
��
�

���/����2���(1��
12�����/����1������(��(��(�������(����(��

�
�
�

��

�()2�(���(����/����(����(��2������21�
2)���(�����(�2)�12������.2���

1257�(51�67$7(6�32:(5�&203$1��
$�9$1&(��(7(50,1$7,21�2)�358�(1&(���
�($57�$1���,9,�(�:,1��,,�

&$6(�12��38����� �

�

�

���/�����21�)2��
����1�(��(�(���1���21�2)�����(1�(�

�����1��2�����21�

1RUW�HU��6WDWHV�3RZHU�&RPSD����GRL�J�EXVL�HVV�DV�;FHO�(�HUJ���;FHO�(�HUJ���RU�163��
RU� W�H� &RPSD����� VXEPLWV� WR� W�H� 1RUW�� �DNRWD� 3XEOLF� 6HUYLFH� &RPPLVVLR��
�&RPPLVVLR���W�LV�$SSOLFDWLR��IRU�D��$GYD�FH��HWHUPL�DWLR��RI�3UXGH�FH��$�3��IRU�
D�SRZHU�SXUF�DVH�DJUHHPH�W��33$��EHWZHH��W�H�&RPSD���D�G��HDUWOD�G��LYLGH�:L�G�
,,�� ��&� �6HOOHU�� IRU� �HZ�ZL�G� H�HUJ�� JH�HUDWLR�� IURP� D� ����PHJDZDWW� �0:��ZL�G�
H�HUJ��IDFLOLW����HDUWOD�G��LYLGH�,,��ORFDWHG�L��$XGXER��&RX�W���,RZD��

7�H�&RPSD���SURSRVHV�WR�XVH�W�LV�UHVRXUFH�L��VXSSRUW�RI�RXU�5HWDLO�(OHFWULF�6HUYLFH�
$JUHHPH�W� ZLW���R�H�FULVS� ��&� �D�� DIILOLDWH� RI� *RRJOH� ��&�� IRU� D� SRWH�WLDO�GDWD�
FH�WHU� L�� �HFNHU�� 0L��HVRWD� ��R�H�FULVS� ��&� (6$��� � ,�� �HFHPEHU� ������ W�H�
&RPPLVVLR��DSSURYHG�D��$�3�IRU�W�H��DNRWD�5D�JH�,,,�33$��&DVH�1R��38����������
Z�LF��ZLOO�SURYLGH�W�H�ILUVW�����0:�RI�H�HUJ���HHGHG�IRU�W�H�GDWD�FH�WHU���$V��RWHG�L��
RXU�$�3�DSSOLFDWLR�� L�� W�DW�&DVH�� W�H�&RPSD���SOD�V� WR�SURFXUH�����0:�RI�ZL�G�
H�HUJ��EHIRUH�W�H�GDWD�FH�WHU�V�FRPPHUFLDO�RSHUDWLR��GDWH��L��RUGHU�WR�FDSWXUH�IHGHUDO�
SURGXFWLR��WD[�FUHGLW��37&��SULFL�J�D�G�FRYHU�D�WLFLSDWHG�L�LWLDO�IXWXUH�ORDG�JURZW����7R�
W�DW�H�G��W�H�33$�ZLW���HDUWOD�G��LYLGH�,,���HDUWOD�G��LYLGH�,,�33$��ZLOO�SURYLGH�W�H�
UHPDL�L�J�����0:�RI�ZL�G�H�HUJ���HHGHG�WR�L�LWLDOO��VHUYH�W�H�GDWD�FH�WHU�ORDG���

7�H�UHPDL�L�J����0:�SURYLGHG�X�GHU�W�H��HDUWOD�G��LYLGH�,,�33$�ZLOO�EH�DVVLJ�HG�WR�
W�H��5H�HZDEOH�&R��HFW��SURJUDP�L��0L��HVRWD��Z�LF��RIIHUV�0L��HVRWD�FXVWRPHUV�
W�H�RSWLR��WR�YROX�WDULO��SXUF�DVH�EORFNV�RI�UH�HZDEOH�H�HUJ��� �$V� VXF��� W�H�H�HUJ��
FRVWV�ZLOO�EH�ERU�H�GLUHFWO��E��SDUWLFLSD�WV�L��W�DW�SURJUDP��7�H�&RPSD����DV�D�IXOO��
VXEVFULEHG�ZDLWL�J�OLVW�IRU�5H�HZDEOH�&R��HFW��D�G�DV�D�UHVXOW�L�WH�GV�WR�DVVLJ�����0:�
RI� W�LV� ���� 0:� 33$� WR� VXSSRUW� D�� H[SD�VLR�� RI� W�DW� SURJUDP�� �HFDXVH� W�H�
5H�HZDEOH�&R��HFW� SURJUDP� LV�0L��HVRWD�EDVHG�� D�G� H�HUJ�� IURP� W�LV� ���0:� RI�
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�HDUWOD�G��LYLGH�ZLOO��RW�EH� DOORFDWHG� WR�RXU�1RUW���DNRWD�FXVWRPHUV��ZH�DUH��RW�
VHHNL�J�D��$�3�IRU�W�LV�SRUWLR��RI�W�H�SURMHFW�SXUVXD�W�WR�W�H�6HWWOHPH�W�$JUHHPH�W�
L��&DVH�1R��38����������

7�H�SXUF�DVH�RI��HZ�ZL�G�JH�HUDWLR��IURP��HDUWOD�G��LYLGH�,,�OLNHO��UHSUHVH�WV�R�H�
RI�W�H� ODVW�RSSRUWX�LWLHV� IRU� L�FUHPH�WDO�ZL�G�JH�HUDWLR��ZH� FD��SXUVXH� L�� W�H��HDU�
IXWXUH�� L��RUGHU�WR�VHUYH�W�H�SOD��HG�GDWD�FH�WHU�� �$V�W�H�&RPSD����DV�GLVFXVVHG�L��
RW�HU� SURFHHGL�JV� EHIRUH� W�H� &RPPLVVLR���� W�H�0LGFR�WL�H�W� ,�GHSH�GH�W� 6�VWHP�
2SHUDWRU�V� �0,62�V��JH�HUDWRU� L�WHUFR��HFWLR��TXHXH�VWXG��SURFHVV� FR�WL�XHV�WR�EH�
RYHUVXEVFULEHG�D�G�EH�L�G�VF�HGXOH���6WXGLHV�DUH�RIWH���RW�FRPSOHWHG�R��WLPH�GXH�L��
SDUW� WR� VWXG��FRRUGL�DWLR�� UHTXLUHG�E�� W�H�VHDP�ZLW��6RXW�ZHVW�3RZHU�3RRO� �633����
)XUW�HU��Z�H��VWXGLHV�DUH�FRPSOHWHG���HZ�ZL�G�JH�HUDWLR��UHVRXUFHV�DUH�RIWH��DVVLJ�HG�
�LJ��WUD�VPLVVLR��XSJUDGH�FRVWV�D�G��DV�D�UHVXOW�� W�H��PD��ZLW�GUDZ�IURP�W�H�TXHXH�
H�WLUHO�����

*LYH��W�HVH�R�JRL�J�F�DOOH�JHV��D�G�W�H��HHG�WR�EUL�J�DGGLWLR�DO�UH�HZDEOH�H�HUJ��R�WR�
RXU� V�VWHP� WR�PHHW�RXU�REOLJDWLR�V�X�GHU� W�H��R�H�FULVS���&�(6$�� W�H�&RPSD���
FR�GXFWHG�D�WDUJHWHG�VROLFLWDWLR��RI�UHVRXUFH�RSWLR�V�DYDLODEOH�L��0,62��RFDO�5HVRXUFH�
�R�HV� �� D�G� �� W�DW� �DG� �� RU� W�DW� ZH� W�RXJ�W� FRXOG� VRR�� �DYH� �� WUD�VPLVVLR��
L�WHUFR��HFWLR��FRVW�FHUWDL�W����:H�LGH�WLILHG�WZR�SURMHFWV�W�DW�ZH�EHOLHYHG�FRXOG�PHHW�
W�HVH� UHTXLUHPH�WV�� D�G� RI� W�RVH�� �HDUWOD�G��LYLGH� ,,� �� ORFDWHG� L�� FH�WUDO� ,RZD� ��
SURYLGHG�D�ELG�D�G�H�JDJHG�L���HJRWLDWLR�V�ZLW��W�H�&RPSD���IRU�D�33$���7�H�UHVXOW�
RI�W�HVH��HJRWLDWLR�V�LV�W�H��HDUWOD�G��LYLGH�,,�33$��SUHVH�WHG�WR�W�H�&RPPLVVLR��L��
W�LV�$SSOLFDWLR���

2XU� HFR�RPLF� D�DO�VLV� RI� W�H� �HDUWOD�G� �LYLGH� ,,� 33$� L�GLFDWHV� W�DW� LW� LV� D��
HFR�RPLFDOO��EH�HILFLDO� RSWLR�� WR� PHHW� RXU� REOLJDWLR�V� X�GHU� W�H� �R�H�FULVS� ��&�
(6$���&R�VLVWH�W�ZLW��W�H�DSSURDF��ZH�XVHG�WR�HYDOXDWH�W�H��DNRWD�5D�JH�,,,�33$�L��
&DVH�1R��38���������ZH�PRGHOHG�W�H��HDUWOD�G��LYLGH�,,�33$�V�HFR�RPLF�FRVWV�D�G�
EH�HILWV�L��W�H�FR�WH[W�RI�RXU�IXOO�V�VWHP���FR�VLVWH�W�ZLW��RXU�PRVW�UHFH�W�,�WHJUDWHG�
5HVRXUFH� 3OD��� � 7�LV� PRGHOL�J� V�RZV� W�DW� W�H� H�WLUH� ���� 0:� 3URMHFW� UHVXOWV� L��

�������������������������������������������
��1��6WDWH��3R�HU��R���OH���5DWH����UHD�H��SSOL�DWLR���&DVH�1R��38���������25�(5�$�237,1*�
6(77�(0(17�$*5((0(17�DW���RI�DWWDF�HG�6HWWOHPH�W�$JUHHPH�W���HF��������������RWL�J�
W�DW�W�H�&RPSD���ZLOO�ILOH�IRU�D��$�3�IRU�D���UHVRXUFH�DGGLWLR��RI�DW�OHDVW����0:�LI�W�H�&RPSD���
SURSRVHV�WR�DOORFDWH�DOO�RU�SDUW�RI�W�H�FRVWV�WR�1RUW���DNRWD���
�6HH�&DVH�1R��38���������,��W�H�0DWWHU�RI�W�H�$SSOLFDWLR��RI�1RUW�HU��6WDWHV�3RZHU�&RPSD���IRU�
D��$GYD�FHG��HWHUPL�DWLR��RI�3UXGH�FH�IRU�W�H������0:�0RZHU�&RX�W��:L�G�)DFLOLW����LUHFW�
7HVWLPR���RI�3�-��0DUWL��DW�����$XJXVW������������
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FXVWRPHU�EH�HILWV�R��D�V�VWHP�ZLGH�EDVLV�RI�������PLOOLR���R��D�SUHVH�W�YDOXH�RI�UHYH�XH�
UHTXLUHPH�WV��3955��EDVLV����

1RWZLW�VWD�GL�J� W�H� �HHG� IRU� W�LV� 33$� WR� VXSSRUW� W�H� SOD��HG� GDWD� FH�WHU�� W�H�
&RPSD��� LV� UHTXHVWL�J� DSSURYDO�RI� W�H��HDUWOD�G��LYLGH� ,,�33$� DV� D� ���WHP� H�HUJ��
UHVRXUFH��EHFDXVH�W�H�DWWUDFWLYH�SULFH�RI�H�HUJ��X�GHU�W�H�33$�ZLOO�ORZHU�163�V�RYHUDOO�
IXHO�FRVWV�D�G�UHVXOW�L�� VLJ�LILFD�W� EH�HILWV� IRU� W�H� &RPSD���V� FXVWRPHUV���7�XV��W�H�
33$�ZLOO�JH�HUDWH�VDYL�JV�IRU�FXVWRPHUV�HYH��LI�W�H�GDWD�FH�WHU�ORDG�GRHV��RW�PDWHULDOL]H�
RU�XVH�DOO�����0:�RI�W�H�UH�HZDEOH�H�HUJ��SURFXUHG�WR�VHUYH�LW���

$OW�RXJ��W�H�GDWD�FH�WHU�ORDG�ZLOO�EH�EDVHG�L��0L��HVRWD��1RUW���DNRWD�FXVWRPHUV�ZLOO�
EH�HILW�IURP�W�H�LPSDFW�W�DW�W�H�L�FUHDVHG�0L��HVRWD�ORDG��DV�R��W�H�DOORFDWLR��RI�163�
6�VWHP� FRVWV�� � 6SHFLILFDOO��� W�H� DGGLWLR�DO� ORDG� ZLOO� UHVXOW� L�� W�H� UHGXFWLR�� RI� W�H�
SHUFH�WDJH�RI�RYHUDOO�V�VWHP�FRVWV�SDLG�IRU�E��1RUW���DNRWD�FXVWRPHUV�X�GHU�ERW��W�H�
���PR�W��FRL�FLGH�W�SHDN����&3��GHPD�G�DOORFDWRU�D�G�W�H�H�HUJ��DOORFDWRU�� �*LYH��
W�H�3955�VDYL�JV�GHVFULEHG�DERYH�D�G�W�H�IXUW�HU�VDYL�JV�IRU�1RUW���DNRWD�FXVWRPHUV�
JH�HUDWHG�E��W�LV�MXULVGLFWLR�DO�V�LIW�L��V�VWHP�FRVWV��W�H�SURSRVHG��HDUWOD�G��LYLGH�,,�
33$�LV�SUXGH�W��DV� LW�UHSUHVH�WV�D��RSSRUWX�LW��WR� ORZHU�FXVWRPHUV��IXHO�FRVWV�Z�LOH�
IDFLOLWDWL�J� W�H� DGGLWLR�� RI� W�H�GDWD� FH�WHU� ORDG� WR� W�H�163� 6�VWHP�� � 7�H�&RPSD���
W�HUHIRUH�UHVSHFWIXOO��UHTXHVWV�W�DW�W�H�&RPPLVVLR��JUD�W�W�H�UHTXHVWHG�$�3�IRU�W�H�
�HDUWOD�G��LYLGH�,,�33$��

,��VXSSRUW�RI�W�H�&RPSD���V�$SSOLFDWLR���;FHO�(�HUJ��SURYLGHV�W�H�IROORZL�J��LUHFW�
7HVWLPR����

• 3ROLF��7HVWLPR�����0U��&�ULVWRS�HU�-��6�DZ�
• 5HVRXUFH�3OD��L�J�7HVWLPR�����0V��)DUD�����0D�GLF��

7�H�UHPDL�GHU�RI�W�LV�$SSOLFDWLR��DGGUHVVHV�W�H�IROORZL�J��

• �HVFULSWLR��RI�$SSOLFD�W��
• &RPPX�LFDWLR��D�G�6HUYLFH��
• 6WD�GDUG�RI�5HYLHZ��
• $XW�RULW��IRU�5HOLHI�5HTXHVWHG��
• �HVFULSWLR��D�G�3XUSRVH�RI�)LOL�J��
• (FR�RPLF�$�DO�VLV��
• 3UXGH�FH�RI�W�H��HDUWOD�G��LYLGH�,,�33$��D�G�
• &R�FOXVLR���



��
�

���/����2���(1��
12�����/����1������(��(��(�������(����(��

�
�
�

��

������2��/��1�(�����(���

�� �HVFULS�LR��RI��SSOLFD���

;FHO�(�HUJ�� LV� D�0L��HVRWD� FRUSRUDWLR��GXO�� DXW�RUL]HG� WR� FR�GXFW�EXVL�HVV� L�� W�H�
6WDWH�RI�1RUW���DNRWD�DV�D�IRUHLJ��FRUSRUDWLR����7�H�&RPSD���FR�GXFWV�EXVL�HVV�L��
W�H�6WDWH�RI�1RUW���DNRWD�DV�D�SXEOLF�XWLOLW��VXEMHFW�WR�W�H�MXULVGLFWLR��D�G�UHJXODWLR��
RI�W�H�&RPPLVVLR��SXUVXD�W�WR�7LWOH����RI�W�H�1RUW���DNRWD�&H�WXU��&RGH��1���&�&�����
7�H��DPH�D�G�DGGUHVV�RI�;FHO�(�HUJ��LV��

1RUW�HU��6WDWHV�3RZHU�&RPSD����D�0L��HVRWD�FRUSRUDWLR��
����1LFROOHW�0DOO�
0L��HDSROLV��0L��HVRWD�������

;FHO�(�HUJ��DOVR�RSHUDWHV�L��1RUW���DNRWD�IURP�W�H�IROORZL�J�DGGUHVV��

1RUW�HU��6WDWHV�3RZHU�&RPSD���
�����*UHDW�1RUW�HU���ULYH�
)DUJR��1RUW���DNRWD�������

7�H� &RPSD���V� &HUWLILFDWH� RI� ,�FRUSRUDWLR�� ZLW�� DPH�GPH�WV� D�G� &HUWLILFDWH� RI�
$XW�RULW��ZHUH� ILOHG�ZLW�� W�H�&RPPLVVLR��R��6HSWHPEHU����� ������ D�G�2FWREHU�����
������ UHVSHFWLYHO��� L��&DVH�1R��38��������� � &XUUH�W� &HUWLILFDWHV� RI�*RRG� 6WD�GL�J�
LVVXHG�E��W�H�1RUW���DNRWD�D�G�0L��HVRWD�6HFUHWDULHV�RI�6WDWH�ZHUH�ILOHG�L��W�H�VDPH�
FDVH�R��-D�XDU�����������D�G�DUH�L�FRUSRUDWHG��HUHL��E��UHIHUH�FH��

;FHO�(�HUJ���DV�VHUYLFH�WHUULWRU��L��ILYH�XSSHU�0LGZHVW�VWDWHV�L�FOXGL�J�1RUW���DNRWD���
7�H�&RPSD���SUHVH�WO�� VHUYHV�DSSUR[LPDWHO���������UHWDLO�HOHFWULF� FXVWRPHUV� L��D�G�
DURX�G�)DUJR��*UD�G�)RUNV��D�G�0L�RW��1RUW���DNRWD��D�G�RZ�V�DSSUR[LPDWHO��������
FR�GXFWRU�PLOHV�RI�WUD�VPLVVLR��D�G�������FR�GXFWRU�PLOHV�RI�HOHFWULF�GLVWULEXWLR��OL�HV�
L��1RUW���DNRWD��

�� �RPPX�LFD�LR��D�G��HUYLFH�

7�H� &RPSD��� UHVSHFWIXOO�� UHTXHVWV� W�DW� W�H� IROORZL�J� SHUVR�V� EH� SODFHG� R�� W�H�
&RPPLVVLR��V�RIILFLDO�VHUYLFH�OLVW�IRU�DOO�RIILFLDO�FRPPX�LFDWLR�V�L��W�LV�FDVH��

�DYLG����6HGHUTXLVW�
6U��&R�VXOWD�W��5HJXODWLR����)L�D�FH�
;FHO�(�HUJ��

5HJXODWRU��5HFRUGV�
5HFRUGV�6SHFLDOLVW�
;FHO�(�HUJ��
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�����*UHDW�1RUW�HU���ULYH�
)DUJR��1RUW���DNRWD�������
GDYH�VHGHUTXLVW�[FHOH�HUJ��FRP�

����1LFROOHW�0DOO�
0L��HDSROLV��0L��HVRWD�������
UHJXODWRU��UHFRUGV�[FHOH�HUJ��FRP�

�

�� ��D�GDUG�RI��HYLH��

1RUW�� �DNRWD� &H�WXU�� &RGH� VHFWLR��������������G�� DXW�RUL]HV� W�H� &RPPLVVLR�� WR�
LVVXH�D��$�3�LI�LW��GHWHUPL�HV�W�DW�W�H�UHVRXUFH�DGGLWLR��LV�SUXGH�W���7�LV�VWD�GDUG�LV�
VLPLODU�WR�W�H���R�HVWO��D�G�SUXGH�WO��L�YHVWHG��VWD�GDUG�W�DW�W�H�&RPPLVVLR��XVHV�IRU�
UDWHPDNL�J���7�H�JH�HUDO�SUXGH�FH�VWD�GDUG�FDOOV�IRU�GHWHUPL�L�J�Z�HW�HU�W�H�XWLOLW��
DFWLR��ZDV�UHDVR�DEOH�DW�W�H�WLPH�LW�ZDV�WDNH��X�GHU�DOO�UHOHYD�W�FLUFXPVWD�FHV���8�GHU�
6HFWLR���������������W�H�&RPPLVVLR��PD��LVVXH�D��RUGHU�DSSURYL�J�W�H�SUXGH�FH�RI�D�
SURSRVHG�SURMHFW�LI�IRXU�FR�GLWLR�V�DUH�PHW��

D� 7�H�SXEOLF�XWLOLW��ILOHV�ZLW��LWV�DSSOLFDWLR��D�SURMHFWLR��RI�FRVWV�WR�W�H�
GDWH�RI�W�H�D�WLFLSDWHG�FRPPHUFLDO�RSHUDWLR��RI�W�H�UHVRXUFH�DGGLWLR���

E� 7�H�SXEOLF�XWLOLW��ILOHV�ZLW��LWV�DSSOLFDWLR��D�IHH�L��W�H�DPRX�W�RI�R�H�
�X�GUHG�VHYH�W��ILYH�W�RXVD�G�GROODUV����������

F� 7�H�FRPPLVVLR��SURYLGHV��RWLFH�D�G��ROGV�D��HDUL�J��LI�DSSURSULDWH��
L��DFFRUGD�FH�ZLW��VHFWLR������������D�G�

G� 7�H�FRPPLVVLR��GHWHUPL�HV�W�DW�W�H�UHVRXUFH�DGGLWLR��LV�SUXGH�W���)RU�
IDFLOLWLHV� ORFDWHG� RU� WR� EH� ORFDWHG� L�� W�LV� VWDWH� W�H� FRPPLVVLR��� L��
GHWHUPL�L�J�Z�HW�HU�W�H�UHVRXUFH�DGGLWLR��LV�SUXGH�W��V�DOO�FR�VLGHU�
W�H�EH�HILWV�RI��DYL�J�W�H�UHVRXUFH�DGGLWLR��ORFDWHG�L��W�LV�VWDWH��

�� �X�KRUL���IRU��HOLHI��HTXHV�HG�

1RUW���DNRWD�&H�WXU��&RGH�VHFWLR�����������DOORZV�IRU�D�SXEOLF�XWLOLW��WR�VHHN�D��$�3�
IURP�W�H�&RPPLVVLR��DW�W�H�XWLOLW��V�GLVFUHWLR����3XUVXD�W�WR�W�H�6HWWOHPH�W�$JUHHPH�W�
L��&DVH�1R��38���������W�H�&RPSD���LV�REOLJDWHG�WR�ILOH�D��DSSOLFDWLR��IRU�D��$�3�IRU�
LWV�DFTXLVLWLR��RI�JH�HUDWL�J�UHVRXUFHV�DERYH����0:���;FHO�(�HUJ���DV�FRPPLWWHG�WR�

�������������������������������������������
��6HH�1���&�&��������������
��6HH�&�DUOHV�)��3�LOLSV��-U���7�H�5HJ�ODWLR��RI�3�EOL���WLOLWLH����7�HRU��D�G�3UD�WL�H�DW������3XEOLF�8WLOLW��
5HSRUWV���������HH�DO�R��DYLG�-��0XF�RZ���:LOOLDP�$��0RJHO����HUJ��/D��D�G�7UD��D�WLR���DW���
������@�E@���������
��1��6WDWH��3R�HU��R���OH���5DWH����UHD�H��SSOL�DWLR���&DVH�1R��38���������25�(5�$�237,1*�
6(77�(0(17�$*5((0(17�DW���RI�DWWDF�HG�6HWWOHPH�W�$JUHHPH�W���HF�������������
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ILOL�J� LWV� $�3� DSSOLFDWLR�V� ZLW�L�� IRXUWHH�� GD�V� RI� VHHNL�J� VLPLODU� DSSURYDOV� L��
0L��HVRWD���)XUW�HU��SXUVXD�W�WR�W�H�&RPPLVVLR��V�)HEUXDU�����������2UGHU�$GRSWL�J�
6HWWOHPH�W�L��&DVH�1R��38���������W�H�&RPSD����DV�FRPPLWWHG��RW�L�FOXGH�UH�HZDEOH�
H�HUJ�� UHVRXUFHV�RU�SXUF�DVHV�RYHU����0:� L�� W�H�)XHO�&RVW�5HFRYHU�� �)&5�� ULGHU�
X�OHVV�D�G�X�WLO�W�H�&RPPLVVLR��JUD�WV�D��$�3�IRU�W�H�UHVRXUFH����

:LW�� W�LV�$SSOLFDWLR���W�H�&RPSD����DV�PHW� LWV�ILOL�J�REOLJDWLR�V�� �7�LV�$SSOLFDWLR��
FRPSOLHV�ZLW��W�H�UHTXLUHPH�WV�RI�1���&�&�������������D�G�W�H�6HWWOHPH�W�$JUHHPH�WV�
L��&DVH�1RV��38��������D�G�38����������$GGLWLR�DOO���W�H�&RPSD���LV�VXEPLWWL�J�W�LV�
$SSOLFDWLR�� R�� W�H� VDPH� GD�� W�DW� LW� ILOHV� D� VLPLODU� DSSOLFDWLR�� IRU� DSSURYDO� RI� W�H�
�HDUWOD�G��LYLGH�,,�33$�L��0L��HVRWD��

�������(�������21��1������2�(�2)�)�/�1��

�� �URMHF���DFN�URX�G�D�G�1HHG�

7�H� �HDUWOD�G��LYLGH� :L�G� ,,� 3URMHFW� ZLOO� EH� D� ����0:� ZL�G� IDFLOLW�� ORFDWHG� L��
$XGXER�� &RX�W��� ,RZD� ZLW�� D� WDUJHWHG� &RPPHUFLDO� 2SHUDWLR�� �DWH� �&2��� RI�
�HFHPEHU����������D�G�D�33$�WHUP�RI�����HDUV���7�H�3URMHFW�ZLOO�L�WHUFR��HFW�WR�W�H�
0,62�V�VWHP�DW�0LG$PHULFD��(�HUJ��V�)DOORZ�$YH�XH�����N9�VXEVWDWLR���ORFDWHG�L��
$GDLU�&RX�W���,RZD��7�LV�DUHD�LV�L��0,62�V��RFDO�5HVRXUFH��R�H�����7�H�3URMHFW�ZLOO�
FR�VLVW�RI������(��(��(���(��1���������

����������������������������������������������������������������(��(��(��(1������3HUPLWWL�J�
IRU� W�H�SURMHFW�V� WUD�VPLVVLR�� WLH�OL�H� LV� FXUUH�WO��X�GHU� UHYLHZ�E�� W�H�,RZD�8WLOLWLHV�
�RDUG���
�

�������������������������������������������
��1��6WDWH��3R�HU��R���G�D��H�3U�GH��H���*HUR�LPR��L�G��SSOL�DWLR���&DVH�1R��38���������(77(5�2)�
&200,70(17��1RY������������
��1��6WDWH��3R�HU��R���OH���5DWH����UHD�H��SSOL�DWLR���&DVH�1R��38���������25�(5�$�237,1*�
6(77�(0(17�DW����RI�DWWDF�HG�6HFR�G�$PH�GHG�&RPSUH�H�VLYH�6HWWOHPH�W�$JUHHPH�W��)HE��
�����������
��2��6HSWHPEHU������������HDUWOD�G��LYLGH�:L�G�,,�ILOHG�D��3HWLWLR��IRU�(OHFWULF�7UD�VPLVVLR���L�H�
)UD�F�LVH��ZLW��W�H�,RZD�8WLOLWLHV��RDUG��,8���SXUVXD�W�WR�,RZD�&RGH�&�DSWHU�����D�G�����,$&�
&�DSWHU������7�H�3HWLWLR��LV�EHL�J�UHYLHZHG�L��,8���RFNHW�1R��(��������7�LV�3URMHFW�LV��RW�
FXUUH�WO��VXEMHFW�WR�D�&HUWLILFDWH�RI�3XEOLF�&R�YH�LH�FH�D�G�1HFHVVLW��UHTXLUHPH�W�EHIRUH�W�H�,8���
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�� 1HHG�IRU��KH��URMHF��

$V� �RWHG� DERYH�� W�H� &RPSD��� SXUVXHG� W�H� �HDUWOD�G��LYLGH� ,,� 33$� WR� IXOILOO� LWV�
REOLJDWLR�V�X�GHU�W�H��R�H�FULVS���&�(6$��D�G�ZLOO�XVH�W�H�DGGLWLR�DO����0:�RI�W�H�
33$�WR�VXSSRUW�D��H[SD�VLR��RI�W�H�5H�HZDEOH�&R��HFW�SURJUDP�L��0L��HVRWD���
�

�� �R�H��UL�S�//���6��
�
,��������W�H�&RPSD���D��RX�FHG�LW��DG�UHDF�HG�D��DJUHHPH�W�ZLW���R�H�FULVS���&�
�D��DIILOLDWH�RI�*RRJOH���&��WR�GHYHORS�D�GDWD�FH�WHU�FDPSXV�DW�W�H�&RPSD���V�6�HUFR�
JH�HUDWL�J� SOD�W� VLWH� L�� 6�HUEXU�H� &RX�W��� 0L��HVRWD�� � 7R� VXSSRUW� W�LV� HFR�RPLF�
GHYHORSPH�W�SURMHFW��W�H�&RPSD���D�G��R�H�FULVS�H[HFXWHG�D�5HWDLO�(OHFWULF�6HUYLFH�
$JUHHPH�W�WR�VHUYH�W�H�SOD��HG�GDWD�FH�WHU��$V�SUHVH�WHG�E��W�H�&RPSD���L��&DVH�1R��
38���������D�FULWLFDO�SLHFH�RI�W�H��R�H�FULVS���&�(6$�LV�W�H�SURFXUHPH�W�RI�H�RXJ��
L�FUHPH�WDO�UH�HZDEOH�JH�HUDWLR��WR�PDWF��W�H�GDWD�FH�WHU�VLWH�V�H[SHFWHG�D��XDO�H�HUJ��
XVH���3UDFWLFDOO���W�LV�ZLOO�EH�GHPR�VWUDWHG�E��UHWLUL�J�5H�HZDEOH�(�HUJ��&UHGLWV��5(&V��
L��DPRX�WV�HTXDO�WR�W�H�VLWH�V�D��XDO�H�HUJ��XVH���3ULRU�WR�W�LV��HZ�ORDG�EHL�J�UHDOL]HG�
R��RXU�V�VWHP��W�H�&RPSD���FD���ED�N��5(&V�IRU�W�H�HOHFWULFLW��JH�HUDWHG��ZLW��W�H�
RSSRUWX�LW��WR�ODWHU�XVH�W�H�ED�NHG�5(&V�WR�RIIVHW�IXWXUH�H�HUJ��XVH�DW�W�H�GDWD�FH�WHU���
�
:H�HVWLPDWHG��DW�W�H�WLPH�ZH�VLJ�HG�W�H��R�H�FULVS���&�(6$��W�DW�W�H�&RPSD���
ZRXOG��HHG�WR�SURFXUH�D��L�LWLDO�����0:�RI�L�FUHPH�WDO�ZL�G�JH�HUDWLR��IXOILOO�LWV�
(6$�REOLJDWLR�V��7�H�&RPPLVVLR��SUHYLRXVO��DSSURYHG�W�H��DNRWD�5D�JH�,,,�33$�
�&DVH�1R��38���������WR�ILOO�DSSUR[LPDWHO���DOI�RI�W�LV�FRPPLWPH�W��D�G�W�H�
�HDUWOD�G��LYLGH�,,�3URMHFW�LV�H�YLVLR�HG�WR�IXOILOO�W�H�UHPDL�L�J�SRUWLR����
�
7�H��HDUWOD�G��LYLGH�,,�33$�LV��HFHVVDU��IRU�VXSSRUWL�J�W�H�GDWD�FH�WHU��Z�LF��LWVHOI�
V�RXOG�SURYLGH�VLJ�LILFD�W�FRVW�V�DUL�J�EH�HILWV�WR�DOO�163�FXVWRPHUV��L�FOXGL�J�1RUW��
�DNRWD�FXVWRPHUV�� ��XW�HYH��LI�W�H�GDWD�FH�WHU�ZHUH�WR��RW��HHG�DOO�RI�W�H�HOHFWULFLW��
SURGXFHG� E�� W�H� �HDUWOD�G� �LYLGH� ,,� ZL�G� IDFLOLW��� W�LV� 33$� ZRXOG� VWLOO� EH�HILW�
FXVWRPHUV�DV�D�V�VWHP�UHVRXUFH��EHFDXVH�W�H�IL[HG�H�HUJ��SULFL�J�IURP�W�LV�33$�ZLOO�
ORZHU�W�H�&RPSD���V�RYHUDOO�IXHO�FRVWV�D�G�UHVXOW�L��ORZHU�FRVWV�IRU�FXVWRPHUV���
�

�� 5H�H�DEOH��R��H�W�
�
7�H�&RPSD���SOD�V�WR�XVH�W�H�UHPDL�L�J����0:�RI�W�H��HDUWOD�G��LYLGH�,,�3URMHFW�WR�
ILOO� RXW� W�H� SRUWIROLR� RI� UHVRXUFHV� �HHGHG� IRU� D� FXVWRPHU�GULYH�� H[SD�VLR�� RI� RXU�
5H�HZDEOH�&R��HFW� SURJUDP� L�� 0L��HVRWD�� 7�H� &RPSD��� EHJD�� RIIHUL�J� W�H�
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5H�HZDEOH�&R��HFW�SLORW�L�������WR�PHHW�FXVWRPHU�GHPD�G�IRU�D�YROX�WDU��JUHH��WDULII��
FR�VLVWH�W� ZLW�� 0L��HVRWD�V� 5H�HZDEOH� D�G� �LJ��(IILFLH�F�� 5DWH� 2SWLR�V� VWDWXWH�
�0L����6WDW����������������7�HUH�DUH�FXUUH�WO��RYHU�������FXVWRPHUV�R��W�H�ZDLWL�J�OLVW�
IRU�W�H�5H�HZDEOH�&R��HFW�SURJUDP��D�G�W�H��HDUWOD�G��LYLGH�,,�3URMHFW�UHSUHVH�WV�
W�H�IL�DO�SLHFH�RI�RXU� VRXUFL�J�SOD�� WR� VHUYH� W�HVH�SURVSHFWLYH�FXVWRPHUV��$V��RWHG�
DERYH��W�H�&RPSD���LV��RW�VHHNL�J�D��$�3�IRU�W�H����0:�RI�W�H��HDUWOD�G��LYLGH�,,�
33$�GLUHFWHG�WR�W�H�5H�HZDEOH�&R��HFW�SURJUDP�EHFDXVH�W�H�FRVWV�D�G�H�HUJ��IURP�
W�LV�SRUWLR��RI�W�H�3URMHFW�ZLOO��RW�EH�DOORFDWHG�WR�RXU�1RUW���DNRWD�FXVWRPHUV���
�
�� �URMHF���HOHF�LR���URFHVV�

7�H�&RPSD���D�G�6HOOHU�DJUHHG�XSR��W�H��HDUWOD�G��LYLGH�,,�33$�DIWHU�D�VROLFLWDWLR��
D�G�FR�WUDFW��HJRWLDWLR��SURFHVV�W�DW�ZDV�L�LWLDWHG�E��W�H�&RPSD���L�������WR�PHHW�
RXU�REOLJDWLR�V�X�GHU�W�H��R�H�FULVS���&�(6$��$V�SUHYLRXVO���RWHG��ZH�H�FRX�WHUHG�
VLJ�LILFD�W�F�DOOH�JHV�L��LGH�WLI�L�J�D�G��HJRWLDWL�J�33$V�IRU�SRWH�WLDO��HZ�SURMHFWV�
LGH�WLILHG�W�URXJ��W�LV�VROLFLWDWLR���L��SDUW�GXH�WR�W�H�VWDWH�RI�W�H�0,62�JH�HUDWRU�
L�WHUFR��HFWLR��TXHXH�D�G��HIL�LWLYH�3OD��L�J�3URFHVV���33��VWXGLHV��0,62�
FRPSOHWHV��33�6WXGLHV�L��RUGHU�WR�LGH�WLI��L�WHUFR��HFWLR��XSJUDGHV�UHTXLUHG�IRU�D�
SURMHFW�WR�L�WHUFR��HFW��DOR�J�ZLW��W�H�HVWLPDWHG�FRVWV��
�
$V�SURMHFWV�FR�WL�XH�WR�ZLW�GUDZ�IURP�W�H�L�WHUFR��HFWLR��TXHXH��ZH�FR�WL�XH�WR�
D�WLFLSDWH�F�DOOH�JHV�L��RXU�DELOLW��WR�SURFXUH�JUHH�ILHOG�SURMHFWV�L��W�H��HDU�WHUP��
SDUWLFXODUO��L��W�H�WLPHIUDPH�UHTXLUHG�IRU�XV�WR�IXOILOO�RXU�VSHFLILF�FXVWRPHU�SURJUDP�
�HHGV���7�HUH�DUH�WZR�NH��UHDVR�V�IRU�W�LV������33�VWXGLHV�DUH�URXWL�HO��GHOD�HG��D�G�
���SURMHFWV�DUH�RIWH��DVVLJ�HG�VXF���LJ��L�WHUFR��HFWLR��XSJUDGH�FRVWV�W�DW�W�H��DUH�
X�DEOH�WR�H[HFXWH�D�G�GHOLYHU�R��33$V�ZLW��UH�HZDEOH�H�HUJ��EX�HUV��OLNH�W�H�
&RPSD�����
�
$V�D�UHVXOW�RI�W�HVH�WUD�VPLVVLR��FRVW�LVVXHV��PD���SRWH�WLDO�SURMHFWV�W�DW�ZHUH�ILUVW�
LGH�WLILHG�L��W�H������ZL�G�VROLFLWDWLR��GURSSHG�RXW�RU�GHFOL�HG�WR�SURYLGH�ELGV��$W�
W�H�H�G�RI�W�H�SURFHVV��ZH�FR�FOXGHG�W�DW�W�H��HDUWOD�G��LYLGH�,,�SURSRVDO�ZDV�W�H�
R�O��RSWLR��W�DW��DG�DF�LHYHG�WUD�VPLVVLR��FHUWDL�W��D�G�UHPDL�HG�DYDLODEOH�IRU�
SURFXUHPH�W��:�LOH�LW�LV�ORFDWHG�L��,RZD���RXWVLGH�RXU�VHUYLFH�DUHD�D�G�L��D�GLIIHUH�W�
0,62��R�H���ZH�GHWHUPL�HG�LW�DOLJ�HG�ZLW��RXU�FXVWRPHUV��L�WHUHVWV�L��OLJ�W�RI�W�H�
FXUUH�W�PDUNHW�FR�VWUDL�WV��:H��RWH�W�H�SURMHFW�GLVSOD�HG�IDYRUDEOH�HFR�RPLFV�D�G���
Z�H��FRPSDUHG�WR�RW�HU�SURMHFWV�ELG�L�WR�RXU�L�LWLDO������VROLFLWDWLR����VFRUHG�
IDYRUDEO��R��DOO�TXDOLWDWLYH�IDFWRUV�E��Z�LF��ZH�HYDOXDWHG�ELGV��VXF��DV�33$�
FR�IRUPLW��D�G�WUD�VPLVVLR��FHUWDL�W��PHWULFV��)RU�W�HVH�UHDVR�V��ZH�VXEVHTXH�WO��
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PRYHG�IRUZDUG�ZLW���HJRWLDWLR�V�W�DW�FXOPL�DWHG�L��W�H�33$�FR�WHPSODWHG�L��W�LV�
$SSOLFDWLR����
�
�� .H�������HUPV�

�� 3�U��D�H�3UL�H�

,�� W�H� �HDUWOD�G��LYLGH� ,,� 33$�� ;FHO�(�HUJ�� DJUHHV� WR� SXUF�DVH� H�HUJ�� IURP� W�H�
3URMHFW��HVWLPDWHG�WR�EH�DSSUR[LPDWHO�������(��(��(���(��1���������

�������������� �� �� ����(� �(��(�� (1���� DW� D� SULFH� �����(� �(��(��
�(��1��������

����������������(��(��(��(1�����7�H�HVWLPDWHG�OHYHOL]HG�FRVW�RI�W�H�FR�WUDFW�
LV������(��(��(���(��1�������� � � ����������(��(��(��(1�����
7�H� &RPSD��� ZLOO� SXUF�DVH� 7HVW� (�HUJ�� SULRU� WR� &2�� DW� �����(� �(��(��
�(��1�������� � � � � � � �� �� �� ����(� �(��(��
(1������

�� �RPPHU�LDO�2SHUDWLR���DWH�D�G�7HUP�

7�H�FXUUH�W�WDUJHW�&2��LV��HFHPEHU�����������7�H�&RPSD���LV��RW�REOLJDWHG�WR�
DFFHSW�D�&2��SULRU�WR������(��(��(���(��1�������� � � � ������
����(��(��(��(1�����,I�6HOOHU�IDLOV�WR�DF�LHYH�W�H�WDUJHW�&2���LW�LV�UHTXLUHG�WR�
SD��W�H�&RPSD����LTXLGDWHG��HOD���DPDJHV�RI������(��(��(���(��1��������
� �������������(��(��(��(1����SHU�GD��L��OLHX�RI�DFWXDO�GDPDJHV����
�
7�H�WHUP�RI�W�H�33$�LV�WZH�W��ILYH�������HDUV�H�GL�J�DW�W�H�H�G�RI�W�H�PR�W��RI�W�H�
WZH�W��ILIW��D��LYHUVDU��RI�&2���

�� 3URMH�W��WWULE�WH��

$OW�RXJ��SULFHG�DV�D��H�HUJ��FR�WUDFW��W�H�&RPSD���ZLOO�EH�DVVLJ�HG�DOO�H�HUJ���
FDSDFLW���D�G�5(&V�DVVRFLDWHG�ZLW��W�H�3URMHFW���7�H�&RPSD���ZLOO�SD��IRU�DOO�H�HUJ��
SURGXFHG�E��W�LV�SURMHFW�XS�WR�����0:�RI��HW�L�VWD�WD�HRXV�RXWSXW��3XUVXD�W�WR�W�H�
�R�H�FUVLS���&�(6$��ZH�ZLOO�UHWLUH�W�H�DSSURSULDWH�V�DUH�RI�5(&V�DVVRFLDWHG�ZLW��
W�H�3URMHFW�FRL�FLGH�W�ZLW���R�H�FULVS�V�ORDG��
�
�HFDXVH�W�H�5(&V�DUH��HHGHG�WR�PHHW�RXU�REOLJDWLR�V�X�GHU�W�H��R�H�FULVS���&�
(6$��W�H�&RPSD���ZLOO��RW�DOORFDWH�W�H�5(&V�JH�HUDWHG�E��W�H�SURMHFW�WR�HDF��UHWDLO�
MXULVGLFWLR���,I�W�H�GDWD�FH�WHU�ORDG�GRHV��RW�PDWF��RXU�JURZW��SURMHFWLR�V�D�G�W�H�
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&RPSD���LV�UHOHDVHG�IURP�LWV�REOLJDWLR��WR�UHWLUH�5(&V�R��EH�DOI�RI��R�H�FULVS���&��
W�H�&RPSD���ZLOO�DOORFDWH�W�H�H[FHVV��HDUWOD�G��LYLGH�,,�5(&V�WR�DOO�163�6�VWHP�
FXVWRPHUV�FR�VLVWH�W�ZLW��SDVW�SUDFWLFH��,I�W�H�GDWD�FH�WHU�ORDG�H[FHHGV�RXU�JURZW��
SURMHFWLR�V��W�H�&RPSD���SOD�V�WR�UHWLUH�5(&V�DOUHDG��L��W�H�&RPSD���V�SRVVHVVLR���
PHD�L�J�W�HUH�ZRXOG�EH��R�DGGLWLR�DO�FRVW�WR�FXVWRPHUV�IRU�W�HVH�DGGLWLR�DO�5(&V��

�� 6H��ULW��

7�H�VHFXULW��DPRX�W�IRU�W�H�33$�LV������(��(��(���(��1���������� �
� � � � � � � � � �� �� �� ����(� �(��(��
(1������7�H�VHFXULW��PXVW�EH�L�LWLDOO��SRVWHG�ZLW�L�����GD�V�RI�W�H�33$�V�H[HFXWLR��
D�G�PD��EH�L��W�H�IRUP�RI�8�6��FXUUH�F���D��HWWHU�RI�&UHGLW��RU�D�*XDUD�W���

�� ��UWDLOPH�W�

7�H�&RPSD���ZLOO�EH�W�H�0DUNHW�3DUWLFLSD�W�IRU�W�LV�3URMHFW��ZH�ZLOO�VF�HGXOH�W�H�
3URMHFW�L�WR�0,62�D�G�L�LWLDWH���RU�UHVSR�G�WR���0,62�GLUHFWLR��IRU�FXUWDLOPH�WV��
7�H�33$��DV��R�FRPSH�VDEOH�FXUWDLOPH�W�SURYLVLR�V�D�G��HLW�HU�6HOOHU��RU�&RPSD���
PD��FXUWDLO�W�H�3URMHFW�IRU�HFR�RPLF�UHDVR�V��6HOOHU�PD��L�FXU�SH�DOWLHV�LI�FXUWDLOPH�WV�
DUH�FDXVHG�E��6HOOHU�V�IDLOXUH�WR�SHUIRUP���

�� �L�LP�P�3HUIRUPD��H�3UR�L�LR���

7�H�33$�L�FOXGHV�PL�LPXP�SHUIRUPD�FH�SURYLVLR�V�Z�LF��SURWHFW�W�H�&RPSD���D�G�
RXU�FXVWRPHUV�L��W�H�HYH�W�RI�3URMHFW��R��SHUIRUPD�FH��6HOOHU�LV�UHTXLUHG�WR�JXDUD�WHH�
DYDLODELOLW��DW�OHYHOV�JUHDWHU�RU�HTXDO�WR������(��(��(���(��1��������
�

�������������������������������������(��(��(��(1������,I�W�H�3URMHFW�IDLOV�WR�
DF�LHYH�W�LV�JXDUD�WHH��6HOOHU�PXVW�SD��W�H�&RPSD���GDPDJHV�RI�XS�WR������(�
�(��(���(��1����������� � � � � � ��
����������(��(��(��(1����SXUVXD�W�WR�D�VSHFLILHG�IRUPXOD���,I�W�H�3URMHFW�
H[�LELWV�R�JRL�J��R��SHUIRUPD�FH�D�G�6HOOHU�GRHV��RW�FXUH�L��W�H�DJUHHG�XSR��
PD��HU�D�G�WLPHIUDPH��W�H�&RPSD���FD��WHUPL�DWH�W�H�33$��
�

�� 2W�HU�7HUP��D�G��R�GLWLR���

7�H�33$�FR�WDL�V��XPHURXV�RW�HU�WHUPV�D�G�FR�GLWLR�V�W�SLFDO�L��D�33$�W�DW�L�YROYHV�
FR�VWUXFWLR��RI�D��HZ�UHVRXUFH��7�HVH�L�FOXGH�UHSUHVH�WDWLR�V�E��HDF��SDUW��DERXW�W�HLU�
DELOLW��WR�H�WHU�W�H�WUD�VDFWLR���IRUFH�PDMHXUH�SURYLVLR�V��GLVSXWH�UHVROXWLR���OLVWL�J�RI�
UHVSR�VLELOLWLHV��PLOHVWR�HV��SURYLVLR�V�UHODWL�J�WR�GHIDXOWV��D�G�VLPLODU�LVVXHV��7�H�33$�
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L�FOXGHV�WHUPV�X�GHU�Z�LF��W�H�&RPSD���PD��DVVXPH�FR�WURO�D�G�RSHUDWH�W�H�IDFLOLW��
DV�D�UHVXOW�RI�FHUWDL��6HOOHU�GHIDXOWV��,W�DOVR� L�FOXGHV�SURYLVLR�V�X�GHU�Z�LF��ZH�PD��
SXUVXH� SXUF�DVH� RI� W�H� �HDUWOD�G� �LYLGH� ,,� 3URMHFW�� X�GHU� VSHFLILF�� OLPLWHG�
FLUFXPVWD�FHV���

�����(�212�����1�/�����

�� 2YHUYLH��

7�H�&RPSD���XVHG�W�H�(�&RPSDVV�UHVRXUFH�SOD��L�J�PRGHO�WR�HYDOXDWH�W�H�LPSDFW�RI�
W�H� SURSRVHG� �HDUWOD�G� �LYLGH� ,,� 33$� R�� FXVWRPHUV�� (�&RPSDVV� LV� D� FDSDFLW��
H[SD�VLR�� D�G�SURGXFWLR��FRVW�PRGHOL�J� WRRO� W�DW� DOORZV� W�H�&RPSD��� WR�RSWLPL]H�
UHVRXUFH�H[SD�VLR��SOD�V�EDVHG�R��D�VHW�RI�DVVXPSWLR�V����LNH�6WUDWHJLVW��RXU�SUHYLRXVO��
XVHG�UHVRXUFH�SOD��L�J�PRGHO��(�&RPSDVV�VLPXODWHV�W�H�RSHUDWLR��RI�W�H�163�6�VWHP�
D�G�HVWLPDWHV�W�H�WRWDO�FRVW�RI�H�HUJ��RYHU�W�H�OLIH�RI�W�H�SURMHFW�R��D�SUHVH�W�YDOXH�
EDVLV����RZHYHU��R�H�RI�W�H�SULPDU��GLIIHUH�FHV�EHWZHH��(�&RPSDVV�D�G�6WUDWHJLVW�LV�
W�DW�(�&RPSDVV�HYDOXDWHV� UHVRXUFH��HHGV�D�G�FRVW�R��D� F�UR�RORJLFDO��RXUO��EDVLV��
Z�LF��EHWWHU�DFFRX�WV�IRU��RXUO��YDULDWLR�V�R��RXU�V�VWHP���7�H�&RPSD����DV�ODUJHO��
V�LIWHG�WR�XVL�J�W�H�(�&RPSDVV�WRRO�UDW�HU�W�D��6WUDWHJLVW�WR�SHUIRUP�UHVRXUFH�SOD��L�J�
PRGHOL�J� EHFDXVH�� DV� ZH� DGG� PRUH� YDULDEOH� UHVRXUFHV� WR� RXU� V�VWHP�� LW� EHFRPHV�
L�FUHDVL�JO��LPSRUWD�W�WR�H�VXUH�ZH�DUH�DSSURSULDWHO��FR�VLGHUL�J�UHVRXUFH��HHGV�R��D��
�RXUO��EDVLV��

7�H�&RPSD���XVHG�(�&RPSDVV� WR� WHVW� UHVXOWV� X�GHU� D�UD�JH�RI� L�SXW� DVVXPSWLR�V���
2YHUDOO�� W�H� (�&RPSDVV� UHVXOWV� IRX�G� W�DW� W�H��HDUWOD�G��LYLGH� ,,� 33$� SURYLGHV�
HFR�RPLF�EH�HILWV�WR�DOO�FXVWRPHUV�X�GHU�DOO�VH�VLWLYLW��WHVWV�FR�GXFWHG�Z�H��HYDOXDWHG�
DV�D�V�VWHP�UHVRXUFH���

�� (��RPSDVV���DO�VLV�

$V�W�H�PDMRULW��RI�W�H��HDUWOD�G��LYLGH�,,�3URMHFW�ZLOO�EH�XVHG�WR�IXOILOO�RXU�REOLJDWLR�V�
X�GHU�W�H��R�H�FULVS���&�(6$��ZH�HYDOXDWHG�W�H�3URMHFW�V�HFR�RPLF�LPSDFW�WR�RXU�
V�VWHP� XVL�J� DV� W�H� �DVH� &DVH� W�H� SOD�� SUHVH�WHG� L�� RXU� PRVW� UHFH�W� ,�WHJUDWHG�
5HVRXUFH�3OD��6XSSOHPH�W��ILOHG�ZLW��W�H�&RPPLVVLR��R��-X�H������������:�LOH�R�O��
����0:�RI�W�H�3URMHFW�ZLOO�EH�XVHG�DV�D�V�VWHP�UHVRXUFH��ZH�PRGHOHG�W�H�LPSDFW�RI�W�H�
IXOO� ����0:� VR� W�DW�ZH� FRXOG� DSSURSULDWHO�� H[DPL�H� LWV� RYHUDOO� HIIHFW�R�� RXU� WRWDO�
V�VWHP�FRVWV��(YH��W�RXJ��W�H�FRVWV�D�G�H�HUJ��RI�W�H�UHPDL�L�J����0:�RI�W�H�33$�

�������������������������������������������
��6HH�&DVH�1R��38���������;&(��(1(5*������������833(5�0,�:(67�,17(*5$7(��5(6285&(�

3�$1�6833�(0(17��-X�H��������������
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DUH� DOORFDWHG� WR� 0L��HVRWD�� W�H� &RPSD��� PXVW� VWLOO� VHUYH� W�H� ORDG� RI� FXVWRPHUV�
SDUWLFLSDWL�J� L�� W�H� 5H�HZDEOH�&R��HFW� SURJUDP�� VR� LW� LV� LPSRUWD�W� W�DW� W�H�PRGHO�
FDSWXUH�W�H�H�HUJ��D�G�FDSDFLW��YDOXH�RI� W�H�H�WLUH�����0:�UHVRXUFH��5HPRYL�J����
0:�IURP�W�H�PRGHO�ZRXOG�GLVWRUW�W�H�UHVXOWV�E��DUWLILFLDOO��X�GHUHVWLPDWL�J�W�H�LPSDFW�
RI�W�H�UHVRXUFH�DGGLWLR��DW�D�V�VWHP�ZLGH�OHYHO����
�
2XU�D�DO�VLV�V�RZV�W�DW�DGGL�J�W�H�IXOO�RXWSXW�RI�W�H��HDUWOD�G��LYLGH�,,�SURMHFW�DV�D�
V�VWHP�UHVRXUFH�ZRXOG�EH�HILW�FXVWRPHUV�R��D��HW�SUHVH�W�YDOXH�EDVLV�E��FR�WULEXWL�J�
DGGLWLR�DO�ORZ�FRVW�ZL�G�H�HUJ��WR�W�H�&RPSD���V�RYHUDOO�H�HUJ��PL[��2XU�PRGHOL�J�
V�RZV�W�DW�W�H�33$�UHVXOWV�L��DSSUR[LPDWHO��������PLOOLR��RI�EH�HILW�R��D�3955�EDVLV��
DV�FRPSDUHG�WR�W�H��DVH�&DVH�� �:H��RWH�W�DW�RXU�PRGHO�L�FOXGHV�W�H�DGGLWLR��RI�W�H�
0RZHU�&RX�W��:L�G�UHVRXUFH�IROORZL�J�W�H�&RPPLVVLR��V�DSSURYDO�RI�W�DW�UHVRXUFH�
L��&DVH�1R��38���������2XU�PRGHOL�J�DVVXPSWLR�V�DUH�SURYLGHG�DV�6F�HGXOH���WR�W�H�
�LUHFW�7HVWLPR���RI�&RPSD���ZLW�HVV�0V��)DUD��0D�GLF�����

:H� DOVR� XVHG� (�&RPSDVV� WR� PRGHO� �LJ�� D�G� ORZ� JDV� SULFHV� VH�VLWLYLWLHV�� Z�LF��
GHPR�VWUDWH�W�DW�W�H�33$�UHVXOWV�L���HW�EH�HILWV�X�GHU�D�UD�JH�RI�IXWXUH�DVVXPHG�IXHO�
SULFHV�� ,�� V�RUW�� ZH� H[SHFW� W�DW� DGGL�J� W�H��HDUWOD�G��LYLGH� ,,� 33$� WR� RXU� V�VWHP�
UHVXOWV�L��UHDO�FXVWRPHU�VDYL�JV��UHODWLYH�WR�D�IXWXUH�Z�HUH�LW�LV��RW�L�FOXGHG��

�DEOH������FUHPH��DO�������DYL��V�IURP��KH��HDU�OD�G��LYLGH��������
�

�UHVH����DOXH��HDVXUH� �RV�V���DYL��V������

������1R�&2��&RVWV�� ��������

�
�RZ�*DV��&RDO��D�G�
0DUNHW�3ULFHV�

��������

�LJ��*DV��&RDO��D�G�
0DUNHW�3ULFHV�

���������

�

$V�V�RZ��L��7DEOH����W�H�UHVXOWV�RI�RXU�(�&RPSDVV�D�DO�VLV�V�RZ�W�DW�ZH�H[SHFW�W�H�
�HDUWOD�G��LYLGH�,,�33$�WR�UHVXOW�L��VLJ�LILFD�W��HW�EH�HILWV�WR�RXU�FXVWRPHUV�RYHU�W�H�
D�DO�VLV�SHULRG�������������X�GHU�D�YDULHW��RI�IXWXUH�PDUNHW�FR�GLWLR�V���$GGLWLR�DOO���
ZH��RWH�W�DW�W�HVH�VDYL�JV�DUH�H[FOXVLYH�RI�W�H�GHPD�G�DOORFDWRU�LPSDFWV�RI�W�H�GDWD�
FH�WHU� GLVFXVVHG� DERYH� D�G� L�� W�H� WHVWLPR��� RI� &RPSD��� ZLW�HVV�0U�� &�ULVWRS�HU�
6�DZ��
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7R�X�GHUVWD�G� �RZ� W�H� SRWH�WLDO� FRVWV� RU� VDYL�JV� RI� W�H��HDUWOD�G��LYLGH� ,,� 33$�
F�D�JH� RYHU� WLPH�� )LJXUH� �� EHORZ� SRUWUD�V� W�H� D��XDO� �X�GLVFRX�WHG�� V�VWHP� FRVW�
LPSDFWV�RI�W�H��DVH�&DVH�FRPSDUHG�WR�D�VFH�DULR�L��Z�LF��W�H��HDUWOD�G��LYLGH�,,�33$�
LV�DGGHG�WR�RXU�V�VWHP��*LYH��W�HVH�UHVXOWV��ZH�H[SHFW�W�DW�DOO�FXVWRPHUV�ZLOO�H[SHULH�FH�
EH�HILWV�IURP�W�H��HDUWOD�G��LYLGH�,,�UHVRXUFH�L���HDUO��HYHU���HDU�RI�W�H�33$�R��D�
3955�EDVLV��0RUH�FORVHO��H[DPL�L�J�W�H�33$�V�HIIHFW�R��V�VWHP�FRVWV�L��W�H�F�D�JH�
FDVH��UHODWLYH�WR�W�H��DVH�&DVH��V�RZV�VHYHUDO�LPSRUWD�W�IDFWRUV�FR�WULEXWL�J�WR�W�HVH�
FXVWRPHU�EH�HILWV��
�

)L�XUH�������XDO�1H���RV�V���DYL��V��YV���KH��DVH��DVH�
�

�
�
�
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)L�XUH�����XPXOD�LYH�1H���RV�V���DYL��V��YV���KH��DVH��DVH�
�

�
�
$V�V�RZ��L��W�H�F�DUWV�DERYH��W�H��HDUWOD�G��LYLGH�,,�33$�UHVXOWV�L��FXVWRPHU�
VDYL�JV�EHJL��L�J�VRR��DIWHU�W�H�3URMHFW�LV�SODFHG�L�WR�VHUYLFH�D�G�DFFXPXODWL�J�
W�URXJ�RXW�W�H�GXUDWLR��RI�W�H�FR�WUDFW��,��W�H��HDU�WHUP��W�H�33$�LV�H[SHFWHG�WR�
UHVXOW�L��FXVWRPHU�VDYL�JV��ODUJHO��DV�D�UHVXOW�RI�W�H�33$�V�UHODWLYHO��ORZ�FRVW�RI�ZL�G�
H�HUJ��GLVSODFL�J�RW�HU���LJ�HU�SULFHG�JH�HUDWLR���D�G�GULYL�J�L�FUHDVHG�PDUNHW�VDOHV��
7�H�3955�VDYL�JV�UHVXOWV�IOXFWXDWH�VWDUWL�J�L��W�H�HDUO������V�R��D��D��XDO�EDVLV��
EHFDXVH�W�H�DGGLWLR��RI�W�LV�3URMHFW�V�LIWV�W�H��HDU�L��Z�LF��W�H�PRGHO�VHOHFWV�
DGGLWLR�DO�IXWXUH�JH�HULF�UHVRXUFHV�WR�VHUYH�RXU�FXVWRPHU�ORDG���)RU�H[DPSOH��L�������
R�H�JH�HULF�ILUP�SHDNL�J�X�LW�W�DW�LV�DGGHG�L��W�H��DVH�&DVH�LV�GHIHUUHG�X�WLO�W�H��H[W�
�HDU�L��W�H��HDUWOD�G��LYLGH�,,�&DVH���6LJ�LILFD�WO����RZHYHU��W�H�33$�V�DFFXPXODWHG�
VDYL�JV�PRUH�W�D��RIIVHW�L�GLYLGXDO��HDU�VSLNHV��DV�V�RZ��L��)LJXUH����$�G��DV��RWHG�
DERYH��W�HVH�VDYL�JV�GR��RW�L�FOXGH�W�H�VDYL�JV�IRU�1RUW���DNRWD�FXVWRPHUV�W�DW�ZLOO�
DFFUXH�GXH�WR�ORZHU�1RUW���DNRWD���&3�D�G�H�HUJ��DOORFDWRUV�FUHDWHG�E��W�H�
DGGLWLR�DO�ORDG�RI�W�H�SOD��HG�GDWD�FH�WHU��
�
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7�H�&RPSD���V�SURSRVHG��HDUWOD�G��LYLGH�,,�33$�LV�SUXGH�W�D�G�V�RXOG�EH�DSSURYHG�
ZLW�RXW� FR�GLWLR�V�� � 7�H� �HDUWOD�G� �LYLGH� ,,� UHVRXUFH� LV� �HHGHG� WR� IXOILOO� W�H�
&RPSD���V�REOLJDWLR�V�X�GHU�W�H��R�H�FULVS���&�(6$��Z�LF���E��LWVHOI��ZLOO�SURYLGH�
VLJ�LILFD�W�EH�HILWV�WR�W�H�&RPSD���V�FXVWRPHUV�V�VWHP�ZLGH���)XUW�HU��HYH��LI�W�H�GDWD�
FH�WHU� GRHV� �RW� JR� L�WR� VHUYLFH� RU� RW�HUZLVH� GRHV� �RW� SURYLGH� DV� PXF�� ORDG� DV�
D�WLFLSDWHG�� RXU� HFR�RPLF� D�DO�VLV� L�GLFDWHV� W�DW� W�H� �HDUWOD�G��LYLGH� ,,� 33$� ZLOO�
SURYLGH�FRVW�VDYL�JV�WR�FXVWRPHUV�� �&R�VHTXH�WO��� W�H��HDUWOD�G��LYLGH�,,�33$�LV�D�
SUXGH�W�UHVRXUFH�DGGLWLR����$GGLWLR�DOO���DV�GLVFXVVHG�IXUW�HU�L��W�H��LUHFW�7HVWLPR���
RI�0U��6�DZ��W�H�&RPSD���EHOLHYHV�W�DW�LW�ZRXOG�EH�L�HTXLWDEOH�IRU�RXU�1RUW���DNRWD�
FXVWRPHUV�WR�H�MR��W�H�FRVW�V�DUL�J�EH�HILWV�RI�W�H�GDWD�FH�WHU�ORDG�W�URXJ��W�H�GHPD�G�
D�G�H�HUJ��DOORFDWRUV�LI�1RUW���DNRWD�FXVWRPHUV�DUH��RW�DOVR�SD�L�J�W�HLU�V�DUH�RI�W�H�
UH�HZDEOH�UHVRXUFH�FRVWV��HHGHG�WR�DWWUDFW�W�H�GDWD�FH�WHU�WR�W�H�163�6�VWHP�VHUYLFH�
DUHD�� 7�LV� DOVR�PHD�V�� IRU� H[DPSOH�� W�DW� LW�ZRXOG� EH� L�HTXLWDEOH� IRU�1RUW���DNRWD�
FXVWRPHUV�WR�EH�FRPSH�VDWHG�IRU�D�V�DUH�RI�W�H�5(&V�JH�HUDWHG�E��W�H�3URMHFW�W�DW�DUH�
�HHGHG�WR�PDWF��W�H�D�WLFLSDWHG�GDWD�FH�WHU�ORDG��

$V�IXUW�HU�GLVFXVVHG�L��W�H��LUHFW�7HVWLPR���RI�0U��6�DZ��W�H�&RPSD���EHOLHYHV�W�H�
$�3�V�RXOG�EH�JUD�WHG�ZLW�RXW�FR�GLWLR�V��,��DSSURYL�J�W�H��DNRWD�5D�JH�,,,�$�3�
�&DVH�1R��38����������W�H�&RPPLVVLR��UHTXLUHG�W�H�&RPSD���WR�FRPSH�VDWH�1RUW��
�DNRWD�FXVWRPHUV�IRU�W�HLU�V�DUH�RI�W�H�5(&V�JH�HUDWHG�E��W�H�3URMHFW��7�H�&RPSD���
GLVDJUHHV�ZLW��W�LV�FR�GLWLR���D�G�LW�V�RXOG��RW�EH�DGRSWHG�L��W�LV�&DVH��7�H��HDUWOD�G�
�LYLGH�,,�UHVRXUFH�LV�EHL�J�SURFXUHG�WR�PHHW�RXU�REOLJDWLR�V�X�GHU�W�H��R�H�FULVS���&�
(6$��D�G�W�XV�W�H�5(&V�DUH�GHGLFDWHG�WR�W�H�VSHFLILF�SXUSRVH�DJUHHG�WR�L��W�H�(6$��
1RUW���DNRWD�FXVWRPHUV�ZLOO�VWLOO�UHFHLYH�EH�HILWV�IURP�W�H�UHVRXUFH�DGGLWLR��ZLW�RXW�
UHFHLYL�J�5(&V�EHFDXVH�W�H��HDUWOD�G��LYLGH�,,�33$�ZLOO�JH�HUDWH�V�VWHP�ZLGH�VDYL�JV�
IRU�RXU�FXVWRPHUV�D�G�ZLOO�UHVXOW�L��PRUH�V�VWHP�FRVWV�EHL�J�V�LIWHG�WR�0L��HVRWD�X�GHU�
W�H�GHPD�G�D�G�H�HUJ��DOORFDWRUV��

$GGLWLR�DOO��� W�H� &RPPLVVLR�� V�RXOG� �RW� LPSRVH� D��� FR�GLWLR�V� UHTXLUL�J� W�H�
&RPSD���WR��ROG�1RUW���DNRWD�FXVWRPHUV��DUPOHVV�IRU�D����&RYHU�5(&V��W�DW�PD��
EH��HHGHG�WR�PHHW�W�H�&RPSD���V�REOLJDWLR�V�X�GHU�W�H��R�H�FULVS���&�(6$�LI�W�H�
GDWD�FH�WHU�ORDG�H[FHHGV�W�H�RXWSXW�RI��DNRWD�5D�JH�,,,�D�G��HDUWOD�G��LYLGH�,,��7�H�
SOD��HG�GDWD�FH�WHU�ORDG�EH�HILWV�DOO�163�FXVWRPHUV��VR�DOO�FXVWRPHUV�V�RXOG�FR�WULEXWH�
W�HLU� V�DUH� RI� W�H� FRVWV� RI� EUL�JL�J� W�H� ORDG� R�WR� W�H�163� 6�VWHP��0RUHRYHU�� W�H�
&RPSD���EHOLHYHV�VXF��D�VFH�DULR�LV�X�OLNHO��D�G�LI�LW�GRHV�RFFXU��SOD�V�WR�XVH�5(&V�
DOUHDG��L��W�H�&RPSD���V�SRVVHVVLR��DV��&RYHU�5(&V����
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1RWZLW�VWD�GL�J� W�H��HHG�IRU��HDUWOD�G��LYLGH� ,,�V�ZL�G�JH�HUDWLR�� WR�VXSSRUW� W�H�
GDWD�FH�WHU��W�H�&RPSD���V�HFR�RPLF�D�DO�VLV�RI�W�H�33$��GLVFXVVHG�DERYH��V�RZV�W�DW�
W�H� DGGLWLR�� RI� �HDUWOD�G� �LYLGH� ,,� DV� D� ORZ�FRVW� H�HUJ�� DGGLWLR�� ZLOO� ORZHU� W�H�
&RPSD���V� RYHUDOO� IXHO� FRVWV�� VXSSRUWL�J� W�H� FRVW�HIIHFWLYH�HVV� RI� W�H� UHVRXUFH�
DGGLWLR����7�H�HFR�RPLFDO�SULFL�J�RI�W�H�ZL�G�DOR�H�L��W�H�33$�LV�H�RXJ��WR�GULYH�GRZ��
163�6�VWHP�FRVWV��IXUW�HU�VXSSRUWL�J�W�H�SUXGH�FH�RI�W�H�WUD�VDFWLR���

$VLGH�IURP�W�H�FRVW�HIIHFWLYH�HVV�RI�W�H�WUD�VDFWLR���W�H�33$�LV�VWUXFWXUHG�WR�SURWHFW�
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