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$EVWUDFW���([LVWLQJ�WKUHH�GLPHQVLRQDO�QXPHULFDO�PRGHOLQJ�WHFKQLTXHV�IRU�(�FRUH�WUDQVIRUPHUV�DUH�
DFFXUDWH�EXW�UHTXLUH�SURKLELWLYH�DPRXQWV�RI�VLPXODWLRQ�WLPH���+HQFH��WZR�GLPHQVLRQDO�PRGHOV�DUH�
RIWHQ�XVHG��EXW�WKH\�DUH�IUHTXHQWO\�LQDFFXUDWH���:H�SURSRVH�D�QHZ��'�PRGHOLQJ�PHWKRG�WKDW�DGGV�
DQ�H[WHQGHG�IOX[�UHWXUQ�SDWK�WR�WKH�PRGHO�RI�WKH�WUDQVIRUPHU�VHFWLRQ�SHUSHQGLFXODU�WR�WKH�FRUH���
$YHUDJHG��VXEMHFW�WR�DSSURSULDWH�ZHLJKWLQJ��ZLWK�D�VHFWLRQ�SDUDOOHO�WR�WKH�FRUH�PRGLILHG�WR�KDYH�
WKH�VDPH�UHOXFWDQFH�DV�WKH��'�PRGHO��WKH�UHVXOWV�IURP�RXU�PRGHO�IRU�WRWDO�PDJQHWLF�HQHUJ\�DQG�
PDJQHWLF�HQHUJ\�LQ�WKH�ZLQGLQJV�DUH�ZLWKLQ����������HUURU�UHODWLYH�WR�WKH��'�PRGHO�LQ�������
FDVHV��
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�
3UREOHPV�ZLWK�([LVWLQJ�0HWKRGV��
� 7KHUH�FXUUHQWO\�GRHV�QRW�H[LVW�D�UHOLDEOH�PHWKRG�IRU�FRPSXWHU�PRGHOLQJ�RI�(�FRUH�
WUDQVIRUPHUV��VXFK�DV�WKH�RQH�LQ�VKRZQ�)LJXUH����LQ�WZR�GLPHQVLRQV���7KUHH�GLPHQVLRQDO�
PRGHOLQJ�RI�VXFK�WUDQVIRUPHUV�XVLQJ�ILQLWH�HOHPHQW�DQDO\VLV��)($��RU�RWKHU�QXPHULFDO�
PHWKRGV�LV�KLJKO\�DFFXUDWH�DQG�LV�QRW�H[WUHPHO\�GLIILFXOW��EXW�LW�LV�YHU\�WLPH�FRQVXPLQJ��
HYHQ�RQ�IDVW�FRPSXWHUV���,Q�DGGLWLRQ�WR�ODUJH�WLPH�UHTXLUHPHQWV���'�PRGHOV�UHTXLUH�YHU\�
ODUJH�DPRXQWV�RI�IUHH�PHPRU\�WR�SURYLGH�DFFXUDWH�VROXWLRQV���8VLQJ�$QVRIW¶V�0D[ZHOO��'�
)LHOG�6LPXODWRU�VRIWZDUH�RQ�DQ�06�:LQGRZV������SODWIRUP�UXQQLQJ�RQ�D�3HQWLXP���
SURFHVVRU��D��'�PRGHO�RI�WKH�WUDQVIRUPHU�LQ�)LJXUH���UHTXLUHV�����VHFRQGV�DQG�����0E�RI�
PHPRU\�WR�DUULYH�DW�D�YDOXH�RI�WKH�WRWDO�PDJQHWLF�HQHUJ\�DFFXUDWH�WR�����DFFRUGLQJ�WR�WKH�
VRIWZDUH¶V�HUURU�HVWLPDWLRQ�DOJRULWKP���2Q�WKH�RWKHU�KDQG��RQ�WKH�VDPH�PDFKLQH��D��'�
VLPXODWLRQ�RI�WKH�VDPH�WUDQVIRUPHU�WR����DFFXUDF\�UHTXLUHV���VHFRQG�DQG����0E�RI�
PHPRU\���(LWKHU�VLPXODWLRQ�PD\�EH�VXIILFLHQW�IRU�DQ�HQJLQHHU�GHVLULQJ�WR�PRGHO�RQH�
WUDQVIRUPHU�D�VLQJOH�WLPH�LI�KH�KDV�D�VLPLODU�FRPSXWHU�ZLWK�SOHQW\�RI�GLVN�VSDFH�DQG�LV�QRW�
LQ�D�KXUU\���+RZHYHU��ZKHQ�XVLQJ�WKH�PRGHO�LWHUDWLYHO\�WR�RSWLPL]H�VRPH�FKDUDFWHULVWLF�RI�
D�WUDQVIRUPHU��LW�LV�QRW�SUDFWLFDO�WR�XVH�D��'�VLPXODWLRQ���)RU�WKHVH�UHDVRQV��LQ�SUDFWLFH��'�
QXPHULFDO�PRGHOLQJ�LV�FRPPRQO\�XVHG��
� $OWKRXJK�WZR�GLPHQVLRQDO�QXPHULFDO�PRGHOLQJ�WHFKQLTXHV�DUH�ZLGHO\�XVHG��WKH\�
IDLO�WR�DFFRXQW�IRU�LPSRUWDQW��'�HIIHFWV���7KH�PRVW�EDVLF��'�VLPXODWLRQ�LQYROYHV�
PRGHOLQJ�D�FURVV�VHFWLRQ�SDUDOOHO�WR�WKH�WUDQVIRUPHU�FRUH¶V�ORQJHU�VLGHV��DV�VKRZQ�LQ�
)LJXUH��D���7KLV�PRGHO�FDQ�WKHQ�EH�VLPXODWHG�E\�)($�DVVXPLQJ�D[LDO�V\PPHWU\�DERXW�WKH�
FHQWHU�RI�WKH�WUDQVIRUPHU�FRUH���+RZHYHU��WKLV�DSSURDFK�LJQRUHV�DOO��'�HIIHFWV��ZKLFK�
KDYH�EHHQ�VKRZQ�WR�EH�VLJQLILFDQW�>�@��>�@���7KH�PRVW�VWUDLJKWIRUZDUG�DSSURDFK�WR�
DFFRXQWLQJ�IRU��'�HIIHFWV�ZRXOG�EH�WR�DOVR�PRGHO�D�VHFWLRQ�SHUSHQGLFXODU�WR�WKH�SODQH�RI��
�
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)LJXUH�����D��7KH�VHFWLRQ�SDUDOOHO�WR�WKH�FRUH���
E��7KH�VHFWLRQ�SHUSHQGLFXODU�WR�WKH�FRUH
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)LJXUH����)($�XVHV�D[LDO�V\PPHWU\��DV�VKRZQ�KHUH���

�
)LJXUH����$��'�PRGHO�
PRGLILHG�WR�KDYH�WKH�VDPH�
UHOXFWDQFH�DV�WKH��'PRGHO��

�
�
WKH�FRUH��DV�VKRZQ�LQ�)LJXUH��E�DQG�SURSRVHG�LQ�>�@���7KLV�PHWKRG�ZRUNV�ZHOO�IRU�WKH�
VSHFLILF�VLWXDWLRQ�WHVWHG�LQ�>�@�GXH�WR�WKH�ZD\�WKH�SDUWLFXODU�ZLQGLQJ�VKDSH�XVHG�UHGXFHV�
WKH�HIIHFW�RI�FXUUHQW�LQ�RQH�SODQH�FDXVLQJ�ILHOGV�LQ�WKH�SHUSHQGLFXODU�SODQH���+RZHYHU��LW�
IDLOV�LQ�PDQ\�RWKHU�VLWXDWLRQV��DV�ZLOO�EH�GHPRQVWUDWHG�LQ�D�ODWHU�VHFWLRQ�RI�WKLV�SDSHU����

$�IXUWKHU�LQDFFXUDF\�LQ�H[LVWLQJ��'�PRGHOLQJ�PHWKRGV�VWHPV�IURP�WKH�DVVXPSWLRQ�
RI�URWDWLRQDO�V\PPHWU\�DERXW�WKH�FHQWHU�RI�WKH�WUDQVIRUPHU���$V�VKRZQ�LQ�)LJXUH����ZKHQ�
PRGHOLQJ�D�VHFWLRQ�SDUDOOHO�WR�WKH�FRUH��WKH�DFWXDO�VKDSH�WKDW�WKH��'�)($�WRRO�VLPXODWHV�LV�
RQH�ZLWK�F\OLQGULFDO�V\PPHWU\��ZKLFK�FRQVHTXHQWO\�LQFUHDVHV�WKH�FURVV�VHFWLRQDO�DUHD�RI�
WKH�RXWHU�OHJV���$V�LQ�>�@��WKLV�HIIHFW�FDQ�EH�DFFRXQWHG�IRU�E\�PRGLI\LQJ�WKH��'�PRGHO�WR�
KDYH�WKH�VDPH�WRWDO�UHOXFWDQFH�DV�WKH��'�PRGHO��)LJXUH������7KLV�PRGLILFDWLRQ�LV�KHOSIXO�
LQ�FHUWDLQ�VLWXDWLRQV�EXW�RQFH�DJDLQ�GRHV�QRW�DFFXUDWHO\�PRGHO�WKH�ILHOG�LQ�DOO�DUHDV��
HVSHFLDOO\�LQ�WKH�FUXFLDO�DUHD�RI�WKH�ZLQGLQJV�LQ�WKH�SODQH�SHUSHQGLFXODU�WR�WKH�FRUH���
�
2YHUYLHZ�RI�WKH�3URSRVHG�1HZ�0HWKRG��

7KLV�SDSHU�SURSRVHV�D�QHZ�PHWKRG�RI�PRGHOLQJ�(�FRUH�WUDQVIRUPHUV�LQ�WZR�
GLPHQVLRQV�XVLQJ�D�ZHLJKWHG�DYHUDJH�RI�UHVXOWV�IURP�WZR�PRGLILHG��PXWXDOO\�
SHUSHQGLFXODU�VHFWLRQV���:H�ZDQW�WR�VRPHKRZ�FUHDWH�WZR��'�PRGHOV�WKDW�ZLOO�VLPXODWH�
WKH�EHKDYLRU�LQ�WKH�WZR�VHFWLRQV�VKRZQ�LQ�)LJXUH�����7R�PRGHO�WKH�VHFWLRQ�SDUDOOHO�WR�WKH�
FRUH��ZH�FDQ�XVH�WKH�VHFWLRQ�PRGLILHG�WR�KDYH�HTXDO�UHOXFWDQFH�WR�WKH��'�PRGHO�ZKHQ�
VLPXODWHG�D[LV\PPHWULFDOO\��DV�GHVFULEHG�DERYH�DQG�VKRZQ�LQ�)LJXUH�����7KH�RWKHU�
VHFWLRQ�ZLOO�EH�D�PRGLILHG�YHUVLRQ�RI�WKH�VHFWLRQ�SHUSHQGLFXODU�WR�WKH�FRUH���,Q�RUGHU�WR�
FUHDWH�LW��ZH�UHFRJQL]H�WKDW�WKH�PDMRU�GLIIHUHQFH�EHWZHHQ�WKH��'�DQG��'�PRGHOV�RI�WKLV�
VHFWLRQ�LV�WKH�ODFN�RI�DYDLODELOLW\�RI�DQ�RXWHU�IOX[�SDWK�LQ�WKH��'�PRGHO��VLQFH�LQ�WKH��'�
PRGHO��PDJQHWLF�IOX[�LV�IUHH�WR�UHWXUQ�WKRXJK�WKH�FRUH�LQ�DQRWKHU�SODQH���7KHUHIRUH�RXU��'�
PRGHO�RI�WKLV�VHFWLRQ�VKRXOG�LQFOXGH�D�IOX[�UHWXUQ�SDWK���+RZHYHU��WKH�SDUDOOHO��HTXDO�
UHOXFWDQFH��'�PRGHO�ZLOO�QRW�SURYLGH�DFFXUDWH�UHVXOWV�EHFDXVH�RI�WKH�SUR[LPLW\�RI�WKH�
RXWHU�IOX[�SDWK�WR�WKH�ZLQGLQJV���,QVWHDG��ZH�XVH�WKH�PRGHO�VKRZQ�LQ�)LJXUH����ZKLFK�KDV�
DQ�H[WHQGHG�RXWHU�IOX[�UHWXUQ�SDWK�DQG�LV�VWLOO�GHVLJQHG�WR�KDYH�WKH�VDPH�UHOXFWDQFH�DV�WKH�
�'�PRGHO���7KLV�SDWK�DOORZV�IOX[�WR�UHWXUQ�WKURXJK�FRUH�PDWHULDO�ZLWKRXW�GLUHFWLQJ�LW�
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)LJXUH����7KH�WZR�SODQHV�ZH�KRSH�WR�VLPXODWH��

�
)LJXUH�����7KH�QHZ�H[WHQGHG�SDWK�PRGHO�IRU�
VLPXODWLRQ�RI�WKH�SODQH�SHUSHQGLFXODU�WR�WKH�
FRUH�
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�
XQUHDOLVWLFDOO\�FORVH�WKH�ZLQGLQJ���$�ZHLJKWHG�DYHUDJH�RI�UHVXOWV�IURP�HDFK�RI�WKHVH�WZR�
PRGHOV��)LJXUHV���DQG����FDQ�WKHQ�EH�XVHG�WR�DSSUR[LPDWH�YDOXHV�RI�LQWHUHVW���7KH�
ZHLJKWLQJ�IDFWRU�LV�EDVHG�RQ�DQ�HVWLPDWH�RI�WKH�UHODWLYH�DPRXQWV�RI�WKH��'�PRGHO�
HVWLPDWHG�WR�EH�HIIHFWHG�E\�FRQGLWLRQV�VLPLODU�WR�HDFK�VHFWLRQ���7KH�PHWKRGV�RI�
PDWKHPDWLFDO�GHWHUPLQDWLRQ�RI�WKH�ZHLJKWLQJ�IDFWRU�DQG�RI�WKH�WZR�VHFWLRQ�JHRPHWULHV�
DSSHDU�LQ�6HFWLRQ�,,�RI�WKLV�SDSHU��
�
7KH�7HVW�&DVHV��

%HIRUH�SUHVHQWLQJ�D�GHWDLOHG�GHVFULSWLRQ�RI�RXU�PRGHOLQJ�PHWKRG��ZH�ZLOO�
VXPPDUL]H�WKH�YDULRXV�VLWXDWLRQV�ZH�KRSH�WR�PRGHO�DQG�WKH�YDOXHV�ZH�KRSH�WR�FDOFXODWH�
IRU�HDFK���9DU\LQJ�RQO\�WKH�SUHVHQFH�DQG�ORFDWLRQ�RI�JDSV�LQ�WKH�EDVLF�(�FRUH�WUDQVIRUPHU��
IRXU�GLIIHUHQW�FRQILJXUDWLRQV�DUH�SRVVLEOH��WKH�EDVLF�WUDQVIRUPHU�ZLWK�QR�JDSV��WKH�FHQWHU�
JDSSHG�WUDQVIRUPHU��WKH�RXWHU�JDSSHG�WUDQVIRUPHU��DQG�WKH�WUDQVIRUPHU�ZLWK�JDSV�LQ�DOO�
WKUHH�OHJV��)LJXUH������,Q�WKLV�SDSHU�WKH�RQO\�ZLQGLQJ�VHWXS�WKDW�LV�FRQVLGHUHG�LV�WKDW�RI�
WZR�FRQFHQWULF�ZLQGLQJV�DURXQG�WKH�FHQWHU�SRVW���,Q�WKLV�FDVH�WKHUH�DUH�WZR�GLVWLQFW�
ZLQGLQJ�H[FLWDWLRQV��RQH�LQ�ZKLFK�WKH�FXUUHQW�LQ�WKH�WZR�ZLUHV�LV�SDUDOOHO��PDJQHWL]LQJ�
H[FLWDWLRQ���DQG�RQH�LQ�ZKLFK�WKH�WZR�FXUUHQWV�UXQ�DQWLSDUDOOHO��OHDNDJH�H[FLWDWLRQ�����
�
�
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)LJXUH�����D��&HQWHU�JDSSHG�FRUH��E��*DSOHVV�FRUH��F��2XWHU�JDSSHG�FRUH��G���$OO�JDSSHG�FRUH����



)RU�HDFK�RI�WKHVH�IRXU�JDS�FRQILJXUDWLRQV�DQG�HDFK�RI�WKH�WZR�ZLQGLQJ�H[FLWDWLRQV�
ZH�KRSH�WR�FRPSXWH�YDOXHV�IRU�WZR�LQWHUHVWLQJ�YROXPH�LQWHJUDOV���7KH�ILUVW�LV�WKH�WRWDO�RI�
%+�IRU�WKH�V\VWHP��ZKLFK�LV�UHODWHG�WR�WKH�WRWDO�HQHUJ\�DQG�WR�WKH�LQGXFWDQFH����
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7KH�VHFRQG�LV�WKH�LQWHJUDO�RI�%+�LQVLGH�WKH�WZR�ZLQGLQJV��ZKLFK�LV�UHODWHG�WR�HGG\�
FXUUHQW�ORVV�LQ�WKH�ZLQGLQJV�����

PDJQHWLF�HQHUJ\�LQ�WKH�ZLQGLQJ�UHJLRQ� � × �
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$�VXPPDU\�RI�WKHVH�VL[WHHQ�VLWXDWLRQV�WR�EH�WHVWHG�LV�VKRZQ�LQ�7DEOH�,���(DFK�RI�WKH��'�
PRGHOLQJ�WHFKQLTXHV��LQFOXGLQJ�WKRVH�SUHYLRXVO\�GHYHORSHG�E\�RWKHUV��ZLOO�EH�WHVWHG�LQ�
HDFK�VLWXDWLRQ���7KH\�ZLOO�WKHQ�EH�FRPSDUHG�WR�WKH��'�)($�VROXWLRQ�WR�GHWHUPLQH�WKHLU�
DFFXUDF\��
�

� PDJQHWL]LQJ�H[FLWDWLRQ� OHDNDJH�H[FLWDWLRQ�
� WRWDO�HQHUJ\�ZLQGLQJ�HQHUJ\� WRWDO�HQHUJ\� ZLQGLQJ�HQHUJ\�

QR�JDS� �� �� �� ��
FHQWHU�JDS� �� �� �� ��
RXWHU�JDS� �� �� �� ��
DOO�JDS� �� �� �� ��

�
7DEOH�,���7KH�VL[WHHQ�VLWXDWLRQV�IRU�ZKLFK�WKH�YDULRXV��'�PHWKRGV�DUH�WR�EH�HYDOXDWHG�

�
�

,,���'HWDLOHG�'HVFULSWLRQ�RI�1HZ�0HWKRG�
�

7KH�)RXU�6HFWLRQV�DQG�WKH�7ZR�&RPELQHG�6HFWLRQV��
� )LUVW�ZH�ZLOO�LQWURGXFH�VRPH�DEEUHYLDWLRQV�IRU�WKH�YDULRXV�WUDQVIRUPHU�VHFWLRQV�
WKDW�ZH�ZLOO�EH�PRGHOLQJ���7KH�EDVLF�VHFWLRQ�SDUDOOHO�WR�WKH�FRUH�LV�UHIHUUHG�WR�KHUHLQ�DV�
WKH�__�VHFWLRQ���)RU�WKH�RWKHU�EDVLF�VHFWLRQ��SHUSHQGLFXODU�WR�WKH�FRUH��WKH�DEEUHYLDWLRQ�7�LV�
XVHG���7KH�ILUVW�PRGLILHG�VHFWLRQ��ZKRVH�RQO\�PRGLILFDWLRQ�LV�WR�WULP�WKH�RXWHU�OHJ�WR�JLYH�
LW�D�UHOXFWDQFH�HTXDO�WR�WKDW�RI�WKH��'�PRGHO��LV�UHIHUUHG�WR�DV�(5��IRU�HTXDO�UHOXFWDQFH���
7KH�(5�VHFWLRQ�LV�LQWHQGHG�WR�PRGHO�WKH�VHFWLRQ�RI�WKH��'�PRGHO�WKDW�LV�SDUDOOHO�WR�WKH�
FRUH���7KH�VHFRQG�PRGLILHG�VHFWLRQ��ZKLFK�FRQWDLQV�DQ�LPDJLQDU\�H[WHQGHG�IOX[�UHWXUQ�
SDWK�DQG�LV�DOVR�GHVLJQHG�WR�KDYH�WKH�VDPH�UHOXFWDQFH�DV�WKH�UHDO�WUDQVIRUPHU��LV�
DEEUHYLDWHG�;3��IRU�H[WHQGHG�SDWK���,W�LV�LQWHQGHG�WR�PRGHO�WKH�VHFWLRQ�SHUSHQGLFXODU�WR�
WKH�FRUH����
� $OVR�XVHIXO�LQ�WKLV�GLVFXVVLRQ�DUH�WZR�ZHLJKWHG�FRPELQDWLRQV�RI�WKH�IRXU�VHFWLRQV���
7KH�FRPELQDWLRQ�SXW�IRUWK�LQ�>�@�DQG�>�@�LV�DQ�DYHUDJH�RI�WKH�VHFWLRQ�SDUDOOHO�WR�WKH�FRUH�
�__�ZLWK�WKH�VHFWLRQ�SHUSHQGLFXODU�WR�WKH�FRUH��7����,W�ZLOO�EH�DEEUHYLDWHG�__7���7KH�RWKHU�
FRPELQDWLRQ�LV�WKH�RQH�SURSRVHG�KHUHLQ�DQG�SUHGLFWHG�WR�EH�PRVW�DFFXUDWH���,W�FRQVLVWV�RI�D�
ZHLJKWHG�DYHUDJH�RI�WKH�HTXDO�UHOXFWDQFH�VHFWLRQ��(5��DQG�WKH�VHFWLRQ�FRQWDLQLQJ�WKH�
H[WHQGHG�IOX[�SDWK��;3���DQG�ZLOO�EH�UHIHUUHG�WR�DV�WKH�(5;3�PRGHO����
�
�



'HWHUPLQDWLRQ�RI�WKH�:HLJKWLQJ�)DFWRU��
� :KHQ�FDOFXODWLQJ�VRPH�YDOXH�XVLQJ�RQH�RI�WKH�FRPELQHG�PRGHOV��LW�LV�D�UHDVRQDEOH�
LQLWLDO�DSSUR[LPDWLRQ�WR�JLYH�HTXDO�ZHLJKWLQJ�WR�HDFK�RI�WKH�WZR�VHFWLRQV�LQYROYHG���,Q�WKLV�
FDVH�RQH�ZRXOG�VLPSO\�DYHUDJH�WKH�YDOXHV�GHWHUPLQHG�IURP�HDFK�VHFWLRQ�LQGLYLGXDOO\���
)RU�VRPH�VSHFLILF�JHRPHWULHV��VXFK�DV�WKH�RQH�XVHG�LQ�>�@��WKLV�ZRXOG�LQGHHG�EH�WKH�EHVW�
DSSUR[LPDWLRQ�WR�WKH�DFWXDO��'�YDOXH���+RZHYHU��WKLV�LV�QRW�QHFHVVDULO\�WKH�FDVH�IRU�DOO�
JHRPHWULHV���&RQVLGHU�D�YLHZ�IURP�DERYH�WKH�WUDQVIRUPHU�RQ�ZKLFK�ZH�KDYH�EHHQ�
IRFXVLQJ��DV�LI�ORRNLQJ�GRZQ�WKRXJK�WKH�PLGGOH�RI�WKH�ZLQGLQJ��DV�LQ�)LJXUH������
3UHVXPDEO\��WKH�SDUW�RI�WKH�ZLQGLQJ�WKDW�LV�FRYHUHG�E\�WKH�WRS�SLHFH�RI�WKH�FRUH�LQ�WKLV�
YLHZ�LV�LQ�D�VLWXDWLRQ�VLPLODU�WR�WKDW�PRGHOHG�E\�WKH�(5�VHFWLRQ��DQG�WKH�SDUW�RI�WKH�
ZLQGLQJ�WKDW�LV�YLVLEOH�RXWVLGH�WKH�FRUH�LQ�WKLV�YLHZ�LV�EHVW�PRGHOHG�E\�WKH�;3�VHFWLRQ���
:KLOH�D�GHFHQW�DSSUR[LPDWLRQ�WR�WKH�UHODWLYH�DUHDV�RI�WKH�WZR�SDUWV�RI�WKH�ZLQGLQJ�FDQ�EH�
REWDLQHG�E\�DYHUDJLQJ�WKH�WZR�DQJOHV�ODEHOHG�

�

�DQG�
�

�LQ�)LJXUH����H[SHULPHQWDWLRQ�
DFWXDOO\�VKRZV�WKDW�EHWWHU�UHVXOWV�DUH�REWDLQHG�ZKHQ�WKH�H[DFW�DUHDV�RI�WKH�WZR�ZLQGLQJ�
UHJLRQV�DUH�FRPSXWHG���7KHUHIRUH�ZH�KDYH�

( )��
�

$$
$Z += �

+HQFH��ZH�GHILQH�
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)LJXUH�����'HWHUPLQLQJ�WKH�ZHLJKWLQJ�IDFWRU��

�
)LQGLQJ�WKH�$FWXDO�&RUH�5HOXFWDQFH�IRU�8VH�LQ�'UDZLQJ�(5�DQG�;3�0RGHOV��
� 7KH�DFFXUDF\�RI�WKH�FDOFXODWLRQ�RI�WKH�UHOXFWDQFH�RI�WKH�FRUH�WXUQV�RXW�WR�EH�D�
PDMRU�GHWHUPLQLQJ�IDFWRU�LQ�WKH�DFFXUDF\�RI�WKH�(5��HTXDO�UHOXFWDQFH��DQG�;3��H[WHQGHG�
SDWK��PRGHOV���,Q�WUDQVIRUPHU�FRUHV�ZLWK�JDSSHG�RXWHU�OHJV��ILQGLQJ�WKH�WRWDO�UHOXFWDQFH�
UHTXLUHV�WKH�HVWLPDWLRQ�RI�VHYHUDO�IULQJLQJ�UHOXFWDQFHV���7KH�UHOXFWDQFH�RI�D�SLHFH�RI�FRUH�
RI�UHODWLYH�SHUPHDELOLW\�
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���� �
$

O

5
mm

�

=§ ��

ZKHUH�
�

�LV�WKH�SHUPHDELOLW\�RI�IUHH�VSDFH���
7KHUHIRUH��D�ILUVW�DSSUR[LPDWLRQ�WR�WKH�
UHOXFWDQFH�RI�DQ�DLU�JDS�RI�OHQJWK�O
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+RZHYHU��WKLV�GRHV�QRW�DFFRXQW�IRU�DQ\�RI�WKH�
VLJQLILFDQW�DPRXQW�RI�IOX[�WKDW�H[LWV�WKH�FRUH�
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7KLV�UHOXFWDQFH�ZLOO�EH�UHIHUUHG�WR�DV�WKH�UHOXFWDQFH�RI�IOX[�SDWKV�HPDQDWLQJ�IURP�WKH�
IDFHV�RI�WKH�OHJ��RU�DV�WKH�³IDFH�UHOXFWDQFH�´�LQ�RUGHU�WR�GLVWLQJXLVK�LW�IURP�DQRWKHU�W\SH�RI�
UHOXFWDQFH�LQWURGXFHG�LQ�WKH�QH[W�SDUDJUDSK��

7KXV�IDU�ZH�KDYH�DFFRXQWHG�IRU�DOO�RI�WKH�IULQJLQJ�IOX[�SDVVLQJ�WKURXJK�WKH�GDUNO\�
VKDGHG�UHJLRQV�RXWVLGH�WKH�UHFWDQJOH�LQ�WKH�ERWWRP�RI�)LJXUH�����+RZHYHU��WKH�WZR�
GLPHQVLRQDO��WUDQVODWLRQDOO\�V\PPHWULF�PRGHO�WR�ZKLFK�WKH�IRUPXODV�LQ�>�@�DSSO\�
SUHFOXGHV�WKH�FDOFXODWLRQ�RI�DQ�HIIHFWLYH�UHOXFWDQFH�IRU�IOX[�JRLQJ�WKRXJK�WKH�OLJKWO\�
VKDGHG�UHJLRQV�RI�)LJXUH����ZKLFK�ZH�ZLOO�UHIHU�WR�DV�WKH�FRUQHU�IULQJLQJ�IOX[��WKH�
UHOXFWDQFH�RI�LWV�SDWK�LV�WKHQ�WKH�³FRUQHU�UHOXFWDQFH�´��$V�QR�UHOLDEOH�HVWLPDWH�RI�WKH�
UHOXFWDQFH�RI�WKHVH�FRUQHU�SDWKV�FRXOG�EH�IRXQG�LQ�WKH�OLWHUDWXUH��ZH�FKRVH�WR�HPSLULFDOO\�
HVWLPDWH�WKH�FRUQHU�UHOXFWDQFH���,Q�RUGHU�WR�GR�VR��ZH�PRGHOHG�D�VLPSOH�UHFWDQJXODU�
LQGXFWRU�OLNH�WKDW�VKRZQ�LQ�)LJXUH�����ZLWK�DQ�DLU�JDS�LQ�RQH�OHJ����7KURXJK�)($�
VLPXODWLRQ��ZH�IRXQG�WKH�WRWDO�UHOXFWDQFH�RI�WKLV�LQGXFWRU���$V�GHPRQVWUDWHG�DERYH��ZH�
FDQ�FDOFXODWH�WKH�WRWDO�FRUH�UHOXFWDQFH��WKH�UHOXFWDQFH�RI�WKH�SDWK�GLUHFWO\�DFURVV�WKH�JDS��
DQG�WKH�UHOXFWDQFH�RI�WKH�QRQ�FRUQHU�IULQJLQJ�SDWKV���%\�SOXJJLQJ�WKHVH�YDOXHV�LQWR�WKH�
WRWDO�UHOXFWDQFH�IRUPXOD�
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ZH�FDQ�QXPHULFDO�GHWHUPLQH�WKH�FRUQHU�UHOXFWDQFH�IRU�WKLV�VLPSOLILHG�FDVH���$IWHU�
FRQVLGHULQJ�VHYHUDO�RWKHU�IRUPXODWLRQV��ZH�FRQFOXGHG�WKDW�WKH�FRUQHU�UHOXFWDQFH�VKRXOG�
KDYH�WKH�IRUP�
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ZKHUH�N�LV�VRPH�FRQVWDQW�TXDQWLW\���)URP�WKH�DERYH�VLPXODWLRQ��N�ZDV�FDOFXODWHG�WR�EH�
DERXW���������
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��$FWXDOO\�WKH�VLPSOH�UHFWDQJXODU�FRUH�ZDV�VXUURXQGHG�RQ�WKH�WKUHH�QRQ�JDSSHG�VLGHV�E\�D�PDWHULDO�RI�
H[WUHPHO\�ORZ�SHUPHDELOLW\�WR�HQVXUH�WKDW�DOO�IOX[�ZRXOG�WDNH�VRPH�SDWK�IURP�WKH�WRS�RI�WKH�JDSSHG�OHJ�WR�
WKH�ERWWRP��UDWKHU�WKDQ�OHDNLQJ�WKURXJK�WKH�ZLQGRZ�RU�DURXQG�WKH�QRQ�FRUH�VLGH�RI�WKH�ZLQGLQJ���7KLV�
VLPSOLILHG�WKH�IRUPXOD�IRU�WRWDO�5����
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� 7KH�ILQDO�IOX[�SDWK�IRU�ZKLFK�ZH�KDYH�QRW�\HW�FDOFXODWHG�D�UHOXFWDQFH�LV�WKH�SDWK�
WKURXJK�WKH�ZLQGLQJ�ZLQGRZ���$VVXPLQJ�WKDW�WKH�IOX[�GRHV�QRW�VSUHDG�RXW�VLJQLILFDQWO\�
ZKHQ�SDVVLQJ�WKURXJK�WKH�ZLQGRZ��WKH�UHOXFWDQFH�IRU�WKLV�SDWK�LV�

���� � � � �
GZ

K

Z

ZLQGRZ

�
m

=§ ��

7KH�ZLQGRZ�ZLGWK�ZZ�DQG�KHLJKW�K�DUH�VKRZQ�LQ�)LJXUH�����DQG�GHSWK�G�LV�DV�GHILQHG�LQ�
)LJXUH�����1HJOHFWLQJ�WKH�IULQJLQJ�RI�WKH�IOX[�OHDNDJH�WKURXJK�WKH�ZLQGRZ�WXUQV�RXW�WR�EH�
D�YDOLG�DVVXPSWLRQ�EHFDXVH�ZLWK�RU�ZLWKRXW�IULQJLQJ��WKH�UHOXFWDQFH�RI�WKH�SDWK�WKURXJK�
WKH�ZLQGRZ�LV�YHU\�KLJK�FRPSDUHG�WR�WKH�RWKHU�UHOXFWDQFHV�LQ�WKH�PRGHO���$�UHODWLYHO\�
KLJK�UHOXFWDQFH�LQ�DQ�DOWHUQDWLYH�SDWK�DOLJQHG�LQ�SDUDOOHO�ZLWK�VHYHUDO�SDWKV�RI�ORZHU�
UHOXFWDQFH�PHDQV�WKDW�OLWWOH�IOX[�ZLOO�IORZ�WKURXJK�WKH�KLJK�UHOXFWDQFH�SDWK���7KHUHIRUH�WKH�
DFFXUDF\�RI�WKH�FDOFXODWLRQ�RI�WKH�ZLQGRZ�UHOXFWDQFH�LV�QRW�FUXFLDO�DQG�WKH�VLPSOH�
IRUPXOD�DSSHDULQJ�DERYH�LV�VXIILFLHQW��
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)LJXUH������7KH�ZLQGLQJ�ZLQGRZ�GLPHQVLRQV��
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)LJXUH������)OX[�SDWK�GHILQLWLRQV�LQ�WKH��'�
RXWHU�JDSSHG�WUDQVIRUPHU�
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RI�WKH�WKUHH�GLPHQVLRQDO�WUDQVIRUPHU�FRUH�ZLWK�JDSSHG�RXWHU�OHJV���7KH�UHODWLRQVKLS�RI�WKH�
YDULRXV�SDWKV�LV�VKRZQ�LQ�)LJXUH������&RPELQLQJ�WKHP�DSSURSULDWHO\��ZH�KDYH��
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ZKHUH�WKH�VXEVFULSWV�UHIHU�WR�WKH�SDWKV�GHILQHG�LQ�)LJXUH������7KLV�UHOXFWDQFH�FDQ�WKHQ�EH�
XVHG�WR�JHQHUDWH�WKH�HTXDO�UHOXFWDQFH�DQG�H[WHQGHG�SDWK�PRGHOV���7KH�YDULRXV�QXPEHUHG�
UHOXFWDQFHV�DUH�DOO�HDVLO\�FDOFXODEOH�IURP�WUDQVIRUPHU�JHRPHWU\�EDVHG�RQ�HTXDWLRQ�������,Q�
PHDVXULQJ�OHQJWKV�RI�WUDQVIRUPHU�OHJV��LW�LV�UHDVRQDEOH��WKRXJK�QRW�H[DFW��WR�DVVXPH�WKDW�
WKH�IOX[�WUDYHOV�WKURXJK�WKH�PLGGOH�RI�HDFK�OHJ���$Q�H[FHSWLRQ�WR�WKLV�RFFXUV�LQ�WKH�FDVH�RI�
WKH�FRQQHFWLRQV�RI�WKH�WRS�DQG�ERWWRP�OHJV�WR�WKH�FHQWHU�SRVW���)OX[�DFWXDOO\�WUDYHOV�QHDU�
WKH�HGJHV�RI�WKH�FHQWHU�SRVW��VR�LW�LV�PRUH�DFFXUDWH�WR�PHDVXUH�WKH�OHQJWKV�RI�WKH�WRS�DQG�
ERWWRP�OHJV�VWDUWLQJ�DW�WKH�RXWHU�HGJH�RI�WKH�FHQWHU�SRVW���7KLV�DOVR�DYRLGV�D�SUREOHP�WKDW�
DULVHV�LQ�WKH��'�PRGHOV�LQYROYLQJ�WDNLQJ�WKH�QDWXUDO�ORJDULWKP�RI�]HUR����

,W�LV�ZRUWK�QRWLQJ�WKDW�IRU�DOO��'�PRGHOV��WKH�UHOXFWDQFH
�

§ RI�WKH�FHQWHU�SRVW�LV�WKH�
VDPH�DV�IRU�WKH��'�PRGHO��VR�ZH�GR�QRW�QHHG�WR�H[SOLFLWO\�DFFRXQW�IRU�LW�LQ�HLWKHU���7KLV�LV�
WKH�FDVH�EHFDXVH�ZH�DUH�PRGHOLQJ�WUDQVIRUPHUV�ZLWK�URXQG�FHQWHU�SRVWV���,Q�WKH�FDVH�RI�D�
WUDQVIRUPHU�ZLWK�D�GLIIHUHQWO\�VKDSHG��H�J��UHFWDQJXODU��FHQWHU�SRVW��LW�ZRXOG�EH�IDLUO\�
DFFXUDWH�WR�VLPSO\�JLYH�WKH�FHQWHU�SRVW�WKH�VDPH�FURVV�VHFWLRQDO�DUHD�LQ�WKH��'�PRGHO�DV�
LQ�WKH��'���+RZHYHU��LQ�WKH�FDVH�RI�D�JDSSHG��UHFWDQJXODU�FHQWHU�SRVW��IULQJLQJ�ZRXOG�
GLIIHU�EHWZHHQ�WKH��'�DQG��'�PRGHOV�VLQFH�WKH��'�FHQWHU�SRVW�LV�DOZD\V�URXQG�DQG�ZRXOG�
WKHUHIRUH�QRW�KDYH�DQ\�FRUQHU�IOX[�SDWKV���2QH�FRXOG�DFFRXQW�IRU�WKLV�E\�XVLQJ�WKH�
UHOXFWDQFH�IRUPXODV�DERYH�IRU�IDFH�DQG�FRUQHU�SDWKV�WR�GHWHUPLQH�WKH�UDGLXV�WKDW�JLYHV�D�
F\OLQGULFDO�FHQWHU�SRVW�WKH�VDPH�UHOXFWDQFH�DV�D�UHFWDQJXODU�SRVW�RI�JLYHQ�GLPHQVLRQV��WKLV�
SDSHU�GRHV�QRW�DGGUHVV�WKH�LVVXH�RI�FHQWHU�SRVW�VKDSH�EH\RQG�WKLV�VXJJHVWLRQ��
� ,Q�WUDQVIRUPHUV�ZLWK�QR�DLU�JDS��WKHUH�LV�QR�IULQJLQJ��VR�FDOFXODWLRQ�RI�WKH�
UHOXFWDQFH�RI�WKH��'�PRGHO�LV�PXFK�OHVV�FRPSOLFDWHG���7KLV�LV�DOVR�WKH�FDVH�IRU�
WUDQVIRUPHUV�ZLWK�D�JDS�RQO\�LQ�WKH�FHQWHU�SRVW��VLQFH��DV�QRWHG�LQ�WKH�SUHFHGLQJ�
SDUDJUDSK��WKH�UHOXFWDQFH�RI�WKH�FHQWHU�SRVW�LV�DOZD\V�WKH�VDPH�EHWZHHQ�D��'�PRGHO�DQG�
WKH�FRUUHVSRQGLQJ�D[LV\PPHWULF��'�PRGHOV���,W�LV�KHOSIXO�WR�LQFOXGH�WKH�UHOXFWDQFH�RI�WKH�
SDWK�WKURXJK�WKH�ZLQGLQJ�ZLQGRZ�LQ�RXU�FDOFXODWLRQ�RI�WKH�WRWDO�UHOXFWDQFH���7KH�ZLQGRZ�
SDWK�LV�HQYLVLRQHG�DV�OHDYLQJ�WKH�WRS�OHJ�KDOIZD\�IURP�WKH�LQQHU�WR�WKH�RXWHU�OHJ�DQG�UH�
HQWHULQJ�WKH�FRUH�LQ�D�VLPLODU�ORFDWLRQ�LQ�WKH�ERWWRP�OHJ��DV�VKRZQ�LQ�SUHYLRXVO\�LQ�)LJXUH�
�����7KH�UHOXFWDQFH�RI�WKH�ZLQGRZ�SDWK��DJDLQ�LJQRULQJ�WKH�VPDOO�FRQWULEXWLRQ�RI�IULQJLQJ�
HIIHFWV��LV�
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7KH�IRXU�QXPEHUHG�UHOXFWDQFHV�FRUUHVSRQG�WR�WKH�IOX[�SDWKV�VKRZQ�LQ�)LJXUH������:H�DUH�
QRZ�UHDG\�WR�XVH�WKH��'�UHOXFWDQFH�IRUPXODV�WR�FUHDWH�WKH��'�PRGHOV��
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JDSOHVV�WUDQVIRUPHU��
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)LJXUH������'LPHQVLRQV�RI�WKH�HTXDO�
UHOXFWDQFH�PRGHO�
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'UDZLQJ�WKH�(TXDO�5HOXFWDQFH�0RGHO��
� 7KH�HTXDO�UHOXFWDQFH��(5��PRGHO�LV�GHULYHG�IURP�WKH�PRGHO�SDUDOOHO�WR�WKH�
WUDQVIRUPHU�FRUH��__��E\�WULPPLQJ�GRZQ�WKH�WRS��ERWWRP��DQG�RXWHU�OHJV���7KH�WKUHH�
WULPPHG�OHJV�KDYH�D�UHPDLQLQJ�WKLFNQHVV�W��ZKLFK�LV�GHWHUPLQHG�E\�JLYLQJ�WKH�(5�PRGHO�
WKH�VDPH�UHOXFWDQFH�DV�WKH��'�PRGHO�FDOFXODWHG�DERYH���7KHUHIRUH�ZH�UHTXLUH�DQ�
H[SUHVVLRQ�IRU�WKH�UHOXFWDQFH�RI�WKH�(5�PRGHO�LQ�WHUPV�RI�W��ZKLFK�ZH�FDQ�WKHQ�VHW�HTXDO�
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)RU�WUDQVIRUPHUV�ZLWK�DQ�DLU�JDS�LQ�WKHLU�RXWHU�OHJV��WKH�(5�PRGHO�DOVR�KDV�DQ�DLU�
JDS��VR�IRUPXODV�VLPLODU�WR�WKRVH�XVHG�LQ�WKH�FDOFXODWLRQ�RI�WKH�DFWXDO��'�UHOXFWDQFH�PXVW�
EH�XVHG�WR�DFFRXQW�IRU�IULQJLQJ���,Q�DGGLWLRQ��WKH�QRQ�XQLIRUP�FURVV�VHFWLRQDO�DUHD�RI�WKH�
WRS�DQG�ERWWRP�OHJV��GXH�WR�WKH�PRGHO¶V�XVH�RI�URWDWLRQDO�V\PPHWU\��PHDQV�WKDW�
UHOXFWDQFH�PXVW�EH�IRUPXODWHG�DV�DQ�LQWHJUDO��ZLWK�WKH�XVXDO�OHQJWK�TXDQWLW\�LV�WKH�YDULDEOH�
RI�LQWHJUDWLRQ���7KH�FURVV�VHFWLRQDO�DUHD�$�PXVW�EH�H[SUHVVHG�DV�D�IXQFWLRQ�I�RI�GLVWDQFH�[�
DORQJ�WKH�O�D[LV��VR�WKDW�WKH�JHQHUDO�HTXDWLRQ�IRU�WKH�UHOXFWDQFH�RI�D�WUDQVIRUPHU�VHFWLRQ�RI�
YDU\LQJ�FURVV�VHFWLRQ�LV�
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,Q�WKH�FDVH�RI�WKH�WRS�RU�ERWWRP�OHJ�RI�WKH�(5�WUDQVIRUPHU�PRGHO��WKH�GLVWDQFH�[�LV�
IXQFWLRQDOO\�HTXLYDOHQW�WR�WKH�UDGLXV�U�IURP�WKH�D[LV�RI�V\PPHWU\��DOWKRXJK�WKH�LQWHJUDWLRQ�
GRHV�QRW�VWDUW�DW�U� ���EXW�UDWKHU�DW�5
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YDOXHV�IURP�)LJXUH�����ZH�JHW�WKDW�
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)RU�WKH�RXWHU�OHJ�WKH�XVXDO�IRUPXOD�IRU�UHOXFWDQFH�LV�VWLOO�YDOLG��DOWKRXJK�WKH�
URWDWLRQDO�V\PPHWU\�RI�WKH�PRGHO�PXVW�DJDLQ�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�FDOFXODWLQJ�WKH�
FURVV�VHFWLRQDO�DUHD���7KH�UHOXFWDQFH�RI�WKH�RXWHU�OHJ��XVLQJ�WKH�GLPHQVLRQV�LQ�)LJXUH����
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DQG�LQ�SDUDOOHO�ZLWK�WKLV�SDWK�WKHUH�LV�D�IULQJLQJ�SDWK�ZKRVH�UHOXFWDQFH�FDQ�EH�FDOFXODWHG�
XVLQJ�HTXDWLRQ������ZKLFK�JLYHV�WKH�IULQJLQJ�UHOXFWDQFH�DV�D�IXQFWLRQ�RI�SHULPHWHU���,Q�WKLV�
FDVH�WKH�SHULPHWHU�LV�UDWKHU�H[WHQVLYH�GXH�WR�WKH�URWDWLRQ�RI�WKH�RXWHU�OHJ�DURXQG�WKH�
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:H�WKHQ�KDYH�WKH�WRWDO�UHOXFWDQFH�RI�WKH�(5�PRGHO�DV�D�IXQFWLRQ�RI�W�

����� � �
IULQJHJDSRXWHUWRS(5WRWDO

§§+§+§¼+§=§ �
��

�
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§ �LQ�RUGHU�WR�VROYH�IRU�W��

DQG�ZH�KDYH�RXU�(5�PRGHO�������
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)LJXUH������)OX[�SDWKV�LQ�WKH�HTXDO�UHOXFWDQFH�PRGHO��
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�6ROYLQJ�IRU�W�DOJHEUDLFDOO\�LV�D�GDXQWLQJ�WDVN��LI�QRW�LPSRVVLEOH���6ROYLQJ�QXPHULFDOO\�LV�UHFRPPHQGHG��
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FRQFOXGH�WKDW�WKH�(5;3�PRGHO�LV�QRW�VLJQLILFDQWO\�LQIHULRU�WR�RWKHU�PRGHOV�HYHQ�LQ�LWV�
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VLWXDWLRQ�LV�WKDW�WKH�IOX[�QHYHU�KDV�WR�OHDYH�WKH�FRUH�WR�FRPSOHWH�LWV�FLUFXLW�DURXQG�WKH�
FXUUHQW�FDUULHUV���$OO�RWKHU�FDVHV�HLWKHU�FRQWDLQ�D�JDS�RU�DUH�XQGHU�OHDNDJH�H[FLWDWLRQ��
�/HDNDJH�H[FLWDWLRQ��L�H��FXUUHQW�IORZLQJ�WKH�RSSRVLWH�GLUHFWLRQ�LQ�HDFK�ZLQGLQJ��FDXVHV�
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LQYROYLQJ�IOX[�OHDYLQJ�WKH�FRUH��WKH�HIIHFW�RI�WKH�QRQ�FRUH�SDWK�GRPLQDWHV�WKH�FDOFXODWLRQ�
RI�UHOXFWDQFH�DQG�RI�DQ\�TXDQWLWLHV�WKDW�GHSHQG�RQ�UHOXFWDQFH��VXFK�DV�LQGXFWDQFH�DQG�
HQHUJ\���7KHUHIRUH��RQH�PLJKW�JXHVV�WKDW�WKH�UHDVRQ�IRU�WKH�LQDFFXUDF\�RI�WKH�(5;3�
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SDWKV�RYHUVKDGRZV�WKLV�LQDFFXUDF\�LQ�RWKHU�FDVHV���+RZHYHU��WKH�WRWDO�PDJQHWLF�HQHUJ\��
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UHJLRQ����7R�LQYHVWLJDWH�ZKDW�PD\�KDYH�JRQH�ZURQJ��LW�LV�LQWHUHVWLQJ�WR�ORRN�DW�VRPH�SORWV�
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VKRZ�SORWV�RI�WKH�PDJQHWLF�HQHUJ\�LQ�WKH�WKUHH�PRGHOV�RI�WKH�SODQH�SHUSHQGLFXODU�WR�WKH�
WUDQVIRUPHU�FRUH���7KH�YDULRXV�VKDGHV�RI�JUD\�KDYH�WKH�VDPH�VLJQLILFDQFH�LQ�HDFK�PRGHO��
DQG�WKH�UDQJH�RI�YDOXHV�KDV�EHHQ�FKRVHQ�WR�IDFLOLWDWH�DQDO\VLV�RI�WKH�ILHOG�LQ�WKH�ZLQGLQJV���
7KH�ZLQGLQJ�UHJLRQ�LV�RXWOLQHG�LQ�HDFK��
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PRUH�DFFXUDWH�WKDQ�WKH�7�PRGHO���7KLV�LV�LQGHHG�WKH�FDVH���7KH�;3�PRGHO�DSSHDUV�WR�VKRZ�
VRPHZKDW�OHVV�HQHUJ\�LQ�WKH�ZLQGLQJ�UHJLRQ�WKDQ�WKH��'�PRGHO���+RZHYHU��WKH�;3�PRGHO�
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HQHUJ\�LQ�WKH�ZLQGLQJV�RI�WKH�JDSOHVV�WUDQVIRUPHU�XQGHU�PDJQHWL]LQJ�LQGXFWLRQ���,Q�IDFW��
ERWK�WKH�(5�DQG�;3�PRGHOV�DSSHDU�WR�VLPXODWH�WKH�HQHUJ\�LQ�WKHLU�UHVSHFWLYH�SODQHV�IDLUO\�
DFFXUDWHO\���7KH�IDFW�WKDW�WKH\�DSSHDU�DFFXUDWH�EXW�DUH�RII�E\�����DQG�����LV�QRW�
FRQWUDGLFWRU\��VLQFH�RQH�ZRXOG�QRW�H[SHFW�WR�EH�DEOH�WR�MXGJH�D�PRGHO�SUHFLVHO\�E\�WKLV�
YLVXDO�PHWKRG���,Q�DGGLWLRQ��)LJXUH���E�SURYLGHV�PRUH�VXSSRUW�IRU�WKH�K\SRWKHVLV�WKDW�WKH�
DFFXUDF\�RI�WKH�__�PRGHO�LQ�WKLV�FDVH�LV�GXH�ODUJHO\�WR�FKDQFH��VLQFH�WKH�__�PRGHO�GRHV�QRW�
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VLPXODWLRQ�RI�GLIIHUHQW�WUDQVIRUPHU�JHRPHWULHV�DV�ZHOO�DV�FRPSDULVRQ�WR�SK\VLFDO�
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