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+RZHYHU�� WKH� PRVW� GHVLUDEOH� RQHV� DUH� WKH� GLHOHFWULF�FRQVWDQWV� LQ� WKH� ORZHU�HQG�RI�WKLV�UDQJH�WRJHWKHU�ZLWK�WKH�WKLFN� VXEVWUDWHV�� EHFDXVH� WKH\� SURYLGH� EHWWHU� HIILFLHQF\��ODUJHU�EDQGZLGWK��EXW�DW�WKH�H[SHQVH�RI�ODUJHU�HOHPHQW�VL]H�>�@���,Q�OLWHUDWXUH��DOPRVW�DOO�ZRUNV�KDYH�EHHQ�GRQH�E\�FKRRVLQJ�WKH� GLHOHFWULF� VXEWUDWH� WR�EH� LQ� LVRWURSLF� VWUXFWXUH�� ,Q� WKLV�ZRUN��WKH�$11�PRGHO�LV�FDSDEOH�RI�JLYLQJ�UHVXOWV�IRU�ERWK�LVRWURSLF� DQG� DQLVRWURSLF� VWUXFWXUHV� RI� WKH� GLHOHFWULF�VXEVWUDWH�� )RU� DQ� DQLVRWURSLF� VXEVWUDWH�� WKH� VSDFLQJ�SDUDPHWHU�K LV�UHSODFHG�E\�WKH�HIIHFWLYH�VSDFLQJ�KH DQG�WKH�
JHRPHWULF�PHDQ� JH LV�XVHG�IRU�WKH�GLHOHFWULF�FRQVWDQW UH �
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ZKHUH�ZNL� LV� WKH�ZHLJKW�RI� WKH� OLQN�EHWZHHQ� LWK�QHXURQ�RI�WKH� KLGGHQ� OD\HU� DQG� NWK� QHXURQ� RI� WKH� RXWSXW� OD\HU��7UDLQLQJ� SDUDPHWHUV�Z RI� WKH� 5%)� QHWZRUN� LQFOXGH�ZN��ZNL� FLM� LM� N ����«�P��L ����«��1��M ����«Q�>��@���

9��&21&/86,21�,Q� WKLV�ZRUN�� WKH�QHXUDO�QHWZRUN� LV�HPSOR\HG�DV�D�WRRO�LQ�GHVLJQ� RI� WKH� PLFURVWULS� DQWHQQDV�� ,Q� WKLV� GHVLJQ�SURFHGXUH�� V\QWKHVLV� LV� GHILQHG� DV� WKH� IRUZDUG� VLGH� DQG�WKHQ�DQDO\VLV�DV�WKH�UHYHUVH�VLGH�RI�WKH�SUREOHP��7KHUHIRUH�RQH� FDQ� REWDLQ� WKH� JHRPHWULF� GLPHQVLRQV� ZLWK� KLJK�DFFXUDF\��ZKLFK�DUH�WKH�OHQJWK�DQG�WKH�ZLGWK�RI�WKH�SDWFK�LQ�RXU�JHRPHWU\��DW�WKH�RXWSXW�RI�WKH�V\QWKHVLV�QHWZRUN�E\�LQSXWWLQJ� UHVRQDQW� IUHTXHQF\�� KHLJKW� DQG� GLHOHFWULF�FRQVWDQWV� RI� WKH� FKRVHQ� VXEVWUDWH�� )XUWKHUPRUH� LQ� RXU�ZRUN�� WKH� V\QWKHVLV� FDQ� DOVR� EH� DSSOLHG� LQWR� DQLVRWURSLF�GLHOHFWULF�VXEVWUDWH��,Q�WKLV�ZRUN�WKH�DQDO\VLV�LV�FRQVLGHUHG�DV� D� ILQDO� VWDJH� RI� WKH� GHVLJQ� SURFHGXUH�� WKHUHIRUH� WKH�SDUDPHWHUV� RI� WKH� DQDO\VLV�$11� QHWZRUN� DUH� GHWHUPLQHG�E\�WKH�GDWD�REWDLQHG�UHYHUVLQJ�WKH�LQSXW�RXWSXW�GDWD�RI�WKH�V\QWKHVLV�QHWZRUN��7KXV��UHVRQDQW�IUHTXHQF\�UHVXOWHG�IURP�WKH�V\QWKHVL]HG�DQWHQQD�JHRPHWU\�LV�H[DPLQHG�DJDLQVW�WKH�WDUJHW�LQ�WKH�DQDO\VLV�$11�QHWZRUN���)LQDOO\��LQ�WKLV�ZRUN��D JHQHUDO�GHVLJQ�SURFHGXUH� IRU� WKH�PLFURVWULS�DQWHQQDV� LV�VXJJHVWHG� XVLQJ� DUWLILFLDO� QHXUDO� QHWZRUNV� DQG� WKLV� LV�GHPRQVWUDWHG�XVLQJ�WKH�UHFWDQJXODU�SDWFK�JHRPHWU\���
5()(5(1&(6���� &��$��%DODQLV��$QWHQQD�7KHRU\��-RKQ�:LOH\�	�6RQV��,QF������������ ,��-��%DKO�DQG�3��%KDUWLD��0LFURVWULS�$QWHQQDV��$UWHFK�+RXVH��'HGKDP��0$����������� '��0��3R]DU��0LFURVWULS�$QWHQQDV��3URF�� ,(((��9RO������1R����SS��������-DQXDU\����������� ù�� 6D÷ÕUR÷OX�� .�� *�QH\�� &DOFXODWLRQ� RI� UHVRQDQW�IUHTXHQF\� IRU� DQ� HTXLODWHUDO� WULDQJXODU� PLFURVWULS�DQWHQQD� XVLQJ� DUWLILFLDO� QHXUDO�1HWZRUNV��0LFURZDYH�2SW��7HFKQRORJ\�/HWW���9RO������SS������������������ ù�� 6D÷ÕUR÷OX�� .�� *�QH\� DQG� 0�� (UOHU�� 5HVRQDQW�IUHTXHQF\�FDOFXODWLRQ�IRU�FLUFXODU�PLFURVWULS�DQWHQQDV�XVLQJ�DUWLILFLDO�QHXUDO�QHWZRUNV�� ,QWHUQDWLRQDO�-RXUQDO�

RI�5)�DQG�0LFURZDYH�&RPSXWHU�$LGHG�(QJLQHHULQJ���9RO�����1R�����SS��������������������� '�� .DUDER÷D��.��*�QH\�� ù�� 6D÷ÕUR÷OX� DQG�0��(UOHU��1HXUDO� FRPSXWDWLRQ� RI� UHVRQDQW� IUHTXHQF\� RI�HOHFWULFDOO\� WKLQ� DQG� WKLFN� UHFWDQJXODU� PLFURVWULS�DQWHQQDV�� 0LFURZDYHV�� $QWHQQDV� DQG� 3URSDJDWLRQ��,((� 3URFHHGLQJV�9RO�� ������ 1R�� ��� SS�� ���� ±� �����$SULO���������� .�� *�QH\�� ù�� 6D÷ÕUR÷OX� DQG� 0�� (UOHU�� *HQHUDOL]HG�QHXUDO� PHWKRG� WR� GHWHUPLQH� UHVRQDQW� IUHTXHQFLHV� RI�YDULRXV� PLFURVWULS� DQWHQQDV�� ,QWHUQDWLRQDO� -RXUQDO� RI�5)� DQG� 0LFURZDYH� &RPSXWHU�$LGHG� (QJLQHHULQJ��9RO������1R�����SS�����������-DQXDU\���������� ù��6D÷ÕUR÷OX��.��*�QH\�DQG�0��(UOHU��&DOFXODWLRQ�RI�EDQGZLGWK� IRU� HOHFWULFDOO\� WKLQ� DQG� WKLFN� UHFWDQJXODU�PLFURVWULS� DQWHQQDV� ZLWK� WKH� XVH� RI� PXOWLOD\HUHG�SHUFHSWURQV�� ,QWHUQDWLRQDO� -RXUQDO� RI� 5)� DQG�0LFURZDYH� &RPSXWHU�$LGHG� (QJLQHHULQJ�� 9RO�� ���1R�����SS�����������0D\���������� 5�.��0LVKUD��$��3DWQDLN��1HXUDO�QHWZRUN�EDVHG�&$'�PRGHO� IRU� WKH� GHVLJQ� RI� VTXDUH�SDWFK� DQWHQQDV��$QWHQQDV� DQG� 3URSDJDWLRQ�� ,(((� 7UDQVDFWLRQV�� 9RO������1R������SS�������±�������'HFHPEHU����������� 6�� 'HYL�� '�&�� 3DQGD� DQG� 6�6�� 3DWWQDLN�� $� QRYHO�PHWKRG�RI�XVLQJ�DUWLILFLDO�QHXUDO�QHWZRUNV�WR�FDOFXODWH�LQSXW� LPSHGDQFH� RI� FLUFXODU� PLFURVWULS� DQWHQQD��$QWHQQDV� DQG� 3URSDJDWLRQ� 6RFLHW\� ,QWHUQDWLRQDO�6\PSRVLXP��9RO�����SS������±������������-XQH����������� .��*�QH\��1��6DUÕND\D��$UWLILFLDO�QHXUDO�QHWZRUNV�IRU�FDOFXODWLQJ� WKH� LQSXW� UHVLVWDQFH�RI�FLUFXODU�PLFURVWULS�DQWHQQDV�� 0LFURZDYH� DQG� 2SWLFDO� 7HFKQRORJ\�/HWWHUV��9RO������1R�����SS��������������$SULO����������� *�� $QJLXOOL�� 0�� 9HUVDFL�� 5HVRQDQW� IUHTXHQF\�HYDOXDWLRQ� RI� PLFURVWULS� DQWHQQDV� XVLQJ� D� QHXUDO�IX]]\� DSSURDFK��0DJQHWLFV�� ,(((�7UDQVDFWLRQV��9RO������1R�����SS�������±�������0D\����������� 5�.��0LVKUD��$�� 3DWQDLN��1HXURVSHFWUDO� FRPSXWDWLRQ�IRU� LQSXW� LPSHGDQFH� RI� UHFWDQJXODU� PLFURVWULS�DQWHQQD�� (OHFWURQLFV� /HWWHUV�� 9RO�� ����1R�� ���� SS�������±����������6HSW������������ 5�.��0LVKUD��$��3DWQDLN��'HVLJQLQJ�UHFWDQJXODU�SDWFK�DQWHQQD� XVLQJ� WKH� QHXURVSHFWUDO� PHWKRG�� $QWHQQDV�DQG�3URSDJDWLRQ��,(((�7UDQVDFWLRQV��9RO������1R������SS�������±�������$XJ������������ 1�� 7�UNHU�� )�� *�QHú�� 1HXUDO� 1HWZRUNV� LQ� 8VH� RI�)XQFWLRQ�,QYHUVH� )XQFWLRQ� $SSUR[LPDWRUV� IRU�5)�0LFURZDYH� 7UDQVPLVVLRQ� /LQH� 3UREOHPV��DFFHSWHG� IRU� SXEOLFDWLRQ� LQ� WKH� SURFHHGLQJV� RI� ,QW��6\PSRVLXP� RQ� ,QQRYDWLRQV� LQ� ,QWHOOLJHQW� 6\VWHPV�DQG�$SSOLFDWLRQV��-XQH��������������,VWDQEXO��7XUNH\������ -��3DUN�DQG�:��,��6DQGEHUJ��8QLYHUVDO�$SSUR[LPDWLRQ�8VLQJ� 5DGLDO� %DVLV� )XQFWLRQ� � 1HWZRUNV�� 1HXUDO�&RPSXWDWLRQ��9RO�����SS��������������������� 4�� -�� =KDQJ� DQG� .�� &�� *XSWD�� 1HXUDO� 1HWZRUNV� IRU�5)�DQG�0LFURZDYH�'HVLJQ��$UWHFK�+RXVH�3XEOLVKHUV���������


