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1RZDGD\V� D� ORW� RI� VLJQDO� SURFHVVLQJ�� IRU� H[DPSOH� LQ� YLGHR� DSSOLFDWLRQV�� LV� LPSOHPHQWHG� E\� GLJLWDO

9/6,�UHDOLVHG�LQ�D�VXE�PLFURQ�&026�SURFHVVHV��%HIRUH�VDPSOLQJ�DQ�DQDORJXH�YLGHR�VLJQDO�ZLWK�DQ

$�'�FRQYHUWHU�DQ�DQWL�DOLDVLQJ�ILOWHU�ZLWK�D�UHODWLYHO\�FRQVWDQW�JURXS�GHOD\�LQ�WKH�SDVV�EDQG�LV�QHHGHG�

$� ILOWHU� IRU� WKLV� SXUSRVH� LV� GHVFULEHG� KHUH�� 7KH� FXW�RII� IUHTXHQF\� LV�r���� WXQHDEOH� WR� FRUUHFW� IRU

WHPSHUDWXUH�DQG�SURFHVV�YDULDWLRQV��KRZHYHU�DQ�DXWRPDWLF�WXQLQJ�LV�QRW�\HW�DSSOLHG�KHUH��7KH�ILOWHU�KDV

EHHQ�UHDOLVHG�XVLQJ�WKH� WUDQVFRQGXFWDQFH�&�WHFKQLTXH�ZKLFK� LV�VXLWDEOH�IRU�KLJK�IUHTXHQF\�ILOWHUV� LQ

&026�>�����@��,Q�D�VXE�PLFURQ�&026�SURFHVV�WKH�WUDQVLVWRUV�VXIIHU�IURP�VHFRQG�RUGHU�HIIHFWV�VXFK

DV�PRELOLW\�UHGXFWLRQ�DQG�YHORFLW\�VDWXUDWLRQ��7KLV�UHVXOWV�XVXDOO\�LQ�UHODWLYHO\�KLJK�GLVWRUWLRQ�ILJXUHV

DQG� D� GHFUHDVLQJ� WXQLQJ� UDQJH� IRU� PRVW� WUDQVFRQGXFWRU� FRQFHSWV� UHO\LQJ� RQ� WKH� 026� WUDQVLVWRU

FKDUDFWHULVWLFV��7KH�SURSRVHG�WUDQVFRQGXFWRU�UHOLHV�LQ�ILUVW�RUGHU�RQ�UHVLVWRUV��7KH�UHVLVWRUV�DUH�¨VRIW�

VZLWFKHG©�E\�PHDQV�RI�WUDQVLVWRUV�LQ�RUGHU�WR�PDNH�WKH�WUDQVFRQGXFWDQFH�FRQWLQXRXVO\�WXQHDEOH��,Q�WKLV

ZD\� WKH� ILUVW� RUGHU� FKDUDFWHULVWLFV� RI� WKH� WUDQVLVWRUV� DIIHFW� RQO\� WKH� VHFRQG� RUGHU� HIIHFWV� RI� WKH

WUDQVFRQGXFWRU�ZKHUHDV� WKH�VHFRQG� RUGHU� HIIHFWV�RI� WKH� WUDQVLVWRU� DUH�KDUGO\�RI� LQWHUHVW��PDNLQJ� WKH

WUDQVFRQGXFWRU� VXLWDEOH� IRU� LPSOHPHQWDWLRQ� LQ� D� VXE�PLFURQ� &026� SURFHVV�� 7KH� WUDQVFRQGXFWRU� LV

FRQWLQXRXVO\�WXQHDEOH��WKH�WXQLQJ�PHFKDQLVP�ZLOO�EH�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ�
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7KH� WUDQVFRQGXFWRU� VFKHPDWLF� LV� JLYHQ� LQ� ILJXUH� ��� 7KH� FRUH� FRQVLVWV� RI� D� GLIIHUHQWLDO� SDLU�0�D�E�

GHJHQHUDWLRQ� UHVLVWRUV� 5�D�E� WKURXJK� 5�D�E� DQG� WKH� ¨VRIW�VZLWFKHV©� 0�� WKURXJK� 0��� 7KH� WXQLQJ

PHFKDQLVP� LV� EDVHG� RQ� WKH� JUDGXDO� ¨VKRUW�FLUFXLWLQJ©� RI� WKH� GHJHQHUDWLRQ� UHVLVWRUV� E\�PHDQV� RI� WKH

¨VRIW�VZLWFKHV©�ZKHUH�9WXQH�LV�WKH�WXQLQJ�YROWDJH��)RU�LQFUHDVLQJ�YDOXHV�RI�9WXQH��0��FRQGXFWV�ILUVW�DQG

0��ZLOO�FRQGXFW�ODVW�GXH�WR�WKH�GLIIHUHQFHV�LQ�WKH�HIIHFWLYH�JDWH�VRXUFH�YROWDJHV�
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$�QHZ�WUDQVFRQGXFWRU�KDV�EHHQ�XVHG�WR�LPSOHPHQW�D�WKLUG�RUGHU����0+]�ORZ�SDVV

%HVVHO�ILOWHU�ZLWK�H[WUD�QRWFK��7KH�ILOWHU�ZDV�UHDOLVHG�LQ����PP�GRXEOH�SRO\�1�ZHOO

&026� SURFHVV�� $W� D� ���9� VXSSO\� YROWDJH� WKH� ILOWHU� GLVVLSDWHV� ��P:� DQG� WKH

G\QDPLF�UDQJH�HTXDOV���G%�ZKHUH�WKH�7+'�LV����G%�IRU�DQ�LQSXW�YROWDJH�RI��9SS�

7KH�FRQWLQXRXVO\�WXQHDEOH�WUDQVFRQGXFWRU�LV�EDVHG�RQ�¨VRIW�VZLWFKLQJ©�RI�UHVLVWRUV�

7KH�FRQYHUWHU�SHUIRUPDQFH�LV�RQO\�GHWHUPLQHG�E\�WKH�ILUVW�RUGHU�FKDUDFWHULVWLFV�RI

WKH� WUDQVLVWRU�� 'XH� WR� UHGXFHG� VHQVLWLYLW\� IRU� WKH� VHFRQG� RUGHU� HIIHFWV� RI� WKH

WUDQVLVWRUV�WKH�FRQYHUWHU�LV�ZHOO�VXLWDEOH�LQ�PRGHUQ�DQG�IXWXUH�VXE�PLFURQ�&026

SURFHVVHV�



)LJXUH����6FKHPDWLF�RI�WKH�FRPSOHWH�WUDQVFRQGXFWRU�

7KH�JDWHV�RI�DOO�WKH�¨VRIW�VZLWFKHV©�DUH�FRQQHFWHG�WR�WKH�VDPH�QRGH��%HFDXVH�RI�WKH�'&�YROWDJH�GURS

RYHU�WKH�UHVLVWRUV�5�D�E�WKURXJK�5�D�E�WKH�HIIHFWLYH�JDWH�VRXUFH�YROWDJHV�GLIIHU�
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7KLV� FRQGLWLRQ� LV� DOZD\V� YDOLG� WKDQNV� WR� WKH� WRSRORJ\� RI� WKH� FLUFXLW�� 7KH� ERG\�HIIHFW� RI� WKH� ¨VRIW�

VZLWFKHV©� IXUWKHU� LQFUHDVHV� WKH� GLIIHUHQFHV� RI� WKH� HIIHFWLYH� JDWH� VRXUFH� YROWDJHV� DQG� WKHUHIRUH

LPSURYHV�WKH�¨VZLWFKLQJ©�SHUIRUPDQFH�

7KXV� E\� LQFUHDVLQJ� WKH� YROWDJH� 9WXQH�� WKH� WUDQVFRQGXFWDQFH� FDQ� EH� WXQHG� WR� D� KLJKHU� YDOXH��0�� LV

VZLWFKHG�RQ�ZKLOH�0��WKURXJK�0��DUH�RII��'XH�WR�WKH�UHVLVWLYH�GLYLGHU�WKH�GUDLQ�VRXUFH�YROWDJH�RI�0�

LV�RQO\�D�IUDFWLRQ�RI�WKH�LQSXW�YROWDJH��UHVXOWLQJ�LQ�D�ORZ�GLVWRUWLRQ�FRQWULEXWLRQ�RI�0���0RUHRYHU��LI

0��FRQGXFWV�WKH�GUDLQ�VRXUFH�YROWDJH�RI�0��GHFUHDVHV�DQG�WKHUHIRUH�WKH�GLVWRUWLRQ�RI�0��GHFUHDVHV�LI

0��LV�VZLWFKHG�RQ�VRIWO\��7KH�VDPH�PHFKDQLVP�LV�YDOLG�IRU�0��DQG�0���&RQVHTXHQWO\��WKH�GLVWRUWLRQ

RI� WKH� FRPSOHWH� WUDQVFRQGXFWRU� LV� ORZ� DQG� KDUGO\� GHSHQGHQW� RQ� WKH� VHFRQG� RUGHU� HIIHFWV� RI� WKH

WUDQVLVWRUV�

7KH� LPSOHPHQWDWLRQ�RI� WKH�YROWDJH�VRXUFH�9WXQH� LV�JLYHQ� LQ� ILJXUH����7KH

WXQLQJ� LV� UHDOLVHG�YLD� ,WXQH��7KH� WDLO� FXUUHQW� ,2� LV� FRPSHQVDWHG� IRU� ,WXQH� VR

WKDW� WKH� ELDVLQJ� RI� WKH� FLUFXLW� GRHV� QRW� FKDQJH�� 7KH� RXWSXW� RI� WKH

WUDQVFRQGXFWRU�LV�WHUPLQDWHG�ZLWK�DQ�1026�IROGHG�FDVFRGH�DQG�D�3026

FRPPRQ� PRGH� IHHGEDFN� FLUFXLW� LV� DSSOLHG�� )RU� LQFUHDVLQJ

WUDQVFRQGXFWDQFH� YDOXHV�� WKH� FXUUHQW�PRGXODWLRQ� RI� WKH� LQSXW� WUDQVLVWRUV

0�D�E� LQFUHDVHV��:LWKRXW�H[WUD�PHDVXUHV� WKHVH� WUDQVLVWRUV�ZLOO�GRPLQDQW

WKH� RYHUDOO� GLVWRUWLRQ� ILJXUHV�� 7KHUHIRUH� H[WUD�'&� FXUUHQWV�� HTXDO� WR� WKH

WXQH�FXUUHQW��DUH�LQMHFWHG�LQ�WKH�VRXUFHV�RI�WKH�LQSXW�WUDQVLVWRUV��7KH�IRXU�H[WUD�FXUUHQW�VRXUFHV��GDVKHG

OLQHV�LQ�ILJXUH����DUH�FRSLHV�RI�,WXQH�DQG�KDYH�D�PD[LPXP�YDOXH�RI���P$�

)LJXUH����9WXQH

,PSOHPHQWDWLRQ�



,Q� WKLV� GHVLJQ� WKH� QRLVH� RI� WKH� WUDQVFRQGXFWRU� LV� PDLQO\� GHWHUPLQHG� E\� WKH� FXUUHQW� VRXUFHV� RI� WKH

IROGHG�FDVFRGHV�DQG�WKH�FRPPRQ�PRGH�FLUFXLW��7KH�QRLVH�FXUUHQW�RI�WKH�FRUH�RI�WKH�WUDQVFRQGXFWRU�LV

UHODWLYHO\�ORZ��7KH�¨VRIW�VZLWFKHV©�SURGXFH�RQO\�WKHUPDO�QRLVH�DQG�QR���I�QRLVH�VLQFH�WKH�'&�FXUUHQW

LV�]HUR��,I�YLQz��WKH�YROWDJH�QRLVH�DW�WKH�JDWHV�RI�WKH�¨VRIW�VZLWFKHV©�LQWURGXFH�VRPH�FXUUHQW�QRLVH�LQ�WKH

VLJQDO�SDWK�

7KH� WUDQVFRQGXFWDQFH�ZDV�PHDVXUHG�YHUVXV�YLQ�

WKH�PHDVXUHPHQW� UHVXOWV� DUH� JLYHQ� LQ� ILJXUH� ��

)RU� KLJK� DQG� ORZ� WUDQVFRQGXFWDQFH� YDOXHV� WKH

FXUYH� LV� FRQYH[�� ,Q� WKHVH� VLWXDWLRQV� WKH� FLUFXLW

EHKDYHV� VLPLODU� DV� D� GHJHQHUDWHG� GLIIHUHQWLDO

SDLU�� )RU� LQWHUPHGLDWH� YDOXHV� WUDQVFRQGXFWDQFH

YDOXHV� WKH� FXUYHV� DUH� FRQFDYH�� 7KH� ¨VRIW�

VZLWFKHV©�DUH�IRUFHG�LQWR�VDWXUDWLRQ�E\�WKH�LQSXW

VLJQDO� ZKLFK� OHDGV� WR� DQ� LQFUHDVH� RI� WKH

WUDQVFRQGXFWDQFH�� 7KH� WUDQVFRQGXFWDQFH� LV

WXQHDEOH�ZLWK� WXQH� FXUUHQW� ,WXQH��7KH�ZRUVW� FDVH

7+'�RI�WKH�WUDQVFRQGXFWRU�IRU�DQ�LQSXW�YROWDJH

RI��9SSGLII�DQG�D�IUHTXHQF\�RI��N+]�LV����G%�
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$� WKLUG�RUGHU� ���0+]� ORZ�SDVV� %HVVHO� ILOWHU� ZLWK� H[WUD

QRWFK� IRU� LPSURYHG� VWRS�EDQG� GDPSLQJ� DQG� VPDOO� JURXS

GHOD\� YDULDWLRQ� KDV� EHHQ� UHDOLVHG� XVLQJ� WKH� GHVFULEHG

WUDQVFRQGXFWRU� LQ� D� ���PP� GRXEOH� SRO\� 1�ZHOO� &026

SURFHVV��$�SDVVLYH�SURWRW\SH�FLUFXLW�LV�JLYHQ�LQ�ILJXUH����D

EDODQFHG�DFWLYH�LPSOHPHQWDWLRQ�LQ�JLYHQ�LQ�ILJXUH����7KH

ILOWHU�WRSRORJ\�LV�VLPLODU�DV�LQ�>���@��$�FKLS�SKRWR�RI� WKH

FRPSOHWH� ILOWHU� LV� JLYHQ� LQ� ILJXUH� ��� WKH� UHTXLUHG� DUHD� LV
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7KH�JDLQ�RI�WKH�ILOWHU�ZDV�PHDVXUHG�DQG�WKH�UHVXOWV�DUH�VKRZQ�LQ�ILJXUH����7KH���G%�FXW�RII�IUHTXHQF\

FDQ� EH� WXQHG�PDQXDOO\� IURP� ���� WR� ���0+]� E\�PHDQV� RI� WKH� WXQH� FXUUHQW�� 7KH� GHSWK� RI� WKH� QRWFK

GHSHQGV�RQ�WKH�WXQLQJ�GXH�WR�WKH�YDU\LQJ�SKDVH�VKLIW�RI�WKH�WUDQVFRQGXFWRU��ZKLFK�LV�OHVV�WKDQ����q�DW

���0+]�IRU�WKH�QRPLQDO�WUDQVFRQGXFWDQFH�YDOXH��7DEOH���VKRZV�WKH�OLVW�RI�H[SHULPHQWDO�UHVXOWV�

)LJXUH��� 0HDVXUHG�WUDQVFRQGXFWDQFH

YHUVXV�YLQ��SDUDPHWHU�,WXQH��PD[����P$�

)LJXUH����3DVVLYH�ILOWHU�SURWRW\SH�

)LJXUH����$FWLYH�JP�&�ILOWHU�LPSOHPHQWDWLRQ��JP ��P6�



)LJXUH����&KLS�SKRWR�RI�UHDOLVHG�ILOWHU�

)LJXUH����0HDVXUHG�ILOWHU�JDLQ��SDUDPHWHU�,WXQH�
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$� WKLUG�RUGHU� ���0+]� FRQWLQXRXV�WLPH� ORZ�SDVV� ILOWHU� XVLQJ� D� QHZ� WUDQVFRQGXFWRU� GHVLJQ� KDV� EHHQ

UHDOLVHG�LQ�D����PP�GRXEOH�SRO\�&026�SURFHVV��7KH�LQSXW�YROWDJH�RI�WKH�ILOWHU�FDQ�EH��9SSGLII�ZKHUHDV

WKH�7+'� LV� OHVV� WKDQ� ���G%� LQ� WKH�ZKROH� SDVV�EDQG��7KH� ILOWHU� FRQVXPHV� ��P:�RQ� D� ���9� VXSSO\

YROWDJH�� 7KH� VHFRQG� RUGHU� HIIHFWV� RI� WKH� FRQWLQXRXVO\� WXQHDEOH� ¨VRIW�VZLWFKHG©� UHVLVWRU� EDVHG

WUDQVFRQGXFWRU�DUH�GHWHUPLQHG�E\�WKH�ILUVW�RUGHU�WUDQVLVWRU�FKDUDFWHULVWLFV��7KH�VHFRQG�RUGHU�HIIHFWV�RI

WKH�WUDQVLVWRU�KDUGO\�DIIHFW�WKH�WUDQVFRQGXFWRU�SHUIRUPDQFH�ZKLFK�PDNHV�WKH�FLUFXLW�DOVR�VXLWDEOH�IRU

IXWXUH� &026� WHFKQRORJLHV�� 7KH� WUDQVFRQGXFWRU� KDV� EHHQ� GHVLJQHG� IRU� PL[HG� PRGH� 9/6,� GHVLJQV

LPSOHPHQWHG�LQ�D�PRGHUQ�VXE�PLFURQ�&026�SURFHVV�
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7KLV�ZRUN� LV� VXSSRUWHG�E\�3KLOLSV�5HVHDUFK�/DERUDWRULHV�(LQGKRYHQ��7KH�1HWKHUODQGV��7KH�DXWKRUV

ZRXOG�OLNH�WR�WKDQN�5��)��:DVVHQDDU�RI�WKH�8QLYHUVLW\�RI�7ZHQWH�IRU�KLV�FRQWULEXWLRQV�
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