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$� FRPELQDWLRQ� RI� D� QHXUDO� QHWZRUN� ZLWK� UXOH� ILULQJ
LQIRUPDWLRQ�IURP�D�UXOH�EDVHG�V\VWHP�LV�XVHG�WR�JHQHUDWH
VHJPHQW� GXUDWLRQV� IRU� D� WH[W�WR�VSHHFK� V\VWHP�� 7KH
V\VWHP�VKRZV�D�VOLJKW�LPSURYHPHQW�LQ�SHUIRUPDQFH�RYHU
D� QHXUDO� QHWZRUN� V\VWHP� ZLWKRXW� WKH� UXOH� ILULQJ
LQIRUPDWLRQ��6\QWKHVL]HG�VSHHFK�XVLQJ�VHJPHQW�GXUDWLRQV
ZDV� DFFHSWHG� E\� OLVWHQHUV� DV� KDYLQJ� DERXW� WKH� VDPH
TXDOLW\� DV� VSHHFK� JHQHUDWHG� XVLQJ� VHJPHQW� GXUDWLRQV
H[WUDFWHG�IURP�QDWXUDO�VSHHFK�
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,Q� DQ\� WH[W�WR�VSHHFK� V\VWHP�� RQH� RI� WKH� SUREOHPV� LV� WR
HVWDEOLVK� WKH� WLPLQJ� RI� WKH� HYHQWV� LQ� WKH� VSHHFK� VLJQDO�
2QH� FRPPRQ�ZD\� WR� HVWDEOLVK� WKLV� WLPLQJ� LV� E\� VHWWLQJ
VHJPHQW� GXUDWLRQV�� L�H��� DOORWWLQJ� WLPH� SHULRGV� GXULQJ
ZKLFK�SDUWLFXODU�SKRQHV�DUH�QRPLQDOO\�EHLQJ�XWWHUHG��2QH
WUDGLWLRQDO� PHWKRG� RI� GHWHUPLQLQJ� WKHVH� GXUDWLRQV� LV� WR
XVH� D� UXOH�EDVHG� V\VWHP� >�@�� XVLQJ� UXOHV� EDVHG� RQ� WKH
FRQWH[W�LQ�ZKLFK�WKH�VHJPHQW�LV�VHW��7KHVH�UXOHV�LQFUHDVH
RU�GHFUHDVH� VHJPHQW�GXUDWLRQV� DORQJ�D� VFDOH�GHWHUPLQHG
E\�WKH� LGHQWLW\�RI� WKH�SKRQH�XWWHUHG�GXULQJ� WKH� VHJPHQW�
(DFK�UXOH�LQFOXGHV�D��FRQGLWLRQ��HOHPHQW�DQG�DQ��DFWLRQ�
HOHPHQW�� 7KH� FRQGLWLRQ� HOHPHQW� GHWHUPLQHV�ZKHWKHU� WKH
UXOH��ILUHV���L�H���ZKHWKHU�WKH�DFWLRQ��VRPH�DGMXVWPHQW�RI
D�YDOXH�XVHG�WR�FRPSXWH�WKH�GXUDWLRQ��LV�FDUULHG�RXW��7KLV
PHWKRG� UHTXLUHV� OLWWOH� FRPSXWDWLRQ� DQG� FDQ� LQFRUSRUDWH
WKH�EHVW�DYDLODEOH�H[SHUW�NQRZOHGJH�RI� WKH�ILHOG� LQWR� WKH
PRGHO��KRZHYHU��WKH�UXOHV�FDQ�EH�GLIILFXOW�WR�GHVLJQ��DQG
UHSUHVHQW�D�VLPSOLILHG�PRGHO�RI�VHJPHQW�GXUDWLRQ��ZKLFK
PD\�QRW�EH�DFFXUDWH�

$Q� DOWHUQDWLYH� PHWKRG� LV� WR� XVH� D� QHXUDO� QHWZRUN� WR
GHWHUPLQH�WKH�VHJPHQW�GXUDWLRQV�>�@��7KH�QHXUDO�QHWZRUN
LV� WUDLQHG� RQ� D� VHJPHQWHG� GDWDEDVH� RI� VSHHFK�� ZLWK� WKH
SKRQHWLF�FRQWH[W�RI�HDFK�VHJPHQW�SURYLGHG�DV�LQSXW��DQG
LWV� GXUDWLRQ� XVHG� DV� WUDLQLQJ� GDWD�� 7KH� QHXUDO� QHWZRUN
WKHQ� JHQHUDWHV� LWV� RZQ� GXUDWLRQ� PRGHO�� ZKLFK� FDQ� EH
PRUH�FRPSOH[�DQG�H[WHQVLYH� WKDQ� WKDW�RI� WKH� UXOH�EDVHG
V\VWHP��,W� VKRXOG�DOVR�EH�HDVLHU� WR� WUDLQ�D�QHWZRUN� IRU�D
QHZ� ODQJXDJH� RU� VSHDNLQJ� VW\OH� WKDQ� WR� GHYHORS� D� QHZ
UXOH�VHW��2QH�SUREOHP�ZLWK�WKLV�DSSURDFK�LV�WKDW�WKH�VL]H
RI� WKH� WUDLQLQJ�VHW� IRU� WKH�QHXUDO�QHWZRUN� LV�HTXDO� WR� WKH
WRWDO�QXPEHU�RI�SKRQHWLF�VHJPHQWV�ODEHOHG�LQ�WKH�VSHHFK

GDWDEDVH��(VSHFLDOO\�ZLWK�KDQG�ODEHOHG�GDWD�� WKLV� OLPLWHG
GDWD�VHW�PD\�EH�WRR�VPDOO�WR�WUDLQ�D�QHXUDO�QHWZRUN��7KLV
FDQ� OHDG� WR� WKH� QHXUDO� QHWZRUN� RYHUWUDLQLQJ� RQ� WKH
DYDLODEOH�GDWD��DQG�QRW�OHDUQLQJ�WR�JHQHUDOL]H�ZHOO�WR�WKH
RYHUDOO�VSHHFK�GRPDLQ��7KH�QHXUDO�QHWZRUN�DOVR�UHTXLUHV
PRUH�FRPSXWDWLRQ�WKDQ�WKH�UXOH�EDVHG�V\VWHP�

7KLV� SDSHU� GHVFULEHV� D� QHXUDO� QHWZRUN� ZKLFK
LQFRUSRUDWHV� LQSXW� IURP� D� UXOH�EDVHG� V\VWHP� WR� SURYLGH
EHWWHU� SHUIRUPDQFH� RQ� WKH� SUREOHP� RI� GHWHUPLQLQJ
VHJPHQW�GXUDWLRQV�
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)LJXUH� �� LOOXVWUDWHV� WKH� IRUP� RI� QHXUDO� QHWZRUN� V\VWHP
XVHG� WR� JHQHUDWH� VHJPHQW� GXUDWLRQV�� )RU� HDFK� SKRQHWLF
VHJPHQW�� D� YHFWRU� LV� FRQVWUXFWHG� GHVFULELQJ� WKH� SKRQH
EHLQJ�XWWHUHG��WKH�VWUHVV�SODFHG�RQ�WKH�V\OODEOH�FRQWDLQLQJ
WKH� VHJPHQW�� WKH� W\SH� RI� ZRUG� FRQWDLQLQJ� WKH� V\OODEOH�
DQG� ZKHWKHU� WKH� SKRQH� LV� WKH� ILUVW� RU� ODVW� SKRQH� LQ� D
V\OODEOH�� ZRUG�� SKUDVH�� FODXVH�� RU� VHQWHQFH�� 7KH� QHXUDO
QHWZRUN� LV� WUDLQHG� WR� PDS� IURP� D� VHTXHQFH� RI� WKHVH
YHFWRUV� WR� WKH� GXUDWLRQ� RI� WKH� SKRQHWLF� VHJPHQW
DVVRFLDWHG�ZLWK� WKH�FHQWHU�YHFWRU�� ,Q�DOO�RI� WKH�QHWZRUNV
GHVFULEHG� KHUH�� WKH� FRQWH[W� ZLQGRZ� FRQVLVWV� RI� D� ELW
YHFWRU�� 7KH� SKRQHV� DUH� LGHQWLILHG� LQ� RQH� SRUWLRQ� RI� WKH
YHFWRU� XVLQJ� D� RQH�RI�Q� HQFRGLQJ� WR� LGHQWLI\� WKH� SKRQH�
DQG�LQ�DQRWKHU�SRUWLRQ�DV�D�YHFWRU�RI�ELQDU\�DUWLFXODWRU\
IHDWXUHV��7KLV�UHGXQGDQW�HQFRGLQJ�GRHV�VHHP�WR�HQKDQFH
WKH�SHUIRUPDQFH�RI�WKH�QHWZRUN�

,QFUHDVLQJ� WKH� ZLGWK� RI� WKH� FRQWH[W� ZLQGRZ� IRU� WKH
VHJPHQW� �L�H��� WKH� OHQJWK� RI� WKH� VHTXHQFH� RI� YHFWRUV�
LQFUHDVHV�WKH�FRQWH[W�LQIRUPDWLRQ�WKH�QHWZRUN�FDQ�XVH�WR
GHWHUPLQH� WKH� VHJPHQW� GXUDWLRQ�� 2Q� D� VPDOO� WUDLQLQJ
GDWDEDVH�� KRZHYHU�� D� ODUJH� FRQWH[W� ZLQGRZ� DOORZV� WKH
QHXUDO� QHWZRUN� WR� H[WUDFW� IHDWXUHV� WKDW� KDSSHQ� WR
FRUUHODWH�ZLWK�WKH�VHJPHQW�GXUDWLRQV��EXW�ZKLFK�ZRXOGQ¶W
FRUUHODWH� DFURVV� D� ODUJHU� GDWDEDVH�� 7KLV� OHDGV� WR� D
VLWXDWLRQ� LQ�ZKLFK� WKH� HUURUV� IRXQG� LQ� WUDLQLQJ� GHFUHDVH
ZKLOH� WKH� HUURUV� IRXQG� LQ� WHVWLQJ� WKH� QHWZRUN� RQ� RWKHU
GDWD�LQFUHDVH�

5HGXFLQJ� WKH� VL]H� RI� WKH� H[SOLFLWO\� LQFOXGHG� SKRQHWLF
FRQWH[W�DQG�UHSODFLQJ� WKH� ORVW�GDWD�ZLWK�D�GHVFULSWLRQ�RI
WKH�LPSRUWDQW�FKDUDFWHULVWLFV�RI�WKDW�SKRQHWLF�FRQWH[W�FDQ
UHGXFH� WKLV� RYHUWUDLQLQJ� SUREOHP�� 7KH� SUREOHP� WKHQ



EHFRPHV�DQ� LVVXH�RI�GHWHUPLQLQJ�ZKDW�FKDUDFWHULVWLFV�RI
WKH�UHPRYHG�SKRQHWLF�FRQWH[W�WR�XVH�DV�LQSXW�

)LJXUH���LOOXVWUDWHV�D�K\EULG�DSSURDFK�ZKLFK�FRPELQHV�D
QHXUDO� QHWZRUN� ZLWK� WKH� FRQGLWLRQ� HOHPHQWV� RI� D� UXOH�
EDVHG� V\VWHP�� L�H��� WKH� QHXUDO� QHWZRUN� LQSXW� LQFOXGHV
LQIRUPDWLRQ� DERXW� ZKLFK� UXOHV� ZRXOG� ILUH� LQ� WKH� UXOH�
EDVHG� V\VWHP�� 7KLV� LQIRUPDWLRQ� LV� HQFRGHG� DV� D� ELW
YHFWRU��ZLWK�HDFK�ELW�LQGLFDWLQJ�ZKHWKHU�D�SDUWLFXODU�UXOH
IURP�D�UXOH�EDVHG�V\VWHP�ZRXOG�KDYH�ILUHG�LQ�WKH�FRQWH[W
RI� WKH� VHJPHQW�� 7KH� QHXUDO� QHWZRUN� UHSODFHV� WKH� DFWLRQ
HOHPHQWV� RI� D� UXOH�EDVHG� V\VWHP�� ZKLOH� VWLOO� XVLQJ� WKH
FRQGLWLRQ�HOHPHQWV�DV�LQSXW�

7KH�K\EULG�QHWZRUN�FDQ�DOVR�XVH�D�FRQWH[W�ZLQGRZ��XVLQJ
WKH� UXOH� ILULQJ� LQIRUPDWLRQ� WR� VXSSOHPHQW�� UDWKHU� WKDQ
UHSODFH�WKH�RWKHU�FRQWH[W�LQIRUPDWLRQ�

7KH�UXOH�ILULQJV�XVHG�ZHUH�VLPLODU� WR� WKRVH�GHVFULEHG�E\
.ODWW� >�@��ZLWK� VRPH�PRGLILFDWLRQV��2QH� LQSXW�ZDV�XVHG
IRU� HDFK� FDVH� RI� HDFK� UXOH�� )RU� H[DPSOH�� WKH� UXOH� RQ
SRVWYRFDOLF�FRQWH[W�RI�YRZHOV�KDV�VHYHUDO�FDVHV��DQG�HDFK
FDVH� LV� DIIHFWHG� E\� WKH� SUHVHQFH� RI� SKUDVH� RU� FODXVH
ERXQGDULHV�� )RU� HDFK� W\SH� RI� SRVWYRFDOLF� FRQWH[W�� WKHUH
DUH� WZR� LQSXWV��RQH�ZKLFK� LV�XVHG�QHDU�SKUDVH�RU�FODXVH

ERXQGDULHV�� DQG� RQH� ZKLFK� LV� XVHG� HOVHZKHUH�� 7KLV
UHVXOWV�LQ�D�WRWDO�RI����LQSXWV�IRU�UXOH�ILULQJV�
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7KH�GDWDEDVH�XVHG�WR�WUDLQ�WKH�QHWZRUN�FRQVLVWHG�RI����
VHQWHQFH�UHFRUGLQJV�IURP�D�VLQJOH�VSHDNHU��7KH�WH[WV�XVHG
IRU� WKHVH� UHFRUGLQJV� ZHUH� D� OLVW� RI� PHDQLQJIXO� DQG
VHPDQWLFDOO\� DQRPDORXV� VHQWHQFHV� ZKLFK� KDG� EHHQ
UHFRUGHG�IRU�RWKHU�SXUSRVHV��$Q�DGGLWLRQDO����VHQWHQFHV
ZHUH� UHVHUYHG� IRU� WHVWLQJ� WKH� QHWZRUNV�� 7KHVH� ZHUH
ODEHOHG�SKRQHWLFDOO\�DFFRUGLQJ�WR�WKH�JXLGHOLQHV�XVHG�IRU
WKH�7,0,7�GDWDEDVH��DQG�DOVR�KDG�V\OODEOH��ZRUG��SKUDVH�
DQG� FODXVH� ERXQGDULHV� PDUNHG�� 6\OODEOH� VWUHVV
LQIRUPDWLRQ�DQG�ZRUG�W\SH�LQIRUPDWLRQ�ZDV�DOVR�PDUNHG�

$�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�RI�WKH�VHJPHQW�GXUDWLRQV
ZDV� FRPSXWHG� IRU� HDFK� W\SH� RI� SKRQH�� 7KH� QHXUDO
QHWZRUN�ZDV� WUDLQHG� WR�JHQHUDWH� WKH�QXPEHU�RI� VWDQGDUG
GHYLDWLRQV� WKH� GXUDWLRQ� RI� D� VHJPHQW� GLIIHUHG� IURP� WKH
PHDQ�IRU�LWV�SKRQH�

$� WRWDO� RI� HLJKW� GLIIHUHQW� QHWZRUNV� ZHUH� WHVWHG�� ZLWK
FRQWH[W�ZLQGRZ�ZLGWKV�YDU\LQJ�EHWZHHQ�RQH� DQG� VHYHQ�
DQG�HDFK�ZLQGRZ�ZLGWK�XVHG�ERWK�ZLWK� DQG�ZLWKRXW� WKH
UXOH�ILULQJ� LQIRUPDWLRQ��7KH�UHVXOWV�RI� WKHVH�H[SHULPHQWV
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DUH� VXPPDUL]HG� LQ� )LJXUH� ��� ZKLFK� VKRZV� WKH� PHDQ
VTXDUHG�HUURU�LQ�WKH�QHXUDO�QHWZRUN�RXWSXW�ZKHQ�FKHFNHG
DJDLQVW� WKH� WUDLQLQJ� GDWD� DQG� WKH� WHVW� GDWD�� 7KH� HUURU� LV
H[SUHVVHG�DV�D�SHUFHQW�RI�YDULDQFH��1RWH�WKDW�WKH�HUURU�LV
WKH�SHUFHQW�RI�WKH�YDULDQFH�LQ�WKH�QHXUDO�QHWZRUN�WDUJHWV�
0XFK� RI� WKH� YDULDQFH� LQ� WKH� VHJPHQW� GXUDWLRQ� LV
H[SODLQHG� E\� WKH� SKRQH� H[SUHVVHG� LQ� WKH� VHJPHQW�� 7KLV
YDULDWLRQ�ZDV�HOLPLQDWHG�E\�WKH�VFDOLQJ�SURFHVV��DQG�ZDV
QRW�SUHVHQW�LQ�WKH�QHXUDO�QHWZRUN�WDUJHWV�

:KLOH�WKH�HUURU�REVHUYHG�LQ�WKH�WUDLQLQJ�GDWD�IHOO�VWHDGLO\
ZLWK� WKH� VL]H�RI� WKH� FRQWH[W�ZLQGRZ�� WKH� HUURU�REVHUYHG
RQ�WKH�WHVW�GDWD�EHJDQ�LQFUHDVLQJ�ZLWK�ZLQGRZ�VL]H�DIWHU
DQ� LQLWLDO� GURS�� 7KH� UXOH� ILULQJ� LQIRUPDWLRQ� GLG� KHOS
UHGXFH�WKH� WHVW�HUURU��DOWKRXJK�QRW�DV�PXFK�DV�H[SHFWHG�
2Q�WKH�RWKHU�KDQG�� WKH� WHVW�HUURU�ZLWK�D�FRQWH[W�ZLQGRZ
VL]H�RI�ILYH�ZLWKRXW�WKH�UXOH�ILULQJ�LQIRUPDWLRQ�LV�JUHDWHU
WKDQ� WKH� WHVW� HUURU� IRU� D� FRQWH[W� ZLQGRZ� VL]H� RI� WKUHH
XVLQJ�WKH�UXOH�ILULQJ�LQIRUPDWLRQ��DQG�WKH�ODWWHU�QHWZRUN�LV
VPDOOHU��KDYLQJ�D�WRWDO�RI��������ZHLJKWV��DV�FRPSDUHG�WR
WKH� QHWZRUN� ZLWK� D� FRQWH[W� ZLQGRZ� RI� ��� ZKLFK� KDG
�������ZHLJKWV��7KLV�UHSUHVHQWV�D�VLJQLILFDQW�UHGXFWLRQ�LQ
WUDLQLQJ� WLPH� DQG� H[HFXWLRQ� WLPH� IRU� WKH� QHWZRUN� XVLQJ
WKH�UXOH� ILULQJ� LQIRUPDWLRQ��$OVR��D�FRQWH[W�ZLQGRZ�VL]H
RI� VHYHQ� ZRXOG� EH� QHFHVVDU\� WR� PRGHO� DOO� RI� WKH
VLWXDWLRQV�GHWHFWHG�E\�WKH�UXOH�ILULQJ�LQIRUPDWLRQ�

:KLOH� LW� LV� WUXH� WKDW� ZLWK� RU� ZLWKRXW� WKH� UXOH� ILULQJ
LQIRUPDWLRQ��WKH�HUURU�REVHUYHG�RQ�WKH�WHVW�GDWD�QHYHU�IHOO
EHORZ�ILIW\�SHUFHQW�RI�WKH�YDULDQFH�RI�WKH�VFDOHG�VHJPHQW
GXUDWLRQ��WKH�HUURU�PD\�QRW�QHHG�WR�EH�UHGXFHG�PRUH�� ,Q
DQ� LQGHSHQGHQW� HYDOXDWLRQ� RI� WKH� TXDOLW\� DQG

LQWHOOLJLELOLW\�RI�WKH�VSHHFK�SURGXFHG�E\�YDULRXV�V\VWHPV
>�@��VSHHFK�V\QWKHVL]HG�XVLQJ�GXUDWLRQV�SURGXFHG�E\�WKLV
V\VWHP� ZDV� FRPSDUHG� WR� VSHHFK� V\QWKHVL]HG� XVLQJ
GXUDWLRQV� H[WUDFWHG� IURP� QDWXUDO� VSHHFK�� 7KH� V\QWKHVLV
ZDV� SHUIRUPHG� XVLQJ� WKH� QHXUDO� QHWZRUN� EDVHG� V\VWHP
GHVFULEHG� LQ� >�@�� 1R� VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG
EHWZHHQ�WKH�SHUIRUPDQFH�RI�WKHVH�WZR�V\VWHPV�

,W�LV�DOVR�XVHIXO�WR�ORRN�DW�WKH�HIIHFW�HDFK�LQSXW�KDV�RQ�WKH
UHVXOW�SURGXFHG�E\�WKH�QHXUDO�QHWZRUN��7DEOH���SURYLGHV
D�URXJK�HVWLPDWH�RI�WKLV�HIIHFW�IRU�D�QHXUDO�QHWZRUN�XVLQJ
WKH�UXOH�ILULQJ�LQIRUPDWLRQ�DQG�D�FRQWH[W�ZLQGRZ�VL]H�RI
WKUHH�SKRQHV��7KH�ILUVW�FROXPQ�OLVWV� WKH�YDULRXV� W\SHV�RI
ELQDU\�LQSXWV�SURYLGHG�WR�WKH�QHXUDO�QHWZRUN��7KH�VHFRQG
VKRZV�WKH�VXP�RI�WKH�DEVROXWH�YDOXHV�RI�ZHLJKWV�DWWDFKHG
WR� LQSXWV� RI� WKDW� W\SH� LQ� WKH� ILUVW� OD\HU� RI� WKH� QHXUDO
QHWZRUN��7KH�YDOXH�LQ�WKH�WKLUG�FROXPQ�LV�WKH�YDOXH�LQ�WKH
VHFRQG� GLYLGHG� E\� WKH� QXPEHU� RI� LQSXWV� RI� WKDW� W\SH� LQ
WKH�QHXUDO�QHWZRUN��L�H���WKH�DYHUDJH�IRU�D�VLQJOH�LQSXW�RI
WKH�VXP�RI�WKH�DEVROXWH�YDOXH�RI� WKH�ZHLJKWV�DWWDFKHG�WR
DQ� LQSXW�RI� WKH� W\SH� LQGLFDWHG� LQ� WKH� ILUVW� FROXPQ�� ,I� DQ
LQSXW� KDV� D� ODUJH� WRWDO�� LW� ZRXOG� EH� H[SHFWHG� WR� KDYH� D
ODUJH� HIIHFW� RQ� WKH� QHXUDO� QHWZRUN� UHVXOW�� $V� WKH� WDEOH
VKRZV��WKH�UXOHV�KDYH�D�VLJQLILFDQW�HIIHFW��2QO\�WKH�V\QWD[
LQIRUPDWLRQ�� ZKLFK� PDUNV� ERXQGDULHV� WKDW� IDOO� RQ
SDUWLFXODU�SKRQHV�� KDV� D� ODUJHU�SHU�LQSXW� FRQWULEXWLRQ�� ,W
LV�DOVR�ZRUWK�QRWLQJ� WKDW� WKUHH�RI� WKH� ILYH� UXOHV�ZLWK� WKH
JUHDWHVW� FRQWULEXWLRQ� DUH� UXOHV� UHODWLQJ� WR� V\QWDFWLF
ERXQGDULHV��7KHVH�DUH�WKH�UXOHV�WKDW�KDYH�D�YDOXH�RI�RQH
IRU�V\OODELF�SKRQHV�WKDW�DUH�QRW� LQ� WKH�ILQDO�V\OODEOH�RI�D
ZRUG� �WRWDO� RI� ZHLJKWV�� ������� IRU� V\OODELF� SKRQHV� LQ� D
QRQ�SKUDVH� ILQDO� V\OODEOH� ������� DQG� IRU� SKRQHV� LQ� WKH
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FRGD�RI�D�FODXVH�ILQDO�V\OODEOH��������7KH�RWKHU�WZR�RI�WKH
ILYH� UXOHV�ZLWK� WKH� ODUJHVW� FRQWULEXWLRQV� UHODWH� WR� VWUHVV�
DQ� LQSXW� WKDW� LV� RQH� IRU� SKRQHV� LQ� XQVWUHVVHG� V\OODEOHV
��������DQG�RQH� WKDW� LV� RQH� IRU� WKH�QXFOHXV�RI� D� V\OODEOH
ZLWK�VHFRQGDU\�VWUHVV�������
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7KLV� SDSHU� GHVFULEHV� WKH� SHUIRUPDQFH� RI� D� K\EULG� UXOH�
EDVHG�QHXUDO�QHWZRUN�DUFKLWHFWXUH�IRU�WKH�FRPSXWDWLRQ�RI
VHJPHQW�GXUDWLRQ�LQ�D�WH[W�WR�VSHHFK�V\VWHP��7KH�K\EULG
H[KLELWV� VOLJKWO\� LPSURYHG� SHUIRUPDQFH� RYHU� D� VWUDLJKW
QHXUDO�QHWZRUN�V\VWHP��EXW�WKH�LPSURYHPHQW�LV�OHVV�WKDQ
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