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&RPSXWHU�6LPXODWLRQ�RI 'LVWDQFH�&KDQJHV�LQ�1DQRJDSV ��UHDVRQDEOH� WR� DVVXPH� WKDW�SUDFWLFDOO\� DOO� WKH� FXUUHQW� IORZV�EHWZHHQ� WKH� VXUIDFH� DQG� WKH�DWRP�FORVHVW� WR� LW�� ORFDWHG� DW� WKH�GLVWDQFH�'�� �6LQFH� WKH� FOXVWHUV� DUH� FRQVWUXFWHG�RQ� WKH�EDVLV�RI�DQ�IFF�VWUXFWXUH��ZH�VKDOO�GHILQH�WKH�FRUUHVSRQGLQJ�SODQHV��MNO���OLNH�IRU�H[DPSOH���������������������RU�KLJKHU�LQGLFHV� ,W�LV�XVHIXO�WR�GHQRWH�ZLWK�5MNO�WKH�YHFWRU�QRUPDO�WR�WKH��MNO��SODQH RI�WKH�FOXVWHU�

)LJXUH����D��6FKHPH�RI�WKH�ERUGHU�RI�D�QDQRFOXVWHU�FORVH�WR�WKH�SODQH�3�UHSUHVHQWLQJ�WKH�VXEVWUDWH��$WRPV������DQG���DUH�WKH�DWRPV�ORFDWHG�FORVHU�WR�WKH�SODQH��E��5HODWLRQVKLS�EHWZHHQ�WKH�YHFWRUV�5S��5L�DQG�5G 5S�5L�
)LJXUH��E�LOOXVWUDWHV�WKH�FDOFXODWLRQ�RI�WKH�GLVWDQFH�IURP�DQ�DWRP�WR�D�JLYHQ�SODQH��ZKLFK�ZH�KDYH�ORFDWHG�RXWVLGH�WKH�VXUIDFH��:H�GHQRWH�ZLWK�5S�WKH�YHFWRU�SHUSHQGLFXODU�WR� WKH�SODQH� UHSUHVHQWLQJ� WKH� VXEVWUDWH�� VHWWLQJ� LWV�RULJLQ�DW� WKH�FHQWHU�RI�RXU�FRRUGLQDWH�V\VWHP�DQG�ZLWK�5L WKH�YHFWRU�GHILQLQJ�WKH�SRVLWLRQ�RI�WKH�LWK�DWRP�RI�WKH�FOXVWHU��:H�WKHQ�GHILQH�WKH�YHFWRU�5G�DV�WKH�GLIIHUHQFH��

G S L � ��5 5 5VR�WKDW�WKH�GLVWDQFH�'�ZLOO�EH�JLYHQ�E\��
S L� �� �S GS'   5 5 5 5 �5< <

)URP�ILJXUH��D�ZH�QRWLFH�WKDW�LI�DWRP���LV�UHPRYHG�IURP�WKH�FOXVWHU��DWRP���WXUQV�WR�EH�DFWLYH�IRU� WKH�WXQQHOLQJ�SURFHVV�� ,Q�WKLV�ZD\��'�FKDQJHV�IURP�G� WR�G���$W�WKLV�SRLQW�ZH�



1DUDPEXHQD��&�)� HW�DO��VWDUW�WR�XQGHUVWDQG�WKDW�WKH�GLVWDQFH�'�VKRXOG�WDNH�LQ�SULQFLSOH�GLVFUHWH�YDOXHV��DQG�WKDW�LWV�YDULDWLRQ� VKRXOG�EH� VWURQJO\� GHSHQGHQW�RQ� WKH�ZD\� LQ�ZKLFK� WKH� FOXVWHU� GLVVROYHV�� ,W� LV�DOVR�HYLGHQW�WKDW�WKH�FKDQJHV�LQ�'�ZLOO�EH�VHQVLWLYH�WR�WKH�UHODWLYH�RULHQWDWLRQ�RI�WKH�SODQH�3�ZLWK�UHVSHFW�WR�WKH�VXUIDFH�RI�WKH�FOXVWHU�'LVFXVVLRQ)LJXUH���VKRZV�WKH�VWDUWLQJ�FRQILJXUDWLRQ��VWDWH���������DWRPV��DQG�LQWHUPHGLDWH�VWDWHV�IRU�WKH�GLVVROXWLRQ�RI�D�&X�FOXVWHU��$W�WKH�EHJLQQLQJ�RI�DWRP�UHPRYDO��VWDWH����WKH�ILUVW�DWRPV�GLVDSSHDULQJ�DUH� WKRVH�DW� WKH�ERUGHU�EHWZHHQ�WZR������� IDFHV��7KLV� LQYROYHV����JURXSV�RI���DWRPV�HDFK�DQG�OHDGV�WR�WKH�DSSHDUDQFH�RI�������IDFHV��WKDW�FORVHO\�IROORZV�WKH�SUHGLFWLRQ�RI� WKH�:XOII�FRQVWUXFWLRQ��1RQ�V\PPHWULF�FOXVWHUV�DUH�JHQHUDWHG�VWDUWLQJ�IURP�VWDWH����EHLQJ�VPDOO�KH[DJRQDO VWUXFWXUHV�PDGH�RI���DWRPV�IRXQG�YHU\�RIWHQ�

)LJXUH��� 1DQRJDS�ZLGWK�DV�D�IXQFWLRQ�RI�WKH�QXPEHU�RI�DWRPV�UHPRYHG�IURP�WKH�FOXVWHU�IRU�D��VRPH�VSHFLILF�RULHQWDWLRQV�RI�WKH�SODQH�3� ����� �� ����� �� ����� ������� ��E��ILYH�RULHQWDWLRQV�RI�WKH�SODQH�3�FKRVHQ�DW�UDQGRP�
)LJXUH��D� VKRZV� WKH�YDULDWLRQ�RI� WKH�GLVWDQFH�'�DV�D� IXQFWLRQ�RI� WKH�QXPEHU�RI�DWRPV� WDNHQ�DZD\� IURP� WKH�FOXVWHU� IRU�RULHQWDWLRQV�RI� WKH�SODQH�3�FRUUHVSRQGLQJ� WR� WKH�ORZ�LQGH[�SODQHV��JLYHQ�E\�WKH�XQLW�YHFWRU����QRUPDO� WR� WKH�SODQH�3��)LJ���D���:H�VKDOO�GHQRWH�KHUH�ZLWK��KNO��WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�SODQH�ODEHOHG�ZLWK�WKHVH�LQGLFHV��VR�WKDW�ZKHQ�ZH�UHIHU��IRU�H[DPSOH��WR�WKH��������ZH�VKDOO�EH�DGGUHVVLQJ�WKH�GLUHFWLRQ�RI�WKH�[�D[LV�FRRUGLQDWH��,W�LV�IRXQG�WKDW�DFFRUGLQJ�WR�WKH�WULYLDO�H[SHFWDWLRQ��WKH�GLVWDQFH�'�LQFUHDVHV�ZLWK� WKH�GLVVROXWLRQ�RI� WKH� FOXVWHU� LQ�D� VWHSZLVH� IDVKLRQ��ZLWK� LQFUHPHQWV�û'�FRUUHVSRQGLQJ�WR�WKH�GLVWDQFH�EHWZHHQ�ODWWLFH�SODQHV��)RU�H[DPSOH��ZKHQ�ZH�DQDO\]H�WKH�



&RPSXWHU�6LPXODWLRQ�RI 'LVWDQFH�&KDQJHV�LQ�1DQRJDSV ��GLUHFWLRQV� ����� DQG� ����� ��û'� LV�FORVH� WR������c��ZKLFK� LV� WKH�GLVWDQFH�EHWZHHQ�����ODWWLFH�SODQHV��VHH�7DEOH�����7KH�VDPH�RFFXUV�IRU� WKH�������DQG�������GLUHFWLRQV��2Q�WKH�RWKHU�KDQG��ZKHQ�WKH�GLUHFWLRQ�WKDW�GHILQHV�WKH�SODQH�3�LV�FKRVHQ�DW�UDQGRP���DV�VKRZQ�LQ�)LJXUH� �E�� WKH� FKDQJHV� LQ�û'� DUH� VWLOO� VWHSZLVH�� EXW� WKH� FKDQJHV� LQ�û'� DUH� QR� ORQJHU�XQLIRUP��6RPH�LQWHUHVWLQJ�TXHVWLRQV�DULVH�IURP�WKHVH�UHVXOWV��:KLFK�LV�WKH�SUREDELOLW\�RI�REWDLQLQJ�D�JLYHQ�û'"�:KLFK�LV�WKH�VKDSH�RI�WKH�SUREDELOLW\�GLVWULEXWLRQ�IRU�û'"�,Q�RUGHU�WR�DQVZHU�WKHVH�SRLQWV��GLIIHUHQW�SODQHV��RI�WKH�RUGHU�RI�������ZHUH�JHQHUDWHG�DW�UDQGRP��DQG� WKH� IUHTXHQFLHV� RI� WKH�GLIIHUHQW�û'�ZHUH� FRPSXWHG��$�KLVWRJUDP� IRU� WKH� REVHUYHG�IUHTXHQF\�RI�û'�LV�VKRZQ�LQ�ILJXUH����:H�VHH�WKHUH�WKDW�WKH�GLVWULEXWLRQ�IXQFWLRQ�DSSHDUV�WR�VKRZ�D�PD[LPXP�LQ�WKH�UHJLRQ�EHWZHHQ�����DQG�����c��WKHQ�GHFUHDVLQJ�DQG�VKRZLQJ�DJDLQ�D�VHFRQGDU\�PD[LPXP�DURXQG������c��ZLWK�D�VXEVHTXHQW�VWHHS GHFUHDVH��

)LJXUH����3UREDELOLW\�RI�REWDLQLQJ�D�FHUWDLQ�FKDQJH�û'�LQ�WKH�ZLGWK�RI�WKH�QDQRJDS��7KH�KLVWRJUDP�ZDV�FRQVWUXFWHG�E\�DYHUDJLQJ�RYHU������SODQHV�RULHQWHG�DW�UDQGRP�&RQFOXVLRQV:H�KDYH�SURSRVHG�D�ILUVW�DSSUR[LPDWLRQ�WR�WKH�VWXG\�RI�WKH�EHKDYLRU�RI�QDQRJDSV�JHQHUDWHG�E\�HOHFWURFKHPLFDO�JURZWK�GLVVROXWLRQ�SURFHVVHV��7KH�SUHVHQW�PRGHO�LV�JXLGHG�E\�VLPSOH�HQHUJHWLF�DQG�JHRPHWULFDO�FRQVLGHUDWLRQV��$FFRUGLQJ�WR�WKH�SUHVHQW�SUHGLFWLRQV��WKH� FKDQJHV� LQ� WKH� QDQRJDS� YDOXHV�û'� GHSHQG� RQ� WKH� UHODWLYH� RULHQWDWLRQ� RI� WKH� WZR�HOHFWURGHV��,I�WKH�UHODWLYH�RULHQWDWLRQ�RI�D�QDQRHOHFWURGH�ZLWK�UHVSHFW�WR�D�SODQH�VXUIDFH�LV�VXFK�WKDW�WKH�VXUIDFH�LV�SDUDOOHO�WR�RQH�RI�WKH�ORZ�LQGH[�ODWWLFH�SODQHV�RI�WKH�IRUPHU��WKH�û'� YDOXHV� ZLOO� FRUUHVSRQG� WR� WKH� GLVWDQFH� EHWZHHQ WKHVH� ODWWLFH� SODQHV�� 2Q� WKH� RWKHU�KDQG�� LI� D� UDQGRP� GLVWULEXWLRQ� RI� RULHQWDWLRQV� LV� FKRVHQ�� D�û'�GLVWULEXWLRQ� UHVXOWV� LQ� D�PD[LPXP� YDOXH� LQ� WKH� UDQJH� ��������c�� ,Q�PXVW� EH� VWUHVVHG� WKDW� WKH� SUHVHQW�PRGHO� LV�EDVHG�RQO\�RQ�HQHUJHWLF�FRQVLGHUDWLRQV��QR�NLQHWLFV�HOHPHQWV�EHLQJ�FRQVLGHUHG��VR�WKDW�LWV�



1DUDPEXHQD��&�)� HW�DO��DSSOLFDWLRQ� VKRXOG� EH� UHVWULFWHG� WR� GHSRVLWLRQ� RU� GLVVROXWLRQ� FRQGLWLRQV� QRW� IDU� IURP�HTXLOLEULXP�$FNQRZOHGJHPHQWV)LQDQFLDO� VXSSRUW� IURP� &21,&(7�� $JHQFLD� &yUGRED� &LHQFLD�� 6HF\W�81&��3URJUDP� %,'�����2&�$5� 3,&7� 1R�� ��������� DV� ZHOO� DV� ODQJXDJH� DVVLVWDQFH� E\�3RPSH\D�)DOFyQ�DUH�JUDWHIXOO\�DFNQRZOHGJHG�5HIHUHQFHV>�@ :DOHV��'�-���/LQGVH\�-���0XQUR�-��3K\V��&KHP� ���������������>�@ /HZLV�/���-HQVHQ�3���%DUUDW�-�/��3K\V��5HY� %���������������>�@ -HQVHQ�3��5HY��0RG��3K\V� ��������������>�@ %DOHWWR�)���0RWWHW�&���)HUUDQGR�5��3K\VLFDO�5HYOLHZ�/HWWHUV ��������������>�@ &RPEH�1���-HQVHQ�3���3LQSLQHOOL�$��3K\V��5HY��/HWWHUV� ������������>�@ 'HOWRXU�3���%DUUDW�-�/���-HQVHQ��3��3K\V��5HY��/HWW����������������>�@ )XKUHU�0�6���1\JnUG� -��� 6KLK�/��� )RUHUR�0���<RXQJ�*XL� ,RQ��0D]]RQL�0�6�&���+\RXQJ�-RRQ�&KRL��-LVRRQ�,KP��/RXLH�6�*���=HWWL�$���0F(XHQ�3�/��6FLHQFH ��������������>�@ )LQN�+�:���6FK|QHQEHUJHU�&��1DWXUH ��������������>�@ 3RUDWK�'���%H]U\DGLQ�$���GH�9ULHV�&���'HNNHU�&��1DWXUH ��������������>��@ 5HHG�0�$���=KRX�&���0XOOHU�&�-���%XUJLQ�7�3���7RXU�-�0��6FLHQFH ��������������>��@ 3DUN�+���/LP�$�.�/���$OLYLVDWRV�$�3��$SSOLHG�3K\VLFV�/HWWHUV �������������>��@ 0RUSXUJR�$�)���0DUFXV�&�0��$SSOLHG�3K\VLFV�/HWWHUV ��������������>��@ /L�&�=���+H�+�;���7DR�1�-��$SSLHG�3K\VLFV�/HWWHUV ��������������>��@ )RLOHV�6�0���%DVNHV�0�,���'DZ�0�6��3K\VLFDO�5HYLHZ�% �������������>��@ %XGHYVNL� (��6WDLNRY� *��� /RUHQ]�� :�-�� (OHFWURFKHPLFDO� SKDVH� IRUPDWLRQ� DQG�JURZWK��&KDS�����9&+��:HLQKHLP�������>��@ 'R\H�-�3�.���:DOHV�'�-��6FLHQFH ����������������:DOHV�'��-��6FLHQFH ����������������%DOO�.�'���%HUU\� 5�6���.XQ]�5�(��� )HQJ�<LQ�/L�� 3UR\NRYD�$���:DOHV�'�-��6FLHQFH ����������������




