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&RQILJXULQJ�VWRUDJH�VXEV\VWHPV�IRU�WKH�2UDFOH�GDWDEDVH�LV�DQ�XQQHFHVVDULO\�FRPSOH[�SURFHVV���,Q�WKH�FRQYHQWLRQDO
PHWKRGRORJ\��D�VWRUDJH�FRQILJXUDWLRQ�LV�FXVWRP�GHVLJQHG�IRU�HDFK�VLWH�EDVHG�RQ�GHWDLOHG�NQRZOHGJH�RI�WKH�DSSOLFDWLRQ�
7KLV�PHWKRGRORJ\�DVVLJQV�D�VSHFLILF�ORDG�WR�YDULRXV�VXEVHWV�RI�WKH�GDWDEDVH�VXFK�DV�ORJ�ILOHV��UROOEDFN�VHJPHQWV��LQGH[
WDEOHVSDFHV��GDWD�WDEOHVSDFHV��HWF��DQG�DVVLJQV�GLVNV�WR�WKHVH�VXEVHWV�EDVHG�RQ�WKHLU�ORDG�SURILOH���0DQ\�WUDGHRIIV�PXVW
EH�PDGH�ZKHQ�GHVLJQLQJ�D�VWRUDJH�FRQILJXUDWLRQ�XVLQJ�WKLV�PHWKRGRORJ\����,I�DQ�,2�HVWLPDWH�RU�DVVLJQPHQW�LV
LQFRUUHFW�WKHQ�SHUIRUPDQFH�FDQ�VXIIHU���7KLV�PHWKRGRORJ\�DOVR�UHTXLUHV�RQJRLQJ�ORDG�EDODQFLQJ�DV�WKH�GDWDEDVH�JURZV
DQG�WKH�DSSOLFDWLRQ�LV�PRGLILHG�

6WRUDJH�FRQILJXUDWLRQ�GRHV�QRW�KDYH�WR�EH�WKLV�FRPSOLFDWHG�

$�VLPSOH��HIILFLHQW��DQG�KLJKO\�DYDLODEOH�VWRUDJH�FRQILJXUDWLRQ�LV�SRVVLEOH���7KH�EDVLF�LGHD�RI�WKLV�FRQILJXUDWLRQ�LV�WR
PDNH�H[WHQVLYH�XVH�RI�VWULSLQJ�DFURVV�ODUJH�VHWV�RI�GLVNV�XVLQJ�D�PHWKRGRORJ\�WKDW�ZH�ZLOO�GHVFULEH�ODWHU���7R�DFKLHYH
KLJK�DYDLODELOLW\�WKH�GLVNV�VKRXOG�EH�PLUURUHG���:H�FDOO�WKLV�PHWKRGRORJ\�6�$�0�(���6$0(�VWDQGV�IRU�6WULSH�DQG
0LUURU�(YHU\WKLQJ�

7KH�6$0(�FRQILJXUDWLRQ�SURGXFHV�FORVH�WR�RSWLPDO�SHUIRUPDQFH�IRU�$//�ZRUNORDGV��2/73��:DUHKRXVH��DQG�%DWFK�
:H�EHOLHYH�WKDW�WKH�6$0(�FRQILJXUDWLRQ�ZLOO�EHFRPH�WKH�SUHGRPLQDQW�FRQILJXUDWLRQ�IRU�2UDFOH�GDWDEDVHV��2UDFOH�LV
ZRUNLQJ�ZLWK�OHDGLQJ�VWRUDJH�YHQGRUV�WR�RSWLPL]H�DQG�DXWRPDWH�WKLV�PHWKRGRORJ\�

7KLV�6$0(�PHWKRGRORJ\�LV�EDVHG�RQ�FDUHIXO�DQDO\VLV�RI�FXUUHQW�DQG�IXWXUH�VWRUDJH�WHFKQRORJ\��FRPELQHG�ZLWK�D
WKRURXJK�XQGHUVWDQGLQJ�RI�WKH�SHUIRUPDQFH�DQG�DYDLODELOLW\�UHTXLUHPHQWV�RI�WKH�2UDFOH�GDWDEDVH���7KLV�SDSHU
GHVFULEHV�WKH�WKLQNLQJ�DQG�UHDVRQLQJ�EHKLQG�WKH�6$0(�PHWKRGRORJ\���$Q�LPSOHPHQWDWLRQ�RI�WKH�LGHDV�GHVFULEHG�LQ
WKLV�SDSHU�PXVW�WDNH�LQWR�DFFRXQW�WKH�FDSDELOLWLHV�DQG�OLPLWDWLRQV�RI�WKH�FKRVHQ�VWRUDJH�PDQDJHPHQW�SURGXFWV��$
FRPSDQLRQ�SDSHU�GLVFXVVHV�ZRUN�WKDW�ZDV�MRLQWO\�SHUIRUPHG�E\�2UDFOH��9HULWDV��DQG�(0&�WR�WHVW�DQG�GRFXPHQW�D
VSHFLILF�LPSOHPHQWDWLRQ�RI�WKH�6$0(�PHWKRGRORJ\���7KDW�SDSHU�VHUYHV�DV�D�FRRNERRN�IRU�LPSOHPHQWLQJ�WKH�6$0(
PHWKRGRORJ\�XVLQJ�WKH�9HULWDV�9[90�YROXPH�PDQDJHU�DQG�WKH�(0&�6\PPHWUL[���7KDW�SDSHU�FDQ�EH�IRXQG�DW
KWWS���ZZZ�YHULWDV�FRP�RUDFOH�RU�KWWS���WHFKQHW�RUDFOH�FRP�GHSOR\�DYDLODELOLW\�OLVWLQJ�KWP�&ROODWHUDO�

',6.�%$6,&6�$1'�75(1'6
7KH�6$0(�FRQILJXUDWLRQ�LV�GHVLJQHG�WR�DFKLHYH�WKH�EHVW�SRVVLEOH�XWLOL]DWLRQ�RI�WKH�GLVN�GULYHV�LQ�D�VWRUDJH
FRQILJXUDWLRQ���6$0(�GRHV�QRW�DGGUHVV�LVVXHV�RI�FRQQHFWLYLW\�EHWZHHQ�WKH�KRVW�DQG�WKH�GULYHV���,Q�SUDFWLFH��GLVN
GULYHV�DUH�XVXDOO\�WKH�ERWWOHQHFN�IRU�UDQGRP�RSHUDWLRQV�EXW�FRQQHFWLYLW\�LV�VRPHWLPHV�WKH�ERWWOHQHFN�IRU�VHTXHQWLDO
WKURXJKSXW���6$0(�RSWLPL]HV�IRU�ERWK�UDQGRP�DFFHVV�DQG�VHTXHQWLDO�WKURXJKSXW���6LQFH�WKH�6$0(�PHWKRGRORJ\
GRHV�QRW�UHTXLUH�PDNLQJ�D�WUDGHRII�EHWZHHQ�DFFHVV�UDWH�DQG�WKURXJKSXW��LW�ZRUNV�ZHOO�HYHQ�LI�FRQQHFWLYLW\�OLPLWV�WKH
PD[LPXP�WKURXJKSXW�WR�OHVV�WKDQ�ZKDW�WKH�GLVN�GULYHV�FDQ�GHOLYHU�

7KH�SULPDU\�JRDO�RI�WKH�6$0(�PHWKRGRORJ\�LV�WR�RSWLPL]H�GLVN�XWLOL]DWLRQ���7KHUHIRUH��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG
WKH�EDVLF�FKDUDFWHULVWLFV�RI�GLVNV�DQG�KRZ�GLVN�WHFKQRORJ\�LV�HYROYLQJ���7KLV�VHFWLRQ�GHVFULEHV�VRPH�GLVN�GULYH�EDVLFV
DQG�WUHQGV�

'LVN�GULYHV�KDYH�D�IHZ�EDVLF�SURSHUWLHV�WKDW�FRQWURO�DQG�OLPLW�WKHLU�SHUIRUPDQFH���$�W\SLFDO�GLVN�RQ�WKH�PDUNHW�WRGD\
KDV�WKHVH�SURSHUWLHV�



Deploying, Managing, and Administering the Oracle Internet Platform

Paper #295

&DSDFLW\ ��*�WR���*��VRRQ����*�WR����*�GULYHV�ZLOO�EH�DYDLODEOH�

5RWDWLRQ�6SHHG ������530� ���PLOOLVHFRQG�DYHUDJH�URWDWLRQ�GHOD\

6HHN�7LPH ��PLOOLVHFRQG�WR����PLOOLVHFRQG�GHSHQGLQJ�RQ�GLVWDQFH�VHHNHG

7UDQVIHU�5DWH 9DULHV�E\�ORFDWLRQ�������0%�VHF�IRU�WKH�LQVLGH�WUDFNV�����0%�VHF�IRU�WKH�RXWVLGH�WUDFNV

7KHUH�DUH�D�IHZ�FOHDU�WUHQGV�WKDW�DUH�GULYLQJ�WKH�GLVN�DQG�VWRUDJH�LQGXVWULHV���7KHVH�DUH�VXPPDUL]HG�LQ�WKH�IROORZLQJ
WDEOH�

7UHQG ,PSOLFDWLRQ

'LVN�&DSDFLW\�LV�LQFUHDVLQJO\�UDSLGO\ %LJJHU�GDWDEDVHV�RQ�IHZHU�GLVN�GULYHV

&38�VSHHG�LV�LQFUHDVLQJ�UDSLGO\ 0RUH�,2V�LVVXHG�SHU�VHFRQG�SHU�&38

5$0�FDSDFLW\�LV�LQFUHDVLQJ�VORZHU�WKDQ�GLVN�FDSDFLW\ &DFKH�VL]H�ZLOO�JURZ�VPDOOHU�UHODWLYH�WR�GLVN�VWRUDJH

'LVN�SHUIRUPDQFH�LV�LQFUHDVLQJ�VORZO\ 3HUIRUPDQFH�ERWWOHQHFNV�ZLOO�LQFUHDVH

)HZHU�GULYHV��PRUH�,2V�SHU�VHFRQG��DQG�PRGHVW�GLVN�SHUIRUPDQFH�LQFUHDVHV�ZLOO�FDXVH�GDWDEDVH�SHUIRUPDQFH�WR
EHFRPH�LQFUHDVLQJO\�GLVN�OLPLWHG���,W�ZLOO�EH�FRPPRQSODFH�WR�FRQILJXUH�PDQ\�PRUH�GLVNV�IRU�D�GDWDEDVH�WKDQ�DUH
UHTXLUHG�WR�KROG�WKH�GDWDEDVH�GDWD���7KH�H[WUD�GLVNV�ZLOO�EH�GHSOR\HG�SXUHO\�IRU�WKH�H[WUD�WKURXJKSXW�WKH\�SURYLGH��QRW
WKH�VWRUDJH�FDSDFLW\��7KLV�DGGV�WR�WKH�H[SHQVH�RI�GHSOR\LQJ�D�KLJK�SHUIRUPDQFH�GDWDEDVH���7KHUHIRUH�LW�LV�LPSHUDWLYH
WKDW�WKH�GLVN�FRQILJXUDWLRQ�FKRVHQ�XVH�DOO�DYDLODEOH�GLVN�EDQGZLGWK�

237,0,=,1*�',6.�%$1':,'7+

7R�XVH�DOO�DYDLODEOH�GLVN�EDQGZLGWK�ZH�QHHG�WR�DGGUHVV�WZR�LVVXHV���2QH�LV�KRZ�WR�XVH�DOO�WKH�DYDLODEOH�GLVNV���7KH
RWKHU�LV�KRZ�WR�PDNH�PRVW�HIIHFWLYH�XVH�RI�HDFK�GLVN���:H�ZLOO�GLVFXVV�WKHVH�LVVXHV�LQ�WXUQ�

86,1*�$//�$9$,/$%/(�',6.6

7R�XVH�DOO�DYDLODEOH�GLVNV�WKH�GDWD�WR�EH�DFFHVVHG�PXVW�EH�VSUHDG�DFURVV�DV�PDQ\�GLVNV�DV�SRVVLEOH���$OO�GLVNV�LQ�WKH�GLVN
IDUP�VKRXOG�KDYH�URXJKO\�HTXLYDOHQW�XWLOL]DWLRQ���$Q\�GLVN�WKDW�LV�XVHG�PRUH�WKDQ�WKH�RWKHU�GLVNV�ZLOO�EHFRPH�D
ERWWOHQHFN�WR�SHUIRUPDQFH�

2QH�ZD\�WR�VSUHDG�GDWD�DFURVV�PDQ\�GLVNV�LV�WR�FUHDWH�URXJKO\�RQH�GDWDEDVH�ILOH�SHU�GLVN�DQG�XVH�FDUHIXO�VHJPHQW
DOORFDWLRQ�DQG�SDUWLWLRQLQJ�DW�WKH�GDWDEDVH�OHYHO�WR�VSUHDG�WKH�GDWDEDVH�WDEOHV�DFURVV�WKHVH�ILOHV���:KLOH�WKLV�FDQ�EH
GRQH�VXFFHVVIXOO\�LW�LV�D�YHU\�WHGLRXV�DQG�FXVWRPL]HG�SURFHVV�

$�PRUH�SUDFWLFDO�PHWKRG�LV�WR�PDNH�H[WHQVLYH�XVH�RI�YROXPH�OHYHO�VWULSLQJ�DFURVV�GLVN�GULYHV���0RGHUQ�YROXPH
PDQDJHUV�FDQ�VWULSH�DFURVV�PDQ\�WHQV�RU�KXQGUHGV�RI�GLVNV�ZKLOH�DGGLQJ�YHU\�OLWWOH�RYHUKHDG�WR�,2�RSHUDWLRQV�

$Q�H[WUD�EHQHILW�RI�XVLQJ�D�YROXPH�PDQDJHU�WR�VSUHDG�DFFHVV�DFURVV�GLVNV�LV�WKDW�GDWDEDVH�FDSDELOLWLHV�VXFK�DV
SDUWLWLRQLQJ�FDQ�EH�IRFXVHG�RQ�LQFUHDVLQJ�GDWDEDVH�OHYHO�SHUIRUPDQFH�DQG�DYDLODELOLW\�LQVWHDG�RI�VSUHDGLQJ�ORDG�DFURVV
GLVNV���)RU�H[DPSOH��SDUWLWLRQLQJ�FDQ�EH�XVHG�WR�LVRODWH�UHFHQW�GDWD�IURP�KLVWRULFDO�GDWD�

237,0,=,1*�6,1*/(�',6.�6(48(17,$/�3(5)250$1&(

0DQ\�SHRSOH�WKLQN�WKDW�RSWLPL]LQJ�VHTXHQWLDO�WKURXJKSXW�UHTXLUHV�VFDQQLQJ�VHTXHQWLDOO\�WKURXJK�DQ�HQWLUH�GLVN�RU�D
ODUJH�SRUWLRQ�RI�D�GLVN���7KLV�LV�QRW�WUXH�

7R�RSWLPL]H�VHTXHQWLDO�WKURXJKSXW�LW�LV�RQO\�QHFHVVDU\�WR�VHTXHQWLDOO\�VFDQ�HQRXJK�GDWD�WKDW�WKH�WLPH�LW�WDNHV�WR
SRVLWLRQ�WKH�GLVN�KHDG�WR�WKH�GDWD�LV�D�VPDOO�SHUFHQWDJH�RI�WKH�WLPH�WR�WUDQVIHU�WKH�GDWD���7KLV�LV�D�NH\�REVHUYDWLRQ��:H
RQO\�QHHG�WR�PDNH�VXUH�WKDW

7UDQVIHU�WLPH�!���
�SRVLWLRQLQJ�WLPH
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WR�DFKLHYH�KLJK�VHTXHQWLDO�WKURXJKSXW���)RU�H[DPSOH������UDQGRP�UHDGV�RI����PHJDE\WHV�HDFK�DUH�DOPRVW�DV�HIILFLHQW
DV�D�VLQJOH�VFDQ�RI������PHJDE\WHV�RI�GDWD�

7KH�IROORZLQJ�WDEOH�VKRZV�WKH�UHODWLYH�RYHUKHDG�RI�SRVLWLRQLQJ�IRU�YDULRXV�WUDQVIHU�VL]HV�

,2�6L]H 3RVLWLRQLQJ�7LPH 7UDQVIHU�7LPH ��RI�7LPH�7UDQVIHUULQJ�'DWD

��. ��PV �PV ���
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)URP�WKLV�WDEOH�ZH�FDQ�VHH�WKDW�D�VHTXHQWLDO�WUDQVIHU�WKDW�LV���PHJDE\WH�RU�ODUJHU�DFKLHYHV�KLJK�WKURXJKSXW�DQG
HIILFLHQF\���/DUJHU�WUDQVIHUV�WKDQ�WKLV�SURGXFH�PRGHVW�LPSURYHPHQWV���7KHUHIRUH�RXU�JRDO�VKRXOG�EH�WR�HQVXUH�WKDW
VHTXHQWLDO�RSHUDWLRQV�DFFHVV�DW�OHDVW�D�PHJDE\WH�RI�VHTXHQWLDO�GDWD���6PDOOHU�VHTXHQWLDO�DFFHVVHV�DUH�PXFK�OHVV�HIILFLHQW�
/DUJHU�VHTXHQWLDO�DFFHVVHV�LPSURYH�SHUIRUPDQFH�E\�RQO\�D�VPDOO�IDFWRU�

9$5,$%/(�75$16)(5�5$7(
7KH�WUDQVIHU�UDWH�IRU�D�GLVN�GULYH�LV�QRW�WKH�VDPH�IRU�DOO�SRUWLRQV�RI�D�GLVN���7KH�RXWHU�VHFWRUV�RI�D�GLVN�GULYH�PRYH�E\
WKH�GLVN�KHDG�IDVWHU�WKDQ�WKH�LQQHU�VHFWRUV�OHDGLQJ�WR�D�IDVWHU�WUDQVIHU�UDWH�IRU�WKH�RXWHU�VHFWRUV���7KLV�LV�VLPSO\�EHFDXVH
RI�WKH�FLUFXODU�VKDSH�RI�D�GLVN�GULYH�

7KH�RXWVLGH�SRUWLRQV�RI�D�GLVN�GULYH�DOVR�KDYH�PRUH�DUHD�WKDQ�WKH�LQVLGH�SRUWLRQV���7KLV�PHDQV�WKDW�WKH�RXWVLGH
SRUWLRQV�RI�D�GLVN�GULYH�KROG�PRUH�GDWD�WKDQ�WKH�LQVLGH�SRUWLRQV��7\SLFDOO\�PRUH�WKDQ�����RI�WKH�FDSDFLW\�RI�WKH�GLVN
LV�RQ�WKH�RXWVLGH�KDOI�RI�WKH�GLVN�

7KH�IROORZLQJ�WDEOH�VXPPDUL]HV�WKH�WUDQVIHU�UDWH�DW�YDULRXV�UHJLRQV�RI�D�W\SLFDO�GLVN�GULYH�EDVHG�RQ��WKH�SHUFHQWDJH�RI
FDSDFLW\�DW�WKDW�UHJLRQ���7KXV�LW�FRPELQHV�WKHVH�WZR�IDFWRUV�WR�VKRZ�WKH�DFKLHYHG�WUDQVIHU�UDWHV�IRU�XVHU�GDWD�VWRUHG�RQ
WKH�GULYH�

3RVLWLRQ�RQ�'LVN��PHDVXUHG�LQ�WHUPV�RI�FDSDFLW\� 7UDQVIHU�5DWH�DW�WKLV�3RVLWLRQ��0%�VHF�

2XWHU�(GJH ��

2XWHU�4XDUWHU ��

0LG�3RLQW ��

,QQHU�4XDUWHU ��

,QQHU�(GJH ��

:KDW�ZH�FDQ�FRQFOXGH�IURP�WKLV�WDEOH�LV�WKDW�WKH�WUDQVIHU�UDWH�RI�D�GLVN�GULYHV�YDULHV�E\�D�IDFWRU�RI�WZR�IURP�WKH�LQQHU
HGJH�RI�WKH�GULYH�WR�WKH�RXWHU�HGJH���7KHUHIRUH�LW�LV�EHQHILFLDO�WR�SODFH�IUHTXHQWO\�DFFHVVHG�GDWD�WRZDUG�WKH�RXWHU�HGJH
RI�D�GLVN�GULYH���1RWH�WKDW�PRVW�RI�WKH�SHUIRUPDQFH�GURS�RFFXUV�LQ�WKH�LQQHU�PRVW�WUDFNV�RI�WKH�GLVN���7KHUHIRUH��D
ILQH�OHYHO�RI�SRVLWLRQLQJ�LV�QRW�QHHGHG���,I�IUHTXHQWO\�XVHG�GDWD�LV�SODFHG�UDQGRPO\�RQ�WKH�RXWHU�KDOI�RI�D�GLVN�GULYH�
WKHQ�VHTXHQWLDO�DFFHVV�WR�WKDW�GDWD�DFKLHYHV�RYHU�����RI�WKH�EHVW�SRVVLEOH�WKURXJKSXW���7KXV��SODFLQJ�PRVW�IUHTXHQWO\
DFFHVVHG�GDWD�WRZDUGV�WKH�RXWVLGH�KDOI�RI�D�GLVN��DQG�OHVV�IUHTXHQWO\�DFFHVVHG�GDWD�WRZDUGV�WKH�LQVLGH�KDOI�VXIILFHV�WR
DFKLHYH�FORVH�WR�RSWLPDO�VHTXHQWLDO�DFFHVV�
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7R�RSWLPL]H�UDQGRP�DFFHVV�RQ�D�GLVN�GULYH�LW�KHOSV�WR�OLPLW�WKH�OHQJWK�WKDW�WKH�GLVN�KHDG�PRYHV��VHHNV��EHWZHHQ�GDWD
DFFHVVHV�

$�W\SLFDO�GLVN�GULYH�WRGD\�KDV�D�PLQLPXP�VHHN�WLPH�RI�DSSUR[LPDWHO\��PV�IRU�VHHNLQJ�WR�WKH�QH[W�WUDFN��DQG�D
PD[LPXP�VHHN�WLPH�RI�DSSUR[LPDWHO\���PV�IRU�VHHNLQJ�WKH�HQWLUH�ZLGWK�RI�WKH�GLVN��7KH�VHHN�WLPH�YDULHV�URXJKO\
OLQHDUO\�EHWZHHQ�WKHVH�YDOXHV�EDVHG�RQ�WKH�OHQJWK�RI�WKH�VHHN���,I�VHHNV�DUH�FRQILQHG�WR�D�UHJLRQ�RI�D�GLVN��WKHQ�WR�VHHN
DW�UDQGRP�ZLWKLQ�WKDW�UHJLRQ�WDNHV�RQ�DYHUDJH�RQH�WKLUG�RI�WKH�WLPH�WR�VHHN�IURP�RQH�HQG�RI�WKH�UHJLRQ�WR�WKH�RWKHU�
6R�WR�VHHN�DW�UDQGRP�ZLWKLQ�WKH�HQWLUH�GULYH�WDNHV�URXJKO\��PV�

7R�UHDG�D�EORFN�RI�GDWD��WKH�GLVN�KHDG�PXVW�VHHN�WR�WKH�FRUUHFW�WUDFN�DQG�WKHQ�PXVW�ZDLW�IRU�WKH�GDWD�WR�URWDWH�WR
EHORZ�WKH�GLVN�KHDG���)RU�D�������530�GULYH�WKH�DYHUDJH�URWDWLRQ�ODWHQF\�LV��PV���7KHUHIRUH��IRU�VPDOO�VHHN�GLVWDQFHV
WKH�WLPH�WR�SRVLWLRQ�WKH�GLVN�KHDG�LV�GRPLQDWHG�E\�WKH�URWDWLRQ�GHOD\���PV�WR�VHHN���PV�WR�URWDWH����7KLV�PHDQV�WKDW
SRVLWLRQLQJ�GDWD�DW�D�YHU\�ILQH�OHYHO�WR�UHGXFH�VHHN�WLPH�GRHV�QRW�KHOS�PXFK���,W�LV�HQRXJK�WR�SRVLWLRQ�GDWD�WKDW�LV
DFFHVVHG�IUHTXHQWO\�URXJKO\�LQ�WKH�VDPH�KDOI�RU�TXDUWHU�RI�D�GLVN�GULYH�

$OVR�UHFDOO�WKDW�GLVN�GULYHV�KROG�PRUH�GDWD�WRZDUGV�WKH�RXWHU�HGJH�RI�WKH�GULYH���7KLV�LPSOLHV�WKDW�WR�VHHN�WKH�VDPH
GLVWDQFH�PHDVXUHG�LQ�PHJDE\WHV�WRZDUGV�WKH�RXWHU�HGJH�RI�D�GLVN�LV�IDVWHU�WKDQ�WRZDUGV�WKH�LQQHU�HGJH�RI�D�GLVN���7KXV
ZH�VKRXOG�SUHIHU�WR�SODFH�PRUH�IUHTXHQWO\�DFFHVVHG�GDWD�WRZDUGV�WKH�RXWHU�SRUWLRQV�RI�GLVN�GULYHV�WR�UHGXFH�VHHN
GLVWDQFH�EHWZHHQ�IUHTXHQWO\�DFFHVVHG�EORFNV�

7KH�IROORZLQJ�WDEOH�VXPPDUL]HV�WKH�HIIHFW�RI�FRQILQLQJ�VHHN�GLVWDQFH�WR�WKH�RXWHU�SRUWLRQV�RI�D�GLVN�GULYH����7KLV�WDEOH
GLVSOD\V�WKH�WLPH�LW�WDNHV�WR�VHHN�ZLWKLQ�D�UHJLRQ�RI�WKH�GLVN��7KH�LGHD�RI�WKH�WDEOH�LV�WR�FDOFXODWH�WKH�DYHUDJH�UHDG�WLPH
DQG�VSDFH�XVHG�LI�ZH�OLPLWHG�RXUVHOYHV�WR�XVLQJ�RQO\�WKH�RXWVLGH�SDUW�RI�WKH�GLVN���7KLV�ZLOO�JLYH�XV�D�FDOFXODWLRQ�RI�WKH
PD[LPXP�EHQHILW�ZH�FDQ�JHW�E\�SODFLQJ�GDWD�FDUHIXOO\�RQ�WKH�GLVN���)RU�H[DPSOH��ZH�FDQ�VHH�LQ�WKH�WDEOH�WKDW�LI�RQO\
WKH�RXWHU�����RI�WKH�GLVN�GULYH�LV�XVHG��WKH�DYHUDJH�UHDG�WLPH�LV����PV�

3HUFHQW�RI�'LVN�8VHG��LQ
GLVWDQFH�IURP�RXWHU�HGJH�

$YHUDJH�6HHN�'LVWDQFH
ZLWK�5HJLRQ

3HUFHQW�RI�'LVN�6SDFH
8VHG�E\�5HJLRQ

$YHUDJH�5HDG�7LPH
ZLWKLQ�5HJLRQ��VHHN�SOXV
URWDWLRQ�

��� �� ��� ���PV
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���� ��� ���� ���PV

:H�FDQ�FRQFOXGH�IURP�WKLV�WDEOH�WKDW�SODFLQJ�IUHTXHQWO\�DFFHVVHG�GDWD�WRZDUGV�WKH�RXWVLGH�KDOI�RI�D�GLVN�DFKLHYHV�PRVW
RI�WKH�SHUIRUPDQFH�EHQHILW�WKDW�FDQ�EH�DFKLHYHG�E\�SRVLWLRQLQJ�GDWD�WR�UHGXFH�VHHN�WLPH��%HFDXVH�WKH�URWDWLRQ�ODWHQF\
GRPLQDWHV�WKH�WRWDO�DFFHVV�WLPH�ZKHQ�WKH�VHHN�GLVWDQFH�LV�YHU\�VPDOO��SODFLQJ�GDWD�DW�D�YHU\�ILQH�OHYHO�ZLWKLQ�D�GLVN
DFKLHYHV�OLWWOH�H[WUD�SHUIRUPDQFH�JDLQ���7KH�UHDG�WLPH�IRU�D�PLQLPXP�OHQJWK�VHHN�DFFHVV�LV��PV���7KH�DYHUDJH�UHDG�WLPH
IRU�D�UDQGRP�UHDG�ZLWKLQ�WKH�RXWHU�KDOI��E\�FDSDFLW\��RI�D�GLVN�GULYH�LV�DSSUR[LPDWHO\�����PV�

6800$5<�2)�237,0,=,1*�',6.�%$1':,'7+

,Q�VXPPDU\��WR�RSWLPL]H�GLVN�EDQGZLGWK�ZH�VKRXOG�

• 6WULSH�GDWD�WR�HTXDOL]H�WKH�ZRUNORDG�DFURVV�GLVNV�DQG�HOLPLQDWH�KRWVSRWV

• 6WULSH�GDWD�WR�HQDEOH�PDQ\�GLVNV�WR�VHUYH�UHTXHVWV�IRU�DQ\�VXEVHW�RI�GDWD

• (QVXUH�WKDW�VHTXHQWLDO�DFFHVV�RFFXUV�LQ�DW�OHDVW���PHJDE\WH�XQLWV�WR�DFKLHYH�KLJK�VHTXHQWLDO�EDQGZLGWK

• 3ODFH�IUHTXHQWO\�XVHG�GDWD�RQ�WKH�RXWHU�KDOI�RI�GLVNV�WR�SURYLGH�WKH�IDVWHVW�WUDQVIHU�UDWH

• 3ODFH�IUHTXHQWO\�XVHG�GDWD�RQ�WKH�RXWHU�KDOI�RI�GLVNV�WR�PLQLPL]H�VHHN�RYHUKHDG
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7KHVH�UHFRPPHQGDWLRQV�ZLOO�FKDQJH�VORZO\�DV�GLVN�WHFKQRORJ\�HYROYHV�VLQFH�WKH\�GR�QRW�GHSHQG�RQ�IDFWRUV�WKDW�DUH
LQFUHDVLQJ�UDSLGO\���7KH�SULPDU\�WUHQG�WR�EH�DZDUH�RI�LV�WKDW�VLQFH�WUDQVIHU�VSHHG�LV�LQFUHDVLQJ�IDVWHU�WKDQ�VHHN�UDWH��WKH
PLQLPXP�XQLW�RI�VHTXHQWLDO�DFFHVV�VKRXOG�LQFUHDVH�ZLWK�WLPH�

7+(�25$&/(�,2�:25./2$'

7KH�2UDFOH�,2�ZRUNORDG�LV�YHU\�FRPSOH[�

2UDFOH�KDV�PDQ\�ILOH�W\SHV��GDWD��ORJ��WHPS��DUFKLYH��XQGR��V\VWHP��FRQWURO��EDFNXS��HWF���DQG�PDQ\�RSHUDWLRQ�W\SHV
�VFDQ��ORRNXS��ORDG��LQVHUW��FUHDWH�LQGH[��MRLQ��/2%��VRUW��KDVK��EDFNXS��UHFRYHU\��EDWFK�ZULWH��HWF�����8QGHUVWDQGLQJ�WKH
,2�ZRUNORDG�WR�HDFK�ILOH�W\SH�IRU�HDFK�RSHUDWLRQ�DQG�LWV�UHODWLYH�LPSRUWDQFH�LV�H[WUHPHO\�GLIILFXOW�

7KH�2UDFOH�,2�ZRUNORDG�LV�DOVR�DSSOLFDWLRQ�GHSHQGHQW��/LNH�DQ�2SHUDWLQJ�6\VWHP��WKH�2UDFOH�'DWDEDVH�DFWV�RQ�EHKDOI
RI�DQ�DSSOLFDWLRQ���7KH�ZRUNORDG�IRU�DQ�2/73�DSSOLFDWLRQ�LV�GLIIHUHQW�IURP�D�ZDUHKRXVLQJ�DSSOLFDWLRQ���7KH�ZRUNORDG
IRU�D�EDWFK�MRE�LV�GLIIHUHQW�IURP�DQ�RQOLQH�XVHU���7KH�KLW�UDWH�RI�WKH�EXIIHU�FDFKH�YDULHV�E\�DSSOLFDWLRQ���7KH�WDEOHV�
LQGH[HV��DQG�TXHULHV�LQ�D�GDWDEDVH�DUH�WRWDOO\�DSSOLFDWLRQ�GHSHQGHQW�

%HFDXVH�RI�WKLV�FRPSOH[LW\��GHVLJQLQJ�DQ�HIILFLHQW�ZRUNORDG�EDVHG�VWRUDJH�FRQILJXUDWLRQ�LV�H[WUHPHO\�GLIILFXOW���7KH
6$0(�FRQILJXUDWLRQ�FRPSOHWHO\�DYRLGV�JHWWLQJ�LQWR�WKLV�OHYHO�RI�GHWDLO����,W�LV�QRW�QHFHVVDU\�VLQFH�WKH�XQGHUO\LQJ�GLVN
WHFKQRORJ\�LV�LQGHSHQGHQW�RI�WKLV�GHWDLO���6$0(�GRHV�QRW�RSWLPL]H�IRU�D�VSHFLILF�ZRUNORDG���,QVWHDG��LW�VSUHDGV�WKH�,2
ORDG�DFURVV�WKH�GLVNV�DQG�PDNHV�VXUH�HDFK�RI�WKH�GLVNV�LV�XWLOL]HG�HIILFLHQWO\���7KHUH�DUH�MXVW�D�IHZ�NH\�DWWULEXWHV�RI�WKH
2UDFOH�ZRUNORDG�WKDW�PXVW�EH�XQGHUVWRRG�WR�VHH�KRZ�6$0(�DFFRPSOLVKHV�WKLV�IHDW���7KLV�VHFWLRQ�GHVFULEHV�WKHVH
DWWULEXWHV�

6(48(17,$/�,2�,6�75($7('�63(&,$//<�%<�25$&/(

2UDFOH�WUHDWV�VHTXHQWLDO�,2�VSHFLDOO\���6HTXHQWLDO�,2�RFFXUV�IRU�WDEOH�VFDQV��GLUHFW�ORDGV��ORJJLQJ��EDFNXSV��VRUWV��HWF�
2UDFOH�UHFRJQL]HV�ZKHQ�RQH�RI�WKHVH�RSHUDWLRQV�LV�RFFXUULQJ�DQG�LVVXHV�ODUJH�,2�RSHUDWLRQV�WKDW�VSDQ�EORFN
ERXQGDULHV���7KH�VL]H�RI�WKH�,2�RSHUDWLRQ�LVVXHG�LV�FRQWUROOHG�E\�SDUDPHWHUV�VXFK�DV�GEBILOHBPXOWLEORFNBUHDGBFRXQW�

5HFDOO�WKDW��WR�DFKLHYH�KLJK�VHTXHQWLDO�GLVN�EDQGZLGWK��LW�LV�QHFHVVDU\�WR�HQVXUH�WKDW�VHTXHQWLDO�DFFHVV�WR�WKH�GLVN�GULYH
RFFXUV�LQ�DW�OHDVW�RQH�PHJDE\WH�XQLWV���0DQ\�,2�VXEV\VWHPV�FDQ�GHWHFW�D�SDWWHUQ�RI�VHTXHQWLDO�DFFHVV�DQG�ZLOO�SHUIRUP
UHDG�DKHDG�XVLQJ�ODUJH�,2�RSHUDWLRQV���+RZHYHU��GHWHFWLRQ�RI�VHTXHQWLDO�DFFHVV�WDNHV�WLPH���7KH�EHVW�ZD\�WR�HQVXUH
WKDW�ODUJH�,2�RSHUDWLRQV�RFFXU�DW�WKH�GLVN�GULYH�LV�WR�LVVXH�ODUJH�,2V�DW�WKH�2UDFOH�OHYHO�DQG�HQVXUH�WKDW�WKHVH�,2V�DUH
QRW�EURNHQ�XS�EHWZHHQ�2UDFOH�DQG�WKH�GLVN���7R�DFKLHYH�WKLV��SDUDPHWHUV�VXFK�DV�GEBILOHBPXOWLEORFNBUHDGBFRXQW
VKRXOG�EH�VHW�WR�RQH�PHJDE\WH��VWULSH�ZLGWKV�VKRXOG�EH�VHW�WR�RQH�PHJDE\WH��DQG�26�,2�VL]H�OLPLWV�VKRXOG�EH�VHW�WR�DW
OHDVW�RQH�PHJDE\WH�

',5(&7�5($'�$1'�:5,7(�23(5$7,216�3(5)250�5($'�$+($'

2UDFOH�FDQ�SHUIRUP�ODUJH�VFDQ�RU�ORDG�RSHUDWLRQV�GLUHFWO\�WR�GLVN��E\SDVVLQJ�WKH�2UDFOH�EXIIHU�FDFKH���7KHVH�DUH
SHUIRUPHG�IRU�SDUDOOHO�WDEOH�VFDQV��LQGH[�FUHDWLRQ��GLUHFW�ORDGV��VRUWV��HWF���7KLV�W\SH�RI�RSHUDWLRQ�LV�WHUPHG�GLUHFW�,2V�
)RU�GLUHFW�,2V��2UDFOH�ZLOO�LVVXH�PXOWLSOH�DV\QFKURQRXV�,2�RSHUDWLRQV���7KLV�LV�VRPHWLPHV�FDOOHG�DV\QFKURQRXV�UHDG
DKHDG�RU�GRXEOH�EXIIHULQJ���7KH�JRDO�RI�WKHVH�RSHUDWLRQV�LV�WR�DFKLHYH�PD[LPXP�GLVN�WKURXJKSXW�VR�WKDW�WKH
RSHUDWLRQ�EHFRPHV�&38�ERXQG�LQVWHDG�RI�,2�ERXQG�

7R�DFKLHYH�PD[LPXP�WKURXJKSXW��LW�LV�EHVW�LI�HDFK�RI�WKHVH�,2�RSHUDWLRQV�DFFHVVHV�D�GLIIHUHQW�GLVN���$FFHVVLQJ
VHSDUDWH�GLVNV�DOORZV�WKH�VFDQ�RU�ORDG�RSHUDWLRQ�WR�XVH�WKH�EDQGZLGWK�RI�PXOWLSOH�GLVNV���7KLV�LPSOLHV�WKDW�WKH�VWULSH
VL]H�FKRVHQ�VKRXOG�EH�OHVV�WKDQ�RU�HTXDO�WR�WKH�,2�VL]H�

3$5$//(/�(;(&87,21

2UDFOH�FDQ�DXWRPDWLFDOO\�SDUDOOHOLVH�PDQ\�RSHUDWLRQV���7KH�RSHUDWLRQV�WKDW�FDQ�EH�SDUDOOHOLVHG�LQFOXGH�VFDQ��VRUW��MRLQ�
KDVK��ORDG��FUHDWH�LQGH[��HWF���$�SDUDOOHO�RSHUDWLRQ�FDQ�XVH�WKH�IXOO�H[HFXWLRQ�SRZHU�RI�DOO�WKH�&38V�RQ�WKH�KRVW���2Q�D
ODUJH�PXOWLSURFHVVRU�RU�FOXVWHU��WKH�,2�UDWH�WKDW�LV�JHQHUDWHG�E\�D�SDUDOOHO�VFDQ�FDQ�UHDFK�PDQ\�JLJDE\WHV�SHU�VHFRQG�

7KH�PRVW�LPSRUWDQW�SRLQW�WR�XQGHUVWDQG�DERXW�SDUDOOHO�H[HFXWLRQ�LV�WKDW�LW�FDQ�IRFXV�LQWHQVH�,2�DFWLYLW\�RQ�DQ\�VXEVHW
RI�WKH�GDWDEDVH���7KH�FKRVHQ�WDEOH��LQGH[��RU�SDUWLWLRQ�UHFHLYHV�WKH�DJJUHJDWH�&38�SRZHU�RI�WKH�KRVW�V\VWHP��,I�YHU\
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KLJK�,2�EDQGZLGWK�LV�QRW�DYDLODEOH�IRU�WKH�VXEVHW��WKHQ�SDUDOOHO�H[HFXWLRQ�ZLOO�QRW�VFDOH���7KLV�LPSOLHV�WKDW�DQ\�VXEVHW
RI�WKH�GDWDEDVH�PXVW�EH�VSUHDG�DFURVV�PDQ\�GLVNV�VLQFH�ZH�FDQQRW�SUHGHWHUPLQH�ZKLFK�VXEVHW�RI�WKH�GDWDEDVH�ZLOO
KDYH�D�SDUDOOHO�RSHUDWLRQ�LQYRNHG�RQ�LW�

0DQ\�GDWDEDVHV�DUH�FRQILJXUHG�WR�KDYH�VXEVHWV�RI�GDWD�WKDW�DUH�VSUHDG�DFURVV�MXVW�RQH��RU�D�VPDOO�QXPEHU�RI�GLVNV�
7KLV�VWRUDJH�FRQILJXUDWLRQ�HOLPLQDWHV�WKH�SRVVLELOLW\�RI�H[HFXWLQJ�D�IDVW�SDUDOOHO�RSHUDWLRQ�RQ�WKH�VXEVHW�RI�GDWD�
2IWHQ��DGPLQLVWUDWRUV�DUH�QRW�DZDUH�WKDW�SDUDOOHOLVP�LV�EHLQJ�OLPLWHG�ZKHQ�WKH�VWRUDJH�FRQILJXUDWLRQ�LV�GHVLJQHG��7KLV
LV�D�WHUULEOH�ZDVWH�RI�RQH�RI�WKH�PRVW�SRZHUIXO�IHDWXUHV�RI�WKH�2UDFOH�GDWDEDVH�

7KH�PRVW�H[WUHPH�FDVH�RI�,2�SDUDOOHOLVP�RFFXUV�LQ�WKH�SDUDOOHO�QHVWHG�ORRSV�MRLQ�RSHUDWLRQ���,Q�WKLV�RSHUDWLRQ�HDFK
&38�FDQ�LVVXH�WHQV�WR�KXQGUHGV�RI�UDQGRP�,2�RSHUDWLRQV�LQ�SDUDOOHO���)RU�D�ODUJH�PXOWLSURFHVVRU��WKLV�FDQ�UHVXOW�LQ
KXQGUHGV�RI�UDQGRP�,2V�LVVXHG�LQ�SDUDOOHO���,I�WKH�GDWD�VXEVHW�EHLQJ�MRLQHG�LV�QRW�VSUHDG�DFURVV�YHU\�PDQ\�GLVNV��WKH
VWRUDJH�VXEV\VWHP�ZLOO�ERWWOHQHFN�WKH�SHUIRUPDQFH�RI�WKH�MRLQ�RSHUDWLRQ�

7R�HQVXUH�WKDW�SDUDOOHOLVP�LV�QRW�FRQVWUDLQHG�E\�WKH�,2�FRQILJXUDWLRQ��DOO�VXEVHWV�RI�GDWDEDVH�GDWD�VKRXOG�EH�VSUHDG
DFURVV�DV�PDQ\�GLVNV�DV�SRVVLEOH���)RU�EHVW�SHUIRUPDQFH��DOO�GDWD�VXEVHWV�VKRXOG�EH�VSUHDG�DFURVV�HYHU\�DYDLODEOH�GLVN�
7KLV�HQVXUHV�WKDW�SHUIRUPDQFH�LV�OLPLWHG�E\�WKH�WRWDO�GLVN�IDUP��QRW�E\�D�VXE�RSWLPDO�FKRLFH�WKDW�ZDV�PDGH�ZKHQ�WKH
VWRUDJH�VXEV\VWHP�ZDV�FRQILJXUHG�

/2*�),/(6
,W�LV�JHQHUDOO\�PRUH�HIILFLHQW�DQG�IOH[LEOH�WR�SDUDOOHOLVH�,2�RSHUDWLRQV�XVLQJ�SDUDOOHO�H[HFXWLRQ�DW�WKH�2UDFOH�OHYHO�WKDQ
XVLQJ�VPDOO�VWULSH�ZLGWKV�DW�WKH�VWRUDJH�OHYHO���+RZHYHU��RQOLQH�ORJ�ILOH�ZULWHV�FDQQRW�EH�SDUDOOHOLVHG�DW�WKH�2UDFOH�OHYHO�
7KH\�PXVW�EH�SDUDOOHOLVHG�DW�WKH�VWRUDJH�V\VWHP�OHYHO���,I�DQ�RQOLQH�ORJ�ILOH�LV�ORFDWHG�RQ�D��VLQJOH�GLVN��WKHQ�RSHUDWLRQV
WKDW�PDNH�FKDQJHV�YHU\�UDSLGO\�VXFK�DV�SDUDOOHO�XSGDWHV��SDUDOOHO�LQGH[�FUHDWLRQV��SDUDOOHO�ORDGV��HWF��PD\�EHFRPH
ERWWOHQHFNHG�RQ�WKH�ORJ�GLVN���7KHUHIRUH�WKH�RQOLQH�ORJ�ILOH�VKRXOG�EH�VSUHDG�DFURVV�PXOWLSOH�GLVNV�XVLQJ�VWULSLQJ�

,Q�JHQHUDO�LW�LV�HDVLHVW�DQG�PRVW�HIILFLHQW�WR�VWULSH�WKH�ORJV�DFURVV�DOO�WKH�GLVNV�MXVW�OLNH�WKH�GDWD�ILOHV���6RPHWLPHV
SHRSOH�ZRUU\�WKDW�SODFLQJ�WKH�ORJ�ILOHV�RQ�WKH�VDPH�GLVNV�DV�WKH�GDWD�ILOHV�ZLOO�FDXVH�LQWHUIHUHQFH�EHWZHHQ�GDWD�DFFHVVHV
DQG�ORJ�ZULWHV���7KLV�LV�EHFDXVH�WKH�GLVN�KHDG�PD\�KDYH�WR��PRYH�WR�D�QHZ�SRVLWLRQ�ZKHQ�WKH�ORJ�LV�ZULWWHQ��$V�ZH
GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��IRU�UHODWLYHO\�VPDOO�VHHNV�WKH�URWDWLRQDO�ODWHQF\�RI�WKH�,2�ZLOO�GRPLQDWH�WKH�VHHN
WLPH���6R��LI�WKH�ORJ�ILOH�LV�SODFHG�DORQJ�ZLWK�WKH�RWKHU�IUHTXHQWO\�DFFHVVHG�GDWD�RQ�WKH�RXWVLGH�KDOI�RI�WKH�GLVN�
LQWHUIHUHQFH�ZLOO�QRW�EH�D�VLJQLILFDQW�SUREOHP����6WULSLQJ�DFURVV�WRR�IHZ�GLVNV�LV�D�ELJJHU�SUREOHP�LQ�SUDFWLFH�

,Q�D�ODWHU�VHFWLRQ�ZH�ZLOO�GLVFXVV�WKH�DYDLODELOLW\�LVVXHV�DURXQG�VWULSLQJ�WKH�ORJ�ILOHV�DORQJ�ZLWK�WKH�GDWD�ILOHV�

7KH�FKRLFH�RI�VWULSH�ZLGWK�IRU�WKH�ORJ�ILOHV�LV�VRPHZKDW�PRUH�WULFN\���,GHDOO\�ZH�ZRXOG�OLNH�WR�VWULSH�WKH�ORJ�ILOHV�XVLQJ
WKH�VDPH�RQH�PHJDE\WH�VWULSH�ZLGWK�DV�WKH�UHVW�RI�WKH�ILOHV���+RZHYHU��WKH�ORJ�ILOHV�DUH�ZULWWHQ�VHTXHQWLDOO\��DQG�PDQ\
VWRUDJH�V\VWHPV�OLPLW�WKH�PD[LPXP�VL]H�RI�D�VLQJOH�ZULWH�RSHUDWLRQ�WR�RQH�PHJDE\WH��RU�HYHQ�OHVV�����,I�WKH�PD[LPXP
ZULWH�VL]H�LV�OLPLWHG��WKHQ�XVLQJ�D�RQH�PHJDE\WH�VWULSH�ZLGWK�IRU�WKH�ORJ�ILOHV�PD\�QRW�ZRUN�ZHOO���,Q�WKLV�FDVH��D�VPDOOHU
VWULSH�ZLGWK�VXFK�DV���.�PD\�ZRUN�EHWWHU�

&DFKLQJ�5$,'�FRQWUROOHUV�DUH�DQ�H[FHSWLRQ�WR�WKLV���,I�WKH�VWRUDJH�VXEV\VWHP�FDQ�FDFKH�ZULWH�RSHUDWLRQV�LQ�QRQ�
YRODWLOH�5$0��WKHQ�D�RQH�PHJDE\WH�VWULSH�ZLGWK�ZLOO�ZRUN�ZHOO�IRU�WKH�ORJ�ILOHV���,Q�WKLV�FDVH��WKH�ZULWH�RSHUDWLRQ�ZLOO
EH�EXIIHUHG�LQ�FDFKH�DQG�WKH�QH[W�ORJ�ZULWHV�FDQ�EH�LVVXHG�EHIRUH�WKH�SUHYLRXV�ZULWH�LV�GHVWDJHG�WR�GLVN�
$UFKLYH�ORJ�ILOHV�KDYH�VRPHZKDW�VLPLODU�LVVXHV���+RZHYHU��XQOLNH�RQOLQH�ORJV�LW�LV�SRVVLEOH�WR�SDUDOOHOLVH�DUFKLYH�ORJ
ZULWHV�DW�WKH�2UDFOH�OHYHO���7KLV�FDQ�EH�GRQH�LQ�2UDFOH�UHOHDVH�����RU�ODWHU�E\�FRQILJXULQJ�PXOWLSOH�DUFKLYHU�SURFHVVHV�
,Q�SUHYLRXV�UHOHDVHV��DUFKLYLQJ�FDQ�EH�SDUDOOHOLVHG�E\�LVVXLQJ�WKH�¶DUFKLYH�ORJ�FXUUHQW·�FRPPDQG��$OWHUQDWHO\��WKH
DUFKLYH�ORJ�ILOHV�FDQ�DOVR�EH�VWULSHG�XVLQJ�D���.�VWULSH�ZLGWK�

6800$5<�2)�7+(�25$&/(�,2�:25./2$'

7KH�2UDFOH�,2�ZRUNORDG�LV�FRPSOH[��DSSOLFDWLRQ�GHSHQGHQW��RSHUDWLRQ�GHSHQGHQW��DQG�GDWD�GHSHQGHQW���7KHUHIRUH�
GHVLJQLQJ�D�ORDG�GHSHQGHQW�VWRUDJH�FRQILJXUDWLRQ�LV�YHU\�GLIILFXOW���)RUWXQDWHO\�PRVW�RI�WKLV�FRPSOH[LW\�FDQ�EH
LJQRUHG�

7KH�PDLQ�DWWULEXWHV�RI�WKH�2UDFOH�,2�ZRUNORDG�WKDW�PXVW�EH�FRQVLGHUHG�DUH�WKH�IROORZLQJ�
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• 6HTXHQWLDO�RSHUDWLRQV�LVVXH�ODUJH�,2V��UDQGRP�RSHUDWLRQ�LVVXH�VPDOO�,2V���7KHUHIRUH��LI�WKH�VWRUDJH�VXEV\VWHP
GRHV�QRW�EUHDN�XS�WKH�,2�RSHUDWLRQV��VHTXHQWLDO�RSHUDWLRQV�ZLOO�H[HFXWH�YHU\�HIILFLHQWO\�

• 'LUHFW�UHDG�DQG�ZULWH�RSHUDWLRQV�SHUIRUP�DV\QFKURQRXV�UHDG�DKHDG���7KHUHIRUH��IRU�WKH�IDVWHVW�SRVVLEOH�H[HFXWLRQ�
HQVXUH�WKDW�WKH�UHDG�DKHDG�RSHUDWLRQV�UXQ�RQ�VHSDUDWH�GLVNV�

• 3DUDOOHO�H[HFXWLRQ�JHQHUDWHV�YHU\�KLJK�,2�UDWHV���7KHUHIRUH��GDWD�PXVW�EH�VWULSHG�DFURVV�PDQ\�GLVNV�VR�WKDW�WKH
VWRUDJH�FRQILJXUDWLRQ�GRHV�QRW�EHFRPH�D�ERWWOHQHFN�WR�SHUIRUPDQFH�

• /RJ�ZULWHV�DUH�QRW�SDUDOOHOLVHG�DW�WKH�2UDFOH�OHYHO���7KHUHIRUH�WKH�RQOLQH�ORJ�ILOHV�VKRXOG�EH�VWULSHG���7KH�ZLGWK�RI
WKH�VWULSH�GHSHQGV�RQ�ZKHWKHU�D�FDFKLQJ�5$,'�FRQWUROOHU�LV�EHLQJ�XVHG�

7+(�6$0(�&21),*85$7,21
:LWK�WKH�EDFNJURXQG�JLYHQ�LQ�WKH�SUHYLRXV�VHFWLRQV��ZH�DUH�QRZ�UHDG\�WR�GLVFXVV�WKH�6$0(�FRQILJXUDWLRQ�LQ�GHWDLO�
7KH�JRDO�RI�WKH�6$0(�FRQILJXUDWLRQ�LV�WR�EH�DV�VLPSOH�DV�SRVVLEOH��7KHUH�DUH�RQO\�IRXU�EDVLF�UXOHV�LQ�6$0(���7KH\
DUH�
��� 6WULSH�DOO�ILOHV�DFURVV�DOO�GLVNV�XVLQJ�D�RQH�PHJDE\WH�VWULSH�ZLGWK
��� 0LUURU�GDWD�IRU�KLJK�DYDLODELOLW\
��� 3ODFH�IUHTXHQWO\�DFFHVVHG�GDWD�RQ�WKH�RXWVLGH�KDOI�RI�WKH�GLVN�GULYHV
��� 6XEVHW�GDWD�E\�SDUWLWLRQ��QRW�GLVN

675,3(�$//�),/(6�$&5266�$//�',6.6�86,1*�$�21(�0(*$%<7(�675,3(�:,'7+

6WULSLQJ�DOO�ILOHV�DFURVV�DOO�GLVNV�HQVXUHV�WKDW�WKH�IXOO�EDQGZLGWK�RI�DOO�WKH�GLVN�GULYHV�LV�DYDLODEOH�IRU�DQ\�RSHUDWLRQ�
7KHUHIRUH��SDUDOOHO�H[HFXWLRQ�DQG�RWKHU�,2�LQWHQVLYH�RSHUDWLRQV�ZLOO�QRW�EH�XQQHFHVVDULO\�ERWWOHQHFNHG�EHFDXVH�RI�WKH
GLVN�FRQILJXUDWLRQ���<RX�FDQQRW�UHFRQILJXUH�\RXU�VWRUDJH�ZLWKRXW�D�JUHDW�GHDO�RI�HIIRUW��VR�VWULSLQJ�DFURVV�DOO�GLVNV�LV
WKH�VDIHVW�DQG�PRVW�IXWXUH�SURRI�FKRLFH�\RX�FDQ�PDNH�

6RPH�SHRSOH�EDVH�WKHLU�VWRUDJH�FRQILJXUDWLRQ�RQ�DYHUDJH�RU�H[SHFWHG�,2�DFWLYLW\���7KLV�LV�D�YHU\�GDQJHURXV�WKLQJ�WR�GR
EHFDXVH�LW�OLPLWV�PD[LPXP�WKURXJKSXW���0D[LPXP�WKURXJKSXW�HIIHFWV�PDQ\�WKLQJV�LQFOXGLQJ�WKH�VSHHG�RI�EDWFK�MREV
DQG�UHFRYHU\�RSHUDWLRQV��7KLV�WUDQVODWHV�LQWR�GHOD\V�FRPSOHWLQJ�FULWLFDO�EXVLQHVV�SURFHVVLQJ�DQG�PRUH�GRZQ�WLPH�
7KHUHIRUH��EDVLQJ�D�FRQILJXUDWLRQ�RQ�H[SHFWHG�,2�DFWLYLW\�FRVWV�WKH�EXVLQHVV�PRQH\�DQG�UHGXFHV�VHUYLFH�OHYHOV�
%\�VWULSLQJ�DOO�ILOHV�DFURVV�DOO�GLVNV�ZH�HTXDOL]H�WKH�ORDG�DFURVV�GLVN�GULYHV�DQG�HOLPLQDWH�KRW�VSRWV���7KLV�LPSURYHV
UHVSRQVH�WLPH�E\�VKRUWHQLQJ�GLVN�TXHXHV���,Q�WKHRU\��WKLV�H[WUHPH�VWULSLQJ�FDQ�FDXVH�´LQWHUIHUHQFHµ�EHWZHHQ�GLIIHUHQW
MREV�DFFHVVLQJ�WKH�VDPH�GLVN��WKXV�LQFUHDVLQJ�UHVSRQVH�WLPH���+RZHYHU��LQ�SUDFWLFH�WKLV�GRHV�QRW�RFFXU���%\�XVLQJ�ODUJH
,2V�IRU�VHTXHQWLDO�DFFHVV�DQG�FRQFHQWUDWLQJ�IUHTXHQWO\�DFFHVVHG�GDWD�RQ�WKH�RXWVLGH�RI�GLVNV�ZH�JUHDWO\�UHGXFH�WKLV
HIIHFW���,Q�SUDFWLFH�WKH�DGGLWLRQDO�EDQGZLGWK�DQG�UHGXFHG�TXHXLQJ�SURYLGHG�E\�H[WUHPH�VWULSLQJ�PRUH�WKDQ
FRPSHQVDWH�IRU�LQWHUIHUHQFH�HIIHFWV�

2QH�RI�WKH�PRVW�LPSRUWDQW�EHQHILWV�RI�VWULSLQJ�DFURVV�DOO�GLVNV�LV�WKDW�LW�UHGXFHV�DGPLQLVWUDWLYH�EXUGHQ���:LWK�IXOO
VWULSLQJ��LW�LV�QR�ORQJHU�QHFHVVDU\�WR�FRQVWDQWO\�PRYH�ILOHV�DURXQG�LQ�RUGHU�WR�FRPSHQVDWH�IRU�ORQJ�GLVN�TXHXHV�FDXVHG
E\�RYHU�XWLOL]HG�GLVNV���6RPH�VLWHV�VSHQG�VLJQLILFDQW�UHVRXUFHV�´PDQDJLQJµ�WKLV�SUREOHP����)XOO�VWULSLQJ�HOLPLQDWHV�WKLV
LVVXH�DOWRJHWKHU�

6WULSLQJ�DFURVV�DOO�GLVNV�XVLQJ�D�RQH�PHJDE\WH�VWULSH�ZLGWK�LV�IDVW�IRU�VHTXHQWLDO�DFFHVV���7KH�ODUJH�VWULSH�ZLGWK�HQVXUHV
WKDW�WKH�GLVNV�VSHQG�PRVW�RI�WKHLU�WLPH�WUDQVIHUULQJ�GDWD��QRW�SRVLWLRQLQJ�WKH�GLVN�KHDG���7KH�XVH�RI�VWULSLQJ�DOVR
DOORZV�2UDFOH�OHYHO�UHDG�DKHDG�WR�PDNH�XVH�RI�PXOWLSOH�GLVNV�WR�VSHHG�WKH�WUDQVIHU�UDWH�

6WULSLQJ�DFURVV�DOO�GLVNV�LV�JUHDW�IRU�UDQGRP�,2�RSHUDWLRQV���$�VLQJOH�GLVN�FDQ�RQO\�SHUIRUP�DERXW�RQH�KXQGUHG
UDQGRP�,2V�SHU�VHFRQG���6WULSLQJ�DFURVV�DOO�GLVNV�VSUHDGV�WKLV�ORDG�DFURVV�WKH�HQWLUH�GLVN�IDUP���7KLV�HQVXUHV�WKDW
WKHUH�DUH�QRW�D�IHZ�GLVN�DUPV�WKDW�ERWWOHQHFN�WKH�SHUIRUPDQFH�RI�WKH�GDWDEDVH��ZKLOH�RWKHUV�VLW�LGOH�

6WULSLQJ�DFURVV�DOO�GLVNV�LV�WKH�LGHDO��EXW�IRU�YHU\�ODUJH�GDWDEDVHV�LW�PD\�QRW�EH�SRVVLEOH�WR�VWULSH�DOO�GDWD�DFURVV�DOO
GLVNV���7KLV�LV�EHFDXVH�RI�OLPLWDWLRQV�RQ�WKH�QXPEHU�RI�YROXPHV�DQG�GLVNV�VXSSRUWHG�E\�FXUUHQW�YROXPH�PDQDJHUV�
7KH�H[DFW�OLPLWV�GHSHQG�RQ�WKH�VRIWZDUH�DQG�KDUGZDUH�VWDFN�LQ�XVH��2IWHQ��KLJK�WHQV�RI�GLVNV�ZRUNV�ZHOO��EXW�OLPLWV
DUH�UHDFKHG�DW�VHYHUDO�KXQGUHG�GLVNV�
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:K\�GRHV�WKH�6$0(�FRQILJXUDWLRQ�UHFRPPHQG�D�RQH�PHJDE\WH�VWULSH�ZLGWK"��/HW·V�H[DPLQH�WKH�UHDVRQLQJ�EHKLQG
WKLV�FKRLFH�

:K\�QRW�XVH�D�VWULSH�GHSWK�VPDOOHU�WKDQ�RQH�PHJDE\WH"��6PDOOHU�VWULSH�GHSWKV�FDQ�LPSURYH�GLVN�WKURXJKSXW�IRU�D
VLQJOH�SURFHVV�E\�VSUHDGLQJ�D�VLQJOH�,2�DFURVV�PXOWLSOH�GLVNV���+RZHYHU�,2V�WKDW�DUH�PXFK�VPDOOHU�WKDQ�D�PHJDE\WH
FDQ�FDXVH�VHHN�WLPH�WR�EHFRPHV�D�ODUJH�IUDFWLRQ�RI�WKH�WRWDO�,2�WLPH���7KHUHIRUH��WKH�RYHUDOO�HIILFLHQF\�RI�WKH�VWRUDJH
V\VWHP�LV�UHGXFHG���,Q�VRPH�FDVHV�LW�PD\�EH�ZRUWK�WUDGLQJ�RII�VRPH�HIILFLHQF\�IRU�WKH�LQFUHDVHG�WKURXJKSXW�WKDW
VPDOOHU�VWULSH�GHSWKV�SURYLGH���,Q�JHQHUDO�LW�LV�QRW�QHFHVVDU\�WR�GR�WKLV�WKRXJK���3DUDOOHO�H[HFXWLRQ�DW�GDWDEDVH�OHYHO
DFKLHYHV�KLJK�GLVN�WKURXJKSXW�ZKLOH�NHHSLQJ�HIILFLHQF\�KLJK���$OVR��UHPHPEHU�WKDW�WKH�GHJUHH�RI�SDUDOOHOLVP�FDQ�EH
G\QDPLFDOO\�WXQHG��ZKHUHDV�WKH�VWULSH�GHSWK�LV�YHU\�FRVWO\�WR�FKDQJH�

:K\�QRW�XVH�D�VWULSH�GHSWK�ELJJHU�WKDQ�RQH�PHJDE\WH"��2QH�PHJDE\WH�LV�ODUJH�HQRXJK�WKDW�D�VHTXHQWLDO�VFDQ�ZLOO
VSHQG�PRVW�RI�LWV�WLPH�WUDQVIHUULQJ�GDWD�LQVWHDG�RI�SRVLWLRQLQJ�WKH�GLVN�KHDG���$�ELJJHU�VWULSH�GHSWK�ZLOO�LPSURYH�VFDQ
HIILFLHQF\�EXW�RQO\�PRGHVWO\���2QH�PHJDE\WH�LV�VPDOO�HQRXJK�WKDW�D�ODUJH�,2�RSHUDWLRQ�ZLOO�QRW�´KRJµ�D�VLQJOH�GLVN�IRU
YHU\�ORQJ�EHIRUH�PRYLQJ�WR�WKH�QH[W�RQH����)XUWKHU��RQH�PHJDE\WH�LV�VPDOO�HQRXJK�WKDW�2UDFOH·V�DV\QFKURQRXV�UHDG�
DKHDG�RSHUDWLRQV�DFFHVV�PXOWLSOH�GLVNV��2QH�PHJDE\WH�LV�DOVR�VPDOO�HQRXJK�WKDW�D�VLQJOH�VWULSH�XQLW�ZLOO�QRW�EHFRPH�D
KRW�VSRW���$Q\�DFFHVV�KRW�VSRW�WKDW�LV�VPDOOHU�WKDQ�D�PHJDE\WH�VKRXOG�ILW�FRPIRUWDEO\�LQ�WKH�GDWDEDVH�EXIIHU�FDFKH�
7KHUHIRUH�LW�ZLOO�QRW�FUHDWH�D�KRW�VSRW�RQ�GLVN�

$V�GLVFXVVHG�DERYH��WKHUH�DUH�VHYHUDO�FRPSHWLQJ�JRDOV�WKDW�PXVW�EH�EDODQFHG�ZKHQ�FKRRVLQJ�D�VWULSH�GHSWK���$�RQH
PHJDE\WH�VWULSH�GHSWK�VDWLVILHV�DOO�WKHVH�JRDOV�ZLWKRXW�VKRUW�FKDQJLQJ�DQ\�RI�WKHP���7KLV�LV�QRW�WR�VD\�WKDW�WKHUH�LV
VRPHWKLQJ�´PDJLFDOµ�DERXW�WKH�YDOXH�RI�RQH�PHJDE\WH���$�YDOXH�WKDW�LV�VRPHZKDW�VPDOOHU�RU�ODUJHU�ZLOO�DOVR�ZRUN�ZHOO�
+RZHYHU��YDOXHV�WKDW�DUH�YHU\�GLIIHUHQW�ZLOO�OHDYH�VRPH�JRDO�XQGHU�RSWLPL]HG�
$V�GLVN�WHFKQRORJ\�DGYDQFHV��WKH�VWULSH�GHSWK�ZLOO�QHHG�WR�EH�JUDGXDOO\�LQFUHDVHG�WR�D�YDOXH�ODUJHU�WKDQ�RQH�PHJDE\WH�
7KLV�LV�EHFDXVH�WKH�WUDQVIHU�UDWH�IRU�GLVNV�LV�LQFUHDVLQJ�IDVWHU�WKDQ�WKH�SRVLWLRQLQJ�WLPH�LV�GHFUHDVLQJ����7KLV�LV�D�JUDGXDO
FKDQJH�EXW�LW�VKRXOG�EH�FRQVLGHUHG�ZKHQ�GHSOR\LQJ�QHZHU�JHQHUDWLRQ�GLVN�WHFKQRORJ\�

0,5525�'$7$�)25�+,*+�$9$,/$%,/,7<

7KH�VLPSOHVW�ZD\�WR�HQVXUH�WKDW�GDWD�LV�QRW�ORVW�LV�WR�LPSOHPHQW�PLUURULQJ�DW�WKH�VWRUDJH�VXEV\VWHP�OHYHO�

,W�LV�JHQHUDOO\�HDVLHVW�WR�LPSOHPHQW�PLUURULQJ�DW�WKH�GLVN�RU�SDUWLWLRQ�OHYHO�DQG�WKHQ�LPSOHPHQW�VWULSLQJ�RQ�WRS�RI�WKH
PLUURUHG�GLVNV

7KH�RQO\�ZD\�WR�ORVH�GDWD�WKDW�LV�PLUURUHG�LV�WR�KDYH�PXOWLSOH�GLVN�IDLOXUHV���&XUUHQW�GLVN�GULYHV�DUH�KLJKO\�UHOLDEOH�VR
WKH�SUREDELOLW\�RI�PXOWLSOH�IDLOXUHV�LV�PLQXWH���$OVR��PDQ\�V\VWHPV�DOORZ�D�VSDUH�GULYH�WR�EH�FRQILJXUHG�VR�WKDW�UHSDLU
RFFXUV�UDSLGO\�DIWHU�D�PLUURU�IDLOXUH�

6RPH�SHRSOH�ZRUU\�WKDW�H[WHQVLYH�XVH�RI�VWULSLQJ�ZLOO�LQFUHDVH�WKH�SUREDELOLW\�RI�GDWD�ORVV���7KLV�LV�QRW�WUXH���6WULSLQJ
LQFUHDVHV�WKH�GDPDJH�WKDW�RFFXUV�ZKHQ�D�GRXEOH�GLVN�IDLOXUH�RFFXUV�EXW�LW�GRHV�QRW�PDNH�LW�PRUH�SUREDEOH���,I�DOO�ILOHV�
DUH�VWULSHG�DFURVV�DOO�GLVNV�WKHQ�DQ\�GRXEOH�GLVN�IDLOXUH�WKDW�VWULNHV�ERWK�GLVNV�LQ�D�PLUURU�ZLOO�FDXVH�WKH�HQWLUH�GDWDEDVH
WR�QHHG�UHFRYHU\�LQVWHDG�RI�MXVW�WKH�ILOHV�WKDW�ZHUH�RQ�WKH�IDLOHG�GLVNV���7KLV�OHQJWKHQV�WKH�WLPH�WR�SHUIRUP�UHFRYHU\�
+RZHYHU��UHVWRUH�IURP�WDSH�DQG�UHFRYHU\�LV�DOZD\V�D�VORZ�SURFHVV��HYHQ�IRU�D�VLQJOH�GLVN�

7KHUH�DUH�PDQ\�IDLOXUH�VFHQDULRV�WKDW�DUH�PXFK�PRUH�OLNHO\�WKDQ�D�GRXEOH�GLVN�IDLOXUH���7KHVH�LQFOXGH�RSHUDWRU�RU
DSSOLFDWLRQ�HUURU��GDWD�FRUUXSWLRQ��HWF���7KH�EHVW�ZD\�WR�SURWHFW�DJDLQVW�WKHVH�PRUH�OLNHO\�IDLOXUHV�LV�WR�LPSOHPHQW�D
VWDQGE\�GDWDEDVH���$�VWDQGE\�GDWDEDVH�ZLOO�DOVR�SURWHFW�DJDLQVW�D�GRXEOH�GLVN�IDLOXUH���7KXV��DFKLHYLQJ�H[WUHPH�KLJK
DYDLODELOLW\�UHTXLUHV�D�VWDQGE\�GDWDEDVH��DQG�WKLV�DOVR�VROYHV�WKH�SUREOHP�RI�GRXEOH�GLVN�IDLOXUH���+HQFH��VWULSLQJ
VKRXOG�QRW�GHFUHDVH�WKH�DYDLODELOLW\�RI�D�ZHOO�PDQDJHG�GDWDEDVH�

6WULSLQJ�WKH�RQOLQH�ORJ�ILOHV�DFURVV�PDQ\�GLVNV�GRHV�LQFUHDVH�WKH�SUREDELOLW\�WKDW�D�GRXEOH�GLVN�IDLOXUH�ZLOO�GHVWUR\�DQ
RQOLQH�ORJ��/RVV�RI�DQ�RQOLQH�ORJ�ZLOO�FDXVH�XQUHFRYHUDEOH�ORVV�RI�WKH�PRVW�UHFHQW�XSGDWHV���$JDLQ��WKH�SUREDELOLW\�RI
WKLV�LV�YHU\�ORZ��DQG�D�VWDQGE\�RU�UHPRWH�PLUURU�RI�WKH�RQOLQH�ORJ�LV�WKH�EHVW�ZD\�WR�SURWHFW�DJDLQVW�LW���,I�D�VWDQGE\�LV
WRR�FRPSOH[�RU�H[SHQVLYH�WR�LPSOHPHQW�DQG�\RX�ZDQW�WR�UHGXFH�WKH�YHU\�ORZ�SUREDELOLW\�RI�GDWD�ORVV��WKHQ�\RX�VKRXOG
LPSOHPHQW�DGGLWLRQDO�PLUURULQJ�RI�WKH�RQOLQH�ORJV��FRQWURO�ILOH��DQG�DUFKLYH�ORJV���:H�FDOO�WKHVH�WKUHH�VHWV�RI�ILOHV�WKH
UHFRYHU\�VHW����7KHVH�DUH�WKH�ILOHV�WKDW�DUH�QHHGHG�WR�SHUIRUP�D�IXOO�UHFRYHU\�IURP�D�EDFNXS�
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,GHDOO\�\RX�VKRXOG�FUHDWH�DQ�DGGLWLRQDO�PLUURU�RI�DOO�ILOHV�LQ�WKH�UHFRYHU\�VHW�DW�WKH�2UDFOH�OHYHO���0LUURULQJ�E\�2UDFOH
XVLQJ�ILOH�PXOWLSOH[LQJ�LV�VRPHZKDW�PRUH�UHVLOLHQW�WR�FRUUXSWLRQV�WKDQ�PLUURULQJ�DW�WKH�VWRUDJH�VXEV\VWHP�OHYHO����7KH
DGGLWLRQDO�FRS\�RI�WKH�UHFRYHU\�VHW�VKRXOG�EH�VHSDUDWHG�IURP�WKH�PDLQ�FRSLHV�LQ�HYHU\�ZD\�SRVVLEOH�LQ�RUGHU�WR�UHGXFH
WKH�LQFLGHQFH�RI�FRUUHODWHG�IDLOXUHV���)RU�H[DPSOH��WKH�DGGLWLRQDO�PLUURU�VKRXOG�EH�RQ�D�VHSDUDWH�ILOHV�V\VWHP��ZKLFK
UHVLGHV�RQ�D�VHSDUDWH�YROXPH��ZKLFK�LV�RQ�GLIIHUHQW�GLVNV��DFFHVVHG�E\�GLIIHUHQW�FRQWUROOHUV��DQG�LGHDOO\�RQ�D�VHSDUDWH
5$,'�GHYLFH�

5DLG��DQG�LWV�HTXLYDOHQWV�FDQ�DOVR�EH�XVHG�WR�SUHYHQW�GDWD�ORVV���)RU�GDWDEDVHV�WKDW�KDYH�ODUJH�DPRXQWV�RI�KLJKO\�UHDG
LQWHQVLYH�GDWD��5DLG��SURYLGHV�D�PRUH�FRVW�HIIHFWLYH�VROXWLRQ�WKDQ�PLUURULQJ���+RZHYHU��DV�ZH�PRYH�LQWR�D�ZRUOG�RI
IHZHU�YHU\�KLJK�FDSDFLW\�GLVNV��WKH�VWRUDJH�EHQHILWV�RI�5DLG��ZLOO�EHFRPH�OHVV�VLJQLILFDQW��DQG�LWV�SHUIRUPDQFH�FRVWV
ZLOO�EHFRPH�PRUH�VLJQLILFDQW���$OVR��PLUURU�VSOLWV�SURYLGH�D�YHU\�QLFH�ZD\�WR�SHUIRUP�D�TXLFN�RQ�GLVN�FRS\�RU�EDFNXS
RI�D�GDWDEDVH�RU��WDEOHVSDFH���0LUURU�VSOLWV�FDQQRW�EH�GRQH�LQ�D�5DLG��FRQILJXUDWLRQ���,Q�DGGLWLRQ��5DLG��LV�D�PRUH
FRPSOLFDWHG�WHFKQRORJ\�WKDW�KDV�PRUH�IDLOXUH�PRGHV�WKDQ�PLUURULQJ��7KHUHIRUH��ZH�EHOLHYH�WKDW�5DLG��WHFKQRORJ\�ZLOO
EHFRPH�OHVV�LPSRUWDQW�LQ�WKH�IXWXUH���7R�VLPSOLI\�WKH�VWRUDJH�FRQILJXUDWLRQ�ZH�UHFRPPHQG�VLPSOH�PLUURULQJ�IRU�PRVW
GDWDEDVHV�

3/$&(�)5(48(17/<�$&&(66('�'$7$�21�7+(�2876,'(�+$/)�2)�7+(�',6.�'5,9(6

$V�ZDV�GLVFXVVHG�EHIRUH��E\�OLPLWLQJ�PRVW�DFFHVVHV�WR�WKH�RXWVLGH�KDOI�RI�GLVN�GULYHV��WKH�UDQGRP�UHDG�WLPH�LV�UHGXFHG
WR�FORVH�WR�WKH�PLQLPXP��DQG�WKH�GLVN�WUDQVIHU�UDWH�LV�LQFUHDVHG�WR�FORVH�WR�WKH�PD[LPXP�

2QH�ZD\�WR�DFFRPSOLVK�WKLV�LV�WR�PHDVXUH�RU�SUHGLFW�WKH�,2�UDWHV�RI�WKH�YDULRXV�WDEOHVSDFHV�LQ�WKH�GDWDEDVH��DQG
SRVLWLRQ�WDEOHVSDFHV�ZLWK�KLJKHU�WKDQ�PHGLDQ�,2�UDWHV�RQ�WKH�RXWVLGH�KDOI�RI�WKH�GLVN�GULYHV���,Q�WKLV�VROXWLRQ��WKH
RQOLQH�ORJV�DQG�DUFKLYH�ORJV�VKRXOG�EH�SODFHG�RQ�WKH�RXWVLGH�KDOI�RI�WKH�GLVN�GULYH�VLQFH�WKH\�FDQ�UHFHLYH�D�ORW�RI�,2
DFWLYLW\�GXULQJ�XSGDWHV�

$QRWKHU�ZD\�WR�DFFRPSOLVK�WKLV�LV�WR�MXVW�OHDYH�WKH�LQVLGH�KDOI�RI�WKH�GLVN�GULYHV�HPSW\���6LQFH�GLVN�GULYH�FDSDFLW\�LV
LQFUHDVLQJ�PXFK�IDVWHU�WKDQ�GLVN�SHUIRUPDQFH��LW�ZLOO�EHFRPH�LQFUHDVLQJO\�FRPPRQ�WR�SXUFKDVH�PDQ\�PRUH�GLVN
GULYHV�WKDQ�DUH�QHFHVVDU\�WR�MXVW�KROG�WKH�GDWD����,Q�WKLV�VROXWLRQ��LW�PDNHV�VHQVH�WR�XVH�WKH�UHPDLQLQJ�VSDFH�WR�VWRUH
RQ�GLVN�EDFNXSV�RI�WKH�GDWDEDVH���,I�GLVN�WUHQGV�FRQWLQXH�IRU�PDQ\�PRUH�\HDUV��GLVNV�PLJKW�VWDUW�ORRNLQJ�OLNH�JHRORJLF
VWUDWD���7KH�RXWHU�OD\HUV�RI�WKH�GLVN�ZLOO�KROG�QHZHU�GDWD�ZKLOH�WKH�LQQHU�OD\HUV�FRQWDLQ�LQFUHDVLQJO\�ROGHU�GDWD�

6RPH�VWRUDJH�V\VWHPV�DOORZ�D�SULPDU\�PLUURU�FRS\�WR�EH�GHVLJQDWHG��7KH�SULPDU\�PLUURU�FRS\�LV�SUHIHUHQWLDOO\�XVHG
IRU�UHDG�RSHUDWLRQV�ZKLOH�ZULWH�RSHUDWLRQV�KDSSHQ�WR�ERWK�GLVN�GULYHV���2Q�WKHVH�VWRUDJH�V\VWHPV�LW�PD\�EH�EHQHILFLDO
WR�SODFH�WKH�SULPDU\�FRS\�RI�WKH�GDWDEDVH�RQ�WKH�RXWVLGH�KDOI�RI�WKH�GLVN�GULYHV��DQG�WKH�QRQ�SULPDU\�FRS\�RQ�WKH
LQVLGH�KDOI���6LQFH�PRVW�GDWDEDVHV�DUH�TXLWH�UHDG�LQWHQVLYH��WKLV�PD\�SURYLGH�D�KLJK�GHJUHH�RI�ORFDOLW\�WR�WKH�RXWHU�KDOI
RI�WKH�GLVN�GULYH���,Q�WKLV�VROXWLRQ��WKH�ORJV�ILOHV�DQG�WKHLU�PLUURUV�VKRXOG�EH�SODFHG�RQ�WKH�RXWVLGH�KDOI�RI�WKH�GLVN
GULYHV�VLQFH�WKRVH�DUH�NQRZQ�WR�EH�ZULWH�LQWHQVLYH�

68%6(7�'$7$�%<�3$57,7,21�127�',6.

,Q�VRPH�FDVHV�LW�LV�QHFHVVDU\�WR�VHSDUDWH�VRPH�GDWDEDVH�ILOHV�IURP�RWKHUV���)RU�H[DPSOH��VRPH�VLWHV�FUHDWH�D�UHPRWH
PLUURU�RI�WKH�RQOLQH�ORJV�WR�SUHYHQW�GDWD�ORVV�LQ�D�GLVDVWHU���2WKHU�VLWHV�ZDQW�WR�VHSDUDWH�UHDG�RQO\�GDWD�IURP�ZULWHDEOH
GDWD���2WKHUV�ZDQW�WR�LPSOHPHQW�H[WUD�PLUURULQJ�IRU�D�VXEVHW�RI�WKH�GDWDEDVH���2IWHQ�WKHVH�GDWD�ILOHV�DUH�SODFHG�LQ�D
VHSDUDWH�YROXPH�WKDW�LV�WUHDWHG�GLIIHUHQWO\�IURP�WKH�UHVW�RI�WKH�YROXPHV�RQ�WKH�V\VWHP�

:KHQ�FUHDWLQJ�WKHVH�VHSDUDWH�YROXPHV�LW�LV�FRPPRQ�WR�SODFH�WKHP�RQ�D�VHSDUDWH�VHW�RI�GLVNV�IURP�WKH�UHVW�RI�WKH
GDWDEDVH���8QIRUWXQDWHO\��WKLV�LVRODWHV�WKH�ILOHV�RQWR�D�VPDOO�VHW�RI�GLVNV�WKDW�FDQ�WKHQ�EHFRPH�D�SHUIRUPDQFH
ERWWOHQHFN�IRU�VRPH�RSHUDWLRQV���7KHUHIRUH��LW�LV�EHWWHU�WR�FUHDWH�D�SDUWLWLRQ�DFURVV�DOO�WKH�H[LVWLQJ�GLVNV��DQG
FRQFDWHQDWH�DQG�VWULSH�WKH�SDUWLWLRQ�WR�IRUP�WKH�VHSDUDWH�YROXPHV���7KLV�VHSDUDWHV�WKH�GDWD�ILOHV�ORJLFDOO\�ZKLOH
PDLQWDLQLQJ�SK\VLFDO�DFFHVV�WR�DOO�WKH�GLVNV�

�����������������������������������������������������
���%HFDXVH�2UDFOH�PXOWLSOH[LQJ�LVVXHV�WZR�HQWLUHO\�LQGHSHQGHQW�,2V���$�IDLOXUH�LQ�WKH�,2�VWDFN�DW�DQ\�OHYHO�LV�OHVV�OLNHO\�WR�HIIHFW
ERWK�,2V���$OVR��2UDFOH�SHUIRUPV�ORJLFDO�YDOLGDWLRQ�RI�WKH�EORFNV�RQ�UHDG��DQG�FDQ�FRUUHFW�FRUUXSWLRQV�E\�UHDGLQJ�WKH�RWKHU�SOH[�
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Log Data1 Data2
Log

Data1

Data2

Log

Data1

Data2

Log

Data1

Data2

7KH�VXEVHW�E\�SDUWLWLRQ�UXOH�LV�QRW�UHDOO\�D�VHSDUDWH�UXOH���,W�LV�D�YDULDQW�RI�WKH�ILUVW�UXOH���,W�UHDOO\�LV�MXVW�D�ZD\�WR
SUHVHUYH�VWULSLQJ�DFURVV�DOO�GLVNV�ZKLOH�FUHDWLQJ�VXEVHWV�RI�GDWD�

$'',1*�',6.6

7KH�SULPDU\�LVVXH�ZLWK�WKH�6$0(�PHWKRGRORJ\�LV�WKDW�DGGLQJ��RU�VXEWUDFWLQJ��GLVN�VSDFH�LV�PRUH�GLIILFXOW�WR�GR���,I
WKH�GDWDEDVH�LV�VWULSHG�DFURVV�DOO�RI�WKH�H[LVWLQJ�GLVNV�WKHQ�DGGLQJ�D�QHZ�GLVN�PHDQV�UHVWULSLQJ�WKH�GDWDEDVH���)RU�D
ODUJH�GDWDEDVH�WKLV�FDQ�WDNH�D�ORQJ�WLPH���7KHUH�DUH�D�QXPEHU�RI�ZD\V�WR�KDQGOH�WKLV�LVVXH�

7KH�EHVW�ZD\�WR�KDQGOH�WKH�LVVXH�RI�DGGLQJ�GLVNV�LV�WR�QRW�GR�LW���,GHDOO\��FDUHIXO�SODQQLQJ�LV�GRQH�DKHDG�RI�WLPH�WR
HQVXUH�WKDW�VXIILFLHQW�VSDFH�LV�DOORFDWHG�IRU�WKH�H[SDQVLRQ�QHHGV�RI�WKH�GDWDEDVH���:LWK�GLVN�FDSDFLW\�LQFUHDVLQJ�UDSLGO\
RYHU�WLPH��LW�ZLOO�EHFRPH�FRPPRQSODFH�WR�RYHU�DOORFDWH�VWRUDJH�VSDFH�IRU�GDWDEDVHV�WR�HQVXUH�WKHUH�DUH�HQRXJK�GLVNV
WR�VDWLVI\�SHUIRUPDQFH�JRDOV���(YHQ�LI�LW�LV�QRW�SRVVLEOH�WR�DOORFDWH�DOO�WKH�QHHGHG�VSDFH�XS�IURQW��LW�VKRXOG�EH�SRVVLEOH
WR�DGG�VSDFH�LQ�ELJ�LQFUHPHQWV�VR�WKDW�VSDFH�DGGLWLRQ�LV�D�UDUH�HYHQW�

$QRWKHU�RSWLRQ�LV�WR�GHSOR\�VWRUDJH�WHFKQRORJ\�WKDW�DOORZV�RQOLQH�UHRUJDQL]DWLRQ�RI�GDWD��)RU�H[DPSOH��UHFHQW�UHOHDVHV
RI�WKH�9HULWDV�YROXPH�PDQDJHU�DOORZ�RQOLQH�UHVWULSLQJ�RI�YROXPHV���7KH�UHVWULSLQJ�DFWLYLW\�RFFXUV�LQ�EDFNJURXQG�DQG
KDV�QHJOLJLEOH�SHUIRUPDQFH�LPSDFW�RQ�RQOLQH�RSHUDWLRQV���%DFNJURXQG�UHVWULSLQJ�FDQ�WDNH�D�ORQJ�WLPH�WR�FRPSOHWH��EXW
DGGLQJ�GLVNV�VKRXOG�RFFXU�YHU\�LQIUHTXHQWO\��VR�LW�VKRXOG�QRW�PDWWHU�KRZ�ORQJ�LW�WDNHV���7KLV�LV�DOVR�D�YHU\�JRRG
VROXWLRQ�EHFDXVH�LW�SUHVHUYHV�WKH�EHQHILWV�RI�WKH�6$0(�PHWKRGRORJ\�ZLWK�OLWWOH�RU�QR�FRPSURPLVHV�

2IWHQ��WKH�QHHG�LV�IRU�PRUH�FDSDFLW\��QRW�PRUH�SHUIRUPDQFH���,Q�WKLV�FDVH�LW�LV�RIWHQ�SRVVLEOH�WR�UHSODFH�WKH�H[LVWLQJ
GLVNV�ZLWK�D�QHZ�JHQHUDWLRQ�RI�ODUJHU�GLVNV���+HUH�WKH�GDWD�RQ�WKH�H[LVWLQJ�GLVNV�LV�FRSLHG�WR�WKH�QHZ�GLVNV�DQG�WKHQ
QHZ�SDUWLWLRQV�DUH�FUHDWHG�ZLWK�WKH�UHPDLQLQJ�VSDFH�RQ�WKH�QHZ�GLVNV���7KHVH�QHZ�SDUWLWLRQV�FDQ�WKHQ�EH�VWULSHG�WR
IRUP�D�QHZ�YROXPH�V��WR�XVH�IRU�DGGLWLRQDO�GDWDEDVH�GDWD�

6RPH�WLPHV�ZKHQ�PRUH�VSDFH�LV�DGGHG��D�QHZ�VWRUDJH�GHYLFH��5$,'�ER[��LV�GHSOR\HG�WR�UHSODFH�WKH�ROG�RQH����,Q�WKLV
FDVH��WKH�VWRUDJH�RQ�WKH�QHZ�GHYLFH�FDQ�EH�FRQILJXUHG�DQG�WKHQ�D�EDFNXS�RI�WKH�GDWDEDVH�FDQ�EH�UHVWRUHG�RQWR�WKH
QHZ�GHYLFH���0HGLD�UHFRYHU\�FDQ�WKHQ�EH�DSSOLHG�WR�WKH�GDWDEDVH�XQWLO�LW�LV�DOPRVW�FDXJKW�XS�ZLWK�WKH�SURGXFWLRQ
GDWDEDVH���$W�WKLV�SRLQW��WKH�SURGXFWLRQ�GDWDEDVH�FDQ�EH�VKXW�GRZQ�DQG�WKH�UHPDLQLQJ�ORJV�FDQ�EH�DSSOLHG�WR�WKH�QHZ
VWRUDJH�GHYLFH���2QFH�WKLV�LV�GRQH�LW�LV�UHDG\�WR�UHSODFH�WKH�ROG�VWRUDJH�GHYLFH���(VVHQWLDOO\�D�VWDQGE\�GDWDEDVH�LV
FUHDWHG�IURP�WKH�SURGXFWLRQ�GDWDEDVH�DQG�JUDFHIXO�VZLWFK�RYHU�LV�SHUIRUPHG�WR�WKH�VWDQGE\�GDWDEDVH�

$QRWKHU�RSWLRQ�LV�WR�FUHDWH�JURXSV�RI�GLVN�DQG�VWULSH�RQO\�ZLWKLQ�WKH�JURXS���7KLV�LV�VRPHWLPHV�FDOOHG�D�VWULSLQJ
JURXS���)RU�H[DPSOH��\RX�FDQ�VHSDUDWH�WKH�GLVN�SRRO�LQWR�JURXSV�RI���GLVNV���6WULSLQJ�LV�GRQH�ZLWKLQ�WKH�HLJKW�GLVN
VWULSLQJ�JURXS���$GGLWLRQDO�GLVNV�PXVW�EH�DGGHG�LQ�JURXSV�RI�HLJKW���7KLV�LV�D�FRPSURPLVH�VROXWLRQ�EHWZHHQ�FRPSOHWH
VWULSLQJ�DQG�QR�VWULSLQJ���,W�VLPSOLILHV�WKH�SUREOHP�RI�DGGLQJ�GLVNV��EXW�EULQJV�EDFN�WKH�LVVXHV�RI�,2�LPEDODQFHV
DPRQJ�WKH�JURXSV��DQG�RI�SDUDOOHO�RSHUDWLRQV�EHLQJ�OLPLWHG�E\�WKH�WKURXJKSXW�RI�RQH�JURXS���,I�\RX�FKRRVH�WR�JR�WKLV
URXWH�WKHQ�PDNH�WKH�QXPEHU�RI�GLVNV�SHU�JURXS�DV�ODUJH�DV�SRVVLEOH���7KH�PRUH�&38V�\RX�KDYH�WKH�ODUJHU�WKH�JURXS
VKRXOG�EH��7U\�WR�KDYH�DW�OHDVW�IRXU�GLVNV�SHU�&38�DQG�SUHIHUDEO\�HLJKW�RU�PRUH�

2QH�RI�WKH�SUREOHPV�ZLWK�UHVWULSLQJ�ZKHQ�D�QHZ�GLVN�LV�DGGHG�LV�WKDW�LW�UHTXLUHV�UHRUJDQL]LQJ�WKH�HQWLUH�GDWDEDVH���,I
\RX�KDYH�HLJKW\�GLVNV�DQG�ZDQW�WR�DGG�WHQ�PRUH��LW�LV�H[SHQVLYH�WR�UHVKXIIOH�WKH�GDWD�RQ�WKH�H[LVWLQJ�HLJKW\�GLVNV���$
ZD\�WR�DYRLG�WKLV�LV�WR�FUHDWH�PXOWLSOH�SDUWLWLRQV�SHU�GLVN���:KHQ�PRUH�GLVNV�DUH�DGGHG��VRPH�RI�WKH�SDUWLWLRQV�RQ�WKH
H[LVWLQJ�GLVNV�FDQ�EH�PRYHG�WR�WKH�QHZ�GLVNV��DQG�WKHQ�WKH�IUHHG�VSDFH�FDQ�EH�XVHG�IRU�FUHDWLQJ�IUHVK�SDUWLWLRQV���7KLV
ZLOO�QRW�SURGXFH�ILOHV�WKDW�DUH�QLQHW\�ZD\�VWULSHG��EXW�LW�ZLOO�SUHVHUYH�WKH�HLJKW\�ZD\�VWULSLQJ���:H�FDOO�WKLV�DSSURDFK
´VOLGLQJ�WKH�VWULSHµ���&RQWUDVW�WKLV�ZLWK�VWULSLQJ�JURXSV�LQ�ZKLFK�WR�DGG�WHQ�GLVNV�UHTXLUHV�UHVWULFWLQJ�WKH�VWULSLQJ�WR
VSDQ�QR�PRUH�WKDQ�WHQ�GLVNV�
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$�GHWDLOHG�H[DPSOH�ZLOO�KHOS�LQ�XQGHUVWDQGLQJ�WKLV�ODVW�RSWLRQ���6XSSRVH�\RX�KDYH�VL[�GLVNV�HDFK�RI�ZKLFK�LV�EURNHQ�XS
LQWR�WKUHH�SDUWLWLRQV�DV�VKRZQ�LQ�ILJXUH���EHORZ���7KH�SDUWLWLRQV�ODEHOHG�ZLWK�WKH�VDPH�QXPEHU�DUH�WKHQ�VWULSHG�WR
IRUP�D�YROXPH���6R��IRU�H[DPSOH��DOO�WKH�SDUWLWLRQV�ZLWK�WKH�QXPEHU�¶�·�DUH�VWULSHG�WR�IRUP�D�YROXPH��7KHVH�YROXPHV
DUH�WKHQ�DGGHG�WR�D�VLQJOH�ILOH�V\VWHP�RQ�ZKLFK�WKH�GDWDEDVH�LV�FUHDWHG�

7KH�QXPEHU�RI�SDUWLWLRQV�SHU�GLVN�GHWHUPLQHV�WKH�SHUFHQWDJH�ZH�PXVW�LQFUHPHQW�WKH�GLVNV�E\�LQ�HDFK�VWHS���,Q�WKLV
H[DPSOH�ZH�KDYH�WKUHH�SDUWLWLRQV�SHU�GLVN�VR�ZH�ZRXOG�DGG�����PRUH�GLVNV���6LQFH�WKHUH�DUH�VL[�GLVN�LQ�WKLV�H[DPSOH�
ZH�ZRXOG�DGG�GLVNV�LQ�VHWV�RI�WZR���$IWHU�ZH�DGG�WKH�WZR�GLVNV�ZH�FDQ�PRYH�VL[�SDUWLWLRQV�RYHU��DQG�FUHDWH�VL[�QHZ
RQHV�DV�VKRZQ�LQ�ILJXUH�����,I�ZH�KDG�XVHG�VL[�SDUWLWLRQV�SHU�GLVN��ZH�FRXOG�DGG�RQH�GLVN�DW�D�WLPH�

1RWH�WKDW�ZH�KDYH�FUHDWHG�D�QHZ�YROXPH�ODEHOHG�QXPEHU�¶�·�WKDW�LV�VWULSHG�DFURVV�DOO�WKH�RULJLQDO�GLVNV��7KH�ROG
YROXPHV�RU�QRZ�VWULSHG�DFURVV�WKH�QHZ�GLVNV�DQG�VRPH�RI�WKH�RULJLQDO�GLVNV�

,I�ZH�DGG�WZR�PRUH�GLVNV�WKH�FRQILJXUDWLRQ�ZRXOG�ORRN�OLNH�ILJXUH���

,I�WZR�PRUH�GLVNV�DUH�DGGHG�WKH�ILQDO�UHVXOW�LV�VKRZQ�LQ�ILJXUH���

)LJ��
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1RWH�WKDW�WKH�FRQWHQWV�RI�WKH�RULJLQDO�VL[�GLVNV�DUH�QRZ�RQ�WKH�VL[�QHZ�GLVNV���,I�ZH�ZDQW�WR�NHHS�DGGLQJ�GLVNV�ZH�FDQ
DSSO\�WKH�VDPH�SURFHVV�WR�WKHVH�GLVNV���7KLV�VFKHPH�LV�PRUH�FRPSOLFDWHG�WKDQ�VLPSO\�DGGLQJ�VWULSLQJ�JURXSV�EXW�LW
GRHV�D�EHWWHU�MRE�RI�SUHVHUYLQJ�WKH�EHQHILWV�RI�H[WHQVLYH�VWULSLQJ����7KH�GHJUHH�RI�VWULSLQJ�WKDW�H[LVWHG�RQ�WKH�RULJLQDO
GLVN�FRQILJXUDWLRQ�LV�SUHVHUYHG�DV�QHZ�GLVNV�DUH�DGGHG���,Q�WKH�H[DPSOH��ZH�DOZD\V�SUHVHUYHG�VL[�ZD\�VWULSLQJ�DV�QHZ
GLVNV�ZHUH�DGGHG��,I�\RX�XVH�D�YROXPH�PDQDJHU�WKDW�DOORZV�SDUWLWLRQV�WR�EH�PRYHG�RQOLQH��WKHQ�WKLV�HQWLUH�SURFHVV�FDQ
EH�SHUIRUPHG�ZLWK�QR�GRZQWLPH�

:LWK�WRGD\·V�WHFKQRORJ\�WKHUH�LV�VRPHWLPHV�D�WUDGHRII�EHWZHHQ�WKH�HIIRUW�UHTXLUHG�WR�PRGLI\�D�FRQILJXUDWLRQ�DQG�GDLO\
SHUIRUPDQFH�DQG�PRQLWRULQJ���5HPHPEHU�WKDW�PRGLI\LQJ�D�VWRUDJH�FRQILJXUDWLRQ�VKRXOG�EH�D�UDUH�RSHUDWLRQ�VR�LW
RIWHQ�PDNHV�VHQVH�WR�RSWLPL]H�IRU�WKH�QRUPDO�FDVH�DW�WKH�H[SHQVH�RI�WKH�UHRUJDQL]DWLRQ�FDVH�

',6&866,21�2)�6$0(
7KH�EHVW�WKLQJ�DERXW�WKH�6$0(�FRQILJXUDWLRQ�LV�WKDW�LW�LV�YHU\�VLPSOH�DQG�LW�ZRUNV�IRU�DOO�GDWDEDVH�ZRUNORDGV���<RX
GRQ·W�KDYH�WR�JHW�LQWR�WKH�GHWDLOV�RI�WKH�DSSOLFDWLRQ���6$0(�ZRUNV�ZHOO�IRU�2/73��ZDUHKRXVH��DQG�EDWFK�ZRUNORDGV�
6$0(�ZRUNV�ZHOO�IRU�DQ\�DSSOLFDWLRQ��RSHUDWLRQ�RU�GDWD�VXEVHW���6$0(�SURGXFHV�PD[LPXP�,2�EDQGZLGWK�WR�DOORZ
SDUDOOHO�H[HFXWLRQ�WR�VFDOH�

7R�VHW�XS�D�VWRUDJH�FRQILJXUDWLRQ�XVLQJ�6$0(�\RX�RQO\�QHHG�WR�NQRZ�WKH�WRWDO�GLVN�VSDFH�QHHGHG�E\�WKH�DSSOLFDWLRQ
DQG�WKH�DSSUR[LPDWH�WRWDO�,2�WKURXJKSXW�QHHGHG����7KHVH�GHWHUPLQH�WKH�QXPEHU�RI�GLVNV���2QFH�WKH�QXPEHU�RI�GLVNV
DUH�NQRZQ�\RX�FDQ�VLPSO\�PLUURU�WKH�GLVNV��VWULSH�WKH�UHVXOWLQJ�YROXPHV�DQG�WKHQ�EXLOG�D�ILOH�V\VWHP�RQ�WRS�RI�WKLV�

7KH�6$0(�FRQILJXUDWLRQ�LV�YLDEOH�IRU�D�QXPEHU�RI�UHDVRQV�

• &XUUHQW�YROXPH�PDQDJHUV�DOORZ�HIILFLHQW�VWULSLQJ�DFURVV�PDQ\�GLVNV

• 0LUURUHG�GLVNV�ZLWK�KRW�UHSODFHPHQW�SURYLGH�KLJKO\�UHOLDEOH�VWRUDJH��7KLV�EDODQFHV�WKH�ULVN�RI�XVLQJ�H[WHQVLYH
VWULSLQJ�

• 6HTXHQWLDO�DFFHVV�IURP�2UDFOH�LVVXHV�ODUJH�,2V���7KLV�PLQLPL]HV�VHHN�RYHUKHDG�

• 3DUDOOHO�H[HFXWLRQ�SURGXFHV�YHU\�KLJK�,2�SDUDOOHOLVP�UDWHV���7KLV�UHPRYHV�WKH�QHHG�IRU�ILQH�JUDLQ�VWULSLQJ�

• 5$,'�FDFKHV�DEVRUE�KLJK�ZULWH�UDWHV���7KLV�HOLPLQDWHV�WKH�QHHG�IRU�ILQH�JUDLQ�VWULSLQJ�RI�ORJ�ILOHV�

.((3�,7�6,03/(

,W�LV�WKH�JRDO�RI�WKH�6$0(�FRQILJXUDWLRQ�WR�EH�DV�VLPSOH�DV�SRVVLEOH���:H�EHOLHYH�WKHUH�LV�JUHDW�SRZHU�LQ�VLPSOLFLW\�
0DQ\�SHRSOH�WU\�WR�PLFUR�RSWLPL]H�D�VWRUDJH�FRQILJXUDWLRQ��,Q�RXU�H[SHULHQFH�WKLV�XVXDOO\�FUHDWHV�FRPSOH[LW\�DQG
H[WUD�DGPLQLVWUDWLYH�EXUGHQ�ZLWKRXW�SURYLGLQJ�DQ\�VLJQLILFDQW�JDLQV���7KHUHIRUH��LI�\RX�EHOLHYH�LQ�WKH�LGHDV�SUHVHQWHG�LQ
WKLV�SDSHU��WU\�WR�DGRSW�WKH�FRQILJXUDWLRQ�ZLWKRXW�DGGLQJ�DQ\�HPEHOOLVKPHQWV�XQOHVV�\RX�FDQ�GHPRQVWUDWH�WKDW�WKH
EDVLF�FRQILJXUDWLRQ�ZLOO�QRW�ZRUN�ZHOO�
$�IHZ�RI�WKH�UHFRPPHQGDWLRQV�LQ�WKLV�SDSHU�DUH�FRQWUDU\�WR�FXUUHQW�SUDFWLFH���,Q�SDUWLFXODU��SHRSOH�RIWHQ�TXHVWLRQ�WKH
ZLVGRP�RI�VWULSLQJ�DFURVV�DOO�GLVNV��DQG�RI�LQFOXGLQJ�WKH�ORJ�ILOHV�LQ�WKH�VDPH�VWULSH�VHW�DV�WKH�GDWD�ILOHV���:H�KDYH
SHUIRUPHG�D�QXPEHU�RI�H[SHULPHQWV�LQ�ZKLFK�WKH�ORJV�ZHUH�VHSDUDWHG�LQWR�GLVWLQFW�GLVNV��DQG�GDWD�ILOHV�ZHUH�JURXSHG
LQWR�GLVWLQFW�VHWV�RI�GLVNV���,Q�DOO�WKH�H[SHULPHQWV��WKH�VLPSOH�´VWULSH�DOO�ILOHV�RYHU�HYHU\�GLVNµ�DSSURDFK�SHUIRUPHG�DV
ZHOO�RU�EHWWHU�WKDQ�WKH�EHVW�VXEVHW�WKDW�H[SHULHQFHG�H[SHUWV�ZHUH�DEOH�WR�FRPH�XS�ZLWK���)XQGDPHQWDOO\��VWULSLQJ
DFURVV�DOO�GLVNV�DOORZV�DQ\�RSHUDWLRQ�WR�XVH�DOO�WKH�DYDLODEOH�GLVN�EDQGZLGWK���6HSDUDWLQJ�GDWD�LQWR�LVODQGV�RI�GLVNV
FDXVHV�GLVN�ERWWOHQHFNV�WR�RFFXU�IRU�VRPH�RSHUDWLRQV�
,W�LV�DOVR�LPSRUWDQW�WR�QRW�RUJDQL]H�WKH�VWRUDJH�FRQILJXUDWLRQ�DURXQG�RSWLPL]LQJ�UDUH�HYHQWV�VXFK�DV�GRXEOH�GLVN�IDLOXUH
DQG�GLVN�VSDFH�DGGLWLRQ���,W�LV�EHWWHU�WR�RSWLPL]H�DURXQG�GDLO\�SHUIRUPDQFH�DQG�VFDODELOLW\��HYHQ�LI�LW�PHDQV�PRUH
FRPSOH[LW\�IRU�VRPH�UDUH�HYHQW�

%$&.83�$1'�5(&29(5<

7KH�6$0(�FRQILJXUDWLRQ�FDQ�LPSURYH�WKH�SHUIRUPDQFH�RI�EDFNXS�DQG�UHFRYHU\���%DFNXS�DQG�UHFRYHU\�DUH�YHU\�,2
LQWHQVLYH�RSHUDWLRQV���7KH�LQWHQVLYH�VWULSLQJ�WKDW�LV�XVHG�LQ�WKH�6$0(�FRQILJXUDWLRQ�DOORZV�WKHVH�RSHUDWLRQV�WR�UXQ�DW
IXOO�VSHHG�ZLWK�PLQLPDO�GLVN�ERWWOHQHFNV�
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&21&/86,21
6WRUDJH�FRQILJXUDWLRQ�DQG�PDLQWHQDQFH�GRHV�QRW�KDYH�WR�EH�FRPSOH[�DQG�ODERU�LQWHQVLYH���%\�IROORZLQJ�VRPH�VLPSOH
JXLGHOLQHV�\RX�FDQ�FUHDWH�D�VWRUDJH�FRQILJXUDWLRQ�WKDW�LV�VLPSOH��KDV�H[FHOOHQW�SHUIRUPDQFH��DQG�JRRG�DYDLODELOLW\���7KH
6$0(�FRQILJXUDWLRQ�KDV�RQO\�IRXU�UXOHV�

��� 6WULSH�DOO�ILOHV�DFURVV�DOO�GLVNV�XVLQJ�D�RQH�PHJDE\WH�VWULSH�ZLGWK
��� 0LUURU�GDWD�IRU�KLJK�DYDLODELOLW\
��� 3ODFH�IUHTXHQWO\�DFFHVVHG�GDWD�RQ�WKH�RXWVLGH�KDOI�RI�WKH�GLVN�GULYHV
��� 6XEVHW�GDWD�E\�SDUWLWLRQ��QRW�GLVN

7KH�6$0(�PHWKRGRORJ\�LV�EDVHG�RQ�FDUHIXO�DQDO\VLV�RI�FXUUHQW�DQG�IXWXUH�GLVN�WHFKQRORJ\��FRPELQHG�ZLWK�D
WKRURXJK�XQGHUVWDQGLQJ�RI�WKH�SHUIRUPDQFH�DQG�DYDLODELOLW\�UHTXLUHPHQWV�RI�WKH�2UDFOH�GDWDEDVH���6$0(�LV�DQ
DEVWUDFW�PHWKRGRORJ\�WKDW�LV�QRW�WLHG�WR�DQ\�SDUWLFXODU�VWRUDJH�PDQDJHPHQW�SURGXFW�LQ�WKH�PDUNHW�WRGD\��7KH�EDVLF
LGHDV�RI�6$0(�FDQ�EH�LPSOHPHQWHG�ZLWK�WHFKQRORJ\�WKDW�H[LVWV�WRGD\���6RPH�RI�WKH�GHWDLOV�GHVFULEHG�LQ�WKLV�SDSHU�DUH
QRW�DYDLODEOH�WRGD\��EXW�WKH\�PD\�EHFRPH�DYDLODEOH�RYHU�WKH�QH[W�IHZ�\HDUV���2UDFOH�LV�ZRUNLQJ�ZLWK�OHDGLQJ�VWRUDJH
YHQGRUV�WR�RSWLPL]H�DQG�DXWRPDWH�WKLV�PHWKRGRORJ\�
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6HYHUDO�RI�WKH�LGHDV�SUHVHQWHG�LQ�WKLV�SDSHU�ZHUH�LQYHQWHG�E\�%LOO�%ULGJH���2WKHU�LGHDV�UHVXOWHG�IURP�GLVFXVVLRQV�ZLWK
*DUU\�/HPDVD��&DURO�&ROUDLQ��-HJUDM�'MHJDUDGMDQH��DQG�9LNUDP�-RVKL�


