� HIIHFWV� RI� H[SDQVLRQ� IURP� GLFWLRQDU\� WHUPV

ZLWK�IURP�QRQ�GLFWLRQDU\�WHUPV�LQ�WKH�H[SHULPHQW��)RU�H[DPSOH�

IURP�WKH��'(6&5,37,21!�ILHOG�RI�WRSLF�������¦UC�^c

º§� �PRELOH� HQYLURQPHQW��� ¦UC�^§� �PRELOH�� DQG� ¦cº§

�HQYLURQPHQW��ZHUH�H[WUDFWHG�LQ�WKH�TXHU\�FRQVWUXFWLRQ�SURFHVV�

)URP� D� QRQ�GLFWLRQDU\� WHUP� ¦UC�^cº§�� ¦UC�^§

�PRELOH��DQG��¦¿ßâý§��DQ\�WLPH��ZKHQHYHU��ZHUH�VHOHFWHG

DV� H[SDQGHG� WHUPV� DQG� IURP� D� GLFWLRQDU\� WHUP� ¦UC�^§�

¦#^oJ���§��JURXS�ZDUH��DQG�¦&fGXo9�f#§

�FRPSXWLQJ��ZHUH�VHOHFWHG�

7DEOH�����VKRZV�WKH�UHVXOW��([SDQGHG�WHUPV�ZHUH�OLPLWHG�WR

DW�PRVW� WZR� WHUPV� SHU� HDFK�� ,Q� VHOHFWLQJ� H[SDQGHG� WHUPV��ZH

XVHG� WKH� GHIDXOW� VHWWLQJ� IRU� WHUP� VLPLODULW\� FDOFXODWLRQ��ZKLFK

ZDV�VKRZQ�LQ������LQ���������,Q�WKH�WDEOH��'�LQGLFDWHV�WKDW�RQO\

WKH��'(6&5,37,21!�ILHOG�ZDV�XVHG�IRU�TXHU\�WHUP�H[WUDFWLRQ�

ZLWK�QR� TXHU\� H[SDQVLRQ�� �'�'�� LQGLFDWHV� WKDW� WKH� GLFWLRQDU\

WHUPV� H[WUDFWHG� IURP� WKH� �'(6&5,37,21!� ILHOG� ZHUH

H[SDQGHG��DQG�'�1'�� LQGLFDWHV� WKDW� WKH�QRQ�GLFWLRQDU\� WHUPV

H[WUDFWHG� IURP� WKH� �'(6&5,37,21!� ILHOG� ZHUH� H[SDQGHG�

7KH� DYHUDJH� QXPEHU� RI� H[SDQGHG� WHUPV� ZHUH� ����� IRU� D

GLFWLRQDU\�WHUP�DQG������IRU�D�QRQ�GLFWLRQDU\�WHUP�

,Q�WKH�FDVH�RI�H[SDQVLRQ�IURP�GLFWLRQDU\�WHUPV��'�'����WKH

SUHFLVLRQ� DQG� UHFDOO� DUH� VOLJKWO\� ZRUVH� WKDQ� WKH� FDVH� RI� QR

H[SDQVLRQ� �'��� ,Q� FRQWUDVW�� H[SDQVLRQ� IURP� QRQ�GLFWLRQDU\

WHUPV� �'�1'��� JRW� EHWWHU� SHUIRUPDQFH�� 7KLV� UHVXOW� VXJJHVWV

WZR� WKLQJV�� 2QH� LV� WKDW� WKH� QRQ�GLFWLRQDU\� WHUPV�� ZKLFK� DUH

XVXDOO\� FRPSRXQG� WHUPV� DQG� H[SUHVV� PRUH� VSHFLILF� FRQFHSW

WKDQ�GLFWLRQDU\�WHUPV��DUH�HIIHFWLYH�IRU�H[SDQVLRQ�� �$QRWKHU� LV

WKDW�ZKHQ�GLFWLRQDU\�WHUPV�DUH�XVHG�IRU�H[SDQVLRQ��RXU�PHWKRG

RI�TXHU\�H[SDQVLRQ�PLJKW�EH�LQ�YDLQ�EHFDXVH�LW�XVHV�VLPLODULW\

FDOFXODWLRQ�EHWZHHQ� WHUPV�XVLQJ�FR�RFFXUUHQFH� LQIRUPDWLRQ� LQ

DOO�WKH�REMHFW�GRFXPHQWV�

7DEOH����

' '�'� '�1'�

$YH��3UHF ������ ������ ������

5�3UHF ������ ������ ������

5HFDOO ������ ������ ������



��� $G�KRF�)RUPDO�5XQ
,Q� WKH� IRUPDO� UXQ�� ZH� WULHG� WR� FRPELQH�0(,67(5
V� IDFLOLWLHV

GHVFULEHG�VR� IDU��TXHU\�FRQVWUXFWLRQ�XVLQJ� WKH� WHUP�H[WUDFWLQJ

IDFLOLWLHV�� $''� RSHUDWRU�� DQG� 6\QRQ\P� RSHUDWRU�� UDQNLQJ

GRFXPHQWV�E\�&/6��DQG�TXHU\�H[SDQVLRQ�IURP�QRQ�GLFWLRQDU\

WHUPV�XVLQJ�WKH�WHUP�VLPLODULW\�FDOFXODWLRQ�IDFLOLW\�

)RU� WKH� VKRUW� TXHU\� WDVN�� ZH� H[WUDFWHG� DW� PRVW� IRXU

GLFWLRQDU\� WHUPV� DQG� DW� PRVW� IRXU� QRQ�GLFWLRQDU\� WHUPV� IURP

WKH� �'(6&5,37,21!� ILHOG�� DQG� VHOHFWHG� DW� PRVW� WZR

H[SDQGHG� WHUPV� IRU� HDFK� QRQ�GLFWLRQDU\� WHUP�� � $OO� WKH� TXHU\

WHUPV�ZHUH�25�HG� WR� FRQVWUXFW� TXHULHV�� �$''� DQG�6\QRQ\P

RSHUDWRU�ZHUH�QRW�XVHG���)RU�WKH�RSWLRQDO�WDVN��ORQJ�TXHU\�WDVN��

ZH� H[WUDFWHG� WHUPV� IURP� WKH� �'(6&5,37,21!� ILHOG�� WKH

�7,7/(!� ILHOG�� DQG� WKH� �&21&(37!� ILHOG�� WKHQ� VHOHFWHG

H[SDQGHG� WHUPV� IRU� QRQ�GLFWLRQDU\� WHUPV� IURP� WKH

�'(6&5,37,21!� ILHOG�� $OO� WKH� WHUPV� DUH� RQFH� 25�HG� DQG

WHUPV�IURP�WKH��'(6&5,37,21!�ILHOG�DQG�WKH��&21&(37!

ILHOG� DUH� WKHQ�$''�HG� WR� WKH� TXHU\�� +HUH�ZH� GHFLGHG�ZKLFK

ILHOG�VKRXOG�EH�$''�HG�RQ� WKH� UHVXOW�RI�SUHOLPLQDU\� UXQ��)RU

ERWK�WDVNV��&/6�ZDV�XVHG�WR�UDQN�GRFXPHQWV�

7KH�DYHUDJH�SUHFLVLRQ�RI�WKH�VKRUW�TXHU\�WDVN�DQG�WKH�ORQJ

TXHU\� WDVN� ZHUH� ������� DQG� ������� UHVSHFWLYHO\�� )LJXUH� ���

DQG�����VKRZ�WKH�RYHUDOO�UHVXOWV�FRPSDULQJ�WKH�IRUPDO�UXQ�DQG

HDFK�HIIHFW�RI�0(,67(5 
V�IDFLOLW\�GHVFULEHG�WKURXJK�����WR�����

)LJXUH� ���� LV� D� ��SW�� SUHFLVLRQ� JUDSK� RI� WKH� VKRUW� TXHU\

EDVHOLQH� �'��� UDQNLQJ�E\�&/6� �'�&/6��� H[SDQVLRQ� IURP�QRQ�

GLFWLRQDU\� WHUPV� �'�1'��� DQG� WKH� IRUPDO� UXQ� �17(�����

)LJXUH����� LV� D����SW�� SUHFLVLRQ�JUDSK�RI� WKH� ORQJ�TXHU\� EDVH

OLQH� �'7&���TXHU\�FRQVWUXFWLRQ�ZLWK�$''� RSHUDWRU� �'�$7&��

TXHU\� FRQVWUXFWLRQ� ZLWK� 6\QRQ\P� RSHUDWRU�'7&�6<1���

UDQNLQJ�E\�&/6 �'7&�&/6��� � H[SDQVLRQ� IURP�QRQ�GLFWLRQDU\

WHUPV��'7&�1'���DQG�WKH�ORQJ�TXHU\�IRUPDO�UXQ��17(�����

�� &/,5�7$6.
,Q�WKLV�VHFWLRQ��ZH�GHVFULEH�RXU�H[SHULPHQWV�RQ�&/,5�WDVN���,Q

�����ZH� VXPPDUL]H� SUHYLRXV�DSSURDFKHV� WR�&/,5�DQG� H[SODLQ

RXU� FRUSXV�EDVHG� DSSURDFK�� ,Q� ����� ZH� GHVFULEH� RXU� TXHU\

FRQVWUXFWLRQ�SURFHVV� LQ�&/,5��7KHQ��ZH�VKRZ�VRPH�UHVXOWV�RI

WKH�H[SHULPHQWV�LQ������)LQDOO\�LQ������WKH�UHVXOWV�RI�RXU�IRUPDO

UXQ�DUH�SUHVHQWHG�

��� 7HUP�7UDQVODWLRQ�8VLQJ�3DUDOOHO

&RUSRUD
)RU� &/,5�� PDQ\� DSSURDFKHV� KDYH� EHHQ� SURSRVHG� LQ� SDVW

UHVHDUFKHV��7KH�PDMRU�DSSURDFKHV�DUH�FODVVLILHG�LQWR�IROORZLQJ

WKUHH�W\SHV�RU�WKHLU�FRPELQDWLRQ�>�@�

�D��07�V\VWHP�EDVHG

�E��&RUSXV�EDVHG

�F��/DQJXDJH�UHVRXUFH��H[��ELOLQJXDO�GLFWLRQDU\��EDVHG

(VSHFLDOO\�� FRUSXV� EDVHG� DSSURDFK� KDYH� EHHQ� RIWHQ� XVHG

ZLWK� RWKHU� DSSURDFKHV�� IRU� H[DPSOH�� XVLQJ� FRUSXV� EDVHG�07

V\VWHP� >�@� RU� GLVDPELJXDWLQJ� WUDQVODWLRQ� ZRUGV� LQ� ELOLQJXDO

GLFWLRQDU\� XVLQJ� VWDWLVWLFDO� LQIRUPDWLRQ� LQ� FRUSRUD� >�@�� � $OVR�

HQWLUHO\� FRUSXV� EDVHG� �VWDWLVWLFDO�� DSSURDFKHV� KDYH� EHHQ

H[SHULPHQWHG�� VXFK� DV� /6,� >��@� RU� (7+©V� TXHU\� WUDQVODWLRQ

XVLQJ�VLPLODULW\�WKHVDXUL�>�@�

:H� HPSOR\HG� D� FRUSXV�EDVHG� DSSURDFK� VLPLODU� WR� (7+©V�

+RZHYHU�� ZH� GLGQ©W� SUHSDUH� UHVRXUFHV� VXFK� DV� VLPLODULW\

WKHVDXUL�� LQ� ZKLFK� WHUPV� DUH� VWDWLFDOO\� FRQQHFWHG� ZLWK� WKHLU

WUDQVODWLRQV�� ,QVWHDG�� � ZH� XVHG� D� -DSDQHVH�(QJOLVK� SDUDOOHO

FRUSXV� DQG� WHUP� VLPLODULW\� FDOFXODWLRQ� IDFLOLW\� RI�0(,67(5�

7KH�HVVHQFH�RI�RXU�DSSURDFK�LV�

�D��&RQVWUXFW� D� WHUP�GRFXPHQW�PDWUL[� IURP�(QJOLVK� �WDUJHW

ODQJXDJH��GRFXPHQWV�RI�WKH�SDUDOOHO�FRUSXV�

�E��&RQVWUXFW�DQ�LQGH[�IURP�-DSDQHVH��VRXUFH�ODQJXDJH��������

GRFXPHQWV�RI�WKH�SDUDOOHO�FRUSXV�

�F��&RQVWUXFW�WHUP�YHFWRUV�XVLQJ�WKH�-DSDQHVH�LQGH[�HDFK�RI

ZKLFK�FRUUHVSRQGV�WR�D�-DSDQHVH�TXHU\�WHUP�

�G��&DOFXODWH�VLPLODULWLHV�EHWZHHQ�-DSDQHVH�WHUP�YHFWRU�DQG

HDFK� WHUP� YHFWRU� LQ� WKH� (QJOLVK� WHUP�GRFXPHQW�PDWUL[�
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7KHQ�� � VHOHFW� Q� (QJOLVK� WHUPV� ZKLFK� KDYH� WKH� KLJKHVW

VLPLODULWLHV�

,Q�VWHS��F����ZH�XVHG�VWULQJ�VHDUFK�IDFLOLW\�RI�0(,67(5��6R�

IRU� DQ\� DUELWUDU\� VWULQJ�� ZH� FRXOG� JHW� ¦SVHXGR�WUDQVODWHG§

WHUPV�DV�IDU�DV�WKH�VWULQJ�RFFXUV�LQ�WKH�FRUSXV��,Q�WKH�FDVH�WKDW

VRXUFH�ODQJXDJH�GRHVQ©W�KDYH�H[SOLFLW�ZRUG�ERXQGDULHV�VXFK�DV

-DSDQHVH�� WKLV� IHDWXUH� ZLOO� EH� YHU\� LPSRUWDQW�� (VSHFLDOO\�

-DSDQHVH� TXHULHV� LQ� 17&,5� FRQWDLQV� PDQ\� QRQ�GLFWLRQDU\

WHFKQLFDO� WHUPV��:H�FDQ�SVHXGR�WUDQVODWH�VXFK�WHUPV�ZLWK� WKLV

IHDWXUH�

)LJXUH�����VKRZV�WKH�GLDJUDP�RI�RXU�DSSURDFK�

��� 4XHU\�&RQVWUXFWLRQ
,Q� RXU� V\VWHP��ZH� FRQVWUXFW�(QJOLVK� TXHULHV� DXWRPDWLFDOO\� E\

IROORZLQJ�VWHSV�

�D�� ([WUDFW� TXHU\� WHUPV� IURP� D� -DSDQHVH� GHVFULSWLRQ� RI

TXHU\�UHTXHVW�XVLQJ�WKH�VDPH�PHWKRG�GHVFULEHG�LQ�����

�E��3VHXGR�WUDQVODWH�-DSDQHVH�WHUPV�WR�(QJOLVK�WHUPV�XVLQJ

WKH�PHWKRG�GHVFULEHG�LQ�����

�F��7HUPV� VHOHFWHG� LQ� VWHS� �E�� DUH�25�HG� � WR� FRQVWUXFW� DQ

(QJOLVK� TXHU\�� 7KH� GXSOLFDWHV� RI� WHUPV� DUH� QRW

HOLPLQDWHG��VLPSO\�WDNHQ�DV�LVRODWHG�WHUPV�

7R� EXLOG� D� SDUDOOHO� FRUSXV� XVHG� LQ� VWHS� �E��� ZH� H[WUDFWHG

GRFXPHQWV� ZKLFK� KDYH� ERWK� -DSDQHVH� DQG� (QJOLVK� DEVWUDFWV

IURP�17&,5� -(�FROOHFWLRQ�� 7KHQ��ZH�PDGH� D� -DSDQHVH� LQGH[

DQG� DQ� (QJOLVK� WHUP�GRFXPHQW� PDWUL[� IURP� WKLV� FRUSXV�� 7KH

QXPEHU�RI�GRFXPHQWV�LQ�WKLV�SDUDOOHO�FRUSXV�LV���������

)RU�17&,5�&/,5� WDVN��ZH� GHFLGHG� WR� VHOHFW� WZR�(QJOLVK

WHUPV� SHU� RQH� -DSDQHVH� WHUP� LQ� VWHS� �E��� EHFDXVH�ZH� WKRXJKW

-DSDQHVH� WHUPV� H[WUDFWHG� IURP� -DSDQHVH� TXHULHV� LQ� 17&,5

ZRXOG� FRUUHVSRQG� WR� PXOWL�ZRUG� (QJOLVK� WHUPV� �SKUDVHV�� LQ

PDQ\�FDVHV��)RU�H[DPSOH��¦6H��C§�ZRXOG�FRUUHVSRQG�WR

¦RSWLFDO� ILEHU§� �� ¦:o2©M§� ZRXOG� FRUUHVSRQG� WR� ¦GDWD

WUDQVIHU§��DQG�VR�RQ��0RUHRYHU��ZH�KDG�IHZ�SKUDVHV��HVSHFLDOO\

WHFKQLFDO�WHUPV��LQ�RXU�(QJOLVK�GLFWLRQDU\�

$Q�H[DPSOH�RI�FRQVWUXFWHG�TXHU\�LV�VKRZQ�EHORZ�

723,&� ����

'(6&5,37,21�
�6H��Cª¿Ú!�F6;b>æ

ß¿á 

-DSDQHVH

WHUPV�

6H��CØ!�F6;b>Ø!�F6

;Øb>

6H��C È�RSWLFDO��ILEHU

!�F6;b> È�JLJDELW��FRPPXQLFDWLRQ

!�F6; È�JLJDELW��JLJD�ELW

3VHXGR�

WUDQVODWLRQ�

b> È�FRPPXQLFDWLRQ��QHWZRUN

(QJOLVK�TXHU\�

RSWLFDO�25� ILEHU�25�JLJDELW�25� FRPPXQLFDWLRQ

25� JLJDELW�25� JLJD�ELW�25� FRPPXQLFDWLRQ�25

QHWZRUN

��� ([SHULPHQWV�DQG�$QDO\VLV
,Q� WKLV� VHFWLRQ��ZH�GHVFULEH�RXU� H[SHULPHQWDO� UHVXOWV� LQ�&/,5

WDVN�� 7KH� SRLQW� RI� H[SHULPHQWV� DUH� ���� WKH� HIIHFWLYHQHVV� RI

VWULQJ�VHDUFK�IDFLOLW\������WKH�LQIOXHQFH�RI�UHGXFLQJ�GLPHQVLRQV

RI�WHUP�YHFWRUV������WKH�HIIHFWLYHQHVV�RI�XVLQJ�SKUDVHV��DQG����

WKH�HIIHFWLYHQHVV�RI�SVHXGR�IHHGEDFN�

6LQFH�¦WKH��'(6&5,37,21!�ILHOG�RQO\§�UXQ��VKRUW�TXHU\

WDVN�� LV�REOLJDWRU\� IRU�DXWRPDWLF�TXHU\�FRQVWUXFWLRQ�V\VWHP� LQ

WKH�ZRUNVKRS��ZH�XVHG�IROORZLQJ�FRQGLWLRQ�DV�D�EDVLF�VHWWLQJ�

n ([WUDFW� -DSDQHVH� TXHU\� WHUPV� RQO\� IURP� WKH

�'(6&5,37,21!�ILHOG�

n�6HOHFW�WZR�(QJOLVK�WHUPV�SHU�HDFK�-DSDQHVH�TXHU\�WHUP�

n�5DQN�GRFXPHQWV�ZLWK�&/6�

'�&�� LQGLFDWHV� WKLV�EDVLF� VHWWLQJ��:H�GRQ©W�GHVFULEH� WKH� ORQJ

TXHU\�WDVN��RSWLRQDO�UXQ��LQ�WKLV�VHFWLRQ�

2XU�(QJOLVK�GRFXPHQW�UHWULHYDO�V\VWHP�LV�EDVLFDOO\� VLPLODU

WR�RXU�-DSDQHVH�RQH��EXW�KDYH�VRPH�GLIIHUHQFHV�>�@��(VSHFLDOO\�

LW�FDQ�LGHQWLI\�D�ZRUG�DQG�LWV�LQIOHFWHG�IRUPV�

����� (IIHFW�RI�6WULQJ�6HDUFK�)DFLOLW\
$V�GHVFULEHG�LQ������ZH�H[SHFWHG�WKDW�VWULQJ�VHDUFK�IDFLOLW\�DQG

G\QDPLF� FRQVWUXFWLRQ� RI� WHUP� YHFWRUV� ZRXOG� EH� HIIHFWLYH�

HVSHFLDOO\�XVLQJ�-DSDQHVH�DV�D�VRXUFH�ODQJXDJH��7R�YHULI\�WKLV

H[SHFWDWLRQ�� ZH� FRPSDUHG� RXU� EDVLF� VHWWLQJ� ZLWK� WKH� PHWKRG

ZLWKRXW�VWULQJ�VHDUFK�IDFLOLW\�

>'�&�@� � FDQ� VHOHFW� (QJOLVK� WHUPV� DJDLQVW� ERWK� GLFWLRQDU\

DQG� QRQ�GLFWLRQDU\� -DSDQHVH� WHUPV�� XVLQJ� VWULQJ� VHDUFK

IDFLOLW\�WR�FRQVWUXFWLQJ�WHUP�YHFWRUV�RI�-DSDQHVH�WHUPV�

>'�&�0@� FDQ� VHOHFW� (QJOLVK� WHUPV� RQO\� DJDLQVW� -DSDQHVH

GLFWLRQDU\�WHUPV��VLQFH�LW�GRHVQ©W�XVH�VWULQJ�VHDUFK�IDFLOLW\�

)RU�H[DPSOH��IURP�-DSDQHVH�QRQ�GLFWLRQDU\�WHUP�¦Q^4 V

,;§�� ¦PXOWLFDVW§� DQG� ¦PXOWLFDVWLQJ§� DUH� VHOHFWHG� LQ� '�&��

ZKLOH�QR�WHUP�REWDLQHG�LQ�'�&�0�

7DEOH�����VKRZV�WKH�UHVXOW�

6�� 6�� 6�� 6�� 6�Q��

6�� 6�� 6�� 6�� 6�Q��

�

�

6P� 6P� 6P� 6P� 6PQ��

'RFXPHQWV

7
HU
P
V�

,QGH[

�-DSDQHVH�

7HUP�GRFXPHQW�PDWUL[

2ULJLQDO�WHUP

�-DSDQHVH�

'RFXPHQW�UHWULHYDO

6T� 6T� 6T� 6T� 6TQ��

6LPLODULW\�FDOFXODWLRQ

7UDQVODWHG�WHUPV

�(QJOLVK�

7HUP�YHFWRU

(QJOLVK

7H[W

-DSDQHVH

7H[W
%LOLQJXDO�FRUSRUD

)LJXUH������7UDQVODWHG�WHUP�VHOHFWLRQ�XVLQJ�VLPLODULW\

FDOFXODWLRQ

7DEOH����

'�&�0 '�&�

$YH��3UHFLVLRQ ������ ������

5�3UHFLVLRQ ������ ������

5HFDOO ������ ������



'�&��LV�KLJKHU�WKDQ�'�&�0�LQ�ERWK�SUHFLVLRQ�DQG�UHFDOO�DV�ZH

H[SHFWHG�

����� 5HGXFLQJ�WKH�1XPEHU�RI�'RFXPHQWV�LQ

3DUDOOHO�&RUSRUD
7KH�SDUDOOHO� FRUSXV�ZH� XVHG� KDG� ODUJH� QXPEHU� RI� GRFXPHQWV

��������� GRFXPHQWV��� DQG� FRQWDLQHG� DOPRVW� DOO� RI� WKH� REMHFW

GRFXPHQWV��+RZHYHU�� VXFK� LGHDO� VLWXDWLRQ�FDQQRW�EH�H[SHFWHG

LQ� SUDFWLFDO� ,5� VLWXDWLRQV�� 6R�� ZH� H[DPLQHG� WKH� LQIOXHQFH� RI

UHGXFLQJ�WKH�QXPEHU�RI�GRFXPHQWV�LQ�WKH�FRUSXV�

>'�&�@������8VH�WKH�IXOO�VL]H�SDUDOOHO�FRUSXV�

>'�&�+@� 8VH� D� KDOI� VL]H� SDUDOOHO� FRUSXV�� �UDQGRPO\

VHOHFWHG� ���� GRFXPHQWV� IURP� IXOO� VL]H�� DERXW

�������GRFXPHQWV�

>'�&�4@� 8VH� D� TXDUWHU� VL]H� SDUDOOHO� FRUSXV�� �UDQGRPO\

VHOHFWHG� ���� GRFXPHQWV� IURP� IXOO� VL]H�� DERXW

�������GRFXPHQWV�

:H�XVHG�WZR�FRUSRUD�LQ�'�&�+��DQG�IRXU�FRUSRUD�LQ�'�&�4�

9DOXHV�LQ�7DEOH�����LV�WKH�DYHUDJH�RI�XVLQJ�HDFK�FRUSXV�

3UHFLVLRQ�EHFDPH�ORZHU�ZLWK�VPDOOHU�QXPEHU�RI�GRFXPHQWV�

+RZHYHU�� UHFDOO� RI� WKUHH� UHVXOWV� DUH� DOPRVW� WKH� VDPH� OHYHO�

$GGLWLRQDOO\�� '�&�4� DFKLHYHG� KLJKHU� SUHFLVLRQ� WKDQ� WKH

PHGLDQ�DPRQJ�VXEPLWWHG�UXQV�

����� 8VLQJ�3KUDVHV
$V�PHQWLRQHG� LQ������ZH�GHFLGHG� WR� VHOHFW� WZR�(QJOLVK� WHUPV

SHU�RQH�-DSDQHVH�TXHU\�WHUP�LQ�RXU�PHWKRG��%XW�LQ�VRPH�FDVHV�

WKLV�PHWKRG�PLJKW� QRW� ZRUN� ZHOO�� EHFDXVH� RQH� RI� WZR� WHUPV

RIWHQ�VHHPHG�WR�EH�XQUHODWHG�WR�WKH�RULJLQDO�-DSDQHVH�WHUP��)RU

H[DPSOH��IRU�WKH�-DSDQHVH�WHUP�¦,^oJ6;��WKURXJKSXW�§�

¦WKURXJKSXW§�DQG�¦SDFNHW§�ZHUH�VHOHFWHG�LQ�WRSLF�������ZKHUH

¦SDFNHW§�VHHPHG�WR�EH�XQUHODWHG�

,I� WKHUH�DUH�PDQ\�SKUDVHV� LQ�(QJOLVK�GLFWLRQDU\��ZH�PLJKW

EH�DEOH�WR�DYRLG�WR�VHOHFW�WKRVH�WHUPV�E\�VHOHFWLQJ�RQH�(QJOLVK

WHUP��RU�SKUDVH��SHU�RQH�-DSDQHVH�WHUP��6R��ZH�H[WUDFWHG�WZR�

ZRUG�SKUDVHV�IURP�(�FROOHFWLRQ�DXWRPDWLFDOO\��DQG�DGGHG�WKHVH

SKUDVHV�LQWR�WKH�GLFWLRQDU\��3KUDVH�H[WUDFWLRQ�VWHS�ZDV�

�D�� � 6HOHFW� VWRS� ZRUGV� DPRQJ� KLJK� IUHTXHQF\� ZRUGV� E\

KDQG��ZKLFK�PD\�QRW� EH� D� FRQVWLWXHQW� RI� SKUDVH�� ����

VWRS�ZRUGV�ZHUH�VHOHFWHG�

�E��([WUDFW�ZRUG�EL�JUDPV�ZKLFK�DUH�QRW�FRQWDLQ�VWRS�ZRUGV�

�F�� $GG� KLJK� IUHTXHQF\� ZRUG� EL�JUDPV� DV� SKUDVHV� WR� WKH

GLFWLRQDU\�� �������� SKUDVHV�� RFFXUULQJ� PRUH� WKDQ� ��

WLPHV�ZHUH�DGGHG�

:H�WKHQ�UHEXLOW�WKH�(QJOLVK�WHUP�GRFXPHQW�PDWUL[�DQG�WKH

(QJOLVK�LQGH[�IRU�UHWULHYDO�XVLQJ�WKLV�GLFWLRQDU\��DQG�FRPSDUHG

ZLWK�WKH�FDVH�ZLWKRXW�SKUDVHV��'�&���

>'�&3�@�:LWK�SKUDVH�GLFWLRQDU\��VHOHFW�RQH�WHUP�SHU�HDFK

>'�&3�@�:LWK�SKUDVH�GLFWLRQDU\��VHOHFW�WZR�WHUPV�SHU�HDFK

6XUSULVLQJO\��WKH�UHVXOWV�ZLWK�SKUDVH�GLFWLRQDU\�ZHUH�JHWWLQJ

ZRUVH�DV�VKRZQ� LQ�7DEOH������+RZHYHU��ZH�REVHUYHG� WKDW� WKH
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