
'LIIXVLRQ�FRQWUROOHG�H[FLWDWLRQ�DQQLKLODWLRQLQ�6U�&H2� FU\VWDO
$�$�0DVDORY��2�*�9LDJLQ��,�,�*DQLQD��<X�9�0DO\XNLQ

,QVWLWXWH�IRU�6FLQWLOODWLRQ�0DWHULDOV��67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV���1DWLRQDO
$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�����/HQLQ�$YH���������.KDUNLY��8NUDLQH

5HFHLYHG�2FWREHU��������
7KH� FRQWULEXWLRQ� IURP� LQWHUDFWLRQ� EHWZHHQ� UHJXODU� RSWLFDO� FHQWHUV� LQ�6U�&H2�� FU\VWDOVWUXFWXUH�WR�WKH�PLJUDWLRQ�SURFHVV�RI�HOHFWURQLF�H[FLWDWLRQ�HQHUJ\�KDV�EHHQ�GHPRQVWUDWHG�

7KH�6U�&H2�� FU\VWDOV�KDYH�EHHQ�V\QWKHVL]HG�E\� WKH�3HFKLQL�FLWUDWH�PHWKRG��7KH� OXPLQHV�FHQFH�GHFD\�SURFHVV�KDV�EHHQ�VWXGLHG�DV�D�IXQFWLRQ�RI�WKH�ODVHU�UDGLDWLRQ�GHQVLW\��3DUDPH�
WHUV�RI� H[FLWDWLRQ�PRELOLW\�KDYH�EHHQ�HVWLPDWHG�� ,W� LV�VKRZQ�WKDW�WKH�PLJUDWLRQ� LQ�VWURQ�
WLXP�FHULXP� R[LGH� LV� UDWKHU� ZHDN�� GXULQJ� LWV� OLIHWLPH�� WKH� H[FLWDWLRQ� PLJUDWHV� RYHU� WKH
��FKDLQ�VLWHV�LQ�WKH�DUUDQJHPHQW�RI�WKH�RSWLFDO�FHQWHUV�
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$Q� HIIHFWLYH� OLJKW� DEVRUSWLRQ� LQ� WKH� 89
VSHFWUDO� UHJLRQ� LV� DPRQJ� UHTXLUHPHQWV� WR
WKH�PDWHULDOV�LQWHQGHG�IRU�GLVSOD\�DQG�OLJKW�
LQJ�WHFKQLTXHV�>�@��)URP�WKLV�SRLQW�RI�YLHZ�
FRPSRXQGV�� ZKLFK� SRVVHVV� RSWLFDO� WUDQVL�
WLRQV�JRYHUQHG�E\�WKH�HOHFWURQ�FKDUJH�WUDQV�
IHU� DUH� YHU\� SURPLVLQJ� >�@�� 6WURQWLXP�FH�
ULXP�R[LGH�6U�&H2���ZKHUH�WKH�EOXLVK�ZKLWHOXPLQHVFHQFH� LV� FDXVHG� E\� WKH� UDGLDWLYH� UH�
OD[DWLRQ� LQ� WKH� FKDUJH� WUDQVIHU� FRPSOH[
&H��±2�±��EHORQJV�WR�VXFK�PDWHULDOV�>�@�

7KH�6U�&H2��FU\VWDO�VWUXFWXUH�EHORQJV�WRWKH� 6U�3E2�� VWUXFWXUH� W\SH� DQG� LV� FKDUDF�WHUL]HG�E\�D�VWURQJ�DQLVRWURS\�GHILQHG�E\�D
VHW� RI� OLQHDU� FKDLQV� RI� WUDQV� HGJH�VKDULQJ
&H2�� RFWDKHGURQV� UXQQLQJ� LQ� SDUDOOHO� WR>���@� GLUHFWLRQ� ZLWK� D� VSDWLDO� VSDFLQJ� RI
������c� >�@�� 7KXV�� D� 6U�&H2�� FU\VWDO� SHU�WDLQV�WR�WKH�JURXS�RI�FRPSRXQGV�ZLWK�OXPL�
QHVFHQFH� SURSHUWLHV� JRYHUQHG� E\� WKH� UHJX�
ODUO\� ORFDWHG� OXPLQHVFHQFH� HOHPHQWV� UDWKHU
WKDQ� E\� LPSXULW\� RSWLFDO� FHQWHUV�� ,QWHUDF�
WLRQ� EHWZHHQ� VXFK� UHJXODU� RSWLFDO� FHQWHUV

PXVW�SURPRWH�WKH�HQHUJ\�VSDWLDO�GHORFDOL]D�
WLRQ�DQG�HIILFLHQW�WUDQVSRUW�RI�H[FLWDWLRQ�WR
WKH�GRSHG�FHQWHUV�

,Q� HXURSLXP� DFWLYDWHG� 6U�&H2��(X��FU\VWDO��D�VWURQJ�WHPSHUDWXUH�GHSHQGHQFH�RI
WKH� QRQUDGLDWLYH� HQHUJ\� WUDQVIHU� UDWH� IURP
WKH� FU\VWDO�KRVW� WR� WKH� GRSLQJ� LRQV�ZDV� UH�
YHDOHG� WKDW� ZDV� H[SODLQHG� E\� WKH� HOHFWURQ
H[FLWDWLRQ� PLJUDWLRQ� LQ� WKH� FU\VWDO� >�@�� ,Q
WKH�SUHVHQW�VKRUW�FRPPXQLFDWLRQ��ZH�GHYHORS
WKH� LGHD�VWDWHG� LQ�RXU�SUHYLRXV�ZRUN� >�@�DQG
UHSRUW�WKH�GHWHUPLQDWLRQ�UHVXOWV�RI�H[FLWDWLRQ
PRELOLW\�SDUDPHWHUV�LQ�6U�&H2��FU\VWDO�,W� LV� NQRZQ� WKDW� HOHFWURQLF� H[FLWDWLRQV
PD\� DQQLKLODWH� ZKHQ� LQWHUDFWLQJ� >����@�� ,Q
H[SHULPHQWV�� WKH� DQQLKLODWLRQ� FRXOG� EH� RE�
VHUYHG�DW�D�KLJK�H[FLWDWLRQ�GHQVLW\��7KH�LQ�
FUHDVH� RI� H[FLWDWLRQ� GHQVLW\� LQ� D� FU\VWDO
FDXVHV�WKH�UHGXFWLRQ�RI�VSDFLQJ�EHWZHHQ�WKH
H[FLWHG� FHQWHUV�� 7KH� H[FLWDWLRQ� PLJUDWLRQ
IDFLOLWDWHV�WKH�H[FLWDWLRQ�DSSURDFK�ZLWK�VXE�
VHTXHQW� DQQLKLODWLRQ�� DQG�� FRQVHTXHQWO\�
FDXVHV�D�VKRUWHQHG�H[FLWDWLRQ�OLIHWLPH�>�@�
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6U�&H2��VDPSOHV�ZHUH�V\QWKHVL]HG�E\�RQHRI�WKH�VRO�JHO�PHWKRGV��QDPHO\��WKH�3HFKLQL
FLWUDWH�RQH�>�@��$�FLWULF�DFLG�VROXWLRQ�LQ�HWK�
\OHQH�JO\FRO�ZDV�DGGHG�WR�WKH�PL[WXUH�RI�WKH
6U� DQG� &H� QLWUDWH� VROXWLRQV�� 7KH� REWDLQHG
PL[WXUH� ZDV� KHDWHG� DW� ���&� GXULQJ� ��� K
WKDW� UHVXOWV� LQ� WKH�UHPRYDO�RI�H[FHVV�QLWULF
DFLG�� WKH� VROXWLRQ� S+� LQFUHDVH� DQG� D� JHO
IRUPDWLRQ�� 7KH� QH[W� V\QWKHWLF� VWDJH� LQ�
YROYHV�WKH�JHO�K\GURO\VLV��7KH�REWDLQHG�SUH�
FLSLWDWH�ZDV�GULHG�DQG�WKHQ�GHK\GUDWHG�GXU�
LQJ���K�DW�����&�DQG�DQQHDOHG�GXULQJ����K
DW� �����&� ZLWK� LQWHUPHGLDWH� JULQGLQJ�� ;�
UD\� VWUXFWXUH� DQDO\VLV� LQGLFDWHV� WKH� VLQJOH
FU\VWDOOLQH�SKDVH�RI�6U�&H2��7KH� OXPLQHVFHQFH� GHFD\� FXUYHV� ZHUH� UH�
FRUGHG� E\� WKH� WLPH�FRUUHODWHG� VLQJOH�SKRWRQ
FRXQWLQJ�PHWKRG�>��@��/XPLQHVFHQFH�ZDV�H[�
FLWHG� E\� IRXUWK� KDUPRQLF� ����� QP�� RI� D
<$*�1G� ODVHU� RSHUDWHG� LQ� WKH� 4�VZLWFKLQJ
PRGH��$�VWDQGDUG�RSWLFDO�FU\RVWDW�ZDV�XVHG
IRU� ORZ� WHPSHUDWXUH� PHDVXUHPHQWV�� 7KH
ODVHU�UDGLDWLRQ�LQWHQVLW\�ZDV�PHDVXUHG�E\�D
,02��1� SRZHU� PHWHU�� 7KH� PDJQLWXGH� RI
OLJKW�IOX[�KLWWLQJ�WKH�VDPSOH�ZDV�FRQWUROOHG
E\� 89� RSWLFDO� ILOWHUV�� )RU� TXDQWLWDWLYH� DV�
VHVVPHQW�RI�WKH�DQQLKLODWLRQ�UDWH��WKH�HTXD�
WLRQ� GHVFULELQJ� D� ELPROHFXODU� TXHQFKLQJ
SURFHVV�ZDV�DSSOLHG�>��@��
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ZKHUH� U� LV� WKH� H[FLWDWLRQ� GHQVLW\�� W��� WKH
OXPLQHVFHQFH�GHFD\�WLPH��J��WKH�DQQLKLODWLRQ
UDWH�

7KH� HVWLPDWLRQ� RI� WKH� LQLWLDO� FRQFHQWUD�
WLRQ�RI�H[FLWHG�FHQWHUV�ZDV�HVWLPDWHG�XVLQJ
WKH�IROORZLQJ�HTXDWLRQ�>��@�
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ZKHUH�1��LV�WKH�QXPEHU�RI�HPLWWHG�SKRWRQV�
'6�� WKH� LUUDGLDWHG� DUHD� RI� WKH� VDPSOH��'O� 
��.��WKH�DYHUDJH�GHSWK�RI�WKH�H[FLWLQJ�EHDP
SHQHWUDWLRQ�� .�� WKH� H[WLQFWLRQ� FRHIILFLHQW�
$V�WKH�VDPSOHV�XQGHU�VWXG\�ZHUH�FRPSDFWHG
SRZGHUV��LW�LV�QHFHVVDU\�WR�WDNH�LQWR�DFFRXQW
WKH� ODVHU� EHDP� VFDWWHULQJ� IURP� D� VDPSOH
VXUIDFH��7KH�.XEHOND�0XQN�WKHRU\� WKDW�GH�
VFULEHV� D� UHODWLRQ� EHWZHHQ� DEVRUEHG�� UH�
IOHFWHG��DQG�VFDWWHUHG�OLJKW�HQHUJ\�IRU�SRZ�
GHU� PDWHULDOV� >��@� ZDV� XVHG� WR� GHWHUPLQH
WKH�DPRXQW�RI�VFDWWHUHG�HQHUJ\��7KH�YDOXHV
RI�WKH�H[WLQFWLRQ��.��DQG�UHIOHFWLRQ��5��LQGL�
FHV� IRU� 6U�&H2�� DW� ���� QP� ����� DQG� �����UHVSHFWLYHO\�� ZHUH� WDNHQ� IURP� >������@�

8VLQJ� WKHVH�GDWD�� WKH� VFDWWHULQJ�FRHIILFLHQW
�6��ZDV�FDOFXODWHG�

)LJXUH�VKRZV� WKH� 6U�&H2�� OXPLQHVFHQFHGHFD\� FXUYHV� DW� GLIIHUHQW� LQLWLDO� H[FLWDWLRQ
GHQVLWLHV�� $W� ����.�� WKH� GHFUHDVH� RI� WKH
OXPLQHVFHQFH�GHFD\� WLPH�EHFRPHV�REVHUY�
DEOH� LI� WKH� H[FLWDWLRQ� GHQVLW\� H[FHHGV
U��a������FPÜ��� $FFRUGLQJ� WR� WKH� FDOFXOD�
WLRQV�EDVLQJ�RQ�FU\VWDOORJUDSKLF�GDWD�>�@��DW
VXFK�DQ�H[FLWDWLRQ�GHQVLW\��WKH�DYHUDJH�GLV�
WDQFH� EHWZHHQ� WKH� H[FLWHG� FHQWHUV� LQ
6U�&H2�� FU\VWDO� GRHV� QRW� H[FHHG����c�� 7KHH[WUDSRODWLRQ� RI� WKH� H[SRQHQWLDO� SDUW� RI
GHFD\�FXUYH���WR�W� ���DOORZV�WKH�DPRXQW�RI
XQTXHQFKHG� FHQWHUV� WR� EH� HVWLPDWHG� �)LJ���
J� ��������Ü���FP��V� ZDV� FDOFXODWHG� IURP
WKH� H[SHULPHQWDO� GDWD� ILWWLQJ� E\� WKH� VROX�
WLRQ�RI�HTXDWLRQ� ���� �VHH� LQVHW� LQ�)LJ����7KH
DQQLKLODWLRQ�UDWH�J�DQG�WKH�GLIIXVLRQ�FRHIIL�
FLHQW� '� DUH� LQWHUUHODWHG� DV� J� ��S'5$�ZKHUH� 5$� LV� WKH� DQQLKLODWLRQ� UDGLXV� >��@�7DNLQJ�5$� ����c��WKH�DYHUDJH�GLVWDQFH�EHWZHHQH[FLWHG� FHQWHUV��� ZH� REWDLQ� '� �����Ü���FP��V
DQG�WKH�H[FLWDWLRQ�PHDQ�VTXDUH�WUDFN�OHQJWK
O� ��CCCCC�W�' �a����c��,W�VKRXOG�EH�QRWHG�WKDW�DW
���.��WKH�GHFUHDVH�LQ�6U�&H2��OXPLQHVFHQFHGHFD\�WLPH�ZDV�REVHUYHG�HYHQ�DW�WKH�H[FLWD�
WLRQ� GHQVLW\� RI� �������FPÜ��� 7KLV� UHVXOW
DJUHHV� ZLWK� RXU� SUHYLRXV� ZRUN� >�@� DQG� LV
H[SODLQHG� E\� WKH� VKRUWHQLQJ� RI� WKH� H[FLWD�
WLRQ�WUDFN�OHQJWK�

7KXV��WKH�H[FLWDWLRQ�HQHUJ\�PLJUDWLRQ�LQ
6U�&H2�� KDV� EHHQ� FRQILUPHG�� 7KH� DQQLKLOD�WLRQ� UDWH� HVWLPDWLRQ� VKRZV� WKDW� WKH� H[FLWD�

)LJ��7KH� OXPLQHVFHQFH� GHFD\� FXUYHV� IRU� D
6U�&H2��FU\VWDO�DW�GLIIHUHQW�LQLWLDO�H[FLWDWLRQGHQVLWLHV�� �����FPÜ�� ����� ��Û� �����FPÜ�� ����
,QVHW�� ILWWLQJ� RI� FXUYH� �� E\� WKH� VROXWLRQ� RI
HTXDWLRQ������
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WLRQ�PLJUDWHV�RYHU�WKH�RYHU����c�RU��Ü��FKDLQ
VLWHV�GXULQJ� LWV� OLIHWLPH�� WDNLQJ� WKH� VSDWLDO
SHULRG�WR�EH�������c��,W�FRXOG�EH�FRQFOXGHG
WKDW�GHVSLWH�WKH�UHJXODU�DUUDQJHPHQW�RI�OX�
PLQHVFHQW� FHQWHUV� LQ� VWURQWLXP�FHULXP
R[LGH�� WKH� H[FLWDWLRQ� PRELOLW\� LV� UDWKHU
ZHDN��,W�LV�DVVRFLDWHG�ZLWK�WKH�FKDUJH�WUDQV�
IHU� LQ� WKH� FU\VWDO�� L�H�� WKH� H[FLWDWLRQ� SUH�
IHUUHG� ORFDOL]DWLRQ� RQ�&H2�� RFWDKHGURQV� DVD� UHVXOW� RI� VLJQLILFDQW� HOHFWURQ� GHQVLW\� UH�
GLVWULEXWLRQ�LQ�WKH�H[FLWHG�VWDWH��
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