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%HFDXVH� RI� WKH� LQFUHDVLQJ� VWUHQJWK� RI� HQYLURQPHQW� SUHGLFWLRQ�� WKH� JODVV� SURGXFLQJ�
LQGXVWU\� LV� REOLJHG� WR� UHGXFH� WKHLU� HPLVVLRQV�� $� SDUWLFXODU� SUREOHP� LV� WKH� HPLVVLRQ� RI��
QLWURJHQ�R[LGHV��12[���7KH�QLWURJHQ�R[LGHV�FRQWULEXWH�WR�WKH�´DFLG�UDLQµ��DUH�KDUPIXO�IRU�
WKH�R]RQH�OD\HU�LQ�WKH�DWPRVSKHUH�DQG�FDQ�GDPDJH�WKH�KXPDQ�KHDOWK��
7KH�ZDVWH� JDVHV�RI� JODVV�PHOWLQJ� WDQNV� FRQWDLQ�12[� LQ� YDOXHV�EHWZHHQ������ DQG������
PJ�Pò�GHSHQGHG�RQ�WKH� W\SH�RI�IXUQDFH�DQG�WKH�KHDWLQJ�PHGLXP��7KH�DGPLQLVWUDWLRQV�
WROHUDWH�GLIIHUHQW�YDOXHV�ZLWK�WKH�ORZHVW�UDWH�LQ�*HUPDQ\�EHLQJ�����PJ�Pò��7KHUHIRUH�LW�
LV�QHFHVVDU\�WR�GHYHORS�PHDVXUHPHQWV�WR�GHFUHDVH�WKH�12[�FRQWHQW�LQ�WKH�ZDVWH�JDVHV��
7ZR�W\SHV�RI�PHDVXUHPHQWV�H[LVW��
��3ULPDU\�PHDVXUHPHQWV�WR�UHGXFH�12[�LQ�WKH�WDQN�
��6HFRQGDU\�PHDVXUHPHQWV�WR�UHGXFH�12[�LQ�RU�EHKLQG�WKH�UHJHQHUDWRU��

�
3ULPDU\�PHDVXUHPHQWV� FRQVLVWV� QRUPDOO\� WR� UHGXFH� WKH� FRPEXVWLRQ� DLU� IORZ� WR� QHDUO\�
VWRHFKLRPHWULF� RU� HYHQ� XQGHU� VWRHFKLRPHWULF� FRQGLWLRQV�� RU� WR� DSSO\� WKH� �5� V\VWHP��
+HUHE\� QDWXUDO� JDV� LV� LQWURGXFHG� LQWR� WKH� ZDVWH� JDV� VWUHDP� EHIRUH� HQWHULQJ� WKH�
UHJHQHUDWRU��7KHUHE\�&2�DQG�+��DUH�IRUPHG�� WKDW�UHDFW�ZLWK�12�WR�IRUP�1���&2��DQG�
+�2��
�
8VLQJ�SULPDU\�PHDVXUHPHQWV��WKH�JODVV�SURGXFHU�KDV�WR�EH�DZDUH�RI�UHGXFLQJ�DWPRVSKHUH�
LQ�WKH�UHJHQHUDWRU��,W�LV�ZHOO�NQRZQ��WKDW�UHIUDFWRULHV�VKRZ�GLIIHUHQW�EHKDYLRXU�ZKHQ�XVHG�
LQ�R[LGLVLQJ�RU�UHGXFLQJ�DWPRVSKHUH��
,Q�RXU�ODERUDWRU\�DQ�H[WHQVLYH�WHVW�ZRUN�KDV�EHHQ�FRQGXFWHG�WR�VLPXODWH�WKH�LQIOXHQFH�RI�
UHGXFLQJ�DWPRVSKHUH�RQ�GLIIHUHQW�UHIUDFWRULHV�LQ�WKH�UHJHQHUDWRU��7KLV�SDSHU�ZLOO�GHVFULEH�
WKH�WHVW�ZRUN�DQG�SUHVHQW�WKH�PRVW�LPSRUWDQW�UHVXOWV��
�

�����7HVWLQJ�PHWKRG�

7R� GHWHUPLQDWH� WKH� GLIIHUHQFH� RI� EHKDYLRXU� RI� UHIUDFWRULHV� LQ� D� UHJHQHUDWRU� ZLWK�
WUDGLWLRQDO� DWPRVSKHUH� RQ� RQH� VLGH� DQG� ZLWK� VOLJKWO\� UHGXFLQJ� DWPRVSKHUH� GXULQJ� WKH�
H[KDXVW�F\FOH�RQ�WKH�RWKHU�VLGH��D�QXPEHU�RI�WHVWV�KDYH�EHHQ�FRQGXFWHG�LQ�WKH�´FKHFNHU�
IXQFWLRQ�WHVWµ��7KHUHE\��WKH�VSHFLPHQ�DUH�SODFHG�LQWR�D�PRGLILHG�URWDU\�NLOQ��

:LWKLQ� WKH� WHVW� DSSDUDWXV� LW� LV�SRVVLEOH� WR� VLPXODWH� H[DFWO\� WKH� VWUHVVHV� LQ� D� UHJHQHUDWRU�
SDFNLQJ��7KH�WHPSHUDWXUH�DV�ZHOO�DV�WKH�YDULDWLRQ�FDQ�EH�DGMXVWHG�WR�WKH�WHPSHUDWXUHV�LQ�
GLIIHUHQW�FKHFNHU�]RQHV��%\�PHDQV�RI��UHJXODWLRQ�RI�WKH�IORZ�RI�R[\JHQ�DQG�SURSDQH��WKH�
R[LGLVLQJ� DQG� UHGXFLQJ� DWPRVSKHUH� FDQ� EH� VLPXODWHG�� ,W� LV� DOVR� SRVVLEOH� WR� LQWURGXFH�
FRUURVLYH�DJHQWV�LQWR�WKH�JDV�VWUHDP�DV�VRGD�DVK�RU�JODVV�UDZ�PDWHULDO��

7KH�PRVW�FULWLFDO�]RQH�LQ�WKH�FKHFNHUV�DUH��
���WKH�XSSHU�OD\HUV�EHFDXVH�RI�KLJK�WHPSHUDWXUH�VWUHVV�DQG�WKH�DWWDFN�RI��JODVV�UDZ�

PDWHULDO�



��WKH� WHPSHUDWXUH� UDQJH� EHWZHHQ� �����&� DQG� ����&� � EHFDXVH� RI� WKH� DWWDFN� RI�
FRQGHQVLQJ�DONDOL�VXOSKDWHV�DQG�R[LGHV��

7KHUHIRUH�WKH�IROORZLQJ�WHVWV�KDYH�EHHQ�FRQGXFWHG��
7HVW�1R�����WHPSHUDWXUH�UDQJH������²������&��R[LGLVLQJ�DWPRVSKHUH�
7HVW�1R�����WHPSHUDWXUH�UDQJH������²������&��UHGXFLQJ�DWPRVSKHUH�
7HVW�1R�����WHPSHUDWXUH�UDQJH������²�����&��R[LGLVLQJ�DWPRVSKHUH�
7HVW�1R�����WHPSHUDWXUH�UDQJH������²�����&��UHGXFLQJ�DWPRVSKHUH�
7KH�IROORZLQJ�WDEOHV�VKRZ�WKH�SDUDPHWHU�RI�WKH�IRXU�WHVWV�

+LJK�WHPSHUDWXUH�WHVWV�������±������&��

�

&\FOH�WLPH� ���PLQ�KHDWLQJ�±����PLQ�FRROLQJ�

$WPRVSKHUH�KHDWLQJ� 2[LGLVLQJ��λ� ������±�2�� ����

5HGXFLQJ������±����&2�

$WPRVSKHUH�FRROLQJ� 2�� �����
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4XDQWLW\�RI�FRUURVLYH� ���J�$ONDOL�DQG�6XOSKDWH�F\FOH��
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1XPEHU�F\FOHV� ���

7RWDO�WLPH� ���KRXUV�
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&\FOH�WLPH� ���PLQ�KHDWLQJ�±����PLQ�FRROLQJ�

$WPRVSKHUH�KHDWLQJ� 2[LGLVLQJ��λ� ������±�2�� ����

5HGXFLQJ������±����&2�

$WPRVSKHUH�FRROLQJ� 2�� �����

&RUURVLYH�DJHQW� +HDWLQJ��1D+&2��1D�62�� �����
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7KH�IROORZLQJ�EULFN�JUDGHV�KDYH�EHHQ�WHVWHG��
�
+LJK�WHPSHUDWXUH�WHVW�� 6WHOOD�**6� 6LOLFD�IRU�FURZQ�DQG�VLGHZDOOV�
� )XVHG�FDVW�$=6� IRU�WDUJHW�ZDOOV�

� )XVHG�FDVW�β···�$OXPLQD� XSSHU�FKHFNHU�OD\HUV�
� 5XELQDO�9=� 0DJQHVLD�=LUFRQ�IRU�ZDOOV�DQG�FKHFNHUV�
� $QNHU�'*�� SXUH�0DJQHVLD�����0J2�IRU�FKHFNHUV�
� $QNHU�'*��� SXUH�0DJQHVLD�����0J2�IRU�FKHFNHUV�
�
/RZ�WHPSHUDWXUH�WHVW�� )XVHG�FDVW�$=6�
� 5XELQDO�(=� 0DJQHVLD�=LUNRQ�
� $QNURP�%��� 0DJQHVLD�&KURPH�GLUHFW�ERQGHG��
� 0D[LDO����� 6XSHU�'XW\�)LUHFOD\�

%HFDXVH� RI� WKH� GLIIHUHQW� SODFH� RI� LQVWDOODWLRQ� RI� WKH� GLIIHUHQW� PDWHULDO� ZLWKLQ� WKH� WHVW�
FKHFNHU��D� FRPSDULVDWLRQ�EHWZHHQ� WKH�GLIIHUHQW�JUDGHV� LV�GLIILFXOW��%HFDXVH�RI� WKH� VDPH�
SODFH� RI� LQVWDOODWLRQ� RI� RQH� JUDGH� GXULQJ� WKH� WHVWV� ZLWK� R[LGLVLQJ� DQG� UHGXFLQJ�



DWPRVSKHUH�� WKH� GLIIHUHQW� EHKDYLRXU� LQ� WKH� WZR� WHVWV� LV� RI� SULPDU\� LQWHUHVW�� ,W� FDQ� EH�
DVVXPHG��WKDW�WKH�JODVV�PHOWLQJ�LQGXVWU\�LV�DZDUH�RI�WKH�EHKDYLRXU�RI�WKH�GLIIHUHQW�JUDGHV�
LQ�D�WUDGLWLRQDO�ILUHG�UHJHQHUDWRU��7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�GHVFULEH�WKH�EHKDYLRXU�
WKDW�FDQ�EH�H[SHFWHG��ZKHQ�UHGXFLQJ�DWPRVSKHUH�LV�SUHVHQW�LQ�WKH�UHJHQHUDWRU�GXULQJ�WKH�
H[KDXVW�F\FOH��

�
�����+LJK�WHPSHUDWXUH�WHVWV�

���� 6WHOOD�**6�

6LOLFD� LV� VWLOO�ZLGHO\� XVHG� LQ�(XURSH� LQ� WKH� XSSHU�SDUW� RI� WKH� UHJHQHUDWRU�ZDOOV� DQG� WKH�
FURZQV��([SHULHQFH�KDV�VKRZQ��WKDW�XQGHU�KHDY\�DONDOL�DWWDFN�DQG�WHPSHUDWXUHV�RI�EHORZ�
�����&��6LOLFD�VKRZV�VHYHUH�VRIWHQLQJ�DQG�GULSSLQJ��7KLV�KDV�EHHQ�FRQILUPHG�E\�WKH�WHVW��

,Q� R[LGLVLQJ� DWPRVSKHUH�� WKH� EULFNV�ZHUH� WRWDOO\� RYHUORDGHG� FKHPRWKHUPLFDOO\��2Q� WKH�
KRW� HQG� WKH� EULFN� H[KLELWHG� KHDY\� FRUURVLRQ� DQG� PDWHULDO� ORVV�� 7KH� VWUXFWXUH� VKRZV�
VRIWHQLQJ�DQG�GHJHQHUDWLRQ���

,Q� UHGXFLQJ�DWPRVSKHUH� WKH�FRUURVLRQ�SKHQRPHQD�ZHUH�YHU\�VLPLODU�� WKH�VSHFLPHQ�ZDV�
HYHQ�VWURQJHU�HIIHFWHG�� ,Q�ERWK� WHVWV��6LOLFD�VKRZHG� WKH�SRRUHVW�FRUURVLRQ�UHVLVWDQFH�� ,W�
FDQ� EH� FRQFOXGHG�� WKDW� 6LOLFD� FDQ� RQO\� EH� XVHG� LQ� R[LGLVLQJ� DWPRVSKHUH� XQGHU� ZHOO�
FRQWUROOHG�FRQGLWLRQ��LQ�UHGXFLQJ�DWPRVSKHUH�WKH�XVH�VKRXOG�EH�H[FOXGHG��

,W�KDV�WR�EH�XQGHUOLQHG��WKDW�WKH�WHVW�LV�QRW�FRPSOHWHO\�FRPSDUDEOH�WR�WKH�SUD[LV��EHFDXVH�
WKH�ODFN�RI�D�WHPSHUDWXUH�JUDGLHQW��WKDW�H[LVWV�LQ�WKH�UHJHQHUDWRU�ZDOO��

�

���� )XVHG�FDVW�$=6�

)XVHG�FDVW�$=6�LV�XVHG�LQ�WDUJHW�ZDOOV�LQ�WKH�ILUVW�SRUWV�RI�FURVV�ILUHG�IXUQDFHV�DQG�LQ�WKH�
XSSHU�ZDOO�SDUWV�LQ�HQG�ILUHG�IXUQDFHV��7KH�FRUURVLRQ�PHFKDQLVPV�REVHUYHG�LQ�SUDFWLVH�LV�
DQ� H[XGDWLRQ� RI� WKH� JODVV\� SKDVH� DQG� IRUPDWLRQ� RI� � QHSKHOLQH� E\� DONDOL� DWWDFN�� 7KH�
IRUPDWLRQ�RI�QHSKHOLQH�KDV�PDLQO\�EH�REVHUYHG�LQ�JDV�KHDWHG�WDQNV��,W�FDQ�EH�DVVXPHG��
WKDW�LQ�RLO�ILUHG�WDQNV��DONDOL�DUH�ERXQG�DV�VXOSKDWHV�DQG�WKHUHE\�DUH�OHVV�UHDFWLYH��,I��WKH\�
DUH�H[LVWLQJ�DV�R[LGHV�� WKH\�DUH�DEOH�WR�DWWDFN�WKH�6LOLFD�FRQWDLQLQJ�JODVV\�SKDVH� LQ�IXVHG�
FDVW�$=6�EULFNV��

7KH�VDPSOH�WHVWHG�LQ�R[LGLVLQJ�DWPRVSKHUH�VKRZHG�PDWHULDO�ORVV�RI��PP�DV�ZHOO�DV�HGJH�
URXQGLQJ��7KH�VWUXFWXUH�RI�WKH�EULFN�FRQILUPHG�SUDFWLFDO�H[SHULHQFH��7KH�EULFN�VWUXFWXUH�
H[SRVHV�UHFU\VWDOOLVDWLRQ�DW�WKH�KRW�HQG�XQGHU�IRUPDWLRQ�RI�EXEEO\�SRUHV�DQG�QHSKHOLQH��
,W�FDQ��EH�VXSSRVHG��WKDW�SDUW�RI��WKH�DONDOLV�LV�QRW�ERQGHG�DV�VXOSKDWH��

7KH� FRUURVLRQ�RI� WKH� VSHFLPHQ� LQ� UHGXFLQJ�DWPRVSKHUH�ZDV� VLJQLILFDQWO\� VWURQJHU��7KH�
ZHDU� DW� WKH� VXUIDFH� ZDV� ��PP�PRUH�� 7KH�PRGLILFDWLRQ� RI� WKH� VWUXFWXUH� ZDV� QRW� RQO\�
YLVLEOH�DW�WKH�VXUIDFH��EXW�QHDUO\�LQ�WKH�WRWDO�OHQJWK�RI�WKH�EULFN��
7KH�XVH�RI�IXVHG�FDVW�$=6�LV�RQO\�UHFRPPHQGHG�LQ�IXHO�ILUHG�IXUQDFHV�DW�ORZHU�
WHPSHUDWXUHV��,W�VKRXOG�EH�H[FOXGHG�LQ�UHJHQHUDWRUV��ZKHUH�UHGXFLQJ�DWPRVSKHUH�LV�WR�EH�
H[SHFWHG��
�

���� ��)XVHG�&DVW��¶¶¶��$OXPLQD�

)XVHG�&DVW�β···��$OXPLQD�LV�XVHG�DV�XSSHU�FKHFNHU�OD\HUV��,Q�SUDFWLVH��WKHUH�LV�RQO\�VPDOO�
FRUURVLRQ�WR�EH�REVHUYHG�PDNLQJ�WKLV�PDWHULDO�D�VDYH�VROXWLRQ��7KH�RQO\�NQRZQ�FRUURVLRQ�

PHFKDQLVP�LV�WKH�IRUPDWLRQ�RI�β�²�$OXPLQD�XQGHU�LQIOXHQFH�RI�DONDOLV��

7KH� WHVW� VSHFLPHQ� DIWHU� WKH� WHVW� LQ� R[LGLVLQJ� DWPRVSKHUH� FRQILUPV� WKH� SUDFWLFDO�
H[SHULHQFH��%HVLGHV� DQ� LQILOWUDWLRQ� RI� DONDOLV�� QR� FRUURVLRQ� RU� UHFU\VWDOOLVDWLRQ� LV� YLVLEOH��
7KH�EULFN�KDV�VWLOO�LWV�RULJLQDO�OHQJWK��



8QGHU� UHGXFLQJ� DWPRVSKHUH� D� VWURQJHU� GHWHULRUDWLRQ� RI� WKH� VSHFLPHQ� LV� REYLRXV�� 7KH�
EULFN� LV� FRUURGHG� E\� �PP� OHQJWK�� WKH� VWUXFWXUH� LV� VWURQJO\� LQILOWUDWHG�� 2QH� REVHUYHV�

IRUPDWLRQ� RI� β� ²� $OXPLQD� DQG� DQ� LQFUHDVHG� SDUW� RI� JODVV\� SKDVH�� 7KLV� PD\� UHVXOW� LQ�
FUDFNLQJ�DQG�VRIWHQLQJ��

,W�FDQ�EH�FRQFOXGHG��WKDW�WKH�JRRG�EHKDYLRXU�RI�IXVHG�FDVW�β···��$OXPLQD�XQGHU�R[LGLVLQJ�
DWPRVSKHUH�ZLOO�FKDQJH�LI�UHGXFLQJ�DWPRVSKHUH�LV�H[LVWLQJ��)RU�WKLV�UHDVRQ�WKH�XVH�RI�WKLV�
PDWHULDO�LV�QRW�EH�UHFRPPHQGHG�XQGHU�UHGXFLQJ�FRQGLWLRQ��

���� ��0DJQHVLD�=LUFRQ�5XELQDO�9=�

5XELQDO�9=�LV�XVHG�LQ�WKH�XSSHU�FKDPEHU�SDUW�DQG�FKHFNHU�OD\HUV��ZKHUH�VWURQJ�DWWDFN�RI�
VDQG�FDUU\�RYHU�RU�YDQDGLXP�R[LGH�KDV�WR�EH�H[SHFWHG��7KH�)RUVWHULWH�ERQGLQJ�SKDVH�DV�
ZHOO� DV� WKH� )RUVWHULWH� SURWHFWLRQ� VKHOO� DURXQG� WKH�3HULFODVH� JUDLQ� SURWHFWV� DJDLQVW� VLOLFD�
DWWDFN� DQG� WKH� ´)RUVWHULWH� VSDOOLQJµ�� 3UDFWLVH� KDV� VKRZQ�� WKDW� WKH� JUDGH� EHKDYHV� EHWWHU�
WKDQ�SXUH�PDJQHVLWH�LQ�WKLV�FRQGLWLRQ��

7KH�VDPSOH�WHVWHG�XQGHU�R[LGLVLQJ�DV�ZHOO�DV�XQGHU�UHGXFLQJ�DWPRVSKHUH�VKRZ�QHDUO\�WKH�
VDPH�UHVXOW��7KHUH�LV�D�FRUURVLRQ�YLVLEOH�DW�WKH�KRW�HQG�ZLWK�PDWHULDO�ORVV�RI�DERXW��PP��
&RUURVLRQ� WDNHV� SODFH� LQ� WKH� ERQGLQJ�PDWUL[�� 7KH� UHDVRQ� RI� WKH� FRUURVLRQ� LV� WKH� KLJK�
DPRXQW�RI�JODVV�UDZ�PDWHULDO� LQWURGXFHG� LQWR�WKH�WHVW��&D2�LQ�WKH�JODVV� LV�UHDFWLQJ�ZLWK�
)RUVWHULWH� WR� IRUP� � 0RQWLFHOLWH�� 7KH� WHVW� UHVXOW� FRQILUPV� SUDFWLFDO� H[SHULHQFH�� ZKHQ�
5XELQDO�9=� LV� XVHG� LQ� UHJHQHUDWRUV� RI� IXUQDFHV��ZKHUH� ILOWHU� SDUWLFOHV� DUH� XVHG�� ,Q� WKLV�
FDVH��IRUPDWLRQ�RI�0RQWLFHOLWH�LV�REVHUYHG�UHVXOWLQJ�LQ�VSDOOLQJ�DQG�VRIWHQLQJ���

,Q� VSLWH� RI� WKH� VWURQJ� VWUHVVHV� LQ� WKH� WHVW� UHJHQHUDWRU�� 5XELQDO� 9=� GRHV� QRW� FRPSRUW�
ZRUVH�XQGHU�UHGXFLQJ�DWPRVSKHUH��7KH�UHVXOW�LQGLFDWHV��WKDW�WKH�EHKDYLRXU�RI�WKLV�JUDGH�
GRHV�QRW�GHSHQG�XSRQ�WKH�DWPRVSKHUH�LQ�WKH�UHJHQHUDWRU��

���� ��3XUH�0DJQHVLWH�±�$QNHU�'*��DQG�$QNHU�'*���

3XUH�0DJQHVLWH� LV� ZLGHO\� XVHG� LQ� WKH� XSSHU� SDUW� RI� UHJHQHUDWRUV�� ZKHUH� QR� 6LOLFD� DQG�
9DQDGLXP�DWWDFN�PXVW�EH�FRQVLGHUHG�RU�LQ�VXFK�FDVHV��ZKHUH�OLPH�DWWDFN�FDQ�WDNH�SODFH��
7KH�SULQFLSOH�FRUURVLRQ�PHFKDQLVP�LV�WKH�DWWDFN�RI�6L2��RQ�3HULFODVH�ZLWK�IRUPDWLRQ�RI�
)RUVWHULWH� DQG� RQ� WKH� OLPH� FRQWDLQLQJ� ERQGLQJ� SKDVH� ZLWK� IRUPDWLRQ� RI� ORZ� PHOWLQJ�
0RQWLFHOLWH��

$V� LQ� WKH� SUHYLRXV� FDVH�� WKH� VDPSOHV� DIWHU� WKH� WHVW� XQGHU� UHGXFLQJ� DQG� R[LGLVLQJ�
DWPRVSKHUH�GR�QRW�GLIIHU� WR�D� ODUJH�H[WHQG�IURP�HDFK�RWKHU��7KH�FRUURVLRQ�PHFKDQLVP�
FRUUHVSRQGV�WR�WKH�SUDFWLFDO�H[SHULHQFH��7KH�KLJK�6L2��FRQWHQG�LQWURGXFHG�E\�WKH�JODVV�
EDWFK� OHDGV� WR� IRUPDWLRQ� RI�)RUVWHULWH� DQG�0RQWLFHOLWH�� )XUWKHU� WHVWV�ZLWKRXW� EDWFK� GR�
QRW�VKRZ�WKLV�W\SH�RI�FRUURVLRQ��WKH�VDPSOHV�DUH�QHDUO\�XQDIIHFWHG��

7KH� WHVW� UHVXOWV� LQGLFDWH�� WKDW� WKH�EHKDYLRXU�RI�SXUH�0DJQHVLWH�EULFNV�GRHV�QRW�GHSHQG�
XSRQ�WKH�DWPRVSKHUH�LQ�WKH�UHJHQHUDWRU��

���� ��6XPPDU\�

7KH� FRPSDULVDWLRQ� RI� WKH� WHVWV� XQGHU� GLIIHUHQW� DWPRVSKHUH� VKRZ�� WKDW� DOO� EULFNV�
FRQWDLQLQJ�D�FHUWDLQ�DPRXQW�RI�6LOLFD�LQ�WKH�ERQGLQJ�PDWUL[��EHKDYH�ZRUVH�XQGHU�UHGXFLQJ�
DWPRVSKHUH��,W�VHHPV��WKDW�WKH�KLJKHU�DPRXQW�RI�UHDFWLYH�$ONDOLV� LV�UHVXOWLQJ� LQ�HOHYDWHG�
FRUURVLRQ��,I�6LOLFD�LV�H[LVWLQJ�DV�)RUVWHULWH��WKH�DWPRVSKHUH�GRHV�QRW�HIIHFW�WKH�GHJUHH�RI�
FRUURVLRQ��&KURPH�²�0DJQHVLD�EULFNV�DUH�HIIHFWHG�EHFDXVH�RI�WKH�UHGXFWLRQ�RI�,URQ�R[LGH�
LQ�WKH�ERQGLQJ�PDWUL[��
3XUH�0DJQHVLD� EULFNV� DV�ZHOO� DV�0DJQHVLD� ²�=LUFRQ� EULFNV� DUH� FRUURGHG� VLPLODU� WR� WKH�
SUDFWLFDO� H[SHULHQFH�� EXW� WKH� DWPRVSKHUH�KDV�QR� VXEVWDQWLDO� LQIOXHQFH�RQ� WKH�GHJUHH�RI�
FRUURVLRQ���



����/RZ�WHPSHUDWXUH�WHVWV�

���� ��)XVHG�&DVW�$=6�

7KLV�PDWHULDO� LV�ZLGHO\�XVHG� LQ�FKHFNHUV� LQ�WKH�VXOSKDWH�FRQGHQVDWLRQ�]RQH��,Q�SUDFWLFDO�
XVH��WKH�IROORZLQJ�EHKDYLRXU�KDV�EHHQ�REVHUYHG��
��,I�$ONDOL�6XOSKDWHV�DUH�SUHGRPLQDQW��QR�QRWLFHDEOH�FRUURVLRQ�LV�YLVLEOH��7KH�EULFN�

DUH�LQ�FHUWDLQ�FDVHV�DEOH�WR�VXUYLYH�WZR�IXUQDFH�FDPSDLJQV��
��,I� $ONDOL� 2[LGHV� DUH� SUHGRPLQDQW�� RIWHQ� YROXPH� LQFUHDVH� DQG� VSDOOLQJ� DUH�

REVHUYHG��7KH�FRUURVLRQ�PD\�OHDG�WR�FKHFNHU�FROODSVH�LQ�FHUWDLQ�FDVHV��
�
7KH�VSHFLPHQ�DIWHU�WKH�WHVW� LQ�R[LGLVLQJ�DWPRVSKHUH�KDV�EHHQ�DIIHFWHG�E\�WKH�IROORZLQJ�
FRUURVLRQ�PHFKDQLVP��

• %ULFN�JURZWK�DW�WKH�´KRW�HQGµ��GXH�WR�IRUPDWLRQ�RI�QHSKHOLQH�
• )LVVXUHV�LQ�WKH�EULFN�VWUXFWXUH�
• ,QILOWUDWLRQ�RQ�WKH�´KRW�HQGµ�ZLWK�VRIWHQLQJ�RI�WKH�ERQGLQJ�SKDVH�
• $W�WKH�FROG�HQG��WKH�FRUURVLRQ�SKHQRPHQD�DUH�YLVLEOH�RQO\�WR�D�YHU\�VPDOO�H[WHQG��

7KH� FRUURVLRQ� XQGHU� UHGXFLQJ� DWPRVSKHUH� LV�PXFK�PRUH� VHYHUH� DQG�SURQRXQFHG��7KH�
EULFN�VWUXFWXUH�LV�GHVWUR\HG�LQ�WKH�ZKROH�VSHFLPHQ��7KH�VDPSOH�LV�FRPSOHWHO\�ILVVXUHG�DQG�
EURNHQ��LQWR�VLQJOH�SLHFHV�KHOG�WRJHWKHU�E\�UHDFWLRQ�SURGXFWV��7KH�RULJLQDO�EULFN�VWUXFWXUH�
LV�QRW�PRUH�WR�LGHQWLI\��&RUURVLRQ�LV�YLVLEOH�WKURXJKRXW�WKH�ZKROH�VDPSOH��
$V� SRLQWHG� RXW� DERYH�� WKH� XVH� RI� IXVHG� FDVW� $=6� LV� RQO\� SRVVLEOH� XQGHU� R[LGLVLQJ�
DWPRVSKHUH�LQ�IXUQDFHV�KHDWHG�E\�KHDY\�IXHO�RLO��8QGHU�UHGXFLQJ�FRQGLWLRQ��WKH�FRUURVLRQ�
LV�WKDW�VWURQJ��WKDW�WKH�XVH�RI�IXVHG�FDVW�$=6�VKRXOG�EH�H[FOXGHG��
�

���� ��$QNURP�%���

$V�GHVFULEHG�DERYH��&KURPH�²�0DJQHVLD�KDV�EHHQ�XVHG�ZLGHO\�LQ�WKH�FRQGHQVDWLRQ�]RQH�
RI�UHJHQHUDWRUV��'XH�WR�WKH�GLVSRVDO�SUREOHPV��WKH�XVH�KDV�GHFUHDVH�LQ�WKH�ODVW�\HDUV��

7KH� VDPSOH� WHVWHG� XQGHU� R[LGLVLQJ� FRQGLWLRQ� VKRZV� DW� WKH� ´KRW� HQGµ� FRUURVLRQ� RI�
VXOSKXU�RQ�WKH�PDJQHVLD�SDUW�RI�WKH�EULFN��7KH�FRUURVLRQ�GRHV�QRW�OHDG�WR�D�GHVWUXFWLRQ�
RI�WKH�VDPSOH��

7KH�VDPSOH�WHVWHG�XQGHU�UHGXFLQJ�FRQGLWLRQ�VKRZV�D�PXFK�KLJKHU�GHJUHH�RI�FRUURVLRQ��
%HVLGHV� WKH� DWWDFN� RI� VXOSKDWHV� RQ� WKH� 0DJQHVLD�� WKH� ERQGLQJ� SKDVH� LV� SUDFWLFDOO\�
GHVWUR\HG�� 7KH� ZKROH� VSHFLPHQ� LV� EULWWOH� 7KH� UHDVRQ� LV� WKH� 5HGR[� HIIHFW� RQ� WKH� LURQ�
R[LGH� LQ� WKH� ERQGLQJ� PDWUL[�� )H�2�� LV� WUDQVIRUPHG� LQWR� )H2� DQG� DEVRUEHG� LQWR� WKH�
0DJQHVLD�JUDLQ�OHDYLQJ�DQ�RSHQ�VWUXFWXUH��ZKHUH�FRUURVLYHV�FDQ�LQILOWUDWH�DQG�ZHDNHQ�WKH�
VWUXFWXUH��8QGHU�UHGXFLQJ�DWPRVSKHUH��HYHQ�&KURPH�2[LGH�LV�FRUURGHG��

,W� PXVW� EH� FRQFOXGHG�� WKDW� &KURPH� ²� 0DJQHVLD� FDQ� QRW� EH� XVHG� XQGHU� UHGXFLQJ�
FRQGLWLRQ��
�

���� ��5XELQDO�(=�

5XELQDO�(=�LV�D�0DJQHVLD�²�=LUFRQ�EULFN�XVHG�DV�VWDQGDUG�LQ�WKH�FRQGHQVDWLRQ�]RQH�LQ�
PDQ\� UHJHQHUDWRUV�� ,WV� VWUXFWXUH�FRQVLVWV�RXW�RI�SHULFODVH�JUDLQV�SURWHFWHG�E\�D� VKHOO�RI�
IRUVWHULWH� DQG� ]LUFRQLD�� DQG� D� ERQGLQJ� SKDVH� FRQVLVWLQJ� DV� ZHOO� RXW� RI� IRUVWHULWH� DQG�
]LUFRQLD��7KH�ERQGLQJ�PDWUL[�DQG� WKH�SURWHFWLRQ�VKHOO�DUH�QRUPDOO\�QRW�HIIHFWHG�E\� WKH�
DWWDFN�RI�DONDOLV�DQG�VXOSKDWHV��

7KH�VDPSOH�DIWHU�WKH�WHVW�DW�R[LGLVLQJ�DWPRVSKHUH�FRQILUPV�WKH�SUDFWLFDO�H[SHULHQFH��7KH�
VDPSOH�LV�GHHSO\�LQILOWUDWHG��EXW�WKH�ERQGLQJ�PDWUL[�LV�QHDUO\�XQDIIHFWHG��2QO\�D�VPDOO�SDUW�
RI�SXUH�SHULFODVH�LQ�WKH�PDWUL[�DV�ZHOO�DV�QRW�SURWHFWHG�JUDLQV�VKRZ�D�VXOSKDWH�DWWDFN��7KLV�
DWWDFN� OHDGV� WR� IRUPDWLRQ� RI� D� VPDOO� DPRXQW� RI� ILVVXUHV� LQ� WKH� PLFURVWUXFWXUH�� 7KH�



IRUPDWLRQ� RI� FUDFNV� PD\� DOVR� EH� FDXVHG� E\� WKH� FKDQJH� RI� PRGLILFDWLRQ� DW� WKH� WHVW�
WHPSHUDWXUHV��,Q�SUDFWLFDO�XVH��FUDFNLQJ�KDV�QRW�EH�REVHUYHG�XQWLO�WRGD\��

7KH� VDPSOHV� DIWHU� WKH� WHVW� LQ� UHGXFLQJ� DWPRVSKHUH� VKRZ� DQ� LQFUHDVH� RI� WKH� GHVFULEHG�
FRUURVLRQ��,W�LV�REYLRXV��WKDW�DOVR�WKH�IRUVWHULWH�LQ�WKH�ERQGLQJ�SKDVH�DQG�WKH�SURWHFWLRQ�
VKHOO�LV�DWWDFNHG��&UDFNLQJ��RI�WKH�VDPSOH�LV�YLVLEOH�WR�D�ODUJHU�H[WHQG�WKDQ�DW�WKH�VDPSOH�
WHVWHG�XQGHU�R[LGLVLQJ�DWPRVSKHUH��

,W� FDQ� EH� FRQFOXGHG�� WKDW� WKH� XVH� RI� 5XELQDO� (=� XQGHU� UHGXFLQJ� DWPRVSKHUH� KDV� WR�
FRQVLGHUHG�DV�PRUH�GDQJHURXV�WKDQ�WKH�XVH�XQGHU�VWDQGDUG�FRQGLWLRQ��7KH�OLIH�WLPH�ZLOO�
EH�GHFUHDVLQJ��LI�UHGXFLQJ�FRQGLWLRQ�LV�SRVVLEOH����

���� ��0D[LDO�����

)LUHFOD\�LV�VWLOO�XVHG�ZLGHO\�LQ�WKH�ORZHU�SDUW�RI�WKH�FKHFNHUV�LQ�D�WHPSHUDWXUH�UDQJH�EHORZ�
����&�DV�ZHOO�DV�LQ�WKH�FKDPEHU�ZDOOV�XQGHU�������&��,Q�SUDFWLVH��VRIWHQLQJ�LV�YLVLEOH��LI�
WKH�EULFNV�DUH�RYHUKHDWHG��HVSHFLDOO\�DIWHU�DONDOL�LQILOWUDWLRQ�KDV�RFFXUUHG��

7KH�VDPSOH�WHVWHG�XQGHU�R[LGLVLQJ�DWPRVSKHUH�VKRZV�WKH�EHKDYLRXU�RI�SUDFWLFDO�XVH��7KH�
´KRW�HQGµ�VKRZV�D�FRUURVLRQ�RI�WKH�FRUURVLYHV�RQ�WKH�ERQGLQJ�SKDVH�ZLWK�D�PDWHULDO�ORVV�
RI�D�IHZ�PLOOLPHWUHV��7KH�VXUIDFH�VKRZV�D�FRPSDFW�UHDFWLRQ�]RQH�DQG�DV�FRQVHTXHQFH�WKH�
W\SLFDO�DSSHDUDQFH�RI�RYHUKHDWLQJ��

7KH�VSHFLPHQ�WHVWHG�XQGHU�UHGXFLQJ�DWPRVSKHUH�VKRZV�WKH�VDPH�W\SH�RI�EHKDYLRXU��EXW�
WR�D�PXFK�ODUJHU�H[WHQG��7KH�VXUIDFH�VKRZV�D�WKLFNHU�UHDFWLRQ�]RQH�DQG�D�PDWHULDO�ORVV�RI�
DERXW� ��PP�� $V� DERYH�� WKH� VDPSOH� LV� FRPSDFW� DQG� GRHV� QRW� VKRZ� FUDFNV�� 7KH�
DSSHDUDQFH�RI� WKH�VDPSOH� LV� WKDW�RI�D�EULFN� ORDGHG�DW�KLJKHU� WHPSHUDWXUHV� WKDQ� WKH� WHVW�
WHPSHUDWXUHV��

,W�FDQ�EH�FRQFOXGHG��WKDW�ILUHFOD\�VKRXOG�QRW�EH�XVHG�XQGHU�UHGXFLQJ�DWPRVSKHUH�LQ�WKH�
FKHFNHUV��LQ�WKH�ZDOOV��WKH�WHPSHUDWXUH�OLPLW�RI�ILUHFOD\�VKRXOG�EH�ORZHUHG�WR�����&���

���� ��6XPPDU\�

7KH� WHVW� VKRZV�� WKDW� DOO� PDWHULDO� FRQWDLQLQJ� 6L2��� DUH� DIIHFWHG� XQGHU� UHGXFLQJ�
DWPRVSKHUH��7KH�UHDVRQ�FDQ�EH�WKH�UHGXFWLRQ�RI�6L2��WR�6L2��IROORZHG�E\�D�YDSRULVDWLRQ�
RI�6L2��7KLV�DVVXPSWLRQ�KDV�QRW�EH�FRQILUPHG�\HW��:LWK�LQFUHDVLQJ�6L2��FRQWHQW�LQ�WKH�
ERQGLQJ� SKDVH�� WKH� VRIWHQLQJ� WHPSHUDWXUH� RI� WKH� ERQGLQJ� SKDVH� GHFUHDVHV�� OHDGLQJ� WR�
VRIWHQLQJ� DQG� FUDFNLQJ� RI� WKLV� ERQGLQJ� SKDVH� DQG� WKH� WRWDO� EULFN��7KH� XVH�RI� DOO� WKHVH�
W\SHV�KDV�WR�EH�FRQVLGHUHG�DV�SRWHQWLDOO\�GDQJHURXV�IRU�WKH�OLIH�WLPH�RI�WKH�FKHFNHUV��7KH�
XVH�RI�IXVHG�FDVW�$=6��)LUHFOD\�DQG�DOVR�VLOOLPDQLWH�VKRXOG�EH�H[FOXGHG�XQGHU�WKLV�VHYHUH�
FRQGLWLRQ���

$OO� EULFNV� FRQWDLQLQJ� )H�2�� DUH� HIIHFWHG� E\� WKH� UHGXFWLRQ� WR� )H2� DQG� WKH� ORVV� RI�
ERQGLQJ��7KH�XVH�RI�WKHVH�EULFNV�VKRXOG�EH�H[FOXGHG�XQGHU�UHGXFLQJ�DWPRVSKHUH��
�

����&RQFOXVLRQ�

$�WHVW�DSSDUDWXV�KDV�EHHQ�SUHVHQWHG��WR�FRPSDUH�WKH�EHKDYLRXU�RI�GLIIHUHQW�UHIUDFWRULHV�
XQGHU� R[LGLVLQJ� DQG� UHGXFLQJ� DWPRVSKHUH� LQ� VLPXODWLQJ� WKH� FRQGLWLRQ� H[LVWLQJ� LQ� WKH�
UHJHQHUDWRU��%DVH�RQ� WKH� UHVXOWV�RI� IRXU� WHVWV�� UHFRPPHQGDWLRQ�KDV�EHHQ�JLYHQ� IRU� WKH�
FKRRVH� RI� WKH� DSSURSULDWH� W\SH� RI� PDWHULDO�� LI� UHGXFLQJ� DWPRVSKHUH� H[LVWV� LQ� WKH�
UHJHQHUDWRU��


	General
	Sessions
	Current session

