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3URJUDPPH�ILOHV�DUH�DUH�D�FROOHFWLRQ�RI�0DWODE� IXQFWLRQV� �VRXUFH�FRGH�$6&,,�P� ILOHV��SOXV�D�&
ILOH� �VRXUFH� FRGH� $6&,,� IILQG�F�� DQG� IRUWUDQ� ILOHV� �VRXUFH� FRGH� $6&,,� VOLFHBGI�I�� VRUW�GBGI�I�
DYSL[BGI�I��ORDGBVSHBGI�I��DQG�WKH�FRPSLOHG�YHUVLRQV�RI�WKH�&�DQG�WKH�)RUWUDQ�FRGHV��LQ�ELQDU\
�GOO�IRUPDW�IRU�3&���7KH���P��F��I��VRXUFH�FRGH�VKRXOG�EH�SRUWDEOH�EHWZHHQ�:LQGRZV��906�DQG
81,;�/LQX[�SODWIRUPV��)RU�906�DQG�8QL[�/LQX[�WKH�F�)RUWUDQ�VRXUFH�FRGHV�QHHG�WR�EH�FRPSLOHG
RQ�WKH�ORFDO�FRPSXWHU�WKH\�ZLOO�DFWXDOO\�UXQ��XVH�PDWODE�FRPPDQG�PH[��L�H��!!�PH[�ILOHQDPH��

�����),/(�75$16)(5�86,1*�)73�)520�,6,6�5,62(

7KH�FRPSOHWH�06OLFH�SDFNDJH����H[DPSOH�GDWD�VHWV�� LV�FXUUHQWO\�DYDLODEOH� IRU� IWS� IURP�HLWKHU
WKH�,6,6�DOSKD�906�FOXVWHU��IWS�WR�LVLVD�QG�UO�DF�XN��RU�5,62(��IWS�WR�I\V�KS���ULVRH�GN���RU�HPDLO
IURP� WKH� DXWKRU�� &DQ� IWS� D� VLQJOH� ]LS� ILOH� RI� DOO�PVOLFH� ILOHV� �UHFRPPHQGHG�� SURGXFHG� XVLQJ
:LQ=LS�� IRU� :LQGRZV� 3&�� )WS� DV� %,1$5<� WR� \RXU� RZQ� 3&�� XQ]LS� XVLQJ� :LQ=LS� DQG� IROORZ
LQVWUXFWLRQV�IURP�6HFWLRQ������8Q]LSSHG�PVOLFH�ILOHV�DOVR�DYDLODEOH��WUDQVIHU�DV�IROORZV

$6&,,�� 
�P��
W[W��
GDW��
�F��
�I��ILOHV

%,1$5<�� IILQG�GOO F�L�R�UHDGLQJ�ILOH�FRPSLOHG�XVLQJ�YLVXDO�F��
�

VOLFHBGI�GOO��� IRUWUDQ�VOLFLQJ�ELQQLJ�URXWLQH�FRPSLOHG�XVLQJ
'LJLWDO�9LVXDO�)RUWUDQ����%�IRU�:LQGRZV�3&

�
VRUW�GBGI�GOO�� IRUWUDQ�URXWLQH�WR�VRUW�DQ�DUUD\�RI�SL[HOV

������������������������ IRU�VXEVHTXHQW�ELQQLQJ��FRPSLOHG�XVLQJ
������������������������ 'LJLWDO�9LVXDO�)RUWUDQ�����IRU�:LQGRZV���17

�DYSL[BGI�GOO��� IRUWUDQ�URXWLQH�WR�DYHUDJH�D�TXDQWLW\�RYHU
JURXSV�RI�SL[HOV��FRPSLOHG�XVLQJ�'LJLWDO�9LVXDO�)RUWUDQ
����IRU�:LQGRZV���17�IRU�3&

�ORDGBVSHBGI�GOO� IRUWUDQ�URXWLQH�WR�ORDG�$6&,,�VSH�ILOH
������������������������ 'LJLWDO�9LVXDO�)RUWUDQ�����IRU�:LQGRZV���17

/RFDWLRQ�RI�ILOHV�

5,62(�� I\V�S����XVHUV�OLS�R[IRUG�UDGX�PDWODE�PVOLFH�ODVWXSGDWHB]LS�
������� PVOLFHB��IHE�����]LS�ILOH

5,62(�� I\V�KS����XVHUV�OLS�R[IRUG�UDGX�PDWODE�PVOLFH�ODVWXSGDWH�
������� ��VXEGLUHFWRULHV��+(7���0$5,���,5,6�ZLWK�DOO�PVOLFH�ILOHV

,6,6�� WRZVHU�GLVN��>PDS�UDGX�PVOLFH�ODVWXSGDWHB]LS@
������ PVOLFHB��IHE�����]LS�ILOH

,6,6�� WRZVHU�GLVN��>PDS�UDGX�PVOLFH�ODVWXSGDWH@
������� ��VXEGLUHFWRULHV�>�+(7@��>�0$5,@��>�,5,6@�ZLWK�DOO�PVOLFH�ILOHV
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,QVWDOODWLRQ�GLVN��IORSS\���������FRQWDLQV�WKH�FRPSOHWH�YHUVLRQ�RI�WKH�0VOLFH�SURJUDPPH�IRU�3&�
ZULWWHQ�LQ�0$7/$%�9HUVLRQ�����RQ�3&:,1���DOO�F�DQG�IRUWUDQ�FRGH�DOUHDG\�FRPSLOHG��,QVWDOODWLRQ
SURFHGXUH�

&RS\�DOO�ILOHV�LQ�WKH�D�?PVOLFH�GLUHFWRU\�WR�D�GLUHFWRU\�RQ�WKH�KDUG�GLVN��IRU�H[DPSOH�F�?PVOLFH�
6WDUW�0DWODE�DQG�FKDQJH�GLUHFWRU\�!!�FG�F�?PVOLFH��WKHQ�VWDUW�WKH�SURJUDPPH�ZLWK�FRPPDQG�!!
PVOLFH��WKH�&RQWURO�:LQGRZ�VKRXOG�DSSHDU�RQ�WKH�VFUHHQ��2Q�D����LQFK�GLDJRQDO�YLHZDEOH�DUHD
PRQLWRU�ZLWK�VFUHHQ�UHVROXWLRQ�����[����6PDOO�)RQWV�7UXH�&RORU����+HUW]�WKH�&RQWURO�:LQGRZ
ILOOV�WKH�VFUHHQ�KHLJKW��7R�DYRLG�KDYLQJ�WR�FKDQJH�GLUHFWRU\�HYHU\�WLPH�\RX�ZLVK�WR�VWDUW�PVOLFH�
DGG� WKH� PVOLFH� GLUHFWRU\� WR� WKH� PDWODE� SDWK�IRU� H[DPSOH� LQ� WKH� IXQFWLRQ� VWDUWXS�P� �LQ� WKH
PDWODE?ELQ�GLUHFWRU\�RU�F�?PDWODEU��?ZRUN�YHU����� LQVHUW�WKH� OLQH�SDWK�
F�?PVOLFH?
�SDWK��� VWDUW
PDWODE�DQG�WKHQ�ZKHQ�\RX�LVVXH�WKH�FRPPDQG�!!�PVOLFH��PDWODE�ZLOO�NQRZ�ZKHUH�WR�SLFN�XS
WKH� IXQFWLRQV� IURP�� 6WDUW� W\SLQJ� LQ� WKH� HGLWDEOH� ZKLWH� ER[HV� SDUDPHWHUV� QHFHVVDU\� IRU� \RXU
SDUWLFXODU�GDWD�ILOH�DQG�VSHFWURPHWHU�VHWWLQJV�DV�GHVFULEHG�LQ�6HFWLRQ���

�����'2:1/2$'�)520�,6,6�3&�17�1(7:25.

7KH�FRPSOHWH�SDFNDJH�LV�ORFDWHG�LQ

??1GDFURPZHOO?%$%</21�?�6FUDWFK?UDGX?PSURJV�

&RS\�DOO� GLUHFWRU\� VWUXFWXUH�RQWR�F�?PSURJV��&RS\� ILOH� VWDUWXS�P�IURP�GLUHFWRU\�PSURJV�� LQWR
F�?PDWODEU��?ZRUN�GLUHFWRU\�WR�VHW�XS�FRUUHFW�SDWKV�WR�PVOLFH�DQG�PILW�DSSOLFDWLRQV�
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7KH�SURJUDPPH�FXUUHQWO\�UXQV�LQ�IRXU�GLIIHUHQW�FRQILJXUDWLRQV�

�D�� 6LQJOH� FU\VWDO� VDPSOH�ZLWK� 36'� �RU� DUHD�� GHWHFWRUV� �GHIDXOW�PRGH�� �� GDWD� LV� GHVFULEHG� E\
SURMHFWLRQV� RQWR� WKUHH� RUWKRJRQDO� D[HV� LQ� WKH� �'� ZDYHYHFWRU�HQHUJ\� VSDFH� �UHTXLUHV
LQIRUPDWLRQ�DERXW�WKH
ODWWLFH�SDUDPHWHUV�DQG�FU\VWDO�RULHQWDWLRQ�

�E��6LQJOH�FU\VWDO� VDPSOH�ZLWK� FRQYHQWLRQDO�GHWHFWRUV� �� GDWD� LV� GHVFULEHG� E\�SURMHFWLRQV�RQWR
WZR�RUWKRJRQDO�D[HV�LQ�WKH��'�ZDYHYHFWRU�HQHUJ\�VSDFH��UHTXLUHV�LQIRUPDWLRQ�DERXW�WKH�ODWWLFH
SDUDPHWHUV�DQG�FU\VWDO�RULHQWDWLRQ�

�F��6LQJOH�FU\VWDO�VDPSOH�DQDO\VHG�DV�D�SRZGHU��GDWD�LV�GHVFULEHG�LQ�WHUPV�RI�WZR�SURMHFWLRQV�
ZKLFK�FDQ�EH�VHOHFWHG�IURP�_4_��(QHUJ\���7KHWD�DQG�'HWHFWRU�*URXS�1XPEHU��EXW�FDOFXODWHV
DOVR��K�N�O�HQHUJ\��YDOXHV�IRU�HDFK�SL[HO��UHTXLUHV�LQIRUPDWLRQ�DERXW�WKH�ODWWLFH�SDUDPHWHUV�DQG
FU\VWDO�RULHQWDWLRQ�

�G��3RZGHU�VDPSOH���GDWD�LV�GHVFULEHG�LQ�WHUPV�RI�WZR�SURMHFWLRQV��ZKLFK�FDQ�EH�VHOHFWHG�IURP
_4_�� (QHUJ\�� �7KHWD� DQG� 'HWHFWRU� *URXS� 1XPEHU� �GRHV� QRW� UHTXLUH� LQIRUPDWLRQ� DERXW� WKH
ODWWLFH�SDUDPHWHUV���$�VLQJOH�FU\VWDO�GDWD�VHW�FDQ�DOVR�EH�GHVFULEHG�LQ�SRZGHU�PRGHLI�QR�DFFHVV
WR�K�N�O�SURMHFWLRQV�LV�UHTXLUHG�

(DFK�RI�WKHVH�PRGHV�KDV�LWV�RZQ�LQLWLDOLVDWLRQ�ILOH�ZLWK�W\SLFDO�SDUDPHWHUV�

�D��FU\VWDOBSVG�PVS
�E��FU\VWDOBQRBSVG�PVS
�F��FU\VWDOBDVBSRZGHU�PVS
�G��SRZGHU�PVS

7R�VWDUW�06OLFH�ZLWK�D�SDUWLFXODU�SDUDPHWHU�ILOH�W\SH

!!�PVOLFH��SDUDPHWHU�ILOH!

,I�WKH�SDUDPHWHU�ILOH�LV�LQ�WKH�FXUUHQW�PDWODE�VHDUFK�SDWK�WKHQ�RQO\�WKH�ILOHQDPH�LV�QHFHVVDU\�
RWKHUZLVH�IXOO�SDWK�LV�UHTXLUHG��7KH�GHIDXOW�H[WHQVLRQ�LV��PVS�DQG�FDQ�EH�RPLWWHG��IRU�H[DPSOH
!!�PVOLFH�SRZGHU�ZLOO�VWDUW�06OLFH�LQ�SRZGHU�PRGH�ZLWK�WKH�LQLWLDOLVDWLRQ�ILOH�SRZGHU�PVS
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([LW ([LW�06OLFH�

3DUDPHWHUV 8VH� WKLV� PHQX� RSWLRQ� WR� ORDG�VDYH� SDUDPHWHUV� W\SHG� LQ� WKH� 0VOLFH
&RQWURO:LQGRZ��7KHVH�DUH�VSHFLDO�IRUPDWWHG�$6&,,��PVS�ILOHV�WKDW�DVVLJQ�D�YDOXH
WR�DOO� SDUDPHWHUV� LQ� WKH�&RQWURO�:LQGRZ��7KH� IXQFWLRQDOLW\�RI�0VOLFH�DQG� WKH
RSWLRQV� DYDLODEOH� LQ� WKH� &RQWURO:LQGRZ� PD\� FKDQJH� LQ� IXWXUH� YHUVLRQV�� 7R
FKHFN� FRPSDWLELOLW\� DQG� FRQYHUW� \RXU� ROG� �PVS� SDUDPHWHU� ILOHV� WR� WKH� ODWHVW
YHUVLRQ�RI�0VOLFH�UXQ�WKH�FRQYHUVLRQ�SURJUDPPH

!!XSGDWHPVS�¶GLUHFWRU\�RI��PVS�ILOHV·�

7\SH

!!�KHOS�XSGDWHPVS

IRU�PRUH�LQIRUPDWLRQ�DQG�H[DPSOHV��¶/LVW�3DUDPHWHUV·�GLVSOD\V�LQ�WKH�FRPPDQG
ZLQGRZ� WKH� OD\RXW� RI� DOO� SDUDPHWHUV� VWRUHG� LQ� WKH� 0VOLFH� &RQWURO:LQGRZ
LQFOXGLQJ�FRPSOHWH�SDWKV�WR�GDWD�ILOHV��¶6DYH�/LVW�WR�)LOH·�FUHDWHV�DQ�DVFLL�LPDJH
��W[W�� RI� WKH� &RQWURO�:LQGRZ� SDUDPHWHUV� WR� D� ILOH� IRU� VXEVHTXHQW� SULQWLQJ� �,I
XVLQJ�3)(�HGLWRU�RQ�3&��VHH�HQG�RI�KHOS�W[W�ILOH�IRU�PRUH�LQIR�²�VHOHFW�$��SDSHU
VL]H�DQG�)RQW�&RXULHU��SW���SW��UHJXODU�IRU�D�FRQYHQLHQW�VL]H�ORJERRN�SULQWRXW��
1RWH�WKDW�SDUDPHWHU�ILOHV�IRU�ORDGLQJ�LQ�0VOLFH�KDYH�WR�EH�LQ�WKH�VSHFLDO� �PVS
IRUPDW��&RPPDQG�OLQH�RSHUDWLRQ�

!!PVBORDGBPVS�¶&�?PSURJV?PVOLFH?+(7?+(7BVSH���BSVGBOD�FXR�BH[DPSOH�PVS

%DFNJURXQG 8VH� WKLV�PHQX� WR� VXEWUDFW� DQ� HVWLPDWH� RI� WKH� HQHUJ\�GHSHQGHQW� 
EDFNJURXQG

VLJQDO�IURP�WKH�FXUUHQW�GDWD��7KH�
EDFNJURXQG
�FDQ�EH�JHQHUDWHG�E\�D�FXW�DORQJ
WKH� HQHUJ\� D[LV� IRU� D� JURXS� RI� GHWHFWRUV� DZD\� IURP� WKH� PDJQHWLF�SKRQRQ
VLJQDO��,Q�WKH�FXW�PHQX�SUHVV�EXWWRQ�
6WRUH�ENJ�(�
�WR�JHQHUDWH�WKLV�VLJQDO��7KHQ
VHOHFW� 
6XEWUDFW� VWRUHG� ENJ�(�� IURP� GDWD
� LQ� WKH� &RQWURO� :LQGRZ� 
%DFNJURXQG

WRS�PHQX���HUURU�EDUV�DUH�FKDQJHG�DFFRUGLQJO\�WR�UHIOHFW�WKH�XQFHUWDLQW\�LQ�WKH
EDFNJURXQG�OHYHO��6HOHFW� 
$GG�VWRUHG�ENJ�(��WR�GDWD
�WR�JR�EDFN�WR�WKH�RULJLQDO
GDWD�VHW��6HOHFW�
'LVSOD\
�WR�ILQG�RXW�KRZ�WKH�VWRUHG�EDFNJURXQG�ZDV�JHQHUDWHG�
6HH� 
��([WHQGLQJ� FDSDELOLWLHV� RI� 0VOLFH
� LQ� ILOH� KHOS�W[W� IRU� KRZ� WR� XVH� D
EDFNJURXQG�OHYHO�JHQHUDWHG�IURP�RWKHU�VRXUFHV��

+HOS 'LVSOD\V�LQ�WKH�PDWODE�FRPPDQG�ZLQGRZ�H[WUDFWV�IURP�WKH�PVOLFH�PDQXDO��,W�LV
UHFRPPHQGHG� WR� SULQW� RXW� D� KDUGFRS\� RI� WKH� FRPSOHWH� PDQXDO� IRU� HDV\
UHIHUHQFH��$6&,,�ILOH�KHOS�W[W�ORFDWHG�LQ�WKH�PVOLFH�GLUHFWRU\��RQ�SF�FDQ�XVH�WKH
WH[W� HGLWRU� 3)(�� IRU� GRZQORDG� LQIRUPDWLRQ� VHH� HQG� RI� KHOS�W[W� ILOH��� )RU� D
SULQWRXW�ZLWK���SDJHV�SHU�$��VKHHW�ODQGVFDSH�FDQ�IWS��$6&,,�PRGH��ILOH�KHOS�W[W
WR�,6,6�906�QHWZRUN�DQG�WKHQ�XVH�WKH�WH[W�SULQW�FRPPDQG

��ODVHU��SDUD QXPEHU ��KHOS�W[W�IRU�WKH�6<6�/65��SULQWHU�LQ�5���VW�IORRU�
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HIL[HG�PH9� 7\SH� LQ� YDOXH� LQ� PH9� RI� WKH� LQFLGHQW�ILQDO�� HQHUJ\� RQ� GLUHFW�LQGLUHFW�
JHRPHWU\�VSHFWURPHWHUV�

JHRPHWU\ 6HOHFW� EHWZHHQ� 
GLUHFW
�� �+(7�0$5,�� DQG� 
LQGLUHFW
�JHRPHWU\� �,5,6�� QHXWURQ
WLPH�RI�IOLJKW�VSHFWURPHWHUV�

'DWD)LOH��VSH� 3XVK�
%URZVH
�EXWWRQ�RQ�WKH�VDPH�OLQH�WR�VHOHFW�GDWD�ILOH�E\�EURZVLQJ�WKURXJK
WKH�GLUHFWRU\�VWUXFWXUH� �WKH�GDWD� ILOH� VKRXOG�EH� LQ�$6&,,� �VSH� IRUPDW W\SLFDO
RXWSXW� IURP� WKH� +20(5� SURJUDPPH� RQ� WKH� DOSKD�906� ,6,6� FOXVWHU�� IRU
GHWDLOHG� ILOH� IRUPDW� ORRN� XS�PDWODE� IXQFWLRQV� ORDGBVSH�P� RU� VDYHBVSH�P� LQ
WKH� 06OLFH� GLUHFWRU\��� 7KH� �VSH� ILOH� QHHGV� WR� EH� WUDQVIHUUHG� IURP� WKH� 906
SODWIRUP�RQWR�WKH�3&�XVLQJ�)73�DV�$6&,,��WUDQVIHU�DV�%,1$5<�ZLOO�FRUUXSW�HQG�
RI�OLQH� FKDUDFWHUV� DQG� SURGXFH� DQ� HUURU� DW� ORDGLQJ��� 2QFH� WKH� GLUHFWRU\� RI
�VSH� ILOHV� LV� VHOHFWHG�� WKH� ILOHQDPH� FDQ� EH� HGLWHG� GLUHFWO\� LQ� WKH
'DWD)LOH��VSH��HGLWDEOH�ER[�ZLWKRXW�WKH�QHHG�WR�GR�
%URZVH
�DJDLQ��:KHQ�XVLQJ
06OLFH�RQO\�WR�VLPXODWH�
'HWHFWRU�7UDMHFWRULHV
�OHDYH�WKLV�ER[�EODQN�

5HFLSH�IRU�FRQYHUWLQJ�,5,6�GDWD�LQWR�WKH�VSH�IRUPDW�

&DQ� XVH� D� JHQLH�� FRPPDQG� WR� UHELQ� GDWD� DORQJ� WKH� HQHUJ\� D[LV� DQG� FUHDWH
VRPH�LQWHUPHGLDWH�ILOHV��ZKLFK�DUH�WKHQ�UHDG�LQ�PDWODE�DQG�ILQDOO\�VDYHG�LQ�D
VLQJOH�$6&,,�ILOH�LQ��VSH�IRUPDW�

�� &RQYHUW�WKH� ,5,6� UDZ�ILOH� LQWR�WKH� �LSJ�IRUPDW� �JHQLH���ELQDU\�ILOH��XVLQJ
WKH�LJLV�LFRQ�SURJUDPPH�DYDLODEOH�RQ�WKH�,6,6�DOSKD�RSHQ906�FOXVWHU��WKLV
FRUUHFWV� LQWHQVLWLHV� IRU� WKH�ZDYHOHQJWK�GHSHQGHQFH� RI� WKH� LQFLGHQW� IOX[
DQG� IRU� WKH� GHWHFWRU� HIILFLHQFLHV� XVLQJ� D� YDQDGLXP� FDOLEUDWLRQ
PHDVXUHPHQW��

5XQ�LJLV�3URJUDP�FDOLE�ZLWK�WKH�YDQDGLXP�UXQ�VD\�������

7KHQ�LJLV�3URJUDP�LFRQ�
2SWLRQ�0DQ\�ILOHV�
5HV�)XQFWLRQ�
5$:�)LOHV��!
&RQWLQXH��!
8VH�&DOLEUDWLRQ�)LOH�<HV�
5XQ��������SUHVV�(17(5�NH\�KHUH�
([WHQVLRQ�5$:�
6SHFWUD������
$QDO\VHU�3*������
,QGLYLGXDO�6SHFWUD��(QHUJ\�������
�!�5XQ��LUV������UDZ���LJLV�LFRQ��!�LUV������LSJ

�� 3XW�ILOH�J�D�FRP�IURP�WKH�PVOLFH�GLUHFWRU\�LQWR�DQ�DUHD�RQ�WKH�,6,6�DOSKD
RSHQ906�FOXVWHU��IWS�DV�$6&,,���7KLV�LV�D�JHQLH��FRPPDQG�ILOH�WR�UHDG��LSJ
GDWD�ILOHV��UHELQ�GDWD�DORQJ�HQHUJ\�DQG�VDYH�LQ�JHQLH�$6&,,�IRUPDW��,Q�WKLV
ILOH�HGLW�WKH�GHILQLWLRQV



��DUHD� ��VFUDWFK�GLVN�>LULV@���GLUHFWRU\�RI�\RXU��LSJ�ILOHV
��S�� ���������(PLQ
��S�� ���������GHOWD(
��S�� �������(PD[

ZLWK�WKH�DSSURSULDWH�ILOH�ORFDWLRQ�DQG�ELQQLQJ�LQIRUPDWLRQ�

2Q�WKH�,6,6�DOSKD�RSHQ906�FOXVWHU�VWDUW��JHQLH�DQG�H[HFXWH

!!#J�D

DQG�ZLOO�EH�SURPSWHG�IRU�WKH�UXQ�QXPEHU��7KLV�ZLOO�WKHQ�FUHDWH�D�QXPEHU
RI�DVFLL�ILOHV�LQ�VRPH�JHQLH�W\SH�IRUPDW��RQH�ILOH�IRU�HDFK�GHWHFWRU��LQ�WKH
FXUUHQW�IRUPDW�J�D�FRP�ZRUNV�IRU�WKH�3*����PRGH�ZLWK����GHWHFWRUV��EXW
FDQ�EH�DGDSWHG�WR�LQFRUSRUDWH�RWKHU�VHWWLQJV�DV�ZHOO���*HQLH��FDQQRW�VDYH
GDWD� GLUHFWO\� LQ� WKH� $6&,,� �VSH� IRUPDW�� VR� PDWODE� ZLOO� EH� XVHG� WR� UHDG
WKHVH�VHSDUDWH�DVFLL�ILOHV�DQG�SXW�DOO�WKH�LQIRUPDWLRQ�LQWR�D�VLQJOH�ILOH�

LUV������LSJ��JHQLH�J�D��!�VHYHUDO�ILOHV�LUV�����������LUV��������

�� )WS��$6&,,��DOO�GHWHFWRU�ILOHV�RQWR�WKH�SODWIRUP�UXQQLQJ�PDWODE�PVOLFH��$W
WKH�PDWODE�SURPSW�JR� WR� WKH�GLUHFWRU\�ZLWK�DOO� WKHVH� LQWHUPHGLDWH� ILOHV
DQG�LVVXH�FRPPDQG

!!D�VSH

DQG�ZLOO�EH�SURPSWHG�IRU�D�UXQ�QXPEHU��RU�VLPSO\�W\SH

!!D�VSH�
�����
��RU�!!D�VSH��������RU�!!D�VSH�������

7KLV� ZLOO� UHDG� DOO� GHWHFWRU� ILOHV� DQG� ZLOO� SURGXFH� WKH� ILQDO� $6&,,� ILOH
LUV������VSH��$OO�LQWHUPHGLDWH�ILOHV�FUHDWHG�LQ�VWHS���FDQ�QRZ�EH�GHOHWHG��7R
ZRUN� IURP� RU� VDYH� LQ� GLIIHUHQW� GLUHFWRULHV�ILOHV� XVH� WKH� PRUH� IOH[LEOH
FRPPDQGV�IURP�DQ\�GLUHFWRU\

!!GDWD ORDGBLSJDVFP�
GLUHFWRU\�?LUV�����
��
!!VDYHBVSH�GDWD�
GLUHFWRU\�?LUV������VSH
��

'HW)LOH��SK[� 3XVK�
%URZVH
�EXWWRQ�RQ�WKH�VDPH�OLQH�WR�VHOHFW�WKH�ILOH�ZLWK�WKH�GHWHFWRU
LQIRUPDWLRQ�OD\RXW�IRU�WKH�SDUWLFXODU��VSH�ILOH�VHOHFWHG�IRUPDW�RI�GHWHFWRU�ILOH
WKH�VDPH�DV�UHTXLUHG�E\�WKH�IRUWUDQ�3+2(1,;�SURJUDPPH��ORDG�IXQFWLRQ�LV
ORDGBSK[�P�LQ�WKH�06OLFH�GLUHFWRU\��:KHQ�XVLQJ�WKH�SURJUDPPH�RQO\�WR
VLPXODWH�
'HWHFWRU�7UDMHFWRULHV
��DYH�
'DWD)LOH
�EODQF��VHOHFW�
'HW)LOH
�DQG�SXVK

/RDG'DWD
��([DPSOH�IRUPDW�RI��SK[�ILOH�IRU�WKH�+(7����P�:HVW�EDQN
��PB���SK[�

��
�����������������������������������
�����������������������������������
����������������������������������
����������������������������������



ILUVW�OLQH�FRQWDLQV�Q��QXPEHU�RI�GHWHFWRU�JURXSV�WKHQ�DQJOHV�WZRWKHWD��SVL�
GWZRWKHWD��GSVL��DOO�LQ�GHJ��DUH�LQ�D�FROXPQV���������RI�VXEVHTXHQW�WDEOH��WKH
RWKHU�FROXPQV�������FRQWDLQ�UHGXQGDQW�SDUDPHWHUV�UHWDLQHG�IRU�KLVWRULFDO
UHDVRQV�RI�FRPSDWLELOLW\�ZLWK�RWKHU�SURJUDPPHV�OLNH�3+2(1,;�

WZRWKHWD� �WRWDO�VFDWWHULQJ�DQJOHV�DOZD\V�!�

SVL� �D]LPXWKDO�DQJOH��GHILQHG�VXFK�WKDW�RQ�+(7����P�EDQN�KDV
SVL ��:������1�������(��DQG�����6�RQ�,5,6�DOO�3*����GHWHFWRUV�KDYH
SVL ��SVL ��GHILQHV�WKH�SULQFLSDO�VFDWWHULQJ�SODQH�

GWZRWKHWD� �WKLFNQHVV�RI�GHWHFWRU�LQ�WZRWKHWD��HQODUJHG�FRPSDUHG�WR
WKH�SK\VLFDO�GHWHFWRU�WKLFNQHVV�WR�FRYHU�VPDOO�JDSV�EHWZHHQ�DGMDFHQW
GHWHFWRUV

GSVL� �D]LPXWKDO�DQJXODU�ZLGWK

,QWHQVLW\/DEHO 7\SH�LQ�ODEHO�IRU�WKH�LQWHQVLW\�D[LV�LQ�DOO�FXWV��&DQ�FRQWDLQ�ODWH[�W\SH�FRGLQJ�
IRU�H[DPSOH�

NBL�NBI�GA�?VLJPD�G?2PHJD�G(��PEDUQ�PH9A^��`�VUA^��`�I�X�A^��`�

7LWOH/DEHO 7\SH�LQ�H[WUD�ODEHO�IRU�WKH�WLWOH�RQ�DOO�SORWV��IRU�H[DPSOH�QDPH�RI�VDPSOH�DQG
WHPSHUDWXUH��OLNH�/DB�&X2B���.��YDOXH�RI�IL[HG�HQHUJ\�DQG�VDPSOH�URWDWLRQ
DQJOH�LI�VLQJOH�FU\VWDO�DUH�DXWRPDWLFDOO\�DGGHG�WR�WKH�WLWOH�ODEHO��

/RDG'DWD 3XVK�WKLV�EXWWRQ�WR�ORDG�WKH�GDWD�ILOH�DQG�WKH�GHWHFWRU�OD\RXW�

$�PHVVDJH�VKRXOG�DSSHDU�LQ�WKH�PDWODE�FRPPDQG�ZLQGRZ�OLNH�

/RDGLQJ��VSH�ILOH���P�?PDWODE?DQDOBVSH?VSH?VSH����VSH
����GHWHFWRU�V��DQG����HQHUJ\�ELQ�V�
8QPDVNHG���PDVNHG�GHWHFWRU�JURXSV� ����������
/RDGLQJ��SK[�ILOH���P�?PDWODE?DQDOBVSH?SK[?SL[BZB����SK[

ZKLFK�FRQILUPV�ORDGLQJ�WKH��VSH�ILOH��WHOOV�KRZ�PDQ\�GHWHFWRUV�DQG�HQHUJ\
ELQV�DUH�LQ�WRWDO��DQG�KRZ�PDQ\�XVHIXO�YHUVXV�PDVNHG�GHWHFWRUV�DUH�LQ�WKH
GDWD�ILOH��7KHQ�FRQILUPV�ORDGLQJ�WKH�GHWHFWRU�OD\RXW�ILOH��SK[��,I�WKH�WZR�ILOHV
DUH�LQFRPSDWLEOH��OLNH�QXPEHU�RI�GHWHFWRUV�LQ��VSH�ILOH�QRW�HTXDO�WR�QXPEHU
RI�GHWHFWRUV�LQ��SK[�ILOH�DQ�HUURU�ZLOO�EH�JLYHQ���,I�WKH�
'DWD)LOH
�ER[�LV�HPSW\
WKHQ�RQO\�WKH�GHWHFWRU�OD\RXW�ILOH�LV�UHDG�DQG�D�ZDUQLQJ�PHVVDJH�LV�JLYHQ�DW
WKH�FRPPDQG�SURPSW��OLNH

1R�GDWD�ORDGHG�
/RDGLQJ��SK[�ILOH���P�?PDWODE?DQDOBVSH?SK[?SL[B����SK[

,Q�WKLV�FDVH�PVOLFH�FDQ�RQO\�EH�XVHG�IRU�VLPXODWLQJ�GHWHFWRU�WUDMHFWRULHV��1RWH
WKDW�GDWD�ILOHV�DUH�DVFLL�DQG�QHHG�WR�EH�WUDQVIHUHG�DV�$6&,,�QRW�ELQDU\�RU�DXWR
IURP�D�906�SODWIRUP��IWS�WUDQVIHU�LQ�ELQDU\�PRGH�RI�DQ�DVFLL�ILOH�FRUUXSWV�WKH
HQG�RI�OLQH�FKDUDFWHUV���&RPPDQG�OLQH�RSHUDWLRQ�

�!!�PVBORDGBGDWD�

5HTXLUHV�IXQFWLRQV��ORDGBVSH�P��PDWODE�ORDG�URXWLQH��RU�ORDGBVSHBGI�I���GOO



�IRUWUDQ�ORDG�URXWLQH�
6DYH'DWD$V 6DYH�FXUUHQW��VSH�GDWD�WR�D�ILOH��8VHG�IRU�H[DPSOH�DIWHU

EDFNJURXQGVXEWUDFWLRQ�RU�PRUH�GHWHFWRU�PDVNLQJ�

5HTXLUHV�IXQFWLRQ��VDYHBVSH�P

�������6,1*/(�&5<67$/�$1'�32:'(5�$1$/<6,6�02'(

6DPSOH 6HOHFW�
VLQJOH�FU\VWDO
�RU�
SRZGHU
�VDPSOH�WR�VSHFLI\�LI�GDWD�LV�WR�EH�GHVFULEHG
DV�LQWHQVLW\�DV�D�IXQFWLRQ�RI�SURMHFWLRQV�LQ�ZDYHYHFWRU�HQHUJ\�VSDFH��K�N�O�(�
RU�DV�LQWHQVLW\�DV�D�IXQFWLRQ�RI�DQ\�WZR�SDUDPHWHUV�IURP
�_4_�(��7KHWD�'HWHFWRU1XPEHU��

6XEVHTXHQW�PHQX�EXWWRQV�LQ�WKH�06OLFH�&RQWURO:LQGRZ�VKRXOG�FKDQJH�ZKHQ
WKH�VDPSOH�W\SH�LV�PRGLILHG�

6LQJOH�FU\VWDO
�XQLW�FHOO�DQG
RULHQWDWLRQ�

)RU�
VLQJOH�FU\VWDO
�VDPSOH�W\SH�LQ�XQLW�FHOO�SDUDPHWHUV�D�E�F��c��DQG�WKHQ
DQJOHV�DD�EE�FF��GHJ��RI�WKH�FU\VWDO�ODWWLFH��FDQ�SXW�LQ�PDWKHPDWLFDO
H[SUHVVLRQV�UHFRJQLVHG�LQ�PDWODE�OLNH��
SL
VTUW�����������7KH�UHFLSURFDO
ODWWLFH�LV�FDOFXODWHG�WKHQ�DFFRUGLQJ�WR�WKH�JHQHUDO�UXOHV�VHW�RXW�LQ�$VKFURIW
DQG�0HUPLQ��6ROLG�6WDWH�3K\VLFV�S����7KH�RULHQWDWLRQ�RI�WKH�FU\VWDO�ZLWK
UHVSHFW�WR�WKH�VSHFWURPHWHULV�GHILQHG�DFFRUGLQJ�WR�WKH�VWDQGDUG�SUDFWLFH
XVHG�IRU�WULSOHD[HV�VSHFWURPHWHUV��RQH�VSHFLILHV�WZR�UHFLSURFDO�FU\VWDO�D[HV�LQ
WKH�SULQFLSDO�VFDWWHULQJ�SODQH�RI�WKH�VSHFWURPHWHU�DQG�WKHQ�RQH�PRUH�DQJOH
�3VL�GHJ���XQLTXHO\�LGHQWLILHV�WKH�URWDWLRQ�RI�WKH�FU\VWDO�LQ�WKLV�SODQH�

(;$03/(6�

LQVWUXPHQW�+(7��D
__NBL��E
�LQ�WKH�KRUL]RQWDO�VFDWWHULQJ�SODQH��ZKLFK�IRU�+(7
LV�GHILQHG�DV�WKH�SULQFLSDO�VFDWWHULQJ�SODQH��LV�GHVFULEHG�E\
X[ ��X\ ��X] ���RU�X >���@
Y[ ��Y\ ��Y] �
3VL �

+(7���D
�E
��LQ�KRUL]RQWDO�VFDWWHULQJ�SODQH��E
__NBL
X >���@
Y >���@
3VL ���

0RUH� VSHFLILFDOO\�� RQH� GHILQHV� D� VSHFWURPHWHU� UHIHUHQFH� IUDPH� �4[�4\�4]�
VXFK� WKDW�4[�__�NBL� �LQFLGHQW�EHDP�GLUHFWLRQ�� � �4[�4\�� GHILQH� WKH�SULQFLSDO
VFDWWHULQJ� SODQH� RI� WKH� VSHFWURPHWHU� �KRUL]RQWDO� SODQH� RQ� +(7�� ,5,6� DQG
YHUWLFDO� RQ� 0$5,��� $[LV� 4\� DOZD\V� FRUUHVSRQGV� WR� WKH� D]LPXWKDO� DQJOH� RI
GHWHFWRUV�EHLQJ�]HUR�LQ�WKH��SK[�GHWHFWRU�ILOH�

(;$03/(6�

+(7�4[__NBL��4\�KRUL]RQWDO�DQG�4]�YHUWLFDOO\�XS
0$5,�4[__NBL��4\� YHUWLFDOO\� GRZQ�DQG�4B]� LQ� KRUL]RQWDO� SODQH�� X� DQG� Y� DUH
WZR�FU\VWDO�D[HV� �UHFLSURFDO� VSDFH�KNO�GLUHFWLRQV�� LQ� WKH�SULQFLSDO� VFDWWHULQJ
SODQH��4[�4\��DQG�3VL�LV�WKH�DQJOH�EHZHHQ�NBL�DQG�X�DQG�LV�SRVLWLYH�LI���NBL�[
X�� __�4B]� �RQ�+(7�DQG� ,5,6�4]� LV� YHUWLFDOO\� XS���X�DQG�Y� GR�QRW�KDYH� WR�EH
RUWKRJRQDO� ZDYHYHFWRU� GLUHFWLRQV�� WKH\� RQO\� GHILQH� D� SODQH� DQG� D� VHQVH� RI
URWDWLRQ��X�FURVV�Y��



$QDO\VLV�0RGH 7KH�
SRZGHU
�RSWLRQ�ZDV�LQWURGXFHG�WR�DOORZ�GDWD�IRU� 
6LQJOH�&U\VWDO
�VDPSOHV
WR� EH� DQDO\VHG� LQ� WHUPV� RI� SURMHFWLRQV� RQ� DQ\� WZR� RI� WKH� D[HV
�_4_�(��7KHWD�'HWHFWRU1XPEHU���DV�IRU�D�
SRZGHU
�VDPSOH���EXW�VXFK�WKDW�IRU
HDFK� SL[HO� WKHUH� LV� DOVR� D� ZHOO�GHILQHG� �+�.�/�� DQG� (QHUJ\� SURMHFWLRQ� DQG
WKHUHIRUH� FXWV� FDQ� EH� VDYHG� LQ� W\SLFDO� ��D[LV� � �+�.�/�(�� �KNO� IRUPDW�� 8VH

VLQJOH�FU\VWDO
� PRGH� LI� GDWD� LV� WR� EH� DQDO\VHG� LQ� WHUPV� RI� SURMHFWLRQV� RQWR
ZDYHYHFWRU�GLUHFWLRQ�

'HWHFWRUV )RU� 
VLQJOH�FU\VWDO
�VDPSOH�ZLWK� 
VLQJOH�FU\VWDO
�DQDO\VLV�PRGH�FKRRVH�EHWZHHQ
SRVLWLRQ�VHQVLWLYH� �36'�� DQG� FRQYHQWLRQDO� �QRQ�36'�� GHWHFWRUV�� 7KH� VLQJOH
FU\VWDO�GDWD�FDQ�EH�GHVFULEHG�DV� LQWHQVLW\�PHDVXUHG�DORQJ�VRPH�WUDMHFWRULHV
LQ�ZDYHYHFWRU�HQHUJ\�VSDFH�)RU�3'6��RU�DUHD��GHWHFWRUV�WKH�RULJLQV�RI� WKHVH
WUDMHFWRULHV�GHILQH�D��G�JULG�DQG�VR�WKH�WUDMHFWRULHV�ZLOO�GHILQH�D�YROXPH��DQG
FRQVHTXHQWO\� WKUHH� D[HV� DUH� QHHGHG� WR� GHVFULEH� WKH� GDWD��� ,Q� WKLV� FDVH� WR
SURGXFH� D� �G� FRORXU� LQWHQVLW\� PDS� RI� WKH� GDWD� RQH� QHHGV� WR� WDNH� D� 6/,&(
WKURXJK�WKH�GDWD�YROXPH��RU�SORW�WKH�GDWD�RQWR�WZR�D[HV�DQG�LQWHJUDWH�DORQJ
WKH�WKLUGLQ�VRPH�UHVWULFWHG�UDQJH��7R�SORW�36'�GDWD�DORQJ�RQH�GLUHFWLRQ��RU�GR
D� &87�� RQH� QHHGV� WR� VSHFLI\� WKH� LQWHJUDWLRQ� UDQJHV� LQ� WKH� RWKHU� WZR
RUWKRJRQDO�GLUHFWLRQV��)RU�D�FRQYHQWLRQDO�DUUD\�RI�GHWHFWRUV�WKH�RULJLQV�RI�WKH
GHWHFWRU� WUDMHFWRULHV� GHILQH� D� �G� JULG� DQG� WKH� WUDMHFWRULHV� ZLOO� GHILQH� D
VXUIDFH�DQG�VR�RQO\�WZR�D[HV�DUH�QHHGHG�WR�GHVFULEH�LW��,Q�WKLV�FDVH�RQH�FDQ
VLPSO\�',63/$<�D��G�FRORXU� LQWHQVLW\�PDS�RI�WKH�GDWD�RQWR�WKH�SODQH�RI�WKH
WZR� YLHZLQJ� D[HV�� 7R� SORW� WKH� GDWD� DORQJ� RQH� GLUHFWLRQ�� RU� GR� D� &87�� RQH
QHHGV�WR�VSHFLI\�WKH�LQWHJUDWLRQ�UDQJH�LQ�WKH�RWKHU�RUWKRJRQDO�GLUHFWLRQ�

9LHZLQJ� $[HV
�6LQJOH�&U\VWDO�

7KH� VLQJOH� FU\VWDO� GDWD� LV� GHVFULEHG� LQ� WHUPV� RI� SURMHFWLRQV� RQWR� >KNO@
ZDYHYHFWRU�GLUHFWLRQV�DQG�HQHUJ\��7KHVH�DUH�FDOOHG�YLHZLQJ�D[HV�DQG�IRU�WKH
SXUSRVH�RI�SORWWLQJ�WKH\�VKRXOG�EH�FKRVHQ�WR�EH�RUWKRJRQDO��(Q�HUURU�PHVVDJH
LV� JLYHQ� DW� WKH� PDWODE� FRPPDQG� SURPSW� LI� WKH� YLHZLQJ� D[HV� DUH� QRW
RUWKRJRQDO��)RU�PRQRFOLQLF�WULFOLQLF� ODWWLFHV� VXJJHVWLRQV�DUH�JLYHQ� WR� FKRRVH
RUWKRJRQDO�ZDYHYHFWRU�D[HV���7KH�HQHUJ\�D[LV� LV�E\�GHILQLWLRQ�RUWKRJRQDO� WR
DQ\�ZDYHYHFWRU�GLUHFWLRQ��7KH�D[HV�DUH�VSHFLILHG�LQ�WKH���G�VSDFH�ZLWK�EDVLV
�D
�E
�F
�(QHUJ\���)RU�H[DPSOH�LQ�DQ�+(7�H[SHULPHQW�RQ�D��G�DQWLIHUURPDJQHW
ZLWK�WKH���G�SODQH��D
�F
��SHUSHQGLFXODU�WR�NB,�LW�LV�XVHIXO�WR�SURMHFW�WKH�GDWD
RQWR�WKH�>���@��>���@�DQG�(QHUJ\�D[HV�DQG�RQH�GHILQHV�

X� >��������@ DQG�W\SH�LQ�ODEHO�IRU�WKLV�GLUHFWLRQ�OLNH�4BK
X� >��������@ 4BO
X� >��������@� �(

)RU�SURMHFWLQJ� GDWD� RQWR� WKH� GLDJRQDO� >������@�� >�����@� DQG� (QHUJ\� WKH� D[HV
DUH�GHILQHG�DV�

X� >��������@ DQG�SXW�VRPH�ODEHO�4B�
X� >��������@ 4B�
X� >��������@� (

7KH� SURJUDPPH�ZLOO� WKHQ� FRPELQH� WKH� ODEHO�ZLWK� WKH�ZDYHYHFWRU� GLUHFWLRQ
DQG�VR�WKH�X��D[LV�ODEHO�ZLOO�EH��>4B�����4B�@�LQ�XQLWV�RI�[�cA^��`�ZKHUH�[�LV
OHQJWK�LQ�cA^��`�RI�WKH�>������@�YHFWRU�

7KH�SURMHFWLRQV�DORQJ�WKH�YLHZLQJ�D[HV�DUH�QRZ�JLYHQ�LQ�XQLWV�RI�WKH�OHQJWK�RI
WKH�YLHZLQJ�D[HV�YHFWRUV��)RU�H[DPSOH�D ��������E ��������F ������X� >�����
�@�� X� >�������@�X� >�������@� WKH� XQLWV� DORQJ� X��X��X�� DUH� �����cA^��`�����
cA^��`�DQG���PH9��



7KH�PHQXV�IRU�UHSUHVHQWLQJ�WKH�GDWD�DV��G�FRORXU�LQWHQVLW\�SORWV��6/,&(��DQG
�G�SORWV��&87��VKRXOG�EH�XSGDWHG�HYHU\�WLPH�RQH�W\SHV�LQ�D�QHZ�ODEHO�IRU�WKH
YLHZLQJ�D[HV�

3RZGHU 6HOHFW�
SRZGHU
�VDPSOH�LI�GDWD�LV�WR�EH�GHVFULEHG�LQ�WHUPV�RI�WZR�D[HV�RXW�RI
�(QHUJ\�_4_��7KHWD�$]LPXWK�'HW*URXS1XPEHU��

9LHZLQJ�$[HV
�3RZGHU�

3RZGHU� GDWD� FDQ� EH� GHVFULEHG� LQ� WHUPV� RI� WZR� D[HV� RXW� RI
�(QHUJ\�_4_��7KHWD�$]LPXWK�'HW*URXS1XPEHU���DOVR�GDWD�IURP�VLQJOH�FU\VWDO
VDPSOHV�FDQ�EH� ORRNHG�DW� LQ�SRZGHU�PRGH���6HOHFW� WKH�YLHZLQJ�D[HV�X��X��
7KHUH�DUH�GHIDXOW�ODEHOV�IRU�HDFK�D[LV�EXW�WKHVH�FDQ�EH�FKDQJHG�E\�W\SLQJ�LQ
QHZ� QDPHV� XQGHU� 
/DEHOV
�� &DOFXODWH� 3URMHFWLRQV�ZLOO� XSGDWH� WKH� ODEHOV� DQG
WKH�SURMHFWLRQV�RQ�WKH�YLHZLQJ�D[HV�

&DOFXODWH
3URMHFWLRQV

3XVK�WKLV�EXWWRQ�WR�FDOFXODWH�RU�UHIUHVK�DIWHU�PRUH�PDVNLQJ�WKH�SURMHFWLRQV�RI
GDWD�SRLQWV�RQWR�WKH�YLHZLQJ�D[HV��$�PHVVDJH
FRQILUPLQJ�WKH�FDOFXODWLRQV�VKRXOG�DSSHDU�LQ�WKH�FRPPDQG�OLQH�ZLQGRZ��


&DOFXODWLQJ� SURMHFWLRQV� RI� GDWD� SRLQWV� RQWR� WKH� YLHZLQJ� EDVLV
� �IRU� 
VLQJOH
FU\VWDO
�PRGH�ZLWK�36'�GHWHFWRUV�

RU


&DOFXODWLQJ� SURMHFWLRQV� RI� GDWD� SRLQWV� DQG� ELQ� ERXQGDULHV� RQWR� WKH� YLHZLQJ
EDVLV
��IRU�
VLQJOH�FU\VWDO
�PRGH�ZLWK�FRQYHQWLRQDO�GHWHFWRUV�

RU


3RZGHU�PRGH��FDOFXODWLQJ�SURMHFWLRQV�RI�GDWD�SRLQWV�DQG�ELQ�ERXQGDULHV�RQWR
WKH�YLHZLQJ�EDVLV
��IRU�
SRZGHU
�PRGH��

7KH�RULJLQDO� �VSH� GDWD� LV� JLYHQ�DV� D� WDEOH�RI� ,QWHQVLW\� DQG�HUURU� YDOXHV�DV� D
IXQFWLRQ�RI�GHWHFWRU�QXPEHU�DQG�HQHUJ\��7KLV� LQIRUPDWLRQ� LV�FRPELQHG�ZLWK
WKH� GHWHFWRU� OD\RXW� IURP� WKH� �SK[� ILOH� DQG� JLYHQ� WKH� NLQHPDWLFV� RI� WKH
VFDWWHULQJ�IRU�GLUHFW�LQGLUHFW�JHRPHWU\�DQG�WKH�YDOXH�RI�WKH�IL[HG�HQHUJ\��WKH
GDWD� LV� QRZ� WUDQVIRUPHG� LQWR� ,QWHQVLW\� DV� D� IXQFWLRQ�RI� �4[�4\�4]�(�� LQ� WKH
VSHFWURPHWHU� UHIHUHQFH� IUDPH� �VHH� KHOS� RQ� 
�6LQJOH� FU\VWDO�� XQLW� FHOO� DQG
RULHQWDWLRQ� �
� IRU� WKH� FRQYHQWLRQ� XVHG� LQ� GHILQLQJ� WKH� �4[�4\�4]�� UHIHUHQFH
IUDPH��� ,Q� 
VLQJOH� FU\VWDO� PRGH
� WKH� LQIRUPDWLRQ� RQ� WKH� FU\VWDO� ODWWLFH
�D�E�F�DD�EE�FF�� DQG� WKH� FU\VWDO� RULHQWDWLRQ� �X�Y�3VL�� LV� WKHQ� XVHG� WR
SURMHFWHG�WKH��4[�4\�4]�(��SRLQWV�RQWR�WKH�FKRVHQ�YLHZLQJ�D[HV�X���X���DQG
X�� IRU� 36'� GHWHFWRUV��� )RU� 
SRZGHU
� PRGH� HDFK� �4[�4\�4]�(�� SRLQW� LV

SURMHFWHG
�RQWR� WKH�YLHZLQJ�D[HV� FKRVHQ� IURP�_4_�� (�� �7KHWD�DQG�'HWHFWRU
*URXS�1XPEHU�

&RPPDQG�OLQH�RSHUDWLRQ��!!�PVBFDOFBSURM�

5HTXLUHV�IXQFWLRQV�

FDOFSURM�P���VLQJOH�FU\VWDO�36'�GHWHFWRUV�
FDOFSURME�P� �VLQJOH� FU\VWDO� FRQYHQWLRQDO� GHWHFWRUV�� FDOFSURMSRZGHU�P� �GDWD
DQDO\VHG�LQ�SRZGHU�PRGH�



�������',63/$<��'�,17(16,7<�&2/285�0$36

'LVSOD\ 8VH�WKLV�PHQX�WR�GLVSOD\��G�LQWHQVLW\�FRORXU�PDSV�RI�WKH�GDWD�SURMHFWHG�RQWR
WKH�SODQH�GHILQHG�E\�WZR�YLHZLQJ�D[HV��LQ�
SRZGHU
�PRGH�WKH�D[HV�DUH�DQ\�WZR
RXW�RI��_4_�(��7KHWD�'HWHFWRU1XPEHU���DQG�LQ�
VLQJOH�FU\VWDO
�PRGH�ZLWK

FRQYHQWLRQDO
�GHWHFWRUV�WKH�D[HV�DUH�ZDYHYHFWRU�RU�HQHUJ\�GLUHFWLRQV��7KH

KRUL]RQWDO
�DQG�
YHUWLFDO
�D[HV�UHIHU�WR�WKH�[�DQG�\�D[HV�RI�WKH�SORW�DQG�WKH
YDOXHV�DUH�H[SUHVVHG�LQ�XQLWV�RI�WKH�YLHZLQJ�D[HV��IRU�H[DPSOH�UOX�DORQJ�D
�DQG
F
�IRU�
VLQJOH�FU\VWDO
�PRGH�DQG�YLHZLQJ�D[HV�X� >�������@�DQG�X� >�������@��
7KH�GHIDXOW�SORWWLQJ�UDQJH�LV�FKRVHQ�VXFK�WKDW�DOO�DYDLODEOH�GDWD�ILWV�LQ�WKH
JUDSK�

,QWHQVLW\�UDQJH KDV�RSWLRQDO�SDUDPHWHUV�XVHG�WR�UHVWULFW�WKH�FRORXU�LQWHQVLW\�D[LV���LI�QRW�JLYHQ
�HGLWDEOH�ER[HV�OHIW�EODQF��E\�GHIDXOW�PLQ ��DQG�PD[ PD[�LQWHQVLW\���

&RORXU�PDS EODFN�!UHG��DV�LQ�3+2(1,;�
ORJ�EODFN�!UHG��ORJDULWKPLF����AQ��FRORXU�WDEOH
EOXH�!UHG��PDWODE�MHW�PDS�

6PRRWKLQJ�OHYHO 7KH�UHVXOWV�FDQ�EH�
VPRRWKHG
�E\�FRQYROXWLQJ�RYHU�WKH�GLVSOD\HG�SORW�D�PDWUL[
OLNH
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ZKLFK� DYHUDJHV� WKH� LQWHQVLW\� RI� D� FHQWUDO� SRLQW� ZLWK� WKH� LQWHQVLWLHVRI� WKH
QHDUE\�ELQV�RQ�WKH�GLVSOD\HG�JULG�ZLWK�WKH�PRVW�ZHLJKW�JLYHQ�WR�WKH�RULJLQDO
YDOXH�RI� LQWHQVLW\�DQG�VPDOOHU�ZHLJKWV� WR� LQWHQVLW\�RI�QHDUE\�SRLQWV��)RU� WKH
SDUWLFXODU�PDWUL[�JLYHQ�DERYH�RQO\� QHDUE\�HQHUJ\�ELQV�RI� WKH� VDPH�GHWHFWRU
DUH� DYHUDJHG�� QHDUE\� GHWHFWRUV� DUH� QRW� DYHUDJHG�� ,Q� WKH� JHQHUDO� FDVH�� WKH
VPRRWKLQJ�DOJRULWKP�LV�VXFK�WKDW�RQO\�ELQV�ZLWK�GDWD�SRLQWV�FRQWULEXWH�WR�WKH
VPRRWKLQJ�DQG�IRU�ELQV�ZLWK�QR�RULJLQDO�GDWD��QR�GDWD� LV�SXW�DIWHU� VPRRWLQJ�
7KH�PDWUL[�$�LV�QRUPDOLVHG�RYHU�WKH�QXPEHU�RI�FRQWULEXWLQJ�QHLJKERXUV��7KH
VPRRWKLQJ� DOJRULWKP� LV� LQ� WKH� PDWODE� IXQFWLRQ� VPRRWKBVSH�P� LQ� WKH� PVOLFH
GLUHFWRU\�DQG�WKH�PDWUL[�$�LV�GHILQHG�DW�WKH�EHJLQQLQJ��HGLW�WKLV�LI�\RX�ZLVK�D
GLIIHUHQW� ZHLJKWLQJ�� WKHUH� DUH� D� QXPEHU� RI� RSWLRQV� FRPPHQWHG� RXW� LQ� WKH
VRXUFH�FRGH��7KH�GHIDXOW�VPRRWKLQJ�PDWUL[�ZLOO�EH�GLVSOD\HG�LQ�WKH�FRPPDQG
OLQHHYHU\�WLPH�VPRRWKLQJ� LV�XVHG��7KH�VPRRWKLQJ� OHYHO�JLYHV�KRZ�PDQ\WLPHV
WKH� UHVXOWV� VKRXOG� EH� VPRRWKHG� �LI� DEVHQW� �� ILHOG� OHIW� EODQF�� RU� LI� �� QR
VPRRWKLQJ��

6KDGLQJ IODW� �QR�ELQ�ERXQGDULHV
IDFHWHG� �ZLWK�EODFN�OLQHV�DV�ELQ�ERXQGDULHV
LQWHUS� �QR�ELQ�ERXQGDULHV�DQG�FRORXU�LQ�HDFK�ELQ�LV�LQWHUSRODWHG�EHWZHHQ
FRORXUV�RI�QHDUE\�ELQV

'LVSOD\ 3XVK� WKLV� EXWWRQ� WR� SORW� WKH� �G� LQWHQVLW\� FRORXU� SORW� RI� WKH� GDWD� SURMHFWHG
RQWR� WKH� WZR� YLHZLQJ� D[HV�� $XWRPDWLF� ODEHOV� RI� WKH� YLHZLQJ� D[HV� DQG� XQLWV
VKRXOG� DSSHDU�� 7KH� WLWOH� JLYHV� DOO� WKH� LQIRUPDWLRQ� DERXW� WKH� GDWD� ILOH�
VPRRWKLQJ�DQG�GLVSOD\� UDQJHV�DQG� WKH� IRUPDW� LV�� ILOHQDPH� �DQ\�7LWOH/DEHO� LI
JLYHQ���(IL[HG��3VL��IRU�
VLQJOH�FU\VWDO
�VDPSOH���V ��LI�VPRRWKLQJ�GLVSOD\�UDQJH�
7KH�ILJXUH�FDQ�EH�UHVL]HG�ZLWK�WKH�PRXVH�E\�GUDJJLQJ�RQH�RI�WKH�FRUQHUV�� ,I



WKH�WZR�GLVSOD\�D[HV�DUH�ZDYHYHFWRU�GLUHFWLRQV�WKH�DVSHFW�UDWLR�LV�FKRVHQ�VXFK
WKDW� WKH� HTXLYDOHQW� OHQJWK� RI� �� cA^��`� DORQJ� RQH� D[LV� LV� WKH� VDPH� DV� WKH
HTXLYDOHQW� OHQJWK�RI���cA^��`�DORQJ� WKH�RWKHU��&KRRVH�PHQX�RSWLRQ� 
.HHS
� WR

NHHS
�FXUUHQW�SORW�DQG�GLUHFW�QHZ�GLVSOD\HG�SORWV�WR�D�QHZ�ILJXUH��RWKHUZLVH
WKHVH�QHZ�SORWV�ZLOO�DSSHDU�LQ�WKH�VDPH�ILJXUH�ZLQGRZ�DQG�ROG�SORWV�ZLOO�EH
ORVW���7R�VDYH�JUDSK�WR�D�ILOH� LQ�YDULRXV�IRUPDWV� �LQFOXGLQJ�HSV�� LQ�WKH�ILJXUH
ZLQGRZ�JR�WR�WKH�
)LOH
�PHQX��WKHQ�VHOHFW�
([SRUW
��7R�SULQW�D�KDUGFRS\��JR�WR

)LOH
� DQG� SXVK� 
3ULQW
� EXWWRQ� �WKH� DVSHFW� UDWLR� ZLOO� EH� SUHVHUYHG� RQ� WKH
KDUGFRS\���)RU�D�3RVWVFULSW�SULQWHU�FDQ�DOVR�XVH�PHQX�RSWLRQ�&RORXU3ULQW���WKLV
SULQWV� JUDSK� WR� DQ� �HSV� ILOH� PVOLFH�HSV� ZKLFK� LV� WKHQ� VHQW� GLUHFWO\� WR� WKH
SULQWHU� XVLQJ�06�'26�FRPPDQGV�� D� IHZ�SULQWHUV� IRU� WKH� ,6,6� SULQWHU� QHWZRUN
DUH� DOUHDG\� GHILQHG�� WKH� SDWK� IRU� WKH� 
GHIDXOW� SULQWHU
� KDV� WR� EH� GHILQHG� E\
HGLWLQJ�IXQFWLRQ�PVBSULQWF��)RU�VRPH�ROG�SULQWHUV�OLNH
WKH�+3�36��36��LQ�WKH�+(7�FDELQ�RQO\�WKH�VHFRQG�PHWKRG�ZRUNV��7R�DGG�PRUH
SULQWHUV� XQGHU� WKH� 
&RORXU3ULQW
� OLVW� IROORZ� LQVWUXFWLRQV� LQ� PVOLFH� SORWWLQJ
IXQFWLRQ�GLVSBVSH�P�

&RPPDQG�OLQH�RSHUDWLRQ�

!!PVBGLVS

�������',63/$<�92/80(75,&�'$7$�)520�36'�'(7(&7256���6/,&(6

6OLFH�SODQH� )RU�VLQJOH�FU\VWDO�3'6�GDWD�WKLV�PHQX�LV�XVHG�WR�SORW�WKH�GDWD�DV�D��G�LQWHQVLW\
FRORXU� PDS� RQ� WKH� SODQH� GHILQHG� E\� WZR� RI� WKH� YLHZLQJ� D[HV� ZLWK� GDWD
LQWHJUDWHG�DORQJ�WKH�WKLUG�D[LV�LQ�VRPH�UHVWULFWHG�UDQJH��2QH�VHOHFWV�WKH�WKLUG
D[LV� �SHUSHQGLFXODU� WR� WKH� VOLFH� SODQH�� IURP� WKH� SRSXS� PHQX� OLVW� 
SHUS� WR
D[HV
��VD\�X� (QHUJ\�DQG�VSHFLILHV�WKH�LQWHJUDWLRQ�WKLFNQHVV�UDQJH��VD\�����WR
����� 7KH� FKRLFH� IRU� WKH� SHUSHQGLFXODU� D[LV� DXWRPDWLFDOO\� GHILQHV� WKH� VOLFH
SODQH� D[HV� DV� WKH� UHPDLQLQJ� WZR� IURP� WKH� �� YLHZLQJ� D[HV� DQG� VXEVHTXHQW
PHQXV� IRU� WKH� KRUL]RQWDO� DQG� YHUWLFDO� ODEHO� GLUHFWLRQV� VKRXOG� FKDQJH
DFFRUGLQJO\�� )RU� H[DPSOH� WKLV� PHQX� ZRXOG� ORRN� OLNH� KRUL]RQWDO� UDQJH� 4BK
YHUWLFDO�UDQJH�4BOIRU�RQH�RI�WKH�SUHYLRXV�JLYHQ�H[DPSOHV�DW�KHOS�IRU� 
9LHZLQJ
D[HV
��7\SH�LQ�YDOXHV�IRU�WKH�OLPLWV�DORQJ�WKH�4BK�DQG�4BO�D[HV�ZLWK� 
VWHS
�DV
WKH� ELQ� ZLGWK�� $OO� QXPEHUV� JLYHQ� KHUH� DUH� LQ� XQLWV� RIWKH� YLHZLQJ� D[HV
�UHFLSURFDO�XQLWV�LQ�WKH�FDVH�RI�X� >�������@��X� >�������@�DQG�PH9�IRU�X� >���
�� �@��� 7KH� ELQQLQJ� DOJRULWKP� � �WKH� VDPH� DV� XVHG� E\� 3+2(1,;� �� RU� ODWHU
YHUVLRQV��LV�JHQHUDOLVDWLRQ�RI�WKH�ELQQLQJ�URXWLQH�IRU�RQH�GLPHQVLRQDO�FXWV�DQG
LV�DV�IROORZV��D�JULG�RI�ELQV�RI�VL]H�VWHSB[�WLPHV�VWHSB\�LV�FRQVWUXFWHG�ZLWK�WKH
ORZHU� OHIW� FRUQHU� DW� �[BPLQ�VWHSB[���\BPLQ�VWHSB\���� DQG� QRW� H[FHHGLQJ
[BPD[�VWHSB[���DORQJ�[�DQG�\BPD[�VWHSB\���DORQJ�\��7KH�[�\�DQG� LQWHQVLW\
YDOXH�IRU�HDFK�ELQ�LV�FDOFXODWHG�E\�WDNLQJ�WKH�VLPSOH�DYHUDJH��PHDQ��RI�WKH�[�
\�DQG�LQWHQVLW\�YDOXHV�RI�DOO�SL[HOV�LQ�WKDW�ELQ��ZKHUH�WKH�OLPLWV�IRU�LQFOXGLQJ
SL[HOV�DUH�WDNHQ�DV� >��DORQJ�ERWK�[�DQG�\�D[HV�� L�H�� LQFOXVLYH� WR� WKH� OHIW�DQG
H[FOXVLYH�WR�WKH�ULJKW��7KH�OLPLWV�DUH�>@��L�H��LQFOXVLYH�DW�ERWK�HQGV�DORQJ�WKH
LQWHJUDWLRQ� GLUHFWLRQ� WUDQVYHUVH� WR� WKH� SODQH� �SODQH� WKLFNQHVV��� 7KH� HUURU� LV
FDOFXODWHG�DV� WKH�HUURU�RI� WKH� UHVXOWLQJ�DYHUDJH�RI� VR�PDQ\� LQWHQVLW\� YDOXHV
ZKHUH�HDFK� SRLQW�KDV� D� JLYHQ� HUURU�H��EXW� LV� QRW� DFWXDOO\� SORWWHG� �LQ� IXWXUH
YHUVLRQV�ZLOO�EH�LQFOXGHG�LI�WKH�RXWSXW�LV�WR�EH�VDYHG�WR�D�ILOH�IRU�VXEVHTXHQW
ILWWLQJV���7KH��G�ELQQLQJ�DOJRULWKP�LV�LQ�WKH�PDWODE�IXQFWLRQ�VOLFHBVSH�P�ZLWK
WKH� RSWLRQ� �E\� GHIDXOW� RQ� SF�OLQX[�� EXW� QRW� RQ� YPV�� WR� FDOO� WKH� RSWLPLVHG
IRUWUDQ�URXWLQH�LQ�IXQFWLRQ�VOLFHBGI�I�



,QWHQVLW\�UDQJH KDV�RSWLRQDO�SDUDPHWHUV�XVHG�WR�UHVWULFW�WKH�FRORXU�LQWHQVLW\�D[LV��LI�QRW�JLYHQ
�HGLWDEOH�ER[HV�OHIW�EODQF��E\�GHIDXOW�PLQ ��DQG�PD[ PD[�LQWHQVLW\���

&RORXU�PDS EODFN�!UHG��DV�LQ�3+2(1,;�
ORJ�EODFN�!UHG��ORJDULWKPLF����AQ��FRORXU�WDEOH
EOXH�!UHG��PDWODE�MHW�PDS�

6PRRWKLQJ�OHYHO 7KH�UHVXOWV�FDQ�EH�
VPRRWKHG
�E\�FRQYROYLQJ�RYHU�WKH�VOLFH�JULG�D�PDWUL[�OLNH
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ZKLFK� DYHUDJHV� WKH� LQWHQVLW\� RI� D� FHQWUDO� SRLQW� ZLWK� WKH� LQWHQVLWLHV� RI� WKH
QHDUE\� SRLQWV� RQ� WKH� VOLFH� JULG� ZLWK� WKH� PRVW� ZHLJKW� JLYHQ� WR� WKH� RULJLQDO
YDOXH�RI�LQWHQVLW\�DQG�VPDOOHU�ZHLJKWV�WR�LQWHQVLW\�RI�QHDUE\�SRLQWV��2QO\�ELQV
ZLWK� GDWD� SRLQWV� FRQWULEXWH� WR� WKH� VPRRWKLQJ� DQG� IRU� ELQV� ZLWK� QR� RULJLQDO
GDWD�� QR� GDWD� LV� SXW� DIWHU� VPRRWLQJ�� 7KH� PDWUL[� $� LV� QRUPDOLVHG� RYHU� WKH
QXPEHU�RI�FRQWULEXWLQJ�QHLJKERXUV��7KH�VPRRWKLQJ�DOJRULWKP�LV�LQ�WKH�PDWODE
IXQFWLRQ�VPRRWKBVOLFH�P�LQ�WKH�?PVOLFH�GLUHFWRU\�DQG�WKH�PDWUL[�$�LV�GHILQHG
DW� WKH� EHJLQQLQJ� �HGLW� WKLV� LI� \RX� ZLVK� D� GLIIHUHQW� ZHLJKWLQJ�� WKHUH� DUH� D
QXPEHU�RI�RSWLRQV�FRPPHQWHG�RXW�LQ�WKH�VRXUFH�FRGH��7KH�GHIDXOW�VPRRWKLQJ
PDWUL[�ZLOO�EH�GLVSOD\HG� LQ�WKH�FRPPDQG�OLQH�HYHU\� WLPH�VPRRWKLQJ� LV�XVHG�
7KH�VPRRWKLQJ�OHYHO�JLYHV�KRZ�PDQ\�WLPHV�WKH�UHVXOWV�VKRXOG�EH�VPRRWKHG��LI
DEVHQW���ILHOG�OHIW�EODQF���RU�LI���QR�VPRRWKLQJ��

6KDGLQJ IODW� �QR�ELQ�ERXQGDULHV
IDFHWHG� �ZLWK�EODFN�OLQHV�DV�ELQ�ERXQGDULHV
LQWHUS�  � QR� ELQ� ERXQGDULHV� DQG� FRORXU� LQ� HDFK� ELQ� LV� LQWHUSRODWHG� EHWZHHQ
FRORXUV�RI�QHDUE\�ELQV

3ORW�6OLFH 3XVK� WKLV� EXWWRQ� WR� SORW� WKH� �G� LQWHQVLW\� FRORXU� SORW� RI� WKH� GDWD� SURMHFWHG
RQWR� WKH� VOLFH� SODQH�� $XWRPDWLF� ODEHOV� RI� WKH� VOLFH� D[HV� DQG� XQLWV� VKRXOG
DSSHDU��7KH�WLWOH�JLYHV�DOO�WKH�LQIRUPDWLRQ�DERXW�WKH�VOLFH�D[HV��UDQJH�DQG�ELQ
ZLGWKV�DQG�WKH�IRUPDW�LV��ILOHQDPH��DQ\�7LWOH/DEHO�LI�JLYHQ���(IL[HG��3VL��V �LI
VPRRWKLQJ��VOLFH�����(������4� �����������������4� ��������������7KH�ILJXUH
FDQ�EH�UHVL]HG�ZLWK�WKH�PRXVH�E\�GUDJJLQJ�RQH�RI�WKH�FRUQHUV��,I�WKH�WZR�VOLFH
D[HV� DUH� ZDYHYHFWRU� GLUHFWLRQV� WKH� DVSHFW� UDWLR� LV� FKRVHQ� VXFK� WKDW� WKH
HTXLYDOHQW� OHQJWK� RI� �� cA^��`� DORQJ� RQH� D[LV� LV� WKH� VDPH� DV� WKH� HTXLYDOHQW
OHQJWK�RI���cA^��`�DORQJ�WKH�RWKHU��&KRRVH�PHQX�RSWLRQ�
.HHS
�WR�
NHHS
�FXUUHQW
SORW�DQG�GLUHFW�QHZ�VOLFH�SORWV�WR�D�QHZ�ILJXUH��RWKHUZLVH�WKHVH�QHZ�SORWV�ZLOO
DSSHDU�LQ�WKH�VDPH�ILJXUH�ZLQGRZ�DQG�ROG�SORWV�ZLOO�EH�ORVW���7R�VDYH�JUDSK�WR
D�ILOH� LQ�YDULRXV�IRUPDWV� �LQFOXGLQJ�HSV�� LQ�WKH�ILJXUH�ZLQGRZ�JR� WR� WKH� 
)LOH

PHQX�� WKHQ� VHOHFW� 
([SRUW
�� 7R� SULQW� D� KDUGFRS\�� JR� WR� 
)LOH
� DQG� SXVK� 
3ULQW

EXWWRQ��WKH�DVSHFW�UDWLR�ZLOO�EH�SUHVHUYHG�RQ�WKH�KDUGFRS\��

)RU� D� 3RVWVFULSW� SULQWHU� FDQ� DOVR� XVH� PHQX� RSWLRQ� &RORXU3ULQW� � �WKLV� SULQWV
JUDSK�WR�DQ��HSV�ILOH�PVOLFH�HSV�ZKLFK�LV�WKHQ�VHQW�GLUHFWO\�WR�WKH�SULQWHU�XVLQJ
06�'26� FRPPDQGV�� D� IHZ� SULQWHUV� IRU� WKH� ,6,6� SULQWHU� QHWZRUN� DUH� DOUHDG\
GHILQHG�� WKH� SDWK� IRU� WKH� 
GHIDXOW� SULQWHU
� KDV� WR� EH� GHILQHG� E\� HGLWLQJ
IXQFWLRQ�PVBSULQWF��

)RU�VRPH�ROG�SULQWHUV� OLNH�WKH�+3�36��36�� LQ�WKH�+(7�FDELQ�QHHG�WR�XVH� WKLV
PHWKRG�IRU�E�Z�KDUGFRS\�DOVR��7R�DGG�PRUH�SULQWHUV�XQGHU� WKH� 
&RORXU3ULQW




OLVW�IROORZ�LQVWUXFWLRQV�LQ�PVOLFH�SORWWLQJ�IXQFWLRQ�SORWBVOLFH�P�

&RPPDQG�OLQH�RSHUDWLRQ��
!!PVBVOLFH�

5HTXLUHV�IXQFWLRQV�
VOLFHBVSH�P
VOLFHBGI�I���GOO��IRUWUDQ�ELQQLQJ�URXWLQH�

6XUI�6OLFH 3XVK� WKLV� EXWWRQ� WR� SURGXFH� D� �'�PRXQWDLQ� LQWHQVLW\� SORW� RI� WKH� VOLFH� GDWD
ZLWK� LQWHQVLW\� ERWK� DV� FRORXU� DQG� DV� WKH� YHUWLFDO� D[LV�� 6PRRWKLQJ� LV
UHFRPPHQGHG��6KDGLQJ��IDFHWHG�SORWV�D�PHVK�DQG�PDNHV�VKDSHV�PRUH�YLVLEOH�
:LWK� PRXVH� FDQ� URWDWH� WKH� YLHZLQJ� SHUVSHFWLYH�� FDQ� WRJJOH� WKH� RSWLRQ� WR
HQDEOH�GLVDEOH��G�PRXVH�URWDWLRQV�XVLQJ�ILJXUH�PHQX�RSWLRQ�
5RWDWH
�

�������21(�',0(16,21$/�3/276���&876

&XW 8VH�WKLV�PHQX�WR�SORW�WKH�GDWD�DORQJ�RQH�RI�WKH�YLHZLQJ�D[HV�ZLWK�LQWHJUDWLRQ
DORQJ� WKH� RWKHU� WZR� GLUHFWLRQV� IRU� 
VLQJOH� FU\VWDO
� 3'6� PRGH� �RU� RWKHU� RQH
GLUHFWLRQ� IRU� RWKHU� PRGHV��� 7KH� SORWWHG� LQWHQVLWLHV� DUH� WKH� DYHUDJH� YDOXHV
RYHU� WKH� LQWHJUDWLRQ� YROXPH� �RU� WKLFNQHVV�� DQG� QRW� WKH� WRWDO� LQWHJUDWHG
FRXQWV�� &KRRVH� 
DORQJ� D[LV
� GLUHFWLRQ� �WKH� [�GLUHFWLRQ� RI� WKH� ILQDO� SORW�� DQG
WKHQ�WKH�VXEVHTXHQW�PHQXV�ZLWK�ODEHOV�RI�WKH�LQWHJUDWLRQ�GLUHFWLRQ�V��VKRXOG
FKDQJH�DFFRUGLQJO\��6SHFLI\�SORW�UDQJH�DORQJ�WKH�SURMHFWLQJ�D[LV�DQG�ELQ�ZLGWK
�VWHS��� WKHQ� WKH� LQWHJUDWLRQ� UDQJH�V�� LQ� WKH� RWKHU� WZR� �RQH�� WUDQVYHUVH
GLUHFWLRQ�V���3XW� 
VWHS �
� WR�ELQ�GDWD� LQ�HDFK�FRQWULEXWLQJ�GHWHFWRU�DORQJ� WKH
HQHUJ\�D[LV�RQO\�DQG�SURMHFW�UHVXOW�RQWR�WKH�[�D[LV�ZLWK�QR�IXUWKHU�ELQQLQJ��
WKLV�ZLOO� UHVXOW� LQ� DV�PDQ\� GDWD� SRLQWV� DV� FRQWULEXWLQJ� GHWHFWRUV� �XVHIXO� IRU

VLQJOH�FU\VWDO
� FRQYHQWLRQDO� GHWHFWRUV� RU� 
SRZGHU
� PRGH� WR� FXW� DORQJ� D
FRQVWDQW�HQHUJ\�OLQH���XVXDOO\�D�OLQH�RI�FRQVWDQW�EDFNJURXQG���DQG�SURMHFW�GDWD
SRLQWV� DORQJ� D� ZDYHYHFWRU� GLUHFWLRQ� RU� _4_� ZLWK� QR� IXUWKHU� ELQQLQJ��� 7KH
ELQQLQJ� DOJRULWKP� �WKH� VDPH� DV� XVHG� E\� 3+2(1,;� �� RU� ODWHU� YHUVLRQV�� LV� DV
IROORZV�� WKH� [�UDQJH� LV� GLYLGHG� LQWR� ELQV� RI� OHQJWK� 
VWHS
� VWDUWLQJ� DW� [BPLQ�
VWHS��� DQG� QRW� H[FHHGLQJ� [BPD[�VWHS���� 7KH� [� DQG� \� YDOXH� IRU� HDFK� ELQ� LV
FDOFXODWHG�E\� WDNLQJ� WKH� VLPSOH�DYHUDJH� �PHDQ��RI� WKH�[�DQG�\� YDOXHV�RI� DOO
SL[HOV� LQ�WKDW�ELQ��ZKHUH�WKH� OLPLWV�DUH�WDNHQ�DV� >��� L�H�� LQFOXVLYH�WR�WKH� OHIW
DQG�H[FOXVLYH�WR�WKH�ULJKW��7KH�SL[HO�LQFOXVLRQ�FULWHULRQ�LV�>@�IRU�WKH�WUDQVYHUVH
GLUHFWLRQ�V�� �WKLFNQHVV� RI� FXW��� L�H�� LQFOXVLYH� DW� ERWK� HQGV�� 7KH� HUURUEDU� LV
FDOFXODWHG� DV� WKH� HUURU� RI� WKH� UHVXOWLQJ� DYHUDJH� RI� VR�PDQ\� \�YDOXHV� ZKHUH
HDFK�SRLQW�KDV�D�JLYHQ�HUURU�H��:KHQ�VDYLQJ�
VLQJOH�FU\VWDO
�GDWD�LQ��KNO�IRUPDW
WKH��+�.�/�(QHUJ\��SHU�HDFK�ELQ�LV�DJDLQ�FDOFXODWHG�E\�WDNLQJ�D�VLPSOH�DYHUDJH
�PHDQ��RI�WKH��K�N�O�HQHUJ\��YDOXHV�RI�DOO�FRQWULEXWLQJ�SL[HOV�SHU�ELQ��7KH�FXW
DOJRULWKP� LV� LQ� WKH�PDWODE� IXQFWLRQ� FXWBVSH� ZLWK� WKH� RSWLRQ� �E\� GHIDXOW� RQ
SF�OLQX[�� EXW� QRW� RQ� YPV�� WR� FDOO� WKH� RSWLPLVHG� IRUWUDQ� URXWLQHV� IRU� WKH
ELQQLQJ�LQ�IXQFWLRQV�VRUW�GBGI�I�DQG�DYSL[BGI�I�

,QWHQVLW\�UDQJH +DV� RSWLRQDO� SDUDPHWHUV� XVHG� WR� UHVWULFW� WKH� YHUWLFDO� LQWHQVLW\� D[LV� �LI� QRW
JLYHQ��HGLWDEOH�ER[HV�OHIW�EODQF��E\�GHIDXOW�D[HV�DUH�FKRVHQ�DXWRPDWLFDOO\�WR
JHW�DOO�GDWD�SRLQWV�ZLWK�ZKROH�HUURUEDUV�LQ���&DQ�FKRRVH�WR�SORW�WKH�YDULDWLRQ
RI� RWKHU� SDUDPHWHUVOLNH� 4[�4\�� (QHUJ\�� _4_� ���� �RU� +�.�/� LI� 
VLQJOH� FU\VWDO
�
DORQJ�WKH�FXW�GLUHFWLRQ�DQG�IRU�WKH�VDPH�SL[HOV�ZKLFK�FRQWULEXWH�WR�WKH�FXW�
7KH�HUURUEDU�LQ�WKLV�FDVH�LV�WKH�VWDQGDUG��GHYLDWLRQ��YDULDQFH��RI�WKH�\�YDOXHV



IRU� DOO� SL[HOV� LQ� HDFK� ELQ� DFFRUGLQJ� WR� VWDQGDUG� VWDWLVWLFDO� WH[WERRNV
�HUURUEDU ��LI�MXVW�RQH�SL[HO�LQ�WKH�ELQ��

6\PERO &KRRVH�SORW�GDWD�V\PERO�����RSWLRQV���HPSW\�FLUFOH��GHIDXOW���VTXDUH�����
&KRRVH�FRORXU����RSWLRQV����ZKLWH��GHIDXOW���UHG���
&KRRVH�QR�OLQH��GHIDXOW���VROLG�OLQH��GDVKHG�OLQH����

7R�DYRLG�XVLQJ�WKH�VDPH�V\PERO�IRU�WZR�SORWV�RQ�WKH�VDPH�ILJXUH��LQ�WKH�FDVH
RI�RYHUSORWV�WKH�SORWWLQJ�V\PERO�LV�FKRVHQ�DXWRPDWLFDOO\�DV�WKH�ILUVW�IURP�WKH
JLYHQ�OLVW�WKDW�LV�GLIIHUHQW�IURP�WKH�V\PEROV�DOUHDG\�XVHG�RQ�WKH�SORWWLQJ�JUDSK
�LW�LV�UHFRPPHQGHG�WR�FKRRVH�GLIIHUHQW�FRORXUV�IRU�RYHUSORWV��

2XWSXW)LOH *LYH� D� ILOHQDPH� LI� WKH� GDWD� LQ� WKH� FXW� LV� WR� EH� VDYHG� WR� D� ILOH�� E\� GHIDXOW
2XWSXW)LOH�LV�
QRQH
��,I�WKH�UHTXLUHG�RXWSXW�LV�VLPSO\�[�\�HUURU����FROXPQ��$6&,,
IRUPDW��IRU�RWKHU�DSSOLFDWLRQV���ILWWLQJ�LQ�0ILW�ZLWKRXW�UHVROXOWLRQ�FRQYROXWLRQ
DQG� SORWWLQJ� LQ� 6LJPD3ORW�� 2ULJLQ� ����� VHOHFW� IRUPDW� 
�[\H
�7R� VDYH� GDWD� LQ� D
IRUPDW� WR� NHHS� DOO� WKH� SL[HO� LQIRUPDWLRQ� �FXUUHQWO\� XVHG� DV� LQSXW� E\� WKH
UHVROXWLRQ�FRQYROXWLRQ� )RUWUDQ� ILWWLQJ� SURJUDPV� DYDLODEOH� DW� ,6,6�WRE\ILW� RU
EREILW�� IRU� GHWDLOHG� ILOH� IRUPDW� VHH� PDWODE� IXQFWLRQV
?PVOLFH?VDYHBFXW�P�ORDGBFXW�P��VHOHFW�RSWLRQ�
�FXW
��WKH�RSWLRQ�
0ILW��FXW
�LV�DQ
H[WHQVLRQ�RI�WKLV�IRUPDW�ZKLFK�DOVR�VDYHV�WKH�SORW�WLWOH��D[HV�ODEHOV�DQG�VLQJOH
FU\VWDO�RULHQWDWLRQ���XQLW�FHOO�SDUDPHWHUV�DW�WKH�HQG�RI�WKH�ILOH���3XVK�
%URZVH

EXWWRQ�WR�VHOHFW�D�SDUWLFXODU�GLUHFWRU\�WKH�ILOH�VKRXOG�EH�VDYHG�WR��$�PHVVDJH
OLNH

!!�6DYLQJ�FXW������SRLQWV�DQG������SL[HOV��LQ��FXW�IRUPDW�WR�ILOH��
!!�&�?0SURJV?PVOLFH?WHPS�FXW

FRQILUPV�VDYLQJ�WKH�FXW�WR�D�ILOH�DQG�VSHFLILHV�IRUPDW�

8VH� RSWLRQ� 
�VPK
� WR� VDYH� GDWD� LQ� D� IRUPDW� UHTXLUHG� E\� WKH� UHVROXWLRQ
FRQYROXWLRQ�ILWWLQJ�SURJUDPPH�VPKILW��6WHSKHQ�+D\GHQ��

,Q�VLQJOH�FU\VWDO�PRGH�FRXOG�DOVR�VHOHFW�
�KNO
�IRUPDW��ZKLFK�LV�DQ�H[WHQVLRQ�RI
WKH�VLPSOH�
�[\H
�IRUPDW�ZKLFK�DOVR�LQFOXGHV�+��.��/�DQG�HQHUJ\�YDOXHV�IRU�HDFK
SRLQW� LQ� WKH�FXW�DQG�DOVR�D[HV� ODEHOV�DQG� WLWOH� LQ� WKH�KHDGHU� �IRU� WKLV�PXOWL�
FROXPQ�IRUPDW�VHH�IXQFWLRQV�PVOLFH?VDYHBFXW�P�DQG�ORDGBKNO�P��

3ORW�&XW 3XVK�EXWWRQ�WR�SORW�WKH��G�FXW�LQ�D�PDWODE�ZLQGRZ�

7KH�\�D[LV�ZLOO� EH� ODEHOHG�ZLWK�ZKDW�ZDV� W\SHG� LQ� WKH� 6SHFWURPHWHU�0HQX� �
,QWHQVLW\�ODEHO��7KH�[�D[LV�ZLOO�KDYH�D�FRPELQHG�ODEHO�RI�WKH�FXW�GLUHFWLRQ�DQG
WKH� WLWOH� ZLOOFRQWDLQ� DOO� LQIRUPDWLRQ� DERXW� WKH� LQWHJUDWLRQ� UDQJHV�� 7R� NHHS
FXUUHQW�SORW�DQG�FUHDWH�QHZ�JUDSKV�LQ�RWKHU�ILJXUHV�FKRRVH�PHQX�RSWLRQ�
.HHS

�RWKHUZLVH�WKH�QH[W�SORW�ZLOO�DSSHDU�LQ�WKH�VDPH�ILJXUH�DQG�ROG�SORW�V��ZLOO�EH
ORVW�DQG�VXEVHTXHQWO\� WKH� 
NHHS
�PHQX�RSWLRQ�RI� WKDW� ILJXUHLV� WXUQHG�RII�DQG
WKH� 
0DNH�&XUUHQW
�RSWLRQ�LV�HQDEOHG��FKRRVH�WKLV�RSWLRQ�WR�PDNH�DQ�ROG�SORW
ILJXUH�WKH�FXUUHQW�ILJXUH�IRU�WKH�QH[W�SORW�RU�RYHUSORW���7R�VDYH�ILJXUH�WR�D�ILOH
LQ�YDULRXV�IRUPDWV��LQFOXGLQJ��HSV��XVH�WKH�ILJXUH�PHQX�
)LOH
�WKHQ�
([SRUW
��)RU
FRORU� KDUGFRS\� RXWSXW� RQ� SRVWVFULSW� SULQWHUV� FDQ� XVH�PHQX� 
&RORU3ULQW
� �WKLV
SULQWV� JUDSK� WR� DQ� �HSV� ILOH� PVOLFH�HSV� ZKLFK� LV� WKHQ� VHQW� GLUHFWO\� WR� WKH
SULQWHU� XVLQJ�06�'26�FRPPDQGV�� D� IHZ�SULQWHUV� IRU� WKH� ,6,6� SULQWHU� QHWZRUN
DUH� DOUHDG\� GHILQHG�� WKH� SDWK� IRU� WKH� 
GHIDXOW� SULQWHU
� KDV� WR� EH� GHILQHG� E\



HGLWLQJ� IXQFWLRQ� PVBSULQWF� IROORZLQJ� LQVWUXFWLRQV� JLYHQ� WKHUH�� )RU� VRPH� ROG
SULQWHUV�OLNH�WKH�+3��36��36��LQ�WKH�+(7�FDELQ�QHHG�WR�XVH�WKLV�PHWKRG�DOVR�WR
SURGXFH� E�Z� SORWV�� 7R� DGG�PRUH� SULQWHUV� XQGHU� WKH� 
&RORXU3ULQW
� OLVW� IROORZ
LQVWUXFWLRQV�LQ�PVOLFH�SORWWLQJ�IXQFWLRQ�SORWBFXW�P�

&RPPDQG�OLQH�RSHUDWLRQ�

�!!PVBFXW�

5HTXLUHV�IXQFWLRQV�

FXWBVSH�P
VRUW�GBGI�I���GOO��IRUWUDQ�VRUWLQJ�URXWLQH�
DYSL[BGI�I���GOO��IRUWUDQ�SL[HO�DYHUDJLQJ�URXWLQH�

,I�WKH�DERYH�FRPSLOHG�IRUWUDQ�IXQFWLRQV�DUH�QRW�DYDLODEOH�WKHQ�PDWODE�URXWLQHV
�VRUW�GBP�P��DYSL[BP�P��ZLOO�EH�XVHG�LQVWHDG�

3ORW�&XW�2YHU 2YHUSORW�WKLV�FXW�RQ�WRS�RI�WKH�SUHYLRXV�FXWV�LQ�WKH�FXUUHQW�SORW�FXW�ILJXUH�
7KLV�XSGDWHV�ILJXUH�WLWOH�WR�KDYH�OHJHQGV�RI�DOO�SORWV�DQG�FKDQJHV�GDWD�V\PEROV
�EXW�QRW�FRORXUV��DXWRPDWLFDOO\�WR�EH�GLIIHUHQW�IURP�SUHYLRXV�SORWV�
5HFRPPHQGHG�FKDQJH�RI�FRORXU�EHIRU�SXVKLQJ�3ORW�&XW�2YHU�EXWWRQ��7R�VDYH
ILJXUH�WR�D�ILOH�LQ�YDULRXV�IRUPDWV��LQFOXGLQJ��HSV��XVH�WKH�ILJXUH�PHQX�
)LOH

WKHQ�
([SRUW
��)RU�FRORU�KDUGFRS\�RXWSXW�XVH�PHQX�
&RORU3ULQW
��GHIDXOW�SULQWHU
FDQ�EH�FKDQJHG�E\�HGLWLQJ�PVOLFH�ILOH�PVBSULQWF�P��)RU�VRPH�ROG�SULQWHUV�OLNH
WKH�+3�LQ�WKH�+(7�FDELQ�QHHG�WR�XVH�WKLV�PHWKRG�DOVR�WR�SURGXFH�E�Z�SORWV�

&XW��[�D[LV� 7KH�GHIDXOW�[�D[LV�IRU�WKH�SORW�LV�WKH�FXW�D[LV��+RZHYHU��FDQ�FKRRVH�WR�SORW
ELQQHG�GDWD�DORQJ�RWKHU�D[HV�WRR��)RU�H[DPSOH�DYHUDJH�GDWD�LQ�D�IHZ
GHWHFWRUV�DQG�SORW�DORQJ�HQHUJ\�LQ�WKH�QRUPDO�ZD\��1RZ�FKRRVH�[�D[LV� �_4_
RU�D�ZDYHYFWRU�GLUHFWLRQ�WR�VHH�WKH�VDPH�FXW��XVLQJ�WKH�VDPH�ELQV��VDPH
SL[HOV�HWF��EXW�QRZ�SORWWHG�DV�LQWHQVLW\�YV��_4_�RU�ZDYHYHFWRU�GLUHFWLRQ�
8VHIXO�IRU�GHWHUPLQLQJ�GLVSHUVLRQV��L�H��ILQGLQJ�FHQWUH�RI�D�SHDN�DORQJ�ERWK
ZDYHYHFWRU�DQG�HQHUJ\�

7R�0ILW 7KLV� EXWWRQ� VHQGV� WKH� FXW� GDWD� DV� DQ� [�\�HUURU� ILOH� GLUHFWO\� WR� WKH� PDWODE
ILWWLQJ� SURJUDPPH� 0ILW� �YHUVLRQ� IRU� PDWODE��� �GRZQORDG� IURP
KWWS���ZZZ�OGY�XQLY�PRQWS��IU�PDWSUJV�KWPO��$[LV� ODEHOV� DQG� WKH� WLWOH� DUH
WUDQVIHUUHG� DV�ZHOO�� 7KH�PILW� SURJUDPPH� QHHGV� WR� EH� LQVWDOOHG� DQG� UXQQLQJ
EHIRUH�D�ILOH�FRXOG�EH�VHQW��D�ZDUQLQJ�PHVVDJH�VKRXOG�DSSHDU�LI�WKLV��LV�QRW�WKH
FDVH���7KH�FXW�GDWD�ZLOO�QRW�EH�VHQW�WR�WKH�PVOLFH�SORW�FXW�ZLQGRZ�DV�ZHOO�

6WRUH�ENJ�(� 8VH�WKLV�EXWWRQ�WR�VWRUH�SUHVHQW�FXW�DV�
EDFNJURXQG
��D�VLJQDO�WKDW�FDQ�ODWHU�EH
VXEWUDFWHG� IURP� WKH� GDWD� VHW�� 2QO\� HQHUJ\�GHSHQGHQW� EDFNJURXQGV� DUH
VXSSRUWHG�� 8VH� WRS� PHQX� 
%DFNJURXQG
�� 
6XEWUDFW� ��
� WR� VXEWUDFW� VWRUHG
EDFNJURXQG�IURP�WKH�GDWD�



�������6,08/$7(�'(7(&725�75$-(&725,(6

'HWHFWRU
7UDMHFWRULHV�

8VH�WKLV�VHFWLRQ�WR�SORW�VLPXODWH�WKH�SKDVH�VSDFH�FRYHUHG�E\�WKH�GHWHFWRU
WUDMHFWRULHV� RQ� YDULRXV� D[HV�� &DQ� FKRRVH� WZR� SORWWLQJ� D[HV� �[�\�� IURP
�4[�4\�4]�+�.�/�X��X��X��(QHUJ\�_4_��7KHWD�$]LPXWK�'HWHFWRU*URXS1XP
EHU�IRU� 
VLQJOH� FU\VWDO
� PRGH� �RQO\� WZR� D[HV� X��X�� LI� FRQYHQWLRQDO
GHWHFWRUV�DQG�D[HV�X��X��PLVVLQJ�DOWRJHWKHU�LI�DQDO\VLV�PRGH�LV�
SRZGHU
��RU
�(QHUJ\�_4_��7KHWD�$]LPXWK�'HWHFWRU*URXS1XPEHU�� IRU� 
SRZGHU
� VDPSOHV�
)RU�WKH�GHILQLWLRQ�RI�WKH�VSHFWURPHWHU�UHIHUHQFH�IUDPH��4[�4\�4]��VHH�KHOS
RQ��6LQJOH�FU\VWDO��XQLW�FHOO�DQG�RULHQWDWLRQ��7KH�]�D[LV��LI�QRW�
QRQH
��FDQ�EH
XVHG�WR�UHVWULFW�WKH�UDQJH�RI�SORWWLQJ��IRU�H[DPSOH�'HW*URXS1XPEHU�IURP��
WR����SORWV�WKH�WUDMHFWRULHV�RI�WKH�ORZHU�DQJOH�EDQNV�RQ�0$5,��)RU�+(7�ZLWK
36'� GHWHFWRUV� FDQ� IRU� H[DPSOH� SORW� WKH� H[WHQW� RI� ZDYHYHFWRU� VSDFH
FRYHUHG�LQ�D�FHUWDLQ�HQHUJ\�ZLQGRZ�]�D[LV� �(QHUJ\�IURP����WR�����PH9�DQG
SURMHFW� LW� RQWR� WKH� ZDYHYHFWRU� SODQH� SHUSHQGLFXODU� WR� NL�� L�H�� �[ 4\
KRUL]RQWDO� SHUSHQGLFXODU� WR� NL�� \ 4]�YHUWLFDOO\� XS��� 
&RQWRXUV
� RI� FRQVWDQW
HQHUJ\�WUDQVIHU�FDQ�EH�RYHUOD\HG�RQ�WRS�RI�WKH�JUDSK�VWDUWLQJ�DW�(BPLQ�DQG
QRW� H[FHHGLQJ� (BPD[� ZLWK� VWHS�� EHWZHHQ� FRQVHFXWLYH� OLQHV�� ,I� VWHS�� LV
JLYHQ�WKHQ�WKLFN� OLQHV�DUH�GUDZQ�DW�(BPLQ�DQG�DW�VXEVHTXHQW�YDOXHV�VWHS�
DSDUW� XS� WR� (BPD[�� $� PDWODE� SORWWLQJ� IXQFWLRQ� FDQ� EH� HQWHUHG� LQ� WKH

&RPPDQG
� HGLWDEOH� ER[� DQG� ZLOO� EH� H[HFXWHG� �LI� IRXQG� LQ� SDWK�� DIWHU
SORWWLQJ� WKH� WUDMHFWRULHV�� WKLV� FDQ� EH� XVHG� IRU� H[DPSOH� WR� RYHUSORW� D
GLVSHUVLRQ� UHODWLRQ� RQ� WRS� RI� WKH� VLPXODWHG� SKDVH� VSDFH� FRYHUHG� LQ� DQ
H[SHULPHQW��)RU�
VLQJOH�FU\VWDO
�PRGH�DQG�LI�ERWK�SORWWLQJ�GLUHFWLRQV�[�DQG�\
DUH�ZDYHYHFWRU�D[HV�WLFN�
�KNO��SRLQWV
�DQG�
�KNO��ODEHOV
�WR�GUDZ��KNO��ODWWLFH
SRLQWV� DQG� WKHLU� ODEHOV� �RQO\� VRPH� SRLQWV� ZLOO� EH� ODEHOOHG� WR� DYRLG� WH[W
RYHUODS���$OO��KNO��ODWWLFH�SRLQWV�LQ�WKH�JLYHQ�]�UDQJH�ZLOO�EH�SURMHFWHG�RQWR
WKH��[�\��SODQH�

���(;7(1',1*�&$3$%,/,7,(6�2)�06/,&(��0$7/$%�&200$1'�/,1(�23(5$7,216

$GGLQJ��VSH�ILOHV

8VH�IXQFWLRQ�DGGBVSH�ZHLJKWV�VSHGLU�ILOHV�ILOHRXW��

)RU�DQ�H[DPSOH
!!�W\SH�DGGBVSHBH[DPSOH

0RUH�ILOHV�LQ�PHPRU\�VLPXOWDQHRXVO\�

&DQ�VWRUH�VHYHUDO�GDWD�ILOHV�LQ�PHPRU\�DW�WKH�VDPH�WLPH�DQG�VHOHFW�WKH�RQH�WR�SORW�ZLWKRXW
KDYLQJ�WR�UHORDG�LW�RU�UH�FDOFXODWH�SURMHFWLRQV��8VH�WKH�&RQWURO:LQGRZ�WR�ORDG�LQ�WKH�ILUVW�GDWD
ILOH��FDOFXODWH�SURMHFWLRQV�DQG�SURGXFH�YDULRXV�SORWV��7KHQ�SXW�WKH�GDWD�LQWR�D�YDULDEOH�IRU
H[DPSOH��GDWD�!�XVLQJ�WKH�FRPPQDG�OLQH��

!!�GDWD� IURPZLQGRZ

�WKLV�H[WUDFWV�WKH��VSH�GDWD�DQG�DOO�WKH�YDULRXV�ODEHOV�DQG�SURMHFWLRQV�LQWR�WKH�PDWODE�GDWD
VWUXFWXUH�FDOOHG�
GDWD�


1RZ�ORDG�VHFRQG��VSH�GDWD�ILOH�XVLQJ�WKH�&RQWURO:LQGRZ��FDOFXODWH�SURMHFWLRQV�DQG�SURGXFH
SORWV��WKHQ�SXW�WKLV�GDWD�VHW�LQ�DQRWKHU�YDULDEOH�FDOOHG�
GDWD�




!!�GDWD� IURPZLQGRZ�

,I�\RX�QRZ�ZLVK�WR�PDNH�PRUH�SORWV�IURP�WKH�ILUVW�GDWD�VHW�MXVW�SXW�LW�EDFN�LQWR�WKH
&RQWURO:LQGRZ

!!�WRZLQGRZ�GDWD���

7KH�&RQWURO:LQGRZ�ILHOGV�(IL[HG�PH9���GLUHFW�LQGLUHFW�JHRPHWU\��'DWD)LOH��VSH��
'HW)LOH��SK[���,QWHQVLW\�/DEHO�DQG�7LWOH/DEHO�DUH�DXWRPDWLFDOO\�XSGDWHG�ZLWK�WKH�YDOXHV�DOUHDG\
VWRUHG�IRU�
GDWD�
��,W�LV�EHVW�WR�GR�&DOFXODWH3URMHFWLRQV�DJDLQ�MXVW�LQ�FDVH�WKH�YLHZLQJ�D[HV�RU
DQDO\VLV�PRGH�KDYH�FKDQJHG�VLQFH�WKH�GDWD�ZDV�H[WUDFWHG�LQWR�WKH�YDULDEOH�
GDWD�
��KRZHYHUWKLV
LV�QRW�QHFHVVDU\�LI�QR�FKDQJHV�KDYH�EHHQ�PDGH�LQ�WKH�PHDQWLPH��$IWHU�WKLV�JR�GLUHFWO\�WR
GLVSOD\�VOLFH�RU�FXW�

6DYLQJ�GDWD�LQ�ELQDU\��PDW�IRUPDW

7KH�PDWODE�ELQDU\�IRUPDW��PDW�LV�PXFK�PRUH�FRPSDFW�DQG�IDVWHU�WR�UHDG�ZULWH�WKDQ�WKH�$6&,,
IRUPDW��7KH�GDWD�FDQ�EH�VDYHG�WR�WKH�ILOH��ILOHQDPH!�LQ�ELQDU\�PDWODE�IRUPDW�IROORZLQJ

!!GDWD IURPZLQGRZ�
!!VDYH��ILOHQDPH!�GDWD

�$W�D�ODWHU�GDWH��ORDG�GDWD�ZLWK

!!ORDG��ILOHQDPH!
!!WRZLQGRZ�GDWD��

�GDWD!�LV�WKH�QDPH�RI�WKH�YDULDEOH�DOVR�VWRUHG�LQ��ILOHQDPH!

,I��ILOHQDPH!�KDV�DQ�H[WHQVLRQ�GLIIHUHQW�IURP�WKH�PDWODE�GHIDXOW��PDW�WKHQ�XVH

!!ORDG��ILOHQDPH!��PDW

WR�IRUFH�ORDGLQJ�DV�D�ELQDU\�PDW�ILOH��WKH�GHIDXOW�IRUPDW�IRU�H[WHQVLRQV�GLIIHUHQW�IURP��PDW�LV
WDEOH�$6&,,��

,I�GDWD�LV�VDYHG�DIWHU�SURMHFWLRQV�KDYH�EHHQ�FDOFXODWHG�WKHQ�DIWHU�VXEVHTXHQW�ORDGLQJ
SURMHFWLRQV�QHHG�QRW�EH�FDOFXODWHG�DJDLQ�SURYLGHG�WKH�VDPH�YLHZLQJ�D[HV�DUH�XVHG�DQG�RQH�FDQ
JR�GLUHFWO\�WR�GLSOD\�VOLFH�RU�FXW�

0DVNLQJ�GHWHFWRUV

!!�GDWD IURPZLQGRZ

H[WUDFW�GDWD�VWUXFWXUH�IURP�&RQWURO:LQGRZ

!!�GDWD PDVN�GDWD�>GHWHFWRU�QXPEHUV@�

PDVN�FHUWDLQ�GHWHFWRUV��L�H��GHWHFWRUV�QXPEHUV�FDQ�EH�>������@�RU�>��@�IRU�D�VLQJOH�GHWHFWRU

!!�WRZLQGRZ�GDWD�



�SXW�GDWD�EDFN�LQWR�WKH�&RQWURO:LQGRZ��3UHVV�
&DOFXODWH�3URMHFWLRQV
�WR�XSGDWH�SURMHFWLRQV�DQG
WKH�PDVNHG�GHWHFWRUV

6LPXODWLQJ�VFDWWHULQJ

/RDG�LQ�GHWHFWRU�OD\RXW�ILOH�RQO\��QR�GDWD�ILOH��DQG�SXW�LQ�ODWWLFH�SDUDPHWHUV��FU\VWDO�RULHQWDWLRQ
DQG�FDOFXODWH�SURMHFWLRQV�

!!PVBVLPXODWH�HPLQ�HPD[�GH��FURVVVHFWLRQ�QXPEHU!�>S��S��S�����@�

ZKHUH�WKH�FURVV�VHFWLRQ�IXQFWLRQ�VKRXOG�EH�DGGHG�E\�HGLWLQJ�WKH�ILOH�PVBVTZ�P��7KH�GHWHFWRU
OD\RXW�DQG�VSHFWURPHWHU�VDPSOH�LQIRUPDWLRQ�LV�H[WUDFWHG�IURP�WKH�&RQWURO:LQGRZ�DQG�WKH
FURVV�VHFWLRQ�LV�FDOFXODWHG�IRU�DOO�GHWHFWRUV�DQG�IRU�WKH�HQHUJ\�UDQJH�HPLQ�GH�HPD[�IRU�WKH
JLYHQ�FURVVVHFWLRQ�QXPEHU�DQG�SDUDPHWHU�YDOXHV�>S��S�����@��1R�FRQYROXWLRQ�ZLWK�WKH
VSHFWURPHWHU�UHVROXWLRQ�LV�SHUIRUPHG��:KHQ�FDOFXODWLRQ�LV�FRPSOHWHG�WKH�UHVXOWLQJ�VLPXODWHG
GDWD�VHW�LV�SXW�EDFN�LQWR�WKH�&RQWURO:LQGRZ��&DOFXODWH�SURMHFWLRQV�WKHQ�GR�VOLFH�GLVSOD\�FXW�RQ
WKH�VLPXODWHG�VHW�

6XEWUDFWLQJ�EDFNJURXQGV

!!�EDFNJURXQG JHWE

JHW�EDFNJURXQG�LQ�WKH�FRPPDQG�OLQH
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