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,Q�ILJXUH��������D�VWUXFWXUH�PRGHO�RI�WKH�QHRFRJQLWURQ�LV�GHSLFWHG���$�QHRFRJQLWURQ�KDV�D�FDVFDGHG�OD\HUVWUXFWXUH��7KH� OD\HUV� FRQWDLQ� VXEOD\HUV�� WKH� VXEOD\HUV�RQ� WKHLU� WXUQ�FRQWDLQ�GLIIHUHQW� W\SH�RI� �SODQHV�)LQDOO\� SODQHV� DUH� EXLOG� RXW� RI� FHOOV�� 7KHUH� DUH� GHILQHG� WKUHH� W\SHV� RI� FHOOV�� ,Q� WKLV� FKDSWHU� WKHVSHFLILFDWLRQ� RI� WKH� QHRFRJQLWURQ� VLPXODWRU� LV� JLYHQ�� 7KH� VLPXODWRU� KDV� EHHQ� EXLOG� LQ� VRIWZDUHDFFRUGLQJ�WR�WKH�PRGHO�JLYHQ�LQ�ILJXUH�������
7KH�1HRFRJQLWURQ� VLPXODWRU�KDV�EHHQ�EXLOG� LQ�RQH�H[HFXWDEOH� ILOH�EXW� FRQVLVWV� RI� WZR�PDMRU� ORJLFDOPRGXOHV��WKH�GLDORJ�DQG�WKH�QHWZRUN��7KH�GLDORJ�RU�XVHULQWHUIDFH�LV�FRQVWUXFWHG�XVLQJ�0)&��0LFUR6RIW)RXQGDWLRQ� &ODVVHV��� WKH� QHRFRJQLWURQ� QHWZRUN� LV� FRGHG� LQ� $16,� &��� DQG� LV� DYDLODEOH� DV� D� VWDWLFZLQGRZV� OLEUDU\�� 7KH� FRGH� XVHG� WR� EXLOG� WKH� QHRFRJQLWURQ� OLEUDU\� ZDV� SRUWHG� IURP� D� 681� &��LPSOHPHQWDWLRQ� FUHDWHG� E\� 0LFKDO� 6WHXHU�� 7KH� EDVLF� IXQFWLRQDOLW\� RI� WKH� SURJUDP� KDV� QRW� EHHQFKDQJHG�� RQO\� WKH� LQWHUQDO� VWUXFWXUH� RI� WKH� VRIWZDUH� KDV� EHHQ� FKDQJHG��&ODVVHV� KDYH� EHHQ� UHQDPHG�PHWKRGV�KDYH�EHHQ�UHQDPHG�RU�KDYH�EHHQ�PRYHG�IURP�RQH�FODVV�WR�DQRWKHU��VRPH�FODVVHV�ZHUH�DGGHG�RSHUDWLRQV� KDYH� EHHQ� UHZULWWHQ� HWF�� 7KH� RULJLQDO� VRXUFH� FRGH� FUHDWHG� E\� 0LFKDO� 6WHXHU� KDV� EHHQUHIDFWRUHG LQ�RUGHU�WR�OHW�LW�UXQ�RQ�D�3&��$V�ZLWK�WKH�RULJLQDO�8QL[�LPSOHPHQWDWLRQ�� WKH�XVHULQWHUIDFHDQG�WKH�QHRFRJQLWURQ�IXQFWLRQV�DUH�LQGHSHQGHQW� IURP�HDFK�RWKHU��)URP�WKH�XVHULQWHUIDFH�RQO\�FHUWDLQQHRFRJQLWURQ� QHWZRUN� IXQFWLRQV� DUH� DYDLODEOH� DOO� LPSOHPHQWDWLRQ� GHWDLOV� RI� WKH� QHRFRJQLWURQ� DUHKLGGHG��%HVLGHV�WKH�QHRFRJQLWURQ�OLEUDU\��1HR2Y�/LE� D�XWLOLW\�OLEUDU\�LV�DYDLODEOH�ZKLFK�SURYLGHVIRU� ORJJLQJ� DQG� GHEXJJLQJ� IXQFWLRQV�� 7KLV� OLEUDU\� LV� XVHG� E\� ERWK� WKH� 1HR29�/LE DQG� WKH1HR:LQ�([H�&XUUHQWO\�WKH�QHWZRUN�FRQILJXUDWLRQ�DQG�WUDLQLQJ�VHW�GDWD�FDQ�RQO\�EH�LQSXW� IURP� ILOH��7KH�IRUPDW�RIWKH�ILOH�WR�EH�XVHG�LV�VSHFLILHG�LQ�VHFWLRQ�����RI�WKLV�DSSHQGL[��5HWULHYLQJ�GDWD�IURP�WKH�QHRFRJQLWURQFDQ� EH� SHUIRUPHG� RQOLQH� IURP� WKH� XVHULQWHUIDFH�� 7KH� UHODWLYH� H[FLWDWLRQ� YDOXHV� RI� WKH� FHOOV� LQ� WKHKLGGHQ� OD\HUV� DUH� VKRZQ� RQ� WKH� JUDSKLFDO� PDLQ� ZLQGRZ�� 7KLV� ZLQGRZ� DOVR� VKRZV� WKH� DEVROXWHH[FLWDWLRQ�YDOXHV�RI�WKH�RXWSXW�QHXURQV�LQ�WKH�ODVW�OD\HU�RI�WKH�QHWZRUN�
7KH� VRIWZDUH�DUFKLWHFWXUH�DOORZV�D� WUDLQHG�QHRFRJQLWURQ�QHWZRUN� WR� EH� XVHG� LQ� DQ\� VRIWZDUH� V\VWHPWKDW�QHHGV�D� UHFRJQLWLRQ�PHFKDQLVP� IRU� LPDJHV��7KH�1HR2Y�/LE FDQ� VLPSO\�EH� OLQNHG� LQWR� D� XVHUDSSOLFDWLRQ�� $W� UXQWLPH� \RX� VLPSOH� ,QVWDOO D� WUDLQHG� QHWZRUN� IURP� D� LQSXW� ILOH� DQG� FDOO� WKHUHFRJQLWLRQ�PHWKRG�7HVW WR�UHFRJQL]H�LPDJH�VDPSOHV�VXSSOLHG�LQ�\RXU�DSSOLFDWLRQ��%HORZ�D�SVHXGR�FRGH�IUDJPHQW�LV�JLYHQ�WR�LQFOXGH�D�QHWZRUN�LQ�DQ�DSSOLFDWLRQ�
�LQFOXGH�³QHWZRUN�K´
IORDW
�]� ���SRLQWHU�WR�DUUD\�RI�DOO�QHWZRUNV�RXWSXW�FHOOVLQW����PD[BOD\HU� ���LQWHJHU�GHILQLQJ�WKH�OD\HU�QXPEHU
P1HW:RUN� �QHZ�&1HWZRUN������������� ���WKH�QHWZRUN�REMHFWS2XWSXW�� �QHZ�IORDW>ZKDW�HYHU�QXPEHU�RI�RXWSXW�QHXURQV@����RXWSXW�DUUD\
���ORDG�WKH�QHWZRUN�FRQILJXUDWLRQP1HW:RUN�!,QVWDOO�6XSHUYLVHG)XNXVKLPD��D�ILOH�FRQW��WKH�QHWZ�FRQILJXUDWLRQ��
���OHW�WKH�QHWZRUN�UHFRJQLVH�DQG�LQSXW�VDPSOHP1HW:RUN�!7HVW�D�ILOH�FRQWDLQLQJ�WKH�LPDJH�VDPSOH�����������RU�WKH�QH[W�OLQHP1HW:RUN�!7HVW�D�SRLQWHU�WR�DQ�DUUD\�FRQWDLQLQJ�WKH�LPDJH�VDPSOH��
���JHW�WKH�QHWZRUNV�RXWSXW]� �P1HW:RUN�!*HW3ODQH2XWSXW�PD[OD\HU��
&
��PHPFS\�S2XWSXW�]��ZKDW�HYHU�QXPEHU�RI�RXWSXW�QHXURQV��
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����1HRFRJQLWURQ�22�LPSOHPHQWDWLRQ

)LJ��������7KH�QHRFRJQLWURQ�VLPXODWRU�VRIWZDUH�VWUXFWXUH
,Q� ILJXUH� ������ WKH� EDVLF� VWUXFWXUH� RI� D� QHRFRJQLWURQ� VLPXODWRU� VRIWZDUH� LV� JLYHQ�� %RWK� WKH� QHWZRUNOLEUDU\�DQG�WKH�XWLOLW\�OLEUDU\�VRIWZDUH�DV�ZHOO�DV�WKH�XVHULQWHUIDFH�DUH�PRGHOOHG�LQ�&���&ODVVHV�7KH�URRW�RI� WKH�LPSOHPHQWDWLRQ�LV�IRUPHG�E\�DQ�REMHFW�RI� WKH�QHWZRUN�FODVV�&1HWZRUN��$�QHWZRUNREMHFW� LV� DVVRFLDWHG� ZLWK� RQH� PRUH� REMHFWV� IURP� D� &OD\HU FODVV�� /D\HU� REMHFWV� RQ� WKHLU� WXUQ� DUHDVVRFLDWHG�ZLWK�D�VHULHV�RI�SODQHV�IURP�D�EDVH�&3ODQH FODVV��'LIIHUHQW� W\SHV�RI�SODQHV��6��9��RU�&�W\SH��SODQHV�DUH�GHULYHG�IURP�WKH�EDVH�&3ODQH�FODVV� LQWR� WKH�VSHFLDOL]HG�FODVV�&SODQH9��&SODQH&DQG�&SODQH6�)LQDOO\�ZHLJKW�REMHFWV�RI�&ZHLJKW$��&ZHLJKW%��&ZHLJKW& RU�&ZHLJKW' DUH� FRQQHFWHG� WRDSSOLFDEOH�SODQHV�REMHFWV��,Q�VHFWLRQ�����D�FRPSOHWH�FODVV�GLDJUDP�RI�WKH�QHRFRJQLWURQ�OLEUDU\�LV�JLYHQ�

1HR&RJQLWURQVLPXODWRU:LQGRZV�17���
1HR:LQ�([H

1HR87�/LE1HR29�/LE

0LFUR6RIW�9LVXDO&�&���0)&

$16,�&�&��
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����1HRFRJQLWURQ�VLPXODWRU�XVHULQWHUIDFH

)LJ��������7KH�1HRFRJQLWURQ�XVHULQWHUIDFH
6LQFH�WKHUH�LV�QRW�D�PLOOLRQ�WKLQJV�\RX�FDQ�GR�ZLWK�D�QHRFRJQLWURQ��WKH�XVHULQWHUIDFH�RI�WKH�VLPXODWRU�LVNHSW�VLPSOH��)LJXUH�������VKRZV�DQ�H[DPSOH�RI�WKH�UHVSRQVH�RI�D���OD\HU�QHWZRUN�FRQILJXUHG�WR�FODVVLI\��� GLIIHUHQW� FKDUDFWHUV�� 7KH� SDWWHUQV� SULQWHG� LQ� WKH� ZKLWH� VTXDUHV� UHSUHVHQW� WKH� UHODWLYH� H[FLWDWLRQYDOXHV�RI�LQGLYLGXDO�FHOOV�LQ�D�SODQH��%ODFN�DUHDV�LQGLFDWH�KLJK�H[FLWDWLRQ�YDOXHV��ZKLWH�DUHDV�LQGLFDWHFHOO� H[FLWDWLRQ� YDOXHV� RI� ��� 'LIIHUHQW� JUD\� YDOXHV� LQGLFDWH� H[FLWDWLRQ� YDOXHV� EHWZHHQ� �� DQG� WKHPD[LPXP�H[FLWDWLRQ�YDOXHV�7KH� XVHULQWHUIDFH� KDV� EHHQ� EXLOG� LQ� RQH�&'LDORJ FODVV� DQG� SURYLGHV� IRU� WKH� IROORZLQJ� IXQFWLRQVDYDLODEOH�IURP�WKH�EXWWRQV�RQ�WKH�WRS�RI�WKH�ZLQGRZ�
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)XQFWLRQ 'HVFULSWLRQ
2SHQ 3URYLGHV� D� ILOHGLDORJ� ER[� WR� VHOHFW� DQG� ORDG� D� QHWZRUN� ILOH�� 7KHQHWZRUN�ILOH�PD\�HLWKHU�FRQWDLQ�GDWD�RI�D�QHZ�QHWZRUN�OD\RXW�LQFOXGLQJWUDLQLQJVVHW�VDPSOHV��RU�GDWD�RI�DQ�DOUHDG\�WUDLQHG�QHWZRUN�:KHQ�RSHQLQJ�D�QHZ�QHWZRUN�ILOH�WKH�XVHULQWHUIDFH�VWDUWV�D�VXSHUYLVHGWUDLQLQJ�VHVVLRQ�DXWRPDWLFDOO\�
6DYH 3URYLGHV�D�ILOHGLDORJ�ER[�WR�VHOHFW�D�ILOH��LQ�ZKLFK�D�WUDLQHG�QHWZRUN�LVWR�EH�VDYHG�
1HR4XDN 3XVKLQJ� WKH�1HR4XDN�EXWWRQ� LQLWLDWHV� WKH� ORDGHG�QHWZRUN� WR� DGMXVW� LWZHLJKWV�� 1HRTXDNLQJ� LV� PDQGDWRU\� EHWZHHQ� D� VXSHUYLVHG� DQGXQVXSHUYLVHG�WUDLQLQJ�VHVVLRQ
7UDLQ 7KH�7UDLQ�EXWWRQ�VWDUWV�DQ�XQVXSHUYLVHG�WUDLQLQJ�VHVVLRQ�RQ�WKH�QHWZRUNORDGHG�� %HIRUH� WKH� XQVXSHUYLVHG� WUDLQLQJ� VWDUWV�� D� ILOHGLDORJER[� LVSUHVHQWHG� LQ� RUGHU� WR� DOORZ� WKH� XVHU� WR� VHOHFWHG� D� ILOH� LQ� ZKLFK� WKHWUDLQLQJ�VHW�VDPSOHV�IRU�XQVXSHUYLVHG�WUDLQLQJ�UHVLGH�
7HVW 7KH�WHVW�EXWWRQ�DFWLYDWHV�WKH�QHWZRUN�IRU�UHFRJQL]LQJ�DQ�LQSXW�SDWWHUQ�7KH� LQSXW� SDWWHUQV� DUH� WR� EH� VXSSOLHG� IRUP� D� ILOH�� 8SRQ� SXVKLQJ� WKH7HVW� EXWWRQ� WKH� XVHU� LV� SURYLGH� D� )LOH'LDORJER[� WR� VHOHFW� D� ILOHFRQWDLQLQJ� D� SDWWHUHQ� WR� EH� UHFRJQL]HG�� 7KH� UHVSRQVH� RI� WKH� QHWZRUNZLOO�EH�SUHVHQWHG�OLNH�VKRZQ�LQ�ILJXUH�������DERYH�
8VH 7KH�8VH�DQG� WKH�7HVW�EXWWRQ�KDYH� WKH�VDPH�IXQFWLRQ��7KH�8VH�EXWWRQZLOO�QRW�VKRZ�WKH�UHVSRQVH�RI� WKH�QHWZRUNV�LQGLYLGXDO�SODQHV�RU�FHOOV�7KH� FODVVHV� EHORQJLQJ� WR� WKH� ILYH� PRVW� DFWLYDWHG� RXWSXW� FHOOV� RI� WKHQHWZRUN� DUH� VKRZQ� LQ� WKH� HGLW� ER[HV� LQ� WKH� WRS�ULJKW� FRUQHU� RI� WKHVFUHHQ�
3ODQHV 3XVK�WKLV�EXWWRQ�WR�UHSDLQW�WKH�VFUHHQ�
6DPSOHV 7KLV� IXQFWLRQ� LV� XVHG� WR� VKRZ� WUDLQLQJ� SDWWHUQV� IURP� D� IL[HG� DQGSUHGHILQHG�IRUPDW�ILOH��&XUUHQWO\�WKH�QXPEHU�RI�WUDLQLQJVHW�SDWWHUQV�SHUSODQH� LQ�FDVH�RI� VXSHULPSRVHG� WUDLQLQJ� LV� VHW� WR� D� IL[HG�QXPEHU� RI� ��)RU�DQ\�RWKHU�YDOXH��WKH�VLPXODWRU�QHHGV�WR�EH�UHFRPSLOHG�DQG�OLQNHG�
&OHDU 2SWLRQDOO\�WKLV�EXWWRQ�LV�XVHG�WR�FOHDU�WKH�VFUHHQ�EHIRUH�UHSDLQWLQJ�
4XLW 4XLWV�WKH�VLPXODWRU�

7KH�OLVWER[�DW�WKH�ERWWRP�RI�WKH�ZLQGRZ�LV�XVHG�WR�GLVSOD\�WKH�ORJJLQJ�DQG�WUDFLQJ�WH[W�IURP�ERWK�WKHXVHULQWHUIDFH�DQG�WKH�QHWZRUN�
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����1HRFRJQLWURQ�FODVV�GLDJUDP

)LJ���������7KH�1HRFRJQLWURQ�&ODVV'LDJUDP
$�FODVV�GLDJUDP�RI�WKH�QHWZRUN�VRIWZDUH�LV�JLYHQ�LQ�ILJXUH��������7KH�GLDJUDP�RQO\�VKRZV�WKH�FODVVHVLQWHUIDFHV��SXEOLF�DQG�SURWHFWHG�VHFWLRQ���SULYDWH�VHFWLRQ�PHPEHUV�DUH�QRW�LQFOXGH�LQ�WKH�GLDJUDP�

/RJLFDO�9LHZ©URRWª&1HWZRUN
�*HW3ODQH2XWSXW�����IORDW�
�*HW1XPEHU2I3ODQHV������LQW�*HW1XPEHU2I/D\HUV�����LQW�,QVWDOO�����ERRO�6DYH�����ERRO�7HVW�����ERRO�4XDN�����YRLG�7UDLQ8QVXSHUYLVHG$OO�����ERRO

&/D\HU

�*HW3ODQHV&�����&3ODQH&

�*HW3ODQHV6�����&3ODQH6

�*HW3ODQHV9�����&3ODQH9
�7UDLQ�����YRLG�7UDLQ8QVXSHUYLVHG�����YRLG�8SGDWH�����YRLG�4XDN�����YRLG�6DYH+HDGHU�����YRLG�6DYH:HLJKWV�����YRLG�/RDG:HLJKWV�����LQW�&UHDWH�����LQW

�PB3ODQH6���LQW�PB6L]H;6���LQW�PB6L]H<6���LQW�PB,6L]H;6���LQW�PB,6L]H<6���LQW�PB3ODQH&���LQW�PB6L]H;&���LQW�PB6L]H<&���LQW�PB,6L]H;&���LQW�PB,6L]H<&���LQW�PB7UDLQ6L]H[���LQW�PB7UDLQ6L]H\���LQW
Q

�

&3ODQH

�*HW6L]H;�����LQW�*HW6L]H<�����LQW�*HW5DG;�����LQW�*HW5DG<�����LQW�*HW2XWSXW�YRLG������IORDW


�PBVL]H;���LQW�PBVL]H<���LQW�PBUDG;���LQW�PBUDG<���LQW�PBQ*DS���LQW�PBLQ5DG;���LQW�PBLQ5DG<���LQW�PBS2XW���IORDW
�PBYHUVLRQ���9HUVLRQ

&3ODQH9
��8SGDWH�����YRLG

&3ODQH&
�8SGDWH�����YRLG�/RDG�����LQW

&3ODQH6
�4XDN�����YRLG�8SGDWH�����YRLG�7UDLQ�����YRLG�6DYH�����YRLG�/RDG�����LQW

�PBEOFNG���LQW

Q�

Q
�

��

�
�,QSXW3ODQH

&:HLJWKV$
�5HVHW�����YRLG�6HW6WUHQJWK�����YRLG�4XDN�����YRLG�*HW6WUHQJWK�����IORDW�/RDG�����LQW�6DYH�����LQW

&:HLJKW%
�5HVHW�����YRLG�6WUHQJWK�����IORDW	�4XDN�����YRLG�/RDG�����LQW�6DYH�����YRLG&:HLJKW'

�6WUHQJWK�����IORDW

&:HLJWK&
�6WUHQJWK�����IORDW

&&RRUG1
�*HW/D\HU�����LQW�PB/D\HU���LQW

&&RRUG/
�*HW3ODQH�����LQW�PB3ODQH���LQW

&&RRUG3
�*HW;�����LQW�*HW<�����LQW�*HW'LVWDQFH�����LQW

FRPPRQ�WRDOO�SODQHV
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����1HRFRJQLWURQ�LQFOXGH�GHSHQGHQFLHV

)LJ���������7KH�QHRFRJQLWURQ�LQFOXGHJUDSK
)LJXUH�������VKRZV�WKH�GHSHQGHQFHV�EHWZHHQ�WKH�FRGH�ILOHV�RI�WKH�QHRFRJQLWURQ�OLEUDU\�VRIWZDUH�ZKLFKDUH�UHOHYDQW�ZKHQ�UHEXLOGLQJ�WKH�OLEUDU\�

FRRUG1�K
FRRUG1�FSS

FRRUG/�K
FRRUG/�FSS

FRRUG3�K
FRRUG3�FSS

ZHLJKW$�K
ZHLJKW$�FSS

ZHLJKW%�K
ZHLJKW%�FSS

ZHLJKW'�K
ZHLJKW'�FSS

ZHLJKW&�K
ZHLJKW�FSS

SODQH�K
SODQH�FSS

SODQH6�K
SODQH&�FSS

SODQH&�K

SODQH&�FSS

SODQH9�K
SODQH9�FSS

OD\HU�K
OD\HU�FSS

QHWZRUN�K
QHWZRUN�FSS
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����1HRFRJQLWURQ�FODVV�GHVFULSWLRQV
������7KH�QHWZRUN�FODVV
&1HWZRUN��&1HWZRUN
&RQVWUXFWLRQ
&1HWZRUN� ��
'HIDXOW�FRQVWUXFWRU��&RQVWUXFWV�D�&1HWZRUN�REMHFW��7KH�UHVXOWLQJ�REMHFW�PXVW�EH� LQLWLDOL]HG�ZLWK� WKH,QVWDOO LQLWLDOL]DWLRQ�PHPEHU�IXQFWLRQ�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVQRQH
&1HWZRUN��a&1HWZRUN
'HVWUXFWLRQ
a&1HWZRUN�� ��
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�GHVWUXFW�D�QHWZRUN�REMHFW�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVQRQH
&1HWZRUN��*HW3ODQH2XWSXW
6HOHFWLRQ
IORDW
�*HW3ODQH2XWSXW��LQW��OD\HUBQXPEHU����FKDU�OD\HUBW\SH�LQW��SODQHBQXPEHU���LQW��	[��LQW��	\����
&DOO�WKLV�IXQFWLRQ�WR�JHW�WKH�VL]H�DQG�H[LWDWLRQ�RI�DQ\�SODQH�LQ�WKH�QHWZRUN��7KH�PHWKRG�LV�XVHG�WRGLVSOD\�WKH�SODQH�SLFWXUHV�RQ�WKH�XVHU�LQWHUIDFH�
5HWXUQ�9DOXH5HWXUQV�D�SRLQWHU�WR�DQ�DUUD\�RI�IORDWLQJ�SRLQW�QXPEHUV�UHSUHVHQWLQJ�WKH�QHXURQ�H[LFWDWLRQV�RI�WKHUHTXHVWHG�SODQH�
3DUDPHWHUVOD\HUBQXPEHU 6SHFLILHV�WKH�OD\HU�VHTXHQFH�QXPEHU�/D\HUBW\SH 6SHFLILHV�WKH�SODQH�W\SH��/D\HUBW\SH�FDQ�KDYH�RQH�RI�WKH�IROORZLQJ�YDOXHV�µ&¶�WR�UHWULHYH�GDWD�IRUP�D�&�W\SH��VXEOD\HU�SODQH�µ6¶�WR�UHWULHYH�GDWD�IURP�D�6�W\SH��VXEOD\HU�SODQH�µ9¶�WR�UHWUHLYH�GDWD�IURP�D�9�W\SH�SODQH�LQ�WKH�VXEOD\HU�µ,¶�WR�UHWUHLYH�GDWD�IURP�WKH�,QSXWSODQH�RI�WKH�QHWZRUN�SODQHBQXPEHU 6SHFLILHV�WKH�SODQH�VHTXHQFH�QXPEHU�[ +ROGV�D�UHIHUHQFH�WR�WKH�VL]H�RI�WKH�SODQH�LQ�KRUL]RQWDO�GLUHFWLRQ\ +ROGV�D�UHIHUHQFH�WR�WKH�VL]H�RI�WKH�SODQH�LQ�YHUWLFDO�GLUHFWLRQ
5HPDUNV7KH�VL]H�RI�WKH�DUUD\�UHWXUQHG�HTXDOV�[�
�\���1HXURQ�H[LWDWLRQ�YDOXHV�DUH�RUGHUHG�URZ�E\�URZ�LQ�WKHDUUD\�� VWDUWLQJ� ZLWK� WKH� ORZHU� URZ�� 7KH� QHWZRUN� SURFHVVLQJ� OD\HU� QXPEHULQJ� VWDUWV� DW� ��� � 3ODQHVQXPEHULQJ�VWDUWV�DW���DOVR��:KHQ�FDOOLQJ�WKLV� IXQFWLRQ�ZLWK� OD\HUBW\SH�SDUDPHWHU�DVVLJQHG�D� µ,¶� WKHOD\HUBQXPEHU� DQG� SODQHBQXPEHU� SDUDPHWHU� DUH� LJQRUHG�� :KHQ� XVLQJ� WKLV� IXQFWLRQ�



��

&1HWZRUN��*HW1XPEHU2I3ODQHV DQG� &1HWZRUN��*HW1XPEHURI/D\HUV VKRXOG� EH� FDOOHG� ILUVW� LQRUGHU�WR�GHWHUPLQH�WKH�PD[�VL]H�RI�UHVSHFWLYHO\�WKH�VXEOD\HU�DQG�QHWZRUN�VL]H��&DOOLQJ�WKLV�IXQFWLRQZLWK�LQYDOLG�OD\HUBQXPEHU RU�SODQHBQXPEHU YDOXHV�ZLOO�FDXVH�PRVW�OLNHO\�DQ�DFFHVV�YLRODWLRQ�HUURU��VREHZDUH��
&1HWZRUN��*HW1XPEHU2I3ODQHV
6HOHFWLRQ
LQW����*HW1XPEHU2I3ODQHV����LQW��OD\HUBQXPEHU���FKDU�OD\HUBW\SH���
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�UHWUHLYH�WKH�QXPEHU�RI�SODQHV�RI�VSHFLILHG�W\SH�LQ�D�VSHFLILF�OD\HU�RI�WKHQHWZRUN�
5HWXUQ�9DOXH5HWXUQV�WKH�QXPEHU�RI��SODQHV�LQ�WKH�UHTXHVWHG�VXEOD\HU����LI�WKH�IXQFWLRQ�IDLOV�
3DUDPHWHUVOD\HUBQXPEHU 6SHFLILHV�WKH�OD\HU�VHTXHQFH�QXPEHU�
/D\HUBW\SH 6SHFLILHV�WKH�SODQH�W\SH��/D\HUBW\SH�FDQ�KDYH�RQH�RI�WKH�IROORZLQJ�YDOXHV�µ&¶�WR�UHWULHYH�GDWD�IRUP�D�&�W\SH��VXEOD\HU�SODQH�µ6¶�WR�UHWULHYH�GDWD�IURP�D�6�W\SH��VXEOD\HU�SODQH�
&1HWZRUN��*HW1XPEHU2I/D\HUV
6HOHFWLRQ
LQW����*HW1XPEHU2I/D\HUV��YRLG���
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�UHWUHLYH�WKH�QXPEHU�RI�OD\HUV�LQ�WKH�QHWZRUN�
5HWXUQ�9DOXH5HWXUQV�WKH�QXPEHU�RI��OD\HUV�LQ�WKH�QHWZRUN�
3DUDPHWHUVQRQH&1HWZRUN��,QVWDOO
,QVWDOODWLRQ
ERRO�,QVWDOO���9HUVLRQ�YHU�FKDU�
IQDPH��
&DOO�WKLV�IXQFWLRQ�WR�LQVWDOO�D�QHWZRUN�RQ�DQ�DOUHDG\�FUHDWHG�&1HWZRUN REMHFW�
5HWXUQ�9DOXH5HWXUQV�WUXH LI�VXFFHVIXOO\�HQGHG��IDOVH LV�FDVH�RI�IDLOXUH�
3DUDPHWHUV
YHU 6SHFLILHV�WKH�QHWZRUN�YHUVLRQ�VWDWXV��7KH�QHWZRUN�FDQ�EH�XVHG�LQ�WKH�IROORZLQJ�WR�VWDWHV�6XSHUYLVHG)XNXVKLPD RU�8QVXSHUYLVHG)XNXVKLPDIQDPH $�QXOO�WHUPLQDWLQJ�FKDUDFWHU�VWULQJ�VSHFLILQJ�WKH�ILOHQDPH�LQFOXGLQJ�LWV�SDWK�LQ�ZKLFK�WKH1(7:25.�DQG�RU�75$,1,1*�GDWD�UHVLGHV�
5HPDUNV7KLV�IXQFWLRQ�HLWKHU�LQVWDOOV�D�µQHZ�XQWUDLQHG¶�QHWZRUN�DQG�VXFFHVLYHO\�WUDLQV�LW�VXSHUYLVHG�RU�LQVWDOOVDQ�DOUHDG\�WUDLQHG�QHWZRUN�UHDG\�IRU�XVH��,QVWDOODWLRQ�RI�WKH�QHWZHUN�JRHV�LQ�WZR�VWHSV�
)LUVW��WKH�QHWZRUN�REMHFWV�OD\HUPHPEHUV�DUH�LQLWLDOL]HG�DFFRUGLQJ�WR�WKH�VSHFLILFDWLRQV�LQ�WKH�LQSXW�ILOH�7KHVH�VSHFLILFDWLRQV�DUH�����7KH�QXPEHU�RI� OD\HUV��QXPEHU�RI�SODQHV�SHU� OD\HU�� VL]H�RI� LQSXW� OD\HU�VWUXFWXUH� RI� HDFK� � &�W\SH�� DQG� 6�W\SH� � VXEOD\HU� SODQH� VL]H�� FRQQHFWDEOH� DUHD�� QXPEHU� RI� SODQHV�QXHURQ�JDS�DQG�V�FROXPQ�����/D\HU�VSHFLILFDWLRQV�OLNH��VHOHFWLYLW\��JDPPD��GHOWD�DQG�GHOWDQHJ�DV�ZHOODV�LQWHUFRQQHFWLRQ�VSHFLILFDWLRQV�EHWZHHUQ�6�DQG�&�OD\HUV�6HFRQGO\�� HLWKHU� WKLV� ,QVWDOO PHWKRGH� FRQWLQXHV� WR� WUDLQ� WKH� QHRFRJQLWURQ� VXSHUYLVHG� E\FRQVHTXHWLYHO\�UHDGLQJ�WKH�WUDLQLQJ�VDPSOHV�WKDW�IROORZ�WKH�QHWZRUN�VSHFLILFDWLRQV� LQ�FDVH�WKH� LQSXW



��

ILOH� FRQWDLQV� WKH� 75$,1,1*� NH\ZRUG� RU� WKLV� ,QVWDOO PHWKRGV� VWDUWV� ORDGLQJ� WKH� QHWZRUN� ZHLJKWVIDFWRUV�DQG�VHOHFWLYLW\�SHU�SODQH�LQ�FDVH�WKH�LQSXW�ILOHV�FRQWDLQV�WKH�NH\ZRUG�1(7:25.�
)DLOXUH� RI� WKLV� PHWKRG� PRVW� OLNHO\� RFFXUH� XSRQ� LQYDOLG� LQSXW� ILOH� IRUPDWV� RU� PHPRU\� DOORFDWLRQVIDLOXUHV�LQ�FDVH�RI�KXJK�D�QHWZRUN��5HIHU�WR�WKH�LQSXW�ILOH�IRUPDW�VSHFLILFDWLRQ�DQG�LQSXW�ILOH�VDPSOHV�LQVHFWLRQ�����&1HWZRUN��6DYH
,QVWDOODWLRQ
ERRO�6DYH��� ��FKDU�
IQDPH���
&DOO�WKLV�IXQFWLRQ�WR�VDYH�D�WUDLQHG�QHWZRUN�RQ�GLVN�
5HWXUQ�9DOXH5HWXUQV�WUXH LI�VXFFHVIXOO\�HQGHG��IDOVH LV�FDVH�RI�IDLOXUH�
3DUDPHWHUVIQDPH $�QXOO�WHUPLQDWLQJ�FKDUDFWHU�VWULQJ�VSHFLILQJ�WKH�ILOHQDPH�LQFOXGLQJ�LWV�SDWK�LQ�ZKLFKWKH�ZHLJKW�GDWD�RI�&1HWZRUN�REMHFW�LV�WR�EH�VWRUHG�
5HPDUNV6DYLQJ�WKH�QHWZRUN�JRHV�LQ�WZR�VWHSV�
)LUVW��WKH�QHWZRUN�REMHFWV�VSHFLILFDWLRQ�SDUDPHWHUV�DUH�VDYHG�LQ�D�WKH�VR�FDOOHG�QHWZRUN�+($'(5��7KH+($'(5�FRQWDLQV�GDWD�DERXW��WKH�QXPEHU�RI�OD\HUV��QXPEHU�RI�SODQHV�SHU�OD\HU��VL]H�RI�LQSXW�OD\HU�VWUXFWXUH� RI� HDFK� � &�W\SH�� DQG� 6�W\SH� VXEOD\HU�� SODQH� VL]H�� FRQQHFWDEOH� DUHD�� QXPEHU� RI� SODQHV�QXHURQ� JDS� DQG� V�FROXPQ�� /D\HU� VSHFV� OLNH�� VHOHFWLYLW\�� JDPD�� GHOWD� DQG� GHOWDQHJ� DV� ZHOO� DVLQWHUFRQQHFWLRQ�VSHFLILFDWLRQV�EHWZHHUQ�6�DQG�&�OD\HUV�6HFRQGO\��WKH�ZHLJKW�IDFWRUV�SHU�SODQH�DV�ZHOO�DV�WKH�VHOHFWLYLW\�IDFWRU�DUH�ZULWWHQ�WR�GLVN�)DLOXUH�RI�WKLV�PHWKRG�PRVW�OLNHO\�RFFXUH�XSRQ�ZULWH�HUURUV�WR�WKH�RXWSXW�ILOH�
&1HWZRUN��7HVW
6HOHFWLRQ
ERRO�7HVW������FKDU�
IQDPH��LQW�VDYHORJ ���
&DOO�WKLV�IXQFWLRQ�WR�UHFRJQL]H�DQ�LQSXW�VDPSOH�
5HWXUQ�9DOXH5HWXUQV�WUXH LI�VXFFHVIXOO\�HQGHG��IDOVH LV�FDVH�RI�IDLOXUH�
3DUDPHWHUV)QDPH $�QXOO�WHUPLQDWLQJ�FKDUDFWHU�VWULQJ�VSHFLILQJ�WKH�ILOHQDPH�LQFOXGLQJ�LWV�SDWK�LQ�ZKLFK�WKHLQSXW�VDPSOH�LV�VWRUHG�VDYHORJ 2SWLRQDO�SDUDPHWHU�WR�VSHFLIL\�ZKHWKHU�WKH�H[LWDWLRQ�YDOXHV�RI�WKH�RXWSXW�QHXURQV�DUH�WKH�EHVDYH�LQ�D�ORJILOH��&XUUHQWO\�WKH�ORJILOHQDPH�FDQQRW�EH�VSHFLILHG�EXW�LV�UDWKHU�KDUG�FRGHG�WRF�??ORJ�W[W��LI�VDYHORJ�HTXDOV���WKH�RXWSXW�GDWD�LV�ZULWWHQ�WR�WKH�ORJILOH�
5HPDUNV7KLV�PHWKRG�PDNHV� WKH� QHWZRUN� RSHUDWH� LQ� D�PRGH� LW� LV� LQWHQGHG� IRU�� UHFRJQL]LQJ� LQSXW� SLFWXUHV�:KHQ� WKLV�PHWKRG� LV� FDOOHG� WKH� LQSXW� ILOH� GDWD� LV�ZULWWHQ� DQG� VWRUHG� LQWR� WKH� LQSXW� SODQH� QXHURQV�FRQVHFXWLYHO\�WKH�LQSXW�YDOXHV�DUH�SURSDJDWHG�WKUX�WKH�QHWZRUNV�VXEOD\HUV�5HDG� WKH� RXWSXW� ORJILOH� WR� UHWUHLYH� WKH� QHWZRUNV� UHVSRQVH� WR� WKH� LQSXW� RU� FDOO� WKH&1HWZRUN��*HW3ODQH2XWSXW� PHWKRGH� WR� JHW� WKLV� GDWD�� )DLOXUH� RI� WKLV� IXQFWLRQ� PRVW� OLNHO\� DUHFDXVHG�E\�ILOH�L�R�SUREOHPV�&1HWZRUN��5HFO
0RGLILFDWLRQ
YRLG�&1HWZRUN��5HFO�LQW�WLOO��
&DOO�WKLV�IXQFWLRQ�WR�SURSDJDWH�DQ�LQSXW�SDWWHUQ�WKURXJK�WKH�QHWZRUN�
5HWXUQ�9DOXH
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1RQH�
3DUDPHWHUVWLOO $Q�LQWHJHU�VSHFLI\LQJ�WKH�OD\HU�QXPEHU�XQWLOO�WKH�LQSXW�VDPSOH�QXPEHU�LV�WR�EH�SURSDJDWHG�
&1HWZRUN��5HFRJQLVH
6HOHFWLRQ
FKDU�
5HFRJQLVH���XQVLJQHG�FKDU�VDPSOH
��
&DOO�WKLV�IXQFWLRQ�WR�UHFRJQL]H�DQ�LQSXW�VDPSOH�
5HWXUQ�9DOXH5HWXUQV�D�QXOO�WHUPLQDWHG���FKDUDFWHU�VWULQJ��7KLV�VWULQJ�FRQWDLQV� WKH�FKDUDFWHU�YDOXHV�EHORQJLQJ�WRWKH�ILYH�PRVW�KLJKHVW�FKDUDFWHU�FODVVHV�WKH�LQSXW�VDPSOH�EHORQJV�WR�
3DUDPHWHUVVDPSOH QXOO�WHUPLQDWLQJ�FKDUDFWHU�VWULQJ�VSHFLILQJ�WKH�LQSXW�VDPSOH�
5HPDUNV7KLV�PHWKRGH�PDNHV�WKH�QHWZRUN�RSHUDWH�LQ�D�PRGH�LW�LV�LQWHQGHG�IRU��UHFRJLQL]LQJ�LQSXW�SLFWXUHV�:KHQ�WKLV�PHWKRG�LV�FDOOHG�WKH�LQSXW�LPDJH�GDWD�LV�ZULWWHQ�DQG�VWRUHG�LQWR�WKH�LQSXW�SODQH�QXHURQV�FRQVHFXWLYHO\�WKH�LQSXW�YDOXHV�DUH�SURSDJDWHG�WKUX�WKH�QHWZRUNV�VXEOD\HUV�5HDG�WKH�RXWSXW�ORJILOH�WR�UHWUHLYH�WKH�QHWZRUNV�UHVSRQVH�WR�WKH�LQSXW�RU�FDOO�WKH&1HWZRUN��*HW3ODQH2XWSXW�PHWKRGH�WR�JHW�WKLV�GDWD��)DLOXUH�RI�WKLV�IXQFWLRQ�DUH�PRVW�OLNHO\FDXVHG�E\�ILOH�L�R�SUREOHPV�
&1HWZRUN��4XDN
6HOHFWLRQ
YRLG�4XDN� ��YRLG���
&DOO�WKLV�IXQFWLRQ�WR�DGMXVW�ZHLJKWV�DQG�WUHVKROGV�EHIRUH�D�XQVXSHUYLVHG�WUDLQLQJ�VHVVLRQ�LV�VWDUWHG�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVQRQH
5HPDUNV4XDN�VHWV�WKH�DOO�SODQHV�LQ�WKH�EORFNHG�VWDWH��&DOOLQJ�WKH�PHWKRGH&1HWZRUN��7UDLQ8QVXSHUYLVHG$OO VXFFHVLYHO\�GHEORFNV�WKH�QHWZRUNV�SODQHV��7KH�4XDN�IXQFWLRQ�RQWKH�&1HWZRUN REMHFW�OHYHO�FDOOV�VXFFHVLYHO\�WKH�4XDN�PHWKRG�IRU�HDFK�SODQH�LQ�WKH�QHWZRUN�
&1HWZRUN��7UDLQ8QVXSHUYLVHG$OO
6HOHFWLRQ
ERRO�7UDLQ8QVXSHUYLVHG$OO���FKDU�
IQDPH��LQW�VWUDWHJ\ UDQGRP��
&DOO�WKLV�IXQFWLRQ�WR�SHUIURP�DQ�XQVXSHUYLVHG�WUDLQLQJ�VHVVLRQ�RQ�WKH�QHRFRJQLWURQ�QHWZRUN�
5HWXUQ�9DOXH5HWXUQV�WUXH LI�VXFFHVIXOO\�HQGHG��IDOVH LV�FDVH�RI�IDLOXUH�
3DUDPHWHUVIQDPH $�QXOO�WHUPLQDWLQJ�FKDUDFWHU�VWULQJ�VSHFLILQJ�WKH�ILOHQDPH�LQFOXGLQJ�LWV�SDWK�LQ�ZKLFKWKH�WUDLQLQJ�VDPSOH�ILOHQDPHV DUH�VWRUHG�6WUDWHJ\ 2SWLRQDO� SDUDPHWHU� WR�VSHFLIL\� WKH� VHOHFWLRQ�RI� WUDLQLQJ� ILOHV�� 7KLV� SDUDPHWHU�PD\KDYH�HLWKHU�RQH�RI�WKH�IROORZLQJ�YDOXHV�
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5DQGRP :KHQ�VHOHFWHG�UDQGRP�PRGH�WKH�XQVXSHUYLVHG�WUDLQJ�SURFHGXUH�UDQGRPO\�VHOHFWV�DILOH�IRUP�DOO�DYLDODEOH�RQHV�VSHFLILHG�LQ�WKH�LQSXW�ILOH�6\VWHPDWLF� :KHQ�VHOHFWHG�V\VWHPDWLF�WKH�WUDLQLQJ�SURFHGXUH�VHOHFWV�WKH�WUDLQLQJ�VDPSOH�ILOHV�LQWKH�RUGHU�WKH�DSSHDU�LQ�WKH�LQSXW�ILOH�
5HPDUNV)DLOXUH�RI�WKLV�IXQFWLRQ�LV�PRVW�OLNHO\�FDXVHG�E\�ILOH�L�R�RSHUDWLRQ�HUURUV�
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������7KH�OD\HU�FODVV
3XEOLF�GDWD�0HPEHUV�&/D\HU�REMHFWV
PB3ODQH6 ,QWHJHU�QXPEHU�RI�6�SODQHV�LQ�WKH�OD\HUPB6L]H;6 ,QWHJHU�QXPEHU��SODQH�VL]H�LQ�KRUL]RQWDO�GLUHFWLRQ�LQ�WKH�6�VXEOD\HUPB6L]H<6 ,QWHJHU�QXPEHU��SODQH�VL]H�LQ�YHUWLFDO�GLUHFWLRQ�LQ�WKH�6�VXEOD\HUPB,6L]H;6 FRQQHFWDEOH�DUHD�VL]H�LQ�WKH�6�VXEOD\HUPB3ODQH& ,QWHJHU�QXPEHU�RI�6�SODQHV�LQ�WKH�OD\HUPB6L]H;& ,QWHJHU�QXPEHU��SODQH�VL]H�LQ�KRUL]RQWDO�GLUHFWLRQ�LQ�WKH�6�VXEOD\HUPB6L]H<& ,QWHJHU�QXPEHU��SODQH�VL]H�LQ�YHUWLFDO�GLUHFWLRQ�LQ�WKH�&�VXEOD\HUPB,6L]H;& FRQQHFWDEOH�DUHD�VL]H�LQ�WKH�&�VXEOD\HUPB7UDLQ6L]H[ ;�VL]H�RI�WUDLQLQJ�SDWWHUQPB7UDLQ6L]H\ <�VL]H�RI�WUDLQLQJ�SDWWHUQ&/D\HU��&/D\HU
&RQVWUXFWLRQ
&/D\HU�9HUVLRQ�YHU�LQW�LSUHY3ODQHV�LQW�L/D\HU,'�&3ODQH&�
LSODQH,��
&RQVWUXFWV�D�&/D\HU�REMHFW��7KH�UHVXOWLQJ�REMHFW�ZLOO�EH� LQLWLDOL]HG�KRZHYHU�FDOO� WKH�&OD\HU��&UHDWHLQLWLDOL]DWLRQ�PHPEHU�IXQFWLRQ�WR�DOORFDWH�DQG�DVVLJQ�WKH�DVVRFLDWHG�VXEOD\HU�QHWZRUN�SODQHV�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVYHU 6SHFLILHV�WKH�QHWZRUN�YHUVLRQ�VWDWXV��7KH�QHWZRUN�FDQ�EH�XVHG� LQ� WKH�IROORZLQJ�WRVWDWHV��6XSHUYLVHG)XNXVKLPD RU�8QVXSHUYLVHG)XNXVKLPD�,SUHY3ODQHV ,QWHJHU�QXPEHU�VSHFLI\LQJ�WKH�QXPEHU�RI�SUHYLRXV�&SODQHV�FRQQHFWHG�,OD\HU,' ,QWHJHU�QXPEHU�VSHFLI\LQJ�D�OD\HULQGHQWLILFDWLRQ�,SODQH, $�SRLQWHU� WR�D�&3ODQH& REMHFW�XVHG�WR�VDYH�WUDLQLQJ�SDWWHUQV�RQ�GLVN�GXULQJ�VHOI�RUJDQL]LQJ�
&/D\HU��a�&/D\HU
'HVWUXFWLRQ
a�&/D\HU�����
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�GHVWUXFW�D�OD\HU�REMHFW�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVQRQH
5HPDUNV,W� LV�VWLOO� WR�EH�YHULILHG�WKDW�GHOHWLQJ�D� OD\HU�DOVR�IUHHV�DOO�DVVRFLDWHG�SODQH�REMHFWV��%H�SUHSDUHG� IRUPHPRU\�OHDNV�
&/D\HU��*HW3ODQHV&
6HOHFWLRQ
&3ODQH&�

*HW3ODQHV&���
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�JHW�D�SRLQWHU� WR�DQ�DUUD\�WR� WKH�&SODQH& REMHFWV�DVVRFLDWHG�ZLWK� WKLVOD\HU�
5HWXUQ�9DOXH
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&3ODQH&�


3DUDPHWHUVQRQH
&/D\HU��*HW3ODQHV6
6HOHFWLRQ
&3ODQH6�

*HW3ODQHV6���
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�JHW�D�SRLQWHU� WR�DQ�DUUD\�WR� WKH�&SODQH6 REMHFWV�DVVRFLDWHG�ZLWK� WKLVOD\HU�
5HWXUQ�9DOXH&3ODQH6�


3DUDPHWHUVQRQH
&/D\HU��*HW3ODQHV9
6HOHFWLRQ
&3ODQH9�
*HW3ODQHV9���
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�JHW�D�SRLQWHU�WR�WKH�&SODQH9 REMHFW�DVVRFLDWHG�ZLWK�WKLV�OD\HU�
5HWXUQ�9DOXH&3ODQH9�

3DUDPHWHUVQRQH
5HPDUNV3OHDVH�QRWH�D�QHWZRUN�OD\HU�VKDUHV�RQO\�RQH�&SODQH9 REMHFW�
&/D\HU��*UHDWH
0RGLILFDWLRQ
LQW�&UHDWH���),/(�
L)LOH���&3ODQH&�

L3UHYLRXV3ODQH&�LQW�L1XP3UHYLRXV3ODQHV��
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�LQVWDOO�D�QHWZRUN�OD\HU�DFFRUGLQJ�WR�WKH�LQSXW�ILOH�VSHFLILFDWLRQV�
5HWXUQ�9DOXH$Q�LQWHJHU�LQGLFDWLRQ�VXFFHV�RU�IDLOXUH����LQGLFDWHV�VXFFHV���LQGLFDWHV�IDLOXUH�
3DUDPHWHUVL)LOH 6SHFLILHV� D� ILOHSRLQWHU�� 7KLV� ILOHKDQGOH� SRLQWV� WR� D� ILOH� FRQWDLQLQJ� WKHQHWZRUNV�SDUDPHWHUV�L3UHYLRXV3ODQH& 6SHFLILHV�DQ�SRLQWHU�WR�D�&SODQH& REMHFW�DUUD\�RI�WKH�SUHYLXRV�OD\HU�,1XP3UHYLRXV3ODQHV� ,QWHJHU�QXPEHU�VSHFLI\LQJ�WKH�QXPEHU�RI�&SODQH& REMHFWV�LQ�WKH�SUHYLRXVOD\HU�
5HPDUNV7KLV� IXQFWLRQ� DVVLJQV� WKH� REMHFWV� SXEOLF� GDWDPHPEHUV� YDOXHV� DV� VSHFLILG� LQ� WKH� 75$,1,1*� RU1(7:25.�ILOH���DOORFDWHV�PHPRU\�IRU� LQGLYLGXDO�SODQHV�DQG�HVWDEOLVKHV� LQWHU��VXE�OD\HU�FRQQHFWLRQVZLWKLQ�WKH�OD\HU�REMHFW��2QO\�IDLOXUHV�RI�ILOH�L�R�RSHUDWLRQV�DUH�UHSRUWHG�
&/D\HU��7UDLQ
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0RGLILFDWLRQ
YRLG�&/D\HU��7UDLQ�LQW�LSODQH��LQW�L;��LQW�L<�
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�WUDLQ�D�QHWZRUN�VXSHUYLVHG�
5HWXUQ�9DOXH1RQH�
3DUDPHWHUVL3ODQH 6SHFLILHV�WKH�&SODQH6 REMHFW�VHTXHQFH�QXPEHU�ZLWKLQ�WKH�OD\HU�WR�EH�WUDLQHG�L; 6SHFLILHV�WKH�VL]H�RI�WKH�WUDLQLQJ�VDPSOH�LQ�WKH�;�GLUHFWLRQ�L< 6SHFLILHV�WKH�VL]H�RI�WKH�WUDLQLQJ�VDPSOH�LQ�WKH�<�GLUHFWLRQ�
5HPDUNV1RWH� WKDW� WUDLQLQJ� D� QHRFRJQLWULRQ�RQO\� DSSOLHV� WR� D� 3ODQH�RI� 6�W\SHV�� 7KLV� LV� EHFDXVH� RQO\� 6�W\SHQHXURQV�DUH� OLQNHG�E\�PRGLILDEOH� LQSXW�ZHLJKWV��9�W\SH�DQG�&�W\SH� QHXURQ� GR� QRW� KDYH�PRGLILDEOHZHLJKWV�
&/D\HU��7UDLQ8QVXSHUYLVHG
0RGLILFDWLRQ
YRLG�7UDLQ8QVXSHUYLVHG����
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�WUDLQ�D�QHWZRUN�LQ�D�8QVXSHUYLVHG�PRGH�
5HWXUQ�9DOXH1RQH�
3DUDPHWHUVQRQH
5HPDUNV5DWKHU�FRPSOH[�LPSOHPHQWDWLRQ���
&/D\HU��8SGDWH
0RGLILFDWLRQ
YRLG�8SGDWH�����
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�UHFDOFXODWH�WKH�QHXURQ�H[LWDWLRQV�RI�ERWK�&��DQG�6�SODQH�W\SHV�LQ�ERWKVXEOD\HUV�RI�WKH�OD\HU�XQGHU�FRQVLGHUDWLRQ�
5HWXUQ�9DOXHQRQH�
3DUDPHWHUVQRQH
&/D\HU��4XDN
0RGLILFDWLRQ
YRLG�4XDN���YRLG���
&DOO�WKLV�IXQFWLRQ�WR�DGMXVW�ZHLJKW�DQG�WUHVKROGV�RI�DOO�&SODQH6 REMHFWV�EHORQJLQJ�WR�WKH�OD\HU�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVQRQH
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&/D\HU��6DYH+HDGHU
,QSXW�2XWSXW
YRLG�6DYH+HDGHU��),/(�
RXW��
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�VDYH�WKH�+HDGHU�GDWD�RI�WKH�OD\HU�RI�D�WUDLQHG�QHWZRUN�
5HWXUQ�9DOXHQRQH�
3DUDPHWHUV2XW 6SHFLILFLHV�D�ILOH�SRLQWHU�WR�WKH�RXWSXWILOH�
&/D\HU��6DYH:HLJKWV
,QSXW�2XWSXW
YRLG�6DYH:HLJKWV��),/(�
R)LOH��
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�VDYH�WKH�ZHLJKW�IDFWRUV�DVVRFLDWHG�WR�&SODQH6�REMHFWV��RI�WKH�VXE�OD\HURI�WKH�WUDLQHG�QHWZRUN�
5HWXUQ�9DOXHQRQH�
3DUDPHWHUVR)LOH 6SHFLILFLHV�D�ILOH�SRLQWHU�WR�WKH�RXWSXWILOH�
5HPDUNV1RUPDOO\�WKH�RXWSXWILOH�SDUDPHWHU�ZLOO�KDYH�WKH�VDPH�YDOXH�DV�WKH�RXWSXW�SDUDPHWHU�ZLWK�ZKLFK�WKH&OD\HU��6DYH+HDGHU LV�FDOOHG��7KH�QHWZRUN�KHDGHU�GDWD�DQG�WKH�QHWZRUN�ZHLJKW�YDOXHV�DUH�VWRUHG�LQWKH�VDPH�ILOH�
&/D\HU��/RDG:HLJKWV
,QSXW�2XWSXW
LQW�/RDG:HLJKWV�),/(�
L)LOH���
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�ORDG�WKH�ZHLJKW�IDFWRUV�DVVRFLDWHG�WR�&SODQH6�REMHFWV��RI�WKH�VXE�OD\HURI�WKH�WUDLQHG�QHWZRUN�
5HWXUQ�9DOXH$Q�LQWHJHU�LQGLFDWLRQ�VXFFHV�RU�IDLOXUH����LQGLFDWHV�VXFFHV���LQGLFDWHV�IDLOXUH�
3DUDPHWHUVL)LOH 6SHFLILFLHV�D�ILOH�ILOH�SRLQWHU�WR�WKH�LQSXWILOH�FRQWDLQLQJ�ZHLJWKV�RI�W\SH�$��%�DQG�WKHVHOHFWLYLW\�SDUDPHWHUV�
5HPDUNV2QO\�IDLOXUHV�RI�ILOH�L�R�RSHUDWLRQV�DUH�UHSRUWHG�
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������7KH�SODQH�FODVVHV
7KH�&3ODQH�FODVV�SURYLGHV� WKH�EDVH� IXQFWLRQDOLW\�RI�DOO�3ODQH�REMHFWV�RI�HLWKHU�9��6�� RU�&�W\SH�� 7KH&3ODQH REMHFWV�KROGV�EDVLF�GDWD�PHPEHU�DWWULEXWHV�FRPPRQ�WR�DOO�3ODQH�REMHFWV�
3URWHFWHG�GDWD�0HPEHUV�&3ODQH�REMHFWV�
PB�VL]H; ,QWHJHU�QXPEHU��SODQH�VL]H�LQ�KRUL]RQWDO�GLUHFWLRQPB�VL]H< ,QWHJHU�QXPEHU��SODQH�VL]H�LQ�YHUWLFDO�GLUHFWLRQPB�UDG; ,QWHJHU�QXPEHU��SODQH�UDGLXV�LQ�KRUL]RQWDO�GLUHFWLRQPB�UDG< ,QWHJHU�QXPEHU��SODQH�UDGLXV�LQ�KRUL]RQWDO�GLUHFWLRQPB�Q*DS ,QWHJHU�QXPEHU��VSHFLILLQJ�WKH�QHXURQ�JDSPB�LQ5DG; ,QWHJHU�QXPEHU��UDGLXV�RI�LQSXW�FRQQHFWLRQV�LQ�[�GLUHFWLRQPB�LQ5DG< ,QWHJHU�QXPEHU��UDGLXV�RI�LQSXW�FRQQHFWLRQV�LQ�\�GLUHFWLRQPB�S2XW 3RLQWHU�WR�DQ�DUUD\�RI�IORDWLQJ�SRLQW�QXPEHUV�UHSUHVHQWLQJ�WKH�SODQHQHXURQ�RXWSXW�H[LWDWLRQVPB�YHUVLRQ (QXP�W\SH�VSHFLI\LQJ�W\SH�RI�QHWZRUN��6XSHUYLVHG)XNXVKLPD�RU8QVXSHUYLVHG)XNXVKLPD&3ODQH��&3ODQH
&RQVWUXFWRU
&3ODQH�9HUVLRQ�YHU�LQW�L5DG;���LQW�L5DG<��LQW�L,Q5DG;�LQW�L,Q5DG�LQW�LQ*DS��
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�FRQVWUXFW�D�EDVH�&3ODQH REMHFW�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVYHU 6SHFLILHV�WKH�QHWZRUN�YHUVLRQ�VWDWXV��7KH�QHWZRUN�FDQ�EH�XVHG�LQ�WKH�IROORZLQJ�WRVWDWHV�6XSHUYLVHG)XNXVKLPD RU�8QVXSHUYLVHG)XNXVKLPDL5DG[ 6SHFLILHV�WKH�UDGLXV�RI�WKH�SODQH�LQ�WKH�[�GLUHFWLRQ�L5DG\ 6SHFLILHV�WKH�UDGLXV�RI�WKH�SODQH�LQ�WKH�\�GLUHFWLRQ�L,Q5DG[ 6SHFLILHV�UDGLXV�RI�LQSXW�FRQQHFWLRQV�LQ�[�GLUHFWLRQ�L,Q5DG[ 6SHFLILHV�UDGLXV�RI�LQSXW�FRQQHFWLRQV�LQ�\�GLUHFWLRQ�LQ*DS ,QWHJHU�QXPEHU��VSHFLILLQJ�WKH�QHXURQ�JDS
5HPDUNV'XULQJ�FRQVWUXFWLRQ�WKH�QHXURQ�H[FLWDWLRQV�RI� WKH�SODQH�DUH� LQWLDOLVHG�WR����7KH�UDGLXV�RI�D�SODQH� LVGHILQHG� DV� VL[H���� 7KH� LPSOHPHQWDWLRQ� UHVWULFWV� RQO\� RGG� YDOXHV� RI� VL]H� LQ� HLWKHU� GLUHFWLRQV� DUHDOORZHG�
&3ODQH��a�&3ODQH
'HVWUXFWLRQ
a�&3ODQH ����
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�GHVWUXFW�D�EDVH�SODQH�REMHFW�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVQRQH
5HPDUNV2QO\�WKH�SODQHV�FRPPRQ�DWWULEXWH�PBS�XW�LV�GHOHWHG�
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&3ODQH��*HW6L]H;�<
6HOHFWRUV
,QW�*HW6L]H;�<����
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�UHWUHLYH�WKH�SODQH�VL]H�LQ�[�\�GLUHFWLRQ�
5HWXUQ�9DOXH7KH�YDOXH�RI�PB�VL]H;�<�GDWD�DWWULEXWH�
3DUDPHWHUVQRQH
5HPDUNV1RWH�WKLV�GLVFULSWLRQ�FRYHUV�IRU�ERWK�PHWKRGHV�&3ODQH��*HW6L]H; DQG�&3ODQH��*HW6L]H<�
&3ODQH��*HW5DG;�<
6HOHFWRUV
,QW�*HW6L]H;�<����
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�UHWUHLYH�WKH�SODQH�UDGLXV�LQ�[�\�GLUHFWLRQ�
5HWXUQ�9DOXH7KH�YDOXH�RI�PB�UDG;��<�GDWD�DWWULEXWH�
3DUDPHWHUVQRQH
5HPDUNV1RWH�WKLV�GLVFULSWLRQ�FRYHUV�IRU�ERWK�PHWKRGHV�&3ODQH��*HW65DG; DQG�&3ODQH��*HW5DG<�
&3ODQH��*HW2XWSXW
6HOHFWRUV
IORDW�
�*HW2XWSXW���YRLG���IORDW����*HW2XWSXW���LQW�L;��LQW�L<���
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�UHWUHLYH�WKH�SODQHV�RXWSXW�YDOXH�V��
5HWXUQ�9DOXH5HWXUQV�D�SRLQWHU�WR�DQ�DUUD\�IORDWLQJ�SRLQW�QXPEHUV�UHSUHVHQWLQJ�WKH�QHXURQ�H[LFWDWLRQV�RI�WKHUHTXHVWHG�SODQH�5HWXUQV�D�IORDW�SRLQW�QXPEHU�UHSUHVHQWLQJ�WKH�QHXURQ�H[LFWDWLRQ�DW�WKH��[�\��ORFDWLRQ�RQ�WKH�SODQH�
3DUDPHWHUVL; 6SHFLILHV�WKH�QHXURQ�ORFDWLRQ�LQ�WKH�;�GLUHFWLRQ�L< 6SHFLILHV�WKH�QHXURQ�ORFDWLRQ�LQ�WKH�<�GLUHFWLRQ�
5HPDUNV7KH�VL]H�RI�WKH�DUUD\�UHWXUQHG�HTXDOV�PBVL]H;�
�PBVL]H<���1HXURQ�H[LWDWLRQ�YDOXHV�DUH�RUGHUHG�URZE\�URZ�LQ�WKH�DUUD\��VWDUWLQJ�ZLWK�WKH�ORZHU�URZ�
3XEOLF�GDWD�0HPEHUV�&3ODQH6�REMHFWV
PB�EOFNG ,QWHJHU�QXPEHU�VSHFLI\LQJ�ZKHWKHU�WKH�REMHFW�LV�EORFNHG�IRU�WUDLQLQJ�&3ODQH6��&3ODQH6
&RQVWUXFWRU
&3ODQH6��9HUVLRQ�YHU��LQW�L5DG;����LQW�L5DG<�
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��LQW�L,Q5DG;�LQW�L,Q5DG<���LQW�LQ*DS��IORDW�L6HOHFWLYLW\���LQW�SUHY3ODQHV��&:HLJKWV&�
L:F��
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�FRQVWUXFW�D�&3ODQH6 REMHFW�
5HWXUQ�9DOXHQRQH
3DUDPHWHUV
YHU 6SHFLILHV�WKH�QHWZRUN�YHUVLRQ�VWDWXV��7KH�QHWZRUN�FDQ�EH�XVHG�LQ�WKH�IROORZLQJ�WRVWDWHV��6XSHUYLVHG)XNXVKLPD RU�8QVXSHUYLVHG)XNXVKLPD�L5DG[ 6SHFLILHV�WKH�UDGLXV�RI�WKH�SODQH�LQ�WKH�[�GLUHFWLRQ�L5DG\ 6SHFLILHV�WKH�UDGLXV�RI�WKH�SODQH�LQ�WKH�\�GLUHFWLRQ�L,Q5DG[ 6SHFLILHV�UDGLXV�RI�LQSXW�FRQQHFWLRQV�LQ�[�GLUHFWLRQ�L,Q5DG\ 6SHFLILHV UDGLXV�RI�LQSXW�FRQQHFWLRQV�LQ�\�GLUHFWLRQ�LQ*DS ,QWHJHU�QXPEHU��VSHFLILLQJ�WKH�QHXURQ�JDSL6HOHFWLYLW\� IORDWLQJ�SRLQW�QXPEHU�VSHFLI\LQJ�WKH�VHOHFWLY\�IRU�WKH�SODQHSUHY3ODQHV 1XPEHU�RI�SUHYLXRV�&�3ODQHV�FRQQHFWHG�WR�WKLV�6�SODQH�W\SH�L:F�� $�SRLQWHU�WR�D�IORDWLQJ�SRLQW�DUUD\�VSHFLI\LQJ�WKH�:HLJKW&�IDFWRUV�IRU�WKH�SODQH�
5HPDUNV5HLQIRUFLQJ� WKH� E�ZHLJKWV� LV� DFFRPSOLVKHG� ZLWKLQ� WKLV� FODVV�� WKLV� LV� WKH� UHDVRQ� WKH� DVVRFLDWHG� F�ZHLJKWV�DUH�QHVVHFDU\�DV�LQSXW�SDUDPHWHU�LQ�WKH�FRQVWUXFWRU�
&3ODQH6��a�&3ODQH6
'HVWUXFWLRQ
a�&3ODQH6 ����
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�GHVWUXFW�D�&SODQH6 REMHFW�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVQRQH
5HPDUNV:KHQ�FDOOLQJ�WKLV�IXQFWLRQ�WKH�DVVRFLDWHG�ZHLJKW$�DQG�:HLJKW%�IDFWRU�VSDFH�LV�GHDOORFDWHG�&3ODQH6��4XDN
0RGLILFDWLRQ
4XDN ����
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�³4XDNH´�WKH�&SODQH6 REMHFWV�ZHLJWK$�DQG�:HLJWK%�IDFWRUV�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVQRQH
5HPDUNV:KHQ�FDOOLQJ�WKLV�IXQFWLRQ�WKH�PBEOFNG�GDWDPHPEHU�LV�VHW�WR���
&3ODQH6��8SGDWH
0RGLILFDWLRQ
YRLG�8SGDWH�&3ODQH&�

S3O&��LQW�Q3O&��&3ODQH9�
S3O9��
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&DOO� WKLV�PHPEHU� IXQFWLRQ� WR� UHFDOFXODWH� WKH�QHXURQ�H[LWDWLRQV�EDVHG�RQ� FXUUHQW�ZHLJWK� � IDFWRUV� RIW\SH�$�HQ�7\SH�%�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVS3OF $�SRLQWHU�WR�D�&SODQH& REMHFW�DUUD\�LQ�WKH�OD\HU�XQGHU�FRQVLGHUDWLRQ�13OF 6SHFLILFDWLRQ�RI�WKH�QXPEHU�RI &SODQH& REMHFWV�FRQQHFWHG�WR�WKLV�SODQH�33O9 $�SRLQWHU�WR�D�&SODQH9�REMHFW�LQ�WKH�OD\HU�XQGHU�FRQVLGHUDWLRQ�
&3ODQH6��7UDLQ
0RGLILFDWLRQ
YRLG�7UDLQ��&3ODQH&�

S3O��LQW�Q3O��&3ODQH9�
S3O9��LQW�L;�LQW�L<��YRLG�7UDLQ��&3ODQH&�

S3O��LQW�Q3O��&3ODQH9�
S3O9��LQW�L;�LQW�L<�IORDW�YDOXH��LQW�XQVXSHUYLVHG ���
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�UHFDOFXODWH�WKH�QXHURQ�H[LWDWLRQV�EDVHG�RQ�FXUUHQW�ZHLJWK��IDFWRUV�RIW\SH�$�HQ�7\SH�%�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVS3OF $�SRLQWHU�WR�D�&SODQH& REMHFW�DUUD\�LQ�WKH�OD\HU�XQGHU�FRQVLGHUDWLRQ�13OF 6SHFLILFDWLRQ�RI�WKH�QXPEHU�RI�&SODQH& REMHFWV�33O9 $�SRLQWHU�WR�D�&SODQH9�REMHFW�LQ�WKH�OD\HU�XQGHU�FRQVLGHUDWLRQ�L; 6SHFLILHV�WKH�VL]H�RI�WKH�WUDLQLQJ�VDPSOH�LQ�;�GLUHFWLRQ�L< 6SHFLILHV�WKH�VL]H�RI�WKH�WUDLQLQJ�VDPSOH�LQ�<�GLUHFWLRQ�YDOXH 8QXVHG�XQVXSHUYLVHG� 2SWLRQDO�SDUDPHWHU�VSHFLILHV�VXSHUYLVHG�RU�XQ6XSHUYLVHG�WUDLQLQJ��WKLV�SDUDPHWHU�LVXVHG�WR�VHW�WKH�WUDLQLQJ�FRHIILFLHQW�LQWHUQDOO\�
&3ODQH6��6DYH
,QSXW�RXWSXW
YRLG�6DYH�),/(�
R)LOH��
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�VDYH�WKH�DVVLRFLDWHG�ZHLJKW$�DQG�ZHLJKW%�IDFWRUV�RI�WKH�&SODQH6 REMHFWWR�GLVN�
5HWXUQ�9DOXHQRQH
3DUDPHWHUV
R)LOH 6SHFLILFLHV�D�ILOH�ILOH�SRLQWHU�WR�WKH�RXWSXWILOH�LQ�ZKLFK�ZHLJWKV�RI�W\SH�$��%�DQG�WKH�VHOHFWLYLW\SDUDPHWHUV�DUH�WR�EH�VWRUHG�
&3ODQH6��/RDG
,QSXW�RXWSXW
LQW��/RDG�),/(�
L)LOH��
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�UHFDOO�WKH�DVVLRFLDWHG�ZHLJKW$�DQG�ZHLJKW%�IDFWRUV�RI�WKH�&SODQH6REMHFW�IURP�GLVN�
5HWXUQ�9DOXH$Q�LQWHJHU�LQGLFDWLRQ�VXFFHV�RU�IDLOXUH����LQGLFDWHV�VXFFHV���LQGLFDWHV�IDLOXUH�
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3DUDPHWHUVR)LOH 6SHFLILFLHV�D�ILOH�ILOH�SRLQWHU�WR�WKH�LQSXWILOH�LQ�ZKLFK�ZHLJWKV�RI�W\SH�$��%�DQG�WKH�VHOHFWLYLW\SDUDPHWHUV�ZHUH�VDYHG�
5HPDUNV2QO\�IDLOXUHV�RI�ILOH�L�R�RSHUDWLRQV�DUH�UHSRUWHG�
&3ODQH9��&3ODQH9
&RQVWUXFWRU
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LZF��
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�FRQVWUXFW�D�&3ODQH9 REMHFW�
5HWXUQ�9DOXHQRQH
3DUDPHWHUV
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&3ODQH9��a�&3ODQH9
'HVWUXFWLRQ
a�&3ODQH6 ����
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�GHVWUXFW�D�&SODQH9 REMHFW�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVQRQH
5HPDUNV:KHQ�FDOOLQJ�WKLV�IXQFWLRQ�WKH�DVVRFLDWHG�ZHLJKW&�DUH�QRW�GHDOORFDWHG�IRU�PHPRU\�VSDFH�
&3ODQH9��8SGDWH
0RGLILFDWLRQ
YRLG�8SGDWH�&3ODQH&�

S3O�LQW�Q3O��
&DOO� WKLV�PHPEHU� IXQFWLRQ� WR� UHFDOFXODWH� WKH�QHXURQ�H[LWDWLRQV�EDVHG�RQ� FXUUHQW�ZHLJWK� � IDFWRUV� RIW\SH�&�
5HWXUQ�9DOXHQRQH
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LZF��&3ODQH&�9HUVLRQ�YHU�LQW�L5DG;�LQW�L5DG<��
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3DUDPHWHUV9HU 6SHFLILHV�WKH�QHWZRUN�YHUVLRQ�VWDWXV��7KH�QHWZRUN�FDQ�EH�XVHG�LQ�WKH�IROORZLQJ�WRVWDWHV�6XSHUYLVHG)XNXVKLPD RU�8QVXSHUYLVHG)XNXVKLPD�L5DG[ 6SHFLILHV�WKH�UDGLXV�RI�WKH�SODQH�LQ�WKH�[�GLUHFWLRQ�L5DG\ 6SHFLILHV�WKH�UDGLXV�RI�WKH�SODQH�LQ�WKH�\�GLUHFWLRQ�L,Q5DG[ 6SHFLILHV�UDGLXV�RI�LQSXW�FRQQHFWLRQV�LQ�[�GLUHFWLRQ�L,Q5DG[ 6SHFLILHV�UDGLXV�RI�LQSXW�FRQQHFWLRQV�LQ�\�GLUHFWLRQ�LQ*DS ,QWHJHU�QXPEHU��VSHFLILLQJ�WKH�QHXURQ�JDS�L:F $�SRLQWHU�WR�D�IORDWLQJ�SRLQW�DUUD\�VSHFLI\LQJ�WKH�:HLJKW&�IDFWRUV�IRU�WKH�SODQH�
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'HVWUXFWLRQ
a�&3ODQH& ����
&DOO�WKLV�PHPEHU�IXQFWLRQ�WR�GHVWUXFW�D�&SODQH& REMHFW�
5HWXUQ�9DOXHQRQH
3DUDPHWHUVQRQH
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$SSHQGL[�,,
1HRFRJQLWURQ�QHWZRUN�FRQILJXUDWLRQV
����)XNLVXPD¶V�QHWZRUN�FRQILJXUDWLRQ�IRU�KDQGZULWWHQFKDUDFWHU�UHFRJQLWLRQ
7KLV�QHWZRUN�LV�GHVFULEHG�LQ�VHFWLRQ�����WKURXJK�VHFWLRQ�����LQ�WKH�PDLQ�GRFXPHQW�
(GLWDEOH�WUDLQLQJ�VHW�ILOHV�/D\HU����1HR3DWV/D\HU�)XNXVLPD 7H[W'RFXPHQW� ��.%/D\HU����1HR3DWV/D\HU�)XNXVLPD 7H[W'RFXPHQW� ����.%/D\HU����1HR3DWV/D\HU�)XNXVLPD 7H[W'RFXPHQW�� ���.%
&RGHG�1HRFRJQLWURQ�WUDLQLQJ�VHW�ILOH�)XNXVLPD0D[3DWWHUQV$OSKD)LQDO�� 7H[W'RFXPHQW ����.%
5XQWLPH�1HRFRJQLWURQ�QHWZRUN�ILOHV�)XNXVLPD0D[3DWWHUQV$OSKD)LQDO�� 1HW�ILOH ������.%�)XNXVLPD0D[3DWWHUQV$OSKD)LQDO� 1HW�ILOH ������.%�
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����)XNLVXPD¶V�QHWZRUN�FRQILJXUDWLRQ�IRU�KDQGZULWWHQFKDUDFWHU�UHFRJQLWLRQ�XVLQJ�D�PRGLILHG�WUDLQLQJ�VHW
7KLV�QHWZRUN�LV�GHVFULEHG�LQ�VHFWLRQ�������RI�WKH�PDLQ�GRFXPHQW�
(GLWDEOH�WUDLQLQJ�VHW�ILOHV�/D\HU����1HR3DWV/D\HU�&RUQHW�� 7H[W'RFXPHQW� ��.%/D\HU����1HR3DWV/D\HU�&RUQHW�� 7H[W'RFXPHQW� ����.%/D\HU����1HR3DWV/D\HU�&RUQHW�� 7H[W'RFXPHQW�� ���.%
&RGHG�1HRFRJQLWURQ�WUDLQLQJ�VHW�ILOH�)XNXVLPD0D[3DWWHUQV$OSKD1HZ/D\HU��B�� 7H[W'RFXPHQW ����.%
5XQWLPH�1HRFRJQLWURQ�QHWZRUN�ILOH�)XNXVLPD0D[3DWWHUQV$OSKD1HZ/D\HU��B�� 1HW��ILOH ������.%

)LJ��������7UDLQLQJVVHW�SDWWHUQV�OD\HU���IRU�OLFHQVH�SODWH�FKDUDFWHUV
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)LJ��������7UDLQLQJ�VHW�SDWWHUQV�OD\HU���IRU�OLFHQVH�SODWH�FKDUDFWHUV
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)LJ��������7UDLQLQJ�VHW�SDWWHUQV�OD\HU���IRU�OLFHQVH�SODWH�FKDUDFWHUV
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7DEOH�������7KH�PRGLILHG�QHWZRUN�FRQILJXUDWLRQ�IRU�OLFHQVH�SODWH�FKDUDFWHUV
/D\HU 3ODQH�VL]H &RQQHFWDEOH$UHD 1XPEHU�RI3ODQHV 1HXURQ�*DS 7UDLQLQJSDWWHUQ�VL]H,QSXW ��
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����7KUHH�OD\HUHG�QHWZRUN�EDVHG�RQ�WKLQQHG�FKDUDFWHUVDPSOHV�RI�QRUPDOLVHG�OLFHQVH�SODWH�FKDUDFWHU�FXW�RXWV
7KLV�QHWZRUN�LV�GHFULEHG�LQ�VHFWLRQ�����RI�WKH�PDLQ�GRFXPHQW�
(GLWDEOH�WUDLQLQJ�VHW�ILOHV�/D\HU����1HR3DWV/D\HU�&RUQHW�� 7H[W'RFXPHQW� ��.%/D\HU����1HR3DWV/D\HU�&RUQHW��� 7H[W'RFXPHQW� ���.%
&RGHG�1HRFRJQLWURQ�WUDLQLQJ�VHW�ILOH�PH$OSKD0D[1HZ3DWWHUQV/D\HU�� 7H[W'RFXPHQW ���.%
5XQWLPH�1HRFRJQLWURQ�QHWZRUN�ILOH�)XNXVLPD0D[3DWWHUQV$OSKD/D\HU��� 1HW��ILOH ������.%

)LJ��������6SHFLILF�WUDLQLQJ�VHW�SDWWHUQV�OD\HU���IRU�OLFHQVH�SODWH�FKDUDFWHUV
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)LJ��������6SHFLILF�WUDLQLQJ�VHW�SDWWHUQV�OD\HU���IRU�OLFHQVH�SODWH�FKDUDFWHUV
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7DEOH�������7KH���OD\HU�QHWZRUN�FRQILJXUDWLRQ�IRU�OLFHQVH�SODWH�FKDUDFWHUV
/D\HU 3ODQH�VL]H &RQQHFWDEOH$UHD 1XPEHU�RI3ODQHV 1HXURQ�*DS 7UDLQLQJSDWWHUQ�VL]H,QSXW ��
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&RGHG�1HRFRJQLWURQ�WUDLQLQJ�VHW�ILOH�PH$OSKD6PDOO�'� 7H[W'RFXPHQW ��.%
5XQWLPH�1HRFRJQLWURQ�QHWZRUN�ILOH�PH$OSKD6PDOO�'� 1HW��ILOH ���.%

7DEOH�������7KH�OD\HU�QHWZRUN�FRQILJXUDWLRQ�IRU���'�GLVFULPLQDWRU
/D\HU 3ODQH�VL]H &RQQHFWDEOH$UHD 1XPEHU�RI3ODQHV 1HXURQ�*DS 7UDLQLQJSDWWHUQ�VL]H,QSXW ��
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)LJ����������'�GLVFULPLQDWRU�QHWZRUN�WUDLQLQJ�VHW
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��������-��GLVFULPLQDWRU
(GLWDEOH�WUDLQLQJ�VHW�ILOHV�/D\HU����1HR6PDOOO-OD\HU� 7H[W'RFXPHQW� ��.%/D\HU����1HR6PDOO�-OD\HU� 7H[W'RFXPHQW� ��.%
&RGHG�1HRFRJQLWURQ�WUDLQLQJ�VHW�ILOH�0H$OSKD6PDOO�-� 7H[W'RFXPHQW ��.%
5XQWLPH�1HRFRJQLWURQ�QHWZRUN�ILOH�0H$OSKD6PDOO�-� 1HW��ILOH ���.%

7DEOH�������7KH�OD\HU�QHWZRUN�FRQILJXUDWLRQ�IRU���-�GLVFULPLQDWRU
/D\HU 3ODQH�VL]H &RQQHFWDEOH$UHD 1XPEHU�RI3ODQHV 1HXURQ�*DS 7UDLQLQJSDWWHUQ�VL]H,QSXW ��
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)LJ����������-�GLVFULPLQDWRU�QHWZRUN�WUDLQLQJ�VHW
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��������=�GLVFULPLQDWRU
(GLWDEOH�WUDLQLQJ�VHW�ILOHV�/D\HU����1HR6PDOO�=OD\HU� 7H[W'RFXPHQW� ��.%/D\HU����1HR6PDOO�=OD\HU� 7H[W'RFXPHQW� ��.%
&RGHG�1HRFRJQLWURQ�WUDLQLQJ�VHW�ILOH�0H$OSKD6PDOO�=� 7H[W'RFXPHQW ��.%
5XQWLPH�1HRFRJQLWURQ�QHWZRUN�ILOH�0H$OSKD6PDOO�=� 1HW��ILOH ���.%

7DEOH�������7KH�OD\HU�QHWZRUN�FRQILJXUDWLRQ�IRU���=�GLVFULPLQDWRU
/D\HU 3ODQH�VL]H &RQQHFWDEOH$UHD 1XPEHU�RI3ODQHV 1HXURQ�*DS 7UDLQLQJSDWWHUQ�VL]H,QSXW ��
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)LJ����������=�GLVFULPLQDWRU�QHWZRUN�WUDLQLQJ�VHW
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��������6�GLVFULPLQDWRU
(GLWDEOH�WUDLQLQJ�VHW�ILOHV�/D\HU����1HR6PDOO�6OD\HU� 7H[W'RFXPHQW� ��.%/D\HU����1HR6PDOO�6OD\HU� 7H[W'RFXPHQW� ��.%
&RGHG�1HRFRJQLWURQ�WUDLQLQJVHW�ILOH�0H$OSKD6PDOO�6� 7H[W'RFXPHQW ��.%
5XQWLPH�1HRFRJQLWURQ�QHWZRUN�ILOH�0H$OSKD6PDO�6� 1HW��ILOH ���.%

7DEOH�������7KH�OD\HU�QHWZRUN�FRQILJXUDWLRQ�IRU��6�GLVFULPLQDWRU
/D\HU 3ODQH�VL]H &RQQHFWDEOH$UHD 1XPEHU�RI3ODQHV 1HXURQ�*DS 7UDLQLQJSDWWHUQ�VL]H,QSXW ��
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)LJ����������6�GLVFULPLQDWRU�QHWZRUN�WUDLQLQJ�VHW
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��������%�GLVFULPLQDWRU
(GLWDEOH�WUDLQLQJ�VHW�ILOHV�/D\HU����1HR6PDOO�%OD\HU� 7H[W'RFXPHQW� ��.%/D\HU����1HR6PDOO�%OD\HU� 7H[W'RFXPHQW� ��.%
&RGHG�1HRFRJQLWURQ�WUDLQLQJ�VHW�ILOH�0H$OSKD6PDOO�%� 7H[W'RFXPHQW ��.%
5XQWLPH�1HRFRJQLWURQ�QHWZRUN�ILOH�0H$OSKD6PD�%� 1HW��ILOH ���.%

7DEOH�������7KH�OD\HU�QHWZRUN�FRQILJXUDWLRQ�IRU���%�GLVFULPLQDWRU
/D\HU 3ODQH�VL]H &RQQHFWDEOH$UHD 1XPEHU�RI3ODQHV 1HXURQ�*DS 7UDLQLQJSDWWHUQ�VL]H,QSXW ��
��6�OD\HU�� ��
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)LJ����������%�GLVFULPLQDWRU�QHWZRUN�WUDLQLQJ�VHWV
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����7KUHH�OD\HUHG�QHWZRUN�XVHG�IRU�V\VWHP�HYDOXDWLRQ
7KLV�QHWZRUN�LV�GHFULEHG�LQ�VHFWLRQ�����RI�WKH�PDLQ�GRFXPHQW�
(GLWDEOH�WUDLQLQJ�VHW�ILOHV�/D\HU����1HR3DWV/D\HU�&RUQHW�� 7H[W'RFXPHQW� ��.%/D\HU����1HR3DWV/D\HU�&RUQHW��� 7H[W'RFXPHQW� ���.%
&RGHG�1HRFRJQLWURQ�WUDLQLQJ�VHW�ILOH�PH$OSKD0D[1HZ3DWWHUQV/D\HU�� 7H[W'RFXPHQW ���.%
5XQWLPH�1HRFRJQLWURQ�QHWZRUN�ILOH�)XNXVLPD0D[3DWWHUQV$OSKD/D\HU��� 1HW��ILOH ������.%

)LJ��������7UDLQLQJVHW�SDWWHUQV�OD\HU���IRU�OLFHQVH�SODWH�FKDUDFWHUV�QHZ�VW\OH
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)LJ��������7UDLQLQJVHW�SDWWHUQV�OD\HU���IRU�OLFHQVH�SODWH�FKDUDFWHUV�QHZ�VW\OH
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7DEOH�������7KH���OD\HU�QHWZRUN�FRQILJXUDWLRQ�IRU�OLFHQVH�SODWH�FKDUDFWHUV
/D\HU 3ODQH�VL]H &RQQHFWDEOH$UHD 1XPEHU�RI3ODQHV 1HXURQ�*DS 7UDLQLQJSDWWHUQ�VL]H,QSXW ��
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)RQW $ULDO 5HFRJ�6L]H ��SW ��SW ��SW ��SW ��SW ��SW �SW &RUUHFW&KDUDFWHU� 4�6�� 4��6& 4�&�6 4��6& �6&4� '35�� '35�� ��� �0��� �0��� �7��� ����� 0���� 0���� 0���� ��� �64�� �6'�� �6�4� ����� �=��� �=��� �=��� ���� 4���� ����� � � %���� � � ��� ����� ����� ����� ����� ����� ����� ����� ��� ����� ����� ����� � ����� �)(�� )(��� ��� 6���� �6�&� 6��4� 64��� ��6�� � ����� ��� ����� ����� ����� �7��� �7��� ����� �7��� ���� � �4��� &�*�� 4�6�� ����� 3���� ����� ��� 4��6& �4�6& �4&�6 �4&�6 �4�6& %���� 3)��� ��$ $���� $���� $���� $���� $���� $���� $���� ���% 6,��� ',6�� %���� %���� '(��� '(��� �'��� ��& &�4�� 4&��6 &��64 &*��� &�4�* &�4�6 &*��� ��' 6'��� 6'��� 6'��� '6��� '35�� '35�� '35�� ��( ()/�� ()/�� ()/�� (/)�� ()��� ()��� (���� ���) )(��� )(��� )(��� )(��� )(��� )(��� )���� ���* *&��� 4*&�� *&�4� 4*&�� 4&*�� 4�&�6 4�&�6 ��+ +���� +���� +���� +���� +���� �+��� +���� ��, �-<�8 �8��� ����� ����� ����� ����� ����� ���- �-��� -�8�� -8��� �-��� -���� -���� 19��� ��. .���� .+��� �.�+� .���� .���� .���� .���� ��/ /�(�� /�(�� /�(�� /�(�� /���� /���� /���� ���0 0���� 3)��� 3)��� ����� 0���� � :91�� ��1 ��+�� ����� 19:�� 19:�� 19:�� 19��� 1���� ��3 365'� 365'� 356'� 365'� 35'�� 35'�� 3���� ���5 5���� 563�� 6�54� 53��� 53��� 53��� 5.��� ��6 &6�4� 6���� &���� � 6�&�� '35�� 3���� ��7 7���� 7���� 7���� 7���� 7���� 7���� 7���� ���8 8���� 8���� 8-��� 8���� 8���� 8���� 8���� ���9 9:1�� 8���� ��8�� 9�81� 91:�� 91:�� 91:�� ��: :91�� 8�+�� ����� :91�� :91�� :91�� :19�� ��; � ����� � .���� ;.��� ;���� ;���� ��< <���� <���� <���� <���� <���� 91��� <���� ��= /(��� /(=�� =/�(� =/��� =���� =���� =���� ��5HFRJQLVHG&RUUHFWO\ �� �� �� �� �� �� �� ��
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)RQW $ULDO�%ROG 5HFRJQLVHG6L]H ��SW ��SW ��SW ��SW ��SW ��SW �SW &RUUHFWO\&KDUDFWHU� '365� �&�64 4��&6 � �&4�6 � � ��� 7���� +���� +���� ����� ����� ����� � �� �'6�� ����� /(��� �/��� /���� /���� =���� ��� � � %���� � � � � �� � ����� � ����� � ����� � ��� �)(�� ����� ����� ����� ����� (���� )(��� ��� ����� �6��� ����� 6���� � )(��� ����� ��� �7��� �7��� �=7�� ����� ����� ����� �7��� ���� 3�5'� 4��6& ����� 4���� � � � �� � �4&�� 4���� ����� � ����� � ��$ � $���� $���� $���� $���� � � ��% '���� '35%� '3(�� '(��� ',��� � � �& )���� &*��� &*��� &6��� &���� &���� &���� ��' '6��� '35�� '35�� '35�� '6,�� '35�� � ��( ()/�� ()/�� ()/�� ()��� (/��� ()��� ()��� ���) )(��� )(��� )(��� )(��� )(��� )(��� )���� ���* &���� *&��� *&��� 4*&�� 4�&�* &���� � ��+ +���� +���� +���� +���� �+��� +���� � ��, �8��� �8��� �-��� ����� ����� ����� ����� ���- ��-�� -���� -���� -���� -���� ����� �+��� ��. .���� +���� ��+�� .���� �.��� .���� ��+�� ��/ /��(� /�(�� /�(�� /�(�� /�(�� /���� /���� ���0 <+��� +���� 0���� 0���� 0���� �+��� �+��� ��1 �1��� ��<+� ��1�� 1���� 19��� ����� ����� ��3 3���� 35'�� 35'�� 35'�� 356�� � � ��5 $���� 53')� 53)�� 53)�� 53.�� � � ��6 ����� 6��'� 6'��� 6�'�� 6���� ����� � ��7 7���� 7���� 7���� 7���� 7���� 7���� 7���� ���8 8���� 8���� 8���� 8���� 8���� 8���� �8��� ��9 8���� ����� 98�1� 91��� 91��� 91��� 19��� ��: 1:��� <���� �+��� :91�� :91�� :91�� ����� ��; ��+0� ����� ;.��� .���� .���� ����� ����� ��< <���� <���� <���� <���� <���� 3���� <���� ��= =/�(� =/(�� =���� =���� /���� =���� =���� ��5HFRJQLVHG&RUUHFWO\ �� �� �� �� �� �� �� ��
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)RQW 9HUDQGD 5HFRJQLVHG6L]H ��SW ��SW ��SW ��SW ��SW ��SW �SW &RUUHFWO\&KDUDFWHU� 4�6&� 4�6&� �4&6� 4��6& �6&4� '35�� '35�� ��� � � � � ,���� � � ��� �/(6� �/(�� �/6'( ����� �6��� ����� =���� ��� � %���� %���� %���� �%��� � � ��� � ��,�� � � ����� � ����� ��� ����� ����� ����� ����� ����� )���� )(��� ��� ���6� ���6� ����� ����� ����� � � ��� �7��� ����� �7��� ����� ����� ����� ����� ���� ����� �4�6� ����� ���6� ����� ����� ����� ��� 4�6�� 4�&�6 4�&�6 �4&6� 4��6& 35'�� � ��$ $0��� $���� $���� $���� $0��� ����� $���� ��% '3��� %���� %���� ����� '3%5� '���� �'��� ��& &���� &���� &4�*� &*��� &*��� &*��� &*��� ���' '3,65 6'��� 6'�,� 6'��� '35�� '35�� '35�� ��( ()/�� ()/�� (/)�� (/��� ()��� ()/�� (���� ���) )(��� )(��� )(��� )(��� )(��� )(��� )���� ���* ����� *���� *&��� *&��� *&��� &*��� &*��� ��+ +���� +���� +���� +���� +���� �+��� +���� ��, /(��� ,�7�� �/,8� ��/�� ,���� ����� ����� ��- � � � � � � � �. .���� .���� .���� .��+� .���� .���� .���� ���/ /�(�� /�(�� /�(�� /�(�� /�(�� /���� /���� ���0 091�� 3)��� 3���� 03��� 0���� 0���� � ��1 <���� 91:�� ��3�� 3���� 19:�� 1���� 1���� ��3 3'56� 36'5� 356'� 365'� 35'�� 35'�� 3���� ���5 53'�� 5���� 5.��� 5.3�� 53.�� 5.��� 53��� ���6 6���� &���� ����� ����� 6�&4� �)��� 3���� ��7 7���� 7���� 7���� 7���� 7���� 7���� 7���� ���8 8���� 8���� 8���� 8���� 8���� 8���� 8���� ���9 ��8�� 9:18� 9:1�� 91��� 91:�� 91:�� 91:�� ��: :91�� 19:�� � 8���� 9:1�� 19:�� :91�� ��; -.��� .;��� .���� .9��� ;.��� ;���� ;���� ��< <���� <���� <���� <���� <���� 91��� <���� ��= /(��� /(=�� /(��� =/(�� =���� =���� =���� ��5HFRJQLVHG&RUUHFWO\ �� �� �� �� �� �� �� ��
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)RQW 9HUDQGD�%ROG 5HFRJQLVHG6L]H ��SW ��SW ��SW ��SW ��SW ��SW �SW &RUUHFWO\&KDUDFWHU� �&64� &4��6 �46�& �6&4� �&6�� � � ��� � � � =���� � � ����� ��� ����� ����� �=��� ����� �=��� =���� =���� ��� � � � %���� %���� � � �� � ,���� � � ����� ����� ����� ��� ����� ����� �)(�� �)(�� �)��� �()�� )(��� ��� ����� ����� �)(�� ����� ����� ()��� ����� ��� �7��� 7���� ����� � �7��� ����� �7��� ��� � ����� � 53%�� ����� � ����� ��� � � 4��6& '35�� �4��� � � ��$ 35��� ����� $���� 3���� $���� $���� � ��% � 35)�� 35%�� 3'5�� 3���� � � �& &*��� 4&��6 &4��6 &���� &���� &���� � ��' 6'��� '356� '365� '365� '635� '35�� '35�� ��( (/��� ()��� ()��� ()��� ()��� ()��� ()��� ���) )(��� )(��� )(��� )(��� )(��� )(��� )���� ���* *&��� &*4�� *&��� &*��� *&��� &���� � ��+ +���� +���� +���� �+��� +���� �+��� � ��, ,���� ����� 7���� ����� ����� ��+�� ����� ��- � � � � � � � �. .���� ��+�� .��+� ��+�� ����� �+��� ����� ��/ /�(�� /���� /���� /���� /���� /���� /���� ���0 0+��� +��0� 0+��� 0���� 0���� 0���� � ��1 <�0�� .���� ����� �1�+� 1�9�� 1���� 1���� ��3 35'�� 35'�� 35��� 35'�� 35'�� ����� � ��5 35��� 3'5�� 53.�� 53��� 3���� � � ��6 �)��� 6���� 6���� ����� ����� ����� 3���� ��7 7���� 7)��� 7���� 7���� 7���� 7���� 7���� ���8 8���� 8���� 8���� 8���� 8���� 8���� �8��� ��9 ����� 8���� 8���� ��8�� ��8-� ����� 9:1�� ��: ����� :���� �8��� 1:9�� 19:�� 91:�� ����� ��; ����� ����� .���� .;��� � ;���� ����� ��< <���� <���� <���� <���� <���� 3)5�� 3)5�� ��= /(=�� /=(�� /(=�� /=��� =/��� =���� =���� ��5HFRJQLVHG&RUUHFWO\ �� �� �� �� �� �� �� ��
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)RQW (XUR6WLOH 5HFRJQLVHG6L]H ��SW ��SW ��SW ��SW ��SW ��SW �SW &RUUHFWO\&KDUDFWHU� 4*�6� 4��&* �&46� ��6&� '536� '35�� ����� ��� ����� ����� ����� ����� � 0���� 0���� �� /�(�� �64/� �/(�� /(��� '(5�� ()��� =���� ��� � � � %���� 35'�� '3)�� � �� ,���� � � � � ����� �0��� ��� �)��� ����� �)(�� �'��� �)(�� �()�� � ��� �6��� ����� � ����� 35'�� 3���� ����� ��� ����� ����� �7��� �7��� �7��� ����� ����� ���� ����� ����� ����� 35'�� '35�� � � ��� 4��&6 4��&6 �4&�� � '35�� ����� 3)��� ��$ 35'�� � $���� $���� $���� $���� $���� ��% ,���� %���� � '35�� '3(�� '���� � ��& ����� 4&��6 &���� &�*�� '35�� � ()��� ��' 6,'�� ,6�'� '35�� '35�� '35�� '35�� '3�5� ��( ()/�� ()/�� ()��� ()/�� ()��� ()/�� (�)�� ���) )(��� )���� )(��� )(3�� )(��� )���� 3���� ��* *���� *���� *���� *���� ����� '35�� ()��� ��+ +���� +���� +���� +���� +���� �+��� �+��� ��, �8��� ����� ����� �-��� ����� ����� ����� ��- 8�-�� -���� -���� -�8�� -���� -���� ����� ��. +8��� .���� .���� ��+�� ����� � .���� ��/ /�(�� /�(�� /���� /�(�� /���� /���� �/��� ��0 3)5�� 3)05� 3)��� ����� :���� :91�� � �1 91:�� ����� 3���� �1�9� 19:�� 1���� 1���� ��3 3'��� ����� 3���� 35'�� 35'�� 35'�� 3���� ��5 � �64�� �<��� 35)�� 53'�� 35��� � ��6 6���� 4�6&� � � '���� ����� 3')�� ��7 7���� 7���� 7���� 7���� 7���� 7���� 7���� ���8 8���� 8���� 8���� 8���� 8���� 8���� ����� ��9 8���� 9:1�� ����� 91��� 9:1�� 9:1�� 9:1�� ��: ����� 19��� ����� +���� ����� :91�� :91�� ��; ;���� ;���� ;���� .���� ;.��� ����� ;���� ��< <���� <���� <���� <���� 91��� <���� <���� ��= /(=�� =�/�� =/(�� =���� =���� =���� =���� ��5HFRJQLVHG&RUUHFWO\ �� �� �� �� �� �� �� ��
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)RQW (XUR6WLOH�%ROG 5HFRJQLVHG6L]H ��SW ��SW ��SW ��SW ��SW ��SW �SW &RUUHFWO\&KDUDFWHU� 4��6& �4&6� 46��� &*��� 4&��� � '356� ��� ����� ����� �7��� ����� ����� ����� ����� �� '6(/� �(/�� �46�/ /(��� ����� =���� =���� ��� ���6� 4���� 4�6�& � �4��� � � ��� ,���� '���� � � � � � �� �()�� ����� ����� �(��� (���� �)(�� � ��� ����� 6�4�� �'��� ����� ����� ()��� (���� ��� �7��� ����� �7��� �7��� ����� ����� �7��� ���� '35�� 4���� � 4���� 4���� ����� � �� �'��� 4�6�� 4���� 4�&�� 4���� � � �$ '3��� $���� 35)�� � � � � ��% 3'5(� '35�� � ,���� � � ����� �& &*��� &*��� &4��� &4��* ����� )(��� ����� ��' '356� '365� '3,�� '6,�� '���� ����� '3�5� ��( ()/�� ()/�� ()/�� (/��� (/��� ()��� ()��� ���) )(��� )(��� )(��� )(��� )���� )(��� )���� ���* *&��� &���� &*��� 4*&�� 4�&�* )���� ()��� ��+ +���� +���� +���� +���� �+��� �+��� �+��� ��, �8��� �-��� ����� ����� ��+�� ����� ����� ��- 8-��� -���� ��-�� -���� ����� ����� ����� ��. �+��� .���� ��.�� .���� .���� .���� ����� ��/ /�(�� /�(�� /���� /���� /���� /���� �/��� ��0 0���� � :19�� 3���� ����� 0���� 3���� ��1 91:�� ����� ��+�� 9:1�� 91:�� � � �3 35'6� 35'�� 35'6� 3���� 3�5�� � 3���� ��5 53')� 53��� 53'�� 53'�� 6���� � � ��6 ��)�� 6'��� � � � (���� )(��� ��7 7���� 7���� 7���� 7���� 7���� 7���� 7���� ���8 8���� 8��-� 8���� 8���� ��8�� 8���� 8���� ��9 8���� �8�-� ��8�� 9:1�� 9:1�� ����� 1���� ��: :91�� ����� :91�� � :9��� � ����� ��; � .���� .;��� ;.��� ;���� � :91�� ��< <���� <���� <���� <���� <���� <���� <���� ���= /(=�� /(=�� =/(�� =/��� =���� � =���� ��5HFRJQLVHG&RUUHFWO\ �� �� �� �� �� �� �� ��
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)RQW /LFHQVH�3ODWH�)RQW 5HFRJQLVHG6L]H ��S[ ��S[ ��S[ ��S[ ��S[ ��S[ &RUUHFWO\&KDUDFWHU� 4�&�� 4�6�& 4�6&� 4��6� 6'��� '���� �� �-��� �-��� �-��� ����� ��+�� ����� ��� /�(�� � ����� � � � ��� � � � � � � �� � ����� �+��� ����� ����� �+��� ��� �()�� ����� �(��� ����� ����� � ��� ����� ��6&� ��6&� ����� ����� ����� ��� �7��� ����� ����� ����� �7��� ����� ���� � 3%��� 4���� 4���� � � �� �4&�� 4�&�� 4�&�� �4��� � � ��% 35��� '35�� '35�� '���� � � �' '536� ',6�� '35�� '���� 6'��� '35�� ��) )(��� )���� )���� � � � ��* ����� ����� ����� ����� &*��� '(��� �+ +���� �+��� �+��� +���� �+��� �+��� ��- -���� ����� -���� ����� -���� ����� ��. ��.�� .;��� .���� .���� .���� .���� ��/ /�(�� /�(�� /��(� /�8�� /���� /���� ���1 1��+� 1��+� 1���� 1���� 1���� ����� ��3 35'�� 35'�� 3���� 35��� 3���� 3���� ���5 53.�� 53.�� � 53��� 5���� ����� ��6 � � � �6��� ����� 3���� �7 7���� 0���� 7<��� �<��� ����� ����� ��9 <���� 9<1�� 91��� 9:1�� 91:�� 1���� ��; ��.�� .���� 9���� 91��� � 91��� �< <���� <���� ��+<� <���� <���� 9���� ��= /(��� /(��� /���� =/��� /���� /(��� ��5HFRJQLVHG&RUUHFWO\ ����� ����� ����� ����� ����� �����
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