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)LJXUH�����2EMHFW�EURZVHU ��������������������������������������������������������������������������������������������������� ��

)LJXUH�����66�2��UHYLVLW�DQG�VSDWLDO�UHVROXWLRQ�IRU�WKH�&RORPELDQ�(DUWK�6XUIDFH� ������� ��

)LJXUH�������$UHD�WDUJHW�VHOHFWHG��&RORPELDQ�(DUWK�VXUIDFH� �������������������������������������������

)LJXUH�������5DGDU�VWDWLRQ�%UHWDJQH�DQG�JURXQG�VWDWLRQ�LQ�WKH�)UHQFK�*X\DQD ��������� ��

)LJXUH���������6HQVRU�LGHDOL]HG�WR�EH�XVHG�DV�IRU�WKH�&RORPELDQ�(DUWK�REVHUYDWLRQ ������

)LJXUH���������,GHDOL]HG�SODFH�RI�REVHUYDWLRQ�GDWD�KDQGOLQJ��%RJRWi�	�6DQ�$QGUpV� ����

)LJXUH�������6DWHOOLWH�VLPXODWLRQ�IRU�WKH�(DUWK�2EVHUYDWLRQ�LQ�D�66�2 ��������������������������

)LJXUH���������6DWHOOLWH�VLPXODWLRQ DV�IRU�WKH�(DUWK�2EVHUYDWLRQ�LQ�D�66�2 �������������������

)LJXUH�������)XOO�VLPXODWLRQ�LQ��'�DQG��'�UHVSHFWLYHO\ ��������������������������������������������������



�

/LVW�RI�'LDJUDPV

'LDJUDP������60$'�SURFHVV�IRU�WKH�PLVVLRQ�GHVLJQ�UHYLHZ �������������������������������������������� ��

'LDJUDP�����6WHSV�WR�'HYHORSLQJ�D�5HTXLUHPHQWV�%DVHOLQH��������������������������������������������� ��

'LDJUDP ������)XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�5HPRWH�6HQVLQJ�6XEV\VWHP ���������������� ��

'LDJUDP�������)XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�3RZHU�6XEV\VWHP �������������������������������� ��

'LDJUDP�������)XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�VWUXFWXUH�DQG�PHFKDQLVPV�6XEV\VWHP
������������������������������������������������������������������������������������������������������������������������������������������������ ��

'LDJUDP�������)XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�'DWD�+DQGOLQJ�6XEV\VWHP������������������ ��

'LDJUDP�������)XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�3URSXOVLRQ��WKHUPDO�DQG�$2&6�
6XEV\VWHPV ���������������������������������������������������������������������������������������������������������������������������� ��

'LDJUDP��������)XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�FRPPXQLFDWLRQV��WHOHPHWU\�DQG�
FRPPDQG�VXEV\VWHPV ����������������������������������������������������������������������������������������������������������� ��

'LDJUDP�������)XQFWLRQDO�GLDJUDP�IRU�WKH�5HPRWH�6HQVLQJ�6XEV\VWHP ������������������������ ��

'LDJUDP�������)XQFWLRQDO�GLDJUDP�IRU�WKH�3RZHU�6XEV\VWHP ����������������������������������������� ��

'LDJUDP�������)XQFWLRQDO�GLDJUDP�IRU�WKH�VWUXFWXUH�DQG�PHFKDQLVPV�6XEV\VWHP ������ ��

'LDJUDP�������)XQFWLRQDO�GLDJUDP�IRU�WKH�'DWD�+DQGOLQJ�6XEV\VWHP�V\VWHP�������������� ��

'LDJUDP�������)XQFWLRQDO�GLDJUDP�IRU�WKH�3URSXOVLRQ��WKHUPDO�DQG�$2&6�6XEV\VWHPV
������������������������������������������������������������������������������������������������������������������������������������������������ ��

'LDJUDP�������)XQFWLRQDO�GLDJUDP�IRU�WKH�FRPPXQLFDWLRQV��WHOHPHWU\�DQG�FRPPDQG�
VXEV\VWHPV ����������������������������������������������������������������������������������������������������������������������������� ��

'LDJUDP�����6\VWHPV�LQWHUIDFHV�DQG�KDUGZDUH�VRIWZDUH�GDWD�UHODWLRQVKLSV ����������������� ��

'LDJUDP�����6DWHOOLWH�6XEV\VWHPV�	�IXQFWLRQDO�UHTXLUHPHQWV ���������������������������������������� ��
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$EEUHYLDWLRQV�DQG�'HILQLWLRQ�RI�WHUPV

$2&6� $WWLWXGH�DQG�2UELW�&RQWURO�6\VWHP�
&&(� &RORPELDQ�6SDFH�&RPLVVLRQ��&RPLVLyQ�&RORPELDQD�GHO�(VSDFLR�
&1��&RQVWUDLQW�&RQVHFXWLYH�
&2(V� &ODVVLF�2UELWDO�(OHPHQWV�
&21$(� 1DWLRQDO�&RPPLVVLRQ�RI�$HURVSDFH��&RPLVLRQ�1DFLRQDO�GH�$FWLYLGDGHV�
$HURHVSDFLDOHV�
&86720(5� ,V�WKH�ERG\ LQ�FKDUJH�RQ�WKH�ILQDQFLQJ�RI�WKH�SURMHFW�DQG�ZLOO�
GHWHUPLQH�FKRRVH�WKH�XVHU�V��
'(&� 'HFLVLRQ� *R�QR�JR�
'13� 1DWLRQDO�3ODQQLQJ�GHSDUWPHQW��'HSDUWDPHQWR�1DFLRQDO�GH�SODQHDFLyQ��
'5,� 6\VWHP�'ULYHUV FRQVHFXWLYH�
($6� (OHPHQW�IRU�WKH�3URSXOVLRQ��WKHUPDO�DQG�$2&6�6XEV\VWHPV�
(&6� (OHPHQW�IRU�WKH�FRPPXQLFDWLRQV��WHOHPHWU\�DQG�FRPPDQG�VXEV\VWHPV�
(&66� (XURSHDQ�&RRSHUDWLRQ�IRU�6SDFH�6WDQGDUGL]DWLRQ�
('6� (OHPHQW�IRU�WKH�'DWD�+DQGOLQJ�6XEV\VWHP�
(/(� (OHPHQW�DSSOLFDWLRQ�
(36� (OHPHQW�IRU�WKH�3RZHU�6XEV\VWHP�
(56� (OHPHQW�IRU�UHPRWH�VHQVLQJ�6XEV\VWHP�
(6$� (XURSHDQ�6SDFH�$JHQF\�
(66� (OHPHQW�IRU�WKH�6WUXFWXUH�DQG�PHFKDQLVPV�6XEV\VWHP�
)$� )XQFWLRQDO�$WWULEXWH�
),5(6$7� 6DWHOOLWH¶V�QDPH�RI�((��88�PLVVLRQ�RI�DQ (DUWK�2EVHUYDWLRQ�6DWHOOLWH�
)8$� )XQFWLRQDO�$WWULEXWH�
)85� )XQFWLRQDO�UHTXLUHPHQW�
*(2� *HRVWDWLRQDU\�RUELW�
,&7� ,QIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJLHV�
,*$&� *HRJUDSKLF�LQVWLWXWH�$JXVWtQ�&RGD]]L��,QVWLWXWR�*HRJUiILFR�$JXVWtQ�&RGD]]L��
,1&26(� 7KH�,QWHUQDWLRQDO�&RXQFLO�RQ�6\VWHPV�(QJLQHHULQJ�
/(2� /RZ�(DUWK�2UELWV�
/,'$5� OLJKW�DPSOLILFDWLRQ�E\�VWLPXODWHG�HPLVVLRQ�RI�UDGLDWLRQ�
0(2� PHGLXP�HDUWK�RUELW�
0'5� 7KH�0LVVLRQ�GHVLJQ�UHYLHZ�
0,(�0LVVLRQ�(OHPHQWV�
0:V�0RPHQWXP�ZKHHOV�
1$6$� 1DWLRQDO�$HURQDXWLFV�DQG�6SDFH�$GPLQLVWUDWLRQ�
1'� 8VHU�&XVWRPHU�QHHGV�
1:'� 1R�ZRUNLQJ�GD\�
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1�&� 1XPEHU�RI�FRQVHFXWLYH�
2&'(� 2UJDQL]DWLRQ�IRU�WKH�HFRQRPLF�DQG�WKH�VRFLDO�GHYHORSPHQW��2UJDQLVDWLRQ�GH�
FRRSpUDWLRQ�HW�GH�GpYHORSSHPHQW�pFRQRPLTXHV��
3&2� 3UHOLPLQDU\�FRQVWUDLQWV�
3'5� 3UHOLPLQDU\�GHVLJQ�UHYLHZ�
3(3� 3HUIRUPDQFH�SDUDPHWHU�
3)5� 3UHOLPLQDU\�IXQFWLRQDO�UHTXLUHPHQW�
325� 3UHOLPLQDU\�RSHUDWLRQDO�UHTXLUHPHQW�
355� 3UHOLPLQDU\�UHTXLUHPHQWV�UHYLHZ�
4)'� TXDOLW\�IXQFWLRQ�GHSOR\PHQW�
4)85� 4XDQWLILDEOH�IXQFWLRQDO�UHTXLUHPHQW�
4)�7� 4XDQWLILDEOH�)XQFWLRQDO�	�WHFKQLFDO�UHTXLUHPHQW�
475� 4XDQWLILDEOH�WHFKQLFDO�UHTXLUHPHQW�
5$11� 5LJKW�$VFHQVLRQ�RI�WKH�$VFHQGLQJ�1RGH�
5:� 5HDFWLRQ�ZKHHO�
6$7&2���1DPH�RI�WKH�6DWHOOLWH�SURMHFW�SUHVHQWHG�LQ�WKLV�GRFXPHQW
6%6� 6XEV\VWHP�DIIHFWHG�
6(/3(5� /DWLQ�$PHULFDQ�6RFLHW\�RI�6SHFLDOLVWV�LQ�5HPRWH�3HUFHSWLRQ�DQG�*HRJUDSKLF�
6\VWHPV�,QIRUPDWLRQ��6RFLHGDG�/DWLQRDPHULFDQD�GH�(VSHFLDOLVWDV�HQ�3HUFHSFLyQ�
5HPRWD�\�6LVWHPDV�GH�,QIRUPDFLyQ�*HRJUiILFD��
60$'� 6SDFH�0LVVLRQ�$QDO\VLV�DQG�'HVLJQ�
655� 6\VWHPV�UHTXLUHPHQWV�UHYLHZ�
66�2� 6XQ�V\QFKURQRXV�RUELW�
6WDNHKROGHU��&XVWRPHU�8VHU�RU�JURXS�WKDW�KDV�D�FRQFHUQ�RQ�WKH�SURMHFW�GHYHORSPHQW�
7(&� 7HFKQLFDO�&KDUDFWHULVWLF�
86(5� ,V�WKH�ERG\ WKDW�LV�JRLQJ�WR�WDNH�DGYDQWDJH�RI�WKH�SURMHFW��WR�XVH�LW���DQG�ZLOO�
SHUIRUP�DFWLRQV�ZLWK�LW�
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$%675$&7

7KH�(DUWK�2EVHUYDWLRQ�LQ�&RORPELD�LV�D�IXQGDPHQWDO�WRSLF�ZKHUH�UHVHDUFK��GHYHORSPHQW�DQG�
VWXGLHV� DUH� QHHGHG� DFFRUGLQJ� WR� WKH� &RORPELDQ� 6SDFH�&RPPLVVLRQ >�@�� /RRNLQJ� IRUZDUG� WR�
DFFRPSOLVKLQJ� GLIIHUHQW� DSSOLFDWLRQV� RQ� KHDOWK�� GHIHQFH�� HQYLURQPHQWDO� DQG� VSDFH� UHVHDUFK��
+RZHYHU��LQ�WKH�FRXQWU\�WKHUH�DUH�IHZ�VWXGLHV�RQ�WKLV�WRSLF��
7KLV�GRFXPHQW KDV�EHHQ�GHYHORSHG�XVLQJ�DV�UHIHUHQFH�WKH�QHHGV RI�UHVHDUFKLQJ�RQ�WRSLFV�IRU�WKH�
&RORPELDQ�(DUWK�2EVHUYDWLRQ�E\�PHDQV�RI�/(2�VDWHOOLWHV KHQFH��D�FRQFHSWXDO�SURFHVV KDV�EHHQ�
SHUIRUPHG� LGHQWLI\LQJ� VLPLODU� SDSHUV� RI� /(2�2EVHUYDWLRQ� VDWHOOLWHV� EXW� QRW IRFXVHG� RQ� WKH�
&RORPELDQ�6SDFH�LWVHOI�

7KLV� GRFXPHQW KDV� EHHQ� VHOHFWHG� LQ� RUGHU� WR� HODERUDWH� D� FRQFHSWXDO� GHVLJQ� IRFXVHG� RQ� WKH�
&RORPELDQ�(DUWK�2EVHUYDWLRQ� UHTXLUHPHQWV� %\�PHDQV� RI� XVLQJ� WKH� (XURSHDQ� VWDQGDUG� >��@�
SKDVHV� ���DQG�$��DV� IRU� WKH�GHYHORSPHQW�RI� WKH�PLVVLRQ�GHILQLWLRQ��SUHOLPLQDU\�DQG� V\VWHPV�
UHTXLUHPHQWV DORQJ�ZLWK�D�PLVVLRQ�PRGHOLQJ� IRU� D�SUDFWLFDO�XQGHUVWDQGLQJ�RI� WKH�6DWHOOLWH� LQ�
&RORPELD�E\�PHDQV�RI WKH�67.�>��@�SURJUDP� 7KH�GDWD�IRXQG�DQG�UHVXOWV�REWDLQHG�IURP�WKLV�
UHVHDUFK�DUH�LQWHQGHG�WR�EH�D�EDVHOLQH�IRU�D�SUHOLPLQDU\ GHVLJQ�SURMHFW�RU�/RZ�(DUWK�2EVHUYDWLRQ�
UHVHDUFKHV�OLNHZLVH��WR�XQGHUVWDQG�WKH�GLIIHUHQW�IDFWRU�WKDW�DIIHFW�D�FRQFHSWXDO�GHVLJQ�SURFHVV�

%\� H[DPLQLQJ� GLIIHUHQW� GRFXPHQWV� DQG� LQIRUPDWLRQ� IURP� WKH� 6WDNHKROGHU� RI� WKH� VSDFHFUDIW�
UHTXLUHPHQWV�DQG�QHHGV��WKLV�UHVHDUFK�FROOHFWV�WKH�GDWD�REWDLQHG�DQG�LV�DGDSWHG�WR�WKH�PLVVLRQ�
REMHFWLYHV��GHPRQVWUDWLQJ�D�FRQFHSWXDO�SURFHVV�ZLWK�WKH�DQDO\VLV�DQG�GRFXPHQWDWLRQ��ZKLFK�LV�
KRSHG�WR EH�XVHG�DV�UHIHUHQFH�LQ�IXWXUH ZRUNV�

.H\ZRUGV� /LEHUWDG� ��� &RORPELDQ� $UWLILFLDO� 6DWHOOLWH� 6DW&R�� 6\VWHPV� HQJLQHHULQJ�
UHTXLUHPHQWV��67. &RORPELDQ�PRGHOLQJ�
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2%-(&7,9(6

*HQHUDO�2EMHFWLYH

7R� HODERUDWH� D� FRQFHSWXDO� GHVLJQ IRU� DQ� (DUWK� 2EVHUYDWLRQ� 6DWHOOLWH�� ZKLFK VHWV� D� PLVVLRQ�
GHILQLWLRQ��SUHOLPLQDU\�UHTXLUHPHQWV�DQG�V\VWHPV�UHTXLUHPHQWV EDVHG�RQ�WKH�&RORPELDQ�(DUWK�
2EVHUYDWLRQ¶V�QHHGV�

6SHFLILF�2EMHFWLYHV

L� 7R� HVWDEOLVK WKH� PDLQ� &RORPELDQ� QHHGV� UHJDUGLQJ WR� (DUWK�
2EVHUYDWLRQ DQG VSDFH�WHFKQRORJLHV�DSSOLFDEOH�IRU�WKLV�SURMHFW�

LL� 7R�VHW�D�SUHOLPLQDU\�0LVVLRQ�GHILQLWLRQ�EDVHG�RQ� WKH�FRQFHSWXDO�
UHVHDUFK�XVLQJ�WKH�LQIRUPDWLRQ�DQG UHVXOWV�DFKLHYHG WKURXJKRXW�WKLV�
SURMHFW��

LLL� 7R�GHILQH�WKH�SUHOLPLQDU\�V\VWHPV�DQG�UHTXLUHPHQWV QHHGHG��XVLQJ�
WKH�FRQFHSWXDO�SKDVHV�DSSOLFDEOH�WR�WKLV�SURMHFW�



��

,1752'8&7,21

7KLV�LV�D�SURMHFW�RI�D &RQFHSWXDO�GHVLJQ�RI�DQ�(DUWK�2EVHUYDWLRQ�6DWHOOLWH IRU�WKH�&RORPELDQ�
6XUIDFH��OLNHZLVH��LW�LV�EDVHG�RQ�WKH�(&66�(�67���&�VWDQGDUG >��@��ZKLFK��IRU�WKH�&RQFHSWXDO�
SKDVH� LV� VWDQGDUGL]HG� LQ� WKH� 3KDVHV� ]HUR� DQG� $�� WKH� PLVVLRQ�� SUHOLPLQDU\� DQG� V\VWHPV�
UHTXLUHPHQWV�UHYLHZ��0RUHRYHU��WKLV�GRFXPHQW LV�IRFXVHG�RQ�WKH�&RORPELDQ�QHHGV�VWDWHG�E\�WKH�
&XVWRPHU� DQG� XVHU�� WKH� 1DWLRQDO� 3ODQQLQJ� 'HSDUWPHQW� �'13�� DQG� WKH� &RORPELDQ� 6SDFH�
&RPPLVVLRQ�UHVSHFWLYHO\�
7KH�1DWLRQDO�3ODQQLQJ�GHSDUWPHQW��'13� LV�WKH ERG\�LQ�FKDUJH�RI�WKH�SODQQLQJ�DQG�SURJUDPV�
WKDW�DUH�SHUIRUPHG�GXULQJ�WKH�SUHVLGHQWLDO�WHUP �E\�DERXW�IRXU�\HDUV��LQ�&RORPELD��%HVLGHV��DV�
SDUW�RI�WKH�SURJUDPV�VWDWHG�LQ�WKH������DQG������SODQV�>��@� WKH\�UHFRJQL]H�DV�RQH�LPSRUWDQW�
REMHFWLYH�³WKH�GHYHORSPHQW�RI�WKH�6SDFH�5HVHDUFK LQ &RORPELD´�WKDW�QHHGV�WR�EH ZRUNHG�RQ��
7KHUHIRUH��WKH�'13�GHOHJDWHV�WKH�&RORPELDQ�6SDFH�&RPPLVVLRQ�DV�WKH�ERG\�LQ�FKDUJH�RI�WKH�
6SDFH�UHVHDUFK�PDWWHUV�

7KH�&RORPELDQ�&RPPLVVLRQ�IRU�WKH�6SDFH �&&(��ZDV�FUHDWHG�DIWHU�WKH�SUHVLGHQWLDO�GHFUHH�������
RI������DV�WKH�UHSUHVHQWDWLYH�VHFWLRQ IRU�WKH�SODQQLQJ��RUJDQL]DWLRQ��UHVHDUFK�DQG�DV�VWDJH�IRU�WKH�
JDWKHULQJ�RI� LQVWLWXWLRQDO�PDQDJHPHQW�DERXW��7HOHFRPPXQLFDWLRQV��VDWHOOLWH�QDYLJDWLRQ��(DUWK�
REVHUYDWLRQ��DVWURQDXWLFV��DVWURQRP\�DQG�DHURVSDFH�PHGLFLQH�>��@��+HQFH��WKLV�FRPPLVVLRQ�LV�
WKH�IRFDO�SRLQW�RI�WKH�VSDFH�PDWWHUV�DQG�LW�ZRUNV�DORQJ�ZLWK�GLIIHUHQW�HQWLWLHV�VXFK�DV�WKH�'HIHQVH�
0LQLVWU\��&LYLO�$HURQDXWLFV�DQG�WKH�'13 >��@��%HLQJ�WKLV�QRW�RQO\�D�GHIHQVH�EXW�DOVR�D�FLYLO�
SXUSRVHV�FRPPLVVLRQ�ZLWK� WKH�DLP�RI�JDWKHULQJ� WKH�6SDFH�UHVHDUFK� HYHU�VLQFH� WKHUH� LV�QRW�D�
6SDFH�$JHQF\�HVWDEOLVKHG LQ�&RORPELD�\HW�

7KLV�GRFXPHQW LV� OLPLWHG�E\� WKH�3KDVHV�RI� WKH�&RQFHSWXDO�GHVLJQ�RI� WKH�VWDQGDUG�PHQWLRQHG�
DERYH��OLNHZLVH��D�SUDFWLFDO�DQDO\VLV�LV�SHUIRUPHG�XVLQJ�WKH�2UELW�VDWHOOLWH�SURJUDP�67. >��@��
WKLV�LV ZLWK�WKH�REMHFWLYH�RI�JLYLQJ�D�SUDFWLFDO�DQDO\VLV�RI�WKH�UHTXLUHPHQWV�JDWKHUHG�GXULQJ�WKH�
UHVHDUFK��7KHUHIRUH��EHLQJ�WKLV�DV�D�SRVVLEOH�EDVHOLQH�IRU�D�IXWXUH�SUHOLPLQDU\�GHVLJQ�RI�DQ�(DUWK�
2EVHUYDWLRQ�6DWHOOLWH�ZLWK�D 6XQ�V\QFKURQRXV�RUELW �66�2���

,Q�&RORPELD� LQ�RQH�KDQG� WKH�6DWHOOLWH�SURMHFWV�EDFNJURXQG�LV�E\�MXVW�RQH��WKH�/LEHUWDG�� >��@��
$�SURMHFW�GHYHORSHG�LQ�7KH�6HUJLR�$UEROHGD�8QLYHUVLW\� EXW�RQ�WKH�RWKHU�KDQG��WKHUH�DUH�QR�PRUH�
NQRZQ�VDWHOOLWH�SURMHFWV��OHDYLQJ�WKHVH�WRSLFV�E\�IDU�GHHSO\�H[SORUHG >�@��(YHU�VLQFH�LQ�&RORPELD��
WKH�VSDFH�UHVHDUFK�DQG�SURMHFWV�LV�D�ILHOG�ZKHUH�WKHUH�LV�QR�D�ELJ�PDUNHW�FRPSHWLWLRQ��LW�EHFRPHV�
D�JRRG�SODFH�WR�VWDUW�WKRVH�SURMHFWV��QRW�RQO\�LQ�REVHUYDWLRQ�EXW�DOVR�FRPPXQLFDWLRQV��QDYLJDWLRQ�
DQG�GLIIHUHQW�DSSOLFDWLRQV� ZKLFK�QRZDGD\V�DUH�VXEFRQWUDFWHG�WR�RWKHU�&RXQWULHV�VDWHOOLWHV DQG�
FRXOG�EH�FRQWUDFWHG�ZLWK�D�QDWLRQDO�VHUYLFH��+RZHYHU��HYHU�VLQFH�WKHUH�LV�QRW�PXFK�LQIRUPDWLRQ�
UHJDUGLQJ�VSDFH�SURMHFWV��PDLQO\�2EVHUYDWLRQ�SURMHFWV��LQ�&RORPELD��LW�EHFRPHV�D�SUREOHP�WKH�
ODFN�RI�H[SHULHQFH��UHJXODWLRQV�DQG�ODZV�IRU�WKH�6SDFH�LQ�WKH�&RXQWU\��:KLFK�UHTXLUH�WLPH�WR�EH�
DFKLHYHG�DQG�LW�PD\�GHOD\�DQ\�DGYDQFH��UHVHDUFK��SURMHFWV�RU�DSSOLFDWLRQV�>��@��7KLV�*DS�FRXOG�
EH� VROYHG� E\� UHVHDUFKLQJ� PRUH� LQ� WKH� 8QLYHUVLWLHV�� HVWDEOLVKLQJ WKH� VSHFLILF� UHJXODWLRQV� LQ�



��

&RORPELD� IRU� WKH� VSDFH� PDWWHUV� DQG� WR� LQVWUXFW� PRUH� VWXGHQWV� LQ� WKH� DFDGHP\� VR� PRUH�
SURIHVVLRQDO�DQG�VSHFLDOL]HG�SHRSOH�RQ�WKH�ILHOG�VWD\�DQG�PD\�EH�RI�KHOS�LQ�WKH�KXJH�MRE�WKDW�OD\V�
DKHDG�IRU�WKH�6SDFH�UHVHDUFK�LQ�&RORPELD�

7KLV UHVHDUFK�LV�SUHVHQWHG�LQ�RUGHU�WR�FRQWULEXWH�WR�WKH�ODFN�RI�VWXGLHV��UHVHDUFK��H[SHULHQFH�DQG�
LQIRUPDWLRQ�RI�(DUWK�2EVHUYDWLRQ��ZKLFK�ILHOG�KDV�QRW�JUHDWO\�EHHQ�H[SORUHG�LQ�WKH�FRXQWU\�DQG�
LW�UHSUHVHQWV�D�FUXFLDO�WRSLF�IRU�WKH�GHIHQVH��HQYLURQPHQWDO�DQG�KHDOWK�DSSOLFDWLRQV��7KHUHIRUH��D�
66�2� VDWHOOLWH� LV� SURSRVHG� IRU� WKH�&RORPELDQ� (DUWK�2EVHUYDWLRQ� HYHU� VLQFH�� WKLV� WHFKQRORJ\
UHSUHVHQWV�WKH�PRVW�XVHG�DQG�FRPPRQ�RQH�LQ�WKH�(DUWK�2EVHUYDWLRQ�PDWWHUV��,W� LV�H[SHFWHG�WR�
DFKLHYH�WKH�LQIRUPDWLRQ�UHJDUGLQJ�WKH GLIIHUHQW�SKDVHV�RI�D�FRQFHSWXDO�GHVLJQ�DQG�WR�DFTXLUH�D�
V\VWHPDWLFDO�SURFHVV�WKDW�DOORZV�DQ�RUGHUHG�DQG�VWUXFWXUHG�XQGHUVWDQGLQJ�RI�WKH�GLIIHUHQW�WRSLFV�
RI�WKH�&RQFHSWXDO�SURFHVV�RI�D�6SDFH�0LVVLRQ�

7KH�FKDSWHUV� DUH�GLYLGHG� LQWR���� WKH�FKDSWHU���� ,V� WKH )UDPHZRUN�XVHG�RQ� WKH� GRFXPHQW�� WKH�
FKDSWHUV ��������DQG�� DUH�WKH�FRUH��ZKLFK�UHSUHVHQW WKH��PLVVLRQ�DQDO\VLV�DQG�GHVLJQ� PLVVLRQ�
GHILQLWLRQ� UHYLHZ� �0'5�´�� ³SUHOLPLQDU\� UHTXLUHPHQWV� UHYLHZ� �355�´�� V\VWHPV� UHTXLUHPHQWV�
UHYLHZ��655��DQG�³PLVVLRQ�GHVLJQ��SDUDPHWHUV�GHILQLWLRQ��DQDO\VLV�RI�UHVXOWV�DQG�VLPXODWLRQ�´
UHVSHFWLYHO\�� HYHU\� FKDSWHU� LV� IROORZHG� XVLQJ� WKH� UHIHUHQFH� IURP� WKH� 60$'� ERRN� >�@��
$IWHUZDUGV�� WKHUH� LV� D� FKDSWHU� IRU� WKH� &RQFOXVLRQV� DQG� ILQDOO\� WKH� UHIHUHQFH� XVHG� RQ� WKLV�
GRFXPHQW�

/LNHZLVH��WKLV�GRFXPHQW XVHV�D�4XDQWLWDWLYH PHWKRGRORJ\�WKDW�LV�SHUIRUPHG�H[DPLQLQJ�GLIIHUHQW�
GRFXPHQWV�DQG�LQIRUPDWLRQ�IURP�WKH�6WDNHKROGHU RI�WKH�VSDFHFUDIW�UHTXLUHPHQWV�DQG�QHHGV�DORQJ�
ZLWK�WKH�6WDQGDUGV�>��@ DQG�V\VWHPDWLF�SURFHVVHV�>�@��7KH�GLIIHUHQW�UHVXOWV�REWDLQHG�IURP�WKH�
UHVHDUFK�DUH�UHSUHVHQWHG�LQ�FKDSWHU�����DQG�WKH�FRQFOXVLRQV�RI�WKLV�GRFXPHQW LQ�FKDSWHU���
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7KH� &RORPELDQ� VWDWH� KDV� SUHYLRXVO\� UHPDUNHG WKH� LPSRUWDQFH� DQG� WKH� QHHGV IRU� WKH�
GHYHORSPHQW�RI�WKH�(DUWK�2EVHUYDWLRQ�UHVHDUFKHV DV�LW�LV�VHW�LQ�WKH�QDWLRQDO�SXEOLF�GHYHORSPHQW�
SODQV� RI ��������� DQG ��������� UHJLVWHUHG� LQ� WKH� QDWLRQDO� SODQQLQJ� GHSDUWPHQW�
�'HSDUWDPHQWR�QDFLRQDO�GH�3ODQHDFLRQ ³'13´�>�@���
(YHQ� WKRXJK�� WKH� (DUWK� 2EVHUYDWLRQ� LV� DQ� LPSRUWDQW� WRSLF� IRU� WKH� '13�� WKHUH� LV� D� ODFN� RI�
UHVHDUFKHV� LQIRUPDWLRQ�DQG�VXSSRUW�LQ�UHJDUGV�WR�WKLV�WRSLF�ZKLFK�LV�D�OLPLWDWLRQ�ZKHQ�WU\LQJ�
WR�UHIHU�WR�SURMHFWV�IRFXVHG�RQ�WKH�FRXQWU\¶V�QHHGV DFFRUGLQJ�WR�UHIHUHQFH�>�@� +RZHYHU��WKHUH�
DUH�MXVW�VRPH�DQDO\VLV DQG�UHYLHZV FRQFHUQLQJ�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�E\�PHDQV�RI�
³6DWHOOLWH�WHFKQRORJLHV´ ZKLFK�ZHUH�GHYHORSHG�E\�WKH�&RPPLVVLRQ�GHOHJDWHG�E\�WKH�1DWLRQDO�
*RYHUQPHQW�IRU�WKH�6SDFH�WKH�³&&(´� %HFDXVH�RI�WKLV��LQ�WKLV�SURMHFW�LW�LV�GHVLUHG�WR�FRQWULEXWH�
WR�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�E\�PHDQV�RI�D�UHVHDUFK�SURMHFW�

,W� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKDW� WKH (DUWK� 2EVHUYDWLRQ� SHUIRUPHG� E\� PHDQV� RI� 6DWHOOLWH�
WHFKQRORJLHV LV WKH�PRVW�FRPPRQ�ZD\�IRU�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�DQG�DW�WKH�VDPH�
WLPH�LW�LV�D�ILHOG�JUHDWO\�XQH[SORUHG�LQ�WKH FRXQWU\� $FNQRZOHGJLQJ�WKDW�LW�LV�QHHGHG�IRU�VRPH�
DSSOLFDWLRQV VXFK�DV�WKH�UHVHDUFK��LQWHOOLJHQFH��GHIHQVH��KHDOWK�DQG�HQYLURQPHQW� )RU�LQVWDQFH��
DFFRUGLQJ�WR�WKH�,QVWLWXWR�$JXVWtQ�&RGD]]L >��@�DQG�WKH�(DUWK�2EVHUYDWLRQ�0DJD]LQH�>��@��WKHUH�
LV�D�QHHG�RI�KDYLQJ�DQ�RZQ�UHPRWH�VHQVLQJ�V\VWHP�IRU�GHWHUPLQLQJ�WKH�ODQG�XVH�DQG�SRSXODWLRQ�
JURZWK��ZKLFK�LQIRUPDWLRQ�LV�FXUUHQWO\�UHQWHG�WR�RWKHU�FRXQWU\¶V�VDWHOOLWHV��,W�LV FUXFLDO�WR�FUHDWH�
ORFDO�WHFKQRORJLHV�WKDW�FDQ�EH�H[SORUHG�E\�ORFDO�DQG�IRUHLJQ�XVHUV��KHQFH��LW�LV�QHHGHG�WR�VWDUW�
DQG� FRQWLQXH� GLIIHUHQW� SURMHFWV� WKDW� DUH� IRFXVHG� RQ� WKH� &RORPELDQ� QHHGV� IRU� WKH� (DUWK�
2EVHUYDWLRQ��SURMHFWV�VXFK�DV�SDSHUV��GHVLJQV��PRGHOV��DQG�LQYHVWLJDWLRQV�

7KLV�GRFXPHQW KDV�JDWKHUHG�DQG�FRPSOLHG�WKH�LQIRUPDWLRQ�DQG�UHVHDUFKHV�RI�WKH�&RORPELDQ�
(DUWK�2EVHUYDWLRQ�QHHGV��DSSOLFDWLRQV��GHILQLWLRQ�RI�WKH�VWDNHKROGHU��XVHU�FXVWRPHU� DORQJ�ZLWK�
GLIIHUHQW� V\VWHPDWLFDO� DQDO\VLV�ZKLFK��PD\� FRQWULEXWH� WR� WKH�&RORPELDQ� (DUWK�2EVHUYDWLRQ�
UHVHDUFKHV�DQG�EHLQJ�WKLV�D�EDVHOLQH�IRU�XQGHUVWDQGLQJ�WKH�QHHGV�RI�LQYHVWLQJ��UHVHDUFKLQJ�DQG�
FUHDWLQJ� VWURQJ� ORFDO� WHFKQRORJLHV� WKDW� VKDOO� FRQWULEXWH� WR� WKH�FRXQWU\��7KLV� LV�EDVHG�RQ� WKH�
UHVHDUFK�TXHVWLRQ�WKDW�LV�VROYHG�WKURXJKRXW�WKH�SURMHFW��ZKLFK�LV��

+RZ� VKRXOG� D� UHPRWH� VHQVLQJ� V\VWHP� EH� SHUIRUPHG LQ� RUGHU� WR� EH IRFXVHG RQ� WKH�
&RORPELDQ�(DUWK�2EVHUYDWLRQ�DQG�6SDFH�WHFKQRORJ\¶V�QHHGV"�
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:LWK�WKH�DLP RI�WKH�GHYHORSPHQW�DQG UHVHDUFK RI QHZ�VDWHOOLWH�WHFKQRORJLHV LQ�WKH�&RORPELDQ�
DHURVSDFH�ILHOG WKLV�GRFXPHQW�QDPHG�³6DWFR�´ LV�SUHVHQWHG�XVLQJ WKH�(QJLQHHULQJ�NQRZOHGJH�
OHDUQHG�LQ�7KH�)XQGDFLRQ�8QLYHUVLWDULD�ORV�/LEHUWDGRUHV� WKH�SURIHVVLRQDO�H[SHULHQFH�ZRUNLQJ�
LQ� DQ� DHURVSDFH� FRPSDQ\ DQG�SHUIRUPLQJ� D� TXDQWLWDWLYH� UHVHDUFK�PHWKRGRORJ\��7KLV� SURMHFW�
FRQWDLQV�EDVLV�RI DHURVSDFH�FRQFHSWXDO�SKDVHV�UHVHDUFKHV� WKHUPRG\QDPLFV��PHFKDQLFDO�RUELWV�
DQG�DHURVSDFH�VWDQGDUGV�IRU�V\VWHPV�HQJLQHHULQJ OLNHZLVH��VDWHOOLWH��VWUXFWXUDO��DHURQDXWLFDO�DQG�
VSDFH�SURMHFWV�DUH�WDNHQ�DV�UHIHUHQFH�IRU�WKH�VSDFH�PLVVLRQ�GHILQLWLRQ��SUHOLPLQDU\�UHTXLUHPHQWV�
DQG�V\VWHPV�UHTXLUHPHQWV�

$UWLILFLDO�6DWHOOLWH�GHYLFHV�IRU�WKH�(DUWK�REVHUYDWLRQ�FDQ�FRQWULEXWH�WR�WKH�GHIHQVH��REVHUYDWLRQ��
UHVHDUFK�� HWF� %HFDXVH� WKH\� KDYH� WKH� FKDUDFWHULVWLFV� RI� EHLQJ� DYDLODEOH� DQG� IRFXVLQJ� WKH�
REVHUYDWLRQ� RQ� FHUWDLQ� WDUJHWV� DFFRUGLQJ� WR� WKH� GHVLUHG� PLVVLRQ� 2QH� H[DPSOH RI� WKLV�
GHYHORSPHQW�LQ�6RXWK�$PHULFD�LV WKH�³&KLQD�%UD]LO�(DUWK�5HVRXUFHV�6DWHOOLWH�3URJUDP´�ZKLFK�
REMHFWLYH�RI�D�SDUWQHUVKLS�LQ�WKH�VSDFH�WHFKQLFDO�VHFWRU�KDV�DOORZHG�%UD]LO�DGYDQFH�DQG�DFFHVV�
WR� WKHVH�FRPSOHWH� VDWHOOLWH� WHFKQRORJLHV� >�@�� 7KLV� FDQ�EH� QRWLFHG DV� WKHLU� LPDJHV�DUH� XVHG� LQ�
LPSRUWDQW�ILHOGV�VXFK�DV�FRQWUROOLQJ�GHIRUHVWDWLRQ�DQG�EXUQLQJ�LQ�WKH�$PD]RQ��WKH�PRQLWRULQJ�RI�
ZDWHU� UHVRXUFHV�� DJULFXOWXUH�� XUEDQ�JURZWK�� ODQG�XVH�� HGXFDWLRQ�DQG�PDQ\�RWKHU� DSSOLFDWLRQV
>��@��

7KH�&RORPELDQ�6SDFH�&RPPLVVLRQ��&&(��KDV�WKH�REMHFWLYH�RI�EHLQJ D�VXSSRUW�WR�WKH�&RORPELDQ�
FRXQWU\�WR�HQIRUFH�WKH�NQRZOHGJH�DERXW�WKH�(DUWK�DQG�6SDFH�E\�XVLQJ�PRGHUQ�WHFKQRORJLHV�>��@�
/LNHZLVH� WKH�)XQGDFLRQ�8QLYHUVLWDULD� ORV�/LEHUWDGRUHV DSSOLHV� WKH UHVHDUFK� DV� D�SURFHVV� WR�
GHYHORS� WKH� NQRZOHGJH� LQ� GLIIHUHQW� ILHOGV� VXFK� DV� WKH� (QJLQHHULQJ� DQG�%DVLF� VFLHQFHV� >��@��
7DNLQJ�LQWR�DFFRXQW WKH�SUHYLRXV�LQIRUPDWLRQ� WKLV�UHVHDUFK�SURMHFW�DLPV�WR�SURYLGH�VRPH�EDVLV�
DQG�VWDUW�XS�FRQFHSWV�WR�WKH�&RORPELDQ�(DUWK 2EVHUYDWLRQ�UHVHDUFK�DQG�GHYHORSPHQW�
(YHQ�WKRXJK�WKLV�FRPPLVVLRQ�H[LVWV��WKH�&&(��DQG�LW�KDG�RQH�SURMHFW�RQ�RUELW�QDPHG�³/LEHUWDG��´�
ZRUNLQJ�ZLWK�D�&RORPELDQ�8QLYHUVLW\��WKHUH�LV�D�QHHG�RI�PRUH�UHVHDUFK�DQG�QHZ�SURMHFWV�DQG�WKH�
FUHDWLRQ�RI�D�&RORPELDQ�6SDFH�$JHQF\��$V�LW�LV�VWDWHG�IRU�WKH�³'LJLWDO�WUDQVIRUPDWLRQ´��)URP�WKH�
&RORPELDQ�QDWLRQDO�SODQ�RI�GHYHORSPHQW������������LQ�LWV�VXESDUW�ILYH�>�@��,PSOHPHQWDWLRQ�RI�WKH�
QDWLRQDO�SROLF\�IRU�GHYHORSLQJ�WKH�6DWHOOLWH�,QGXVWU\�³,PSOHPHQWDFLyQ�GH�OD�SROtWLFD�QDFLRQDO�SDUD�
GHVDUUROODU�HO�VHFWRU�VDWHOLWDO´
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$�GHVFULSWLYH�UHVHDUFK�LV�ZKHQ�GHVFULELQJ D�VLWXDWLRQ��VXEMHFW��EHKDYLRU��RU�SKHQRPHQRQ��,W�LV�
XVHG� WR� DQVZHU� TXHVWLRQV� RI�ZKR��ZKDW��ZKHQ��ZKHUH�� DQG� KRZ�DVVRFLDWHG�ZLWK� D� SDUWLFXODU�
UHVHDUFK� TXHVWLRQ� RU� SUREOHP�� 'HVFULSWLYH� VWXGLHV� DUH� RIWHQ� GHVFULEHG� DV� VWXGLHV� WKDW� DUH�
FRQFHUQHG�ZLWK�ILQGLQJ�RXW�³ZKDW�LV´�>�@��7KLV�FRQFHSW�RI�D�³GHVFULSWLYH�UHVHDUFK´�LV�WKH�RQH�WKDW�
LV� JRLQJ� WR� EH� XVHG� RQ WKLV� UHVHDUFK� DV� D� UHVXOW RI� WKH� QHHG� RI� GHVFULELQJ� WKH SUHOLPLQDU\�
UHTXLUHPHQWV�VXFK�DV�WKH�SK\VLFDO�VWUXFWXUHV��V\VWHPV��VFKHGXOH DQG�ORFDWLRQ��WKLV�DOO�JDWKHUHG�LQ�
GHILQLWLRQ�RI�WKH�PLVVLRQ�

/LNHZLVH�� WKLV FRQFHSWXDO SURMHFW RI� DQ�(DUWK�2EVHUYDWLRQ�6DWHOOLWH� IRU� WKH�&RORPELDQ�(DUWK�
6XUIDFH�LV�JRLQJ�WR�XVH�D�4XDQWLWDWLYH�0HWKRGRORJ\� WKLV�PHWKRGRORJ\�KDV�EHHQ�VHOHFWHG�EDVHG�
RQ� WKH� PDLQ� REMHFWLYH� RI� WKH� SURMHFW� WKDW� UHTXLUHV� WKH� FRQFHSWXDO UHVHDUFK�� GDWD� FROOHFWLRQ��
0LVVLRQ�GHILQLWLRQ��SUHOLPLQDU\�UHTXLUHPHQWV�DQG�V\VWHP�UHTXLUHPHQWV�UHYLHZ��

7KH�FRQFHSWXDO�SURMHFW WDNHV�LQWR�DFFRXQW�GLIIHUHQW�IHDWXUHV�VXFK�DV�SUHOLPLQDU\�UHTXLUHPHQWV�
UHYLHZ�� GHILQLWLRQ� DQG� V\VWHPV WKHUHIRUH� PHWKRGV� DERXW D� GHVFULSWLYH� UHVHDUFK� KDYH� WR� EH�
QRWLFHG�� RQH� RI� WKHP� LV� WKH� GRFXPHQWDU\� UHVHDUFK� PHWKRG� WKDW� UHIHUV� WR� WKH� GRFXPHQWDWLRQ�
DQDO\VLV�DV�IRU�JDWKHULQJ�WKH�UHTXLUHG�GHVFULSWLRQV�XVLQJ�D�PHWKRG�IRU�LQIRUPDWLRQ�FROOHFWLRQ�
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6\VWHPV�HQJLQHHULQJ�LV� WKH�ILUVW�FRQFHSW�RI�WKLV�IUDPHZRUN��HYHU�VLQFH WKLV�SURFHVV�VKDOO�EH WKH�
EDVHOLQH�WR�VWDUW WKH�SURMHFW DORQJ�ZLWK�RWKHU�VWDQGDUGV�DQG�FRQFHSWV��DV�GHILQHG�DIWHUZDUGV�LQ�WKLV�
FKDSWHU���$FFRUGLQJ�WR�UHIHUHQFH�>��@��6\VWHP�(QJLQHHULQJ ³LV�DQ�LQWHUGLVFLSOLQDU\�FROODERUDWLYH�
DSSURDFK� WR� GHULYH�� HYROYH� DQG� YHULI\ D� OLIH� F\FOH� EDODQFHG� V\VWHP� VROXWLRQ� WKDW� VDWLVILHV�
VWDNHKROGHU�H[SHFWDWLRQV´��
7KLV�SURMHFW�LV�EDVHG�RQ�WKH�6SDFH HQJLQHHULQJ�VWDQGDUG�(&66�(�67���& >��@ WKDW�LV�JRLQJ�WR�EH�
IXUWKHU�GLVFXVVHG�LQ�SRLQW�����DQG�LW�UHSUHVHQWV�WKH�V\VWHP�HQJLQHHULQJ�VWHS�WR�VWHS�IRU�GHYHORSLQJ�
D�V\VWHP�HQJLQHHULQJ�SURFHVV��ZKLFK�PDNHV�SDUW�RI�WKH�REMHFWLYH�RI�WKLV�SURMHFW�

$IWHU�XQGHUVWDQGLQJ�WKDW�WKLV�SURMHFW�LV�EDVHG�RQ�D�6SDFH��V\VWHPV��HQJLQHHULQJ�WDVNV��WKH�QH[W�
WKLQJ�WR�GR�LV�WR�XQGHUVWDQG�ZKDW�NLQG�RI�PLVVLRQ��REMHFWLYHV�DQG�UHTXLUHPHQWV�WKLV�SURMHFW�KDV�
WR�DFFRPSOLVK�LQ�UHJDUGV�WR�WKH�FRQFHSWXDO�VLGH��VHH�VHFWLRQ�����³0LVVLRQ�7\SHV

����³9´�F\FOH

7KH� V\VWHPV� HQJLQHHULQJ� FDQ� EH� H[SUHVVHG� E\� D� OLIH� F\FOH��ZKLFK�� H[SUHVVHV� WKH� VWDJHV� RI� WKH�
SURFHVV�WKURXJK�D�F\FOH��WKH�V\VWHP�HQJLQHHULQJ�KDV�DQ�LWHUDWLYH�QDWXUH���'LIIHUHQW�OLIH�F\FOHV�FDQ�
WDNH�SDUW�LQ�WKH�SURMHFW�GHYHORSLQJ�LQFOXGLQJ�DGDSWHG�WR�WKH�PLVVLRQ�RI�WKH�6\VWHP�HQJLQHHU��WKRXJK�
LQ�WKLV�SURMHFW��WKLV�OLIH�F\FOH�LV�H[SUHVVHV�E\�D�³9´�F\FOH�DV�VKRZQ�LQ�ILJXUH�����³9�PRGHO� OLIH�
F\FOH´�
8VLQJ�WKH�UHIHUHQFH�IURP�WKH�³$�6\VWHPV�(QJLQHHULQJ�(QYLURQPHQW�IRU�,QWHJUDWHG�%XLOGLQJ�

'HVLJQ´�>��@��ZKHUH�LW�VWDWHV�D�FRPPRQ PRGHO�LQ�³9´ DV�D�JUDSKLF�WRRO�WR�UHSUHVHQW�WKH�OLIH�F\FOH�
ZKHUH�D�YHULILFDWLRQ�RFFXUV�KRUL]RQWDOO\�DQG�EHWZHHQ�WKH�GHILQLWLRQ�RI�HDFK�SKDVH� 7KH�GHVFHQW�RI�
WKH�³9´�PRGHO�GHILQHV�ZKDW�VKRXOG�EH�PDGH��GH�DVFHQW�RI�WKH�³9´�PRGHO�VWDQGV�IRU�WKH�FRPSRQHQWV�
WKDW�EXLOG�WKH�V\VWHP��DQG�LW�YHULILHV�WKH�UHODWLRQVKLS�RI�WKH�SURGXFW�ZLWK�UHJDUG�WR�WKH�VSHFLILFDWLRQ�
,V�LPSRUWDQW�WR�QRWLFH�WKDW�WKH�DUFKLWHFWXUDO�GHVLJQ��WKLUG�VHJPHQW�RI�ILJXUH������LV�WKH�VWDJH�WKDW�
WKLV�GRFXPHQW�LV�JRLQJ�DFKLHYH�DORQJ�ZLWK�WKH ³VWDNHKROGHU�DQG�V\VWHP�UHTXLUHPHQWV�VWDJHV´�

)LJXUH������³9´�PRGHO� OLIH�F\FOH�� WDNHQ�IURP�UHIHUHQFH�>��@��7\SLFDO�6(�SURFHVV�LQ�IRUP�RI�
³9´�VKDSHG�OLIH�F\FOH��
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����6SDFH�HQJLQHHULQJ�VWDQGDUG�(&66�(�67���&
,W�LV�LPSRUWDQW�WR�NQRZ�DERXW�WKH�6SDFH�HQJLQHHULQJ�6WDQGDUG�GXH�WR�WKH�QHHG�RI�XVLQJ�D�UHIHUHQFH
DQG�VWHSV�DOUHDG\�HVWDEOLVKHG IRU�IXWXUH�ZRUNV�HYHU�VLQFH�FOLHQWV��SDUWQHUVKLSV�RU�RWKHU�EXVLQHVV�
QHHG�WR�FRPPXQLFDWH�EHWZHHQ�HDFK�RWKHU�LQ�RQH�³ODQJXDJH´�RU�³6WDQGDUG´�
$V�SDUW�RI�WKH�OLIH�F\FOH LQ�WKH�V\VWHPV�HQJLQHHULQJ��WKHUH�DUH�GLIIHUHQW�VWDQGDUGV�RU�QRUPV�DQG�WKH\�
DUH�XVHG�LQ�RUGHU�WR�JLYH�V\VWHPDWLFDO�WDVNV�DQG�DFWLRQV�IRU�VSDFH�V\VWHPV�DQG�PLVVLRQV��WKH (&66�
(�67���& VWDQGDUG� VSHFLILHV� WKH� V\VWHP� HQJLQHHULQJ� LPSOHPHQWDWLRQ� UHTXLUHPHQWV� IRU� VSDFH�
V\VWHPV�DQG�VSDFH�SURGXFWV�GHYHORSPHQW�>��@� 7KLV�VWDQGDUG�JLYHV�WKH�WDVNV�WURXJK�³SKDVHV´ DQG
WKRVH� SKDVHV� DUH� WKH� SDUWV� IRU� GHYHORSLQJ� D� V\VWHP�HQJLQHHULQJ� UHTXLUHPHQWV� DQG�GHYHORSPHQW�
EDVHOLQH��7KHVH�SKDVHV�DUH FRPSRVHG�RI WKH�SKDVH�]HUR�³0LVVLRQ�DQDO\VLV´��SKDVH�$�³)HDVLELOLW\´
SKDVH�%�³SUHOLPLQDU\�GHILQLWLRQ´�DQG�SKDVHV�IRU�WKH�SURGXFW�FRQVROLGDWLRQ��ZKLFK�DUH�QRW�LQ�WKH�
VFRSH�RI�WKLV�SURMHFW�� 7KH�VWUXFWXUH�DQG�VWHSV�DUH�IXUWKHU�GLVFXVVHG�LQ�FKDSWHU���

����$HURVSDFH�UHVHDUFK�DQG�6DWHOOLWH�WHFKQRORJLHV�GHYHORSPHQW�LQ�&RORPELD

7KH�VSDFH UHVHDUFK�DQG�GHYHORSPHQW�LQ�6RXWK�$PHULFD�LV�UHIOHFWHG�LQ�HDFK�FRXQWU\�LQ�GLIIHUHQW�
ZD\V��IURP�KDYLQJ�QR�H[SHULHQFH�DQG�ODFN�RI�VXSSRUW�WR�KDYLQJ�D�VSDFH�DJHQF\�LQ�%UD]LO�³$JrQFLD�
(VSDFLDO� %UDVLOHLUD´ DQG� WKH� LPSURYHPHQW� LQ� WKH� ODZV� UHJDUGLQJ� DHURVSDFH� DV� D� FDVH� IURP�
$UJHQWLQD� ZLWK� WKH� 1DWLRQDO� &RPPLVVLRQ� RI� $HURVSDFH� $FWLYLWLHV� ³&RPLVLRQ� 1DFLRQDO� � GH�
$FWLYLGDGHV�$HURHVSDFLDOHV´��&21$(��
7KH &RORPELDQ� JRYHUQPHQW WKURXJKRXW� WKH� 1DWLRQDO� 3ODQQLQJ� 'HSDUWPHQW� �'13� KDV�
LPSOHPHQWHG�D�VLPLODU�FRPPLVVLRQ�LQ�FKDUJH�RI�WKH�DHURVSDFH�UHVHDUFK��REVHUYDWLRQ�DQG�QDYLJDWLRQ�
QDPHG�³&RPLVLRQ�&RORPELDQD�GHO�(VSDFLR´�$V�EDVHOLQH�RI�WKH�PLVVLRQ�UHVHDUFK��LW�ZDV�QHFHVVDU\�
WR�WDNH�DV�UHIHUHQFH�SUHYLRXV�UHVHDUFKHV�LQ�WKH�6SDFH�ILHOG�LQ�&RORPELD�DQG�LW�ZDV�IRXQG�WKDW�

³(O�VHFWRU�VDWHOLWDO�HV�XQ�FRPSRQHQWH�FODYH�GHO�HFRVLVWHPD�GLJLWDO��FRPR�SODWDIRUPD�SDUD�OD�
H[SORWDFLyQ�GH�GDWRV�PDVLYRV�\�XQ�LQVWUXPHQWR�SDUD�HO�GHVDUUROOR�HFRQyPLFR�\�VRFLDO�GH�ORV�
SDtVHV��2&'(���������2&'(��������´�

7KLV�PHDQLQJ�³7KH�VDWHOOLWH�,QGXVWU\ LV�D�NH\�FRPSRQHQW�RI�WKH�GLJLWDO�HFRV\VWHP��DV�D�SODWIRUP�
IRU�WKH�PDVVLYH�GDWD�H[SORLWDWLRQ�DQG�D�WRRO�IRU�WKH�HFRQRPLF�DQG�WKH�VRFLDO�GHYHORSPHQW�RI�WKH�
FRXQWULHV� �2&'(�� ������ �2&'(�� ������´� ,Q� WKLV� SODQ� IRU� WKH� GHYHORSPHQW� RI� VDWHOOLWH�
WHFKQRORJLHV� SURYHG� WKH� QHHG� RI� D� VWURQJ� UHVHDUFK� UHJDUGLQJ� VSDFH� DQG� VDWHOOLWH� WHFKV� IURP�
FRQFHSWXDO�GHVLJQ�WR�EXLOGLQJ�SURWRW\SHV�DQG�LQGXVWU\�

� )UHH�WUDQVODWLRQ



��

����0LVVLRQ�7\SHV

,Q�WKH�6SDFH�PLVVLRQ�WKHUH�DUH�GLIIHUHQW�W\SHV�DQG�WKH\�DUH�XVHG�LQ�DFFRUGDQFH�WR�DFKLHYH�WKH�
PLVVLRQ�REMHFWLYHV��WKHVH�PLVVLRQ�W\SHV�YDU\ IURP�UHPRWH�VHQVLQJ��WHOHFRPPXQLFDWLRQV��VSDFH�
H[SORUDWLRQ�DQG HDUWK�REVHUYDWLRQ�
7KH�LPSRUWDQFH�RI�WKHVH�PLVVLRQ�DUH WKH�QHHGV�RI�VWXG\LQJ�WKH�EHKDYLRU�RI�WKH�FOLPDWH�FKDQJHV��
WHOHFRPPXQLFDWLRQV��GHIHQVH�� ILUHV�GHWHFWLRQ��SRSXODWLRQ�DQG�DPRQJ�ZLWK�D�YDULHW\�RI�VHFWRUV�
ZKHUH�WKH�PLVVLRQ�W\SH�FDQ�EH�IRFXVHG�RQ DV�HVWDEOLVKHG RQ�UHIHUHQFH�>�@�

7KLV�GRFXPHQW�QDPHG�³6DWFR�´�DV�PHQWLRQHG�LQ�WKH�REMHFWLYHV LV�D�UHVHDUFK�IRFXVHG�RQ�WKH�(DUWK�
2EVHUYDWLRQ�RI�WKH�&RORPELDQ�(DUWK�6XUIDFH��WKLV�LQIRUPDWLRQ�DERXW� WKH�(DUWK�2EVHUYDWLRQ�LV�
H[SODLQHG�LQ�VHFWLRQ���� DQG�VKDOO�EH�WKH�UHIHUHQFH�IRU�VHWWLQJ�WKH�W\SHV�RI�UHTXLUHPHQWV�IRU�WKH�
&RORPELDQ (DUWK�2EVHUYDWLRQ FRQWH[W��H[SODLQHG�LQ�VHFWLRQ�����

����(DUWK�2EVHUYDWLRQ 	 UHPRWH�VHQVLQJ�

7KH�(DUWK�2EVHUYDWLRQ PLVVLRQV�DUH�GHVLJQHG�WR�LPSURYH�RXU�XQGHUVWDQGLQJ�RQ�WKH�(DUWK DQG�RQH�
ZD\� WR�SHUIRUP� WKLV� LV� WKURXJK�WKH�UHPRWH�VHQVLQJ��7KH�XVH�FXWWLQJ�HGJH�VSDFH�WHFKQRORJLHV� WR�
OHDUQ�PRUH�DERXW�WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�DWPRVSKHUH��ELRVSKHUH��K\GURVSKHUH��FU\RVSKHUH�DQG�
(DUWK¶V�LQWHULRU LV�D�YHU\�IXQGDPHQWDO�IDFWRU�ZKHQ�LW�FRPHV�WR�WKH�(DUWK�REVHUYDWLRQ >�@� 7KHVH�
LQWHUDFWLRQV� DUH� HVVHQWLDO� WR� XQGHUVWDQGLQJ� WKH� EHKDYLRU� RI� WKH�(DUWK� DV� D� V\VWHP� OLNHZLVH�� WKH�
XQGHUVWDQGLQJ�RI�WKH ZHDWKHU��FOLPDWH�FKDQJHV�DQG�EHKDYLRUV�DUH�HVVHQWLDO�IRU�WKH�HDUWK�REVHUYDWLRQ�
DQG�UHPRWH�VHQVLQJ�
$FFRUGLQJ� WR� WKH� 2FHDQ� VHUYLFH� SDJH� >��@�� WKH UHPRWH� VHQVLQJ� LV� WKH VFLHQFH� RI� REWDLQLQJ�
LQIRUPDWLRQ DERXW�REMHFWV�RU�DUHDV�IURP�D�GLVWDQFH��W\SLFDOO\�IURP�DLUFUDIW�RU�VDWHOOLWHV��5HPRWH�
VHQVRUV�FROOHFW�GDWD�E\�GHWHFWLQJ�WKH�HQHUJ\ WKDW�LV�UHIOHFWHG�IURP�(DUWK�DQG�WKHVH�VHQVRUV�FDQ�EH�
RQ�VDWHOOLWHV�RU�PRXQWHG�RQ�DLUFUDIW��/LNHZLVH�� WKH�UHPRWH�VHQVLQJ� W\SHV�DUH�WZR�³SDVVLYH´�DQG�
³DFWLYH´��7KH�$FWLYH�UHPRWH�VHQVLQJ�LV�WKH�RQH�ZKLFK� LQVWUXPHQW�HPLWV�HQHUJ\�DFWLYHO\�UDWKHU�
WKDQ�FROOHFWLQJ�LQIRUPDWLRQ�DERXW�OLJKW�HQHUJ\�IURP�DQRWKHU�VRXUFH��WKH�VXQ� >��@�DV�LW�KDSSHQV�
LQ�WKH�³SDVVLYH´�WKHUH�PHWKRGV�DUH�H[SODLQHG�LQ�VHFWLRQ���� ³UHPRWH�VHQVLQJ�PHWKRGV´

����5HPRWH�VHQVLQJ�0HWKRGV

,Q�WKH�UHPRWH�VHQVLQJ�DV�H[SODLQHG�LQ�VHFWLRQ���� DQG�DFFRUGLQJ�WKH�1$6$�HDUWK�REVHUYDWRU\�
>��@� WKHUH� DUH� WZR� W\SHV�� WKH� SDVVLYH� DQG� DFWLYH�� LQ� RQH� KDQG�� WKH� SDVVLYH� LQVWUXPHQWV �RU�
PHWKRGV� GHWHFW�QDWXUDO� HQHUJ\� WKDW� LV� UHIOHFWHG�RU� HPLWWHG� IURP� WKH�REVHUYHG� VFHQH��3DVVLYH�
LQVWUXPHQWV�VHQVH�RQO\�UDGLDWLRQ�HPLWWHG�E\�WKH�REMHFW�EHLQJ�YLHZHG�RU�UHIOHFWHG�E\�WKH�REMHFW�
IURP�D�VRXUFH�RWKHU�WKDQ�WKH�LQVWUXPHQW��5HIOHFWHG�VXQOLJKW�LV�WKH�PRVW�FRPPRQ�H[WHUQDO�VRXUFH�
RI�UDGLDWLRQ�VHQVHG�E\�SDVVLYH�LQVWUXPHQWV��6FLHQWLVWV�XVH�D�YDULHW\�RI�SDVVLYH�UHPRWH�VHQVRUV
VXFK�DV�WKH�UDGLRPHWHU��LPDJLQJ�UDGLRPHWHU��VSHFWURPHWHU�DQG�WKH�VSHFWURUDGLRPHWHU��VHH�VHFWLRQ�
������WR������ IRU�HDFK�H[SODQDWLRQ�



��

������ 5DGLRPHWHU� $Q� LQVWUXPHQW� WKDW� TXDQWLWDWLYHO\� PHDVXUHV� WKH� LQWHQVLW\� RI�
HOHFWURPDJQHWLF�UDGLDWLRQ�LQ�VRPH�EDQG�RI�ZDYHOHQJWKV�LQ�WKH�VSHFWUXP��

������ ,PDJLQJ UDGLRPHWHU� $ UDGLRPHWHU�WKDW�LQFOXGHV�D�VFDQQLQJ�FDSDELOLW\�WR�SURYLGH�D�WZR�
GLPHQVLRQDO�DUUD\�RI�SL[HOV�IURP�ZKLFK�DQ�LPDJH�PD\�EH�SURGXFHG�LV�FDOOHG�DQ�LPDJLQJ�
UDGLRPHWHU�

������ 6SHFWURPHWHU��$�GHYLFH�GHVLJQHG�WR�GHWHFW��PHDVXUH��DQG�DQDO\]H�WKH�VSHFWUDO�FRQWHQW�RI�
WKH�LQFLGHQW�HOHFWURPDJQHWLF�UDGLDWLRQ�LV�FDOOHG�D�VSHFWURPHWHU�

������ 6SHFWURUDGLRPHWHU��$�UDGLRPHWHU�WKDW�FDQ�PHDVXUH�WKH�LQWHQVLW\�RI�UDGLDWLRQ�LQ�PXOWLSOH�
ZDYHOHQJWK�EDQGV��L�H���PXOWLVSHFWUDO��

2Q�WKH�RWKHU�KDQG��WKHUH�LV�WKH�DFWLYH�LQVWUXPHQWV��RU�PHWKRGV� ZKLFK�DUH�WKRVH�WKDW�SURYLGH�WKHLU�
RZQ�HQHUJ\��HOHFWURPDJQHWLF�UDGLDWLRQ��WR�LOOXPLQDWH�WKH�REMHFW�RU�VFHQH�WKH\�REVHUYH��7KH\�VHQG�
D�SXOVH�RI�HQHUJ\�IURP�WKH�VHQVRU�WR�WKH�REMHFW�DQG�WKHQ�UHFHLYH�WKH�UDGLDWLRQ�WKDW�LV�UHIOHFWHG�RU�
EDFNVFDWWHUHG�IURP�WKDW�REMHFW��6FLHQWLVWV�XVH�PDQ\�GLIIHUHQW W\SHV�RI�DFWLYH�UHPRWH�VHQVRUV��VXFK�
DV�WKH�UDGDU��5DGLR�'HWHFWLRQ�DQG�5DQJLQJ���VFDWWHURPHWHU��/,'$5��/LJKW�'HWHFWLRQ�DQG�5DQJLQJ�
DQG�ODVHU�DOWLPHWHU >��@� 6HH�VHFWLRQ�������WR������IRU�H[SODQDWLRQ

������ 5DGDU��5DGLR�'HWHFWLRQ�DQG�5DQJLQJ�� $�UDGDU�XVHV�D� WUDQVPLWWHU�RSHUDWLQJ�DW�HLWKHU�
UDGLR� RU� PLFURZDYH� IUHTXHQFLHV� WR� HPLW� HOHFWURPDJQHWLF� UDGLDWLRQ� DQG� D� GLUHFWLRQDO�
DQWHQQD�� /LNHZLVH�� DV� WKH� UHFHLYHU� WR� PHDVXUH�� WKH� WLPH� RI� DUULYDO� RI� UHIOHFWHG� RU�
EDFNVFDWWHUHG� SXOVHV� RI� UDGLDWLRQ� IURP� GLVWDQW� REMHFWV�� 'LVWDQFH� WR� WKH� REMHFW� FDQ� EH�
GHWHUPLQHG�VLQFH�HOHFWURPDJQHWLF UDGLDWLRQ�SURSDJDWHV�DW�WKH�VSHHG�RI�OLJKW�

������ 6FDWWHURPHWHU�� $� VFDWWHURPHWHU� LV� D� KLJK� IUHTXHQF\� PLFURZDYH� UDGDU� GHVLJQHG�
VSHFLILFDOO\�WR�PHDVXUH�EDFNVFDWWHUHG�UDGLDWLRQ�

������ /LGDU��$�OLGDU�XVHV� D� ODVHU� �OLJKW� DPSOLILFDWLRQ�E\� VWLPXODWHG�HPLVVLRQ�RI� UDGLDWLRQ�� WR�
WUDQVPLW�D�OLJKW�SXOVH�DQG�D�UHFHLYHU�ZLWK�VHQVLWLYH�GHWHFWRUV�WR�PHDVXUH�WKH�EDFNVFDWWHUHG�
RU�UHIOHFWHG�OLJKW�

������ /DVHU�DOWLPHWHU��$�ODVHU�DOWLPHWHU�XVHV�D�OLGDU��VHH�DERYH��WR�PHDVXUH�WKH�KHLJKW�RI�WKH�
LQVWUXPHQW� SODWIRUP DERYH� WKH� VXUIDFH�� %\� LQGHSHQGHQWO\� NQRZLQJ� WKH� KHLJKW� RI� WKH�
SODWIRUP�ZLWK�UHVSHFW�WR�WKH�PHDQ�(DUWK
V�VXUIDFH��WKH�WRSRJUDSK\�RI�WKH�XQGHUO\LQJ�VXUIDFH�
FDQ�EH�GHWHUPLQHG�



��

$V�D�UHVXOW�RI�WKLV�LQIRUPDWLRQ�JDWKHUHG�IURP�WKH�1$6$�HDUWK�REVHUYDWRU\�>��@��WKLV�JHWV�WR�WKH�
UHVROXWLRQ�WKDW�WKH�DFWLYH�LQVWUXPHQWV�SURYLGH�WKHLU�RZQ�HQHUJ\ WR�LOOXPLQDWH�WKH�REVHUYDWLRQ�SRLQW�
DQG�WKH�SDVVLYH� GHWHFW�QDWXUDO�HQHUJ\�WKDW�LV�UHIOHFWHG�RU�HPLWWHG�IURP�WKH�REVHUYHG�SRLQW�

����&RORPELDQ�(DUWK�2EVHUYDWLRQ� *HQHUDO�5HTXLUHPHQWV
,Q�WKH�&RORPELDQ�(DUWK�REVHUYDWLRQ��WKHUH�DUH�GLIIHUHQW�W\SHV�RI�UHTXLUHPHQWV�HVWDEOLVKHG��EDVHG�
RQ�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�DQG�QHHGV�VXFK DV�ODQG�XVH�DQG�JURZWK��HQYLURQPHQW��GHIHQVH�
DQG�KHDOWK��/LNHZLVH��WKH�6WDNHKROGHU �VHH�GHILQLWLRQ�VHFWLRQ� UHTXLUHPHQWV�DUH�SULRULW\�HYHU�VLQFH�
WKH\�GHWHUPLQH�WKH�QHHGV�WKDW�WKH\�ZDQW�WR�VROYH�DQG�VXSSRUW��6RPH�RI�WKHVH�UHTXLUHPHQWV�DUH�

� )XQFWLRQDO�DQG�3K\VLFDO� UHTXLUHPHQWV� 7KHVH� UHTXLUHPHQWV�DUH�EDVHG�RQ� WKH� IXQFWLRQDO�
DWWULEXWHV�ZKLFK DUH WKH�³FKDUDFWHULVWLFV´ GHILQHG�XVLQJ� WKH�FXVWRPHU� DQG�XVHU�QHHGV��
/LNHZLVH�� WKH� UHTXLUHPHQWV� DUH QDPHG� ³IXQFWLRQDO´� DIWHU� WKH� GHILQLWLRQ� RI� WKH� PDLQ�
IXQFWLRQV�WKDW�WKH�V\VWHPV�VKDOO�SHUIRUP�DQG�³SK\VLFDO´�IRU�WKH�W\SH�RI�SK\VLFDO V\VWHP�
DIIHFWHG�E\�WKH�UHTXLUHPHQW >��@�

� 2SHUDWLRQDO�5HTXLUHPHQWV��WKH\�DUH�WKH�UHTXLUHPHQWV��ZKLFK GHWHUPLQH�KRZ�WKH�V\VWHP�
RSHUDWHV�DQG�KRZ�XVHUV�LQWHUDFW�ZLWK�LW�WR�DFKLHYH�LWV�EURDG�REMHFWLYHV�

� 4XDQWLILDEOH�UHTXLUHPHQWV� 7KLV�SURFHVV LV�XVHG�WR�JLYH�D�³TXDQWLW\´�WR�WKH�UHTXLUHPHQWV�
DOUHDG\�GHILQHG� �IXQFWLRQDO�SK\VLFDO�RU�RSHUDWLRQDO���7KLV�TXDQWLW\� LV�FDQ�EH�QXPEHU�RI�
GD\V��UHYROXWLRQV��UHYLVLW��WLPH��DOWLWXGH�DV�DQ�H[DPSOH� WKH�UHDVRQ�WR�SHUIRUP�WKLV�SURFHVV�
LV�WR�JLYH�D�PRUH�H[DFW�UHTXLUHPHQW�IRU�WKH�V\VWHPV�DQG�WR�EH�DEOH�WR�DFFRPSOLVK�WKHP�LQ�
IXUWKHU�GHWDLOHG�GHVLJQ >��@�

����4XDOLW\�)XQFWLRQ�'HSOR\PHQW��4)'��

$V�SDUW�RI�WKH�V\VWHPDWLFDOO\�GHYHORSPHQW�RI�WKH�UHTXLUHPHQWV�RI�WKH�6SDFH�0LVVLRQ��WKHUH�LV�D�
SURFHVV�DQG�VHW�RI�WRROV�XVHG�WR�HIIHFWLYHO\�GHILQH�FXVWRPHU�XVHU�UHTXLUHPHQWV�DQG�FRQYHUW�WKHP�
LQWR�GHWDLOHG�HQJLQHHULQJ�VSHFLILFDWLRQV�>��@� 7KH�4)'�GHULYHV�IURP�WKUHH�-DSDQHVH�ZRUGV�RU�
FKDUDFWHUV�PHDQLQJ�����TXDOLW\�RU�IHDWXUHV������IXQFWLRQ�RU�PHFKDQL]DWLRQ��DQG�����GHSOR\PHQW�
RU�HYDOXDWLRQ�>�@��+HQFH��WKH�4)'�LV�XVHG�WR�FRQQHFW�FXVWRPHU�QHHGV�RU�UHTXLUHPHQWV�WR�WHFKQLFDO�
DWWULEXWHV�RU�UHTXLUHPHQWV�DQG�WKH�PRVW�FRPPRQ�WRRO�WR�XVH�DW�ILUVW�LQVWDQFH�LV�WKH�³+RXVH�RI�
4XDOLW\´�

������+RXVH�RI�4XDOLW\��$FFRUGLQJ�WR�WKH�4XDOLW\�2QH�LQWHUQDWLRQDO��UHIHUHQFH�>��@��WKH�+RXVH�
RI�4XDOLW\�LV�DQ�HIIHFWLYH�WRRO�XVHG�WR�WUDQVODWH�WKH�FXVWRPHU�ZDQWV�DQG�QHHGV�LQWR�SURGXFW�RU�
VHUYLFH�GHVLJQ�FKDUDFWHULVWLFV�XWLOL]LQJ�D�UHODWLRQVKLS�PDWUL[��,W�LV�XVXDOO\�WKH�ILUVW�PDWUL[�XVHG�LQ�
WKH�4)'�SURFHVV IRU�WKH�JUDSKLFDO�ZD\�WR�VKRZ�DQG�RUGHU�WKH�³ZKDW¶V´ �ZKDW�LV�QHHGHG��DQG�
KRZ¶V��KRZ�LW�LV�JRLQJ�WR�EH�VROYHG�RU�ZKDW�VROYHV�WKLV�

����� (DUWK�6DWHOOLWH�2UELWV
)RU�WKH�GHYHORSPHQW�RI�WKH�UHTXLUHPHQWV�DQG�WKH�RWKHU�VHFWLRQV�LQYROYHG�RQ�WKH�VSDFH�SURMHFW��LW�



��

LV�LPSRUWDQW�WR�XQGHUVWDQG�WKDW�WKH�W\SH�RI�VDWHOOLWH�RUELWV�DUH�DYDLODEOH�DQG�SURSHU�WR�EH�XVHG�DV�
IRU�WKH�DFFRPSOLVKPHQW�RI�WKH�RUELWDO�SDUDPHWHUV�
7KHUH�DUH WKUHH�PDLQO\�W\SHV�RI�RUELWV�XVHG RQ�WKH�(DUWK�DV�IRU�QDYLJDWLRQ��REVHUYDWLRQ��VHQVLQJ�
HWF��7KRVH�DUH WKH�+LJK�(DUWK�2UELW��PHGLXP�(DUWK�2UELW�DQG�D�/RZ�(DUWK�2UELW DORQJ�ZLWK�WKH�
VSHFLDO�RUELWV�³SRODU�RUELWV´�DQG�³6XQ�V\QFKURQRXV�RUELWV´ >��@�

,W�LV�QHHGHG�WR�GHILQH�WKH�RUELW�WKDW�VXLWV�WR�WKH�PDLQ�REMHFWLYH RI�WKH�PLVVLRQ�DQG�LQ�WKLV�FDVH�IRU�
WKH�REVHUYDWLRQ RI�WKH�&RORPELDQ�HDUWK�VXUIDFH EHWZHHQ�D�+LJK�(DUWK�2UELW��PHGLXP�(DUWK�2UELW�
DQG�D�/RZ�(DUWK�2UELW��8VLQJ�D�+LJK�(DUWK�2UELW�PD\�ZRUN�LI� WKLV�SURMHFW�ZDV�IRFXV�RQ�FOLPDWH�
REVHUYDWLRQ��WKLV�RUELW�LV�IXQFWLRQDO EHFDXVH�LW�JHWV�WR�D�³VZHHW�VSRW´ >�@� :KHUH�WKH�RUELW�PDWFKHV�
WR�WKH�(DUWK¶V�URWDWLRQ�PHDQLQJ�WKDW�WKH�VDWHOOLWH�ZLOO�EH�DW�WKH�VDPH�VSRW�DOO�WKH�WLPH�DV�WKH�HDUWK�
URWDWHV�ZKLFK�LV�SHUIHFW�IRU�YHULI\LQJ�WKH�FOLPDWH�FKDQJHV��7KLV�2UELW�FRXOG�DOVR�ZRUN�IRU�D�VWHDG\�
DQG�FRQWLQXRXV�REVHUYDWLRQ� KRZHYHU� EHFDXVH�LW�LV�LQ�D�ORQJ�GLVWDQFH�WKH�TXDOLW\�RI�WKH�REVHUYDWLRQ�
LV�QRW�GHWDLOHG�WR�WKH�HDUWK�VXUIDFH�DQG�FORVH�DUHDV��ZKLFK LV�VRPHWKLQJ�WKLV�SURMHFW�ZDQWV�WR�DFKLHYH�

$�0HGLXP�(DUWK�2UELW LV�SUHFLVH�DQG�ZRUNV�IRU�ORQJ�DOWLWXGH�HDUWK�REVHUYDWLRQ�RWKHUZLVH��LW�LV�
QRW�ZKDW�WKLV�SURMHFW�ZDQWV�WR�DFKLHYH��LQ�WKDW�FDVH�WKH�RWKHU�RSWLRQ�DQG�WKH�EHVW�RQH�WKDW�WKHUH�LV�
OHIW�LV�WKH�/RZ�(DUWK�2UELW�DQG�WKHUH�LV�ZKHUH�D�VXQ�V\QFKURQRXV�RUELW�UHPDLQV�DV�WKH�EHVW�RSWLRQ�
IRU�WKLV�SURMHFW�

2Q�WKH�RWKHU�KDQG��WKH�VSHFLDO�RUELW��WKH 6XQ�V\QFKURQRXV RUELW �ZKLFK�LV�D�VSHFLDO�RUELW�RI�WKH�
/RZH�(DUWK�2UELW�� -XVW�DV�WKH�JHRV\QFKURQRXV VDWHOOLWHV�RI�KDYLQJ�GLIIHUHQW�FKDUDFWHULVWLFV VXFK�
DV� KDYLQJ�D� VZHHW� VSRW� RYHU� WKH�HTXDWRU� WKDW� OHWV� WKHP�VWD\�RYHU�RQH� VSRW�RQ�(DUWK�� WKH� SRODU�
RUELWLQJ�VDWHOOLWHV�KDYH�D�VZHHW�VSRW�WKDW�DOORZV�WKHP�WR�VWD\�LQ�RQH�WLPH >��@��
+HQFH��WKLV RUELW�LV�D 6XQ�V\QFKURQRXV�RUELW� ZKLFK�PHDQV�WKDW�ZKHQHYHU�DQG�ZKHUHYHU�WKH�VDWHOOLWH�
FURVVHV�WKH�HTXDWRU��WKH�ORFDO�VRODU�WLPH�RQ�WKH�JURXQG�LV�DOZD\V�WKH�VDPH��)RU WKH�7HUUD�VDWHOOLWH�
IRU�H[DPSOH��LW�LV�DOZD\V�DERXW�������LQ�WKH�PRUQLQJ�ZKHQ�WKH�VDWHOOLWH�FURVVHV�WKH�HTXDWRU�LQ�%UD]LO
>�@��
/LNHZLVH��ZKHQ�WKH�VDWHOOLWH�FRPHV�DURXQG�WKH�(DUWK�LQ�LWV�QH[W�RYHUSDVV�DERXW����PLQXWHV�ODWHU��LW�
FURVVHV�RYHU�WKH�HTXDWRU�LQ�(FXDGRU�RU�&RORPELD�DW�DERXW�������ORFDO�WLPH�>�@��,Q�WKLV�FDVH��PDQ\�
LWHPV�SDUDPHWHUV KDYH WR�EH�WDNHQ�OLNH�RUELWDO�LQFOLQDWLRQ��VDWHOOLWH�KHLJKW��SHULRG��HWF��7KH�V\VWHPV�
KDYH�WR EH�GHVLJQHG�KDYLQJ�LQWR�DFFRXQW�WKDW�EHFDXVH�RI�WKH�SUR[LPLW\�RI�WKLV�RUELW�WR�WKH�HDUWK�
JUDYLW\��HYHQWXDOO\�WKH�VDWHOOLWH�ZLOO�EH�DWWUDFWHG�WR�WKH�(DUWK��KHQFH�D�V\VWHP�QHHGV�WR�EH�LQFOXGHG�
VR�WKH�DGMXVWPHQWV�FDQ�PDLQWDLQ�WKH�VDWHOOLWH�LQ�WKH�6XQ�V\QFKURQRXV�RUELW�

$V�SDUW�RI�WKH�RUELW�VHOHFWLRQ��UHFNRQLQJ�WLPH�LV�RQH�LPSRUWDQW�IDFWRU�IRU�XQGHUVWDQGLQJ�WKH�RUELWV�
EHKDYLRU�DQG�RUELWDO�SDUDPHWHUV�RU�HOHPHQWV�DQG�WKLV�LV�H[SODLQHG�LQ�VHFWLRQ�������

����� 2UELW�$OWLWXGH
$V�SDUW�RI�WKH�RUELW�VHOHFWLRQ��DQG�UHFNRQLQJ�WKH�W\SH�RI�2UELW�WKDW�LV�XVHG�IRU�WKH�6SDFH�0LVVLRQ��
WKH 2UELW� DOWLWXGH� LV� JRLQJ� WR�EH�QHHGHG WR�EH� GHILQHG DV� IRU� WKH� FXVWRPHU�XVHU� UHTXLUHPHQWV�



��

DFFRPSOLVKPHQW�� DORQJ� ZLWK� WKH� 2UELWDO� SDUDPHWHUV� DV� GHILQHG� IRU� D� /RZ� (DUWK 2UELW�� WKH�
DOWLWXGH�UDQJHV�EHWZHHQ�����NP�DQG������NP�
,W�LV�QHHGV�WR�XQGHUVWDQG�WKDW�XQGHU�����NP��WKH�GUDJ�SURGXFHG�E\�WKH�HDUWK�LV�JRLQJ�WR�DIIHFW�WKH�
RUELW�PLVVLRQ��DQG�RYHU������NP��WKH�TXDOLW\��UDQJH�DQG�REVHUYLQJ�FKDUDFWHULVWLFV�DUH�DIIHFWHG�
>��@�� 7KHVH� UDQJHV� DUH� EDVHOLQH� IRU� D� 6HOHFWLRQ� RI� RWKHU� RUELWDO SDUDPHWHUV� �(FFHQWULFLW\��
DQRPDO\��WLPH��HWF�� XVLQJ�WKH�.HSOHU¶V�HTXDWLRQ�

������� .HSOHU¶V�HTXDWLRQ� LV�DQ�HTXDWLRQ�WKDW�GHVFULEHV�WKH�UHODWLRQVKLS�EHWZHHQ WLPH DQG�SODFH�
IRU� REMHFWV� LQ� DQ� HOOLSWLF� RUELW� XQGHU� WKH� LQIOXHQFH�RI JUDYLW\ DQG�ZLWK� WKLV� HTXDWLRQ��
GLIIHUHQW� RUELWDO� SDUDPHWHUV� FDQ� EH� GHILQHG� (FFHQWULFLW\�� DQRPDO\�� WLPH� RU� HYHQ� WKH�
DOWLWXGH��GHSHQGLQJ�RQ�WKH�VHOHFWLRQ�RI�RUELWV�DQG�UHTXLUHPHQWV >��@�

����� 2UELWDO�(OHPHQWV�SDUDPHWHUV

$FFRUGLQJ�WR�WKH�&RVPRV��(6$ SDJH�>��@��WKH FRQLF�IXQFWLRQV�RQO\�JLYH�WKH�SDWK�RI�WKH�VSDFHFUDIW�
LQ�WKH�SODQH�RI�WKH�JLYHQ�SDUW�RI�WKH�RUELW��7KH\�WHOO�QRWKLQJ�DERXW�WKH�RULHQWDWLRQ�RI�WKH�RUELWDO�
SODQH� LQ� VSDFH�� ,I� LW�ZDV� GHVLUHG WR� GHILQH� WKH� RUELW� FRPSOHWHO\�� LW� LV� QHHGHG� WR� XVH� D� VHW� RI�
SDUDPHWHUV�FDOOHG�WKH &ODVVLFDO�2UELWDO�(OHPHQWV��ZKLFK�FDQ�EH�VSHFLILHG�IRU�HDFK�SKDVH�RI�WKH�
RUELW� DQG� DUH� XVXDOO\� UHIHUHQFHG� WR� D� SDUWLFXODU� WLPH�� RU� HSRFK�� DQG� IUDPH� RI� UHIHUHQFH�� ,Q�
DGGLWLRQ� LQ�DFFRUGDQFH�ZLWK�WKH�66�2�GHVLJQ�KDQGERRN�>��@�DQG�WKH�&RVPRV��(6$�SDJH�>��@��
WKHVH�RUELWDO�HOHPHQWV�DQG�GHILQLWLRQV�DUH�WKH�QH[W�

� 0HDQ�'LVWDQFH �D��� WKH�VHPL�PDMRU�D[LV�RI�WKH�RUELW�PHDVXUHG�LQ�$VWURQRPLFDO�8QLWV����
$8� �����������PLOOLRQ�NP��

� ,QFOLQDWLRQ �L��� WKH�DQJOH�EHWZHHQ�WKH�HFOLSWLF�SODQH�DQG�WKH�SODQH�RI�WKH�RUELW�
� (FFHQWULFLW\ �H�� � WKH� HFFHQWULFLW\� RI� WKH� FRQLF� �� FLUFOH�� �� HOOLSVH�� � � SDUDEROD��

!� K\SHUEROD��WKDW�GHVFULEHV�WKH�RUELW�
� /RQJLWXGH�RI�WKH�$VFHQGLQJ�1RGH �2PHJD��� WKH�SRVLWLRQ�LQ�WKH�RUELW�ZKHUH�WKH�SDWK�RI�

WKH�VSDFHFUDIW�SDVVHV�WKURXJK�WKH�HFOLSWLF�SODQH��IURP�EHORZ�WKH�SODQH�WR�DERYH�WKH�SODQH��
PHDVXUHG�IURP�WKH�YHUQDO�HTXLQR[���VW�SRLQW�RI�$ULHV��

� $UJXPHQW�RI�3HULKHOLRQ �Z��� WKH�DQJOH�LQ�WKH�SODQH�RI�WKH�RUELW�IURP�WKH�DVFHQGLQJ�QRGH�
WR�WKH�SRLQW�ZKHUH�WKH�VSDFHFUDIW�LV�FORVHVW�WR�WKH�6XQ�

� 0HDQ�$QRPDO\ �0��� DQJOH�LQFUHDVLQJ�XQLIRUPO\�ZLWK�WLPH�E\�����GHJUHHV�SHU�RUELWDO�
SHULRG�IURP���DW�SHULKHOLRQ�

� 7UXH�$QRPDO\ �7$��� WKH�DFWXDO�DQJOH�EHWZHHQ�WKH�VSDFHFUDIW�SRVLWLRQ�DQG�WKH�SHULKHOLRQ�
DV� VHHQ� IURP� WKH�6XQ��7KLV� DQJOH� LQFUHDVHV�QRQ�XQLIRUPO\�ZLWK� WLPH�� FKDQJLQJ�PRVW�
UDSLGO\�DW�SHULKHOLRQ�

,Q�QH[W�FKDSWHUV�WKHVH�RUELWDO�FKDUDFWHULVWLF�VKDOO�EH�VKRZQ�DORQJ�ZLWK�WKH�VLPXODWLRQ�LQ�D�6DWHOOLWH�
WRRN�NLW�SURJUDP��VHH�VHFW��������ZLWK�WKH�DLP�RI�XQGHUVWDQGLQJ�WKH�ZD\�DOO�WKHVH�SDUWV�RI�WKH�
FRQFHSWXDO�GHVLJQ�FDQ�V\QFKURQL]HG�EH�UHIOHFWHG�



��

����� 6DWHOOLWH�7RRO�.LW
$FFRUGLQJ� WR� WKH�$*,�ZHE� SDJH� �GHYHORSHU� RI� WKH� WRRO�� >��@�� WKH\� GHVFULEH� WKH� 67. DV� WKH�
SURYLGHU�RI�DQ� LQFOXVLYH�PRGHOLQJ�HQYLURQPHQW�XVHG�ZRUOGZLGH�E\�SXEOLF�DQG�SULYDWH� VHFWRU�
RUJDQL]DWLRQV�WR�PRGHO�FRPSOH[�ODQG��VHD��DLU��RU�VSDFH�V\VWHPV�DQG�HYDOXDWH�WKHLU�SHUIRUPDQFH�
LQ� UHDO� RU� VLPXODWHG� WLPH�� 67.� VXSSRUWV� WLPHO\� GHFLVLRQ�PDNLQJ� LQ� D�PLVVLRQ� FRQWH[W� DERXW�
FRPSOH[��LQWHU�UHODWHG�V\VWHPV��DQG�FDQ�EH�DSSOLHG�DW�DQ\�VWDJH�LQ�WKHLU�OLIHF\FOH��IURP�SODQQLQJ�
DQG�GHVLJQ�WR�WUDLQLQJ�DQG�RSHUDWLRQV�

����� 6DW&R�
6DW&R��LV�WKH�QDPH�DVVLJQHG�IRU�WKLV�PLVVLRQ�GHVLJQ�IRU�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�
DGMXVWHG�WR�WKH�&XVWRPHU�XVHU�QHHGV�DV�H[SODLQHG�LQ�FKDSWHU�����

63$&(�,17(17,21$//<�/()7�,1�%/$1.
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$FFRUGLQJ�WR�WKH�VSDFH�PLVVLRQ�$QDO\VLV�DQG�'HVLJQ��60$'��>�@� D 6SDFH�PLVVLRQ�DQDO\VLV�DQG�
GHVLJQ�EHJLQV�ZLWK�RQH�RU�PRUH�EURDG�REMHFWLYHV�DQG�FRQVWUDLQWV�DQG�WKHQ�SURFHHGV�WR�GHILQH�D�
VSDFH� V\VWHP� WKDW� ZLOO� PHHW� WKHP� DW� WKH� ORZHVW� SRVVLEOH� FRVW� 7KLV� GHILQLWLRQ� GLUHFWV� WR� D�
V\VWHPLFDOO\�FRQFHSWV�EDVHOLQH�ZKLFK�VKDOO�DOORZ�WKH�SURSHU�UHVHDUFK�IRU�WKH�&RORPELDQ�(DUWK�
2EVHUYDWLRQ�PLVVLRQ�GHVLJQ��

7KH�VSDFH�PLVVLRQ�$QDO\VLV�DQG�'HVLJQ��60$'��LV�D�SURFHVV�WKDW�HYDOXDWHV�HYHU\�VWDJH�QHHGHG�
IRU� WKH� 6SDFH� 0LVVLRQ 6HW�XS�� KDYLQJ� LQWR� DFFRXQW� GLIIHUHQW� LVVXHV� VXFK� DV� WKH� 0LVVLRQ�
REMHFWLYHV��FKDUDFWHULVWLFV��HYDOXDWLRQ�DQG�UHTXLUHPHQWV�EDVHG�RQ�WKH�VSDFH�PLVVLRQ�$QDO\VLV�DQG�
'HVLJQ�ERRN�IURP�:LOH\�-��/DUVRQ�DQG�-DPHV�5��:HUW]�>�@�

)RU�WKH�DQDO\VLV�DQG�GHVLJQ��WKLV�SURMHFW�ZLOO�DOVR�EH�EDVHG�RQ�WKH�(&&6�(�67���& >��@ ³6\VWHP�
HQJLQHHULQJ�JHQHUDO�UHTXLUHPHQWV´�&RQFHSWXDO�GHVLJQ��SKDVH�]HUR��$�DQG�%� DV�GLVFXVVHG LQ�WKH�
&KDSWHU���VHFWLRQ �����7KH�VWUXFWXUH�RI�WKHVH�WDVNV�SKDVHV�DUH�JRLQJ�WR�EH�UHYLHZHG�LQ�WKH�QH[W�
FKDSWHUV�ZKHUH LW�LV�LQWHQGHG WR�DFKLHYH�WKH�QH[W�WDVNV�

� 7KH�0LVVLRQ�GHVLJQ�UHYLHZ��0'5��� &KDSWHU���

� 3UHOLPLQDU\�UHTXLUHPHQWV�UHYLHZ��355��� &KDSWHU���

� 6\VWHPV�UHTXLUHPHQWV�UHYLHZ��655��± &KDSWHU���

� $V DQ�DSSURDFK�WR�WKH�3UHOLPLQDU\�GHVLJQ�UHYLHZ��3'5���WKH�2UELW�PLVVLRQ�VLPXODWLRQ�ZLOO�EH�
UHYLHZHG�DORQJ�ZLWK�LWV�SDUDPHWHUV�DQG�RU�FDOFXORXV� &KDSWHU ��

7KLV� PLVVLRQ� LV� QDPHG� DIWHU� VDWFR�� DV� VWDWHG� LQ� FKDSWHU� ��� 6HF������� ZKLFK� VWDQGV� IRU� WKH�
&RORPELDQ�(DUWK�REVHUYDWLRQ�FRQFHSWXDO�GHVLJQ�QXPEHU���DQG�ZLOO�EH�GHYHORSHG�DORQJ�ZLWK�WKH�
FRUH�UHVHDUFK�FKDSWHUV���������DQG����
,Q�WKLV�FKDSWHU��WKH�PLVVLRQ�GHVLJQ�LV�UHYLHZHG�DV�IRU�WKH�SUHOLPLQDU\�GHILQLWLRQV��FKDUDFWHULVWLFV�
DQG� HYDOXDWLRQ�� ZKLFK� VKDOO� DOORZ� KDYLQJ� D� EDVHOLQH� IRU� WKH� QH[W� FKDSWHUV�� 7KLV� UHYLHZ� LV�
UHSUHVHQWHG�LQ�WKH�GLDJUDP�����³60$'�SURFHVV�IRU�WKH�PLVVLRQ�GHVLJQ�UHYLHZ´� LQ�DFFRUGDQFH�
ZLWK WKH�60$'�SURFHVV��ZKHUH�WKH�LQIRUPDWLRQ�JDWKHUHG�LQ�GLDJUDP�����LV�WDNHQ�IURP�DQG�LW�
VXPPDUL]HV�DQ DSSURDFK�WR�WKH�VSDFH�PLVVLRQ�DQDO\VLV�DQG�GHVLJQ SURFHVV��
6SDFH�PLVVLRQV�UDQJH�ZLGHO\�IURP�FRPPXQLFDWLRQV��WR�SODQHWDU\�H[SORUDWLRQ��WR�SURSRVDOV�IRU�
VSDFH�PDQXIDFWXULQJ��WR�EXULDO�LQ�VSDFH� 6HH�GLDJUDP�����DV�VKRZQ EHORZ�



��

'LDJUDP����� 60$'�SURFHVV�IRU�WKH�PLVVLRQ�GHVLJQ�UHYLHZ��6XE�VWHSV�WDNHQ�IURP�60$'�ERRN��
FKDSWHU���WR���DQG�(&&6�(�67���&�³6\VWHP�HQJLQHHULQJ JHQHUDO�UHTXLUHPHQWV´�>��@�

����� 'HILQLWLRQ�RI�0LVVLRQ�2EMHFWLYHV
,Q�DFFRUGDQFH�WR�WKH�60$'�ERRN�>�@��WKH�ILUVW�VWHS�LQ�DQDO\]LQJ�DQG�GHVLJQLQJ�D�VSDFH�
PLVVLRQ�LV�WR�GHILQH�PLVVLRQ�REMHFWLYHV��WKH�EURDG�JRDOV��ZKLFK�WKH�V\VWHP�PXVW�DFKLHYH�
WR�EH�SURGXFWLYH� 7KH�ILUVW�SDUW�LV�GHILQLQJ�WKH�PLVVLRQ�REMHFWLYHV�DV�VKRZQ�LQ�WDEOH����
³0LVVLRQ� 2EMHFWLYHV´�� 7KLV� REMHFWLYHV� DQG� FRQVWUDLQWV� VKDOO� EH� D� EDVHOLQH� IRU� WKH�
FXVWRPHU�XVHU� UHTXLUHPHQWV�DQG�QHHGV� HVWDEOLVKLQJ DQG� LW� VKDOO�EH� IXUWKHU�GLVFXVVHG� LQ�
FKDSWHU���DQG���

60$'�
352&&(66�
±0,66,21�
$1$/<6,6
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���'HILQH�0LVVLRQ�REMHFWLYHV��&KDSWHU����
VWHS�����
���(VWLPDWH�TXDQWLWDWLYH�PLVVLRQ�QHHGV�
DQG UHTXLUHPHQWV��&KDSWHU����VWHS�����

���'HILQH�DOWHUQDWLYH�PLVVLRQ�FRQFHSWV��
&KDSWHU����VWHS�����
���'HILQH�DOWHUQDWLYH�DUFKLWHFWXUHV��
&KDSWHU����VWHS�����
���,GHQWLI\�V\VWHP�GULYHUV�IRU�HDFK��
&KDSWHU����VWHS�����
���&KDUDFWHUL]H�PLVVLRQ�FRQFHSWV�DQG�
DUFKLWHFWXUHV��&KDSWHU����VWHS�����

���,GHQWLI\�FULWLFDO�UHTXLUHPHQWV��&KDSWHU�
�� VWHS�����
���(YDOXDWH�PLVVLRQ�XWLOLW\��&KDSWHU����
VWHS�����
���'HILQH�PLVVLRQ�FRQFHSW��EDVHOLQH���
&KDSWHU����VHF�����

���'HILQH &XVWRPHU�XVHU UHTXLUHPHQWV��
&KDSWHU����VWHS���
���'HILQH V\VWHP�UHTXLUHPHQWV��
&KDSWHU����VWHS���
����$OORFDWH�UHTXLUHPHQWV�WR�VXE�
V\VWHPV��&KDSWHU����VWHS���



��

7DEOH�����0LVVLRQ�2EMHFWLYHV��PLVVLRQ�REMHFWLYHV�WKDW�VKDOO�DIIHFW�WKH�FXVWRPHU�XVHU�REMHFWLYHV�
DQG�VFRSH��,QIRUPDWLRQ�EDVHG�RQ�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�0DJD]LQH�>��@�

6DW&R��0LVVLRQ�2EMHFWLYHV

3ULPDU\�2EMHFWLYH�
2EVHUYH�DQG�PRQLWRU�WKH�(DUWK�WKURXJKRXW�WKH�&RORPELDQ VXUIDFH� LQ�QHDU�UHDO�WLPH

6HFRQGDU\�2EMHFWLYHV�
2EVHUYH�XUEDQ�DQG�UXUDO�DUHDV��7KHUHIRUH��GLIIHUHQW�WRSLFV�FDQ EH�FKHFNHG�VXFK�DV�
8UEDQ�JURZWK��EXLOGLQJV��VWUHHWV��KLJKZD\V��HWF���GHIRUHVWDWLRQ��HWF�
$OORZ�WKH�DFFHVV�WR�GDWD�UHJDUGLQJ WR�+LJK�TXDOLW\�,PDJHV�LQ�GLIIHUHQW�DUHDV�
&ROOHFW�LPDJHV�DQG�NHHS�WUDFN�RI�ROGHU�LPDJHV�DW�WKH�VDPH�VSRW�VR�FKDQJHV�FDQ�EH�
WUDGH��QRWLFHG��VWXGLHG�DQG�UHVHDUFKHG���

�����(VWLPDWH�TXDQWLWDWLYH�PLVVLRQ�QHHGV�DQG�UHTXLUHPHQWV�

$V�WKH�QH[W�SDUW�RI�WKH�PLVVLRQ�REMHFWLYHV�GHILQLWLRQ��6XE�VWHS�������LW�LV�QHHGHG�WR�GHILQH�WKH�
IDFWRUV�DQG�SUHOLPLQDU\�UHTXLUHPHQWV��IXQFWLRQDO�DQG�RSHUDWLRQDO��DORQJ�ZLWK�WKH�FRQVWUDLQWV�WKDW�
PD\�DIIHFW�WKH�FXVWRPHU�XVHU�UHTXLUHPHQWV�VWDWHG�LQ�WKH�VHFRQG�SDUW�RI�WKLV�VWHS�LQ�WKH�WDEOH�����
³)XQFWLRQDO��2SHUDWLRQDO�UHTXLUHPHQWV�DQG�FRQVWUDLQWV´� ,Q DFFRUGDQFH�ZLWK WKH�60$'�ERRN��
VHFWLRQ���� >�@��KDYLQJ GHILQHG�WKH�EURDG�REMHFWLYHV�WKDW�WKH�VSDFH�PLVVLRQ�LV�WR�DFKLHYH��LW� LV�
QHHGHG�WR�WUDQVIRUP WKHP�LQWR�SUHOLPLQDU\�VHWV�RI�QXPHULFDO�UHTXLUHPHQWV�DQG�FRQVWUDLQWV�RQ�WKH�
VSDFH�PLVVLRQ
V�SHUIRUPDQFH�DQG�RSHUDWLRQ��
%DVHG�RQ�WKH�0LVVLRQ�2EMHFWLYHV��WKH�)XQFWLRQDO��2SHUDWLRQDO DQG FRQVWUDLQWV DUH�HVWDEOLVKHG��
KHQFH� WKH�UHTXLUHPHQWV�DQG�IDFWRUV�ZKLFK�W\SLFDOO\�LPSDFW�WKH�UHTXLUHPHQW�IRU�(DFK�DUH�VWDWHG�
LQ�WKH�QH[W�WDEOHV�XVLQJ�DV�UHIHUHQFH�60$'�>�@���7KXV� WKH�0LVVLRQ�2EMHFWLYHV�FDQ�EH�HYDOXDWHG�
ODWHU�RQ�ZLWK�WKH�(YDOXDWLRQ�RI�WKH�0LVVLRQ�DQG�WKH�&OLHQW¶V�5HTXLUHPHQWV�

7DEOH���� )XQFWLRQDO��2SHUDWLRQDO�UHTXLUHPHQWV�DQG�FRQVWUDLQWV��EDVHG�RQ�WKH�60$'�ERRN�
VHFWLRQ� ���� >�@�� GHILQLWLRQ� RI� REMHFWLYHV�� DV� IRU� WKH� SUHOLPLQDU\� UHTXLUHPHQWV� FRQVWUDLQWV�
4XDOLILHG�DV�SUHOLPLQDU\�UHTXLUHPHQWV�FRQVWUDLQWV�IXUWKHU�VWXGLHG�LQ�FKDSWHU�� DQG�FRPSOLHG�LQ�
WDEOH�����³5HTXLUHPHQWV�WDEOH�VXPPDU\´�IRUP�FKDSWHU���

)81&7,21$/

5HTXLUHPHQW )DFWRUV�ZKLFK�7\SLFDOO\�,PSDFW�WKH�5HTXLUHPHQW

3HUIRUPDQFH �3)5��� 3D\ORDG��2UELW��3URWRW\SH��'HVLJQ��6WUXFWXUH

+LJK�TXDOLW\�LPDJHV�DFTXLVLWLRQ �3)5��� 3D\ORDG�VHOHFWLRQ�DQG�LWV�GHVLJQ�ORFDWLRQ

)LHOG�RI�YLHZ �3)5���
&RPPDQGV�GHILQLWLRQ��VHQVLQJ�V\VWHP��FRPSXWLQJ��
SURSHU�GDWD�VHW�XS��SD\ORDG

5HVSRQVLYHQHVV �3)5��� &RPSXWHU�SURFHVVLQJ��6RIWZDUH��VHQVRUV

2UELW�V\QFKURQL]DWLRQ �3)5��� 3URSXOVLRQ��GDWD�UHFHLYLQJ��FRQWUROOHU��ODXQFK



��

23(5$7,21$/

5HTXLUHPHQW )DFWRUV�ZKLFK�7\SLFDOO\�,PSDFW�WKH�5HTXLUHPHQW
'DWD�PDQDJLQJ��FROOHFWLQJ�DQG�WUDQVIHU
�325���

&RPSXWHU��FRPPXQLFDWLRQV��VHQVRUV

'XUDWLRQ �325��� 0DWHULDOV��SD\ORDG��2UELW��6SDFH�GHEULV�

&RPPDQG�DQG�FRQWUROOLQJ���325��� (DUWK�UHFHLYLQJ�GDWD�DUFKLWHFWXUH

$YDLODELOLW\��325��� 0DWHULDOV�HQGXUDQFH�DQG�OLIH�OLPLWV

6XUYLYDELOLW\ �325��� 2UELW��SURSXOVLRQ��6RXUFH�RI�HOHFWULFDO�SRZHU�

&21675$,176

&RQVWUDLQW )DFWRUV�ZKLFK�7\SLFDOO\�,PSDFW�WKH�5HTXLUHPHQW

&RVW �3&2��� 6L]H��PDWHULDOV��SD\ORDG��GHVLJQ

5HJXODWLRQV �3&2��� ODZ�DQG�SROLF\�

6SRQVRULQJ �3&2��� 2ZQHU�RI�WKH�0LVVLRQ

'HVLJQ�PRGHOLQJ�SURJUDP �3&2��� /LFHQVH��'HVLJQHU��'HVLJQ�FRQFHSWV

/DXQFK��PRVW�RSWLRQDO�/DXQFK�IURP�
)UHQFK�*XLDQD� �3&2���

6L]H��ORFDWLRQ��VFKHGXOH

(QYLURQPHQW �3&2��� 3D\ORDG��PDWHULDOV��SURSXOVLRQ�V\VWHP��GHVLJQ

���� 'HILQH�DOWHUQDWLYH�PLVVLRQ�FRQFHSWV�
7KH�EURDG�PLVVLRQ�FRQFHSW�LV�WKH�PRVW�IXQGDPHQWDO�VWDWHPHQW�RI�KRZ�WKH�PLVVLRQ�ZLOO�ZRUN�WKDW�
LV��KRZ�LW�JHWV�LWV�GDWD�RU�FDUULHV�RXW�WKH�PLVVLRQ�WR�VDWLVI\�WKH�HQG�XVHU
V�QHHGV�>�@� ,Q�WKLV�VWHS��
WKHVH HOHPHQWV� DQG� GHILQLWLRQV DUH� EDVHG� RQ� WKH� )LUH6DW HOHPHQWV� RI� WKH�PLVVLRQ� FRQFHSW� RI�
RSHUDWLRQV�IURP�GH�60$'�VHFWLRQ���� >�@ DQG�LW�LV�JRLQJ�WR�EH�DGMXVWHG�WR�WKH�6DW&R��PLVVLRQ�
FRQFHSWV DV� LQ� DFFRUGDQFH� WR� WKH� VWDQGDUG� (&&6�(�67���&� >��@� IRU� WKH� PLVVLRQ� GHILQLWLRQ�
UHYLHZ��SKDVH�]HUR��WKLV�LV�VKRZQ�LQ�WDEOH�����
7KH�HOHPHQWV�FRQFHSW�WDNHQ�IURP�WKH�60$'�VHFWLRQ�����DUH�OLVWHG�EHORZ�DQG�VKDOO�FRQWULEXWH�WR�
WKH�&RQFHSW� GHILQLWLRQ�RI� WKH�0LVVLRQ� DV� VKRZQ� LQ� WDEOH� ��� ³6DW&R��'HILQLWLRQ� RI�(OHPHQW�
DSSOLFDWLRQ´

'DWD�'HOLYHU\� 7KH�GDWD�GHOLYHU\�FRQFHSW�LV�DERXW�KRZ WKH�PLVVLRQ�DQG�KRXVHNHHSLQJ�GDWD�DUH�
JHQHUDWHG�RU�FROOHFWHG� GLVWULEXWHG�DQG�XVHG�
&RPPXQLFDWLRQV� $UFKLWHFWXUH� 7KH� FRPPXQLFDWLRQV� $UFKLWHFWXUH� LV� KRZ� WKH� YDULRXV�
FRPSRQHQWV�RI�WKH�V\VWHP�³H[FKDQJH�LQIRUPDWLRQ´�WR�HDFK�RWKHU�
7DVNLQJ��VFKHGXOLQJ�DQG�FRQWURO� 7KH�GHILQLWLRQ�RI�WKH�WDVNLQJ��VFKHGXOLQJ�DQG�FRQWURO�LV�DERXW�
KRZ�WKH�V\VWHP�GHFLGHV�ZKDW�WR�GR�LQ�WKH�ORQJ�WHUP�DQG�VKRUW�WHUP�
0LVVLRQ�7LPHOLQH� )RU� WKH�PLVVLRQ�WLPHOLQH�� LW� LV� WKH�RYHUDOO�VFKHGXOH�IRU�SODQQLQJ��EXLOGLQJ��
GHSOR\PHQW��RSHUDWLRQV��UHSODFHPHQW�DQG�HQG�RI�OLIH�



��

7DEOH�����6DW&R��'HILQLWLRQ�RI�(OHPHQW�DSSOLFDWLRQ��EDVHG�RQ�WKH�60$'�ERRN�VHFWLRQ�����
>�@��GHILQLWLRQ�RI�REMHFWLYHV��DV�IRU�WKH�SUHOLPLQDU\�UHTXLUHPHQWV�FRQVWUDLQWV�

(OHPHQW 6DW&R��'HILQLWLRQ�RI�(OHPHQW�DSSOLFDWLRQ

'DWD�'HOLYHU\
�(/(���

$OO� GDWD� FROOHFWLRQ� LV� JRLQJ� WR� EH� UHFHLYHG� LQ� DQ HDUWK� GDWD�
PDQDJHPHQW�VWDWLRQ�DQG�WKH�WHOHFRPPXQLFDWLRQ�V\VWHP�

&RPPXQLFDWLRQV�
$UFKLWHFWXUH �(/(���

$�+DUGZDUH�DQG�VHQVRUV�WHOHFRPPXQLFDWLRQ�V\VWHP�

7DVNLQJ��VFKHGXOLQJ�
DQG�FRPPDQG
�(/(���

(DUWK� UHFHLYLQJ� GDWD� VWDWLRQ�� DQWHQQDV� DQG� VHQVRUV� LQWHJUDWHG��
GHILQLWLRQ�RI�SODFHV�ZKHUH�WKH�6DWHOOLWH�LV�JRLQJ�WR�EH�IRFXVHG�RQ�E\�
:HHN

0LVVLRQ�7LPHOLQH
�(/(���

7KH�6DW&R��DIWHU�KDYLQJ�DOO�WKH�WHVWV�DQG�UHVXOWV�LQ�DFFRUGDQFH�WR�WKH�
SURMHFW�DQG�FOLHQW�UHTXLUHPHQWV�LV�JRLQJ�EH�SUHSDUHG�IRU�WKH�ODXQFK�

���� 'HILQH�DOWHUQDWLYH�DUFKLWHFWXUHV�

$FFRUGLQJ�WR�WKH�60$'�ERRN�>�@��D�PLVVLRQ�DUFKLWHFWXUH�FRQVLVWV RI�D�PLVVLRQ�FRQFHSW�SOXV�D�
VSHFLILF� VHW� RI� RSWLRQV� IRU� WKH� PLVVLRQ� HOHPHQWV� GHILQLWLRQ�� 7KH� WDEOH� ���� ³$OWHUQDWLYHV� IRU�
PLVVLRQ� HOHPHQWV´� VWDQGV� IRU� WKH� PLVVLRQ� HOHPHQWV� LQ� WKH� OHIW� FROXPQ ���� WKH� DOWHUQDWLYH�
DUFKLWHFWXUHV�LQ�WKH�PLGGOH FROXPQ ����DQG�WKH�RSHUDWLRQ�DUHD�DIIHFWHG���� DV�VKRZQ�EHORZ�

7DEOH� ���� $OWHUQDWLYHV� IRU� PLVVLRQ� HOHPHQWV�� EDVHG� RQ� WKH� 60$'� ERRN� VHFWLRQ� ���� >�@��
FRPPRQ�DOWHUQDWLYHV�IRU�PLVVLRQ�HOHPHQWV�

$OWHUQDWLYHV�IRU�PLVVLRQ�HOHPHQWV

0LVVLRQ�(OHPHQW $OWHUQDWLYH 2SHUDWLRQ�$UHD

0LVVLRQ�FRQFHSW
�0,(���

*URXQG�FRPPDQGLQJ��V\VWHPDWLFDO�SURFHVV��
DXWRPDWHG�SURFHVVLQJ

'DWD�GHOLYHU\
7DVNLQJ

3D\ORDG �0,(��� $SHUWXUH�DQG�VHQVLQJ�PHWKRGV 6L]H� RSWLFDO�VHQVLQJ

2UELW �0,(���

/RZ�(DUWK�RUELWV��PLG�DOWLWXGH�DQG�*HRV\QFKURQRXV
����������������������������������������������������������
66�2�DQG�IUR]HQ
����������������������������������������������������������
��� ������ ���� ������ ���� ���

$OWLWXGH

�������������������������
6SHFLDO�RUELWV
�������������������������
,QFOLQDWLRQ

*URXQG�V\VWHP
�0,(���

)UHQFK�*X\DQD�DQG�GHGLFDWHG�FRQWURO�FHQWHU HYHU�
VLQFH�LW�LV�WKH�FORVHVW�VWDWLRQ�DYDLODEOH�DQG�GLIIHUHQW�
VSDFH�ODXQFKHV�DUH�SHUIRUPHG�WKHUH�IURP�WKH�(8��
ZKLFK�PDNHV�LW�PRUH�DYDLODEOH�LQ�GLIIHUHQW�SHULRGV�RI�
WKH�\HDU�

'HGLFDWHG WR�*URXQG�
V\VWHP�FRPPDQG�

&RPPXQLFDWLRQV�
DUFKLWHFWXUH �0,(���

6LQJOH��RU�PXOWLSOH�JURXQG�VWDWLRQV��GLIIHUHQW�XVHUV�
FRPPDQGLQJ�DQG�GDWD�DFKLHYHPHQW�

7LPHOLQHVV



��

$OWHUQDWLYHV�IRU�PLVVLRQ�HOHPHQWV

0LVVLRQ�(OHPHQW $OWHUQDWLYH 2SHUDWLRQ�$UHD

0LVVLRQ�RSHUDWLRQV
�0,(���

)XOO�JURXQG�FRPPDQG�DQG�FRQWURO��SDUWLDO�DXWRQRP\�
RU�IXOO�DXWRQRP\

$XWRQRP\�OHYHO

)XWXUH� *URXQG� 6\VWHP� FDQ� EH� LPSOHPHQWHG� LQ� &RORPELD� ZKHQ� GHYHORSLQJ� 6SDFH� JURXQG�
IDFLOLWLHV

���� ,GHQWLI\�V\VWHP�GULYHUV�IRU�HDFK
)RU�WKH�60$'�GHILQLWLRQ�6\VWHP�GULYHUV�DUH�WKH�SULQFLSDO�PLVVLRQ�SDUDPHWHUV�RU�FKDUDFWHULVWLFV��
ZKLFK�LQIOXHQFH�SHUIRUPDQFH��FRVW��ULVN��RU�VFKHGXOH�DQG�ZKLFK��WKH�XVHU�RU�GHVLJQHU�FDQ�FRQWURO
>�@� 7KHUH�LV�QHHG�WR�KDYH�D�VWHS�E\�VWHS�LQ�RUGHU�WR�LGHQWLI\�V\VWHP�GULYHUV�DQG�WKRVH�DUH�

�� ,GHQWLI\�WKH�DUHD�RI�LQWHUHVW��7R�FKRRVH�EHWZHHQ�WKH�DUHDV�RI�SHUIRUPDQFH��FRVW��ULVN�RU�
VFKHGXOH

�� ,GHQWLI\�SDUDPHWHUV��ZKLFK�PHDVXUH�WKH�DUHD RI�LQWHUHVW��,Q�WKLV�VHFWLRQ��LW�LV�QHHGHG�WR�
GHILQH�QXPHULFDO�SDUDPHWHUV��ZKLFK�PHDVXUH�WKH�LGHQWLILHG�DUHD�RI�LQWHUHVW�

�� 'HYHORS�)LUVW�2UGHU�$OJRULWKPV��7R�GHYHORS�D�IRUPXOD�RU�DOJRULWKP�WR�H[SUHVV�WKH�ILUVW�
RUGHU�HVWLPDWH�YDOXH�IRU�WKH�YDOXH�RI�WKH�SDUDPHWHU�LGHQWLILHG�LQ�WKH�SUHYLRXV�VWHSV�

7KH�DERYH�VXE�VWHSV�DUH�DGMXVWHG�WR�WKH�PLVVLRQ�GHILQLWLRQ�UHYLHZ�RI�WKLV�FKDSWHU�DQG�LW�LV�VKRZQ�
EHORZ��VHH�WDEOH�����

7DEOH� ���� ,GHQWLI\LQJ� V\VWHP� GULYHUV�� EDVHG� RQ� WKH� 60$'�ERRN� VHFWLRQ� ��� >�@�� FRPPRQ�
V\VWHP�GULYHUV�

,'(17,)<,1*�6<67(0�'5,9(56

���'ULYHU ���3DUDPHWHUV ���)LUVW�RUGHU�$OJRULWKPV

3RZHU �'5,���
$���0HHW�RYHUDOO�
PLVVLRQ�REMHFWLYHV
%���)HDVLELOLW\�
�WHFKQLFDOO\�
&���5LVN�DFFHSWDQFH
'���6FKHGXOH�DQG�
EXGJHW

���/LQN�EXGJHW
���0DSSLQJ�DQG�SRLQWLQJ�EXGJHW
���2UELWV�SDUDPHWHUV�HTXDWLRQV�±
FKDSWHU ��
���$OWLWXGH�VHOHFWLRQ� &KDSWHU���
���3D\ORDG�SDUDPHWHUV��RSWLFDO�DQG�
UHPRWH�VHQVLQJ� FKDSWHU���DQG���

'DWH�UDWH �'5,���
&RPPXQLFDWLRQV �'5,���
&RYHUDJH �'5,���
2SHUDWLRQV �'5,���
3D\ORDG �'5,���
2UELW��'5,���
$OWLWXGH �'5,���

���� &KDUDFWHUL]H�PLVVLRQ�FRQFHSWV�DQG DUFKLWHFWXUHV
2QFH�WKH�DOWHUQDWLYH�PLVVLRQ�FRQFHSWV��DUFKLWHFWXUHV�DQG�V\VWHP�GULYHUV��7KH�PLVVLRQ�FRQFHSWV�
PXVW�EH�IXUWKHU�GHILQHG�LQ�HQRXJK�GHWDLO�WR�DOORZ�PHDQLQJIXO�HYDOXDWLRQV�RI�HIIHFWLYHQHVV�>�@��
7KLV�FKDUDFWHUL]DWLRQ�SURFHVV�LV�UHSUHVHQWHG�LQ�D�VXE�VWHS�E\�VWHS�DQG�LW�LV�UHSUHVHQWHG�LQ�WKH�WDEOH�
����³&RQFHSW�FKDUDFWHUL]DWLRQ�3URFHVV�´ WKLV�LQIRUPDWLRQ WDNHQ�IURP�WKH�60$'�ERRN�>�@��7KH�



��

OHIW�FROXPQ�����LV IRU�WKH�VWHS�DQG�VHFRQG�FROXPQ ����LV�IRU WKH�UHVXOW��ZKHUH�GLVFXVVHG RU�ZKHUH�
LW�ZLOO�EH�UHYLHZHG�

7KH�WDEOH�����LV�DOVR�LQWHQG�WR�KDYH�D�VPDOO�EXW�SUHFLVH�EDVHOLQH�RI�WKH�FRQFHSW�FKDUDFWHUL]DWLRQ�
DQG�LW�ZLOO�EH�IXUWKHU�UHYLHZHG�RQH�E\�RQH�FKDSWHUV��� � DQG����7KLV�FKDUDFWHUL]DWLRQ�ZLOO�DOVR�
VXSSRUW� WKH�PLVVLRQ�GULYHUV� DQG� SDUDPHWHUV��ZKLFK�ZLOO� EH� SDUW� RI� WKH� UHTXLUHPHQWV� EDVHOLQH�
GLVFXVVHG�LQ�FKDSWHU���DQG���RI�WKLV�GRFXPHQW�

7DEOH� ���� &RQFHSW� FKDUDFWHUL]DWLRQ� 3URFHVV�� EDVHG� RQ� WKH� 60$'� ERRN� VHFWLRQ� ���� >�@��
FKDUDFWHUL]LQJ�WKH�PLVVLRQ�DUFKLWHFWXUH�

&RQFHSW�FKDUDFWHUL]DWLRQ�3URFHVV

6XE�6WHS 5HVXOW�ZKHUH�GLVFXVVHG

$�'HILQH�WKH�SUHOLPLQDU\
PLVVLRQ�FRQFHSW

'LVFXVVHG�DOUHDG\�LQ�VWHS�����

%�'HILQH�WKH�VXEMHFW�
FKDUDFWHULVWLFV

6XPPDU\�RI�PDLQ�FKDUDFWHULVWLFV�RI�VSDFH�PLVVLRQ�
VXEMHFWV��WDNHQ�IRUP�WDEOH������>�@��DGMXVWHG�WR�WKH�6DW&R��
PLVVLRQ�

���4XDQWLW\
���/RFDWLRQ�RU�UDQJH��'HILQHG�LQ�FXVWRPHU�XVHU�
UHTXLUHPHQWV��FKDSWHU���
���7UDQVPLWWHU
���5HFHLYHU
���)UHTXHQF\�DQG�EDQGZLGWK��'HILQHG�LQ�FXVWRPHU�XVHU�
UHTXLUHPHQWV��FKDSWHU���
���'XW\�F\FOH�

&�'HWHUPLQH�WKH�RUELW�RU�
FRQVWHOODWLRQ�FKDUDFWHULVWLFV

&KDUDFWHULVWLFV�RI�RUELW�FRQVWHOODWLRQ DUH EDVHG�RQ�>�@�DQG�
>��@��WKHVH�SDUDPHWHUV ZLOO�EH�UHYLHZHG�WKURXJKRXW�FKDSWHU�
�����DQG�ILQDOO\ VXPPDUL]HG�LQ�FKDSWHU���

���$OWLWXGH
���,QFOLQDWLRQ
���(FFHQWULFLW\
���DUJXPHQW�RI�SHULJHH

'�'HWHUPLQH�SD\ORDG�VL]H�DQG�
SHUIRUPDQFH

&KDUDFWHULVWLFV�RI�SD\ORDG�DUH EDVHG�RQ�>�@�DQG�>��@��WKHVH
SDUDPHWHUV�DUH�UHIHUHQFH�IRU�D�IXWXUH�SUHOLPLQDU\�GHVLJQ�
DQG�WKH\�DUHQ¶W�FRQWHPSODWHG LQ�WKLV�SURMHFW¶V�VFRSH�

���3K\VLFDO�SDUDPHWHUV��GLPHQVLRQV�DQG�PDVV�



��

&RQFHSW�FKDUDFWHUL]DWLRQ�3URFHVV

6XE�6WHS 5HVXOW�ZKHUH�GLVFXVVHG

���9LHZLQJ�DQG�SRLQWLQJ
���(OHFWULFDO�SRZHU��SRZHU�DQG�DYHUDJH�SHDN�SRZHU�
���7HOHPHWU\�DQG�FRPPDQGV
���7KHUPDO�FRQWURO

(�6HOHFW�WKH�PLVVLRQ�
RSHUDWLRQV�DSSURDFK�
� &RPPXQLFDWLRQV�
DUFKLWHFWXUH
� 2SHUDWLRQV
� *URXQG�V\VWHP

&KDUDFWHULVWLFV�DUH�EDVHG�RQ�>�@�DQG�>��@��WKHVH�SDUDPHWHUV�
DUH�UHIHUHQFH�IRU�D�IXWXUH�SUHOLPLQDU\�GHVLJQ�DQG�WKH\�
DUHQ¶W�FRQWHPSODWHG LQ�WKLV�SURMHFW¶V�VFRSH�
� &RPPXQLFDWLRQV�DUFKLWHFWXUH�
1XPEHU�DQG�GLVWULEXWLRQ�RI�JURXQG�VWDWLRQV
5HOD\�VDWHOOLWHV�XVHG�
� 2SHUDWLRQV�
5HTXLUHG�GDWD�KDQGOLQJ
8VLQJ�RI�H[LVWLQJ�GHGLFDWHG�IDFLOLWLHV
� *URXQG�V\VWHP�
/HYHO�RI�DXWRPDWLRQ
6RIWZDUH OLQHV�RI�FRGH�WR�EH�FUHDWHG

)�'HVLJQ�WKH�VSDFHFUDIW�EXV�WR�
PHHW�SD\ORDG��RUELW��DQG�
FRPPXQLFDWLRQV�UHTXLUHPHQWV

���)XQFWLRQDO�EORFN�GLDJUDP��FKDSWHU����
���6\VWHP�SDUDPHWHUV��FKDSWHU���

����,GHQWLI\�FULWLFDO�UHTXLUHPHQWV�

,Q�WKLV�VHFWLRQ��LW�LV�QHHGHG�WR�HVWDEOLVK WKH�³FULWLFDO�UHTXLUHPHQWV´��ZKLFK�DUH�WKRVH�WKDW�GRPLQDWH�
WKH�VSDFH�PLVVLRQ¶V�RYHUDOO�GHVLJQ�DQG��WKHUHIRUH��PRVW�VWURQJO\�DIIHFW�SHUIRUPDQFH�DQG�FRVW >�@��
WKHVH�FULWLFDO�UHTXLUHPHQWV�DUH�QRW�WKH�ODVW�UHTXLUHPHQWV��RWKHUZLVH��DQG�WKH\�DUH�DQ�DSSURDFK�WR�
WKH�FXVWRPHU�XVHU�UHTXLUHPHQWV�DQG�WKH�PLVVLRQ�DFFRPSOLVKPHQW�

)RU�WKH�6DW&R���WKH�FULWLFDO�UHTXLUHPHQWV�DUH��WR�DFKLHYH�DQ�HDUWK�REVHUYDWLRQ�IRU�WKH�&RORPELDQ�
(DUWK�VXUIDFH� LQ�GLIIHUHQW�ZHDWKHU�FRQGLWLRQV� IRU�GLIIHUHQW�DSSOLFDWLRQV� VXFK�DV� WKH�GHIHQVH��
HQYLURQPHQWDO�FRQWURO�DQG�SRSXODWLRQ�

� 7KHVH�DUH�SUHOLPLQDU\�DSSOLFDWLRQV�DV�IRU�WKH�PDLQ�FULWLFDO�UHTXLUHPHQWV�DFKLHYHPHQW��7KH�
UHVHDUFK�RI�DUHDV�RI�DSSOLFDWLRQ�DUH�H[SRVHG�LQ�FKDSWHU����



��

/LNHZLVH��EDVHG�RQ�WKH�60$'�ERRN�>�@�DQG�WKH�6DW&R��REMHFWLYHV��WKH�QH[W�FULWLFDO�UHTXLUHPHQWV�
ZLOO�DIIHFW�WKH�PLVVLRQ�GHVLJQ�

� 5HVROXWLRQ� $IIHFWV�WKH�LQVWUXPHQW�VL]H��DOWLWXGH��FRPPDQG�DQG�FRQWURO
� 0DSSLQJ�DFFXUDF\��$IIHFWV�WKH�DOWLWXGH�FRQWURO��SD\ORDG�SUHFLVLRQ�DQG�GDWD�SURFHVVLQJ�
� &RYHUDJH� DQG� UHVSRQVH� WLPH�� DIIHFW� WKH� DOWLWXGH�� LQFOLQDWLRQ�� FRPPXQLFDWLRQV� DQG�

DUFKLWHFWXUH�

����(YDOXDWH�PLVVLRQ�XWLOLW\

)RU�WKH�PLVVLRQ�XWLOLW\ IRUP�WKLV�VHFWLRQ��WKH�FRQFHSW�KDV�WR�EH�XQGHUVWRRG�DV�WKH�SURFHVV�
RI�TXDQWLI\LQJ� WKH� V\VWHP�SDUDPHWHUV� DQG� WKH� UHVXOWLQJ�SHUIRUPDQFH� >�@��7KLV�PLVVLRQ�
XWLOLW\�SURFHVV�LV�XVHG�WR�SURYLGH�LQIRUPDWLRQ�IRU�GHFLVLRQ�PDNLQJ��DQG�SURYLGH�IHHGEDFN�
RQ�WKH�V\VWHP�GHVLJQ� 7KHVH DUH�WKH SKDVHV�ZKHUH WKLV�SURMHFW�HPSKDVL]HV��LQ�DFFRUGDQFH�
ZLWK�WKH�PLVVLRQ�REMHFWLYHV��WKLV�HYDOXDWLRQ�LV�SHUIRUPHG�E\ D DQDO\VLV�DQG�RU�VLPXODWLRQ��
XVLQJ�WKH�60$'�ERRN��WDEOH������WKH�DQDO\VLV SHUIRUPHG�E\�FDOFXOXV RU�GDWD�HVWDEOLVKHG
UHVHDUFK DQG�WKH�VLPXODWLRQ�PDGH�LQ�6DWHOOLWH�WRRO�NLW�>��@��67.��

7KH�QH[W�WDEOH�DV�VWDWHG�EHIRUH�VWDQGV�IRU�WKH�PLVVLRQ�XWLOLW\�SURFHVV�DQG�LW�VKDOO�LQFOXGH�
WKH�SHUIRUPDQFH�SDUDPHWHUV�IRU�WKH�PLVVLRQ�DFFRPSOLVKPHQW�DQG�LW�ZLOO�EH�GHYHORSHG�LQ�
FKDSWHU���³0LVVLRQ�GHVLJQ� DQDO\VLV�DQG�VLPXODWLRQ´�XVLQJ WKLV�WDEOH�DV�EDVHOLQH��VHH�WDEOH�
����³3HUIRUPDQFH�SDUDPHWHUV� PLVVLRQ�XWLOLW\´�

7DEOH�����3HUIRUPDQFH�3DUDPHWHUV� IRU�6DW&R��0LVVLRQ�XWLOLW\��EDVHG�RQ�WKH�60$'�ERRN�
WDEOH���� >�@��5HSUHVHQWDWLYH�SHUIRUPDQFH�SDUDPHWHUV

3(5)250$1&(�3$5$0(7(56�)25�6$7&2�

1�&� 3HUIRUPDQFH�SDUDPHWHU
+R�'HWHUPLQHG��:KHUH�

GLVFXVVHG
�� 0LQLPXP�FRYHUDJH� 6FDOH �3(3��� $QDO\VLV��FKDSWHU���	��
�� 0HDQ�WLPH�EHWZHHQ�REVHUYDWLRQV �3(3��� $QDO\VLV��FKDSWHU���

��
5HYLVLW� �WLPH� WR� SRLQW� VDPH� ORFDWLRQ�
�3(3���

$QDO\VLV�VLPXODWLRQ��&KDSWHU���	�
��

��
2UELWDO�SDUDPHWHUV��DOWLWXGH��SHULJHH��
DSRJHH� �3(3���

$QDO\VLV�VLPXODWLRQ��FKDSWHU���	�
��

�� *URXQG�SRVLWLRQ�NQRZOHGJH �3(3��� 6LPXODWLRQ��&KDSWHU���
�� 5HVROXWLRQ �3(3��� $QDO\VLV��FKDSWHU���

����'HILQH�PLVVLRQ�FRQFHSW��EDVHOLQH��

7KLV�LV�WKH�ILQDO�VWHS�RQ�WKH�PLVVLRQ�HYDOXDWLRQ�DQG�KHUH�LW�LV�LQWHQGHG WR�GHILQH�GLIIHUHQW�
IDFWRUV�WR�DOORZ�NQRZLQJ�ZKHWKHU�WR�SURFHHG�ZLWK�LW RU�QRW��+HQFH��WKLV�EDVHOLQH�LV�JRLQJ�



��

WR�DOORZ�D�GHFLVLRQ�PDNLQJ�IRU�SURFHHGLQJ�RU�QRW�DQG�LW�ZLOO�DIIHFW�WKH�QH[W�FKDSWHUV�IRU�
WKH� 3UHOLPLQDU\� UHTXLUHPHQWV� UHYLHZ�� V\VWHPV� UHTXLUHPHQWV� UHYLHZ� DQG� WKH� FKDSWHU� ��
³0LVVLRQ�'HVLJQ� $QDO\VLV�DQG�VLPXODWLRQ´�

7KH 0LVVLRQ�(YDOXDWLRQ LV�EDVHG�RQ�WKH�LQIRUPDWLRQ�JDWKHUHG�WKURXJKRXW�WKLV�FKDSWHU��WKH
QH[W�WDEOH�VKRZV�VRPH DVSHFWV�IRU�WKH�0LVVLRQ�&RQFHSW�6HOHFWLRQ�DV�WKH�EDVHOLQH��JR�QR�
JR�GHFLVLRQ��>�@�WKDW�QHHGV�WR�EH�WDNHQ�LQWR�DFFRXQW�IRU�WKH�PLVVLRQ�GHYHORSPHQW��VHH�WDEOH�
����³0LVVLRQ�FRQFHSW�VHOHFWLRQ� *R�QR�JR�GHFLVLRQ´

7DEOH������ 0LVVLRQ�FRQFHSW�VHOHFWLRQ� *R�QR�JR�GHFLVLRQ��EDVHG�RQ�WKH�60$'�ERRN�VHFWLRQ�
��� >�@��0LVVLRQ�FRQFHSW�VHOHFWLRQ�

0,66,21�&21&(37�6(/(&7,21� *2�12�*2�'(&,6,21

)DFWRU 6DW&R��GHFLVLRQ

,V�LW�WHFKQLFDOO\�IHDVLEOH" 0LVVLRQ�UHTXLUHV�VWDQGDUG�PDWHULDOV��GHVLJQ��SDUWV�
DQG�SD\ORDG��ZLWK�WKH�SURSHU�HQJLQHHULQJ�GHVLJQ�
DQG�DQDO\VLV�WKLV�FDQ�EH�SHUIRUPHG� �'(&���

,V�WKH�OHYHO�RI�ULVN�DFFHSWDEOH" 7KLV�0LVVLRQ�LV�EDVHG�RQ�RWKHU�VDWHOOLWH (DUWK�
2EVHUYDWLRQ�0LVVLRQV�ZKHUH�WKH�ULVNV�DV�LQ�WKH�
GHVLJQ�DQG�LPSOHPHQWDWLRQ�LV�WDNHQ�LQWR�DFFRXQW�
�'(&���

$UH�WKH�VFKHGXOH�DQG�EXGJHW�
ZLWKLQ�WKH�HVWDEOLVKHG
FRQVWUDLQWV"

7KH�VFKHGXOH�DQG�EXGJHW�GHSHQG�RQ�WKH�VSRQVRU�
DQG�FOLHQW�RI�WKH�SURMHFW�VR�WKLV�PLVVLRQ�FDQ�EH�
DFKLHYHG� �'(&���

'RHV�WKH�PLVVLRQ�PHHW�WKH�SROLWLFDO�
REMHFWLYHV"

7KLV�PLVVLRQ�LV�XQGHU�WKH�REMHFWLYHV�IRU�WKH�
&RORPELDQ�6DWHOOLWH�WHFKQRORJLHV�DGYDQFHV�DV�
PHQWLRQHG�LQ�SDUW����2I�WKLV�GRFXPHQW� �'(&���

7KLV�JR�QR�JR�DQDO\VLV�ILQGV�WKDW�WKH�PLVVLRQ�FRQFHSWV�IURP�WKLV�VHFWLRQ�DQG�FKDSWHU���PDWFKHV�
WR�WKH�SURMHFW�VFRSH�DQG�WKH�GHFLVLRQ�IRU�WKLV�SDUW�LV�WR�FRQWLQXH�ZLWK�WKH�QH[W�FKDSWHUV��UHIHU�WR�
FKDSWHU���³3UHOLPLQDU\�5HTXLUHPHQWV�5HYLHZ´��
/LNHZLVH��DV�H[SODLQHG�EHIRUH��WKH�LQIRUPDWLRQ�JDWKHUHG�DERYH�IURP�VWHS�����WR�VWHS�����DOORZV�
KDYLQJ D�PLVVLRQ�GHILQLWLRQ� UHYLHZ DQG�FRQFHSW� EDVHOLQH�� DQG�PDNHV�SDUW�RI� WKH� FRUH� RI� WKLV�
SURMHFW�UHVHDUFK�WKDW ZLOO�EH�IXUWKHU�UHYLHZHG�LQ�WKH�QH[W�FKDSWHUV������DQG�ILYH���FRQFOXVLRQV�RI�
WKLV�VHFWLRQ�ZLOO�EH�IXUWKHU�GLVFXVVHG�
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&+$37(5� �� � 35(/,0,1$5<� 5(48,5(0(176�
5(9,(: �355�

,Q� RUGHU� WR� GR� DQ\� DQDO\VLV� RU� GHVLJQ� IRU� WKH &RQFHSWXDO� 'HVLJQ� DQG� 6\VWHPV� HQJLQHHULQJ�
SURFHVV� WKH�UHTXLUHPHQWV�KDYH�WR�EH�VHWWOHG��UHTXLUHPHQWV�VXFK�DV�WKH 8VHU�FXVWRPHU��WHFKQLFDO��
SK\VLFDO� DQG� V\VWHPV� UHTXLUHPHQWV�� 7KLV� SURMHFW XVHV� DV� UHIHUHQFH WKH� V\VWHP� HQJLQHHULQJ�
JHQHUDO� UHTXLUHPHQWV� VWDQGDUG� (&66�(�67��>��@�� ZKLFK HPSKDVL]HV� LQ� WKH� LPSRUWDQFH� RI�
GHILQLQJ DQG�GHYHORSLQJ�UHTXLUHPHQWV�DV�WKH�IURQW�HQG�SURFHVV�IRU�V\VWHP�GHVLJQ��GHYHORSPHQW�
DQG�GHSOR\PHQW�

7KH SURFHVV�RI�GHYHORSLQJ�UHTXLUHPHQWV�VKDOO�V\VWHPDWLFDOO\ EH SHUIRUPHG VWHS�E\�VWHS��ZKLFK
DUH� JRLQJ� WR� EH� H[SODLQHG LQ� FKDSWHU� �� DQG� �� �UHFDOOLQJ� WKDW� WKH\� DUH� OLQNHG� WR� HDFK� RWKHU��
/LNHZLVH��IRU�FKDSWHUV���DQG��� WKH�SUHOLPLQDU\�DQG�V\VWHPV�UHTXLUHPHQWV UHVSHFWLYHO\ DUH JRLQJ�
WR�EH�UHYLHZHG�XVLQJ�DV�D�JXLGDQFH�WKH�6SDFH�PLVVLRQ�DQDO\VLV�DQG�GHVLJQ �60$'��>�@��

7KH�QH[W�GLDJUDP��GLDJUDP������LV�D�VXPPDU\ IRU�GHYHORSLQJ�D�UHTXLUHPHQWV�EDVHOLQH�ZLWK�QLQH�
VWHSV �DV� WKH�UHIHUHQFH�VWHSV�IURP�WKH�60$'�ERRN�>�@��� ,Q� WKH�FKDSWHU���� WKH�&XVWRPHU�XVHU��
REMHFWLYHV��FRQVWUDLQWV�DQG�QHHGV�DUH�JRLQJ�WR�EH�UHYLHZHG �6WHSV���WR�����$IWHUZDUGV IURP�WKH�
DUFKLWHFWXUH H[SUHVVHG� VLQFH� WKH� VWHS� ILYH� WKH� V\VWHPV� IXQFWLRQDO� UHTXLUHPHQWV� DQG�
FKDUDFWHULVWLFV�VKDOO�EH�GHFRPSRVHG�LQ�ORZHU�OHYHOV��WKLV�LV�JRLQJ�WR�EH�VKRZQ�LQ�WKH�QH[W�FKDSWHU�
�&KDSWHU����6\VWHPV�UHTXLUHPHQWV�UHYLHZ�655��VWHSV���WR����

$OO� VWHSV� VKDOO� EH� HYDOXDWHG� RQH� E\� RQH� V\VWHPDWLFDOO\� LQ� WKLV� SURMHFW� XVLQJ� DV� EDVHOLQH� WKH�
UHIHUHQFHV�IRUP�WKH�(DUWK�2EVHUYDWLRQ�0DJD]LQH�>��@� 7KH�6SDFH�0LVVLRQ�$QDO\VLV�DQG�'HVLJQ
ERRN�>�@�DQG�$�%�&V�RI�6XQ�6\QFKURQRXV�2UELW�0LVVLRQ�'HVLJQ�>��@� WKLV�LQIRUPDWLRQ�LV�VKRZQ�
IURP� VWHS� RQH� WR� VWHS� QLQH� DV� ZULWWHQ� EHOORZ�� VHH� GLDJUDP ��� ³6WHSV� WR� 'HYHORSLQJ� D�
5HTXLUHPHQWV�%DVHOLQH´�

63$&(�,17(17,21$//<�/()7�,1�%/$1.
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'LDJUDP���� 6WHSV�WR�'HYHORSLQJ�D�5HTXLUHPHQWV�%DVHOLQH�
6RXUFH��$XWKRU

6WHS���,GHQWLI\ WKH�&XVWRPHU�DQG�8VHU

,Q�WKLV�VWHS��WKH�FXVWRPHU�DQG�XVHU�RI�WKH�SURGXFW�VHUYLFH�LV�JRLQJ�WR�EH�LGHQWLILHG��DV�D�FXVWRPHU�
PD\�EH�D� SURFXULQJ�DJHQW� EXW�QRW� WKH�XOWLPDWH� XVHU� DQG�ERWK�PXVW� EH� XQGHUVWRRG� 7KH�PDLQ�
GLIIHUHQFH�EHWZHHQ�XVHUV�DQG�FXVWRPHUV�LV�WKDW��FXVWRPHUV�XVXDOO\�SD\�IRU�WKH�VHUYLFH��RWKHUZLVH��
WKH�XVHUV�UHFHLYH�WKH�VHUYLFHV�WKDW�RWKHU�SD\V�IRU´ >�@�

$OO�UHTXLUHPHQWV�PXVW�EHJLQ�ZLWK�VXFFLQFW�EXW�ZHOO�GHILQHG XVHU�DQG�FXVWRPHU PLVVLRQ�QHHGV��
IRFXVLQJ� RQ� WKH� FULWLFDO� IXQFWLRQDO� DQG� RSHUDWLRQDO� UHTXLUHPHQWV�� ZLWKRXW� XQQHFHVVDULO\�
FRQVWUDLQLQJ�RU�GLFWDWLQJ�WKH�GHVLJQ�>�@��
7KH�QH[W�WKLQJ�WR�KDYH�LQWR�DFFRXQW�LV�WKH SRVVLEOH�VROXWLRQ �V� RI�WKLV�PLVVLRQ�VKDOO�EH IRFXVHG�
RQ�WKH�&RORPELDQ�VSDFH�SURJUDPV�DQG�REVHUYDWLRQ RI�WKH�HDUWK�VXUIDFH� +HQFH��WKH�UHVHDUFK�JHWV�

5(48,5(0(176�
%$6(/,1(

&+$37(5��

6WHS����,GHQWLI\�WKH�FXVWRPHU�
DQG�XVHU�

6WHS����7UDQVODWH�
FXVWRPHU�XVHU�QHHGV

6WHS����,GHQWLI\�DQG�
SULRULWL]H�REMHFWLYHV�DQG�

QHHGV�

6WHS����,GHQWLI\�LQWHUQDO�DQG�
H[WHUQDO�FRQVWUDLQWV�

&+$37(5��

6WHS����)XQFWLRQDO�
UHTXLUHPHQWV�IRU�V\VWHPV

6WHS����4XDQWLILDEOH�
UHTXLUHPHQWV

6WHS����)XQFWLRQDO�IORZ�DQG�
UHSUHVHQWDWLYH

6WHS����7UDQVODWH�IXQFWLRQDO�
DWWULEXWHV

6WHS����%ORFN�GLDJUDPV�
UHODWLRQVKLSV�� V\VWHPV�OHYHO
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WR�WKH�FRQFOXVLRQ�WKDW�WKH�FXVWRPHU�RI�WKH�SURMHFW�PLVVLRQ�LV�WKH�RQH�WKDW�VKDOO�ILQDQFLDOO\ VXSSRUW�
LW��ZKHUHDV�WKH�XVHU�PDNHV SDUW�RI�WKH�SURMHFW�VLQFH�LWV�FRQFHSWLRQ�XQWLO KDYLQJ�WKH�ILQDO�SURGXFW��
7KH�XVHU�VKDOO�VXSSRUW�WKH�PLVVLRQ�DV�ILUVW�SDUW�E\�GHILQLQJ�WKH�FULWLFDO�IXQFWLRQDO�DQG�RSHUDWLRQDO�
UHTXLUHPHQWV� DQG�ZLOO�EH�UHYLHZHG�DW WKH EHJLQQLQJ�RI SURMHFW ZLWK�WKH�GHYHORSHUV��RSHUDWRUV�
DQG�XVHUV�

$V�H[SODLQHG� LQ� WKH�FKDSWHU��� 6HFWLRQ���� 7KH�1DWLRQDO�3ODQQLQJ�GHSDUWPHQW��'13� KDV� WKH�
REMHFWLYHV�RI�WKH�GHYHORSPHQW�RI�WKH�6SDFH�UHVHDUFK�LQ�WKHLU�1DWLRQDO�GHYHORSPHQW�SODQV �'13���
UHIHUHQFH�>�@�DQG�>�@� +HQFH� KDYLQJ�WKLV�LQWR�DFFRXQW�DQG�UHPHPEHULQJ�WKDW�WKH�SURMHFW�UHTXLUHV�
D� FXVWRPHU� WKDW�PD\� EH� LQWHUHVWHG� LQ� WKH� (DUWK� REVHUYDWLRQ� IRU� WKH� &RORPELDQ� VXUIDFH�� DQG�
IROORZLQJ�WKH�OHJDO�VWDWHPHQWV��WKLV�SURMHFW�JHWV�WR�WKH�FRQFOXVLRQ�RI�GHILQLQJ�WKH�'13 DV�WKH�
GHVLUHG�FXVWRPHU�

7KH�&RORPELDQ�&RPPLVVLRQ�IRU�WKH�6SDFH �&&(� ZDV�FUHDWHG�DIWHU�WKH�SUHVLGHQWLDO�GHFUHH�������
RI������DV�WKH�UHSUHVHQWDWLYH�VHFWLRQ�IRU�WKH�SODQQLQJ��RUJDQL]DWLRQ��UHVHDUFK�DQG�DV�VWDJH�IRU�WKH�
JDWKHULQJ�RI� LQVWLWXWLRQDO�PDQDJHPHQW�DERXW��7HOHFRPPXQLFDWLRQV��VDWHOOLWH�QDYLJDWLRQ��(DUWK�
REVHUYDWLRQ��DVWURQDXWLFV��DVWURQRP\�DQG�DHURVSDFH�PHGLFLQH�>��@��

7KLV�FRPPLVVLRQ�LV�WKH�IRFDO�SRLQW�RI�WKH�VSDFH�PDWWHUV DQG�LW ZRUNV�DORQJ�ZLWK�GLIIHUHQW�HQWLWLHV�
VXFK�DV WKH�'HIHQVH�0LQLVWU\��&LYLO�$HURQDXWLFV�DQG�WKH�'13 >��@��%HLQJ�WKLV�QRW�RQO\�D�GHIHQVH�
EXW�DOVR�D�FLYLO�SXUSRVHV�FRPPLVVLRQ�ZLWK�WKH�DLP�RI�JDWKHULQJ�WKH�6SDFH�UHVHDUFK� HYHU�VLQFH�
WKHUH�LV�QRW�D�6SDFH�$JHQF\�HVWDEOLVKHG LQ�&RORPELD�\HW�

$V�RQH�RI�WKH�IXQFWLRQV�RI�WKH�&&( LV WKH�DSSOLFDWLRQ�RI�VSDFH�WHFKQRORJLHV WR�LPSURYH�WKH�HDUWK�
REVHUYDWLRQ��WR�VXSSRUW�WKH�HQYLURQPHQWDO�PDQDJHPHQW�DQG�WR�ZRUN�DV�D�JXLGH�IRU�WKH�SURSHU
UHVRXUFHV�XVDJH�>��@��/LNHZLVH��EHLQJ�DQ�LPSRUWDQW�EDVHOLQH�IRU�WKH�GLVDVWHUV�SUHYHQWLRQ��IRUHVW�
ILUHV��PXGVOLGHV��DYDODQFKHV��IORRGV��HWF���DQG�ULVNV�PDQDJHPHQW��7KLV SURMHFW�LV�EDVHG RQ�WKH�
(DUWK�REVHUYDWLRQ�RI�WKH &RORPELDQ�VXUIDFH�QH[W�WR LWV SRVVLEOH DSSOLFDWLRQV�DV�PHQWLRQHG�LQ�WKH�
FKDSWHU���ZLWK� WKH�PLVVLRQ�REMHFWLYHV�� DQG� LGHQWLI\LQJ� WKDW� WKH�&&6� LV� WKH� IRFDO�SRLQW�RI� WKH�
&RORPELDQ�*RYHUQPHQW�IRU�WKH VSDFH�UHVHDUFK��7KLV�SURMHFW JHWV WR�WKH�SRLQW RI LGHQWLI\LQJ WKH�
&&6� DV� WKH� SULQFLSDO� DQG� GHVLUHG� XVHU RI� WKLV� SURMHFW� HYHU� VLQFH� WKLV� UHVHDUFK� LV� LQWHQGHG WR�
DFFRPSOLVK�LPSRUWDQW�UHODWHG�REMHFWLYHV��VHH�WDEOH���� ³6XPPDU\�IRU�LGHQWLI\LQJ�WKH�FXVWRPHU�
DQG�XVHU´�

7DEOH �����6XPPDU\�IRU�LGHQWLI\LQJ�WKH�FXVWRPHU�DQG�XVHU� 6RXUFH��$XWKRU

,'(17,)<,1*�7+(�&86720(5�$1'�86(5

&86720(5 86(5

7KH�1DWLRQDO�3ODQQLQJ�'HSDUWPHQW��'13�
7KH�&RORPELDQ�&RPPLVVLRQ�IRU�WKH�6SDFH�
�&&(�
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6WHS���,GHQWLI\ DQG�SULRULWL]H�REMHFWLYHV�DQG�QHHGV�

1RZ�WKDW�WKH�FXVWRPHU�DQG�XVHU�KDYH�EHHQ�LGHQWLILHG��WKH�FXVWRPHU�XVHU�REMHFWLYHV�DQG�QHHGV�
UHTXLUH�WR�EH�LGHQWLILHG�DQG�SULRULWL]H DV�ZHOO��LQ�WKLV�FDVH�WKH�SRVVLEOH�REMHFWLYHV�DQG�QHHGV�IRU�
WKH '13�>�@ DQG�WKH�&&( >��@�PD\�EH�

'13�REMHFWLYHV�
7KH� '13� KDV� D� GLYHUVH� YDULHW\� RI� REMHFWLYHV� EXW� ZKHQ� LW� FRPHV� WR� VSDFH� UHVHDUFK�� (DUWK�
2EVHUYDWLRQ�DV�UHIHUHQFH�>�@�DQG�>�@��WKHVH�PDLQ�REMHFWLYHV�DUH�

� 7R�HVWDEOLVK�DJUHHPHQWV�ZLWK�WKH�3ULYDWH�VHFWRU�DQG�$FDGHPLHV�IRU�WKH�GHYHORSPHQW�RI�
VDWHOOLWH� DSSOLFDWLRQV� IRU� WKH�DHURQDXWLFV ILHOG��/LNHZLVH�� WUDQVSRUWDWLRQ�PHDQV�ZLWK�D�
ILQDQFHG�UHVHDUFK�SODQ�

� 7R�SURPRWH�D�EHWWHU�VFLHQWLILF�WHFKQLFDO�FDSDFLW\�GHYHORSPHQW�LQ�WKH�FRXQWU\�DV�D�PDLQ�
IDFWRU�IRU�WKH�FUHDWLRQ�RI�WKH�1DWLRQDO�$JHQF\�RI�6SDFH�

� 7R�XVH�PHDQV�WKDW�ORRN�IRU�HQIRUFLQJ�WKH�FRQWURO�RI�GLVWULEXWLRQ�DQG�GHPDQG�RI�IXHO�LQ�
WKH�FRXQWU\�ERUGHUV�XVLQJ�PHFKDQLVPV�RI�6DWHOOLWH�WUDFNLQJ�

� 7R� HQIRUFH� WKH� LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQ� WHFKQRORJLHV� RI� �,&7�� LQGXVWU\ ZLWK�
VDWHOOLWH WHFKQRORJLHV��DV�RQH�FRPSRQHQW�RI�PXOWLSOH�RQHV�LQ�WKLV�HQIRUFHPHQW��

&&( 2EMHFWLYHV�

7KH�&&(� DV� WKH� RUJDQLVP� LQ� FKDUJH� RI� WKH� 6SDFH� UHVHDUFK� FRRSHUDWLRQ� DQG� LW� KDV� WKH�PDLQ�
REMHFWLYH� WR� LPSOHPHQW� WKH� 6DWHOOLWH� GHYHORSPHQW� UHVHDUFK� SURJUDP� DQG� WKH� DSSOLFDWLRQV�
FROODERUDWLQJ� ZLWK� GLIIHUHQW� HQWLWLHV� LQFOXGLQJ� FLYLO� DQG� GHIHQVH�� FRQFHUQLQJ WKH� (DUWK�
2EVHUYDWLRQ� ± 3+$6(� ��� 2UJDQL]DWLRQ� RI� WKH� 6DWHOOLWH� GHYHORSPHQW� UHVHDUFK� LQ� &RORPELD�
SURMHFW��

7KH�VSHFLILF�REMHFWLYHV�FRQFHUQLQJ�WKLV�PDWWHU�DUH�

� 7R�HVWDEOLVK�PHFKDQLVPV�WKDW�FRQWULEXWH�WKH�LQYHVWLJDWLRQ�RI�VDWHOOLWH�HQJLQHHULQJ�
LQ�&RORPELD�FROODERUDWLQJ�ZLWK�GLIIHUHQW�LQVWLWXWLRQV�LQ�SULRULW\�ZRUNLQJ�WRSLFV�RI�
WKH�&RORPELDQ�*RYHUQPHQW�

� 7R� (YDOXDWH� DQG� SURSRVH� DOWHUQDWLYHV� IRU� WKH� DSSURSULDWLRQ� RI� 6DWHOOLWH�
WHFKQRORJLHV�IRU�WKH�(DUWK�2EVHUYDWLRQ��

� 7R�IRUPXODWH�D�WHFKQLFDO�YLDELOLW\�WR� LQVWDOO�D�&RORPELDQ�6DWHOOLWH�IRU� WKH�(DUWK�
2EVHUYDWLRQ��

� 7R�SURSRVH�VWUDWHJLHV�WR�SURPRWH�WKH�WHFKQRORJLFDO�GHYHORSPHQW DERXW�WKH�(DUWK�
2EVHUYDWLRQ�DQG�WKH�&RXQWU\¶V�FRPSHWLWLYH�OHYHOV�LQ�WKLV�ILHOG�

�



��

7KH� LQIRUPDWLRQ� DERYH� KDV� EHHQ� WDNHQ� IURP� WKH� &&(�ZHE� SDJH�� UHIHUHQFH� >��@�� ZLWK� WKHVH�
REMHFWLYHV��WKH�QHHGV�DUH�JRLQJ�WR�EH�HYDOXDWHG�DV ZHOO�WR�IXUWKHU�JHW�WR�WKH�LQWHUQDO�DQG�H[WHUQDO�
FRQVWUDLQWV �6WHS����

3ULRULWL]LQJ�&XVWRPHU�XVHU�REMHFWLYHV

)RU�WKH�PLVVLRQ�WR�EH�DFFRPSOLVKHG�WKH�FXVWRPHU�XVHU�REMHFWLYHV�QHHG�WR�EH�SULRULWL]HG�DV�WKH�
PRVW�IHDVLEOH�DQG�DFFXUDWH�ZLWK�WKLV�SURMHFW�VFRSH��WKHVH�REMHFWLYHV DUH�VKRZQ�LQ�ILJXUH�����
7KH�QH[W�ILJXUH��ILJXUH������VKRZV�WKH�&XVWRPHU�DQG�8VHU�REMHFWLYHV FRPSOLHG�LQ�ILYH�OHYHOV�DV�
WKH�PRVW� FRQFHUQLQJ� REMHFWLYHV� �WRS�� DV� IRU� WKH� GLYHUVH� SRVVLEOH� DSSOLFDWLRQV� RI� WKH� VDWHOOLWH�
FRQFHUQLQJ�WKH�PLVVLRQ�LWVHOI��GRZQ���6RPH�RI�WKHP�DUH�LQ�WKH�VDPH�OHYHO�EHFDXVH�LQ�WKLV�SURMHFW�
WKH\� DUH� FRQVLGHUHG� WR� EH� LQ� WKH� VDPH� OHYHO� RI� LPSRUWDQFH�� 6HH� ILJXUH� ���� ³&XVWRPHU�8VHU�
REMHFWLYHV�SULRULWL]HG�LQ�OHYHOV´�

&86720(5�86(5�2%-(&7,9(6

7R�SURPRWH�D�EHWWHU�VFLHQWLILF�WHFKQLFDO�FDSDFLW\�
GHYHORSPHQW�LQ�WKH�FRXQWU\ ZLWK�D�ILQDQFHG�UHVHDUFK�SODQ

7R�HVWDEOLVK�PHFKDQLVPV�
WKDW�FRQWULEXWH�WR�WKH�

LQYHVWLJDWLRQ�RI�VDWHOOLWH�
HQJLQHHULQJ�LQ�&RORPELD

7R�SURSRVH�VWUDWHJLHV�WR�SURPRWH�WKH�WHFKQRORJLFDO�
GHYHORSPHQW�DERXW�WKH�(DUWK�2EVHUYDWLRQ�DQG�WKH�

&RXQWU\¶V�FRPSHWLWLYH�OHYHOV�LQ�WKLV�ILHOG�

7R�(YDOXDWH�DQG�SURSRVH�
DOWHUQDWLYHV�IRU�WKH�

DSSURSULDWLRQ�RI�6DWHOOLWH�
WHFKQRORJLHV�IRU�WKH�(DUWK�

2EVHUYDWLRQ�

7R�HQIRUFH�WKH�LQIRUPDWLRQ�DQG�
FRPPXQLFDWLRQ�WHFKQRORJLHV �,&7��
LQGXVWU\�ZLWK�VDWHOOLWH�WHFKQRORJLHV

7R�IRUPXODWH�D�WHFKQLFDO�
YLDELOLW\�WR�LQVWDOO�D�

&RORPELDQ�6DWHOOLWH�IRU�
WKH�(DUWK�2EVHUYDWLRQ�

7R�XVH�PHDQV�WKDW�ORRN�IRU�HQIRUFLQJ�WKH�FRQWURO�
RI�GLVWULEXWLRQ�DQG�GHPDQG�RI�IXHO�LQ�WKH�FRXQWU\�
ERUGHUV�XVLQJ�PHFKDQLVPV�RI�6DWHOOLWH�WUDFNLQJ

7R�LPSOHPHQW�WKH�6DWHOOLWH�GHYHORSPHQW�UHVHDUFK�SURJUDP�DQG�WKH�
DSSOLFDWLRQV�FRQFHUQLQJ�WKH�(DUWK�2EVHUYDWLRQ�± 3+$6(��

)LJXUH������&XVWRPHU�8VHU�REMHFWLYHV�SULRULWL]HG�LQ�OHYHOV�
6RXUFH��$XWKRU



��

'13�&&( 1HHGV�

$V�D�FRUUHODWHG�SRLQW�IRU�WKH�&&(�DQG�'13��WKH�QHHGV�RI�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�LQ�
GLIIHUHQW� ILHOGV� RI� XVDJH� UHTXLUH� WR� EH� VWDWHG� LQ� WKLV� VHFWLRQ� EHLQJ� WKRVH� WKH� EDVHOLQH� IRU� WKH�
WHFKQLFDO�UHTXLUHPHQWV�LQ�WKH�QH[W�VWHSV�

8VLQJ DV�D�UHIHUHQFH�D�SURMHFW�PDGH�E\�WKH�&&( H[SRVHG�RQ�WKH�(DUWK�2EVHUYDWLRQ�0DJD]LQH�
�����>��@� WKH�&&( JURXS�RI�DSSOLFDWLRQV�HODERUDWHG�D�GLDJQRVLV�RI�WKH�QHHGV�DQG�DSSOLFDWLRQV�
RI� WKH� UHPRWH� VHQVLQJ� LQ� WKH�FRXQWU\� ZLWK� WKH�REMHFWLYH�RI�DFTXLULQJ� UHOHYDQW LQIRUPDWLRQ� WR�
GHWHUPLQH�WKH�WHFKQLFDO�UHTXLUHPHQWV�IRU�D�&RORPELDQ�(DUWK�VXUIDFH�2EVHUYDWLRQ�VDWHOOLWH��
&&( EDVHG�WKHLU�SURMHFW�RQ�GLIIHUHQW�UHVHDUFKHV��6XFK�DV�WKH�LQIRUPDWLRQ�FRPSLOHG RI�WKH�,*$&�
�*HRJUDSKLF� LQVWLWXWH� $JXVWtQ� &RGD]]L�� >��@� DQG� WKH� 6(/3(5 �/DWLQRDPLHULFDQ� 6RFLHW\� RI�
6SHFLDOLVWV�LQ�5HPRWH�3HUFHSWLRQ�DQG *HRJUDSKLF�6\VWHPV�,QIRUPDWLRQ� >��@��

7KHLU� UHVHDUFK� KDV� EHHQ FRPSLOHG E\�PHDQV� RI� VXUYH\V DQG�ZRUNVKRSV� ZKLOH FRQVXOWLQJ� WR�
GLIIHUHQW�VHFWRUV�LQ�WKH�&RXQWU\�DERXW�WKH XVDJH�RI�WKH�GDWD�DFKLHYHG�ZLWK�UHPRWH�VHQVRUV��WKH�
QHHGV��GLIILFXOWLHV�DQG�UHTXLUHPHQWV�DERXW WHFKQRORJLHV��SURFHVVLQJ�DQG GDWD DSSOLFDWLRQV��

$V�D�UHVXOW�RI�WKH�UHVHDUFK�����DUHDV�ZHUH�GHILQHG�DV�PDLQ�SULRULWLHV�IRU�WKH�UHPRWH�VHQVLQJ�>��@�
ZLWK�WKDW�LQIRUPDWLRQ� WKHVH�DUHDV�DUH�WKH�EDVHOLQH�IRU�WKLV�VHFWLRQ�ZKHQ�LGHQWLI\LQJ�WKH�WHFKQLFDO�
UHTXLUHPHQWV� DQG� QHHGV� DUH VKRZQ� LQ� ILJXUH� ����� )URP� UHIHUHQFH� >��@� DGDSWHG� LQWR� (QJOLVK�
ODQJXDJH��VHH�ILJXUH�����³$UHDV�RI�WHFKQRORJLHV�DSSOLFDWLRQ�IRU�WKH�(DUWK�2EVHUYDWLRQ´�

63$&(�,17(17,21$//<�/()7�,1�%/$1.



��

(
1
9
,5
2
0
(
1
7
$
/
�0

$
1
$
*
(
0
(
1
7

(FRV\VWHPV�DQG�
ELRGLYHUVLW\

+\GULF�UHVRXUFH

2FHDQ�	�&RDVWDO�
]RQHV

$WPRVSKHUH�±
0HWHRURORJ\��

&OLPDWH

/DQG

3
5
2
'
8
&
7
,9
(
�6
<
6
7
(
0
6

$JULFXOWXUDO

(SLGHPLRORJ\

%LRIXHO

)LVK�)DUPLQJ�DQG�
)LVKLQJ

6LOYLFXOWXUH

/LYHVWRFN

+
(
$
/
7
+

5
,6
.
�0

$
1
$
*
(
0
(
1
7

6
(
&
8
5
,7
<
�	
�

'
(
)(

1
&
(

3XEOLF�+HDOWK

+HDOWK�
(PHUJHQFLHV

,OOLFLW�FRUSV

'HIHQFH

+XPDQLWDULDQ�
+HOS

0DVV�ZDVWLQJ

)ORRGV

+\GURFDUERQ�

+\GULF�(QHUJ\

6HLVPLF�(YHQWV

0LQLQJ�

7UDQVSRUWDWLRQ
9ROFDQRHV

'URXJKW

$WPRVSKHULF�
(YHQWV

)LUHV

0
,1
(
5
$
/
�	
�

(
1
(
5
*
(
7
,&
�

5
(
62

8
5
&
(
6

5
(
*
,2
1
$
/
�±

8
5
%
$
1
�

3
/
$
1
1
,1
*

%
$
6
,&
�,
1
)
2
5
0
$
7
,2
1

$OWHUQDWLYH�(QHUJ\

,QIUDVWUXFWXUH

&DGDVWUH

*HRORJ\�DQG�
*HRPRUSKRORJ\

6WDWLVWLF�
3URGXFWLRQ

&RYHUDJH�DQG�
(DUWK�8VDJH

%DVH�&DUWRJUDSK\

&OLPDWH�&KDQJH

7HUULWRULDO�/DZ�

)LJXUH� ����� $UHDV� RI� WHFKQRORJLHV� DSSOLFDWLRQ� IRU� WKH� (DUWK� 2EVHUYDWLRQ �� )URP ³3URJUDPD� GH�
,QYHVWLJDFLyQ�HQ�'HVDUUROOR�6DWHOLWDO�\�$SOLFDFLRQHV�HQ�HO�7HPD�GH�2EVHUYDFLyQ�GH�OD�7LHUUD´�� UHIHUHQFH�
>��@�(QJOLVK�ODQJXDJH�DGDSWDWLRQ�
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7KLV�GLDJQRVLV PDGH�FOHDU�VRPH�SDUWLFXODU�UHTXLUHPHQWV�LQ�HDFK�DUHD�DQG�VHFWRU�LQ�DFFRUGDQFH�
ZLWK�UHPRWH�VHQVRUV QHHGV��IXUWKHU�GLVFXVVHG�LQ�VWHS��������FKDSWHU����OLNHZLVH��LW DOORZHG�JHWWLQJ�
WR�WKH�FRQFOXVLRQ�WKDW�GHVSLWH�RI WKH FORXGLQHVV�LVVXHV�LQ�WKH�FRXQWU\��LW�ZDV�FRQVLGHUHG�D�SULRULW\�
WKH�XVDJH�RI�WHFKQRORJLHV�RI�PXOWLVSHFWUDO�RSWLFDO�VDWHOOLWHV >��@�

7KH�&&( UHVHDUFK�KDV�JRWWHQ�WR�WKH�GHILQLWLRQ�RI�WKH QHHGV�IRU�WKH�&RORPELDQ�(DUWK�REVHUYDWLRQ�
VDWHOOLWH�� WKH\� DUH� JRLQJ� WR� EH� WKH� EDVHOLQH� IRU� WKH� &XVWRPHU�XVHU� QHHGV� VWDWHPHQW� DQG�
GHYHORSPHQW RI�WKLV�SURMHFW�DV�LW�VXLWV�WR�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�PDWWHUV�DQG�REMHFWLYHV�
VHW� LQ� WKH� &KDSWHU� ��� 6HH� WDEOH� ���� ³&XVWRPHU�8VHU� QHHGV´� DV WKLV� LQIRUPDWLRQ� KDV� EHHQ�
FRPSLOHG IURP� WKH� VDWHOOLWH� GHYHORSPHQW� DQG� DSSOLFDWLRQV� UHVHDUFK� LQ� UHJDUGV� WR WKH� (DUWK�
REVHUYDWLRQ�PDWWHUV�H[SRVHG�LQ�WKH�(DUWK�REVHUYDWLRQ�0DJD]LQH�RI�WKH�&&(�>��@�

7DEOH �����&XVWRPHU��8VHU�QHHGV��UHIHUHQFH�FRQVLGHUHG�DV�WKH�UHVHDUFK�H[SRVHG LQ�WKH�
(DUWK�2EVHUYDWLRQ�0DJD]LQH� 6RXUFH��$XWKRU

&86720(5�86(5�1(('6

1�&� 1HHGV
1'��� 7R�REWDLQ�ULJKW�UHVROXWLRQ�LPDJHV�ZLWK�FRVWV�UHGXFWLRQV��

1'��� 7R�EH�DEOH�WR�FRXQW�ZLWK�SHULRGLF�XSGDWHG�LQIRUPDWLRQ�

1'��� 7R�KDYH�DXWRQRP\�IRU�WKH�LPDJHV�FDSWXULQJ�LQ�SULRULW\�SODFHV�IRU HPHUJHQF\�FDVHV
RU�RWKHU�PDWWHUV��

1'��� 7R�LQFUHDVH WKH�SUREDELOLW\�WR�REWDLQ�LPDJHV�ZLWKRXW�FORXGV�FRYHUDJH�ZLWK�D�
FRQVWDQW�FDSWXULQJ��

1'��� 7R�KDYH�DFFHVV�WR�LPDJHV�RI�RWKHU�FRPSOHPHQWDU\�VDWHOOLWHV�E\�PHDQV�RI�
FRRSHUDWLRQ�DQG�H[FKDQJH�ZLWK�RWKHU�FRXQWULHV�DQG�DJHQFLHV��

1'��� 7R�KDYH�D�GHWDLOHG�FRYHUDJH�PLQLPXP�RI�����P�RI�WHUUDLQ�

6WHS����,GHQWLI\�LQWHUQDO�DQG�H[WHUQDO�FRQVWUDLQWV
,Q� WKLV� VWHS�� WKH� LQWHUQDO� DQG� H[WHUQDO� FRQVWUDLQWV� DUH� JRLQJ� WR� EH� LGHQWLILHG� EDVHG� RQ� WKH�
SUHOLPLQDU\�2EMHFWLYHV�DQG�QHHGV�UHVHDUFK� OLNHZLVH��GDWD� WDNHQ�IRUP� UHIHUHQFH�>��@�IURP�WKH�
(DUWK�2EVHUYDWLRQ�0DJD]LQH������

7KH� OLVW� VKRZQ� EHORZ� LV IRU� WKH� WRS� FRQVWUDLQWV� EDVHG� RQ� WKH� UHVHDUFK� IRUP ³3URJUDPD� GH�
,QYHVWLJDFLyQ�HQ�'HVDUUROOR�6DWHOLWDO�\�$SOLFDFLRQHV�HQ�HO�7HPD�GH�2EVHUYDFLyQ�GH�OD�7LHUUD´�
>��@��
,Q�DGGLWLRQ� WKH�LQIRUPDWLRQ�JDWKHUHG�RQ�WKLV�SURMHFW��/LNHZLVH��WKH OHIW�FROXPQ�IRU�LQWHUQDO�DQG�
ULJKW�FROXPQ�IRU�H[WHUQDO�FRQVWUDLQWV�LQ�UHJDUGV�WR�WKH�(DUWK�2EVHUYDWLRQ�IRU�WKH�&RORPELDQ�(DUWK�
VXUIDFH� 6HH�WDEOH�����³,GHQWLI\LQJ�LQWHUQDO�DQG�H[WHUQDO�FRQVWUDLQWV´�
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7DEOH �����,GHQWLI\LQJ�LQWHUQDO�DQG�H[WHUQDO�FRQVWUDLQWV�
6RXUFH��$XWKRU

,'(17,)<,1*�,17(51$/�$1'�(;7(51$/�&21675$,176

1�&� ,17(51$/ 1�&� (;7(51$/

&1�� &RVW &1�� )XQGLQJ�

&1�� 'HVLJQ�OLIH &1�� 5HJXODWLRQV� ODZ
&1�� ,QIUDVWUXFWXUH &1�� 6FKHGXOH

&1�� 2UELW &1�� 6SRQVRULQJ
&1�� $XWRQRP\ &1�� FORXGLQHVV

&1�� 0DWHULDOV�$YDLODELOLW\ &1�� &DUWRJUDSK\
&1�� ([SHULHQFHG�SHUVRQQHO��NQRZOHGJH� � �
&1�� 3D\ORDG�TXDOLW\ � �

&1�� 6RIWZDUH� � �
&1�� ,QVWDOODWLRQV � �

6WHS����7UDQVODWH�FXVWRPHU�XVHU�QHHGV

,Q� WKLV� VWHS�� WKH�FXVWRPHU�XVHU�QHHGV�DUH�JRLQJ� WR�EH� WUDQVODWHG� LQWR� IXQFWLRQDO DWWULEXWHV�DQG�
V\VWHP�FKDUDFWHULVWLFV��:KLOH�WKHUH�DUH�VHYHUDO�VWUXFWXUHG�DSSURDFKHV�WR�GHYHORSLQJ�UHTXLUHPHQWV�
IRUP�FXVWRPHU�XVHU�QHHGV�� WKH�PRVW�FRPPRQO\�XVHG�WRRO� LV�4XDOLW\�)XQFWLRQ�'HSOR\PHQW�RU�
4)'�>�@�

$V�D�VXPPDU\��WKH�4)'�LV�XVHG�WR�FRQQHFW�FXVWRPHU�QHHGV�RU�UHTXLUHPHQWV�WR�WHFKQLFDO�DWWULEXWHV�
RU�UHTXLUHPHQWV��LQ�WKLV�VHFWLRQ��WKH�³+RXVH�RI�4XDOLW\´��VHH�FKDSWHU����VHFWLRQ��������LV�JRLQJ�WR�
EH�GHYHORSHG��VHH ILJXUH���� ³+RXVH�RI�4XDOLW\��&XVWRPHU�XVHU�QHHGV�DQG�UHTXLUHPHQWV´�

/LNHZLVH��ZLWK�WKH�LQIRUPDWLRQ�JDWKHUHG�LQ�WKLV�FKDSWHU DERXW�WKH�UHTXLUHPHQWV�RI�WKH�FOLHQW�XVHU��
FRQVWUDLQWV��QHHGV�DQG�IXQFWLRQDO�DWWULEXWHV��WKH�QH[W�VWHSV�DUH�JRLQJ�WR�EH�UHYLHZHG LQ�D�³V\VWHPV�
UHTXLUHPHQWV� UHYLHZ´� �FKDSWHU� �� DQG� VKDOO� FRPSOHPHQW� WKLV� UHTXLUHPHQWV� VHW�XS DV� IRU� WKH�
DFFRPSOLVKPHQW�RI�WKH�V\VWHPLFDOO\�V\VWHPV�UHTXLUHPHQWV�UHYLHZ�



��

)LJXUH������+RXVH�RI�4XDOLW\��&XVWRPHU�XVHU�QHHGV�DQG�UHTXLUHPHQWV�
6RXUFH��$XWKRU

$V�D�UHVXOW�RI�WKH�KRXVH�RI�TXDOLW\��WKH�PDLQ�IXQFWLRQDO DWWULEXWHV�ZHUH IRXQG�DQG�FDWHJRUL]HG�
IURP�WKH�KLJKHVW�WR�WKH�ORZHVW�UHOHYDQFH��VXPPDUL]HG�WLQ�WDEOH�����³)XQFWLRQDO�DWWULEXWHV´� 7KLV�
DWWULEXWHV�VKDOO�EH�UHYLHZHG�RQH�E\�RQH�LQ�VWHS����FKDSWHU���

7DEOH �����)XQFWLRQDO DWWULEXWHV� 6RXUFH��$XWKRU

)81&7,21$/�$775,%87(6

1�&� $WWULEXWH 1�&� $WWULEXWH
)$��� 5HPRWH�6HQVLQJ �

)$��� 2UELWDO�$OWLWXGH )$��� 5HVROXWLRQ
)$��� &RYHUDJH )$��� 2UELWDO�SDUDPHWHUV�(OHPHQWV
)$��� 'DWD�3URFHVVLQJ �
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7R�LQFUHDVH�WKH�SUREDELOLW\�WR�REWDLQ�
LPDJHV�ZLWKRXW�FORXGV�FRYHUDJH�
ZLWK�D�FRQVWDQW�FDSWXULQJ��1'����

� � � � � � �

7R�REWDLQ�ULJKW�UHVROXWLRQ�LPDJHV�
ZLWK�FRVWV�UHGXFWLRQV ��1'����

� � � � � � �

7R�KDYH�D�GHWDLOHG�FRYHUDJH�
PLQLPXP�RI�����P�RI�WHUUDLQ��1'����

� � � � � � �

7R�EH�DEOH�WR�FRXQW�ZLWK�SHULRGLF�
XSGDWHG�LQIRUPDWLRQ��1'����

� � � � � � �

7R�KDYH�DFFHVV�WR�LPDJHV�RI�RWKHU�
FRPSOHPHQWDU\�VDWHOOLWHV�E\�PHDQV�
RI�FRRSHUDWLRQ�DQG�H[FKDQJH�ZLWK�
RWKHU�FRXQWULHV�DQG�DJHQFLHV�

�1'����

� � � � � � �

7R�KDYH�DXWRQRP\�IRU�WKH�LPDJHV�
FDSWXULQJ�LQ�SULRULW\�SODFHV�IRU�

HPHUJHQF\�FDVHV�RU�RWKHU�PDWWHUV�
�1'����

� � � � � � �

� �� �� �� �� �� ��

+RXVH�RI�4XDOLW\

&XVWRPHU�
	 XVHU�
QHHGV

)XQFWLRQDO�
DWWULEXWHV
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&+$37(5� �� ± 6<67(06�5(48,5(0(176�5(9,(:
�655�

7KLV�FKDSWHU�LV�D�FRQWLQXDWLRQ�RI�FKDSWHU�� DV�H[SODLQHG�LQ�FKDSWHU�� ILJXUH������IRU�VHWWLQJ�XS�D�
UHTXLUHPHQWV�EDVHOLQH�DQG�XVLQJ�DV�D�UHIHUHQFH�WKH�6\VWHPV�HQJLQHHULQJ�JHQHUDO�UHTXLUHPHQWV�
(XURSHDQ� 6WDQGDUG� >��@�� WKH� 6SDFH� 0LVVLRQ� DQDO\VLV� GHVLJQ� >�@� DQG� WKH� $�%�&V� 6XQ�
6\QFKURQRXV�2UELW�0LVVLRQ�GHVLJQ�>��@� 7KHVH�UHIHUHQFHV�ZLOO�DOVR�FRQWULEXWH�ZLWK�WKH�VWHSV�IRU�
GHYHORSLQJ�VRPH�FDOFXORXV�QHHGHG�DV� IRU� WKH� WHFKQLFDO� VSHFLILFDWLRQV� L�H�� WKH�RUELWDO�DOWLWXGH��
RUELW�QRGDO�SRVLWLRQ�DQG�RUELW�SDUDPHWHUV�

7KLV� FKDSWHU� KDV� WKH� DLP� RI GHYHORSLQJ� WKH� V\VWHPV� UHTXLUHPHQWV DV� SDUW� RI WKH� 0LVVLRQ�
UHTXLUHPHQWV�EDVHOLQH�RI WKLV�UHVHDUFK�DQG LW VKDOO�EH SHUIRUPHG LQ�D�V\VWHPLFDOO\�UHYLHZ�IRUP
DV�VKRZQ�IURP�WKH�VWHS���WR���
1RWH��7KH�6\VWHP�LQ�WKLV�FDVH�LV�FRQVLGHUHG�WR�EH�WKH�ZKROH�VDWHOOLWH�DQG�WKH�VXEV\VWHPV �SRZHU��
UHPRWH�VHQVLQJ��VWUXFWXUH�DQG�WKH�RWKHUV�H[SODLQHG�EHORZ� DV�WKH�RQHV�WKDW�FRPSRVH�WKH�V\VWHP
�VDWHOOLWH���

� (YHU\�VXEV\VWHP�LV�JRLQJ�WR�EH�UHYLHZHG�RQH�E\�RQH�LQ�RUGHU�WR�EH�H[SODLQHG�DV�RQH��D�
V\VWHP� KDYLQJ�RQ�PLQG�WKH�SUHYLRXV�QRWH�

6WHS����)XQFWLRQDO�UHTXLUHPHQWV�IRU�V\VWHPV

,Q�WKLV�VHFWLRQ��WKH�)XQFWLRQDO�UHTXLUHPHQWV�IRU�V\VWHPV DUH�JRLQJ�WR�EH�HVWDEOLVKHG DQG�VKDOO�
SURYLGH� GHFRPSRVLWLRQ� WR� HOHPHQWV LQ� VWHS� � WKURXJKRXW� D� IXQFWLRQDO� DQDO\VLV� 8VLQJ� DV� D�
UHIHUHQFH�WKH�WRS�OHYHO�PLVVLRQ�UHTXLUHPHQWV�IURP�WKH�6SDFH�0LVVLRQ�GHVLJQ�VHF������>�@ DGMXVWHG�
WR�WKLV PLVVLRQ IRU WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�

)RU�WKH�GHYHORSPHQW�RI�WKH�IXQFWLRQDO�UHTXLUHPHQWV�IRU�V\VWHPV��D UHODWLRQVKLS EHWZHHQ�V\VWHPV��
UHTXLUHPHQWV� DQG� FXVWRPHU�XVHU� QHHGV� KDYH WR� EH� HVWDEOLVKHG >��@� LQ� ILUVW� LQVWDQFH�� WKH�
FXVWRPHU�XVHU�QHHGV��DV�HVWDEOLVKHG LQ�WDEOH������FKDSWHU����DUH�JRLQJ�WR�EH�UHYLHZHG�DORQJ�ZLWK�
WKH� V\VWHPV ³DIIHFWHG´� HYHU� VLQFH� WKHUH� LV� D� QHHG� RI� DFNQRZOHGJLQJ�ZKLFK� V\VWHPV�PD\� EH�
DIIHFWHG�LQ�WKH�PRPHQW�RI�VROYLQJ�D�FXVWRPHU�XVHU�QHHG�>�@� 6HH�WDEOH�����³8VHU�FXVWRPHU�QHHGV�
DQG�V\VWHPV�DIIHFWHG UHODWLRQVKLS´�

$IWHUZDUGV�� WKLV� UHODWLRQVKLS LV� JRLQJ� WR� EH� XVHG� DV� WKH� VSRW� WR� HVWDEOLVK D� IXQFWLRQDO�
UHTXLUHPHQWV� EDVHOLQH�� +HQFH�� WKLV� LQIRUPDWLRQ� LV� JRLQJ� WR� EH� OLQNHG� ZLWK� WKH� )XQFWLRQDO�
UHTXLUHPHQWV�DQG�EHFRPLQJ�WKLV�WKH�IXQFWLRQDO�UHODWLRQVKLS�RI�WKLV�UHVHDUFK��
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7DEOH ����8VHU�FXVWRPHU�QHHGV DQG�V\VWHPV�DIIHFWHG UHODWLRQVKLS��IROORZLQJ�WR�
GLDJUDPV�����DQG�����
6RXUFH��$XWKRU

8VHU�FXVWRPHU�QHHGV�DQG�V\VWHPV�DIIHFWHG�UHODWLRQVKLS

8VHU�FXVWRPHU�QHHGV 6XEV\VWHP�DIIHFWHG

7R� REWDLQ� ULJKW� UHVROXWLRQ� LPDJHV� ZLWK� FRVWV�
UHGXFWLRQV �1'���

� 5HPRWH�VHQVLQJ�6XEV\VWHP �6%6���
� 3RZHU�6XEV\VWHP���6%6���
� 6WUXFWXUH�DQG�0HFKDQLVPV�6XEV\VWHP��
�6%6���

7R�EH�DEOH�WR�FRXQW�ZLWK�SHULRGLF�XSGDWHG�
LQIRUPDWLRQ���1'���

� 5HPRWH�VHQVLQJ�6XEV\VWHP���6%6���
� 'DGD�KDQGOLQJ�6XEV\VWHP���6%6���
� &RPPXQLFDWLRQ�6XEV\VWHP���6%6���

7R�KDYH�DXWRQRP\�IRU�WKH�LPDJHV�FDSWXULQJ�LQ�
SULRULW\�SODFHV�IRU HPHUJHQF\�FDVHV RU�RWKHU�
PDWWHUV� �1'���

�7HOHPHWU\�� &RPPXQLFDWLRQ DQG�
FRPPDQG 6XEV\VWHP� �6%6���
� $OWLWXGH� DQG�2UELW� &RQWURO� 6XEV\VWHP�
�$2&6����6%6���
� 'DGD�KDQGOLQJ�6XEV\VWHP���6%6���
� 3URSXOVLRQ�V\VWHP���6%6���

7R�LQFUHDVH�WKH�SUREDELOLW\�WR�REWDLQ�LPDJHV�
ZLWKRXW�FORXGV�FRYHUDJH�ZLWK�D�FRQVWDQW�
FDSWXULQJ���1'���

� 'DGD�KDQGOLQJ�6XEV\VWHP���6%6���
� 5HPRWH�VHQVLQJ�6XEV\VWHP���6%6���

7R�KDYH�DFFHVV�WR�LPDJHV�RI�RWKHU�
FRPSOHPHQWDU\�VDWHOOLWHV�E\�PHDQV�RI�
FRRSHUDWLRQ�DQG�H[FKDQJH�ZLWK�RWKHU�FRXQWULHV�
DQG�DJHQFLHV� �1'���

�7HOHPHWU\�� &RPPXQLFDWLRQ DQG�
FRPPDQG 6XEV\VWHP� �6%6���
� $OWLWXGH� DQG�2UELW� &RQWURO� 6XEV\VWHP�
�$2&6����6%6���
� 5HPRWH�VHQVLQJ�6XEV\VWHP���6%6���

7R�KDYH�D�GHWDLOHG�FRYHUDJH�PLQLPXP�RI�����P�
RI�WHUUDLQ �1'���

� 7KHUPDO�VXEV\VWHP���6%6���
� 3RZHU�VXEV\VWHP���6%6���
� 6WUXFWXUH�DQG�0HFKDQLVPV 6XEV\VWHP��
�6%6���

5LJKW�DIWHU�KDYLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�XVHU�FXVWRPHU�QHHGV�DQG�V\VWHPV�DIIHFWHG�E\�WKHP��
WKH�SUHOLPLQDU\�IXQFWLRQDO�UHTXLUHPHQWV�DUH JRLQJ�WR�EH H[SUHVVHG�LQ UHODWLRQVKLS�GLDJUDP��XVLQJ�
WKH�GDWD�RI�WDEOH�����³8VHU�FXVWRPHU�QHHGV�DQG�V\VWHPV�DIIHFWHG UHODWLRQVKLS´��/LNHZLVH�UHIHU�WR�
GLDJUDPV�����DQG�����IRU�UHODWLRQVKLS�JUDSKLFV�LOOXVWUDWLRQ�

+HQFH��WKH�0DLQ�)XQFWLRQDO�UHTXLUHPHQWV�WKDW�DSSO\�WR�WKH�(DUWK�2EVHUYDWLRQ�0LVVLRQ W\SH DUH
VWXGLHG�DQG�DGMXVWHG�WR�WKH�SURMHFW� UHIHUHQFH�IRUP WKH�60$'�ERRN�>�@�� 7KH�GLDJUDPV ������WR�
����� DUH�VWXGLHG�RQH�E\�RQH DV�SDUW�RI�D�V\VWHPV�DQG�IXQFWLRQDO�UHTXLUHPHQWV�LOOXVWUDWLRQ��EHLQJ�
WKRVH�VHYHQ�GLDJUDPV�D�FOHDUHU UHODWLRQVKLS�EHWZHHQ�QHHGV��UHTXLUHPHQWV�DQG�HDFK�V\VWHP��



��

7KH�&XVWRPHU�8VHU�QHHGV�DUH�WKH PDLQ�LQSXW�RI�WKH�GLDJUDP��WKHQ�WKH�UHODWLRQ�ZLWK�WKH�V\VWHPV�
DIIHFWHG��VHFRQG�LQSXW��DQG�ILQDOO\�WKH�UHTXLUHPHQWV�WKDW�WKLV�UHVHDUFK�VKDOO�XVH�DV�EDVHOLQH�WR�
VROYH�WKH�QHHGV��

7KLV�GHILQLWLRQ�RI�WKH�GLDJUDP������ DQG�WDEOH������ DUH�JRLQJ�WR�EH�XVHG�LQ�VWHS���DQG�IRUZDUG�
DV�WKH�UHIHUHQFH�RI�WKH 6DWHOOLWH V\VWHPV�DQG�IXQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�&RORPELDQ�(DUWK�
2EVHUYDWLRQ�PLVVLRQ�

7KH�UHPRWH�VHQVLQJ�6XEV\VWHP� 7KH�UHPRWH�VHQVLQJ� VXEV\VWHP� LV� UHSUHVHQWHG� LQ� WKH�GLDJUDP�
������ ³)XQFWLRQDO� UHTXLUHPHQWV� IRU� WKH�5HPRWH� 6HQVLQJ� 6\VWHP´ DQG� LW� VWDQGV� IRU� WKH� UHPRWH�
VHQVLQJ�VXEV\VWHP�DIIHFWHG�E\�WKH�FXVWRPHU�XVHU�GLVFXVVHG�LQ�FKDSWHU����7KLV�GLDJUDP�LV�GLYLGHG�
LQWR�WKUHH�W\SHV�RI�EORFNV��&XVWRPHU�XVHU�QHHGV��VXFK�DV�WKH�1'��� 1'����1'����1'�� DQG�
1'�����VHH�GLDJUDP������

'LDJUDP������ )XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�5HPRWH�6HQVLQJ�6XEV\VWHP��&XVWRPHU�XVHU�
QHHGV�DQG�V\VWHPV�DIIHFWHG�IURP�WDEOH�����DQG�UHIHUHQFH�>��@�DQG�>��@�

5HPRWH�VHQVLQJ�
6XEV\VWHP
�6%6���

7R�REWDLQ�ULJKW�UHVROXWLRQ�
LPDJHV�ZLWK�FRVWV�UHGXFWLRQV�

�1'���

7R�LQFUHDVH�WKH�SUREDELOLW\�WR�
REWDLQ�LPDJHV�ZLWKRXW�FORXGV�
FRYHUDJH�ZLWK�D�FRQVWDQW�
FDSWXULQJ�� �1'���

&RYHUDJH�
�)85���

&XVWRPHU�8VHU�QHHGV

6XEV\VWHP�
DIIHFWHG

)XQFWLRQDO�
5HTXLUHPHQWV

3HUIRUPDQFH�
�)85���

7R�KDYH�DFFHVV�WR�LPDJHV�RI�
RWKHU�FRPSOHPHQWDU\�VDWHOOLWHV�
E\�PHDQV�RI FRRSHUDWLRQ�DQG�
H[FKDQJH�ZLWK�RWKHU�FRXQWULHV�

DQG�DJHQFLHV� �1'���
3D\ORDG�V�
SRLQWLQJ�
GLUHFWLRQ
�)85���

7R�EH�DEOH�WR�FRXQW�ZLWK�
SHULRGLF�XSGDWHG�LQIRUPDWLRQ�

�1'���

7R�KDYH�D�GHWDLOHG�FRYHUDJH�
PLQLPXP�RI�����P�RI�WHUUDLQ

�1'���



��

7KH�3RZHU 6XEV\VWHP� 7KH�3RZHU�VXEV\VWHP�LV�UHSUHVHQWHG�LQ�WKH�GLDJUDP������ ³)XQFWLRQDO�
UHTXLUHPHQWV� IRU� WKH� SRZHU 6\VWHP´ DQG� LW� VWDQGV� IRU� WKH� SRZHU� VXEV\VWHP� DIIHFWHG� E\� WKH�
FXVWRPHU�XVHU� GLVFXVVHG� LQ� FKDSWHU� ��� 7KLV� GLDJUDP� LV� GLYLGHG� LQWR� WKUHH� W\SHV� RI� EORFNV��
&XVWRPHU�XVHU�QHHGV��VXFK�DV�WKH�1'���DQG�1'�����VHH�GLDJUDP������

'LDJUDP������ )XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�3RZHU�6XEV\VWHP��&XVWRPHU�XVHU�QHHGV�DQG�
V\VWHPV�DIIHFWHG�IURP�WDEOH�����DQG�UHIHUHQFH�>��@�DQG�>��@�

7KH� 6WUXFWXUH� DQG� 0HFKDQLVPV� 6XEV\VWHP� 7KH� 6WUXFWXUH� DQG� 0HFKDQLVPV� 6XEV\VWHP LV�
UHSUHVHQWHG� LQ� WKH�GLDJUDP������ ³)XQFWLRQDO� UHTXLUHPHQWV� IRU� WKH� VWUXFWXUH�DQG�PHFKDQLVPV�
6XEV\VWHP´ DQG�LW�VWDQGV�IRU�WKH�SRZHU�VXEV\VWHP�DIIHFWHG�E\�WKH�FXVWRPHU�XVHU�GLVFXVVHG�LQ�
FKDSWHU����7KLV�GLDJUDP�LV�GLYLGHG�LQWR�WKUHH�W\SHV�RI�EORFNV��&XVWRPHU�XVHU�QHHGV��VXFK�DV�WKH�
1'�����VHH�GLDJUDP������

'LDJUDP� ����� )XQFWLRQDO� UHTXLUHPHQWV� IRU� WKH� VWUXFWXUH� DQG� PHFKDQLVPV� 6XEV\VWHP��
&XVWRPHU�XVHU�QHHGV�DQG�V\VWHPV�DIIHFWHG�IURP�WDEOH�����DQG�UHIHUHQFH�>��@�DQG�>��@�

7R�REWDLQ�ULJKW�UHVROXWLRQ�
LPDJHV�ZLWK�FRVWV�UHGXFWLRQV�

�1'���

&XVWRPHU�8VHU�QHHGV

6XEV\VWHP�
DIIHFWHG )XQFWLRQDO�

5HTXLUHPHQW

3HUIRUPDQFH�
�3)5���

3RZHU�6XEV\VWHP

(QHUJ\�VRXUFH�
GHILQLWLRQ�
�)85��

7R�KDYH�D�GHWDLOHG�FRYHUDJH�
PLQLPXP�RI�����P�RI�WHUUDLQ

�1'���

6XEV\VWHP�
DIIHFWHG )XQFWLRQDO�

5HTXLUHPHQWV

6WUXFWXUH�DQG�
0HFKDQLVPV
6XEV\VWHP

7R�REWDLQ�ULJKW�UHVROXWLRQ�
LPDJHV�ZLWK�FRVWV�UHGXFWLRQV�

�1'��� 3HUIRUPDQFH�
�3)5���

3D\ORDG�PHFKDQLVPV�
GHVFULSWLRQ��)85���

&XVWRPHU�8VHU�QHHGV



��

7KH 'DWD�+DQGOLQJ�6XEV\VWHP� 7KH�'DWD�+DQGOLQJ�6XEV\VWHP LV� UHSUHVHQWHG� LQ� WKH�GLDJUDP�
����� ³)XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�'DWD�+DQGOLQJ�6XEV\VWHP´ DQG�LW�VWDQGV�IRU�WKH�SRZHU�
VXEV\VWHP�DIIHFWHG�E\�WKH�FXVWRPHU�XVHU�GLVFXVVHG�LQ�FKDSWHU����7KLV�GLDJUDP�LV�GLYLGHG�LQWR�
WKUHH�W\SHV�RI�EORFNV��&XVWRPHU�XVHU�QHHGV��VXFK�DV�WKH�1'����1'����1'�� DQG�1'��� VHH�
GLDJUDP������

'LDJUDP������ )XQFWLRQDO�UHTXLUHPHQWV�IRU� WKH�'DWD�+DQGOLQJ�6XEV\VWHP��&XVWRPHU�XVHU�
QHHGV�DQG�V\VWHPV�DIIHFWHG�IURP�WDEOH�����DQG�UHIHUHQFH�>��@ DQG�>��@�

7KH 3URSXOVLRQ�� WKHUPDO� DQG� $2&6� 6XEV\VWHPV� 7KH� 3URSXOVLRQ�� WKHUPDO� DQG� $2&6�
6XEV\VWHPV DUH UHSUHVHQWHG�LQ�WKH�GLDJUDP������ ³)XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�3URSXOVLRQ��
WKHUPDO� DQG� $2&6� 6XEV\VWHPV´ DQG� LW� VWDQGV� IRU� WKH� SRZHU� VXEV\VWHP� DIIHFWHG� E\� WKH�
FXVWRPHU�XVHU� GLVFXVVHG� LQ� FKDSWHU� ��� 7KLV� GLDJUDP� LV� GLYLGHG� LQWR� WKUHH� W\SHV� RI� EORFNV��
&XVWRPHU�XVHU�QHHGV��VXFK�DV�WKH�1'�� DQG�1'��� VHH�GLDJUDP������

6XEV\VWHP�
DIIHFWHG )XQFWLRQDO�

5HTXLUHPHQWV

6HFRQGDU\�0LVVLRQ
�3)5���

7R�LQFUHDVH�WKH�SUREDELOLW\�WR�
REWDLQ�LPDJHV�ZLWKRXW�FORXGV�
FRYHUDJH�ZLWK�D�FRQVWDQW�
FDSWXULQJ�� �1'���

&RYHUDJH �3)5���

7R�EH�DEOH�WR�FRXQW�ZLWK�
SHULRGLF�XSGDWHG�LQIRUPDWLRQ��

�1'���

7R�KDYH�DXWRQRP\�IRU�WKH�
LPDJHV�FDSWXULQJ�LQ�SULRULW\�
SODFHV�IRU HPHUJHQF\�FDVHV RU�

RWKHU�PDWWHUV� �1'���

7R�KDYH�DFFHVV�WR�LPDJHV�RI�RWKHU�
FRPSOHPHQWDU\�VDWHOOLWHV�E\�PHDQV�RI�
FRRSHUDWLRQ�DQG�H[FKDQJH�ZLWK�RWKHU�
FRXQWULHV�DQG�DJHQFLHV� �1'���

&XVWRPHU�8VHU�QHHGV

'DWD�KDQGOLQJ�
6XEV\VWHP 5HVSRQVLYHQHVV�

�3)5���

3D\ORDG�OLIHWLPH�
GHILQLWLRQ��)85���



��

'LDJUDP� ������ )XQFWLRQDO� UHTXLUHPHQWV� IRU� WKH� 3URSXOVLRQ�� WKHUPDO DQG� $2&6�
6XEV\VWHPV��&XVWRPHU�XVHU�QHHGV�DQG�V\VWHPV�DIIHFWHG�IURP�WDEOH�����DQG�UHIHUHQFH�>��@�

7KH�FRPPXQLFDWLRQV��WHOHPHWU\�DQG�FRPPDQG�VXEV\VWHPV� 7KH�FRPPXQLFDWLRQV��WHOHPHWU\�DQG�
FRPPDQG� VXEV\VWHPV DUH UHSUHVHQWHG� LQ� WKH� GLDJUDP������ ³)XQFWLRQDO� UHTXLUHPHQWV� IRU� WKH�
FRPPXQLFDWLRQV�� WHOHPHWU\�DQG�FRPPDQG�VXEV\VWHPV´ DQG� LW� VWDQGV� IRU� WKH�SRZHU� VXEV\VWHP�
DIIHFWHG�E\�WKH�FXVWRPHU�XVHU�GLVFXVVHG�LQ�FKDSWHU����7KLV�GLDJUDP�LV�GLYLGHG�LQWR�WKUHH�W\SHV�RI�
EORFNV��&XVWRPHU�XVHU�QHHGV��VXFK�DV�WKH�1'����1'����1'�� DQG�1'��� VHH�GLDJUDP�������

63$&(�,17(17,21$//<�/()7�,1�%/$1.

6XEV\VWHP�
DIIHFWHG )XQFWLRQDO�

5HTXLUHPHQWV

3URSXOVLRQ�V\VWHP
3HUIRUPDQFH�
�3)5���

3D\ORDG�V�
SRLQWLQJ�
GLUHFWLRQ
�)85���

&XVWRPHU�8VHU�QHHGV

$2&6�6XEV\VWHP

7R�KDYH�DXWRQRP\�IRU�WKH�
LPDJHV�FDSWXULQJ�LQ�SULRULW\�
SODFHV�IRU HPHUJHQF\�FDVHV RU�

RWKHU�PDWWHUV� �1'���

7KHUPDO
6XEV\VWHP

'HILQLWLRQ�RI�
GHVLUHG�RUELW�
�)85���

7R�KDYH�DFFHVV�WR�LPDJHV�RI�
RWKHU�FRPSOHPHQWDU\�VDWHOOLWHV�
E\�PHDQV�RI�FRRSHUDWLRQ�DQG�
H[FKDQJH�ZLWK�RWKHU�FRXQWULHV�

DQG�DJHQFLHV� �1'���



��

'LDJUDP������� )XQFWLRQDO�UHTXLUHPHQWV�IRU�WKH�FRPPXQLFDWLRQV��WHOHPHWU\�DQG�FRPPDQG�
VXEV\VWHPV��&XVWRPHU�XVHU�QHHGV�DQG�V\VWHPV�DIIHFWHG�IURP�WDEOH�����DQG�UHIHUHQFH�>��@�

$V� UHVXOW� RI� WKH� GLDJUDPV� ������ WR� ����� SUHYLRXVO\� GLVFXVVHG�� ZKHUH� LW VWDWHV� WKH WRS�
UHTXLUHPHQWV��WKHVH�LQ�D�VXPPDU\�DUH��
7KH 3HUIRUPDQFH��FRYHUDJH�� UHVSRQVLYHQHVV�DQG�VHFRQGDU\�PLVVLRQ DQG� WKH\�DUH�JRLQJ� WR�EH�
XVHG�DV�WKH EDVHOLQH�IRU�VROYLQJ�WKH�XVHU�FRVWXPHU�QHHGV�DV�WKH�PLVVLRQ LV�GHYHORSHG��UHSUHVHQWHG�
LQ�WKH�V\VWHPV�DQG�VXEV\VWHPV�DV�LVVXHG�LQ�WKH�QH[W�VWHSV�RI�WKLV�FKDSWHU�

6WHS����)XQFWLRQDO�IORZ DQG�UHSUHVHQWDWLYH

$IWHU�GHILQLQJ WKH�&XVWRPHU�XVHU�QHHGV �DV�LW�LV�VKRZQ�LQ�WDEOH�������WKH�IXQFWLRQDO DWWULEXWHV �DV�
LW�LV�UHJLVWHUHG�LQ�WDEOH����� DQG�WKH�IXQFWLRQDO�UHTXLUHPHQWV�IRU�V\VWHPV �UHIHUHQFH�VWHS�����WKLV�
HQFKDLQHG�LQIRUPDWLRQ�VKRXOG�EH�H[SUHVVHG�WKURXJK�D�SURFHVV�RI�IXQFWLRQDO�$QDO\VLV�

&RPPXQLFDWLRQ�
6\VWHP

7R�KDYH�DXWRQRP\�IRU�WKH�
LPDJHV�FDSWXULQJ�LQ�SULRULW\�
SODFHV�IRU HPHUJHQF\�FDVHV RU�

RWKHU�PDWWHUV�

5HVSRQVLYHQHVV�
�3)5���

6HFRQGDU\�
0LVVLRQ
�3)5���

7R�KDYH�DFFHVV�WR�LPDJHV�RI�
RWKHU�FRPSOHPHQWDU\�VDWHOOLWHV�
E\�PHDQV�RI�FRRSHUDWLRQ�DQG�
H[FKDQJH�ZLWK�RWKHU�FRXQWULHV�

DQG�DJHQFLHV�

&XVWRPHU�8VHU�QHHGV

6XEV\VWHP�
DIIHFWHG )XQFWLRQDO�

5HTXLUHPHQWV
7R�EH�DEOH�WR�FRXQW�ZLWK�

SHULRGLF�XSGDWHG�LQIRUPDWLRQ�

3D\ORDG�
OLIHWLPH�
GHILQLWLRQ�
�)85���

7HOHPHWU\ DQG�
FRPPDQG�
VXEV\VWHPV

3D\ORDG�
PHFKDQLVPV�
GHVFULSWLRQ�
�)85���



��

)XQFWLRQDO� DQDO\VLV� LV� WKH� V\VWHPDWLF� SURFHVV� RI� LGHQWLI\LQJ�� GHVFULELQJ�� DQG� UHODWLQJ� WKH�
IXQFWLRQV�D�V\VWHP�PXVW�SHUIRUP�LQ�RUGHU�WR�EH�VXFFHVVIXO DIWHUZDUGV��WKLV�IXQFWLRQDO�DQDO\VLV�
SURFHHGV�WR�ORZHU�OHYHOV�RI�WKH�V\VWHP�GHFRPSRVLWLRQ WR�GHILQH�WKH�V\VWHP�IXQFWLRQDO�GHVLJQ�DQG�
LQWHUIDFHV�DFFRUGLQJ�WR�1$6$�V\VWHPV�HQJLQHHULQJ�+DQGERRN ������>��@�

/LNHZLVH��LQ�WKH�)XQFWLRQDO�DQDO\VLV�WKHUH�DUH�GLIIHUHQW�ZD\V�WR�DGGUHVV�KRZ�WKLV�IXQFWLRQV�ZLOO�
EH�SHUIRUPHG�DQG�WKH VLPSOHVW�ZD\�WR�H[SUHVV IXQFWLRQV�RU�DFWLRQV�E\�RU�ZLWKLQ�HDFK�HOHPHQW�RI�
D� V\VWHP� LV� E\�PHDQV� RI D� IXQFWLRQDO� IORZ� EORFN� GLDJUDP� >�@�� ,Q� WKLV� VWHS� HDFK 6XEV\VWHP�
SUHYLRXVO\ GLVFXVVHG� DV� VWDWHG� LQ� WKH� WDEOH� ��� LV� JRLQJ� WR� EH� UHSUHVHQWHG� LQ� WKH� IXQFWLRQDO�
GLDJUDP��VHH�GLDJUDP�������WR��������³)XQFWLRQDO�GLDJUDP�IRU�V\VWHPV´�

'LDJUDP� ������ 5HPRWH� VHQVLQJ� 6XEV\VWHP� 7KH� IXQFWLRQDO� IORZ� RI� WKH� 5HPRWH� 6HQVLQJ�
6XEV\VWHP�LV�UHSUHVHQWHG�ZLWK�WKH�'LDJUDP�������XVLQJ�DV�UHIHUHQFH�WKH�LQWHUIDFHV DQG�
IXQFWLRQV�IURP�>��@�DQG�>��@�DORQJ�ZLWK�WKH�6SDFHFUDIW�6\VWHPV�(QJLQHHULQJ�ERRN�>��@��
WKLV� IXQFWLRQDO� IORZ� VHWV� DV� WKH� LQSXW� 7KH 7\SH� RI� VHQVLQJ� DQG 2UELWDO� SDUDPHWHUV�
GHILQLWLRQ� 7KH LQSXW�GDWD�ZRUNV�DORQJ�ZLWK�WKH�HOHPHQWV �(56���(56����IRU�EHFRPLQJ
IXQFWLRQV�LQ�WKH GHYHORSPHQW�RI�WKH�UHPRWH VHQVLQJ DQG�ILQDOO\�VHWWLQJ RXWSXWV��ZKLFK�
DUH� 7KH� 6\VWHPV�PRQLWRULQJ� DQG�'DWD� GRZQORDG� DV� VRPH W\SHV� RI� RXWSXWV� REWDLQHG�
WKURXJKRXW�WKH�IXQFWLRQV�SHUIRUPDQFH�

�

'LDJUDP������ )XQFWLRQDO�GLDJUDP�IRU�WKH�5HPRWH�6HQVLQJ�6XEV\VWHP�
6RXUFH��$XWKRU

&RRUGLQDWH�
SD\ORDG��LPDJHUV�
DQG�FDPHUDV��

UDGLRPHWHUV�DQG�
DOWLPHWHUV�
�(56���

'HWHUPLQH�UHYLVLW�
SDUDPHWHUV �(56���

2UELW�SDUDPHWHUV�
GHILQLWLRQ
�(56���

7HOHPHWU\�DQG�6DWHOOLWH�
FRQWURO�VXEV\VWHPV�
GDWD�WUDQVPLVVLRQ�

�(56���

7HUUDLQ�VHJPHQW�
RUGHUV�

WUDQVPLVVLRQ�E\�
GLIIHUHQW�
EDQGZLGWK�
�(56���

DQG

&RQGXFW�0LVVLRQ�
UHPRWH�VHQVLQJ

'DWD�GRZQORDG

6\VWHP�PRQLWRULQJ�

7\SH�RI�VHQVLQJ�
GHILQLWLRQ

2UELW�SDUDPHWHUV�
GHILQLWLRQ



��

'LDJUDP�������3RZHU�6XEV\VWHP� 7KH�IXQFWLRQDO�IORZ�RI�WKH�3RZHU�6XEV\VWHP�LV�UHSUHVHQWHG�
ZLWK�WKH�'LDJUDP�������XVLQJ�DV�UHIHUHQFH�WKH�LQWHUIDFHV�DQG�IXQFWLRQV�IURP�>��@�DQG�
>��@�DORQJ ZLWK�WKH�6SDFHFUDIW�6\VWHPV�(QJLQHHULQJ�ERRN�>��@��WKLV�IXQFWLRQDO�IORZ�VHWV�
DV� WKH� LQSXW�� 7KH 3RZHU SODQW�EDWWHU\� VRXUFH��+DUGZDUH� DQG� LQWHUIDFHV� GHILQLWLRQ DQG�

6XEV\VWHPV� LQWHJUDWLRQ� DQG� WHVW�� � 7KH� LQSXW� GDWD� ZRUNV� DORQJ� ZLWK� WKH� HOHPHQWV�
�(36���(36�����XVLQJ D�FKHFN� XS�DFWLRQ�RQ�WKH�(36����WKHQ�EHFRPLQJ�IXQFWLRQV�LQ�
WKH�GHYHORSPHQW�RI�WKH�SRZHU�VXEV\VWHP� DQG�ILQDOO\�VHWWLQJ�DQ�RXWSXW��ZKLFK�LV��7KH�
GHYHORSPHQW�FKHFN�XS�WKURXJKRXW�OLIHWLPH DV�RQH�W\SH�RI�RXWSXW REWDLQHG�WKURXJKRXW�WKH�
IXQFWLRQV�SHUIRUPDQFH���

'LDJUDP������ )XQFWLRQDO�GLDJUDP�IRU�WKH�3RZHU�6XEV\VWHP
6RXUFH��$XWKRU�

'LDJUDP�������6WUXFWXUH DQG�PHFKDQLVPV�6XEV\VWHP� 7KH IXQFWLRQDO�IORZ�RI�WKH�VWUXFWXUH�DQG�
PHFKDQLVPV�6XEV\VWHP LV� UHSUHVHQWHG�ZLWK� WKH�'LDJUDP�������XVLQJ�DV� UHIHUHQFH� WKH�
LQWHUIDFHV� DQG� IXQFWLRQV� IURP� >��@� DQG� >��@ DORQJ� ZLWK� WKH� 6SDFHFUDIW� 6\VWHPV�
(QJLQHHULQJ� ERRN� >��@�� WKLV� IXQFWLRQDO� IORZ� VHWV� DV� WKH� LQSXW�� 7KH 'LPHQVLRQV��
PDWHULDOV�VHOHFWLRQ�DQG�GHVLJQ�6\VWHPV�LQWHJUDWLRQ DQG�WHVW����7KH�LQSXW�GDWD�ZRUNV�
DORQJ�ZLWK�WKH�HOHPHQWV��(66���(66�����XVLQJ�D�FKHFN� XS�DFWLRQ�RQ�WKH�(66����WKHQ�
EHFRPLQJ IXQFWLRQV� LQ� WKH� GHYHORSPHQW� RI� WKH� VWUXFWXUH� DQG�PHFKDQLVPV DQG� ILQDOO\�
VHWWLQJ� DQ� RXWSXW�� ZKLFK� LV� WKH� GHYHORSPHQW� FKHFN�XS� WKURXJKRXW� OLIHWLPH DQG� RU�
&RUUHFWLRQV�WKURXJKRXW�OLIHWLPH DV�RQH�W\SH RI�RXWSXW�REWDLQHG�WKURXJKRXW�WKH�IXQFWLRQV�
SHUIRUPDQFH���

&RRUGLQDWH�
6DWHOOLWH�LQWHUIDFHV��

�(36���

6XEV\VWHPV�
FRRUGLQDWLRQ �(36���

3RZHU�SODQW�EDWWHU\�
VRXUFH�VWDWXV��
�(36���

&RQGXFW�SRZHU�6XEV\VWHP�
GHYHORSPHQW

6HQVLQJ�DQG�FRQWURO�
�(36���

6XEV\VWHP�
GHYHORSPHQW�FKHFN�

XS�DQG�RU�
&RUUHFWLRQV�

WKURXJKRXW�OLIHWLPH

&KHFN��$WWLWXGH�GDWD�
RULHQWDWLRQ�HUURU"�

'DWD�GRZQORDG�
DQG�FRPPDQG�
�(36���DQG

6XEV\VWHPV�
LQWHJUDWLRQ�DQG�WHVW

3RZHU�SODQW�EDWWHU\�VRXUFH��
+DUGZDUH�DQG�LQWHUIDFHV�

GHILQLWLRQ�

&RQWURO
6LJQDO

\HV

QR



��

'LDJUDP������ )XQFWLRQDO�GLDJUDP�IRU�WKH�VWUXFWXUH�DQG�PHFKDQLVPV�6XEV\VWHP�
6RXUFH��$XWKRU

'LDJUDP� ����� 'DWD� +DQGOLQJ� 7KH� IXQFWLRQDO� IORZ� RI� WKH� 'DWD� +DQGOLQJ� 6XEV\VWHP LV�
UHSUHVHQWHG�ZLWK�WKH�'LDJUDP������ XVLQJ�DV�UHIHUHQFH�WKH�LQWHUIDFHV�DQG�IXQFWLRQV�IURP�
>��@�DQG�>��@ DORQJ�ZLWK�WKH�6SDFHFUDIW�6\VWHPV�(QJLQHHULQJ�ERRN�>��@��WKLV�IXQFWLRQDO�
IORZ� VHWV� DV� WKH� LQSXW��7KH�&RPSXWLQJ� WHFKQLTXHV� VHOHFWLRQ� DQG� GHVLJQ DQG� 6\VWHPV�
LQWHJUDWLRQ�DQG�WHVW���7KH�LQSXW�GDWD�ZRUNV�DORQJ�ZLWK�WKH�HOHPHQWV��('6���('6��� IRU�
EHFRPLQJ IXQFWLRQV�LQ�WKH�GHYHORSPHQW�RI�WKH�'DWD�+DQGOLQJ�DQG�ILQDOO\�VHWWLQJ�RXWSXWV��
ZKLFK� DUH WKH 7UDQVIHU LQIRUPDWLRQ� WR� EXV� GDWD� DFTXLVLWLRQ� HTXLSPHQW DQG� GDWD�
FRPSXWLQJ� LQIRUPDWLRQ� GHFRGHG� DV� VRPH� W\SHV� RI� RXWSXWV� REWDLQHG� WKURXJKRXW� WKH�
IXQFWLRQV�SHUIRUPDQFH���

'LDJUDP������ )XQFWLRQDO�GLDJUDP�IRU�WKH�'DWD�+DQGOLQJ�6XEV\VWHP V\VWHP�
6RXUFH��$XWKRU

&RRUGLQDWH�(DUWK�EXV�
GDWD�HTXLSPHQW��('6���

'DWD�LQSXW��('6���

&RRUGLQDWH�6DWHOOLWH�
6\VWHPV��('6���

&RQGXFW�0LVVLRQ�
'DWD�+DQGOLQJ

'HWHUPLQH�RUELW�GDWD�
SDUDPHWHUV��('6���

'DWD�FRPSXWLQJ�LQIRUPDWLRQ�GHFRGHG�

7UDQVIHU�
LQIRUPDWLRQ�
WR�EXV�GDWD�
DFTXLVLWLRQ�
HTXLSPHQW

'HFRGH�LQIRUPDWLRQ�
�('6���DQG

6\VWHPV�LQWHJUDWLRQ�
DQG�WHVW

&RPSXWLQJ�WHFKQLTXHV�
VHOHFWLRQ�DQG�GHVLJQ

&RRUGLQDWH�(DUWK�
FRQWURO�HTXLSPHQW�

�(66���
7UDQVPLW�LQIRUPDWLRQ�

�(66���

&RRUGLQDWH�6DWHOOLWH�
PHFKDQLVPV��(66���

&RQGXFW�VWUXFWXUH�DQG�
PHFKDQLVPV�6XEV\VWHP�
GHYHORSPHQW

6HQVLQJ�DQG�GDWD�
UHVXOWV�FRQWURO �(66���

6XEV\VWHP�
GHYHORSPHQW�

FKHFN�XS�DQG�RU�
&RUUHFWLRQV�

WKURXJKRXW�OLIHWLPH

'HFRGH�
LQIRUPDWLRQ
�(66���

DQG

6\VWHPV�LQWHJUDWLRQ�
DQG�WHVW

'LPHQVLRQV��PDWHULDOV�
VHOHFWLRQ�DQG�GHVLJQ

&KHFN��$UH�WKH�
PHFKDQLVPV�

FRUUHFWO\�FRRUGLQDWHG�
ZLWK�6XEV\VWHPV"�

&RQWURO
6LJQDO

\HV

QR

DQG



��

'LDJUDP� ������ 3URSXOVLRQ�� WKHUPDO� DQG� $2&6� 6XEV\VWHPV� 7KH� IXQFWLRQDO� IORZ� RI� WKH
3URSXOVLRQ��WKHUPDO�DQG�$2&6�6XEV\VWHPV�LV�UHSUHVHQWHG�ZLWK�WKH�'LDJUDP������� 8VLQJ�
DV�UHIHUHQFH�WKH�LQWHUIDFHV�DQG�IXQFWLRQV�IURP�>��@�DQG�>��@ DORQJ�ZLWK�WKH�6SDFHFUDIW�
6\VWHPV� (QJLQHHULQJ� ERRN� >��@�� WKLV� IXQFWLRQDO� IORZ� VHWV� DV� WKH� LQSXW�� 7KH 2UELWDO�
HOHPHQWV��SK\VLFDO�DQG�WKHUPDO�LQWHUIDFHV�GHILQLWLRQ QH[W�WR�WKH�6\VWHPV LQWHJUDWLRQ�DQG�
WHVW���7KH�LQSXW�GDWD�ZRUNV�DORQJ�ZLWK�WKH�HOHPHQWV��($6���($6�����XVLQJ�D�FKHFN� XS�
DFWLRQ� RQ� WKH�($6�� IRU� EHFRPLQJ� IXQFWLRQV� LQ� WKH� GHYHORSPHQW� RI� WKH� 3URSXOVLRQ��
WKHUPDO�DQG�$2&6�6XEV\VWHPV DQG�ILQDOO\�VHWWLQJ�DQ�RXWSXW��ZKLFK�LV�WKH�GHYHORSPHQW�
FKHFN�XS� WKURXJKRXW� OLIHWLPH DQG� RU� &RUUHFWLRQV� WKURXJKRXW� OLIHWLPH DV� RQH� W\SH� RI�
RXWSXW�REWDLQHG�WKURXJKRXW�WKH�IXQFWLRQV�SHUIRUPDQFH���

'LDJUDP������ )XQFWLRQDO�GLDJUDP�IRU�WKH�3URSXOVLRQ��WKHUPDO�DQG�$2&6�6XEV\VWHPV�
6RXUFH��$XWKRU
'LDJUDP������ &RPPXQLFDWLRQV��WHOHPHWU\�DQG�FRPPDQG�VXEV\VWHPV� 7KH�IXQFWLRQDO�IORZ�RI�
WKH�&RPPXQLFDWLRQV��WHOHPHWU\�DQG�FRPPDQG�VXEV\VWHPV�LV�UHSUHVHQWHG ZLWK�WKH�'LDJUDP��������
8VLQJ�DV�UHIHUHQFH�WKH�LQWHUIDFHV�DQG�IXQFWLRQV�IURP� >��@�DQG�>��@ DORQJ�ZLWK� WKH�6SDFHFUDIW�
6\VWHPV�(QJLQHHULQJ�ERRN�>��@��WKLV�IXQFWLRQDO�IORZ�VHWV�DV�WKH�LQSXW��7KH 3D\ORDG�VHOHFWLRQ�DQG�
VWUXFWXUH�GHVLJQ QH[W�WR�WKH 6\VWHPV�LQWHJUDWLRQ�DQG�WHVW���7KH�LQSXW�GDWD�ZRUNV�DORQJ�ZLWK�WKH�
HOHPHQWV��(&6���(&6����IRU EHFRPLQJ IXQFWLRQV�LQ�WKH�GHYHORSPHQW�RI�WKH�&RPPXQLFDWLRQV��
WHOHPHWU\�DQG�FRPPDQG�KHQFH��ILQDOO\�VHWWLQJ�DQ�RXWSXW��ZKLFK�DUH��7KH�6\VWHPV�PRQLWRULQJ�
DQG�'DWD�GRZQORDG�DV�VRPH�W\SHV�RI�RXWSXWV�REWDLQHG�WKURXJKRXW�WKH�IXQFWLRQV�SHUIRUPDQFH

&RRUGLQDWH�
6XEV\VWHPV�($6��

'DWD�YHULILFDWLRQ
DQG�

FRPPXQLFDWLRQ�
IHHGEDFN�
�($6���

&DOLEUDWH�GDWD�RXWSXW�
XQWLO�EHLQJ�WKLV�WKH�
GHVLUHG�GDWD�LQSXW�

($6��

3URSXOVLRQ��WKHUPDO�DQG�
$2&6�6XEV\VWHPV

6XEV\VWHPV�
GHYHORSPHQW�

FKHFN�XS�DQG�RU�
&RUUHFWLRQV�
WKURXJKRXW�

7HUUDLQ�
YHULILFDWLRQ�DQG�

PLVVLRQV¶�
DFFRPSOLVKPHQWV�

YDOLGDWLRQ�
�($6���

DQG

6\VWHPV�LQWHJUDWLRQ�
DQG�WHVW

2UELWDO�HOHPHQWV��SK\VLFDO�
DQG�WKHUPDO�LQWHUIDFHV�

GHILQLWLRQ

&KHFN��$UH�WKH�
6XEV\VWHPV�GDWD�
RXWSXWV�FRUUHFWO\�

FRRUGLQDWHG�ZLWK�WKH�
GHVLUHG�GDWD�LQSXW"�

&RQWURO
6LJQDO

\HV

QR



��

'LDJUDP������ )XQFWLRQDO GLDJUDP�IRU�WKH FRPPXQLFDWLRQV��WHOHPHWU\�DQG�FRPPDQG�
VXEV\VWHPV�

6RXUFH��$XWKRU

6WHS����7UDQVODWH�IXQFWLRQDO�DWWULEXWHV

)RU�WKLV�VWHS��WKH�IXQFWLRQDO�DWWULEXWHV �DV�GHILQHG�LQ�VWHS����FKDSWHU���RI�WKLV�GRFXPHQW��DUH�JRLQJ�
WR� EH� WUDQVODWHG LQWR� WHFKQLFDO� FKDUDFWHULVWLFV�� ZKLFK� ZLOO� EHFRPH� WKH� UHTXLUHPHQWV� IRU� WKH�
SK\VLFDO�V\VWHP��
7KH� QH[W� VXE�VWHSV� DUH� EDVHG� RQ� WKH� ³5HVHDUFK� SURJUDP� RI� 6DWHOOLWH� GHYHORSPHQW� DQG�
DSSOLFDWLRQV�LQ�WKH�(DUWK�2EVHUYDWLRQ�PDWWHUV´�H[SRVHG�RQ�WKH�(DUWK�2EVHUYDWLRQ�0DJD]LQH�RI�
WKH�&&(�>��@��/LNHZLVH��WKH�KDQGERRN�IRU�66�2�PLVVLRQ�GHVLJQ�>��@��

��� 5HPRWH�6HQVLQJ

7KH UHPRWH� VHQVLQJ �VXE�VWHS� LV� WKH� PRVW� UHOHYDQW� IXQFWLRQDO� DWWULEXWH� LQ� WKLV� PLVVLRQ�
DFFRPSOLVKPHQW� DV� LW� LV� VKRZQ� LQ� VWHS� �� DQG� EHIRUH� DQ\� DQDO\VLV� RI� WKH� (DUWK�2EVHUYDWLRQ�
WHFKQLFDO�FKDUDFWHULVWLFV��WKH�UHPRWH�VHQVLQJ�FRQFHSW�KDV�WR�EH�XQGHUVWRRG�

5HPRWH� VHQVLQJ� LV� FRQVLGHUHG� LQ� WKH� VSDFH� VFLHQFH�� DQ\ REVHUYDWLRQ� WKDW� D� VSDFHFUDIW�PDNHV�
ZLWKRXW�GLUHFWO\� FRQWDFWLQJ� WKH�REMHFW� LQ� TXHVWLRQ�� ,PDJLQJ� WKH�(DUWK
V� VXUIDFH�� VRXQGLQJ� WKH�
(DUWK
V� DWPRVSKHUH�� SURYLGLQJ� HDUO\� ZDUQLQJ RI� D� EDOOLVWLF� PLVVLOH� ODXQFK�� RU� REVHUYLQJ� WKH�
FKDUDFWHULVWLF�FKHPLFDO�VSHFWUD�RI�GLVWDQW�JDOD[LHV�DUH�DOO�UHPRWH�VHQVLQJ�PLVVLRQV >�@�

&RRUGLQDWH�(DUWK�
FRQWURO�HTXLSPHQW

�(&6���

5HPRWH�FRPPDQG�
DQG�VHQVLQJ

WUDQVPLVVLRQ �(&6���

&RRUGLQDWH�
6DWHOOLWH�6\VWHPV

�(&6���

&RQGXFW�0LVVLRQ�
FRPPXQLFDWLRQV

7HOHPHWU\�DQG�6DWHOOLWH�
FRQWURO�V\VWHPV�

WUDQVPLVVLRQ��(&6���

'DWD�GRZQORDG�

6\VWHP�PRQLWRULQJ�

7HUUDLQ�VHJPHQW�
RUGHUV�

WUDQVPLVVLRQ�E\�
GLIIHUHQW�
EDQGZLGWK�
�(&6���

DQG

6\VWHPV�LQWHJUDWLRQ�
DQG�WHVW

3D\ORDG�VHOHFWLRQ�DQG�
VWUXFWXUH�GHVLJQ



��

$V�H[SODLQHG�LQ�FKDSWHU��� VHFWLRQ���� WKH�UHPRWH�VHQVLQJ�W\SHV�DUH�WZR�³SDVVLYH´ DQG�³DFWLYH´��
7KH� $FWLYH� UHPRWH� VHQVLQJ� LV� WKH� RQH ZKLFK� LQVWUXPHQW� HPLWV� HQHUJ\� DFWLYHO\� UDWKHU� WKDQ�
FROOHFWLQJ�LQIRUPDWLRQ�DERXW�OLJKW�HQHUJ\�IURP�DQRWKHU�VRXUFH��WKH�VXQ� >��@ DV�LW�KDSSHQV�LQ�WKH�
³SDVVLYH´��5HIHU�WR FKDSWHU ���VHFWLRQ ����	���� IRU�IXUWKHU�UHIHUHQFH�RI�UHPRWH�VHQVLQJ� )RU�WKH�
TXDOLWLHV�RI�WKH�W\SH�RI�LQVWUXPHQW��LW�KDV�EHHQ�GHFLGHG�WKDW�WKH�SDVVLYH�PHWKRG�LV�WKH�RQH�XVHG�
HYHU�VLQFH�WKLV�SURMHFW�LV�IRFXVHG�RQ�WKH�LPDJHV�WKDW�DUH�SURGXFHG�IURP�WKH�UHIOHFWLRQ�RI�OLJKW�RQ�
WKH�HDUWK�

7KHUH�DUH�GLIIHUHQW�W\SHV�RI�LPDJHU\�IRU�WKH�GDWD�VHQVLQJ DQG�DFFRUGLQJ�WR�WKH�(DUWK�/DE�RI�WKH�
8QLYHUVLW\� &RORUDGR� >��@� RQH� RI� WKRVH� LV� WKH� PXOWLVSHFWUDO� LPDJHU\�� ZKLFK LV� SURGXFHG� E\�
VHQVRUV�WKDW�PHDVXUH�UHIOHFWHG�HQHUJ\�ZLWKLQ�VHYHUDO�VSHFLILF�VHFWLRQV��DOVR�FDOOHG�EDQGV��RI�WKH�
HOHFWURPDJQHWLF�VSHFWUXP��7KH�HOHFWURPDJQHWLF�VSHFWUXP�LV�FRPSRVHG�RI�D�UDQJH�RI�GLIIHUHQW�
ZDYHOHQJWKV� RU� ³FRORUV´� RI� OLJKW� HQHUJ\��$� VSHFWUDO UHPRWH� VHQVLQJ� LQVWUXPHQW� FROOHFWV� OLJKW�
HQHUJ\�ZLWKLQ�VSHFLILF�UHJLRQV�RI�WKH�HOHFWURPDJQHWLF�VSHFWUXP��(DFK�UHJLRQ�LQ�WKH�VSHFWUXP�LV�
UHIHUUHG�WR�DV�D�EDQG >��@�

7KH�XVH RI�PXOWLVSHFWUDO�EDQGV�LV D�SULRULW\��DV�GLVFXVVHG�LQ�VWHS����FKDSWHU����LQ�WKH�&RORPELDQ�
(DUWK�2EVHUYDWLRQ�UHTXLUHPHQWV�DQG�WKLV�LV�PDLQO\�EHFDXVH�WKH�UDGDU�GDWD�GRHV�QRW�FRXQW�ZLWK�D�
PDVVLYH�DSSURSULDWLRQ�QRU�D�JUHDW�QXPEHU�RI�RSHUDWLYH�DSSOLFDWLRQV�LQ�WKH�FRXQWU\�\HW�>��@��7KLV�
VSHFLILFDWLRQ�JHWV�WR�WKH�FRQFOXVLRQ�RI�XVLQJ�PXOWLVSHFWUDO�EDQGV�IRU�WKH�UHPRWH�VHQVLQJ�DV�LQ�
DFFRUGDQFH�WR�WKH�WHFKQLFDO�VSHFLILFDWLRQV�RI�WKH�³5HVHDUFK�SURJUDP�RI�6DWHOOLWH�GHYHORSPHQW�
DQG�DSSOLFDWLRQV�LQ�WKH�(DUWK�2EVHUYDWLRQ�PDWWHUV´�HVWDEOLVKHG LQ�UHIHUHQFH�>��@�DQG�PHHWV�WR�WKH�
&&(� �XVHU�� QHHGV�� WKLV� LQIRUPDWLRQ� LV� JDWKHUHG� LQ� WKH� WDEOH� ���� ³UHPRWH� VHQVLQJ� WHFKQLFDO�
FKDUDFWHULVWLF´

7DEOH����� 5HPRWH�VHQVLQJ� WHFKQLFDO�FKDUDFWHULVWLF� DV�UHIHUHQFH� WHFKQLFDO�VSHFLILFDWLRQ�RI�
WKH�5HVHDUFK�SURJUDP�RI�6DWHOOLWH�GHYHORSPHQW�DQG�DSSOLFDWLRQV�LQ�WKH�(DUWK�2EVHUYDWLRQ�PDWWHUV�
>��@

5(027(�6(16,1*� 7(&+1,&$/�&+$5$&7(5,67,&

)81&7,21$/�
$775,%87(

7(&+1,&$/�&+$5$&7(5,67,&

5HPRWH�VHQVLQJ
�)8$���

&KDUDFWHULVWLF �7(&� 6SHFLILFDWLRQ
0XOWLVSHFWUDO 2SWLFDO�
VHQVLQJ �7(&���

���ILYH��EDQGV �EOXH��JUHHQ��UHG��
QHDU�DQG�SDQRUDPLF�LQIUDUHG��

����2UELWDO�DOWLWXGH����

6HOHFWLQJ� WKH� 2UELW� DOWLWXGH� LV� JRLQJ� WR� EH� QHHGHG� DV� IRU� WKH� FXVWRPHU�XVHU� UHTXLUHPHQWV
DFFRPSOLVKPHQW��KDYLQJ�LQWR�DFFRXQW�WKDW�WKHUH�DUH�GLIIHUHQW�RUELWV�IRU�WKH�HDUWK�REVHUYDWLRQ�DV�
H[SRVHG�LQ�FKDSWHU����VHFWLRQ����� DQG�JDWKHULQJ�WKH�&XVWRPHU�XVHU�QHHGV�



��

7KH�PRGHO�DVVXPHG�WR�EH�XVHG�LQ�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�DFFRUGLQJ�WR�WKH�&&(�LV�
JRLQJ� WR� EH� D� VXQ�V\QFKURQRXV� RUELW� �66�2� EHFDXVH� RI� WKH� GLIIHUHQW� IDFWRUV� WKDW� DIIHFW� WKH�
UHTXLUHPHQWV�RI� WKH�FXVWRPHU�XVHU� VXFK�DV� WKH� ULJKW� LPDJLQJ��GDWD�DFFHVV��FRQVWDQW� VXQ� OLJKW�
FRYHUDJH�DQG RUELWDO�DOWLWXGH�GHILQLWLRQ��VHH�FKDSWHU����VHFWLRQ�������)RU�66�2�GHILQLWLRQ�DQG�
SURSHUWLHV��
7KH�PDLQ�XVH RI�WKH�66�2�VWDQGV�IRU�WKH�FDSDFLW\�WR�PDLQWDLQ�WKH�UHYLVLW�SDUDPHWHUV�DQG�VWDEOH�
JHRJUDSKLF�FRYHUDJH�ZLWK�WLPH��ZKLFK�PHDQV��WKH�ULJKW�LOOXPLQDWLRQ�FRQGLWLRQV�IRU�WKH�LPDJHV�
WDNHQ� DQG� LW� DOVR� DOORZV� PDNLQJ� WKH� SODQQLQJ� RI� WKH� LPDJHV� FDSWXULQJ� DQG� WKH� XQLIRUPO\�
FRPPXQLFDWLRQV�OLQNV�ZLWK�WKH�VDWHOOLWH�RYHU�WKH PLVVLRQ�OLIHWLPH�>��@�
$V�VWDWHG�E\�WKH�66�2�PLVVLRQ�GHVLJQ�+DQGERRN >��@��ZKHUH�WKH�66�2�LV�FRQVLGHUHG�DV�RQH�RI�
WKH�PRVW�FRPPRQO\�XVHG�IRUPV�RI HDUWK�RUELW�IRU�VSDFH�VFLHQFH�PLVVLRQV��7KH�SULPDU\�UHDVRQ�
IRU� WKH� IUHTXHQW� XWLOLW\� RI� WKH� 66�2� LV� WKDW� LW� UHDGLO\� SURYLGHV� PDQ\� GHVLUDEOH� RUELWDO�
FKDUDFWHULVWLFV��ZKLFK�VDWLVI\�NH\�PLVVLRQ�UHTXLUHPHQWV��&XVWRPHU�XVHU�QHHGV�DQG�UHTXLUHPHQWV�
�VWHS�����VXFK DV�WKH�FRYHUDJH��FRPPXQLFDWLRQV�DQG�UHYLVLW�>��@�

7R�HVWDEOLVK WKH�RUELWDO�DOWLWXGH�SDUDPHWHUV��LQ�WKLV�FDVH�WKH�:HUW]�GHILQLWLRQ�>��@ LV�WDNHQ�DV�D�
UHIHUHQFH��ZKHUH�ORZ�HDUWK�RUELWV�DUH�GHILQHG�ZLWKLQ�DOWLWXGHV�EHORZ������NP��ZKHQ�EHLQJ�KLJKHU�
DOWLWXGHV WKDQ������NP��WKH�9DQ�$OOHQ�UDGLDWLRQ�EHOWV�FRPH�LQWR�SOD\�E\�H[SRVLQJ�WKH�VDWHOOLWH�WR�
JUHDWHU�DPRXQWV�RI�WUDSSHG�UDGLDWLRQ�>��@��+HQFH��LQ�WKLV�SURMHFW��WKH�PD[LPXP�DOWLWXGH�LV�JRLQJ�
WR�EH������NP�
/LNHZLVH��DW�YHU\�ORZ�DOWLWXGHV�DURXQG�����NP�����NP�WKH�VDWHOOLWH�FDQ�EH�VHULRXVO\�DIIHFWHG�E\�
DWPRVSKHULF�GUDJ�>��@��WKLV�LV�WKH�UHDVRQ�E\�WKH�ORZHVW�DOWLWXGH�UDQJH�IRU�WKLV�SURMHFW�LV�JRLQJ�WR�
EH�����NP��VHH�WDEOH�����³6DWHOOLWH�$OWLWXGH� WHFKQLFDO�FKDUDFWHULVWLF´�

7DEOH�����6DWHOOLWH�$OWLWXGH� WHFKQLFDO�FKDUDFWHULVWLF� DV�UHIHUHQFH�WKH�VWHS�9,,��6HOHFWLQJ�2UELW�
$OWLWXGH�IURP�WKH�66�2�PLVVLRQ�GHVLJQ�+DQGERRN��UHIHUHQFH�>��@�DQG�>��@�

6$7(//,7(�$/7,78'(�7(&+1,&$/�&+$5$&7(5,67,&

)81&7,21$/�$775,%87( 7(&+1,&$/�&+$5$&7(5,67,&

2UELWDO�DOWLWXGH �)8$���

&KDUDFWHULVWLF �7(&� 6SHFLILFDWLRQ

2UELWDO�$OWLWXGH�UDQJH
�7(&���

� +LJKHVW�DOWLWXGH�RI����� NP
� /RZHVW�DOWLWXGH�RI�������NP

��� 5HVROXWLRQ
7KLV� IXQFWLRQDO� DWWULEXWH� RI� UHVROXWLRQ� LV� DQ� DWWULEXWH� WKDW� JUHDWO\� DIIHFWV� WKH� PLVVLRQ�
DFFRPSOLVKPHQW�ZKHQ�LW�FRPHV�WR�WKH�DFKLHYHPHQW�RI�WKH SD\ORDG VSHFLILFDWLRQV�IRU WKH�HDUWK�
LPDJLQJ�DV�QHHGHG�IRU�WKH VHFXULW\�GHIHQVH� ULVN�DQG�HQYLURQPHQW�PDQDJHPHQW��DV�LOOXVWUDWHG�LQ�
VWHS����ILJXUH�����8VHU�FXVWRPHU�QHHGV�GHILQLWLRQ��



��

5HVROXWLRQ� GLIIHUV� LQ� WKH� UHPRWH� VHQVLQJ� V\VWHPV� DW� WKH� GHWDLO� OHYHO� ZKLFK DOORZV FDSWXULQJ�
LPDJHV� DQG� WKLV� FDQ� EH� FRQVLGHUHG� DV� IRXU� GLIIHUHQW� W\SHV� RI� UHVROXWLRQ�� 6SDWLDO�� VSHFWUDO��
UDGLRPHWULF�DQG�WHPSRUDO >��@� ,Q�WKLV�SURMHFW��WZR�W\SHV�RI�UHVROXWLRQ�DUH�JRLQJ�WR�EH�FRQVLGHUHG�
DV� IRU� WKH� DFFRPSOLVKPHQW� RI� WKH� XVHU�FXVWRPHU� QHHGV� LQ� DFFRUGDQFH� WR� WKHLU� WHFKQLFDO�
VSHFLILFDWLRQV� (VWDEOLVKHG LQ�WKH�³5HVHDUFK�SURJUDP�RI�6DWHOOLWH�GHYHORSPHQW�DQG�DSSOLFDWLRQV�
LQ�WKH�(DUWK�2EVHUYDWLRQ�PDWWHUV´�>��@��IURP�WKH�(DUWK�2EVHUYDWLRQ�0DJD]LQH�RI�WKH�&&( DQG
LQ�WKH�VWHS����FKDSWHU�IRXU�RI�WKLV�GRFXPHQW��WKHVH�DUH�WKH�VSDWLDO�DQG�WHPSRUDO�UHVROXWLRQ�

6SDWLDO�UHVROXWLRQ� $FFRUGLQJ�WR�WKH�1$6$�(DUWK�2EVHUYDWRU\�DVN�VFLHQWLVW >��@� VSDFH�UHVROXWLRQ�
UHIHUV�WR�WKH�GHWDLO�DW�ZKLFK�D�VDWHOOLWH�VHQVRU��VHHV��WKH�(DUWK��RU�WKH�VL]H�RI�LWV�LQGLYLGXDO�SL[HOV�
�SLFWXUH� HOHPHQWV�� LQ� LWV� YLHZLQJ� �IRRWSULQW�� RQ� WKH� (DUWK
V� VXUIDFH�� 0RUH� SUHFLVHO\�� VSDWLDO�
UHVROXWLRQ�LV�WKH�DUHD�RI�D�VLQJOH�GDWD�SRLQW�RQ�(DUWK
V�VXUIDFH�PHDVXUHG�E\�D�VDWHOOLWH��WHPSRUDO�
UHVROXWLRQ�LV�DOVR�FRQVLGHUHG�D PHDVXUH�RI�WKH�VPDOOHVW�REMHFW WKDW�FDQ�EH�UHVROYHG�E\�WKH�VHQVRU
RU�WKH�OLQHDU�GLPHQVLRQ�RQ�WKH�JURXQG�UHSUHVHQWHG�E\�HDFK�SL[HO�>��@�

$FFRUGLQJ� WR� WKH� ³5HVHDUFK� SURJUDP� RI� 6DWHOOLWH� GHYHORSPHQW� DQG� DSSOLFDWLRQV LQ� WKH� (DUWK�
2EVHUYDWLRQ�PDWWHUV´�>��@�LQ�UHJDUGV�WR�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�UHVROXWLRQ� 5HTXLUHG
VSDWLDO� UHVROXWLRQV� FDQ� EH� IRXQG� LQ� D� UDQJH�� IURP� WKH� VXE�V\PPHWULF UDQJH� LQ� WRSLFV� RI�
WUDQVSRUWDWLRQ��LQIUDVWUXFWXUH��ULVNV�DQG�GHWDLOHG�FDUWRJUDSK\��WR�PRUH�UHJLRQDO�VFDOHV�����± ���
P��IRU�WKH�SURFHVV�IROORZ�XS�LQ�ZLGH�DUHDV�RI�WKH�&RORPELDQ�WHUULWRU\�VXFK�DV�WKH�PRQLWRU\�RI�
WKH�$PD]RQV��

7HPSRUDO UHVROXWLRQ� 7HPSRUDO�UHVROXWLRQ�DFFRUGLQJ�WR�WKH�$SSOLHG�5HPRWH�6HQVLQJ�7UDLQLQJ�
3URJUDP�IURP�WKH�1$6$�>��@ UHIHUV�WR�KRZ�IUHTXHQWO\�D�VDWHOOLWH�FDQ�SURYLGH�REVHUYDWLRQ�RI�WKH�
VDPH�DUHD�RQ�WKH�HDUWK�DQG�LW�PRVWO\�GHSHQGV�RQ�VZDWK�ZLGWK�RI�WKH�VDWHOOLWH�± WKH�ODUJHU�WKH�
VZDWK�± WKH�KLJKHU�WKH�WHPSRUDO�UHVROXWLRQ��/LNHZLVH��DV�VWDWHG�E\ WKH�1$6$�(DUWK�2EVHUYDWRU\�
DVNVFLHQWLVW�>��@��WKLV�WHPSRUDO�UHVROXWLRQ�DOVR�FDOOHG�UHYLVLW��WKH�IUHTXHQF\�DW�ZKLFK�D�VDWHOOLWH�
�VHHV��RU�³UHYLVLW´�D�JLYHQ�SRLQW�RQ�(DUWK��³7HPSRUDO��PHDQV���SHUWDLQLQJ�WR�(DUWKO\�WLPH�

,Q� WKH� WHFKQLFDO VSHFLILFDWLRQV� RI� WKH� FXVWRPHU�FOLHQW�� LW� ZDV� IRXQG� QHHGHG� WR� KDYH� D� VSDFH�
UHVROXWLRQ� LQ�SDQFKURPDWLF�DQG�PXOWLVSHFWUDO�ZLWK�D�GHWHUPLQHG� WHPSRUDO� UHVROXWLRQ�DQG� LW� LV�
UHSUHVHQWHG�LQ�WKH�WDEOH�����³5HVROXWLRQ� WHFKQLFDO�FKDUDFWHULVWLF´�

63$&(�,17(17,21$//<�/()7�,1�%/$1.
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7DEOH� ��� 5HVROXWLRQ� WHFKQLFDO� FKDUDFWHULVWLF� DV� UHIHUHQFH� WHFKQLFDO� VSHFLILFDWLRQ� RI� WKH�
5HVHDUFK�SURJUDP�RI�6DWHOOLWH�GHYHORSPHQW�DQG�DSSOLFDWLRQV�LQ�WKH�(DUWK�2EVHUYDWLRQ�PDWWHUV�
>��@

5(62/87,21�7(&+1,&$/�&+$5$&7(5,67,&

)81&7,21$/�
$775,%87(

7(&+1,&$/�&+$5$&7(5,67,&

&KDUDFWHULVWLF �7(&� 6SHFLILFDWLRQ

5(62/87,21
�)8$���

6SDWLDO�UHVROXWLRQ
�7(&���

)URP������P�WR�����P�LQ�SDQFKURPDWLF����
WR����LQ�PXOWLVSHFWUDO���8S�WR ������P�

VFDOH�UHVROXWLRQ��

7HPSRUDO�UHVROXWLRQ
�7(&���

5HYLVLW�E\�DERXW����GD\V�

��� &RYHUDJH

7KH�6DWHOOLWH�FRYHUDJH�DFFRUGLQJ�WR�WKH�,QWHUQDWLRQDO�-RXUQDO�RI�$GYDQFHG�&RPSXWHU�6FLHQFH�
DQG�$SSOLFDWLRQV�SDSHU�>��@ LV�GHILQHG�DV�D�UHJLRQ�RI�WKH�(DUWK�ZKHUH�WKH�VDWHOOLWH�LV�VHHQ�DW�D�
PLQLPXP�SUHGHILQHG HOHYDWLRQ�DQJOH��7KLV DWWULEXWH� LV� OLQNHG�WR�RWKHU�SDUDPHWHUV� VXFK�DV WKH�
$OWLWXGH��2UELW�QRGDO�SRVLWLRQ�DQG�UHVROXWLRQ �UHYLVLW�DQG�VSDWLDO� DQG�LWV�HIILFLHQF\�LV�DIIHFWHG�E\�
DQ\�FKDQJH�RQ�WKRVH�SDUDPHWHUV��

$V� VWDWHG� E\� WKH� ³5HVHDUFK� SURJUDP� RI� 6DWHOOLWH� GHYHORSPHQW� DQG� DSSOLFDWLRQV� LQ� WKH� (DUWK�
2EVHUYDWLRQ�PDWWHUV´�>��@ DQG�WKH�*HRJUDSKLF�,QVWLWXWH�$JXVWtQ�&RGD]]L >��@ WKH�FDUWRJUDSK\�
GHYHORSPHQW�DERXW�FRYHUDJH DQG�XVDJH RI�WKH�JURXQG�E\�PHDQV�RI�WKH�UHVROXWLRQ�V\VWHPV�LV�D�
FRPPRQ�UHODWHG�LVVXH�RI�DOO�VHFWRUV��VHFWRUV�DUHDV�GHILQHG�LQ�ILJXUH����� ³$UHDV�RI�WHFKQRORJLHV�
DSSOLFDWLRQ�IRU�WKH�(DUWK�2EVHUYDWLRQ´��&KDSWHU ����7KLV�DOORZHG�QRWLFLQJ�WKH�QHHG�WR�JHW�WR�WKH�
VFDOHV�VKRZQ�LQ� WDEOH�����RU�HYHQ�WR�VRPH�PRUH�GHWDLOHG�RQHV�IRU� WKH�DFFRPSOLVKPHQW�RI� WKH�
IXQFWLRQV�DQG�SURMHFWV�E\�UHJLRQDO�DQG�ORFDO�VFDOHV�

63$&(�,17(17,21$//<�/()7�,1�%/$1.
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7DEOH���� 6DWHOOLWH�FRYHUDJH� WHFKQLFDO�FKDUDFWHULVWLF� DV�UHIHUHQFH�WHFKQLFDO�VSHFLILFDWLRQ�RI�
WKH�5HVHDUFK�SURJUDP�RI�6DWHOOLWH�GHYHORSPHQW�DQG�DSSOLFDWLRQV�LQ�WKH�(DUWK�2EVHUYDWLRQ�PDWWHUV�
>��@

6$7(//,7(�&29(5$*(�7(&+1,&$/�&+$5$&7(5,67,&

)81&7,21$/�$775,%87( 7(&+1,&$/�&+$5$&7(5,67,&

&RYHUDJH �)8$���

&KDUDFWHULVWLF �7(&� 6SHFLILFDWLRQ

0LQLPXP�VFDOH
�7(&���

����P�RI�WHUUDLQ��VFDOH�
���������UHI��>��@�

��� 2UELWDO SDUDPHWHUV�(OHPHQWV

,Q� WKH� V\VWHPV� HQJLQHHULQJ� DQG� RUELW� PLVVLRQ� GHVLJQ�� WKH� RUELWDO SDUDPHWHUV� KDYH� WR� EH�
HVWDEOLVKHG IRU�IXUWKHU�PLVVLRQ�DQDO\VLV��FDOFXORXV DQG�VLPXODWLRQ �RUELWDO�SDUDPHWHUV�GHVLJQ�DQG�
VLPXODWLRQ�SUHYLHZ�HVWDEOLVKHG LQ�FKDSWHU���� VHFWLRQ����� RI WKH�PLVVLRQ�GHVLJQ� VLPXODWLRQ���
/LNHZLVH��DV�H[SODLQHG�LQ�VWHS����� 7KH�66�2�LV�WKH�RUELW�UHTXLUHG�WR�EH�XVHG�LQ�WKH�&RORPELDQ�
(DUWK�2EVHUYDWLRQ PLVVLRQ� GHVLJQ�� 7KHUHIRUH�� WKH� 2UELWDO� FKDUDFWHULVWLFV� RI� D� 66�2� VKDOO� EH�
UHYLHZHG�LQ� WKLV�VWHS� WDNLQJ�WKH�UHIHUHQFH�IURP�66�2�PLVVLRQ�GHVLJQ�+DQGERRN�>��@ DQG�WKH�
)$$�+DQGERRN�IRU�³'HVFULELQJ�2UELWV´��&ODVVLF�2UELWDO�(OHPHQWV��&2(V��>��@��DORQJ�ZLWK�WKH�
GLIIHUHQW�SDUDPHWHUV�DQG�WKH\�DUH�VKRZQ�LQ�WDEOH������

7KH� WDEOH�����VSHFLILFDWLRQ�VHFWLRQ�XVHV� WKH�)$$�+DQGERRN�IRU�³'HVFULELQJ�2UELWV´��&ODVVLF�
2UELWDO�(OHPHQWV��&2(V��>��@ �VHH�FKDSWHU����VHFWLRQ����� ³IUDPHZRUN´�IRU�&2(V�UHIHUHQFH���
$V�D�VXPPDU\��WKLV�ERRN�JLYHV�WKH�QHFHVVDU\�VWHSV�RU ³FKHFNOLVW´ IRU�VHOHFWLQJ�WKH�2UELWDO�VL]H��
VKDSH��RULHQWDWLRQ�DQG�VSDFHFUDIW�ORFDWLRQ�DQG�LW�ZLOO�EH�FDOFXODWHG��FKHFNHG LQ�FKDSWHU���ZKHQ�
LQWURGXFLQJ� WKH� GDWD� DQG� LQIRUPDWLRQ� JDWKHUHG� GXULQJ� WKH� SURFHVV� RI� HVWDEOLVKLQJ WKH�
UHTXLUHPHQWV�EDVHOLQH��FKDSWHU���DQG����

63$&(�,17(17,21$//<�/()7�,1�%/$1.
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7DEOH���� 2UELWDO�3DUDPHWHUV�(OHPHQWV� WHFKQLFDO�FKDUDFWHULVWLF� DV�UHIHUHQFH�WKH�VWHS�9,,��
6HOHFWLQJ�2UELW�$OWLWXGH�IURP�WKH�66�2�PLVVLRQ�GHVLJQ�+DQGERRN��UHIHUHQFH�>��@�DQG WKH�)$$�
+DQGERRN�IRU�³'HVFULELQJ�2UELWV´��&ODVVLF�2UELWDO�(OHPHQWV��&2(V��>��@�

25%,7$/�3$5$0(7(56�7(&+1,&$/�&+$5$&7(5,67,&

)81&7,21$/�
$775,%87(�

7(&+1,&$/�&+$5$&7(5,67,&

2UELWDO�
SDUDPHWHUV�(OHPHQWV�

�)8$���

&KDUDFWHULVWLF
�7(&�

6SHFLILFDWLRQ

7HFKQLFDO�
FKDUDFWHULVWLF�
2UELWDO�
SDUDPHWHUV�(OHPHQWV�

2UELWDO�VL]H�ZKLFK�XVHV�WKH�VHPLPDMRU�
D[LV��D �7(&���
2UELWDO�VKDSH�WKDW�LV�GHILQHG�E\�
HFFHQWULFLW\��H �7(&���
2ULHQWDWLRQ�RI�WKH�RUELWDO�SODQH�LQ�VSDFH�
WKDW�XVHV�
� LQFOLQDWLRQ��,��7(&���
� ULJKW�DVFHQVLRQ�RI�WKH�DVFHQGLQJ�QRGH� �
2ULHQWDWLRQ�RI�WKH�RUELW�ZLWKLQ�WKH�SODQH�
ZKLFK�LV�GHILQHG�E\�DUJXPHQW�RI
SHULJHH��Ȧ �7(&���
6SDFHFUDIW¶V�ORFDWLRQ LQ�WKH�RUELW WKDW�LV�
UHSUHVHQWHG�E\�WUXH�DQRPDO\��Ȟ �7(&���

��� 'DWD�3URFHVVLQJ

'DWD�SURFHVVLQJ� LV� WKH� IXQFWLRQDO� DWWULEXWH� WKDW�ZRUNV�DORQJ�ZLWK GLIIHUHQW� V\VWHPV� IXQFWLRQV�
OLNHZLVH� LW�DOORZV�DVVHPEOLQJ��JDWKHULQJ�LQIRUPDWLRQ�EHWZHHQ�RQH�V\VWHP�WR�DQRWKHU�VXFK�WKH�
GDWD� SURFHVVLQJ� �FRQQHFWLRQ�� EHWZHHQ� WKH� VWUXFWXUDO� DQG� HOHFWULFDO� V\VWHP� RU� WKH� FRPSXWLQJ�
V\VWHP�DQG�FRQWURO�V\VWHP��7KLV�GDWD�SURFHVVLQJ�DOORZV�DFFHVVLQJ�WR�WKH�FRQWURO�DQG�IXQFWLRQLQJ�
RI�WKH V\VWHPV�E\�JLYLQJ��UHFHLYLQJ�DQG�SURFHVVLQJ�WKH�LQIRUPDWLRQ�UHTXLUHG���
,Q�WKH�VDPH�FDVH��DFFRUGLQJ�WR�WKH 60$'�>�@��PLVVLRQ�GDWD�SURFHVVLQJ�PXVW�UHFHLYH��VWRUH��DQG�
SURFHVV�WKH�PLVVLRQ�GDWD��VRUW� LW�E\�XVHU�RU�E\�UHTXLUHG�PHGLD��DQG�VHQG�LW� WR�WKH�XVHU��ZKLFK
DOORZV�DFFHVVLQJ�WR�WKH�LQIRUPDWLRQ�DQG�GDWD�UHTXLUHG�IRU�WKH�PLVVLRQ�DFFRPSOLVKPHQW�

$GGLWLRQDOO\��DFFRUGLQJ�WR�WKH�³5HVHDUFK�SURJUDP�RI�6DWHOOLWH�GHYHORSPHQW�DQG�DSSOLFDWLRQV�LQ�
WKH�(DUWK�2EVHUYDWLRQ�PDWWHUV´�>��@��,Q WKH�UHVHDUFK�VWDWHG�LQ�VWHS����FXVWRPHU�DQG�XVHU�QHHGV��
ILJXUH�����³$UHDV�RI�WHFKQRORJLHV�DSSOLFDWLRQ�IRU�WKH�(DUWK�2EVHUYDWLRQ´��
,Q� WKH� GLDJQRVLV� ��� DUHDV� ZHUH� GHILQHG� DV� PDLQ� SULRULWLHV� IRU� WKH� UHPRWH� VHQVLQJ� IRU WKH�
&RORPELDQ (DUWK�2EVHUYDWLRQ DQG�VRPH�SDUWLFXODU�QHHGV�ZHUH�UHDOL]HG LQ�UHJDUGV� WR� WKH�GDWD�
FRPLQJ�IURP�UHPRWH�VHQVLQJ �VHH�WDEOH������IRU�FXVWRPHU�XVHU�QHHGV��FKDSWHU�����/LNHZLVH��IRU�
WKH�QHHGV�RI GDWD�XSGDWLQJ��LW� LV�D�SULRULW\�WR�FRXQW�ZLWK�FRQVWDQW�XSGDWHG�LQIRUPDWLRQ��ZKLFK�
DOORZV�WKH�SHULRGLF�PRQLWRULQJ�RI�WKH�HDUWK�FRYHUDJH�VWDWXWH��)RU�WKH�VSHFLILF�WRSLF�RI�GLVDVWHUV�
SUHYHQWLRQ� DQG� DWWHQWLRQ�� LW� LV� UHTXLUHG� WR� DFTXLUH� LPPHGLDWHO\� LPDJHV� ZKHQ� RFFXUULQJ� DQ�



��

HYHQWXDOLW\��7KH�LGHQWLILHG�UHTXLUHPHQWV�SRLQW�RXW�WKH�FRQYHQLHQFH�RI�KDYLQJ�DQ�RZQ�V\VWHP IRU�
WKH�(DUWK�REVHUYDWLRQ�WR�DWWHQG�PDQ\�QHHGV�LQ�WKH�FRXQWU\�LQ�UHJDUGV�WR�WKH�GDWD�FRPLQJ�IURP�
WKH�UHPRWH�VHQVLQJ�>��@�

7DEOH���� 'DWD�3URFHVVLQJ� WHFKQLFDO�FKDUDFWHULVWLF� DV�UHIHUHQFH�WHFKQLFDO�VSHFLILFDWLRQ�RI�WKH�
5HVHDUFK�SURJUDP�RI�6DWHOOLWH�GHYHORSPHQW�DQG�DSSOLFDWLRQV�LQ�WKH�(DUWK�2EVHUYDWLRQ�PDWWHUV�
>��@

'$7$�352&(66,1*�7(&+1,&$/�&+$5$&7(5,67,&

)81&7,21$/�$775,%87( 7(&+1,&$/�&+$5$&7(5,67,&

'DWD�3URFHVVLQJ��)8$���

&KDUDFWHULVWLF �7(&� 6SHFLILFDWLRQ

6HQVLQJ�GDWD �7(&���

7R�KDYH�DXWRQRP\�WR�EH�
DEOH�WR�WDNH�LPDJHV�LQ�
SODFHV�RI�SULRULW\

7R�DOORZ�DFFHVV�WR�RWKHU�
VDWHOOLWH�LPDJHV

6WHS����4XDQWLILDEOH�UHTXLUHPHQW

,Q�WKLV�VWHS� TXDQWLILDEOH�UHTXLUHPHQWV�DUH�JRLQJ�WR�EH�HVWDEOLVKHG HYHU�VLQFH�WKHUH�LV�D�QHHG�RI�
GHILQLQJ�D�PRUH�VSHFLILF�UHTXLUHPHQWV�EDVHOLQH��PHDVXUHPHQWV�RI�ZKDW��ZKHUH��ZKHQ�RU�KRZ���
7KHVH�TXDQWLILDEOH�UHTXLUHPHQWV DUH�GHILQHG�E\�LV�XVLQJ�WKH�SUHYLRXV�UHTXLUHPHQWV IURP WKH�VWHSV�
DERYH �VWHS���WR�VWHS��� DV�WKH�EDVHOLQH DQG�TXDQWLWDWLYH�GHSOR\PHQW�

/LNHZLVH�� LQ�RUGHU� WR� HVWDEOLVK D�TXDQWLILDEOH� UHTXLUHPHQW EDVHOLQH�DQG� WDNLQJ� WKH�FRQFHSW�RI�
4XDQWLILDEOH�UHTXLUHPHQWV�RI�WKH�2QH�6WHS�7HVWLQJ�SDJH��UHIHUHQFH�>��@��ZKHUH�LW�VWDWHV�WKH�QHHG�
RI�GHILQLQJ�XQGHU�ZKLFK�FLUFXPVWDQFHV�WKH�V\VWHP�PD\�IDLO�WR�PHHW�WKH�UHTXLUHPHQW�DQG�DIWHU�
GHILQLQJ�WKHP��WKH�TXDOLW\�PHDVXUH�FDQ�EH�VHW�WKHQFH��LW�EHFRPHV�D�TXDQWLILDEOH�UHTXLUHPHQW�
,Q� WKH� WDEOH� ����� ³5HTXLUHPHQWV� %DVHOLQH�4XDQWLILDEOH� UHTXLUHPHQWV´�� WKLV� GHSOR\PHQW� LV�
UHSUHVHQWHG�ZLWK�WKH�IROORZLQJ�FKDUDFWHULVWLFV� WKH�ILUVW�FROXPQ�����LV�IRU�WKH�VWHS�IURP�ZKLFK�WKH�
UHTXLUHPHQW� VKDOO� EH� WDNHQ� �)XQFWLRQDO� UHTXLUHPHQWV� �)85� RU� WHFKQLFDO� FKDUDFWHULVWLF IRU�
UHTXLUHPHQWV �7(&� RI�WKH�IXQFWLRQDO�$WWULEXWHV��)$���LV�WDNHQ��7KH�VHFRQG�FROXPQ�����LV�IRU�
WKH�UHTXLUHPHQW�IURP�WKH�VWHSV���WR����WKH�WKLUG�����LV�IRU�WKH�W\SH�RI�UHTXLUHPHQW��WKH�IRXUWK�����
FROXPQ�LV WKH�³TXDOLW\´�PHDVXUH�DQG�WKH�ILIWK FROXPQ�����JRHV�IRU�WKH�TXDQWLILDEOH�UHTXLUHPHQWV��
6HH�WDEOH�������



��

7DEOH������ 5HTXLUHPHQWV�%DVHOLQH�4XDQWLILDEOH�UHTXLUHPHQWV��UHTXLUHPHQWV�EDVHOLQH�IURP�DOO�VWHSV�DERYH�DQG�TXDQWLILDEOH�JXLGHOLQHV�
6RXUFH��$XWKRU

5(48,5(0(176�%$6(/,1(�48$17,),$%/(�5(48,5(0(176

���
6WHS

)XQFWLRQDO�7HFKQLFDO
UHTXLUHPHQWV

���7\SH�RI�DSSOLFDEOH�
UHTXLUHPHQW

���4XDOLW\�PHDVXUH ���4XDQWLILDEOH�UHTXLUHPHQW

�	��� &RYHUDJH �)85���
)XQFWLRQDO DQG�3K\VLFDO�
�WHFKQLFDO�UHTXLUHPHQW�

0LQLPXP� VFDOH� RI� ���� P� RI� WHUUDLQ� �VFDOH�
���������UHI��>��@�

7R�DOORZ�D�FRYHUDJH�RI�D�PLQLPXP�VFDOH�RI�����
P� RI� WHUUDLQ� �VFDOH� ���������� DV� IRU� WKH�
&RORPELDQ�(DUWK�VXUIDFH �4)85���

�	��� 5HVSRQVLYHQHVV �)85��� 	
'DWD�VHQVLQJ��7(&���

)XQFWLRQDO DQG�3K\VLFDO�
�WHFKQLFDO�UHTXLUHPHQW�

6HQG�UHJLVWHUHG�PLVVLRQ�GDWD�ZLWKLQ����PLQ� WR�
XS�WR����XVHUV

7R�6HQG�UHJLVWHUHG�PLVVLRQ�GDWD�ZLWKLQ����PLQ�
WR�XS�WR����XVHUV �4)�7���

�	� 3D\ORDG�V SRLQWLQJ�GLUHFWLRQ
�)85���

)XQFWLRQDO�
&RUUHFW�GLUHFWLRQ� �&RORPELDQ�(DUWK�VXUIDFH� 7KH�SD\ORDG�PXVW�EH�SRLQWHG�LQ�WKH�FRUUHFW�

GLUHFWLRQ �&RORPELDQ�(DUWK�VXUIDFH� ��������1��
��������Z �4)85���

�	� 3D\ORDG�OLIHWLPH�GHILQLWLRQ�
�)85���

)XQFWLRQDO� /LIHWLPH�RI����\HDUV 7KH� SD\ORDG� PXVW EH RSHUDEOH WKH� ZKROH�
PLVVLRQ�OLIHWLPH�RI����\HDUV� �4)85���

�	�
2SHUDWLRQ�DYDLODELOLW\�
�)85���

)XQFWLRQDO� &XVWRPHU�GHVLUHG�DYDLODELOLW\�WLPH 7KH�SD\ORDG�PXVW�EH�RSHUDEOH DQG�EH�UHOLDEOH�
RYHU� WKH FXVWRPHU� GHVLUHG� DYDLODELOLW\� WLPH
�PLQLPXP�RI�HYHU\����PLQXWHV�� �4)85���

�	�
'HILQLWLRQ�RI�WLPH�
FRPPXQLFDWLRQ��)85���

)XQFWLRQDO� 7LPH�RI����PLQXWHV 7KH GDWD� IURP� WKH� SD\ORDG� PXVW� EH�
FRPPXQLFDWHG�WR�WKH�JURXQG HYHU\����PLQXWHV�
�4)85���

���
0XOWLVSHFWUDO�2SWLFDO�VHQVLQJ
�7(&���

3K\VLFDO��WHFKQLFDO�
FKDUDFWHULVWLF�

��EDQGV��EOXH��JUHHQ��UHG��QHDU�DQG�SDQRUDPLF�
LQIUDUHG��

7R�FRXQW�ZLWK�D�PXOWLVSHFWUDO�RSWLFDO�VHQVLQJ RI�
�� EDQGV� �EOXH�� JUHHQ�� UHG�� QHDU� DQG� SDQRUDPLF�
LQIUDUHG���475���



��

5(48,5(0(176�%$6(/,1(�48$17,),$%/(�5(48,5(0(176

���
6WHS

)XQFWLRQDO�7HFKQLFDO
UHTXLUHPHQWV

���7\SH�RI�DSSOLFDEOH�
UHTXLUHPHQW

���4XDOLW\�PHDVXUH ���4XDQWLILDEOH�UHTXLUHPHQW

���
2UELWDO�DOWLWXGH�UDQJH
�7(&���

3K\VLFDO��WHFKQLFDO�
UHTXLUHPHQW�

+LJKHVW�DOWLWXGH�RI�������NP�DQG��ORZHVW�
DOWLWXGH�RI�������NP

7R� XVH� DQ� RUELW� ZLWK� DQ� DOWLWXGH� EHWZHHQ� WKH�
UDQJHV�RI�����NP�DQG������NP �475���

��	��
3HUIRUPDQFH���)85���
	7HPSRUDO�UHVROXWLRQ
�7(&���

)XQFWLRQDO DQG�3K\VLFDO�
�WHFKQLFDO�UHTXLUHPHQW�

����� P� WR� ���� P� LQ� SDQFKURPDWLF�� �� WR� ��� LQ�
PXOWLVSHFWUDO�DQG�D�VFDOH�UHVROXWLRQ�XS�WR ������
P�

7R�XVH�D�WHPSRUDO�UHVROXWLRQ�RI������P�WR�����P�
LQ�SDQFKURPDWLF�DQG���WR����LQ�PXOWLVSHFWUDO�DQG�
D�VFDOH�UHVROXWLRQ�XS�WR� ������P �4)�7���

��� 6SDWLDO�UHVROXWLRQ �7(&���
3K\VLFDO��WHFKQLFDO�
UHTXLUHPHQW�

5HYLVLW�E\�DERXW����GD\V�
7R�XVH�D�VSDWLDO� UHVROXWLRQ� WKDW�DOORZV�D�UHYLVLW�
E\�DERXW����GD\V� �475���

��� 'DWD�VHQVLQJ� �7(&���
3K\VLFDO��WHFKQLFDO�
UHTXLUHPHQW�

$XWRQRP\�WR�WDNH�LPDJHV�LQ�SODFHV�RI�SULRULW\�
RI�DW�OHDVW���DUHDV�RI�DSSOLFDWLRQ��ULVN��UHJLRQDO��
VHFXULW\�	�GHIHQVH�RU�HQYLURQPHQWDO�
PDQDJHPHQW�

7R�KDYH�DXWRQRP\� WR� WDNH� LPDJHV� LQ�SODFHV� RI�
SULRULW\�RI�DW�OHDVW���DUHDV�RI�DSSOLFDWLRQ�RI�ULVN��
UHJLRQDO�� VHFXULW\� 	� GHIHQVH� RU� HQYLURQPHQWDO�
PDQDJHPHQW �475���

�)LUH6DW�UHIHUHQFH��/(2�6DWHOOLWH�IRU�ILUHV�GHWHFWLRQ��VHOHFWLRQ�RI�TXDQWLW\ EDVHG�RQ�WKH�REMHFWLYHV�RI�WKH�)LUH6DW�0LVVLRQ�DQG�WKLV�0LVVLRQ�
�&RORPELDQ�(DUWK�2EVHUYDWLRQ�
�$UHDV�RI�DSSOLFDWLRQ�IRU�WKH�(DUWK�2EVHUYDWLRQ��DUHDV�RI�SULRULW\�LQ�WKH�UHPRWH�VHQVLQJ�DQG�(DUWK�2EVHUYDWLRQ�

�� 6WHS�IURP�ZKLFK�WKH�UHTXLUHPHQW�LV�WDNHQ�
�� 5HTXLUHPHQW�IURP�WKH�VWHSV���WR���
�� 7\SH�RI�UHTXLUHPHQW����)XQFWLRQDO RU�3K\VLFDO��WHFKQLFDO�

FKDUDFWHULVWLF��

�� 4XDOLW\�PHDVXUH�
�� 4XDQWLILDEOH�UHTXLUHPHQW



��

6WHS����%ORFN�GLDJUDPV�UHODWLRQVKLSV�� V\VWHPV�OHYHO

,Q� WKLV� ILQDO� VWHS� IRU� WKH� V\VWHP� OHYHO� WKURXJK� WKH� XVH� RI� EORFN� GLDJUDPV�� LQWHUIDFHV� DQG�
KDUGZDUH�VRIWZDUH�GDWD� UHODWLRQVKLSV� DUH� JRLQJ� WR� EH� GHILQHG XVLQJ� WKH� UHIHUHQFH� IRUP� WKH�
(852&.27�/DXQFK�V\VWHPV�± ³&KDSWHU���6SDFHFUDIW�,QWHUIDFHV´ >��@ DQG�WKH�60$'�ERRN�
>�@�� 7KH� LQWHUIDFHV� DUH EDVHG� RQ� WKH� V\VWHPV� DOUHDG\� VHW LQ� VWHS� � �5HPRWH� VHQVLQJ��
&RPPXQLFDWLRQ��3URSXOVLRQ��&RPSXWLQJ��&RQWURO� 3RZHU�DQG�6WUXFWXUDO� V\VWHP� VHH�GLDJUDP�
����³6\VWHPV�LQWHUIDFHV�DQG�KDUGZDUH�VRIWZDUH�GDWD�UHODWLRQVKLSV´� WKLV GHILQLWLRQ�VKDOO�DOORZ�
YLHZLQJ�WKH�UHODWLRQVKLS�RI�WKH�V\VWHPV�IRU�WKH�PLVVLRQ�VDWHOOLWH DQG�WKH�ILQDO�SDUW�RI�WKLV�VWHS�LV�
HVWDEOLVKLQJ WKH�PDLQ�VXEV\VWHPV��

'LDJUDP�����6\VWHPV�LQWHUIDFHV�DQG�KDUGZDUH�VRIWZDUH�GDWD�UHODWLRQVKLSV�
6RXUFH��$XWKRU

6WUXFWXUDO�V\VWHP

0HFKDQLFDO LQWHUIDFHV

3D\ORDG�GDWD�

6SDFHFUDIW�LQWHUIDFH�ULQJ

6SDFHFUDIW�LQWHUIDFH�SRLQWV

3RZHU�V\VWHP

&RQWURO�V\VWHP

(OHFWULFDO LQWHUIDFHV

&RPPDQGV�DSSOLFDWLRQ

+DUGZDUH�FRQQHFWLRQ

+HDW�DQG�GDWD�VHQVLQJ

5HPRWH�VHQVLQJ�
V\VWHP

2UELWDO�SRVLWLRQLQJ�
DQG�RU�UHORFDWLRQ

,QIRUPDWLRQ LQSXW�DQG�
RXWSXW

&RPPXQLFDWLRQ�
6\VWHP

(DUWK�6\VWHPV�VXSSRUW

*HRSRVLWLRQLQJ GDWD

&RPSXWLQJ�6\VWHP

3URSXOVLRQ�V\VWHP



��

7KH�PDLQ�VXEV\VWHPV�DUH�WDNHQ�LQWR�DFFRXQW�XVLQJ�WKH�UHIHUHQFH�IURP�WKH�60$'�ERRN��VHFWLRQ������>�@�DQG�WKH�6SDFHFUDIW�6\VWHPV�(QJLQHHULQJ�>��@�
DQG�WKH\�DUH�LQ�D�GLDJUDP�UHODWLRQVKLS�ZLWK�WKH�UHVSHFWLYH�)XQFWLRQDO�UHTXLUHPHQW�DV�WDNHQ�IURP�UHIHUHQFH�>��@�VHFWLRQ������6HH�GLDJUDP�����³6DWHOOLWH�
6XEV\VWHPV�	�IXQFWLRQDO�UHTXLUHPHQWV�´

'LDJUDP�����6DWHOOLWH�6XEV\VWHPV�	�IXQFWLRQDO�UHTXLUHPHQWV� UHTXLUHPHQWV�DGMXVWHG�WR�WKH�PLVVLRQ�EDVHG�RQ�WKH�6SDFHFUDIW�6\VWHPV�(QJLQHHULQJ�>��@�

'DWD�
KDQGOLQJ3RZHU�

&RPPXQLFDWLRQ�
	�&RPPDQG

3URSXOVLRQ
�6%6��� 7KHUPDO 6WUXFWXUH 0HFKDQLVPV

$OWLWXGH�
FRQWURO

6DWHOOLWH�6XEV\VWHPV�	�
)XQFWLRQDO�UHTXLUHPHQWV

7HOHPHWU\
2UELW�
FRQWURO

7KH�SD\ORDG�PXVW�EH�RSHUDEOH�DQG�EH�UHOLDEOH�RYHU�WKH�
FXVWRPHU�GHVLUHG�DYDLODELOLW\�WLPH� �4)85���

7KH�SD\ORDG�PXVW�EH�
SRLQWHG�LQ�WKH�FRUUHFW�
GLUHFWLRQ��&RORPELDQ�

(DUWK�VXUIDFH��
�4)85���

5HPRWH�
VHQVLQJ�
�6%6���

7KH�SD\ORDG�PXVW�
EH�RSHUDEOH�WKH�
ZKROH�PLVVLRQ�
OLIHWLPH�RI����

\HDUV� �4)85���

7KH�SD\ORDG�PXVW�
EH�KHOG�WRJHWKHU��
DQG�RQ�WR�WKH�

SODWIRUP�RQ�ZKLFK�LW�
LV�PRXQWHG�

�4)85���

7KH�GHVLUHG�66�
RUELW�IRU�WKH�

PLVVLRQ�PXVW�EH�
PDLQWDLQHG��
�4)85���

$Q %DWWHU\
HQHUJ\�VRXUFH�

PXVW�EH�SURYLGHG�
WR�HQDEOH�WKH�

DERYH�IXQFWLRQV�WR�
EH�SHUIRUPHG�

�4)85���

7KH�GDWD�IURP�WKH�
SD\ORDG�PXVW�EH�

FRPPXQLFDWHG�WR�WKH�
JURXQG�HYHU\����

PLQXWHV���4)85���



��

5(48,5(0(176�7$%/(�680$05<

7KH�QH[W�WDEOH�LV�WKH�VXPPDU\�RI�WKH�5HTXLUHPHQWV�FROOHFWHG�LQ�WKH�7DEOH ����� �XVLQJ�WKH�SUHOLPLQDU\�
IXQFWLRQDO�DQG�RSHUDWLRQDO� UHTXLUHPHQWV �IURP�FKDSWHU����DORQJ�ZLWK� WKH� IXQFWLRQDO�� SK\VLFDO DQG� WKH�
WHFKQLFDO� FKDUDFWHULVWLF� LQ� D TXDQWLILDEOH UHTXLUHPHQW �IURP� FKDSWHU� ��� DQG� WKH� GLDJUDP� ���� �WKH�
)XQFWLRQDO� UHTXLUHPHQWV� FROOHFWHG� IURP� WKH� 6SDFHFUDIW� 6\VWHPV� (QJLQHHULQJ� >��@� 6HH� WDEOH� �����
³5HTXLUHPHQWV�WDEOH�VXPPDU\´�

7DEOH�����5HTXLUHPHQWV�WDEOH�VXPPDU\� 6RXUFH��$XWKRU

5(48,5(0(176�7$%/(�680$05<

1�&�
7<3(�2)�

5(48,5(0(17
5(48,50(1(7

3)5��
3UHOLPLQDU\�)XQFWLRQDO

UHTXLUHPHQW
3HUIRUPDQFH�DIIHFWHG�E\�WKH�3D\ORDG��RUELW��
SURWRW\SH��GHVLJQ��VWUXFWXUH

3)5��
3UHOLPLQDU\�)XQFWLRQDO

UHTXLUHPHQW
+LJK�TXDOLW\�LPDJHV�DFTXLVLWLRQ�DIIHFWHG�E\��WKH�
3D\ORDG�VHOHFWLRQ�DQG�LWV�GHVLJQ�ORFDWLRQ

3)5��
3UHOLPLQDU\�)XQFWLRQDO

UHTXLUHPHQW

)LHOG�RI�YLHZ�DIIHFWHG�E\�WKH�FRPPDQGV�GHILQLWLRQ��
VHQVLQJ�V\VWHP��FRPSXWLQJ��SURSHU�GDWD�VHW�XS��
SD\ORDG

3)5��
3UHOLPLQDU\�)XQFWLRQDO

UHTXLUHPHQW
5HVSRQVLYHQHVV�DIIHFWHG�E\�WKH�FRPSXWHU�
SURFHVVLQJ��6RIWZDUH��VHQVRUV

3)5���
325��

3UHOLPLQDU\�)XQFWLRQDO 	�
2SHUDWLRQDO�UHTXLUHPHQW

6XUYLYDELOLW\�DIIHFWHG�E\�WKH�RUELW��SURSXOVLRQ��DQG�
VRXUFH�RI�HOHFWULFDO�SRZHU

325��
3UHOLPLQDU\�2SHUDWLRQDO�

UHTXLUHPHQW
'DWD�PDQDJLQJ��FROOHFWLQJ DQG�WUDQVIHU�DIIHFWHG�E\�
WKH�FRPSXWHU��FRPPXQLFDWLRQV�DQG�VHQVRUV

325��
3UHOLPLQDU\�2SHUDWLRQDO�

UHTXLUHPHQW
'XUDWLRQ�RI�PDWHULDOV��SD\ORDG��RUELWDO�VDWHOOLWH�
FRQWLQXLW\�DQG�6SDFH�GHEULV

325��
3UHOLPLQDU\�2SHUDWLRQDO�

UHTXLUHPHQW
&RPPDQG�DQG�FRQWUROOLQJ��DIIHFWHG�E\�WKH�(DUWK�
UHFHLYLQJ�GDWD�DUFKLWHFWXUH�DQG�3D\ORDG�TXDOLW\�
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325��
3UHOLPLQDU\�2SHUDWLRQDO�

UHTXLUHPHQW
6DWHOOLWH�DYDLODELOLW\�DIIHFWHG�E\�WKH�0DWHULDOV�
HQGXUDQFH�DQG�OLIH�OLPLWV

4)85��
)XQFWLRQDO DQG�3K\VLFDO�
�WHFKQLFDO�UHTXLUHPHQW�

7R�DOORZ�D�FRYHUDJH�RI�D�PLQLPXP�VFDOH�RI�����P�
RI�WHUUDLQ��VFDOH�����������DV�IRU�WKH�&RORPELDQ�
(DUWK�VXUIDFH

4)�7��
)XQFWLRQDO DQG�3K\VLFDO�
�WHFKQLFDO�UHTXLUHPHQW�

7R�6HQG�UHJLVWHUHG�PLVVLRQ�GDWD�ZLWKLQ����PLQ�WR�
XS WR����XVHUV�

)85�� )XQFWLRQDO UHTXLUHPHQW
7R�EH�DEOH�WR�FRQQHFW�WR�DW�OHDVW�DQRWKHU�VDWHOOLWH�
GDWD�

4)85��
4XDQWLILDEOH�)XQFWLRQDO

UHTXLUHPHQW

7KH�SD\ORDG�PXVW�EH�SRLQWHG�LQ�WKH�FRUUHFW�
GLUHFWLRQ �&RORPELDQ�6XUIDFH����������1����������
Z�

)85��

)XQFWLRQDO� UHTXLUHPHQW 7KH�GHVLUHG�RUELW�IRU�WKH�PLVVLRQ�PXVW�EH�
PDLQWDLQHG�

4)85��

4XDQWLILDEOH�)XQFWLRQDO�
UHTXLUHPHQW 7KH�SD\ORDG�PXVW�RSHUDWH�WKH�ZKROH�PLVVLRQ�

OLIHWLPH�RI����\HDUV�

)85��

)XQFWLRQDO�UHTXLUHPHQW $Q�HQHUJ\�VRXUFH�PXVW�EH�SURYLGHG�WR HQDEOH�
WKH�DERYH�IXQFWLRQV�WR�EH�SHUIRUPHG�

4)85��

4XDQWLILDEOH�)XQFWLRQDO�
UHTXLUHPHQW

7KH�SD\ORDG�PXVW�EH�RSHUDEOH DW�FXVWRPHU�
GHVLUHG�DYDLODELOLW\�WLPH �PLQLPXP�RI�HYHU\����
PLQXWHV��

)85��

)XQFWLRQDO�UHTXLUHPHQW 7KH�SD\ORDG�PXVW�EH�KHOG�WRJHWKHU��DQG RQ�WR�
WKH�SODWIRUP�RQ�ZKLFK�LW�LV�PRXQWHG�
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4)85��

4XDQWLILDEOH�)XQFWLRQDO�
UHTXLUHPHQW

7KH�GDWD�IURP�WKH�SD\ORDG�PXVW�EH�FRPPXQLFDWHG�
WR�WKH�JURXQG�

475��
4XDQWLILDEOH�3K\VLFDO�

�WHFKQLFDO�FKDUDFWHULVWLF�

7R�FRXQW�ZLWK�D�PXOWLVSHFWUDO�RSWLFDO�VHQVLQJ RI���
EDQGV��EOXH��JUHHQ��UHG��QHDU�DQG�SDQRUDPLF�
LQIUDUHG��

475��
4XDQWLILDEOH�3K\VLFDO�
�WHFKQLFDO�UHTXLUHPHQW�

7R�XVH�DQ�RUELW�ZLWK�DQ�DOWLWXGH�EHWZHHQ�WKH�UDQJHV�
RI�����NP�DQG������NP�

4)�7��
4XDQWLILDEOH�)XQFWLRQDO
DQG�3K\VLFDO��WHFKQLFDO�

UHTXLUHPHQW�

7R�XVH�D�WHPSRUDO�UHVROXWLRQ�RI������P�WR�����P�LQ�
SDQFKURPDWLF�DQG���WR����LQ�PXOWLVSHFWUDO�DQG�D�
VFDOH�UHVROXWLRQ�XS�WR� ������P�

475��
4XDQWLILDEOH�3K\VLFDO�
�WHFKQLFDO�UHTXLUHPHQW�

7R�XVH�D�VSDWLDO�UHVROXWLRQ�WKDW�DOORZV�D�UHYLVLW�E\�
DERXW����GD\V�

475��
4XDQWLILDEOH�3K\VLFDO�
�WHFKQLFDO�UHTXLUHPHQW��

�VLPXODWLRQ�

7R�ZRUN�ZLWK�DQ�RUELWDO�VL]H�WKDW�XVHV�WKH�
VHPLPDMRU�D[LV��D �7(&���

475��
4XDQWLILDEOH�)XQFWLRQDO�

5HTXLUHPHQW

7R�XVH�DQ�RUELWDO�VKDSH WKDW�LV�GHILQHG�E\�
HFFHQWULFLW\��H �7(&���

475��
4XDQWLILDEOH�)XQFWLRQDO�

5HTXLUHPHQW

7R�ZRUN�ZLWK�DQ�RULHQWDWLRQ�RI�WKH�RUELWDO�SODQH�LQ�
VSDFH WKDW�XVHV�DQ�LQFOLQDWLRQ��L��DQG�ULJKW�
DVFHQVLRQ�RI�WKH�DVFHQGLQJ�QRGH� � �7(&���

475��
4XDQWLILDEOH�)XQFWLRQDO�

5HTXLUHPHQW

7R�XVH�DQ�RULHQWDWLRQ�RI�WKH�RUELW�ZLWKLQ�WKH�SODQH
ZKLFK�LV�GHILQHG�E\�DUJXPHQW�RI�SHULJHH��Ȧ
�7(&���

475��
4XDQWLILDEOH�)XQFWLRQDO�

5HTXLUHPHQW

7R�GHILQH�WKH�VSDFHFUDIW¶V�ORFDWLRQ LQ�WKH�RUELW WKDW�
LV�UHSUHVHQWHG�E\�WUXH�DQRPDO\��Ȟ �7(&���

475��
4XDQWLILDEOH�3K\VLFDO�
�WHFKQLFDO�UHTXLUHPHQW�

7R�KDYH�DXWRQRP\�WR�WDNH�LPDJHV�LQ�SODFHV�RI�
SULRULW\�RI�DW�OHDVW���DUHDV�RI�DSSOLFDWLRQ�RI�ULVN��
UHJLRQDO��VHFXULW\�	�GHIHQVH�RU�HQYLURQPHQWDO�
PDQDJHPHQW�
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$V�VWDWHG�IURP�WKH�EHJLQQLQJ��FKDSWHU���DQG����RI�WKLV�SURMHFW��WKLV�LV�D�FRQFHSWXDO�GHVLJQ�RI�DQ�
(DUWK�2EVHUYDWLRQ�6DWHOOLWH�ZLWK� WKH� OLPLWDWLRQV�RI�3KDVH� � DQG�$� �&RQFHSWXDO�SKDVHV�� DV� LQ�
DFFRUGDQFH�WR�WKH�6HOHFWHG�6WDQGDUG�(&66�(�67���& >��@ DQG�WKH�60$'�ERRN�>�@�&KDSWHU���
WR����7KHVH�SKDVHV�LQFOXGH�WKH�0LVVLRQ�'HILQLWLRQ 5HYLHZ��0'5� LQ�FKDSWHU����WKH�3UHOLPLQDU\�
5HTXLUHPHQWV� 5HYLHZ� �355�� LQ� FKDSWHU� � DQG� WKH� 6\VWHPV� 5HTXLUHPHQWV 5HYLHZ� �655� LQ�
FKDSWHU����

7KH�FRQFHSWXDO�SKDVHV DUH WKH�6FRSH�RI� WKLV�SURMHFW��KRZHYHU�� WKH�SXUSRVH RI� WKLV�FKDSWHU� LV�
JDWKHULQJ�WKH�LQIRUPDWLRQ�RI�D�6DWHOOLWH�VLPXODWLRQ�ZLWK�WKH�SDUDPHWHUV�IRU�WKH�&RORPELDQ�(DUWK�
2EVHUYDWLRQ�� 7KLV� LV� PDGH� DV� D� SOXV� IRU� WKH� 3URMHFW� XQGHUVWDQGLQJ� RI D� SUDFWLFDO� ZD\ LQ�
FRPSOLDQFH� ZLWK� WKH� FKDSWHU� ��� DQG� D� SRVVLEOH� EDVHOLQH� WR� FRQWLQXH� ZLWK� WKH� 3KDVH� %
³3UHOLPLQDU\�GHILQLWLRQ´ DV� LQ�DFFRUGDQFH�ZLWK� WKH 6WDQGDUG�(&66�(�67���& >��@ IRU IXWXUH�
SURMHFWV GHYHORSPHQW�

7KLV�FKDSWHU�LV�JRLQJ�WR�EH�LVVXHG�LQ�WZR�SDUWV��RQH�IRU�WKH�0LVVLRQ�SDUDPHWHUV� $QDO\VLV�DQG�IRU�
6LPXODWLRQ �VLPXODWLRQ�XVHG�LQ�D�67.�SURJUDP��VHH�FKDSWHU��� 6HF������ )RU�SURJUDP�FRQFHSWXDO�
UHIHUHQFH�� )RU�WKLV�SURMHFW�� WKH�RUELW�SDUDPHWHUV�IRU�D�66�2�LV�JRLQJ�WR�EH�DQDO\]HG�ZLWK�WKH�
SDUDPHWHUV�GHWHUPLQHG�LQ�WKH�.HSOHU¶V�HTXDWLRQ��VWDWHG�UHIHUHQFH������VHH�WDEOH������8VLQJ�WKH�
FRPSDULVRQ� RI� DQ� RUELW� ZLWK� LQWHJHU� QXPEHU� RI� UHYROXWLRQV� SHU� GD\� RI� ��� DQG� ��� DQG� WKH�
UHYROXWLRQV�UHVXOWLQJ�IURP�DQ�HTXDWRULDO�DOWLWXGH�RI�����NP��

$ORQJ�ZLWK�WKH�FRPSDULVRQ GLVFXVVHG�DERYH��WKHUH�LV�JRLQJ�WR�EH�DQ�DQDO\VLV�RI�WKH�VLPXODWLRQ�
DQG� GDWD� REWDLQHG�� 7KLV� LV� SHUIRUPHG� LQ� RUGHU� WR� ILQG� VLPXODWH� SRVVLEOH� GDWD� IRU� WKH�
&RORPELDQ�(DUWK�REVHUYDWLRQ�DV�DGGLWLRQ�DQG�EHWWHU�JUDSKLF�DQDO\WLFDO�XQGHUVWDQGLQJ�RI�
WKH�&RQFHSWXDO�SURMHFW�

6HH�VHFWLRQ�����IRU�WKH�³3DUDPHWHUV�'HILQLWLRQ´�DQG�WKH�VHFWLRQ�����IRU�WKH�³$QDO\VLV�RI�5HVXOWV´
ZKLFK� XVHV� WKH� GDWD� RI� VHFWLRQ����� DV� IRU� WKH�:KROH�67.�PRGHOLQJ� SURFHVV�� DIWHUZDUGV�� WKH�
VHFWLRQ�����VWDQGV�IRU�WKH�7DEOH�RI�GDWD�REWDLQHG�IURP�WKH�SURJUDP�DQG�LWV�DQDO\VLV�

63$&(�,17(17,21$//<�/()7�,1�%/$1.
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$V�LW�ZDV�GHILQHG�LQ�FKDSWHU������WDEOH�����³3HUIRUPDQFH�3DUDPHWHUV�IRU�6DW&R��0LVVLRQ�XWLOLW\´��
7KHUH�DUH�YDULRXV�SDUDPHWHUV� WR�EH�DQDO\]HG�DQG�VLPXODWHG� �ZKHQ�DSSOLHV�� LQ�RUGHU� WR�EHWWHU�
XQGHUVWDQG� WKH�PLVVLRQ� DFFRPSOLVKPHQW�� LQ� WKLV� FDVH� WKHVH� SDUDPHWHUV� DUH� WKH� ³3HUIRUPDQFH�
SDUDPHWHUV´�DQG�WKH\�DUH�JRLQJ�WR�EH�UHYLHZHG�WKURXJKRXW�WKLV�VHFWLRQ�RI�WKH�FKDSWHU ��DQG�VKDOO�
EH�WKH�LQSXW�GDWD�IRU�WKH�67.�PRGHOOLQJ�DQG�VLPXODWLRQ�VHFWLRQ��7KHVH�SDUDPHWHUV�DUH�H[SRVHG�
LQ�WKH�SRLQWV���WR���EHORZ�

�� 0LQLPXP�FRYHUDJH� 6FDOH
7KH�PLQLPXP�FRYHUDJH�LV�WKH�PLQLPXP�SHUFHQWDJH�RI�HDUWK¶V�VXUIDFH�WR�EH�DFFHVVLEOH�
IRU� REVHUYDWLRQ� >��@� DQG� LW� KDV� DOUHDG\� EHHQ� JLYHQ� DV� D� UHTXLUHPHQW� IURP� WKH�
8VHU�FXVWRPHU�LQ�FKDSWHU�

��� P�RI�WHUUDLQ�RU�VFDOH�RI���������� �VHH�FKDSWHU���VWHS�����

7KLV�ZLOO�EH�UHSUHVHQWHG�LQ�WKH�67.�VLPXODWLRQ UHSUHVHQWHG ZLWK�WKH�WUDFHDEOH�RUELW�
FKDUDFWHULVWLF�DV�WKH�2UELW�LQFOLQDWLRQ�DQG�DOWLWXGH� 6HH�)LJXUH ���� ³2UELW�LQFOLQDWLRQ�
DQG�DOWLWXGH´ $OWLWXGH�RI���������.P�VHOHFWHG�IURP�WKH� WDEOH�����DV�IRU� WKH�XVDJH RI� WKH�
.HSOHU¶V�HTXDWLRQ�DQG�5LJKW�DVFHQGLQJ�QRGH��5$$1��RI����������

)LJXUH ����2UELW�LQFOLQDWLRQ�DQG�DOWLWXGH��66�2�VHOHFWLRQ�DQG�GDWD LQSXW�LQ�67.�SURJUDP�
IRU�WKH�6DWHOOLWH�VLPXODWLRQ�± 2UELW�GDWD�

6RXUFH��$XWKRU
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�� 0HDQ�WLPH�EHWZHHQ�REVHUYDWLRQV

)RU� WKH� PHDQ� �VRODU�� WLPH� EHWZHHQ� REVHUYDWLRQ� RU� ³5HFNRQLQJ� 7LPH´� LQ� D� 66�2�
PLVVLRQ�GHVLJQ��LW�LV�QHHGHG�WR�XQGHUVWDQG�WKDW�WKH�0HDQ�VRODU�WLPH�LV�EDVHG�RQ�WKH�
OHQJWK�RI�D PHDQ RU DYHUDJH VRODU�GD\��ZKLFK�LV����KRXUV�ORQJ��,W�PRYHV�DW�D�FRQVWDQW�
VSHHG >��@� /LNHZLVH��WKHUH�LV�DOVR�D�ZD\�WR�UHSUHVHQW�WKH�0HDQ�VRODU�WLPH DQG�LW�LV E\
XVLQJ WKH�HTXDWLRQ�RI�7LPH��VLQFH�WKH�SDUDPHWHUV�IRU�WKH�HDUWK
V�RUELW�DUH NQRZQ�TXLWH�
ZHOO�DQG�FRQVLGHULQJ�WKDW�WKH�REOLTXLW\�RI�WKH�HFOLSWLF�LV�DOVR�NQRZQ�ZHOO��LW�LV�SRVVLEOH�
WR�FRPSXWH�WKH�(TXDWLRQ�RI�7LPH�DV�D�IXQFWLRQ�RI�FDOHQGDU�GD\ >��@�

%DVHG�RQ�WKH�66�2�+DQGERRN�>��@��³5HFNRQLQJ�7LPH´ LV�WKH�UDWH�DW�ZKLFK�WKH�(DUWK�
URWDWHV�LQ�D�66�2�ZLWK�UHVSHFW� WR� WKH�YHUQDO�HTXLQR[�DQG�LW� LV�JLYHQ�E\�WKH� LQWHUYDO�
ZKHUH�WKH�HDUWK�URWDWHV�E\������������UHYV�ZLWK�UHVSHFW�WR�WKH�PHDQ�VXQ��+RZHYHU��
RQH�PRUH�WLPH�ZLWK�UHVSHFW�WR�WKH�YHUQDO�HTXLQR[��DV�D�UHVXOW��WKH�SHULRG�RI�WLPH��LQ�
ZKLFK�LW�WDNHV�WKH�HDUWK�WR�URWDWH�RQFH�ZLWK�UHVSHFW�WR�WKH�YHUQDO�HTXLQR[��HTXDWLRQ�
WDNHQ�IURP�UHIHUHQFH�����LV�JLYHQ�E\�

߬ ൌ ͺͶͲͲ כ ൬
͵ͷǤʹͶʹ ͳͻͻ

ͳ  ͵ͷǤʹͶʹͳͻͻ
൰ ൌ ͺͳͳͶǤͲͻ ݏ ͳǤܧ ሺͳሻ

࣎ ൌ ૡǤ ૢ ࢙

7KH�0HDQ�WLPH�LV�GHWHUPLQHG�E\�WKH�3HULRG�DQG�ZLOO�EH�VKRZQ�LQ�WKH�QH[W�SRLQW�
�WKUHH� ³2UELWDO SDUDPHWHUV´��DORQJ�ZLWK�LWV�JUDSKLF�VLPXODWLRQ��VHH�LPDJH�����

�� 2UELWDO�SDUDPHWHUV�(OHPHQWV

7KH� RUELWDO� SDUDPHWHUV� DUH� WKH� JXLGHOLQHV� RI WKH� PLVVLRQ� GDWD� LQSXW� IRU� WKH� RUELW�
VLPXODWLRQ�DQG�DV�VWDWHG�EHIRUH��WKLV�SURMHFW�LV�EDVHG�RQ�WKH�SDUDPHWHUV�RI�WKH�.HSOHU¶V�
HTXDWLRQ�� UHIHUHQFH� >��@� �VHH� WDEOH�����³2UELW�SDUDPHWHUV� IRU�66�2�ZLWK�DQ� LQWHJHU�
QXPEHU�RI�UHY�LQ�RQH�GD\���7KHUHIRUH��WKH�QH[W DQDO\VLV�LV�JRLQJ�XVH�WKH�&XVWRPHU�XVHU�
UHTXLUHPHQWV�IRU�WKH�RUELW��VWHS����DQG�WKH�DQDO\VLV�RI�WKH�.HSOHU¶V�HTXDWLRQ�

7DEOH�����2UELW�SDUDPHWHUV�IRU�66���ZLWK�DQ�LQWHJHU�QXPEHU�RI�UHYV�LQ�RQH GD\�
7DEOH�EDVHG�RQ�WKH�.HSOHU¶V�HTXDWLRQ�VWDWHG�LQ�UHIHUHQFH >�@�WDEOH����%DVHOLQH�IRU�WKH�
2UELW�SDUDPHWHUV�LQ�WKH�66�2�&RORPELDQ�(DUWK�2EVHUYDWLRQ�

25%,7�3$5$0(7(56�)25�66���:,7+�$1�,17(*(5�180%(5�2)�
5(96�,1�21( '$<

5HY�SHU�'D\����
2UELWDO�3HULRG��

VHFRQGV
(TXDWRULDO�$OWLWXGH��

.P
'LVWDQFH�EHWZHHQ�
$GMDFHQW�*7V��.P

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

7KH�QH[W�WDEOH��7DEOH������LV�D�OLVW�RI�YDULDEOHV�DQG�FRQVWDQWV�GHILQLWLRQV�ZKLFK�KDYH
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WKH� SXUSRVH� RI� DOORZLQJ� DQ� XQGHUVWDQGLQJ� RI� WKHLU� FRUUHVSRQGLQJ� YDOXHV� IRU� WKH�
(TXDWLRQV�GHYHORSPHQW�LQ�WKH�QH[W�SDUWV�RI�WKH�$QDO\VLV�VHH�WDEOH�����³´��5HIHU�WR�WKLV�
WDEOH�IRU�GHILQLWLRQ�LQIRUPDWLRQ�

7DEOH�����'HILQLWLRQ�RI�FRQVWDQWV�RU�YDULDEOHV� 'HILQLWLRQ�WDNHQ�IURP�UHIHUHQFH�>��@��
IRU�WKH�LQIRUPDWLRQ�DQG�JXLGDQFH�LQ�WKH�(TXDWLRQ�DQDO\VLV�DQG�FDOFXORXV��

'(),1,7,21�2)�&2167$176�25�9$5,$%/(6� 25%,7�
3$5$0(7(56�$1$/<6,6

&RQVWDQW�RU�
YDULDEOH

0HDQLQJ�9DOXH

3 1RGDO�3HULRG�
' 1XPEHU�RI�GD\V�LQ�D�UHSHDW�F\FOH�
5 1XPEHU�RI�UHYV�LQ�WKH�F\FOH�

ǣࡶ
=RQDO�KDUPRQLF�FRHIILFLHQW��ZLWK�D�YDOXH�IRU�HDUWK�
HTXDO�WR��������������

 ,QFOLQDWLRQ

ࢇ 6HPL�PDMRU�D[LV
ǣࢋ (FFHQWULFLW\
ǣࣆ (DUWK¶V�JUDYLWDWLRQDO�FRQVWDQW

ષǤǣ 3UHFHVVLRQ�UDWH

'LVWDQFH�EHWZHHQ�DGMDFHQW�JURXQG�WUDFNV�

ࢋࢇ (TXDWRULDO�UDGLXV

ܘ 2UELW�SDUDPHWHU��WKH�VHPL�ODWXV�UHFWXP�

ܖ 0HDQ�PRWLRQ

�� 1RGDO�SHULRG 	�2UELWDO�6L]H

����1RGDO�SHULRG� )RU�WKH�FDOFXORXV�RI�WKH�QRGDO�SHULRG��WKH�HTXDWLRQ�����DFFRUGLQJ�WR�
WKH�66�2�PLVVLRQ�GHVLJQ�KDQGERRN >��@�LV�WKH�RQH�WKDW�LV�VKRZQ�DQG�H[SODLQHG�
EHORZ�

ܲ ൌ ͺͶͲͲ כ ൬
ܦ

ܴ
൰ Ǥݍܧ ሺʹሻ

7KH�QXPEHU�RI������ GHILQHV�WKH�OHQJWK RI�WKH�PHDQ�VRODU�GD\��ZKLFK�LV DW�������
VHFRQGV �V��>��@ �VHFRQGV�LQ�RQH�GD\����6HFRQGV�LQ�RQ�GD\�OHQJWK���1RGDO�SHULRG�
IRU�WKH����UHYV�GHPRQVWUDWLRQ �GDWD�VKRZQ�LQ�WDEOH������XVLQJ�WKH�HTXDWLRQ�QXPEHU�
��

' ���GD\
5 ��� UHYV��V�

ܲ ൌ ͺͶͲͲ כ ൬
ͳ

ͳͶ
൰ ൌ ͳͳǤͶ͵ Ǥݏ

ࡼ ൌ ૠǤ  Ǥ࢙
����2UELWDO�6L]H� 7KH�2UELWDO�6L]H� LV�GHWHUPLQHG�E\� WKH�(FFHQWULFLW\� �WDEOH������� ,Q�
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DFFRUGDQFH�ZLWK WKH� UHIHUHQFH� RI� WKH� )$$�+DQGERRN� IRU� ³'HVFULELQJ�2UELWV´��
&ODVVLF�2UELWDO�(OHPHQWV��&2(V��>��@�DQG�WKH�66�2� GHVLJQ�KDQGERRN�>�@� ,Q�D�
IHZ�ZRUGV��WKH RUELWDO�HFFHQWULFLW\ �RU HFFHQWULFLW\��LV�D�PHDVXUH�RI�KRZ�PXFK�DQ�
HOOLSWLFDO RUELW LV�µVTXDVKHG¶��,W�LV�RQH�RI�WKH RUELWDO�HOHPHQWV WKDW�PXVW�EH�VSHFLILHG�
LQ�RUGHU�WR�FRPSOHWHO\�GHILQH�WKH�VKDSH�DQG�RULHQWDWLRQ�RI�DQ�HOOLSWLFDO�RUELW�>��@��

7KH�HTXDWLRQ�IRU�WKH�(FFHQWULFLW\�FDOFXORXV�YDULHV�IURP�WKH�W\SH�RI�RUELW�DQG�IRU�
WKLV�W\SH�RI�VLPXODWLRQ�WKH�FRQGLWLRQ�RI�WKH�HFFHQWULFLW\�LV�WR�EH�HTXDO�]HUR �XVLQJ�
WKH�UHIHUHQFH�RI�D�IUR]HQ�RUELW�DQG�D�66�2�>��@ ZLWK�WKH�DLP�RI�VHWWLQJ XS�D�EDVHOLQH�
IRU� D� IXWXUH� SUHOLPLQDU\� DQDO\VLV� LQ IXUWKHU�SURMHFWV��7KLV� FRQGLWLRQ� DORQJ�ZLWK�
DOWLWXGH� DQG� WKH� HTXDWLRQ� IRU� WKH� SHUWXUEDWLRQV� GXH� WR� D� QRQ�VSKHULFDO� (DUWK�
SUHFHVVLRQ�UDWH�̶ȳ̶ ����DOORZV�D�EHWWHU�XQGHUVWDQGLQJ�WR�WKH�DOWLWXGH�YV�LQFOLQDWLRQ�
EHKDYLRU� DV� VKRZQ� LQ� ILJXUH� ���� ³6XQ�6\QFKURQRXV� &RQGLWLRQ�� ,QFOLQDWLRQ� YV��
$OWLWXGH��H ��´

7KHUH�LV�QHHG�WR�XQGHUVWDQG�WKDW�WKH�SHULRG�LV�D�GDWD�LQSXW�IRU�WKH�2UELW�VLPXODWLRQ��
LW�LV�D�EDVLF�GDWD�LQSXW�LQ�WKH�67.�PRGHO�DV�LW�LV�VKRZQ�LQ�ILJXUH ���� 3HULRG�RI�
³������� VHF´ DQG�(FFHQWULFLW\�RI�³]HUR´� 7KLV�FRQGLWLRQV�DUH�WKH�EDVHOLQH�IRU�WKH�
67.�VLPXODWLRQ�ZLWK� WKH�SDUDPHWHUV�RI WKH�1RGDO�SHULRG�DQG� HFFHQWULFLW\��6HH�
ILJXUH ���� ³6XQ�6\QFKURQRXV� &RQGLWLRQ�� ,QFOLQDWLRQ� YV�� $OWLWXGH� �H ��´ DQG�
ILJXUH����´ 2UELW�3HULRG��(FFHQWULFLW\��DQG�,QFOLQDWLRQ´��GDWD�HTXDWLRQV�

� ൌ ܽሺͳ െ ݁ଶሻǢ � ൌ ට
ఓ

య

ȳǤ ൌ െ
͵

ʹ
ଶܬ ൬

ܽ

൰
ଶ

݊ כ ���ሺ݅ሻ Ǥݍܧ ሺ͵ሻ

)LJXUH���� 6XQ�6\QFKURQRXV�&RQGLWLRQ��,QFOLQDWLRQ�YV��$OWLWXGH��H ��� ILJXUH�
WDNHQ�IURP�66�2�GHVLJQ��VHFWLRQ�,,,��³6HOHFWLQJ�WKH�3UHFHVVLRQ�5DWH´�>��@�

6RXUFH��$XWKRU
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)LJXUH ��� 2UELW 3HULRG��(FFHQWULFLW\� DQG�,QFOLQDWLRQ� 66�2�VHOHFWLRQ�DQG�GDWD LQSXW�LQ�
67.�SURJUDP�IRU�WKH�6DWHOOLWH�VLPXODWLRQ�± 2UELW�GDWD EDVHG�RQ�UHIHUHQFH�>��@�

6RXUFH��$XWKRU
����$OWLWXGH�VHPL�PDMRU�D[LV DQG�3HULJHH� )RU WKH�DQDO\VLV�DQG�VLPXODWLRQ�RI�WKH�$OWLWXGH�

3HULJHH� DQG� $SRJHH�� WKH� WDEOH� ���� LV� JRLQJ� WR� EH� XVHG� DV� UHIHUHQFH� DV� ZHOO IRU� WKH�
DFFRPSOLVKPHQW� RI� WKH� 66�2� FRQGLWLRQ V� GHVLJQ�� DFFRPSOLVKPHQW� RI� DOWLWXGH�
UHTXLUHPHQWV��
7KH�DOWLWXGH�FDOFXORXV� LV� UHSUHVHQWHG� LQ� WKH�HTXDWLRQ�QXPEHU� ����³2UELWDO�DOWLWXGH´ LV�
JRLQJ�WR�EH�XVHG DQG�WKH�SORWWLQJ�UHSUHVHQWHG�ZLWK�WKH�LQFOLQDWLRQ��)LJXUH�������/LNHZLVH��
LW� LV�QHHGHG�WR�UHPHPEHU WKDW�WKH�UHTXLUHPHQW�RI�DOWLWXGH�RI�D�66�2�KDV�DOUHDG\�EHHQ�
VWDWHG�DV�WKH�UDQJHV�DUH�EHWZHHQ ����WR������NP�

� ൌ ሺܽ െ ܽሻ ሺͶሻ

ܽ ൌ ටߤቀ
ܲ

ߨʹ
ቁ
ʹ͵
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����6HPL�PDMRU�D[LV��7KH�VHPL�PDMRU�D[LV� D��LV�KDOI�RI�WKH�ORQJHVW�GLDPHWHU�RI�DQ�HOOLSVH�
DQG�FDQ�EH�FDOFXODWHG�XVLQJ�WKH�UHIHUHQFH�RI�WKH�GLVWDQFH�EHWZHHQ�DGMDFHQW�JURXQG�WUDFNV��
WKH�FLUFXPIHUHQFH�RI� WKH�HDUWK�DQG� WKH� UHYROXWLRQV� $V�VKRZQ� LQ�HTXDWLRQ� ����� WKLV� LV�
QHHGHG�WR�EH�FDOFXODWHG�DORQJ�ZLWK�WKH�HTXDWRULDO�UDGLXV�

(TXDWRULDO�UDGLXV� ܽ ൌ
ீ்௦כ ோ

ଶగ
ൌ

ଶ଼ଶǤହכ ଵସ

ଶగ
ൌ ͵ͺǤͳ͵Ͷ͵ͶͶ ݉ܭ

*7V#���UHYV� ������� .P �.HSOHU¶V�HTXDWLRQ��WDEOH�����
5����
3 ��������V

ࢋࢇ ൌ ૠૡǤ  ࡷ
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6HPL�PDMRU�D[LV� ࢇ ൌ ටߤቀ
ܲ

ߨʹ
ቁ
ʹ͵

ࢇ ൌ ૠૠǤ ૢૠ ࡷ
+HQFH��WKH�DOWLWXGH YDOXH�LV�

� ൌ ሺʹͳǤͻʹͲ െ ͵ͺǡͳ͵Ͷ ሻ ൌ ૡૢǤ ૠૢ ࡷ

7KH�GDWD�DERYH�PDWFKHV�WR WKH�GDWD�JDWKHUHG�LQ�WKH�WDEOH�����³2UELW�SDUDPHWHUV�IRU�66���
ZLWK�DQ�LQWHJHU�QXPEHU�RI�UHYV�LQ�RQH�GD\´ DV�IRU�WKH�FDOFXORXV�RI�WKH�RUELW�SDUDPHWHUV�
ZLWK�WKH�.HSOHU¶V�HTXDWLRQV��/LNHZLVH��WKH�VLPXODWLRQ�LV�SHUIRUPHG�DQG�WKH�GDWD�LQSXW�
DOORZHG�WKH�66�2�DQDO\VLV�LQ�67.�DV�LW�LV�VKRZQ�LQ�WKH�ILJXUHV������ ³$OWLWXGH�SHULJHH�
DQG�VHPL�PDMRU�D[LV�GDWD�LQSXW´ DQG������� ³$OWLWXGH�SHULJHH�DQG�VHPL�PDMRU�D[LV�GDWD�
LQSXW��'�PRGHO�´

7KH�ILJXUH�������UHSUHVHQWV�WKH�RUELW�GDWD�LQSXW�LQ�WKH�67.�GDWD�LQSXW� 7KH�GDWD�IRU�WKH�
DOWLWXGH� LV� FDOFXODWHG�E\� WKH�V\VWHP�DQG� LV� GHWHUPLQHG�E\� WKH�SDUDPHWHUV�RI� WKH�RUELW�
�SHULJHH��DSRJHH��HFFHQWULFLW\��IRU�D�66�2� 6HH�ILJXUH�������³$OWLWXGH�SHULJHH�DQG�VHPL�
PDMRU�D[LV�GDWD�LQSXW´�

)LJXUH ������$OWLWXGH�SHULJHH�DQG�VHPL�PDMRU�D[LV�GDWD�LQSXW��'DWD�LQSXW�RI�VHPL�PDMRU�
D[LV��HFFHQWULFLW\�DQG�DUJXPHQW�RI�SHULJHH�E\������DV�IRU�D�VXQ�V\QFKURQRXV�2UELW�

6RXUFH��$XWKRU
:LWK� WKH� GDWD� LQSXW� DORQJ�ZLWK� RWKHU� SDUDPHWHUV�� WKH� DQDO\VLV� LV� SHUIRUPHG�ZLWK� WKH�
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PRGHOLQJ� DQG� WKH� ILJXUH� ������ EHORZ� LV� WKH� �'�PRGHOLQJ�ZLWK� WKH� GDWD� UHVXOW� RI� WKH�
VLPXODWLRQ��WKLV�DOORZV�VHHLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�WKHRUHWLFDO�DQDO\VLV�DQG�WKH�
SURJUDP� VLPXODWLRQ� FRUUHVSRQGLQJ� WR� WKH� SDUDPHWHUV� VHOHFWLRQ� 6HH� ILJXUH� ������
³$OWLWXGH�SHULJHH�DQG�VHPL�PDMRU�D[LV�GDWD�LQSXW��'´

)LJXUH ����� $OWLWXGH�SHULJHH�DQG�VHPL�PDMRU�D[LV�GDWD�LQSXW��'�PRGHO��'DWD�LQSXW�RI�VHPL�
PDMRU�D[LV��HFFHQWULFLW\�DQG�DUJXPHQW�RI�SHULJHH�E\������DV�IRU�D�66�2�

6RXUFH��$XWKRU

����0HDQ�0RWLRQ�5HYV�SHU�GD\��7KH�UHYROXWLRQV�SHU�GD\�RU�PHDQ�0RWLRQ�KDV�EHHQ�FKRVHQ�
XVLQJ�WKH�UHIHUHQFH�RI�WKH�.HSOHU¶V�HTXDWLRQ��ZKLFK�GDWD�LV�VWDWHG�LQ�WDEOH�����DQG�XVHG�
LQ�WKH�HTXDWLRQ����7KLV�LV�D�GDWD�LQSXW�IRU�WKH�VLPXODWLRQ�DV�VKRZQ�LQ�WKH�ILJXUH ����³0HDQ�
0RWLRQ�5HYV�SHU�GD\�GDWD´��

)LJXUH ����0HDQ�0RWLRQ�5HYV�SHU�GD\�GDWD�LQSXW��GDWD�LQSXW�XVLQJ�WKH�.HSOHU¶V�HTXDWLRQ�IURP�
UHIHUHQFH�>��@�

6RXUFH��$XWKRU
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7KH�PHDQ�PRWLRQ�LV�DOVR�VLPXODWHG�ZLWK�WKH�RWKHU�GDWD�LQSXW��GLVFXVVHG�DERYH���
FUHDWLQJ�D�VFHQDULR�SDUDPHWHU�RI�REVHUYDWLRQ�� LQ� WKLV�FDVH�EHLQJ� WKH�&RORPELDQ�
(DUWK�6XUIDFH��WKLV�DOORZHG D�VLPXODWLRQ�RI�WKH�VDWHOOLWH�JRLQJ�RYHU�LW�DQG�JDWKHULQJ�
WKH�GDWD��VHH�ILJXUH���� ³0HDQ�0RWLRQ�5HYV�SHU�GD\�GDWD�LQSXW��'´�

)LJXUH�����0HDQ�0RWLRQ�5HYV�SHU�GD\�GDWD�LQSXW��'�PRGHOLQJ��GDWD�LQSXW�XVLQJ�WKH�.HSOHU¶V�
HTXDWLRQ�IURP�UHIHUHQFH�>��@�

6RXUFH��$XWKRU

�� *URXQG�SRVLWLRQ�NQRZOHGJH

,Q� WKLV� SDUW� RI� WKH� FKDSWHU�� WKH� *URXQG� �SRVLWLRQ�� NQRZOHGJH� WDNHV� SODFH�� WKLV�
LQIRUPDWLRQ�LV�WKH�FRPSOLHG�DORQJ�ZLWK�WKH�67.�GHVLJQ�DQG�WKLV�LQIRUPDWLRQ�LV�GLYLGHG�
LQWR WKH��'�PRGHO DQG�GDWD DQDO\VLV��1H[W�WR�WKH�GDWD�REWDLQHG�IRU�WKH�RUELW�HOHPHQWV�
�7LPH��6HPL�PDMRU�$[LV��(FFHQWULFLW\��,QFOLQDWLRQ��5$$1��DUJXPHQW RI�3HULJHH� 7UXH�
$QRPDO\�DQG�0HDQ�$QRPDO\�� FRPSDUHG�WR�WKH�RUELWDO�SDUDPHWHUV�FDOFXODWHG�LQ�WKH�
SRLQW���DQG���RI�WKLV�GRFXPHQW� 7KLV�LQIRUPDWLRQ�LV�JRLQJ�WR�EH�UHYLHZHG�RQH�E\�RQH�
�LPDJH�E\�LPDJH��DQG�WKH�GDWD�REWDLQHG�LQ�ILJXUH������

7KH� 2EMHFW� EURZVHU� UHSUHVHQWV� WKH� GLIIHUHQW�
SDUDPHWHUV�XVHG�LQ�WKH�VLPXODWLRQ��ZKLFK�DUH�
�� &RORPELD� ,V� WKH� DUHD� WDUJHW� VHOHFWHG
�&RORPELDQ�(DUWK�VXUIDFH���VHH�LPDJH������

�� 5DGDU� VWDWLRQ� 5DGDU� %UHWDJQH� ORFDWHG� LQ�
.RXURX� HYHU� VLQFH� WKH� FORVHVW� JURXQG� VWDWLRQ� WR�
&RORPELD� LV� IRXQG LQ� WKLV� FLW\� RI� WKH� )UHQFK�
*X\DQD��VHH�LPDJH������

)LJXUH�����2EMHFW�EURZVHU� VRXUFH��$XWKRU
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�� )DFLOLW\� )DFLOLW\� XVHG� DV� WKH� QHDUHVW� JURXQG� VWDWLRQ� WR� &RORPELD� LQ� .RXURX��
)UHQFK�*X\DQD��VHH�LPDJH������

�� %RJRWi� 7KLV�LV�D�SODFH�RI�REVHUYDWLRQ GDWD�KDQGOLQJ LGHDOL]HG�IRU�D�UDGDU�SODFH�
DQG�IXWXUH�JURXQG�VWDWLRQ��VHH�LPDJH�������

����6HQVRU��6HQVRU� LGHDOL]HG� WR�EH�XVHG�DV� IRU� WKH�(DUWK�REVHUYDWLRQ� ORFDWHG LQ�
%RJRWi��VHH�LPDJH���������

�� 6DQ�$QGUHV� 7KLV�LV�D�SODFH�RI�REVHUYDWLRQ GDWD�KDQGOLQJ LGHDOL]HG�IRU�D�UDGDU�SODFH�
DQG�IXWXUH�JURXQG�VWDWLRQ��VHH�LPDJH������

�� 6DWHOOLWH� 7KLV�LV�WKH�VDWHOOLWH�VLPXODWLRQ�DV�IRU�WKH�(DUWK�2EVHUYDWLRQ�LQ�D�66�2��
VHH�ILJXUH������

����6HQVRU� 6HQVRU�LGHDOL]HG�WR�EH�XVHG�DV�IRU�WKH�(DUWK�REVHUYDWLRQ�XVHG�LQ�6DQ�
$QGUHV��VHH�LPDJH���������

�� )XOO�VLPXODWLRQ� 7KH�IXOO�VLPXODWLRQ�LQ��'�DQG��'�LV�UHSUHVHQWHG�LQ�WKLV�SDUW��VHH�
LPDJH������

�� 5HVROXWLRQ
7KLV�VHFWLRQ�VWDQGV�IRU�WKH�WZR�W\SHV�RI�UHVROXWLRQ�HOHPHQWV�IRFXVHG�RQ�WKLV�SURMHFW�
VFRSH��WKH�6SDWLDO�UHVROXWLRQ�DQG�5HYLVLW�DV�VKRZQ�EHORZ�

���� 6SDWLDO�5HVROXWLRQ��7KH� VSDFH� UHVROXWLRQ� LV� WKH� UHVROXWLRQ� LV�GHWHUPLQHG�E\� D�
VLPSOH�HTXDWLRQ�DFFRUGLQJ�WR�WKH�'LJLWDO�*OREH�3ODWIRUP�>��@��WKH�ODUJHU�WKH�RSWLFV�
DQG� WKH� ORZHU� WKH� VHQVRU�� WKH� KLJKHU� WKH� UHVROXWLRQ�� WKH� HTXDWLRQ� ���� LV� WKH�
UHSUHVHQWDWLRQ�RI�WKLV�SDUDPHWHUV��

݊݅ݐݑ݈ݏܴ݁ ൌ
ݐ݄݄݃݅݁

݈݂ܽܿ ݐ݄݈݃݊݁
ݔ ݎݐܿ݁ݐ݁݀ ݁ݖ݅ݏ ሺሻ

7KLV�LV�WKH�W\SH�RI�WKHRUHWLFDO�DQDO\VLV��KRZHYHU��WKLV�SDUDPHWHU�KDV DOUHDG\�
EHHQ�JLYHQ�IURP�WKH�&XVWRPHU�8VHU�UHTXLUHPHQWV��FKDSWHU����VWHS������DQG�LQ�
DFFRUGDQFH�WR�WKH�&RORPELDQ�2EVHUYDWLRQ�QHHGV��LW�LV�QHHGHG��

)URP������P�WR�����P�LQ�SDQFKURPDWLF����WR����LQ�PXOWLVSHFWUDO���8S�WR������
P�VFDOH�UHVROXWLRQ���7DNHQ�IURP WKH 5HTXLUHPHQW �4)�7�����VHH�WDEOH�����



��

����5HYLVLW �WLPH� WR� SRLQW� VDPH� ORFDWLRQ��� 7KH� UHYLVLW� WLPH� KDV� DOUHDG\� EHHQ�
GHWHUPLQHG� LQ� FKDSWHU� ��� 6WHS� ���� DQG� WKH� YDOXH� LV� RI� ��� GD\V� DV� SDUW� RI� WKH�
IXOILOOPHQW�RI�WKH�&XVWRPHU�8VHU�UHTXLUHPHQWV��
7KHVH� SDUDPHWHUV� RI� UHVROXWLRQ� DUH� LOOXVWUDWHG� E\� PHDQV� RI� WKH� �'� DQG� �'�
PRGHOOLQJ��LQ�D�WLPH�RI����K��WKH�UHPRWH�VHQVLQJ�IRU�WKH�DUHD�RI�REVHUYDWLRQ�VLV�
VKRZQ�LQ�ILJXUH�����³UHYLVLW�DQG�VSDWLDO�UHVROXWLRQ�IRU�WKH�&RORPELDQ�(DUWK�6XUIDFH´�
DQG�DV�WKH�GDWD�REWDLQHG�LQ�WKH��'�PRGHO�DV�VKRZQ�LQ�ILJXUH��������³)XOO�VLPXODWLRQ�
LQ��'´

)LJXUH���� 66�2��UHYLVLW�DQG�VSDWLDO�UHVROXWLRQ�IRU�WKH�&RORPELDQ�(DUWK�6XUIDFH�
6RXUFH��$XWKRU

63$&(�,17(17,21$//<�/()7�,1�%/$1.
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$V�SDUW�RI�WKH�PLVVLRQ�GHVLJQ�� LQ� WKLV�VHFWLRQ�RI� WKH�FKDSWHU���� WKH�UHVXOWV�REWDLQHG�
IURP� WKH�SDUDPHWHUV�GHILQLWLRQ�DQG�FDOFXORXV�XVHG�RQ� WKH�67.�PRGHOLQJ�SURJUDP��
WKH\�DUH�GLVFXVVHG�DV�HYHU\�IDFWRU�UHSUHVHQWHG�LQ�ILJXUH�����³2EMHFW�%URZVHU´�

�� &RORPELD�� ,V� WKH� DUHD� WDUJHW� VHOHFWHG� �&RORPELDQ� (DUWK� VXUIDFH��� VHH�
LPDJH� ������� 7KH� &RORPELDQ VXUIDFH� LV� WKH�PDLQ� IRFXV� RI� WKLV�PLVVLRQ�
GHVLJQ�DV�LQ�DFFRUGDQFH�ZLWK�WKH�6DW&R��2EMHFWLYHV��/LNHZLVH��WKLV�DUHD�LV�
VXSSRUWHG� ZLWK� WKH� UHIHUHQFH� >��@ VXUIDFH GDWD� UHVHDUFKHG� IRU� WKH�
&RORPELDQ�6XUIDFH�LQIRUPDWLRQ��DV�GLVFXVVHG�LQ�VWHS�����IURP�WKH�FKDSWHU�
���VHH ILJXUH�������

)LJXUH������ $UHD�WDUJHW�VHOHFWHG��&RORPELDQ�(DUWK�VXUIDFH��
6RXUFH��$XWKRU

7KH�GDWD�REWDLQHG�LQ�WKH�67.�PDWFKHV�WR�WKH�&RORPELDQ�(DUWK�VXUIDFH�DQG�LW�ZDV�
VXFFHVVIXOO\� DSSOLHG� DV� WKH� DUHD� RI� REVHUYDWLRQ� LQ� DFFRPSOLVKPHQW� ZLWK� WKH�
UHTXLUHPHQW�4)85�� �6HH�7DEOH�����

�� 5DGDU�VWDWLRQ� 7KH� UDGDU�VWDWLRQ�KDV�EHHQ�FKRVHQ� WR�EH�ZRUNLQJ� LQ� WKH�
ORFDWLRQ�RI�WKH�%UHWDJQH UDGDU�>��@� ORFDWHG�LQ�.RXURX�VWDWLRQ�HYHU�VLQFH�
WKH�FORVHVW�JURXQG�VWDWLRQ�WR�&RORPELD�LV�ORFDWHG�LQ�WKH�)UHQFK�*X\DQD��
VHH�ILJXUH �����



��

��

��

�� )DFLOLW\� 7KH�LGHDO�IDFLOLW\�PD\�EH�ORFDWHG�LQ�&RORPELD�EXW�HYHU�VLQFH�WKHUH�
LV�QR�D�JURXQG�VWDWLRQ�HVWDEOLVKHG \HW�LQ�WKH�&RXQWU\��WKH�FORVHVW�JURXQG�
)DFLOLW\ LV�WKH�RQH�ORFDWHG�LQ�.RXURX IURP�WKH�)UHQFK�*X\DQD��LQ�DGGLWLRQ��
WKH�UDGDU�VWDWLRQ�LV�ORFDWHG�LQ�WKH�VDPH FLW\��VHH�LPDJH������

)LJXUH�������5DGDU�VWDWLRQ�%UHWDJQH�DQG�JURXQG�VWDWLRQ�LQ�WKH�)UHQFK�*X\DQD
6RXUFH��$XWKRU

7KH�GDWD�RIIHUHG�LQ�WKH�67.�SURJUDP��DOORZHG�LQVHUWLQJ�WKH�JURXQG�VWDWLRQ�
DQG� WKH� UDGDU� LQ�.RXURX��)UHQFK�*X\DQD�� WKLV�ZLOO�ZRUN�DORQJ�ZLWK� WKH�
VHQVRUV� ORFDWHG� LQ� &RORPELD� DQG� WKH\� FRPSLOH� WKH� LQIRUPDWLRQ� DV� LQ�
IXOILOOPHQW�RI�WKH�UHTXLUHPHQWV�4)�7���	 4)85�� �6HH�7DEOH�����

�� %RJRWi��%RJRWi�LV�RQH LGHDOL]HG�SODFH�RI�REVHUYDWLRQ�GDWD�KDQGOLQJ�HYHU�
VLQFH�WKLV�&LW\�LV�ORFDWHG�DOPRVW�LQ�WKH�JHRORJLFDO�FHQWHU�RI�&RORPELD�DQG�
LW�LV�FORVHG�WR�GLIIHUHQW�W\SHV�RI�DQWHQQDV��UHFHSWRUV�WKDW�FRXOG�ZRUN�DORQJ�
ZLWK�WKH�6DWHOOLWH��6HH�LPDJH�������� ³,GHDOL]HG�SODFH�RI�REVHUYDWLRQ�GDWD�
KDQGOLQJ��%RJRWi�	�6DQ�$QGUpV�´

���� 6HQVRU��� 7KLV� LV� DQ� LGHDOL]HG 6HQVRU� WR� EH� XVHG� DV� IRU� WKH� (DUWK�
REVHUYDWLRQ� ORFDWHG� LQ� %RJRWi� DQG� VKDOO� FROOHFW� WKH� GDWD� UHFHLYHG�
�VHQVHG��IURP�WKH�6DWHOOLWH�DQG�ZLOO�EH�UHGLUHFWHG�WR�WKH�*URXQG�VWDWLRQ��
VHH�LPDJH���������



��

��

����

��

)LJXUH���������6HQVRU LGHDOL]HG�WR�EH�XVHG�DV�IRU�WKH�&RORPELDQ�(DUWK�REVHUYDWLRQ
6RXUFH��$XWKRU

7KLV�VHQVRU�ZDV�LQVHUWHG�LQ�WKH�67.�SURJUDP�DQG�ZRUNHG�DV�D�SRLQW�RI�
GDWD� VHQVLQJ� RI� WKH� LQIRUPDWLRQ� JDWKHUHG� LQ� WDEOH� ���´� 6DWHOOLWH�
6DWFR�B��UHYV�� � 2UELW� SDUDPHWHUV� 6LPXODWLRQ� GDWD´� DV� LQ�
DFFRPSOLVKPHQW�RI�WKH�UHTXLUHPHQW�4)�7���	 4)85����6HH�7DEOH�����

�� 6DQ�$QGUpV� 7KH GDWD�RIIHUHG�LQ�WKH�67.�SURJUDP��DOORZHG�LQVHUWLQJ�WKH�
JURXQG� VWDWLRQ� DQG� WKH� UDGDU� LQ�.RXURX�� )UHQFK�*X\DQD�� WKLV�ZLOO�ZRUN�
DORQJ� ZLWK� WKH� VHQVRUV� ORFDWHG� LQ� &RORPELD� DQG� WKH\� FRPSLOH� WKH�
LQIRUPDWLRQ�DV�LQ�IXOILOOPHQW�RI�WKH�UHTXLUHPHQWV�4)�7���	 4)85��� �6HH�
7DEOH����

)LJXUH�������� ,GHDOL]HG SODFH�RI�REVHUYDWLRQ GDWD�KDQGOLQJ �%RJRWi�	�6DQ�$QGUpV�
6RXUFH��$XWKRU

7KH�,GHDOL]HG�SODFHV�RI�REVHUYDWLRQ�ZHUH�LQVHUWHG�LQ�WKH�67.�SURJUDP�DV�



��

��

³3ODFH´�DV�UHIHUHQFH�IRU�D�UDGDU�DQG�JURXQG�VWDWLRQ�LQ�WKH�IXWXUH�&RORPELD�
6SDFH�WHFKQRORJLHV�DGYDQFHV��WKLV�ZDV�SHUIRUPHG�DV�LQ�DFFRUGDQFH�WR�WKH�
UHTXLUHPHQWV�325����3&2��DQG HOHPHQW 0,(�����VHH�FKDSWHU��� DQG�WDEOH�
����

�� 6DWHOOLWH��7KLV� LV�WKH�VDWHOOLWH XVHG�IRU� WKH�66�2�LQ WKH�&RORPELDQ�(DUWK�
2EVHUYDWLRQ DGMXVWHG�WR� WKH�SODFH�RI�REVHUYDWLRQ��&RORPELD��� WKH�SHULRG�
DQG�WLPH�RI�WKH�PLVVLRQ�UHTXLUHPHQWV� VHH�ILJXUH������

)LJXUH�������6DWHOOLWH�VLPXODWLRQ IRU�WKH�(DUWK�2EVHUYDWLRQ�LQ�D�66�2
6RXUFH��$XWKRU

7KLV� W\SH� RI� VDWHOOLWH� ZDV WDNHQ� IURP� WKH� GDWD� RI� WKH� 67.� PRGHOLQJ�
SURJUDP��KRZHYHU��WKLV�VKRXOG�EH�PRGHOHG�DQG�LQVHUWHG�WR�WKH�SURJUDP�VR�
WKH� ZKROH� LQWHUIDFHV� DQG� SK\VLFDO� UHTXLUHPHQWV� IRU� WKH� 6DWHOOLWH� DUH�
SURSHUO\� HVWDEOLVKHG DQG� DGMXVWHG� WR� WKH� &RORPELDQ� QHHGV� DV� SDUW� RI� D�
IXWXUH�FDVH�RI�VWXG\��LQ�DFFRUGDQFH�ZLWK�WKH�3D\ORDG�UHTXLUHPHQWV��

����6HQVRU��� 7KLV� LV� DQ� LGHDOL]HG 6HQVRU� WR� EH� XVHG� DV� IRU� WKH� (DUWK�
REVHUYDWLRQ�ORFDWHG�LQ�WKH�6DW&R���VDWHOOLWH��DQG�VKDOO�FROOHFW�WKH�GDWD�
RI�WKH�SD\ORDG��LPDJHV�DQG�REVHUYDWLRQ�GDWD��UHFHLYHG�DQG�LW�LV VHQVHG�
ZLWK� WKH� VHQVRU��� /RFDWHG� LQ� %RJRWi� DQG� UHGLUHFWHG� WR� WKH� *URXQG�
VWDWLRQ�� VHH� LPDJH� ������� ³6DWHOOLWH� VLPXODWLRQ� DV� IRU� WKH� (DUWK�
2EVHUYDWLRQ�LQ�D�66�2´ IRU�WKH�GDWD�FROOHFWHG��VHH WDEOH����´�6DWHOOLWH�
6DWFR�B��UHYV���2UELW�SDUDPHWHUV´



��

����

)LJXUH�������� 6DWHOOLWH�VLPXODWLRQ�DV�IRU�WKH�(DUWK�2EVHUYDWLRQ�LQ�D�66�2
6RXUFH��$XWKRU

7KLV�W\SH�RI�VHQVRU�MXVW�DV�WKH�VDWHOOLWH�GHVLJQ��ZDV�WDNHQ�IURP�WKH�GDWD�RI�
WKH�67.�PRGHOLQJ�SURJUDP��KRZHYHU��WKLV�VKRXOG�EH�DGMXVWHG�DQG�LQVHUWHG�
WR�WKH�SURJUDP�VR�WKH�ZKROH�LQWHUIDFHV�DQG�SK\VLFDO�UHTXLUHPHQWV�IRU�WKH�
6DWHOOLWH�DUH�SURSHUO\� HVWDEOLVKHG LQ� UHJDUGV� WR� WKH� W\SHV�RI� VHQVRUV�RI�D�
VDWHOOLWH�REVHUYDWLRQ��(YHQ� WKRXJK� WKLV� LV�QRW� WDNHQ� LQWR�DFFRXQW�RQ� WKLV�
SURMHFW�VFRSH��WKLV�FDQ�EH�D�EDVHOLQH�IRU�D�IXWXUH�UHVHDUFK�RI�WKH�6HQVRUV�RI�
D�&RORPELDQ�(DUWK�2EVHUYDWLRQ�VDWHOOLWH�DV� LQ�DFFRUGDQFH�ZLWK� WKH�'DWD�
KDQGOLQJ�DQG�SURFHVVLQJ�UHTXLUHPHQWV��

�� )XOO�VLPXODWLRQ� 7KLV�VHFWLRQ�LV�IRU�WKH IXOO�VLPXODWLRQ RI�WKH�SURJUDP�ZLWK�
WKH� SDUDPHWHUV� DQG� 2UELWDO� HOHPHQWV� HVWDEOLVKHG LQ� �'� DQG� �'� LV�
UHSUHVHQWHG�LQ� WKLV�SDUW��VHH�LPDJH��������³)XOO�VLPXODWLRQ�LQ��'�DQG��'�
UHVSHFWLYHO\´�

7KLV�LPDJH�UHSUHVHQWV�WKH�JUDSKLFV�REWDLQHG�ZLWK�VRPH�LQSXW�RXWSXW�GDWD�
RI�WKH�ZKROH�LQIRUPDWLRQ�VXSSRUWHG�LQ�WKH�SUHYLRXV�SDUWV����WR����DQG�WKH\�
DUH�VXFFHVVIXOO\�VLPXODWHG�LQ�WKH�67.�SURJUDP��
7KLV� VHFWLRQ� KDV� EHHQ� SHUIRUPHG� LQ DFFRUGDQFH� ZLWK� WKH� ZKROH�
UHTXLUHPHQWV�VHFWLRQ�UHYLHZ�RI�WKH�2UELW�DQG�VDWHOOLWH�VLPXODWLRQ�H[SRVHG�
LQ�WDEOH������/LNHZLVH��WKLV�LV�EDVHOLQH�RI�WKH�VLPXODWLRQ�UHYLHZ��VHFWLRQ�����
RI�WKLV�FKDSWHU��DQG�WKH�FRQFOXVLRQV�VKRZQ�LQ�FKDSWHU����



��

�'

�'

)LJXUH�������)XOO�VLPXODWLRQ�LQ��'�DQG��' UHVSHFWLYHO\�
6RXUFH��$XWKRU

7KH� SUHYLRXV� DQDO\VLV� LV� IXUWKHU� FRPSOHPHQWHG� DORQJ� ZLWK� WKH� GDWD� REWDLQHG� LQ� WKH�
VLPXODWLRQ�DQG LW�LV UHYLHZHG�LQ�VHFWLRQ�����³7DEOH�RI�'DWD�UHVXOWV´�

63$&(�,17(17,21$//<�/()7�,1�%/$1.
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,Q�WKLV�VHFWLRQ RI�WKH�FKDSWHU ���WKHUH�DUH�JRLQJ�WR�EH�WKUHH�WDEOHV��WKH�ILUVW�RQH�LV�IRU�WKH�WKHRUHWLFDO GDWD�DOUHDG\�FDOFXODWHG�RU�GHILQHG �LQ�
WKH�VHPL� PDMRU�D[LV�DQG�(FFHQWULFLW\����7KH�VHFRQG�RQH�LV�WKH�GDWD�REWDLQHG�ZLWK�WKH�67.�SURJUDP�DQG�WKH�7KLUG�RQH�WKH�FRPSDULVRQ�
�DQDO\VLV�RI�UHVXOWV��EHWZHHQ�WKH�WKHRUHWLFDO GDWD�DQG�WKH�67.�SURJUDP�GDWD��VHH�WDEOHV�EHORZ �7DEOHV�����³6DWHOOLWH�6DWFR�B��UHYV���2UELW�
SDUDPHWHUV� WKHRUHWLFDO�GDWD�´�DQG�����³6DWHOOLWH�6DWFR�B��UHYV���2UELW�SDUDPHWHUV� 6LPXODWLRQ�GDWD´��7KH�LQIRUPDWLRQ�REWDLQHG�LQ�WKH�
WDEOHV�ZLOO�EH�GLVFXVVHG�LQ�WKH�'DWD�UHVXOWV�DQDO\VLV��ZKLFK�LV�GLVFXVVHG�EHORZ�WKH�WDEOHV�

7DEOH���� 6DWHOOLWH�6DWFR�B��UHYV���2UELW�SDUDPHWHUV� WKHRUHWLFDO�GDWD��SUHYLRXVO\�FDOFXODWHG�RU�GDWD�JLYHQ�E\�WKH�UHTXLUHPHQWV

6$7(//,7(�6$7&2�B��5(96���25%,7�3$5$0(7(56� 7+(25(7,&$/�'$7$��7'�

6HPL�PDMRU�$[LV��NP� (FFHQWULFLW\
�������� ���

7DEOH���� 6DWHOOLWH�6DWFR�B��UHYV���2UELW�SDUDPHWHUV� 6LPXODWLRQ�GDWD��GDWD�REWDLQHG�ZLWK�WKH�67.�SURJUDP�IRU�WKH�2UELW�SDUDPHWHUV�
-�����&ODVVLFDO�2UELW�(OHPHQWV

6$7(//,7(�6$7&2�B��5(96���25%,7�3$5$0(7(56� 6,08/$7,21��6'�

7LPH��87&*�
6HPL�PDMRU�
$[LV��NP�

,QFOLQDWLRQ�
�GHJ�

5$$1��GHJ�
$UJ�RI�
3HULJHH�
�GHJ���

(FFHQWULFLW\
7UXH�

$QRPDO\�
�GHJ�

0HDQ�
$QRPDO\�
�GHJ�

���$XJ������������������ ����������� �������� ������ ������� �������� ����������������������������
���$XJ������������������ ����������� �������� ������ ������� �������� ������� �������
���$XJ������������������ ����������� �������� ������ ���������������������������������� ����������������������������
���$XJ������������������ ������������������������������������������������������� �������������������������������������������������������������������������������������������
���$XJ������������������ ����������� �������� ������ ���������������������������������� ��������������������������������������������



��
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7LPH��87&*�
6HPL�PDMRU�
$[LV��NP�

,QFOLQDWLRQ�
�GHJ�

5$$1��GHJ�
$UJ�RI�
3HULJHH�
�GHJ���

(FFHQWULFLW\
7UXH�

$QRPDO\�
�GHJ�

0HDQ�
$QRPDO\�
�GHJ�

���$XJ������������������ ������������������������������������������������������� ��������������������������������������������������������������������� ����������������������
���$XJ������������������ ����������� �������� ������ ���������������������������������� ��������������������������������������������
���$XJ������������������ ������������������������������������������������������� �������������������������������������������������������������������������������������������
���$XJ������������������ ����������� �������� ������ ���������������������������������� ��������������������������������������������
���$XJ������������������ ������������������������������������������������������� ���������������������������������������������������������������������������������������
���$XJ������������������ ����������� �������� ������ ���������������������������������� ��������������������������������������������
���$XJ������������������ ������������������������������������������������������� �������������������������������������������������������������������������������������������
���$XJ������������������ ����������� �������� ������ ���������������������������������� ��������������������������������������������
���$XJ������������������ ������������������������������������������������������� �������������������������������������������������������������������������������������������
���$XJ������������������ ����������� �������� ������ ���������������������������������� ��������������������������������������������
���$XJ������������������ ������������������������������������������������������� �������������������������������������������������������������������������������������������
���$XJ������������������ ����������� �������� ������ ���������������������������������� ��������������������������������������������
���$XJ������������������ ������������������������������������������������������� ���������������������������������������������������������������������������������������
���$XJ������������������ ����������� �������� ������ ���������������������������������� ��������������������������������������������
���$XJ������������������ ������������������������������������������������������� �������������������������������������������������������������������������������������������
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7DEOH�����6DWHOOLWH�6DWFR�B��UHYV���2UELW�SDUDPHWHUV� 6LPXODWLRQ�	�WKHRUHWLFDO�GDWD��
FRPSDULVRQ� UHVXOWV�DQDO\VLV�E\�SHUFHQWDJH�RI�DFFXUDF\�
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7KH�GDWD�UHVXOWV�DQDO\VLV�LV�UHSUHVHQWHG�LQ�WKH�OLQHV�EHORZ��IRFXVLQJ�RQ�WKH�:KROH�DQDO\VLV�
RI�WKH�GDWD�REWDLQHG�DQG�WKH�UHTXLUHPHQWV�EDVHOLQH�RI�WKLV�SURMHFW�

� 7KH�UHVXOWV�RI�WKLV�DQDO\VLV�DORQJ�ZLWK�WKH�VLPXODWLRQ�ZHUH�VXFFHVVIXOO\�FRPSDUHG
DV�VKRZQ�LQ�WDEOH�����³6DWHOOLWH�6DWFR�B��UHYV���2UELW�SDUDPHWHUV� 6LPXODWLRQ�	�
WKHRUHWLFDO� GDWD�´� WKH� FRPSDULVRQ� ZDV� SHUIRUPHG� XVLQJ� WKH� GDWD� RI� WKH� RUELWV�
SDUDPHWHUV�RI�WKH�VH�PL�PDMRU�D[LV�DQG�(FFHQWULFLW\�DFKLHYHG�D�������RI�DFFXUDF\�RI�WKH�
GDWD�REWDLQHG�LQ�WKH�SURJUDP� KRZHYHU��PRUH�GDWD�LV�REWDLQHG�ZLWK�WKH�SURJUDP�DQG�
LW�FDQ�EH�IXUWKHU�VWXGLHG�LQ�D�SUHOLPLQDU\�GHVLJQ�

� $� FRQFHSW� EDVHOLQH� KDV� EHHQ� HVWDEOLVKHG�� WKLV� DOORZHG� KDYLQJ� WKH� PDLQ� FRQFHSWV�
GHVFULSWLRQ�IRU�D�FRQFHSWXDO�GHVLJQ�RQ�WKH�DHURVSDFH�ILHOG�DQG�WKH�V\VWHPV�HQJLQHHULQJ��
'HWHUPLQLQJ�WKH�V\VWHP�HQJLQHHULQJ�SDUDPHWHUV�IRU�WKH�&RQFHSWXDO�SURFHVV�ILQDOO\�OHG�
WR�D�V\VWHPDWLFDO�DQDO\VLV�UHYLHZHG�LQ�WKLV FKDSWHU�ZLWK�WKH 67.�VLPXODWLRQ� 7KH�GDWD�
REWDLQHG�GXULQJ����K�ILWV�WR�WKH�0DLQ�UHTXLUHPHQWV�RI�2UELWDO�(OHPHQWV��&RYHUDJH�DQG�
'DWD�KDQGOLQJ�DV�LQ�DFFRUGDQFH�ZLWK�WKH�UHTXLUHPHQWV�RI�WDEOH�����

� 'XULQJ�WKH�SURFHVV�RI�GHILQLQJ�WKH�&XVWRPHU�XVHU�QHHGV�	�UHTXLUHPHQWV�UHVHDUFK�DV�SDUW�
RI� WKH� SUHOLPLQDU\� UHTXLUHPHQWV� UHYLHZ�� WKH� DUHDV� RI� DSSOLFDWLRQ� RI� WKH� (DUWK�
2EVHUYDWLRQ� DOORZHG� FRQFHLYLQJ� WKH� QHHGV� DQG�PDLQ� IXQFWLRQDO� UHTXLUHPHQWV� IRU� WKH�
&RORPELDQ�(DUWK�2EVHUYDWLRQ��GHILQLQJ�WKH�31'�DQG�WKH�&&(�DV�WKH�FXVWRPHU�DQG�XVHU�
UHVSHFWLYHO\�� /LNHZLVH�� LW� ZDV� IRXQG� WKH� LPSRUWDQFH� RI� KDYLQJ� DFFHVV� WR� LPDJHV� LQ�
GLIIHUHQW�ZHDWKHU�FRQGLWLRQV�VXFK�DV�WKH�FORXGLQHVV�DV�IXQGDPHQWDO�SDUW�RI�WKH�PLVVLRQ�
GHYHORSPHQW�

� 7KLV�SURMHFW�KDV� WKH�VFRSH�RI�GHILQLQJ� WKH�FRQFHSWXDO�GHVLJQ�SKDVHV�XVLQJ� WKH�6SDFH�
HQJLQHHULQJ�VWDQGDUG�(&66�(�67���&��KRZHYHU��WKH�SURMHFW�ZDV�LQWHQGHG WR�DOVR�VKRZ�
DQ�DQDO\WLFDO�SUDFWLFDO�VLPXODWLRQ�WR�VKRZ�WKH�DSSOLFDWLRQ�RI�WKH�UHTXLUHPHQWV�GHILQHG��
7KLV�ZDV�VXFFHVVIXOO\�SHUIRUPHG�DQG�DQDO\]HG�VKRZLQJ�WKH�UHODWLRQVKLS�RI�WKH�.HSOHU¶V�
HTXDWLRQ� LQ� D� WKHRUHWLFDO� DQDO\VLV� DQG� D�67.�SURJUDP� VLPXODWLRQ�� XQGHUVWDQGLQJ� WKH�
EDVLV�RI�WKLV�DQDO\VLV�DV�WKH�REMHFWLYH�RI�DOORZLQJ�D�SUH�VWHS�IRU�D�SUHOLPLQDU\�GHVLJQ�
�SKDVH�%�DQG�&���ZKLFK�FRPH�ZLWK�WKH FDOFXORXV�DQG�VLPXODWLRQ�
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� 7KH�FRQFHSWXDO�GHVLJQ�IRU�DQ�(DUWK�2EVHUYDWLRQ�6DWHOOLWH�RI�WKH�&RORPELDQ�6XUIDFH�KDV�
VXFFHVVIXOO\�EHHQ�PDGH�XVLQJ�WKH�6SDFH�HQJLQHHULQJ�VWDQGDUG�(&66�(�67���&��ZKLOH�
ZRUNLQJ� RQ� WKH� SKDVH� ]HUR� ³0LVVLRQ� DQDO\VLV´�� SKDVH� $� ³)HDVLELOLW\´� DQG� JLYLQJ� D�
SUHOLPLQDU\�DGYDQFH�WR�WKH�SKDVH�%�³SUHOLPLQDU\�GHILQLWLRQ´��7KLV�KDV�EHHQ�SHUIRUPHG�
E\� PHDQV� RI� FUHDWLQJ� WKH� 0LVVLRQ� GHVLJQ� UHYLHZ� �0'5��� 3UHOLPLQDU\� UHTXLUHPHQWV�
UHYLHZ��355���6\VWHPV�UHTXLUHPHQWV�UHYLHZ��655��DQG�DQ�DSSURDFK�WR�WKH�3UHOLPLQDU\�
GHVLJQ�UHYLHZ��3'5��

� 7KH� PDLQ� &RORPELDQ� QHHGV� UHJDUGLQJ� WR� (DUWK� 2EVHUYDWLRQ� ZHUH� VXFFHVVIXOO\�
HVWDEOLVKHG XVLQJ�WKH�31'�DQG�WKH�&&(�UHIHUHQFHV��EHLQJ�WKRVH�WKH�GHVLUHG�&XVWRPHU�
DQG�8VHU�RI�WKLV�SURMHFW��7KHVH QHHGV�IRXQG�WKDW�GHVSLWH�RI�WKH FORXGLQHVV�LVVXHV�LQ�WKH�
FRXQWU\��LW�ZDV�FRQVLGHUHG�D�SULRULW\�WKH�XVDJH�RI�WHFKQRORJLHV�RI�PXOWLVSHFWUDO�RSWLFDO�
VDWHOOLWHV��ZKLFK�ZDV�FRPSLOHG�DV�D�UHTXLUHPHQW�RI�WKH�SD\ORDG�LWVHOI�

� $�PLVVLRQ�GHILQLWLRQ UHYLHZ�ZDV�SHUIRUPHG�DQG�DFKLHYHG�ZLWK�D�PLVVLRQ�GHVLJQ��WKLV�
DOORZHG�D�SUHOLPLQDU\�UHYLHZ�RI�WKH�IXQFWLRQDO�DQG�RSHUDWLRQDO�UHTXLUHPHQWV��PLVVLRQ�
FKDUDFWHUL]DWLRQ��HOHPHQWV��GDWD�QHHGHG�DQG�SHUIRUPDQFH�ZLWK�UHOHYDQW�LQIRUPDWLRQ�WR�
WKH�&RQFHSWXDO�SURFHVV�DQG�0LVVLRQ�DQDO\VLV� 7KLV�DOORZHG�WKH�IXUWKHU�UHVHDUFK�RQ�WKH�
5HTXLUHPHQWV�EDVHOLQH�SURFHGXUHV�DQG�XVHG�GXULQJ�WKH�ZKROH�PLVVLRQ�GHYHORSPHQW�

� 7KH� 3UHOLPLQDU\� V\VWHPV� PDLQ� VXEV\VWHPV DQG� UHTXLUHPHQWV�ZHUH� HVWDEOLVKHG DV� LQ�
DFFRUGDQFH� WR� WKH� &RORPELDQ� (DUWK� 2EVHUYDWLRQ� QHHGV� IURP� WKH� (DUWK� 2EVHUYDWLRQ�
0DJD]LQH�>��@ DQG�WKH�&&(�UHIHUHQFH� +HQFH��LW�DOORZHG�XQGHUVWDQGLQJ�WKH�SULQFLSDO�
LQIRUPDWLRQ�UHTXLUHG�IRU�D�UHTXLUHPHQWV�EDVHOLQH�VHW�XS��/LNHZLVH��WKLV�UHVHDUFK�FDQ�EH
XVHG�LQ�IXUWKHU�SURMHFWV�DV�UHIHUHQFH�WR�WKH�&RORPELDQ�6DWHOOLWH�REVHUYDWLRQ�DQG�UHPRWH�
VHQVLQJ�DQG�FDQ�EH�DGDSWHG�WR�WKH�QHHGV�XVLQJ�WKH�V\VWHPDWLFDO�SKDVHV�VKRZQ�WKURXJKRXW�
WKH�SURMHFW�E\�UHSODFLQJ�XSGDWHG�LQIRUPDWLRQ�
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7KLV�VHFWLRQ�LV�IRU�WKH�UHFRPPHQGDWLRQV�WKDW�DUH�GHILQHG�E\�WKH�FRQVWUDLQWV��OHDUQLQJ�DQG�
IXWXUH�ZRUNV��WKLV�LV�EDVHG�RQ�WKH�ZKROH�UHVHDUFK�SURFHVV��$ORQJ�ZLWK�WKH�XVLQJ�RI�WKH�
GLIIHUHQW�UHIHUHQFHV�UHTXLUHG�IRU�WKH�6DW&R��SURMHFW�GHYHORSPHQW DQG�WKLV�LV�GHILQHG OLQHV�
EHORZ�

����&RQVWUDLQWV

6RPH�FRQVWUDLQWV�RI�WKLV�*UDGXDWLRQ�SURMHFW�ZHUH�PDLQO\�DIIHFWHG�E\�WKH�ODFN�RI�VSDFH�
SURMHFWV�GRFXPHQWV�UHVHDUFKHV�IRFXVHG�RQ�WKH�&RORPELDQ�(DUWK�VXUIDFH RU�HYHQ�IURP�WKH�
VWDNHKROGHU�PDWWHUV��VXFK�GLIILFXOWLHV ZHUH�

� 1RW� HQRXJK� LQIRUPDWLRQ� RI� VSHFLILF� UHVHDUFKHV� RQ� WKH� &RORPELDQ� (DUWK�
2EVHUYDWLRQ�E\�PHDQV�RI�/RZ�(DUWK�2UELWV��LQ�RQH�KDQG�WKH�DSSOLFDWLRQV�DQG�QHHGV�
ZHUH� IRXQG� DV� LQ� UHIHUHQFH� >��@��2Q WKH�RWKHU�KDQG� WKHUH�ZHUH�QRW� IRXQG�DQ\�
VLPLODU�SURMHFWV�UHODWHG�WR�WKH�6DWFR��REMHFWLYHV�

� ,W�LV�QRW�FOHDU�ZKHWKHU�WKH�&&(�VWLOO�ZRUNV��WKHUH�DUH�VRPH�SURMHFWV�UHIOHFWHG�IURP�
SUHYLRXV�\HDUV�EXW�WKHUH�LV�QRW�HQRXJK�HYLGHQFH�RI�LWV�FXUUHQW�ZRUN��

� ,W�LV�EHHQ�LGHQWLILHG�WKDW�IRU�GHYHORSLQJ�DQ\�VSDFH�PLVVLRQ�GHVLJQ�LW�LV�QHHGHG�WR�
XQGHUVWDQG�GLIIHUHQW�SURFHVVHV�DQG�SKDVHV�RI�WKH�6\VWHP�HQJLQHHULQJ��ZKLFK�DW�WKH�
EHJLQQLQJ�ZDV�KDUG�WR�XQGHUVWDQG�

����/HDUQLQJ

7KURXJKRXW� WKLV� SURMHFW�� D� ORW� UHJDUGLQJ� (DUWK� 2EVHUYDWLRQ�66�2�$SSOLFDWLRQV� DQG�
6WDQGDUGV� KDV� EHHQ� OHDUQW�� XVLQJ� WKH� SUDFWLFDO� OHDUQLQJ� DQG� WKH� UHVHDUFK� VWHSV�� ZKLFK�
DOORZHG WKH�OHDUQLQJ�RQ�

� 7KH� XVH� RI� V\VWHPDWLFDO� SURFHVVHV DQG SKDVHV� IRU� VSDFH� PLVVLRQV� 6SHFLDOO\�
³$UWLILFLDO�6DWHOOLWH�SURMHFWV´�KDYH�EHHQ�OHDUQW�XVLQJ�WKH�6\VWHPV�(QJLQHHULQJ��WKH�
60$'�ERRN�DQG�WKH�VWDQGDUG�(&66�(�67���&�

� ,GHQWLI\LQJ�WKH�QHHGV�RI�WKH�&RORPELDQ�(DUWK�2EVHUYDWLRQ�VXFK�DV�IRU�WKH�/DQG�
XVH�DQG�JURZWK�DQG�WKH�LPSRUWDQFH�RI�KDYLQJ�DQ�RZQ�6\VWHP�WKDW�DOORZV�GLIIHUHQW�
VHFWRUV�WR�DFFHVV�WR�WKLV�GDWD��ZLWK�WKH�DLP�RI�QRW�UHQWLQJ�IURP�RWKHUV�DQG�FUHDWLQJ�
D�ORFDO�JURZWK�RI�WKH�6SDFH�IRU�WKH�&RORPELDQ�PDWWHUV��
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� 3UDFWLFDO� PHDQV� VXFK� DV� VLPXODWLRQV� IRU� LQWHJUDWLQJ� WKH� :KROH� UHTXLUHPHQWV�
GHILQLWLRQ�� HVSHFLDOO\ IRU� WKH� 2UELWDO� (OHPHQWV�� DORQJ� ZLWK� WKH� UHVSHFWLYH�
LQWHUSUHWDWLRQ� DQG� XQGHUVWDQGLQJ� RI� WKH� )XQFWLRQ� RQ� DQ� $UWLILFLDO� HDUWK�
2EVHUYDWLRQ�6DWHOOLWH�RQ�WKH�&RORPELDQ�6XUIDFH�

����)XWXUH�:RUNV

7KLV�SURMHFW�LV�LQWHQG�WR�EH�D�UHIHUHQFH�DQG�DOORZ�IXWXUH�ZRUNV�LQ�WKH�&RORPELDQ�VSDFH�
PDWWHUV�DQG�RWKHU�VLPLODU�SURMHFWV�VXFK�DV�

� $� SUHOLPLQDU\� GHVLJQ�� YHULI\LQJ� WKH� &RQFHSWXDO� SURFHVV DQG� SHUIRUPLQJ� WKH�
FRUUHFWLRQV IRU�DQ (DUWK�2EVHUYDWLRQ�6DWHOOLWH�IRFXVHG�RQ�WKH�&RORPELDQ�QHHGV�

� 6XEV\VWHPV�DUFKLWHFWXUDO�GHVLJQ�DQG�V\VWHP�LQWHJUDWLRQ�VLPXODWLRQ�IRU�DQ�DUWLILFLDO�
VDWHOOLWH� IRU� WKH� VSHFLILFDWLRQV� UHODWHG� WR� WKH� PLVVLRQ�� $ORQJ� ZLWK� D� VSHFLILF�
GHSOR\PHQW�RI�WKH�HOHPHQWV�RI�HYHU\�VXEV\VWHPV�RI�WKH�V\VWHP��VDWHOOLWH�

� )XWXUH�UHVHDUFKHV�GHVLJQV�DUFKLWHFWXUHV�IRU�UHODWHG�PLVVLRQ�SURMHFWV�WKDW�PD\�EH�
LPSOHPHQWHG�ZLWK� WKLV� GHVLJQ� VXFK� DV JURXQG� IDFLOLWLHV�� VSDFH� ODXQFK� V\VWHPV��
URFNHWV��UHPRWH�VHQVRUV��DQG�D�KXJH�YDULHW\�RI�GHYLFHV�QHHGHG�IRU�WKH�&RORPELDQ�
DQG�ZRUOGZLGH�VSDFH�UHVHDUFKHV�

63$&(�,17(17,21$//<�/()7�,1�%/$1.
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>�@ (6$� IRU� (DUWK�� �������� 5HWULHYHG� ��� -DQXDU\� ������ IURP�
KWWS���ZZZ�HVD�LQW�2XUB$FWLYLWLHV�2EVHUYLQJBWKHB(DUWK�(6$BIRUB(DUWK

>�@ %DVHV�GHO�3ODQ�1DFLRQDO�GH�'HVDUUROOR��������������������5HWULHYHG����-DQXDU\ ������IURP�
KWWSV���ZZZ�GQS�JRY�FR�3ODQ�1DFLRQDO�GH�'HVDUUROOR�3DJLQDV�%DVHV�GHO�3ODQ�1DFLRQDO�GH�
'HVDUUROOR�����������DVS[

>�@ *2(6� ,�0� 'DWD%RRN�� �������� 5HWULHYHG� ��� -DQXDU\� ������ IURP�
KWWSV���JRHV�JVIF�QDVD�JRY�WH[W�JRHV�GDWDERRN�KWPO

>�@ *KDGDZDOD�� 5�� ������� $GYDQFHV� LQ� VSDFHFUDIW� V\VWHPV� DQG� RUELW� GHWHUPLQDWLRQ�� 5LMHND��
&URDWLD��,Q7HFK�

>�@ 5LHEHHN��+��������� &DWDORJ�RI�(DUWK�6DWHOOLWH�2UELWV����������5HWULHYHG���0DUFK�������IURP�
KWWSV���HDUWKREVHUYDWRU\�QDVD�JRY�IHDWXUHV�2UELWV&DWDORJ

>�@ 3ODQHV GH� 'HVDUUROOR� DQWHULRUHV�� �������� 5HWULHYHG� ��� -XO\� ������ IURP�
KWWSV���ZZZ�GQS�JRY�FR�3ODQ�1DFLRQDO�GH�'HVDUUROOR�3DJLQDV�3ODQHV�GH�'HVDUUROOR�
DQWHULRUHV�DVS[

>�@2YHUYLHZ�RI�'HVFULSWLYH�5HVHDUFK�� &HQWHU�IRU�,QQRYDWLRQ�LQ�5HVHDUFK�DQG�7HDFKLQJ����������
5HWULHYHG� ��� 0DUFK� ������ IURP�
KWWSV���FLUW�JFX�HGX�UHVHDUFK�GHYHORSPHQWUHVRXUFHV�UHVHDUFKBUHDG\�GHVFULSWLYH�RYHUYLHZ

>�@ /DUVRQ�� :�� DQG�:HUW]�� -�� ������� 6SDFH� PLVVLRQ� DQDO\VLV� DQG� GHVLJQ�� �UG� HG�� 'RXJODV�
.LUNSDWULFN��8QLWHG�6WDWHV��.OXZHU�$FDGHPLF�3XEOLVKHUV�

>�@ &%(56�� )LUVW�*HQHUDWLRQ�� HR3RUWDO�'LUHFWRU\�� 6DWHOOLWH�0LVVLRQV����������5HWULHYHG����
-DQXDU\� ������ IURP� KWWSV���GLUHFWRU\�HRSRUWDO�RUJ�ZHE�HRSRUWDO�VDWHOOLWH�PLVVLRQV�F�
PLVVLRQV�FEHUV����

>��@ ,13(�&%(56�� �������� 5HWULHYHG� ��� -XO\� ������ IURP�
KWWS���ZZZ�FEHUV�LQSH�EU�VREUH�LQGH[�SKS

>��@ /D�&&(� _�&RPLVLyQ�&RORPELDQD�GHO�(VSDFLR�� ��������5HWULHYHG���� -DQXDU\������� IURP�
KWWSV���ZZZ�FFH�JRY�FR�OD�FFH

>��@ 5RGULJXH]��'����������,QYHVWLJDFLyQ�� )XQGDFLyQ�8QLYHUVLWDULD�/RV�OLEHUWDGRUHV��5HWULHYHG�
���-DQXDU\�������IURP�KWWS���ZZZ�XOLEHUWDGRUHV�HGX�FR�YLFHUUHFWRULD�LQYHVWLJDFLRQ�
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>��@ 5HYLVWD� 2EVHUYDFLyQ� GH� OD� 7LHUUD� ������ �������� 5HWULHYHG� �� -DQXDU\� ������ IURP�
KWWSV���HV�VFULEG�FRP�GRFXPHQW�����������5HYLVWD�2EVHUYDFLRQ�GH�OD�7LHUUD�����

>��@ ,QVWLWXWR� *HRJUiILFR� $JXVWtQ� &RGD]]L�� �������� 5HWULHYHG� ��� -DQXDU\� ������ IURP�
KWWSV���ZZZ�LJDF�JRY�FR�

>��@ 4Xp� HV� 6HOSHU"� � 6HOSHU� ,QWHUQDFLRQDO�� �������� 5HWULHYHG� ��� -DQXDU\� ������ IURP�
KWWSV���VHOSHU�LQIR�TXH�HV�VHOSHU�

>��@� �:HEPDVWHU��� .�� �������� (&66�(�67���&� 5HY��� ± 6\VWHP� HQJLQHHULQJ� JHQHUDO�
UHTXLUHPHQWV�
����)HEUXDU\�������_�(XURSHDQ�&RRSHUDWLRQ�IRU�6SDFH�6WDQGDUGL]DWLRQ��5HWULHYHG����1RYHPEHU�
������ IURP� KWWSV���HFVV�QO�VWDQGDUG�HFVV�H�VW���F�UHY���V\VWHP�HQJLQHHULQJ�JHQHUDO�
UHTXLUHPHQWV����IHEUXDU\������

>��@ 6SDFH�6\VWHPV�(QJLQHHULQJ��)XQFWLRQDO�$QDO\VLV�0RGXOH��5HWULHYHG����0D\�������IURP�
KWWSV���NVFGGPV�NVF�QDVD�JRY�5HOLDELOLW\�'RFXPHQWV�)XQFWLRQDOB$QDO\VLVB0RGXOHB9���SGI

>��@ 5RODQG��-��%RDLQ��$%&V�RI�6XQ�± 6\QFKURQRXV�RUELW�PLVVLRQ�GHVLJQ��&DOLIRUQLD�,QVWLWXWH�RI�
7HFKQRORJ\�������

>��@ 1$6$�� (�� �������� 5HPRWH� 6HQVLQJ�� 5HWULHYHG� ��� 0DUFK� ������ IURP�
KWWSV���HDUWKREVHUYDWRU\�QDVD�JRY�IHDWXUHV�5HPRWH6HQVLQJ�UHPRWHB���SKS

>��@ 6LHQFH��(����������,QWURGXFWLRQ�WR�0XOWLVSHFWUDO�5HPRWH�6HQVLQJ�'DWD�LQ�3\WKRQ��5HWULHYHG�
��� -DQXDU\� ������ IURP� KWWSV���ZZZ�HDUWKGDWDVFLHQFH�RUJ�FRXUVHV�HDUWK�DQDO\WLFV�
S\WKRQ�PXOWLVSHFWUDO�UHPRWH�VHQVLQJ�LQ�S\WKRQ�LQWUR�PXOWLVSHFWUDO�GDWD�

>��@ <DKLDRXL�� $��� 6DKUDRXL�� $�(�.�� +HQVHQ�� -�/�0�� 	 %URXZHU�� 3�-�� ����� $� 6\VWHPV�
(QJLQHHULQJ�(QYLURQPHQW�IRU�,QWHJUDWHG�%XLOGLQJ�'HVLJQ

>��@ 6DWHOOLWH�&KDUDFWHULVWLFV��2UELWV�DQG�6ZDWKV�_�1DWXUDO�5HVRXUFHV�&DQDGD����������5HWULHYHG�
���0DUFK� ������ IURP�KWWSV���ZZZ�QUFDQ�JF�FD�HDUWK�VFLHQFHV�JHRPDWLFV�VDWHOOLWH�LPDJHU\�DLU�
SKRWRV�VDWHOOLWH�LPDJHU\�SURGXFWV�HGXFDWLRQDO�UHVRXUFHV�����

>��@ /D� UHVROXFLyQ� HVSDFLDO�� �������� 5HWULHYHG� ��� $XJXVW� ������ IURP�
KWWS���ZZZ�WHOHGHW�FRP�X\�WXWRULDO�LPDJHQHV�VDWHOLWDOHV�VDWHOLWHV�UHVROXFLRQ�HVSDFLDO�KWP

>��@ $VN�$�6FLHQWLVW�� �������� 5HWULHYHG� ��� 0DUFK� ������ IURP�
KWWSV���HDUWKREVHUYDWRU\�QDVD�JRY�IHDWXUHV�$VN6FLHQWLVW�DVNVFLHQWLVWB��SKS

>��@ 'LUHFW��6����������6SDWLDO�5HVROXWLRQ�� DQ�RYHUYLHZ�_�6FLHQFH'LUHFW�7RSLFV��5HWULHYHG����
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$XJXVW�������IURP�KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�WRSLFV�HDUWK�DQG�SODQHWDU\�VFLHQFHV�VSDWLDO�
UHVROXWLRQ

>��@ 7KHVDL �������� 5HWULHYHG� ��� )HEUXDU\� ������ IURP
KWWSV���WKHVDL�RUJ�'RZQORDGV�9ROXPH�1R��3DSHUB��
7KHB&RYHUDJHB$QDO\VLVBIRUB/RZB(DUWKB2UELWLQJB6DWHOOLWHVBDWB/RZB(OHYDWLRQ�SGI

>��@ 'HVFULELQJ� 2UELWV�� 5HWULHYHG� ��� $SULO� ������ IURP�
KWWSV���ZZZ�IDD�JRY�DERXW�RIILFHBRUJ�KHDGTXDUWHUVBRIILFHV�DYV�RIILFHV�DDP�FDPL�OLEUDU\�RQOLQ
HBOLEUDULHV�DHURVSDFHBPHGLFLQH�WXWRULDO�PHGLD�,,,������B'HVFULELQJB2UELWV�SGI

>��@4XDQWLILDEOH�5HTXLUHPHQWV�_�5HTXLUHPHQWV�7HVWLQJ����������5HWULHYHG����0DUFK�������IURP�
KWWS���ZZZ�RQHVWRSWHVWLQJ�FRP�UHTXLUHPHQWV�WHVWLQJ�TXDQWLILDEOH�UHTXLUHPHQWV�DVS

>��@ -DPHV�-��0DUVKDOO��5REHUW�5��'RZQV��DQG�6KDKLQ�6DPDGL��-DQXDU\��VW��������%XLOGLQJ�WKH�
1H[W� *HQHUDWLRQ� RI� $HURVSDFH� 'DWD� 3URFHVVLQJ� 6\VWHPV� E\� 5HXVLQJ� ([LVWLQJ� 6RIWZDUH�
&RPSRQHQWV�� $HURVSDFH� 7HFKQRORJLHV� $GYDQFHPHQWV�� 7KDZDU� 7�� $ULI�� ,QWHFK2SHQ�� '2,��
������������

>��@ (XURFNRW� �������� 5HWULHYHG� ��� -DQXDU\� ������ IURP� KWWS���ZZZ�HXURFNRW�FRP�ZS�
FRQWHQW�XSORDGV���������&K�8VHUV*XLGH,VV�5HY��SGI

>��@$OL��(KUD]�	�6DHHG��%DEDU�	�.KDQ��$ELG�	�%LQ�$NUDP��)DURRT����������&RQFHSWXDO�'HVLJQ�
RI�DQ�(DUWK�2EVHUYDWLRQ�6DWHOOLWH�

>��@ )RUWHVFXH��3���6WDUN��-���	�6ZLQHUG��*��������� 6SDFHFUDIW�V\VWHPV�HQJLQHHULQJ ��UG�HG����
+RERNHQ��1�-���:LOH\�

>��@ $*,�3URGXFWV����������5HWULHYHG����0DUFK�������IURP�KWWSV���DJL�FRP�SURGXFWV

>��@ .��+ROVWHLQ��:���	�:��%RGH��+����������6\VWHPV�HQJLQHHULQJ��5HWULHYHG����0DUFK�������
IURP�KWWSV���ZZZ�EULWDQQLFD�FRP�WRSLF�V\VWHPV�HQJLQHHULQJ

>��@ )HGHUDO�$YLDWLRQ�$JHQF\��86$�)$$��6\VWHPV�(QJLQHHULQJ�0DQXDO��GHILQLWLRQ�FRQWULEXWHG�
E\�6LPRQ�5DPRQ

>��@ /RXUHLUR������ *HLOVRQ /RXUHLUR�$� V\VWHPV� HQJLQHHULQJ� DQG� FRQFXUUHQW� HQJLQHHULQJ�
IUDPHZRUN� IRU� WKH� LQWHJUDWHG� GHYHORSPHQW� RI� FRPSOH[� SURGXFWV���������
�KWWSV���UHSRVLWRU\�OERUR�DF�XN�DUWLFOHV�$BV\VWHPVBHQJLQHHULQJBDQGBFRQFXUUHQWBHQJLQHHULQJBI
UDPHZRUNBIRUBWKHBLQWHJUDWHGBGHYHORSPHQWBRIBFRPSOH[BSURGXFWV��������´

>��@ ,1&26(������� 6\VWHPV�(QJLQHHULQJ�+DQGERRN��$�*XLGH�IRU�6\VWHP�/LIH�&\FOH�3URFHVVHV�
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DQG�$FWLYLWLHV��YHUVLRQ������+RERNHQ��1-��86$��-RKQ�:LOH\�DQG�6RQV��,QF��,6%1������������
�������

>��@ :KDW� ,V� /RFDO� 0HDQ� 7LPH� �/07��� �������� 5HWULHYHG� ��� )HEUXDU\� ������ IURP�
KWWSV���ZZZ�WLPHDQGGDWH�FRP�WLPH�ORFDO�PHDQ�WLPH�KWPO

>��@ :KDW� LV� WKH� 9HUQDO� (TXLQR["� �������� 5HWULHYHG� ��� 0DUFK� ������ IURP�
KWWSV���ZZZ�ZRUOGDWODV�FRP�ZKDW�LV�WKH�YHUQDO�HTXLQR[�KWPO

>��@ 'LJLWDO *OREH����������_�*HRVSDWLDO�ELJ�GDWD�PDGH�DFFHVVLEOH��*%';��5HWULHYHG���)HEUXDU\�
������IURP�KWWSV���SODWIRUP�GLJLWDOJOREH�FRP�HDUWK�LPDJLQJ�EDVLFV�VSDWLDOVSDFH�UHVROXWLRQ�

>��@ 2UELWDO� (FFHQWULFLW\� _� &26026�� �������� 5HWULHYHG� ��� -DQXDU\� ������ IURP�
KWWS���DVWURQRP\�VZLQ�HGX�DX�FRVPRV�2�2UELWDO�(FFHQWULFLW\

>��@ :KDW� LV� UHPRWH� VHQVLQJ"� �������� 5HWULHYHG� ��� -XQH� ������ IURP�
KWWSV���RFHDQVHUYLFH�QRDD�JRY�IDFWV�UHPRWHVHQVLQJ�KWPO

>��@ 4)'�_�4XDOLW\�)XQFWLRQ�'HSOR\PHQW� _�4XDOLW\�2QH����������5HWULHYHG��� -DQXDU\�������
IURP�KWWSV���TXDOLW\�RQH�FRP�TIG�

>��@ $VWURQRP\� $QVZHUV�� .HSOHU
V� (TXDWLRQ�� �������� 5HWULHYHG� ��� -XQH� ������ IURP�
KWWSV���ZZZ�DD�TXDH�QO�HQ�UHNHQ�NHSOHU�KWPO

>��@ 2UELWDO� (OHPHQWV� � 8O\VVHV� � &RVPRV�� �������� 5HWULHYHG� ��� -XQH� ������ IURP�
KWWSV���ZZZ�FRVPRV�HVD�LQW�ZHE�XO\VVHV�RUELWDO�HOHPHQWV

>��@ 6DWHOOLWH� 'HVLJQ� DQG� 2SHUDWLRQV�� �������� 5HWULHYHG� ��� $SULO� ������ IURP�
KWWS���ZZZ�DJL�FRP�SURGXFWV�VDWHOOLWH�GHVLJQ�DQG�RSHUDWLRQV

>��@ /HV�PR\HQV� GH� ORFDOLVDWLRQ� HW�PpWpR� � &1(6�� ��������5HWULHYHG����0DUFK� ������ IURP�
KWWS���ZZZ�FQHV�FVJ�IU�ZHE�&1(6�&6*�IU�������OHV�PR\HQV�GH�ORFDOLVDWLRQ�SKS

>��@ -DLUR�%HFHUUD��&RORPELD¶V�VSDFH�SROLF\��$Q�DQDO\VLV�RI�VL[�\HDUV�RI�SURJUHVV�DQG�FKDOOHQJHV��
$FWD� $VWURQDXWLFD� 9ROXPH� ���� ����� 3DJHV� ������� ,661� ����������
KWWSV���GRL�RUJ���������M�DFWDDVWUR�������������

>��@ 1$6$� �������� 5HWULHYHG� ��� )HEUXDU\� ������ IURP�
KWWSV���DUVHW�JVIF�QDVD�JRY�VLWHV�GHIDXOW�ILOHV�DLUTXDOLW\�ZRUNVKRSV�6&$40'�'�3�B
)XQGDPHQWDOV�SGI


