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,QVWLWXW�IXU�3ODVPD�/DVHU�2SWURQLF�GHU�7)+�:LOGDX��%DKQKRIVWUDEH���������:LOGDX���*HUPDQ\

,Q�VLWX�LQYHVWLJDWLRQ�RI�JROG�QDQRFOXVWHUV�JURZWK�LQ�SRO\PHU�PDWULFHV�

3RO\WHWUDIOXRURHWK\OHQH��37)(��DQG�SRO\SDUDSKHQ\OHQH�VXOSKLGH��336��ILOPV�ZHUH�
ILOOHG�ZLWK�JROG��$X��QDQR�FOXVWHUV�E\�FR�GHSRVLWLRQ�LQ�D�YDFXXP��0XOWL�FRPSRQHQW�
ILOP��ILOOHG�VLPXOWDQHRXVO\�ZLWK�$X�DQG�G\H�ZDV�GHSRVLWHG�IRU�WKH�ILUVW�WLPH��)LOP�
IRUPDWLRQ�ZDV�VWXGLHG�XVLQJ�RSWLFDO�DEVRUSWLRQ�VSHFWURVFRS\�LQ�VL WX ��(OHFWURQ�
PLFURVFRS\�DQG�HOOLSVRPHWU\�ZHUH�XVHG�IRU�ILOP�FKDUDFWHULVDWLRQ��$X�QDQR�FOXVWHU�
GLDPHWHU�LV�LQ�����QP�UDQJH�LQ�37)(�PDWUL[��$W�WKH�ILOP�JURZWK�EHJLQQLQJ�VPDOO�
FOXVWHUV�ZLWK�SODVPRQ�EDQG�DERXW�����QP�ZHUH�JURZQ��WKDQ��DJJUHJDWLRQ�RI�FOXVWHUV�
EHJDQ��ZKLFK�PDGH�SODVPRQ�EDQG�VKLIW�WR���������QP��ZKLFK�LV�GHSHQGHQW�RQ�$X�
FRQFHQWUDWLRQ��7UHDWPHQW�ZLWK�SODVPD�OHG�WR�IRUPDWLRQ�RI�VPDOOHU��EXW�DJJUHJDWHG�$X�
FOXVWHUV��(OOLSVRPHWU\�VKRZHG��WKDW�WKH�SDUW�RI�FOXVWHUV�DUH�HORQJDWHG�DQG�VWDQGV�
SHUSHQGLFXODU�WR�VXEVWUDWH��,I�336�ZDV�XVHG�DV�D�PDWUL[��WKH�JURZWK�NLQHWLFV�UHYHDOHG��
WZR�VWHSSHG�PHFKDQLVP��$W�WKH�ILOP�JURZWK�EHJLQQLQJ�$X�FOXVWHUV�ZLWK�SODVPRQ�EDQG�
DERXW�����QP�ZHUH�IRUPHG��EXW�ZLWK�ILOP�WKLFNQHVV�JURZWK�LQWHQVLW\�RI�EDQG�DW�����QP�
JURZV�IDVWHU��7KH�UHVXOWLQJ�ILOP�KDV�PRVW�VWURQJ�EDQG�DW�����QP��%XW�SODVPD�WUHDWPHQW�
OHG�WR�IRUPDWLRQ�RI��$X�DJJUHJDWHV�FRQILQHG�ZLWK�336�PDWUL[�ZLWK�SODVPRQ�EDQG��DW�
����QP�

.H\ZRUGV��QDQRFOXVWHU��JROG��37)(��336��RSWLFDO�VSHFWUD��SODVPD��SODVPRQ�

,QWURGXFWLRQ

0HWDO�QDQRFOXVWHUV�DUH�VWXGLHG�IRU�DSSOLFDWLRQV�LQ�VHQVRUV�>���@��SKRWRQLFV�GHYLFHV�DQG�SODVPRQLF�
VWUXFWXUHV�>�@��ZDYHJXLGHV�>�@��ILOPV�IRU�SKRWRYROWDLFV�>�@��RSWLFDO�UHFRUGLQJ�RI�LQIRUPDWLRQ�>����@��
LQFOXGLQJ�KLJK�GHQVLW\�QHDU�ILHOG�RSWLFDO�UHFRUGLQJ�>��@��6HYHUDO�PHWKRGV�ZHUH�XVHG�IRU�GHSRVLWLRQ�RI�
PHWDO�ILOOHG�SRO\PHU�ILOP�IURP�D�JDV�SKDVH��0HWKRGV�LQFOXGH��PDJQHWURQ�VSXWWHULQJ�RI��JROG��WDUJHW��LQ�
&�)�&O�>�����@�RU�PL[WXUH�RI�&+��DQG�$U�JDVHRXV�PHGLD�>��@��FR�VSXWWHULQJ�RI�(FRQRO�DQG�$X�WDUJHWV�
>��@���YDFXXP��FR�GHSRVLWLRQ�RI�PHWDO�DQG�SRO\PHUV��LQ�SDUWLFXODU��$X�DQG�37)(�>�@ RU�LRQ�FR�
VSXWWHULQJ�RI�WKHVH�PDWHULDOV >�����@��1RYHO�PHWKRG�WR�SURGXFH�PHWDO�FRQWDLQLQJ�SRO\PHU�ILOP�LV�WKH�
SODVPD�HQKDQFHG�FKHPLFDO�YDSRU�GHSRVLWLRQ��3(&9'��XVLQJ�RUJDQRPHWDO�SUHFXUVRUV�>����@���7H�DQG�
6H�FRPSRXQGV�ZHUH�XVHG�IRU�FRPSRVLWH�ILOP�GHSRVLWLRQ�E\�3(&9'��LQFOXGLQJ�WKH�PL[WXUH�RI�WKHLU�
GLHWK\OV���/DWHU��6Q��6E�DQG�3G�ILOOHG�FRPSRVLWH�ILOPV�ZHUH��SURGXFHG DQG��WKH��SRVVLELOLW\�RI�RSWLFDO�
UHFRUGLQJ�RI�LQIRUPDWLRQ�RQ�WKHVH�ILOPV�ZDV�VKRZQ ���

7KH�DLP�RI�WKLV�ZRUN�LV�WR�UHVHDUFK�WKH�JURZWK�NLQHWLFV�DQG�VWUXFWXUH�RI�WKH�ILOP�REWDLQHG�E\�
$X�DQG�SRO\PHU�FR�HYDSRUDWLRQ�LQ�D�YDFXXP�



���([SHULPHQWDO�GHWDLOV�

)LOPV�ZHUH�GHSRVLWHG�XVLQJ�983��0�LQVWDOODWLRQ�HTXLSSHG�ZLWK�FRPSXWHULVHG�FRQWURO�V\VWHP��
6WDUWLQJ�SUHVVXUH�LQ�WKH�FKDPEHU�ZDV���

���
�3D��&RQWURO�V\VWHP�DVVLJQV�QHFHVVDU\�KHDWLQJ�UHJLPHV�IRU�

$X� �G\H�DQG�SRO\PHU�HYDSRUDWRUV��'DWD�IURP�TXDUW]�WKLFNQHVV�PRQLWRUV�ZLWK�� [��
��
�NJ�P

�

VHQVLWLYLW\��FKDPEHU�SUHVVXUH��ERDW�FXUUHQWV�DQG�WHPSHUDWXUHV�DUH�GLVSOD\LQJ�DW�FRPSXWHU�VFUHHQ��
5RWDWLQJ�JODVV�GLVF�ZLWK�DWWDFKHG�6L��1D&O�DQG�TXDUW]�VOLGHV�ZHUH�XVHG�DV�VXEVWUDWHV��6SHFWURPHWHU�
3RO\WHF�ZLWK�RSWLFDO�ILEUHV��LQWURGXFHG�WKURXJK�TXDUW]�ZLQGRZ��ZDV�UHFRUGLQJ�DEVRUSWLRQ�VSHFWUD�RI�
ILOP��JURZLQJ�RQ�URWDWLQJ�GLVF��6SHFWUD�ZHUH�GLVSOD\HG�DW�FRPSXWHU�VFUHHQ�LQ�VLWX��6SHFWUD�ZHUH�
UHFRUGHG�XVLQJ�RQH�EHDP�VFKHPH��3RO\PHU�ILOPV�ZHUH�GHSRVLWHG�E\�WZR�PHWKRGV�����WKHUPDO�
HYDSRUDWLRQ�IRU�336����±�37)(�HYDSRUDWLRQ�ZLWK�YDSRU�DFWLYDWLRQ�E\�HOHFWURQ�FORXG��3RO\PHU�YDSRUV�
FDQ�EH�DGGLWLRQDOO\�WUHDWHG�E\��������0+]����������:�SODVPD��)LJ���SUHVHQWV�WKH�VFKHPH�RI�WKH�
LQVWDOODWLRQ�XVHG�IRU�ILOP�GHSRVLWLRQ��%RDW�DQG�HOHFWURQLF�FRQWURO�FKDQQHO�IRU�WKH�WKLUG�FRPSRQHQW�DUH�
QRW�VKRZQ�

)LJ����6FKHPH�RI�WKH�GHSRVLWLRQ�LQVWDOODWLRQ�

��±�YDFXXP�FKDPEHU����±�VXEVWUDWHV����±�V\VWHP�DQG���±�PRWRU�IRU�VXEVWUDWH�URWDWLRQ����±�VKXWWHU����±
HYDSRUDWRU�DFWLYDWRU�IRU�SRO\PHU����±HYDSRUDWRU�IRU�PHWDO�����±�5)�HOHFWURGHV�����±�TXDUW]�FU\VWDOV������
±�ILEUHV������������������±�FRQWUROOHUV�RI�TXDUW]�PRQLWRUV��PRWRU��SRO\PHU�DQG�PHWDO�HYDSRUDWRUV������±
5)�JHQHUDWRU�����±�FRPSXWHU�����±RSWLFDO�DEVRUSWLRQ�VSHFWURPHWHU�3RO\WHF������±�GLJLWDO�WR�DQDORJXH�
DQG�DQDORJXH�WR�GLJLWDO�FRQYHUWHUV�

$EVRUSWLRQ�VSHFWUD�RI�WKH�GHSRVLWHG�ILOPV�ZHUH�UHFRUGHG�E\�3HUNLQ�(OPHU /DPEGD� � �
VSHFWURPHWHU� 2SWLFDO�SURSHUWLHV�RI�ILOPV�ZHUH�VWXGLHG�E\�PXOWLSOH�DQJOH�HOOLSVRPHWU\�DW�����QP�
ZDYHOHQJWK��)LOP�WKLFNQHVV�ZDV�FRQWUROOHG�E\�HOOLSVRPHWU\�DQG�E\�DWRPLF�IRUFH�PLFURVFRS\��$)0��
RQ�VWHS��%RWK�LVRWURSLF�DQG�DQLVRWURSLF�PRGHOV�ZHUH�XVHG�IRU�HOOLSVRPHWU\�FDOFXODWLRQV� )LOP�VWUXFWXUH�
ZDV�VWXGLHG�E\�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH��7(0��-(0����(;�



5HVXOWV�DQG�GLVFXVVLRQ�

)LJ���VKRZV�HYROXWLRQ�RI�DEVRUSWLRQ�VSHFWUD�RI�$X�37)(�ILOPV��JURZQ�ERWK�ZLWK�DQG�ZLWKRXW�
SODVPD�WUHDWPHQW��7DEOH���LV�VXPPDULVLQJ�H[SHULPHQWDO�GDWD�IRU�$X�ILOOHG�37)(�ILOPV��(OOLSVRPHWU\�
GDWD�SUHVHQWHG�LQ�WKH�WDEOH����REWDLQHG�XVLQJ�LVRWURSLF�PRGHO�

)LJ����(YROXWLRQ�RI�DEVRUSWLRQ�VSHFWUD�RI�$X±ILOOHG�37)(�ILOPV��UHFRUGHG�GXULQJ�WKHLU�JURZWK��
$X���DQG�$X���GHSRVLWHG�ZLWKRXW�SODVPD�WUHDWPHQW� $X����GHSRVLWHG�ZLWK�SODVPD�WUHDWPHQW�

)RU�WKH�ILOP��FRQWDLQHG����YRO����RI�$X�DQG��GHSRVLWHG�ZLWKRXW�SODVPD�WUHDWPHQW��DEVRUSWLRQ�EDQG�
PRQRWRQRXVO\�LV�VKLIWLQJ�ZLWK�ILOP�WKLFNQHVV�JURZWK�IURP�����QP�WR�����QP���3ODVPRQ�EDQG�IRU�WKH�
ILOP�GHSRVLWHG�ZLWK������RI�$X�H[KLELW�PRUH�VKDUS�VKLIW�WR�FHUWDLQ�ILOP�WKLFNQHVV�±�DERXW����QP�DQG�
IDUWKHU�QR�FKDQJHV��7KH�EHKDYLRU�RI�SODVPRQ�EDQG�IRU�WKH�ILOP�FRQWDLQLQJ����YRO����RI�$X�DQG��
GHSRVLWHG�ZLWK�SODVPD�WUHDWPHQW�LV�OLNH�WKH�ODWWHU�RQH��7KH�VKLIW�RI�SODVPRQ�EDQG�FDQ�EH�FDXVHG�E\�$X�
FOXVWHUV�DJJUHJDWLRQ�

7DEOH����3UHSDUDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�$X�ILOOHG�37)(�ILOPV
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$X�37)(�ILOP�SDUDPHWHUV��FDOFXODWHG�LQ�WKH�IUDPH�RI�LVRWURSLF�DQG�RQH�D[LV�DQLVRWURSLF�PRGHO��DUH�
VKRZQ�LQ�WKH�7DEOH����&RPSDULVRQ�RI�GDWD�REWDLQHG�XVLQJ�ERWK�LVRWURSLF�DQG�XQLD[LDO�DQLVRWURSLF�
PRGHOV�VKRZHG�WKDW�WKH�ODVW�RQH�\LHOGV�EHWWHU�DSSUR[LPDWLRQ�RI�H[SHULPHQWDO�HOOLSVRPHWULF�SDUDPHWHUV�
DQG�EHWWHU�FRUUHODWLRQ�RI�ILOP�WKLFNQHVV�YDOXHV��REWDLQHG�E\�HOOLSVRPHWU\�DQG�$)0���$V�FDQ�EH�VHHQ�
IURP�7DEOH����GHJUHH�DQG�VLJQ�RI�ELUHIULQJHQFH�DQG�GLFKURLVP�GHSHQGHQW�RQ�WKLFNQHVV�RI�WKH�ILOP�DQG�
GHSRVLWLRQ�FRQGLWLRQV�



VXSSUHVVHV�FOXVWHU�JURZWK�����GXH�WR���DQG����WKH�QH[W�OD\HU�RI�$X�FOXVWHUV�LV�PRUH�IDYRXUDEOH�WR�JURZ�
RQWR�DOUHDG\�IRUPHG�$X�FOXVWHUV�

)LJ���VKRZV�DEVRUSWLRQ�VSHFWUD�RI�$X�336�ILOPV�GHSRVLWHG�ZLWK�DQG�ZLWKRXW�SODVPD�WUHDWPHQW��
6SHFWUD�VKRZ�GLIIHUHQW�PHFKDQLVP�RI�IRUPDWLRQ�RI�ILOP��JURZQ�ZLWKRXW�SODVPD�WUHDWPHQW��$W�WKH�ILOP�
JURZWK�EHJLQQLQJ�SODVPRQ�EDQG�DW�����QP�DSSHDUHG��$W�LQLWLDO�VWDJH�RI�ILOP�WKLFNQHVV�LQFUHDVH�WKLV�
EDQG�LV�VKLIWHG�WR�����QP��7KLV�LV�HYLGHQFH�RI�IRUPDWLRQ�RI�ODUJH�$X�FOXVWHUV�RU�DJJUHJDWHV��%XW�ZLWK�
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)LJ�����(YROXWLRQ�RI�DEVRUSWLRQ�VSHFWUD�RI�$X�336�ILOPV��
D�±�GHSRVLWHG�ZLWKRXW�SODVPD�WUHDWPHQW�ILOOHG�ZLWK�����$X��E��GHSRVLWHG�ZLWK�SODVPD�WUHDWPHQW�

ILOOHG�ZLWK�����������DQG���������$X��YRO�����

LQFUHDVHV�PRUH�UDSLGO\��WKDQ�LQWHQVLW\�RI�WKH�EDQG�����QP��)LQDO�ILOP�VSHFWUXP�KDV�ZLGH�EDQG�DW�DERXW�
����QP��EXW�WKLV�FDQ�EH�WKH�VXSHUSRVLWLRQ�RI�����QP�DQG�QHZ�����QP�EDQGV��&KHPLFDO�UHDFWLRQ�RI�$X�
ZLWK�6�FDQ�EH�VXJJHVWHG��,Q�WKLV�FDVH�WKH�IRUPDWLRQ�RI�FRPSRXQG�ZLWK�QHZ�DEVRUSWLRQ�EDQG�LV�
SRVVLEOH� )LOP�JURZWK�ZLWK�SODVPD�WUHDWPHQW�UHYHDOHG�LQLWLDO�SODVPRQ�EDQG�DW�DERXW�����QP�DQG�QR�
FKDQJHV�LQ�LW�SRVLWLRQ�GXULQJ�ILOP�WKLFNQHVV�LQFUHDVH��7KLV�LV�WUXH�IRU�DOO�ILOPV�VWXGLHG�ZLWK������$X�
YRO���FRQFHQWUDWLRQ�

7(0�LPDJHV�VKRZHG�ELJ�GLIIHUHQFHV�LQ�WKH�ILOP�VWUXFWXUH��)LJ����������)LOP�GHSRVLWHG�ZLWKRXW�
SODVPD�LV�DOPRVW�GLVRUGHUHG�PL[WXUH��ZKLOH�ILOP�GHSRVLWHG�ZLWK�SODVPD�FRQWDLQHG�ODUJH�$X�FOXVWHU�
DJJUHJDWHV�FOHDUO\�GLYLGHG�RQH�IURP�RWKHU�E\�SRO\PHU�PDWUL[��(OHFWURQ�GLIIUDFWLRQ�SDWWHUQV�VKRZHG��
WKDW�LQ�WKH�IRUPHU�FDVH�ILOP�VWUXFWXUH�LV�IDU�IURP�WKH�$X�FOXVWHU�VWUXFWXUH�LQ�37)(�PDWUL[��)LJ����������
)RU�WKH�ODWWHU�ILOP�$X�FOXVWHU�VWUXFWXUH�DOPRVW�WKH�VDPH�DV�LQ�37)(�PDWUL[��7KH�DYHUDJH�GLDPHWHU�RI�
$X�FOXVWHUV�LQ�336�PDWUL[�LV�VPDOOHU����QP�DQG�����QP���WKDQ�LQ�37)(�PDWUL[�IRU�ERWK�FDVHV�

7KLV�FDQ�EH�H[SODLQHG�E\��LQ�WKH�ILUVW�FDVH�$X�6�LQWHUDFWLRQ�LV�VWURQJ�HQRXJK��6R�GLIIXVLRQ�DQG�
FOXVWHU�JURZWK�ZHUH�VXSSUHVVHG��$X�6�FRPSRXQG�FDQ�EH�IRUPHG��,Q�WKH�VHFRQG�FDVH�SODVPD�WUHDWPHQW�
PDNLQJ�RUJDQLF�VSHFLHV�PRUH�DFWLYH��WKHUHIRUH�WKHLU�LQWHUDFWLRQ�EHWZHHQ�WKHP�LV�VWURQJHU��WKDQ�ZLWK�
$X��%XW�LQ�WKH�ODWWHU�FDVH�SODVPD�DOVR�FDQ�OHDG�WR�GHFRPSRVLWLRQ�RI�PRQRPHU�WR�VPDOOHU�VSHFLHV��VR�
UHVXOWHG�GHSRVLW�LV�OHVV�OLNH�RULJLQDO�336��WKDQ�LI�ILOP�ZDV�GHSRVLWHG�ZLWKRXW�SODVPD�WUHDWPHQW��,Q�
ERWK�FDVHV�LQWHUDFWLRQ�RI�$X�FOXVWHUV�ZLWK�336�GHFRPSRVLWLRQ�SURGXFWV�DQG�PDWUL[�LV�VWURQJHU��WKDQ�
LQWHUDFWLRQ�ZLWK�37)(�RQHV��VR�FOXVWHU�JURZWK�LV�VXSSUHVVHG�PRUH�VWURQJO\�

5HFHQWO\�PXOWL�FRPSRQHQW�RUJDQLF�V\VWHPV�ZLWK�$X�QDQR�FOXVWHUV�DWWUDFWHG�DWWHQWLRQ�IRU�YDULRXV�
DSSOLFDWLRQV�>���@��%XW�DOO�WKHVH�V\VWHPV�ZHUH�GHSRVLWHG�IURP�VROXWLRQV� )RU�WKH�EHVW�RI�RXU�
NQRZOHGJH��ZH�GHSRVLWHG�WKUHH�FRPSRQHQW�G\H�$X�37)(�ILOP�LQ�D�YDFXXP�IRU�WKH�ILUVW�WLPH��)LJ����
SUHVHQWV�HYROXWLRQ�RI�DEVRUSWLRQ�VSHFWUXP��GXULQJ�&R3F�$X�37)(�ILOP�JURZWK��)LOP�FRPSRVLWLRQ�
$X�&R3F�37)(��YRO����LV�����������



)LJ�����(YROXWLRQ�RI�&R3F�$X�37)(�ILOP�VSHFWUXP��

6SHFWUXP�UHSUHVHQWV�VXSHUSRVLWLRQ�RI�$X�SODVPRQ�EDQG�DW�����QP�DQG�&R3F�DEVRUSWLRQ�DW����������
DQG�����QP���%XW�����QP�EDQG�RI��SXUH�&R3F�ILOP�LV�VKLIWHG�WR�����QP�LQ�WKUHH�FRPSRQHQW�ILOP��
LQWHQVLW\�RI�����QP�LV�ZHDNHU��7KH�IRUPHU�HIIHFW�PD\�EH�FDXVHG�E\�WKH�FRQWULEXWLRQ�RI�VPDOO�$X�
FOXVWHU�DEVRUSWLRQ�LQ�WKH�����QP�UHJLRQ��7KH�ODWWHU�RQH�FDQ�EH�GXH�WR�WKDW�WKH�$X�FOXVWHUV�SUHYHQW�
&R3F�DJJUHJDWLRQ�DQG�FU\VWDOOLVDWLRQ��UHVXOWLQJ�LQ�IRUPDWLRQ�OHVV�RUJDQLVHG�&R3F�FOXVWHUV��

7(0�LQYHVWLJDWLRQV�VKRZHG�$X�FOXVWHUV�DERXW�����QP�GLDPHWHU��UDUHO\�GLVWULEXWHG�LQ�D�PDWUL[�
�)LJ�������DQG�RQO\�VHYHUDO�DJJUHJDWHV��0RVW�RI�FOXVWHUV�KDYH�SHUIHFW�URXQG�VKDSH��7KH�GLVWULEXWLRQ�RI�
&R3F�DQG�37)(�SKDVHV�PD\�EH�QRW�UHVROYHG�GXH�WR�WKHLU�DOPRVW�HTXDO�GHQVLW\��$W�OHDVW�QR�ODUJH�
DJJUHJDWHV�RU�FU\VWDOV�ZHUH�IRUPHG��7KLV�LV�FDXVHG�E\�WKH�HDFK�SKDVH�SUHYHQWV�WKH�JURZWK�RI�DQRWKHU�
RQH��(OHFWURQ�GLIIUDFWLRQ�SDWWHUQ�VKRZV�ZHDN�SRLQW�UHIOH[HV��)LJ��������7KLV�SRLQWV�WR�IRUPDWLRQ�RI�
FU\VWDOOLWHV�ZLWK�SUHIHUHQWLDO�RULHQWDWLRQ�

,Q�VXPPDU\��ZH�FDQ�PDNH�WKH�FRQFOXVLRQ��WKDW�WKH�XVH�RI�RSWLFDO�VSHFWURVFRS\�LQ�VLWX�IRU�ILOP�
JURZWK�VWXGLHV DOORZV�WR�GLVFRYHU�WUDQVIRUPDWLRQV�ZLWK�ILOP�WKLFNQHVV�LQFUHDVH��7KHVH�LQYHVWLJDWLRQV�
KDYH�WR�KHOS�WR�XQGHUVWDQG�PHFKDQLVP�RI�WKH�VWUXFWXUH�IRUPDWLRQ�LQ�PXOWL�FRPSRQHQW�FRPSRVLWH�
V\VWHP�

&RQFOXVLRQV

�� 37)(�DQG�336�ILOPV�ILOOHG�ZLWK�$X�QDQRFOXVWHUV�ZHUH�GHSRVLWHG�E\�FR�HYDSRUDWLRQ�LQ�D�YDFXXP�
�� %RWK�37)(�DQG�336�EDVHG�ILOPV�VKRZHG�QRQOLQHDU�FKDQJHV�RI�RSWLFDO�VSHFWUXP�GXULQJ�ILOP�

JURZWK�
�� 7UHDWPHQW�RI�YDSRU�E\��5)�GLVFKDUJH�OHG�WR�DJJUHJDWLRQ�EXW�RI�PRUH�VPDOO�$X�FOXVWHUV�LQ�WKH�

PDWUL[��
�� (OOLSVRPHWU\�GDWD�VKRZHG��WKDW�WKH�ILOPV�KDYH�DQLVRWURS\�LQ�RSWLFDO�SURSHUWLHV��HVSHFLDOO\�IRU�

ILOPV�GHSRVLWHG�ZLWK�SODVPD��
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