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$FNQRZOHGJHPHQWV

7KHUH�ZHUH�D�ORW�RI�XQDQVZHUHG�TXHVWLRQV�ZKHQ�WKH�PDVWHU�WKHVLV�SURMHFW�VWDUWHG��,W�ZDV�QRW
FOHDU�DW�DOO�KRZ�WR�FRQVWUXFW�WKH�ZLUHOHVV�,�2�XQLW�XVLQJ�%OXHWRRWK��7KH�VXFFHVV�RI�WKH�PDVWHU
WKHVLV�SURMHFW�LV�PXFK�GXH�WR�WKH�FRPELQDWLRQ�RI�NQRZOHGJH�ZH�KDYH��:H�DUH�ERWK�PDVWHUV�RI
VFLHQFH�VWXGHQWV�EXW�LQ�WZR�GLIIHUHQW�ILHOGV��FRPSXWHU�VFLHQFH�DQG�HOHFWULFDO�HQJLQHHULQJ��7KH
SURMHFW�FRXOG�QRW�KDYH�EHHQ�GRQH�LQ����ZHHNV�ZLWKRXW�RXU�GLIIHUHQW�H[SHULHQFH�DQG
NQRZOHGJH�

2XU�VXSHUYLVRUV��3K�'��/HQQDUW�$QGHUVVRQ�DW�6LJPD�([DOORQ�6\VWHP�DQG�3URIHVVRU�%R
%HUQKDUGVVRQ�DW�WKH�'HSDUWPHQW�RI�$XWRPDWLF�&RQWURO��KDYH�ERWK�FRQWULEXWHG�WR�WKH�ILQDO
UHVXOW��/HQQDUW�$QGHUVVRQ�E\�KHOSLQJ�XV�LQ�WKH�GDLO\�ZRUN�DQG�%R�%HUQKDUGVVRQ�ZLWK�WKH
PDVWHU�WKHVLV�SDSHU�

3HRSOH�ZKR�KDYH�FRQWULEXWHG�WR�WKH�PDVWHU�WKHVLV�SURMHFW�ZLWK�ORWV�RI�LGHDV�DQG�HQWKXVLDVP�DUH
+HQULN�6YHQVVRQ��3K�'�-RKDQ�(NHU�DQG�%R�/LQFROQ�

:H�ZRXOG�OLNH�WR�WKDQN�5ROI�%UDXQ�DW�WKH�'HSDUWPHQW�RI�$XWRPDWLF�&RQWURO�IRU�KHOSLQJ�XV
HWFK�WKH�FLUFXLW�ERDUG�DQG�/DUV�$QGHUVVRQ�IRU�KLV�FRQWULEXWLRQ�RI�NQRZOHGJH�DERXW�UDGLR�FDUV�

:H�ZRXOG�DOVR�OLNH�WR�WKDQN�6LJPD�([DOORQ�6\VWHP��HVSHFLDOO\�-DQ�(QHMGHU�DQG�$QGHUV
2KOVVRQ��IRU�SURYLGLQJ�XV�ZLWK�DOO�UHVRXUFHV�ZH�KDYH�QHHGHG�

)LQDOO\��DUH�ZH�YHU\�WKDQNIXO�WKDW�RXU�JLUOIULHQGV��6DUD�DQG�8OULND��KDYH�SXW�XS�ZLWK�XV�GXULQJ
WKH�SURMHFW�
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$EVWUDFW

%OXHWRRWK�LV�D�QHZ�VWDQGDUG�IRU�ZLUHOHVV�FRPPXQLFDWLRQ��7KH�DLP�VR�IDU�KDV�PRVWO\�EHHQ�WR
XVH�WKLV�WHFKQRORJ\�LQ�DQ�RIILFH�HQYLURQPHQW��7KLV�PDVWHU�WKHVLV�FRQVLGHUV�WKH�DGYDQWDJHV�RI
%OXHWRRWK�LQ�DQ�LQGXVWULDO�HQYLURQPHQW�

$�JHQHUDO�FLUFXLW�ERDUG�WKDW�XVHV�%OXHWRRWK�IRU�ZLUHOHVV�FRPPXQLFDWLRQ�KDV�EHHQ�FRQVWUXFWHG�
7KLV�SODWIRUP�FDQ�HDVLO\�EH�FRQQHFWHG� WR�DOPRVW�DQ\�HOHFWULFDO�GHYLFH��ZKLFK� WKHQ�JDLQV� WKH
EHQHILWV�RI�ZLUHOHVV�FRPPXQLFDWLRQ��7KH�GHYLFHV�FDQ�IRU�H[DPSOH�EH�FDUSRUWV��GRRU�ORFNV��RU
VHQVRUV� DQG� DFWXDWRUV� LQ� LQGXVWULDO� SURFHVVHV��7KH�GHYHORSHG� VRIWZDUH� GRHV� QRW� VXSSRUW� DQ\
%OXHWRRWK�SURILOH��EXW�LV�JHQHUDO�DQG�HDV\�WR�H[SDQG�

7R�VKRZ�WKH�SRVVLELOLWLHV�ZLWK�WKH�KDUGZDUH�SODWIRUP�D�����WK�VFDOH�FDU�DSSOLFDWLRQ�KDV�EHHQ
GHYHORSHG�� 7KH� FDU� LV� VWHHUHG� E\� D� MR\VWLFN� DQG� ERWK� GHYLFHV� DUH� DWWDFKHG� WR� WKH� JHQHUDO
KDUGZDUH�SODWIRUP�
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���,QWURGXFWLRQ

%OXHWRRWK� LV� WKH� IDVWHVW� JURZLQJ� LQGXVWULDO� VWDQGDUG� LQ� WKH� KLVWRU\�� ,W� LV� D� ZLUHOHVV
FRPPXQLFDWLRQ� WHFKQRORJ\�� ZKLFK� FDQ� WUDQVPLW� ERWK� VSHHFK� DQG� GDWD� DW� D� UHODWLYHO\� KLJK
VSHHG�� )RU� D� GHWDLOHG� GHVFULSWLRQ� RI� %OXHWRRWK�� VHH� $SSHQGL[� )�� %OXHWRRWK� LV� D� ORZ� FRVW
VROXWLRQ� WR� UHSODFH� FDEOHV� LQ� DQ� RIILFH� HQYLURQPHQW�� 7KH� WHFKQRORJ\� LV� VXSSRUWHG� E\� ����
FRPSDQLHV�DURXQG�WKH�ZRUOG��DQG�WKLV�ZLOO�HQVXUH�WKDW�D�ZLGH�UDQJH�RI�GLIIHUHQW�GHYLFHV�ZLOO�EH
FRPSDWLEOH�ZKLFK�HDFK�RWKHU��7KH�PDUNHW�SRWHQWLDO�IRU�%OXHWRRWK�LV�HVWLPDWHG�WR�EH�PRUH�WKDQ
RQH�ELOOLRQ�XQLWV�LQ�D�FRXSOH�RI�\HDUV�

7KH�PDLQ�JRDO�ZLWK�WKH�PDVWHU�WKHVLV�SURMHFW�LV�WR�FRQVLGHU�WKH�DGYDQWDJHV�RI�%OXHWRRWK�LQ�DQ
LQGXVWULDO�HQYLURQPHQW��4XHVWLRQV�ZH�KDYH�LQYHVWLJDWHG�DUH��+RZ�VKRXOG�D�JHQHUDO�%OXHWRRWK
,�2�XQLW�EH�FRQVWUXFWHG"�:KDW�IXQFWLRQDOLW\� LV� UHTXLUHG�IRU� WKH� ,�2�XQLW"�+RZ�VPDOO�FDQ� WKH
GHOD\�DQG�VDPSOH�WLPH�EH�PDGH"�,V�LW�SRVVLEOH�WR�VWHHU�UHWUDQVPLVVLRQ�RI�ORVW�SDFNDJHV"�+RZ
VKRXOG�ORVW�FRQQHFWLRQV�GXULQJ�H[HFXWLRQ�EH�KDQGOHG"

7KLV�PDVWHU� WKHVLV�SURMHFW�KDV�EHHQ�GHYHORSHG�DW� WKH�FRPSDQ\�6LJPD�([DOORQ�6\VWHPV�$%�
DQG�DW� WKH�'HSDUWPHQW�RI�$XWRPDWLF�&RQWURO�DW�/XQG�8QLYHUVLW\��7KH�GHSDUWPHQW¶V�JRDO�KDV
EHHQ�WR�GHYHORS�D�JHQHULF�%OXHWRRWK�FRPPXQLFDWLRQ�VROXWLRQ��DQG�6LJPD¶V�GHVLUH�KDV�EHHQ�WR
LPSOHPHQW�LW�LQ�D�SURWRW\SH�WKDW�VKRZV�WKH�SRWHQWLDO�RI�%OXHWRRWK��&RQVWUXFWLQJ�D�JHQHULF�,�2
XQLW�FDOOHG�%OXHWRRWK�&RQWURO�&DUG� �%&&���XVLQJ�%OXHWRRWK� IRU�ZLUHOHVV�FRPPXQLFDWLRQ�KDV
IXOILOOHG�WKLV�JRDO�

7KH�FRPPXQLFDWLRQ�VROXWLRQ�FDQ�EH�VHHQ�LQ�)LJXUH������$QDORJ�VLJQDOV�DW�WKH�%&&¶V�LQSXWV�DUH
VDPSOHG�DQG�WUDQVPLWWHG�RYHU�WKH�%OXHWRRWK�FKDQQHO�WR�WKH�3&��$W�WKH�VDPH�WLPH�VLJQDOV�FDQ
EH�VHQW�WR�WKH�%&&�DQG�VHW�DW�WKH�RXWSXWV��7R�VSHHG�XS�WKH�GHYHORSPHQW�SURFHVV�D�%OXHWRRWK
PRGXOH�IURP�(ULFVVRQ�ZDV�XVHG�LQVWHDG�RI�LQWHJUDWLQJ�D�PRGXOH�LQWR�WKH�%&&��7KH�%&&�FDQ
EH�DWWDFKHG�WR�PDQ\�GHYLFHV��H�J��GRRU�ORFNV��FDUSRUWV��DQG�VHQVRUV�DQG�DFWXDWRUV�LQ�LQGXVWULDO
SURFHVVHV�

)LJXUH� ����� 7KH� )LJXUH� VKRZV� WKH� FRPPXQLFDWLRQ� VROXWLRQ� GHYHORSHG� LQ� WKH� PDVWHU� WKHVLV� SURMHFW�� %OXHWRRWK

PRGXOHV�DUH�DWWDFKHG�WR�WKH�3&�DQG�WR�WKH�%OXHWRRWK�&RQWURO�&DUG��%&&���'DWD�SDFNDJHV�FDQ�EH�VHQW�LQ�ERWK

GLUHFWLRQV�RYHU�WKH�%OXHWRRWK�FKDQQHO��7KH�%&&�LV�D�FLUFXLW�ERDUG�GHYHORSHG�LQ�WKH�PDVWHU�WKHVLV�SURMHFW�DQG�LW

FRQWDLQV� LQSXWV� DQG� RXWSXWV�� 7KH� LQSXWV� DUH� VDPSOHG� DW� D� XVHU� GHILQHG� SHULRG� DQG� VHQW� RYHU� WKH� %OXHWRRWK

FKDQQHO��7KH�3&�VHWV�WKH�RXWSXWV�RQ�WKH�%&&�

%OXHWRRWK�FKDQQHO

7KH�%OXHWRRWK�PRGXOHV %OXHWRRWK�&RQWURO�&DUG��%&&�

,QSXWV�DQG�RXWSXWV�WKDW�FDQ�EH�FRQQHFWHG
WR�DQ�HOHFWULFDO�GHYLFH
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7KH�PDVWHU�WKHVLV�UHSRUW�LV�RUJDQL]HG�DV�IROORZV�

,Q�6HFWLRQ���WKH�KDUGZDUH�VROXWLRQ�LV�GLVFXVVHG��6HFWLRQ���VKRZV�WKH�VRIWZDUH�VROXWLRQ�DQG�WKH
GHILQLWLRQ�RI�WKH�PDVWHU�VODYH�FRQFHSW��6HFWLRQ���GHILQHV�WKH�FRPPXQLFDWLRQ�SURWRFRO�EHWZHHQ
WKH� PDVWHU� DQG� VODYH�� 6HFWLRQ� �� GHVFULEHV� WKH� UDGLR� FDU� DSSOLFDWLRQ�� 6HFWLRQ� �� LOOXVWUDWHV� D
JHQHUDO� DSSOLFDWLRQ� UXQQLQJ� RQ� WKH� 3&�� FRQWUROOHG� E\� WKH� %&&�� &RQFOXVLRQV� DUH� GUDZQ� LQ
6HFWLRQ����6HFWLRQ���FRQWDLQV�WKH�UHIHUHQFHV�

6HYHUDO�DSSHQGLFHV�DUH�LQFOXGHG�LQ�WKH�UHSRUW��7KH�WLPH�SODQQLQJ�DQG�DOO�GRFXPHQWDWLRQ�IRU�WKH
FRQVWUXFWLRQ�RI�KDUGZDUH�DQG�VRIWZDUH�DUH� LQFRUSRUDWHG��$�JHQHUDO�DSSHQGL[�RI�%OXHWRRWK� LV
DWWDFKHG�WR�JLYH�DQ�RYHUYLHZ�RI�WKH�WHFKQRORJ\��$SSHQGHG�LV�DOVR�WKH�SUHVV�UHOHDVH�IURP�WKH
%OXHWRRWK� 'HYHORSHUV� &RQIHUHQFH� LQ� 6DQ� -RVp� >�@�� ZKHUH� WKH� PDVWHU� WKHVLV� SURMHFW� ZLOO� EH
GHPRQVWUDWHG��$�VSHFLILF� DSSHQGL[�RQ� WKH�SHUIRUPDQFH�DQG�FKDUDFWHULVWLF�RI� WKH�%&&�DQG�D
XVHU¶V�PDQXDO�RQ�WKH�%HHWOH�UDGLR�FDU�DSSOLFDWLRQ�DUH�DOVR�LQFOXGHG�
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���+DUGZDUH�6ROXWLRQ

)LJXUH� ����� 7KH� WZR� FLUFXLW� ERDUGV� WKDW� WKH� KDUGZDUH� VROXWLRQ� FRQVLVWV� RI�� 2Q� WKH� ERDUG� WR� WKH� ULJKW� LV� WKH

%OXHWRRWK�FKLS�DQG�WKH�DQWHQQD��7KH�ERDUG�WR�WKH�ULJKW�LV�FRQVWUXFWHG�LQ�WKH�PDVWHU�WKHVLV�SURMHFW�DQG�LW�FRQWDLQV

D�PLFUR� FRQWUROOHU� WKDW� FRQWUROV� WKH� LQSXWV� DQG� RXWSXWV�� )LJXUH� ���� EHORZ� VKRZV� DQ� RYHUYLHZ� RI� WKH� GLIIHUHQW

FRPSRQHQWV�DW�WKH�%&&�

7KH�KDUGZDUH�VROXWLRQ�FRQVLVWV�RI�WZR�FLUFXLW�ERDUGV��VHH�)LJXUH������7KH�ERDUG�WR�WKH�OHIW�LV
WKH�%OXHWRRWK�PRGXOH�DQG�DQWHQQD��7KLV�ERDUG� LV� FRQVWUXFWHG�E\�(ULFVVRQ� DQG� LV� VROG� DV� DQ
$SSOLFDWLRQ�DQG�7UDLQLQJ�7RRO�.LW��7KH�ERDUG�WR�WKH�ULJKW�LV�WKH�RQH�WKDW�LV�FRQVWUXFWHG�LQ�WKH
PDVWHU�WKHVLV�SURMHFW�DQG�LV�FDOOHG�%OXHWRRWK�&RQWURO�&DUG��%&&���2Q�WKLV�ERDUG�WKH�%OXHWRRWK
PRGXOH�DQG� WKH�DQWHQQD�FRXOG�KDYH�EHHQ� LPSOHPHQWHG��EXW� LW�ZRXOG� WKHQ�KDYH� WDNHQ� ORQJHU
WLPH�WR�FRQVWUXFW�WKH�KDUGZDUH��7KLV�ZRXOG�RI�FRXUVH�KDYH�EHHQ�GRQH�LQ�D�FRPPHUFLDO�SURGXFW
WR�PDNH�LW�FKHDSHU�DQG�VPDOOHU�
�������7KH�%&&�KDV�DOO�WKH�ORJLF�IRU�WKH�DQDORJ�LQSXWV�DQG�RXWSXWV��%HORZ�LV�GHVFULEHG�KRZ�LW�LV
FRQVWUXFWHG�DQG�KRZ�WKH�GLIIHUHQW�FRPSRQHQWV�RQ�WKH�FDUG�LQWHUDFW��7KHUH�LV�DOVR�D�6HFWLRQ�WKDW
GHVFULEHV�KRZ�WR�DFFHVV�DQG�XVH�WKH�FDUG�

����&LUFXLW�%RDUG

7KH�WDVN�RI�WKH�%&&�LV�WR�EH�WKH�FRPPXQLFDWLRQ�OLQN�EHWZHHQ�WKH�%OXHWRRWK�PRGXOH�DQG�WKH
LQSXWV� DQG� RXWSXWV�� 7KH� GDWD� LW� UHFHLYHV� IURP� WKH� %OXHWRRWK� PRGXOH� LV� IRUZDUGHG� WR� WKH
RXWSXWV�� 7KH� YDOXHV� WKDW� WKH� LQSXWV� KDYH� LV� VDPSOHG� E\� WKH� FDUG� DQG� VHQW� WR� WKH� %OXHWRRWK
PRGXOH�� $� PLFUR� FRQWUROOHU� KDQGOHV� DOO� WKH� FRPPXQLFDWLRQ� WR� DQG� IURP� WKH� FLUFXLW� ERDUG�
)LJXUH�����EHORZ�VKRZV�DQ�RYHUYLHZ�RI� WKH�GLIIHUHQW�FRPSRQHQWV�RI� WKH�%&&��7R�PDNH� WKH
GUDZLQJ�HDVLHU�WR�VWXG\�VRPH�OLQHV�KDYH�EHHQ�PDGH�WKLFNHU��7KH�WKLFNHU�OLQHV�V\PEROL]H�WKDW
WZR� RU� PRUH� ZLUHV� DUH� LPSOHPHQWHG� HTXDOO\�� )RU� H[DPSOH� GR� WKH� IRXU� LQSXWV� JR� WR� RQH
RSHUDWLRQDO�DPSOLILHU�HDFK�DQG�WKHQ�IRXU�ZLUHV�JR�WR�WKH�PLFUR�FRQWUROOHU�

%OXHWRRWK�PRGXOH %OXHWRRWK�&RQWURO�&DUG
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)LJXUH� ����� 2YHUYLHZ� RI� WKH� %OXHWRRWK� &RQWURO� &DUG� ZKLFK� VKRZV� KRZ� WKH� FRPSRQHQWV� LQWHUDFW�� 7KH� PLFUR

FRQWUROOHU¶V� WDVNV� DUH� WR� UHFHLYH� LQIRUPDWLRQ� IRU� WKH� RXWSXWV� IURP� WKH� %OXHWRRWK� PRGXOH� DQG� VHW� WKLV� RQ� WKH

RXWSXWV��,W�DOVR�VDPSOHV�WKH�LQSXWV�DQG�VHQGV�WKLV�LQIRUPDWLRQ�WR�WKH�%OXHWRRWK�PRGXOH��7R�VHH�WKH�VFKHPDWLF�YLHZ

ZKLFK�VKRZV�DOO�WKH�FRQQHFWLRQV�RQ�WKH�%&&�VHH�)LJXUH�����

7KH�FKRVHQ�PLFUR�FRQWUROOHU�LV�D�3,&��)�����,W�LV�D�JRRG�FKRLFH�VLQFH�LW�KDV�D�ORW�RI�EXLOW�LQ
IXQFWLRQDOLW\�VXFK�DV�$�'�FRQYHUWHUV��3:0�PRGXOHV�� WLPHUV�� IODVK�PHPRU\��DQ�63,�PRGXOH
DQG�D�86$57��7KLV�PDNHV�ERWK� WKH�KDUGZDUH� DQG� VRIWZDUH� HDVLHU� WR� LPSOHPHQW��7KH�$�'�
FRQYHUWHUV�GR�QRW�KDYH�WR�EH�DVVHUWHG�RQ�WKH�ERDUG�DQG�WKH�VRIWZDUH�IRU�WLPLQJ�LVVXHV�LV�HDV\�WR
LPSOHPHQW�EHFDXVH�RI�WKH�DOUHDG\�LPSOHPHQWHG�WLPHUV��7KH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�PLFUR
FRQWUROOHU� DQG� WKH� %OXHWRRWK� PRGXOH� LV� GRQH� RYHU� WKH� VHULDO� FKDQQHO� 56����� 7KH� 56����
FRPSRQHQW�FRQYHUWV�WKH�PLFUR�FRQWUROOHU¶V�YROWDJHV�WR�56����YROWDJHV��7KH�PD[LPXP�VSHHG
RYHU�WKH�56����FKDQQHO�LV�FRQVWUDLQHG�E\�WKH�PLFUR�FRQWUROOHU�WR������NESV�

7KH�RXWSXWV�IURP�WKH�FDUG�DUH� WZR�DQDORJ�RXWSXWV�DQG�WZR�3:0��3XOVH�:LGWK�0RGXODWLRQ�
RXWSXWV��7KH�PLFUR�FRQWUROOHU�VHQGV�WKH�GLJLWDO�YDOXHV�WR�D�'�$�FRQYHUWHU��7KH�'�$�FRQYHUWHU
GHOLYHUV� D� YDOXH� EHWZHHQ� �� DQG� ���9�� ZKLFK� LV� DPSOLILHG� D� IDFWRU� �� WR� �� WR� �9� E\� DQ
RSHUDWLRQDO�DPSOLILHU��7KH�3:0�SHULRG�DQG�GXW\�F\FOH�LV�UHFHLYHG�IURP�WKH�UHPRWH�%OXHWRRWK
GHYLFH� DQG� WKH� FRUUHFW� SXOVH� LV� FUHDWHG� LQ� WKH� PLFUR� FRQWUROOHU� DQG� VHQW� WR� DQ� RSHUDWLRQDO
DPSOLILHU�� 7KH� DPSOLILHU� KDV� XQLW\� JDLQ�� EXW� LV� QHHGHG� WR� GULYH� WKH� RXWSXWV�� DV� WKH� PLFUR
FRQWUROOHU�FDQ�QRW�GULYH�DQ\�RXWSXWV�LWVHOI��)RU�IXUWKHU�LQIRUPDWLRQ�DERXW�WKH�3:0�VLJQDOV�VHH
6HFWLRQ�����

7KH� LQSXWV� FRQVLVW� RI� WZR� DQDORJ� LQSXWV� DQG� DQ� 63,� �6HULDO� 3HULSKHUDO� ,QWHUIDFH��� $OO� WKH
VLJQDOV� IURP� WKH� LQSXWV� JR� WR� RSHUDWLRQDO� DPSOLILHUV� ZLWK� XQLW\� JDLQ�� 7KLV� LV� WR� SURWHFW� WKH
LQSXWV�DW�WKH�PLFUR�FRQWUROOHU��DV�WKH�KLJKHVW�YROWDJH�WKDW�FDQ�FRPH�IURP�WKH�DPSOLILHU�LV��9
DQG� WKH� ORZHVW� LV� �9��7KH�YROWDJHV� IURP� WKH� DQDORJ� LQSXWV� JR� WR� WKH�$�'�FRQYHUWHUV� LQ� WKH
PLFUR�FRQWUROOHU�
���7KH�63,� FRQVLVWV� RI� D�GLJLWDO� LQSXW�� DQ�63,�'DWD� ,Q� �6',��� DQG�RQH� FORFN�RXWSXW� IURP� WKH
PLFUR�FRQWUROOHU��7KH�GLJLWDO� LQSXW�GHFLGHV�ZKHQ� WKH�%&&�FDQ�UHFHLYH�GDWD�RQ� WKH�6',��7KH
GHYLFH�WKDW�VHQGV�WKH�GDWD�XVHV�WKH�FORFN�IURP�WKH�PLFUR�FRQWUROOHU��7KH�PLFUR�FRQWUROOHU�FDQ
QRW�VLPXOWDQHRXVO\�VHW�WKH�DQDORJ�RXWSXWV�DQG�VDPSOH�WKH�6',��)RU�IXUWKHU�LQIRUPDWLRQ�DERXW
WKH�63,�VHH�6HFWLRQ�����

'�$�FRQYHUWHU

�
�

5HVHW
EXWWRQ

0LFUR�FRQWUROOHU

56���

%OXHWRRWK�PRGXOH

%OXH
/LJKW
'LRGH

��$QDORJ
RXWSXWV

��3:0
RXSXWV

��$QDORJ
LQSXWV

63,�'DWD
,Q

'LJLWDO
LQSXW

&ORFN
RXWSXW

���
����
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�
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:KHQ�WKH�UHVHW�EXWWRQ�LV�SUHVVHG�LW�UHVHWV�ERWK�WKH�%&&¶V�PLFUR�FRQWUROOHU�DQG�WKH�%OXHWRRWK
PRGXOH¶V�PLFUR�FRQWUROOHU��7KHUH�LV�DOVR�D�EOXH�OLJKW�GLRGH�RQ�WKH�ERDUG��7KLV�LV�FRQWUROOHG�E\
WKH�PLFUR�FRQWUROOHU�DQG�LV�XVHG�WR�VKRZ�ZKHQ�WKH�UHVHW�EXWWRQ�LV�SUHVVHG��ZKHQ�D�FRQQHFWLRQ
ZLWK�DQRWKHU�%OXHWRRWK�GHYLFH�LV�HVWDEOLVKHG��DQG�ZKHQ�DQ�VRIWZDUH�HUURU�RFFXU�

)LJXUH�����VKRZV�D�VFKHPDWLF�YLHZ�RI�WKH�%&&�ZLWK�DOO�WKH�FRPSRQHQWV��7KH�SRZHU�VXSSO\�RI
WKH�ERDUG�LV�����WR���9�DQG�WKLV�YROWDJH�LV�VWDELOL]HG�E\�D��X)�FDSDFLWRU��7KH�LQWHUQDO�SRZHU
VXSSO\� WKHQ� EHFRPHV� �9� IURP� WKH� YROWDJH� UHJXODWRU�� 7KH� SRZHU� VXSSO\� WR� WKH� %OXHWRRWK
PRGXOH�LV�DOVR��9��7R�PDNH�WKH�ERDUG�OHVV�VHQVLWLYH�WR�GLVWXUEDQFHV��FDSDFLWRUV�RI����Q)�DUH
SXW� DW� HDFK� FRPSRQHQW�� DQG� WR� VWDELOL]H� WKH� VLJQDOV� RQ� WKH� LQSXWV�� FDSDFLWRUV�ZLWK� WKH� VDPH
FDSDFLWDQFH� DUH� SXW� WKHUH�� 7KH� WZR� FRPSRQHQWV� ³%OXHWRRWK� 6LJQDOV´� DQG� ³%OXHWRRWK� 3RZHU
6XSSO\´� DW� WKH� ERWWRP� RI� WKH� ILJXUH� DUH� WKH� VRFNHWV� WKDW� DUH� FRQQHFWHG� WR� WKH� %OXHWRRWK
PRGXOH��7KH�FRPSRQHQW�WR�WKH�ULJKW�KDV�WKH�SLQV�WKDW�LW�LV�SRVVLEOH�WR�FRQQHFW�WR�
���,W�ZDV�D�OLWWOH�ELW�WULFN\�WR�PDNH�WKH�UHVHW�EXWWRQ�DEOH�WR�UHVHW�ERWK�FDUGV��%RWK�FDUGV�VKRXOG
KDYH�]HUR�YROWV�ZKHQ�WKH\�DUH�UHVHW��EXW�RWKHUZLVH�WKH�%&&¶V�UHVHW�SLQ�VKRXOG�XVXDOO\�KDYH��9
DQG�WKH�%OXHWRRWK�PRGXOH�VKRXOG�QRW�EH�FRQQHFWHG�DW�DOO��7R�VROYH� WKLV��D�EXWWRQ�ZLWK� WKUHH
FRQQHFWLRQV�LV�XVHG�DV�FDQ�EH�VHHQ�DERYH�WKH�PLFUR�FRQWUROOHU¶V�FORFN��:KHQ�WKH�UHVHW�EXWWRQ
LV�SUHVVHG�DOO�WKUHH�ZLUHV�DUH�FRQQHFWHG�WR�HDFK�RWKHU�

)LJXUH������7KLV�LV�WKH��VFKHPDWLF�YLHZ�RI��WKH�%&&�ZKLFK�VKRZV�KRZ�DOO�WKH�ZLUHV�DUH�GUDZQ��7KH�GUDZLQJ�ZDV

PDGH�LQ�D�(DJOH�&$'�SURJUDP��)RU�IXUWKHU�LQIRUPDWLRQ�DERXW�WKH�GHYHORSPHQW�HQYLURQPHQW�VHH�6HFWLRQ�����
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'XULQJ�WKH�GHYHORSPHQW�RI� WKH�%&&�DQ�LWHUDWLYH�DSSURDFK�ZDV�FKRVHQ�DQG�WZR�ERDUGV�ZHUH
EXLOW��7KH�ILUVW�ERDUG�ZDV�EXLOW�WR�WHVW�DQG�VWXG\�WKH�FRQVWUXFWLRQ�VR�WKH�VHFRQG�DQG�ILQDO�ERDUG
FRXOG�EH�LPSOHPHQWHG�FRUUHFWO\��7KH�ILUVW�%&&�WKDW�ZDV�FRQVWUXFWHG�LV��
���FP�DQG�KDV�WZR
ODUJH�H[SHQVLYH�'&�'&�FRQYHUWHUV��7KH�LGHD�ZDV�WR�JHW�D�ZRUNLQJ�ERDUG�DV�VRRQ�DV�SRVVLEOH
LQ� RUGHU� WR� VWDUW� GHYHORSLQJ� WKH� VRIWZDUH�� 7KH� VHFRQG� DQG� ILQDO� ERDUG� LV� �
�� FP� DQG� LV
FRQQHFWHG�EDFN�WR�EDFN�WR�WKH�%OXHWRRWK�PRGXOH�
���7KH�ILUVW�ERDUG�FDQ�EH�VHHQ� LQ�)LJXUH������7KH�ERDUG� LV�GULYHQ�E\�ERWK����9�DQG��9��7KH
UHDVRQ�EHKLQG�WKH�GLIIHUHQW�SRZHU�VXSSOLHV�ZDV�WKDW�WKH�%OXHWRRWK�FKLS�LV�GULYHQ�E\����9��DQG
WKH�RXWSXWV�ZHUH�GULYHQ�ZLWK��9��7KLV�VROXWLRQ�FRXOG�QRW�EH�XVHG��VLQFH�WKH�%OXHWRRWK�PRGXOH
IURP�(ULFVVRQ�LV�GULYHQ�ZLWK��9�LQVWHDG�RI����9��7KH�ILUVW�KDUGZDUH�GHVLJQ�GLG�ZRUN�GHVSLWH
WKH�GHVLJQ�HUURU��7KH�FRQVWUXFWLRQ�RI� WKH� ILUVW�ERDUG�ZDV�JRRG� IRU� WKH�PDVWHU� WKHVLV�SURMHFW�
VLQFH�D�SURWRW\SH�EHFDPH�DYDLODEOH�HDUO\�LQ�WKH�GHYHORSPHQW��$OWKRXJK�LW�KDG�GUDZEDFNV�ERWK
LQ�VL]H�DQG�FRVW�LW�ZDV�SHUIHFW�DV�D�SODWIRUP�IRU�WKH�VRIWZDUH�GHYHORSPHQW�

)LJXUH������7KH�ILUVW�ERDUG�WKDW�ZDV�FRQVWUXFWHG�FDQ�EH�VHHQ�DERYH��7KLV�ERDUG�ZDV�PDGH�WR�VWXG\�WKH�SUREOHP

DQG�WR�GHYHORS�WKH�VRIWZDUH�HDUO\�LQ�WKH�SURMHFW��7KH�SLFWXUH�LV�LQ�QDWXUDO�VL]H�DQG�WKH�ERDUG�KDV�VRPH�GUDZEDFNV

DQG�GHVLJQ�HUURUV�ZKLFK�DUH�DOWHUHG�WR�WKH�QH[W�ERDUG��ZKLFK�FDQ�EH�VHHQ�LQ�)LJXUH�����

7KH�VHFRQG�ERDUG�LV�VKRZQ�LQ�)LJXUH������,W�ZDV�TXLWH�KDUG�WR�JHW�DOO�WKH�FRPSRQHQWV�LQWR�WKLV
DUHD��EXW�WKH�VKRUWHU�WKH�ZLUHV�DUH��WKH�OHVV�GLVWXUEDQFHV�RFFXU��7KH�ZLUHV�EHWZHHQ�WKH�PLFUR
FRQWUROOHU�� WKH�56���� FRPSRQHQW�� DQG� WKH� VRFNHW�ZLWK� WKH�%OXHWRRWK� VLJQDOV� VKRXOG�PD\EH
KDYH�EHHQ�D�OLWWOH�VKRUWHU�WR�GHFUHDVH�WKH�HUURUV�RYHU�WKH�56����OLQN��7R�FRQQHFW�WKH�%&&�WR
WKH�%OXHWRRWK�PRGXOH�ZLWK�VRFNHWV�LV�WKRXJK�D�VPDUW�FKRLFH��DV� WKH�ZLUHV�EHWZHHQ�WKH�FDUGV
EHFRPHV�DV�VKRUW�DV�SRVVLEOH��7KH�FLUFXLW�ERDUG�LV�VKRZQ�LQ�DSSHQGL[�%�
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)LJXUH������7KH�VHFRQG�DQG�ILQDO�ERDUG�LV�VKRZQ�DERYH�LQ�QDWXUDO�VL]H��,W�KDV�WZR�VRFNHWV�ZLWK�WHQ�SLQV�HDFK�WR

OHIW�LQ�WKH�ILJXUH��ZKLFK�DUH�XVHG�WR�FRQQHFW�WKH�FDUG�WR�WKH�%OXHWRRWK�PRGXOH��7KH�56����ZLUHV�WKHQ�EHFRPH�DV

VKRUW�DV�SRVVLEOH��7KH�VPDOO�VL]H�RI�WKH�ERDUG�PDNHV�LW�OHVV�VHQVLWLYH�WR�GLVWXUEDQFHV��6HH�DSSHQGL[�%�WR�VHH�WKH

GUDZLQJ�RI�WKH�FLUFXLW�ERDUG��

����&RPSRQHQWV

,Q� WKLV� 6HFWLRQ� WKH� GLIIHUHQW� FRPSRQHQWV� DUH� OLVWHG� LQ� 7DEOH� �� EHORZ�� 7KH� WRWDO� FRVW� RI� WKH
FRPSRQHQWV�RQ�WKH�ILQDO�FDUG�LV�EHWZHHQ�����WR�����6.U�

&RPSRQHQW (OID
V�VWRFN�QR� 4XDQWLW\

3RZHU�6XSSO\�6RFNHW��(,$-�5&����� ��������� �

6RFNHW�IRU�%OXHWRRWK�$SSOLFDWLRQ�7RRO�.LW ��������� �

6RFNHW�IRU�LQSXWV�DQG�RXWSXWV ��������� �

0LFUR�FRQWUROOHU��3,&��)��� 2UGHUHG�IURP�0HPHF �

'�$�FRQYHUWHU��0$;����&3( 2UGHUHG�IURP�0D[LP �

2SHUDWLRQDO�DPSOLILHU��23��� ��������� �

9ROWDJH�UHIHUHQFH��,&/���� ��������� �

0LFUR�FRQWUROOHU�FORFN��������0+]��+&����+ ��������� �

%OXH�OLJKW�GLRGH ��������� �

56�����0D[����(&33 ��������� �

5HVHW�EXWWRQ��$3(�)��0��� ��������� �

9ROWDJH�UHJXODWRU��/����&9 ��������� �

&DSDFLWRU����X) ��������� �

&DSDFLWRU������Q) ��������� ��

&DSDFLWRU�����X) �

5HVLVWRU���N ��������� �

5HVLVWRU�����N ��������� �

5HVLVWRU�����N ��������� �

5HVLVWRU����N ��������� �

5HVLVWRU����� ��������� �

5HVLVWRU����N ��������� �

5HVLVWRU���� ��������� �

3ODVWLF�GLVWDQFH ��������� �
7DEOH����7KH�WDEOH�OLVWV�DOO�WKH�FRPSRQHQWV�RQ�WKH�%OXHWRRWK�&RQWURO�&DUG�
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����+RZ�WR�$FFHVV�WKH�+DUGZDUH

)LJXUH�����EHORZ�VKRZV�ZKHUH�WKH�SLQV��WKH�UHVHW�EXWWRQ��DQG�WKH�SRZHU�VXSSO\�DUH�VLWXDWHG�RQ
WKH�%&&��,W�LV�HDV\�WR�FRQQHFW�ZLUHV�WR�WKH�SLQV��$�VPDOO�VFUHZGULYHU�LV�QHHGHG�WR�DWWDFK�WKH
ZLUHV��ZKLFK�WKHQ�DUH�VDIHO\�FRQQHFWHG�WR�WKH�FDUG��7KH�%OXHWRRWK�PRGXOH�FDQ�EH�SUHVVHG�RQ
WKH�VRFNHWV�WKDW�DUH�VKRZQ�WR�WKH�OHIW�LQ�WKH�ILJXUH��7KH�XSSHU�VRFNHW�KDV�WKH�SRZHU�VXSSO\�DQG
UHVHW�ZLUH�IRU�WKH�%OXHWRRWK�PRGXOH�DQG�WKH�ORZHU�VRFNHW�KDV�WKH�56����VLJQDOV��7KH�VRFNHW
IRU�WKH�SRZHU�VXSSO\�FDQ�EH�VHHQ�GRZQ�WR�WKH�ULJKW�DQG�WKH�SOXJ�IRU�WKDW�VRFNHW�FDQ�EH�ERXJKW
IURP�D�FRPSRQHQW�UHWDLOHU��IRU�H[DPSOH�(OID��7KLV�SOXJ�XVXDOO\�VLWV�RQ�EDWWHU\�HOLPLQDWRUV��VR
LW�LV�HDV\�WR�VXSSO\�WKH�FDUG�ZLWK�SRZHU��:KHQ�WKH�ZLUHV�DUH�DWWDFKHG�DQG�WKH�FDUG�LV�VXSSOLHG
ZLWK�SRZHU��WKH�FDUG�ZDLWV�IRU�DQRWKHU�%OXHWRRWK�GHYLFH�WR�FRPPXQLFDWH�ZLWK�LW�

)LJXUH������7KH�)LJXUH�VKRZV�WKH�%&&�DQG�KRZ�LW� LV�DFFHVVHG��7KH� WZR�VRFNHWV� WR� WKH� OHIW� LV�FRQQHFWHG� WR� WKH

%OXHWRRWK�PRGXOH��7KH�UHVHW�EXWWRQ�VLWV�RQ�WRS�RI�WKH�FDUG�DQG�ZKHQ�LW�LV�SUHVVHG�WKH�EOXH�OLJKW�GLRGH�WR�WKH�OHIW�RI

LW� IODVKHV��7KH����SLQV�ZLWK� WKH� LQSXWV�DQG�RXSXWV�DUH�VLWXDWHG�RQ�WKH�ERWWRP�RI� WKH�FDUG�DQG� WKH� ILJXUH�VKRZV

ZKHUH�WKH�GLIIHUHQW�LQSXWV�DQG�RXWSXWV�DUH��7KH�SRZHU�VXSSO\�LV�WR�WKH�ULJKW�RI�WKH�SLQV�DQG�DQG�WKH�SOXJ�IRU�LW�FDQ

EH�ERXJKW�IURP�D�FRPSRQHQW�UHWDLOHU�

����'HYHORSPHQW�(QYLURQPHQW

7R�GHYHORS�WKH�KDUGZDUH�RI�WKH�%&&�WKH�&$'�SURJUDP�(DJOH�ZDV�XVHG��7KH�FDUG�ZDV�WKHQ
HWFKHG� DW� WKH�'HSDUWPHQW�RI�$XWRPDWLF�&RQWURO� DW�/7+�DQG� DVVHPEOHG� DW�6LJPD��7KH� OLJKW
HGLWLRQ�RI�(DJOH�ZDV�XVHG��EHFDXVH�WKH�%&&�LV�VPDOO�HQRXJK�DQG�KDV�RQO\�WZR�OD\HUV�RI�ZLUHV�

7KH�GHVLJQ�RI�FDUGV� LQ�(DJOH�FRQWDLQV� WKUHH�GLIIHUHQW� VWDJHV��GHVLJQ�RI�FRPSRQHQWV��PDNLQJ
FRQQHFWLRQV�EHWZHHQ�WKHVH��DQG�SODFLQJ�WKHP�RQ�WKH�ERDUG��,W�LV�QRW�QHFHVVDU\�WR�GHVLJQ�DOO�WKH
FRPSRQHQWV�RQ�WKH�FDUG��VLQFH�D�ORW�RI�WKHP�DOUHDG\�H[LVW�LQ�(DJOH��H�J��UHVLVWRUV��FDSDFLWRUV�
DQG�WKH�VWDQGDUGL]HG�SDFNDJHV��'HVLJQLQJ�FRPSRQHQWV�LV�YHU\�HDV\��EXW�LW�FDQ�KRZHYHU�EH�D
OLWWOH�WULFN\�WR�UHGHVLJQ�WKHP��EHFDXVH�FRPSRQHQWV�WKDW�DUH�XVHG�FDQ�QRW�EH�UHGHVLJQHG��7KDW
ZLOO�VD\��LI�D�FRPSRQHQW�LV�SODFHG�LQ�D�YLHZ�VR�FRQQHFWLRQV�WR�RWKHU�FRPSRQHQWV�FDQ�EH�PDGH�
DQG�LW�VKRZV�RXW� WKDW� WKH�FRPSRQHQW�PXVW�EH�DOWHUHG�LW� LV�QRW�SHUPLWWHG� WR�KDYH� LW� LQ�D�YLHZ

3LQ�����$QDORJ�LQ��
3LQ�����$QDORJ�LQ��
3LQ�����$QDORJ�RXW��
3LQ�����$QDORJ�RXW��
3LQ�����3:0�RXW��
3LQ�����3:0�RXW��
3LQ�����*URXQG
3LQ�����&ORFN
3LQ�����63,�'DWD�,Q
3LQ������'LJLWDO�LQSXW

3LQ����

3LQ���

7KH�SRZHU�VXSSO\

5HVHW�EXWWRQ
6RFNHWV�IRU�%OXHWRRWK

PRGXOH
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ZKHUH�FRQQHFWLRQV�FDQ�EH�PDGH��7KHUHIRUH�LW�KDV�WR�EH�UHPRYHG�IURP�DOO�ERDUGV�EHIRUH�LW�FDQ
EH�UHGHVLJQHG�RU�D�QHZ�FRPSRQHQW�PXVW�EH�PDGH�
���$IWHU� WKH� FRPSRQHQWV� DUH� GHVLJQHG� WKH\� DUH� SODFHG� LQ� D� ³VFKHPDWLF� YLHZ´� DQG� HOHFWULFDO
FRQQHFWLRQV� DUH� PDGH� EHWZHHQ� WKHP�� (DJOH� LV� YHU\� XVHU� IULHQGO\� DQG� WR� FKHFN� WKDW� WKH
FRQQHFWLRQV�DUH�FRUUHFW�WKHUH�LV�DQ�³H\H´�WKDW�FDQ�EH�XVHG��,W�LV�D�VSHFLDO�IHDWXUH�RI�WKH�SURJUDP
WKDW� PDNHV� LW� SRVVLEOH� WR� VHH� ZKLFK� SLQV� WKDW� DUH� FRQQHFWHG� ZLWK� HDFK� RWKHU�� 7KLV� LV� YHU\
SRZHUIXO�DQG�LW�LV�UHFRPPHQGHG�WR�XVH�WKLV�ILQDO�FKHFN�EHIRUH�WKH�ODVW�VWDJH�
����,Q�WKH�ODVW�VWDJH�WKH�FRPSRQHQWV�DUH�WUDQVIHUUHG�WR�WKH�³ERDUG�YLHZ´��:KHQ�WKH�SODFHPHQW�RI
WKH�FRPSRQHQWV�LV�GRQH��LW�LV�SRVVLEOH�WR�HLWKHU�URXWH�WKH�ZLUHV�E\�KDQG�RU�WR�OHW�WKH�SURJUDP
DXWR�URXWH�WKH�ZLUHV��,Q�%&&¶V�FDVH�WKHUH�DUH�D�ORW�RI�ZLUHV�DQG�WKH�DUHD�LV�TXLWH�VPDOO�VR�WKH
DXWR�URXWLQJ�FRXOG�URXWH����SHUFHQW�DQG�WKH�UHVW�ZDV�URXWHG�E\�KDQG��7KH�GUDZLQJ�RI�WKH�ZLUHV
RQ�WKH�FLUFXLW�ERDUG�ZDV�SULQWHG�RQ�D�VOLGH�ZLWK�D�ODVHU�SULQWHU��VHH�$SSHQGL[�%��DQG�WKHQ�WKH
FDUG�ZDV�HWFKHG��,W�KDV�WR�EH�TXLWH�JRRG�TXDOLW\�RI�WKH�SULQWHG�VOLGH�LQ�RUGHU�WR�PDNH�D�JRRG
HWFKLQJ�
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���6RIWZDUH�6ROXWLRQ�RI�%OXHWRRWK�&RQQHFWLRQ

7KH�VRIWZDUH�LV�GHVLJQHG�DQG�LPSOHPHQWHG�DV�D�PDVWHU�WR�VODYH�VROXWLRQ��7KH�3&�LV�WKH�PDVWHU
RI�WKH�FRQQHFWLRQ�DQG�WKH�%&&�FDUG�LV�WKH�VODYH��7KH\�DUH�ERWK�UHIHUHHG�WR�DV�WKH�KRVW�ZLWK�WKH
%OXHWRRWK� PRGXOH� DV� WKH� KRVW� FRQWUROOHU�� 7KH� KRVWV� UHIHU� WR� HDFK� RWKHU� DV� UHPRWH� GHYLFHV�
)LJXUH�����EHORZ�VKRZV�WKH�JHQHUDO�GHVLJQ�RI�WKH�V\VWHP�

)LJXUH� ����� 7KH� JHQHUDO� GHVLJQ� RI� WKH� V\VWHP� LV� D� PDVWHU� DQG� VODYH� VROXWLRQ�� 7KH� 3&� LV� WKH� PDVWHU� DQG� WKH

%OXHWRRWK�&RQWURO�&DUG��%&&��WKH�VODYH��7KH�PDVWHU�FRQWDLQV�DOO�WKH�ORJLF�RI�WKH�%OXHWRRWK�FRQQHFWLRQ��7KH�VODYH

VDPSOHV�LWV�LQSXWV�DW�D�XVHU�GHILQHG�VDPSOH�SHULRG��7KH�LQSXW�YDOXHV�DUH�WKHQ�WUDQVPLWWHG�WR�WKH�PDVWHU�RYHU�WKH

%OXHWRRWK�FKDQQHO��7KH�SDFNDJHV�WKDW�DUH�VHQW�IURP�WKH�PDVWHU�WR�WKH�VODYH�VHW�WKH�RXWSXWV�RI�WKH�%&&�

$OO� WKH� ORJLF� IRU� WKH� %OXHWRRWK� FRQQHFWLRQ� DQG� FRQWURO� RI� WKH� %&&� FDUG� LV� JDWKHUHG� LQ� WKH
PDVWHU��7KLV�PDNHV�WKH�%&&�FDUG�YHU\�JHQHULF�DQG�DOORZV�LW�WR�EH�DWWDFKHG�WR�PDQ\�GLIIHUHQW
DSSOLFDWLRQV�
���7KH�PDVWHU� LQLWLDOL]HG� WKH� %OXHWRRWK� FRQQHFWLRQ� DQG� GDWD� SDFNDJHV� FDQ� EH� VHQW� IURP� WKH
PDVWHU�WR�WKH�VODYH�DQG�YLFH�YHUVD��7KLV�PHDQV�WKDW�WKDW�WKH�PDVWHU�FDQ�PHDVXUH�LQSXW�VLJQDOV
DQG�VHW�GLIIHUHQW�RXWSXW�VLJQDOV�DW�WKH�VODYH�

7KH� %OXHWRRWK� SDFNDJH� W\SH� FKRVHQ� IRU� WKH� %OXHWRRWK� FRQQHFWLRQ� LV� D� '0�� SDFNDJH�� VHH
$SSHQGL[�)�6HFWLRQ����7KLV�SDFNDJH�FDQ�WUDQVIHU�GDWD�SD\ORDG�EHWZHHQ������E\WHV�ZLWK�IXOO
HUURU�FRGLQJ�DW�WKH�V\PPHWULF�PD[�UDWH�RI�������NESV�RYHU�WKH�DLU��$�W\SLFDO�'0��SDFNDJH�LV
VKRZQ�LQ�)LJXUH�����

����6RIWZDUH�LQ�0DVWHU

7KH� VRIWZDUH� LV� GHYHORSHG� LQ� WKH� SURJUDP� ODQJXDJH� -DYD�� -DYD¶V� PDLQ� DGYDQWDJH� LV� WKH
PDFKLQH�LQGHSHQGHQW�VWUXFWXUH�RI� WKH�ODQJXDJH��,W� LV�DOVR�HDVLHU��FRPSDUHG�ZLWK�&����ZKLFK
PDNHV� LW�PRUH� WLPH�HIIHFWLYH� WR�ZRUN�ZLWK��7KH� IXQFWLRQDOLW\� LV�QRW�FRQVWUDLQHG� LQ�DQ\�ZD\
XVLQJ� -DYD� VR� LW� ZDV� WKH� QDWXUDO� ODQJXDJH� WR� FKRRVH�� $QRWKHU� DGYDQWDJH� ZLWK� -DYD� LV� WKH
FRPPXQLFDWLRQ�SDFNDJH�-$9$&20�WKDW�VLPSOLILHV�FRPPXQLFDWLRQ�ZLWK�WKH�VHULDO�SRUW�

7KH� VRIWZDUH� LV� GHVLJQHG� DV� D� %OXHWRRWK� VWDFN� ZLWK� LWV� GLIIHUHQW� OD\HUV�� 7KH� ORZHU� OD\HUV
SURYLGH�GLIIHUHQW�VHUYLFHV�WR�WKH�DERYH�OD\HU��7KH�EHQHILW�RI�GLYLGLQJ�WKH�SURJUDP�LQ�GLIIHUHQW
VHSDUDWHG� OD\HUV� LV� DQ� HDVLHU� WDVN� RI� DGGLQJ� IXQFWLRQDOLW\�� 'LIIHUHQW� DSSOLFDWLRQV� DFFHVV� WKH
VWDFN�WKURXJK�DQ�$SSOLFDWLRQ�3URJUDPPDEOH�,QWHUIDFH��$3,���7KH�$3,�RIIHUV�DOO�IXQFWLRQDOLW\
QHHGHG�IRU�KDUGZDUH�LQGHSHQGHQW�ZLUHOHVV�FRPPXQLFDWLRQ��7KH�DELOLW\�WR�DFFHVV�WKH�VWDFN�LQ�D
ZHOO�GHILQHG� ZD\� PDNHV� LW� HDV\� WR� GHYHORS� QHZ� VRIWZDUH�� DV� ZHOO� DV� PRGLI\LQJ� H[LVWLQJ
SURJUDPV�WR�JDLQ�WKH�IXQFWLRQDOLW\�RI�ZLUHOHVV�FRPPXQLFDWLRQ�

0DVWHU 6ODYH

+RVW +RVW�FRQWUROOHU +RVW+RVW�FRQWUROOHU

5HPRWH�GHYLFHV
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$OO� UHFHLYHG� SDFNDJHV� DUH� UHDVVHPEOHG� IURP� WKH� E\WH� VWUHDP� DQG� WKHQ� VFKHGXOHG� LQ� D� -DYD
WKUHDG��7KH�WKUHDG�FRSLHV�WKH�GDWD�FRQWDLQHG�LQ�WKH�SDFNDJH�IURP�WKH�JHQHUDO�UHFHLYHU�EXIIHU�
LQWR� LWV� RZQ�PHPRU\� VSDFH�� 7KH� GDWD� LV�PDLQWDLQHG� LQ� D� YHFWRU� ZLWKRXW� DQ\� RWKHU� FRS\LQJ
QHHGHG�GXULQJ�VWDFN�H[HFXWLQJ��7KLV� LV�GRQH�XVLQJ�WKH�YHFWRU�DV�D�SDUDPHWHU� WRJHWKHU�ZLWK�D
SRLQWHU�WR�WKH�ILUVW�E\WH��$ERYH�OD\HUV�VLPSO\�SHHOV�RII�LWV�RZQ�GDWD�E\�DGMXVWLQJ�WKH�SRLQWHU�
6HQGLQJ�GDWD� LV�GRQH� LQ� WKH�VDPH�ZD\��7KH� WRS� OD\HU� UHVHUYHV�DOO�PHPRU\�QHHGHG� LQ�D�E\WH
YHFWRU�DQG�FRSLHV�LWV�GDWD�LQWR�WKH�YHFWRU��$�SRLQWHU�LV�XVHG�WR�NHHS�WUDFN�RI�WKH�ILUVW�E\WH�DQG
QR�H[WUD�PHPRU\�DOORFDWLRQ�DQG�YHFWRU�FRS\LQJ�LV�QHHGHG��7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH�����

)LJXUH������7KH�)LJXUH�VKRZV�KRZ�LQFRPLQJ�GDWD�SDFNDJHV�DUH�WKUHDWHQ�E\�WKH�PDVWHU��7KH�GDWD�RI�D�SDFNDJH�LV

FRSLHG�WR�D�GDWD�EXIIHU�LQ�D�VRIWZDUH�WKUHDG��7KH�WKUHDG�FRQWDLQV�D�SRLQWHU�WR�WKH�ILUVW�FRUUHFW�E\WH��7KLV�SRLQWHU

LV�FKDQJHG�GXULQJ�H[HFXWLRQ�ZKHQ�GLIIHUHQW� VRIWZDUH� OD\HUV�³SHHO�RI´� LWV�GDWD�E\WHV��1R�H[WUD�GDWD�FRS\LQJ� LV

WKHQ�QHHGHG�GXULQJ�H[HFXWLRQ�

7KH�VRIWZDUH�LQ�WKH�PDVWHU�WKHVLV�LV�GHVLJQHG�IRU�FRPPXQLFDWLRQ�ZLWK�PXOWLSOH�UHPRWH�GHYLFHV
RQ� VHYHUDO� FKDQQHOV�� 'XH� WR� WKH� ODFN� RI� VXSSRUW� IRU� PXOWLSOH� FRQQHFWLRQV� LQ� %OXHWRRWK
ILUPZDUH� IURP� (ULFVVRQ�� WKH� VRIWZDUH� LV� QRW� LPSOHPHQWHG� WR� VXSSRUW� PXOWLSOH� GHYLFHV�
0XOWLSOH� FKDQQHOV� DUH� QRW� HLWKHU� VXSSRUWHG�� EXW� DUH� QRW� D� PDMRU� WDVN� WR� LPSOHPHQW� RQ� WKH
FXUUHQW�GHVLJQ�

7KH�VRIWZDUH�VWDFN�LV�D�SURWRW\SH�DQG�KDV�QR�FODLP�RI�IROORZLQJ� WKH�%OXHWRRWK�VSHFLILFDWLRQ
����%�>�@��7KH�PDLQ�UHDVRQ�IRU�WKLV�LV�WKH�WLPH�FRQVWUDLQW�LQ�WKH�PDVWHU�WKHVLV�SURMHFW�

,QFRPLQJ�GDWD�LQ�D�E\WH�YHFWRU

+HDG 3D\ORDG

3RLQWHU

7KH�VDPH�GDWD�YHFWRU�SUHVHQWHG�WR�WKH�DSSOLFDWLRQ

+HDG 3D\ORDG

3RLQWHU
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������'HVLJQ

)LJXUH�����EHORZ�VKRZV�WKH�GHVLJQ�RI�WKH�%OXHWRRWK�VWDFN��7KH�GHVLJQ�LV�GRQH�DFFRUGLQJ�WR�WKH
2EMHFW�2ULHQWHG�0RGHOLQJ�DQG�'HVLJQ�220'�>�@�SURFHVV�

)LJXUH������7KH�)LJXUH�VKRZV�WKH�GHVLJQ�RI�WKH�%OXHWRRWK�VWDFN�XVHG�LQ�WKH�PDVWHU��'LIIHUHQW�OD\HUV�DFFHVV�HDFK

RWKHU�DFFRUGLQJ� WR� WKH�DUURZV��$SSOLFDWLRQV�DFFHVV� WKH� VWDFN� WKURXJK�DQ�$SSOLFDWLRQ�3URJUDPPDEOH� ,QWHUIDFH

�$3,��� 7KH� $3,� SURYLGHV� D� XVHU� ZLWK� ZHOO�GHILQHG� PHWKRGV� DQG� VLPSOLILHV� WKH� GHYHORSPHQW�� 7KH� VWDFN

FRPPXQLFDWHV�ZLWK�WKH�%OXHWRRWK�PRGXOH�RYHU�WKH�VHULDO�SRUW�56����

'HVFULSWLRQ�

�� $SSOLFDWLRQ
$� XVHU� GHYHORSHG� DSSOLFDWLRQ� UXQQLQJ� RQ� WRS� RI� WKH� VWDFN� JDLQLQJ� WKH� LQFUHDVHG
IXQFWLRQDOLW\�RI�ZLUHOHVV�FRPPXQLFDWLRQ�

�� $SSOLFDWLRQ�3URJUDPPDEOH�,QWHUIDFH��$3,
7KH� $3,� LV� D� -DYD� LQWHUIDFH� WKDW� LV� LPSOHPHQWHG� E\� WKH� DSSOLFDWLRQ�� ,W� SURYLGHV� ZHOO�
GHILQHG�PHWKRGV�EHWZHHQ� WKH� VWDFN� DQG� WKH� DSSOLFDWLRQ��7KH�EHQHILW� LV� UDSLG� DSSOLFDWLRQ
GHYHORSPHQW�

�� &RQWURO/D\HU
7KH� OD\HU� SHUIRUPV� PXOWLWDVN� IXQFWLRQV�� SURYLGHG� WR� WKH� DSSOLFDWLRQ� E\� WKH� $3,�� $Q
H[DPSOH�LV� WKH�LQLWLDOL]DWLRQ�RI� WKH�%OXHWRRWK�KRVW�FRQWUROOHU� WKDW� LV�SHUIRUPHG�LQ�VHYHUDO
VWHSV��7KHVH�PHWKRGV�DUH�ZULWWHQ�ZLWK�WKH�JRDO�RI�KLGLQJ�WKH�%OXHWRRWK�VSHFLILF�SDUWV�IURP
WKH�XVHU�

�� /RJLFDO�/LQN�&RQWURO�DQG�$GDSWDWLRQ�3URWRFRO��/�&$3
7KH�OD\HU�DGGV�WKH�IXQFWLRQDOLW\�WR�VHQG�GDWD�SDFNDJHV�RYHU�D�%OXHWRRWK�FKDQQHO��)RU�PRUH
LQIRUPDWLRQ�RQ�WKH�/�&$3�OD\HU�VH�DSSHQGL[�)�6HFWLRQ���

�� +RVW�&RQWUROOHU�,QWHUIDFH��+&,

$3,

$SSOLFDWLRQ

&RQWURO/D\HU

/�&$3

+&,

56���

'RXEOH�GLUHFWLRQ
UHIHUHQFH
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7KH� OD\HU� DGGV� WKH� JHQHUDO� IXQFWLRQDOLW\� RI� FRPPXQLFDWLRQ� ZLWK� WKH� %OXHWRRWK� KRVW
FRQWUROOHU���7KH�%OXHWRRWK�KRVW�FRQWUROOHU�LV�DFFHVVHG�WKURXJK�WKH�+&,�OD\HU��7KH�OD\HU�LV
DOVR�GLYLGLQJ�LQFRPLQJ�SDFNDJHV�LQ�WZR�FDWHJRULHV��'DWD�SDFNDJHV�DUH�VHQW�WR�WKH�/�&$3
OD\HU�DQG�HYHQW�SDFNDJHV�WR�WKH�&RQWURO/D\HU��)RU�PRUH�LQIRUPDWLRQ�RQ�WKH�+&,�OD\HU�VHH
$SSHQGL[�)�6HFWLRQ���

�� 56���
7KH� FODVV� HVWDEOLVKHV� FRPPXQLFDWLRQ� ZLWK� D� VHULDO� &20� SRUW�� 7KH� E\WH� VWUHDP� WKDW� LV
UHFHLYHG�IURP�WKH�VHULDO�SRUW� LV� UHDVVHPEOHG� LQWR�GDWD�RU�HYHQW�SDFNDJHV��DQG�VHQW� WR� WKH
+&,� OD\HU�� 'DWD� RU� FRPPDQG� SDFNDJHV� WKDW� DUH� UHFHLYHG� IURP� WKH� +&,� OD\HU�� DUH
WUDQVPLWWHG�RYHU�WKH�VHULDO�&20�SRUW�

������$SSOLFDWLRQ�3URJUDPPDEOH�,QWHUIDFH��$3,

7KH� DSSOLFDWLRQ� LPSOHPHQWV� WKH�$3,�� 7KLV�PHDQV� WKDW� WKH� DSSOLFDWLRQ� KDV� WR� LPSOHPHQW� WKH
IROORZLQJ�PHWKRGV��ZKLFK�DUH�FDOOHG�XSRQ�E\�WKH�VWDFN�

�� YRLG�UHFHLYH'DWD�E\WH>@�GDWD�LQW�SRV�
7KH�PHWKRG�LV�FDOOHG�HDFK�WLPH�D�GDWD�SDFNDJH�LV�UHFHLYHG��7KH�LQWHJHU�YDULDEOH�SRV�SRLQWV
WR�WKH�ILUVW�GDWD�E\WH�LQ�WKH�YHFWRU�GDWD�

�� YRLG�UHFHLYH(YHQW�E\WH>@�HYHQW�
7KH�PHWKRG�LV�FDOOHG�HDFK�WLPH�WKH�VWDFN�UHFHLYHV�DQ�HYHQW�IURP�WKH�KRVW�FRQWUROOHU�WKDW�LW
GRHV�QRW�XQGHUVWDQG��7KH�XVHU�VKRXOG�ZULWH�WKH�HYHQW�WR�D�GHEXJ�ZLQGRZ�

�� YRLG�%7)RXQG�E\WH>@�DGUHVV�
7KLV�PHWKRG� LV�FDOOHG� IRU�HDFK�UHPRWH�GHYLFH� IRXQG�GXULQJ� LQTXLU\��7KH�YHFWRU�FRQWDLQV
WKH�XQLTXH�%OXHWRRWK�DGGUHVV�RI�WKH�UHPRWH�GHYLFH�

�� YRLG�FRQQHFWLRQ,V&ORVHG�E\WH>@�EW$GUHVV�
7KLV�PHWKRG�LV�FDOOHG�LI�WKH�UHPRWH�GHYLFH�FORVHV�WKH�FRQQHFWLRQ

�� YRLG�VWDFN,QIRUPDWLRQ�6WULQJ�W�
'XULQJ� VWDFN� H[HFXWLRQ� WKLV� PHWKRG� LV� FDOOHG� ZLWK� DQ� H[SODLQLQJ� WH[W�� 7KH� PHWKRG� LV
HVVHQWLDO�IRU�ERWK�GHEXJJLQJ�UHDVRQV�DQG�NQRZOHGJH�RI�WKH�ZRUN�EHLQJ�GRQH�LQ�WKH�VWDFN�
7KH�WH[W�VWDUWV�ZLWK��³,��!´�IRU�LQIRUPDWLRQ�PHVVDJHV�DQG�³(��!´�IRU�HUURU�PHVVDJHV�

�� YRLG�UHFHLYH566,�E\WH�YDOXH�
7KH� XVHU� FDQ� FDOO� WKH� VWDFN� DQG� DVN� IRU� WKH� VWUHQJWK� RI� WKH� UDGLR� FRQQHFWLRQ�� 7KH� VWDFN
UHWXUQV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PHDVXUHG�5HFHLYHG�6LJQDO�6WUHQJWK�,QGLFDWLRQ��566,�
DQG�WKH�GHVLUHG�566,�RI�WKH�UDGLR��5DQJH�±����� �YDOXH�� ����ZLWK�WKH�XQLW�G%�

7KH�IROORZLQJ�PHWKRGV�DUH�ORFDWHG�LQ�WKH�&RQWURO/D\HU�DQG�DUH�WKH�IXQFWLRQDOLW\�JDLQHG�IURP
WKH�VWDFN�

�� ERROHDQ�LQLW��
7KH� PHWKRG� LV� EORFNLQJ� DQG� UHWXUQV� WUXH� LI� %OXHWRRWK� LQLWLDOL]DWLRQ� ZDV� D� VXFFHVV�
RWKHUZLVH�IDOVH��,I�WKH�%OXHWRRWK�KRVW�FRQWUROOHU�LV�QRW�SURSHUO\�DWWDFKHG�WR�WKH�VHULDO�SRUW�
RU� LI� WKH�KRVW�FRQWUROOHU�KDUGZDUH� LV�QRW� LQ�UHVHW�PRGH�� WKH� WKUHDG�ZLOO�QHYHU� UHWXUQ��7KH
PHWKRG�FDQ�EH�FDOOHG�PXOWLSOH�WLPHV�GXULQJ�LQLWLDOL]DWLRQ��UHWXUQLQJ�DOO�WKUHDGV�LQ�FDVH�RI�D
VXFFHVV�
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�� ERROHDQ�LQTXLU\��
7KH�PHWKRG�LV�EORFNLQJ�DQG�UHWXUQV�WUXH�LI�%OXHWRRWK�LQTXLU\�ZDV�D�VXFFHVV�RWKHUZLVH
IDOVH��)RU�HDFK�IRXQG�UHPRWH�%OXHWRRWK�GHYLFH�WKH�VWDFN�FDOOV�%WIRXQG��7KH�LQTXLU\�OHQJWK
LV�����VHFRQGV�DQG�WKH�WKUHDG�LV�DOZD\V�UHWXUQHG�DIWHU�WKDW�WLPH�SHULRG�

�� E\WH>@�FUHDWH&RQQHFWLRQ�E\WH>@�DGUHVV�
7KH� PHWKRG� LV� EORFNLQJ� DQG� UHWXUQV� WKH� FKDQQHO� LGHQWLILHU� �&,'��� 7KH� &,'� LV� XVHG� WR
VSHFLI\�WKH�XQLTXH�GDWD�FKDQQHO��7KH�UHWXUQ�YHFWRU�LV�WZR�E\WHV�ORQJ�DQG�ZLOO��LI�D�FKDQQHO
ZDV�HVWDEOLVKHG��KDYH�D�YDOXH�QRW�HTXDO�WR�]HUR��7KH�LQSDUDPHWHU�LV�WKH�%OXHWRRWK�DGGUHVV
RI�WKH�UHPRWH�GHYLFH�
���$�UHPRWH�GHYLFH�FDQQRW�EH�FRQQHFWHG�LI�LW�LV�QRW�IRXQG�GXULQJ�DQ�LQTXLU\��DQG�WKH�LQTXLU\
PXVW�EH�FRPSOHWHG�EHIRUH�LW�WULHV�WR�FRQQHFW��$IWHU�LQTXLU\�WKH�UHPRWH�GHYLFH�LV�VWRUHG�LQ
WKH� VWDFN� DQG� FDQ� WKHQ� EH� FRQQHFWHG� ZLWKRXW� DQ\� IXUWKHU� LQTXLULHV�� ,I� WKH� %OXHWRRWK
FRQWUROOHU�KDV�QRW�UHFHLYHG�DQ�DQVZHU�ZLWKLQ������VHFRQGV��LW�ZLOO�WLPHRXW�DQG�WKH�WKUHDG
ZLOO�EH�UHWXUQHG�

�� YRLG�VHQG'DWD�E\WH>@�&,'�E\WH>@�GDWD�
7KH� PHWKRG� VHQGV� GDWD� SD\ORDG� RYHU� WKH� FUHDWHG� FKDQQHO�� ,I� DQ\� HUURU� RFFXUV� ZKLOH
WUDQVPLWWLQJ�WKH�GDWD��WKH�PHWKRG�VWDFN,QIRUPDWLRQ�ZLOO�EH�FDOOHG�ZLWK�DQ�HUURU�PDVVDJH�

�� YRLG�FORVH&RQQHFWLRQ�E\WH>@�EW$GUHVV�
7KH�PHWKRG�FORVHV�WKH�FRQQHFWLRQ�ZLWK�D�VSHFLILF�UHPRWH�GHYLFH�

�� YRLG�UHDG566,�E\WH>@�EW$GUHVV�
7KH� PHWKRG� PHDVXUHV� WKH� UDGLR� VLJQDO� VWUHQJWK� RI� WKH� FRQQHFWLRQ�� 7KH� YDOXH� LV� WKHQ
FRPSDUHG� ZLWK� WKH� LGHDO� UDGLR� VLJQDO� VWUHQJWK� DQG� UHWXUQHG� ZLWK� D� FDOO� WR� WKH� PHWKRG
UHFHLYH566,�

�� UHVHW��
7KH�PHWKRG�LQYRNHV�VRIWZDUH�UHVHW�RQ�WKH�%OXHWRRWK�FRQWUROOHU�

������,PSOHPHQWDWLRQ

7KH�LPSOHPHQWDWLRQ�EHVLGH�IURP�WKH�$3,�EHORZ�LV�IRXQG�LQ�$SSHQGL[�'�

LQWHUIDFH�$3,�^

���%OXHWRRWK�VWDFN�WR�DSSOLFDWLRQ
YRLG�UHFHLYH'DWD�E\WH>@�GDWD�LQW�SRV��
YRLG�UHFHLYH(YHQW�E\WH>@�HYHQW��
YRLG�%7)RXQG�E\WH>@�DGUHVV��
YRLG�FRQQHFWLRQ,V&ORVHG�E\WH>@�EW$GUHVV��
YRLG�VWDFN,QIRUPDWLRQ�6WULQJ�W��
YRLG�UHFHLYH566,�E\WH�YDOXH��

�



��0HWKRGV�WKDW�WKH�DSSOLFDWLRQ�FDQ�FDOO�LQ�WKH�%OXHWRRWK�VWDFN

�ERROHDQ�LQLW��� ���EORFNLQJ�FDOO

�ERROHDQ�LQTXLU\��� ���EORFNLQJ�FDOO

�E\WH>@�FUHDWH&RQQHFWLRQ�E\WH>@�DGUHVV�� ���EORFNLQJ�FDOO

�VHQG'DWD�E\WH>@�&,'�E\WH>@�GDWD��

�FORVH&RQQHFWLRQ�E\WH>@�EW$GUHVV��
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�UHDG566,�E\WH>@�EW$GUHVV��

�UHVHW��� ���VRIWZDUH�UHVHW�RI�%OXHWRRWK�KRVW�FRQWUROOHU

�

`

������7HVWV

$OO�IXQFWLRQDOLW\�SURYLGHG�E\�WKH�$3,�ZDV�WHVWHG�DQG�LV�ZRUNLQJ�

������)XWXUH�,PSURYHPHQWV

$� IXWXUH� LPSURYHPHQW� LV� WR� LPSOHPHQW� WKH� VWDFN� DFFRUGLQJ� WR� WKH� *HQHULF� $FFHVV� 3URILOH
�*$3���ZKLFK� LV� VSHFLILHG� E\� WKH�%OXHWRRWK� VSHFLILFDWLRQ� ����%� >�@��:KHQ� WKLV� LV� GRQH� WKH
VRIWZDUH� FDQ� EH� WHVWHG� DQG� TXDOLILHG� DV� D�%OXHWRRWK� SURGXFW��7KH� HVWLPDWHG� WLPH� IRU� WKLV� LV
DURXQG�IRXU�ZHHNV�

������'HYHORSPHQW�(QYLURQPHQW

7KH�VRIWZDUH�ZDV�GHYHORSHG�RQ�DQ�RUGLQDU\�3&�XVLQJ�WKH�-DYD�YLUWXDO�PDFKLQH�YHUVLRQ������
>��@�� $FFHVV� WR� WKH� VHULDO� SRUW� ZDV� JDLQHG� IURP� WKH� H[WHQVLRQ� FODVVHV� IRXQG� LQ� WKH� VHULDO
FRPPXQLFDWLRQ�SDFNDJH�-$9$&20�>��@�

����6RIWZDUH�LQ�6ODYH

7KH�VRIWZDUH�ZDV�LPSOHPHQWHG�LQ�$16,�&�DQG�WKHQ�GRZQORDGHG�LQWR�WKH�IODVK�PHPRU\�RI�RXU
PLFUR�FRQWUROOHU��7KH�SURJUDP�FRQWDLQV� ILYH�GLIIHUHQW� ILOHV� WKDW� DUH�FRPSLOHG� WRJHWKHU��7KH\
KDYH�DOO�ZHOO�VHSDUDWHG�IXQFWLRQV�DQG�SURYLGH�HDFK�RWKHU�ZLWK�KDUGZDUH�LQGHSHQGHQW�VHUYLFHV�

7KH�VRIWZDUH�LV�YHU\�JHQHUDO�DQG�FDQ�FRQWURO�PDQ\�W\SHV�RI�SURFHVVHV��,W�FDQ�VLPXOWDQHRXVO\
EH� XVHG� IRU� VDPSOLQJ� LQSXWV� DQG� VHWWLQJ� RXWSXWV�� )RU� IXUWKHU� LQIRUPDWLRQ� RQ� WKH� LQSXWV� DQG
RXWSXWV� VHH� 6HFWLRQ� ����� 7KH� GDWD� PHDVXUHG� DW� WKH� LQSXWV� DUH� VHQW� RYHU� WKH� %OXHWRRWK
FRPPXQLFDWLRQ�FKDQQHO�LQ�RQH�SDFNDJH�DW�D�XVHU�GHILQHG�VDPSOH�SHULRG��7KH�VDPSOH�SHULRG�LV
XVHU� GHILQHG� EHWZHHQ� ������ PLOOLVHFRQGV�� $OO� RXWSXWV� DUH� XSGDWHG� HDFK� WLPH� D� YDOLG� GDWD
SDFNDJH�LV�UHFHLYHG��7KH�SURWRFRO�IRU�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GDWD�SDFNDJHV�LV�GHVFULEHG�LQ
FKDSWHU���

7KH�JHQHUDO�IXQFWLRQDOLW\�RI�WKH�VRIWZDUH�LV�LOOXVWUDWHG�LQ�)LJXUH������7KH�PLFUR�FRQWUROOHU� LV
LQWHUUXSW�GULYHQ�DQG�VHWV�GLIIHUHQW�VWDWXV�IODJV�GHSHQGLQJ�RQ�WKH�LQWHUUXSW� W\SH��7KH�GLIIHUHQW
LQWHUUXSWV� FDQ� EH� LQGLYLGXDOO\� VKXW� RII�� EXW� WKH� VWDWXV� IODJV� DUH� VWLOO� UDLVHG�� 7KLV� DOORZV� WKH
GHYHORSHU�WR�XVH�ERWK�SROOLQJ�DQG�LQWHUUXSWV�
���7KH�VRIWZDUH� LQ� WKH� VODYH�XVHV�GLIIHUHQW� VWDWXV� IODJV� WR�NHHS� WUDFN�RI� LQWHUQDO� DQG�H[WHUQDO
DFWLRQV�� $Q� LQWHUUXSW� VXEURXWLQH� LV� FDOOHG� IRU� HYHU\� JHQHUDWHG� LQWHUUXSW�� 7KH� VXEURXWLQH
LQYHVWLJDWHV� WKH� LQWHUUXSW� DQG� VHWV� GLIIHUHQW� VWDWXV� IODJV� GHSHQGLQJ� RQ� WKH� RULJLQ�� 7KH�PDLQ
WKUHDG�LV�SROOLQJ�D�JHQHUDO�HYHQW�IODJ�WKDW�LV�UDLVHG�GXULQJ�DQ�LQWHUUXSW��VXFK�DV�WKH�UHFHLYLQJ�RI
D�GDWD�SDFNDJH��$IWHU�WKH�JHQHUDO�HYHQW�IODJ�LV�UDLVHG��WKH�PDLQ�WKUHDG�LQYHVWLJDWHV�RWKHU�IODJV
WR�HVWDEOLVK�WKH�UHDVRQ�RI�WKH�HYHQW��DQG�WDNH�DSSURSULDWHO\�DFWLRQ�
���$FWLRQV� WKDW� DUH� WDNHQ� E\� WKH� PDVWHU� WKUHDG� DUH� GRQH� E\� SROOLQJ�� $Q� H[DPSOH� LV� WKH
WUDQVPLVVLRQ�RI�GDWD�WR�WKH�%OXHWRRWK�KRVW�FRQWUROOHU��ZKLFK�LV�GRQH�E\WH�E\�E\WH��$�UHJLVWHU�LV
ORDGHG�ZLWK�WKH�E\WH�DQG�D�VSHFLDO�VWDWXV�IODJ�LV�SROOHG��:KHQ�WKH�IODJ�LV�FKDQJHG�WKH�UHJLVWHU
KDV�VHQW�WKH�E\WH�DQG�LV�UHDG\�WR�WUDQVPLW�WKH�QH[W�RQH�
���$Q�LQWHUUXSW�WKDW�RFFXUV�GXULQJ�H[HFXWLRQ�LQ�WKH�LQWHUUXSW�VXEURXWLQH�LV�ORVW��VR�LW�LV�HVVHQWLDO
WR�NHHS�WKH�LQWHUUXSW�VXEURXWLQH�DV�VPDOO�DV�SRVVLEOH�



,PSOHPHQWLQJ�D�:LUHOHVV�,�2�XQLW�XVLQJ�%OXHWRRWK70

������

)LJXUH������7KH�)LJXUH�LOOXVWUDWHV�WKH�JHQHUDO�IXQFWLRQDOLW\�RI�WKH�VRIWZDUH�LQ�WKH�VODYH��7KH�VRIWZDUH�VDPSOHV�LWV

LQSXWV� DW� D� XVHU� VHW� VDPSOH� SHULRG� DQG� XSGDWHV� LWV� RXWSXWV�� 7KH� LQSXWV�RXWSXWV� GDWD� LV� SURSDJDWHG� RYHU� WKH

%OXHWRRWK�FKDQQHO��$OO�WKH�ORJLF�RI�WKH�VRIWZDUH�LV�ORFDWHG�LQ�WKH�PDLQ�WKUHDG�

([WHUQDO�HYHQWV�DUH�GHWHFWHG�E\�WKH�LQWHUUXSW�VXEURXWLQH��ZKLFK�XSRQ�GHWHFWLRQ�RI�DQ�HYHQW�VHWV�WKH�FRUUHFW�VWDWXV

IODJ��7KH�PDLQ�WKUHDG�LV�SROOLQJ�WKH�VWDWXV�IODJV�DQG�WDNHV�WKH�DSSURSULDWH�DFWLRQ�ZKHQ�LW�VHHV�D�UDLVHG�IODJ��7KH

LQWHUUXSW�VXEURXWLQH�VWRUHV�LQFRPLQJ�E\WH�RI�WKH�%OXHWRRWK�FKDQQHO�LQ�D�JHQHUDO�EXIIHU�DQG�VHWV�WKH�QHZ�SDFNDJH

VWDWXV�IODJ�ZKHQ�LW�KDV�UHFHLYHG�D�ZKROH�SDFNDJH�

+XPDQ�LQWHUDFWLRQ�ZLWK�WKH�VRIWZDUH�LV�SURYLGHG�E\�D�EOXH�IODVK�GLRGH�RQ�WKH�%&&�FDUG��7KLV
GLRGH� IODVKHV� WHQ� WLPHV�DIWHU�D�KDUGZDUH� UHVHW�� ,I� D�QRW� UHSDLUDEOH� VRIWZDUH�HUURU�RFFXUV�� WKH
GLRGH�ZLOO�VWDUW�IODVKLQJ��LQGLFDWLQJ�WKH�QHHG�RI�KDUGZDUH�UHVHW��,I�WKH�VODYH�FRQQHFWV�WR�DQRWKHU
UHPRWH� %OXHWRRWK� GHYLFH�� WKH� GLRGH� ZLOO� EH� WXUQHG� RQ�� 7XUQLQJ� WKH� GLRGH� RII� LQGLFDWHV� WKH
FORVLQJ�RI�WKH�FRQQHFWLRQ�

7KH� VRIWZDUH� VWDFN� LV� MXVW� D� SURWRW\SH� DQG� KDV� QR� FODLP� RI� IROORZLQJ� WKH� %OXHWRRWK
VSHFLILFDWLRQ�����%� >�@��7KH�PDLQ� UHDVRQ� IRU� WKLV� LV� WKH� WLPH� FRQVWUDLQW� LQ� WKH�PDVWHU� WKHVLV
SURMHFW�

������'HVLJQ

)LJXUH�����VKRZV�KRZ�WKH�VRIWZDUH�LV�GLYLGHG�LQ�GLIIHUHQW�ILOHV�

)LJXUH������7KH�)LJXUH�LOOXVWUDWHV�WKH�VWUXFWXUH�RI�WKH�VRIWZDUH�LQ�WKH�VODYH��7KH�VRIWZDUH�VROXWLRQ�LV�GLYLGHG�LQ

ILYH�GLIIHUHQW�ILOHV��7KH�SURJUDP�VWDUWV�LQ�0DLQ�F�ZKHUH�WKH�LQLWLDOLVDWLRQ�RI�WKH�%OXHWRRWK�FKDQQHO�DOVR�LV�GHILQHG�

7KH�ILOH�+FL�F�FRQWDLQV�DOO�%OXHWRRWK�VSHFLILF�LQIRUPDWLRQ�DQG�SURYLGHV�WKH�RWKHU�ILOHV�ZLWK�%OXHWRRWK�LQGHSHQGHQW

VHUYLFHV�� ,VU�F� FRQWDLQV� WKH� LQWHUUXSW� VXEURXWLQH�DQG�$SSOLFDWLRQ�F� WKH� ORJLF�RI� WKH� VRIWZDUH�� 7KH� ILOH�*OREDO�K

GHILQHV�DOO�JOREDO�YDULDEOH�DQG�PHWKRGV�DQG�LV�LQFOXGHG�LQ�WKH�RWKHU�ILOHV�

)LOH�GHVFULSWLRQ

�� *OREDO�K
7KH� ILOH�FRQWDLQV�D� OLVW�RI� DOO�JOREDO�YDULDEOHV�� IXQFWLRQV�DQG�PDFUR�YDULDEOHV��7KH�RWKHU
ILOHV�LQFOXGH�WKLV�ILOH�

0DLQ�F

*OREDO�K

+FL�F ,VU�F $SSOLFDWLRQ�F

0DLQ�WKUHDG ,QWHUUXSW�VXEURXWLQH

6WDWXV�IODJV
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�� 0DLQ�F
7KH�SURJUDP�H[HFXWLRQ�VWDUWV�LQ�WKLV�ILOH��,W�FRQWDLQV� WKH�LQLWLDOL]DWLRQ�FRGH�IRU� WKH�PLFUR
FRQWUROOHU�� %OXHWRRWK� FRQWUROOHU� DQG� WKH� DSSOLFDWLRQ�� 7KH� ILOH� +FL�F� SURYLGHV� WKH
LQLWLDOL]DWLRQ� IXQFWLRQDOLW\� RI� WKH� %OXHWRRWK� FRQWUROOHU��0DLQ�F� DOVR� FUHDWHV� WKH� GLIIHUHQW
VWDWXV�IODJV�DQG�PRVW�JOREDO�YDULDEOHV�XVHG�LQ�WKH�SURJUDP�

�� +FL�F
7KH� ILOH� FRQWDLQV� DOO� %OXHWRRWK� KDUGZDUH� GHSHQGHQFLHV�� ,QLWLDOL]DWLRQ� RI� WKH� %OXHWRRWK
FRQWUROOHU�LV�GRQH�ZLWK�GLIIHUHQW�IXQFWLRQ�FDOOV��7KH�FDOOV�DUH�EORFNHG�DQG�DUH�QRW�UHWXUQHG
XQWLO�WKH�%OXHWRRWK�FRQWUROOHU�KDV�DQVZHUHG�ZLWK�DQ�HYHQW�WKDW�LQGLFDWHV�WKH�VXFFHVV�RI�WKH
FRPPDQG��7KH�ILOH�DOVR�SURYLGHV�WKH�VHUYLFH�RI�VHQGLQJ�GDWD�RYHU�DQ�/�&$3�FKDQQHO��$
IXQFWLRQ� FDOO� IRU� VHQGLQJ� D� GDWD� SDFNDJH� LV� EORFNHG� DQG� WKH� FDOO� LV� UHWXUQHG� ZKHQ� WKH
SDFNDJH�LV�WUDQVPLWWHG�

�� ,VU�F
7KLV�ILOH�KDQGOHV�DOO�PLFUR�FRQWUROOHU�LQWHUUXSWV��7KH�ILOH�LQYHVWLJDWHV�WKH�LQWHUUXSWV�DQG�VHWV
GLIIHUHQW�VWDWXV�IODJV��7KH�GHFLVLRQ�RQ�ZKDW�DFWLRQ�WR�WDNH�EDVHG�RQ�WKH�LQWHUUXSW�LV�WKHQ�OHIW
WR�WKH�DSSOLFDWLRQ��7KH�LQWHUUXSWV�WKDW�DUH�XVHG�DUH�UHFHLYHG�E\WH�LQWHUUXSW�IURP�%OXHWRRWK
FRQWUROOHU� RQ�86$57�� WKUHH� GLIIHUHQW� WLPHU� LQWHUUXSWV�� GLJLWDO� LQSXW� LQWHUUXSW� DQG� 6HULDO
3HULSKHUDO�,QWHUFRQQHFW��63,��LQWHUUXSW�

�� $SSOLFDWLRQ�F
7KH�ILOH�FRQWDLQV�DOO�ORJLF�EDVHG�XSRQ�GLIIHUHQW�LQWHUUXSWV��7KH�DSSOLFDWLRQ�LQYHVWLJDWHV�WKH
VWDWXV� IODJV� LQ� D� SULRULW\� RUGHU��ZLWK� WKH� JRDO� RI�PLQLPL]LQJ� WKH� ULVN� RI� RYHUZULWLQJ� ROG
LQWHUUXSW�GDWD�

������6\QFKURQL]DWLRQ

$OO� GDWD� WR� WKH� GLIIHUHQW� RXWSXWV� DUH� JXDUDQWHHG� WR� EHORQJ� WR� WKH� VDPH� GDWD� SDFNDJH�� ,I
LQFRPLQJ� GDWD� FRUUXSWV� DQ� ROG� QRW� KDQGOHG� SDFNDJH�� WKH� ROG� SDFNDJH� LV� WKURZQ� DZD\�� 7KLV
VROXWLRQ� LV� HVVHQWLDO� LI� GDWD� VWUXFWXUH� ODUJHU� WKDQ� WZR� E\WHV� DUH� XVHG� DQG� JXDUDQWHHV� DWRPLF
GDWD�

7KH�V\VWHP�FORFN�LQ�WKH�PLFUR�FRQWUROOHU�LV�UXQQLQJ�DW��������0K]�DQG�WKH�WLPH�WR�H[HFXWH�RQH
LQVWUXFWLRQ� LV� RQH� PLFURVHFRQG�� 7KH� PDLQ� PHFKDQLVP� IRU� WKH� V\QFKURQL]DWLRQ� LV� WKDW� DOO
H[WHUQDO�HYHQWV�DUH�PXFK�VORZHU�WKDQ�WKH�V\VWHP�FORFN��7KH�LQWHUUXSW�URXWLQH�LV�VKRUW�DQG�FDQ
YHU\�RIWHQ�H[HFXWH�WKH�LQWHUUXSW�EHIRUH�WKH�QH[W�KDSSHQV��0XOWLSOH�LQWHUUXSW�IODJV�FDQ�EH�VHW�
���7KHUH�DUH�WZR�ZD\V�WR�ORVH�DQ�LQWHUUXSW��7KH�ILUVW�LV�LI�WKH�V\VWHP�GRHV�QRW�KDYH�WLPH�WR�GHDO
ZLWK�DQ�H[LVWLQJ�LQWHUUXSW��EHIRUH�DQRWKHU�ZLWK�WKH�VDPH�RULJLQ�RFFXUV��7KH�RWKHU�ZD\�LV�WKDW
WZR�LQWHUUXSWV�RFFXU�ZKHQ�DOUHDG\�H[HFXWLQJ�LQ�WKH�LQWHUUXSW�VXEURXWLQH�
����7KH� V\VWHP� LV� GHDGORFN� IUHH��$OWKRXJK� WKH� V\VWHPV�GR�QRW� KDYH� WLPH� WR� WDNH� DSSURSULDWH
DFWLRQ� RQ� DOO� LQFRPLQJ� LQWHUUXSWV�� WKH� ROG� LQWHUUXSW� DQG� GDWD� DUH� UHSODFHG� ZLWK� WKH� PRVW
UHFHQWO\�UHFHLYHG��7KH�H[HFXWLRQ�RI�WKH�LQWHUUXSW�URXWLQH�LV�PXFK�IDVWHU�WKHQ�WKH�RFFXUUHQFH�RI
WZR�LQWHUUXSWV�ZLWK�WKH�VDPH�RULJLQ�

����7KH� UHFHLYHG�E\WHV� IURP� WKH�%OXHWRRWK�KRVW� FRQWUROOHU� DUH� VWRUHG� LQWHUQDOO\� LQ� D� WZR�E\WH
ODUJH�),)2�TXHXH��7KHVH�E\WHV�DUH�FRSLHG�WR�WKH�UHFHLYHU�EXIIHU�LQ�WKH�LQWHUUXSW�URXWLQH��7KH
LQWHUUXSW�URXWLQH�VHWV�D�VWDWXV�IODJ�ZKHQ�LW�KDV�GHWHFWHG�D�ZKROH�SDFNDJH��7KLV�VROXWLRQ�EDVHG
RQ�WKH�LQFRPLQJ�ORZ�VSHHG�RI������NELW�V��JXDUDQWHHV�WKDW�QR�E\WHV�DUH�PLVVHG�
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���$�ODUJHU�SUREOHP�LV�WKH�RFFXUUHQFH�RI�FRUUXSWHG�E\WHV�EHWZHHQ�SDFNDJHV��DQG�WKH������ODUJH
HUURU�SUREDELOLW\��LPSRVHG�E\�WKH�PLFUR�FRQWUROOHU��RI�WKH�UHFHLYHU�FKDQQHO��86$57���7KH�YHU\
KLJK�HUURU�SUREDELOLW\�GHSHQGV�RQ�WKDW�WKH�FKRVHQ�VSHHG�LV�WKH�KLJKHVW�VXSSRUWHG�E\�WKH�PLFUR
FRQWUROOHU��7KH�FRUUXSW�E\WHV�DUH�HDV\�WR�GHWHFW�DQG�UHPRYH��EXW�WKH�HUURU�SUREDELOLW\�FDQ�OHDG
WR�WKH�ORVV�RI�V\QFKURQL]DWLRQ�RI�GDWD�DQG�HYHQW�SDFNDJHV��7KH�ODUJHVW�SDFNDJH�WKDW�WKH�V\VWHP
H[SHFWV�LV����E\WHV��5HFRJQL]LQJ�ZKHQ�WRR�PDQ\�E\WHV�DUH�UHFHLYHG�VROYHV�WKH�V\QFKURQL]DWLRQ
SUREOHP��7KH� V\VWHP� WKHQ� UHV\QFKURQL]HV�E\� VHDUFKLQJ� IRU� WKH� VWDUW� E\WH� LQ� D� GDWD� RU� HYHQW
SDFNDJH��7KH�V\VWHP�KDV�QR�GRXEOH�EXIIHULQJ��GXH�WR�WKH�ODFN�RI�PHPRU\��RI�LQFRPLQJ�E\WHV
DQG�FDQ�ORRVH�%OXHWRRWK�SDFNDJHV�ZKHQ�QRW�V\QFKURQL]HG��7KH�ORRVLQJ�RI�V\QFKURQL]DWLRQ�KDV
EHHQ� WHVWHG�DQG�KDV�VKRZQ� WR�EH�RI�QR� UHDO�SUREOHP��$�ELJJHU�DQG�XQVROYHG�SUREOHP�LV� WKH
FRUUXSWLRQ�RI�GDWD�RQ�WKH�86$57�FKDQQHO�WKDW�WKH�KLJK�HUURU�SUREDELOLW\�LPSRVHV�

������,PSOHPHQWDWLRQ

7KH�LPSOHPHQWDWLRQ�LV�IRXQG�LQ�$SSHQGL[�&�

������7HVWV

$OO� IXQFWLRQDOLW\� LV�ZRUNLQJ� DQG� LV� WHVWHG�ZLWK� WKH� H[FHSWLRQ� RI� WKH� 63,� LQSXW��%XW� WKH� 63,
LQSXW� LV� LPSOHPHQWHG� DQG�KDV�SDVVHG�GLIIHUHQW� FRGH� UHYLHZV��7KH� UHDVRQ� IRU� WKLV� LV� WKDW� WKH
IXQFWLRQDOLW\�RI�WKH�DSSOLFDWLRQ�LQ�WKH�PDVWHU�WKHVLV�SURMHFW�FKDQJHG�GXULQJ�WKH�GHYHORSPHQW�
7KH� LGHD� ZDV� WR� DWWDFK� DQ� XOWUD� VRXQG� SRVLWLRQ� VHQVRU� WR� WKH� 63,� LQSXW�� 7KH� VHQVRU� ZDV
GHYHORSHG�E\�RWKHUV�DQG�FRXOG�QRW�EH�GHYHORSHG�ZLWKLQ�WKH�PDVWHU�WKHVLV�SURMHFW¶V�WLPH�SODQ�

������)XWXUH�,PSURYHPHQWV

$� IXWXUH� LPSURYHPHQW� LV� WR� LPSOHPHQW� WKH� VWDFN� DFFRUGLQJ� WR� WKH� *HQHULF� $FFHVV� 3URILOH
�*$3���VSHFLILHG�LQ�WKH�%OXHWRRWK�VSHFLILFDWLRQ�����%�>�@��:KHQ�WKLV�LV�GRQH�WKH�VRIWZDUH�FDQ
EH� WHVWHG� DQG� TXDOLILHG� DV� D� %OXHWRRWK� SURGXFW�� 7KH� HVWLPDWHG� WLPH� IRU� WKLV� LV� DURXQG� ILYH
ZHHNV�

������'HYHORSPHQW�(QYLURQPHQW

7KH�VRIWZDUH�LV�GHYHORSHG�DQG�GHEXJJHG�LQ�WKH�0$3/$%�,&'�HQYLURQPHQW��0$3/$%�LV�WKH
PDLQ�GHYHORSPHQW� HQYLURQPHQW� IRU�PLFUR� FRQWUROOHUV� >��@��7KH� HPXODWRU� ,&'� LV� D� ORZ�FRVW
HPXODWRU�IRU�WKH�3,&)����IDPLO\��ZKLFK�RQO\�FRVWV������6.U��7KH�FRPSLOHU�XVHG�LV
+7�3,&� >��@�� DQG� WKLV� FRPSLOHU� LV� QRW� LQFOXGHG� LQ� 0$3/$%�,&'�� $� UDQJH� RI� GLIIUHQW
FRPSLOHV�FDQ�EH�XVHG�ZLWK�0$3/$%�,&'�

���&RPPXQLFDWLRQ�SURWRFRO
7KH�SURWRFRO�IRU�GDWD�SDFNDJHV�DOORZV�D�XVHU�WR�XSGDWH�DOO�RXWSXWV�RU�UHFHLYH�DOO�LQSXW�YDOXHV�LQ
RQH� SDFNDJH�� 7KH� VROXWLRQ� ILWV� LQ� RQH� %OXHWRRWK� SDFNDJH�� DQG� WKHUHE\�PD[LPL]HV� WKH� GDWD
VSHHG�� DQG� GHFUHDVHV� WKH� FRPSOH[LW\� RI� WKH� VRIWZDUH�� ,W� FRPSRVHV� QR� FRQVWUDLQ� WR� WKH� XVHU
IXQFWLRQDOLW\��RWKHU�WKHQ�XQFKDQJHG�RXWSXWV�KDYH�WR�EH�ZULWWHQ�WR�QHZ�SDFNDJHV��7KH�E\WHV�DUH
WUDQVPLWWHG�ZLWK� WKH�/HDVW�6LJQLILFDQW�%\WH� �/6%�� ILUVW��'DWD� ILHOGV� ELJJHU� WKHQ�RQH�E\WH� LV
DOVR�VHQW�/6%�ILUVW�

)LJXUH� ���� VKRZV� WKH� JHQHUDO� VWUXFWXUH� RI� D� GDWD� SDFNDJH�� 7KH�3D\ORDG� LV� XVHU� GHILQHG� DQG
FRQWUROV�WKH�%&&�FDUG��7KH�KHDG�LV�DGGHG�WR�WKH�SDFNDJH�LQ�WKH�VWDFN�DQG�LV�RI�QR�LQWHUHVW�WR
DSSOLFDWLRQV�XVLQJ�WKH�$3,�
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)LJXUH������7KH�)LJXUH�VKRZV�WKH�JHQHUDO�VWUXFWXUH�RI�D�GDWD�SDFNDJH�WKDW�LV�VHQW�IURP�PDVWHU�WR�VODYH�RU�VODYH

WR�PDVWHU��7KH�KHDG�LV�LOOXVWUDWHG�LQ�)LJXUH�����DQG�FRQWDLQV�%OXHWRRWK�VSHFLILF�LQIRUPDWLRQ�LQ�RUGHU�WR�SURSDJDWH

RQ�WKH�%OXHWRRWK�FKDQQHO��$OO�GDWD�LV�FRQWDLQHG�LQ�WKH�SD\ORDG�ILHOG�DQG�FDQ�EH�VHHQ�LQ�)LJXUH�����DQG�����

)LJXUH������7KH�)LJXUH�LOOXVWUDWHV�WKH�KHDG�SDUW�RI�D�GDWD�SDFNDJH��7KH�KHDG�LV�VHW�LQ�WKH�%OXHWRRWK�VWDFN�DQG�LV

KLGGHQ�WR�DQ\�DSSOLFDWLRQ�GHYHORSHU��7KH�ILUVW�ILYH�E\WHV�FRQWDLQ�LQIRUPDWLRQ�RI�WKH�+&,�OD\HU�DQG�WKH�ODVW�E\WHV

WKH�/�&$3�OD\HU�RI�WKH�%OXHWRRWK�VWDFN�

7KH�KHDG�LV�LOOXVWUDWHG�LQ�)LJXUH�����DQG�FRQVLVWV�RI�WKH�IROORZLQJ�E\WH�ILHOGV�

�� 3DFNDJH�W\SH
7KHUH�DUH�IRXU�W\SHV�RI�SDFNDJHV�VSHFLILHG�LQ�WKH�%OXHWRRWK�VSHFLILFDWLRQ�����%�

9DOXH 3DFNDJH�W\SH
�[�� &RPPDQG�SDFNDJH
�[�� 'DWD�SDFNDJH�RQ�D�$&/�FRQQHFWLRQ
�[�� 9RLFH�SDFNDJH�RQ�D�6&2�FRQQHFWLRQ
�[�� (YHQW�SDFNDJH

7KH�SDFNDJH�W\SH�XVHG�KHUH�LV�WKH�GDWD�SDFNDJH��[���

�� &RQQHFWLRQ�+DQGOH
7KH�%OXHWRRWK�FKDQQHO�EHWZHHQ�WZR�%OXHWRRWK�GHYLFHV��7KH�GDWD�ILHOG�LV����ELWV�ORQJ�

�� 3DFNHW�%RXQGDU\�IODJ��3%�
9DOXH 3DUDPHWHU�GHVFULSWLRQ
�� 5HVHUYHG�IRU�IXWXUH�XVH
�� &RQWLQXLQJ�)UDJPHQW�3DFNDJH�RI�+LJKHU�/D\HU�0HVVDJH
�� )LUVW�3DFNDJH�RI�+LJKHU�/D\HU�0HVVDJH��L�H��6WDUW�RI�DQ�/�&$3�SDFNDJH�
�� 5HVHUYHG�IRU�IXWXUH�XVH

7KH� VRIWZDUH�GRHV�QRW� VXSSRUW� WKH� VSOLWWLQJ�RI�GDWD� LQWR�PXOWLSOH�/�&$3�SDFNDJHV��7KH
ILHOG�LV���ELWV�ORQJ�DQG�LV�DOZD\V�VHW�WR��[���

�� %URDGFDVW�)ODJ��%&�
9DOXH 3DUDPHWHU�GHVFULSWLRQ
�� 1R�EURGFDVW�RQO\�SRLQW�WR�SRLQW�FRQQHFWLRQ
�� $FWLYH�%URDGFDVW��3DFNDJH�LV�VHQW�WR�DOO�DFWLYH�VODYHV

3DFNDJH�W\SH &RQQHFWLRQ�+DQGOH 7RWDO�GDWD�/HQJWK

/�&$3�GDWD�/HQJWK /�&$3�&KDQQHO��&,'�

%\WH������� �����%\WH� �����%\WH� ���������%\WH� ����������%\WH�

%&3%

/6%

+HDG���E\WHV

06%

3D\ORDG����E\WHV
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�� 3LFRQHW�%URDGFDVW��3DFNDJH�LV�VHQW�WR�VODYHV�LQFOXGLQJ�VODYHV�LQ�³3DUN�0RGH´
�� 5HVHUYHG�IRU�IXWXUH�XVH�

7KH�%OXHWRRWK�ILUPZDUH�IURP�(ULFVVRQ�VXSSRUWV�QRW�HLWKHU�3LFRQHWV�RU�EURDGFDVW��7KH�ILHOG
LV���ELWV�ORQJ�DQG�LV�DOZD\V�VHW�WR��[���

�� 7RWDO�GDWD�OHQJWK
7KH� WRWDO� GDWD� OHQJWK� VSHFLILHG� LQ� E\WHV� LQFOXGLQJ� WKH� /�&$3� GDWD� OHQJWK� DQG� FKDQQHO
ILHOGV�

�� /�&$3�GDWD�OHQJWK
7KH�WRWDO�OHQJWK�RI�WKH�SD\ORDG�LQ�E\WHV

�� /�&$3�FKDQQHO��&,'�
7KH�&,'�FKDQQHO��RI�WKH�FRQQHFWLRQ�

����0DVWHU�WR�VODYH

7KH�PD[LPXP�QXPEHU�RI�SDFNDJHV�SHU�VHFRQG�WKDW�WKH�PDVWHU�FDQ�VHQG�WR�WKH�VODYH�YDULHV
ZLWK�WKH�XVHU�VHW�VDPSOH�SHULRG�DW�WKH�VODYH��VHH�)LJXUH������7KLV�KDV�QRW�EHHQ�WHVWHG�LQ�WKH
PDVWHU�WKHVLV�SURMHFW�EXW�LV�GLVFXVVHG�LQ�WKH�WH[W�EHORZ�

$W�WKH�KLJKHVW�VSHHG�WKH�VODYH�VHQGV�RQH�SDFNDJH�HDFK���PLOOLVHFRQGV�WR�WKH�PDVWHU��6HQGLQJ�D
SDFNDJH�RYHU�56����LV�GRQH�DW������NELW�V�DQG�WDNHV�����PLOOLVHFRQGV��LQFOXGLQJ�WKH�VWRS�DQG
VWDUW� ELWV�� OHDYLQJ� WKH� SURFHVVRU� ����PLOOLVHFRQGV�ZKHQ� D� VDPSOH� SHULRG� RI� ��PLOOLVHFRQG� LV
XVHG��'XULQJ�WKH�����PLOOLVHFRQGV�������LQVWUXFWLRQ�F\FOHV��WKH�VODYH�KDV�WR�VDPSOH�LWV�LQSXWV
DQG�XSGDWH�LWV�RXWSXWV��5HFHLYLQJ�DQG�WUDQVPLWWLQJ�SDFNDJHV�FDQ�RFFXU�VLPXOWDQHRXVO\�
���,I� WKH�PDVWHU� WR�VODYH�SDFNDJH�UDWH� LV� WRR�KLJK�� WKH�VODYH�ZLOO�QRW�KDYH� WLPH� WR�XSGDWH�DQG
VDPSOH�LWV�RXWSXWV�LQSXWV�DQG�PHDQZKLOH�UHFHLYH�DQG�VHQG�E\WHV��7KH�XVHU�VHW�VDPSOH�SHULRG
ZLOO� VWDUW� YDU\LQJ�� DQG� UHFHLYHG� SDFNDJHV�ZLOO� EH� RYHUZULWWHQ� EHIRUH� WKH\� KDYH� XSGDWHG� WKH
RXWSXWV�

)LJXUH������7KH�)LJXUH�LOOXVWUDWHV�WKDW�WKH�PD[LPDO�GXDO�VSHHG�RI�WKH�V\VWHP�YDULHV�ZLWK�WKH�WLPLQJ�RI�WUDQVPLWWHG

DQG�UHFHLYHG�SDFNDJHV�LQ�WKH�VODYH��3DFNDJHV�DUH�UHFHLYHG�DQG�WUDQVPLWWHG�VLPXOWDQHRXVO\�DW�D�PD[LPXP�UDWH�RI

���� SDFNDJH�VHFRQG�� 7KH� WLPH� WR� XSGDWH� WKH� RXWSXWV� DQG� VDPSOH� WKH� LQSXWV� EHIRUH� WKH� QH[W� SDFNDJH� LV

WUDQVPLWWHG�UHFHLYHG�LV�DW�WKHVH�UDWH�����PLOOLVHFRQGV��$W�WKH�PD[LPXP�GDWD�SDFNDJH�UDWH�WKH�VDPSOH�SHULRG�FDQ

VWDUW�YDU\LQJ�GHSHQGLQJ�RQ�WKH�WLPLQJ��5HFHLYHG�SDFNDJHV�FDQ�DOVR�EH�RYHUZULWWHQ�EHIRUH�WKH\�KDYH�XSGDWHG�WKH

RXWSXWV�

����PV

��5HFHLYH
����7UDQVPLW

��PLOOLVHFRQGV��PV�

5HFHYLH�SDFNDJH
7UDQVPLW�SDFNDJH

����PV

8SGDWH
6DPSOH
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)LJXUH������7KH�)LJXUH�VKRZV�WKH�VWUXFWXUH�RI�D�PDVWHU�WR�VODYH�SDFNDJH��7KH�KHDG�LV�GHILQHG�LQ�)LJXUH�����DQG

WKH�SD\ORDG�LQ�)LJXUH�����

)LJXUH������7KH�)LJXUH� VKRZV� WKH�GDWD� FRQWDLQHG� LQ� WKH�SD\ORDG� ILHOG�RI� D�PDVWHU� WR� VODYH�GDWD�SDFNDJH�� VHH

)LJXUH������$QDORJ��DQG�$QDORJ��DUH�DQDORJXH�RXWSXWV�DW�WKH�VODYH��7KH�3:0�ILHOGV�GHILQH�WZR�3:0�RXWSXWV

DQG�WKH�VDPSOH�SHULRG�E\WH�LV�D�XVHU�GHILQHG�LQSXW�VDPSOH�UDWH� WKDW�FDQ�YDU\�EHWZHHQ�������PLOOLVHFRQGV��7KH

GLJLWDO�LQSXW�E\WH�HQDEOHV�RU�GLVDEOHV�WKH�GLJLWDO�LQSXW�

7KH�SD\ORDG�LV�LOOXVWUDWHG�LQ�)LJXUH�����DQG�FRQVLVWV�RI�WKH�IROORZLQJ�E\WH�ILHOGV�

�� $QDORJ�
7KLV�ILHOG�KDV����DFWLYH�ELWV���7KH�E\WHV�DUH�VHQW�/6%�ILUVW�DQG�FRQWURO�WKH�%&&¶V�RXWSXW
SLQ����,I�DOO�DFWLYH�ELWV�DUH�VHW�WR�]HUR�WKH�RXWSXW�ZLOO�EH���9��DQG�LI�DOO�DFWLYH�ELWV�VHW�WR�RQH
��9�

�� $QDORJ�
7KLV�ILHOG�KDV����DFWLYH�ELWV���7KH�E\WHV�DUH�VHQW�/6%�ILUVW�DQG�FRQWURO�WKH�%&&¶V�RXWSXW
SLQ����,I�DOO�DFWLYH�ELWV�DUH�VHW�WR�]HUR�WKH�RXWSXW�ZLOO�EH���9��DQG�LI�DOO�DFWLYH�ELWV�VHW�WR�RQH
��9�

7KH�UHODWLRQ�EHWZHHQ�3:0�SHULRG�DQG�GXW\�F\FOH�LV�LOOXVWUDWHG�LQ�)LJXUH����

�� 3:0�3HULRG
7KH�ILHOG�VHWV�WKH�SHULRG�OHQJWK�RI�WKH�3:0�RXWSXWV��7KH�RXWSXW�UDQJH�YDULHV�EHWZHHQ����
PLOOLVHFRQGV�LQ�����GLVFUHWH�LQWHUYDOV��3XOVH�:LGWK�0RGXODWLRQ�RXWSXW�LV�D�IHDWXUH�RI�WKH
PLFUR�FRQWUROOHU��ZKLFK�PHDQV�WKDW�WKH�RXWSXW�YDOXHV�RQ�%&&¶V�SLQ���DQG���DUH�H[DFW�DQG
ZLOO�QRW�YDU\�LQ�WLPH��QR�JOLWFKHV��7KH�SHULRG�WLPH�RI���PLOOLVHFRQGV�LV�DFKLHYHG�LI�WKH�E\WH
LV�VHW�WR��[IH�

�7KH�UDGLR�FDU�DSSOLFDWLRQ�QHHGV�D�SHULRG�WLPH�EHWZHHQ�������PLOOLVHFRQGV��7KLV�LV�VROYHG
ZLWK�LQWHUQDO�WLPHUV��ZKLFK�VLPXODWHV�WKH�3:0�RXWSXWV��6HWWLQJ�WKLV�E\WH�WR��[II�ZLOO�JLYH
D�SHULRG�WLPH�RI����PLOOLVHFRQGV��7KH�WLPHUV�DUH�LQWHUUXSW�GULYHQ�DQG�EHFDXVH�RI�WKLV�WKH
SHULRG�WLPH�YDULHV�����PLFURVHFRQGV�

$QDORJ�� $QDORJ�� 3:0�3HULRG

%\WH� ��%\WH� �������%\WH� ��������%\WH� ���������������%\WH�

3:0�'XW\�F\FOH� 3:0�'XW\�F\FOH� 6DPSOH�SHULRG

'LJLWDO�LQSXW

/6%

+HDG���E\WHV

06%

3D\ORDG����E\WHV
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)LJXUH������7KH�)LJXUH�LOOXVWUDWHV�D�JHQHUDO�3XOVH�:LGWK�0RGXODWLQJ�RXWSXW��7KHUH�DUH�WZR�3:0�RXWSXWV�RQ�WKH

%OXHWRRWK�&RQWURO�&DUG� �%&&���7KH�RXWSXW� VLJQDO�KDV�D�3:0�SHULRG� LQ�ZKLFK� LW� FDQ�YDU\� WKH�YROWDJH� LQ� WZR

GLVFUHWH� LQWHUYDOV� �� RU� �9�� 7KH� 3:0� GXW\� F\FOH� VSHFLI\� WKH� WLPH� RI� WKH� VLJQDO� ZKHQ� WKH� RXWSXW� LV� �� 9�� WKH

UHPDLQLQJ�WLPH�RI�WKH�SHULRG�WKH�RXWSXW�LV���9��7KH�3:0�SHULRG�LV�UHSHDWHG�DQG�ORRNV�H[DFWO\� WKH�VDPH�LI� WKH

XVHU�GRHV�QRW�FKDQJHG�WKH�GXW\�F\FOH�

�� 3:0�'XW\�F\FOH���
7KH�E\WH�VSHFLILHV�WKH�YDOXH�RI�WKH�GXW\�F\FOH��ZKLFK�FDQ�YDU\�EHWZHHQ�����PLOOLVHFRQG��,I
WKH�E\WH�LV�VHW�WR��[II�WKH�GXW\�F\FOH�ZLOO�EH���PLOOLVHFRQGV�
���,I�WKH�3:0�SHULRG�E\WH�LV��[II��WKH�GXW\�F\FOHV�LQWHUYDO�FKDQJHV��DQG�FDQ�YDU\�EHWZHHQ
�������PLOOLVHFRQGV��7KLV�PHDQ�WKDW�LI�WKH�3:0�SHULRG�E\WH�LV��[II��DQG�WKLV�E\WH��[II��WKH
GXW\�F\FOH�ZLOO�EH������PLOOLVHFRQGV��7KH�GXW\� F\FOH� FDQ� WKDQ�QRW�EH� FKRVHQ�ZLWKLQ� WKH
HQWLUH�3:0�SHULRG�LQWHUYDO�

�� 3:0�'XW\�F\FOH���
7KH�E\WH�VSHFLILHV�WKH�YDOXH�RI�WKH�GXW\�F\FOH��ZKLFK�FDQ�YDU\�EHWZHHQ�����PLOOLVHFRQG��,I
WKH�E\WH�LV�VHW�WR��[II�WKH�GXW\�F\FOH�ZLOO�EH���PLOOLVHFRQGV�
���,I�WKH�3:0�SHULRG�E\WH�LV��[II��WKH�GXW\�F\FOHV�LQWHUYDO�FKDQJHV��DQG�FDQ�YDU\�EHWZHHQ
�������PLOOLVHFRQGV��7KLV�PHDQ�WKDW�LI�WKH�3:0�SHULRG�E\WH�LV��[II��DQG�WKLV�E\WH��[II��WKH
GXW\�F\FOH�ZLOO�EH������PLOOLVHFRQGV��7KH�GXW\� F\FOH� FDQ� WKDQ�QRW�EH� FKRVHQ�ZLWKLQ� WKH
HQWLUH�3:0�SHULRG�LQWHUYDO�

�� 6DPSOH�SHULRG
7KH�XVHU� FDQ� VHW� WKH� VDPSOH� SHULRG�RI� WKH� LQSXWV� DW� WKH�%&&�FDUG��7KH� DOORZHG� VDPSOH
SHULRG�YDULHV�EHWZHHQ�������PLOOLVHFRQG��,I�WKH�VDPSOH�SHULRG�LV�OHVV�WKDQ���PLOOLVHFRQGV�
WKH�VRIWZDUH�LQ�WKH�VODYH�ZLOO�FKDQJH�WKH�WLPH�WR���PLOOLVHFRQG��7KH�E\WH�YDOXH��[���ZLOO
VHW�WKH�VDPSOH�SHULRG�WR���PLOOLVHFRQGV�

�� 'LJLWDO�LQSXW�RQ
,I�WKLV�E\WH�LV�VHW�WR��[���WKH�GLJLWDO�LQSXW�ZLOO�EH�HQDEOHG�RWKHUZLVH�GLVDEOHG��7KLV�DOORZV
WKH� XVHU� WR� OHDYH� WKH� GLJLWDO� LQSXW� SLQ� ��� XQFRQQHFWHG�� 7KH� 63,� SLQ� �� FDQ� DOVR� EH
XQFRQQHFWHG�LI�WKH�GLJLWDO�LQSXW�LV�WXUQHG�RII��7KH�FORFN�RXWSXW�DW�SLQ���ZLOO�DOZD\V�EH�RQ
UHJDUGOHVV�RI�WKH�YDOXH�RI�WKLV�E\WH�

3:0�'XW\�F\FOH

3:0�3HULRG

��9

��9
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����6ODYH�WR�0DVWHU

7KH�VODYH�WUDQVPLWV�SDFNDJHV�WR�WKH�PDVWHU�DW�D�XVHU�GHILQHG�VDPSOH�SHULRG��7KH�VDPSOH�SHULRG
FDQ�YDU\�EHWZHHQ�������PLOOLVHFRQGV��ZKLFK�JLYHV�D�PD[LPDO� UDWH�RI�����SDFNDJHV�VHFRQG�
7KH�SDFNDJHV�FRQWDLQ�DOO�LQSXW�YDOXHV�RI�WKH�%&&�FDUG�
�

)LJXUH������7KH�)LJXUH�VKRZV�WKH�VWUXFWXUH�RI�D�VODYH�WR�PDVWHU�SDFNDJH��7KH�KHDG�LV�GHILQHG�LQ�)LJXUH�����DQG

WKH�SD\ORDG�LQ�)LJXUH�����

)LJXUH������7KH�)LJXUH� VKRZV� WKH� E\WH� FRQWDLQHG� LQ� WKH� SD\ORDG� ILHOG� RI� D� VODYH� WR�PDVWHU� GDWD� SDFNDJH�� VHH

)LJXUH� ����� $QDORJ�� DQG� $QDORJ�� DUH� DQDORJXH� LQSXWV�� 7KHVH� LQSXWV� KDYH� ��� DFWLYH� ELWV� WKDW� DUH� VHQW� /HVW

6LJQLILFDQW�%\WH��/6%��ILUVW��7KH�GLJLWDO�LQSXW�E\WH�LV�WKH�GLJLWDO�LQWHUUXSW�DQG�63,�LQSXW�WKH�GLJLWDO�LQSXW�E\WHV��$OO

LQSXWV�DUH�VDPSOHG�DW�D�XVHU�GHILQHG�VDPSOH�UDWH�WKDW�FDQ�EH�EHWZHHQ�������PLOOLVHFRQGV�

)LJXUH������7KH�)LJXUH�VKRZV�WKH�GDWD�FRQWDLQHG�LQ�WKH�SD\ORDG�ILHOG�RI�D�PDVWHU�WR�VODYH�GDWD
SDFNDJH��VHH�)LJXUH������$QDORJ��DQG�$QDORJ��DUH�DQDORJXH�RXWSXWV�DW�WKH�VODYH��7KH�3:0
ILHOGV�GHILQH�WZR�3:0�RXWSXWV�DQG�WKH�VDPSOH�SHULRG�E\WH�LV�D�XVHU�GHILQHG�VDPSOH�UDWH�WKDW
FDQ�YDU\�EHWZHHQ�������PLOOLVHFRQGV��7KH� GLJLWDO� LQSXW� E\WH� HQDEOHV� RU� GLVDEOHV� WKH� GLJLWDO
LQSXW�

7KH�SD\ORDG�LV�LOOXVWUDWHG�LQ�)LJXUH�����DQG�FRQVLVWV�RI�WKH�IROORZLQJ�E\WH�ILHOGV�

�� $QDORJ�
7KLV�ILHOG�KDV����DFWLYH�ELWV��WKH�E\WHV�DUH�VHQW�/6%�ILUVW�DQG�VSHFLI\�WKH�LQSXW�YROWDJH�DW
SLQ���RQ�WKH�%&&�FDUG���,I�DOO�DFWLYH�ELWV�DUH�VHW�WR�]HUR�WKH�LQSXW�LV���9��DQG�LI�DOO�DFWLYH
ELWV�DUH�VHW�WR�RQH���9�

�� $QDORJ�
7KLV�ILHOG�KDV����DFWLYH�ELWV��WKH�E\WHV�DUH�VHQW�/6%�ILUVW�DQG�VSHFLI\�WKH�LQSXW�YROWDJH�DW
SLQ���RQ�WKH�%&&�FDUG��,I�DOO�DFWLYH�ELWV�DUH�VHW�WR�]HUR�WKH�LQSXW�LV���9��DQG�LI�DOO�DFWLYH
ELWV�DUH�VHW�WR�RQH���9�

�� 'LJLWDO�LQWHUUXSW
7KH�GLJLWDO� LQWHUUXSW�SLQ����LV� WULJJHUHG�RQ�WKH�UDLVLQJ�HGJH��7KH�GHWHFWLRQ�RI� WKH�UDLVLQJ
HGJH�ZLOO�VHW�WKLV�E\WH�WR��[���IRU�RQH�SDFNDJH��7KH�QH[W�SDFNDJHV�XQWLO�D�QHZ�GHWHFWLRQ
ZLOO�DOZD\V�EH��[����,I�WZR�UDLVLQJ�HGJHV�RFFXU�EHIRUH�WKH�PDVWHU�WKUHDG�KDV�WDNHQ�DFWLRQ

$QDORJ�� $QDORJ�� 'LJLWDO�LQSXW

%\WH� %\WH� �%\WH� ����%\WH� ���%\WH�

63,�LQSXW

/6%

+HDG���E\WHV

06%

3D\ORDG����E\WHV
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RQ�WKH�ILUVW�LQWHUUXSW��7KH�VRIWZDUH�ZLOO�UHPRYH�WKH�ILUVW�LQWHUUXSW��DQG�QRW�VHQG��[���LQ�WKH
QH[W�SDFNDJH�

�� 6HULDO�3HULSKHUDO�,QWHUIDFH��63,��LQSXW
7KH�ILHOG�LV���E\WH�ODUJH�DQG�FRQWDLQV�WKH�VHULDO�GDWD�UHFHLYHG�IURP�LQSXW�SLQ�����7KH�LQSXW
SLQ���LV�HQDEOHG�E\�D�UDLVLQJ�HGJH�RQ�WKH�GLJLWDO�LQWHUUXSW�SLQ�����DQG�GLVDEOHG�RQ�WKH�QH[W
UDLVLQJ�HGJH��7KH�GDWD�LV�QRW�ZULWWHQ�WR�WKH�WUDQVPLW�EXIIHU�EHIRUH�WKH�VODYH�KDV�UHFHLYHG�DOO
�� E\WHV�� DQG� LV� WUDQVPLWWHG� LQ� WKH� QH[W� GDWD� SDFNDJH�� ,QIRUPDWLRQ� FDQ� EH� ORVW� LI� WKH�63,
LQSXW�VSHHG�LV�JUHDWHU�WKDQ�WKH�LQSXW�VDPSOH�SHULRG�IRU�WKH�VODYH�
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���7KH�%OXHWRRWK�&RQWUROOHG�%HHWOH

)LJXUH� ����� 7KH�%OXHWRRWK�&RQWUROOHG�%HHWOH� LV� DQ� DSSOLFDWLRQ� WKDW� LV� GRQH� WR� VKRZ� WKH� SRVVLELOLWLHV� ZLWK� WKH

%OXHWRRWK�&RQWURO�&DUG��%&&���7KH�FDU�LV�LQ�����
WK
�VFDOH�DQG�LV�VWHHUHG�E\�WKH�MR\VWLFN�QH[W�WR�LW�

�7R� VKRZ� WKH� SRVVLELOLWLHV� RI� WKH� %OXHWRRWK� &RQWURO� &DUG� �%&&�� D� FDU� DSSOLFDWLRQ� ZDV
GHVLJQHG� DQG� LPSOHPHQWHG�� ,W� LV� D� UDGLR� FRQWURO� FDU� LQ� ����WK� VFDOH��7KH�EUDQG�RI� WKH� FDU� LV
9RONVZDJHQ�%HHWOH��,W�FDQ�EH�VHHQ�LQ�)LJXUH�����WRJHWKHU�ZLWK�WKH�MR\VWLFN�WKDW�LV�FRQWUROOLQJ
LW��7KLV�DSSOLFDWLRQ�ZDV�FKRVHQ�VLQFH�6LJPD�ZDQWHG�WR�KDYH�D�IXQ�%OXHWRRWK�GHPRQVWUDWLRQ�WR
SUHVHQW�RQ�IDLUV�DQG�RWKHU�HYHQWV��$�FDU� LV�QLFH�WR�VKRZ�DV� WKH�LPSUHVVLRQ�LV�YLVXDO�DQG� LW� LV
HDV\�WR�FRQYLQFH�SHRSOH�WKDW�WKH�ZLUHOHVV�WHFKQRORJ\�ZRUNV��)LJXUH�����VKRZV�KRZ�WKH�FRQWURO
RI�WKH�FDU�LV�FRQILJXUHG��7KH�VLJQDOV�IURP�WKH�MR\VWLFN�DUH�WUDQVPLWWHG�WR�WKH�3&�DQG�WKHQ�VWHHU
VLJQDOV�LQ�WKH�3&�DUH�FRPSXWHG�DQG�WUDQVPLWWHG�WR�WKH�FDU��7KH�FDU�FRXOG�RI�FRXUVH�KDYH�EHHQ
VWHHUHG�GLUHFWO\�IURP�WKH�MR\VWLFN��EXW�WKHQ�WKH�VRIWZDUH�LQ�RQH�RI�WKH�%&&�ZRXOG�KDYH�WR�EH
FKDQJHG�� ,Q� WKH� 3&� LW� LV� DOVR� HDV\� WR� DGG� IHDWXUHV� VXFK� DV� OLPLWHG� VSHHG� RU� VSHFLDO� FRQWURO
VWUDWHJLHV�

)LJXUH������$Q�RYHUYLHZ�RI�WKH�%OXHWRRWK�&RQWUROOHG�%HHWOH�ZKLFK�VKRZV�WKDW�WKH�VLJQDOV�JR�IURP�WKH�MR\VWLFN�WR

WKH�3&�DQG� WKHQ� WR� WKH� FDU�� 7KH� FDU� FRXOG� RI� FRXUVH� KDYH� EHHQ� VWHHUHG� GLUHFWO\� E\� WKH� MR\VWLFN�� EXW� WKHQ� WKH

VRIWZDUH�LQ�WKH�%&&�ZRXOG�KDYH�WR�EH�DOWHUHG��,Q�WKH�3&�WKHUH�LV�DQ�LQWHUIDFH�ZKHUH�WKH�%OXHWRRWK�OLQNV�FDQ�EH

FRQWUROOHG�DQG�LW�LV�DOVR�SRVVLEOH�WR�OLPLW�WKH�VSHHG�RI�WKH�FDU�

(ULFVVRQ�%OXHWRRWK�$SSOLFDWLRQ�7RRO�.LW

-R\VWLFN�ZLWK�D
%OXHWRRWK�&RQWURO�&DUG

5DGLR�FRQWURO�FDU�ZLWK
D�%OXHWRRWK�&RQWURO
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����6RIWZDUH�6ROXWLRQ�RI�&DU�$SSOLFDWLRQ

7KH�VRIWZDUH�LV�WKH�VDPH�DV�GHVFULEHG�LQ�6HFWLRQ����7KH�WZR�%OXHWRRWK�PRGXOHV�DW�WKH�3&�DUH
WKH�PDVWHUV��7ZR�%OXHWRRWK�PRGXOHV�DUH�QHHGHG�DW�WKH�3&��EHFDXVH�WKH�PRGXOHV�RQO\�VXSSRUW
SRLQW�WR�SRLQW�FRQQHFWLRQV�VR�IDU��7R�FRPPXQLFDWH�ZLWK�WKH�%OXHWRRWK�PRGXOHV� WKH�$3,�WKDW
ZDV�GHVFULEHG� LQ�6HFWLRQ������� LV�XVHG��7KH�$3,� LV�TXLWH�HDV\� WR�XVH�DQG� WKDW�VSHHGV�XS� WKH
GHYHORSPHQW�RI�WKH�DSSOLFDWLRQ��7KH�VRIWZDUH�LV�ZULWWHQ�LQ�-DYD��ZKLFK�LV�D�QDWXUDO�FKRLFH�DV
WKH�VWDFN�RI�WKH�PDVWHU�LV�ZULWWHQ�LQ�WKH�VDPH�ODQJXDJH��-DYD�LV�SODWIRUP�LQGHSHQGHQW�DQG�WKDW
LV�RI�FRXUVH�DQ�DGYDQWDJH�

������'HVLJQ

7KH�VRIWZDUH�LQ�WKH�3&�KDQGOHV�WKH�%OXHWRRWK�FRQQHFWLRQV�DQG�WKH�FRQWURO�RI�WKH�FDU��7KH�FODVV
GLDJUDP�FDQ�EH�VHHQ�LQ�)LJXUH�����

)LJXUH������7KH�FODVV�GLDJUDP�RI�WKH�VRIWZDUH�IRU�WKH�FDU�DSSOLFDWLRQ�VKRZV�ZKLFK�FODVVHV�WKDW�KDYH�D�UHIHQFH�WR

WKH�RWKHU�FODVVHV��)RU�H[DPSOH�GRHV�&RQWURO7KUHDG�KDYH�D�UHIHUHQFH�WR� WKH�FODVV�&DU�DQG�WKHUHIRUH� WKH�DUURZ

JRHV�IURP�WKH�FODVV�&RQWURO7KUHDG�WR�WKH�FODVV�&DU��7KH�ORJLF�IRU�WKH�%OXHWRRWK�FRQQHFWLRQV�DQG�WKH�FDU�FRQWURO

LV�KDQGOHG�E\�&DU��ZKLFK�FRPPXQLFDWHV�WKURXJK�&DU3RUW�DQG�-R\3RUW�DQG�GLVSOD\V�WKH�VWDWXV�LQ�WKH�*UDSKLFDO

8VHU�,QWHUIDFH��*8,���7KH�*8,�FDQ�EH�VHHQ�LQ�)LJXUH�����

7KH�VWDFN¶V�$3,V�FRPPXQLFDWH�ZLWK�&DU3RUW�DQG�-R\3RUW��7KH�FODVV�&DU�KDQGOHV�WKH�ORJLF�RI
WKH�%OXHWRRWK�FRQQHFWLRQV�DQG� WKH�FDU�FRQWURO��7KH�SURJUDP�LV�VWDUWHG� IURP�WKLV�FODVV�DQG� LW
FUHDWHV� WKH� RWKHU� REMHFWV�� 7KH� GHEXJ� LQIRUPDWLRQ� WKDW� FRPHV� IURP� WKH� VWDFNV� RU� WKH� RWKHU
FODVVHV�LV�VHQW�WR�WKH�'HEXJ:LQGRZ��,W�LV�SRVVLEOH�WR�VKRZ�DOO�LQIRUPDWLRQ�RU�MXVW�WKH�HUURUV��,W
LV�YHU\�FRQYHQLHQW�WR�XVH�WKH�'HEXJ:LQGRZ�LI�VRPHWKLQJ�JRHV�ZURQJ��IRU�H[DPSOH�ZLWK�WKH
LQLWLDOL]DWLRQ�RI�WKH�%OXHWRRWK�PRGXOHV�RU�WKH�HVWDEOLVKLQJ�RI�WKH�%OXHWRRWK�FRQQHFWLRQV��7KH
FRPPXQLFDWLRQ�ZLWK�WKH�XVHU�LV�GRQH�WKURXJK�WKH�*UDSKLFDO�8VHU�,QWHUIDFH��*8,���ZKLFK�FDQ
EH�VHHQ�LQ�)LJXUH�����

*8,

&DU

+RVW/LVW

&DU3RUW-R\3RUW

'HEXJ:LQGRZ &RQWURO7KUHDG

$3, $3,
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)LJXUH������7KH�*UDSKLFDO�8VHU�,QWHUIDFH�IRU�FRQWUROOLQJ�WKH�%OXHWRRWK�FRQQHFWLRQV�DQG�WKH�FRQWURO�RI�WKH�FDU�

7KH�XVHU�EHJLQV�WR�LQLWLDOL]H�WKH�&20�SRUWV�DQG�WKHQ�KH�RU�VKH�VHDUFKHV�IRU�RWKHU�%OXHWRRWK�GHYLFHV��:KHQ�WKH

FDU�DQG�MR\VWLFN�DUH�FRQQHFWHG�WKH�XVHU�FDQ�FKRRVH�WR�VWHHU�WKH�FDU�ZLWK�WKH�MR\VWLFN��,W�LV�DOVR�SRVVLEOH�WR�OLPLW

WKH�VSHHG�RI�WKH�FDU�

7KH� XVHU� EHJLQV� WR� LQLWLDOL]H� WKH� %OXHWRRWK� PRGXOHV� DQG� WKHQ� KH� RU� VKH� VHDUFKHV� IRU� RWKHU
%OXHWRRWK�GHYLFHV��7KRVH�XQLWV�WKDW�DQVZHUHG�DUH�VWRUHG�LQ�WKH�+RVW/LVW�DQG�GLVSOD\HG�E\�WKH
*8,��,W�LV�WKHQ�SRVVLEOH�WR�FRQQHFW�WR�WKH�FDU�DQG�WKH�MR\VWLFN��7KH�FDU�FDQ�WKHQ�EH�VWHHUHG�E\
WKH� MR\VWLFN��:KHQ�WKH�FODVV�-R\3RUW� UHFHLYHV� LQIRUPDWLRQ�IURP�WKH� MR\VWLFN� LW�FDOFXODWHV� WKH
VSHHG�DQG� VWHHULQJ�DQG� VHQGV� WKHP� WR� WKH�FODVV�&DU��7KH� FODVV�&RQWURO7KUHDG�ZDNHV�XS� WHQ
WLPHV�SHU�VHFRQG�DQG�WUDQVPLWV�WKH�VSHHG�DQG�VWHHULQJ�WR�WKH�FDU�WKURXJK�WKH�FODVV�&DU3RUW�

������&RQWURO�6WUDWHJ\

7KH� 3&� KDV� D� YHU\� SRZHUIXO� SURFHVVRU� DQG� FDQ� EH� XVHG� IRU� D� ORW� RI� FRPSXWLQJ�� 'LIIHUHQW
FRQWURO�VWUDWHJLHV�FDQ�EH�LPSOHPHQWHG��IRU�H[DPSOH�FRXOG�WKH�3&�DXWRPDWLFDOO\�FRQWURO�WKH�FDU
LI�WKH�FDU¶V�SRVLWLRQ�ZRXOG�EH�VHQW�WR�LW��,Q�WKH�PDVWHU�WKHVLV�SURMHFW�WKH�FDU�LV�RQO\�VWHHUHG�E\�D
MR\VWLFN� DQG�QR� DXWRPDWLF� FRQWURO� LV� LPSOHPHQWHG��7KH� DSSOLFDWLRQ�ZDV�GHVLJQHG� VR� WKH� FDU
FRXOG�EH�VWHHUHG�E\�WKH�PRXVH��EXW�WKLV�ZDV�QHYHU�DFFRPSOLVKHG��+RZHYHU��WKH�LPSOHPHQWHG
FRQWURO�VWUDWHJLHV�DUH�GHVFULEHG�EHORZ�

7KH�%&&�VXSSOLHV�WKH�MR\VWLFN¶V�WZR�YHUWLFDO�D[HV�ZLWK�SRZHU��7KH�RXWSXWV�DUH�VHW�WR���9�DQG
VWHHULQJ�DQG�VSHHG�LQIRUPDWLRQ�LV�UHDG�RQ�WKH�DQDORJXH�LQSXW�SLQV�DV�D�YROWDJH�EHWZHHQ�����9�
7KH�VWHHULQJ�DQG�VSHHG�LQIRUPDWLRQ�LV�VHQW� WR� WKH�3&��ZKLFK�FRQYHUWV� WKHP�WR�3:0�VLJQDOV
WKDW�ILW�WKH�FDU��7KHVH�DUH�WKHQ�VHQW�WR�WKH�FDU��,W�LV�QRW�VXUH�WKDW�WKH�SDFNHW�WKDW�VHWV�WKH�RXSXWV
WR��9�UHDFKHV� WKH� MR\VWLFN��6RPHWLPHV� WKH�YROWDJHV�DUH� VHW� WR�]HUR��ZKLFK� LV�GXH� WR� WKH�EDG
56���� OLQN�� 7R� JXDUDQWHH� WKDW� WKH� ULJKW� YROWDJHV� DUULYH�� WKH� PDVWHU� KDV� WR� UHWUDQVPLW� WKH
SDFNDJH�XQWLO�LW�VHHV�WKDW�WKH�YROWDJH�UHFHLYHG�IURP�WKH�VODYH�LV�QRW�HTXDO�WR�]HUR�

7KH�3:0�PRGXOHV�LQ�WKH�VODYH�FRXOG�QRW�KDYH�DV�ORQJ�SHULRG�DV�WKH�FDU�QHHGHG��VR�WKH�3:0
ZDV�UHPDGH� LQ�VRIWZDUH��7KH�UHPDGH�3:0�LV� LQWHUUXSW�GULYHQ��ZKLFK�PDNHV� WKH�GXW\�F\FOH
YDU\�UDQGRPO\��7KLV�PHDQV�WKDW�WKH�FRQWURO�RI�WKH�FDU�EHFRPHV�D�OLWWOH�VKDN\��7R�PDNH�WKH�FDU
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FRPSOHWHO\�VWLOO�ZKHQ� WKH� MR\VWLFN� LV� LQ� LWV�FHQWHU�SRVLWLRQ�� WKH�3:0�DUH� WXUQHG�RII� DQG� WKH
VLJQDOV�IURP�WKH�MR\VWLFN�EHFRPH�IODW�

,I� WKH� MR\VWLFN� RU� FDU� HLWKHU� LV� EURXJKW� RXW� RI� UDQJH� RU� UHVHW� WKH� FRQQHFWLRQ� LV� FORVHG�� 7KH
PDVWHU�LV�WKHQ�DXWRPDWLFDOO\�WU\LQJ�WR�UHFRQQHFW��7KH�FORVLQJ�RI�WKH�FRQQHFWLRQ�LV�VKRZQ�DV�D
PHVVDJH�LQ�WKH�VWDWXV�ILHOG�LQ�WKH�*8,��7KH�UHFRQQHFW�WLPH�FDQ�YDU\�EHWZHHQ������VHFRQGV�DQG
FDQ� RIWHQ� EH� LPSURYHG� E\� D� VRIWZDUH� UHVHW� ZKHQ� WKH� KRVW� LV� EURXJKW� EDFN� LQ� UDQJH� RI� WKH
PDVWHU��7KH�YDULDWLRQ� LQ� WKH� UHFRQQHFW� WLPH� LV� GXH� WR� KDUGZDUH� FRQVWUDLQWV� LQ� WKH�%OXHWRRWK
PRGXOH�WKDW�ZDV�DYDLODEOH�LQ�WKH�PDVWHU�WKHVLV�SURMHFW�
���7KH� VODYH� OLVWHQV� HYHU\� ����� VHFRQGV� IRU� D� FRQQHFWLRQ� DWWHPSW� GXULQJ� ������PLOOLVHFRQGV�
7KLV�LV�GRQH�RQ�D�VSHFLDO�UDGLR�IUHTXHQF\��DQG�WKDW�IUHTXHQF\�LV�FKDQJHG�DW�WKH�QH[W�DWWHPSW��,I
WKH�PDVWHU�DW�WKH�VDPH�WLPH�WULHV�WR�FRQQHFW��LW�KDV�WLPH�WR�VFDQ����RI�WKH����IUHTXHQFLHV��,I�WKH
PDVWHU� IDLOV� WR� FRQQHFW� LW� FKDQJHV� WKH� VFDQ� IUHTXHQFLHV�� 7KLV� PHDQV� WKDW� WKHUH� LV� D� KLJK
SUREDELOLW\�WKDW�WKH\�PLVV�HDFK�RWKHU��7KH�VHDUFK�WLPH�RI�WKH�VODYH�FDQ�EH�DGMXVWHG�DFFRUGLQJ
WKH�%OXHWRRWK�VSHFLILFDWLRQ�����%��EXW�WKLV�LV�QRW�LPSOHPHQWHG�LQ�WKH�%OXHWRRWK�PRGXOH�

7KH� DSSOLFDWLRQ� ZDV� DOVR� GHVLJQHG� WR� KDYH� VRPH� NLQG� RI� GLVWDQFH� FRQWURO�� 7KLV� ZDV� QRW
LPSOHPHQWHG�HLWKHU��+RZHYHU��WKH�GLVWDQFH�WR�WKH�FDU�FRXOG�SHUKDSV�EH�PHDVXUHG�E\�FKHFNLQJ
WKH� VWUHQJWK� RI� WKH� UDGLR�ZDYHV� IURP� WKH� FDU�� ,Q� WKH�%OXHWRRWK� VWDQGDUG� WKHUH� LV� VRPHWKLQJ
FDOOHG� WKH�566,� YDOXH��ZKLFK� LV� SURSRUWLRQDO� WR� WKH� VWUHQJWK� RI� WKH� UDGLR�ZDYHV��:KHQ� WKH
566,�YDOXH�EHFRPHV�ORZ�VRPH�NLQG�RI�FRQWURO�DFWLRQ�FDQ�EH�WDNHQ��IRU�H[DPSOH�FDQ�WKH�VSHHG
EH�FRQVWUDLQHG�RU�WKH�FDU�FDQ�EH�VWHHUHG�EDFN��7KH�566,�IXQFWLRQDOLW\�LV�SURYLGHG�E\�WKH�$3,
EXW�QRW�XVHG�LQ�WKLV�DSSOLFDWLRQ�

������,PSOHPHQWDWLRQ

6HH�$SSHQGL[�(�
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���3&�$SSOLFDWLRQ�FRQWUROOHG�E\�%&&

)LJXUH�����VKRZV�WKH�MR\VWLFN�WKDW�LV�XVHG�IRU�FRQWUROOLQJ�WKH�DSSOLFDWLRQ�DW�WKH�3&�

)LJXUH������7KH�)LJXUH�VKRZV�WKH�MR\VWLFN�WKDW�FRQWUROV�WKH�DSSOLFDWLRQ�UXQQLQJ�RQ�WKH�3&��7KH�EODFN�ER[�LV��
�

FP�ODUJH�DQG�FRQWDLQV�WKH�%OXHWRRWK�PRGXOH��%OXHWRRWK�&RQWURO�&DUG��%&&��DQG�EDWWHU\�IRU�SRZHU�VXSSO\��:KHQ

WKH� MR\VWLFN� LV� VWHHUHG� WKH� DQDORJXH� YDOXHV� DUH� VDPSOHG� DW� WKH� %&&� DQG� VHQW� WR� WKH� 3&� RYHU� WKH� %OXHWRRWK

FKDQQHO��7KH�DQDORJXH�YDOXHV�DUH�WKHQ�WUDQVIRUPHG�LQ�WKH�3&�WR�VWHHU�LQIRUPDWLRQ�FRQWUROOLQJ�WKH�DSSOLFDWLRQ��$

JHQHUDO�SLFWXUH�RI�WKH�V\VWHP�FDQ�EH�VHHQ�LQ�)LJXUH������)LJXUH�����VKRZV�D�VFUHHQ�GXPS�RI�WKH�DSSOLFDWLRQ�

)LJXUH�����LOOXVWUDWHV�D�VFUHHQVKRW�RI�WKH�DSSOLFDWLRQ�UXQQLQJ�RQ�D�3&��7KH�VRIWZDUH�LV�ZULWWHQ
LQ�-DYD�DQG�FDQ�ZLWKRXW�PRGLILFDWLRQ�EH�H[HFXWHG�RQ�RWKHU�KDUGZDUH�SODWIRUPV�

)LJXUH������7KH�)LJXUH�VKRZV�D�VFUHHQ�GXPS�RI�WKH�DSSOLFDWLRQ�UXQQLQJ�RQ�WKH�3&��7KH�OLQH�UXQQLQJ�IURP�OHIW�WR

ULJKW�VKDOO�EH�VWHHUHG�EHWZHHQ�WKH�GRWV�E\�WKH�MR\VWLFN�LQ�)LJXUH������7KH�OLQH�VLPXODWHV�GLIIHUHQW�SURFHVVHV�DQG�E\

DSSO\LQJ� GLIIHUHQW� UHJXODWRUV� WR� WKH� V\VWHP� WKH� OLQH� ZLOO� EHFRPH� HDVLHU� WR� VWHHU�� 7KH� MR\VWLFN� FDQ� EH� SDVVHG

DURXQG� WKH� DXGLHQFH� XS� WR� D� GLVWDQFH� RI� ��� P�� %\� YLVXDOLVLQJ� WKH� EHQHILWV� RI� GLIIHUHQW� UHJXODWRUV� DXWRPDWLF

FRQWURO� FDQ� EH� PDGH� PRUH� SRSXODU�� DQG� WKH� PRWLYDWLRQ� RI� VWXGHQWV� VWXG\LQJ� DXWRPDWLF� FRQWURO� FRXUVHV� FDQ

LQFUHDVH�
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7KH�DSSOLFDWLRQ�LV�GHYHORSHG�DW�WKH�'HSDUWPHQW�RI�$XWRPDWLF�&RQWURO�DW�/XQG�8QLYHUVLW\��DQG
PRGLILHG�WR�JDLQ�WKH�IXQFWLRQDOLW\�RI�ZLUHOHVV�FRPPXQLFDWLRQ�GXULQJ�WKH�PDVWHU�WKHVLV�SURMHFW�
,W�VKRZV�KRZ�GLIIHUHQW�W\SHV�RI�UHJXODWRUV�PDNH�LW�HDVLHU�WR�FRQWURO�D�SURFHVV��7KH�LGHD�LV�WR
LQFUHDVH�WKH�PRWLYDWLRQ�RI�VWXGHQWV�ZKR�DUH�VWXG\LQJ�DXWRPDWLF�FRQWURO��7KH�EHQHILW�RI�XVLQJ�D
UHJXODWRU�LV�PDGH�FOHDU�E\�WKH�DSSOLFDWLRQ�
���$� MR\VWLFN� FDQ� FRQWURO� WKH� DSSOLFDWLRQ� XS� WR� D� GLVWDQFH� RI� ������PHWHUV�� 7KLV� DOORZV� WKH
MR\VWLFN�WR�EH�SDVVHG�DURXQG�LQ�WKH�DXGLHQFH�

7KH� DSSOLFDWLRQ� LV�ZULWWHQ� LQ� -DYD� DQG�JDLQV� WKH�ZLUHOHVV� IXQFWLRQDOLW\� XVLQJ� WKH�$3,� LQ� WKH
%OXHWRRWK�VWDFN��VH�6HFWLRQ��������7KH�SURJUDP�LV�VWDUWHG�ZLWK�WKH�VHULDO�SRUW�H�J��&20��XVHG
DV�DQ�LQ�SDUDPHWHU��$�%OXHWRRWK�PRGXOH�LQ�UHVHW�PRGH�VKRXOG�EH�DWWDFKHG�WR�WKH�SRUW��7KH�ILUVW
WKLQJ� WKDW� KDSSHQV� LV� WKDW� WKH� %OXHWRRWK� VWDFN� WULHV� WR� LQLWLDOLVH� WKH� PRGXOH�� $IWHU� WKH
LQLWLDOLVDWLRQ�KDV�VXFFHHGHG�LW�VWDUWV�DQ�LQTXLU\�DIWHU�UHPRWH�%OXHWRRWK�GHYLFHV�DQG�FRQQHFWV�WR
WKH�ILUVW�IRXQG�
���,Q�DQ�HQYLURQPHQW�ZLWK�PXOWLSOH�%OXHWRRWK�KRVWV�� LW� LV�SRVVLEOH� WKDW� LW� FRQQHFWV� WR�DQRWKHU
KRVW�WKHQ�WKH�RQH�LQ�WKH�MR\VWLFN��7KLV�KDV�WR�EH�VROYHG�E\�LPSOHPHQWLQJ�WKH�VSHFLILF�%OXHWRRWK
DGGUHVV�RI�WKH�KRVW�LQ�WKH�MR\VWLFN�DQG�RQO\�DOORZ�FRQQHFWLRQV�WR�WKDW�DGGUHVV��7KLV�IHDWXUH�KDV
QRW� \HW� EHHQ� LPSOHPHQWHG� DQG� LV� OHIW� WR� WKH� XVHU� RI� WKH� DSSOLFDWLRQ�� 'HEXJ� DQG� VWDFN
LQIRUPDWLRQ�LV�ZULWWHQ�WR�WKH�'RV�ZLQGRZ�

7KH�MR\VWLFN�LV�DWWDFKHG�WR� WKH�%&&��7KH�FDUG�VXSSOLHV� WKH�MR\VWLFN¶V� WZR�YHUWLFDO�D[HV�ZLWK
SRZHU��2QH�RXWSXW�LV�VHW�WR���9�DQG�VWHHULQJ�LQIRUPDWLRQ�LV�UHDG�RQ�WKH�DQDORJXH�LQSXW�SLQ�DV�D
YROWDJH�EHWZHHQ�����9�
���7KH�LQSXW�LV�VDPSOHG�HDFK����PLOOLVHFRQGV�DQG�WUDQVIHUUHG�WR�WKH�PDVWHU��,Q�RUGHU�WR�VXSSO\
WKH� MR\VWLFN�ZLWK�SRZHU�� D� FRUUHFW� SDFNDJH�KDV� WR�EH� UHFHLYHG� DW� WKH� MR\VWLFN��7R�JXDUDQWHH
WKLV��WKH�3&�KDV�WR�UHWUDQVPLW�WKH�SDFNDJH�XQWLO�LW�VHHV�WKH�YROWDJH�FKDQJH�LQ�WKH�QH[W�SDFNDJH�
UHFHLYHG�IURP�WKH�MR\VWLFN�

+XPDQ�LQWHUDFWLRQ�ZLWK� WKH�KDUGZDUH�DQG�VRIWZDUH� LV�SURYLGHG�E\�D�EOXH�IODVK�GLRGH�RQ� WKH
%&&�FDUG��7KLV� GLRGH� IODVKHV� WHQ� WLPHV� DIWHU� D� KDUGZDUH� UHVHW�� ,I� D� QRW� UHSDLUDEOH� VRIWZDUH
HUURU�RFFXUV��WKH�GLRGH�ZLOO�VWDUW�IODVKLQJ��LQGLFDWLQJ�WKH�QHHG�RI�KDUGZDUH�UHVHW��,I�WKH�MR\VWLFN
FRQQHFWV� WR� WKH�DSSOLFDWLRQ�� WKH�GLRGH�ZLOO�EH� WXUQHG�RQ��7XUQLQJ� WKH�GLRGH�RII� LQGLFDWHV� WKH
FORVLQJ�RI�WKH�FRQQHFWLRQ�

,I�WKH�FRQQHFWLRQ�LV�ORVW��EHFDXVH�WKH�VODYH�LV�RXW�RI�UDQJH�RU�D�UHVHW��WKH�PDVWHU�ZLOO�VWDUW�WU\LQJ
WR�UHFRQQHFW��7KLV�LVVXH�LV�GLVFXVVHG�LQ�6HFWLRQ��������,I�WKH�VODYH�LV�EURXJKW�EDFN�LQ�UDQJH�RI
WKH� PDVWHU� WKH� UHFRQQHFW� WLPH� FDQ� YDU\� EHWZHHQ� ����� VHFRQGV�� 7KLV� WLPH� FDQ� RIWHQ� EH
LPSURYHG�LI�D�UHVHW�LV�GRQH�WR�WKH�VODYH�
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���&RQFOXVLRQV

,Q� WKH�PDVWHU� WKHVLV� SURMHFW� D� JHQHULF� ,�2� XQLW� KDV� EHHQ� FRQVWUXFWHG�� 7KLV� SODWIRUP� FDQ� EH
DWWDFKHG�WR�VHQVRU�DQG�DFWXDWRUV�LQ�LQGXVWULDO�SURFHVVHV��JDLQLQJ�WKH�IXQFWLRQDOLW\�RI�ZLUHOHVV
FRPPXQLFDWLRQ� SURYLGHG� E\� %OXHWRRWK�� 7R� GHPRQVWUDWH� WKH� DELOLW\� RI� %OXHWRRWK� DQG� WKH
JHQHULF�,�2�XQLW��D�UDGLR�FDU�DSSOLFDWLRQ�KDV�EHHQ�GHYHORSHG�
���7KH�DSSOLFDWLRQ�KDV�JDLQHG�D�ORW�RI�LQWHUHVW��,W�ZLOO�EH�SUHVHQWHG�DW�WKH�%OXHWRRWK�'HYHORSHUV
&RQIHUHQFH�LQ�6DQ�-RVp�86$�>�@��ZLWK������SHUVRQV�LQ�WKH�DXGLHQFH��:KHQ�WKH�PDVWHU�WKHVLV
SURMHFW�LV�ILQLVKHG��LW�ZLOO�EH�XVHG�DW�WKH�'HSDUWPHQW�RI�$XWRPDWLF�&RQWURO�DW�/XQG�8QLYHUVLW\
WR�FRQWURO�GLIIHUHQW�SURFHVVHV��6LJPD�:LUHOHVV�ZLOO�DOVR�XVH�WKH�FDU�DSSOLFDWLRQ�WR�GHPRQVWUDWH
WKH�%OXHWRRWK� WHFKQRORJ\� DQG� WR�PDUNHW� WKH� FRPSDQ\�ZRUOGZLGH��7KH�PDVWHU� WKHVLV� SURMHFW
KDV�EHHQ�FRPSOHWHG�ZLWKLQ�WKH�SODQQHG����ZHHNV�

%OXHWRRWK�LV�D�ZHOO�VXLWHG�WHFKQRORJ\�IRU�DXWRPDWLF�FRQWURO��3UREOHPV�OLNH�UHWUDQVPLVVLRQ�DQG
ORVW� FRQQHFWLRQ� FDQ� HDVLO\� EH� GHDOW� ZLWK�� %XW� WKH� FRPPXQLFDWLRQ� VSHHG� LV� D� FRQVWUDLQW
FRPSDUHG�ZLWK� RWKHU� WHFKQRORJLHV�� VHH�$SSHQGL[� )� 6HFWLRQ� ���ZKLFK�PDNHV�%OXHWRRWK� OHVV
VXLWDEOH�IRU�IDVW�DQG�WLPH�FULWLFDO�V\VWHPV�
���8VLQJ� WKH� H[LVWLQJ� %OXHWRRWK� $SSOLFDWLRQ� 7RRO� .LW� >�@�� WKH� GHYHORSPHQW� FDQ� EH� GRQH
VLPXOWDQHRXVO\�LQ�ERWK�KDUGZDUH�DQG�VRIWZDUH��7KH�DFKLHYHPHQW�RI�WKH�PDVWHU�WKHVLV�SURMHFW
VKRZV�WKDW�%OXHWRRWK�LV�D�PDWXUH�WHFKQRORJ\�

:H� WKLQN� WKH� IXWXUH� VXFFHVV� RI� %OXHWRRWK� GHSHQGV� RQ� ZKHQ� WKH� SULFH� RI� �� 86� GROODUV� SHU
%OXHWRRWK�PRGXOH�FDQ�EH�DFKLHYHG��7KLV�ZLOO�PDNH�WKH�%OXHWRRWK�FRQFHSW�FKHDSHU�WKDQ�FDEOHV
LQ� DQ� RIILFH� HQYLURQPHQW�� %OXHWRRWK� ZLOO� WKHQ� DXWRPDWLFDOO\� EH� LQFOXGHG� LQ� H�J�� PRELOH
WHOHSKRQHV�DQG�FRPSXWHUV�
���$OWKRXJK� WKHUH� DUH� D� ORW� RI� FRPSHWLWRUV� WR� %OXHWRRWK�� ZKLFK� KDYH� EHWWHU� SHUIRUPDQFH� LQ
VLQJOH�DUHDV��WKHUH�LV�QR�RQH�WKDW�DOUHDG\�LV�VXSSRUWHG�E\������FRPSDQLHV��QRU�ZLWK�WKH�DLP�RI
EHFRPLQJ�D�ZRUOGZLGH�ZLUHOHVV�VWDQGDUG�VXSSRUWLQJ�ERWK�GDWD�DQG�YRLFH�
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���5HIHUHQFHV

>�@� -DPHV�5XPEDXJK��´�2EMHFW�2ULHQWHG�0RGHOLQJ�DQG�'HVLJQ´��������3UHQWLFH�+DOO�
>�@� ZZZ�EOXHWRRWK�FRP�GHYHORSHUV�VSHFLILFDWLRQ�VSHFLILFDWLRQ�DVS
>�@� ZZZ�FRPWHF�VLJPD�VH
>�@� EOXHWRRWK�MOL�QHW
>�@� *|WH�$QGHUVVRQ��³%UHGEDQGV�NRQNXUUHQV�L�VLNWH�I|U�%OXHWRRWK´��(OHNWURQLNWLGQLQJHQ�

���2NW������
>�@� 'DJPDU�=LWNRYD��³*HQRPEURWW�I|U�UDGLR�ODQ�VRP�NODUDU����0ELW�V´�

(OHNWURQLNWLGQLQJHQ�����2NW������
>�@� (YH�(NHO|I��³)HO�L�VSHFLILNDWLRQHQ�I|UVHQDU�%OXHWRRWK´��(OHNWURQLNWLGQLQJHQ�����2NW�

����
>�@� /LVD�5LQJVWU|P��³6YnUW�RFK�G\UW�DWW�In�IUDP�IXQJHUDQGH�EOnWDQGVSU\ODU´�

(OHNWURQLNWLGQLQJHQ�����2NW������
>�@� 0DJQXV�(ZHUW��³'DWDNRPPXQLNDWLRQ�1X�RFK�L�IUDPWLGHQ´�������6WXGHQWOLWWHUDWXU
>��@ ZZZ�PLFURFKLS�FRP
>��@ ZZZ�KWVRIW�FRP
>��@ MDYD�VXQ�FRP�SURGXFWV

*HQHUDO�UHIHUHQFHV�
ZZZ�EOXHWRRWK��FRP
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$SSHQGL[�$��7LPH�3ODQQLQJ

7LPH�3ODQQLQJ &RPPLWPHQW

3 3DUW�WLPH�ZHHN������GD\V
) �)XOO�WLPH�ZHHN

:HHN $FWLYLW\

�� 3 6WXG\�%OXHWRRWK�VSHFLILF�LQIRUPDWLRQ

�� 3 6WXG\�%OXHWRRWK�VSHFLILF�LQIRUPDWLRQ

�� 9DFDWLRQ

�� 6FKRRO

�� 6FKRRO

�� 6FKRRO

�� ) 'HVLJQ�RI�SURWRW\SH

�� ) 'HVLJQ�&DG�RI�SURWRW\SH

�� ) 7KH�FRQVWUXFWLRQ�RI�WKH�SURWRW\SH

�� ) *HQHUDO�VRIWZDUH�GHYHORSPHQW

�� ) *HQHUDO�VRIWZDUH�GHYHORSPHQW

�� ) &RPPXQLFDWLRQ�EHWZHHQ�SURWRW\SH�DQG�%OXHWRRWK

�� ) 'HVLJQ�RI�%&&

�� 9DFDWLRQ

�� 9DFDWLRQ

�� ) &$'�FRQVWUXFWLRQ�RI�%&&

�� ) 6RIWZDUH�GHYHORSPHQW�LQ�VODYH

�� ) 6RIWZDUH�GHYHORSPHQW�LQ�VODYH

�� 3 6RIWZDUH�GHYHORSPHQW�LQ�PDVWHU

�� 3 6RIWZDUH�GHYHORSPHQW�LQ��PDVWHU

�� 3 7KH�GHYHORSPHQW�RI�3&�FRQWUROOHG�DSSOLFDWLRQ

�� 3 7KH�GHYHORSPHQW�RI�FDU�DSSOLFDWLRQ

�� 3 7KH�GHYHORSPHQW�RI�FDU�DSSOLFDWLRQ

�� 3 7KH�GHYHORSPHQW�RI�FDU�DSSOLFDWLRQ

�� ) 0DVWHU�WKHVLV�UHSRUW

�� ) 0DVWHU�WKHVLV�UHSRUW

�� ) 5HVHUYHG�WLPH

�� ) 3UHVHQWDWLRQ�DQG�GHPRQVWUDWLRQ�RI�WKH�PDVWHU
WKHVLV�SURMHFW�RQ�$5.$'�����QRYHPEHU
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$SSHQGL[�%��&LUFXLW�%RDUG

7KH�FRPSRQHQWV¶�ORFDWLRQ�RQ�WKH�FLUFXLW�ERDUG�LV�VKRZQ�EHORZ��7KH�VL]H�LV���
���FP�
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7RS�OD\HU��WKH�VL]H�LV���
���FP�

%RWWRP�OD\HU��WKH�VL]H�LV���
���FP�
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$SSHQGL[�&��&RGH�LQ�VODYH

���������������������������������������������*OREDO�K������������������������������������������������������
�LIQGHI�*/2%$/B+
�GHILQH�*/2%$/B+

W\SHGHI�XQVLJQHG�FKDU�%<7(�
W\SHGHI�XQLRQ
^
����VWUXFW�6� ���FRQWURO�ELWV����GLVDEOH����HQDEOH
����^
��������XQVLJQHG�LQW�JOREDOBLQWHUUXSW������� ���JHQHUDO�LQWHUUXSW�ELW
��������XQVLJQHG�LQW�WUDQVPLWBDOORZHG������� ���WUDQVPLWWLQJ�RQ�8$57�LV�DOORZHG
��������XQVLJQHG�LQW�WLPHUBLQWHUUXSW�������� ���WLPHU��LQWHUUXSW
��������XQVLJQHG�LQW�UHFHLYHBLQWHUUXSW������ ���UHFHLYH�LQWHUUXSW�RQ�8$57
��������XQVLJQHG�LQW�VSLBLQWHUUXSW��������� ���VSL�LQWHUUXSW
��������XQVLJQHG�LQW�VSLBVHQGLQJ������������ ���VHQGLQJ�RQ�RQ�VSL
��������XQVLJQHG�LQW�GLJLWDOBLQWHUUXSW����� ���LQWHUUXSW�RQ�GLJLWDO�LQSXW
��������XQVLJQHG�LQW�LQLW��� ���WKH�V\VWHP�LQ�LQLW�EOXHWRRWK
��������XQVLJQHG�LQW�FRQQHFWHG��� ���EOXHWRRWK�LV�FRQQHFWHG
��������XQVLJQHG�LQW�QHZBGDWD��� ���QHZ�GDWD�LV�UHDG��)RU�V\QFKURQL]DWLRQ
����`ELWBQDPH�
`V\VWHPBUHJBW�

�












�0DLQ�F




































�
H[WHUQ�EDQN��V\VWHPBUHJBW�V\VWHPBUHJ� ���FRQWURO�ELWV
H[WHUQ�EDQN��XQVLJQHG�LQW�EXIIHUBQXP� ���PD[LPDO�QXPEHU�RI�SDFNDJH�LQ�EXIIHU
H[WHUQ�EDQN��XQVLJQHG�LQW�SDFNDJHBVL]H� ���PD[LPDO�QXPEHU�RI�E\WH�LQ�SDFNDJH
H[WHUQ�EDQN��%<7(�UHFHLYHBEXIIHUBLQGH[� ���SRVVLWLRQ�LQ�UHFHLYH�YHFWRU
H[WHUQ�EDQN��%<7(�WUDQVPLWBEXIIHUBLQGH[� ���SRVLWLRQ�LQ�UHFHLYH�YHFWRU
H[WHUQ�EDQN��%<7(�UHFHLYHBEXIIHU>��@� ���'HILQH�UHFHLYHBYHFWRUB�
H[WHUQ�EDQN��%<7(�WUDQVPLWBEXIIHU>��@� ���'HILQH�WUDQVPLWBYHFWRU
H[WHUQ�EDQN��XQVLJQHG�LQW�SDFNDJHBOHQJWK� ���OHQJWK�RI�UHFHLYLQJ�SDFNDJH�
H[WHUQ�EDQN��XQVLJQHG�LQW�WUDQVPLWBOHQJWK� ���OHQJWK�RI�WUDQVPLWWLQJ�SDFNDJH
H[WHUQ�EDQN��%<7(�FRQQHFWLRQBKDQGOH>�@� ���FRQQHFWLRQBKDQGOH
H[WHUQ�EDQN��%<7(�GLJLWDOBYDOXH� ���YDOXH�RI�GLJLWDO�LQSXW
H[WHUQ�EDQN��%<7(�63,BYDOXH� ���YDOXH�RI�63,�LQSXW
H[WHUQ�EDQN��%<7(�&76� ���IORZ�FRQWURO��IURP�56����

H[WHUQ�YRLG�ZDLW�XQVLJQHG�LQW�FRXQW��

�
















�LVU�F�




































�
H[WHUQ�EDQN��%<7(�FDUBFRXQW�
H[WHUQ�YRLG�LQLWBLVU�YRLG��
H[WHUQ�YRLG�VHQGB8$57�XQVLJQHG�LQW�OHQJWK��

�















�KFL�F�






































�
H[WHUQ�%<7(�VHQGBGDWD�YRLG�� ���VHQG�WUDQVPLWBEXIIHU�ZLWK�SURWRFRO�OHQJWK
H[WHUQ�%<7(�+&,B5HVHW�YRLG��
H[WHUQ�%<7(�+&,B5HDGB%XIIHUB6L]H�YRLG��
H[WHUQ�%<7(�+&,B:ULWHB$XWHQWLFB(QDEOH�YRLG��
H[WHUQ�%<7(�+&,B6HWB(YHQWB)LOWHU�YRLG��
H[WHUQ�%<7(�+&,B:ULWHB&RQQHFWLRQB7LPHRXW�YRLG��
H[WHUQ�%<7(�+&,B:ULWHB3DJHB7LPHRXW�YRLG��
H[WHUQ�%<7(�+&,B:ULWHB6FDQB(QDEOH�YRLG��
H[WHUQ�%<7(�+&,B6HWB(YHQWB0DVN�YRLG��
H[WHUQ�YRLG�&RPPDQG&RPSOHWH�YRLG��

�












�DSSOLFDWLRQ�F�
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H[WHUQ�EDQN��XQVLJQHG�LQW�VDPSOHBWLPH�
H[WHUQ�EDQN��%<7(�UHFHLYHB63,BRQ�
H[WHUQ�EDQN��%<7(�FDUBSZP�
H[WHUQ�EDQN��%<7(�WLPHUBSZPBRQH�
H[WHUQ�EDQN��%<7(�WLPHUBSZPBWZR�

YRLG�LQLW&RQWURO�YRLG��
YRLG�DSSOLFDWLRQBFRQWURO�YRLG��
YRLG�IODVK'LRG�%<7(�IRUHYHU�LQW�VSHHG��
YRLG�HUURUB63,�YRLG��

�HQGLI
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�LQFOXGH��SLF�K!
�LQFOXGH��JOREDO�K�

�
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�
���%DQN���ORFDO�YDULDEOH
���EDQN���JOREDO�YDULDEOH
���EDQN���JOREDO�YDULDEOH
���EDQN���LQFRPPLQJ�GDWDSDFNHW

EDQN��V\VWHPBUHJBW�V\VWHPBUHJ� ���&RQWURO�ELWV
EDQN��XQVLJQHG�LQW�EXIIHUBQXP� ���PD[LPDO�QXPEHU�RI�SDFNDJH�LQ�EXIIHU
EDQN��XQVLJQHG�LQW�SDFNDJHBVL]H� ���PD[LPDO�QXPEHU�RI�E\WH�LQ�SDFNDJH
EDQN��%<7(�UHFHLYHBEXIIHUBLQGH[� ���SRVVLWLRQ�LQ�UHFHLYH�YHFWRU
EDQN��%<7(�WUDQVPLWBEXIIHUBLQGH[� ���SRVLWLRQ�LQ�UHFHLYH�YHFWRU
EDQN��%<7(�UHFHLYHBEXIIHU>��@� ���'HILQH�UHFHLYHBYHFWRUB�
EDQN��%<7(�WUDQVPLWBEXIIHU>��@� ���'HILQH�WUDQVPLWBYHFWRU
EDQN��XQVLJQHG�LQW�SDFNDJHBOHQJWK� ���OHQJWK�RI�UHFHLYLQJ�SDFNDJH
EDQN��XQVLJQHG�LQW�WUDQVPLWBOHQJWK� ���OHQJWK�RI�WUDQVPLWWLQJ�SDFNDJH
EDQN��%<7(�FRQQHFWLRQBKDQGOH>�@� ���FRQQHFWLRQBKDQGOH
EDQN��%<7(�GLJLWDOBYDOXH� ���YDOXH�RI�GLJLWDO�LQSXW
EDQN��%<7(�63,BYDOXH� ���YDOXH�RI�63,�LQSXW
EDQN��%<7(�&76� ���56����
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��7KH�H[HFXWLRQ�VWDUW�LQ�PDLQ�DQG�PDLQ�FDOOV�LQLW3,&
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YRLG�ZDLW�XQVLJQHG�LQW�FRXQW�^

GR^
`�ZKLOH��FRXQW���!����

`
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VWDWLF�YRLG�LQLW3,&��^

���LQLW�FRQWURO�YDULDEOH
V\VWHPBUHJ�ELWBQDPH�JOREDOBLQWHUUXSW ��
V\VWHPBUHJ�ELWBQDPH�WUDQVPLWBDOORZHG ��
V\VWHPBUHJ�ELWBQDPH�WLPHUBLQWHUUXSW ��
V\VWHPBUHJ�ELWBQDPH�UHFHLYHBLQWHUUXSW ��
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LI�V\VWHPBUHJ�ELWBQDPH�VSLBLQWHUUXSW  ��^

HUURUB63,���
`

63,BYDOXH 663%8)�
V\VWHPBUHJ�ELWBQDPH�VSLBLQWHUUXSW� ���
V\VWHPBUHJ�ELWBQDPH�JOREDOBLQWHUUXSW� ���

663,) ��
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UHFHLYHBEXIIHU>UHFHLYHBEXIIHUBLQGH[��@� �5&5(*�
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LI�UHFHLYHBEXIIHUBLQGH[�  ���		��UHFHLYHBEXIIHU>�@�� ��[���		�UHFHLYHBEXIIHU>�@�� ��[�����^

UHFHLYHBEXIIHUBLQGH[���
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���7ZR�E\WH�ODUJH�),)2�UHFHLYLQJ�EXIIHU
LI�5&,)�^

UHFHLYHBEXIIHU>UHFHLYHBEXIIHUBLQGH[��@� �5&5(*�

���*DUEDJH�E\WH�DW�SRVLWLRQ�]HUR
LI�UHFHLYHBEXIIHUBLQGH[�  ���		��UHFHLYHBEXIIHU>�@�� ��[���		�UHFHLYHBEXIIHU>�@�� ��[�����^

UHFHLYHBEXIIHUBLQGH[���
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`

���(UURU�UHFHLYLQJ��WR�ODUJH�SDFNHW��6WDUW�ORRNLQJ�DIWHU�GDWD�RU�HYHQW�SDFNDJHV
LI�UHFHLYHBEXIIHUBLQGH[�! ����^

UHFHLYHBEXIIHUBLQGH[ ��
`

��HYHQW�SDFNDJH�OHQJWK
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SDFNDJHBOHQJWK� �SDFNDJHBOHQJWK�_�GDWDBWHPS�
ILUVW� ���

`

��V\QFKURQL]DWLRQ�WR�NHHS�GDWD�VWUXFWXUH�LQWDFW��)LUVW�GDWD�E\WH�UHDG
LI�UHFHLYHBEXIIHU>�@�  ��[���		�UHFHLYHBEXIIHUBLQGH[�  ����^
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SDFNDJHBOHQJWK ��
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V\VWHPBUHJ�ELWBQDPH�QHZBGDWD ��
V\VWHPBUHJ�ELWBQDPH�UHFHLYHBLQWHUUXSW ��
V\VWHPBUHJ�ELWBQDPH�JOREDOBLQWHUUXSW ��
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2(55 ��
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�������� &5(1 ��
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7;5(*� �WUDQVPLWBEXIIHU>WUDQVPLWBEXIIHUBLQGH[��@�
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YRLG�IODVK'LRG�%<7(�IRUHYHU�LQW�VSHHG�^
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��LQW�VWRS�
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ZKLOH���^
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���IRU�W ��W�VSHHG�W���^

��� ���`

���5&� ��
���IRU�W ��W�VSHHG�W���^

��� ���`
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VWRS ��
ZKLOH�VWRS����^
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VWDWLF�LQW�RXW$QDORJ�YRLG�^

��%<7(�WHPS�
��%<7(�GDWD>�@�

��WHPS �[���

����V\QFKURQL]DWLRQ�WR�NHHS�GDWD�VWUXFWXUH�LQWDFW
��LI�V\VWHPBUHJ�ELWBQDPH�QHZBGDWD�  ���^

GDWD>�@� �UHFHLYHBEXIIHU>�@�
GDWD>�@� �UHFHLYHBEXIIHU>��@�
GDWD>�@� �UHFHLYHBEXIIHU>��@�
GDWD>�@� �UHFHLYHBEXIIHU>��@�

��`�HOVH�^
UHWXUQ���

��`

��LI�V\VWHPBUHJ�ELWBQDPH�QHZBGDWD�  ���^
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LQW�WHPS�
LQW�GDWDBWHPS�

ZKLOH���^

��ZDLW�IRU�LQWHUUXSW
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`

PRUHBLQWHUUXSWV ������758(
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��$OO�DOORZHG�HYHQW�SDFNDJH
LI�UHFHLYHBEXIIHU>�@�  ��[���^
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FRQQHFWLRQBKDQGOH>�@� ��%<7(���UHFHLYHBEXIIHU>�@�	��[�I��



,PSOHPHQWLQJ�D�:LUHOHVV�,�2�XQLW�XVLQJ�%OXHWRRWK70

������

���FRQQHFWHG�WR�RWKHU�EOXHWRRWK�KRVW
V\VWHPBUHJ�ELWBQDPH�FRQQHFWHG� ���

���WXUQ�RQ�GLRG
5&� ��

`

�
�'LVFRQQHFW�FRPSOHWH�HYHQW
�
LI�UHFHLYHBEXIIHU>�@�  �[���		�UHFHLYHBEXIIHU>�@�  ��[���^

V\VWHPBUHJ�ELWBQDPH�FRQQHFWHG ��
FRQQHFWLRQBKDQGOH>�@ ��
FRQQHFWLRQBKDQGOH>�@ ��

UDPS'RZQ���

���%OXHWRRWK�GDWD�EXIIHU
EXIIHUBQXP� ����

VDPSOHBWLPH �����

���WXUQ�RII�GLRG
5&� ��

`

�
�1XPEHU�RI�FRPSOHWH�SDFNDJH
�
LI�UHFHLYHBEXIIHU>�@�  �[���^

WHPS� ���
WHPS� ��LQW��UHFHLYHBEXIIHU>�@�
GDWDBWHPS ��
GDWDBWHPS UHFHLYHBEXIIHU>�@�
GDWDBWHPS GDWDBWHPS����
WHPS� �WHPS�_�GDWDBWHPS�

EXIIHUBQXP�� �WHPS�

`

�
�&RPPDQG�&RPSOHWH�(YHQW
�
LI�UHFHLYHBEXIIHU>�@�  �[�H�		�UHFHLYHBEXIIHU>�@  �[���^
`

�
�&RPPDQG�6WDWXV�(YHQW
�
LI�UHFHLYHBEXIIHU>�@�  �[�I�		�UHFHLYHBEXIIHU>�@  �[���^
`

���GDWD�SDFNDJH
`�HOVH�LI�UHFHLYHBEXIIHU>�@�  ��[���^

��6WRUH�SHULRG�WLPH�IRU�VLPXODWHG�3:0
WLPHUBSZPBRQH UHFHLYHBEXIIHU>��@�
WLPHUBSZPBWZR UHFHLYHBEXIIHU>��@�

��VHW�$QDORJ�RXWSXWV�LI�LQ�63,�VHQGLQJ�PRGH
LI�V\VWHPBUHJ�ELWBQDPH�VSLBVHQGLQJ�  ���^
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RXW$QDORJ���
`

��3,&�3:0
LI�FDUBSZP�  ��[���		�UHFHLYHBEXIIHU>��@�� ��[II�^

��VHW�3:0
RXW3:0���

���&KDQJH�IURP�VLPXODWHG�3:0�WR�3,&�3:0�
`�HOVH�LI�FDUBSZP�  �[���		�UHFHLYHBEXIIHU>��@�� ��[II�^

FDUBSZP� ��[���

��WXUQ�RII�LQWHUUXSW
705�,( ��
705�,( ��

��WXUQ�RII�WLPHU�
705�21 ��

���HQDEOH�WLPHU�
705�21 ��

��(QDEOH�3,&�3:0
&&3�0� ��

�� &&3�0� ��
&&3�0� ��
&&3�0� ��

�� &&3�0� ��
�� &&3�0� ��

&&3�0� ��
�� &&3�0� ��

��VHW3:0
RXW3:0���

���&KDQJH�IURP�3,&�3:0�WR�VLPXODWHG�3:0
`�HOVH�LI�FDUBSZP�  ��[���		�UHFHLYHBEXIIHU>��@�  ��[II�^

��'LVDEOH�3,&�3:0
&&3�0� ��

�� &&3�0� ��
&&3�0� ��
&&3�0� ��

�� &&3�0� ��
�� &&3�0� ��

&&3�0� ��
�� &&3�0� ��

��YDULDEHO�LQ�LVU
FDUBFRXQW ��

��VWRS�WLPHUV�WR�JHW�V\QFKURQL]HG�VWDUW
705�21 ��
705�21 ��

��VHWRXWSXW
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5&� ��
5&� ��

��HQDEOH�LQWHUUXSW�RQ�WLPHU��DQG�WLPHU�
705�,( ��
705�,( ��

���ILUVW�FKDQJH�RI�SHULRG
FDUBSZP� ��[���

��VLPXODWHG�3:0

`�HOVH�LI�FDUBSZP�  �[���		�UHFHLYHBEXIIHU>��@�  ��[II�^

���7KH�V\VWHP�KDQGOHV�VLPXODWHG�3:0�E\�WLPHUV
`

���VHW�VDPSOH�SHULRG�RI�DQDORJ�LQSXWV
LI��UHFHLYHBEXIIHU>��@�!���^

WHPS ��
WHPS� ��LQW��UHFHLYHBEXIIHU>��@�
VDPSOHBWLPH� �WHPS
��

`�HOVH�^
���PLQ����PV
VDPSOHBWLPH ���

`

���HQDEOH�GLVDEOH�63,�LQWSXW
LI��UHFHLYHB63,BRQ  ��^

��HQDEOH�RWKHUZLVH�FRQWLQXH
LI��UHFHLYHBEXIIHU>��@  ��^

����75,6%� ��
����SRVB63,BRXW� ���
����UHFHLYHB63,BRQ ��

����ZDLW����
����,17( �� ���HQDEOH�LQWHUUXSW
`

`�HOVH�^

��GLVDEOH�RWKHUZLVH�FRQWLQXH
LI��UHFHLYHBEXIIHU>��@  ��^

������$OOZD\V�DOORZ�$'�FRQYHUVLRQ
����LI�V\VWHPBUHJ�ELWBQDPH�VSLBVHQGLQJ  ��^

���� ��GLVDEOH�63,�LQWHUUXSW
���� 663,( ��
���� V\VWHPBUHJ�ELWBQDPH�VSLBVHQGLQJ� ���
����`

�����75,6%� ��
�������� ���� �����UHFHLYHB63,BRQ ��

����ZDLW����
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����,17( �� ���GLVDEOH�LQWHUUXSW
`

`

`

V\VWHPBUHJ�ELWBQDPH�UHFHLYHBLQWHUUXSW� ���

�
�,17(55837�21�',*,7$/�,1387�
�
`�HOVH�LI�V\VWHPBUHJ�ELWBQDPH�GLJLWDOBLQWHUUXSW�  ���^

��3RVVLEOH�FKDQFH�RI�GHDGORFN�HUURU�LI�GLJLWDO�LQWHUUXSW�WR�FORVH���
V\VWHPBUHJ�ELWBQDPH�GLJLWDOBLQWHUUXSW� ���

���63,�UHFHLYLQJ�PRGH�HQDEOH
LI�UHFHLYHB63,BRQ  ��^

VWRUHB',*,7$/���

���5HYHLYH�RQ�63,�5HFLYH�GDWD�FKDQJH�EHWZHHQ�UHFHLYLQJ�DQG�VHQGLQJ
LI�V\VWHPBUHJ�ELWBQDPH�VSLBVHQGLQJ�  ���^

��&KLS�QRW�VHOHFW�'$
�� 5%� ��

��(QDEOH�63,�LQWHUUXSW
663,( ��

SRVB63,BRXW� ���

V\VWHPBUHJ�ELWBQDPH�VSLBVHQGLQJ� ���

� ���6HQG�RQ�63,
`�HOVH�^

��GLVDEOH�63,�LQWHUUXSW
663,( ��

V\VWHPBUHJ�ELWBQDPH�VSLBVHQGLQJ� ���
`

`

�
�,17(55837�21�63,�
�
`�HOVH�LI�V\VWHPBUHJ�ELWBQDPH�VSLBLQWHUUXSW�  ���^

���UHFHLYLQJ�VSL
LI�V\VWHPBUHJ�ELWBQDPH�VSLBVHQGLQJ�  ���^

���6WRUH�GDWD�LQ�WUDQVPLW�YHFWRU
VWRUHB63,���

`

V\VWHPBUHJ�ELWBQDPH�VSLBLQWHUUXSW� ���
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�
�7,0(5�,17(55837�
�
`�HOVH�LI�V\VWHPBUHJ�ELWBQDPH�WLPHUBLQWHUUXSW�  ���^

��5HVHWLQJ�LQW�LQWHUUXSW�YDOXH�DIWHU�GHWHFWLRQ��,QWHUUXSW�RQO\�RQ�RQHV
LI�LQWBYDOXH�! ���^

WUDQVPLWBEXIIHU>��@ �[���
LQWBYDOXH ��

`�HOVH�LI�LQWBYDOXH�  ����^� ��DOZD\V�VHQG�WKH�GHWHFWHG�LQWHUUXSW
LQWBYDOXH���

`

LQ$'���
VWRUHB&76���

��6HQG�GDWD�WR�EOXHWRRWK�LI�ZH�DUH�FRQQHFWHG
VHQGBGDWD���

V\VWHPBUHJ�ELWBQDPH�WLPHUBLQWHUUXSW� ���

`

���PRUH�LQWHUUXSW�DYDLODEOH�ZKLOH�GHDOLQJ�ZLWK�WKLV
LI� V\VWHPBUHJ�ELWBQDPH�WLPHUBLQWHUUXSW�  ���		

V\VWHPBUHJ�ELWBQDPH�UHFHLYHBLQWHUUXSW�  ���		
V\VWHPBUHJ�ELWBQDPH�VSLBLQWHUUXSW�  ���		
V\VWHPBUHJ�ELWBQDPH�GLJLWDOBLQWHUUXSW�  ���^

PRUHBLQWHUUXSWV ��������)$/6(
V\VWHPBUHJ�ELWBQDPH�JOREDOBLQWHUUXSW ��

`

`

`

`
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$SSHQGL[�'��&RGH�LQ�PDVWHU

�������������������������������������������������������&RQWUROO/D\HU�������������������������������������������������������

LPSRUW�MDYD�XWLO�9HFWRU�

SXEOLF�FODVV�&RQWUROO/D\HU�^

��SULYDWH�/�&$3�FDS/D\HU�
��SULYDWH�+&,�KFL/D\HU�
��SULYDWH�$3,�DSSOLFDWLRQ�

��SULYDWH�LQW�QXP2I&RPPDQG3DFNDJH�
��SULYDWH�LQW�LQLW6WDWH�
��SULYDWH�LQW�IORZ1XP�
��SULYDWH�LQW�IORZ6L]H�
��SULYDWH�ERROHDQ�GHEXJ�

��SULYDWH�ERROHDQ�VXFHVV� ���UHWXUQ�YDOXH
��SULYDWH�ERROHDQ�LQLW� ���7UXH��!�WKH�VWDFN�LV�LQLWLDOLVHG
��SULYDWH�+RVW�WHPS�
��SULYDWH�+RVW/LVW�P\/LVW�
��SULYDWH�6WULQJ�P\3RUW�

���


��
�&RQVWUXFWRU
��

��
�#SDUDP�6WULQJ�FRP3RUW�WKH�SRUW�&20�WKH�VWDFN�ZLOO�XVH
��
�#SDUDP�WRS/D\HU�WKH�QH[W�OD\HU�LQ�WKH�VWDFN�
��
�
��SXEOLF�&RQWUROO/D\HU�6WULQJ�FRP3RUW�$3,�WRS/D\HU�^

�P\/LVW� �QHZ�+RVW/LVW���
�KFL/D\HU� �QHZ�+&,�WKLV��

����� FDS/D\HU� �QHZ�/�&$3�������WKLV�KFL/D\HU��
����� 56����U� �QHZ�56����FRP3RUW�KFL/D\HU�WKLV��
����� DSSOLFDWLRQ WRS/D\HU�
����� P\3RUW FRP3RUW�

����� KFL/D\HU�VHW,QLW9DOXH�FDS/D\HU�U��

����� QXP2I&RPPDQG3DFNDJH ��
����� LQLW6WDWH ��
����� VXFHVV� �IDOVH�
����� LQLW �IDOVH�
����� GHEXJ WUXH�
��`

���






























�3XEOLF�PHWKRGV�IRU�$3,�




































�

����


��
�,QLWLDOLVH�%OXHWRRWK�FRQWUROOHU��7KH�7KUHDG�LV�EORFNHG�XQWLO�VXFFHVV�RU�IDLOXUH
��

��
�#UHWXUQ�WUXH�LI�VXFFHVV�RWKHUZLVH�IDOVH
��
�
��SXEOLF�V\QFKURQL]HG��ERROHDQ�LQLW��^

�� WU\�^

�� LQLW6WDWH ��
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�� P\,QLW���
�� ZDLW���
�� UHWXUQ�VXFHVV�

��� `�FDWFK��([FHSWLRQ�H�^

ZULWH��(��!�([FHSWLRQ�GXULQJ�LQLW�����H�WR6WULQJ����������
UHWXUQ�IDOVH�

��� `
��`

���


��
�,QTXLUH�DIWHU�RWKHU�%OXHWRRWK�GHYLFHV��7KH�7KUHDG�LV�EORFNHG�XQWLO�VXFFHVV�RU�IDLOXUH
��

��
�#UHWXUQ�WUXH�LI�VXFFHVV�RWKHUZLVH�IDOVH
��
�
��SXEOLF�V\QFKURQL]HG�ERROHDQ�LQTXLU\��^

�� WU\^

�� ���PXVW�KDYH�LQLWLDOLVHG�WKH�FRQQHFWLRQ�EHIRUH�LQTXLU\
���� LI��LQLW�^
���� E\WH�GDWD>@� �QHZ�E\WH>�@�
���� GDWD>�@� ��[���
���� GDWD>�@� ��[���
���� GDWD>�@� ��[���
���� GDWD>�@� ��[���
���� GDWD>�@� ��E\WH���[�E�
���� GDWD>�@� ��E\WH���[�H�
���� GDWD>�@� ��[���
���� GDWD>�@� ��[���

���� KFL/D\HU�VHQG'DWD�GDWD�%ODFN%R[�&200$1'3$&.$*(��

��EORFNLQJ
�� ZDLW���
�� UHWXUQ�VXFHVV�
�� `�HOVH�^

UHWXUQ�IDOVH�
`

`�FDWFK��([FHSWLRQ�H�^

ZULWH��(��!�([FHSWLRQ�GXULQJ�LQTXLU\�����H�WR6WULQJ���������
UHWXUQ�IDOVH�

���`
��`

���


��
�&RQQHFW�WR�%OXHWRRWK�GHYLFH��7KH�7KUHDG�LV�EORFNHG�XQWLO�VXFFHVV�RU�IDLOU\
��

��
�#SDUDP�LQW�%OXHWRRWK�DGGUHVV
��
�#UHWXUQ�WKH�&,'�RI�/�&$3�OD\HU��[�����LI�HUURU
��
�
��SXEOLF�V\QFKURQL]HG�E\WH>@�FUHDWH&RQQHFWLRQ�E\WH>@�DGUHVV�^

�� +RVW�WHPS�
E\WH�GDWD>@�
E\WH�P\&,'>@�
E\WH�WHPSY>@�
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WHPSY� �QHZ�E\WH>�@�
P\&,'� �QHZ�E\WH>�@�

LI�QXP2I&RPPDQG3DFNDJH�!��		�LQLW�^

WHPS� �P\/LVW�JHW+RVW�DGUHVV��

LI��WHPS�� �QXOO�^
E\WH>@�FORFN�

���7KH�EOXHWRRWK�KRVW�LV�DOUHDG\�FRQQHFWHG
LI��WHPS�JHW&RQQHFWHG���^

ZULWH��,��!�&DQ
W�FRQQHFW�WKH�EOXHWRRWK�KRVW�LV�DOUHDG\�FRQQHFWHG����
���� UHWXUQ�WHPSY�

`

���� DWD� �QHZ�E\WH>��@�
ORFN WHPS�JHW&ORFN2IIVHW���

���� GDWD>�@� ��[���
���� GDWD>�@� ��[���
���� GDWD>�@� ��[�G�
���� GDWD>�@� �DGUHVV>�@� ��06%
���� GDWD>�@� �DGUHVV>�@�
���� GDWD>�@� �DGUHVV>�@�
���� GDWD>�@� �DGUHVV>�@�
���� GDWD>�@� �DGUHVV>�@�

GDWD>�@� �DGUHVV>�@�
���� GDWD>��@� ��[���
���� GDWD>��@� ��[���
���� GDWD>��@� �WHPS�JHW6FDQ5HSHWLWLRQ���
���� GDWD>��@� �WHPS�JHW6FDQ0RGH���
���� GDWD>��@� �FORFN>�@� ��06%
���� GDWD>��@� �FORFN>�@�
���� GDWD>��@� ��[���

���� ��EXIIHU�HPSW\�ZKHQ�QRW�FRQQHFWHG��1HHGHG�ZKHQ�UHFRQHFWLQJ�ORVW�FRQQHFWLRQ
���� FDS/D\HU�VHW)ORZ&RQWURO�IORZ1XP�IORZ6L]H��

���� KFL/D\HU�VHQG'DWD�GDWD�%ODFN%R[�&200$1'3$&.$*(��

��2QO\�RQH�FRQQHFWLRQ�DQG�WKHUHIRUH�RQO\�RQH�&,'
P\&,'>�@� ��[���

���� P\&,'>�@� ��[���

���� WHPS�VHW&,'�P\&,'��

���� WU\�^

��EORFNLQJ
���� ZDLW���
����
���� �`�FDWFK��([FHSWLRQ�H�^

ZULWH��(��!�([FHSWLRQ�GXULQJ�FUHDWH�FRQQHFWLRQ������H�WR6WULQJ����������
UHWXUQ�WHPSY�

��� `

���� LI��VXFHVV�^
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���� UHWXUQ�P\&,'�
���� `�HOVH�^
���� UHWXUQ�WHPSY�
���� `

���� `�HOVH�^
���� ZULWH��(��!�(UURU�FRQQHFWLQJ�WR�EOXHWRRWK��DGUHVV�QRW�YDOLG����
���� UHWXUQ�WHPSY�������[�����
���� `
����
����`�HOVH�^
���� UHWXUQ�WHPSY� ����[�����
����`

��`

���


��
�6HQG�GDWD�SDFNHW�
��

��
�#SDUDP�FKDU>@�&,'�QXPEHU
��
�#SDUDP�FKDU>@�7KH�GDWD
��
�
��SXEOLF�YRLG�VHQG'DWD�E\WH>@�&,'�E\WH>@�GDWD�^

�� +RVW�WHPS�
�� E\WH>@�WHVW�
�� E\WH>@�GDWD3DFNDJH�
�� E\WH>@�QHZ+DQGOH�
�� E\WH>@�WHPS+DQGOH�
�� WHPS� �QXOO�

QHZ+DQGOH� �QHZ�E\WH>�@�

��
��ILQG�EOXHWRRWK�FRQQHFWLRQ
IRU��LQW�L ��L�P\/LVW�JHW6L]H���L���^

WHPS� ��+RVW��P\/LVW�JHW+RVW$W�L��
WHVW� �WHPS�JHW&,'���
LI��WHVW>�@�  �&,'>�@�		�WHVW>�@  &,'>�@�^

EUHDN�
`

`

�� LI�WHPS�� �QXOO�		�WHPS�JHW&RQQHFWHG���^

�� GDWD3DFNDJH� �QHZ�E\WH>��@�
�� IRU��LQW�L� ��L�GDWD3DFNDJH�OHQJWK�L���^

GDWD3DFNDJH>L@ GDWD>L��@�
�� `
�� WHPS+DQGOH� �WHPS�JHW&RQQHFWLRQ+DQGOH���

QHZ+DQGOH>�@ WHPS+DQGOH>�@�
QHZ+DQGOH>�@ WHPS+DQGOH>�@�

FDS/D\HU�VHQG$&/�WHPS�JHW&,'���QHZ+DQGOH�GDWD3DFNDJH��

`�HOVH�^
ZULWH��(��!�%OXHWRRWK�GHYLFH�QRW�FRQQHFWHG��(UURU�VHQGLQJ�GDWD����

`

��`
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��
�&ORVH�&RQQHFWLRQ
��

��
�#SDUDP�E\WH>@�WKH�%OXHWRRWK�DGUHVV�RI�WKH�H[WHUQDO�KRVW
��
�
��SXEOLF�YRLG�FORVH&RQQHFWLRQ�E\WH>@�EW$GUHVV�^

E\WH>@�GDWD�
E\WH>@�KDQGOH�
+RVW�WHPS�

LI�QXP2I&RPPDQG3DFNDJH!��^

GDWD �QHZ�E\WH>�@�

WHPS P\/LVW�JHW+RVW�EW$GUHVV��

LI��WHPS�� �QXOO�		�WHPS�JHW&RQQHFWHG���  �IDOVH�^
ZULWH��(��!�&DQ
W�GLVFRQQHFW��7KH�KRVW�LV�QRW�FRQQHFWHG����

`

LI�WHPS�� �QXOO�^

KDQGOH WHPS�JHW&RQQHFWLRQ+DQGOH���

GDWD>�@ �[���
GDWD>�@ �[���
GDWD>�@ �[���
GDWD>�@ KDQGOH>�@�
GDWD>�@ KDQGOH>�@�
GDWD>�@ �[��� ��5HDVRQ

KFL/D\HU�VHQG'DWD�GDWD�%ODFN%R[�&200$1'3$&.$*(��

`�HOVH�^

ZULWH%\WH��(��!�(UURU�GLVFRQQHFWLQJ�EOXHWRRWK�KRVW��&,'�QRW�YDOLG����EW$GUHVV��
`

�� `�HOVH�^
ZULWH��(��!�&DQW�GLVFRQQHFW��%OXHWRRWK�FRPPDQG�EXIIHU�LV�IXOO����

`
��`

���

��
�5HDG�WKH�566,�YDOXH��VWUHQJWK�RI�FRQQHFWLRQ��RI�WKH�KRVW��7KH�%OXHWRRWK�PRGXOH�PXVW�KDYH
��
�DQ�FRQQHFWLRQ�WR�VHQG�D�UHDG566,�UHTXHVW
��

��
�#SDUDP�E\WH>@�7KH�DGGUHVV�RI�WKH�%OXHWRRWK�GHYLFH
��
�
��SXEOLF�YRLG�UHDG566,�E\WH>@�EW$GUHVV�^

�� E\WH>@�GDWD�
�� E\WH>@�KDQGOH�
�� +RVW�WHPS�

�� LI�QXP2I&RPPDQG3DFNDJH!��^

GDWD� �QHZ�E\WH>�@�
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WHPS P\/LVW�JHW+RVW�EW$GUHVV��

LI��WHPS�� �QXOO�		�WHPS�JHW&RQQHFWHG���  �IDOVH�^
ZULWH%\WH��(��!�&DQ
W�UHDG�566,��+RVW�QRW�FRQQHFWHG�RU�LQYDOLG�KRVW���EW$GUHVV��

`�HOVH�^

KDQGOH WHPS�JHW&RQQHFWLRQ+DQGOH���

GDWD>�@ �[���
GDWD>�@ �[���
GDWD>�@ �[���
GDWD>�@ KDQGOH>�@�
GDWD>�@ KDQGOH>�@�

KFL/D\HU�VHQG'DWD�GDWD�%ODFN%R[�&200$1'3$&.$*(��

`

�� `�HOVH�^
ZULWH��(��!�&DQ
W�VHQG�FRPPDQG�SDFNDJH��%OXHWRRWK�EXIIHU�LV�IXOO����

�� `
�`

��

�
�6RIWZDUH�UHVHW�RI�%OXHWRRWK�GHYLFH
�

��
�
�SXEOLF�YRLG�UHVHW��^

E\WH>@�GDWD� �QHZ�E\WH>�@�

�� GDWD>�@ �[���
�� GDWD>�@ �[�F�
�� GDWD>�@ �[���

�� LI��QXP2I&RPPDQG3DFNDJH�!��^
��
���� KFL/D\HU�VHQG'DWD�GDWD�%ODFN%R[�&200$1'3$&.$*(��

`�HOVH�^
ZULWH��,��!�&DQ
W�VHQG�UHVHW�SDFNDJH��%OXHWRRWK�EXIIHU�LV�IXOO����

`
�`

���

















�3XEOLF�PHWKRG�DYDLODEOH�IRU�ORZHU�SDUWV�RI�WKH�VWDFN�
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��
�5HFHLYH�GDWD�SDFNHW
��

��
�#SDUDP�6WULQJ�7KH�GDWD
��
�#SDUDP�LQW�WKH�SRVLWLRQ�RI�WKH�ILUVW�GDWD�E\WH
��
�
��SXEOLF�YRLG�UHFHLYH$&/�E\WH>@�GDWD�LQW�SRV�^

�� ��ZULWH%\WH�GDWD�SRV��5HFHLYLQJ�GDWD�����
�� DSSOLFDWLRQ�UHFHLYH'DWD�GDWD�SRV��
��`

���
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��
�5HFHLYH�HYHQW
��

��
�#SDUDP�7KH�HYHQW
��
�#SDUDP�LQW�WKH�LQGH[�RI�WKH�ILUVW�E\WH
��
�
��SXEOLF�V\QFKURQL]HG�YRLG�UHFHLYH(YHQW�E\WH>@�V�LQW�SRV�^

+RVW�WHPS�
LQW�HYHQW&RGH�
E\WH�DGUHVV>@�
6WULQJ�LQ'DWD ���

DGUHVV� �QHZ�E\WH>�@�

WHPS QXOO�

IRU�LQW�L ��L�V�OHQJWK�L���^
LQ'DWD LQ'DWD�����[����8QLFRGH)RUPDWWHU�E\WH7R+H[�V>L@��������

`

ZULWH��,��!�,QFRPPLQJ�HYHQW�����LQ'DWD��

HYHQW&RGH� ��LQW��V>SRV@�

VZLWFK��HYHQW&RGH��^

�
�,QTXLU\�&RPSOHWH�(YHQW�
�
FDVH���� ���,QTXLU\�2.

LI�V>��SRV@�  ��[���^

LI�P\/LVW�JHW6L]H���  ���^
ZULWH��(��!�1R�EOXHWRRWK�KRVWV�DQVZHULQJ����
VXFHVV� �IDOVH�
UHOHDVH/RFN���

`�HOVH�^

��FKDQJH�VWDWXV�RI�+RVW�DQG�QRWLI\�DSSOLFDWLRQ
IRU��LQW�L ��L�P\/LVW�JHW6L]H���L���^

WHPS� ��+RVW��P\/LVW�JHW+RVW$W�L��
LI��WHPS�JHW6WDWXV���  �IDOVH�^

WHPS�VHW6WDWXV�WUXH��
`

`

VXFHVV� �WUXH�
UHOHDVH/RFN���

`

`�HOVH�^

���UHPRYH�+RVW�IURP�V\VWHP
IRU��LQW�L ��L�P\/LVW�JHW6L]H���L���^

WHPS� ��+RVW��P\/LVW�JHW+RVW$W�L��
LI��WHPS�JHW6WDWXV���  �IDOVH�^

P\/LVW�UHPRYH+RVW�WHPS��
`

`

VXFHVV� �IDOVH�
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UHOHDVH/RFN���

ZULWH��(��!�,QTXLU\�IDLOHG����
`
EUHDN�

�
�,QTXLU\�5HVXOW�(YHQW�
�
FDVH����� E\WH>@�FORFN�

FORFN� �QHZ�E\WH>�@�

DGUHVV>�@ �V>��SRV@�
DGUHVV>�@ �V>��SRV@�
DGUHVV>�@ �V>��SRV@�
DGUHVV>�@ �V>��SRV@�
DGUHVV>�@ �V>��SRV@�
DGUHVV>�@ �V>��SRV@�

FORFN>�@� V>���SRV@�
FORFN>�@� V>���SRV@�

WHPS� �QHZ�+RVW�DGUHVV�V>��SRV@�V>���SRV@�V>���SRV@�FORFN��

P\/LVW�VWRUH+RVW�WHPS��

���QRWLI\�DSSOLFDWLRQ
DSSOLFDWLRQ�%7)RXQG�WHPS�JHW$GUHVV����

LI�V>��SRV@�� ��[���^
ZULWH��,��!�0RUH�WKHQ�RQH�LQTXLU\�UHVXOW��ERWKHU�RQO\�RI�WKH�ILUVW����

`
EUHDN�

�
�&RQQHFWLRQ�FRPSOHWH�HYHQW�
�
FDVH���� ��&RPPDQG�RN

LI�V>��SRV@�  �[���^

E\WH>@�FRQQHFWLRQ+DQGOH�

FRQQHFWLRQ+DQGOH� �QHZ�E\WH>�@�

FRQQHFWLRQ+DQGOH>�@ V>��SRV@�
FRQQHFWLRQ+DQGOH>�@ ��E\WH���V>��SRV@�	��[�I��

DGUHVV>�@ V>��SRV@�
DGUHVV>�@ V>��SRV@�
DGUHVV>�@ V>��SRV@�
DGUHVV>�@ V>��SRV@�
DGUHVV>�@ V>��SRV@�
DGUHVV>�@ V>���SRV@�

���LQVHUW�FRQQHFWLRQ+DQGOH
WHPS� �P\/LVW�JHW+RVW�DGUHVV��
WHPS�VHW&RQQHFWLRQ+DQGOH�FRQQHFWLRQ+DQGOH��
WHPS�VHW&RQQHFWHG�WUXH��

VXFHVV� �WUXH�
UHOHDVH/RFN���
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`�HOVH�^

VXFHVV� �IDOVH�
UHOHDVH/RFN���

ZULWH��(��!�(UURU�FRGH�FRQQHFWLRQ�FRPSOHWH�HYHQW����
`
EUHDN�

�
�'LVFRQQHFWLRQ�&RPSOHWH�(YHQW
�
FDVH���� ��&RPPDQG�RN

LI�V>��SRV@�  �[���^

E\WH>@�KDQGOH�
E\WH>@�WHPS+DQGOH�
ERROHDQ�IRXQG IDOVH�

KDQGOH� �QHZ�E\WH>�@�
WHPS+DQGOH� �QHZ�E\WH>�@�

KDQGOH>�@ V>��SRV@�
KDQGOH>�@ ��E\WH���V>��SRV@�	��[�I��

��UHPRYH�FRQQHFWLRQ+DQGOH�LQ�KRVW
IRU��LQW�L ��L�P\/LVW�JHW6L]H���L���^
WHPS� ��+RVW��P\/LVW�JHW+RVW$W�L��
LI��%ODFN%R[�HTXDOV�KDQGOH�WHPS�JHW&RQQHFWLRQ+DQGOH����^

LI�WHPS�JHW&RQQHFWHG���  �WUXH�^

��ZULWH��,��!�+RVW�GLVFRQQHFW���
WHPS+DQGOH>�@ ��
WHPS+DQGOH>�@ ��
WHPS�VHW&RQQHFWHG�IDOVH��
WHPS�VHW&RQQHFWLRQ+DQGOH�WHPS+DQGOH��
DSSOLFDWLRQ�FRQQHFWLRQ,V&ORVHG�WHPS�JHW$GUHVV����
IRXQG WUXH�

EUHDN�

`�HOVH�^
ZULWH��(��!�7KH�KRVW�LV�QRW�FRQQHFWHG����

`
`
`

LI��IRXQG�^
ZULWH��(��!�'LVFRQQHFWLRQ�IDLOHG�LQ�EOXHWRRWK�VWDFN��%OXHWRRWK�KRVW�QRW�IRXQG����

`

`�HOVH�^
ZULWH��(��!�(UURU�FRGH�GLVFRQQHFWLRQ�FRPSOHWH�HYHQW����

`
EUHDN�

�
�&RPPDQG�&RPSOHWH�(YHQW�
�
FDVH����� ���FRPPDQG�RN

LI�V>��SRV@�  ��[���^

���VDYH�FRPPDQGSDFNDJH�EXIIHU
QXP2I&RPPDQG3DFNDJH� ��LQW��V>��SRV@�
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��5HDG�%XIIHU�6L]H
LI��V>��SRV@�  ��[���		�V>��SRV@�  ��[���^

LQW�QXP�
LQW�VL]H�

VL]H V>��SRV@�
VL]H�� �V>��SRV@����

QXP V>��SRV@�
QXP�� �V>���SRV@����

IORZ1XP QXP�
IORZ6L]H VL]H�

FDS/D\HU�VHW)ORZ&RQWURO�QXP�VL]H��
`

���566,
LI�V>��SRV@  �[���		�V>��SRV@�  ��[���^

��RQO\�RQH�FRQQHFWLRQ
DSSOLFDWLRQ�UHFHLYH566,�V>SRV��@��

`

���1H[W�LQLWLDOLVDWLRQ�VWHS
LI��LQLW6WDWH�� ��^

P\,QLW���
`�HOVH�^

���LQLW�VXFHHGHG
VXFHVV� �WUXH�
LQLW WUXH�
UHOHDVH/RFN���

`

`�HOVH�^

���,QLWLDOLVDWLRQ�IDLOHG
VXFHVV� �IDOVH�
LQLW� �IDOVH�
UHOHDVH/RFN���

ZULWH��(��!�(UURU�FRGH�FRPPDQGFRPSOHWH�HYHQW����
`
EUHDN�

�
�&RPPDQG�VWDWXV�HYHQW�
�
FDVH����� ��&RPPDQG�2N

LI�V>��SRV@�  �[���^
QXP2I&RPPDQG3DFNDJH� ��LQW��V>��SRV@�

`�HOVH�^
ZULWH��(��!�(UURU�FRGH�FRPPDQG�VWDWXV�HYHQW����

`
EUHDN�

�
�QXPEHU�RI�FRPSOHWH�SDFNHWV�HYHQW
�
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FDVH������ LI�V>��SRV@�  ��[���^

LQW�VHQG3DFNDJH�

VHQG3DFNDJH V>��SRV@�
VHQG3DFNDJH�� �V>��SRV@����

FDS/D\HU�ILQLVKHG6HQG3DFNDJH�VHQG3DFNDJH��

`�HOVH�^

ZULWH��(��!�0RUH�WKHQ�RQH�FRQQHFWLRQKDQGOH�LQ�FRPSOHWH�SDFNDJH�HYHQW�
����ERWKHU�RQO\�RI�WKH�ILUVW�����

`
EUHDN�

GHIDXOW���DSSOLFDWLRQ�UHFHLYH(YHQW�V��

`
��`

���
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��
�,QWHUQ�LQLWLDOLVDWLRQ�RI�%OXHWRRWK�&RQWUROOHU
��
�
��SULYDWH�V\QFKURQL]HG�YRLG�P\,QLW��^

�� E\WH�GDWD>@�

� ���&RPSLOHU�FRPSODLQV
GDWD� �QHZ�E\WH>�@�

���,Q�FDVH�RI�PXOWLSOH�LQLWLDOLVDWLRQ�WKUHDGV
�� VZLWFK�LQLW6WDWH�^

�� ���+&,�5HVHW
�� FDVH������GDWD� �QHZ�E\WH>�@�

�� GDWD>�@ �[���
�� GDWD>�@ �[�F�
�� GDWD>�@ �[���
�� EUHDN�

���+&,�5HDG�EXIIHU�6L]H
�� FDVH���� GDWD� �QHZ�E\WH>�@�
�� GDWD>�@ �[���
�� GDWD>�@ �[���
�� GDWD>�@ �[���

EUHDN�

���+&,�:ULWH�$XWHQWLF�(QDEOH
�� FDVH���� GDWD� �QHZ�E\WH>�@�
�� GDWD>�@ �[���
�� GDWD>�@ �[�F�
�� GDWD>�@ �[���
�� GDWD>�@ �[���
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�� EUHDN�

�� ���+&,�6HW�(YHQW�)LOWHU
�� FDVH���� GDWD� �QHZ�E\WH>�@�
�� GDWD>�@ �[���
�� GDWD>�@ �[�F�
�� GDWD>�@ �[���
�� GDWD>�@ �[���
�� GDWD>�@ �[���
�� GDWD>�@ �[���
�� EUHDN�

�� ���+&,�:ULWH�&RQQHFWLRQ�$FFHSW�7LPHRXW
�� FDVH���� GDWD� �QHZ�E\WH>�@�
�� GDWD>�@ �[���
�� GDWD>�@ �[�F�
�� GDWD>�@ �[���
�� GDWD>�@ �E\WH���[D��
�� GDWD>�@ �[�I�
�� EUHDN�

�� ���+&,�:ULWH�3DJH�7LPHRXW
�� FDVH��� GDWD� �QHZ�E\WH>�@�
�� GDWD>�@ �[���
�� GDWD>�@ �[�F�
�� GDWD>�@ �[���
�� GDWD>�@ �E\WH���[���
�� GDWD>�@ �[���
�� EUHDN�

�� GHIDXOW���ZULWH��(��!�(UURU�LQLW�EOXHWRRWK����
�� `
��

�� ���$P�,�DOORZHG�WR�VHQG�GDWD�SDFNDJH
�� LI�QXP2I&RPPDQG3DFNDJH�!��^
�� LQLW6WDWH���
���� KFL/D\HU�VHQG'DWD�GDWD�%ODFN%R[�&200$1'3$&.$*(��

`�HOVH�^
ZULWH��,��!�&DQ
W�VHQG�FRPPDQG�SDFNDJH��%OXHWRRWK�EXIIHU�LV�IXOO����

`

��`

��SULYDWH�V\QFKURQL]HG�YRLG�UHOHDVH/RFN��^
QRWLI\$OO���

��`

�






















2XWSXW�WR�WKH�DSSOLFDWLRQ�
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��
�:ULWH�WR�$3,
��

��
�#SDUDP�6WULQJ�7H[W�WKDW�ZLOO�EH�ZULWWHQ
��
�
��SXEOLF�YRLG�ZULWH�6WULQJ�V�^
�� DSSOLFDWLRQ�VWDFN,QIRUPDWLRQ�V����DW����P\3RUW��
��`

���
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���
�:ULWH�WR�$3,
���
�6WULQJ���E\WH�YHFWRU
���

���
�#SDUDP�6WULQJ�([SODQDWLRQ
���
�#SDUDP�E\WH>@�E\WH�YHFWRU
���
�
��SXEOLF�YRLG�ZULWH%\WH�6WULQJ�V��E\WH>@�E�^

�� 6WULQJ�WHPS ����

���� WHPS WHPS�V�
��� �IRU��LQW�L ��L�E�OHQJWK�L���^

��WHPS� �WHPS���6WULQJ�YDOXH2I�E>L@�������
��� �`

� ���WHPS WHPS��DW����P\3RUW�
�� ��DSSOLFDWLRQ�VWDFN,QIRUPDWLRQ�WHPS��
��`

����


���
�:ULWH�WR�$3,
���
�6WULQJ���E\WH�YHFWRU��/HQJWK�QXPEHU�RI�E\WH�LV�ZULWWHQ�
���

���
�#SDUDP�6WULQJ�([SODQDWLRQ
���
�#SDUDP�E\WH>@�E\WH�YHFWRU
���
�#SDUDP�LQW�/HQJWK�RI�E\WH�YHFWRU�PXVW�EH�VPDOOHU�RU�HTXDO�ZLWK�OHQJWK�RI�E\WH�YHFWRU
���
�
��SXEOLF�YRLG�ZULWH%\WH�6WULQJ�V��E\WH>@�E�LQW�OHQJWK�^

�� 6WULQJ�WHPS ���

�� LI��OHQJWK���E�OHQJWK�^
���� WHPS WHPS�V�
���� IRU��LQW�L ��L�OHQJWK�L���^

�� �WHPS� �WHPS���6WULQJ�YDOXH2I�E>L@�������
���� `
����
���� WHPS WHPS���DW����P\3RUW�
���� DSSOLFDWLRQ�VWDFN,QIRUPDWLRQ�WHPS��
���� `

��`

��

�:ULWH�WR�$3,�LQ�IRUP�WKH�6WULQJ���E\WH�YHFWRU�
�
�6WDUW�ZULWLQJ�DW�SRVLWLRQ�VWDUW3RV�LQ�E\WH�YHFWRU�
�

�
�#SDUDP�E\WH>@�E\WH�YHFWRU
�
�#SDUDP�LQW�VWDUW�SRVLWLRQ�LQ�E\WH�YHFWRU
�
�#SDUDP�6WULQJ�([SODQDWLRQ
�
�
�SXEOLF�YRLG�ZULWH%\WH�E\WH>@�E��LQW�VWDUW3RV��6WULQJ�V�^

� 6WULQJ�WHPS ���
� WHPS WHPS�V�

� �IRU��LQW�L VWDUW3RV�L�E�OHQJWK�L���^
� �WHPS� �WHPS���6WULQJ�YDOXH2I�E>L@�������

���� `
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���� WHPS WHPS���DW����P\3RUW�
��� DSSOLFDWLRQ�VWDFN,QIRUPDWLRQ�WHPS��
�`

`����HQG�FODVV�&RQWUROO/D\HU

�
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�
�7KH�FODVV�FRQWDLQV�D�DFFHVVLEOH�OLVW�RI�DOO�%OXHWRRWK�GHYLFHV�
�
�
�FODVV�+RVW/LVW^

SULYDWH�9HFWRU�P\9HFWRU�

�


����� 
�&RQVWUXFWRU


�
SXEOLF�+RVW/LVW��^

P\9HFWRU� �QHZ�9HFWRU���
`

�


�
��5HWXUQ�D�VWRUHG�KRVW�REMHFW
�

�
�#SDUDP�E\WH>@�7KH�DGGUHVV�RU�&,'�RI�WKH�KRVW
�
�#UHWXUQ�7KH�IRXQG�+RVW�REMHFW�RWKHUZLVH�QXOO
�
�
SXEOLF�V\QFKURQL]HG�+RVW�JHW+RVW�E\WH>@�DGUHVV�^

+RVW�WHPS�

IRU��LQW�L ��L�P\9HFWRU�VL]H���L���^
WHPS� ��+RVW��P\9HFWRU�HOHPHQW$W�L��
LI�%ODFN%R[�HTXDOV�DGUHVV�WHPS�JHW$GUHVV����^

UHWXUQ�WHPS�
`

`

IRU��LQW�L ��L�P\9HFWRU�VL]H���L���^
WHPS� ��+RVW��P\9HFWRU�HOHPHQW$W�L��
LI�%ODFN%R[�HTXDOV�DGUHVV�WHPS�JHW&,'����^

UHWXUQ�WHPS�
`

`

UHWXUQ�QXOO�
`

�


�
�5HWXUQ�KRVW�DW�LQGH[
�

�
�#SDUDP�LQW�LQGH[
�
�#SDUDP�$�VWRUHG�+RVW
�
�
�SXEOLF�V\QFKURQL]HG�+RVW�JHW+RVW$W�LQW�LQGH[�^

� LI�LQGH[�����__�LQGH[�! �P\9HFWRU�VL]H���^
UHWXUQ�QXOO�

� `
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� UHWXUQ��+RVW��P\9HFWRU�HOHPHQW$W�LQGH[��
�`

�


�
�6WRUH�+RVW�REMHFW�LQ�FODVV
�

�
�#SDUDP�+RVW�7KH�REMHFW
�
�
SXEOLF�V\QFKURQL]HG�YRLG�VWRUH+RVW�+RVW�V�^

P\9HFWRU�DGG(OHPHQW�V��
`

�


�
�5HWXUQ�QXPEHU�RI�VWRUHG�KRVWV
�

�
�#SDUDP�6WRUHG�KRVWV
�
�
SXEOLF�V\QFKURQL]HG�LQW�JHW6L]H��^

UHWXUQ�P\9HFWRU�VL]H���
`

�


�
�5HPRYH�KRVW�IURP�FODVV
�

�
�#SDUDP�7KH�KRVW�WKDW�ZLOO�EH�UHPRYHG
�
�
SXEOLF�V\QFKURQL]HG�YRLG�UHPRYH+RVW�+RVW�V�^

P\9HFWRU�UHPRYH�V��
`

`

�


�
�$�%OXHWWRRWK�GHYLFH
�
�
FODVV�+RVW^

SULYDWH�E\WH>@�%'B$GUHVV�
SULYDWH�E\WH>@�&,'�
SULYDWH�E\WH>@�FRQQHFWLRQ+DQGOH�
SULYDWH�E\WH�SDJH6FDQ5HSHWLWLRQ�
SULYDWH�E\WH�SDJH6FDQ3HULRG�
SULYDWH�E\WH�SDJH6FDQ0RGH�
SULYDWH�E\WH>@�FORFN2IIVHW�
SULYDWH�ERROHDQ�LV&RQQHFWHG�

��� �SULYDWH�ERROHDQ�VWDWXV�

�

���� 
�&RQVWUXFWRU
���� 

��� �
�#SDUDP�E\WH>@�7KH�%OXHWRRWK�DGUHVV
���� 
�#SDUDP�E\WH�VFDQ5HS�SDJH�VFDQ�UHSHWLWLRQ�RI�WKH�FRQQHFWLRQ
���� 
�#SDUDP�E\WH�VFDQ3HULRG�SDJH�VFDQ�SHULRG�PRGH�RI�WKH�FRQQHFWLRQ
��� �
�#SDUDP�E\WH�VFDQ0RGH�SDJH�VFDQ�PRGH�RI�WKH�FRQQHFWLRQ
��� �
�#SDUDP�E\WH>@�RIIVHW��WKH�FORFN�RIIVHW�RI�WKH�FRQQHFWLRQ
��� �
�

SXEOLF�+RVW�E\WH>@�DGUHVV��E\WH�VFDQ5HS��E\WH�VFDQ3HULRG�
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E\WH�VFDQ0RGH��E\WH>@�RIIVHW�^

�� %'B$GUHVV �QHZ�E\WH>�@�
� �&,'� �QHZ�E\WH>�@�
� �FORFN2IIVHW� �QHZ�E\WH>�@�
� �FRQQHFWLRQ+DQGOH� �QHZ�E\WH>�@�

�� SDJH6FDQ5HSHWLWLRQ� �VFDQ5HS�
�� SDJH6FDQ3HULRG� �VFDQ3HULRG�
� �SDJH6FDQ0RGH� �VFDQ0RGH�

�� IRU�LQW�L ��L�DGUHVV�OHQJWK�L���^
%'B$GUHVV>L@ DGUHVV>L@�

��`

��� IRU�LQW�L ��L�RIIVHW�OHQJWK�L���^
FORFN2IIVHW>L@ RIIVHW>L@�

��`

� �FRQQHFWLRQ+DQGOH>�@ ��
� �FRQQHFWLRQ+DQGOH>�@ ��

� �&,'>�@ ��
� �&,'>�@ ��

� �LV&RQQHFWHG� �IDOVH�
�� VWDWXV� �IDOVH�

`
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�
SXEOLF�E\WH>@�JHW$GUHVV��^

UHWXUQ�%'B$GUHVV�
`

SXEOLF�E\WH>@�JHW&,'��^
UHWXUQ�&,'�

`

SXEOLF�E\WH�JHW6FDQ5HSHWLWLRQ��^
UHWXUQ�SDJH6FDQ5HSHWLWLRQ�

`

SXEOLF�E\WH�JHW6FDQ3HULRG��^
UHWXUQ�SDJH6FDQ3HULRG�

`

SXEOLF�E\WH�JHW6FDQ0RGH��^
UHWXUQ�SDJH6FDQ0RGH�

`

SXEOLF�E\WH>@�JHW&RQQHFWLRQ+DQGOH��^
UHWXUQ�FRQQHFWLRQ+DQGOH�

`

SXEOLF�E\WH>@�JHW&ORFN2IIVHW��^
UHWXUQ�FORFN2IIVHW�

`
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SXEOLF�ERROHDQ�JHW&RQQHFWHG��^
UHWXUQ�LV&RQQHFWHG�

`

SXEOLF�ERROHDQ�JHW6WDWXV��^
UHWXUQ�VWDWXV�

`
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�
SXEOLF�YRLG�VHW&RQQHFWLRQ+DQGOH�E\WH>@�E�^

FRQQHFWLRQ+DQGOH>�@ E>�@�
�� FRQQHFWLRQ+DQGOH>�@ E>�@�
`

SXEOLF�YRLG�VHW&,'�E\WH>@�E�^
&,'>�@� �E>�@�
&,'>�@� �E>�@�

`

SXEOLF�YRLG�VHW&RQQHFWHG�ERROHDQ�FRQQHFW�^
LV&RQQHFWHG� �FRQQHFW�

`

SXEOLF�YRLG�VHW6WDWXV�ERROHDQ�V�^
VWDWXV V�

`
`
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�
�/�&$3�OD\HU
�
�
FODVV�/�&$3^

SULYDWH�LQW�QXP2I3DFNDJH�
SULYDWH�LQW�VL]H2I3DFNDJH�
SULYDWH�&RQWUROO/D\HU�DSS�
SULYDWH�+&,�P\+&,/D\HU�
SULYDWH�ERROHDQ�GHEXJ�

����


����
�&RQVWUXFWRU
����

����
�#SDUDP�LQW�QXP�0D[LPDO�QXPEHU�RI�SDFNDJHV�LQ�%OXHWRRWK�EXIIHU
����
�#SDUDPV�LQW�VL]H�PD[LPDO�VL]H�RI�GDWD�SDFNDJH�LQ�%OXHWRRWK�EXIIHU
����
�#SDUDP�&RQWUROO/D\HU�FRQWUROV�WKH�VWDFN
����
�#SDUDP�+&,�WKH�+&,�OD\HU
����
�
���SXEOLF�/�&$3�LQW�QXP�LQW�VL]H�&RQWUROO/D\HU�WKH&RQWUROOHU�+&,�WKH+&,/D\HU�^

���� �QXP2I3DFNDJH� �QXP�
����� VL]H2I3DFNDJH� �VL]H�
���� �DSS� �WKH&RQWUROOHU�
���� �P\+&,/D\HU� �WKH+&,/D\HU�
����� GHEXJ� �WUXH�
���`
�
��


����
�)ORZ�&RQWURO�IRU�$&/�GDWD�SDFNDJH
����

����
�#SDUDP�LQW�0D[LPDO�%OXHWRRWK�$&/�EXIIHU
����
�#SDUDP�LQW�0D[LPDO�VL]H�RI�D�$&/�SDFNDJH
����
�
���SXEOLF�YRLG�VHW)ORZ&RQWURO�LQW�QXP�LQW�VL]H�^

��� �QXP2I3DFNDJH� �QXP�
������� ��VL]H2I3DFNDJH� �VL]H�

������� LI��GHEXJ��^
DSS�ZULWH��,��!�)ORZ&RQWURO��$&/%XIIHU� ����6WULQJ�YDOXH2I�QXP���

��$&/3DFNDJH6L]H� �����6WULQJ�YDOXH2I�VL]H���������
������� `
���`

����


����
�$FNQRZOHGJH�IURP�%OXHWRRWK�KRVW��7KH�KRVW�KDV�VHQW�VHQG�QXPEHU�RI�SDFNDJHV
����
�DQG�WKH�EXIIHU�LQFUHDVHV�ZLWK�WKDW�VL]H
����

����
�#SDUDP�LQW�1XPEHU�RI�VHQW�SDFNDJH�IURP�%OXHWRRWK�EXIIHU
����
�
���SXEOLF�YRLG�ILQLVKHG6HQG3DFNDJH�LQW�EXIIHU,QFUHDVH��^

��� QXP2I3DFNDJH�� �EXIIHU,QFUHDVH�

��� LI��GHEXJ�^
��� ���DSS�ZULWH���,��!�%OXHWRRWK�EXIIHU�VL]H�����6WULQJ�YDOXH2I�QXP2I3DFNDJH���

��SDFNDJHV����
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����
�6HQG�$&/�SDFNDJH�
����

����
�#SDUDP�E\WH>@�7KH�&,'�RI�WKH�FRQQHFWLRQ
����
�#SDUDP�E\WH>@�7KH�FRQQHFWLRQ+DQGOH
����
�#SDUDP�E\WH>@�WKH�GDWD�SDFNDJH��$OO�E\WH�DOORFDWHG�DQG�WKH�GDWD�LV�LQVHUWHG
����
�#UHWXUQ�WUXH�LI�VXFHVV�RWKHUZLVH�IDOVH
����
�
���SXEOLF�ERROHDQ�VHQG$&/�E\WH>@�&,'�E\WH>@FRQQHFWLRQ+DQGOH�E\WH>@�GDWD�^

E\WH>@�SDFNDJH+&,/HQJWK�
E\WH>@�SDFNDJH/�&$3/HQJWK�

�� ��$�IL[��,W�FDQ�RWKHUZLVH�LQ�VWUDQJH�EH�VHW�WR�]HUR
�� QXP2I3DFNDJH ���

����� ���3DFNDJH�VL]H�OHVV�WKHQ�PD[LPDO�VL]H
LI����LQW���GDWD�OHQJWK������� �VL]H2I3DFNDJH��		��QXP2I3DFNDJH�! ����^

SDFNDJH/�&$3/HQJWK QHZ�E\WH>�@�

���OHQJWK�RI�/�&$3�KHDG
SDFNDJH/�&$3/HQJWK>�@� ��E\WH����VKRUW���GDWD�OHQJWK�����
SDFNDJH/�&$3/HQJWK>�@� ��E\WH����VKRUW����GDWD�OHQJWK���!!����

GDWD>�@� �SDFNDJH/�&$3/HQJWK>�@�
GDWD>�@� �SDFNDJH/�&$3/HQJWK>�@�
GDWD>�@� �&,'>�@�
GDWD>�@� �&,'>�@�

P\+&,/D\HU�VHQG'DWD�GDWD�%ODFN%R[�$&/3$&.$*(�FRQQHFWLRQ+DQGOH��
QXP2I3DFNDJH���
UHWXUQ�WUXH�

���IORZ�FRQWURO�IRU�GDWD�SDFNDJHV
`�HOVH�^

DSS�ZULWH��(��!�/�&$3�%OXHWRRWK�EXIIHU�IXOO����
UHWXUQ�IDOVH�

`

��`

����


����
�5HFHLYH�SDFNDJH�IURP�%OXHWRRWK
����

����
�#SDUDP�E\WH>@�,Q3DFNDJH
����
�#SDUDP�LQW�WKH�SRVLWLRQ�RI�WKH�ILUVW�E\WH�LQ�WKH�YHFWRU
����
�
���SXEOLF�YRLG�UHFHLYH$&/�E\WH>@�GDWD�LQW�SRV�^

��� ��SHHO�RI�/�&$3�SDFNDJH�KHDG
��� DSS�UHFHLYH$&/�GDWD�SRV����

���`

`����HQG�FODVV�/�&$3
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�
+&,�OD\HU�LQ�WKH�%OXHWRRWK�VWDFN
�
�
FODVV�+&,^

�� SULYDWH�56����P\7UDQVPLWW�
� �SULYDWH�/�&$3�P\/�&$3�
�� SULYDWH�&RQWUROO/D\HU�DSS�

���


���
�&RQVWUXFWRU
���

���
�#SDUDP�7KH�FRQWUROO�OD\HU
���
�
��SXEOLF�+&,�&RQWUROO/D\HU�EOXH�^

���DSS� �EOXH�

��`

���


���
�5HJLVWHU�/�&DS/D\HU
���

���
�#SDUDP�/�&DS�0\�/�&DSOD\HU
���
�#SDUDP�56����7KH�VHULDO�SRUW
���
�
��SXEOLF�YRLG�VHW,QLW9DOXH�/�&$3�FDS�56����U�^

�� �P\/�&$3� �FDS�
�� �P\7UDQVPLWW� �U�

��`

���


��
�5HFHLYLQJ�$&/�RU�(YHQW3DFNHW�IURP�56����OD\HU��$OZD\V�DOO�GDWD�LQ�WKH�SDFNDJH
��

��
�#SDUDP�E\WH>@�2QH�SDFNDJH�IURP�VHULDO�SRUW
��
�#SDUDP�LQW�VWDUW�SRVLWLRQ�RI�WKH�ILUVW�E\WH
��
�
��SXEOLF�YRLG�UHFLYH'DWD�E\WH>@�GDWD�LQW�SRV�^

���� E\WH>@�WHPS�
���� E\WH>@�VWRUHG'DWD�

��� ����GDWD�SDFNDJH��7KH�SDFNHW�KDV�DOZD\V�DOO�RI�LW
V�E\WH�LQ�RQH�SDFNDJH
���� LI��GDWD>SRV@�  ��[���^

���� ���PXVW�FRQWDLQ�GDWD�DQG�WKH�FRQHFWLRQ�KDQGOHU�PXVW�EH�RQH��(UURU�FKHFN�WKDW�FDQ�EH�UHPRYHG
LI��GDWD�OHQJWK�!����^

LI�GDWD>SRV��@�  ��[���^
��SHHO�RI�SDFNDJH�W\SH�DQG�+&,�KHDG

�������� P\/�&$3�UHFHLYH$&/�GDWD����
�������� `�HOVH�^

���7KLV�PHVVDJH�KDV�QHYHU�EHHQ�ZULWHQ
DSS�ZULWH��(��!�(UURU�V\QFKURQL]DWLRQ�LQFRPPLQJ�SDFNDJH����

`
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�������� DSS�ZULWH��(��!�,QFRPPLQJ�GDWD�SDFNDJH�KDV�QR�GDWD����
������� �`

� ������(YHQW3DFNDJH
�� ��`�HOVH�LI�GDWD>SRV@�  ��[���^

�������� ��SHHO�RI�SDFNDJH�W\SH
�������� DSS�UHFHLYH(YHQW�GDWD����

��� �`�HOVH�^

������� ��:URQJ�LQSXW�SDFNDJH
������ �DSS�ZULWH��(��!�(UURU�LQSXW�SDFNDJH�W\SH�����

��� `

��`
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��
�6HQGLQJ�D�FRPPDQG�SDFNDJH�WR�VHULDO�SRUW
��

��
�#SDUDP�6WULQJ�7KH�'DWD�WKDW�ZLOO�EH�VHQW
��
�#SDUDP�LQW�7\SH�RI�SDFNDJH�VH�%ODFN%R[
��
�
��SXEOLF�YRLG�VHQG'DWD�E\WH>@�GDWD��LQW�W\SH�^

�� �LI��W\SH�  �%ODFN%R[�&200$1'3$&.$*(�^

�� � 6WULQJ�LQ'DWD ���
��
�� � GDWD>�@ �[���
�� � IRU�LQW�L ��L�GDWD�OHQJWK�L���^

LQ'DWD LQ'DWD�����[����8QLFRGH)RUPDWWHU�E\WH7R+H[�GDWD>L@��������
`

DSS�ZULWH��,��!�6HQGLQJ�FRPPDQG�����LQ'DWD��
�� � P\7UDQVPLWW�VHQG'DWD�GDWD��
��
�� �`�HOVH�^

�
DSS�ZULWH���(��!�7U\LQJ�WR�VHQG�GDWDSDFNDJH�DV�FRPPDQGSDFNDJH����

�� �`

��`

���


��
�6HQGLQJ�D�GDWD�SDFNHW�WR�VHULDO�SRUW��7KH�GDWD�SDFNDJH�IURP�/�&$3
��
�GRHV�DOZD\V�ILW�LQ�RQH�KFL�SDFNDJH�VR�WKHUH�LV�QR�QHHG�IRU�VHJPHQWDWLRQ�
��

��
�#SDUDP�6WULQJ�7KH�'DWD�WKDW�ZLOO�EH�VHQW
��
�#SDUDP�LQW�7\SH�RI�SDFNDJH�VH�%ODFN%R[
��
�#SDUDP�E\WH>@�7KH�FRQQHFWLRQKDQGOH
��
�
��SXEOLF�YRLG�VHQG'DWD�E\WH>@�GDWD��LQW�W\SH�E\WH>@�FRQQHFWLRQ+DQGOH�^

�� �E\WH>@SDFNDJH+&,/HQJWK�

�SDFNDJH+&,/HQJWK� �QHZ�E\WH>�@�
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����� LI��W\SH�  �%ODFN%R[�$&/3$&.$*(�^

����� GDWD>�@ �[���

����� ���SXW�LQ�%&�DQG�3%�IODJ�RI�+&,�KHDG

FRQQHFWLRQ+DQGOH>�@ ��E\WH���FRQQHFWLRQ+DQGOH>�@�	��[�I��
FRQQHFWLRQ+DQGOH>�@�� ��[���

���OHQJWK�RI�+&,�+HDG
SDFNDJH+&,/HQJWK>�@� ��E\WH����VKRUW���GDWD�OHQJWK�����
SDFNDJH+&,/HQJWK>�@� ��E\WH����VKRUW����GDWD�OHQJWK���!!����

���� GDWD>�@ FRQQHFWLRQ+DQGOH>�@�
���� GDWD>�@ FRQQHFWLRQ+DQGOH>�@�
���� GDWD>�@ SDFNDJH+&,/HQJWK>�@�
���� GDWD>�@ SDFNDJH+&,/HQJWK>�@�

���� P\7UDQVPLWW�VHQG'DWD�GDWD��

�� ��`�HOVH�^
DSS�ZULWH���(��!�7U\LQJ�WR�VHQG�FRPPDQGSDFNDJH�DV�GDWD�SDFNDJH����

��� �`

�`

`
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LPSRUW�MDYD�LR�
�
LPSRUW�MDYD�XWLO�
�
LPSRUW�MDYD[�FRPP�
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�
FODVV�56����LPSOHPHQWV�6HULDO3RUW(YHQW/LVWHQHU�^

� SULYDWH�&RPP3RUW,GHQWLILHU�SRUW,G�
��� SULYDWH�(QXPHUDWLRQ�SRUW/LVW�
��� SULYDWH�6HULDO3RUW�VHULDO3RUW�
���� SULYDWH�2XWSXW6WUHDP�RXWSXW6WUHDP�
��� SULYDWH�,QSXW6WUHDP�LQSXW6WUHDP�

�� ���)RU�GHEXJ
��� SXEOLF�LQW�YDULDEHO�

��� SULYDWH�&RQWUROO/D\HU�DSS�
�� SULYDWH�ERROHDQ�QHZ3DFNDJH�
�� SULYDWH�ERROHDQ�UHDG/HQJWK�
��� SULYDWH�LQW�SDFNDJH7\SH�
��� SULYDWH�LQW�QEU2I%\WHV�
��� SULYDWH�LQW�SDFNDJH/HQJWK�
��� SULYDWH�E\WH�SDFNHW>@�
��� SULYDWH�E\WH�WHPSBYHFWRU>@�
��� SULYDWH�LQW�SRV�
��� SULYDWH�+&,�P\+&,/D\HU�
��� SULYDWH�ERROHDQ�GHEXJ�
��� SULYDWH�6WULQJ�P\3RUW�

��� �


��� �
�&RQVWUXFWRU
��� �

��� �
�#SDUDP�6WULQJ�&20�SRUW�WR�FRQQHFW


��#SDUDP�+&,�+&,/D\HU

��#SDUDP�&RQWUROO/D\HU�WKH$SS�IRU�GHEXJ�LQIRUPDWLRQ

��� �
�
��� �SXEOLF�56����6WULQJ�FRQQHFW3RUW�+&,�WKH+&,/D\HU�&RQWUROO/D\HU�WKH$SS��^

���� SDFNHW QHZ�E\WH>%ODFN%R[�0$;6,=(@�
���� SDFNDJH7\SH� �%ODFN%R[�123$&.$*(�
���� QHZ3DFNDJH WUXH�
���� UHDG/HQJWK IDOVH�
���� GHEXJ WUXH�
���� SRV ��
���� P\3RUW FRQQHFW3RUW�
���� DSS WKH$SS�

���� P\+&,/D\HU� �WKH+&,/D\HU�

������ ��SRUW/LVW� �&RPP3RUW,GHQWLILHU�JHW3RUW,GHQWLILHUV���

�������� ZKLOH��SRUW/LVW�KDV0RUH(OHPHQWV����^
���������� �SRUW,G� ��&RPP3RUW,GHQWLILHU��SRUW/LVW�QH[W(OHPHQW���
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`�FDWFK��7RR0DQ\/LVWHQHUV([FHSWLRQ�H��^
DSS�ZULWH��7RR0DQ\/LVWHQHU([FHSWLRQ����H�WR6WULQJ���������

`

�������� VHULDO3RUW�QRWLI\2Q'DWD$YDLODEOH�WUXH��
������� �WU\�^
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�������� `

`
���������� `
������� `

������� �LI�LQSXW6WUHDP�� �QXOO�^
������� ��2.
������� �`�HOVH�^

DSS�ZULWH��(��!�&RXOGQ
W�FUHDWH�56�����UHFHLYHU����
�������� `
����`

�



�6HQG�GDWD�RYHU�VHULDO�SRUW



�#SDUDP�E\WH>@�7KH�GDWD

�
SXEOLF�V\QFKURQL]HG�YRLG�VHQG'DWD�E\WH>@�E�^

�

LI��GHEXJ�^

DSS�ZULWH%\WH��,��!�6HQGLQJ�E\WH�YHFWRU����E��
`

�

�WU\�^

������������ RXWSXW6WUHDP�ZULWH�E��

��������� `�FDWFK��,2([FHSWLRQ�H��^
��������� DSS�ZULWH��(��!�,2([FHSWLRQ�ZULWLQJ�GDWD�����H�WR6WULQJ���������
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DSS�ZULWH��(��!�*HQHUDOO�H[FHSWLRQ�WUDQVPLWWLQJ�����H�WR6WULQJ����������

��������� `

`
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�����
�/LVWHQ�RQ�HYHQW�IURP�VHULDO�SRUW
�����

�����
�#SDUDP�6HULDO3RUW(YHQW
�����
�
����SXEOLF�V\QFKURQL]HG�YRLG�VHULDO(YHQW�6HULDO3RUW(YHQW�HYHQW��^

��������VZLWFK�HYHQW�JHW(YHQW7\SH����^
��������FDVH�6HULDO3RUW(YHQW�%,��DSS�ZULWH��(��!�6HULDO3RUW(YHQW�%,����
�������� �EUHDN�
��������FDVH�6HULDO3RUW(YHQW�2(��DSS�ZULWH��(��!�6HULDO3RUW(YHQW�2(����
�������� �EUHDN�
��������FDVH�6HULDO3RUW(YHQW�)(��DSS�ZULWH��(��!�6HULDO3RUW(YHQW�)(����
�������� �EUHDN�
��������FDVH�6HULDO3RUW(YHQW�3(��DSS�ZULWH��(��!�6HULDO3RUW(YHQW�3(����
�������� �EUHDN�
��������FDVH�6HULDO3RUW(YHQW�&'��DSS�ZULWH��(��!�6HULDO3RUW(YHQW�&(����
�������� �EUHDN�
��������FDVH�6HULDO3RUW(YHQW�&76��DSS�ZULWH��(��!�6HULDO3RUW(YHQW�&76����
�������� �EUHDN�
��������FDVH�6HULDO3RUW(YHQW�'65��DSS�ZULWH��(��!�6HULDO3RUW(YHQW�'65����
�������� �EUHDN�
��������FDVH�6HULDO3RUW(YHQW�5,��DSS�ZULWH��(��!�6HULDO3RUW(YHQW�5,����
�������� �EUHDN�
��������FDVH�6HULDO3RUW(YHQW�287387B%8))(5B(037<��DSS�ZULWH��(��!
� 6HULDO3RUW(YHQW�287387B%8))(5B(037<����
�������� �EUHDN�
��������FDVH�6HULDO3RUW(YHQW�'$7$B$9$,/$%/(�

LQW�QXP%\WHV�
LQW�WHPS�

QXP%\WHV ��

������������ WU\�^
���� ��������� E\WH>@�UE� �QHZ�E\WH>��@�

ZKLOH��LQSXW6WUHDP�DYDLODEOH���!����^
������������������������ QXP%\WHV� �LQSXW6WUHDP�UHDG�UE��
�������������������� `

�������������������� ��DSS�ZULWH%\WH��,��!�6HULDO3RUW(YHQW�'$7$B$9$,/$%/(���UE�QXP%\WHV��

�������������������� ��6WRUH�LQSXW�E\WH
IRU��LQW�L ��L�QXP%\WHV�L���^

LI�SRV�  ���		�UE>L@�  ���^
���'R�QRW�UHDG�LI�]HUR�JDUEDJH�E\WHV

`�HOVH�^
SDFNHW>SRV@ UE>L@�
SRV���

��'R�QRW�UHDG�RWKHU�JDUEDJH�E\WH�DW�IURQW
LI��SRV�  ���		���UE>�@�� ��[���		�UE>�@�� ��[�����^
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SRV���
`

`
`

GR�^

�������������������� ���:KDW�W\SH�RI�SDFNDJH�LV�LW
LI��SRV�!���		�QHZ3DFNDJH��^

QHZ3DFNDJH� �IDOVH�
LI��SDFNHW>�@�  ��[����^ ��'DWD3DFNDJH

SDFNDJH7\SH� �%ODFN%R[�$&/3$&.$*(�
`�HOVH�LI��SDFNHW>�@�  ��[����^����(9(173$&.$*(

SDFNDJH7\SH� �%ODFN%R[�(9(173$&.$*(�
`�HOVH^

��*DUEDJH�E\WH
��DSS�ZULWH��(��!�:URQJ�SDFNHWW\SH�DW�����P\3RUW
�� ����3DFNDJH�VWDUW�ZLWK�E\WH��
�� ��6WULQJ�YDOXH2I�SDFNHW>�@�
�� ��

��*DUEDJH�E\WHV�EHWZHHQ�LQFRPLQJ�SDFNDJH��5HPRYH�WKH�E\WH
LQW�N� ��
ZKLOH�N�SRV�		��SDFNHW>N@�� ��[���		�SDFNHW>N@�� ��[����^

N���
`

SRV SRV�N�
IRU�LQW�W ���W�SRV�W���^

SDFNHW>W@ SDFNHW>W�N@�
`

QHZ3DFNDJH WUXH�
SDFNDJH7\SH� �%ODFN%R[�123$&.$*(�

`
`

���KRZ�ORQJ�LV�GDWD�SDFNDJH
LI�SDFNDJH7\SH�  %ODFN%R[�$&/3$&.$*(�		�SRV�! ��		�UHDG/HQJWK�  IDOVH�^

UHDG/HQJWK WUXH�
SDFNDJH/HQJWK� ��LQW��SDFNHW>�@�
WHPS �LQW��SDFNHW>�@�
WHPS WHPS����
SDFNDJH/HQJWK� SDFNDJH/HQJWK�_�WHPS�

`

���KRZ�ORQJ�LV�HYHQW�SDFNDJH
LI�SDFNDJH7\SH�  %ODFN%R[�(9(173$&.$*(�		�SRV�! ��		�UHDG/HQJWK�  IDOVH�^

UHDG/HQJWK WUXH�
SDFNDJH/HQJWK� ��LQW��SDFNHW>�@�

`
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���KDYH�,�UHDG�WKH�ZKROH�GDWD�SDFNDJH
LI�SDFNDJH7\SH�  �%ODFN%R[�$&/3$&.$*(�		�SRV�! ��SDFNDJH/HQJWK������		
UHDG/HQJWK�  �WUXH�^

UHDG/HQJWK IDOVH�
QHZ3DFNDJH WUXH�

���UHFHLYHG�E\WHV�IURP�DQRWKHU�SDFNDJH
LI��SRV�!��SDFNDJH/HQJWK�����^

WHPSBYHFWRU� �QHZ�E\WH>SDFNDJH/HQJWK��@�
IRU��LQW�N ��N��SDFNDJH/HQJWK����N���^

WHPSBYHFWRU>N@ SDFNHW>N@�
`

IRU��LQW�N �SDFNDJH/HQJWK����N�SRV�N���^
SDFNHW>N��SDFNDJH/HQJWK���@ SDFNHW>N@�

`

SRV SRV��SDFNDJH/HQJWK����
3DFNDJH-RE�MRE QHZ�3DFNDJH-RE

�WKLV�P\+&,/D\HU�WHPSBYHFWRU�WHPSBYHFWRU�OHQJWK�DSS��
MRE�VWDUW���

`�HOVH�^
SRV ��

3DFNDJH-RE�MRE QHZ�3DFNDJH-RE
�WKLV�P\+&,/D\HU�SDFNHW�SDFNDJH/HQJWK���DSS��

MRE�VWDUW���
`

�SDFNDJH7\SH %ODFN%R[�123$&.$*(�

`

���+DYH�,�UHDG�WKH�ZKROH�HYHQW�SDFNDJH
LI�SDFNDJH7\SH�  �%ODFN%R[�(9(173$&.$*(�		�SRV�! ��SDFNDJH/HQJWK������		
UHDG/HQJWK�  �WUXH�^

UHDG/HQJWK IDOVH�
QHZ3DFNDJH WUXH�

���5HFHLYHG�E\WHV�IURP�DQRWKHU�SDFNDJH
LI��SRV�!��SDFNDJH/HQJWK�����^

WHPSBYHFWRU� �QHZ�E\WH>SDFNDJH/HQJWK��@�
IRU��LQW�N ��N��SDFNDJH/HQJWK����N���^

WHPSBYHFWRU>N@ SDFNHW>N@�
`

IRU��LQW�N �SDFNDJH/HQJWK����N�SRV�N���^
SDFNHW>N��SDFNDJH/HQJWK���@ SDFNHW>N@�

`

SRV SRV��SDFNDJH/HQJWK����

3DFNDJH-RE�MRE QHZ�3DFNDJH-RE
�WKLV�P\+&,/D\HU�WHPSBYHFWRU�WHPSBYHFWRU�OHQJWK�DSS��

MRE�VWDUW���
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3DFNDJH-RE�MRE QHZ�3DFNDJH-RE
�WKLV�P\+&,/D\HU�SDFNHW�SDFNDJH/HQJWK���DSS��

MRE�VWDUW���

`

�SDFNDJH7\SH %ODFN%R[�123$&.$*(�

`

���WKH�GDWD�EXIIHU�VWLOO�FRQWDLQV�D�ZKROH�SDFNDJH
`�ZKLOH�SRV�!�����

������������ `�FDWFK��([FHSWLRQ�H��^
������������ DSS�ZULWH���(��!�([FHSWLRQ�ZKLOH�UHFLHYLQJ�GDWD����
������������ DSS�ZULWH�H�WR6WULQJ����
������������ `

������������EUHDN�

�����������GHIDXOW� ��DSS�ZULWH��(��!�(UURU�VWUDQJH�VHULDO�HYHQW����
��������`
����`
`����HQG�56���
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7KH�WKUHDG�FODVV�WKDW�FRQWDLQV�D�IXOO�SDFNDJH�
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�3DFNDJH�WKDW�DUH�UHFLYHG�IURP�WKH�VHULDO�SRUW
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�
FODVV�3DFNDJH-RE�H[WHQGV�7KUHDG^

���SULYDWH�+&,�P\+&,�
���SULYDWH�&RQWUROO/D\HU�DSS�
���SULYDWH�56����W�
���SULYDWH�E\WH>@�GDWD�
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���
�&RQVWUXFWRU
���

���
�#SDUDP�5V����WHVW��7R�GHWHFW�QXPEHU�RI�WKUHDGV�LQ�WKH�V\VWHP
���
�#SDUDP�+&,�WKH�+&,�OD\HU
���
�#SDUDP�6WULQJ�7KH�GDWD�WKDW�ZLOO�EH�WUDQVPLWWHG
���
�#SDUDP�LQW�WKH/HQJWK�QXPEHU�RI�E\WHV
���
�#SDUDP�&RQWUROO/D\HU�WKH$SS�IRU�GHEXJ�LQIRUPDWLRQ
���
�
��SXEOLF�3DFNDJH-RE�56����WHVW�+&,�WKH+&,�E\WH>@�WKH'DWD�LQW�WKH/HQJWK�&RQWUROO/D\HU�WKH$SS�^
��
���� VXSHU���

� P\+&, WKH+&,�
� W WHVW�
� DSS WKH$SS�

���� GDWD� �QHZ�E\WH>WKH/HQJWK@�
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��&RS\�WKH�GDWD�HYHQW�SDFNDJH
��� IRU�LQW�L ��L�WKH/HQJWK�L���^
���� GDWD>L@ WKH'DWD>L@�
���� `

��,QFUHDVH�QXPEHU�RI�WKHDG�LQ�V\VWHP
���� W�YDULDEHO���
��`
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���
�5XQ�PHWKRG
���
�
��SXEOLF�YRLG�UXQ��^

�� �P\+&,�UHFLYH'DWD�GDWD����

���GHFUHDVH�QXPEHU�RI�WKUHDG�LQ�V\VWHP
�� �W�YDULDEHO���

���GHEXJ�LQIRUPDWLRQ
�� �LI�W�YDULDEHO�� ���		�W�YDULDEHO�����  ���^
�� � DSS�ZULWH��,��!�1XPEHU�RI�LQ�SDFDNJH�WKUHDGV�LQ�V\VWHP������6WULQJ�YDOXH2I�W�YDULDEHO���
�� �`
��`

`����HQG�3DFNDJH-RE
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�7KH�FODVV�FRQWDLQV�GHILQLWLRQ�DQG�JOREDO�YDULDEOH�DQG�PHWKRGV�XVHG�LQ�WKH�VWDFN��,W�SURYLGH�D�ZD\�RI�FKDQJLQJ
YDULDEOH�DOO

�RYHU�WKH�VWDFN�ZLWKRXW�FKDQJLQJ�WKH�VSHFLILF�ILOHV�

�
FODVV�%ODFN%R[^

��SXEOLF�VWDWLF�LQW�123$&.$*( ���
��SXEOLF�VWDWLF�LQW�&200$1'3$&.$*( ��
��SXEOLF�VWDWLF�LQW�$&/3$&.$*( ��
��SXEOLF�VWDWLF�LQW�(9(173$&.$*( ��

��SXEOLF�VWDWLF�LQW�75$160,773$&.$*(� ���

��SXEOLF�VWDWLF�LQW�)25:$5' ��
��SXEOLF�VWDWLF�LQW�/()7 ��
��SXEOLF�VWDWLF�LQW�5,*+7 ��
��SXEOLF�VWDWLF�LQW�5(9(56( ��

�����PD[LPXP�VL]H�RI�SD\ORDG�WUDQVIHUHG�EHWZHHQ�EOXHWRWK�XQLWV��QRW�XVHG�"
��SXEOLF�VWDWLF�LQW�0$;6,=(� �������
��SXEOLF�VWDWLF�LQW�0$;6,=(B3$&.$*(� �����

��SXEOLF�VWDWLF�GRXEOH�0$;B$1$/2*� ������� ���PD[�YROWDJHV
��SXEOLF�VWDWLF�GRXEOH�0$;B3(5,2'� ������� ���PD[�SHULRG�OHQJWK
��SXEOLF�VWDWLF�GRXEOH�0$;B6$03/(B7,0(� ����� ���PD[�VDPSOH�WLPH�LQ�%&&
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���
�5HWXUQ�WUXH�LI�YHFWRU�RQH�KDV�WKH�VDPH�RUGHU�DQG�OHQJWK�RI�E\WHV�DV�YHFWRU�WZR�
���

���
�#SDUDP�E\WH>@�)LUVW�YHFWRU
���
�#SDUDP�E\WH>@�6HFRQG�YHFWRU
���
�#UHWXUQ�7UXH�LI�)LUVW�YHFWRU� �VHFRQG�YHFWRU�RWKHUZLVH�IDOVH
���
�
��SXEOLF�VWDWLF�ERROHDQ�HTXDOV�E\WH>@�D��E\WH>@�E�^

�� LI�D�OHQJWK�� �E�OHQJWK�^
UHWXUQ�IDOVH�

�� `

�� IRU��LQW�L� ����L�D�OHQJWK�L���^

�� LI�D>L@�� E>L@�^
UHWXUQ�IDOVH�

�� `

�� `

�� UHWXUQ�WUXH�
��`
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�
�&RQYHUW�D�YHFWRU��RI�E\WH�WR�D�VWULQJ�DQG

�VZLWFK�WKH�RUGHU�RI�WKH�E\WH�E\WH>�@�06%



�#SDUDP�E\WH>@�7KH�E\WH�YHFWRU�ZLWK�WKH�OHQJWK�RI���E\WH
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SXEOLF�VWDWLF�6WULQJ�FRQYHUW7R6WULQJ�E\WH>@�KRVW$GUHVV�^

6WULQJ�WHPS�

�WHPS� �6WULQJ�YDOXH2I�KRVW$GUHVV>�@��6WULQJ�YDOXH2I�KRVW$GUHVV>�@��
�6WULQJ�YDOXH2I�KRVW$GUHVV>�@��6WULQJ�YDOXH2I�KRVW$GUHVV>�@��
� 6WULQJ�YDOXH2I�KRVW$GUHVV>�@��6WULQJ�YDOXH2I�KRVW$GUHVV>�@��

�UHWXUQ�WHPS�
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`

�

�
�&RS\ULJKW��F������������6XQ�0LFURV\VWHPV��,QF��$OO�5LJKWV�5HVHUYHG�
�

�
�3HUPLVVLRQ�WR�XVH��FRS\��PRGLI\��DQG�GLVWULEXWH�WKLV�VRIWZDUH
�
�DQG�LWV�GRFXPHQWDWLRQ�IRU�121�&200(5&,$/�SXUSRVHV�DQG�ZLWKRXW
�
�IHH�LV�KHUHE\�JUDQWHG�SURYLGHG�WKDW�WKLV�FRS\ULJKW�QRWLFH
�
�DSSHDUV�LQ�DOO�FRSLHV��3OHDVH�UHIHU�WR�WKH�ILOH��FRS\ULJKW�KWPO�
�
�IRU�IXUWKHU�LPSRUWDQW�FRS\ULJKW�DQG�OLFHQVLQJ�LQIRUPDWLRQ�
�

�
�681�0$.(6�12�5(35(6(17$7,216�25�:$55$17,(6�$%287�7+(�68,7$%,/,7<�2)
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�
�
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�

FODVV�8QLFRGH)RUPDWWHU��^

���VWDWLF�SXEOLF�6WULQJ�E\WH7R+H[�E\WH�E��^
���������5HWXUQV�KH[�6WULQJ�UHSUHVHQWDWLRQ�RI�E\WH�E
������FKDU�KH['LJLW>@� �^
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���`

���VWDWLF�SXEOLF�6WULQJ�FKDU7R+H[�FKDU�F��^
���������5HWXUQV�KH[�6WULQJ�UHSUHVHQWDWLRQ�RI�FKDU�F
������E\WH�KL� ��E\WH���F�!!!����
������E\WH�OR� ��E\WH���F�	��[II��
������UHWXUQ�E\WH7R+H[�KL����E\WH7R+H[�OR��
���`

`���FODVV
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LPSRUW�MDYD�XWLO�9HFWRU�
LPSRUW�MDYD�DZW�
�
LPSRUW�MDYD[�VZLQJ�
�

SXEOLF�FODVV�&DU3RUW�LPSOHPHQWV�$3,^

SULYDWH�&DU�P\&DU�
SULYDWH�&RQWUROO/D\HU�FRP6WDFN��
SULYDWH�E\WH>@�DGGUHVV�FLG�
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�&RQVWUXFWRU
�� 
�
�� SXEOLF�&DU3RUW�&DU�EOXH��E\WH>@�UDGLRFDU$GGUHVV�^

� P\&DU EOXH�
DGGUHVV UDGLRFDU$GGUHVV�

�� `

�� �

�� 
�6WRUH�7KH�FKDQQDO�RI�WKH�FRQQHFWLRQ
�� 
�
�� SXEOLF�YRLG�VWRUH&,'�E\WH>@�WHPS�^

�� FLG QHZ�E\WH>�@�
�� FLG>�@ WHPS>�@�
�� FLG>�@ WHPS>�@�
�� `
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�5HFHLYLQJ�GDWD�IURP�EOXHWRRWK�VWDFN



�#SDUDP�E\WH>@�GDWD�UHFHLYHG

�#SDUDP�SRV�VWDUW�SRVLWLRQ�RI�WKH�ILUVW�E\WH

�
SXEOLF�YRLG�UHFHLYH'DWD�E\WH>@�GDWD��LQW�SRV�^

��GR�QRWKLQJ
`

�


�(UURU�HYHQW�IURP�EOXHWRRWK�UHFHLYHG



�#SDUDP�E\WH>@�HYHQW

�
SXEOLF�YRLG�UHFHLYH(YHQW�E\WH>@�HYHQW�^

6WULQJ�V QHZ�6WULQJ���
IRU�LQW�N ��N�HYHQW�OHQJWK�N���^

V� �V��������8QLFRGH)RUPDWWHU�E\WH7R+H[�HYHQW>N@��
`
P\&DU�ZULWH��(��!�6WUDQJH�HYHQW�DW�UDGLRFDU������V��

`

�


�%OXHWRRWK�XQLW�GLVFRYHUHG



�#SDUDP�E\WH>@�7KH�DGGUHVV�RI�WKH�EOXHWRRWK�XQLW
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�
SXEOLF�YRLG�%7)RXQG�E\WH>@�DGGUHVV�^

��'RQ
W�XSGDWH�*8,�LI�WKH�VWDFN�ILQGV�WKH�MR\VWLFN
LI��%ODFN%R[�HTXDOV�P\&DU�MR\$GGUHVV�DGGUHVV��^

P\&DU�QHZ+RVW�DGGUHVV��
P\&DU�ZULWH��,��!�1HZ�KRVW�DW�&DU3RUW���

`�HOVH�^
��MR\VWLFN

`
`

�


�&ORVH�FRQQHFWLRQ�IURP�RWKHU�%OXHWRRWK�XQLW

�
SXEOLF�YRLG�FRQQHFWLRQ,V&ORVHG�E\WH>@�DGGUHVV�^

E\WH>@�WHPS�

P\&DU�VHW&DU&RQQ�IDOVH��
P\&DU�P\*8,�VHW5LJKW%XWWRQ0RGH���
P\&DU�P\*8,�FRQQHFWLRQ&ORVHG�DGGUHVV��
P\&DU�ZULWH��,���!�&RQQHFWLRQ�LV�FORVHG�DW�&DU3RUW���
WHPS� �FRP6WDFN��FUHDWH&RQQHFWLRQ�DGGUHVV��
ZKLOH�WHPS>�@  �[��		WHPS>�@  �[���^

P\&DU�ZULWH��(���!�1HZ�FRQQHFWLRQ�WR�FDU�IDLOHG���
WHPS FRP6WDFN��FUHDWH&RQQHFWLRQ�DGGUHVV��

`

P\&DU�P\*8,�ZULWH&RQQHFWHG�DGGUHVV��
P\&DU�VHW&DU&RQQ�WUXH��
P\&DU�P\*8,�VHW5LJKW%XWWRQ0RGH���

`

�


�,QIRUPDWLRQ�LI�VWDFN�H[XFXDWLRQ



�#SDUDP�6WULQJ�7KH�LQIRUPDWLRQ

�
SXEOLF�YRLG�VWDFN,QIRUPDWLRQ�6WULQJ�W�^

P\&DU�ZULWH�W�����DW�&DU3RUW���
`

�


�,QIRUPDWLRQ�DERXW�WKH�566,�YDOXH

�
SXEOLF�YRLG�UHFHLYH566,�E\WH�YDOXH�^

��VHW�VRPHWKLQJ�LQ�P\&DU
��6\VWHP�RXW�SULQWOQ��566,��[����8QLFRGH)RUPDWWHU�E\WH7R+H[�YDOXH���

`
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�$SSOLFDWLRQ�WR�VWDFN�
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�0HWKRGV�WKDW�WKH�DSSOLFDWLRQ�FDQ�FDOO�LQ�WKH�EOXHWRRWK�VWDFN



�ERROHDQ�VHQG'DWD�E\WH>@�&,'�E\WH>@�GDWD��

�ERROHDQ�LQLW���

�ERROHDQ�LQTXLU\���

�E\WH>@�FUHDWH&RQQHFWLRQ�E\WH>@�DGGUHVV��

�ERROHDQ�FORVH&RQQHFWLRQ�E\WH>@�EW$GGUHVV��

�ERROHDQ�UHDG566,�E\WH>@�EW$GGUHVV��

�UHVHW�E\WH>@�EW$GUHVV�

�

�


�LQLW�FRP3RUW�DW�FRPSXWHU

�UHWXUQ�WUXH�LI�VXFFHVV�RWKHUZLVH�IDOVH

�
SXEOLF�ERROHDQ�LQLW&RP3RUW�LQW�FRP3RUW�^

LI�FRP6WDFN��  �QXOO�^
FRP6WDFN�� �QHZ�&RQWUROO/D\HU��&20���WKLV��

�� UHWXUQ�WUXH�
�� `�HOVH�^
�� UHWXUQ�IDOVH�
�� `

`

�


�LQLW�EOXHWRRWK�FDUG�DW�FRPSXWHU

�
SXEOLF�YRLG�LQLW%7��^

&DU3DFNDJH-RE�WHPS� �QHZ�&DU3DFNDJH-RE�P\&DU�P\*8,�P\&DU�FRP6WDFN�����
WHPS�VWDUW���

`

�


�,QTXLU\�IRU�EOXHWRRWK�KRVW

�
SXEOLF�YRLG�LQTXLU\��^

&DU3DFNDJH-RE�WHPS� �QHZ�&DU3DFNDJH-RE�P\&DU�P\*8,�P\&DU�FRP6WDFN�����
WHPS�VWDUW���

`

�


�&UHDWH�FRQQHFWLRQ�ZLWK�FDU

�#SDUDP�E\WH>@�EOXHWRRWK�DGGUHVV

�
SXEOLF�YRLG�FUHDWH&RQQHFWLRQ�E\WH>@�DGGUHVV�^

&DU3DFNDJH-RE�WHPS� �QHZ�&DU3DFNDJH-RE�P\&DU�P\*8,�P\&DU�FRP6WDFN�����
WHPS�VWRUH'DWD�DGGUHVV��
WHPS�VWDUW���

`

�


�6HQG�GDWD�WR�FDU



�#SDUDP�E\WH>@�7KH�FKDQQHO
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�#SDUDP�E\WH>@�7KH�GDWD

�
SXEOLF�YRLG�VHQG'DWD�E\WH>@�GDWD�^

FRP6WDFN��VHQG'DWD�FLG�GDWD��
`

�


�&ORVH�FRQQHFWLRQ



�#SDUDP�E\WH>@�7KH�%7�DGGUHVV

�
SXEOLF�YRLG�FORVH&RQQHFWLRQ�E\WH>@�DGGUHVV�^

P\&DU�VHW&DU&RQQ�IDOVH��
P\&DU�P\*8,�VHW5LJKW%XWWRQ0RGH���
FRP6WDFN��FORVH&RQQHFWLRQ�DGGUHVV��

`

�


�6RIWZDUH�UHVHW�RQ�EOXHWRRWK�VWDFN

�
SXEOLF�YRLG�UHVHW��^

P\&DU�VHW&DU&RQQ�IDOVH��
P\&DU�P\*8,�VHW5LJKW%XWWRQ0RGH���
FRP6WDFN��UHVHW���

`

SXEOLF�YRLG�UHDG566,��^
FRP6WDFN��UHDG566,�DGGUHVV��

`

`

�


�
�3DFNDJH�WKDW�ZLOO�EH�WUDQVPLWWHG�RYHU�WKH�56�����WR�EOXHWRRWK�GHYLFH
�
�
FODVV�&DU3DFNDJH-RE�H[WHQGV�7KUHDG^

���SULYDWH�*8,�P\*8,�
���SULYDWH�&DU�P\&DU�
���SULYDWH�&RQWUROO/D\HU�P\6WDFN�
���SULYDWH�E\WH>@�GDWD%\WH�
���SULYDWH�LQW�FRPPDQG�

���


���
�&RQVWUXFWRU
���

���
�#SDUDP�*8,�WKH�JUDSLFKDO�LQWHUIDFH
���
�#SDUDP�LQW�FRPPDQG��� �LQLW
���
 �� �LQTXLU\
���
 �� �FUHDWH&RQQFWLRQ
���
�
��SXEOLF�&DU3DFNDJH-RE�*8,�WKH*8,��&DU�WKH&DU�&RQWUROO/D\HU�WKH6WDFN�LQW�WKH&RPPDQG�^
��
���� VXSHU���

� P\*8,� �WKH*8,�
� P\&DU WKH&DU�
� P\6WDFN WKH6WDFN�
� FRPPDQG WKH&RPPDQG�
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� ��LQ�FDVH
� GDWD%\WH� �QHZ�E\WH>�@�
��`

���


���
�5XQ�PHWKRG
���
�
��SXEOLF�YRLG�UXQ��^

�� E\WH>@�WHPS�
�� ERROHDQ�VXFHVV�

VZLWFK�FRPPDQG�^

��,QLW
FDVH����� P\&DU�ZULWH��,��!�,QLW�%7FDUG�DW�FDU3RUW������

VXFHVV P\6WDFN�LQLW���
P\*8,�LQLW&20�'RQH�VXFHVV��
P\&DU�VHW&DU,QLWLDOL]HG�WUXH��
EUHDN�

��LQTXLU\
FDVH���� P\&DU�ZULWH��,��!�,QTXLU\�DW�FDU3RUW�������

VXFHVV P\6WDFN�LQTXLU\���

��ZULWH�HUURU�PHVDJHV
LI�VXFHVV�^

P\&DU�ZULWH��,��!�,QTXLU\�VXFHVV�DW�&DU3RUW������
`�HOVH^

P\&DU�ZULWH��(��!�,QTXLU\�IDLOHG�DW�&DU3RUW������
`
P\*8,�LQTXLU\'RQH���
EUHDN�

��&UHDWH&RQQHFWLRQ
FDVH���� P\&DU�ZULWH��,��!�&RQQHFWLQJ�WR�&DU������

WHPS P\6WDFN�FUHDWH&RQQHFWLRQ�GDWD%\WH��

��XSGDWH�*8,
LI�WHPS>�@  �[���		�WHPS>�@  �[���^

P\&DU�ZULWH��(���!�1HZ�FRQQHFWLRQ�WR�FDU�IDLOHG���
P\*8,�FRQQHFWLRQ)DLOHG�GDWD%\WH��

`�HOVH�^
P\*8,�FRQQHFWLRQ6XFFHVV�GDWD%\WH��
P\&DU�P\&DU3RUW�VWRUH&,'�WHPS��
P\&DU�VHW&DU&RQQ�WUXH��

LI�P\&DU�JHW&RQWURO0RGH��  �P\*8,�VWRS0RGH�^
P\*8,�VHW5LJKW%XWWRQ0RGH���

`HOVH^
P\*8,�VHW6WRS%XWWRQ0RGH���

`

`
EUHDN�

��(UURU
GHIDXOW� P\&DU�ZULWH��(��!�7U\LQJ�WR�PDNH�LOOHJDO�RSHUDWLRQ�WR�FRQWUROO/D\HU���

EUHDN�
`
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��`

���

��
�7KH�GDWD�RI�WKH�SDFNDJH�DUH�VWRUHG
��

��
�#SDUDP�E\WH>@�WKH�GDWD
��
�
��SXEOLF�YRLG�VWRUH'DWD�E\WH>@�GDWD�^

GDWD%\WH� �QHZ�E\WH>GDWD�OHQJWK@�

IRU�LQW�L ��L�GDWD�OHQJWK�L���^

GDWD%\WH>L@ GDWD>L@�
`

��`

`
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���������������������������������������������-R\3RUW��������������������������������������������������
LPSRUW�MDYD�XWLO�9HFWRU�
LPSRUW�MDYD�DZW�
�
LPSRUW�MDYD[�VZLQJ�
�

SXEOLF�FODVV�-R\3RUW�LPSOHPHQWV�$3,^

SULYDWH�&DU�P\&DU�
SULYDWH�&RQWUROO/D\HU�FRP6WDFN��
SULYDWH�E\WH>@�DGGUHVV�FLG�
SULYDWH�LQW�FRXQW ��
SULYDWH�GRXEOH��PD[6SHHG ��
SULYDWH�ERROHDQ�PLQ6SHHG IDOVH�

SXEOLF�E\WH�EWHPS �[���
SXEOLF�E\WH�WWHPS �[���
SXEOLF�ERROHDQ�LQLW�

�� �


�� 
�&RQVWUXFWRU
�� 
�
�� SXEOLF�-R\3RUW�&DU�EOXH��E\WH>@�MR\$GGUHVV�^

� P\&DU EOXH�
DGGUHVV MR\$GGUHVV�
LQLW IDOVH�

�� `

�� �

�� 
�6WRUH�7KH�FKDQQDO�RI�WKH�FRQQHFWLRQ
�� 
�
�� SXEOLF�YRLG�VWRUH&,'�E\WH>@�WHPS�^

�� FLG QHZ�E\WH>�@�
�� FLG>�@ WHPS>�@�
�� FLG>�@ WHPS>�@�
�� `

�




























�6WDFN�WR�DSSOLFDWLRQ�
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�5HFHLYLQJ�GDWD�IURP�EOXHWRRWK�VWDFN



�#SDUDP�E\WH>@�GDWD�UHFHLYHG

�#SDUDP�SRV�VWDUW�SRVLWLRQ�RI�WKH�ILUVW�E\WH

�
SXEOLF�YRLG�UHFHLYH'DWD�E\WH>@�GDWD��LQW�SRV�^

GRXEOH�G�
E\WH�E�E��
E\WH�VSHHG �[���
E\WH�VWHHULQJ �[����
E\WH�FKHFN �[���

��FRQYHU�WKH�DQDORJ�LQSXW�RQH�E\�UHPRYLQJ���/6%
FKHFN� ��E\WH��GDWD>SRV��@�����
E�� ��E\WH���GDWD>SRV@�	��[II��!!!����
FKHFN� ��E\WH���FKHFN�_�E���
G� �FRQYHUW7R'RXEOH�FKHFN��

���PDNH�VXUH�WKDW�RXWSXWYROWDJH�LV�FRUUHFW�DW�WKH�EHJLQQLQJ��2YHU���YROW
LI��LQLW�		�G�� ����^
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P\&DU�ZULWH��(���!�,QLW�YROWDJH�WR�ORZ�DW�MR\VWLFN�UHVHQGLQJ�VWDUW�SDFNDJH���

���UHVHQG�ILUVW�GDWD�SDFNDJH
E\WH>@�MR\'DWD QHZ�E\WH>��@�
MR\'DWD>�@ �E\WH��[II� ��DQDORJRXW� �9
MR\'DWD>�@ �E\WH��[���
MR\'DWD>�@ �E\WH��[II� ��DQDORJRXW� �9
MR\'DWD>�@ �E\WH��[���
MR\'DWD>�@ �E\WH��[IH� ��VHWV�3:0�SHULRG�WR�����PV
MR\'DWD>�@ �[��� ��VHWV�WKH�3:0�GXW\F\FOHV�WR�]HUR
MR\'DWD>�@ �[���
MR\'DWD>�@ �[���
MR\'DWD>�@ �[���
MR\'DWD>�@ �[��� ��VHWV�VDPSOLQJ�VDPSOLQJ�WLPH ��PV
MR\'DWD>��@ �[��� ��VHWV�63,�RII
VHQG'DWD�MR\'DWD��

`�HOVH�^

LQLW WUXH�

E� �[���
E �[���

VSHHG� ��E\WH���GDWD>SRV��@�����
E�� ��E\WH����GDWD>SRV��@�	��[II��!!!����
VSHHG� ��E\WH���VSHHG�_�E���

VWHHULQJ� ��E\WH��GDWD>SRV��@�����
E�� ��E\WH���GDWD>SRV@�	��[II��!!!����
VWHHULQJ� ��E\WH���VWHHULQJ�_�E���

G� �FRQYHUW7R'RXEOH�VWHHULQJ��
E� �FRQYHUW7R+H[�����
G������������
P\&DU�VHW6WHHULQJ�E��

LI�PLQ6SHHG�^
G� �FRQYHUW7R'RXEOH�VSHHG��
G� �������
G���������
G� ��G�������������
G� �G������
LI�G!���^

G ���
`HOVH�LI�G����^

G ���
`
E� �FRQYHUW7R+H[�G��

`HOVH^
G� �FRQYHUW7R'RXEOH�VSHHG��
G� �������
G���������
G� ��G������
PD[6SHHG�������
G� �G������
E� �FRQYHUW7R+H[�G��

`
LI�E  �[�F�^

E �[���
`HOVH�LI�E  �[�E�^

E �[���
`HOVH�LI�E  �[�D�^
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E �[���
`HOVH�LI�E  �[���^

E �[���
`

P\&DU�VHW6SHHG�E��

`

`

�


�(UURU�HYHQW�IURP�EOXHWRRWK�UHFHLYHG



�#SDUDP�E\WH>@�HYHQW

�
SXEOLF�YRLG�UHFHLYH(YHQW�E\WH>@�HYHQW�^

6WULQJ�V �QHZ�6WULQJ���
IRU�LQW�N ��N�HYHQW�OHQJWK�N���^

V� �V��������8QLFRGH)RUPDWWHU�E\WH7R+H[�HYHQW>N@��
`
P\&DU�ZULWH��(��!�6WUDQJH�HYHQW�DW�MR\VWLFN������V��

`

�


�%OXHWRRWK�XQLW�GLVFRYHUHG



�#SDUDP�E\WH>@�7KH�DGGUHVV�RI�WKH�EOXHWRRWK�XQLW

�
SXEOLF�YRLG�%7)RXQG�E\WH>@�DGGUHVV�^

��'RQ
W�XSGDWH�*8,�LI�WKH�VWDFN�ILQGV�WKH�FDU
LI��%ODFN%R[�HTXDOV�P\&DU�FDU$GGUHVV�DGGUHVV��^

P\&DU�QHZ+RVW�DGGUHVV��
P\&DU�ZULWH��,��!�1HZ�KRVW�DW�-R\VWLFN3RUW���

`�HOVH�^
��7KH�FDU

`
`

�


�&ORVH�FRQQHFWLRQ�IURP�RWKHU�%OXHWRRWK�XQLW

�
SXEOLF�YRLG�FRQQHFWLRQ,V&ORVHG�E\WH>@�DGGUHVV�^

E\WH>@�WHPS�

��VWRS�WKH�FDU
P\&DU�VHW&RQWURO0RGH����

P\&DU�VHW-R\&RQQ�IDOVH��
P\&DU�P\*8,�VHW5LJKW%XWWRQ0RGH���
P\&DU�P\*8,�FRQQHFWLRQ&ORVHG�DGGUHVV��
P\&DU�ZULWH��,���!�&RQQHFWLRQ�LV�FORVHG�DW�-R\VWLFN3RUW���
WHPS� �FRP6WDFN��FUHDWH&RQQHFWLRQ�DGGUHVV��
ZKLOH�WHPS>�@  �[���		�WHPS>�@  �[���^

P\&DU�ZULWH��(���!�1HZ�FRQQHFWLRQ�WR�-R\VWLFN�IDLOHG���
WHPS� �FRP6WDFN��FUHDWH&RQQHFWLRQ�DGGUHVV��

`

LQLW IDOVH�
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E\WH>@�MR\'DWD QHZ�E\WH>��@�
MR\'DWD>�@ �E\WH��[II� ��DQDORJRXW� �9
MR\'DWD>�@ �E\WH��[���
MR\'DWD>�@ �E\WH��[II� ��DQDORJRXW� �9
MR\'DWD>�@ �E\WH��[���
MR\'DWD>�@ �E\WH��[IH� ��VHWV�3:0�SHULRG�WR�����PV
MR\'DWD>�@ �[��� ��VHWV�WKH�3:0�GXW\F\FOHV�WR�]HUR
MR\'DWD>�@ �[���
MR\'DWD>�@ �[���
MR\'DWD>�@ �[���
MR\'DWD>�@ �[��� ��VHWV�VDPSOLQJ�VDPSOLQJ�WLPH ��PV
MR\'DWD>��@ �[��� ��VHWV�63,�RII
VHQG'DWD�MR\'DWD��

P\&DU�P\*8,�ZULWH&RQQHFWHG�DGGUHVV��
P\&DU�VHW-R\&RQQ�WUXH��
P\&DU�P\*8,�VHW5LJKW%XWWRQ0RGH���

`

�


�,QIRUPDWLRQ�LI�VWDFN�H[XFXDWLRQ



�#SDUDP�6WULQJ�7KH�LQIRUPDWLRQ

�
SXEOLF�YRLG�VWDFN,QIRUPDWLRQ�6WULQJ�W�^

P\&DU�ZULWH�W���DW�-R\VWLFN3RUW���
`

�


�,QIRUPDWLRQ�DERXW�WKH�566,�YDOXH

�
SXEOLF�YRLG�UHFHLYH566,�E\WH�YDOXH�^

��GR�QRWKLQJ
`

�

























�DSSOLFDWLRQ�WR�VWDFN�
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�0HWKRGV�WKDW�WKH�DSSOLFDWLRQ�FDQ�FDOO�LQ�WKH�EOXHWRRWK�VWDFN�



�ERROHDQ�VHQG'DWD�E\WH>@�&,'�E\WH>@�GDWD��

�ERROHDQ�LQLW���

�ERROHDQ�LQTXLU\���

�E\WH>@�FUHDWH&RQQHFWLRQ�E\WH>@�DGGUHVV��

�ERROHDQ�FORVH&RQQHFWLRQ�E\WH>@�EW$GGUHVV��

�ERROHDQ�UHDG566,�E\WH>@�EW$GGUHVV��

�

�


�LQLW�EOXHWRRWK�FDUG�DW�FRPSXWHU



�UHWXUQ�WUXH�LI�VXFFHVV�RWKHUZLVH�IDOVH

�
SXEOLF�ERROHDQ�LQLW&RP3RUW�LQW�FRP3RUW�^

LI��FRP6WDFN��  �QXOO�^
FRP6WDFN�� �QHZ�&RQWUROO/D\HU��&20���WKLV��

�� UHWXUQ�WUXH�
`�HOVH�^

�� UHWXUQ�IDOVH�
�� `

`
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�


�LQLW�EOXHWRRWK�FDUG�DW�FRPSXWHU

�
SXEOLF�YRLG�LQLW%7��^

-R\3DFNDJH-RE�WHPS� �QHZ�-R\3DFNDJH-RE�P\&DU�P\*8,�P\&DU�FRP6WDFN�����
WHPS�VWDUW���

`

�


�,QTXLU\�IRU�EOXHWRRWK�KRVW

�
SXEOLF�YRLG�LQTXLU\��^

-R\3DFNDJH-RE�WHPS� �QHZ�-R\3DFNDJH-RE�P\&DU�P\*8,�P\&DU�FRP6WDFN�����
WHPS�VWDUW���

`

�


�&UHDWH�FRQQHFWLRQ�ZLWK�MR\VWLFN



�#SDUDP�E\WH>@�EOXHWRRWK�DGGUHVV

�
SXEOLF�YRLG�FUHDWH&RQQHFWLRQ�E\WH>@�DGGUHVV�^

-R\3DFNDJH-RE�WHPS� �QHZ�-R\3DFNDJH-RE�P\&DU�P\*8,�P\&DU�FRP6WDFN�����
WHPS�VWRUH'DWD�DGGUHVV��
WHPS�VWDUW���

`

�


�6HQG�GDWD�WR�MR\VWLFN



�#SDUDP�E\WH>@�7KH�GDWD

�
SXEOLF�YRLG�VHQG'DWD�E\WH>@�GDWD�^

FRP6WDFN��VHQG'DWD�FLG�GDWD��
`

�


�&ORVH�FRQQHFWLRQ



�#SDUDP�E\WH>@�7KH�%7�DGGUHVV

�
SXEOLF�YRLG�FORVH&RQQHFWLRQ�E\WH>@�DGGUHVV�^

P\&DU�VHW-R\&RQQ�IDOVH��
P\&DU�P\*8,�VHW5LJKW%XWWRQ0RGH���
FRP6WDFN��FORVH&RQQHFWLRQ�DGGUHVV��

`

�


�6RIWZDUH�UHVHW�RQ�EOXHWRRWK�VWDFN

�
SXEOLF�YRLG�UHVHW��^
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P\&DU�VHW-R\&RQQ�IDOVH��
P\&DU�P\*8,�VHW5LJKW%XWWRQ0RGH���
FRP6WDFN��UHVHW���

`
�

























�RWKHU�PHWKRGV�

































�

�


���
�&RQYHUWV�D�GRXEOH�EHWZHHQ�������WR�KH[
���

���
�#SDUDP�GRXEOH�7KH�DQDORJ�YDOXH�WKDW�ZLOO�EH�FRQYHUWHG
���
�
��SULYDWH�E\WH�FRQYHUW7R+H[�GRXEOH�G�^

�� GRXEOH�WHPS�
�� E\WH�E� ��[���
�� E\WH�PDVN� ��E\WH���[���

IRU��LQW�L ��L! ��L���^

LI�G���GRXEOH��0DWK�SRZ���L���! ���^

G�� �0DWK�SRZ���L��
E� ��E\WH���E�_�PDVN��

`
PDVN� ��E\WH����PDVN�	��[II��!!!����

`

UHWXUQ�E�

��`

��


���
�&RQYHUWV�WKH�E\WH�WR�D�GRXEOH
���

���
�#SDUDP�WKH�E\WH�FRQWDLQLQJ�WKH�GDWD�PD[
���
�
��SULYDWH�GRXEOH�FRQYHUW7R'RXEOH�E\WH�E�^

GRXEOH�VXP� ��
E\WH�PDVN� ��[���

IRU��LQW�L ��L���L���^

LI����E�	��[II��	�PDVN��� ��[���^
VXP� �VXP��0DWK�SRZ���L��

`

PDVN� ���E\WH���PDVN������
`

UHWXUQ�VXP�

��`

SXEOLF�V\QFKURQL]HG�YRLG�VHW0D[6SHHG�LQW�VS�^
PD[6SHHG �GRXEOH�VS����
LI�VS  ��^

PLQ6SHHG WUXH�
`HOVH^

PLQ6SHHG IDOVH�



,PSOHPHQWLQJ�D�:LUHOHVV�,�2�XQLW�XVLQJ�%OXHWRRWK70

�������

`
`

SXEOLF�V\QFKURQL]HG�YRLG�DGG2QH��^
EWHPS���
WWHPS���

6\VWHP�RXW�SULQW��VWHHULQJ���8QLFRGH)RUPDWWHU�E\WH7R+H[�WWHPS���
6\VWHP�RXW�SULQWOQ��VSHHG���8QLFRGH)RUPDWWHU�E\WH7R+H[�EWHPS���

`

`���HQG�FODVV

�


�
�3DFNDJH�WKDW�ZLOO�EH�WUDQVPLWWHG�RYHU�WKH�56�����WR�%OXHWRRWK�GHYLFH
�
�
FODVV�-R\3DFNDJH-RE�H[WHQGV�7KUHDG^

���SULYDWH�*8,�P\*8,�
���SULYDWH�&DU�P\&DU�
���SULYDWH�&RQWUROO/D\HU�P\6WDFN�
���SULYDWH�E\WH>@�GDWD%\WH�
���SULYDWH�LQW�FRPPDQG�

���


���
�&RQVWUXFWRU
���

���
�#SDUDP�*8,�WKH�JUDSLFKDO�LQWHUIDFH
���
�#SDUDP�LQW�FRPPDQG��� �LQLW
���
 �� �LQTXLU\
���
 �� �FUHDWH&RQQFWLRQ
���
�
��SXEOLF�-R\3DFNDJH-RE�*8,�WKH*8,��&DU�WKH&DU�&RQWUROO/D\HU�WKH6WDFN�LQW�WKH&RPPDQG�^
��
���� VXSHU���

� P\*8,� �WKH*8,�
� P\&DU WKH&DU�
� P\6WDFN WKH6WDFN�
� FRPPDQG WKH&RPPDQG�

� ��LQ�FDVH
� GDWD%\WH� �QHZ�E\WH>�@�
��`

���


���
�5XQ�PHWKRG
���
�
��SXEOLF�YRLG�UXQ��^

�� E\WH>@�WHPS�
�� ERROHDQ�VXFHVV�

VZLWFK�FRPPDQG�^

��,QLW
FDVH����� P\&DU�ZULWH��,��!�,QLW�%7FDUG�DW�-R\3RUW������

VXFHVV P\6WDFN�LQLW���
P\*8,�LQLW&20�'RQH�VXFHVV��
P\&DU�VHW-R\,QLWLDOL]HG�WUXH��
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EUHDN�

��LQTXLU\
FDVH���� P\&DU�ZULWH��,��!�,QTXLU\�DW�-R\3RUW�������

VXFHVV P\6WDFN�LQTXLU\���

��ZULWH�HUURU�PHVDJHV
LI�VXFHVV�^

P\&DU�ZULWH��,��!�,QTXLU\�VXFHVV�DW�-R\3RUW������
`�HOVH^

P\&DU�ZULWH��(��!�,QTXLU\�IDLOHG�DW�-R\3RUW������
`
P\*8,�LQTXLU\'RQH���
EUHDN�

��&UHDWH&RQQHFWLRQ
FDVH���� P\&DU�ZULWH��,��!�&RQQHFWLQJ�WR�-R\6WLFN������

WHPS� �P\6WDFN�FUHDWH&RQQHFWLRQ�GDWD%\WH��
LI�WHPS>�@  �[���		�WHPS>�@  �[���^

P\&DU�ZULWH��(���!�1HZ�FRQQHFWLRQ�WR�MR\VWLFN�IDLOHG���
P\*8,�FRQQHFWLRQ)DLOHG�GDWD%\WH��

`�HOVH�^
P\*8,�FRQQHFWLRQ6XFFHVV�GDWD%\WH��
P\&DU�P\-R\3RUW�VWRUH&,'�WHPS��
P\&DU�P\-R\3RUW�LQLW IDOVH� ��LQ�FDVH�RI�HUURU�WUDQVPLWWLQJ�VWDUWYDOXH

E\WH>@�MR\'DWD QHZ�E\WH>��@�
MR\'DWD>�@ �E\WH��[II� ��DQDORJRXW� �9
MR\'DWD>�@ �E\WH��[���
MR\'DWD>�@ �E\WH��[II� ��DQDORJRXW� �9
MR\'DWD>�@ �E\WH��[���
MR\'DWD>�@ �E\WH��[IH� ��VHWV�3:0�SHULRG�WR�����PV
MR\'DWD>�@ �[��� ��VHWV�WKH�3:0�GXW\F\FOHV�WR�]HUR
MR\'DWD>�@ �[���
MR\'DWD>�@ �[���
MR\'DWD>�@ �[���
MR\'DWD>�@ �[��� ��VHWV�VDPSOLQJ�VDPSOLQJ�WLPH ��PV
MR\'DWD>��@ �[��� ��VHWV�63,�RII
P\&DU�P\-R\3RUW�VHQG'DWD�MR\'DWD��
P\&DU�VHW-R\&RQQ�WUXH��
LI�P\&DU�JHW&RQWURO0RGH��  �P\*8,�VWRS0RGH�^

P\*8,�VHW5LJKW%XWWRQ0RGH���
`HOVH^

P\*8,�VHW6WRS%XWWRQ0RGH���
`

`
EUHDN�

��(UURU
GHIDXOW� P\&DU�ZULWH��(��!�7U\LQJ�WR�PDNH�LOOHJDO�RSHUDWLRQ�WR�FRQWUROO/D\HU���

EUHDN�
`

��`

���

��
�7KH�GDWD�RI�WKH�SDFNDJH�DUH�VWRUHG
��

��
�#SDUDP�E\WH>@�WKH�GDWD
��
�



,PSOHPHQWLQJ�D�:LUHOHVV�,�2�XQLW�XVLQJ�%OXHWRRWK70

�������

��SXEOLF�YRLG�VWRUH'DWD�E\WH>@�GDWD�^

GDWD%\WH� �QHZ�E\WH>GDWD�OHQJWK@�

IRU�LQW�L ��L�GDWD�OHQJWK�L���^

GDWD%\WH>L@ GDWD>L@�
`

��`

`
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�������������������������������������������������������������&DU����������������������������������������������������������������

LPSRUW�MDYD�XWLO�9HFWRU�
LPSRUW�MDYD�DZW�
�
LPSRUW�MDYD[�VZLQJ�
�

SXEOLF�FODVV�&DU^

SULYDWH�&RQWUROO/D\HU�FRP�VWDFN�FRP�VWDFN�
�� SULYDWH�'HEXJ:LQGRZ�GHEXJ�
�� SULYDWH�ILQDO�LQW�PRXVH0RGH ���MR\0RGH ���VWRS0RGH ��
�� SULYDWH�LQW�FRQWURO0RGH VWRS0RGH��PD['LVWDQFH��PD[6SHHG��PRXVH;��PRXVH<�

SULYDWH�E\WH�VSHHG��VWHHULQJ�
SULYDWH�ERROHDQ�FDU,QLWLDOL]HG�MR\,QLWLDOL]HG�
SULYDWH�ERROHDQ�FDU&RQQ�MR\&RQQ�GLVWDQFH&RQWURO�
SXEOLF�ILQDO�E\WH>@�FDU$GGUHVV� �QHZ�E\WH>�@�
SXEOLF�ILQDO�E\WH>@�MR\$GGUHVV� �QHZ�E\WH>�@�
SULYDWH�&RQWURO7KUHDG�W�

SXEOLF�*8,�P\*8,�
SXEOLF�-R\3RUW�P\-R\3RUW�
SXEOLF�&DU3RUW�P\&DU3RUW�

� SXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@�^
&DU�KRVW� �QHZ�&DU���

� `

�� �


�� 
�&RQVWUXFWRU
�� 
�
�� SXEOLF�&DU��^
�� GHEXJ QHZ�'HEXJ:LQGRZ���
�� GHEXJ�VHW6L]H�QHZ�'LPHQVLRQ�����������
�� GHEXJ�VHW/RFDWLRQ��������

� P\*8,� �QHZ�*8,�WKLV��
����� P\*8,�VHW6L]H�QHZ�'LPHQVLRQ�����������
����� P\*8,�VHW9LVLEOH�WUXH��

WKLV�VHW$GGUHVVHV���
FDU&RQQ IDOVH�
MR\&RQQ IDOVH�
P\-R\3RUW� �QHZ�-R\3RUW�WKLV��MR\$GGUHVV��
P\&DU3RUW� �QHZ�&DU3RUW�WKLV��FDU$GGUHVV��

����� W� �QHZ�&RQWURO7KUHDG�WKLV��
W�VWDUW���

�� `

�




























�6WDFN�WR�&DU�
































�
�


�%OXHWRRWK�XQLW�GLVFRYHUHG



�#SDUDP�E\WH>@�7KH�DGGUHVV�RI�WKH�EOXHWRRWK�XQLW

�
SXEOLF�YRLG�QHZ+RVW�E\WH>@�DGGUHVV�^

P\*8,�QHZ+RVW�DGGUHVV��

`
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�

























�$SSOLFDWLRQ�WR�VWDFNV�





























�
�


�6HQG�GDWD�WR�FDU



�#SDUDP�E\WH>@�7KH�FKDQQHO

�#SDUDP�E\WH>@�7KH�GDWD

�
SXEOLF�YRLG�VHQG&DU'DWD�E\WH>@�GDWD�^

P\&DU3RUW�VHQG'DWD�GDWD��
`

�


�6RIWZDHU�UHVHW�RQ�FDUSRUW

�
SXEOLF�YRLG�UHVHW&DU��^

LI�P\&DU3RUW�� �QXOO�^
P\&DU3RUW�UHVHW���

`
`

�


�6RIWZDUH�UHVHW�RQ�MR\SRUW

�
SXEOLF�YRLG�UHVHW-R\��^

LI�P\-R\3RUW�� �QXOO�^
P\-R\3RUW�UHVHW���

`

`

�


�6HQG�GDWD�WR�MR\VWLFN



�#SDUDP�E\WH>@�7KH�FKDQQHO

�#SDUDP�E\WH>@�7KH�GDWD

�
SXEOLF�YRLG�VHQG-R\'DWD�E\WH>@�GDWD�^

P\-R\3RUW�VHQG'DWD�GDWD��
`

�


�LQLW�EOXHWRRWK�FDUG�DW�FRP�



�
SXEOLF�YRLG�FRP�LQLW��^

����� P\&DU3RUW�LQLW&RP3RUW����
P\&DU3RUW�LQLW%7���

`

�


�LQLW�EOXHWRRWK�FDUG�DW�FRP�



�
SXEOLF�YRLG�FRP�LQLW��^

����� P\-R\3RUW�LQLW&RP3RUW����
P\-R\3RUW�LQLW%7���

`
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�


�,QTXLU\�IRU�EOXHWRRWK�KRVWV�ZLWK�FRP���WKH�DQVZHU�FDQ�EH�XVHG�E\

�ERWK�FRP��DQG�FRP��

�
SXEOLF�YRLG�LQTXLU\��^

LI�FDU,QLWLDOL]HG�^
P\&DU3RUW�LQTXLU\���

`

LI�MR\,QLWLDOL]HG�^
P\-R\3RUW�LQTXLU\���

`
`

�


�&UHDWH�FRQQHFWLRQ�ZLWK�FDU

�#SDUDP�E\WH>@�EOXHWRRWK�DGGUHVV

�
SXEOLF�YRLG�FUHDWH&DU&RQQHFWLRQ��^

P\&DU3RUW�FUHDWH&RQQHFWLRQ�FDU$GGUHVV��
`

�


�&UHDWH�FRQQHFWLRQ�ZLWK�MR\VWLFN



�#SDUDP�E\WH>@�EOXHWRRWK�DGGUHVV

�
SXEOLF�YRLG�FUHDWH-R\&RQQHFWLRQ��^

P\-R\3RUW�FUHDWH&RQQHFWLRQ�MR\$GGUHVV��
`

�


�&ORVH�FDU�FRQQHFWLRQ



�#SDUDP�E\WH>@�7KH�%7�DGGUHVV

�
SXEOLF�YRLG�FORVH&DU&RQQHFWLRQ��^

P\&DU3RUW�FORVH&RQQHFWLRQ�FDU$GGUHVV��
`

�


�&ORVH�MR\VWLFN�FRQQHFWLRQ



�#SDUDP�E\WH>@�7KH�%7�DGGUHVV

�
SXEOLF�YRLG�FORVH-R\&RQQHFWLRQ��^

P\-R\3RUW�FORVH&RQQHFWLRQ�MR\$GGUHVV��
`

�




























�2WKHU�&DU�0HWKRGV�


























�
�


�6KRZV�WKH�'HEXJ:LQGRZ��ZKHUH�RQO\(UURUV�GHFLGH�ZKHWKHU�(UURUV�RU

�(UURUV	,QIR�VKRXOG�EH�VKRZQ



�
SXEOLF�YRLG�RSHQ'HEXJ:LQGRZ�ERROHDQ�RQO\(UURUV�^

GHEXJ�VHW,QIR0RGH�RQO\(UURUV��
GHEXJ�VHW9LVLEOH�WUXH��
GHEXJ�UHSDLQW���
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`

�


:ULWHV�D�VWULQJ�WR�WKH�'HEXJ:LQGRZ�

�
SXEOLF�YRLG�ZULWH�6WULQJ�V�^

GHEXJ�ZULWH�V��
`

�


0HWKRGV�WKDW�UHWXUQ�YDULDEOHV�

�
SXEOLF�V\QFKURQL]HG�E\WH�JHW6SHHG��^

UHWXUQ�VSHHG�
`
SXEOLF�V\QFKURQL]HG�E\WH�JHW6WHHULQJ��^

UHWXUQ�VWHHULQJ�
`
SXEOLF�V\QFKURQL]HG�LQW�JHW&RQWURO0RGH��^

UHWXUQ�FRQWURO0RGH�
`
SXEOLF�V\QFKURQL]HG�E\WH>@�JHW&DU$GGUHVV��^

UHWXUQ�FDU$GGUHVV�
`
SXEOLF�V\QFKURQL]HG�E\WH>@�JHW-R\$GGUHVV��^

UHWXUQ�MR\$GGUHVV�
`
SXEOLF�V\QFKURQL]HG�ERROHDQ�LV&DU,QLWLDOL]HG��^

UHWXUQ�FDU,QLWLDOL]HG�
`
SXEOLF�V\QFKURQL]HG�ERROHDQ�LV-R\,QLWLDOL]HG��^

UHWXUQ�MR\,QLWLDOL]HG�
`
SXEOLF�V\QFKURQL]HG�ERROHDQ�LV-R\&RQQ��^

UHWXUQ�MR\&RQQ�
`
SXEOLF�V\QFKURQL]HG�ERROHDQ�LV&DU&RQQ��^

UHWXUQ�FDU&RQQ�
`

�


0HWKRGV�WKDW�VHW�YDULDEOHV�

�
SXEOLF�V\QFKURQL]HG�YRLG�VHW$GGUHVVHV��^

FDU$GGUHVV>�@ �E\WH��[���
FDU$GGUHVV>�@ �E\WH��[���
FDU$GGUHVV>�@ �E\WH��[���
FDU$GGUHVV>�@ �E\WH��[E��
FDU$GGUHVV>�@ �E\WH��[G��
FDU$GGUHVV>�@ �E\WH��[���
MR\$GGUHVV>�@ �E\WH��[�F�
MR\$GGUHVV>�@ �E\WH��[���
MR\$GGUHVV>�@ �E\WH��[���
MR\$GGUHVV>�@ �E\WH��[E��
MR\$GGUHVV>�@ �E\WH��[G��
MR\$GGUHVV>�@ �E\WH��[���

`
SXEOLF�V\QFKURQL]HG�YRLG�VHW0D[6SHHG�LQW�VS�^

��PD[6SHHG VS�
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P\-R\3RUW�VHW0D[6SHHG�VS��
`
SXEOLF�V\QFKURQL]HG�YRLG�VHW'LVWDQFH&RQWURO�ERROHDQ�E�^

GLVWDQFH&RQWURO E�
P\-R\3RUW�DGG2QH���

`
SXEOLF�V\QFKURQL]HG�YRLG�VHW0D['LVWDQFH�LQW�GL�^

PD['LVWDQFH GL�
`
SXEOLF��V\QFKURQL]HG�YRLG�VHW6SHHG�E\WH�VS�^

VSHHG VS�
`
SXEOLF��V\QFKURQL]HG�YRLG�VHW6WHHULQJ�E\WH�VW�^

VWHHULQJ VW�
`
SXEOLF�V\QFKURQL]HG�YRLG�VHW&DU&RQQ�ERROHDQ�FRQQ�^

FDU&RQQ FRQQ�
`
SXEOLF�V\QFKURQL]HG�YRLG�VHW-R\&RQQ�ERROHDQ�FRQQ�^

MR\&RQQ FRQQ�
`
SXEOLF�V\QFKURQL]HG��YRLG�VHW&RQWURO0RGH�LQW�PRGH�^

LI�PRGH  VWRS0RGH�^
W�ILUVW7LPH WUXH�

`
FRQWURO0RGH PRGH�

`
SXEOLF�V\QFKURQL]HG�YRLG�VHW&DU,QLWLDOL]HG�ERROHDQ�L�^

FDU,QLWLDOL]HG L�
`
SXEOLF�V\QFKURQL]HG�YRLG�VHW-R\,QLWLDOL]HG�ERROHDQ�L�^

MR\,QLWLDOL]HG L�
`

`
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�����������������������������������������������&RQWURO7KUHDG�������������������������������������������������������������������

SXEOLF�FODVV�&RQWURO7KUHDG�H[WHQGV�7KUHDG^
SULYDWH�&DU�P\&DU�
SULYDWH�LQW�FRQWURO0RGH�

�� SULYDWH�ILQDO�LQW�PRXVH0RGH ���MR\0RGH ���VWRS0RGH ��
SULYDWH�E\WH>@�FDU'DWD QHZ�E\WH>��@�
SXEOLF�ERROHDQ�ILUVW7LPH WUXH�

�


&RQVWUXFWRU

�
SXEOLF�&RQWURO7KUHDG�&DU�EOXH�^

P\&DU EOXH�
FDU'DWD>�@ �E\WH��[��� ��DQDORJ2XW� �9
FDU'DWD>�@ �E\WH��[���
FDU'DWD>�@ �E\WH��[��� ��DQDORJRXW� �9
FDU'DWD>�@ �E\WH��[���
FDU'DWD>�@ �E\WH��[II� ��VHWV�PD[LPXP�SXOVH�SHULRG ��PV
FDU'DWD>�@ �E\WH��[D�� ��7KLV�ZLOO�PDNH�WKH�GXW\F\FOH����PV�LQ�SZP��
FDU'DWD>�@ �E\WH��[���
FDU'DWD>�@ �E\WH��[�D� ��7KLV�ZLOO�PDNH�WKH�GXW\F\FOH����PV�LQ�SZP��
FDU'DWD>�@ �E\WH��[���
FDU'DWD>�@ �E\WH��[II� ��VHWV�PD[LPXP�VDPSOLQJ�WLPH ���PV
FDU'DWD>��@ �E\WH��[��� ��VHWV�63,�RII

`

�


7KH�LQILQLWH�ORRS

�
SXEOLF�YRLG�UXQ��^

ZKLOH�WUXH�^
LI�P\&DU�LV&DU&RQQ���^

FRQWURO0RGH P\&DU�JHW&RQWURO0RGH���
LI�FRQWURO0RGH  VWRS0RGH�^

LI�ILUVW7LPH�^
��7KLV�ZLOO�PDNH�WKH�GXW\F\FOH����PV
FDU'DWD>�@ �E\WH��[$���
��7KLV�ZLOO�PDNH�WKH�GXW\F\FOH����PV
FDU'DWD>�@ �E\WH��[����
P\&DU�VHQG&DU'DWD�FDU'DWD��
ILUVW7LPH IDOVH�

`
`HOVH^��MR\0RGH�RU�PRXVH0RGH

FDU'DWD>�@ P\&DU�JHW6WHHULQJ����� ��VHWV�WKH�VSHHG
FDU'DWD>�@ P\&DU�JHW6SHHG��� ��VHWV�WKH�VWHHULQJ
P\&DU�VHQG&DU'DWD�FDU'DWD��

`
`

WU\^
�� VOHHS������
�� `�FDWFK��([FHSWLRQ�H�^

P\&DU�ZULWH��(��!�&RQWURO7KUHDG�ZRNH�XS�GXULQJ�VOHHS������H�WR6WULQJ����
�� `

`
`

`
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�����������������������������������������������'HEXJ:LQGRZ������������������������������������������������������������������

LPSRUW�MDYD�DZW�
�
LPSRUW�MDYD[�VZLQJ�
�
LPSRUW�MDYD�DZW�HYHQW�
�

����SXEOLF�FODVV�'HEXJ:LQGRZ�H[WHQGV�-)UDPH�^
��� SULYDWH�ERROHDQ�MXVW(UURUV WUXH�
��� SULYDWH�-/LVW�H/LVW�HL/LVW�
��� SULYDWH�'HIDXOW/LVW0RGHO�H0RGHO��HL0RGHO�
��� SULYDWH -6FUROO3DQH�H3DQH��HL3DQH�
��� SULYDWH�&RQWDLQHU�FRQWHQW3DQH�

����SXEOLF�'HEXJ:LQGRZ���^
������ ��VXSHU��'HEXJ�,QIRUPDWLRQ�IRU�WKH�%OXHWRRWK�&RQQHFWLRQV���
������� �FRQWHQW3DQH� �JHW&RQWHQW3DQH���

H0RGHO QHZ�'HIDXOW/LVW0RGHO���
H0RGHO�DGG(OHPHQW��67$57�2)�&20081,&$7,21���
H/LVW� �QHZ�-/LVW�H0RGHO��
H3DQH� �QHZ�-6FUROO3DQH�H/LVW��
H3DQH�VHW9HUWLFDO6FUROO%DU3ROLF\�-6FUROO3DQH�9(57,&$/B6&52//%$5B$/:$<6��
H3DQH�VHW+RUL]RQWDO6FUROO%DU3ROLF\�-6FUROO3DQH�+25,=217$/B6&52//%$5B$/:$<6��
FRQWHQW3DQH�DGG�H3DQH��

HL0RGHO QHZ�'HIDXOW/LVW0RGHO���
HL0RGHO�DGG(OHPHQW��67$57�2)�&20081,&$7,21���
HL/LVW� �QHZ�-/LVW�HL0RGHO��
HL3DQH� �QHZ�-6FUROO3DQH�HL/LVW��
HL3DQH�VHW9HUWLFDO6FUROO%DU3ROLF\�-6FUROO3DQH�9(57,&$/B6&52//%$5B$/:$<6��
HL3DQH�VHW+RUL]RQWDO6FUROO%DU3ROLF\�-6FUROO3DQH�+25,=217$/B6&52//%$5B$/:$<6��

������� �DGG:LQGRZ/LVWHQHU�QHZ�&URVV�WKLV��^
������� `��
�`

�SXEOLF�V\QFKURQL]HG�YRLG�VHW,QIR0RGH�ERROHDQ�RQO\(UURUV�^

� LI��MXVW(UURUV�
� FRQWHQW3DQH�UHPRYH�H3DQH��
� HOVH

FRQWHQW3DQH�UHPRYH�HL3DQH��
�� MXVW(UURUV RQO\(UURUV�
�� LI��MXVW(UURUV�
� FRQWHQW3DQH�DGG�H3DQH��
� HOVH

FRQWHQW3DQH�DGG�HL3DQH��
�`

�SXEOLF�V\QFKURQL]HG�YRLG�ZULWH�6WULQJ�W�^
� WU\�^
� W�WULP���
� HL0RGHO�LQVHUW(OHPHQW$W�W����
� ��HL0RGHO�ILUH,QWHUYDOO$GGHG�W���
� LI��W�FKDU$W����  �
(
�__�W�FKDU$W����  �
H
�^
� H0RGHO�LQVHUW(OHPHQW$W�W����
� `
�
� ���UHPRYH�ROG�PHVVVDJHV
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� LI�H0RGHO�VL]H��! ����^
� WU\�^
� H0RGHO�UHPRYH(OHPHQW�H0RGHO�ODVW(OHPHQW����
� `�FDWFK��([FHSWLRQ�H�^

6\VWHP�RXW�SULQWOQ��([FHSWLRQ�ZKLOH�UHPRYLQJ�HUURU���
� `
� `

� LI�HL0RGHO�VL]H��! ����^
WU\�^

� HL0RGHO�UHPRYH(OHPHQW�HL0RGHO�ODVW(OHPHQW����
`�FDWFK��([FHSWLRQ�H�^

6\VWHP�RXW�SULQWOQ��([FHSWLRQ�ZKLOH�UHPRYLQJ�HUURU���
� `
� `
�

FRQWHQW3DQH�UHSDLQW���

`�FDWFK��$UUD\,QGH[2XW2I%RXQGV([FHSWLRQ�H�^
6\VWHP�RXW�SULQWOQ��2XW�RI�%RXQGV���

`�FDWFK��([FHSWLRQ�H�^
6\VWHP�RXW�SULQWOQ��*HQHUDOO���

`
`

SXEOLF�YRLG�UHSDLQW��^
FRQWHQW3DQH�UHSDLQW���

`

`����HQG�FODVV

FODVV�&URVV�H[WHQGV�:LQGRZ$GDSWHU^
'HEXJ:LQGRZ�GHEXJ�

���� SXEOLF�&URVV�'HEXJ:LQGRZ�G�^
���� GHEXJ G�
�� ��`

� ���SXEOLF�YRLG�ZLQGRZ&ORVLQJ�:LQGRZ(YHQW�H��^
��� GHEXJ�VHW9LVLEOH�IDOVH��
���� `
`
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������������������������������������������������������*8,�����������������������������������������������������������������

LPSRUW�MDYD[�VZLQJ�WDEOH�7DEOH&ROXPQ�
LPSRUW�MDYD[�VZLQJ�'HIDXOW&HOO(GLWRU�
LPSRUW�MDYD[�VZLQJ�WDEOH�7DEOH&HOO5HQGHUHU�
LPSRUW�MDYD[�VZLQJ�WDEOH�'HIDXOW7DEOH&HOO5HQGHUHU�
LPSRUW�MDYD[�VZLQJ�-7DEOH�
LPSRUW�MDYD[�VZLQJ�-6OLGHU�
LPSRUW�MDYD[�VZLQJ�WDEOH�$EVWUDFW7DEOH0RGHO�
LPSRUW�MDYD[�VZLQJ�-6FUROO3DQH�
LPSRUW�MDYD[�VZLQJ�-)UDPH�
LPSRUW�MDYD[�VZLQJ�6ZLQJ8WLOLWLHV�
LPSRUW�MDYD[�VZLQJ�-2SWLRQ3DQH�
LPSRUW�MDYD[�VZLQJ�
�
LPSRUW�MDYD�DZW�
�
LPSRUW�MDYD�DZW�HYHQW�
�
LPSRUW�MDYD[�VZLQJ�HYHQW�
�
LPSRUW�MDYD�DZW�&RORU�

��,2
LPSRUW�MDYD�LR�
�
LPSRUW�MDYD�XWLO�
�
LPSRUW�MDYD�ODQJ�
�
LPSRUW�MDYD[�FRPP�
�
LPSRUW�MDYD�XWLO�&DOHQGDU�

SXEOLF�FODVV�*8,�H[WHQGV�-)UDPH�LPSOHPHQWV�$FWLRQ/LVWHQHU��^
��� �SURWHFWHG�-0HQX%DU�PHQX%DU�
���� SULYDWH�-0HQX,WHP�PHQX,WHP�
��� �SULYDWH�-0HQX�PHQX�PHQX��

SULYDWH�0\7DEOH0RGHO��GHIDXOW0RGHO�
SULYDWH�*8,+RVW/LVW�P\/LVW�

SXEOLF�&DU�P\&DU�
SXEOLF�&RQWDLQHU�FRQWHQW3DQH�
SXEOLF�,PDJH3DQHO�SLFWXUH3DQHO�
SXEOLF�-3DQHO�ERWWRP��EW3DQHO��FDU3DQHO��FRP�3DQHO��FRP�3DQHO�FRQQ3DQHO�
��SXEOLF��0RXVH3DQHO�PRXVH3DQHO�
SXEOLF�-%XWWRQ�PRXVH%XWWRQ��MR\%XWWRQ��VWRS%XWWRQ��FRP�%XWWRQ��FRP�%XWWRQ�
SXEOLF�-%XWWRQ�VHDUFK%XWWRQ�
SXEOLF�-&KHFN%R[�GLVWDQFH�
SXEOLF�-6OLGHU�GLVWDQFH6OLGHU�VSHHG6OLGHU�
SXEOLF�+DVKWDEOH�ODEHO7DEOH�
SXEOLF�-/DEHO�WH[W���WH[W���WH[W���FRP�)LHOG��FRP�)LHOG�
SXEOLF�'HIDXOW/LVW0RGHO�EW0RGHO�
SXEOLF�-/LVW�EW/LVW�
SXEOLF�-6FUROO3DQH�EW6FUROO�
SXEOLF�-7DEOH�FRQWUROO7DEOH�

SULYDWH�ERROHDQ�LQ$Q$SSOHW�IRXQG�
SXEOLF�ILQDO�LQW�PRXVH0RGH ���MR\0RGH ���VWRS0RGH ��

����SXEOLF�*8,�&DU�EOXH��^
������� VXSHU��7DNLQJ�%OXHWRRWK�2QH�6WHS�)XUWHU���

�������� P\&DU EOXH�
�������� PHQX%DU� �QHZ�-0HQX%DU���
������� �VHW-0HQX%DU�PHQX%DU��
������ ��P\/LVW QHZ�*8,+RVW/LVW���
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������� ���%XLOG�WKH�ILUVW�PHQX�
������� �PHQX� �QHZ�-0HQX��)LOH���
������� �PHQX�JHW$FFHVVLEOH&RQWH[W���VHW$FFHVVLEOH'HVFULSWLRQ�
������� ����������7KH�RQO\�PHQX�LQ�WKLV�SURJUDP�WKDW�KDV�PHQX�LWHPV���
����� ���PHQX%DU�DGG�PHQX��

������� ���%XLOG�WKH�QH[W�PHQXV
�������� PHQX�� �QHZ�-0HQX��9LHZ���
�������� PHQX%DU�DGG�PHQX���

������� �PHQX,WHP� �QHZ�-0HQX,WHP��([LW���
������� �PHQX,WHP�DGG$FWLRQ/LVWHQHU�WKLV��
������� �PHQX�DGG�PHQX,WHP��

������� �PHQX,WHP� �QHZ�-0HQX,WHP��(UURUV���
������� �PHQX,WHP�DGG$FWLRQ/LVWHQHU�WKLV��
������� �PHQX��DGG�PHQX,WHP��

������� �PHQX,WHP� �QHZ�-0HQX,WHP��(UURUV�	�,QIR���
������� �PHQX,WHP�DGG$FWLRQ/LVWHQHU�WKLV��
������� �PHQX��DGG�PHQX,WHP��

������� ����&UHDWH�EWSDQDO
������� �EW3DQHO� �QHZ�-3DQHO���

EW3DQHO�VHW/D\RXW�QHZ�%R[/D\RXW�EW3DQHO��%R[/D\RXW�<B$;,6���
EW3DQHO�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH/RZHUHG%HYHO%RUGHU����

���
���&UHDWH�FDUSDQHO

��� FDU3DQHO� �QHZ�-3DQHO�QHZ�*ULG/D\RXW������������
�� �FDU3DQHO�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH/RZHUHG%HYHO%RUGHU����

�� ���� PRXVH3DQHO QHZ�0RXVH3DQHO��������LV�DGGHG�DW�PRXVH&RQWURO
�� PRXVH3DQHO�VHW6L]H�QHZ�'LPHQVLRQ������������
�� 0\0RXVH/LVWHQHU�P� �QHZ�0\0RXVH/LVWHQHU�PRXVH3DQHO�P\&DU��
�� PRXVH3DQHO�DGG0RXVH0RWLRQ/LVWHQHU�P�� ��PRYHPHQW

��&UHDWH�SLFWXUH�SDQDO�ZLWK�D�FDU�LPDJH
,PDJH�P\,PDJH� �7RRONLW�JHW'HIDXOW7RRONLW���JHW,PDJH��%HHWILQDO�JLI���
SLFWXUH3DQHO� �QHZ�,PDJH3DQHO�P\,PDJH��
SLFWXUH3DQHO�VHW6L]H�QHZ�'LPHQVLRQ������������

��� WH[W�� �QHZ�-/DEHO��%/8(7227+�&20081,&$7,21���
������ �WH[W��VHW)RQW�QHZ�)RQW��KHM��)RQW�%2/'������
����� WH[W��VHW$OLJQPHQW;�&(17(5B$/,*10(17��
�������� EW3DQHO�DGG�WH[W���
�������� FRP�3DQHO� �QHZ�-3DQHO���
�������� FRP�3DQHO�DGG�QHZ�-/DEHO��&20������
������� FRP�3DQHO�DGG�FRP�)LHOG� �QHZ�-/DEHO���3UHVV�LQLW���!�������
������� FRP�)LHOG�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH/RZHUHG%HYHO%RUGHU����
�������� FRP�3DQHO�DGG�FRP�%XWWRQ� �QHZ�-%XWWRQ��,QLW�%7�DW�&20�����

FRP�%XWWRQ�DGG$FWLRQ/LVWHQHU�WKLV��
�������� EW3DQHO�DGG�FRP�3DQHO��
������������ FRP�3DQHO� �QHZ�-3DQHO���
�������� FRP�3DQHO�DGG�QHZ�-/DEHO��&20������
������� FRP�3DQHO�DGG�FRP�)LHOG� �QHZ�-/DEHO���3UHVV�LQLW���!�������
������� FRP�)LHOG�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH/RZHUHG%HYHO%RUGHU����
������ FRP�3DQHO�DGG�FRP�%XWWRQ� �QHZ�-%XWWRQ��,QLW�%7�DW�&20�����

FRP�%XWWRQ�DGG$FWLRQ/LVWHQHU�WKLV��
EW3DQHO�DGG�FRP�3DQHO��

�������� EW3DQHO�DGG�VHDUFK%XWWRQ� �QHZ�-%XWWRQ��6HDUFK�IRU�%7�GHYLFHV����
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VHDUFK%XWWRQ�VHW$OLJQPHQW;�&(17(5B$/,*10(17��
VHDUFK%XWWRQ�VHW(QDEOHG�IDOVH��
VHDUFK%XWWRQ�DGG$FWLRQ/LVWHQHU�WKLV��

��� WH[W�� �QHZ�-/DEHO��$YDLODEOH�%7�GHYLFHV����
WH[W��VHW$OLJQPHQW;�-/DEHO�&(17(5B$/,*10(17��
EW3DQHO�DGG�WH[W���

���&UHDWH�-7DEOH
���� GHIDXOW0RGHO� �QHZ�0\7DEOH0RGHO��WKLV��
���� FRQWUROO7DEOH� �QHZ�-7DEOH�GHIDXOW0RGHO��
���� FRQWUROO7DEOH�VHW3UHIHUUHG6FUROODEOH9LHZSRUW6L]H�QHZ�'LPHQVLRQ�����������
���� EW6FUROO� �QHZ�-6FUROO3DQH�FRQWUROO7DEOH��

���� ��)LGGOH�ZLWK�WKH�0RGH�FROXPQ
V�FHOO�HGLWRUV�UHQGHUHUV�
����� VHW8S0RGH&ROXPQ�FRQWUROO7DEOH�JHW&ROXPQ0RGHO���JHW&ROXPQ�����

����� ��6HW6L]H�RI�WDEOH
����� 7DEOH&ROXPQ�FROXPQ� �QXOO�

IRU��LQW�L� ����L������L����^
���� FROXPQ� �FRQWUROO7DEOH�JHW&ROXPQ0RGHO���JHW&ROXPQ�L��
���� LI��L�  ����^
�������� FROXPQ�VHW3UHIHUUHG:LGWK���������6WDWXV�FROXPQ�LV�ELJJHU
���� `�HOVH�^
�������� FROXPQ�VHW3UHIHUUHG:LGWK������
���� `

`

EW3DQHO�DGG�EW6FUROO��

����� �

�EW0RGHO QHZ�'HIDXOW/LVW0RGHO���
�EW/LVW� �QHZ�-/LVW�EW0RGHO��
EW6FUROO� �QHZ�-6FUROO3DQH�EW/LVW��
EW6FUROO�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH/RZHUHG%HYHO%RUGHU����
EW3DQHO�DGG�EW6FUROO��

�

������ WH[W� QHZ�-/DEHO��&21752/�2)�5$',2&$5��-/DEHO�&(17(5��
������ ���WH[W��VHW+RUL]RQWDO7H[W3RVLWLRQ�-/DEHO�&(17(5��
������ ���FDU3DQHO�VHW$OLJQPHQW;�&(17(5B$/,*10(17��
������ WH[W��VHW)RQW�QHZ�)RQW��KHM��)RQW�%2/'������
�������� FDU3DQHO�DGG�WH[W���
������� FDU3DQHO�VHW$OLJQPHQW;�&(17(5B$/,*10(17��

FDU3DQHO�DGG�QHZ�-/DEHO������
������ FDU3DQHO�DGG�PRXVH%XWWRQ� �QHZ�-%XWWRQ��6WHHU�ZLWK�PRXVH����
������ PRXVH%XWWRQ�DGG$FWLRQ/LVWHQHU�WKLV��
��� VSHHG6OLGHU� �QHZ�-6OLGHU����������

ODEHO7DEOH� �QHZ�+DVKWDEOH���
ODEHO7DEOH�SXW��QHZ�,QWHJHU�������QHZ�-/DEHO��0LQLPXP�VSHHG����
ODEHO7DEOH�SXW��QHZ�,QWHJHU��������QHZ�-/DEHO��0D[LPXP�VSHHG����
VSHHG6OLGHU�VHW/DEHO7DEOH��ODEHO7DEOH���
VSHHG6OLGHU�VHW3DLQW/DEHOV�WUXH��
VSHHG6OLGHU�DGG&KDQJH/LVWHQHU�QHZ�6SHHG6OLGHU/LVWHQHU����

�������� FDU3DQHO�DGG�VSHHG6OLGHU��
�������� FDU3DQHO�DGG�MR\%XWWRQ� �QHZ�-%XWWRQ��6WHHU�ZLWK�MR\VWLFN����
�������� MR\%XWWRQ�DGG$FWLRQ/LVWHQHU�WKLV��
������ FDU3DQHO�DGG�GLVWDQFH� �QHZ�-&KHFN%R[��8VH�GLVWDQFH�FRQWURO��WUXH���
������ GLVWDQFH�DGG$FWLRQ/LVWHQHU�WKLV��
������ GLVWDQFH�VHW(QDEOHG�IDOVH��
�������� FDU3DQHO�DGG�VWRS%XWWRQ� �QHZ�-%XWWRQ��6WRS�FDU����
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�������� VWRS%XWWRQ�DGG$FWLRQ/LVWHQHU�WKLV��
�������� GLVWDQFH6OLGHU� �QHZ�-6OLGHU�����������

ODEHO7DEOH� �QHZ�+DVKWDEOH���
ODEHO7DEOH�SXW��QHZ�,QWHJHU�������QHZ�-/DEHO��0LQLPXP�GLVWDQFH�����
ODEHO7DEOH�SXW��QHZ�,QWHJHU��������QHZ�-/DEHO��0D[LPXP�GLVWDQFH�����
GLVWDQFH6OLGHU�VHW/DEHO7DEOH��ODEHO7DEOH���
GLVWDQFH6OLGHU�VHW3DLQW/DEHOV�WUXH��
GLVWDQFH6OLGHU�DGG&KDQJH/LVWHQHU�QHZ�'LVWDQFH6OLGHU/LVWHQHU����
GLVWDQFH6OLGHU�VHW(QDEOHG�IDOVH��

�������� FDU3DQHO�DGG�GLVWDQFH6OLGHU��

�������� WKLV�VHW5LJKW%XWWRQ0RGH���

�������� DGG:LQGRZ/LVWHQHU�QHZ�:LQGRZ$GDSWHU���^
��������� SXEOLF�YRLG�ZLQGRZ&ORVLQJ�:LQGRZ(YHQW�H��^
������������ LI��LQ$Q$SSOHW��^
�������������� GLVSRVH���
����������������`�HOVH�^

���������������� ���UHVHW�EOXHWRRWK�GHYLFHV
���������������� P\&DU�UHVHW&DU���
���������������� P\&DU�UHVHW-R\���

���������������� ���VOHHS�WR�DOORZ�SURSHU�GLVFRQQHFW
��VOHHS������

6\VWHP�H[LW����

���������������`
������������`
�������`��

������� ��8VH�WKH�FRQWHQW�SDQH
V�GHIDXOW�%RUGHU/D\RXW�
ERWWRP� �QHZ�-3DQHO�QHZ�%RUGHU/D\RXW�������

��� ERWWRP�DGG�EW3DQHO�%RUGHU/D\RXW�:(67��
��� ERWWRP�DGG�FDU3DQHO�%RUGHU/D\RXW�6287+��
��� ERWWRP�DGG�SLFWXUH3DQHO�%RUGHU/D\RXW�&(17(5��
��� FRQWHQW3DQH� �JHW&RQWHQW3DQH���
������� FRQWHQW3DQH�DGG�ERWWRP��
������� FRQWHQW3DQH�UHSDLQW���

`

FODVV�6SHHG6OLGHU/LVWHQHU�LPSOHPHQWV�&KDQJH/LVWHQHU�^
������� �SXEOLF�YRLG�VWDWH&KDQJHG�&KDQJH(YHQW�H��^
���������� -6OLGHU�VRXUFH� ��-6OLGHU�H�JHW6RXUFH���
����������� P\&DU�VHW0D[6SHHG��LQW�VRXUFH�JHW9DOXH����
����� `
���� `

FODVV�'LVWDQFH6OLGHU/LVWHQHU�LPSOHPHQWV�&KDQJH/LVWHQHU�^
�������� SXEOLF�YRLG�VWDWH&KDQJHG�&KDQJH(YHQW�H��^
������������ -6OLGHU�VRXUFH� ��-6OLGHU�H�JHW6RXUFH���
����������� P\&DU�VHW0D['LVWDQFH��LQW�VRXUFH�JHW9DOXH����
�������� `
���� `

����SXEOLF�YRLG�VHW8S0RGH&ROXPQ�7DEOH&ROXPQ�PRGH&ROXPQ��^
�� ��6HW�XS�WKH�HGLWRU�IRU�WKH�VSRUW�FHOOV�
������� -&RPER%R[�FRPER%R[� �QHZ�-&RPER%R[���
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�������

�� FRPER%R[�DGG,WHP��&RQQHFW���
�������� FRPER%R[�DGG,WHP��'LVFRQQHFW���
������� ���FRPER%R[�VKRZ3RSXS���

������� �PRGH&ROXPQ�VHW&HOO(GLWRU�QHZ�'HIDXOW&HOO(GLWRU�FRPER%R[���

�������� ��6HW�XS�WRRO�WLSV�IRU�WKH�VSRUW�FHOOV�
������� 'HIDXOW7DEOH&HOO5HQGHUHU�UHQGHUHU� 
������������� QHZ�'HIDXOW7DEOH&HOO5HQGHUHU���
�������� UHQGHUHU�VHW7RRO7LS7H[W��3UHVV�EXWWRQ�DQG�FKRRVH�FRPPDQG���
�������� PRGH&ROXPQ�VHW&HOO5HQGHUHU�UHQGHUHU��

�������� ��6HW�XS�WRRO�WLS�IRU�WKH�VSRUW�FROXPQ�KHDGHU�
�������� 7DEOH&HOO5HQGHUHU�KHDGHU5HQGHUHU� �PRGH&ROXPQ�JHW+HDGHU5HQGHUHU���
�������� LI��KHDGHU5HQGHUHU�LQVWDQFHRI�'HIDXOW7DEOH&HOO5HQGHUHU��^

��'HIDXOW7DEOH&HOO5HQGHUHU�KHDGHU5HQGHUHU��VHW7RRO7LS7H[W�
��������������������� �&OLFN�EHORZ�WR�VHH�D�OLVW�RI�FKRLFHV���
�������� `
����`

���NQDSSDUQDV�KlQGHOVHKDQWHUDUH�RFK�PHQ\
SXEOLF�YRLG�DFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

LI��H�JHW$FWLRQ&RPPDQG���HTXDOV��(UURUV�	�,QIR����^
P\&DU�RSHQ'HEXJ:LQGRZ�IDOVH��

��`HOVH�LI��H�JHW$FWLRQ&RPPDQG���HTXDOV��(UURUV����^
�� P\&DU�RSHQ'HEXJ:LQGRZ�WUXH��
�`HOVH�LI��H�JHW$FWLRQ&RPPDQG���HTXDOV��([LW����^

����UHVHW�EOXHWRRWK�GHYLFHV
������������ P\&DU�UHVHW&DU���
������������ P\&DU�UHVHW-R\���

����������� ���VOHHS�WR�DOORZ�SURSHU�GLVFRQQHFW
��VOHHS������

6\VWHP�H[LW����

�`HOVH�LI��H�JHW$FWLRQ&RPPDQG���HTXDOV��,QLW�%7�DW�&20�����^
�

�FRP�)LHOG�VHW7H[W���,QLW�IDLOHG������������
�P\&DU�FRP�LQLW��� �

�`HOVH�LI��H�JHW$FWLRQ&RPPDQG���HTXDOV��,QLW�%7�DW�&20�����^
�

�FRP�)LHOG�VHW7H[W���,QLW�IDLOHG������������
�P\&DU�FRP�LQLW���

�`HOVH�LI��H�JHW$FWLRQ&RPPDQG���HTXDOV��6HDUFK�IRU�%7�GHYLFHV����^
�
� ��EW0RGHO�UHPRYH$OO(OHPHQWV���
� VHDUFK%XWWRQ�VHW(QDEOHG�IDOVH��
� P\&DU�LQTXLU\���

�`HOVH�LI��H�JHW$FWLRQ&RPPDQG���HTXDOV��6WHHU�ZLWK�PRXVH����^
�

P\&DU�VHW&RQWURO0RGH�PRXVH0RGH��
WKLV�VHW6WRS%XWWRQ0RGH���

�`HOVH�LI��H�JHW$FWLRQ&RPPDQG���HTXDOV��6WHHU�ZLWK�MR\VWLFN����^
� P\&DU�VHW&RQWURO0RGH�MR\0RGH��
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�������

WKLV�VHW6WRS%XWWRQ0RGH���
�`HOVH�LI��H�JHW$FWLRQ&RPPDQG���HTXDOV��6WRS�FDU����^
� P\&DU�VHW&RQWURO0RGH�VWRS0RGH��

WKLV�VHW5LJKW%XWWRQ0RGH���
`HOVH�LI��H�JHW$FWLRQ&RPPDQG���HTXDOV��8VH�GLVWDQFH�FRQWURO����^
� LI��GLVWDQFH�LV6HOHFWHG���^

P\&DU�VHW'LVWDQFH&RQWURO�WUXH��
`HOVH^

P\&DU�VHW'LVWDQFH&RQWURO�IDOVH��
`

�`
����`

����

����
�LQLW0RXVH0RGH
����
�

�����

����SXEOLF�YRLG�LQLW0RXVH0RGH��^
��� P\0RXVH3DQHO�DGG0RXVH/LVWHQHU�PRXVH$GDSWHU��
��� P\&DU3DQHO�VHW6L]H�QHZ�'LPHQVLRQ������������

0\0RXVH/LVWHQHU�P� �QHZ�0\0RXVH/LVWHQHU�P\&DU3DQHO�P\/LVW�P\/RJLF��
P\&DU3DQHO�DGG0RXVH0RWLRQ/LVWHQHU�P�� ��PRYHPHQW

����`

�

�


�8SGDWH�*8,�DIWHU�LQLW�RQ�&20�

�
SXEOLF�YRLG�LQLW&20�'RQH�ERROHDQ�VXFHVV�^

LI�VXFHVV�^

FRP�)LHOG�VHW7H[W���,QLW�VXFFHGHG������
� P\&DU�VHW&DU,QLWLDOL]HG�WUXH��

VHDUFK%XWWRQ�VHW(QDEOHG�WUXH��

�`HOVH^
�

FRP�)LHOG�VHW7H[W���,QLW�IDLOHG����������

�`
FRP�3DQHO�XSGDWH8,���

`

�


�8SGDWH�*8,�DIWHU�LQLW�RQ�&20�

�
SXEOLF�YRLG�LQLW&20�'RQH�ERROHDQ�VXFHVV�^

LI�VXFHVV�^

� FRP�)LHOG�VHW7H[W���,QLW�VXFFHGHG������
� P\&DU�VHW-R\,QLWLDOL]HG�WUXH��

VHDUFK%XWWRQ�VHW(QDEOHG�WUXH��

�`HOVH^

FRP�)LHOG�VHW7H[W���,QLW�IDLOHG����������
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�������

�`
FRP�3DQHO�XSGDWH8,���

`

�


�8SGDWH�*8,�DIWHU�,QTXLU\��(QDEOH�QHZ�LQTXLU\

�
SXEOLF�YRLG�LQTXLU\'RQH��^

VHDUFK%XWWRQ�VHW(QDEOHG�WUXH��
`

��� �


�7KH�PHWKRG�WKDW�LV�LQYRNHG�ZKHQ�WKH�VWDFN�ILQGV�D�GHYLFH�

�

���� SXEOLF�YRLG�QHZ+RVW�E\WH>@�DGGUHVV�^

���� 7DEOH'DWD�WHPS�
���� IRXQG IDOVH�
��� ����
���� IRU�LQW�L ��L�P\/LVW�JHW6L]H���L���^

���� WHPS� ��7DEOH'DWD��P\/LVW�JHW+RVW$W�L��
���� LI�%ODFN%R[�HTXDOV�DGGUHVV�WHPS�JHW$GGUHVV����^

IRXQG �WUXH�
EUHDN�

���� `
���� `

���� LI��IRXQG�^
���� E\WH>@�FDU$GGUHVV�

E\WH>@�MR\$GGUHVV�

���� FDU$GGUHVV P\&DU�JHW&DU$GGUHVV���
MR\$GGUHVV P\&DU�JHW-R\$GGUHVV���

LI�%ODFN%R[�HTXDOV�DGGUHVV�FDU$GGUHVV��^
WHPS� �QHZ�7DEOH'DWD��5DGLRFDU���
WHPS�VHW$GGUHVV�DGGUHVV��
WHPS�VHW6WDWXV��1RW�FRQQHFWHG���
P\/LVW�VWRUH+RVW�WHPS��
GHIDXOW0RGHO�XSGDWH�WHPS��

`�HOVH�LI�%ODFN%R[�HTXDOV�DGGUHVV�MR\$GGUHVV��^
WHPS� �QHZ�7DEOH'DWD��-R\VWLFN���
WHPS�VHW$GGUHVV�DGGUHVV��
WHPS�VHW6WDWXV��1RW�FRQQHFWHG���
P\/LVW�VWRUH+RVW�WHPS��
GHIDXOW0RGHO�XSGDWH�WHPS��

`�HOVH�^
WHPS� �QHZ�7DEOH'DWD��8QNQRZQ�GHYLFH���
WHPS�VHW$GGUHVV�DGGUHVV��
WHPS�VHW6WDWXV��1RW�FRQQHFWHG���
P\/LVW�VWRUH+RVW�WHPS��
GHIDXOW0RGHO�XSGDWH�WHPS��

`
���� `
���� `
����
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�������

��� �


�7KH�PHWKRG�WKDW�LV�LQYRNHG�ZKHQ�WKH�VWDFN�ILQGV�D�GHYLFH�

�

���� SXEOLF�YRLG�FRQQHFW�6WULQJ�GHYLFH�7DEOH'DWD�WHPS�^

���� LI�GHYLFH�HTXDOV��5DGLRFDU���^

���� LI�P\&DU�LV&DU,QLWLDOL]HG���^
P\&DU�FUHDWH&DU&RQQHFWLRQ���
WHPS�VHW6WDWXV��7U\LQJ�WR�FRQQHFW���

`�HOVH�^
WHPS�VHW6WDWXV��5DGLRFDU�FDQ�RQO\�FRQQHFW�WR�&20����

`

���� `�HOVH�LI�GHYLFH�HTXDOV��-R\VWLFN���^

���� LI�P\&DU�LV-R\,QLWLDOL]HG���^
P\&DU�FUHDWH-R\&RQQHFWLRQ���
WHPS�VHW6WDWXV��7U\LQJ�WR�FRQQHFW���

`�HOVH�^

WHPS�VHW6WDWXV��-R\VWLFN�FDQ�RQO\�FRQQHFW�WR�&20����

`

���� `�HOVH�^

���� WHPS�VHW6WDWXV��&DQ
W�FRQQHFW�WR�XQNQRZQ�GHYLFH���

`
��� �`

��� �




�

���� SXEOLF�YRLG�ZULWH&RQQHFWHG�E\WH>@�DGGUHVV�^

���� 7DEOH'DWD�WHPS� QXOO�
LQW�L ��

���� IRU��L�P\/LVW�JHW6L]H���L���^

���� WHPS� ��7DEOH'DWD��P\/LVW�JHW+RVW$W�L��
���� LI�%ODFN%R[�HTXDOV�DGGUHVV�WHPS�JHW$GGUHVV����^

EUHDN�
���� `
���� `

LI�L�P\/LVW�JHW6L]H���^

LI�WHPS�JHW'HYLFH���HTXDOV��5DGLRFDU���^
WHPS�VHW6WDWXV��&RQQHFWLRQ�UHHVWDEOLVKHG���

���� `�HOVH�LI�WHPS�JHW'HYLFH���HTXDOV��-R\VWLFN���^
WHPS�VHW6WDWXV��&RQQHFWLRQ�UHHVWDEOLVKHG���

���� `

GHIDXOW0RGHO�XSGDWH$OO���
`

���� `
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�������

��� ��


�7KH�PHWKRG�WKDW�LV�LQYRNHG�ZKHQ�WKH�VWDFN�ILQGV�D�GHYLFH�

�

��� �SXEOLF�YRLG�GLVFRQQHFW�6WULQJ�GHYLFH�7DEOH'DWD�WHPS�^

���� LI�GHYLFH�HTXDOV��5DGLRFDU���^

���� LI�P\&DU�LV&DU&RQQ���^
P\&DU�FORVH&DU&RQQHFWLRQ���
WHPS�VHW6WDWXV��'LVFRQQHFWHG���

`�HOVH�^
WHPS�VHW6WDWXV��&DU�LV�QRW�FRQQHFWHG���

`

���� `�HOVH�LI�GHYLFH�HTXDOV��-R\VWLFN���^
����
���� LI�P\&DU�LV-R\&RQQ���^

P\&DU�FORVH-R\&RQQHFWLRQ���
WHPS�VHW6WDWXV��'LVFRQQHFWHG���

`�HOVH�^
WHPS�VHW6WDWXV��-R\VWLFN�LV�QRW�FRQQHFWHG���

`

���� `�HOVH�^
���� WHPS�VHW6WDWXV��&DQ
W�GLVFRQQHFW�XQNQRZQ�GHYLFH���

`
����`

��� ��

��� �
�0HWKRG�XSGDWHV�*8,�LI�FRQQHFWLRQ�LV�FORVHG�E\�RWKHU�KRVW
���� 
�
���� SXEOLF�YRLG�FRQQHFWLRQ&ORVHG�E\WH>@�DGGUHVV�^

���� 7DEOH'DWD�WHPS� QXOO�
LQW�L ��

���� IRU��L�P\/LVW�JHW6L]H���L���^

���� WHPS� ��7DEOH'DWD��P\/LVW�JHW+RVW$W�L��
���� LI�%ODFN%R[�HTXDOV�DGGUHVV�WHPS�JHW$GGUHVV����^

EUHDN�
���� `
���� `

���� LI�L�P\/LVW�JHW6L]H���^
���� WHPS�VHW6WDWXV��&RQQHFWLRQ�FORVHG�E\�RWKHU�KRVW���
���� WHPS�VHW&RPPDQG��'LVFRQQHFW���
���� GHIDXOW0RGHO�XSGDWH$OO���
���� `
���� `

���� �

��� �
�0HWRG�XSGDWHV�*8,�LI�D�DWWHPS�WR�FRQQHFW�IDLO
��� �
�
�� ��SXEOLF�YRLG�FRQQHFWLRQ)DLOHG�E\WH>@�DGGUHVV�^

���� 7DEOH'DWD�WHPS� QXOO�
LQW�L ��

���� IRU��L�P\/LVW�JHW6L]H���L���^
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���� WHPS� ��7DEOH'DWD��P\/LVW�JHW+RVW$W�L��
���� LI�%ODFN%R[�HTXDOV�DGGUHVV�WHPS�JHW$GGUHVV����^

EUHDN�
���� `
���� `

���� LI�L�P\/LVW�JHW6L]H���^
���� WHPS�VHW6WDWXV��&RQQHFWLRQ�IDLOHG���
���� WHPS�VHW&RPPDQG��'LVFRQQHFW���
���� GHIDXOW0RGHO�XSGDWH$OO���
���� `

����`

��� ��

��� �
�0HWKRG�XSGDWHV�*8,�LI�D�DWWHPS�UR�FRQQHFW�LV�D�VXFFHVV
���� 
�

SXEOLF�YRLG�FRQQHFWLRQ6XFFHVV�E\WH>@�DGGUHVV�^

7DEOH'DWD�WHPS� QXOO�
LQW�L ��

���� IRU��L�P\/LVW�JHW6L]H���L���^

���� WHPS� ��7DEOH'DWD��P\/LVW�JHW+RVW$W�L��
���� LI�%ODFN%R[�HTXDOV�DGGUHVV�WHPS�JHW$GGUHVV����^

EUHDN�
���� `
���� `

���� LI�L�P\/LVW�JHW6L]H���^
���� WHPS�VHW6WDWXV��&RQQHFWHG���
���� WHPS�VHW&RPPDQG��'LVFRQQHFW���
���� GHIDXOW0RGHO�XSGDWH$OO���
���� `

`

�� �


�%HORZ�DUH�PHWKRGV�WKDW�HQDEOHV�GLIIHUHQW�EXWWRQV�

�

�� SXEOLF�YRLG�VHW6WRS%XWWRQ0RGH��^
�� VWRS%XWWRQ�VHW(QDEOHG�WUXH��
�� MR\%XWWRQ�VHW(QDEOHG�IDOVH��
�� PRXVH%XWWRQ�VHW(QDEOHG�IDOVH��
�� `
�� SXEOLF�YRLG�VHW0RXVH%XWWRQ0RGH��^
�� VWRS%XWWRQ�VHW(QDEOHG�IDOVH��
�� MR\%XWWRQ�VHW(QDEOHG�IDOVH��
�� PRXVH%XWWRQ�VHW(QDEOHG�IDOVH�����VHW�WKLV�WR�WUXH�ZKHQ�PRXVH�LV�LPSOHPHQWHG�����������������
�� `
�� SXEOLF�YRLG�VHW-R\%XWWRQ0RGH��^
�� VWRS%XWWRQ�VHW(QDEOHG�IDOVH��
�� MR\%XWWRQ�VHW(QDEOHG�WUXH��
�� PRXVH%XWWRQ�VHW(QDEOHG�IDOVH�����VHW�WKLV�WR�WUXH�ZKHQ�PRXVH�LV�LPSOHPHQWHG�����������������
�� `
�� SXEOLF�YRLG�VHW1R%XWWRQ0RGH��^
�� VWRS%XWWRQ�VHW(QDEOHG�IDOVH��
�� MR\%XWWRQ�VHW(QDEOHG�IDOVH��
�� PRXVH%XWWRQ�VHW(QDEOHG�IDOVH��
�� `
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�������

�� SXEOLF�YRLG�VHW5LJKW%XWWRQ0RGH��^
LI�P\&DU�LV&DU&RQQ���^

LI�P\&DU�LV-R\&RQQ���^
VHW-R\%XWWRQ0RGH���

`HOVH^
VHW1R%XWWRQ0RGH���

`
`HOVH^

VHW1R%XWWRQ0RGH���
`

�� `

`����HQG�FODVV

�


























�,PDJH�3DQHO








































�
FODVV�,PDJH3DQHO�H[WHQGV�-3DQHO�^
���� ,PDJH�LPDJH�

��� SXEOLF�,PDJH3DQHO�,PDJH�LPDJH��^
������� � WKLV�LPDJH� �LPDJH�
���� `

���� SXEOLF�YRLG�SDLQW&RPSRQHQW�*UDSKLFV�J��^
�������� VXSHU�SDLQW&RPSRQHQW�J�����SDLQW�EDFNJURXQG

�������� ��6\VWHP�RXW�SULQWOQ��3DLQWLQJ�LPDJH���

������� �LI�LPDJH�  �QXOO�
�������� 6\VWHP�RXW�SULQWOQ��(��!�&DQW�'LVSOD\�LPDJH���

������� ���'UDZ�LPDJH�DW�LWV�QDWXUDO�VL]H�ILUVW�
�������� J�GUDZ,PDJH�LPDJH��������WKLV�������[���LPDJH

������� ���1RZ�GUDZ�WKH�LPDJH�VFDOHG�
������� ���J�GUDZ,PDJH�LPDJH������������������WKLV��

��� �`
`

�


























�,PDJH�3DQHO








































�
FODVV�0RXVH3DQHO�H[WHQGV�-3DQHO�^

���� SXEOLF�0RXVH3DQHO���^
`

��� �SXEOLF�YRLG�SDLQW&RPSRQHQW�*UDSKLFV�J��^
������� �VXSHU�SDLQW&RPSRQHQW�J�����SDLQW�EDFNJURXQG
���� `
`

�
































7DEOH�0RGHOO�

































�

�


�
�0RGHO�IRU�-7DEOH
�
�
FODVV�0\7DEOH0RGHO��H[WHQGV�$EVWUDFW7DEOH0RGHO�^
����SURWHFWHG�VWDWLF�LQW�180B&2/8016� ���
����SURWHFWHG�VWDWLF�LQW�67$57B180B52:6� ���
����SURWHFWHG�LQW�QH[W(PSW\5RZ� ���
����SURWHFWHG�LQW�QXP5RZV� ���
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����SULYDWH�*8,�P\*8,�

����ILQDO�6WULQJ>@�FROXPQ1DPHV� �^�'HYLFH���6WDWXV���&RPPDQG�`�

����SURWHFWHG�9HFWRU�GDWD� �QXOO�

����SXEOLF�0\7DEOH0RGHO��*8,�WKH*8,��^
��GDWD� �QHZ�9HFWRU���
��P\*8, WKH*8,�

����`

����SXEOLF�LQW�JHW1XPEHU2I5RZ��^
UHWXUQ�QXP5RZV�

����`

����SXEOLF�LQW�JHW&ROXPQ&RXQW���^
UHWXUQ�FROXPQ1DPHV�OHQJWK�

����`

����SXEOLF�LQW�JHW5RZ&RXQW���^
LI��QXP5RZV���67$57B180B52:6��^
�� ��UHWXUQ�67$57B180B52:6�
`�HOVH�^
���� UHWXUQ�QXP5RZV�
`

����`

����SXEOLF�6WULQJ�JHW&ROXPQ1DPH�LQW�FRO��^
UHWXUQ�FROXPQ1DPHV>FRO@�

����`

����SXEOLF�2EMHFW�JHW9DOXH$W�LQW�URZ��LQW�FRO��^
WU\�^
����7DEOH'DWD�F� ��7DEOH'DWD��GDWD�HOHPHQW$W�URZ��
����VZLWFK��FRO��^
���� FDVH����UHWXUQ�F�JHW'HYLFH���
���� FDVH����UHWXUQ�F�JHW6WDWXV���
���� FDVH����UHWXUQ�F�JHW&RPPDQG���
����`

`�FDWFK��([FHSWLRQ�H��^
`
UHWXUQ����

����`

���


�����
�'RQ
W�QHHG�WR�LPSOHPHQW�WKLV�PHWKRG�XQOHVV�\RXU�WDEOH
V
�����
�HGLWDEOH�
�����
�
����SXEOLF�ERROHDQ�LV&HOO(GLWDEOH�LQW�URZ��LQW�FRO��^

LI�FRO�! ���^
UHWXUQ�WUXH�

`�HOVH�^
UHWXUQ�IDOVH�

`

����`
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SXEOLF�YRLG�VHW9DOXH$W�2EMHFW�YDOXH��LQW�URZ��LQW�FRO��^

7DEOH'DWD�WHPS�
LQW�ORFDWLRQ�

ORFDWLRQ ��
WHPS� ��7DEOH'DWD��GDWD�HOHPHQW$W�URZ��

VZLWFK��FRO��^

���� FDVH���� WHPS�VHW'HYLFH��6WULQJ��YDOXH��
���� EUHDN�

FDVH���� WHPS�VHW6WDWXV��6WULQJ��YDOXH��
EUHDN�

���� FDVH���� 6WULQJ�WHPS��
WHPS�� ��6WULQJ��YDOXH�

���FKDQJH�SDQHO
���� LI�WHPS��HTXDOV��'LVFRQQHFW���^
���� P\*8,�GLVFRQQHFW�WHPS�JHW'HYLFH���WHPS��
���� WHPS�VHW&RPPDQG��'LVFRQQHFW���

XSGDWH$OO���
���� `�HOVH�LI�WHPS��HTXDOV��&RQQHFW���^
���� P\*8,�FRQQHFW�WHPS�JHW'HYLFH���WHPS��
���� WHPS�VHW&RPPDQG��&RQQHFW���
���� XSGDWH$OO���
���� `
���� EUHDN�
���� `

������� �ILUH7DEOH&HOO8SGDWHG�URZ��FRO��
����`

�����

�����
�-7DEOH�XVHV�WKLV�PHWKRG�WR�GHWHUPLQH�WKH�GHIDXOW�UHQGHUHU�
�����
�HGLWRU�IRU�HDFK�FHOO���,I�ZH�GLGQ
W�LPSOHPHQW�WKLV�PHWKRG�
�����
�WKHQ�WKH�ODVW�FROXPQ�ZRXOG�FRQWDLQ�WH[W���WUXH���IDOVH���
�����
�UDWKHU�WKDQ�D�FKHFN�ER[�
�����
�
����SXEOLF�&ODVV�JHW&ROXPQ&ODVV�LQW�F��^

UHWXUQ�JHW9DOXH$W����F��JHW&ODVV���
����`

�������VWRSSD�LQ�REMHFW�DY�NODVVHQ�QXPEHU�'DWD
����SXEOLF�YRLG�XSGDWH�7DEOH'DWD�Q�^

QXP5RZV���
GDWD�DGG(OHPHQW�Q��
QH[W(PSW\5RZ���
ILUH7DEOH'DWD&KDQJHG���

����`

�����

����
�UHSDLQW�RQ�DOO�WDEOH
����
�
����SXEOLF�YRLG�XSGDWH$OO��^
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���� ILUH7DEOH'DWD&KDQJHG���
����`

�����SXEOLF�YRLG�GHOHWH�6WULQJ�GHYLFH�^

����� 7DEOH'DWD�W�

����� IRU��LQW�L ��L�GDWD�VL]H���L���^
W� ��7DEOH'DWD��GDWD�HOHPHQW$W�L��

LI�GHYLFH�HTXDOV�W�JHW'HYLFH����^
GDWD�UHPRYH(OHPHQW$W�L��
QH[W(PSW\5RZ���

�� QXP5RZV���
�� ILUH7DEOH'DWD&KDQJHG���

`
`

�����`

`

�


























�7DEOH'DWD








































�

�


�
��&ODVV�RI�WKH�GDWD�WKDW�LG�VWRUHG�LQ�-7DEOH
�
�
FODVV�7DEOH'DWD^

��SULYDWH�6WULQJ�P\'HYLFH� ���GHVFULSWLRQ
��SULYDWH�6WULQJ�P\&RPPDQG� ���PRGH
��SULYDWH�6WULQJ�VWDWXV�
��SULYDWH�E\WH>@�DGGUHVV� ���%7�DGUHVV

��SXEOLF�7DEOH'DWD�6WULQJ�WKH'HYLFH�^

�� P\'HYLFH� �WKH'HYLFH�
�� P\&RPPDQG� ��'LVFRQQHFW��
�� VWDWXV �1RW�FRQQHFWHG��

�� DGGUHVV� �QHZ�E\WH>�@�
��`

���
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�
��SXEOLF�6WULQJ�JHW'HYLFH��^

UHWXUQ�P\'HYLFH�
��`

���SXEOLF�6WULQJ�JHW&RPPDQG��^
UHWXUQ�P\&RPPDQG�

��`

����SXEOLF�6WULQJ�JHW6WDWXV��^
UHWXUQ�VWDWXV�

��`

��SXEOLF�E\WH>@�JHW$GGUHVV��^
UHWXUQ�DGGUHVV�

��`
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�

��SXEOLF�YRLG�VHW'HYLFH�6WULQJ�V�^
P\'HYLFH� V�

��`

��SXEOLF�YRLG�VHW&RPPDQG�6WULQJ�V�^
P\&RPPDQG V�

��`

���SXEOLF�YRLG�VHW6WDWXV�6WULQJ�V�^
VWDWXV V�

��`

��SXEOLF�YRLG�VHW$GGUHVV�E\WH>@�W�^

�� DGGUHVV>�@ W>�@�
�� DGGUHVV>�@ W>�@�
�� DGGUHVV>�@ W>�@�
�� DGGUHVV>�@ W>�@�
�� DGGUHVV>�@ W>�@�
�� DGGUHVV>�@ W>�@�
��`

`

�









7DEOH'DWD��6WRUDJH�3ODFH�IRU�%OXHWRRWK�FRQQHFWLRQV�
























�

�


�
�&ODVV�FRQWDLQLQJ�D�DFFHVLEOH�OLVW�RI�DOO
�
�EOXHWWRWK�GHYLFHV�
�
�
FODVV�*8,+RVW/LVW^

SULYDWH�9HFWRU�P\9HFWRU�

�


�� ��
�&RQVWUXFWRU

�
�
SXEOLF�*8,+RVW/LVW��^

P\9HFWRU� �QHZ�9HFWRU���
`

�


�
��5HWXUQ�i�VWRUHG�*8,+RVW�REMHFW
�

�
�#SDUDP�E\WH>@�7KH�%7�DGUHVV
�
�#UHWXUQ�7KH�IRXQG�7DEOH'DWD�REMHFW�RWKHUZLVH�QXOO
�
�
SXEOLF�V\QFKURQL]HG�7DEOH'DWD�JHW+RVW�E\WH>@�DGUHVV�^

7DEOH'DWD�WHPS�

IRU��LQW�L ��L�P\9HFWRU�VL]H���L���^
WHPS� ��7DEOH'DWD��P\9HFWRU�HOHPHQW$W�L��
LI�%ODFN%R[�HTXDOV�DGUHVV�WHPS�JHW$GGUHVV����^

UHWXUQ�WHPS�
`

`
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UHWXUQ�QXOO�
`

�


�
�5HWXUQ�7DEOH'DWD�DW�LQGH[
�

�
�#SDUDP�LQW�LQGH[
�
�#SDUDP�$�VWRUHG�7DEOH'DWD
�
�
�SXEOLF�V\QFKURQL]HG�7DEOH'DWD�JHW+RVW$W�LQW�LQGH[�^

� LI�LQGH[�����__�LQGH[�! �P\9HFWRU�VL]H���^
UHWXUQ�QXOO�

� `

� UHWXUQ��7DEOH'DWD��P\9HFWRU�HOHPHQW$W�LQGH[��
�`

�


�
�6WRUH�7DEOH'DWD�REMHFW�LQ�FODVV
�

�
�#SDUDP�7DEOH'DWD�7KH�REMHFW
�
�
SXEOLF�V\QFKURQL]HG�YRLG�VWRUH+RVW�7DEOH'DWD�V�^

P\9HFWRU�DGG(OHPHQW�V��
`

�


�
�5HWXUQ�QXPEHU�RI�VWRUHG�7DEOH'DWDV
�

�
�#SDUDP�6WRUHG�7DEOH'DWDV
�
�
SXEOLF�V\QFKURQL]HG�LQW�JHW6L]H��^

UHWXUQ�P\9HFWRU�VL]H���
`

�


�
�5HPRYH�7DEOH'DWD�IURP�FODVV
�

�
�#SDUDP�7KH�7DEOH'DWD�WKDW�ZLOO�EH�UHPRYHG
�
�
SXEOLF�V\QFKURQL]HG�YRLG�UHPRYH+RVW�7DEOH'DWD�V�^

P\9HFWRU�UHPRYH�V��
`

`
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$SSHQGL[�)��7HFKQLFDO�,QIRUPDWLRQ�DERXW�%OXHWRRWK

)���*HQHUDO�,QIRUPDWLRQ

%OXHWRRWK�LV�DQ�LQGXVWU\�VWDQGDUG�IRU�ZLUHOHVV�FRQQHFWLRQ�EHWZHHQ�HOHFWULFDO�GHYLFHV��7KH�LGHD
LV�WKDW�WKLV�FKLS�VKRXOG�EH�LPSOHPHQWHG�LQ�DOO�SRVVLEOH�GHYLFHV�VXFK�DV�IRU�H[DPSOH�FRPSXWHUV
DQG�FHOOXODU�SKRQHV��,W�ZLOO�WKHQ�EH�YHU\�HDV\�WR�H[FKDQJH�LQIRUPDWLRQ�DQG�D�ZKROH�QHZ�ZRUOG
RI�SRVVLELOLWLHV�ZLOO�DULVH��VXFK�DV�FKHDS�ZLUHOHVV�KHDGVHWV�DQG�DG�KRF�FRPSXWHU�QHWZRUNV��%XW
DUH� WKHUH� QRW� DOUHDG\�ZLUHOHVV� V\VWHPV� WRGD\� DQG�ZK\�ZRXOG� %OXHWRRWK� EH� EHWWHU� WKDQ� DQ\
RWKHU�V\VWHP"

:HOO��WKLV�WHFKQRORJ\�LV�PDGH�WR�EH�YHU\�FKHDS�DQG�FRPSDWLEOH�EHWZHHQ�DOO�NLQGV�RI�GHYLFHV�
%OXHWRRWK� LV� D� WHFKQRORJ\� VSHFLILFDWLRQ� WKDW� KDV� EHHQ� GHYHORSHG� E\� WKH� %OXHWRRWK� 6SHFLDO
,QWHUHVW�*URXS��ZKLFK�FRQVLVWV�RI�WKH�OHDGHUV�LQ�WHOHFRPPXQLFDWLRQ��FRPSXWLQJ��DQG�QHWZRUN
LQGXVWULHV�� 7KHVH� DUH� �&RP�� (ULFVVRQ�� ,%0�� ,QWHO�� /XFHQW��0LFURVRIW��0RWRUROD��1RNLD� DQG
7RVKLED��7KH�VWDQGDUG�LV�DOVR�VXSSRUWHG�E\������DGRSWHU�FRPSDQLHV��,W�LV�WKHUHIRUH�YHU\�OLNHO\
WKDW�WKLV�VSHFLILFDWLRQ�ZLOO�EH�DFFHSWHG��:KLOH�VR�PDQ\�FRPSDQLHV�KDYH�XQLILHG��LW�KDV�EHFRPH
WKH� IDVWHVW�JURZLQJ� LQGXVWU\� VWDQGDUG� HYHU��$�ELJ� DGYDQWDJH�ZLWK� WKH�%OXHWRRWK� FKLS� LV� WKDW
ZKHQ�LW�KDV�EHHQ�SURGXFHG� LQ�D� ODUJHU�YROXPH�LW� LV�SUHGLFWHG� WR�FRVW����� ,W�ZLOO� WKHUHIRUH�EH
SRVVLEOH�WR�UHSODFH�FDEOHV�ZLWK�WKLV�WHFKQRORJ\�MXVW�EHFDXVH�LW�LV�FKHDSHU�WKDQ�FDEOHV��$QRWKHU
JUHDW�DGYDQWDJH�LV�WKDW�LW�ZLOO�EH�DEOH�WR�WUDQVPLWW�ERWK�D�YRLFH�DQG�GDWD��ZKLFK�PDNHV�WKH�FKLS
LQWHUHVWLQJ�IRU�DOO�NLQGV�RI�GHYLFHV��3HUVRQDO�DG�KRF�QHWZRUNV�FDQ�DOVR�VLPSO\�EH�VHW�XS�DQG�WKH
XVHUV�ZLOO�JHW�LQVWDQW�DFFHVV�WR�HDFK�RWKHU¶V�GDWD��,Q�RUGHU�IRU�WKLV�VWDQGDUG�WR�VXFFHHG�WKRXJK�
WKH�WHFKQRORJ\�PXVW�EH�JRRG�HQRXJK�

(ULFVVRQ� LQ� /XQG� KDV� LPSOHPHQWHG� RQH� RI� WKH� IHZ� DSSOLFDWLRQV� WKDW� H[LVWV�� ,W� LV� D� ZLUHOHVV
KHDGVHW�IRU�FHOOXODU�SKRQHV��$QRWKHU�SRZHUIXO�DSSOLFDWLRQ�WKDW�FRXOG�EH�UHDOL]HG�LV�WKH�WKUHH�
LQ�RQH�SKRQH��7KDW�PHDQV�WKDW�D�SHUVRQ�FDQ�XVH�KLV�RU�KHU�FHOOXODU�SKRQH�DW�KRPH�DV�D�FRUGOHVV
SKRQH��RXWGRRUV�DV�XVXDO��DQG�DW�ZRUN�ERWK�DV�D�FRUGOHVV�SKRQH�DQG�DQ�LQWHUQDO�SKRQH��:KHQ
WKH� SHUVRQ� LV� LQVLGH� KH� RU� VKH� QHHGV� D� %OXHWRRWK� FRQQHFWLRQ� HLWKHU� WR� VRPH� GHYLFH� WKDW
WUDQVPLWV�WKH�FDOO�WR�WKH�WHOHSKRQH�QHW�RU�WR�D�FRPSXWHU��,Q�WKH�ODWWHU�FDVH�,3�WHOHSKRQ\�FRXOG
EH�XVHG�DQG�WKH�FDOO�ZRXOG�EH�WUDQVPLWWHG�RYHU�(WKHUQHW��ZKLFK�WKHQ�ZLOO�PDNH�WKH�SKRQH�FDOO
YHU\�FKHDS��7KLV�FRXOG�RI�FRXUVH�EH�FRPELQHG�ZLWK�WKH�ZLUHOHVV�KHDGVHW�DQG�WKHQ�ERWK�GHYLFHV
FDQ�EH�XWLOL]HG��7KH�%OXHWRRWK�FKLS�LQ�WKH�FHOOXODU�SKRQH�DOVR�PDNHV�LW�SRVVLEOH�WR�FRQQHFW�WR
RWKHU�FHOOXODU�SKRQHV�DQG�H[FKDQJH�GDWD��IRU�H[DPSOH�FDQ�EXVLQHVV�FDUGV�RU�LQIRUPDWLRQ�DERXW
D�PHHWLQJ�EH�WUDQVPLWWHG��6RRQ�WKHUH�ZLOO�EH�D�KXJH�DPRXQW�RI�FHOOXODU�SKRQHV�WKDW�FDQ�VXUI�RQ
WKH�,QWHUQHW�DQG�ZKHQ�SRVVLEOH�WKH�SKRQH�FDQ�FRQQHFW�WR�D�FRPSXWHU�YLD�%OXHWRRWK�DQG�VXUI�IRU
IUHH��2QH�LQFUHGLEOH�DSSOLFDWLRQ�LV�WKDW�SHUVRQDO�DG�KRF�FRPSXWHU�QHWV�FDQ�EH�VHW�XS�LQVWDQWO\
DQG�ILOHV�FDQ�EH�VHQW�WR�HDFK�RWKHU�HDVLO\��,PDJLQH�WKDW�DOO�WKH�VWXGHQWV�LQ�D�FRXUVH�KDYH�ODSWRSV
DQG� ZKHQ� WKH\� HQWHU� WKH� FODVVURRP� WKH\� FDQ� DOO� FRQQHFW� WR� WKH� WHDFKHU¶V� FRPSXWHU�� 7KH
VWXGHQWV� FDQ�JHW� DQ\�NLQG�RI� LQIRUPDWLRQ� DERXW� WKH� FRXUVH�RQ� WKHLU� FRPSXWHUV� DQG� WKH\� FDQ
DOVR� UHVSRQG� DQG� ERRN� ODERUDWRU\� WLPH� LPPHGLDWHO\�� 6XSSRVH� D� FXVWRPHU¶V� FHOOXODU� SKRQH
FRQQHFWV� WR� WKH� FRPSXWHU� QHW� DW� DQ� DLUSRUW�� 'LUHFWO\� ZKHQ� WKH� FXVWRPHU� FRPHV� LQVLGH� WKH
DLUSRUW� WKH� DLUSRUW¶V� FRPSXWHU� QHW� FDQ� FDOO� KLP� RU� KHU� YLD� WKH� QHW� DQG� WHOO� WKDW� WKH� IOLJKW� LV
GHOD\HG�RU�VKRZ�KRZ�WR�JHW�WR�WKH�SODQH��7KH�SRVVLELOLWLHV�DUH�HQRUPRXV�ZKHQ�%OXHWRRWK�FKLSV
ZLOO�EH� LQVWDOOHG�HYHU\ZKHUH�� ,QVWHDG�RI�NH\V� WKH�FHOOXODU�SKRQH�RSHQV� WKH�GRRUV�SHRSOH�FDQ
DFFHVV� DQG� WKH� FRPSXWHU� UHJLVWHUV� GLUHFWO\� ZKHQ� WKH� ZRUNHUV� FRPH� DQG� JR� IURP� ZRUN�
+DQGKHOG�VFDQQHUV��PRELOH�KDUG�GLVNV��DQG�RWKHU�KDQGKHOG�GHYLFHV�ZLOO�EH�SRVVLEOH�WR�PDNH�WR
D�ORZ�FRVW�
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$V�VHHQ�WKHUH�DUH�DQ�LQILQLWH�QXPEHU�RI�DSSOLFDWLRQV�RI�WKLV�FKLS��7KH�WHFKQRORJ\�PLJKW�KDYH
VRPH� VKRUWFRPLQJV�� EXW� LW� GHILQLWHO\� KDV� WKH� EHVW� SRVVLEOH� VXSSRUW� IURP� WKH� LQGXVWU\�� 7KH
6SHFLDO�,QWHUHVW�*URXS�EHOLHYHV�WKDW�WKLV�FKLS�ZLOO�EH�EXLOW�LQWR�PRUH�WKDQ�D�ELOOLRQ�GHYLFHV�LQ�D
FRXSOH�RI�\HDUV��%OXHWRRWK���LV�DOVR�RQ�LWV�ZD\��ZLWK�IHDWXUHV�VXFK�DV�WHQ�WLPHV�KLJKHU�ELW�UDWH
DQG�UDQJH��WKHQ�WKH�VFRSH�RI�DSSOLFDWLRQV�ZLOO�EH�HYHQ�ELJJHU��7KHUHIRUH�ZH�VKRXOG�SUHSDUH�IRU
D�QHZ�ZRUOG�ZLWK�%OXHWRRWK�LQ�DOO�SRVVLEOH�GLJLWDO�GHYLFHV��7KH�JUHDW�9LNLQJ�+DUDOG�%OXHWRRWK
PDGH�ZKROH�'HQPDUN�FKULVWLDQ��1RZ�WKLV�WLQ\�FKLS�LV�KHUH�WR�UHYROXWLRQL]H�RXU�,7�ZRUOG�

)���7HFKQLFDO�,QIRUPDWLRQ

7KH� LQIRUPDWLRQ� EHORZ� LV� DFFRUGLQJ� WR� WKH� %OXHWRRWK� VSHFLILFDWLRQ� ���%� >�@�� $OO� WKH
IXQFWLRQDOLW\� LQ� WKH�VSHFLILFDWLRQ�LV� WKRXJK�QRW�VXSSRUWHG�E\�WRGD\¶V�%OXHWRRWK�PRGXOH�IURP
(ULFVVRQ��7KH�WHFKQRORJ\�FRQVLVWV�RI�D�WLQ\�FKLS�ZLWK�D�UDGLR�WUDQVFHLYHU��ZKLFK�LV�EXLOW� LQWR
GLJLWDO�GHYLFHV��7KH�FKLS�FDQ�EH�XVHG�IRU�ERWK�YRLFH�DQG�GDWD�FRPPXQLFDWLRQ��)RU� WKH� UDGLR
FRPPXQLFDWLRQ��%OXHWRRWK� XVHV� WKH� IUHH� IUHTXHQF\�EDQG�EHWZHHQ��������������*+]��7KHVH
IUHTXHQFLHV�FDQ�EH�GLVWXUEHG�E\�IRU�H[DPSOH�PLFURZDYH�RYHQV��)RU�WKLV�UHDVRQ�WKH�IUHTXHQF\
UDQJH�LV�GLYLGHG�LQWR����GLIIHUHQW���0+]�EDQGV��ZKLFK�WKH�FKLS�MXPSV�EHWZHHQ������WLPHV�SHU
VHFRQG�� ,I� WKH� WUDQVPLVVLRQ� IDLOV� LQ� RQH� IUHTXHQF\�� WKH� GDWD� FDQ� EH� UHWUDQVPLWWHG� LQ� DQRWKHU
IUHTXHQF\��,Q�HDFK�IUHTXHQF\�*)6.��*DXVVLDQ�)UHTXHQF\�6KLIW�.H\LQJ��LV�XVHG��7KLV�VHHPV
DV�D�VWUDQJH�FKRLFH�WR�XV��DV�4$0�KDV�D�EHWWHU�SRZHU�WR�EDQGZLGWK�UHODWLRQ�DQG�FRXOG�KDYH
EHHQ�XVHG�LQVWHDG�
���7KH�GLIIHUHQW�W\SHV�RI�SDFNDJHV�WKDW�FDQ�EH�VHQW�DUH�VKRZQ�LQ�)LJXUH����7KH�PD[LPXP�ELW
UDWH� LV� ���� NESV� LQ� RQH� GLUHFWLRQ�� 7KH� SDFNDJHV� KDYH� GLIIHUHQW� DGYDQWDJHV�� 7KH� VORZHU
SDFNDJHV�DUH�IRU�LQVWDQFH�VPDOOHU�DQG�VDIHU�WR�VHQG�

)LJXUH����7KH�GLIIHUHQW�SDFNDJHV�WKDW�FDQ�EH�XVHG�DQG�WKH�VSHHG�WKH\�KDYH��6\PPHWULF�DQG�DV\PPHWULF�GDWDIORZ

FDQ�EH�FKRVHQ��:KHQ�WKH�KLJKHVW�GDWD�UDWH�LV�FKRVHQ�WKH�%OXHWRRWK�FKLS�XVHV�ILYH�FRQVHFXWLYH�WLPH�VORWV�DQG�WKLV

LV�LOOXVWUDWHG�LQ�)LJXUH���

,Q�RUGHU�WR�JHW�WKH�DV\PPHWULF�RU�WKH�KLJK�ELW�UDWH�WKH�SDFNDJHV�DUH�VHQW�LQ�PXOWL�VORWV�DV�FDQ�EH
VHHQ�LQ�)LJXUH����7KH�ODUJH�SDFNDJH�DW�WKH�ERWWRP�RI�WKH�ILJXUH�LV�VHQW�GXULQJ�ILYH�WLPH�VORWV�

>NESV@
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)LJXUH����7KH�ILJXUH�LOOXVWUDWHV�KRZ�PXOWLVORW�SDFNDJHV�DUH�VHQW��,Q�WKH�ORZHVW�H[DPSOH�ILYH�FRQVHFXWLFH�WLPH�VORWV

DUH�XVHG�LQ�RUGHU�WR�JHW�WKH�KLJKHVW�GDWD�UDWH�

7KH�KLJK�GDWD�VSHHG�LV�HQRXJK�IRU�PDQ\�GHYLFHV�EXW�QRW�IRU�H[DPSOH�D�YLGHR�UHFRUGHU��ZKLFK
QHHGV�DW�OHDVW�ILYH�WLPHV�JUHDWHU�ELW�UDWH�
���7KH� UDGLR� RXWSXW� SRZHU� LV� ��P:�PD[LPXP� DQG� WKHUHIRUH� WKH�PD[LPXP� RSHUDWLQJ� UDQJH
EHFRPHV� ���P��1RWH� WKDW� WKH� GHYLFHV� GR� QRW� KDYH� WR� EH� LQ� WKH� OLQH� RI� VLJKW�� EHFDXVH� UDGLR
ZDYHV� DUH� XVHG�� VR� WKH� GHYLFHV� FDQ� IRU� H[DPSOH� EH� LQ� GLIIHUHQW� URRPV�� 7KH� UHFHLYHU� KDV� D
VHQVLWLYLW\� OHYHO� RI� DW� OHDVW� ±��� G%P�� ZKLFK� PDNHV� WKH� ELW�HUURU�UDWH� EHFRPH� ����� DW� WKLV
SRZHU�OHYHO�

7KHUH�FDQ�EH�XS�WR�HLJKW�%OXHWRRWK�XQLWV�LQ�D�SLFRQHW��,Q�VXFK�D�QHW�WKHUH�DUH�RQH�PDVWHU�DQG
VHYHQ� VODYHV��ZKHUH� WKH�PDVWHU� FRQWUROV� DOO� WKH�FRPPXQLFDWLRQ��(YHU\�%OXHWRRWK� FKLS�KDV� D
XQLTXH�DGGUHVV��ZKLFK�PDNHV�LW�SRVVLEOH�WR�VHQG�D�PHVVDJH�WR�D�FHUWDLQ�XQLW��7KH�PDVWHU�DQG
VODYH� FRPPXQLFDWLRQ� VHHPV� WR� KDYH� EHHQ� GHYHORSHG� WR� KDYH� RQH� ³LQWHOOLJHQW´� QRGH�� IRU
H[DPSOH�D�FRPSXWHU�ZLWK�D�KXPDQ��DQG�VHYHUDO�OHVV�LQWHOOLJHQW��7KHUHIRUH�WKH�VODYHV�FDQ�QRW
FRPPXQLFDWH�ZLWK�HDFK�RWKHU�GLUHFWO\��XQOHVV�WKH�PDVWHU�DGGUHVVHV�WKH�FRPPXQLFDWLRQ��6ODYH�
WR�VODYH� FRPPXQLFDWLRQ� LV� WKRXJK� SRVVLEOH� EXW� LW� GHPDQGV� KLJKHU� OHYHO� SURWRFROV� WKDQ
GHVFULEHG� LQ� WKH� %OXHWRRWK� 6SHFLILFDWLRQ�� 7KH� PDVWHU� DQG� WKH� VODYHV� LQ� RQH� SLFRQHW� FDQ
SDUWLFLSDWH�DV�VODYHV�LQ�RWKHU�SLFRQHWV��6HYHUDO�SLFRQHWV�WKDW�DUH�FRQQHFWHG�WR�HDFK�RWKHU�IRUP�D
VFDWWHUQHW��,Q�)LJXUH���DQ�H[DPSOH�VKRZV�KRZ�WZR�SLFRQHWV�IRUP�D�VFDWWHUQHW�
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)LJXUH� ��� $Q� H[DPSOH� RI� KRZ� WZR� SLFRQHWV� IRUP� D� VFDWWHUQHW� LV� VKRZQ� DERYH�� 6ODYH� �� SDUWLFLSDWHV� LQ� ERWK

SLFRQHWV�DQG�FDQ�IRUZDUG�LQIRUPDWLRQ�IURP�RQH�SLFRQHW�WR�WKH�RWKHU�

7KH� FRPPXQLFDWLRQ� FDQ� HLWKHU� EH� V\QFKURQRXV� RU� DV\QFKURQRXV�� 7KH� VWDQGDUG� FDQ� VXSSRUW
HLWKHU� DQ� DV\QFKURQRXV� GDWD� FKDQQHO�� XS� WR� WKUHH� V\QFKURQRXV� YRLFH� FKDQQHOV�� RU� RQH
VLPXOWDQHRXVO\� V\QFKURQRXV� YRLFH� DQG� DV\QFKURQRXV� GDWD� FKDQQHO�� 7KH� SDFNHWV� FDQ� EH
SURWHFWHG�E\�HUURU�FRUUHFWLQJ�FRGH�DQG�WKH\�PD\�DOVR�EH�HQFU\SWHG��7KH�%OXHWRRWK�GHYLFHV�FDQ
EH� LQ� D� FRXSOH� RI� GLIIHUHQW�PRGHV�� VR� WKDW� D� GHYLFH� IRU� H[DPSOH� FDQ�SDUWLFLSDWH� LQ� GLIIHUHQW
SLFRQHWV�RU�WR�VDYH�SRZHU��$V�VHHQ�DERYH��WKH�VSHFLILFDWLRQ�RI�WKH�VWDQGDUG�LV�TXLWH�IOH[LEOH�LQ
RUGHU�WR�PDNH�WKH�FKLS�ILW�LQ�PDQ\�DSSOLFDWLRQV�

)���7KH�%OXHWRRWK�VSHFLILFDWLRQ�����%�VWDFN

7KH�%OXHWRRWK�VWDFN�FDQ�EH�VHHQ�LQ�)LJXUH����,W�LV�RUJDQLVHG�LQWR�GLIIHUHQW�OD\HUV�DFFRUGLQJ�WR
WKH�26,�PRGHO� >�@�� 7KH� IXQFWLRQDOLW\� RI� HDFK� OD\HU� LV� GHILQHG� LQ� D� VSHFLILF� SURWRFRO� LQ� WKH
%OXHWRRWK� VSHFLILFDWLRQ� ���� %� >�@�� 7KH� OD\HUV� SURYLGH� ZHOO�GHILQHG� VHUYLFHV� WR� WKH� DERYH
OD\HUV���7KH�SURILOHV�VSHFLI\�GLIIHUHQW�XVHU�DSSOLFDWLRQV�WKDW�DUH�SUHGHILQHG�LQ�WKH�VSHFLILFDWLRQ�

�)LJXUH����7KH�)LJXUH�VKRZV�WKH�%OXHWRRWK�VWDFN�DQG�LWV�UHODWLRQ�WR�WKH�26,�PRGHO�>�@��7KH�OD\HUV�KDYH�DOO�ZHOO

VHSHUDWHG�IXQFWLRQDOLW\�DQG�SURYLGH�WKH�DERYH�OD\HU�ZLWK�%OXHWRRWK�LQGHSHQGHQW�VHUYLFHV�

5DGLR

%DVHEDQG

/LQN�0DQDJHU
+&,

/�&$3

5)&200 6'3

3URILOH

3K\VLFDO�/D\HU

'DWD�/LQN�OD\HU

1HWZRUN�OD\HU

7UDQVSRUW�OD\HU

6HVVLRQ�OD\HU

$SSOLFDWLRQ�OD\HU 3UHVHQWDWLRQ�OD\HU

%OXHWRRWK�VWDFN 26,�PRGHO
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�� 5DGLR
7KH� UDGLR� RSHUDWHV� LQ� WKH� XQOLFHQVHG� ,60� EDQG� DW� ���� *+]�� 7KH� GDWD� WUDQVPLWWHG� LV
IUHTXHQF\�MXPSLQJ�DW�WKH�UDWH�RI������KRS�SHU�VHFRQG�DQG�KDV�D�V\PERO�UDWH�RI���0ELW�V��$
*DXVVLRQ�VKDSHG��ELQDU\�)6.�PRGXODWLRQ�LV�DSSOLHG�ZLWK�D�%7�SURGXFW�RI�����

�� %DVHEDQG
7KH�EDVHEDQG�LV�WKH�OLQN�EHWZHHQ�WKH�UDGLR�DQG�OLQN�PDQDJHU��,W�SHUIRUPV�VHUYLFHV�DV�HUURU
FRGLQJ�DQG�RWKHU�ORZ�OHYHO�OLQN�URXWLQHV�

�� /LQN�0DQDJHU
7KH�OLQN�PDQDJHU�LV�XVHG�IRU�OLQN�VHW�XS��VHFXULW\�DQG�FRQWURO�

�� +RVW�&RQWUROOHU�,QWHUIDFH��+&,
7KH� +&,� SURYLGHV� D� XQLIRUP� LQWHUIDFH� PHWKRG� IRU� DFFHVVLQJ� WKH� %OXHWRRWK� KDUGZDUH
FDSDELOLWLHV�

�� /RJLFDO�/LQN�&RQWURO�DQG�$GDSWDWLRQ�3URWRFRO��/�&$3
/�&$3� SURYLGHV� FRQQHFWLRQ� GDWD� VHUYLFHV� WR� XSSHU� OD\HU� SURWRFROV� ZLWK� PXOWLSOH[LQJ
FDSDELOLW\��VHJPHQWDWLRQ�DQG�UHDVVHPEOH�RSHUDWLRQ��/�&$3�SHUPLWV�KLJKHU�OHYHO�SURWRFROV
DQG�DSSOLFDWLRQV�WR�WUDQVPLW�DQG�UHFHLYH�/�&$3�GDWD�SDFNHWV�XS�WR����NLORE\WHV�LQ�OHQJWK�

�� 5)&200
7KH� 5)&200� SURWRFRO� SURYLGHV� HPXODWLRQ� RI� VHULDO� SRUWV� RYHU� WKH� /�&$3� SURWRFRO�
5)&200�LV�D�VLPSOH�WUDQVSRUW�SURWRFRO��ZLWK�DGGLWLRQDO�SURYLVLRQV�IRU�HPXODWLRQ�RI�WKH��
FLUFXLWV�RI�56������(,$7,$�����(��VHULDO�SRUW�

�� 6HUYLFH�'LVFRYHU\�3URWRFRO��6'3
7KH�6'3�SURYLGHV�D�PHDQV�IRU�DSSOLFDWLRQV�WR�GLVFRYHU�ZKLFK�VHUYLFHV�DUH�DYDLODEOH�DQG�WR
GHWHUPLQH� WKH�FKDUDFWHULVWLFV�RI� WKRVH�DYDLODEOH� VHUYLFHV��7KH�VHUYLFHV� LV� VSHFLILHG� LQ� WKH
SURILOHV�H�J��ID[�SURILOH�DQG�ILOH�WUDQVIHU�SURILOH

�� 3URILOH
7KH� SURILOHV� DUH� SUHGHILQHG� DSSOLFDWLRQV� DQG� DUH� GHVFULEHG� LQ� WKH� WH[W� EHORZ�� 'LIIHUHQW
%OXHWRRWK�GHYLFHV�FDQ�VXSSRUW�GLIIHUHQW�SURILOHV�

7KH�GLIIHUHQW�SURILOHV�RI� WKH�%OXHWRRWK�VSHFLILFDWLRQ�����%�DQG�WKHLU�UHODWLRQV�FDQ�EH�VHHQ�LQ
)LJXUH����7KH\�DUH�GLYLGHG�LQWR�WKUHH�PDMRU�JURXSV��*HQHULF�$FFHVV�3URILOH��*$3���6HULDO�3RUW
3URILOH� DQG� *HQHULF� 2EMHFW� ([FKDQJH� 3URILOH�� $OO� RI� WKH� SURILOHV� LQ� WKH� VSHFLILFDWLRQ� PXVW
VXSSRUW�WKH�*HQHULF�$FFHVV�3URILOH��*$3���7KH�SURILOHV�LQ�WKH�VHULDO�SRUW�SURILOH�PXVW�DV�ZHOO
VXSSRUW�WKH�VHULDO�SRUW�SURILOH��DQG�WKH�SURILOHV� LQ� WKH�*HQHULF�2EMHFW�([FKDQJH�3URILOH�PXVW
VXSSRUW�DOO�WKUHH�
���3URGXFWV�EDVHG�RQ�IXQFWLRQDOLW\�QRW�VXSSRUWHG�E\�WKH�SUHGHILQHG�SURILOHV��FDQ�EH�GHYHORSHG
DQG�TXDOLILHG�DV�ORQJ�DV�WKH�*HQHULF�$FFHVV�3URILOH�LV�VXSSRUWHG��7KH�ZKROH�LGHD�ZLWK�SURILOHV
LV�WKDW�SURGXFWV�GHYHORSHG�E\�GLIIHUHQW�GHYHORSHUV�VWLOO�FDQ�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�
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)LJXUH� ��� 7KH�)LJXUH� LOOXVWUDWHV� WKH� GLIIHUHQW� SURILOHV� DQG� WKHUH� UHODWLRQVKLS�� $OO� SURILOHV�PXVW� LPSOHPHQW� WKH

*HQHULF� $FFHVV� 3URILOH�� 7KH� SURILOHV� IURP� WKH� 6HULDO� 3RUW� 3URILOH� JURXS�PXVW� DOVR� LPSOHPHQW� WKH� 6HULDO� 3RUW

3URILOH�� 7KH� SURILOHV� LQ� WKH� *HQHULF� 2EMHFW� ([FKDQJH� 3URILOH� JURXS� PXVW� LPSOHPHQW� DOO� WKUHH�� %\� IRUFLQJ

GHYHORSHUV�WR�VXSSRUW�SURILOHV�WKH�%OXHWRRWK�SURGXFWV�DUH�PDGH�FRPSDWLEOH�ZLWK�HDFK�RWKHU�

�� *HQHULF�$FFHVV�3URILOH
7KLV�SURILOH�GHILQHV�WKH�JHQHULF�SURFHGXUHV�UHODWHG�WR�GLVFRYHU\�RI�%OXHWRRWK�GHYLFHV�DQG
OLQN�PDQDJHPHQW�DVSHFWV�RI�FRQQHFWLQJ�WR�%OXHWRRWK�GHYLFHV�

�� 6HULDO�3RUW�3URILOH
7KLV� SURILOH� GHILQHV� WKH� UHTXLUHPHQW� IRU� %OXHWRRWK� GHYLFHV� QHFHVVDU\� IRU� VHWWLQJ� XS
HPXODWHG�VHULDO�FDEOH�FRQQHFWLRQV�XVLQJ�5)&200�EHWZHHQ�WZR�SHHU�GHYLFHV�

�� *HQHULF�2EMHFW�([FKDQJH�3URILOH
7KLV�SURILOH�GHILQHV�WKH�UHTXLUHPHQWV�IRU�%OXHWRRWK�GHYLFHV�QHFHVVDU\�IRU�WKH�VXSSRUW�RI�DQ
JHQHUDO� REMHFW� H[FKDQJH� XVDJH�PRGHO�� 7KH� UHTXLUHPHQWV� DUH� H[SUHVVHG� E\� GHILQLQJ� WKH
IHDWXUHV�DQG�SURFHGXUHV�WKDW�DUH�UHTXLUHG�IRU�LQWHURSHUDELOLW\�EHWZHHQ�%OXHWRRWK�GHYLFHV�LQ
WKH�REMHFW�H[FKDQJH�XVDJH�PRGHO�

)���4XDOLILFDWLRQ

$OO� %OXHWRRWK� SURGXFWV� QHHG� WR� EH� WHVWHG� DQG� TXDOLILHG� DFFRUGLQJ� WR� WKH� %OXHWRRWK
VSHFLILFDWLRQ��7KH�TXDOLILFDWLRQ�LV�QHHGHG�LQ�RUGHU�IRU�WKH�%OXHWRRWK�VWDQGDUG�WR�VXFFHHG�DQG�WR
NHHS�DOO�%OXHWRRWK�SURGXFWV� FRPSDWLEOH�ZLWK�HDFK�RWKHU�� ,I� D� FRPSDQ\�SURGXFHV�RU� WUDGHV� D
SURGXFW� WKDW� GRHV� QRW� FRPSO\� ZLWK� WKH� VSHFLILFDWLRQ� RU� WKDW� KDV� QRW� FRPSOHWHG� WKH
TXDOLILFDWLRQ�� WKH� %OXHWRRWK� 6SHFLDO� ,QWHUHVW� *URXS� �6,*�� DQG� DOO� DGRSWHU� FRPSDQLHV� ZLOO
VDQFWLRQ�WKDW�FRPSDQ\��,W�LV�WKHUHIRUH�LPSRUWDQW�WR�NQRZ�KRZ�WKH�TXDOLILFDWLRQ�SURJUDP�ZRUNV
DQG�ZKDW�LW�GHPDQGV�

7KH�%OXHWRRWK�4XDOLILFDWLRQ�3URJUDP�LV�UHYLHZHG��PDQDJHG��DQG�LPSURYHG�E\�WKH�%OXHWRRWK
4XDOLILFDWLRQ�5HYLHZ�*URXS��%45*���7KH�SURJUDP�HVWDEOLVKHV�WKH�UXOHV�DQG�SURFHGXUHV�KRZ
WKH� PDQXIDFWXUHU� VKRZV� WKDW� WKHLU� SURGXFW� FRPSOLHV� ZLWK� WKH� VSHFLILFDWLRQ�� DQG� KRZ



,PSOHPHQWLQJ�D�:LUHOHVV�,�2�XQLW�XVLQJ�%OXHWRRWK70

�������

PDQXIDFWXUHUV�DQG�GLVWULEXWRUV�PD\�XVH� WKH�%OXHWRRWK� OLFHQVH��7KH�TXDOLILFDWLRQ� LV�GRQH�DQG
PDLQWDLQHG� E\� D� %OXHWRRWK� 4XDOLILFDWLRQ� 7HVW� )DFLOLW\� �%47)��� D� %OXHWRRWK� 4XDOLILFDWLRQ
%RG\��%4%���DQG�D�%OXHWRRWK�4XDOLILFDWLRQ�$GPLQLVWUDWRU��%4$���7KHVH�WKUHH�DUH�DXWKRUL]HG
E\� %45*�� %RWK� WKH� %47)� DQG� %4%� FDQ� EH� LQ�KRXVH� IXQFWLRQV� LQ� D� FRPSDQ\�� :KHQ� D
FRPSDQ\�ZDQWV�LWV�SURGXFW�TXDOLILHG�LW�ILUVW�KDQGV�LW�WR�WKH�%47)�WKDW�WHVWV�WKH�SURGXFW��:KHQ
WKH�WHVWV�DUH�GRQH�WKH�WHVW�UHVXOWV�SOXV�WKH�GHFODUDWLRQV�DQG�GRFXPHQWDWLRQ�DUH�VHQW�WR�D�%4%��,I
WKH�%4%� VHHV� WKDW� HYHU\WKLQJ� FRPSOLHV�ZLWK� WKH� VSHFLILFDWLRQ�� KH� RU� VKH� VHQGV� LQIRUPDWLRQ
DERXW�WKH�QHZ�SURGXFW�WR�WKH�%4$��7KH�%4$�SXWV�WKH�SURGXFW�LQWR�WKH�4XDOLILHG�3URGXFWV�/LVW
WKDW� FDQ� EH� YLHZHG� E\� HYHU\RQH��7KH�%4$� DOVR�PDLQWDLQV� GRFXPHQWV� IRU� WKH�4XDOLILFDWLRQ
3URJUDP�VR�WKH�PDQXIDFWXUHUV�FDQ�JHW�LQIRUPHG�DERXW�WKH�4XDOLILFDWLRQ�3URFHVV�

:KDW� LV� WKHQ� GHPDQGHG� E\� WKH�4XDOLILFDWLRQ� 3URJUDP"�:HOO�� WKH� SURGXFW� UHTXLUHPHQWV� DUH
GLYLGHG� LQWR�UDGLR� OLQN��SURWRFRO��SURILOH��DQG� LQIRUPDWLRQ�UHTXLUHPHQWV��7KH� UDGLR� OLQN�VKDOO
PHHW�FHUWDLQ�PLQLPXP�UHTXLUHPHQWV�VR�WKH�%OXHWRRWK�WHFKQRORJ\�FDQ�DVVXUH�D�FHUWDLQ�TXDOLW\�
7KH�ORZHU�OD\HUV¶�SURWRFROV�RI�WKH�%OXHWRRWK�VWDFN�DUH�WHVWHG�ZLWK�WKH�%OXHWRRWK�7HVW�&RQWURO
,QWHUIDFH�� 7KLV� FKHFNV� WKDW� WKH� /&�� /0�� /�&$3� DQG� WKH� +&,� DUH� FRPSO\LQJ� ZLWK� WKH
VSHFLILFDWLRQ��7KH�%45%�ZLOO� WKRXJK�DXWKRUL]H�%47)V� WKDW�DUH�DOORZHG� WR�TXDOLI\�SURGXFWV
DJDLQVW�WKH�SURWRFRO�UHTXLUHPHQWV��2Q�WRS�RI�WKHVH�OD\HUV�DUH�WKHUH�GLIIHUHQW�SURILOHV��([DPSOHV
RI�WKHVH�SURILOHV�DUH�WKH�V\QFKURQL]DWLRQ�SURILOH�DQG�WKH�KHDGVHW�SURILOH��7KH�IROORZLQJ�SRLQWV
GHVFULEH�WKH�SURILOH�UHTXLUHPHQWV�

�� $OO�SURGXFWV�PXVW�IROORZ�WKH�*HQHUDO�$FFHVV�SURILOH�
�� $OO� LPSOHPHQWHG� %OXHWRRWK� VHUYLFHV� PXVW� EH� GHVFULEHG� LQ� WKH� ³,PSOHPHQWDWLRQ

&RQIRUPDQFH�6WDWHPHQW´�
�� $OO� SURILOHV� WKDW� WKH� PDQXIDFWXUHU� KDV� GHFODUHG� LQ� WKH� ³,PSOHPHQWDWLRQ

&RQIRUPDQFH� 6WDWHPHQW´� PXVW� EH� LPSOHPHQWHG� DFFRUGLQJ� WR� HDFK� SURILOH
VSHFLILFDWLRQ�

�� ,I�D� VHUYLFH�� IRU�ZKLFK� WKHUH�H[LVWV�D�%OXHWRRWK�SURILOH�� VKDOO�EH� LPSOHPHQWHG�� LW
PXVW�EH�GRQH�DFFRUGLQJ�WR�WKDW�SURILOH��,W� LV�SHUPLWWHG�WR�PDNH�LPSURYHPHQWV�RU
DGG� IHDWXUHV� WR� D� SURILOH�� DV� ORQJ� DV� LQWHURSHUDELOLW\� LV� PDLQWDLQHG� ZLWK� RWKHU
SURGXFWV� WKDW� KDYH� LPSOHPHQWHG� WKH� VWDQGDUG�� :KHQ� H[WUD� IHDWXUHV� DUH� DGGHG�
WKHVH� PXVW� EH� QHJRWLDWHG� EHWZHHQ� WKH� %OXHWRRWK� GHYLFHV� ZKHQ� WKH\� FRQQHFW� WR
HDFK�RWKHU�

7KH� GHPDQG� WKDW� DOO� SURGXFWV� PXVW� LPSOHPHQW� WKH� *HQHUDO� $FFHVV� SURILOH� DVVXUHV� WKDW� DOO
%OXHWRRWK� GHYLFHV� FDQ� FRPPXQLFDWH� ZLWK� HDFK� RWKHU�� ,Q� FDVH� WKH� GHYLFHV� GR� QRW� KDYH� DQ\
FRPPRQ� VHUYLFHV� WKH\�ZLOO� DW� OHDVW� JHW� WKDW� LQIRUPDWLRQ� IURP� HDFK� RWKHU�� )LQDOO\�� WKHUH� DUH
FHUWDLQ� UHTXLUHPHQWV�RQ� WKH� LQIRUPDWLRQ�DERXW� WKH�SURGXFW��7KH� LQIRUPDWLRQ� VKRXOG�EH�FOHDU
DQG�FRQVLVWHQW�DQG�VKRXOG�FRQWDLQ�DOO�WKH�FDSDELOLWLHV�WKDW�DUH�LPSOHPHQWHG�LQ�WKH�GHYLFH�

)���&RPSHWLWRUV�DQG�)XWXUH�'HYHORSPHQW�RI�%OXHWRRWK

%OXHWRRWK� GRHV� RI� FRXUVH� KDYH� D� ORW� RI� FRPSHWLQJ� WHFKQRORJLHV� DQG� WKH� IXWXUH� GHSHQGV� RQ
ZKLFK�WHFKQRORJ\�WKDW� LV� WKH�EHVW�DQG�ILUVW� UHDFKHV� WKH�PDUNHW��7KH� WHFKQRORJ\�RI�%OXHWRRWK
GRHV�QRW�H[FHO�LQ�DQ\�VSHFLDO�DUHD��WKH�WKLQJ�LV�WKDW�WKHUH�LV�QR�RWKHU�WHFKQRORJ\�WKDW�FRYHUV�DV
PDQ\�DUHDV�DV�%OXHWRRWK�
���+RZHYHU�� WKH� WHFKQRORJLHV� WKDW� FRPSHWH� ZLWK� %OXHWRRWK� ZLWKLQ� WKH� UDGLR�ODQ� DUHD� DUH
+\SHUODQ�� ,(((� �������� DQG�8OWUD�:LGHEDQG� �8:%��� 7KH�$PHULFDQ� ,(((� >�@� ZLOO� GXULQJ
�����FKRRVH�RQH�RI� WKH� IRXU� UDGLR� WHFKQLTXHV� IRU� WKH�QHZ� VWDQGDUG�:LUHOHVV� 3HUVRQDO�$UHD
1HWZRUN��:3$1���7KLV�VWDQGDUG�LV�VXSSRVHG�WR�VXSSRUW�D�GDWD�VSHHG�DW����WR����0ELW�V�ZLWKLQ
D� UDQJH� RI� DERXW� ���PHWHUV�� ,W� LV� LQWHQGHG� WR� EH� XVHG� IRU� KRPH� QHWV� DQG� WR� VLPXOWDQHRXVO\
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KDQGOH�WKUHH�YLGHR�FKDQQHOV�DQG�ILYH�YRLFH�FKDQQHOV��,W�VKRXOG�DOVR�EH�XVHG�IRU�WHOHSKRQ\�DQG
,QWHUQHW��7RGD\¶V�YHUVLRQ�RI�%OXHWRRWK�GRHV�QRW�KDYH�KLJKHU�VSHHG�WKDQ���0ELW�V��EXW�WKH�QH[W
YHUVLRQ� RI�%OXHWRRWK�ZLOO� KDYH� D� VSHHG� DURXQG� ���0ELW�V�� 7KH� ������� >�@� KDV� WKH� FDSDFLW\
��0ELW�V�DQG�LV�WKH�VWURQJHVW�FRPSHWLWRU�WR�%OXHWRRWK�IRU�WKH�:3$1�VWDQGDUG��8:%�KDQGOHV
WKH� FDSDFLW\� GHPDQGV� LQ� :3$1� EHVW�� EXW� LW� KDV� SUREOHPV� WR� FRSH� ZLWK� WKH� IUHTXHQF\
UHJXODWLRQV�LQ�86$��(XURSH��DQG�$VLD�
���$QRWKHU�DUHD�WKH�%OXHWRRWK�VWDQGDUG�DLPV�IRU�LV�WKH�RIILFH�HQYLURQPHQW�ZLWK�PLFH��SULQWHUV�
NH\ERDUGV��DQG�DOO�WKH�GHYLFHV�DURXQG�WKH�FRPSXWHU��7KH�FRPSHWLWRUV�LQ�WKLV�FDVH�DUH�LQIUDUHG
DQG� RWKHU� FKHDS� UDGLR� EDVHG� VROXWLRQV�� 7KH� %OXHWRRWK� FKLS� ZLOO� RQO\� FRVW� ��� LI� LW� ZLOO� EH
SURGXFHG�LQ�D�ODUJHU�VFDOH��7KH�VWDQGDUG�LV�WKHUHIRUH�OLNHO\�WR�VXFFHHG�LQ�WKLV�DUHD��%OXHWRRWK
FDQ�EH�XVHG�LQ�PDQ\�DUHDV�ZKHUH�WKHUH�LV�D�QHHG�IRU�ZLUHOHVV�YRLFH�DQG�GDWD�FRPPXQLFDWLRQ�
7KH�PRVW�FRQVSLFXRXV�IHDWXUHV�RI�WKH�%OXHWRRWK�VWDQGDUG�FRPSDUHG�WR�RWKHU�WHFKQRORJLHV�ZLOO
EH�WKDW�LW�LV�FKHDS�DQG�KDV�EXLOW�LQ�VXSSRUW�WR�EH�FRPSDWLEOH�
����7KH�%OXHWRRWK�VSHFLILFDWLRQ�KDV�KDG�VRPH�HUURUV�VR�IDU�>�@��WKHUHIRUH�QR�SURGXFWV�KDYH�EHHQ
UHOHDVHG�RQ�WKH�PDUNHW��9HUVLRQ�����RI�WKH�VSHFLILFDWLRQ�WKDW�FRPHV�LQ�1RYHPEHU������LV�VDLG
WR�ZRUN�FRUUHFWO\��7KH�%OXHWRRWK�6SHFLDO�,QWHUHVW�*URXS��6,*��KDV�VWURQJO\�UHFRPPHQGHG�DOO
DGRSWHUV�QRW�WR�UHOHDVH�DQ\�SURGXFWV�EDVHG�RQ�IRUPHU�YHUVLRQV�RI�WKH�VSHFLILFDWLRQ��2QH�WKUHDW
WR�WKH�%OXHWRRWK�VWDQGDUG�LV�WKDW�WKHUH�ZLOO�FRQWLQXH�WR�EH�HUURUV�LQ�WKH�VSHFLILFDWLRQ��$QRWKHU
WKUHDW�PLJKW�EH�WKDW�LW�ZLOO�EH�WLPH�DQG�FRVW�FRQVXPLQJ�WR�TXDOLI\�SURGXFWV�>�@�
���%OXHWRRWK���LV�RQ�LWV�ZD\�DQG�ZLOO�EH�ILQLVKHG�GXULQJ�������,Q�WKLV�YHUVLRQ�WKH�GDWD�VSHHG
ZLOO�EH�DURXQG����0ELW�V�DQG�WKH�UDQJH�XS�����PHWHUV��,Q�WKLV�VSHFLILFDWLRQ�WKHUH�ZLOO�DOVR�EH
PRUH�SURILOHV��ZKLFK�ZLOO�PDNH�WKH�VWDQGDUG�HYHQ�PRUH�JHQHUDO��7KH�6,*��ZKLFK�FRQVLVWV�RI
WKH�QLQH�OHDGLQJ�FRPSDQLHV�LQ�WKH�WHOHFRPPXQLFDWLRQV��FRPSXWLQJ��DQG�QHWZRUN�LQGXVWULHV��LV
GULYLQJ�WKH�GHYHORSPHQW�RI�WKH�WHFKQRORJ\�DQG�EULQJLQJ�LW�WR�WKH�PDUNHW��7KDW�LV�DQ�LPSRUWDQW
IDFW�WKDW�VSHDNV�LQ�IDYRU�RI�%OXHWRRWK�
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$SSHQGL[�*��3UHVV�UHOHDVH

KWWS������������������NH\QRWH%7HYHU\GD\�FIP��

$W�%OXHWRRWK�(YHU\GD\�\RX�ZLOO�ZDWFK�VRPHRQH�SHUIRUP�HYHU\GD\�WDVNV�LQ�H[WUDRUGLQDU\
ZD\V�XVLQJ�%OXHWRRWK�ZLUHOHVV�WHFKQRORJ\��:LWK�QR�WHFKQLFDO�H[SHULHQFH��\RX�ZLOO�VHH�WKH
GHPRQVWUDWRU�LQWHUDFW�ZLWK�%OXHWRRWK�LQ�RUGHU�WR�PDNH�OLIH�HDVLHU��+HUH
V�D�JOLPSVH�RI�WKH
GHPRV�\RX
OO�VHH�

7KH�%OXHWRRWK�&RQWUROOHG�%HHWOH

7KLV�GHPRQVWUDWLRQ�VKRZV�D�UDGLR�FRQWURO�FDU�EHLQJ�GULYHQ�E\�MR\VWLFN��,QSXW�IURP�WKH�MR\VWLFN
LV�WUDQVPLWWHG�XVLQJ�%OXHWRRWK�ZLUHOHVV�WHFKQRORJ\�WR�D�FRPSXWHU�WKDW�JHQHUDWHV�FRQWURO
VLJQDOV�WKDW�DUH�VHQW�WR�WKH�FDU�DOVR�XVLQJ�%OXHWRRWK��7KH�SODWIRUP�XVHG���GHYHORSHG�E\�6LJPD
ZLWK�WKH�%OXHWRRWK�$SSOLFDWLRQ�7RRO�.LW���LV�JHQHULF�DQG�FDQ�DOVR�EH�XVHG�LQ�D�ZLGH�UDQJH�RI
LQGXVWULDO�SURFHVVHV�
%\�6LJPD�&RPWHF

$V�\RX�ZDON�LQWR�D�VKRSSLQJ�PDOO�ZLWK�\RXU�3'$�\RX�ZLOO�UHFHLYH�VSHFLDO�RIIHUV�WKDW�DUH
FXVWRPL]HG�WR�ZKHUH�\RX�DUH�DQG�ZKR�\RX�DUH��<RX�FDQ�HDVLO\�DFFHSW�WKH�RIIHU�DQG�SHUIRUP
WKH�WUDQVDFWLRQ�
%\�$[LV�&RPPXQLFDWLRQV

;\/RF�FRQYHQLHQWO\�SURWHFWV�DQG�SHUVRQDOL]HV�D�ODSWRS�XWLOL]LQJ�%OXHWRRWK�ZLUHOHVV
WHFKQRORJ\��D�XVHU�ZLOO�DSSURDFK�WKH�3&�DQG�;\/RF�ZLOO�DXWRPDWLFDOO\�XQORFN�WKH�3&��ORJ�WKH
XVHU�LQWR�KLV�DFFRXQWV��GHFU\SW�KLV�ILOHV��DQG�RSHQ�KLV�DSSOLFDWLRQV��:KHQ�WKH�XVHU�VWHSV�DZD\
IURP�WKH�3&�LW�ZLOO�DXWRPDWLFDOO\�EH�VHFXUHG��SUHYHQWLQJ�XQDXWKRUL]HG�DFFHVV�
%\�(QVXUH�7HFKQRORJLHV

7XHVGD\��'HFHPEHU��
�����$0���������$0
%OXHWRRWK�(YHU\GD\
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,WV�0RQGD\�PRUQLQJ�LQ�WKH�%UDGIRUG�UHVLGHQFH�DQG�7LP�LV�KHDGHG�RXW�WR�/RV�$QJHOHV�WKLV
PRUQLQJ�IRU�DQ�LPSRUWDQW�FXVWRPHU�PHHWLQJ��7LP�FRPHV�GRZQ�WR�EUHDNIDVW�LQ�KLV�NLWFKHQ�
:KLOH�HDWLQJ�KLV�FHUHDO��KH�XVHV�KLV��,QIR3DG���D����[���SDSHU�VL]HG�ZLUHOHVV�LQIRUPDWLRQ
DSSOLDQFH��WR�ORJ�RQ�WR�WKH�,QWHUQHW��XVLQJ�%OXHWRRWK�WR�GLDO�RXW�WKURXJK�WKH�3&�LQ�KLV�EDVHPHQW
KRPH�RIILFH���LQ�RUGHU�WR�FKHFN�RQ�KLV�IOLJKW�DQG�WKH�ZHDWKHU�DW�/$;��VR�KH�NQRZV�LI�KH�KDV�WR
EULQJ�D�MDFNHW�RU�D�UDLQ�FRDW��:KLOH�RQOLQH�KH�TXLFNO\�QRWHV�WKDW�4&20�VWRFN�SULFH�LV�GRZQ
DQG�SXWV�LQ�DQ�RUGHU�WR�EX\�����VKDUHV�
%\�,PSXOVHVRIW

:LWK�WKH�0RWRUROD�7LPHSRUW�SKRQH��ZKLFK�XWLOL]HV�%OXHWRRWK�ZLUHOHVV�WHFKQRORJ\��SXUFKDVH
JDV�DQG�FRIIHH�DW�WKH�JDV�VWDWLRQ��:KLOH�WKH�JDV�LV�SXPSLQJ��WKH�%OXHWRRWK�,QWHUQHW�6HUYHU�DW
WKH�SXPS�VHQGV�DGV�WR�WKH�7LPHSRUW��7KH�XVHU�FDQ�EURZVH�JLIWV�IURP�WKH�JDV�YHQGRU
V�,QWUDQHW
DQG�FDQ�DOVR�JHW�GLUHFWLRQV�RQ�KLV�7LPHSRUW�
%\�0RWRUROD

3KRQH�DV�UHPRWH�FRQWURO

7KH�GHPR�VKRZV�KRZ�\RX��YLD�\RXU�%OXHWRRWK�PRELOH�SKRQH�IURP�(ULFVVRQ��FDQ�FRQWURO
YDULRXV�GHYLFHV�LQ�\RXU�KRPH�HQYLURQPHQW�E\�XVLQJ�:$3��:LUHOHVV�$SSOLFDWLRQ�3URWRFRO�
RYHU�%OXHWRRWK�ZLUHOHVV�WHFKQRORJ\��,Q�WKLV�SDUWLFXODU�GHPR�WKH�%OXHWRRWK�SKRQH�LV�XVHG�WR
WXUQ�D�ODPS�RQ�DQG�RII�

%OXHWRRWK�+HDGVHW

6RPH�UHVHDUFK�DQDO\VWV�FODLP�WKH�%OXHWRRWK�+HDGVHW�ZLOO�EHFRPH�WKH�PRVW�SRSXODU�SURGXFW
WKDW�XWLOL]HV�%OXHWRRWK�ZLUHOHVV�WHFKQRORJ\��7KH�%OXHWRRWK�+HDGVHW�LV�FRQQHFWHG�WR�D
FRPSDWLEOH�PRELOH�SKRQH��7KH�XVHU�FDQ�HLWKHU�UHFHLYH�RU�PDNH�SKRQH�FDOOV��9RLFH�GLDOLQJ�LV
DOVR�SRVVLEOH��1RW�RQO\�ZLOO�WKHVH�SURGXFWV�EH�GHPRHG��WKH\�DUH�PDGH�DYDLODEOH�E\�(ULFVVRQ�

$QRWR�SHQ

7KLV�SHQ�EULQJV�WKH�KXPDQ�SHQ�SDSHU�EHKDYLRU�WR�%OXHWRRWK�ZLUHOHVV�WHFKQRORJ\��<RX�XVH�WKH
$QRWR�SHQ�WR�ZULWH�QRUPDOO\�RQ�DQ\�SDSHU�WKDW�KDV�D�XQLTXH��DOPRVW�LQYLVLEOH��SDWWHUQ�SULQWHG
RQ�LW��7KH�WH[W�LV�WKHQ�ZLUHOHVVO\�WUDQVIHUUHG�YLD�\RXU�%OXHWRRWK�SKRQH��,PDJLQH�WKH�H�
FRPPHUFH�SRVVLELOLWLHV�
%\�(ULFVVRQ

:$3�RYHU�%OXHWRRWK��'HPR

$8�6\VWHP�VKRZV�KRZ�WR�FRQWURO�3&�DSSOLFDWLRQV�VXFK�DV�&'�SOD\HU��03��SOD\HU�HWF��IURP�D
3DOP�3LORW��7KH�GHPR�ZLOO�VKRZ�KRZ�%OXHWRRWK�FRPELQHG�ZLWK�:$3�FDQ�HQKDQFH�FRPIRUW�LQ
DQ�RIILFH�RU�KRPH�QHWZRUN��7KH�3'$�ZLWK�%OXHWRRWK�ZLUHOHVV�WHFKQRORJ\�FDQ�FRQWURO�GLIIHUHQW
GHYLFHV�ZLWKRXW�FKDQJLQJ�LWV�LQWHUIDFH�
%\�$8�6\VWHPV
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'(162�%/8(7227+�&211(&7,216��ZLUHOHVV�FDU�NLW�IXQFWLRQ�

7KLV�GHPR�ZLOO�LOOXVWUDWH�D�%OXHWRRWK�ZLUHOHVV�V\QFKURQRXV�OLQN�EHWZHHQ�D�PRELOH�SKRQH�DQG
DQ�DXWRPRWLYH�KDQGV�IUHH�FDUNLW��7KH�XVHU�ZLOO�EH�DEOH�WR�SODFH�D�FDOO�ZLWK�WKH�SKRQH��SODFH�LW
DQ\ZKHUH�ZLWKLQ���P�RI�WKH�FDU�NLW�DQG�FDUU\�RQ�D�FRQYHUVDWLRQ�WKURXJK�WKH�FDUNLW�
%\�'HQVR

6HH�KRZ�63$1ZRUNV������FDQ�HQDEOH�\RX�WR�HIIRUWOHVVO\�WUDQVIHU�ILOHV�WR�RQH��D�IHZ��RU
HYHU\RQH�LQ�\RXU�SUR[LPLW\�ZLWK�D�VLPSOH�GUDJ�
Q�GURS��*LYH�D�VOLGH�SUHVHQWDWLRQ�DPRQJ
VHYHUDO�PDFKLQHV��ZLWK�RU�ZLWKRXW�WKH�XVH�RI�D�GLJLWDO�SURMHFWRU��2U���ZKLVSHU��DPRQJ�IULHQGV
XVLQJ�WKH�FKDW�PHVVDJLQJ�$SSOLFDWLRQ�
%\�7RVKLED
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$SSHQGL[�+��3HUIRUPDQFH�DQG�FKDUDFWHULVWLFV�RI�WKH�%&&

7KH�%OXHWRRWK�&RQWURO�&DUG��%&&��FDQ�VHW�DQG�PHDVXUH�DQDORJ�VLJQDOV�LQ�WKH�UHJLRQ�RI�����9�
,W�KDV�DOVR�D�GLJLWDO�6HULDO�3HULSKHUDO�,QWHUIDFH��63,���ZKLFK�FDQ�UHFHLYH�DQG�WUDQVPLW���E\WHV�RI
GDWD�LQ�HDFK�VODYH�WR�PDVWHU�SDFNDJH��7KH�VDPSOH�SHULRG�LV�XVHU�GHILQHG�LQ�WKH�LQWHUYDO������
PLOOLVHFRQGV�DQG�WKH�RXWSXWV�DUH�XSGDWHG�ZKHQ�D�YDOLG�GDWD�SDFNDJH�LV�UHFHLYHG�

7KH�%&&�KDV���GLIIHUHQW�LQSXW�DQG�RXWSXWV�

�� $QDORJ�LQ��

�� $QDORJ�LQ��

�� $QDORJ�RXW��

�� $QDORJ�RXW��

�� 3:0�RXW��

�� 3:0�RXW��

�� 63,

�� 'LJLWDO�LQWHUUXSW

7KH�JHQHUDO�SHUIRUPDQFH�RI�WKH�%OXHWRRWK�WHFKQRORJ\�LV�GLVFXVVHG�LQ�$SSHQGL[�)�6HFWLRQ���

)LJXUH� �� VKRZV� WKH� GHOD\� IURP� VODYH� WR� PDVWHU� IRU� D� VDPSOHG� LQSXW� VLJQDO�� EHIRUH� LW� LV
SUHVHQWHG�WR�WKH�$3,�LQ�WKH�PDVWHU��,W�KDV�EHHQ�PHDVXUHG�WR�a����PLOOLVHFRQGV��7KH�VDPH�GHOD\
LV�YDOLG�IRU�RXWSXW�VLJQDOV�IURP�PDVWHU�WR�VODYH�

)LJXUH����7KH�)LJXUH�VKRZV�WKH�PHDVXUHG�GHOD\�WLPH�LQ�WKH�V\VWHP��$�GDWD�SDFNDJH�LV�GHOD\HG�DSSUR[LPDWHG���

PLOOLVHFRQGV� LQ� ERWK� WKH� VODYH� WR�PDVWHU� GLUHFWLRQ� DQG�PDVWHU� WR� VODYH� GLUHFWLRQ�� 7KLV� WLPH� LV� GLYLGHG� ZLWK� �

PLOOLVHFRQGV� RQ� WKH� 56���� VHULDO� SRUWV�� �� PLOOLVHFRQGV� LQ� WKH� DLU�� �� PLOOLVHFRQG� LQ� WKH� VODYH� VRIWZDUH� DQG� �

PLOOLVHFRQGV� LQ� WKH�PDVWHU� VRIWZDUH�� 7KH� WLPH� RQ� WKH� VHULDO� SRUW� KDV� EHHQ�PHDVXUHG� DQG� LV� DFFRUGLQJ� WR� WKH

WKHRUHWLFDO�YDOXH��7KH�WLPH�VSHQW�LQ�WKH�DLU�LV�DOPRVW�D�IDFWRU���ODUJHU�WKHQ�WKH�WKHRUHWLFDO�YDOXH��ZKLFK�FDQ�QRW

EH�H[SODLQHG��7LPH�VSHQW�LQ�WKH�VRIWZDUH�LV�RQO\�HVWLPDWHG�

)LJXUH���VKRZV�WKH�GDWD�SDFNDJH��7KH�WKHRUHWLFDO�WLPH�IRU�WKH�GDWD�SDFNDJH�WR�SURSDJDWH�RQ�WKH
56����VHULDO�SRUWV��ZLWK�WKH�VSHHG�RI������NESV��LV�����PLOOLVHFRQGV��7KH�SDFNDJH�LV����E\WHV
ORQJ�� ����ELWV� LQFOXGLQJ� VWDUW� DQG� VWRS�ELWV�� �7KLV� WLPH�KDV� EHHQ�PHDVXUHG� DQG� IRXQG� WR� EH
FRUUHFW�
���7KH� VSHHG� RI� WKH�%OXHWRRWK� FRQQHFWLRQ�� XVLQJ�'0��SDFNDJHV�� LV� LQ� ERWK� GLUHFWLRQV� �����
NESV��VHH�$SSHQGL[�)�6HFWLRQ����7KH�WKHRUHWLFDO�WLPH�WR�SURSDJDWH�RYHU�WKH�DLU�ZLWK�WKLV�VSHHG�
LQFOXGLQJ� WKH� HUURU� FRGLQJ� ELWV�� LV� ���� PLOOLVHFRQGV�� 0HDVXUHPHQWV� KDYH� EHHQ� GRQH� WR
LQYHVWLJDWH�WKLV�DQG�WKH�WLPH�IRXQG�ZDV�DURXQG���PLOOLVHFRQGV��7KLV�LV�DOPRVW�D�IDFWRU���ODUJHU
WKHQ�WKH�WKHRUHWLFDO�YDOXH��ZKLFK�FDQ�QRW�EH�H[SODLQHG�

56���

����PV ����PVa���PV a���PV�a���PV

0DVWHU 6ODYH��%&&�

56���
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���&RPELQLQJ�WKH�WKHRUHWLFDO�DQG�PHDVXUHG�YDOXH�JLYHV�D�GHOD\�LQ� WKH�VRIWZDUH�RI� WKH�PDVWHU
DQG�VODYH�EHWZHHQ�����PV��0RVW�RI�WKLV�WLPH�LV�SUREDEO\�GHULYHG�IURP�WKH�PDVWHU�ZKHUH�WKH
VRIWZDUH�LV�WKUHDGHG�DQG�ZULWWHQ�LQ�-DYD�

)LJXUH������7KH�)LJXUH�VKRZV�WKH�JHQHUDO�VWUXFWXUH�RI�D�PDVWHU�WR�VODYH�RU�VODYH�WR�PDVWHU�GDWD�SDFNDJH��7KH

KHDG� LV� LOOXVWUDWHG� LQ� )LJXUH� ���� DQG� FRQWDLQV� %OXHWRRWK� VSHFLILF� LQIRUPDWLRQ� LQ� RUGHU� WR� SURSDJDWH� RQ� WKH

%OXHWRRWK�FKDQQHO��$OO�GDWD�LV�FRQWDLQHG�LQ�WKH�SD\ORDG�ILHOG�DQG�FDQ�EH�VHHQ�LQ�)LJXUH�����DQG�����

7KH�PLQLPDO�LQSXW�VDPSOH�SHULRG�LQ�WKH�VODYH�LV�FRQVWUDLQHG�WR���PLOOLVHFRQGV��0HDVXUHPHQWV
RQ�WKH�V\VWHP�KDYH�VKRZQ�WKDW� WKLV�UDWH� LV� WKH�IDVWHVW�DFKLHYHG��ZLWK�WKH�IXQFWLRQDOLW\�RI� WKH
%&&�LQWDFW��7KLV�LV�VKRZQ�LQ�)LJXUH���
���7KH� VRIWZDUH� LQ� WKH�%&&� LV� LQWHUUXSW� GULYHQ��ZKLFK� LPSRVH� WKDW� WKH� DFWXDO� VDPSOH� SHULRG
DOZD\V�ZLOO� EH� D� ELW� KLJKHU� WKHQ� WKH� XVHU� VHW� WLPH�� /RZHULQJ� WKH� LQWHUUXSW� RYHUKHDG� LQ� WKH
V\VWHP� ZLOO� DOORZ� DQ� DFWXDO� VDPSOH� UDWH� IDVWHU� WKHQ� �� PLOOLVHFRQGV�� 7KH� VRIWZDUH� LQ� %&&
LQWHUUXSWV� HDFK� ����PLFURVHFRQGV��7R� ERRVW� WKH� SHUIRUPDQFH� WKH� LQWHUUXSW� UDWH� VKRXOG� KDYH
EHHQ� HDFK�PLOOLVHFRQG�� 7KLV� KDV� QRW� EHHQ� GRQH� GXH� WR� WLPH� FRQVWUDLQW� LQ� WKH�PDVWHU� WKHVLV
SURMHFW��DQG�WKH�DFWXDO�LPSDFW�LW�ZRXOG�KDYH�RQ�WKH�SHUIRUPDQFH�LV�KDUG�WR�HVWLPDWH�

)LJXUH� ���7KH�)LJXUH� VKRZ� WKH� GLIIHUHQFH�EHWZHHQ� WKH� XVHU� GHILQHG� VDPSOH� SHULRG�� DQG� WKH�PHDVXUHG� VDPSOH

SHULRG�SUHVHQWHG�WR�WKH�$3,�LQ�WKH�PDVWHU��7KH�PLFUR�FRQWUROOHU�LV�LQWHUUXSW�GULYHQ�ZKLFK�PHDQ�WKDW�WKH�PHDVXUHG

VDPSOH�SHULRG�DOZD\V�ZLOO�EH�D�OLWWOH�ELW�ODUJHU�WKHQ�WKH�XVHU�GHILQHG��:KHQ�WKH�XVHU�GHILQHG�VDPSOH�SHULRG�LV�VHW

WR� �� PLOOLVHFRQGV� WKH� RYHUKHDG� LPSRVHG� E\� WKH� LQWHUUXSWV� DUH� VR� ODUJH� WKDW� WKH� PHDVXUHG� VDPSOHG� SHULRG� LV

FRQVWUDLQHG��7KH�PD[LPDO�VDPSOHG�SHULRG�LV�DFKLHYHG�ZKHQ�WKH�XVHU�GHILQHG�VDPSOH�SHULRG�LV���PLOOLVHFRQGV�

7KH�PD[LPDO�VLPXOWDQHLRXV�VSHHG�RI�PDVWHU�WR�VODYH�DQG�VODYH�WR�PDVWHU�FRPPXQLFDWLRQ�KDV
QRW�EHHQ�PHVXUHG��7KLV�LVVXH�LV�GLVFXVVHG�LQ�6HFWLRQ�����

%&&�VDPSOH�SHULRG

�

��
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8VHU�GHILQHG�VDPSOH�SHULRG 0HVXUHG�VDPSOH�SHULRG

8VHU�GHILQHG�VDPSOH�SHULRG � � �� �� ��

0HVXUHG�VDPSOH�SHULRG ��� ��� ���� �� ����

� � � � �

/6%

+HDG���E\WHV

06%

3D\ORDG����E\WHV
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7KH�%OXHWRRWK�FRQQHFWLRQ��WKDW�SURYLGHV�WKH�%&&�ZLWK�ZLUHOHVV�FRPPXQLFDWLRQ�IXQFWLRQDOLW\�
SHUIRUPV� UHWUDQVPLVVLRQ� RQ� ORVW� SDFNDJHV�� 7KH� UHWUDQVPLVVLRQ� WLPH� FDQ�� DFFRUGLQJ� WR� WKH
%OXHWRRWK� VSHFLILFDWLRQ� ���� %� >�@�� EH� XVHU� GHILQHG�� 7KLV� LV� QRW� VXSSRUWHG� E\� WKH� %OXHWRRWK
ILUPZDUH��ZKLFK�FRQWLQXHV�WKH�UHWUDQVPLVVLRQ�XQWLO�LW�VXFFHHGV�WUDQVPLWWLQJ�WKH�SDFNDJH��7KLV
LV�QRW�D�JRRG�FRQWURO�VWUDWHJ\��DV� WKH�%OXHWRRWK�PRGXOH�PLJKW�FRQWLQXH� WR� UHWUDQVPLW�DQ�ROG
SDFNDJH� HYHQ� LI� D� QHZHU� SDFNDJH� LV� DYDLODEOH��2XU� LQWXLWLYH� UHWUDQVPLVVLRQ� FRQWURO� VWUDWHJ\
ZRXOG�KDYH�EHHQ�WR�UHWUDQVPLW�D�SDFNDJH�XQWLO�WKH�QH[W�SDFNDJH�EHFRPHV�DYDLODEOH�
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$SSHQGL[�,��8VHU¶V�PDQXDO�IRU�WKH�%OXHWRRWK�FRQWUROOHG�%HHWOH

%HIRUH�WKH�SURJUDP�LV�VWDUWHG�WKH�%OXHWRRWK�PRGXOHV�QHHG�WR�EH�SOXJJHG�LQ��DQG�WKH�FDU�DQG
WKH� MR\VWLFN� VKRXOG�EH� VXSSOLHG�ZLWK� SRZHU��$OO� WKH� GHYLFHV� VKRXOG� DOVR� EH� UHVHW��$IWHU� WKH
FRPSOHWLQJ�WKH�IROORZLQJ�DFWLRQV�WKH�%HHWOH�FDQ�EH�VWHHUHG�E\�WKH�MR\VWLFN�

��� 3UHVV�WKH�WZR�EXWWRQV�WKDW�VD\V�³,QLW´��7KH�%OXHWRRWK�PRGXOHV�DUH�WKHQ�LQLWLDOL]HG��&KHFN
WKH�ILHOGV�QH[W�WR�WKH�EXWWRQV�WR�VHH�ZKHWKHU�WKH�FRPPDQG�VXFFHHGHG�RU�QRW�

��� 7R�VHDUFK�IRU�%OXHWRRWK�GHYLFHV�LQ� WKH�SUR[LPLW\�SUHVV� WKH�EXWWRQ�³6HDUFK�IRU�%OXHWRRWK
GHYLFHV´�� ,W� WDNHV� DERXW� ILYH� VHFRQGV� XQWLO� WKH� %OXHWRRWK�PRGXOHV� DUH� ILQLVKHG�ZLWK� WKH
LQTXLU\�� 7KH� GHYLFHV� WKDW� DUH� IRXQG� DUH� WKHQ� GLVSOD\HG� LQ� WKH� ILHOG� XQGHU� WKH� WH[W
³$YDLODEOH�%7�GHYLFHV´��+RSHIXOO\�ERWK�WKH�MR\VWLFN�DQG�WKH�FDU�DUH�IRXQG��,Q�WKDW�FDVH�WKH
WH[WV� ³-R\VWLFN´� DQG� ³5DGLR�&RQWURO�&DU´�ZLOO� EH� GLVSOD\HG� LQ� WKH� FROXPQ� ³'HYLFH´�� ,I
XQNQRZQ�%OXHWRRWK�GHYLFHV�DUH�IRXQG�WKH\�DUH�OLVWHG�DV�D�³8QNQRZQ�GHYLFH´�

��� 3UHVV�WKH�FRPER�ER[�LQ�WKH�³&RPPDQG´�FROXPQ�WR�FRQQHFW�WKH�FDU�DQG�WKH�MR\VWLFN��7KH
FRPPDQGV�³&RQQHFW´�DQG�³'LVFRQQHFW´�DSSHDU�ZKHQ� WKH�FRPER�ER[� LV�FOLFNHG��&KRRVH
³&RQQHFW´��,Q�WKH�FROXPQ�³6WDWXV´�WKH�VXFFHVV�RI�WKH�FRPPDQG�LV�GLVSOD\HG��6RPHWLPHV
WKH�FRPPDQG�IDLOV�DQG�LW�KDV�WR�EH�JLYHQ�DJDLQ�

��� ,I�LW�LV�GHVLUHG�WR�OLPLW�WKH�VSHHG�WKLV�FDQ�EH�GRQH�ZLWK�WKH�VSHHG�VOLGHU�GRZQ�WR�WKH�ULJKW�LQ
WKH�*8,�

��� 3UHVV�WKH�EXWWRQ�³6WHHU�ZLWK�MR\VWLFN´�WR�VWHHU�WKH�FDU�

'LVWDQFH�FRQWURO�ZDV�QRW�LPSOHPHQWHG�VR�WKH�GLVWDQFH�VOLGHU�GRHV�QRW�KDYH�DQ\�IXQFWLRQ��,W�LV
EHVW� WR� H[LW� WKH� SURJUDP� E\� SUHVVLQJ� WKH� FURVV� LQ� WKH� WRS� ULJKW� FRUQHU�� 6LJQDOV� WR� UHVHW� WKH
%OXHWRRWK�PRGXOHV� DUH� WKHQ� VHQW� DQG� WKH�SURJUDP�FDQ�XVXDOO\�EH� UHVWDUWHG�ZLWKRXW�SUHVVLQJ
WKHLU� UHVHW� EXWWRQV�� ,I� VRPHWKLQJ� JRHV� ZURQJ� ZKHQ� WKH� FRQQHFWLRQV� DUH� FUHDWHG� LW� LV
UHFRPPHQGHG�WR�RSHQ�WKH�GHEXJ�ZLQGRZ�WR�VHH�WKH�LQIRUPDWLRQ��*R�WR�WKH�PHQX�³9LHZ´�DQG
SUHVV�HLWKHU�³(UURUV´�RU�³(UURUV�DQG�LQIR´��(UURU�PHVVDJHV�EHJLQ�ZLWK�³(��!´�DQG�LQIRUPDWLRQ
PHVVDJHV�EHJLQ�ZLWK�³,��!´�


