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�

7R�XQGHUVWDQG�WKH�UHOD[DWLRQ�PHFKDQLVP�RI�WKH�LQRUJDQLF�JODVV�EHORZ�WKH�JODVV�WUDQVLWLRQ�WHPSHUDWXUH�

�7J��� SK\VLFDO� DJHLQJ� H[SHULPHQWV� RQ� WKH� FRQWLQXRXV� EDVDOW� ILEUHV� DUH� FRQGXFWHG� LQ� D� WHPSHUDWXUH� UDQJH�

IURP� ����7J� WR� ����7J��ZKHUH� 7J� LV� ���.�� 7KH� UDWH� RI� HQHUJ\� UHOHDVH� IURP� WKH� ILEUHV� DV� D� IXQFWLRQ� RI�

WHPSHUDWXUH� LV� GHWHUPLQHG� E\� XVLQJ� D� GLIIHUHQWLDO� VFDQQLQJ� FDORULPHWHU� �'6&��� 7KH� DYHUDJH� ILFWLYH�

WHPSHUDWXUH�RI�WKH�QRQ�DJHG�ILEUHV�FRROHG�ZLWK�DERXW�����.�V�LV�IRXQG�WR�EH�����7J��'XULQJ�KHDWLQJ�RI�WKH�

DJHG� ILEUHV�� D� UHOD[DWLRQ� HQGRWKHUP� RFFXUV� IROORZHG� E\� DQ� H[RWKHUP�� :KHQ� LQFUHDVLQJ� WKH� DJHLQJ�

WHPSHUDWXUH��WKH�HQGRWKHUPV�EHFRPH�PRUH�SURQRXQFHG�DQG�VKLIWV�WR�KLJKHU�WHPSHUDWXUHV��DFFRPSDQLHG�E\�D�

JUDGXDO�GLVDSSHDUDQFH�RI�WKH�H[RWKHUP��7KH�IDFW�WKDW�WKH�HQHUJ\�UHOHDVH�RFFXUV�LQ�D�ODUJH�WHPSHUDWXUH�UDQJH�

VXJJHVWV� WKDW� D� K\SHUTXHQFKHG� JODVV� ILEUH� SRVVHVVHV� D� ODUJH� GLVWULEXWLRQ� RI� H[FHVV� HQHUJ\� RYHU� DOO�

FRQILJXUDWLRQDO� FRRUGLQDWHV� DQG�� KHQFH�� D� ODUJH� GLYHUVLW\� RI� WKH� IUR]HQ� VWUXFWXUDO� UHDUUDQJHPHQW�� 7KH� FR�

H[LVWHQFH�RI� WKH�HQGRWKHUPV�DQG�H[RWKHUPV�LQGLFDWHV� WKDW� WZR�VSHFWUD�RI� ILFWLYH� WHPSHUDWXUHV�H[LVW� LQ� WKH�

VWUXFWXUH�RI�WKH�DJHG�ILEUHV��$�SKHQRPHQRORJLFDO�HTXDWLRQ�KDV�EHHQ�SURSRVHG�WR�GHVFULEH� WKH�GHFUHDVH�RI�

WKH�UHPDLQLQJ�HQHUJ\�ZLWK�LQFUHDVLQJ�DJHLQJ�WHPSHUDWXUH��

,QWURGXFWLRQ�

:KHQ� D� JODVV�IRUPLQJ� OLTXLG� LV� FRROHG� ZLWK� WKH� UDWH� ��� .�PLQ�� WKH� JODVV� WUDQVLWLRQ�
RFFXUV�DURXQG�WKH�WHPSHUDWXUH�FRUUHVSRQGLQJ�WR�WKH�YLVFRVLW\������3D�V��7KLV�WHPSHUDWXUH�LV�
QRUPDOO\�UHIHUV�WR�DV�WKH�JODVV�WUDQVLWLRQ�WHPSHUDWXUH��7J���,I�WKH�OLTXLG�LV�K\SHUTXHQFKHG��H�J��
ZLWK�WKH�UDWH�RI�����.�V���WKH�JODVV�WUDQVLWLRQ�ZLOO�RFFXU�DW�D�WHPSHUDWXUH�WKDW�LV�PXFK�KLJKHU�
WKDQ�7J��7KLV�WHPSHUDWXUH�LV�FDOOHG�WKH�ILFWLYH�WHPSHUDWXUH��7I���1DUD\DQDVZDP\

��SURSRVHG�D�
SKHQRPHQRORJLFDO�PRGHO� WKDW�GHVFULEHV� WKH� VWUXFWXUDO� UHOD[DWLRQ�EHKDYLRXU�RI� JODVV�� ,Q� WKH�
SDVW� WKUHH� GHFDGHV�� WKLV� PRGHO� KDV� EHHQ� ZLGHO\� DQG� VXFFHVVIXOO\� XVHG� IRU� D� EHWWHU�
XQGHUVWDQGLQJ�RI�WKH�JODVV�WUDQVLWLRQ�DQG�IRU�D�EHWWHU�GHVLJQ�RI�WKH�DQQHDOLQJ�DQG�WHPSHULQJ�
SURFHVVHV�� 5HFHQWO\�� LW� KDV�� KRZHYHU�� EHHQ� UHDOLVHG� WKDW� 1DUD\DQDVZDP\·V� PRGHO� LV� QRW�
VXLWDEOH� IRU� GHVFULELQJ� WKH� HQWKDOS\� UHOD[DWLRQ� RI� K\SHUTXHQFKHG� JODVVHV� �H�J�� WKLQ� JODVV�
ILEUHV����� DQG�HVSHFLDOO\� LQ� UHSUHVHQWLQJ� WKH� WHPSHUDWXUH�GHSHQGHQFH�RI� WKH�KHDW�FDSDFLW\�RI�
WKH�ILEUHV�DJHG�DW�WHPSHUDWXUHV�EHORZ�7J

���

3K\VLFDO� DJHLQJ� H[HUWV� D� VWURQJ� DQG� FRPSOH[� LPSDFW� RQ�SURSHUWLHV� RI� JODVVHV�� ,W� VKRXOG� EH�
QRWHG�WKDW�VXEVWDQWLDO�ZRUN�KDV�EHHQ�GRQH�RQ�SK\VLFDO�DJHLQJ�LQ�RUJDQLF�JODVVHV�ZHOO�EHORZ�
7J�E\�PHDQV�RI�WKH�GLIIHUHQWLDO�VFDQQLQJ�FDORULPHWHU��'6&�

�������0XFK�OHVV�LQYHVWLJDWLRQV�KDYH��
KRZHYHU��QRW�EHHQ�FDUULHG�RXW�RQ�K\SHUTXHQFKHG�JODVV�ILEUHV��0RVW�UHFHQWO\��VRPH�ZRUN�RQ�
WKH�SK\VLFDO� DJHLQJ� RI� EDVDOWLF� JODVV�ZRRO�� L�H�� GLVFRQWLQXRXV� ILEUHV�ZLWK�KLJK�7I� � ����7J���
KDV� EHHQ� GRQH� E\� WKH� SUHVHQW� DXWKRUV��� ,Q� WKLV� SDSHU�� V\VWHPDWLF� FDORULPHWULF� H[SHULPHQWV�
KDYH�EHHQ�SHUIRUPHG�RQ�WKH�FRQWLQXRXV�EDVDOWLF�ILEUHV�DJHG�IRU�WKUHH�KRXUV�DW�WHPSHUDWXUHV�
EHWZHHQ�7D� �����7J�DQG�����7J��7KH�FRPSOH[LW\�RI�HQWKDOS\�UHOD[DWLRQ�LV�GHPRQVWUDWHG�RQ�
WKH� DJHG� ILEUHV�� 7KH� H[SHULPHQWDO� GDWD� FDQ� FRQWULEXWH� WR� H[SORULQJ� WKH� RULJLQ� RI� VXSHULRU�
SK\VLFDO�SURSHUWLHV�RI�ILEUHV�RYHU�WKRVH�RI�WKH�VORZO\�FRROHG�JODVV��7KH\�FDQ�DOVR�EH�XVHG�IRU�
ILQGLQJ� D� PRUH� JHQHUDO� SKHQRPHQRORJLFDO� PRGHO� WR� GHVFULEH� WKH� UHOD[DWLRQ� EHKDYLRXU� RI�



ERWK�VORZO\�FRROHG�DQG�K\SHUTXHQFKHG�JODVVHV���)LQDOO\�� WKLV�VWXG\�JLYHV�D�QHZ�LQVLJKW� LQWR�
WKH�HQHUJ\�ODQGVFDSH�RI�JODVV�IRUPLQJ�OLTXLGV��

([SHULPHQWDO�

)LEUHV� ZHUH� FRQWLQXRXVO\� GUDZQ� IURP� D� EDVDOW� JODVV� PHOW� ZLWK� WKH� FRPSRVLWLRQ�� �����
6L2��������$O�2�������7L2��������)H2�������&D2������0J2������1D�2��DQG�����.�2��ZW���DW�
WKH� WHPSHUDWXUH� �����.�E\�XVLQJ� D� SODWLQXP�FUXFLEOH�ZLWK� D�GLH� ���PP� LQ� GLDPHWHU���7KH�

ILEUHV�DUH�FRROHG�ZLWK�D�UDWH�RI�DERXW�����.�V��7KH�GLDPHWHU�RI�WKH�ILEUHV�LV�DERXW�����µP��

7KH�KHDW�FDSDFLW\�RI�WKH�ILEHUV�ZDV�PHDVXUHG�XVLQJ�D�GLIIHUHQWLDO�VFDQQLQJ�FDORULPHWHU��'6&��
1HW]VFK� 67$����&��7KH� ILEHUV�ZHUH�SODFHG� LQWR� D� SODWLQXP�FUXFLEOH� VLWXDWHG� RQ� D� VDPSOH�
KROGHU� RI� WKH� '6&� DW� URRP� WHPSHUDWXUH�� 7KH� ILEHUV� ZHUH� KHDWHG� WR� 7�  � ���� .� DQG��
DIWHUZDUGV�FRROHG�WR�URRP�WHPSHUDWXUH��%RWK�WKH�KHDWLQJ�DQG�FRROLQJ�UDWHV�ZHUH�������.�V��
7R�GHWHUPLQH�WKH�KHDW�FDSDFLW\��&S��RI�WKH�ILEHUV��ERWK�WKH�EDVHOLQH��EODQN��DQG�WKH�UHIHUHQFH�
VDPSOH� �6DSSKLUH�� ZHUH� PHDVXUHG�� $JHLQJ� RI� WKH� ILEUHV� LV� SHUIRUPHG� LQ� DLU� DW� YDULRXV�
WHPSHUDWXUHV� IRU���KRXUV��7KH�ILEUHV�ZHUH� VXEMHFWHG� WR� WZR�XSVFDQV��7KH�ILUVW�XSVFDQ�ZDV�
PDGH�RQ�DQ�XQUHOD[HG�VDPSOH��ZKHUHDV�WKH�VHFRQG�ZDV�SHUIRUPHG�RQ�WKH�VDPSOH�UHOD[HG�GXH�
WR�WKH�ILUVW�XSVFDQ��

7J�ZDV� IRXQG� WR� EH� ����.� IURP� WKH�&S� FXUYH�RI� WKH� VHFRQG�XSVFDQ�ZLWK� WKH� KHDWLQJ� UDWH�
������.�V��%HIRUH�WKH�VHFRQG�XSVFDQ��HDFK�VDPSOH�ZDV�FRROHG�DW�������.�V��7I�RI�WKH�QRQ�
DJHG�ILEUHV�ZDV�IRXQG�WR�EH������.�E\�XVLQJ�D�QHZO\�SURSRVHG�DSSURDFK����

5HVXOWV�DQG�'LVFXVVLRQ�

)LJXUH��D�VKRZV�WKH�KHDW�FDSDFLW\�FXUYH�RI�ERWK�QRQ�DJHG�DQG�DJHG�ILEUHV��&S��DQG�&S��
UHSUHVHQWV� WKH� KHDW� FDSDFLWLHV� PHDVXUHG� RQ� WKH� ILUVW� DQG� VHFRQG� UXQV� RI� '6&� XSVFDQV��
UHVSHFWLYHO\��7F�LV�WKH�RQVHW�WHPSHUDWXUH��DW�ZKLFK�WKH�HQWKDOS\�VWDUWV�WR�UHOHDVH��PHDQLQJ�WKDW�
WKH�ILFWLYH�WHPSHUDWXUH�EHJLQV�WR�GURS��7KH�7F�YDOXH�RI�WKH�ILEUHV�DJHG�IRU���KRXUV�DW�����.�
LV� KLJKHU� WKDQ� WKDW� RI� WKH� QRQ�DJHG� ILEUHV�� 7KH� IRUPHU� DQG� ODWWHU� DUH� ����.� DQG� ����.��
UHVSHFWLYHO\���)LJXUH��E�LV�REWDLQHG�IURP�ILJXUH��D��ZKLFK�GHPRQVWUDWHV�WKH�UDWH�RI�WKH�HQHUJ\�

UHOHDVH�RI�WKH�FRQWLQXRXV�EDVDOW�ILEUHV��G∆(�G7� �&S��²�&S���DV�IXQFWLRQ�RI�WHPSHUDWXUH�7��
7KH�G∆(�G7�YDOXH�LV�WKH�HQHUJ\�UHOHDVHG�IURP�RQH�JUDP�ILEUHV�SHU�RQH�.HOYLQ��ZKHUH�∆(�7��
LV� WKH� WRWDO� H[FHVV� HQHUJ\� UHOHDVHG� GXULQJ� KHDWLQJ� WR� D� JLYHQ� 7�� ,Q� WKLV� ZRUN�� G∆(�G7� LV�
WUHDWHG� DV� WKH� UDWH� RI� HQHUJ\� UHOHDVH� IURP� ILEUHV�� EHFDXVH� RI� WKH� UHODWLRQ� G∆(�G7�  �
G∆(��4KGW���ZKHUH�4K� LV�D�FRQVWDQW�KHDWLQJ�UDWH�������.�V��7KH�WRWDO�HQHUJ\�VWRUHG�LQ�WKH�

ILEUHV� GXULQJ� ILEUH� GUDZLQJ� SURFHVV�� ∆(WRW�� LV� FDOFXODWHG� E\� LQWHJUDWLQJ� G∆(�G7� RYHU� WKH�
HQWLUH�WHPSHUDWXUH�UDQJH�EHWZHHQ�WKH�RQVHW�WHPSHUDWXUH�RI�WKH�QRQ�DJHG�ILEUHV��7F���DQG�WKH�

RQVHW�WHPSHUDWXUH�IRU�WKHLU�VWUXFWXUDO�HTXLOLEULXP��7H���7KH�HQHUJ\��∆(UHP��UHPDLQLQJ�LQ�ILEUH�

DIWHU� �� KRXUV� RI� DJHLQJ� LV� HVWLPDWHG� E\� LQWHJUDWLQJ� G∆(�G7� RYHU� WKH� WHPSHUDWXUH� UDQJH�
EHWZHHQ�7F��DQG�7H��
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)LJXUH���7KH�HQHUJ\�UHOHDVH�IURP�ERWK�WKH�QRQ�DJHG�DQG�DJHG�ILEUHV�GXULQJ�'6&�XSVFDQV�

DV� IXQFWLRQ� RI� WHPSHUDWXUH�� %RWK� KHDWLQJ� DQG� FRROLQJ� UDWHV� XVHG� IRU� WKH� '6&�

PHDVXUHPHQWV� DUH�������.�V��D��7KH�KHDW� FDSDFLW\� FXUYHV�PHDVXUHG�E\� WKH� ILUVW�XSVFDQ�

�&S��� DQG� E\� WKH� VHFRQG� XSVFDQ� �&S���� 7KH� GDVKHG� OLQH� UHSUHVHQWV� WKH� &S� FXUYH� RI� WKH�

VDPSOH�DJHG�IRU���KRXUV�DW�����.��E��7KH�UDWH�RI�HQHUJ\�UHOHDVH��G∆(�G7��WKDW�LV��&�S����&�

S���$UHD�%�VWDQGV�IRU�WKH�H[FHVV�HQHUJ\�UHPDLQLQJ�DIWHU���KRXUV�RI�DJHLQJ�DW�����.��

)URP�ILJXUH��E� LW� FDQ�EH�VHHQ� WKDW�D� ¶VKRXOGHU·� DSSHDUV�RQ� WKH�HQHUJ\� UHOHDVH� FXUYH�RI� WKH�
QRQ�DJHG� ILEUHV� DW�7V� �����7J��7KH� H[LVWHQFH� RI� WKH� ¶VKRXOGHU·� LPSOLHV� DQ�RYHUODS� RI� WZR�

UHOD[DWLRQ�SURFHVVHV�RI�WKH�ILEUHV��7KH�GLVWULEXWLRQ�RI�G∆(�G7�RYHU�7�LV�QRW�V\PPHWULF��DQG�
D�ORQJ�WDLO�LV�REVHUYHG�DW�WKH�ORZHU�WHPSHUDWXUH�UDQJH�DERYH�7F��7KH�PDLQ�SHDN�LQ�WKH�KLJK�
WHPSHUDWXUH� GRPDLQ� LV� DVVRFLDWHG�ZLWK� VWUXFWXUDO� WUDQVIRUPDWLRQV�ZLWK� D� VPDOOHU� GHSDUWXUH�
IURP�WKH�HTXLOLEULXP�DQG�ZLWK�D�VPDOOHU�SRWHQWLDO�HQHUJ\�FRPSDUHG�WR�WKH�RWKHU�REVHUYHG�DW�
ORZ� WHPSHUDWXUHV� QHDU� 7V�� 7KXV�� WKHVH� UHJLPHV� UHTXLUH� KLJK� WKHUPDO� H[FLWDWLRQ� HQHUJ\� WR�
DSSURDFK�WKH�VWDWHV��ZKLFK�DUH�GHWHUPLQHG�E\�ERWK�WKH�KHDWLQJ�UDWH�DQG�WHPSHUDWXUH��7KHVH�
VWUXFWXUDO� UHJLRQV� PD\� EH� UHODWHG� WR� WKH� VWUXFWXUDO� QHWZRUN� FRQVLVWLQJ� RI� WKH� >6L2�@� DQG�
>$O2�@� WHWUDKHGUD�� WKH� ERQGV� RI�ZKLFK� DUH� HQHUJHWLFDOO\�PXFK�PRUH� VWDEOH� WKDQ� WKH� ERQGV�
EHWZHHQ� JODVV�PRGLILHUV� DQG� QRQ�EULGJLQJ� R[\JHQ� LRQV�� 7KH� VKRXOGHU� FRXOG� EH� DVVRFLDWHG�
ZLWK�WUDQVIRUPDWLRQV�RI�GRPDLQV��ZKHUH�WKH�JODVV�PRGLILHUV�VXIIHU�PRUH�VWUDLQ��$IWHU���KRXUV�
RI�DJHLQJ�DW�����.��WKH�KLJK�H[FHVV�HQHUJ\�SDUW�RI� WKH�VWUXFWXUH�UHOD[HV�GXH�WR�WKH�WKHUPDO�
H[FLWDWLRQ�UHODWHG�WR�WKH� ORZ�WHPSHUDWXUHV�UDQJH�IURP�7F�� WR�7F���7KH�UHOD[DWLRQ�RI�WKH� ORZ�
H[FHVV�HQHUJ\�SDUW�RI�WKH�VWUXFWXUH�RFFXUULQJ�LQ�WKH�KLJK�WHPSHUDWXUH�UDQJH�IURP�7F��WR�7H�LV�
GHWHFWHG�GXULQJ�WKH�ILUVW�'6&�XSVFDQ��VHH�WKH�KDWFKHG�DUHD�RI�ILJXUH�����

D��

E��



)LJXUH���LOOXVWUDWHV� WKH�HIIHFW�RI�WKH�DJHLQJ�WHPSHUDWXUH�RQ�HQHUJ\�UHOHDVH�EHKDYLRXU��:KHQ�
LQFUHDVLQJ�WKH�DJHLQJ�WHPSHUDWXUH��7D���WKH�H[RWKHUP�LV�JUDGXDOO\�UHGXFHG�IURP�WKH�OHIW�VLGH�
WR� WKH� ULJKW�� XQWLO� LW� WRWDOO\� GLVDSSHDUV�� &RQVHTXHQWO\�� WKH� RQVHW� WHPSHUDWXUH� �7F�� VKLIWV� WR�
KLJKHU� WHPSHUDWXUHV�� 7KLV� SKHQRPHQRQ� UHIOHFWV� D� ODUJH� GLVWULEXWLRQ� RI� GHHSQHVV� RI� WKH�
PLQLPD�ZKLFK�WKH�V\VWHP�H[SORUHV�RQ�WKH�HQHUJ\�ODQGVFDSH�DW�7I� � ������.��7KXV��D� ODUJH�
GLYHUVLW\�RI�FRQILJXUDWLRQDO�VWDWHV�H[LVWV� LQ�WKH�PHOW�DW������.�� �'XULQJ�WKH�DJHLQJ�SURFHVV��
WKH� VWUXFWXUDO� FRQILJXUDWLRQ� ZLWK� D� KLJKHU� HQHUJ\� LV� WUDQVIRUPHG� LQWR� WKDW� ZLWK� D� ORZHU�
HQHUJ\�� 7KH� DJHLQJ� WHPSHUDWXUH� GHWHUPLQHV� WKH� H[WHQW� RI� FKDQJHV� LQ� WKH� VWUXFWXUDO�
FRQILJXUDWLRQ�� 7KH� YLEUDWLRQDO� H[FLWDWLRQ� HQHUJ\� UHTXLUHG� IRU� WKH� FKDQJH� LQ� WKH� VWUXFWXUDO�
FRQILJXUDWLRQ�GHSHQGV� RQ� LWV� HQHUJ\� OHYHO��7KH� ILQDO� JRDO� RI� DOO� FRQILJXUDWLRQDO� VWDWHV� LV� WR�
UHDFK� WKH� HQHUJ\� OHYHO� FRUUHVSRQGLQJ� WR� WKH� DJHLQJ� WHPSHUDWXUH��7KH� VKLIW� RI�7F� WR� KLJKHU�
WHPSHUDWXUHV� LV� GXH� WR� WKH� IDFW� WKDW� PRUH� DQG� PRUH� ORZ� HQHUJ\� EDVLQV� RI� WKH� HQHUJ\�
ODQGVFDSH�DUH�VDPSOHG�E\�WKH�V\VWHP�ZKHQ�LQFUHDVLQJ�WKH�DJHLQJ�WHPSHUDWXUH��
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)LJXUH���7KH�UDWH�RI�HQHUJ\�UHOHDVH�IURP�WKH�ILEUHV��G∆(�G7��RI�ILEUHV�DJHG�IRU���KRXUV�DW�
GLIIHUHQW�WHPSHUDWXUHV��7D���7KH�KHDWLQJ�DQG�FRROLQJ�UDWHV�DUH�������.�V��

)LJXUH���GHPRQVWUDWHV�WKDW�D�UHOD[DWLRQ�HQGRWKHUP�RFFXUV�DERYH�FHUWDLQ�WHPSHUDWXUHV��ZKLFK�
LV� FRQQHFWHG�ZLWK� WKH� OHIW� IRRW� RI� WKH� H[RWKHUP�� 7KH� KLJKHU� WKH� DJLQJ� WHPSHUDWXUH� LV�� WKH�
GHHSHU�DQG�WKH�EURDGHU�WKH�HQGRWKHUPV�EHFRPH��$W�WKH�VDPH�WLPH��WKH�HQGRWKHUP�JUDGXDOO\�
VKLIWV� WR� KLJKHU� WHPSHUDWXUHV�� EXW� DW� WKH� FRVW� RI� VXFFHVVLYH� ORVV� RI� WKH� OHIW� SDUW� RI� WKH�
H[RWKHUP��,Q�D�FHUWDLQ�UDQJH�RI�DJLQJ�WHPSHUDWXUHV�� WKH�H[RWKHUP�DQG�HQGRWKHUP�FR�H[LVW��
7KLV�DJDLQ�VXJJHVWV�WKDW�WKHUH�DUH�GLIIHUHQW�VWUXFWXUDO�GRPDLQV�LQ�WKH�ILEHUV�DQG��KHQFH��LQ�WKH�
PHOW�DW�7� �7I�� ,Q�RWKHU�ZRUGV�� WKH�WRSRJUDSKLFDO�DUUDQJHPHQW�RI�VWUXFWXUH� LQ�WKH�ILEUHV� LV�
GLIIHUHQW� IURP� RQH� GRPDLQ� WR� DQRWKHU�� +RZHYHU�� WKHVH� VWUXFWXUDO� GRPDLQV� DUH�
LQWHUFRQQHFWHG�� EHFDXVH� HQHUJ\� UHOHDVH� SURFHHGV� FRQWLQXRXVO\� ZLWK� LQFUHDVLQJ� DJHLQJ�

WHPSHUDWXUH�DQG�WKH�WZR�GLVWULEXWLRQV�RI�G∆(�G7�RYHU�7��VHH�WKH�H[RWKHUPLF�¶VKRXOGHU·�DQG�
PDLQ� SHDN� LQ� ILJXUH� �E�� DUH� RYHUODSSHG� WR� JUHDW� H[WHQW�� 7KH� VDPH� LQIHUHQFH�ZDV� REWDLQHG�
IURP� WKH� VWXG\� RI� WKH� SK\VLFDO� DJHLQJ� RI� WKH� GLVFRQWLQXRXV� ILEUHV��� 7KH� IDFW� WKDW� WKH�
HQGRWKHUP�EHFRPHV�GHHSHU�ZLWK� LQFUHDVLQJ�7D�PHDQV� WKDW� WKH�GLIIHUHQFH� RI�7I� IURP�7D� LV�
JHWWLQJ�VPDOOHU��$ERYH�7J��7I�LV�HTXDO�WR�7D��



)LJXUH���GHPRQVWUDWHV�WKH�7D�GHSHQGHQFH�RI�WKH�UHPDLQLQJ�HQHUJ\��∆(UHP��QRUPDOLVHG�E\�WKH�

WRWDO�HQHUJ\��∆(WRW��IRU�WKH�JLYHQ�DJHLQJ�WLPH���KRXUV��7KLV�H[SHULPHQWDO�GHSHQGHQFH�FDQ�EH�
ILWWHG�E\�WKH�HTXDWLRQ��
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ZKHUH�7U�LV�D�FKDUDFWHULVWLF�WHPSHUDWXUH��DW�ZKLFK�∆(UHP�∆(WRW� �������DQG�F�LV�WKH�VWUHWFK�RU�

VKDSH�SDUDPHWHU��ZKLFK�UHIOHFWV� WKH� VHQVLWLYLW\�RI� WKH�UHPDLQLQJ�HQHUJ\�∆(UHP� WR�WKH�DJHLQJ�

WHPSHUDWXUH��7KH�ELJJHU�WKH�F�YDOXH�LV��WKH�IDVWHU�WKH�UHPDLQLQJ�HQHUJ\�∆(UHP�GHFUHDVHV�ZLWK�

LQFUHDVLQJ�7D��,Q�RWKHU�ZRUGV��WKH�ELJJHU�WKH�F�YDOXH��WKH�VWHHSHU�WKH�∆(UHP�∆(WRW�a�7D�FXUYH��
7KH� 7U� DQG� F� SDUDPHWHUV� GHSHQG� RQ� ERWK� FRPSRVLWLRQ� DQG� IRUPLQJ� FRQGLWLRQV� RI� JODVV�
ILEUHV����%RWK�GHFUHDVH�ZLWK�LQFUHDVLQJ�DJHLQJ�WLPH����,Q�WKH�SUHVHQW�ZRUN��7U� �����.�DQG�F�

 �����)URP�DERXW�����.�RQ��∆(UHP�VWDUWV�WR�GURS�GUDPDWLFDOO\��(DFK�DJHLQJ�WHPSHUDWXUH�LV�
DVVRFLDWHG�ZLWK�D�VHW�RI�VWUXFWXUDO�UHOD[DWLRQ�WLPH�VSHFWUD��VLQFH�UHOD[DWLRQ�WLPH�LV�GLVWULEXWHG�
LQ�PRUH�WKDQ�RQH�VSHFWUXP�IRU�PRVW�RI�DPRUSKRXV�PDWHULDOV��
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)LJXUH���7KH�UHPDLQLQJ�HQHUJ\�QRUPDOLVHG�E\�WKH�WRWDO�HQHUJ\�VWRUHG�GXULQJ�IRUPLQJ�RI�

WKH�ILEUHV��∆(UHP�∆(WRW��YHUVXV�WKH�DJHLQJ�WHPSHUDWXUH�7D��∆(WRW�LV�REWDLQHG�E\�FDOFXODWLQJ�
WKH�DUHD�VXUURXQGHG�E\�WKH�&S��DQG�&S��FXUYHV�RI�WKH�QRQ�DJHG�ILEUHV��VHH�ILJXUH�����7KH�

VROLG�OLQH�LV�REWDLQHG�E\�ILWWLQJ�WKH�H[SHULPHQWDO�GDWD�WR�HTXDWLRQ����

6XPPDU\�

7KH�HQHUJ\�UHOHDVH�RFFXUV�LQ�D�ODUJH�WHPSHUDWXUH�UDQJH�IURP�����7J�WR�7J��7KLV�LPSOLHV�
WKDW�D�K\SHUTXHQFKHG�ILEUH�SRVVHVVHV�D�ODUJH�GLVWULEXWLRQ�RI�WKH�H[FHVV�HQHUJ\�DQG��KHQFH��D�
ODUJH� GLYHUVLW\� RI� WKH� IUR]HQ� VWUXFWXUDO� UHDUUDQJHPHQW� RYHU� DOO� FRQILJXUDWLRQDO� FRRUGLQDWHV��
7KH�H[LVWHQFH�RI�WKH�¶VKRXOGHU·�RQ�WKH�HQHUJ\�UHOHDVH�FXUYH�LQGLFDWHV�WKDW�DW�OHDVW�WZR�PDMRU�
UHOD[DWLRQ� WLPH� VSHFWUD� H[LVW�� HDFK� RI� ZKLFK� LV� DWWULEXWHG� WR� DQ� LQGHSHQGHQW� VWUXFWXUDO�
GRPDLQ�� 7KH� RQVHW� WHPSHUDWXUH�� DW� ZKLFK� WKH� HQHUJ\� UHOHDVH� VWDUWV� GXULQJ� WKH� ILUVW� '6&�
XSVFDQV�� VKLIWV� WR� KLJKHU� WHPSHUDWXUH� ZLWK� LQFUHDVLQJ� WKH� DJHLQJ� WHPSHUDWXUH� IRU� D� JLYHQ�



DJHLQJ�WLPH�LQWHUYDO��7KH�FR�H[LVWHQFH�RI�WKH�HQGRWKHUPV�DQG�H[RWKHUPV�LQGLFDWHV�WKDW�WZR�
VSHFWUD�RI�ILFWLYH�WHPSHUDWXUHV�H[LVW�LQ�WKH�VWUXFWXUH�RI�WKH�DJHG�ILEUHV���

$�SKHQRPHQRORJLFDO�HTXDWLRQ�KDV�EHHQ�SURSRVHG�WR�GHVFULEH�WKH�GHFUHDVH�LQ�WKH�UHPDLQLQJ�
HQHUJ\� ZLWK� LQFUHDVLQJ� DJHLQJ� WHPSHUDWXUH�� 7ZR� SDUDPHWHUV� �7V� DQG� F�� GHWHUPLQH� WKH�
GHSHQGHQFH� RI� WKH� UHPDLQLQJ� HQHUJ\�� ,Q� WHUPV� RI� WKH� WZR� SDUDPHWHUV�� WKH� VWUXFWXUDO�
UHOD[DWLRQ�DQG�SK\VLFDO�SURSHUWLHV�RI�JODVV�ILEUHV�FDQ�EH�FKDUDFWHULVHG��ZKLFK�GHSHQG�RQ�WKH�
FKHPLFDO�FRPSRVLWLRQ�DQG�IRUPLQJ�FRQGLWLRQV���

$FNQRZOHGJPHQWV�

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�&��$��$QJHOO��7��.QXGVHQ�DQG�-��GH&��&KULVWLDQVHQ�IRU�
YDOXDEOH� GLVFXVVLRQV�� 7KLV� ZRUN� ZDV� ILQDQFLDOO\� VXSSRUWHG� E\� WKH� 5RFNZRRO� ,QWHUQDWLRQDO�
$�6��
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