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/XLV�,JOHVLDV�0DUWtQH]

'HSDUWDPHQWR�GH�(FRQRPtD�\�&LHQFLDV�6RFLDOHV�$JUDULDV��8�3�0��0DGULG��6SDLQ

5REHUW�3��+DLQLQJ

'HSDUWPHQW�RI�*HRJUDSK\��8QLYHUVLW\�RI�6KHIILHOG��(QJODQG

$%675$&7���$�SUDFWLFDO�PHWKRG�WR�LGHQWLI\�D�VSDWLDO�VDPSOLQJ�VWUDWHJ\�IRU�HIILFLHQW�HVWLPDWLRQ�RI�WKH�VSDWLDO�PHDQ�RI�DQ�DWWULEXWH

LQ�D�VHOHFWHG�DUHD�LV�SUHVHQWHG���7KH��UHODWLYH��HIILFLHQF\�RI�D�VSDWLDO�VDPSOLQJ�VWUDWHJ\�GHSHQGV�RQ�WKH�VSDWLDO��YDULDELOLW\�

FRUUHODWLRQ�VWUXFWXUH�DPRQJ�WKH�SRSXODWLRQ�HOHPHQWV���)RU�XQGHUWDNLQJ�VSDWLDO�VDPSOLQJ��WKH�IROORZLQJ�VHTXHQFH�RI�VWHSV�LV

FRQVLGHUHG���L��FRPSXWLQJ�WKH�HPSLULFDO�YDULRJUDP��RU�FRUUHORJUDP��XVLQJ�GDWD�IURP�D�SLORW�VDPSOH���LL��ILWWLQJ�WR�WKHVH�GDWD�D

WKHRUHWLFDO�PRGHO�RI�WKH�YDULRJUDP���LLL��FRPSXWLQJ�DYHUDJH�FRUUHODWLRQV�EHWZHHQ�SDLUV�RI�HOHPHQWV�XQGHU�WKH�ILWWHG�PRGHO��DQG

�LY��FRPSXWLQJ�WKH�H[SHFWHG�HIILFLHQFLHV�RI�WKH�FRQVLGHUHG�VDPSOLQJ�VWUDWHJLHV�XQGHU�WKH�ILWWHG�PRGHO���8VLQJ�GDWD�IURP�DQ

DJULFXOWXUDO�ODQG�XVH�PDS��WKH�PHWKRG�LV�WHVWHG���,Q�WKLV�WHVW��WKH�H[SHFWHG�HIILFLHQF\�RI�WKH�VDPSOH�PHDQ�XQGHU�UDQGRP�VDPSOLQJ�

VWUDWLILHG�UDQGRP�VDPSOLQJ�DQG�V\VWHPDWLF�UDQGRP�VDPSOLQJ�LV�FRPSXWHG�DQG�FRPSDUHG�ZLWK�WKH�REVHUYHG�HIILFLHQF\���7KH�UHVXOWV

DUH�VDWLVIDFWRU\�

�� ,QWURGXFWLRQ

:H�FRQVLGHU�WKH�SUREOHP�RI�GHVLJQLQJ�D�VDPSOH�WR�HVWLPDWH�WKH�VSDWLDO�PHDQ�RI�DQ�DWWULEXWH�LQ�D�VHOHFWHG

DUHD���7KH�SUREOHP�LV�PRWLYDWHG�E\�WKH�QHHG�WR�HVWLPDWH�FURS�DFUHDJHV�DQG�ODQG�XVH�FRYHU�WR�SURYLGH

RIILFLDO�DJULFXOWXUDO�VWDWLVWLFV�IRU�DQ�DUHD���:H�FRQVLGHU�WKH�VDPSOH�PHDQ�XQGHU�WKUHH�VDPSOLQJ�VFKHPHV�

UDQGRP�VDPSOLQJ��56���VWUDWLILHG�UDQGRP�VDPSOLQJ��675��DQG�V\VWHPDWLF�UDQGRP�VDPSOLQJ��6<6����7KH

SRSXODWLRQ�WKDW�ZH�DUH�FRQVLGHULQJ�LV�DUUDQJHG�LQ�D�UHJXODU�ODWWLFH���7KH�HOHPHQWV�DUH�JURXSHG�LQ

PQ�EORFNV�ZLWK�ON�HOHPHQWV�LQ�HDFK���,Q�WKH�56�VFKHPH��D�VDPSOH�RI���PQ�HOHPHQWV�LV�VHOHFWHG�ZLWK

HTXDO�SUREDELOLW\�DPRQJ�WKH�PQON�HOHPHQWV�RI�WKH�SRSXODWLRQ���,Q�WKH�675�VFKHPH��HDFK�EORFN�LV

FRQVLGHUHG�DV�D�VWUDWXP�DQG�D�VDPSOH�RI�VL]H���LV�VHOHFWHG�LQ�HDFK���,Q�WKH�6<6�VFKHPH���L����HOHPHQWV

DUH�FKRVHQ�ZLWK�HTXDO�SUREDELOLW\�IURP�WKH�ON�HOHPHQWV�RI�D�EORFN��DQG��LL��WKH���HOHPHQWV�LQ�HDFK�RI�WKH

RWKHU��PQ����EORFNV�DUH�WKRVH�HOHPHQWV�WKDW�RFFXS\�WKH�VDPH�SRVLWLRQV�ZLWKLQ�HDFK�EORFN�DV�ZHUH�FKRVHQ

DW��L��

�� 7KH�0RGHO�EDVHG�5HODWLYH�(IILFLHQF\

:H�ZLOO�IROORZ�D�PRGHO�EDVHG�DSSURDFK�WR�VWXG\�WKH�HIILFLHQFLHV�RI�WKHVH�VDPSOLQJ�VWUDWHJLHV���*LYHQ�D

FRUUHODWLRQ�PRGHO��LW�FDQ�EH�VKRZQ�>'DV�����@�WKDW�WKH�H[SHFWHG�YDOXHV�RI�WKH�GHVLJQ�EDVHG�YDULDQFH�RI

WKH�VDPSOH�PHDQ�XQGHU�HDFK�RQH�RI�WKH�WKUHH�FRQVLGHUHG�VDPSOLQJ�VFKHPHV�DUH�
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ZKHUH�0�PO�QN���0�O�N��DQG�0V\�P�Q��DUH�WKH�DYHUDJH�FRUUHODWLRQV�EHWZHHQ�DOO�SDLUV�RI�HOHPHQWV�RI�WKH

SRSXODWLRQ��EHWZHHQ�DOO�SDLUV�RI�HOHPHQWV�RI�D�JLYHQ�VWUDWXP�DQG�EHWZHHQ�DOO�SDLUV�RI�HOHPHQWV�RI�WKH

VDPH�V\VWHPDWLF�VDPSOH��FOXVWHU���UHVSHFWLYHO\�

7ZR�WKHRUHWLFDO�PRGHOV��6SKHULFDO�DQG�([SRQHQWLDO��KDYH�EHHQ�ILWWHG�WR�WKH�HPSLULFDO�YDULRJUDP�RI

QRQLUULJDWHG�KHUEDFHRXV��XVLQJ�D�SLORW�VDPSOH��V\VWHPDWLF�DW�D�UDWH�RI���SHUFHQW����7KH�PRGHOV�ZHUH

ILWWHG�LQ�WZR�ZD\V��RQH�XVLQJ�5(0/�FRYDULDQFH�HVWLPDWHV�DQG�WKH�RWKHU�DVVLJQLQJ�WR�WKH�SDUDPHWHUV

�QXJJHW��UDQJH�DQG�VLOO��WKH�YDOXHV�FRQVLGHUHG�YLVXDOO\�JUDSKLFDOO\�UHDVRQDEOH���7KH�H[SHFWHG�UHODWLYH

HIILFLHQFLHV�XVLQJ�WKH�5(0/�ILWWLQJ�DUH�VKRZQ�LQ�7DEOH���IRU�O N�

7DEOH��� 0RGHO�EDVHG�DQG�2EVHUYHG�5HODWLYH�(IILFLHQFLHV�LQ�WKH�VHOHFWHG�DUHD

5HODWLYH�HIILFLHQF\ 0RGHO�3RSXODWLRQ
O�YDOXHV
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�� &RQFOXVLRQV

9DULRJUDP�RU�FRUUHORJUDP�HVWLPDWHV�DUH�QHHGHG�WR�GHVLJQ�JRRG�VSDWLDO�VDPSOLQJ�VFKHPHV���7KH

YDULRJUDP�FDQ�EH�DFFXUDWHO\�HVWLPDWHG�XVLQJ�D�SLORW�VDPSOH���:H�IRXQG�WKDW�WKH�H[SHFWHG�PRGHO�EDVHG

HIILFLHQFLHV�DUH�YHU\�VLPLODU�WR�WKH�REVHUYHG�HIILFLHQFLHV���7KH�UHVXOWV�DUH�UREXVW�ZLWK�UHVSHFW�WR�WKH

FKRVHQ�WKHRUHWLFDO�PRGHO�RI�YDULRJUDP�DQG�WR�WKH�ILWWLQJ�SURFHGXUHV�

675�DQG�6<6�DUH�PRUH�HIILFLHQW�WKDQ�56��DQG�WKHLU�HIILFLHQFLHV�LQFUHDVH�ZKHQ�WKH�VTXDUH�EORFN�VLGH�¶O·

GHFUHDVH��VR�WKDW�WKH�RSWLPXP�O�YDOXH�LV�WKH�PLQLPXP�O�YDOXH���)RU�675�DQG�6<6��JLYHQ�D�SRSXODWLRQ

RI�VL]H�11�DQG�D�VDPSOH�VL]H�V� �QQ��WKH�PRVW�HIILFLHQW�VWUDWHJ\�FRUUHVSRQGV�WR�WKH�PLQLPXP�¶O·�ZKLFK

FRUUHVSRQGV�WR�WKH�PD[LPXP�RI�QQ V����DQG�WKLV�FRUUHVSRQGV�WR�WKH�PLQLPXP����� �����)RU�6<6��WKH

PRVW�HIILFLHQW�VWUDWHJ\�LV�WR�WDNH�RQO\�RQH�VDPSOH��� ���RI�HOHPHQWV�D�GLVWDQFH�DSDUW�O 11�V��LQ�WKH

URZ�DQG�FROXPQ�GLUHFWLRQV��LQ�RWKHU�ZRUGV��DV�VXJJHVWHG�E\�VHYHUDO�DXWKRUV��D�UHJXODU�DUUDQJHPHQW�RI

WKH���VWDUWLQJ�SRLQWV�LV�PRUH�HIILFLHQW�WKDQ�D�UDQGRP�VHOHFWLRQ�RI�WKH���VWDUWLQJ�SRLQWV���)RU�WKH�JLYHQ

VDPSOH�VL]H�V��DQG�WKH�PRVW�HIILFLHQW�VWUDWHJ\��WKH�H[SHFWHG�YDULDQFH�RI�WKH�HVWLPDWRU�FDQ�EH�REWDLQHG

XVLQJ�>�@�DQG�WKH�ILWWHG�FRUUHODWLRQ�PRGHO���)RU�D�JLYHQ�O�YDOXH��WKH�VDPSOH�VL]H�QHFHVVDU\�WR�DFKLHYH�D

GHVLUHG�SUHFLVLRQ�(9�]� 9��FDQ�EH�HVWLPDWHG�XVLQJ�>�@�DQG�WKH�ILWWHG�FRUUHODWLRQ�IXQFWLRQ�

5HIHUHQFHV

'DV��$�&�����������´7ZR�GLPHQVLRQDO�6\VWHPDWLF�6DPSOLQJ�DQG�WKH�$VVRFLDWHG�6WUDWLILHG�DQG�5DQGRP�6DPSOLQJ�µ�6DQNKD\D����
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