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0'�VLPXODWLRQ�ZDV�FDUULHG�RXW�IRU�LQYHVWLJDWLQJ�GHIRUPDWLRQ�DQG�IUDFWXUH�EHKDYLRU�XQGHU�SUHVVXUH�RI��

�� WR� �� *3D� DQG� VWUHVV� ��� WR� �� *3D�� 7ZR� NLQGV� RI� JODVVHV� ZLWK� GLIIHUHQW� EULWWOHQHVV� ZHUH� XVHG�� 8QGHU�
SUHVVXUH��ERWK�JODVVHV�VKRZHG�PRVWO\�HODVWLF�EHKDYLRUV�IRU�FRQWUDFWLRQ�DQG�H[SDQVLRQ�FDXVHG�E\�FKDQJLQJ�

ERQG�DQJOH�RI�6L�2�6L��EXW�WKH\�GLG�QRW�IUDFWXUH�LQ�WKH�SUHVVXUH�UHJLRQ��2Q�WKH�RWKHU�KDQG��XQGHU�XQL�D[LDO�

VWUHVV��ERWK�JODVV�VKRZHG�LQHODVWLF�EHKDYLRUV��L�H���IORZ�DQG�GHQVLILFDWLRQ�EHVLGHV�HODVWLF�EHKDYLRU��DQG�WKHQ�

IUDFWXHG�� 0D[LPXP� VWUDLQ� DQG� YROXPH� FKDQJH� MXVW� EHIRUH� IUDFWXUH� ZHUH� HVWLPDWHG�� )URP� WKHVH� UHVXOWV��
GHIRUPDWLRQ�DQG�IUDFWXUH�EHKDYLRUV�LQ�OHVV�EULWWOH�JODVV�ZHUH�GLVFXVVHG�LQ�WHUPV�RI�JODVV�QHWZRUN�VWUXFWXUH�

DQG�GLVWULEXWLRQ�RI�PRGLILHU�LRQV��

�

�

,QWURGXFWLRQ�

,W� LV� EHOLHYHG� WKDW� JODVV� LV� RQH� RI� WKH� W\SLFDO� EULWWOH�PDWHULDOV�� +RZHYHU�� JODVV� LV� DOVR�
NQRZQ� WR� WDNH� SODFH� SHUPDQHQW� GHIRUPDWLRQ� GXH� WR� IORZ���� DQG� GHQVLILFDWLRQ����� 6XFK�
GHIRUPDWLRQ�LQ�JODVV�LV�YHU\�LPSRUWDQW�IDFWRU�IRU�GHYHORSLQJ�D�KLJK�WRXJK�JODVV��5HFHQWO\��ZH�
IRXQG�D� OHVV�EULWWOH�JODVV� LQ� WKH�V\VWHP�RI�1D�2�0J2�&D2�$O�2��6L2��

����7KH�JODVV�VKRZHG�
DERXW� ��� WLPHV� KLJKHU� FUDFN� LQLWLDWLRQ� ORDG� LQ� 9LFNHUV� LQGHQWDWLRQ� WHVW� WKDQ� D� FRPPHUFLDO�
ZLQGRZ� JODVV�� 7KLV� PHDQV� WKDW� WKH� OHVV� EULWWOH� JODVV� VKRZV� DERXW� ��� WLPHV� ODUJHU� YROXPH�
GHIRUPDWLRQ�WKDQ�WKH�ZLQGRZ�JODVV�EHIRUH�IUDFWXUH��$OWKRXJK�WKH�SK\VLFDO�SURSHUWLHV�H[FHSW�
EULWWOHQHVV� IRU� WZR� JODVVHV� DUH� TXLWH� VLPLODU�� ERWK� JODVVHV� VKRZ� GLIIHUHQW� EHKDYLRUV� RI�
GHIRUPDWLRQ�DQG�IUDFWXUH���7KHUHIRUH��LQ�RUGHU�WR�FOHDU�GHIRUPDWLRQ�DQG�IUDFWXUH�EHKDYLRUV�LQ�
JODVV�� LW� LV� YHU\� LPSRUWDQW� WR� NQRZ� JODVV� VWUXFWXUH� FKDQJH� XQGHU� SUHVVXUH� DQG� VWUHVV��
+RZHYHU��LW�LV�JHQHUDOO\�GLIILFXOW�WR�NQRZ�QHWZRUN�VWUXFWXUHV�DQG�GLVWLEXWLRQ�RI�PRGLILHU�LRQV�
LQ� QHWZRUN� GXULQJ� GHIRUPDWLRQ� DQG� IUDFWXUH� RI� JODVV� XQGHU� SUHVVXUH� DQG� VWUHVV� E\� UHDO�
H[SHULPHQWDO� PHWKRG�� 7R� REWDLQ� VXFK� LQIRUPDWLRQV�� LW� LV� YHU\� XVHIXO� WR� XVH� PROHFXODU�
G\QDPLFV��0'��VLPXODWLRQ���EHFDXVH�ZH�FDQ�VHH�WKH�FRQILJXUDWLRQ�RI�DWRPV�LQ�JODVV��

,Q� WKLV� VWXG\��0'�ZDV� FDUULHG� RXW� WR� LQYHVWLJDWH� WKH� GLIIHUHQFH� RI� JODVV� VWUXFWXUH� FKDQJH�
EHWZHHQ�/%�DQG�6/�GXULQJ�GHIRUPDWLRQ�DQG�IUDFWXUH�XQGHU�SUHVVXUH�DQG�XQL�D[LDO�VWUHVV��

�

�

&DOFXODWLRQ�0HWKRG�

:H�LQYHVWLJDWHG�WKH�GHIRUPDWLRQ�DQG�IUDFWXUH�EHKDYLRU�RI�WKH�WZR�JODVVHV��D�VRGD�OLPH�
VLOLFD�JODVV��6/��DQG�D�OHVV�EULWWOH�JODVV��/%���7KH�JODVV�FRPSRVLWLRQV�DQG�WKHLU�SURSHUWLHV�DUH�
VKRZQ�LQ�7DEOH���� �

�

�
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�  1D�2�  0J2�  &D2�  $O�2�  6L2�� � � •�J�FP�
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  FRPSRVLWLRQ���PRO��� � � •��GHQVLW\�� � (���<RXQJ¶V�0RGXOXV�� � %���%ULWWOHQHVV �

�

:H� XVHG� 0;'2572� GHYHORSHG� E\� .DZDPXUD�� DV� D� 0'� SURJUDP� DQG� WKH� HPSLULFDO�
SRWHQWLDO�SDUDPHWHU�VHWV�GHYHORSHG�E\�0DWVXL���7HPSHUDWXUH�DQG�SUHVVXUH�ZDV�FRQWUROHG�E\�
QRUPDO� VFDOLQJ� PHWKRG� XQGHU� WKH� LVRWKHUPDO�LVREDWLF� HQVHPEOH�� FRQVWDQW� WHPSHUDWXUH� 7��
FRQVWDQW�SUHVVXUH�3��DQG�FRQVWDQW�QXPEHU�RI�SDUWLFOHV�1�LQ�WKH�V\VWHP��1�ZDV�WDNHQ�WR�EH�
DERXW� ����� IRU� WKH� JODVV� VDPSOHV�� 7KH�XVXDO�SHULRGLF�ERXQGDU\�FRQGLWLRQV�ZHUH� LPSRVHG�
ZLWK�RUWKRUKRPELF�FHOO��DQG�WKH�HTXDWLRQV�RI�PRWLRQ�ZHUH�VROYHG�QXPHULFDOO\�ZLWK�WKH�WLPH�
LQFUHPHQW� RI� �� IV�� 7KH� V\VWHP� ZDV� HTXLOLEUDWHG� DW� ����� .� DIWHU� VWDUWLQJ� IURP� D� UDQGRP�
FRQILJXUDWLRQ��7KH�VWUXFWXUHV�IRU�WZR�JODVVHV�VKRZQ�LQ�)LJ����ZKLFK�ZDV�REWDLQHG�E\�JUDGXDO�
FRROLQJ�IURP�����.�WR����.��ZHUH�XVHG�DV�LQLWLDO�FRQILJXUDWLRQV��
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)LJ�����*ODVV�VWUXFWXUH�RI�6/�DQG�/%�JODVVHV�

6WDWLF�SUHVVXUH�RI�²��WR���*3D�DQG�XQL�D[LDO�VWUHVV�RI����WR��*SD�ZHUH�DSSOLHG�WR�WKH�JODVV�
VWUXFWXUHV�IRU�OHVV�WKDQ�����SV��7KHQ��SUHVVXUH�DQG�VWUHVV�ZHUH�UHOHDVHG�DQG�WKH�VWUXFWXUH�ZDV�
VWDELOL]HG�IRU����SV��4XDQWXP�FRUUHFWLRQV�WR�0'�VLPXODWLRQV�ZHUH�DSSOLHG� LQ�DOO�UXQV��7KH�
EXON�PRGXOXV�DW�����.�DQG���*3D�ZDV�HVWLPDWHG�E\�ILWWLQJ�D�WKLUG�RUGHU�%LUFK�0XUQDJKDQ·V�
HTXDWLRQ� RI� VWDWH� WR� LQVWDQWDQHRXV� GHIRUPHG� YROXPHV� XQGHU� SUHVVXUH� IURP� ��� WR� �� *3D��
ZKHUH�WKH�JODVV�VKRZHG�HODVWLF�GHIRUPDWLRQ��7KH�<RXQJ·V�PRGXOXV�DW�����.�DQG���*3D�ZDV�
HVWLPDWHG�E\�DSSUR[LPDWLRQ�RI�D�WKLUG�RUGHU�HTXDWLRQ�WR�LQVWDQWDQHRXV�VWUDLQ�FKDQJH�XQGHU�
VWUHVV�IURP����WR���*3D��ZKHUH�WKH�JODVV�VKRZHG�HODVWLF�GHIRUPDWLRQ��8QGHU�VWDWLF�SUHVVXUH�
DQG�XQL�D[LDO�VWUHVV��WKH�FRQVWDQW�WHPSHUDWXUH�DQG�SUHVVXUH�PHWKRGV�SURSRVHG�E\�1RVH���DQG�
$QGHUVHQ����ZHUH�DSSOLHG�IRU�WKH�FRUUHFW�WLPH�GHSHQGHQFH�RI�GHIRUPDWLRQ�RI�JODVV��

� �

5HVXOWV�DQG�GLVFXVVLRQ�

)LJXUH���VKRZV�YROXPH�FKDQJH�RI�WKH�WZR�JODVVHV�ZLWK�VWDWLF�SUHVVXUH��,W�FDQ�EH�VHHQ�WKDW�WKH�
YROXPH�RI�ERWK�JODVVHV�GHFUHDVHG�DOPRVW� OLQHDUO\�ZLWK� LQFUHDVLQJ�SRVLWLYH�SUHVVXUH��ZKLOH� LW�
LQFUHDVHG�ILUVW�OLQHDUO\�DQG� �
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)LJ���9ROXPH�FKDQJH�DV�D�IXQFWLRQ�RI�SUHVVXUH�IRU�6/�DQG�/%�JODVVHV�

�

WKHQ� QRQOLQHDUO\� ZLWK� LQFUHDVLQJ� QHJDWLYH� SUHVVXUH�� 7KH� YROXPH� LQFUHDVHG� E\� DERXW� �����
XQGHU� QHJDWLYH� SUHVVXUH� RI� ��� *3D�� ZKHUHDV� LW� GHFUHDVHG� E\� DERXW� �� �� XQGHU� SRVLWLYH�
SUHVVXUH�RI���*3D��7KLV�PHDQV�WKH�H[SDQVLRQ�RI�ERWK�JODVVHV�RFFXUHV�PXFK�HDVLO\�FRPSDUHG�
WR�FRQWUDFWLRQ��7KH�YROXPH�FKDQJH�RI�JODVVVHV�GLVDSSHDUHG�DIWHU�UHOHDVHG�SUHVVXUH�RI����WR���
*3D��DOWKRXJK�D�SDUW�RI�WKH�YROXPH�FKDQJH�UHPDLQHG�DIWHU�UHOHDVHG�SUHVVXUH�RI�OHVV�WKDQ����
*3D�DQG�PRUH�WKDQ���*3D��7KHUHIRUH��ERWK�JODVVHV�DUH�HODVWLF�LQ�WKH�IRUPHU SUHVVXUH�UHJLRQ��
EXW� LQHODVWLF� LQ� WKH� ODWWHU� SUHVVXUH� UHJLRQV�� )URP� WKH� GHIRUPDWLRQ� LQ� HODVWLF� UHJLRQ�� ZH�
FDOFXODWHG� EXON�PRGXOXV� IRU� WKH� JODVVHV��7KH� YDOXHV�ZHUH� ��� DQG� ���*3D� IRU� 6/� DQG�/%��
UHVSHFWLYHO\�� 7KH� YDOXHV� DUH� DOPRVW� FRPSDUDEOH� WR� WKH� REVHUYHG� YDOXHV�� ��� DQG� ��� *3D��
UHVSHFWLYHO\�� IRU� 6/� DQG� /%�� %RWK� JODVVHV� H[LKLELWHG� DOPRVW� VLPLODU� EHKDYLRU� XQGHU� VWDWLF�
SUHVVXUH�RI����WR���*3D��DOWKRXJK�WKHUH�LV�D�OLWWOH�GHIIHUHQFH�RI�EXON�PRGXOXV�EHWZHHQ�ERWK�
JODVVHV��+RZHYHU��WKH�H[SDQVLRQ�RI�6/�EHFDPH�ODUJHU�WKDQ�WKDW�RI�/%�DW����*3D��6/�EHJDQ�
SHUPDQHQW�GHIRUPDWLRQ�DW�WKLV�SUHVVXUH��EXW�/%�GLG�QRW�� �

7R� FOHDU� WKH� PHFKDQLVP� IRU� YROXPH� FKDQJH� XQGHU� VWDWLF� SUHVVXUH�� FKDQJH� RI� QHWZRUN�
VWUXFWXUH�DQG�GLVWULEXWLRQ�RI�PRGLILHU� LRQV�ZHUH� LQYHVWLJDWHG��)LJXUH���VKRZV�6L�2�6L�ERQG�
DQJOH�DV�D�IXQFWLRQ�RI�SUHVVXUH��,W�FDQ�EH�VHHQ�IURP�WKH�ILJXUH�WKDW�WKH�DQJOH�IRU�ERWK�JODVVHV�
FKDQJHG�IURP�DERXW����°WR����°ZLWK�SUHVVXUH�IURP����WR���*3D��EXW�WKH�DQJOH�UHFRYHUHG�WR�
RULJLQDO� DQJOH� RI� DERXW� ���°DIWHU� UHOHDVHG� SUHVVXUH�� 7KH� SDLU� GLVWLEXWLRQ� IXQFWLRQ� IRU�
PRGLILHU�LRQV�VXJJHVWHG�WKDW�WKH�PRGLILHU�LRQV�PLJUDWHG�GXULQJ�DSSOLHG�DQG�UHOHDVHG�SUHVVXUH��
)URP� WKHVH� UHVXOWV�� LW� ZDV� FRQFOXGHG� WKDW� ERWK� JODVVHV� H[SDQGHG� DQG� VKUXQN� XQGHU� VWDWLF�
SUHVVXUH�E\�FKDQJLQJ�ERQG�DQJOH�DQG�GLVWULEXWLRQ�RI�LRQV�LQ�WKH�QHWZRUN��&RQVHTXHQWO\��ERWK�
JODVVHV�GLG�QRW�VKRZ�VR�PXFK�GLIIHUHQW�EHKDYLRU�XQGHU�SUHVVXUH�DSSOLHG�LQ�WKLV�VWXG\�� � �
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)LJ�����&KDQJH�RI�ERQG�DQJOH�RI�6L�2�6L�DV�D�IXQFWLRQ�RI�SUHVVXUH�IRU�6/�DQG�/%�JODVVHV�� �

)LJXUH� �� VKRZV� VWUHVV�VWUDLQ� FXUYHV� IURP� ��� WR� �� *3D� IRU� ERWK� JODVVHV�� 7KH� VWUDLQ� XQGHU�
VWUHVV�DIWHU�����SV�ZDV�SORWWHG�LQ�WKH�ILJXUH��)URP�WKH�ILJXUH��LW�FDQ�EH�VHHQ�WKDW�ERWK�JODVVHV�
VKRZ�OLQHDU�VWUDLQ�FKDQJH�IURP�²�� �
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)LJ�����6WUHVV�VWUDLQ�FXUYHV�IRU�6/�DQG�/%�JODVVHV�XQGHU�VWUHVV�RI����WR���*3D��

WR� ��*3D� DQG� QRQOLQHDU� ODUJH� VWUDLQ� FKDQJH� RXWVLGH� RI� WKH� VWUHVV� UHJLRQ�� )URP� WKH� OLQHDU�
UHJLRQ�RI� WKH� FXYHV��<RXQJ
V�PRGXOL�ZHUH�FDOFXODWHG� WR�EH� ���DQG����� UHVSHFWLYHO\�� IRU� 6/�
DQG�/%�JODVV��7KH�REVHUYHG�YDOXHV�DUH����DQG����IRU�6/�DQG�/%��UHVSHFWLYHO\��7KHUHIRUH��WKH�
FDOFXODWHG� YDOHV� ZHUH� DERXW� ���� ORZHU� WKDQ� WKH� REVHUYHG� YDOXHV�� 8QGHU� WHQVLRQ� DQG�
FRPSUHVVLRQ� RI� PRUH� WKDQ� �� *3D�� WKH� VWUDLQ� FKDQJH� IRU� 6/� DQG� /%� EHFDPH� YHU\� ODUJH��
$FFRUGLQJ� WR�0DUVK
V� WKHRU\��� \LHOG� VWUHVV� FDQ� EH� HVWLPDWHG� IURP� KDUGQHVV�� 7KH� HVWPDWHG�
\LHOG� VWUHVV� LV� DERXW� ��*3D� IRU�ERWK� JODVVHV��7KHUHIRUH�� WKH� ODUJH� VWUDLQ� IRU�ERWK� JODVVHV� LV�
FRQVLGHUHG�WR�EH�GXH�WR�IORZ�LQ�JODVV�DV�GHVFULEHG�EHORZ��+RZHYHU�� LW� LV� LPSRUWDQW� WR�QRWH�
WKDW�WKH�VWUDLQ�RI�/%�KDV�VPDOOHU�WKDQ�WKDW�RI�6/�DW�KLJKHU�VWUHVV�UHJLRQ�RI�FRPSUHVVLRQ�DQG�
WHQVLRQ��DOWKRXJK�/%�KDV�VPDOOHU�<RXQJ
V�PRGXOXV�WKDQ�6/��$IWHU�UHOHDVHG�VWUHVV��WKH�VWUDLQ�
IRUPHG� E\� VWUHVV� RI� ²�� WR� �� *3D� PRVWO\� GLVDSSHUHG�� ZKLOH� D� SDUW� RI� VWUDLQ� IRUPHG� E\�
FRPSUHVVLRQ�DQG�WHQVLRQ�RI�RYHU���*3D�UHPDLQHG��7KH�UHVLGXDO�VWUDLQ�RI�6/�ZDV�ODUJHU�WKDQ�
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� 6/�XQGHU�VWUHVV
6/�DIWHU�UHOHDVHG�VWUHVV
/%�XQGHU�VWUHVV
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WKDW�RI�/%�DW� ±��*3D��'XULQJ�GHIRUPDWLRQ�E\�XQL�D[LDO�VWUHVV��D�OLWWOH�FKDQJH�RI�ERQG�DQJOH�
RI�6L�2�6L�ZDV�REVHUYHG�� � �

)LJXUH���VKRZV�YROXPH�FKDQJH�DV�D�IXQFWLRQ�RI�VWUHVV��)URP�WKH�ILJXUH�� LW�FDQ�EH�VHHQ�WKDW�
WKH� YROXPH� IRU� ERWK� JODVVHV� LQFUHDVHG� ZLWK� LQFUHDVLQJ� WHQVLOH� VWUHVV�� ZKLOH� WKH� YROXPH�
GHFUHDVHG�ZLWK�LQFUHDVHLQJ�FRPSUHVVLYH�VWUHVV��7KH�YROXPH�FKDQJH�RI�/%�XQGHU�WHQVLRQ�RI�
PRUH� WKDQ� �*3D� ZDV� ODUJHU� WKDQ� WKDW� RI� 6/�� $IWHU� UHOHDVHG� VWUHVV�� WKH� SHUPDQHW� YROXPH�
FKDQJH�FDQ�QRW�EH�REVHUYHG�XQGHU�WHQVLRQ��DOWKRXJK�WKH�UHVLGXDO�VWUDLQ�FDQ�EH�REVHUYHG�IRU�
ERWK�JODVVHV�DV�VKRZQ�LQ�)LJ�����7KLV�PHDQV�WKDW�IORZ�LQ�JODVV�WRRN�SODFH�XQGHU� �
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)LJ�����9ROXPH�FKDQJH�DV�D�IXQFWLRQ�RI�VWUHVV�IRU�6/�DQG�/%�JODVVHV�� �

WHQVLRQ�� 2Q� WKH� RWKHU� KDQG�� 6/� DQG� /%� VKRZ� DOPRVW� WKH� VDPH� FRQWUDFWLRQ� XQGHU�
FRPSUHVVLRQ�RI���*3D��$�SDUW�RI�WKH�YROXPH�FKDQJH�IRPHG�E\�FRPSUHVVLRQ�RI�PRUH�WKDQ���
*3D� UHPDLQHG� DIWHU� UHOHDVHG� VWUHVV�� WKH� SHUPDQHQW� GHQVLILFDWLRQ� WRRN� SODFH�� 7KH�
GHQVLILFDWLRQ�RI�/%�ZDV�VPDOOHU�WKDQ�WKDW�RI�6/�� �
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� � � � � � )LJ�����6FKHPDWLF�GLDJUDP�RI�GHIRUPDWLRQ�LQ�JODVV�XQGHU�VWUHVV��
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VWUDLQ��ε

HODVWLF�
GHIRUPDWLRQ

HODVWLF�
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� 6/�XQGHU�VWUHVV

6/�DIWHU�UHOHDVHG�VWUHVV

/%�XQGHU�VWUHVV
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7KH�VWUDLQ�FDOFXODWHG� IURP�WKH�GHQVLILFDWLRQ�DW���DQG���*3D�ZDV� DOPRVW� WKH�VDPH�ZLWK� WKH�
UHVLGXDO�VWUDLQ�LQ�)LJ�����+RZHYHU��WKH�VWUDLQ�FDOFXODWHG�IURP�WKH�GHQVLILFDWLRQ�DW���*3D�ZDV�
VPDOOHU�WKDQ�WKH�UHVLGXDO�VWUDLQ��7KHUHIRUH��WKH�VWUDLQ�RI�ERWK�JODVVHV�XQGHU�FRPSUHVVLRQ�RI���
WR���*3D�LV�GXH�WR�PDLQO\�GHQVLILFDWLRQ�DQG�WKH�ODUJHU�UHVLGXDO�VWUDLQ�XQGHU�FRPSUHVVLRQ�RI���
*3D�LV�GXH�WR�IORZ�DQG�GHQVLILFDWLRQ�LQ�JODVV��&RQVHTXHQWO\��ERWK�JODVVHV�VKRZ�HODVWLFLW\�DQG�
IORZ�XQGHU�WHQVLRQ��ZKLOH�WKH\�VKRZ�HODVWLFLW\��IORZ�DQG�GHQVLILFDWLRQ�XQGHU�FRPSUHVVLRQ��DV�
VKRZQ�VFKHPDWLFDO\�LQ�)LJ�����

)LJXUH� �� VKRZV� VWUDLQ� FKDQJH�ZLWK� WLPH� DV� D� IXQFWLRQ� RI� VWUHVV��$W� ±��*3D�� WKH� VWUDLQ� RI�
ERWK� JODVVHV� ZDV� LQGHSHQGHQW� RI� WLPH�� +RZHYHU�� DW� ±�� *3D�� ERWK� JODVVHV� VKRZHG� WLPH�
GHSHQGHQFH�RI� VWUDLQ�DQG� WKH�GHSHQGHQFH� IRU�6/�ZDV� ODUJHU� WKDQ� WKDW� IRU�/%��6/� WHQGV� WR�
IORZ�PRUH�HDVLO\�WKDQ�/%�� � � � � � � � � � � � � � � � � � �
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)LJ�����6WUDLQ�FKDQJH�ZLWK�WLPH�IRU�6/�DQG�/%�JODVVHV��

$OO�WKHVH�UHVXOWV�GHVFULEHG�DERYH�VXJJHVW�WKDW�/%�LV�PRUH�HODVWLF�WKDQ�6/�XQGHU�KLJKHU�VWUHVV�
VXFK�DV���WR���*3D�RI�WHQVLRQ�DQG�FRPSUHVVLRQ��DOWKRXJK�<RXQJ·V�PRGXOXV�RI�/%�DW�]HUR�
VWUHVV�LV�ORZHU�WKDQ�WKDW�RI�6/��7KH�GLIIHUHQFH�LQ�GHIRUPDWLRQ�EHKDYLRUV�DW�WKH�KLJKHU�VWUHVV�
UHJLRQ�EHWZHHQ�WZR�JODVVHV�LV�FRQVLGHUHG�GXH�WR�WKH�GLIIHUHQFH�RI�SRO\PHUL]DWLRQ�RI�QHWZRUN�
LQ�WKH�JODVVHV��

:KHQ�PXFK� KLJKHU� VWUHVV�ZDV� DSSOLHG� WR� WKH� JODVVHV�� WKH\� IUDFWXUHG��7KH� IUDFWXUH� VWUHVVHV�
XQGHU�WHQVLRQ�ZHUH����DQG�²��*3D��UHVSHFWLYHO\��IRU�6/�DQG�/%��ZKHUHDV�ERWK�JODVVHV�GLG�QRW�
IUDFWXUH�XQGHU�FRPSUHVVLRQ��)LJXUH���VKRZV�VWUDLQ�DQG�YROXPH�FKDQJH�DV�D�IXQFWLRQ�RI�WLPH�
IRU� ERWK� JODVVHV��8QGHU� WHQVLRQ� RI� ���*3D�� 6/� JODVV� VWUDLQHG� JUDGXDOO\� DQG� WKHQ� EHJDQ� WR�
IUDFWXUH� DIWHU� ��� SV��ZKLOH� /%� JODVV� VWUDLQHG� RQO\� ����ZLWKLQ� ���� SV� �)LJ�� ��� DQG� GLG� QRW�
IUDFWXUH�� +RZHYHU�� /%� JODVV� DOVR� IUDFWXUHG� DW� ��� *3D� DIWHU� ��� SV�� DFFRPSDQLHG� E\� ODUJH�
VWUDLQ�� 7KH� ILQDO� VWUDLQ� RI� /%� ZDV� PXFK� ODUJHU� WKDQ� WKDW� RI� 6/�� 7KH� YROXPH� FKDQJH�� L�H��
H[SDQVLRQ� �
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)LJ�����6WUDLQ��D��DQG�YROXPH��E��FKDQJH�ZLWK�WLPH�XQGHU�KLJK�VWUHVV�IRU�6/�DQG�/%�� �

XQGHU�WHQVLRQ�RI�²��DQG����*3D��UHVSHFWLYHO\��IRU�6/�DQG�/%�WRRN�SODFH�LQVWDQWDQHRXVO\�DQG�
WKHQ� GLG� QRW� FKDQJH� VR�PXFK�ZLWK� WLPH�� 7KH�PD[LPXP� H[SDQVLRQ� RI� /%�ZDV� D� OLWWOH� ELW�
ODUJHU�WKDQ�WKDW�RI�6/�EHIRUH�IUDFWXUH��2Q�WKH�RWKHU�KDQG��XQGHU�FRPSUHVVLRQ�RI���*3D��6/�
DQG�/%�EHFDPH�WKLQHU�JUDGXDOO\�ZLWK�WLPH��7KHLU�YROXPH�GHFUHDVHG�TXLFNO\�E\�GHQVLILFDWLRQ�
GXULQJ�ILUVW����SV�DQG�WKHQ�GLG�QRW�GHFUHDVH�VR�PXFK�GXH�WR�IORZ��+RZHYHU��ZH�FRXOG�QRW�
VLPXODWH�WKH�VWUXFWXUH�DIWHU����DQG����SV��UHVSHFWLYHO\�IRU�6/�DQG�/%�EHFDXVH�RI�D�OLPLWDWLRQ�
LQ�FHOO�VL]H�XVHG�LQ�WKLV�VWXG\��7KH�FRPSUHVVHG�VWUDLQ�UDWH�RI�/%�ZDV�VPDOOHU�WKDQ�WKDW�RI�6/��
7KH�FRQWUDFWLRQ�RI�/%�ZDV�D�OLWWOH�ELW�ODUJHU�WKDQ�WKDW�RI�6/��7KHVH�UHVXOWV�DOVR�VXJJHVW�WKDW�
/%�LV�PRUH�HODVWLF�DQG�GHIRUPDEOH�WKDQ�6/�EHIRUH�IUDFWXUH��

)URP�WKH�VLPXODWLRQ�RI�VWUXFWXUH�FKDQJH�E\�WHQVLRQ��LW�ZDV�IRXQG�WKDW�WKH�JODVVHV�GHIRUPHG�
JUDGXDOO\�ZLWK�WLPH�E\�PDLQO\� IORZ��ZKLFK�ZDV�FDXVHG�E\�EUHDNLQJ� ODUJHU�QHWZRUN�ULQJ�DQG�
IRUPLQJ�VPDOOHU�ULQJ��UHSHDWLQJ�EUHDNLQJ�DQG�IRUPLQJ�RI�ERQGV�LQ�QHWZRUN��'XULQJ�WKLV�IORZ��
WKH�YROXPH�ZDV�DOPRVW�FRQVWDQW��$IWHU�D�FHUDWDLQ�WLPH��VRPH�RSHQ�VSDFH�VXFK�DV�KROH�VKRZQ�
LQ�)LJ����DSSHDUHG�LQ�WKH�QHWZRUN��7KHQ��WKH�KROH�EHFDPH�ODUJHU�DQG�KHQFH�IUDFWXUH�VWDUWHG�� � � � � � � � � � � � � � � � � � � � �
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)LJ�����)UDFWXUH�RULJLQ�LQ�JODVV�QHWZRUN�VWUXFWXUH�� �

6RGLXP�LRQV�JDWKHUHG�LQ�WKH�KROH�DQG�WKH�GLVWULEXWLRQ�RI�PRGLILHU� LRQV� LQ�WKH�QHWZRUN�ZDV�
DOVR�FKDQJHG��:H�WKLQN�WKLV�LRQ�PLJUDWLRQ�FDQ�KHOS�IORZ�LQ�JODVV��2Q�WKH�RWKHU�KDQG��XQGHU�
FRPSUHVVLRQ�� WKH� JODVVHV� VKRZHG� LQFUHDVH� LQ� FRPSUHVVHG� VWUDLQ� ILUVW� E\� GHQVLILFDWLRQ� DQG�
WKHQ�IORZ�ZLWK�PLJUDWLRQ�RI�PRGLILHU�LRQV��)LQDOO\��QHWZRUN�ZDV�EURNHQ�VSRUDGLFDOO\�DQG�KROH�
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DSSHDUHG� LQ� QHWZRUN� DV� ZHOO� DV� XQGHU� WHQVLRQ�� 6LQFH� /%� KDV� KLJKHU� SRO\PHUL]HG� QHWZRUN�
VWUXFWXUH�WKDQ�6/�� WKH� IRUPDWLRQ�RI�KROH� LQ� WKH�QHWZRUN�EHFRPH�PRUH�GLIILFXOW��7KHUHIRUH��
/%�FDQ�VWDQG�KLJKHU�VWUHVV�DQG�FDQ�WDNH�SODFH�ODUJHU�GHIRUPDWLRQ�XQWLO�IUDFWXUH�FRPSDUHG�WR�
6/�� &RQVHTXHQWO\�� /%� KDV� ORZHU� EULWWOHQHVV� EHFDXVH� RI� LWV� ODUJHU� GHIRUPDEOH� QHWZRUN�
VWUXFWXUH�ZLWKRXW�WKH�IRUPDWLRQ�RI�KROH��L�H���RULJLQ�RI�IUDFWXUH��FRPSDUHG�WR�6/��

�

&RQFOXVLRQ�

'HIRUPDWLRQ� DQG� IUDFWXUH� RI� OHVV� EULWWOH� JODVV� /%� ZHUH� LQYHVWLJDWHG� E\�0'�PHWKRG��
FRPSDUHG�WR�VRGD�OLPH�VLOLFD�JODVV�6/��%RWK�JODVVHV�VKRZHG�PRUH�LQHODVWLF�EHKDYLRUV�E\�IORZ�
DQG�RU� GHQVLILFDWLRQ� XQGHU� XQL�D[LDO� VWUHVV� FRPSDUHG� WR� VWDWLF� SUHVVXUH�� +RZHYHU�� /%�
VKRZHG�PRUH� HODVWLF� EHKDYLRU� WKDQ� 6/� EHIRUH� IUDFWXUH�� DOWKRXJK� /%� KDV� VPDOOHU� <RXQJ·V�
PXGXOXV�WKDQ�6/��0D[LPXP�GHIRUPDWLRQ�MXVW�EHIRUH�IUDFWXUH�IRU�/%�ZDV�PXFK�ODUJHU�WKDQ�
WKDW�IRU�6/�DQG�IUDFWXUH�VWUHVV�RI�/%�ZDV�ODUJHU�WKDQ�WKDW�RI�6/��7KHVH�UHVXOWV�ZHUH�UHODWHG�WR�
JODVV�QHWZRUN�VWUXFXWXUH�DQG�LRQ�PLJUDWLRQ��&RQVHTXHQWO\��LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�ORZHU�
EULWWOHQHVV� RI� /%� LV� FDXVHG� E\� VXLWDEOH� HODVWLFLW\� DQG� IORZ� ZKLFK� DUH� DWWULEXWHG� WR� KLJKHU�
SRO\PHUL]HG�QHWZRUN�DQG�DSSURSULDWH�GLVWULEXWLRQ�RI�PRGLILHU�LRQV�� �
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��.DZDPXUD��.��0;'2572��-&3(�3URJUDP������������� �

��0DWVXL��0���3URSHUWLHV�RI�(DUWK�DQG�3ODQHWDU\�0DWHULDOV�DW�+LJK�3UHVVXUH�
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