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,W�LV�NQRZQ�WKDW�LQ�WKH�PDMRULW\�RI�FDVHV��WKH�JODVV�SURSHUWLHV�DUH�FDOFXODWHG�LQ�UHODWLRQ�ZLWK�WKH�R[LGLF�

FRPSRVLWLRQ�� WKH�VKDSH�RI�GHSHQGHQFH� IXQFWLRQV�GLIIHULQJ�IURP�DXWKRU� WR�DXWKRU� DQG�SURYLQGLQJ�GLIIHUHQW�
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FRQFHUQLQJ� WKH� FRPSRVLWLRQ� �WKH� YLVFRXVQHVV�� GLODWDWLRQ� FRHIILFLHQW�� WKH� UHIUDFWLRQ� LQGH[�� HWF���� ZLWK�

IXQGDPHQWDO�RI�WKH�YLWUHRXV�V\VWHPV��WKH�EDVLFLW\��2Q�WKLV�EDVLV�LQ�WKH�SDSHU�D�PRGHO�RQ�KRZ�WR�FDOFXODWH�WKH�

EDVLFLW\�SHUFHQWDJH��S%��LV�SUHVHQWHG��WDNLQJ�LQWR�DFFRXQW�WKH�GLIIHUHQW�FRRUGLQDWLRQV�ZKLFK�DSHDU�ZLWKLQ�WKH�
JODVVHV�IRU�WKH�SUHVHQW�LRQV��7KH�REWDLQHG�EDVLFLW\�IRU�GLIIHUHQW�W\SV�DQG�FRPSRVLWLRQV�RI�JODVVHV�KDV�EHHQ�

FRUHODWHG�ZLWK�WKHLU�YLVFRXVQHVV�DW�GLIIHUHQW�WHPSHUDWXUHV��

��,QWURGXFWLRQ�

7KH� YLWUHRXV� V\VWHPV� UHSUHVHQW� VROLGV�ZKLFK� IURP� WKH� SRLQW� RI� YLHZ� RI� WKH� DUUDQJLQJ�
GHJUHH� DUH� SODFHG� EHWZHHQ� WKH� LGHDO� FU\VWDOV� �SHUIHFWO\� DUUDQJHG�� DQG� WKH� DPRUSKH�
V\VWHPV�SHUIHFWO\� GLVRUGHUHG��� *ROGVFKPLGW� �������� � =DFKDULDVHQ� �������� 'LHW]HO� ��������
+XJJLQV�DQG�6XQ���������0XOOHU���������*RRGPDQ��������DQG�RWKHUVKDYH�SURSRVHG�D�VHULHV�
RI� WKHRULHV�ZKLFK� FRUUHODWHG� WKH� R[LGHV� FDSDFLW\� WR� IRUP�YLWUHRXV� V\VWHPV�ZLWK� D� VHULHV� RI�
DWRPLF� FKDUDFWHULVWLFV� VXFK� DV�� LRQLF� UD\V�� FRRUGLQDWLRQ� QXPEHU�� LRQLVDWLRQ� SRWHQWLDO��
R[LGL]LQJ�FLSKHU��HWF��$�V\QWKHVLV�RI�WKHVH�WKHRULHV�LV�SUHVHQWHG�LQ������,QVSLWH�RI�WKH�UHJLVWHUHG�
VXFFHVVHV� WKURXJK� WKLV�ZD\� RI� DSSURDFKLQJ� WKH� VWUXFWXUH� DQG� FKDUDFWHULVWLFV� RI� WKH� VLPSOH�
YLWUHRXV�V\VWHPV��D�PDMRU�GHDGORFN�FRXOG�QRW�EH�VXUSDVVHG��WKH�LPSRVVLELOLW\�RI�H[WHQGLQJ�WKH�
TXDQWLWDWLYH� DQDO\VLV� WR� FRPSOH[� JODVVHV�� ,Q� WKLV� ZRUN�� WKH� XVH� RI� WKH� EDVLFLW\� GHJUHH� DV� D�
VWUXFWXUDO� LQJORELQJ� SDUDPHWHU� LV� SURSRVHG� WR�ZKLFK� D� VHULHV� RI� SURSHUWLHV� RI� WKH� YLWUHRXV�
V\VWHPV�DUH�FRUUHODWHG��

���7KH�WKHRHWLFDO�EDVLV�

7KH� GHVFULSWLRQ� RI� WKH� DFLG�EDVLF� FKDUDFWHULVWLF� RI� JODVVHV� KDV� NQRZQ� GLIIHUHQW�
WKHRUHWLFDO� DQG� H[SHULPHQWDO� DSSURDFKHV�� <HW�� RQO\� UHFHQWO\�� UHODWLRQV� WKDW� SHUPLW� WKH�
TXDQWLWDWLYH�HYDOXDWLRQ�RI�WKLV�FKDUDFWHULVWLF�KDYH�EHHQ�UHSRUWHG�LQ�WKH�VSHFLDOW\�OLWHUDWXUH��

����7KH�HYROXWLRQ�RI�WKH�DFLG�EDVLV�WKHRULHV��

$ORQJ�WKH�WLPH�QXPHURXV�DFLG�EDVLV�WKHRULHV�KDYH�EHHQ�GHYHORSHG��ZKLFK�KDYH�PRUH�RU�
OHVV� OLPLWHG�DSSOLFDWLRQ�GRPDLQV��/DWHVW� UHVHDUFKHV� LQ� WKH�GRPDLQ�RI�JODVV�KDYH� OHG� WR�QHZ�
DQG� LQWHUHVWLQJ� LGHDV� FRQFHUQLQJ� WKH� DFLG�EDVLV� FRQFHSW� IRU� JODVVHV�� $� V\QWKHVLV� RI� WKHVH�
WKHRULHV� �3DXO�DQG�'RXJODV��/X[�DQG�)ORRG��:H\O�DQG�0DUERH��/HZLV��HWF��� LV�SUHVHQWHG� LQ�����
����� 7KH�PDMRULW\� RI� WKH� HODERUDWHG� WKHRULHV� FRQFHUQLQJ� WKH� DFLG�EDVLV� FKDUDFWHU� RI� JODVVHV��
KDYH�LQ�FRPPXQH�WKH�TXDOLWDWLYH�DVSHFWV�RI�WKLV�FKDUDFWHULVWLF��$W�WKH�VDPH�WLPH�D�VHULHV�RI�
H[SHULPHQWDO� �PHWKRGV� WR� GHWHUPLQDWH� WKLV� SURSHUW\� KDV� EHHQ� GHYHORSHG�� )DU� OHVV� DUH� WKH�
HVVD\V�RI�WKHRUHWLFDO�FDOFXOXV��������������������



,Q�WKLV�ZD\��'XII\�DQG�,QJUDP����KDYH�HVWDEOLVKHG�WKDW�WKH�RSWLFDO�EDVLFLW\�RI�D�JODVV�FDQ�
EH� FDOFXODWHG� IURP� WKH� SDUDPHWHUV� DWWULEXWHG� WR� WKH� FRQVWLWXWLYH� R[LGHV� DQG� IURP�
VWHUHRFKHPLVWU\��6XFK�FDOFXOXV��ZKHQ�DSSOLHG�WR�D�VHULHV�RI�FRPSRVLWLRQV�LQ�D�V\VWHP��LQGLFDWH�
WKH� WHQGHQF\� RI� WKH� EDVLFLW\� DQG� XVXDOO\� DSSURDFKHV� WKDW� ZKDW� LV� H[SHULPHQWDOO\� REWDLQHG�
XVLQJ� SURELQJ� LRQV�� VXFK� DV� 3E���� 7KH\� KDYH� DOVR� SURSRVHG� D� UHODWLRQ� IRU� WKH� RSWLFDO�

WKHRUHWLFDO�FDOFXOXV�Λ���ZLWK�WKH�IRUP��

���������������Λ � ������� ������ ��
+Λ⋅+Λ⋅ E%2DD$2 %2;$2;

E
����������������������������������

����������������
����

�
ED %2$2 ;; ��������������������PRODU�IUDFWLRQV�RI�WKH�FRQVWLWXWLYH�R[LGHV�������

���������������� ��� ��D$2Λ � �� ��E%2Λ �������RSWLFDO�EDVLFLW\�RI�LQGLYLGXDO�R[LGHV��

�����(VWDEOLVKLQ�WKH�EDVLFLW\�GHJUHH�RI�WKH�JODVV�

,Q�DQRWKHU� DSSURDFK��%DOWD�DQG�KLV� FR�ZRUNHUV� ��KDYH�SURSRVHG� WKH�QRWLRQ�RI�EDVLFLW\�
GHJUHH�S%��WDNLQJ�LQWR�DFFRXQW�WKH�LRQLF�FKDUDFWHU�RI� WKH�FKHPLFDO�ERQGV��&RQVLGHULQJ�WKDW�
2����KDV�LQ�SULQFLSOH�WKH�JUHDWHVW�SRZHU�WR�GRQDWH�HOHFWURQV��DOVR�SURYHG�E\�WKH�H[WUHPHO\�ORZ�
LRQL]DWLRQ�SRWHQWLDO��EHWZHHQ������DQG�����H9��LW�KDV�EHHQ�DWWULEXWHG�ZLWK�WKH�PD[LPDO�YDOXH��
UHVSHFWLYHO\�S% ������7KLV�VSHFLHV�RI�R[\JHQ��WKH�H[LVWHQFH�RI�ZKLFK�LV�KLJKO\�XQSUREDEOH��
FRQVWLWXWHV�DQ�HQG�RI�WKH�R[LGH�EDVLFLW\��WKXV�EHFRPLQJ�HYLGHQW�LWV�QDWXUDO�FKDUDFWHU��,Q�WKLV�
FRQGLWLRQV� WKH� FDOFXOXV� RI� WKH� EDVLFLW\� GHJUHH�� LQ� ��� IRU� DQ� R[LGH� FDQ� EH� GRQH� ZLWK� WKH�
UHODWLRQ�%DOWD�DQG�5DGX���
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3L���WKH�LRQL]DWLRQ�SRWHQWLDO�RI��WKH�FDWLRQ�LQ�WKH�JLYHQ�YDOHQFH�VWDWH���
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LQ�ZKLFK� IL� LV� WKH� JUDYLPHWULF� IRUFH� RI� WKH� L�R[LGH� DQG� � S%L� WKH�GHJUHH� RI� EDVLFLW\� RI� WKH� L�
R[LGH��

%DOWD� �� DOVR�SURSRVHV� D�TXDQWLWDWLYH�PHWKRG�RI�GHWHUPLQDWLRQ� WKH�EDVLFLW\�RI� WKH�R[LGH�
JODVVHV� XVLQJ� WKH� DEVRUSWLRQ� E\� WUDQVIHUULQJ� WKH� FKDUJH� RI� WKH� �G� LRQV�� 7KH� H[SHULPHQWDO�
PHDVXUH� XWLOL]HG� DV� D� PHDVXUH� RI� WKH� EDVLFLW\� LV� WKH� PLQLPDO� HQHUJ\�� H[SUHVVHG� DV� ZDYH�
QXPEHU�� WR� ZKLFK� WDNHV� SODFH� WKH� DEVRUSWLRQ� E\� WUDQVIHUULQJ� WKH� FKDUJH� RI� WKH� &X��2��

FRPSOH[��,Q�WKLV�ZD\��D�GHSHQGHQFH�RI�S%�ZLWK�WKH�ZDYH�QXPEHU��ν��FP�����ZDV�REWDLQHG�LQ�
WKH�IRUP���������������S% ������������z
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7KLV�ZD\� WKH� H[SHULPHQWDO�GHWHUPLQDWLRQ�RI�S%�EHFRPHV�SRVVLEOH�E\�PHDVXULQJ� �ν� RI�
WKH�PD[LPDO�DEVRUSWLRQ�DQG�E\�FDOFXODWLQJ�S%�ZLWK�WKH��WK�UHODWLRQ�:LWK�UDUH�H[FHSWLRQV��WKH�
GLIIHUHQFHV�EHWZHHQ�WKH�S%�YDOXHV�FDOFXODWHG�ZLWK�WKH��WK�UHODWLRQ�DQG�WKH�WKHRUHWLFDO�RQHV��
FDOFXODWHG�ZLWK�WKH��QG�UHODWLRQ��GR�QRW�H[FHHG��������



����&RUUHODWLRQV�EHWZHHQ�S%�DQG�WKH�RSWLFDO�EDVLFLW\�WKH�HOHFWURQLF�SRODUL]DELOLW\�HOHFWURQHJDWLYLW\��

$OWKRXJK�WKH\�KDYH�GLIIHUHQW�VWDUWLQJ�EDVLV��EHWZHHQ�WKH�RSWLFDO�EDVLFLW\��WKH�FRHIILFLHQWV�
RI�'XII\�DQG�,QJUDP�DQG�WKH�EDVLFLW\�GHJUHH�S%��H[LVWV�D�FORVH�FRUUHODWLRQ��� � � �� ��,Q�WKH��VW�
WDEOH� D� VHULHV� RI� R[LGHV� XVXDO� LQ� JODVVHV�� WKH� YDOXHV� IRU� WKH� EDVLFLW\� GHJUHH� FDOFXODWHG�

FRQIRUPLQJ�WR�WKH��QG�UHODWLRQ�DQG�WKH�RSWLFDO�EDVLFLW\�RI�WKH�JODVVHV�Λ��DUH�SUHVHQWHG���
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:H� FDQ� REVHUYH� WKDW� DOWKRXJK� 0J�� &D�� 1D�� /L�� $O� SUHVHQW� GLIIHUHQW� 1&� DQG�
FRUUHVSRQGLQJ�WR�WKHVH��GLIIHUHQW�S%�YDOXHV��IRU�HDFK�RI��WKHP�WKHUH�KDYH�EHHQ�VHOHFWHG�WKH�

1&�YDOXHV�WKDW�EHVW�FRUUHVSRQG�WR�WKH�FRUUHODWLRQ�RI��Λ���ZLWK�S%��:LWK�WKLV�GDWD��XWLOL]LQJ�
WKH�PHWKRG�RI�PDWKHPDWLFDO�UHJUHVVLRQ�WKH�IROORZLQJ�UHODWLRQ�LV�REWDLQHG��

����������Λ ���������������S%���������ZLWK�WKH�FRUUHODWLRQ�FRHIILFLHQW��U ������� �����

$OVR� LQ� WKH��VW� WDEOH� WKH�HOHFWURQLF�SRODUL]DELOLW\� DV�ZHOO�DV� WKH�HOHFWURQHJDWLYLWLHV� DIWHU�
6DQGHUVRQ�DQG�*RUG\��7KHVH� DUH� WKH� VWUXFWXUDO�SDUDPHWHUV�ZKLFK� LQIOXHQFHV�HVVHQWLDOO\� WKH�
EDVLFLW\�RI�WKH�JODVV�:LWK�WKHVH�SDUDPHWHUV�WRR�WKH�EDVLFLW\�GHJUHH�FRUUHODWHV�FORVHO\�UHVXOWLQJ�
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���5HVXOWV�DQG�GLVFXVVLRQV�

������7KH��UHODWLRQVKLS�EHWZHHQ�YLVFRVLW\�DQG�WKH�EDVLFLW\�GHJUHH�

7KH�YLVFRVLW\�RI� WKH�VLOLFDWHV� LV�GHSHQGLQJ�RQ� WKH�SRO\PHUL]DWLRQ�GHJUHH�RI� WKH�JODVVHV�
DQG�PHOWLQJ��7KH�GHSHQGHQFH�RI�WKH�WHPSHUDWXUH�RQ�WKH�YLVFRVLW\�RI�WKH�VLOLFDWH�PHOWLQJ·V�FDQ�
EH�UHSUHVHQWHG�LQ�WKH�XQGHUFRROHG�OLTXLGV�GRPDLQ��EHWZHHQ�7OLT���7J��E\�WKH�UHODWLRQ�9RJHO�

)XOFKHU�7DPPDQQ��������������OJ�η� �$���%��7�7����������������������ZKHUH�$��%�DQG�7��²�FRQVWDQWV�
<DQ��:RRG� DQG�0LOOV�� KDYH� XWLOL]HG� WKH� RSWLFDO� EDVLFLW\� LQ� WKH� GHYHORSLQJ� RI� D� PRGHO� WR�
HVWLPDWH� WKH� YLVFRVLW\� RI� JODVVHV�� DW� WHPSHUDWXUHV� EHWZHHQ� 7OLT�� DQG� 7J�� 7KLV� ZD\�� IRU� WKH�
VLOLFDWH� JODVVHV�� WKH� UHODWLRQ�EHWZHHQ� WKH�RSWLFDO�EDVLFLW\� DQG� WKH�$��%��7�� DVVRFLDWHG� WR� WKH�
���WK�HTXDWLRQ��ZHUH�REWDLQHG�E\� WKH�DQDO\VLV�RI� WKH�PXOWLSOH�UHJUHVVLRQ�IURP�WKH�YLVFRVLW\�
WHPSHUDWXUH�GDWD�SUHVHQWHG�E\�/DNDWRV�LQ����� � � � � � � �����
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7DNLQJ� LQWR�DFFRXQW� WKH� ���WK� UHODWLRQ�EHWZHHQ� WKH�RSWLFDO�EDVLFLW\�DQG� WKH�EDVLFLW\�GHJUHH��
WKH�UHODWLRQV��������WK�EHFRPH��
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7KH�YDOXHV�FDOFXODWHG�IRU� OJ�η�ZLWK�WKH����WK�DQG��������WK�HTXDWLRQV��KDYH�EHHQ�FRPSDUHG�
ZLWK�WKH�YDOXHV�GHWHUPLQHG�H[SHULPHQWDOO\�UHVXOWLQJ�D�JRRG�FRQFRUGDQFH��

�����&RUUHODWLRQV�S%���YLVFRVLW\�

2Q� WKH� EDVLV� RI� WKUHH� GLIIHUHQW� VHWV� RI� VLOLFDWH� JODVV� FRPSRVLWLRQV�� /DNDWRV��� WKH�
FRUUHODWLRQ�RI�WKH�JODVV�EDVLFLW\�GHJUHH��FDOFXODWHG�ZLWK�WKH�DLG�RI�WKH��UG�UHODWLRQ��ZLWK�WKH�

WHPSHUDWXUHV� H[SHULPHQWDOO\�GHWHUPLQHG� IRU�ZKLFK� � OJ�η� LV� ��� �� DQG���ZDV� DWWHPSWHG��7KH�
ILUVW�GHWHUPLQHG� VHW� LV� IRUPHG�RXW�RI� ��� VLOLFR�FDOFRVRGLF� JODVVHV�ZKLFK� LV� IUDPHG�EHWZHHQ�
WKH�R[LGLF�YDOXHV���JUDYLPHWULF���6L2�����¸�����$O�2������¸�����1D�2����¸����&D2���¸����
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���������)LJ����������&RUUHODWLRQ·V�S%��7��&��DW�OJ�η� �����DQG���IRU�WKH�ILUVW�VHW�RI�FRPSRVLWLRQV��

)RU� OJ�η �� WZR� FRPSRVLWLRQV�ZKLFK� GLG� QRW� IUDPH� LQ� WKH� WHQGHQF\� IROORZHG� E\� WKH�
RWKHUV�ZHUH� HOLPLQDWHG�7KH� VHFRQG� VHW� RI� FRPSRVLWLRQV���JODVVHV��� LQYHVWLJDWH� WKH�HIIHFW� RI�
WKH� DGGLWLRQV� VHSDUDWHG� E\� � /L�2�� %D2�� =Q2�� 3E2�� .�2� DQG� IUDPHV� EHWZHHQ� WKH� R[LGH�
OLPLWV��6L2�����¸����$O�2������¸������1D�2����¸����&D2���¸����
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)RU�ERWK� VHWV� FDQ� EH� REVHUYHG� WKH�GLPLQXWLRQ�RI� WKH� WHPSHUDWXUH� FRUUHVSRQGLQJ� WR� D�
FHUWDLQ� YLVFRVLW\�ZLWK� WKH� LQFUHDVH� RI� WKH� EDVLFLW\� GHJUHH� RI� WKH� JODVV� DV� VRRQ� DV� WKH� DONDOL�
FRQWHQW� ULVHG�� $W� WKH� VDPH� WLPH� WKH� LQFUHDVH� RI� WKH� FRQWHQW� LQ� DONDOLV� GHWHUPLQHV� D�PRUH�
DFFHQWXDWHG�GHSROLPHUL]DWLRQ�RI�WKH�VLOLFDWH�VWUXFWXUH�ZKLFK�GHWHUPLQHV�D�GLPLQXWLRQ�RI�WKH�
YLVFRVLW\� RI� WKH� JODVV� RU�� DW� D� FRQVWDQW� YLVFRVLW\�� D� GLPLQXWLRQ� RI� WKH� FRUUHVSRQGLQJ�
WHPSHUDWXUH��

�����&RUUHODWLRQV�S%���7J���S%���0J��

7KH� ELRDFWLYH� JODVVHV� DUH� GHILQHG� DV� JODVVHV� WKDW� IRUP� FKHPLFDO� ERQGV�ZLWK� WKH� ERQH�
FHOOV� DQG� DUH� XVHG� DV� YLWUHRXV� FRYHULQJV� RI� WKH� PHWDOOLF� SURVWKHVLV�� )RU� D� VHULHV� RI� ���
FRPSRVLWLRQV�RI�ELRDFWLYH�JODVVHV��SUHVHQWHG�LQ����ZKLFK�DUH�IUDPHG�EHWZHHQ�WKH�OLPLWV�1D�2��
�¸����.�2���¸����&D2����¸����0J2���¸���%�2����¸���3�2����¸���6L2�����¸�����WKH�EDVLFLW\�
GHJUHH�KDV�EHHQ�FDOFXODWHG�DQG�KDV�EHHQ�FRUUHODWHG�ZLWK�7J�DQG�0J��

�

�

�

�

�

�

)LJ������������7KH�&RUUHODWLRQ��S%���7J�DQG�S%���0J��

$� OLQHDU�FRUUHODWLRQ�RI� �S%�ZLWK�7J�DQG�0J�FDQ�EH�REVHUYHG�XQWLO�DSSUR[LPDWHO\�����
S%��RYHU�WKLV�YDOXH��GXH�WR�WKH�FRQWHQW�ULFK�LQ�DONDOLV��UHVSHFWLYHO\�WR�WKH�GHSROLPHUL]DWLRQ�RI�
WKH�VWUXFWXUH��WKH�GHSHQGHQFH�S%�RQ�7J�DQG�0J�LV�OHVV�HYLGHQW�DV�H[SHFWHG��

���&RQFOXVLRQV�

7KH�EDVLFLW\�GHJUHH�UHSUHVHQWV�D�V\QWKHWLF�LQGLFDWRU�WR�ZKLFK�D�VHULHV�RI�SURSHUWLHV�RI�WKH�
JODVVHV�FDQ�EH�FRUUHODWHG�%\�LWV�ZD\�RI�GHILQLQJ�DV�ZHOO�DV�E\�WKH�YHU\�JRRG�FRUUHODWLRQ·V� LQ�
UDSSRUW�ZLWK�WKH�HOHFWURQLF�SRODUL]DELOLW\�DQG�HOHFURQHJDWLYLW\��WKH�EDVLFLW\�GHJUHH�S%�DSSHDUV�
DV� D� QDWXUDO� GLPHQVLRQ� RI� DSSUHFLDWLQJ� WKH� JODVV� EDVLFLW\�� VHQVLEOH� WR� GLYHUVH� VWUXFWXUDO�
PRGLILFDWLRQV����)RU�GLYHUVH�W\SHV�RI�JODVVHV�D�FORVH�FRUUHODWLRQ�EHWZHHQ�WKH�YLVFRVLW\�RU�DQG�
WKH� WHPSHUDWXUH� DW� ZKLFK� WKH� YLVFRVLW\� KDV� FHUWDLQ� YDOXHV� DQG� WKH� EDVLFLW\� GHJUHH� LV�
HYLGHQWLDWHG��

������������������������������ �������������������

��+�6FKRO]H��LQ�/H�YHUUH��(G��'XQRG��3DULV���������

��3�%DOWD��(�%DOWD��LQ�,QWURGXFWLRQ�WR�WKH�3K\VLFDO�&KHPLVWU\�RI�WKH�9LWUHRXV�6WDWH��$EDFXV�3UHVV��.HQW��
�������

��9�*�.RQDNRY��$�%��6KROFKPDWNLQ��0�6KXOW]��)L]�.KLP�6WHNOD�����S������������������
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��6�0DWVXPRWR�<�0LXUD��7�1DXED�LQ����,QWHU��&RQJUHVV�RQ�*ODVV��������S���������

��$�,�'XII\��0�'�,QJUDP��-�1RQ�&U\VW�6ROLGV�����S������������������

��3�%DOWD��&�6SXUFDFLX��'�5DGX��2�'XPLWUHVFX��-�1RQ�&U\VW�6ROLGV�����S����������������

��3�%DOWD�LQ����,QWHUQDWLRQDO�&RQJUHVV�RQ�*ODVV��������S����������

��)�<�<DQ�)�-�:RRG��.�&�:LOOV�LQ����,QWHUQ��&RQJUHVV�RQ�*ODVV��������S�����������

��7�/DNDWRV��/�*�-RKDQVVRQ��%�6LPPLQJVNROG��*ODVV�7HFKQRO������S����������������

���.�+�.DUOVVRQ��0�5RQXORI��*ODVWHFK�%HU�*ODVV�6FL�7HFKQRO������S������������������
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