
/.�����-�SDUW�� 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH�� 

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

PSD 

&RQWHQWV 

 :RUNVKHHW���-�7HVWLQJ�D�GLRGH  � 
 :RUNVKHHW���-�'LRGH�FKDUDFWHULVWLFV  � 
 :RUNVKHHW���-�'LRGH�FOLSSLQJ  � 
 :RUNVKHHW���-�'LRGH�FODPSLQJ  � 
 :RUNVKHHW���-�+DOI-ZDYH�UHFWLILHU  �� 

  :RUNVKHHW���-�)XOO-ZDYH��EULGJH��UHFWLILHU  ��   :RUNVKHHW���-�9ROWDJH�PXOWLSOLHU  �� 
 :RUNVKHHW���-�7K\ULVWRU  �� 
 :RUNVKHHW���-�=HQHU�GLRGH�FKDUDFWHULVWLFV  �� 
 :RUNVKHHW����-�=HQHU�GLRGH�YROWDJH�UHJXODWRU �� 
 :RUNVKHHW����-�/LJKW�HPLWWLQJ�GLRGHV  �� 
 5HYLVLRQ�4XHVWLRQV  �� 
 7XWRU¶V�QRWHV  �� 
 $QVZHUV  �� 

 
 
 
 

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



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH�� 

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

PSD 

:RUNVKHHW�� 
7HVWLQJ�D�GLRGH 
'LRGHV�DOORZ�FXUUHQW�WR�IORZ�LQ�RQH�GLUHFWLRQ�EXW�QRW�LQ�
WKH�RWKHU��7KLV�OHDGV�WR�XVHIXO�DSSOLFDWLRQV�LQFOXGLQJ�
UHFWLILFDWLRQ�-�FRQYHUWLQJ�DOWHUQDWLQJ�FXUUHQW��$&��WR�
GLUHFW�FXUUHQW��'&��� 
 7KH�GLRGH¶V�SURSHUWLHV��FRPH�IURP�WKH�EHKDYLRXU�RI�WKH�
31�MXQFWLRQ��ZKHUH�1-W\SH�EHKDYLRXU�PHHWV�3-W\SH�� 
 7KH�LGHDO�GLRGH�FRQGXFWV�SHUIHFWO\�LQ�RQH�GLUHFWLRQ�DQG�
QRW�DW�DOO�LQ�WKH�RWKHU���,Q�SUDFWLFH��GLRGHV�RIIHU�H[WUHPHO\�ORZ�UHVLVWDQFH�WR�FXUUHQW�IORZ�LQ�RQH�
GLUHFWLRQ�DQG�H[WUHPHO\�KLJK�UHVLVWDQFH�LQ�WKH�RWKHU���7KLV�LV�VXPPDULVHG�LQ�WKH�GLDJUDP�EHORZ� 
 

Z�D 

2YHU�WR�\RX� 
 · &RQQHFW�WKH�FLUFXLW�VKRZQ�LQ��D���+HUH��WKH�GLRGH�LV�IRUZDUG-ELDVHG� 
 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW����9� 
 · 6HW�WKH�PXOWLPHWHU�VR�WKDW�LW�UHDGV����P$�'&�IXOO-VFDOH�� 
 · 0HDVXUH�WKH�FXUUHQW�IORZLQJ�DQG�UHFRUG�LW�LQ�WKH�WDEOH�� 
 · 1H[W��UHYHUVH�WKH�GLRGH��DV�VKRZQ�LQ��E���1RZ�WKH�GLRGH�LV�UHYHUVH-
ELDVHG� 

 · $JDLQ�PHDVXUH�DQG�UHFRUG�WKH�FXUUHQW�IORZLQJ���<RX�QHHG�WR�
FKDQJH�WR�D�PRUH�VHQVLWLYH�FXUUHQW�UDQJH�� 

 · )LQDOO\��IRU�FRPSDULVRQ�SXUSRVHV��PDNH�WKH�VDPH�PHDVXUHPHQWV�
RQ�ILUVWO\�D�VKRUW-FLUFXLW��DV�LQ��F���DQG�DQ�RSHQ-FLUFXLW��DV�LQ��G��� 

 · $JDLQ��UHFRUG�WKHVH�PHDVXUHPHQWV�LQ�WKH�WDEOH�� 

Z�F 

Circuit Measured current 
(a) Forward bias  
(b) Reverse bias  
(c) Short-circuit  
(d) Open-circuit  



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH�� 

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

PSD 

:RUNVKHHW�� 
7HVWLQJ�D�GLRGH 

6R�ZKDW" 
 · :KDW�GR�WKH�UHVXOWV�WHOO�\RX�DERXW�WKH�UHVLVWDQFH�RI�WKH�GLRGH" 
 · 'RHV�LW�FRQGXFW�SHUIHFWO\�LQ�WKH�IRUZDUG�GLUHFWLRQ"� :DV�LW�DV�JRRG�DV�D�VKRUW-FLUFXLW"� 
 · 'RHV�WKH�GLRGH�FRQGXFW�DW�DOO�LQ�WKH�UHYHUVH�GLUHFWLRQ"�:DV�LW�DV�JRRG�DV�DQ�RSHQ-FLUFXLW" 
  :ULWH�D�VXPPDU\�RI�\RXU�ILQGLQJV� 

)RU�\RXU�UHFRUGV� 
 ,Q�WKH�IRUZDUG�GLUHFWLRQ���ZKHQ�WKH�DQRGH�RI�WKH�GLRGH�LV�PRUH�SRVLWLYH�WKDQ�WKH�FDWKRGH���D�
ODUJH�FXUUHQW�IORZV� 
 ,Q�WKH�UHYHUVH�GLUHFWLRQ���ZKHQ�WKH�FDWKRGH�LV�PRUH�SRVLWLYH�WKDQ�WKH�DQRGH��QR�FXUUHQW�DW�DOO�
VKRXOG�IORZ�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7KUHH�ZD\V� WR�WHVW�D�
GLRGH� 
 · XVH�D�PXOWLPHWHU�ZLWK�D�GLRGH-FKHFN�IDFLOLW\� 
 · PHDVXUH�WKH�IRUZDUG�DQG�UHYHUVH�UHVLVWDQFH�RI�WKH�GLRGH�XVLQJ�D�PXOWLPHWHU�RQ�WKH�
UHVLVWDQFH��RKPV��UDQJH�� 

 · FRQQHFW�D�GLRGH�WR�D�SRZHU�VXSSO\�DQG�PHDVXUH�WKH�FXUUHQW�IORZLQJ�LQ�HLWKHU�GLUHFWLRQ��� 
 �7KLV�LV�WKH�DSSURDFK�\RX�WRRN�LQ�WKH�LQYHVWLJDWLRQ�� 

Z�G 

)RUZDUG�ELDV 

5HYHUVH�ELDV 

7R�SRVLWLYH�WHUPLQDO�RI�SRZHU�VXSSO\ 

7R�QHJDWLYH� WHUPLQDO�RI�SRZHU�VXSSO\ 
7R�QHJDWLYH�WHUPLQDO�RI�SRZ�HU�VXSSO\ 

7R�SRVLWLYH� WHUPLQDO�RI�SRZHU�VXSSO\ 

&XUUHQW�FDQ�IORZ� LQ�WKLV�GLUHFWLRQ �/RZ�UHVLVWDQFH� 

7LQ\�FXUUHQW�LQ�WKLV�GLUHFWLRQ �+LJK�UHVLVWDQFH� 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH�� 

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

PSD 

:RUNVKHHW�� 
'LRGH�FKDUDFWHULVWLFV 

2YHU�WR�\RX� 
  · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��WR�DOORZ�\RX�WR�
PHDVXUH�WKH�IRUZDUG�FKDUDFWHULVWLFV�RI�WKH�GLRGHV� 

 · 6HW�WKH�'&�SRZHU�VXSSO\�IRU�DQ�RXWSXW�RI����9� 
 · 6HW�WKH�YROWPHWHU�WR�WKH���9�'&�UDQJH�DQG�WKH�
DPPHWHU�WR�WKH���P$�'&�UDQJH�� 

 · 8VH�WKH�¶SRW¶�WR�YDU\�WKH�YROWDJH��9)��DSSOLHG�WR�WKH�GLRGH�
IURP����9�WR����9�LQ�VWHSV�RI����9�� 

 · $W�HDFK�VWHS��PHDVXUH�DQG�UHFRUG�WKH�IRUZDUG�FXUUHQW��,)��LQ�
WKH�WDEOH�� 

 · 5HSHDW�WKLV�SURFHGXUH�IRU�WKH�RWKHU�GLRGH� 
 · 1H[W�LQYHUW�WKH�GLRGH��DQG�FKDQJH�WKH�SRZHU�VXSSO\�YROWDJH�
WR�����9��DV�VKRZQ�LQ�WKH�ORZHU�GLDJUDP���7KLV�DOORZV�\RX�WR�
PHDVXUH�WKH�UHYHUVH�FKDUDFWHULVWLFV�RI�WKH�WZR�GLRGHV�� 

 · &KDQJH�WKH�DPPHWHU�WR�WKH�����$�'&�UDQJH�� 
 · 2QFH�DJDLQ��XVH�WKH�¶SRW¶��WR�YDU\�WKH�YROWDJH�DSSOLHG�WR�WKH�
GLRGH��QRZ�FDOOHG�95��EXW�WKLV�WLPH�\RX�ZLOO�RQO\�QHHG�WR�WDNH�
FXUUHQW�UHDGLQJV��,5��DW��9���9�DQG���9�� 

 · 5HFRUG�WKHP�LQ�WKH�WDEOH� 
 · 5HSHDW�WKH�SURFHVV�IRU�WKH�RWKHU�GLRGH� 

Z�D 

$�PRUH�PHDQLQJIXO�PHDVXUH�RI�WKH�SHUIRUPDQFH�RI�D�GLRGH�
FRPHV�IURP�SORWWLQJ�D�JUDSK�RI�IRUZDUG�DQG�UHYHUVH�FXUUHQW�
DJDLQVW�WKH�DSSOLHG�YROWDJH��7KLV�DOORZV�XV�WR�SUHGLFW�
DFFXUDWHO\�KRZ�WKH�GLRGH�ZLOO�EHKDYH�LQ�D�SDUWLFXODU�FLUFXLW��
DQG�VKRZ�ZKHWKHU�RU�QRW�LW�LV�VXLWDEOH�IRU�WKDW�DSSOLFDWLRQ�� 
 ,Q�WKLV�ZRUNVKHHW��\RX�FRPSDUH�WKH�FKDUDFWHULVWLFV�RI�WZR�
GLIIHUHQW�GLRGHV��RQH�D�JHQHUDO�SXUSRVH�ORZ-YROWDJH�VLOLFRQ�
UHFWLILHU����1�������WKH�RWKHU�D�JHUPDQLXP�VLJQDO�GLRGH�
�2$���� 

Z�E 

Z�F 

Pictures of undersides of OA91 and 1N4001to aid identification 

)RUZDUG�FKDUDFWHULVWLFV 
9) ,)�–��1���� ,)�-�2$�� 
�     
���     
���     
���     
���     
���     
���     
���     

5HYHUVH�FKDUDFWHULVWLFV 
95 ,5�–��1���� ,5�-�2$�� 
�     
���     
����     



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH�� 

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

PSD 

6R�ZKDW" 
· 8VH�WKH�D[HV�SURYLGHG�WR�SORW�\RXU�UHVXOWV�DV�D�JUDSK�RI�DSSOLHG�YROWDJH�DJDLQVW�FXUUHQW�IRU�

ERWK�WKH�IRUZDUG�DQG�UHYHUVH�GLUHFWLRQV�DQG�IRU�ERWK�GLRGHV�� 
 1RWLFH�WKDW�WKH�YROWDJH�DQG�FXUUHQW�VFDOHV�DUH�GLIIHUHQW�IRU�WKH�WZR�GLUHFWLRQV� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

· 'HVFULEH�ZKDW�WKHVH�JUDSKV�WHOO�\RX�DERXW�WKH�EHKDYLRXU�RI�WKH�WZR�NLQGV�RI�GLRGH� 
 · :KDW�IRUZDUG�YROWDJH�LV�UHTXLUHG�WR�PDNH�HDFK�RI�WKH�GLRGHV�EHJLQ�WR�FRQGXFW" 
  6LOLFRQ���������������������� *HUPDQLXP���������������������� 

:RUNVKHHW�� 
'LRGH�FKDUDFWHULVWLFV 

Z�G 

)RU�\RXU�UHFRUGV� 
 · 'LRGHV�DUH�XVXDOO\�PDGH�IURP�VHPLFRQGXFWLQJ�

FU\VWDOV��7KH�EHKDYLRXU�RI�WKH�GHYLFH�GHSHQGV�RQ�WKH�
PDWHULDO�LW�LV�PDGH�IURP��DV�WKH�JUDSK�VKRZV� 

 · 7KH�GLRGH�LV�D�µRQH-ZD\�YDOYH¶��,W�DOORZV�D�FXUUHQW�WR�
IORZ�WKURXJK�LW�LQ�RQO\�RQH�GLUHFWLRQ����$�UHVLVWRU�
EHKDYHV�LQ�H[DFWO\�WKH�VDPH�ZD\�QR�PDWWHU�ZKLFK�ZD\�
WKH�FXUUHQW�IORZV��7U\�LW���� 

 · :KHQ�LW�LV�IRUZDUG-ELDVHG��D�VLOLFRQ�GLRGH�FRQGXFWV��
ZLWK�D�YROWDJH�GURS�RI�DERXW����9�DFURVV�LW�� 

 · :KHQ�LW�LV�UHYHUVH-ELDVHG��LW�GRHV�QRW�FRQGXFW��IRU�ORZ�
YROWDJHV��DW�DQ\�UDWH���� 

 

Z�H 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH�� 

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

PSD 

:RUNVKHHW�� 
'LRGH�FOLSSLQJ 

2YHU�WR�\RX� 
 · %XLOG�HDFK�FLUFXLW�LQ�WXUQ��,Q�RUGHU��WKH\�
DUH� 

· SRVLWLYH�FOLSSHU� 
· QHJDWLYH�FOLSSHU� 
· SRVLWLYH�HGJH�GHOD\HG�FOLSSHU� 
· QHJDWLYH�HGJH�GHOD\HG�FOLSSHU� 
 

 · )RU�HDFK�FLUFXLW� 
 · &RQQHFW�WKH�LQSXW�WR�D����+]���9�

SHDN-WR-SHDN�VLQXVRLGDO�VLJQDO�VRXUFH� 
 · 'LVSOD\�DW�OHDVW�WZR�F\FOHV�RI�ERWK�WKH�
LQSXW�DQG�RXWSXW�ZDYHIRUPV�RQ�DQ�
RVFLOORVFRSH�� 

 �6XLWDEOH�VHWWLQJV�DUH�JLYHQ�EHORZ�� 
 · 6NHWFK�WKH�ZDYHIRUPV�XVLQJ�WKH�JULGV�� 
 $GG�ODEHOOHG�YROWDJH�DQG�WLPH�D[HV��� 

 
  

2QH�FRPPRQ�XVH�IRU�D�GLRGH�LV�WKDW�RI�FOLSSLQJ�D�VLJQDO�YROWDJH�VR�WKDW�
WKH�SRVLWLYH��QHJDWLYH�RU�ERWK�SHDNV�DUH�UHPRYHG��7KXV�HIIHFWLYHO\�
OLPLWLQJ�WKH�H[FXUVLRQ��SHDN�RU�SHDN-SHDN�YDOXH��RI�WKH�VLJQDO��,Q�WKLV�
ZRUNVKHHW�\RX�ZLOO�LQYHVWLJDWH�WKUHH�GLIIHUHQW�W\SHV�RI�FOLSSHU��GLVSOD\LQJ�
WKH�LQSXW�DQG�RXWSXW�ZDYHIRUPV�RQ�\RXU�RVFLOORVFRSH� 

Z�D 

Z�E 

6XJJHVWHG�RVFLOORVFRSH��RU�HTXLYDOHQW��VHWWLQJV� 
7LPHEDVH��-��PV�GLY��� 
9ROWDJH�UDQJH��-�,QSXW�$�-�����9�'&�����������,QSXW�%�-�����9�'&� 
7ULJJHU�0RGH�-�$XWR  7ULJJHU�&KDQQHO��-�FK�$����� 
7ULJJHU�'LUHFWLRQ�-�5LVLQJ����� 7ULJJHU�7KUHVKROG�-���P9 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH�� 

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

PSD 

:RUNVKHHW�� 
'LRGH�FOLSSLQJ 

 )RU�\RXU�UHFRUGV� 
 3UDFWLFDO�DSSOLFDWLRQV�RI�GLRGH�FOLSSLQJ�FLUFXLWV�LQFOXGH� 
 · SUHYHQWLQJ�DXGLR�VLJQDOV�IURP�RYHUGULYLQJ�D�UDGLR�WUDQVPLWWHU��WR�DYRLG�LQWHUIHUHQFH�ZLWK�
RWKHU�VWDWLRQV� 

 · SURGXFLQJ�FRQWUROOHG�GLVWRUWLRQ�LQ�JXLWDU�DPSOLILHUV��DQG�VLPLODU�V\VWHPV� 
 
7KUHH�WDVNV� 
 
�� 7KH�XSSHU�GLDJUDP�VKRZV�WKH�W\SLFDO�VKDSH�RI�WKH�
VLJQDO�REWDLQHG�IURP�D�QHJDWLYH�FOLSSHU�FLUFXLW�� 

 <RX�VHW�XS�D�FLUFXLW�OLNH�WKLV��DV�FLUFXLW��E�� 
  ([SODLQ�WKH�VKDSH�RI�WKH�VLJQDO�� 
 <RX�VKRXOG�H[SODLQ� 

· ZK\�WKH�SRVLWLYH�SRUWLRQ�RI�WKH�VLJQDO�FRSLHV�
DOPRVW�SUHFLVHO\�WKH�LQSXW�VLJQDO� 

· ZK\�WKH�QHJDWLYH�SRUWLRQ�RI�WKH�VLJQDO�LV�QRW�
H[DFWO\��9� 

 
�� 7KH�ORZHU�GLDJUDP�VKRZV�WKH�RXWSXW�RI�D�V\PPHWULFDO� 
 FOLSSLQJ�FLUFXLW�IHG�ZLWK�D�VLQXVRLGDO�LQSXW�VLJQDO� 
  'HVLJQ��EXLOG�DQG�WHVW�D�GLRGH�FOLSSLQJ�FLUFXLW�WKDW�ZLOO�
SURGXFH�DQ�RXWSXW�VLJQDO�OLNH�WKLV��L�H��WKDW�ZLOO�OLPLW�ERWK�
WKH�SRVLWLYH�DQG�QHJDWLYH�DPSOLWXGH�RI�DQ�LQSXW�VLJQDO�WR�
D�V\PPHWULFDO�RXWSXW�RI�DSSUR[LPDWHO\�����9�SHDN-WR-
SHDN�� 

 �+LQW��<RX�ZLOO�QHHG�WR�XVH�WZR�GLRGHV�� 
 
�� 'HVLJQ��EXLOG�DQG�WHVW�D�GLRGH�FOLSSLQJ�FLUFXLW�WKDW�ZLOO�

OLPLW�ERWK�WKH�SRVLWLYH�DQG�QHJDWLYH�DPSOLWXGH�RI�DQ�LQSXW�VLJQDO�WR�D�V\PPHWULFDO�RXWSXW�RI�
DSSUR[LPDWHO\�����9�SHDN-WR-SHDN���+LQW��<RX�ZLOO�QHHG�WR�XVH�WZR�GLRGHV�DQG�WZR�
EDWWHULHV�� 

 
 

&RPSDUH�\RXU�VROXWLRQV�ZLWK�WKRVH�JLYHQ�RQ�SDJH���� 

Z�G 

Z�H 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH�� 

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

PSD 

:RUNVKHHW�� 
'LRGH�FODPSLQJ 

,Q�:RUNVKHHW���\RX�VDZ�WKDW�WKH�RXWSXW�VLJQDOV�IURP�
FOLSSHU�FLUFXLWV�ZHUH�QR�ORQJHU�VLQXVRLGDO��7KLV�PHDQV�
WKDW�VLJQLILFDQW�GLVWRUWLRQ�KDV�EHHQ�LQWURGXFHG�-�WKH�
LQSXW�FRQWDLQV�RQO\�RQH�IUHTXHQF\�����+]��EXW�WKH�
RXWSXW�FRQWDLQV�D�KRVW�RI�KLJKHU�IUHTXHQFLHV�DV�ZHOO� 
 ,Q�VRPH�DSSOLFDWLRQV�WKLV�FDQ�EH�GHVLUDEOH��+RZHYHU��LQ�
PDQ\�DSSOLFDWLRQV�ZH�UHTXLUH�ZDYHIRUPV�WR�UHPDLQ�
XQGLVWRUWHG�EXW�EHFRPH�DOO�SRVLWLYH�RU�DOO�QHJDWLYH�� 
 ,Q�RWKHU�ZRUGV��UDWKHU�WKDQ�VZLQJLQJ�V\PPHWULFDOO\�
DURXQG��9��ZH�QHHG�WKH�ZDYHIRUP�WR�EH�FODPSHG�
WRWDOO\�DERYH�RU�WRWDOO\�EHORZ��9��7KLV�FDQ�EH�DFKLHYHG�
HDVLO\�ZLWK�WKH�DLG�RI�D�VLPSOH�GLRGH�FODPSLQJ�FLUFXLW� 

 2YHU�WR�\RX� 
  · %XLOG�HDFK�FLUFXLW�LQ�WXUQ��&LUFXLW��D��
VKRZV�SRVLWLYH�HGJH�FODPSLQJ��DQG� 

 FLUFXLW��E��QHJDWLYH�HGJH�FODPSLQJ� 
 · )RU�HDFK�FLUFXLW� 
 · &RQQHFW�WKH�LQSXW�WR�D����+]���9�

SHDN-WR-SHDN�VLQXVRLGDO�VLJQDO�VRXUFH� 
 · 'LVSOD\�DW�OHDVW�WZR�F\FOHV�RI�ERWK�WKH�
LQSXW�DQG�RXWSXW�ZDYHIRUPV�RQ�DQ� 

 RVFLOORVFRSH�� 
 �6XLWDEOH�VHWWLQJV�DUH�JLYHQ�EHORZ�� 
 · 6NHWFK�WKH�ZDYHIRUPV�XVLQJ�WKH�JULGV�� 
 $GG�ODEHOOHG�YROWDJH�DQG�WLPH�D[HV�� 

 · &RPSDUH�WKH�ZDYHIRUPV�SURGXFHG�ZLWK�WKRVH�\RX�REWDLQHG�IRU�WKH�FOLSSLQJ�FLUFXLWV�LQ�:RUN�
VKHHW��� 

 · 'R�\RX�QRWLFH�DQ\�GLVWRUWLRQ�LQ�WKH�RXWSXW�RI�WKH�FODPSLQJ�FLUFXLWV"�+RZ�GRHV�WKLV�FRPSDUH�
ZLWK�WKH�GLVWRUWLRQ�SURGXFHG�E\�WKH�FOLSSLQJ�FLUFXLWV�LQ�:RUNVKHHW��" 

Z�D 

6XJJHVWHG�RVFLOORVFRSH��RU�HTXLYDOHQW��VHWWLQJV� 
7LPHEDVH��-��PV�GLY��;�PXOWLSOLHU�[������� 
9ROWDJH�UDQJH��-�,QSXW�$�-�����9�'&��<�PXOW��[�������������,QSXW�%�-�����9�'&��<�PXOW��[���� 
7ULJJHU�0RGH�-�$XWR  7ULJJHU�&KDQQHO��-�FK�$����� 
7ULJJHU�'LUHFWLRQ�-�5LVLQJ����� 7ULJJHU�7KUHVKROG�-���P9 

Z�E 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
'LRGH�FODPSLQJ 

 )RU�\RXU�UHFRUGV� 
 · 7KH�GLRGH�FODPSLQJ�FLUFXLW�LV�DOVR�NQRZQ�DV�D�FODPSHU��RU�DV�D�'&�UHVWRUHU� 
 · ,W�LV�GHVLJQHG�WR�VKLIW�D�ZDYHIRUP�DERYH�RU�EHORZ�D�IL[HG�'&�YROWDJH�ZLWKRXW�DOWHULQJ�LWV�
VKDSH�� 

 · 7KH�$&�LQSXW�VLJQDO�KDV�DQ�DYHUDJH�YROWDJH�RI�]HUR��7KH�RXWSXW�KDV�D�QRQ-]HUR�DYHUDJH�
YROWDJH� 

 · 7KHVH�FLUFXLWV�DUH�XVHG�LQ�WHVW�HTXLSPHQW��UDGDU�V\VWHPV��HOHFWURQLF�FRXQWHUPHDVXUH�
V\VWHPV��DQG�VRQDU�V\VWHPV�� 

 3ULQFLSOH�RI�RSHUDWLRQ� 
 7KHUH�DUH�D�QXPEHU�RI�ZD\V�WR�H[SODLQ�KRZ�WKLV�
FLUFXLW�ZRUNV��+HUH�LV�RQH� 

· &DSDFLWRUV�EORFN�'&�VLJQDOV� 
 · ,Q�RWKHU�ZRUGV��WKHLU�SODWHV�FDQ�VLW�DW�GLIIHUHQW�

'&�YROWDJHV� 
 · ,QLWLDOO\��WKH�YROWDJH�GLIIHUHQFH�DFURVV�WKH�SODWHV�LV�]HUR���ZH�DVVXPH�� 
 · ,W�FDQQRW�FKDQJH�IURP�WKLV�XQWLO�VRPH�FKDUJH�KDV�IORZHG�WR���IURP�WKH�SODWHV� 
 · ,Q�WKH�QHJDWLYH�KDOI-F\FOH�RI�WKH�LQSXW� 

· SODWH�/�IROORZV�WKH�LQSXW�VLJQDO� 
· WKH�GLRGH�FRQGXFWV�VR�WKDW�SODWH�5�FDQQRW�EH�PRUH�WKDQ����9�EHORZ�<� 
 · ,Q�WKH�SRVLWLYH�KDOI-F\FOH�RI�WKH�LQSXW� 
· SODWH�/�DJDLQ�IROORZV�WKH�LQSXW�VLJQDO��DQG�ULVHV�IURP�-96�WR��96� 
· WKH�GLRGH�LV�UHYHUVH-ELDVHG��DQG�FDQQRW�FRQGXFW� 
· SODWH�5�PXVW�IROORZ�LW��DV�QR�FKDUJH�PRYHV�WR���IURP�LW� 
· WKH�YROWDJH�DW�;�ULVHV�IURP�-���9�WR����96�-�����9� 
 

7ZR�WDVNV� 
 �� :KDW�LV�WKH�DYHUDJH�YROWDJH�DFURVV�WKH�FDSDFLWRU�LQ�DQ�XQELDVHG�FODPSLQJ�FLUFXLW"� 
 ([SODLQ�\RXU�DQVZHU� 

 �� $Q�H[WHQVLRQ�RI�WKLV�LGHD�LV�WR�DGG�'&�ELDV�WR�WKH�GLRGH�DV�
VKRZQ�LQ�WKH�FLUFXLW�RSSRVLWH�� 

 :KDW�LV�WKH�PLQLPXP�RXWSXW�YROWDJH�SURGXFHG�E\�WKLV�FLUFXLW��
DVVXPLQJ�WKDW�D�VLOLFRQ�GLRGH�LV�XVHG" 

 
 
 &RPSDUH�\RXU�VROXWLRQV�ZLWK�WKRVH�JLYHQ�RQ�SDJH���� 

Z�F 

Z�G 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
+DOI-ZDYH�UHFWLILHU 
$�FRPPRQ�XVH�IRU�D�GLRGH�LV�WR�FRQYHUW�DOWHUQDWLQJ�FXUUHQW��$&��WR�GLUHFW�
FXUUHQW��'&��LQ�D�UHFWLILHU�FLUFXLW��H[SORLWLQJ�WKH�IDFW�WKDW�D�GLRGH�FRQGXFWV�
RQO\�ZKHQ�WKH�DQRGH�LV�PRUH�SRVLWLYH�WKDQ�WKH�FDWKRGH�� 
 +DYLQJ�SURGXFHG�D�FXUUHQW�WKDW�IORZV�LQ�RQO\�RQH�GLUHFWLRQ��D�ODUJH�YDOXH�
FDSDFLWRU��FRQQHFWHG�LQ�SDUDOOHO�ZLWK�WKH�ORDG��DFWV�DV�D�UHVHUYRLU�RI�
FKDUJH�DQG�GHOLYHUV�FXUUHQW�ZKHQ�WKH�GLRGH�LV�QRW�FRQGXFWLQJ� 

2YHU�WR�\RX�  
 · %XLOG�FLUFXLW��D��� 
 7KH�����9�$&�SRZHU�VXSSO\�SURYLGHV�WKH�
LQSXW��7KH����W�UHVLVWRU�DFWV�DV�WKH�ORDG�
IRU�WKH�UHFWLILHU�FLUFXLW� 

 · &RQQHFW�D�'&�YROWPHWHU�WR�PHDVXUH�WKH�
'&�RXWSXW�YROWDJH��9287��5HFRUG�LW�LQ�WKH�
ILUVW�OLQH�RI�WKH�WDEOH� 

 · &RQQHFW�D�GXDO�WUDFH�RVFLOORVFRSH��XVLQJ�
WZR�µ[��¶�SUREHV��VR�WKDW�&KDQQHO�$�
GLVSOD\V�DW�OHDVW�WZR�FRPSOHWH�F\FOHV�RI�WKH�
LQSXW�ZDYHIRUP�DQG�&KDQQHO�%�GLVSOD\V�
WKH�FRUUHVSRQGLQJ�RXWSXW�� 

 &RQQHFW�WKH�RVFLOORVFRSH�JURXQG�WHUPLQDOV�
WR�WKH�QHJDWLYH�UDLO�RI�WKH�FLUFXLW�� 

 · 6NHWFK�WKH�RXWSXW�ZDYHIRUP�RQ�WKH�JULG�SURYLGHG��DQG�LQFOXGH�
ODEHOOHG�YROWDJH�DQG�WLPH�D[HV�� 

 · 0RGLI\�WKH�FLUFXLW�E\�DGGLQJ�D���m)�UHVHUYRLU�FDSDFLWRU��&��FRQQHFWHG�
DV�LQ�FLUFXLW��E���DQG�VNHWFK�WKH�RXWSXW�ZDYHIRUP� 

 · $JDLQ�PHDVXUH�DQG�UHFRUG�WKH�RXWSXW�YROWDJH��9287�� 
 · 5HSHDW�WKLV�SURFHVV�IRU�WKH�RWKHU�YDOXHV�RI�FDSDFLWRU�&��JLYHQ�LQ�WKH�
WDEOH� 

Z�D 

Z�E 

&DSDFLWRU�& 9287 
1RQH   
���)   
����)   
����)   
�����)   

6XJJHVWHG�RVFLOORVFRSH��RU�HTXLYDOHQW��VHWWLQJV� 
 7LPHEDVH��-����PV�GLY� 
 9ROWDJH�UDQJH��-�,QSXWV�$�DQG�%�-����9�'&�ZLWK�[���SUREHV�� ��� 7ULJJHU�0RGH�-�5HSHDW   7ULJJHU�&KDQQHO��-�FK�$����� 
 7ULJJHU�'LUHFWLRQ�-�5LVLQJ����� 7ULJJHU�7KUHVKROG�-���P9 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
+DOI-ZDYH�UHFWLILHU 

 )RU�\RXU�UHFRUGV� 
 
  · ([SODLQ�WKH�GLIIHUHQFH�LQ�WKH�VKDSH�RI�WKH�RXWSXW�ZDYHIRUP�SURGXFHG�E\�FLUFXLW��D��DQG�WKRVH�
SURGXFHG�E\�FLUFXLW��E�� 

 · :KLFK�YDOXH�RI�UHVHUYRLU�FDSDFLWDQFH�SURGXFHG�WKH�KLJKHVW�YDOXH�RI�'&�RXWSXW�YROWDJH"�:K\�
ZDV�WKLV" 

6R�ZKDW" 
 7KH�GLRGH�DOORZV�FXUUHQW�WR�IORZ�WKURXJK�LW��DQG�WKH�
ORDG��LQ�RQH�GLUHFWLRQ�RQO\��,W�DFWV�DV�D�VPDOO�UHVLVWRU�IRU�
FXUUHQWV�WU\LQJ�WR�IORZ�LQ�RQH�GLUHFWLRQ��ZKHQ�LW�LV�IRU�
ZDUG-ELDVHG���DQG�DV�D�YHU\�ODUJH�UHVLVWRU�IRU�FXUUHQWV�
WU\LQJ�WR�IORZ�LQ�WKH�RWKHU�GLUHFWLRQ���ZKHQ�UHYHUVH-
ELDVHG�� 
 7KH�ILUVW�GLDJUDP�VKRZV�D�W\SLFDO�WUDFH�REWDLQHG�IURP�
WKH�ILUVW�FLUFXLW��7KH�$&�LQSXW�LV�WXUQHG�LQWR�D�'&�RXW�
SXW��UHFWLILHG���1RWLFH�WKDW��ZKLOH�WKH�RXWSXW�LV�'&��DV�
LW�QHYHU�FURVVHV�WKH��9�OLQH����LW�LV�QRW�VWHDG\�'&�� 
 7KH�VHFRQG�GLDJUDP�VKRZV�WKH�VDPH�VLJQDO��XVLQJ�D� 
GLIIHUHQW�WLPH�EDVH�VHWWLQJ�IRU�WKH�RVFLOORVFRSH���PV�GLY���
7KLV�VKRZV�WKH�UHFWLILFDWLRQ�LQ�PRUH�GHWDLO��,Q�SDUWLFXODU��QR�
WLFH�WKDW�WKH�'&�RXWSXW��LQ�UHG��LV�DSSUR[LPDWHO\����9��ORZHU�
WKDQ�WKH�$&�LQSXW��7KH�GLRGH�GRHV�QRW�UHDOO\�FRQGXFW�XQWLO�
WKH�YROWDJH�DFURVV�LW�UHDFKHV����9��2QFH�LW�VWDUWV�WR� 
FRQGXFW��WKHUH�LV�D����9�GURS�DFURVV�WKH�GLRGH��OHDYLQJ�WKH�
'&�RXWSXW����9�EHORZ�WKH�$&�LQSXW�DW�DOO�SRLQWV� 
 7KH�WKLUG�GLDJUDP�VKRZV�WKH�HIIHFW�RI�DGGLQJ�D�VPRRWKLQJ�
FDSDFLWRU��7KH�RXWSXW�YROWDJH�LV�QRZ�ERWK�'&�DQG�VWHDG\�� 

$ % 

���9�JDS 

$�FORVHU�YLHZ 

:LWK�WKH�FDSDFLWRU�LQ�FLUFXLW 

'& 

Z�F 

Z�G 

Z�H 

$�$&�FXUUHQW�FKDQJHV�GLUHFWLRQ�KHUH %�'&�FXUUHQW�GRHV�QRW�FKDQJH�GLUHFWLRQ $& 
'& 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
)XOO-ZDYH��EULGJH��UHFWLILHU 
7KH�GLRGH�LQ�D�KDOI-ZDYH�UHFWLILHU�FRQGXFWV�IRU�QR�PRUH�WKDQ�����RI�WKH�
WLPH��7KLV�LV�LQHIILFLHQW�DQG�UHTXLUHV�ODUJH�UHVHUYRLU�FDSDFLWRUV�� 
 0RVW�SUDFWLFDO�SRZHU�VXSSOLHV�XVH�IRXU�GLRGHV�WR�PDLQWDLQ�WKH�FXUUHQW�
IORZ�WKURXJK�WKH�ORDG�RQ�ERWK�SRVLWLYH�DQG�QHJDWLYH�KDOI-F\FOHV�RI�WKH�
VXSSO\��,Q�SUDFWLFH��WKH\�XVH�HLWKHU�IRXU�LQGLYLGXDO�GLRGHV��DV�VKRZQ�
RSSRVLWH��RU�D�VLQJOH�FRPSRQHQW��D�EULGJH�UHFWLILHU��ZKHUH�WKH�IRXU�
GLRGHV�DUH�HQFDSVXODWHG�LQ�D�VLQJOH�SDFNDJH�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�LQYHVWLJDWH�D�IXOO-ZDYH�UHFWLILHU��XVLQJ�IRXU�GLRGHV�� 

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��XVLQJ�WKH�����9�$&�
SRZHU�VXSSO\�DV�WKH�LQSXW�RQFH�DJDLQ� 

 · 0HDVXUH�WKH�'&�RXWSXW�YROWDJH��9287�DQG�UHFRUG�LW�LQ�WKH�
ILUVW�OLQH�RI�WKH�WDEOH� 

 · &RQQHFW�DQ�RVFLOORVFRSH�WR�GLVSOD\�DW�OHDVW�WZR�FRPSOHWH�
F\FOHV�RI�WKH�RXWSXW�ZDYHIRUP�� 

 'R�QRW�WU\�WR�GLVSOD\�WKH�LQSXW�ZDYHIRUP�DW�WKH�VDPH�WLPH��
7KH�FRPPRQ�JURXQG�FRQQHFWLRQ�ZLOO�VKRUW-FLUFXLW�RQH�RI�
WKH�GLRGHV��  

 7KH�LQSXW�ZDYHIRUP�LV�WKH�VDPH�DV�WKDW�GLVSOD\HG�LQ�WKH�
SUHYLRXV�ZRUNVKHHW��8VH�WKH�VDPH�WLPH�EDVH�DQG�YROWDJH�
VHQVLWLYLW\�VHWWLQJV�DV�EHIRUH� 

 · 6NHWFK�WKH�RXWSXW�ZDYHIRUP�RQ�WKH�XSSHU�JULG��ZLWK�ODEHOOHG�
YROWDJH�DQG�WLPH�D[HV�� 

 · 0RGLI\�WKH�FLUFXLW�E\�DGGLQJ�D���m)�UHVHUYRLU�
FDSDFLWRU��&��FRQQHFWHG�DV�LQ�WKH�VHFRQG�FLUFXLW�� 

 · 6NHWFK�WKH�RXWSXW�ZDYHIRUP��ZLWK�ODEHOOHG�D[HV�� 
 · 0HDVXUH�DQG�UHFRUG�WKH�'&�RXWSXW�YROWDJH��9287�� 
 · 8VH�WKH�RWKHU�FDSDFLWRU�YDOXHV�VKRZQ�LQ�WKH�WDEOH��
0HDVXUH�DQG�UHFRUG�WKH�'&�RXWSXW�YROWDJH��9287��IRU�HDFK� 

  
 

Z�D 

Z�E 

Z�G 

Z�F 

Z�G 

&DSDFLWRU�& 9287 
1RQH   
���)   
����)   
����)   
�����)   



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
)XOO-ZDYH��EULGJH��UHFWLILHU 

)RU�\RXU�UHFRUGV� 
 · ([SODLQ�WKH�GLIIHUHQFH�LQ�WKH�VKDSH�RI�WKH�RXWSXW�ZDYHIRUP�SURGXFHG�E\�WKH�WZR�FLUFXLWV� 
 · &RPSDUH�WKH�SHUIRUPDQFH�RI��WKH�IXOO-ZDYH�UHFWLILHU�ZLWK�WKH�KDOI-ZDYH�UHFWLILHU� 
 · :KLFK�JDYH�WKH�EHWWHU�SHUIRUPDQFH" 

 · ,Q�ZKDW�ZD\�ZDV�LW�EHWWHU" 

 6R�ZKDW" 
 7KH�FLUFXLW�GLDJUDP�IRU�WKH�IXOO-ZDYH�UHFWLILHU�LV�VKRZQ�RSSRVLWH��� 
 ,W�ZDV�SRLQWHG�RXW�WKDW�\RX�FDQQRW�PHDVXUH�WKH�LQSXW�DQG�RXWSXW�
ZDYHIRUPV�VLPXOWDQHRXVO\�� 
 7R�GR�WKDW��\RX�ZRXOG�FRQQHFW�RQH�FKDQQHO�WR�SRLQWV�$�DQG�&�WR�
PHDVXUH�WKH�LQSXW��DQG�WKH�RWKHU�WR�SRLQWV�%�DQG�'�WR�PHDVXUH�WKH�RXWSXW��+RZHYHU��WKH� 
RVFLOORVFRSH�KDV�D�FRPPRQ��9�FRQQHFWLRQ�EHWZHHQ�WKH�WZR�FKDQQHOV��7KLV�FRPPRQ�FRQQHF�
WLRQ��ZRXOG�FRQQHFW�SRLQWV�&�DQG�'�WRJHWKHU��VD\��DQG�WKXV�VKRUW-FLUFXLW�RQH�RI�WKH�GLRGHV� 
 7KH�WKUHH�RVFLOORVFRSH�WUDFHV�VKRZ�W\SLFDO�ZDYHIRUPV�IRU� 
 
· �WKH�$&�VLJQDO�JRLQJ�LQWR�WKH�IXOO-ZDYH�UHFWLILHU� 
 
 
 
 
 
· �WKH�'&�RXWSXW 
 
 
 
 
 
· WKH�HIIHFW�RI�WKH�UHVHUYRLU�FDSDFLWRU� 
 
 
 7KH�'&�RXWSXW��LQ�WKH�PLGGOH�WUDFH��LV�DQ�LPSURYHPHQW�RQ�
WKH�KDOI-ZDYH�RXWSXW��LQ�WKDW�FXUUHQW�IORZV�WKURXJK�WKH�ORDG�
WKURXJKRXW�WKH�$&�F\FOH��$JDLQ��LW�LV�'&���EHFDXVH�WKH�WUDFH�QHYHU�FURVVHV�WKH��9�OLQH�� 
 +RZHYHU��DJDLQ��D�UHVHUYRLU�FDSDFLWRU�LV�QHHGHG�WR�SURYLGH�VPRRWK�'&� 

Z�H 

Z�I 

Z�J 

Z�K 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
9ROWDJH�PXOWLSOLHU 

9ROWDJH�PXOWLSOLHUV�SURYLGH�D�FRQYHQLHQW�ZD\�RI�JHQHUDWLQJ�KLJK�
YROWDJHV�DW�UHODWLYHO\�ORZ�FXUUHQW��7KH\�XVH�D�QXPEHU�RI�
FDSDFLWRUV��RI�VXLWDEOH�ZRUNLQJ�YROWDJH��FRQQHFWHG�LQ�VHULHV��
(DFK�FDSDFLWRU�FKDUJHV�WR�WKH�SHDN�YDOXH�RI�WKH�DSSOLHG�$&�� 
 $Q�DOWHUQDWLYH�PHWKRG�XVHV�D�WUDQVIRUPHU�EXW�VXFK�
DUUDQJHPHQWV�WHQG�WR�EH�EXON\�DQG�H[SHQVLYH�DQG�VR�DUH�XVHG�
RQO\�ZKHUH�WKH�FXUUHQW�GHPDQG�LV�PXFK�ODUJHU� 

2YHU�WR�\RX� 
 
  · %XLOG�HDFK�RI�WKH�FLUFXLWV�VKRZQ�RSSRVLWH��LQ�
WXUQ��7KH�����9�$&�SRZHU�VXSSO\�SURYLGHV�WKH�
LQSXW� 

  &LUFXLW��D��LV�NQRZQ�DV�D�KDOI-ZDYH�GRXEOHU� 
  &LUFXLW��E��LV�D�IXOO-ZDYH�YROWDJH�GRXEOHU� 
  &LUFXLW��F��LV�D�µYROWDJH�WULSOHU¶� 
  &LUFXLW���LV�D�µYROWDJH�TXDGUXSOHU¶� 
 'RQ¶W�WDNH�WKHVH�WLWOHV�WRR�OLWHUDOO\��7KH�DFWXDO�
SHUIRUPDQFH�GHSHQGV�RQ�WKH�ORDG��LQ�WKLV�FDVH�
WKH���NW�UHVLVWRU� 

 · 0HDVXUH�WKH�'&�RXWSXW�YROWDJH��9287���
SURGXFHG�E\�HDFK�FLUFXLW�XVLQJ�D�PXOWLPHWHU�
VHW�WR�WKH����9�'&�UDQJH�� 

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

Z�D 

Z�E 

Z�F 

Z�G 

Z�H 

0XOWLSOLHU�FLUFXLW 9287 
�D�   
�E�   
�F�   
�G�   



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
9ROWDJH�PXOWLSOLHU 
6R�ZKDW" 
 
+HUH�LV�DQ�H[SODQDWLRQ�RI�WKH�EHKDYLRXU�RI�FLUFXLW��D���,W�LJQRUHV�DQ\�IRUZDUG�YROWDJH�GURS�
DFURVV�WKH�GLRGHV��DQG�WKH�HIIHFW�RI�WKH�FXUUHQW�GHOLYHUHG�WR�WKH�ORDG��,W�DVVXPHV�WKDW�WKH�FD�
SDFLWRUV�DUH�XQFKDUJHG�WR�EHJLQ�ZLWK� 
 
'XULQJ�WKH�QHJDWLYH�KDOI-F\FOH�RI�WKH�SRZHU�VXSSO\� 
· SRLQW�4�LV�����9�PRUH�SRVLWLYH�WKDQ�SRLQW�3� 
· GLRGH�;�LV�IRUZDUG-ELDVHG�DQG�VR�FRQGXFWV� 
· ERWK�HQGV�RI�WKH�GLRGH�VLW�DW�WKH�VDPH�YROWDJH� 
· FDSDFLWRU�&��FKDUJHV�VR�WKDW�WKH�ULJKW-KDQG�SODWH�LV�����9�KLJKHU�WKDQ�WKH�OHIW-KDQG�SODWH� 
7KH�GLDJUDP�RSSRVLWH�LOOXVWUDWHV�WKLV�VLWXDWLRQ� 
  
 
 
 'XULQJ�WKH�SRVLWLYH�KDOI-F\FOH�RI�WKH�SRZHU�VXSSO\� 
· SRLQW�3�LV�����9�PRUH�SRVLWLYH�WKDQ�SRLQW�4� 
· GLRGH�;�LV�UHYHUVH-ELDVHG�DQG�VR�GRHV�QRW�FRQGXFW� 
· WKH�DQRGH�RI�GLRGH�<�LV��������������9�PRUH�SRVLWLYH�WKDQ�WKH�FDWKRGH�DQG�VR�LW�FRQGXFWV� 
· ERWK�HQGV�RI�WKH�GLRGH�VLW�DW�WKH�VDPH�YROWDJH� 
· FDSDFLWRU�&��FKDUJHV�VR�WKDW�WKH�XSSHU�SODWH�LV���9�KLJKHU�WKDQ�WKH�ORZHU�SODWH� 
· 7KH�RXWSXW�YROWDJH� ���9� 
7KH�VHFRQG�GLDJUDP�LOOXVWUDWHV�WKLV�VLWXDWLRQ� 
  

Z�I 

Z�J 

)RU�\RXU�UHFRUGV� 
 · &LUFXLW��E��LV�D�GRXEOH�YHUVLRQ�RI��D���DQG�EHKDYHV�LQ�D�YHU\�VLPLODU�IDVKLRQ��:ULWH�DQ�H[SOD�
QDWLRQ�RI�KRZ�WKH�FLUFXLW�DFWV�DV�D�YROWDJH�PXOWLSOLHU� 

 
· &RPPHQW�RQ�WKH�SHUIRUPDQFH�RI�WKH�PXOWLSOLHU�FLUFXLWV��'LG�\RX�REWDLQ�WKH�RXWSXW�YROWDJHV�
WKDW�\RX�H[SHFWHG"�,I�QRW��VXJJHVW�UHDVRQV�ZK\�WKLV�ZDV�QRW�WKH�FDVH� 

 
· )LQG�RXW�KRZ�D�WUDQVIRUPHU�FRXOG�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�D�UHFWLILHU�FLUFXLW�LQ�RUGHU�WR�
SURGXFH�D�YROWDJH�WHQ�WLPHV�JUHDWHU�WKDQ�WKH�VXSSO\"�,OOXVWUDWH�\RXU�DQVZHU�ZLWK�D�ODEHOOHG�
FLUFXLW�GLDJUDP� 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
7K\ULVWRU� 
6HPLFRQGXFWRU�SRZHU�FRQWURO�GHYLFHV�SURYLGH�IDVW��HIILFLHQW�DQG�UHOLDEOH�
PHWKRGV�RI�VZLWFKLQJ�KLJK�FXUUHQWV�DQG�YROWDJHV�� 
 7K\ULVWRUV��DOVR�NQRZQ�DV�VLOLFRQ�FRQWUROOHG�UHFWLILHUV�

�6&5¶V���DUH�WKUHH-WHUPLQDO�GHYLFHV�WKDW�VZLWFK�UDSLGO\� 
IURP�D�FRQGXFWLQJ�WR�D�QRQ-FRQGXFWLQJ�VWDWH�� 
 ,Q�WKH�µRII¶�VWDWH��WKH\�H[KLELW�QHJOLJLEOH�OHDNDJH�FXUUHQW��

ZKLOVW�LQ�WKH�µRQ¶�VWDWH�WKH�GHYLFH�H[KLELWV�YHU\�ORZ�UHVLVWDQFH��7KLV�UHVXOWV�
LQ�OLWWOH�SRZHU�ORVV�ZLWKLQ�WKH�GHYLFH�HYHQ�ZKHQ�DSSUHFLDEOH�SRZHU�OHYHOV�
DUH�EHLQJ�FRQWUROOHG�� 
 ,W�LV�VZLWFKHG�LQWR�WKH�FRQGXFWLQJ�VWDWH�E\�DSSO\LQJ�D�FXUUHQW�SXOVH�WR�WKH�
JDWH�WHUPLQDO��7KHQ��WKH�6&5�UHPDLQV�FRQGXFWLQJ��L�H��LW�LV�ODWFKHG�µRQ¶���XQWLO�WKH�IRUZDUG�
FXUUHQW�LV�UHPRYHG�IURP�WKH�GHYLFH�� 
 ,Q�'&�DSSOLFDWLRQV��WKLV�PHDQV�LQWHUUXSWLQJ��RU�GLVFRQQHFWLQJ��WKH�VXSSO\�WR�UHWXUQ�WKH�GHYLFH�
LQWR�LWV�QRQ-FRQGXFWLQJ�VWDWH��+RZHYHU��ZLWK�$&��WKH�GHYLFH�DXWRPDWLFDOO\�UHVHWV�ZKHQHYHU�WKH�
PDLQV�VXSSO\�UHYHUVHV��7KH�6&5�PXVW�WKHQ�EH�UH-WULJJHUHG�WR�FRQGXFW�RQ�WKH�QH[W�KDOI-F\FOH�� 
2YHU�WR�\RX� 
 ·  %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH� 
 7KH��NW�UHVLVWRU�DFWV�DV�WKH�ORDG�� 
 �D� '&�EHKDYLRXU� 
 · &RQQHFW�D�����9�'&�SRZHU�VXSSO\�WR�SURYLGH�WKH�LQSXW��9,1�� 
 · 0HDVXUH�DQG�UHFRUG�WKH�RXWSXW�YROWDJH��9287���ZLWK�WKH�VZLWFK�LQ�WKH�µRII¶��RSHQ��SRVLWLRQ�� 
 · 1H[W�SUHVV�WKH�VZLWFK�DQG�KROG�LW�¶RQ¶���FORVHG��� 
 · 0HDVXUH�DQG�UHFRUG�WKH�RXWSXW�YROWDJH��9287��DJDLQ�� 
 · )LQDOO\��UHOHDVH�WKH�VZLWFK� 
 · 0HDVXUH�DQG�UHFRUG�9287��DJDLQ�� 
 · 0RPHQWDULO\�GLVFRQQHFW�DQG�WKHQ�UH-FRQQHFW�WKH�'&�
SRZHU�VXSSO\� 

 · 5HSHDW�WKH�RXWSXW�YROWDJH�PHDVXUHPHQW�WR�FKHFN�WKDW�WKH�6&5�KDV�UHVHW� 
 
�E� $&�EHKDYLRXU� 
 · &RQQHFW�D�����9�$&�SRZHU�VXSSO\�WR�SURYLGH�WKH�LQSXW��9,1�� 
 · 5HSHDW�VWHSV���WR����OLVWHG�DERYH��DQG�FRPSOHWH�WKH�WDEOH�ZLWK�\RXU�UHVXOWV�� 
 

Z�D 

Z�E 

6ZLWFK 6� 9287�� �$&�VXSSO\� 9287 �'&�VXSSO\� 
2SHQ��RII�     
&ORVHG��RQ�     
2SHQ��RII�     

Z�F 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
7K\ULVWRU 

 6R�ZKDW" 
 

· &RPSDUH�WKH�SHUIRUPDQFH�RI�WKH�FLUFXLW�LQ�WKH�WZR�VLWXDWLRQV��6XJJHVW�D�UHDVRQ�IRU�WKH�GLIIHU�
HQFH� 

 · 5HVHDUFK�DSSOLFDWLRQV�IRU�D�6&5�-�HLWKHU�'&�RU�$&���,OOXVWUDWH�\RXU�DQVZHU�ZLWK�D�ODEHOOHG�
FLUFXLW�GLDJUDP� 

 7KH�WK\ULVWRU��LV�DOVR�NQRZQ�DV�D�VLOLFRQ�FRQWUROOHG�UHFWLILHU��ZKLFK�GHVFULEHV�LWV�'&�EHKDYLRXU�
YHU\�ZHOO���,W�LV�D�VSHFLDO�W\SH�RI�GLRGH�WKDW�DOORZV�FXUUHQW�WR�IORZ�RQO\�ZKHQ�D�FRQWURO�VLJQDO�LV�
DSSOLHG�WR�LWV�JDWH� �2QFH�WXUQHG�RQ��WKH�WK\ULVWRU�ZLOO�QRW�WXUQ�RII��HYHQ�DIWHU�WKH�JDWH�VLJQDO�KDV�
EHHQ�UHPRYHG��SURYLGHG�D�VXIILFLHQWO\�ODUJH�FXUUHQW�IORZV�WKURXJK�WKH�LW�IURP�DQRGH�WR�FDWKRGH� 
 7KH�FRQGLWLRQV�QHHGHG�WR�PDNH�WKH�WK\ULVWRU�FRQGXFW��WKHQ��DUH� 

· IRUZDUG�ELDV�–�WKH�DQRGH�PRUH�SRVLWLYH�WKDQ�WKH�FDWKRGH� 
· D�VXIILFLHQWO\�ODUJH�SXOVH�RI�FXUUHQW�IORZLQJ�LQWR�WKH�JDWH� 
· D�VXIILFLHQWO\�ODUJH�FXUUHQW�WKHQ�IORZLQJ�IURP�DQRGH�WR�FDWKRGH� 

 ,Q�WKH�DUUDQJHPHQW�\RX�XVHG��ZKHQ�WKH�VZLWFK�6�LV�FORVHG��D�FXUUHQW�,*�
IORZV�LQWR�WKH�WK\ULVWRU�JDWH��3URYLGLQJ�WKLV�FXUUHQW�LV�ELJ�HQRXJK�� 
L�H��ELJJHU�WKDQ�D�YDOXH�NQRZQ�DV�WKH�PLQLPXP�JDWH�FXUUHQW��,*7�� 
W\SLFDOO\�EHWZHHQ����P$�DQG���P$��WKH�WK\ULVWRU�ZLOO�VZLWFK�RQ�� 
 6LPLODUO\��WKH�YROWDJH�DSSOLHG�EHWZHHQ�WKH�JDWH�DQG�WKH�FDWKRGH�� 
9*��PXVW�EH�JUHDWHU�WKDQ�D�YDOXH��FDOOHG�WKH�PLQLPXP�JDWH�YROWDJH��
9*7��W\SLFDOO\�EHWZHHQ����9�DQG����9� 
 7KH�WK\ULVWRU�WKHQ�ODWFKHV�RQ��DQG�D�FXUUHQW��,$��IORZV�WKURXJK�WKH�ORDG�
HYHQ�ZKHQ�VZLWFK�6� 
LV�RSHQHG�DJDLQ��+RZHYHU��LI�WKLV�FXUUHQW�GURSV�EHORZ�D�PLQLPXP�YDOXH��FDOOHG�WKH�KROGLQJ� 
FXUUHQW��,+��WKH�WK\ULVWRU�VZLWFKHV�RII��7\SLFDOO\��,+�LV�DURXQG���P$� 
 7KH�LGHDO�VZLWFKLQJ�GHYLFH�LV�RQH�ZKLFK�PRYHV�YHU\� 
UDSLGO\�IURP�µRII¶�WR�µRQ�¶�7K\ULVWRUV�PDNH�VXSHUE�KLJK�SRZ�
HU�VZLWFKLQJ�GHYLFHV��DV�ZKHQ�WKH\�UHFHLYH�D�VXIILFLHQW�
JDWH�SXOVH��WKH\�PRYH�H[WUHPHO\�TXLFNO\�IURP�WKH�IRUZDUG-
EORFNLQJ�VWDWH��ZKHUH�WKH�GHYLFH�LV�IRUZDUG-ELDVHG��EXW�QRW�
FRQGXFWLQJ��LQWR�WKH�FRQGXFWLQJ�VWDWH���$V�D�UHVXOW��WKH\�
GLVVLSDWHV�YHU\�OLWWOH�SRZHU�LQ�WKH�SURFHVV�� 
 ,Q�WKH�FRQGXFWLQJ�VWDWH��WKHUH�LV�D�UHVLGXDO�YROWDJH�GURS�RI�
DURXQG�RQH�YROW�EHWZHHQ�DQRGH�DQG�FDWKRGH��9$.��VR�
WKHUH�LV�VWLOO�VRPH�SRZHU�GLVVLSDWLRQ��ZKLFK�PHDQV�WKDW�WKH�
GHYLFH�PD\�KDYH�WR�EH�FRROHG�LQ�VRPH�ZD\��E\�XVH�RI�D�
KHDW�VLQN�IRU�H[DPSOH�� 

Z�G 

Z�H 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
=HQHU�GLRGH�FKDUDFWHULVWLFV 

 =HQHU�GLRGHV�DUH�VLOLFRQ�GLRGHV�WKDW�H[KLELW�DEUXSW�UHYHUVH�
EUHDNGRZQ�DW�D�SUH-GHWHUPLQHG��ORZ�YROWDJHV��H�J�����9��
���9�RU����9��� 
 :KHQ�WKLV�KDSSHQV��WKH�YROWDJH�DFURVV�WKH�]HQHU�UHPDLQV�
VXEVWDQWLDOO\�FRQVWDQW�UHJDUGOHVV�RI�WKH�FXUUHQW�IORZLQJ��
SURYLGHG�LWV�PD[LPXP�UDWLQJV�DUH�QRW�H[FHHGHG���� 
 ,Q�WKLV�ZRUNVKHHW�\RX�REWDLQ�WKH�IRUZDUG�DQG�UHYHUVH�
FKDUDFWHULVWLFV�IRU�D�W\SLFDO�ORZ-YROWDJH�=HQHU�GLRGH�� 
 <RX�VKRXOG�FRPSDUH�WKHP�ZLWK�WKRVH�REWDLQHG�IRU�DQ�
RUGLQDU\�VLOLFRQ�GLRGH��LQ�:RUNVKHHW��� 

2YHU�WR�\RX� 
 · %XLOG�FLUFXLW��D���VKRZQ�EHORZ��WR�DOORZ�\RX�WR�PHDVXUH�WKH�IRUZDUG�
FKDUDFWHULVWLFV�RI�WKH����9�]HQHU�GLRGH� 

 · 6HW�WKH�'&�SRZHU�VXSSO\�IRU�DQ�RXWSXW�RI����9� 
 · 6HW�WKH�YROWPHWHU�WR�WKH���9�'&�UDQJH�DQG�WKH�DPPHWHU�WR�WKH���P$�
'&�UDQJH�� 

 · 8VH�WKH�¶SRW¶�WR�YDU\�WKH�YROWDJH��9)��DSSOLHG�WR�WKH�GLRGH�IURP����9�WR�
���9�LQ�VWHSV�RI����9��DQG�PHDVXUH�WKH�IRUZDUG�FXUUHQW��,)��DW�HDFK�
VWHS���5HFRUG�\RXU�UHVXOWV�LQ�WKH�WDEOH� 

 · 1H[W�LQYHUW�WKH�]HQHU�GLRGH��DQG�FKDQJH�WKH�SRZHU�VXSSO\�YROWDJH�WR�
����9��DV�VKRZQ�LQ�FLUFXLW��E����7KLV�DOORZV�\RX�WR�PHDVXUH�WKH�UHYHUVH�
FKDUDFWHULVWLFV�RI�WKH�WZR�GLRGHV�� 

 · &KDQJH�WKH�DPPHWHU�WR�WKH�����$�'&�UDQJH�� 
 · 2QFH�DJDLQ��XVH�WKH�¶SRW¶��WR�YDU\�WKH�YROWDJH�DSSOLHG�WR�WKH�GLRGH��QRZ�
FDOOHG�95��WR�WKH�YDOXHV�JLYHQ�LQ�WKH�VHFRQG�WDEOH�� 

 · 5HFRUG�WKHP�LQ�WKH�WDEOH� 
 · 5HSHDW�WKH�ZKROH�SURFHGXUH�XVLQJ�D����9�]HQHU�GLRGH� 

)RUZDUG FKDUDFWHULVWLFV 
9) ,) 
�   
���   
���   
���   
���   
���   
���   
���   

5HYHUVH FKDUDFWHULVWLFV 
95 ,5 
�   
���   
���   
8.0  
8.5  
9.0  
9.5  
10.0  

Picture of PSU 

(D) (E) 

Z�F Z�E 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW�� 
=HQHU�GLRGH�FKDUDFWHULVWLFV 

6R�ZKDW" 
 

· :KDW�GRHV�WKH�VKDSH�RI�WKH�JUDSK�WHOO�\RX" 
· :KDW�ZDV�WKH�PHDVXUHG�]HQHU�YROWDJH" 

6R�ZKDW" 
 · 8VH�WKH�D[HV�SURYLGHG�WR�SORW�\RXU�UHVXOWV�DV�JUDSKV�RI�DSSOLHG�YROWDJH�DJDLQVW�FXUUHQW�IRU�

ERWK�WKH�IRUZDUG�DQG�UHYHUVH�GLUHFWLRQV��IRU�ERWK�]HQHU�GLRGHV��� 
 1RWLFH�WKDW�WKH�YROWDJH�DQG�FXUUHQW�VFDOHV�DUH�GLIIHUHQW�IRU�WKH�WZR�GLUHFWLRQV� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

· 'HVFULEH�ZKDW�WKH�JUDSK�VKRZV�DERXW��WKH�UHVLVWDQFH�RI�WKH�]HQHU�GLRGH�LQ�WKH�GLIIHUHQW�
UHJLRQV� 

 · :KDW�ZDV�WKH�PHDVXUHG�]HQHU�YROWDJH" 

Z�G 

)RU�\RXU�UHFRUGV� 
 · =HQHU�GLRGHV�DUH�PDQXIDFWXUHG�LQ�GLIIHUHQW�VHULHV��VXFK�DV�WKH�%=;��&��WKH�%=;��&�DQG�
WKH��1����%�VHULHV��:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKHVH�VHULHV" 

 · $�]HQHU�GLRGH�FDQ�EH�XVHG�WR�SURYLGH�VXUJH�SURWHFWLRQ�LQ�DQ�HOHFWURQLF�V\VWHP��)LQG�RXW�KRZ�
LW�GRHV�WKLV��,OOXVWUDWH�\RXU�DQVZHU�ZLWK�D�ODEHOOHG�FLUFXLW�GLDJUDP� 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW��� 
=HQHU�GLRGH�YROWDJH�UHJXODWRU 

  $�YROWDJH�UHJXODWRU�LV�GHVLJQHG�WR�NHHS�WKH�SRZHU�VXSSO\�
RXWSXW�YROWDJH�FRQVWDQW��GHVSLWH�FKDQJHV�LQ�LQSXW�YROWDJH�
DQG�ORDG�FXUUHQW�� 
 $�VKXQW�YROWDJH�UHJXODWRU�FDQ�EH�DV�VLPSOH�DV�D�VHULHV�
UHVLVWRU��DQG�D�=HQHU�GLRGH�FRQQHFWHG�LQ�SDUDOOHO�ZLWK�WKH�
ORDG��7KH�=HQHU�GLRGH�KROGV�WKH�ORDG�YROWDJH�FRQVWDQW�RYHU�
D�ZLGH�UDQJH�RI�LQSXW�YROWDJHV��SURYLGHG��RI�FRXUVH��WKH\�
H[FHHG�WKH�=HQHU�GLRGH¶V�UHYHUVH�EUHDNGRZQ�YROWDJH���� 
 0RUH�FRPSOH[�YROWDJH�UHJXODWRUV�XVH�PRUH�FRPSOH[�
WHFKQLTXHV��EXW�DJDLQ��PRVW�UHO\�RQ�D�=HQHU�GLRGH�DFWLQJ�DV�
DQ�DFFXUDWH�YROWDJH�UHIHUHQFH� 

2YHU�WR�\RX� 
  · %XLOG�WKH�YROWDJH�UHJXODWRU�FLUFXLW�VKRZQ�
RSSRVLWH��7KH��Nȍ�UHVLVWRU�UHSUHVHQWV�WKH�ORDG�
FRQQHFWHG�WR�WKH�YROWDJH�UHJXODWRU�FLUFXLW� 

 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�RXWSXW��9���:LWK�WKH�
µSRW¶��WKLV�SURYLGHV�D�YDULDEOH�SRZHU�
VXSSO\�YROWDJH��9,1��WR�WKH�YROWDJH�
UHJXODWRU�FLUFXLW�� 

 · $GMXVW�WKH�¶SRW¶�WR�YDU\�WKH�LQSXW�
YROWDJH�IURP���9�WR���9�LQ�VWHSV�RI�����
9�DQG��DW�HDFK�VWHS��PHDVXUH�DQG�
UHFRUG�WKH�LQSXW��SRZHU�VXSSO\��
YROWDJH��9,1��DQG�RXWSXW�YROWDJH��9287�
LQ�WKH�WDEOH� 

 · 1H[W��YDU\�WKH�ORDG�FXUUHQW�E\�
FKDQJLQJ�WKH�ORDG�UHVLVWRU�WR� 

· ���W� 
· ���W� 

 · )RU�HDFK��UHSHDW�WKH�SURFHVV�RXWOLQHG�
DERYH�DQG�FRPSOHWH�WKH�DSSURSULDWH�
WDEOH�ZLWK�\RXU�UHVXOWV� 

Z��D 

Z��E 

/RDG� ��NW 
9,1��9 9287��9 
�   
���   
���   
���   
���   
���   
���   
���   
���   
���   
���   
���   
���   
���   
���   
���   
���   

/RDG� ����W 
9,1��9 9287��9 
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/RDG� ����W 
9,1��9 9287��9 
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$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW��� 
=HQHU�GLRGH�YROWDJH�UHJXODWRU 

6R�ZKDW" 
  · 3ORW�\RXU�UHVXOWV�DV�WKUHH�VHSDUDWH�JUDSKV��RQH�IRU�HDFK�ORDG�UHVLVWRU��RQ�WKH�JULG�EHORZ�� 
 

Z��F 

)RU�\RXU�UHFRUGV� 
 · /LQH�UHJXODWLRQ�PHDVXUHV�KRZ�ZHOO�D�YROWDJH�UHJXODWRU�PDLQWDLQV�WKH�RXWSXW�YROWDJH�ZKHQ�WKH�LQSXW�

�SRZHU�VXSSO\��YROWDJH�FKDQJHV��&RPPHQW�RQ�WKH�SHUIRUPDQFH�RI�WKH�YROWDJH�UHJXODWRU�FLUFXLW�LQ�
WHUPV�RI�LWV�OLQH�UHJXODWLRQ�� 

 · /RDG�UHJXODWLRQ�PHDVXUHV�KRZ�ZHOO�D�YROWDJH�UHJXODWRU�PDLQWDLQV�WKH�RXWSXW�YROWDJH�DV�WKH�ORDG�FXU�
UHQW�LQFUHDVHV��&RPPHQW�RQ�WKH�SHUIRUPDQFH�RI�WKH�YROWDJH�UHJXODWRU�FLUFXLW�LQ�WHUPV�RI�LWV�ORDG�UHJX�
ODWLRQ�� 

 · �:KDW�SUDFWLFDO�UHVWULFWLRQV�GRHV�WKHVH�UHVXOWV�SODFH�RQ�WKH�XVH�RI�D�VLPSOH�VKXQW�YROWDJH�UHJXODWRU�
FLUFXLW" 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW��� 
/LJKW�HPLWWLQJ�GLRGHV 
/LJKW�HPLWWLQJ�GLRGHV��/('V��DUH�XVHG�DV�JHQHUDO-
SXUSRVH�LQGLFDWRUV��&RPSDUHG�ZLWK�ILODPHQW�ODPSV�
WKH\�RSHUDWH�IURP�VLJQLILFDQWO\�VPDOOHU�YROWDJHV�DQG�
FXUUHQWV��DQG�DUH�PXFK�PRUH�UHOLDEOH�� 
 0RVW�/('V�SURYLGH�D�UHDVRQDEOH�OHYHO�RI�OLJKW�RXWSXW�
ZLWK�D�FXUUHQW�RI�DURXQG���P$�DQG�ZLWK�D�IRUZDUG�
YROWDJH�GURS�RI�DURXQG��9�� 
 7R�OLPLW�WKH�FXUUHQW�IORZLQJ�WKURXJK�DQ�/('��D�UHVLVWRU�
LV�XVXDOO\�FRQQHFWHG�LQ�VHULHV�ZLWK�LW���7KH�/RFNWURQLFV�
/('�FDUULHUV�FRPH�ZLWK�WKLV�UHVLVWRU�EXLOW�LQ�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�ZLOO�LQYHVWLJDWH�D�VLPSOH�/('�LQGLFDWRU�FLUFXLW� 

2YHU�WR�\RX� 
  · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH�� 
 · 6HW�WKH�'&�SRZHU�VXSSO\�WR�SURYLGH�DQ�RXWSXW�RI����9�� 
 · &RQQHFW�DQ�DPPHWHU��VHW�WR�WKH���P$�'&�UDQJH��WR�
PHDVXUH�WKH�FXUUHQW�WKURXJK�WKH�/('��DQG�D�YROWPHWHU��
RQ�WKH���9�'&�UDQJH��WR�PHDVXUH�WKH�YROWDJH�GURS�
DFURVV�WKH�/('�DQG�VHULHV�UHVLVWRU� 

 7KH�������VHULHV�UHVLVWRU�LV�ILWWHG�LQVLGH�WKH�/RFNWURQLF�/('�FDUULHU�DQG�VR�FDQQRW�EH�
DFFHVVHG�VHSDUDWHO\� 

 · $GMXVW�WKH�¶SRW¶�WR�YDU\�WKH�LQSXW�YROWDJH�IURP��9�WR����9� 
 · �0HDVXUH�DQG�UHFRUG�WKH�YROWDJH�DQG�FXUUHQW�DW�ZKLFK�WKH�/('� 

· ILUVW�EHFRPHV�LOOXPLQDWHG� 
· SURYLGHV�D�UHDVRQDEO\�EULJKW�RXWSXW�� 

Z��E 

Z��D 

/('�VWDWH /('��SOXV�VHULHV�UHVLVWRU� 
YROWDJH FXUUHQW 

/('�MXVW�SURGXFLQJ�YLVLEOH�OLJKW     
/('�SURYLGLQJ�EULJKW�OLJKW     



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

:RUNVKHHW��� 
/LJKW�HPLWWLQJ�GLRGHV 

 6R�ZKDW" 
  · 7KH�YDOXH�RI�WKH�SURWHFWLYH�UHVLVWRU��5��PD\�EH�FDOFXODWHG�IURP�WKH�IRUPXOD� 
   

· ZKHUH� 9I��LV�WKH�IRUZDUG�YROWDJH�GURS�IRU�WKH�/('��W\SLFDOO\�DURXQG���9��� 
·  9�LV�WKH�VXSSO\�YROWDJH� 
·  ,��LV�WKH�IRUZDUG�FXUUHQW� 
 · 8VH�WKH�IRUPXOD� 3� �,�[�9����WR�FDOFXODWH�WKH�SRZHU�GLVVLSDWHG�LQ�WKH�/('��ZKHQ�LW�LV�OLW� 

 7KH�YROWDJH�PHDVXUHPHQW�\RX�PDGH�LQ�WKLV�LQYHVWLJDWLRQ�LQFOXGHG�WKH�YROWDJH�GURS�DFURVV�
WKH�VHULHV�UHVLVWRU��DQG�VR�LV�QRW�UHOHYDQW�KHUH��,QVWHDG��XVH�WKH�W\SLFDO�YROWDJH�GURS�IRU�WKH�
/('�RI��9� 

 · +RZ�GRHV�WKLV�FRPSDUH�ZLWK�WKH�SRZHU�WKDW�ZRXOG�W\SLFDOO\�EH�VXSSOLHG�WR�D�VPDOO�ILODPHQW�
EXOE"�,Q�HDUOLHU�ZRUN��\RX�PD\�KDYH�XVHG�D��9���P$�EXOE��IRU�H[DPSOH� 

 · 8VH�\RXU�PHDVXUHG�UHVXOWV�WR�FDOFXODWH�WKH�IRUZDUG�YROWDJH�RI�WKH�/('� 
 �+LQW��<RX�ZLOO�QHHG�WR�XVH�2KP¶V�ODZ�WR�FDOFXODWH�WKH�YROWDJH�GURS�DFURVV�WKH����W�VHULHV�
UHVLVWRU�� 

 · /('V�DUH�QRW�JRRG�DW�KDQGOLQJ�UHYHUVH�ELDV��$�UHYHUVH�ELDV�RI�PRUH�WKDQ��9�FDQ�
SHUPDQHQWO\�GDPDJH�D�/('��&RUUHFW�LGHQWLILFDWLRQ�RI�WKH�DQRGH�DQG�FDWKRGH�LV�WKHUHIRUH�
YHU\�LPSRUWDQW�ZKHQ�XVLQJ�WKHP�LQ�SUDFWLFDO�FLUFXLWV� 

 7KH�GLDJUDP�VKRZV�WKH�XQGHUVLGH�RI�D�/('��� 
 7KH�DQRGH��$��LV�WKH�ORQJHU�OHJ� 
 7KH�FDWKRGH��&��LV�VKRUWHU��DQG�LV�QH[W�WR�WKH�IODW�HGJH�RI�WKH�/('¶V�µVNLUW¶� 
 · 7KLV�PHDQV�WKDW�VSHFLILF�FDUH�PXVW�EH�WDNHQ�ZKHQ�XVLQJ�/('V�LQ�$&�
FLUFXLWV��7KH\�PXVW�EH�SURWHFWHG�IURP�H[FHVVLYH�FXUUHQW�ZLWK�D�VHULHV�UHVLVWRU��DV�LQ�WKH�'&�
FDVH��,Q�DGGLWLRQ��WKH\�PXVW�EH�SURWHFWHG�DJDLQVW�UHYHUVH�YROWDJHV��
2QH�ZD\�RI�GRLQJ�WKLV�LV�WR�FRQQHFW�D�VHPLFRQGXFWLQJ�GLRGH�LQ�
µLQYHUVH�SDUDOOHO¶�L�H��WKH�RWKHU�ZD\�URXQG�DQG�LQ�SDUDOOHO��,W�DFWV�WR�
FODPS�WKH�UHYHUVH�YROWDJH�DW����9� 

)RU�\RXU�UHFRUGV� 
 · /LVW�DW�OHDVW�)285�DGYDQWDJHV�RI�/('�LQGLFDWRUV�FRPSDUHG�ZLWK�VPDOO�ILODPHQW�EXOEV� 
 · /('V�DUH�DYDLODEOH�LQ�YDULRXV�FRORXUV��/LVW�WKHVH�FRORXUV� 
 

&RPSDUH�\RXU�DQVZHUV�ZLWK�WKRVH�JLYHQ�RQ�SDJH���� 

-= fV VR I

Z��F 

Z��G 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

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�������� 
 
���$�GLRGH�ZLOO�FRQGXFW�ZKHQ� 
�D�� WKH�DQRGH�LV�PDGH�SRVLWLYH�ZLWK�UHVSHFW�WR�WKH�FDWKRGH 
�E�� WKH�FDWKRGH�LV�PDGH�SRVLWLYH�ZLWK�UHVSHFW�WR�WKH�DQRGH 
�F�� WKH�DQRGH�DQG�FDWKRGH�DUH�DW�H[DFWO\�WKH�VDPH�SRWHQWLDO� 
 
���:KHQ�D�GLRGH�LV�IRUZDUG�ELDVHG�LW�ZLOO� 
�D�� H[KLELW�D�YHU\�ORZ�UHVLVWDQFH 
�E�� H[KLELW�D�YHU\�KLJK�UHVLVWDQFH 
�F�� H[KLELW�QR�UHVLVWDQFH�DW�DOO� 
 
���:KLFK�RQH�RI�WKH�IROORZLQJ�JLYHV�WKH�IRUZDUG�YROWDJH�QRUPDOO\�DVVRFLDWHG�ZLWK�D�VLOLFRQ�GLRGH" 
�D�� ���9 
�E�� ���9 
�F�� ���9� 
 
���,Q�WKH�UHYHUVH�GLUHFWLRQ�D�GLRGH�ZLOO�FRQGXFW� 
�D�� D�ODUJH�DPRXQW�RI�FXUUHQW 
�E�� WKH�VDPH�FXUUHQW�DV�LQ�WKH�IRUZDUG�GLUHFWLRQ 
�F�� KDUGO\�DQ\�FXUUHQW�DW�DOO� 
 
���7KH�W\SLFDO�IRUZDUG�YROWDJH�IRU�DQ�/('�LV�DSSUR[LPDWHO\� 
�D�� ���9 
�E�� ���9 
�F�� ���9� 
 
���7KH�IXQFWLRQ�RI�D�UHVHUYRLU�FDSDFLWRU�LQ�D�SRZHU�VXSSO\�LV�WR� 
�D�� WUDQVIRUP�WKH�LQSXW�YROWDJH�WR�WKH�UHTXLUHG�OHYHO 
�E�� UHOHDVH�FKDUJH�ZKHQ�WKH�UHFWLILHU�GLRGH�V��DUH�QRQ-FRQGXFWLQJ 
�F�� FRQYHUW�KDOI-ZDYH�RSHUDWLRQ�WR�IXOO-ZDYH�RSHUDWLRQ� 
 
���7KH�RXWSXW�RI�UHFWLILHU�ZLOO�EH�NHSW�PRUH�FRQVWDQW�E\�XVLQJ� 
�D�� D�UHODWLYHO\�VPDOO�YDOXH�RI�UHVHUYRLU�FDSDFLWDQFH 
�E�� D�UHODWLYHO\�ODUJH�YDOXH�RI�UHVHUYRLU�FDSDFLWDQFH 
�F�� QR�UHVHUYRLU�FDSDFLWDQFH�DW�DOO� 
 
 
���7KH�W\SLFDO�FXUUHQW�IORZLQJ�LQ�DQ�/('�LV�LQ�WKH�UHJLRQ�RI� 
�D�� ��P$�WR���P$ 
�E�� ��P$�WR����P$ 

Z�E 

Z�E 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

4XHVWLRQV 
 

�F� ���P$�WR����P$� 
 
���2QFH�WULJJHUHG�LQWR�WKH�FRQGXFWLQJ�VWDWH��DQ�6&5�ZLOO� 
�D� UHPDLQ�FRQGXFWLQJ�DV�ORQJ�DV�WKH�6&5�LV�KHOG�LQ�D�IRUZDUG�ELDVHG�VWDWH 
�E� UHPDLQ�FRQGXFWLQJ�HYHQ�LI�WKH�LQSXW�YROWDJH�LV�UHYHUVHG 
�F� UDSLGO\�VZLWFK�LQWR�WKH�µRII¶�VWDWH�XQWLO�WKH�VXSSO\�LV�GLVFRQQHFWHG�DQG�UHFRQQHFWHG�DJDLQ� 
 
����$�IXOO-ZDYH�UHFWLILHU�ZLOO�RSHUDWH� 
�D� RQO\�RQ�SRVLWLYH�KDOI-F\FOHV�RI�WKH�VXSSO\ 
�E� RQO\�RQ�QHJDWLYH�KDOI-F\FOHV�RI�WKH�VXSSO\ 
�F�� RQ�ERWK�SRVLWLYH�DQG�QHJDWLYH�KDOI-F\FOHV�RI�WKH�VXSSO\�� 
 
����:KHQ�FRPSDUHG�ZLWK�VLOLFRQ�GLRGHV��JHUPDQLXP�GLRGHV� 
�D� FRQGXFW�DW�ORZHU�IRUZDUG�YROWDJHV�EXW�RIIHU�EHWWHU�UHYHUVH�FKDUDFWHULVWLFV 
�E� FRQGXFW�DW�KLJKHU�IRUZDUG�YROWDJHV�EXW�RIIHU�EHWWHU�UHYHUVH�FKDUDFWHULVWLFV 
�F�� FRQGXFW�DW�ORZHU�IRUZDUG�YROWDJH�EXW�RIIHU�ZRUVH�UHYHUVH�FKDUDFWHULVWLFV�� 
 
����7ZR�VLOLFRQ�GLRGHV�DUH�FRQQHFWHG�LQ�DQWL-SDUDOOHO�DFURVV�D�VLJQDO�SDWK��7KHVH�GLRGHV�ZLOO�DFW�DV� 
�D� D�FOLSSLQJ�FLUFXLW 
�E� D�FODPSLQJ�FLUFXLW 
�F� D�UHFWLI\LQJ�FLUFXLW� 
 
����$�VHULHV�UHVLVWRU�LV�XVXDOO\�FRQQHFWHG�LQ�VHULHV�ZLWK�DQ�/('�LQ�RUGHU�WR� 
�D� DFW�DV�D�ORDG 
�E� VHW�WKH�UHTXLUHG�YDOXH�RI�RSHUDWLQJ�FXUUHQW 
�F� SUHYHQW�WKH�/('�IURP�EHFRPLQJ�UHYHUVH�ELDVHG� 
 
����7KH�FRQQHFWLRQV�WR�DQ�6&5�DUH�ODEHOOHG� 
�D� EDVH��HPLWWHU��FROOHFWRU 
�E�� DQRGH��FDWKRGH��JDWH 
�F� VRXUFH��JDWH��GUDLQ� 
 
����$�W\SLFDO�DSSOLFDWLRQ�IRU�D�=HQHU�GLRGH�LV� 
�D� UHFWLILFDWLRQ 
�E�� DPSOLILFDWLRQ 
�F� YROWDJH�UHJXODWLRQ� 
 
 
 
 
 $QVZHUV�DUH�SURYLGHG�RQ�SDJH��� 

Z�F 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

�$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�FRQQHFW�D�GLRGH�LQ�IRUZDUG�ELDV�DQG�LQ�UHYHUVH�ELDV� 
· WKUHH�VLPSOH�IXQFWLRQDO�WHVWV�RQ�GLRGHV� 
· KRZ�WR�REWDLQ�WKH�FXUUHQW���YROWDJH�FKDUDFWHULVWLFV�IRU�D�GLRGH� 
· WR�GLVWLQJXLVK�EHWZHHQ�VLOLFRQ�DQG�JHUPDQLXP�GLRGHV�XVLQJ�FXUUHQW���YROWDJH�FKDUDFWHULVWLFV� 
· WKH�PHDQLQJ�RI�VLJQDO�YROWDJH�FOLSSLQJ� 
· WR�VHW�XS�FLUFXLWV�IRU�SRVLWLYH�DQG�QHJDWLYH�FOLSSLQJ��DQG�SRVLWLYH�HGJH�DQG�QHJDWLYH�HGJH�GHOD\HG�FOLSSLQJ� 
· GHVLJQ�D�V\PPHWULFDO�FOLSSLQJ�FLUFXLW�XVLQJ�WZR�GLRGHV� 
· WR�GLVWLQJXLVK�EHWZHHQ�GLRGH�FOLSSLQJ�DQG�GLRGH�FODPSLQJ� 
· WR�VHW�XS�GLRGH�FLUFXLWV�IRU�SRVLWLYH�HGJH�FODPSLQJ�DQG�QHJDWLYH�HGJH�FODPSLQJ� 
· WR�VHW�XS�D�KDOI-ZDYH�UHFWLILHU�FLUFXLW� 
· WR�VHW�XS�D�IXOO-ZDYH�UHFWLILHU�XVLQJ�D�IRXU�GLRGH�EULGJH�FLUFXLW� 
· WR�UHFRJQLVH�WKH�RXWSXW�ZDYHIRUPV�IRU�KDOI�DQG�IXOO-ZDYH�UHFWLILHUV� 
· WR�FRPSDUH�WKH�SHUIRUPDQFH�RI�KDOI-ZDYH�DQG�IXOO-ZDYH�UHFWLILHUV� 
· WKH�XVH�RI�UHVHUYRLU�FDSDFLWRUV�LQ�VLPSOH�KDOI-ZDYH�DQG�IXOO-ZDYH�SRZHU�VXSSOLHV� 
· WR�VHW�XS�YROWDJH�PXOWLSOLHU�FLUFXLWV��L�H��GRXEOHUV��WULSOHUV�DQG�TXDGUXSOHUV�� 
· WKH�FRQGLWLRQV�QHHGHG�WR�PDNH�D�WK\ULVWRU��6&5��FRQGXFW� 
· WKH�QHHG�IRU�D�JDWH�UHVLVWRU��DQG�WHVLJQLILFDQFH�RI�PLQLPXP�JDWH�YROWDJH�DQG�FXUUHQW�IRU�D�WK\ULVWRU� 
· WKH�XVH�RI�VLOLFRQ�FRQWUROOHU�UHFWLILHUV��6&5��LQ�'&�DQG�$&�SRZHU�FRQWUROOHUV� 
· WKH�EDVLF�IRUZDUG�DQG�UHYHUVH�FKDUDFWHULVWLFV�RI�]HQHU�GLRGHV� 
· WKH�XVH�RI�]HQHU�GLRGHV�LQ�VLPSOH�VKXQW�YROWDJH�UHJXODWRUV� 
· WKH�RSHUDWLRQ�RI�OLJKW�HPLWWLQJ�GLRGHV��/('V��LQ�'&�DQG�$&�FLUFXLWV� 

$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��� 

7XWRU¶V�QRWHV 
 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

3RZHU�VRXUFHV� 
6WXGHQWV�ZLOO�QHHG�WR�PDNH�XVH�RI�ERWK�'&��DGMXVWDEOH��DQG�$&�����+]�RU����+]��ORZ-YROWDJH�SRZHU�VXSSOLHV��7KH�RXWSXW�YROWDJH�IURP�WKH�VXSSOLHG�'&�SRZHU�XQLW�FDQ�EH�DGMXVWHG�WR�SURYLGH�RXWSXWV�RI�HLWKHU���9������9����9������9����9�RU������9��ZLWK�FXUUHQWV�W\SLFDOO\�XS�WR���$��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��LQ�WKH�H[DPSOH�VKRZQ�EHORZ�WKH�'&�SRZHU�VXSSO\�KDV�EHHQ�DGMXVWHG�WR�SURYLGH�DQ�RXWSXW�RI������9�'&�  

7XWRU¶V�QRWHV 
 
:KDW�VWXGHQWV�ZLOO�QHHG�� 
 7KLV�SDFN�LV�GHVLJQHG�WR�ZRUN�ZLWK�WKH�/RFNWURQLFV�$LUFUDIW�0DLQWHQDQFH�.LW��7KH�FRQWHQWV�RI�WKLV�NLW�FDQ�EH�VHHQ�LQ�WKH�WDEOH�RQ�WKH�ULJKW��1RWH�WKDW�QRW�DOO�RI�WKHVH�FRPSRQHQWV�DUH�XVHG�LQ�WKLV�ZRUNERRN��0DQ\�DUH�XVHG�LQ�WKH�RWKHU�WKUHH�ZRUNERRNV�WKDW�WRJHWKHU�FRYHU�WKH�SUDFWLFDO�DVSHFWV�RI�0RGXOH����6WXGHQWV�ZLOO�DOVR�QHHG�WZR�PXOWLPHWHUV��FDSDEOH�RI�PHDVXULQJ�'&�FXUUHQW�LQ�WKH�UDQJH���WR�����P$�DQG�'&�YROWDJH�LQ�WKH�UDQJH���WR�����9��,Q�DGGLWLRQ��VWXGHQWV�ZLOO�UHTXLUH�DFFHVV�WR�D�GXDO-FKDQQHO�RVFLOORVFRSH��RU�HTXLYDOHQW�YLUWXDO�LQVWUXPHQW��DQG�D�VHW�RI�µ[��¶�LQSXW�SUREHV��,I�\RX�DUH�PLVVLQJ�DQ\�FRPSRQHQWV�RU�QHHG�IXUWKHU�LQIRUPDWLRQ�SOHDVH�FRQWDFW�0DWUL[�RU�\RXU�ORFDO�GHDOHU�� 

S��D 

S��E 

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$ 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

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�VL[�DQG�HLJKW�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 SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  ,Q�WKH�ILUVW�ZRUNVKHHW��VWXGHQWV�FDUU\�RXW�VRPH�VLPSOH�IXQFWLRQDO�FKHFNV�RQ�D�GLRGH��$�EULHI�LQWURGXFWLRQ�WR�WKLV�DFWLYLW\�FRXOG�EH�XVHIXO�DQG�VWXGHQWV�VKRXOG�EH�UHPLQGHG�WKDW�GLRGHV�FRQGXFW�FXUUHQW�LQ�RQH�GLUHFWLRQ�RQO\�ZLWK�FXUUHQW�IORZLQJ�IURP�DQRGH�WR�FDWKRGH�ZKHQ�WKH�IRUPHU�LV�PDGH�PRUH�SRVLWLYH�WKDQ�WKH�ODWWHU�� 

 7XWRUV�PD\�ZLVK�WR�GHPRQVWUDWH�WKH�XVH�RI�D�PXOWLPHWHU�ZLWK�D�GLRGH�FKHFN�IDFLOLW\�DOWHUQDWLYHO\��ZKHUH�WKLV�IHDWXUH�LV�XQDYDLODEOH��WXWRUV�FRXOG�VKRZ�KRZ�IRUZDUG�DQG�UHYHUVH�UHVLVWDQFH�UHDGLQJV�FDQ�EH�XVHG�WR�LQGLFDWH�WKH�µJR�QR-JR¶�VWDWXV�RI�D�GLRGH�� 
 7KH�PHWKRG�WKDW�VWXGHQWV�VKRXOG�DGRSW�LQ�WKLV�ZRUNVKHHW�LV�VLPSO\�D�FRPSDULVRQ�RI�IRUZDUG�DQG�UHYHUVH�FXUUHQW��,Q�WKH�IRUZDUG�GLUHFWLRQ��ZLWK�WKH�DQRGH�RI�WKH�GLRGH�PDGH�PRUH�SRVLWLYH�WKDQ�WKH�FDWKRGH��D�ODUJH�FXUUHQW�VKRXOG�IORZ�ZKLOVW�LQ�WKH�UHYHUVH�GLUHFWLRQ��ZLWK�WKH�FDWKRGH�PDGH�PRUH�SRVLWLYH�WKDQ�WKH�DQRGH��QR�FXUUHQW�DW�DOO�VKRXOG�IORZ�� 
 7XWRUV�PLJKW�ILQG�LW�XVHIXO�WR�SURYLGH�VWXGHQWV�ZLWK�VRPH�GHIHFWLYH�GLRGHV��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  

  �  7KH�SUDFWLFDO�H[HUFLVH�LQYROYHV�YDU\LQJ�WKH�IRUZDUG�DQG�UHYHUVH�YROWDJH�DSSOLHG�WR�WZR�GLIIHUHQW�W\SHV�RI�GLRGH�DQG�PHDVXULQJ�WKH�FRUUHVSRQGLQJ�FXUUHQW�IORZ�� 
 6WXGHQWV�VKRXOG�UHFRUG�WKHLU�PHDVXUHG�YDOXHV�LQ�D�WDEOH�DQG�WKHQ�XVH�WKLV�GDWD�WR�SORW�WKH�IRUZDUG�DQG�UHYHUVH�FKDUDFWHULVWLFV�RI�HDFK�GHYLFH��1RWH�WKDW�WKH�VLOLFRQ�GLRGH�ZLOO�QRW�FRQGXFW�DQ\�PHDVXUDEOH�UHYHUVH�FXUUHQW�DQG�WKDW�GLIIHUHQW�YROWDJHV��DQG�D[HV��DUH�XVHG�IRU�WKH�IRUZDUG�DQG�UHYHUVH�GLUHFWLRQV�� 
 6WXGHQWV�VKRXOG�KDYH�DFFHVV�WR�VDPSOH�FKDUDFWHULVWLFV�IRU�D�YDULHW\�RI�FRPPRQ�GHYLFHV��H�J���1�����DQG�2$����VR�WKDW�WKH\�FDQ�FRPSDUH�WKHVH�ZLWK�WKHLU�RZQ�JUDSKV� 
 7KH\�VKRXOG�EH�LQYLWHG�WR�VXJJHVW�WKH�DSSUR[LPDWH�IRUZDUG�FRQGXFWLRQ�YROWDJH�IRU�HDFK�GLRGH��,Q�WKH�FDVH�RI�WKH�VLOLFRQ�GLRGH�WKLV�VKRXOG�EH�DSSUR[LPDWHO\�����9�EXW�IRU�WKH�JHUPDQLXP�GHYLFH�LW�ZLOO�EH�PRUH�GLIILFXOW�WR�LGHQWLI\�WKH�SDUWLFXODU�SRLQW�DW�ZKLFK�FRQGXFWLRQ�VWDUWV�DQG�VWXGHQWV�VKRXOG�ILQG�WKDW�WKLV�RFFXUV�LQ�WKH�UDQJH�����9�WR�����9� 
 6WXGHQWV�FRXOG�DOVR�EH�DVNHG�WR�VXJJHVW�DSSOLFDWLRQV�IRU�HDFK�W\SH�RI�GHYLFH��$OWHUQDWLYHO\��WXWRUV�FRXOG�LQYLWH�VWXGHQWV�WR�VXJJHVW�ZKHWKHU�WKH�GHYLFHV�DUH�VXLWDEOH�IRU�HLWKHU�µSRZHU¶�RU�µVLJQDO¶�DSSOLFDWLRQV�� 
 

  ���-��� PLQXWHV  



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  ,Q�WKLV�ZRUNVKHHW�VWXGHQWV�H[SORUH�D�SUDFWLFDO�DSSOLFDWLRQ�RI�GLRGHV�LQ�VKDSLQJ�D�VLJQDO�ZDYHIRUP�E\�FOLSSLQJ�LWV�SRVLWLYH�RU�QHJDWLYH�HGJH��RU�ERWK�� 

 7KH\�VWDUW�E\�FRQVWUXFWLQJ�D�SRVLWLYH�FOLSSLQJ�DUUDQJHPHQW�DQG�WKHQ��E\�UHYHUVLQJ�WKH�GLRGH��SURGXFH�D�QHJDWLYH�FOLSSLQJ�FLUFXLW��,Q�ERWK�FDVHV�WKH�LQSXW�WR�WKH�FLUFXLW�VKRXOG�EH�GHULYHG�IURP�D�VLQXVRLGDO�RXWSXW�RI�D�ZDYHIRUP�JHQHUDWRU�VHW�WR�SURGXFH�DQ�RXWSXW�RI����9�SN-SN�DW�����+]��7KH�VLJQDO�JHQHUDWRU�VKRXOG�KDYH�DQ�RXWSXW�LPSHGDQFH�RI���ȍ��RU�OHVV��RWKHUZLVH�GLVWRUWLRQ�DQG�DWWHQXDWLRQ�ZLOO�VWDUW�WR�EHFRPH�HYLGHQW��� 
 7\SLFDO�ZDYHIRUPV�SURGXFHG�E\�WKH�FOLSSLQJ�FLUFXLWV�DUH�VKRZQ�EHORZ�                        ,Q�WKH�VHFRQG�SDUW�RI�WKH�ZRUNVKHHW��VWXGHQWV�PRGLI\�WKH�EDVLF�FOLSSLQJ�FLUFXLW�VR�WKDW�LWV�DFWLRQ�LV�GHOD\HG��7KLV�LV�DFKLHYHG�E\�FRQQHFWLQJ�D�FRQVWDQW�YROWDJH�VRXUFH��LQ�WKLV�FDVH�D�����9�EDWWHU\��LQ�VHULHV�ZLWK�WKH�FOLSSLQJ�GLRGH��7KLV�HIIHFWLYHO\�UDLVHV�WKH�WKUHVKROG�YROWDJH�DW�ZKLFK�WKH�GLRGH�FRQGXFWV�� 
 )LQDOO\��VWXGHQWV�DUH�DVNHG�WR�GHYLVH��FRQVWUXFW�DQG�WHVW�D�V\PPHWULFDO�FOLSSLQJ�FLUFXLW��ZKLFK�ZLOO�XVH�WZR�GLRGHV�FRQQHFWHG�LQ�DQWL-SDUDOOHO���7KH�UHTXLUHG�FLUFXLWV��DQG�ZDYHIRUPV��DUH�VKRZQ�RQ�SDJH���� 
 

 

    
  ���-��� PLQXWHV  

S��D 

S��E 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 

 �  +HUH��VWXGHQWV�LQYHVWLJDWH�D�PRVW�LPSRUWDQW�DSSOLFDWLRQ�IRU�GLRGHV��FRQYHUWLQJ�DOWHUQDWLQJ�FXUUHQW��$&��WR�GLUHFW�FXUUHQW��'&���7KH\�FRQVWUXFW�DQG�WHVW�D�VLPSOH�KDOI-ZDYH�UHFWLILHU�DUUDQJHPHQW�� 
 ,QLWLDOO\�WKH\�H[SORUH�WKH�RSHUDWLRQ�RI�WKH�FLUFXLW�ZLWKRXW�D�UHVHUYRLU�FDSDFLWRU�EHIRUH�JRLQJ�RQ�WR�WHVW�LW�ZLWK�IRXU�GLIIHUHQW�YDOXHV�RI�FDSDFLWRU��7KH\�REWDLQ�ZDYHIRUPV�IRU�HDFK��VNHWFKLQJ�WKHP�XVLQJ�WKH�JULGV�SURYLGHG� 
 7KH�LQSXW�WR�WKH�FLUFXLW�LV�SURYLGHG�E\�WKH�QRPLQDO������9����RU����+]�$&�SRZHU�VXSSO\�DQG�QRW�IURP�D�ZDYHIRUP�JHQHUDWRU��DV�WKLV�ZLOO�QRW�XVXDOO\�KDYH�D�ORZ�HQRXJK�RXWSXW�LPSHGDQFH�� 
 1RWH�WKDW�µ[��¶�SUREHV�VKRXOG�EH�XVHG�WR�FRQQHFW�WKH�RVFLOORVFRSH�RU�HTXLYDOHQW�YLUWXDO�LQVWUXPHQW��7\SLFDO�ZDYHIRUPV�IRU�WKLV�LQYHVWLJDWLRQ�DUH�VKRZQ�EHORZ��7KH�ILUVW�KDV�QR�UHVHUYRLU�FDSDFLWRU�ZKLOVW�WKH�VHFRQG�KDV�D�����)�FRPSRQHQW��                      6WXGHQWV�DUH�DVNHG�WR�H[SODLQ�WKH�VKDSH�RI�WKH�UHFWLILHG�ZDYHIRUP�DQG�WKH�HIIHFW�RI�LQFUHDVLQJ�WKH�YDOXH�RI�WKH�UHVHUYRLU�FDSDFLWDQFH�RQ�WKH�DPRXQW�RI�ULSSOH�SURGXFHG�E\�WKH�FLUFXLW��0RUH�DEOH�VWXGHQWV�FRXOG�EH�DVNHG�WR�PHDVXUH�WKH�DPRXQW�RI�ULSSOH�VXSHULPSRVHG�RQ�WKH�'&�RXWSXW�DQG�UHODWH�WKLV�WR�WKH�WLPH�FRQVWDQW�RI�WKH�UHVHUYRLU�FDSDFLWRU�DQG�ORDG�UHVLVWDQFH� 

 ���-��� PLQXWHV  

  �  :RUNVKHHW���LV�VLPLODU�WR�ZRUNVKHHW���H[FHSW�WKDW�VWXGHQWV�FRQVWUXFW�DQG�WHVW�FLUFXLWV�WKDW�ZLOO�SURGXFH�SRVLWLYH�DQG�QHJDWLYH�HGJH�FODPSLQJ�� 
 2QFH�DJDLQ��WKH�LQSXW�WR�WKH�FLUFXLW�LV�GHULYHG�IURP�D�ZDYHIRUP�JHQHUDWRU�VHW�WR�SURGXFH�D�VLQXVRLGDO�RXWSXW�RI���9�SN-SN�DW����+]��$V�EHIRUH��WKH�VLJQDO�JHQHUDWRU�VKRXOG�KDYH�DQ�RXWSXW�LPSHGDQFH�RI���ȍ��RU�OHVV��WR�DYRLG�H[FHVVLYH�GLVWRUWLRQ�DQG�DWWHQXDWLRQ�� 
 6WXGHQWV�VKRXOG�HTXDWH�GLVWRUWLRQ�WR�WKH�DGGLWLRQ�RI�KLJK�IUHTXHQFLHV��7KH�WXWRU�PD\�QHHG�WR�H[SODLQ�WKLV�DVSHFW�RI�WKH�ZRUNVKHHW� 
 

 ���-��� PLQXWHV  

S��D 

S��E 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  ,Q�WKLV�ZRUNVKHHW�VWXGHQWV�FRQVWUXFW�DQG�WHVW�D�VLPSOH�IXOO-ZDYH�UHFWLILHU�DUUDQJHPHQW��2QFH�DJDLQ��WKH\�LQLWLDOO\�H[SORUH�WKH�RSHUDWLRQ�RI�WKH�FLUFXLW�ZLWKRXW�D�UHVHUYRLU�FDSDFLWRU�EHIRUH�JRLQJ�RQ�WR�WHVW�WKH�FLUFXLW�ZLWK�IRXU�GLIIHUHQW�YDOXHV�RI�UHVHUYRLU�FDSDFLWRU��7KH\�REWDLQ�ZDYHIRUPV�IRU�HDFK�FLUFXLW��VNHWFKLQJ�WKHP�XVLQJ�WKH�JULGV�SURYLGHG�LQ�WKH�ZRUNVKHHW� 

 7KH�LQSXW�WR�WKH�FLUFXLW�LV�RQFH�DJDLQ�WR�EH�GHULYHG�IURP�WKH�QRPLQDO������9����RU����+]�$&�SRZHU�VXSSO\��QRW�IURP�D�ZDYHIRUP�JHQHUDWRU�DV�WKLV�ZLOO�QRW�XVXDOO\�KDYH�D�ORZ�HQRXJK�RXWSXW�LPSHGDQFH���1RWH�DOVR�WKDW�WZR�VHULHV-FRQQHFWHG�����RKP�UHVLVWRUV��HDFK�UDWHG�DW�����:��DUH�XVHG�WR�SODFH�D�ORDG�RQ�WKH�UHFWLILHU�FLUFXLW��$OVR�QRWH�WKDW�µ[��¶�SUREHV�VKRXOG�EH�XVHG�WR�FRQQHFW�WKH�RVFLOORVFRSH�RU�HTXLYDOHQW�YLUWXDO�LQVWUXPHQW� 
 ,PSRUWDQW��6WXGHQWV�VKRXOG�127�DWWHPSW�WR�PDNH�DQ\�FRQQHFWLRQ�WR�WKH�$&�LQSXW�RI�WKH�EULGJH�UHFWLILHU�DV�WKLV�ZLOO�SODFH�D�VKRUW-FLUFXLW�DFURVV�RQH�RI�WKH�GLRGHV�RI�WKH�EULGJH��)RU�WKLV�UHDVRQ��VWXGHQWV�DUH�RQO\�DVNHG�WR�LQYHVWLJDWH�WKH�RXWSXW�YROWDJH�IURP�WKH�EULGJH�UHFWLILHU�DUUDQJHPHQW� 
 7\SLFDO�ZDYHIRUPV�IRU�WKLV�LQYHVWLJDWLRQ�DUH�VKRZQ�EHORZ��7KH�ILUVW�LV�ZKHUH�QR�UHVHUYRLU�FDSDFLWRU�LV�XVHG�ZKLOVW�WKH�VHFRQG�LV�IRU�D�����)�FRPSRQHQW��                   ,W�LV�LPSRUWDQW�WKDW�VWXGHQWV�FRPSDUH�WKHVH�UHVXOWV�ZLWK�WKRVH�REWDLQHG�IRU�WKH�KDOI-ZDYH�UHFWLILHU�FLUFXLW�XVHG�LQ�WKH�SUHYLRXV�ZRUNVKHHW��7KH\�VKRXOG��LQ�SDUWLFXODU��QRWH�WKDW�WKLV�UHFWLILHU�IXQFWLRQV�RQ�ERWK�SRVLWLYH�DQG�QHJDWLYH�F\FOHV�RI�WKH�LQSXW�ZDYHIRUP�DQG�WKDW�WKH�ULSSOH�IUHTXHQF\�LV�WZLFH�WKDW�RI�WKH�KDOI-ZDYH�DUUDQJHPHQW�� 
 $V�EHIRUH��VWXGHQWV�DUH�DVNHG�WR�H[SODLQ�WKH�VKDSH�RI�WKH�UHFWLILHG�ZDYHIRUP�DQG�WKH�HIIHFW�RI�LQFUHDVLQJ�WKH�YDOXH�RI�WKH�UHVHUYRLU�FDSDFLWDQFH�RQ�WKH�ULSSOH�SURGXFHG�E\�WKH�FLUFXLW��0RUH�DEOH�VWXGHQWV�FRXOG�EH�DVNHG�WR�PHDVXUH�WKH�DPRXQW�RI�ULSSOH�VXSHULPSRVHG�RQ�WKH�'&�RXWSXW�DQG�UHODWH�WKLV�WR�WKH�WLPH�FRQVWDQW�RI�WKH�UHVHUYRLU�FDSDFLWRU�DQG�ORDG�UHVLVWDQFH� 

 ���-��� PLQXWHV  

S��D 

S��E 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  ,Q�:RUNVKHHW����VWXGHQWV�LQYHVWLJDWH�WKH�RSHUDWLRQ�RI�IRXU�GLIIHUHQW�YROWDJH�PXOWLSOLHU�FLUFXLWV�� 

 7KH\�PHDVXUH�DQG�UHFRUG�WKH�'&�RXWSXW�YROWDJH�SURGXFHG�E\�HDFK�DUUDQJHPHQW�ZKHQ�VXSSOLHG�IURP�D�QRPLQDO�����9����RU����+]�$&�VRXUFH�� 
 1RWH�WKDW�D�VLQJOH���Nȍ�UHVLVWRU�LV�XVHG�WR�VLPXODWH�WKH�ORDG�RQ�HDFK�RI�WKHVH�PXOWLSOLHU�FLUFXLWV�DQG�WKDW�WKHUH�LV�QR�QHHG�IRU�VWXGHQWV�WR�DWWHPSW�WR�GLVSOD\�ZDYHIRUPV�IRU�WKHVH�FLUFXLWV�� 
 7XWRUV�VKRXOG�GLVFXVV�DSSOLFDWLRQV�IRU�YROWDJH�PXOWLSOLHU�FLUFXLWV�DQG�FRPSDUH�FRQWUDVW�WKHVH�ZLWK�FRQYHQWLRQDO�WUDQVIRUPHU-UHFWLILHU�PHWKRGV�RI�JHQHUDWLQJ�KLJK�YROWDJHV� 
 

 ���-��� PLQXWHV  

  �  +HUH��VWXGHQWV�LQYHVWLJDWH�WKH�RSHUDWLRQ�RI�D�WK\ULVWRU��RU�VLOLFRQ�FRQWUROOHG�UHFWLILHU�ZKHQ�VXSSOLHG�ILUVW�ZLWK�'&�DQG�WKHQ�ZLWK�$&�� 
 6WXGHQWV�VKRXOG�EH�UHPLQGHG�DERXW�LGHDO�VZLWFKLQJ�FLUFXLWV�-�WKDW�DQ�LGHDO�VZLWFK�LQ�WKH�¶RII¶�VWDWH�KDV�DOO�WKH�VXSSO\�YROWDJH�DFURVV�LW��OHDYLQJ�QR�YROWV�DFURVV�D�ORDG�LQ�VHULHV�ZLWK�LW��ZKHUHDV�LQ�WKH�¶RQ¶�VWDWH��LW�KDV�QR�YROWDJH�GURS�DFURVV�LW��OHDYLQJ�WKH�IXOO�VXSSO\�YROWDJH�DFURVV�WKH�ORDG��  7KH\�ZLOO�VHH�WKDW��RQFH�ODWFKHG�LQWR�WKH�FRQGXFWLQJ�VWDWH�E\�DSSO\LQJ�VXIILFLHQW�FXUUHQW�WR�WKH�JDWH�WULJJHU��WKH�6&5�UHPDLQV�FRQGXFWLQJ�XQWLO�WKH�IRUZDUG�FXUUHQW�LV�UHPRYHG�IURP�WKH�GHYLFH��7KLV�FDQ�EH�DFKLHYHG�LQ�D�QXPEHU�RI�ZD\V��2QFH�DJDLQ��D�����9����RU���+]�$&�VXSSO\�LV�XVHG�IRU�WKLV�LQYHVWLJDWLRQ� 
 0RUH�DEOH�VWXGHQWV�FRXOG�EH�DVNHG�WR�LQYHVWLJDWH�WKH�WULJJHULQJ�RI�WKH�6&5�ZKHQ�XVHG�RQ�$&��$�W\SLFDO�ZDYHIRUP�REWDLQHG�LPPHGLDWHO\�DIWHU�DSSO\LQJ�WKH�JDWH�WULJJHU�SXOVH�LV�VKRZQ�EHORZ�  

  ���-��� PLQXWHV  

S��D 



$GYDQFHG�HOHFWURQLF SULQFLSOHV�SDUW�� 

3DJH��� 

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

PSD 

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
  �  7KLV�SUDFWLFDO�WDVN�LQYROYHV�YDU\LQJ�WKH�IRUZDUG�DQG�UHYHUVH�YROWDJH�DSSOLHG�WR�D�]HQHU�GLRGH�DQG�PHDVXULQJ�WKH�FRUUHVSRQGLQJ�FXUUHQW�IORZ�� 

 6WXGHQWV�UHFRUG�WKHLU�PHDVXUHPHQWV�LQ�WKH�WDEOH�SURYLGHG�DQG�WKHQ�XVH�WKLV�GDWD�WR�SORW�WKH�IRUZDUG�DQG�UHYHUVH�FKDUDFWHULVWLFV�RI�WKH�]HQHU�GLRGH�� 
 1RWH�WKDW�WKH�]HQHU�GLRGH�ZLOO�QRW�FRQGXFW�DQ\�PHDVXUDEOH�UHYHUVH�FXUUHQW�XQWLO�WKH�RQVHW�RI�EUHDNGRZQ�DQG��EH\RQG�WKLV�SRLQW��WKH�UHYHUVH�FXUUHQW�ZLOO�LQFUHDVH�YHU\�UDSLGO\�� 
 6WXGHQWV�VKRXOG�KDYH�DFFHVV�WR�VDPSOH�FKDUDFWHULVWLFV�IRU�D�YDULHW\�RI�FRPPRQ�]HQHU�GLRGHV��H�J��%=<���&�9���VR�WKDW�WKH\�FDQ�FRPSDUH�WKHVH�ZLWK�WKHLU�RZQ�JUDSKV� 
 6WXGHQWV�YHULI\�WKH�VWDWHG�]HQHU�YROWDJH�E\�UHIHUHQFH�WR�WKH�UHYHUVH�FKDUDFWHULVWLF�WKDW�WKH\�KDYH�REWDLQHG��7KLV�LQYHVWLJDWLRQ�LV�WKHQ�UHSHDWHG�ZLWK�D�GHYLFH�KDYLQJ�D�GLIIHUHQW�]HQHU�YROWDJH� 
 

 ���-��� PLQXWHV  

  ��  6WXGHQWV�FRQVWUXFW�DQG�WHVW�D�VLPSOH�]HQHU�GLRGH�VKXQW�UHJXODWRU�FLUFXLW�� 
 7KH\�YDU\�WKH�'&�LQSXW�YROWDJH�DQG�WKHQ�PHDVXUH�DQG�UHFRUG�WKH�RXWSXW�YROWDJH��,Q�RUGHU�WR�DSSUHFLDWH�WKH�HIIHFW�RI�WKH�ORDG�RQ�WKH�V\VWHP�SHUIRUPDQFH��WKH\�UHSHDW�WKHLU�PHDVXUHPHQWV�IRU�WKUHH�GLIIHUHQW�YDOXHV�RI�ORDG�UHVLVWRU�� 
 ,I�GHVLUHG��DQG�ZKHUH�WLPH�SHUPLWV��WKLV�LQYHVWLJDWLRQ�FRXOG�EH�UHSHDWHG�ZLWK�D�GHYLFH�KDYLQJ�D�GLIIHUHQW�]HQHU�YROWDJH� 
 

 ���-��� PLQXWHV  

  ��  7KLV�ILQDO�ZRUNVKHHW�LQYROYHV�DQ�LQYHVWLJDWLRQ�RI�WKH�RSHUDWLRQ�RI�D�VLPSOH�/('�LQGLFDWRU�� 
 ,Q�/RFNWURQLFV��WKLV�FRPSRQHQW�LV�ILWWHG�ZLWK�D�SURWHFWLYH����ȍ�VHULHV�UHVLVWRU��ZKLFK�KDV�WR�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�FDOFXODWLQJ�WKH�IRUZDUG�YROWDJH�RI�WKH�/('��7XWRUV�PD\�ZLVK�WR�SURYLGH�D�VDPSOH�FDOFXODWLRQ�VKRZLQJ�KRZ�WKH�YDOXH�RI�VHULHV�UHVLVWDQFH�LV�GHWHUPLQHG�IRU�D�SDUWLFXODU�RSHUDWLQJ�YROWDJH�DQG�FXUUHQW� 
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