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D'HSDUWPHQW�RI�0HWDOOXUJLFDO�DQG�0DWHULDOV�(QJLQHHULQJ��)DFXOW\�RI�7HFKQRORJ\��
$I\RQ�.RFDWHSH�8QLYHUVLW\���������$I\RQNDUDKLVDU��7XUNH\
(�PDLO��LJXQHV#DNX�HGX�WU
E'HSDUWPHQW�RI�0DFKLQH�(GXFDWLRQ��,VFHKLVDU�9RFDWLRQDO�6FKRROV��$I\RQ�.RFDWHSH�
8QLYHUVLW\���������$I\RQNDUDKLVDU��7XUNH\

$%675$&7

,Q�WKLV�VWXG\��WKH�FDVH�SURSHUWLHV�DQG�GLIIXVLRQ�NLQHWLFV�RI�$,6,�����DQG�$,6,�����VWHHOV�
ERULGHG�LQ�(NDERU�,,�SRZGHU�ZHUH�LQYHVWLJDWHG�E\�FRQGXFWLQJ�D�VHULHV�RI�H[SHULPHQWV�
DW�WHPSHUDWXUHV�RI������������DQG������.�IRU������DQG���K��7KH�ERULGH�OD\HU�ZDV�
FKDUDFWHULVHG�E\�RSWLFDO�PLFURVFRS\��;�UD\�GLIIUDFWLRQ�WHFKQLTXH�DQG�PLFUR�9LFNHUV�
KDUGQHVV�WHVWHU��;�UD\�GLIIUDFWLRQ�DQDO\VLV�RI�ERULGH�OD\HUV�RQ�WKH�VXUIDFH�RI�WKH�VWHHOV�
UHYHDOHG�WKH�H[LVWHQFH�RI�)H[%\��&U[%\�DQG�1L[%\�FRPSRXQGV��7KH�WKLFNQHVV�RI�ERULGH�
OD\HU�LQFUHDVHV�E\�LQFUHDVLQJ�ERULGLQJ�WLPH�DQG�WHPSHUDWXUH�IRU�DOO�VWHHOV��'HSHQGLQJ�
RQ�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�VXEVWUDWHV��WKH�ERULGH�OD\HU�WKLFNQHVV�RQ�WKH�VXUIDFH�RI�

7KH�KDUGQHVV�RI�WKH�ERULGH�FRPSRXQGV�IRUPHG�RQ�WKH�VXUIDFH�RI�WKH�$,6,�����DQG�
$,6,�����VWHHOV�UDQJHG�IURP������WR������+9����DQG������WR������+9�����UHVSHFWLYHO\��
ZKHUHDV�9LFNHUV�KDUGQHVV�YDOXHV�RI�WKH�XQWUHDWHG�VWHHOV�$,6,�����DQG�$,6,�����ZHUH�
����+9����DQG�����+9�����UHVSHFWLYHO\��'HSHQGLQJ�RQ�WHPSHUDWXUH�DQG�OD\HU�WKLFNQHVV��
WKH�DFWLYDWLRQ�HQHUJLHV�RI�ERURQ�LQ�����DQG�����VWHHO�ZHUH�IRXQG�WR�EH��������DQG�
�������N-�PRO��UHVSHFWLYHO\�

.H\ZRUGV��VWDLQOHVV�VWHHO��ERULGH�OD\HU��PLFURKDUGQHVV��NLQHWLFV��DFWLYDWLRQ�HQHUJ\�

$,06�$1'�%$&.*5281'

%RULGLQJ�LV�D�WKHUPRFKHPLFDO�VXUIDFH�WUHDWPHQW��LQ�ZKLFK�ERURQ�DWRPV�GLIIXVH�LQWR�
WKH�VXUIDFH�RI�D�ZRUNSLHFH�WR�IRUP�ERULGHV�ZLWK�WKH�EDVH�PDWHULDO��:KHQ�DSSOLHG�WR�
WKH�DGHTXDWH�PDWHULDOV��ERURQLVLQJ�SURYLGHV�WKH�VXUIDFHV�ZLWK�KLJK�KDUGQHVV��ZHDU�DQG�
DEUDVLRQ�UHVLVWDQFH��KHDW�UHVLVWDQFH�RU�FRUURVLRQ�UHVLVWDQFH�±���%XW�WKH�PDLQ�DGYDQWDJH�
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RI�ERURQLVLQJ�PHWDOV�LV�WKH�SRVVLELOLW\�WR�DOOR\�D�KLJK�VXUIDFH�KDUGQHVV�ZLWK�D�ORZ�

WKDW�WKH�ZHDU�UHVLVWDQFH�LV�LPSURYHG�ZLWK�WKH�KDUGQHVV�LQFUHDVLQJ�±���
3URFHVV�LQYROYHV�KHDWLQJ�ZHOO�FOHDQHG�PDWHULDOV�LQ�WKH�UDQJH�RI�����WR������&��

SUHIHUDEO\�IRU���WR����K��LQ�FRQWDFW�ZLWK�D�ERURQDFHRXV�VROLG�SRZGHU��SDVWH��OLTXLG�RU�
JDVHRXV�PHGLXP��7KH�PRVW�IUHTXHQWO\�XVHG�PHWKRG�LV�SDFN�ERULGLQJ�ZKLFK�LV�VLPLODU�
WR�SDFN�FDUEXULVLQJ��7KH�SRZGHU�SDFN�ERURQLVLQJ�LV�D�FRVW�HIIHFWLYH�SURFHVV�DQG�KDV�
WKH�DGYDQWDJH�RI�VLPSOLFLW\�LQ�FRPSDULVRQ�WR�RWKHU�ERURQLVLQJ�SURFHVVHV��±���

2QFH�ERURQ�LV�GHSRVLWHG�RQ�WKH�VXUIDFH��WKH�GLIIXVLRQ�UDWH�RI�ERURQ�WKURXJK�WKH�
PDWUL[�LV�FRQWUROOHG�E\�WKH�SURFHVV�WHPSHUDWXUH�DQG�WLPH��±����,Q�JHQHUDO��WKH�GLIIXVLRQ�
UDWH�RI�ERURQ�LV�KLJKHU�DW�KLJKHU�WHPSHUDWXUHV��ZKLOH�WLPH�LV�FULWLFDO�IRU�WKH�WKLFNQHVV�
DQG�FRPSRVLWLRQ�RI�WKH�ERULGH�OD\HU��$GGLWLRQDOO\��WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�
VXEVWUDWH�PDWHULDO� LV�DQRWKHU� LPSRUWDQW�SDUDPHWHU�DQG�SOD\V�D�PDMRU�UROH� LQ�ERURQ�
GLIIXVLRQ��±���

7KH�PDLQ�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�UDWH�RI�JURZWK�RI�ERULGH�
OD\HUV�RQ�VWDLQOHVV�VWHHOV�DQG�WKH�HIIHFW�RI�SURFHVV�SDUDPHWHUV��VXFK�DV�WHPSHUDWXUH��
WLPH�DQG�FKHPLFDO�FRPSRVLWLRQ��RQ�WKH�ERULGH�OD\HUV�IRUPHG�RQ�WKH�$,6,�����DQG�$,6,�
����VWHHO�DIWHU�SRZGHU�SDFN�ERULGLQJ�DW�GLIIHUHQW�SURFHVVLQJ�WHPSHUDWXUHV�DQG�WLPHV�

(;3(5,0(17$/�

%RULGLQJ�DQG�FKDUDFWHULVDWLRQ��7DEOH���SUHVHQWV� WKH� FRPSRVLWLRQ�RI� WKH�XQWUHDWHG�
$,6, ����DQG�$,6,�����VWHHOV��7KH�WHVW�VSHFLPHQV�ZHUH�FXW�LQWR�����î��PP�GLPHQ�
VLRQV��JURXQG�XS�WR������*�DQG�SROLVKHG�XVLQJ�GLDPRQG�VROXWLRQ��7KH�ERULGLQJ�KHDW�
WUHDWPHQW�ZDV�FDUULHG�RXW�LQ�D�VROLG�PHGLXP�FRQWDLQLQJ�DQ�(NDERU�,,�SRZGHU�PL[WXUH�
SODFHG�LQ�DQ�HOHFWULFDO�UHVLVWDQFH�IXUQDFH�RSHUDWHG�DW�WKH�WHPSHUDWXUH�RI������������
DQG����� .� IRU������ DQG���K�XQGHU� DWPRVSKHULF�SUHVVXUH��7KH�PLFURVWUXFWXUHV�RI�
SROLVKHG�DQG�HWFKHG�FURVV�VHFWLRQV�RI�WKH�VSHFLPHQV�ZHUH�REVHUYHG�XQGHU�D�1LNRQ�
0$����RSWLFDO�PLFURVFRSH��7KH�SUHVHQFH�RI�ERULGHV�IRUPHG�LQ�WKH�FRDWLQJ�OD\HU�ZDV�

PHDVXULQJ�LQVWUXPHQW�DWWDFKHG�WR�DQ�RSWLFDO�PLFURVFRSH��1LNRQ�0$������7KH�KDUGQHVV�
PHDVXUHPHQWV�RI�WKH�ERULGH�OD\HU�RQ�HDFK�VWHHO�DQG�XQWUHDWHG�VWHHO�VXEVWUDWH�ZHUH�PDGH�
RQ�WKH�FURVV�VHFWLRQV�XVLQJ�D�6KLPDG]X�+09���9LFNHUV�LQGHQWHU�ZLWK�D�����J�ORDG�

7DEOH��� &KHPLFDO�FRPSRVLWLRQ�RI�WHVW�PDWHULDOV��ZW���

6WHHOV & 6L 0Q &U 1L
$,6,���� ���� ���� ���� ���� ����
$,6,���� ���� ���� ���� ���� ±
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(YDOXDWLRQ�RI�WKH�DFWLYDWLRQ�HQHUJ\�RI�WKH�ERURQ�GLIIXVLRQ��,Q�RUGHU�WR�VWXG\�WKH�GLIIX�
VLRQ�PHFKDQLVP��ERULGHG�$,6,�����DQG�$,6,�����VWHHOV�ZHUH�XVHG�IRU�WKLV�SXUSRVH��,W�

DQG�SHUSHQGLFXODU�WR�WKH�VXEVWUDWH�VXUIDFH��6R��WKH�WLPH�GHSHQGHQFH�RI�ERULGH�OD\HU�
WKLFNQHVV�FDQ�EH�GHVFULEHG�E\�HTXDWLRQ�����

[�� �'�W ���

ZKHUH�[�LV�WKH�GHSWK�RI�WKH�ERULGH�OD\HU��PP���W�±�WKH�ERULGLQJ�WLPH��V���'�±�WKH�ERURQ�

IDFWRU�OLPLWLQJ�WKH�JURZWK�RI�D�OD\HU�LV�WKH�GLIIXVLRQ�RI�ERURQ�LQWR�WKH�VXEVWUDWH��,W�LV�
SRVVLEOH�WR�DUJXH�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�JURZWK�UDWH�FRQVWDQW��'��DFWLYDWLRQ�
HQHUJ\��4��DQG�WKH�WHPSHUDWXUH�LQ�.HOYLQ��7��FDQ�EH�H[SUHVVHG�DV�DQ�$UUKHQLXV�HTXD�
WLRQ��HTXDWLRQ������

'� �'��H[S�±4�57� ���

ZKHUH�'��LV�D�SUH�H[SRQHQWLDO�FRQVWDQW��4�±�WKH�DFWLYDWLRQ�HQHUJ\��-�PRO���7�±�WKH�
DEVROXWH�WHPSHUDWXUH��.���DQG�5�±�WKH�LGHDO�JDV�FRQVWDQW��-�PRO�.���

7KH�DFWLYDWLRQ�HQHUJ\�IRU�WKH�ERURQ�GLIIXVLRQ�LQ�WKH�ERULGH�OD\HU�LV�GHWHUPLQHG�
E\�WKH�VORSH�REWDLQHG�LQ�WKH�SORW�RI�OQ�'�YHUVXV���7��XVLQJ�HTXDWLRQ�����

� OQ�'� �OQ�'��±�4�57� ���

5(68/76�$1'�',6&866,21

&KDUDFWHULVDWLRQ�RI�ERULGH�FRDWLQJV��7KH�FURVV�VHFWLRQ�RI� WKH�RSWLFDO�PLFURJUDSKV�
RI�WKH�ERULGHG�$,6,�����DQG�$,6,�����VWHHOV�DW�WKH�WHPSHUDWXUH�RI������DQG������.�
IRU���DQG���K�DUH�VKRZQ�LQ�)LJV���DQG����$V�FDQ�EH�VHHQ�WKH�ERULGHV�IRUPHG�RQ�WKH�
$,6, ����DQG�$,6,�����VWHHO�KDYH�D�VPRRWK�DQG�UHJXODU�PRUSKRORJ\��,W�ZDV�IRXQG�WKDW�

ERULGH�OD\HU�KDG�D�QRW�FROXPQDU�VWUXFWXUH��'HSHQGLQJ�RQ�WKH�FKHPLFDO�FRPSRVLWLRQ�
RI�VXEVWUDWHV��WKH�ERULGH�OD\HU�WKLFNQHVV�RQ�WKH�VXUIDFH�RI�WKH�$,6,�����DQG�$,6,�����

D��E�
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)LJ�����&URVV�VHFWLRQ�RI�ERULGHG�$,6,�����VWHHO�������.�±���K��D��������.�±���K��E��������.�±���K��F���
�����.�±���K��G�

)LJ�����&URVV�VHFWLRQ�RI�ERULGHG�$,6,�����VWHHO�������.�±���K��D��������.�±���K��E��������.�±���K��F���
�����.�±���K��G�
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)LJ�����7KLFNQHVV�YDOXHV�RI�ERULGH�OD\HUV�ZLWK�UHVSHFW�WR�ERULGLQJ�WLPH�DQG�WHPSHUDWXUH��$,6,������D���
$,6,������E�

)LJXUH���JLYHV�WKH�;5'�SDWWHUQ�REWDLQHG�DW�WKH�VXUIDFH�RI�ERULGHG�$,6,�����DQG�
$,6,�����VWHHOV�DW������DQG������.�IRU�WUHDWPHQW�WLPH���DQG���K��;5'�SDWWHUQV�VKRZ�
WKDW�WKH�ERULGH�OD\HU�FRQVLVWV�RI�ERULGHV�VXFK�DV�0%�DQG�0�%��0� �PHWDO��)H��&U��1L���
;5'�UHVXOWV�VKRZHG�WKDW�ERULGH�OD\HUV�IRUPHG�RQ�WKH�$,6,�����DQG�$,6,�����VWDLQOHVV�
VWHHOV�FRQWDLQHG�)H%��)H�%��&U%��&U�%��1L%��1L�%��1L�%�DQG�)H%��)H�%��&U%��&U�%�
SKDVHV��UHVSHFWLYHO\��)LJV��D��E���

)LJ�����;�UD\�GLIIUDFWLRQ�SDWWHUQV�RI�ERULGHG�VWHHOV��$,6,������D���$,6,������E�
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:LWK�LQFUHDVLQJ�WLPH�DQG�WHPSHUDWXUH��)H�%�SKDVH�FRQWHQW�GHFUHDVHV�DQG�)H%��
&U%��1L%�SKDVH�FRQWHQW�LQFUHDVHV�IRU�$,6,�����VWHHO��7KH�ERULGH�OD\HUV�PDLQO\�FRQVLVW�
RI�GRXEOH�LQWHUPHWDOOLF�SKDVH��)H%�DQG�)H�%��DV�D�UHVXOW�RI�GLIIXVLRQ�RI�ERURQ�DWRPV�
IURP�ERULGLQJ�FRPSRXQG�WR�PHWDOOLF�ODWWLFH�ZLWK�UHVSHFW�WR�WKH�KROGLQJ�WLPH�

0LFURKDUGQHVV�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�IURP�WKH�VXUIDFH�WR�WKH�LQWHULRU�
DORQJ�D�OLQH�LQ�RUGHU�WR�VHH�WKH�YDULDWLRQV�LQ�WKH�ERULGH�OD\HU�KDUGQHVV��WUDQVLWLRQ�]RQH�
DQG�PDWUL[�� UHVSHFWLYHO\��0LFURKDUGQHVV� RI� WKH�ERULGH� OD\HUV�ZDV�PHDVXUHG� DW� ���
GLIIHUHQW�ORFDWLRQV�DW�WKH�VDPH�GLVWDQFH�IURP�WKH�VXUIDFH�DQG�WKH�DYHUDJH�YDOXH�ZDV�
WDNHQ�DV�WKH�KDUGQHVV��0LFURKDUGQHVV�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�RQ�WKH�FURVV�
VHFWLRQV�IURP�WKH�VXUIDFH�WR�WKH�LQWHULRU�DORQJ�D�OLQH��)LJV��D��E���7KH�KDUGQHVV�RI�WKH�
ERULGH�OD\HU�IRUPHG�RQ�WKH�VXUIDFH�RI�WKH�$,6,�����DQG�$,6,�����VWHHOV�UDQJHG�IURP�
�����WR������+9����DQG������WR������+9����UHVSHFWLYHO\��ZKHUHDV�9LFNHUV�KDUGQHVV�
YDOXHV�RI�WKH�XQWUHDWHG�VWHHOV�$,6,�����DQG�$,6,�����ZHUH�����+9����DQG�����+9�����
UHVSHFWLYHO\��:KHQ� WKH�KDUGQHVV�RI� WKH�ERULGH� OD\HU� LV�FRPSDUHG�ZLWK� WKH�PDWUL[��
ERULGH�OD\HU�KDUGQHVV�LV�DSSUR[LPDWHO\�HLJKW�WLPHV�JUHDWHU�WKDQ�WKDW�RI�WKH�PDWUL[��

)LJ�����9DULDWLRQ�RI�KDUGQHVV�GHSWK�LQ�WKH�ERULGHG�VWHHOV��$,6,������D���$,6,������E�

.LQHWLFV��,Q�WKLV�VWXG\��WKH�HIIHFWV�RI�WKH�SURFHVVLQJ�WHPSHUDWXUH�DQG�ERULGLQJ�WLPH�
RQ�WKH�JURZWK�NLQHWLFV�RI�WKH�ERULGH�OD\HU�ZHUH�DOVR�LQYHVWLJDWHG��.LQHWLF�SDUDPHWHUV�
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VXFK�DV�SURFHVVLQJ�WHPSHUDWXUH�DQG�WLPH�PXVW�EH�NQRZQ�IRU�WKH�FRQWURO�RI�WKH�ERULGLQJ�
WUHDWPHQW��)LJXUH���VKRZV�WKH�WLPH�GHSHQGHQFH�RI�WKH�VTXDUHG�YDOXH�RI�ERULGH�OD\HU�
WKLFNQHVV�DW�LQFUHDVLQJ�WHPSHUDWXUHV��7KLV�HYROXWLRQ�IROORZHG�D�SDUDEROLF�JURZWK�ODZ�
ZKHUH�WKH�GLIIXVLRQ�RI�ERURQ�DWRPV�LV�D�WKHUPLFDOO\�DFWLYDWHG�SKHQRPHQRQ��7KH�JURZWK�
UDWH�FRQVWDQW�'�DW�HDFK�ERULGLQJ�WHPSHUDWXUH�FDQ�EH�HDVLO\�FDOFXODWHG�IURP�HTXDWLRQ�����

)LJ�����7LPH�GHSHQGHQFH�RI�VTXDUHG�ERULGH� OD\HU� WKLFNQHVV�DW� LQFUHDVLQJ� WHPSHUDWXUH��$,6,������D���
$,6,������E�

$V�D�UHVXOW��WKH�FDOFXODWHG�JURZWK�UDWH�FRQVWDQWV�DW�WKH�WKUHH�WHPSHUDWXUHV��������
�����DQG������.�DUH�WKH�IROORZLQJ�������î���±���������î���±���DQG������î���±���FP��V±�

IRU�$,6,�����VWHHO��DQG������î���±��������î���±��DQG������î���±��FP��V±��IRU�$,6,�����
VWHHO��UHVSHFWLYHO\��7DEOH����

7DEOH��� *URZWK�UDWH�FRQVWDQW��'��DV�D�IXQFWLRQ�RI�ERULGLQJ�WHPSHUDWXUH�

0DWHULDO *URZWK�UDWH�FRQVWDQW��FP��V±��
7HPSHUDWXUH��.�

���� ���� ����
$,6,���� �����î��±�� �����î��±�� �����î��±��

$,6,���� ����î��±� ����î��±� ����î��±�

)LJXUH���GHVFULEHV�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH�JURZWK�UDWH�FRQVWDQW� 7KH�
SORW�RI�OQ�'�DV�D�IXQFWLRQ�RI�WKH�UHFLSURFDO�WHPSHUDWXUH�H[KLELWV�D�OLQHDU�UHODWLRQVKLS�
DFFRUGLQJ�WR�WKH�$UUKHQLXV�HTXDWLRQ��7KH�ERURQ�DFWLYDWLRQ�HQHUJ\�FDQ�EH�HDVLO\�RE�
WDLQHG�IURP�WKH�VORS�RI�WKH�VWUDLJKW�OLQH�SUHVHQWHG�LQ�)LJV��D��E��7KH�YDOXH�RI�ERURQ�
DFWLYDWLRQ�HQHUJ\�ZDV�WKHQ�GHWHUPLQHG�DV�HTXDO�WR��������N-�PRO�IRU�WKH�ERULGHG�$,6,�
����VWHHO�DQG��������N-�PRO�IRU�$,6,�����VWHHO�
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)LJ�����7HPSHUDWXUH�GHSHQGHQFH�RI�WKH�JURZWK�UDWH�FRQVWDQW�DFFRUGLQJ�WR�WKH�$UUKHQLXV�HTXDWLRQ��$,6,�
�����D���$,6,������E�

7KH�FDOFXODWHG�DFWLYDWLRQ�HQHUJ\�RI�$,6,����� LV�KLJKHU� WKDQ� WKDW�RI�$,6,�����
GXH�WR�LWV�KLJK�FKURPLXP�DQG�QLFNHO�FRQWHQW��&RQVHTXHQWO\��GLIIXVLRQ�UDWH�RI�ERURQ�
DWRPV�SHUSHQGLFXODU�WR�VXUIDFH�RI�$,6,�����LV�ORZHU�WKDQ�WKDW�RI�$,6,������7KH�ORZHU�
DFWLYDWLRQ�HQHUJ\�LV�REWDLQHG�LQ�WKH�ORQJHU�OD\HU�WKLFNQHVV���������

7DEOH���FRPSDUHV�WKH�REWDLQHG�YDOXHV�RI�HQHUJ\�ZLWK�WKH�GDWD�IRXQG�LQ�WKH�OLWHUD�
WXUH��,W�LV�VHHQ�WKH�UHSRUWHG�YDOXHV�RI�ERURQ�DFWLYDWLRQ�HQHUJ\�GHSHQGHG�RQ�WKH�FKHPLFDO�
FRPSRVLWLRQ�RI�WKH�VXEVWUDWH�DQG�RQ�WKH�XVHG�ERULGLQJ�PHWKRG��7KH�FDOFXODWHG�YDOXH�
LQ�WKLV�VWXG\�LV�FRPSDWLEOH�ZLWK�WKH�YDOXHV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�DV�VHHQ�LQ�7DEOH�
���5HIV���±����

7DEOH��� &RPSDULVRQ�RI�DFWLYDWLRQ�HQHUJ\�IRU�GLIIXVLRQ�RI�ERURQ�ZLWK�UHVSHFW�WR�WKH�GLIIHUHQW�ERULGLQJ�
PHGLXP�DQG�VXEVWUDWHV

6WHHO 7HPSHUDWXUH�
UDQJH��.�

%RULGLQJ�PHGLXP $FWLYDWLRQ�HQHUJ\
�N-�PRO�

5HIHUHQFHV

$,6,����
$,6,����

����±����
����±����

VDOW�EDWK
SODVPD�SDVWH

������
������

��
��

$,6,���� ����±���� SDFN ������ ��
$,6,����
$,6,����

����±���� SDFN ������
������

SUHVHQW�VWXG\
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$�FRQWRXU�GLDJUDP�GHVFULELQJ�WKH�HYROXWLRQ�RI�ERULGH�OD\HU�WKLFNQHVV�DV�D�IXQFWLRQ�
RI�WKH�ERULGLQJ�SDUDPHWHUV��WLPH�DQG�WHPSHUDWXUH��LV�VKRZQ�LQ�)LJ�����7KLV�FRQWRXU�
GLDJUDP�FDQ�EH�XVHG�IRU�WZR�SXUSRVHV������WR�SUHGLFW�WKH�FRDWLQJ�OD\HU�WKLFNQHVV�ZLWK�
UHVSHFW�WR�WKH�SURFHVV�SDUDPHWHUV��QDPHO\�WLPH�DQG�WHPSHUDWXUH������WR�GHWHUPLQH�WKH�
YDOXH�RI�SURFHVV�WLPH�DQG�WHPSHUDWXUH�IRU�REWDLQLQJ�D�SUHGHWHUPLQHG�FRDWLQJ�OD\HU�
WKLFNQHVV����������7KH�ERULGH� OD\HU� LQFUHDVHG�ZLWK� WKH� LQFUHDVH� LQ�ERULGLQJ� WLPH�DQG�
WHPSHUDWXUH�LQ�WKH�ERULGHG�ERWK�$,6,�����DQG�����VWDLQOHVV�VWHHO�

)LJ�����&RQWRXU�GLDJUDP�GHVFULELQJ�WKH�HYROXWLRQ�RI�ERULGH�OD\HU�WKLFNQHVV�DV�D�IXQFWLRQ�RI�ERULGLQJ�
SDUDPHWHUV��$,6,������D���$,6,������E�

&21&/86,216

7KH�IROORZLQJ�FRQFOXVLRQV�PD\�EH�GHULYHG�IURP�WKH�SUHVHQW�VWXG\�

UHJXODU�VWUXFWXUH�
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