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3 D J H �_��

3UREOHPV� RI� WH[WXUH� UHFRJQLWLRQ� WDNH� VSHFLDO� SODFH� DPRQJ� DOO� WKH� WDVNV� RI� LPDJH� UHFRJQLWLRQ�� %\� WKH�FRQVWUXFWLRQ� RI� FRQWURO� V\VWHPV� E\� PRELOH� ZRUNV�� LPDJH� SURFHVVLQJ� RI� DHURSKRWRJUDSK\�� E\�QRQGHVWUXFWLYH�WHVWLQJ�DQG�E\�VHDUFKLQJ�IRU�LPDJHV�LQ�GDWDEDVHV�WKH�QHFHVVLW\�RI�LPDJH�SDWFK�UHFRJQLWLRQ�DSSHDUV�� L�H�� WKH�QHFHVVLW\�RI�GHWHFWLRQ�RI�DOUHDG\�NQRZQ�SDWFKHV�RQ� WKH� LPDJH� LQFOXGLQJ� WH[WXUHV��7KH�WDVN� RI� IDVW� DQG� HIIHFWLYH� UHFRJQLWLRQ� RI� LPDJH� WH[WXUHV� LV� RQH� RI� WKH� PRVW� GLIILFXOW� RQHV�� 7KHUH� DUH�GLIIHUHQW�DSSURDFKHV�WR�VROYH�WKLV�SUREOHP�EXW�WKH\�DUH�QRW�SHUIHFW��7KDW�LV�WKH�UHDVRQ�ZK\�WKH�VHDUFK�IRU�QHZ�ZD\V�DQG�DSSURDFKHV�WR�WKH�VROYLQJ�RI�WH[WXUH�UHFRJQLWLRQ�WDVNV�LV�VWLOO�DQ�DFWXDO�SUREOHP��
,Q� WKLV� SDSHU�� ZH� SURSRVH� D� PHWKRG� WKDW� GHILQHV� WKH� VWUXFWXUH� RI� WH[WXUH� UHFRJQLWLRQ� V\VWHP� DQG�DOJRULWKP�RI�WKH�JLYHQ�V\VWHP�IXQFWLRQLQJ��)XUWKHUPRUH�ZH�VROYH�WKH�WDVNV�RI�UHPRYDO�RI�QHXUDO�QHWZRUN�RYHUVDWXUDWLRQ�DW�WUDLQLQJ�DQG�H[DFW�WHFKQLFDO�LQWHUSUHWDWLRQ�RI�LQSXW�VLJQDO�LQ�WKH�SURFHVV�RI�FODVVLILFDWLRQ��$Q� HIIHFWLYH� VROXWLRQ� RI� WKHVH� SUREOHPV� LV� D� NH\� DSSURDFK� WR� LPSURYH� WKH� TXDOLW\� DQG� HIIHFWLYHQHVV� RI�VRIWZDUH� LPSOHPHQWDWLRQ�� 7KH� IXQFWLRQDO� DQDO\VLV� LQVWUXPHQW� LV� XVHG� LQ� PRVW� RI� WKH� DSSOLFDWLRQV� WR�LQWHUSUHW�WKH�UHVSRQVH�RI�QHXUDO�QHWZRUN�±�FDOFXODWLRQ�RI�GLVWDQFH��SUHVHQWHG�LQ�WKH�DSSURSULDWH�QRUP�WKDW�KDV�IRU�H[DPSOH�WKH�IROORZLQJ�IRUP����� ¦ � 

M
L ML2ML'5 ���������____ ����

�
ZKHUH� 5L ± GLVWDQFH� EHWZHHQ� H[SHFWHG� DQG� REVHUYHG� UHVSRQVHV�� ��� ML' ± H[SHFWHG� UHVSRQVH� M RI�
QHXUDO�QHWZRUN�L� ��� ML2 ± REVHUYHG�UHVSRQVH�M RI�QHXUDO�QHWZRUN�L�

$SSOLFDWLRQ�RI�VXFK�SUREOHP�VROYLQJ�UXOH�LV�HIIHFWLYH�EHFDXVH�LW�LV�UHOLDEOH�DQG�HDV\��$W�WKH�VDPH�WLPH� WKHUH� LV� DQ� RSSRUWXQLW\� WR� FRQVLGHUDEO\� ZLGHQ� WKH� PDWKHPDWLFDO� WRRO� RI� QHXUDO� QHWZRUNV� E\�LPSOHPHQWDWLRQ�RI�D�VSHFLDO�QHXURQHW�DUFKLWHFWXUH��ZKLFK�LV�DGDSWHG�WR�WKH�DSSOLFDWLRQ�RI�SUREOHP�VROYLQJ�IURP�V\VWHP�DQDO\VLV��
7R�GHYHORS�WKH�GHVFULEHG�DOJRULWKP�ZH�KDYH�DSSOLHG�WKH�DSSURDFK�RI�GDWD�IORZ�DOORFDWLRQ�DPRQJ�VHYHUDO�QHXUDO�QHWZRUNV�LQ�RUGHU�WR�SDVV�WKH�ZHOO�NQRZQ�SUREOHP�RI�QHXUDO�QHWZRUN�RYHUVDWXUDWLRQ�DW�WKH�SURFHVV�RI�WUDLQLQJ�IRU�VHYHUDO�YDULRXV�FODVVHV�RI�LQSXW�VLJQDOV��
1HXURQHW�V\VWHP�LQFOXGHV�WKH�QXPEHU�RI�QHXUDO�QHWZRUNV�1��HDFK�RI�WKHP�SHUIRUPV�SURFHVVLQJ�RI�RQH�VSHFLILF�FODVV�RI�LQSXW�VLJQDOV��KHUH�RI�FRPH�FODVV�RI�LPDJH�WH[WXUH���(DFK�RI�QHXUDO�QHWZRUNV�1�KDV�3�LQSXWV�DQG�0�RXWSXWV��ILJ������:KLOH�0���3��DV�WKH�UHVXOW�RI�V\VWHP�SHUIRUPDQFH�OLPLWDWLRQV���7KH�WUDLQLQJ�SURFHVV�� ZKHUH� RQO\� RQH� HOHPHQW� RI� WUDLQLQJ� VHOHFWLRQ� LV� SUHVHQWHG�� LV� SHUIRUPHG� RQO\� IRU� WKH� QHXUDO�V\VWHP��ZKLFK�FRUUHVSRQGV�ZLWK�WKH�JLYHQ�FODVV�RI�LQSXW�VLJQDOV��
�

)LJ����±�*HQHUDO�VFKHPH�RI�QHXUDO�SURFHVVLQJ�V\VWHP�
�

7R�PRYH�WR�WKH�WDVN�RI�V\VWHP�DQDO\VLV�RQ�EDVLV�RI�LQSXW�YHFWRU�GDWD��REWDLQHG�LQ�WKH�SURFHVV�RI�QHXUDO�QHWZRUNV¶�IXQFWLRQLQJ��ZH�EXLOG��GHFLVLRQ�PDWUL[��V\VWHP������
�
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3 D J H �_��

ZKHUH�5�±�GLVWDQFH�PDWUL[�EHWZHHQ�H[SHFWHG�DQG�REVHUYHG�UHVSRQVHV�� ��� ML' ± H[SHFWHG�UHVSRQVH�M
RI�QHXUDO�QHWZRUN�L� ��� ML2 ± REVHUYHG�UHVSRQVH�M RI�QHXUDO�QHWZRUN�L�
,W�LV�FRQYHQLHQW�WR�XVH�ULVN�PDWUL[�±�PDWUL[�RI�DEVROXWH�GHYLDWLRQV�RI�DFWXDO�YDOXHV��REWDLQHG�DV�D�UHVXOW�RI�QHXUDO� QHWZRUN� IXQFWLRQLQJ� IURP� WKH� YDOXHV� RI� GHVLUHG� UHVSRQVH�� :H� FDQ� HDVLO\� SHUIRUP� WKH� UHVXOWV�LQWHUSUHWDWLRQ� RI� LQSXW� YHFWRU� SURFHVVLQJ� ZLWK� QHXURQHW� FDVFDGH� E\� VHDUFKLQJ� IRU� WKH� PRVW� RSWLPDO�VROXWLRQ��SUHVHQWHG�E\�WKH�DFFHSWDEOH�ULVN�YDOXH�DFFRUGLQJ�WR�WKH�FKRVHQ�SUREOHP�VROYLQJ�UXOH��6R�LQ�FDVH�RI� WUDLQLQJ� RI� VHSDUDWH� FDVFDGH� QHXUDO� QHWZRUNV� ZLWK� FKDUDFWHULVWLFV� RI� FHUWDLQ� LPDJH� FODVVHV�� WKH�UHFRJQLWLRQ� WDVN� E\� WKH� XVH� RI� QHXURQHW� SURFHVVLQJ� FRPHV� WR� D� VXEWDVN� RI� GHFLVLRQ�PDNLQJ� ZLWK� WKH�PLQLPDO�ULVN�RQ�EDVLV�RI�GHYLDWLRQ�PDWUL[�RI�QHXUDO�QHWZRUNV¶�LQSXW�VLJQDOV�RI�WKH�JLYHQ�FDVFDGH��
2Q� SUD[LV� WKH� DSSOLFDWLRQ� RI� DQ\� SUREOHP�VROYLQJ� PHWKRGV� IURP� V\VWHP� DQDO\VLV� LV� SRVVLEOH�� 7KH�VXSHULRULW\� TXHVWLRQ� RI� DQ\�PHWKRGV� LQ� WKH� SDUWLFXODU� WDVN� LV� UDWKHU� LPSRUWDQW� DQG�PXVW� EH� VWXGLHG� LQ�IXWXUH��,Q�WKH�QHXURQHW�V\VWHP�RI�WH[WXUH�UHFRJQLWLRQ�ZH�KDYH�EXLOW��WKH�TXDOLW\�RI�UHFRJQLWLRQ��ZKLFK�LV�SUHVHQWHG�LQ�SHUFHQWDJH�RI�FRUUHFWO\�UHFRJQL]HG�LPDJHV�WR�WKH�WRWDO�VL]H�RI�VHOHFWLRQ��FRQVLGHUDEO\�GLIIHUV�LQ DFFRUGDQFH� ZLWK� WKH� FKRVHQ� SUREOHP�VROYLQJ�PHWKRG�� ([SHULHQFH� KDV� VKRZQ� WKDW� VXIILFLHQW� OHYHO� RI�TXDOLW\�RI�QHWZRUN�UHVSRQVH�LQWHUSUHWDWLRQ�LV�REWDLQHG�E\�XVLQJ�SURGXFW�FULWHULRQ�RI�WKH�IRUP�����

��������� ML2ML'E 0
MLM ��  ����

:KHUH� ELM� ± HVWLPDWLRQ� �HYDOXDWLRQ�� ZLWK� UHVSHFW� WR� WKH� FKRVHQ� GHFLVLRQ�PDNLQJ� FULWHULRQ�� ��� ML' ±
H[SHFWHG�UHVSRQVH�M RI�QHXUDO�QHWZRUN�L� ��� ML2 ± REVHUYHG�UHVSRQVH�M RI�QHXUDO�QHWZRUN�L�
$W HDFK�SHUIRUPHG�H[SHULPHQW�WKH�IROORZLQJ�DSSURDFK�WXUQHG�RXW�WR�EH�PRUH�HIIHFWLYH�WKDW�WKH�DSSURDFK�RI�LPDJH�FODVVLILFDWLRQ�RQ�EDVLV�RI�QRUP�FRPSDULVRQ�RI�LQSXW�VLJQDOV�RI�QHXUDO�QHWZRUN��ZKLFK�LV�WKH�PRVW�SRSXODU� PHWKRG� QRZDGD\V��� EHFDXVH� LQ� VXFK� ZD\� ZH� KDYH� VROYHG� ERWK� WKH� SUREOHP� RI� SUHYHQWLRQ� RI�QHXUDO�QHWZRUN�RYHUVDWXUDWLRQ�DQG�WKH�WDVN�FRQVWUXFWLRQ�RI�SDUDOOHO�QHXURQHW�SURFHVVLQJ�V\VWHP��
7KH�LQWURGXFHG�DSSURDFK�FDQ�EH�XVHG�IRU�QHXURQHW�SURFHVVLQJ�RI�GLIIHUHQW�FRPSOLFDWHG�VLJQDOV��%\�VROYLQJ�WKH� WDVN�RI� WH[WXUH� UHFRJQLWLRQ� WKH�VXEWDVN�RI�SDUWLFXODU� UHDOL]DWLRQ�RI�HDFK�VHSDUDWH�QHXUDO�QHWZRUN� LV�DOVR YHU\�LPSRUWDQW��2Q�WKH�ILUVW�VWDJH�RI�V\VWHP�ZRUN�WKH�SUHSURFHVVLQJ�RI�WKH�LPDJH�LV�SHUIRUPHG��$V�D�UHVXOW� WKH� FKDUDFWHULVWLFV�RI�HDFK�VHSDUDWH� LPDJH�SDWFK�DUH�EHLQJ�H[WUDFWHG��7KHQ� WKHVH� FKDUDFWHULVWLFV�DUH� EHLQJ� WUDQVPLWWHG� LQ� VSHFLILF� RUGHU� WR� WKH� QHXUDO� QHWZRUN� IRU� SURFHVVLQJ� �WUDLQLQJ� RU� UHFRJQLWLRQ���%HIRUH�WKH�WUDQVPLVVLRQ�RI�WKH�FKDUDFWHUV�WR�WKH�QHWZRUN�LQSXW�WKH\�VKRXOG�EH�SURFHVVHG�LQ�VXFK�D�ZD\�WKDW�LW�ZRXOG�HQDEOH�EHWWHU�V\VWHP�IXQFWLRQLQJ�DQG�WUDLQLQJ��7KH�QHFHVVDU\�FRQGLWLRQ�IRU�WKH�FRUUHFW�REMHFW�UHFRJQLWLRQ�LV�UHSUHVHQWDWLYHQHVV�RI�REMHFW¶V�FKDUDFWHULVWLFV�XVHG�DW�WKH�ZRUN�RI�D�V\VWHP��
,Q�WKH�WDVN�RI�LPDJH�UHFRJQLWLRQ�ZH�FDQ�XVH�IRU�H[DPSOH�EULJKWQHVV�YDOXHV�RQ�EDVLV�5*%�LQ�HDFK�VHSDUDWH�LPDJH�SRLQW�DV�LQLWLDO�GDWD�DW�QHXURQHW�SURFHVVLQJ��%XW�VXFK�FRQFHSWLRQ�RI�WKH�LPDJH�ZLOO�EH�WRR�PXFK��L�H��LW ZLOO�FRQWDLQ�PXFK�PRUH�LQIRUPDWLRQ�WKDQ�LW�LV�DFWXDOO\�QHHGHG��,Q�RUGHU�WR�UHPRYH�UHGXQGDQF\�ZH�XVH�WKH� SURFHGXUH� RI� FKDUDFWHULVWLFV¶� H[WUDFWLRQ� IURP� WKH� LPDJH�� $PRQJ� WKH� PRVW� FRPPRQ� XVHG� VWDWLVWLF�FKDUDFWHULVWLFV� RI� WKH� LPDJH� WKH� IROORZLQJ� FDQ� EH� OLVWHG�� � PDWKHPDWLFDO� H[SHFWDWLRQ� RI� EULJKWQHVV�DFFRUGLQJ� WR�HDFK�EDVLV�FRORU��PHGLXP� OLQHDU�GHIOHFWLRQ�RI�EULJKWQHVV�YDOXHV�DFFRUGLQJ� WR�HDFK�FRORU�RI�EDVLV�5*%�IURP�WKH�PDWKHPDWLFDO�H[SHFWDWLRQ�RU�DSSUR[LPDWH�YDOXH�EULJKWQHVV�PRGH��%\�WKH�XVH�RI�WKHVH�FKDUDFWHULVWLFV�VHSDUDWH�GHWDLOV�RI�WKH�LPDJH�FDQQRW�EH�GHWHFWHG�DQG�PRUHRYHU�WKH�SRVLWLRQDO�UHODWLRQVKLS�RI� LPDJH� SRLQWV� DQG� VHSDUDWH� LPDJH� SDWFKHV� LV� QRW� WDNHQ� LQ� DFFRXQW�� 7KDW� OHDGV� WR� WKH� ORVV� RI� D� ELJ�DPRXQW�RI�LQIRUPDWLRQ�WKDW�FDQ�EH�XVHG�IRU�UHFRJQLWLRQ��
$V FKDUDFWHULVWLFV�LQ�WKH�JLYHQ�DOJRULWKP�ZH�XVH�FHQWUDO�PRPHQWV�RI�ILUVW�RUGHU�>�@�RI�WKH�IRUP������ZKLFK�ZH�FDOFXODWH�VHSDUDWHO\�RQ�HDFK�FKDQQHO�5��*�DQG�%��³³ 

'
5 [G[G\\[% �����P � ³³ 

'
* \G[G\\[% �����P �

³³ 
'

% [\G[G\\[% �����P ����

ZKHUH� �� \[�%5 ± EULJKWQHVV� IXQFWLRQ� RI� UHG� FRPSRQHQW� FKDQQHO�� �� \[�%* ± EULJKWQHVV� IXQFWLRQ� RI�
JUHHQ�FRPSRQHQW�FKDQQHO�� �� \[�%% ± EULJKWQHVV�IXQFWLRQ�RI�EOXH�FRPSRQHQW�FKDQQHO��
1XPHULFDO�FRPSXWDWLRQ�RI�LQWHJUDOV�LQ�����LV�SHUIRUPHG�ZLWK�WKH�XVH�RI�PHWKRG�GHVFULEHG�LQ�>�@��



3 D J H �_��
7KH� LPSRUWDQW� IHDWXUH� RI� WKH�JLYHQ�DOJRULWKP� LV� WKDW� WKH� FRPSXWDWLRQ�RI� WKH�PRPHQWV� LV� SHUIRUPHG� LQ�GHILQLWH� LPDJH�SDWFKHV�� 7KHVH�SDWFKHV� UHVXOW� IURP�VHJPHQWDWLRQ� ���� RI� WKH� RULJLQDO� LPDJH� LQWR� VHYHUDO�SDWFKHV��DV�LW�LV�VKRZQ�LQ�ILJ�����

� ^ `�PRG�_ ����  � ���� S[:[[: LLLLL �^ `�PRG�_ ����  � ���� S\+\\+ LLLLL ����
ZKHUH� S� ±� VXELQWHUYDO� RI� WKH� LPDJH�� :�� +� ±� VHWV� RI� VHJPHQWDWLRQ� SRLQWV� DORQJ� WKH� D[HV� ;� DQG� <��UHVSHFWLYHO\��[��\�±�HOHPHQWV�RI�VHW�:�DQG�+��
�

� RULJLQDO�WH[WXUH E���VW OHYHO�RI�VHJPHQWDWLRQ F���QG OHYHO�RI�VHJPHQWDWLRQ�
�

)LJ����±�,PDJH�VHJPHQWDWLRQ�VFKHPH�
�

,Q�WKH�JLYHQ�H[DPSOH�WKH�LPDJH�LV�GLYLGHG�LQWR���VXEDUHDV�RQ�WKH�ILUVW�OHYHO�RI�VHJPHQWDWLRQ��ILJ���E��DQG�LQWR����VXEDUHDV�RQ�WKH�VHFRQG�OHYHO�RI�VHJPHQWDWLRQ��ILJ���F���,I�ZH�FRQWLQXH�GLYLGLQJ�WKH�LPDJH��LW�ZLOO�OHDG� WR� WKH� VLJQLILFDQW� LQFUHDVH� LQ� DPRXQW� RI� FDOFXODWLRQ� DQG� DW� WKH� VDPH� WLPH� WR� WKH� GHFUHDVH� LQ�LQIRUPDWLRQ�YDOXH�RI�FKDUDFWHULVWLFV�RI�HDFK�DUHD��7KDW¶V�ZK\�WKH�SURFHVV�RI�VHJPHQWDWLRQ�LQWR�DUHDV�HQGV�RQ�WKH�VHFRQG�OHYHO��
2Q�HDFK�OHYHO�RI�VHJPHQWDWLRQ�LQ�HYHU\�VXEDUHD�WKH�PRPHQWV�RI�ILUVW�RUGHU�DUH�EHLQJ�FDOFXODWHG�DFFRUGLQJ�WR WKH�IRUPXOD�����IRU�HYHU\�FRORU�FKDQQHO��$V�D�UHVXOW�ZH�JHW�YHFWRU�RI�VLJQDOV��ZKLFK�LV�WKHQ�WUDQVPLWWHG�WR WKH� LQSXW� RI� QHXUDO� QHWZRUN� IRU� WUDLQLQJ� RU� UHFRJQLWLRQ�� 6XFK� DQ� DSSURDFK� DOORZV� WKH� JOREDO�FKDUDFWHULVWLFV�RQ�WKH�ILUVW�OHYHO�RI�VHJPHQWDWLRQ�WR�EH�FRQVLGHUHG��DQG�WKHQ�ORFDO�FKDUDFWHULVWLFV�IRU�HDFK�DUHD�RQ�WKH�VHFRQG�OHYHO�RI�VHJPHQWDWLRQ��,W�LV�LPSRUWDQW�WR�FRQVLGHU�WKH�SRVLWLRQDO�UHODWLRQVKLS�RI�LPDJH�HOHPHQWV� LV� LPSRUWDQW�� DV� VXFK� RSSRUWXQLW\� LV� H[SODLQHG� E\� WKH� FRQQHFWLRQ� H[LVWHQFH� DPRQJ� LPDJH�VXEDUHDV�DQG�V\QDSWLF�LQSXWV�RI�QHXUDO�QHWZRUN��$V�WKHUH�LV�D�RQH�WR�RQH�PDWFKLQJ�EHWZHHQ�WKH�QXPEHU�RI� LPDJH� VXEDUHD� DQG� WKH� QXPEHU� RI� V\QDSWLF� LQSXW� �ILJ�� ���� DVVRFLDWLYH� PHPRU\� RI� QHXUDO� QHWZRUN�FRQVLGHUV� DXWRPDWLFDOO\� WKH� SRVLWLRQDO� UHODWLRQVKLS� RI� FKDUDFWHULVWLFV¶� FKDQQHOV�� 1HXUDO� QHWZRUNV� �EHLQJ�SUHVHQWHG�DV�VHSDUDWH�LQGHSHQGHQW�PRGXOHV��FDQ�XVH�RQH�RU�DQRWKHU�DUFKLWHFWXUH�LQ�DFFRUGDQFH�ZLWK�WKH�UHTXLUHG�UHVXOW��

)LJ����±�&RUUHVSRQGHQFH�RI�LPDJH�VXEDUHDV�DQG�V\QDSWLF�LQSXWV�



3 D J H �_��

7KLV� LV� DQ� LPSRUWDQW� IDFWRU� WKDW� JLYHV� WKH� DELOLW\� WR� VWXG\� WKH�EHKDYLRU� RI� GLIIHUHQW� QHXUDO� QHWZRUNV� DW�VROYLQJ� WKH� WDVN� RI� LPDJH� UHFRJQLWLRQ�� 7KDW� SURYLGHV� WKH�RSSRUWXQLW\� WR� FKRRVH�RSWLPDO� DUFKLWHFWXUH�RI�HDFK� VHSDUDWH� FRPSXWLQJ� HOHPHQW��$V� D� FRPSXWLQJ�HOHPHQW�ZH�XVHG�D� IXOO\� FRQQHFWHG�QHXUDO� QHWZRUN�ZLWK�VLJPD�IXQFWLRQ�RI�DFWLYDWLRQ�RI�WKH�IRUP�����ZLWK�D�UDQGRP�VWDUWLQJ�GLVWULEXWLRQ�RI�V\QDSWLF�ZHLJKWV�LQ�WKH�LQWHUYDO�>���������@��

F[HF[6LJP �� �
���� ����

ZKHUH�[�±�SRLQW�RI�IXQFWLRQ�HYDOXDWLRQ��F�±�SDUDPHWHU�WKDW�VHWV�VLJPRLG�VORSH��
�
7R�WUDLQ�WKH�QHWZRUN�ZH�XVHG�JUDGLHQW�PHWKRG�RI�RSWLPL]DWLRQ�ZLWK�WKH�VWHS������DQG�UHTXLUHG�HUURU�UDWH����� 7KLV� FKRLFH� RI� WKH� UHTXLUHG� HUURU� UDWH� LV� D� UHVXOW� RI� QHFHVVLW\� RI� QHXUDO� QHWZRUN� RYHUVDWXUDWLRQ�UHPRYDO�DW�WKH�SURFHVV�RI�WUDLQLQJ�ZLWK�D�ELJ�QXPEHU�RI�GLVVLPLODU�H[DPSOHV��,Q�JHQHUDO��GHSHQGLQJ�RQ�WKH�QXPEHU� RI� REMHFWV¶� FODVVHV�� GLIIHUHQW� ZD\V� WR� FKRRVH� WKLV� SDUDPHWHU� DUH� SRVVLEOH�� 7KH� XVH� RI� IXOO�FRQQHFWHG�FRQILJXUDWLRQ�RI�QHXUDO�QHWZRUN�LV�FRQQHFWHG�ZLWK�WKH�IDFW�WKDW�LWV�DGYDQFHG�UHOLDELOLW\�KDV�EHHQ�IRXQG� H[SHULPHQWDOO\��:H� WKURZ� RXW� LQVLJQLILFDQW� V\QDSWLF� FRQQHFWLRQV� E\� WKH� FKRVHQ� FRQILJXUDWLRQ� E\�DVVLJQLQJ� LQVLJQLILFDQW� ZHLJKW� FRHIILFLHQWV�� 0RUH� FRPSOLFDWHG� FRQILJXUDWLRQV� RI� QHXUDO� QHWZRUNV�� DV�� IRU�H[DPSOH��)11�±�FRQILJXUDWLRQ��IDVW�QHXUDO�QHWZRUNV���DUH�GHJHQHUDWH�FDVH�RI�IXOO�FRQQHFWHG�QHWZRUN�DQG�FDQ EH�REWDLQHG�E\�WKH�SURFHVV�RI�UHGXFLQJ�ZHLJKW�FRHIILFLHQWV�RI�WKH�QHXURQV�RI�IXOO�FRQQHFWHG�QHWZRUN��7KH�GLVDGYDQWDJH�RI�WKH�XVH�RI�IXOO�FRQQHFWHG�QHWZRUN�LV�VPDOOHU�VSHHG�RI�GDWD�SURFHVVLQJ��ZKLFK�FDQ�EH�LJQRUHG�E\�SHUIRUPLQJ�H[SHULPHQWV��DQG�DOVR�LQ�RUGHU�WR�LQFUHDVH�V\VWHP�UHOLDELOLW\��
7KH� WUDLQLQJ� SURFHVV�ZLWK� D� VHSDUDWH� H[DPSOH� LV� SHUIRUPHG� LQ� WKH� V\VWHP�SDUDOOHO� RQ� HDFK� FRPSXWLQJ�HOHPHQW�ZLWK�WKH�XVH�RI�YDULRXV� ILQDO�VLJQDOV��$V�DQ� LQSXW�VLJQDO�RI�QHXUDO�QHWZRUN�ZH�XVH�WKRVH�LPDJH�FKDUDFWHULVWLFV��REWDLQHG�ZLWK�WKH�KHOS�RI�DIRUHPHQWLRQHG�VFKHPH��$V�D�ILQDO�VLJQDO�RI�QHXUDO�QHWZRUN�ZH�XVH�YDOXHV�YHFWRU�LQ�WKH�LQWHUYDO�>����@��WKDW�GHVFULEHV�WKH�HVWLPDWHG�YDOXH�RI�EHORQJLQJ�SUREDELOLW\�RI�WKH�LPDJH�WR�D�FHUWDLQ�FODVV��SUHVHQWHG�ZLWK�D�FXUUHQW�FRPSXWLQJ�HOHPHQW��
7KH�GHVFULEHG�DOJRULWKP�KDV�EHHQ� LPSOHPHQWHG�RQ�SURJUDP�ZLWK� WKH�XVH�RI�0LFURVRIW�9LVXDO�&���DQG�&20�WHFKQRORJ\��,Q�SURJUDP�LPSOHPHQWDWLRQ�LV�WKH�V\VWHP�WKH�SRVVLELOLW\�RI�VWHS�PRGLILFDWLRQ�RI� LPDJH�VHJPHQWDWLRQ�LV�SURYLGHG�,�RUGHU�WR�VWXG\�WKH�LQIOXHQFH�RI�LPDJH�VHJPHQWDWLRQ�PHWKRGV�RQ�WKH�SURFHVV�RI�FKDUDFWHULVWLFV¶� H[WUDFWLRQV�� 7KH� SURJUDP� FRPSOH[� LV� LPSOHPHQWHG� WDNLQJ� LQ� DFFRXQW� WKH� DSSOLFDWLRQ�SRVVLELOLW\� RI� GLIIHUHQW� FRQILJXUDWLRQV� RI� QHXUDO� QHWZRUN� LQ� WKH� V\VWHP�ZRUNLQJ� SURFHVV�� $UFKLWHFWXUH� RI�WH[WXUH� UHFRJQLWLRQ�V\VWHP� LV�VKRZQ� LQ� ILJ�����/HW¶V� WDNH�D� ORRN�DW� WKH�EDVLF�FRPSRQHQWV�RI� WKH�WH[WXUH�UHFRJQLWLRQ�V\VWHP���
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)LJ����±�IXQFWLRQDO�VFKHPH�RI�VWUXFWXUDO�RUJDQL]DWLRQ�RI�LPDJH�UHFRJQLWLRQ�V\VWHP�
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6XEV\VWHP� RI� LQSXW�RXWSXW� LPSOHPHQWV� GDWD� VWRUDJH� RQ� WKH� GDWD� FDUULHU� DQG� RSHUDWLRQV� RQ� ILOH� LQSXW�RXWSXW��LPDJH�VWRUDJH�DQG�WUDQVIRUPDWLRQ��GLVSOD\LQJ�ZRUNLQJ�GDWD�WR�XVHU��DQG�DOVR�IRUPV�D�VHW�RI�LQSXW�VLJQDOV�� ZKLFK� DUH� D� VHW� RI� FKDUDFWHULVWLFV� RI� WKLV� LPDJH� XVHG� ODWHU� DW� WKH� QHXUDO� QHWZRUN� IXQFWLRQLQJ��&RQWURO�VXEV\VWHP�FRQWUROV�WKH�SURFHVV�RI�WUDLQLQJ�DQG�IRUPDWLRQ�RI�LQSXW�DQG�GHVLUHG�VLJQDOV��6XEV\VWHP�



3 D J H �_��
RI�QHXURQHW�SURFHVVLQJ�SHUIRUPV�DOO�WKH�RSHUDWLRQV�FRQQHFWHG�ZLWK�QHXURQHW�SURFHVVLQJ��LQFOXGLQJ�WUDLQLQJ�DQG� FDOFXODWLRQ� RI� WKH� UHVXOW� RI� LQSXW� VLJQDO� SURFHVVLQJ�� 6XEV\VWHP� RI� GHFLVLRQ�PDNLQJ� SHUIRUPV� WKH�LQWHUSUHWDWLRQ� RI� QHWZRUN� RXWSXW� VLJQDO� LQ� WKH� UHFRJQLWLRQ� SURFHVV� DQG�PDNHV� GHFLVLRQ� LQ� FKRRVLQJ� WKH�EHVW� �WKH� PRVW� SUREDEOH� IURP� WKH� QHWZRUN� SRLQW� RI� YLHZ�� FODVV� RQ� EDVLV� RI� WKH� UHVXOWV� REWDLQHG� LQ�QHXURQHW�SURFHVVLQJ��
7HVWLQJ� RI� WKH� SURJUDP� LPSOHPHQWDWLRQ� RI� WKH� GHYHORSHG� DOJRULWKP� KDV� VKRZQ�� WKDW� DYHUDJH� WLPH� RI�V\VWHP�WUDLQLQJ�ZLWK�RQH�PDVWHU�LPDJH�LV���VHFRQGV��DQG�DYHUDJH�WLPH�RI�UHFRJQLWLRQ�LV�����VHFRQGV��7R�SHUIRUP�V\VWHP�WHVWLQJ�ZH�XVHG�WKH�VHOHFWLRQ�RI�WH[WXUH�LPDJHV�FRQVLVWLQJ�RI������IXOO�FRORU�LPDJHV��7KH�QXPEHU� RI� WH[WXUH� LPDJHV� WKDW� ZDV� UHFRJQL]HG� FRUUHFWO\� ZDV� ����� 7KHVH� UHVXOWV� LQGLFDWH� RI� SUDFWLFDO�YDOXH�RI�WKH�WH[WXUH�UHFRJQLWLRQ�DOJRULWKP�ZLWK�WKH�XVH�RI�WRUTXH�FKDUDFWHULVWLFV�DQG�DOVR�RI�WKH�IDFW�WKDW�LW�LV�VXIILFLHQW�WR�FRQWLQXH�VWXG\LQJ�WKLV�DOJRULWKP��
7KH�GHYHORSHG�DOJRULWKP�RI�WH[WXUH�UHFRJQLWLRQ�LV�DQ�HIIHFWLYH�PHWKRG�WR�VROYH�WKH�WDVNV�RI�WH[WXUH�LPDJH�UHFRJQLWLRQ�� 7KDW� LV� SHUIRUPHG� GXH� WR� WKH� XVH� RI�� WRUTXH� FKDUDFWHULVWLFV�� PHWKRG� RI� LPDJH� SDWFKHV�VHOHFWLRQ�E\� WKH� H[WUDFWLRQ� RI� FKDUDFWHULVWLFV��PHWKRGV�RI� V\VWHP� DQDO\VLV� IRU� GHFLVLRQ�PDNLQJ�� SDUDOOHO�QHXURQHW�DUFKLWHFWXUH��
7KH�GHVFULEHG�DOJRULWKP�KHOSV�WR�REWDLQ�WKH�IROORZLQJ�UHVXOWV��SRVVLELOLW\�RI�WKH�HIIHFWLYH�XVH�RI�WKH�HDVLHVW�QHXURQHW� DUFKLWHFWXUHV�� ZKLFK� GR� QRW� JLYH� VXIILFLHQW� OHYHO� RI� DFFXUDF\� DW� WKH� VWDQGDUG� FRQVWUXFWLRQ� RI�QHXUDO�V\VWHPV��DGDSWDWLRQ�RI�QHXURQHW�DUFKLWHFWXUH�IRU�WKH�SDUDOOHO�QHXURQHW�SURFHVVLQJ��ZKLFK�LQFUHDVHV�WKH� VSHHG�RI� V\VWHP� UHVSRQVH� LQ� UHFRJQLWLRQ�PRGH�� VLPSOLILFDWLRQ� RI� IRUPDOL]DWLRQ� SURFHVV� RI� GHFLVLRQ�PDNLQJ�LQ�QHXURQHW�V\VWHPV��
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