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VWXGLHG�XVLQJ�DWRPLF�IRUFH�PLFURVFRS\�DQG�VWDWLVWLFDO�LPDJH�SURFHVVLQJ��7KH�PHDQ�WDQJHQ�
WLDO� VSHHGV� DQG� GLVWDQFHV� EHWZHHQ� WKH� JURZWK� VWHSV� DV� ZHOO� DV� WKH� IOXFWXDWLRQV� RI� WKRVH
SDUDPHWHUV�GXULQJ�HDFK�WLPH�LQWHUYDO�KDYH�EHHQ�GHWHUPLQHG�EDVLQJ�RQ�WKH�IRXQG�VSHHG�DQG
GLVWDQFH� GLVWULEXWLRQV�� $� WUHQG� WR� JURXSLQJ� RI� WKLQ� JURZWK� VWHSV� DW� WKH� VXUIDFH� DQG� WR
IRUPDWLRQ�RI�PDFURVWHSV�KDV�EHHQ�UHYHDOHG��7KH�PHFKDQLVP�RI�WKDW�JURXSLQJ�LV�GLVFXVVHG
DV�D�FRQVHTXHQFH�RI�NLQHPDWLFDO�ZDYHV�RI�VWHS�GHQVLW\�DW�WKH�FU\VWDO�VXUIDFH��7KH�VXUIDFH
PRUSKRORJ\�VWDELOLW\�RI�WKH�FU\VWDO�JURZLQJ�IURP�VROXWLRQ�LV�GLVFXVVHG��7KH�PDWKHPDWLFDO
GDWD� SURFHVVLQJ� VKRZV� PXWXDO� GHFHOHUDWLRQ� RI� QHLJKERULQJ� VWHSV� GXULQJ� WKH� H[SHULPHQW
ZLWK�WKH�NLQHPDWLFDO�GHQVLW\�ZDYHV��
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7KH� DWRPLF� IRUFH�PLFURVFRS\� �$)0�� LV� D
PHWKRG�RI�KLJK�LQIRUPDWLRQ�YDOXH�PDNLQJ�LW
SRVVLEOH�WR�VWXG\�WKH�IRUPDWLRQ�RI�D�FU\VWDO
VXUIDFH� DQG� WR�PHDVXUH� DW� D� KLJK� DFFXUDF\
WKH� WDQJHQWLDO� VSHHG� RI� WKH� JURZWK� VWHSV�
$FFRUGLQJ�WR�WKH�LQ�VLWX�$)0�GDWD��WKH�IDF�
WRUV� LQIOXHQFLQJ� WKH� IRUPDWLRQ� RI� D� UHDO
VWUXFWXUH� DQG� HYROXWLRQ� RI� WKH� FU\VWDO� VXU�
IDFH� DW� WKH� QDQRVFDOH� OHYHO� DUH� WKH� VWHS
VSHHG� IOXFWXDWLRQV�� WKH� IHDWXUHV�RI� WKH� VWHS
LQWHUDFWLRQ�� WKH� PDFURVWHS� IRUPDWLRQ� DQG
GHFD\��2XU�H[SHULPHQWV�ZHUH�FDUULHG�RXW�LQ
WKH�FRQWDFW�PRGH��WKH�IRUFH�OHYHO�RI���Ü��WR
��Ü��1��DW�URRP�WHPSHUDWXUH�XVLQJ�DQ�$5,6
�����DWRPLF� IRUFH�PLFURVFRSH� �%XUOHLJK� ,Q�

VWUXPHQWV�� 8�6�$���� 7KH� VWDQGDUG� VLOLFRQ
FDQWHOHYHUV� IURP� %XUOHLJK� ,QVWUXPHQWV
�URXQGLQJ� UDGLXV� RI� WKH� QHHGOH� WLS� ��Ü
��� QP�� ULJLGLW\� ���� 1�P�� DQG� IURP� 9HHFR
,QVWUXPHQWV� �URXQGLQJ� UDGLXV�RI� WKH�QHHGOH
WLS��Ü���QP��ULJLGLW\�����1�P���)RU�WKH�LQ�
YHVWLJDWLRQ�� ZH� JUHZ� 1D&O� FU\VWDOV� ZHUH
JURZQ� E\� WKH� VROYHQW� HYDSRUDWLRQ� DW� URRP
WHPSHUDWXUH�� 7KH� VROXWLRQV� ZHUH� SUHSDUHG
XVLQJ�GLVWLOOHG�ZDWHU� DQG�ZDWHU�VROXEOH� VDOW
VDPSOHV� RI� DQDO\WLFDOO\� SXUH� DQG� SXUH
JUDGHV�ZLWK� WRWDO� LPSXULW\� FRQWHQW�YDU\LQJ
IURP� ������ WR� ����� ZW�� ��� 7KH� FU\VWDOV
ZHUH�VHOHFWHG�ZLWK�WKH�������IDFH�RULHQWHG�LQ
WKH� FRXUVH� RI� JURZLQJ� LQ� WKH� FU\VWDOOL]HU

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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GRZQZDUG��LQ�WKH�GLIIXVLRQ�OLPLWDWLRQ�PRGH�
DQG�XSZDUG��IURP�KHUH�RQ��WKH�ILUVW�DQG�WKH
VHFRQG� H[SHULPHQWV�� UHVSHFWLYHO\��� 7KH� FHOO
ZLWK�WKH�FU\VWDO�ZDV� LQVWDOOHG� LQWR�D�KROGHU
RI� WKH� VFDQQLQJ�$)0� EORFN� DQG� ILOOHG�ZLWK
WKH� QHFHVVDU\� DPRXQW� RI� PRWKHU� VROXWLRQ�
8S� WR� ���� VFDQQLQJV� ZHUH� GRQH� ZLWK� ��� V
LQWHUYDOV�WLOO�WKH�VROXWLRQ�ZDV�GHSOHWHG��

7KH� $)0� SURYLGHV� WKUHH�GLPHQVLRQDO� LP�
DJHV�RI�D�VXUIDFH��EXW�GRHV�QRW�DOORZ�WR�PHDV�
XUH�GLUHFWO\�WKH�QRUPDO�JURZWK�UDWH�WKDW�LV�D
UHVXOW� RI� DYHUDJLQJ� RYHU� WKH� VXUIDFH� DUHD� DV
ZHOO�DV�RYHU�WKH�WLPH��%HVLGHV��WKH�ORFDOLW\�RI
$)0� VFDQ� DUHDV� GRHV�QRW� DOORZ� WR� MXGJH� WKH
VLPLODULW\� RI� WKH� SKHQRPHQD� RYHU� WKH� ZKROH
IDFH� DUHD�� :H� KDYH� GHYHORSHG� D� IXQGDPHQ�
WDOO\�QHZ�PHWKRG�WR�SURFHVV�WKH�$)0�LPDJHV
RI�JURZLQJ�FU\VWDOV�WKDW�PDNHV� LW�SRVVLEOH�WR
GHWHUPLQH�WKH�G\QDPLF�SHFXOLDULWLHV�RI�FU\VWDO
JURZWK�IURP�VROXWLRQ�>�@��

2Q�WKH�VWXGLHG�DUHDV�RI��u��PP��VL]H��ZH
KDYH� GHWHFWHG� LQ� ERWK� H[SHULPHQWV� VLPLODU
JURZWK� VWHSV� RI� �� QP� KHLJKW� DQG� KLJKHU
WKDW�PRYHG�DORQJ� WKH�VXUIDFH� LQ� WKH�FRXUVH
RI� JURZWK� DW� GLIIHUHQW� WDQJHQWLDO� VSHHGV� LQ
WKH�VDPH�GLUHFWLRQ�ZLWK�UHVSHFW�WR�WKH�SUREH
PRYHPHQW� RQH� �)LJ������ :H� KDYH� FODVVLILHG
WKH�PHDVXUHG�KHLJKWV� LQWR� WKUHH�JURXSV� DF�
FRUGLQJ� WR� WKHLU� EHKDYLRU� �WKH� VWHS� VSHHG
GHSHQGV� RQ� LWV� KHLJKW��� H[WUHPHO\� WKLQ� �XS
WR� �� QP��� WKLQ� �IURP� �� QP� WR� ��� QP�� DQG
WKLFN��IURP����QP�DQG�KLJKHU���7KH�HPSLULF
GLVWULEXWLRQV�RI�WKH�VSHHGV�DQG�LQWHUYDOV�EH�
WZHHQ�WKH�VWHSV�LQ�WKH�WZR�H[SHULPHQWV�ZHUH
XVHG� WR� GHWHUPLQH� WKH� YDOXHV� RI�PHDQ� WDQ�
JHQWLDO� VSHHG� DQG�PHDQ� GLVWDQFH� DV�ZHOO� DV
WKH� IOXFWXDWLRQV� RI� WKHVH� SDUDPHWHUV� IRU
HDFK�WLPH�SHULRG��)LJ������7KH�REWDLQHG�GDWD
DOORZ�XV�WR�GHWHUPLQH�WKH�G\QDPLF�SHFXOLDUL�
WLHV�RI�FU\VWDO�JURZWK�DW�WKH�VWHDG\�JURZWK
VWDJH�� 7KH� JURZLQJ� VXUIDFH� VWHDG\� JURZWK
VWDJH� LV� HYLGHQFHG�E\� WKH�FRQVWDQF\�RI�QRU�
PDO� VSHHG�5� DQG� LQYDULDELOLW\�RI� LWV�GLVSHU�
VLRQ�G5�LQ�WLPH�>�@�
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7KH�GLVSHUVLRQ�RI�QRUPDO�JURZWK�VSHHG�LV
GHILQHG� E\� GLVSHUVLRQV� RI� VWHS� WDQJHQWLDO
VSHHGV�QWJ�DQG�LQWHUYDOV�EHWZHHQ�WKHP�[�WKDW
DUH� FDOFXODWHG� IURP� WKH� KLVWRJUDPV� RI� VWHS
VSHHG� DQG� IUHTXHQF\� GLVWULEXWLRQ� DSSUR[L�
PDWHG� E\� WKH� FXUYHV� RI� ORJDULWKPLFDOO\� QRU�
PDO�GLVWULEXWLRQ��7KH�GDWD�RQ�WKH�VWHS�VSHHGV
ZHUH� GLVWDQFH�DYHUDJHG� IRU� WKH� VWHSV� RYHU
���QP�LQWHUYDO��7KH�DYHUDJH�VSHHG�YDOXH�ZDV
DVVLJQHG�WR�WKH�PLGGOH�RI�WKH�DYHUDJLQJ�LQWHU�
YDO�� ,Q� WKH� ILUVW� H[SHULPHQW�� WKH� DYHUDJH

VSHHG� YDOXHV� YDU\� IURP� �� WR� �� QP�V�� LQ� WKH
VHFRQG� RQH�� IURP��� WR����QP�V��

)LJ����VKRZV�WKDW�IOXFWXDWLRQV�RI�QRUPDO
VSHHG�G5� LQ�WKH�ILUVW�H[SHULPHQW�UHPDLQ�DO�
PRVW�FRQVWDQW�WKURXJKRXW�WKH����PLQ�REVHU�
YDWLRQ��DQG�UHGXFH�VOLJKWO\�WRZDUGV�WKH�HQG�
7KLV� HYLGHQFHV� WKDW� WKH� ILUVW� V\VWHP� XQGHU
LQYHVWLJDWLRQ� DSSURDFKHV� WKH� VWDWLRQDU\
JURZWK� VWDWH�� ,Q� WKH� VHFRQG� H[SHULPHQW�� D
FRQVLGHUDEOH�LQFUHDVH�RI�WKH�DYHUDJH�WDQJHQ�
WLDO� VWHS� VSHHG� �)LJ����� DQG� RI� WKH� QRUPDO
JURZWK�VSHHG�WRZDUGV�WKH�HQG�RI�WKH�H[SHUL�
PHQW� �)LJ������ )RU� WKH� VHFRQG� H[SHULPHQW�
ZH� GLVWLJXLVKHG� WKUHH� VSHFLDO� DUHDV� PDUNHG
E\�D� VKDUS�GHFUHDVH� ��GURS��� RI� IOXFWXDWLRQ
DPSOLWXGH�� 7KH� )DVW� )RXULHU� WUDQVIRUP
VKRZV�WKH�WKULFH�UHSHDWHG�IRUPDWLRQ�RI�NLQH�
PDWLF�GHQVLW\�ZDYHV�RI�JURZWK�VWHSV�DW� WKH
FU\VWDO�VXUIDFH��)LJ����SUHVHQWV�D�JHQHUDOL]�
LQJ�FXUYH�WKDW�VKRZV�WKH�UDWLR�RI�PD[LPXP
DPSOLWXGH�FRUUHVSRQGLQJ�WR�WKH�PLQLPDO�IUH�
TXHQF\� WR� WKH� VXUIDFH� DUHD� XQGHU� WKH
)RXULHU�VSHFWUXP��,W�LV�QRWHZRUWK\�WKDW�WKLV
RFFXUV�LQ�WKH�WLPH�LQWHUYDOV�ZLWK�VKDUS�VKLIW
RI� SDUDPHWHUV� IOXFWXDWLRQV� GHWHUPLQHG� E\
VWDWLVWLF�FDOFXODWLRQV�� L�H�� LQ�WKH�WLPH� LQWHU�
YDOV�IURP�WKH��WK�WR�WKH���WK��IURP�WKH���WK
WR� WKH���WK�� IURP�WKH���VW� WR� WKH���WK�PLQ�
XWH� RI� WKH� H[SHULPHQW� �)LJ������ $V� WR� WKH
ILUVW� H[SHULPHQW�� QR� SHFXOLDU� DUHDV� KDYH
EHHQ�VHHQ�RQ�WKH�JHQHUDOL]HG�SORWV��7KH�VHF�
RQG� H[SHULPHQW� KDV� UHYHDOHG� FRQVLGHUDEOH
LQFUHDVH�RI�QRUPDO�VSHHG�WRZDUGV�WKH�HQG�RI
WKH� REVHUYDWLRQ� �IURP� ���� QP�V� WR
����QP�V���ZKHUHDV�LQ�WKH�ILUVW�H[SHULPHQW�

)LJ����� 6WHS� PRYHPHQW� RQ� WKH� JURZLQJ� VXU�
IDFH�RI�1D&O�FU\VWDO�LQ�WZR�H[SHULPHQWV��7KH
WLPH� LQWHUYDO� EHWZHHQ� WKH� LPDJHV� LQ� �VW� H[�
SHULPHQW� LV� ����PLQ�� LQ� WKH� �QG� H[SHULPHQW�
��PLQ��7KH�LPDJH�VL]H�LV��u��PP��

1�1�3LVNXQRYD���$)0�VWXG\�RI�LQVWDELOLW\�RI�JURZLQJ����
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WKH�QRUPDO�UDWH�UHGXFHG�IURP������PQ�V�WR
����� PQ�V� WRZDUGV� WKH� VXUYH\� HQG�� 7KLV
KDSSHQHG� LQ� WKH� FRQGLWLRQV� RI� QR� QHZ�PDW�
WHU�LQIORZ�WR�WKH�FU\VWDOOL]HU�DQG�QR�YDSRUL�
]DWLRQ� RI� OLTXLG� IURP� WKH� IUHH� VXUIDFH�
7KXV�� DV� WKH� VXSHUVDWXUDWLRQ� GHFUHDVHV� DW
WKH� HQG� RI� H[SHULPHQW� ERWK� WKH� QRUPDO
JURZWK� VSHHG� LQFUHDVH� DQG� LQFUHDVH� RI� LWV
IOXFWXDWLRQV�PD\�RFFXU��

7KH� DQRPDORXV� EHKDYLRU� RI� WKH� V\VWHPV
XQGHU� VWXG\� FDQ� EH� H[SODLQHG� WDNLQJ� LQWR
DFFRXQW�WKDW�WKH�WKUHH�SHFXOLDU�RUJDQL]DWLRQ
DUHDV� DW� WKH� FU\VWDO� VXUIDFH� EHLQJ� GLVWLQ�
JXLVKHG� ZKHQ� FRQVLGHULQJ� VWDWLVWLFDOO\� WKH
$)0� UHVXOW� IURP� IRUPDWLRQ� RI� FHUWDLQ
VWUXFWXUHV�LQ�WKH�FRXUVH�RI�JURZWK��KDYLQJ�D
SHULRG� H[FHHGLQJ� WKH� GLDJRQDO� RI� WKH� VFDQ�
QLQJ� DUHD�� ,W� LV� SRVVLEOH� WKDW� WKH� JURXSLQJ

RI�WKH�VWHSV�LQ�WKLV�FDVH�LV�RQO\�D�IRUPDWLRQ
FRQVHTXHQFH�RI�VXFK�VWUXFWXUHV��7KH�VHOI�RU�
JDQL]DWLRQ� LQ� QRQ�HTXLOLEULXP� V\VWHPV�PD\
FDXVH�LQWHQVLILFDWLRQ�RI�IOXFWXDWLRQV��IRU�H[�
DPSOH�� DW� WKH� JHQHUDWLRQ� RI� GLVVLSDWLYH
VWUXFWXUHV� >�@�� ,Q�SDUWLFXODU��XVLQJ� WKH� FDO�
FXODWLRQ� RI� GLVVLSDWLYH� WKUHVKROG�� ZH� KDYH
VKRZQ� >�@� WKDW� LQ� WZR� ILUVW� WLPH� ]RQHV� RI
WKH� SORW� ��� WKH� GLVVLSDWLYH� VWUXFWXUHV� DUH
IRUPHG� DQG� D�PDFURVFDOH�ZRUN� �L�H�� WKH� NL�
QHPDWLF� ZDYH� DGYDQFHPHQW�� EHFRPHV� SRVVL�
EOH�� )RU� WKH� WKLUG� WLPH� ]RQH� RI� WKH� VHFRQG
H[SHULPHQW�� WKH� HTXLOLEULXP� FRQGLWLRQ� RI
WKH�GLVVLSDWLYH�VWUXFWXUH�LV�PHW��

,Q� WKH� VHFRQG� H[SHULPHQW�� WKH� JURZLQJ
FU\VWDO� VXUIDFH� VHHPV� YLVXDOO\� WR� EH� PRUH
VPRRWK� WKDQ� LQ� WKH� ILUVW�� DQG� WKH� JURZWK
VWHSV�GR�QRW�FKDQJH�WKH�GLUHFWLRQ�GXULQJ�WKH

)LJ�����)OXFWXDWLRQV�RI�PHDQ�WDQJHQWLDO�VWHS�VSHHG�DQG�WKH�PHDQ�VWHS�VSDFLQJ�LQ�WZR�H[SHULPHQWV�
7KH�FLUFOHG�DUHDV�DUH�WKH�WLPH�]RQHV�ZLWK�IRUPDWLRQ�RI�NLQHPDWLF�GHQVLW\�ZDYHV�

)LJ�����)OXFWXDWLRQV�RI�QRUPDO�JURZWK�VSHHG�LQ�WZR�H[SHULPHQWV�
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H[SHULPHQW� �)LJ������ +RZHYHU�� WKH� FDOFXOD�
WLRQV�KDYH�VKRZQ�WKDW�ERWK�FDVHV�XQGHU�FRQ�
VLGHUDWLRQ� DUH� H[DPSOHV� RI� PRUSKRORJLFDOO\
XQVWDEOH�VXUIDFHV��,Q�WKH�ILUVW�FDVH��WKLV�LQ�
VWDELOLW\� LV�PXFK� OHVV� DSSDUHQW�� )LJ���� SUH�
VHQWV� WKH� UHVXOWV� GHPRQVWUDWLQJ� WKH� LQIOX�
HQFH� RI� VWHS� VSDFLQJ� RQ� WKH� VWHS� VSHHG
WKURXJRXW� WKH� ERWK� H[SHULPHQWV�� 1RWH� WKDW
WKH� ILUVW� DQG� WKH� VHFRQG� H[SHULPHQWV� ZHUH
GRQH�LQ�LGHQWLFDO�FRQGLWLRQV��WKH�RQO\�GLIIHU�

HQFH� FRQILQHG� WR� WKH� VWXGLHG� IDFHV� EHLQJ
WXUQHG� XSZDUGV� DQG� GRZQZDUGV�� UHVSHF�
WLYHO\�� ,W� LV� FOHDU� IURP� WKH� VHFRQG� H[SHUL�
PHQW� WKDW� RQH� DQG� WKH� VDPH� VWHS� VSDFLQJ
FRUUHVSRQGV�WR�D�ZLGHU�VSHHG�UDQJH��7KH�SD�
UDEROD� GHVFULELQJ� WKH� VHFRQG� H[SHULPHQW
GDWD� LV�PRUH�VWHHS�WKDQ�WKDW�GHVFULELQJ�WKH
ILUVW� RQH� �)LJ������:H� FDQ� VXSSRVH� WKDW� WKH
DSSUR[LPDWLYH� GHSHQGHQFH� Q� �D���E[���F[��
ZKHUH� F������ LV� XQLYHUVDO� IRU� RWKHU� VXE�
VWDQFHV�� WRR�� 7KH� QHJDWLYH� FRHIILFLHQW� F
PHDQV� WKDW� WKH� UHGXFWLRQ� RI� WKH� VWHS� VSDF�
LQJ�UHVXOWV�LQ�WKH�GHFUHDVH�RI�WKH�VWHS�VSHHG
DQG� WR� GHFHOHUDWLRQ� RI� FORVH� QHLJKERULQJ
VWHSV�� OLNH� LQ� WKH� EHJLQQLQJ� RI� WKH� VHFRQG
H[SHULPHQW��7KH�VWHS�VSHHG�DOVR�GHFUHDVHV�LI
WKH� VWHS� VSDFLQJ� H[FHHGV� D� FHUWDLQ� YDOXH
�DURXQG� ����� QP� IRU� WKH� VHFRQG� H[SHUL�
PHQW���ZKLFK�SK\VLFDOO\�GHQRWHV�WKH� ODFN�RI
EXLOGLQJ� PDWHULDO�� 7KLV� KDSSHQV� ZKHQ� WKH
VXSSO\� RI� EXLOGLQJ� XQLWV� WR� WKH� VXUIDFH� RF�
FXUV�VORZHU�WKDQ�WKH�SURFHVV�RI�WKHLU�EXLOG�
LQJ� LQWR�WKH�FU\VWDO�� L�H�� WKH�JURZWK�UDWH� LV
OLPLWHG�E\�YROXPH�GLIIXVLRQ�

%RWK�IDFHV�KDYH�SUDFWLFDOO\�LGHQWLFDO�QRU�
PDO� JURZWK� UDWH� DW� WKH� EHJLQQLQJ� RI� WKH
VXUYH\� ����� QP�VHF� DQG� ����� QP�VHF��� 7KH
ILUVW� IDFH� UHGXFHV� WKH� QRUPDO� UDWH� E\� WKH

)LJ����� .LQHPDWLF� ZDYHV� RI� WKH� JURZWK� VWHS
GHQVLW\�RQ�WKH�FU\VWDO�VXUIDFH���QG�H[SHULPHQW��

)LJ�����'HSHQGHQFHV�RI�WKH�JURZWK�RQ�WKH�VWHS�VSDFLQJ�GLVWDQFH�EHWZHHQ�WKH�VWHSV�GXULQJ�WKH�ILUVW
DQG�WKH�VHFRQG�H[SHULPHQW�
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HQG� RI� WKH� VXUYH\� WR� �����QP�VHF��ZKHUHDV
WKH� IDFH�ZLWK�NLQHPDWLF�GHQVLW\�ZDYHV� FRQ�
VLGHUDEO\� LQFUHDVHV� LWV� QRUPDO� UDWH� E\� WKH
HQG� RI� WKH� VXUYH\� �XS� WR� ���� QP�VHF��� GH�
VSLWH�WKH�H[KDXVWLRQ�RI�WKH�VROXWLRQ���

7KXV��WKH�JURZWK�UDWH�RI�FU\VWDO�IDFH�FDQ
EH�OLPLWHG�E\�VXUIDFH�GLIIXVLRQ�LQ�RQH�RI�WKH
WZR� LGHQWLFDO� H[SHULPHQWV� DQG� E\� YROXPH
GLIIXVLRQ��WUDQVSRUW�SURFHVVHV��

$FNQRZOHGJHPHQW�� 7KLV� ZRUN� KDV� EHHQ
VXSSRUWHG� E\� 5)%5� �������������D�� DQG
5$6�3UHVLGLXP�3URJUDPV�1R�����1R����

5HIHUHQFHV
� ���1�1�3LVNXQRYD�� 9�,�5DNLQ�� -��&U\VW�� *URZWK��

�����H������������
� ���1�1�3LVNXQRYD�� ,QYHVWLJDWLRQ� RI� &U\VWDO

*URZWK� DQG�'LVVROXWLRQ� 3URFHVVHV� E\� $WRPLF
)RUFH� 0LFURVFRS\�� 852� 5$1�� (NDWHULQEXUJ
�������>LQ�5XVVLDQ@��

� ���,�3ULJRJLQ�� '�.RQGHSXGL�� 6RYUHPHQQDLD� 7HU�
PRGLQDPLND��0LU��0RVFRZ��������>LQ�5XVVLDQ@�

� ���1�1�3LVNXQRYD��LQ��3URF����WK�,QWHUQ��0LQHUD�
ORJLFDO� 6HPLQDU�� 6\NW\YNDU�� (G��*HRSULQW� ,Q�
VWLWXWH�RI�*HRORJ\��6\NW\YNDU��5XVVLD��������
S������
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