
6RPH�FKDUDFWHULVWLFV�RI�VHPLFRQGXFWRU+J&G0Q=Q7H VROLG�VROXWLRQ�FU\VWDOV�
1�3RSHQNR��,�,YDQFKHQNR��,�%URYHQNR��$�=KLJDORY��6�.DUHOLQ�,�*RUEDW\XN��6�2VWDSRY��6�'UHPO\X]KHQNR��,�5DUHQNR�5�=DSOLWQ\L��,�)RGFKXN��9�*�'HLEXN

$�8VLNRY�,QVWLWXWH�IRU�5DGLRSK\VLFV�DQG�(OHFWURQLFV��1DWLRQDO�$FDGHP\�RI
6FLHQFHV�RI�8NUDLQH�����3URVNXUD�6W���������.KDUNLY��8NUDLQH&KHUQLYWVL�1DWLRQDO�8QLYHUVLW\����.RWV\XELQVN\�6W��

������&KHUQLYWVL��8NUDLQH

5HFHLYHG����)HEUXDU\������
$�QRYHO�VHPLFRQGXFWRU�VROLG�VROXWLRQ�+J&G0Q=Q7H�FRQWDLQLQJ�XS�WR�����RI�PDQJDQHVH

DQG� ]LQF� KDV� EHHQ� VWXGLHG��0LFURKDUGQHVV� RI� WKHVH� FU\VWDOV� DQG� JDOYDQRPDJQHWLF� FKDUDF�
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7KH� ZHOO�NQRZQ� VHPLFRQGXFWRU� +J&G7H
IRU�PDQXIDFWXULQJ�,5�GHWHFWRUV�RSHUDWLQJ�LQ
D�ZLGH�VSHFWUDO�UDQJH���Ü���PP��KDV�VHULRXV
VKRUWFRPLQJV��,Q�WKH�ILUVW�SODFH��LW�LV�D�FU\V�
WDO� ODWWLFH� WHPSRUDO� LQVWDELOLW\� GXH� WR� D
ZHDN� ELQGLQJ� RI�PHUFXU\� DWRPV� LQ� WKH� ODW�
WLFH��7KLV�FDXVHV�LQ�WKH�IRUPDWLRQ�RI�HOHFWUL�
FDOO\� DFWLYH� PHUFXU\� YDFDQFLHV� EHLQJ� DF�
FHSWRUV�UHVXOWLQJ� LQ� WKH� OHYHO� UHGLVWULEXWLRQ
RI�HOHFWULFDOO\�DFWLYH�FXUUHQW�FDUULHU�FHQWHUV
>����@�� 6HFRQG�� LW� LV� D� FRQVLGHUDEOH� GHSHQG�
HQFH�RI�WKH�EXON�PDWHULDO�SURSHUWLHV�DQG�HV�
SHFLDOO\� RI� WKH� VXUIDFH� RQHV� RQ� WKH� SHUIHF�
WLRQ�RI�+J&G7H�FU\VWDO�VWUXFWXUH��7KH�VWUXF�

WXUDO�PDFURGHIHFWV� �XQLW�ERXQGDULHV��GLIIHU�
HQW� SKDVH� SUHFLSLWDWHV�� HWF��� DQG� PLFURGH�
IHFWV� �GLVORFDWLRQV�� ORFDO� VWRLFKLRPHWU\� GH�
YLDWLRQV�� EULQJ� DERXW� QRW� RQO\� ORFDO� SKRWR�
VHQVLWLYLW\� LQKRPRJHQHLWLHV� RI� +J&G7H
EDVHG� GHYLFHV�� EXW� DOVR� WKH� LQVWDELOLW\� RI
WKHLU�SDUDPHWHUV�>����@��

:H� DVVXPH� WKDW� D� QHZ� VHPLFRQGXFWRU
+J&G0Q=Q7H� VROLG� VROXWLRQ� ZLWK� ORZ� FRQ�
WHQW�RI�PDQJDQHVH�DQG�]LQF��XS�WR������FDQ
EH�IUHH�RI�WKH�DERYH�PHQWLRQHG�GUDZEDFNV�RI
+J&G7H�� 7KH� JURXQGV� IRU� WKLV� DUH� WKH� IRO�
ORZLQJ� DUJXPHQWV�� 7KH� IXOO� RU� SDUWLDO� UH�
SODFHPHQW� RI� &G� DWRPV� E\� 0Q� RQHV� LQ

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

)XQFWLRQDO�PDWHULDOV������������� ���



+J&G7H� VROLG� VROXWLRQ� UHVXOWV� LQ� DQ� LP�
SURYHPHQW� RI� ERWK� WKH� FU\VWDO� VWUXFWXUDO
SHUIHFWLRQ� �LQFUHDVHG� XQLW� GLPHQVLRQV�� UH�
GXFHG� XQLW� GLVRUGHULQJ�� ORZHU� GHQVLW\� RI
GLVORFDWLRQV�� >�@� DQG� VXUIDFH�SURSHUWLHV� >�@�
+RZHYHU��LW�LV�LPSRVVLEOH�WR�REWDLQ�WKH�SXUH
XQFRPSHQVDWHG� +J0Q7H� FU\VWDOV� ZLWK� OHVV
WKDQ� �����DPÜ�� GRQRU� FRQFHQWUDWLRQ�GXH� WR
WKH� FRPSOLFDF\� RI� PDQJDQHVH� SXULILFDWLRQ
DQG�LWV�KLJK�FKHPLFDO�DFWLYLW\��2Q�WKH�RWKHU
KDQG��D�SDUWLDO�UHSODFHPHQW�RI�&G�DWRPV�E\
=Q�RQHV�LPSURYHV�WHPSRUDO�DQG�WKHUPDO�VWD�
ELOLW\�RI�+J&G7H�FU\VWDOV��DV�ZHOO�DV�UHGXFHV
WKH� IRUPDWLRQ� RI� PHUFXU\� YDFDQFLHV� DQG
WKHLU�PLJUDWLRQ� UDWH� WR� WKH� VXUIDFH� >�@�� $W
WKH� VDPH� WLPH�� D� IXOO� UHSODFHPHQW� RI� FDG�
PLXP� DWRPV� E\� ]LQF� RQHV� JLYHV� ULVH� WR� WKH
HPEULWWOHPHQW�RI�FU\VWDOV��DSSDUHQWO\�GXH�WR
WKH�FRQVLGHUDEOH�FU\VWDO�ODWWLFH�LQWHQVLW\�>�@�

,W� LV�NQRZQ�WKDW� WKH�FU\VWDOV�RI�+J&G7H
FODVV�� LQFOXGLQJ�+J&G0Q=Q7H� DV�ZHOO�� KDYH
VHJUHJDWLRQ� FRHIILFLHQW� H[FHHGLQJ� ��� ,W
PHDQV�WKDW�WKH�FRQWHQW�RI�FRPSRQHQWV�DORQJ
WKH� JURZQ� LQJRW� LV� LQKRPRJHQHRXV�� :LWK
WKHVH�UHPDUNV�LQ�PLQG�WKH�PDLQ�JRDO�RI�WKLV
SDSHU� LV� WKH� H[SHULPHQWDO� VWXG\� RI� VWUXF�
WXUDO��PHFKDQLFDO��PDLQ�EDQG�JDS�DQG�HOHF�
WURSK\VLFDO� SDUDPHWHUV� RI� +J&G0Q=Q7H
FU\VWDOV� JURZQ� UHFHQWO\� WR� GHWHUPLQH� WKH
LQJRW� UHJLRQV�� LQ�ZKLFK� WKH�DIRUHPHQWLRQHG
SDUDPHWHUV� FRLQFLGH�ZLWK� WKRVH� IRU�+J&G7H
FU\VWDOV�DV�VRRQ�DV�EHWWHU��

+J&G0Q=Q7H�FU\VWDOV�ZHUH�JURZQ�E\�WKH
PRGLILHG�]RQH�PHOWLQJ�PHWKRG�IURP�WKH�SUH�
V\QWKHVL]HG�KRPRJHQHRXV�SRO\FU\VWDOOLQH�LQ�
JRWV� RI� ��� PP� LQ� GLDPHWHU� DQG� ��� FP� LQ
OHQJWK��7R�V\QWKHVL]H�WKH�VROLG�VROXWLRQV��ZH
XVHG�LQLWLDO�FRPSRQHQWV�&G��L_��=Q��DQG�+J
RI�D�SXULW\�RI�DW�OHDVW���������PDVV���DQG
0Q�RI�D�SXULW\��������PDVV���SXULILHG�DG�
GLWLRQDOO\�E\�GRXEOH�YDFXXP�GLVWLOODWLRQ��0RGL�
ILFDWLRQ�RI�WKH�WUDGLWLRQDO�YHUWLFDO�]RQH�PHOWLQJ
PHWKRG�FRQVLVWV� LQ�JURZLQJ�RI� WKH�FU\VWDOV�DW
WKH�DQJOH�WR�WKH�KRUL]RQ�IURP�����WR�����XQGHU
LQWHQVLYH� DJLWDWLRQ� RI� WKH�PHOW� E\� D[LDO� URWD�
WLRQ�� 7ZR� VHWV� RI� +J�±[±\±]&G[0Q\=Q]7H� LQ�JRWV�� KHUHLQDIWHU� UHIHUUHG� WR� DV� VHW��� DQG
VHW����UHVSHFWLYHO\��ZHUH�JURZQ�DW�GLIIHUHQW
LQLWLDO�FRQWHQWV�RI�FRPSRQHQWV��QDPHO\��IRU�WKH
VHW��� RI� LQJRWV�� [� ������� \� ������� ]� ������
IRU� WKH� VHW��� RI� LQJRWV�� [� ������ \� ������
]�  ������� $W� WKRVH� UDWLRV� RI� VROLG� VROXWLRQ
FRPSRQHQWV� WKH� HQHUJ\� JDS� FRUUHVSRQGV� WR
RSHUDWLQJ� IUHTXHQFLHV� RI� ,5� GHWHFWRUV�� 7KH
VDPSOHV�LQ�WKH�IRUP�RI�SODQH�SDUDOOHO�ZDIHUV
ZHUH� FXW� RXW� RI� WKH� LQJRWV� SHUSHQGLFXODUO\
WR� WKH� JURZWK� GLUHFWLRQ� DQG� HTXDOO\� VSDFHG
ZLWK� UHVSHFW� WR� WKH� LQJRWV� EHJLQQLQJ�� )RU
WKH� VDNH� RI� QDUUDWLYH� VLPSOLFLW\�� ZH� KDYH

WHQWDWLYHO\� GLYLGHG� DOO� WKH� LQJRWV� XQGHU
VWXG\�LQWR�WKUHH�HTXDO�SDUWV��QDPHO\��LQLWLDO
�D��� PLGGOH� �E�� DQG� WHUPLQDO� �F��� UHVSHF�
WLYHO\�� DQG� ILYH� VDPSOHV�ZHUH� FXW� RXW� IURP
HDFK�RI�WKRVH�SDUWV��

7KH� VWUXFWXUDO� SHUIHFWLRQ� RI
+J&G0Q=Q7H� FU\VWDOV� ZDV� LQYHVWLJDWHG� E\
;�UD\� %HUJ�%DUUHWW� PHWKRG�� 7KH� LQYHVWLJD�
WLRQV�KDYH�VKRZQ�WKDW�DOO�+J&G0Q=Q7H�VDP�
SOHV�KDYH�WKH�XQLWL]HG�VWUXFWXUH�ZLWK�GLVRUL�
HQWDWLRQ� DQJOHV� EHWZHHQ� WKH� XQLWV� ZLWKLQ
��Ü����DUF�VHFRQGV��,W�LV�ZRUWK�QRWLQJ�WKDW
ZLWK�WKH�LQFUHDVLQJ�QXPEHU�RI�FRPSRQHQWV�LQ
VHPLFRQGXFWRU� VROLG� VROXWLRQV� XQGHU� FRQVLG�
HUDWLRQ�� WKH� XQLW� GLPHQVLRQV� LQFUHDVHV� IURP
����Ü�����PP�IRU�+J&G7H�WR�����Ü�����PP�IRU
+J0Q&G7H�� DQG� WR� ����Ü�����PP� IRU
+J&G0Q=Q7H�� 7KXV�� ����IROG� LQFUHDVH� RI
XQLW� GLPHQVLRQV� ZLWK� UHVSHFW� WR� +J&G7H
RQHV� LQGLFDWHV� WKH� LPSURYHG� FU\VWDOOLQH
VWUXFWXUH�RI� WKH�QRYHO� ILYH�FRPSRQHQW� VROLG
VROXWLRQ�� 7R� REWDLQ� DQ� DGGLWLRQDO� HYLGHQFH
IRU� WKH� FU\VWDO� VWUXFWXUH� LPSURYHPHQW�� ZH
KDYH� SHUIRUPHG� WKH� PLFURKDUGQHVV� LQYHVWL�
JDWLRQV�� $FFRUGLQJ� WR� WKH� UHVXOWV� REWDLQHG�
WKH�FU\VWDO�PLFURKDUGQHVV�LQFUHDVHV�ZLWK�LQ�
FUHDVLQJ�&G��0Q�DQG�=Q�FRQWHQW��7KH�VWXG\
LOOXVWUDWHV� WKDW� WKH� PLFURKDUGQHVV� RI� FU\V�
WDOV� FXW� RXW� RI� WKH� VHFRQG� VHW� RI� LQJRWV� LV
DOVR�DERXW�����KLJKHU��7KXV��WKH�;�UD\�DQG
PHFKDQLFDO� LQYHVWLJDWLRQV� DOORZ�DQQRXQFLQJ
WKH� PRUH� SHUIHFW� FU\VWDO� VWUXFWXUH� RI
+J&G0Q=Q7H�DV�FRPSDUHG�WR�+J&G7H��

7KH�HQHUJ\�JDS�RI�+J&G0Q=Q7H� FU\VWDOV
ZDV� GHWHUPLQHG� IURP� WKH� IXQGDPHQWDO� DE�
VRUSWLRQ� FXUYHV� DW� URRP� WHPSHUDWXUH�� DV
ORQJ�DV�DOO�WKH�JURZQ�FU\VWDOV�ZHUH�RSWLFDOO\
WUDQVSDUHQW�� 7KH� WUDQVPLVVLRQ� RI� VDPSOHV
ZDV�YDULHG�IURP�IHZ�SHU�FHQW�WR�������7KH
IXQGDPHQWDO� DEVRUSWLRQ� HGJH� ZDV� LQ� WKH
ZDYHOHQJWK� UDQJH� �� WR� �� PP�� WKXV� FRUUH�
VSRQGLQJ� WR� WKH� HQHUJ\� JDS� ZLGWK� IURP
�����H9�WR�����H9��

+RZHYHU�� WR� GLVFXVV� WKH� FRQIRUPLW\� EH�
WZHHQ� SDUDPHWHUV� RI� +J&G0Q=Q7H� DQG
+J&G7H�PDWHULDOV��ZH�KDYH�WR�FRPSDUH�WKHLU
WHPSHUDWXUH� GHSHQGHQFHV� RI� FKDUJH� FDUULHU
FRQFHQWUDWLRQV�DQG�PRELOLW\��,Q�WKLV�FRQQHF�
WLRQ�� ZH� KDYH� PHDVXUHG� JDOYDQRPDJQHWLF
FKDUDFWHULVWLFV� LQ� WKH� WHPSHUDWXUH� UDQJH
���Ü����z�XVLQJ�WKH�VHWXS�GHVFULEHG�LQ�>�@�

$FFRUGLQJ� WR� WKH� H[SHULPHQWDO� GDWD�� WKH
VDPSOHV� IURP� WKH� VHW��� RI� LQJRWV� KDYH� D
ORZHU� FRQFHQWUDWLRQ� RI� PDQJDQHVH�� DQG�
KHQFH��D�QDUURZHU�HQHUJ\�JDS��0RUHRYHU��DOO
WKH� VDPSOHV� FXW� RXW�RI� WKH� LQLWLDO�DQG�PLG�
GOH� SDUWV� KDYH� Q�W\SH� FRQGXFWLYLW\� ZLWKLQ
WKH� UDQJH� IURP�URRP�WHPSHUDWXUH� WR� OLTXLG
KHOLXP� RQH� �7DEOH����� )RU� WKH� VDPSOHV� FXW
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RXW�RI� WKH� WHUPLQDO�SDUW�RI� LQJRWV��WKHUH� LV
D� FRQYHUVLRQ� WR� S�W\SH� FRQGXFWLYLW\� DW� KH�
OLXP� WHPSHUDWXUHV� �)LJ���D�� IRU� VLPSOLFLW\
VDNH��ZH�VKRZ�KHUH�DQG�IXUWKHU�RQO\�RQH�RI
WKH�FXUYHV�VLPLODU�LQ�UXQ���

)RU� WKH� VDPSOHV� �BD� ZH� FDQ� REVHUYH� D
SHDN� RQ� WKH� WHPSHUDWXUH� GHSHQGHQFHV� RI
+DOO� FRHIILFLHQW�� $V� WR� WKH� VDPSOHV� �BF�� D
VLPLODU� SHDN� LV� VKLIWHG� WRZDUGV� ORZHU� WHP�
SHUDWXUHV�� DQG� LWV� PDJQLWXGH� GHFUHDVHV
JUDGXDOO\��)RU�WKH�VDPSOHV��BE�WKLV�GHSHQG�
HQFH�GHPRQVWUDWHV�PRQRWRQRXV�ULVH�ZLWK�WKH
WHPSHUDWXUH� GHFUHDVLQJ�� $W� WKH� VDPH� WLPH�
LQ� VDPSOHV� IURP� WHUPLQDO� SDUW� RI� LQJRWV
WKHUH� LV�D�FRQYHUVLRQ�WR�S�W\SH�FRQGXFWLYLW\
DW�WHPSHUDWXUHV�7������.��:H�QRWH�WKDW�DW
URRP� WHPSHUDWXUH�� WKH� FRQGXFWLYLW\� RI� WKH
VDPSOHV� LV� FKDQJHG� ZLWKLQ� OLPLWV� RI� ���� WR
�����:�FP�Ü���7DEOH�����0RYLQJ�WR�WKH�ORZHU
WHPSHUDWXUHV�WKH�FRQGXFWLYLW\�GHFUHDVHV�DQG
DW� KHOLXP� WHPSHUDWXUHV� LW� LV� YDULHG� ZLWKLQ
OLPLWV�RI�������WR������:�FP�Ü���

$GYHUWLQJ� WR� WKH� WHPSHUDWXUH� GHSHQG�
HQFHV� RI� +DOO� FRHIILFLHQWV� IRU� WKH� VDPSOHV
IURP�WKH�VHW���RI�LQJRWV��ZH�FDQ�VHH�WKDW�IRU
WKH� VDPSOHV� �BD� �)LJ���E�� FXUYH���� WKLV� GH�
SHQGHQFH�LV�VLPLODU�WR�WKDW�IRU�WKH��BD�VDP�
SOHV�RI�WKH�VHW���RI�LQJRWV��)LJ���D��FXUYH����
+RZHYHU��XQOLNH�WKH�VDPSOHV�IURP�WKH�VHW���
WKH� VDPSOHV� �BE� GHPRQVWUDWH� D� FKDQJH� LQ
WKH� +DOO� FRHIILFLHQW� VLJQ� DW� WHPSHUÈWXUHV
���Ü����.��)LJ���E��FXUYH�����WKDW�WHVWLILHV
WR� D� ZLGHU� HQHUJ\� JDS� DQG� VPDOOHU� FRQFHQ�
WUDWLRQ� RI� LQWULQVLF� FDUULHUV�� 7KH� UHJLRQ� RI
WKLV�FRQYHUVLRQ�LV�VKLIWHG�WR�ORZHU�WHPSHUD�
WXUHV�IRU�WKH�VDPSOHV���F��)LJ���E��FXUYH����
7KLV�EHKDYLRU�LV�VLPLODU�WR�WKDW�IRU�WKH��BF
VDPSOHV� �)LJ���D�� FXUYH� ���� +HUH�� WKH� FRQ�
GXFWLYLW\� RI� DOO� WKH� VDPSOHV� IURP� WKH� VHW��
RI�LQJRWV�LV�HVVHQWLDOO\�ORZHU�DV�FRPSDUHG�WR
WKDW� RI� WKH� VDPSOHV� IURP� WKH� ILUVW� VHW� RI
LQJRWV� DQG� LWV� PDJQLWXGH� LV� IRXQG� WR� EH
ZLWKLQ� OLPLWV� RI� ����� WR� ���� �:�FP�Ü�� DW
URRP�WHPSHUDWXUH��)RU�WKH�VDPSOHV��BF��WKH

)LJ�����+DOO� FRHIILFLHQW�IRU�+J&G0Q=Q7H� VDPSOHV� FXW�RXW�RI�WKH�ILUVW�VHW�RI� LQJRWV� �D��DQG�VHFRQG
RQH��E��YV��WHPSHUDWXUH���D�����Û��BD����Û��BE�����c�Û��BF���E�����Û��BD�����c�Û��BE�����c�Û��BF
�EODFN�LFRQV�FRUUHVSRQG�WR�5+������DQG�ZKLWH�LFRQV�FRUUHVSRQG�WR�5+�!�����

7DEOH����.LQHWLF�FKDUDFWHULVWLFV�RI�+J&G0Q=Q7H�VDPSOHV

6DPSOHV &RQGXFWLYLW\�W\SH Q������FPÜ� V�:�FP�Ü� P�FP���9�V��
��� �� ��� ��� �� ��� ��� ��

G0J�±[±\±]&G����[0Q\=Q]7H��VHW����[� ��������� �������]� ������
��BD� Q Q Q ���� ���� ��� ���� ����
��BE� Q Q Q ��� ���� ��� ��� ������
��BF� S Q Q ��� ���� ��� ��� ���

+J�±[±\±]&G[0Q\=Q]7H��VHW����[� �������� �������]� �������
��BD� Q Q Q ���� ��� ��� ���� ����
��BE� S S Q ��� ���� ���� ���� �����
��BF� S Q Q ��� ��� ��� ��� ���
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FRQGXFWLYLW\� LV� WHQ� WLPHV� ORZHU� ZKHQ� SDVV�
LQJ�WR�KHOLXP�WHPSHUDWXUHV��

7KXV��WKH�FRPSDULVRQ�RI�UHVXOWV�FRQFHUQ�
LQJ� WKH� JDOYDQRPDJQHWLF� PHDVXUHPHQWV� IRU
WKH� VDPSOHV� FXW�RXW�RI� WKH� VDPH�UHJLRQV�RI
LQJRWV�IURP�WZR�VHWV�RI�RQHV�ZLWK�GLIIHUHQW
LQLWLDO� PDQJDQHVH� FRQWHQW� ��� �� DQG� �� ��
UHVSHFWLYHO\�� VKRZV� WKH�JUHDWHVW�GLIIHUHQFHV
LQ� WKHLU� FKDUDFWHULVWLFV�� 0RUHRYHU�� WKH� LQ�
FUHDVH� LQ� LQLWLDO� PDQJDQHVH� FRQWHQW� UHVXOWV
LQ�D�FKDQJH�LQ�WKH�+DOO�FRHIILFLHQW�VLJQ��

%DVLQJ�RQ�WKH�UHVXOWV�RI�JDOYDQRPDJQHWLF
PHDVXUHPHQWV�� WKH� FKDUJH� FDUULHU� FRQFHQ�
WUDWLRQ� DQG�PRELOLW\�ZHUH� FDOFXODWHG� �7DEOH
����,W�KDV�EHHQ�IRXQG�WKDW�WKH�FRQFHQWUDWLRQ
LQ� DOO� WKH� VDPSOHV� IURP� WKH� VHW��� RI� LQJRWV
DW� URRP� WHPSHUDWXUH� LV� YDULHG� OHVV� WKDQ�E\
��RUGHUV��$W�QLWURJHQ�WHPSHUDWXUHV��WKH�FDU�
ULHU� FRQFHQWUDWLRQ� LV� ZLWKLQ� OLPLWV� RI
���������FPÜ�� WR� �������FPÜ��� DQG� WKH� IXU�
WKHU� WHPSHUDWXUH�GHFUHDVLQJ�UHVXOWV� LQ�VXE�
VHTXHQW� FKDQJH� RI� FRQFHQWUDWLRQV� ZLWKLQ
OLPLWV� RI� �������FPÜ�� WR� ����������FPÜ��
8QOLNH� WKH� VDPSOHV� FXW� RXW� RI� WKH� LQLWLDO
DQG�PLGGOH�SDUWV�RI�LQJRWV��WKH�VDPSOHV�FXW
RXW�RI�WKH�WHUPLQDO�SDUW�GHPRQVWUDWH�D�FRQ�
FHQWUDWLRQ�ULVH�DW�KHOLXP�WHPSHUDWXUHV�WKDW
VKRXOG� EH� DWWULEXWHG� WR� D� VPDOO� HQHUJ\� JDS
ZLGWK�DQG�YHU\�KLJK�FDUULHU�FRQFHQWUDWLRQ��

7KH� VHW��� RI� LQJRWV�� MXVW� DV� WKH� VHW���
LQFOXGHV� Q�W\SH� VDPSOHV� DW� URRP� WHPSHUD�
WXUH� �7DEOH����� +RZHYHU�� ZH� FDQ� REVHUYH� D
FKDQJH� LQ� WKH�+DOO� FRHIILFLHQW� VLJQ� IRU� WKH
VDPSOHV�FXW�RXW�RI�WKH�PLGGOH�DQG�WHUPLQDO
SDUWV� RI� LQJRWV� ZLWK� WKH� WHPSHUDWXUH� GH�
FUHDVLQJ��

,Q�RUGHU�WR�GHWHUPLQH�WKH�GRPLQDWH�VFDW�
WHULQJ� PHFKDQLVPV� LQ� ERWK� VHWV� RI� LQJRWV�
WKH�WHPSHUDWXUH�GHSHQGHQFLHV�RI�FKDUJH�FDU�
ULHU� PRELOLW\� DUH� UHTXLUHG�� ,W� ZDV� IRXQG
WKDW�WKH�FKDUJH�FDUULHU�PRELOLW\�IRU�PRVW�RI
VDPSOHV� IURP� WKH� VHW��� RI� LQJRWV� GHFUHDVHV
DW� WHPSHUDWXUHV� EHORZ� ���Ü���� z� GXH� WR
WKH� FKDUJH� FDUULHU� VFDWWHULQJ�RQ�SRODU�RSWL�
FDO�SKRQRQV��$�VLWXDWLRQ�OLNH�WKDW�LV�W\SLFDO
IRU� PDWHULDOV� VLPLODU� WR�+J&G7H�� $W� QLWUR�
JHQ�WHPSHUDWXUHV��WKH�FKDUJH�FDUULHU�PRELO�
LW\� LQ� WKH� VDPSOHV� IURP� LQLWLDO� SDUW� RI� WKH
LQJRWV� GURSV�� WKDW� FRXOG� EH� H[SODLQHG� E\
FKDUJH�FDUULHU�VFDWWHULQJ�RQ�LRQL]HG�LPSXUL�
WLHV� �7DEOH����� $W� ORZHU� WHPSHUDWXUHV�� WKH
FDUULHU� IUHH]H�RXW� FDOOV� IRUWK� HYHQ� PRUH
GUDVWLF� PRELOLW\� GURS�� 7KH� FKDUJH� FDUULHU
PRELOLW\� LV� LQ� WKH� UDQJH� RI� ��� WR
������FP���9�V�� DW� KHOLXP� WHPSHUDWXUHV
DQG� UHDFKHV� a������FP���9�V�� ZLWKLQ� WKH
WHPSHUDWXUH� UDQJH� RI� ���� z� WR� ���� .�
+HUH��WKH�FKDUJH�FDUULHU�PRELOLW\�LQ�VDPSOHV
FXW�RXW�RI�WKH�PLGGOH�SDU�W�RI�LQJRWV�LV�YHU\

KLJK� ��Ü������FP���9�V��� ZKLFK� LV� DWWULEXW�
DEOH��LQ�RXU�RSLQLRQ��WR�D�QDUURZ�HQHUJ\�JDS
�OHVV� WKDQ� ����� H9� DW� URRP� WHPSHUDWXUH�
DQG� UHODWLYHO\� ORZ� LPSXULW\� FRQWHQW�� 7KLV
UHVXOWV�LQ�WKH�SUHIHUDEOH�SKRQRQ�FKDUJH�FDU�
ULHU�VFDWWHULQJ��

$V�ORQJ�DV�WKH�VDPSOHV�IURP�WKH�VHW���RI
LQJRWV� KDYH� D� KLJKHU�PDQJDQHVH� FRQFHQWUD�
WLRQ�� WKH\� DOVR� KDYH� D� ZLGHU� HQHUJ\� JDS�
ZKLFK� LV� UHVSRQVLEOH� IRU� WKH� REVHUYHG� FRQ�
GXFWLYLW\� W\SH� LQYHUVLRQ�� 7KH� UHVW� RI� VDP�
SOHV� GHPRQVWUDWH� DQ� LPSXULW\� VFDWWHULQJ
RQO\� XS� WR� URRP� WHPSHUDWXUH� GXH� WR� WKH
ODUJH�HQHUJ\�JDS�DQG�FRQVLGHUDEOH� LPSXULW\
FRQFHQWUDWLRQ��,Q�WKH�VDPSOHV�IURP�WKH�VHW��
RI�LQJRWV��ZH�FDQQRW�REVHUYH�VXFK�KLJK�PR�
ELOLW\�VLPLODU�WR�WKH�VHW����WKH�PRELOLW\�GRHV
QRW�H[FHHG�������FP���9�V���

,W�LV�ZRUWK�QRWLQJ�WKDW�IRU�VRPH�VDPSOHV
XQGHU� LQYHVWLJDWLRQ� WKH� WHPSHUDWXUH� GH�
SHQGHQFH� RI� FKDUJH� FDUULHU� PRELOLW\� DOORZV
XV� WR� HVWLPDWH� WKH� FRQFHQWUDWLRQ� RI� GRQRUV
1'� DQG�DFFHSWRUV�1$��7KH� ILUVW� RQH� FDQ�EHVLPXODWHG�IURP�WKH�WHPSHUDWXUH�GHSHQGHQFH
XQGHU�DVVXPSWLRQ�RI�VFDWWHULQJ�RQ�WKH�SRODU
RSWLFDO�SKRQRQV�DQG�LRQL]HG�LPSXULWLHV��7KH
FRPSDULVRQ� RI� H[SHULPHQWDO� GDWD� IRU� WKH
VDPSOHV� �BE� ZLWK� FDOFXODWHG� RQHV� IRU� WKH
WZR�VFDWWHULQJ�PHFKDQLVPV�PHQWLRQHG�DERYH
DOORZV�XV� WR� GHWHUPLQH� WKH� WHPSHUDWXUH� UH�
JLRQ�RI�WKHLU�FKDQJLQJ��)LJ������$V�LW�LV�HYLGHQW
IURP�WKH�)LJXUH��WKH�FKDUJH�FDUULHU�PRELOLW\�LQ
WKLV� VDPSOH� DW� WHPSHUDWXUHV� 7�!�����z� LV
FRPSOHWHO\� GHILQHG� E\� VFDWWHULQJ� RQ� SRODU
RSWLFDO� SKRQRQV�� ZKLOH� DW� ORZHU� WHPSHUD�
WXUHV�� RQ� LRQL]HG� LPSXULWLHV�� 6XFK�PRELOLW\
EHKDYLRU� LV� DOVR� W\SLFDO� RI� VRPH� VDPSOHV
IURP� ERWK� VHWV� RI� LQJRWV�� 7R� FDOFXODWH� WKH
FKDUJH� FDUULHU� PRELOLW\� DW� WKHLU� VFDWWHULQJ

)LJ����� ([SHULPHQWDO� DQG� WKHRUHWLFDO� GHSHQG�
HQFHV�RI�FKDUJH�FDUULHU�PRELOLW\�IRU�WKH�VDP�
SOHV��BE�YV��WHPSHUDWXUH����Ü�RSWLFV�SKRQRQV�
��Ü�LRQL]HG�LPSXULWLHV����Ü�H[SHULPHQW�
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RQ� LRQL]HG� LPSXULWLHV��ZH� XVHG� WKH� %URRNV�
+HUULQJ� IRUPXOD� >��@�� 7KH� GRQRU� DQG� DF�
FHSWRU� FRQFHQWUDWLRQV� ZHUH� GHWHUPLQHG� IRU
WKH� FDVH� ZKHQ� ZH� REVHUYH� WKH� EHVW� FRLQFL�
GHQFH�RI�WKHRUHWLFDO�FXUYHV�ZLWK�H[SHULPHQ�
WDO� RQHV�� +HUH�� WKH� LPSXULW\� FRQFHQWUDWLRQ
ZDV� YDULHG� IURP� ���������FPÜ�� WR
�������FPÜ��� ,W� VXJJHVWV� WKDW� WKH� VDPSOHV
FRXOG�EH�ERWK�WKH�GHJHQHUDWH�VHPLFRQGXFWRUV
DQG�QRQ�GHJHQHUDWH�RQHV��$W�URRP�WHPSHUD�
WXUH��WKHUH�LV�DQ�LQWULQVLF�FRQGXFWLRQ�W\SH�LI
WKH� LPSXULW\� FRQFHQWUDWLRQ� LV� ORZ�� DW� OHDVW
ORZHU� WKDQ� LQWULQVLF� FRQFHQWUDWLRQ�� RU� WKH
H[WULQVLF�FRQGXFWLRQ�W\SH�DW�D�KLJK�LPSXULW\
FRQFHQWUDWLRQ��8VLQJ�WKH�SRLQWV�RI�FKDQJLQJ
WKH� +DOO� FRHIILFLHQW� VLJQ�� ZH� HVWLPDWHG� WKH
YDOXH� RI� HOHFWURQ�KROH�PRELOLW\� UDWLR��ZKLFK
WXUQHG� RXW� WR� EH� DERXW� ����� 7KLV� YDOXH� LV
QHDU� WKH� HVWDEOLVKHG� RQH� IRU� JLYHQ� FODVV� RI
PDWHULDOV� ������ DQG� WHVWLILHV� WKH� SURSHUWLHV
VLPLODULW\� RI� +J&G0Q=Q7H� DQG� +J&G7H
FU\VWDOV��

)LQDOO\��ZH�KDYH�FDUULHG�RXW�WKH�FDOFXOD�
WLRQV� RI� LQWULQVLF� FDUULHU� FRQFHQWUDWLRQ� DV
GHVFULEHG�LQ�>��@��7KH�FDOFXODWLRQ�UHVXOWV�IRU
�BD�DQG��BE�VDPSOHV�DUH�LQ�JRRG�DJUHHPHQW
ZLWK�WKH�H[SHULPHQW�LQ�WKH�LQWULQVLF�UHJLRQ�
,Q�RXU�RSLQLRQ��RI�D�VSHFLDO�LQWHUHVW�DUH�WKH
VDPSOHV��BE�ZLWK�[� ���������� ��������]� 
������ �)LJ������ VLQFH� WKHLU� LQWULQVLF� UHJLRQ
H[WHQGV�XS� WR�����.�� LQGLFDWLQJ�D� ORZ�FRQ�
WHQW� RI� GHIHFWV� DQG�� UHVSHFWLYHO\�� D� KLJK
TXDOLW\� RI� +J&G0Q=Q7H� FU\VWDOV�� )RU� WKH
FRPSDULVRQ�� )LJ���� VKRZV� WKH� WHPSHUDWXUH
GHSHQGHQFHV� RI� LQWULQVLF� FDUULHU� FRQFHQWUD�
WLRQ� IRU� +J���&G���7H� �FXUYH� $�� DQG
+J���&G���7H� �FXUYH� %�� VDPSOHV�� FDOFXODWHGXVLQJ� WKH� HPSLULFDO� IRUPXOD� IRU� LQWULQVLF
FDUULHU�FRQFHQWUDWLRQ�LQ�+J&G7H�>��@��

QL�[�7�� �������������[����������7��u
u�����7�e�(J�e�H[S��(J�e��N�7��

���

,W� LV�VHHQ�WKDW�WKH�VDPSOHV��BE�DUH�VLPL�
ODU�WR�+J���&G���7H�RQHV�LQ�WKH�LQWULQVLF�FDU�ULHU� FRQFHQWUDWLRQ�� WKRXJK� WKH\� DUH� VLPLODU
WR� +J�����&G�����7H� LQ� WKH� HQHUJ\� JDS�� $WWKH�VDPH�WLPH�� WKH� VDPSOHV��BD�DUH� VLPLODU
WR�+J���&G���7H� LQ� WKH� FRQFHQWUDWLRQ� DQG� WR+J����&G����7H� LQ�WKH�HQHUJ\�JDS��7KXV��WKHLQWULQVLF� FDUULHU� FRQFHQWUDWLRQ� LQ
+J&G0Q=Q7H� LV� VRPHZKDW� OHVV� WKDQ� LQ
+J&G7H�IRU�WKH�HTXDO�HQHUJ\�JDS��

7KXV�� WKH�QRYHO�+J&G0Q=Q7H� VROLG� VROX�
WLRQ� KDV� EHHQ� SURSRVHG� DQG� LWV� VWUXFWXUDO�
PHFKDQLFDO� DQG� JDOYDQRPDJQHWLF� FKDUDF�
WHULVWLFV� KDYH� EHHQ� LQYHVWLJDWHG�� ,W� ZDV
IRXQG� WKDW� WKH� VDPSOHV� FXW� RXW� IURP� WKH
PLGGOH�SDUW�RI�WKH�LQJRW�ZLWK�DQ�LQLWLDO�FRQ�
WHQW� PDQJDQHVH� �� ������ DUH� WKH� RSWLPDO
RQHV� IURP� WKHLU� HPSOR\PHQW� IRU� ,5� UHFHLY�
HUV� SRLQW� RI� YLHZ�� ,W� LV� ZRUWK� QRWLQJ� WKDW
WKH�FRQFHQWUDWLRQV� RI� LQWULQVLF� FDUULHUV�� GR�
QRUV� DQG� DFFHSWRUV� DUH� VLPLODU� WR� WKRVH� RI
+J&G7H� FU\VWDOV�� DQG� WKH� FKDUJH� FDUULHU�V
PRELOLW\� UHDFKHV� WKH� UHFRUG� YDOXHV� DERXW
������FP���9�V��� 0RUHRYHU�� XQOLNH� +J&G7H�
WKH\� SRVVHVV� D� PRUH� SHUIHFW� FU\VWDO� VWUXF�
WXUH�DQG�D�KLJKHU�VWDELOLW\�RI�FU\VWDO�ODWWLFH�
ZKLFK� LV� WHVWLILHG� E\� XQLW� GLPHQVLRQV� DQG
PLFURKDUGQHVV� LQFUHDVLQJ�� (YHU\WKLQJ� PHQ�
WLRQHG� DERYH� DOORZV� DQQRXQFLQJ� WKDW� WKH
QHZ� ILYH�FRPSRQHQW� VROLG� VROXWLRQ� FDQ� EH
FRQVLGHUHG�DV�DQ�DOWHUQDWLYH�PDWHULDO�IRU�,5
GHWHFWRUV� RSHUDWLQJ� LQ� �� WR� �� PP� DQG� �� WR
���PP�VSHFWUDO�UDQJHV��

�ÈEOH���� ,PSXULW\� FRQFHQWUDWLRQ� LQ
+J&G0Q=Q7H�VDPSOHV�

1R� 6DPSOH 'RQRU
FRQFHQWUDWLRQ
1'��°PÜ�

$FFHSWRU
FRQFHQWUDWLRQ
1$��°PÜ�

�� ,B��� ������ ��������
�� ,B��� ������ ������
�� ,B��� ������ ������
�� ,B��� �������� ������
�� ,,B��� �������� ������
�� ,,B��� �������� ������ )LJ����� ,QWULQVLF� FDUULHUV�� FRQFHQWUDWLRQ� YV�

WHPSHUDWXUH�LQ�+J&G0Q=Q7H�VDPSOHV�RI�YDUL�
RXV� FRPSRVLWLRQV�� 3RLQWV� DUH� WKH� H[SHULPHQ�
WDO� GDWD�� FXUYHV� DUH� WKH� FDOFXODWHG� RQHV� RE�
WDLQHG� DV� GHVFULEHG� LQ� >��@�� �� Û� [� �������
��  �������� ]� �������� �� Û� [� �������
��  � ������� ]� �������� 7KH� GRWWHG� FXUYH� $
FRUUHVSRQGV�WR�+J���&G���7H��WKH�GRWWHG�FXUYH{� FRUUHVSRQGV� WR�+J���&G���7H� LQ� DFFRUGDQFHZLWK�IRUPXOD�����
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� ���$�=KLJDORY�� 6�.DUHOLQ�� LQ�� 9LVQ\N� RI� /�YLY
8QLYHUVLW\��8NUDLQH���,VVXH������������S������

����:�6FRWW�� (�6WHO]HU�� -�+DJHU�� -��$SSO��3K\V��
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����,�1�*RUEDWLXN�� $�9�0DUNRY�� 6�(�2VWDSRY� HW
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