
$57,),&,$/�1(85$/�'(6,*1�2)�7+(�0,&52675,3�$17(11$6�
1XUKDQ�7�UNHU���������� )LOL]�*�QHú����������������������7�OD\�<ÕOGÕUÕP�

H�PDLO��QWXUNHU#\LOGL]�HGX�WU H�PDLO��JXQHV#\LOGL]�HGX�WU H�PDLO��WXOD\#\LOGL]�HGX�WU<ÕOGÕ]�7HFKQLFDO�8QLYHUVLW\���(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ�)DFXOW\��'HSDUWPHQW�RI��(OHFWURQLFV�DQG�&RPPXQLFDWLRQ��(QJLQHHULQJ��<ÕOGÕ]��,VWDQEXO���������7XUNH\�� .H\�ZRUGV��5HFWDQJXODU�PLFURVWULS�DQWHQQDV��DUWLILFLDO�QHXUDO�QHWZRUNV��UHYHUVH�PRGHOLQJ��
$%675$&7�,Q� WKLV�ZRUN�� D� JHQHUDO�GHVLJQ�SURFHGXUH� LV� VXJJHVWHG�IRU� WKH� PLFURVWULS� DQWHQQDV� XVLQJ� DUWLILFLDO� QHXUDO�QHWZRUNV� DQG� WKLV� LV� GHPRQVWUDWHG� XVLQJ� WKH�UHFWDQJXODU�SDWFK�JHRPHWU\��,Q�WKLV�GHVLJQ��SURFHGXUH��V\QWKHVLV� LV� GHILQHG� DV� WKH� IRUZDUG� VLGH� DQG� WKHQ�DQDO\VLV� DV� WKH� UHYHUVH� VLGH� RI� WKH� SUREOHP��:RUNHG�H[DPSOHV�DUH�JLYHQ�XVLQJ�WKH�PRVW�HIILFLHQW�PDWHULDOV��

,��,1752'8&7,21�,Q� KLJK�SHUIRUPDQFH� VSDFHFUDIW�� DLUFUDIW�� PLVVLOH� DQG�VDWHOOLWH� DSSOLFDWLRQV�� ZKHUH� VL]H�� ZHLJKW�� FRVW��SHUIRUPDQFH��HDVH�RI�LQVWDOODWLRQ��DQG�DHURG\QDPLF�SURILOH�DUH�FRQVWUDLQWV��DQG�ORZ�SURILOH�DQWHQQDV�PD\�EH�UHTXLUHG��3UHVHQWO\� WKHUH� DUH� PDQ\� RWKHU� JRYHUQPHQW� DQG�FRPPHUFLDO� DSSOLFDWLRQV�� VXFK� DV� PRELOH� UDGLR� DQG�ZLUHOHVV� FRPPXQLFDWLRQV� WKDW� KDYH�VLPLODU� VSHFLILFDWLRQV��7R� PHHW� WKHVH� UHTXLUHPHQWV�� PLFURVWULS� DQWHQQDV� FDQ� EH�XVHG� >�@��7KHVH� DQWHQQDV� DUH� ORZ�SURILOH�� FRQIRUPDEOH� WR�SODQDU�DQG�QRQ�SODQDU�VXUIDFHV��VLPSOH�DQG�LQH[SHQVLYH�WR�PDQXIDFWXUH� XVLQJ� PRGHUQ� SULQWHG� FLUFXLW� WHFKQRORJ\��PHFKDQLFDOO\� UREXVW� ZKHQ� PRXQWHG� RQ� ULJLG� VXUIDFHV��FRPSDWLEOH� ZLWK� 00,&� GHVLJQV�� DQG� ZKHQ� SDUWLFXODU�SDWFK� VKDSH� DQG�PRGH� VHOHFWHG� WKH\� DUH�YHU\�YHUVDWLOH� LQ�WHUPV� RI� UHVRQDQW� IUHTXHQF\�� SRODUL]DWLRQ�� SDWWHUQ� DQG�LPSHGDQFH�� � ,Q� DGGLWLRQ�� E\� DGGLQJ� ORDGV� EHWZHHQ� WKH�SDWFK� DQG� WKH� JURXQG� SODQH�� VXFK� DV� SLQV� DQG� YDUDFWRU�GLRGHV�� DGDSWLYH� HOHPHQWV� ZLWK� YDULDEOH� UHVRQDQW�IUHTXHQF\�� LPSHGDQFH�� SRODUL]DWLRQ� DQG� SDWWHUQ� FDQ� EH�DGMXVWHG�>�@���2IWHQ� PLFURVWULS� DQWHQQDV� DUH� DOVR� UHIHUUHG� DV� SDWFK�DQWHQQDV� EHFDXVH� RI� WKH� UDGLDWLQJ� HOHPHQWV� �SDWFKV��SKRWRHWFKHQ� RQ� WKH� GLHOHFWULF� VXEVWUDWH�� 7KLV� UDGLDWLQJ�SDWFK� PD\� EH� VTXDUH�� UHFWDQJXODU�� FLUFXODU�� HOOLSWLFDO��WULDQJXODU�� DQG� DQ\� RWKHU� FRQILJXUDWLRQ�� ,Q� WKLV� ZRUN��UHFWDQJXODU� PLFURVWULS� DQWHQQDV� DUH� WKH� RQHV� XQGHU�FRQVLGHUDWLRQ��)LJXUH�����3DWFK�GLPHQVLRQV�RI�UHFWDQJXODU�PLFURVWULS� DQWHQQDV� DUH� XVXDOO\� GHVLJQHG� VR� LWV� SDWWHUQ�PD[LPXP�LV�QRUPDO�WR�WKH�SDWFK��%HFDXVH�RI�WKHLU�QDUURZ�EDQGZLGWKV� DQG� HIIHFWLYHO\� RSHUDWLQJ� LQ� WKH� YLFLQLW\� RI�UHVRQDQW� IUHTXHQF\�� WKH� FKRLFH� RI� WKH� SDWFK� GLPHQVLRQV�JLYLQJ�WKH�VSHFLILHG�UHVRQDQW�IUHTXHQF\�LV�YHU\�LPSRUWDQW��

,Q�OLWHUDWXUH��DUWLILFLDO�QHXUDO�QHWZRUN��$11��PRGHOV�KDYH�EHHQ� EXLOW� XVXDOO\� IRU� WKH� DQDO\VLV� RI� WKH� PLFURVWULS�DQWHQQDV� LQ� YDULRXV� IRUPV� VXFK� DV� UHFWDQJXODU�� FLUFXODU��HTXLODWHUDO� WULDQJOH� SDWFK� DQWHQQDV� >���@�� ,Q� WKHVH�ZRUNV��DQDO\VLV� SUREOHP� FDQ� EH� GHILQHG� DV� WR� REWDLQ� UHVRQDQW�IUHTXHQF\� IRU� D� JLYHQ� GLHOHFWULF� PDWHULDO� DQG� JHRPHWULF�VWUXFWXUH� �)LJXUH� ���� +RZHYHU� LQ� WKLV� ZRUN�� WKH�FRUUHVSRQGLQJ� V\QWKHVLV� $11� PRGHO� LV� EXLOW� WR� REWDLQ�SDWFK� GLPHQVLRQV� RI� UHFWDQJXODU� PLFURVWULS� DQWHQQDV��:�/� DV� WKH� IXQFWLRQ� RI� LQSXW� YDULDEOHV�� ZKLFK� DUH� WKH�
KHLJKW�RI� WKH�GLHOHFWULF�VXEVWUDWH�� K ���GLHOHFWULF�FRQVWDQWV�
RI� WKH� GLHOHFWULF� PDWHULDO� � \U HH � � DQG� WKH� UHVRQDQW�
IUHTXHQF\� � UI ��)LJXUH���� 7KLV� V\QWKHVLV� SUREOHP� LV�
VROYHG� XVLQJ� WKH� HOHFWURPDJQHWLF� IRUPXODH� RI� WKH�PLFURVWULS� DQWHQQDV�� ,Q� WKLV� IRUPXODWLRQ� WZR� SRLQWV� DUH�HVSHFLDOO\� HPSKDVL]HG�� 2QH� LV� WKH� UHVRQDQW� IUHTXHQF\� RI�WKH� DQWHQQD� DQG� WKH� RWKHU� LV� WKH� FRQGLWLRQ� IRU� WKH� JRRG�UDGLDWLRQ� HIILFLHQF\�� 8VLQJ� WKH� UHYHUVH� PRGHOLQJ�� DQ�DQDO\VLV�$11� LV� EXLOW� WR� ILQG� RXW� WKH� UHVRQDQW� IUHTXHQF\�LPPHGLDWHO\� IRU� D� JLYHQ� UHFWDQJXODU� PLFURVWULS� DQWHQQD�V\VWHP�� 7KH� PRGHOV� DUH� VLPSOH�� HDV\� WR� DSSO\� DQG� YHU\�XVHIXO� IRU� DQWHQQD� HQJLQHHUV� WR� SUHGLFW� ERWK� SDWFK�GLPHQVLRQV� DQG� UHVRQDQW� IUHTXHQF\�� 6R� LQ� WKH� IROORZLQJ�VHFWLRQV�� WKH� IRUZDUG� DQG� UHYHUVH� VLGHV� RI� WKLV� GHVLJQ�SUREOHP� DUH� GHILQHG� DV� WKH� EODFN�$11� ER[HV�� WKHQ� WKH�HOHFWURPDJQHWLF� EDFNJURXQG� LV� EULHIO\� VXPPDUL]HG� IRU�EXLOGLQJ� WKH� V\QWKHVLV� $11� PRGHO�� ,Q� WKH� IROORZLQJ�VHFWLRQ�� DOVR�� WKLV� V\QWKHVLV� PRGHO� LV� UHYHUVHG� IRU� WKH�DQDO\VLV� SXUSRVH� RI� WKH� JLYHQ� DQWHQQD� V\VWHP� ZKRVH�UHVXOWV� DUH� FRPSDUHG� ZLWK� WKH� RQHV� H[LVWLQJ� LQ� WKH�OLWHUDWXUH��� ,,��'(6,*1�352%/(0�)25�7+(�0,&52675,3�$17(11$��,Q� WKLV�ZRUN��SDWFK�JHRPHWU\�RI� WKH�PLFURVWULS�DQWHQQD� LV�REWDLQHG� DV� WKH� IXQFWLRQ� RI� LQSXW� YDULDEOHV�� ZKLFK� DUH�
KHLJKW� RI� WKH� GLHOHFWULF�PDWHULDO� � K ��� GLHOHFWULF� FRQVWDQWV�
RI� WKH� VXEVWUDWH� PDWHULDO� � \U HH � � DQG� WKH� UHVRQDQW�
IUHTXHQF\� � UI � XVLQJ� WKH� $11� WHFKQLTXHV� �)LJXUH����
6LPLODUO\��LQ�WKH�DQDO\VLV�$11��UHVRQDQW�IUHTXHQF\�RI�WKH�



DQWHQQD� LV� REWDLQHG� DV� WKH� IXQFWLRQ� RI� SDWFK� GLPHQVLRQV�
�:��/���KHLJKW�RI�WKH�GLHOHFWULF�VXEVWUDWH�� K � DQG�GLHOHFWULF�
FRQVWDQWV�RI�WKH�PDWHULDO�� \U HH � � �)LJXUH�����
7KXV� IRUZDUG� DQG� UHYHUVH� VLGHV� RI� WKH�SUREOHP� � �ZLOO� EH�GHILQHG� IRU� WKH� UHFWDQJXODU� SDWFK� JHRPHWU\� LQ� WKH�IROORZLQJ�VXEVHFWLRQV���

7+(�)25:$5'�6,'(�2)�7+(�352%/(0��7+(�6<17+(6,6�$11�7KH� LQSXW� TXDQWLWLHV� WR� WKH� $11� EODFN�ER[� LQ� V\QWKHVLV��)LJXUH���FDQ�EH�RUGHUHG�DV��x K� KHLJKW�RI�WKH�GLHOHFWULF�VXEVWUDWH��
x \U HH � � HOHFWULFDO� SURSHUWLHV�RI� WKH�GLHOHFWULF� VXEVWUDWH�

ZKHUH� \U HH � DUH� WKH� SHUPLWWLYLWLHV� LQ� WKH� [� DQG� \�
GLUHFWLRQV�RI�WKH�GLHOHFWULF�PDWHULDO�XVHG�LQ�WKH�V\VWHP���UHVSHFWLYHO\���x UI � UHVRQDQW�IUHTXHQF\�RI�WKH�DQWHQQD��

�7KH�IROORZLQJ�TXDQWLWLHV�FDQ�EH�REWDLQHG�IURP�WKH�RXWSXW�RI�EODFN�ER[�DV�WKH�IXQFWLRQV�RI�WKH�LQSXW�YDULDEOHV����x : � ZLGWK�RI�WKH�SDWFK��x / � OHQJWK�RI�WKH�SDWFK���

)LJXUH����7KH�V\QWKHVLV�$11�PRGHO��
7+(�5(9(56(�6,'(�2)�7+(�352%/(0���7+(�$1$/<6,6�$11��,Q� WKH� DQDO\VLV� VLGH� RI� WKH� SUREOHP�� WKH� VLPLODU�WHUPLQRORJ\� WR� WKH� V\QWKHVLV�PHFKDQLVP� LV� XVHG�� EXW� WKH�UHVRQDQW� IUHTXHQF\� RI� WKH� DQWHQQD� LV� REWDLQHG� IURP� WKH�RXWSXW� IRU� D� FKRVHQ� GLHOHFWULF� VXEVWUDWH� DQG� SDWFK�GLPHQVLRQV�DW�WKH�LQSXW�VLGH��)LJXUH�������

)LJXUH����7KH�DQDO\VLV�$11�PRGHO��

,,,��(/(&7520$*1(7,&�:25.,1*�2)�0,&52675,3�$17(11$6�0LFURVWULS� SDWFK� DQWHQQDV� ZKLFK� DUH� WKH� PRVW� FRPPRQ�SULQWHG�ERDUG� UDGLDWLQJ� HOHPHQWV� DW� 5)� DQG� PLFURZDYH�IUHTXHQFLHV�� KDYH� WZR� EDVLF� PRGHOV� WR� H[SODLQ�HOHFWURPDJQHWLF� ZRUNLQJ�� �L�� 7UDQVPLVVLRQ� OLQH�� �LL��&DYLW\��%RWK�RI�WKHP�JLYH�JRRG�SK\VLFDO�LQVLJKW��KRZHYHU�WKH�FDYLW\�PRGHO�LV�PRUH�DFFXUDWH��DW�WKH�VDPH�WLPH�PRUH�FRPSOLFDWHG�� /DWHU� D� IXOO�ZDYH� DQDO\VLV� KDV� EHHQ�GHYHORSHG� LQFOXGLQJ� SULPDULO\� WKH� LQWHJUDO�HTXDWLRQV�PRPHQW� PHWKRGV� WR� WUHDW� DFFXUDWHO\� � � � VLQJOH�HOHPHQWV� DV� ZHOO� DV� ILQLWH� DQG� LQILQLWH� DUUD\V�� VWDFNHG�HOHPHQWV��DUELWUDU\�VKDSHG�HOHPHQWV��DQG�FRXSOLQJ����,Q� UHFHQW� GHFDGH�� QHXUDO� QHWZRUN� PRGHOV� KDYH� EHHQ�GHYHORSHG� HVSHFLDOO\� IRU� WKH� FDOFXODWLRQ� RI� UHVRQDQW�IUHTXHQFLHV� IRU� WKH� YDULRXV� VKDSHV� RI� DQWHQQDV� VXFK� DV�HTXLODWHUDO� WULDQJXODU�� FLUFXODU�� UHFWDQJXODU� PLFURVWULS�DQWHQQDV�UHVSHFWLYHO\�LQ�>���@��7KH�DFFXUDWH�HYDOXDWLRQ�RI�WKH� UHVRQDQW� IUHTXHQF\� RI� PLFURVWULS� DQWHQQDV� LV� D� NH\�IDFWRU�WR�GHWHUPLQH�WKHLU�FRUUHFW�EHKDYLRXUV��7UDLQLQJ�DQG�WHVW�GDWD�VHWV�XVHG�IRU�WKHVH�$11�PRGHOV�ZHUH�REWDLQHG�DV�HLWKHU� DQDO\WLFDO� RU�PHDVXUHG� IURP� WKH�SUHYLRXV�ZRUNV� LQ�OLWHUDWXUH�� $11� PRGHOV� GHYHORSHG� IRU� WKH� HYDOXDWLRQ� RI�WKH� LQSXW� LPSHGDQFHV� RI� PLFURVWULS� DQWHQQDV� DUH� DOVR�DYDLODEOH� LQ� OLWHUDWXUH� >��@�� >��@�� 7KHUH� LV� DOVR� D� IDVW�WHFKQLTXH�WR�HYDOXDWH�WKH�UHVRQDQW�IUHTXHQF\�RI�PLFURVWULS�DQWHQQDV� XVLQJ� QHXUR�IX]]\� QHWZRUNV� >��@�� ,Q� >��@� DQG�>��@�� D� QHXUDO� WHFKQLTXH� LV� FRPELQHG� ZLWK� WKH� VSHFWUDO��ZDYHQXPEHU� GRPDLQ�� DQDO\VLV� WRJHWKHU� UHVXOWLQJ�³1HXURVSHFWUDO´� DQDO\VLV� WR� DSSO\� WKH� VTXDUH�SDWFK�DQWHQQD� EDVLFDOO\� IRU� DQDO\VLV� EXW� WKHQ� UHYHUVLQJ� WKH�PRGHO� IRU� WKH�V\QWKHVLV�RI� WKH�DQWHQQD��$QRWKHU�ZRUN�IRU�$11V� LQ�XVH�RI� UHYHUVH�PRGHOLQJ� LV� LWV� XWLOL]DWLRQ� DV� WKH�IXQFWLRQ�LQYHUVH� IXQFWLRQ� DSSUR[LPDWRUV� IRU�5)�0LFURZDYH�WUDQVPLVVLRQ�OLQH�GHVLJQ�SUREOHPV�>��@����
5(&7$1*8/$5�0,&52675,3�$17(11$6��

)LJXUH����5HFWDQJXODU�PLFURVWULS�DQWHQQD��
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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���������


