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7KH�KHOLFRWUHPD�FDQ�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�ORZ�IUHTXHQF\�DXGLWRU\�VHQVLWLYLW\�GXH�WR�LWV
LQIOXHQFH�RQ�FRFKOHDU�LQSXW� LPSHGDQFH�� ,Q�VSLWH�RI�LWV� LPSRUWDQFH� LQ�FRFKOHDU�PHFKDQLFV�� WKH
KHOLFRWUHPD� LV�UDUHO\�PRGHOHG� DFFXUDWHO\� LQ�FXUUHQW�FRPSXWDWLRQDO�PRGHOV�RI�WKH�FRFKOHD�� 7R
DGGUHVV�WKLV�SUREOHP��ZH�KDYH�UHFRQVWUXFWHG�WKH���GLPHQVLRQDO�DQDWRP\�RI�WKH�KHOLFRWUHPD�IRU
VHYHUDO� VSHFLHV�� 7KH�DQDWRPLFDO� UHVXOWV�ZHUH� WKHQ� LQFRUSRUDWHG� LQWR�K\GURPHFKDQLFDO�PRGHOV
DQG�WKH�HIIHFW�RI�WKHVH�DQDWRPLFDO�YDULDWLRQV�RQ�FRFKOHDU�LQSXW�LPSHGDQFH�ZDV�FDOFXODWHG�

�� ,QWURGXFWLRQ

7KH� ORZ�� DQG� PLG�IUHTXHQFLHV� UHJLRQV� RI�WKH� PDPPDOLDQ� DXGLRJUDP� DUH� VWURQJO\�
LQIOXHQFHG� E\� WKH�PLGGOH�HDU� WUDQVIHU� IXQFWLRQ� �WKH� UDWLR� RI�LQWUDFRFKOHDU�SUHVVXUH�
QHDU�WKH�VWDSHV�WR�SUHVVXUH�DW�WKH�W\PSDQLF�PHPEUDQH��� 7KH�EHKDYLRU�RI�WKLV�WUDQVIHU�
IXQFWLRQ�� LQ� WXUQ�� LV� VKDSHG� E\� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH�PLGGOH�HDU� FRPSOLDQFH�
DQG� WKH� FRFKOHDU� LQSXW� LPSHGDQFH�� 7KH� FRFKOHDU� LQSXW� LPSHGDQFH� LQ� WKH� PLG�
IUHTXHQF\�UHJLRQ�LV�GRPLQDWHG�E\�WKH�LQHUWLDO�IRUFHV�RI�WKH�IOXLGV�DQG�WKH�FRPSOLDQFH�
RI�WKH�EDVLODU�PHPEUDQH��ZKLOH�DW� ORZ�IUHTXHQFLHV�WKH�KHOLFRWUHPD�FDQ�VLJQLILFDQWO\�
DIIHFW�WKH�FRFKOHDU�LQSXW�LPSHGDQFH�>���@�

7R�GHYHORS�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�UROH�RI�WKH�KHOLFRWUHPD��ZH�XVHG�WKUHH��
GLPHQVLRQDO� UHFRQVWUXFWLRQV� RI� WKH� FRFKOHDU� IOXLG� FRPSDUWPHQWV� WR� VWXG\� WKH�
JHRPHWU\�RI�WKH�KHOLFRWUHPD�DQG�LWV�UHODWLRQVKLS�WR�VFDOD�YHVWLEXOL��69���VFDOD�PHGLD�
�60��� DQG� VFDOD� W\PSDQL� �67��� 7KH� DQDWRPLFDO� UHVXOWV� IURP� RXU�ZRUN� DV� ZHOO� DV�
WKRVH� RI�RWKHUV�ZHUH� WKHQ� LQFRUSRUDWHG� LQWR� D�K\GURPHFKDQLFDO�PRGHO�� 7KH�PRGHO�
ZDV� XVHG� WR� FDOFXODWH� FRFKOHDU� LQSXW� LPSHGDQFH� DQG� PLGGOH�HDU� WUDQVIHU� IXQFWLRQ�
�0(7)��IRU�VL[�VSHFLHV�

���
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:H� UHFRQVWUXFWHG� WKH� ��GLPHQVLRQDO� DQDWRP\� RI�WKH� KHOLFRWUHPD� IRU� IRXU� VSHFLHV��
PRXVH� �0XV�PXVFXOXV�&��
��� FKLQFKLOOD� �&KLQFKLOOD�ODQLJDU��� FDW��)HOLV� FDWXV��� DQG�
KDUERU� SRUSRLVH� �3KRFRHQD� SKRFRHQD��� &RFKOHDH� ZHUH� LQMHFWHG� ZLWK� EXIIHUHG�
IRUPDOLQ��('7$�GHFDOFLILHG��HPEHGGHG�LQ�FHOORLGLQ��VHFWLRQHG�����QP���DQG�VWDLQHG�
ZLWK� KHPRWR[\OLQ�HRVLQ�� (YHU\� ILIWK� VHFWLRQ� ZDV� DFTXLUHG� DV� D� 7,))� LPDJH� IURP�
ZKLFK�WKH� VFDODH�ZHUH� VHJPHQWHG� LQWHUDFWLYHO\�RQ�VFUHHQ�� &URVV�VHFWLRQDO� DUHDV�RI�
69�� 60��DQG�67�ZHUH�PHDVXUHG�XVLQJ�1,+�,PDJH�� 'LPHQVLRQV�RI�WKH�KHOLFRWUHPD�
ZHUH� PHDVXUHG� IURP� ��GLPHQVLRQDO� UHFRQVWUXFWLRQV� FDOLEUDWHG� E\� GLUHFW�
PHDVXUHPHQW�RI�UHODWHG�VWUXFWXUHV�RQ�WKH�RULJLQDO�VOLGHV�

7R�HVWLPDWH�WKH�FRFKOHDU�LQSXW�LPSHGDQFH��D�FODVVLFDO�RQH�GLPHQVLRQDO�>�@�OLQHDU�
ILQLWH�GLIIHUHQFH�PRGHO�ZDV�XVHG�IRU�WKH��� VSHFLHV�OLVWHG�DERYH�DV�ZHOO�DV�IRU�JHUELO�
�0HULRQHV�XQJXLFXODWXV� DQG�JXLQHD�SLJ��&DYLD�SRUFHOOXV���7KH�FRFKOHD�ZDV�GLYLGHG�
LQWR� ���� VHFWLRQV� DQG� HTXLYDOHQW� LPSHGDQFHV� ZHUH� FDOFXODWHG� IRU� WKH� FRFKOHDU�
SDUWLWLRQ� DQG� IRU� WKH� IOXLG� FRPSDUWPHQWV�� 7KH� IOXLGV� ZHUH� DVVXPHG� WR� EH�
LQFRPSUHVVLEOH� DQG� YLVFLG�� DQG� 69� DQG� 60� ZHUH� FRPELQHG� LQWR� D� VLQJOH�
FRPSDUWPHQW�� 7KH� VFDODH� LPSHGDQFHV�ZHUH�PRGHOHG�DV� WXEHV�ZLWK�ERWK�PDVV� DQG�
UHVLVWLYH� WHUPV�� 7KH� UHVXOWLQJ� PRGHO� ZDV� VROYHG� LQ� WKH� IUHTXHQF\� GRPDLQ� XVLQJ�
0$7/$%�� 6FDODH� DUHDV� ZHUH� WDNHQ� IURP� 3ODVVPDQQ� HW� DO� >�@� IRU� JHUELO�� IURP�
7KRPH�HW�DO� >�@�IRU�PRXVH�DQG�JXLQHD�SLJ�DQG�DUHDV�IRU�WKH�RWKHU�VSHFLHV�ZHUH�WDNHQ�
IURP� RXU� UHFRQVWUXFWLRQV�� %DVLODU�PHPEUDQH� YROXPH� FRPSOLDQFH� IRU� JHUELO� ZDV�
FDOFXODWHG�IURP�SRLQW�VWLIIQHVV�GDWD�>�@�XVLQJ�D�WHFKQLTXH�VLPLODU�WR�WKDW�RI�2OVRQ�DQG�
0RXQWDLQ�>�@��EXW�ZLWK�WKH�LQFOXVLRQ�RI�WKH�HIIHFWV�RI�EDVLODU�PHPEUDQH�ORQJLWXGLQDO�
FRXSOLQJ�>�@� LQ�WKH�FDOFXODWLRQ�� 7KH�SUHGLFWHG�JHUELO�FRFKOHDU�LQSXW�LPSHGDQFH�ZDV�
TXDOLWDWLYHO\� VLPLODU� WR� SXEOLVKHG� H[SHULPHQWDO� GDWD� >�@� EXW� ZDV� D� IDFWRU� RI�WZR�
ODUJHU�LQ�PDJQLWXGH�� )RU�FDW��JXLQHD�SLJ�� DQG�FKLQFKLOOD��WKH�JHUELO�%0�FRPSOLDQFH�
ZDV� VFDOHG�� DV�QHFHVVDU\�� WR�PDWFK�SXEOLVKHG�FRFKOHDU� LQSXW� LPSHGDQFH�GDWD��2QO\�
FKLQFKLOOD� UHTXLUHG� VLJQLILFDQW� �WLPHV� ���� VFDOLQJ�RI�WKH� JHUELO� FRPSOLDQFH� YDOXHV��
)RU�PRXVH� WKH�%0� FRPSOLDQFH�ZDV� VHW� DW������ WLPHV� DQG� IRU�KDUERU�SRUSRLVH� WKH�
FRPSOLDQFH� ZDV� VHW� HTXDO� WR� WKH� JHUELO� YDOXHV�� %DVLODU�PHPEUDQH� PDVVHV� ZHUH�
GHULYHG�IURP�WKH�FRPSOLDQFH�PDS�XVLQJ�SXEOLVKHG�FRFKOHDU�IUHTXHQF\�SODFH�PDSV�

7KH� KHOLFRWUHPD� LPSHGDQFH� ZDV� FDOFXODWHG� WUHDWLQJ� WKH� KHOLFRWUHPD� DV� D�
F\OLQGULFDO� WXEH�� 0LGGOH�HDU� VWLIIQHVV� YDOXHV� ZHUH� WDNHQ� IURP� 7DEOH� ���� LQ� >��@��
0LGGOH�HDU�PLG�IUHTXHQF\� SUHVVXUH� JDLQ�ZDV� DVVXPHG� WR� EH� ��� G%� LQ� DOO� VSHFLHV�
H[FHSW� KDUERU�SRUSRLVH�ZKHUH� WKH� JDLQ�ZDV� �� G%�� 0LGGOH�HDU� VWLIIQHVV� IRU�KDUERU�
SRUSRLVH� ZDV� FKRVHQ� WR� EH� ������� 3D�PP�� LQ� RUGHU� WR� ILW� WKH� H[SHULPHQWDO�
DXGLRJUDP�

�� 0HWKRGV
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7DEOH� �� OLVWV� WKH� VFDODH� DUHDV�PHDVXUHG� DW� GLIIHUHQW� ORFDWLRQV� IRU� HDFK� RI�WKH� IRXU�
VSHFLHV� VWXGLHG�� $V� LV� WKH� FDVH� LQ�PRVW�SXEOLVKHG�GDWD�IRU�RWKHU�VSHFLHV�� WKH� FURVV�
VHFWLRQDO� DUHDV� DUH� ODUJH� LQ� WKH� UHJLRQ�QHDU� WKH� RYDO� DQG�URXQG�ZLQGRZV� DQG�WKHQ�
WDSHU� TXLFNO\� LQ� WKH� PLG� EDVDO� WXUQ� DQG� WKHQ� WKH� DUHD�GLVWDQFH� IXQFWLRQ� LV�
DSSUR[LPDWHO\�FRQVWDQW�RYHU�WKH�PLGGOH� DQG� ORZHU�DSLFDO� UHJLRQV�� ,Q�PRVW�VSHFLHV�
WKHUH�LV�DQ�DGGLWLRQDO�WDSHU�LQ�WKH�DSH[�QHDU�WKH�KHOLFRWUHPD�>���@�

�� 5HVXOWV

���� &RFKOHDU�UHFRQVWUXFWLRQV

7DEOH���� 6FDODH�FURVV�VHFWLRQDO�DUHDV��PP��

6SHFLHV /RFDWLRQ 'LVWDQFH

���

6FDOD
9HVWLEXOL

6FDOD
0HGLD

6FDOD
7\PSDQL

0RXVH %DVH ���� ����� ����� 1�$�
8SSHU�EDVH ���� ����� ����� �����
0LGGOH ���� ����� ����� �����
$SH[ ���� ����� ����� �����

&KLQFKLOOD /RZHU�EDVH ���� ����� ����� �����
0LGGOH�EDVH ���� ����� ����� �����
8SSHU�EDVH ���� ����� ����� �����
/RZHU�PLGGOH ���� ����� ����� �����
8SSHU�PLGGOH ���� ����� ����� �����
$SH[ ��� ����� ����� �����

&DW /RZHU�EDVH ���� ����� ����� �����
0LGGOH�EDVH ���� ����� ����� �����
8SSHU�EDVH ���� ����� ����� �����
/RZHU�PLGGOH ���� ����� ����� �����
8SSHU�PLGGOH ���� ����� ����� �����
$SH[ ���� ����� ����� ������

+DUERU�SRUSRLVH %DVH ���� ����� ����� �����
0LGGOH ���� ����� ����� �����
$SH[ ���� ����� ����� �����

7DEOH���� +HOLFRWUHPD�GLPHQVLRQV�DQG�FXWRII�IUHTXHQFLHV

6SHFLHV +HOLFRWUHPD
'LDPHWHU

0LQLPXP
+HLJKW

0D[LPXP
+HLJKW

&XWRII
)UHTXHQF\

0RXVH �����PP �����PP �����PP ����+]
&KLQFKLOOD ���� ���� ���� ��
&DW ���� ���� ���� ��
+DUERU�SRUSRLVH ���� ���� ���� ��
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)LJXUH� �� LOOXVWUDWHV� SHULO\PSKDWLF� FRPSDUWPHQWV� QHDU� WKH� DSH[� IRU� HDFK� RI� WKH�
UHFRQVWUXFWHG�FRFKOHDH�� 7KH�JHQHUDO�IRUP�RI�WKH�KHOLFRWUHPD�LV�WKDW�RI�D�IODUHG�WXEH�
ZLWK� DQ� HOOLSWLFDO� FURVV� VHFWLRQ�� 7KH� KHLJKW�RI�WKH�KHOLFRWUHPD�GHFUHDVHV� IURP�WKH�
DEQHXUDO�WR�WKH�QHXUDO�HGJH�� 7KH�KHOLFRWUHPD�GLPHQVLRQV�DUH�JLYHQ�LQ�7DEOH���� 7KH�
FXWRII�IUHTXHQF\� LQ� WKH� WDEOH� UHIHUV� WR� WKH� IUHTXHQF\� DERYH� ZKLFK� WKH� IOXLG�PDVV�
GRPLQDWHV�WKH�KHOLFRWUHPD�LPSHGDQFH�>�@�

)LJXUH� ��� $SLFDO� YLHZV� RI�WKH�SHULO\PSKDWLF� FRPSDUWPHQW� UHFRQVWUXFWLRQV� IRU�IRXU�VSHFLHV�� $�� PRXVH�
%��FKLQFKLOOD��&��FDW��DQG�'��KDUERU�SRUSRLVH�� :KLWH�DUURZV�LQGLFDWH�WKH�ORFDWLRQ�RI�WKH�KHOLFRWUHPD�

���� 6LPXODWLRQ�UHVXOWV

)RU�WKH�VPDOOHU�FRFKOHDH��PRXVH��JHUELO��JXLQHD�SLJ���WKH�KHOLFRWUHPD�KDG�OLWWOH�HIIHFW�
RQ�WKH�FRFKOHDU�LQSXW�LPSHGDQFH�GXH�WR�WKH�ODUJH�VHULHV�UHVLVWDQFH�RI�WKH�VFDODH�� 7KH�
KHOLFRWUHPD� KDG� D� VLJQLILFDQW� HIIHFW� RQ� WKH� FRFKOHDU� LQSXW� LPSHGDQFH� LQ� FDW� DQG�
KDUERU�SRUSRLVH�DQG�D�PRGHUDWH�HIIHFW�RQ�WKH�LQSXW�LPSHGDQFH�LQ�FKLQFKLOOD�

7KH�PRGHO�0(7)V�IRU�DOO�VL[�VSHFLHV�DUH�VKRZQ�LQ�)LJXUH����GLDPRQG�V\PEROV���
7KH� SUHGLFWHG� FRPHU� IUHTXHQFLHV� DUH� VLPLODU� WR� WKRVH� IRXQG� LQ� WKH� H[SHULPHQWDO�
DXGLRJUDPV� EXW� WKH� ORZ�IUHTXHQF\� 0(7)� VORSH� ZDV� FRQVLVWHQWO\� OHVV
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*XLQHD�3LJ &DW

)UHTXHQF\��+]� )UHTXHQF\��+]�

*HUELO

)UHTXHQF\��+]�

&KLQFKLOOD

)UHTXHQF\��+]�

0RXVH� +DUERU�3RUSRLVH

)LJXUH� ��� 0RGHO� SUHGLFWLRQV� IRU� WKH� 0(7)� �JUH\� GLDPRQGV�� DQG� 0(7)� SOXV� ,+&� ILOWHU� �FLUFOHV�
FRPSDUHG� WR� H[SHULPHQWDO� DXGLRJUDPV� �VTXDUHV��� 0RGHO� SUHGLFWLRQV� DUH� QRUPDOL]HG� WR� �� G%� DQG
DXGLRJUDPV� KDYH� EHHQ� LQYHUWHG� DQG� VKLIWHG� YHUWLFDOO\� IRU� FRPSDULVRQ� SXUSRVHV�� $XGLRJUDP� VRXUFHV�
JHUELO�>��@��FDW�>��@��JXLQHD�SLJ�>��@��FKLQFKLOOD�>��@��PRXVH�>��@��KDUERU�SRUSRLVH�>��@�

WKDQ� WKDW� REVHUYHG� LQ� WKH� DXGLRJUDPV�� 7KLV� GLIIHUHQFH� ZDV� PRVW� SURPLQHQW� IRU�
IUHTXHQFLHV� EHORZ� D� IHZ� KXQGUHG� +HUW]� ZKLFK� OHDGV� XV� WR� VSHFXODWH� WKDW� WKH�
GLIIHUHQFH�PLJKW�EH�GXH�WR�WKH�KLJK�SDVV�ILOWHULQJ�WKDW�LV�EHOLHYHG�WR�WDNH�SODFH�LQ�WKH�
FRXSOLQJ� EHWZHHQ� %0� GLVSODFHPHQW� DQG� LQQHU� KDLU� FHOO� KDLU� �,+&�� EXQGOH�
GLVSODFHPHQW� �F�I�� >��@��� :KHQ�ZH� FDVFDGHG� D� ILUVW�RUGHU� KLJK�SDVV� ILOWHU� �FXWRII�
IUHTXHQF\� �����+]��ZLWK�WKH�0(7)�WR�PLPLF�WKH�%0�,+&�FRXSOLQJ��ZH�LPSURYHG�
WKH�PDWFK�EHWZHHQ�PRGHO�DQG�H[SHULPHQWDO�GDWD��)LJXUH����FLUFXODU�V\PEROV��



���

)RU�DOO�VL[�VSHFLHV�VWXGLHG��WKH�GLPHQVLRQV�RI�WKH�KHOLFRWUHPD��7DEOH����VXJJHVW�WKDW�
RYHU�PXFK� RI�WKH� ORZHU�SRUWLRQ�RI�WKH� IUHTXHQF\�UDQJH� RI�LQWHUHVW�WKH�KHOLFRWUHPD�
LPSHGDQFH� LV� PDVV� GRPLQDWHG�� 7KH� KHOLFRWUHPD�� KRZHYHU�� GRHV� QRW� KDYH� D�
VLJQLILFDQW�LQIOXHQFH�RQ�FRFKOHDU�LQSXW�LPSHGDQFH�LQ�WKH�VPDOOHU�FRFKOHDH�GXH�WR�WKH�
ODUJH�VHULHV�UHVLVWDQFH�RI�WKH�VFDODH�IRXQG�LQ�WKHVH�HDUV�

7KH�UHVXOWV� VKRZQ�LQ�)LJXUH��� LQGLFDWH�WKDW�D�VLPSOH� ILUVW�SULQFLSOHV�PRGHO�FDQ�
EH� XVHG� WR� SUHGLFW� WKH� ORZ�IUHTXHQF\� SRUWLRQ� RI�WKH� DXGLRJUDP� LI�WKH� VFDODH� DQG�
KHOLFRWUHPD�GLPHQVLRQV�SOXV� WKH�FRFKOHDU�SDUWLWLRQ�FRPSOLDQFH�PDS�DUH�NQRZQ�� ,I�
WKH� FRPSOLDQFH� PDS� LV� QRW� NQRZQ�� LW� FDQ� EH� HVWLPDWHG� IURP� FRFKOHDU� LQSXW�
LPSHGDQFH�GDWD�

7KH�UHVXOWV�SUHVHQWHG�KHUH�DSSHDU�WR�EH�LQGHSHQGHQW�RI�WKH�W\SH�RI�PRGHO�XVHG��
:H� KDYH� H[SORUHG� WKH� HIIHFW� RI�GLIIHUHQW� GHJUHHV� RI�%0� GDPSLQJ� DQG� KDYH� DOVR�
WHVWHG� D� QRQWUDGLWLRQDO�� PXOWLSOH�FRPSDUWPHQW� PRGHO� >��@� DQG� REWDLQHG� VLPLODU�
UHVXOWV�

$FNQRZOHGJPHQWV

:H�WKDQN�WKH�2IILFH�RI�1DYDO�5HVHDUFK�DQG�1,+�IRU�WKHLU�VXSSRUW�RI�WKLV�ZRUN��

5HIHUHQFHV

��� 'DOORV��3���3RSSHU��$�1���)D\��5�5��� ������7KH�&RFKOHD��6SULQJHU��1HZ�<RUN�
��� 'DOORV�� 3��� ������ /RZ�IUHTXHQF\�DXGLWRU\� FKDUDFWHULVWLFV�� VSHFLHV� GHSHQGHQFH��

-��$FRXVW��6RF��$P�������������
��� 3XULD��6���$OOHQ��-��%��� ������$�SDUDPHWULF�VWXG\�RI�FRFKOHDU�LQSXW�LPSHGDQFH��-��

$FRXVW��6RF��$P��������������
��� 3ODVVPDQQ�� :��� 3HHW]�� :��� 6FKPLGW�� 0��� ������ 7KH� FRFKOHD� LQ� JHUELOOLQH�

URGHQWV��%UDLQ�%HKDY��(YRO�������������
��� 7KRPH��0��� 6DOW��$�1���'H0RWW�� -�(���+HQVRQ��0�0���+HQVRQ��2�:���*HZDOW�

6�/��� ������ &RFKOHDU� IOXLG� VSDFH� GLPHQVLRQV� IRU� VL[� VSHFLHV� GHULYHG� IURP�
UHFRQVWUXFWLRQV� RI���'�PDJQHWLF� UHVRQDQFH� LPDJHV�� /DU\QJRVFRSH� ����� ������
�����

��� 1DLGX�� 5�&��� 0RXQWDLQ�� '�&��� ������ 0HDVXUHPHQWV� RI� WKH� VWLIIQHVV� PDS�
FKDOOHQJH�D�EDVLF�WHQHW�RI�FRFKOHDU�WKHRULHV��+HDU��5HV�� ����� ��������

��� 2OVRQ��(�6���0RXQWDLQ��'�&��� ������ ,Q�YLYR�PHDVXUHPHQW�RI�EDVLODU�PHPEUDQH�
VWLIIQHVV��-��$FRXVW��6RF��$P������ ����������

��� 1DLGX�� 5�&��� 0RXQWDLQ�� '�&��� ������ /RQJLWXGLQDO� FRXSOLQJ� LQ� WKH� EDVLODU�
PHPEUDQH��-��$VVRF��5HV��2WRODU\QJRO������������

�� 'LVFXVVLRQ



���

��� 2YHUVWUHHW��(�+�� �UG��5XJJHUR��0�$���������'HYHORSPHQW�RI�ZLGH�EDQG�PLGGOH�
HDU�WUDQVPLVVLRQ�LQ�WKH�0RQJROLDQ�JHUELO��-��$FRXVW��6RF��$P�� , O O � ���������

���� 5RVRZVNL��-�-��� ������2XWHU�DQG�PLGGOH�HDUV��,Q��)D\��5�5���3RSSHU��$�1���(GV����
&RPSDUDWLYH�+HDULQJ��0DPPDOV��6SULQJHU��1HZ�<RUN��SS�� ��������

���� 5\DQ�� $��� ������ +HDULQJ� VHQVLWLYLW\� RI� WKH� 0RQJROLDQ� JHUELO�� 0HULRQHV�
XQJXLFXODWXV��-��$FRXVW��6RF��$P������ ����������

���� +HIIQHU�� 5�6��� +HIIQHU��+�(��� ������ +HDULQJ�UDQJH�RI�GRPHVWLF� FDW�� +HDU�� 5HV��
����������

���� 3URVHQ�� &�$��� 3HWHUVHQ�� 0�5��� 0RGG\�� '�%��� 6WHEELQV�� :�&��� ������ $XGLWRU\�
WKUHVKROGV�DQG�NDQDP\FLQ�LQGXFHG�KHDULQJ�ORVV� LQ�WKH�JXLQHD�SLJ�DVVHVVHG�E\�D�
SRVLWLYH�UHLQIRUFHPHQW�SURFHGXUH��-��$FRXVW��6RF��$P��������������
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