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/�YDOLQH�LV�H[DPLQHG�DV�D�GHULYDWL]LQJ�DJHQW�IRU�WKH�VWHUHRFKHPLFDO�DQDO\VLV�RI���PHWK\O���EX�
WDQRO� DQG���PHWK\O���SHQWDQRO�� E\� �+�105�VSHFWURPHWU\��5DFHPL]DWLRQ�GRHV�QRW�RFFXU�GXULQJ
GHULYDWL]DWLRQ��,W�LV�VKRZQ�WKDW�WKH�FKHPLFDO�VKLIW�GLIIHUHQFHV�RI�WKHVH�HSLPHULF�HVWHUV�DUH�XVHIXO�IRU
WKH�DVVLJQPHQW�RI�WKH�FRQILJXUDWLRQ�DQG�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�HQDQWLRPHULF�FRPSRVLWLRQ�RI
WKH�SULPDU\�FKLUDO�DOFRKROV�IURP�ZKLFK�WKH\�ZHUH�SUHSDUHG�

.H\ZRUGV��DEVROXWH�FRQILJXUDWLRQ��RSWLFDO�SXULW\��FKLUDO�SULPDU\�DOFRKRO��105

,QWURGXFWLRQ

$Q�XVXDO�SURFHGXUH�IRU�WKH�VWHUHRFKHPLFDO�DQDO\VLV�RI
VHFRQGDU\�FKLUDO�DOFRKROV�LV�WKH�FRQYHUVLRQ�RI�HQDQWLRPHUV
LQWR�D�GLDVWHUHRPHULF�HVWHU�PL[WXUH��XVLQJ�DQ�RSWLFDOO\�SXUH
UHDJHQW��IROORZHG�E\�DQDO\VLV�RI�WKH�UHVXOWLQJ�PL[WXUH�E\
JDV�OLTXLG�SDUWLWLRQ�FKURPDWRJUDSK\��JOSF���RU�E\�QXFOHDU
PDJQHWLF�UHVRQDQFH��105��VSHFWURPHWU\���7KH�JOSF�WHFK�
QLTXH� GRHV� QRW� VHHP� WR� EH� JHQHUDOO\� DSSOLFDEOH� IRU� WKH
UHVROXWLRQ�RI�GLDVWHUHRPHULF�GHULYDWLYHV�RI�FKLUDO�SULPDU\
DOFRKROV��,W�KDV�EHHQ�UHSRUWHG�WKDW�GLDVWHUHRPHULF�HVWHUV�RI
VHFRQGDU\�DOFRKROV��GHULYDWL]HG�ZLWK�RSWLFDOO\�SXUH�DFHW\�
ODWHG�ODFWLF�DFLG��ZHUH�UHVROYHG�LQ�D�FDSLOODU\�FROXPQ��ZKLOH
WKRVH�IURP�SULPDU\�DOFRKROV�KDYLQJ�WKH�FKLUDO�FHQWHU�DW�&��

DQG�&���ZHUH�QRW���7KH�XVH�RI�SHUPHWK\ODWHG�E�F\FORGH[�
WULQ�DV�VWDWLRQDU\�SKDVH�RI�FDSLOODU\�JOSF�FROXPQV�OHG�WR�WKH
VHSDUDWLRQ�RI�HQDQWLRPHUV�RI�VRPH�VHFRQGDU\�FKLUDO�DOFR�
KROV�EXW�IDLOHG�WR�VHSDUDWH�WKH�HQDQWLRPHUV�RI�WKH�SULPDU\
DOFRKROV� ��PHWK\O���EXWDQRO� DQG� ��PHWK\O���SHQWDQRO��
0RUH�UHFHQWO\��VXFFHVVIXO�JOSF�UHVROXWLRQV�RI�WKH�HQDQWLRP�
HUV� RI� ��PHWK\O���EXWDQRO� DQG� RI� WKH� WULIOXRURDFHW\ODWHG
��PHWK\O���SHQWDQRO� DQG� ��PHWK\O���KH[DQRO� E\� XVLQJ� D

WULIOXRURDFHW\ODWHG�J�F\FORGH[WULQ�DV�VWDWLRQDU\�SKDVH�ZHUH
UHSRUWHG��

1XFOHDU�PDJQHWLF�UHVRQDQFH�PHWKRGV��ZLGHO\�DSSOLHG
WR�GHWHUPLQH�HQDQWLRPHULF�FRPSRVLWLRQ�DV�ZHOO�DV�WR�LQIHU
WKH�FRQILJXUDWLRQ�RI�VHFRQGDU\�FDUELQROV�����DUH�H[SHFWHG�WR
EH�DSSOLFDEOH�VLPLODUO\�IRU�WKH�VWHUHRFKHPLFDO�DQDO\VLV�RI
FKLUDO� SULPDU\� DOFRKROV�� +RZHYHU�� WKH\� KDYH� EHHQ� OLWWOH
XVHG� IRU� WKLV� SXUSRVH�� ,Q� RQH� UHSRUW��� WKH� HQDQWLRPHULF
SXULWLHV�RI�SULPDU\�DOFRKROV�ZLWK�WKH�FKLUDO�FHQWHU�DW�&��
ZHUH�GHWHUPLQHG�E\��+�105��DW����0+]��XVLQJ�0RVKHU©V
GHULYDWL]LQJ�UHDJHQW�IRU�WKHLU�FRQYHUVLRQ�LQWR�D�GLDVWHUHR�
PHULF� PL[WXUH�� DQG� D� ODQWKDQLGH� IRU� LQGXFWLRQ� RI� ODUJHU
FKHPLFDO�VKLIWV�GLIIHUHQFHV��+RZHYHU�� WR�RXU�NQRZOHGJH�
105�PHWKRGV�KDYH�QRW�EHHQ�DSSOLHG�IRU�WKH�LQIHUHQFH�RI
WKH�FRQILJXUDWLRQ�RI�SULPDU\�FDUELQROV�

:H� KDYH� H[DPLQHG� WKH� �+�105� VSHFWUDO� FKDUDF�
WHULVWLFV�RI� WKH�DERYH�PHQWLRQHG�GLDVWHUHRPHULF�/�YDOLQH
HVWHUV�IURP���PHWK\O���EXWDQRO�DQG���PHWK\O���SHQWDQRO�
DW�����0+]��DLPLQJ�WR�LQYHVWLJDWH�WKHLU�DSSOLFDWLRQ�IRU�WKH
VWHUHRFKHPLFDO� DQDO\VLV�RI� WKHVH�DOFRKROV��7KH� UHVXOWV�RI
WKLV�VWXG\�DUH�UHSRUWHG�KHUHLQ�
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([SHULPHQWDO

3URWRQ� PDJQHWLF� UHVRQDQFH� VSHFWUD� ��+�105�� ZHUH
PHDVXUHG�RQ�D�9DULDQ�*HPLQL����������0+]��VSHFWURPH�
WHU��XVLQJ�DSSUR[LPDWHO\����VROXWLRQV�LQ�&'&O���DQG�WKH
IROORZLQJ�FRQGLWLRQV��VSHFWUDO�ZLGWK�������+]��SXOVH�ZLGWK
����PV�� IOLS� DQJOH� ����� DFTXLVLWLRQ� WLPH� ������ V�� UHF\FOH
GHOD\���V��QXPEHU�RI�WUDQVLHQWV������&RQGLWLRQV�WR�RSWLPL]H
LQWHJUDO� PHDVXUHPHQWV� ZHUH� QRW� GHWHUPLQHG�� 5HSRUWHG
FKHPLFDO�VKLIWV�DUH�UHODWLYH�WR�706��6SOLWWLQJ�DUH�LQGLFDWHG
DV� IROORZV�� V�� VLQJOHW�� G�� GRXEOHW�� W�� WULSOHW�� T�� TXDUWHW�� K�
KHSWHW��R��RFWHW��P��PXOWLSOHW��(QDQWLRPHULF�FRPSRVLWLRQV
ZHUH� EDVHG� RQ� LQWHJUDWLRQ� YDOXHV� IRU� QRQ�RYHUODSSLQJ
SHDNV�RI�PHWK\OHQLF�SURWRQV�RI�WKH�GLDVWHUHRPHULF�GHULYD�
WLYHV�� 7KH� LQWHJUDWLRQ� YDOXHV�� IRXQG� IRU� SHDNV� IURP� WKH
GHULYDWLYHV� SUHVHQW� LQ� WKH� VDPSOH�� ZHUH� FRPSDUHG� ZLWK
WKRVH�YDOXHV�IRXQG�IRU�WKH�VDPH�SHDNV�SUHVHQW�LQ�DQ�HTXL�
PRODU�PL[WXUH� RI� WKH� VDPH� GHULYDWLYHV��0HDVXUHPHQW� RI
SHDN�KHLJKW�JDYH�VLPLODU�UHVXOWV��0HOWLQJ�SRLQWV�ZHUH�GH�
WHUPLQHG� LQ� D� 7KRPDV�+RRYHU� DSSDUDWXV� DQG� DUH� XQFRU�
UHFWHG�

7KH� DOFRKROV�� /�YDOLQH� DQG� S�WROXHQHVXOSKRQLF� DFLG
XVHG� LQ� WKLV� VWXG\� DUH� FRPPHUFLDOO\� DYDLODEOH� �$OGULFK
&KHPLFDO�&R���DQG�ZHUH�XVHG�ZLWKRXW�IXUWKHU�SXULILFDWLRQ�
$�VWUDLJKWIRUZDUG�OLWHUDWXUH�SURFHGXUH���IRU�WKH�UHVROXWLRQ
RI���PHWK\O���SHQWDQRO��WKURXJK�LWV�HDVLO\�IRUPHG�/�YDOLQH
HVWHU�WRV\ODWH��KDYH�EHHQ�XVHG�IRU�REWDLQLQJ�HTXLPRODU�DV
ZHOO�DV�SDUWLDOO\�UHVROYHG�PL[WXUHV�RI�GLDVWHUHRPHULF�YDOLQH
HVWHUV�DQG�YDOLQH�HVWHU�WRV\ODWHV�

(TXLPRODU�PL[WXUH�RI��6�5��SOXV��6�6��YDOLQH

��PHWK\OSHQW\O�HVWHU�WRV\ODWHV

7KH�PL[WXUH�ZDV�REWDLQHG�E\�DGDSWLQJ�D�OLWHUDWXUH�SUR�
FHGXUH����/�YDOLQH� ���J������PPRO��� UDFHPLF���PHWK\O���
SHQWDQRO������J�������PPRO���S�WROXHQHVXOSKRQLF�DFLG����J�
�����PPRO���EHQ]HQH�����P/��DQG�WROXHQH����P/���ZHUH
UHIOX[HG��XVLQJ�D�'HDQ�6WDUN�WUDS�IRU�ZDWHU�VHSDUDWLRQ��7KH
FROG�PL[WXUH�ZDV�ILOWHUHG�WR�UHPRYH�H[FHVV�RI�DFLG��)URP
WKLV�VROXWLRQ��D�FUXGH�HTXLPRODU�PL[WXUH�RI�WRV\ODWHV�ZDV
REWDLQHG�DV�D�FRORUOHVV�VROLG������J������PPRO��DIWHU�UHPRY�
LQJ�WKH�VROYHQW�DQG�H[FHVV�DOFRKRO�

3DUWLDOO\�UHVROYHG��6�5��DQG��6�6��YDOLQH���PHWK\OSHQW\O

HVWHU�WRV\ODWHV

)URP�����J�RI�WKH�DERYH�HTXLPRODU�PL[WXUH��E\�NQHDG�
LQJ�WKH�VROLG�XQGHU�DQK\GURXV�HWKHU����P/���ILOWHULQJ�DQG
ZDVKLQJ�WKH�OHVV�VROXEOH�FURS�ZLWK�WZR�PRUH�SRUWLRQV���
P/��RI�HWKHU������PJ�RI�D�IUDFWLRQ�HQULFKHG�LQ�WKH��6�5��GL�
DVWHUHRPHU�ZDV�REWDLQHG��)URP�WKH�FRPELQHG�PRWKHU�OLT�
XLGV��DIWHU�HYDSRUDWLRQ�RI�WKH�VROYHQW������PJ�RI�D�FUXGH
IUDFWLRQ�HQULFKHG�LQ�WKH��6�6��GLDVWHUHRPHU�ZDV�REWDLQHG�

$� VDPSOH� RI� WKH� OHVV� VROXEOH� �6�5��GLDVWHUHRPHU�ZDV
UH�FU\VWDOOL]HG�IRXU�WLPHV�IURP�DFHWRQH��7KH�UHVXOWLQJ�VROLG�
PS����������&��OLW����PS����������&��ZDV�XVHG�WR�SURGXFH

WKH�FRUUHVSRQGLQJ�SDUWLDOO\�UHVROYHG��6�5��YDOLQH�HVWHU��DV
GHVFULEHG�EHORZ�

(TXLPRODU�DQG�SDUWLDOO\�UHVROYHG��6�5���DQG��6�6��YDOLQH

��PHWK\OSHQW\O�HVWHUV

7KHVH��6��YDOLQH�HVWHUV�ZHUH�REWDLQHG�DV�\HOORZLVK�OLT�
XLGV��FD�����PJ�������PPRO��WKURXJK�WKH�SUHSDUDWLRQ�DQG
VXEVHTXHQW� DGGLWLRQ� RI� WKH� DSSURSULDWH� WRV\ODWH� ����PJ�
������PPRO�� WR�DQ�H[FHVV�RI�D�����VRGLXP�ELFDUERQDWH
VROXWLRQ������P/����PPRO��

)URP� WKH� DERYH�PHQWLRQHG� UH�FU\VWDOOL]HG� WRV\ODWH�� D
����\LHOG�RI�SDUWLDOO\�UHVROYHG��6�5��YDOLQH���PHWK\OSHQW\O
HVWHU�ZDV�REWDLQHG���+�105������0+]��&26<���G�������W�
��+��&+�&+���-� �������������G����+��&+�&+&+���-� ������
������G����+��&+�&+��-� �������������G����+��&+�&+&+���-
 ������������������P����+��&+�&+�&+����������EU�V����+�
1+��� � ���� �P�� �� +�� 2&+�&+��� ����� �G� K�� �� +�
&+�&+�&+��&+��-� �����DQG�������������G����+��&+&+1�
-� �������������G�G����+��2&+�&+��$%;�V\VWHP��-� �����
DQG�������������G�G����+��2&+�&+��$%;�V\VWHP��-� �����
DQG�������'LIIHUHQFHV�LQ�VLJQDOV�FDXVHG�E\�WKH�PLQRU��6�6��
YDOLQH�HVWHU�FRPSRQHQW�DUH�PRUH�HYLGHQW�LQ�WKH�PHWK\OHQH
UHJLRQ��G�������G�G����+��2&+�&+��$%;�V\VWHP��-� �����
DQG�������������G�G����+��2&+�&+��$%;�V\VWHP��-� �����
DQG������

(TXLPRODU��6�5���SOXV��6�6����DQG�SXUH��6�6��YDOLQH

��PHWK\OEXW\O�HVWHU

(TXLPRODU� PL[WXUH� RI� GLDVWHURPHULF� HVWHUV� DQG� SXUH
�6�6��YDOLQH� ��PHWK\OEXW\O� HVWHU� ZHUH� SUHSDUHG�� UHVSHF�
WLYHO\�� IURP� WKH� UDFHPLF� DQG�SXUH� �6��DOFRKRO�� XVLQJ� WKH
VDPH�SURFHGXUH�GHVFULEHG�DERYH�IRU���PHWK\OSHQW\O�HVWHUV�

7KH�SXUH�HVWHU�JDYH��+�105������0+]���G��������G���
+��&+�&+&+���-� �������������W����+��&+�&+���-� ������
������G����+��&+�&+��-� �������������G����+��&+�&+&+���-
 � ������ ����� �P�� �� +�� &+&+�&+���� ����� �P�� �� +�
&+&+�&+���� ����� �EU� V�� �� +�� 1+���� ����� �P�� �� +�
2&+�&+���������R����+��&+�&+�&+��&+��-� �����������
�G����+��&+&+1��-� �������������G�G����+��2&+�&+��$%;
V\VWHP��-� ������DQG�������������G�G����+��2&+�&+��$%;
V\VWHP��-� ������DQG�������7KH�HTXLPRODU�PL[WXUH�JDYH�WKH
DGGLWLRQDO�$%;�V\VWHP�GXH� WR�HSLPHULF� �6�5��HVWHU�DW��G
������GG����+��2&+�&+��-� ������DQG�������������G�G����+�
2&+�&+��-� ������DQG������

5HVXOWV�DQG�'LVFXVVLRQ

3UHOLPLQDULHV

(TXLPRODU�PL[WXUHV� RI� 6�5� DQG� 6�6� GLDVWHUHRPHUV� RI
YDOLQH� ��PHWK\OEXW\O� HVWHU� DQG� RI� YDOLQH� ��PHWK\OSHQW\O
HVWHU�ZHUH�SUHSDUHG�IURP�/�YDOLQH�DQG�WKH�UDFHPLF�DOFR�
KROV�� DQG� WKH� �+�105� VSHFWUD� RI� WKHLU� VROXWLRQV� LQ
GHXWHURFKORURIRUP�ZHUH� REWDLQHG� DW� ����0+]�� ,Q� WKHVH
VSHFWUD��LW�ZDV�DSSDUHQW�WKDW�WKH�GLDVWHUHRWRSLF�PHWK\OHQLF

�� $QGUDGH -��%UD]��&KHP��6RF�



2�&+��&+� SURWRQV� IURP� WKH� DOFRKROLF� PRLHW\� VKRZHG
PHDVXUDEOH�FKHPLFDO� VKLIW�QRQ�HTXLYDOHQFLHV��DOORZLQJ�D
VWHUHRFKHPLFDO� DQDO\VLV� RI� WKH� DOFRKRO� IURP�ZKLFK� WKH\
ZHUH�SUHSDUHG��$OWKRXJK�WKLV�JURXS�JLYHV�ULVH�WR�DQ�$%;
V\VWHP��WKH�UHVRQDQFH�VLJQDOV�DUH�REVHUYHG�LQ�D�UHJLRQ��QHDU
��SSP��QRUPDOO\�IUHH�RI�RYHUODS�ZLWK�VLJQDOV�IURP�RWKHU
SDUWV�RI�WKH�PROHFXOH��)RU�WKH�SUR�5�DQG�WKH�SUR�6�K\GUR�
JHQV��WKHVH�PHWK\OHQH�JURXS�VLJQDOV�FRQVLVW�RI�WZR�GRXEOH
GRXEOHWV��7KH�VSHFWUD�RI�WKH�UHVXOWLQJ�GLDVWHUHRPHULF�HVWHUV
VKRZ��SURYLGHG�QR�DFFLGHQWDO�FRLQFLGHQFH�RI�FKHPLFDO�VKLIW
RFFXUV��RQH�VHW�RI�WZR�GRXEOH�GRXEOHWV�IRU�WKH��6�5��HVWHU
DQG�DQRWKHU�VHW�RI�WZR�GRXEOH�GRXEOHWV�IRU�WKH��6�6��HVWHU�

0HWK\OHQH�UHVRQDQFHV�RI�LQGLYLGXDO�GLDVWHUHRPHUV

7KH�PHWK\OHQH�UHVRQDQFHV�RI�LQGLYLGXDO�GLDVWHUHRPHUV
RI�YDOLQH���PHWK\OEXW\O�HVWHUV�ZHUH�LGHQWLILHG�E\�FRPSDU�
LQJ� WKH� 105� VLJQDOV� SUHVHQWHG� E\� WKH� HTXLPRODU� GLDV�
WHUHRPHULF�PL[WXUH� RI� �6�5��� DQG� �6�6��YDOLQH� HVWHU�ZLWK
WKRVH�VKRZQ�E\�WKH�SXUH��6�6��YDOLQH�HVWHU��7KLV�HVWHU�ZDV
SUHSDUHG��IURP�/�YDOLQH�DQG�RSWLFDOO\�SXUH��6����PHWK\O�
��EXWDQRO��DQG�WKH��+�105�VSHFWUD�RI�LWV�VROXWLRQ�LQ�GHX�
WHURFKORURIRUP� ZDV� GHWHUPLQHG�� 7KH� PHWK\OHQH� VHW� RI
VLJQDOV�IRU�WKLV��6�6��HVWHU�LV�VKRZQ�LQ�)LJ����D��%\�VLPSOH
LQVSHFWLRQ�RI�WKH�105�VSHFWUXP�RI�WKH��6�6���SOXV��6�5��
HVWHU�PL[WXUH��DQ�H[WHUQDO�VHW��QRW�VKRZQ���YHU\�VLPLODU�WR
WKH�RXWHU�VHW�RI�WZR�GRXEOH�GRXEOHWV�SUHVHQWHG�E\�WKH�PDMRU
FRPSRQHQW�LQ�)LJ����E��FDQ�EH�DVVLJQHG�WR�WKH��6�5��HVWHU
PHWK\OHQLF�SURWRQV��'HVSLWH�WKH�$%;�SDWWHUQ��LGHQWLILFD�
WLRQ�RI�WKH�VLJQDOV�FDXVHG�E\�HDFK�GLDVWHUHRPHU�LV�D�YHU\
VLPSOH�WDVN��5HODWLYH�WR�WKH�FHQWHU�RI�WKH�WZR�V\VWHPV��WKH
FKHPLFDO�VKLIWV�FDXVHG�E\�SUR�5�DQG�SUR�6�SURWRQV�RI��6�5��

HVWHU�DUH�IDUWKHU�IURP�HDFK�RWKHU��ZKLOH�WKRVH�RI��6�6��HVWHU
DUH�FORVHU�

)RU�GLDVWHUHRPHUV�RI�YDOLQH���PHWK\OSHQW\O�HVWHU�� WKH
PHWK\OHQH�UHVRQDQFH�ZDV� LGHQWLILHG�E\�FRPSDULQJ�105
VLJQDOV�UHSUHVHQWLQJ�WKH�PDMRU�DQG�PLQRU�VWHUHRLVRPHU�RI
WKH�WZR�RSSRVLWH�IUDFWLRQV�RI�WKH�SDUWLDOO\�UHVROYHG�HVWHU�
7KH�PHWK\OHQH�VLJQDOV�IRU�WKHVH�IUDFWLRQV�DUH�VKRZQ�LQ�)LJV�
��E�DQG���F��6LJQDOV�VKRZQ�LQ���E�DUH�GXH�WR�WKH�IUDFWLRQ
HQULFKHG�LQ�WKH�GLDVWHUHRPHU�IURP�ZKLFK�WKH�������PHWK\O�
��SHQWDQRO�LV�REWDLQHG���6LQFH�WKH�DEVROXWH�FRQILJXUDWLRQ�RI
WKLV�DOFRKRO�LV�DVVLJQHG���WR�WKH��5��HQDQWLRPHU��WKH�FKHPL�
FDO� VKLIWV� FDXVHG�E\�SUR�5� DQG�SUR�6� SURWRQV� DUH� IDUWKHU
IURP�HDFK�RWKHU�IRU�WKH��6�5��HVWHU�DQG�FORVHU�IRU�WKH��6�6��
HVWHU��DQDORJRXVO\�WR�ZKDW�KDV�EHHQ�VHHQ�IRU�WKH�PHWK\O�
EXW\O�HVWHU�

)RU���PHWK\OSHQW\O�HVWHUV��WKH�REVHUYHG�FKHPLFDO�VKLIW
GLIIHUHQFHV��'Q$%��VKRZQ�E\��6�5���DQG��6�6��GLDVWHUHRP�
HUV�ZHUH��UHVSHFWLYHO\�������DQG������SSP��)RU���PHWK\O�
EXW\O�HVWHUV�WKHVH�GLIIHUHQFHV�ZHUH������DQG������SSP��7KH
VRPHZKDW� ODUJHU� GLIIHUHQFH� EHWZHHQ� WKH� ��PHWK\OSHQW\O
�6�5���DQG��6�6��GLDVWHUHRPHUV��''Q$%� ������SSP��UHODWLYH
WR�WKH�GLIIHUHQFH�EHWZHHQ�WKH�FRUUHVSRQGLQJ���PHWK\OEXW\O
GLDVWHUHRPHUV� �''Q$%� � ����� SSP�� VXJJHVWV� VLPLODU� RE�
VHUYDEOH� EHKDYLRU� IRU� GHULYDWLYHV� RI� RWKHU� ORQJHU� FKDLQ
DOFRKROV�

&RUUHODWLRQ�EHWZHHQ�DEVROXWH�FRQILJXUDWLRQ�DQG�105

VSHFWUDO�GLIIHUHQFHV

)URP�WKH�DERYH�GLVFXVVLRQ��DQ�LPSRUWDQW�FRQFOXVLRQ�LV
UHDFKHG��8SRQ�LQVSHFWLRQ�RI�WKH�FKHPLFDO�VKLIW�GLIIHUHQFHV
EHWZHHQ� WKH� SUR�5� DQG� SUR�6� SURWRQV� RI� HLWKHU� /�YDOLQH
��PHWK\OEXW\O�RU�/�YDOLQH���PHWK\OSHQW\O�HVWHU��LW�LV�SRVVL�

9RO�����1R���������� � � � $EVROXWH�&RQILJXUDWLRQV�DQG�(QDQWLRPHULF�&RPSRVLWLRQV�RI���0HWK\O���EXWDQRO�DQG���0HWK\O���SHQWDQRO ��

)LJXUH����0HWK\OHQH�UHVRQDQFHV�IURP�D���6�6��YDOLQH���PHWK\OEXW\O�HVWHU��E��SDUWLDOO\�UHVROYHG��6�5��YDOLQH���PHWK\OSHQW\O�HVWHU��F��SDUWLDOO\�UHVROYHG
�6�6��YDOLQH���PHWK\OSHQW\O�HVWHU�



EOH�WR�LQIHU�WKH�DEVROXWH�FRQILJXUDWLRQ�RI�WKH�DOFRKROV�IURP
ZKLFK�WKH\�ZHUH�REWDLQHG�

7R�HVWLPDWH�WKH�SRVVLELOLW\�RI�H[WHQVLRQ�RI�WKLV�SURFH�
GXUH� WR� RWKHU� ��PHWK\O� DONDQROV�� ZH� KDYH� H[DPLQHG� WKH
UHODWLRQVKLS�EHWZHHQ�FRQILJXUDWLRQ�DQG�QRQ�HTXLYDOHQFLHV
LQ�105�VSHFWUD�RI�WKHVH�HVWHUV��6XEVWLWXHQWV�LQ�WKH�FKLUDO
FHQWHUV�RI� WKHLU�DFLGLF�DQG�DOFRKROLF�PRLHWLHV��VRXUFHV�RI
GLIIHUHQWLDO�VKLHOGLQJ�HIIHFWV��FRQWULEXWH�WR�WKH�QRQ�HTXLYD�
OHQFLHV�RI�GLDVWHUHRWRSLF�SURWRQV�+5�DQG�+6��7KH�H[DPLQD�
WLRQ� RI� VXEVWLWXHQW� HIIHFWV� RI� WKH� DFLGLF� PRLHW\� ZDV
SHUIRUPHG�E\�DGDSWLQJ�D�PRGHO�GHVFULEHG�E\�0RVKHU��IRU
WKH�LQIHUHQFH�RI�FRQILJXUDWLRQ�RI�GLDVWHUHRPHULF�PDQGHOLF
HVWHUV�RI�VHFRQGDU\�DOFRKROV��7KH�IROORZLQJ�FRQIRUPDWLRQV
IRU���PHWK\ODONDQRO�GHULYDWLYHV���D�DQG��E��ZHUH�GUDZQ�WR
ILW�WKH�PRGHO��7KH�LVRSURS\O�JURXS�LQ�YDOLQH�HVWHUV�LV�VXEV�
WLWXWHG�IRU�WKH�SKHQ\O�JURXS�RI�PDQGHOLF�HVWHUV�

$VVXPLQJ�WKDW�WKH�LVRSURS\O�JURXS�RI�WKH�DFLGLF�PRLHW\
LV�H[HUWLQJ�RYHU�+5�DQG�+6�DQ�HIIHFW�VLPLODU�WR�WKDW�RI�WKH
SKHQ\O�JURXS�LQ�PDQGHOLF�DFLG�HVWHUV��L�H��D�VKLHOGLQJ�HIIHFW�
WKH�SUR�5��+5��HFOLSVHG�SURWRQ�PXVW�EH�DW�KLJKHU�ILHOG�WKDQ
SUR�6��+6��SURWRQ��7KH�HIIHFWV�RI�JURXSV�LQ�WKH�DOFRKROLF
PRLHW\�FDQ�EHWWHU�ILW�RXU�UHVXOWV�LI�ZH�FRQVLGHU�WKDW�D�JUHDWHU
VKLHOGLQJ�HIIHFW�DULVHV�IURP�HLWKHU�HWK\O�RU�SURS\O�WKDQ�IURP
PHWK\O��RYHU�+5�DQG�+6��LQ�WKH�PRUH�VWDEOH�HFOLSVHG�FRQ�
IRUPDWLRQV���DQG���RI�GLDVWHUHRPHULF��6�5���DQG��6�6��HVWHUV
RI���PHWK\O���EXWDQRO���D�DQG��D��5� �(W��DQG���PHWK\O���
SHQWDQRO���E�DQG��E���5� �3U��

7KH�UHODWLYH�FKHPLFDO�VKLIWV��SUHGLFWHG�IURP�WKH�DERYH
FRQVLGHUDWLRQV��DUH�VKRZQ�LQ�6FKHPH����,Q�GHULYDWLYHV��D
DQG��E�RI�WKH��5���DOFRKROV��+5�SURWRQ�VKRXOG�EH�DIIHFWHG
E\�WKH�JURXS��(W�RU�3U��ZKLFK�FDXVHV�WKH�ODUJHVW�VKLHOGLQJ
HIIHFW��7KH�+6�SURWRQ�LV�DOVR�VKLHOGHG��EXW�WR�D�OHVVHU�H[WHQW�
,Q�GHULYDWLYHV��D�DQG��E�RI�WKH��6��DOFRKROV��WKH�+6�SURWRQ
LV�PRUH�VKLHOGHG�WKDQ�+5�SURWRQ�

7KH�PHWKRGRORJ\�GHVFULEHG�KHUHLQ�FDQ�EH�RI�YDOXH�IRU
WKH�VWXG\�RI�WKHVH�VXEVWLWXHQW�HIIHFWV��2WKHU�SULPDU\�FKLUDO
DOFRKROV�DQG�GHULYDWL]LQJ�DJHQWV�PXVW�EH�H[DPLQHG�DQG�WKH
VWXG\�RI�VRPH�RI�WKHP�LV�QRZ�LQ�SURJUHVV�LQ�RXU�ODERUDWRU\�

'HWHUPLQDWLRQ�RI�HQDQWLRPHULF�FRPSRVLWLRQ�RI�WKH�FKLUDO

DOFRKROV

'HVSLWH�WKH�RYHUODSSLQJ�RI�IRXU�PHWK\OHQH�SHDNV�LQ�WKH
105�RI�WKH��6�5���DQG��6�6��GLDVWHUHRPHULF�GHULYDWLYHV�RI
HDFK� DOFRKRO�� WKHUH� LV� QR� GLIILFXOW\� LQ� GHWHUPLQLQJ� WKH
HQDQWLRPHULF�FRPSRVLWLRQ��EDVHG�RQ�PHDVXUHPHQWV�RI�QRQ�
RYHUODSSLQJ�SHDNV��DV�GHVFULEHG�EHORZ�

)RU� VDNH�RI�FODULW\��ZH�ZLOO� UHIHU� WR�RQH�SHDN��RI� WKH
HLJKW�SHDNV� IURP� WKH� $%;� VHW�� E\� XVLQJ� D� OHIW� WR� ULJKW
RUGHULQJ�QXPEHU�WR�LGHQWLI\�LWV�UHODWLYH�SRVLWLRQ��DQG�WKH�5
RU�6�FKDUDFWHU�LQGLFDWLQJ�WR�ZKLFK�LVRPHU�LW�FRUUHVSRQGV��,Q
)LJ���E��SHDNV��5���5���5�DQG��5�DUH�WKH�IRXU�H[WHUQDO�SHDNV
IURP�WKH�PDMRU�FRPSRQHQW�RI�WKH�SDUWLDOO\�UHVROYHG�GHULYD�
WLYH�RI��5����PHWK\O���SHQWDQRO��7KH�ODUJHVW�SHDNV�RI�WKLV
VHW���5���5���5�DQG��5��DUH�RYHUODSSHG�E\�SHDNV���6���6�
�6� DQG� �6�� RI� WKH�PLQRU� FRPSRQHQW� VHW� IURP� WKH� �6����
PHWK\O���SHQWDQRO� GHULYDWLYH�� 7KH� RSWLFDO� SXULW\� FDQ� EH
FDOFXODWHG�IURP�QRQ�RYHUODSSLQJ�SHDNV�E\�FRPSDULQJ�WKHLU
LQWHQVLWLHV�ZLWK�WKRVH�FDXVHG�E\�WKH�VDPH�SHDNV�IURP�WKH
HTXLPRODU�PL[WXUH�

$V� DQ� H[DPSOH�� IRU� WKH� SDUWLDOO\� UHVROYHG� �6��YDOLQH
�5����PHWK\OSHQW\O�HVWHU��ZKRVH�PHWK\OHQLF�105�VLJQDOV
DUH�VKRZQ�LQ�)LJ���E��LQWHJUDWLRQ�RI�SHDNV�5��DQG�6��JDYH
WKH�YDOXHV�LQGLFDWHG�RQ�WKH�VHFRQG�OLQH�RI�7DEOH����)RU�WKH
HTXLPRODU�GLDVWHUHRPHULF�PL[WXUH��LQWHJUDWLRQ�RI�WKH�VDPH
SHDNV� JDYH� WKH� YDOXHV� LQGLFDWHG� RQ� WKH� WKLUG� OLQH�� 7KH
LQWHQVLW\�RI�HDFK�SHDN�RI�SDUWLDOO\�UHVROYHG�PL[WXUH��35��
UHODWLYH�WR�WKH�YDOXH�LW�VKRXOG�KDYH�LQ�WKH�HTXLPRODU�PL[WXUH
�(4���LV�VKRZQ�LQ�WKH�QH[W�OLQH�DV�35�(4�YDOXHV��)URP�WKHVH
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YDOXHV��ZKLFK�DUH�SURSRUWLRQDO�WR�FRPSRVLWLRQ�RI�WKH�FRUUH�
VSRQGLQJ�LVRPHUV��WKH�RSWLFDO�SXULW\��385,7<����FDQ�EH
FDOFXODWHG�

)RU�D�VDPSOH�RI���PHWK\O���EXWDQRO�WKH�RSWLFDO�SXULW\
FDQ�EH�FDOFXODWHG��VLPLODUO\��IURP�QRQ�RYHUODSSLQJ�SHDNV
RI� WKH�GLDVWHUHRPHUV��E\�FRPSDULQJ�WKHLU� LQWHQVLWLHV�ZLWK
WKRVH�FDXVHG�E\�WKH�VDPH�SHDNV�RI�DQ�HTXLPRODU�PL[WXUH
REWDLQHG�IURP�/�YDOLQH�DQG�D�UDFHPLF�PL[WXUH�RI�WKH�DOFR�
KRO�

&RQFOXVLRQV

/�9DOLQH�FDQ�VHUYH�DV�D�GHULYDWL]LQJ�DJHQW�IRU�VWHUHR�
FKHPLFDO�DQDO\VLV�RI���PHWK\O���EXWDQRO�DQG���PHWK\O���
SHQWDQRO� E\� 105� VSHFWURPHWU\�� &RQYHUVHO\�� SXUH
�6��������PHWK\O���EXWDQRO� FRXOG� VHUYH� DV� D� GHULYDWL]LQJ
DJHQW�IRU�WKH�VWHUHRFKHPLFDO�DQDO\VLV�RI�YDOLQH�&RQILJXUD�
WLRQV�RI�WKHVH�DOFRKROV�FDQ�EH�DVVLJQHG�E\�LQVSHFWLRQ�RI�WKH
PHWK\OHQLF�UHVRQDQFHV�RI�WKHLU�/�YDOLQH�HVWHUV��7KH�PHWK�
RGRORJ\�GHVFULEHG�KHUHLQ�FDQ�EH�RI�YDOXH�IRU�WKH�VWXG\�RI
WKH� QDWXUH� RI� WKH� GLIIHUHQWLDO� VKLHOGLQJ� HIIHFWV� RI� VXEVWL�
WXHQWV� ERQGHG� WR� WKH� SHUWLQHQW� FKLUDO� FHQWHUV�� 7KH� HQDQ�
WLRPHULF� FRPSRVLW LRQ� FDQ� EH� FDOFXODWHG� IURP
QRQ�RYHUODSSLQJ�SHDNV��E\�FRPSDULQJ�WKHLU�LQWHQVLWLHV�ZLWK
WKRVH�RI�WKH�VDPH�SHDNV�LQ�WKH�HTXLPRODU�PL[WXUH��$�VRPH�
ZKDW�ODUJHU�GLIIHUHQFH�EHWZHHQ�WKH���PHWK\OSHQW\O��6�5��
DQG��6�6��GLDVWHUHRPHUV�UHODWLYH�WR�WKH�GLIIHUHQFH�EHWZHHQ
WKH� FRUUHVSRQGLQJ� ��PHWK\OEXW\O� GLDVWHUHRPHUV� VXJJHVWV

WKDW�VLPLODU�REVHUYDEOH�EHKDYLRU�IRU�GHULYDWLYHV�RI�ORQJHU
FKDLQ���PHWK\O���DONDQROV�VKRXOG�EH�H[SHFWHG�

$FNQRZOHGJPHQW

)LQDQFLDO�VXSSRUWV�SURYLGHG�E\�),1(3�DQG�&13T�DUH
JUDWHIXOO\�DFNQRZOHGJHG�

5HIHUHQFHV

��1HZPDQ��3��2SWLFDO�5HVROXWLRQ�3URFHGXUHV�WR�&KHPL�
FDO�&RPSRXQGV��2SWLFDO�5HVROXWLRQ�,QIRUPDWLRQ�&HQ�
WHU��5LYHUGDOH��������YRO����S�����

��5DEDQ��0���0LVORZ��.��7RS��6WHUHRFKHP��������������
��5RVH�� +�&��� 6WHUQ�� 5�/��� .DUJHU�� %�/�� $QDO�� &KHP�
��������������

��9HQHPD��$���7ROVPD��3�-�$��-��+LJK�5HVROXW��&KURPD�
WRJU���������������

��&ODUN��'�6���*HUHVK��6���'L&RVLPR��5��%LRRUJ��0HG�

&KHP��/HWW����������������
��'DOH��-�$���0RVKHU��+�6��-��$PHU��&KHP��6RF�������
��������

��2KWDQL��,���.XVXPL��7���.DVKPDQ��<���.DNLVDZD��+��-�
$PHU��&KHP��6RF������������������

��<DVXKDUD��)���<DPDJXFKL��6��7HWUDKHGURQ�/HWW�������
�����

�� -HUP\Q�0�$��$XVW��-��&KHP�����������������
���&URPELH��/���+DUSHU��6�+��-��&KHP��6RF�������������
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