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$EVWUDFW

3KRWR� UHDOLVWLF� DOJRULWKPV� DV� XVHG� LQ� &RPSXWHU� *UDSKLFV� DUH� UHVRXUFH�KXQJU\�� 7KH� PRVW
SURPLVLQJ�ZD\�RI�UHVRXUFLQJ�WKHVH�DOJRULWKPV�LV�E\�XVLQJ�SDUDOOHO�GLVWULEXWHG�PDFKLQHV�

5D\� WUDFLQJ� LV� ZLGHO\� XVHG� ERWK� GLUHFWO\� WR� DGGUHVV� VSHFXODU� UHIOHFWLRQ� UHDOLVWLFDOO\� DQG
LQGLUHFWO\� LQ� IRUP�IDFWRU� FDOFXODWLRQ� LQ� UDGLRVLW\�� VR� LV� SUHVHQW� LQ� WKH� PRVW� SRZHUIXO� EXW� PRVW
FRPSXWDWLRQDOO\�H[SHQVLYH�JOREDO� LOOXPLQDWLRQ�DOJRULWKPV�XVHG� WRGD\��%RWK� UD\� WUDFLQJ� DQG� UDGLRVLW\
WKXV�EHQHILW�IURP�LPSURYHPHQWV�LQ�WKH�HIILFLHQF\�RI�WKH�UD\�FDVWLQJ�FRPSRQHQW�ZKLFK�FDQ�UHVXOW�IURP�D
JRRG�PDSSLQJ�RQWR�GLVWULEXWHG�UHVRXUFHV�

7ZR� GLVWLQFW� DOJRULWKPV� KDYH� EHHQ� DGYRFDWHG� IRU� WKLV� SXUSRVH�� REMHFW� GDWDIORZ� DQG� UD\
GDWDIORZ��EXW�WKHUH�LV�QR�FRPSDUDWLYH�OLWHUDWXUH��+HUH�ZH�RIIHU�D�PHWKRG�IRU�FRPSDULVRQ�IURP�ZKLFK�ZH
GHULYH� WKH�PHDQV�E\�ZKLFK� WKH\� FDQ�EH� FRPELQHG� WR�JLYH� D�PRUH� HIIHFWLYH�� G\QDPLFDOO\�GHWHUPLQHG
EDODQFLQJ� RI� ORDG� RYHU� DOO� UHVRXUFHV� WKDQ� ZRXOG� EH� SRVVLEOH� ZLWK� HLWKHU� PHWKRG� DORQH�� 7KH� SDSHU
FRQFOXGHV�ZLWK�D�GLVFXVVLRQ�RI�UHVXOWV�REWDLQHG�IRU�WKLV�QHZ�DOJRULWKP�RQ�D�VHW�RI�VWDQGDUG�VFHQHV�

.H\�ZRUGV

&RPSXWHU�JUDSKLFV��UHQGHULQJ��UD\�WUDFLQJ��SDUDOOHOLVP��'03&��033��ORDG�EDODQFLQJ��UDGLRVLW\�
FRPSXWDWLRQ�PRGHO�

���,QWURGXFWLRQ

5HQGHULQJ�DOJRULWKPV�XVHG�LQ�FRPSXWHU�JUDSKLFV�DUH�H[SHQVLYH�LQ�WLPH�DQG�PHPRU\�UHVRXUFHV�
7KH� PRVW� SURPLVLQJ� ZD\� IRU� UHVROYLQJ� ERWK� RI� WKHVH� OLPLWDWLRQV� LV� WKH� XVH� RI� SDUDOOHO� GLVWULEXWHG
PDFKLQHV�

7KH� UD\� WUDFLQJ�DOJRULWKP� LV� WKH� ILUVW� SKRWR� UHDOLVWLF� DOJRULWKP� WR� VLPXODWH� VSHFXODU� UHIOHFWLRQ
DQG�UHIUDFWLRQ�WKURXJK�WUDQVSDUHQW�REMHFWV�>:K��@��ZKLFK�VWLPXODWHG�D�ORW�RI�UHVHDUFK�RQ�SDUDOOHOL]DWLRQ
RI� WKLV� DOJRULWKP�� 1RZ� QHZ� UHQGHULQJ� DOJRULWKPV� DUH� DSSHDULQJ�� ZKLFK� XVH� WKH� SDUDOOHOL]DWLRQ
WHFKQLTXHV�GHYHORSHG�IRU�UD\�WUDFLQJ�

:H�VWDUW� WKLV�SDSHU�E\�VWXG\LQJ� WKH� WZR�PRVW�SRSXODU�SDUDOOHO� DOJRULWKPV�XVHG� IRU� UHQGHULQJ�
1H[W�� ZH� GHVFULEH� D� FRPSXWDWLRQ� WLPH�PRGHO�ZKLFK� DOORZV� XV� WR� FRPSDUH� WKHVH� DOJRULWKPV�� DQG� WR
SURSRVH� DQ� RULJLQDO� DSSURDFK� WR� SDUDOOHOL]LQJ� UHQGHULQJ� DSSOLFDWLRQV� ZLWK� D� FRQFXUUHQW� DOJRULWKP�
ZKLFK� XVHV� ERWK� REMHFW� DQG� UD\� GDWDIORZ�� )LQDOO\�� ZH� SUHVHQW� H[SHULPHQWDO� UHVXOWV� REWDLQHG� E\� WKH
LPSOHPHQWDWLRQ�RI�RXU�QHZ�WHFKQLTXH�IRU�WKH�UD\�WUDFLQJ�DOJRULWKP�



���6RPH�HIILFLHQW�SDUDOOHO�DOJRULWKPV�IRU�UHQGHULQJ

2XU� SDSHU� GHDOV� ZLWK� WKH� SDUDOOHOL]DWLRQ� RI� UHQGHULQJ� DOJRULWKPV� RQ� SDUDOOHO� FRPSXWHUV� ZLWK
GLVWULEXWHG� PHPRU\� �)LJXUH� ���� %HFDXVH� ZH� ZDQW� WR� UHQGHU� SKRWR� UHDOLVWLF� TXDOLW\� SLFWXUHV�� ZH� DUH
FRQFHQWUDWLQJ� RQ� SDUDOOHO� PHWKRGV� ZKLFK� DOORZ� IRU� PRUH� SURFHVVLQJ� PHPRU\� DQG� &38� SRZHU�
$FFRUGLQJO\�ZH�ZLOO�QRW�EH�LQWHUHVWHG�LQ�SDUDOOHOL]DWLRQ�PHWKRGV�EDVHG�RQ�WKH�GXSOLFDWLRQ�RI�WKH�ZKROH
VFHQH�RQ�WKH�ORFDO�PHPRU\�RI�HYHU\�SURFHVVRU�RI�WKH�SDUDOOHO�PDFKLQH�

)LJXUH����$UFKLWHFWXUH�RI�D�SDUDOOHO�FRPSXWHU�ZLWK�GLVWULEXWHG�PHPRU\�

%HFDXVH� UD\� WUDFLQJ� ZDV� WKH� ILUVW� SKRWR� UHDOLVWLF� PHWKRG� EXW� YHU\� WLPH� FRQVXPLQJ�� D� ORW� RI
SDUDOOHOL]DWLRQ� WHFKQLTXHV�KDYH�EHHQ�SURSRVHG� IRU� WKLV� DOJRULWKP��6RPH�RI� WKHVH� WHFKQLTXHV� DUH� QRZ
XVHG� IRU� WKH� SDUDOOHOL]DWLRQ� RI� RWKHU� SKRWR� UHDOLVWLF�PRGHOV��PRVW� QRWDEOH� UDGLRVLW\� >*R����1L��� DQG
:D��@�

:H� ZLOO� QRZ� SUHVHQW� WKH� WZR� PDLQ� HIILFLHQW� SDUDOOHO� DOJRULWKPV� ZKLFK� FDQ� EH� XVHG� IRU� UD\
WUDFLQJ�DQG�RWKHU�UHQGHULQJ�PHWKRGV�

�����$OJRULWKPV�ZLWK�REMHFW�GDWDIORZ

2EMHFWV�GHVFULELQJ� WKH� VFHQH� WR�EH� UHQGHUHG� DUH�GLVWULEXWHG� DPRQJ� WKH� ORFDO�PHPRULHV�RI� WKH
SDUDOOHO�PDFKLQH��7KHQ�HDFK�SURFHVVRU�KDV�WR�FRPSXWH�D�VXEVHW�RI�DOO� LQGHSHQGHQW�FRPSXWDWLRQV��)RU
WKH�UD\�WUDFLQJ�DOJRULWKP��WKH�VXEVHW�LV�RI�WKH�SL[HOV�LQ�WKH�LPDJH�

%HFDXVH� WKH� VL]H� RI� WKH� GDWDEDVH� LV� VXSSRVHG� WR� EH� ELJJHU� WKDQ� WKH� VL]H� RI� D� VLQJOH� ORFDO
PHPRU\��FRPSXWDWLRQV�FDQQRW�EH�SHUIRUP�ZLWKRXW�FRPPXQLFDWLRQ��6R�ZKHQ�D�FRPSXWDWLRQ�FDQQRW�EH
SHUIRUPHG�EHFDXVH�RI�D�PLVVLQJ�REMHFW��WKLV�REMHFW�LV�IHWFKHG�RQ�WKH�RWKHU�ORFDO�PHPRU\�RI�WKH�SDUDOOHO
FRPSXWHU��7KHQ�WKH�SURFHVVRU�NHHSV�D�FRS\�RI�WKLV�REMHFW�LQ�LWV�ORFDO�PHPRU\��DQG�WKH�FRPSXWDWLRQ�FDQ
FRQWLQXH��,Q�WKLV�ZD\�HDFK�SURFHVVRU�FDQ�FRPSXWH�WKH�UD\V�ZKLFK�LW�KDV�LQ�FKDUJH�

7KLV�PHWKRG�LV�XVHG�LQ�UD\�WUDFLQJ�>*U����*U���DQG�%D��@��DQG�DOVR�LQ�WKH�SURJUHVVLYH�UDGLRVLW\
DOJRULWKP�>%R��@�

�����$OJRULWKPV�ZLWK�UD\�GDWDIORZ

7KH�SULQFLSOHV�RI� WKLV�DOJRULWKP�DUH�TXLWH�GLIIHUHQW�IURP�WKHVH�RI� WKH�SUHYLRXV�RQH��+HUH�HDFK
SURFHVVRU�LV�LQ�FKDUJH�RI�D�VXEVSDFH�RI�WKH��'�VSDFH�DQG�VR�RZQV�REMHFWV�ZKLFK�EHORQJ�WR�LWV�VXEVSDFH
LQ�LWV� ORFDO�PHPRU\��7KHQ�HDFK�SURFHVVRU�SHUIRUPV�RQO\�FRPSXWDWLRQV�ZKLFK�DUH� LQ� UHODWLRQ�ZLWK� WKH
REMHFWV�RI�LWV��'�VSDFH�

,QWHUFRQQHFWLRQ�QHWZRUN

0HPRU\

3URFHVVRU

0HPRU\

3URFHVVRU

0HPRU\

3URFHVVRU



:KHQ�D�FRPSXWDWLRQ�FDQ�RQO\�EH�SHUIRUPHG�E\�XVLQJ�DQ�REMHFW�EHORQJLQJ�WR�DQRWKHU�VXEVSDFH�
WKLV� FRPSXWDWLRQ� LV� VHQW� WR� WKH� SURFHVVRU� RZQLQJ� WKH� GDWD�� 7KHQ� WKLV� SURFHVVRU� ZLOO� FRQWLQXH� WKH
FRPSXWDWLRQ� XQWLO� WKLV� FRPSXWDWLRQ� QHHGV� DQ� REMHFW� IURP� DQRWKHU� VXEVSDFH�� %\� WUDYHOOLQJ� IURP
SURFHVVRU�WR�SURFHVVRU�FRPSXWDWLRQV�FDQ�EH�IXOO\�SHUIRUPHG�

0DQ\�GLIIHUHQW�DOJRULWKPV�EDVHG�RQ�WKLV�DSSURDFK�KDYH�EHHQ�SURSRVHG� IRU� UD\� WUDFLQJ�>.R���
6D����,V����/H���DQG�%D��@��EXW�DOVR�IRU�SURJUHVVLYH�UDGLRVLW\�>*X��@�

�����&RQFOXVLRQ

:H�KDYH�VHHQ� WKDW� WKH� WZR� HIILFLHQW� FODVVLFDO� DOJRULWKPV� IRU� UD\� WUDFLQJ� DUH� DOVR�XVHG� IRU� WKH
SDUDOOHOL]DWLRQ�RI�WKH�SURJUHVVLYH�UDGLRVLW\�DOJRULWKP��1RZ�ZH�ZRXOG�OLNH�WR�NQRZ�ZKLFK�RQH�RI�WKHVH
SDUDOOHO�DOJRULWKPV�LV�WKH�PRVW�HIILFLHQW��8QIRUWXQDWHO\��WKH�OLWHUDWXUH�GRHV�QRW�JLYH�D�SURSHU�DQVZHU�WR
WKLV�SUREOHP�

���0RGHO�DQG�DQDO\VLV�RI�WKH�WZR�GDWDIORZ�VFKHPHV

:H�GR�QRW�NQRZ�ZKLFK�RI�WKHVH�FODVVLFDO�DOJRULWKPV�LV�WKH�PRVW�HIILFLHQW�DQG�ZH�GR�QRW�ZDQW�WR
FKRRVH� DUELWUDULO\� EHWZHHQ� WKHP�� 6R� ZH� ZLOO� SURSRVH� RXU� RZQ� FRPSDULVRQ�� 7KH� LPSOHPHQWDWLRQ� RI
WKHVH� WZR�DOJRULWKPV�EHLQJ� D�KHDY\� WDVN��ZH� WKRXJKW� WKDW� LW�ZRXOG�EH�HDVLHU�DQG�HIILFLHQW�HQRXJK� WR
SHUIRUP� D� FRPSOH[LW\� DQDO\VLV� RI� WKH� WZR� VFKHPHV�� 7KLV� DQDO\VLV� OHDGV� XV� WR� D� PRGHO� RI� WKH
FRPSXWDWLRQ�WLPH�RI�WKH�GDWDIORZ�DOJRULWKPV��:H�XVH�WKH�UD\�WUDFLQJ�H[DPSOH�LQ�RUGHU�WR�OLPLW�RXU�ILHOG
RI�LQYHVWLJDWLRQ�

�����$OJRULWKPV�DQG�DVVXPSWLRQV

2XU�PRGHOV�DUH�IRU�D�TXDOLWDWLYH�FRPSDULVRQ�SXUSRVH�RQO\��:H�MXVW�ZDQW�WR�GHWHUPLQH�ZKLFK�RI
WKH�WZR�SDUDOOHO�GDWDIORZ�DOJRULWKPV�LV�WKH�PRVW�HIILFLHQW�

,Q� RUGHU� WR� EH� DEOH� WR� SURSRVH�PRGHOV� IRU� WKHVH� WZR� DOJRULWKPV��ZH� VLPSOLI\� WKH� UD\� WUDFLQJ
DOJRULWKP�

$W� ILUVW� WKH� UD\� WUDFLQJ� DOJRULWKP�PD\� EH� VHHQ� DV� D� ORRS�� ZKHUH�� DW� HDFK� VWHS�� D� UD\�REMHFW
LQWHUVHFWLRQ� LV�SHUIRUPHG� IRU� DOO� UD\V�ZKLFK� KDYH� EHHQ� JHQHUDWHG��$� UD\�REMHFW� LQWHUVHFWLRQ� LQYROYHV
REYLRXVO\� WKH� LQWHUVHFWLRQ� FRPSXWDWLRQ�� EXW� DOVR� PHVVDJH� SDVVLQJ� PD\� EH� SHUIRUPHG� EHIRUH� WKLV
FRPSXWDWLRQ��LI�WKH�UD\�RU�WKH�REMHFW�LV�UHPRWH�

'XULQJ�WKH�SUHSURFHVVLQJ�VWHS�HDFK�REMHFW�LV�DVVRFLDWHG�WR�D�VLQJOH�SURFHVVRU��ZKLFK�DOORZV�HDFK
SURFHVVRU�WR�NQRZ�ZKHUH�WR�JHW�D�PLVVLQJ�REMHFW�

%HLQJ� LQWHUHVWHG� LQ�D�FRPSDULVRQ�EHWZHHQ� WKH� WZR�DOJRULWKPV�� WKH�JHQHUDWLRQ�RI� VKDGRZ�UD\V
DQG�UHIUDFWHG�UD\V�ZRXOG�RQO\�FRPSOLFDWH�WKH�DOJRULWKPV�ZLWKRXW�DGGLQJ�DQ\�UHOHYDQW�LQIRUPDWLRQ��VR
ZH�ZLOO�QRW�GHDO�ZLWK�WKHP�

)LQDOO\�QR�G\QDPLF�ORDG�EDODQFLQJ�VFKHPHV�DUH�VXSSRVHG�WR�EH�LPSOHPHQWHG�RQ�WKH�DOJRULWKPV
ZH�VWXG\�

:H�GHVFULEH�QRZ�WKH�WZR�DOJRULWKPV�WR�ZKLFK�ZH�DUH�JRLQJ�WR�JLYH�D�FRPSXWDWLRQ�WLPH�PRGHO�

��� 2EMHFWV�DUH�GLVWULEXWHG��HDFK�RI� WKH�QE�SURFHVVRUV� UHFHLYLQJ� D� IL[HG�SHUFHQWDJH��[�� RI� WKH
VFHQH�REMHFWV�

��� 7KH�Q��SULPDU\�UD\V�DUH�GLVWULEXWHG��HDFK�SURFHVVRU�UHFHLYLQJ�Q��QE�UD\V�
��� $W�HDFK�VWHS�����[��RI�WKH�UD\V�QHHG�REMHFWV�ZKLFK�DUH�QRW�RZQHG�E\�WKHLU�SURFHVVRU�
��� 7KHQ�DQ�REMHFW�RU�D�UD\�GDWDIORZ�VWUDWHJ\�LV�XVHG�



D��2EMHFW�GDWDIORZ�DOJRULWKP�

��(DFK� WLPH� D� UD\� QHHGV� DQ� REMHFW�� D� UHTXHVW� LV� VHQW� WR� WKH� SURFHVVRU� ZKLFK� RZQV� WKH
PLVVLQJ�REMHFW�

��7KLV� SURFHVVRU� VHQGV� EDFN� D� FRS\� RI� WKH� PLVVLQJ� REMHFW� DQG� WKH� UD\� FRPSXWDWLRQ� LV
SHUIRUPHG�

E��5D\�GDWDIORZ�DOJRULWKP�

��5D\V� QHHGLQJ� DQ� REMHFW� DUH� VHQW� WR� WKH� SURFHVVRU� ZKLFK� RZQV� WKH� REMHFW� �UD\V� DUH
EXIIHUHG��HDFK�SURFHVVRU�VHQGV�RQO\�RQH�PHVVDJH�WR�HDFK�RI�WKH�RWKHU�SURFHVVRUV��

��:KHQ�DOO�UD\V�DUH�RQ�WKH�SURFHVVRU�SRVVHVVLQJ�WKH�QHHGHG�REMHFW��UD\�FRPSXWDWLRQV�DUH
SHUIRUPHG�

��� :KHQ�UD\�SURFHVVLQJ�LV�GRQH��WKH�UD\�LV�GHOHWHG�DQG�D�QHZ�UD\�LV�JHQHUDWHG��)URP�D�JLYHQ
VWHS�� UD\V� VWDUW� WR� GLVDSSHDU� EHFDXVH� LW� LV� VXSSRVHG� WKDW� WKH\� KDYH� ILQLVKHG� WKHLU� MRXUQH\
WKURXJK�WKH�VFHQH��$V�VXFK��VRPH�GHOHWHG�UD\V�DUH�QRW�UHSODFHG�

��� $IWHU�DOO�SURFHVVRUV�KDYH�ILQLVKHG�FRPSXWLQJ�WKHLU�UD\V��UHWXUQ�WR�VWHS�µ�¶�
��� 7HUPLQDWH�ZKHQ�DOO�UD\V�KDYH�GLVDSSHDUHG�

%HIRUH�SUHVHQWLQJ�RXU�FRPSXWDWLRQ�PRGHOV��ZH�SUHVHQW� VRPH�DVVXPSWLRQV� IRU� WKH�SDUDOOHO� UD\
WUDFLQJ�DOJRULWKPV�ZH�ZDQW�WR�PRGHO�

�� 2EMHFW�GLVWULEXWLRQ�LV�VXSSRVHG�WR�EH�ZHOO�EDODQFHG�
�� 7KH�QXPEHU�RI�UD\V�WR�EH�FRPSXWHG�LV�ODUJHU�WKDQ�WKH�QXPEHU�RI�REMHFWV�
�� $OO�REMHFWV�KDYH�WKH�VDPH�SUREDELOLW\�IRU�LQWHUVHFWLQJ�DW�HYHU\�VWHS�RI�FDOFXODWLRQ�
�� :H�DVVXPH�WKDW�WKH�VL]H�RI�DQ�REMHFW�LV�ELJJHU�WKDQ�WKH�VL]H�RI�D�UD\�DQG�WKDW�HDFK�REMHFW

KDV�WKH�VDPH�VL]H�
�� :H�DVVLJQ�D�IL[HG�FRPSXWDWLRQ�WLPH�WR�HYHU\�GLVWLQFW�RSHUDWLRQ�

�����&RPSXWDWLRQ�WLPH�PRGHOV

,Q�RUGHU� WR�FRPSDUH�WKH�WZR�FODVVLFDO�GDWDIORZ�DOJRULWKPV��ZH�SURSRVH� WZR�FRPSXWDWLRQ� WLPH
PRGHOV� IRU� WKH� SUHYLRXV� DOJRULWKPV�� 7KHVH� PRGHOV� DUH� EDVHG� RQ� UHFXUUHQFH� UHODWLRQV�� ZKLFK� JLYHV
FRPSXWDWLRQ�WLPH�IRU�WKH�REMHFW�DQG�UD\�GDWDIORZ�DOJRULWKPV��GHSHQGLQJ�RQ�WKH�SHUFHQWDJH�RI�REMHFWV
RZQHG�E\�HDFK�SURFHVVRU�DQG�RQ�WKH�QXPEHU�RI�SURFHVVRUV�

:H�XVH�WKH�IROORZLQJ�QRWDWLRQV�

Q��LV�WKH�WRWDO�QXPEHU�RI�UD\V�WR�FRPSXWH�DW�WKH�EHJLQQLQJ�RI�WKH�DOJRULWKP�
QE�LV�WKH�QXPEHU�RI�SURFHVVRUV�XVHG��QE>��
[�LV�WKH�IUDFWLRQ�RI�WKH�GDWDEDVH�RZQHG�E\�HDFK�SURFHVVRU��[�¶�@���@�
UL�M�N�LV�WKH�QXPEHU�RI�UD\V�ZKLFK�FDQQRW�EH�FRPSXWHG�RQ�SURFHVVRU�L�DW�VWDJH�N�ZLWKRXW�FRPPXQLFDWLRQ
ZLWK�WKH�SURFHVVRU�M�
QL�N�LV�WKH�QXPEHU�RI�UD\V�RZQHG�E\�WKH�SURFHVVRU�L�DW�VWDJH�N��QL�N�¶N�



,Q�WKH�IROORZLQJ��HTXDWLRQV�DUH�JLYHQ�IRU�WKH�SHUPDQHQW�UHJLPH��WKDW�LV�WKH�UHJLPH�LQ�ZKLFK�WKH
WRWDO�QXPEHU�RI�UD\V�LV�FRQVWDQW�RQ�WKH�VLPXODWHG�SDUDOOHO�PDFKLQH��(DFK�SURFHVVRU�RZQV�WKH�IUDFWLRQ�[
RI� WKH� GDWDEDVH�� VR� RQO\� [� RI� WKH� UD\V� EHLQJ� RQ� D� SURFHVVRU� L� FDQ� EH� FRPSXWHG� ZLWKRXW� DQ\
FRPPXQLFDWLRQ�

7KHQ�� ���[�� RI� WKH� UD\V� RZQHG� DW� VWHS� N��� FDQQRW� EH� FRPSXWHG� RQ� SURFHVVRU� L� ZLWKRXW� DQ\
FRPPXQLFDWLRQ��7KHUH�DUH�QE�SURFHVVRUV��VR�

7KH�SUHYLRXV�HTXDWLRQV�GR�QRW�LQYROYH�DQ\�ORDG�XQEDODQFH�EHWZHHQ�SURFHVVRUV��,Q�RUGHU�WR�KDYH
PRUH� UHDOLVWLF� PRGHOV�� ZH� DGG� D� YDULDEOH� zL�M�N� ZKLFK� PRGHOV� XQEDODQFLQJ� DW� HYHU\� VWHS� N� IRU� HDFK
SURFHVVRU�L�LQ�UHODWLRQ�ZLWK�D�SURFHVVRU�M��zL�M�N¶�>����@���7KH�SUHYLRXV�HTXDWLRQV�QRZ�EHFRPH�

���

1RZ�ZH�H[SUHVV�WKH�QXPEHU�RI�UD\V�Q�WKDW�D�SURFHVVRU�L�KDV�WR�FRPSXWH�DW�D�JLYHQ�VWHS�N�
)RU�WKH�REMHFW�GDWDIORZ�DOJRULWKP��WKLV�QXPEHU�LV�FRQVWDQW�LQ�WKH�SHUPDQHQW�UHJLPH�

%XW�IRU�WKH�UD\�GDWDIORZ�DOJRULWKP��WKLV�QXPEHU�LV�WKH�QXPEHU�RI�UD\V�QHHGLQJ�WKH�SURFHVVRU�L�LQ
RUGHU�WR�EH�FRPSXWHG�DW�VWHS�N�

���

7KH�HTXDWLRQ�����LV�WUXH�LI�zL�M�N�GRHV�QRW�LQGXFH�DQ\�FKDQJH�LQ�WKH�WRWDO�QXPEHU�RI�UD\V��6R�

���

%\�UHSODFLQJ�QL�N�LQ�WKH�HTXDWLRQ�����E\�WKH�H[SUHVVLRQ������ZH�JHW�
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)LQDOO\� LQ� UHSODFLQJ� UL�M�N� LQ� HTXDWLRQ� ���� E\� LWV� H[SUHVVLRQ� LQ� HTXDWLRQ� ����ZH� KDYH� D� UHODWLRQ
EHWZHHQ�WKH�zL�M�N��

���

1RZ�ZH�H[SUHVV�WKH�FRPSXWDWLRQ�WLPH�RI�HDFK�DOJRULWKP��0HVVDJH�SDVVLQJ�ZLWK�DV\QFKURQRXV
FRPPXQLFDWLRQ�LV�WKH�SURWRFRO�RI�FRPPXQLFDWLRQ�ZH�ZDQW�WR�VLPXODWH��6R�WKH�GDWD�WUDQVPLVVLRQ�FRVWV
DUH�QRW� UHOHYDQW� IRU� RXU� VWXG\�� QHYHUWKHOHVV�ZH� FDQQRW� LJQRUH� WKH� VWDUWXS� WLPHV� DQG� WKH� SDFNLQJ� DQG
XQSDFNLQJ�WLPHV��FRS\�RI�GDWD�WR�RU�IURP�D�FRPPXQLFDWLRQ�EXIIHU��

+HUH�LV�WKH�QRWDWLRQ�IRU�WKH�FRPSXWDWLRQ�WLPH�RI�HDFK�VLQJOH�RSHUDWLRQ�

7UD\�LV�WKH�FRPSXWDWLRQ�WLPH�RI�D�UD\�
7VHQGLQJ�DQG�7UHFHLSW�DUH�WKH�VWDUWXS�WLPHV�IRU�VHQGLQJ�DQG�UHFHLYLQJ�D�PHVVDJH�
7SDFNBREMHFW�DQG�7XQSDFNBREMHFW�DUH�SDFNLQJ�DQG�XQSDFNLQJ�WLPHV�IRU�DQ�REMHFW�
7SDFNBUD\�DQG�7XQSDFNBUD\�DUH�SDFNLQJ�DQG�XQSDFNLQJ�WLPHV�IRU�D�UD\�
7SDFNBUHT�DQG�7XQSDFNBUHT�DUH�SDFNLQJ�DQG�XQSDFNLQJ�WLPHV�IRU�DQ�REMHFW�UHTXHVW�

7KH�FRPSXWDWLRQ�WLPH�IRU�D�SURFHVVRU�L�WR�SHUIRUP�WKH�VWHS�M�XVLQJ�WKH�UD\�GDWDIORZ�DOJRULWKP�LV
QRWHG�E\�7&L�M��,WV�H[SUHVVLRQ�LV�

:H�FDQ�GHGXFH� WKDW� WKH�QHHGHG� WLPH�IRU�SHUIRUPLQJ�RQH�IXOO�VWHS� M� LV� WKH� WLPH�RI� WKH� VORZHVW
SURFHVVRU�DW�VWHS�M�

6R�WKH�FRPSXWDWLRQ�WLPH�IRU�SHUIRUPLQJ�DOO�VWHSV�ZLWK�WKH�UD\�GDWDIORZ�DOJRULWKP�LV�

1RZ� ZH� GR� WKH� VDPH� WKLQJ� IRU� WKH� REMHFW� GDWDIORZ� DOJRULWKP�� 7KH� FRPSXWDWLRQ� WLPH� IRU� D
SURFHVVRU�L�WR�SHUIRUP�WKH�VWHS�M�XVLQJ�WKH�REMHFW�GDWDIORZ�DOJRULWKP�LV�QRWHG�E\�72L�M��,WV�H[SUHVVLRQ�LV�

6R�WKH�FRPSXWDWLRQ�WLPH�IRU�SHUIRUPLQJ�DOO�VWHSV�ZLWK�WKH�REMHFW�GDWDIORZ�DOJRULWKP�LV�
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�����5HVXOWV

:H� WHVWHG� RXU�PRGHOV� IRU� YDULRXV� QXPEHUV�QE� RI� SURFHVVRUV� DQG� IRU� YDULRXV� IUDFWLRQV� RI� WKH
GDWDEDVH�RZQHG�E\�HDFK�SURFHVVRU�[��:H�PDGH� VHYHUDO� H[SHULPHQWV� E\� FKDQJLQJ� WKH� UDWLRV� EHWZHHQ
FRPSXWDWLRQ�WLPHV�RI�HDFK�VLQJOH�RSHUDWLRQ��:LWK�UHDOLVWLF�UDWLRV��ZH�DOZD\V�REWDLQHG�FKDUWV�ZLWK�WKH
IROORZLQJ�VKDSHV�

)LJXUH����&RPSDULVRQ�EHWZHHQ�WKH�WZR�FODVVLFDO�GDWDIORZ�DOJRULWKPV�XVLQJ�PRGHOV�

6KDGHG�DUHDV�RQ�)LJXUH���LQGLFDWH�ZKHWKHU� WKH�UD\�GDWDIORZ�RU�REMHFW�GDWDIORZ�DOJRULWKP�ZDV
PRUH�HIILFLHQW��)LUVW��ZH�VHH�WKDW�WKH�REMHFW�GDWDIORZ�VFKHPH�LV�EHVW�ZKHQ�HDFK�SURFHVVLQJ�HOHPHQW��3(�
GHDOV�ZLWK�D�ODUJH�SDUW�RI�WKH�VFHQH��7KH�UHVXOW�LV�UHYHUVHG�ZKHQ�SURFHVVRUV�KDYH�RQO\�D�VPDOO�SDUW�RI
WKH�VFHQH��)XUWKHUPRUH��ZH�QRWLFH�WKDW�LQFUHDVLQJ�WKH�QXPEHU�RI�SURFHVVRUV�VHHPV�WR�IDYRXU�WKH�REMHFW
GDWDIORZ�DOJRULWKP�

$OWKRXJK� RXU�PRGHO� LV� EDVHG� RQ� D� ORW� RI� VLPSOLILFDWLRQV� �QR� FRQVLVWHQF\�� QR� ORDG� EDODQFLQJ�
VWHS�E\�VWHS«���WKH�UHVXOWV�UDLVH�VRPH�TXHVWLRQV�

��� 6KRXOG�ZH�FKRRVH�EHWZHHQ�WKH�WZR�DOJRULWKPV�GHSHQGLQJ�RQ�WKH�QXPEHU�RI�SURFHVVRUV�DQG
WKH�VFHQH�GLVWULEXWLRQ"

��� 6KRXOG�ZH�FKRRVH�G\QDPLFDOO\��LQVWHDG�RI�GRLQJ�LW�DW�WKH�SUHSURFHVVLQJ�WLPH"

2XU� JRDO� LV� WR� SURSRVH� D� SDUDOOHO� DOJRULWKP� ZKLFK� FRXOG� EH� XVHG� IRU� D� ODUJH� UDQJH� RI
DSSOLFDWLRQV�� VR� RQO\� D� G\QDPLFDO� FKRLFH� VHHPV� WR� EH� VXLWDEOH�� :H� ZLOO� H[SORUH� WKLV� LGHD� LQ� WKH
IROORZLQJ�

(IILFLHQF\�]RQH
IRU�REMHFW GDWDIORZ

(IILFLHQF\�]RQH�IRU
UD\�GDWDIORZ

��RI�VFHQH�RZQHG�E\�HDFK�3(� ���

1E
RI
3(V

�

���



���$�FRQFXUUHQW�GDWDIORZ�DOJRULWKP

8VLQJ� UHVXOWV� REWDLQHG� SUHYLRXVO\�� ZH� JLYH� WKH� PDLQ� SULQFLSOHV� RI� WKH� FRQFXUUHQW� GDWDIORZ
DOJRULWKP�ZH�SURSRVH��)LQDOO\�ZH�VKRZ�VRPH�H[SHULPHQWDO� UHVXOWV�REWDLQHG�ZLWK� WKLV�QHZ�DOJRULWKP
LPSOHPHQWHG�IRU�WKH�UD\�WUDFLQJ�DOJRULWKP�

�����3ULQFLSOHV

3UHYLRXVO\�ZH� KDYH� VHHQ� WKDW� ERWK� GDWDIORZ� DOJRULWKPV�PD\� EH� XVHIXO� WR� LQFUHDVH� HIILFLHQF\
GHSHQGLQJ�RQ� WKH�QXPEHU�RI�SURFHVVRUV�DQG� WKH�VL]H�RI� WKH� ORFDO�PHPRU\�DYDLODEOH��7KDW� LV�ZK\�RXU
QHZ�DOJRULWKP�ZLOO�JLYH� WKH� DELOLW\� WR� HYHU\�SURFHVVRU� WR� FKRRVH� WKH�PRVW� HIILFLHQW� W\SH�RI�GDWDIORZ
G\QDPLFDOO\��7KLV�DURVH�IURP�WKH�GHYHORSPHQW�RI�D�SDUDOOHO�DOJRULWKP�WKDW�LQFOXGHG�WKH�WZR�PRGHV�RI
GDWDIORZ��L�H��D�FRQFXUUHQW�GDWDIORZ�DOJRULWKP�

:LWK� WKLV� DOJRULWKP�� HYHU\� SURFHVVRU� FDQ� H[FKDQJH� ERWK� REMHFWV� DQG� FRPSXWDWLRQV� DW� DQ\
PRPHQW��6R�WKH�NH\�LV�WKH�ZD\�WR�FKRRVH�EHWZHHQ�WKHVH�WZR�NLQGV�RI�GDWDIORZ�IRU�RSWLPDO�HIILFLHQF\�
7KLV�FKRLFH�KDV�WR�EH�JXLGHG�E\�WZR�PDLQ�JRDOV�

���.HHSLQJ�RSWLPDO�ORDG�EDODQFLQJ�EHWZHHQ�QRGHV�RI�WKH�SDUDOOHO�PDFKLQH�
���5HGXFLQJ�WKH�DPRXQW�RI�FRPPXQLFDWLRQ�

,Q�RUGHU�WR�DFKLHYH�WKHVH�JRDOV��HYHU\�SURFHVVRU�QHHGV�VHYHUDO�SDUDPHWHUV�IRU�REWDLQLQJ�RSWLPDO
FKRLFH��6RPH�DUH�ORFDO��EXW�RWKHUV�DUH�QRW��(YHU\�SURFHVVRU�QHHGV�WR�NQRZ�

���7KH�ORDG�RI�HYHU\�SURFHVVRU�
���7KH�QXPEHU�RI�FRPSXWDWLRQV�ZKLFK�FDQQRW�EH�FRPSXWHG�LQ�WKH�DEVHQFH�RI�FRPPXQLFDWLRQ�
���7KH�OLVW�RI�DOO�WKH�UHPRWH�REMHFWV�QHHGHG�IRU�WKH�FRPSXWDWLRQV�ZKLFK�FDQQRW�EH�SHUIRUPHG�

0RVW� RI� WKHVH� SDUDPHWHUV� FDQ� EH� FRPSXWHG� ORFDOO\�� EXW� WKH� ORDG� RQ� RWKHU� SURFHVVRUV� FDQQRW�
7KLV� QHZ� DOJRULWKP� QHHGV� D� VFKHPH�ZKLFK� DOORZV� HYHU\� SURFHVVRU� WR� NQRZ� WKH� ORDG� RI� WKH� RWKHUV�
)XUWKHUPRUH��FRQVLGHULQJ�WKDW�ZH�ZLVK�WR�ZRUN�DOVR�RQ�PDVVLYHO\�SDUDOOHO�PDFKLQHV��ZH�ZDQW�WR�DYRLG
³PDVWHU�VODYH�VFKHPHV´�EHFDXVH�LW�OHDGV�WR�FRPPXQLFDWLRQ�ERWWOHQHFNV��*OREDO�LQIRUPDWLRQ�VKRXOG�EH
WUDQVPLWWHG� E\� D� QRQ�FHQWUDOL]HG� VWUDWHJ\�� ZKLFK� DVVXUHV� VFDODELOLW\� DQG� GRHV� QRW� SURGXFH� H[WUD
PHVVDJHV��7KXV�HDFK�WLPH�D�PHVVDJH�LV�VHQW�EHFDXVH�REMHFWV�DUH�PLVVLQJ�� LW� LQFOXGHV�D�KHDGHU��ZKLFK
FRQWDLQV� WKH� ORDG� RI� WKH� VHQGHU� L�H�� WKH� QXPEHU� RI� FRPSXWDWLRQV� VWLOO� WR� EH� FRPSXWHG�� $IWHU� D� IHZ
PHVVDJHV��HDFK�SURFHVVRU�KDV�WKH�NQRZOHGJH�RI�WKH�ORDG�RI�HYHU\�RWKHU�SURFHVVRU�LQ�WKH�SDUDOOHO�V\VWHP�

:LWK� WKLV� VFKHPH�� HYHU\� SURFHVVRU� JHWV� VXIILFLHQWO\� SUHFLVH� LQIRUPDWLRQ� IRU� D� YHU\� ORZ� FRVW
�RQO\�WKH�VL]H�RI�PHVVDJHV�LV�LQFUHDVHG���8VLQJ�WKLV�LQIRUPDWLRQ�DQG�LWV�RZQ�SDUDPHWHUV�D�QRGH�KDV�WKH
FDSDELOLW\�WR�FKRRVH�EHWZHHQ�REMHFW�DQG�UD\�GDWDIORZ�DW�DQ\�LQVWDQW�



7KH�IROORZLQJ�LV�DQ�RXWOLQH�RI�WKH�DOJRULWKP�

,)�P\�ORDG�LV�VXSHULRU�WR�D�PLQLPDO�ORDG
�,�FDQ�VHQG�VRPH�FRPSXWDWLRQV�WR�SHUIRUP�WR�DQRWKHU�SURFHVVRU�

7+(1
)25�HYHU\�SURFHVVRUV

,)�P\�ORDG�LV�VXSHULRU�WR�WKH�SURFHVVRU�ORDG
7+(1

6HQG�FRPSXWDWLRQV�WR�WKH�SURFHVVRU
(1',)

(1')25
(1',)
)25�HYHU\�PLVVLQJ�SLHFH�RI�GDWD

�HDFK�SLHFH�RI�GDWD�LV�VXSSRVHG�WR�EH�RZQ�E\�D�VLQJOH�SURFHVVRU�
,)�WKH�QXPEHU�RI�FRPSXWDWLRQV�QHHGLQJ�WKH�SLHFH�RI�GDWD�LV�VXIILFLHQW
�7+(1

$VN�IRU�WKH�SLHFH�RI�GDWD
(1',)

(1')25

)RU�H[DPSOH�� LI�D�SURFHVVRU� LV�EXV\�� LW�ZLOO� FKRRVH� WR� VHQG�FRPSXWDWLRQV� WR�SURFHVVRUV�ZKLFK
KDYH� D� ORZHU� ORDG�� ,I� D� SURFHVVRU� LV� LGOH�� LW� ZLOO� FKRRVH� WR� DVN� IRU� REMHFWV� LQ� RUGHU� WR� SHUIRUP
FRPSXWDWLRQ�ORFDOO\�

)LQDOO\�� RXU� DOJRULWKP� RIIHUV� D� G\QDPLF� PDQDJHPHQW� RI� FRQFXUUHQW� GDWDIORZ�� ZKLFK
LQWULQVLFDOO\�DVVXUHV�G\QDPLF�ORDG�EDODQFLQJ�

�����([SHULPHQWDO�UHVXOWV

1RZ� WKDW� WKH� SULQFLSOHV� RI� RXU� DOJRULWKP� KDYH� EHHQ� H[SODLQHG��ZH� SUHVHQW� RXU� H[SHULPHQWDO
UHVXOWV��WKH�HQWLUH�UHVXOWV�FDQ�EH�IRXQG�LQ�>1H��@��

2XU�VWUDWHJ\�KDV�EHHQ�LPSOHPHQWHG�XVLQJ�WKH�VHTXHQWLDO�UD\�WUDFHU�2257�>:L��@��7KH�UHVXOWV
SUHVHQWHG�KHUH�KDYH�EHHQ�REWDLQHG�XVLQJ�D�&5$<�7�(�ZLWK�����SURFHVVRUV� LQWHUFRQQHFWHG�E\�D���'
WRUXV�WRSRORJ\��:H�XVHG�390�DV�D�PHVVDJH�SDVVLQJ�OLEUDU\��7KH�VL]H�RI�HDFK�SLFWXUH�LV����[����SL[HOV
DQG�WKH�PD[LPDO�UD\�GHSWK�LV����6FHQHV��L�H��0RXQWDLQ���5LQJ���7HWUDKHGURQ��DQG�7HWUDKHGURQ���FRPH
IURP�WKH�63'�GDWDEDVH�>+D��@�DQG�FRQWDLQ�EHWZHHQ�����DQG������REMHFWV�

������&RPSDULVRQ�EHWZHHQ�WKH�WZR�FODVVLFDO�DOJRULWKPV

2XU� QHZ� DOJRULWKP� LQFOXGLQJ� WKH� WZR� PRGHV� RI� GDWDIORZ�� VR� LW� LV� SRVVLEOH� E\� VHWWLQJ� VRPH
SDUDPHWHUV� WR� XVH� LW� LQ� HDFK� RI� WKH� FODVVLFDO�PRGHV�� ,Q� WKLV�ZD\��ZH� FDQ� FRPSDUH� WKH� WZR� FODVVLFDO
DOJRULWKPV� H[SHULPHQWDOO\� DQG� FKHFN� LI� WKH� UHVXOWV� REWDLQHG� DUH� VLPLODU� WR� WKRVH� REWDLQHG� E\� WKH
DQDO\WLFDO�PHWKRG�

7KH� FRPSDULVRQ� EHWZHHQ� WKHVH� WZR� DOJRULWKPV� LV� H[SUHVVHG� LQ� WHUP�RI� WKH� WLPH� SURILW� RI� WKH
REMHFW�GDWDIORZ�DOJRULWKP��GHILQHG�KHUH�DV� WKH�SURFHVVLQJ�WLPH�QHHGHG�E\�WKH�UD\�GDWDIORZ�DOJRULWKP
GLYLGHG�E\�WKH�SURFHVVLQJ�WLPH�QHHGHG�E\�WKH�REMHFW�GDWDIORZ�DOJRULWKP�

7KH� QH[W� ILJXUH� VKRZV� WKH� WLPH� SURILW� IRU� WKH� VFHQH�7HWUDKHGURQ�� XVLQJ� YDULRXV� QXPEHUV� RI
SURFHVVRUV�



)LJXUH����([SHULPHQWDO�FRPSDULVRQ�EHWZHHQ�WKH�WZR�FODVVLFDO�GDWDIORZ�DOJRULWKPV�

:H�ILQG�DJDLQ�WKH�UHVXOWV�RI�RXU�PRGHO��)LJXUH����
��� 7KH�REMHFW�GDWDIORZ�VFKHPH�LV� WKH�EHVW�ZKHQ�WKH�VFHQH� LV� OLJKWO\�SDUWLWLRQHG��ULJKW

VLGH�RI�)LJXUH����
��� 7KH� UD\� GDWDIORZ� VFKHPH� PD\� EH� WKH� EHVW� RQO\� ZKHQ� WKH� VFHQH� LV� H[WHQVLYHO\

SDUWLWLRQHG��OHIW�VLGH�RI�)LJXUH����
��� 7KH�REMHFW�GDWDIORZ�VFKHPH�LV�WKH�EHVW�ZKHQ�WKH�QXPEHU�RI�SURFHVVRUV�LV�KLJK�

2XU� FRPSXWDWLRQ� WLPH� PRGHO� DSSHDUV� WR� EH� HIILFLHQW� HQRXJK� WR� SUHGLFW� WKHVH� H[SHULPHQWDO
UHVXOWV��VR�ZH�FDQ�DVVXPH�WKDW�WKH�QHZ�DOJRULWKP�WR�ZKLFK�LW�FRQWULEXWHG�WR�FUHDWH�VKRXOG�EH�HIILFLHQW�

������5HVXOWV�SURYLGHG�E\�RXU�QHZ�DOJRULWKP

:H�FRPSDUH� WKH� UHVXOWV�JLYHQ�E\�RXU�FRQFXUUHQW�GDWDIORZ�DOJRULWKP�ZLWK� WKRVH�RI�D�FODVVLFDO
REMHFW�GDWDIORZ�DOJRULWKP��ZKLFK�DSSHDUV�WR�EH�PRUH�HIILFLHQW�WKDQ�WKH�FODVVLFDO�UD\�GDWDIORZ�DOJRULWKP
IRU� WKH� VWXGLHG� FRQILJXUDWLRQ� �D� PDFKLQH� ZLWK� ��� SURFHVVRUV��� 7KH� FRPSDULVRQ� EHWZHHQ� WKHVH� WZR
DOJRULWKPV�LV�H[SUHVVHG�LQ�WHUP�RI�WKH�WLPH�SURILW�RI�WKH�FRQFXUUHQW�GDWDIORZ�DOJRULWKP�

7KH�QH[W�ILJXUH�VKRZV�WKH�WLPH�SURILW�REWDLQHG�E\�WKH�FRQFXUUHQW�GDWDIORZ�DOJRULWKP�IRU�YDULRXV
VFHQHV�XVLQJ����SURFHVVRUV�RI�WKH�&5$<�7�(�

7LPH�SURILW�GHSHQGLQJ�RI�WKH�VFHQH�SDUWLWLRQ

�

�

�

�

�

�

�

�

� �� �� �� �� ���

3HUFHQWDJH�RI�VFHQH�RZQHG�E\�HDFK�SURFHVVRU

7
LP

H�
S
UR

IL
W ���3(V

���3(V

��3(V

��3(V



)LJXUH����7LPH�SURILW�GHSHQGLQJ�RI�WKH�VFHQH�SDUWLWLRQ�IRU�WKH�FRQFXUUHQW�GDWDIORZ�DOJRULWKP�

$W� ILUVW� LW� DSSHDUV� WKDW� ZKDWHYHU� VFHQH� LV� UHQGHUHG�� WKH� WLPH� SURILWV� SURYLGHG� E\� RXU� QHZ
DOJRULWKP� DUH� DOZD\V� TXLWH� KLJK�� WKH� SURFHVVLQJ� WLPH� RI� WKH�0RXQWDLQ�� VFHQH� KDV� EHHQ� GLYLGHG� E\
DOPRVW����0RUHRYHU�FKDUWV�KDYH�YHU\�VLPLODU�VKDSHV��ZKLFK�VXJJHVWV� WKDW� WKH�JHQHUDO�EHKDYLRU�RI� WKH
DOJRULWKP� LV� VFHQH� LQGHSHQGHQW�� 7KH� EHVW� UHVXOWV� DUH� REWDLQHG� ZKHQ� HDFK� SURFHVVRU� RZQV� D� ORZ
SHUFHQWDJH�RI� WKH�VFHQH��:KHQ�SURFHVVRUV�RZQ�OHVV� WKDQ� WKH�KDOI�RI� WKH�REMHFW�GDWDEDVH��SURILWV�YDU\
EHWZHHQ�����DQG������RWKHUZLVH�WKH\�DUH�EHWZHHQ�����DQG���

7KLV� IDFW� FDQ� EH� HDVLO\� H[SODLQHG� E\� WKH� ZD\� LQ� ZKLFK� JOREDO� LQIRUPDWLRQ� LV� WUDQVPLWWHG� WR
SURFHVVRUV�� 7KLV� LQIRUPDWLRQ� LV� GLVWULEXWHG� E\� PHVVDJHV� JHQHUDWHG� IRU� PLVVLQJ� REMHFWV�� :KHQ� HDFK
SURFHVVRU� RZQV� PRVW� RI� WKH� VFHQH� REMHFWV�� YHU\� IHZ� PHVVDJHV� DUH� VHQW�� VR� UHIUHVK� UDWHV� IRU� WKLV
LQIRUPDWLRQ�LV�TXLWH�ORZ��$FFRUGLQJO\�LWV�SUHFLVLRQ�PD\�QRW�EH�JRRG�HQRXJK�WR�SHUPLW�WKH�EHVW�FKRLFH
LQ� HYHU\� FDVH�� 2QH� VROXWLRQ� WR� UHVROYH� WKLV� ODFN� RI� SUHFLVLRQ� ZRXOG� EH� WR� JHQHUDWH� H[WUD� PHVVDJHV
SURYLGLQJ�ORDG�LQIRUPDWLRQ�ZKHQ�WKH�UHIUHVK�UDWH�LV�WRR�ORZ�

2XU�DOJRULWKP�QHHGV�D�VXIILFLHQW�IORZ�RI�FRPPXQLFDWLRQV�WR�UHDFK�LWV�KLJKHVW�HIILFLHQF\��:KHQ
WKHUH�LV� WRR�PXFK�FRPPXQLFDWLRQ���ZKHQ� OHVV� WKDQ������RI� WKH�VFHQH� LV�RZQHG�E\�HDFK�SURFHVVRU� ��
VRPH�PHVVDJHV�FDXVH�ZDLW�VWDWHV��7KHQ�WLPH�SURILWV�SURYLGHG�E\�RXU�DOJRULWKP�GHFUHDVH���1HYHUWKHOHVV
WKH\�FRQWLQXH�WR�EH�EHWWHU�WKDQ������

2QH�JRDO�RI�RXU�FRQFXUUHQW�DOJRULWKP�ZDV�WR�UHGXFH�FRPSXWDWLRQ�WLPH�E\�UHGXFLQJ�WKH�QXPEHU
RI� PHVVDJHV� ZKLFK� DUH� VHQW�� ,Q� WKH� QH[W� ILJXUH�� ZH� VKRZ� WKH�PHVVDJH� SURILWV� LQGXFHG� E\� RXU� QHZ
DOJRULWKP��GHILQHG�KHUH�DV� WKH�QXPEHU�RI�PHVVDJHV�VHQW�E\� WKH�REMHFW�GDWDIORZ�DOJRULWKP�GLYLGHG�E\
WKH�QXPEHU�RI�PHVVDJHV�VHQW�E\�WKH�FRQFXUUHQW�GDWDIORZ�DOJRULWKP�

7LPH�SURILW�GHSHQGLQJ�RI�WKH�VFHQH�SDUWLWLRQ
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)LJXUH����0HVVDJH�SURILW�GHSHQGLQJ�RI�WKH�VFHQH�SDUWLWLRQ�IRU�WKH�FRQFXUUHQW�GDWDIORZ�DOJRULWKP�

7KH�FKDUWV�RQ�ILJXUH���DUH�YHU\�VLPLODU�WR�WKHVH�RI�WKH�ILJXUH����ZKLFK�FOHDUO\�LQGLFDWHV�WKDW�RXU
FRQFXUUHQW�DOJRULWKP�LPSURYHV�FRPSXWDWLRQ�WLPHV�GXH�WR�WKH�UHGXFWLRQ�RI�PHVVDJH�QXPEHUV��0HVVDJH
SURILWV�DUH�EHWZHHQ�����DQG�����ZKHQ�SURFHVVRUV�KDYH�ORDGHG�OHVV�WKDQ�KDOI�RI�WKH�GDWDEDVH��$JDLQ�ZH
VHH�WKDW�ZDLWLQJ�IRU�PHVVDJHV�GHFUHDVHV�SURILWV�

2XU� DOJRULWKP�XVLQJ� FRQFXUUHQW� GDWDIORZ� JLYHV� YHU\� HQFRXUDJLQJ� UHVXOWV�� DV� WKH� FRPSXWDWLRQ
WLPH�IRU�UHQGHULQJ�SLFWXUHV�DQG�WKH�QXPEHU�RI�H[FKDQJHG�PHVVDJHV�DUH�UHGXFHG�E\�VLJQLILFDQW�IDFWRUV
LQ� UHODWLRQ� WR� D� FODVVLFDO� GDWDIORZ� DOJRULWKP�� 7KLV� UHGXFWLRQ� RI� WKH� PDJQLWXGH� RI� WKH� IORZ� RI� GDWD
FRPPXQLFDWLRQ�UHGXFHV�WKH�ULVN�RI�QHWZRUN�VDWXUDWLRQ�

7KH�SUHYLRXV�UHVXOWV�VKRZ�WKDW�RXU�DOJRULWKP�LV�HIILFLHQW�RQ�DQ�DUFKLWHFWXUH�RI����SURFHVVRUV��,Q
RUGHU� WR� H[SUHVV� LWV� VFDODELOLW\�� RQ� WKH� QH[W� ILJXUH� ZH� SUHVHQW� LWV� DFFHOHUDWLRQ� DV� D� IXQFWLRQ� RI� WKH
QXPEHU�RI�SURFHVVRUV��7KH�FKDUWV�DUH�JLYHQ�IRU�WKH�SLFWXUH�0RXQWDLQ��IRU�YDULRXV�SHUFHQWDJH�RI�VFHQH
RZQHG�E\�HDFK�SURFHVVRU�

0HVVDJH�SURILW�GHSHQGLQJ�RI�WKH�VFHQH�SDUWLWLRQ
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)LJXUH����6FDODELOLW\�RI�WKH�FRQFXUUHQW�GDWDIORZ�DOJRULWKP�IRU�YDULRXV�PHPRU\�VL]HV�

:KDWHYHU� WKH�SHUFHQWDJH�RI�VFHQH�RZQHG�E\�HDFK�SURFHVVRU�� WKH�DFFHOHUDWLRQ�EHWZHHQ����DQG
����SURFHVVRUV�LV�RYHU������6R�WKLV�DOJRULWKP�DSSHDUV�DV�EHLQJ�VFDODEOH�RQ�RXU�DUFKLWHFWXUH��7KDW�ZDV
SUHGLFWDEOH�EHFDXVH�RXU�DOJRULWKP�SURYLGHV�D� VLJQLILFDQW� UHGXFWLRQ�RI�FRPPXQLFDWLRQ�DQG�D�G\QDPLF
ORDG�EDODQFLQJ�VFKHPH�

���&RQFOXVLRQ�DQG�IXWXUH�ZRUN

,Q�WKLV�SDSHU��ZH�KDYH�VKRZQ�WKDW�WKH�FODVVLFDO�SDUDOOHO�DOJRULWKPV�XVHG�IRU�UD\�WUDFLQJ�PD\�EH
XVHG� IRU� RWKHU� UHQGHULQJ� DOJRULWKPV�� 7KHQ� ZH� SUHVHQWHG� D� PRGHO� IRU� VRPH� SDUDOOHO� UD\� WUDFLQJ
DOJRULWKPV��7KH�UHVXOWV�OHDG�XV�WR�SURSRVH�D�QHZ�SDUDOOHO�DOJRULWKP�IRU�UHQGHULQJ��EDVHG�RQ�FRQFXUUHQW
GDWDIORZ�

$V� SHUIRUPDQFHV� RQ� D� &5$<� 7�(� VKRZ�� WKH� LPSOHPHQWDWLRQ� RI� WKLV� DOJRULWKP� IRU� WKH� UD\
WUDFLQJ�DSSOLFDWLRQ�JLYHV�HQFRXUDJLQJ�UHVXOWV�VHHLQJ� WKDW� WKH�FRPSXWDWLRQ� WLPH�IRU�D�SLFWXUH�KDV�EHHQ
UHGXFH� E\� ���� LQ� UHODWLRQ� WR� WKH� SHUIRUPDQFH� RI� WKH� EHVW� FODVVLFDO� GDWDIORZ� DOJRULWKP�� 0RUHRYHU
FRPPXQLFDWLRQ�IORZV�DUH�VXEVWDQWLDOO\�UHGXFHG�DQG�WKH�DOJRULWKP�LV�VFDODEOH�

2XU� FRQFXUUHQW� VFKHPH� LV� FXUUHQWO\� XVHG� IRU� WKH� SDUDOOHOL]DWLRQ� RI� DQ� DOJRULWKP� RI� SDUWLFOH
VLPXODWLRQ�

6FDODELOLW\�IRU�YDULRXV�PHPRU\�VL]HV
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$FNQRZOHGJHPHQWV

:H� WKDQNV� (ULF� +DLQHV� IRU� VXSSO\LQJ� WKH� 63'� SDFNDJH� >+D��@� DQG� 'U�� -RKQ� 3DWWHUVRQ� IRU
KHOSIXO� FRPPHQWV� RQ� WKH� SDSHU�� 7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� &($� �&RPPLVDULDW� j� O¶(QHUJLH
$WRPLTXH��DQG�WKH�(06(��(FROH�GHV�0LQHV�GH�6DLQW�(WLHQQH��
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>%R��@ .��%RXDWFKRX��'��0HQDUG�DQG�7��3ULRO��3DUDOOHO�UDGLRVLW\�XVLQJ�D�VKDUHG�YLUWXDO�PHPRU\��)LUVW
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