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+LJKO\� RSWLPL]HG� GHFLVLRQ� WUHHV�ZKLFK� KDYH� EHHQ� FUHDWHG�IURP�,'��W\SH�DOJRULWKPV�DUH�RIWHQ�UHFRJQL]HG�DV�EHLQJ�RQH�RI� WKH� EHVW� PHWKRGV� IRU� SDUWLWLRQLQJ� D� JLYHQ� GRPDLQ� LQ�WHUPV� RI� ERWK� FODVVLILFDWLRQ� DFFXUDF\� DQG� IRU� WKH�IRUPXODWLRQ� RI� VPDOO� UXOH� VHWV�� +RZHYHU�� WKHVH� WUHHV� DUH�KLJKO\� RSWLPL]HG� DQG� SRWHQWLDO� LQIRUPDWLRQ� LQ� ORZHU�EUDQFKHV� RI� WKH� WUHH� LV� ORVW� WKURXJK� SUXQLQJ�� � 7KLV� SDSHU�SUHVHQWV� D� QRYHO� DOJRULWKP�ZKLFK� UHJDLQV� WKLV� LQIRUPDWLRQ�E\�UHOD[LQJ��VKDUS�GHFLVLRQ�ERXQGDULHV�DQG�E\�³UH�JURZLQJ´��WKH� GHFLVLRQ� WUHH� E\� UHOD[LQJ� WKH� SUXQLQJ� FULWHULD�� 7KH�DOJRULWKP�SURGXFHV�PRUH�UREXVW�GHFLVLRQ�WUHHV�E\�DOORZLQJ�LQIRUPDWLRQ�LQ�ORZHU�EUDQFKHV�WR�FRQWULEXWH�LQ�WKH�GHFLVLRQ�PDNLQJ� SURFHVV� ZLWKRXW� FDXVLQJ� VLJQLILFDQW� RYHUILW��&ODVVLILFDWLRQ� DFFXUDF\� LV� DOVR� LPSURYHG� E\� UHJDLQLQJ�LQIRUPDWLRQ�IURP�WKH�ORZ�OHYHO�EUDQFKHV����,QWURGXFWLRQ

$� GLIILFXOW\� DVVRFLDWHG� ZLWK� LQGXFLQJ� WUHHV� LV� NQRZLQJ�ZKHQ� WR� VWRS� JURZLQJ� WKH� WUHH��:KDW� FRQVWLWXWHV� D�³ULJKW´�VL]HG� WUHH"� � 7KLV� FRXOG� GHSHQG� RQ� WKH� FODVVLILFDWLRQ�SUREOHP�� WKH� JHQHUDOL]DWLRQDO� DELOLW\� RU� WKH� FODVVLILFDWLRQ�DFFXUDF\��7KH�PRVW� FRPPRQ� WHFKQLTXH�ZKLFK� WDFNOHV� WKLV�LVVXH�LV�NQRZQ�DV�SUXQLQJ��,W�LV�D�PHDVXUH�ZKLFK�H[DPLQHV�WKH� SHUIRUPDQFH� RI� D� SDUWLFXODU� EUDQFK�ZLWKLQ� WKH� WUHH� WR�GHFLGHG� ZKHWKHU� RU� QRW� WR� VWRS� WKH� JURZWK� GRZQ� WKDW�VSHFLILF� EUDQFK� �4XLQODQ� ������� 3UXQLQJ� UHPRYHV� WKRVH�EUDQFKHV� � IURP� D� GHFLVLRQ� WUHH�� ZKLFK� IDLO� WR� FRQWULEXWH�VLJQLILFDQWO\� WR� WKH� UHVXOWLQJ� GHFLVLRQ� WUHH� PRGHO� DIWHU�WUDLQLQJ�KDV�WDNHQ�SODFH���,Q�RUGHU�WR�SURGXFH�D�JHQHUDOL]HG�PRGHO� RI� WKH� GRPDLQ� WKH� WUHHV� DUH� RIWHQ� KLJKO\� SUXQHG��UHVXOWLQJ� LQ� SRWHQWLDO� LQIRUPDWLRQ� EHLQJ� ORVW� LQ� WKH� ORZHU�OHYHOV� RI� WKH� WUHH�� 7KLV� FRXSOHG� ZLWK� WKH� VKDUS� GHFLVLRQ�ERXQGDULHV� DW� HDFK� QRGH� FDQ� KDYH� D� VXEVWDQWLDO� LPSDFW� RI�WKH� DFFXUDF\� RI� WKH� WUHH�� ,V� D� KLJKO\� RSWLPL]HG� WUHH�WKHUHIRUH�WKH�EHVW�UHSUHVHQWDWLRQ�RI�D�JLYHQ�GRPDLQ",Q�WKH�RULJLQDO�,'��DOJRULWKP��4XLQODQ��������QR�SUXQLQJ�VWUDWHJ\� ZDV� XVHG�� 7KH� LQGXFWLRQ� SURFHVV� ZDV� VLPSO\�FRQWLQXHG�XQWLO�HDFK�QRGH�ZLWKLQ�WKH�WUHH�ZDV�SXUH��L�H��DOO�H[DPSOHV�DW�D��QRGH�EHORQJ�RQO\�WR�RQH�FODVV��7KLV�FUHDWHG�YHU\�ODUJH�WUHHV�ZKLFK�WHQGHG�WR�ILW�WKH�7UDLQLQJ�6HW�ZKLFK�
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UHVXOWHG� LQ� WKH� WUHH� ORRVLQJ� LW¶V� DELOLW\� WR� JHQHUDOL]H��$V� D�FRQVXPPDWLRQ� RI� WKLV� D� ORZ� SHUFHQWDJH� RI� XQVHHQ� FDVHV�ZHUH�FRUUHFWO\�FODVVLILHG��$�SUXQLQJ�VWUDWHJ\�FDQ�EH�XVHG�WR�SURGXFH� D� JHQHUDOL]HG� GHFLVLRQ� WUHH�ZKLFK� GRHV�QRW� VXIIHU�IURP� RYHU� ILW�� 'LIIHUHQW� � OHYHOV� RI� SUXQLQJ� FDQ� EH� DSSOLHG�GHSHQGLQJ�RQ�WKH�DPRXQW�RI�VWDWLVWLFDO�VLJQLILFDQFH�ZKLFK�LV�UHTXLUHG��$�WUHH�FUHDWHG�IURP�D�UHSUHVHQWDWLYH�VDPSOH�RI�WKH�GRPDLQ�ZKLFK�KDV�EHHQ�SUXQHG�ZLOO� LQFUHDVH� WKH�HUURU� UDWH�RI� WKH� 7UDLQLQJ� VHW�� EXW� ZLOO� SURYLGH� D� PRUH� JHQHUDOL]HG�PRGHO�IRU�IXWXUH�XQVHHQ�FDVHV�7KH� VWDWLVWLFDO� EDFNZDUG� SUXQLQJ� DOJRULWKP� �4XLQODQ������� �4XLQODQ� ������ FDQ� EH� XVHG� WR� UHPRYH� DOO� DWWULEXWH�EUDQFKHV� RI� DQ� LQGXFHG� WUHH� ZKLFK� DUH� QRW� VWDWLVWLFDOO\�VLJQLILFDQW��6LJQLILFDQFH�LV�PHDVXUHG�E\�WKH�&KL�VTXDUH�WHVW�RI� LQGHSHQGHQFH� DQG� FDQ�EH� VHW� WR�D�QXPEHU�RI� OHYHOV��$V�WKH� VLJQLILFDQFH� OHYHOV� GHFUHDVH�� WKH� SUXQLQJ� FULWHULD� LV�UHOD[HG� DQG� WKH� FULVS� WUHH� ZLOO� SRVVLEO\� XWLOL]H� PRUH�DWWULEXWHV� UHVXOWLQJ� LQ� H[WUD� EUDQFKHV� EHLQJ� FUHDWHG�� ,'��W\SH� DOJRULWKPV� VHOHFW� RQO\� D� SURSRUWLRQ� RI� DWWULEXWHV� IRU�WUHH�FRQVWUXFWLRQ��&HUWDLQ�DWWULEXWHV�DUH�GLVUHJDUGHG�DV�WKH\�IDLO� WR� FRQWULEXWH� VLJQLILFDQWO\� WR� WKH� GHFLVLRQ� SURFHVV� DQG�DUH� DVVXPHG� WR� EH� QRLV\� � �RIWHQ� UHIHUUHG� WR� DV� RYHUILW���+RZHYHU�� EUDQFKHV� JHQHUDWHG� IURP� WKHVH� DWWULEXWHV� DUH�OLNHO\�WR�FRQWDLQ�XVHIXO�LQIRUPDWLRQ��ZKLFK�FRXOG�FRQWULEXWH�WRZDUGV� WKH� FODVVLILFDWLRQ� SURFHVV� ZKLFK� ,'��W\SH�DOJRULWKPV�IDLO�WR�XWLOL]H�GXH�WR�WKH�OLPLWDWLRQV�LPSOLFDWHG�E\�WKH�FUHDWLRQ�RI�VKDUS�GHFLVLRQ�ERXQGDULHV��7KLV� SDSHU� SUHVHQWV� D� QHZ� DOJRULWKP� ZKLFK� ILUVWO\�LQYROYHV� WKH� DSSOLFDWLRQ� RI� )X]]\� /RJLF� WR� FULVS� GHFLVLRQ�WUHHV�DQG�VHFRQGO\�JURZV�WKH�WUHH�IURP�LW¶V�KLJKO\�RSWLPL]HG�VWDWH� WR� YDULRXV� OHYHOV� RI� VLJQLILFDQFH�� � 7KH� DOJRULWKP�DSSOLHV� SULQFLSOHV� RI� IX]]\� VHW� WKHRU\� DQG� *HQHWLF�$OJRULWKPV� WR UHOD[� WKH� VKDUS� GHFLVLRQ� ERXQGDULHV� DW� HDFK�FRQWLQXRXV� QRGH�� 7KH� UHVXOWLQJ� WUHH� LV� PRUH� UREXVW� DV� LW�XWLOL]HV� WKH�SRWHQWLDO� LQIRUPDWLRQ� LQ� WKH� ORZ�OHYHO�EUDQFKHV�ZLWKRXW� FDXVLQJ� VLJQLILFDQW� RYHUILW��&ODVVLILFDWLRQ� DFFXUDF\�LV� DOVR� LPSURYHG� E\� UHJDLQLQJ� LQIRUPDWLRQ� IURP� WKH� ORZ�OHYHO�EUDQFKHV� ���3UXQLQJ�6WUDWHJLHV
$�QXPEHU�RI�SUXQLQJ� VWUDWHJLHV�KDYH�EHHQ�GHYHORSHG�RYHU�WKH�\HDUV� VSHFLILFDOO\� IRU� WKH� ,'�� IDPLO\�RI�GHFLVLRQ� WUHHV��,Q�HDUO\�PRGHOV��4XLQODQ��XVHG�D�VWUDWHJ\�NQRZQ�DV�IRUZDUG�SUXQLQJ� ZKLFK� ZDV� FRQFHUQHG� ZLWK� ORRNLQJ� RQH� EUDQFK�

From: FLAIRS-00 Proceedings. Copyright © 2000, AAAI (www.aaai.org). All rights reserved. 



DKHDG� LQ� RUGHU� WR� GHWHUPLQH�ZKHWKHU� WKH� H[SDQVLRQ�RI� WKH�EUDQFK� ZRXOG� EH� EHQHILFLDO� RU� QRW� �4XLQODQ� ������� 7KH�WHFKQLTXH� LQYROYHV� LQWURGXFLQJ�D�VWRSSLQJ�FULWHULRQ��ZKLFK�LV� H[DPLQHG� EHIRUH� D� IXUWKHU� EUDQFK� LV� JURZQ� LQ� RUGHU� WR�VWRS� WKH� FRQWLQXDO� JURZLQJ� RI� D� QRGH�� 4XLQODQ� XVHG� D�VWRSSLQJ� FULWHULD� EDVHG� XSRQ� WKH� FKL�VTXDUH� WHVW� RI�VWDWLVWLFDO� VLJQLILFDQFH�� ,Q� FHUWDLQ� GRPDLQV� WKH� UHVXOWV�REWDLQHG� XVLQJ� IRUZDUG� SUXQLQJ� ZHUH� VDWLVIDFWRU\� EXW� LQ�RWKHUV�WKHUH�ZDV�DQ�XQHYHQQHVV��%DFNZDUG�RU�SRVW�SUXQLQJ�LV�D�PRUH�UHFHQW�SUXQLQJ�VWUDWHJ\�ZKLFK�LV�XVHG�LQ�YDULDQWV�RI� ,'��� 4XLQODQ¶V� SRVW�SUXQLQJ� WHFKQLTXH� �4XLQODQ� ������XVHV�DQ�RSWLPL]DWLRQ�FULWHULD�WKDW�RIIVHWV�WKH�FRPSOH[LW\�RI�WKH�WUHH�DJDLQVW�LW¶V�REVHUYHG�FODVVLILFDWLRQ�DFFXUDF\�RQ�WKH�WUDLQLQJ� H[DPSOHV�� $GGLWLRQDO� FRPSXWDWLRQ� LV� UHTXLUHG� WR�LQLWLDOO\� JURZ� WKH� WUHH� EXW� LV� FRPSHQVDWHG� IRU� E\� D�PRUH�VXEVWDQWLDO�H[SORUDWLRQ�RI�SRVVLEOH�SDUWLWLRQV��&�����D�PRUH�UHFHQW�DOJRULWKP�GHYHORSHG�IURP�,'��XVHV�D�W\SH�RI�SRVW�SUXQLQJ��NQRZQ�DV SHVVLPLVWLF�SUXQLQJ�ZKHUH�RQO\�WKH�LQIRUPDWLRQ�LQ�WKH�WUDLQLQJ�VHW��LV�XVHG�WR�SUXQH�WKH�WUHH��7KLV�SDUWLFXODU�VWUDWHJ\��KDV�EHHQ�IXUWKHU�LPSURYHG�E\�XVLQJ� <DWHV� FRUUHFWLRQ� �4XLQODQ� ������ WR� HVWLPDWH� WKH�UHOLDELOLW\� RI� FODVVLILFDWLRQ� ZKHQ� D� OHDI� LV� LPSXUH�� :KHQ�GHDOLQJ�ZLWK� XQFHUWDLQ� DQG� LPSUHFLVH� DWWULEXWH� YDOXHV� LW� LV�SRVVLEOH� WR�HVWLPDWH� WKH�SUREDELOLW\�RI�HDFK�RXWFRPH�IURP�FDVHV�LQ�WKH�WUDLQLQJ�VHW��7KH�UHODWLYH�SUREDELOLWLHV�DUH�WKHQ�FRPELQHG�IRU�HDFK�RI�WKHVH�DVVXPSWLRQV�
���6RIWHQLQJ�'HFLVLRQ�%RXQGDULHV

,Q� �&URFNHWW�� %DQGDU�� $O�$WWDU� ����������� D� QHZ� )X]]\�,QIHUHQFH� $OJRULWKP� �),$�� ZDV� LQWURGXFHG� ZKLFK� ZDV�VKRZQ� WR� LPSURYH� WKH� � FODVVLILFDWLRQ� DFFXUDF\� RI� � FULVS�GHFLVLRQ� WUHHV� E\� LQWURGXFLQJ� IX]]LILFDWLRQ� RQWR� WKH�EUDQFKHV�RI�WKH�WUHH�DQG�E\�FRPELQLQJ�PHPEHUVKLS�JUDGHV�XVLQJ� IX]]\� LQIHUHQFH�� � ),$� ILUVW� UHTXLUHV� D� WUHH� WR� EH�FUHDWHG�XVLQJ�D�&����W\SH�DOJRULWKP�2QFH� WKH� FULVS� GHFLVLRQ� WUHHV� KDYH� EHHQ� FUHDWHG�� D�VWDWLVWLFDO� EDFNZDUG� SUXQLQJ� DOJRULWKP� LV� XVHG� WR� UHPRYH�DOO� DWWULEXWH� EUDQFKHV� RI� WKH� LQGXFHG� WUHH� ZKLFK� DUH� QRW�VWDWLVWLFDOO\� VLJQLILFDQW�� � 7KLV� LV� GRQH� SULRU� WR� WKH�DSSOLFDWLRQ�RI�WKH�),$�DOJRULWKP��6LJQLILFDQFH�LV�PHDVXUHG�E\�WKH�&KL�VTXDUH�WHVW�RI�LQGHSHQGHQFH�DQG�FDQ�EH�VHW�WR�D�QXPEHU� RI� OHYHOV�� � %UDQFKHV� ZKLFK� FRQWDLQ� OHVV� UHFRUGV�WKDQ�WKH�/RZHU�%UDQFKLQJ�/LPLW�ZLOO�DOVR�EH�UHPRYHG�(DFK�SDWK�IURP�URRW�WR�OHDI�LV�WKHQ�FRQYHUWHG�LQWR�D�VHULHV�RI� IX]]\� ,)�7+(1� SURGXFWLRQ� UXOHV�� $� FDVH� SDVVLQJ�WKURXJK�WKH�WUHH�ZLOO�UHVXOW�LQ�DOO�EUDQFKHV�LQ�WKH�WUHH�ILULQJ�WR� VRPH� GHJUHH�� ZKLFK� LV� GHWHUPLQHG E\� HDFK� VSHFLILF�DWWULEXWHV�GHJUHH�RI�PHPEHUVKLS�LQ�WKH�FRUUHVSRQGLQJ�IX]]\�UHJLRQ��7R� GHWHUPLQH� WKH� FODVVLILFDWLRQ� RXWFRPH�RI� D� FDVH�SDVVLQJ� WKURXJK� WKH� WUHH�� WKH� PHPEHUVKLS� JUDGHV� DW� DOO�EUDQFKHV�DUH�FRPELQHG�XVLQJ�D�SUH�VHOHFWHG�IX]]\�LQIHUHQFH�WHFKQLTXH�

7KH� DSSOLFDWLRQ� RI� ),$� FRQVLVWV� RI� WKUHH� GLVWLQFW�SURFHVVHV�� IX]]LILFDWLRQ�� LQIHUHQFH� DQG� RSWLPLVDWLRQ� ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�WKH�IRUWKFRPLQJ�VHFWLRQV�����)X]]LILFDWLRQ
1RGHV�ZLWKLQ� WKH�FULVSO\�JHQHUDWHG� WUHH�ZHUH� IX]]LILHG� �E\�FUHDWLQJ� IX]]\� UHJLRQV� DURXQG� HDFK� WUHH� QRGH� LQ� RUGHU� WR�VRIWHQ� WKH� VKDUS� GHFLVLRQ� WKUHVKROGV�� $� IX]]\� UHJLRQ� LV�GHILQHG� XVLQJ� � D� SDLU� RI� OLQHDU� PHPEHUVKLS� IXQFWLRQV� IRU�HDFK�GHFLVLRQ�QRGH��7KLV�LV� LOOXVWUDWHG� LQ� �)LJ�����IRU�D�WUHH�QRGH� ZLWK� D� GHFLVLRQ� WKUHVKROG� RI� ��� ZKHUH� WKH� GDUNHU�FLUFOHV� LQGLFDWH�D�PRUH� LQWHQVH�PHPEHUVKLS� IXQFWLRQ��(DFK�OLQHDU�PHPEHUVKLS� IXQFWLRQ� LV�GHILQHG�E\�XSSHU�DQG�ORZHU�ERXQGV GP DQG�GQ� DERXW�WKH�GHFLVLRQ�WKUHVKROG��GW��RI�WKH�DWWULEXWH� ZKLFK� LV� GHWHUPLQHG� E\� WKH� WUHH� LQGXFWLRQ�DOJRULWKP��

)LJXUH����)X]]\�UHJLRQ�DURXQG�GW
7KH�GRPDLQ�RI�D�PHPEHUVKLS�IXQFWLRQ�DW�EUDQFK�L FDQ�KHQFH�EH�GHILQHG�DV

GPL  �GWL � QMVL DQG GQL  �GWL ���QM��VL ���
ZKHUH�VL LV� WKH� VWDQGDUG� GHYLDWLRQ� RI� DWWULEXWH� ,�� Q� LV� D�UHDO� QXPEHU� � Q�o>��f@�� DQG� GP DQG� GQ DUH� WKH� ORZHU�DQG� XSSHU� ERXQGV� UHVSHFWLYHO\� RI�PHPEHUVKLS� IXQFWLRQL������,QIHUHQFH
$�VHW�RI��GDWD��6 ZLOO�FRQVLVW�RI Q�DWWULEXWHV�^$��$�����$Q`�RI�GRPDLQ� '� ZKLFK� DUH� XVHG� WR� GHVFULEH� D� VLQJOH� REMHFW��$SSO\LQJ�DQ�LQIHUHQFH�WHFKQLTXH�RQWR�DQ�H[LVWLQJ�WUHH�RI�P�EUDQFKHV� LQYROYHV� WKH� FRPELQDWLRQ� RI� 9 PHPEHUVKLS�IXQFWLRQ� YDOXHV� ^Y��� Y��������YQ`� RI� DOO� URRW� WR� OHDI� QRGH��SDWKV�� /HW� 7 EH� D� VHW� RI� DOO� SRVVLEOH� RXWFRPHV� ^W��W���WQ`�GHILQHG� IURP� DQ� H[LVWLQJ� FULVS� WUHH�� $Q� LQIHUHQFH�PHFKDQLVP��,0 ZKLFK� FRQVLVWV� RI� DQ� LQWHUVHFWLRQ� IXQFWLRQ�I���ZLOO�WDNH�LQ�9 DQG�SURGXFHV�D�VHW�RI�PLQLPXP�RXWFRPHV�0LQ ^0LQ��0LQ��������0LQM`� ZKHUH� M LV� WKH� QXPEHU� RI� OHDI�
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QRGHV��DQG�D�XQLRQ�IXQFWLRQ I� ��ZKLFK�FRPELQHV�RXWSXW I�WR�SURGXFH�D�PD[LPXP�PHPEHUVKLS�JUDGH�2��
/HW I���I���2 � ^���`�FRQVLVWLQJ�RI��UHDO�QXPEHUV����
x $SSO\LQJ�WKH�IX]]\�LQWHUVHFWLRQ�IXQFWLRQ��I�

I��^Y��Y����YQ`��o0LQ�^0LQ��0LQ����0LQM`�����������������
x $SSO\LQJ�OHDI�SUREDELOLWLHV��
7KH� OHDI� SUREDELOLW\� UHSUHVHQWV� WKH� SUREDELOLW\� WKDW� DQ�H[DPSOH�UHDFKLQJ�D�OHDI�QRGH�ZLOO�KDYH�WKH�VDPH�RXWFRPH�DV� WKH� OHDI�� � 7KH� SUREDELOLW\� RI� WKH� GRPLQDQW� RXWFRPH� LV�GHILQHG���DV

���
ZKHUH�&L��:L�DQG�1)L DUH�WKH�IUHTXHQF\��ZHLJKW�DQG�QRUPDOLVDWLRQ��IDFWRU��UHVSHFWLYHO\���RI�RXWFRPH�L��&G��:G�DQG�1IG�DUH�WKH�IUHTXHQF\��ZHLJKW�DQGQRUPDOLVDWLRQ�IDFWRU�UHVSHFWLYHO\��RI�WKH�GLVSOD\HG�RXWFRPH�

/HW�3 EH�D�VHW�RI�OHDI�SUREDELOLWLHV�^S��S����SM`�WKHQ
I��^Y��Y����YQ`��o0LQ�^�0LQ�
S����0LQ�
S�����0LQM
SM�`������������������
(DFK� OHDI� SUREDELOLW\� LV� DSSOLHG� WR� WKH� FRUUHVSRQGLQJ��PHPEHUVKLS�JUDGH�DW�HDFK� OHDI�QRGH��DIWHU� WKH�LQWHUVHFWLRQ�RSHUDWLRQ�
x $SSO\LQJ�IX]]\�XQLRQ�IXQFWLRQ�I�

I��^�0LQ�
S����0LQ�
S���������0LQM
SM�`��o 2�������������
2 LV� WKH� IX]]\� VLQJOHWRQ�XVHG� WR� GHWHUPLQH� WKH� VXFFHVV� RI�FRUUHFW�FODVVLILFDWLRQ�KDYLQJ�WDNHQ�SODFH�IRU�6��
=DGHK¶V�PLQ�PD[� IX]]\� LQIHUHQFH� WHFKQLTXH� �=DGHK������������� ZLOO� EH� XVHG� WR� FRPELQH� JUDGHV� RI� PHPEHUVKLS�JHQHUDWHG� E\� WKH� OLQHDU� PHPEHUVKLS� IXQFWLRQV� IRU� HDFK�DWWULEXWH� GRZQ� DOO� SDWKV� ZLWKLQ� WKH� WUHH�� $OWKRXJK� WKLV�WHFKQLTXH� LV� VRPHWLPHV� FULWLFLVHG� E\� QRW� DOORZLQJ�LQWHUDFWLRQ� RI� PHPEHUVKLS� JUDGHV�� LW� LV� VWLOO� XVHG� DV� WKH�VWDQGDUG� EHQFKPDUN� LQIHUHQFH� WHFKQLTXH� LQ� PDQ\� IX]]\�V\VWHPV��3UHYLRXV�ZRUN�VKRZLQJ�D�FRPSDULVRQ�RI�D�QXPEHU�RI�LQIHUHQFH�WHFKQLTXHV�FDQ�EH�IRXQG�LQ��&URFNHWW��%DQGDU��$O�$WWDU�������

����2SWLPL]DWLRQ�8VLQJ�$�*HQHWLF�$OJRULWKP
:KHQ� IX]]LI\LQJ� D� WUHH�� LW� LV� HVVHQWLDO� WR� REWDLQ� D�EDODQFH� RI� IX]]LQHVV�� 7RR� PXFK� IX]]LILFDWLRQ� OHDGV� WR�DGGLWLRQDO� XQFHUWDLQW\� LQ� WKH� WUHH�� ZKLOVW� WRR� OLWWOH� KDV�LQVLJQLILFDQW� LPSDFW� RQ� WKH� SHUIRUPDQFH�� 7R� GHWHUPLQH�VXIILFLHQW�IX]]LQHVV�IRU�D�JLYHQ�WUHH�D�*HQHWLF $OJRULWKP��*$�� LV� XVHG� �*UHIHQVWHWWH� ������ 7KH� PHPEHUVKLS�IXQFWLRQV� DUH� HQFRGHG� RQWR� D� FKURPRVRPH�ZKHUH� HDFK�JHQH� ZLOO� UHSUHVHQW� D� UHDO� YDOXH� Q�� XVHG� LQ� WKH�GHWHUPLQDWLRQ�RI�RQH�GRPDLQ�GHOLPLWHU��GPL RU�GQL���7KLV�LV�LOOXVWUDWHG�LQ�ILJXUH���

)LJXUH�����&KURPRVRPH�5HSUHVHQWDWLRQ
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GHWHUPLQDWLRQ� UHOLQTXLVKHV� WKH� QHHG� IRU� D� H[SHUW� WR�GHILQH�D�VHULHV�RI�IX]]\�VHWV�IRU�HDFK�VSHFLILF�GRPDLQ�
���([SHULPHQWV
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,W� FDQ� FOHDUO\� EH� VHHQ� LQ� 7DEOH� �� WKDW� W\SLFDOO\�� WKH�SHUIRUPDQFH�RI�FULVS�WUHHV�RQ�XQVHHQ�WHVW�FDVHV�GHWHULRUDWHV�ZKHQ� WKH� VLJQLILFDQFH� LV� UHOD[HG� DV� D� UHVXOW� RI� WKH� WUHH�RYHUILWWLQJ�WKH�7UDLQLQJ�VHW��7KLV�KDV�RFFXUUHG�RQ�ERWK�GDWD�VHWV� DQG� LV� FOHDUO\� VKRZQ� LQ�7DEOH���ZKHQ� FRPSDUHG�ZLWK�7DEOH� ��� +RZHYHU�� ),$� KDV� XWLOL]HG� YDOXDEOH� LQIRUPDWLRQ�SUHVHQW�LQ�WKHVH�DGGLWLRQDO�EUDQFKHV��ZKLFK�LV�VKRZQ�E\�WKH�LPSURYHG�SHUIRUPDQFH��
'LDEHWHV%\�UHOD[LQJ�WKH�SUXQLQJ�FULWHULD�IURP������WR���������H[WUD�EUDQFKHV� ZHUH� FUHDWHG� DOO� RI� ZKLFK� KDG� EHHQ� SUHYLRXVO\�XVHG� ZLWKLQ� WKH� WUHH�� 7KH� UHVXOWV� IRU� WKLV� GDWD� VHW� VKRZ�FOHDUO\� WKDW�E\� LQFUHDVLQJ� WKH�VLJQLILFDQFH� WKH�SHUIRUPDQFH�RI� � WKH� ����� IX]]LILHG� WUHH� LPSURYHV� � E\� ���RQ� WKH� FULVS�WUHH� �7DEOH� ��� � FRPSDUHG� ZLWK� ��� LPSURYHPHQW� RQ� WKH������ FULVS� WUHH� �7DEOH� ���� 7KH�'LDEHWHV� GDWD� VHW� FRQVLVWV�HQWLUHO\� RI� FRQWLQXRXV� DWWULEXWHV� DQG� WKXV� WKLV� VXEVWDQWLDO�LPSURYHPHQW� OLHV� ZLWK� WKH� VHQVLWLYLW\� RI� FRQWLQXRXV�DWWULEXWHV� WR� IX]]LILFDWLRQ�� ,Q� WKLV� LQVWDQFH� ),$� KDV�HIILFLHQWO\� XWLOL]HG� WKH� WKUHH� DGGLWLRQDO� EUDQFKHV�� ZKLFK�KDYH�EHHQ�FUHDWHG�
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7KLV� VHW� RI� H[SHULPHQWV� KDV� VKRZQ� WKDW� ),$� FDQ� XWLOL]H�DGGLWLRQDO� EUDQFKHV� FUHDWHG� IURP� UHOD[LQJ� WKH� SUXQLQJ�FULWHULD� E\� WKH� SURFHVV� RI� IX]]LILFDWLRQ�� WKXV� WUDQVIRUPLQJ�H[FHVV� EUDQFKHV� LQWR� SRWHQWLDOO\� XVHIXO� LQIRUPDWLRQ�� 7KH�UHVXOWLQJ�WUHH� LV�PRUH� UREXVW�DQG�FDQ�GHDO�PRUH�HIIHFWLYHO\�ZLWK�QRLVH���7KH�VL]H�RI�WKH�WUHH�DQG�WKH�DPRXQW�RI�SUXQLQJ�DSSOLHG�EHFRPHV� OHVV� UHOHYDQW�� ,W�KDV�DOVR�EHHQ�VKRZQ�WKDW�WKHUH�LV�D�OLPLW�RQ�KRZ�PXFK�IX]]LILFDWLRQ�FDQ�LPSURYH�WKH�SHUIRUPDQFH�� 7KH� LPSDFW� RQ� WKH� SHUIRUPDQFH� ZDV�GHSHQGHQW� RQ� WZR� IDFWRUV�� )LUVWO\� WKH� SURSRUWLRQ� RI�DGGLWLRQDO� DWWULEXWHV� ZKLFK� ZHUH� FRQWLQXRXV� DQG� VHFRQGO\�WKH�GHJUHH�RI�QRLVH�SUHVHQW�LQ�WKH�H[WUD�EUDQFKHV�VHOHFWHG�E\�,'��� 7KH� EHVW� LPSURYHPHQW� FDPH� IURP� WKH�'LDEHWHV� GDWD�VHW�ZKLFK�FOHDUO\�LOOXVWUDWHG�WKDW�WKH�DGGLWLRQ�RI�FRQWLQXRXV�EUDQFKHV� FDQ� OHDG� WR� DQ� LPSURYHG� SHUIRUPDQFH� � XS� WR� D�FHUWDLQ� H[WHQW�� 7KH� ORZHU� WKH� VLJQLILFDQFH� OHYHO� WKH� PRUH�GLIILFXOW� LW� EHFRPHV� WR� H[WUDFW� XVHIXO� LQIRUPDWLRQ� IURP� WKH�RIWHQ� QRLV\� EUDQFKHV� VHOHFWHG� E\� ,'�� DQG� VLJQV� RI�RYHUILWWLQJ�EHFRPH�PRUH�DSSDUHQW�
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