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$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH�� 

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

&RQWHQWV 

 :RUNVKHHW���-�2SHUDWLRQDO�DPSOLILHU�SULQFLSOHV � 
 :RUNVKHHW���-�&RPSDUDWRU�YV�6FKPLWW�WULJJHU � 
 :RUNVKHHW���-�1RQ-LQYHUWLQJ�DPSOLILHU  � 
 :RUNVKHHW���-�9ROWDJH�IROORZHU  � 
 :RUNVKHHW���-�,QYHUWLQJ�DPSOLILHU  �� 
 :RUNVKHHW���-�6XPPLQJ�DPSOLILHU  �� 
 :RUNVKHHW���-�'LIIHUHQWLDO�DPSOLILHU  �� 
 :RUNVKHHW���-�'LIIHUHQWLDWRU�  �� 
 :RUNVKHHW���-�,QWHJUDWRU  �� 
 :RUNVKHHW���-�/RJLF�JDWHV  �� 
 :RUNVKHHW����-�$1'�DQG�25�ORJLF�  �� 
 5HYLVLRQ�4XHVWLRQV  �� 
 7XWRU¶V�QRWHV  �� 
 $QVZHUV  �� 
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$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
2SHUDWLRQDO�DPSOLILHU�SULQFLSOHV 

2SHUDWLRQDO�DPSOLILHUV��RS-DPSV��DUH�XVHG�LQ�D�ZLGH�UDQJH�RI�
DYLRQLF�DSSOLFDWLRQV��,Q�IDFW��WKH\�DUH�WKH�PRVW�FRPPRQO\�XVHG�
DQDORJXH�,&��XVHG�LQ�DXGLR�V\VWHPV�DQG�LQVWUXPHQWDWLRQ�V\V�
WHPV��XVHG�WR�SHUIRUP�PDWKHPDWLFDO�RSHUDWLRQV���KHQFH�WKHLU�
QDPH��VXFK�DV�DGGLWLRQ��VXEWUDFWLRQ��DQG�LQWHJUDO�DQG�GLIIHUHQ�
WLDO�FDOFXOXV��7KH\�ZHUH�DW�WKH�KHDUW�RI�DQDORJXH�FRPSXWLQJ�
ORQJ�EHIRUH�GLJLWDO�FRPSXWHUV�WRRN�RYHU� 

 2YHU�WR�\RX� 
 · 7KLV�ILUVW�LQYHVWLJDWLRQ�H[SORUHV�WKH�FLUFXLW�
VKRZQ�LQ�WKH�GLDJUDP�RSSRVLWH��%XLOG�WKLV�� 

 · 5RWDWH�WKH�NQRE�RQ�WKH�¶SRW¶�IURP�RQH� 
 H[WUHPH�WR�WKH�RWKHU��DQG�QRWLFH�ZKDW� 
 KDSSHQV�WR�WKH�YROWPHWHU�UHDGLQJ�DV�\RX�GR�
VR� 

 · 8VH�D�GLJLWDO�PXOWLPHWHU��'00��VHW�RQ�WKH�
��9�'&�UDQJH�WR�PHDVXUH�WKH�YROWDJH�9��� 

 5HFRUG�WKH�YDOXH�LQ�WKH�WDEOH��,WV�YDOXH�ZLOO�EH�WKH�VDPH�RQ�
DOO�URZV�RI�WKH�WDEOH� 

 
 · 8VH�WKH�'00�WR�PRQLWRU�WKH�YROWDJH�9��IURP�WKH�µSRW¶��DQG�
VHW�LW�WR�WKH�ILUVW�YDOXH������9��VKRZQ�LQ�WKH�WDEOH� 

 · 0HDVXUH�WKH�RXWSXW�YROWDJH�9287��5HFRUG�LWV�YDOXH�LQ�WKH�ILUVW�
URZ�RI�WKH�WDEOH� 

 · 5HSHDW�WKLV�SURFHVV�IRU�DOO�RWKHU�YDOXHV�RI�9��JLYHQ�LQ�WKH�WDEOH�  
· 1RZ�VZDS�RYHU�WKH�LQSXWV�VR�WKDW�WKH�µSRW¶��RXWSXW�;��SURYLGHV�LQSXW�9���DQG�WKH�RXWSXW�<�RI�
WKH�YROWDJH�GLYLGHU�PDGH�IURP�WKH�WZR��NW�UHVLVWRUV��SURYLGHV�LQSXW�9�� 

 · 5HSHDW�WKH�SURFHVV�RXWOLQHG�DERYH��DQG�FRPSDUH�WKH� 
 SHUIRUPDQFH�RI�WKH�RS-DPS�LQ�WKH�WZR�VLWXDWLRQV� 
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$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
2SHUDWLRQDO�DPSOLILHU�SULQFLSOHV 
6R�ZKDW" 
 7KH�RS-DPS�KDV�WZR�LQSXWV��$�DQG�%��ZLWK�D�µ�¶�DQG�D�µ-¶�VLJQ��DQG�RQH�RXWSXW�WHUPLQDO�&�� 
7KH�FLUFXLW�V\PERO�LV�VKRZQ�RSSRVLWH�� 
�7KH�¶�¶�DQG�¶-¶�KDYH�QRWKLQJ�WR�GR�ZLWK�WKH�SRZHU�VXSSO\�� 
 ,QSXW�$��ZLWK�WKH�µ-¶�VLJQ��LV�FDOOHG�WKH�LQYHUWLQJ�LQSXW� 

,QSXW�%��ZLWK�WKH�µ�¶�VLJQ��LV�FDOOHG�WKH�QRQ-LQYHUWLQJ�LQSXW� 
 2S-DPSV�DUH�KLJK�JDLQ�GLIIHUHQWLDO�YROWDJH�DPSOLILHUV� 
 ·  9ROWDJH�JDLQ�VKRZV�KRZ�PDQ\�WLPHV�WKH�RXWSXW�YROWDJH�9287�LV�ELJJHU�WKDQ�WKH�LQSXW�9,1� 

  ,Q�JHQHUDO� 9ROWDJH�JDLQ�$� �9287���9,1 
 · $�GLIIHUHQWLDO�YROWDJH�DPSOLILHU�DPSOLILHV�WKH�GLIIHUHQFH�LQ�WKH�LQSXW�YROWDJHV�� 
·  )RU�H[DPSOH��ZKHQ�D�YROWDJH�9���RI���m9�LV�DSSOLHG�WR�LQSXW�%�DQG�D�YROWDJH��9���RI��m9�WR�
LQSXW�$��WKHQ�WKH�DPSOLILHU�ZRXOG�DPSOLI\�WKH�GLIIHUHQFH���m9� 

 7KH�EDVLF�HTXDWLRQ�IRU�WKH�RS-DPS�LV� 
9287� �$��[��9��-�9�� 

 $��LV�FDOOHG�WKH�RSHQ-ORRS�YROWDJH�JDLQ��DV�WKHUH�LV�QR�µORRS¶�EHWZHHQ�RXWSXW�DQG�LQSXW�� 
 2S-DPSV�KDYH�D�KLJK�JDLQ��ZLWK�$��W\SLFDOO\�a����������VR�WKDW�WKH�RXWSXW�YROWDJH�LV�W\SLFDOO\�
��������WLPHV�ELJJHU�WKDQ�WKH�LQSXW�YROWDJH�GLIIHUHQFH��:KHQ�WKH�GLIIHUHQFH�LV��m9��WKH�RXW�
SXW�YROWDJH�LV��������m9�� ����9�� 

 2S-DPSV�FDQ¶W�VROYH�WKH�HQHUJ\�FULVLV��:H�FDQ¶W�DSSO\�D�YROWDJH�GLIIHUHQFH�RI��9�DW�WKH� 
LQSXWV�DQG�KRSH�WR�JHW��������9�DW�WKH�RXWSXW��7KH�HTXDWLRQ�LV�WUXH�RQO\�ZKHQ�WKH�RXWSXW� 
YROWDJH�LV�EHWZHHQ�WKH�SRZHU�VXSSO\�YROWDJHV�-�LQ�WKLV�FDVH���9�DQG�-�9��:KHQ�9287�UHDFKHV�
WKHVH�OLPLWV��ZH�VD\�WKDW�LW�LV�VDWXUDWHG��,Q�ZRUNVKHHW����WKH�RXWSXW�LV�DOZD\V�VDWXUDWHG�� 
 :KHQ�9��LV�ELJJHU�WKDQ�9���WKH�RXWSXW�LV�DV�FORVH�DV�LW�FDQ�JHW�WR�WKH�SRVLWLYH�VXSSO\�YROWDJH��D�
YDOXH�NQRZQ�DV�WKH�SRVLWLYH�VDWXUDWLRQ�YROWDJH��:KHQ�9��LV�ELJJHU�WKDQ�9���WKH�RXWSXW�LV�FORVH�
WR�WKH�QHJDWLYH�VXSSO\�YROWDJH��DQG�LV�NQRZQ�DV�WKH�QHJDWLYH�VDWXUDWLRQ�YROWDJH�� 
 7KLV�FLUFXLW�LV�FDOOHG�D�FRPSDUDWRU��,W�FRPSDUHV�WKH�LQSXW�YROWDJHV�DQG�VKRZV�ZKLFK�LV�ELJJHU�� 
:KHQ�9��LV�ELJJHU�WKDQ�9����L�H��WKH�µ�¶��LQSXW�YROWDJH�LV�ELJJHU���9287�LV�LQ�SRVLWLYH�VDWXUDWLRQ� 
:KHQ�9��LV�ELJJHU�WKDQ�9����L�H��WKH�µ-¶��LQSXW�YROWDJH�LV�ELJJHU���9287�LV�LQ�QHJDWLYH�VDWXUDWLRQ� 

Z�F 

)RU�\RXU�UHFRUGV� 
 
 ([SODLQ�ZKDW�LV�PHDQW�E\� 

· KLJK�JDLQ�GLIIHUHQWLDO�YROWDJH�DPSOLILHU 
· VDWXUDWLRQ 
· FRPSDUDWRU� 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
&RPSDUDWRU�YV�6FKPLWW�WULJJHU 

 2YHU�WR�\RX� 
 �� 7KH�FRPSDUDWRU� 
:H�ZLOO�XVH�D�WHPSHUDWXUH-VHQVLQJ�XQLW��DQDORJXH��WR�ZDUQ�ZKHQ�
WKH�VHQVRU�JHWV�WRR�FROG� 
 · 6HW�XS�WKH�FLUFXLW�VKRZQ�� 

 · 7XUQ�WKH�NQRE�RQ�WKH�µSRW¶��7KH�/('�ZLOO�OLJKW�DW�VRPH�SRLQW��
7XUQ�WKH�¶SRW¶�EDFN�XQWLO�WKH�/('�LV�RQO\�MXVW�OLW� 

 · 1RZ�ZDUP�XS�WKH�WKHUPLVWRU�EHWZHHQ�\RXU�ILQJHUV��7KH�/('�
VKRXOG�JR�RXW� 

 · /HW�LW�FRRO�GRZQ�DJDLQ��:KHQ�LW�JHWV�FROG�HQRXJK��WKH�/('�ZLOO�OLJKW�WR�ZDUQ�WKDW�WKH�WHP�
SHUDWXUH�KDV�IDOOHQ� 

 · <RX�VKRXOG�ILQG�WKDW�WKHUH�LV�D�ZHOO-GHILQHG�µWXUQ-RQ¶�SRLQW��FRQWUROOHG�E\�WKH�VLJQDO�IURP�WKH�
µSRW¶��7KH�/('�LV�HLWKHU�RQ�RU�RII�-�WKH�RXWSXW�LV�GLJLWDO��7KHUH�LV�RQO\�RQH�WKUHVKROG�-�WKH�
/('�VZLWFKHV�RQ�DQG�RII�DW�YLUWXDOO\�WKH�VDPH�YROWDJH� 

 �� 7KH�6FKPLWW�WULJJHU� 
7KH�FRPSDUDWRU�KDV�RQO\�RQH�WKUHVKROG��,I�WKH�VLJQDO�IURP�WKH�
VHQVRU�VLWV�YHU\�FORVH�WR�WKDW�WKUHVKROG�DQG�ZREEOHV�XS�DQG�
GRZQ�D�OLWWOH��WKHQ�WKH�/('�FDQ�IODVK�RQ�DQG�RII�XQQHFHVVDULO\��
7KH�QH[W�FLUFXLW�DYRLGV�WKDW�E\�LQWURGXFLQJ�VRPH�µK\VWHUHVLV¶� 
· 6HW�XS�WKH�FLUFXLW�VKRZQ�� 
 · 7R�VLPSOLI\�WKH�LQYHVWLJDWLRQ��WKH�WHPSHUDWXUH-VHQVLQJ�XQLW�

KDV�EHHQ�UHSODFHG�E\�D�µSRW¶� 
 · 7KH�µSRW¶�QRZ�DFWV�DV�WKH�VHQVRU��7XUQ�LW�XQWLO�WKH�/('�OLJKWV� 
 · 1RZ�WXUQ�WKH�µSRW¶�EDFN�XQWLO�WKH�/('�WXUQV�RII� 
 · <RX�VKRXOG�ILQG�WKDW�WKHUH�DUH�QRZ�WZR�WKUHVKROGV��7KH�/('�WXUQV�RQ�DW�RQH�YROWDJH��DQG�

RII�DW�DQRWKHU���7KLV�UHVROYHV�WKH�LVVXH�DERXW�XQQHFHVVDU\�VZLWFKLQJ� 

&RQWURO�V\VWHPV�RI�DOO�NLQGV�UHO\�RQ�VHQVRUV�WR�WHOO�WKHP�ZKDW�LV�
KDSSHQLQJ�� 
 0DQ\�RI�WKHVH�RIIHU�VLPSOH�GLJLWDO�RXWSXWV�-�HLWKHU�µRQ¶�RU�µRII¶��6RPH�
VHQVRUV�DUH�DQDORJXH�GHYLFHV��ZKHUH��IRU�H[DPSOH��WKH�RXWSXW�RI�WKH�
VHQVRU�FKDQJHV�ZLWK�WHPSHUDWXUH�� 

 7KH�RSHUDWLRQDO�DPSOLILHU�FRPSDUDWRU�FLUFXLW�FRQYHUWV�WKHVH�
DQDORJXH�VLJQDOV�WR�GLJLWDO��� 
 ,Q�VRPH�FDVHV��ZH�QHHG�WR�DYRLG�µFKDWWHU¶�ZKHUH�WKH�GLJLWDO�RXWSXW�
NHHSV�VZLWFKLQJ�IURP�RQH�YDOXH�WR�WKH�RWKHU�UDSLGO\��2QH�VROXWLRQ�LV�WR�XVH�D�6FKPLWW�WULJJHU�

Z�E 

Z�F 

Z�D 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
&RPSDUDWRU�YV�6FKPLWW�WULJJHU 
6R�ZKDW" 
 7KH�FRPSDUDWRU�LV�WKH�HDVLHU�FLUFXLW�WR�GHVLJQ�DQG�XVH�� 
· 7KH�/('�VZLWFKHV�RQ�DQG�RII�DW�WKH�VDPH�WKUHVKROG� 
 YROWDJH��9���VHW�E\�WKH�µSRW¶� 
· 7KH�WHPSHUDWXUH-VHQVLQJ�XQLW��768��FRQVLVWV�RI�D� 
 WKHUPLVWRU�DQG�D�IL[HG�UHVLVWRU� 
· $V�WKH�WHPSHUDWXUH�IDOOV��WKH�WKHUPLVWRU�UHVLVWDQFH� 
 ULVHV��DQG�VR�WKH�768�RXWSXW�YROWDJH��9���IDOOV� 
· :KHQ�9��IDOOV�EHORZ�WKH�YDOXH�RI�9���WKH�/('�VZLWFKHV�

RQ���7KLV�UHVXOW�ZDV�REWDLQHG�LQ�ZRUNVKHHW���� 
 1HDU�WKH�VZLWFKLQJ�WKUHVKROG��DQ\�HOHFWULFDO�QRLVH�FRXOG�SXVK�WKH�
VLJQDO�RYHU�WKH�WKUHVKROG��DQG�FDXVH�WKH�RXWSXW�WR�VZLWFK�UDSLGO\�RQ�DQG�RII��IURP�
WKH�QRLVH�DORQH��7KHQ��LW�PD\�EH�EHWWHU�WR�XVH�D�6FKPLWW�WULJJHU�FLUFXLW�� 
 7KH�EHKDYLRXU�RI�WKH�RS-DPS�LV�XQFKDQJHG� 

· :KHQ�9��LV�ELJJHU�WKDQ�9���WKH�/('�LV�RQ� 
· :KHQ�9��LV�ELJJHU�WKDQ�9���WKH�/('�LV�RII� 

· 7KH�RXWSXW�RI�WKH�RS-DPS�VLWV�DW�HLWKHU��9VDW���SRVLWLYH�VDW�
XUDWLRQ����RU�-9VDW��QHJDWLYH�VDWXUDWLRQ�� 

· 7KH�WZR�HTXDO���NW��UHVLVWRUV�DUH�FRQQHFWHG�LQ� 
 VHULHV�EHWZHHQ�WKH�RXWSXW�DQG��9�DQG�VR�HDFK�KDV�D�
 YROWDJH�GURS�RI�ò9VDW�DFURVV�LW��+HQFH�9�� �ò9VDW�� 
· )RU�H[DPSOH��LGHDOO\�WKH�RXWSXW�RI�WKH�RS-DPS�VKRXOG�VDW�

XUDWH�DW���9�DQG�-�9��7KLV�PHDQV�WKDW�9��LV�HLWKHU���9�RU�-�9�� 
· :KHQ�WKH�/('�LV�RII��WKH�RS-DPS�RXWSXW�LV�-�9��DQG�9�� �-�9��7KH�LQSXW�VLJQDO��9��PXVW�

IDOO�EHORZ�-�9�WR�VZLWFK�WKH�/('�RQ� 
· :KHQ�WKH�/('�LV�RQ��WKH�RXWSXW�RI�WKH�RS-DPS�LV���9��DQG�9�� ���9��7KH�LQSXW�VLJQDO��

9���PXVW�ULVH�DERYH���9�WR�VZLWFK�WKH�/('�RII� 
· 7KHUH�DUH�QRZ�WZR�VZLWFKLQJ�WKUHVKROGV� 

)RU�\RXU�UHFRUGV� 
 · 'UDZ�WKH�FLUFXLW�GLDJUDP�WR�VKRZ�D�WHPSHUDWXUH-VHQVLQJ�XQLW�FRQQHFWHG�WR�� 

· D�FRPSDUDWRU�FLUFXLW� 
· D�6FKPLWW�WULJJHU�FLUFXLW���<RX�ZLOO�KDYH�WR�PRGLI\�WKH�RQH�JLYHQ�DERYH�� 

· :ULWH�D�FOHDU�H[SODQDWLRQ�LQ�QR�PRUH�WKDQ����ZRUGV�RQ�WKH�GLIIHUHQFH�EHWZHHQ�FRPSDUDWRUV�
DQG�6FKPLWW�WULJJHUV� 

· 'HVLJQ�D�6FKPLWW�WULJJHU�FLUFXLW�OLNH�WKH�RQH�DERYH�EXW�ZKLFK�KDV�VZLWFKLQJ�WKUHVKROGV�RI�
��9�DQG�-�9��$VVXPH�WKDW�WKH�VDWXUDWLRQ�YROWDJHV�DUH���9�DQG�-�9� 

Z�H 

7HPSHUDWXUH VHQVLQJ XQLW 

Z�G 

/LJKWV�ZKHQ 9��!�9� 

6HWV�WKH WKUHVKROG 

/LJKWV�ZKHQ 9��!�9� 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
1RQ-LQYHUWLQJ�DPSOLILHU 

 2YHU�WR�\RX� 
 · 7KLV�LQYHVWLJDWLRQ�XVHV�WKH�FLUFXLW�VKRZQ�RSSRVLWH� 
 %XLOG�WKLV��XVLQJ�D�YDOXH�RI��NW�IRU�5)�DQG��NW�IRU�5��� 

 8VH�D���NW�µSRW¶�DV�WKH�LQSXW�GHYLFH��DV�EHIRUH� 
 %H�FDUHIXO�WR�FRQQHFW�XS�WKH�SRZHU�VXSSO\�FRUUHFWO\� 
 7KH���9�SRZHU�UDLO�LV�FRQQHFWHG�WR�WKH�µSRW¶��DQG�DOVR�

SURYLGHV�SRZHU�WR�WKH�RS-DPS��WKRXJK�WKLV�LV�QRW�VKRZQ�
LQ�WKH�FLUFXLW�GLDJUDP��6LPLODUO\�WKH�-�9�SRZHU�UDLO�LV� 

 FRQQHFWHG�WR�WKH�µSRW¶��DQG�DOVR�SURYLGHV�SRZHU�WR�WKH�RS-DPS�� 

 · 8VH�D�GLJLWDO�PXOWLPHWHU��'00��VHW�RQ�WKH���9�'&�UDQJH�WR�
PRQLWRU�WKH�YROWDJH�9,1��7XUQ�WKH�µSRW¶�WR�VHW�WKLV�YROWDJH�WR�
����9� 

 · 0HDVXUH�WKH�RXWSXW�YROWDJH�9287�DQG�UHFRUG�LWV�YDOXH�LQ�WKH� 
 ILUVW�URZ�RI�WKH�WDEOH� 
 · 5HSHDW�WKLV�SURFHVV�IRU�DOO�WKH�RWKHU�YDOXHV�RI�9,1� 
 · &DOFXODWH�WKH�JDLQ�XVLQJ�WKH�IRUPXOD� 
  9ROWDJH�JDLQ� �9287���9,1 
 8VH�\RXU�UHVXOWV�WR�FRPSOHWH�WKH�WKLUG�FROXPQ� 
 
· 1RZ�VZDS�WKH��NW�IHHGEDFN�UHVLVWRU�IRU�D���NW�UHVLVWRU� 

 · 5HSHDW�WKH�SURFHVV�RXWOLQHG�DERYH��XVLQJ�WKH�QHZ�YDOXHV�RI� 
 9,1�JLYHQ�LQ�WKH�VHFRQG�WDEOH� 
 · &RPSOHWH�WKH�VHFRQG�WDEOH�LQ�WKH�VDPH�ZD\�DV�EHIRUH� 

$YLRQLF�V\VWHPV�QHHG�FDUHIXO�GHVLJQ��,W¶V�QRW�HQRXJK�WR�
GHVLJQ�HDFK�VWDJH�DV�D�VHSDUDWH�V\VWHP��(DFK�VWDJH�PXVW�
µWDON¶�HIIHFWLYHO\�WR�WKH�QH[W��L�H��PXVW�WUDQVIHU�LWV�VLJQDO�
ZLWKRXW�ORVV�RU�GLVWRUWLRQ�� 
 7KH�RSHUDWLRQDO�DPSOLILHU�KDV�D�QXPEHU�RI�UROHV�LQ�WKLV��
'HVLJQHG�SURSHUO\��WKH�QRQ-LQYHUWLQJ�DPSOLILHU�GUDZV�YHU\�
OLWWOH�FXUUHQW�IURP�WKH�LQSXW�VXEV\VWHP�WKDW�VXSSOLHV�LW�ZLWK�D�
VLJQDO��DQ�LPSRUWDQW�HOHPHQW�RI�WKH�GHVLJQ�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�LQYHVWLJDWH�WKH�JDLQ�RI�D�QRQ-LQYHUWLQJ�DPSOLILHU�VWDJH� 

Z�E 

5F = 1kW��51 = 1kW 
9IN 9OUT *DLQ 
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$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
1RQ-LQYHUWLQJ�DPSOLILHU 
6R�ZKDW" 
 7KH�LQGXVWU\�VWDQGDUG�RS-DPS�LV�WKH�µ���¶��SURGXFHG�E\�)DLUFKLOG�6HPLFRQGXFWRUV�LQ�������
6LQFH�WKHQ��PDQ\�LPSURYHPHQWV�KDYH�EHHQ�PDGH�WR�WKH�SHUIRUPDQFH� 
 7KH�LGHDO�FKDUDFWHULVWLFV�RI�DQ�RS-DPS�DUH� 

· LQILQLWH�RSHQ-ORRS�YROWDJH�JDLQ� 
· LQILQLWH�EDQGZLGWK���WKH�UDQJH�RI�IUHTXHQFLHV�DPSOLILHG�VXFFHVVIXOO\�� 
· LQILQLWH�LQSXW�LPSHGDQFH���GUDZV�QR�FXUUHQW�IURP�WKH�GHYLFH�FUHDWLQJ�LWV�LQSXW�VLJQDO�� 
· LQILQLWH�VOHZ-UDWH���WKH�RXWSXW�YROWDJH�FDQ�OHDS�LQVWDQWO\�WR�DQ\�YDOXH�� 
· ]HUR�RXWSXW�LPSHGDQFH���GHOLYHUV�WKH�IXOO�RXWSXW�YROWDJH�WR�DQ\�VXEV\VWHP�WKDW�IROORZV�� 
· LQILQLWH�FRPPRQ-PRGH�UHMHFWLRQ�UDWLR��&055���DPSOLILHV�RQO\�WKH�GLIIHUHQFH�LQ�YROWDJH� 
 EHWZHHQ�WKH�LQSXWV�DQG�LJQRUHV�DQ\�YROWDJH�FRPPRQ�WR�ERWK��VXFK�DV�LQWHUIHUHQFH�� 

 2IWHQ��VXEV\VWHPV�GHOLYHULQJ�D�VLJQDO�WR�DQ�DPSOLILHU��VXFK�DV�D�PLFURSKRQH��FDQQRW�SURYLGH�
PXFK�FXUUHQW��,I�WKH�DPSOLILHU�GUDZV�VLJQLILFDQW�FXUUHQW�IURP�LW��WKHQ�WKH�VLJQDO�YROWDJH�IDOOV�� 
GHIHDWLQJ�WKH�SRLQW�RI�XVLQJ�DQ�DPSOLILHU��7KH�QRQ-LQYHUWLQJ�DPSOLILHU��KRZHYHU��RIIHUV�D�YHU\�
KLJK�LQSXW�LPSHGDQFH��W\SLFDOO\��0W��VR�WKDW�LW�GUDZV�YHU\�OLWWOH�FXUUHQW�IURP�LWV�VLJQDO�VRXUFH� 
 7KH�WKHRUHWLFDO�YDOXH�IRU�WKH�YROWDJH�JDLQ�LV�JLYHQ�E\�WKH�IRUPXOD� 
   9ROWDJH�JDLQ� �����5)���5� 
)RU�WKH�ILUVW�SDUW�RI�WKH�LQYHVWLJDWLRQ��ZKHUH�5)� ��NW�DQG�5�� ��NW��WKLV�JLYHV�D�YDOXH� 
   9ROWDJH�JDLQ� ����������� �� 
�8VLQJ�DQ\�WZR�HTXDO�YDOXHG�UHVLVWRUV�ZRXOG�JLYH�WKH�VDPH�YROWDJH�JDLQ��8VLQJ�KLJK�YDOXHV� 
UHGXFHV�EDWWHU\�GUDLQ�DQG�SRZHU�GLVVLSDWLRQ�� 
)RU�WKH�VHFRQG�SDUW��ZKHUH�5)� ���NW�DQG�5�� ��NW��WKLV�JLYHV�D�YDOXH� 
   9ROWDJH�JDLQ� ������������ ���� 
 · /RRN�DW�\RXU�PHDVXUHPHQWV��'R�WKH\�VXSSRUW�WKHVH�YDOXHV�RI�YROWDJH�JDLQ" 
· 5HSODFH�WKH�¶SRW¶�ZLWK�D�VLJQDO�JHQHUDWRU��VHW�WR�RXWSXW�VLQH�ZDYHV�ZLWK�DQ�DPSOLWXGH�RI�
���P9�DW�D�IUHTXHQF\�RI��N+]��8VH�DQ�RVFLOORVFRSH�WR�PHDVXUH�WKH�DPSOLWXGH�RI�WKH�LQSXW�
DQG�RXWSXW�VLJQDOV��DQG�KHQFH�PHDVXUH�WKH�$&�YROWDJH�JDLQ�� 

)RU�\RXU�UHFRUGV� 
 &RPSOHWH�WKH�IROORZLQJ�WDEOH� 

,QSXW�YROWDJH 2XWSXW�YROWDJH 9ROWDJH�JDLQ 5HVLVWRU�5F 5HVLVWRU�51 
�P9     ��NW �NW 

  ���P9 ��   �NW 
��P9 ���P9   ��NW   
��P9   ��   ��NW 
�P9 ��P9   ���NW   



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
9ROWDJH�IROORZHU 

2YHU�WR�\RX� 
 �� %HKDYHV�OLNH�D�OHQJWK�RI�ZLUH� 

 · 6HW�XS�WKH�ILUVW�FLUFXLW�� 

 8VH�D���NW�µSRW¶�DV�WKH�LQSXW�GHYLFH��DV�EHIRUH� 
 7DNH�FDUH�ZLWK�WKH�SRZHU�FRQQHFWLRQV�� 
 · 1RWLFH�WKH�FRQQHFWLQJ�OLQN�EHWZHHQ�RXWSXW�DQG�LQYHUWLQJ� 

 LQSXW��7KLV�SURYLGHV�WKH������IHHGEDFN�� 

 · 8VH�D�GLJLWDO�PXOWLPHWHU��'00��WR�PRQLWRU�WKH�YROWDJH�9,1�� 
 7XUQ�WKH�µSRW¶�WR�VHW�WKLV�YROWDJH�WR�����9� 

 · 0HDVXUH�WKH�RXWSXW�YROWDJH�9287�DQG�UHFRUG�LW�LQ�WKH�WDEOH� 
 · 5HSHDW�WKLV�SURFHVV�IRU�DOO�WKH�RWKHU�YDOXHV�RI�9,1� 

 
���7KH�PDJLF�ELW� 
 7KH�SODQ�LV�WR�XVH�D�WHPSHUDWXUH�VHQVRU�WR�RSHUDWH�D�IDQ�� 

7KH�KRWWHU�WKH�URRP��WKH�IDVWHU�WKH�IDQ� 
 · 6HW�XS�WKH�VHFRQG�FLUFXLW�� 

 · :KHQ�\RX�WHVW�WKLV��\RX�ZLOO�ILQG�WKDW�LW�GRHV�QRW�ZRUN�� 
 · 'LVFRQQHFW�WKH�PRWRU��7KH�YROWPHWHU�VKRZV�D�KHDOWK\�UHDGLQJ��ZKLFK�ULVHV�

ZKHQ�WKH�WHPSHUDWXUH�LQFUHDVHV�� 
 · 5H-FRQQHFW�WKH�PRWRU�DQG�WKLV�UHDGLQJ�IDOOV�WR�QHDUO\�]HUR��   · 1RZ�VHW�XS�WKH�WKLUG�FLUFXLW�DQG�WHVW�LW�� 
 �1RWLFH�WKH������IHHGEDFN���7KH�PRWRU�DIIHFWV�WKH�RXWSXW�

YROWDJH��EXW�QRZKHUH�QHDU�DV�PXFK��7KLV�YHUVLRQ�ZRUNV� 

 7KH�YROWDJH�IROORZHU��RU�EXIIHU��SURYLGHV�QR�YROWDJH�JDLQ�EXW�
RIIHUV�WKH�VLJQLILFDQW�DGYDQWDJH�WKDW�LW�GUDZV�YHU\�OLWWOH�FXUUHQW�
IURP�WKH�VLJQDO�VRXUFH��$V�VXFK��LW�LV�DQ�H[WUHPH�IRUP�RI�D�QRQ-
LQYHUWLQJ�DPSOLILHU�WKDW�XVHV�]HUR�RKPV�DV�WKH�IHHGEDFN�
UHVLVWRU�DQG�LQILQLWH�RKPV�DV�UHVLVWRU�5���7KLV�SURGXFHV�D�
YROWDJH�JDLQ�RI�XQLW\��L�H������,Q�RWKHU�ZRUGV�WKH�FLUFXLW�EHKDYHV�
OLNH�D�GLUHFW�ZLUH�FRQQHFWLRQ�EXW�ZLWK�KDUGO\�DQ\�FXUUHQW�IORZLQJ�
LQ�LW� 

Z�F 

Z�G 

Z�E 

w4a 

9IN 9OUT 
����9   
����9   
����9   
-���9   
-���9   
-���9   



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
9ROWDJH�IROORZHU 

6R�ZKDW" 
 0DWFKLQJ�IRU�YROWDJH�WUDQVIHU� 

 1R�PDWWHU�KRZ�FRPSOH[�LWV�LQQHU�ZRUNLQJV��ZH�FDQ�SLFWXUH�DQ�HOHFWURQLF�VXEV\VWHP�DV�D� 
YROWDJH�VRXUFH��96��LQ�VHULHV�ZLWK�DQ�RXWSXW�UHVLVWDQFH��52�� 
 
 
 
 
 
 
 7KH�GLDJUDP�VKRZV�WZR�VXEV\VWHPV��$�DQG�%��2XU�GHVLJQ�DLP�LV�WR�SDVV�RQ�DV�PXFK�RI�WKH�
YROWDJH�96�DV�SRVVLEOH��,Q�RWKHU�ZRUGV��ZH�ZDQW�9���WKH�YROWDJH�µVHHQ¶�E\�%��WR�EH�DV�FORVH�DV�
SRVVLEOH�WR�96��WKH�YROWDJH�JHQHUDWHG�E\�$�� 
 1RZ��9����9�� �96��VR�ZH�ZDQW�WR�PDNH�9��DV�VPDOO�DV�SRVVLEOH��E\�PDNLQJ�WKH�FXUUHQW�,�DV�
VPDOO�DV�SRVVLEOH��,Q�WXUQ��WKLV�PHDQV�WKDW�WKH�LQSXW�UHVLVWDQFH�RI�%��5,���PXVW�EH�PXFK�ELJJHU�
WKDQ�52��WKH�RXWSXW�UHVLVWDQFH�RI�$� 
 7KH�QRQ-LQYHUWLQJ�DPSOLILHU�KDV�DQ�LQSXW�UHVLVWDQFH�RI�DW�OHDVW���0W���'LIIHUHQW�RS-DPSV�KDYH�
GLIIHUHQW�LQSXW�LPSHGDQFHV��7KH�7/����XVHG�LQ�WKH�/RFNWURQLFV�RS-DPS�FDUULHU�KDV�DQ�LQSXW� 
UHVLVWDQFH�RI���PLOOLRQ�0W���$V�D�UHVXOW��WKH�FXUUHQW�GUDZQ�IURP�WKH�LQSXW�VLJQDO�VRXUFH�LV�YHU\�
VPDOO��DQG�WKH�ORVV�RI�VLJQDO��9��LQ�WKH�GLDJUDP���LV�VPDOO� 
 $V�D�UHVXOW��ZKHQ�FRQQHFWHG�WR�WKH�WHPSHUDWXUH�VHQVLQJ�XQLW��LQ�SDUW���RI�WKH�LQYHVWLJDWLRQ��WKH�
YROWDJH�IROORZHU�KDV�YHU\�OLWWOH�HIIHFW�RQ�WKH�RXWSXW�RI�WKH�VHQVRU���7KH�YROWDJH�IURP�WKH�VHQV�
LQJ�XQLW�LV�FRQYH\HG�ZLWK�OLWWOH�FKDQJH�WR�WKH�RXWSXW�RI�WKH�IROORZHU��7KH�PRWRU�QRZ�GUDZV�FXU�
UHQW�IURP�WKH�RS-DPS��DQG�QRW�IURP�WKH�VHQVLQJ�XQLW� 

Z�H 

)RU�\RXU�UHFRUGV� 
 
· &RPSOHWH�WKH�IROORZLQJ� 

· ,Q�D�YROWDJH�IROORZHU��WKH�RXWSXW�YROWDJH�LV����������������������WR�WKH�LQSXW�YROWDJH��+RZHY�
HU��WKH�LQSXW�LPSHGDQFH��UHVLVWDQFH��RI�WKH�YROWDJH�IROORZHU�LV�VR�ELJ�WKDW�LW�
GUDZV�����������������������FXUUHQW�IURP�WKH�LQSXW�VLJQDO�VRXUFH��$V�D�UHVXOW��LW�KDV�OLWWOH�RU�QR�
HIIHFW�RQ�WKH�LQSXW�VLJQDO��7KH�RXWSXW��GHYLFH�GUDZV�FXUUHQW�IURP�WKH�RS-DPS�DQG�QRW�
IURP�WKH�VLJQDO�VRXUFH� 

 · 8VH�WKH�LQWHUQHW�WR�UHVHDUFK�WKH�IROORZLQJ�WHUPV�DQG�H[SODLQ�HDFK�LQ�OHVV�WKDQ����ZRUGV� 
· EXIIHU� 
· �����IHHGEDFN� 
· HTXLYDOHQW�FLUFXLW� 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
,QYHUWLQJ�DPSOLILHU 
7KH�LQYHUWLQJ�DPSOLILHU�LV�VRPHZKDW�LQIHULRU�DV�D�YROWDJH� 
DPSOLILHU��EXW�OHDGV�WR�D�QXPEHU�RI�H[FLWLQJ�DSSOLFDWLRQV�
EDVHG�RQ�WKLV�FLUFXLW�� 

 7KH�IDFW�WKDW�LW�LQYHUWV�WKH�VLJQDO�LV�UDUHO\�VLJQLILFDQW�-�DQ�
DXGLR�VLJQDO�VRXQGV�MXVW�WKH�VDPH�ZKHWKHU�RU�QRW�LW�LV�
LQYHUWHG�� 
 0RUH�LPSRUWDQWO\��WKH�LQYHUWLQJ�DPSOLILHU�XVXDOO\�GUDZV�
PRUH�FXUUHQW�IURP�LWV�VLJQDO�VRXUFH��WKDQ�GRHV�WKH�QRQ-
LQYHUWLQJ�DPSOLILHU��DQG�VR�QHHGV�FDUHIXO�GHVLJQ� 

2YHU�WR�\RX� 
 · 7KH�QH[W�LQYHVWLJDWLRQ�XVHV�WKH�FLUFXLW�VKRZQ�RSSRVLWH� 
 %XLOG�WKLV��XVLQJ�D�YDOXH�RI���NW�IRU�5)�DQG���NW�IRU�

5,1��8VH�D���NW�µSRW¶�DV�WKH�LQSXW�GHYLFH��DV�EHIRUH� 
 %H�FDUHIXO�WR�FRQQHFW�XS�WKH�SRZHU�VXSSO\�FRUUHFWO\��

7KH���9�SRZHU�UDLO�LV�FRQQHFWHG�WR�WKH�µSRW¶��DQG�DOVR�
SURYLGHV�SRZHU�WR�WKH�RS-DPS��6LPLODUO\�WKH� -�9�SRZHU�
UDLO�LV�FRQQHFWHG�WR�WKH�µSRW¶��DQG�WR�WKH�RS-DPS�� 

 · 8VH�D�GLJLWDO�PXOWLPHWHU��'00��WR�PRQLWRU�WKH�LQSXW��YROWDJH�9,1��
7XUQ�WKH�µSRW¶�WR�VHW�WKLV�WR�����9� 

 · 0HDVXUH�WKH�RXWSXW�YROWDJH�9287�DQG�UHFRUG�LW�LQ�WKH� 
 ILUVW�URZ�RI�WKH�WDEOH� 
 · 5HSHDW�WKLV�SURFHVV�IRU�DOO�WKH�RWKHU�YDOXHV�RI�9,1� 
 · &DOFXODWH�WKH�YROWDJH�JDLQ�XVLQJ�WKH� IRUPXOD� 
  9ROWDJH�JDLQ� �9287���9,1 
 DQG�KHQFH�FRPSOHWH�WKH�WKLUG�FROXPQ� 
 
· 1RZ�VZDS�WKH���NW�LQSXW�UHVLVWRU�IRU�D��NW�UHVLVWRU� 

 · 5HSHDW�WKH�VDPH�SURFHVV��XVLQJ�WKH�YDOXHV�RI�9,1�JLYHQ�LQ�WKH�
VHFRQG�WDEOH� 

 · &RPSOHWH�WKH�VHFRQG�WDEOH�LQ�WKH�VDPH�ZD\�DV�EHIRUH� 
 
· 7KH�IRUPXOD�IRU�WKH�YROWDJH�JDLQ�LV�VLPSOHU�WKDQ�IRU�WKH�QRQ-

LQYHUWLQJ�DPSOLILHU��+RZ�FRXOG�\RX�XVH�D���NW�UHVLVWRU�DQG�WZR�
�NW�UHVLVWRUV�WR�JLYH�\RX�D�YROWDJH�JDLQ�RI��"� 

 7HVW�\RXU�LGHD�E\�PRGLI\LQJ�WKH�FLUFXLW�\RX�XVHG�DERYH� 

Z�D 

Z�E 

5F = 10kW��5IN = 10kW 
9IN 9OUT *DLQ 

����9     
����9     
����9     
-���9     
-���9     
-���9     
5F = 10kW��5IN = 1kW 
9IN 9OUT *DLQ 

����9     
����9     
����9     
-���9     
-���9     
-���9     



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
,QYHUWLQJ�DPSOLILHU 

6R�ZKDW" 
 
 $�VLJQLILFDQW�UHVXOW��  9�� �9� 

LQ�DQ\�RS-DPS�FLUFXLW�ZKHUH�WKH�RXWSXW�LV�QRW�VDWXUDWHG� 
 

 7KH�UHDVRQ� 
· 7KH�RXWSXW�YROWDJH�LV�QHYHU�YHU\�ODUJH��VD\���9�PD[LPXP� 
· 3URYLGHG�WKDW�WKH�RXWSXW�LV�QRW�VDWXUDWHG��  9287� �$��[��9��-�9��� 
· 2SHQ�ORRS�JDLQ��$���LV�DURXQG��������� 
· +HQFH����� ���������[��9��-�9����VR��9��-�9���a�������9��RU��WR�D�JRRG�DSSUR[LPDWLRQ� 
 9�� �9� 
 ,Q�WKH�FDVH�RI�WKH�LQYHUWLQJ�DPSOLILHU��9�� ��9��EHFDXVH�LW�LV�FRQQHFWHG�GLUHFWO\�WR�LW� 

$V�ORQJ�DV�WKH�RXWSXW�LV�QRW�VDWXUDWHG��9�� ��9�DOVR��7KLV�FDQ�EH�D�JRRG�H[SHULPHQWDO�FKHFN�
WKDW�WKH�RS-DPS�LV�ZRUNLQJ�FRUUHFWO\� 

  )RU�WKH�LQYHUWLQJ�DPSOLILHU� 
   9ROWDJH�JDLQ� �-�5)���5,1 

$V�D�UHVXOW� 
· ZKHQ�5)� �5,1��WKH�YROWDJH�JDLQ� �-�� 
· ZKHQ�5)� ����[�5,1��WKH�YROWDJH�JDLQ� �-����DQG�VR�RQ� 

  +RZHYHU��EHFDXVH�9�� ��9�ZKHQ�WKH�RXWSXW�LV�QRW�VDWXUDWHG���DQG�DPSOLIL�
HUV�VKRXOG�QHYHU�EH�GULYHQ�LQWR�VDWXUDWLRQ���WKH�LQSXW�VRXUFH�VHHV�WKH�DP�
SOLILHU�DV�WKH�LQSXW�UHVLVWRU�FRQQHFWHG�WR��9��DV�WKH�GLDJUDP�VKRZV� 
 7KH�YDOXH�RI�5,1�VKRXOG�EH�NHSW�ODUJH�LQ�RUGHU�WR�OLPLW�WKH�FXUUHQW�WKDW�WKH�DPSOLILHU�GUDZV�IURP�
WKH�LQSXW�VRXUFH��,W�VKRXOG�EH�DW�OHDVW��NW��DQG�SUHIHUDEO\�ELJJHU�WKDQ���NW� 
 · 5HSODFH�WKH�¶SRW¶�ZLWK�D�VLJQDO�JHQHUDWRU��VHW�WR�RXWSXW�VLQH�ZDYHV�ZLWK�DQ�DPSOLWXGH�RI�
���P9�DW�D�IUHTXHQF\�RI��N+]��8VH�DQ�RVFLOORVFRSH�WR�PHDVXUH�WKH�DPSOLWXGH�RI�WKH�LQSXW�
DQG�RXWSXW�VLJQDOV��DQG�KHQFH�PHDVXUH�WKH�$&�YROWDJH�JDLQ�� 

)RU�\RXU�UHFRUGV� 
  &RPSOHWH�IROORZLQJ�WDEOH�� 

Z�F 

Z�G 

,QSXW�YROWDJH 2XWSXW�YROWDJH 9ROWDJH�JDLQ 5HVLVWRU�5F 5HVLVWRU�5IN 
�P9     ��NW �NW 

  -���P9 ��   ��NW 
��P9 ���P9   ���NW   
-��P9   �   ��NW 
�P9 -��P9   ���NW   



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
6XPPLQJ�DPSOLILHU 

7KH�LQYHUWLQJ�DPSOLILHU�KDV�RQO\�RQH�LQSXW��+RZHYHU��
ZH�FDQ�DGG�RWKHU�LQSXWV�LQ�VXFK�D�ZD\�WKDW�HDFK�RS�
HUDWHV�LQGHSHQGHQWO\��ZLWK�WKH�UHVXOW�WKDW�WKH� 
RXWSXW�YROWDJH�LV�WKH�VXP�RI�WKH�LQGLYLGXDO�LQSXWV��
7KLV�DOORZV�XV�WR�FRPELQH�VLJQDOV�IURP�D�QXPEHU�RI�
GLIIHUHQW�WUDQVGXFHUV�RU�VLJQDO�VRXUFHV�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�LQYHVWLJDWH�D�VLPSOH�VXPPLQJ�
DPSOLILHU�ZLWK�RQO\�WZR�LQSXWV� 

 2YHU�WR�\RX� 
 · 7KH�QH[W�FLUFXLW�LV�D�PRGLILFDWLRQ�RI�WKDW�XVHG�LQ�WKH�

SUHYLRXV�ZRUNVKHHW��,W�LV�VKRZQ�RSSRVLWH� 
 · %XLOG�WKLV��XVLQJ���NW�UHVLVWRUV�IRU�5)��5��DQG�5��� 

 7DNH�FDUH�ZLWK�WKH�SRZHU�FRQQHFWLRQV�� 
 · 8VH�D�'00�WR�PRQLWRU�WKH�LQSXW�YROWDJHV�9��DQG�9���

VHW�RQ�WZR���NW�SRWV��6HW�WKHLU�YDOXHV�WR�WKRVH�JLY�
HQ�LQ�WKH�ILUVW�OLQH�RI�WKH�WDEOH� 

 
 · 0HDVXUH�WKH�RXWSXW�YROWDJH�9287�DQG�UHFRUG�LW�LQ�WKH� 
 ILUVW�URZ�RI�WKH�WDEOH� 
 · 5HSHDW�WKLV�SURFHVV�IRU�DOO�WKH�RWKHU�YDOXHV�RI�LQSXW�

YROWDJHV� 
 
 
 
· 1RZ�VZDS�WKH���NW�IHHGEDFN�UHVLVWRU�IRU�D��NW� 

 UHVLVWRU� 

 · 8VH�WKH�VDPH�SURFHVV�DV�EHIRUH�WR�LQYHVWLJDWH�WKLV�
FLUFXLW� 

 · 5HFRUG�\RXU�UHVXOWV�LQ�WKH�VHFRQG�WDEOH� 
 

Z�D 

Z�E 

5F = R2 = R1 = 10kW 
92 91 9OUT 

����9 ����9   
����9 ����9   
����9 -���9   
-���9 -���9   
-���9 ����9   
-���9 ����9   

5F = 1kW��52 = R1 = 10kW 
92 91 9OUT 

����9 ����9   
����9 ����9   
����9 -���9   
-���9 -���9   
-���9 ����9   
-���9 ����9   



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
6XPPLQJ�DPSOLILHU 

w5x 

w5y 

6R�ZKDW" 
  $�VLJQLILFDQW�UHVXOW�� 

  
 
  
DQG�ZKHQ�5)� �5�� �5��ZH�KDYH� 
 
 
 
7KH�PLQXV�VLJQ�UHVXOWV�IURP�WKH�LQYHUWLQJ�DPSOLILHU�� 
5HFDOO�WKDW�IRU�D�VLPSOH�LQYHUWLQJ�DPSOLILHU�ZLWK�RQO\�RQH�LQSXW� 
 
 9ROWDJH�JDLQ� �-�5)���5,1 

F FOUT 1 2
1 2

R RV  V VR R
é ùæ ö æ ö= - ´ + ´ê úç ÷ ç ÷è ø è øë û

( )OUT 1 2V  V V= - +

)RU�\RXU�UHFRUGV�  
· &RPSOHWH�WKH�IROORZLQJ�WDEOH� 

,QSXW�YROWDJH�
91 

5HVLVWRU�51 
,QSXW�YROWDJH�92 

5HVLVWRU�52 
5HVLVWRU�5F 

2XWSXW�YROWDJH 9OUT 
����P9  ��NW  ����P9 �NW ���NW   

  ����NW ��9  ���NW ����NW -1 V 
����P9 ���NW ����P9  ����NW ����NW    
-���P9  ����NW    ����NW ���NW � V 
����P9 ��NW  -���P9    ����NW ����P9  



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
'LIIHUHQWLDO�DPSOLILHUV 

  0RVW�DYLRQLF�RS-DPS�DSSOLFDWLRQV�DUH�IRXQG�LQ�FRQWURO�DQG�
LQVWUXPHQWDWLRQ�V\VWHPV�RI�RQH�NLQG�RU�DQRWKHU�� 
 7KH�GLIIHUHQWLDO�DPSOLILHU�KDV�DSSOLFDWLRQ�WR�PDQ\�RI�WKHVH�
V\VWHPV�DQG�LWV�QDPH�JLYHV�D�FOXH�DV�WR�ZKDW�LW�GRHV� 
 ,WV�LPSRUWDQFH�OLHV�LQ�WKH�DELOLW\�WR�GLVWLQJXLVK�EHWZHHQ�
EDFNJURXQG�FRPSRQHQWV�WR�D�VLJQDO��VXFK�DV�WHPSHUDWXUH�
DQG�SRZHU�VXSSO\�YROWDJH��DQG�WKH�WUXH�VLJQDO�� 
 ,W�LV�RIWHQ�XVHG�LQ�FRQMXQFWLRQ�ZLWK�EULGJH�FLUFXLWV��WR�
PRQLWRU��IRU�H[DPSOH��VWUDLQ�LQ�DLUFUDIW�VWUXFWXUHV��VXFK�DV�

  2YHU�WR�\RX� 
  · 7KH�QH[W�FLUFXLW�LV�DQRWKHU�PRGLILFDWLRQ�RI�WKH�LQYHUWLQJ� 
 DPSOLILHU�XVHG�HDUOLHU��,W�LV�VKRZQ�RSSRVLWH� 
  · %XLOG�WKLV��XVLQJ�WZR���NW�UHVLVWRUV�DQG�WZR��NW�UHVLVWRUV�� 
 8VH�WZR���NW�µSRWV¶�WR�SURYLGH�WKH�LQSXW�VLJQDOV��9$�DQG�9%� 
 1RWLFH�WKH�V\PPHWU\�RI�WKH�DUUDQJHPHQW��7KH�WZR�LQSXW� 
 UHVLVWRUV�DUH�HTXDO��7KH�LQYHUWLQJ�LQSXW�LV�FRQQHFWHG�WKURXJK�

D���NW�UHVLVWRU�WR�WKH�RXWSXW��7KH�QRQ-LQYHUWLQJ�LQSXW�LV� 
 FRQQHFWHG�WKURXJK�D���NW�UHVLVWRU�WR��9� 
  · 8VH�D�'00�WR�PRQLWRU�WKH�LQSXW�YROWDJHV�9$�DQG�9%�� 
 6HW�WKHLU�YDOXHV�WR�WKRVH�JLYHQ�LQ�WKH�ILUVW�OLQH�RI�WKH�WDEOH� 
  · 0HDVXUH�WKH�RXWSXW�YROWDJH�9287�DQG�UHFRUG�LW�LQ�WKH� 
 ILUVW�URZ�RI�WKH�WDEOH� 
  · 5HSHDW�WKLV�SURFHVV�IRU�DOO�WKH�RWKHU�YDOXHV�RI�LQSXW�YROWDJHV��

$V�ZLWK�DOO�DPSOLILHU�FLUFXLWV��LW�LV�LPSRUWDQW�WR�DYRLG�RXWSXW� 
 VDWXUDWLRQ��:DWFK�RXW�IRU�WKLV�LQ�\RXU�UHVXOWV� 
 
· $QDO\VH�\RXU�UHVXOWV�� 
 &DQ�\RX�VHH�WKH�SDWWHUQ�WKDW�OLQNV�9287�WR�9$�DQG�9%"� 
 7HVW�\RXU�WKHRULHV�E\�WU\LQJ�RWKHU�FRPELQDWLRQV�RI�LQSXW�YROWDJHV��DQG�SUHGLFWLQJ�WKH�UHVXOW� 

Z�D 

Z�E 

9B 9A 9OUT 
����9 ����9   
����9 ����9   
����9 �9   
�9 -���9   

-���9 -���9   
-���9 -���9   



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
'LIIHUHQWLDO�DPSOLILHUV 

)RU�\RXU�UHFRUGV� 
  &DOFXODWH�WKH�RXWSXW�YROWDJH�LI�DOO�IRXU�UHVLVWRUV�LQ�WKH�FLUFXLW�KDYH�D�UHVLVWDQFH�RI���Nȍ�DQG�WKH�
LQSXW�YROWDJHV�DUH� 
  9$� ���9 9%� ���9 
 6KRZ�KRZ�\RX�REWDLQ�\RXU�DQVZHU� 

 6R�ZKDW" 
  +HUH�LV�DQ�DQDO\VLV�RI�WKH�SHUIRUPDQFH�RI�WKH�GLIIHUHQWLDO�DPSOLILHU� 
�7KH�YDOXHV�RI�WKH�UHVLVWRUV�KDYH�EHHQ�FKDQJHG�WR�PDNH�WKH�DULWKPHWLF�HDVLHU�� 
  
  
  
  
  
  
  
  
(DUOLHU�ZH�SRLQWHG�RXW� WKDW�WKH�LGHDO�RS-DPS�KDV�LQILQLWH�LQ�
SXW�LPSHGDQFH��DQG�VR�GUDZV�QR� 
FXUUHQW�IURP�LWV�LQSXW�VRXUFH��:H�ZLOO�DVVXPH�WKDW�WKH�RS-DPS�XVHG�KHUH�LV�LGHDO� 
  /RRN�DW�SRLQW�;��WKH�QRQ-LQYHUWLQJ�LQSXW�RI�WKH�RS-DPS��,W�LV�DW�WKH�FHQWUH�RI�D�YROWDJH�GLYLGHU��
:H�FDQ�GUDZ�LW�DV�VKRZQ�RSSRVLWH� 
7KHUH�LV�D��9�GURS�DFURVV�WZR�UHVLVWRUV��RQH�RI�ZKLFK�LV�WZLFH�DV�ELJ�DV�WKH�RWKHU� 
$V�D�UHVXOW��WKH��NW�UHVLVWRU�WDNHV�WZLFH�DV�PXFK�RI�WKH�YROWDJH�DV�GRHV�WKH��NW�UH�
VLVWRU��JLYLQJ��9�DFURVV�WKH��NW�UHVLVWRU�DQG��9�DFURVV�WKH��NW UHVLVWRU� 
,Q�RWKHU�ZRUGV��SRLQW�;�VLWV�DW��9� 
  $VVXPLQJ�WKDW�WKH�RXWSXW�RI�WKH�RS-DPS�LV�QRW�VDWXUDWHG���WKH�WZR�LQSXWV�PXVW�VLW�DW�
WKH�VDPH�YROWDJH��DV�ZH�SRLQWHG�RXW�HDUOLHU���,Q�RWKHU�ZRUGV��SRLQW�<�VLWV�DW��9�WRR� 
  

7KH�RXWSXW�RI�WKH�RS-DPS�FDQ�EH�YLHZHG�DV�SDUW�RI�D�YROWDJH�GLYLGHU��7KH��NW�LQSXW�
UHVLVWRU�KDV�D��9�GURS�DFURVV�LW��IURP��9�DW�WKH�LQSXW�WR��9�DW�SRLQW�<���7KH��NW� 
UHVLVWRU�LQ�VHULHV�ZLWK�LW�PXVW�KDYH�WZLFH�DV�ELJ�D�YROWDJH�GURS��L�H���9� 
  /RRNLQJ�DW�WKH�EOXH�FXUUHQW�DUURZV�RQ�WKH�GLDJUDP��FXUUHQW�IORZV�IURP�SRLQW�<�WR�WKH�
RXWSXW��7KDW�PHDQV�WKDW�WKH�RXWSXW�LV�DW�D�ORZHU�YROWDJH�WKDQ�SRLQW�<��LQ�WKLV�FDVH��9�
ORZHU��$V�<�LV�DW��9��WKH�RXWSXW�PXVW�EH�DW����-���� �-�9� 

Z�F 

Z�G 

Z�H 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

 $�GLIIHUHQWLDWRU�SURGXFHV�DQ�RXWSXW�YROWDJH�WKDW�UHSUHVHQWV�
WKH�UDWH�RI�FKDQJH�RI�LWV�LQSXW��7KLV�VLPSO\�PHDQV�WKDW��LI�
WKH�LQSXW�YROWDJH�UHPDLQV�FRQVWDQW��L�H��LVQ¶W�FKDQJLQJ���WKH�
RXWSXW�YROWDJH�DOVR�UHPDLQV�FRQVWDQW�� 
 ,I�WKH�LQSXW�YROWDJH�FKDQJHV��WKH�RXWSXW�YROWDJH�WDNHV�D�
YDOXH�WKDW�LV�SURSRUWLRQDO�WR�WKH�UDWH�DW�ZKLFK�WKH�LQSXW�LV�
FKDQJLQJ��7KH�IDVWHU�WKH�LQSXW�YROWDJH�FKDQJHV��WKH�JUHDWHU�
ZLOO�EH�WKH�RXWSXW��� 
 ,Q�PDWKHPDWLFV�WKLV�LV�HTXLYDOHQW�WR�WKH�GLIIHUHQWLDO�IXQFWLRQ�� 
 ,Q�WKLV�ZRUNVKHHW��\RX�LQYHVWLJDWH�WKH�DQ�RSHUDWLRQDO�
DPSOLILHU�GLIIHUHQWLDWRU��VXSSOLHG�ZLWK�D�VTXDUH�ZDYH�LQSXW��
7KLV�ZDYHIRUP�LV�XVHG�EHFDXVH�WKH�VWHHSO\�ULVLQJ�DQG�IDOOLQJ�HGJHV�H[KLELW�D�YHU\�UDSLG�UDWH�RI�
FKDQJH�ZKLOVW�WKH�PDUN�DQG�VSDFH���WRS�DQG�ERWWRP��DUH�µIODW¶�DQG�VR�KDYH�]HUR�UDWH�RI�FKDQJH�� 

:RUNVKHHW�� 
'LIIHUHQWLDWRU 

  2YHU�WR�\RX� 
 ·  %XLOG�WKH�GLIIHUHQWLDWRU�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�� 

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

 · &RQQHFW�D�GXDO�WUDFH�RVFLOORVFRSH�VR�WKDW�
FKDQQHO�$�GLVSOD\V�WKH�LQSXW�DQG�FKDQQHO�%�WKH�RXWSXW�ZDYHIRUPV�RI�WKH�GLIIHUHQWLDWRU��
&RQQHFW�WKH�JURXQG�WHUPLQDOV�WR�WKH��9�VXSSO\�UDLO�� 

 · $GMXVW�WKH�RVFLOORVFRSH�FRQWUROV�WR�GLVSOD\�WZR�F\FOHV�RI�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�� 
 · 6NHWFK�WKHVH�RQ�WKH�JULGV�SURYLGHG�DQG�ODEHO�WKH�YROWDJH�DQG�WLPH�D[HV� 
 
 

Z�D 

Z�E 

Z�F 
,QSXW 2XWSXW 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

 6R�ZKDW" 
 $�W\SLFDO�VHW�RI�ZDYHIRUPV�LV�VKRZQ�LQ�WKH�SLFWXUH� 
 
 
 
 
 
 
 
 
 
 
 
�$�VLJQLILFDQW�SRLQW� 
1RWLFH�WKDW�WKH�QHJDWLYH�JRLQJ�µVSLNHV¶�RQ�WKH�RXWSXW�ZDYHIRUP�RFFXU�RQ�WKH�IDVW�ULVLQJ�HGJH�RI�
WKH�VTXDUH�ZDYHIRUP�ZKHUHDV�WKH�SRVLWLYH�JRLQJ�µVSLNHV¶�RFFXU�RQ�WKH�IDVW�IDOOLQJ�HGJH�RI�WKH�
VTXDUH�ZDYHIRUP�� 
 7KH�RXWSXW�RI�WKH�GLIIHUHQWLDWRU�LV�WKXV�WKH�LQYHUVH�RI�WKH�GLIIHUHQWLDO�RI�LWV�LQSXW�IXQFWLRQ��
([SUHVVHG�LQ�PDWKHPDWLFDO�WHUPV�WKH�RXWSXW�YROWDJH�LV�JLYHQ�E\� 
 
 
,Q�RWKHU�ZRUGV�WKH�RXWSXW�LV�WKH� GHULYDWLYH�IXQFWLRQ�RI�WKH�LQSXW�� 
 7KH�SHUIRUPDQFH�RI�WKH�GLIIHUHQWLDWRU��DQG�LWV�DELOLW\�WR�SURGXFH�DQ�DFFXUDWH�GLIIHUHQWLDO�
IXQFWLRQ��LV�GHWHUPLQHG�SULPDULO\�E\�WKH�UDWLR�RI�WKH�WLPH�FRQVWDQW�RI�WKH�5&�QHWZRUN�WR�WKH�
SHULRGLF�WLPH�RI�WKH�LQSXW�IXQFWLRQ� � )RU�DFFXUDWH�GLIIHUHQWLDWLRQ�WKH�SHULRGLF�WLPH��W��QHHGV�WR�EH�YHU\�PXFK�ODUJHU�WKDQ�WKH�WLPH�
FRQVWDQW��5&��W\SLFDOO\�DW�OHDVW�WHQ�WLPHV�ODUJHU��� 
 &DOFXODWH�WKH�UDWLR�RI�W�WR�5&�XVHG�LQ�WKLV�FLUFXLW� 
  

:RUNVKHHW�� 
'LIIHUHQWLDWRUV 

INOUT
d(V )V dtµ -

tRatio, CR =

Z�G 

)RU�\RXU�UHFRUGV� 
 
 ,QYHVWLJDWH�ZKDW�KDSSHQV�ZKHQ�\RX�FKDQJH�WKH�W\SH�RI�LQSXW�VLJQDO��)RU�H[DPSOH��LQSXW�D�
���+]�VLQH�ZDYH��DQG��LI�\RXU�VLJQDO�JHQHUDWRU�SURYLGHV�LW��D����+]�WULDQJXODU�ZDYH� 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

 $Q�LQWHJUDWRU�SURYLGHV�WKH�RSSRVLWH�IXQFWLRQ�WR�WKDW�RI�
D�GLIIHUHQWLDWRU� 
 ,WV�RXWSXW�LV�HTXLYDOHQW�WR�WKH�DUHD�XQGHU�WKH�JUDSK�RI�
WKH�LQSXW�IXQFWLRQ�UDWKHU�WKDQ�LWV�UDWH�RI�FKDQJH� 
 ,I�WKH�LQSXW�UHPDLQV�FRQVWDQW��DQG�LV�RWKHU�WKDQ��9���
WKH�RXWSXW�YROWDJH�ZLOO�UDPS�XS�RU�GRZQ�DFFRUGLQJ�WR�
WKH�SRODULW\�RI�WKH�LQSXW� 
 7KH�ORQJHU�WKH�LQSXW�YROWDJH�UHPDLQV�DW�D�SDUWLFXODU�
YDOXH��WKH�ODUJHU�WKH�RXWSXW�YROWDJH�� 

 ,Q�WKLV�ZRUNVKHHW��\RX�LQYHVWLJDWH�WKH�DQ�RSHUDWLRQDO�
DPSOLILHU�LQWHJUDWRU��VXSSOLHG�ZLWK�D�VTXDUH�ZDYH�LQ�

:RUNVKHHW�� 
,QWHJUDWRU 

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

 2QFH�DJDLQ��\RX�ZLOO�QHHG�WR�XVH�WZR�'&�SRZHU�
VXSSOLHV��VHW�WR��9��SOXJJHG�LQWR�WKH�GXDO-UDLO��
SRZHU�VXSSO\�FDUULHU��WR�VXSSO\�WKH���9����9���-
�9�SRZHU�UDLOV�� 

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

 · &RQQHFW�D�GXDO�WUDFH�RVFLOORVFRSH�VR�WKDW�
FKDQQHO�$�GLVSOD\V�WKH�LQSXW�DQG�FKDQQHO�%�WKH�RXWSXW�ZDYHIRUPV�RI�WKH�LQWHJUDWRU��
&RQQHFW�WKH�JURXQG�WHUPLQDOV�WR�WKH��9�VXSSO\�UDLO�� 

 · $GMXVW�WKH�RVFLOORVFRSH�FRQWUROV�WR�GLVSOD\�WZR�F\FOHV�RI�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�� 
 · 6NHWFK�WKHVH�RQ�WKH�JULGV�SURYLGHG�DQG�ODEHO�WKH�YROWDJH�DQG�WLPH�D[HV� 

Z�D 

Z�E 

Z�F 
,QSXW 2XWSXW 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

 6R�ZKDW" 
 $�W\SLFDO�VHW�RI�ZDYHIRUPV�LV�VKRZQ�LQ�WKH�SLFWXUH� 
           <HW�DQRWKHU�LPSRUWDQW�SRLQW� 
1RWLFH�WKDW�WKH�RXWSXW�ZDYHIRUP�UDPSV�GRZQ�ZKHQ�WKH�LQSXW�YROWDJH�LV�KHOG�KLJK�DQG�UDPSV�XS�
ZKHQ�WKH�LQSXW�YROWDJH�LV�KHOG�ORZ�� 
 7KH�RXWSXW�RI�WKH�LQWHJUDWRU�LV�WKXV�WKH�LQYHUVH�RI�WKH�LQWHJUDO�RI�LWV�LQSXW�IXQFWLRQ�� 
([SUHVVHG�LQ�PDWKHPDWLFDO�WHUPV�WKH�RXWSXW�YROWDJH�LV�JLYHQ�E\� 
 
 
,Q�RWKHU�ZRUGV�WKH�RXWSXW�LV�WKH� LQWHJUDO�IXQFWLRQ�RI�WKH�LQSXW�� 
 $V�ZLWK�WKH�GLIIHUHQWLDWRU��WKH�SHUIRUPDQFH�RI�WKH�LQWHJUDWRU��DQG�LWV�DELOLW\�WR�SURGXFH�DQ�
DFFXUDWH�LQWHJUDO�IXQFWLRQ��LV�GHWHUPLQHG�SULPDULO\�E\�WKH�UDWLR�RI�WKH�WLPH�FRQVWDQW�RI�WKH�&-5�
QHWZRUN�WR�WKH�SHULRGLF�WLPH�RI�WKH�LQSXW�IXQFWLRQ���7KH�RWKHU�ZD\�XS�WKLV�WLPH�� 
 )RU�DFFXUDWH�LQWHJUDWLRQ�WKH�WLPH�FRQVWDQW��5&���VKRXOG�EH�YHU\�PXFK�ODUJHU�WKDQ�SHULRGLF�WLPH��
W��W\SLFDOO\�DW�OHDVW�WHQ�WLPHV�ODUJHU��� 
 &DOFXODWH�WKH�UDWLR�RI�5&�WR�W�XVHG�LQ�WKLV�FLUFXLW� 
 

:RUNVKHHW�� 
,QWHJUDWRUV 

Z�F 

OUT INV V  dtµ -ò

CRRatio, t =

)RU�\RXU�UHFRUGV� 
 · 2QFH�DJDLQ��LQYHVWLJDWH�WKH�HIIHFW�RI�FKDQJLQJ�WKH�W\SH�RI�LQSXW�VLJQDO��XVLQJ�D����+]�VLQH�
ZDYH��DQG��LI�\RXU�VLJQDO�JHQHUDWRU�SURYLGHV�LW��D����+]�WULDQJXODU�ZDYH��IRU�H[DPSOH� 

 · ,QYHVWLJDWH�WKH�HIIHFW�RQ�WKH�RXWSXW�ZDYHIRUP�RI�FKDQJLQJ�WKH�IUHTXHQF\�RI�WKH�LQSXW�VLJQDO� 
 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW��� 
/RJLF�JDWHV 

/RJLF�JDWHV�DUH�RQH�RI�WKH�FRPPRQHVW�GLJLWDO�LQWHJUDWHG�FLUFXLWV��7KH\�SHUIRUP�ORJLF�IXQFWLRQV��
VXFK�DV�127��$1'�DQG�25��7KLV�ZRUNVKHHW�ORRNV�DW�WKH�VLPSOHVW�RI�WKHVH��WKH�127�IXQFWLRQ��
7KLV�FRXOG�EH�XVHG�WR�ZDUQ�ZKHQ�DQ�XQGHUFDUULDJH�GRRU�LV��127�FORVHG��IRU�H[DPSOH�� 
 /RJLF�JDWHV�FDQ�EH�EXLOW�LQ�D�YDULHW\�RI�ZD\V���UHVXOWLQJ�LQ�D�QXPEHU�RI�ORJLF�µIDPLOLHV�¶�HDFK�ZLWK�
LWV�RZQ�FDSDELOLWLHV�DQG�OLPLWDWLRQV��2QH�RI�WKHVH�LV�FDOOHG�&026�� 
 7KH�SKRWRJUDSK�VKRZV�D�&026�127�JDWH��LGHQWLILHG�E\�µ����¶��,W�LV�

NQRZQ�DV�D�µKH[�LQYHUWLQJ�EXIIHU�¶��+H[� ����LQYHUWLQJ� �
127��EXIIHU� �DEOH�WR�GHOLYHU�D�a�PLOOLDPSV�RI�FXUUHQW��
PHDQLQJ�WKDW�WKH�,&�KDV�VL[�127�JDWHV��HDFK�ZLWK�VRPH�
FXUUHQW�FDSDELOLW\� 

 /LNH�DOO�HOHFWURQLF�GHYLFHV��ORJLF�JDWHV�DUH�UHSUHVHQWHG�E\�FLUFXLW�
V\PEROV��EXW��WKHUH�VHYHUDO�YHUVLRQV�RI�WKHP��7KH�FRPPRQ�RQHV�DUH�
µ$16,¶��$PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH��DQG�µ%6¶��%ULWLVK�
6WDQGDUG��DOVR�FDOOHG�µ6%¶��6\VWHP�%ORFN��V\PEROV��%RWK�DUH�JLYHQ�LQ�
WKH�GLDJUDP�RSSRVLWH�EXW�DLUFUDIW�VFKHPDWLFV�LQYDULDEO\�XVH�WKH�$16,�
V\PEROV�� 

Z��E 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��1RWLFH�WKH�/('�FRQQHFWHG�
EHWZHHQ�WKH�RXWSXW�RI�WKH�127�JDWH�DQG��9��7KLV�LV�LQ�DGGLWLRQ�WR�
WKH�/('�EXLOW�LQWR�WKH�127�JDWH�FDUULHU�LWVHOI� 

 
 · 6HW�WKH�'&�SRZHU�VXSSO\�WR��9�� 
 
 · :LWK�WKH�PXOWLPHWHU�RQ�WKH���9�'&�UDQJH��PHDVXUH�WKH�YROWDJHV�DW�
WKH�LQSXW�DQG�WKHQ�RXWSXW�RI�WKH�127�JDWH�ZKHQ�WKH�VZLWFK�LV�
WXUQHG�RII��RSHQ��� 

 · 5HFRUG�ERWK�UHDGLQJV�LQ�WKH�ILUVW�WDEOH�� 
 · 1RWH�ZKHWKHU�WKH�H[WHUQDO�/('�LV�RQ�RU�RII�� 
 · 1RZ�FORVH�WKH�VZLWFK��DQG�UHSHDW�WKH�
PHDVXUHPHQWV��5HFRUG�WKHP�LQ�WKH�ILUVW�WDEOH� 

 
· ,QYHUW�WKH�VZLWFK�XQLW��E\�VZDSSLQJ�RYHU�WKH�
VZLWFK�DQG���NW�UHVLVWRU��5HSHDW�WKH�
PHDVXUHPHQWV�DQG�UHFRUG�WKHP�LQ�WKH�
VHFRQG�WDEOH� 

Z��F 

Z��D 

6ZLWFK�XQLW ,QSXW�YROWDJH 2XWSXW�YROWDJH 6WDWH�RI�/(' 
2SHQ��RII�       
&ORVHG��RQ�       

6ZLWFK�XQLW LQYHUWHG ,QSXW�YROWDJH 2XWSXW�YROWDJH 6WDWH�RI�/(' 
2SHQ��RII�       
&ORVHG��RQ�       



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW��� 
/RJLF�JDWHV 

6R�ZKDW" 
 )LUVW��D�ZRUG�DERXW�ORJLF�OHYHOV��7KH�YROWDJHV�\RX�PHDVXUHG�DUH�HLWKHU�SUHWW\�FORVH�WR���9�RU�
�9��)RU�&026�ORJLF�JDWHV��ORJLF���LV�DQ\�YROWDJH�JUHDWHU�WKDQ�����RI�WKH�VXSSO\�YROWDJH��DQG�
ORJLF���DQ\WKLQJ�OHVV�WKDQ�����RI�VXSSO\�YROWDJH��,Q�WKLV�FDVH��ZLWK�D��9�SRZHU�VXSSO\��ORJLF���
LV�ELJJHU�WKDQ����9�DQG�ORJLF���LV�OHVV�WKDQ����9�� 
 · 8VH�WKLV�LQIRUPDWLRQ�WR�FRQYHUW�\RXU�LQSXW�DQG�RXWSXW�YROWDJH�

UHDGLQJV�LQWR�ORJLF�OHYHOV��&RPSOHWH�WKH�WDEOH��NQRZQ�DV�WKH�WUXWK-
WDEOH��IRU�WKH�127�JDWH��ZKLFK�GHVFULEHV�WKH�EHKDYLRXU�RI�WKH�
JDWH�� 

 7KH�127�JDWH�SURGXFHG�WKH�VDPH�HIIHFW��ZKHWKHU�WKH�VZLWFK�XQLW�ZDV�
LQYHUWHG�RU�QRW��,W�WXUQHG�D�ORJLF���LQSXW�LQWR�D�ORJLF���RXWSXW��DQG�YLFH-YHUVD��7KH�EHKDYLRXU�RI�
WKH�VZLWFK�XQLW�FKDQJHG��7R�EHJLQ�ZLWK��LW�SURGXFHG�D�ORJLF���VLJQDO�ZKHQ�WKH�VZLWFK�ZDV�RSHQ��
DQG�D�ORJLF���VLJQDO�ZKHQ�FORVHG��:KHQ�LQYHUWHG��WKH�EHKDYLRXU�LQYHUWHG�VR�WKDW�ZLWK�WKH�
VZLWFK�RSHQ��LW��JHQHUDWHG�D�ORJLF���VLJQDO�DQG��ZLWK�LW�FORVHG�ORJLF��� 
 $�FKDOOHQJH�-�:K\�GR�ZH�QHHG�D�UHVLVWRU�LQ�WKH�VZLWFK�XQLW"�:K\�QRW�MXVW�KDYH�WKH�VZLWFK"� 
· 6HH�ZKDW�KDSSHQV�ZKHQ�\RX�UHPRYH�WKH�UHVLVWRU�IURP�WKH�VZLWFK�XQLW�� 

 :LWK�WKH�VZLWFK�EHWZHHQ�WKH���9�VXSSO\�DQG�WKH�LQSXW��WKLQJV�VHHP�WR�EHKDYH�DV�EHIRUH��
ZKHQ�WKH�UHVLVWRU�ZDV�LQ�SODFH��+RZHYHU��ZLWK�WKH�VZLWFK�FRQQHFWHG�EHWZHHQ�WKH�LQSXW�DQG�WKH�
�9�FRQQHFWLRQ��QRWKLQJ�KDSSHQV��7KH�RXWSXW�RI�WKH�127�JDWH�DOZD\V�VLWV�DW�ORJLF���� 
UHJDUGOHVV�RI�WKH�VWDWH�RI�WKH�VZLWFK� 
 &026�FLUFXLWU\�LV�ZRQGHUIXO��EXW�LW�KDV�D�ZHDNQHVV�-�WKH�LQSXWV�PXVW�QRW�µIORDW¶��EH�OHIW� 
XQFRQQHFWHG���,I�WKH\�DUH��WKH�RXWFRPH�LV�XQSUHGLFWDEOH��7KH�RXWSXW�FDQ�HYHQ�RVFLOODWH�VR�
UDSLGO\�EHWZHHQ�ORJLF���DQG�ORJLF����WKDW�WKH�FLUFXLW�FDQ�RYHUKHDW�DQG�EH�GHVWUR\HG���$OZD\V�
XVH�D�UHVLVWRU�HLWKHU�WR�µSXOO¶�WKH�LQSXW�XS�WR�ORJLF����E\�FRQQHFWLQJ�LW�EHWZHHQ�WKH�SRVLWLYH�
VXSSO\�DQG�WKH�LQSXW��RU�µSXOO¶�LW�GRZQ�WR�ORJLF����E\�FRQQHFWLQJ�LW�EHWZHHQ�WKH�LQSXW�DQG��9�� 
 7KH�µ/RFNWURQLFV¶�127�JDWH�FDUULHU�LV�ZLUHG�XS�VR�WKDW�WKH�LQSXW�VLWV�DW�ORJLF����ZKHQ� 
QRWKLQJ�LV�FRQQHFWHG�WR�LW�� 

127�JDWH 
,QSXW 2XWSXW 

�/RJLF���   
�/RJLF���   

)RU�\RXU�UHFRUGV� 
 · $�VXUSULVH��-�ZH�VDLG�WKDW�D�&026�127�JDWH�FDUULHV�WKH�VHULDO�QXPEHU�µ����¶��5HPRYH�WKH�
127�JDWH�FDUULHU��WXUQ�LW�XSVLGH�GRZQ�DQG�ORRN�DW�WKH�LQWHJUDWHG�FLUFXLW�XVHG�LQ�LW��7KH�VHULDO�
QXPEHU�RQ�LW�LV�µ����¶��)LQG�RXW�ZKDW�WKH�µ����¶�FKLS�LV� 

 
· $QRWKHU�FKDOOHQJH�-�:KDW�KDSSHQV�LI�\RX�FRQQHFW�WKH�RXWSXW�RI�RQH�127�JDWH�WR�WKH�LQSXW�

RI�DQRWKHU�127�JDWH"�+RZ�GRHV�WKH�RXWSXW�RI�WKH�VHFRQG�127�JDWH�UHODWH�WR�WKH�LQSXW�RI�
WKH�ILUVW�127�JDWH"�,V�WKLV�ZKDW�\RX�ZRXOG�H[SHFW" 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW��� 
$1'�DQG�25�ORJLF 

2YHU�WR�\RX� 
 7KH�$1'�JDWH 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��7DNH�FDUH�WR�SRZHU�XS�
WKH�ORJLF�JDWH�FDUULHU�FRUUHFWO\� 

 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW��9��� 
 · &RQQHFW�D�/('�EHWZHHQ�WKH�RXWSXW�RI�WKH�JDWH�DQG��9��
�7KH�SURWHFWLYH�UHVLVWRU�LV�DOUHDG\�FRQQHFWHG�LQVLGH�WKH�
/('�FDUULHU�� 

 · 7KHUH�DUH�IRXU�VHWV�RI�PHDVXUHPHQWV�WR�PDNH��)LUVWO\��
OHDYH�ERWK�VZLWFKHV�RSHQ��RII��� 

 · :LWK�WKH�PXOWLPHWHU�RQ�WKH���9�'&�UDQJH��PHDVXUH�WKH�YROWDJH�DW�LQSXW��$��WKHQ�DW�LQSXW�%��
DQG�ILQDOO\�DW�WKH�RXWSXW�RI�WKH�$1'�JDWH��5HFRUG�\RXU�PHDVXUHPHQWV�LQ�WKH�ILUVW�URZ��1RWH�
ZKHWKHU�WKH�H[WHUQDO�/('��LV�RQ�RU�RII�� 

 · 6HFRQGO\��FORVH�VZLWFK���OHDYLQJ�VZLWFK���RSHQ� 
 · 5HSHDW�WKH�PHDVXUHPHQWV��UHFRUGLQJ�WKHP�LQ�WKH�VHFRQG�OLQH�RI�WKH�WDEOH�� 
 · &RQWLQXH�LQ�WKLV�ZD\�WR�FRPSOHWH�WKH�WDEOH�IRU�WKH�RWKHU�FRPELQDWLRQV�RI�VZLWFK�SRVLWLRQV� 
       
   

2IWHQ��DLUFUDIW�V\VWHPV�DUH�GHVLJQHG�WR�RSHUDWH�RQO\�
ZKHQ�FHUWDLQ�FULWHULD�DUH�PHW�� 
 )RU�H[DPSOH��WKH�DXWRSLORW�ZLOO�127�RSHUDWH�ZKHQ�WKH�
DLUFUDIW�LV�RQ�WKH�JURXQG��:H�FRXOG�HDVLO\�LPSOHPHQW�
WKLV�ORJLF�XVLQJ�WKH�127�JDWH�WKDW�\RX�PHW�LQ�
:RUNVKHHW����� 
 6RPHWLPHV��KRZHYHU��VHYHUDO�FRQGLWLRQV�QHHG�WR�EH�
PHW��:H�FDQ�VROYH�WKHVH�XVLQJ�FRPELQDWLRQV�RI�$1'�
ORJLF�DQG�25�ORJLF�JDWHV��)RU�H[DPSOH��WKH�VXSSO\�WR�
WKH�LJQLWHUV�RI�D�JDV�WXUELQH�HQJLQH�VKRXOG�RQO\�
RSHUDWH�ZKHQ�WKH�HQJLQH�VWDUW�VZLWFK�LV�RSHUDWHG�
$1'�WKH�WXUELQH�U�S�P��KDV�UHDFKHG�WKH�PLQLPXP�VSHHG�UHTXLUHG�WR�PDLQWDLQ�FRPEXVWLRQ� 

Z��D 

Z��E 

6ZLWFK�� 6ZLWFK�� 9ROWDJH�DW�LQSXW�$ 9ROWDJH�DW�LQSXW�% 2XWSXW�YROWDJH 6WDWH�RI�/(' 
2SHQ��RII� 2SHQ��RII�         
2SHQ��RII� &ORVHG��RQ�         
&ORVHG��RQ� 2SHQ��RII�         
&ORVHG��RQ� &ORVHG��RQ�         



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW��� 
$1'�DQG�25�ORJLF 
2YHU�WR�\RX� 
 7KH�25�JDWH 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��ZLWK�WKH�'&�SRZHU�
VXSSO\�VHW�WR�RXWSXW��9��� 

 · &RQQHFW�WKH�/('�FDUULHU�EHWZHHQ�WKH�RXWSXW�RI�WKH�25�
JDWH�DQG��9�� 

 · )ROORZ�WKH�VDPH�VWHSV�DV�IRU�WKH�$1'�JDWH��UHFRUGLQJ�
\RXU�UHVXOWV�LQ�WKH�WDEOH�� 

 
6ZLWFK�� 6ZLWFK�� 9ROWDJH�DW�LQSXW�$ 9ROWDJH�DW�LQSXW�% 2XWSXW�YROWDJH 6WDWH�RI�/(' 
2SHQ��RII� 2SHQ��RII�         
2SHQ��RII� &ORVHG��RQ�         
&ORVHG��RQ� 2SHQ��RII�         
&ORVHG��RQ� &ORVHG��RQ�         

Z��F 

6R�ZKDW" 
 $V�EHIRUH��\RX�XVHG�D��9�SRZHU�VXSSO\�DQG�VR�ORJLF���LV�DQ\�YROWDJH�JUHDWHU�WKDQ����9�DQG�
ORJLF���LV�DQ\�YROWDJH�OHVV�WKDQ����9��8VH�WKLV�DQG�\RXU�PHDVXUHPHQWV�WR�FRPSOHWH�WKH�WUXWK-
WDEOH�IRU�WKH�WZR�W\SHV�RI�JDWH� 
 
 
 
 
 
 
 
 
 
 
 
 
 7KH�$1'� DQG�25�ORJLF�
IXQFWLRQV�DUH�HDV\�WR�XQGHUVWDQG��7KH�RXWSXW�RI�WKH�$1'�JDWH�ZLOO�EH�ORJLF���RQO\�ZKHQ�LQSXW�$�
$1'�LQSXW�%��$1'�LQSXW�&�HWF��LI�WKHUH�DUH�PRUH�LQSXWV���DUH�DOO�ORJLF����7KH�RXWSXW�RI�WKH�
25�JDWH�ZLOO�EH�ORJLF���ZKHQ�HLWKHU�LQSXW�$�25�LQSXW�%��RU�ERWK���LQSXWV�DUH�DW�ORJLF����<RXU�UH�
VXOWV�VKRXOG�FRQILUP�WKLV�EHKDYLRXU� 

,QSXW�$ ,QSXW�% $1' 
� �   
� �   
� �   
� �   

,QSXW�$ ,QSXW�% 25 
� �   
� �   
� �   
� �   

)RU�\RXU�UHFRUGV� 
 :RUN�RXW�ZKDW�KDSSHQV�LQ�WKH�IROORZLQJ�FLUFXLW��DQG�ILOO�LQ�WKH�
WUXWK�WDEOH� 
 
 
 &RQILUP�\RXU�LGHDV�E\�EXLOGLQJ�DQG�WHVWLQJ�WKH�ORJLF�V\VWHP� 

Z��G 

$ % & ' 4 
� �       
� �       
� �       
� �       



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

&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�������� 
 
���7KH�FRQQHFWLRQ�PDUNHG�µ;¶�LQ�WKH�GLDJUDP�LV�WKH� 
�D�� LQYHUWLQJ�LQSXW 
�E�� QRQ-LQYHUWLQJ�LQSXW 
�F�� SRVLWLYH�VXSSO\�LQSXW� 
 
���7KH�W\SLFDO�YDOXH�RI�RSHQ-ORRS�YROWDJH�JDLQ�IRU�DQ�RSHUDWLRQDO�DPSOLILHU�LV� 
�D�� EHWZHHQ����DQG���� 
�E�� EHWZHHQ�����DQG����� 
�F�� PRUH�WKDQ��������� 
 
���,Q�QRUPDO�RSHUDWLRQ��WKH�RXWSXW�YROWDJH�RI�D�FRPSDUDWRU�ZLOO�EH�DW�D�YROWDJH�ZKLFK�LV� 
�D�� FORVH�WR�]HUR 
�E�� FORVH�WR�HLWKHU�WKH�SRVLWLYH�RU�QHJDWLYH�VXSSO\�YROWDJH 
�F�� WKH�VDPH�DV�WKH�LQSXW�YROWDJH� 
 
���2SHUDWLRQDO�DPSOLILHUV�KDYH� 
�D�� YHU\�KLJK�LQSXW�UHVLVWDQFH�DQG�YHU\�KLJK�RSHQ-ORRS�YROWDJH�JDLQ 
�E�� YHU\�KLJK�LQSXW�UHVLVWDQFH�DQG�YHU\�ORZ�RSHQ-ORRS�YROWDJH�JDLQ 
�F�� YHU\�ORZ�LQSXW�UHVLVWDQFH�DQG�YHU\�KLJK�RSHQ-ORRS�YROWDJH�JDLQ� 
 
���7KH�LQSXW�UHVLVWDQFH�RI�DQ�RSHUDWLRQDO�DPSOLILHU�LV�W\SLFDOO\� 
�D� OHVV�WKDQ������ 
�E� EHWZHHQ���N��DQG����N� 
�F�� PRUH�WKDQ���0�� 
 
���:KLFK�RI�WKH�ORJLF�JDWHV�VKRZQ�KDYH�LQYHUWHG�RXWSXWV" 
�D�� $�DQG�% 
�E�� %�DQG�' 
�F�� &�DQG�' 
 
���7KH�RXWSXW�UHVLVWDQFH�RI�DQ�RSHUDWLRQDO�DPSOLILHU�LV�W\SLFDOO\� 
�D�� OHVV�WKDQ������ 
�E�� EHWZHHQ���N��DQG����N� 
�F�� PRUH�WKDQ���0�� 
 
 
���:KLFK�RQH�RI�WKH�IROORZLQJ�JLYHV�WKH�YROWDJH�JDLQ�RI�WKH�RSHUDWLRQDO�DPSOLILHU�FLUFXLW�VKRZQ" 
�D�� �5����5�� 

UT� 

UT� 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

4XHVWLRQV 
 

�E�� -��5����5�� 
�F�� 5��-�5����5�� 
 
���7KH�FLUFXLW�VKRZQ�LV� 
�D�� DQ�LQYHUWLQJ�DPSOLILHU 
�E�� D�QRQ-LQYHUWLQJ�DPSOLILHU 
�F�� D�GLIIHUHQWLDO�DPSOLILHU� 
 
����7KH�V\PERO�VKRZV�D� 
�D� WZR-LQSXW�25�JDWH 
�E� WZR-LQSXW�$1'�JDWH 
�F� WZR�LQSXW�125�JDWH� 
 
����,Q�RUGHU�WR�SURGXFH�D�ORJLF��� RXWSXW�IURP�<� 
�D�� ERWK�LQSXW�$�DQG�LQSXW�%� PXVW�EH�DW�ORJLF�� 
�E�� ERWK�LQSXW�$�DQG�LQSXW�%�PXVW�EH�DW�ORJLF�� 
�F�� ERWK�LQSXW�$�DQG�LQSXW�%�PXVW�KDYH�WKH�VDPH�
ORJLF�VWDWH��HLWKHU���RU���� 
 
����$Q�XQXVHG�LQSXW�RQ�D�&026�ORJLF�JDWH�PXVW�EH� 
�D�� OHIW�GLVFRQQHFWHG� 
�E� DOORZHG�WR�µIORDW¶��HLWKHU�KLJK�RU�ORZ 
�F� WLHG�WR�ORJLF���RU�ORJLF��� 
 
����7KH�VPDOO�FLUFOH�VKRZQ�DW�WKH�RXWSXW�RI�D�ORJLF�JDWH�V\PERO�LQGLFDWHV� 
�D� LQYHUVLRQ 
�E� WKH�25�IXQFWLRQ 
�F� WKH�$1'�IXQFWLRQ� 
 
����)RU�&026�ORJLF�D�ORJLF���VWDWH�LV�UHSUHVHQWHG�E\�D�YROWDJH�WKDW�LV� 
�D� HTXDO�WR�WKH�SRVLWLYH�VXSSO\�YROWDJH 
�E� JUHDWHU�WKDQ�����RI�WKH�SRVLWLYH�VXSSO\�YROWDJH 
�F� JUHDWHU�WKDQ�����RI�WKH�SRVLWLYH�VXSSO\�YROWDJH� 
 
�����$�YROWDJH�RI������9�DSSHDUV�DW�WKH�LQSXW�RI�D�&026�ORJLF�JDWH�RSHUDWLQJ�IURP�D����9�VXSSO\��7KH�

FRUUHVSRQGLQJ�ORJLF�OHYHO�LV� 
�D� ORJLF�� 
�E� ORJLF�� 
�F� LQGHWHUPLQDWH� 
 

$QVZHUV�DUH�SURYLGHG�RQ�SDJH��� 

UT� 

UT� 

UT� 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

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

· UHFDOO�WKH�EDVLF�SURSHUWLHV�DQG�FKDUDFWHULVWLFV�RI�RSHUDWLRQDO�DPSOLILHUV� 
· GHVFULEH�WKH�PHDQLQJ�DQG�VLJQLILFDQFH�RI�RXWSXW�VDWXUDWLRQ� 
· H[SODLQ�WKH�VLJQLILFDQFH�RI�WKH�WHUP�µKLJK�JDLQ�GLIIHUHQWLDO�YROWDJH�DPSOLILHU¶� 
· GLVWLQJXLVK�EHWZHHQ�WKH�SHUIRUPDQFH�RI�D�FRPSDUDWRU�DQG�D�6FKPLWW�WULJJHU�FLUFXLW� 
· GUDZ�WKH�FLUFXLW�GLDJUDP��IRU�D�VHQVLQJ�XQLW�FRQQHFWHG�WR�D�FRPSDUDWRU� 
· GUDZ�WKH�FLUFXLW�GLDJUDP��IRU�D�VHQVLQJ�XQLW�FRQQHFWHG�WR�D�6FKPLWW�WULJJHU� 
· DQDO\VH�WKH�EHKDYLRXU�RI�DQ�LQYHUWLQJ�6FKPLWW�WULJJHU� 
· LGHQWLI\�WKH�RS-DPS�QRQ-LQYHUWLQJ�DPSOLILHU�FLUFXLW� 
· UHFDOO�DQG�XVH�WKH�IRUPXOD�IRU�WKH�YROWDJH�JDLQ�RI�DQ�RS-DPS�QRQ-LQYHUWLQJ�DPSOLILHU� 
· PHDVXUH�WKH�YROWDJH�JDLQ�RI�RS-DPS�YROWDJH�DPSOLILHUV� 
· GHVFULEH�DQG�H[SODLQ�WKH�XVH�RI�RS-DPS�YROWDJH�IROORZHUV� 
· LGHQWLI\�WKH�RS-DPS�VXPPLQJ�DPSOLILHU�FLUFXLW� 
· UHFDOO�DQG�XVH�WKH�IRUPXOD�IRU�WKH�YROWDJH�JDLQ�RI�DQ�RS-DPS�VXPPLQJ�DPSOLILHU� 
· LGHQWLI\�WKH�RS-DPS�GLIIIHUHQFH�DPSOLILHU�FLUFXLW� 
· FDOFXODWH�WKH�RXWSXW�YROWDJH�RI�D�JLYHQ�RS-DPS�GLIIHUHQFH�DPSOLILHU� 
· LGHQWLI\�WKH�RS-DPS�GLIIHUHQWLDWRU�FLUFXLW� 
· UHFDOO�WKH�VLJQLILFDQFH�RI�WLPH�FRQVWDQW�WR�WKH�SHUIRUPDQFH�RI�WKH�GLIIHUHQWLDWRU�FLUFXLW� 
· VNHWFK�RI�RXWSXW�ZDYHIRUP�H[SHFWHG�IURP�WKH�GLIIHUHQWLDWRU�IRU�D�JLYHQ�LQSXW�ZDYHIRUP� 
· LGHQWLI\�WKH�RS-DPS�LQWHJUDWRU�FLUFXLW� 
· VNHWFK�RI�RXWSXW�ZDYHIRUP�H[SHFWHG�IURP�WKH�LQWHJUDWRU�IRU�D�JLYHQ�LQSXW�ZDYHIRUP� 
· UHFDOO�WKH�EDVLF�SURSHUWLHV�DQG�FKDUDFWHULVWLFV�RI�$1'��25�DQG�127�ORJLF�JDWHV� 
· LGHQWLI\�ORJLF�OHYHOV�LQ�UHODWLRQ�WR�WKH�VXSSO\�YROWDJHV�IRU�&026�ORJLF�FLUFXLWV� 
· H[SODLQ�WKH�ORJLFDO�RSHUDWLRQ�RI�127��$1'��DQG�25�ORJLF�JDWHV� 

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��� 



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

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�'&� 

7XWRU¶V�QRWHV 
 

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 
 �  7KH�ILUVW�LVVXH�LV�WR�IDPLOLDULVH�VWXGHQWV�ZLWK�WKH�SLQRXW�RI�WKH�RS-DPS��DQG�WR�H[SODLQ�WKH�VLJQLILFDQFH�RI�WKH�µLQYHUWLQJ¶�DQG�µQRQ-LQYHUWLQJ�LQSXWV��$W�WKLV�VWDJH��QR�DWWHPSW�LV�PDGH�WR�LQWURGXFH�WKH�RIIVHW�QXOO�FRQQHFWLRQV� 

 7KH�RS-DPS�FDUULHU�XVHV�D�/0���RS-DPS��ZKLFK�LV�EDVHG�RQ�WKH�LQGXVWU\-VWDQGDUG�µ���¶�EXW�ZLWK�YDVWO\�LPSURYHG�FKDUDFWHULVWLFV��HVSHFLDOO\�LQSXW�LPSHGDQFH��7KH�VWXGHQWV�ZLOO�PHHW�WKLV�FRQFHSW�ODWHU�LQ�WKH�FRXUVH��)RU�QRZ��WKH\�PD\�QHHG�WR�KDYH�WKH�LGHD�RI�D�GXDO-UDLO�SRZHU�VXSSO\�H[SODLQHG�WR�WKHP��7KH�SK\VLFDO�UHDOLW\�LV�WKDW�WKHUH�LV�QR�VXFK�WKLQJ�DV��9�LQ�WKLV�FLUFXLW��$OWKRXJK�WKH�SRZHU�UDLOV�DUH�ODEHOOHG���9����9���-�9��WKDW�LV�VLPSO\�WR�FRQIRUP�WR�FRQYHQWLRQ��7KH\�FRXOG�HTXDOO\�ZHOO�EH�ODEHOOHG���9����9����9��+RZHYHU��WKH�FRQYHQWLRQ�LV�WKDW�YROWDJHV�DUH�PHDVXUHG�IURP�WKH�FHQWUH�YROWDJH��DQG�WKLV�LV�FDOOHG��9� 
 7KH�DLP�RI�WKH�ILUVW�SDUW�RI�WKH�LQYHVWLJDWLRQ�LV�PHUHO\�WR�VKRZ�WKDW�WKH�RXWSXW�VZLWFKHV�UDSLGO\�IURP�RQH�H[WUHPH��VDWXUDWLRQ�YROWDJH��WR�WKH�RWKHU�DV�WKH�LQSXW�YROWDJH�FKDQJHV�UHODWLYH�WR�WKH�UHIHUHQFH�YROWDJH�VHW�E\�WKH�WZR�HTXDO�UHVLVWRUV��7KH�VHFRQG�VWDJH�PHDVXUHV�WKH�LQSXW�YROWDJHV�WR�LQYHVWLJDWH�PRUH�FORVHO\�WKLV�FKDQJHRYHU��6WXGHQWV�VKRXOG�EH�DEOH�WR�XVH�D�GLJLWDO�PXOWLPHWHU�WR�PHDVXUH�YROWDJH��WKRXJK�WKH�LQVWUXFWRU�PD\�KDYH�WR�UHPLQG�WKHP�KRZ�WR�GR�WKLV��)LQDOO\��WKH�VWXGHQW�VZDSV�RYHU�WKH�LQSXWV�WR�VHH�WKH�HIIHFW� 
 7KH�µ6R�ZKDW"¶�VHFWLRQ�H[SODLQV�WKH�VLJQLILFDQFH�RI�WKH�GHVFULSWLRQ�µKLJK�JDLQ�GLIIHUHQWLDO�YROWDJH�DPSOLILHU¶�DQG�JLYHV�WKH�IRUPXODH�IRU�YROWDJH�JDLQ�DQG�IRU�WKH�EDVLF�EHKDYLRXU�RI�WKH�RS-DPS��$W�WKLV�VWDJH��WKHUH�LV�QR�PHQWLRQ�RI�IHHGEDFN��7KH�UROH�RI�WKLV�FLUFXLW�DV�D�YROWDJH�FRPSDUDWRU�LV�GHVFULEHG��EXW�WKLV�PD\�QHHG�WR�EH�GULYHQ�KRPH�WKURXJK�D�QXPEHU�RI�H[DPSOHV� 
 

 ���-��� PLQXWHV  

  �  ,Q�:RUNVKHHW����VWXGHQWV�PHW�WKH�FRPSDUDWRU��,Q�WKLV�ZRUNVKHHW��WKH\�DWWDFK�D�WHPSHUDWXUH-VHQVLQJ�XQLW�WR�RQH�RI�WKH�LQSXWV��DQG�D�YDULDEOH�UHIHUHQFH�YROWDJH��SURYLGHG�E\�D�µSRW¶��WR�WKH�RWKHU�� 
 $OWKRXJK�VWXGHQWV�VKRXOG�NQRZ�WKH�GLIIHUHQFH�EHWZHHQ�D�YDULDEOH�UHVLVWRU�DQG�D�SRWHQWLRPHWHU��WKH\�PD\�QHHG�WKH�LQVWUXFWRU¶V�KHOS�WR�VHW�XS�WKH�
µSRW¶��,Q�SDUWLFXODU��WKH�LQVWUXFWRU�VKRXOG�FKHFN�WKDW�WKH���NW�UHVLVWRU��DQG�QRW�WKH�¶VKRUWHG¶�RXWSXW��LV�FRQQHFWHG�EHWZHHQ�WKH�SRZHU�VXSSO\�UDLOV��$�VLPSOH�UXOH�LV�WKDW�UHVLVWRUV�KDYH�WZR�µOHJV¶�DQG�VR�GR�YDULDEOH�UHVLVWRUV��7KH�¶SRW¶�XVHV�DOO�WKUHH�OHJV��7KH�VHFUHW�RI�VXFFHVV�LV�WR�DGMXVW�WKH�µSRW¶�VR�WKDW�WKH�/('�LV�DERXW�WR�WXUQ�RII��7KH�VOLJKWHVW�FKDQJH�WR�WKH�WHPSHUDWXUH�RI�WKH�WKHUPLVWRU�VKRXOG�WKHQ�PDNH�WKDW�FKDQJH�KDSSHQ� 
 7KH�LQYHVWLJDWLRQ�WKHQ�WXUQV�WR�WKH�6FKPLWW�WULJJHU�FLUFXLW��7KH�DLP�LV�WKDW�VWXGHQWV�UHDOLVH�WKDW�WKH�VLQJOH�VZLWFKLQJ�WKUHVKROG�RI�WKH�FRPSDUDWRU�FDQ�FDXVH�SUREOHPV�ZKHQ�WKH�RXWSXW�RI�WKH�VHQVRU�LV�VXEMHFW�WR�KLJK�OHYHOV�RI�HOHFWULFDO�QRLVH��RU�DQ\�RWKHU�IDFWRU�WKDW�FDXVHV�WKH�RXWSXW�YROWDJH�WR�µZREEOH¶��:KHQ�QHDU�WKH�VZLWFKLQJ�WKUHVKROG��WKLV�YDULDWLRQ�PD\�EH�HQRXJK�WR�PDNH�WKH�RXWSXW�VZLWFK�UDSLGO\�IURP�RQH�VDWXUDWLRQ�YDOXH�WR�WKH�RWKHU��7KLV�µKXQWLQJ¶�FDQ�KDYH�VHULRXV�FRQVHTXHQFHV�IRU�WKH�GHYLFH�DWWDFKHG�WR�WKH�RXWSXW�RI�WKH�FRPSDUDWRU��RU�WR�WKH�FRPSDUDWRU�LWVHOI��DV�FXUUHQW�GHPDQG�ULVHV�VKDUSO\�ZKHQ�VZLWFKLQJ�WDNHV�SODFH� 

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

 7KH�6FKPLWW�WULJJHU�RYHUFRPHV�WKLV�SUREOHP�E\�KDYLQJ�WZR�VZLWFKLQJ�WKUHVKROGV��7KH�RXWSXW�VZLWFKHV�IURP�QHJDWLYH�WR�SRVLWLYH�VDWXUDWLRQ�DW�D�ORZ�YROWDJH��EXW�VWD\V�WKHUH�HYHQ�LI�WKH�YROWDJH�ULVHV�VOLJKWO\��L�H��QR�KXQWLQJ���7KH�RXWSXW�FKDQJHV�EDFN�RQO\�LI�WKH�LQSXW�ULVHV�WR�D�UHODWLYHO\�KLJK�YROWDJH���EXW�WKHQ�VWD\V�WKHUH�HYHQ�LI�WKH�LQSXW�IOXFWXDWHV���7KH�FLUFXLW�VWXGLHG�LV�NQRZQ�DV�DQ�LQYHUWLQJ�6FKPLWW�WULJJHU��7KHUH�LV�D�QRQ-LQYHUWLQJ�6FKPLWW�WULJJHU��EXW�LWV�DQDO\VLV�LV�D�ELW�PRUH�FRPSOLFDWHG��$EOH�VWXGHQWV�FRXOG�EH�JLYHQ�WKH�WDVN�RI�UHVHDUFKLQJ�WKDW�FLUFXLW� 

  

  �  1RZ�WKH�VWXGHQWV�PHHW�IHHGEDFN��7KH�LQVWUXFWRU�PLJKW�ZLVK�WR�H[SDQG�RQ�WKH�LGHDV�RI�SRVLWLYH�DQG�QHJDWLYH�IHHGEDFN��DV�ERWK�DUH�XVHG�LQ�WKLV�PRGXOH��1HJDWLYH�IHHGEDFN�DOZD\V�SURGXFHV�D�FDOPLQJ�HIIHFW�RQ�WKH�FLUFXLW��,W�PDNHV�WKH�RXWSXW�OHVV�OLNHO\�WR�VDWXUDWH��,W�UHGXFHV�WKH�KXJH�RSHQ-ORRS�YROWDJH�JDLQ�RI�WKH�RS-DPS�WR�D�PRUH�PDQDJHDEOH�OHYHO��7KH�LGHD�RI�DQ�DPSOLILHU�LV�WKDW�WKH�RXWSXW�IROORZV�WKH�LQSXW��EXW�LV�D�ODUJHU�YHUVLRQ�RI�LW��,I�WKH�RXWSXW�VDWXUDWHV��LW�FDQ�QR�ORQJHU�IROORZ�FKDQJHV�LQ�WKH�LQSXW��$PSOLILHUV�XVH�QHJDWLYH�IHHGEDFN��DV�WKHLU�RXWSXWV�VKRXOG�QHYHU�VDWXUDWH��3RVLWLYH�IHHGEDFN��RQ�WKH�RWKHU�KDQG��GULYHV�WKH�RXWSXW�LQWR�VDWXUDWLRQ�PRUH�UHDGLO\��PDNLQJ�LW�XQOLNHO\�WKDW�WKH�RXWSXW�LV�HYHU�RXW�RI�VDWXUDWLRQ��,W�LV�XVHG�LQ�RVFLOODWRUV�DQG�6FKPLWW�WULJJHUV��ZKHUH�WKH�RXWSXW�LV�UHTXLUHG�WR�EH�LQ�RQH�YDOXH�RI�VDWXUDWLRQ�DOO�WKH�WLPH� 
 :KLOH�DPSOLILHUV�DUH�XVXDOO\�DVVRFLDWHG�ZLWK�DXGLR�V\VWHPV��LW�PDNHV�VHQVH�WR�EHJLQ�WKH�LQYHVWLJDWLRQ�E\�XVLQJ�'&�VLJQDOV��7KHVH�DUH�HDVLHU�WR�YLVXDOLVH�DQG��SUREDEO\��WR�PHDVXUH��$V�VWXGHQWV�ZLOO�GLVFRYHU�LQ�ZRUNVKHHW����WKHVH�DPSOLILHUV�KDYH�WKH�VDPH�EHKDYLRXU�IRU�'&�DQG�IRU�ORZ�IUHTXHQF\�$&�VLJQDOV� 
 7KH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU�LV�GHWHUPLQHG�VROHO\�E\�WKH�YDOXH�RI�WKH�WZR�UHVLVWRUV��5)�DQG�5���SURYLGHG�H[WUHPH�YDOXHV�RI�JDLQ�RU�EDQGZLGWK�DUH�DYRLGHG��7KLV�LQYHVWLJDWLRQ�ORRNV�DW�WZR�SDLUV�RI�UHVLVWRU�YDOXHV��WR�JLYH�JDLQV�RI��[�DQG���[��7KH�LQVWUXFWRU�PD\�ZLVK�WR�DGG�RWKHU�YDOXHV��RU�YDU\�WKH�YDOXHV�EHWZHHQ�GLIIHUHQW�JURXSV�DQG�WKHQ�ODWHU�FROODWH�UHVXOWV� 
 6WXGHQWV�RIWHQ�FRQIXVH�WKH�YROWDJH�JDLQ�IRUPXOD�� �9287���9,1��DQG�WKH�YROWDJH�JDLQ�IRUPXOD�VKRZLQJ�WKH�GHSHQGHQFH�RQ�UHVLVWRU�YDOXHV�� �����5)�5����,QVWUXFWRUV�VKRXOG�SURYLGH�D�UDQJH�RI�H[DPSOHV�WR�UHLQIRUFH�WKH�VLJQLILFDQFH�RI�WKHVH�IRUPXODH�� 
 7KH�DQDO\VLV�LQ�µ6R�ZKDW"¶�LQWURGXFHV�WKH�LGHDO�FKDUDFWHULVWLFV�RI�RS-DPSV��7KHVH�ZLOO�QHHG�D�GHDO�RI�UHLQIRUFHPHQW�E\�WKH�LQVWUXFWRU��DV�VRPH�DUH�IDLUO\�HVRWHULF�FRQFHSWV��7KH�LPSRUWDQW�LGHD�LQ�WKHUH�LV�WKH�LQSXW�LPSHGDQFH��$V�ZH�DUH�GHDOLQJ�ZLWK�'&�VLJQDOV��WKLV�FDQ�EH�FDOOHG�LQSXW�UHVLVWDQFH�KHUH��7KH�VLJQLILFDQFH�LV�WKDW�PDQ\�VLJQDO�VRXUFHV�FDQ�JHQHUDWH�D�UHDVRQDEOH�YROWDJH��EXW�DUH�XQDEOH�WR�GHOLYHU�DSSUHFLDEOH�FXUUHQW��,I�WKH�DPSOLILHU�GUDZV�PXFK�FXUUHQW�IURP�WKHVH�VRXUFHV��WKH�YROWDJH�WUDQVIHUUHG�WR�WKH�DPSOLILHU�ZLOO�EH�YHU\�VPDOO��0RVW�RI�WKH�VLJQDO�YROWDJH�ZLOO�EH�GURSSHG�DFURVV�WKH�RXWSXW��EXW�LQWHUQDO��UHVLVWDQFH�RI�WKH�VLJQDO�VRXUFH��7KH�ELJ�DGYDQWDJH�RI�WKH�QRQ-LQYHUWLQJ�DPSOLILHU�RYHU�WKH�LQYHUWLQJ�DPSOLILHU�LV�WKDW�WKH�IRUPHU�KDV�D�PXFK�KLJKHU�LQSXW�LPSHGDQFH��DQG�VR�GUDZV�D�PXFK�VPDOOHU�FXUUHQW�IURP�WKH�VLJQDO�VRXUFH� 

  ���-��� PLQXWHV  



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  7KH�ILUVW�SDUW�RI�WKH�LQYHVWLJDWLRQ�GHPRQVWUDWHV�WKH�SLHFH�RI�ZLUH�HIIHFW�-�9287� �9,1��7KH�VHFRQG�SDUW�VKRZV�WKH�PRUH�VXEWOH�HIIHFW��7KLV�FDQ�EH�GRQH�LQ�RWKHU�ZD\V��GHSHQGLQJ�RQ�WKH�HTXLSPHQW�DYDLODEOH�WR�WKH�VWXGHQWV��+HUH�LW�LV�VKRZQ�WKDW�ZKHQ�WKH�WHPSHUDWXUH-VHQVLQJ�XQLW�LV�FRQQHFWHG�GLUHFWO\�WR�WKH�IDQ�PRWRU��WKH�ODWWHU�KDV�VXFK�D�ORZ�LPSHGDQFH��UHVLVWDQFH��WKDW�WKH�YROWDJH�VLJQDO�IURP�WKH�VHQVLQJ�XQLW�FROODSVHV��DQG�WKH�PRWRU�GRHV�QRW�WXUQ��8VLQJ�WKH�YROWDJH�IROORZHU�WR�LQWHUIDFH�WKH�PRWRU�DQG�VHQVLQJ�XQLW�UHFWLILHV�WKLV��7KH�FXUUHQW�GHOLYHUHG�WR�WKH�PRWRU�LV�GUDZQ�IURP�WKH�SRZHU�VXSSO\�WR�WKH�RS-DPS��7KLV�FXUUHQW�LV�FRQWUROOHG�E\�WKH�VLJQDO�IURP�WKH�WHPSHUDWXUH-VHQVLQJ�XQLW��6WXGHQWV�PD\�QHHG�WR�GZHOO�IRU�D�ZKLOH�RQ�WKLV�FRQFHSW��DQG�WKH�LQVWUXFWRU�VKRXOG�EH�UHDG\�WR�H[SODLQ�ZKDW�LV�JRLQJ�RQ� 

 7KH�µ6R�ZKDW"�VHFWLRQ¶�JRHV�LQWR�GHWDLO�DERXW�YROWDJH�WUDQVIHU�EHWZHHQ�VXEV\VWHPV��EXW�VWXGHQWV�PD\�QHHG�KHOS�LQ�XQGHUVWDQGLQJ�WKLV�LGHD��,QVWUXFWRUV�VKRXOG�SRLQW�RXW�WKDW�ZKHQ�WKH�VLJQDO�LV�SDVVHG�WR�WKH�RXWSXW�WUDQVGXFHU��ORXGVSHDNHU�IRU�H[DPSOH��WKHQ�SRZHU�WUDQVIHU�LV�SUREDEO\�PRUH�LPSRUWDQW��L�H��WKH�UHTXLUHPHQW�LV�WR�WUDQVIHU�QRW�RQO\�D�KLJK�YROWDJH�EXW�DOVR�D�ODUJH�FXUUHQW��7KDW�FKDQJHV�WKH�UXOHV�UDGLFDOO\� 
 $QRWKHU�DUHD�ZKHUH�UHLQIRUFHPHQW�PD\�EH�QHHGHG�LV�WKDW�RI������QHJDWLYH�IHHGEDFN��7KH�LQLWLDO�UHDFWLRQ�RI�WKH�VWXGHQW�PD\�EH�WKDW�LI�WKH�IXOO�RXWSXW�VLJQDO�LV�VXEWUDFWHG�IURP�WKH�LQSXW�VLJQDO��WKHQ�QRWKLQJ�LV�OHIW� 

 ���-��� PLQXWHV  

 �  7KLV�LQYHVWLJDWLRQ�PLUURUV�WKDW�LQ�:RUNVKHHW����EXW�XVHV�DQ�LQYHUWLQJ�DPSOLILHU��7KH�IRUPXOD�IRU�YROWDJH�JDLQ�LV�DSSOLHG�WR�WKH�UHVXOWV��7KH�IRUPXOD�OLQNLQJ�YROWDJH�JDLQ�WR�UHVLVWRU�YDOXHV�LV�JLYHQ�ZLWKRXW�SURRI��EXW�ZLOO�QHHG�DGGLWLRQDO�H[DPSOHV�WR�FHPHQW�LW�LQWR�WKH�VWXGHQWV¶�PLQGV� 
 7KH�µ6R�ZKDW"¶�VHFWLRQ�LQFOXGHV�DQ�LPSRUWDQW�SUDFWLFDO�GHWDLO��WKDW�IRU�DQ\�RS-DPS�FLUFXLW�ZKHUH�WKH�RXWSXW�LV�QRW�VDWXUDWHG��WKH�WZR�LQSXWV�VLW�DW�YLUWXDOO\�WKH�VDPH�LQSXW��6RPH�VWXGHQWV�PLJKW�SX]]OH�DW�WKH�UROH�RI�WKH�RS-DPS�LQ�WKH�WZR�YROWDJH�DPSOLILHU�FLUFXLWV��7KH�YROWDJH�JDLQ�IRUPXODH�PDNH�QR�PHQWLRQ�RI�LW��7KH�DQVZHU�LV�WKDW�WKH�RS-DPS�LV�WU\LQJ�LWV�KDUGHVW�WR�NHHS�WKH�WZR�LQSXWV�DW�WKH�VDPH�YROWDJH��,I�WKH�RXWSXW�VDWXUDWHV��WKHQ�LW�KDV�IDLOHG� 
 +HUH�LV�D�YHU\�SUDFWLFDO�PHDQV�RI�FKHFNLQJ�WKDW�WKH�RS-DPS�LV�IXQFWLRQLQJ�SURSHUO\��3URYLGHG�WKH�RXWSXW�LV�QRW�VDWXUDWHG��D�'00�FRQQHFWHG�WR�ILUVW�RQH�DQG�WKHQ�WKH�RWKHU�LQSXW�VKRXOG�JLYH�WKH�VDPH�UHDGLQJ� 
 7KH�SRLQW�LV�DOVR�PDGH�WKDW�WKH�LQSXW�UHVLVWRU��5,1��VKRXOG�EH�DV�ODUJH�DV�LV�SUDFWLFDEOH�LQ�RUGHU�WR�NHHS�D�KLJK�LQSXW�UHVLVWDQFH�IRU�WKH�DPSOLILHU��ZKLFK�UHDOO\�LV�HTXDO�WR�WKH�YDOXH�RI�WKH�LQSXW�UHVLVWRU�� 

 ���-��� PLQXWHV  



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  2QFH�DJDLQ��WKH�WLWOH�GHVFULEHV�ZKDW�WKLV�VXEV\VWHP�GRHV��+RZHYHU��LW�GRHV�VR�RQO\�LI�HTXDO-VL]HG�UHVLVWRUV�DUH�XVHG�WKURXJKRXW��6WXGHQWV�VKRXOG�ILQG�WKDW�WKH�HDUO\�SDUW�RI�3DUW����WKH�VXPPLQJ�DPSOLILHU��ZRUNV�DV�H[SHFWHG��EXW�WKDW�WKH�VHFRQG�SDUW��ZKHUH�WKH�YDOXH�RI�WKH�IHHGEDFN�UHVLVWRU�LV�UHGXFHG�WR��N���SURGXFHV�D�PRUH�WKRXJKW-SURYRNLQJ�RXWFRPH��,Q�SUDFWLFH��WKLV�LV�DQ�DPSOLILHU��DQG�VR�ZH�QHHG�WR�DYRLG�RXWSXW�VDWXUDWLRQ��7KH�RXWSXW�VXPV�WKH�LQSXW�VLJQDOV��DQG�PD\�DGG�D�ZHLJKWLQJ�IDFWRU��$V�D�UHVXOW��LW�LV�HDV\�WR�FDXVH�VDWXUDWLRQ��7R�DYRLG�LW��NHHS�WKH�YROWDJH�JDLQ�WR�D�VPDOO�YDOXH�E\�UHGXFLQJ�WKH�VL]H�RI�WKH�IHHGEDFN�UHVLVWRU� 

 6WXGHQWV�DUH�DVNHG�WR�GHGXFH�D�UHODWLRQVKLS�EHWZHHQ�RXWSXW�DQG�LQSXW�YROWDJHV�DQG�WKHQ�WR�WHVW�WKHLU�LGHDV�E\�SUHGLFWLQJ�WKH�RXWSXW�IRU�D�QHZ�VHW�RI�FRQGLWLRQV��(TXDOO\��WKH�LQVWUXFWRU�FRXOG�JLYH�WKHP�WKH�LQSXW�YROWDJHV�DQG�DVN�WKHP�WR�GHWHUPLQH�WKH�UHVXOWLQJ�RXWSXW� 
 7KH�µ6R�ZKDW"¶�VHFWLRQ�LQWURGXFHV�D�VLJQLILFDQW�UHVXOW�IRU�WKLV�FLUFXLW�LQ�WKH�IRUP�RI�WKH�UHODWLRQVKLS�IRU�WKH�RXWSXW�YROWDJH�LQ�WHUPV�RI�WKH�WZR�LQSXW�YROWDJHV�DQG�WKH�UHVLVWDQFH�YDOXHV�XVHG��,QVWUXFWRUV�PD\�ZLVK�WR�FRQVLGHU�WKH�HIIHFW�RQ�WKH�RXWSXW�YROWDJH�RI�HDFK�LQSXW�LQGHSHQGHQWO\�DQG�WKHQ�FRPELQH�WKH�UHVXOWV�LQ�RUGHU�WR�GHULYH�D�VLQJOH�HTXDWLRQ�IRU�WKH�RXWSXW�YROWDJH��,QVWUXFWRUV�PD\�DOVR�ZLVK�WR�VKRZ�KRZ�IXUWKHU�LQSXWV�FDQ�HDVLO\�EH�DGGHG�WR�WKH�FLUFXLW� 

 ���-��� PLQXWHV  

 �  7KH�GLIIHUHQFH�DPSOLILHU�LV�VLPLODU�WR�WKH�VXPPLQJ�DPSOLILHU��EXW�GLIIHUHQW��7KH�IXQFWLRQ�LV�VXJJHVWHG�E\�WKH�QDPH��+RZHYHU��LWV�PDMRU�DSSOLFDWLRQ�LV�DV�DQ�LQVWUXPHQWDWLRQ�DPSOLILHU��7KHVH�KDYH�WR�DPSOLI\�WKH�VLJQLILFDQW�VHFWLRQ�RI�WKH�VLJQDO�SUHVHQWHG�WR�WKHP�E\�VHQVRUV��ZKLOH�UHMHFWLQJ�XQZDQWHG�FRPSRQHQWV�FDXVHG�E\�HOHFWULFDO�QRLVH��RU�WHPSHUDWXUH�YDULDWLRQV�HWF� 
 6WXGHQWV�DUH�DVNHG�WR�QRWLFH�WKH�V\PPHWU\�RI�WKH�FLUFXLW�GLDJUDP��7KLV�PD\�KHOS�WKHP�WR�UHPHPEHU�KRZ�WR�GUDZ�LW��7KH�LQVWUXFWRU�PD\�ZLVK�WR�HPSKDVLVH�WKLV�IHDWXUH�WR�WKH�VWXGHQWV��7KH�LQVWUXFWLRQV�VXJJHVW�VXLWDEOH�YDOXHV�IRU�WKH�LQSXW�YROWDJHV��EXW�WKH�LQVWUXFWRU�PD\�ZLVK�WR�YDU\�WKHVH��RU�DOORFDWH�GLIIHUHQW�YDOXHV�WR�GLIIHUHQW�JURXSV��$V�XVXDO��WKH�GDQJHU�LV�WKDW�WKH�RXWSXW�VDWXUDWHV��DQG�WKH�LQVWUXFWRU�VKRXOG�WDNH�FDUH�WR�DYRLG�WKLV�ZKHQ�VHOHFWLQJ�YROWDJH�RU�UHVLVWRU�YDOXHV� 
 6WXGHQWV�DUH�RQFH�DJDLQ�DVNHG�WR�GHGXFH�D�UHODWLRQVKLS�EHWZHHQ�RXWSXW�DQG�LQSXW�YROWDJHV�DQG�WKHQ�WR�WHVW�WKHLU�LGHDV�E\�SUHGLFWLQJ�WKH�RXWSXW�IRU�D�QHZ�VHW�RI�FRQGLWLRQV��(TXDOO\��WKH�LQVWUXFWRU�FRXOG�JLYH�WKHP�WKH�LQSXW�YROWDJHV�DQG�DVN�WKHP�WR�GHWHUPLQH�WKH�UHVXOWLQJ�RXWSXW� 
 7KH�µ6R�ZKDW"¶�VHFWLRQ�DQDO\VHV�WKH�EHKDYLRXU�RI�WKH�FLUFXLW��DVVXPLQJ�WKDW�QR�FXUUHQW�IORZV�LQWR�WKH�RS-DPS�LQSXWV�L�H��DVVXPLQJ�WKDW�WKH�RS-DPS�LV�LGHDO�DQG�VR�KDV�LQILQLWH�LQSXW�LPSHGDQFH��7KLV�DQDO\VLV�LV�QRW�HDV\��DQG�WKH�LQVWUXFWRU�VKRXOG�VSHQG�WLPH�JRLQJ�WKURXJK�LW�ZLWK�WKH�VWXGHQWV��DQG�JHWWLQJ�WKHP�WR�ZRUN�RQ�VLPLODU�DUUDQJHPHQWV�WKDW�XVH�GLIIHUHQW�YROWDJHV�DQG�RU�UHVLVWRU�YDOXHV� 

 ���-��� PLQXWHV  



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  ,Q�WKLV�ZRUNVKHHW�VWXGHQWV�ZLOO�LQYHVWLJDWH�D�GLIIHUHQWLDWRU�EDVHG�RQ�DQ�RSHUDWLRQDO�DPSOLILHU��7KH\�ZLOO�GR�WKLV�E\�DSSO\LQJ�D�VTXDUH�ZDYH�WR�WKH�LQSXW�RI�WKH�GLIIHUHQWLDWRU�FLUFXLW�DQG�REVHUYLQJ�WKH�UHVXOWLQJ�RXWSXW�ZDYHIRUP��6LQFH�VWXGHQWV�PD\�QRW�KDYH�PHW�GLIIHUHQWLDWLQJ�FLUFXLWV�EHIRUH��WKH\�ZLOO�EHQHILW�IURP�DQ�H[SODQDWLRQ�RI�ZK\�D�VTXDUH�ZDYH�PDNHV�DQ�DSSURSULDWH�ZDYHIRUP�IRU�WHVWLQJ�WKLV�FLUFXLW��,W�VKRXOG�EH�H[SODLQHG�WKDW�WKH�VWHHS�ULVLQJ�DQG�IDOOLQJ�HGJHV�RI�D�VTXDUH�ZDYH�H[KLELW�D�YHU\�UDSLG�UDWH�RI�FKDQJH�ZKLOVW�WKH�µIODW¶�SRVLWLYH�DQG�QHJDWLYH�HGJHV�H[KLELW�]HUR�UDWH�RI�FKDQJH�RI�YROWDJH�ZLWK�WLPH��<RX�VKRXOG�DOVR�SRLQW�RXW�WKDW�WKH�RSHUDWLRQDO�DPSOLILHU�LV�XVHG�LQ�DQ�LQYHUWLQJ�FRQILJXUDWLRQ—KHQFH�WKH\�VKRXOG�H[SHFW�WKH�RXWSXW�WR�EH�LQYHUWHG�DQG�KDYH�QHJDWLYH�SRODULW\�IRU�D�SRVLWLYH�JRLQJ�LQSXW��DQG�YLFH�YHUVD��7KH�DLP�RI�WKLV�H[SODQDWLRQ�VKRXOG�EH�WR�SURYLGH�VWXGHQWV�ZLWK�VXIILFLHQW�LQIRUPDWLRQ�WR�EH�DEOH�WR�MXVWLI\�WKH�VKDSH�RI�WKH�RXWSXW�ZDYHIRUP�ZKHQ�WKH\�FRPSDUH�LW�ZLWK�WKH�LQSXW� 

 6WXGHQWV�VKRXOG�VHW�XS�WKH�GLIIHUHQWLDWRU�FLUFXLW��PDNLQJ�XVH�RI�WZR�'&�SRZHU�VXSSOLHV�WR�SURGXFH�WKH�V\PPHWULFDO���-�9�SRZHU�VXSSO\�UDLOV�� 7KH�LQSXW�RI�WKH�GLIIHUHQWLDWRU�VKRXOG�EH�FRQQHFWHG�WR�D�IXQFWLRQ�JHQHUDWRU���LGHDOO\�ZLWK�DQ�RXWSXW�LPSHGDQFH�RI����ȍ��RU�OHVV��DGMXVWHG�WR�SURGXFH�D�VTXDUH�ZDYH�RXWSXW�RI��9�SN-SN�DW�D�IUHTXHQF\�RI�����+]�� 
 6WXGHQWV�ZLOO�RQFH�DJDLQ�QHHG�D�GXDO-FKDQQHO�RVFLOORVFRSH��RU�HTXLYDOHQW�YLUWXDO�LQVWUXPHQW��VXFK�DV�3LFRVFRSH��ZLWK�ZKLFK�WR�GLVSOD\�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV��:KHUH�QHFHVVDU\��,QVWUXFWLRQ�RQ�XVLQJ�WKLV�WHVW�LQVWUXPHQW�VKRXOG�EH�JLYHQ�EHIRUH�VWXGHQWV�EHJLQ�WKHLU�RZQ�PHDVXUHPHQWV��,W�LV�DOVR�LPSRUWDQW�WR�UHPLQG�VWXGHQWV�WKDW�WKH�FRPPRQ�JURXQG�FRQQHFWLRQ�WR�WKH�RVFLOORVFRSH�VKRXOG�EH�WDNHQ�WR�WKH��9�UDLO� 
 6WXGHQWV�VKRXOG�PDNH�WKH�QHFHVVDU\�DGMXVWPHQWV�WR�GLVSOD\�DW�OHDVW�WZR�F\FOHV�RI�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�XVLQJ�D�FRPPRQ�WLPH�VFDOH��7KH\�VKRXOG�WKHQ�VNHWFK�WKH�ZDYHIRUPV�WKDW�WKH\�KDYH�REVHUYHG��PDNLQJ�VXUH�WR�LQFOXGH�ODEHOOHG�D[HV�RI�YROWDJH�DQG�WLPH��$OWHUQDWLYHO\��ZKHUH�D�YLUWXDO�LQVWUXPHQW�LV�XVHG��LW�VKRXOG�EH�SRVVLEOH�WR�FDSWXUH�WKH�VFUHHQ�GDWD�DQG�WUDQVIHU�WKLV�DV�DQ�LPDJH�ILOH�WR�KDUG�FRS\�� 
 :LWK�VWXGHQWV�WKDW�KDYH�D�JURXQGLQJ�LQ�FDOFXOXV��LW�PLJKW�EH�XVHIXO�WR�LQWURGXFH�DQG�H[SODLQ�WKH�VLJQLILFDQFH�RI�WKH�H[SUHVVLRQ�IRU�WKH�RXWSXW�YROWDJH�RI�WKH�GLIIHUHQWLDWRU��0RUH�DEOH�VWXGHQWV�VKRXOG�EH�HQFRXUDJHG�WR�XQGHUVWDQG�WKH�RSHUDWLRQ�RI�WKH�FLUFXLW�LQ�UHODWLRQ�WR�WKH�WLPH�FRQVWDQW��&5��RI�WKH�FLUFXLW�������V��DQG�WKH�SHULRGLF�WLPH�RI�WKH�LQSXW�VTXDUH�ZDYH�����PV��  

 ���-��� PLQXWHV  



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
  �  7KLV�ZRUNVKHHW�LV�VLPLODU�WR�WKH�ODVW�ZRUNVKHHW�EXW�WKLV�WLPH�VWXGHQWV�ZLOO�LQYHVWLJDWH�DQ�LQWHJUDWRU�EDVHG�RQ�DQ�RSHUDWLRQDO�DPSOLILHU��2QFH�DJDLQ��WKH\�ZLOO�GR�WKLV�E\�DSSO\LQJ�D�VTXDUH�ZDYH�WR�WKH�LQSXW�RI�WKH�GLIIHUHQWLDWRU�FLUFXLW�DQG�REVHUYLQJ�WKH�UHVXOWLQJ�RXWSXW�ZDYHIRUP��6LQFH�VWXGHQWV�PD\�QRW�KDYH�PHW�LQWHJUDWLQJ�FLUFXLWV�EHIRUH��WKH\�ZLOO�EHQHILW�IURP�DQ�H[SODQDWLRQ�RI�ZK\�D�VTXDUH�ZDYH�PDNHV�DQ�DSSURSULDWH�ZDYHIRUP�IRU�WHVWLQJ�WKLV�FLUFXLW��,W�VKRXOG�EH�H[SODLQHG�WKDW�WKH�DUHD�HQFORVHG�E\�WKH�SRVLWLYH�DQG�QHJDWLYH�KDOI-F\FOHV�LQFUHDVHV�LQ�D�OLQHDU�IDVKLRQ�ZLWK�WLPH��2QFH�DJDLQ��\RX�VKRXOG�DOVR�SRLQW�RXW�WKDW�WKH�RSHUDWLRQDO�DPSOLILHU�LV�XVHG�LQ�DQ�LQYHUWLQJ�FRQILJXUDWLRQ—KHQFH�VWXGHQWV�VKRXOG�H[SHFW�WKH�RXWSXW�WR�EH�LQYHUWHG�DQG�KDYH�QHJDWLYH�SRODULW\�IRU�D�SRVLWLYH�JRLQJ�LQSXW��DQG�YLFH�YHUVD��7KH�DLP�RI�WKLV�H[SODQDWLRQ�VKRXOG�EH�WR�SURYLGH�VWXGHQWV�ZLWK�VXIILFLHQW�LQIRUPDWLRQ�WR�EH�DEOH�WR�MXVWLI\�WKH�VKDSH�RI�WKH�RXWSXW�ZDYHIRUP�ZKHQ�WKH\�FRPSDUH�LW�ZLWK�WKH�LQSXW� 

 $V�EHIRUH��VWXGHQWV�VKRXOG�VHW�XS�WKH�LQWHJUDWRU��PDNLQJ�XVH�RI�WZR�'&�SRZHU�VXSSOLHV�WR�SURGXFH�WKH�V\PPHWULFDO���-�9�SRZHU�VXSSO\�UDLOV�� 7KH�LQSXW�RI�WKH�GLIIHUHQWLDWRU�VKRXOG�EH�FRQQHFWHG�WR�D�IXQFWLRQ�JHQHUDWRU���LGHDOO\�ZLWK�DQ�RXWSXW�LPSHGDQFH�RI����ȍ��RU�OHVV��DGMXVWHG�WR�SURGXFH�D�VTXDUH�ZDYH�RXWSXW�RI��9�SN-SN�DW�D�IUHTXHQF\�RI�����+]�� 
 6WXGHQWV�ZLOO�DJDLQ�QHHG�D�GXDO-FKDQQHO�RVFLOORVFRSH��RU�HTXLYDOHQW�YLUWXDO�LQVWUXPHQW��VXFK�DV�3LFRVFRSH��ZLWK�ZKLFK�WR�GLVSOD\�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV��:KHUH�QHFHVVDU\��,QVWUXFWLRQ�RQ�XVLQJ�WKLV�WHVW�LQVWUXPHQW�VKRXOG�EH�JLYHQ�EHIRUH�VWXGHQWV�EHJLQ�WKHLU�RZQ�PHDVXUHPHQWV��,W�LV�DOVR�LPSRUWDQW�WR�UHPLQG�VWXGHQWV�WKDW�WKH�FRPPRQ�JURXQG�FRQQHFWLRQ�WR�WKH�RVFLOORVFRSH�VKRXOG�EH�WDNHQ�WR�WKH��9�UDLO� 
 6WXGHQWV�VKRXOG�PDNH�WKH�QHFHVVDU\�DGMXVWPHQWV�WR�GLVSOD\�DW�OHDVW�WZR�F\FOHV�RI�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�XVLQJ�D�FRPPRQ�WLPH�VFDOH��7KH\�VKRXOG�WKHQ�VNHWFK�WKH�ZDYHIRUPV�WKDW�WKH\�KDYH�REVHUYHG��PDNLQJ�VXUH�WR�LQFOXGH�ODEHOOHG�D[HV�RI�YROWDJH�DQG�WLPH��$OWHUQDWLYHO\��ZKHUH�D�YLUWXDO�LQVWUXPHQW�LV�XVHG��LW�VKRXOG�EH�SRVVLEOH�WR�FDSWXUH�WKH�VFUHHQ�GDWD�DQG�WUDQVIHU�WKLV�DV�DQ�LPDJH�ILOH�WR�KDUG�FRS\�� 
 :LWK�VWXGHQWV�WKDW�KDYH�D�JURXQGLQJ�LQ�FDOFXOXV��LW�PLJKW�EH�XVHIXO�WR�LQWURGXFH�DQG�H[SODLQ�WKH�VLJQLILFDQFH�RI�WKH�H[SUHVVLRQ�IRU�WKH�RXWSXW�YROWDJH�RI�WKH�LQWHJUDWRU��2QFH�DJDLQ��PRUH�DEOH�VWXGHQWV�VKRXOG�EH�HQFRXUDJHG�WR�XQGHUVWDQG�WKH�RSHUDWLRQ�RI�WKH�FLUFXLW�LQ�UHODWLRQ�WR�WKH�WLPH�FRQVWDQW��&5��RI�WKH�FLUFXLW�������V��DQG�WKH�SHULRGLF�WLPH�RI�WKH�LQSXW�VTXDUH�ZDYH�����PV��  

 ���-��� PLQXWHV  



$GYDQFHG�HOHFWURQLF� SULQFLSOHV�SDUW�� 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
  ��  7KLV�ZRUNVKHHW�LQWURGXFHV�WKH�ILUVW��DQG�VLPSOHVW��ORJLF�JDWH��WKH�127�JDWH��%HIRUH�WKDW��WKH�LQWURGXFWLRQ�PDNHV�WKH�QHFHVVDU\�GLVWLQFWLRQ�EHWZHHQ�ORJLF�JDWHV�DQG�ORJLF�IXQFWLRQV��7KH�PRUH�LPSRUWDQW�LV�WKH�ORJLF�IXQFWLRQ��7KHUH�DUH�D�QXPEHU�RI�ZD\V�WR�LPSOHPHQW�D�ORJLF�IXQFWLRQ��,Q�GLJLWDO�HOHFWURQLFV��\RX�FDQ�XVH�D�GHGLFDWHG��GLVFUHWH�ORJLF�JDWH��\RX�FRXOG�XVH�D�VHULHV�RI�1$1'�JDWHV��RU�125�JDWHV��RU�XVH�D�SURJUDPPDEOH�V\VWHP��2Q�D�ZLGHU�IURQW��RSWLFDO�ORJLF�JDWHV�SURGXFH�WKH�VDPH�ORJLF�IXQFWLRQV��EXW�XVLQJ�ODVHU�OLJKW��WR�VSHHG�XS�WKH�VZLWFKLQJ�SURFHVV��7KH�WHFKQRORJ\�PD\�GLIIHU��EXW�DOO�SURGXFH�WKH�VDPH�RXW-�FRPHV�LQ�WHUPV�RI�ORJLF�IXQFWLRQV��7KH�LQWURGXFWLRQ�DOVR�FRQWDLQV�DQ�LPSRUWDQW�WDEOH�RI�ORJLF�V\PEROV��ERWK�LQ�WKH�$16,�IRUPDW��DQG�WKH�%6��VRPHWLPHV�FDOOHG�6%��IRUPDW��7KH�VWXGHQWV�PD\�HQFRXQWHU�IXUWKHU�IRUPDWV��VXFK�DV�WKH�,(&��,QWHUQDWLRQDO�(OHFWURWHFKQLFDO�&RPPLVVLRQ��V\VWHP��7KH�LQYHVWLJDWLRQ�LQYROYHV�VHWWLQJ�XS�D�VZLWFK�XQLW�DQG�XVLQJ�LW�WR�JHQHUDWH�D�GLJLWDO�LQSXW�VLJQDO�IRU�D�127�JDWH��7KH�VWXGHQWV�XVH�WKLV�WR�FRQVWUXFW�D�YROWDJH�WUXWK-WDEOH�IRU�WKH�127�JDWH��7KH\�WKHQ�LQYHUW�WKH�VZLWFK�XQLW��EXW�REVHUYH�WKDW�WKLV�KDV�QR�HIIHFW�RQ�WKH�127�IXQFWLRQ�LWVHOI�  7KH�µ6R�:KDW¶�VHFWLRQ�GHWDLOV�WKH�YROWDJH�EDQGV�XVHG�E\�&026�JDWHV��OLNH�WKDW�XVHG�RQ�WKH�/RFNWURQLFV�127�JDWH�FDUULHU���DQG�WKH�VWXGHQWV�XVH�WKLV�LQIRUPDWLRQ�WR�WXUQ�WKHLU�YROWDJH�PHDVXUHPHQWV�LQWR�ORJLF�OHYHOV��DQG�UH-EXLOG�WKH�WUXWK-WDEOH��7KH�VWXGHQWV�WKHQ�LQYHVWLJDWH�ZKDW�KDSSHQV�ZKHQ�WKH�UHVLVWRU�LV�UHPRYHG�IURP�WKH�VZLWFK�XQLW��,Q�JHQHUDO��WKLV�LV�DQ�XQZLVH�PRYH�IRU�&026�JDWHV� 7KH�LQSXWV�RSHUDWH�RQ�PLQXWH�FXUUHQWV�DQG�VR�FDQ�EH�DIIHFWHG�E\�VWUD\�HOHFWURPDJQHWLF�ILHOGV��VXFK�DV�UDGLR��UDGDU�DQG�QDYLJDWLRQ�DLGV��$V�D�UHVXOW��WKH�LQSXWV�FDQ�VZLWFK�UDSLGO\�EHWZHHQ�ORJLF���DQG����$V�WKH\�GR�VR��WKH\�GUDZ�HQRXJK�FXUUHQW�WR�FDXVH�ORFDO�RYHUKHDWLQJ��ZKLFK�FDQ�GDPDJH�WKH�,&��7KH�UXOH��WKHQ��LV�WKDW�&026�LQSXWV�VKRXOG�QRW�EH�DOORZHG�WR�¶IORDW¶��EXW�LQVWHDG�PXVW�EH�HLWKHU�¶SXOOHG�GRZQ¶�WR�WKH��9�UDLO��RU�¶SXOOHG-XS¶�WR�WKH�SRVLWLYH�SRZHU�UDLO��E\�D�UHVLVWRU��7KH�/RFNWURQLFV�127�FDUULHU�KDV�XQFRQQHFWHG�LQSXWV�FRQQHFWHG�LQWHUQDOO\�WR��9�E\�D�ODUJH�YDOXH�UHVLVWRU�  )LQDOO\��DV�D�IRUHWDVWH�RI�ZKDW�LV�WR�FRPH��WKH�VWXGHQWV�FKHFN�WKH�VHULDO�QXPEHU�RI�WKH�FKLS�XVHG�LQ�WKH�127�FDUULHU��&026�127�JDWHV�FDUU\�WKH�VHULDO�QXPEHU�������+RZHYHU��WKH�RQH�XVHG�RQ�WKH�FDUULHU�LV�D�����—�D�1$1'�JDWH��7KLV�KLJKOLJKWV�WKH�IDFW�WKDW�WKDW�LW�LV�RIWHQ�PRUH�DSSURSULDWH�WR�JHQHUDWH�ORJLF�IXQFWLRQV�XVLQJ�RWKHU�ORJLF�JDWHV��HVSHFLDOO\�1$1'�JDWHV�� 
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:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
  ��  7KLV�ZRUNVKHHW�LQYHVWLJDWHV�WKH�EHKDYLRXU�RI�DQ�$1'�JDWH��,W�LQWURGXFHV�D�VLWXDWLRQ�LQ�ZKLFK�WKH�$1'�IXQFWLRQ�ZRXOG�EH�HQFRXQWHUHG�LQ�DQ�DLUFUDIW��,QVWUXFWRUV�PD\�ZLVK�WR�XVH�IXUWKHU�H[DPSOHV�WR�LOOXVWUDWH�WKH�LPSRUWDQFH�RI�ORJLF�LQ�DQ�DLUFUDIW� 

 
7KH�GLDJUDP�RQ�SDJH����LQFOXGHV�D�SXOO-GRZQ�UHVLVWRU��WR�HQVXUH�WKDW�RXWSXW�VLWV�DW�ORJLF���ZKHQ�HLWKHU�VZLWFK�LV�RSHQ��$JDLQ��WKH�VLJQLILFDQFH�RI�WKLV�QHHGV�WR�EH�HPSKDVLVHG��7KH�VWXGHQWV�VHW�XS�WZR�VZLWFK�XQLWV�DQG�XVH�WKHP�WR�LQSXW�IRXU�FRPELQDWLRQV�RI�ORJLF�VLJQDOV��0HDVXULQJ�LQSXW�DQG�RXWSXW�YROWDJHV��WKH\�FRPSOHWH�D�WDEOH�RI�UHVXOWV��ZKLFK�WKH\�WKHQ�WXUQ�LQWR�ORJLF�OHYHOV��DQG�JHQHUDWH�WKH�$1'�JDWH�WUXWK-WDEOH��7KH\�DUH�HQFRXUDJHG�WR�YLHZ�WKH�$1'�IXQFWLRQ�DV�RQH�ZKLFK�JHQHUDWHV�D�ORJLF���RXWSXW�RQO\�ZKHQ�ERWK�LQSXWV�DUH�DW�ORJLF��� 
 $�VLPLODU�DSSURDFK�LV�QRZ�XVHG�WR�LQYHVWLJDWH�WKH�25�JDWH��7KH�LQWURGXFWLRQ�SRLQWV�RXW�D�ZD\�WR�YLHZ�WKH�25�IXQFWLRQ�DV�WZR�VZLWFKHV�LQ�SDUDOOHO��$JDLQ��WKH�GLDJUDP�LQFOXGHV�D�SXOO-GRZQ�UHVLVWRU��WR�HQVXUH�WKDW�RXWSXW�VLWV�DW�ORJLF���ZKHQ�ERWK�VZLWFKHV�DUH�RSHQ��7KH�VLJQLILFDQFH�RI�ERWK�SRLQWV�QHHGV�WR�EH�HPSKDVLVHG�E\�WKH�LQVWUXFWRU� 
 $V�EHIRUH��WKH�GLVFXVVLRQ�LQ�WKH�µ6R�:KDW¶�VHFWLRQ�OHDGV�WR�WKH�EXLOGLQJ�RI�WKH�WUXWK-�WDEOH�IRU�WKH�25�JDWH��  
7KH�µ6R�:KDW¶�VHFWLRQ�DOVR�VKRZV�WKH�SLQ�FRQQHFWLQJ�GLDJUDPV�IRU�&026�������TXDG�WZR-LQSXW�$1'��DQG�������TXDG�WZR-LQSXW�25��LQWHJUDWHG�FLUFXLWV��3DUW�RI�WKH�LPSRUWDQFH�LV�WR�KLJKOLJKW�DJDLQ�WKH�QHHG�WR�DYRLG�IORDWLQJ�LQSXWV��=HDORXV�VWXGHQWV�RIWHQ�WDNH�WKLV�PHVVDJH�WRR�IDU��DQG�FRQQHFW�XQXVHG�RXWSXWV�WR�WKH�QHDUHVW�SRZHU�UDLO��7KLV�LV�XQIRUWXQDWH��EHFDXVH�WKH�QDWXUH�RI�WKH�ORJLF�IXQFWLRQ�DSSOLHG�E\�WKH�JDWH�PD\�WU\�WR�GULYH�WKH�RXWSXW�WR�ORJLF����ZKLOH�WKH�VWXGHQW�KDV�FRQQHFWHG�LW�WR�WKH��9�UDLO��RU�YLFH-YHUVD��7KH�PHVVDJH�WKHQ�LV�WKDW�WKH�RXWSXWV�WDNH�FDUH�RI�WKHPVHOYHV��,W�LV�RQO\�XQXVHG�LQSXWV�WKDW�UHTXLUH�RXU�DWWHQWLRQ�� 
 )LQDOO\��VWXGHQWV�VKRXOG�EH�UHPLQGHG�WKDW�WKH\�ZLOO�VWXG\�D�ODUJH�QXPEHU�RI�RWKHU�GLJLWDO�ORJLF�GHYLFHV�DQG�FRPELQDWLRQDO�ORJLF�V\VWHPV��H�J��FRGHUV�DQG�GHFRGHUV��ZKHQ�WKH\�SURJUHVV�WR�0RGXOH���  
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5HYLVLRQ�TXHVWLRQ�SDSHU� 
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