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GDWD�� XVLQJ� WKH� SRO\QRPLDO� IXQFWLRQ� IRU� D� FXVS� FDWDVWURSKH�� DQG�ZH� KDYH� GLVFXVVHG� WKH� UHVXOWV� XQGHU� G\QDPLFDO�

V\VWHPV�WKHRU\¶�SURSRVLWLRQV��

.H\ZRUGV��FDWDVWURSKH��SRWHQWLDO�ODQGVFDSH��YLVXDO�SHUFHSWLRQ�

,QWURGXFWLRQ�

/HHSHU��������REVHUYHG�WKDW�LQ�WKH�%RULQJ¶��������ZLIH�PRWKHU�LQ�ODZ�ILJXUH��ZKLFK�GHSLFWV�WKH�IDFH�RI�WKH�

\RXQJHU�IHPDOH��ZLIH��ZDV�GRPLQDQW�XSRQ�����RI�RFFDVLRQV��6R��%RWZLQLFN��������SUHSDUHG�WKUHH�YHUVLRQV�RI�

KLV� KXVEDQG�IDWKHU�LQ�ODZ� ILJXUH�� HPSKDVL]LQJ� WKH� IDWKHU�LQ�ODZ� DVSHFW� LQ� RQH�� WKH� KXVEDQG� DVSHFW� LQ� DQRWKHU�

RQH�� DQG� QHLWKHU� LQ� WKH� WKLUG�� ,Q� WKLV� ODWWHU� ILJXUH�� ��� VXEMHFWV� RI� ��� UHSRUWHG� WKH� KXVEDQG� DVSHFW�� 7R� ILQG� D�

VLPLODU� SUREDELOLW\� RI� DSSHDUDQFH� RI� HLWKHU� DVSHFW�� LQ� KLV� 0DQ�*LUO� YHUVLRQ�� )LVKHU� ������� DOVR� GHFLGHG� WR�

FRQFHLYH�D�FHQWUDO�ILJXUH�ZLWK�ERWK�DVSHFWV�DSSDUHQWO\�HTXDO�LQ�GRPLQDQFH��3LFWXUH�1XPEHU���LQ�)LJXUH�����EXW�

PRUH���� ILJXUHV�� VHYHQ� IRU� HLWKHU� VLGH�RI� WKH�FHQWUDO�RQH�� DUUDQJHG�ZLWK�D� VLPLODU� LQFUHPHQWDO� GLIIHUHQFH�� WLOO�

0DQ�DQG�*LUO�H[WUHPHV��7KHVH����ILJXUHV�ZHUH�VKRZQ�WR����VXEMHFWV�LQ�SVHXGR�UDQGRP�RUGHUV�DQG�IUHTXHQFLHV�

REWDLQHG�DUH�VKRZQ�LQ�)LJXUH����

)LJXUH� ��� )UHTXHQFLHV� REWDLQHG� E\� )LVKHU� �������� IRU� HDFK� RI� ��� SLFWXUHV�� IURP� WKH� RQH� SUHGRPLQDQWO\� 0DQ� OLNH�
�3LFWXUH�1XPEHU����WLOO�WKH�SUHGRPLQDQWO\�*LUO�OLNH��3LFWXUH�1XPEHU������ZLWK�D�FHQWUDO��3LFWXUH�1XPEHU����ZLWK�ERWK�
DVSHFWV�EDODQFHG��
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+RZHYHU��ZKDW� LV� SDUWLFXODUO\� LQWHUHVWLQJ� IRU� XV� LV� QRW� WKH� H[WUHPH� FKRLFHV�� WKH\� FRQILUP� D� FOHDU� ILJXUH�

SHUFHSWLRQ��QRU�WKH�VLPLODU�GLVWULEXWLRQ�DORQJ�SURJUHVVLYHO\�GLVWDO�ILJXUHV��EXW�WKH�IUHTXHQFLHV�LQ�WKH�FHQWUDO�DQG�

LQ� WKH� DGMDFHQW� RQHV�� :K\� WKH� VDPH� SLFWXUH� DIIRUGV� GLVWLQFW� UHVSRQVHV"� 7KLV� FDWDVWURSKLF� SKHQRPHQRQ� LV�

ODEHOOHG�EL�VWDELOLW\�EHFDXVH�WKH�VDPH�VWLPXODWLRQ�LV�GHWHFWHG�E\�WKH�SHUFHSWXDO�V\VWHP�DV�WZR�GLIIHUHQW�SDWWHUQV��

L�H��� WKH� LQWHUPHGLDWH�SLFWXUHV� FDQ�EH� DVVXPHG� DV�0DQ�RU�*LUO��7KHUH� LV� D� FODVVLFDO� H[SODQDWLRQ�ZKHUH� QHXUDO�

IDWLJXH��VDWLDWLRQ�K\SRWKHVLV��UHVXOWV�LQ�VSRQWDQHRXV�SHUFHSWXDO�FKDQJH��.RKOHU�	�:DOODFK���������6LQFH�VRPH�

WUDQVIRUPDWLRQ� RI� LQLWLDO� FRQGLWLRQV� LV� QHHGHG� WR� RFFXU� VXFK� D� SHUFHSWXDO� FKDQJH�� H�J��� WKH�0DQ� OLNH� FKRLFH�

HQGXUHV� WLOO� )LVKHU¶� 3LFWXUH�1XPEHU� ��� WKH� VDWLDWLRQ� K\SRWKHVLV� VSHFLILHV� WKDW� DQ� LQLWLDOO\� HVWDEOLVKHG� SHUFHSW�

SURFHVVHV� D� FHUWDLQ� VWUHQJWK� WKDW� ORVHV� DV� LQLWLDO� FRQGLWLRQV� HYROYH�� 7KLV� SURSRVLWLRQ� LV� YHU\� VLPLODU� WR� WKH�

FRQFHSW�RI�DWWUDFWRU�LQ�G\QDPLFDO�V\VWHPV�PRGHOV��OLNH�FDWDVWURSKH�WKHRU\��6XEMHFWV�IHHO�DWWUDFWHG�WR�VHH�0DQ�RU�

*LUO�DFFRUGLQJ�WR�WKH�VWUHQJWK��GRPLQDQW�DVSHFWV��RI�WKHVH�WZR�DWWUDFWRUV��0DQ�RU�*LUO���,Q�IDFW��EL�VWDEOH�ILJXUHV�

VHHP� WR� EH� ZHOO�GHVFULEHG� E\� HOHPHQWDU\� FDWDVWURSKH� PRGHOV�� OLNH� WKH� FXVS� PRGHO�� DOORZLQJ� WR� GHWHFW�

VLQJXODULWLHV�RI� WKH�RFFXUUHQFH�RI�D�FDWDVWURSKH�� OLNH�K\VWHUHVLV� �3RVWRQ�	�6WHZDUW��������6WHZDUW�	�3HUHJR\��

������/��.��7D¶HGG��2��7D¶HHG��	�:ULJKW��������DQG�RWKHU�LQKHUHQW�IODJV��*LOPRUH���������

0HWKRG�

0DWKHPDWLFDOO\�� RQH� IRUP� RI� WKH� FRPSRQHQWV� RI� WKH� G\QDPLFDO� V\VWHPV� WKDW� DUH� VLPXODWHG� LV� XVLQJ�

GLIIHUHQWLDO�HTXDWLRQV��7KXV��LQ�DQDO\VLQJ�WKHVH�HTXDWLRQV��ZH�DUH�LQ�IDFW�DQDO\VLQJ�DOO�WKH�SRVVLEOH�EHKDYLRUV�RI�

WKH�G\QDPLF�V\VWHPV�WKDW�DUH�GHVFULEHG�E\�WKHP��7KH�GLIIHUHQWLDO�HTXDWLRQV�XVH�WZR�PDLQ�ZD\V�WR�H[SUHVV�WKH�

G\QDPLF�V\VWHP��SDUDPHWHUV�DQG�YDULDEOHV��7KH�SDUDPHWHUV�GHVFULEH�WKH�FRQVWUDLQWV�RI�WKH�V\VWHPV�DQG�DUH�XVHG�

WR�H[SUHVV�WKH�FRQVWDQW�VWUXFWXUH�RI�WKH�G\QDPLF�V\VWHP��7KH�YDULDEOHV�GHVFULEH�WKH�VWDWHV�RI�WKH�G\QDPLF�V\VWHP�

DQG�DUH�XVHG�WR�H[SUHVV�DVSHFWV�RI�WKH�V\VWHP�WKDW�FKDQJH�RYHU�WLPH��$EUDPLXN���������'\QDPLF�V\VWHP�PRGHOV�

GHVFULEH�W\SLFDO�V\VWHP�ZLGH�EHKDYLRU��7KXV��EHKDYLRU�LV�VHHQ�DV�D�VHOI�RUJDQL]HG�SDWWHUQ�WKDW�HPHUJHV�IURP�WKH�

LQWHUDFWLRQ�EHWZHHQ�VXEV\VWHPV��FDOOHG�WKH�FROOHFWLYH�YDULDEOH��7KH�EHKDYLRU�RI�WKH�V\VWHP��DV�D�ZKROH��FDQ�EH�

GHVFULEHG� LQ� WHUPV� RI� G\QDPLFV� DV� EHLQJ� RI� ORZ� GLPHQVLRQDO� RUGHU�� 'LIIHUHQWLDO� HTXDWLRQV� FDQ� EH� XVHG� WR�

GHVFULEH�WKH�EHKDYLRU�RI�D�V\VWHP�DQG�SRO\QRPLDO�IXQFWLRQV�FDSWXUH�WKH�ORQJ�WHUP�EHKDYLRU�RI�WKH�XQGHUO\LQJ�

G\QDPLFV�� 7KH� SRO\QRPLDO� IXQFWLRQ� FDQ� EH� LQWHUSUHWHG� DV� GHVFULELQJ� DQ� DWWUDFWLYH� ODQGVFDSH� �SRWHQWLDO�

ODQGVFDSH��� &RQVHTXHQWO\�� WKH� WUDQVLWLRQV� EHWZHHQ� WKH� GLIIHUHQW� PRGHV� RI� EHKDYLRU� FDQ� EH� LQGXFHG�� 7KH�

SDUDPHWHUV� WKDW� OHDG� WKH�V\VWHP� WKURXJK� WKHVH�GLIIHUHQW�EHKDYLRUDO�SDWWHUQV�DUH�FDOOHG�FRQWURO�SDUDPHWHUV� WKDW�

VRPHKRZ� GHWHUPLQH� �EXW� GR� QRW� SUHVFULEH�� WKH� HPHUJLQJ� SDWWHUQ�� IRU� WKLV� UHDVRQ�� WKH\� DUH� UHIHUUHG� WR� DV�

QRQVSHFLILF�FRQWURO�SDUDPHWHUV��,Q�D�G\QDPLF�V\VWHP��WKH�FROOHFWLYH�YDULDEOH�LV�FRQWLQXRXVO\�GHILQHG��VLQFH�DOO�

SRVVLEOH�VWDWHV�UHPDLQ�LQ�D�FRQWLQXRXV�PRGH��UHIHUUHG�WR�DV�VSDFH�VWDWH��7KH�UHJLRQV�RI�WKH�VSDFH�VWDWH�DUH�VWDEOH��

WKDW�LV��HYHQ�LI�WKH�WUDQVLWLRQV�IURP�RQH�TXDOLWDWLYH�VWDWH�WR�DQRWKHU�LQYROYH�D�WUDMHFWRU\�WKURXJK�WKH�LQWHUPHGLDWH�

VWDWHV�� WKHUH�DUH�D�YDULHW\�RI� OLPLWHG�VWDWHV� WKDW�FDQ�EH�PDLQWDLQHG� ORQJ�HQRXJK� WR�VXVWDLQ�D�FHUWDLQ�SDWWHUQ�RI�

EHKDYLRU� �9DQ� 5RRLM�� %RQJHUV�� 	�+DVHODJHU�� ������� ,Q� WKH� SUHVHQW� VWXG\�� WKHUH� DUH� WZR� UHJLRQV� RI� SRVVLEOH�

VWDELOLW\��0DQ�OLNH�RU�*LUO�OLNH��

7XOOHU��&DVH��'LQJ�� DQG�.HOVR� �������� LQ� D� VWXG\� DERXW� LGHQWLILFDWLRQ�RI� RQH�RI� WZR�ZRUGV�ZLWK� VLPLODU�

SURQXQFLDWLRQ�� ZHUH� DEOH� WR� PDWKHPDWLFDOO\� PRGHO� WKH� HYROXWLRQ� RI� WKLV� W\SH� RI� SKHQRPHQD� WKURXJK� WKH�

(TXDWLRQ��
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9�[��LV�WKH�FROOHFWLYH�V\VWHP�YDULDEOH�DQG�UHSUHVHQWV�D�SRO\QRPLDO�IXQFWLRQ�ZLWK�WZR�PLQLPXPV��DQG�N�LV�

WKH�FRQWURO�SDUDPHWHU�WKDW�VSHFLILHV�WKH�GLUHFWLRQ�DQG�GHJUHH�RI�VORSH�RI�WKH�SRO\QRPLDO�IXQFWLRQ�9�[���,Q�WKLV�

PRGHO�� LW� LV� DVVXPHG� WKDW� WKH� VWDWH� RI� WKH� V\VWHP�� [� FKDQJHV�ZLWK� WLPH� XQGHU� WKH� LQIOXHQFH� RI� WKH� DWWUDFWLYH�

ODQGVFDSH��

5HVXOWV�

)RU�)LVKHU¶��������GDWD��WKH�HYROXWLRQ�RI�WKH�SRWHQWLDO�ODQGVFDSH�LV�DV�IROORZV��VHH�)LJXUH�����

)LJXUH����3RWHQWLDO�ODQGVFDSHV�IRU�SLFWXUHV���WR�����6RXUFH��)LVKHU���������

$V�FDQ�EH�REVHUYHG�� LQ�DJUHHPHQW�ZLWK�)LVKHU¶� �������GDWD��0DQ� OLNH�SLFWXUHV� �IURP��� WR����SURGXFHG�D�

VXEMHFWV¶�VWURQJ�DWWUDFWLRQ��ZKLFK�LV�VWURQJHU�WKDQ�WKH�WKUHH�ODVW�RQHV�IRU�*LUO�OLNH�HYLGHQFHG�E\�D�GHHSHU�YDOOH\��

7KLV� VWURQJHU� DWWUDFWLRQ� LV� VWLOO� HYLGHQW� LQ� WKH� LQWHUPHGLDWH� SLFWXUH�� VXFFHHGHG� E\� D� VK\� VXGGHQ� MXPS� DQG� D�

VORZHU�GHHSHQLQJ�RI�SHUFHSWLRQ¶�DWWUDFWLRQ�WR�*LUO�OLNH��

'LVFXVVLRQ�

$WWUDFWRUV�DUH�VRPHZKHUH�LQ�WKH�*HVWDOW�RI�OLQHV�RI�WKH�SLFWXUHV��WKDW�LV��DV�KH�VDLG�ZHUH�PDQLSXODWHG�LQ����

LQLWLDO�RQHV�DQG�SURJUHVVLYHO\�VHOHFWHG�WLOO�WKH�ILQDO�����EDVHG�RQ�WKH�GLVWULEXWLRQ�RI�WKH�IUHTXHQF\�RI�FKRLFHV�IRU�

0DQ�OLNH�DQG�*LUO�OLNH��6R��ZKDW�)LVKHU�OHIW�XV�ZDV�D�SLFWRULDO�LQVWUXPHQW��QRW�VR�V\PPHWULFDO�DV�DFWXDO�VW\OLVHG�
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FRPSXWHU�YHUVLRQV��EXW�SUREDEO\�HDVLHU�WR�XQGHUVWDQG�DQG�DFFHSW�E\�VSHFLDO�SRSXODWLRQV��OLNH�FKLOGUHQ��

)LVKHU�SUHVHQWHG�WKH�SLFWXUHV�WR�VXEMHFWV�LQ�D�UDQGRP�RUGHU��KRZHYHU��WKH�G\QDPLFDO�WKHRULHV�SURSRVH�WKDW�

WKH�LQLWLDO�FRQGLWLRQV�FRQVWUDLQ�WKH�HYROXWLRQ�RI�WKH�V\VWHP��,W�ZRXOG�EH�LQWHUHVWLQJ�WR�DQDO\VH�SHUVRQ¶V�UHVSRQVH�

XVLQJ�PHWKRGV�DFFRUGLQJ�FDWDVWURSKH�WKHRU\��
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