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$GYDQFHG�HOHFWURQLF� SULQFLSOHV�� 

3DJH�� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

:RUNVKHHW�� 
/9'7�SULQFLSOHV 

/LQHDU�YDULDEOH�GLIIHUHQWLDO�WUDQVIRUPHUV��/9'7��
DUH�ZLGHO\�XVHG�WR�VHQVH�SRVLWLRQ��IRU�H[DPSOH�RI�
DLUFUDIW�FRQWURO�VXUIDFHV��VXFK�DV�DLOHURQV��
HOHYDWRUV�RU�UXGGHUV� 
 7KH\�SURGXFH�DQ�RXWSXW�VLJQDO�FRQWDLQLQJ�
LQIRUPDWLRQ�DERXW�GLUHFWLRQ�DQG�GLVWDQFH� 
 ,Q�WKLV�ZRUNVKHHW�\RX�ZLOO�LQYHVWLJDWH�WKH�SULQFLSOH�
RI�D�VLPSOH�/9'7�DUUDQJHPHQW�EDVHG�RQ�WZR�
LQGXFWLYHO\�FRXSOHG�FRLOV� 

Z�D 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH�� 
 · (QVXUH�WKDW�WKH�IHUULWH�FRUH�LV��H[DFWO\�
FHQWUHG�LQ�WKH�WZR�FRLO�DVVHPEO\�� 

 · &RQQHFW�WKH�FRLOV�VR�WKDW�WKH�RXWSXW�YROWDJH�
ULVHV�ZKHQ�WKH�FRUH�LV�PRYHG�RQH�ZD\��DQG�
IDOOV�ZKHQ�LW�LV�PRYHG�WKH�RWKHU��7KH�WZR�
SRVVLEOH�ZD\V�WR�FRQQHFW�WKHP�DUH�VKRZQ�LQ�WKH�VHFRQG�GLDJUDP�� 
�,I�LQFRUUHFW��WKH�YROWDJH�LV�D�PD[LPXP�ZKHQ�WKH�FRUH�LV�FHQWUDO��DQG�
IDOOV�QR�PDWWHU�ZKLFK�ZD\�WKH�FRUH�PRYHV��� 
 · &RQQHFW�WKH�LQSXW�WR�D�VLJQDO�JHQHUDWRU��VHW�WR�JLYH�DQ�RXWSXW�RI�
EHWZHHQ���9�DQG���9�SHDN-WR-SHDN�DW�D�IUHTXHQF\�RI��N+]�� 

 · 6HW�WKH�PHWHU�WR�WKH���9�'&�UDQJH�� 
 · 6ORZO\�PRYH�WKH�IHUULWH�FRUH�ILUVW�LQ�RQH�GLUHFWLRQ�DQG�WKHQ�LQ�WKH�RWKHU�� 
 :DWFK�ZKDW�KDSSHQV�WR�PHWHU�UHDGLQJ�DV�\RX�GR�VR�� 
 
)XUWKHU�LQYHVWLJDWLRQ� 
 
· &RQQHFW�D�GXDO-WUDFH�RVFLOORVFRSH�WR�LQYHVWLJDWH�WKH�YROWDJHV�LQGXFHG�LQ�WKH�WZR�FRLOV�DV�WKH�
FRUH�LV�PRYHG� 

 · 7R�GR�VR��FRQQHFW�WKH�FRPPRQ�WHUPLQDO�RI�WKH�RVFLOORVFRSH�WR�SRLQW�4��RU�5���DQG�WKH�WZR�
FKDQQHOV�WR�SRLQWV�3�DQG�6�UHVSHFWLYHO\�� 

 
  

Z�E 

Z�F 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�� 

3DJH�� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

:RUNVKHHW�� 
/9'7�SULQFLSOHV 
6R�ZKDW" 
 · 7KH�EHKDYLRXU�RI�WKH�V\VWHP�VKRXOG�EH�OLNH�WKDW�VKRZQ�LQ�
WKH�JUDSK�RSSRVLWH� 

 
 
 
 
 
 
7KH��/9'7�LV�D�PLQLDWXUH�WUDQVIRUPHU�ZLWK�RQH�SULPDU\�DQG�
WZR�VHFRQGDU\�ZLQGLQJV��7KH�SULPDU\�LV�FHQWUHG�EHWZHHQ�LGHQWLFDO�
VHFRQGDU\�FRLOV� 
 7KH�FRLO�DVVHPEO\�LV�XVXDOO\�VWDWLRQDU\��$�IHUULWH�RU�VRIW-LURQ�FRUH��
DWWDFKHG�WR�WKH�VHQVRU�DFWXDWRU��PRYHV�LQVLGH�WKH�FRLOV��DV�WKH�
VHQVRU�DFWXDWRU�PRYHV��,GHDOO\��WKHUH�LV�QR�SK\VLFDO�FRQWDFW�
EHWZHHQ�FRUH�DQG�FRLO��DQG�VR�QR�PHFKDQLFDO�ZHDU�WDNHV�SODFH� 
 7KH�/9'7�UHTXLUHV�DQ�$&�LQSXW��RI�D�IHZ�YROWV�DPSOLWXGH�ZLWK�D�
IUHTXHQF\�XVXDOO\�RI�D�IHZ�NLORKHUW]��7KLV�JHQHUDWHV�DQ�DOWHUQDWLQJ�PDJQHWLF�ILHOG��ZKLFK�LV�
LQWHQVLILHG�LQ�WKH�FRUH��7KLV��LQ�WXUQ��LQGXFHV�DQ�DOWHUQDWLQJ�YROWDJH�LQ�WKH�VHFRQGDU\�FRLOV��7KH�
JUHDWHU�WKH�RYHUODS�RI�WKH�FRUH�DQG�WKH�VHFRQGDU\�FRLO��WKH�JUHDWHU�WKH�YROWDJH�LQGXFHG� 
 7KH�WZR�VHFRQGDU\�FRLOV�DUH�FRQQHFWHG�LQ�VHULHV�LQ�VXFK�D�ZD\�WKDW�WKH�LQGXFHG�YROWDJHV�
RSSRVH�HDFK�RWKHU��7KXV�WKH�RXWSXW�YROWDJH��9���LV�]HUR�ZKHQ�9$� �9%��7KH�SKDVH�RI�WKH�RXWSXW�
YROWDJH�LQGLFDWHV�WKH�GLUHFWLRQ�LQ�ZKLFK�WKH�FRUH�KDV�PRYHG�DQG�WKH�DPSOLWXGH�LQGLFDWHV�KRZ�
IDU�LW�KDV�PRYHG��7KLV�$&�RXWSXW�YROWDJH�LV�FRQYHUWHG�WR�D�'&�YROWDJH�E\�D�UHFWLILHU�FLUFXLW��DQG�
VPRRWKLQJ��7KH�'&�RXWSXW�FDQ�EH�VHQVHG�LQ�D�QXPEHU�RI�ZD\V��WKH�VLPSOHVW�EHLQJ�E\�D�'&�
FHQWUH-]HUR�PHWHU� 

Z�G 

Z�H 

)RU�\RXU�UHFRUGV� 
 · 'HVFULEH�DQG�H[SODLQ�WKH�EHKDYLRXU�RI�WKH�FLUFXLW�LQ�\RXU�RZQ�ZRUGV�� 
 · 'RHV�WKH�/9'7�SURGXFH�D�OLQHDU�RXWSXW�DQG�LI�VR��RYHU�ZKDW�UDQJH�LV�LW�OLQHDU" 
 · +RZ�FRXOG�WKH�/9'7�EH�LPSURYHG"�:KDW�ZRXOG�PDNH�LW�PRUH�VHQVLWLYH" 
 · 6XJJHVW�KRZ�WKH�/9'7�FRXOG�EH�XVHG�LQ�D�SRVLWLRQ�FRQWURO�V\VWHP��:KDW�DGGLWLRQDO�
FRPSRQHQWV�DQG�GHYLFHV�ZRXOG�EH�QHHGHG" 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�� 

3DJH�� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

:RUNVKHHW�� 
&RQWUROOLQJ�FDSDFLWLYH�VHQVRUV 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�
RSSRVLWH��7KH�YDULDEOH�
FDSDFLWRU�UHSUHVHQWV�D�
FDSDFLWLYH�VHQVRU��VXFK�DV�
D�IXHO-OHYHO�VHQVRU�� 

 · ,W�LV�FRQQHFWHG�LQ�DQ�$&�
EULGJH�FLUFXLW��7KH�RXWSXW�LV�
UHFWLILHG��DQG�XVHG�WR�
PDLQWDLQ�D�YROWDJH�DFURVV�D�
FDSDFLWRU��7KH����NW�
µEOHHG¶�UHVLVWRU�GLVFKDUJHV�WKH��m)�FDSDFLWRU�VORZO\� 

 · &RQQHFW�WKH�LQSXW�WR�D�VLJQDO�JHQHUDWRU��VHW�WR�JLYH�DQ�RXWSXW�RI�EHWZHHQ���9�SHDN-WR-SHDN�
DW�D�IUHTXHQF\�RI��N+]�� 

 · 6HW�WKH�PHWHU�WR�WKH��9�'&�UDQJH�� 
 · 6ORZO\�DGMXVW�WKH�YDULDEOH�FDSDFLWRU�� 
 · :DWFK�ZKDW�KDSSHQV�WR�YROWPHWHU�UHDGLQJ�DV�\RX�GR�VR�� 
 
)XUWKHU�LQYHVWLJDWLRQ� 
 · &RQQHFW�DQ�RVFLOORVFRSH�WR�LQYHVWLJDWH�WKH�YROWDJHV�LQ�WKH�WZR�¶KDOYHV¶�RI�WKH�EULGJH�DV�WKH�
YDULDEOH�FDSDFLWRU�LV�DGMXVWHG� 

 · 7R�GR�VR��FRQQHFW�WKH�RVFLOORVFRSH�DFURVV�WKH�$&�LQSXWV�WR�WKH�EULGJH�UHFWLILHU�� 
 · 6ZDS�WKH����NW�UHVLVWRU�IRU�D���NW�UHVLVWRU��DQG�UHSHDW�WKH�LQYHVWLJDWLRQ� 

$�ZLGH�YDULHW\�RI�WUDQVGXFHUV�DUH�XVHG�WR�SURYLGH�LQSXW�
VLJQDOV�WR�WKH�FRQWURO�DQG�VHUYR�V\VWHPV�XVHG�RQ�D�ODUJH�
DLUFUDIW�� 
 6RPH�VHQVRUV�DUH�LQGXFWLYH��DV�LQ�WKH�FDVH�RI�WKH�
/9'7��ZKLOVW�RWKHUV�DUH�UHVLVWLYH�RU�XVH�VHPLFRQGXFWRU�
VHQVLQJ�HOHPHQWV�� 
 &DSDFLWLYH�WUDQVGXFHUV�DUH�ZLGHO\�XVHG�IRU�IXHO�OHYHO�
VHQVLQJ��EXW�WKHVH�XVXDOO\�LQYROYH�VPDOO�YDOXHV�RI�
FDSDFLWDQFH�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�ZLOO�LQYHVWLJDWH�WKH�SULQFLSOH�RI�
RSHUDWLRQ�RI�D�FDSDFLWLYH�VHQVRU�FRQQHFWHG�LQ�D�VLPSOH�$&�EULGJH�FLUFXLW� 

Z�D 

Z�E 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�� 

3DJH�� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

:RUNVKHHW�� 
&RQWUROOLQJ�FDSDFLWLYH�VHQVRUV 
6R�ZKDW" 
 %ULGJH�FLUFXLWV� 
 DUH�FRPPRQ�FLUFXLW�VXE-V\VWHPV��VHHQ�LQ�D�YDULHW\�RI�IRUPV� 
 7KH�GLDJUDP�VKRZV�WKH�SULQFLSOH��)RXU�GHYLFHV��$��%��&�DQG�
'��DUH�DUUDQJHG�DV�WZR�YROWDJH�GLYLGHUV��2QH�FRPSULVHV�$�
DQG�&��WKH�RWKHU�%�DQG�'��7KH\�DUH�µEULGJHG¶�E\�D�VHQVLQJ�
GHYLFH��RIWHQ�D�JDOYDQRPHWHU�*�-�D�VHQVLWLYH�DPPHWHU��
(TXDOO\��DQ�RXWSXW�FDQ�EH�WDNHQ�IURP�WKH�PLG-SRLQWV�RI�WKH�
YROWDJH�GLYLGHUV�� 
 :KHQ�WKH�EULGJH�LV�µEDODQFHG¶��L�H��WKH�JDOYDQRPHWHU�UHDGV�
]HUR� 

 $�&� �%�' 
 7KH�LQSXW�FDQ�EH�HLWKHU�D�'&�RU�DQ�$&�SRZHU�VXSSO\��7KH�GHYLFHV�$�WR�'�FDQ�EH�UHVLVWRUV��
FDSDFLWRUV��LQGXFWRUV�RU�FRPELQDWLRQV�RI�WKHVH� 
 :KHQ�WKH�LQSXW�LV�$&��DQG�LQGXFWRUV�RU�FDSDFLWRUV�DUH�LQYROYHG��SKDVH�DV�ZHOO�DV�PDJQLWXGH�
PXVW�EH�WDNHQ�LQWR�DFFRXQW��:KHQ�PDJQLWXGHV�DORQH�µEDODQFH¶�WKHUH�PD\�VWLOO�EH�D�UHVLGXDO�
YROWDJH�DFURVV�WKH�QXOO�GHWHFWLRQ�GHYLFH� 
 $GYDQWDJHV�RI�WKH�EULGJH�FLUFXLW�LQFOXGH� 
· WKH�SRZHU�VXSSO\�YROWDJH�LV�LUUHOHYDQW��DV�LW�LV�WKH�VDPH�IRU�ERWK�µOHJV¶� 
· WKH�FDOLEUDWLRQ�RI�WKH�JDOYDQRPHWHU�LV�LUUHOHYDQW��$OO�LW�KDV�WR�GR�LV�GHWHFW�FXUUHQW��QRW�
PHDVXUH�LW� 

Z�F 

)RU�\RXU�UHFRUGV� 
 · 'HVFULEH�DQG�H[SODLQ�WKH�EHKDYLRXU�RI�WKH�FLUFXLW�LQ�\RXU�RZQ�ZRUGV�� 
 · 'RHV�WKH�EULGJH�SURGXFH�D�OLQHDU�RXWSXW�DQG�LI�VR��RYHU�ZKDW�UDQJH�LV�LW�OLQHDU" 
 · +RZ�FRXOG�WKH�$&�EULGJH�EH�LPSURYHG"�:KDW�ZRXOG�PDNH�LW�PRUH�VHQVLWLYH" 
 · 6XJJHVW�KRZ�WKH�FDSDFLWLYH�VHQVRU�FRXOG�EH�XVHG�LQ�D�IXHO�LQGLFDWLQJ�V\VWHP��:KDW�
DGGLWLRQDO�FRPSRQHQWV�DQG�GHYLFHV�ZRXOG�EH�QHHGHG" 

 · ,QWHUSUHW�WKH�VLJQDOV�VHHQ�RQ�WKH�RVFLOORVFRSH�DV�WKH�YDULDEOH�FDSDFLWRU�LV�DGMXVWHG� 

Z�G 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�� 

3DJH�� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

:RUNVKHHW�� 
&RQWUROOLQJ�FDSDFLWLYH�VHQVRUV 

2SWLRQDO�LQYHVWLJDWLRQ� 
 
7KH�FLUFXLW�EXLOW�HDUOLHU�WXUQHG�FDSDFLWDQFH�FKDQJHV�LQWR�D�YROWDJH�FKDQJH� 
$QRWKHU�DSSURDFK�XVHV�D�FKDQJH�LQ�FDSDFLWDQFH�WR�FKDQJH�WKH�IUHTXHQF\�DW�ZKLFK�D�FLUFXLW�
RVFLOODWHV��7KLV�LV�WKH�DSSURDFK�XVHG�LQ�WKLV�RSWLRQDO�LQYHVWLJDWLRQ 
 
2YHU�WR�\RX� 
 · %XLOG��D�UHOD[DWLRQ�RVFLOODWRU��EDVHG�RQ�DQ�RS-DPS��7KH�FLUFXLW�LV�VKRZQ�EHORZ�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 · 8VH�WZR�'&�VXSSOLHV��VHW�WR��9�'&��WR�SRZHU�WKH�FLUFXLW� 
 · &RQQHFW�WKH�RXWSXW�WR�DQ�RVFLOORVFRSH�� 
 · 6ORZO\�DGMXVW�WKH�YDULDEOH�FDSDFLWRU�� 
 · 2EVHUYH�WKH�HIIHFW�WKLV�KDV�RQ�WKH�IUHTXHQF\�RI�RVFLOODWLRQ��GLVSOD\HG�RQ�WKH�RVFLOORVFRSH� 
 · <RX�FRXOG�XVH�D�IUHTXHQF\�PHWHU�WR�PRQLWRU�WKH�HIIHFW� 
 
)XUWKHU�LQYHVWLJDWLRQ� 
 
· 7KH�RXWSXW�FDQ�EH�UHFWLILHG��XVLQJ�HLWKHU�D�KDOI-ZDYH�GLRGH�SXPS�DUUDQJHPHQW��OLNH�WKDW�
VKRZQ�RQ�SDJH����RU�D�IXOO-ZDYH�EULGJH�UHFWLILHU��OLNH�WKDW�VKRZQ�RQ�SDJH����7KH�RXWSXW�FDQ�
WKHQ�EH�PRQLWRUHG�RQ�D�'&�YROWPHWHU� 

Z�H 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�� 

3DJH�� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

:RUNVKHHW�� 
0RWRU�FRQWUROOHU 

 2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�
RSSRVLWH�� 

 · 8VH�WZR�'&�SRZHU�
VXSSOLHV��VHW�WR��9��
SOXJJHG�LQWR�WKH�GXDO-UDLO��
SRZHU�VXSSO\�FDUULHU��WR�
VXSSO\�WKH���9����9���-�9�
SRZHU�UDLOV�� 

 · 7ZR�OLJKW�HPLWWLQJ�GLRGHV��
FRQQHFWHG�LQ�µDQWL-
SDUDOOHO¶��LQGLFDWH�WKH�SRODULW\�RI�WKH�RXWSXW�YROWDJH�VXSSOLHG�WR�WKH�PRWRU��DQG�VR�DOVR�WKH�
GLUHFWLRQ�RI�URWDWLRQ�RI�WKH�PRWRU�-�HLWKHU�FORFNZLVH�RU�DQWL-FORFNZLVH� 

 · 6HW�WKH�¶SRW¶�WR�SURGXFH�DQ�RXWSXW�RI��9���7KH�PRWRU�VKRXOG�QRW�EH�UXQQLQJ�� 
 · 9DU\�WKH�VHWWLQJ�RI�WKH�µSRW¶��ILUVW�LQ�RQH�GLUHFWLRQ�DQG�WKHQ�LQ�WKH�RWKHU�DQG�QRWLFH�WKH�HIIHFW�
RQ�WKH�PRWRU�DQG�WKH�WZR�/('�LQGLFDWRUV� 

0RWRUV�DUH�ZLGHO\�XVHG�DV�RXWSXW�WUDQVGXFHUV�
LQ�DLUFUDIW�FRQWURO�V\VWHPV��DQG�VR�DUH�PRWRU�
FRQWUROOHUV� 
 7KHVH�FRQWURO�ERWK�VSHHG�DQG�GLUHFWLRQ�RI�
URWDWLRQ��7KLV�FDQ�EH�DFKLHYHG�XVLQJ�D�PRWRU�
FRQWUROOHU�EDVHG�RQ�QRWKLQJ�PRUH�WKDQ�D�SDLU�RI�
WUDQVLVWRUV�DQG�DQ�RSHUDWLRQDO�DPSOLILHU�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�ZLOO�LQYHVWLJDWH�WKH�
RSHUDWLRQ�RI�D�VLPSOH�µRSHQ�ORRS¶�PRWRU�
FRQWUROOHU��PHDQLQJ�WKDW�LW�XVHV�QR�IHHGEDFN�� 

Z�D 

Z�E 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�� 

3DJH�� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

:RUNVKHHW�� 
0RWRU�FRQWUROOHU 

6R�ZKDW" 
 
· 7KH�RS-DPS�LV�VHW�XS�DV�DQ�LQYHUWLQJ�DPSOLILHU��ZLWK�D�YROWDJH�JDLQ�RI����[��,WV�LQSXW�
LPSHGDQFH�V�DURXQG��NW�-�L�H��UHODWLYHO\�VPDOO��DQG�VR�LW�DIIHFWV�WKH�YROWDJH�WDNHQ�IURP�WKH�
VHQVLQJ�XQLW��WKH�µSRW¶� 

 · 7UDQVLVWRUV�7��DQG�7��IRUP�D�SXVK-SXOO�IROORZHU��LQYHVWLJDWHG�LQ�DQ�HDUOLHU�PRGXOH��7KH\�FRS\�
WKH�LQSXW�YROWDJH�WR�WKH�RXWSXW�DQG�DUH�FDSDEOH�RI�GHOLYHULQJ�VXIILFLHQW�FXUUHQW�WR�GULYH�WKH�
PRWRU� 

 · 7KH�SRZHU�VXSSO\�LV�VHW�XS�WR�FUHDWH��RVWHQVLEO\��D���9����9���-�9�VSOLW�SRZHU�VXSSO\��7KH�RS
-DPS�DQG�RXWSXW�VWDJH�DUH�UHIHUUHG�WR��9��7KH�RXWSXW�RI�WKH�WUDQVLVWRUV�FDQ�VZLQJ�DERYH�DQG�
EHORZ�WKLV�V\VWHP�UHIHUHQFH�YROWDJH� 

 · 7KHUH�LV�QR�IHHGEDFN�ORRS�WR�LQIRUP�WKH�V\VWHP�MXVW�KRZ�IDVW�WKH�PRWRU�LV�WXUQLQJ��RU�LI�LW�LV�
WXUQLQJ�DW�DOO��RU�HYHQ�LI�WKHUH�LV�D�PRWRU�DWWDFKHG��7KLV�OLPLWDWLRQ�ZLOO�EH�DGGUHVVHG�LQ�WKH�
QH[W�ZRUNVKHHW� 

 · 7KLV�NLQG�RI�FRQWUROOHU�LV�QRW�HQHUJ\-HIILFLHQW��IRU�WZR�UHDVRQV��7KH�µSRW¶�DQG�EDODQFLQJ��NW�
UHVLVWRUV�KDYH�FXUUHQW�IORZLQJ�WKURXJK�WKHP�DW�DOO�WLPHV��DQG�VR�GLVVLSDWH�HQHUJ\��7KH�
WUDQVLVWRUV�µIROORZ¶�WKH�LQSXW�YROWDJH��:KHQ�WKH�RXWSXW�RI�7��LV���9��WKH�UHVW�RI�WKH���9�
VXSSO\��L�H���9���LV�GURSSHG�DFURVV�WKH�WUDQVLVWRU��7KH�WUDQVLVWRU�FDQ�EH�GHOLYHULQJ�VXEVWDQWLDO�
FXUUHQW�WR�WKH�PRWRU��DQG�VR�LV�GLVVLSDWLQJ�VLJQLILFDQW�HQHUJ\�LWVHOI� 

)RU�\RXU�UHFRUGV� 
 
· ([SODLQ��LQ�\RXU�RZQ�ZRUGV��KRZ�WKH�FLUFXLW�ZRUNV�� 
 · 2YHU�ZKDW�DSSUR[LPDWH�UDQJH�RI�DGMXVWPHQW�RI�WKH�YDULDEOH�UHVLVWRU�GRHV�WKH�PRWRU�UHPDLQ�
VWDWLRQDU\"� 

 · 'RHV�WKH�PRWRU�PRYH�LQ�ERWK�GLUHFWLRQV"�+RZ�GR�\RX�NQRZ�WKLV" 
 · 'RHV�WKH�YDULDEOH�UHVLVWRU�SURYLGH�HIIHFWLYH�FRQWURO�RI�WKH�VSHHG"�,V�LW�SRVVLEOH�WR�DGMXVW�WKH�
VSHHG�VR�WKDW�WKH�PRWRU�UXQV�VORZO\�DQG�FRQVLVWHQWO\�DW�WKH�VDPH�VSHHG" 

 · +RZ�FRXOG�WKH�PRWRU�FRQWUROOHU�EH�LPSURYHG"�:KDW�ZRXOG�PDNH�LW�SURYLGH�VPRRWKHU�FRQWURO�
RI�VSHHG" 

 · 6XJJHVW�KRZ�WKH�PRWRU�FRQWUROOHU�FRXOG�EH�XVHG�LQ�D�SUDFWLFDO�DLUFUDIW�DSSOLFDWLRQ��:KDW�
DGGLWLRQDO�FRPSRQHQWV�DQG�GHYLFHV�ZRXOG�EH�QHHGHG" 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�� 

3DJH��� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

:RUNVKHHW�� 
)HHGEDFN�FRQWURO�V\VWHP 
 (DUOLHU��\RX�VDZ�WKH�OLPLWDWLRQV�RI�µRSHQ�ORRS¶�PRWRU�FRQWURO�� 
 7KHUH�LV�QR�DXWRPDWLF�FRPSDULVRQ�RI�WKH�DFWXDO�RXWSXW�YDOXH�ZLWK�
WKH�GHVLUHG�YDOXH��DQG�QR�FRPSHQVDWLRQ�IRU�DQ\�GLIIHUHQFHV�� 
 0RGHUQ�DLUFUDIW�V\VWHPV�XVH�µFORVHG�ORRS¶�FRQWURO�V\VWHPV��LQ�
ZKLFK�QHJDWLYH�IHHGEDFN�LV�XVHG�WR�UHJXODWH�WKH�V\VWHP��,Q�PRVW�
FDVHV�WKLV�LV�IXOO\�DXWRPDWLF��7KH�RQO\�KXPDQ�LQWHUYHQWLRQ�LV�
VHWWLQJ�WKH�GHVLUHG�RXWSXW�YDOXH�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�LQYHVWLJDWH�WKH�EHKDYLRXU�RI�D�V\VWHP�ZLWK�
DQG�ZLWKRXW�WKLV�IHHGEDFN� 

 2YHU�WR�\RX� 
  · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH�� 
 · $JDLQ��XVH�WZR�'&�SRZHU�
VXSSOLHV��VHW�WR��9��SOXJJHG�LQWR�
WKH�GXDO-UDLO�FDUULHU��WR�VXSSO\�WKH�
��9����9���-�9�SRZHU�UDLOV�� 

 · $����ȍ�UHVLVWRU�DFWV�DV�D�µORDG¶��
7KH�YROWDJH�GHYHORSHG�DFURVV�LW�
LV�PHDVXUHG�XVLQJ�WKH�PHWHU�VHW�
WR�WKH���9�'&�UDQJH� 

 · 7KH�OLQN�DW�WKH�LQSXW�FDQ�EH�VHW�WR�
HLWKHU�SRVLWLRQ�$�RU�%��,Q�SRVLWLRQ�$��QR�IHHGEDFN�LV�SURYLGHG�DQG�VR�WKH�FRQWURO�V\VWHP�
RSHUDWHV�LQ�RSHQ-ORRS�PRGH��,Q�SRVLWLRQ�%�QHJDWLYH�IHHGEDFN�LV�SURYLGHG�DQG�WKH�V\VWHP�
RSHUDWHV�LQ�FORVHG-ORRS�PRGH� 

 · 6HW�WKH�OLQN�WR�SRVLWLRQ�$��7XUQ�WKH�µSRW¶��ILUVW�LQ�RQH�GLUHFWLRQ�DQG�WKHQ�LQ�WKH�RWKHU�DQG�
QRWLFH�WKH�HIIHFW�RQ�WKH�'&�RXWSXW�YROWDJH��5HFRUG�WKH�UDQJH�RI�RXWSXW�YROWDJH�SURGXFHG� 

 · 1RZ�GR�WKH�VDPH�ZLWK�WKH�OLQN�VHW�WR�SRVLWLRQ�%�� 
 · )LQDOO\��UHSHDW�WKHVH�VWHSV�ZLWK�WKH����ȍ�ORDG�UHPRYHG��2QFH�DJDLQ��UHFRUG�WKH�UDQJH�RI�
RXWSXW�YROWDJH�IRU�ERWK�RSHQ-ORRS�DQG�FORVHG-ORRS�RSHUDWLRQ� 

Z�D 

Z�E 

2SHQ-ORRS�RSHUDWLRQ ���ȍ�ORDG 1R�ORDG 
0D[��RXWSXW�YROWDJH     
0LQ��RXWSXW�YROWDJH     

&ORVHG-ORRS�RSHUDWLRQ ���ȍ�ORDG 1R�ORDG 
0D[��RXWSXW�YROWDJH     
0LQ��RXWSXW�YROWDJH     



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�� 

3DJH��� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

:RUNVKHHW�� 
)HHGEDFN�FRQWURO�V\VWHP 

6R�ZKDW" 
 7KH�GLDJUDP�VKRZV�WKH�GLIIHUHQFH�EHWZHHQ�RSHQ-ORRS�DQG�FORVHG-ORRS�FRQWURO�V\VWHPV� 
 

7KLV�GLIIHUHQFH�FDQ�EH�LOOXVWUDWHG�E\�UHIHUHQFH�WR�WKH�µFDELQ¶�KHDWLQJ�V\VWHP�LQVLGH�D�FDU�� 
 ,Q�DQ�RSHQ-ORRS�FRQWURO�V\VWHP��WKH�GULYHU�WXUQV�WKH�WHPSHUDWXUH�FRQWURO�WR�D�OLNHO\�SRVLWLRQ��
DQG�ZDLWV��,I�WKH�FDELQ�LV�WRR�KRW��WKH�GULYHU�WXUQV�WKH�WHPSHUDWXUH�FRQWURO�GRZQ��,I�WRR�FROG��WKH�
GULYHU��WXUQV�LW�XS��7KH�DFWXDO�WHPSHUDWXUH�LQVLGH�WKH�FDU�GHSHQGV�RQ�WKH�RXWVLGH�WHPSHUDWXUH��
DQG�RQ�WKH�WHPSHUDWXUH�RI�WKH�ZDWHU�FLUFXODWLQJ�LQ�WKH�KHDWHU��,W�LV�XS�WR�WKH�GULYHU�WR�PDNH�
DSSURSULDWH�DGMXVWPHQW�WR�WDNH�DFFRXQW�RI�WKHVH�� 
 ,Q�D�FORVHG-ORRS�FRQWURO�V\VWHP��WKH�GULYHU�VHWV�WKH�GHVLUHG�WHPSHUDWXUH��$�WHPSHUDWXUH�VHQVRU�
LQ�WKH�FDELQ�IHHGV�EDFN�LQIRUPDWLRQ�RQ�WKH�FXUUHQW�WHPSHUDWXUH�WR�WKH�KHDWLQJ�V\VWHP��:KHQ�
WKH�DFWXDO�WHPSHUDWXUH�LV�EHORZ�WKH�VHW�WHPSHUDWXUH��WKH�KHDWLQJ�V\VWHP�ZDUPV�XS�WKH�FDELQ��
:KHQ�WKH�WHPSHUDWXUH�LV�DERYH�WKH�VHW�YDOXH��WKH�KHDWLQJ�V\VWHP�WXUQV�RII��RU�HYHQ�FRROV�
GRZQ�WKH�FDELQ���7KH�RQO\�LQWHUYHQWLRQ�E\�WKH�GULYHU�LV�WR�VHW�WKH�GHVLUHG�WHPSHUDWXUH� 

)RU�\RXU�UHFRUGV� 
 
· ([SODLQ��LQ�\RXU�RZQ�ZRUGV��KRZ�WKH�FLUFXLW�ZRUNV�� 
 · &RPPHQW�RQ�WKH�UHVXOWV�REWDLQHG�IRU�ERWK�RSHQ-ORRS�DQG�FORVHG-ORRS�RSHUDWLRQ�RI�WKH�
V\VWHP��:KLFK�FRQILJXUDWLRQ�SURYLGHG�WKH�VPRRWKHVW�FRQWURO�RI�WKH�RXWSXW" 

 · :KLFK�FRQILJXUDWLRQ�SURGXFHG�WKH�JUHDWHVW�RXWSXW�FKDQJH�DQG�ZKLFK�SURGXFHG�WKH�OHDVW"�
:K\�ZDV�WKLV" 

 · :KLFK�FRQILJXUDWLRQ�PDLQWDLQHG�DQ�RXWSXW�WKDW�ZDV�PRUH�FRQVWDQW�ZLWK�DQG�ZLWKRXW�WKH�ORDG�
FRQQHFWHG"�:K\�ZDV�WKLV" 

Z�F 
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&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

4XHVWLRQV 
 

$ERXW�WKHVH�TXHVWLRQV 
 7KHVH�TXHVWLRQV�DUH�W\SLFDO�RI�WKRVH�WKDW�\RX�ZLOO�EH�UHTXLUHG�WR�DQVZHU�LQ�WKH�($6$�3DUW-���
H[DPLQDWLRQ�� 
 <RX�VKRXOG�DOORZ����PLQXWHV�WR�DQVZHU�WKHVH�TXHVWLRQV�DQG�WKHQ�FKHFN�\RXU�DQVZHUV�ZLWK�
WKRVH�JLYHQ�RQ�SDJH����� 
 3OHDVH�UHPHPEHU�WKDW�$//�WKHVH�TXHVWLRQV�PXVW�EH�DWWHPSWHG�ZLWKRXW�WKH�XVH�RI�D�FDOFXODWRU�
DQG�WKDW�WKH�SDVV�PDUN�IRU�DOO�3DUW-���PXOWLSOH-FKRLFH�H[DPLQDWLRQV�LV�������� 
 
���:KDW�W\SH�RI�H[FLWDWLRQ�LV�XVHG�ZLWK�D�OLQHDU�YDULDEOH�GLIIHUHQWLDO�WUDQVIRUPHU��/9'7��" 
�D�� DOWHUQDWLQJ�FXUUHQW��$&� 
�E�� GLUHFW�FXUUHQW��'&� 
�F�� QR�H[FLWDWLRQ�LV�UHTXLUHG� 
 
���:KDW�W\SH�RI�H[FLWDWLRQ�LV�XVHG�ZLWK�D�FDSDFLWLYH�EULGJH�WUDQVGXFHU" 
�D�� DOWHUQDWLQJ�FXUUHQW��$&� 
�E�� GLUHFW�FXUUHQW��'&� 
�F�� QR�H[FLWDWLRQ�LV�UHTXLUHG� 
 
���:KLFK�RQH�RI�WKH�IROORZLQJ�LV�DQ�DSSOLFDWLRQ�RI�DQ�/9'7" 
�D�� IXHO�OHYHO�VHQVLQJ 
�E�� SRVLWLRQ�VHQVLQJ 
�F�� DLUVSHHG�VHQVLQJ� 
 
���,Q�D�FRQWURO�V\VWHP��DQ�LQFUHDVH�LQ�YHORFLW\�IHHGEDFN�ZLOO�� 
�D�� GHFUHDVH�WKH�VSHHG�WKH�ORDG�PRYHV� 
�E�� LQFUHDVH�WKH�VSHHG�WKH�ORDG�PRYHV� 
�F�� KDYH�QR�HIIHFW�RQ�WKH�VSHHG�� 
 
���,Q�D�VSHHG�FRQWURO�V\VWHP��YHORFLW\�IHHGEDFN�FDQ�EH�REWDLQHG�IURP�D�� 
�D�� WDFKRJHQHUDWRU 
�E�� WUDQVIRUPHU� 
�F�� SRWHQWLRPHWHU�� 
 
���,Q�D�FRQWURO�V\VWHP��D�UHGXFWLRQ�LQ�YHORFLW\�IHHGEDFN�ZLOO�� 
�D�� GHFUHDVH�WKH�VSHHG�WKH�ORDG�PRYHV� 
�E�� LQFUHDVH�WKH�VSHHG�WKH�ORDG�PRYHV� 
�F�� KDYH�QR�HIIHFW�RQ�WKH�VSHHG�� 
 
���,Q�D�FRQWURO�V\VWHP��SRVLWLRQDO�IHHGEDFN�FDQ�EH�REWDLQHG�IURP�D�� 
�D�� WDFKRJHQHUDWRU 
�E�� WUDQVIRUPHU� 
�F�� SRWHQWLRPHWHU�� 
 
 
���7KH�W\SH�RI�IHHGEDFN�XVHG�LQ�D�VHUYR�FRQWURO�V\VWHP�LV� 
�D�� QHJDWLYH�IHHGEDFN 

Z�E 

Z�E 
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&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

4XHVWLRQV 
 

�E�� SRVLWLYH�IHHGEDFN 
�F�� FRQWURO�V\VWHPV�GRQ¶W�XVH�IHHGEDFN� 
 
���,I�WKH�HOHFWULFDO�FRQQHFWLRQV�WR�WKH�IHHGEDFN�JHQHUDWRU�LQ�D�FRQWURO�V\VWHP�DUH�UHYHUVHG��WKH�� 
�D�� PRWRU�ZRXOG�UXQ�LQ�WKH�ZURQJ�GLUHFWLRQ� 
�E�� LQSXW�VLJQDO�WR�WKH�DPSOLILHU�ZRXOG�EH�UHGXFHG� 
�F�� WKH�V\VWHP�ZRXOG�EHFRPH�XQVWDEOH�� 
 
����7KH�FRQQHFWLRQ�PDUNHG�µ;¶�LQ�WKH�V\PERO�LV�WKH� 
�D�� LQYHUWLQJ�LQSXW 
�E�� QRQ-LQYHUWLQJ�LQSXW 
�F�� SRVLWLYH�VXSSO\�UDLO� 
 
����7KH�FRPSRQHQW�VKRZQ�LV� 
�D�� D�ULQJ�PRGXODWRU 
�E�� D�VXPPLQJ�MXQFWLRQ 
�F�� D�EULGJH�UHFWLILHU� 
 
����:KHQ�QHJDWLYH�IHHGEDFN�LV�DSSOLHG�LQ�D�V\VWHP� 
�D�� WKH�RYHUDOO�JDLQ�LV�LQFUHDVHG 
�E�� WKH�RYHUDOO�JDLQ�LV�UHGXFHG 
�F�� WKHUH�LV�QR�FKDQJH�LQ�WKH�RYHUDOO�JDLQ� 
 
����:KLFK�RQH�RI�WKH�IROORZLQJ�LV�DQ�DSSOLFDWLRQ�RI�D�FDSDFLWLYH�EULGJH�VHQVRU" 
�D�� IXHO�OHYHO�VHQVLQJ 
�E�� SRVLWLRQ�VHQVLQJ 
�F�� DLUVSHHG�VHQVLQJ� 
 
����7KH�IXQFWLRQ�RI�DQ�RSHUDWLRQDO�DPSOLILHU�ZLWKLQ�D�IHHGEDFN�V\VWHP�LV�WR� 
�D� IRUP�WKH�HUURU�VLJQDO 
�E� VXSSO\�SRZHU�WR�WKH�RXWSXW�WUDQVGXFHU 
�F� FRQYHUW�WKH�$&�IHHGEDFN�VLJQDO�WR�HTXLYDOHQW�'& 
 
����:KLFK�D�EULGJH�LV�EDODQFHG�WKH�RXWSXW�YROWDJH�ZLOO�EH� 
�D�� ]HUR 
�E�� HTXDO�WR�WKH�SRVLWLYH�VXSSO\ 
�F�� HTXDO�WR�WKH�QHJDWLYH�VXSSO\� 
 
 
 

$QVZHUV�DUH�SURYLGHG�RQ�SDJH��� 

UT� 

UT� 
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&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

7XWRU¶V�QRWHV 
 

�$ERXW�WKLV�FRXUVH 
,QWURGXFWLRQ 
7KLV�ZRUNERRN�LV�LQWHQGHG�WR�UHLQIRUFH�WKH�OHDUQLQJ�WKDW�WDNHV�SODFH�LQ�WKH�FODVVURRP�RU�OHFWXUH�URRP��,W�
SURYLGHV�D�VHULHV�RI�SUDFWLFDO�DFWLYLWLHV�DQG�LQYHVWLJDWLRQV�WKDW�FRPSOHPHQW�V\OODEXV�VHFWLRQ�����RI�
($6$�3DUW-���0RGXOH����(OHFWURQLF�)XQGDPHQWDOV�� 
 /RFNWURQLFV�HTXLSPHQW�PDNHV�LW�VLPSOH�DQG�TXLFN�WR�FRQVWUXFW�DQG�LQYHVWLJDWH�HOHFWULFDO�FLUFXLWV��7KH�
HQG�UHVXOW�FDQ�ORRN�H[DFWO\�OLNH�WKH�FLUFXLW�GLDJUDP��WKDQNV�WR�WKH�V\PEROV�SULQWHG�RQ�HDFK�FRPSRQHQW�
FDUULHU� 

$LP 
7KH�ZRUNERRN�DLPV�WR�LQWURGXFH�VWXGHQWV�WR�WKH�EDVLF�XQGHUSLQQLQJ�SULQFLSOHV�DQG�FRQFHSWV�RI�DLUFUDIW�
HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW��,W�DOVR�SURYLGHV�D�XVHIXO�LQWURGXFWLRQ�WR�HOHFWULFDO�PHDVXUHPHQWV�
DQG�WKH�XVH�RI�DPPHWHUV��YROWPHWHUV�DQG�RVFLOORVFRSHV� 

3ULRU�.QRZOHGJH 
6WXGHQWV�VKRXOG�KDYH�SUHYLRXVO\�VWXGLHG��RU�VKRXOG�EH�FRQFXUUHQWO\�VWXG\LQJ��($6$�0RGXOH���
�(OHFWULFDO�)XQGDPHQWDOV��RU�VKRXOG�KDYH�HTXLYDOHQW�NQRZOHGJH�DW�/HYHO��� 

/HDUQLQJ�2EMHFWLYHV 
2Q�VXFFHVVIXO�FRPSOHWLRQ�RI�WKLV�FRXUVH�WKH�VWXGHQW�ZLOO�KDYH�OHDUQHG� 
 

· WKH�VWUXFWXUH�DQG�RSHUDWLQJ�SULQFLSOHV�RI�D�W\SLFDO�OLQHDU�YDULDEOH�GLIIHUHQWLDO�YROWDJH�WUDQVIRUPHU�
�/9'7�� 

· KRZ�D�/9'7�FDQ�EH�XVHG�WR�VHQVH�OLQHDU�SRVLWLRQ� 
· KRZ�FDSDFLWLYH�WUDQVGXFHUV�DUH�XVHG�WR�VHQVH�IXHO�OHYHOV� 
· KRZ�VHQVRUV�DQG�WUDQVGXFHUV�DUH�FRQQHFWHG�LQ�DQ�$&�EULGJH�FRQILJXUDWLRQ� 
· WKH�DGYDQWDJHV�RI�XVLQJ�EULGJH�QHWZRUNV� 
· KRZ�WKH�OLQHDULW\�RI�D�WUDQVGXFHU�LV�DIIHFWHG�E\�SK\VLFDO�FRQVWUDLQWV� 
· KRZ�RSHQ�DQG�FORVHG-ORRS�VHUYR�FRQWURO�V\VWHPV�RSHUDWH�DQG�WKH�HVVHQWLDO�GLIIHUHQFHV�EHWZHHQ�

WKHP� 
· KRZ�QHJDWLYH�IHHGEDFN�FDQ�EH�XVHG�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�D�VHUYR�FRQWURO�V\VWHP� 
· KRZ�RSHUDWLRQDO�DPSOLILHUV�FDQ�EH�XVHG�DV�DQ�HUURU�IRUPLQJ�GHYLFH� 
· KRZ�SXVK-SXOO�WUDQVLVWRUV�FDQ�EH�XVHG�WR�LQFUHDVH�ORDG�FXUUHQW�LQ�D�VHUYR�V\VWHP� 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�� 

3DJH��� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 

7XWRU¶V�QRWHV 
 

3RZHU�VRXUFHV� 
6WXGHQWV�ZLOO�QHHG�WR�PDNH�XVH�RI�DQ�DGMXVWDEOH�ORZ-YROWDJH�'&�VXSSO\��
7KH�RXWSXW�YROWDJH�IURP�WKH�VXSSOLHG�'&�SRZHU�XQLW�FDQ�EH�DGMXVWHG�WR�
SURYLGH�RXWSXWV�RI�HLWKHU���9������9����9������9����9�RU�����9��ZLWK�
FXUUHQWV�W\SLFDOO\�XS�WR���$��7KH�YROWDJH�LV�FKDQJHG�E\�WXUQLQJ�WKH�
VHOHFWRU�GLDO�MXVW�DERYH�WKH�HDUWK�SLQ�XQWLO�WKH�DUURZ�SRLQWV�WR�WKH�
UHTXLUHG�YROWDJH�� 
 
7XWRUV�PD\�GHFLGH�WR�PDNH�DQ\�DGMXVWPHQW�QHFHVVDU\�WR�WKH�SRZHU�
VXSSO\�YROWDJH��RU�PD\�DOORZ�VWXGHQWV�WR�PDNH�WKRVH�FKDQJHV�� 
 
(DFK�H[HUFLVH�LQFOXGHV�D�UHFRPPHQGHG�YROWDJH�IRU�WKDW�SDUWLFXODU�
FLUFXLW�� 
 
,Q�WKH�H[DPSOH�RSSRVLWH��WKH�'&�SRZHU�VXSSO\�KDV�EHHQ�DGMXVWHG�WR�SURYLGH�
DQ�RXWSXW�RI�����9�'&� 

S��D 

S��E 

:KDW�VWXGHQWV�ZLOO�QHHG�� 
 
7KLV�SDFN�LV�GHVLJQHG�WR�ZRUN�ZLWK�WKH�/RFNWURQLFV�$LUFUDIW�0DLQWHQDQFH�.LW��7KH�HOHFWULFDO���HOHFWURQLF�SDUWV�UHTXLUHG�IRU�WKLV�ZRUNERRN�DUH�OLVWHG�RQ�WKH�QH[W�SDJH�� 6WXGHQWV�ZLOO�DOVR�QHHG� 
 · HLWKHU�WZR�PXOWLPHWHUV��VXFK�DV�WKH�/.������FDSDEOH�RI�PHDVXULQJ�FXUUHQWV�LQ�WKH�UDQJH���WR����P$��DQG��YROWDJHV�LQ�WKH�UDQJH���WR����9� 
 · RU�HTXLYDOHQW�DPPHWHUV�DQG��YROWPHWHUV�  )RU�RWKHU�PRGXOHV�LQ�WKH�VHULHV��WKH\�ZLOO�QHHG� 
 · D�IXQFWLRQ�JHQHUDWRU��VXFK�DV�WKH�/.������RU�HTXLYDOHQW��� 
 · DQG�DQ�RVFLOORVFRSH�FDSDEOH�RI�PRQLWRULQJ�WKH�VLJQDOV�LW�SURGXFHV��VXFK�DV�WKH�/.�����3LFR������YLUWXDO�RVFLOORVFRSH� 
 ,I�\RX�DUH�PLVVLQJ�DQ\�FRPSRQHQWV��RU�QHHG�DGGLWLRQDO�LWHPV��SOHDVH�FRQWDFW�0DWUL[�RU�\RXU�ORFDO�GHDOHU�� 
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7KH�WDEOH�RQ�WKH�ULJKW�VKRZV�WKH�SDUWV�QHHGHG�IRU�DOO���ZRUNERRNV�LQ�WKH�(OHF�WURQLF�IXQGDPHQWDOV�VHULHV� 

4W\ &RGH 'HVFULSWLRQ 
� +3���� $&�SRZHU�VXSSO\����9$&�����$��8. 
� /.���� $&�YROWDJH�VRXUFH�FDUULHU 
� /.���� 9ROWPHWHU���9�WR���9 
� /.���� 5HVLVWRU������RKP���:������',1� 
� /.���� &DSDFLWRU��������X)��(OHFWURO\WLF���9 
� /.���� 7UDQVIRUPHU������WXUQV�UDWLR 
� /.���� /RZ�SRZHU�VRODU�PRWRU 
� /.���� 5HVLVWRU���N�����:������',1� 
� /.���� 5HVLVWRU����N�����:������',1� 
� /.���� 5HVLVWRU������RKP�����:������',1� 
� /.���� 5HVLVWRU������RKP�����:������',1� 
� /.���� 3RWHQWLRPHWHU������RKP��',1� 
� /.���� 3RWHQWLRPHWHU����N��',1� 
� /.���� 5HVLVWRU�����N�����:������',1� 
� /.���� &DSDFLWRU����X)��(OHFWURO\WLF����9 
� /.���� 7UDQVLVWRU�5+)��131 
� /.���� 7UDQVLVWRU�/+)��131 
� /.���� 'LRGH��JHUPDQLXP 
� /.���� 'LRGH��SRZHU���$����9 
� /.���� =HQHU�GLRGH�����9 
� /.���� 7K\ULVWRU 
�� /.���� &RQQHFWLQJ�/LQN 
� /.���� =HQHU�GLRGH�����9 
� /.���� 7UDQVLVWRU�5+)��313 
� /.���� 7UDQVLVWRU�/+)��313 
� /.���� %ULGJH�UHFWLILHU 
� /.���� 7KHUPLVWRU�����N��17&��',1� 
� /.���� /HDG��UHG�����PP���PP�WR��PP�VWDFNDEOH 
� /.���� /HDG��EODFN�����PP���PP�WR��PP�VWDFNDEOH 
� /.���� /HDG��\HOORZ�����PP���PP�WR��PP�VWDFNDEOH 
� /.���� /HDG��EOXH�����PP���PP�WR��PP�VWDFNDEOH 
� /.���� &DSDFLWRU�����X)��(OHFWURO\WLF����9 
� /.���� &DSDFLWRU����X)��3RO\HVWHU 
� /.���� &DSDFLWRU�����X)��HOHFWURO\WLF����9 
� /.���� 6ZLWFK��SXVK�WR�PDNH��PHWDO�VWULS 
� /.���� 6ZLWFK��RQ�RII��PHWDO�VWULS 
� /.���� &DSDFLWRU��9$5,$%/(���-���S) 
� /.���� &DSDFLWRU�������X)��3RO\HVWHU 
� /.���� 5HVLVWRU�����N�����:������',1� 
� /.���� 6ZLWFK��FKDQJHRYHU��WRJJOH 
� /.���� 5HVLVWRU�����N�����:������',1� 
� /.����/ 2S�$PS�&DUULHU��7/�����ZLWK��PP�WR��PP�/HDGV 
� /.���� 5HVLVWRU�����N�����:������',1� 
� /.���� &DSDFLWRU���Q)��3RO\HVWHU 
� /.���� /('��UHG���9��6%� 
� /.���� 0RWRU���WR���9�'&�����$ 
� /.���� $1'�JDWH�FDUULHU��$16,� 
� /.���� 25�JDWH�FDUULHU��$16,� 
� /.���� 127�JDWH�FDUULHU��$16,� 
� /.���� $$�EDWWHU\�KROGHU�FDUULHU 
� /.���� ����WUDQVIRUPHU�ZLWK�UHWUDFWDEOH�IHUULWH�FRUH 
� /.���� 3RZHU�VXSSO\�FDUULHU�ZLWK�EDWWHU\�V\PERO 
� /.���� 'XDO�UDLO�SRZHU�VXSSO\�FDUULHU 
� /.���� ��[���PHWULF�EDVHERDUG�ZLWK��PP�SLOODUV 
� /.���� $PPHWHU���P$�WR����P$ 
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8VLQJ�WKLV�FRXUVH�� 
 ,W�LV�H[SHFWHG�WKDW�WKH�ZRUNVKHHWV�DUH�SULQWHG���SKRWRFRSLHG��SUHIHUDEO\�LQ�FRORXU��IRU�WKH� 
VWXGHQWV¶�XVH��6WXGHQWV�VKRXOG�UHWDLQ�WKHLU�RZQ�FRS\�RI�WKH�HQWLUH�ZRUNERRN�� 
 :RUNVKHHWV�XVXDOO\�FRQWDLQ� 

· DQ�LQWURGXFWLRQ�WR�WKH�WRSLF�XQGHU�LQYHVWLJDWLRQ�DQG�LWV�DLUFUDIW�DSSOLFDWLRQ� 
· VWHS-E\-VWHS�LQVWUXFWLRQV�IRU�WKH�SUDFWLFDO�LQYHVWLJDWLRQ�WKDW�IROORZV� 
· D�VHFWLRQ�KHDGHG�µ6R�:KDW"¶�ZKLFK�DLPV�ERWK�WR�FKDOOHQJH�OHDUQHUV�E\�TXHVWLRQLQJ�WKHLU�
XQGHUVWDQGLQJ�RI�D�WRSLF�DQG�DOVR�SURYLGHV�D�XVHIXO�VXPPDU\�RI�ZKDW�KDV�EHHQ�OHDUQHG�� 
,W�FDQ�EH�XVHG�WR�GHYHORS�LGHDV�DQG�DV�D�WULJJHU�IRU�FODVV�GLVFXVVLRQ� 

· D�VHFWLRQ�KHDGHG�µ4XHVWLRQV¶�ZKLFK�SURYLGHV�IXUWKHU�ZRUN�IRU�VWXGHQWV�WR�FDUU\�RXW��
$QVZHUV�WR�WKHVH�TXHVWLRQV�DUH�SURYLGHG�DW�WKH�HQG�RI�WKLV�ZRUNERRN� 

 
7KLV�IRUPDW�HQFRXUDJHV�VHOI-VWXG\��ZLWK�VWXGHQWV�ZRUNLQJ�DW�D�UDWH�WKDW�VXLWV�WKHLU�DELOLW\��,W�LV�
IRU�WKH�WXWRU�WR�PRQLWRU�WKDW�VWXGHQWV¶�XQGHUVWDQGLQJ�LV�NHHSLQJ�SDFH�ZLWK�WKHLU�SURJUHVV�
WKURXJK�WKH�ZRUNVKHHWV�DQG�WR�SURYLGH�DGGLWLRQDO�ZRUN�WKDW�ZLOO�FKDOOHQJH�EULJKWHU�OHDUQHUV��
2QH�ZD\�WR�GR�WKLV�LV�WR�µVLJQ�RII¶�HDFK�ZRUNVKHHW��DV�D�VWXGHQW�FRPSOHWHV�LW��DQG�LQ�WKH�
SURFHVV�KDYH�D�EULHI�FKDW�ZLWK�HDFK�OHDUQHU�WR�DVVHVV�WKHLU�JUDVS�RI�WKH�LGHDV�LQYROYHG�LQ�WKH�
H[HUFLVHV�WKDW�LW�FRQWDLQV� 
 )LQDOO\��D�VHW�RI�H[DPLQDWLRQ�¶5HYLVLRQ�4XHVWLRQV¶�KDV�EHHQ�SURYLGHG�WR�FRQFOXGH�WKH�ZRUN�RQ�
HDFK�WRSLF��7KHVH�TXHVWLRQV�DUH�RI�PL[HG�GLIILFXOW\�DQG�DUH�W\SLFDO�RI�WKRVH�WKDW�VWXGHQWV�ZLOO�
IDFH�ZKHQ�WKH\�VLW�WKHLU�0RGXOH���&$$�H[DPLQDWLRQV��,W�LV�UHFRPPHQGHG�WKDW�VWXGHQWV�VKRXOG�
DWWHPSW�WKHVH�TXHVWLRQV�XQGHU�H[DPLQDWLRQ�FRQGLWLRQV�DQG�ZLWKRXW�WKH�XVH�RI�QRWHV�RU�
FDOFXODWRUV� 
 
 7LPH�� 
 ,W�ZLOO�WDNH�PRVW�VWXGHQWV�EHWZHHQ�HLJKW�DQG�WHQ�KRXUV�WR�FRPSOHWH�WKH�IXOO�VHW�RI�ZRUNVKHHWV��,W�
LV�H[SHFWHG�WKDW�D�VLPLODU�OHQJWK�RI�WLPH�ZLOO�EH�QHHGHG�WR�VXSSRUW�WKH�OHDUQLQJ�LQ�D�FODVV��
WXWRULDO�RU�VHOI-VWXG\�HQYLURQPHQW� 
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:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  ,Q�WKLV�ZRUNVKHHW�OHDUQHUV�ZLOO�LQYHVWLJDWH�WKH�SULQFLSOH�RI�D�VLPSOH�OLQHDU�YDULDEOH�GLIIHUHQWLDO�WUDQVIRUPHU��/9'7��� 

 /9'7¶V�DUH�ZLGHO\�XVHG�DV�D�PHDQV�RI�VHQVLQJ�WKH�SRVLWLRQ�RI�WKH�ORDG��VXFK�DV�D�FRQWURO�VXUIDFH��GULYHQ�E\�DQ�DFWXDWRU��7KH�/9'7�XVXDOO\�FRPSULVHV�D�PLQLDWXUH�WUDQVIRUPHU�ZLWK�WZR�VHFRQGDU\�ZLQGLQJV�DQG�D�PRYLQJ�IHUULWH�RU�VRIW-LURQ�FRUH�DWWDFKHG�WR�D�SOXQJHU��,Q�WKLV�LQYHVWLJDWLRQ��WKH�/9'7�FRPSULVHV�WZR�LQGXFWLYHO\�FRXSOHG�FRLOV�IHG�LQ�VHULHV�ZLWK�DQ�$&�VXSSO\��'XH�WR�WKH�IUHTXHQF\�RI�H[FLWDWLRQ�DQG�UHODWLYHO\�ORZ�YDOXH�RI�LQGXFWDQFH�RI�WKH�LQGLYLGXDO�FRLOV��WKH�DGMXVWDEOH�FRUH�VKRXOG�WDNH�WKH�IRUP�RI�D�IHUULWH�URG�UDWKHU�WKDQ�DQ�LURQ�RU�VWHHO�FRUH� 
 6WXGHQWV�ZLOO�UHTXLUH�D�ZDYHIRUP�JHQHUDWRU�WKDW�SURGXFHV�D�VLQXVRLGDO�RXWSXW�RI�DW�OHDVW���9�SHDN-SHDN�DQG�ZLWK�DQ�RXWSXW�LPSHGDQFH�RI���ȍ��RU�OHVV��,Q�DGGLWLRQ��WKH\�ZLOO�UHTXLUH�D�YROWPHWHU�FDSDEOH�RI�UHDGLQJ���9�IXOO-VFDOH�� 
 6WXGHQWV�VKRXOG�ILQG�WKDW�WKH�OLQHDU�UDQJH�RI�WKH�/9'7�XQGHU�LQYHVWLJDWLRQ�LV�TXLWH�VPDOO—DERXW���PP��7KH\�VKRXOG�EH�DEOH�WR�UHODWH�WKLV�WR�WKH�SK\VLFDO�GLPHQVLRQV�RI�WKH�FRLO�DVVHPEO\� 
 %HIRUH�WKH\�WDFNOH�WKLV�ZRUNVKHHW��VWXGHQWV�ZLOO�EHQHILW�IURP�DQ�LQWURGXFWLRQ�WR�WKH�/9'7�DQG�LWV�DSSOLFDWLRQ�DV�D�OLQHDU�SRVLWLRQ�VHQVRU��3UDFWLFDO�DLUFUDIW�DSSOLFDWLRQV�FRXOG�DOVR�XVHIXOO\�EH�GLVFXVVHG�� 
 

 ���-��� PLQXWHV  

  �  +DYLQJ�PHW�WKH�/9'7��WKLV�ZRUNVKHHW�LQWURGXFHV�VWXGHQWV�WR�DQRWKHU�W\SH�RI�WUDQVGXFHU��WKH�YDULDEOH�FDSDFLWDQFH�WUDQVGXFHU��&DSDFLWLYH�WUDQVGXFHUV�DUH�ZLGHO\�XVHG�IRU�IXHO�OHYHO�VHQVLQJ�DQG�WKH�VLJQDOV�WKDW�WKH\�SURYLGH�DUH�HVVHQWLDO�WR�WKH�DLUFUDIW¶V�IXHO�PDQDJHPHQW�V\VWHP�� 
 6WXGHQWV�ZLOO�LQYHVWLJDWH�WKH�SULQFLSOH�RI�RSHUDWLRQ�RI�D�FDSDFLWLYH�VHQVRU�FRQQHFWHG�LQ�D�VLPSOH�$&�EULGJH�FLUFXLW�� 
 6WXGHQWV�ZLOO��RQFH�DJDLQ�UHTXLUH�D�ZDYHIRUP�JHQHUDWRU�WKDW�SURGXFHV�D�VLQXVRLGDO�RXWSXW�RI�DURXQG���9�SHDN-SHDN�DQG�ZLWK�DQ�RXWSXW�LPSHGDQFH�RI���ȍ��RU�OHVV��,Q�DGGLWLRQ��WKH\�ZLOO�UHTXLUH�D�YROWPHWHU�FDSDEOH�RI�UHDGLQJ��9�IXOO-VFDOH�� 
 6WXGHQWV�VKRXOG�ILQG�WKDW�WKH�OLQHDU�UDQJH�RI�WKH�EULGJH�LV�TXLWH�VPDOO�DQG�IRU�YHU\�ORZ�YDOXHV�RI�FDSDFLWDQFH�PD\�DOVR�EH�DIIHFWHG�E\�VWUD\�FDSDFLWDQFH�DVVRFLDWHG�ZLWK�WKH�ZLULQJ�� 
 +RZHYHU��LW�VKRXOG�EH�VWUHVVHG�WKDW�DEVROXWH�OLQHDULW\�LV�QRW�HVVHQWLDO�DV�IXHO�OHYHO�LV�DOVR�DIIHFWHG�E\�WDQN�GLPHQVLRQV�DQG�FDOLEUDWLRQ�ZLOO�EH�QHFHVVDU\�WR�FRUUHFW�IRU�WKLV� 
 $W�WKH�HQG�RI�WKH�ZRUNVKHHW��WKHUH�LV�DQ�LQWURGXFWLRQ�WR�EULGJH�FLUFXLWV��7KHVH�DUH�QRUPDOO\�µEDODQFHG¶�VR�WKDW�WKH�RXWSXW�LV�]HUR�LQLWLDOO\��7KH�RQH�LQYHVWLJDWHG�KHUH�LV�GLIIHUHQW��LQ�WKDW�LW�LV�DOZD\V�LPEDODQFHG��7KH�µ)XUWKHU�,QYHVWLJDWLRQ¶�DOORZV�WKH�VWXGHQWV�WR�H[DPLQH�D�EDODQFHG�EULGJH��,W�PD\�EH�QHFHVVDU\�WR�GLVFRQQHFW�WKH�EULGJH�UHFWLILHU�DUUDQJHPHQW�WR�µXQORDG¶�WKH�FDSDFLWDQFH�EULGJH� 
 

  ���-��� PLQXWHV  
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:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 

 � 
 '&�PRWRUV�DUH�ZLGHO\�XVHG�DV�RXWSXW�WUDQVGXFHUV�LQ�DLUFUDIW�FRQWURO�V\VWHPV��,Q�WKLV�ZRUNVKHHW�VWXGHQWV�ZLOO�LQYHVWLJDWH�WKH�RSHUDWLRQ�RI�D�VLPSOH�'&�PRWRU�FRQWUROOHU��7KLV�DUUDQJHPHQW�SURYLGHV�FRQWURO�IRU�ERWK�VSHHG�DQG�GLUHFWLRQ�EXW�LW�RSHUDWHV�ZLWKRXW�QHJDWLYH�IHHGEDFN�DQG�WKXV�SURYLGHV�VWXGHQWV�ZLWK�DQ�H[DPSOH�RI�DQ�RSHQ-ORRS�V\VWHP�� 
 3ULRU�WR�WKLV�LQYHVWLJDWLRQ��VWXGHQWV�VKRXOG�EH�UHPLQGHG�DERXW�ZRUN�WKDW�WKH\�KDYH�SUHYLRXVO\�FDUULHG�RXW�RQ�RSHUDWLRQDO�DPSOLILHUV��SXVK-SXOO�WUDQVLVWRU�RXWSXW�VWDJHV��DQG�OLJKW-HPLWWLQJ�GLRGHV��7KH\�VKRXOG�DOVR�EH�JLYHQ�DQ�LQWURGXFWLRQ�WR�WKH�EDVLF�FRQFHSWV�RI�¶RSHQ-ORRS¶�DQG�¶FORVHG-ORRS¶�V\VWHPV� 
 ,Q�RUGHU�WR�SURYLGH�WKH�SRVLWLYH�DQG�QHJDWLYH�VXSSO\�UDLOV��VWXGHQWV�ZLOO�UHTXLUH�WZR��9�'&�SRZHU�VXSSOLHV��7KH\�VKRXOG�HQVXUH�WKDW�WKH�FRPPRQ�FRQQHFWLRQ�LV�WDNHQ�WR�WKH�RSHUDWLRQDO�DPSOLILHU¶V��9�VXSSO\�UDLO� 
 'XH�WR�WKH�ODFN�RI�QHJDWLYH�IHHGEDFN��VWXGHQWV�VKRXOG�ILQG�WKDW�SUHFLVH�DGMXVWPHQW�RI�PRWRU�VSHHG�LV�H[WUHPHO\�GLIILFXOW�DQG�PD\�UHTXLUH�UHSHDWHG�DGMXVWPHQWV��7KH\�VKRXOG�DOVR�QRWLFH�WKH�GHDG-EDQG�RYHU�ZKLFK�WKH�PRWRU�UHPDLQV�VWDWLRQDU\�DQG�WKH�UDSLG�LQFUHDVH�RI�VSHHG�HLWKHU�VLGH�RI�WKLV�UDQJH��7KHVH�DUH�DOO�FKDUDFWHULVWLFV�RI�RSHQ-ORRS�V\VWHPV�DQG�VWXGHQWV�VKRXOG�EH�DEOH�WR�REVHUYH�WKHP�ZLWKRXW�DQ\�DGGLWLRQDO�SURPSWLQJ� 
  

 ���-��� PLQXWHV  

  � 
 ,Q�WKLV�ILQDO�ZRUNVKHHW�VWXGHQWV�LQYHVWLJDWH�WKH�RSHUDWLRQ�RI�D�V\VWHP�ZKLFK�FDQ�EH�FRQILJXUHG�DV�HLWKHU�DQ�RSHQ-ORRS�V\VWHP�RU�D�FORVHG-ORRS�V\VWHP��7KH\�ZLOO�DOVR�EH�DEOH�WR�PDNH�VRPH�FRPSDUDWLYH�PHDVXUHPHQWV�RQ�WKH�V\VWHP�WKDW�VKRZV�KRZ�LW�EHKDYHV�ZLWK�DQG�ZLWKRXW�IHHGEDFN�DSSOLHG�� 
 $V�ZLWK�WKH�SUHYLRXV�ZRUNVKHHW��VWXGHQWV�ZLOO�UHTXLUH�WZR�VHSDUDWH��9�'&�SRZHU�VXSSOLHV��5DWKHU�WKDQ�XVH�D�PRWRU�DV�D�ORDG��DV�LQ�WKH�SUHYLRXV�ZRUNVKHHW��WKH�RXWSXW�RI�WKH�FRQWURO�V\VWHP�LV�DSSOLHG�WR�D����ȍ�UHVLVWRU� 
 ,Q�RUGHU�WR�FRQILJXUH�WKH�FRQWURO�V\VWHP�LQ�HLWKHU�RSHQ-ORRS�RU�FORVHG-ORRS�PRGH��WKH�LQYHUWLQJ�LQSXW�RI�,&��FDQ�EH�HLWKHU�FRQQHFWHG�GLUHFWO\�WR��9��RSHQ-ORRS��RU�WR�WKH�RXWSXW��FORVHG-ORRS���XVLQJ�WKH�FKDQJHRYHU�VZLWFK��7KHVH�DUH�PDUNHG�DV�OLQNV�$�DQG�%�UHVSHFWLYHO\�LQ�WKH�FLUFXLW�GLDJUDP� 
 6WXGHQW�VKRXOG�PHDVXUH�WKH�UDQJH�RI�RXWSXW�YROWDJH�SURGXFHG�ZKHQ�GULYLQJ�D����ȍ�ORDG�ERWK�ZLWK�DQG�ZLWKRXW�IHHGEDFN�DSSOLHG��7KH\�VKRXOG�WKHQ�UHSHDW�WKLV�ZLWK�QR�ORDG�DSSOLHG�� 
 )URP�WKH�PHDVXUHPHQWV�WKDW�WKH\�PDNH��WKH\�VKRXOG�EH�DEOH�WR�GHGXFH�WKDW� · WKH�RYHUDOO�YROWDJH�JDLQ�RI�WKH�V\VWHP�LV�VLJQLILFDQWO\�UHGXFHG�ZKHQ�IHHGEDFN�LV�DSSOLHG��L�H��FORVHG-ORRS� · WKH�FKDQJH�LQ�RXWSXW�YROWDJH��ZLWK�DQG�ZLWKRXW�D�ORDG�DSSOLHG��LV�VLJQLILFDQWO\�UHGXFHG�ZKHQ�IHHGEDFN�LV�DSSOLHG��L�H��FORVHG-ORRS��� 
 

  ���-��� PLQXWHV  

 ��FRQW��� 
 $Q�RSWLRQDO�LQYHVWLJDWLRQ�IROORZV�LQ�ZKLFK�VWXGHQWV�FRQVWUXFW�D�UHOD[DWLRQ�RVFLOODWRU�EDVHG�RQ�DQ�RS-DPS��:KHQ�WKH�YDULDEOH�FDSDFLWRU�LV�DGMXVWHG��WKH�IUHTXHQF\�RI�RVFLOODWLRQ�FKDQJHV��7KLV�LV�REVHUYHG�GLUHFWO\�RQ�DQ�RVFLOORVFRSH�FRQQHFWHG�WR�WKH�RXWSXW��0RUH�DEOH�VWXGHQWV�FDQ�LQYHVWLJDWH�WKH�HIIHFW�RI�FKDQJLQJ�UHVLVWRU�YDOXHV��WKRXJK�WKH\�VKRXOG�EH�ZDUQHG�WKDW�WKH�YROWDJH�JDLQ�RI�WKH�RS-DPS�IDOOV�VLJQLILFDQWO\�DW�KLJK�IUHTXHQFLHV� � 
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