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���,QWURGXFWLRQ

$� 60$6+� &RPER� V\VWHP� FRQWDLQV� D� KDUG� GLVN� �+'�� DQG� D� OLQHDU� WDSH� GULYH� �/7'��� DQG

DWWHPSWV�WR�XWLOLVH�WKHLU�JRRG�TXDOLWLHV��WKH�GLVNV�IDVW�DFFHVV�DQG�KLJK�WKURXJKSXW��DQG�WKH�WDSHV

YDVW�VWRUDJH�FDSDFLW\��ZKLOVW�FRQFHDOLQJ�WKHLU�ZHDNQHVVHV��PDLQO\�WKH�WDSHV�VORZ�DFFHVV���7KH

PRVW�GHPDQGLQJ�ZLWKLQ�WKH�60$6+�SURMHFW��LQ�WHUPV�RI�WDSH�SHUIRUPDQFH��LV�WKH�'9%�9&5

�'LJLWDO�9LGHR�%URDGFDVWLQJ�9LGHR�&DVVHWWH�5HFRUGHU��DSSOLFDWLRQ��ZKLFK�UHTXLUHV�KLJK�GDWD

UDWHV�IRU�UHFRUGLQJ�DQG�SOD\EDFN�RI�GLJLWDO�YLGHR�VLJQDOV�

7KH� PRVW� DSSHDOLQJ� DQG� GHPDQGLQJ� WHFKQLFDO� IHDWXUH� RI� WKH� '9%� &RPER� LV� LWV� DELOLW\� WR

VLPXOWDQHRXVO\�UHFRUG�DQG�SOD\�EDFN� WZR� �GLIIHUHQW��YLGHR�VWUHDPV��:KLOH� UHFRUGLQJ�RQ�RQH

FKDQQHO��WKH�XVHU�FDQ�ZDWFK�DQRWKHU�SURJUDP�WKDW�ZDV�DOUHDG\�RQ�WDSH��)LJXUH���VFKHPDWLFDOO\

H[SODLQV�KRZ�LW�ZRUNV�

LQSXW�

RXWSXW�
79�

7$3( +$5'�',6.

ILJXUH�����VLPXOWDQHRXV�UHFRUGLQJ�DQG�SOD\EDFN�LQ�D�'9%�&RPER

$OWKRXJK�WKH�WDSH�GULYH�PD\�KDYH�VXIILFLHQW�WKURXJKSXW�WR�VXVWDLQ�WZR�YLGHR�VWUHDPV��LW�FDQQRW

DFWXDOO\�EH�LQ�WZR�WDSH�SRVLWLRQV�DW� WKH�VDPH�WLPH��QRW�HYHQ�ZLWKLQ�D�IHZ�VHFRQGV��7R�VHUYH

WZR� YLGHR� VWUHDPV� �SOD\LQJ� EDFN� RU� UHFRUGLQJ�� ZH� PXVW� WKHUHIRUH� WLPH�PXOWLSOH[� WKH� WZR�

FRS\LQJ� ODUJH�EORFNV�RI�GDWD�DOWHUQDWLQJ�EHWZHHQ� WKH� WZR� WDVNV��7KH� VL]H�RI� WKH�EORFNV�ZLOO

QHHG� WR� EH� KXQGUHGV� RI� 0E\WHV�� � %XIIHULQJ� LQ� VROLG� VWDWH� PHPRU\� LV� WKHUHIRUH� RXW� RI� WKH

TXHVWLRQ��DQG�WKDW� LV�ZKHUH� WKH�KDUG�GLVN�FRPHV�LQ��,Q� WKH�H[DPSOH�RI� ILJXUH���YLGHR�GDWD� LV

UHFHLYHG�� H�J�� IURP� VDWHOOLWH�� DQG� WHPSRUDULO\� VWRUHG� RQ� WKH� KDUG� GLVN�� :KHQ� D� VXIILFLHQW

DPRXQW�RI�GDWD�LV�JDWKHUHG�RQ�WKH�KDUG�GLVN��LW�LV�FRSLHG�WR�DQ�DSSURSULDWH�ORFDWLRQ�RQ�WKH�WDSH�

,Q�WKH�PHDQ�WLPH��GDWD�FDQ�EH�FRSLHG�IURP�WKH�WDSH�WR�DQRWKHU�SDUW�RI�WKH�KDUG�GLVN�WR�EH�XVHG

IRU�SOD\EDFN��7KH�WDSH�GULYH�KDV�VXIILFLHQW�WKURXJKSXW�WR�EXLOG�XS�D�ODUJH�EXIIHU�RQ�WKH�KDUG
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GLVN�� WKHQ� FRPSOHWH� LWV� RWKHU� WDVNV� DQG� VXEVHTXHQWO\� UHSOHQLVK� WKH� ILUVW� EXIIHU� LQ� WLPH� WR

SUHYHQW�LWV�H[KDXVWLRQ�

2I� FRXUVH�� ZKHWKHU� WKH� V\VWHP� FDQ� UHDOO\� SXOO� RII� WKLV� µWRXU� GH� IRUFH¶� GHSHQGV� RQ� WKH

SHUIRUPDQFH�RI�WKH�FRPSRQHQWV��LQ�SDUWLFXODU�WKH�KDUG�GLVN�DQG�WKH�WDSH�GULYH��ZKLFK�ZLOO�EH

VHSDUDWHO\�WUHDWHG�LQ�WKH�QH[W�FKDSWHUV��,W�WXUQV�RXW�WKDW�WKH�KDUG�GLVN�ZLOO�JHQHUDOO\�QRW�EH�WKH

ERWWOHQHFN�� TXLWH� FRPPRQ� KDUG� GLVN� GULYHV� SHUIRUP�ZHOO� HQRXJK� WR� FRPSO\�� &RPPHUFLDOO\

DYDLODEOH� WDSH� GULYHV�� RQ� WKH� RWKHU� KDQG�� DUH� VWLOO� VRPHZKDW� WRR� VORZ� LQ� WHUPV� RI� GDWD

WKURXJKSXW�UDWHV�DQG�DFFHVV�WLPHV�IRU�WKLV�DSSOLFDWLRQ�

�����'9%�ERXQGDU\�FRQGLWLRQV

7KH� ERXQGDU\� FRQGLWLRQV� IRU� WKH� '9%� &RPER� DUH� PDLQO\� GHWHUPLQHG� E\� WKH� GDWD� UDWHV

HQFRXQWHUHG�LQ�'9%�WUDQVPLVVLRQV�FRQWDLQLQJ�WKH�03(*���HQFRGHG�GLJLWDO�YLGHR�VLJQDOV��7KH

HQWLUH�'9%�VWUHDP�LV����0ELW�V��EXW�WKLV�EDQGZLGWK�LV�VKDUHG�E\�VHYHUDO�SURJUDPV��$OWKRXJK

KLJK� GDWD� UDWHV� XS� WR� ��� 0ELW�V� DUH� IRUPDOO\� DOORZHG�� LQ� SUDFWLFH� D� VLQJOH� SURJUDP� ZLOO

JHQHUDOO\� EH� DOORWWHG� RQO\� DERXW� ��0ELW�V��ZLWK� D�PD[LPXP� RI� SHUKDSV� ��0ELW�V�� 7KH� VDPH

PD[LPXP�UDWH�RI���0ELW�V�ZDV�DVVXPHG�IRU�'9'�

:LWK� D� VLQJOH� SURJUDP�GDWD� UDWH� RI� ��0ELW�V�� D� WDSH� DQG� KDUG� GLVN� WKURXJKSXW� RI� ���0ELW�V

ZRXOG�VHHP�WR�EH�VXIILFLHQW��EXW�WKDW�ZLOO�WXUQ�RXW�WR�EH�D�UDWKHU�RSWLPLVWLF�HVWLPDWH�

�����7KH�H[SHULPHQWDO�'9%�9&5�&RPER�VHW�XS

7KH�'9%�9&5�DSSOLFDWLRQ�PHQWLRQHG�DERYH�KDV�DOUHDG\�EHHQ�LPSOHPHQWHG�WR�D�ODUJH�H[WHQW

DQG� LV� SHUIRUPLQJ� TXLWH� ZHOO�� )LJXUH��� VKRZV� WKH� VHW�XS� XVHG�� FRQVLVWLQJ� RI� D� 3&� ZLWK

DGGLWLRQDO�KDUGZDUH��7KH�3&�LV�D�3HQWLXP�����UXQQLQJ�WKH�/LQX[�RSHUDWLQJ�V\VWHP��FKRVHQ�IRU

LWV�H[FHOOHQW�PXOWL�XVHU�DQG�PXOWL�WDVNLQJ�FDSDELOLWLHV��7KH�7DQGEHUJ�0/5��WDSH�GULYH�DQG�WKH

KDUG�GLVN�DUH�ERWK�HTXLSSHG�ZLWK�D�6&6,���LQWHUIDFH��DQG�DUH�FRQWUROOHG�YLD�DQ�$GDSWHF�KRVW

DGDSWHU�� 7KH�03(*��� GHFRGHUV� DQG�'9%� UHFHLYHUV� DUH� DFWXDOO\� SDUW� RI� SURIHVVLRQDO� VHWWRS

ER[HV��DQG�FXVWRP�PDGH�3&,�FDUGV�DUH�XVHG�WR�LQWHUIDFH�WR�WKHP�

,Q� WKLV� VHW�XS� ZH� FDQ� DFKLHYH� VLPXOWDQHRXV� UHFRUGLQJ� DQG� SOD\EDFN� DV� GHVFULEHG� DERYH�

SURYLGHG� WKH� SURJUDP� GDWD� UDWHV� DUH� QRW� KLJKHU� WKDQ� ��0ELW�V�� IRU� UHDVRQV� WKDW� ZLOO� EH

H[SODLQHG�LQ�FKDSWHU����:KHQ�WKH�SHUIRUPDQFH�RI�WKH�WDSH�GULYH�LV�LQFUHDVHG�LQ�IXWXUH�UHOHDVHV�

WKLV�VHW�XS�LV�FDSDEOH�RI�VXSSO\LQJ�WKH�IXOO�'9%�9&5�DSSOLFDWLRQ�
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&KDSWHU��

���+DUG�GLVN�UHTXLUHPHQWV

$V�FDQ�EH�VHHQ�LQ�ILJXUH���� WKH�&RPER¶V�KDUG�GLVN�ZLOO�EH�DWWHQGLQJ� WKUHH�GDWD�VWUHDPV�� WKH

VDWHOOLWH�GDWD�FRPLQJ�LQ��WKH�SOD\EDFN�GDWD�JRLQJ�RXW��DQG�WKH�GDWD�EHLQJ�FRSLHG�EHWZHHQ�WDSH

DQG�GLVN� DW� DQ� LQFUHDVHG� UDWH��7R� HVWLPDWH� WKH� DSSOLFDELOLW\�RI� D� KDUG�GLVN�ZH�ZLOO� XVH� IRXU

SDUDPHWHUV�

5� � PD[LPXP�FRQWLQXRXV�UHDG�ZULWH�GDWD�UDWH

tD � DFFHVV�WLPH�WR�DQ�DUELWUDU\�ORFDWLRQ�RQ�GLVN

6G � WKH�GLVNV�WRWDO�VWRUDJH�FDSDFLW\

6E � VL]H�RI�WKH�GDWD�EORFNV�FRSLHG

�����6WRUDJH�FDSDFLW\

$�W\SLFDO�GLVN�FDSDFLW\�RI���*%\WH�FRUUHVSRQGV�WR����PLQXWHV�RI�YLGHR�DW���0ELW�V��7KLV�ZRXOG

VHHP�WR�DIIRUG�VXIILFLHQW�EXIIHU�VSDFH�WR�EULGJH�WKH�WDSH�DFFHVV�WLPH�RI�W\SLFDOO\�WZR�PLQXWHV�

DQG�GHWDLOHG�FDOFXODWLRQV�VKRZ� WKDW� LW�GRHV��6R�� LQ� WHUPV�RI� VWRUDJH�FDSDFLW\�� MXVW� DERXW� DQ\

FRPPRQ�KDUG�GLVN�ZLOO�GR�LQ�WKH�'9%�9&5�DSSOLFDWLRQ��1RZ�ZKDW�DERXW�GDWD�WKURXJKSXW"

�����7KURXJKSXW�DQG�DFFHVV�WLPH

7KH�PD[LPXP�WKURXJKSXW�RI�DQ�RUGLQDU\�KDUG�GLVN� LV�DURXQG���0%\WHV�V� �RU����0ELW�V���RQ

WKH�IDFH�RI� LW�TXLWH�VXIILFLHQW� IRU�KDQGOLQJ� WZR���0ELW�V�YLGHR�VWUHDPV��+RZHYHU�� WKH�DFFHVV

WLPH� RI� D� KDUG� GLVN�� WKRXJK� LQILQLWHO\� VKRUWHU� WKDQ� WKDW� RI� D� WDSH� GULYH�� FDQQRW� EH� LJQRUHG�

%HFDXVH� ZH� ZLOO� FRS\� GDWD� WR� DQG� IURP� VHSDUDWH� EXIIHU� ORFDWLRQV� RQ� WKH� KDUG� GLVN

DOWHUQDWLQJO\��ZH�ZLOO�VSHQG�TXLWH�VRPH� WLPH�UHORFDWLQJ� WKH�GLVNV�KHDG��7KLV�ZLOO� UHGXFH� WKH

HIIHFWLYH�WKURXJKSXW�5HII�ZLWK�UHVSHFW�WR�WKH�GLVNV�FRQWLQXRXV�EDQGZLGWK�5���7KH�VROXWLRQ��RI

FRXUVH��LV�WR�FRS\�ODUJH�UDWKHU�WKDQ�VPDOO�DPRXQWV�RI�GDWD�DW�D�WLPH��WKXV�UHGXFLQJ�WKH�UHODWLYH

DPRXQW�RI�WLPH�VSHQW�RQ�VHHNLQJ��$�VLPSOH�FDOFXODWLRQ�VKRZV�WKDW�FRS\LQJ�EORFNV�RI�VL]H�6G
ZKLOH�UHTXLULQJ�D�VHHN�WLPH�RI�tD�IRU�HDFK�EORFN�UHGXFHV�WKH�HIIHFWLYH�WKURXJKSXW�WR
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$V�H[SHFWHG��WKH�HIIHFWLYH�WKURXJKSXW�GURSV�ZKHQ�WKH�DFFHVV�WLPH�LV�RI�WKH�RUGHU�RI�WKH�WLPH

QHHGHG�WR�UHDG�RU�ZULWH�D�VLQJOH�EORFN��$�W\SLFDO�KDUG�GLVN�ZLOO�KDYH�DQ�DYHUDJH�DFFHVV�WLPH�RI

���PV��ZLWK�D�ZRUVW�FDVH�YDOXH�RI�DERXW����PV�IRU�D�UHORFDWLRQ�RI�WKH�KHDG�IURP�WKH�LQQHU�WR

WKH�RXWHU�F\OLQGHUV�

)LJXUH� �� VKRZV� WKH� HIIHFWLYH� GDWD� UDWH� REWDLQHG� ZLWK� VWDQGDUG� KDUG� GLVN� SDUDPHWHUV� DV� D

IXQFWLRQ�RI�WKH�EORFN�VL]H�XVHG��(YHQ�ZLWK�D�VLPSOH���0%\WH�V�KDUG�GLVN��VXIILFLHQW�GDWD�UDWHV

FDQ�EH�REWDLQHG�SURYLGHG�WKH�EORFN�VL]H�LV�DURXQG����N%\WHV�RU�ODUJHU��1RWH�WKDW�WRGD\¶V�KLJK�

SHUIRUPDQFH�KDUG�GLVNV�DFKLHYH�WKURXJKSXWV�RI�ZHOO�DERYH����0%\WH�V��&RQVLGHULQJ�WKH�IDVW

UDWH�RI�SHUIRUPDQFH�LQFUHDVH�LQ�WKH�KDUG�GLVN�PDUNHW��WKLV�ZLOO�SUREDEO\�EH�TXLWH�VWDQGDUG�LQ�D

IHZ�\HDUV�WLPH�
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ILJXUH���� HIIHFWLYH�KDUG�GLVN�GDWD�UDWH�GHSHQGLQJ�RQ�EORFN�VL]H��FRQWLQXRXV

UHDG�ZULWH�GDWD�UDWH�DQG�DFFHVV�WLPH����VHHN�SHU�EORFN��
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2Q�WKH�EDVLV�RI�WKH�DUJXPHQWV�PHQWLRQHG�DERYH��LW�VHHPV�VDIH�WR�FRQFOXGH�WKDW�WKH�KDUG�GLVN

QHHG�QRW�EH�D�SHUIRUPDQFH�ERWWOHQHFN�LQ�D�'9%�9&5�&RPER��EHFDXVH�LW�RQO\�QHHGV�WR�PHHW

WKH�IROORZLQJ�VSHFLILFDWLRQV�

��+DUG�GLVN�GULYH�UHTXLUHPHQWV�

5� ! ��0%\WH�V

tD � ���PV

6G �! ��*%\WH
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&KDSWHU��

���7DSH�GULYH�UHTXLUHPHQWV

7R� DVVHVV� WKH� EHKDYLRXU� RI� D� OLQHDU� WDSH� GULYH� LQ� D� '9%�9&5� ZH� ZLOO� DJDLQ� XVH� WKUHH

SDUDPHWHUV��DQDORJRXV�WR�WKH�KDUG�GLVN�PRGHOOLQJ�LQ�WKH�SUHYLRXV�FKDSWHU�

5� � FRQWLQXRXV�UHDG�ZULWH�GDWD�UDWH

tR � WLPH�RYHUKHDG�IRU�UHDGLQJ�ZULWLQJ�DQ�DUELWUDU\�SDUWLWLRQ

6W � WKH�WDSHV�WRWDO�VWRUDJH�FDSDFLW\

6S � WKH�VL]H�RI�D�WDSH�SDUWLWLRQ

%HFDXVH� WKH� WDSH�GULYH� LV�JRLQJ� WR�EH� WKH�ERWWOHQHFN� LQ�RXU� V\VWHP��ZH�ZLOO� ORRN� DW� VHYHUDO

DVSHFWV�RI�LWV�SHUIRUPDQFH�LQ�PRUH�GHWDLO�

�����6WRUDJH�FDSDFLW\

7KH�7DQGEHUJ�0/5��WDSH�SURYLGHV�D�VWRUDJH�FDSDFLW\�RI����*%\WH��FRUUHVSRQGLQJ�WR���KRXUV

RI�YLGHR�DW���0ELW�V���7KH�QHZ�0/5��PD\�EH�H[SHFWHG�WR�IHDWXUH�D�GRXEOHG�VWRUDJH�FDSDFLW\�

WKXV� RIIHULQJ� ��� KRXUV� RI� KLJK�TXDOLW\� YLGHR� RQ� D� VLQJOH� WDSH�� ZKLFK� LV� H[FHOOHQW� ZKHQ

FRPSDUHG�WR�WKH�SUHVHQW�9+6�UHFRUGHUV�

2WKHU�WDSH�UHFRUGLQJ�V\VWHPV��SDUWLFXODUO\�WKRVH�XVLQJ�KHOLFDO�VFDQ�UHFRUGLQJ�PD\�EH�H[SHFWHG

LQ�WKH�QHDU�IXWXUH�WR�DFKLHYH�WDSH�FDSDFLWLHV�RI�����*%\WH��$V�FDQ�EH�VHHQ�LQ�ILJXUH���EHORZ�

WKLV�FRUUHVSRQGV�WR�VHYHUDO�WHQV�RI�KRXUV�RI�YLGHR��&RPELQH�WKLV�ZLWK�D�WDSH�MXNHER[�ZKLFK�

ZKHQ�SURGXFHG� LQ�VXIILFLHQWO\� ODUJH�QXPEHUV��QHHG�QRW�EH�H[SHQVLYH�DW�DOO�� DQG�D�FRQVXPHU

&RPER�FDQ�KDYH�D�VWRUDJH�FDSDFLW\�RI�VHYHUDO�KXQGUHGV�RI�KRXUV��RSHQLQJ�WKH�ZD\�WR�TXLWH�D

QHZ�DSSURDFK�WR��YLGHR�UHFRUGLQJ�
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ILJXUH�����SOD\LQJ�WLPH�GHSHQGLQJ�RQ�WDSH�FDSDFLW\�DQG�YLGHR�GDWD�UDWH

�����7DSH�SDUWLWLRQLQJ�LQ�WKH�7DQGEHUJ�0/5��WDSH�GULYH

$Q�0/5��WDSH�FRQWDLQV�RI�D�QXPEHU�RI��SDUDOOHO�WUDFN�VHWV�DORQJ�WKH�OHQJWK�RI�WKH�WDSH��ZKHUH

WKH�RGG�DQG�HYHQ�WUDFN�VHWV�DUH� UHDG� LQ�RSSRVLWH�GLUHFWLRQV��7KLV� LV� UHIHUUHG� WR�DV�VHUSHQWLQH

UHFRUGLQJ��$V�VKRZQ�LQ�ILJXUH����RQH�RGG�DQG�RQH�HYHQ�WUDFN�VHW�FDQ�EH�FRPELQHG�LQWR�D�VLQJOH

SDUWLWLRQ��UHVXOWLQJ�LQ�D�WDSH�GLYLGHG�LQWR����SDUWLWLRQV�
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ILJXUH�����0/5��WDSH�SDUWLWLRQLQJ

7KH�DGYDQWDJH�RI� VXFK�D�SDUWLWLRQLQJ�VFKHPH� LV� WKDW� WKH�EHJLQQLQJ�RI�DOO�SDUWLWLRQV� LV� DW� WKH
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EHJLQQLQJ�RI�WDSH��%27���7KLV�PHDQV�WKDW�IURP�%27�DFFHVV�WR�DOO�SDUWLWLRQV�FDQ�EH�DFKLHYHG

LQ�D�PDWWHU�RI�VHFRQGV��WKH�YHUWLFDO�PRYHPHQW�RI� WKH�KHDG�LV�TXLWH�IDVW��� UDWKHU� WKDQ� WKH� WZR

PLQXWHV�QHHGHG�WR�ZLQG�WKH�HQWLUH�OHQJWK�RI�WDSH��:LWK�WKLV�SDUWLFXODU�WDSH�OD\RXW�LW�LV�WKHUHIRUH

DGYDQWDJHRXV� WR�GLYLGH� WKH�YLGHR�GDWD�RI�D�SURJUDP�RYHU� VHYHUDO�SDUWLWLRQV��DOZD\V�FRS\LQJ

HQWLUH�SDUWLWLRQV�IURP�DQG�WR�WKH�KDUG�GLVN��,Q�WKLV�ZD\�WKH�DFFHVV�WLPH�UHTXLUHG�WR�UHDG�D�VLQJOH

SDUWLWLRQ��LQFOXGLQJ�VRPH�RYHUKHDG�IRU�WXUQ�DURXQG�DW�WKH�HQG�RI�WKH�WUDFN�DQG�RQH�RU�WZR�UHDG

UHWULHV��FDQ�EH�DV�ORZ�DV����VHFRQGV��$W�WKH�HQG�RI�D�SDUWLWLRQ��WKH�WDSH�LV�DXWRPDWLFDOO\�DW�WKH

EHJLQQLQJ�RI�DQ\�RWKHU�SDUWLWLRQ�

7KH�VL]H�RI�WKH�SDUWLWLRQV�RQ�D����*%\WH�WDSH�HTXDOV�����0%\WH��ZKLFK�UHSUHVHQWV���PLQXWHV

RI�SOD\LQJ� WLPH�DW���0ELW�V��DQ�DFFHSWDEOH�HOHPHQWDU\�XQLW��5HPHPEHU� WKDW�D�YLGHR�SURJUDP

ZLOO� DOZD\V� RFFXS\� DQ� LQWHJHU� QXPEHU� RI� SDUWLWLRQV� RQ� WDSH�� DQG� LI� D� SDUWLWLRQ� LV� XVHG� RQO\

SDUWO\�E\�D�SURJUDP�� WKH�UHVW�RI� WKH�SDUWLWLRQ�FDQQRW�EH�XVH�DQ\PRUH��$�FRQVXPHU�ZRXOG�EH

GLVDSSRLQWHG�LI�D���PLQXWH�UHFRUGLQJ�ZRXOG�RFFXS\����PLQXWHV�RI�SOD\LQJ�WLPH�RQ�WDSH��EXW

��PLQXWHV�ZRXOG�EH�DFFHSWDEOH�

7KH�GLVDGYDQWDJH�RI�WKH�VHUSHQWLQH�SDUWLWLRQLQJ�VFKHPH�LV�WKH�ORQJ�GHOD\�WKDW�FDQ�RFFXU�EHIRUH

D� QHZ� SURFHVV� PD\� EHJLQ�� ,I� WKH� WDSH� LV� EXV\� FRS\LQJ� D� SDUWLWLRQ�� D� QHZ� SURFHVV� FDQQRW

FRPPHQFH�EHIRUH� WKLV�FRS\LQJ� LQ�FRPSOHWHG�� ,Q� WKH�FDVH�RI� WKH�0/5��� WKLV�PD\� WDNH�XS� WR

��PLQXWHV� �VHH� WKH� VSHFLILFDWLRQV� LQ� $SSHQGL[� $��� ,I� WKH�0/5�¶V� VXFFHVVRUV� LQFUHDVH� WKHLU

FDSDFLW\� E\� XVLQJ� PRUH� WDSH�� WKLV� ��PLQXWHV� GHOD\� ZLOO� EH� IXUWKHU� LQFUHDVHG� WR� SHUKDSV

XQDFFHSWDEO\� ORQJ� � SHULRGV�� ,Q�RUGHU� WR� UHGXFH� WKLV� GHOD\�� WKH�SDUWLWLRQLQJ� VFKHPH�FRXOG� EH

HDVLO\�DOWHUHG�WR�JDLQ�D�IDFWRU�WZR��DV�LV�VNHWFKHG�LQ�ILJXUH����E\�OHWWLQJ�DOO�SDUWLWLRQV�EHJLQ�LQ

WKH�PLGGOH�RI� WKH� WDSH�UDWKHU� WKDQ�DW� WKH�EHJLQQLQJ��1RWH��KRZHYHU�� WKDW� WRR�VPDOO�SDUWLWLRQV

ZLOO�UHGXFH�WKH�HIIHFWLYH�GDWD�UDWH��DV�LV�H[SODLQHG�LQ�WKH�QH[W�VHFWLRQ�

�����7KURXJKSXW�DQG�DFFHVV�WLPH

$QDORJRXV� WR� WKH� KDUG� GLVN� SHUIRUPDQFH� GHVFULEHG� LQ� WKH� SUHYLRXV� FKDSWHU�� WKH� WDSH� GULYHV

HIIHFWLYH� GDWD� UDWH� WRR� LV� UHGXFHG� E\� WKH� DFFHVV� WLPH� RYHUKHDG��:H� DUULYH� DW� DQ� H[SUHVVLRQ

DOPRVW� LGHQWLFDO� WR� HTXDWLRQ����� GHVFULELQJ� WKH� HIIHFWLYH� GDWD� UDWH� LQ� WHUPV� RI� FRQWLQXRXV

WKURXJKSXW��SDUWLWLRQ�VL]H�DQG�DFFHVV�WLPH�RYHUKHDG�
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DVVXPLQJ�D�WLPH��RYHUKHDG�tR�SHU�SDUWLWLRQ�RI�VL]H�6S�

)LJXUH���VKRZV�KRZ�WKH�HIIHFWLYH�WKURXJKSXW�GURSV�ZKHQ�WKH�VL]H�RI�WKH�SDUWLWLRQV�LV�VPDOO��,Q

WKH�FDVH�RI�WKH�0/5���WKH�GDWD�UDWH�LV����0ELW�V�DQG�WKH�VL]H�RI�WKH�SDUWLWLRQV�LV�����0%\WH�

UHVXOWLQJ�LQ�DQ�HIIHFWLYH�PD[LPXP�WKURXJKSXW�RI��DERXW����0ELW�V��ZKLFK�LV�QRW�TXLWH�HQRXJK
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WR�VXVWDLQ��WZR���0ELW�V�YLGHR�VWUHDPV���$�GDWD�UDWH�RI����0ELW�V�ZRXOG�EH�VXIILFLHQW���EXW�RQO\

MXVW�� 7KH� 0/5�� FDQ� VXVWDLQ� WZR� ��0ELW�V� VWUHDPV�� ZKLFK� FDQ� VWLOO� EH� XVHIXO� IRU� VRPH

WUDQVPLVVLRQV�

,Q� RUGHU� WR� VXVWDLQ� WZR� VWUHDPV� RI� � ��0ELW�V�� DQ� HIIHFWLYH� GDWD� UDWH� RI� ���0ELW�V� PXVW� EH

DFKLHYHG��ZKLFK�PHDQV� WKDW� D� FRQWLQXRXV� GDWD� UDWH� RI� ���0ELW�V� �����0%\WH�V�� LV� UHTXLUHG�

DVVXPLQJ�����0%\WH�SDUWLWLRQV�

:KHQ� D� '9%�9&5� &RPER� LV� HTXLSSHG� ZLWK� D� WDSH� MXNHER[�� WKH� DFFHVV� WR� D� SDUWLWLRQ� RQ

DQRWKHU� WDSH�PD\�EH� TXLWH� D� ELW� VORZHU� WKDQ� WR� D� SDUWLWLRQ� RQ� WKH� VDPH� WDSH��7KH� ���V� WLPH

RYHUKHDG�XVHG� LQ� ILJXUH���PD\� WKHQ�EH� LQFUHDVHG� WR� SHUKDSV� HYHQ� ���V��ZLWK� TXLWH� GUDPDWLF

UHVXOWV�
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ILJXUH�����2SWLRQ�IRU�LPSURYHG�WDSH�SDUWLWLRQLQJ
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ILJXUH���� HIIHFWLYH�WDSH�GULYH�GDWD�UDWH�GHSHQGLQJ�RQ�SDUWLWLRQ�VL]H�DQG�UHDG�ZULWH

GDWD�UDWH��D�WLPH�RYHUKHDG��tR� ����V�SHU�SDUWLWLRQ�ZDV�DVVXPHG�
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,Q� VXPPDU\�� ZH� FDQ� FRQFOXGH� WKDW� D� IXWXUH� WDSH� GULYH� VKRXOG� PHHW� DW� OHDVW� WKH� IROORZLQJ

VSHFLILFDWLRQV�LQ�RUGHU�WR�VDWLVI\�WKH�QHHGV�RI�WKH�'9%�9&5�DSSOLFDWLRQ�

��7DSH�GULYH�GULYH�UHTXLUHPHQWV�

5� ! ���0ELW�V �UDWKHU�����0ELW�V�

tR � ���V

6W �! ���*%\WH

6S ! ����0%\WH

�����7DSH�QRLVH

$�ODVW�LVVXH��WKRXJK�QRW�D�WHFKQLFDO�SHUIRUPDQFH�ERWWOHQHFN��LV�WKH�DPRXQW�RI�QRLVH�SURGXFHG

E\� WDSH� GULYHV�� $OWKRXJK� QRW� GLVWXUELQJ� LQ� D� 3&� HQYLURQPHQW�� QRLVH� LV� YHU\� DQQR\LQJ� LQ� D

9&5�� &RQVXPHUV� DUH� XVHG� WR� H[WUHPHO\� TXLHW� 9+6� UHFRUGHUV�� DQG� WKH� UDFNHW� SURGXFHG� E\

FRPSXWHU� SHULSKHUDOV� ZRXOG� EH� TXLWH� XQDFFHSWDEOH�� 6LQFH� QRLVH� UHGXFWLRQ� KDV� QHYHU� EHHQ

PXFK� RI� DQ� LVVXH� LQ� 3&� SHULSKHUDOV�� RQH� PLJKW� H[SHFW� WKDW� WKHUH� LV� DPSOH� URRP� IRU

LPSURYHPHQW�
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&KDSWHU��

���&RQFOXVLRQV

7KH�DUJXPHQWV�SUHVHQWHG�LQ�WKH�SUHYLRXV�FKDSWHUV�VKRZ�WKDW��LQ�WHUPV�RI�WKURXJKSXW��WKH�WDSH

GULYH�LV�WKH�SHUIRUPDQFH�ERWWOHQHFN�LQ�D�'9%�9&5��ZKLFK�LV�WKH�PRVW�GHPDQGLQJ�DSSOLFDWLRQ

SUHVHQWO\�XQGHU�VWXG\��LQ�WKH�60$6+�SURMHFW�

$Q\�FRPPRQ�KDUG�GLVN�ZLOO�VXIILFH�LQ�WKLV�DSSOLFDWLRQ��SURYLGHG�WKDW�GDWD�LV�FRSLHG�LQ�EORFNV

RI� ���N%\WH� RU�PRUH�� LQ� RUGHU� WR� SUHYHQW� H[FHVVLYH� WLPH�ZDVWH� RQ� VHHNLQJ� WKH� GDWD�� ZKLFK

ZRXOG� UHVXOW� LQ�DQ�XQGHVLUDEOH� ORVV�RI�HIIHFWLYH� WKURXJKSXW��7KH� UHTXLUHPHQWV�� OLVWHG�EHORZ�

DUH�HDVLO\�PHW�E\�WRGD\¶V�KDUG�GLVNV�

��+DUG�GLVN�GULYH�UHTXLUHPHQWV�

5� ! ��0%\WH�V

tD � ���PV

6G �! ��*%\WH

,Q�WKH�WDSH�GULYH�UHGXFWLRQ�RI�WKH�HIIHFWLYH�GDWD�UDWH�E\�WLPH�ORVW�RQ�DFFHVVLQJ�WKH�GDWD�SOD\V�DQ

LPSRUWDQW�UROH��(YHQ�WKRXJK�WKH�VHUSHQWLQH�SDUWLWLRQLQJ�VFKHPH�XVHG�LQ�WKH�7DQGEHUJ�0/5�

UHGXFHV�WKH�DFFHVV�WLPH�RYHUKHDG�WR�D�PHUH����VHFRQGV�SHU�SDUWLWLRQ��WKH�HIIHFWLYH�GDWD�UDWH�RI

WKH�0/5��LV�QRW�TXLWH�VXIILFLHQW�WR�VXVWDLQ�WZR�'9%�YLGHR�VWUHDPV�RI�WKH�DYHUDJH���0ELW�V��OHW

DORQH�WKH�OLNHO\�PD[LPXP�RI���0ELW�V��,Q�RUGHU�WR�DFKLHYH�WKH�ODWWHU��WKH�WDSH�GULYHV�GDWD�UDWH

VKRXOG� EH� LQFUHDVHG� WR� ���0ELW�V�� RU� ����0%\WH�V�� ,I� D� WDSH� FKDQJHU� LV� WR� EH� XVHG�� VSHFLDO

SUHFDXWLRQV� PXVW� EH� WDNHQ� WR� DYRLG� D� IXUWKHU� UHGXFWLRQ� RI� WKH� HIIHFWLYH� GDWD� UDWH�� 7KH

UHTXLUHPHQWV�DUH�OLVWHG�EHORZ�
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��7DSH�GULYH�UHTXLUHPHQWV�

5� ! ���0ELW�V �UDWKHU�����0ELW�V�

tR � ���V

6W �! ���*%\WH

6S ! ����0%\WH
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$SSHQGL[�$

$��7DQGEHUJ�0/5��VSHFLILFDWLRQV

7KH�WDSH�GULYH�XVHG�LQ�WKH�60$6+�SURMHFW�LV�WKH�0/5���7DQGEHUJ�ODWHVW�VKRZ�SLHFH�ZKLFK

VWRUHV����*E\WH�RI�GDWD�RQ�D�4XDUWHU�,QFK�&DUWULGJH��4,&���7KH�GULYHV�PDLQ�IHDWXUHV�DUH�OLVWHG

EHORZ�

&DSDFLW\ � ���*E\WH�QDWLYH

5HDG�:ULWH�5DWH � ����0E\WH�V

,QWHUIDFH � 6&6,��������0E\WH�V�

7DSH�6SHHG � ����LSV���UHDG�ZULWH�ZLQG�UHZLQG�

7DSH�/HQJWK � �����IHHW

5HFRUGLQJ�)RUPDW � 4,&����*%������WUDFNV�����������IUSL�����������ESL�

3DUWLWLRQV � PD[�����SDUWLWLRQV������0%\WH�

'DWD�%XIIHU � ��0E\WH����0E\WH�RSWLRQDO�


