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IjiUL���:KDW� LV� LPSRUWDQW� KHUH� LV� WKDW� WKH� XQGHUO\LQJ� /+/� WRQH� SDWWHUQ� LV� SUHVHUYHG�� HYHQ�
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7KLV�LOOXVWUDWHV�WKH�DXWRVHJPHQWDO�QDWXUH�RI�WRQHV��DQG�VXSSRUWV�WKH�VKLIW�DZD\�IURP�FODVVLFDO�

63(�W\SH�SKRQRORJLFDO� UHSUHVHQWDWLRQV� �&KRPVN\�DQG�+DOOH�������LQ�ZKLFK�DQ�XWWHUDQFH� LV�

UHJDUGHG� DV� D� VHW� RI� OLQHDUO\� RUGHUHG� VHJPHQWV� FRQVLVWLQJ� RI� XQRUGHUHG� EXQGOHV� RI� SULPHV��

$XWRVHJPHQWDO� WLHUV� HQVXUH� WKDW� VRPH� SKRQRORJLFDO� SURSHUWLHV� DUH� WUHDWHG� DV� EHORQJLQJ� WR�

SURVRG\�UDWKHU�WKDQ�WR�PHORG\��VHJPHQWV���1RWH�WKDW�WRQDO�WLHUV�VXFK�WKRVH�LQ�����LQFRUSRUDWH�

SUHFHGHQFH�UHODWLRQV�EHWZHHQ�WRQDO�XQLWV��MXVW�OLNH�VHJPHQWDO�WLHUV�GR��DOWKRXJK�WRQDO�WLHUV�DUH�

LQGHSHQGHQW� RI� VHJPHQWDO� WLHUV� �RU� LQ� VRPH� WKHRULHV�� VNHOHWDO� WLHUV��� 7KLV� NLQG� RI�

SUHFHGHQFH�EDVHG�VWUXFWXUH�LV�D�ZHOO�HVWDEOLVKHG�ZD\�RI�UHSUHVHQWLQJ�WRQHV��+RZHYHU��LW�LV�QRW�

FRQVLVWHQW�ZLWK� WKH�3UHFHGHQFH�IUHH�3KRQRORJ\� �3I3��PRGHO�RI�SKRQRORJLFDO� UHSUHVHQWDWLRQ��

ZKHUH� SUHFHGHQFH� UHODWLRQV� DUH� FRPSOHWHO\� DEVHQW� DW� DOO� OHYHOV� RI� SKRQRORJLFDO� VWUXFWXUH� LQ�

RUGHU� WR� HOLPLQDWH� UHSUHVHQWDWLRQDO� UHGXQGDQF\� DQG� VWUHQJWKHQ� WKHRUHWLFDO� UHVWULFWLYHQHVV�

�1DVXNDZD�����������������DE��1DVXNDZD�DQG�%DFNOH\�������������%DFNOH\�DQG�1DVXNDZD�

������/LQ�������2QXPD�DQG�1DVXNDZD��������7KLV�SDSHU�FRQVLGHUV�KRZ�3I3�FDQ�UHSUHVHQW�

WRQHV²ZKLFK�LQ�VWDQGDUG�DSSURDFKHV�DUH�DVVXPHG�WR�EH�OLQHDUO\�RUGHUHG�RQ�WRQDO�WLHUV�� �

7KH�SDSHU�LV�VWUXFWXUHG�DV�IROORZV��)LUVW��LQ�VHFWLRQ���,�EULHIO\�UHYLHZ�KRZ�SKRQRORJLFDO�

HQWLWLHV��RWKHU� WKDQ�WRQHV��ZKLFK�DUH�VPDOOHU� WKDQ�D�V\OODEOH�DUH�UHSUHVHQWHG�LQ�3I3��7KHQ�LQ�

VHFWLRQ���,�DUJXH�KRZ�WRQDO�SDWWHUQV�DUH�IRUPDOO\�UHSUHVHQWHG�ZLWKRXW�UHIHUULQJ�WR�SUHFHGHQFH��

,� DOVR� GLVFXVV� WKH� TXHVWLRQ� RI� ZKHUH� WR� ORFDWH� WRQDO� SURSHUWLHV� ZLWKLQ� WKH� KLHUDUFKLFDO�

SKRQRORJLFDO�VWUXFWXUH��6HFWLRQ���FRQFOXGHV�WKH�GLVFXVVLRQ�� �

�� 0HORGLF�UHSUHVHQWDWLRQV�LQ�3UHFHGHQFH�IUHH�3KRQRORJ\

����5HSUHVHQWLQJ�YRZHOV

3UHFHGHQFH�IUHH� 3KRQRORJ\� DLPV� WR� OLPLW� UHSUHVHQWDWLRQDO� UHGXQGDQF\� DQG� HQKDQFH�

WKHRUHWLFDO� UHVWULFWLYHQHVV�� 7R� IDFLOLWDWH� WKLV�� WKH� RQO\� IRUPDO� VWUXFWXUDO� XQLWV� LW� SHUPLWV� DUH�

PHORGLF� SULPHV� FDOOHG� µHOHPHQWV¶�� ZKLFK� KDYH� D� GXDO� IXQFWLRQ�� WKH\� UHSUHVHQW� PHORGLF�

SURSHUWLHV�DQG�WKH\�DOVR�SURMHFW�RQWR�KLJKHU�OHYHOV�DV�RUJDQL]LQJ�XQLWV�� �

,Q� 3I3�� D� µQXFOHXV¶� LV� UHSUHVHQWHG� E\� D� VLQJOH� HOHPHQW� FKRVHQ� IURP� WKH� VHW� RI� WKUHH�

UHVRQDQFH�HOHPHQWV�_$_��_,_�RU�_8_��WKH�FKRLFH�RI�HOHPHQW�LV�SDUDPHWULF��EDVHG�RQ�WKH�SKRQHWLF�

TXDOLW\� RI� D� ODQJXDJH¶V� EDVHOLQH� UHVRQDQFH�� H�J�� (QJOLVK� VHOHFWV� _$_� �UHDOLVHG� DV� >ԥ@� LQ� LWV�

�� .81,<$�1$68.$:$



DFRXVWLFDOO\�ZHDN� IRUP���)LMLDQ� VHOHFWV� _,_� �JLYLQJ� >ܺ@��DQG� -DSDQHVH� VHOHFWV� _8_� �JLYLQJ� >݁@��

�1DVXNDZD� ������� %\� FRQWUDVW�� IXOO� YRZHOV� KDYH� FRPSOH[� VWUXFWXUHV� LQ�ZKLFK� WKH� EDVHOLQH�

HOHPHQW�WDNHV�RQH�RU�PRUH�GHSHQGHQW�HOHPHQWV��DV�JLYHQ�LQ������7KHVH�H[DPSOHV�VKRZ�YRZHOV�

ZKLFK� WDNH� _$_� DV� WKHLU� EDVHOLQH� UHVRQDQFH�� DV� IRXQG� LQ� ODQJXDJHV� VXFK� DV� (QJOLVK� DQG�

*HUPDQ��

���� 9RZHO�UHSUHVHQWDWLRQV�

� D�� >ԥ@� � � � � E�� >L@� � � � � F�� >X@� � � � � G�� >D@�

� � � � � � _$_� � � � _$_� � � � _$_�

� � _$_� � _$_� � _,_� � _$_� � _8_� � _$_� � _$_�

7KH� VWUXFWXUH� LQ� ��D�� KDV� D� EDVHOLQH� HOHPHQW� ZLWKRXW� DQ\� GHSHQGHQW� HOHPHQWV�� VR� LW� LV�

SKRQHWLFDOO\� UHDOL]HG� DV� WKH� XQURXQGHG� FHQWUDO� YRZHO� >ԥ@�� 2Q� WKH� RWKHU� KDQG�� ZKHQ� WKH�

EDVHOLQH� WDNHV� _,_�� _8_� RU� _$_� DV� D� GHSHQGHQW�� WKH� DFRXVWLF� SDWWHUQ� RI� WKLV� GHSHQGHQW� HOHPHQW�

RYHUULGHV�WKDW�RI� WKH�EDVHOLQH��$V�D�UHVXOW�� WKH�VWUXFWXUHV�DUH�SKRQHWLFDOO\�UHDOL]HG�DV�>L@�� >X@�

DQG�>D@�UHVSHFWLYHO\��DV�LOOXVWUDWHG�LQ���E�����F��DQG���G���:KDW�WKHVH�ILJXUHV�VKRZ�XV�LV�WKDW�

ZKHQ� KHDG�GHSHQGHQW� VWUXFWXUH� LV� SURQRXQFHG�� WKH� UHODWLYH� SURPLQHQFH� RI� GHSHQGHQWV� LV�

UHIOHFWHG�GLUHFWO\�LQ�WKH�RYHUDOO�SKRQHWLF�RXWFRPH��7KLV�LV�GHILQHG�E\�WKH�IROORZLQJ�SULQFLSOH�

RI�SKRQHWLF�UHDOLVDWLRQ��

�

���� 7KH�SULQFLSOH�RI�SKRQHWLF�UHDOL]DWLRQ�RI�KHDG�GHSHQGHQF\�VWUXFWXUH��1DVXNDZD�������

����������������DE��1DVXNDZD�DQG�%DFNOH\�������������%DFNOH\�DQG�1DVXNDZD�������

� 'HSHQGHQWV��ZKLFK�DUH�QRW�QHFHVVDU\�IRU�VWUXFWXUDO�ZHOO�IRUPHGQHVV��DUH�SKRQHWLFDOO\�

PRUH�VDOLHQW�LQ�WHUPV�RI�WKHLU�PRGXODWHG�FDUULHU�VLJQDO�WKDQ�KHDGV��ZKLFK�DUH�LPSRUWDQW�

IRU�EXLOGLQJ�VWUXFWXUH��

,Q� WKH�SKRQRORJ\�SKRQHWLFV�PDSSLQJ�SURFHVV�� WKH� UHODWLYH� VDOLHQFH�RI� �GHSHQGHQW�� HOHPHQWV�

FRUUHVSRQGV� WR� WKH� UHODWLYHO\� ODUJH� PRGXODWLRQV� RI� WKH� FDUULHU� VLJQDO� ZLWK� ZKLFK� VDOLHQW�

HOHPHQWV�DUH�SKRQHWLFDOO\�UHDOLVHG��� 7KLV�LV�IRXQG�QRW�RQO\�LQ�VWUXFWXUHV�ZKLFK�FRQVLVW�RI�WZR�

㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌
�� +DUULV� ������� FODLPV� WKDW� WKH� FDUULHU� VLJQDO�PDNHV� LW� SRVVLEOH� IRU� OLQJXLVWLF�PHVVDJHV� WR� EH� KHDUG�
ZKLOH� WKH� HQHUJ\� DVVRFLDWHG� ZLWK� D� PRGXODWHG� FDUULHU� VLJQDO� FRQWDLQV� OLQJXLVWLFDOO\� FRQWUDVWLYH�
SURSHUWLHV�WKDW�DOORZ�D�OLVWHQHU�WR�UHFRJQLVH�PRUSKHPHV�ZRUGV��$V�GLVFXVVHG�LQ�2KDOD���������2KDOD�
DQG�.DZDVDNL�)XNXPRUL���������7UDXQP�OOHU��������������DQG�+DUULV���������������WKH�FDUULHU�VLJQDO�
LQ�VSHHFK�PDQLIHVWV�LWVHOI�DV�D�VFKZD�OLNH�TXDOLW\��ZKLFK�LV�FKDUDFWHUL]HG�E\�DQ�DEVHQFH�RI�FRQYHUJLQJ�
IRUPDQWV�LQ�LWV�SHULRGLF�VLJQDWXUH���7KH�VL]H�RI�WKH�PRGXODWLRQV�RI�WKLV�FDUULHU�VLJQDO�DUH�WKHQ�GHILQHG�
LQ�WHUPV�RI�DFRXVWLF�DWWULEXWHV�VXFK�DV�SHULRGLFLW\��DPSOLWXGH��VSHFWUDO�VKDSH��IXQGDPHQWDO�IUHTXHQF\�
DQG�GXUDWLRQ�WLPLQJ��
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HOHPHQWV�� EXW� DOVR� LQ� PRUH� FRPSOH[� VWUXFWXUHV� LQYROYLQJ� IXUWKHU� OHYHOV� RI� HPEHGGLQJ�� DV�

LOOXVWUDWHG�LQ���E��DQG���F��� �

��� 9DU\LQJ�VL]HV�RI�FDUULHU�VLJQDO�PRGXODWLRQ�LQ�FRPSOH[�YRZHO�VWUXFWXUHV

D� >X@ E� @ܥ< F� >R@

� � _$_� � � _$_� � � _$_�

_$_� � _8_� _$_� � _8_� _$_� � _$_�

� � _8_� � _$_� � � _$_� � _8_�

)RU�H[DPSOH��WKH�PLG�YRZHOV�>ܥ@�DQG�>R@�KDYH�FRPSOH[�VWUXFWXUHV�LQ�ZKLFK�WKHLU�FRQVWLWXHQW�

HOHPHQWV�_$_�DQG�_8_�IRUP�DV\PPHWULF�UHODWLRQV��,Q�WKLV�PRGHO��XQOLNH�LQ�VWDQGDUG�*RYHUQPHQW�

3KRQRORJ\�� (OHPHQW� 7KHRU\� DQG� 'HSHQGHQF\� 3KRQRORJ\�� WKH� _$_�KHDGHG� VHW� RI� _$_�_8_� LV�

UHDOL]HG�DV� ��ZKHQ@ܥ< _$_� LV� D�GHSHQGHQW� DQG�DV� D� OHVV�RSHQ� >R@�ZKHQ� _8_� LV� D�GHSHQGHQW�� DV�

VKRZQ� LQ� ��E�� DQG� ��F�� UHVSHFWLYHO\� �ZKHUH� ODUJHU� FLUFOHV� GHQRWH� D� ELJJHU� FRQWULEXWLRQ� LQ�

WHUPV�RI�VDOLHQFH�E\�WKH�UHOHYDQW�HOHPHQW��� �

����5HSUHVHQWLQJ�FRQVRQDQWV��ODU\QJHDO�FRQWUDVWV�
,Q�3I3��WKH�µFRQVRQDQW¶�SRUWLRQ�RI�D�UHSUHVHQWDWLRQ�KDV�VWUXFWXUHV�VLPLODU�WR�WKDW�HPSOR\HG�

IRU� µYRZHOV¶�� DGKHULQJ� WR� WKH� VDPH� SULQFLSOH� RI� SKRQHWLF� UHDOL]DWLRQ� GHVFULEHG� LQ� ����� L�H���

GHSHQGHQWV�DUH�SKRQHWLFDOO\�PRUH�VDOLHQW�WKDQ�KHDGV�LQ�WHUPV�RI�FDUULHU�VLJQDO�PRGXODWLRQV�� �

$V�LQ�YRZHO�VWUXFWXUHV��WKHUH�LV�D�SDUDPHWULF�FKRLFH�RI�EDVHOLQH�HOHPHQW�LQ�D�µFRQVRQDQWDO¶�

GRPDLQ�� HLWKHU� _+_� �RU� µQRLVH¶�� LWV� DFRXVWLF� SDWWHUQ� FRQWDLQLQJ� KLJK�IUHTXHQF\� DSHULRGLF�

HQHUJ\��RU�_௧_��RU�µHGJH¶��LWV�DFRXVWLF�SDWWHUQ�LQYROYLQJ�DQ�DEUXSW�DQG�VXVWDLQHG�GURS�LQ�RYHUDOO�

DPSOLWXGH��� EXW� VLJQLILFDQWO\�� QRW� _/_� �RU� µPXUPXU¶�� LWV� DFRXVWLF� SDWWHUQ� EHLQJ� FKDUDFWHUL]HG�

E\�D�EURDG�UHVRQDQFH�SHDN�DW�WKH�ORZHU�HQG�RI�WKH�IUHTXHQF\�UDQJH���1DVXNDZD�DQG�%DFNOH\�

������� �

��� /DU\QJHDO�FRQWUDVWV�LQ�D�µFRQVRQDQWDO¶�GRPDLQ

D� >K@ E� DVSLUDWLRQ F� WUXH�YRLFLQJ G� QDVDOLW\

� � _+_� � � _+_� � � �_ݦ_

_+_� _+_� � _+_� _+_� � _/_� �_ݦ_ � _/_�

7KH�EDUH�EDVHOLQH�_+_�LQ���D��LV�UHDOL]HG�DV�>K@��ZKLFK�PDUNV�WKH�SUH�GHOHWLRQ�VWDJH�RQ�WKH�

OHQLWLRQ� WUDMHFWRU\� �+DUULV� ������ ��������� %XW� ZKHQ� EDVHOLQH� _+_� WDNHV� D� VHFRQG� _+_� DV� D�

GHSHQGHQW�� WKH� UHVXOWLQJ� VWUXFWXUDO� VHW� LV� UHDOL]HG� DV� DVSLUDWLRQ�� DV� VKRZQ� LQ� ��E��� WKLV�

UHSUHVHQWV�SRVLWLYH�927��ZKLFK�LV�DQ�H[DJJHUDWHG�IRUP�RI�EDVHOLQH�>K@��:KHQ�WKH�GHSHQGHQW�

LV�_/_��RQ�WKH�RWKHU�KDQG��WKH�FRPSOH[�VWUXFWXUH�LV�SKRQHWLFDOO\�UHDOL]HG�DV�REVWUXHQW�YRLFLQJ��

�� .81,<$�1$68.$:$



DV� VKRZQ� LQ� ��F��� WKLV� FRUUHVSRQGV� WR� QHJDWLYH� 927�� ZKLFK� LV� D�PRUH� VDOLHQW� IRUP� RI� _/_�

�1DVXNDZD�������� �

1RWH�WKDW�WKH�HGJH�HOHPHQW�_௧_�FDQ�DOVR�VHUYH�DV�WKH�EDVHOLQH�LQ�µFRQVRQDQWDO¶�H[SUHVVLRQV�

EHFDXVH� OLNH� _+_�� EXW� XQOLNH� _/_�� _௧_� LV� LQKHUHQWO\� YRLFHOHVV� �%DFNOH\� DQG� 1DVXNDZD� ������

������%DFNOH\� ������ DQG� WKHUHIRUH� SURGXFHV� D� VLJQLILFDQW�PRGXODWLRQ� RI� WKH� FDUULHU� VLJQDO�

�ZKLFK�LV�LQKHUHQWO\�YRLFHG���:KHQ�_/_�LV�QRW�D�GHSHQGHQW�RI�_+_��WKHQ�WKH�ZKROH�H[SUHVVLRQ�RI�

WKH� GRPDLQ� LV� SKRQHWLFDOO\� UHDOL]HG� DV� D� QDVDO� FRQVRQDQW�� DV� LQ� ��G��� 2Q� WKH� RWKHU� KDQG��

REVWUXHQW�YRLFLQJ�FRPHV�IURP�_/_�DV�D�GHSHQGHQW�RI�EDVHOLQH�_+_��1DVXNDZD��������������� �

�

����5HSUHVHQWLQJ�V\OODEOH�VL]HG�VWUXFWXUH�
:LWK�UHVSHFW�WR�WKH�KLHUDUFKLFDO�VWUXFWXUH�ZKLFK�IRUPV�D�&�GRPDLQ��LW�LV�W\SLFDOO\�KHDGHG�

E\�HLWKHU� _+_�RU� ���DV�GHVFULEHG�DERYH��1RZ_ݦ_ OHW�XV� WXUQ� WR� WKH� UHODWLRQ�EHWZHHQ� WKH�&��DQG�

9�GRPDLQV��,Q�3I3��WKH�&�GRPDLQ��ZKLFK�FDXVHV�D�VLJQLILFDQW�PRGXODWLRQ�RI�WKH�FDUULHU�VLJQDO��

ZKLFK� LV� LQKHUHQWO\� YRLFHG�� LV� GRPLQDWHG�E\� D�9�GRPDLQ� FRPSULVLQJ�YRZHO� HOHPHQWV��7KLV�

FRQIRUPV�WR�WKH�SULQFLSOH�RI�SKRQHWLF�UHDOL]DWLRQ�RI�KHDG�GHSHQGHQF\�VWUXFWXUH�LQ������ZKLFK�

SUHVFULEHV�WKDW�GHSHQGHQWV�DUH�SKRQHWLFDOO\�PRUH�VDOLHQW�WKDQ�KHDGV�LQ�WHUPV�RI�FDUULHU�VLJQDO�

PRGXODWLRQV�� �

���� 7KH�VWUXFWXUH�RI�>ܳL@�LQ�YRLFLQJ�ODQJXDJHV��1DVXNDZD�HW�DO�������DQG�UHIHUHQFHV�WKHUHLQ��

� � � � � _$_�

� � � � � � � � � � � _,_� � _$_�

� � � � � � � � � � � _+_� � _,_� � � � 9�GRPDLQ�

� � � � � � � � _8_� � _+_�

� � � � �_ݦ_ � � _8_� � &�GRPDLQ�� �

� � � � � � � � _/_� � � �_ݦ_ �
� � � &�GRPDLQ�!�9�GRPDLQ�LQ�WHUPV�RI�WKH�GHJUHH�RI�FDUULHU�VLJQDO�PRGXODWLRQV�

�

㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌
�� ,Q� DGGLWLRQ�� LW� VKRXOG� EH� QRWHG� WKDW� _/_�PDQLIHVWV� LWVHOI� DV� QDVDOLW\� HYHQ�ZKHQ� _௧_� LV� DEVHQW�� DV�

LOOXVWUDWHG�LQ��D���:LWKRXW�_௧_�DQG�_+_��WKH�SKRQHWLF�RXWFRPH�RI�_/_�FRQWULEXWHV�WR�WKH�9�GRPDLQ��L�H���LW�
UHSUHVHQWV�WKH�QDVDO�UHVRQDQFH�LQ�D�QDVDO�LVHG��YRZHO��DV�LQ��E��� �

D�� � >�×�@� � � � � E�� QDVDO�YRZHO�>m@�

�
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���7RQDO�UHSUHVHQWDWLRQV�LQ�3UHFHGHQFH�IUHH�3KRQRORJ\�

����5HSUHVHQWLQJ�WRQHV�

� )ROORZLQJ� DUJXPHQWV� LQ� +DOOH� DQG� 6WHYHQV� ������� DQG� +DOOH� �������� 3I3� IROORZV�

VWDQGDUG�(OHPHQW�7KHRU\� �+DUULV�������%DFNOH\�������.XOD������� LQ�H[SORLWLQJ� _/_� DQG� _+_�

QRW�RQO\�DV�XQLWV� IRU� H[SUHVVLQJ�SKRQDWLRQ�FRQWUDVWV� ��D��EXW� DOVR�DV� WRQDO�XQLWV� ��E��� VLQFH�

SKRQDWLRQ�FRQWUDVWV�DQG�WRQH�DUH�ERWK�DVVRFLDWHG�ZLWK�ODU\QJHDO�VRXUFH�DFWLYLWLHV�� �

���� _/_� DQG� _+_� DQG� WKHLU� SKRQHWLF� FRUUHODWHV� �+DUULV� ������ %DFNOH\� ������ FI�� +DOOH� DQG�

6WHYHQV�������1DVXNDZD�DQG�%DFNOH\�������
� D�� � � � � � � � � &RQVRQDQWV� E�� � � � � � � � � � � 9RZHOV�

� UHDOL]DWLRQ� DUWLFXODWRU\�H[HFXWLRQ� UHDOLVDWLRQ� DUWLFXODWRU\�H[HFXWLRQ

_/_� �WUXO\��YRLFHG� VODFN�YRFDO�FRUGV� ORZ�WRQH��SLWFK� VODFN�YRFDO�FRUGV�

_+_� YRLFHOHVV� VWLII�YRFDO�FRUGV� KLJK�WRQH��SLWFK� VWLII�YRFDO�FRUGV�
�
$V�����VKRZV��WKH�GLIIHUHQFH�EHWZHHQ�SKRQDWLRQ�DQG�WRQDO�FRQWUDVWV�FRPHV�GRZQ�WR�ZKHWKHU�

_/_�_+_� LV� DVVRFLDWHG� ZLWK� D� FRQVRQDQW� H[SUHVVLRQ� RU� D� YRZHO� H[SUHVVLRQ�� 7KH� VWURQJ�

FRUUHODWLRQV� EHWZHHQ� YRLFLQJ� DQG� ORZ� WRQH� DQG� EHWZHHQ� YRLFHOHVVQHVV� DQG� KLJK� WRQH� DUH�

FRQILUPHG�E\�DQDO\VHV�RI�WRQRJHQHVLV��<LS�������%DR������DQG�RWKHUV��� �

� 0RGHOV� ZKLFK� XVH� WKH� HOHPHQWV� _/_� DQG� _+_� IROORZ� RWKHU� DSSURDFKHV� WR� WRQDO�

UHSUHVHQWDWLRQ�LQ�WKDW�WKH\�DVVXPH�_/_�DQG�_+_�PXVW�EH�OLQHDUO\�RUJDQL]HG�LQ�RUGHU�WR�DFFRXQW�

IRU�SKHQRPHQD� LQFOXGLQJ� WRQH�VDQGKL�� HYHQ� WKRXJK� WKH\�DUH� WKRXJKW� WR� UHVLGH�RQ� WKHLU�RZQ�

DXWRVHJPHQWDO� WLHU�V�� �*ROGVPLWK� ������ +\PDQ� ����� DQG� RWKHUV��� +RZHYHU�� 3I3� IRUPDOO\�

H[FOXGHV�DOO� UHIHUHQFH� WR�SUHFHGHQFH� UHODWLRQV��ZKLFK� UDLVHV� WKH�TXHVWLRQ�RI�KRZ� WKH� WKHRU\�

KDQGOHV� WRQDO� UHSUHVHQWDWLRQV�� 7KH� DQVZHU� GHYHORSHG� KHUH� LV� WKDW�� OLNH� WKH� PHORGLF�

UHSUHVHQWDWLRQV� GLVFXVVHG� LQ� VHFWLRQ� ��� WKH� WRQDO� FDWHJRULHV� _/_� DQG� _+_� DOVR� HQWHU� LQWR�

DV\PPHWULF�UHODWLRQV�DQG�IRUP�KLHUDUFKLFDO�VWUXFWXUH�� �

� 8QOLNH� WKH�&�GRPDLQ� GLVFXVVHG� LQ� VHFWLRQ� ����� _/_� LV� DVVXPHG� WR� EH� WKH� EDVHOLQH� RI� D�

WRQDO�H[SUHVVLRQ�� WKLV�VWHPV�IURP�WKH�REVHUYDWLRQ� WKDW� _/_� LV�PRUH�EDVLF�WKDQ� _+_� LQ�WHUPV�RI�

SKRQRORJLFDO�PDUNHGQHVV� �DOWKRXJK� WKLV� GRHV� QRW� H[FOXGH� WKH� RSSRVLWH� FDVH���2Q� WKLV� EDVLV�

��D��VKRZV�D�EDUH�_/_�DV�WKH�WRQDO�EDVHOLQH�� �

�� .81,<$�1$68.$:$



���� 7RQDO�FRQWUDVWV�LQ�3I3�

� D�� ORZ�WRQH� � � � � E�� KLJK�WRQH�� � � � F�� ULVLQJ�WRQH��/+�� � G�� � IDOOLQJ�WRQH��+/��

� � � � � � _/_� � � � _/_� � � � � � � _/_�

� � _/_� � _/_� � _+_� � _/_� � _+_� � � � � _/_� � _/_�

� � � � � � � � _+_� � _/_� � � � � � _/_� � _+_�

2Q�WKH�RWKHU�KDQG��ZKHQ�EDVHOLQH�_/_�WDNHV�_+_�DV�D�GHSHQGHQW��WKH�UHVXOWLQJ�FRPSOH[�VWUXFWXUH�

LV�SKRQHWLFDOO\� UHDOL]HG�DV�KLJK� WRQH��DV� LQ� ��E���ZKHUH� WKH�DFRXVWLF�VLJQDWXUH�RI�KHDG� _/_� LV�

RYHUULGGHQ�E\�WKDW�RI�_+_�VLQFH�WKH�GHSHQGHQW�_+_�LV�PRUH�VDOLHQW�WKDQ�LWV�KHDG�_/_�LQ�WHUPV�RI�

WKH�GHJUHH�RI�FDUULHU�VLJQDO�PRGXODWLRQ��,W�LV�DOVR�SRVVLEOH�IRU�D�VWUXFWXUH�ZLWK�WKH�EDVHOLQH�_/_�

WR� WDNH� D� VHFRQG� _/_�� 7KH� UHVXOWLQJ� H[SUHVVLRQ�PD\� WKHQ� EH� UHDOL]HG� DV� ORZ� WRQH��ZKLFK� LV�

ORZHU�WKDQ�WKH�SKRQHWLF�PDQLIHVWDWLRQ�RI�WKH�VROH�_/_�LQ���D���,W�LV�DVVXPHG�WKDW�WKLV�ORZ�WRQH�

ZLWK�D�GHSHQGHQW�_/_�LV�HPSOR\HG�LQ�ODQJXDJHV�ZLWK�OHYHO�WRQHV�� �

� 5HJDUGLQJ�WRQDO�FRQWRXUV��,�DVVXPH�WKDW�ULVLQJ�/+�LV�WKH�SKRQHWLF�PDQLIHVWDWLRQ�RI�WKH�

_+_�KHDGHG�>+/@�VHW�ZKLFK�LV�D�GHSHQGHQW�RI�WKH�EDVHOLQH�_/_��DV�VKRZQ�LQ���F���+HUH�WKH�PRVW�

GHHSO\� HPEHGGHG� GHSHQGHQW� _/_� LV� SKRQHWLFDOO\� UHDOL]HG� EHIRUH� LWV� KHDG� _+_� �FI�� 1DVXNDZD�

������1DVXNDZD� HW� DO�� ������� %\� FRQWUDVW�� IDOOLQJ�+/� LV� WKH� SKRQHWLF�PDQLIHVWDWLRQ� RI� WKH�

_/_�KHDGHG� >/+@� VHW�ZKLFK� LV� D� GHSHQGHQW� RI� WKH� EDVHOLQH� _/_�� DV� LQ� ��G���1RWH� WKDW� LQ� ERWK�

FDVHV��WKH�PRVW�GHHSO\�HPEHGGHG�HOHPHQW�LV�SKRQHWLFDOO\�WKH�PRVW�VDOLHQW��*LYHQ�WKLV��RWKHU�

WRQDO�W\SHV�PD\�EH�UHSUHVHQWHG�E\�H[WHQGLQJ�WKH�VWUXFWXUH�EXLOGLQJ�SDWWHUQV�LQ������,Q�WKH�QH[W�

VHFWLRQ��WKH�GLVFXVVLRQ�PRYHV�RQ�WR�FRQVLGHU�ZKHUH�WKH�WRQDO�GRPDLQ�LV�ORFDWHG�ZLWKLQ�3I3¶V�

KLHUDUFKLFDO�VWUXFWXUH��

�

����/RFDWLQJ�WKH�WRQDO�GRPDLQ�LQ�KLHUDUFKLFDO�VWUXFWXUH�
� 7RQHV�GLVSOD\�D�VWURQJ�FRUUHODWLRQ�ZLWK�YRZHOV�EHFDXVH�WKH\�DUH�SKRQHWLFDOO\�UHDOL]HG�

RQ�YRZHOV��7KHUH�DUH� WKHUHIRUH� WKUHH�FDQGLGDWHV� IRU� WKH� ORFDWLRQ�RI� WKH� WRQDO�GRPDLQ��HLWKHU�

��D��WKH�SRVLWLRQ�ZKLFK�GRPLQDWHV�WKH�9�GRPDLQ��RU���E��WKH�SRVLWLRQ�ZKLFK�LV�GRPLQDWHG�E\�

WKH�9�GRPDLQ�DQG�GRPLQDWHV�WKH�&�GRPDLQ��RU���F��WKH�SRVLWLRQ�ZKLFK�LV�GLUHFWO\�GRPLQDWHG�

E\�WKH�KHDG�RI�WKH�9�GRPDLQ��_$_��EXW�KDV�QR�GHSHQGHQW�GRPDLQ�� �
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���� 7ZR�FDQGLGDWHV�IRU�WKH�ORFDWLRQ�RI�WKH�WRQDO�GRPDLQ�

� � � � � � � � � � � � � D��

� � � � � _$_� � � � � _/_�

� � � � � � � E�� � � _,_� � _$_� � F�� � _/_� � _+_� � WRQDO�GRPDLQ�

� � � � � � � � � � � _+_� � _,_� � � � 9�GRPDLQ�

� � � � � � � � _8_� � _+_�

� � � � �_ݦ_ � � _8_� � &�GRPDLQ�� �

� � � � � � � � _/_� � � �_ݦ_ �

� )LUVW� FRQVLGHU� ��E�� DQG� ��F��� ZKLFK� DUH� ERWK� GRPLQDWHG� E\� WKH� 9�GRPDLQ�� ,I� WKH�

H[LVWHQFH�RI�YRZHO�VWUXFWXUH�LV�D�SUHUHTXLVLWH�IRU�WKH�H[LVWHQFH�RI�SKRQRORJLFDO�WRQH��WKHQ�ERWK�

��E��DQG���F��PD\�EH�VXLWDEOH�FDQGLGDWH�ORFDWLRQV�VLQFH�WKH\�DUH�ERWK�VWUXFWXUDOO\�GRPLQDWHG�

E\� WKH� 9�GRPDLQ�� 7KH� RQO\� GLIIHUHQFH� EHWZHHQ� ��E�� DQG� ��F�� LV� ZKHWKHU� WKH\� KDYH�

GHSHQGHQW�V��RU�QRW����E��W\SLFDOO\�KDV�DQ�DVVRFLDWHG�&�GRPDLQ�ZKLOH���F��KDV�QR�GHSHQGHQW�

GRPDLQ��+RZHYHU����E��GRHV�QRW�VHHP�DQ�DSSURSULDWH�ORFDWLRQ�IRU�WKH�WRQDO�GRPDLQ�EHFDXVH�

WKH�GRPDLQ�ZKLFK�LQWHUYHQHV�EHWZHHQ�WKH�&��DQG�9�GRPDLQV�PXVW�EH�VWUXFWXUDOO\�WUDQVSDUHQW�

LQ� RUGHU� WR� IDFLOLWDWH� D� UDQJH� RI� FRPPRQ� DVVLPLODWRU\� SURFHVVHV� VXFK� DV� SDODWDOL]DWLRQ� DQG�

YHODULVDWLRQ�EHWZHHQ� WKH�&�GRPDLQ� �µRQVHW¶�� DQG� WKH�9�GRPDLQ� �µQXFOHXV¶��� 3RVLWLRQLQJ� WKH�

WRQDO� GRPDLQ� LQ� WKH� ��E�� ORFDWLRQ� FRXOG� KLQGHU� WKH� DSSOLFDWLRQ� RI� SURFHVVHV� VXFK� DV�

DVVLPLODWLRQ�EHWZHHQ�&�DQG�9��%\�FRQWUDVW��QR�VXFK�SUREOHP�DULVHV�ZLWK�WKH�ORFDWLRQ�LQ���F��� �

� 1H[W�FRQVLGHU���D���ZKLFK�LV� WKH�SRVLWLRQ�GRPLQDWLQJ�WKH�9�GRPDLQ��,Q�FRQWUDVW�WR�WKH�

DERYH�� LI� WKH� JUDPPDWLFDO� SURSHUWLHV� RI� WRQHV� FRQWURO� WKH� EHKDYLRXU� DQG� TXDOLW\� RI� YRZHOV��

WKHQ� ��D�� ZRXOG� EH� DQ� DSSURSULDWH� ORFDWLRQ� IRU� WKH� WRQDO� GRPDLQ� VLQFH� WKH� 9�GRPDLQ� LV�

GRPLQDWHG� E\� WKH� WRQDO� GRPDLQ�� )XUWKHUPRUH�� WKLV� VWUXFWXUH� GRHV� QRW� SUHYHQW� DVVLPLODWLRQ�

SURFHVVHV�IURP�WDNLQJ�SODFH�EHWZHHQ�WKH�&��DQG�9�GRPDLQV�� �

� $W� WKLV�VWDJH� LQ� WKH�VWXG\�RI� WRQDO�UHSUHVHQWDWLRQ� LQ�3I3��ZH�PD\�SURYLVLRQDOO\� UHJDUG�

��D��DQG���F��DV�ERWK�EHLQJ�SRWHQWLDO�ORFDWLRQV�IRU�WKH�WRQDO�GRPDLQ��:H�PD\�DVVXPH�WKDW���D��

LV� DSSURSULDWH� IRU� UHJLVWHU� WRQHV�� ZKLFK� DUH� W\SLFDOO\� IRXQG� LQ� %DQWX� ODQJXDJHV�� EHFDXVH�

UHJLVWHU� WRQHV� W\SLFDOO\� GLVSOD\� FRPSOH[� WRQDO� LQWHUDFWLRQV� LQGHSHQGHQWO\� RI� VHJPHQWDO�

VWUXFWXUH�EXW�DUH� WULJJHUHG�E\�JUDPPDWLFDO� �PDUNLQJ��UHTXLUHPHQWV��2Q� WKH�RWKHU�KDQG�� ��F��

PD\�EH� VXLWDEOH� IRU� WKH�FRQWRXU� WRQHV� WKDW� DUH� W\SLFDOO\�REVHUYHG� LQ� ODQJXDJHV� OLNH�PRGHUQ�

&KLQHVH� GLDOHFWV�� EHFDXVH� WKH\� DUH� OH[LFDO� SURSHUWLHV� ZKLFK� H[SUHVV� VHPDQWLF� FRQWUDVWV�� $�

VLPLODU� DUJXPHQW� LV� IRXQG� LQ� WKH� OLWHUDWXUH� �+XDQJ� ������ &OHPHQWV� ������ +\PDQ� ������

0DQIUHGL�������6QLGHU�DQG�YDQ�GHU�+XOVW�������LQ�WKH�FRQWH[W�RI�DXWRVHJPHQWDO�SKRQRORJ\��

,Q�RUGHU�WR�YDOLGDWH�WKLV�VXJJHVWLRQ��IXUWKHU�LQYHVWLJDWLRQ�LV�UHTXLUHG�� �
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���6XPPDU\�
� 7KLV� SDSHU� KDV� H[SORUHG� WKH� IRUPDO� UHSUHVHQWDWLRQ� RI� WRQDO� H[SUHVVLRQV� LQ�

3UHFHGHQFH�IUHH�3KRQRORJ\��7KLV�DSSURDFK�HPSOR\V�WKH�SULYDWLYH�ODU\QJHDO�HOHPHQWV�_/_�DQG�

_+_�DV�WRQDO�XQLWV��+DUULV�������%DFNOH\��������EXW�UDWKHU�WKDQ�PDNLQJ�XVH�RI�DXWRVHJPHQWDO�

WLHUV��LW�DVVXPHV�WKDW�_/_�DQG�_+_�HQWHU�LQWR�DV\PPHWULF��KHDG�GHSHQGHQF\��UHODWLRQV�DQG�IRUP�

KLHUDUFKLFDO�VWUXFWXUH��,Q�D�WRQDO�H[SUHVVLRQ��_/_�LV�UHJDUGHG�DV�WKH�VWUXFWXUDO�EDVHOLQH��ZLWK�D�

VROH� _/_� EHLQJ�SKRQHWLFDOO\� UHDOL]HG�DV� ORZ� WRQH��7KHQ��ZKHQ� WKH�EDVHOLQH� _/_� WDNHV� _+_� DV� D�

GHSHQGHQW�� WKH� UHVXOWLQJ� FRPSOH[� VWUXFWXUH� LV� SKRQHWLFDOO\� UHDOL]HG� DV� KLJK� WRQH� �VLQFH� WKH�

DFRXVWLF�VLJQDWXUH�RI�WKH�KHDG�_/_�LV�PDVNHG�E\�WKDW�RI�WKH�GHSHQGHQW�_+_��ZKLFK�LV�DFRXVWLFDOO\�

PRUH�SURPLQHQW�LQ�WHUPV�RI�WKH�GHJUHH�RI�LWV�FDUULHU�VLJQDO�PRGXODWLRQV���:LWK�UHVSHFW�WR�WRQDO�

FRQWRXUV��IRU�H[DPSOH��ULVLQJ�/+�LV�WKH�SKRQHWLF�RXWFRPH�RI�WKH�_+_�KHDGHG�>+/@�VHW��ZKHUH�

WKH�PRVW�GHHSO\�HPEHGGHG�GHSHQGHQW� _/_� LV�SKRQHWLFDOO\� LQWHUSUHWHG�EHIRUH� LWV�KHDG� _+_��2Q�

WKH�RWKHU�KDQG��IDOOLQJ�+/�LV�WKH�SKRQHWLF�RXWFRPH�RI�WKH�_/_�KHDGHG�>/+@�VHW��ZKHUH�WKH�PRVW�

GHHSO\�HPEHGGHG�GHSHQGHQW�_+_�LV�UHDOL]HG�EHIRUH�LWV�KHDG�_/_��2WKHU�W\SHV�RI�WRQDO�H[SUHVVLRQ�

DUH�KLHUDUFKLFDOO\�UHSUHVHQWHG�E\�H[WHQGLQJ�WKLV�OLQH�RI�DUJXPHQW�� �

� 5HJDUGLQJ�WKH�ORFDWLRQ�RI�WKH�WRQDO�GRPDLQ�ZLWKLQ�3I3¶V�KLHUDUFKLFDO�VWUXFWXUH��WKHUH�DUH�

WZR�SRVVLELOLWLHV�� �L�� WKH�SRVLWLRQ�GRPLQDWLQJ�D�9�GRPDLQ�DQG��LL�� WKH�GHSHQGHQW�SRVLWLRQ�RI�

WKH�KHDG�RI�D�9�GRPDLQ��,W� LV�DVVXPHG�WKDW��L�� LV�IRU�UHJLVWHU� WRQHV�W\SLFDOO\�IRXQG�LQ�%DQWX�

ODQJXDJHV�� ZKLOH� �LL�� LV� IRU� FRQWRXU� WRQHV� W\SLFDOO\� REVHUYHG� LQ� ODQJXDJHV� OLNH� PRGHUQ�

&KLQHVH�GLDOHFWV�� �

� 7KLV�SDSHU�LV�PHUHO\�D�ILUVW�DWWHPSW�WR�UHSUHVHQW�WRQHV�LQ�3I3��7R�GHWHUPLQH�ZKHWKHU�WKH�

SURSRVHG� VWUXFWXUH� IRU� WRQDO� SDWWHUQV� LV� SV\FKRORJLFDOO\� UHDO� RU� QRW�� IXUWKHU� LQYHVWLJDWLRQ� LV�

QHHGHG�LQ�FRQMXQFWLRQ�ZLWK�FURVV�OLQJXLVWLF�UHVHDUFK�QRW�RQO\�RQ�WRQH�ODQJXDJHV�EXW�DOVR�RQ�

RWKHU�ODQJXDJH�W\SHV�ZKLFK�HPSOR\�WRQH��VXFK�DV�SLWFK�DFFHQW�ODQJXDJHV�� �

�

5HIHUHQFHV�

%DFNOH\��3KLOOLS��������$Q�LQWURGXFWLRQ�WR�(OHPHQW�7KHRU\��(GLQEXUJK��(GLQEXUJK�8QLYHUVLW\�

3UHVV��

%DFNOH\�� 3KLOOLS� DQG� .XQL\D� 1DVXNDZD�� ����E�� 5HSUHVHQWLQJ� ODELDOV� DQG� YHODUV�� D� VLQJOH�

µGDUN¶�HOHPHQW��3KRQRORJLFDO�6WXGLHV������±����

%DFNOH\�� 3KLOOLS� DQG� .XQL\D� 1DVXNDZD�� ������ 5HFXUVLRQ� LQ� PHORGLF�SURVRGLF� VWUXFWXUH��

0RUSKHPH�LQWHUQDO�UHFXUVLRQ�LQ�SKRQRORJ\��HG��E\�.XQL\D�1DVXNDZD����±����%RVWRQ�

DQG�%HUOLQ��0RXWRQ�GH�*UX\WHU��

%DR�� =KL�0LQJ�� ������2Q� WKH� VWDWXV� RI� WRQH�� 3K�'�� GLVVHUWDWLRQ��0DVVDFKXVHWWV� ,QVWLWXWH� RI�

7HFKQRORJ\��
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&KRPVN\��1RUP�DQG�0RUULV�+DOOH��������7KH�VRXQG�SDWWHUQ�RI�(QJOLVK��1HZ�<RUN��+DUSHU�

DQG�5RZ��

&OHPHQWV��*HRUJH�1��������7RQH�DQG�V\QWD[�LQ�(ZH��(OHPHQWV�RI�WRQH��VWUHVV�DQG�LQWRQDWLRQ��

HG��E\�'RQQD�-R�1DSROL����±����:DVKLQJWRQ��'�&���*HRUJHWRZQ�8QLYHUVLW\�3UHVV��

*ROGVPLWK��-RKQ��������$XWRVHJPHQWDO�SKRQRORJ\��3K�'��GLVVHUWDWLRQ��0,7��

*ROGVPLWK��-RKQ��������$XWRVHJPHQWDO�DQG�PHWULFDO�SKRQRORJ\��2[IRUG��%ODFNZHOO��

+DOOH��0RUULV��������6RPH�FRQVHTXHQFHV�RI�WKH�UHSUHVHQWDWLRQ�RI�ZRUGV�LQ�PHPRU\��/LQJXD�

�������±�����

+DOOH��0RUULV�DQG�.HQQHWK�6WHYHQV��������$�QRWH�RQ�ODU\QJHDO�IHDWXUHV��4XDUWHUO\�3URJUHVV�

5HSRUW���������±�����&DPEULGJH��0$��5HVHDUFK�/DERUDWRU\�RI�(OHFWURQLFV��0,7��

+DUULV��-RKQ��������(QJOLVK�VRXQG�VWUXFWXUH��2[IRUG��%ODFNZHOO��

+DUULV��-RKQ��������7KH�SKRQRORJ\�RI�EHLQJ�XQGHUVWRRG��)XUWKHU�DUJXPHQWV�DJDLQVW�VRQRULW\��

/LQJXD���������������±������ �

+DUULV��-RKQ��������:K\�ILQDO�GHYRLFLQJ� LV�ZHDNHQLQJ��6WUHQJWK�UHODWLRQV� LQ�SKRQRORJ\��HG��

E\� .XQL\D� 1DVXNDZD� DQG� 3KLOOLS� %DFNOH\�� �±���� %HUOLQ� DQG� 1HZ�<RUN��0RXWRQ� GH�

*UX\WHU�� �

+RIIPDQ��&DUO��������$�JUDPPDU�RI�WKH�0DUJL�ODQJXDJH��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��

+XDQJ�� &KHQJ�7KH� -DPHV�� ������ 7KH� PHWULFDO� VWUXFWXUH� RI� WHUUDFHG�OHYHO� WRQHV�� &DKLHUV�

/LQJXLVWLTXHV� G
2WWDZD�� 3URFHHGLQJV� RI� WKH� ��WK� FRQIHUHQFH� RI� WKH� 1RUWK� (DVWHUQ�

/LQJXLVWLF�6RFLHW\��HG��-RKQ�7��-HQVHQ�����±�����

+\PDQ�� /DUU\� 0�� ������ 7KH� UHSUHVHQWDWLRQ� RI� PXOWLSOH� WRQH� KHLJKWV�� 7KH� SKRQRORJLFDO�

UHSUHVHQWDWLRQ� RI� VXSUDVHJPHQWDOV�� HG�� E\� .RHQ� %RJHUV�� +DUU\� YDQ� GHU� +XOVW� DQG�

0DDUWHQ�0RXV�����±�����'RUGUHFKW��)RULV��

+\PDQ�� /DUU\� 0�� ������ 5HJLVWHU� WRQHV� DQG� WRQDO� JHRPHWU\�� 7KH� 3KRQRORJ\� RI� WRQH�� 7KH�

UHSUHVHQWDWLRQ�RI�WRQDO�UHJLVWHU��HG��E\�+DUU\�YDQ�GHU�+XOVW�DQG�.HLWK�6QLGHU����±�����

%HUOLQ�DQG�1HZ�<RUN��0RXWRQ�GH�*UX\WHU��

.DWDPED��)UDQFLV��������$Q�LQWURGXFWLRQ�WR�SKRQRORJ\��/RQGRQ�DQG�1HZ�<RUN��/RQJPDQ��

.XOD��1DQF\�&��������2Q�WKH�UHSUHVHQWDWLRQ�RI�WRQH�LQ�(OHPHQW�7KHRU\��6RXQG�VWUXFWXUH�DQG�

VHQVH�� 6WXGLHV� LQ� PHPRU\� RI� (GPXQG� *XVVVPDQQ�� HG�� E\� (XJHQLXV]� &\UDQ�� +HQU\N�

.DUGHOD�DQG�%RJGDQ�6]\PDQHN�����±�����/XEOLQ��:\GDZQLFWZR�.8/��

/LQ�� &KLKNDL�� ������ 'HFRPSRVLWLRQ� DQG� UHFXUVLYH� VWUXFWXUH�� *OLGH� IRUPDWLRQ� DQG� YRZHO�

ORZHULQJ�LQ�(DVW�$VLDQ�ODQJXDJHV��0RUSKHPH�LQWHUQDO�UHFXUVLRQ�LQ�SKRQRORJ\��HG��E\�

.XQL\D�1DVXNDZD�����±�����%RVWRQ�DQG�%HUOLQ��0RXWRQ�GH�*UX\WHU��

�� .81,<$�1$68.$:$



0DQIUHGL�� 9LFWRU�� ������ 6SUHDGLQJ� DQG� GRZQVWHS�� 3URVRGLF� JRYHUQPHQW� LQ� WRQH� ODQJXDJHV��

7KH�3KRQRORJ\�RI�WRQH��7KH�UHSUHVHQWDWLRQ�RI�WRQDO�UHJLVWHU��HG��E\�+DUU\�YDQ�GHU�+XOVW�

DQG�.HLWK�6QLGHU�����±�����%HUOLQ�DQG�1HZ�<RUN��0RXWRQ�GH�*UX\WHU��

1DVXNDZD��.XQL\D��������$�XQLILHG�DSSURDFK�WR�QDVDOLW\�DQG�YRLFLQJ��%HUOLQ�DQG�1HZ�<RUN��

0RXWRQ�GH�*UX\WHU��

1DVXNDZD��.XQL\D�� ������ )HDWXUHV� DQG� UHFXUVLYH� VWUXFWXUH��1RUGO\G� ������6SHFLDO� LVVXH� RQ�

IHDWXUHV��HG��E\�0DUWLQ�.UlPHU��6DQGUD�,XOLD�5RQDL�DQG�3HWHU�6YHQRQLXV���±����

1DVXNDZD�� .XQL\D�� ������ 5HFXUVLRQ� LQ� WKH� OH[LFDO� VWUXFWXUH� RI� PRUSKHPHV�� 5HSUHVHQWLQJ�

VWUXFWXUH� LQ� SKRQRORJ\� DQG� V\QWD[�� HG�� E\� 0DUF� YDQ� 2RVWHQGRUS� DQG� +HQN� YDQ�

5LHPVGLMN�����±�����%HUOLQ�%RVWRQ��0RXWRQ�GH�*UX\WHU��

1DXNDZD�� .XQL\D�� ������ $� SUHFHGHQFH�IUHH� DSSURDFK� WR� �GH��SDODWDOLVDWLRQ� LQ� -DSDQHVH��

*ORVVD�� $� -RXUQDO� RI� *HQHUDO� /LQJXLVWLFV� ������±���� '2,��

KWWS���G[�GRL�RUJ���������JMJO�����

1DVXNDZD��.XQL\D������D��7KH�SKRQHWLF�VDOLHQFH�RI�SKRQRORJLFDO�KHDG�GHSHQGHQW�VWUXFWXUH�

LQ�D�PRGXODWHG�FDUULHU�PRGHO�RI�VSHHFK��%H\RQG�PDUNHGQHVV�LQ�IRUPDO�SKRQRORJ\��HG��

E\�%ULGJHW�6DPXHOV�����±�����$PVWHUGDP��-RKQ�%HQMDPLQV�� �

1DVXNDZD�� .XQL\D�� ����E�� 7KH� UHODWLYH� VDOLHQFH� RI� FRQVRQDQW� QDVDOLW\� DQG� WUXH� REVWUXHQW�

YRLFLQJ�� 6RQLF� VLJQDWXUHV�� HG�� E\� *HRII� /LQGVH\� DQG� $QGUHZ� 1HYLQV�� ���±�����

$PVWHUGDP��-RKQ�%HQMDPLQV�� �

1DVXNDZD��.XQL\D�DQG�3KLOOLS�%DFNOH\��������+HDGV�DQG�FRPSOHPHQWV�LQ�SKRQRORJ\��$�FDVH�

RI�UROH�UHYHUVDO"�3KRQRORJLFDO�6WXGLHV�������±����

1DVXNDZD�� .XQL\D� DQG� 3KLOOLS� %DFNOH\�� ������ 5HSUHVHQWLQJ� PRUDLFLW\� LQ� 3UHFHGHQFH�IUHH�

3KRQRORJ\��3KRQRORJLFDO�6WXGLHV�������±����

1DVXNDZD��.XQL\D�DQG�3KLOOLS�%DFNOH\��������_+_�DQG�_/_�KDYH�XQHTXDO�VWDWXV��3KRQRORJLFDO�

6WXGLHV�������±����

1DVXNDZD�� .XQL\D�� 3KLOOLS� %DFNOH\�� <RVKLKR� <DVXJL� DQG� 0DVDWRVKL� .RL]XPL�� ������

&KDOOHQJLQJ� XQLYHUVDO� W\SRORJ\�� 5LJKW�HGJH� FRQVRQDQWDO� SURPLQHQFH� LQ� .DTFKLNHO��

-RXUQDO�RI�/LQJXLVWLFV�����������±�����KWWSV���GRL�RUJ���������6�����������������

2KDOD��-RKQ�-��DQG�+DUXNR�.DZDVDNL�)XNXPRUL��������$OWHUQDWLYHV�WR�WKH�VRQRULW\�KLHUDUFK\�

IRU�H[SODLQLQJ�VHJPHQWDO� VHTXHQWLDO�FRQVWUDLQWV��/DQJXDJH�DQG� LWV� HFRORJ\��(VVD\V� LQ�

PHPRU\�RI�(LQDU�+DXJHQ��7UHQGV�LQ�/LQJXLVWLFV��6WXGLHV�DQG�0RQRJUDSKV��9RO��������

HG��E\�6WLJ�(OLDVVRQ�DQG�(UQVW�+DNRQ�-DKU����������%HUOLQ��0RXWRQ�GH�*UX\WHU��

2KDOD�� -RKQ� -�� ������ $OWHUQDWLYHV� WR� WKH� VRQRULW\� KLHUDUFK\� IRU� H[SODLQLQJ� VHJPHQWDO�

VHTXHQWLDO�FRQVWUDLQWV��&/6��3DSHUV�IURP�WKH�SDUDVHVVLRQ�RQ�WKH�V\OODEOH�����±�����

5(35(6(17,1*�721(6�,1�35(&('(1&(�)5((�3+212/2*< ��



2QXPD��+LWRPL�DQG�.XQL\D�1DVXNDZD��������9HODU�VRIWHQLQJ�ZLWKRXW�SUHFHGHQFH�UHODWLRQV��

0RUSKHPH�LQWHUQDO� UHFXUVLRQ� LQ� SKRQRORJ\�� HG�� E\� .XQL\D� 1DVXNDZD�� ���±�����

%RVWRQ�DQG�%HUOLQ��0RXWRQ�GH�*UX\WHU��

6QLGHU��.HLWK�DQG�+DUU\�YDQ�GHU�+XOVW��������7KH�3KRQRORJ\�RI�WRQH��7KH�UHSUHVHQWDWLRQ�RI�

WRQDO� UHJLVWHU�� HG�� E\�+DUU\� YDQ� GHU� +XOVW� DQG�.HLWK� 6QLGHU�� �±���� %HUOLQ� DQG�1HZ�

<RUN��0RXWRQ�GH�*UX\WHU��

7UDXQP�OOHU��+DUWPXW��������&RQYHQWLRQDO��ELRORJLFDO�� DQG�HQYLURQPHQWDO� IDFWRUV� LQ� VSHHFK�

FRPPXQLFDWLRQ��$�PRGXODWLRQ�WKHRU\��3KRQHWLFD�������±�����

7UDXQP�OOHU�� +DUWPXW�� ������ 6SHHFK� FRQVLGHUHG� DV� PRGXODWHG� YRLFH�� 0V��� 6WRFNKROP�

8QLYHUVLW\��

<LS�� 0RLUD�� ������ 7KH� WRQDO� SKRQRORJ\� RI� &KLQHVH�� 3K�'�� GLVVHUWDWLRQ�� 0DVVDFKXVHWWV�

,QVWLWXWH�RI�7HFKQRORJ\��

�� .81,<$�1$68.$:$


