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7KLV�ZRUN�GHVFULEHV�D�KDQG�H\H�V\VWHP�WKDW�FDQ�OHDUQ�IURP
LWV�H[SHULHQFH��7KH�WDVN�LV�WR�YLVXDOO\�JXLGH�WKH�KDQG�WR�WKH
WDUJHW� DYRLGLQJ� REVWDFOHV�� 7KH� SDWK� SODQQLQJ� SUREOHP� LV
VROYHG� E\� JHQHWLF� SURJUDPPLQJ�� 7KH� YLVLRQ� V\VWHP� PDSV
WKH� H[SHULPHQW� RQWR� DQ� LPDJH� SODQH� ZKLFK� LV� XVHG� WR� GR
VLPXODWLRQ� UXQ� GXULQJ� WKH� JHQHWLF� SURJUDPPLQJ� SURFHVV�
7KH�JHQHWLFDOO\�FUHDWHG�SURJUDPV�DUH�YDOLGDWHG�E\�WKH�DFWXDO
UXQV�RQ�WKH�URERW�VXFFHVVIXOO\�

�����,QWURGXFWLRQ

2QH� DLP� WR� DFKLHYH� JHQHUDO� LQWHOOLJHQFH� LQ� WKH� ILHOG� RI
DUWLILFLDO� LQWHOOLJHQFH� LV� WR� KDYH� D� V\VWHP� WKDW� FDQ� OHDUQ��$
OHDUQLQJ� V\VWHP� FDQ� H[WUDFW� LQIRUPDWLRQ� IURP� DQ� XQNQRZQ
HQYLURQPHQW�� HVSHFLDOO\� ZKHQ� DQ� DFFXUDWH� PRGHO� RI
HQYLURQPHQW� LV� QRW� DYDLODEOH�� $JHQWV� KDYLQJ� D� FRQWLQXRXV
H[LVWHQFH�FDQ�DOVR�OHDUQ�IRU�H[SHULHQFH��WKH\�VKRXOG�EH�DEOH
WR�OHDUQ�KRZ�WR�VROYH�QHZ�SUREOHPV�ZKHQ�WKH�FLUFXPVWDQFHV
DULVH�

2QH� WHFKQLTXH� RI� OHDUQLQJ� LQ� DUWLILFLDO� LQWHOOLJHQFH� LV
JHQHWLF� SURJUDPPLQJ� PHWKRG�� ,Q� JHQHWLF� SURJUDPPLQJ
SDUDGLJP� JHQHWLFDOO\� EUHHGV� SRSXODWLRQV� RI� FRPSXWHU
SURJUDPV�DUH�XVHG�WR�VROYH�SUREOHPV��7KH�LQGLYLGXDOV�LQ�WKH
SRSXODWLRQ�DUH�FRPSRVLWLRQV�RI�IXQFWLRQV�DQG�DUJXPHQWV��$Q
HYROXWLRQDU\�SURFHVV� LV�GULYHQ�E\� WKH�PHDVXUH�RI� ILWQHVV�RI
HDFK�LQGLYLGXDO�FRPSXWHU�SURJUDP�LQ�KDQGOLQJ�WKH�SUREOHP
HQYLURQPHQW�

9LVXDOO\�JXLGHG� URERWLFV� WDVN� LV� D� JRRG� GRPDLQ� IRU
H[SHULPHQWDWLRQ� LQ� OHDUQLQJ� DV� LW� PDSV� SHUFHSWXDO� WDVNV� LQ
WKH�ZRUOG� LQ�ZKLFK� WKH� UHOHYDQW� ODZV�DQG� LQWHUUHODWLRQVKLSV
EHWZHHQ� DQ� DFWLYH� DJHQW� DQG� WKH� HQYLURQPHQW� DUH� KLJKO\
UHOLDEOH�

�����3UHYLRXV�:RUN

9LVXDO�IHHGEDFN�KDV�EHHQ�XVHG�WR�JXLGH�URERWV�LQ�KDQG�H\H
FRRUGLQDWLRQ�WDVNV�VLQFH�WKH�HDUO\�GD\V�RI�URERWLFV�UHVHDUFK�

-RQHV� >�@� GHPRQVWUDWHG� WKH�XVH�RI� YLVXDO� WUDFNLQJ�PHWKRGV
WR�SHUIRUP�EORFN�VWDFNLQJ�DQG�ORRVH�LQVHUWLRQ�

,Q�PRWLRQ� SODQQLQJ� IRU� KDQG�H\H� FRRUGLQDWLRQ� WDVN�� WKH
V\VWHP� VXFK� DV� +$1'(<� >�@� UHOLHV� RQ� JHRPHWULFDO
PRGHOLQJ�RI�WKH�HQYLURQPHQW�DQG�URERWV��7KH�V\VWHP�SODQV
FROOLVLRQ� IUHH� SDWKV� LQ� FRQILJXUDWLRQ� VSDFH�� ,W� GRHV� UHO\� RQ
DFFXUDWH� PRGHOV� ZKLFK� PDNHV� WKH� V\VWHP� XQDEOH� WR� FRSH
ZLWK�XQFHUWDLQW\�

,Q�0HO�>��@��0853+<��D�URERW�PRWLRQ�SODQQLQJ�V\VWHP
LQ� SUHVHQWHG�� 7KH� V\VWHP� DSSURDFKHV� WKH� SUREOHP� RI
YLVXDOO\�JXLGHG� UHDFKLQJ� XVLQJ� FRQQHFWLRQLVW� PHWKRG�
0853+<� XVHV� QHXUDO�OLNH� XQLWV� WR� OHDUQ� WKH� DVVRFLDWLRQ
EHWZHHQ�YLVXDO�SHUFHSWLRQ�DQG�URERW�DUP�PRWLRQV� LQ�ZKLFK
LW� OHDUQV� ERWK� IRUZDUG� NLQHPDWLFV� DQG� LQYHUVH� GLIIHUHQWLDO
NLQHPDWLFV��7R�SODQ�D� FROOLVLRQ� IUHH�SDWK� �� WKH� V\VWHP�XVHV
KHXULVWLF�VHDUFK�WKH�VHTXHQFHV�RI�DUP�FRQILJXUDWLRQV�ZKLFK
PRYH� WKH� KDQG� WR� WKH� WDUJHW�� 0853+<� PRYHV� WKH� DUP
UDQGRPO\� DQG� GRHV� JUDGLHQW� GHVFHQW� LQ� WKH� GLVWDQFH� WR� WKH
WDUJHW�� EDFNWUDFNLQJ� LI� LW� IDLOV� DQG� WULHV� RWKHU� SDWKV� LI� D
FXUUHQW� SDWK� LV� EORFNHG� E\� REVWDFOHV�� ,W� LV� WKLV� PRWLRQ
SODQQLQJ� SDUW� WKDW� WKLV� SDSHU� DWWDFNV� E\� JHQHWLF
SURJUDPPLQJ�

$� JRRG� LQWURGXFWLRQ� WR� JHQHWLF� SURJUDPPLQJ� FDQ� EH
IRXQG� LQ� .R]D� >�@�� $� VLPLODU� DSSURDFK� WR� JHQHWLF
SURJUDPPLQJ� LV� JHQHWLF� DOJRULWKPV� ZKLFK� LV� SLRQHHUHG� E\
-RKQ�+ROODQG�RI� WKH�8QLYHUVLW\�RI�0LFKLJDQ� �+ROODQG� >�@��
$� ORW� RI� EDFNJURXQG� FDQ� EH� IRXQG� LQ� *ROGEHUJ� >�@�� .R]D
DQG�5LFH�>�@�DSSOLHG�JHQHWLF�SURJUDPPLQJ�WR�JHQHUDWH�URERW
SURJUDPV�� 7KHLU� H[DPSOH� LV� WKDW� D�PRELOH� URERW� VHDUFKLQJ
IRU�D�ER[�DQG�SXVKV�LW�WR�WKH�ZDOO��7KH�DSSOLFDWLRQ�RI�JHQHWLF
DOJRULWKPV� WR� URERW� DUP� SODQQLQJ� LV� QXPHURXV�� IRU
H[DPSOHV��.KRRJDU��3DUNHU�DQG�*ROGEHUJ�>�@�VROYHG�LQYHUVH
NLQHPDWLFV�RI�UHGXQGDQW�URERWV��.KRRJDU�DQG�3DUNHU�>�@�GLG
WKH� REVWDFOH� DYRLGDQFH�� &KDQ� DQG� =DO]DOD� >�@� SODQQHG
PLQLPXP�WLPH�WUDMHFWRULHV�

�����3UREOHP�6WDWHPHQW



7KH� V\VWHP� FRQVLVWV� RI� D� URERW� DUP� DQG� D� FDPHUD�� 7KH
FDPHUD� ORRNV�DW� WKH�DUP�DQG� WKH� HQYLURQPHQW� �DV� LQ� ILJXUH
����7KH�WDVN�LV�YLVXDOO\�VSHFLILHG��� WR�PRYH� WKH�KDQG� WR� WKH
WDUJHW�ZKLOH�DYRLGLQJ�REVWDFOHV�

)LJXUH����7KH�SLFWXUH�RI��WKH�URERW�DUP�DQG�WKH
HQYLURQPHQW�ORRNLQJ�WKURXJK�WKH�FDPHUD�

�����([SHULPHQWV

$�YLVLRQ�V\VWHP�LV�XVHG�WR�LGHQWLI\�WKH�WDUJHW�� WKH�REVWDFOHV
DQG� WKH� URERW� DUP�� 7R� VLPSOLI\� WKH� YLVLRQ� DOJRULWKPV�� WKH
URERW� DUP� KDV� D� GLVWLQFWLYH� FRORU� DQG� WZR� GLIIHUHQW
WKUHVKROGV� DUH� XVHG� WR� GLVWLQJXLVK� WKH� URERW� DUP� IURP� WKH
REVWDFOHV�DQG�WKH�WDUJHW��$�VLPSOH�KHXULVWLF�LV�XVHG�WR�ORFDWH
WKUHH�MRLQWV�RI�WKH�URERW�DUP��7KH�VKRXOGHU� MRLQW� LV� WKH�RQH
QHDU� WKH� ERWWRP� OHIW� RI� WKH� LPDJH�� 7KH� ILQJHUWLS� KDV� D
WULDQJXODU� VKDSH��7KH�ZULVW� LV� WKHQ� WKH� MRLQW� WKDW� LV� QHDU� WR
WKH�ILQJHUWLS�DQG��ODVWO\��WKH�HOERZ�LV�WKH�UHPDLQGHU�MRLQW�

7KH� WDUJHW�� WKH� REVWDFOHV� DQG� WKH� DUP� DUH� UHSUHVHQWHG
GLUHFWO\� LQ� WKH� LPDJH��7KHUHIRUH�FKHFNLQJ� WKH�FROOLVLRQ�DQG
WKH� RXW� RI� � ERXQG� FRQGLWLRQ� DUH� GRQH� LQ� WKH� LPDJH� SODQH�
7KLV� LV�� LQ� D� ZD\�� VLPLODU� WR� WKH� DQDORJLFDO� UHSUHVHQWDWLRQ
SDUDGLJP�

,Q�UXQQLQJ�WKH�H[SHULPHQWV��D�IRUZDUG�NLQHPDWLFV�PRGHO
LV� EXLOW� E\� LQVWDQWO\� YDULRXV� SDUDPHWHUV� PHDVXUHG� E\� WKH
FDPHUD� LQ� WKH� EHJLQQLQJ� RI� WKH� UXQ�� 7KLV� PRGHO� LV� XVHG
GXULQJ�WKH�VLPXODWHG�UXQ�RI�HDFK�SURJUDP�WKDW�LV�JHQHWLFDOO\
JHQHUDWHG

)RU� SUHSDULQJ� WR� XVH� JHQHWLF� SURJUDPPLQJ�� WKH� VHW� RI
WHUPLQDOV�DUH�LGHQWLILHG�WR�LQFOXGH�VL[�SULPLWLYH�VHUYR�PRWRU
IXQFWLRQV�DQG�WKH�V\VWHP�FKHFNLQJ�IXQFWLRQV�LQ�WKH�WHUPLQDO
VHW��7KXV��WKH�WHUPLQDO�VHW�7�IRU�WKLV�SUREOHP�LV�7� �^�V���V��
H���H���Z���Z���+,7"��6(("��,1&"��'(&"��287"`��$�VHW�RI
IXQFWLRQV�IRU�WKLV�SUREOHP���WKH�IXQFWLRQ�VHW�)�FRQVLVWV�RI�)
 �^�,)�$1'��,)�25��,)�127`�

7KH�IXQFWLRQ�V���VKRXOGHU�XS��GULYHV�WKH�VKRXOGHU�PRWRU
XS���VWHS�DQG�V���VKRXOGHU�GRZQ��GULYHV�WKH�VKRXOGHU�PRWRU
GRZQ���VWHS��7KH�VLPLODU�PHDQLQJ�DSSOLHG�IRU�H���H���HOERZ�
DQG�Z���Z���ZULVW���$OO�RI�WKHVH�IXQFWLRQV�ZLOO�UHWXUQ�WUXH��LI
WKH�VHUYR�PRWRU�FDQ�PRYH�WR�LWV�SRVLWLRQ��,I�WKH�VHUYR�PRWRU

FDQ�QRW�PRYH��DV�D�UHVXOW�RI��KLWWLQJ�DQ�REVWDFOH��PRYLQJ�RXW
RI�WKH�LPDJH��RU�PRYLQJ�WR�WKH�OLPLW�RI�WKH�VHUYR�PRWRU��WKH
IXQFWLRQ�UHWXUQV�IDOVH�

7KH�IXQFWLRQ�+,7"�FKHFNV�ZKHWKHU�HDFK�OLQN�RI�WKH�URERW
DUP�KLWV� WKH�REVWDFOH� RU� QRW��7KLV� IXQFWLRQ�GHSHQGV�RQ� WKH
YDOXH� RI� 3$,1�YDULDEOH��:KHQ� WKH� DUP� FUDVKHV� DJDLQVW� DQ
REVWDFOH����� LV�DGGHG� WR� WKH�3$,1�YDULDEOH��RWKHUZLVH���� LV
VXEVWUDFWHG�IURP�WKH�3$,1�YDULDEOH�LI�LW�LV�QRW�HTXDO�WR�]HUR�
7KH�IXQFWLRQ�UHWXUQV� WUXH� LI� WKH�3$,1�YDULDEOH� LV�QRW�HTXDO
WR�]HUR����7KH�IXQFWLRQ�6(("�FKHFNV�ZKHWKHU�WKH�SDWK�IURP
WKH� ILQJHUWLS� WR� WKH� JRDO� KDV� DQ\� � REVWDFOH� RU� QRW�� 7KH
IXQFWLRQ� ,1&"� FKHFNV� ZKHWKHU� WKH� GLVWDQFH� EHWZHHQ� WKH
ILQJHUWLS� DQG� WKH� JRDO� LV� LQFUHDVLQJ� RU� QRW�� 7KH� IXQFWLRQ
'(&"� FKHFNV� WKH� RSSRVLWH�� WKH� GHFUHDLQJ� RI� WKH� GLVWDQFH
EHWZHHQ� WKH� ILQJHUWLS� DQG� WKH� WDUJHW�� 7KH� IXQFWLRQ� 287"
FKHFNV�LI�HDFK�MRLQW�RI�WKH�URERW�DUP�PRYHV�RXW�RI�ERXQG�RU
QRW�

7KH� IXQFWLRQ� ,)�$1'� LV� D� IRXU�DUJXPHQW� FRPSDUDWLYH
EUDQFKLQJ� RSHUDWRU� WKDW� H[HFXWHV� LWV� WKLUG� DUJXPHQW� LI� LWV
ILUVW� DUJXPHQW� DQG� LWV� VHFRQG� DUJXPHQW� DUH� WUXH�� RU
RWKHUZLVH�� H[HFXWHV� WKH� IRXUWK� DUJXPHQW�� 7KH� IXQFWLRQ� ,)�
25� LV� D� IRXU�DUJXPHQW� RSHUDWRU� WKDW� H[HFXWHV� LWV� WKLUG
DUJXPHQW�LI�LWV�ILUVW�DUJXPHQW�RU�LWV�VHFRQG�DUJXPHQW�LV�WUXH�
RU�RWKHUZLVH��H[HFXWHV�WKH�IRXUWK�DUJXPHQW��7KH�IXQFWLRQ�,)�
127� LV�D� WKUHH�DUJXPHQW�RSHUDWRU� WKDW� H[HFXWHV� LWV� VHFRQG
DUJXPHQW� LI� WKH� QHJDWLYH� RI� LWV� ILUVW� DUJXPHQW� LV� WUXH�� RU
RWKHUZLVH��H[HFXWHV�WKH�WKLUG�DUJXPHQW�

�����*HQHWLF�3URJUDPPLQJ�3URFHVV

7KHUH� DUH� ILYH� VWDJHV� LQ� RQH� F\FOH� RI� WKH� JHQHWLF
SURJUDPPLQJ�SURFHVV�LQ�WKH�H[SHULPHQW�

6WDJH�����&UHDWLRQ�RI�DQ�LQLWLDO�SRSXODWLRQ

7KH�ILUVW�VWHS�JHQHUDWHV�DQ�LQLWLDO�SRSXODWLRQ�RI�FRPSXWHU
SURJUDP� WKDW� UDQGRPO\� PL[HV� WKH� IXQFWLRQV� DQG� WKH
WHUPLQDOV��$�VDPSOH�RI�FRPSXWHU�SURJUDP�VKRZV�LQ�ILJXUH���
7KH�VL]H�RI�SRSXODWLRQ�LV����FRPSXWHU�SURJUDPV�

�,)�$1'�Z��Z��H���,)�$1'��,)�127��,)�127�287"�V�
Z����,)�$1'�H��V��H���,)�25��,)�127�Z��V��H���V��H��H���
�,)�25��,)�127�6(("�Z��H���Z��H��H����Z���,)�25�6(("
�,)�25�H�� �,)�25� �,)�25�+,7"� H�� V�� H��� ,1&"�Z�� H��� V�
Z����,)�$1'��,)�127�Z��H��H���Z��Z��Z���V���H����

)LJXUH����$�VDPSOH�RI�FRPSXWHU�SURJUDP�ZKLFK�LV
UDQGRPO\�JHQHUDWHG�

6WDJH� �� �� 9HULILFDWLRQ� RI� HDFK� FRPSXWHU
SURJUDP

,Q� HDFK� JHQHUDWLRQ�� LWHUDWLYHO\� H[HFXWH� HDFK� SURJUDP
XQWLO� RQH� RI� WKH� WHUPLQDWLRQ� FULWHULRQV� KDV� EHHQ� TXDOLILHG�
7KH�WHUPLQDWLRQ�FULWHULRQV�LV�GHVFULEHG�DV�IROORZV�



�� 0D[LPXP� H[HFXWLRQ� WLPH� �� � � � QRW� RYHU� �����
H[HFXWLRQ�WLPHV�

��0D[LPXP�WLPH���QRW�RYHU����VHFRQGV�
��'HDG�FRQGLWLRQ���7KHUH�DUH�WZR�FRQGLWLRQV�

��7KH�DUP�KDV�WKH�VDPH�ILQDO�SRVLWLRQ�RYHU���
H[HFXWLRQ�WLPHV�

��7KH� YDOXH� RI� 3$,1�YDULDEOH� LV� RYHU� �����
XQLWV�

��6XFFHVVIXO���WKH�DUP�FDQ�UHDFK�WR�WKH�JRDO�SRVLWLRQ�

6WDJH�����(YDOXDWLRQ�RI�HDFK�SURJUDP

7KH� ILWQHVV� �RU� SHUIRUPDQFH�� RI� LQGLYLGXDO� SURJUDPV� LV
HYDOXDWHG�ZLWK�UHVSHFW�WR�WKH�IROORZLQJ�FRQGLWLRQV�

)LUVW��VWDUW�ZLWK�)LWQHVV� �������� ,Q�FDVH� WKDW� WKH�DUP�LV
QRW� VXFFHVVIXO�� VXEWUDFW� D� PXOWLSOH� RI� N�FRQVWDQFH� DQG� WKH
GLVWDQFH�EHWZHHQ�WKH�ILQJHUWLS�SRVLWLRQ�DQG�WKH�JRDO�SRVLWLRQ
IURP� WKH� ILWQHVV�� ,I� LQ� WKH� ILQDO� SRVLWLRQ�� WKH� SDWK� IURP� WKH
ILQJHUWLS� WR� WKH� WDUJHW� LV� EORFNHG� E\� DQ� REVWDFOH�� VXEVWUDFW
������ IURP� WKH� ILWQHVV�� 1H[W�� LI� WKH� DUP� LV� LQ� WKH� GHDG
SRVLWLRQ��WKHQ�VXEWUDFW�������IURP�WKH�ILWQHVV��,I�VXFFHVVIXO�
DGG�������WR�WKH�ILWQHVV�

6WDJH�����6HOHFWLRQ�RI�WKH�EHVW�WHQ�SURJUDPV

%DVHG�RQ�WKH�LQGLYLGXDO�ILWQHVV�RI�HDFK�SURJUDP��WKH�EHVW
WHQ�SURJUDPV�DUH�VHOHFWHG�

6WDJH�����*HQHWLF�PDQLSXODWLRQ

7KH� PDQLSXODWLRQ� SURFHVV� XVHV� JHQHWLF� RSHUDWRUV� WR
FUHDWH�D�QHZ�SRSXODWLRQ�RI� LQGLYLGXDO� SURJUDPV��7KHUH� DUH
IRXU�PDLQ�RSHUDWLRQV���UHSURGXFWLRQ��FURVVRYHU��DGGLWLRQ�DQG
H[WHQVLRQ��7KH�UHSURGXFWLRQ�LV�WKH�RSHUDWLRQ�WKDW�FRSLHV�WKH
EHVW�WHQ�SURJUDPV�LQWR�WKH�QH[W�JHQHUDWLRQ��7KH�FURVVRYHU�LV
WKH� RSHUDWLRQ� WKDW� FUHDWHV� WKH� QHZ� WHQ� SURJUDPV� E\
UHFRPELQLQJ�UDQGRPO\�FKRVHQ�SDUWV�RI� WZR�RI� � WKH�H[LVWLQJ
EHVW� WHQ� SURJUDPV�� 7KH� DGGLWLRQ� RSHUDWLRQ� JHQHUDWHV� DQ
DGGLWLRQDO� QRGH� IURP� WKH� URRW� QRGH� �ILUJXUH� ���� 7KH
H[WHQVLRQ�RSHUDWLRQV�GRHV�OLNHZLVH�EXW�IURP�D�WHUPLQDO�QRGH
�ILJXUH����

)LJXUH����7KH�DGGLWLRQ�RSHUDWLRQ�

)LJXUH����7KH�H[WHQVLRQ�RSHUDWLRQ�

,Q�HDFK�JHQHUDWLRQ�� LI� WKHUH� DUH�QR� VXFFHVVIXO� SURJUDPV
DQG�WKH�EHVW�WHQ�SURJUDPV�RI�HDFK�JHQHUDWLRQ�KDYH�WKH�VDPH
ILQDO�SRVLWLRQ�RYHU���WLPHV��WKHQ�PXWDWLRQ�FRPHV�LQWR�DFWLRQ�
7KH� PXWDWLRQ� RSHUDWRU� SHUIRUPV� UDQGRP� FKDQJHV� RI� WKH
FRPPDQG� FRGH� LQ� HYHU\� LQGLYLGXDO� SURJUDP� LQ� WKH
SRSXODWLRQ��7KH�SUREDELOLW\�RI�WKLV�FKDQJLQJ�LV�����

�����5HVXOWV�DQG�GLVFXVVLRQ

7KH� H[SHULPHQWV� DUH� UXQ� IRU� ���� JHQHUDWLRQV�� ,Q� HDFK
JHQHUDWLRQ� WKH� QXPEHU� RI� VXFFHVVIXO� SODQ� LV� UHFRUG�� 7KH
DYHUDJH� SHUIRUPDQFH� LV� FDOFXODWHG� IURP� ��� H[SHULPHQWV�
7KH�EHVW�SURJUDP�LV�WKHQ�YDOLGDWHG�E\�UXQQLQJ�LW�RQ�WKH�UHDO
URERW�ZLWK�WKH�DFWXDO�IHHGEDFN��+,7"��6(("��,1&"��287"�
IURP�WKH�FDPHUD��,W�SHUIRUPV�VXFFHVVIXOO\�
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EHVW�UHVXOW

DYHUDJH

)LJXUH����3HUIRUPDQFH�SORWWHG�DJDLQVW�JHQHUDWLRQ�IRU�WKHVH
H[SHULPHQWV��7KH�IDW�OLQH�VKRZV�WKH�DYHUDJH�SHUIRUPDQFH�RI
WKH� SRSXODWLRQ�� DQG� WKH� WKLQ� OLQH� UHSUHVHQWV� WKH
SHUIRUPDQFH�RI�WKH�EHVW�UHVXOW�RI�HDFK�JHQHUDWLRQ�

,Q�ILJXUH����WKH�OHDUQLQJ�FXUH�VKRZV�WKDW�WKH�SHUIRUPDQFH
LPSURYHV� UDSLGO\� IURP� WKH� JHQHUDWLRQ� ��� WR� ��� DQG� WKHQ
OHYHO� RII� E\� VWLOO� LQFUHDVLQJ� XQWLO� WKH� ���WK� JHQHUDWLRQ�� $
VDPSOH�RI�H[SHULPHQW�DV�VKRZ�LQ�ILJXUH����WKH�UXQ�RI�WKH�EHVW
SURJUDP� RQ� WKH� DFWXDO� URERW� LV� VDPH� DV� WKH� UXQ� LQ� WKH
VLPXODWLRQ�� 6RPH� RI� H[SHULPHQWV�� WKH� UXQ� RQ� WKH� DFWXDO
URERW�LV�QRW�H[DFWO\�VDPH�DV�WKH�UXQ�LQ�WKH�VLPXODWLRQ��7KLV
LV� FDXVHG� E\� WKH� GLVFUHSDQF\� LQ� SRVLWLRQ� SUHGLFWHG� E\� WKH
NLQHPDWLFV�PRGHO�DQG� WKH�DFWXDO�SRVLWLRQ�RI� WKH�URERW�DUP�
7KH�UHDVRQ�IRU�WKLV�HUURU�FRPHV�IURP�WKH�QRQ�OLQHDULW\�RI�WKH
FDPHUD� ILHOG� RI� YLHZ�� ,Q� WKHRU\�� ,QVWHDG� RI� XVLQJ� WKH
VLPXODWLRQ�UXQ�IRU�*3��WKH�DFWXDO�UXQ�FDQ�EH�SHUIRUPHG��%XW
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