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�
� $%675$&7�
$� 1HZ� V\VWHP� IRU� VSHHFK� HQKDQFHPHQW�� WKDW� XVHV� KLGGHQ�
PDUNRY� PRGHOV� �+00�� ZLWK� QRLVH�UREXVW� IHDWXUHV�� LV�
GHYHORSHG�� 7KLV� V\VWHP� DOOHYLDWHV� WKH� HUURU� LQ� GHFRGLQJ� WKH�
QRLV\� VSHHFK�� WKDW� ZDV� REVHUYHG� LQ� WKH� FRQYHQWLRQDO� PRGHO�
EDVHG�HQKDQFHPHQW�V\VWHP�>�@���7KLV�GHFRGLQJ�HUURU�UHVXOWV�LQ�D�
GHJUDGDWLRQ� LQ� WKH� SHUIRUPDQFH� RI� WKH� FRQYHQWLRQDO� V\VWHP��
IURP� LWV� WKHRUHWLFDO� XSSHU� OLPLWV�� $� FRPSDUDWLYH� WHVW�� XVLQJ�
DGGLWLYH� ZKLWH� QRLVH�� KDV� VKRZQ� WKDW� WKH� SURSRVHG� V\VWHP� LV�
VXSHULRU� WR� FRQYHQWLRQDO� PRGHO�EDVHG� VSHHFK� HQKDQFHPHQW�
V\VWHP�DW�DOO�LQSXW�615���
� ����,1752'8&7,21�
�
0RGHO� %DVHG� VSHHFK� HQKDQFHPHQW� >�����@� LV� RQH� RI� WKH�
LPSRUWDQW� DSSURDFKHV� IRU� LPSURYLQJ� WKH�TXDOLW\� RI� WKH� VSHHFK�
VLJQDO� FRUUXSWHG� E\� DGGLWLYH� QRLVH�� ,Q� WKLV� DSSURDFK��
DXWRUHJUHVVLYH�KLGGHQ�PDUNRY�PRGHOV��$5�+00��DUH�XVHG� WR�
UHSUHVHQW�ERWK� WKH�FOHDQ�VSHHFK�DQG�WKH�QRLVH�SURFHVV��'XULQJ�
HQKDQFHPHQW��XVLQJ�0D[LPXP�$�3RVWHULRUL� �0$3��HVWLPDWLRQ�
RI�WKH�HQKDQFHG�VSHHFK�>�@��WKH�LQSXW�QRLV\�VLJQDO�LV�DOLJQHG�WR�
D�VHW�RI��FRPSRVLWH�VWDWHV�ZKLFK�UHSUHVHQW�WKH�FOHDQ�VSHHFK�DQG�
WKH� QRLVH� SURFHVV�� $IWHU� DOLJQLQJ�� D� VHW� RI� ILOWHU� WHPSODWHV� LV�
DSSOLHG�WR�WKH�LQSXW�QRLV\�VLJQDO�WR�UHFRYHU�WKH�FOHDQ�RQH��7KH�
FRUUHFW� GHFRGLQJ� RI� WKH� LQSXW� QRLV\� VLJQDO�� WR� SURGXFH� WKH�
RSWLPDO�FRPSRVLWH�VWDWHV�VHTXHQFH�UHSUHVHQWLQJ�LW��LV�FUXFLDO�WR�
WKH�VXFFHVV�RI�WKLV�DSSURDFK��,W�ZDV�QRWHG�WKDW��WKHUH�DUH�VRPH�
GHJUDGDWLRQ� RI� PRGHO�EDVHG� HQKDQFHPHQW� V\VWHPV� IURP� WKHLU�
WKHRUHWLFDO�XSSHU� OLPLWV�GXH� WR� WKH�HIIHFW�RI� WKH�DGGLWLYH�QRLVH�
RQ� WKH�FOHDQ�VSHHFK��7KH�XSSHU� OLPLW� SHUIRUPDQFH� LV� REWDLQHG�
E\�XVLQJ� WKH� FOHDQ� VSHHFK� �ZKLFK� LV�DVVXPHG� WR�EH� DYDLODEOH��
IRU� GHFRGLQJ�� UDWKHU� WKDQ� WKH� QRLV\� RQH�� ,Q� WKLV� SDSHU�� :H�
VXJJHVW� WKH� XVH� RI� WKH� QRLVH�UREXVW� IHDWXUHV� IRU� DOLJQLQJ� WKH�
VWDWHV�VR�DV�WR�PLQLPL]H�WKH�HIIHFW�RI�WKH�QRLVH�RQ�WKH�GHFRGHG�
VWDWH� VHTXHQFH��:H�GHYHORS�DQ�HQKDQFHPHQW�V\VWHP��WKDW�XVHV�
VRPH� FHSVWUXP�EDVHG� IHDWXUHV�� QDPHO\� WKH� $GDSWLYH�
&RPSRQHQW�:HLJKWHG��$&:��FHSVWUXP��IRU�GHFRGLQJ�WKH�QRLV\�
VSHHFK��7KH�VSHFWUDO�FKDUDFWHULVWLFV�RI�WKH�FOHDQ�VSHHFK�DQG�WKH�
QRLVH�SURFHVV�DUH�GHVFULEHG�LQGHSHQGHQW�RI�WKH�W\SH�RI�IHDWXUHV�
XVHG� IRU� GHFRGLQJ�� 7KH� UHVXOWLQJ� DOJRULWKP� LV� VLPSOHU� LQ�
FDOFXODWLRQV� WKDQ� WKH� FRQYHQWLRQDO� V\VWHP� DV� LW� GRHVQ¶W� XVH�
FRPSRVLWH�VWDWHV�IRU�WKH�FOHDQ�VSHHFK�DQG�WKH�QRLVH��7KH�RYHUDOO�
SHUIRUPDQFH�LV�LPSURYHG�FRPSDUHG�ZLWK�FRQYHQWLRQDO��PRGHO�
EDVHG�VSHHFK�HQKDQFHPHQW�E\�QHDUO\������
� ���86,1*�12,6(�52%867�)($785(6��

������7KH�&RQYHQWLRQDO�6\VWHP�
,Q�WKH�FRQYHQWLRQDO�PRGHO�EDVHG�VSHHFK�HQKDQFHPHQW�V\VWHP��
$5�+00V�DUH�XVHG�WR�UHSUHVHQW�ERWK�WKH�FOHDQ�VSHHFK�VLJQDO�
DQG�WKH�QRLVH�SURFHVV��&RPSRVLWH�VWDWHV�DUH��XVHG�WR�UHSUHVHQW�
WKH�QRLV\�VSHHFK��(DFK�FRPSRVLWH�VWDWH�FRQVLVWV�RI�D�VWDWH�IURP�
WKH�FOHDQ�VSHHFK�PRGHO��DQG��D�VWDWH�IURP�WKH�QRLVH�RQO\�PRGHO��

7KH�RXWSXW��SUREDELOLW\�RI�WKH�FRPSRVLWH��VWDWH�LV�D�JDXVVLDQ�
GLVWULEXWLRQ��QRW�DXWRUHJUHVVLYH���ZKRVH�PHDQ�YHFWRU�DQG�
FRYDULDQFH�PDWUL[�DUH�FDOFXODWHG�IURP�WKH�PHDQ�DQG�FRYDULDQFH�
RI�WKH�EXLOGLQJ�VWDWHV>�@��(DFK�FRPSRVLWH�VWDWH�LV�DVVRFLDWHG�
ZLWK�D��ILOWHU�WHPSODWH��:LHQHU�)LOWHU���ZKRVH�VSHFWUDO�
FKDUDFWHULVWLF�LV�GHILQHG�LQ�WHUPV�RI�WKH�FRYDULDQFH�PDWULFHV�RI�
WKH�EXLOGLQJ�VWDWHV�DV�GHVFULEHG�LQ�>���@��
ZH�DGRSW�WKH�0D[LPXP�$�3RVWHULRUL��0$3��HVWLPDWLRQ�
DSSURDFK>�@��IRU�HQKDQFHPHQW��'XULQJ�WKH�HQKDQFHPHQW�
VHVVLRQ��WKH�QRLV\�VSHHFK�LV�GHFRGHG�XVLQJ�WKH�9LWHUEL�
DOJRULWKP�WR�ILQG�WKH�RSWLPDO�FRPSRVLWH�VWDWH�VHTXHQFH��WKDW�
UHSUHVHQWV�WKH�QRLV\�VSHHFK��7KH�ILOWHUV�DVVRFLDWHG�ZLWK�HDFK�
FRPSRVLWH�VWDWH�RQ�WKH�RSWLPDO�VWDWH�VHTXHQFH�DUH�DSSOLHG�LQ�
RUGHU�WR�WKH�QRLV\�VSHHFK�WR�UHFRYHU�WKH�HQKDQFHG�VLJQDO��

�������5DWLRQDOH�
7KH� WKHRUHWLFDO� XSSHU� OLPLW� SHUIRUPDQFH� RI� WKH� FRQYHQWLRQDO�
PRGHO�EDVHG� HQKDQFHPHQW� V\VWHP� LV� REWDLQHG� E\� XVLQJ� WKH�
FOHDQ�VSHHFK�IRU�GHFRGLQJ�RWKHU�WKDQ�WKH�QRLV\�RQH�DV�VKRZQ�LQ�
)LJXUH� ����� ,W� ZDV� IRXQG� WKDW�� WKH� SHUIRUPDQFH� RI� WKH�
FRQYHQWLRQDO�PRGHO�EDVHG�VSHHFK�HQKDQFHPHQW�GHJUDGHV� IURP�
LWV� WKHRUHWLFDO� XSSHU� OLPLWV� GXH� WR� WKH� HIIHFW� RI� WKH� DGGLWLYH�
QRLVH��
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�����������������D��8SSHU�OLPLW���������� E��3UDFWLFDO�

)LJXUH�����&RQILJXUDWLRQV�IRU�0$3�HVWLPDWLRQ�
�
7R�RYHUFRPH�WKLV�SUREOHP��ZH�VXJJHVW�WKH�XVH�RI�IHDWXUHV��WKDW�
DUH� LQVHQVLWLYH� WR� WKH�DGGLWLYH�QRLVH�� � IRU�GHFRGLQJ��RWKHU� WKDQ�
WKH�/LQHDU�3UHGLFWLRQ�&RHIILFLHQWV� �/3&��� WKDW�DUH�XVHG� LQ� WKH�
FRQYHQWLRQDO�PRGHO�EDVHG�HQKDQFHPHQW��
:H� FKRRVH� WR� XVH� $GDSWLYH� &RPSRQHQW� :HLJKWHG� �$&:��
FHSVWUXP� >�@� DV� DQ� H[DPSOH� IRU� � WKH� QRLVH�UREXVW� IHDWXUHV��
EHFDXVH�LW�VKRZV�KLJK�QRLVH�UREXVWQHVV�LQ�VSHDNHU�LGHQWLILFDWLRQ�
DSSOLFDWLRQV��
� ���7+(�352326('�6<67(0�
������%DVLF�,GHD�
7KH�EDVLF�LGHD�RI�RXU�V\VWHP�LV�WR�XVH�WKH�QRLVH�UREXVW�IHDWXUHV�
IRU� GHFRGLQJ� WKH� LQSXW� QRLV\� XWWHUDQFH�� 7RZDUG� WKLV� JRDO��ZH�
EXLOG�HUJRGLF�+00�LQ�WKH�SURSRVHG�IHDWXUHV�VSDFH��UDWKHU�WKDQ�
$5�+00�IRU�WKH�FDVH�RI�WKH�FRQYHQWLRQDO�V\VWHP���7KLV�+00�
WKDW� PRGHOV� WKH� FOHDQ� VSHHFK�� LV� XVHG� GLUHFWO\� WR� PRGHO� WKH�
QRLV\�RQH�LQ�WKH�HQKDQFHPHQW�VHVVLRQ��(DFK�VWDWH�LQ�WKH�+00�
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VWDWH�VHTXHQFH�

(QKDQFHG�6SHHFK�
1RLV\��
6SHHFK� :LHQHU�)LOWHULQJ�

9LWHUEL�'HFRGLQJ�
XVLQJ��WKH�$&:�FHSVWUXP�

DQG�JDLQ�QRUPDOL]HG��YHFWRUV�

*DLQ��&RQWRXU�
5HHVWLPDWLRQ�

LV�DVVRFLDWHG�ZLWK�D�ILOWHU�WHPSODWH�LQ�WKH�IRUP�RI�:LHQHU�ILOWHU�
DV�WKDW�XVHG�LQ�WKH�FRQYHQWLRQDO�V\VWHP��7KH�ILOWHU�WHPSODWHV�DUH�
HVWLPDWHG� IURP� WKH� � FOHDQ� VSHHFK� VSHFWUDO� WHPSODWHV� DW� WKH�
WUDLQLQJ� VHVVLRQ� DQG� WKH� QRLVH� WHPSODWH� DW� WKH� HQKDQFHPHQW�
VHVVLRQ�DV�ZLOO�EH�GLVFXVVHG�ODWHU��
�������3URSRVHG�0RGHOV�
(UJRGLF�+00�LQ�WKH�$&:�FHSVWUXP�VSDFH�LV�XVHG��7KH�RXWSXW�
SUREDELOLW\�RI�HDFK�VWDWH�LV�D�FRQWLQXRXV�GLVWULEXWLRQ�GHVFULEHG�
DV� D� PL[WXUH� RI� JDXVVLDQV�� HDFK� KDV� D� GLDJRQDO� FRYDULDQFH�
PDWUL[�� 7KH� QXPEHU� RI� VWDWHV� XVHG� LV� W\SLFDOO\� ��� DQG� WKH�
QXPEHU�RI�JDXVVLDQ�GLVWULEXWLRQV�SHU�VWDWH�UDQJHV�IURP���WR�����
,W�ZDV� IRXQG� WKDW� WKH�SHUIRUPDQFH�RI� WKH� V\VWHP� LV�QHDUO\� WKH�
VDPH� IRU�D�ZLGH� UDQJH�RI� WKH�QXPEHU�RI�VWDWHV�DQG�QXPEHU�RI�
GLVWULEXWLRQV�ZLWKLQ�D�VLQJOH�VWDWH��7KH�VSHFWUDO�WHPSODWH�RI�WKH�
FOHDQ� VSHHFK� DVVRFLDWHG� ZLWK� HDFK� VWDWH� KDV� WKH� IRUP� RI�
$XWRUHJUHVVLYH�PRGHO�RI�RUGHU��������
������*DLQ�$GDSWDWLRQ�
2QH�RI� WKH�NH\� IDFWRUV� IRU� WKH� VXFFHVVIXO� XVH�RI� WKH�+00��LV�
WKH�PDWFKLQJ� RI� WKH� JDLQ� FRQGLWLRQV�EHWZHHQ� WKH� WUDLQLQJ� DQG�
WHVWLQJ� VHVVLRQV�� ,Q� RXU� V\VWHP�� WKLV� SUREOHP� LV� VROYHG� E\�
FDOFXODWLQJ� WKH� PD[LPXP� OLNHOLKRRG� HVWLPDWH� RI� WKH� JDLQ�
FRQWRXU� DW� WKH� WZR� VHVVLRQV�� ZH� � DGRSW� WKH� VDPH� DSSURDFK�
GHVFULEHG�LQ�>�@�DW�ERWK�WKH�WUDLQLQJ�DQG�HQKDQFHPHQW�VHVVLRQV��
������7UDLQLQJ�
7KH�WUDLQLQJ�RI�WKH�+00�LV�SHUIRUPHG�XVLQJ�WKH�6HJPHQWDO�.�
PHDQV� DOJRULWKP>��@�� 7KH� WUDLQLQJ� SURFHGXUH� LV� FRQFOXGHG� LQ�
WKH�IROORZLQJ�VWHSV��
��� ,QLWLDOL]LQJ� WKH� +00� SDUDPHWHUV� �� � XVLQJ�.�PHDQV� YHFWRU�
TXDQWL]DWLRQ�RI�WKH�WUDLQLQJ�GDWD���
��� ,QLWLDOL]LQJ� WKH� JDLQ� FRQWRXU� RI� HDFK� RI� WKH� LQSXW� WUDLQLQJ�
XWWHUDQFHV��7KH�YDOXH�RI�WKH�JDLQ�FRQWRXU�DW�HDFK�WLPH�IUDPH�LV�
VHW�WR��/3&�UHVLGXDO�SRZHU�RI�WKLV�IUDPH��
��� 6HJPHQWLQJ� WKH� LQSXW� WUDLQLQJ� GDWD� EHWZHHQ� VWDWHV� E\�
DSSO\LQJ� WKH�9LWHUEL� DOJRULWKP� >�@� RQ� HDFK� LQSXW� XWWHUDQFH�RI�
WKH�WUDLQLQJ�GDWD��
���5HHVWLPDWLQJ�WKH�+00�SDUDPHWHUV�IURP�WKH�GDWD�DVVLJQHG�WR�
HDFK�VWDWH�XVLQJ�WKH�UHODWLRQV�GHVFULEHG�LQ�>��@��
���(VWLPDWLQJ� WKH�VSHFWUDO� WHPSODWHV�DVVRFLDWHG�ZLWK�HDFK�VWDWH�
IURP�WKH�IUDPHV�DVVLJQHG�WR�LW��7KLV�LV�GRQH�E\�ILUVW��FDOFXODWLQJ�
WKH� DYHUDJH� DXWRFRUUHODWLRQ� YHFWRU� RI� WKH� IUDPHV� DVVLJQHG� WR�
HDFK�VWDWH�DFFRUGLQJ�WR�WKH�UHODWLRQ���
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ZKHUH���UL��� LV�WKH�DYHUDJH�DXWRFRUUHODWLRQ�YHFWRU�RI�WKH�IUDPHV�
DVVLJQHG�WR�VWDWH�L��1L�LV�WKH�QXPEHU�RI��IUDPHV�DVVLJQHG�WR�VWDWH�
L� GXULQJ� WKH� WUDLQLQJ� VHVVLRQ��[Q� �P�� LV� WKH�PWK� VDPSOH�RI� WKH�
IUDPH� QXPEHU�Q� DVVLJQHG� WR� VWDWH� L�� DQG�.� LV� WKH� LQSXW� IUDPH�
OHQJWK�� � )URP� WKLV� DXWRFRUUHODWLRQ� YHFWRU� WKH� DXWRUHJUHVVLYH�
PRGHO� RI� WKLV� VWDWH� LV� HVWLPDWHG� XVLQJ� WKH� /HYLQVRQ�'XUELQ�
DOJRULWKP� >�@��7KLV�$5�PRGHO� LV�XVHG� WR�HVWLPDWH� WKH�VSHFWUDO�
WHPSODWH�RI�WKH�FOHDQ�VSHHFK�DVVRFLDWHG�ZLWK�HDFK�VWDWH���
���5HHVWLPDWLQJ� WKH�JDLQ�FRQWRXU�RI�HDFK�RI� WKH� LQSXW� WUDLQLQJ�
XWWHUDQFHV��7KH�QHZ�JDLQ�YDOXH�DW�HDFK�WLPH�IUDPH�LV�HTXDO� WR�
WKH�UHVLGXDO�SRZHU�WKDW�UHVXOWV�IURP�ILOWHULQJ�WKDW��IUDPH�E\�WKH�

LQYHUVH�$5�ILOWHU��DVVRFLDWHG�ZLWK�WKH�VWDWH�RQ�WKH�RSWLPDO�VWDWH�
VHTXHQFH�DW�WKLV�WLPH���
���,I�WKH�ILQDO�OLNHOLKRRG�RI�WKH�WUDLQLQJ�GDWD�DW�WZR�VXEVHTXHQW�
LWHUDWLRQV�LV�OHVV�WKDQ�D�FHUWDLQ�WKUHVKROG�VWRS��RWKHUZLVH��UHSHDW�
IURP�VWHS����
������(QKDQFHPHQW�
7KH� HQKDQFHPHQW� LV� DQ� LWHUDWLYH� DOJRULWKP�� )LUVW�� WKH� QRLVH�
VSHFWUDO�WHPSODWH�LV�HVWLPDWHG�IURP�WKH�ILUVW�SHULRG�RI�WKH�LQSXW�
QRLV\� XWWHUDQFH� �W\SLFDOO\� ���� PV��� ZKLFK� LV� DVVXPHG� WR� EH�
VLOHQFH�� 7KH� JDLQ� FRQWRXU� LV� LQLWLDOL]HG� DV� GHVFULEHG� LQ� WKH�
WUDLQLQJ�VHFWLRQ��$W�HDFK�LWHUDWLRQ��WKH�IROORZLQJ�VWHSV�DUH�GRQH��
��� (VWLPDWLQJ� WKH� ILOWHU� WHPSODWHV� DVVRFLDWHG�ZLWK� HDFK� RI� WKH�
+00� VWDWHV� IURP� WKH� FOHDQ� VSHHFK� VSHFWUDO� WHPSODWH� RI� WKLV�
VWDWH�� WKH� QRLVH� VSHFWUDO� WHPSODWH�� DQG� WKH� YDOXH� RI� WKH� JDLQ�
FRQWRXU�DW�HDFK�WLPH�IUDPH��7KH�ILOWHU�KDV�WKH�IRUP�
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ZKHUH� 6
[

�Z � LV�WKH�QRUPDOL]HG�VSHFWUXP�RI�WKH�VSHHFK�VLJQDO��

6
Q

� �Z LV�WKH�VSHFWUXP�RI�WKH�QRLVH�SURFHVV�� J
W
� LV�WKH�YDOXH�RI�

WKH�JDLQ�FRQWRXU�DW�WLPH�W���
��� 'HFRGLQJ� WKH� LQSXW� VSHHFK�� XVLQJ� WKH� 9LWHUEL� DOJRULWKP� WR�
ILQG� WKH�RSWLPDO� VWDWH� VHTXHQFH� WKDW� EHVW� UHSUHVHQWV� WKH� LQSXW��
$W�WKH�ILUVW�LWHUDWLRQ��WKH�QRLV\�VSHHFK�LV�XVHG�IRU�GHFRGLQJ�EXW�
DW�VXEVHTXHQW�LWHUDWLRQV�WKH�HQKDQFHG�VSHHFK�IURP�WKH�SUHYLRXV�
LWHUDWLRQ�LV�XVHG��,W�VKRXOG�EH�PHQWLRQHG�WKDW��WKH�IHDWXUHV�XVHG�
IRU�H[SDQVLRQ�DUH�WKH�SURSRVHG�QRLVH�UREXVW�IHDWXUHV��
���$SSO\LQJ�D�VHTXHQFH�RI�ILOWHUV��DVVRFLDWHG�ZLWK�VWDWHV�RQ�WKH�
RSWLPDO�VWDWH�VHTXHQFH��WR�WKH�QRLV\�VLJQDO�VR�DV�WR�SURGXFH�WKH�
HQKDQFHG�VSHHFK�DW�WKLV�LWHUDWLRQ��
���5HHVWLPDWLQJ�WKH�JDLQ�FRQWRXU��LQ�WKH�VDPH�ZD\�GHVFULEHG�LQ�
WUDLQLQJ�VHFWLRQ��
7KH� LWHUDWLRQ�VWRSV�� �LI�WKH�GLIIHUHQFH�LQ�WKH�ILQDO�OLNHOLKRRG�RI�
WKH�HQKDQFHG��XWWHUDQFH�DW�WZR�VXFFHVVLYH�LWHUDWLRQV�LV�OHVV�WKDQ�
D�FHUWDLQ� WKUHVKROG��7KH�RYHUDOO�HQKDQFHPHQW�V\VWHP�LV�VKRZQ�
LQ�ILJXUH������
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)LJXUH����3URSRVHG�(QKDQFHPHQW�DOJRULWKP����5(68/76�
�
7KH� SURSRVHG� V\VWHP� LV� FRPSDUHG� ZLWK� WKH� FRQYHQWLRQDO�
PRGHO�EDVHG� VSHHFK� HQKDQFHPHQW� ZLWK� JDLQ�DGDSWHG� 0$3�
HVWLPDWLRQ� FULWHULD� >�@�� 7KH� WUDLQLQJ� GDWD� IRU� ERWK� LV� ILYH�
PLQXWHV�RI�D�VLQJOH�VSHDNHU�XWWHUDQFH��WKH�VDPH�DV�WHVW�VSHDNHU���



1RQRYHUODSSHG�IUDPHV�DUH�XVHG�ZLWK�UHFWDQJXODU�ZLQGRZ��7KH�
IUDPH� OHQJWK� LV� ���PV�� 7KH� ILOWHULQJ� LV� GRQH�XVLQJ� VKRUW� WLPH�
))7� DQG� WKH� 2YHUODS�DGG� FRQYROXWLRQ� WHFKQLTXH� >�@�� 7KH�
PRGHOV� XVHG� IRU� ERWK� LV� HUJRGLF� +00�ZLWK� ILYH� VWDWHV�� 7KH��
RXWSXW� SUREDELOLW\� � RI� WKH� VWDWHV� LV� LQ� WKH� IRUP� RI�PL[WXUH� RI�
JXDVVLDQV��7KH�QRLV\�VLJQDO�LV�DQ�DGGLWLYH�ZKLWH�QRLV\�VLJQDO�DW�
GLIIHUHQW�LQSXW�615��
)LUVW�� ZH� FRPSDUH� RXU� SURSRVHG� V\VWHP�� ZLWK� WKH� $&:�
FHSVWUXP� DV� WKH� XVHG� IHDWXUHV�� WR� WKH� FRQYHQWLRQDO� V\VWHP� LQ�
ERWK��WKH�SUDFWLFDO�FRQILJXUDWLRQ�DQG�WKH�WKHRUHWLFDO�XSSHU�OLPLW�
FRQILJXUDWLRQ� �)LJXUH�����7KH� UHVXOWV� DUH� VKRZQ� LQ� WDEOHV������
7KH�GHJUDGDWLRQ�LV�FDOFXODWHG�DV�IROORZV��

'HJUDGDWLRQ � 8SSHU�/LPLW�,PSURYHPHQW � �3UDFWLFDO�,PSURYHPHQW

8SSHU�/LPLW�,PSURYHPHQW
�

ZKHUH� WKH� LPSURYHPHQW� LV� WKH� GLIIHUHQFH� EHWZHHQ� LQSXW� DQG�
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FHSVWUXP��
$V� VHHQ� IURP� WKH� WZR� WDEOHV�� WKH� GHJUDGDWLRQ� IURP� WKH� XSSHU�
OLPLW� LV� UHGXFHG� XVLQJ� RXU� SURSRVHG� V\VWHP�� DQG� WKLV�
LPSURYHPHQW�LV�YHU\�REYLRXV�DW�KLJK�LQSXW�615���
1H[W�� WKH� SURSRVHG� V\VWHP� LV� WHVWHG� XVLQJ� WKH� SRVWILOWHU�
FHSVWUXP�>�@��LQVWHDG�RI�WKH�$&:�FHSVWUXP��,W�ZDV�IRXQG�WKDW��
WKH� SHUIRUPDQFH� LV� DSSUR[LPDWHO\� � WKH� VDPH� DV� WKH� $&:�
FHSVWUXP� FDVH�� 7KLV� VKRZV� WKH� IOH[LELOLW\� RI� WKH� SURSRVHG�
V\VWHP�WR�DFFRPPRGDWH�DQ\�RWKHU�W\SH�RI�QRLVH�UREXVW�IHDWXUHV�
ZLWKRXW�DQ\�FKDQJH�RI�LWV�VWUXFWXUH��
$V� �VHHQ�IURP�WKH�DERYH�UHVXOWV�� WKH�SURSRVHG�V\VWHP�UHGXFHV�
WKH�SHUFHQWDJH�GHJUDGDWLRQ�IURP�WKH�XSSHU�OLPLWV�DQG�LPSURYHV�
WKH�RYHUDOO�SHUIRUPDQFH�E\������������
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,Q� WKH� ZRUN� GHYHORSHG� LQ� WKLV� SDSHU�� D� QHZ� V\VWHP� WKDW� XVHV�
QRLVH�UREXVW� IHDWXUHV�IRU� VSHHFK�HQKDQFHPHQW� LV�LPSOHPHQWHG��
7KH� UDWLRQDOH� EHKLQG� WKLV� DSSURDFK� LV� WR� DOOHYLDWH� WKH�
GHJUDGDWLRQ�IURP�WKH�WKHRUHWLFDO�XSSHU�OLPLWV�WKDW�ZDV�QRWHG�LQ�
WKH�FRQYHQWLRQDO�PRGHO�EDVHG�HQKDQFHPHQW�V\VWHPV��GXH�WR�WKH�
HIIHFW� RI� WKH� DGGLWLYH� QRLVH��7KH�SURSRVHG�V\VWHP� UHGXFHV� WKH�
GHJUDGDWLRQ� IURP� WKH� XSSHU� OLPLWV� DQG� LPSURYHV� WKH� RYHUDOO�
SHUIRUPDQFH� E\� �������� ,Q� DGGLWLRQ�� WKH� SURSRVHG� V\VWHP� LV�
VLPSOHU�LQ�FDOFXODWLRQV�DV�QR�FRPSRVLWH�PRGHOV�DUH�QHHGHG��7KH�
PRGHOV� EXLOW� IRU� WKH� FOHDQ� VSHHFK� DUH� XVHG� IRU� WKH� QRLV\� RQH��

EHFDXVH� WKH� FKDQJH� LQ� WKH� FKDUDFWHULVWLFV� RI� WKH� QRLVH�UREXVW�
IHDWXUHV�LV�PLQRU��
6HYHUDO�H[WHQVLRQV�FDQ�EH�DGGHG�WR�RXU�ZRUN��H�J���XVLQJ�EHWWHU�
QRLVH�UREXVW� IHDWXUHV� WR� FRPSOHWHO\� UHPRYH� WKH� GHJUDGDWLRQ��
XVLQJ� EHWWHU� PRGHOV� IRU� WKH� QRLVH� SURFHVV� DFFRUGLQJ� WR� LWV�
QDWXUH�� DQG� WU\LQJ� PRGHOV� DGDSWDWLRQ� GXULQJ� HQKDQFHPHQW� WR�
FRPSHQVDWH� IRU� WKH� PLVPDWFK� EHWZHHQ� WUDLQLQJ� DQG�
HQKDQFHPHQW�VHVVLRQV��
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