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+RZDUG�+LOWRQ��+HZOHWW�3DFNDUG��/DNH�6WHYHQV�'LYLVLRQ
(YHUHWW��:DVKLQJWRQ

$EVWUDFW²2QH�RI�WKH�FKDOOHQJHV�LQ�GHVLJQLQJ�D
GLJLWDO�FRPPXQLFDWLRQV�UHFHLYHU�LV�YHULILFDWLRQ
RI�SHUIRUPDQFH�ZLWK��UHDO�ZRUOG��VLJQDOV��7KH
JHQHUDWLRQ� RI� WHVW� VLJQDOV� ZKLFK� FDQ� EH
FDOLEUDWHG� DQG� FXVWRPL]HG� RIWHQ� UHTXLUHV� WKH
GHYHORSPHQW� RI� VSHFLDOL]HG� VLJQDO� JHQHUDWLRQ
KDUGZDUH��6WDQGDUG�WUDQVPLWWHUV�PD\�QRW�\HW
H[LVW�DQG�XVXDOO\�GR�QRW�KDYH�WKH�IOH[LELOLW\�WR
SURGXFH� VLJQDOV� QHFHVVDU\� WR� HYDOXDWH� WKH
UHFHLYHU
V�DELOLW\�WR�KDQGOH�� LQWHUIHUHQFH�IURP
D� FURZGHG� DQG� KLJKO\� G\QDPLF� VSHFWUDO
HQYLURQPHQW�� $� WKRURXJK� WHVW� DOVR� UHTXLUHV
FRPELQLQJ�PXOWLSOH�WUDQVPLWWHU�RXWSXWV�LQWR�D
IXOO\� RFFXSLHG� VLJQDO� VFHQDULR� ZKLFK� PLPLFV
WKH�FRPSOHWH�DQWHQQD�VLJQDO�LQ�DQ�RSHUDWLRQDO
VLWXDWLRQ�� 7KLV� SDSHU� GHVFULEHV� D� VLJQDO
JHQHUDWLRQ� V\VWHP� ZKLFK� HOLPLQDWHV� WKH� QHHG
IRU�GHYHORSLQJ� FXVWRP�KDUGZDUH�� 7KH� V\VWHP
LV� HDVLO\� FRQILJXUDEOH� WR� RXWSXW�PRVW� H[LVWLQJ
FRPPXQLFDWLRQ� VLJQDO� W\SHV� DV� ZHOO� DV� QHZ
VLJQDO�W\SHV�

,QWURGXFWLRQ

7KH� UHFHQW� KLJK� OHYHO� RI� DFWLYLW\� LQ� ZLUHOHVV
FRPPXQLFDWLRQV�KDV�UHVXOWHG�LQ�D�SUROLIHUDWLRQ�RI
GLJLWDOO\�PRGXODWHG�VLJQDO� W\SHV��7KH�JHQHUDWLRQ
DQG� UHFHSWLRQ� RI� WKHVH� PRGHUQ� VLJQDOV� LQYROYHV
FRPSOLFDWHG� VLJQDO� SURFHVVLQJ� DOJRULWKPV� ZKLFK
DUH�XQLTXH�WR�HDFK�VLJQDO�W\SH��,Q�PDQ\�FDVHV�WKH
FRPSOH[LW\�LV�KDQGOHG�LQ�VRIWZDUH�ZKLFK�UXQV�RQ
D�GLJLWDO�VLJQDO�SURFHVVRU��'63���+RZHYHU��VRPH
RI� WKH� KLJK� VSHHG� DOJRULWKPV� UHTXLUH� GHGLFDWHG
KDUGZDUH��7\SLFDOO\� D�JHQHUDO�'63� LV� FRPELQHG
ZLWK� IXQFWLRQ� VSHFLILF� KDUGZDUH� WR� SURGXFH� D
FRPSOHWH� LPSOHPHQWDWLRQ� RI� D� PRGHUQ� GLJLWDO
FRPPXQLFDWLRQV� VRXUFH� RU� UHFHLYHU�� ,W� KDV� EHHQ
GLIILFXOW� WR� GHILQH� D� JHQHUDO� VRXUFH� RU� UHFHLYHU
ZKLFK� FDQ� EH� UHFRQILJXUHG� WR� ZRUN� ZLWK� DQ
DUELWUDU\�GLJLWDO�PRGXODWLRQ�W\SH�

0RWLYDWLRQV�IRU�D�JHQHULF�VRXUFH

2QH� UHDVRQ� IRU� ZDQWLQJ� D� YHUVDWLOH� VRXUFH� LV� WR
JHQHUDWH� VLJQDOV� ZKLFK� GHYLDWH� LQ� VRPH
FRQWUROOHG� PDQQHU� IURP� DQ� LGHDO� VLJQDO�� 7KLV
FDSDELOLW\� LV� XVHIXO� LQ� WKH� GHVLJQ� RU
PDQXIDFWXULQJ� RI� UHFHLYHUV�� SURYLGLQJ� D� ZD\� WR
H[DPLQH� D� UHFHLYHU¶V� UHVSRQVH� WR� QRQ�LGHDO

VLJQDOV�� )RU� H[DPSOH�� WKH� V\PERO� UDWH� PD\� EH
DGMXVWHG� WR� H[DPLQH� WKH� UDQJH� RYHU� ZKLFK� D
UHFHLYHU�LV�DEOH�WR�DFTXLUH�V\PERO�ORFN��6WDQGDUG
FRPPHUFLDO� WUDQVPLWWHUV� FDQQRW� EH� XVHG� VLQFH
WKH\� DUH� XVXDOO\� QRW� GHVLJQHG� WR� SURGXFH� WKHVH
FRQWUROOHG�LPSDLUPHQWV�

$� VHFRQG� DSSOLFDWLRQ� RI� D� JHQHULF� VRXUFH� LV� WR
SURGXFH�QHZ� VLJQDO� W\SHV� IRU�ZKLFK� FRPPHUFLDO
WUDQVPLWWHUV� DUH� QRW� \HW� DYDLODEOH�� 'XULQJ� WKH
GHYHORSPHQW�RI�D�QHZ�ZLUHOHVV�V\VWHP��GHVLJQHUV
RIWHQ�UXQ�LQWR�D�³FKLFNHQ�DQG�HJJ´�SUREOHP²QRW
KDYLQJ�D�VRXUFH�WR�YHULI\�D�UHFHLYHU�QRU�D�UHFHLYHU
WR�YHULI\�D�VRXUFH��$OVR��GHVLJQHUV�RIWHQ�ZDQW� WR
WHVW�WKH�DELOLW\�RI�D�QHZ�PRGXODWLRQ�VFKHPH�LQ�D
UHDO�ZRUOG� HQYLURQPHQW� WR� VHH� LI� WKHLU
DVVXPSWLRQV� DERXW� WKH� PRGXODWLRQ� SHUIRUPDQFH
DUH� FRUUHFW�� :LWK� D� FRQILJXUDEOH� VRXUFH� DQG
UHFHLYHU��D�QHZ�PRGXODWLRQ�VFKHPH�FDQ�EH�WHVWHG
ZLWKRXW� KDYLQJ� WR� VSHQG� WKH� WLPH� RU� PRQH\� WR
EXLOG�D�VSHFLDOL]HG�SURWRW\SH�RI�WKH�V\VWHP�

$� WKLUG�XVH� IRU�D�JHQHULF� VRXUFH� LV� WR�SURGXFH� D
FRPSOHWH� VSHFWUDO� HQYLURQPHQW� IRU� UHFHLYHU
WHVWLQJ��7KLV�UHTXLUHV�PXOWLSOH�VLJQDO�VRXUFHV�ZLWK
LQGHSHQGHQW�FRQWURO�RI�IUHTXHQF\��DPSOLWXGH�DQG
PRGXODWLRQ�� :LWK� DQ� LQFUHDVLQJ� QXPEHU� RI
ZLUHOHVV� PRGXODWLRQ� W\SHV� EHLQJ� XVHG�� LW� LV
LPSRUWDQW� IRU� PDQXIDFWXUHUV� WR� NQRZ� WKDW� WKHLU
HTXLSPHQW�ZLOO�ZRUN�LQ�D�FURZGHG�VSHFWUXP��7KH
PXOWLSOH� FKDQQHO� VRXUFH� FDQ� DOVR� EH� XVHG� WR
VLPXODWH� PXOWLSDWK� HIIHFWV� E\� SURJUDPPLQJ
VHYHUDO�FKDQQHOV�WR�SURGXFH�WKH�VDPH�VLJQDO�ZLWK
YDU\LQJ�DPSOLWXGH�DQG�GHOD\�VR�WKDW�WKH\�LQWHUIHUH
ZLWK�HDFK�RWKHU�LQ�D�UDQGRP�IDVKLRQ�

$� IRXUWK� DSSOLFDWLRQ� EHFRPHV� SUDFWLFDO� LI� WKH
JHQHULF�VRXUFH�LV�ORZ�FRVW�DQG�VPDOO��7KH�JHQHULF
VRXUFH�PD\�EH�XVHG�DV�DQ�RSHUDWLRQDO�WUDQVPLWWHU
LQ� ZLUHOHVV� DSSOLFDWLRQV� ZKHUH� WKH� QXPEHU� RI
LQVWDOODWLRQV� LV� VPDOO� HQRXJK� WR� QRW� ZDUUDQW� WKH
FRVW�RI�GHYHORSLQJ�D�VSHFLDOL]HG�WUDQVPLWWHU��7KH
JHQHULF�VRXUFH�PD\�DOVR�EH�DQ�DWWUDFWLYH�RSWLRQ�LQ
FDVHV� ZKHUH� D� WUDQVPLWWHU� PXVW� EH� FDSDEOH� RI
JHQHUDWLQJ� PXOWLSOH� VLJQDO� W\SHV�� +DYLQJ� D
VSHFLDOL]HG� WUDQVPLWWHU� IRU� HDFK� VLJQDO� W\SH�PD\
EH�WRR�EXON\�RU�FRVWO\��$OVR�� WKH� LQWHURSHUDELOLW\
RI� LQGLYLGXDO� FRPPHUFLDO� WUDQVPLWWHUV� PD\
SURYLGH� D� ORJLVWLFDO� SUREOHP�� +RZ� GRHV� WKH
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DSSURSULDWH� VRXUFH� JHW� DFWLYDWHG"� +RZ� DERXW
PXOWLSOH[LQJ�WKH�DQWHQQD�RU�WKH�GDWD�VRXUFH"

7R� VXPPDUL]H�� WKH� PRWLYDWLRQV� IRU� D� JHQHULF
VRXUFH�LQFOXGH�
•� *HQHUDWLRQ�RI�LPSDLUHG�VLJQDOV
•� 1HZ�VLJQDO�W\SHV
•� 5HDO�ZRUOG� VSHFWUXP� VLPXODWLRQ�� LQFOXGLQJ

PXOWLSDWK
•� 9HUVDWLOH�RSHUDWLRQDO�WUDQVPLWWHU

+LVWRULFDO�DSSURDFKHV�WR�D�JHQHULF�VRXUFH

7KHUH� KDV� EHHQ� D� SURJUHVVLRQ� RI� VRXUFHV� ZLWK
LQFUHDVLQJ� IOH[LELOLW\� VWDUWLQJ� ZLWK� VLPSOH
RVFLOODWRUV�� IXQFWLRQ� JHQHUDWRUV�� DQG� VZHHSHUV�
/DWHU� FDPH� VLJQDO� JHQHUDWRUV� ZLWK� EXLOW�LQ
DPSOLWXGH��SKDVH�RU�IUHTXHQF\�PRGXODWLRQ��0RUH
UHFHQW�DUH�VLJQDO�JHQHUDWRUV�ZLWK�,�4�PRGXODWLRQ
LQSXWV��VRPH�RI�ZKLFK�KDYH�EXLOW�LQ�FDSDELOLW\�WR
SURGXFH�VHOHFWHG�GLJLWDO�PRGXODWLRQ�W\SHV��$�IHZ
HYHQ�KDYH�WKH�IOH[LELOLW\�WR�SURGXFH�LPSDLUPHQWV�
7KHVH� KDYH� JRQH� D� ORQJ� ZD\� WRZDUG� VDWLVI\LQJ
WKH� QHHG� WR� JHQHUDWH� VWDQGDUG� VLJQDOV� ZLWK
SRWHQWLDO� LPSDLUPHQWV�� 6LJQDO� JHQHUDWRUV� KDYH
DOVR� EHHQ� XVHG� LQ� D� IHZ� UHDO�ZRUOG� VSHFWUXP
VLPXODWLRQ� V\VWHPV�� KRZHYHU�� WKH� FRVW� RI� WKHVH
V\VWHPV�KDV� OLPLWHG� WKHLU�XVH�DQG� WKH�QXPEHU�RI
LQGHSHQGHQW� FKDQQHOV� ZKLFK� KDYH� EHHQ
VLPXODWHG�� 2QH� SUREOHP� ZLWK� FXUUHQW� VLJQDO
JHQHUDWRUV�ZKLFK�DUH�GHGLFDWHG�WR�VWDQGDUG�VLJQDO
W\SHV�� LV� WKH� GHOD\HG� DYDLODELOLW\� IRU� QHZ� RU
HPHUJLQJ�VWDQGDUGV�

7KH� PRVW� IOH[LEOH� VLJQDO� VRXUFHV� KDYH� EHHQ
DUELWUDU\� ZDYHIRUP� V\QWKHVL]HUV� RU� DUELWUDU\
ZDYHIRUP� JHQHUDWRUV� �$:6�� $:*�� $5%��
7KHVH� DUH� RIWHQ� XVHG� WR� GULYH� WKH� PRGXODWLRQ
LQSXWV� RI� DQ� 5)� VLJQDO� JHQHUDWRU� WR� SURGXFH� DQ
DUELWUDULO\� PRGXODWHG� VLJQDO�� $OWKRXJK� WKLV� W\SH
RI� V\VWHP� PD\� DSSHDU� FRPSOHWHO\� IOH[LEOH�� WKH
SUDFWLFDO� OLPLWDWLRQV� RI� WKH� $:6� PDNH� LW� IDOO
VKRUW� IRU� VRPH� DSSOLFDWLRQV� RI� D� JHQHULF� VRXUFH�
0RVW�$:6�VRXUFHV�XVH�D�OLPLWHG�PHPRU\�WR�VDYH
D� VDPSOH� VHTXHQFH�RI� D� VLJQDO��7KH� VDPSOHV� DUH
SUH�FRPSXWHG�DQG�VWRUHG��7KHQ� WKH\�DUH� �SOD\HG
EDFN�E\�FRQWLQXRXVO\�ORRSLQJ�WKURXJK�WKH�VDPSOH
PHPRU\�� &DUH� PXVW� EH� WDNHQ� VR� WKDW� ZKHQ� WKH
PHPRU\�ORRSV�EDFN�WR�WKH�EHJLQQLQJ��WKHUH�LV�QR
XQGHVLUHG� WUDQVLHQW� LQ� WKH� RXWSXW�� 7KLV� RIWHQ
SODFHV� D� FRQVWUDLQW� RQ� WKH� VLJQDO� ZKLFK� LV
LQFRQVLVWHQW� ZLWK� WKH� GHVLUHG� VSHFLILFDWLRQ�� 7KH
QHFHVVLW\�WR�SUH�FRPSXWH�WKH�VDPSOHV�PHDQV�WKDW
DQ�$:6�FDQQRW�EH�XVHG�IRU�DQ�RSHUDWLRQDO�UDGLR�

7KH� WLPLQJ� RI� VDPSOHV� LQ� $:6� FDQ� SURYLGH
GLIILFXOW\� IRU� GLJLWDO� PRGXODWLRQ� XVLQJ� D� JLYHQ
V\PERO� UDWH�� 7KH� UHDVRQ� IRU� WKLV� LV� WKDW� WKH
FRPSXWDWLRQ�RI�VDPSOHV�RIWHQ� UHTXLUHV� WKH�$:6
VDPSOH� UDWH� DQG� WKH� V\PERO� UDWH�EH� UHODWHG�E\� D
VPDOO� LQWHJHU� UDWLR��7KLV�PD\� IRUFH� WKH�$:6� WR
KDYH�D�YDULDEOH�V\QWKHVL]HG�RXWSXW�VDPSOH�UDWH�

$QRWKHU� OLPLWDWLRQ�RI� WKH�$:6�DSSURDFK� FRPHV
IURP� LWV� ILQLWH� PHPRU\� VL]H�� 7KLV� PDNHV� LW
GLIILFXOW� WR� VLPXOWDQHRXVO\� DFKLHYH� ERWK� KLJK
VDPSOH� UDWH� DQG� ORQJ� GXUDWLRQ� VLJQDO� VHJPHQWV�
*HWWLQJ� VXIILFLHQW� WLPH� GXUDWLRQ� RI� D� ZLGHEDQG
VLJQDO� ZLWK� WKH� QHFHVVDU\� VLJQDO� FRQWHQW� LV� D
FKDOOHQJH�ZLWK�WKH�$:6�DSSURDFK�

5HDO�WLPH�6LJQDO�&RPSXWDWLRQV

7KH�OLPLWDWLRQV�RI�WKH�$:6�DSSURDFK�KDV�OHG�WR�D
QHZ�W\SH�RI�JHQHULF�VRXUFH²RQH�ZKLFK�GLJLWDOO\
FRPSXWHV� WKH� VLJQDO� VDPSOHV� LQ� UHDO�WLPH�
&OHDUO\��D�JHQHUDO�SXUSRVH�'63�DQG�D�GLJLWDO�WR�
DQDORJ� FRQYHUWHU� FDQ� EH� XVHG� IRU� UHDO�WLPH
FRPSXWDWLRQ� XS� WR� D� OLPLWHG� VDPSOH� UDWH�
+RZHYHU��WKH�VLJQDO�EDQGZLGWK�KDV�EHHQ�VHYHUHO\
OLPLWHG� EHFDXVH� RI� WKH� DPRXQW� RI� FRPSXWDWLRQ
UHTXLUHG� E\� WKH� '63� WR� SURGXFH� HDFK� RXWSXW
VDPSOH��,Q�RUGHU� WR�DFKLHYH�EDQGZLGWKV�UHTXLUHG
E\� PDQ\� FRPPRQ� GLJLWDOO\� PRGXODWHG� VLJQDOV�
VRPH� RI� WKH� FRPSXWDWLRQV� PXVW� EH� GRQH� LQ
GHGLFDWHG� KLJK�VSHHG� KDUGZDUH�� 7KH� WULFN� WR
PDLQWDLQLQJ� JHQHUDOLW\� LV� FDUHIXOO\� FKRRVLQJ� D
IOH[LEOH� KDUGZDUH� DUFKLWHFWXUH�� 0RVW� GLJLWDO
PRGXODWLRQ� VLJQDOV� FDQ� EH� JHQHUDWHG� XVLQJ� WKH
EORFN�GLDJUDP�VXPPDUL]HG�LQ�ILJXUH���

&RGH 0DS )LOWHU

0RGXODWH

,Q

5)

'DWD
08;

5HVDPSOH '$&

)LJXUH����*HQHULF�&RPPXQLFDWLRQ�6RXUFH

7KH�GDWD�PXOWLSOH[HU��08;��LV�XVHG�WR�VHOHFW�WKH
VRXUFH� RI� GDWD� IRU� YDULRXV� ILHOGV� ZLWKLQ� WKH
WUDQVPLWWHG� GDWD� VHTXHQFH�� 0RVW� GLJLWDO
FRPPXQLFDWLRQV�SURWRFROV�GHILQH� ILHOGV�ZLWKLQ� D
WUDQVPLVVLRQ�� 2QH� ILHOG� PLJKW� FRQWDLQ� D� IL[HG
GDWD� SDWWHUQ� XVHG� IRU� V\QFKURQL]DWLRQ�� 7KH� QH[W
PLJKW� FRQWDLQ� D� FHUWDLQ� QXPEHU� RI� WUDIILF� GDWD
ZRUGV�� 7KHUH� PD\� EH� JXDUG� ILHOGV� ZLWK� D� IL[HG
GDWD� SDWWHUQ� DW� WKH� EHJLQQLQJ� DQG� HQG� RI� D
WUDQVPLVVLRQ�� ,Q� WLPH� GRPDLQ� PXOWLSOH[HG
�7'0$��V\VWHPV��WKH�JDS�EHWZHHQ�EXUVWV�FDQ�EH
FRQVLGHUHG�DV�DQRWKHU� ILHOG� FRQVLVWLQJ�RI� VSHFLDO
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GDWD�ZRUGV�ZKLFK�SURGXFH�D�18//�VLJQDO�RXWSXW�
$� JHQHULF� FRPPXQLFDWLRQV� VRXUFH� QHHGV� WR
LQFOXGH� DSSURSULDWH� GDWD� VRXUFH� RSWLRQV�
PXOWLSOH[HUV�� DQG� FRXQWHUV� WR� SURYLGH� VXIILFLHQW
ILHOG�JHQHUDWLRQ�IOH[LELOLW\�

7KH� FRGHU� WDNHV� D� VHTXHQFH� RI� GDWD� ZRUGV� DQG
SURGXFHV� D� VHTXHQFH� RI� V\PERO� FRGHV�� 2QH
FRPPRQ� H[DPSOH� LV� GLIIHUHQWLDO� FRGLQJ�� ZKHUH
WKH� RXWSXW� V\PERO� FRGHV� GHSHQG� RQ� WKH� FXUUHQW
DQG� SUHYLRXV� LQSXW� GDWD� ZRUGV�� $QRWKHU� XVH� RI
WKH�FRGHU� LV� IRU�HUURU�FRUUHFWLRQ��)RU�H[DPSOH��D
��ELW�V\PERO�VHTXHQFH�PD\�EH�JHQHUDWHG�IURP���
ELW� LQSXW� GDWD� VHTXHQFH�ZKHUH� WKH� DGGLWLRQDO� ELW
RI� LQIRUPDWLRQ� FRQWDLQV� UHGXQGDQF\� XVHG� E\� WKH
UHFHLYHU� IRU� FRUUHFWLQJ� HUURUV�� 7KH� FRGHU� VKRXOG
EH�JHQHUDO�HQRXJK�IRU�LPSOHPHQWLQJ�VXFK�GLYHUVH
H[DPSOHV� DV�0RUVH� FRGLQJ�� IRU� ZKLFK� WKH� LQSXW
GDWD�LV�D�VHTXHQFH�RI��$6&,,�E\WHV�DQG�WKH�RXWSXW
LV� D� � VHTXHQFH� RI� RQH�ELW� V\PEROV� ZLWK� WKH
DSSURSULDWH� WLPLQJ� WR� FUHDWH� WKH� 0RUVH� FRGH
SDWWHUQ� IRU� HDFK� $6&,,� FKDUDFWHU�� ,Q� WKLV� ODVW
H[DPSOH�� HDFK� LQSXW� FRGH� SURGXFHV� D� YDULDEOH
QXPEHU�RI�RXWSXW�V\PEROV�

7KH� PDS� IXQFWLRQ� FRQYHUWV� D� V\PERO� FRGH
VHTXHQFH� WR� D� VHTXHQFH� RI� VLJQDO� VDPSOHV�
0DSSLQJ� PRGHV� ZKLFK� DUH� XVHIXO� LQFOXGH�
V\PERO� FRGHV� WR� UHDO� VDPSOHV�� V\PERO� FRGHV� WR
FRPSOH[�VDPSOHV��GXDO�FKDQQHO��,�4��V\PEROV� WR
,�4�VDPSOHV��:KHQ�PDSSLQJ� WR�FRPSOH[� VDPSOH
YDOXHV� LW� LV� DOVR� XVHIXO� WR� EH� DEOH� WR� VSHFLI\� DQ
DGGLWLRQDO� IL[HG� DQJOH� RI� URWDWLRQ� EHWZHHQ
V\PEROV�� 7KLV� LV� XVHIXO� IRU� LPSOHPHQWLQJ� VXFK
PRGXODWLRQ�W\SHV�DV�SL���'436.�DQG�96%�

7KH� ILOWHU� IXQFWLRQ� DSSOLHV� DQ� DUELWUDU\� ILOWHU� WR
WKH� VDPSOH� VHTXHQFH�� ,W� QHHGV� WR� KDQGOH� UHDO
VLJQDOV�� FRPSOH[� VLJQDOV�� RU� LQWHUOHDYHG� ,�4
VLJQDOV�� )RU� FRPSOH[� VLJQDO� W\SHV� WKH� ILOWHU
FRHIILFLHQWV� WKHPVHOYHV� VKRXOG� EH� DOORZHG� WR� EH
FRPSOH[��7KLV�SURYLGHV�WKH�FDSDELOLW\�RI�FUHDWLQJ
DV\PPHWULF�IUHTXHQF\�UHVSRQVHV�ZKLFK�DUH�XVHIXO
LQ� VLPXODWLQJ� FHUWDLQ� VLJQDO� WUDQVPLVVLRQ
LPSDLUPHQWV�� )RU� RIIVHW� PRGXODWLRQ� LW� LV
QHFHVVDU\�WR�FUHDWH�ILOWHUV�ZLWK�D�GLIIHUHQW�DPRXQW
RI� GHOD\� LQ� WKH� ,� DQG� 4� �UHDO� DQG� LPDJLQDU\�
RXWSXWV�

7KH� UHVDPSOHU� EORFN� LV� QHFHVVDU\� EHFDXVH� WKH
SUHYLRXV�EORFNV�DOO�RSHUDWH�DW�VRPH�VPDOO�LQWHJHU
PXOWLSOH� RI� WKH� V\PERO� UDWH�� ,Q� RUGHU� WR� FRQYHUW
WKH�VDPSOHG�VHTXHQFH�WR�D�WUXH�DQDORJ�VLJQDO��LW�LV
QHFHVVDU\�WR�LQWHUSRODWH�RU�UHVDPSOH�WKH�VLJQDO�DW

VRPH� KLJK� VDPSOH� UDWH� ZKLFK� LV�PDWFKHG� WR� WKH
DQDORJ�UHFRQVWUXFWLRQ�ILOWHU�FXWRII�

7KH� PRGXODWRU� IXQFWLRQ� WDNHV� WKH� FRPSOH[
VDPSOH�VHTXHQFH��,�4�VDPSOHV�DUH�WUHDWHG�DV�UHDO
	�LPDJLQDU\��DQG�VKLIWV�WKH�IUHTXHQF\�E\�PL[LQJ
LW�ZLWK� D� FRPSOH[� ORFDO� RVFLOODWRU��$OWHUQDWLYHO\�
WKH� ,� DQG� 4� LQSXWV� FDQ� EH� XVHG� WR� FRQWURO� WKH
PDJQLWXGH� DQG� IUHTXHQF\� RI� WKH� FDUULHU�� 7KHVH
WZR� PRGXODWLRQ� PRGHV� DOORZ� IRU� DOO
FRPELQDWLRQV�RI�$0��4$0��)0��DQG�30�

7KH� '$&� SHUIRUPV� WKH� GLJLWDO�WR�DQDORJ
FRQYHUVLRQ� RI� WKH� FRPSOH[� VDPSOH� VHTXHQFH� WR
SURYLGH� ,�4� DQDORJ� RXWSXWV�� 7R� UHPRYH� WKH
LPDJLQJ� RU� DOLDVLQJ� HIIHFWV� GXH� WR� VDPSOLQJ�� WKH
RXWSXWV�PXVW�EH�ILOWHUHG�WR�VHOHFW�D�VLQJOH�1\TXLVW
LQWHUYDO�RI�WKH�RXWSXW�VSHFWUXP�

3URYLGHG� WKDW� HDFK� RI� WKH� EORFNV� LQ� WKH� DERYH
EORFN�GLDJUDP�DUH� VXIILFLHQWO\� IOH[LEOH�� D� VRXUFH
ZLWK� WKLV� DUFKLWHFWXUH� FDQ� EH� XVHG� WR� SURGXFH
YLUWXDOO\�DQ\�GLJLWDOO\�PRGXODWHG�VLJQDO��,Q�IDFW��LW
FDQ� HYHQ� SURGXFH� KLJK� TXDOLW\� DQDORJ�OLNH
PRGXODWLRQ� E\� WUHDWLQJ� WKH� LQSXW� GDWD� ZRUGV� DV
TXDQWL]HG�DQDORJ�VDPSOHV�DQG�PDSSLQJ�WKHP�WR�D
ODUJH� QXPEHU� RI� ILQHO\� VSDFHG� V\PEROV�� ,I� WKH
EORFNV� DUH� LPSOHPHQWHG� ZLWK� KDUGZDUH� UDWKHU
WKDQ� VRIWZDUH�� WKH� VRXUFH� FDQ� RSHUDWH� DW� KLJK
V\PERO�UDWHV��6LQFH�WKH�IXQFWLRQ�RI�HDFK�EORFN�LV
VSHFLILHG� ZLWK� SDUDPHWHUV�� VXFK� DV� ILOWHU� WDS
YDOXHV�� D� XVHU� NQRZOHGJHDEOH� LQ� FRPPXQLFDWLRQ
WKHRU\� FDQ� VHW� XS� WKH� SDUDPHWHUV� WR� SURGXFH� D
ZLGH� UDQJH� RI� VLJQDO� W\SHV� ZLWKRXW� KDYLQJ� WR
UHVRUW� WR� SURJUDPPLQJ�� ,Q� FRQWUDVW�� WR� XVH� DQ
$:6� VRXUFH�� WKH� XVHU� KDV� WR� DFWXDOO\� FRPSXWH
WKH� VDPSOH� YDOXHV�� 3UREDEO\� WKH� PRVW� VWULNLQJ
DGYDQWDJH� RI� WKH� QHZ� DSSURDFK� LV� WKDW� WKH� GDWD
VHTXHQFH� FDQ�EH� VHQW� WR� WKH� VRXUFH� LQ� UHDO�WLPH�
PDNLQJ� LW� FDSDEOH� RI� WUDQVPLWWLQJ� DQ� DFWXDO
PHVVDJH� ZLWK� XVHIXO� LQIRUPDWLRQ� DV� ZHOO� DV
SURWRFRO�

$�&RPPHUFLDO�5HDO�7LPH�6RXUFH�3URGXFW

$� SURGXFW� ZKLFK� LPSOHPHQWV� WKH� IOH[LEOH� EORFN
GLDJUDP� RI� ILJXUH��� LV� WKH� +3� (����$�� ,W� LV� D
���´[���´�ERDUG�OHYHO�PRGXOH�ZKLFK�FRQIRUPV�WR
WKH�7,0�����VSHFLILFDWLRQ��2QH�RU�PRUH�RI�WKHVH
PRGXOHV�FDQ�EH�SOXJJHG�LQWR�D�FDUULHU�ERDUG��7KH
DQDORJ� RXWSXWV� FDQ� EH� FRPELQHG� WR� SURGXFH� D
����������������������������������������������������������
�� 7KH� 7,0���� VSHFLILFDWLRQ� LV� D� ZLGHO\� XVHG
VWDQGDUG� RULJLQDWHG� E\� 7H[DV� ,QVWUXPHQWV�� � ,W
GHILQHV� WKH� SK\VLFDO� SDUDPHWHUV� DQG� FRQQHFWRU
SLQV�
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PXOWL�FKDQQHO�VRXUFH�LQ�D�VPDOO�SK\VLFDO�SDFNDJH�
6RIWZDUH� LV� LQFOXGHG� WR� SURYLGH� DQ� LQWHUDFWLYH
XVHU� IURQW�SDQHO� VR� WKH� FRQILJXUDWLRQ�SDUDPHWHUV
FDQ� EH� VHW� XS� ZLWKRXW� SURJUDPPLQJ�� $OO� WKH
IHDWXUHV� RI� WKH� PRGXOH� DUH� DOVR� DFFHVVLEOH
WKURXJK� D� SURJUDPPHU¶V� LQWHUIDFH� OLEUDU\� ZKLFK
FDQ�EH�FDOOHG�IURP�³&´�RU�0LFURVRIW�9LVXDO�%DVLF
XVHU�SURJUDPV��7KH�VRIWZDUH�VXSSRUWV�ERWK�D�3&,
EDVHG�FDUULHU�ERDUG�IRU�GLUHFW�SOXJ�LQ�WR�D�3&��RU
D� 9;,� FDUULHU�� 7KH� 3&� FDUULHU� FDQ� KROG� XS� WR
WKUHH� (����$� PRGXOHV�� ZKLOH� WKH� 9;,� FDUULHU
FDQ�KROG�XS�WR�VL[��0XOWLSOH�FDUULHU�FDUGV�FDQ�EH
XVHG�WR�SURYLGH�KLJKHU�FKDQQHO�FRXQW��,Q�WKH�9;,
FDUULHU��SURYLVLRQV�DUH�PDGH�WR�DOORZ�PRGXOHV�WR
EH� V\QFKURQL]HG�� 7KLV� VLPSOLILHV� WKH� VLPXODWLRQ
RI�PXOWLSDWK�E\�XVLQJ�DQ�(����$�IRU�HDFK�RI�WKH
UHIOHFWLRQ�SDWKV�

7KH� FRQILJXUDWLRQ� VHWWLQJV� IRU� VHYHUDO� VWDQGDUG
VLJQDO� W\SHV� KDYH� EHHQ� JHQHUDWHG� DQG� VDYHG� LQ
ILOHV�VKLSSHG�ZLWK� WKH�(����$��7KH� ILOHV�FDQ�EH
HDVLO\� ORDGHG� XVLQJ� WKH� IURQW� SDQHO� LQWHUIDFH�
7KHVH�VHWXSV�FDQ�EH�XVHG�GLUHFWO\�IRU�VLPSOH�WHVW
VLJQDO�JHQHUDWLRQ��RU�WKH\�FDQ�EH�XVHG�DV�VWDUWLQJ
SRLQWV�IRU�FUHDWLQJ�VLPLODU�PRGXODWLRQ�W\SHV�

7KH� IROORZLQJ� VHFWLRQV� JLYH� VSHFLILFV� RQ� WKH
(����$� LPSOHPHQWDWLRQ� RI� HDFK� EORFN� LQ� WKH
JHQHULF�FRPPXQLFDWLRQ�VLJQDO�JHQHUDWRU�

0XOWLSOH[HU

7KH�GDWD�PXOWLSOH[HU��VKRZQ�LQ�ILJXUH����FRQVLVWV
RI�D�ILHOG�FRXQWHU�ZKLFK�FRQWUROV�WKH�VHOHFWLRQ�RI
WKH� GDWD� VRXUFH� IURP� DPRQJ� IRXU� DYDLODEOH
VRXUFHV�� 7KH� VRXUFHV� DUH�� DQ� RQ�ERDUG� SVHXGR�
UDQGRP�QRLVH� VRXUFH�ZLWK� D� UHSHWLWLRQ� SHULRG� RI
JUHDWHU�WKDQ�����WULOOLRQ�LQSXW�GDWD�ZRUGV��D�XVHU
ORDGDEOH� UHJLVWHU�� GDWD�PHPRU\�ZLWK� XS� WR� ���N
ZRUGV�� DQG� D� UHDO�WLPH� GDWD� IORZ� YLD� WKH� VHULDO
&20� SRUW� RI� WKH� 7,0���� LQWHUIDFH�� 8S� WR� ��
ILHOGV� PD\� EH� VSHFLILHG� ZLWK� ILQLWH� OHQJWKV
UDQJLQJ�IURP���WR������������$Q\�ILHOG�PD\�DOVR
EH� VSHFLILHG� ZLWK� LQILQLWH� OHQJWK�� PHDQLQJ� WKDW
RQFH�HQWHUHG��WKH�ILHOG�ZLOO�QHYHU�FRPSOHWH�

08;

1RLVH

5HJLVWHU

5$0

&20

)LHOG
&RXQWHU

,Q

2XW

)LJXUH����'DWD�0XOWLSOH[HU

2WKHU� DWWULEXWHV� PD\� EH� DVVRFLDWHG� ZLWK� HDFK
ILHOG�� 6SHFLILFDOO\�� HDFK� ILHOG� PD\� LQGLYLGXDOO\
E\SDVV� WKH� FRGHU�� UHVHW� WKH� FRGHU� IHHGEDFN
UHJLVWHU��UHVHW�WR� WKH�EHJLQQLQJ�RI� WKH�5$0�GDWD
VHTXHQFH��UHVHW�WKH�QRLVH�JHQHUDWRU��RU�MXPS�EDFN
WR� ILHOG���RQ� FRPSOHWLRQ��7KH� VWDUWLQJ� ILHOG�PD\
EH�VSHFLILHG�WR�EH�RWKHU�WKDQ�ILHOG���

&RGHU

7KH�FRGHU��VKRZQ�LQ�ILJXUH����FRQVLVWV�RI�D�YHU\
JHQHUDO�5$0�EDVHG�VWDWH�PDFKLQH��7KH�XVHU�PD\
FRQILJXUH�KRZ�PDQ\�RI�WKH�5$0�DGGUHVV�ELWV�DUH
WDNHQ�IURP�WKH�LQSXW�GDWD�UHJLVWHU�DQG�KRZ�PDQ\
DUH� WDNHQ� IURP� WKH� IHHGEDFN� UHJLVWHU�� 7KH
PD[LPXP�QXPEHU�RI�WRWDO�DGGUHVV�ELWV�LV�����7KH
5$0�RXWSXW� LV� ���ELWV��7KH�PRVW� VLJQLILFDQW�ELW
RI�WKH�RXWSXW�PD\�RSWLRQDOO\�EH�GHILQHG�DV�D�IODJ
WR�UHTXHVW�D�QHZ�GDWD�ZRUG�LQWR�WKH�LQSXW�UHJLVWHU�
2WKHUZLVH��D�QHZ�GDWD�ZRUG�ZLOO�DXWRPDWLFDOO\�EH
UHTXHVWHG�IRU�HDFK�RXWSXW�V\PERO�

5$0

)HHGEDFN
5HJLVWHU

'DWD�,Q
5HJLVWHU

06%'DWD�,Q

6\PERO�2XW

)LJXUH����&RGHU

7KH� VLPSOLFLW\� RI� WKH� FRGHU� VWUXFWXUH� EHOLHV� LWV
LQKHUHQW� SRZHU�� 7KH� UHTXLUHG� IOH[LELOLW\� VWDWHG
HDUOLHU� LQ� WKLV� SDSHU� LV� DFKLHYHG� DQG� PRUH�� 7KH
PDLQ� GLVDGYDQWDJH� LV� WKH� WHGLXP� RI� FUHDWLQJ� D
FRGHU� 5$0� WDEOH� ZKLFK� LPSOHPHQWV� D� GHVLUHG
IXQFWLRQ��7KH�(����$�VRIWZDUH�DGGUHVVHV�WKLV�IRU
FRPPRQO\�XVHG�FRGLQJ�IXQFWLRQV�
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0DS�	�)LOWHU

)LJXUH���VKRZV�D�EORFN�GLDJUDP�RI� WKH�PDSSLQJ
DQG� ILOWHU� EORFNV� IURP� D� IXQFWLRQDO� SHUVSHFWLYH�
7KH�PDS�PHUHO\� FRQYHUWV� V\PERO� FRGHV� WR� KLJK
UHVROXWLRQ� ����ELW�� FRPSOH[� V\PERO� YDOXHV�� 7KH
FRPSOH[� /�2�� PXOWLSOLFDWLRQ� SURYLGHV� IRU� DQ
RSWLRQDO� V\PERO� URWDWLRQ� EHIRUH� ILOWHULQJ�� 7KH
PXOWLSOH[HU� DQG� FRXQWHU� LQVHUW� D� XVHU� VHOHFWDEOH
QXPEHU� RI� ]HUR� VDPSOHV� EHWZHHQ� HDFK� V\PERO�
7KLV�LQFUHDVHV�WKH�ILOWHU�VDPSOH�UDWH�DQG�DYDLODEOH
1\TXLVW�EDQGZLGWK�RYHU�ZKLFK�WKH�ILOWHU�UHVSRQVH
PD\� EH� VSHFLILHG�� 7KH� VDPSOHV� WKHQ� HQWHU� D
GLUHFW�IRUP� ),5� ILOWHU� FRQVLVWLQJ� RI� DQ� DUUD\� RI
LQSXW� GDWD� UHJLVWHUV�� HDFK� ZLWK� D� WDS� PXOWLSOLHU
DQG�DFFXPXODWLRQ�WR�JHQHUDWH�WKH�ILOWHU�RXWSXW�

�� '� �'���'�� ���

���

HMQφ

08;
�

0$3,Q

2XW

0RG�1�
&RXQWHU

)LJXUH����0DS�)LOWHU�)XQFWLRQDO�'LDJUDP

)LJXUH��� VKRZV� DQRWKHU� EORFN� GLDJUDP� RI� WKH
PDSSLQJ� DQG� ILOWHU�� WKLV� WLPH� IURP� DQ
LPSOHPHQWDWLRQ� SHUVSHFWLYH�� &OHDUO\� VRPH
HFRQRPLHV� PD\� EH� DFKLHYHG� UHODWLYH� WR� WKH
IXQFWLRQDO� GLDJUDP�� )LUVW�� ZH� GR� QRW� QHHG� WR
VWRUH�� PXOWLSO\� RU� DGG� WKH� ]HUR� LQSXW� VDPSOHV�
1RWH� WKDW� WKHVH� KDYH� EHHQ� HOLPLQDWHG� IURP� WKH
LQSXW�GDWD�UHJLVWHU�DUUD\�

'�

'�

'�

'�

'�

'�

'��

0RG�&�

&RXQWHU

08;

≤��

≤��

0RG�,�

&RXQWHU

0RG�1�

&RXQWHU

0RG�3�

&RXQWHU 3KDVH

'HOD\

,�4

&OXVWHU

6\PEROV
5$0

$FFXP
FOU

,Q

2XW

≤��

≤�

≤�

≤�

≤�

)LJXUH����0DS�)LOWHU�,PSOHPHQWDWLRQ

6HFRQG��UDWKHU�WKDQ�PDS�WR����ELW�V\PERO�YDOXHV
DQG� WKHQ� SHUIRUP� ��[���ELW� PXOWLSOLHV�� ZH� FDQ
VWRUH�WKH�VKRUWHU�V\PERO�FRGHV�LQ�WKH�GDWD�UHJLVWHU
DUUD\� UDWKHU� WKDQ� WKH� PDSSHG� YDOXHV� DVVRFLDWHG
ZLWK� WKH� FRGHV�� $OVR�� UDWKHU� WKDQ� SHUIRUP� WKH
PXOWLSOLHV� DW� UXQ�WLPH�� ZH� FDQ� SUH�FRPSXWH� WKH
SURGXFW�RI�DOO�SRVVLEOH�V\PEROV�ZLWK�HDFK�WDS�DQG
VWRUH�WKH�UHVXOW�LQ�PHPRU\��7KHQ�DW� UXQ� WLPH�WKH
UHVXOW� FDQ� EH� UHFDOOHG�PHUHO\� E\� ORRNLQJ� XS� WKH
SURGXFW�XVLQJ�WKH�WDS�QXPEHU�DQG�V\PERO�FRGH�WR
IRUP�WKH�DGGUHVV�RI�WKH�UHVXOW��)RU�H[DPSOH��D����
WDS�ILOWHU�ZLWK�IRXU�SRVVLEOH�V\PEROV�ZRXOG�RQO\
UHTXLUH�����RU���ELWV�DGGUHVV�VSDFH�WR�ORRN�XS�DOO
WKH� UHTXLUHG� PXOWLSOLHU� RXWSXWV�� 6LQFH� PRUH
DGGUHVV� ELWV� DUH� DYDLODEOH�� LW� LV� SRVVLEOH� WR� ORRN
XS�PRUH�WKDW�RQH�WDS�SURGXFW�DW�D�WLPH��)LJXUH��
VKRZV� DQ� H[DPSOH� ZKHUH� WKH� VXP� RI� ILYH� WDS
SURGXFWV� DUH� ORRNHG� XS� ZLWK� D� VLQJOH� 5$0
DFFHVV��7KXV��ZH�QHHG�RQO\�ILYH�5$0�DFFHVVHV�WR
FRPSXWH� WKH� RXWSXW� RI� D� ���WDS� ILOWHU� �FRXQWLQJ
WKH�LQWHUOHDYHG�]HURV�VKRZQ�LQ�WKH�RULJLQDO�ILOWHU��

7KH� HIIHFWV� RI� WKH� FRPSOH[� ORFDO� RVFLOODWRU� FDQ
DOVR� EH� LQFOXGHG� LQ� WKH� ORRNXS� PHUHO\� E\
H[SDQGLQJ� WKH� PHPRU\� DGGUHVV� WR� LQFOXGH� DOO
SRVVLEOH�URWDWLRQV�RI�WKH�PRVW�UHFHQW�V\PERO��2QH
DGGLWLRQDO� DGGUHVV� ELW� UHTXLUHG� IRU� ILOWHULQJ
FRPSOH[� V\PEROV� LV� DQ� ,�4� IODJ�ZKLFK� LQGLFDWHV
ZKHWKHU� WKH� UHDO� RU� LPDJLQDU\� RXWSXW� LV� WR� EH
JHQHUDWHG�



6LPXODWLQJ�5HDO�:RUOG�6LJQDO�(QYLURQPHQWV�IRU�5HFHLYHU�7HVWLQJ

�

7KH� UHVXOWLQJ� 5$0� DGGUHVV� FRQVLVWV� RI� WKH
IROORZLQJ� ILHOGV�� XS� WR� ���ELWV� UHSUHVHQWLQJ� DV
PDQ\� V\PERO� FRGHV� DV� FDQ� EH� SDFNHG� LQWR� D
VLQJOH�FOXVWHU�RI�WDSV��XS�WR���ELWV�IRU�WKH�FXUUHQW
WDS� FOXVWHU� LQGH[�� XS� WR� ��ELW� WR� LQGLFDWH� ,� RU� 4
RXWSXW�� XS� WR� ��ELWV� WR� LQGLFDWH� KRZ� PDQ\� ]HUR
LQSXWV� KDYH� EHHQ� LQVHUWHG� VLQFH� WKH�PRVW� UHFHQW
QHZ�V\PERO�FRGH��DQG�XS�WR���ELWV�WR�LQFOXGH�WKH
HIIHFWV�RI�WKH�FRPSOH[�ORFDO�RVFLOODWRU��6LQFH� WKH
PD[LPXP� QXPEHU� RI� DGGUHVV� ELWV� LV� ���� QRW� DOO
ILHOGV�FDQ�EH�FRQILJXUHG�WR�WKHLU�PD[LPXP�VL]H�DW
WKH�VDPH�WLPH�

)LJXUH���VKRZV�ZKHQ�HDFK�FRXQWHU�LV�XSGDWHG� WR
D� QHZ� YDOXH�� 'XULQJ� WKH� WLPH� ZKHQ� WKH� ILOWHU
RXWSXWV� DUH� EHLQJ� FRPSXWHG�� WKH� FOXVWHU� FRXQWHU
LV�LQFUHPHQWHG�DW�WKH�IXOO���0+]�PHPRU\�DFFHVV
UDWH��2QFH�WKH�FOXVWHU�FRXQWHU�³ZUDSV�DURXQG´�DW
WKH� PD[LPXP� FOXVWHU� FRXQW�� WKH� UHVXOW� RI� WKH
RXWSXW�DFFXPXODWRU�LV�FORFNHG�RXW�DV�D�FRPSOHWHG
ILOWHU�RXWSXW�� WKH�DFFXPXODWRU� LV�FOHDUHG��DQG� WKH
,�4�FRXQWHU� LV� LQFUHPHQWHG��$IWHU�ERWK� WKH� ,�DQG
4� RXWSXWV� KDYH� EHHQ� JHQHUDWHG� WKH� ,�4� FRXQWHU
ZUDSV� DURXQG� DQG� WKH� GHOD\� FRXQWHU� LV
LQFUHPHQWHG� WR� LQGLFDWH� DQRWKHU� ]HUR� LQSXW� KDV
EHHQ�LQVHUWHG��$IWHU�WKH�GHVLUHG�QXPEHU�RI�]HURV
KDYH� EHHQ� LQVHUWHG�� ZLWK� RXWSXWV� FRPSXWHG� IRU
HDFK��WKH�GHOD\�FRXQWHU�ZUDSV�DURXQG��:KHQ�WKLV
RFFXUV� D� QHZ� LQSXW� V\PERO� LV� VKLIWHG� LQWR� WKH
LQSXW� V\PERO� UHJLVWHU� DUUD\� DQG� WKH� /�2�� SKDVH
FRXQWHU�LV�LQFUHPHQWHG�

1RW� VKRZQ� LQ� HLWKHU� YHUVLRQ� RI� WKH� PDS�ILOWHU
EORFN�GLDJUDP�LV�D�GHOD\�EORFN�LQ�VHULHV�ZLWK�WKH
RXWSXW�ZKLFK�DOORZV�WKH�4�FKDQQHO�WR�EH�GHOD\HG
D� VSHFLILHG� QXPEHU� RI� VDPSOHV� UHODWLYH� WR� WKH� ,�
FKDQQHO�� 7KLV� LV� XVHIXO� IRU� PRGXODWLRQV� VXFK� DV
2IIVHW�436.�

5HVDPSOHU

7KH�UHVDPSOHU�VKRZQ�LQ�)LJXUH���LV�LPSOHPHQWHG
ZLWK�D�VLQJOH�+3�SURSULHWDU\�DSSOLFDWLRQ�VSHFLILF
LQWHJUDWHG� FLUFXLW� �$6,&��� ,W� FRQVLVWV� RI� D� ILOWHU
ZKLFK�� LQ� HIIHFW�� FRQYROYHV� WKH� VDPSOHG� LQSXW
VHTXHQFH� ZLWK� D� FRQWLQXRXV� LPSXOVH� UHVSRQVH�
7KH� QHDU�*DXVVLDQ� LPSXOVH� UHVSRQVH� LV� ILQLWH� LQ
OHQJWK�DQG�ODVWV� IRU��� LQSXW� VDPSOH�SHULRGV��7KH
RXWSXW� RI� WKLV� FRQWLQXRXV� FRQYROXWLRQ� PD\� EH
FRPSXWHG� DW� DUELWUDU\� LQVWDQWV� LQ� WLPH� E\� XVLQJ
WKH� VHYHQ� LQSXW� VDPSOHV� ZKLFK� IDOO� ZLWKLQ� WKH
FRQYROXWLRQ�LQWHUYDO�DQG�XVLQJ�WKH�IUDFWLRQDO�WLPH
RIIVHW� RI� WKH� ODVW� VDPSOH� WR� FRPSXWH� WKH
DSSURSULDWH� PXOWLSOLHU� IRU� HDFK� RI� WKH� VDPSOHV�
7KH� FRHIILFLHQWV� PXVW� EH� UHFDOFXODWHG� IRU� HDFK
QHZ� RXWSXW� WR� UHIOHFW� WKH� QHZ� SRVLWLRQ� RI� WKH

VDPSOHV� ZLWKLQ� WKH� FRQWLQXRXV� FRQYROXWLRQ
LQWHUYDO�� 2XWSXWV� HTXDOO\� VSDFHG� LQ� WLPH� DUH
FRPSXWHG� E\� XVLQJ� WKH� WLPH� DFFXPXODWRU� VKRZQ
LQ�WKH�EORFN�GLDJUDP��:KHQHYHU�WKH�WLPH�UHJLVWHU
H[FHHGV� RQH� LQSXW� VDPSOH� SHULRG�� D� QHZ� LQSXW
VDPSOH� LV� FORFNHG� LQWR� WKH� VKLIW� UHJLVWHU
FRQWDLQLQJ� WKH� PRVW� UHFHQW� VHYHQ� VDPSOHV�� 7KH
(����$�UXQV�WKH�UHVDPSOHU�RXWSXW�VDPSOH�UDWH�DW
D�FRQVWDQW���0+]��7KXV��WKH�LQSXW�VDPSOH�UDWH�LV
��0+]�WLPHV� WKH�IUDFWLRQDO� WLPH� LQFUHPHQW��∆7�
7KH� UHVROXWLRQ� RI� WKH� ∆7� � UHJLVWHU� LV
�������
������� 7KLV� UHVXOWV� LQ� DYDLODEOH� LQSXW
VDPSOH�IUHTXHQF\�VWHSV�RI������X+]�

∆7 7
�IUDFWLRQ�

&RHI
*HQ

'�

� �

&DUU\

� �
�

,Q
2XW

)LJXUH����5HVDPSOHU

$� YHU\� LPSRUWDQW� REVHUYDWLRQ� WR� PDNH� DW� WKLV
SRLQW�LV�WKH�IDFW�WKDW�WKH�FRPSXWDWLRQV�SULRU�WR�WKH
UHVDPSOHU� DUH� GRQH� RQ� DQ� DV�QHHGHG� EDVLV�� 7KH
UHVDPSOHU� UHTXHVWV� RU� ³SXOOV´� GDWD� ZKHQ� LW� LV
QHHGHG�� 7KH� DFWXDO� WLPH� WKDW� WKH� FRPSXWDWLRQV
DUH�SHUIRUPHG�LV�XQLPSRUWDQW�DV�ORQJ�DV�WKH�UHVXOW
LV� DYDLODEOH� ZKHQ� WKH� UHVDPSOHU� QHHGV� LW�� 7KLV
³SXOO´� WLPLQJ� DSSURDFK� GLVWLQJXLVKHV� WKLV
DSSURDFK�IURP�RWKHU�UHDO�WLPH�FRPSXWHG�VRXUFHV�
7KH� EHQHILWV� ULSSOH� DOO� WKH� ZD\� EDFN� WR� WKH
XOWLPDWH� GDWD� VRXUFH�� ZKLFK� QR� ORQJHU� KDV� WR
ZRUU\�DERXW�SUHFLVH�WLPLQJ��7KH�GDWD�VRXUFH�PD\
EH� D� KRVW� EDVHG� SURJUDP� ZLWK� LQWHUUXSW� GULYHQ
UHTXHVWV� IRU� DGGLWLRQDO� GDWD�� &RXSOHG� ZLWK� WKH
GDWD� ),)2� PDQDJHU� EXLOW� LQWR� WKH� (����$
VRIWZDUH�� WKH� KRVW� VRIWZDUH� YLUWXDOO\� GRHV� QRW
QHHG�WR�FRQFHUQ�LWVHOI�ZLWK�WLPLQJ��7KH�WLPLQJ�RI
WKH� HQWLUH� V\VWHP� LV� FRQWUROOHG� E\� WKH� ��0+]
UHVDPSOHU� FORFN�� 7KLV� FULWLFDO� EHQHILW� ZLOO� EH
UHFRJQL]HG� E\� DQ\� UHDGHU� ZKR� KDV� GHYHORSHG� D
UHDO�WLPH� FRPSXWDWLRQ� V\VWHP� ZLWK� SUHFLVLRQ
WLPLQJ�FRQWURO�

0RGXODWRU

7KH�PRGXODWRU�LQ�ILJXUH���LV�LPSOHPHQWHG�ZLWK�D
VLQJOH�$6,&��,W�WUHDWV�WKH�,�4�LQSXW�DV�D�FRPSOH[
QXPEHU� ZKLFK� LW� PXOWLSOLHV� E\� WKH� RXWSXW� RI� D



6LPXODWLQJ�5HDO�:RUOG�6LJQDO�(QYLURQPHQWV�IRU�5HFHLYHU�7HVWLQJ

�

FRPSOH[� ORFDO� RVFLOODWRU�� 7KH� ORFDO� RVFLOODWRU� LV
LPSOHPHQWHG� ZLWK� D� SKDVH� DFFXPXODWRU� ZKLFK�
IRU� HDFK� VDPSOH�� LQFUHPHQWV� E\� DQ� DPRXQW
GHWHUPLQHG� E\� WKH� FRQWHQWV� RI� WKH� IUHTXHQF\
UHJLVWHU�� $Q� DOWHUQDWH� )0�PRGH� VZLWFKHV� WKH� 4
LQSXW� LQWR� WKH� IUHTXHQF\�DGGHU�� LQ� HIIHFW�PDNLQJ
WKH�4�SRUW� EH� DQ� LQVWDQWDQHRXV� LQFUHPHQW� WR� WKH
FHQWHU� IUHTXHQF\�� 7KH� ,� SRUW� FRQWUROV� WKH
PDJQLWXGH�LQ�)0�PRGH�

)UHT 3KDVH

HMφ

4

,

4

,

)LJXUH����0RGXODWRU

+DUGZDUH�LPSOHPHQWDWLRQ

7KH� WKUHH�PDLQ�5$0�EDVHG� IXQFWLRQV�GHVFULEHG
DERYH��GDWD�5$0��FRGHU���DQG�PDS�ILOWHU�DOO�VKDUH
WKH� XVH� RI� WKH� VDPH� SK\VLFDO�PHPRU\�� 7KH� XVHU
FDQ� VHOHFW� KRZ� WKH� DYDLODEOH� PHPRU\� DGGUHVV
VSDFH� LV� DOORFDWHG� DPRQJ� WKRVH� WKUHH� IXQFWLRQV�
%HFDXVH�RI�WKLV�VKDULQJ��WKH�H[LVWLQJ�$6,&V��DQG
WKH� VLPSOLFLW\� RI� WKH� UHPDLQLQJ� KDUGZDUH�� WKH
HQWLUH� SK\VLFDO� LPSOHPHQWDWLRQ� RI� WKH� (����$
FDQ� EH� DFFRPSOLVKHG� ZLWK� WKH� KDUGZDUH� EORFN
GLDJUDP� LQ� ILJXUH���� � )3*$��� LPSOHPHQWV�PRVW
RI�WKH�IHDWXUHV�RI�WKH�SURGXFW�LQFOXGLQJ�WKH�&20
SRUW� LQWHUIDFH�� ZKLOH� )3*$��� SURYLGHV� KLJK
VSHHG� PXOWLSOH[LQJ� EHWZHHQ� WKH� UHVDPSOHU� DQG
PRGXODWRU�$6,&V��1RWH�WKH�FRQVSLFXRXV�DEVHQFH
RI�DQ\�SURJUDPPDEOH�'63�FKLS��$OO�FRQWURO�DQG
GDWD� DUH� VHQW� WR� WKH� ERDUG� YLD� WKH� VHULDO� &20
SRUW�

)3*$
�

���N�[���
5$0

5HVDPSOHU

)3*$
�

0RG
'$&

'$&

)LOW

)LOW

,

4

&20
&ORFN

*HQHUDWRU

)LJXUH����+DUGZDUH�%ORFN�'LDJUDP

7KH� FORFN� JHQHUDWRU� XVHV� D� ��0+]� YROWDJH
FRQWUROOHG� FU\VWDO� RVFLOODWRU� ZKLFK� PD\� IUHH�UXQ
RU��RQ�D�9;,�FDUULHU��PD\�EH� ORFNHG�WR�D� VKDUHG
��0+]� H[WHUQDO� UHIHUHQFH�� :KHQ� PXOWLSOH
(����$V� DUH� XVHG� RQ� D� 9;,� FDUULHU�� D� VKDUHG
(&/�OLQH�PD\�EH�XVHG�WR�V\QFKURQL]H�WKH�VWDUW�XS
RI�WKH�PRGXOHV�

,Q� RUGHU� WR� VDYH� VSDFH� WKH� UHVDPSOHU� DQG
PRGXODWRU� FKLSV� DUH�PRXQWHG� DV� EDUH� GLH�� 7KH\
DUH� GLUHFWO\� DWWDFKHG� DQG� ZLUH�ERQGHG� WR� WKH
SULQWHG� FLUFXLW� ERDUG� DQG� HQFDSVXODWHG� ZLWKLQ� D
VLQJOH�SURWHFWLYH�FRYHU�

6XPPDU\

7KH� (����$� UHSUHVHQWV� D� QHZ� OHYHO� RI
FRPPXQLFDWLRQV� VLJQDO� JHQHUDWLRQ� FDSDELOLW\�
6RPH�RI�LWV�NH\�FRQWULEXWLRQV�LQFOXGH�
�
•� ([WUHPH�IOH[LELOLW\�WR�SURGXFH�D�ODUJH�YDULHW\

RI�H[LVWLQJ�DQG�QHZ�VLJQDO�W\SHV�
�
•� 5HDO�WLPH� FRPSXWDWLRQV� DOORZ� OLYH

WUDQVPLVVLRQ� RI� QRQ�UHSHWLWLYH� SURWRFRO� DQG
LQIRUPDWLRQ�

�
•� 0XOWLSOH� PRGXOHV� PD\� EH� XVHG� WRJHWKHU� WR

JHQHUDWH� D� FRPSOHWH� VSHFWUDO� VLPXODWLRQ�
LQFOXGLQJ�PXOWLSDWK�

�
•� +LJK�OHYHO�VRIWZDUH�IURQW�SDQHO�DOORZV�VHWXS

DQG�XVH�ZLWKRXW�SURJUDPPLQJ�
�
•� 6PDOO�VL]H�DQG�ORZ�FRVW�


