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&217(176
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��� 2%-(&7,9(�2)�7+(�)81&7,21

7KH�REMHFWLYH�RI�WKH�IXQFWLRQ�LV�WR�FDOFXODWH�DQG�UHSRUW�WKH�GLVVLSDWHG�HQHUJ\�LQ�DQ\�RI�WKH
UHIULJHUDWLRQ� FRLOV� RI� WKH� SODQW�� 7KLV� ZD\�ZH� FDQ� FDOFXODWH� WKH� UHDO� KHDWLQJ� RI� WKH� LWHP� XQGHU
REVHUYDWLRQ��LQGHSHQGHQWO\�IURP�WKH�LQFRPLQJ�ZDWHU�IORZ�DQG�WHPSHUDWXUH�

)RU� WKLV�SXUSRVH��ZH�ZLOO�GHILQH� WKH�PRGHO� WKDW�GHVFULEHV� WKH� UHODWLRQVKLS�EHWZHHQ� WKH
ZDWHU�IORZ�LQVLGH�WKH�FRLO��WKH�WHPSHUDWXUH�YDULDWLRQ�WKH�ZDWHU�VXIIHUV�DQG�WKH�UHVXOWLQJ�GLVVLSDWHG
HQHUJ\�

��� )81&7,21�(19,5210(17

7KH�IXQFWLRQ�ZLOO�HYDOXDWH�WKH�OHYHO�RI�KHDWLQJ�LQ�DQ\�FRLO��6R��WKH�LQIRUPDWLRQ�SUHVHQWHG
WR�WKH�XVHU�FRQWDLQV�WKH�GLVVLSDWHG�HQHUJ\�FRPSXWHG�E\�PHDQV�RI�WKH�PRGHO�

7KLV�HYDOXDWLRQ�ZLOO�EH�H[HFXWHG�HYHU\�WLPH�WKH�LQSXW�GDWD�GHVFULEHG�EHORZ�LV�VHOHFWHG
IURP�6&$'$�VHQVRUV�E\�WKH�PRQLWRULQJ�V\VWHP��DQG�ZLOO�XVH�WKH�PRVW�UHFHQW�GDWD�FROOHFWHG�E\
WKH�LQVWUXPHQWDWLRQ�LQ�UHDO�WLPH��7KH�UHVXOWV�REWDLQHG�IURP�WKH�H[HFXWLRQ�RI�WKH�IXQFWLRQ�ZLOO�EH
VWRUHG�LQWR�WKH�UHDO�WLPH�'%�

7KH�VHTXHQFH�RI�UHTXHVWV�DQG�UHVSRQVHV�RI�WKH�IXQFWLRQ�LV�WKH�IROORZLQJ�

(YHQW 5HTXHVW�5HVSRQVH
�54�56�

)URP 7R

0RQLWRULQJ�5HTXHVW 54 )XQFWLRQ )XQFWLRQ

&ROOHFW�'DWD��FRQWLQXRXV�H[WHUQ�IXQFWLRQ
ZLWK�D�IL[HG�VDPSOH�LQWHUYDO�

54 )XQFWLRQ 'DWD
$FTXLVLWLRQ
6\VWHP
�'�$�6��

'DWD�&ROOHFWHG��FRQWLQXRXV�IXQFWLRQ�ZLWK
D�IL[HG�VDPSOH�LQWHUYDO�

56 'DWD
$FTXLVLWLRQ
6\VWHP
�'�$�6��

'DWD�%DVH

6HOHFW�'DWD��RQ�PRQLWRULQJ�UHTXHVW� 54 )XQFWLRQ )XQFWLRQ

'DWD�6HOHFWHG��RQ�PRQLWRULQJ�UHTXHVW� 56 'DWD�%DVH )XQFWLRQ

3HUIRUP�0RQLWRULQJ 54 )XQFWLRQ )XQFWLRQ

6WRUH�5HVXOWV��GLVVLSDWHG�HQHUJ\� 56 )XQFWLRQ 'DWD�%DVH
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��� ,1387�'$7$�'(),1,7,21

 7KH�GLIIHUHQW�V\VWHP�RI�WKH�SODQW�ZKHUH�WKLV�PRGHO�ZLOO�EH�DSSOLHG�DUH�
 
• �VWDWRU�DLU�UHIULJHUDWLRQ�FRLOV
• �JHQHUDWRU�XSSHU�FDUWHU�RLO�UHIULJHUDWLRQ�FRLO
• �JHQHUDWRU�ORZHU�FDUWHU�RLO�UHIULJHUDWLRQ�FRLO
• �WXUELQH�FDUWHU�RLO�UHIULJHUDWLRQ�FRLO

 
)RU�HDFK�UHIULJHUDWLRQ�FRLO�WKH�LQSXW�GDWD�ZLOO�EH�

4��ZDWHU�IORZ�LQ�FRLO��DQDORJLF��P��V��PLVVLQJ�E\�6&$'$��
785%B*%B&2,/B:$7B)/2:��3HOWRQ�
785%B*%B&2,/B:$7B)/2:��)UDQFLV�
8*%B&2,/B:$7B)/2:��3HOWRQ�
8*%B&2,/B:$7B)/2:��)UDQFLV�
67$7B&2,/B:$7B)/2:��3HOWRQ�
67$7B&2,/B:$7B)/2:��)UDQFLV�
/*%B&2,/B:$7B)/2:��3HOWRQ�
/*%B&2,/B:$7B)/2:��)UDQFLV�

QRWH�
7KH�4�YDOXHV�DUH�QRW�JDWKHUHG�LQ�6&$'$�V\VWHP�EXW�WKHUH�DUH�ORFDO
VHQVRUV�

7:,���ZDWHU�LQOHW�WHPSHUDWXUH��DQDORJLF��°&��6&$'$��
;$�9�����67$7B&2/'B:$7(5B7(03���3HOWRQ�
;$�9�����67$7B&2/'B:$7(5B7(03���)UDQFLV�

QRWH�
7:,��KDV�WKH�VDPH�YDOXH�LQ�DOO�UHIULJHUDWLRQ�FRLOV

7:2���ZDWHU�RXWOHW�WHPSHUDWXUH�
;$�9�����67$7B&2,/B:$7B287/(7B7(03���DQDORJLF��°&��6&$'$����3HOWRQ�
;$�9�����67$7B&2,/B:$7B287/(7B7(03��DQDORJLF��°&��6&$'$����)UDQFLV�

/*%B&2,/B:$7B287/(7B7(03��DQDORJLF��°&��PLVVLQJ�E\�6&$'$���3HOWRQ�
/*%B&2,/B:$7B287/(7B7(03�DQDORJLF��°&��PLVVLQJ�E\�6&$'$���)UDQFLV�
8*%B&2,/B:$7B287/(7B7(03�DQDORJLF��°&��PLVVLQJ�E\�6&$'$���3HOWRQ�
8*%B&2,/B:$7B287/(7B7(03�DQDORJLF��°&��PLVVLQJ�E\�6&$'$���)UDQFLV�
785%B*%B&2,/B:$7B287/(7B7(03�DQDORJLF��°&��PLVVLQJ�E\�6&$'$���3HOW�
785%B*%B&2,/B:$7B287/(7B7(03�DQDORJLF��°&��PLVVLQJ�E\�6&$'$���)UD�

QRWH��
:DWHU�RXWOHW�WHPSHUDWXUHV�LQ�FDUWHU�FRLOV�DUH�QRW�JDWKHUHG�LQ�6&$'$�EXW�WKHUH

DUH�ORFDO�VHQVRUV�LQ�JHQHUDWRU�FDUWHUV
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 2XWSXW�GDWD�GHILQLWLRQ

7KH� RXWSXW� RI� WKLV� IXQFWLRQ� ZLOO� EH� XVHG� WR� HVWLPDWH� WKH� SUREDELOLW\� RI� D� IXWXUH
PDOIXQFWLRQ� LQ� DQ\�RI� WKH�SDUWV�ZKRVH�RSHUDWLRQ�GHSHQGV�RQ� WKH�ZRUNLQJ�RI� WKH� FRLOV� �VWDWRU�
JHQHUDWRU�XSSHU�DQG�ORZHU�FDUWHUV��WXUELQH�FDUWHU���6R��ZH�ZDQW�WR�HVWLPDWH�WKH�TXDQWLW\�RI�KHDW
GLVVLSDWHG�LQ�HDFK�RQH�RI�WKHP�

)RU�HDFK�UHIULJHUDWLRQ�FRLO�WKH�RXWSXW�GDWD�ZLOO�EH�

D��UHVXOW�RI�WKH�IXQFWLRQ�FDOFXODWLRQV
��'LVVLSDWHG�HQHUJ\��DQDORJLF��N:��

E��,QSXW�GDWD�
�4���ZDWHU�IORZ�LQ�FRLO��DQDORJLF��P��V��
�7:,���ZDWHU�LQOHW�WHPSHUDWXUH��DQDORJLF��°&��
�7:2���ZDWHU�RXWOHW�WHPSHUDWXUH��DQDORJLF��°&��

F��V\VWHP�FRQGLWLRQV�
�7$,���DLU�LQOHW�WHPSHUDWXUH��RQO\�IRU�VWDWRU�DLU�UHIULJHUDWLRQ�FRLOV�

��DQDORJLF��°&��6&$'$��
;$�9�����67$7B+27B$,5B7(03�3HOWRQ�
;$�9�����67$7B+27B$,5B7(03�)UDQFLV�

�7$2���DLU�RXWOHW�WHPSHUDWXUH��RQO\�IRU�VWDWRU�DLU�UHIULJHUDWLRQ�FRLOV�
��DQDORJLF��°&��6&$'$��

;$�9�����67$7B&2/'B$,5B7(03�3HOWRQ�
;$�9�����67$7B&2/'B$,5B7(03��)UDQFLV�

�72���2LO�WHPSHUDWXUH��RQO\�IRU�FDUWHU�RLO�UHIULJHUDWLRQ�FRLOV�
�DQDORJLF��°&��6&$'$��

;$�9�����785%B*%B2,/B7(03�3HOWRQ�
;$�9�����785%B*%B2,/B7(03�)UDQFLV�
;$�9�����/*%B2,/B7(03�3HOWRQ�
;$�9�����/*%B2,/B7(03�)UDQFLV�
;$�9�����8*%B2,/B7(03�3HOWRQ�
;$�9�����8*%B2,/B7(03�)UDQFLV�

��� '<1$0,&�%(+$9,285

$V� PHQWLRQHG� LQ� VHFWLRQ� ���� WKH� IXQFWLRQ� ZLOO� PDNH� VRPH� VLPSOH� FDOFXODWLRQV� WR
WUDQVIRUP� WKH� LQLWLDO� GDWD� VHOHFWHG� IURP� WKH� '�$�6�� 6R�� WKH� IXQFWLRQ� ZLOO� EH� H[HFXWHG� ZKHQ
UHWULHYLQJ�GDWD�IURP�6&$'$�E\�WKH�PRQLWRULQJ�V\VWHP��DQG�WKH�UHVXOWV�VWRUHG�LQWR�WKH�UHDO�WLPH
'%�

��� '$7$�352&(66,1*��$/*25,7+06�

,Q� WKLV�VHFWLRQ�ZH�ZLOO�GHILQH�WKH�PRGHO�XVHG�WR�GHWHUPLQH� WKH�GLVVLSDWHG�HQHUJ\� LQ�D
FRLO��7KH�GLVVLSDWHG�HQHUJ\�LV�FDOFXODWHG�PXOWLSO\LQJ�
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�� �7KH�ZDWHU�IORZ��4�O�V�
�� �7KH�ZDWHU�GHQVLW\����.J�O�
�� �7KH�ZDWHU�VSHFLILF�KHDW������N-�NJ��&�
�� �7KH�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�LQOHW�DQG�RXWOHW�ZDWHU�IORZ�

'LVVLSDWHG�(QHUJ\�

(G��N:�� �4��O�V��∗����NJ�O��∗������N-�NJ��&��∗�>7:2���7:,�@���&�

��� ,17(5)$&(6

���� 23(5$725�,17(5)$&(6

7KH�RSHUDWRU�LQWHUIDFHV�ZLOO�EH�WKH�VDPH�RI�WKRVH�UHODWLYH�WR�PRQLWRULQJ�WDVNV��VLQFH�WKH
UHVXOW�RI�WKLV�IXQFWLRQ�ZLOO�EH�XVHG�LQ�PRQLWRULQJ�WDVNV�

7KH�LPSOHPHQWDWLRQ�RI�WKLV�IXQFWLRQ�FDQ�EH�GRQH�LQ�&�RU�&���

7KH�VLPXODWLRQ�RI�WKH�V\VWHP�IRU�WHVWLQJ�SXUSRVHV�FDQ�EH�GRQH�HDVLO\�E\�LQFOXGLQJ�LQ�WKH
'�%��VRPH�KLVWRULFDO�LQFLGHQW�GDWD�

���� 6<67(0�,17(5)$&(6

7KH�V\VWHP�LQWHUIDFHV�DUH�WKH�LQSXW�DQG�RXWSXW�GDWD�VSHFLILHG�DERYH�

��� (5525�0$1$*(0(17

•�,QSXW�GDWD�LQWR�QRUPDO�OLPLWV��7:2��! �7:,���+0,1��
• �&RQWURO�VRIWZDUH�HUURUV��RYHUIORZ��GLYLVLRQ�E\�]HUR��
• �7R�GLVFDUG�DEQRUPDO�LQSXW�YDOXHV��GHYLDWLRQ�IURP�WKH�PHDQ�
• �&RQWURO�QXOO�YDOXHV�RU�QRW�H[LVWHQW��IRU�D�JLYHQ�SHULRG��LQ�%�'�
• �&RQWURO�UHVXOW�YDOXHV��QRW�QHJDWLYH��IRU�H[DPSOH��
•� (UURUV�PXVW� EH� LQFOXGHG� LQ� VHSDUDWH� ILOHV�WDEOHV�� LGHQWLILHG� E\� D� NH\� DQG� FRQWDLQLQJ

HUURU�W\SH�
•�$OO�NLQG�RI�HUURU�VLJQDOV�IURP�WKH�FRPSXWHU�PXVW�EH�FDSWXUHG�LQ�WKH�IXQFWLRQ�
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��� &21675$,176

7KH�RQO\�UHDO�WLPH�FRQVWUDLQW�LV�WKH�DYDLODELOLW\�RI�GDWD�LQ�WKH�'�%��IRU�WKH�FKRVHQ�SHULRG
RI�WLPH��7KLV�PHDQV�WKDW�WKH�SURFHVV�IRU�WKH�GDWD�JDWKHULQJ�IURP�WKH�VHQVRUV�PXVW�LQVHUW�GDWD�LQWR
WKH�'�%��DOPRVW�FRQWLQXRXVO\��ZLWK�D�VDPSOH�UDWH�WR�GHWHUPLQH��

��� +$5':$5(�$1'�62)7:$5(�5(48,5(0(176

&�&����%RUODQG���2UDFOH��3&�DUFKLWHFWXUH��:LQGRZV�17�

��� 7(67�3/$1

7KH�WHVWLQJ�RI�WKLV�IXQFWLRQ�ZLOO�EH�VSHFLILHG�LQ�WKH�:3��,%(5'52/$�GRFXPHQWV�IRU�WKH
$GDSWDWLRQ�DQG�([SHULPHQWDWLRQ�6SHFLILFDWLRQV�RI�WKH�6\VWHP�

$PRQJ�RWKHU�IHDWXUHV�WKH�IROORZLQJ�ZLOO�EH�WHVWHG�

• �&RQWURO�RI�LQFRUUHFW�LQSXW�GDWD�LQSXW�GDWD�IRUPDW�
• �9DOXHV�E\�GHIDXOW�
• �7R�SURYH�WKDW�WKH�UHVXOWLQJ�YDOXHV�NHHS�LQWR�QRUPDO�OLPLWV��(G�! �(G0,1��
• �&RQWURO�RI�OLPLW�YDOXHV�
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