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7KLV�DUWLFOH�SUHVHQWV�D�GHVLJQ�RI�WKH�'DWD�(QFU\SWLRQ�6WDQGDUG��'(6��FKLS��7KH�'(6
LV�GLVFXVVHG�FRQFLVHO\��7KH�UHVXOW�RI�WKH�SUHYLRXV�ZRUNV�DUH�GLVFXVVHG��WKH�HQFU\SWLRQ
VSHHG�� 7KHQ� WKH� GHVFULSWLRQ� RI� DQ� LPSOHPHQWDWLRQ� EDVHG� RQ� )3*$� GHYLFHV� LV
SUHVHQWHG� LQFOXGLQJ�RYHUDOO� V\VWHP�VWUXFWXUH��D� UHYLHZ�RI�GHVLJQ�FRQVLGHUDWLRQV�� DQ
HVWLPDWLRQ�RI�JDWH�DUUD\�XVHG�LQ�WKH�GHVLJQ�DQG�SHUIRUPDQFH�HYDOXDWLRQ�

���,1752'8&7,21
7KH� 'DWD� (QFU\SWLRQ� 6WDQGDUG� �'(6�
DOJRULWKP�>�@��ZKLFK�D����ELW�EORFN�RI�SODLQWH[W
LV�HQFLSKHUHG�LQWR�D����ELW�FLSKHUWH[W�E\�PHDQV
RI�D����ELW�RI�FU\SWRJUDSKLF�NH\��FRQVLVWV�RI���
URXQGV� RI� HQFLSKHUPHQW�� 7KH� GHFLSKHULQJ
SURFHVV� LV� LGHQWLFDO� WR� HQFU\SWLRQ� H[FHSW� WKH
NH\�LV�XVHG�LQ�UHYHUVH�RUGHU�

7KH�FHQWUDO�WHFKQLTXH�ZKLFK�JRYHUQLQJ�'(6�LV
WKH� GHVLJQ� RI� '(6¶V� SHUPXWDWLRQ� �UHIHU� DV� 3�
%R[���VXEVWLWXWLRQ��6�%R[��DQG�NH\�VFKHGXOHV�
7KH� SHUPXWDWLRQ� VFKHGXOH� PXVW� HQVXUH� WKDW
HDFK� ELW� RI� FLSKHUWH[W� EH� D� IXQFWLRQ� RI� DOO
SODLQWH[W�DQG�NH\�ELWV�DIWHU�D�PLQLPXP�QXPEHU
RI� URXQGV�� � $� WRWDO� RI� ����� GLIIHUHQW
WUDQVIRUPDWLRQV�IURP�SODLQWH[W� WR�FLSKHUWH[W� LV
REWDLQHG� IURP� 6�%R[� GHVLJQ�� 7KH� 6�%R[
IXQFWLRQ�PXVW�EH�GHVLJQHG� LQ� VXFK� D�ZD\� WKDW
FU\SWRJUDSKLF�VWUHQJWK�LV�HQKDQFHG�DQG�DQ�HDV\
LPSOHPHQWDWLRQ� RQWR� D� VLQJOH� FKLS� FDQ� EH
DFKLHYHG�

���027,9$7,21
7KHUH�H[LVWV�FRPPHUFLDOO\�DYDLODEOH�FKLSV�VXFK
DV�,QWHO�����$�>�@�EXW�WKHUH�LV�D�UHVWULFWLRQ�RQ
H[SRUWLQJ� FU\WRJUDSK\� WHFKQRORJ\� WR� DQ\
FRXQWU\� RXWVLGH� 86$�� � 7KHUHIRUH� DQ
LPSOHPHQWDWLRQ�IRU�ORFDO�XVH�LV�QHFHVVDU\��7KH
DSSOLFDWLRQV� FDQ� EH� LQ� WKH� WUDQVPLVVLRQ� RI
LPSRUWDQW� GDWD� WKURXJK� D� SXEOLF� QHWZRUN�� $Q

HTXLSPHQW�FDQ�EH�GHVLJQHG�WR�EH�FRQQHFWHG�WR
D� PRGHP� DQG� HQFU\SW�GHFU\SW� DOO� WKH
WUDQVPLWWHG�GDWD�

���35(9,286�:25.
%URVFLXV�DQG�6PLWK� >�@� WRRN� WKH�DGYDQWDJH�RI
SDUDOOHOLVP�E\�GHFRPSRVLQJ�WKH�'(6�DOJRUWKP
LQWR� VHYHUDO� SDUDOOHO� XQLWV� WR� PLQLPL]H� GHOD\�
,WV� SURWRW\SH� KDV� WKH� HQFU\SWLRQ� UDWH� RI� � ��
0ESV�� 0DQVRU� DQG� RWKHUV� >�@� UHSRUWHG� DQ
LPSOHPHQWDWLRQ�RI�'(6�LQ�KDUGZDUH�EXW�RQO\��
ELWV� GDWD� DQG� NH\�� 0XOOHU�6FKORHU� >�@� DOVR
UHSRUWHG�D�K\EULG�V\VWHP�XVLQJ�ERWK�56$�DQG
'(6��$Q�LQWHUHVWLQJ�DVSHFW�RI�WKH�GHVLJQ�LV�WKH
'(6�SDUW��LW�XVHG�WKH�:HVWHUQ�'LJLWDO�:'����
'(6�FKLS�ZKLFK�KDV�WKH�HQFU\SWLRQ�UDWH�RI����
0ESV���0,026�>�@�DGYHUWLVHG�D�FKLS�IRU�'(6
ZKLFK�KDV� D�GDWD� UDWH�RI���0ESV��7KHUH� DUH� D
IHZ� ZRUN� LQ� 7KDLODQG� LQ� WKH� DUHD� RI� '(6�
$WWDFKRR�DQG�&KDLVLQJWKRQJ�>�@�GHVFULEHG� WKH
XVH� RI� '(6� IRU� PLOOLWDU\� SXUSRVH�
&KDLVLQJWKRQJ� KDV� D� '(6� GHVLJQ� ZKLFK� KDV
EHHQ� YHULILHG� E\� D� VLPXODWLRQ�� +H� DLPHG� WR
SURGXFH�D�V\VWHP�ZKLFK�KDV�D�ODUJH�QXPEHU�RI
ELW� IRU�GDWD�EORFN�DQG�NH\��7KLV�ZRUN�DLPV� WR
VWXG\�D�IHDVLEOH��H�J��VPDOO�HQRXJK�WR�EH�SXW�LQ
DQ�ISJD�FKLS��LPSOHPHQWDWLRQ�

���7+(�'(6,*1
7KH� ORJLFDO� GHVLJQ� RI� WKH� '(6� FKLS� FDQ� EH
RSWLPL]H� WR� UHGXFH� WKH�QXPEHU�RI�JDWHV�� �2QH



ZD\� LV� WR� SDUWLWLRQ� �VOLFH�� WKH� GDWD� SDWK� DORQJ
YHUWLFDO� D[LV� �ELW� VOLFLQJ�� DQG� H[HFXWHV� WKH
DOJRULWKP� ELW� VHULDOO\�� $QRWKHU� ZD\� LV� WR
SDUWLWLRQ�WKH�GDWD�SDWK�KRUL]RQWDOO\�E\�UHGXFLQJ
WKH� VWDJHV� LQWR� D� ORRS�� 7KLV� UHTXLUHV� D� ORRS
FRQWURO� DQG� FKDQJLQJ� RI� SDUDPHWHUV� EHWZHHQ
GLIIHUHQW� LWHUDWLRQV� �)LJXUH�����$IWHU�DQDO\]LQJ
ERWK� GHVLJQ� DOWHUQDWLYHV� WKH� ODWWHU�ZDV� FKRVHQ
DV� LW� XVHG� IHZHU� � QXPEHU� RI� JDWHV� WKDQ� WKH
IRUPHU��7KH�IXQFWLRQ�RI� WKLV�'(6�FKLS�FDQ�EH
VHSDUDWHG� LQWR� �� VWDJHV�� NH\� VFKHGXOH�
HQFLSKHUPHQW�DQG�GHFLSKHUPHQW�

����.H\�6FKHGXOH
7KH� NH\� VFKHGXOH� EHJLQV� ZLWK� DQ� LQLWLDO
SHUPXWDWLRQ�ZKLFK�VHOHFWV����ELW�RXW�RI����ELW
H[WHUQDO�NH\��3.��<����E\�VWULSSLQJ�RII�WKH��
SDULW\� ELWV� �2QH� ELW� LQ� HDFK� ��ELW� E\WH� RI� NH\
PD\� EH� XVHG� IRU� HUURU� GHWHFWLRQ� LQ� NH\
JHQHUDWLRQ�� GLVWULEXWLRQ� DQG� VWRUDJH��� 7KHVH
���ELW� NH\� LV� ORDGHG� LQWR� WZR� ���ELW� VKLIW
UHJLVWHUV��&L�'L�� DQG� WKHQ� LV� VKLIWHG� RQH� RU
WZR�SRVLWLRQV� WR� WKH� OHIW� RU� ULJKW� DFFRUGLQJ� WR
WKH� NH\� VFKHGXOH� IRU� HQFLSKHUPHQW� RU
GHFLSKHUPHQW��3.��<¶����7KXV�����RI�WKH���
NH\�ELWV�ZLOO�EH�VHOHFWHG��WUDQSRVHG�DQG�XVHG�DW
HDFK� URXQG� RI� HQFLSKHUPHQW�� UHIHU� DV� .L
�L �������

����(QFLSKHUPHQW
7KH����ELW�EORFN�RI�SODLQWH[W�LV�VXEMHFWHG�WR�DQ
LQLWLDO�SHUPXWDWLRQ��,3�;���ZKLFK�LV�XVHG�WR
FRQVWUXFW� WZR� VHWV� RI� ���ELW� YHFWRUV� �/��
5����:KHUH�5�� LV� D� ULJKW� KDOI� RI� SODLQWH[W� DW
URXQG����$IWHU�WKDW�� �5L��L� ��������ZLOO
EH� SDVVHG� WKURXJK� D� IXQFWLRQ�ZKLFK� SURGXFHV
RQH� RI� ���ELW� EORFN� DV� DQ� RXWSXW� �(�5L���
2QFH�5L¶� LV� JHQHUDWHG�� LW� LV� DGGHG� ELW�E\�ELW
�H[FOXVLYH�RU��WR�.L�

7KLV� ���ELW� RXWSXW� LV� XVHG� DV� DQ� LQSXW� RI� 6�
%R[�� ,W� LV� SDVVHG� WKURXJK� D� QRQOLQHDU
WUDQVIRUPDWLRQ�� WR� IRUP� D� ���ELW� RXWSXW�� 7KH
WUDQVSRVHG����ELW�RXWSXW� LV�DGGHG�ELW�E\�ELW� WR
/L�DQG�WKH�UHVXOW�UHSUHVHQWV�WKH�ULJK�KDOI�RI�WKH
QH[W�URXQG�5L���ZKLOH�WKH�OHIW�KDOI�RI�WKH�QH[W
URXQG�/L���GXSOLFDWH�IURP�WKH�ULJKW�KDOI�RI�WKH
SUHYLRXV� URXQG�� 5L�� $IWHU� ��� URXQGV� RI

LQWHUDWLRQ��5��� DQG�/��� DUH�REWDLQHG��%RWK� WKH
OHIW� DQG� ULJKW� VLGH� DUH� FRPELQHG� DQG
WUDQVSRVHG��LQYHUVH�WKH�LQLWLDO�SHUPXWDWLRQ��7KH
ILQDO�RXWSXW�LV�D����ELW�EORFN�RI�FLSKHUWH[W�

����'HFLSKHUPHQW
)RU� WKH� LPSOHPHQWDWLRQ�RI�GHFLSKHUPHQW��RQO\
WKH�NH\�VFKHGXOH�KDV�WR�EH�UHDUUDQJHG� �� �.L� LQ
WKH�GHFLSKHUPHQW�LV� LQ� WKH�UHYHUVH�RUGHU�RI�.L
LQ� WKH� HQFLSKHUPHQW�� $OO� RWKHU� SDUW� RI� WKH
GHVLJQ�UHPDLQ�WKH�VDPH�

���(;3(5,0(17
'XH� WR� WKH� FRQVWUDLQW� RI� WKH� WHFKQRORJ\� LQ
ZKLFK� WKLV� H[SHULPHQW� ZDV� FDUULHG� RXW�� 7KH
FKLS�KDV�WR�EH�RSHUDWH�LQ����ELW�EORFN��LQVWHDG
RI� RULJLQDO� ���ELW� EORFN�� WR� HQDEOH� LW� WR� ILW� LQ
RQH�FKLS�RI�;LOLQ[�����3&������7KH�GHVLJQ�LV
JHQHUDO�DQG�FDQ�EH� LPSOHPHQWHG� WR�RSHUDWH� LQ
���ELW�EORFN�PDQQHU��7KH�UHGXFWLRQ�LQ�ZLGWK�RI
EORFN�PDNHV� LW� QRW� YHU\� VHFXUH� FRPSDUH�ZLWK
WKH� RULJLQDO� HQFU\SWLRQ� V\VWHP� EXW� VKRXOG� EH
VXIILFH�WR�YHULI\�WKH�GHVLJQ��(YHQ�VR��WKH�DWWDFN
RQ�WKH����ELW�V\VWHP�LV�QRW�HDV\�

7KH� FKLS� XVHV� ����� ORJLF� JDWHV�� ���� '�
IOLSIORSV�DQG�LW�KDV�D�PLQLPXQ�FORFN�SHULRG�RI
����� QDQRVHFRQG�� 7KH� SLQRXW� RXW� WKH� FKLS� LV
VKRZQ�LQ�)LJXUH����,W�XVHV�D�FRPPRQ�FORFN�IRU
ERWK� WKH� HQFU\SWLRQ� DQG� WKH� GHFU\SWLRQ� XQLWV
ZKLFK� DOORZV� WKHP� WR� EH� RSHUDWHG
V\QFKURQRXVO\�

7KH� WHVWLQJ� LV� GRQH� E\� VWUHDPLQJ� GDWD� IURP� D
FRPSXWHU�LQWR�HQFU\SWLRQ�XQLW�DQG�FRQQHFWV�WKH
RXWSXW�IURP�WKH�HQFU\SWLRQ�XQLW�WR�WKH�LQSXW�RI
WKH� GHFU\SWLRQ� XQLW�� 7KH� VWUHDP� RXWSXW� RI� WKH
GHFU\SWLRQ� XQLW� LV� WKHQ� VDYHG�� ,W� LV� WKHQ
FRPSDUHG� ZLWK� WKH� RULJLQDO� LQSXW� GDWD�� 7KH
FORFN� UDWH� XVHG� LQ� WKH� H[SHULPHQW� LV� ��0+]�
7KH�FKLS�ZRUNV�FRUUHFWO\�

���&21&/86,21
7KH� UHDOL]DWLRQ�RI�D�'(6�FKLS� LQ� WKLV�ZRUN� LV
VKRZQ� WR� EH� SUDFWLFDO�� 7KH� FKLS� FDQ� EH
LPSOHPHQWHG�E\�D�VWDQGDUG�)3*$�GHYLFH��7KH
H[SHULPHQW�VKRZHG�WKH�WUDGHRII�WKDW�LV�PDGH�LQ
RUGHU� WR� WHVW� WKH� GHVLJQ�� $OWKRXJK� WKH



H[SHULPHQWDO�FKLS�KDV�RQO\����ELWV�GDWD�ZLGWK�
WKH� GHVLJQ� LV� LPSOHPHQWDEOH� IRU� ��� ELWV� GDWD�
7KH�FKLS� KDV� EHHQ� WHVWHG� WR�ZRUN� FRUUHFWO\� DW
WKH�GDWD�UDWH�RI���0ESV��,W�KDV�D�PD[LPXP�GDWD
UDWH� RI� ����� 0ESV��HVWLPDWH� IURP� WKH� GHVLJQ
YHULILFDWLRQ�WRRO���$V�D�SURWRW\SH��WKH�FKLS�FDQ
EH�XVHG�DV�D�GDWD�HQFU\SWLRQ�GHFU\SWLRQ�GHYLFH
FRQQHFWHG�WR�D�VHULDO�SRUW�RI�D�FRPSXWHU�

���5()(5(1&(6
>�@��%��$WWDFKRR�DQG�&��&KDLVLQJWKRQJ���³'DWD
HQFU\SWLRQ� DOJRULWKP� IRU�PLOLWDU\�SXUSRVH�´� LQ
-RXUQDO� RI� 7KH� &RPSXWHU� $VVRFLDWLRQ� RI
7KDLODQG��YRO�����QR������SS�����������������LQ
7KDL��

>�@� $�� *�� %URVFLXV� DQG� -�� 0�� 6PLWK�
³([SORLWLQJ� 3DUDOOHOLVP� LQ� +DUGZDUH
,PSOHPHQWDWLRQ� RI� '(6�´� 'LVWULEXWHG� 6\VWHP
/DE��&,6�GHSW���8QLY��RI�3HQQ��������

>�@� ,QWHO� &RUS��� ³����$� 'DWD� HQF\SWLRQ� �
GHFU\SWLRQ� XQLW� GDWD� VKHHW�´� LQ
0LFURFRPPXQLFDWLRQ� KDQGERRN�� SS�� ������ �
�������������

>�@� ,�� 0DQVRU� HW� DO��� � ³,&� 'HVLJQ� RI� VSHHFK
VFUDPEOLQJ�V\VWHP�XVLQJ�2U&$'�´�LQ�3URF��RI

WKH��QG�5HJLRQDO�6HPLQDU� ��6LQJDSRUH��YRO����
SS��0���0���������

>�@� 0,026�� ³0,026� 6HFUHW� FKLS�´
0DOD\VLDQ� ,QVWLWXWH� RI� 0LFURHOHFWURQLF
6\VWHPV��.XDOD�/XPSXU��0DOD\VLD�������

>�@� &�� 0XOOHU�6FKORHU�� ³$� 0LFURSURFHVVRU�
EDVHG�FU\WSWRSURFHVVRU�´�LQ�,(((�0LFUR��YRO���
QR�����SS��������2FWREHU������

>�@�0��<��5KHH��³'DWD�(QFU\SWLRQ�6WDQGDUG�DV
EORFN�FLSKHU�DOJRULWKP�´� LQ�&U\SWRJUDSK\�DQG
6HFXUH� &RPPXQLFDWLRQV�� 0F*UDZ�+LOO�
SS��������������

���$&.12:/('*(0(17
1(&7(&� KDV� JHQHURXVO\� IXQGHG� WKH� )3*$
GHVLJQ� WRROV� DQG� WKH� ;LOLQ[� GHYHORSPHQW
V\VWHP� ZLWKRXW� ZKLFK� WKLV� ZRUN� ZLOO� QRW� EH
SRVVLEOH�� :H� ZRXOG� OLNH� WR� WKDQN� 6�
3UDVLWMXWUDNXO� IRU� KLV� KHOS� LQ� VHWWLQJ� XS� WKH
GHVLJQ�V\VWHP�DQG�IRU�KLV�H[SHUW�DGYLFH�DERXW
)3*$�

)LJXUH����7KH�GHVLJQ�RI�WKH�'(6�FKLS�



)LJXUH�����7KH�SLQRXW�RI�WKH�'(6�FKLS


