
,QIOXHQFH�RI�RUJDQLF�VXEVWDQFHV�RQ�WKH�GLVVROXWLRQ�EHKDYLRU�RI�

JODVVHV�

6RQMD�*UR��DQG�5HLQKDUG�&RQUDGW�
5:7+�$DFKHQ���,QVWLWXWH�IRU�PLQHUDO�HQJLQHHULQJ���

&KDLU�RI�JODVV�DQG�FHUDPLF�FRPSRVLWHV��0DXHUVWUDVVH����'�������$DFKHQ�
�

,Q�RUGHU�WR�TXDQWLI\�WKH�LPSDFW�RI�RUJDQLF�VXEVWDQFHV�RQ�WKH�GLVVROXWLRQ�EHKDYLRU�RI�JODVVHV�LQ�DTXHRXV�
VROXWLRQV��ORQJ�WHUP�FRUURVLRQ�FRUURVLRQ�H[SHULPHQWV�RQ�FKLS�VDPSOHV�RI�JODVVHV�RI�WKH�V\VWHP�&D2�0J2�

$O�2��6L2��ZHUH� SHUIRUPHG��7KH� RUJDQLF� DFLGV� LQ� IRFXV�ZHUH� ODFWLF�� R[DOLF�� VXFFLQLF��PDOLF�� WDUWDULF� DQG�

FLWULF� DFLG��7KH� LQYHVWLJDWHG� JODVVHV�ZHUH� IURP� WKH�PDLQ� V\VWHP�&D2�0J2�$O�2��6L2��� 7KH� GLVVROXWLRQ�

UDWHV� ZHUH� GHWHUPLQHG� DV� D� IXQFWLRQ� RI� JODVV� FRPSRVLWLRQ�� S+� YDOXH� DQG� RUJDQLF� DGGLWLYH�� $V� FRUURVLRQ�

PHGLXP�D�SK\VLRORJLFDO�VDOLQH�VROXWLRQ�ZDV�XVHG�ZLWK�WKH�RUJDQLF�VXSSOHPHQW��DGGHG�DW�D�FRQFHQWUDWLRQ�RI�

�Â��
��
�PRO�O��([SHULPHQWDOO\�REWDLQHG�GLVVROXWLRQ�UDWHV�DUH�FRPSDUHG�WR�WKH�K\GURO\WLF�VWDELOLWLHV�FDOFXODWHG�

E\�D�WKHUPRG\QDPLF�PRGHO���

���,QWURGXFWLRQ�

2UJDQLF�VXEVWDQFHV�LQ�DQ�DTXHRXV�HQYLURQPHQW�FDQ�EH�IRXQG�LQ�YDULRXV�DUHDV�RI�VFLHQFH�
DQG�WHFKQRORJ\��7KH\�RFFXU�QDWXUDOO\�DV�SURGXFWV�RI�PHWDEROLVP�RI�OLYLQJ�RUJDQLVP�DQG�DUH�
WKHUHIRUH�RI� LQWHUHVW� IRU� HFRWR[LFRORJ\�� ,Q� HYHU\GD\V� OLYH�� WKH\� DFW� DV�SUHVHUYLQJ�DJHQWV� IRU�
IRRGVWXII�RU�DV�DFWLYH�LQJUHGLHQWV�IRU�GHWHUJHQWV��,Q�ODERUDWRULHV��RUJDQLF�DFLGV�DUH�WHFKQLFDOO\�
XVHG�DV�EXIIHULQJ�DJHQWV�WR�PDLQWDLQ�WKH�S+�RI�DTXHRXV�VROXWLRQV���,Q�RUGHU�WR�LQYHVWLJDWH�WKH�
SRWHQWLDO� SDWKRJHQLFLW\� RI� PLQHUDO� ILEHUV�� YDULRXV� LQ�YLWUR� GLVVROXWLRQ� PHDVXUHPHQWV� LQ�
DUWLILFLDO� OXQJ� IOXLGV�KDYH�EHHQ�SHUIRUPHG��� ,Q� D� UHFHQW� VWXG\�� WKH�GLVVROXWLRQ�EHKDYLRXU�RI�
VWRQH�ZRRO� ILEUHV� LQ� VLPXODWHG� OXQJ� IOXLG�ZLWK�GLIIHUHQW� H[FOXVLRQV�RI�RUJDQLF� FRPSRQHQWV�
ZDV�LQYHVWLJDWHG��7KH�SUHVHQFH�RI�VRGLXP�FKORULGH�OHDG�WR�D�GUDPDWLFDOO\�ORZHUHG�GLVVROXWLRQ�
UDWH���7KH�SUHVHQW�VWXG\�FRPSULVHV�VRPH�RI�WKH�RUJDQLF�FRPSRQHQWV�XVHG�IRU�WKH�VLPXODWHG�
ERG\� IOXLGV�� OLNH� H�J�� FLWULF�� WDUWDULF� DQG� ODFWLF� DFLG�� IXUWKHUPRUH� LQ� RUGHU� WR� IDWKRP� WKH�
IXQGDPHQWDO�PRGH�RI�UHDFWLRQ�RI�PXOWLIXQFWLRQDO�RUJDQLF�VSHFLHV�WR�WKH�GLVVROXWLRQ�EHKDYLRU�
RI� JODVVHV�� VXEVWDQFHV� FKHPLFDOO\� UHODWHG� WR� WKH� RQHV� PHQWLRQHG� EHIRUH� DUH� LQYHVWLJDWHG�
�R[DOLF�� VXFFLQLF�� PDOLF� DFLG��� ,Q� FRQWUDVW� WR� WKH� IORZ�WKURXJK� WHVWV� FRPPRQO\� XVHG� IRU�
ELRVROXELOLW\�PHDVXUHPHQWV�RI�VWRQH�ZRRO�ILEUHV��WKH�FRUURVLRQ�H[SHULPHQWV�ZHUH�FDUULHG�RXW�
RQ�FKLS�VDPSOHV�7KLV�SURFHGXUH�KDV�WKH�DGYDQWDJH�WR�JUDQW�DQ�DFFXUDWH�PHDVXUHPHQW�RI�WKH�
GLVVROXWLRQ�UDWH��'XH�WR�WKH�HOHFWURQHJDWLYH�SRODULVDWLRQ�RI�WKH�FDUER[\OLF�IXQFWLRQDO�JURXS��
RUJDQLF� DFLGV� FDQ� IRUP� VWURQJ� FRPSOH[HV� ZLWK�PDQ\�PHWDO� LRQV�� 3DXO�� FDOFXODWHG� VWDELOLW\�
FRQVWDQWV�RI�PHWDO�FLWUDWH�FRPSOH[HV��,Q�RXU�ZRUN�ZH�WU\�WR�TXDQWLI\� WKH� LQIOXHQFH�RI�VXFK�
FRPSOH[� IRUPLQJ� VXEVWDQFHV� RQ� WKH� GLVVROXWLRQ� UDWH� RI� JODVVHV� DQG� LQFOXGH� WKH� RUJDQLF�
FRPSRQHQWV�LQ�WKH�DTXHRXV�VSHFLILFDWLRQ�IRU�WKH�FDOFXODWLRQ�RI�WKH�VWDELOLWLHV�RI�R[LGHV���

���([SHULPHQWDO�

,Q� RUGHU� WR� TXDQWLI\� WKH� LQIOXHQFH� RI� HLWKHU� ODFWDWH�� R[DODWH�� VXFFLQDWH��PDODWH�� WDUWUDWH�
DQG�FLWUDWH� LQ�DTXHRXV�VROXWLRQV�RQ�WKH�GLVVROXWLRQ�EHKDYLRU�RI�JODVVHV�RI� WKH�V\VWHP�&D2�
0J2�$O�2��6L2�

�� ORQJ� WHUP� FRUURVLRQ� H[SHULPHQWV� RQ� FKLS� VDPSOHV� ZHUH� FRQGXFWHG�� 7KH�
SUHSDUDWLRQ� SURFHGXUHV� DUH� H[SODLQHG� LQ� HDUOLHU� SXEOLFDWLRQV��� 'LVVROXWLRQ� UDWHV� DUH�
GHWHUPLQHG� DV� D� IXQFWLRQ� RI� JODVV� FRPSRVLWLRQ�� FRPSOH[LQJ� DJHQW� DQG� S+� YDOXH�� 7KH�
FRUURVLRQ� H[SHULPHQWV�ZHUH� FDUULHG� RXW� IRU� DOO� RI� WKH� ILYH� RUJDQLF� FRPSOH[LQJ� DJHQWV� DW� D�
FRQFHQWUDWLRQ� RI� �Ã����� PRO�O� DW� WKUHH� GLIIHUHQW� S+� YDOXHV� ���� �� DQG� ����� 7KH� DTXHRXV�
PHGLXP�FRQVLVWHG�RI�D�SK\VLRORJLFDO�VRGLXP�FKORULGH�VROXWLRQ��������PRO�O��DQG�WKH�RUJDQLF�

VXEVWDQFHV��7KH�WHPSHUDWXUH�ZDV�DGMXVWHG�WR�����&��FHUWLILHG�ZLWKLQ�±���.���7KH�JODVV�VXUIDFH�



DUHD� WR� VROXWLRQ� YROXPH� UDWLR� �6$�9�� ZDV� IL[HG� WR� V�  � ����� FP��� IRU� DOO� VDPSOHV�� 7KH�
FRUURVLRQ� H[SHULPHQWV� ZHUH� FDUULHG� RXW� LQ� GXSOLFDWH� RYHU� D� SHULRG� RI� ��� GD\V� ZLWK� WKH�
VROXWLRQ� EHLQJ� UHSODFHG� E\� IUHVK� RQH� HYHU\� �� GD\V�� :LGH�QHFN� 3(� ERWWOHV� ZHUH� XVHG� DV�
UHDFWLRQ�YHVVHOV��7KH�VDPSOH�KROGHUV�ZHUH�PDGH�RI�D�+'�3(�VKHHW��(YDSRUDWLRQ�ORVVHV�ZHUH�
FRPSHQVDWHG� E\� DGGLQJ� EL�GLVWLOOHG� ZDWHU�� 7KH� S+� YDOXHV� ZHUH� FKHFNHG� HYHU\� GD\�� ,I�
QHFHVVDU\�� WKH\� ZHUH� DGMXVWHG� E\� DGGLWLRQV� RI� +&O� RU� 1D2+� VROXWLRQ�� S+� VKLIWV� QHYHU�

H[FHHGHG�±�����XQLWV��
����0DWHULDOV�

,Q� WDEOH� �� WKH� FKHPLFDO� FRPSRVLWLRQV� RI� WKH� LQYHVWLJDWHG� JODVVHV� XVHG� IRU� WKH�
H[SHULPHQWDO�DQG�WKHRUHWLFDO�SDUW�RI�WKLV�VWXG\�DUH�VKRZQ��*ODVV�$�LV�D�W\SLFDO�FRPSRVLWLRQ�RI�
D�PLQHUDO�ILEUH�ZLWK�D�ORZ�VLOLFD�DQG�KLJK�DOXPLQD�DQG�FDOFLD�FRQWHQW��5HJDUGLQJ�WKH�FKHPLFDO�
FRPSRVLWLRQ� E\� WKH� DSSURDFK� RI� WKH� WKHUPRG\QDPLFDOO\� PRGHOOHG� FU\VWDOOLQH� UHIHUHQFH�
V\VWHP��ZH�ILQG�DQRUWKLWH�DNHUPDQLWH�GLRSVLGH�DV�WKH�PDLQ�FRPSRXQGV��*ODVVHV�%�WR�(�KDYH�
FRPSRVLWLRQV�LGHQWLFDO�ZLWK�D�VLQJOH�FU\VWDOOLQH�SKDVH�HDFK�RI�WKH�&�0�$�6�V\VWHP��

�

7DEOH����&KHPLFDO�FRPSRVLWLRQV�RI�WKH�JODVVHV�LQ�ZW�����5� �.��1D��&� �&D2��0� �0J2��$�
 �$O�2���6� �6L2��

*ODVV� 6L2�� $O�2�� 0J2� &D2� 5�2� FRQVWLWXWLRQDO�FRPSRXQGV�

$� ��� ��� �� ��� �� &$6���&�06���&06��
%� ��� � ��� ��� � &06��
&� ��� � ��� ��� � &�06��
'� ��� ��� � ��� � &$6��
(� ��� ��� � ��� � &�$6�

�

����2UJDQLF�DGGLWLYHV�

,Q� ILJXUH� �� WKH� VWUXFWXUDO� IRUPXODV� RI� WKH� RUJDQLF� FRPSRQHQWV�� ZKLFK�ZHUH� DGGHG� WR� WKH�
VROXWLRQV�DUH�LOOXVWUDWHG��7KH�DGGLWLYHV�YDU\�LQ�WKH�NLQG�DQG�QXPEHU�RI�IXQFWLRQDO�JURXSV�DV�
ZHOO�DV�LQ�WKH�QXPEHU�RI�FDUERQ�DWRPV�LQ�WKH�EDFNFKDLQ��$OO�RI�WKH�VXEVWDQFHV�KDYH�DW�OHDVW�
RQH� DFLGLF� FDUER[\O� JURXS�ZLWK� FRPELQDWLRQV� RI� K\GUR[\O� JURXSV�� /DFWLF� DFLG� LV� D�PRQR�
K\GUR[\FDUER[\OLF� DFLG�� R[DOLF� DFLG� LV� WKH� VKRUWHVW� GL�FDUER[\OLF� DFLG�ZLWK� RQO\� WZR� FDUERQ�
DWRPV�� VXFFLQLF��PDOLF�� WDUWDULF�DFLG�DUH�RI� IRXU�FDUERQ�DWRPV�FRQVLVWLQJ�GL�FDUER[\OLF�DFLGV�
ZLWK�QRQH�WR�WZR�K\GUR[\O�IXQFWLRQV��

�

)LJXUH����6WUXFWXUDO�IRUPXODV�RI�WKH�RUJDQLF�VXEVWDQFHV�



���7KHUPRG\QDPLF�FDOFXODWLRQV�

$� WKHUPRG\QDPLF� DSSURDFK�SXEOLVKHG� HDUOLHU�� DOORZV� WR� FDOFXODWH� DQG� SUHGLFW�PDQ\� RI� WKH�
JODVV�SURSHUWLHV�E\�WKH�FKHPLFDO�FRPSRVLWLRQ��7KH�FKHPLFDO�GXUDELOLW\�FDQ�EH�H[SUHVVHG�E\�

WKH�*LEEV�IUHH�HQHUJ\�RI�K\GUDWLRQ�∆*K\GU
�
��ZKLFK�LV�GHVFULEHG�E\�WKH�IROORZLQJ�UHDFWLRQ��

VSHFLHVDTXHRXVVROXWLRQDTXHRXVJODVV K\GU*  →+ ∆
� >�@��

7KLV� HQHUJ\� FDQ�RQO\�EH� FDOFXODWHG� LQGLUHFWO\��7KH� FRUUHODWLRQ�EHWZHHQ� WKH�GLIIHUHQW�*LEEV�

HQHUJLHV� LV� LOOXVWUDWHG� LQ� ILJXUH� ��� ,W� LV� FRPSRVHG� RI� WKH� UHDFWLRQ� HQWKDOS\� ∆*V� RI� WKH�
IRUPDWLRQ�RI�WKH�FRQVWLWXWLRQDO��FU\VWDOOLQH��UHIHUHQFH�FRPSRXQGV��*V��RI�WKH�JODVV�IRUPLQJ�

R[LGHV��*R[���WKH�YLWULILFDWLRQ�HQWKDOS\��*
YLW��DQG�WKH�GLVVROXWLRQ�HQWKDOS\�∆*DT�RI�WKH�R[LGHV�

LQ�ZDWHU��,Q�WHUPV�RI�UHDFWLRQ�SDWKV��ZH�ILQG�WKHVH�IUHH�HQHUJLHV�LQ�WKH�IRUPDWLRQ�UHDFWLRQV�RI�
WKH�R[LGHV�WR�WKH�FRQVWLWXWLRQDO�FRPSRQHQWV�RI�D�JODVV��

FRPSRQHQWVRQDOFRQVWLWXWLR[LGHV V* →∆
� >�@��

DQG�LQ�WKH�UHDFWLRQ�RI�WKH�FRQVWLWXWLRQDO�FRPSRQHQWV�WR�D�JODVV���

JODVVFRPSRQHQWVRQDOFRQVWLWXWL
YLW* → � >�@��

7KHVH�IRUPDWLRQ�HQHUJLHV�DUH�RSSRVHG�WR�WKH�HQHUJ\�RI�WKH�GLVVROXWLRQ�UHDFWLRQ�RI�WKH�R[LGHV�
LQ�WKH�DTXHRXV�V\VWHP���

VSHFLHVDTXHRXVVROXWLRQDTXHRXVR[LGHV DT* →+ ∆
� >�@��

8S�WR�QRZ��IRU�WKH�FDOFXODWLRQ�RI�WKH�GLVVROXWLRQ�HQWKDOS\�RQO\�WKH�UHDFWLRQ�RI�R[LGHV�ZLWK�
ZDWHU��K\GUR[LGH�DQG�SURWRQV�KDYH�EHHQ� WDNHQ� LQWR�FRQVLGHUDWLRQ��7KH�DGGLWLRQ�RI�RUJDQLF�
FRPSRQHQWV� FKDQJHV� WKH� DTXHRXV� VSHFLILFDWLRQ� RI� WKH� R[LGHV� DQG� FRQVHTXHQWO\� DOWHUV� WKH�
YDOXH� IRU�*DT�� 7KH� DTXHRXV� VSHFLILFDWLRQ�ZDV� UHYLVHG� IRU� DV�PDQ\� JODVV� IRUPLQJ� R[LGHV� DV�
SRVVLEOH�� WKH� WKHUPRG\QDPLF�GDWDEDVH� IRU� WKH�RUJDQLF�DTXHRXV�VSHFLHV� LV�XQIRUWXQDWHO\�QRW�
VWULQJHQW�DQG�FRPSOHWH����
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�

)LJXUH����2YHUYLHZ�RI�WKH�*LEEV�HQHUJLHV�QHHGHG�IRU�WKH�FDOFXODWLRQ�RI�∆*K\GU�

7KH�S+�GHSHQGHQFH�RI�WKH�K\GURO\WLF�VWDELOLWLHV�RI�WKH�JODVVHV�LQ�DTXHRXV�VROXWLRQV�ZLWKRXW�
DQ\� DGGLWLRQV� RI� RUJDQLF� VXEVWDQFHV� DUH� VKRZQ� LQ� ILJXUH� ��� 7KH� FDOFLD�PDJQHVLD�VLOLFDWH�
V\VWHPV�KDYH�WKH�VDPH�IUHH�HQHUJLHV�RYHU�WKH�DFLGLF�DQG�QHXWUDO�S+�UDQJH�DQG�VWDELOLVH�LQ�WKH�
EDVLF� UHJLPH�� 7KH� FDOFLD�PDJQHVLD�VLOLFDWHV� KDYH� UDQJH� RI� ORZ� VWDELOLW\� XS� WR� S+� ��� D�



WUDQVLWLRQDO� LQFUHDVH� LQ�VWDELOLW\�FDQ�EH� IRXQG� LQ�WKH�QHXWUDO�UHJLPH�XQWLO� WKH�VWDELOLVDWLRQ�DW�
EDVLF�S+�YDOXHV�RFFXU��,Q�ILJXUH���WKH�WKHUPRG\QDPLFDOO\�PRGHOOHG�VWDELOLWLHV�LQ�WKH�SUHVHQFH�
RI� �Ã����� PRO�O� RUJDQLF� DGGLWLYH� IRU� JODVV� $� DQG� %� DUH� SUHVHQWHG�� $Q� HQRUPHRXV�
GHVWDELOLVDWLRQ�RFFXUV�ZLWK�WKH�DGGLWLRQ�RI�FLWULF�DQG�R[DOLF�DFLG��$�GLIIHUHQW�EHKDYLRU�RI�WKH�
WZR� JODVVHV� FDQ� EH� IRXQG� LQ� WKH� QHDU�QHXWUDO� WR� EDVLF� UHJLPH�� &RPSDUHG� WR� WKH� VROXWLRQ�
ZLWKRXW� DGGLWLRQ�RI�RUJDQLFV�� IRU� JODVV�%� D� UHODWLYH� VWDELOLVDWLRQ�RI� WKH� V\VWHP� LV� SUHGLFWHG��
:LWK� WKH�H[FHSWLRQ�RI� VXFFLQLF�DFLG�� IRU�JODVV�$� WKH�K\GURO\WLF� VWDELOLW\� LV�GHFUHDVHG�E\� WKH�
DGGLWLRQ� RI� WKH� RUJDQLF� FRPSRQHQWV� DW� WKDW� S+� UDQJH�� ,Q� WKH� VWURQJO\� DONDOLQH� UHJLPH� DQG�
ZLWKRXW�RUJDQLF� DGGLWLRQV�� WKH� WZR� JODVVHV� DUH� H[SHFWHG� WRGUDPDWLFDOO\� LQFUHDVH� LQ� VWDELOLW\��
7KLV�LV�QRW�REVHUYHG�IRU�WKH�VROXWLRQV�FRQWDLQLQJ�RUJDQLF�DFLGV��
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)LJXUH����*LEEV�HQHUJLHV�RI�K\GUDWLRQ�ZLWKRXW�WKH�SUHVHQFH�RI�RUJDQLF�VXEVWDQFHV�
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)LJXUH����*LEEV�HQHUJLHV�RI�K\GUDWLRQ�IRU�JODVVHV�$�DQG�%�ZLWK�DGGLWLRQV�RI�RUJDQLF�DFLGV�



���([SHULPHQWDO�5HVXOWV�

,Q�WDEOH���WKH�GLVVROXWLRQ�UDWHV�U�RI�JODVV�$�DQG�%�DUH�SUHVHQWHG��7KH�YDOXHV�DUH�REWDLQHG�
E\�GLIIHUHQWLDWLRQ�RI�WKH�QRUPDOLVHG�PDVV�ORVVHV�IRU�WLPH�LQ�WKH�UDQJH�RI����WR����GD\V��)RU�
JODVV�$�WKH�W\SLFDO�S+�GHSHQGHQFH�LQ�D�VDOLQH�VROXWLRQ�ZLWK�QR�DGGLWLYHV�LV�VWLOO�IRXQG�ZLWK�U�

�S+����!�U��S+����≈�U��S+������)RU�JODVV�%��WKH�S+�GHSHQGHQFH�RI�GLVVROXWLRQ�UDWH�IROORZV�
WKH�UDQJH�RI�VHTXHQFH�RI�S+���!�S+����!�S+����GHVSLWH�RI�WKH�YDOXHV�IRU�R[DOLF�DFLG��ZKLFK�
VKRZ� WKH� VDPH� S+�GHSHQGLQJ� RUGHU� OLNH� JODVV�$�� )RU�PDOLF� DFLG�� WKH� GLVVROXWLRQ� LV� QHDUO\�
LQGHSHQGHQW�RI�WKH�S+���

7DEOH����0HDVXUHG�GLVVROXWLRQ�UDWHV�IRU�JODVV�$�DQG�%�LQ�PJ�FP�ÃG�

� JODVV�$� JODVV�%�

� S+��� S+��� S+���� S+��� S+��� S+����

ODFWLF�DFLG� ����� � � ����� � �

R[DOLF�DFLG� ����� ����� ����� ����� ����� �����

VXFFLQLF�DFLG� ����� ����� ����� ����� ����� �����

PDOLF�DFLG� ����� ����� ����� ����� ����� �����

WDUWDULF�DFLG� ����� ����� ����� ����� ����� �����

FLWULF�DFLG� ����� ����� ����� ����� ����� �����

�

���&RQFOXVLRQ�DQG�SURVSHFW�

7KH� FRPSDULVRQ� EHWZHHQ� WKH� FDOFXODWHG� K\GURO\WLF� VWDELOLWLHV� RI� WKH� JODVVHV� WRZDUGV� WKH�
VROXWLRQ� DQG� WKH� PHDVXUHG� UDWHV� VKRZV� WKDW� WKH� UHDFWLRQ� PHFKDQLVP� LV� QRW� \HW� IXOO\�
XQGHUVWRRG��7KH� DERYH� FDOFXODWLRQV� WDNH� LQWR� DFFRXQW� WKDW� WKH� RUJDQLF� DJHQWV� HQKDQFH� WKH�
VROXELOLWLHV�RI�LQGLYLGXDO�R[LGHV�RQO\��)RU�VHYHUDO�FDVHV��WKH�HQKDQFHG�VROXELOLW\�VHHPV�LQGHHG�
WR�GRPLQDWH��H�T��DW�S+� ����H[FHSW�IRU�R[DOLF�DFLG��ZKLOH�IRU�WKH�RWKHU�FDVHV��DQ�DOWHUQDWLYH�
PHFKDQLVP�RYHUUXOHV� VROXELOLWLHV��:H� VXJJHVW� WKDW��GHSHQGLQJ�RQ� WKH�FKDUJH�EDODQFH�DW� WKH�
JODVV� VXUIDFH�� WKH� RUJDQLF� DJHQWV� PD\� DOWHUQDWLYHO\� DGKHUH� WR� WKH� VXUIDFH� �LQVWHDG� RI�
FRPSOH[LQJ� GLVVROYHG� LRQV��� WKHUHE\� WXUQLQJ� WKH� VXUIDFH� K\GURSKRELF� DQG� GHFUHDVLQJ� WKH�
GLVVROXWLRQ�UDWHV��)XWXUH�ZRUN�ZLOO�EH�GHYRWHG�WR�FODULI\LQJ�WKLV�LVVXH��HVSHFLDOO\�ZLWK�UHVSHFW�
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������������������������������ �������������������

��/DQJH
V�+DQGERRN�RI�&KHPLVWU\��HGLWHG�E\�-RKQ�$��'HDQ��0F*UDZ�+LOO��1HZ�<RUN�����������WK�
HGLWLRQ��
��0��*XOGEHUJ��9�5��&KULVWHQVHQ��0��3HUDQGHU��%��=RLWRV��$�5��.RHQLJ�DQG�.��6HEDVWLDQ��$QQ��

RFFXS��+\J������S������������������
��7��6WHHQEHUJ��+�.��+MHQQHU��6�/��-HQVHQ��0��*XOGEHUJ�DQG�7��.QXGVHQ��*ODVWHFK��%HU��*ODVV�

6FL��7HFKQRO������S�����������������
��$��3DXO��*ODVV�7HFKQRO������S��������������
��6��*UR���8��'DKOPDQQ�DQG�5��&RQUDGW�LQ��WK�(6*�&RQIHUHQFH��������HGLWHG�E\�$��+HOHEUDQW��0��
0DU\VND�DQG�6��.DVD���&]HFK�*ODVV�6RFLHW\��3UDJXH���������S��%�������%������
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