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$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH�� 

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

&RQWHQWV 

 :RUNVKHHW���-� 7HVWLQJ�WUDQVLVWRUV  ��� 
 :RUNVKHHW���-� %-7�WUDQVLVWRU�FKDUDFWHULVWLFV  ��� 
 :RUNVKHHW���-� 7UDQVLVWRU�DV�D�VZLWFK�  ��� 
 :RUNVKHHW���-� 7UDQVLVWRU�DV�DQ�DPSOLILHU  ��� 
 :RUNVKHHW���-� 7UDQVIRUPHU�FRXSOHG�DPSOLILHU  �� 
 :RUNVKHHW���-� 6WDELOLVHG�FRPPRQ-HPLWWHU�DPSOLILHU  �� 
 :RUNVKHHW���-� 7ZR-VWDJH�DPSOLILHU  �� 
 :RUNVKHHW���-� 3XVK�-�SXOO�DPSOLILHU  �� 
 :RUNVKHHW���-� 7ZLQ�-�7�RVFLOODWRU  �� 
 :RUNVKHHW����-�/DGGHU�RVFLOODWRU  �� 
 :RUNVKHHW����-�$VWDEOH�PXOWLYLEUDWRU  �� 
 5HYLVLRQ�4XHVWLRQV  �� 
 7XWRU¶V�QRWHV   �� 
 $QVZHUV   �� 

 
 
 
 

'HYHORSHG�E\�0LNH�7RROH\�LQ�FRQMXQFWLRQ�ZLWK�0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
7HVWLQJ�WUDQVLVWRUV 
2ULJLQDOO\�FDOOHG�D�µWUDQVIHU�UHVLVWRU¶��WKH�WUDQVLVWRU�LV�
IRXQG�LQ�DOPRVW�HYHU\�HOHFWURQLF�FLUFXLW��HLWKHU�DV�D�
GLVFUHWH�FRPSRQHQW�RU�ZLWKLQ�DQ�LQWHJUDWHG�FLUFXLW��,&�� 
 ,&V�FRQWDLQ�PDQ\�KXQGUHGV��WKRXVDQGV�RU�HYHQ�PLOOLRQV�
RI�WUDQVLVWRUV�� 
 %LSRODU�MXQFWLRQ�WUDQVLVWRUV��%-7��FRPH�LQ�WZR�W\SHV���
131�RU�313��GHSHQGLQJ�RQ�WKH�LPSXULWLHV�XVHG�WR�¶GRSH¶�WKH�VLQJOH�FU\VWDO�RI�VLOLFRQ�LW�LV�PDGH�
IURP��7KH�UHVXOWLQJ�3-1�MXQFWLRQV�DUH�PDQXIDFWXUHG�E\�GLIIXVLQJ�LPSXULWLHV�WKURXJK�D�
SKRWRJUDSKLFDOO\�UHGXFHG�PDVN�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�ZLOO�OHDUQ�KRZ�WR�FDUU\�RXW�EDVLF�FKHFNV�RQ�131�DQG�313�WUDQVLVWRUV� 

Z�D 

 2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�LQ�WKH�XSSHU�GLDJUDP��GHVLJQHG�WR�WHVW�
DQ�131�WUDQVLVWRU�� 

 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW��9� 
 · $GMXVW�WKH�PXOWLPHWHU�VR�WKDW�LW�UHDGV�XS�WR���P$�'&� 
 · 0HDVXUH�WKH�FXUUHQW�IORZLQJ��5HFRUG�LW�LQ�WKH�OHIW-KDQG�WDEOH�
EHORZ�� 

 · 3UHVV�DQG�KROG�WKH�VZLWFK�FORVHG� 
 · 0HDVXUH�DQG�UHFRUG�WKH�QHZ�FXUUHQW�� 
 · 7KHQ�EXLOG�WKH�ORZHU�FLUFXLW��GHVLJQHG�WR�WHVW�D��313�WUDQVLVWRU� 
 1RWLFH�WKDW�WKH�SRZHU�VXSSO\�DQG�PXOWLPHWHU�DUH�QRZ�LQYHUWHG� 
 · 5HSHDW�WKH�VDPH�SURFHGXUH�DV�IRU�WKH�131�WUDQVLVWRU� 
 · 5HFRUG�WKH�PHDVXUHPHQWV�LQ�WKH�DSSURSULDWH�WDEOH�EHORZ� 
 
 
 

Z�E 

131�7UDQVLVWRU 
6ZLWFK &ROOHFWRU�FXUUHQW��P$� 
2SHQ� �,%� ����$�   
&ORVHG� �,%�a�����$��   

313�7UDQVLVWRU 
6ZLWFK &ROOHFWRU�FXUUHQW��P$� 
2SHQ� �,%� ����$�   
&ORVHG� �,%�a�����$��   



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
7HVWLQJ�WUDQVLVWRUV 

6R�ZKDW" 
 · :KDW�GR�WKH�UHVXOWV�WHOO�\RX"�$UH�WKH�GHYLFHV�WKDW�\RX�KDYH�FKHFNHG�IXQFWLRQDO"�,I�QRW��ZKDW�
IDXOWV�GLG�\RX�GHWHFW" 

 · 7KH�UDWLR�RI�FROOHFWRU�FXUUHQW��,&��WR�EDVH�FXUUHQW��,%��IRU�D�WUDQVLVWRU�JLYHV�WKH�YDOXH�RI�
FXUUHQW�JDLQ��FDOOHG�K)(��IRU�WKH�GHYLFH�� 

 ,Q�RWKHU�ZRUGV�� 
  K)(� �,&���,% 
 &DOFXODWH�WKH�FXUUHQW�JDLQ�IRU�HDFK�RI�WKH�GHYLFHV�WKDW�\RX�KDYH�FKHFNHG�� 
 · 7UDQVLVWRUV�DUH�PDVV-SURGXFHG��7KH�PDQXIDFWXUHU�ZLOO�TXRWH�W\SLFDO�YDOXHV�IRU�WKH�FXUUHQW�
JDLQ��EXW�WZR�LQGLYLGXDO�GHYLFHV�PD\�KDYH�ZLGHO\�
GLIIHUHQW�FXUUHQW�JDLQV� 

 *LYHQ�WKDW�WKH�FXUUHQW�JDLQ�IRU�D�VPDOO-VLJQDO�WUDQVLVWRU�
FDQ�YDU\�IURP�DERXW����WR������DUH�\RXU�FDOFXODWHG�
YDOXHV�RI�FXUUHQW�JDLQ�W\SLFDO" 

 7KH�GLDJUDPV�VKRZ�WKH�GLUHFWLRQ�RI�FXUUHQW�IORZ�LQ�ERWK�
131�DQG�313�WUDQVLVWRUV�� 
 · &RPSDUH�WKHP�� 
 <RX�FDQ�VHH�ZK\�WKH�313�WUDQVLVWRU�FDQ�EH�FRQVLGHUHG�
DV�D�PLUURU-LPDJH�RI�WKH�131�GHYLFH� 

Z�F 

)RU�\RXU�UHFRUGV� 
 ,W�LV�RIWHQ�XVHIXO�WR�EH�DEOH�WR�SHUIRUP�D�TXLFN�IXQFWLRQDO�FKHFN�RI�D�WUDQVLVWRU�� 
 · 7KLV�FDQ�EH�GRQH�HDVLO\�LI�D�PXOWLPHWHU�ZLWK�D�WUDQVLVWRU-FKHFN�IDFLOLW\�LV�DYDLODEOH�� 
 · $OWHUQDWLYHO\��WKH�IRUZDUG�DQG�UHYHUVH�UHVLVWDQFH�RI�HDFK�RI�WKH�WZR�GLRGH�MXQFWLRQV�ZLWKLQ�
WKH�WUDQVLVWRU��VHH�DERYH��FDQ�EH�PHDVXUHG�XVLQJ�D�PXOWLPHWHU�RQ�WKH�2KPV�UDQJH�� 

 · $�WKLUG�DSSURDFK�LV�WR�FRQQHFW�D�WUDQVLVWRU�WR�D�SRZHU�VXSSO\�DQG�PHDVXUH�WKH�FXUUHQW�
IORZLQJ�LQ�WKH�FROOHFWRU�LQ�UHVSRQVH�WR�WKH�FXUUHQW�DSSOLHG�WR�WKH�EDVH��$�ODUJH�FXUUHQW�VKRXOG�
IORZ�LQ�WKH�FROOHFWRU�ZKHQ�D�PXFK�VPDOOHU�FXUUHQW�LV�DSSOLHG�WR�WKH�EDVH��7KLV�LV�WKH�
DSSURDFK�\RX�XVHG�LQ�WKLV�LQYHVWLJDWLRQ� 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
%-7�WUDQVLVWRU�FKDUDFWHULVWLFV 

2YHU�WR�\RX� 
 ���7UDQVIHU�FKDUDFWHULVWLF�-�,&�SORWWHG�DJDLQVW�,% 
 · %XLOG�WKH�ILUVW�FLUFXLW�� 
 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW��9�� 
 · 6HW�WKH�EDVH�FXUUHQW�DPPHWHU�WR�WKH��P$�'&�UDQJH��
DQG�WKH�FROOHFWRU�FXUUHQW�DPPHWHU�WR�WKH���P$�'&�
UDQJH� 

 · 8VH�WKH�¶SRW¶�WR�YDU\�WKH�EDVH�FXUUHQW��,%��IURP����$�
WR�����$�LQ�VWHSV�RI�����$��$W�HDFK�VWHS��PHDVXUH�DQG�UHFRUG�WKH�FROOHFWRU�FXUUHQW��,&� 

 · 8VH�\RXU�UHVXOWV�WR�SORW�WKH�WUDQVIHU�FKDUDFWHULVWLF��,&�SORWWHG�DJDLQVW�,%��RQ�WKH�JULG�SURYLGHG� 

$�PRUH�PHDQLQJIXO�PHDVXUH�RI�WKH�SHUIRUPDQFH�RI�D�WUDQVLVWRU�LV�
REWDLQHG�E\�SORWWLQJ�JUDSKV�WKDW�VKRZ�KRZ�WKH�EDVH�FXUUHQW��
FROOHFWRU�FXUUHQW��DQG�FROOHFWRU-HPLWWHU�YROWDJH�DUH�UHODWHG�� 
 7KHVH�FKDUDFWHULVWLF�FXUYHV�DOORZ�\RX�WR�SUHGLFW�DFFXUDWHO\�KRZ�D�
WUDQVLVWRU�ZLOO�EHKDYH�LQ�D�SDUWLFXODU�FLUFXLW��DQG�ZKHWKHU�RU�QRW�LW�LV�
D�VXLWDEOH�FKRLFH�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�SORW�WZR�GLIIHUHQW�FKDUDFWHULVWLFV�IRU�D�
WUDQVLVWRU��7KH�ILUVW�LV�NQRZQ�DV�WKH�WUDQVIHU�FKDUDFWHULVWLF�ZKLOVW�
WKH�VHFRQG�LV�FDOOHG�WKH�RXWSXW��RU�FROOHFWRU��FKDUDFWHULVWLF� 

Z�D 

,%�LQ��A �,&�LQ�P$ 
�   
��   
��   
��   
��   
��   

Z�E 

Z�G 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
%-7�WUDQVLVWRU�FKDUDFWHULVWLFV 

6R�ZKDW" 
 

· :KDW�GRHV�WKH�VKDSH�RI�WKH�WZR�JUDSKV�WHOO�\RX" 
 · &DOFXODWH�WKH�VORSH�RI�WKH�WUDQVIHU�FKDUDFWHULVWLF�WR�REWDLQ�WKH�FXUUHQW�JDLQ�RI�WKH�WUDQVLVWRU� 

&XUUHQW�JDLQ� � 
 · &DOFXODWH�WKH�VORSH�RI�WKH�RXWSXW�FKDUDFWHULVWLF�WR�REWDLQ�WKH�RXWSXW�UHVLVWDQFH�RI�WKH�

WUDQVLVWRU� 
2XWSXW�UHVLVWDQFH� � 

2YHU�WR�\RX�-�FRQWLQXHG� 
 ���2XWSXW�FKDUDFWHULVWLF�-�,&�SORWWHG�DJDLQVW�9&( 
 · %XLOG�WKH�VHFRQG�FLUFXLW�XVLQJ�D�YDOXH�RI����NW IRU�5�� 
 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW��9�� 
 · 6HW�WKH�FROOHFWRU�FXUUHQW�DPPHWHU�WR�WKH���P$�'&�
UDQJH��DQG�WKH�YROWPHWHU�WR�WKH���9�'&�UDQJH� 

 · 8VH�WKH�¶SRW¶�WR�YDU\�WKH�FROOHFWRU�YROWDJH�IURP��9�WR��9�
LQ��9�VWHSV��)RU�HDFK��PHDVXUH�WKH�FROOHFWRU�FXUUHQW��,&� 

 · 8VH�\RXU�UHVXOWV�WR�SORW�WKH�RXWSXW�FKDUDFWHULVWLF��,&�
SORWWHG�DJDLQVW�9&(�� 

 · 5HSODFH�WKH����NW�UHVLVWRU�ZLWK�D����NW�UHVLVWRU��WR�JLYH�D�ELJJHU�EDVH�FXUUHQW��DQG�UHSHDW�
WKLV�SURFHVV� 

 · 3ORW�D�VHFRQG�FKDUDFWHULVWLF�FXUYH�RQ�WKH�VDPH�D[HV� 

9&( 
,& 

5 ���NW 
5 ���NW 

����9     
����9     
����9     
����9     
����9     
����9     
����9     

Z�F 

Z�H 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
7UDQVLVWRU�DV�D�VZLWFK 
 (OHFWURPHFKDQLFDO�VZLWFKHV�RSHUDWH�DW�YHU\�ORZ�VSHHGV��
7UDQVLVWRUV��RQ�WKH�RWKHU�KDQG��FDQ�VZLWFK�FXUUHQW�PDQ\�
PLOOLRQV�RI�WLPHV�IDVWHU��7KHUH�DUH�QR�PHFKDQLFDO�PRYLQJ��
SDUWV�DQG�VR�QR�IULFWLRQ�DQG�QR�ZHDU-DQG-WHDU�� 
 7UDQVLVWRU�VZLWFKHV�RSHUDWH�XQGHU�VDWXUDWHG�FRQGLWLRQV��
PHDQLQJ�WKDW�WKH�FROOHFWRU�YROWDJH�ZLOO�HLWKHU�EH�WKH�VDPH�
DV�WKH�VXSSO\�YROWDJH��LQ�WKH�µRII¶�VWDWH��RU�YHU\�FORVH�WR���9�
�LQ�WKH�µRQ¶�VWDWH��� 
 ,Q�WKLV�ZRUNVKHHW�\RX�EXLOG�DQG�WHVW�WZR�VLPSOH�VZLWFKLQJ�
FLUFXLWV��7KH�ILUVW�RSHUDWHV�D�/('��WKH�VHFRQG�D�'&�PRWRU� 

 2YHU�WR�\RX� 
  · %XLOG�WKH�ILUVW�VZLWFKLQJ�FLUFXLW�� 
 7KH�/('�LV�FRQWUROOHG�E\�WKH�VZLWFK��7KH�VPDOO�EDVH�FXUUHQW�
WKDW�IORZV�ZKHQ�WKH�VZLWFK�LV�FORVHG�SURGXFHV�D�PXFK�ODUJHU�
FROOHFWRU�FXUUHQW��IORZLQJ�WKURXJK�WKH�/('�� 

 · 0HDVXUH�DQG�UHFRUG�WKH�YROWDJHV�DFURVV�WKH�/('��9/��DQG�
DFURVV�WKH�WUDQVLVWRU��9&(� 

 
 
 
 
 
 
· %XLOG�WKH�VHFRQG�VZLWFKLQJ�FLUFXLW�� 
 7KH�GLRGH�LV�D��1�����GHYLFH��,WV�SXUSRVH�LV�H[SODLQHG�RQ�
WKH�QH[W�SDJH� 

 7KH�VZLWFK�QRZ�FRQWUROV�D�PRWRU��$V�EHIRUH��WKH�VPDOO�EDVH�
FXUUHQW�WKDW�IORZV�ZKHQ�WKH�VZLWFK�LV�FORVHG�FRQWUROV�D�PXFK�
ODUJHU�FROOHFWRU�FXUUHQW��IORZLQJ�WKURXJK�WKH�PRWRU�� 

 · 0HDVXUH�DQG�UHFRUG�WKH�YROWDJHV�DFURVV�WKH�PRWRU��9/��DQG�
DFURVV�WKH�WUDQVLVWRU��9&(� 

 
 
 
 
  

Z�D 

Z�E 

Z�F 

6ZLWFK 9&( 9/ 
2II     
2Q     

6ZLWFK 9&( 9/ 
2II     
2Q     



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
7UDQVLVWRU�DV�D�VZLWFK 

6R�ZKDW" 
 $�GLRGH�LV�FRQQHFWHG�DFURVV�WKH�ORDG�LQ�WKH�PRWRU�FLUFXLW�EXW�QRW�LQ�WKH�/('�FLUFXLW� 
+HUH¶V�ZK\� 
 · 7KH�PRWRU�LV�DQ�HOHFWURPDJQHWLF�GHYLFH��,W�URWDWHV�EHFDXVH�D�VWURQJ�PDJQHWLF�ILHOG�LV�

FUHDWHG�LQ��LWV�FRLO�ZKHQ�D�FXUUHQW�IORZV�WKURXJK�LW�� 
 · :KHQ�WKH�FXUUHQW�FHDVHV�WR�IORZ��WKDW�PDJQHWLF�ILHOG�FROODSVHV�WKURXJK�WKDW�FRLO�RI�ZLUH��
DQG�JHQHUDWHV�D�ODUJH�YROWDJH�LQ�WKH�RSSRVLWH�GLUHFWLRQ�-�DQ�H[DPSOH�RI�/HQ]¶V�ODZ�� 

 · 7KLV�¶EDFN�HPI¶�FDQ�EH�KLJK�HQRXJK�WR�GDPDJH�WKH�WUDQVLVWRU�� 
 · 7R�DYRLG�WKLV��D�GLRGH�LV�FRQQHFWHG�LQ�UHYHUVH�SDUDOOHO��$V�IDU�DV�WKH�SRZHU�VXSSO\�IRU�
WKH�FLUFXLW�LV�FRQFHUQHG��WKH�GLRGH�LV�UHYHUVH-ELDVHG�DQG�HVVHQWLDOO\�GRHV�QRWKLQJ��)RU�
WKH�ODUJH�YROWDJH�JHQHUDWHG�E\�WKH�IDOOLQJ�FXUUHQW��KRZHYHU��WKH�GLRGH�LV�IRUZDUG-
ELDVHG��DQG�VR�FRQGXFWV�IUHHO\��7KH�YROWDJH�GURS�DFURVV�LW�LV�FODPSHG�WR����9��RU�-���9�
DV�VHHQ�E\�WKH�WUDQVLVWRU��7KLV�FDXVHV�QR�GDPDJH�WR�WKH�WUDQVLVWRU�� 

 · $Q\�VLPLODU�HOHFWURPDJQHWLF�GHYLFH��VXFK�DV�D�UHOD\��VKRXOG�EH�E\SDVVHG�E\�D�UHYHUVH�
SDUDOOHO�GLRGH�LQ�VLPLODU�IDVKLRQ�IRU�WKH�VDPH�UHDVRQ� 

 · /RRN�DW�WKH�WZR�UHVXOWV�WDEOHV�IRU�9&(�DQG�9/� 
 $GG�WRJHWKHU�WKH�PHDVXUHPHQWV��9&(�DQG�9/�LQ�HDFK�FDVH�� 
 :KDW�GR�\RX�QRWLFH" 
 :KDW�GR�\RX�H[SHFW�WKH�UHVXOW�WR�EH��EHDULQJ�LQ�PLQG�WKDW�WKH�WUDQVLVWRU�DQG�WKH�/('���PRWRU�
IRUP�D�YROWDJH�GLYLGHU�DFURVV�WKH�SRZHU�VXSSO\�UDLOV" 

 · 0RGLI\�WKH�/('�FLUFXLW�VR�WKDW�WKH�/('�UHPDLQV�RQ�ZKHQ�WKH�VZLWFK�LV�RSHQ�DQG�JRHV�RII�
ZKHQ�LW�LV�FORVHG� 

 �+LQW��<RX�ZLOO�KDYH�WR�FKDQJH�WKH�SRVLWLRQ�RI�WKH�VZLWFK�LQ�WKH�FLUFXLW�� 
 · 0RGLI\�WKH�PRWRU�FLUFXLW�VR�WKDW�WKH�VZLWFK�FRQWUROV�ERWK�D�/('�DQG�WKH�PRWRU�� 

)RU�\RXU�UHFRUGV� 
 · ,V�WKH�WUDQVLVWRU�RSHUDWLQJ�DV�D�VDWXUDWHG�VZLWFK�LQ�ERWK�FLUFXLWV"� 
 +RZ�GR�\RX�NQRZ" 
 · ([SODLQ�ZK\�WKH�EDVH�UHVLVWRU�KDV�D�PXFK�ORZHU�YDOXH�LQ�WKH�PRWRU�FLUFXLW�WKDQ�IRU�WKH�/('� 
 · &DOFXODWH�WKH�EDVH�FXUUHQW�WKDW�IORZV�ZKHQ�WKH�VZLWFK�LV�FORVHG�LQ� 

· �WKH�/('�FLUFXLW� 
· WKH�PRWRU�FLUFXLW� 

 �$VVXPH�WKDW�WKH�EDVH-HPLWWHU�YROWDJH�LV����9�ZKHQ�WKH�WUDQVLVWRU�LV�FRQGXFWLQJ�D�FXUUHQW�� 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH�� 

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

:RUNVKHHW�� 
7UDQVLVWRU�DV�DQ�DPSOLILHU 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��7KH�
��Nȍ�UHVLVWRU�DFWV�DV�D�ORDG�IRU�WKH�
DPSOLILHU�� 

 · 6HW�WKH�'&�SRZHU�VXSSO\�WR��9� 
 · 0HDVXUH�DQG�UHFRUG�WKH�'&�YROWDJHV�
SUHVHQW�DW�WKH�FROOHFWRU��EDVH�DQG�
HPLWWHU�RI�WKH�WUDQVLVWRU� 

 · &RQQHFW�WKH�LQSXW�WR�D�VLJQDO�JHQHUDWRU��VHW�
WR�JLYH�DQ�RXWSXW�RI���P9�SHDN-WR-SHDN�DW�D�
IUHTXHQF\�RI��N+]�� 

 · &RQQHFW�D�GXDO-FKDQQHO�RVFLOORVFRSH�WR�
GLVSOD\�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV��7KH�
FRPPRQ�JURXQG�FRQQHFWLRQ�LV�FRQQHFWHG�WR�
WKH�QHJDWLYH�VXSSO\�UDLO�� 

 · $GMXVW�WKH�RVFLOORVFRSH�FRQWUROV�WR�GLVSOD\�WZR�F\FOHV�RI�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�� 
 · 6NHWFK�WKHVH�RQ�WKH�JULGV�SURYLGHG� 
 · 0HDVXUH�WKH�SHDN-WR-SHDN�YROWDJHV�DW�WKH�LQSXW�DQG�DW�WKH�RXWSXW� 
 · ,QFUHDVH�WKH�LQSXW�YROWDJH�WR����P9�SN-SN��2EVHUYH�DQG�VNHWFK�WKH�HIIHFW�RQ�WKH�RXWSXW� 

:KHQ�D�ELSRODU�MXQFWLRQ�WUDQVLVWRU�LV�XVHG�WR�DPSOLI\�DXGLR�VLJQDOV��
ZH�ILUVW�HQVXUH�WKDW�WKH�WUDQVLVWRU�LV�ELDVHG��PHDQLQJ�WKDW�VRPH�
FROOHFWRU�FXUUHQW�ZLOO�IORZ�HYHQ�ZKHQ�QR�VLJQDO�LV�SUHVHQW�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�ZLOO�LQYHVWLJDWH�WKH�RSHUDWLRQ�RI�D�YHU\�VLPSOH�
FRPPRQ-HPLWWHU�DPSOLILHU�VWDJH�WKDW�XVHV�WKLV�WHFKQLTXH� 

Z�D 

Z�E 

Z�F 

0HDVXUHPHQW 9ROWDJH 
'&�ELDV�YROWDJH�DW�FROOHFWRU   
'&�ELDV�YROWDJH�DW�EDVH   
'&�ELDV�YROWDJH�DW�HPLWWHU   
,QSXW�YROWDJH��SN�-�SN   
2XWSXW�YROWDJH��SN�-�SN   

Input = ��P9�pk-pk Input = ���P9�pk-pk 

,QSXW 2XWSXW 2XWSXW 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
7UDQVLVWRU�DV�DQ�DPSOLILHU 

6R�ZKDW" 
 7KH�ZD\�WKH�WUDQVLVWRU�EHKDYHV� 
 :KHQ�WKH�LQSXW�YROWDJH�LQFUHDVHV� 

· WKH�EDVH�FXUUHQW�LQFUHDVHV� 
· WKH�FROOHFWRU�FXUUHQW�LQFUHDVHV� 
· WKH�YROWDJH�DFURVV�WKH��NW�UHVLVWRU�LQFUHDVHV� 
· WKH�RXWSXW�YROWDJH�GHFUHDVHV� 

 :KHQ�WKH�LQSXW�YROWDJH�GHFUHDVHV� 
· WKH�EDVH�FXUUHQW�GHFUHDVHV� 
· WKH�FROOHFWRU�FXUUHQW�GHFUHDVHV� 
· WKH�YROWDJH�DFURVV�WKH��NW�UHVLVWRU�GHFUHDVHV� 
· WKH�RXWSXW�YROWDJH�LQFUHDVHV� 

 )RU�WKLV�WR�KDSSHQ��ZH�DOORZ�VRPH�EDVH�FXUUHQW�WR�IORZ�DOO�WKH�WLPH��HYHQ�ZKHQ�QR�LQSXW�VLJQDO�
LV�SUHVHQW��7KLV�LV�FDOOHG�'&�ELDVLQJ� 
 :KHQ�QR�VLJQDO�LV�SUHVHQW��D�VPDOO�EDVH�FXUUHQW�FDQ�VWLOO�IORZ�WKURXJK�WKH��NW�DQG����NW�
UHVLVWRUV��$V�D�UHVXOW��D�ELJJHU�FROOHFWRU�FXUUHQW�IORZV��FUHDWLQJ�D�YROWDJH�GURS�DFURVV�WKH��NW�
UHVLVWRU��DQG�OHDYLQJ�DQ�RXWSXW�YROWDJH�OHVV�WKDQ�WKH�VXSSO\�YROWDJH�� 
 7KH�JUHDWHU�WKH�EDVH�FXUUHQW��WKH�JUHDWHU�WKH�FROOHFWRU�FXUUHQW��WKH�JUHDWHU�WKH�YROWDJH�GURS�
DFURVV�WKH��NW�UHVLVWRU��DQG�WKH�ORZHU�WKH�RXWSXW�YROWDJH�DFURVV�WKH�FROOHFWRU-HPLWWHU�MXQFWLRQ� 
 :H�DLP�WR�PDNH�WKH�RXWSXW�YROWDJH�a�KDOI�RI�WKH�VXSSO\�YROWDJH�ZKHQ�QR�VLJQDO�LV�SUHVHQW��
�FDOOHG�WKH�TXLHVFHQW�VWDWH���,Q�WKDW�ZD\��WKH�RXWSXW�YROWDJH�FDQ�ULVH�DQG�IDOO�E\�YHU\�VLPLODU�
DPRXQWV�ZKHQ�D�VLJQDO�LV�SUHVHQW� 
 7KH�VLJQDO�LV�FRXSOHG�LQWR�DQG�RXW�RI�WKH�DPSOLILHU�YLD�FDSDFLWRUV�WKDW�LVRODWH�WKH�DPSOLILHU�VR�
WKDW�WKH�'&�YROWDJHV�DQG�FXUUHQWV�LQVLGH�LW�DUH�XQDIIHFWHG�E\�ZKDWHYHU�LV�FRQQHFWHG�WR�WKH�
LQSXW�DQG�RXWSXW�WHUPLQDOV�� 
 · 8VH�\RXU�UHVXOWV�WR�FDOFXODWH�WKH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU� 
 

9ROWDJH�JDLQ� ������������������������������������������������������������������������������� 

)RU�\RXU�UHFRUGV� 
 · ([SODLQ�ZK\�WKH�RXWSXW�EHFRPHV�GLVWRUWHG�IRU�ODUJHU�LQSXW�VLJQDO�DPSOLWXGHV� 
 · :KDW�LV�WKH�PD[LPXP�RXWSXW�VLJQDO�YROWDJH�EHIRUH�GLVWRUWLRQ�LV�QRWLFHDEOH"� 
 · +RZ�FRXOG�WKH�RXWSXW�YROWDJH�EH�LQFUHDVHG" 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
7UDQVIRUPHU�FRXSOHG�DPSOLILHU 

(DUOLHU��\RX�LQYHVWLJDWHG�D�VLPSOH�FRPPRQ-HPLWWHU�DPSOLILHU�LQ�
ZKLFK�D�FDSDFLWRU�ZDV�XVHG�WR�FRXSOH�WKH�VLJQDO�IURP�WKH�
FROOHFWRU�WR�WKH�RXWSXW�� 
 2WKHU�LQWHU-VWDJH�FRXSOLQJ�DUUDQJHPHQWV�DUH�XVHG��LQFOXGLQJ�
WKRVH�EDVHG�RQ�LQGXFWRUV�DQG�FDSDFLWRUV��DQG�RQ�WUDQVIRUPHUV��
7KH�ODWWHU�KDV�WKH�DGYDQWDJH�RI�RIIHULQJ�DFFXUDWH�LPSHGDQFH�
PDWFKLQJ�WR�D�ORDG��HQVXULQJ�HIILFLHQW�VLJQDO�WUDQVIHU� 
 ,Q�WKLV�ZRUNVKHHW�\RX�LQYHVWLJDWH�WKH�RSHUDWLRQ�RI�D�VLPSOH�
WUDQVIRUPHU-FRXSOHG�FRPPRQ-HPLWWHU�DPSOLILHU��<RX�VKRXOG�FRPSDUH�WKH�UHVXOWV�REWDLQHG�KHUH�
ZLWK�WKRVH�REWDLQHG�HDUOLHU� 

Z�D 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ��$JDLQ��D���Nȍ�
UHVLVWRU�DFWV�DV�D�ORDG�IRU�WKH�DPSOLILHU�� 

 7KH�����WUDQVIRUPHU��FRQQHFWHG�DV�D�
VWHS-GRZQ�WUDQVIRUPHU��LV�XVHG�WR�
FRXSOH�WKH�DPSOLILHU�RXWSXW� 

 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW��9� 
 · &RQQHFW�WKH�LQSXW�WR�D�VLJQDO�JHQHUDWRU��
VHW�WR�JLYH�DQ�RXWSXW�RI���P9�SHDN-WR-
SHDN�DW�D�IUHTXHQF\�RI��N+]�� 

 · &RQQHFW�D�GXDO�WUDFH�RVFLOORVFRSH�WR�
GLVSOD\�LQSXW�DQG�RXWSXW�ZDYHIRUPV��ZLWK�
WKH�JURXQG�FRQQHFWHG�WR�WKH�QHJDWLYH�VXSSO\�UDLO�� 

 · $GMXVW�WKH�RVFLOORVFRSH�FRQWUROV�WR�GLVSOD\�WZR�F\FOHV�RI�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�� 
 · 6NHWFK�WKHVH�RQ�WKH�JULGV�SURYLGHG� 
 · 0HDVXUH�WKH�SHDN-WR-SHDN�YROWDJHV�DW�WKH�LQSXW�DQG�DW�WKH�RXWSXW� 
 

Z�E 

Z�F 

,QSXW�= 20mV pk-pk Input = ���P9�pk-pk 

,QSXW 2XWSXW 2XWSXW 

0HDVXUHPHQW 9ROWDJH 
,QSXW�YROWDJH��SN�-�SN   
2XWSXW�YROWDJH��SN�-�SN   



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
7UDQVIRUPHU�FRXSOHG�DPSOLILHU 

6R�ZKDW" 
 ,Q�WKH�FDSDFLWRU�FRXSOHG�DPSOLILHU�VWXGLHG�HDUOLHU��WKH�FROOHFWRU�FXUUHQW��,&��IORZHG�WKURXJK�WKH�
�NW�UHVLVWRU�LQ�VHULHV�ZLWK�LW��7KLV�JHQHUDWHV�ZDVWH�KHDW��7KH�UROH�RI�WKH�WUDQVIRUPHU�LV�WR�
UHGXFH�WKDW�HQHUJ\�ORVV� 
 7UDQVIRUPHUV�UHVSRQG�RQO\�WR�$&�VLJQDOV��7KHVH�SURGXFH�DQ�DOWHUQDWLQJ�PDJQHWLF�ILHOG�LQ�WKH�
SULPDU\�FRLO��ZKLFK��LQ�WXUQ��LQGXFHV�DQ�$&�VLJQDO�LQ�WKH�VHFRQGDU\��FRQQHFWHG�WR�WKH�ORDG� 
 $V�D�UHVXOW��WKH�ORDG�LV�LVRODWHG�IURP�DQ\�'&�FXUUHQWV�IORZLQJ�LQ�WKH�WUDQVLVWRU��EXW�UHFHLYHV�WKH�
$&�VLJQDO��YLD�WKH�WUDQVIRUPHU� 
 )RU�PD[LPXP�HIILFLHQF\��WKH�WUDQVIRUPHU�LV�FKRVHQ�VR�WKDW�WKH�RXWSXW�LPSHGDQFH�RI�WKH�
WUDQVIRUPHU�LV�HTXDO�WR�WKH�ORDG�LPSHGDQFH��7KLV�LV�DQ�H[DPSOH�RI�WKH�PD[LPXP�SRZHU�WUDQVIHU�
WKHRUHP� 
 
· 8VH�\RXU�UHVXOWV�WR�FDOFXODWH�WKH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU� 
 

9ROWDJH�JDLQ� ������������������������������������������������������������������������������� 
 
· &RPSDUH�WKH�SHUIRUPDQFH�RI�WKLV�DPSOLILHU�ZLWK�WKH�FDSDFLWRU-FRXSOHG�DPSOLILHU�\RX�VWXGLHG�
HDUOLHU� 

 
· ,QYHVWLJDWH�ZKDW�KDSSHQV�LI�WKH�WUDQVIRUPHU�LV�UHYHUVHG��WR�DFW�DV�LQ�VWHS-XS�UDWKHU�WKDQ�D�
VWHS-GRZQ�PRGH� 

)RU�\RXU�UHFRUGV� 
 $V�EHIRUH��WKH�WUDQVLVWRU�LV�ELDVHG��VR�WKDW�D�FXUUHQW�IORZV�WKURXJK�WKH�WUDQVLVWRU�HYHQ�ZKHQ�QR�
VLJQDO�LV�SUHVHQW��,GHDOO\��WKLV�FXUUHQW�LV�DGMXVWHG�WR�PDNH�WKH�FROOHFWRU�VLW�DW�D�YROWDJH�PLG-ZD\�
EHWZHHQ�WKH�SRZHU�VXSSO\�UDLOV� 
 · :KDW�LV�WKH�PD[LPXP�RXWSXW�VLJQDO�YROWDJH�EHIRUH�GLVWRUWLRQ�LV�QRWLFHDEOH"� 
 · +RZ�FRXOG�WKH�RXWSXW�YROWDJH�EH�LQFUHDVHG" 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
6WDELOLVHG�FRPPRQ-HPLWWHU�DPSOLILHU 

7KH�VLPSOH�FRPPRQ�HPLWWHU�FDQ�EH�LPSURYHG�E\�XVLQJ�'&�
QHJDWLYH�IHHGEDFN�WR�VWDELOL]H�WKH�VWDJH�DQG�FRPSHQVDWH�IRU�
YDULDWLRQV�LQ�WUDQVLVWRU�SDUDPHWHUV��FRPSRQHQW�WROHUDQFHV�DQG�
WHPSHUDWXUH�FKDQJHV�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�LQYHVWLJDWH�WKH�RSHUDWLRQ�RI�D�FRPPRQ�
HPLWWHU�DPSOLILHU�LQFRUSRUDWLQJ�'&�IHHGEDFN�VWDELOLVDWLRQ� 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��
$JDLQ��D���Nȍ�UHVLVWRU�DFWV�DV�D�ORDG�
IRU�WKH�DPSOLILHU�� 

 $����W�HPLWWHU�UHVLVWRU�DQG�SDUDOOHO�
��m)�FDSDFLWRU�SURYLGH�QHJDWLYH�
IHHGEDFN�� 

 7ZR����NW�UHVLVWRUV�SURYLGH�D�'&�
ELDV�YROWDJH�IRU�WKH�EDVH� 

 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW�
�9� 

 · 0HDVXUH�DQG�UHFRUG�WKH�'&�YROWDJHV�DW�WKH�
FROOHFWRU��EDVH�DQG�HPLWWHU�RI�WKH�WUDQVLVWRU� 

 · &RQQHFW�WKH�LQSXW�WR�D�VLJQDO�JHQHUDWRU��VHW�
WR�JLYH�DQ�RXWSXW�RI���P9�SHDN-WR-SHDN�DW�D�
IUHTXHQF\�RI��N+]�� 

 · &RQQHFW�D�GXDO�WUDFH�RVFLOORVFRSH�WR�GLVSOD\�
LQSXW�DQG�RXWSXW�ZDYHIRUPV��ZLWK�WKH�JURXQG�FRQQHFWHG�WR�WKH�QHJDWLYH�VXSSO\�UDLO�� 

 · $GMXVW�WKH�RVFLOORVFRSH�FRQWUROV�WR�GLVSOD\�WZR�F\FOHV�RI�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�� 
 · 6NHWFK�WKHVH�RQ�WKH�JULGV�SURYLGHG� 
 · 0HDVXUH�WKH�SHDN-WR-SHDN�YROWDJHV�DW�WKH�LQSXW�DQG�DW�WKH�RXWSXW� 

Z�D 

Z�E 

0HDVXUHPHQW 9ROWDJH 
'&�ELDV�YROWDJH�DW�FROOHFWRU   
'&�ELDV�YROWDJH�DW�EDVH   
'&�ELDV�YROWDJH�DW�HPLWWHU   
,QSXW�YROWDJH��SN�-�SN   
2XWSXW�YROWDJH��SN�-�SN   

Z�F 

Input = ��P9�pk-pk 

,QSXW 2XWSXW 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
6WDELOLVHG�&-(�DPSOLILHU 
6R�ZKDW" 
 

7KH�TXLHVFHQW��'&��EDVH�YROWDJH�LV�VHW�E\�WKH�WZR����NW�UHVLVWRUV��IRUPLQJ�D�YROWDJH�GLYLGHU�
DFURVV�WKH�SRZHU�VXSSO\�UDLOV� 
· :LWK�D��9�SRZHU�VXSSO\��DQG�WZR�HTXDO�UHVLVWRUV��ZKDW�'&�YROWDJH�GR�\RX�H[SHFW�DW�WKH�
EDVH" 

9ROWDJH�DW�EDVH� ������������������������������������������������������������������������������� 
 1HJDWLYH�IHHGEDFN�SURYLGHV�D�VLJQDO�ZKLFK�RSSRVHV�FKDQJHV�DW�WKH�RXWSXW��,I�WHPSHUDWXUH�RU�
SRZHU�VXSSO\�FKDQJHV�HWF��FDXVH�WKH�'&�FROOHFWRU�FXUUHQW�WR�ULVH��WKH�YROWDJH�DFURVV�WKH����W�
HPLWWHU�UHVLVWRU�DOVR�ULVHV��$V�D�UHVXOW��WKH�YROWDJH�GURS�DFURVV�WKH�EDVH-HPLWWHU�MXQFWLRQ�IDOOV��
UHGXFLQJ�WKH�EDVH�FXUUHQW��ZKLFK�LQ�WXUQ�UHGXFHV�WKH�FROOHFWRU�FXUUHQW�-�QHJDWLYH�IHHGEDFN� 
 

2QH�HIIHFW�RI�QHJDWLYH�IHHGEDFN�LV�WR�UHGXFH�WKH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU��7KH���m)�
FDSDFLWRU�KDV�QR�HIIHFW�RQ�'&�FXUUHQWV��ZKLFK�VHH�LW�DV�D�JDS�LQ�WKH�FLUFXLW��+RZHYHU��$&�
VLJQDOV�FDQ�IORZ�WKURXJK�WKLV�FDSDFLWRU��E\SDVVLQJ�WKH�HPLWWHU�UHVLVWRU��$V�D�UHVXOW��WKH�$&�
YROWDJH�JDLQ�LV�QRW�DIIHFWHG�DV�PXFK� 
 
· 8VH�\RXU�UHVXOWV�WR�FDOFXODWH�WKH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU� 
 

9ROWDJH�JDLQ� ������������������������������������������������������������������������������� 
 
· 9DU\�WKH�IUHTXHQF\�RI�WKH�VLJQDO�JHQHUDWRU�
RYHU�WKH�UDQJH����+]�WR�����N+]�DQG�
PHDVXUH�WKH�RXWSXW�YROWDJH�DW�VXLWDEOH�
LQWHUYDOV�� 

 
· 8VH�WKLV�GDWD�WR�SORW�D�IUHTXHQF\�UHVSRQVH�
FKDUDFWHULVWLF�IRU�WKH�DPSOLILHU�WKDW�VKRZV�
YROWDJH�JDLQ�SORWWHG�DJDLQVW�IUHTXHQF\� 

 
· $�µORJ-ORJ¶��JULG�LV�SURYLGHG��,I�\RX�DUH�
XQVXUH�KRZ�WR�SURFHHG��DVN�\RXU�WXWRU� 

)RU�\RXU�UHFRUGV� 
 · &RPSDUH�WKH�'&�YROWDJHV�PHDVXUHG�DW�WKH�FROOHFWRU��EDVH�DQG�HPLWWHU�ZLWK�WKRVH�PHDVXUHG�
HDUOLHU�IRU�WKH�FDSDFLWRU�FRXSOHG��XQFRPSHQVDWHG��DPSOLILHU�� 

 · &RPPHQW�RQ�WKH�SHUIRUPDQFH�RI�WKH�DPSOLILHU�DQG�H[SODLQ�ZK\�WKH�DPSOLILHU�SURGXFHV�
VOLJKWO\�OHVV�RXWSXW�YROWDJH�VZLQJ� 

Z�F 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
7ZR-VWDJH�DPSOLILHU 

 7KH�YROWDJH�JDLQ�SURGXFHG�E\�D�VLQJOH�VWDJH�WUDQVLVWRU�DPSOLILHU�LV�
LQVXIILFLHQW�IRU�PDQ\�DSSOLFDWLRQV��7R�RYHUFRPH�WKLV��ZH�FDQ�XVH�D�PXOWL-
VWDJH�DUUDQJHPHQW�ZKHUH�VHYHUDO�WUDQVLVWRUV�DUH�XVHG�LQ�FDVFDGH��DV�
VKRZQ�LQ�WKH�DUUDQJHPHQW�EHORZ��� 
 ,Q�WKLV�ZRUN�VKHHW�\RX�FRQVWUXFW�DQG�WHVW�D�WZR-VWDJH�DPSOLILHU�ZKHUH�
ERWK�WUDQVLVWRUV�DUH�RSHUDWHG�LQ�FRPPRQ�HPLWWHU�PRGH�� 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��
ZKLFK�DJDLQ�XVHV�D���Nȍ�ORDG�
UHVLVWRU�� 

 · 1RWLFH�WKDW�WKH�'&�SRZHU�VXSSO\�
LV�QRZ�VHW�WR�RXWSXW�����9� 

 · 0HDVXUH�DQG�UHFRUG�WKH�'&�
YROWDJHV�DW�WKH�FROOHFWRU��EDVH�
DQG�HPLWWHU�RI�HDFK�WUDQVLVWRU� 

 · &RQQHFW�WKH�LQSXW�WR�D�VLJQDO�
JHQHUDWRU��VHW�WR�JLYH�DQ�RXWSXW�RI���P9�
SHDN-WR-SHDN�DW�D�IUHTXHQF\�RI��N+]�� 

 · &RQQHFW�D�GXDO�WUDFH�RVFLOORVFRSH�WR�GLVSOD\�
LQSXW�DQG�RXWSXW�ZDYHIRUPV��DV�EHIRUH�� 

 · $GMXVW�WKH�RVFLOORVFRSH�FRQWUROV�WR�GLVSOD\�
WZR�F\FOHV�RI�WKH�ZDYHIRUPV�� 

 · 6NHWFK�WKHVH�RQ�WKH�JULGV�SURYLGHG� 
 · 0HDVXUH�WKH�SHDN-WR-SHDN�YROWDJHV�DW�WKH�
LQSXW�DQG�DW�WKH�RXWSXW�RI�WKH�DPSOLILHU� 

Z�D 

Z�E 

 0HDVXUHPHQW 9ROWDJH 

T1 
'&�FROOHFWRU�YROWDJH   
'&�EDVH�YROWDJH�   
'&�HPLWWHU�YROWDJH�   

T2 
'&�FROOHFWRU�YROWDJH   
'&�EDVH�YROWDJH�   
'&�HPLWWHU�YROWDJH�  

,QSXW�YROWDJH��SN�-�SN  
 2XWSXW�YROWDJH��SN�-�SN 

Z�F 

Input = ��P9�pk-pk 

,QSXW 2XWSXW 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
7ZR-VWDJH�DPSOLILHU 

6R�ZKDW" 
 7KH�RYHUDOO�YROWDJH�JDLQ�RI�WKH�VWDJH�LV�WKH�SURGXFW�RI�WKH�LQGLYLGXDO�VWDJH�JDLQV��8VLQJ�WKLV�
WHFKQLTXH�DPSOLILHUV�ZLWK�YROWDJH�JDLQV�RI�W\SLFDOO\�EHWZHHQ�����DQG�������FDQ�EH�SURGXFHG�� 
(VVHQWLDOO\��WKHUH�LV�D�WUDGH-RII�EHWZHHQ�YROWDJH�JDLQ�DQG�EDQGZLGWK��UDQJH�RI�IUHTXHQFLHV�WKDW�
LV�DPSOLILHG�� 
 7KH�ELJJHU�WKH�YROWDJH�JDLQ��WKH�VPDOOHU�WKH�EDQGZLGWK��DQG�YLFH-YHUVD��� 
 7KH�GLDJUDP�VKRZV�D�WZR-VWDJH�DPSOLILHU�PDGH�IURP�WZR�YROWDJH�DPSOLILHUV��HDFK�ZLWK�D�
EDQGZLGWK�RI����N+]��FDVFDGHG�WRJHWKHU�� 
 (DFK�DPSOLILHU�E\�LWVHOI�KDV�D�JDLQ�RI���[��
+RZHYHU��ZKHQ�WKH\�DUH�FDVFDGHG��WKH�
RYHUDOO�JDLQ�LV����[����� ���������� 
 7KH�ILUVW�DPSOLILHU�KDV�D�EDQGZLGWK�RI����
N+]��DQG�VR�DPSOLILHV�VXFFHVVIXOO\�DOO�
IUHTXHQFLHV�XS�WR���N+]��6R�GRHV�WKH�
VHFRQG�DPSOLILHU��2YHUDOO��WKH�V\VWHP�KDV�
D�EDQGZLGWK�RI����N+]�ZLWK�D�YROWDJH�JDLQ�
RI�������� 
 
· 8VH�\RXU�UHVXOWV�WR�FDOFXODWH�WKH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU� 
 

9ROWDJH�JDLQ� ������������������������������������������������������������������������������� 
 

· )LQG��E\�LQYHVWLJDWLRQ��WKH�PD[LPXP�RXWSXW�VLJQDO�YROWDJH�REWDLQDEOH�EHIRUH�GLVWRUWLRQ�LV�
QRWLFHDEOH"�+RZ�FRXOG�WKH�RXWSXW�YROWDJH�EH�LQFUHDVHG" 

)RU�\RXU�UHFRUGV� 
 
· &RPSDUH�WKH�'&�YROWDJHV�PHDVXUHG�DW�WKH�FROOHFWRU��EDVH�DQG�HPLWWHU�ZLWK�WKRVH�PHDVXUHG�
HDUOLHU�IRU�WKH�FDSDFLWRU�FRXSOHG��XQFRPSHQVDWHG��DPSOLILHU�� 

 · ([SODLQ�ZK\�WKH�VLJQDO�EHFRPHV�GLVWRUWHG�IRU�ODUJHU�LQSXW�VLJQDO�DPSOLWXGHV� 

Z�F 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
3XVK�-�SXOO�DPSOLILHU 
$PSOLILHUV�IDOO�LQWR�WZR�JHQHUDO�FDWHJRULHV��YROWDJH�DPSOLILHUV�DQG�
SRZHU�DPSOLILHUV��7KH�SULRULW\�IRU�WKH�IRUPHU�LV�WR�LQFUHDVH�WKH�
YROWDJH�DPSOLWXGH�RI�WKH�VLJQDO��)RU�WKH�ODWWHU��WKH�DLP�LV�WR�SDVV�
RQ�VLJQLILFDQW�VLJQDO�SRZHU�OHYHOV�WR�DQ�RXWSXW�WUDQVGXFHU�VXFK�DV�
D�ORXGVSHDNHU� 
 6R�IDU��WKH�DPSOLILHUV�KDYH�EHHQ�RI�WKH�IRUPHU�W\SH��,Q�WKLV�
ZRUNVKHHW��\RX�FRQVWUXFW�DQG�WHVW�D�WUDQVLVWRU�SRZHU�DPSOLILHU� 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��
7KLV�WLPH�D��Nȍ�ORDG�UHVLVWRU�LV�
XVHG��WKRXJK��LQ�SUDFWLFH��D�PXFK�
ORZHU�YDOXH�LV�OLNHO\�� 

 · 1RWLFH�WKDW�WKH�'&�SRZHU�VXSSO\�LV�
VHW�WR�RXWSXW��9� 

 · 0HDVXUH�DQG�UHFRUG�WKH�'&�
YROWDJHV�DW�WKH�FROOHFWRU��EDVH�DQG�
HPLWWHU�RI�HDFK�WUDQVLVWRU� 

 · &RQQHFW�WKH�LQSXW�WR�D�VLJQDO�
JHQHUDWRU��VHW�WR�JLYH�DQ�RXWSXW�RI����P9�SHDN-WR-
SHDN�DW��N+]�� 

 · &RQQHFW�D�GXDO�WUDFH�RVFLOORVFRSH�WR�GLVSOD\�LQSXW�
DQG�RXWSXW�ZDYHIRUPV��DV�EHIRUH�� 

 · $GMXVW�WKH�RVFLOORVFRSH�FRQWUROV�WR�GLVSOD\�WZR�F\FOHV�
RI�WKH�ZDYHIRUPV�� 

 · 6NHWFK�WKHVH�RQ�WKH�JULGV�SURYLGHG� 
 · 0HDVXUH�WKH�SHDN-WR-SHDN�YROWDJHV�DW�WKH�LQSXW�DQG�
DW�WKH�RXWSXW�RI�WKH�DPSOLILHU� 

Z�D 

Z�E 

  0HDVXUHPHQW 9ROWDJH 

T1 
'&�FROOHFWRU�YROWDJH   
'&�EDVH�YROWDJH   
'&�HPLWWHU�YROWDJH   

T2 
'&�FROOHFWRU�YROWDJH   
'&�EDVH�YROWDJH   
'&�HPLWWHU�YROWDJH   

 T3 
'&�FROOHFWRU�YROWDJH   
'&�EDVH�YROWDJH   
'&�HPLWWHU�YROWDJH   

,QSXW�YROWDJH��SN�-�SN   
2XWSXW�YROWDJH��SN�-�SN   

Z�F 

,QSXW 2XWSXW 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
3XVK-SXOO�DPSOLILHU 
6R�ZKDW" 
 7KLV�FLUFXLW�XVHV�D�PDWFKHG�FRPSOHPHQWDU\�SDLU�RI�WUDQVLVWRUV��7��LV�131�DQG�7��LV�313�ZLWK�
HTXLYDOHQW�SURSHUWLHV���7KHVH�WZR�WUDQVLVWRUV�GULYH�WKH�ORDG��7��FRQGXFWV�PRUH�KHDYLO\�RQ�SRVL�
WLYH-JRLQJ�KDOI�F\FOHV�RI�WKH�VLJQDO��ZKLOVW�7��FRQGXFWV�PRUH�KHDYLO\�RQ�QHJDWLYH�KDOI-F\FOHV�� 
 (DFK�RQH�LV�FRQQHFWHG�DV�DQ�HPLWWHU-IROORZHU��RU�FRPPRQ�FROOHFWRU�DPSOLILHU��� 
7KH�HPLWWHU�IROORZHU� 
7KH�FLUFXLW�GLDJUDP�IRU�WKH�VLPSOH�HPLWWHU�IROORZHU��XVLQJ�
DQ�QSQ�WUDQVLVWRU��LV�VKRZQ�RSSRVLWH� 
 :KHQ�WKH�QSQ�WUDQVLVWRU�LV�FRQGXFWLQJ��WKHUH�LV�D����9�
GURS�EHWZHHQ�WKH�EDVH�DQG�WKH�HPLWWHU� 
$V�D�UHVXOW� 9287� �9,1�–������L�H���9287�»�9,1� 
 7KH�RXWSXW�FXUUHQW��,287��LV�DFWXDOO\�WKH�HPLWWHU�FXUUHQW�,(�
RI�WKH�WUDQVLVWRU�DQG�WKH�LQSXW�FXUUHQW��,,1��LV�WKH�EDVH�FXU�
UHQW�,%� 
 1RZ ,(� �,%���,& 
DQG ,&� �K)(�[�,%��ZKHUH�,&� �FROOHFWRU�FXUUHQW��
DQG�K)(� �FXUUHQW�JDLQ�RI�WUDQVLVWRU� 
$V�K)(�!!���� ,&�!!,%��DQG�VR ,(�!!�,%� 
 ,Q�RWKHU�ZRUGV� ,287�!!�,,1 
 +HQFH�3287�� 9287�[�,287��!!�3,1�� �9,1�;�,,1���7KH�FLUFXLW�LV�D�SRZHU�DPSOLILHU� 
 $�WKLUG�WUDQVLVWRU��7���LV�XVHG�DV�D�GULYHU��7KLV�VWDJH�RSHUDWHV�DV�D�FRQYHQWLRQDO�FRPPRQ�HPLW�
WHU�DPSOLILHU�-�WKH�RQH�\RX�LQYHVWLJDWHG�LQ�:RUNVKHHW��� 
 
· 8VH�\RXU�UHVXOWV�WR�FDOFXODWH�WKH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU� 
 

9ROWDJH�JDLQ� ������������������������������������������������������������������������������� 
 · ,QFUHDVH�WKH�LQSXW�VLJQDO�DPSOLWXGH�DQG�REVHUYH�WKH�GLVWRUWLRQ�SURGXFHG�ZKHQ�WKH�DPSOLILHU�
LV�RYHU-GULYHQ��+RZ�FRXOG�WKLV�GLVWRUWLRQ�EH�UHGXFHG" 

 · 5HGXFH�WKH�VLJQDO�DPSOLWXGH�WR����P9�SN-SN��RU�OHVV��DQG�REVHUYH�WKH�GLVWRUWLRQ�SURGXFHG�DW�
WKH�]HUR�YROWDJH�FURVVLQJ�SRLQWV��([SODLQ�KRZ�WKLV�DULVHV� 

)RU�\RXU�UHFRUGV� 
 
· ([SODLQ�ZK\�WKH�RSWLPXP�YDOXH�IRU�WKH�YROWDJH�DW�WKH�MXQFWLRQ�RI�WKH�HPLWWHUV�RI�7��DQG�7��LV�
KDOI�WKDW�RI�WKH�VXSSO\��L�H������9�IRU�WKLV�FLUFXLW�� 

Z�F 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
7ZLQ�-�7�RVFLOODWRU 

 9DULRXV�IRUPV�RI�RVFLOODWRU�DUH�XVHG�LQ�DYLRQLF�V\VWHPV�WR�
SURGXFH�D�YDULHW\�RI�ZDYHIRUPV���$�VLQJOH�VWDJH�FRPPRQ-
HPLWWHU�DPSOLILHU�DQG�D�IUHTXHQF\�VHOHFWLYH�IHHGEDFN�QHWZRUN�
FDQ�EH�XVHG�DV�D�VLPSOH�VLQXVRLGDO�RVFLOODWRU� 
 ,Q�WKLV�ZRUNVKHHW�\RX�LQYHVWLJDWH�WKH�RSHUDWLRQ�RI�D�VLPSOH�
SKDVH-VKLIW�RVFLOODWRU��7KH�SKDVH�VKLIW�LV�SURYLGHG�E\�WZR�
SDUDOOHO�FRQQHFWHG�5&�QHWZRUNV�LQ�D�³7ZLQ�-7´�DUUDQJHPHQW� 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��7KLV�WLPH�WKHUH�
LV�QR�ORDG�UHVLVWRU�� 

 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW��9� 
 · 0HDVXUH�DQG�UHFRUG�WKH�'&�YROWDJHV�DW�WKH�
FROOHFWRU��EDVH�DQG�HPLWWHU�RI�WKH�WUDQVLVWRU� 

 · &RQQHFW�D�GXDO�WUDFH�RVFLOORVFRSH�WR�GLVSOD\�WKH�
RXWSXW�ZDYHIRUP�� 

 · $GMXVW�WKH�RVFLOORVFRSH�FRQWUROV�WR�GLVSOD\�WZR�
F\FOHV�RI�WKH�ZDYHIRUP�� 

 · 6NHWFK�WKLV�RQ�WKH�JULG�SURYLGHG�DQG�ODEHO�WKH�
YROWDJH�DQG�WLPH�D[HV� 

 · 0HDVXUH�DQG�UHFRUG�WKH�SHDN-SHDN�RXWSXW�
YROWDJH� 

 · 0HDVXUH�DQG�UHFRUG�WKH�WLPH�IRU�RQH�FRPSOHWH�
F\FOH�RI�WKH�ZDYH��L�H��WKH�SHULRGLF�WLPH�� 

 · �8VH�WKLV�PHDVXUHPHQW�DQG�WKH�IRUPXOD� 
  IUHTXHQF\� �����SHULRG 
 WR�FDOFXODWH�WKH�IUHTXHQF\�RI�WKH�RXWSXW�VLJQDO�� 
 5HFRUG�\RXU�UHVXOW�LQ�WKH�WDEOH� 

Z�D 

Z�E 

0HDVXUHPHQW 9DOXH 
'&�ELDV�YROWDJH�DW�FROOHFWRU   
'&�ELDV�YROWDJH�DW�EDVH   
'&�ELDV�YROWDJH�DW�HPLWWHU   
2XWSXW�YROWDJH��SN�-�SN   
3HULRGLF�WLPH   
&DOFXODWHG�IUHTXHQF\  

Z�F 

2XWSXW�signal 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW�� 
7ZLQ�-�7�RVFLOODWRU 

6R�ZKDW" 
 
7KH��7ZLQ-7��RVFLOODWRU�XVHV�WZR��7��5&�QHWZRUNV�� 

· 7KH�5-&-5��7��DFWV�DV�D�ORZ-SDVV�ILOWHU�� 
· 7KH�&-5-&��7��DFWV�DV�D�KLJK-SDVV�ILOWHU�� 

 7KHVH�DUH�FRQQHFWHG�LQ�SDUDOOHO��DQG�SURYLGH�QHJDWLYH�IHHGEDFN�WR�WKH�WUDQVLVWRU��7KLV�UHGXFHV�
WKH�YROWDJH�JDLQ�IRU�DOO�IUHTXHQFLHV�SDVVHG�E\�WKH�ILOWHUV��7KH�UHVRQDQW�IUHTXHQF\�RFFXUV�ZKHUH�
QHJDWLYH�IHHGEDFN�LV�D�PLQLPXP��L�H��IRU�WKH�FHQWUH�IUHTXHQF\�EORFNHG�E\�ERWK�ILOWHUV�� 
 7KH�WUDQVLVWRU�SURGXFHV�D�SKDVH�VKLIW�RI������ZKLOVW�WKH�IHHGEDFN�QHWZRUN�SURYLGHV�D�IXUWKHU�
�����WKXV�HQVXULQJ�WKDW�WKH�VLJQDO�IHG�EDFN�IURP�WKH�RXWSXW�WR�WKH�LQSXW�DUULYHV�LQ-SKDVH�� 
 3URYLGHG�WKH�WUDQVLVWRU�DPSOLILHU�KDV�D�YROWDJH�JDLQ�JUHDWHU�WKDQ�WKH�ORVVHV�DVVRFLDWHG�ZLWK�WKH�
IHHGEDFN�QHWZRUN��RVFLOODWLRQ�ZLOO�EXLOG�XS�DW�WKH�UHVRQDQW�IUHTXHQF\��DQG�D�FRQWLQXRXV�VLQH�
ZDYH�RXWSXW�ZLOO�EH�SURGXFHG�� 

)RU�\RXU�UHFRUGV� 
 
· ,QYHVWLJDWH�KRZ�WKH�RXWSXW�IUHTXHQF\�FDQ�EH�FRQWUROOHG�E\�FKDQJLQJ�WKH�YDOXHV�RI�WKH�
FRPSRQHQWV�LQ�WKH�5&�QHWZRUNV��'RFXPHQW�\RXU�ILQGLQJV� 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW��� 
/DGGHU�RVFLOODWRU 
7KH�ODGGHU�RVFLOODWRU��DOVR�FDOOHG�WKH�SKDVH�VKLIW�RVFLOODWRU�LV�
DQRWKHU�H[DPSOH�RI�D�VLQXVRLGDO�RVFLOODWRU�LQ�ZKLFK�D�IHHGEDFN�
QHWZRUN�SURYLGHV�WKH�QHFHVVDU\�SKDVH�VKLIW�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�LQYHVWLJDWH�WKH�RSHUDWLRQ�RI�D�VLPSOH�WKUHH
-VHFWLRQ�ODGGHU�RVFLOODWRU� 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��
$JDLQ��WKHUH�LV�QR�ORDG�UHVLVWRU�� 

 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW�
����9� 

 · 0HDVXUH�DQG�UHFRUG�WKH�'&�
YROWDJHV�DW�WKH�FROOHFWRU��EDVH�DQG�
HPLWWHU�RI�WKH�WUDQVLVWRU� 

 · &RQQHFW�D�GXDO�WUDFH�RVFLOORVFRSH�
WR�GLVSOD\�WKH�RXWSXW�ZDYHIRUP�� 

 · $GMXVW�WKH�RVFLOORVFRSH�FRQWUROV�WR�
GLVSOD\�WZR�F\FOHV�RI�WKH�ZDYHIRUP�� 

 · 6NHWFK�WKLV�RQ�WKH�JULG�SURYLGHG�DQG�ODEHO�WKH�
YROWDJH�DQG�WLPH�D[HV� 

 · 0HDVXUH�DQG�UHFRUG�WKH�SHDN-SHDN�RXWSXW�
YROWDJH� 

 · 0HDVXUH�DQG�UHFRUG�WKH�SHULRG�RI�WKH�ZDYH� 
 · �8VH�WKLV�PHDVXUHPHQW�DQG�WKH�IRUPXOD� 
  IUHTXHQF\� �����SHULRG 
 WR�FDOFXODWH�WKH�IUHTXHQF\�RI�WKH�RXWSXW�VLJQDO�� 
 5HFRUG�\RXU�UHVXOW�LQ�WKH�WDEOH� 

0HDVXUHPHQW 9DOXH 
'&�ELDV�YROWDJH�DW�FROOHFWRU   
'&�ELDV�YROWDJH�DW�EDVH   
'&�ELDV�YROWDJH�DW�HPLWWHU   
2XWSXW�YROWDJH��SN�-�SN   
3HULRGLF�WLPH   
&DOFXODWHG�IUHTXHQF\  

Z�F 

2XWSXW�signal 

Z��E 

Z��D 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW��� 
/DGGHU�RVFLOODWRU 

6R�ZKDW" 
 
7KLV�FLUFXLW�XVHV�WZR�131�WUDQVLVWRUV�LQ�DQ�DUUDQJHPHQW�NQRZQ�DV�D�'DUOLQJWRQ�SDLU��7KH�DLP�LV�
WR�LQFUHDVH�WKH�RYHUDOO�FXUUHQW�JDLQ��$�'DUOLQJWRQ�SDLU�EHKDYHV�OLNH�D�VLQJOH�WUDQVLVWRU�ZLWK�D�
KLJK�FXUUHQW�JDLQ��DSSUR[LPDWHO\�HTXDO�WR�WKH�SURGXFW�RI�WKH�JDLQV�RI�WKH�WZR�WUDQVLVWRUV�� 
 7UDQVLVWRUV�DFW�DV�LQYHUWLQJ�DPSOLILHUV��DV�\RX�VDZ�HDUOLHU��,Q�RWKHU�ZRUGV��WKH\�LQWURGXFH�D�
SKDVH�VKLIW�RI������EHWZHHQ�WKH�VLJQDO�DW�WKH�EDVH�DQG�WKH�VLJQDO�DW�WKH�FROOHFWRU� 
 $�VLQJOH�5&�QHWZRUN�DOVR�SURGXFHV�D�SKDVH�VKLIW��EXW�WKLV�GHSHQGV�RQ�WKH�IUHTXHQF\�RI�WKH�
VLJQDO��7KH�PD[LPXP�YDOXH�RI�SKDVH�VKLIW�IRU�D�VLQJOH�5&�FRPELQDWLRQ�LV����� 
 ,Q�WKLV�FDVH��DW�RQH�SDUWLFXODU�IUHTXHQF\��WKH�WKUHH-VHFWLRQ�5&�ODGGHU�SURGXFHV�D������SKDVH�
VKLIW��(DFK�5&�VWDJH�SURYLGHV�D�SKDVH�VKLIW�RI�����JLYLQJ�D�WRWDO�SKDVH�VKLIW�RI������� 
 7KH�WRWDO�SKDVH�VKLIW��RI�5&�ODGGHU�SOXV�WUDQVLVWRU���LV�WKHUHIRUH������EXW�RQO\�DW�WKDW�RQH�
SDUWLFXODU�IUHTXHQF\��7KLV�DPRXQWV�WR�SRVLWLYH�IHHGEDFN��3RVLWLYH�IHHGEDFN�PHDQV�WKDW�WKH�
LQSXW��EDVH��UHFHLYHV�D�IHG�EDFN�VLJQDO�ZKLFK�LV�LQ�SKDVH�ZLWK�WKH�DSSOLHG�VLJQDO�DQG�ZKLFK�
WKHUHIRUH�DGGV�WR�LW��7KDW�FRPELQHG�VLJQDO�LV�WKHQ�DPSOLILHG�DQG�D�IUDFWLRQ�RI�WKDW�IHG�EDFN�WR�
WKH�LQSXW��WR�DXJPHQW�LW�VWLOO�IXUWKHU��DQG�VR�RQ��3RVLWLYH�IHHGEDFN�FDXVHV�WKH�FLUFXLW�WR�RVFLOODWH�
DW�WKDW�IUHTXHQF\�� 
 $V�EHIRUH��WKH�WUDQVLVWRU�DPSOLILHU�LV�QHHGHG�WR�FDQFHO�RXW�ORVVHV�FDXVHG�E\�WKH�FRPSRQHQWV�RI�
WKH�5&�QHWZRUN�DQG�KHQFH�PDLQWDLQ�WKH�RVFLOODWLRQV�� 
 $�GLVDGYDQWDJH�RI�WKLV�DQG�VLPLODU�FLUFXLWV�LV�WKDW�LW�LV�QRW�SUDFWLFDEOH�WR�KDYH�D�YDULDEOH�
IUHTXHQF\�RXWSXW��7KDW�ZRXOG�UHTXLUH�DOWHULQJ�DOO�WKUHH�FDSDFLWRUV�LQ�VWHS�ZLWK�HDFK�RWKHU� 

)RU�\RXU�UHFRUGV� 
 
· :KDW�W\SH�RI�ZDYHIRUP�GRHV�WKLV�FLUFXLW�JHQHUDWH" 
 
· ,QYHVWLJDWH�KRZ�WKH�RXWSXW�IUHTXHQF\�FDQ�EH�FRQWUROOHG�E\�FKDQJLQJ�WKH�YDOXHV�RI�WKH�
FRPSRQHQWV�LQ�WKH�5&�QHWZRUNV��'RFXPHQW�\RXU�ILQGLQJV� 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW��� 
$VWDEOH�PXOWLYLEUDWRU 

7KH�DVWDEOH�PXOWLYLEUDWRU�SURYLGHV�XV�ZLWK�D�FRQYHQLHQW�ZD\�RI�
JHQHUDWLQJ�D�VTXDUH�ZDYH�� 
 ,Q�WKLV�ZRUN�VKHHW�\RX�ZLOO�FRQVWUXFW�DQG�WHVW�DQ�DVWDEOH�
PXOWLYLEUDWRU�FLUFXLW��7KH�IUHTXHQF\�RI�RVFLOODWLRQ�LV�VR�ORZ�WKDW�
ZH�FDQ�REVHUYH�WKH�EHKDYLRXU�RQ�WKH�/('V�XVHG�DV�ORDGV�IRU�
WKH�FLUFXLW��,Q�SUDFWLFH��WKLV�FLUFXLW�FDQ�EH�PDGH�WR�JHQHUDWH�
PXFK�KLJKHU�IUHTXHQFLHV� 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��7KH�SURWHFWLYH�
UHVLVWRU�5�LV�LQFOXGHG�LQ�WKH�/('�FDUULHU� 

 
 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW��9� 
 · 2EVHUYH�WKH�WZR�/('V�-�WKH\�VKRXOG�IODVK�
DOWHUQDWHO\� 

 · 1RZ�UHSODFH�WKH���m)�FDSDFLWRUV�ZLWK����Q)�
FDSDFLWRUV�DQG�REVHUYH�WKH�HIIHFW� 

 · &RQQHFW�D�GXDO�WUDFH�RVFLOORVFRSH�WR�GLVSOD\�WKH�
RXWSXW�ZDYHIRUP��&RQQHFW�FKDQQHO�$�WR�WKH�
FROOHFWRU�RI�WUDQVLVWRU�7���DQG�FKDQQHO�%�WR�WKH� 

 EDVH�RI�7���7KH�FRPPRQ�JURXQG�FRQQHFWLRQ�LV�
WDNHQ�WR�WKH�QHJDWLYH�VXSSO\�UDLO� 

 · $GMXVW�WKH�RVFLOORVFRSH�FRQWUROV�WR�GLVSOD\�WZR�
F\FOHV�RI�WKH�ZDYHIRUPV�� 

 · 6NHWFK�WKHP�RQ�WKH�JULG�SURYLGHG�DQG�ODEHO�WKH�
YROWDJH�DQG�WLPH�D[HV� 

 · 0HDVXUH�DQG�UHFRUG�WKH�SHDN-SHDN�RXWSXW�YROWDJH�RQ�FKDQQHOV�$�DQG�%� 
 · 0HDVXUH�DQG�UHFRUG�WKH�SHULRG�RI�WKH�ZDYH��8VH�WKLV�WR�FDOFXODWH�WKH�IUHTXHQF\�RI�WKH�
RXWSXW� VLJQDO��5HFRUG�
\RXU�UHVXOW� LQ� WKH�WDEOH� 

Z��D 

Z��E 

0HDVXUHPHQW 9DOXH 
2XWSXW�YROWDJH�-&K�$   

3HULRGLF�WLPH   
&DOFXODWHG�IUHTXHQF\  

2XWSXW�YROWDJH�-&K�%  

Z�F 

&KDQQHO�$ &KDQQHO�% 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

:RUNVKHHW��� 
$VWDEOH�PXOWLYLEUDWRU 

6R�ZKDW" 
 
7KLV�RVFLOODWRU�VHUYHV�D�GLIIHUHQW�SXUSRVH�WR�WKRVH�VWXGLHG�HDUOLHU��7KH\�KDG�D�VLQJOH�UHVRQDQW�
IUHTXHQF\��7KDW�PHDQW�WKDW�WKH\�SURGXFHG�DQ�RXWSXW�DW�D�VLQJOH�IUHTXHQF\�L�H��D�VLQH�ZDYH�� 
 ,Q�WKLV�FLUFXLW��WKH�WUDQVLVWRUV�DUH�DOWHUQDWHO\�GULYHQ�LQWR�VDWXUDWLRQ��VZLWFKHG�RQ��DQG�WKHQ�
WXUQHG�RII��$V�D�UHVXOW��WKH�RXWSXW�LV�D�VTXDUH�ZDYH��,Q�IUHTXHQF\�WHUPV��WKLV�LV�DQ�HQGOHVV�VH�
ULHV�RI�KLJKHU�DQG�KLJKHU�IUHTXHQFLHV��QRW�MXVW�WKH�VLQJOH�IUHTXHQF\�VHHQ�HDUOLHU� 
 7KH�FLUFXLW�KDV�WZR�VWDEOH�VWDWHV�WKDW�FKDQJH�DOWHUQDWHO\�EHFDXVH�RI�WKH�SRVLWLYH�IHHGEDFN�SUR�
YLGHG�E\�WKH�WZR�FDSDFLWRUV��7KHVH�WUDQVIHU�YROWDJH�FKDQJHV�µLQVWDQWO\¶��EHFDXVH�WKH�YROWDJH�
DFURVV�D�FDSDFLWRU�LV�IL[HG�XQWLO�WKHUH�KDV�EHHQ�WLPH�IRU�FKDUJH�WR�IORZ�WR�RU�IURP�LWV�SODWHV��7KH�
UDWH�DW�ZKLFK�VZLWFKLQJ�RFFXUV�GHSHQGV�RQ�WKH�WLPH�FRQVWDQW�RI�WKH�EDVH�UHVLVWRUV�DQG�FRXSOLQJ�
FDSDFLWRUV�� 
 ,Q�HDFK�VWDWH��RQH�WUDQVLVWRU�LV�VZLWFKHG�RQ�DQG�WKH�RWKHU�LV�VZLWFKHG�RII��7KH�EDVH�RI�RQH�WUDQ�
VLVWRU�LV�DW����9��ZKLOH�WKH�RWKHU�LV�DW�D�ORZ�YROWDJH��7KH�FDSDFLWRU�FRQQHFWHG�WR�LW�FKDUJHV�XQWLO�
WKH�EDVH�UHDFKHV�DURXQG����9��ZKHQ�WKH�WUDQVLVWRU�WXUQV�RQ���,WV�FROOHFWRU�GURSV�WR�QHDU��9��
DQG�WKLV�FKDQJH�LV�WUDQVPLWWHG�WR�WKH�EDVH�RI�WKH�RWKHU�WUDQVLVWRU��WXUQLQJ�LW�RII��7KH�SURFHVV�
WKHQ�UHSHDWV��7KH�IRUZDUG-ELDVHG�EDVH-HPLWWHU�MXQFWLRQ�RI�WKH�µRQ¶�WUDQVLVWRU�SURYLGHV�D�SDWK�IRU�
WKH�FDSDFLWRUV�WR�FKDUJH���GLVFKDUJH� 
 6TXDUH�ZDYH�RXWSXWV�KDYH�PDQ\�DSSOLFDWLRQV��,Q�GLJLWDO�FLUFXLWV��IRU�H[DPSOH��WKH\�SURYLGH�
FORFN�SXOVHV�WR�FRXQWHUV��,Q�PRUH�FRPSOH[�V\VWHPV��WKH\�FDQ�V\QFKURQLVH�RSHUDWLRQV�DFURVV�
WKH�V\VWHP� 
 7KLV�FLUFXLW�KDV�D�YLVXDO�RXWSXW��ZLWK�/('V�DV�ORDGV��EXW�LQ�SUDFWLFDO�FLUFXLWV��ZLWK�VZLWFKLQJ�DW�D�
PXFK�KLJKHU�IUHTXHQF\��ZH�ZRXOG�VLPSO\�XVH�UHVLVWRUV� 

)RU�\RXU�UHFRUGV� 
 
· ([DPLQH�WKH�WZR�ZDYHIRUPV��,GHQWLI\�WKH�WLPHV�ZKHQ�7��LV�LQ�µRQ¶�DQG�7��LV�¶RII¶��DQG�PDUN�
WKHVH�RQ�WKH�JUDSKV�� 

 · ,QYHVWLJDWH�KRZ�WKH�RXWSXW�IUHTXHQF\�FDQ�EH�FRQWUROOHG�E\�FKDQJLQJ�WKH�YDOXHV�RI�WKH�
FRPSRQHQWV�LQ�WKH�5&�QHWZRUNV��'RFXPHQW�\RXU�ILQGLQJV� 

 · ,QYHVWLJDWH�WKH�HIIHFW�RQ�ZDYHIRUP�DQG�GXW\�F\FOH�RI�XVLQJ�GLIIHUHQW�YDOXHV�IRU�WKH�WZR�
FDSDFLWRUV��H�J�����Q)�DQG���)� 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�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�������� 
 
���:KHQ�WHVWLQJ�D�WUDQVLVWRU�ZLWK�DQ�RKPPHWHU��ZKDW�UHVLVWDQFH�ZLOO�EH�PHDVXUHG�EHWZHHQ�EDVH�DQG�FROOHFWRU" 
�D�� KLJK�UHVLVWDQFH�RQH�ZD\ 
�E�� KLJK�UHVLVWDQFH�ERWK�ZD\V 
�F�� ORZ�UHVLVWDQFH�ERWK�ZD\V� 
 
���$�VLOLFRQ�WUDQVLVWRU�KDV�D�EDVH-HPLWWHU�YROWDJH�RI��9��,Q�WKLV�FRQGLWLRQ�WKH�WUDQVLVWRU�ZLOO�EH� 
�D�� FRQGXFWLQJ�KHDYLO\ 
�E�� FRQGXFWLQJ�VOLJKWO\ 
�F�� WXUQHG�RII� 
 
���7KH�GHYLFH�VKRZQ�LV� 
�D�� DQ�131�WUDQVLVWRU 
�E�� D�313�WUDQVLVWRU 
�F�� DQ�1-FKDQQHO�-)(7� 
 
���,Q�D�313�WUDQVLVWRU�� FRQYHQWLRQDO�FXUUHQW� 
�D�� IORZV�LQWR�WKH�FROOHFWRU 
�E�� IORZV�RXW�RI�WKH�FROOHFWRU 
�F�� WKHUH�LV�QR�FXUUHQW�IORZ�LQ�WKH�FROOHFWRU� 
 
���)RU�D�WUDQVLVWRU�WR�FRQGXFW��WKH�EDVH-HPLWWHU�MXQFWLRQ�VKRXOG�EH� 
�D�� IRUZDUG�ELDVHG 
�E�� UHYHUVH�ELDVHG 
�F�� IRUZDUG�RU�UHYHUVH�ELDVHG�DV�DSSURSULDWH�WR�WKH�LQSXW�VLJQDO� 
 
���7KH�W\SLFDO�YDOXH�RI�FRPPRQ�HPLWWHU�FXUUHQW�JDLQ�IRU�D�WUDQVLVWRU�LV� 
�D�� ���WR��� 
�E�� ���WR���� 
�F�� PRUH�WKDQ����� 
 
���,Q�D�FRPPRQ�HPLWWHU�DPSOLILHU��WKH�LQSXW�VLJQDO�LV�WDNHQ�WR�WKH� 
�D�� EDVH 
�E�� FROOHFWRU 
�F�� HPLWWHU� 
 
 
���7KH�FRQQHFWLRQ�PDUNHG�;�LQ�WKH�GLDJUDP�LV� 
�D�� WKH�HPLWWHU 

UT� 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

4XHVWLRQV 
 

�E�� WKH�EDVH 
�F�� WKH�FROOHFWRU� 
 
���:KHQ�D�WUDQVLVWRU�DPSOLILHU�XVHV�FRPPRQ� HPLWWHU�PRGH� 
�D�� WKH�LQSXW�VLJQDO�LV�FRQQHFWHG�WR�WKH� HPLWWHU�DQG�WKH�RXWSXW�LV�WDNHQ�IURP�WKH�FROOHFWRU 
�E�� WKH�LQSXW�VLJQDO�LV�FRQQHFWHG�WR�WKH�EDVH�DQG�WKH�RXWSXW�LV�WDNHQ�IURP�WKH�FROOHFWRU 
�F�� WKH�LQSXW�VLJQDO�LV�FRQQHFWHG�WR�WKH�FROOHFWRU�DQG�WKH�RXWSXW�LV�WDNHQ�IURP�WKH�HPLWWHU� 
 
����:KHQ�D�WUDQVLVWRU�LV�XVHG�LQ�D�FRQYHQWLRQDO�DPSOLILHU�VWDJH� 
�D�� ERWK�MXQFWLRQV�DUH�IRUZDUG�ELDVHG� 
�E�� WKH�FROOHFWRU-EDVH�MXQFWLRQ�LV�IRUZDUG�ELDVHG�DQG�WKH�EDVH-HPLWWHU�MXQFWLRQ�LV�UHYHUVH�ELDVHG 
�F�� WKH�FROOHFWRU-EDVH�MXQFWLRQ�LV�UHYHUVH�ELDVHG�DQG�WKH�EDVH-HPLWWHU�MXQFWLRQ�LV�IRUZDUG�ELDVHG 
 
����7KH�FROOHFWRU�FXUUHQW�IORZLQJ�LQ�D�WUDQVLVWRU�LV�����P$�ZKHQ�WKH�EDVH�FXUUHQW�LV���P$��:KLFK�RQH�RI�WKH�

IROORZLQJ�JLYHV�WKH�YDOXH�RI�FRPPRQ�HPLWWHU�FXUUHQW�JDLQ" 
�D�� �� 
�E�� �� 
�F�� ���� 
 
����$�WUDQVLVWRU�VZLWFK�LV�VDWXUDWHG�ZKHQ�WKHUH�LV� 
�D�� QR�FXUUHQW�DSSOLHG�WR�WKH�EDVH�DQG�QR�FXUUHQW�IORZLQJ�LQ�WKH�FROOHFWRU 
�E�� QR�FXUUHQW�DSSOLHG�WR�WKH�EDVH�DQG�PD[LPXP�FXUUHQW�IORZLQJ�LQ�WKH�FROOHFWRU 
�F�� QR�LQFUHDVH�LQ�FROOHFWRU�FXUUHQW�IRU�D�IXUWKHU�LQFUHDVH�LQ�EDVH�FXUUHQW� 
 
����,Q�DQ�131�WUDQVLVWRU�DPSOLILHU�VWDJH� 
�D� WKH�FROOHFWRU�LV�PRUH�SRVLWLYH�WKDQ�WKH�EDVH 
�E� WKH�HPLWWHU�LV�PRUH�SRVLWLYH�WKDQ�WKH�EDVH 
�F� WKH�EDVH�LV�PRUH�SRVLWLYH�WKDQ�WKH�FROOHFWRU� 
 
����7KH�WZR�WUDQVLVWRUV�XVHG�LQ�DQ�DVWDEOH�PXOWLYLEUDWRU� 
�D�� FRQGXFW�RQ�DOWHUQDWH�KDOI-F\FOHV�RI�WKH�VTXDUH�ZDYH�RXWSXW 
�E� FRQGXFW�RQ�DOWHUQDWH�KDOI-F\FOHV�RI�WKH�VLQH�ZDYH�RXWSXW 
�F� FRQGXFW�RQ�ERWK�SRVLWLYH�DQG�QHJDWLYH�KDOI-F\FOHV�RI�WKH�VTXDUH�ZDYH�RXWSXW� 
 
����,Q�D�VLQH-ZDYH�RVFLOODWRU�XVLQJ�D�VLQJOH�WUDQVLVWRU�LQ�FRPPRQ-HPLWWHU�PRGH� 
�D� QR�IHHGEDFN�LV�UHTXLUHG�DV�WKH�WUDQVLVWRU�SURYLGHV�D�SKDVH�VKLIW�RI����° 
�E� WKH�IUHTXHQF\-GHWHUPLQLQJ�IHHGEDFN�FLUFXLW�PXVW�SURYLGH�D�SKDVH�VKLIW�RI����° 
�F� WKH�WUDQVLVWRU�RSHUDWHV�DV�D�VDWXUDWHG�VZLWFK�DQG�WKH�IUHTXHQF\�LV�GHWHUPLQHG�E\�FKDUJH�GLVFKDUJH�WLPHV� 
 
 
 

$QVZHUV�DUH�SURYLGHG�RQ�SDJH��� 

UT� 
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3DJH��� 

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

�$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� 

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

· KRZ�WR�FDUU\�RXW�VLPSOH�IXQFWLRQDO�WHVWV�RQ�WUDQVLVWRUV� 
· XVLQJ�D�PXOWLPHWHU� 
· XVLQJ�D�SRZHU�VXSSO\�DQG�GLUHFW�FXUUHQW�PHDVXUHPHQWV� 

· WKH�EDVLF�WUDQVIHU�DQG�RXWSXW�FKDUDFWHULVWLFV�RI�D�VLOLFRQ�WUDQVLVWRU�LQ�FRPPRQ-HPLWWHU�PRGH� 
· KRZ�WR�GHWHUPLQH�WKH�FXUUHQW�JDLQ�RI�D�WUDQVLVWRU�IURP�WKH�WUDQVIHU�FKDUDFWHULVWLF� 
· KRZ�WR�GHWHUPLQH�WKH�RXWSXW�UHVLVWDQFH�RI�D�WUDQVLVWRU�IURP�WKH�RXWSXW�FKDUDFWHULVWLF� 
· WKH�XVH�RI�WUDQVLVWRUV�LQ�VLPSOH�FRPPRQ-HPLWWHU�DPSOLILHU�VWDJHV� 
· H[SODLQ�WKH�XVH�RI�'&�ELDVLQJ�LQ�D�FRPPRQ-HPLWWHU�DPSOLILHU� 
· KRZ�WR�FDOFXODWH�WKH�YROWDJH�JDLQ�RI�D�WUDQVLVWRU�DPSOLILHU� 
· WKH�XVH�RI�HPLWWHU�UHVLVWRU�DQG�E\SDVV�FDSDFLWRU�LQ�D�VWDELOLVHG�FRPPRQ-HPLWWHU�DPSOLILHU� 
· WR�UHFRJQLVH�DQG�UHPHG\�GLVWRUWLRQ�LQ�D�WUDQVLVWRU�FRPPRQ-HPLWWHU�DPSOLILHU� 
· WR�FRPSDUH�WKH�XVH�RI�FDSDFLWRUV�DQG�WUDQVIRUPHUV�LQ�FRXSOLQJ�WUDQVLVWRU�YROWDJH�DPSOLILHUV�WR�

WKHLU�RXWSXWV� 
· WR�REWDLQ�WKH�IUHTXHQF\�VSHFWUXP�IRU�DQ�DPSOLILHU� 
· WKH�DGYDQWDJHV�RI�PXOWL-VWDJH�DPSOLILHUV� 
· WR�GLVWLQJXLVK�EHWZHHQ�WKH�IXQFWLRQV�RI�YROWDJH�DPSOLILHUV�DQG�SRZHU�DPSOLILHUV� 
· WKH�XVH�RI�WUDQVLVWRUV�LQ�SXVK-SXOO�DPSOLILHU�VWDJHV� 
· WR�H[SODLQ�WKH�XVH�RI�DQ�HPLWWHU�IROORZHU�DV�D�SRZHU�DPSOLILHU� 
· GHVFULEH�WKH�UROH�RI�SRVLWLYH�IHHGEDFN�LQ�RVFLOODWRU�FLUFXLWV� 
· WKH�XVH�RI�WUDQVLVWRUV�LQ�SKDVH-VKLIW��WZLQ-7�DQG�ODGGHU��VLQXVRLGDO�RVFLOODWRUV� 
· WR�OLVW�XVHV�RI�DVWDEOH�FLUFXLWV� 
· WKH�XVH�RI�WUDQVLVWRUV�LQ�DVWDEOH�PXOWLYLEUDWRU�RVFLOODWRUV� 

$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��0RGXOH����(OHFWULFDO�)XQ�
GDPHQWDOV��RU�VKRXOG�KDYH�HTXLYDOHQW�NQRZOHGJH�DW�/HYHO��� 

7XWRU¶V�QRWHV 
 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

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�$LUFUDIW�0DLQWHQDQFH�.LW��7KH�HOHFWULFDO���HOHFWURQLF�SDUWV�UHTXLUHG�IRU�WKLV�ZRUNERRN�DUH�OLVWHG�RQ�WKH�QH[W�SDJH��1RWH�WKDW�WKH�$LUFUDIW�0DLQWHQDQFH�.LW�FRQWDLQV�PDQ\�RWKHU�SDUWV�WKDW�DUH�XVHG�LQ�WKH�RWKHU�ZRUNERRNV�WKDW�WRJHWKHU�FRYHU�DVSHFWV�RI�0RGXOH���DQG���� 
 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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3DJH��� 

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

7XWRU¶V�QRWHV 
 

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

7XWRU¶V�QRWHV 
 

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� 



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  ,Q�WKH�ILUVW�ZRUNVKHHW��VWXGHQWV�FDUU\�RXW�VRPH�VLPSOH�IXQFWLRQDO�FKHFNV�RQ�D�WUDQVLVWRU��$�EULHI�LQWURGXFWLRQ�WR�WKLV�DFWLYLW\�FRXOG�EH�XVHIXO�DQG�VWXGHQWV�VKRXOG�EH�UHPLQGHG�WKDW�D�WUDQVLVWRU�FRPSULVHV�WZR�3-1�MXQFWLRQV�DQG�HDFK�FDQ�EH�FRQVLGHUHG�WR�DFW�OLNH�D�GLRGH��FRQGXFWLQJ�FXUUHQW�LQ�RQH�GLUHFWLRQ�RQO\��� 

 7XWRUV�PD\�ZLVK�WR�GHPRQVWUDWH�WKH�XVH�RI�D�PXOWLPHWHU�ZLWK�D�WUDQVLVWRU�FKHFN�IDFLOLW\�RU�D�GHGLFDWHG�WUDQVLVWRU�WHVWHU��$OWHUQDWLYHO\��ZKHUH�WKHVH�LQVWUXPHQWV�DUH�QRW�DYDLODEOH��WXWRUV�FRXOG�VKRZ�KRZ�IRUZDUG�DQG�UHYHUVH�UHVLVWDQFH�UHDGLQJV�FDQ�EH�XVHG�WR�LQGLFDWH�WKH�µJR�QR-JR¶�VWDWXV�RI�HDFK�RI�WKH�MXQFWLRQV�ZLWKLQ�D�WUDQVLVWRU�� 
 7KH�PHWKRG�WKDW�VWXGHQWV�VKRXOG�DGRSW�LQ�WKLV�ZRUNVKHHW�LQYROYHV�PHDVXUHPHQW�RI�WKH�FROOHFWRU�FXUUHQW�RI�D�WUDQVLVWRU�ZLWK�DQG�ZLWKRXW�EDVH�FXUUHQW�DSSOLHG��:LWK�QR�EDVH�FXUUHQW�DSSOLHG�WKHUH�VKRXOG�EH�QR�PHDVXUDEOH�DPRXQW�RI�FROOHFWRU�FXUUHQW��OHDNDJH�FXUUHQW�VKRXOG�EH�QHJOLJLEOH���:LWK�EDVH�FXUUHQW�DSSOLHG�WKH�FROOHFWRU�FXUUHQW�VKRXOG�EH�PHDVXUDEOH���:LWK�WKH�YDOXHV�XVHG��WKH�EDVH�FXUUHQW�VKRXOG�EH�DSSUR[LPDWHO\����$��:LWK�D�W\SLFDO�YDOXH�RI�FRPPRQ-HPLWWHU�FXUUHQW�JDLQ��H�J�������WKLV�VKRXOG�UHVXOW�LQ�D�FROOHFWRU�FXUUHQW�RI�DURXQG����P$��7KH�����RKP�UHVLVWRU�LQ�VHULHV�ZLWK�WKH�PHWHU�LV�LQFOXGHG�LQ�RUGHU�WR�OLPLW�WKH�FXUUHQW�LQ�WKH�HYHQW�RI�D�VKRUW-FLUFXLW�GHYLFH�� 
 7XWRUV�PLJKW�ILQG�LW�XVHIXO�WR�SURYLGH�VWXGHQWV�ZLWK�VRPH�GHIHFWLYH�WUDQVLVWRUV��L�H��RSHQ-FLUFXLW�DQG�RU�VKRUW-FLUFXLW�GHYLFHV���6WXGHQWV�VKRXOG�WKHQ�EH�DEOH�WR�LGHQWLI\�µJRRG¶�DQG�µEDG¶�GHYLFHV�E\�DSSO\LQJ�WKH�SURFHGXUH�WKDW�WKH\�KDYH�XVHG�LQ�WKLV�ZRUNVKHHW�LQYHVWLJDWLRQ� 

 ���-��� PLQXWHV  

  �  7KLV�SUDFWLFDO�H[HUFLVH�LQYROYHV�PDNLQJ��VHULHV�RI�PHDVXUHPHQWV�WKDW�ZLOO�DOORZ�VWXGHQWV�WR�SORW�WKH�WUDQVIHU�DQG�RXWSXW��FROOHFWRU��FKDUDFWHULVWLFV�IRU�D�WUDQVLVWRU�FRQQHFWHG�LQ�FRPPRQ-HPLWWHU�PRGH� 
 6WXGHQWV�VKRXOG�UHFRUG�WKHLU�PHDVXUHG�YDOXHV�LQ�WDEOHV�DQG�WKHQ�XVH�WKHLU�GDWD�WR�SORW�WKH�WUDQVIHU�DQG�RXWSXW��FROOHFWRU��FKDUDFWHULVWLFV��6WXGHQWV�VKRXOG�KDYH�DFFHVV�WR�VDPSOH�FKDUDFWHULVWLFV�IRU�D�YDULHW\�RI�FRPPRQ�131�WUDQVLVWRUV��H�J��%&����RU�%&�����VR�WKDW�WKH\�FDQ�FRPSDUH�WKHVH�ZLWK�WKHLU�RZQ�JUDSKV� 
 6WXGHQWV�VKRXOG�EH�LQYLWHG�WR�FRPPHQW�RQ�WKH�VKDSH�RI�WKH�WZR�JUDSKV��7KH\�VKRXOG�ILQG�WKDW�WKH�WUDQVIHU�FKDUDFWHULVWLF�LV�DOPRVW�SHUIHFWO\�OLQHDU�DQG�WKDW�WKH�RXWSXW��FROOHFWRU��FKDUDFWHULVWLF�LV�DOVR�OLQHDU�IRU�HDFK�RI�WKH�WZR�IL[HG�YDOXHV�RI�EDVH�FXUUHQW��L�H�����$�DQG����$�� 
 6WXGHQWV�PD\�QHHG�DVVLVWDQFH�ZLWK�WKH�FDOFXODWLRQ�RI�FRPPRQ�HPLWWHU�FXUUHQW�JDLQ�DQG�RXWSXW�UHVLVWDQFH��$SSURSULDWH�H[DPSOHV�FRXOG�EH�JLYHQ�DQG�VWXGHQWV�FRXOG�WKHQ�EH�DVNHG�WR�UHSODFH�WKH�YDOXHV�XVHG�ZLWK�WKHLU�RZQ�PHDVXUHG�YDOXHV��,W�PLJKW�DOVR�EH�XVHIXO�WR�FRPSDUH�UHVXOWV�REWDLQHG�E\�GLIIHUHQW�VWXGHQWV� 

 ���-��� PLQXWHV  



$GYDQFHG�HOHFWURQLF�SULQ�FLSOHV�SDUW�� 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
  �  ,Q�WKLV�ZRUNVKHHW�VWXGHQWV�LQYHVWLJDWH�WKH�XVH�RI�D�WUDQVLVWRU�DV�D�VDWXUDWHG�VZLWFK��7KH\�VKRXOG�EHJLQ�E\�FRQVWUXFWLQJ�DQG�WHVWLQJ�WKH�VLPSOH�/('�VZLWFKLQJ�FLUFXLW���7KH\�VKRXOG�PDNH�YROWDJH�PHDVXUHPHQWV�LQ�RUGHU�WR�YHULI\�WKDW�WKH�WUDQVLVWRU�LV�RSHUDWLQJ�XQGHU�VDWXUDWHG�FRQGLWLRQV�ZKHQ�WKH�VZLWFK�LV�FORVHG�� 

 1H[W�WKH\�VKRXOG�FRQQHFW�WKH�PRWRU�RQ�RII�FRQWURO�FLUFXLW���1RWH�WKDW��GXH�WR�WKH�LQFUHDVHG�FROOHFWRU�FXUUHQW�WKLV�FLUFXLW�ZLOO�UHTXLUH�D�PXFK�ORZHU�YDOXH�RI�EDVH�UHVLVWRU�LQ�RUGHU�IRU�WKH�WUDQVLVWRU�WR�EHFRPH�IXOO\�VDWXUDWHG��,Q�WKLV�FLUFXLW�VWXGHQWV�VKRXOG�PHDVXUH�DQG�UHFRUG�WKH�YROWDJH�DSSHDULQJ�DFURVV�WKH�ORDG��L�H��WKH�PRWRU���7KH\�VKRXOG�ILQG�WKDW�WKLV�LV�HLWKHU��9��ZLWK�WKH�VZLWFK�RSHQ��RU��9��ZLWK�LW�FORVHG�� 

 ���-��� PLQXWHV  

 �  ,Q�WKLV�ZRUNVKHHW�VWXGHQWV�H[SORUH�D�SUDFWLFDO�DSSOLFDWLRQ�RI�WUDQVLVWRUV�LQ�WKH�IRUP�RI�D�VLPSOH�FRPPRQ-HPLWWHU�DPSOLILHU�VWDJH��,Q�RUGHU�WR�FRSH�ZLWK�WKH�ZLGH�YDULDWLRQ�LQ�FRPPRQ-HPLWWHU�FXUUHQW�JDLQ��WKH�EDVH�ELDV�FXUUHQW�LV�GHULYHG�IURP�WKH�FROOHFWRU�RI�WKH�WUDQVLVWRU�UDWKHU�WKDQ�IURP�WKH�SRVLWLYH�VXSSO\�UDLO��7XWRUV�VKRXOG�H[SODLQ�WKH�QHHG�IRU�ELDV�DQG�WKH�IXQFWLRQ�RI�WKH�FROOHFWRU�ORDG�UHVLVWRU��:RUNHG�H[DPSOHV�LQYROYLQJ�FDOFXODWLRQ�RI�WKH�YROWDJH�DQG�FXUUHQW�DW�WKH�EDV�DQG�FROOHFWRU�RI�WKH�WUDQVLVWRU�FRXOG�EH�H[WUHPHO\�XVHIXO�DQG�VKRXOG�\LHOG�W\SLFDO�YDOXHV�DJDLQVW�ZKLFK�VWXGHQWV�FDQ�FRPSDUH�WKHLU�PHDVXUHG�UHVXOWV�� 
 6WXGHQWV�ZLOO�QHHG�D�GXDO-FKDQQHO�RVFLOORVFRSH��RU�HTXLYDOHQW�YLUWXDO�LQVWUXPHQW��ZLWK�ZKLFK�WR�GLVSOD\�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV��:KHUH�QHFHVVDU\��LQVWUXFWLRQ�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�QHJDWLYH�VXSSO\�UDLO�� 
 7\SLFDO�YROWDJH�LQGLFDWLRQV�IRU�WKLV�LQYHVWLJDWLRQ�DUH�DV�IROORZV� &ROOHFWRU�YROWDJH� ����9 %DVH�YROWDJH� �����9 
 6WXGHQWV�VKRXOG�PDNH�WKH�QHFHVVDU\�DGMXVWPHQWV�WR�GLVSOD\�DW�OHDVW�WZR�F\FOHV�RI�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�RQ�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��FDSWXUH�WKH�VFUHHQ�GDWD�VKRXOG�EH�FDSWXUHG�DQG�WUDQVIHUUHG�DV�DQ�LPDJH�ILOH�WR�KDUG�FRS\�� 
 6WXGHQWV�VKRXOG�PHDVXUH�WKH�SHDN-WR-SHDN�YROWDJH�DW�WKH�LQSXW�DQG�RXWSXW�DQG�XVH�WKLV�WR�FDOFXODWH�WKH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU��7KH\�VKRXOG�W\SLFDOO\�REWDLQ�DQ�RXWSXW�RI��9�SHDN-SHDN�IRU�D���P9�SHDN-SHDN�LQSXW�DW��N+]��7KLV�LQIHUV�D�YROWDJH�JDLQ�RI�DURXQG����� 
 )LQDOO\��VWXGHQWV�VKRXOG�LQYHVWLJDWH�WKH�HIIHFW�RI�RYHU-GULYLQJ�WKH�LQSXW�RI�WKH�DPSOLILHU�RQ�WKH�RXWSXW�ZDYHIRUP��,Q�RUGHU�WR�GR�WKLV�WKH\�ZLOO�QHHG�WR�LQFUHDVH�WKH�LQSXW�YROWDJH�IURP�DURXQG���P9�SN-SN�WR�DURXQG����P9�SN-SN��7KH\�VKRXOG�ILQG�WKDW�WKH�PD[LPXP�RXWSXW�YROWDJH�REWDLQDEOH��EHIRUH�GLVWRUWLRQ�EHFRPHV�REVHUYDEOH��LV�DURXQG��9�SN-SN��  

 ���-��� PLQXWHV  
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3DJH��� 

&RS\ULJKW������0DWUL[�7HFKQRORJ\�6ROXWLRQV�/WG 
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:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  7KLV�ZRUN�VKHHW�LV�VLPLODU�WR�:RUNVKHHW����EXW�QRZ�VWXGHQWV�FRQVWUXFW�DQG�WHVW�D�FRPPRQ-HPLWWHU�DPSOLILHU�WKDW�LV�WUDQVIRUPHU�FRXSOHG�UDWKHU�WKDQ�5&�FRXSOHG��2QFH�DJDLQ��WXWRUV�VKRXOG�H[SODLQ�WKH�QHHG�IRU�ELDV�DQG�WKH�IXQFWLRQ�RI�WKH�WUDQVIRUPHU�DV�D�FROOHFWRU�ORDG�� 

 $�ZRUNHG�H[DPSOH�LQYROYLQJ��FDOFXODWLRQ�RI�WKH�YDOXH�RI�WKH�$&�FROOHFWRU�ORDG�IURP�WKH�WUDQVIRUPHU¶V�WXUQV�UDWLR��L�H�������DQG�RXWSXW�ORDG��L�H��WKH�IL[HG����Nȍ�UHVLVWRU�FRQQHFWHG�DFURVV�WKH�RXWSXW��FRXOG�EH�H[WUHPHO\�XVHIXO�� 
 6WXGHQWV�ZLOO�QHHG�D�GXDO-FKDQQHO�RVFLOORVFRSH��RU�HTXLYDOHQW�YLUWXDO�LQVWUXPHQW��ZLWK�ZKLFK�WR�GLVSOD\�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV��:KHUH�QHFHVVDU\��LQVWUXFWLRQ�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�QHJDWLYH�VXSSO\�UDLO�� 
 7\SLFDO�YROWDJH�LQGLFDWLRQV�IRU�WKLV�LQYHVWLJDWLRQ�DUH�DV�IROORZV� &ROOHFWRU�YROWDJH� ����9 %DVH�YROWDJH� �����9 
 6WXGHQWV�VKRXOG�PDNH�WKH�QHFHVVDU\�DGMXVWPHQWV�WR�GLVSOD\�DW�OHDVW�WZR�F\FOHV�RI�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�RQ�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��$OWHUQDWLYHO\��ZKHUH�D�YLUWXDO�LQVWUXPHQW�LV�XVHG��FDSWXUH�WKH�VFUHHQ�GDWD�VKRXOG�EH�FDSWXUHG�DQG�WUDQVIHUUHG�DV�DQ�LPDJH�ILOH�WR�KDUG�FRS\�� 
 6WXGHQWV�VKRXOG�PHDVXUH�WKH�SHDN-WR-SHDN�YROWDJH�DW�WKH�LQSXW�DQG�RXWSXW�DQG�XVH�WKLV�WR�FDOFXODWH�WKH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU��7KH\�VKRXOG�W\SLFDOO\�REWDLQ�DQ�RXWSXW�RI��9�SN-SN�IRU�D���P9�SN-SN�LQSXW�DW��N+]��7KLV�LQIHUV�D�YROWDJH�JDLQ�RI�DURXQG�������1RWH�WKDW��FRPSDUHG�ZLWK�:RUNVKHHW����WKLV�LQFUHDVH�LQ�JDLQ�UHVXOWV�IURP�WKH�JUHDWO\�LQFUHDVHG�YDOXH�RI�$&�FROOHFWRU�ORDG�UHVLVWDQFH��� 
 2QFH�DJDLQ��VWXGHQWV�VKRXOG�LQYHVWLJDWH�WKH�HIIHFW�RI�RYHU-GULYLQJ�WKH�LQSXW�RI�WKH�DPSOLILHU�RQ�WKH�RXWSXW�ZDYHIRUP��,Q�RUGHU�WR�GR�WKLV�WKH\�ZLOO�QHHG�WR�LQFUHDVH�WKH�LQSXW�YROWDJH�IURP�DURXQG���P9�SN-SN�WR�DURXQG����P9�SN-SN��  

 ���-��� PLQXWHV  
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:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  7KLV�ZRUNVKHHW�LV�VLPLODU�WR�:RUNVKHHWV���DQG���EXW�QRZ�VWXGHQWV�FRQVWUXFW�DQG�WHVW�D�IXOO\-VWDELOLVHG�FRPPRQ-HPLWWHU�DPSOLILHU�VWDJH� 

 7XWRUV�VKRXOG�RQFH�DJDLQ�SURYLGH�DQ�H[SODQDWLRQ�RI�WKH�FLUFXLW�LQFOXGLQJ�WKH�IXQFWLRQ�RI�WKH�EDVH�SRWHQWLDO�GLYLGHU�DQG�HPLWWHU�UHVLVWRU�� 
 $�ZRUNHG�H[DPSOH�ZLOO�EH�H[WUHPHO\�XVHIXO�DQG�WKLV�VKRXOG�LQYROYH�FDOFXODWLRQ�RI�WKH�ELDV�YROWDJHV�DQG�FXUUHQWV��VKRZLQJ�WKH�HIIHFW�RI�ERWK�DQ�LQFUHDVH�DQG�GHFUHDVH�LQ�FROOHFWRU�FXUUHQW�� 
 2QFH�DJDLQ��VWXGHQWV�ZLOO�QHHG�D�GXDO-FKDQQHO�RVFLOORVFRSH��RU�HTXLYDOHQW�YLUWXDO�LQVWUXPHQW��ZLWK�ZKLFK�WR�GLVSOD\�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV��:KHUH�QHFHVVDU\��LQVWUXFWLRQ�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�QHJDWLYH�VXSSO\�UDLO�� 
 7\SLFDO�YROWDJH�LQGLFDWLRQV�IRU�WKLV�LQYHVWLJDWLRQ�DUH�DV�IROORZV� &ROOHFWRU�YROWDJH� �����9 %DVH�YROWDJH� �����9 (PLWWHU�YROWDJH� �����9 
 $V�EHIRUH��VWXGHQWV�VKRXOG�PDNH�WKH�QHFHVVDU\�DGMXVWPHQWV�WR�GLVSOD\�DW�OHDVW�WZR�F\FOHV�RI�WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�RQ�D�FRPPRQ�WLPH�VFDOH��7KH\�VKRXOG�WKHQ�VNHWFK�WKH�ZDYHIRUPV�WKDW�WKH\�KDYH�REVHUYHG��PDNLQJ�VXUH�WR�LQFOXGH�ODEHOOHG�D[HV�RI�YROWDJH�DQG�WLPH��$OWHUQDWLYHO\��ZKHUH�D�YLUWXDO�LQVWUXPHQW�LV�XVHG��FDSWXUH�WKH�VFUHHQ�GDWD�VKRXOG�EH�FDSWXUHG�DQG�WUDQVIHUUHG�DV�DQ�LPDJH�ILOH�WR�KDUG�FRS\�� 
 6WXGHQWV�VKRXOG�PHDVXUH�WKH�SHDN-WR-SHDN�YROWDJH�DW�WKH�LQSXW�DQG�RXWSXW�DQG�XVH�WKLV�WR�FDOFXODWH�WKH�YROWDJH�JDLQ�RI�WKH�DPSOLILHU��7KH\�VKRXOG�W\SLFDOO\�REWDLQ�DQ�RXWSXW�RI��9�SN-SN�IRU�D���P9�SN-SN�LQSXW�DW��N+]��7KLV�LQIHUV�D�YROWDJH�JDLQ�RI�DURXQG�����6WXGHQWV�VKRXOG�FRPSDUH�WKLV�YDOXH�ZLWK�WKRVH�REWDLQHG�LQ�:RUNVKHHW���DQG�:RUNVKHHW���  
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