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)LJ ��&KHPLFDO�VWUXFWXUHV�RI�WKH�S\ULPLGLQH�QXFOHRVLGH��
�PRQRSKRVSKDWHV��803��G703��&03�DQG�SXULQH�QXFOHRVLGH��
�PRQRSKRVSKDWHV�$03�*03�,03��
7KH� PDLQ� 105� VSHFWURVFRSLF� SDUDPHWHUV� DUH�GHSHQGHQW�RQ� WKH� VHFRQG�RUGHU�PROHFXODU�SURSHUW\�WHQVRUV��� �7KH� 105� VKLHOGLQJ� WHQVRU� 1 �QXFOHDU�VSLQ�VSLQ�FRXSOLQJ� -� � FDQ�EH� DOO�ZULWWHQ� DV� VHFRQG�GHULYDWLYHV�RI�WKH�HQHUJ\��105�6KLOGLQJ���1  ���(��%�P�%���P���105�&RXSOLQJ���-� ���(��Q�P�Q���P��:KHUH� (� LV� WKH� HQHUJ\� RI� WKH� PROHFXOH�� %�H[WHUQDO�PDJQHWLF�ILHOG�(�HOHFWULF�LQWHQVLW\��DQG�Q�P�QXFOHDU� PDJQHWLF� PRPHQWV�6FDODU� SDUDPHWHUV3QP�DQG� 1 REVHUYDEOH� IRU� DQ� LVRWURSLF� PHGLXP� DUH�GHILQHG�DV�D�����RI�WKH�WUDFHV�RI�WKH�WHQVRUV�3 DQG�1�UHVSHFWLYHO\���,Q� WKLV� FRQWH[W� �ZH� UHSRUW� DE� LQLWLR� RSWLPL]HG�VWUXFWXUH�RI�WKH�VL[��QXFOHRWLGHV�XVLQJ�����J�EDVLV�VHW� DQG� +DUWUHH�)RFN� OHYHO� RI� WKHRU\� DQG� WKH�%�/<3� K\EULG� GHQVLW\� IXQFWLRQ� PHWKRG� DQG� WKH�

VWUXFWXUHV� ZDV� VXSSRUWHG� E\� FRPSDULQJ� WKH�PHDVXUHG� �+�105� VSHFWUD� WR� WKH� UHVXOWV� RI� DE�LQLWLR� JDXJH�LQYDULDQW� DWRPLF� RUELWDO� �*,$2���DQG�FRQWLQXRXV�VHW�RI�JDXJH�WUDQVIRUPDWLRQ�&6*7����FRPSXWDWLRQV� RI� FKHPLFDO� VKLIWV� XVLQJ� GHQVLW\�IXQFWLRQDO�WKHRU\�DW�WKH�%�/<3�����J�DQG�+)�����J�OHYHO�
0(7+2'6$OO� JHRPHWU\� RSWLPL]DWLRQV� KDYH� EHHQ� SHUIRUPHG�XVLQJ� ����J� EDVLV� VHW� �����DQG� WKH� +DUWUHH�)RFN�DQG� ')7� OHYHO� RI� WKHRU\� IRU� QXFOHRWLGHV� ZLWK�FKDUJH� DQG� PXOWLSLOLFLW\� ����� EXW� $E� LQLWLR�FDOFXODWLRQ�RI�*03�KDYH�EHHQ�GRQH�DW�8+)� OHYHO�ZLWK� FKDUJH� DQG� PXOWLSLOLFLW\� ����� � �7KH� %�/<3�K\EULG� GHQVLW\� IXQFWLRQDO�PHWKRG��ZLWK� DOORZV� IRU�
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HOHFWURQ�FRUUHODWLRQ��KDV�EHHQ�XVHG�DV�LQFRUSRUDWHG�LQ�WKH�*DXVVLDQ����SURJUDP��� �105� DQDO\VLV� KDYH� EHHQ� SHUIRUPHG� XVLQJ� ����J�EDVLV� VHW�DQG� WKH�%�/<3DQG�+)� OHYHOV�7KH�*,$2�� DQG� &6*7��� PHWKRGV� ZHUH� XVHG� WR�FDOFXODWH� WKH� VKLHOGLQJ� WHQVRUV� DW� WKH� %�/<3�����JDQG� +)�����J� OHYHO� RI� WKHRU\�� )RU� WKH�EDVLV�VHWV�XVHG�KHUH�LQ���GHQVLW\�IXQFWLRQDO�PHWKRGV�WHQG� WR� SUHGLFW� 105� YDOXHV� WKDW� DUH� GHVKLHOGHG�ZKHQ�FRPSDUHG�DQG�WR�+DUWUHH�)RFN�PHWKRGV�
5(68/7�$1'�',6&866,211DWXUDO� QXFOHRWLGHV� DOUHDG\� RIIHU� D� QXPEHU� RI�SRVVLEOV� FRQIRUPDWLRQ�� WKH� PRVW� HYLGHQW DPRQJ�WKHP� DUH� GHILQHG� E\� WKH� DQJOH� RI� WRUVLRQ� DERXW� WKH�JO\FRV\O� ERQG��� &RQVHTXHQWO\�� GLIIHUHQFHV� LQ� WKH�LQWHUDFWLRQ� RI�PHWDO� LRQV�ZLWK� SRO\QXFOHRWLGHV�PD\�DOVR� EH� UHODWHG� WR� WKH� LQIOXHQFH� WKDW� WKH� QDWXUH� DQG�RULHQWDWLRQ� RI� WKH� EDVH� KDYH� RQ� WKH� SRO\QXFOHRWLGH�EDFN� ERQH� FRQIRUPDWLRQ���� 7KH� VWUXFWXUHV� RI�QXFOHRWLGHV�KDYH�EHHQ�GHWHUPLQHG�H[SHULPHQWDOO\�LQ�WKH� VROLG� VWDWH������� 7KHVH� VWUXFWXUHV� DUH� FRPSDUHG�

ZLWK� WKRVH� SUHGLFWHG� IURP� DQ� +)�����J� DQG�%�/<3�����J�OHYHO�LQ�7DEOH���7KH� FRQIRUPDWLRQ� RI� WKH� VXJDU� ULQJ� LQ�QXFOHRWLGHV� DQG� QXFOHRVLGHV� FDQ� EH� H[DPLQHG� E\�XVLQJ�D�FRQFHSW�RI�SVHXGRURWDWLRQ��ZKLFK�XWLOL]HV�D�TXDQWLWDWLYH� GHVFULSWLRQ� RI� SXFNHULQJ� DQG�FRQIRUPDWLRQ� LQ� WHUPV� RI� WKH� PD[LPXP� WRUVLRQ�DQJOH��2P���DQG�WKH�³3KDVH�DQJOH´�RI�SVHXGRURWDWLRQ��3��� ZKLFK� LV� D� IXQFWLRQ� RI� WKH� LQWHUUHODWLRQVKLS�EHWZHHQ� WKH� ILYH� WRUVLRQ� DQJOHV�2��2��� LQ� WKH�QRQSODQDU� ILYH�PHPEHUHG� ULQJ����7KH�SKDVH�DQJOH��3�� DQG� WKH� PD[LPXP� SXFNHU�� 2P�� DUH� FDOFXODWHG�ZLWK�HT���DQG������WDQ3 �2��2����2��2����2��VLQ���VLQ���2� 2P FRV3$OO� WKH�SRVVLEOH�FRQIRUPDWLRQV�DUH�JURXSHG�LQWR�WZR� FDWHJRULHV�� 7\SH� 1�3 ������� RU� �
� HQGR� DQG�W\SH� 6�3 ��������� RU� �
� HQGR�&�
� H[R����:H� KDYH�WKHRUHWLFDO�FRPSXWHG�WKH�3�YDOXHV�IRU�DOO QXFOHRWLGHV�XVLQJ� %�/<3�����J� DQG� +)�����J� OHYHO� RQ� WKH�RSWLPL]HG�VWUXFWXUHV��7DEOH���
7DEOH��� 'LKHGUDO�DQJOHV�&03�803�G703��$03�*03�,03�DW�EDVLV�VHW�����J
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7KH� ULERIXUDQRVH� ULQJV� RI� QXFOHRVLGHV� DQG�QXFOHRWLGHV� DUH� SXFNHUHG�� XVXDOO\� LQWR� RQH� RI� WZR�SUHIHUUHG� FRQIRUPDWLRQV�� GHVFULEHG� DV� &�
�HQGR�&�
�HQGR���� $� PRUH� SUHFLVH� GHVFULSWLRQ� RI� WKH�ULERIXUDQRVH� FRQIRUPDWLRQ� LV� JLYHQ� E\� WKH� WRUVLRQ�DQJOHV� DERXW� HDFK� ERQG�� 7KH� RULHQWDWLRQ� RI� WKH�ULERVH�ULQJV�UHODWLYH�WR�WKH�SXULQH�EDVH�LV�JLYHQ��E\�WRUVLRQ��DQJOH�$&1 DERXW��WKH��JO\FRVLGLF��ERQG�IRU�WKH� VHTXHQFH� RI� DWRPV� &��1��&�
�2�
� DQG�

S\ULPLGLQH� EDVH� $&1� LV� GHILQHG� DV� WKH� &��1��&�
�2�
�WRUVLRQ�DQJOH������������5RWDWLRQV� DERXW� WKH� &�
�&�
� ERQG� DUH�GHVLJQDWHG�JDXFKH�JDXFKH�JJ��� JDXFKH�WUDQV�JW��RU�WUDQV�JXFKH� �WJ�� GHSHQGLQJ� RQ�ZKHWKHU� WKH� DQJOHV�3RR�2�
&�
&�
2�
��32&�2�
&�
&�
&�
��ZLOO� EH�QHDU����DQG��������DQG�����RU�����DQG�����UHVSHFWLYHO\����������7KHVH� VWUXFWXUHV� DUH� � FRPSDUHG� � ZLWK� � WKRVH��SUHGLFWHG��IURP�DQ�+)�����J��DQG�%�/<3�����J�EDVLV� LQ� 7DEOH� ����� � 7KH� RSWLPL]HG� JHRPHWULHV�REWDLQHG�IRU�QXFOHRWLGHV�DUH�JLYHQ�LQ�)LJXUH����7KH� UHVXOWV� RI� WKHVH� FDOFXODWLRQV� VKRZHG� WKDW�WKH� RULHQWDWLRQ� RI� WKH� EDVH� ZLWK� UHVSHFW� WR� WKH�JO\FRVLGLF� &�
�1�� ERQG� RI� WKH� SXULQH� EDVHV� ZHUH�DQWL� �EXW� WKH� WRUVLRQDO� DQJOH� IRU�$03�FRUUHVSRQGV�WR� V\Q� FRQIRUPDWLRQ� DW� %�/<3�����J� OHYHO� DQG�&�
�1��ERQG�RI�WKH�S\ULPLGLQH�EDVHV�ZHUH�V\Q��DQG��WKH�SXFNHULQJ�RI�WKH�ULERVH�ULQJ�LV�&�
�HQGR�DQG�WKH�FRQIRUPDWLRQ� DERXW� WKH� &�
�&�
� ERQG� LQ� WKH�*03�,03�803�&03�DUH�JXFKH�WUDQV��JW��DQG�WKH�G703�LV�WUDQV�JDXFKH��
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$�ERXW�LQWUDPOHFXODU�K\GURJHQ�ERQGLQJ�RI�WKH��
í2+�JURXS�RI�WKH�ULERVH�WR�WKH�1���RI�SXULQH�RU�WR�WKH���NHWR�RI�WKH�S\ULPLGLQHV���������WDEOH���VKRZ�WKH�+\GURJHQ�ERQGV�LQ�WKH�QXFOHRWLGHV�FDOFXODWHG�E\�WKH�+)�DQG�')7�PHWKRGV�
7DEOH��� +\GURJHQ�ERQGLQJ�QXFOHRWLGHV�LQ�+)�����J�DQG�%�/<3�����J�OHYHO

+\GURJHQ�%RQGLQJ G703+)�� %�/<3 $03+)�� %�/<3 *038+)�� %�/<3 ,03+)�� %�/<32�
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