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)LQDO�5HSRUW
$�PXOWL�WDVNLQJ�HQYLURQPHQW�IRU�UHDO�WLPH�FRQWURO

3UDEKDV�&KRQJVWLWYDWDQD
'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ

)DFXOW\�RI�(QJLQHHULQJ
&KXODORQJNRUQ�8QLYHUVLW\

$�TXLFN�VXPPDU\

2EMHFWLYH
&UHDWH�D�SURJUDPPLQJ�V\VWHP�WR�VXSSRUW� UHDO�WLPH�FRQWURO�DSSOLFDWLRQV�� �7KH�DLP�LV� WR�IDFLOLWDWH� WKH�ZULWLQJ�RI
PXOWL�WDVN�SURJUDPV���7KH�PDLQ�XVH�RI�WKLV�V\VWHP�LV�IRU�FRQWURO�WKH�H[SHULPHQWDO�URERWV�

0RWLYDWLRQ
7KH�DSSOLFDWLRQ�SURJUDPV�IRU�HPEHGGHG�FRQWURO�XVXDOO\�FRPSRVHG�RI�FRQFXUUHQW�PRGXOHV�ZLWK�VKDUHG�UHVRXUFHV
ZKLFK�DUH� WKH� FRPPRQ�FKDUDFWHULVWLFV�RI�PXOWL�WDVN�SURJUDPPLQJ� V\VWHPV�� �%\�SURYLGLQJ� FRQFXUUHQF\�FRQWURO
DQG�SURWHFWLRQ�RI�VKDUHG�UHVRXUFHV�LQ�D�SURJUDPPLQJ�V\VWHP��LW�EHFRPHV�HDVLHU�WR�ZULWH�DQ�DSSOLFDWLRQ�SURJUDP�
7KH� DLP� RI� WKLV� UHVHDUFK� LV� WR� SURYLGH� D� SURJUDPPLQJ� V\VWHP� ZKLFK� LV� KDUGZDUH� LQGHSHQGHQW� E\� KDYLQJ� DQ
DEVWUDFW�OD\HU�VHSDUDWH�DQ�DSSOLFDWLRQ�SURJUDP�DQG�WKH�XQGHUO\LQJ�FRQWURO�V\VWHP�

0HWKRG�RI�UHVHDUFK
7KH�SURSRVHG�SURJUDPPLQJ�V\VWHP�FRQVLVWHG�RI�D�FRPSLOHU�ZKLFK�FRPSLOH�D�VRXUFH�ODQJXDJH�LQWR�LQWHUPHGLDWH
FRGHV� ZKLFK� ZLOO� EH� H[HFXWHG� RQ� WKH� WDUJHW� PDFKLQH� E\� DQ� LQWHUSUHWHU�� � 7KH� VRXUFH� ODQJXDJH� LV� D� QHZ
SURJUDPPLQJ� ODQJXDJH� �QDPHG� 5��� WKDW� SURYLGHV� FRQFXUUHQF\� FRQWURO� DQG� SURWHFWLRQ� RI� VKDUHG� UHVRXUFHV
LQFOXGLQJ�UHDO�WLPH�IDFLOLWLHV�VXFK�DV�FORFN��WLPH�RXW�HWF���7KH�LQWHUPHGLDWH�FRGH�LV�DQ�DUFKLWHFWXUDO�QHXWUDO�E\WH
FRGH�DLPV�WR�EH�SRUWDEOH�DQG�UHDVRQDEO\�HIILFLHQW�DFURVV�PDQ\�SODWIRUPV����7KH�LQWHUSUHWHU�LV�DQ�DEVWUDFW�PDFKLQH
ZKLFK�H[HFXWH�WKH�E\WH�FRGH��SURYLGLQJ�WKH�PXOWL�WDVN�HQYLURQPHQW�IRU�WKH�WDUJHW�PDFKLQH�

/LVW�RI�DFWLYLWLHV
��� 'HWHUPLQH�WKH�IXQFWLRQ�RI�WKH�ODQJXDJH
��� 'HVLJQ� WKH� FRQFXUUHQF\� FRQWURO� DQG� SURWHFWLRQ� RI� VKDUHG� UHVRXUFHV� WR� VXSSRUW� WKH� ODQJXDJH�� � 'HWHUPLQH

DOJRULWKPV�WR�LPSOHPHQW�WKRVH�IDFLOLWLHV�
��� 'HVLJQ�DQ�LQWHUPHGLDWH�FRGH�DV�E\WH�FRGH�
��� 'HVLJQ�D�VRXUFH�ODQJXDJH�DQG�LWV�FRPSLOHU�
��� ,PSOHPHQW�DQ�LQWHUSUHWHU�IRU�D�PLFURSURFHVVRU�
��� 7HVW�DQG�GHEXJ�WKH�FRPSLOHU�DQG�LQWHUSUHWHU�IRU�WKH�WDUJHW�DUFKLWHFWXUH�
��� ,PSURYH�WKH�VSHHG�RI�E\WH�FRGH�
��� ,PSOHPHQW� WKH� LQWHUSUHWHU� IRU� DQRWKHU� PLFURSURFHVVRU� WR� GHPRQVWUDWH� WKH� LQGHSHQGHQFH� IURP� VSHFLILF

KDUGZDUHV�
��� :ULWH�UHSRUWV�DQG�GRFXPHQWV�IRU�WKH�UHVXOWLQJ�V\VWHP�
:H��KDYH�DFFRPSOLVKHG�DOO�WKH�DERYH�DFWLYLWLHV�

$FFRPSOLVKPHQWV
��� 7KH�ODQJXDJH�5��LV�FRPSOHWHO\�VSHFLILHG���,WV�IHDWXUHV�LQFOXGHG���FRQFXUUHQF\��SURWHFWLRQ�RI�VKDUHG�UHVRXUFHV

YLD�VHPDSKRUHV��V\PPHWULF�FRPPXQLFDWLRQ�EHWZHHQ�SURFHVVHV��UHDO�WLPH�IDFLOLWLHV�
��� $Q�LQWHUPHGLDWH�FRGH�LV�IXOO\�VSHFLILHG���,W�LV�D�E\WH�FRGH�V\VWHP�ZKLFK�HPSKDVL]HV�SRUWDELOLW\�
��� $�FRPSLOHU� WKDW� WUDQVODWHV� D� VRXUFH� ODQJXDJH��5��� WR� WKH� LQWHUPHGLDWH� FRGH�� LV� IXOO\� LPSOHPHQWHG� IRU� D�3&

V\VWHP�DQG�D�81,;�V\VWHP���7KH�FRPSLOHU�ZRUNV�XQGHU�'26��:LQGRZV������DQG��:LQGRZV������681�6RODULV
�����SURGXFLQJ�DQ�LQWHUPHGLDWH�FRGH�ILOH�ZKLFK�FDQ�EH�UXQ�RQ�DQ\�WDUJHW�PDFKLQH�

��� $Q� LQWHUSUHWHU� LV� LPSOHPHQWHG� XVLQJ� D� KLJK� OHYHO� ODQJXDJH� &�� � ,W� LV� FRPSLOHG� DQG� WHVWHG� RQ� D� 6XQ� 6SDUF
DUFKLWHFWXUH�WR�GHPRQVWUDWH�WKH�DELOLW\�WR�UXQ�RQ�D�GLIIHUHQW�SODWIRUP��VXFK�DV�FRPSLOH�RQ�3&�UXQ�RQ�6XQ���,W�LV
IXOO\�IXQFWLRQDO��SURYLGLQJ�PXOWL�WDVN��LQWHUSURFHVV�FRPPXQLFDWLRQ�DQG�UHDO�WLPH�IDFLOLWLHV�

��� 7KH� LQWHUSUHWHU� KDV� EHHQ� SRUWHG� WR� UXQ� RQ� 3&� XVLQJ� LQWHUUXSW� WLPHU� WR� SURYLGH� UHDO�WLPH� IDFLOLWLHV�� � 7KLV
LQWHUSUHWHU�DOVR�GHPRQVWUDWHV�WKH�SRUWDELOLW\�RI�5��LQWHUPHGLDWH�FRGH�WR�UXQ�RQ�WZR�GLIIHUHQW�SODWIRUPV��6XQ
6RODULV�DQG�'26��XQGHU�:LQGRZV�����
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��� 2QH�H[SHULPHQWDO�V\VWHP�KDV�EHHQ�FRQVWUXFWHG�WR�RSWLPLVH�LQWHUPHGLDWH�FRGH�VHTXHQFHV�IRU�VSHHG���7KH�ZRUN
LV�SXEOLVKHG�LQ���&KRQJVWLWYDWDQD��3���³3RVW�SURFHVVLQJ�RSWLPL]DWLRQ�RI�E\WH�FRGH�LQVWUXFWLRQV�E\��H[WHQVLRQ�RI
LWV�YLUWXDO�PDFKLQH´��3URF��RI���WK�&RQI��RI�(OHFWULFDO�(QJLQHHULQJ��%DQJNRN��7KDLODQG�������

:RUN�VLQFH�WKH�SURJUHVV�UHSRUW
��� 5HDO�WLPH�IDFLOLWLHV�DUH�FRPSOHWHG���DFFHVV�WR�FORFN��GHOD\��WLPH�RXW�
��� 7KH� FRPSLOHU� LV� WRWDOO\� UHZULWWHQ� LQ�&� IRU� SRUWDELOLW\� DQG� LW� LV� SRUWHG� IURP�3&� WR� 6XQ� VXFFHVVIXOO\�� � � 7KH

VWUXFWXUH�RI�WKH�FRPSLOHU�LV�FKDQJHG�WR�WZR�SDVV�FRPSLOHU�KHQFH�HOLPLQDWH�DOO�WKH�IRUZDUG�GHFODUDWLRQ�
��� 7KH�LQWHUSUHWHU�RQ�6XQ�LV�SRUWHG�WR�3&�ZLWK�VRPH�SDUW�UHZULWWHQ�IRU�LQWHUUXSW�WLPHU���7KLV�LV�DOVR�VXFFHVVIXO�

&RQWHQW�RI�WKLV�UHSRUW
6HFWLRQ���GLVFXVVHV�WKH�GHVLJQ�RI�D�FRQFXUUHQW�ODQJXDJH���6HFWLRQ���GHVFULEHV�WKH�PHWKRG�IRU�FRPSLODWLRQ���7KH
GHWDLOHG�DFFRXQW�RI�WKH�FRPSLOHU�DQG�WKH�LQWHUPHGLDWH�FRGH�LV�LQ�VHFWLRQ�����6HFWLRQ���SURYLGHV�WKH�GLVFXVVLRQ�RI
WKH�LQWHUPHGLDWH�FRGH�DQG�WKH�VXSSRUWLQJ�HQYLURQPHQW���6HFWLRQ���GLVFXVVHV�WKH�LVVXH�RI�UHDO�WLPH��WKH�UHDO�WLPH
IDFLOLWLHV� DQG� WKH� KDUG� UHDO�WLPH� VFKHGXOLQJ� SUREOHPV�� � 6HFWLRQ� �� JLYHV� WKH� GHWDLO� RI� WKH� LPSOHPHQWDWLRQ� DQG
SHUIRUPDQFH�PHDVXUHPHQW���6HFWLRQ���VXPPDULVHV�WKH�ZRUN���$SSHQGL[�$�SURYLGHV�WKH�JUDPPDU�RI�WKH�ODQJXDJH
5��LQ�%1)�QRWDWLRQ���$SSHQGL[�%�FRQWDLQV�WKH�VHPDQWLF�RI�WKH�LQWHUPHGLDWH�FRGH���$SSHQGL[�&�LV�WKH�SXEOLVKHG
ZRUN�

7KH�PRVW�XSWRGDWH�VRXUFH�DQG�EXJ�IL[HG�LQFOXGLQJ�WKH�EHQFKPDUN�SURJUDPV�FDQ�EH�IRXQG�DQG�GRZQORDGHG�IURP
WKH�KRPH�SDJH�RI�WKLV�SURMHFW����KWWS���ZZZ�FS�HQJ�FKXOD�DF�WK�IDFXOW\�SMZ�U��5��KWP
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7DEOH�RI�FRQWHQWV

$�TXLFN�VXPPDU\ �
2EMHFWLYH
0RWLYDWLRQ
0HWKRG�RI�UHVHDUFK
/LVW�RI�DFWLYLWLHV
$FFRPSOLVKPHQWV
:RUN�VLQFH�WKH�SURJUHVV�UHSRUW
&RQWHQW�RI�WKLV�UHSRUW

���/DQJXDJH �

'HVLJQ�JRDO �
$�VKRUW�VXPPDU\�RI�WKH�ODQJXDJH �

6\QWD[
3URJUDP
9DULDEOH
6WDWHPHQW
2SHUDWRUV
([DPSOH�RI�D�SURJUDP

3URFHVV �
6KDUH�YDULDEOHV�DQG�VHPDSKRUHV �
0HVVDJH�SDVVLQJ �
5HDO�WLPH�IDFLOLWLHV �
([DPSOH���D�SURGXFHU�FRQVXPHU�SUREOHP �
'HVLJQ�MXVWLILFDWLRQ�RI�5� �
5HODWHG�ZRUN �

����&RPSLOHU ��

)RUPDO�V\QWD[ ��
%XLOW�LQ�IXQFWLRQ�DQG�VSHFLDO�IRUPV

5HFXUVLYH�GHVFHQW�FRPSLOH�ZLWK�//����JUDPPDU ��
//����JUDPPDU�IRU�SDUVLQJ�DQ�H[SUHVVLRQ

1DPH�RI�YDULDEOHV ��
,�FRGH ��
6\PERO�WDEOHV ��

����+RZ�WR�FRPSLOH� ��

*OREDO�DQG�VHPDSKRUH�GHFODUDWLRQ ��
)XQFWLRQ�DQG�SURFHVV�GHFODUDWLRQ ��
%RG\�RI�IXQFWLRQ�DQG�SURFHVV ��

9DULDEOHV
$UUD\�YDULDEOHV
1XPEHUV
2SHUDWRUV
����'HUHIHUHQFH�RSHUDWRU
����$GGUHVV�RSHUDWRU
6WDWHPHQWV
����$VVLJQPHQW�VWDWHPHQWV
����&RQWURO�IORZ�VWDWHPHQWV
)XQFWLRQ�DQG�SURFHVV�FDOO
6SHFLDO�IRUPV

������������6HQG�DQG�UHFHLYH
������������:DLW�DQG�VLJQDO
������������3ULQW
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3RVW�SURFHVVLQJ�RI�,�FRGH ��
5HQDPLQJ�ORFDO�YDULDEOHV
3HHSKROH�RSWLPLVDWLRQ
([WHQGLQJ�WKH�YLUWXDO�PDFKLQH

���,QWHUSUHWHU ��

:K\�,�FRGH�" ��
6WDFN�PDFKLQH��90� ��
6WDFN�IUDPH ��
3DUDPHWHUV�SDVVLQJ ��
,�FRGH�IRUPDW ��
2SHUDWLRQDO�VHPDQWLF�RI�,�FRGH ��
����/LWHUDO
����9DULDEOHV�DFFHVV
����7UDQVIHU�RI�FRQWURO
����$ULWKPHWLF�DQG�ORJLF�RSHUDWRUV
����2XWSXW
3URFHVV ��
5XQ�WLPH�HQYLURQPHQW ��
0HVVDJH�SDVVLQJ ��
����6HQG�5HFHLYH
6HPDSKRUHV ��
����:DLW�6LJQDO

���5HDO�WLPH�IDFLOLWLHV ��

$FFHVV�FORFN ��
7LPHU�OLVW ��
'HOD\ ��
7LPH�RXW ��
7KH�XVH�RI�WLPH�RXW ��
5HDO�WLPH�VFKHGXOLQJ ��
7HPSRUDO�6FRSH
6FKHGXODELOLW\
0HWKRG
6FKHGXOLQJ�DOJRULWKPV

���,PSOHPHQWDWLRQ ��

&RPSLOHU ��
,QWHUSUHWHU ��
3UHIRUPDQFH�RI�WKH�LQWHUSUHWHU ��

%HQFKPDUN�SURJUDPV
2Q�OLQH�UHVRXUFHV�RI�WKLV�SURMHFW ��

����&RQFOXVLRQ ��

$FFRPSOLVKPHQWV ��
6XJJHVWLRQ�RI�IXUWKHU�ZRUN ��

5HIHUHQFHV ��

$SSHQGL[�$� ��
)RUPDO�V\QWD[

$SSHQGL[�% ��
,�FRGH
2SHUDWLRQDO�VHPDQWLF�RI�,�FRGH
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$SSHQGL[�& ��
7KH�SXEOLVKHG�ZRUN
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����/DQJXDJH

7KLV�VHFWLRQ�GHVFULEHV�WKH�GHVLJQ�RI�D�QHZ�ODQJXDJH��5����5��LV�D�VLPSOH�ODQJXDJH�ZKLFK�SURYLGHV�FRQFXUUHQF\
FRQWURO��SURWHFWLRQ�RI�VKDUHG�UHVRXUFHV��LQWHUSURFHVV�FRPPXQLFDWLRQ�DQG�UHDO�WLPH�IDFLOLWLHV��7KH�DXWKRU�DVVXPHV
WKDW�WKH�UHDGHU�KDV�VRPH�EDVLF�NQRZOHGJH�DERXW�SURJUDPPLQJ�ODQJXDJH��VXFK�DV�&�RU�3DVFDO����7KLV�GRFXPHQW�LV
QRW�LQWHQGHG�WR�EH�D�³KRZ�WR´�SURJUDP�LQ�5��EXW�WR�GHVFULEH�WKH�PDLQ�FRQFHSW�DQG�VRPH�GHVLJQ�LVVXHV�

����'HVLJQ�JRDO
7KH�DLP�RI�WKLV�ODQJXDJH�LV�IRU�LW� WR�EH�D�VPDOO��VLPSOH��DQG�SUDFWLFDO�ODQJXDJH�IRU�SURJUDPPLQJ�DQ�HPEHGGHG
DSSOLFDWLRQ���7KH�VFRSH�RI�WKH�ODQJXDJH�LV�QRW�DPELWLRXV�EHFDXVH�WKH�HPSKDVLVH�RI�WKLV�UHVHDUFK�LV�PRUH�WRZDUGV
WKH� UXQ�WLPH� HQYLURQPHQW� DVSHFW� RI� WKH� ODQJXDJH�� � � 7KH� GHVLJQ� GHFLVLRQ� LV� EDVHG� RQ� SURYLGLQJ� WKH�PLQLPXP
QHFHVVDU\�IXQFWLRQ�IRU�PXOWL�WDVNLQJ��SURWHFWLRQ�RI�VKDUHG�UHVRXUFHV�� LQWHUSURFHVV�FRPPXQLFDWLRQ�DQG�UHDO�WLPH
IDFLOLWLHV���5��KDV�D�PLQLPXP�VHW�RI�IHDWXUHV�WR�VDWLVI\�DOO�WKHVH�UHTXLUHPHQWV�

����$�VKRUW�VXPPDU\�RI�WKH�ODQJXDJH
5�� LV� D� W\SHOHVV�� FRQFXUUHQW� ODQJXDJH�� � ,W� KDV� VWDWLF� SURFHVV� �WKH� QXPEHU� RI� SURFHVV� LV� IL[HG� DW� FRPSLOH� WLPH�
FDQQRW�G\QDPLFDOO\�FUHDWH�D�SURFHVV��� � ,W� LV� D� VLQJOH� ORDG� V\VWHP� �QR�PRGXOH�� HYHU\WKLQJ� LV� NQRZQ�DW� FRPSLOH
WLPH�� DQG� KDV� QR� G\QDPLF� VWRUDJH�� � 7KH� PHWKRG� RI� LQWHUSURFHVV� FRPPXQLFDWLRQ� LV� V\PPHWULF� V\QFKURQRXV
PHVVDJH�SDVVLQJ��7KH�SURWHFWLRQ�RI�VKDUHG�UHVRXUFHV��ZKLFK�DUH�JOREDO�GDWD�� LV�YLD� VHPDSKRUHV� �E\�VSHFLI\LQJ
FULWLFDO� UHJLRQV��� 6FKHGXOLQJ� V\VWHP� LV� D� WLPH�VOLFLQJ� URXQG�URELQ� SROLF\�� � ,W� SURYLGHV� WKH� IROORZLQJ� UHDO�WLPH
IDFLOLWLHV���DFFHVV�WR�FORFN��GHOD\��DQG�WLPH�RXW�

6\QWD[
7KH�V\QWD[�RI�5��LV�LQWHQWLRQDOO\�PDGH�WR�EH�³OLNH´�&�ODQJXDJH���6R�WKDW�WKH�XVHU�ZKR�LV�IDPLOLDU�ZLWK�&�ODQJXDJH
FDQ�UHDG�DQG�ZULWH�5��HDVLO\���,QIRUPDOO\��WKH�V\QWD[�FDQ�EH�GHVFULEHG�DV�IROORZLQJ��UHVHUYHG�ZRUGV�DUH�LQ�EROG
IDFH����

���FRPPHQW
JOREDO��YDU�OLVW��
VHPDSKRUH�VHP�OLVW��
IXQFWLRQ�QDPH��IRUPDO�SDUDP�OLVW��^�ERG\�`
SURFHVV�SURFHVV�QDPH��IRUPDO�SDUDP�OLVW��^�ERG\�`
PDLQ�����^�ERG\�`

ERG\�FRPSRVHG�RI�VHTXHQFH�RI�VWDWHPHQWV��

VWDWHPHQWV H[DPSOHV
DVVLJQPHQW D� �E������
LI�VWDWHPHQW LI���H[SU���VWPW�WUXH�>�HOVH�VWPW�IDOVH�@��
ZKLOH�VWDWHPHQW ZKLOH���H[SU���VWPW��
UHWXUQ�VWDWHPHQW UHWXUQ���H[SU����
IXQFWLRQ�FDOO IXQFWLRQ�QDPH���DFWXDO�SDUDPHWHUV����
SURFHVV�FDOO SURFHVV�QDPH���DFWXDO�SDUDPHWHUV����

ZKHUH� YDU�OLVW� LV� WKH� OLVW� RI� YDULDEOH� QDPH� VHSDUDWHG� E\� ³�´�� VHP�OLVW� LV� VLPLODU� �EXW� VHPDSKRUHV� DUH� VSHFLDO
YDULDEOHV��� IRUPDO�SDUDP�OLVW� LV� WKH� XVXDO� IRUPDO� SDUDPHWHU� OLVW� RI� D� IXQFWLRQ� GHFODUDWLRQ� DQG� ERG\� LV� D� XVXDO
VHTXHQFH�RI�VWDWHPHQWV�

$� SURJUDP� LV� FRPSRVHG� RI� GHFODUDWLRQV� DQG� D� PDLQ�� � 7KHUH� DUH� IRXU� W\SHV� RI� GHFODUDWLRQ� �� JOREDO� YDULDEOH
GHFODUDWLRQ�� VHPDSKRUH� GHFODUDWLRQ�� IXQFWLRQ� GHFODUDWLRQ�� DQG� SURFHVV� GHFODUDWLRQ�� �7KHUH� DUH� VHYHUDO� W\SHV� RI
VWDWHPHQWV� �� DVVLJQPHQW� VWDWHPHQW�� IORZ�FRQWURO� LI� � DQG� ZKLOH�� DQG� VRPH� DGGLWLRQDO� IXQFWLRQ� IRU� FRQFXUUHQW
SURFHVVLQJ�� �2SHUDWRUV�DUH�EDVLF�RSHUDWRUV�VXFK�DV��������HWF�� LQFOXGLQJ�DGGUHVVLQJ�RSHUDWRUV�µ¶��GHUHIHUHQFH�
DQG� µ	¶� �DGGUHVV��� � � 7KH� VFDODU� GDWD� LV� EDVLFDOO\� D� ZRUG� �ZKLFK� FDQ� EH� ��� ELWV� RU� ��� ELWV� GHSHQGHG� RQ� WKH
DUFKLWHFWXUH�RI�WKH�WDUJHW�KDUGZDUH��ZLWK�QR� W\SH��VR�DOO�RSHUDWRUV�FDQ�EH�DSSOLHG� LQGLVFULPLQDWHO\��WKLV� LV�ERWK
JRRG�DQG�EDG���2QO\�VWUXFWXUHG�GDWD� LV�D�RQH�GLPHQVLRQDO�DUUD\�RI�ZRUGV�� �*OREDO�YDULDEOHV�PXVW�EH�GHFODUHG�
/RFDO�YDULDEOHV� DUH� DXWRPDWLFDOO\� GHFODUHG� DQG� WKH\� DUH� OH[LFDO�VFRSHG�� �/RFDO� YDULDEOHV� DSSHDU� LQ� WKH� IRUPDO
SDUDPHWHU�OLVW�DQG�FDQ�QRW�EH�DQ�DUUD\�YDULDEOH�
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$Q�DUUD\�YDULDEOH� LV� LQGH[� E\� ���PD[��� ��ZLWK� WKH� V\QWD[� � DUUD\�QDPH>LQGH[@� ��ZKHQ�PD[� LV� WKH� VL]H� RI� DUUD\
�GHFODUHG�LQ�JOREDO�GHFODUDWLRQ����7KH�YDOXH�VWRUHG�LQ�D�YDULDEOH�FDQ�EH�DQ\�W\SH���FKDUDFWHU�� LQWHJHU�RU�SRLQWHU�
7KHUH� DUH� WZR� RSHUDWRUV� IRU� DFFHVVLQJ� D� YDULDEOH� LQGLUHFWO\�� � �GHUHIHUHQFH�� DQG� 	� �DGGUHVV�� � �ERWK� KDV� WKH
PHDQLQJ� VLPLODU� WR� WKH� VDPH�RSHUDWRUV� LQ�&� ODQJXDJH��� �7KHVH� WZR�RSHUDWRUV� DUH�XVHG� WR� SDVV� SDUDPHWHUV� ³E\
UHIHUHQFH´��VDPH�DV�XVLQJ�³YDU´�LQ�IRUPDO�SDUDPHWHU�GHFODUDWLRQ�LQ�3DVFDO�RU�µ¶�LQ�&����$Q�H[DPSOH��D�IXQFWLRQ
LQFUHPHQW�ZKLFK�SDVV�SDUDPHWHU�E\�UHIHUHQFH��

LQFUHPHQW���Q���^��Q� �Q������`
PDLQ�����^��D� �����LQFUHPHQW�	D���`

$�VWDWHPHQW�LV�³OLNH´�D�VWDWHPHQW�LQ�&�ODQJXDJH���,W�LV�EDVHG�RQ�³H[SUHVVLRQ´�DQG�PXVW�HQGV�ZLWK�³�´�H[FHSW�IRU�D
VHTXHQFH�RI�VWDWHPHQWV�LQ�³^«`´����$�VWDWHPHQW�FDQ�EH�QXOO��QR�RSHUDWLRQV���L�H��³�´�DQG�³^`´���³LI´�VWDWHPHQW�LV
VLPLODU�WR�&�DQG�3DVFDO��WKH�GDQJOLQJ�³HOVH´��ZKHQ�QHVWHG�LI��EHORQJV�WR�WKH�ODVW�LI�DQG�FDQ�EH�XQDPELJXRXV�E\
XVLQJ�³^«`´���3OHDVH�QRWH�WKDW�WKH�XVH�RI�³�´�LV�OLNH�&�ZKLFK�LV�GLIIHUHQW� IURP�3DVFDO��HVSHFLDOO\� LQ�3DVFDO� WKH
VWDWHPHQW�EHIRUH�WKH�HOVH�PXVW�QRW�HQGV�ZLWK�³�´�
�
3DVFDO LI�D� �E�WKHQ�F� ���HOVH�F� ���

& LI��D�  �E���F� ����HOVH�F� ���

5� LI��D�  �E���F� ����HOVH�F� ���

7KH�SUHFHGHQFH�RI�RSHUDWRUV
/LVW�EHORZ�IURP�WKH�KLJKHVW��WRS��WR�ORZHVW��ERWWRP���

��� GR�DQ�H[SUHVVLRQ�LQVLGH�����ILUVW
�����	 XQDU\�RS����PLQXV����ORJLF�QRW���GHUHI��	�DGGUHVV
���		 PXOWLSO\��GLYLGH��ORJLFDO�DQG
����__ DGG��VXEWUDFW��ORJLFDO�RU
��� �  �� �! �! UHODWLRQDO�RSHUDWRUV

7KH� W\SH� RI� RSHUDWLRQ� LV� �� ZRUG� ;� ZRUG� �!� ZRUG�� 7KHUHIRUH� WKH� RYHUIORZ� DQG� XQGHUIORZ� FDQ� RFFXU�� � $OO
DULWKPHWLF�RSHUDWRUV� WUHDW�D�YDOXH�DV�D�VLJQHG� LQWHJHU��WKH�GLYLGH� LV� LQWHJHU�GLYLGH��� �3OHDVH�QRWH� WKDW� WKH�VHW�RI
RSHUDWRU�LV�IDU�IURP�FRPSOHWH��WKHUH�DUH�D�ORW�RI�XVHIXO�RSHUDWRUV�WKDW�KDYH�EHHQ�OHIW�RXW�VXFK�DV���PRG��ELWZLVH
ORJLFDO���DQG��RU��QRW��[RU��VKLIW�OHIW�ULJKW��LQFUHPHQW��GHFUHPHQW�HWF�

([DPSOH�RI�D�5��SURJUDP
�����EXEEOH�VRUW
JOREDO�GDWD>��@��
VZDS�D�E�
^
���W� �GDWD>D@��GDWD>D@� �GDWD>E@��GDWD>E@� �W�
`
VRUW��
^
���L� ����
���ZKLOH�L��^
�����M� ���
�����ZKLOH�M���L��^
�������LI���GDWD>M@���GDWD>M��@��VZDS�M�M����
�������M� �M���
�����`
�����L� �L���
���`
`
PDLQ���^�����`

����3URFHVV
$�SURFHVV�LQ�DQ�LQGHSHQGHQW�FRPSXWDWLRQ�ZKLFK�FDQ�UXQ�FRQFXUUHQWO\�ZLWK�RWKHU�SURFHVV���3URFHVV�GHFODUDWLRQ�LV
OLNH� D� QRUPDO� VXESURJUDP� RU� IXQFWLRQ�� � ,QLWLDO� YDOXHV� FDQ� EH� SDVVHG� DV� SDUDPHWHUV� DW� WKH� VWDUWLQJ� WLPH� RI� D
SURFHVV���$�SURFHVV�ZLOO�HQG�LWV�H[HFXWLRQ�E\�VHOI�WHUPLQDWLQJ�ZKHQ�LW�H[HFXWHV�WKH�ODVW�LQVWUXFWLRQ�DW�WKH�HQG�RI
SURJUDP� � �WKLV� LV� GLIIHUHQW� IURP� WKH� H[HFXWLRQ� RI� D� VXESURJUDP� RU� D� IXQFWLRQ� ZKLFK� HQGV� LWV� H[HFXWLRQ� E\
UHWXUQLQJ�WR�WKH�FDOOHU����$�SURJUDP�WKDW�FDOOV�D�SURFHVV�ZLOO�VWDUW�WKDW�SURFHVV�H[HFXWLRQ��WKDW�SURJUDP�WKHQ�ZLOO
FRQWLQXH�WKH�ZRUN�ZLWKRXW�ZDLWLQJ�



�

$�SURFHVV�LQ�5��LV�VWDWLF��L�H��LW�FDQ�EH�FUHDWHG�DQG�UXQ�LPPHGLDWHO\�E\�D�FDOOHU�EXW�WKH�WHUPLQDWLRQ�RI�WKDW�SURFHVV
FDQQRW� EH� SHUIRUP� E\� DQ\RQH� H[FHSW� LWVHOI� �ZKHQ� LW� H[HFXWHV� WKH� ODVW� LQVWUXFWLRQ� DW� WKH� HQG� RI� D� SURJUDP�
7KHUHIRUH�D�SURFHVV�FDQ�QHYHU� UHWXUQ� WR� LWV�FDOOHU�� �7KHUH�DUH� WZR�ZD\V� WR� FRPPXQLFDWH� �SDVVLQJ� VRPH�YDOXH�
EHWZHHQ�SURFHVVHV��

���� E\�VKDUH�YDULDEOHV
���� E\�PHVVDJH�SDVVLQJ

����6KDUH�YDULDEOHV�DQG�VHPDSKRUHV
$�SURFHVV�FDQ�DFFHVV�WR�VKDUH�UHVRXUFHV���%HFDXVH�RI�WKH�FRQFXUUHQF\�WKHUH�PXVW�EH�VRPH�JXDUDQWHH�IRU�PXWXDO
H[FOXVLRQ�� L�H�� RQO\� RQH� SURFHVV� FDQ� DFFHVV� WR� D� VKDUH� UHVRXUFH� DW� D� WLPH�� � 7KH� VWDQGDUG�PHWKRG� LV� E\� XVLQJ
VHPDSKRUHV��'LMNVWUD���������$�VHPDSKRUH�LV�D�VSHFLDO�YDULDEOH��LW�KDV�D�GLIIHUHQW�VWUXFWXUH�IURP�D�VLPSOH��VFDODU�
YDULDEOH�� � :H� FDQ� LPDJLQH� WKH� XVH� RI� VHPDSKRUH� WR� JXDUDQWHH� PXWXDO� H[FOXVLRQ� DV� LI� XVLQJ� D� ³ORFN´�� � $
VHPDSKRUH�LV�D�ORFN���%HIRUH�XVLQJ�D�VKDUH�UHVRXUFH��WKH�XVHU�PXVW�³ORFN´�WKDW�UHVRXUFH�WR�SUHYHQW�RWKHU�SURFHVV
IURP�DFFHVVLQJ�WKDW�UHVRXUFH���7KH�XVHU�WKHQ�³XQORFN´�LW�ZKHQ�ILQLVK���7KHUH�DUH�WZR�RSHUDWLRQV�RQ�D�VHPDSKRUH
ZDLW�VHP�� DQG�VLJQDO�VHP�� VLPLODU� WR� ORFN� DQG�XQORFN�� �7KH�SDUW� RI� SURJUDP� WKDW�PXVW� EH� JXDUDQWHHG� RI
PXWXDO�H[FOXVLRQ�LV�FDOOHG�³FULWLFDO�UHJLRQ´����7R�XVH�D�VHPDSKRUH�IRU�PXWXDO�H[FOXVLRQ��ZDLW���DQG�VLJQDO��
PXVW�EH�LVVXHG�E\�WKH�VDPH�SURFHVV���7R�IDFLOLWDWH�ZULWLQJ�D�FULWLFDO�UHJLRQ�D�VSHFLDO�V\QWD[��LV�SURYLGHG��

UHJLRQ�VHP��^�VWPW�`
ZKLFK�WKH�FRPSLOHU�ZLOO�JHQHUDWH

ZDLW�VHP���VWPW��VLJQDO�VHP�
7R�XVH�D�VHPDSKRUH�IRU�PXWXDO�H[FOXVLRQ��WKH�LQLWLDO�YDOXH�RI�WKDW�VHPDSKRUH�PXVW�EH���DQG�WKHUH�PXVW�QRW�EH�DQ\
RWKHU�RSHUDWLRQ�RQ�WKDW�VHPDSKRUH���$�VHPDSKRUH�FDQ�EH�DFFHVV�MXVW�OLNH�D�YDULDEOH�

%HVLGH�XVLQJ�VHPDSKRUHV� IRU�PXWXDO� H[FOXVLRQ�� WKHUH� DUH�PDQ\�RWKHU�XVHV� VXFK�DV� IRU� UHVRXUFH� DOORFDWLRQ� DQG
SURFHVV� V\QFKURQL]DWLRQ� EXW� LW� LV� EHFRPLQJ� PRUH� FRPSOH[�� � 7KH� GHWDLOV� RI� WKH� XVH� RI� VHPDSKRUH� IRU� RWKHU
SXUSRVHV�FDQ�EH�IRXQG�LQ�WKH�WH[W�ERRN�RI�RSHUDWLQJ�V\VWHP��VXFK�DV�:KLGGHWW�������%DFRQ�������

����0HVVDJH�SDVVLQJ
6HPDSKRUHV� DUH� XVHG� WR� SURWHFW� VKDUH� UHVRXUFHV� DQG� JOREDO� YDULDEOHV� DUH� DFFHVVHG� LQ� D� FULWLFDO� UHJLRQ� WR� SDVV
YDOXHV�EHWZHHQ�SURFHVVHV�� �$QRWKHU�PHWKRG� WR�SDVV�YDOXHV�EHWZHHQ�SURFHVVHV� LV�E\�VHQGLQJ�D�PHVVDJH�� LQ�5�
WKHUH�DUH

VHQG�SQDPH��PHVVDJH�����DQG
UHFHLYH�SQDPH��	PHVVDJH�

$�PHVVDJH�LV�D�ZRUG���7KH�VHQG�UHFHLYH�LV�V\QFKURQRXV��L�H��D�VHQGHU�ZLOO�VWRS�DQG�ZDLW�XQWLO�WKH�UHFHLYHU�UHFHLYHV
WKH�PHVVDJH�EHIRUH�UHVXPLQJ�LWV�H[HFXWLRQ� �YLFH�YHUVD��ZKHQ�D� UHFHLYHU�ZDLWV� IRU�D�PHVVDJH� WKDW�KDV�QRW�EHHQ
GHOLYHUHG� \HW� LW� ZLOO� VWRS� DQG� ZDLW�� �� $QRWKHU� XVH� RI� VHQG�UHFHLYH� LV� WR� V\QFKURQLVH� SURFHVVHV�� � 7KH� ODFN� RI
JXDUGHG�FRPPDQGV��'LMNVWUD�������LQ�5��ODQJXDJH�SURKLELWV�QRQGHWHUPLQDF\�WKHUHIRUH�PHVVDJHV�FDQQRW�EH�XVHG
IRU�D�PRUH�IOH[LEOH�FRPPXQLFDWLRQ�SDWWHUQ��VXFK�DV�KDYLQJ�D�SULRULW\�PHVVDJH�RU�FUHDWLQJ�D�SRVW�RIILFH�SURFHVV��

����5HDO�WLPH�IDFLOLWLHV
7KHUH�DUH�VHYHUDO�IXQFWLRQV�SURYLGHG��
��� $FFHVV�WR�FORFN����JHWWLPH�	W��UHDG�WKH�V\VWHP�FORFN�
��� 'HOD\����GHOD\�W����GHOD\V�WKH�H[HFXWLRQ�RI�D�SURFHVV�IRU��W�WLPH�XQLWV�
��� 7LPH�RXW��� �XVH�WKH�H[WHQGHG�VHPDQWLF�RI�ZDLW�IRU�VHPDSKRUH�DQG�PHVVDJH�SDVVLQJ�WR� LQFOXGH� WLPH�RXW��WKH

DIWHU�FODXVH�����7KH�V\QWD[�DUH��
ZDLW�������DIWHU��W���^�ERG\�`
VHQG�������DIWHU���W���^�ERG\�`
UHFHLYH�������DIWHU���W���^�ERG\�`

ZKHUH�ERG\�LV�WKH�VWDWHPHQWV�WKDW�ZLOO�EH�LQYRNHG�LI�WLPH�RXW�RFFXUV�



�

����([DPSOH���D�SURGXFHU�FRQVXPHU�SUREOHP
SURFHVV�SURGXFHU��Q���^
����ZKLOH��Q���^
�������VHQG���FRQVXPHU��Q���
�������Q� �Q�����
���`
`
SURFHVV�FRQVXPHU��Q���^
���ZKLOH��Q���^
������UHFHLYH��SURGXFHU��	P���
����������������GR�VRPHWKLQJ�ZLWK�P
������Q� �Q�����
���`
`
PDLQ�����^�SURGXFHU�����FRQVXPHU�����`

����'HVLJQ�MXVWLILFDWLRQ�RI�5�
0DQ\� GHVLJQ� GHFLVLRQV� DUH� PDGH� EDVHG� RQ� WKH� IHDVLELOLW\� WR� GR� KDUG� UHDO�WLPH� VFKHGXOLQJ�� � 7KH� UHDO�WLPH
VFKHGXOLQJ� LV� EDVHG� RQ� WKH� FRQFHSW� RI�7HPSRUDO� 6FRSH�ZKLFK�ZLOO� EH� GLVFXVVHG� LQ�PRUH� GHWDLOV� LQ� VHFWLRQ� ��
6RPH�RI�WKH�PDLQ�GHVLJQ�LVVXHV�DUH�GLVFXVVHG�EHORZ��

��� 1R� G\QDPLF� PHPRU\� DOORFDWLRQ� DQG� QR� G\QDPLF� SURFHVV� FUHDWLRQ�� WR� PDNH� LW� SRVVLEOH� WR� FDOFXODWH� WKH
H[HFXWLRQ�WLPH�RI�HDFK�7HPSRUDO�6FRSH�

���8VH� VHPDSKRUH�� LW� SURYLGHV� D� VLPSOH�PRGHO� RI� VKDUHG�PHPRU\� IRU� SURJUDPPHU�� � ,W� FDQ� EH� � LPSOHPHQWHG
HIILFLHQWO\�� � ,W� LV�DOVR�IOH[LEOH� WR�XVH� LQ�RWKHU�SXUSRVH�VXFK�DV�IRU�UHVRXUFH�DOORFDWLRQ��EXW� LWV�XVH�ZLOO�EH�PRUH
FRPSOH[��

���8VH� V\QFKURQRXV�PHVVDJH�SDVVLQJ�� LW� FRPELQHV� FRPPXQLFDWLRQ� DQG� V\QFKURQLVDWLRQ� LQ� D� VLQJOH�KLJK�OHYHO
SULPLWLYH���2WKHU�DOWHUQDWLYH�PRGHO�RI�PHVVDJH�EDVHG�SURFHVV�V\QFKURQLVDWLRQ�DUH��

D���DV\QFKURQRXV��QR�ZDLW�
E���UHPRWH�LQYRFDWLRQ

7KHUH� DUH� UHODWLRQVKLSV� EHWZHHQ� DV\QFKURQRXV�� V\QFKURQRXV� DQG� UHPRWH� LQYRFDWLRQ� VHPDQWLFV�� � 7ZR
DV\QFKURQRXV� HYHQWV� FDQ� FRQVWLWXWH� D� V\QFKURQRXV� UHODWLRQVKLS� LI� DQ� DFNQRZOHGJPHQW�PHVVDJH� LV� DOZD\V� VHQW
�DQG�ZDLWHG�IRU����7ZR�V\QFKURQRXV�FRPPXQLFDWLRQV�FDQ�EH�XVHG�WR�FRQVWUXFW�D�UHPRWH�LQYRFDWLRQ���,W�FRXOG�EH
DUJXHG�WKDW�WKH�DV\QFKURQRXV�PRGHO�JLYHV�WKH�JUHDWHVW�IOH[LELOLW\�EXW�WKHUH�DUH�D�QXPEHU�RI�GUDZEDFN��

D���3RWHQWLDOO\�LQILQLWH�EXIIHUV�DUH�QHHGHG�WR�VWRUH�PHVVDJHV�WKDW�KDYH�QRW�EHHQ�UHDG�\HW�
E���,Q�DV\QFKURQRXV�PRGHO��PRUH�FRPPXQLFDWLRQ�DUH�QHHGHG��KHQFH�SURJUDPV�DUH�PRUH�FRPSOH[�

$OVR��D�V\QFKURQRXV�PRGHO�FDQ�HPXODWH�DQ�DV\QFKURQRXV�FRPPXQLFDWLRQ��VLPSO\�E\�XVLQJ�D�EXIIHU�SURFHVV�

���8VH�GLUHFW�QDPLQJ��WR�IDFLOLWDWH�WKH�XVH�RI�SULRULW\�LQKHULWDQFH�VFKHPH�IRU�G\QDPLFDOO\�FKDQJH�WKH�SULRULW\�RI
WKH� SURFHVV�� � 3ULRULW\� ,QKHULWDQFH� �6KD� DQG� RWKHUV�� ������� D� SURFHVV¶V� SULRULW\� LV� QRW� VWDWLF�� LI� D� SURFHVV� S� LV
VXVSHQGHG�ZKLOH�ZDLWLQJ�IRU�SURFHVV�T�WR�XQGHUWDNH�VRPH�FRPSXWDWLRQ�WKHQ�WKH�SULRULW\�RI�T�EHFRPHV�HTXDO�WR�WKH
SULRULW\� RI�S� �LI� LW� ZHUH� ORZHU� WR� VWDUW�ZLWK��� �+RZHYHU�� SOHDVH� QRWH� WKDW� WKH� FXUUHQW� LPSOHPHQWDWLRQ� XVHV� WKH
URXQG�URELQ�VFKHGXOLQJ�SROLF\�ZLWKRXW�SULRULW\�VFKHPH��IRU�VLPSOLFLW\��

����5HODWHG�ZRUN
$OJRO����ZDV�WKH�ILUVW�ODQJXDJH�WR�LQWURGXFH�VHPDSKRUHV����6HPDSKRUH�LV�FRQVLGHUHG�WR�EH�DQ�HOHJDQW�ORZ�OHYHO
V\QFKURQLVDWLRQ�SULPLWLYH���+RZHYHU�WKH�XVH�RI�VHPDSKRUHV�FDQ�EH�HUURU�SURQH���7KH�V\QWDFWLF�VXJDU�UHJLRQ���
ZKLFK�LV�LQWURGXFH�LQ�5��LV�D�GHVLJQ�IURP�DQ�HDUO\�FRQFXUUHQW�V\VWHP���'LMNVWUD����������$Q�DEVWUDFW�GDWD�W\SH�IRU
VHPDSKRUHV�FDQ�EH�FRQVWUXFWHG�LQ�FXUUHQW�ODQJXDJHV�$GD�DQG�0RGXOD����+RSSH���������$�IXUWKHU�UHILQHPHQW�RI
WKH�VHPDSKRUH�FRQFHSW� LV� WR�HQFDSVXODWH�FULWLFDO� UHJLRQV� LQWR�D� VLQJOH�PRGXOH�FDOO�D�PRQLWRU�� �7KH�GHVLJQ� DQG
DQDO\VLV�RI�PRQLWRU�VWUXFWXUHV�ZDV�XQGHUWDNHQ�E\�'LMNVWUD���������%ULQFK�+DQVHQ�DQG�+RDUH��������� �0HVVDJH
SDVVLQJ�LV�D�VLQJOH�KLJK�OHYHO�SULPLWLYH�WKDW�FRPELQHV�FRPPXQLFDWLRQ�DQG�V\QFKURQLVDWLRQ���,W�IRUPV�WKH�EDVLV�RI
ERWK�$GD�DQG�2FFDP�����6\QFKURQRXV�VHQG�LV�XVHG�LQ�&63��+RDUH����������5HPRWH�LQYRFDWLRQ�LV�IRXQG�LQ�$GD�
65���$QGUHZV�DQG�2OVVRQ���������D� V\QFKURQLVHG�FRPPXQLFDWLRQ� LV�RIWHQ�FDOOHG�³UHQGH]YRXV´�DQG� WKH� UHPRWH
LQYRFDWLRQ� LV� FDOOHG� ³H[WHQGHG� UHQGH]YRXV´�� %XUQV� DQG� :HOOLQJV� ������� GHVFULEH� YDULRXV� SURJUDPPLQJ
ODQJXDJHV�IRU�UHDO�WLPH�V\VWHPV�



��

����&RPSLOHU

7KLV� VHFWLRQ� GHVFULEHV� D� FRPSLOHU� DQG� LQWHUPHGLDWH� FRGH� DQG� KRZ� WKH� FRPSLOH� WUDQVODWHV� VRXUFH� ODQJXDJH� WR
LQWHUPHGLDWH�FRGHV�

����)RUPDO�V\QWD[
$�IRUPDO�V\QWD[�RI�5��LV�LQ�WKH�DSSHQGL[�$�

XQDU\RS�LV� ^���������	�`
ELQDU\RS�LV� ^������������		��__������ ��  ��� ��! ��!�`

3UHFHGHQFH�RI�RSHUDWRUV��IURP�KLJKHVW�

���� GR�DQ�H[SUHVVLRQ�LQVLGH�����ILUVW
�����	 XQDU\�RS����PLQXV����ORJLF�QRW���GHUHI��	�DGGUHVV
���		 PXOWLSO\��GLYLGH��ORJLFDO�DQG
����__ DGG��VXEWUDFW��ORJLFDO�RU
��� �  �� �! �! UHODWLRQDO�RSHUDWRUV

%XLOW�LQ�IXQFWLRQ�DQG�VSHFLDO�IRUPV
>�@�RSW�� �RSWLRQDO

UHJLRQ�VHP��VWDWHPHQW
ZDLW�VHP��>�DIWHU�W��VWDWHPHQW�@�RSW
VLJQDO�VHP�
VHQG�SQDPH�PHVVDJH��>�DIWHU�W��VWDWHPHQW�@�RSW
UHFHLYH�SQDPH�	PHVVDJH��>�DIWHU�W��VWDWHPHQW�@�RSW
SULQW��DFWXDO�SDUDPHWHU�DQG�VWULQJ�FRQVWDQW��
JHWWLPH�	W�
GHOD\�W�

����5HFXUVLYH�GHVFHQW�FRPSLOHU
7KH�FRPSLOHU�LV�D�WZR�SDVV�UHFXUVLYH�GHVFHQW�FRPSLOHU���7KH�ILUVW�SDVV�VFDQV�WKH�VRXUFH�SURJUDP�ORRNLQJ�IRU�DOO
GHFODUDWLRQV�� � 7KLV� SDVV� JHQHUDWHV� DQG� LQWHUPHGLDWH� ILOH� QDPHG� �WPS����EDN�� ZKLFK� LV� WKH� LQSXW� ILOH� IRU� WKH
VHFRQG�SDVV�� �7KH�VHFRQG�SDVV�VFDQV�DOO� WKH�VWDWHPHQWV�DQG�JHQHUDWHV� LQWHUPHGLDWH�FRGHV��FDOOHG� ,�FRGH��� �7KH
ZKROH�,�FRGH�ZLOO�EH�NHSW�LQ�D�EXIIHU��ZKHQ�WKH�VRXUFH�SURJUDP�LV�WUDQVODWHG�VXFFHVVIXOO\�WR�WKH�HQG��WKH�,�FRGH�LQ
WKH�EXIIHU�ZLOO�EH�SRVW�SURFHVVHG��IRU�³LPSURYHPHQW´��ZLOO�EH�H[SODLQHG�LQ�WKH�ODWHU�VHFWLRQ��EHIRUH�VWRULQJ�LW�WR�D
ILOH��)RU�VDNH�RI�HIILFLHQF\�WKH�V\QWD[�LV�UHZULWWHQ�LQ�WKH�IRUP�RI�//����JUDPPDU��ZKLFK�KDV�D�SURSHUW\�WKDW�WKHUH
LV�RQO\�RQH�ORRN�DKHDG�V\PERO�DQG�WKHUH�LV�QR�EDFNWUDFN���7KH�FRPSLOHU�LV�ZULWWHQ�DFFRUGLQJ�WR�WKH�IORZ�RI�WKH
JUDPPDU�LQ�//������$Q�H[DPSOH�RI�//����JUDPPDU�IRU�SDUVLQJ�DQ�H[SUHVVLRQ��

H[SU��! WHUP�H[SUV
H[SUV��!� UHORS�WHUP�H[SUV�_�QXOO
WHUP��! IDF�WHUPV
WHUPV��!� DGGRS�IDF�WHUP�_�QXOO
IDF��!� LWHP�IDFV
IDFV��!� PXORS�LWHP�IDFV�_�QXOO
LWHP��!�� QXP�_��QXP

YDU�_��YDU�_��YDU�_�	�YDU�_���YDU
SQDPH
IQDPH��
��H[SU���_����H[SU���_����H[SU��

YDU��!� YDULDEOH�_�DUUD\>LQGH[@

ZKHUH� UHORS�LV�^����� ��  ��� ��! ��!�`
DGGRS�LV�^�������__�`
PXORS�LV�^������		�`
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����1DPH�RI�YDULDEOHV
$�YDULDEOH�QDPH� LQ�5�� ODQJXDJH� LV� FDVH�VHQVLWLYH� �OLNH�&��� �$�QDPH�RI�YDULDEOH� LV� FRPSRVHG�RI� WKH� FKDUDFWHU
µ$¶��¶=¶��µD¶��¶]¶��µB¶��µ�¶��¶�¶���,W�PXVW�QRW�EHJLQ�ZLWK�D�GLJLW���7KH�OLPLW�RI�WKH�OHQJWK�RI�QDPH�LV
���FKDUDFWHUV��OLPLWHG�E\�WKLV�LPSOHPHQWDWLRQ����7KH�IROORZLQJV�DUH�WKH�UHVHUYHG�ZRUGV��

DIWHU��GHOD\��HOVH��JHWWLPH��JOREDO��LI��PDLQ��SULQW��SURFHVV�
UHFHLYH��UHJLRQ��UHWXUQ��VHPDSKRUH��VHQG��VLJQDO��ZDLW

7KH�IROORZLQJV�DUH�VSHFLDO�FKDUDFWHUV�������^�`�����³�������� �	�_�����!
7KH�FRPPHQW�EHJLQV�ZLWK�³��´�DQG�ZLOO�EH�VNLSSHG�WR�WKH�HQG�RI�OLQH�

����,�FRGH
7KH�,�FRGH�KDV�WZR�IRUPV

D��� RQH�RSFRGH�DQG�QR�RSHUDQG
E���RQH�RSFRGH�DQG�RQH�RU�PRUH�RSHUDQGV�

:H�ZLOO�XVH�WKH�QRWDWLRQ�>�,�FRGH�@�UHIHUV�WR�D�ZKROH�,�FRGH��DQ�RSFRGH�LV�RQH�E\WH��>�,�FRGH��RSHUDQG�@
LV�,�FRGH�ZLWK�RSHUDQG�V����$Q�RSHUDQG�LV�WZR�E\WHV�DQG�ZLOO�EH�SUHIL[�ZLWK�³�´����$SSHQGL[�$�VKRZV�WKH�WDEOH�RI
DOO�,�FRGH�

����6\PERO�WDEOHV
:KHQ�D�FRPSLOHU�FRPHV�DFURVV�DQ�LGHQWLILHU��LG��RU�IXQFWLRQ�QDPH��IQDPH��RU�SURFHVV�QDPH��SQDPH���LW�ZLOO�VWRUH
LQIRUPDWLRQ�DERXW�WKDW�QDPH�LQ�D�V\PERO�WDEOH���(DFK�HQWU\�LQ�D�V\PERO�WDEOH�FRQWDLQV�WKH�IROORZLQJ�ILHOGV��

QDPH����� VWULQJ
W\SH��� YDULDEOH��DUUD\��IQDPH��SQDPH
UHIHUHQFH�� WKH�ORFDWLRQ�LQ�WKH�PHPRU\
DUJXPHQW�� SDUDPHWHU�RI�WKLV�HQWU\��VXFK�DV�VL]H�RI�DUUD\�
SURFHVVBLG�� IRU�SURFHVV

$�V\PERO�WDEOH�LV�RUJDQLVHG�DV�D�KDVK�WDEOH�� �7KHUH�DUH�WZR�V\PERO�WDEOHV��RQH�IRU�WKH�JOREDO�V\PEROV��L�H�� WKH
YDULDEOHV� LQ� WKH� JOREDO� GHFODUDWLRQ�� VHPDSKRUH� GHFODUDWLRQ�� IXQFWLRQ� QDPH� DQG� SURFHVV� QDPH�� � $OO� WKH� ORFDO
YDULDEOHV��LQ�WKH�IRUPDO�SDUDPHWHU�DQG�LQ�WKH�VFRSH�RI�IXQFWLRQ�RU�SURFHVV�GHFODUDWLRQ��DUH�VWRUHG�LQ�D�VHSDUDWH
V\PERO�WDEOH�FDOOHG�ORFDO�V\PERO�WDEOH����,Q�VHDUFKLQJ�IRU�D�V\PERO��WKH�ORFDO�V\PERO�WDEOH�ZLOO�EH�VHDUFKHG�ILUVW
WKHQ�WKH�JOREDO�V\PERO�WDEOH���'XULQJ�FRPSLODWLRQ��D�QDPH�ZLOO�EH�WUDQVODWHG�LQWR�LWV�UHIHUHQFH���D�JOREDO�V\PERO
UHIHUHQFH�LV�LWV�DGGUHVV�LQ�'DWD�VHJPHQW��D�ORFDO�V\PERO�UHIHUHQFH�LV�LWV�³RUGHULQJ´�QXPEHU��RUGHUHG�E\�LWV�ILUVW
DSSHDUDQFH����7KLV�LV�DFWXDOO\�WKH�UHIHUHQFH�WR�LWV�VORW�LQ�WKH�UXQ�WLPH�VWDFN�IUDPH�



��

���+RZ�WR�FRPSLOH

����*OREDO�DQG�VHPDSKRUH�GHFODUDWLRQ
7KH�GHFODUDWLRQ�RI�JOREDO�YDULDEOHV�DQG�VHPDSKRUHV�DIIHFWV�WKH�DOORFDWLRQ�RI�'DWD�VHJPHQW��ZKLFK�LV�DGGUHVVHG�DV
ZRUG���(DFK�YDULDEOH�ZLOO�EH�DVVLJQHG�D�UHIHUHQFH��DOORFDWLRQ�RI�'DWD�VHJPHQW�LV�DV�IROORZLQJ��

���� D�VLPSOH�YDULDEOH�RFFXSLHV�RQH�ZRUG�
���� DQ�DUUD\�YDULDEOH�RFFXSLHV�DV�PDQ\�ZRUGV�DV�LWV�VL]H�
���� D� VHPDSKRUH� RFFXSLHV� WZR� ZRUGV�� WKH� ILUVW� ZRUG� VWRUHV� LWV� YDOXH�� WKH� VHFRQG� ZRUG� VWRUHV� LWV� OLVW� RI

ZDLWLQJ�SURFHVV�����WKH�PHFKDQLVP�RI�VHPDSKRUH�LV�GHVFULEHG�LQ�WKH�VHFWLRQ�³LQWHUSUHWHU´�
,WV�UHIHUHQFH�LV��

���� D�VLPSOH�YDULDEOH�UHIHUHQFH�LV�LWV�ORFDWLRQ�LQ�'DWD�VHJPHQW
���� DQ�DUUD\�UHIHUHQFH�LV�WKH�ORFDWLRQ�RI�WKH�ILUVW�HOHPHQW�
���� D�VHPDSKRUH�UHIHUHQFH�LV�WKH�ORFDWLRQ�RI�LWV�ILUVW�ZRUG�

����)XQFWLRQ�DQG�SURFHVV�GHFODUDWLRQ
7KH�GHFODUDWLRQ�RI�IXQFWLRQ�DQG�SURFHVV�DIIHFWV�WKH�DOORFDWLRQ�RI�&RGH�VHJPHQW��ZKLFK�LV�DGGUHVVHG�DV�E\WH���7KH
UHIHUHQFH�RI�IXQFWLRQ�RU�SURFHVV�LV�LWV�ORFDWLRQ�RI�WKH�ILUVW�E\WH�FRGH�

)RUPDO�SDUDPHWHUV�ZLOO�EH�VWRUHG�DQG�FRXQWHG���:KHQ�FRPSLOLQJ�WKH�ERG\��WKH�ORFDO�YDULDEOHV�ZLOO�EH�VWRUHG�DQG
FRXQWHG���$IWHU�D�FRPSOHWH�FRPSLODWLRQ�RI�D�IXQFWLRQ�RU�SURFHVV��WKH�ORFDO�V\PERO�WDEOH�ZLOO�EH�FOHDUHG���,�FRGH
DUH�DV�IROORZV��

>)XQF���QIRUPDO���QORFDO�@
>3URF���SLG���QIRUPDO���QORFDO�@

ZKHUH� �QIRUPDO� LV� WKH� QXPEHU� RI� IRUPDO� SDUDPHWHUV�� �QORFDO� LV� WKH� QXPEHU� RI� ORFDO� SDUDPHWHUV�� �1RWH� WKDW
QSDUDP���QORFDO� �WRWDO�QXPEHU�RI�ORFDO�YDULDEOHV�RI�WKDW�IXQFWLRQ�RI�SURFHVV����7KH��SLG��SURFHVV�LG��RI�D�SURFHVV
LV�D�XQLTXH�QXPEHU�DQG�LV�DVVLJQHG�DFFRUGLQJ�WR�WKHVH�UXOHV��

SLG FRPPHQW
� VSHFLDO�YDOXH��GRQ¶W�XVH
� WKH�PDLQ����SURFHVV
���Q RWKHU�SURFHVVHV

DW� WKH�HQG�D� IXQFWLRQ�GHFODUDWLRQ� LV�HQGHG�ZLWK� ,�FRGH�³5HW�´��DQG�D�SURFHVV�GHFODUDWLRQ� LV� HQGHG�ZLWK� ,�FRGH
³6WRS´�

7KH�PDLQ�SURJUDP��PDLQ���LV�FRPSLOHG�VLPLODU�WR�D�IXQFWLRQ�EXW�GRQ¶W�QHHG�WR�HQWHU�WKH�V\PERO�WDEOH��DV�QR�RQH
FDQ�UHIHU�WR�WKH�PDLQ�SURFHVV��

����%RG\�RI�IXQFWLRQ�DQG�SURFHVV
7KH�ERG\�FRPSRVHG�RI�VHTXHQFH�RI�VWDWHPHQWV���$�SDUW�RI�D�VWDWHPHQW�LV�DQ�H[SUHVVLRQ���7KH�FRPSLODWLRQ�RI�DQ
H[SUHVVLRQ�ZLOO� EH� GLVFXVVHG� ILUVW�� � ,Q� SDUVLQJ� DQ� H[SUHVVLRQ�� WKH� SUHFHGHQFH� RI� RSHUDWRUV� DUH� VDWLVILHG� E\� WKH
JUDPPDU���7KH�RSHUDWRUV�DUH�WUDQVIRUPHG�IURP�SUHIL[�DQG�LQIL[�WR�SRVWIL[���7KH�IROORZLQJ�GLVFXVVLRQ�LV�DSSOLHG
IRU�WKH�FDVH�RI�ULJKW�KDQG�VLGH�H[SUHVVLRQ��RU�JHWWLQJ�WKH�YDOXH�RI�DQ�H[SUHVVLRQ�

9DULDEOHV
$�YDULDEOH� WKDW� DSSHDUV� LQ� DQ� H[SUHVVLRQ� LV� WUDQVODWHG� LQWR� LWV� YDOXH� �FDOOHG�5YDOXH��� LQ� WKLV� FRQWH[W� LW� LV� RIWHQ
DSSHDUV�DW�WKH�ULJKW�KDQG�VLGH�RI�DQ�DVVLJQPHQW�VWDWHPHQW���7KH�,�FRGH�LV�³5YDOXH´�IROORZHG�E\�WKH�UHIHUHQFH�WR
WKDW�YDULDEOH��

>�5YDOXH���UHIHUHQFH�@
,I�WKH�YDULDEOH�LV�JOREDO��LWV�,�FRGH�LV�³5YDOJ´�DQG�LWV�UHIHUHQFH�LV�LWV�ORFDWLRQ�LQ�'DWD�VHJPHQW���,I�WKH�YDULDEOH�LV
ORFDO��LWV�,�FRGH�LV�³5YDO´�DQG�LWV�UHIHUHQFH�LV�LWV�³RUGHULQJ´�QXPEHU���7KH�UHIHUHQFH�LV�IRXQG�LQ�WKH�V\PERO�WDEOH¶V
HQWU\�DVVRFLDWHG�ZLWK�WKH�QDPH�RI�WKDW�YDULDEOH�

$UUD\�YDULDEOHV
)RU� WKH� ULJKW� KDQG� VLGH� H[SUHVVLRQ�� DQ� DUUD\� YDULDEOH� LV� WUDQVODWHG� LQWR� LWV� UHIHUHQFH� �FDOOHG� /YDOXHJ� �� DV� LW� LV
JOREDO��IROORZHG�E\�WKH�,�FRGH�IRU�WKH�H[SUHVVLRQ�RI�LWV�LQGH[�DQG�³,QGH[´�DQG�³)HWFK´��

>�/YDOXHJ��UHIHUHQFH�@��H[SU�IRU�LQGH[�>�,QGH[�@��>�)HWFK�@



��

1XPEHUV
$�QXPEHU�LV�WUDQVODWHG�LQWR�WKH�,�FRGH�³/LWHUDO´�IROORZHG�E\�LWV�YDOXH��

>�/LWHUDO���YDOXH�@

2SHUDWRUV
$Q�RSHUDWRU�LV�WUDQVODWHG�LQWR�RQH�E\WH�,�FRGH��

>�2S�@
2SHUDWRUV�DUH���DGG��VXE��PXOWLSO\��GLYLGH��/7��/(��(4��1(��*(��*7��QRW��DQG��RU�

'HUHIHUHQFH�RSHUDWRU
7R�GHUHIHUHQFH�D�YDULDEOH��WR�JHW�LWV�YDOXH�LQGLUHFWO\��DIWHU�WUDQVODWHG�WKDW�YDULDEOH��DQRWKHU�,�FRGH�³)HWFK´�ZLOO�EH
DGGHG��
IRU�D�VLPSOH�YDULDEOH

>�5YDOXH��UHIHUHQFH�@�>)HWFK@
IRU�DQ�DUUD\�YDULDEOH

>�/YDOXHJ��UHIHUHQFH�@�H[SU�IRU�LQGH[�>,QGH[@�>)HWFK@�>)HWFK@

$GGUHVV�RSHUDWRU
7R� JHW� DGGUHVV� RI� D� YDULDEOH�� LQVWHDG� RI� ³5YDOXH´�� WKH� ³/YDOXH´� LV� XVHG�� � )RU� DQ� DUUD\� YDULDEOH�� WKHUH� LV� QR
³)HWFK´�
IRU�D�VLPSOH�YDULDEOH

>�/YDOXH��UHIHUHQFH�@
IRU�DQ�DUUD\�YDULDEOH

>�/YDOXHJ��UHIHUHQFH�@�H[SU�IRU�LQGH[�>�,QGH[�@

6WDWHPHQWV

$VVLJQPHQW�VWDWHPHQWV
)RU�DQ�DVVLJQPHQW�RI�WKH�IRUP���

LG� �H[SUHVVLRQ
WKH�OHIW�KDQG�VLGH�LV�WR�JHW�WKH�DGGUHVV��WKH�,�FRGH�LV�³/YDOXH´�RU�³/YDOXHJ´��IROORZHG�E\�WKH�,�FRGH�IRU�WKH�ULJKW
KDQG�VLGH�H[SUHVVLRQ��IROORZHG�E\�,�FRGH�³6HW´�

>�/YDOXH��UHIHUHQFH�@��H[SU�>�6HW�@
IRU�

LG� �H[SUHVVLRQ
WKH�OHIW�KDQG�VLGH�LV�³5YDOXH´�RU�³5YDOXHJ´��IRU�JHWWLQJ�WKH�³YDOXH´�RI�WKDW�YDULDEOH�DV�DQ�DGGUHVV��

>�5YDOXH��UHIHUHQFH�@�H[SU�>�6HW�@

&RQWURO�IORZ�VWDWHPHQWV
7KH�IORZ�RI�FRQWURO�LV�WUDQVODWHG�LQWR�³-XPS´��WR�D�ORFDWLRQ�LQ�&RGH�VHJPHQW����6RPHWLPH�WKH�GHVWLQDWLRQ�LV�QRW
\HW�NQRZQ�EHFDXVH�LW�PD\�UHIHU�IRUZDUG�RI�WKH�FXUUHQW�ORFDWLRQ���7KH�ORFDWLRQ�WKDW�D�IRUZDUG�UHIHUHQFH�DSSHDUV
ZLOO�EH�UHPHPEHUHG�DQG�DIWHU�WKH�GHVWLQDWLRQ�RI�WKH�MXPS�LV�NQRZQ��WKH�UHIHUHQFH�ZLOO�EH�XSGDWHG�
��LI�H[SU�VWPW� ! H[SU�>�-]����@�VWPW���!
��LI�H[SU�VWPW�HOVH�VWPW� ! H[SU�>�-]����@�VWPW�>�-PS����@���!�VWPW���!
��ZKLOH�H[SU�VWPW� ! ��!�H[SU�>�-]�����@�VWPW�>�-PS����@���!
��UHWXUQ�H[SU� ! H[SU�>�5HW�@
)RU�³UHWXUQ´�WKHUH�DUH�WZR�W\SHV���³5HW�´�IRU�QR�UHWXUQ�YDOXH��³5HW�´�IRU�UHWXUQLQJ�D�YDOXH���$OVR�WKH�³5HW�´�ZLOO
EH�DXWRPDWLFDOO\�DSSHQG�DW�WKH�HQG�RI�WKH�ERG\�RI�D�IXQFWLRQ�

)XQFWLRQ�DQG�SURFHVV�FDOO
��QDPH��DFWXDO�SDUDPHWHU��� !� H[SU�RI�DFWXDO�SDUDPHWHUV�>&DOO��UHIHUHQFH@
7KH�DFWXDO�SDUDPHWHUV�DUH�SDUVHG�DV�H[SUHVVLRQV��IROORZHG�E\�³&DOO´�

6SHFLDO�IRUPV
7KH�VSHFLDO�IRUPV�DUH�WKH�EXLOW�LQ�IXQFWLRQV����VHQG��UHFHLYH��ZDLW��VLJQDO��SULQW��GHOD\��JHWWLPH�

6HQG�DQG�UHFHLYH
)RU� VDIHW\�SXUSRVH�� WKH�SURFHVV�QDPH� LV� UHVWULFWHG� WR�EH� D� FRQVWDQW�� �7KH�SURFHVV�QDPH�FDQQRW�EH�SDVVHG� LQ� D
YDULDEOH�� � 7KLV� LV� WR� DYRLG� WKH� HUURU� LQ� KDQGOLQJ� WKH� SURFHVV� LG�� � ,Q� SDUVLQJ� WKH� DFWXDO� SDUDPHWHUV�� WKH� ILUVW
SDUDPHWHU�LV�WKH�SURFHVV�LG���7KH�QDPH�RI�WKH�SURFHVV�KDV�WKH�IRUP�³SQDPH´�ZKLFK�ZLOO�EH�WUDQVODWHG�LQWR�LWV�SLG
ZKLFK�ZLOO�EHFRPH�D�OLWHUDO��



��

>�/LWHUDO���SLG�@������>�6HQG�@

:DLW�DQG�VLJQDO
7KH�RQO\�SDUDPHWHU�LV�D�VHPDSKRUH�ZKLFK�LV�WUDQVODWHG�LQWR�WKH�UHIHUHQFH�WR�WKDW�VHPDSKRUH��

>�:DLW��UHIHUHQFH�@

3ULQW
7KH�DFWXDO�SDUDPHWHU�LV�D�YDULDEOH�OHQJWK�OLVW���2QO\�WZR�W\SHV�RI�YDOXH�DOORZV�LQ�WKH�OLVW��

���� D�YDOXH�RI�DQ�H[SUHVVLRQ���
�H[SU�>�3ULQW�@
���� D�VWULQJ�FRQVWDQW��EHFDXVH�WKHUH�LV�QR�VWULQJ�GDWD�W\SH�LQ�5��ODQJXDJH�WKH�VWULQJ�FRQVWDQW�LV�GHFRPSRVHG

LQWR�D�VHTXHQFH�RI�SULQWLQJ�D�FKDUDFWHU��
>�/LWHUDO��FKDUDFWHU�@�>�3ULQWFK�@
D�VWULQJ�FRQVWDQW�FDQ�HPEHG�D�QHZOLQH�FKDUDFWHU�E\�XVLQJ�³?Q´��VLPLODU�WR�&�HPEHG�WKH�QHZOLQH�FKDUDFWHU
LQ�WKH�IRUPDW�VWULQJ�RI�SULQWI���������$Q�H[DPSOH��³$%?Q´�LV�WUDQVODWHG�LQWR��
>/LW��¶$¶@�>3ULQWFK@�>/LW��¶%¶@�>3ULQWFK@�>/LW��QO@�>3ULQWFK@

����3RVW�SURFHVVLQJ�RI�,�FRGH
,W�LV�QHFHVVDU\�WR�NHHS�D�EXIIHU�RI�WKH�ZKROH�,�FRGH�ZKLOH�FRPSLOLQJ�D�SURJUDP���7KLV�LV�EHFDXVH�WKH�IRUZDUGLQJ
UHIHUHQFH�PD\�UHTXLUHG�WKDW�WKH�ORFDWLRQ�DV�IDU�EDFN�DV�WKH�EHJLQQLQJ�RI�WKH�&RGH�VHJPHQW�LV�XSGDWHG���+DYLQJ�D
EXIIHU�RI�WKH�ZKROH�,�FRGH�LV�XVHIXO�ZKHQ�VRPH�LPSURYHPHQW�RI�WKH�,�FRGH�LV�SHUIRUPHG���:H�ZLOO�GLVFXVV�D�IHZ
WHFKQLTXHV�

5HQDPLQJ�ORFDO�YDULDEOHV
7KH� UHIHUHQFHV�RI� ORFDO� YDULDEOH� DUH� ³RUGHULQJ´� IURP����1� �ZKHUH�1� LV� WKH� WRWDO� QXPEHU�RI� ORFDO� YDULDEOH� LQ� D
VFRSH��VWDUWLQJ�ZLWK�WKH�ILUVW�IRUPDO�SDUDPHWHU�DV�QR�������%HFDXVH�RI�WKH�SROLF\�RI�WKH�LQWHUSUHWHU��LW�LV�HDVLHU��DQG
IDVWHU� IRU� WKH� LQWHUSUHWHU�� WR� KDYH� WKH� ILUVW� SDUDPHWHU� QXPEHULQJ� DV� QR�� 1�� �WKLV� SDUWLFXODU� LQWHUSUHWHU� XVHV� DQ
RYHUODS�VWDFN�IUDPH�WR�DYRLG�FRS\LQJ�WKH�DFWXDO�SDUDPHWHUV�WR�LWV�VWDFN��WKH�GHWDLO�FDQ�EH�IRXQG�LQ�WKH�GRFXPHQW
³LQWHUSUHWHU´����7KH�UHQDPLQJ�RSHUDWLRQ�ZLOO�UHQDPH�WKH�UHIHUHQFH�RI�WKH�ORFDO�YDULDEOHV�IURP����1�WR�1����

3HHS�KROH�RSWLPLVDWLRQ
7KHUH�DUH�PDQ\�RWKHU�SRVVLEOH�SRVW�SURFHVVLQJ�RI�,�FRGH�WR�LPSURYH�HLWKHU�FRGH�GHQVLW\�RU�WKH�VSHHG�RI�H[HFXWLRQ
RI�,�FRGH���)RU�H[DPSOH��D�SHHS�KROH�RSWLPL]DWLRQ�FDQ�EH�SHUIRUPHG��WR�LPSURYH�WKH�VSHHG�RI�H[HFXWLRQ�����6RPH
FRGH�VHTXHQFH�FDQ�EH�PDGH�VKRUWHU���

LI���;�  ��������� ! ;��>/LWHUDO���@��>(4@��>-]�����@
WR ;��>�-Q]�����@

7KH�FRGH�GHQVLW\� FDQ�EH� LPSURYHG� LI� VRPH� ,�FRGH� LV�GHVLJQDWHG� VSHFLDO� VPDOO� OLWHUDO� �VXFK�DV�������� ����� �7KH
VPDOO�OLWHUDO�LV�XVHG�TXLWH�RIWHQ�LQ�D�SURJUDP�

>�/LWHUDO����@�����E\WHV�����  ! >�/LW��@������E\WH��
RU�FKDQJLQJ�WKH�DGGUHVV�RI�D�MXPS�LQVWUXFWLRQ�WR�EH�UHODWLYH�DQG�LI�WKH�RIIVHW�LV�VPDOO�HQRXJK�WR�ILW�LQ�RQH�E\WH�
DVVLJQHG�D�VSHFLDO�,�FRGH�IRU�LW��

>�-PS��DGV�@����E\WHV��  ! >�6MPS�RIIVHW�@�����E\WHV��

([WHQGLQJ�WKH�YLUWXDO�PDFKLQH
%\�DGGLQJ�LQVWUXFWLRQV�WR�WKH�YLUWXDO�PDFKLQH��VRPH�VHTXHQFHV�RI�E\WH�FRGH�FDQ�EH�UHSUHVHQWHG�E\�D�VKRUWHU�FRGH
ZKLFK� FDQ�EH� H[HFXWHG� IDVWHU�� �7KLV� LV� D�ERWWRP�XS�DSSURDFK�ZKLFK� LPSURYHV� WKH� VSHHG� RI� H[HFXWLRQ�ZLWKRXW
UHFRPSLOLQJ� WKH� VRXUFH� SURJUDP�� � � 7KH� IUHTXHQF\� RI� XVH� RI� VRPH� VHTXHQFHV� RI� E\WH�FRGH� �JURXSLQJ� DV� EDVLF
EORFNV��LV�DQDO\VHG�DQG�VSHFLDO�E\WH�FRGHV�DUH�GHVLJQHG�WR�VXEVWLWXWH�WKHVH�VHTXHQFHV���6HH�WDEOH���DQG���EHORZ
�IXOO�GHWDLOV�FDQ�EH�IRXQGHG�LQ�WKH�DSSHQGL[���



��

7DEOH������7KH�PRVW�IUHTXHQWO\�XVHG�VHTXHQFHV
E\WH�FRGH�VHTXHQFH FRUUHVSRQG�WR

OYDO�D��UYDO�D��OLW����SOXV��VHW� D� �D�����
OYDO�E��OYDOJ�F��������LQGH[����� E� �F>��@����
OYDOJ�F��������LQGH[����� F>��@� ����
OYDO�D��OLW����VHW D� ���
OYDOJ�F�������LQGH[��OLW����VHW F>��@� ���
OYDO�D��UYDO�D��H[S��SOXV��VHW D� �D���H[S�
OYDOJ� F����LQGH[�OYDOJ� F����LQGH[�
IHWFK����SOXV�VHW

F>Q@� �F>Q@������

UYDO�D��UYDO�E��(4��-] LI���D�  �E��
UYDO�D��OLW����(4��-] LI���D�  ����
OYDOJ�F�������LQGH[��UYDO�E��/(��-] LI���F>��@�� �E��
UYDO�D��UYDO�E��/7��-] ZKLOH���D���E��

7DEOH������7KH�H[WHQGHG�E\WH�FRGH
H[WHQGHG�E\WH�FRGH �IRU�WKH�VHTXHQFH
LQF�Y��GHF�Y� OYDO�Y��UYDO�Y��OLW����SOXV��VHW�
DGGVHW�D OYDO�D��UYDO�D��H[S��SOXV��VHW�
VHW�YDU�D OYDO�D������VHW�
VHW���D OYDO�D��OLW����VHW
(4M]�D�E��� UYDO�D��UYDO�E��(4��M]����
-Q]�D��� UYDO�D��OLW����(4��M]���
/(M]�D�E��� UYDO�D��UYDO�E��/(��M]���
/7M]�D�E��� UYDO�D��UYDO�E��/7��M]���

$Q� � H[SHULPHQWDO� V\VWHP� KDV� EHHQ� FRQVWUXFWHG� XVLQJ� WKLV� RSWLPLVDWLRQ� WHFKQLTXH�� � 5XQQLQJ� 6WDQIRUG� LQWHJHU
EHQFKPDUN�VXLW��+HQQHVV\�DQG�1\H��WKLV�WHFKQLTXH�\LHOGV������������VSHHGXS��PHDQV�LW�LV�IDVWHU�DV�PXFK�DV����
WLPHV�DV�EHIRUH�WKH�RSWLPLVDWLRQ��ZLWK����������FRGH�VL]H�UHGXFWLRQ��&KRQJVWLWYDWDQD���������VHH�$SSHQGL[�&�



��

���,QWHUSUHWHU

7KLV�VHFWLRQ�GHVFULEHV�DQ�LQWHUSUHWHU�IRU�WKH�E\WH�FRGH��,�FRGH��RI��D�FRQFXUUHQW�ODQJXDJH�5����7KH�,�FRGH�LV�WKH
RXWSXW�RI�FRPSLOLQJ�WKH�VRXUFH�ODQJXDJH�5����,�FRGH�FDQ�EH�XVHG�RQ�ERWK����ELW�DQG����ELW�V\VWHP���7KH�,�FRGH�LV
D�ORZ�OHYHO�LQVWUXFWLRQ�VHW�RI�D�YLUWXDO�PDFKLQH��90��ZKLFK�LV�EDVHG�RQ�VWDFN�DUFKLWHFWXUH�

����:K\�,�FRGH�"
%\�GHILQLQJ�DQ�LQWHUPHGLDWH�FRGH�DV�DQ�H[HFXWDEOH�VSHFLILFDWLRQ��WKH�RXWSXW�IURP�D�FRPSLOHU�EHFRPHV�SRUWDEOH�
,�FRGH�LV�DUFKLWHFWXUDO�QHXWUDO��L�H��LW�UXQV�RQ�PDQ\�GLIIHUHQW�PDFKLQH�DUFKLWHFWXUHV���7KH�LQWHUPHGLDWH�FRGH�FDQ�EH
H[HFXWHG�ERWK�RQ����ELW�DQG����ELW�V\VWHPV�ZKHUH�WKH�LQWHUSUHWHU�LV�DYDLODEOH�

��7KH�VRXUFH�SURJUDP�PXVW�EH�ZULWWHQ�ZLWK�WKH�SRUWDELOLW\�LQ�PLQG��IRU�H[DPSOH��LI�DQ�LQWHJHU�LV�XVHG�WR�KROG�D
YDOXH�ODUJHU�WKDQ���������WKDW�SURJUDP�FDQQRW�EH�SRUWHG�WR�D����ELW�V\VWHP��RU�LI�D�GDWD�LV�DOORFDWHG�ODUJHU�WKDQ
��.��LW�ZLOO�QRW�ZRUN�ZLWK�D�PDFKLQH�WKDW�KDV����ELW�DGGUHVV��

3RUWLQJ�WKH�LQWHUSUHWHU�WR�D�GLIIHUHQW�SODWIRUP�LV�QRW�GLIILFXOW��DV�WKH�LQWHUSUHWHU�LV�ZULWWHQ�LQ�D�KLJK�OHYHO�ODQJXDJH
ZLWK�WKH�JRDO�RI�PLQLPLVLQJ�WKH�SDUW�WKDW�LV�PDFKLQH�GHSHQGHQW�RU�WKDW�PXVW�EH�ZULWWHQ�LQ�DQ�DVVHPEO\�ODQJXDJH�
6RPH�FKDUDFWHULVWLF�RI�PDFKLQH�XQDYRLGDEO\�KDV� LPSOLFDWLRQ� IRU� WKH� VSHHG� RI� H[HFXWLRQ� RI� WKH� LQWHUSUHWHU�� IRU
H[DPSOH�� WKH� DUFKLWHFWXUH� VKRXOG� EH� DEOH� WR� DFFHVV� WKH� LQGLYLGXDO� E\WH�� WR� IHWFK� WKH� E\WH� FRGH� IURP� WKH� FRGH
VHJPHQW�RI� WKH� LQWHUSUHWHU� HIILFLHQWO\�� �7KH�SRUWDELOLW\� DQG�DUFKLWHFWXUDO� QHXWUDO� LV� WKH� LPSRUWDQW� JRDO�RI� WKH� ,�
FRGH�� � ,W� LV� DOVR� WKH�PDLQ� JRDO� RI� WKH� FXUUHQW� SRSXODU� ODQJXDJH� ³-DYD´� �*RVOLQJ� DQG�0F*LOWRQ� ������ 7ULEEOH
������ DQG� WKLV� JRDO� FDQ� EH� WUDFHG� EDFN� WKURXJK� WKH� XVH� RI� E\WH� FRGH� LQ� WKH� LPSOHPHQWDWLRQ� RI� 6PDOOWDON
�*ROGEHUJ�DQG�5REVRQ����������7KH�XVH�RI�YLUWXDO�PDFKLQH�LQVWUXFWLRQ�VHW�DV�D�WDUJHW�IRU�D�FRPSLOHU�DOVR�KDV�D
ORQJ�KLVWRU\��D�SRSXODU�DQG�ZHOO�NQRZQ�V\VWHP�LQ�WKH�SDVW�LV�3�V\VWHP�ZKLFK�:LUWK�XVHG�LW�WR�GLVWULEXWH�WKH�3DVFDO
V\VWHP���3��FRPSLOHU��

����6WDFN�PDFKLQH
7KH�YLUWXDO�PDFKLQH�GHILQHG�IRU�H[HFXWLQJ�WKH�,�FRGH�LV�D�VWDFN�PDFKLQH���7KH�RSHUDWRUV�DFW�RQ�WKH�RSHUDQGV�RQ
WKH�VWDFN���7KH�VWDFN�LV�DV�D�ZRUNLQJ�DUHD�DQG�DOVR�WR�SDVV�SDUDPHWHUV�WR�D�VXESURJUDP���7KH�PHPRU\�PRGHO�RI
WKLV�90�FRQVLVWHG�RI��

���� $�FRGH�VHJPHQW��ZKLFK�VWRUHG�WKH�LQVWUXFWLRQV��WKH�,�FRGH��
���� $�GDWD�VHJPHQW��ZKLFK�VWRUHG�JOREDO�YDULDEOHV�
���� $�VWDFN�VHJPHQW��ZKLFK�LV�XVHG�IRU�FRPSXWDWLRQ�DQG�VWRUHG�WKH�WKUHDG�RI�H[HFXWLRQ�

7KH�GDWD�VHJPHQW�DQG�VWDFN�VHJPHQW� UHVLGHG� LQ� WKH�VDPH�DGGUHVV� VSDFH�� �7KLV� LV�EHFDXVH� WKH�JOREDO�DQG� ORFDO
YDULDEOHV�VKDUH�WKH�VDPH�DGGUHVV�VSDFH���3OHDVH�QRWH�WKDW�WKHUH�LV�QR�G\QDPLF�PHPRU\��RIWHQ�FDOOHG�³KHDS´��

7KHUH�DUH�WKUHH�VSHFLDO�UHJLVWHUV�RI�WKH�90���DQ�LQVWUXFWLRQ�SRLQWHU��,S���SRLQWV�WR�WKH�FXUUHQW�LQVWUXFWLRQ�LQ�WKH
FRGH�VHJPHQW��D�IUDPH�SRLQWHU��)S���SRLQWV�WR�WKH�FXUUHQW�VWDFN�IUDPH��PRUH�H[SODQDWLRQ�ODWHU��DQG�D�VWDFN�SRLQWHU
�6S���SRLQWV�WR�WKH�WRS�HOHPHQW�RQ�WKH�VWDFN���7KH�VWDWH�RI�FRPSXWDWLRQ�FRQVLVWHG�RI�WKHVH�WKUHH�UHJLVWHUV��,S��)S�
6S��

7KH�VWDFN�DUFKLWHFWXUH�ZDV�YHU\�SRSXODU�DQG�FDQ�EH�GDWHG�EDFN�TXLWH� IDU�� IURP� WKH�%XUURXJK�PDFKLQH� �ZLWK� D
YHUVLRQ� RI� DQ� HDUO\� PXOWL�WDVNLQJ� RSHUDWLQJ� V\VWHP�� � :LWK� WKH� FXUUHQW� 9/6,� WHFKQRORJ\�� WKH� UHJLVWHU�EDVHG
DUFKLWHFWXUH�GRPLQDWHV�WKH�FRPSXWHU�GHVLJQ���)RU�D�PRUH�FXUUHQW�GLVFXVVLRQ�DERXW�PRGHUQ�VWDFN�DUFKLWHFWXUH��WKH
UHDGHUV�DUH�LQYLWHG�WR�FRQVXOW�&KDSPDQ¶V�ERRN���&KDSPDQ����������3UHVHQWO\��RQH�RI�D�FRPPHUFLDO�&38�WKDW�LV
EHLQJ�GHVLJQHG�HVSHFLDOO\�IRU�E\WH�FRGH�LQWHUSUHWLQJ�LV�EDVHG�RQ�VWDFN�DUFKLWHFWXUH��3LFRMDYD���������3LFRMDYD�LV�D
VSHFLDO� &38� ZKLFK� H[HFXWHV� -DYD� E\WH�FRGH�� DLPV� IRU� D� ORZ� SRZHU�� HPEHGGHG� DSSOLFDWLRQ� PDUNHW�� VXFK� DV
1HWZRUN�&RPSXWHUV�DQG�KDQG�KHOG�GHYLFHV�

����6WDFN�IUDPH
7KH�VWDWH�RI�WKH�FXUUHQW�VWDFN�LV�FDOOHG�³VWDFN�IUDPH´��RU�DFWLYDWLRQ�UHFRUG����%HVLGH�WKH�ZRUNLQJ�DUHD�LQ�D�VWDFN
IUDPH�� WKHUH� LV�DQ�DUHD� IRU� ORFDO�YDULDEOHV�DQG�DQ�DUHD� WR� VWRUH� WKH�VWDWH�RI�FRPSXWDWLRQ� �RI� WKH�SUHYLRXV�VWDFN
IUDPH����$�VWDFN�IUDPH�LV�VKRZQ�LQ�WKH�ILJXUH�EHORZ��ILJ��������
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KLJKHU�DGGUHVV

ZRUNLQJ
DUHD

VWDFN�VHJPHQW

FRGH�VHJPHQW

LS
VS

IS

VS


LS


IS


VWDWH�RI
FRPSXWDWLRQ

ORFDO�YDU

L�FRGH

VWDFN
IUDPH

)LJXUH�����6WDFN�IUDPH

7KH�ORFDO�YDULDEOHV�DUH�DFFHVVHG�E\�UHIHUULQJ�WR�WKHLU�ORFDWLRQV�LQ�UHODWLYH�WR�)S��IRU�H[DPSOH��WKH�ORFDWLRQ�RI�WKH
ILUVW�ORFDO�YDULDEOH�LV�WKH�ORFDWLRQ�DW�)S�����

����3DUDPHWHUV�SDVVLQJ
$�VWDFN� LV� XVHG� WR�SDVV� DQG� UHWXUQ�SDUDPHWHUV�EHWZHHQ� WKH� FDOOHU� DQG� WKH� FDOOHH�� �:KHQ�D� FDOO� RI� VXESURJUDP
�FDOOHG�³IXQFWLRQ´�LQ�5��ODQJXDJH��RFFXUV��D�QHZ�VWDFN�IUDPH�ZLOO�EH�FUHDWHG�WR�VWDUW�D�QHZ�FRPSXWDWLRQ�RI�WKH
FDOOHH�� DQG� WKH� SDVVLQJ� SDUDPHWHUV� DUH� WUDQVIHUUHG� WR� LW� �XVXDOO\� E\� FRS\LQJ� WKH� SDVVLQJ� SDUDPHWHUV� IURP� WKH
FDOOHU¶V� VWDFN� WR� WKH� FDOOHH¶V� ORFDO� YDULDEOHV��� �7KH�SDVVLQJ�SDUDPHWHUV�RI� WKH� FDOOHH� DUH�GHFODUHG� DV� LWV� IRUPDO
SDUDPHWHU�� �)RU�H[DPSOH�� �ZKHQ�FDOO�D�IXQFWLRQ�ZLWK���SDUDPHWHUV�� WKH�VWDWH�RI�ERWK�VWDFN�IUDPHV�DUH�VKRZQ�DV
IROORZV��

WRWDO�ORFDO

SDVVLQJ
SDUDP

IS


�
�
�

�
�
�

VS

IS FDOOHH
VWDFN
IUDPHFDOOHU

VWDFN
IUDPH

)LJXUH������&DOOHU¶V�VWDFN�DQG�FDOOHH¶V�VWDFN���6KRZ�KRZ�SDUDPHWHUV�DUH�SDVVHG�

,I�WKH�VWDFN�IUDPH�RI�FDOOHH�LV�RYHUODSSHG�ZLWK� WKH�VWDFN�IUDPH�RI� WKH�FDOOHU�� WKHUH�ZLOO�EH�QR�QHHG� WR�FRS\� WKH
SDVVLQJ�SDUDPHWHUV���,Q�RUGHU�WR�XVH�RYHUODSSLQJ�VWDFN�IUDPH��WKH�RUGHULQJ�RI�WKH�ORFDO�YDULDEOHV�PXVW�EH�VKXIIOHG�
L�H��WKH�ILUVW�SDUDPHWHU�PXVW�EH�QXPEHUHG�ZLWK�1�LQVWHDG�RI����ZKHUH�1�LV�WKH�WRWDO�QXPEHU�RI�ORFDO�YDULDEOHV��
7KHUHIRUH� LQVWHDG� RI� QXPEHULQJ� WKH� ORFDO� YDULDEOHV� IURP� ���1� DFFRUGLQJ� WR� WKH� RUGHU� LQ� ZKLFK� WKH� YDULDEOHV
DSSHDU��WKH�QXPEHULQJ�ZLOO�EHFRPH�1������7KH�UHQDPLQJ�VWHS�LV�WKH�SDUW�RI�WKH�SRVW�SURFHVVLQJ�RI�,�FRGH�DQG�FDQ
GRQH�E\� WKH�FRPSLOHU�� �3OHDVH�QRWH� WKDW� WKH�QXPEHULQJ�QHHGV�QRW� WR�EH� WKLV�ZD\� LI� D�GLIIHUHQW�PHWKRG� WR�SDVV
SDUDPHWHUV�LV�HPSOR\HG�

����,�FRGH�IRUPDW
7KHUH�DUH���IRUPDWV����]HUR�RSHUDQG��RQH�DQG�WZR�DQG�WKUHH�RSHUDQGV��DOO�RSHUDQGV�DUH����ELWV��
>�,F�@ $ULWKPHWLF�RS��/RJLFDO�RS��HWF�
>�,F��UHI�@ /LWHUDO��/YDO��5YDO��-XPS��:DLW��HWF�
>�,F��QSDUDP��QORFDO�@ IXQFWLRQ�FDOO
>�,F��SLG��QSDUDP��QORFDO�@ SURFHVV�FDOO
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����2SHUDWLRQDO�VHPDQWLF�RI�,�FRGH
1RWDWLRQ�IRU�GHVFULELQJ�WKH�RSHUDWLRQDO�VHPDQWLF�RI�,�FRGH�

&6>L@�FRGH�VHJPHQW�DW�WKH�DGGUHVV�L�
'6>L@�GDWD�VHJPHQW�DW�WKH�DGGUHVV�L�
66>L@�VWDFN�VHJPHQW�DW�WKH�DGGUHVV�L�
%RWK�GDWD�VHJPHQW�DQG�VWDFN�VHJPHQW�UHVLGHG�LQ�WKH�VDPH�DGGUHVV�VSDFH�DQG�FDQ�EH�GHQRWHG�E\�0>L@�PHPRU\
FRQWDLQHG�'6�DQG�66��DW�WKH�DGGUHVV�L�

6RPH�RSHUDWLRQV�WDNH�RSHUDQG�V��IURP�VWDFN�DQG�OHDYH�D�UHVXOW�RQ�WKH�VWDFN���7KH�VWDWH�RI�VWDFN�FDQ�EH�GHVFULEHG
E\�D�QRWDWLRQ�WKDW�LQGLFDWHV�WKH�YDOXHV�LQ�WKH�VWDFN���EHIRUH�DQ�RSHUDWLRQ�±�DIWHU�DQ�RSHUDWLRQ���ZKHQ�WKH�WRS�RI
VWDFN�LV�WKH�OHIW�PRVW�LWHP��WKH�³���´�GHQRWHV�WKH�LWHPV�WKDW�DUH�RI�QR�LQWHUHVWHG�WR�XV�

3XVK�[��LV�GHILQHG�DV
6S� �6S�������66>6S@� �[

[� �3RS�LV�GHILQHG�DV
[� �66>6S@��6S� �6S����

/LWHUDO
SXVK�WKH�FRQVWDQW�LQWR�WKH�VWDFN
>/LWHUDO��Q�@ SXVK��Q�� ������±�Q��

9DULDEOHV�DFFHVV
/YDOXH��SXVK�WKH�DGGUHVV�RI�WKDW�YDULDEOH���,I�WKH�YDULDEOH�LV�JOREDO�LWV�UHIHUHQFH�LV�LWV�DGGUHVV���,I�WKH�YDULDEOH�LV
JOREDO��LWV�DGGUHVV�LV�WKH�DGGUHVV�RI�WKDW�YDULDEOH�LQ�WKH�FXUUHQW�IUDPH���5YDOXH��SXVK�WKH�YDOXH�RI�WKDW�YDULDEOH�
>/YDOXHJ��UHI�@ SXVK��UHI�� ������±�UHI��
>/YDOXH��L�@ SXVK��)S�L�� ������±�DGV��
>5YDOXHJ��UHI�@� SXVK��'6>UHI@�� ������±�YDOXH��
>5YDOXH��L�@� SXVK��66>)S�L@�� ������±�YDOXH��

)HWFK��JHW�WKH�YDOXH�RI�WKH�YDULDEOH�ZKLFK�LWV�DGGUHVV�LV�RQ�WKH�VWDFN���6HW��VWRUH�D�YDOXH�WR�DQ�DGGUHVV��ERWK�YDOXH
DQG�DGGUHVV�DUH�RQ� WKH�VWDFN�� � ,QGH[��ZKLFK� LV� XVHG� WR� DFFHVV� DQ� DUUD\�YDULDEOH�� FDOFXODWHV� WKH� DGGUHVV�RI� WKDW
HOHPHQW�RI�WKH�DUUD\�DQG�OHDYHV�WKH�UHVXOW�RQ�WKH�VWDFN�
>)HWFK@ SXVK��0>�SRS�@�� �DGV�±�YDOXH�
>6HW@ 0>�SRS��@� �SRS� �DGV��YDOXH�±�����
>,QGH[@ SXVK��EDVHBDGV���LQGH[��� ��EDVH��LQGH[�±�DGV��

7UDQVIHU�RI�FRQWURO
-PS��-]��MXPS�WR�D�ORFDWLRQ��ZLWKRXW�DQG�ZLWK�FRQGLWLRQ��-]�LV�MXPS�LI�WKH�WRS�RI�VWDFN�LV�]HUR��
>-PS��DGV�@ ,S� �DGV
>-]��DGV�@� LI�SRS� ���WKHQ�,S� �DGV ��ERRO�±�����

&DOO��SXVK�WKH�UHWXUQ�YDOXH�DQG�MXPS�WR�WKDW�DGGUHVV�WR�FRQWLQXH�ZLWK�WKH�H[HFXWLRQ�RI�D�VXESURJUDP��D�IXQFWLRQ
RU�D�SURFHVV����)RU�D�IXQFWLRQ��D�QHZ�VWDFN�IUDPH�LV�FUHDWHG��WKH�SDUDPHWHUV�DUH�SDVVHG��E\�RYHUODS�VWDFN�IUDPH�
DQG� WKH� FXUUHQW� VWDWH� RI� FRPSXWDWLRQ� �RI� WKH� FDOOHU�� LV� VDYHG�� WKH� H[HFXWLRQ� LV� FRQWLQXH�ZLWK� WKH� FRGH� RI� WKDW
IXQFWLRQ���)RU�D�SURFHVV��D�QHZ�SURFHVV�GHVFULSWRU�LV�FUHDWHG��LWV�VWDWH�RI�FRPSXWDWLRQ�LV�LQLWLDOLVHG�DQG�WKH�SURFHVV
LV�DZDNHG���6WRS��WHUPLQDWH�D�SURFHVV�E\�UHPRYLQJ�LWV�SURFHVV�GHVFULSWRU�IURP�WKH�UHDG\�OLVW����GLVFXVVLRQ�DERXW
SURFHVV�LV�LQ�WKH�QH[W�VHFWLRQ����5HWXUQ�KDV�WZR�YDULHWLHV���5HW���DQG�5HW���%RWK�LQVWUXFWLRQV�UHPRYH�WKH�FXUUHQW
VWDFN�IUDPH��UHVWRUH�WKH�SUHYLRXV�VWDWH�RI�FRPSXWDWLRQ��ZKLFK�LV�VWRUHG�LQ�WKH�FXUUHQW�IUDPH����)RU�5HW���D�YDOXH
ZLOO�EH�UHWXUQHG�WR�WKH�FDOOHU¶V�VWDFN�
>&DOO��DGV�@ SXVK��,S����,S� �DGV ������±�UHWXUQBDGV��
>)XQF��QSDUDP��QORFDO�@ VDYH�VWDWH��QHZ�VWDFN�IUDPH��SDVV�SDUDPHWHUV
>3URF��SLG��QSDUD��QORFDO@�QHZ�SURFHVV�GHVFULSWRU��LQLWLDOLVH�VWDWH��DZDNH
>5HW�@ UHPRYH�VWDFN�IUDPH��UHVWRUH�VWDWH
>5HW�@ UHPRYH�VWDFN�IUDPH��UHVWRUH�VWDWH��UHWXUQ�D�YDOXH
>6WRS@ WHUPLQDWH�WKH�SURFHVV

�1RWH�WKDW�QSDUDP���QORFDO� �WRWDO�QXPEHU�RI�ORFDO�YDULDEOHV�RI�WKDW�IXQFWLRQ�RU�SURFHVV�

$ULWKPHWLF�DQG�/RJLF�RSHUDWRUV
%LQDU\�DULWKPHWLF�RSHUDWRUV��$RS��DUH�$GG��6XE��0XO��'LY���7KH\�ZLOO�WDNH���RSHUDQGV�IURP�WKH�VWDFN�DQG�UHWXUQ
WKH�UHVXOW�� �7KHVH�DUH�DULWKPHWLF�RQ�LQWHJHU�� �8QDU\�RSHUDWRUV��8RS��DUH�0LQXV�DQG�1RW��ZLOO� WDNH�RQH�RSHUDQG
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IURP�WKH�VWDFN�DQG�UHWXUQ�WKH�UHVXOW���%LQDU\�ORJLF�RSHUDWRUV��/RS��DUH�/7��/(��(4��1(��*(��*7��$QG��2U���7KH\
DUH�VLPLODU�WR�DULWKPHWLF�RSHUDWRUV�H[FHSW�WKH�UHVXOW�LV�ERROHDQ�
>$RS@ SXVK���SRS��$RS�SRS��� ��D��E�±�UHVXOW�DV�LQWHJHU��
>/RS@ SXVK���SRS��/RS�SRS���� ��D��E�±�UHVXOW�DV�ERROHDQ��
>8RS@ SXVK���8RS�SRS�� ��D�±�UHVXOW��

2XWSXW
3ULQW��WDNH�DQ�RSHUDQG�IURP�VWDFN�DQG�SULQW�LW�RXW�DV�DQ�LQWHJHU���3ULQWFK�LV�VLPLODU�DQG�SULQW�DV�D�FKDUDFWHU�
>3ULQW�@ SULQW�DQ�LQWHJHU ��D�±������
>3ULQWFK�@� SULQW�D�FKDUDFWHU ��F�±������

����3URFHVV
$�SURFHVV� LV� D�SURJUDP� LQ� H[HFXWLRQ�� � ,Q�5�� V\VWHP�� � VHYHUDO�SURFHVVHV� FDQ�EH� DFWLYH� DW� WKH� VDPH� WLPH�� �7KH
LPSOHPHQWDWLRQ�RI�FRQFXUUHQF\�LV�PXOWL�WKUHDGLQJ���ZKLFK�LV�DOVR�FDOOHG�³OLJKW�ZHLJKW�SURFHVV´���$�KHDY\�ZHLJKW
SURFHVV� LV�D�SURFHVV�ZLWK�D�VHSDUDWH�DGGUHVV�VSDFH�DQG�QHHG�YLUWXDO�DGGUHVV�PDSSLQJ� WR�SK\VLFDO�DGGUHVV��PD\
QHHG�D�008���$�OLJKW�ZHLJKW�SURFHVV�KDV�VLQJOH�DGGUHVV�VSDFH���$�WKUHDG�LV�D�WUDFH�RI�H[HFXWLRQ��D�VLQJOH�WKUHDG
SURFHVV�LV�UHVXOWHG�IURP�FR�RSHUDWLYH�SURFHVV���$�PXOWL�WKUHDG�SURFHVV�KDV�VHYHUDO�WUDFHV�DW�WKH�VDPH�WLPH��FDQ�EH
DFFRPSOLVKHG�E\�SUH�HPSWLYH�VFKHGXOHU�ZLWK�WLPH�VOLFLQJ�

����5XQ�WLPH�HQYLURQPHQW
(DFK�SURFHVV�ZLOO�KDYH� LWV�RZQ�VWDFN�VHJPHQW�� ,Q� WKLV� LPSOHPHQWDWLRQ�� WKHUH� LV� VLQJOH�DGGUHVV� VSDFH�� WKH� VWDFN
VHJPHQW�RI�DOO�SURFHVVHV�DUH� LQ� WKH�VDPH�DGGUHVV�VSDFH�� �7KH�DGYDQWDJH� LV� WKDW� WKHUH� LV�QR� WUDQVODWLRQ�EHWZHHQ
YLUWXDO�DGGUHVV�DQG�SK\VLFDO�DGGUHVV�WKHUHIRUH�LW� LV�IDVW�DQG�VLPSOH�� �7KH�GLVDGYDQWDJH� LV� WKHUH� LV�QR�SURWHFWLRQ
EHWZHHQ�SURFHVVHV���(DFK�SURFHVV�KDV�LWV�SURFHVV�GHVFULSWRU��3'��WR�VWRUH�WKH�QHFHVVDU\�LQIRUPDWLRQ��WKDW�LV��

3LG�� LV�WKH�SURFHVV�LG���,W�LV�D�XQLTXH�QXPEHU�WR�LGHQWLI\�HDFK�SURFHVV�
/LQN�3UHYLRXV��1H[W XVH�WR�OLQN�WKH�OLVW�RI�SURFHVVHV�
6WDWXV�� LQGLFDWHV�WKH�VWDWXV�RI�WKH�SURFHVV�^�UHDG\��UXQQLQJ��ZDLW������`
,S�)S��6S VDYH�WKH�VWDWH�RI�FRPSXWDWLRQ�
,Q����$ZDLW�0DLO�ER[�� NHHS�WKH�OLVW�RI�PDLO�WKDW�LV�VHQW�WR�WKLV�SURFHVV�RU�WKDW�LV�DZDLWLQJ�D

PDLO�IURP�WKLV�SURFHVV�

SLG

SUHY QH[W

VWDWXV

LS��IS��VS

LQ
PER[

DZDLW
PER[

)LJXUH������3URFHVV�GHVFULSWRU

:KHQ�D�SURFHVV�LV�FUHDWHG�DQG�LV�UHDG\�WR�VWDUW�WKH�H[HFXWLRQ��LWV�3'�ZLOO�EH�OLQNHG�WR�WKH�³UHDG\�OLVW´�ZKLFK�LV�D
GRXEO\�OLQNHG�FLUFXODU�OLVW�XVHG�E\�WKH�VFKHGXOHU���$�VFKHGXOHU�KDV�WKH�GXW\�RI�VHOHFWLQJ�D�SURFHVV�WR�UXQ�IURP�WKH
UHDG\� OLVW�� � 7KH� VFKHGXOLQJ� SROLF\� LV� D� 5RXQG�5RELQ� SROLF\� ZLWK� DQ� HTXDO� WLPH�VOLFH� IRU� HYHU\� SURFHVV�� � $
VFKHGXOHU�ZLOO�HQDEOH�D�SURFHVV�LQ�WKH�UHDG\�OLVW�WR�UXQ�XQWLO� LWV�WLPH�VOLFH�LV�RYHU�DQG�WKHQ�VZLWFKHV�WR�WKH�QH[W
SURFHVV�LQ�WKH�OLVW���,I�D�SURFHVV�HQWHUV�D�³ZDLW´�VWDWXV��LW�LV�VDLG�WR�EH�EORFNHG��XVXDOO\�EHFDXVH�LW�SHUIRUPV�VRPH
RSHUDWLRQ�WKDW�UHTXLUHV�ZDLWLQJ�IRU�DQRWKHU�SURFHVV��VXFK�DV�ZDLWLQJ�IRU�WKH�UHFHLYHU�WR�UHFHLYH�D�PDLO���LWV�3'�ZLOO
EH�UHPRYHG�IURP�WKH�UHDG\�OLVW����7KH�SURFHVV�LQ�³ZDLW´�VWDWXV�FDQ�EH�DZDNHQ�WR�HQWHU�³UHDG\´�VWDWXV�E\�LQVHUWLQJ
LWV�3'� LQWR� WKH� UHDG\� OLVW� �XVXDOO\� DW� WKH� HQG�RI� WKH� OLVW��� �7R�SHUIRUP� WKH� VZLWFK� IURP�RQH�SURFHVV� WR� DQRWKHU
�FDOOHG�FRQWH[W�VZLWFK���WKH�FXUUHQW�VWDWH�RI�FRPSXWDWLRQ��,S��)S��6S���RI�WKH�DFWLYH�SURFHVV��LV�VDYHG�LQ�LWV�3'�DQG
WKH�VWDWH�RI�FRPSXWDWLRQ�RI�WKH�SURFHVV�WR�EH�UXQ�LV�UHVWRUHG���7KH�ILUVW�SURFHVV�WR�EH�DFWLYH�LV�WKH�SURFHVV�WR�UXQ
WKH�PDLQ�SURJUDP�



��

$�GRXEO\� OLQNHG�FLUFXODU� OLVW� LV�DQ�DSSURSULDWH� VWUXFWXUH� IRU� WKH�3'� OLVW�� �7KH�VFKHGXOHU�XVHV� WKH�5RXQG�5RELQ
SROLF\�WKHUHIRUH�QHHGV�D�FLUFXODU�OLVW���7KH�XVH�RI�GRXEO\�OLQNHG�LV�QHFHVVDU\�EHFDXVH�D�3'�FDQ�EH�LQVHUWHG�DQG
UHPRYHG�DW�WKH�PLGGOH�RI�WKH�OLVW�

����0HVVDJH�3DVVLQJ
7ZR�SURFHVVHV�FDQ�FRPPXQLFDWH�E\�VHQGLQJ�DQG�UHFHLYLQJ�PDLOV���$�PDLO�LV�D�GDWD�VWUXFWXUH�ZLWK�WKUHH�ILHOGV���,G�
VWRUHG�WKH�SLG�RI�WKH�RZQHU�RI�WKH�PDLO��0HVVDJH��VWRUHG�WKH�PHVVDJH��DQG�1H[W�OLQN�VWRUHG�WKH�OLQN�WR�WKH�OLVW�RI
PDLOV� �ILJ�� ������ � 7KH� OLVW� RI� PDLOV� LV� D� VLQJO\� OLQNHG� OLVW�� � 6HQGLQJ� DQG� UHFHLYLQJ� PHVVDJHV� LV� D� RQH� WR� RQH
FRPPXQLFDWLRQ� DQG� WKH� SLG� RI� WKH� VHQGHU� DQG� WKH� UHFHLYHU� PXVW� EH� VSHFLILHG�� � 7KH� FRPPXQLFDWLRQ� LV
V\QFKURQRXV��WKDW�PHDQV�WKH�VHQGHU�ZLOO�ZDLW��JRHV�LQWR�WKH�³ZDLW´�VWDWXV��IRU�WKH�UHFHLYHU�XQWLO�WKH�PDLO�KDV�EHHQ
UHFHLYHG�� YLFH�YHUVD�� LI� D� UHFHLYHU� H[HFXWHV� D� UHFHLYH� LQVWUXFWLRQ� LW�ZLOO�ZDLW� XQWLO� WKH�PDLO� DUULYHG�� �7R� DYRLG
³EXV\�ZDLW´��WKH�SURFHVV�WKDW�LV�LQ�³ZDLW´�VWDWXV�ZLOO�EH�UHPRYHG�IURP�WKH�UHDG\�OLVW�� � ,W�ZLOO�EH�DZDNHQ�E\� WKH
SDUWQHU�ZKRP�LW�FRPPXQLFDWHG�ZLWK���)RU�H[DPSOH��WKH�VHQGHU�VHQW�D�PDLO�DQG�ZDLWHG��WKDW�PDLO�ZDV�OLQNHG�WR�LQ�
PDLOER[�RI� WKH� UHFHLYHU� LPPHGLDWHO\�� �:KHQ� WKH� UHFHLYHU�ZDQWHG� WR� UHFHLYH�D�PDLO� LW�ZRXOG�FKHFN� LWV� RZQ� LQ�
PDLOER[�IRU�WKH�PDLO�IURP�WKDW�SDUWLFXODU�SURFHVV��E\�ORRNLQJ�DW�WKH�,G�RI�WKH�PDLO����2QFH�WKH�UHFHLYHU�UHWULHYHG
WKH�PDLO�LW�ZRXOG�DZDNHQ�WKH�RZQHU�RI�WKH�PDLO�

LG
PHVVDJH

QH[W

)LJXUH������$�GDWD�VWUXFWXUH�RI�D�PDLO�

6LPLODUO\��LI�D�UHFHLYHU�ZDQWHG�WR�UHFHLYH�D�PDLO�DQG�WKHUH�ZDV�QR�PDLO�LQ�LWV�LQ�PDLOER[��LW�ZRXOG�VHQW�D�PDLO�ZLWK
DQ�HPSW\�PHVVDJH�WR�WKH�DZDLW�PDLOER[�RI�WKH�SURFHVV�LW�ZDQWHG�WR�FRPPXQLFDWH�ZLWK�WR�QRWLI\�WKDW�SURFHVV�WKDW
WKHUH�ZDV�D�SURFHVV�ZDLWLQJ�IRU�LWV�PDLO���7KH�UHFHLYHU�WKHQ�ZRXOG�EH�ZDLWLQJ���:KHQ�WKDW�SURFHVV�VHQW�LWV�PDLO��LW
ZRXOG�FKHFNHG�LQ�LWV�DZDLW�PDLOER[�DQG�IRXQG�WKH�DZDLWLQJ�QRWLILFDWLRQ�IURP�WKH�UHFHLYHU�SURFHVV���,W�ZRXOG�SXW
WKH� PHVVDJH� GLUHFWO\� WR� WKH� UHFHLYHU� SURFHVV¶V� VWDFN� DQG� ZRXOG� DZDNHQ� WKH� UHFHLYHU�� � 6HQG� DQG� UHFHLYH� LV
GHVFULEHG�EHORZ��ZKHUH�S�LV�D�SURFHVV�LG���

VHQG��S��PHVVDJH���LV
VHDUFK�LWV�RZQ�DZDLW�PDLOER[�IRU�D�QRWLI\�PDLO�IURP�S
LI�IRXQG��S�LV�ZDLWLQJ���UHWULHYH�WKH�PDLO��SXW�WKH�PHVVDJH�WR�S¶V�VWDFN�DQG�DZDNH�S�
LI�QRW�IRXQG��OLQN�PDLO�WR�WKH�LQ�PDLOER[�RI�S�DQG�VHOI�HQWHUV�³ZDLW´�

UHFHLYH��S��PHVVDJH����LV
VHDUFK�LWV�RZQ�LQ�PDLOER[�IRU�D�PDLO�IURP�S�
LI�IRXQG���S�LV�ZDLWLQJ����UHWULHYH�WKH�PDLO��JHW�WKH�PHVVDJH�DQG�DZDNH�S�
LI�QRW�IRXQG��OLQN�DQ�HPSW\�PDLO�WR�WKH�DZDLW�PDLOER[�RI�S��VHOI�HQWHUV�³ZDLW´�

,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�VHQG�DQG�UHFHLYH�KDYH�D�V\PPHWU\�RI�RSHUDWLRQ���7KH�OLVW�RI�PDLO�LV�LPSOHPHQWHG
E\�D��VLQJO\�OLQNHG�OLVW���,W�LV�DQ�DSSURSULDWH�VWUXFWXUH�EHFDXVH�WKH�RSHUDWLRQ�³LQVHUW´�IRU�WKH�OLVW�FDQ�EH�GRQH�DW�WKH
KHDG�RI�WKH�OLVW���7KLV�LV�SRVVLEOH�EHFDXVH�WKH�RUGHU�RI�PDLO�LQ�WKH�OLVW�LV�QRW�LPSRUWDQW�DV�WKHUH�FDQ�EH�RQO\�RQH
PDLO�IURP�RQH�SURFHVV��EHFDXVH�WKH�FRPPXQLFDWLRQ�LV�V\QFKURQRXV�ZKHQ�WKH�VHQGHU�VHQGV�RQH�PDLO�LW�ZLOO�KDYH
WR�ZDLW�XQWLO�WKH�UHFHLYHU�UHWULHYHV�LW����7KH�³UHWULHYH´�RSHUDWLRQ�LV�GRQH�ZKLOH�GRLQJ�³VHDUFK´�WKHUHIRUH�D�EDFN�
OLQN�LV�QRW�UHTXLUHG��DV�VHDUFK�RSHUDWLRQ�ZLOO�DOUHDG\�WUDYHUVH�WKH�OLVW� WKHUHIRUH�LW�KDV�WR�NHHS�WZR�SRLQWHUV��RQH
SRLQWV�WR�WKH�SUHYLRXV�QRGH��

>6HQG�@ GR�VHQG�RSHUDWLRQ��SLG�DQG�PHVVDJH�DUH�RQ�VWDFN� ��SLG��PHVV�±������
>5HFHLYH�@� GR�UHFHLYH�RSHUDWLRQ��SLG�RQ�VWDFN��VWRUH�PHVVDJH�WR�PHVV� ��SLG��PHVV�±������

�����6HPDSKRUHV
$� VHPDSKRUH� LV� D�PHFKDQLVP� WR� SURWHFW� VKDUH� UHVRXUFHV�� � ,W� ZDV� LQYHQWHG� E\�'LMNVWUD� ������� WR� VROYH� PDQ\
SUREOHPV�LQ�WKH�HDUO\�GD\V�RI�WKH�XVH�RI�FRPSXWHU�WR�GR�PDQ\�WKLQJV�DW�RQFH���$�VHPDSKRUH�LV�D�VSHFLDO�YDULDEOH�
%\� XVLQJ� ³ZDLW´� DQG� ³VLJQDO´� ZLWK� D� VHPDSKRUH� PDQ\� XVHIXO� V\QFKURQLVDWLRQ� RI� SURFHVVHV� FDQ� EH� DFKLHYHG�
³:DLW´�DQG�³VLJQDO´�KDV�WKH�IROORZLQJ�VHPDQWLF��



��

ZDLW���VHP��
LI�VHP�� ���ZDLW
HOVH�VHP� �VHP����

VLJQDO���VHP��
VHP� �VHP����

7KH�³ZDLW´�DQG�³VLJQDO´�PXVW�EH�DWRPLF�RSHUDWLRQV��L�H��LWV�RSHUDWLRQ�ZLOO�UXQ�WR�FRPSOHWLRQ�ZLWKRXW�DQ\�LQWHUUXSW
IURP�RWKHU�SURFHVV���7KLV�LV�WR�JXDUDQWHH�PXWXDO�H[FOXVLRQ�RI�WKH�VHPDSKRUH�YDULDEOH���7R�DYRLG�³EXV\�ZDLW´�WKH
SURFHVV�WKDW�HQWHUV�³ZDLW´�VWDWXV�ZLOO�EH�UHPRYHG�IURP�WKH�UHDG\�OLVW�DQG�ZLOO�EH�DZDNHQ�E\� WKH�FRUUHVSRQGLQJ
³VLJQDO´�� �$� VHPDSKRUH�YDULDEOH�KDV��� ILHOGV� �� YDOXH� DQG�ZDLWLQJ� OLVW�� �7KH� ³YDOXH´� ILHOG� KROGV� WKH� YDOXH� RI� D
VHPDSKRUH�� � 7KH� ³ZDLWLQJ� OLVW´� ILHOG� KROGV� WKH� OLVW� RI� WKH� SURFHVVHV� WKDW� ZDLW� RQ� WKDW� VHPDSKRUH�� � 7KH
LPSOHPHQWDWLRQ�RI�³ZDLW´�DQG�³VLJQDO´�ZLWKRXW�³EXV\�ZDLW´�LV�DV�IROORZV��

ZDLW���VHP��
LI�VHP�� ���VHOI�HQWHUV�³ZDLW´�VWDWXV��LQVHUW�LWV�3'�WR�WKH�ZDLWLQJ�OLVW�RI�VHP
HOVH�VHP� �VHP����

VLJQDO���VHP��
FKHFN�WKH�ZDLWLQJ�OLVW�LI�WKHUH�DUH�DQ\�ZDLWLQJ�SURFHVV
LI�IRXQG�UHPRYH�WKH�ILUVW�SURFHVV�LQ�WKH�OLVW�DQG�DZDNH�LW�
HOVH�VHP� �VHP����

7KH�ZDLWLQJ�OLVW�LV�D�)LUVW�,Q�)LUVW�2XW�TXHXH�WKHUHIRUH�WKH�VHOHFWLRQ�RI�D�SURFHVV�WR�EH�DZDNHQ��LQ�FDVH�WKDW�WKHUH
DUH�PDQ\�SURFHVVHV�LQ�WKH�OLVW��ZLOO�EH�IDLU�WR�DOO�SURFHVVHV���7KH�OLVW�PXVW�EH�LQVHUWHG�DW�WKH�HQG�DQG�UHPRYHG�DW
WKH�KHDG��ZKLFK�UHTXLUHV�WR�KDYH�D�SRLQWHU�WR�WKH�HQG�RI�OLVW�WR�DYRLG�WUDYHUVLQJ�WKH�OLVW���%HFDXVH�WKH�ZDLWLQJ�OLVW
LV�D�OLVW�RI�3'�DQG�3'�DOUHDG\�KDV�WZR�OLQNV�WKHUHIRUH�),)2�OLVW�FDQ�EH�LPSOHPHQWHG�

>:DLW��VHP@ GR�ZDLW�RSHUDWLRQ�RQ�VHP
>6LJQDO��VHP�@� GR�VLJQDO�RSHUDWLRQ�RQ�VHP
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���5HDO�WLPH�IDFLOLWLHV

)RU� UHDO�WLPH� DSSOLFDWLRQV� VRPH� RSHUDWLRQV� FRQFHUQLQJ� WLPH� DUH� QHFHVVDU\�� � 7KH� V\VWHP� WLPH� LV� LPSOHPHQWHG
XVLQJ�D����ELW�FRXQWHU�� �7KLV�LV�LQFUHPHQWHG�E\�WKH�UHDO�WLPH�FORFN�RI�WKH�XQGHUO\LQJ�V\VWHP�� �)RU� WKH�3&�ZLWK
'26��ZH�KDYH�LPSOHPHQWHG�WKH�V\VWHP�WLPH�XVLQJ�WKH�'26�WLPHU�LQWHUUXSW��ZKLFK��KDV�WKH�IUHTXHQF\������+]�
L�H��WKH�FORFN�ZLOO�EH�LQFUHPHQW������WLPHV�SHU�VHFRQG�RU�D�WDVN�VZLWFK�RFFXUV�HYHU\������PV��RQ�81,;�V\VWHP�
EHFDXVH�LW�LV�DOUHDG\�PXOWL�WDVN��LWV�WLPHU�FDQ�EH�XVHG�GLUHFWO\�WR�VHW�WR�DQ\�GHVLUHG�LQWHUYDO�����7KH�PDLQ�ORRS�RI
WKH�LQWHUSUHWHU�LV�DV�IROORZ��

ZKLOH��DFWLYHS�� �QLO���^
����H[HFSULP�FV>LS@��
����LI��IODJWLPHRXW���^
��������IODJWLPHRXW� ���
��������VZLWFKS���
����`
`

7KH�IODJWLPHRXW� LV�VHW�E\� WKH�XQGHUO\LQJ�UHDO�WLPH�FORFN�� �7KH� LQWHUSUHWHU� ORRS�H[HFXWHV�RQH�E\WH�FRGH�DQG
FKHFNV�LI��WKH�WLPHU�LQWHUUXSW�RFFXUV���,I�LW�LV�VR�WKH�LQWHUSUHWHU�ZLOO�VZLWFK�WR�WKH�QH[W�WDVN���$V�WKH�LQWHUUXSW�ZLOO
EH�FKHFNHG�RQO\�DW�WKH�FRPSOHWLRQ�RI�D�E\WH�FRGH�H[HFXWLRQ�� � WKH�E\WH�FRGH�LV�FRQVLGHUHG�³DWRPLF´�� �7KHUH�DUH
VHYHUDO�WLPH�IXQFWLRQV�SURYLGHG���*HWWLPH��'HOD\�DQG�$IWHU�

����$FFHVV�FORFN
7KH�V\VWHP�FORFN�KDV�FORFN�DV�D�YDULDEOH�ZKLFK�LWV�YDOXH�LV�XSGDWHG�HYHU\�³WLFN´��WKH�LQWHUQDO�WLPH�XQLW����7KH�WLFN
XQLW�KDV�D�VWURQJ�UHODWLRQVKLS�ZLWK�WKH�IUHTXHQF\�RI�LQWHUUXSW�WLPHU�RI�WKH�XQGHUO\LQJ�V\VWHP���$V�WKH�V\VWHP�WLPH
LV�DOZD\V�LQFUHDVLQJ�DQG�DOO�WKH�WLPHUV�DUH�UHODWLYH�WR�WKH�V\VWHP�WLPH��WKH�V\VWHP�WLPH�LV�QRW�DOORZHG�WR�FKDQJH�RU
WKH�LQFRQVLVWHQF\�ZLOO�RFFXU���7KHUHIRUH�WKH�JHWWLPH�IXQFWLRQ�LV�SURYLGHG�EXW�QR�IXQFWLRQ�WR�VHW�WLPH�
>JHWWLPH@ VWRUH�V\VWHP�WLPH�WR�DGV� ���DGV�±���

7KH�V\VWHP�WLPH�LV����ELW��RQ�D����ELW�V\VWHP�WKH�YDOXH�ZLOO�EH�VWRUHG�DV� WZR�FRQVHFXWLYH����ELW�ZRUGV� LQ�ELJ�
HQGLDQ�IRUPDW��PRVW�VLJQLILFDQW�ZRUG�ILUVW����)RU�D����ELW�V\VWHP�WKH�YDULDEOH�WR�VWRUH�WLPH�PXVW�EH�GHFODUHG�DV�DQ
DUUD\�RI���ZRUGV�

����7LPHU�OLVW
7KH�WLPHU�OLVW� LV�D�OLVW�RI�³WLPHU´�ZKLFK�LV�FUHDWHG�E\�SURFHVVHV�WR�NHHS�WKHLU�WLPH��IRU�WLPH�RXW�RSHUDWLRQV�DQG
GHOD\�RSHUDWLRQV��� �(DFK� WLPHU�FRQVLVWHG�RI�DQ�RZQHU� �SLG�RI�D�SURFHVV��DQG� WKH� WLPH�FRXQW�� �7KH� WLPHU� OLVW� LV
RUGHUHG�E\�WKH�DPRXQW�RI�WKH�WLPH�FRXQW�RI�HDFK�WLPHU�LQ�DVFHQGLQJ�RUGHU���7KHUHIRUH�RQO\�WKH�ILUVW�WLPHU�QHHGV�WR
EH�FKHFNHG�DW� WKH�UHJXODU� LQWHUYDO�DJDLQVW� WKH�V\VWHP�WLPH�� �2QFH� WKH�V\VWHP�WLPH�LV�JUHDWHU� WKDQ� WKH� WLPHU� WKH
WLPHU�LV�VDLG�WR�EH�³WLPH�RXW´�DQG�LV�UHPRYHG�IURP�WKH�WLPHU�OLVW�

����'HOD\
$�GHOD\HG�SURFHVV�VHQW�D�WLPHU�WR�WKH�WLPHU�OLVW�DQG�ZDLWHG�IRU�WKH�WLPHU�WR�WLPH�RXW�DQG�DZRNH�LWVHOI�
>GHOD\�@ SRS�D�YDOXH�IURP�VWDFN�DQG�VHQG�D�WLPHU� ��W�±������

����7LPH�RXW
7KHUH�DUH���IXQFWLRQV�WKDW�FDQ�FDXVHG�D�SURFHVV�WR�HQWHU�³ZDLW´�VWDWXV���VHQG��UHFHLYH��ZDLW�� �$�WLPH�RXW�FDQ�EH
SURJUDPPHG�IRU�WKRVH�IXQFWLRQV�XVLQJ�WKH�DIWHU�FODXVH���7KH�VHPDQWLFV�RI�³ZDLW´�IRU�VHPDSKRUH�DQG�PHVVDJH
SDVVLQJ�LV�H[WHQGHG�WR�LQFOXGH�WLPH�RXW���7KH�V\QWD[�DUH��

ZDLW�������DIWHU��W���^�ERG\�`
VHQG�������DIWHU���W���^�ERG\�`
UHFHLYH�������DIWHU���W���^�ERG\�`

7KH�E\WH�FRGHV�IRU�WLPH�RXW��DUH�WKH�FRXVLQV�RI�WKH�QRUPDO�E\WH�FRGHV���WPZDLW��WPVHQG��WPUHFHLYH�
>WPZDLW@ ZDLW�ZLWK�WLPH�RXW ��VHP��W��±������
>WPVHQG@� VHQG�ZLWK�WLPH�RXW�� ��SLG��PHVV���W�±������
>WPUHFHLYH@� UHFHLYH�ZLWK�WLPH�RXW� ��SLG��	PHVV��W�±������

)RU�H[DPSOH��D�VHQG�ZLWK�WLPH�RXW�ZLOO�JHQHUDWH�,�FRGH��
SLG�PHVV�W�>WPVHQG@�>MXPS���@�WLPH�RXW�ERG\���!
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:KHQ�D�SURFHVV�HQWHUV�³ZDLW´� LW�ZLOO� VHQG�D� WLPHU� WR� WKH� WLPHU� OLVW�� �:KHQ�D�SURFHVV� LV� QRUPDOO\� DZDNHQ� �QRW
EHFDXVH�RI�WLPH�RXW��LWV�WLPHU�ZLOO�EH�UHPRYHG�IURP�WKH�OLVW���7KDW�SURFHVV�ZLOO�FRQWLQXH�WR�H[HFXWH�IURP�MXPS
LQVWUXFWLRQ�ZKLFK�ZLOO�MXPS�DURXQG�WKH�WLPH�RXW�FRGH���,I�D�SURFHVV�LV�DZDNHQ�EHFDXVH�RI�WLPH�RXW�LWV�HQWU\�LQ�WKH
ZDLWLQJ�OLVW�PXVW�EH�DSSURSULDWHO\�UHPRYHG���7KHUH�DUH���FDVHV��

��� WKH�ZDLW�OLVW�LQ�0DLOER[�,Q�PDLO�
��� WKH�ZDLW�OLVW�LQ�$ZDLW�PDLO�DQG
��� WKH�ZDLWLQJ�OLVW�RI�D�VHPDSKRUH�

,Q�FDVHV�RI�0DLOER[��WKH�PHVVDJH�RI�WKDW�SURFHVV�PXVW�EH�DSSURSULDWHO\�UHPRYHG�IURP�LWV�SDUWQHU
V�PDLOER[���,Q
FDVH�RI�ZDLWLQJ�RQ�D�VHPDSKRUH��WKH�HQWU\�RI�WKDW�SURFHVV�LQ�WKH�ZDLWLQJ�OLVW�RI�WKDW�VHPDSKRUH�PXVW�EH�UHPRYHG�
7KH�WLPH�RXW�FRGH�ZLOO�EH�H[HFXWHG�

����7KH�XVH�RI�WLPH�RXW
7KH� WLPH�RXW� FDQ� EH� XVHG� WR� LPSOHPHQW� QRQ�GHWHUPLQLVP�� � 8VXDOO\�� WKLV� FDQ� EH� DFKLHYHG� XVLQJ� ³VHOHFWLYH
ZDLWLQJ´�ZKLFK�UHOD[�WKH�UHVWULFWLRQ�RI�VWULFW�V\QFKURQRXV�PHVVDJH�SDVVLQJ���*XDUGHG�FRPPDQG��'LMNVWUD�������
ZKHQ�XVHG�WR�JXDUG�D�PHVVDJH�RSHUDWRU�� LV�LPSOHPHQWHG�³VHOHFWLYH�ZDLWLQJ´�� �7KLV�ZDV�ILUVW� LQWURGXFHG�LQ�&63
�+RDUH����������$�JXDUGHG�FRPPDQG�LV�H[HFXWHG�RQO\�ZKHQ�LWV�JXDUG�HYDOXDWH�WR�758(��IRU�H[DPSOH

[���\��!�P�� �[
LI�[�LV�OHVV�WKDQ�\�WKHQ�DVVLJQ�WKH�YDOXH�RI�[�WR�P���7R�LPSOHPHQW�WKH�DOWHUQDWLYH�FKRLFH��

LI�[�� �\��!�P�� �[
��[�! �\��!�P�� �\
IL

WKH���GHQRWHV�WKH�FKRLFH���,I�ERWK�FKRLFHV�DUH�SRVVLEOH�WKHQ�DQ�DUELWUDU\�FKRLFH�LV�PDGH���7KLV�FRQVWUXFW�LV�QRQ�
GHWHUPLQLVWLF���8VLQJ�WLPH�RXW�ZH�FDQ�LPSOHPHQW�QRQ�GHWHUPLQLVP���)RU�H[DPSOH��D�PDLOER[�SURFHVV�FRQQHFWV�WR
PXOWLSOH�VHQGHUV��WKH�UHFHLYHU�ORRS�XVHV�WLPH�RXW�WR�SROO�WKH�LQSXW�FKDQQHOV���$VVXPH�PHVVDJH�LV�QRW����

SURFHVV�VHQGHU����^�VHQG�PDLOER[��P����`
SURFHVV�VHQGHU����^�VHQG�PDLOER[��P����`

SURFHVV�PDLOER[���^
���ZKLOH��Q�  �����^
������L� �UDQGRP����
������LI��L�  ����� �����^�UHFHLYH�VHQGHU��	Q��DIWHU�����`
������HOVH�LI���L�  �����^�UHFHLYH�VHQGHU��	Q��DIWHU�����`
����`
������
`

+HUH�WKH�DUELWUDU\�FKRLFH�LV�PDGH�E\�XVLQJ�D�UDQGRP�QXPEHU������

����5HDO�WLPH�VFKHGXOLQJ
7KH�VFKHGXOLQJ�DOJRULWKP�LV�EDVHG�RQ�5DWH�0RQRWRQLF�WKHRU\��/LX�DQG�/D\ODQG���������=KDR�DQG�RWKHUV�������
/HKRF]N\�DQG�RWKHUV��������5DPDPULWKDP��������ZLWK�D�JRRG�VXPPDU\� LQ� �6KD��������6KD�DQG�*RRGHQRXJK�
��������5��ODQJXDJH�LV�GHVLJQHG�WR�EH�VXLWDEOH�IRU�WKLV�PHWKRG���6RPH�LPSRUWDQW�FRQFHSWV�DUH�LQWURGXFHG�KHUH�

7HPSRUDO� 6FRSHV� LGHQWLI\� WKH� FROOHFWLRQ� RI� VWDWHPHQWV� ZLWK� DQ� DVVRFLDWHG� WLPLQJ� FRQVWUDLQW�� � 7KH� SRVVLEOH
DWWULEXWHV�RI�D�7HPSRUDO�6FRSH��76��DUH��

��� 'HDGOLQH
��� 0LQLPXP�GHOD\
��� 0D[LPXP�GHOD\
��� 0D[LPXP�H[HFXWLRQ�WLPH
��� 0D[LPXP�HODSVH�WLPH

$�V\VWHP�LV�VDLG�WR�EH�³KDUG´�UHDO�WLPH�LI�LW�KDV�GHDGOLQHV�WKDW�FDQQRW�EH�PLVVHG�IRU�LI�WKH\�DUH��WKH�V\VWHP�IDLOV�
$�V\VWHP�LV�³VRIW´�LI�WKH�DSSOLFDWLRQ�WROHUDQW�RI�PLVVHG�GHDGOLQHV���$�V\VWHP�LV�³LQWHUDFWLYH´�LI�LW�GRHV�QRW�KDYH
VSHFLILHG�GHDGOLQHV�EXW�VWULYHV�IRU�³DGHTXDWH�UHVSRQVH�WLPHV´�



��

7ZR�W\SHV�RI�SURFHVV�DUH�SUHVHQW�LQ�WKH�UHDO�WLPH�GRPDLQ���SHULRGLF�DQG�DSHULRGLF�� �3HULRGLF�SURFHVVHV�VDPSOH
GDWD�RU�H[HFXWH�D�FRQWURO�ORRS�DQG�KDYH�H[SOLFLW�GHDGOLQHV�WKDW�PXVW�EH�PHW���$SHULRGLF�SURFHVVHV��RU�VSRUDGLF�
DULVH�IURP�H[WHUQDO�DV\QFKURQRXV�HYHQWV�� �7KHVH�SURFHVVHV�KDYH�VSHFLILHG�UHVSRQVH� WLPH�DVVRFLDWHG�ZLWK� WKHP�
7KH�SURFHVV�PXVW�EH�DQDO\VHG�WR�JLYH�LWV�ZRUVW�FDVH�H[HFXWLRQ�WLPH��DOVR�PD\�REWDLQHG�DYHUDJH�H[HFXWLRQ�WLPH�

6FKHGXODELOLW\
*LYHQ�D�FROOHFWLRQ�RI�SURFHVVHV�DQG�DOO�DVVRFLDWHG�GHDGOLQHV��GHWHUPLQH� LI� WKLV� VHW�RI�SURFHVVHV� LV� VFKHGXODEOH�
7KLV�PHDQV�WKDW�LW�LV�SRVVLEOH�IRU�DOO�GHDGOLQHV�WR�EH�PHW�LQGHILQLWHO\�LQWR�WKH�IXWXUH���,Q�JHQHUDO��QHFHVVDU\�DQG
VXIILFLHQW�FRQGLWLRQV�IRU�VFKHGXODELOLW\�LV�QRW�NQRZQ���+RZHYHU��WKHUH�DUH�PDQ\�GLIIHUHQW�DOJRULWKPV�SUHVHQWHG�LQ
WKH� OLWHUDWXUH�ZKLFK� WHVW� IRU� VFKHGXODELOLW\�XQGHU�FHUWDLQ�SUHFRQGLWLRQV�DQG� UHVWULFWLRQV� �/HLQEDXJK��������6KD�
������

0HWKRG
)RU� HDFK� 76�� HVWLPDWH� WKH� WLPH� WKDW� LW� ZLOO� WDNH� WR� H[HFXWH� �ZRUVW� FDVH� DQDO\VLV��� � $SSO\LQJ� WKH� IROORZLQJ
UHVWULFWLRQV��
��� 1RW�DOORZ�G\QDPLF�PHPRU\�DOORFDWLRQ�DQG�G\QDPLF�SURFHVV�FUHDWLRQ�
��� 3ODFH�XSSHU�ERXQGV�RQ�DOO�ORRSV��PD[LPXP�QXPEHU�RI�LWHUDWLRQV��
��� *LYLQJ�WLPH�RXW�YDOXHV�IRU�DOO�LQWHUSURFHVV�FRPPXQLFDWLRQV�DQG�H[WHUQDO�LQWHUDFWLRQV�

6FKHGXOLQJ�DOJRULWKPV
��� 3UHHPSWLYH�SUHIHUHQFH�DOJRULWKP
��� 6FKHGXOLQJ�SHULRGLF�SURFHVVHV���UDWH�PRQRWRQLF��/LX�DQG�/D\ODQG�������
��� $SHULRGLF�SURFHVV��/HKRF]N\�HW�DO�������
��� (DUOLHVW�GHDG�OLQH
��� /HDVW�VODFN�WLPH

$� VFKHGXOLQJ� VFKHPH� GHILQHV� DQ� DOJRULWKP� IRU� UHVRXUFH� VKDULQJ� DQG� SUHGLFWV� WKH� ZRUVW�FDVH� EHKDYLRXU� RI� D
SURJUDP�� �0RVW� SHULRGLF� UHDO�WLPH� V\VWHPV� DUH� LPSOHPHQWHG� XVLQJ� D� F\FOLF� H[HFXWLYH�ZKLFK� LV� UHVWULFWLYH�� � $
SULRULW\�EDVHG�VFKHPH�JLYHV�D�PRUH�IOH[LEOH�PRGHO�KRZHYHU�LQWHUSURFHVV�V\QFKURQLVDWLRQ�FDQ�JLYH�ULVH�WR�SULRULW\
LQYHUVLRQ�� � 6RPH� IRUP� RI� SULRULW\� LQKHULWDQFH� �5DMNXPDU�� ������PXVW� EH� XVHG�� � 7KHUH� DUH� VHYHUDO� VFKHGXOLQJ
DOJRULWKPV�VXLWDEOH�IRU�SULRULW\�EDVHG�VFKHPH�VXFK�DV���UDWH�PRQRWRQLF��GHDGOLQH�PRQRWRQLF�DQG�DUELWUDU\���7KH
5�� VFKHGXOHU�XVHV� D� VLPSOH� URXQG�URELQ� VFKHPH�� LW� KDV� LQ� HIIHFW� D� F\FOLF� H[HFXWLYH� DQG� LV� UHVWULFWLYH� EXW� YHU\
SUHGLFWDEOH�



��

����,PSOHPHQWDWLRQ

����&RPSLOHU
7KH� FRPSLOHU� IRU� 5�� ODQJXDJH� KDV� EHHQ� FRQVWUXFWHG� DQG� SRUWHG� WR� WZR� PDFKLQHV�� 3&� DQG� 6XQ� 6SDUF�� � 7KH
FRPSLOHU�LV�ZULWWHQ�LQ�&�IRU�SRUWDELOLW\���7KH�SUHYLRXV�YHUVLRQ�RI�WKLV�FRPSLOHU�ZDV�ZULWWHQ�LQ�3DVFDO�RQ�D�3&�DQG
ZDV� FRPSOHWHO\� UHZULWWHQ� LQ�&� IRU� SRUWLQJ� WR�8QL[�PDFKLQHV�� �7KH� VL]H� RI� VRXUFH� SURJUDP�RI� WKH� FRPSLOHU� LV
DSSUR[LPDWHO\������OLQHV�

,W� LV� D� WZR�SDVV� FRPSLOHU�� � 7KH� ILUVW� SDVV� SURFHVVHV� DOO� JOREDO� GHFODUDWLRQV� DQG� SURGXFHG� DQ� LQWHUPHGLDWH� ILOH
³WPS����EDN´�� �7KH� LQWHUPHGLDWH� ILOH�ZKLFK� LV� XVHG�E\� WKH� VHFRQG�SDVV�� FRQWDLQV�RQO\� WKH�ERG\�RI� FRGH�� �$OO
GHFODUDWLRQV� DQG� FRPPHQWV� DUH� VWULSSHG� RXW�� �$OO� JOREDO� QDPHV� DUH� NQRZQ� E\� WKH� HQG� RI� WKH� ILUVW� SDVV�� � 7KH
VHFRQG�SDVV�UHDGV�WKH�LQWHUPHGLDWH�ILOH��SURFHVVHV�WKH�ERG\�RI�FRGH�DQG�JHQHUDWHV�L�FRGH�LQ�WKH�PHPRU\���$W�WKH
HQG� RI� VXFFHVVIXO� FRPSLODWLRQ�� WKH� L�FRGH� LV� SRVW�SURFHVVHG� WR� LPSURYH� LWV� VSHHG� RI� H[HFXWLRQ�� � 7KH� EXIIHU� LV
ZULWWHQ� RXW� ZLWK� D� KHDGHU� FRQWDLQLQJ� LQIRUPDWLRQ� QHFHVVDU\� IRU� DQ� LQWHUSUHWHU� WR� FKHFN� WKH� YDOLGLW\� RI� WKH
H[HFXWDEOH�FRGH���7KH�KHDGHU�LV����E\WHV�ORQJ�DQG�KDV�WKH�IROORZLQJ�IRUPDW��

�SXW,QW�0$*,&��
�SXW,QW�9(5��
�SXW,QW�FVL]H��
�SXW,QW�GVL]H��
�SXW,QW�SVL]H��
�SXW,QW����
�SXW,QW����
�SXW,QW����

ZKHUH�SXW,QW� �ZULWHV���E\WHV�ELQDU\��KL�E\WH�ILUVW�� �0$*,&� ��[�DEF��9(5� ��� IRU� WKLV�UHOHDVH��FVL]H�
GVL]H�DQG�SVL]H�DUH�WKH�VL]H�RI�FRGH��GDWD�DQG�WKH�QXPEHU�RI�SURFHVV�FRQVHFXWLYHO\�

7KH�VRXUFH�FRGH�RI�FRPSLOHU�FRQWDLQV�WKH�IROORZLQJ�SDUWV��

OH[LFDO�DQDO\VHU ����OLQHV
SDUVHU ����OLQHV
FRGH�JHQHUDWRU ����OLQHV
V\PERO�WDEOH� ����OLQHV
RWKHUV���K�HWF�� �� ����OLQHV
WRWDO�DSSUR[� �����OLQHV

7KH�FRPSLOHU�RQ�3&�LV�FRPSLOHG�E\�7XUER�&�Y�����DQG�LW�LV�WHVWHG�WR�ZRUN�SURSHUO\�XQGHU�'26��06�:LQGRZV
������06�:LQGRZV������7KH�YHUVLRQ�RQ�6XQ�6RODULV�LV�FRPSLOHG�E\�*18�&�FRPSLOHU�DQG�LV�WHVWHG�WR�ZRUN�XQGHU
6RODULV�������$V�WKLV�LV�D�VLPSOH�UHFXUVLYH�GHVFHQW�FRPSLOHU��WKH�FRPSLODWLRQ�VSHHG�LV�UHDVRQDEO\�IDVW���7KH�VRXUFH
FRGH�RI�FRPSLOHU�DUH�DUUDQJHG�DV�IROORZLQJ��

FRPSLOH�F��GFO�F��H[SU�F��KHDG�F��LFRGH�F��OH[�F��VWPW�F��V\PWDE�F

7KH�FRPSLOHU�DFFHSWV�LQSXW�VRXUFH�ILOH��LQ�5���DQG�SURGXFHV�DQ�,�FRGH�ILOH��DOVR�SURGXFHV�D�UHDGDEOH�YHUVLRQ�RI�,�
FRGH�����7KH�FRPPDQG�OLQH

F!�FRPSLOH�WHVW�W[W
SURGXFHV��WHVW�RXW��,�FRGH�ILOH��DQG�WHVW�OVW��UHDGDEOH�,�FRGH��

����,QWHUSUHWHU
7KH� LQWHUSUHWHU� LV�ZULWWHQ� LQ�&� IRU� SRUWDELOLW\� �XVLQJ� ROG�.HUQLJDQ� DQG�5LWFKLH¶V� VW\OH�&��� � ,W� LV� FRPSLOHG� DQG
WHVWHG�XQGHU�6RODULV�����XVLQJ�*18�&�FRPSLOHU�DQG�RQ�3&�XVLQJ�7XUER�&�Y����XQGHU�'26�DQG�:LQGRZV����7KH
VRXUFH�ILOHV�DUH�DUUDQJH�DV�IROORZV�

LQWHUSUHWHU ����OLQHV
SURFHVV ����OLQHV
PHVVDJH ����OLQHV
WLPHU ����OLQHV
RWKHUV� ���OLQHV
WRWDO�DSSUR[�� �����OLQHV

DQG�FRQVLVWHG�RI�WKH�IROORZLQJ�ILOHV��
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LQWHUS�F��PHVVDJH�F��SURFHVV�F��WLPHU�F

7KH� LQWHUSUHWHU� LV� LPSOHPHQWHG� HQWLUHO\� LQ� KLJK� OHYHO� ODQJXDJH� HYHQWKRXJK� WKH� UHDO�WLPH� IDFLOLWLHV� UHTXLUHG� DQ
DFFHVV� WR� ORZ�OHYHO� IXQFWLRQV�� � 7KH� V\VWHP� WLPH� LV� D� ���ELW� FRXQWHU�� � ,W� LV� LQFUHPHQWHG� WKURXJK� WKH� LQWHUUXSW
VHUYLFH� URXWLQH� RI� WKH� XQGHUO\LQJ� RSHUDWLQJ� V\VWHP�� � 2Q� 3&�� ZH� XVH� WKH� LQWHUUXSW� YHFWRU� �[�F�ZKLFK� KDV� WKH
IUHTXHQF\������+]�� �2Q�8QL[��ZH�XVH� �VLJQDO��� YLD�VHWLWLPHU���� �7KH� IUHTXHQF\�RI� LQWHUUXSWLRQ� FDQ� EH
DGMXVWHG� LQ� PLFURVHFRQG� XQLW�� � +RZHYHU�� WKH� DFWXDO� JUDQXDOLW\� RI� WKH� UHVROXWLRQ� RI� DODUP� WLPH� RQ� 8QL[� LV
SODWIRUP�GHSHQGHQW�� � ,I�ZH�DVVXPH�WKH� WLPHU� WLFNV�DW����+]��� WKH����ELW�V\VWHP�WLPH�LQ� WKH� LQWHUSUHWHU�ZLOO� ODVW
DSSUR[LPDWHO\��������KRXUV�RU�DERXW���\HDUV���7KLV�VKRXOG�EH�DGHTXDWH�IRU�PRVW�DSSOLFDWLRQV�

����3HUIRUPDQFH�RI�WKH�LQWHUSUHWHU
7KH�SHUIRUPDQFH�RI�WKH�LQWHUSUHWHU�LV�PHDVXUHG�LQ�WZR�FDWHJRULHV��

��� +RZ�IDVW�LW�H[HFXWHV�D�VLQJOH�WDVN�SURFHVV���7KLV�PHDVXUHV�LWV�H[HFXWLRQ�VSHHG�RI�EDVLF�L�FRGH�
��� +RZ�IDVW�LW�H[HFXWHV�PXOWL�WDVN�SURFHVV�ZLWK�LQWHUSURFHVV�FRPPXQLFDWLRQ���7KLV�PHDVXUHV�WKH�PHVVDJH

SDVVLQJ�SHUIRUPDQFH�

%HQFKPDUN�SURJUDPV
7KH� VLQJOH� WDVN� SHUIRUPDQFH� LV�PHDVXUHG� XVLQJ� 6WDQIRUG� LQWHJHU� EHQFKPDUN� VXLWH� �+HQQHVV\� DQG�1\H��ZKLFK
FRPSRVHG�RI�VHYHQ�VPDOO�SURJUDPV���KDQRL��SHUPXWDWLRQ��TXLFNVRUW��EXEEOH�VRUW��VLHYH��PDWUL[�PXOWLSOLFDWLRQ�DQG
��TXHHQ���7KH�G\QDPLF�LQVWUXFWLRQ�FRXQW�DUH�FROOHFWHG�DQG�WDEXODWH�LQ�7DEOH������)LJXUH�����VKRZV�WKH�IUHTXHQF\
RI�XVH�RI�HDFK�LQVWUXFWLRQ��5YDO�GRPLQDWHG�DOO�RWKHU�LQVWUXFWLRQV��IROORZV�E\�/YDOJ��,QGH[�DQG�$GG��

EXEEOH�VRUW VRUW�����QXPEHUV
KDQRL PRYH���GLVNV
PDWPXO PXOWLSO\�PDWUL[���[��
SHUP SHUPXWH���GLJLWV�RI����������
TVRUW TXLFN�VRUW�����QXPEHUV
TXHHQ ILQG�DOO�VROXWLRQ�RI���TXHHQ�SUREOHP
VLHYH ILQG�DOO�SULPH�QXPEHU�������

7KH�PHVVDJH�SDVVLQJ�SHUIRUPDQFH� LV�PHDVXUHG�ZLWK�D�VLPSOH�SURGXFHU�FRQVXPHU�VW\OH�SURJUDP�DV�EHQFKPDUN�
7KH�LQWHUSUHWHUV�RQ�3&�LV�FRPSLOHG�ZLWK�VSHHG�RSWLPLVDWLRQ��WXUQHG�RQ���7KH�3&�KDV�WKH�IROORZLQJ�VSHFLILFDWLRQ��
���';�����0+]�ZLWK����0E\WHV�5$0�

7DEOH������7KH�QXPEHU�RI�,�FRGH�LQVWUXFWLRQ�H[HFXWHG
SURJUDP QR�RI�LQVW�
EXEEOH �������
KDQRL �����
PDWPXO ������
SHUP �����
TVRUW ������
TXHHQ �������
VLHYH ������
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)LJXUH������WKH�QXPEHU�RI�HDFK�,�FRGH��[������H[HFXWHG�IRU�6WDQIRUG�LQWHJHU�EHQFKPDUN

7DEOH�������3HUIRUPDQFH�RI�WKH�LQWHUSUHWHU�RQ�3&
%HQFKPDUN QR��RI�LQVW� LQVW��VHF�
6WDQIRUG ��������� �������
0XOWL�WDVN ��������� ������

)RU� VLQJOH� WDVN�� UXQQLQJ� 6WDQIRUG� LQWHJHU� EHQFKPDUN� VXLWH�� WKH� LQWHUSUHWHU� DFKLHYHV� �������� LQVWUXFWLRQ� SHU
VHFRQG��7DEOH������� �)RU�PXOWL�WDVN��WKH�EHQFKPDUN�SHUIRUPV�D� WLJKW� ORRS�RI�SURGXFHU�FRQVXPHU� WZR�SURFHVVHV
WDVN�� � 7KHUH� DUH� �������� PHVVDJHV� VHQW� DQG� UHFHLYHG� EHWZHHQ� WZR� SURFHVVHV�� � 7KLV� EHQFKPDUN� H[HFXWHV
���������� LQVWUXFWLRQV�� KDV� �������� WDVN� VZLWFKHV�� DQG� PHDVXUHG� ������� LQVWUXFWLRQ� SHU� VHFRQG�� � 7KH
SHUIRUPDQFH� RI� WKLV� LQWHUSUHWHU� FRPSDUHG� IDYRXUDEO\�ZLWK� DQ� LPSOHPHQWDWLRQ� E\�5XDPPDKDVDS� �������ZKLFK
UHSRUWHG�WKH�SHUIRUPDQFH�RI� WKH�HDUOLHVW�SURWRW\SH�RI� WKLV� LQWHUSUHWHU� �DV��������LQVWUXFWLRQ�SHU�VHFRQGV�RQ�3&
ZLWK��������0+]��ZKHQ�DGMXVWHG�WKH�VSHHG�WR����0+]�WKH�QXPEHU�VKRXOG�EH�[��� ��������LQVW��VHF���

����2Q�OLQH�UHVRXUFHV
7KH�FXUUHQW� LPSOHPHQWDWLRQ� LV�YHUVLRQ������ �7KH�PRVW�XSWRGDWH�VRXUFH�DQG�EXJ�IL[HG� LQFOXGLQJ� WKH�EHQFKPDUN
SURJUDPV�FDQ�EH�IRXQG�DQG�GRZQORDGHG�IURP�WKH�KRPH�SDJH�RI�WKLV�SURMHFW��

KWWS���ZZZ�FS�HQJ�FKXOD�DF�WK�IDFXOW\�SMZ�U��5��KWP

$FNQRZOHGJHPHQW
7KH�SURWRW\SH�RI�WKLV�FRPSLOHU�LV�ZULWWHQ�E\�6RPVDN�5XDPPDKDVDS�DV�D�SDUW�RI�KLV�06F�WKHVLV��'HSDUWPHQW�RI
FRPSXWHU�HQJLQHHULQJ��&KXODORQJNRUQ�XQLYHUVLW\���������,W�KDV�EHHQ�KHDYLO\�PRGLILHG�DQG�LQ�PDQ\�SDUWV�UHZULWWHQ
LQWR�WKH�FXUUHQW�IRUP��$MDUQ�&KDWFKDZDQ�:RQJVLULSUDVHUW��'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ��&KXODORQJNRUQ
8QLYHUVLW\���KDV�KHOSHG�LPSOHPHQWLQJ�WKH�LQWHUUXSW�WLPHU�RQ�ERWK�3&�DQG�8QL[�V\VWHP�
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���&RQFOXVLRQ

2XU�REMHFWLYH�WR�FUHDWH�D�SURJUDPPLQJ�V\VWHP�WKDW�VXSSRUW�UHDO�WLPH�FRQWURO�DSSOLFDWLRQ�LV�PHW�ZLWK�WKH�GHVLJQ
DQG�LPSOHPHQWDWLRQ�RI�5��V\VWHP���,W�SURYLGHV�D�SURJUDPPLQJ�V\VWHP�ZKLFK�LV�KDUGZDUH�LQGHSHQGHQW�E\�KDYLQJ
DQ�DEVWUDFW�OD\HU�VHSDUDWH�DQ�DSSOLFDWLRQ�SURJUDP�DQG�WKH�XQGHUO\LQJ�FRQWURO�V\VWHP���5��ODQJXDJH�IDFLOLWDWHV�WKH
ZULWLQJ�RI�PXOWL�WDVN�SURJUDPV���7KH�ODQJXDJH�SURYLGHV�FRQFXUUHQF\�FRQWURO�DQG�SURWHFWLRQ�RI�VKDUHG�UHVRXUFHV
LQFOXGLQJ� UHDO�WLPH� IDFLOLWLHV� VXFK� DV� FORFN� DQG� WLPH�RXW�� � 7KH� SURJUDPPLQJ� V\VWHP� FRQVLVWHG� RI� D� FRPSLOHU
ZKLFK� FRPSLOH� D� VRXUFH� ODQJXDJH� LQWR� LQWHUPHGLDWH� FRGHV�� FDOOHG� ,�FRGH�ZKLFK�ZLOO� EH� H[HFXWHG� RQ� WKH� WDUJHW
PDFKLQH�E\�DQ�LQWHUSUHWHU��7KH�,�FRGH�LV�DQ�DUFKLWHFWXUDO�QHXWUDO�E\WH�FRGH�DLPV� WR�EH�SRUWDEOH�DQG�UHDVRQDEO\
HIILFLHQW�DFURVV�PDQ\�SODWIRUPV��7KH�LQWHUSUHWHU�LV�DQ�DEVWUDFW�PDFKLQH�ZKLFK�H[HFXWH�WKH�E\WH�FRGH��SURYLGLQJ
WKH�PXOWL�WDVN�HQYLURQPHQW�IRU�WKH�WDUJHW�PDFKLQH�

����$FFRPSOLVKPHQWV
:H�KDYH�DFFRPSOLVKHG�WKH�IROORZLQJ��WDVNV��
��� 7KH�ODQJXDJH�5��LV�FRPSOHWHO\�VSHFLILHG���,WV�IHDWXUHV�LQFOXGHG���FRQFXUUHQF\��SURWHFWLRQ�RI�VKDUHG�UHVRXUFHV

YLD�VHPDSKRUHV��V\PPHWULF�FRPPXQLFDWLRQ�EHWZHHQ�SURFHVVHV��UHDO�WLPH�IDFLOLWLHV�
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��� 2QH�H[SHULPHQWDO�V\VWHP�KDV�EHHQ�FRQVWUXFWHG�WR�RSWLPLVH�LQWHUPHGLDWH�FRGH�VHTXHQFHV�IRU�VSHHG���7KH�ZRUN
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���� %DVLF�IXQFWLRQV�VKRXOG�EH�H[WHQGHG�WR�LQFOXGH�PRUH�RSHUDWRUV�VXFK�DV�VKLIW��PRGXOR�HWF�
���� &RQWURO�IORZ��DW�OHDVW�VKRXOG�KDYH�IRU�ORRS�DQG�VZLWFK�FDVH�
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)RUPDO�V\QWD[�RI�5�

FRXULHU��� �WHUPLQDO�V\PERO
LWHP�RSW�� �RSWLRQDO

([SUHVVLRQ

H[SUHVVLRQ��
��SULPDU\
���H[SUHVVLRQ
��	�H[SUHVVLRQ
����H[SUHVVLRQ
����H[SUHVVLRQ
��H[SUHVVLRQ�ELQRS�H[SUHVVLRQ

SULPDU\��
��LGHQWLILHU
��FRQVWDQW
��VWULQJ
����H[SUHVVLRQ��
��SULPDU\���H[SUHVVLRQ�OLVW�RSW���
��SULPDU\�>�H[SUHVVLRQ�@

H[SUHVVLRQ�OLVW��
��H[SUHVVLRQ
��H[SUHVVLRQ���H[SUHVVLRQ�OLVW

OYDOXH��
��LGHQWLILHU
��SULPDU\�>�H[SUHVVLRQ��@
���H[SUHVVLRQ

ELQRS���RQH�RI
����������		�__���� �  �� �! �!

VWULQJ���
���FKDUDFWHU�VHTXHQFH��

'HFODUDWLRQ

GHFODUDWLRQ�OLVW��
��GHFODUDWRU
��GHFODUDWRU���GHFODUDWLRQ�OLVW

GHFODUDWRU��
��LGHQWLILHU
��GHFODUDWRU�>�FRQVWDQW�@

6WDWHPHQW

FRPSRXQG�VWDWHPHQW��
��^�VWDWHPHQW�OLVW�RSW�`
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VWDWHPHQW�OLVW��
��VWDWHPHQW
��VWDWHPHQW�VWDWHPHQW�OLVW

VWDWHPHQW��
��FRPSRXQG�VWDWHPHQW
��OYDOXH� �H[SUHVVLRQ��
��LI���H[SUHVVLRQ���VWDWHPHQW
��LI���H[SUHVVLRQ���VWDWHPHQW�HOVH��VWDWHPHQW
��ZKLOH���H[SUHVVLRQ���VWDWHPHQW
��UHWXUQ��
��UHWXUQ�H[SUHVVLRQ��
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3URJUDP

SURJUDP���
��GHILQLWLRQ
��GHILQLWLRQ�SURJUDP
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��GDWD�GHILQLWLRQ
��IXQFWLRQ�GHILQLWLRQ
��SURFHVV�GHILQLWLRQ

GDWD�GHILQLWLRQ���
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��VHPDSKRUH���GHFODUDWLRQ�OLVW��

IXQFWLRQ�GHILQLWLRQ��
��LGHQWLILHU���SDUDPHWHU�OLVW�RSW����^�VWDWHPHQW�OLVW�`

SURFHVV�GHILQLWLRQ��
��SURFHVV��LGHQWLILHU���SDUDPHWHU�OLVW�RSW����^�VWDWHPHQW�OLVW�`

SDUDPHWHU�OLVW��
��LGHQWLILHU
��LGHQWLILHU���SDUDPHWHU�OLVW

3UHFHGHQFH�RI�RSHUDWRUV��IURP�KLJKHVW�
���� GR�DQ�H[SUHVVLRQ�LQVLGH�����ILUVW
�����	 XQDU\�RS����PLQXV����ORJLF�QRW���GHUHI��	�DGGUHVV
���		 PXOWLSO\��GLYLGH��ORJLFDO�DQG
����__ DGG��VXEWUDFW��ORJLFDO�RU
��� �  �� �! �! UHODWLRQDO�RSHUDWRUV

%XLOW�LQ�IXQFWLRQ�DQG�VSHFLDO�IRUPV
>�@�RSW�� �RSWLRQDO

UHJLRQ�VHP��VWDWHPHQW
ZDLW�VHP��>�DIWHU�W��VWDWHPHQW�@RSW
VLJQDO�VHP�
VHQG�SQDPH�PHVVDJH��>�DIWHU�W��VWDWHPHQW�@RSW
UHFHLYH�SQDPH�	PHVVDJH��>�DIWHU�W��VWDWHPHQW�@RSW
SULQW��DFWXDOSDUDPHWHU�DQG�VWULQJ�FRQVWDQW��
JHWWLPH�	W�
GHOD\�W�
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7KH�,�FRGH

>�/LWHUDO��UHI�@ /LW
>�/YDOXH��UHI�@ /YDO��/YDOJ��5YDO��5YDOJ
>�,QGH[�@ ,QGH[
>�)HWFK�@ )HWFK��6HW
>�-PS��UHI�@ -PS��-]��&DOO
>�5HW��@ 5HW���5HW���6WRS
>�$GG�@ $GG�6XE�0XO�'LY�/7�/(�(4�1(�*(�*7�$QG�2U�1RW
>�6HQG�@ 6HQG��5HFHLYH��WP6HQG��WP5HFHLYH
>�:DLW��UHI�@ :DLW��6LJQDO��WP:DLW
>�3ULQW�@ 3ULQW��3ULQWFK
>�'HOD\�@ 'HOD\��*HWWLPH
>�)XQF��QIRUPDO��QORFDO�@ )XQF
>�3URF��SLG��QIRUPDO��QORFDO�@ 3URF

7DEOH�RI��,�FRGH�HQFRGLQJ

� � � � � � � �

� /LW /YDO /YDOJ 5YDO 5YDOJ )HWFK 6HW ,QGH[

� -PS -] &DOO )XQF 3URF 5HW� 5HW� 6WRS

�� $GG 6XE 0XO 'LY 0LQXV 1RW $QG 2U

�� /W /H (T 1H *H *W 3ULQW 3ULQWFK

�� 6HQG 5HFHLYH 6LJQDO 1RS 7P6HQG 7P5HF 7P:DLW 'HOD\

�� *HWWLPH

2SHUDWLRQDO�VHPDQWLF�RI�,�FRGH

1RWDWLRQ�IRU�GHVFULELQJ�WKH�RSHUDWLRQDO�VHPDQWLF�RI�,�FRGH�
&6>L@�FRGH�VHJPHQW�DW�WKH�DGGUHVV�L�
'6>L@�GDWD�VHJPHQW�DW�WKH�DGGUHVV�L�
66>L@�VWDFN�VHJPHQW�DW�WKH�DGGUHVV�L�
%RWK�GDWD�VHJPHQW�DQG�VWDFN�VHJPHQW�UHVLGHG�LQ�WKH�VDPH�DGGUHVV�VSDFH�DQG�FDQ�EH�GHQRWHG�E\
0>L@�PHPRU\�FRQWDLQHG�'6�DQG�66��DW�WKH�DGGUHVV�L�

6RPH�RSHUDWLRQV�WDNH�RSHUDQG�V��IURP�VWDFN�DQG�OHDYH�D�UHVXOW�RQ�WKH�VWDFN���7KH�VWDWH�RI�VWDFN�FDQ�EH�GHVFULEHG
E\�D�QRWDWLRQ�WKDW�LQGLFDWHV�WKH�YDOXHV�LQ� WKH�VWDFN� � �EHIRUH�DQ�RSHUDWLRQ�±�DIWHU�DQ�RSHUDWLRQ��ZKHQ�WKH� WRS�RI
VWDFN�LV�WKH�OHIW�PRVW�LWHP��WKH�³���´�GHQRWHV�WKH�LWHPV�WKDW�DUH�RI�QR�LQWHUHVWHG�WR�XV�

3XVK�[��LV�GHILQHG�DV
6S� �6S�������66>6S@� �[

[� �3RS�LV�GHILQHG�DV
[� �66>6S@��6S� �6S����

$RS��DULWKPHWLF�RS��DUH�3OXV��0LQXV��0XO��'LY
8RS��XQDU\�RS���������DUH�0LQXV�DQG�1RW
/RS��ORJLF�RS����������DUH�/7��/(��(4��1(��*(��*7��$QG��2U

,�FRGH 2SHUDWLRQDO�PHDQLQJ 3DUDPHWHUV�RQ�VWDFN

>/LWHUDO��Q�@ SXVK��Q�� ������±�Q��
>/YDOXHJ��UHI�@ SXVK��UHI�� ������±�UHI��
>/YDOXH��L�@ SXVK��)S�L�� ������±�DGV��
>5YDOXHJ��UHI�@ SXVK��'6>UHI@�� ������±�YDOXH��
>5YDOXH��L�@� SXVK��66>)S�L@�� ������±�YDOXH��
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>)HWFK@ SXVK��0>�SRS�@�� �DGV�±�YDOXH�
>6HW@ 0>�SRS��@� �SRS� �DGV��YDOXH�±�����
>,QGH[@ SXVK��EDVHDGV��LQGH[�� ��EDVH��LQGH[�±�DGV��
>-PS��DGV�@ ,S� �DGV
>-]��DGV�@� LI�SRS� ���WKHQ�,S� �DGV ��ERRO�±�����
>&DOO��DGV�@ SXVK��,S����,S� �DGV ������±�UHWXUQBDGV��
>)XQF��QSDUDP
�QORFDO�@

VDYH�VWDWH��QHZ�VWDFN�IUDPH��SDVV
SDUDPHWHUV

>3URF��SLG��QSDUDP
�QORFDO�@

QHZ�SURFHVV�GHVFULSWRU��LQLWLDOLVH�VWDWH�
DZDNH

>5HW�@ UHPRYH�VWDFN�IUDPH��UHVWRUH�VWDWH
>5HW�@ UHPRYH�VWDFN�IUDPH��UHVWRUH�VWDWH��UHWXUQ

D�YDOXH
�������±�UHVXOW��

>6WRS@ WHUPLQDWH�WKH�SURFHVV
>$RS@ SXVK���SRS��$RS�SRS��� ��D��E�±�UHVXOW�DV�LQW��
>/RS@ SXVK���SRS��/RS�SRS��� ��D��E�±�UHVXOW�DV�ERRO��
>8RS@ SXVK���8RS�SRS�� ��D�±�UHVXOW��
>3ULQW�@ SULQW�DQ�LQWHJHU ��D�±������
>3ULQWFK�@� SULQW�D�FKDUDFWHU ��F�±������
>6HQG�@ GR�VHQG��SLG�DQG�PHVVDJH�DUH�RQ�VWDFN ��SLG��PHVV�±������
>5HFHLYH�@�� GR�UHFHLYH��VWRUH�D�PHVVDJH�WR�PHVV ��SLG��	PHVV�±�����
>:DLW��VHP@ GR�ZDLW�RSHUDWLRQ�RQ�VHP
>6LJQDO��VHP�@ GR�VLJQDO�RSHUDWLRQ�RQ�VHP
>WPZDLW@ GR�ZDLW�ZLWK�WLPH�RXW ��VHP��W��±������
>WPVHQG@� GR�VHQG�ZLWK�WLPH�RXW�� ��SLG��PHVV���W�±������
>WPUHFHLYH@� GR�UHFHLYH�ZLWK�WLPH�RXW� ��SLG��	PHVV��W�±������
>JHWWLPH@ VWRUH�V\VWHP�WLPH�WR�W ��	W��±���
>GHOD\�@ SRS�D�YDOXH�IURP�VWDFN�DQG�VHQG�D�WLPHU ��W�±������
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