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$%675$&7�,Q� WKLV� SDSHU�� QHDU� ILHOG� � GLVWULEXWLRQ� RI� +�SODQH� VHFWRUDO� PXOWL�OD\HU� VROLG� GLHOHFWULF� KRUQ� DQWHQQDV� KDV� EHHQ� DQDO\]HG� WKHRUHWLFDOO\� XQGHU� VRPH�VLPSOLI\LQJ�DVVXPSWLRQV�IRU�7(�WR�;�PRGHV��6ROXWLRQ�RI�+HOPKROW]�HTXDWLRQ�LV�REWDLQHG�IRU�7(�WR�;�PRGHV�XVLQJ�VHSDUDWLRQ�RI�YDULDEOHV�WHFKQLTXH�E\�DVVXPLQJ�WKH�KRUQ�WR�EH�PDGH�RI�DQ�HTXLYDOHQW�KRPRJHQHRXV�GLHOHFWULF�PDWHULDO�RI�GLHOHFWULF�FRQVWDQW�HTXDO�WR�WKH�HTXLYDOHQW�RI�WKUHH�GLHOHFWULFV�RI�VOLJKWO\�GLIIHULQJ�GLHOHFWULF� FRQVWDQWV��2Q�DSSO\LQJ� WKH�SURSHU�ERXQGDU\� FRQGLWLRQV� L�H�� WKH� FRQWLQXLW\�RI� WKH� HOHFWULF� DQG�PDJQHWLF� ILHOGV� DW� WKH� LQWHUIDFHV� HDFK�EHWZHHQ� D� GLHOHFWULF� UHJLRQ� DQG� D� IUHH� VSDFH�� WUDQVFHQGHQWDO� HTXDWLRQV� IRU� WKH� WUDQVYHUVH� FRPSRQHQWV� RI� SURSDJDWLRQ� FRQVWDQWV� DUH� REWDLQHG�� 7KHVH�WUDQVFHQGHQWDO�HTXDWLRQV�DUH�VROYHG�IRU�WKH�WUDQVYHUVH�SURSDJDWLRQ�FRQVWDQWV��IRU�WKH�IXQGDPHQWDO�PRGH�DQG�IRU�WZR�KLJKHU�RUGHU�PRGHV�IRU�WKH�KRUQ�RI�D[LDO�OHQJWK� ������FP�DQG�IODUH�DQJOH�HTXDO�WR���������DQG�IRU�WKH�IXQGDPHQWDO�PRGH�DQG�IRU�WKUHH�KLJKHU�RUGHU�PRGHV�IRU�WKH�KRUQ�RI�D[LDO�OHQJWK� ���FP�DQG�IODUH�DQJOH� ������� DW������*+=��7KH�WKHRUHWLFDO�DSHUWXUH�GLVWULEXWLRQV�REWDLQHG�IRU�WKHVH�DQWHQQDV�DUH�FRPSDUHG�ZLWK�FRUUHVSRQGLQJ�H[SHULPHQWDO�RQHV��
��,QWURGXFWLRQ�'LHOHFWULF� URG� DQG� � KRUQ� DQWHQQDV� FDQ� FRPSHWH�ZHOO�ZLWK� VPDOO� KRUQV� IRU� VRPH�DSSOLFDWLRQV� >�@�� ,W� KDV�EHHQ� VKRZQ� WKDW� GLHOHFWULF�KRUQV� DUH�PRUH�GLUHFWLYH�WKDQ�WKHLU�PHWDO�FRXQWHUSDUWV�>�@��:KHQ�RSWLPL]HG��WKH\�PD\�EHFRPH�DQ�DOWHUQDWLYH�WR�WKH�SUHVHQW�PHWDOOLF�IHHGHUV�RQ�UHIOHFWRU�DQG�OHQV�DQWHQQDV��6HFWRUDO�VROLG�DQG�KROORZ�GLHOHFWULF�KRUQ�DQWHQQDV�KDYH�EHHQ�VWXGLHG�E\�PDQ\�LQYHVWLJDWRUV�>���@��,Q�WKLV�SDSHU��WKH�QHDU�ILHOG�DQDO\VLV�RI�+�SODQH�VHFWRUDO�PXOWL�OD\HU�VROLG�GLHOHFWULF�KRUQ�KDV�EHHQ�FDUULHG�RXW��$QDO\VLV�RI�WKH�ILHOG�GLVWULEXWLRQ�RI�WKLV�W\SH�RI�DQWHQQD LV�FRPSOLFDWHG�GXH�WR�FRPSOH[�QDWXUH�RI�WKH�ERXQGDU\�DQG�KHQFH�WKH�SUHVHQW�WKHRUHWLFDO�DSSURDFK�LV�EDVHG�RQ�VRPH�VLPSOLI\LQJ�DVVXPSWLRQV��7KH�ILHOG�FRPSRQHQWV�IRU�7(�WR�;�PRGHV�IRU�WKH�PXOWL�OD\HU�DQWHQQD�KDYH�EHHQ�REWDLQHG�E\�VROYLQJ�WKH�+HOPKROW]�HTXDWLRQ�IRU�DQ�HTXLYDOHQW�KRPRJHQHRXV�VROLG�GLHOHFWULF�KRUQ�XVLQJ�WKH�VHSDUDWLRQ�RI�YDULDEOHV�WHFKQLTXH�DQG�DSSO\LQJ�WKH�DSSURSULDWH�ERXQGDU\�FRQGLWLRQV��7KH� WKHRUHWLFDO� QHDU� ILHOG� GLVWULEXWLRQV� IRU� WKH� DQWHQQDV� RI� D[LDO� OHQJWKV� ������ FP�DQG��� FP�DQG� IODUH� DQJOH� ������ LQ� HDFK�� DUH� FRPSDUHG�ZLWK� WKH�FRUUHVSRQGLQJ�H[SHULPHQWDO�DW������*+=�LQ�;�EDQG��
��7KHRUHWLFDO�$QDO\VLV�$�VNHWFK�RI�WKH�+�SODQH�VHFWRUDO�PXOWL�OD\HU�VROLG�GLHOHFWULF�KRUQ�LV�VKRZQ�RQ�ILJXUH����7KH�DQWHQQD�LV�V\PPHWULFDO�DERXW�WKH�PLG�SODQH� 7KH�DQDO\VLV�RI�WKH�QHDU�ILHOG�GLVWULEXWLRQ�IRU�WKLV�W\SH�DQWHQQD�LV�FRPSOLFDWHG�GXH�WR�WKH�FRPSOH[�QDWXUH�RI�WKH�ERXQGDU\��7KH�DQDO\VLV�FDQ�EH�PDGH�VLPSOHU�E\�UHGXFLQJ�WKH��H[LVWLQJ�ERXQGDULHV�E\�FDOFXODWLQJ�WKH�HTXLYDOHQW�UHODWLYH�GLHOHFWULF�FRQVWDQW� HII0 IRU�WKH�WKUHH�GLHOHFWULF�OD\HUV�RQ�RQH�VLGH�RI�WKH�PLG�SODQH�RI�WKH�DQWHQQD�XQGHU� WKH�DVVXPSWLRQ�RI�VDPH�HOHFWULF�ILHOG�VWUHQJWK�LQ� WKH�WKUHH�OD\HUV��$Q�HTXLYDOHQW�KRPRJHQHRXV�GLHOHFWULFV�KRUQ�DQG�WKH�FRRUGLQDWH�V\VWHP�XVHG�WR�GHULYH�ILHOG�FRPSRQHQWV�DUH�VKRZQ�LQ�ILJXUH���� HII0 PD\�EH�ZULWWHQ�DV�>�@��
:KHUH� �� 0�0 DQG��DUH�WKH�UHODWLYH�GLHOHFWULF�FRQVWDQWV�RI�WKH�WKUHH�OD\HUV�DQG�Y���Y���Y� DUH�WKH�YROXPHV�RFFXSLHG�E\�WKH�UHVSHFWLYH�OD\HUV�DV��VKRZQ�LQ�ILJXUH����,Q�WHUPV�RI�GLHOHFWULF�OD\HUV�GLPHQVLRQV��
:KHUH�³D´�DQG�³E´�DUH�WKH�EURDG� DQG�QDUURZ� GLPHQVLRQV�RI�WKH�WKURDW�RI�WKH�DQWHQQD�DQG�³/´�LV�WKH�D[LDO�OHQJWK�IURP�WKH�WKURDW��+HUH�7(�WR�[�PRGH�KDV�EHHQ�FKRVHQ�IRU�WKH�DQDO\VLV��6LQFH�D[LDO�FRPSRQHQWV�RI�ERWK�HOHFWULF�DQG�PDJQHWLF� ILHOGV��(] 	�+���H[LVW�LQ�WKLV�PRGH��WKH�PRGH�LV�FDOOHG�K\EULG�PRGH��7KH�ZDYH�SURSDJDWLRQ� LV� DVVXPHG� WR�EH� DORQJ� WKH� ]�GLUHFWLRQ�ZLWK�DQ�H[S^� �W&=��M B] `� �ZKHUH� ]� LV� WKH�D[LDO�SURSDJDWLRQ�FRQVWDQW�DQG�& LV�WKH�DQJXODU�IUHTXHQF\�GHSHQGHQFH��7KH�ILHOG�FRPSRQHQWV�IRU�7(�WR�;�PRGH�DUH�JLYHQ�E\�+DUULQJWRQ�>�@�

:KHUH�% �FDOOHG�WKH�SRWHQWLDO�IXQFWLRQ��LV�WKH�VROXWLRQ�RI�WKH�+HOPKROW]�HTXDWLRQ �@> ��  �� \N ��N � 0�Z � LV�WKH�DQJXODU�IUHTXHQF\��DQG� 0DQG � HSUHVHQW�WKH�SHUPLWWLYLW\�DQG�SHUPHDELOLW\�RI�WKH�PHGLXP�LQ�TXHVWLRQ�UHVSHFWLYHO\��)URP�WKH�ERXQGDU\�FRQGLWLRQ�UHTXLUHPHQWV��WKH�SURSHU�IRUPV�RI�WKH�SRWHQWLDO�IXQFWLRQ�% LQ�GLIIHUHQW�UHJLRQV�GHSLFWHG�LQ�ILJXUH����&RQ�EH�ZULWWHQ�DV�>���@�

:KHUH� �  ����������������UHIHUV�WR�D�SDUWLFXODU�UHJLRQ��UHJLRQ�³�´�LV�D�GLHOHFWULF�PHGLXP�RI�UHODWLYH�GLHOHFWULF�FRQVWDQW� � HII0 ��DQG�UHJLRQ�³�´��³�´��³�´��	�³�´�DUH�DLU���.[Y DQG�.\Z DUH�WKH�WUDQVYHUVH�SURSDJDWLRQ�FRQVWDQWV�LQ� WK� UHJLRQ��7KH�IDFWRU�H[S^� �W&=��M B] `�LV�RPLWWHG�IURP�WKHVH�H[SUHVVLRQV��7KH�GHSHQGHQFH�RI�WKH�SRWHQWLDO�IXQFWLRQ�RQ�UHJLRQ�³�´�KDV�EHHQ�DVVXPHG�FR�VLQXVRLGDO�RQ�ERWK�[�DQG�\�GLUHFWLRQV��,W�LV�ZHOO�NQRZQ�WKDW�WKH�ILOHG�RXWVLGH�D�GLHOHFWULF� URG� GHFD\V� H[SRQHQWLDOO\�� 7KHUHIRUH� LQ� UHJLRQV� ³�´� DQG� ³�´�� WKH� SRWHQWLDO� IXQFWLRQV� DUH� DVVXPHG� WR� YDU\� FR�VLQXVRLGDOO\� DORQJ� <�� DQG�H[SRQHQWLDOO\�DORQJ�;�� WKRVH� LQ�UHJLRQ�³�´�DQG�³�´�YDU\�FR� VLQXVRLGDOO\�DORQJ�;�DQG�H[SRQHQWLDOO\�DORQJ�<�LQ�WKH�VDPH�ZD\�DV�LI�WKH�HTXLYDOHQW�VROLG�GLHOHFWULF�KRUQ�KDG�EHHQ DQ�XQLIRUP�UHFWDQJXODU�GLHOHFWULF�VODE�>�@��

@E� .WDQ/>�@/E�D>
0@`E� �WDQ//>^�0@E� �WDQ//>�0@/E�D> 0 ���HII

«««
«««
¬

ª
�� 

��H[S�� ��H[S��FRV ����H[S ����H[S ����B

<MN;N&RV0 \MN;N0 <N\&RV;MN0 <N\&RV;MN0 <N\&RV;N&RV0

\[
\Y[

[
[Y

[Y

���
��

���
��

��
%

�� ��
���

������ 0000 999 999
HII �� �� 

���
���
���

B

\M+\(
\M+](

N[M+(

]]

\\

[[

wuww ww 
wuw w ww 
�ww  

%&��%
%&��%

%&���

�

�
��

�

PROCEEDINGS OF ISAP2005, SEOUL, KOREA

- 733 -

POS-A-41

ISBN: 89-86522-78-0   94460    KEES



�

���
���

���

����

����

����

7R�PDWFK�WKH�ILHOGV�DW�WKH�ERXQGDULHV�EHWZHHQ�UHJLRQ�³�´�DQG�UHJLRQV�³�´�	�³�´��LW�LV�DVVXPHG�WKDW��
6LPLODUO\�WR�PDWFK�WKH�ILHOGV�EHWZHHQ�WKH�UHJLRQV�³�´�DQG�UHJLRQV�³�´�	�³�´��LW�LV�DVVXPHG�WKDW

7KH�SURSDJDWLRQ�FRQVWDQW�.[Y��.\Y DQG� ]� DUH�UHODWH�E\�WKH�HTXDWLRQ�
%RXQGDU\�&RQGLWLRQV�7DQJHQWLDO�FRPSRQHQWV�RI�HOHFWULF�DQG�PDJQHWLF�ILHOGV�DW�WKH�ERXQGDULHV�DUH�FRQWLQXRXV��L�H�

:KHUH�³D´�LV�WKH�EURDG�FURVV�VHFWLRQDO�GLPHQVLRQ�RI�WKH�IHHGHU��������FP���³E´�LV�WKH�QDUURZ�GLPHQVLRQ�RI�WKH�IHHGHU�� �����FP���] �³/´�LV�WKH�D[LDO�OHQJWK�RI� WKH� KRUQ�� DQG� ³D´� LV� WKH� KDOI�IODUH� DQJOH�7KH� SRWHQWLDO� IXQFWLRQV� �HTXDWLRQ� ����DUH� VXEVWLWXWHG� LQ� WR� HTXDWLRQ� ���� IRU� YDULRXV ILHOG� FRPSRQHQWV�� 7KH�UHVXOWLQJ� ILHOG� H[SUHVVLRQV� DUH� VXEVWLWXWHG� LQ� WR� ERXQGDU\� FRQGLWLRQV� �HTXDWLRQV� ���� WR� ������ DQG� XVH� LV�PDGH� RI� HTXDWLRQV� ����� ����� DQG� ���� WR� REWDLQ��WUDQVFHQGHQWDO�HTXDWLRQV�IRU�WUDQVYHUVH�SURSDJDWLRQ�FRQVWDQWV�.[ DQG�.\��ZKLFK�FDQ�EH�ZULWWHQ�DV�

,Q�WKH�GHULYDWLRQ�RI�WKH�WUDQVFHQGHQWDO�HTXDWLRQV�LW�LV�DVVXPHG�WKDW�

6LQFH� WKH� HTXLYDOHQW� GLHOHFWULF� FRQVWDQW� RI� WKH� KRUQ� LV� QRQ�PDJQHWLF� DQG� WKH� UHJLRQV� ��� ��� ���	� �� DUH� WKH� VDPH� �DLU��� DQG� � � � DUH� WKH� SHUPLWWLYLW\� DQG�SHUPHDELOLW\�RI�WKH�DLU�UHJLRQV�DQG�LV�WKH�HIIHFWLYH�YDOXH�RI�UHODWLYH�GLHOHFWULF�FRQVWDQW�RI�WKH�HTXLYDOHQW�KRPRJHQHRXV�VROLG�GLHOHFWULF�KRUQ��7KH�YDOXHV�RI�WUDQVYHUVH�SURSDJDWLRQ�FRQVWDQWV�.[ DQG�.\ IRU�WKH�IXQGDPHQWDO�DQG�KLJKHU�RUGHU�PRGHV�ZHUH�FRPSXWHG�IRU�WKH�KRUQV�RI�D[LDO�OHQJWKV� ������DQG���FP�DQG�IODUH�DQJOH ������ LQ�HDFK�FDVH�DW������*+=��7KH�GLPHQVLRQV�RI�WKHVH�PXOWL�OD\HU�KRUQV��ILJXUH�����DUH�JLYHQ�EHORZ�
$[LDO�/HQJWK��/��FP )ODUH�$QJOH�����'HJUHH� ³D´�FP� ³E´�FP� ³('´�FP� ³'&´�FP�+RUQ�� ���� ����� ����� ����� ����� �����+RUQ�� ���� ����� ����� ����� ����� �����

2QFH�WKH�YDOXHV�RI�WUDQVYHUVH�SURSDJDWLRQ�FRQVWDQWV�IRU�WKHVH�DQWHQQDV�DUH�IRXQG�RXW��YDOXHV�RI�D[LDO�SURSDJDWLRQ�FRQVWDQW����FDQ�EH�FDOFXODWHG��7KH�QHDU�ILOHG�H[SUHVVLRQ�IRU���IRU�GLIIHUHQW�7(�WR�[�PRGHV�LV�JLYHQ�E\�WKH�IROORZLQJ�IRUPXOD�
3XWWLQJ�WKH�YDOXHV�RI�WUDQVYHUVH� DQG�D[LDO� SURSDJDWLRQ�FRQVWDQWV�IRU�GLIIHUHQW�PRGHV�LQ�WKH�H[SUHVVLRQ�IRU����WKH�UHODWLYH�ILOHG�VWUHQJWK�DW�GLIIHUHQW�SRLQWV�DFURVV�WKH�DSHUWXUH�RI�WKH�KRUQ�ZHUH�FRPSXWHG��7KH�WKHRUHWLFDO�QHDU�ILHOG�GLVWULEXWLRQV�IRU�GLIIHUHQW�PRGHV�IRU�WKH�PXOWL�OD\HU�KRUQ�RI�D[LDO�OHQJWK������FP�DQG�IODUH�DQJOH� ������� OHQJWK� ��FP�DQG�IODUH�DQJOH� ������� DUH�JLYHQ�LQ�ILJXUH���
���([SHULPHQWV�DQG�5HVXOWV�7KH�PHDVXUHPHQW�RI�QHDU�ILOHG�DPSOLWXGHV�DFURVV�WKH�DSHUWXUH�RI�WKH�WZR�+�SODQH�VHFWRUDO�PXOWL�OD\HU�VROLG�GLHOHFWULF�KRUQV�RI�D[LDO�OHQJWKV� ������DQG���FP�DQG�IODUH�DQJOH� ������� LQ�HDFK�FDVH�LV�FDUULHG�RXW�DW������*+=��7KH�H[SHULPHQWDO�VHW�XS�LV�VKRZQ�LQ�ILJXUH����0LFURZDYH�VRXUFH�LV�D�*XQQ�RVFLOODWRU�IURP�ZKLFK�PLFURZDYH�VLJQDO�RI�IUHTXHQF\� ������*+=�LV�JHQHUDWHG�DQG�PRGXODWHG�ZLWK���.+=�VTXDUH�ZDYH��7KH�PRGXODWHG�PLFURZDYH�VLJQDO�LV�IHG��WKURXJK�RWKHU�QHFHVVDU\�FRPSRQHQWV��LVRODWRU��YDULDEOH�DWWHQXDWRU��IUHTXHQF\ PHWHU�����G%�GLUHFWLRQDO�FRXSOHU��DQG�(�+�WXQHU��WR�WKH�DQWHQQD�XQGHU�WHVW��7KH�SUREH�XVHG�WR�VDPSOH�SRZHU�DFURVV�WKH�DSHUWXUH�RI�WKH�DQWHQQD�XQGHU�WHVW�LV�DQ�H[WHQGHG�FHQWUDO�FRQGXFWRU�RI�ULJLG�FR�D[LDO�FDEOH��(�+��WXQHU�LV�XVHG�WR�PD[LPLVH�WKH�SRZHU�IHG WR�WKH�DQWHQQD����G%�GLUHFWLRQDO�FRXSOHU�LV�XVHG�WR�VDPSOH�WKH�SRZHU�IHG�WR�WKH�DQWHQQD��6TXDUH�ODZ�FU\VWDO�GHWHFWRU�LV�XVHG�WR�GHWHFW�WKH�PLFURZDYH�SRZHU�SLFNHG�XS�E\�WKH�SUREH��)ROORZLQJ�WKLV�SURFHGXUH��WKH�QHDU�ILHOG�GLVWULEXWLRQV�RI�WKH�WZR�DQWHQQDV�DUH�PHDVXUHG��([SHULPHQWDO�QHDU�ILHOG�GLVWULEXWLRQV�DUH�SORWWHG�LQ�ILJXUHV���	���UHVSHFWLYHO\�IRU�WKH�WZR�DQWHQQDVRI�D[LDOOHQJWKV� ������DQG���FP�DQG�IODUH�DQJOH� ������� LQ�HDFK��,W� FDQ� EH� VHHQ� IURP� ILJXUHV� �� 	� �� WKDW� WKHRUHWLFDO� GLVWULEXWLRQV� IRU� WKH� IXQGDPHQWDO� PRGH� IRU� WKHVH� DQWHQQDV� DUH� QRW� LQ� YHU\� JRRG� DJUHHPHQW� ZLWK�FRUUHVSRQGLQJ�H[SHULPHQWDO��GLVWULEXWLRQV��)LJ�� VKRZV�VLPXODWHG�DQG�PHDVXUHG�UHWXUQ�ORVV�FXUYHV��7KH�PHDVXUHPHQWV�ZHUH�DIIHFWHG�E\�:5����VWDQGDUG�;�EDQG�DGDSWRU�VSHFLILFDWLRQV��EXW�ILQDOO\�WKH�PHDVXUHG�96(5�YDOXH�ZDV�OHVV�WKDQ�������WKDW�LV�DFFHSWDEOH�IRU�WKH�UHTXLUHPHQWV�
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)LJ����+�SODQH�VHFWRUDO�PXOWL�OD\HU�VROLG�GLHOHFWULF�KRUQ� )LJ��� &2�2UGLQDWH�V\VWHP�RI�+� SODQH�VHFWRUDO�HTXLYDOHQW��HTXLYDOHQW�VROLG�GLHOHFWULF�5RP�

6HSWXP�SRODUL]HU7KLV�FRQWULEXWLRQ�SUHVRQWV�QHZ�GHVLJQ�GLPHQVLHQV�IRU�WKH�ULGJH�ZDXHJXLGH�VHSWXP�SRODUL]HU��(PSKDVLV�LV�SODHDG�ILUVW�WKH�DQ�LQFOXGLQJ�WKH�ILQLWH�VHSWXP�WPLFKPRQ�LQ�WKH�DQDO\VLV��VHFHG���GHPHQVWURXWLQJ�WKLUG��LQFOXGLQJ�D�VWHSSHG�DSSURDFK�IRU�H[WUHPHO\�WKHLU�VHSWD��IRUWK���RSWLPL]LQJ�FRPSRQHQWV�ZLWKRXW�WKH�QHHG�IRU�DGLWLRQDO�SKDVH�± DGMXVILQJ�WURFWXUHV��DGG�ILIWK��SURYLGLQJ�WKH�DSSOLFDWLRQ�HQJLQHHUV�ZLWK�VHQG�GHVLJQ�JXLGHOLQHV�6WHSUHG�VHIWXP�LQD�VTXDU�ZDPZJXLGH�LV�D�YHU\�LQWHUVWLQJ�GHYLFH�WR�H[FLWH�OLJK�SXULW\�OHIW�± KHDG�RU�ULJKW�KHDG�FLUFXODU�SRODUL]DWLRV�LQDFLUFXODU�ZDPH�JLGH�>�@��*W�XVLQJ�HQWUHPO\�FRPSDFW�HOHPHQW�ZKLFK�KHDG�OHV�WKH�WDQNV�RI�EDWK�WKH�RUWKHPHGH�VWURPVGXFHUV��207��DQG�SRODUL]HU�
$�7KHRU\WKH�VWHSSHG�VHSWXP�SRODUL]HU�LQ�VTXDUH�ZDYHJXLGH�WHFKQROLJ\�LV�ZHOO�NQRZQ�IRU�LWV�DSSOLFDWLRQ�DV�RUWKRPRGH�WUDQVGXFHU��7KLV�REMHFW�LV�FRQVLVWV�RI�D�VTXDUH�ZDYHJXLGH� DQG� D� PHWDO� VWHSSHG� SODWH� �VHSWXP��� 7KH� ILHOG� WUDQVLWLRQ� LQVLGH� WKH� VHSWXP� SRODUL]HU� LV� VKRZQ� LQ� ILJ��� $� ILHOG� FRPSRQHQW� �LQ� WKH� VTXDUH�ZDYHJXLGH��SHUSHQGLFXODU�WR�WKH�VHSWXP�WUDQVIRUPV�LQ�WR�WZR�HYHQ�±PRGH�VLJQDOV�LQ�WKH�UHFWDQJXODU�SRUWV��SDUDOOHO�FRPSRQHQWV�WUDQVIRUPV�LQ�WR�WZR�RGG�PRGH VLJQDOV��,I�ERWK�FRPSRQHQWV�H[LVW�VLPXOWDQHRXVO\��FDQFHOODWLRQ�FRQ�RFFXU�LQ�RQH�UHFWDQJXODU�SRUW��SURYLGH�WKH�DPSOLWXGHV�DUH�LGHQWLFDO�DQG�SKDVHV�DUH�FRUUHFW�� )RU� H[DPSOH� LI� D� 5+&3� ILHOG� LV� SURSDJDWLQJ� WR� ZDUG� WKH� VHSWXP� LWV� WZR� RUWKRJRQDO� FRPSRQHQWV�ZLOO EH� DV� VKRZQ� LQ� ILJ� ��ZLWK� WKH� YHUWLFDO�FRPSRQHQW�OHDGLQJ�WKH�KRUL]RQWDO�E\���� 7KH�VHSWXP�UHJLRQ�LV�HTXLYDOHQW�WR�VLQJOH�±ULJLG�ZDYHJXLGH�WR�WKH�YHUWLFDO�FRPSRQHQW��DQG�LW�LV�GHOD\HG�LQ�SKDVH�UHODWLYH�WR�WKH�KRUL]RQDO�RQH��$�SURSHUW\�GHVLJQHG�VHSWXP�DOORZV�DEWDLQLQJ�D�GLIIHUHQWLDO�GHOD\�HTXDO�WR�����UHVXOWLQJ�LQ�ILOHG�FDQFHOODWLRQ��LQ�SRUW�/�DQG�UHLQIRUFHPHQW�LQ�SRUW�5��
%��'HVLJQ�%DVHG�RQ�RXU�NQRZOHGJH��IRXU�VHFWLRQV�FRQVWDQW�WKLFNQHVV�VHSWXP�SRODUL]HU�KDV�D�JRRG�SHUIRUPDQFH�IRU�RXU�GHVLUHG�GHVLJQ��7KH�LQSXW�VTXDUH�ZDYHJXLGH�KDV�WKH�GLPHQVLRQV�RI�D E �������WKDW�LV�GLYLGHG�E\�D�VHSWXP�ZLWK�WKLFNQHHV�W ����PP��SURYLGH�WZR�RXWSXW�SRUWV�RI�VWDQGDUG�;�EDQG�ZDYHJXLGH�����´������HDFK�SRUW�ZDV�FRQQHFWHG�WR����ZDYHJXLGH�EHQG�WR�VHSDUDWH�WKH�SRUWV�PHFKDQLFDOO\�DQG�SURYLGH�DELOLW\�WR�FRQQHFW�WR�VWDQGDUG�:5����ZDYHJXLGH�FRQQHFWRU��7KH�VHSWXP�VWHSV��OHQJWK�DQG�KHLJKWV��ZHUH�GHVLJQHG�DQG�RSWLPL]HG�WR�KDYH�LQSXW�UHWXUQ�ORVV�EHWWHU�WKDQ�±��G%����G%�SRUW�WR�SRUW�LVRODWLRQ��DQG�OHVV�WKDQ����� G%� D[LDO� UDWLR� RQ� WKH� RSHUDWLQJ� ������*+=� IUHTXHQF\� EDQG��$OO� WKH� VLPXODWLRQV� KDYH� EHHQ� SHUIRUPHG�ZLWK�+)66� FRGH� DQG� WKHUH�ZHUH� YHU\� JRRG�DJUHHPHQW�EHWZHHQ�VLPXODWLRQ�DQG�ODERUDWRU\�PHDVXUHHPHQWV��7KH�WRWDO�OHQJWK�RI�WKH�FRQVWUXFWHG�VWHSSHG�VHSWXP�SRODUL]HU�E\�FRQVWXFWHG�VWHSSHG�VHSWXP�SRODUL]HU�E\�FRQVLGHULQJ�WKH����EHQG�ZDV�����PP��
���FRQFOXVLRQV,Q� WKLV� SDSHU�� DWWHPSWV� KDYH� EHHQ�PDGH� WR� ILQG� WKH� QHDU� ILHOG� DQDO\VLV� IRU�+�SODQH� VHFWRUDO�PXOWL�OD\HU� VROLG� GLHOHFWULF� KRUQ� XQGHU� VHYHUDO� VLPSOLI\LQJ�DVVXPSWLRQV�DQG�WR�FRPSDUH�WKH�WKHRUHWLFDO�QHDU�ILHOG�GLVWULEXWLRQV�ZLWK�WKH�H[SHULPHQWDO�RQHV��7KH�WKHRUHWLFDO�QHDU�ILHOG�GLVWULEXWLRQV�IRU�WKH�IXQGDPHQWDO�PRGH�IRU�WKHVH�DQWHQQDV�DUH�QRW�LQ�YHU\�JRRG�DJUHHPHQW�ZLWK�WKH�FRUUHVSRQGLQJ�H[SHULPHQW�GLVWULEXWLRQV��7KH�UHDVRQV�IRU�GLVDJUHHPHQW�PD\�EH�GXH�WR��,���WKH�JHQHUDWLRQ�RI�XQDFFRXQWHG�KLJKHU�RUGHU�PRGHV���,,���VXUIDFH�ZDYH�DVVXPSWLRQ�QRW�EHLQJ�IXOO\�YDOLG���,,,�DSSUR[LPDWLRQ�PDGH�LQ�DUULYLQJ�DW�WKH�HIIHFWLYH�UHODWLYH�GLHOHFWULF�FRQVWDQW�YDOXH�QRW�EHLQJ�IXOO\�YDOLG���,9��UHIOHFWLRQV�RFFXUULQJ�DW�HDFK�LQWHUIDFH�EHWZHHQ�WZR�GLHOHFWULFV�RI�WKH�PXOWL�OD\HU�KRUQ$Q� DSSURSULDWH� VHSWXP�SRODUL]HU�ZDV� GHVLJQHG� DQG� FRQVWUXFWHG� WR� UHFHLYH� WKH� GHVLUHG� FLUFXODU� SRODUL]HG� VLJQDO�ZLWKRXW� QHHGLQJ� DQ\� K\EULG� FLUFXLWV� RU�RUWKRPRGH�WUDQVGXFHU��207���7R�PDWFK�WKH�IHHG�LQSXW��F\OLQGULFDO�ZDYHJXLGH��DQG�VHSWXP�SRODUL]HU��VTXDUH�ZDYHJXLGH��DQ�DSSURSULDWH�FLUFXODU�WR�VTXDUH�WUDQVPLVVLRQ�ZDV�GHVLJQHG�DQG�XVHG�LQ�WKH�ILQDO�V\VWHP�DSSOLFDWLRQ��$�YHU\�JRRG�DJUHHPHQW�EHWZHHQ�VLPXODWLRQV�DQG�PHDVXUHPHQWV�KDV�EHHQ�REWDLQHG��7KLV�V\VWHP�FRXOG�EH�XVHG�IRU�VSHFLDO�ORZ�EDQGZLGWK�DQG�GXDO�FLUFXODU�SRODUL]HG�VDWHOOLWH�GDWD�OLQN��1HZ�SURILOHG�FRUUXJDWHG�KRXUV�DQG�UHIOHFWRU�V\VWHPV�DUH�XQGHU�GHYHORSPHQW�
5HIHUHQFH>�@�-�5��-DPHV��³(QJLQHHULQJ�$SSURDFK�WR� WKH�'HVLJQ�RI�7DSHUHG GLHOHFWULF�5RG�	�+RUQ�$QWHQQDV´��5DGLR�(OHFWURQ��(QJJ���YRO�������SS�����������-XQH�������>�@�5�.��-KD��'�.��0LVKUD��DQG�/��-KD��³$�&RPSDUDWLYH�VWXG\�RI�'LHOHFWULF�DQG�0HWDOOLF�+RUQ�$QWHQQDV´��,(((�,(5(�,QGLD��)HE�������>�@�5�.��-KD�DQG�$�$DV��³+�3ODQH�6HFWRUDO�'LHOHFWULF�+RUQ�$QWHQQDV´��,(((�,(5(�3URF��,QGLD��1R����SS���������0DUFK�$SULO�������>�@�$�.��6LQJK��%��-KD��DQG�5�.��-KD��³1HDU�)LHOG�$QDO\VLV�RI�+�3ODQH�+ROORZ�6HFWRUDO�'LHOHFWULF�+RUQ�$QWHQQDV´��,QWHUQDWLRQDO�-RXUQDO�RI�(OHFWURQLF��9RO������1R����SS������������������>�@�/�1��/RVKDNRY�DQG�(�%��2/�³GHUJJH´�³3URSDJDWLRQ�RI�VORZ�ZDYHV�DORQJ�D�+HOL[�ZLWK�'LHOHFWULF�6XSSRUW´��5DGLR�(QJLQHHULQJ�	�(OHFWURQLF�3K\VLFV��9RO������1R����SS���������������>�@�5�)��+DUULQJWRQ��7LPH�+DUPRQLF�(OHFWURPDJQHWLF�ILHOGV��0F�*URZ�+LOO�%RRN�FR����1HZ�<RUN�������>�@�(�$�&��0DUFDWLOOL��³'LHOHFWULF�5HFWDQJXODU�:DYHJXLGH�DQG�'LUHFWLRQDO�&RXSOHU�IRU�,QWHJUDWHG�$LU�8QLW´��%67-��9RO������1R����SS�������������������>�@�3�-�%��&ODUULFRDWV�DQG�&�(�5�&��6DOHPD��³$QWHQQDV�(PSOR\LQJ�&RQLFDO�'LHOHFWULF�+RUQV�3DUW�,�	�,,´��3URF��,((��9RO�������SS��������������������-XO\�������>�@�%HKH��5��%UDFKDW��3��³FRPSDFW�GXSOH[HU� SRODUL]HU�ZKLW�VHPLFLUFXODU�ZDYHJXLGH´�,(((�WUDQVDFWLRQ�RQ�$QWHQQDV�DQG�SURSDJDWLRQ��YRO�����,VVXH����$XJ�������

- 735 -



�

)LJ��� ([SHULPHQWDO�VHW�XS�IRU�PHDVXULQJ�WKH�QHDU�ILHOG�GLVWULEXWLRQ�

)LJ����VLPXODWHG�DQG�PHDVXUHG�UHWXUQ�ORVV )LJ����ILHOG�WUDQVLWLRQ�LQVLGH�WKH��VTXDUH�ZDYHJXLGH

)LJ����SRODUL]HU�RSHUDWLRQ

)LJ����1HDU�ILHOG�'LVWULEXWLRQV�RI�+� SODQH�VHFWRUDO��0XOWL�OD\HU�VROLG�GLHOHFWULF�KRUQ�RI�D[LDO�OHQJWK� ������FP�DQG�IODUH�DQJOH� ������

VRXUFH ,,62/$725 9$5,$%/(�$77(18�$725 )5(4�0(7(5 (+781(5
'(7(&72

32:(50(7(5
$17(11$81'(5�7(67
352%(

(+781(5�'(7(&72532:(50(7(5

�����FP

)LJ����QHDU�ILHOG�GLVWULEXWLRQV�RI�+�SODQH�VHFWRUDO�PXOWL�OD\HU�VROLG�GLHOHFWULF�KRUQ�RI�D[LDO�OHQJWK� �FP�DQG�IODUH�DQJOH� �������

- 736 -


