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���,QWURGXFWLRQ
� 7HOHRSHUDWLRQ� H[WHQGV� KXPDQ� LQWHOOLJHQFH� DQG� GH[WHURXV� PDQLSXODWLRQFDSDFLW\� WR� UHPRWH� URERWLF� DSSOLFDWLRQV�� ,Q� PRVW� WUDGLWLRQDO� DSSOLFDWLRQV� RIELODWHUDO�PDQLSXODWLRQ��D�GHVLJQ�JRDO�LV�WR�DFKLHYH�WUDQVSDUHQF\��L�H���PLQLPL]H�WKHH[WHQW�WR�ZKLFK�WKH�ELODWHUDO�PDQLSXODWRU�DOWHUV�WKH�IHHO�RI�WKH�WDVN�+HUH�WR�DFKLHYH�WUDQVSDUHQF\��ZH�SURSRVH�D�QRYHO�PHWKRG�WKDW�LV�GLVWLQFWO\GLIIHUHQW� IURP� WKH� SUHYLRXV� ZRUNV� RI� FRXSOLQJ� WKH�PDVWHU� DQG� WKH� VODYH� LQWR� DVLQJOH� HQWLW\�� 7ZR� VXEV\VWHPV� DUH� MX[WDSRVHG� DQG� LPSHGDQFH� PDWFKLQJ� LVFRQGXFWHG�VR�WKDW�WKH�PDVWHU�DQG�WKH�VODYH�VKRXOG�IXOILOO�WKHLU�RZQ�GLIIHUHQW�UROHV�:H�VKRZ�H[SHULPHQWDO�UHVXOWV�WKDW�KDYH�FRQILUPHG�WKH�YDOLGLW\�RI�RXU�PHWKRG�

���0DNLQJ�XS�7ZR�6XEV\VWHPV
,Q� WKH� FRQYHQWLRQDO� PHWKRG�� WKH� PDVWHU� DQG� WKH� VODYH� DUH� FRXSOHG� DV� DVLQJOH�HQWLW\��SUHVHQWLQJ�WKH�VDPH�LPSHGDQFH�FKDUDFWHULVWLFV�ERWK�WR�WKH�RSHUDWRUDQG�WKH�WDVN��WUDQVPLWWLQJ�ERWK�WKH�IRUFH�LQIRUPDWLRQ�RI�WKH�VODYH�WR�WKH�RSHUDWRUDQG�PRWLRQ�FRPPDQGV�RI�WKH�RSHUDWRU�WR�WKH�VODYH��:LWK�WKH�VLQJOH�HQWLW\�WR�IXOILOOWZR�GLIIHUHQW�MREV��D�WUDGH�RII�KDV�WR�EH�PDGH�LQ�VHWWLQJ�RI�WKH�LPSHGDQFH�RI�WKHHQWLW\��%HFDXVH�WKH�SHUIRUPDQFH�RI�WHOHRSHUDWLRQ�LV�XOWLPDWHO\�GHSHQGHQW�XSRQ�WKHG\QDPLF� LQWHUDFWLRQ�EHWZHHQ� WKH�RSHUDWRU�� WKH�PDVWHU�� WKH�VODYH��DQG� WKH� WDVN�� LWPD\� WXUQ� RXW� WR� EH� D� FHQWUDO� SUREOHP� WR� WDNH� LQWR� DFFRXQW� WKH� KXPDQ� DUP
VLPSHGDQFH�FKDUDFWHULVWLFV�ZKHQ�GHVLJQLQJ�WHOHRSHUDWLRQ��KXPDQ�PDFKLQH��FRQWUROV\VWHPV��2XU�LGHD�LV�JURXSLQJ�WKH�RSHUDWRU��WKH�PDVWHU��WKH�VODYH��DQG�WKH�WDVN�LQWRWZR� VXEV\VWHPV� DQG� PDWFKLQJ� WKH� LPSHGDQFH� FKDUDFWHULVWLFV� RI� WKHP� WR� HDFKRWKHU� $V� VKRZQ� LQ�)LJXUH���� RQH�RI� WKH� VXEV\VWHP� LV� WKH� >RSHUDWRU�PDVWHU@�� WKHRWKHU�LV�WKH�>VODYH�WDVN@��7R�REWDLQ�D�JRRG�VHQVH�RI��IHHO���LQ�WKH�VXEV\VWHP�RI�WKH>RSHUDWRU�PDVWHU@� ZH� SURMHFW� WKH� LPSHGDQFH� RI� WKH� WDVN� LQWR� WKH� PDVWHU� �L�H�PDWFKLQJ�WKH�LPSHGDQFH�RI�WKH�PDVWHU�ZLWK�WKDW�RI�WKH�WDVN��VR�WKDW�WKH�RSHUDWRU
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FDQ�DFW�DV�LI�KH�ZHUH�GLUHFWO\�LQWHUDFWLQJ�ZLWK�WKH�UHPRWH�WDVN��VLQFH�WKH��IHHO��RIWKH� WDVN� LV� HPERGLHG� LQ� WKH� LPSHGDQFH� RI� WKH� PDVWHU�� &RQVHTXHQWO\� WKH� IRUFHLQIRUPDWLRQ�LV�LQGLUHFWO\�WUDQVPLWWHG�IDLWKIXOO\��ZLWKRXW�WKH�IRUFH�IHHGEDFN�XVXDOO\XVHG�LQ�D�FRQYHQWLRQDO�PHWKRG�

)LJ�����7ZR�VXEV\VWHPV�ZLWK�LPSHGDQFH�PDWFKLQJ
,Q� WKH�VXEV\VWHP�RI� >VODYH�WDVN@�ZH�SURMHFW� WKH�RSHUDWRU� DUP
V� LPSHGDQFHLQWR�WKH�VODYH�LQ�RUGHU�WKDW�WKH�VODYH�FRXOG�UHSURGXFH�WKH�YHUVDWLOH�RSHUDWRU�DUP
VPRWLRQV�LQ�WKH�UHPRWH�HQYLURQPHQW��DV�LI�LW�ZHUH�KXPDQ�DUP
V�DOWHU�HJR��QRW�RQO\LQ� DFWLRQ� EXW� DOVR� LQ� VNLOO�� ,Q� RQH� ZRUG�� WKH� QHZ� FRQFHSW� RI� EXLOGLQJ� WZRVXEV\VWHPV�LQ�GHDOLQJ�ZLWK�WKH�WHOHRSHUDWLRQ�LV�D�IHDVLEOH�ZD\�WR�DFKLHYH�WKH�LGHDOUHVSRQVHV�RI�D�K\GUDXOLF�PDVWHU�VODYH�URERW�

���$QDO\VLV�RI�,PSHGDQFH�0DWFKLQJ
7KH�RULJLQDO�G\QDPLFV�RI�WKH�PDVWHU�DQG�VODYH�DUH�JLYHQ�DV�IROORZV�

���8P + )P = =P(6)9P

���8V - )V = =V(6)9V

ZKHUH�� GHQRWH� LPSHGDQFH��YHORFLW\��DFWXDWRU�GULYLQJ� IRUFHV��DQG�VXIIL[�P=�9�8
DQG�V� LPSO\� WKH�PDVWHU�DQG�VODYH� UHVSHFWLYHO\� )P GHQRWHV� WKH� IRUFH� WKDWWKH�RSHUDWRU�DSSOLHV�WR�WKH�PDVWHU��DQG�)V GHQRWHV�WKH�IRUFH�WKDW�WKH�VODYHDSSOLHV�WR�WKH�WDVN

$VVXPLQJ�WKDW�WKH�VODYH�PD\�QRW�GHSDUW�IURP�WKH�WDVN��WKH�G\QDPLFV�RI�WKHWDVN�LQWHUDFWLQJ�ZLWK�WKH�VODYH�LV�PRGHOHG�DV�WKH�IROORZ�
���)H = )V = =H(V)9V

ZKHUH�� �GHQRWHV�WKH�UHDFWLRQ�IRUFH�RI�)V��)H
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,W� LV� DOVR� DVVXPHG� WKDW� WKH� G\QDPLFV� RI� WKH� RSHUDWRU� DUP� FDQ� EHDSSUR[LPDWHO\�UHSUHVHQWHG�DV�D�VLPSOH�VSULQJ�GDPSHU�PDVV�V\VWHP�
���tS - 9P = =S(V)9P

ZKHUH�� �PHDQV�IRUFHV�JHQHUDWHG�E\�WKH�DUP
V�PXVFOHV�tS
7R�UHDOL]H�WKH�LPSHGDQFH�PDWFKLQJ�RI�WKH�WZR�VXEV\VWHPV��ZH�FRQVLGHU�WKHIROORZLQJ�WZR�HTXDWLRQV��

���8P = (=P(V) - =H(V))9P

���8 V = tS + (= V(V) - =S(V))9V

%\�DSSO\LQJ�DERYH�WZR�HTXDWLRQV�LQWR�(TXDWLRQV�����DQG������ZH�FDQ�REWDLQWKH� IROORZLQJ� WZR�(TXDWLRQV� GHVFULELQJ� WKH� QHZ� G\QDPLF� FKDUDFWHULVWLFV� RI� WKHPDVWHU�DQG�VODYH�
���)P = =H(V)9P

���tS - )V = =S(V)9 V

&RPSDULQJ�(TXDWLRQ�����DQG������ZH�FRPH�WR�WKH�FRQFOXVLRQ�WKDW�WKH�IRUFHLQIRUPDWLRQ� LV� UHSOLFDWHG�E\� WKH�PDVWHU� FRPSOHWHO\� DQG� WKH� IHHO�E\� WKH�RSHUDWRUFDQ�EH�LPSURYHG��)URP�(TXDWLRQ�����DQG������ZH�FDQ�FRQFOXGH�WKDW�WKH�VODYH�QRWRQO\�VKRZV�WKH�VDPH�G\QDPLFV�RI�RSHUDWRU
V�DUP�EXW�DOVR�UHSOD\V�PRWLRQV�RI�WKHRSHUDWRU
V� DUP�ZKLFK� KHOSV� WR� VWDELOL]H� WKH�ZKROH� V\VWHP� EHFDXVH� KXPDQ
V� DUPFDQ�FRSH�ZLWK�VRIW�RU�KDUG�WDVN�QDWXUDOO\�DQG�VPRRWKO\�

)LJ�����)RUFH�UHVSRQVH�RI�WKH�PDVWHU�DQG�VODYH
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���([SHULPHQW
:LWK� UHJDUG� WR� WKH� WHVW� ULJ�� WKH�PDVWHU� LV� �'2)�/0�JXLGH�GULYHQ� E\�$&VHUYRPRWRU�ZKLOH�WKH�VODYH�LV��'2)�K\GUDXOLF�PDQLSXODWRU��7R�EH�VLPSOH��ZH�VHWWKH�WDVN�MXVW�DV�D�VSULQJ�QRZ��$V�VKRZQ�LQ�)LJXUH���DQG�)LJXUH����WKH�IRUFH�DQGGLVSODFHPHQW� UHVSRQVHV� RI� WKH�PDVWHU� DQG� VODYH� DJUHH�ZLWK� HDFK� RWKHU�� 6R� LW� LVFOHDU�WKDW�WKH�LGHDO�UHVSRQVH�LV�UHDOL]HG�

)LJ�����'LVSODFHPHQW�UHVSRQVH�RI�WKH�PDVWHU�DQG�VODYH

���&RQFOXVLRQV
7KH�NH\�LGHD�XQGHUSLQQLQJ�WKLV�VWXG\�LV�WKH�LPSHGDQFH�PDWFKLQJ��7KHUH�DUHWKUHHIROG� VLJQLILFDWLRQV� RI� JURXSLQJ� WKH� RSHUDWRU�� WKH�PDVWHU�� WKH� VODYH� DQG� WKHWDVN� LQWR� WZR� VXEV\VWHPV� DQG� FDUU\LQJ� RXW� LPSHGDQFH�PDWFKLQJ�� LPSURYLQJ� WKHIHHO� RI� WKH� UHPRWH� WDVN� ZLWKRXW� GLUHFW� IRUFH� IHHGEDFN�� UHSOLFDWLQJ� WKH� RSHUDWRUDUP
V� PRWLRQ� LQ� WKH� VODYH�� DQG� LPSURYLQJ� WKH� VWDELOLW\� RI� WKH� ZKROH� V\VWHPUHJDUGLQJ�YDULRXV�WDVN�

5HIHUHQFH�
�� 'DQLHO�5�:��� 0F$UHH�3�5�� ������ )XQGDPHQWDO� /LPLWV� RI� 3HUIRUPDQFH� IRU� )RUFH� 5HIOHFWLQJ7HOHRSHUDWLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�5RERWLFV�5HVHDUFK����������������
�� .RVXJH� HW� DO�� ������ WKH� 7DVN�2ULHQWHG� &RQWURO� RI� %DVHG� RQ� WKH� 3DVVLYLW\�� -DSDQ� 6RF�� RI0HFKDQLFDO�(QJLQHHUV�SURFHHGLQJV��&�HGLWLRQ������������
�� <RVKLNDZD� HW� DO�� ������ %LODWHUDO� &RQWURO� RI�0DVWHU�6ODYH�0DQLSXODWRUV� IRU� ,GHDO� .LQHVWKHWLF&RXSOLQJ�)RUPXODWLRQ�DQG�([SHULPHQW��,(((�7UDQV��5RERW��$XWRPDWLRQ���������������
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