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,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH�� 

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

:RUNVKHHW�� 
&HOOV�DQG�EDWWHULHV 
0DQ\�GLIIHUHQW�W\SHV�RI�EDWWHU\�DUH�XVHG�WR�SURYLGH�WKH�
SRZHU�VXSSOLHV�LQ�HOHFWULFDO�DQG�HOHFWURQLF�HTXLSPHQW�� 
 7KH\�FDQ�EH�FDWHJRUL]HG�E\�PDWHULDOV�XVHG�LQ�WKHP���
7\SHV�LQFOXGH�OHDG-DFLG��QLFNHO-FDGPLXP��1L&DG��DQG�
QLFNHO�PHWDO�K\GULGH��1L0+��� 
+HUH�DUH�WKH�H�P�I�¶V�RI�VRPH�VLQJOH-FHOO�EDWWHULHV� 

$ONDOLQH��SULPDU\�GU\�FHOO�    ����
9 
/HDG-DFLG��VHFRQGDU\�FHOO��   ��9 
1LFNHO-FDGPLXP��VHFRQGDU\�FHOO�  ����9 
1LFNHO-PHWDO�K\GULGH��VHFRQGDU\�FHOO� ����9 
=LQF-FDUERQ��SULPDU\�GU\�FHOO�   ����9 

 
 7KH�FHOOV�ZLWKLQ�WKHP�FDQ�EH�HLWKHU�SULPDU\��QRQ-UHFKDUJHDEOH��RU�VHFRQGDU\��UHFKDUJHDEOH���,Q�
SULPDU\�FHOOV��WKH�DFWLYH�FRQVWLWXHQWV�DUH�XVHG�XS�DW�WKH�HQG�RI�WKH�FHOO¶V�OLIH��ZKHUHDV�IRU�
VHFRQGDU\�FHOOV��WKH�FKHPLFDO�UHDFWLRQ�LV�UHYHUVLEOH�DQG�WKH�FHOO�FDQ�EH�UH-FKDUJHG�PDQ\�WLPHV�� 
 %DWWHULHV�FRQVLVW�RI�D�QXPEHU�RI�LQGLYLGXDO�FHOOV�FRQQHFWHG�LQ�VHULHV�RU�LQ�SDUDOOHO��)RU�H[DPSOH��D�
���9�OHDG-DFLG�EDWWHU\�ZLOO�XVXDOO\�KDYH����FHOOV��HDFK�ZLWK�DQ�H�P�I��RI���9��FRQQHFWHG�LQ�VHULHV�� 
 7KLV�ILUVW�ZRUNVKHHW�H[DPLQHV�EDWWHULHV�DQG�WKH�FHOOV�ZLWKLQ�WKHP� 
2YHU�WR�\RX� 
 · 6HW�XS�HDFK�RI�WKH�VHULHV-FRQQHFWHG�EDWWHU\�DUUDQJHPHQWV�
VKRZQ�RSSRVLWH��7KH�GLDJUDP�EHORZ�VKRZV�RQH�ZD\�RI�DUUDQJLQJ�
WKH�FHOOV�RQ�WKH�EDVHERDUG� 

 · )RU�HDFK��XVH�D�PXOWLPHWHU��VHW�WR�WKH����9�'&�UDQJH��WR�PHDVXUH�
WKH�RXWSXW�YROWDJH�� 

 · )RU�WKH�VLQJOH-FHOO�EDWWHU\��D���PHDVXUH�WKH�YROWDJH��(�� 
 · )RU�WKH�WZR-FHOO�EDWWHU\��E���FKHFN�WKDW�WKH�YROWDJH��9� �(����(� 
 · )RU�WKH�WKUHH-FHOO�EDWWHU\��F���FKHFN�WKDW��9� �(����(����(� 

Z�D 

Z�E 

Z�F 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH�� 

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

:RUNVKHHW�� 
&HOOV�DQG�EDWWHULHV 
2YHU�WR�\RX� 
 · 6HW�XS�HDFK�RI�WKH�SDUDOOHO-FRQQHFWHG�EDWWHU\�DUUDQJH�
PHQWV�VKRZQ�RSSRVLWH�� 

 
 · )RU�HDFK�XVH�PHDVXUH�WKH�RXWSXW�YROWDJH�� 
 · )RU�WKH�VLQJOH-FHOO�EDWWHU\��D���PHDVXUH�YROWDJH�(�� 
 · )RU�WKH��WZR-FHOO�EDWWHU\��E���FKHFN�WKDW�WKH�YROWDJH��9� �
(�� �(�� 

 · )RU��F���FKHFN�WKDW�9� �(�� �(�� �(�� 

Z�G 

)RU�\RXU�UHFRUGV� 
  · 6XPPDULVH�\RXU�ILQGLQJV�IRU�YROWDJHV�LQ�VHULHV-FRQQHFWHG�FHOOV� 
 · 6XPPDULVH�\RXU�ILQGLQJV�IRU�YROWDJHV�LQ�SDUDOOHO-FRQQHFWHG�FHOOV� 
 · :LWK�D�VHULHV-FRQQHFWHG�EDWWHU\�WKH�VDPH�ORDG�FXUUHQW�IORZV�WKURXJK�HDFK�RI�WKH�FHOOV�� 
 · :LWK�D�SDUDOOHO-FRQQHFWHG�EDWWHU\�WKH�ORDG�FXUUHQW�LV�VKDUHG�EHWZHHQ�WKH�FHOOV� 

4XHVWLRQV� 
 �� +RZ�PDQ\�QLFNHO-FDGPLXP�FHOOV�DUH�UHTXLUHG�LQ�D�VHULHV-FRQQHFWHG���9�EDWWHU\" 
 �� 7ZR�EDWWHULHV�DUH�FRQQHFWHG�LQ�SDUDOOHO�WR�VXSSO\����$�IRU�DQ�HQJLQH�VWDUWHU�PRWRU�� 
 +RZ�PXFK�FXUUHQW�LV�VXSSOLHG�E\�HDFK�EDWWHU\" 
 �� $Q�HPHUJHQF\�ODPS�XVHV�HLJKW����9�GU\-FHOOV�FRQQHFWHG�LQ�VHULHV�� 
 :KDW�YROWDJH�LV�DSSOLHG�WR�WKH�ODPS" 
 �� $���9�EDWWHU\�VXSSOLHV����SDUDOOHO-FRQQHFWHG�HPHUJHQF\�OLJKWV��(DFK�OLJKW�UHTXLUHV����$� 
 :KDW�FXUUHQW�LV�VXSSOLHG�E\�WKH�EDWWHU\" 
 �� :K\�VKRXOG�SDUDOOHO�FRQQHFWLRQ�RI�GLVVLPLODU�W\SHV�RI�EDWWHULHV�EH�DYRLGHG" 
 $QVZHUV�DUH�SURYLGHG�RQ�SDJH���� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH�� 

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

2YHU�WR�\RX� 
 $��6HULHV�FLUFXLW� 
 · 6HW�XS�WKH�DUUDQJHPHQW�VKRZQ��XVLQJ���9����$�EXOEV�� 
 · 0DNH�VXUH�WKDW�WKH�SRZHU�VXSSO\�LV�VHW�WR���9� 
 · 7KLV�LV�D�VHULHV�FLUFXLW�-�7KHUH�LV�RQO\�RQH�URXWH�IRU�WKH�HOHFWULF�FXUUHQW�
WR�IORZ�DURXQG�WKH�FLUFXLW� 

 · 0HDVXUH�WKH�FXUUHQW�IORZLQJ�DW�SRLQW�3� 
 7R�GR�WKLV��SOXJ�WKH�ZLUHV�IURP�WKH�DPPHWHU�LQWR�WKH�SRVWV�DW�WKH�HQGV�
RI�WKH�OLQN�DW�SRLQW�3��DQG�UHPRYH�WKH�OLQN��7KLV�LV�VKRZQ�LQ�WKH�SLFWXUH�� 

 · 5HFRUG�WKH�UHVXOW�LQ�WKH�WDEOH� 
 · 1RZ�UHSODFH�WKH�OLQN�DW�3�� 
 · 0HDVXUH�DQG�UHFRUG�WKH�FXUUHQW�DW�SRLQW�4�LQ�WKH�VDPH�ZD\�� 
 · 1H[W��PHDVXUH�DQG�UHFRUG�WKH�FXUUHQW�DW�SRLQWV�5�DQG�6� 
 
%��3DUDOOHO�FLUFXLW� 
 · 6HW�XS�WKH�VHFRQG�FLUFXLW��DJDLQ�XVLQJ���9����$�EXOEV�� 
 · 7KH�SRZHU�VXSSO\�LV�VWLOO�VHW�WR���9� 
 · 7KLV�LV�D�SDUDOOHO�FLUFXLW�-�WKHUH�DUH�µEUDQFKHV¶�LQ�WKH�FLUFXLW��DQG�D�
QXPEHU�RI�ZD\V�IRU�FXUUHQW�WR�IORZ�DURXQG�LW� 

 · 0HDVXUH�WKH�FXUUHQW�DW�WKH�SRLQWV�VKRZQ�LQ 
 WKH�FLUFXLW�GLDJUDP�DQG�UHFRUG�WKHP�LQ�WKH 
 WDEOH�JLYHQ�RSSRVLWH� 

:RUNVKHHW�� 
&XUUHQW�PHDVXUHPHQW 

7KH�V\PEROV�IRU�WKUHH�HOHFWULFDO�PHWHUV�DUH�VKRZQ�RQ�
WKH�ULJKW��$PPHWHUV�PHDVXUH�FXUUHQW��YROWPHWHUV�
PHDVXUH�YROWDJH��SRWHQWLDO�GLIIHUHQFH��DQG�RKPPHWHUV�
PHDVXUH�UHVLVWDQFH�� 
 7KH\�DUH�RIWHQ�FRPELQHG�DV�D�PXOWLPHWHU��ZKLFK�RIIHUV�
D�FRQYHQLHQW�DQG�FKHDS�ZD\�WR�PHDVXUH�D�UDQJH�RI�
HOHFWULFDO�TXDQWLWLHV��7KH�SKRWRJUDSK�VKRZV�D�W\SLFDO�PXOWLPHWHU�� 
,W�FDQ�PHDVXUH�ERWK�$&�DQG�'&�TXDQWLWLHV��DQG�WKH�V\PEROV�VKRZQ�
RSSRVLWH�GLVWLQJXLVK�EHWZHHQ�WKH�WZR� 
 7KLV�ZRUNVKHHW�VKRZV�\RX�KRZ�WR�XVH�D�PXOWLPHWHU�WR�PHDVXUH�WKH�FXUUHQW�
IORZLQJ�LQ�D�FLUFXLW� 

$PPHWHU 
9ROWPHWHU 
2KPPHWHU 

Z�D 

$& '& Z�E 

Z�G 

Z�F 

Z�H 

Z�I 

3RVLWLRQ 3 4 5 6 
&XUUHQW         

3RVLWLRQ 3 4 5 6 
&XUUHQW         

7 
 

8 
 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH�� 

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

:RUNVKHHW�� 
&XUUHQW�PHDVXUHPHQW 

)RU�\RXU�UHFRUGV� 
 8VH�\RXU�ILQGLQJV�WR�FRPSOHWH�WKH�IROORZLQJ�VWDWHPHQWV� 
 · ,Q�D�VHULHV�FLUFXLW��WKH����������������������FXUUHQW�IORZV�LQ�DOO�SDUWV� 
 · ,Q�D�SDUDOOHO�FLUFXLW��WKH�FXUUHQWV�LQ�DOO�WKH�SDUDOOHO�EUDQFKHV�DGG�XS�WR�WKH�FXUUHQW�OHDYLQJ�
WKH��������������������� 

 
 &RS\�WKH�FLUFXLW�GLDJUDPV�JLYHQ�EHORZ��DQG�FDOFXODWH�WKH�UHDGLQJV�RQ�DPPHWHUV�$�WR�+� 

 

6R�ZKDW" 
 8VLQJ�D�PXOWLPHWHU�WR�PHDVXUH�FXUUHQW� 
 · 3OXJ�RQH�ZLUH�LQWR�WKH�EODFN�&20�VRFNHW� 
 · 3OXJ�DQRWKHU�LQWR�WKH�UHG�P$�VRFNHW� 
 · 6HOHFW�WKH����P$�'&�UDQJH�E\�WXUQLQJ�WKH�GLDO�WR�WKH�µ���P¶�PDUN�QH[W�WR�WKH�µ$��� ¶� 
 V\PERO� 
 · %UHDN�WKH�FLUFXLW�ZKHUH�\RX�ZDQW�WR�PHDVXUH�WKH�FXUUHQW��E\�UHPRYLQJ�D�OLQN��DQG�WKHQ�SOXJ�
WKH�WZR�ZLUHV�LQ�LWV�SODFH� 

 · 3UHVV�WKH�UHG�21�2))�VZLWFK�ZKHQ�\RX�DUH�UHDG\�WR�WDNH�D�UHDGLQJ� 
 · &KDQJH�WR�D�ORZHU�UDQJH�LI�WKH�UHDGLQJ�DOORZV�LW���$�µ�¶�RQ�WKH�GLVSOD\�PHDQV�WKDW�WKH�UHDGLQJ�
LV�WRR�ELJ�IRU�WKH�FKRVHQ�UDQJH�� 

 
$�SRVVLEOH�SUREOHP� 
7KH�DPPHWHU�UDQJH�LV�SURWHFWHG�E\�D�IXVH�ORFDWHG�LQVLGH�WKH�ERG\�RI�WKH�PXOWLPHWHU��7KLV�IXVH�
PD\�KDYH�µEORZQ¶��LQ�ZKLFK�FDVH�WKH�DPPHWHU�UDQJH�ZLOO�QRW�ZRUN��5HSRUW�DQ\�SUREOHPV�WR�\RXU�
WXWRU�VR�WKDW�WKH�IXVH�FDQ�EH�FKHFNHG� 
 
$�FKDOOHQJH� 
7KH�ILUVW�FLUFXLW�\RX�EXLOW�ZDV�D�VHULHV�FLUFXLW��7KH�VHFRQG�ZDV�QRW� 
6HH�LI�\RX�FDQ�VSRW�D�SDWWHUQ�IRU�WKH�EHKDYLRXU�RI�FXUUHQWV�LQ�HDFK�RI�WKH�FLUFXLWV� 

Z�K 

Z�L 

Z�M 

Z�L 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH�� 

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

2YHU�WR�\RX� 
 $� 6HULHV�FLUFXLW� 
 · 6HW�XS�WKH�DUUDQJHPHQW�VKRZQ��XVLQJ���9����$�EXOEV�� 
 EXW�ZLWKRXW�WKH�YROWPHWHUV�� 
 · 0DNH�VXUH�WKDW�WKH�SRZHU�VXSSO\�LV�VHW�WR���9� 
 · 7KLV�LV�D�VHULHV�FLUFXLW�ZLWK�RQO\�RQH�URXWH�DURXQG�LW� 
 · 0HDVXUH�WKH�YROWDJH�DFURVV�WKH�ILUVW�EXOE��VKRZQ�DV�3�� 
 7R�GR�WKLV��SOXJ�WKH�ZLUHV�IURP�WKH�YROWPHWHU�LQWR�WKH�SRVWV�DW�
HLWKHU�HQG�RI�WKH�EXOE��'RQ¶W�UHPRYH�DQ\�FRQQHFWLQJ�OLQNV�� 

 · 5HFRUG�WKH�UHVXOW�LQ�WKH�WDEOH� 
 · 1H[W��PHDVXUH�DQG�UHFRUG�WKH�YROWDJH�DFURVV�WKH�VHFRQG�EXOE��
4��LQ�WKH�VDPH�ZD\�� 

 · 7KHQ�PHDVXUH�DQG�UHFRUG�WKH�YROWDJH�DFURVV�WKH�EXOE��5�� 
 
%��3DUDOOHO�FLUFXLW� 
 · 6HW�XS�WKH�VHFRQG�FLUFXLW��DJDLQ�XVLQJ���9����$�EXOEV�� 
 · 7KH�SRZHU�VXSSO\�LV�VWLOO�VHW�WR���9� 
 · 7KLV�LV�D�SDUDOOHO�FLUFXLW�-�QRWLFH�WKH�µEUDQFKHV¶�LQ�WKH�FLUFXLW� 
 · 0HDVXUH�WKH�YROWDJH�DW�WKH�SRLQWV�3��4�DQG�5�DQG�UHFRUG� 
 WKHP�LQ�WKH�WDEOH�JLYHQ�RSSRVLWH� 

:RUNVKHHW�� 
9ROWDJH�PHDVXUHPHQW 
:H�FDQ�YLVXDOLVH�HOHFWULF�FXUUHQW�HDVLO\�-�LW¶V�WKH�IORZ�RI�WLQ\�HOHFWURQV���0RUH�
SUHFLVHO\��HOHFWULF�FXUUHQW�PHDVXUHV�WKH�QXPEHU�RI�HOHFWURQV�SHU�VHFRQG�
SDVVLQJ�D�SDUWLFXODU�SRLQW�LQ�WKH�FLUFXLW�� 
 ,W¶V�PRUH�GLIILFXOW�WR�SLFWXUH�YROWDJH��EXW�\RX�FDQ�WKLQN�RI�LW�DV�WKH�SUHVVXUH�
WKDW�FDXVHV�WKH�FXUUHQW�WR�IORZ�� 
 )RUWXQDWHO\��LW¶V�HDVLHU�WR�PHDVXUH�YROWDJH�WKDQ�FXUUHQW��7KHUH¶V�QR�QHHG�WR�
EUHDN�WKH�FLUFXLW�-�MXVW�DGG�WKH�YROWPHWHU�LQ�SDUDOOHO�ZLWK�WKH�FRPSRQHQW�\RX�
DUH�LQWHUHVWHG�LQ�� 
 $PPHWHUV�DUH�FRQQHFWHG�LQ�VHULHV�EXW�YROWPHWHUV�DUH�FRQQHFWHG�LQ�SDUDOOHO� 
 7KLV�ZRUNVKHHW�VKRZV�\RX�KRZ�WR�XVH�D�PXOWLPHWHU�DV�D�YROWPHWHU� 

Z�F 

Z�E 

Z�G 

3RVLWLRQ 3 4 5 
9ROWDJH       

3RVLWLRQ 3 4 5 
9ROWDJH       



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH�� 

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

:RUNVKHHW�� 
9ROWDJH�PHDVXUHPHQW 
6R�ZKDW" 
 8VLQJ�D�PXOWLPHWHU�WR�PHDVXUH�YROWDJH� 
 $�PXOWLPHWHU�FDQ�PHDVXUH�ERWK�$&�DQG�'&�TXDQWLWLHV��7KH�V\PEROV�ZHUH�JLYHQ�RQ�WKH�ODVW�
ZRUNVKHHW� 
 · 3OXJ�RQH�ZLUH�LQWR�WKH�EODFN�&20�VRFNHW� 
· 3OXJ�DQRWKHU�LQWR�WKH�UHG�9�VRFNHW� 
· 6HOHFW�WKH���9�'&�UDQJH�E\�WXUQLQJ�WKH�GLDO�WR�WKH�µ��¶�PDUN�QH[W�WR�WKH�µ9���������������������¶�V\PERO� 
 �,W�LV�JRRG�SUDFWLFH�WR�VHW�WKH�PHWHU�RQ�D�UDQJH�WKDW�LV�PXFK�KLJKHU�WKDQ� WKH�UHDGLQJ�

\RX�DUH�H[SHFWLQJ��7KHQ�\RX�FDQ�UHILQH�WKH�PHDVXUHPHQW�E\�FKRRVLQJ�D�ORZHU�UDQJH�WKDW�
VXLWV�WKH�YROWDJH�\RX�ILQG�� 

· 3OXJ�WKH�WZR�ZLUHV�LQWR�WKH�VRFNHWV�DW�WKH�HQGV�RI�WKH�FRPSRQHQW�XQGHU�LQYHVWLJDWLRQ� 
· 3UHVV�WKH�UHG�21�2))�VZLWFK�ZKHQ�\RX�DUH�UHDG\�WR�WDNH�D�UHDGLQJ� 
· ,I�\RX�VHH�D�µ-¶�VLJQ�LQ�IURQW�RI�WKH�UHDGLQJ��LW�PHDQV�WKDW�WKH�YROWPHWHU�OHDGV�DUH�FRQQHFWHG�WKH�
ZURQJ�ZD\�URXQG��6ZDS�WKHP�RYHU�WR�FRUUHFW�WKLV� 

 
7ZR�FKDOOHQJHV� 
· /RRNLQJ�DW�WKH�UHVXOWV�IRU�WKH�ILUVW�FLUFXLW��DGG�WRJHWKHU�WKH�UHDGLQJV�RI�WKH�YROWPHWHUV�DW�SRLQWV�
3��4�DQG�5��:KDW�GR�\RX�QRWLFH�DERXW�WKLV�WRWDO" � 

 · )LQG�D�SDWWHUQ�LQ�WKH�UHVXOWV�IRU�WKH�EHKDYLRXU�RI�WKH�VHFRQG�DQG�WKLUG�FLUFXLWV� 

)RU�\RXU�UHFRUGV� 
 · ,Q�D�VHULHV�FLUFXLW��WKH�YROWDJHV�DFURVV�WKH�FRPSRQHQWV�DGG�XS�WR�WKH�YROWDJH�DFURVV�

WKH����������������������� 
 · ,Q�D�SDUDOOHO�FLUFXLW��WKH�FRPSRQHQWV�DOO�KDYH�WKH����������������������YROWDJH�DFURVV�WKHP� 
 · &RS\�WKH�IROORZLQJ�FLUFXLW�GLDJUDPV��DQG�FDOFXODWH�WKH�YROWDJHV�DFURVV�EXOEV�$�WR�(� 

Z�I 

Z�J 

Z�K 

Z�L 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH�� 

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

2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�LQ�WKH�GLDJUDP�� 
 · 7KH�SLFWXUH�VKRZV�RQH�ZD\�WR�VHW�WKLV�XS� 
 · 0DNH�VXUH�WKDW�WKH�SRZHU�VXSSO\�LV�VHW�WR��9� 
 · 7KH�YDULDEOH�UHVLVWRU�DOORZV�XV�WR�FKDQJH�WKH� 
 YROWDJH�DFURVV�WKH����W�UHVLVWRU�� 
 · %HIRUH�\RX�VZLWFK�RQ��VHOHFW�WKH���P$�'&�UDQJH�
RQ�WKH�DPPHWHU��DQG�WKH���9�'&�UDQJH�RQ�WKH�YROW�
PHWHU�� 

 · 1RWLFH�WKH�SRVLWLRQV�RI�WKH�UHG�DQG�EODFN�FRQQHFWLQJ�
ZLUHV��7KLV�HQVXUHV�WKDW�WKH�PHWHUV�DUH�FRQQHFWHG�WKH�
ULJKW�ZD\�URXQG�WR�DYRLG�µ-¶�VLJQV�RQ�WKH�UHDGLQJV� 

 · 7XUQ�WKH�NQRE�RQ�WKH�YDULDEOH�UHVLVWRU�IXOO\�DQWLFORFN�
ZLVH��WR�VHW�WKH�YROWDJH�VXSSOLHG�WR�D�PLQLPXP� 

 · 7XUQ�WKH�NQRE�VORZO\�FORFNZLVH�XQWLO�WKH�YROWDJH�DFURVV�WKH�UH�
VLVWRU�UHDFKHV����9��7KHQ�UHDG�WKH�FXUUHQW�IORZLQJ�WKURXJK�WKH�
UHVLVWRU� 

 · 7XUQ�WKH�YROWDJH�XS�WR����9��DQG�WDNH�WKH�FXUUHQW�UHDGLQJ�DJDLQ� 
 · .HHS�GRLQJ�WKLV�XQWLO�WKH�YROWDJH�UHDFKHV����9���'RQ¶W�JR�SDVW�
WKLV�RU�WKH�UHVLVWRU�PD\�RYHUKHDW�� 

 · :ULWH�\RXU�UHVXOWV�LQ�D�WDEOH�OLNH�WKH�RQH�RSSRVLWH� 

:RUNVKHHW�� 
2KP¶V�/DZ 
&XUUHQW�,��-�KRZ�PDQ\�HOHFWURQV�SDVV�SHU�VHFRQG�� 
 9ROWDJH�9�-�D�PHDVXUH�RI�KRZ�PXFK�HQHUJ\�WKH�HOHFWURQV�JDLQ�RU�
ORVH�DV�WKH\�IORZ�DURXQG�D�FLUFXLW�� 
 5HVLVWDQFH�5��-�KRZ�GLIILFXOW�LW�LV�IRU�WKH�HOHFWURQV�WR�SDVV�WKURXJK�
D�PDWHULDO��,Q�VTXHH]LQJ�WKURXJK��WKH�HOHFWURQV�ORVH�HQHUJ\�WR�WKH�
UHVLVWRU��ZKLFK�ZDUPV�XS�DV��D�UHVXOW�� 
 7KH�SKRWRJUDSK�VKRZV�*HRUJ�6LPRQ�2KP�-�D�VLJQLILFDQW�ILJXUH�LQ�
WKH�VWXG\�RI�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV� 
 2KP¶V�ODZ�OHDGV�WR�D�YHU\�LPSRUWDQW�UHODWLRQVKLS�LQ�HOHFWULFLW\��9� �,�

Z�D 

Z�E 

�WR�YROW- PHWHU 

�WR�DPPHWHU 

Z�F 

5HVLVWRU YROWDJH 5HVLVWRU FXUUHQW 
���9   
���9   

    
���9   



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW�� 
2KP¶V�/DZ 

)RU�\RXU�UHFRUGV� 
  · 2KP¶V�ODZ�JLYHV�XV�WKH�HTXDWLRQV������9� �,�[�5�����5� �9���,�����,� �9���5 
 ZKHUH�5� �UHVLVWDQFH�LQ�RKPV��,� �FXUUHQW�LQ�DPSV�DQG�9� �YROWDJH� 
 �7KLV�DOVR�ZRUNV�ZLWK�5�LQ�NLORKPV�DQG�,�LQ�PLOOLDPSV��EHFDXVH�WKH�NLOR�DQG�PLOOL�FDQFHO�RXW�� 
· &RS\�WKH�IROORZLQJ�GLDJUDPV��DQG�FDOFXODWH�WKH�PLVVLQJ�TXDQWLWLHV� 
 
 
 
5HVLVWRU�&RORXU�&RGH� 
 5HVLVWRUV�FRPH�ULQJHG�ZLWK�FRORXUHG�EDQGV�WR�VKRZ�WKH�UHVLVWDQFH�YDOXH�� 
(DFK�FRORXU�UHSUHVHQWV�D�QXPEHU��JLYHQ�LQ�WKH�WDEOH�EHORZ�    

 7R�
UHDG�WKH�FRORXU�FRGH� 

· VWDUW�IURP�WKH�RSSRVLWH�HQG�WR�WKH�JROG�RU�VLOYHU�EDQG� 
· ZULWH�GRZQ�WKH�QXPEHU�VKRZQ�E\�WKH�ILUVW�FRORXU�EDQG� 
· GR�WKH�VDPH�IRU�WKH�VHFRQG�FRORXU�EDQG� 
· DGG�WKH�QXPEHU�RI��¶V�VKRZQ�LQ�WKH�QH[W�EDQG��H�J��IRU�UHG��DGG�WZR��¶V�� 
· WKH�ILQDO�EDQG�JLYHV�WKH�WROHUDQFH�-�KRZ�DFFXUDWHO\�LW�LV�PDGH���JROG� �����VLOYHU� ������� 

)RU�WKH�UHVLVWRUV�LQ�WKH�SKRWRJUDSK� 
5HVLVWDQFH� ����SXUSOH�����JUHHQ�������RUDQJH�� ������W�ZLWK�D�WROHUDQFH�RI��� 

6R�ZKDW" 
 8VLQJ�D�PXOWLPHWHU�WR�PHDVXUH�UHVLVWDQFH� 
<RX�FDQQRW�PHDVXUH�UHVLVWDQFH�ZKLOH�WKH�FRPSRQHQW�LV�LQ�WKH�FLUFXLW��,W�PXVW�EH�UHPRYHG�ILUVW� 
· 3OXJ�RQH�ZLUH�LQWR�WKH�EODFN�&20�VRFNHW��DQG�WKH�RWKHU�LQWR�WKH�9�W�VRFNHW� 
· 6HOHFW�WKH����NW�UDQJH���RU�D�UDQJH�PXFK�KLJKHU�WKDQ�WKH�UHDGLQJ�\RX�DUH�H[SHFWLQJ��� 
· 3OXJ�ZLUHV�LQWR�WKH�WZR�VRFNHWV�DW�WKH�HQGV�RI�WKH�FRPSRQHQW�XQGHU�LQYHVWLJDWLRQ� 
· 3UHVV�WKH�UHG�21�2))�VZLWFK�ZKHQ�\RX�DUH�UHDG\� 
· 7XUQ�WKH�GLDO�WR�D�ORZHU�UDQJH��XQWLO�\RX�ILQG�WKH�UHDGLQJ� 
 
$�FKDOOHQJH� 
· 3ORW�D�JUDSK�WR�VKRZ�\RXU�UHVXOWV�� 
· 2KP¶V�ODZ�SUHGLFWV�D�VWUDLJKW�OLQH��VR�GUDZ�WKH�EHVW�VWUDLJKW�
OLQH�WKURXJK�\RXU�SRLQWV� 

· ,I�\RX�NQRZ�KRZ��FDOFXODWH�WKH�JUDGLHQW�RI�\RXU�JUDSK��2KP¶V�
ODZ�FDOOV�WKLV�TXDQWLW\�WKH�UHVLVWDQFH�RI�WKH�UHVLVWRU� 

&XUUHQW�LQ�P$ 
9R

OWDJ
H�LQ

�9 

Z�G 

Z�H %ODFN %URZQ 5HG 2UDQJH <HOORZ *UHHQ %OXH 3XUSOH *UH\ :KLWH 
� � � � � � � � � � 

Z�I 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW�� 
6HULHV�DQG�SDUDOOHO�FLUFXLWV 

,Q�QHDUO\�DOO�HOHFWULFDO�FLUFXLWV��VRPH�FRPSRQHQWV�DUH�FRQQHFWHG�
LQ�VHULHV��ZKLOH�RWKHUV�DUH�LQ�SDUDOOHO�� 
 7R�DSSO\�WKH�UXOHV�WKDW�\RX�OHDUQHG�HDUOLHU��\RX�KDYH�WR�
UHFRJQLVH�ZKLFK�SDUWV�RI�D�FLUFXLW�DUH�LQ�VHULHV�DQG�ZKLFK�DUH�LQ�
SDUDOOHO� 
 ,Q�D�FRPSOH[�FLUFXLW��FRPSRQHQWV�LQ�SDUDOOHO�KDYH�WKH�VDPH�YROWDJH�DFURVV�WKHP��EXW�PD\�FDUU\�
GLIIHUHQW�FXUUHQWV��ZKLOH�FRPSRQHQWV�LQ�VHULHV�KDYH�WKH�VDPH�FXUUHQW�IORZLQJ�WKURXJK�WKHP��EXW�

2YHU�WR�\RX� 
 · &RQQHFW�D����W�UHVLVWRU��D��NW�UHVLVWRU�DQG�D����NW�UHVLVWRU��DV�VKRZQ�LQ�WKH�GLDJUDP�� 
 7KH����W�DQG��NW�UHVLVWRU�DUH�LQ�VHULHV��ZKLOH�WKH����NW�UHVLVWRU�LV�LQ�SDUDOOHO�ZLWK�WKH� 
 FRPELQDWLRQ� 
 · 8VH�H[WUD�FRQQHFWLQJ�OLQNV�VR�WKDW�WKH�FXUUHQW�FDQ�EH� 
 PHDVXUHG�DW�SRLQWV�$��%��&�DQG�'��7KH�SKRWRJUDSK�
VKRZV�RQH�ZD\�WR�GR�WKLV� 

 · 6HW�WKH�SRZHU�VXSSO\�WR�JLYH�D����9�RXWSXW� 
 · 5HPRYH�WKH�FRQQHFWLQJ�OLQN�DW�$��DQG�FRQQHFW�D� 
 PXOWLPHWHU�WR�UHDG�WKH�FXUUHQW��5HFRUG�LW�LQ�WKH�WDEOH� 
 · 5HPRYH�WKH�PXOWLPHWHU�DQG�UHSODFH�OLQN�$� 
 · 5HPRYH�WKH�FRQQHFWLQJ�OLQN�DW�%��DQG�XVH�D� 
 PXOWLPHWHU�WR�PHDVXUH�WKH�FXUUHQW�KHUH� 
 5HFRUG�LW�LQ�WKH�WDEOH� 
 · ,Q�WKH�VDPH�ZD\��PHDVXUH�DQG�UHFRUG�WKH� 
 FXUUHQW�DW�SRLQWV�&��DQG�'� 
 · &RQQHFW�WKH�PXOWLPHWHU�WR�UHDG�WKH�YROWDJH�
DFURVV�UHVLVWRU�5���5HFRUG�LW�LQ�WKH�WDEOH� 

 · 7KHQ�FRQQHFW�WKH�PXOWLPHWHU�XS�WR�UHDG�WKH�YROW�
DJH�DFURVV�5��DQG�5���LQ�WXUQ��DQG�UHFRUG�WKHP�
LQ�WKH�WDEOH� 

Z�E 

Z�F 

Z�D 

3RZHU�VXSSO\�YROWDJH ���9 
&XUUHQW�DW�SRLQW�$�LQ�P$   
&XUUHQW�DW�SRLQW�%�LQ�P$   
&XUUHQW�DW�SRLQW�&�LQ�P$   
&XUUHQW�DW�SRLQW�'�LQ�P$   
9ROWDJH�DFURVV�5������W�UHVLVWRU�   
9ROWDJH�DFURVV�5���NW�UHVLVWRU�   
9ROWDJH�DFURVV�5�����NW�UHVLVWRU�   



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW�� 
6HULHV�DQG�SDUDOOHO�FLUFXLWV 
6R�ZKDW" 
 · 7KH�VDPH�FXUUHQW�IORZV�WKURXJK�5��DQG�5���DV�WKH\�DUH�LQ�VHULHV��7KLV�LV�WKH�FXUUHQW�\RX�

PHDVXUHG�DW�SRLQW�&�� 
 · 7KH�FXUUHQW�UHDGLQJV�DW�$�DQG�'�VKRXOG�EH�WKH�VDPH��DV�WKHVH�PHDVXUH�WKH�WRWDO�FXUUHQW�

OHDYLQJ�DQG�UHWXUQLQJ�WR�WKH�SRZHU�VXSSO\�� 
 · 7KH�FXUUHQW�IURP�WKH�SRZHU�VXSSO\�VSOLWV��ZLWK�SDUW�JRLQJ�WKURXJK�5���DQG�WKHQ�5����ZKLOH�WKH�

UHVW�IORZV�WKURXJK�5���,Q�RWKHU�ZRUGV��DGGLQJ�WRJHWKHU�WKH�UHDGLQJV�DW�%�DQG�&�VKRXOG�JLYH�D�
WRWDO�HTXDO�WR�WKH�UHDGLQJ�DW�$��DQG�'�� 

 · 7KH�IXOO�SRZHU�VXSSO\�YROWDJH�DSSHDUV�DFURVV�5���EXW�LV�VSOLW�EHWZHHQ�5��DQG�5���� 
 · &RPSOHWH�URZV������DQG���RI�WKH�IROORZLQJ�WDEOH� 
 
 
 
 
 
 
 
 
 · &RPSOHWH�WKH�WDEOH�E\�FDOFXODWLQJ�WKH�WRWDO�UHVLVWDQFH�57�RI�WKH�WKUHH�UHVLVWRUV�E\� 

· XVLQJ�I�DQG�96�LQ�WKH�IRUPXOD��5� �9���I� 
· DGGLQJ�WRJHWKHU�WKH�UHVLVWDQFH�RI�5��DQG�5���DV�WKHVH�DUH�LQ�VHULHV��WR�JLYH�5&��WKHLU�FRP�
ELQHG�UHVLVWDQFH��DQG�WKHQ�XVLQJ�57� �5&�[�5����5&���5�� 

 · 7KLQN�RI�UHDVRQV�ZK\�WKHVH�WZR�DSSURDFKHV�PLJKW�JLYH�GLIIHUHQW�YDOXHV�IRU�57��:KLFK��GR�\RX�
WKLQN��JLYHV�WKH�PRUH�UHOLDEOH�UHVXOW" 

4XHVWLRQV 
 )RU�WKH�FLUFXLW�VKRZQ�RSSRVLWH��FDOFXODWH� 
 �� 7KH�WRWDO�UHVLVWDQFH� 

�� 7KH�FXUUHQW�DW�3� 
�� 7KH�YROWDJH�DFURVV�5���WKH��NW�UHVLVWRU� 
�� 7KH�FXUUHQW�DW�5� 
�� 7KH�FXUUHQW�DW�4� 
�� 7KH�YROWDJH�DFURVV�5���WKH��NW�UHVLVWRU� 

 
$QVZHUV�DUH�JLYHQ�RQ�SDJH���� 

Z�G 

3RZHU�VXSSO\�YROWDJH ���9 
$YHUDJH�RI�FXUUHQWV�DW�$�DQG�'�LQ�P$��� �,�   
6XP�RI�FXUUHQWV�DW�%�DQG�&�LQ�P$   
6XP�RI�YROWDJHV�DFURVV�5��DQG�5���� 96�   
7RWDO�UHVLVWDQFH�57� �96���,   
&RPELQHG�UHVLVWDQFH�RI�5��DQG�5���LQ�VHULHV��� 5&�   
7RWDO�UHVLVWDQFH�RI�DOO�WKUHH�UHVLVWRUV�57� �5&�[�5����5&���5�   



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW�� 
9ROWDJH�GLYLGHUV 
5HVLVWRUV�DUH�XVHG�WR�SURWHFW�RWKHU�FRPSRQHQWV�IURP�H[FHVVLYH�FXUUHQW�� 
 7KH\�FDQ�DOVR�EH�XVHG�LQ�YROWDJH�GLYLGHUV�WR�VSOLW�WKH�YROWDJH�IURP�D�SRZHU�
VXSSO\�LQWR�VPDOOHU�SUHGLFWDEOH�SRUWLRQV��7KLV�LV�SDUWLFXODUO\�XVHIXO�ZKHQ�RQH�
RI�WKH�UHVLVWRUV�LV�D�VHQVLQJ�FRPSRQHQW��VXFK�DV�D�/'5��OLJKW-GHSHQGHQW�
UHVLVWRU���RU�D�WKHUPLVWRU���WHPSHUDWXUH-GHSHQGHQW�UHVLVWRU�� 
 9ROWDJH�GLYLGHUV�IRUP�WKH�EDVLV�RI�PDQ\�VHQVRUV��7KH�RXWSXW�YROWDJH�FDQ�
UHSUHVHQW�WHPSHUDWXUH��OLJKW-OHYHO��SUHVVXUH��KXPLGLW\��VWUDLQ�RU�RWKHU�SK\VLFDO�TXDQWLWLHV� 

2YHU�WR�\RX� 
 · &RQQHFW�WZR���NW�UHVLVWRUV�LQ�VHULHV��DV�VKRZQ�LQ�WKH�FLUFXLW�GLDJUDP� 
 · 6HW�WKH�SRZHU�VXSSO\�WR�JLYH�D��9�RXWSXW� 
 · 5HPRYH�WKH�FRQQHFWLQJ�OLQN�DW�$��DQG�FRQQHFW�D�PXOWLPHWHU��
VHW�RQ�WKH��P$�'&�UDQJH��WR�PHDVXUH�WKH�FXUUHQW�� 

 5HFRUG�WKH�YDOXH�LQ�WKH�WDEOH� 
 · 5HPRYH�WKH�PXOWLPHWHU�DQG�UHSODFH�OLQN�$� 
 · 6HW�XS�WKH�PXOWLPHWHU�WR�UHDG�'&�YROWDJHV�RI�DERXW��9��DQG�FRQQHFW�LW�WR�UHDG�WKH�YROWDJH�
DFURVV�UHVLVWRU�5���DQG�WKHQ�DFURVV�5���5HFRUG�WKHVH�LQ�WKH�VHFRQG�FROXPQ�RI�WKH�WDEOH� 

 · 1H[W��VHW�WKH�SRZHU�VXSSO\�WR��9��DQG�UHSHDW�WKH�PHDVXUHPHQWV��5HFRUG�WKHP�LQ�WKH�WKLUG�
FROXPQ�RI�WKH�WDEOH� 

 
 
 
 
 
 
 
· 1RZ��VZDS�UHVLVWRU�5��IRU�D��NW�UHVLVWRU�� 
 5HSHDW�WKH�SURFHVV�DQG�UHFRUG�WKH�UHVXOWV�LQ�WKH�VHFRQG�WDEOH� 
 · )LQDOO\��UHSODFH�ERWK�UHVLVWRUV��ZLWK�D����NW�UHVLVWRU�IRU�5���DQG�D���NW�UHVLVWRU�IRU�5��� 
 5HSHDW�WKH�PHDVXUHPHQWV�DQG�UHFRUG�WKHP�LQ�WKH�WKLUG�WDEOH� 

Z�D 

Z�E 

5�� ���NW��5�� ���NW 
3RZHU�VXSSO\�YROWDJH �9 �9 
&XUUHQW�DW�SRLQW�$�LQ�P$     
9ROWDJH�9��DFURVV�5�     
9ROWDJH�9��DFURVV�5�     

5�� ��NW��5�� ���NW 
3RZHU�VXSSO\�YROWDJH �9 
&XUUHQW�DW�SRLQW�$�LQ�P$   
9ROWDJH�9��DFURVV�5�   
9ROWDJH�9��DFURVV�5�   

5�� ����NW��5�� ���NW 
3RZHU�VXSSO\�YROWDJH �9 
&XUUHQW�DW�SRLQW�$�LQ�P$   
9ROWDJH�9��DFURVV�5�   
9ROWDJH�9��DFURVV�5�   



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW�� 
9ROWDJH�GLYLGHUV 
 6R�ZKDW" 
 )LUVW�RI�DOO��ORRN�DW�WKH�WKHRUHWLFDO�EHKDYLRXU�RI�WKLV�FLUFXLW�-� 
· 5HVLVWRUV�5��DQG�5��DUH�FRQQHFWHG�LQ�VHULHV��7KHLU�WRWDO�UHVLVWDQFH��LV�JLYHQ�E\� 

57� �5����5��� 
· 7KH�IXOO�SRZHU�VXSSO\�YROWDJH��96��DSSHDUV�DFURVV�WKLV�WRWDO�UHVLVWDQFH��57��DQG�VR�WKH�FXUUHQW�
,��IORZLQJ�WKURXJK�WKH�WZR�UHVLVWRUV�LV�JLYHQ�E\� 

,� �96���57� 
· 7KH�YROWDJH�DFURVV�UHVLVWRU�5��LV�JLYHQ�E\� 

9�� �,�[�5� 
· 7KH�YROWDJH�DFURVV�UHVLVWRU�5��LV�JLYHQ�E\� 

9�� �,�[�5� 
 · &DOFXODWH�57��,��5��DQG�5��IRU�HDFK�RI�WKH�FLUFXLWV�ORRNHG�DW��DQG�FRPSOHWH�WKH�QH[W�WDEOH�ZLWK�
\RXU�UHVXOWV� 

 
  
 
 
 
 
 
· &RP� SDUH�WKH�
YDOXHV�RI�9��DQG�9��ZLWK�WKRVH�\RX�PHDVXUHG�IRU�HDFK�FLUFXLW�� 

 :K\�PLJKW�\RX�H[SHFW�WKH�H[SHULPHQWDO�YDOXHV�WR�EH�GLIIHUHQW" 

)RU�\RXU�UHFRUGV� 
 · 7KHUH�LV�D�VWUDLJKWIRUZDUG�ZD\�WR�YLHZ�WKHVH�UHVXOWV� 

· 7KH�YROWDJH�IURP�WKH�SRZHU�VXSSO\�LV�VKDUHG�EHWZHHQ�WKH�UHVLVWRUV�� 
 VR�WKDW� 9����9�� �96� 
· 7KH�ELJJHU�WKH�UHVLVWRU��WKH�ELJJHU�LWV�VKDUH�RI�WKH�YROWDJH�� 

 · ,Q�WKH�ILUVW�FLUFXLW��5�� �5�� ���NW�VR�9�� �9�� �ò96� 
 · ,Q�WKH�VHFRQG�DQG�WKLUG�FLUFXLWV��5�� ����[�5���DQG�VR�9�� ����[�9�� 
 · 7KH�VHFRQG�DQG�WKLUG�FLUFXLWV�SURGXFH�WKH�VDPH�UHVXOW��EXW�WKH�FXUUHQW�LV�GLIIHUHQW�� 
 · 6RPHWLPHV�LW�LV�EHVW�WR�XVH�ELJ�UHVLVWRU�YDOXHV��WR�UHGXFH�EDWWHU\�GUDLQ�DQG�SRZHU�GLVVLSDWLRQ� 
 · +RZHYHU��XVLQJ�ORZHU�UHVLVWRU�YDOXHV�DOORZV�XV�WR�GUDZ�PRUH�FXUUHQW�IURP�WKH�YROWDJH� 
 GLYLGHU�FLUFXLW�ZLWKRXW�UHDOO\�DIIHFWLQJ�YROWDJHV�9��DQG�9�� 

&LUFXLW 57 , 9� 9� 
5�� ���NW��5�� ���NW��9V� ��9         
5�� ���NW��5�� ���NW��9V� ��9         
5�� ��NW��5�� ���NW��9V� ��9         
5�� ����NW��5�� ���NW��9V� ��9         



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW�� 
&XUUHQW�GLYLGHUV 
9ROWDJH�GLYLGHUV�XVH�UHVLVWRUV�FRQQHFWHG�LQ�VHULHV�WR�VSOLW�D�YROWDJH�LQ�
WR�FDOFXODEOH�IUDFWLRQV� 
 &XUUHQW�GLYLGHUV�XVH�UHVLVWRUV�FRQQHFWHG�LQ�SDUDOOHO�WR�VHW�XS�NQRZQ� 
IUDFWLRQV�RI�FXUUHQW� 
 &XUUHQW�GLYLGHUV�DUH�XVHG�LQ�DPPHWHUV��$�NQRZQ�IUDFWLRQ�RI�WKH�WRWDO� 
FXUUHQW�SDVVHV�WKURXJK�WKH�PHWHU�DQG�LV�PHDVXUHG��)URP�WKDW�WKH� 
WRWDO�FXUUHQW�LV�FDOFXODWHG� 

2YHU�WR�\RX� 
 · &RQQHFW�WZR���NW�UHVLVWRUV�LQ�SDUDOOHO��DV�VKRZQ�LQ�WKH�FLUFXLW�GLDJUDP� 
 · 6HW�WKH�SRZHU�VXSSO\�WR�JLYH�D��9�RXWSXW� 
 · 5HPRYH�WKH�FRQQHFWLQJ�OLQN�DW�$��&RQQHFW�D�PXOWLPHWHU��RQ�
WKH��P$�'&�UDQJH��WR�PHDVXUH�WKH�FXUUHQW��,���DW�$��WKH�WRWDO�
FXUUHQW�OHDYLQJ�WKH�SRZHU�VXSSO\���5HFRUG�WKH�YDOXH�LQ�WKH�
WDEOH� 

 · 5HPRYH�WKH�PXOWLPHWHU�DQG�UHSODFH�OLQN�$� 
 · 0HDVXUH�WKH�FXUUHQW�DW�%��,����LQ�WKH�VDPH�ZD\��DQG�UHFRUG�WKH�UHVXOW�LQ�WKH�WDEOH� 
 · 6HW�XS�WKH�PXOWLPHWHU�WR�UHDG�'&�YROWDJHV�RI�DERXW���9��DQG�FRQQHFW�LW�DFURVV�WKH�SRZHU�
VXSSO\�WR�UHDG�96��5HFRUG�LW�LQ�WKH�WDEOH� 

 · 1H[W��VHW�WKH�SRZHU�VXSSO\�WR��9��DQG�UHSHDW�WKH�PHDVXUHPHQWV��5HFRUG�WKHP�LQ�WKH�WDEOH� 
 
 
 
 
 
· /DVWO\��VZDS�UHVLVWRU� 5��IRU�D��NW�UHVLVWRU���
&KDQJH�WKH�PXOWLPHWHU�UDQJH�WR���P$� 

 · 5HSHDW�WKH�SURFHVV��ZLWK�WKH�SRZHU�VXSSO\�VWLOO�VHW�WR��9��DQG�UHFRUG�WKH�UHVXOWV�LQ�D�VHFRQG�
WDEOH� 

Z�D 

Z�E 

5�� ���NW��5�� ���NW 
3RZHU�VXSSO\�YROWDJH   
&XUUHQW�DW�SRLQW�$��,���LQ�P$     
&XUUHQW�DW�SRLQW�%��,���LQ�P$     

5�� ��NW��5�� ���NW 
3RZHU�VXSSO\�YROWDJH  
&XUUHQW�DW�SRLQW�$��,���LQ�P$   
&XUUHQW�DW�SRLQW�%��,���LQ�P$   



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW�� 
&XUUHQW�GLYLGHUV 

6R�ZKDW" 
 )LUVW�RI�DOO��WKH�WKHRUHWLFDO�EHKDYLRXU�-� 

· 7KH�YROWDJH�DFURVV�UHVLVWRU�5�� 96��DQG�VR� 
  96� �I��[�5� 
· 6LPLODUO\� 96� �I��[�5� 
 ZKLFK�PHDQV�WKDW� 
 I��[�5�� �I��[�5� 
 RU� I�� �I��[��5����5�� 

 

7KH�FXUUHQW�I�IURP�WKH�SRZHU�VXSSO\�VSOLWV�LQWR�I��DQG�I��DW�WKH�MXQFWLRQ�� 
,Q�RWKHU�ZRUGV� �I  = I����I� 
 

8VLQJ�WKH�HTXDWLRQ�IRU�I��JLYHQ�DERYH� I  = I��[��5����5�����I� 
    �I��������5����5�� 
 

5H-DUUDQJLQJ�WKLV�JLYHV I��� �I [������5������� 
  5����5� 
7KLV�FDQ�EH�XVHG�WR�FDOFXODWH�WKH�FXUUHQW�I2�IORZLQJ�LQ�WKH�EUDQFK�RI�WKH�FLUFXLW� 
 · 8VH�WKLV�IRUPXOD�WR�FDOFXODWH�I2�LQ�WKH�WKUHH�FDVHV�\RX�ORRNHG�DW�LQ�\RXU�LQYHVWLJDWLRQ��:ULWH�
\RXU�UHVXOWV�LQ�WKH�IROORZLQJ�WDEOH� 

 
 
 
 
 
 
· &RPSDUH�WKH� FDOFXODWHG�YDOXHV�RI�I2�ZLWK�WKRVH�\RX�PHDVXUHG�IRU�HDFK�FLUFXLW�� 
 $JDLQ��ZK\�PLJKW�\RX�H[SHFW�WKH�H[SHULPHQWDO�YDOXH�WR�EH�GLIIHUHQW�WR�WKH�WKHRUHWLFDO�RQH" 
)RU�\RXU�UHFRUGV� 
 · $V�ZLWK�YROWDJH�GLYLGHUV��WKHUH�LV�D�VWUDLJKWIRUZDUG�ZD\�WR�YLHZ�WKHVH�UHVXOWV� 
 · 7KH�FXUUHQW�IURP�WKH�SRZHU�VXSSO\�LV�VKDUHG�EHWZHHQ�WKH�UHVLVWRUV�� 

 VR�WKDW� �I  = I����I� 
 · 7KH�ELJJHU�WKH�UHVLVWRU��WKH�VPDOOHU�LWV�VKDUH�RI�WKH�FXUUHQW�� 

 · ,Q�WKH�ILUVW�DQG�VHFRQG�FLUFXLWV��5�� �5�� ���NW�VR�I�� �I�� �ò�I . 
 · ,Q�WKH�WKLUG�FLUFXLW��5�� ����[�5���DQG�VR�I�� ����[�I�� 

Z�F 

&LUFXLW ,��LQ�P$ 
5�� ���NW��5�� ���NW��3RZHU�VXSSO\�VHW�WR��9   
5�� ���NW��5�� ���NW��3RZHU�VXSSO\�VHW�WR��9   
5�� ��NW��5�� ���NW��3RZHU�VXSSO\�VHW�WR��9   



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW�� 
8VLQJ�.LUFKKRII¶V�/DZV 

· .LUFKKRII¶V�&XUUHQW�/DZ�-�µ:KDW�IORZV�LQ�PXVW�IORZ�RXW¶ 
 7KH�DOJHEUDLF�VXP�RI�DOO�FXUUHQWV�DW�DQ\�MXQFWLRQ�LV�]HUR� 
 ,Q�RWKHU�ZRUGV��I�� �I����I� 
 

· .LUFKKRII¶V�9ROWDJH�/DZ�-� 
$URXQG�DQ\�ORRS�LQ�WKH�FLUFXLW��WKH�DOJHEUDLF�VXP�RI�YROWDJHV�LV�
]HUR��7KH�H[SUHVVLRQ�µDOJHEUDLF�VXP¶�VLPSO\�PHDQV�WKDW�ZH�
PXVW WDNH�WKH�GLUHFWLRQ�RI�FXUUHQW�IORZ�LQWR�DFFRXQW�   7KHUH�DUH�WKUHH�ORRSV�LQ�WKH�FLUFXLW�\RX�ZLOO�LQYHVWLJDWH� 
7KHVH�DUH�VKRZQ�LQ�GLIIHUHQW�FRORXUV�LQ�WKH�GLDJUDP� 

 2YHU�WR�\RX� 
 · &RQQHFW�D��NW��D����NW�DQG�D���NW�UHVLVWRU��DV�VKRZQ�LQ�WKH�FLUFXLW�GLDJUDP� 
 · 6HW�WKH�SRZHU�VXSSO\�WR�JLYH�D��9�RXWSXW� 
 · 5HPRYH�WKH�FRQQHFWLQJ�OLQN�DW�3�� 
 &RQQHFW�D�PXOWLPHWHU��RQ�WKH���P$�'&�UDQJH��WR�PHDVXUH�
WKH�FXUUHQW�DW�3���WKH�WRWDO�FXUUHQW�OHDYLQJ�WKH�SRZHU�VXSSO\���
DQG�UHFRUG�LW�LQ�WKH�WDEOH� 

 · 5HPRYH�WKH�PXOWLPHWHU�DQG�UHSODFH�OLQN�3� 
 · 0HDVXUH�WKH�FXUUHQW�DW�4�DQG�WKHQ�5�LQ�WKH�VDPH�ZD\��DQG�UHFRUG�WKH�UHVXOWV�LQ�WKH�WDEOH� 
 · 6HW�XS�WKH�PXOWLPHWHU�WR�UHDG�'&�YROWDJHV�RI�DERXW���9��DQG�XVH�LW�WR�PHDVXUH�WKH�YROWDJHV�
DFURVV�WKH�WKUHH�UHVLVWRUV��5HFRUG�WKHP�LQ�WKH�WDEOH� 

 
 
 
 
 
 
 
 
 
 · 1H[W��ZH�DUH�JRLQJ�WR�DQDO\VH�WKHVH�UHVXOWV�XVLQJ�.LUFKKRII¶V�&XUUHQW�DQG�9ROWDJH�/DZV� 

Z�D 

Z�F 

Z�E 

0HDVXUHPHQW 9DOXH 
&XUUHQW�DW�SRLQW�3�LQ�P$   
&XUUHQW�DW�SRLQW�4�LQ�P$   
&XUUHQW�DW�SRLQW�5�LQ�P$   
9ROWDJH�DFURVV�5�   
9ROWDJH�DFURVV�5�   
9ROWDJH�DFURVV�5�   



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW�� 
8VLQJ�.LUFKKRII¶V�/DZV 
 6R�ZKDW" 
 · .LUFKKRII¶V�FXUUHQW�ODZ�JLYHV�XV�WKH�UHODWLRQVKLS� 

�I�� �I����I� 
· 1RZ�DSSO\�.LUFKKRII¶V�YROWDJH�ODZ�WR�HDFK�RI�WKH�WKUHH�ORRSV� 
· 7KH�JUHHQ�ORRS� �� �9����9� HTXDWLRQ��� 
 7KH�RUDQJH�ORRS� �� �9����9� HTXDWLRQ�� 
 7KH�EOXH�ORRS� �� �9����9� 
· 2KP¶V�ODZ�JLYHV�XV�WKH�UHODWLRQVKLSV� 

9�� �I��[�5�� ��I����I���[�5� 
9�� �I��[�5������ 
9�� �I��[�5� 

· ,QVHUWLQJ�WKH�YDOXHV�RI�WKH�UHVLVWRUV��LQ�NW��JLYHV� 
9�� ��I����I���[��� ��I����I��� 

9�� �I��[��� 
9�� �I��[���� 

· 8VLQJ�WKHVH��HTXDWLRQ���EHFRPHV �� ��I����I���������[�I�� 
  RU �� ����I����I� 
  ZKLFK�PHDQV�WKDW I�� ���-����I� 
  DQG�HTXDWLRQ���EHFRPHV �� ��I����I����������[�I��� 
  RU �� �I��������I� 
 ,QVHUWLQJ�WKH�YDOXH�RI�I��JLYHV �� �I��������(��-����I�� 
  VR ������-����I�� ������-�� 
  ZKLFK�JLYHV I�� ������P$ 
 6XEVWLWXWLQJ�WKLV�LQ�HDUOLHU�HTXDWLRQV I�� ���-����I�� ���-����[������ ������P$ 
  DQG�VR I�� ������������� ������P$ 
 ,Q�WXUQ��WKHVH�YDOXHV�JLYH 9�� ������[��� �����9 
  9�� ������[���� �����9 
  9�� ������[����� �����9��QRW�VXUSULVLQJO\�� 
· &KHFN�\RXU�PHDVXUHG�YDOXHV�DJDLQVW�WKHVH�UHVXOWV� 

)RU�\RXU�UHFRUGV� 
 · .LUFKKRII¶V�&XUUHQW�/DZ�-�µ:KDW�IORZV�LQ�PXVW�IORZ�RXW¶ 
 7KH�DOJHEUDLF�VXP�RI�DOO�FXUUHQWV�DW�DQ\�MXQFWLRQ�LV�]HUR� 
 · .LUFKKRII¶V�9ROWDJH�/DZ�-� 
 $URXQG�DQ\�ORRS�LQ�WKH�FLUFXLW��WKH�DOJHEUDLF�VXP�RI�YROWDJHV�LV�]HUR� 

Z�G 

Z�H 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

2YHU�WR�\RX� 
 · 6HW�XS�HDFK�WKH�FLUFXLW�LQ�WXUQ�� 
 · )RU�HDFK�EXOE��PHDVXUH� 
 · WKH�FXUUHQW�WKURXJK�LW�� 

· WKH�YROWDJH�DFURVV�LW�� 

�)LUVW��GHFLGH�ZKHUH�WR�FRQQHFW�WKH�DPPHWHU�DQG�YROWPHWHU�� 
  

:RUNVKHHW�� 
3RZHU�LQ�'&�FLUFXLWV 
(OHFWULFDO�SRZHU�LV�YLWDO�WR�WKH�RSHUDWLRQ�RI�PDQ\�FRPSOH[�
V\VWHPV��$Q�DLUFUDIW��IRU�H[DPSOH��ZRXOG�QRW�EH�DEOH�WR�IO\�
ZLWKRXW�HOHFWULFLW\�� 
 7KH�DELOLW\�WR�JHQHUDWH�DQG�PDNH�HIILFLHQW�XVH�RI�HOHFWULFDO�
SRZHU�LV�FHQWUDO�LQ�WKH�PRGHUQ�ZRUOG��$V�D�UHVXOW��\RX�QHHG�D�
VRXQG�JUDVS�RI�HOHFWULFDO�SRZHU�DQG�HQHUJ\�FRQYHUVLRQ� 
 �7KLV�ZRUNVKHHW�SURYLGHV�D�XVHIXO�LQWURGXFWLRQ�WR�WKLV�WRSLF� 

Z�D 

Z�E 

Z�F 

Z�G 

$�IHZ�UHODWLRQVKLSV�WKDW�\RX�QHHG�WR�NQRZ� 
 
$�UHPLQGHU� 

(OHFWULF�FXUUHQW�LV�D�PHDVXUH�RI�KRZ�PDQ\�HOHFWURQV�DUH�SDVVLQJ�SHU�VHFRQG�� 
9ROWDJH�LV�D�PHDVXUH�RI�WKH�HQHUJ\�WKH�HOHFWURQV�JDLQ�RU�ORVH�RQ�SDVVLQJ�WKURXJK�D�
FRPSRQHQW� 
 )DFW���� 1XPEHU�RI�FRXORPEV�4� �&XUUHQW�,�[�WLPH�W 
�&RPPRQ�VHQVH�-�FXUUHQW�PHDVXUHV�KRZ�PDQ\�HOHFWURQV�SDVV�SHU�VHFRQG��VR�WR�ILQG�RXW�KRZ�PD\�KDYH�
SDVVHG�LQ����VHFRQGV��IRU�H[DPSOH��\RX�VLPSO\�PXOWLSO\�WKH�FXUUHQW�E\����� 
 )DFW���� 2QH�YROW�PHDQV�RQH�MRXOH�RI�HQHUJ\�JLYHQ�WR�RU�ORVW�E\�RQH�FRXORPE�RI�FKDUJH� 
�$���9�EDWWHU\�JLYHV�HDFK�FRXORPE�RI�FKDUJH�WKDW�SDVVHV�WKURXJK�LW���-�RI�HQHUJ\��,I�WKH�YROWDJH�GURSSHG�
DFURVV�D�UHVLVWRU�LV��9��HYHU\�FRXORPE�WKDW�SDVVHV�WKURXJK�LW�ORVHV��-�RI�HQHUJ\��L�H��FRQYHUWV��-��WR�KHDW�
HQHUJ\��,W¶V�WKH�HOHFWURQV�VWUXJJOLQJ�WR�VTXHH]H�SDVW�WKH�DWRPV�LQ�WKH�UHVLVWRU�-�LW�PDNHV�WKHP�KRW�� 
 )DFW���� 3RZHU�LV�WKH�UDWH�DW�ZKLFK�HQHUJ\�LV�FRQYHUWHG� 
�6R�-�D�SRZHU�UDWLQJ�RI�RQH�ZDWW�RI�PHDQV�WKDW�RQH�MRXOH�RI�HQHUJ\�LV�FRQYHUWHG�IURP�RQH�IRUP�WR�DQRWKHU�
HYHU\�VHFRQG��7KH�ROG�VW\OH�RI�GRPHVWLF�OLJKW�EXOEV�KDG�SRZHU�UDWLQJV�RI�DERXW���:��1HZHU�HQHUJ\-
VDYLQJ�W\SHV�KDYH�D�UDWLQJ�RI���:�IRU�WKH�VDPH�EULJKWQHVV��EHFDXVH�WKH\�FRQYHUW�ZDVWH�OHVV�HOHFWULFDO�
HQHUJ\�DV�KHDW�� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW�� 
3RZHU�LQ�'&�FLUFXLWV 

)RU�\RXU�UHFRUGV� 
  · 3RZHU�LV�WKH�UDWH�DW�ZKLFK�HQHUJ\�LV�EHLQJ�XVHG� 
 · :KHQ�D�FRPSRQHQW�KDV�D�YROWDJH�9�DFURVV�LW��DQG�D�FXUUHQW�,�IORZLQJ�WKURXJK�LW��LW�LV� 
 FRQYHUWLQJ�HQHUJ\�IURP�RQH�IRUP�WR�DQRWKHU�DW�D�UDWH�JLYHQ�E\�WKH�SRZHU�IRUPXOD� 

3� �,�[�9� 

6R�ZKDW" 
 )RUPXOD�MXJJOLQJ�-�LJQRUH�DOO�EXW�WKH�UHVXOW�LI�\RX�ZLVK� 
  3� �(���W���IURP�IDFW������������DQG���(� �4�[�9���IURP�IDFW������������VR��3� �4�[�9���W 
�����EXW� 4� �,�[�W���IURP�IDFW������������VR� ����3� �,�[�W�[�9���W 
�����RU��FDQFHOOLQJ�RXW�WKH�µW¶������������5HVXOW����3� �,�[�9 
 7KH�FDVW� 
3� �SRZHU�LQ�ZDWWV�����(� �HQHUJ\�FRQYHUWHG�LQ�MRXOHV�����4� �FKDUJH�LQ�FRXORPEV 
,� �FXUUHQW�LQ�DPSV�����9� �YROWDJH�GURSSHG�LQ�YROWV�����W� �WLPH�HQHUJ\�FRQYHUVLRQ�WRRN�LQ�VHFRQGV 
 
· 8VH�\RXU�UHVXOWV�WR�DQVZHU�WKH�IROORZLQJ� 
 · &DOFXODWH� 

· WKH�SRZHU�GLVVLSDWHG�LQ�HDFK�EXOE��XVLQJ�WKH�IRUPXOD�3� �,�[�9� 
· KRZ�ORQJ�LW�WDNHV�HDFK�EXOE�WR�WDNH��-�RI�HQHUJ\�IURP�WKH�HOHFWURQV� 
· KRZ�PXFK�HQHUJ\��LQ�MRXOHV��WKH�SRZHU�VXSSO\�LV�ORVLQJ�HDFK�VHFRQG� 

 · (DFK�RI�WKH�WKUHH�FLUFXLWV�WKDW�\RX�LQYHVWLJDWHG�WUDQVIHUUHG�HQHUJ\�DW�GLIIHUHQW�UDWHV�� 
 7KH�DPRXQW�RI�HQHUJ\�WUDQVIHUUHG�GHSHQGV�QRW�RQO\�RQ�WKH�QXPEHU�RI�ODPSV�EXW�DOVR�RQ�
WKH�ZD\�WKH\�DUH�FRQQHFWHG��7KLQN�DERXW�WKH�HQHUJ\�GLVVLSDWHG�LQ�HDFK�RI�WKH�WKUHH�
FLUFXLWV��:KLFK�FLUFXLW�ZLOO�WUDQVIHUV�WKH�OHDVW�HQHUJ\�DQG�ZKLFK�WKH�PRVW�LQ�D�JLYHQ�WLPH"�
([SODLQ�WR�\RXU�FROOHDJXH�ZK\�WKLV�LV�� 

 · :KLFK�EDWWHU\�ZLOO�µJR�IODW¶�ILUVW"� 
([SODLQ�\RXU�DQVZHU�LQ�WHUPV�RI�WKH�DPRXQW�RI�HQHUJ\�FRQYHUWHG� 

4XHVWLRQV� 
 �� $�'&�SRZHU�XQLW�VXSSOLHV���9�WR�WZR�SDUDOOHO�ORDGV��HDFK�UDWHG�DW����:��IRU����PLQXWHV� 
 :KDW�FXUUHQW�LV�VXSSOLHG�WR�HDFK�ORDG"� 
 :KDW�HQHUJ\�LV�VXSSOLHG�E\�WKH�SRZHU�XQLW�LQ�WKDW����PLQXWHV" 
 �� 7KH�EDWWHU\�LQ�DQ�HPHUJHQF\�UDGLR�EHDFRQ�FDQ�VXSSO\����N-�RI�HQHUJ\��7KH�EDWWHU\�LV�UDWHG�
DW���9��$��)RU�KRZ�PDQ\�KRXUV�ZLOO�WKH�EHDFRQ�RSHUDWH" 

 $QVZHUV�DUH�SURYLGHG�RQ�SDJH���� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
(OHFWURVWDWLFV�DQG�FDSDFLWRUV 
6WDWLF�HOHFWULFLW\�FDQ�EH�SURGXFHG�E\�IULFWLRQ��IRU�H[DPSOH��
UXEELQJ�D�EDOORRQ�RQ�D�ZRROOHQ�VZHDWHU��� 
 %RGLHV�FKDUJHG�E\�WKLV�PHWKRG�KDYH�HLWKHU�SRVLWLYH�RU�
QHJDWLYH�SRODULW\��GHSHQGLQJ�RQ�ZKHWKHU�D�GHILFLW�RU�H[FHVV�
RI�FKDUJH-FDUU\LQJ�HOHFWURQV�LV�SUHVHQW�� 
 %RGLHV�FDQ�UHPDLQ�LQ�WKLV�VWDWH�IRU�VRPH�WLPH��6WUD\�VWDWLF�
FKDUJH�OLNH�WKLV�FDXVH�HOHFWULFDO�QRLVH�DQG�LQWHUIHUHQFH�WR�
DYLRQLF�DQG�FRPPXQLFDWLRQV�HTXLSPHQW���6SHFLDO�
PHDVXUHV��VXFK�DV�VWDWLF�GLVFKDUJLQJ�ZLFNV�-�DUH�XVHG�WR�
DYRLG�WKH�EXLOG-XS�RI�FKDUJH�RQ�DLUFUDIW�� 
 &DSDFLWRUV��H[WUHPHO\�XVHIXO�HOHFWULFDO�FRPSRQHQWV��SURYLGH�XV�ZLWK�D�PHDQV�RI�
DFFXPXODWLQJ�DQG�VWRULQJ�HOHFWULF�FKDUJH��$�VLPSOH�FDSDFLWRU�FRQVLVWV�RI�WZR�PHWDO�SODWHV�
VHSDUDWHG�E\�DQ�LQVXODWLQJ�GLHOHFWULF��VXFK�DV�SRO\HVWHU�ILOP��7KH�FKDUJH�SUHVHQW�LV�WKH�SURGXFW�

2YHU�WR�\RX��RSWLRQDO�LQYHVWLJDWLRQ�� 
 · 0DNH�\RXU�RZQ�FDSDFLWRU�ZLWK�D�VTXDUH�RI�WKLQ�FDUG�EHWZHHQ�WZR�
VTXDUH�DOXPLQLXP�SODWHV��.HHS�LW�FODPSHG�WRJHWKHU�E\�SODFLQJ�LW�
EHWZHHQ�KHDY\�JODVV�SODWHV�ZLWK�D�KHDY\�REMHFW�RQ�WRS�� 

 · 0HDVXUH�WKH�FDSDFLWDQFH�RI�\RXU�FDSDFLWRU�XVLQJ�D�GLJLWDO�
PXOWLPHWHU�VZLWFKHG�WR�WKH��Q)�UDQJH� 

 · ,QFUHDVH�WKH�VHSDUDWLRQ�RI�WKH�SODWHV�E\�DGGLQJ�H[WUD�SLHFHV�RI�
FDUG��XS�WR�VL[��� 

 · (DFK�WLPH��PHDVXUH�DQG�UHFRUG�WKH�FDSDFLWDQFH�� 
 
 
 
 · 1H[W�FKDQJH�WKH�DPRXQW�E\�ZKLFK�WKH�SODWHV�RYHUODS��ZKLOVW�NHHSLQJ�WKH�SODWHV�SDUDOOHO���
0DUN�OLQHV�RQ�WKH�FDSDFLWRU�DW����������������������DQG�������RI�WKH�VXUIDFH�DQG�IRU�HDFK�
RYHUODS��PHDVXUH�DQG�UHFRUG�WKH�FDSDFLWDQFH�LQ�WKH�WDEOH�� 

Z��E 

Z��D 

$UHD�RI�RYHUODS ���� �$� ��� (3A/4) ��� (A/2) ����� (3A/8) ��� (A/4) ����� (A/8) 
&�LQ�Q)             

7KLFNQHVV�RI�FDUG � � � � � � 
&�LQ�Q)             



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
(OHFWURVWDWLFV�DQG�FDSDFLWRUV 

6R�ZKDW" 
 
8VH�\RXU�UHVXOWV�WR� 
 · 3ORW�D�JUDSK�VKRZLQJ�KRZ�WKH�FDSDFLWDQFH�FKDQJHV�ZLWK�SODWH�VHSDUDWLRQ� 
 · 3ORW�D�JUDSK�VKRZLQJ�KRZ�FDSDFLWDQFH�FKDQJHV�ZLWK�WKH�RYHUODSSLQJ�DUHD�RI�WKH�SODWHV�� 
 
· :KDW�FRQFOXVLRQV�FDQ�\RX�GUDZ�IURP�WKH�ILUVW�JUDSK" 
 · :KDW�FRQFOXVLRQV�FDQ�\RX�GUDZ�IURP�WKH�VHFRQG�JUDSK" 
  

)RU�\RXU�UHFRUGV� 
 · ,QFUHDVLQJ�WKH�VHSDUDWLRQ�RI�WKH�SODWHV�UHGXFHV�WKH�FDSDFLWDQFH�� 
 0RUH�SUHFLVHO\��FDSDFLWDQFH�LV�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�SODWH�VHSDUDWLRQ� 
 · ,QFUHDVLQJ�WKH�RYHUODS�RI�WKH�SODWHV�LQFUHDVHV�WKH�FDSDFLWDQFH� 
 0RUH�SUHFLVHO\��FDSDFLWDQFH�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�SODWH�DUHD� 
 · &RPELQLQJ�WKHVH�UHVXOWV�ZH�FDQ�DUULYH�DW�WKH�LPSRUWDQW�UHODWLRQVKLS� 
 
 
 ZKHUH� 
 &� �FDSDFLWDQFH� 
 $� �SODWH�DUHD� 
 G� �SODWH�VHSDUDWLRQ� 
 Ϗ�� �SHUPLWWLYLW\�RI�IUHH�VSDFH� 
 ϏU� �UHODWLYH�SHUPLWWLYLW\�RI�WKH�GLHOHFWULF�PDWHULDO��LQVXODWRU�� 

0 r AA AC kd d d
e eµ = =



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
&DSDFLWRU�FKDUJH�DQG�GLVFKDUJH 
&DSDFLWRUV�SURYLGH�D�PHDQV�RI�VWRULQJ�HOHFWULF�FKDUJH��DFWLQJ�DV�D�
UHVHUYRLU�IRU�HOHFWULFDO�HQHUJ\��&KDUJH�FDQ�EH�WUDQVIHUUHG�WR�D�FDSDFLWRU�
E\�FRQQHFWLQJ�LW�WR�D�SRZHU�VXSSO\�RU�D�EDWWHU\�� 
 :KHQ�WKH�FDSDFLWRU�GLVFKDUJHV��WKH�VWRUHG�HQHUJ\�LV�UHOHDVHG��XVXDOO\�
DV�KHDW��/DWHU��WKH�FDSDFLWRU�FDQ�EH�UHFKDUJHG��7KH�VWRUHG�HQHUJ\�LV�
WKHQ�UHSOHQLVKHG� 
 ,Q�WKLV�ZRUNVKHHW��\RX�LQYHVWLJDWH�FDSDFLWRU�FKDUJH�DQG�GLVFKDUJH�� 

2YHU�WR�\RX� 
 &KDUJLQJ�D�FDSDFLWRU� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��XVLQJ�YDOXHV�5� ���Nȍ�DQG�&� �������)� 
 · 0DNH�VXUH�WKDW�WKH�'&�SRZHU�VXSSO\�LV�VHW�WR��9� 
 · 8VH�D�PXOWLPHWHU��RQ�WKH���9�'&�VFDOH�WR�PHDVXUH�WKH�YROWDJH�
DFURVV�WKH�FDSDFLWRU� 

 · 3UHVV�DQG�KROG�GRZQ�VZLWFK�6�WR�GLVFKDUJH�WKH�FDSDFLWRU�IXOO\� 
 · 5HOHDVH�6�VR�WKDW�WKH�FDSDFLWRU�EHJLQV�WR�FKDUJH��DQG�PHDVXUH�DQG�UHFRUG�WKH�FDSDFLWRU�
YROWDJH�HYHU\����VHFRQGV�� 

 · 5HSHDW�WKLV�SURFHVV�XVLQJ�YDOXHV�RI�&� �������)�DQG�5� ���Nȍ���DQG�WKHQ�&� �������)�ZLWK�
5� ���Nȍ��<RX�QRZ�KDYH�WKUHH�VHWV�RI�UHDGLQJV��VHW�RXW�LQ�WKUHH�WDEOHV�OLNH�WKH�RQH�EHORZ� 

 

'LVFKDUJLQJ�D�FDSDFLWRU� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�RSSRVLWH��ZLWK�5� ���Nȍ�DQG�&� �������)� 
 · $JDLQ��PDNH�VXUH�WKDW�WKH�SRZHU�VXSSO\�LV�VHW�WR��9�'&�DQG�WKDW�WKH�PXOWLPHWHU�LV�RQ�WKH���9�
'&�UDQJH� 

 · 3UHVV�DQG�KROG�GRZQ�VZLWFK�6�WR�FKDUJH�WKH�FDSDFLWRU�IXOO\��
7KH�FKDUJH�ZLOO�EXLOG�XS�UDSLGO\�DV�WKHUH�LV�QR�UHVLVWDQFH�WR�
OLPLW�WKH�FKDUJLQJ�FXUUHQW� 

 · 5HOHDVH�6�VR�WKDW�WKH�FDSDFLWRU�EHJLQV�WR�GLVFKDUJH�DQG�
UHFRUG�WKH�YROWDJH�HYHU\����VHFRQGV�LQ�D�WDEOH�OLNH�WKH�RQH�DERYH�� 

 · 5HSHDW�WKH�VDPH�SURFHVV�IRU�YDOXHV�RI�&� �������)�DQG�5� ���Nȍ���DQG�WKHQ�&� �������)�
ZLWK�5� ���Nȍ��<RX�VKRXOG�RQFH�DJDLQ�KDYH�WKUHH�VHWV�RI�UHDGLQJV�VHW�RXW�LQ�WKUHH�WDEOHV� 

Z��D 

Z��E 

7LPH�LQ�V � �� �� �� �� �� �� �� �� �� ��� ��� ��� 
&DSDFLWRU�YROWDJH�LQ�9                           

5� ������NW��&� ������m) 

Z��F 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
&DSDFLWRU�FKDUJH�DQG�GLVFKDUJH 

6R�ZKDW" 
 · 8VH�\RXU�UHVXOWV�WR� 

· SORW�WKUHH�JUDSKV�VKRZLQJ�KRZ�WKH�FDSDFLWRUV�FKDUJH��ZKHQ�FRQQHFWHG�WR�VHULHV�
UHVLVWRUV���RYHU�WKH�SHULRG�IURP���WR����V�� 

· SORW�WKUHH�JUDSKV�VKRZLQJ�WKH�GLVFKDUJH�RI�FDSDFLWRUV�WKURXJK�µVKXQW¶�UHVLVWRUV���DJDLQ�
RYHU�WKH�SHULRG�IURP���WR����V�� 

 · 7KH�GLDJUDPV�VKRZ�W\SLFDO�VKDSHV�IRU�WKHVH�JUDSKV��*XLGHG�E\�\RXU�H[SHULPHQWDO�SRLQWV��
GUDZ�VPRRWK�FXUYHV�IRU�HDFK�JUDSK�� 

 
 
 
 
 
 
 
· 7DNH�D�FORVH� ORRN�DW�\RXU�JUDSKV��'RHV�
WKH�FDSDFLWRU�HYHU�FRPSOHWHO\�FKDUJH�RU�GLVFKDUJH" 

� · :KDW�HIIHFW�GR�WKH�YDOXHV�FKRVHQ�IRU�&�DQG�5�KDYH�RQ�WKH�UDWH�DW�ZKLFK�WKH�FDSDFLWRU�
FKDUJHV�RU�GLVFKDUJHV" 

 · )RU�HDFK�FKDUJLQJ�JUDSK��ILQG�WKH�WLPH�LW�WDNHV�IRU�WKH�FDSDFLWRU�YROWDJH�WR�UHDFK�����RI�LWV�
ILQDO�YDOXH��&RPSDUH�WKLV�ZLWK�WKH�FRUUHVSRQGLQJ�WLPH�FRQVWDQW�� �5�[�&��ZKHUH�5�LV�LQ�0W�
DQG�&�LQ�m)��� 

 · )RU�HDFK�GLVFKDUJLQJ�JUDSK��ILQG�WKH�WLPH�LW�WDNHV�IRU�WKH�FDSDFLWRU�YROWDJH�WR�IDOO�WR�����RI�LWV�
LQLWLDO�YDOXH��2QFH�DJDLQ��FRPSDUH�WKLV�WLPH�YDOXH�ZLWK�WKH�FRUUHVSRQGLQJ�WLPH�FRQVWDQW��� 

 · 7KH�FKDUJH�DQG�GLVFKDUJH�FXUYHV�VKRZ�H[SRQHQWLDO�JURZWK�DQG�H[SRQHQWLDO�GHFD\�
UHVSHFWLYHO\��)LQG�RXW�DV�PXFK�DV�\RX�FDQ�DERXW�WKH�H[SRQHQWLDO�FRQVWDQW��H� 

Z��G 

9ROWDJH 9ROWDJH 

7LPH 7LPH 

&KDUJLQJ�D�FDSDFLWRU 'LVFKDUJLQJ�D�FDSDFLWRU 

)RU�\RXU�UHFRUGV� 
 · $�FDSDFLWRU�FKDUJHV�IDVWHU�LQLWLDOO\��DV�D�ODUJHU�FKDUJLQJ�FXUUHQW�IORZV��DQG�WKHQ�WKH�UDWH�RI�
FKDUJLQJ�VORZV�GRZQ��7KH�VKDSH�RI�WKH�FKDUJLQJ�FXUYH�LV�DQ�H[DPSOH�RI�H[SRQHQWLDO�JURZWK� 

 · :KHQ�D�FDSDFLWRU�GLVFKDUJHV��WKH�YROWDJH�DFURVV�LW�IDOOV�UDSLGO\�WR�EHJLQ�ZLWK��DQG�WKHQ�IDOOV�
PRUH�VORZO\��7KLV�LV�DQ�H[DPSOH�RI�H[SRQHQWLDO�GHFD\� 

 · 7KH�UDWH�RI�FKDQJH�RI�YROWDJH�IRU�ERWK�FKDUJH�DQG�GLVFKDUJH�LV�JRYHUQHG�E\�WKH�WLPH�FRQVWDQW�
IRU�WKH�5-&�QHWZRUN��7KH�WLPH�FRQVWDQW�7�LV�FDOFXODWHG�XVLQJ�WKH�IRUPXOD� 

7� �5�[�& 
 DQG�LW�KDV�XQLWV�RI�VHFRQGV�LI�5�LV�LQ�W�DQG�&�LQ�)�� 
 RU�LI�5�LV�LQ�0W�ZKHQ�&�LV�LQ�m)� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
(OHFWURPDJQHWLVP 

0DQ\�HOHFWULFDO�FRPSRQHQWV��VXFK�DV�WKH�JHQHUDWRU�VKRZQ�KHUH��
DUH�EDVHG�RQ�WKH�DSSOLFDWLRQ�RI�HOHFWURPDJQHWLVP�� 
 7R�JHQHUDWH�DQ�HPI��\RX�QHHG�D�PDJQHWLF�ILHOG��D�ZLUH�FRQGXFWRU�
DQG�VRPH�UHODWLYH�PRYHPHQW�DV�\RX�ZLOO�VHH�IURP�WKLV�
LQYHVWLJDWLRQ� 

Z��D 

Z��E 

Z��F 

2YHU�WR�\RX� 
 · 6HW�XS�WKH�DUUDQJHPHQW�VKRZQ�LQ�WKH�GLDJUDP�� 

 · 7KH�DPRXQW�RI�HOHFWULFLW\�JHQHUDWHG�ZLOO�EH�WLQ\�� 
 :H�FDQ�REVHUYH�LW�XVLQJ� 
 · �WKH�/RFNWURQLFV�PLOOLDPPHWHU�PRGXOH��FRQQHFWHG�DV�VKRZQ� 

 · D�PXOWLPHWHU��FRQQHFWHG�WR�SRLQWV�;�DQG�<� 
 · DQ�RVFLOORVFRSH��FRQQHFWHG�WR�SRLQWV�;�DQG�<� 

 · ,I�XVLQJ�WKH�PXOWLPHWHU��VHW�LW�WR�LWV�PRVW�VHQVLWLYH�'&�FXUUHQW�VFDOH��+RZHYHU��WKLV�VDPSOHV�
WKH�LQSXW�VLJQDO�SHULRGLFDOO\��7KH�PHWHU�PD\�PLVV�DQ�HYHQW�WKDW�WDNHV�SODFH�LQ�EHWZHHQ� 

 VDPSOHV�VR�\RX�PD\�QHHG�VHYHUDO�DWWHPSWV�WR�VHH�FRQYLQFLQJ�UHVXOWV� 
 · )RU�WKH�RVFLOORVFRSH��VXLWDEOH�VHWWLQJV�DUH�JLYHQ�DW�WKH�ERWWRP�RI�WKH�SDJH� 

 · 0RYH�WKH�PDJQHW�LQWR�WKH�FRLO�DV�IDVW�DV�\RX�FDQ�� 
 :DWFK�ZKDW�KDSSHQV�WR�WKH�RXWSXW��DV�\RX�GR�VR�� 
 · 1H[W�UHYHUVH�WKH�GLUHFWLRQ�RI�PRWLRQ��DQG�SXOO�WKH�PDJQHW�RXW��ZDWFKLQJ�ZKDW�KDSSHQV�DV�\RX�
GR�VR� 

 
2SWLRQDO�H[WHQVLRQ� 
 · ,QYHVWLJDWH�WKH�HIIHFW�RI�VSHHG�RI�PRYHPHQW�RQ�WKH�HPI�SURGXFHG� 

Z��E 

7\SLFDO�RVFLOORVFRSH�VHWWLQJV� 
7LPHEDVH��  �V�GLY��;�PXOWLSOLHU�[������� 
9ROWDJH�UDQJH�� ,QSXW�$������P9�'&��<�PXOWLSOLHU�[��� 
    ,QSXW�%��2II 
7ULJJHU�PRGH $XWR   7ULJJHU�FKDQQHO�� &K�$����� 
7ULJJHU�GLUHFWLRQ�5LVLQJ�����  7ULJJHU�WKUHVKROG� ��P9 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
(OHFWURPDJQHWLVP 

Z��G 

6R�ZKDW" 
 )URP�WKH�UHVXOWV��WKH�JHQHUDWHG�FXUUHQW�DQG�YROWDJH�KDYH� 

· D�PDJQLWXGH�WKDW�GHSHQGV�RQ�WKH�VSHHG�RI�PRYHPHQW� 
· D�SRODULW\�WKDW�GHSHQGV�RQ�WKH�GLUHFWLRQ�RI�PRWLRQ� 
 7\SLFDO�UHVXOWV�IRU�WKH�RVFLOORVFRSH�DUH�VKRZQ�KHUH��,QVHUWLQJ�

WKH�PDJQHW�JHQHUDWHV�D�SXOVH�RI�FXUUHQW�LQ�RQH�GLUHFWLRQ��DQG�
ZLWKGUDZLQJ�LW�SURGXFHV�D�SXOVH�RI�RSSRVLWH�SRODULW\���([SHULPHQW�ZLWK�RWKHU�WLPH�EDVH�VHWWLQJV�
WR�WU\�WR�JHW�EHWWHU�UHVXOWV�� 
 +HUH¶V�WKH�XQGHUO\LQJ�SK\VLFV� 

· :KHQ�WKH�ZLUH�PRYHV�DW�ULJKW-DQJOHV�WR�WKH�PDJQHWLF�ILHOG��WKH�HOHFWURQV�PRYH�ZLWK�LW� 
· :KHQHYHU�HOHFWURQV�PRYH��WKH\�JHQHUDWH�D�PDJQHWLF�ILHOG� 
· 7KLV�LQWHUDFWV�ZLWK�WKH�ILHOG�RI�WKH�PDJQHW��H[HUWLQJ�D�IRUFH�RQ�WKH�HOHFWURQV�DW�ULJKW-DQJOHV�

WR�WKH�GLUHFWLRQ�RI�PRWLRQ�DQG�WR�WKH�PDJQHWLF�ILHOG� 
· 7KLV�IRUFH�SXVKHV�HOHFWURQV�DORQJ�WKH�ZLUH��JHQHUDWLQJ�D�YROWDJH�DQG�D�FXUUHQW�LI�WKHUH�LV�DQ�

HOHFWULFDO�FLUFXLW� 
· 8VLQJ�D�FRLO�RI�ZLUH�LQFUHDVHV�WKH�VL]H�RI�YROWDJH�DQG�FXUUHQW�JHQHUDWHG�EHFDXVH�HDFK�ZLUH�

WXUQ�LQ�LW�LV�PRYLQJ�LQVLGH�WKH�PDJQHWLF�ILHOG��DQG�VR�KDV�HOHFWULFLW\�JHQHUDWHG�LQ�LW�� 
  7KH�HIIHFWV�RI�DOO�WKH�WXUQV�DGG�WRJHWKHU��LQFUHDVLQJ�WKH�DPRXQW�RI�HOHFWULFLW\�JHQHUDWHG� 

 )OHPLQJ¶V�5LJKW-KDQG�5XOH� 
)OHPLQJ�GHYLVHG�D�SDLQIXO�ZD\�RI�SUHGLFWLQJ�WKH�GLUHFWLRQ�RI�WKH� 
JHQHUDWHG�FXUUHQW��� 
 8VH�\RXU�ULJKW-KDQG�WR�SURGXFH�WKH�JHVWXUH�VKRZQ�LQ�WKH�SLFWXUH��)RUH�
ILQJHU��FHQWUH�ILQJHU�DQG�WKXPE�DUH�DOO�DW�ULJKW-DQJOHV�WR�HDFK�RWKHU� 
:KHQ�WKH�)RUH�ILQJHU�SRLQWV�LQ�WKH�GLUHFWLRQ�RI�WKH�PDJQHWLF�)LHOG��IURP�
1RUWK�SROH�WR�6RXWK�SROH���DQG�WKH�WKX0E�SRLQWV�LQ�WKH�GLUHFWLRQ�RI�WKH�
0RWLRQ��WKH�&HQWUH�ILQJHU�SRLQWV�LQ�WKH�GLUHFWLRQ�RI�WKH�UHVXOWLQJ�
&XUUHQW���7KLV�LV�DOVR�NQRZQ�DV�WKH�G\QDPR�UXOH� 

 2SWLRQDO�H[WHQVLRQ� 
 ,I�\RX�KDYH�RWKHU�FRLOV�DYDLODEOH��DQG�RWKHU�PDJQHWV��\RX�FRXOG�VKRZ�WKDW�WKH�PDJQLWXGH�DOVR� 
GHSHQGV�RQ�WKH�QXPEHU�RI�WXUQV�RI�ZLUH�LQ�WKH�FRLO�DQG�WKH�VWUHQJWK�RI�WKH�PDJQHWLF�ILHOG� 

Z��H 

)RU�\RXU�UHFRUGV� 
 
 8VH�WKH�UHVXOWV�RI�WKH�LQYHVWLJDWLRQ�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV� 
 · :KDW�IDFWRUV�GHWHUPLQH�WKH�HPI�JHQHUDWHG"� 
 · +RZ�FDQ�\RX�SUHGLFW�WKH�SRODULW\�RI�WKH�HPI�JHQHUDWHG" 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
,QGXFWRUV�DQG�LQGXFWDQFH 

Z��D 

$�FXUUHQW�IORZLQJ�LQ�D�FRQGXFWRU�FUHDWHV�D�PDJQHWLF�ILHOG�LQ�WKH�VSDFH�
DURXQG�LW��7KLV�FDQ�EH�LQWHQVLILHG�E\�ZLQGLQJ�WKH�FRQGXFWRU�LQWR�D�FRLO�DQG�
WKHQ�LQVHUWLQJ�D�FRUH�RI�D�PDWHULDO�VXFK�DV�LURQ��VWHHO�RU�IHUULWH��D�FHUDPLF�
PDWHULDO�FRQWDLQLQJ�LURQ�R[LGH�� 
 :KHQ�D�FKDQJLQJ�FXUUHQW�SDVVHV�WKURXJK�DQ�LQGXFWRU��DQ�LQGXFHG�HPI�
DSSHDUV�DFURVV�LWV�WHUPLQDOV��7KLV�RSSRVHV�WKH�FKDQJH�WKDW�FUHDWHG�LW��
ZKLFK�H[SODLQV�ZK\�ODUJHU�LQGXFWRUV�DUH�RIWHQ�UHIHUUHG�WR�DV�FKRNHV�� 
 ,QGXFWRUV�DUH�XVHG�LQ�PDQ\�DSSOLFDWLRQV��IURP�ILOWHUV�WR�IOXRUHVFHQW�OLJKWLQJ�DQG�LJQLWLRQ�XQLWV� 
 2YHU�WR�\RX� 
 · %XLOG�WKH�FLUFXLW�VKRZQ�� 
 7KH�SXVK-WR-PDNH�VZLWFK��6�LV�FRQQHFWHG�LQ�VHULHV�ZLWK�
5��D�FXUUHQW-OLPLWLQJ�UHVLVWRU��7KH�LQGXFWRU��/�LV�WKH�
SULPDU\�RI�WKH�����WUDQVIRUPHU���WKH�VHFRQGDU\�ZLQGLQJ��
LV�OHIW�GLVFRQQHFWHG�� 

 · 6HW�WKH�SRZHU�VXSSO\�WR���9�'&�� 
 · &RQQHFW�DQ�RVFLOORVFRSH�WR�GLVSOD\�WKH�YROWDJH�GURS�DFURVV�WKH�LQGXFWRU��0DNH�VXUH�WKH�OHDGV�
DUH�FRQQHFWHG�ZLWK�WKH�SRODULW\�VKRZQ�RQ�WKH�GLDJUDP��7\SLFDO�VHWWLQJV�IRU�WKH�RVFLOORVFRSH�
DUH�JLYHQ�LQ�WKH�QH[W�VHFWLRQ� 

 · 6ZLWFK�RQ�WKH�'&�SRZHU�VXSSO\�DQG�WKHQ�SUHVV��DQG�KROG�WKH�VZLWFK�FORVHG�VR�WKDW�FXUUHQW�
IORZV�WKURXJK�WKH�LQGXFWRU�� 

 · .HHS�WKH�VZLWFK�FORVHG�IRU�D�IHZ�VHFRQGV�WKHQ�UHOHDVH�LW�DQG�REVHUYH�WKH�UHVXOW�RQ�WKH�
RVFLOORVFRSH���<RX�VKRXOG�VHH�D�VXGGHQ��YHU\�ODUJH�QHJDWLYH�YROWDJH�VSLNH� 

 · <RX�PD\�KDYH�WR�UHSHDW�WKLV�VWHS�VHYHUDO�WLPHV�WR�REWDLQ�D�VDWLVIDFWRU\�GLVSOD\� 

Z��E 

7\SLFDO�RVFLOORVFRSH�VHWWLQJV� 
7LPHEDVH��  ��PV�GLY��;�PXOWLSOLHU�[������� 
9ROWDJH�UDQJH�� ,QSXW�$������9�'&��<�PXOWLSOLHU�[��� 
    ,QSXW�%��2II 
7ULJJHU�PRGH 5HSHDW  7ULJJHU�FKDQQHO�� &K�$����� 
7ULJJHU�GLUHFWLRQ�)DOOLQJ�����  7ULJJHU�WKUHVKROG� �����P9 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
,QGXFWRUV�DQG�LQGXFWDQFH 

)RU�\RXU�UHFRUGV� 
 %DFN�HPI� 
 · DSSHDUV�ZKHQHYHU�FXUUHQW�LV�VXGGHQO\�UHPRYHG�IURP�DQ�LQGXFWRU� 

 · RSSRVHV�WKH�RULJLQDO�FXUUHQW�IORZ� 
 · FDQ�EH�YHU\�ODUJH�DQG�PDQ\�WLPHV�JUHDWHU�WKDQ�WKH�VXSSO\�YROWDJH� 
 · :H�RIWHQ�WDNH�SUHFDXWLRQV�WR�OLPLW�WKH�EDFN�HPI�JHQHUDWHG�ZKHQ�DQ�LQGXFWLYH� FRPSRQHQW�

�VXFK�DV�D�UHOD\�FRLO��LV�VZLWFKHG�RQ�DQG�RII�� 
  /DWHU��\RX�VHH�WKDW�WKLV�FDQ�EH�DFKLHYHG�HDVLO\�XVLQJ��D�GLRGH��FRQQHFWHG�ZLWK�UHYHUVH�ELDV��LQ�
SDUDOOHO�ZLWK�WKH�LQGXFWLYH�FRPSRQHQW� 

 

6R�ZKDW" 
 7KH�WUDFH�VKRZV�D�W\SLFDO�GLVSOD\�
SURGXFHG�ZKHQ�WKH�VZLWFK�LV�
UHOHDVHG� 
 ,W�VKRZV�WKH�ODUJH�QHJDWLYH�VSLNH�
JHQHUDWHG�DV�WKH�PDJQHWLF�ILHOG�
LQ�WKH�LQGXFWRU�VXGGHQO\�
FROODSVHV��ZKHQ�WKH�FXUUHQW�LV�
LQWHUUXSWHG�� 
 
+HUH¶V�WKH�SK\VLFV� 
 · :KHQ�WKH�VZLWFK�LV�FORVHG��D�VWHDG\�FXUUHQW�IORZV�LQ�WKH�LQGXFWRU�DQG�SURGXFHV�D�VWHDG\�

PDJQHWLF�ILHOG�LQ�LWV�FRUH� 
 · :KHQ�WKH�FXUUHQW�LV�LQWHUUXSWHG�E\�RSHQLQJ�WKH�VZLWFK��WKH�PDJQHWLF�ILHOG�FROODSVHV�UDSLGO\�
EHFDXVH�WKHUH¶V�QRWKLQJ�WR�PDLQWDLQ�LW� 

 · :KHQ�WKH�ILHOG�FROODSVHV�WKURXJK�WKH�WXUQV�RI�WKH�LQGXFWRU�FRLO��D�YROWDJH�LV�JHQHUDWHG�
DFURVV�WKH�WHUPLQDOV�RI�WKH�LQGXFWRU��7KLV�FDQ�EH�PDQ\�WLPHV�JUHDWHU�WKDQ�WKH�VXSSO\�
YROWDJH� 

 · 7KH�LQGXFHG�YROWDJH�LV�QHJDWLYH��,Q�RWKHU�ZRUGV�LW�RSSRVHV�WKH�RULJLQDO�GLUHFWLRQ�RI�FXUUHQW�
IORZ��DQG�DV�D�UHVXOW�LW�LV�FDOOHG�D�EDFN�HPI� 

 · $�ODUJH�EDFN�HPI��FDQ�FDXVH�FRQVLGHUDEOH�GDPDJH�VXFK�DV�DUFLQJ�DW�VZLWFK�RU�UHOD\�
FRQWDFWV�DQG�GHVWUXFWLRQ�RI�ORZ-YROWDJH�HOHFWURQLF�FRPSRQHQWV� 

Z��F 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
$&�PHDVXUHPHQWV 

7KH�DELOLW\�WR�PDNH�DFFXUDWH�PHDVXUHPHQWV�RI�DOWHUQDWLQJ�FXUUHQW�
DQG�YROWDJH�LV�DQ�LPSRUWDQW�VNLOO��,Q�UHDOLW\��$&�PHDVXUHPHQWV�DUH�
QRW�TXLWH�VR�HDV\�WR�PDNH�DV�'&� 
 )LUVW�RI�DOO��KHUH¶V�D�EULHI�LQWURGXFWLRQ�WR�VRPH�RI�WKH�TXDQWLWLHV�DQG�
WHUPLQRORJ\�WKDW�\RX�ZLOO�QHHG�WR�JHW�WR�JULSV�ZLWK� 
 
 

$&�YROWDJH�DQG�FXUUHQW 
:KHQ�PHDVXULQJ�DOWHUQDWLQJ�YROWDJH�DQG�
FXUUHQW��ZH�XVXDOO\�XVH�URRW-PHDQ-VTXDUH�
�506��YDOXHV��7KHVH�DUH�WKH�HIIHFWLYH�YDOXH�
RI�DQ�DOWHUQDWLQJ�FXUUHQW��7KH\�DUH�WKH�'&�
HTXLYDOHQWV�WKDW�ZRXOG�SURGXFH�WKH�VDPH�
KHDWLQJ�HIIHFW�LI�DSSOLHG�WR�D�UHVLVWRU�� 
 ,W�LV�VRPHWLPHV�XVHIXO�WR�XVH�WKH�SHDN�RU�
SHDN-WR-SHDN�YDOXH�RI�DQ�$&�ZDYHIRUP�DV�
WKH\�DUH�HDV\�WR�PHDVXUH�XVLQJ�DQ�
RVFLOORVFRSH��VHH�WKH�SLFWXUH�� 
� )UHTXHQF\ 
7KH�IUHTXHQF\�RI�D�UHSHWLWLYH�ZDYHIRUP�LV�WKH�QXPEHU�RI�F\FOHV�RI�WKH�ZDYHIRUP�ZKLFK�RFFXU�LQ��
RQH�VHFRQG��)UHTXHQF\�LV�H[SUHVVHG�LQ�KHUW]���+]���DQG�D�IUHTXHQF\�RI��+]�LV�HTXLYDOHQW�WR�RQH�
F\FOH�SHU�VHFRQG��+HQFH��D�VLJQDO�IUHTXHQF\�RI����+]�PHDQV�WKDW�����F\FOHV�RI�LW�RFFXU�HYHU\�
VHFRQG� 
 3HULRGLF�WLPH 
7KH�SHULRGLF�WLPH��RU�SHULRG��RI�D�VLJQDO�LV�WKH�WLPH�WDNHQ�IRU�RQH�FRPSOHWH�F\FOH�RI�WKH�ZDYH��
7KH�UHODWLRQVKLS�EHWZHHQ�SHULRGLF�WLPH��W���LQ�V��DQG�IUHTXHQF\��I���LQ�+]���LV�� 

W� �����I��RU��I� �����W 
)RU�H[DPSOH��WKH�SHULRGLF�WLPH�RI�D����+]�$&�VLJQDO�LV����PV� 
 :DYHIRUPV 
:DYHIRUPV�VKRZ�XV�KRZ�YROWDJH�RU�FXUUHQW�VLJQDOV�YDU\�ZLWK�WLPH��&RPPRQ�W\SHV�RI�ZDYHIRUP�
LQFOXGH�VLQH��RU�VLQXVRLGDO���VTXDUH��WULDQJOH��UDPS��ZKLFK�PD\�EH�HLWKHU�SRVLWLYH�RU�QHJDWLYH�
JRLQJ���DQG�SXOVH��,Q�WKLV�PRGXOH�ZH�DUH�FRQFHUQHG�RQO\�ZLWK�WKH�PRVW�EDVLF�RI�ZDYHIRUPV��WKH�
VLQH�ZDYH�� 
 :DYHIRUPV�DUH�YLHZHG�DQG�PHDVXUHG�XVLQJ�DQ�
RVFLOORVFRSH���HLWKHU�D�FRQYHQWLRQDO�W\SH�RU�D�YLUWXDO�
LQVWUXPHQW��OLNH�3LFRVFRSH�� 

Z��F 

Z��E 

Z��D 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
$&�PHDVXUHPHQWV 

 2YHU�WR�\RX� 
 · &RQQHFW�DQ�RVFLOORVFRSH�WR�GLVSOD\�WKH�RXWSXW�RI�DQ�DXGLR�IUHTXHQF\�VLJQDO�JHQHUDWRU��
�7\SLFDO�RVFLOORVFRSH�VHWWLQJV�DUH�JLYHQ�DW�WKH�ERWWRP�RI�WKH�SDJH�� 

 · $GMXVW�WKH�VLJQDO�JHQHUDWRU�WR�SURGXFH�D�VLQH�ZDYH�RXWSXW�DW����+]��DQG�VHW�WKH�DPSOLWXGH�RI�
WKH�VLJQDO�VR�WKDW�WKH�GLVSOD\�RQ�WKH�RVFLOORVFRSH�LV�H[DFWO\��9�SHDN-SHDN�� 

 · 6NHWFK�WKH�RVFLOORVFRSH�GLVSOD\�RQ�WKH�JUDSK�SDSHU�DQG�PDNH�
VXUH�WKDW�\RX�ODEHO�WKH�YROWDJH�DQG�WLPH�D[HV��� 

 · 8VH�WKH�;-D[LV�WLPH�VFDOH�RQ�WKH�RVFLOORVFRSH�WR�PHDVXUH�
DFFXUDWHO\�WKH�WLPH�IRU�RQH�FRPSOHWH�F\FOH��L�H��WKH�SHULRGLF�
WLPH���6KRZ�WKLV�LQ�WKH�WDEOH�� 

 · 6HW�WKH�VLJQDO�JHQHUDWRU�WR����+]�����+]�����+]�����+]�DQG�
ILQDOO\������+]�DQG�DW�HDFK�IUHTXHQF\�PHDVXUH�DQG�UHFRUG�WKH�
SHULRG�WLPH�LQ�WKH�WDEOH� 

 · 8VH�WKH�GDWD�LQ�WKH�WDEOH�WR�SORW�D�JUDSK�RI�SHULRGLF�WLPH�
DJDLQVW�IUHTXHQF\�� 

 8VH�WKLV�WR�YHULI\�WKH�UHODWLRQVKLS�I� ���W� 

Frequency  (Hz) Periodic time (ms) 
100  
200  
400  
600  
800  
1000  

7\SLFDO�RVFLOORVFRSH�VHWWLQJV� 
7LPHEDVH��-��PV�GLY��;�PXOWLSOLHU�[������� 
9ROWDJH�UDQJH��-�,QSXW�$�-����9�'&��<�PXOWLSOLHU�[�������������,QSXW�%�-��2II 
7ULJJHU�0RGH�-�$XWR   7ULJJHU�&KDQQHO��-�&K�$����� 
7ULJJHU�'LUHFWLRQ�-�5LVLQJ����� 7ULJJHU�7KUHVKROG�-���P9 

)RU�\RXU�UHFRUGV� 
 · :ULWH�D�VKRUW�GHVFULSWLRQ�RI�WKH�IROORZLQJ�$&�WHUPV� 
 · DPSOLWXGH� 

 · IUHTXHQF\� 
 · SHULRG� 

 
· 7KH�UPV��URRW-PHDQ-VTXDUH��YDOXH�RI�D�VLQXVRLGDO�$&�VLJQDO�JLYHV�WKH�HTXLYDOHQW�'&�YROW�

DJH�ZKLFK�KDV�WKH�VDPH�HIIHFW��7R�UHSODFH�DQ�$&�SRZHU�VRXUFH��ZKLFK�KDV�D�UPV�YROWDJH�RI�
��9��\RX�FRXOG�XVH�D���9�'&�VRXUFH�LQVWHDG� 

 · 7KH�UPV�DQG�SHDN�YDOXHV�RI�D�VLQXVRLGDO�$&�VLJQDO�DUH�UHODWHG�E\�WKH�UHODWLRQVKLS� 
3HDN�YDOXH� �UPV�YDOXH�[�¥�� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
$&�DQG�LQGXFWRUV 

2YHU�WR�\RX� 
  · &RQQHFW�D���P+�LQGXFWRU�LQ�VHULHV�ZLWK�D�VLJQDO�JHQHUDWRU��DV�
VKRZQ�LQ�WKH�FLUFXLW�GLDJUDP� 

 · 8VH�HQRXJK�FRQQHFWLQJ�OLQNV�VR�WKDW�WKH�FXUUHQW�FDQ�EH�
PHDVXUHG�DW�SRLQW�$��7KH�SKRWRJUDSK�VKRZV�RQH�ZD\�WR�GR�WKLV� 

 · 6HW�WKH�VLJQDO�JHQHUDWRU�WR�RXWSXW�DQ�$&�YROWDJH�DW�D�IUHTXHQF\�RI�
��+]� 

 · 5HPRYH�WKH�FRQQHFWLQJ�OLQN�DW�$��DQG�FRQQHFW�D�PXOWLPHWHU��VHW�WR�
UHDG�XS�WR���P$�$&��LQ�LWV�SODFH�� 

 · ,Q�WKH�WDEOH��UHFRUG�WKH�FXUUHQW�IORZLQJ�DW�SRLQW�$� 
 · 5HPRYH�WKH�PXOWLPHWHU�DQG�UHSODFH�OLQN�$� 
 · 6HW�XS�WKH�PXOWLPHWHU�WR�UHDG�$&�YROWDJHV�RI�XS�WR���9�DQG�
FRQQHFW�LW�LQ�SDUDOOHO�ZLWK�WKH�LQGXFWRU�� 

 · 5HFRUG�WKH�YROWDJH�LQ�WKH�WDEOH� 
 · 1RZ�FKDQJH�WKH�VLJQDO�JHQHUDWRU�IUHTXHQF\�WR����+]�DQG�UHSHDW�
WKH�PHDVXUHPHQWV��5HFRUG�WKHP�LQ�WKH�WDEOH� 

 · 'R�WKH�VDPH�IRU�IUHTXHQFLHV�RI����+]�DQG��N+]�������+]���$JDLQ��UHFRUG�WKH�PHDVXUHPHQWV�
LQ�WKH�WDEOH� 

  

Z��E 

Z��F 

5HVLVWRUV�RSSRVH�HOHFWULF�FXUUHQWV��,QGXFWRUV�RSSRVH�FKDQJHV�WR�HOHFWULF�
FXUUHQWV��EXW�WKH�PHFKDQLVP�LV�GLIIHUHQW��$Q�HOHFWULF�FXUUHQW�IORZLQJ�LQ�WKH�
LQGXFWRU��VHWV�XS�D�PDJQHWLF�ILHOG��,QFUHDVLQJ�WKH�FXUUHQW�LQFUHDVHV�WKH�
PDJQHWLF�ILHOG��DQG�WKDW�WDNHV�HQHUJ\�IURP�WKH�FXUUHQW��RSSRVLQJ�WKH� 
LQFUHDVH��5HGXFLQJ�WKH�FXUUHQW�UHGXFHV�WKH�PDJQHWLF�ILHOG��DQG�WKDW� 

UHOHDVHV�HQHUJ\��ZKLFK�WULHV�WR�PDLQWDLQ�WKH�FXUUHQW� 
 ,QGXFWRUV�EHKDYH�UDWKHU�OLNH�IO\ZKHHOV�RQ�D�URWDWLQJ�VKDIW��7KHLU�DQJXODU�PRPHQWXP�WULHV�WR�NHHS�
WKH�VKDIW�URWDWLQJ�DW�WKH�VDPH�VSHHG��:KHQ�WKH�VKDIW�VWDUWV�WR�VORZ�GRZQ��WKH�HQHUJ\�VWRUHG�LQ�
WKH�IO\ZKHHO�WULHV�WR�NHHS�LW�JRLQJ��:KHQ�WKH�VKDIW�WULHV�WR�VSHHG�XS��WKH�IO\ZKHHO�UHTXLUHV�HQHUJ\�
WR�VSHHG�LW�XS��DQG�VR�WKH�IO\ZKHHO�VHHPV�WR�UHVLVW�WKH�FKDQJH� 

Z��D 

)UHTXHQF\ &XUUHQW�, 9ROWDJH�9 
���+]     
����+]     
����+]     
��N+]     



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
$&�DQG�LQGXFWRUV 

)RU�\RXU�UHFRUGV� 
 · 7KH�RSSRVLWLRQ�RI�DQ�LQGXFWRU�WR�FKDQJLQJ�FXUUHQWV�LV�FDOOHG�LQGXFWLYH�UHDFWDQFH��;/��JLYHQ�E\�
WKH�IRUPXOD��;/� ���ʌ�I�/�ZKHUH�I�LV�WKH�$&�IUHTXHQF\��DQG�/�LV�WKH�LQGXFWDQFH�RI�WKH�LQGXFWRU�� 

 · ,W�FDQ�DOVR�EH�REWDLQHG�IURP�WKH�IRUPXOD�;/� �9���,��ZKHUH�9�DQG�,�DUH�UPV�YROWDJH�DQG�FXUUHQW�
UHVSHFWLYHO\�� 

 · ,QGXFWDQFH�LV�PHDVXUHG�LQ�D�XQLW�FDOOHG�WKH�+HQU\���+��DQG�UHDFWDQFH�LQ�RKPV� 
 · &RPSOHWH�WKH�IROORZLQJ� 

:KHQ�WKH�$&�IUHTXHQF\�LV�GRXEOHG��WKH�LQGXFWLYH�UHDFWDQFH�LV�«««««�� 
:KHQ�WKH�$&�IUHTXHQF\�LV�KDOYHG��WKH�LQGXFWLYH�UHDFWDQFH�LV�«««««�� 

6R�ZKDW" 
 · 5HVLVWRUV�EHKDYH�LQ�D�OLQHDU�ZD\��)URP�2KP¶V�/DZ��ZH�NQRZ�WKDW�LI�\RX�GRXEOH�WKH�FXUUHQW�

WKURXJK�WKH�UHVLVWRU��\RX�GRXEOH�WKH�YROWDJH�GURSSHG�DFURVV�LW��DQG�VR�RQ��7KH�UDWLR�RI�YROWDJH�
WR�FXUUHQW�LV�FDOOHG�UHVLVWDQFH� 

 · ,QGXFWRUV�DUH�PRUH�FRPSOLFDWHG��,I�\RX�GRXEOH�WKH�UDWH�RI�FKDQJH�RI�FXUUHQW�WKURXJK�WKH�
LQGXFWRU��\RX�GRXEOH�WKH�YROWDJH�GURSSHG�DFURVV�LW��DQG�VR�RQ��7KH�UDWLR�RI�YROWDJH�WR�UDWH�RI�
FKDQJH�RI�FXUUHQW�LV�FDOOHG�LQGXFWDQFH� 

 · 7KH�KLJKHU�WKH�IUHTXHQF\�RI�WKH�$&��WKH�IDVWHU�WKH�FXUUHQW�FKDQJHV��DQG�VR�WKH�JUHDWHU�WKH�
YROWDJH�GURS�DFURVV�WKH�LQGXFWRU��,Q�RWKHU�ZRUGV��WKH�YROWDJH�GURSSHG�GHSHQGV�RQ�WKH� 

 IUHTXHQF\�RI�WKH�$&�VXSSO\��7KLV�LV�QRW�WKH�FDVH�ZLWK�SXUH�UHVLVWRUV��ZKHUH�IUHTXHQF\�KDV�QR�
HIIHFW� 

 · :H�GHVFULEH�WKLV�EHKDYLRXU�LQ�WHUPV�RI�WKH��LQGXFWLYH��UHDFWDQFH��;/��GHILQHG��LQ�WKH�VDPH�
ZD\�DV�UHVLVWDQFH��DV�;/� �9���,��$V�D�UHVXOW��WKH�XQLWV�RI�UHDFWDQFH�DUH�RKPV� 

 · 7KH�LQGXFWLYH�UHDFWDQFH�PHDVXUHV�WKH�RSSRVLWLRQ�RI�WKH�LQGXFWRU�WR�FKDQJLQJ�FXUUHQW��7KH�
KLJKHU�WKH�IUHTXHQF\��I��WKH�JUHDWHU�WKH�FKDQJH�LQ�FXUUHQW��,Q�IDFW��WKH�IRUPXOD�IRU�LQGXFWLYH�
UHDFWDQFH�LV� ;/� ���p�I�/ 

 · 8VLQJ�\RXU�PHDVXUHPHQWV��FDOFXODWH�WKH�;/��IURP�WKH�IRUPXOD������;/� �9���, 
 DQG�FRPSDUH�WKDW�ZLWK�WKH�YDOXH�FDOFXODWHG�XVLQJ������;/� ���p�I�/� ZKHUH�/� ���P+� 
 · &DUU\�RXW�WKHVH�FDOFXODWLRQV�DQG�FRPSOHWH�WKH�IROORZLQJ�WDEOH�ZLWK�\RXU�UHVXOWV� 
 
 
 
 
 
 

)UHTXHQF\ ,QGXFWLYH�UHDFWDQFH 
;/� �9���, 

,QGXFWLYH�UHDFWDQFH 
;/� ���p�I�/ 

��+]     
���+]     
���+]     
�N+]     



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
$&�DQG�FDSDFLWRUV 

2YHU�WR�\RX� 
 · &RQQHFW�D��m)�FDSDFLWRU�LQ�VHULHV�ZLWK�WKH�VLJQDO�JHQHUDWRU��DV�
VKRZQ�LQ�WKH�FLUFXLW�GLDJUDP� 

 · 8VH�HQRXJK�FRQQHFWLQJ�OLQNV�VR�WKDW�WKH�FXUUHQW�FDQ�EH�PHDVXUHG�
DW�SRLQW�$� 

 · 6HW�WKH�VLJQDO�JHQHUDWRU�WR�RXWSXW�DQ�$&�YROWDJH�DW�D�IUHTXHQF\�RI�
��+]� 

 · 5HPRYH�WKH�FRQQHFWLQJ�OLQN�DW�$��DQG�FRQQHFW�D�PXOWLPHWHU��VHW�WR�
UHDG�XS�WR���P$�$&��LQ�LWV�SODFH�� 

 · 5HFRUG�WKH�FXUUHQW�IORZLQJ�DW�SRLQW�$�LQ�WKH�WDEOH� 
 · 5HPRYH�WKH�PXOWLPHWHU�DQG�UHSODFH�OLQN�$� 
 · 6HW�XS�WKH�PXOWLPHWHU�WR�UHDG�$&�YROWDJHV�RI�XS�WR���9�DQG�FRQ�
QHFW�LW�LQ�SDUDOOHO�ZLWK�WKH�FDSDFLWRU�� 

 · 5HFRUG�WKH�YROWDJH�LQ�WKH�WDEOH� 
 · 1RZ�FKDQJH�WKH�VLJQDO�JHQHUDWRU�IUHTXHQF\�WR����+]�DQG�UHSHDW�WKH�PHDVXUHPHQWV��5HFRUG�
WKHP�LQ�WKH�WDEOH� 

 · 'R�WKH�VDPH�IRU�IUHTXHQFLHV�RI����+]�DQG��N+]�������+]���$JDLQ��UHFRUG�WKH�PHDVXUHPHQWV�
LQ�WKH�WDEOH� 

Z��E 

$Q�HOHFWULF�FXUUHQW�VHWV�XS�D�PDJQHWLF�ILHOG�LQVLGH�DQ�LQGXFWRU��7KLV�WKHQ� 
RSSRVH�FKDQJHV�WR�HOHFWULF�FXUUHQWV��$Q�HOHFWULF�FXUUHQW�VHWV�XS�DQ�HOHFWULF�
ILHOG�DFURVV�WKH�SODWHV�RI�D�FDSDFLWRU��7KLV�RSSRVHV�FKDQJHV�WR�WKH�YROWDJH�
DSSOLHG�WR�WKH�FDSDFLWRU�� 
 %HIRUH�WKH�YROWDJH�FDQ�LQFUHDVH��HOHFWURQV�PXVW�IORZ�RQWR�WKH�SODWHV�RI�WKH�
FDSDFLWRU��LQFUHDVLQJ�WKH�HOHFWULF�ILHOG��7KLV�UHTXLUHV�HQHUJ\�� 

 :KHQ�WKH�YROWDJH�VWDUWV�WR�GHFUHDVH��HOHFWURQV�IORZ�RII�WKH�SODWHV��UHGXFLQJ�WKH�HOHFWULF�ILHOG��
7KHVH�HOHFWURQV�WU\�WR�PDLQWDLQ�WKH�YROWDJH�DFURVV�WKH�FDSDFLWRU¶V�SODWHV� 
 &DSDFLWRUV�EHKDYH�UDWKHU�OLNH�EXFNHWV�LQ�D�ZDWHU�FLUFXLW��7KH\�PXVW�ILOO�XS�EHIRUH�DQ\�ZDWHU�IORZV�
DQ\ZKHUH�HOVH�LQ�WKH�FLUFXLW��:KHQ�WKH�IORZ�RI�ZDWHU�VWDUWV�WR�IDOO��H[FHVV�ZDWHU�IORZV�IURP�WKH�
EXFNHW��WU\LQJ�WR�PDLQWDLQ�WKH�IORZ� 

Z��D 

Z��F 

)UHTXHQF\ &XUUHQW�, 9ROWDJH�9 
���+]     
����+]     
����+]     
��N+]     



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
$&�DQG�FDSDFLWRUV 

)RU�\RXU�UHFRUGV� 
 · 7KH�RSSRVLWLRQ�RI�D�FDSDFLWRU�WR�FKDQJLQJ�YROWDJH�LV�FDOOHG�FDSDFLWLYH�UHDFWDQFH��;&��JLYHQ�E\��
;&� ��������p�I�&��ZKHUH�I�LV�WKH�IUHTXHQF\�RI�WKH�$&�VLJQDO��DQG�&�LV�WKH�FDSDFLWDQFH�� 

 · ,W�FDQ�DOVR�EH�REWDLQHG�IURP�WKH�IRUPXOD�;&� �9���,��ZKHUH�9�DQG�,�DUH�UPV�YROWDJH�DQG�
FXUUHQW�UHVSHFWLYHO\� 

 · &DSDFLWDQFH�LV�PHDVXUHG�LQ�IDUDGV��)���WKRXJK��LQ�SUDFWLFH��WKLV�XQLW�LV�WRR�ODUJH��0RVW�FDSDFL�
WRUV�KDYH�YDOXHV�JLYHQ�LQ�PLFURIDUDGV��m)�� 

 · &RPSOHWH�WKH�IROORZLQJ� 
:KHQ�WKH�$&�IUHTXHQF\�LV�GRXEOHG��WKH�FDSDFLWLYH�UHDFWDQFH�LV�««««« 
:KHQ�WKH�$&�IUHTXHQF\�LV�KDOYHG��WKH�FDSDFLWLYH�UHDFWDQFH�LV�««««« 

6R�ZKDW" 
 · )RU�UHVLVWRUV��GRXEOH�WKH�FXUUHQW�WKURXJK�WKH�UHVLVWRU�DQG�\RX�GRXEOH�WKH�YROWDJH�GURSSHG�

DFURVV�LW��DQG�VR�RQ��)RU�LQGXFWRUV��GRXEOH�WKH�UDWH�RI�FKDQJH�RI�FXUUHQW�WKURXJK�WKH�LQGXFWRU�
DQG�\RX�GRXEOH�WKH�YROWDJH�GURSSHG�DFURVV�LW��DQG�VR�RQ�� 

 · &DSDFLWRUV�RSSRVH�FKDQJLQJ�YROWDJH��7KH�IDVWHU�WKH�UDWH�RI�FKDQJH�RI�YROWDJH��WKH�JUHDWHU�WKH�
FXUUHQW�QHHGHG�WR�FKDUJH�RU�GLVFKDUJH�WKH�FDSDFLWRU��7KH�KLJKHU�WKH�IUHTXHQF\�RI�WKH�$&��WKH�
IDVWHU�WKH�YROWDJH�FKDQJHV��DQG�VR�WKH�JUHDWHU�WKH�FXUUHQW�IORZLQJ�LQ�WKH�FLUFXLW�� 

 ,Q�RWKHU�ZRUGV��WKH�FXUUHQW�GHSHQGV�RQ�WKH�IUHTXHQF\�RI�WKH�$&�VXSSO\� 
 · :H�GHVFULEH�WKLV�EHKDYLRXU�LQ�WHUPV�RI�WKH�FDSDFLWLYH�UHDFWDQFH��;&��GHILQHG��LQ�WKH�VDPH�

ZD\�DV�UHVLVWDQFH��DV�;&� �9���,��$V�EHIRUH��WKH�XQLWV�RI�UHDFWDQFH�DUH�RKPV� 
 · &DSDFLWLYH�UHDFWDQFH�PHDVXUHV�WKH�RSSRVLWLRQ�RI�WKH�FDSDFLWRU�WR�FKDQJLQJ�FXUUHQW��7KH�
IRUPXOD�IRU�FDSDFLWLYH�UHDFWDQFH�LV� ;&� ������p�I�&� 

 · &DSDFLWRUV�DUH�PLUURU�LPDJHV�RI�LQGXFWRUV��$V�WKH�IUHTXHQF\�RI�WKH�$&�VXSSO\�LQFUHDVHV��DQ�
LQGXFWRU�RIIHUV�PRUH�RSSRVLWLRQ���LQGXFWLYH�UHDFWDQFH�LQFUHDVHV��DQG�FXUUHQW�GHFUHDVHV��
ZKHUHDV�D�FDSDFLWRU�RIIHUV�OHVV�RSSRVLWLRQ���FDSDFLWLYH�UHDFWDQFH�DQG�FXUUHQW�ERWK�GHFUHDVH�� 

 · 8VLQJ�\RXU�PHDVXUHPHQWV��FDOFXODWH�WKH�;&��XVLQJ�ERWK�� 
  ;&� �9���,��� DQG� ��;&� ��������p�I�&�� ZKHUH�&� ��m) 
· &DUU\�RXW�WKRVH�FDOFXODWLRQV�DQG�FRPSOHWH�WKH�IROORZLQJ�WDEOH�ZLWK�\RXU�UHVXOWV� 
 
 
 
 
 
 

)UHTXHQF\ &DSDFLWLYH�UHDFWDQFH 
;&� �9���, 

&DSDFLWLYH�UHDFWDQFH 
;&� ��������p�I�&� 

��+]     
���+]     
���+]     
�N+]     



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
/-5�VHULHV�FLUFXLW 

 :KHQ�DQ�LQGXFWRU�DQG�D�UHVLVWRU�DUH�FRQQHFWHG�LQ�VHULHV��WKH�SDLU�DFW�DV�D� 
YROWDJH�GLYLGHU��EXW�ZLWK�DQ�LPSRUWDQW�GLIIHUHQFH�-�WKH�ZD\�WKH\�VKDUH�DQ�$&�YROWDJH�
FKDQJHV�ZLWK�IUHTXHQF\��7KH�FLUFXLW�LV�NQRZQ�DV�D�VHULHV�/-5�FLUFXLW�� 
$V�LW�LV�D�VHULHV�FLUFXLW��WKH�VDPH�FXUUHQW�IORZV�HYHU\ZKHUH�� 
  7KH�RSSRVLWLRQ�WR�WKH�FXUUHQW�FRPHV�LQ�WZR�IRUPV��WKH�UHVLVWDQFH�RI�WKH�UHVLVWRU��
ZKLFK�LV�LQGHSHQGHQW�RI�IUHTXHQF\��DQG�WKH�UHDFWDQFH�RI�WKH�LQGXFWRU��ZKLFK� 
LQFUHDVHV�DV�WKH�IUHTXHQF\�LQFUHDVHV��7RJHWKHU��WKHVH�FRPELQH�WR�PDNH�ZKDW�LV�
NQRZQ�DV�WKH�LPSHGDQFH�RI�WKH�FLUFXLW� 

  2YHU�WR�\RX� 
  · &RQQHFW�D����W�UHVLVWRU��DQG�D���P+�LQGXFWRU�LQ�VHULHV�ZLWK�
WKH�VLJQDO�JHQHUDWRU��DV�VKRZQ�LQ�WKH�FLUFXLW�GLDJUDP� 

 · 8VH�HQRXJK�FRQQHFWLQJ�OLQNV�VR�WKDW�WKH�FXUUHQW�FDQ�EH� 
 PHDVXUHG�DW�SRLQW�$� 
 · 6HW�WKH�VLJQDO�JHQHUDWRU�WR�RXWSXW�DQ�$&�YROWDJH�DW�D� 
 IUHTXHQF\�RI����+]� 
 ·  5HPRYH�WKH�OLQN�DW�$��DQG�FRQQHFW�D�PXOWLPHWHU��VHW�WR�UHDG�XS�WR���P$�$&��LQ�LWV�SODFH�� 
 · 5HFRUG�WKH�FXUUHQW�IORZLQJ�DW�SRLQW�$�LQ�WKH�WDEOH� 
 · 5HPRYH�WKH�PXOWLPHWHU�DQG�UHSODFH�OLQN�$� 
 · 6HW�XS�WKH�PXOWLPHWHU�WR�UHDG�$&�YROWDJHV�RI�XS�WR���9��&RQQHFW�LW�WR�PHDVXUH�WKH�VLJQDO�
JHQHUDWRU�YROWDJH��96��DSSOLHG�DFURVV�WKH�WZR�FRPSRQHQWV��DQG�UHFRUG�LW�LQ�WKH�WDEOH� 

 · 0HDVXUH�WKH�YROWDJH�9/��DFURVV�WKH�LQGXFWRU��DQG�WKHQ�WKH�YROWDJH�95��DFURVV�WKH�UHVLVWRU��
5HFRUG�WKHVH�YROWDJHV�LQ�WKH�WDEOH� 

 · 1H[W��VHW�WKH�VLJQDO�JHQHUDWRU�WR�D�IUHTXHQF\�RI��N+]��DQG�UHSHDW�WKH�PHDVXUHPHQWV� 
 · 5HFRUG�WKHP�LQ�WKH�WDEOH�� 

Z��E 

Z��D 

0HDVXUHPHQW $&�IUHTXHQF\� ����+] $&�IUHTXHQF\� ��N+] 
&XUUHQW�DW�SRLQW�$�LQ�P$     
6XSSO\�YROWDJH�96     
9ROWDJH�95�DFURVV����W�resistor     
9ROWDJH�9/�DFURVV���P+�LQGXF�WRU     



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
/-5�VHULHV�FLUFXLW 

)RU�\RXU�UHFRUGV� 
  · :KHQ�WKH�UPV�YDOXH�RI�VXSSO\�YROWDJH�LV�XVHG��DOO�FXUUHQWV�DQG�YROWDJHV�ZLOO�EH�UPV� 
 · $W��IUHTXHQF\�I��WKH�UHDFWDQFH�RI�WKH�LQGXFWRU�LV���;/� ���p�I�/� 
 · 7KH�LPSHGDQFH�RI�D�/-5�FLUFXLW�LV�����=� ��5����;/���ò 
 · 7KH�UPV�FXUUHQW�LV�JLYHQ�E\��,� �96���= ZKHUH�96� �$&�VXSSO\�UPV�YROWDJH� 
  · 7KH�UHVXOWLQJ�UPV�YROWDJH�DFURVV�WKH�UHVLVWRU��95� �,�[�5��� 
 · 7KH�UHVXOWLQJ�UPV�YROWDJH�DFURVV�WKH�LQGXFWRU��9/� �,�[�;/ 

6R�ZKDW" 
  7KHRU\�DOORZV�XV�WR�FDOFXODWH�WKH�TXDQWLWLHV�WKDW�\RX�MXVW�PHDVXUHG��<RX�FDQ�WKHQ�FRPSDUH�WKH�
WZR�UHVXOWV� 
 · 7KH�WZR�HIIHFWV�OLPLWLQJ�WKH�FXUUHQW�DUH� 

· WKH�UHVLVWDQFH�RI�WKH�UHVLVWRU��5� ����W� 
· WKH�UHDFWDQFH�;/�RI�WKH�LQGXFWRU� 

· $W�WKH�ILUVW�IUHTXHQF\�����+]� ;/� ���p�I�/� ���p�������[������[���-��� �����W 
 · 7KH�YROWDJH�DFURVV�WKH�UHVLVWRU�LV�LQ�SKDVH�ZLWK�WKH�FXUUHQW�WKURXJK�LW��7KH�YROWDJH�DFURVV�WKH�

LQGXFWRU�LV�����DKHDG�RI�WKH�FXUUHQW���$V�D�UHVXOW��ZH�FDQQRW�VLPSO\�DGG�WRJHWKHU�UHVLVWDQFH�
DQG�UHDFWDQFH��,QVWHDG��ZH�FRPELQH�WKHP�XVLQJ�WKH�LPSHGDQFH�IRUPXOD�ZKLFK�WDNHV�SKDVH�
LQWR�DFFRXQW� =�� ��5�����;/�-�;&���ò 

 · ,Q�WKLV�FDVH��WKHUH�LV�QR�FDSDFLWLYH�UHDFWDQFH��DQG�VR��� 
=� ��5����;/���ò�� �������������������ò�  �������W 

 · :H�FDQ�XVH�WKLV�WR�FDOFXODWH�FXUUHQW��XVLQJ�WKH�IRUPXOD� 
,�� �96���= ������������ZKHUH�96� �$&�VLJQDO�JHQHUDWRU�YROWDJH 

 · 8VH�\RXU�PHDVXUHG�YDOXH�RI�96�WR�FDOFXODWH�,� 
 · 8VH�WKLV�LQ�WKH�IRUPXOD�95� �,�[�5�WR�FDOFXODWH�WKH�YROWDJH�95�DFURVV�WKH�UHVLVWRU� 
 · 8VH�LW�DJDLQ�LQ�WKH�IRUPXOD�9/� �,�[�;/�WR�FDOFXODWH�WKH�YROWDJH��9/���DFURVV�WKH�LQGXFWRU�  
 · &KHFN�WKHVH�UHVXOWV�DJDLQVW�\RXU�PHDVXUHG�YDOXHV� 

 · $W�WKH�VHFRQG�IUHTXHQF\���N+]�� 
· WKH�VKDUH�RI�WKH�$&�YROWDJH�FKDQJHV�-�WKH�KLJKHU�IUHTXHQF\�LQFUHDVHV�WKH�UHDFWDQFH�RI�
WKH�LQGXFWRU�WR����WLPHV�LWV�HDUOLHU�YDOXH��VR�;/� �������W��DQG�WKH�LQGXFWRU�WDNHV�D�PXFK�
ELJJHU�VKDUH�RI�WKH�$&�YROWDJH� 

· WKH�RXWSXW�LPSHGDQFH�RI�WKH�VLJQDO�JHQHUDWRU�PD\�FKDQJH� 
· 5HSHDW�WKH�FDOFXODWLRQV�DW��N+]��DQG�FKHFN�\RXU�UHVXOWV�DJDLQVW�WKH�PHDVXUHG�YDOXHV� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
&-5�VHULHV�FLUFXLW 
$Q�LQGXFWRU�DQG�D�UHVLVWRU��FRQQHFWHG�LQ�VHULHV��DFW�DV�D�YROWDJH�GLYLGHU��ZKLFK�
GHSHQGV�RQ�$&�IUHTXHQF\��)RU�WKH�LQGXFWRU��UHDFWDQFH�LQFUHDVHV�DV�WKH�
IUHTXHQF\�LQFUHDVHV� 
  $�VLPLODU�HIIHFW�LV�VHHQ�ZKHQ�D�FDSDFLWRU�DQG�UHVLVWRU�DUH�FRQQHFWHG�LQ�VHULHV��
EXW�ZLWK�DQ�LPSRUWDQW�GLIIHUHQFH�-�WKH�UHDFWDQFH�RI�WKH�FDSDFLWRU�GHFUHDVHV�DV�
WKH�IUHTXHQF\�LQFUHDVHV� 
 $V�EHIRUH��VLQFH�LW�LV�D�VHULHV�FLUFXLW��WKH�VDPH�FXUUHQW�IORZV�LQ�DOO�SDUWV�RI�WKH�FLUFXLW� 

 2YHU�WR�\RX� 
  · &RQQHFW�D����W�UHVLVWRU��DQG�D��m)�FDSDFLWRU�LQ�VHULHV�ZLWK�
WKH�VLJQDO�JHQHUDWRU��DV�VKRZQ�LQ�WKH�FLUFXLW�GLDJUDP� 

 · 8VH�HQRXJK�FRQQHFWLQJ�OLQNV�VR�WKDW�WKH�FXUUHQW�FDQ�EH�PHDV�
XUHG�DW�SRLQW�$� 

 · 6HW�WKH�VLJQDO�JHQHUDWRU�WR�RXWSXW�D�YROWDJH�ZLWK�D�IUHTXHQF\�
RI����+]� 

 · 5HPRYH�WKH�FRQQHFWLQJ�OLQN�DW�$��DQG�FRQQHFW�D�PXOWLPHWHU��VHW�WR�UHDG�XS�WR���P$�$&��LQ�LWV�
SODFH��5HFRUG�WKH�FXUUHQW�IORZLQJ�DW�SRLQW�$�LQ�WKH�WDEOH� 

 · 5HPRYH�WKH�PXOWLPHWHU�DQG�UHSODFH�OLQN�$� 
 · 6HW�XS�WKH�PXOWLPHWHU�WR�UHDG�$&�YROWDJHV�RI�XS�WR���9��&RQQHFW�LW�WR�PHDVXUH�WKH�VLJQDO�
JHQHUDWRU�RXWSXW�YROWDJH��96��DSSOLHG�DFURVV�WKH�WZR�FRPSRQHQWV��DQG�UHFRUG�LW�LQ�WKH�WDEOH� 

 · 0HDVXUH�WKH�YROWDJH�9&��DFURVV�WKH�FDSDFLWRU��DQG�WKHQ�WKH�YROWDJH�95��DFURVV�WKH�UHVLVWRU��
5HFRUG�WKHVH�YROWDJHV�LQ�WKH�WDEOH� 

 · 1H[W��VHW�WKH�VLJQDO�JHQHUDWRU�WR�D�IUHTXHQF\�RI��N+]���UHSHDW�WKH�PHDVXUHPHQWV�DQG�UHFRUG�
WKHP�LQ�WKH�WDEOH�� 

Z��D 

Z��E 

0HDVXUHPHQW $&�IUHTXHQF\� ����+] $&�IUHTXHQF\� ��N+] 
&XUUHQW�DW�SRLQW�$�LQ�P$     
9ROWDJH�95�DFURVV�5     
9ROWDJH�9&�DFURVV�&     



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
&-5�VHULHV�FLUFXLW 

 6R�ZKDW" 
  2QFH�DJDLQ��WKHRU\�DOORZV�XV�WR�FDOFXODWH�WKH�TXDQWLWLHV�WKDW�\RX�MXVW�PHDVXUHG��DQG�WKHQ�\RX�
FDQ�WKHQ�FRPSDUH�WKH�UHVXOWV� 
· 7KH�WZR�HIIHFWV�OLPLWLQJ�WKH�FXUUHQW�DUH� 

· WKH�UHVLVWDQFH�RI�WKH�UHVLVWRU��5� �����W�� 
· WKH�UHDFWDQFH�;&�RI�WKH�FDSDFLWRU�� 

· $W�WKH�ILUVW�IUHTXHQF\�����+]� ;&� ��������p�I�&�� ��������p�������[�����[���-��� �������W 
 · 9ROWDJH�DQG�FXUUHQW�DUH�LQ�SKDVH�LQ�WKH�UHVLVWRU��7KHUH�LV�D�SKDVH�ODJ�RI�����EHWZHHQ�YROWDJH�

DQG�FXUUHQW�LQ�WKH�FDSDFLWRU��$JDLQ��WKH�IRUPXOD�IRU�LPSHGDQFH��=��WDNHV�WKLV�SKDVH�VKLIW�LQWR�
DFFRXQW��,Q�WKLV�FDVH��WKHUH�LV�QR�LQGXFWLYH�UHDFWDQFH��DQG�VR� 

 XVLQJ  =�� ��5�����;/�-�;&���ò��� ��5����;&���ò 
   ���������������������ò� �������W 
· :H�FDQ�XVH�WKLV�YDOXH�RI�LPSHGDQFH�WR�FDOFXODWH�WKH�FXUUHQW��XVLQJ�WKH�IRUPXOD� 
  ��,�� �96���= ZKHUH�96� �$&�VLJQDO�JHQHUDWRU�YROWDJH 

· 8VH�\RXU�PHDVXUHG�YDOXH�RI�96�WR�FDOFXODWH�,� 
 · 8VH�WKLV�LQ�WKH�IRUPXOD�95� �,�[�5�WR�FDOFXODWH�WKH�YROWDJH�95�DFURVV�WKH�UHVLVWRU� 
 · 8VH�LW�DJDLQ�LQ�WKH�IRUPXOD�9/� �,�[�;&�WR�FDOFXODWH�WKH�YROWDJH��9&���DFURVV�WKH�FDSDFLWRU�  

· &KHFN�WKHVH�UHVXOWV�DJDLQVW�\RXU�PHDVXUHG�YDOXHV� 
  · $W�WKH�VHFRQG�IUHTXHQF\���N+]�� 

· DJDLQ��WKH�VKDUH�RI�WKH�$&�YROWDJH�FKDQJHV��7KH�KLJKHU�IUHTXHQF\�UHGXFHV�WKH�UHDF�
WDQFH�RI�WKH�FDSDFLWRU�WR�RQH-WHQWK�LWV�HDUOLHU�YDOXH�-�L�H������� W��7KH�FDSDFLWRU�WDNHV�D�
PXFK�ORZHU�VKDUH�RI�WKH�$&�YROWDJH� 

· WKH�RXWSXW�LPSHGDQFH�RI�WKH�VLJQDO�JHQHUDWRU�PD\�FKDQJH� 
· 5HSHDW�WKH�FDOFXODWLRQV�DW��N+]��DQG�FKHFN�\RXU�UHVXOWV�DJDLQVW�WKH�PHDVXUHG�YDOXHV� 

)RU�\RXU�UHFRUGV� 
  · $W�D�IUHTXHQF\�I��WKH�UHDFWDQFH�RI�D�FDSDFLWRU�LV�����;&� ��������p�I�&�� 
 · 7KH�LPSHGDQFH�RI�D�&-5�FLUFXLW�LV�����=� ��5����;&���ò� 
 · 7KH�UPV�FXUUHQW�LV�JLYHQ�E\��,� �96���= ZKHUH�96� �$&�VXSSO\�UPV�YROWDJH� 
 · 7KH�UHVXOWLQJ�UPV�YROWDJH�DFURVV�WKH�UHVLVWRU�LV���95� �,�[�5� 
 · 7KH�UHVXOWLQJ�UPV�YROWDJH�DFURVV�WKH�FDSDFLWRU�9&� �,�[�;&� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
/-&-5�VHULHV�FLUFXLW 

 $W�WKLV�SRLQW��$&�FLUFXLWV�EHFRPH�YHU\�LQWHUHVWLQJ�� 
  ,Q�LQGXFWRUV��UHDFWDQFH�LQFUHDVHV�ZLWK�IUHTXHQF\��,Q�FDSDFLWRUV�
LW�GHFUHDVHV�ZLWK�IUHTXHQF\��DQG�LQ�UHVLVWRUV�IUHTXHQF\�KDV�QR�
HIIHFW 
  $�VHULHV�/&5�FLUFXLW�KDV�DOO�WKUHH��WKRXJK�WKH�UHVLVWDQFH�PD\�
EH�WKDW�RI�WKH�LQGXFWRU�ZLUH�LWVHOI��UDWKHU�WKDQ�WKDW�RI�D�GLVFUHWH�
UHVLVWRU� 
 $W�RQH�SDUWLFXODU�IUHTXHQF\��WKH�UHVRQDQW�IUHTXHQF\��WKH�FLUFXLW�

 2YHU�WR�\RX� 
  · &RQQHFW�D���P+�LQGXFWRU�DQG�D��m)�FDSDFLWRU�LQ�VHULHV��DV�
VKRZQ�LQ�WKH�FLUFXLW�GLDJUDP� 

 · 6HW�WKH�VLJQDO�JHQHUDWRU�WR�RXWSXW�DQ�$&�YROWDJH�DW�D�
IUHTXHQF\�RI����+]� 

 · 5HPRYH�WKH�FRQQHFWLQJ�OLQN�DW�$��DQG�FRQQHFW�D�PXOWLPHWHU��
VHW�WR�UHDG�XS�WR���P$�$&��LQ�LWV�SODFH�� 

 · 5HFRUG�WKH�FXUUHQW�IORZLQJ�DW�SRLQW�$�LQ�WKH�WDEOH�� 
 · 5HPRYH�WKH�PXOWLPHWHU�DQG�UHSODFH�WKH�OLQN� 
  · 6HW�XS�WKH�PXOWLPHWHU�WR�UHDG�$&�YROWDJHV�RI�XS�WR���9��&RQQHFW�LW�WR�PHDVXUH�WKH�VLJQDO�
JHQHUDWRU�RXWSXW�YROWDJH��96��DQG�UHFRUG�LW�LQ�WKH�WDEOH� 

  · &KDQJH�WKH�IUHTXHQF\�WR����+]��DQG�UHSHDW�WKH�PHDVXUHPHQWV��$JDLQ�UHFRUG�WKHP�LQ�WKH�
WDEOH� 

  · 5HSHDW�WKH�PHDVXUHPHQWV�IRU�HDFK�RI�WKH�IUHTXHQFLHV�OLVWHG�DQG�UHFRUG�WKHP�LQ�WKH�WDEOH� 
  
  

Z��D 

Z��E 

)UHTXHQF\�LQ�+] 6LJ��JHQ��RXWSXW�96 &XUUHQW�DW�$�LQ�P$ ,PSHGDQFH�LQ�NW 
���       
���       
���       
���       
���       
���       
���       
���       
���       
����       



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
/-&-5�VHULHV�FLUFXLW 

 6R�ZKDW" 
  · <RXU�UHVXOWV�WDEOH�PD\�QRW�PDNH�LW�REYLRXV�ZKDW�LV�KDSSHQLQJ��SDUWO\�EHFDXVH�WKH�RXWSXW�
LPSHGDQFH�RI�WKH�$&�SRZHU�VXSSO\�ZLOO�SUREDEO\�KDYH�DQ�HIIHFW�RQ�RXWSXW�YROWDJH��7KLV�ZLOO� 

 EHFRPH�FOHDUHU�ZKHQ�ZH�ORRN�DW�WKH�LPSHGDQFH�RI�WKH�FLUFXLW�� 
  · &RPSOHWH�WKH�WDEOH��E\�FDOFXODWLQJ�WKH�LPSHGDQFH��=��DW�HDFK�IUHTXHQF\��XVLQJ�WKH�IRUPXOD����� 

=� �96���,� 
  · $W�ORZ�IUHTXHQFLHV��WKH�FDSDFLWRU�KDV�D�KLJK�UHDFWDQFH��DQG�WKH�LQGXFWRU�D�ORZ�UHDFWDQFH�� 
 · $V�WKH�IUHTXHQF\�ULVHV��WKH�FDSDFLWRU¶V�UHDFWDQFH�IDOOV��EXW�WKH�LQGXFWRU¶V�UHDFWDQFH�LQFUHDVHV�� 
 · $W�RQH�YDOXH�RI�IUHTXHQF\��FDOOHG�WKH�UHVRQDQW�IUHTXHQF\��WKH�FRPELQHG�HIIHFW�RI�WKH�WZR�LV�D�
PLQLPXP�� 

 $W�WKLV�IUHTXHQF\��WKH�LPSHGDQFH�RI�WKH�FLUFXLW�LV�D�PLQLPXP� 
  · 3ORW�D�JUDSK�RI�LPSHGDQFH�DJDLQVW�IUHTXHQF\��DQG�XVH�LW�WR�HVWLPDWH�WKH�UHVRQDQW�IUHTXHQF\��
$�W\SLFDO�IUHTXHQF\�UHVSRQVH�FXUYH�LV�VKRZQ�EHORZ� 

 
 

)RU�\RXU�UHFRUGV� 
  )RU�D�VHULHV�/&5�FLUFXLW��WKH�LPSHGDQFH�LV�D�PLQLPXP�DW�WKH�UHVRQDQW�IUHTXHQF\��I5�� 
7KLV�FDQ�EH�FDOFXODWHG�IURP�WKH�IRUPXOD�I5� �������p�¥��/�[�&� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

 $�KXJH�DGYDQWDJH�RI�JHQHUDWLQJ�HOHFWULFLW\�DV�$&�LV�WKDW�LW�DOORZV�WKH�XVH�RI�
WUDQVIRUPHUV��WR�VWHS-XS�RU�VWHS-GRZQ�DQ�$&�YROWDJH�WR�DQ\�GHVLUHG�YDOXH�� 
 2XU�WUHDWPHQW�RI�WKH�WUDQVIRUPHU�OLQNV�LW��LQ�IRXU�VWHSV��WR�WKH�SULQFLSOHV�ZH�PHW�
HDUOLHU��ZKHUH�ZH�VDZ�WKDW�DQ�HOHFWULF�FXUUHQW�LV�JHQHUDWHG�
ZKHQ�D�PDJQHWLF�ILHOG�PRYHV�DFURVV�D�FRQGXFWRU�� 
 ,Q�WKH�WUDQVIRUPHU��WKH�PRYLQJ�PDJQHWLF�ILHOG�LV�SURGXFHG�E\�
DQ�HOHFWURPDJQHW�VXSSOLHG�ZLWK�$&�� 

:RUNVKHHW��� 
7UDQVIRUPHUV 

Z��D 

Z��F 

2YHU�WR�\RX� 
  6WHS���-�0RYLQJ�WKH�PDJQHW� 
 · %XLOG�WKH�DUUDQJHPHQW�VKRZQ�RSSRVLWH� 

· 6XLWDEOH�RVFLOORVFRSH�VHWWLQJV�DUH�JLYHQ�EHORZ� 

· 3OXQJH�D�PDJQHW�LQWR�WKH�FRLO��DQG�WKHQ�SXOO�LW�RXW��ZDWFKLQJ�WKH�
RVFLOORVFRSH�DV�\RX�GR�VR� 

 6WHS���-�(OHFWURPDJQHW��QRW�PDJQHW� 
 · 1RZ��FRQQHFW�WKH�VHFRQG�FRLO��DW�;�DQG�<��WR�D�'&�SRZHU�VXSSO\��VHW�WR��9� 
· 6ZLWFK�WKH�'&�VXSSO\�RQ�DQG�RII��ZDWFKLQJ�WKH�WUDFH�DV�\RX�GR�VR� 
 6WHS���-�$&�QRW�'&� 
 · 7KLV�WLPH��FUHDWH�D�PRYLQJ�PDJQHWLF�ILHOG�E\�FRQQHFWLQJ�SRLQWV�;�DQG�<�WR�D�VLJQDO�JHQHUDWRU� 
 VHW�WR�DQ�DPSOLWXGH�RI��9�DQG�D�IUHTXHQF\�RI�DURXQG��N+]� 

· 6ZLWFK�RQ�WKH�VLJQDO�JHQHUDWRU��DQG�ZDWFK�WKH�WUDFH� 
 6WHS���-�,QWHQVLI\�WKH�ILHOG� 
 · 6OLGH�D�IHUULWH�FRUH�GRZQ�WKH�PLGGOH�RI�WKH�WZR�FRLOV��DQG�QRWLFH�WKH�HIIHFW�WKLV�KDV�� 

· :H�QRZ�KDYH�D�VLPSOH�EXW�YHU\�LQHIILFLHQW�WUDQVIRUPHU� 
 2SWLRQDO�H[WHQVLRQ� 
,QYHVWLJDWH�WKH�HIIHFW�RI� 

· FKDQJLQJ�WKH�DPSOLWXGH�RI�WKH�$&�VXSSO\�IURP�WKH�VLJQDO�JHQHUDWRU� 

· FKDQJLQJ�WKH�IUHTXHQF\�RI�WKH�$&�VXSSO\�IURP�WKH�VLJQDO�JHQHUDWRU� 

· OLQNLQJ�WKH�FRLOV�ZLWK�FRUHV�PDGH�IURP�RWKHU�PDWHULDOV��OLNH�VWHHO��LQVWHDG�RI�IHUULWH� 

7R RVFLOORVFRSH Z��I 

7\SLFDO�RVFLOORVFRSH�VHWWLQJV� 
7LPHEDVH  6WHSV���DQG�����V�GLY�6WHSV���DQG�����PV��GLY���������;�PXOWL�
SOLHU�[����� 
9ROWDJH�UDQJH  ,QSXW�$�-������P9�'&��<�PXOWLSOLHU�[���������QHHGV�LQFUHDVLQJ�IRU�
VWHS��������� 
    ,QSXW�%�-��2II 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

6R�ZKDW" 
 7KH�SLFWXUHV�VKRZ�W\SLFDO�WUDFHV�IRU�WKLV�LQYHVWLJDWLRQ� 
 · WKH�XSSHU�RQH�VKRZV�FXUUHQW�VSLNHV�JHQHUDWHG�ZKHQ�WKH�
'&�VXSSO\�WR�WKH�VHFRQG�FRLO�LV�VZLWFKHG�RQ�DQG�RII� 

 · WKH�ORZHU�RQH�VKRZV�FXUUHQW�JHQHUDWHG�ZKHQ�WKH� 
 VHFRQG�FRLO�LV�FRQQHFWHG�WR�WKH�$&�VXSSO\�� 
 :H�VDZ�HDUOLHU�WKDW�WKH�HVVHQWLDO�LQJUHGLHQWV�WR�JHQHUDWH� 
HOHFWULFLW\�DUH�D�PDJQHW��ZLUH�DQG�PRYHPHQW��+HUH��ZH�KDYH�
UHSODFHG�WKH�PDJQHW�ZLWK�DQ�HOHFWURPDJQHW��VHFRQG�FRLO���
DQG�SURGXFHG�PRYHPHQW�E\�XVLQJ�DQ�DOWHUQDWLQJ�PDJQHWLF�
ILHOG�� 
 2QH�FRLO��FDOOHG�WKH�SULPDU\��LV�VXSSOLHG�ZLWK�$&�FXUUHQW��DQG�JHQHUDWHV�DQ�DOWHUQDWLQJ�PDJQHWLF�
ILHOG��7KLV�OLQNV�ZLWK�WKH�RWKHU�FRLO��FDOOHG�WKH�VHFRQGDU\��$V�D�UHVXOW��DQ�DOWHUQDWLQJ�YROWDJH�LV�
JHQHUDWHG�LQ�WKH�VHFRQGDU\��7KLV�LV�WKH�SULQFLSOH�RI�WKH�WUDQVIRUPHU� 
 6RPH�UHILQHPHQWV� 
 · 7KH�VWUHQJWK�RI�WKH�PDJQHWLF�ILHOG�LQ�WKH�SULPDU\�GHSHQGV�RQ�IDFWRUV�OLNH� 

· WKH�QXPEHU�RI�WXUQV�RI�ZLUH�LQ�WKH�SULPDU\�FRLO� 
· WKH�FXUUHQW�IORZLQJ�WKURXJK�LW��ZKLFK��LQ�WXUQ��GHSHQGV�RQ�WKH�YROWDJH�DSSOLHG�WR�LW� 
 · 7KH�YROWDJH�JHQHUDWHG�LQ�WKH�VHFRQGDU\�FRLO�GHSHQGV�RQ�IDFWRUV�OLNH� 
· WKH�VWUHQJWK�RI�WKH�PDJQHWLF�ILHOG�JHQHUDWHG�E\�WKH�SULPDU\ 
· WKH�QXPEHU�RI�WXUQV�RI�ZLUH�LQ�WKH�VHFRQGDU\�FRLO 
· KRZ�HIIHFWLYHO\�WKH�PDJQHWLF�ILHOG�RI�WKH�SULPDU\�OLQNV�ZLWK�LW� 

 ,Q�RWKHU�ZRUGV��WKH�YROWDJH�JHQHUDWHG�LQ�WKH�VHFRQGDU\�GHSHQGV�RQ�WKH�QXPEHU�RI�WXUQV�LQ�WKH�
SULPDU\��DQG�WKH�QXPEHU�RI�WXUQV�LQ�WKH�VHFRQGDU\��7KH�QH[W�ZRUNVKHHW�H[SORUHV�WKLV�OLQN� 

:RUNVKHHW��� 
7UDQVIRUPHUV 

ms
0 5 10 15 20 25 30 35 40 45

mV

-100

-80

-60

-40

-20

0

20

40

60

80

100

01Jun2010  14:44

s
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

mV

-100

-80

-60

-40

-20

0

20

40

60

80

100

01Jun2010  14:35

Z��H 

Z��G 

)RU�\RXU�UHFRUGV� 
 · &RS\�WKH�FLUFXLW�V\PERO�IRU�WKH�WUDQVIRUPHU��JLYHQ�DW�WKH�WRS�RI�WKH�SUHYLRXV�SDJH� 
 · 'HVFULEH�WKH�UROH�SOD\HG�E\�HDFK�RI�WKH�WKUHH�FRPSRQHQWV�LQ�WKH�WUDQVIRUPHU� 
 · WKH�SULPDU\�FRLO� 

 · WKH�VHFRQGDU\�FRLO� 
 · WKH�FRUH� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
3UDFWLFDO�WUDQVIRUPHUV 

 7UDQVIRUPHUV�SOD\�DQ�LPSRUWDQW�UROH�LQ�PDQ\�HOHFWULFDO�DQG�
HOHFWURQLF�DSSOLFDWLRQV�E\�DOORZLQJ�$&�YROWDJHV�WR�EH�VWHSSHG�
XS�RU�GRZQ�WR�DQ\�GHVLUHG�YDOXH�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�LQYHVWLJDWH�WKH�RSHUDWLRQ�RI�D�VPDOO�
WUDQVIRUPHU��ZKLFK�KDV�D�ODPLQDWHG�VWHHO�FRUH��ZKHQ�XVHG�IRU�
VWHS-GRZQ�DQG�WKHQ�VWHS-XS�RSHUDWLRQ� 

2YHU�WR�\RX� 
  6WHS-GRZQ�WUDQVIRUPHU� 
,Q�D�VWHS-GRZQ�WUDQVIRUPHU��WKH�SULPDU\�FRLO��WKH�RQH�VXSSOLHG�ZLWK�$&�SRZHU��KDV�PRUH�WXUQV�RI�
ZLUH�WKDQ�WKH�VHFRQGDU\��WKH�RQH�WKDW�JHQHUDWHV�WKH�WUDQVIRUPHU�RXWSXW�YROWDJH�� 
 +HUH�ZH�XVH�D�FRPPHUFLDO�WUDQVIRUPHU�ZLWK�D�WXUQV�UDWLR�RI������PHDQLQJ�WKDW�RQH�FRLO�KDV�WZLFH�
DV�PDQ\�WXUQV�DV�WKH�RWKHU��7KH�SULPDU\�ZLOO�EH�WKH�µ�¶�FRLO��DQG�WKH�VHFRQGDU\�WKH�µ�¶�FRLO� 
 · �%XLOG�WKH�V\VWHP�VKRZQ��ZKLFK�GHOLYHUV�SRZHU�WR�D��NW�ORDG�� 
�,JQRUH�DQ\�ODEHOOLQJ�RQ�WKH�WUDQVIRUPHU�LWVHOI�� 

· �&RQQHFW�D�VLJQDO�JHQHUDWRU�WR�WKH�µ�¶�FRLO��SULPDU\���XVLQJ�WKH�ORZ�
LPSHGDQFH�RXWSXW��W\SLFDOO\���W���6HW�LW�WR�RXWSXW�D�VLQH�ZDYH�ZLWK�
IUHTXHQF\����+]��DQG�DPSOLWXGH����9�� 

 �,I�LQ�GRXEW��FKHFN�WKHVH�ZLWK�\RXU�LQVWUXFWRU�� 
· �&RQQHFW�D�PXOWLPHWHU��VHW�RQ�WKH���9�$&�YROWDJH�UDQJH��WR�PHDVXUH�YROWDJH�93�DFURVV�WKH�
SULPDU\��WKH�µ�¶��FRLO��DQG�WKHQ�96�DFURVV�WKH�VHFRQGDU\��WKH�µ�¶�FRLO�� 

· �6HW�WKH�PXOWLPHWHU�WR�WKH���P$�$&�FXUUHQW�UDQJH��DQG�FRQQHFW�LW�WR�UHSODFH�WKH�OLQN�EHORZ�WKH�
µ�¶�FRLO��WR�UHDG�WKH�SULPDU\�FXUUHQW��,3�� 

· 5HSODFH�WKH�FRQQHFWLQJ�OLQN�DQG�PHDVXUH�WKH�VHFRQGDU\�FXUUHQW��,6�LQ�WKH�VDPH�ZD\� 
· 5HFRUG�DOO�PHDVXUHPHQWV�LQ�WKH�WDEOH� 
  6WHS-XS�WUDQVIRUPHU� 
,Q�D�VWHS-XS�WUDQVIRUPHU��WKH�SULPDU\�FRLO�KDV�IHZHU�WXUQV�WKDQ�WKH�VHFRQGDU\��,Q�WKLV�FDVH��WKH�
SULPDU\�ZLOO�EH�WKH�µ�¶�FRLO��DQG�WKH�VHFRQGDU\�WKH�µ�¶�FRLO�� 
 · �7KH�V\VWHP�LV�WKH�VDPH�DV�DERYH��H[FHSW�WKDW�WKH�WUDQVIRUPHU�FDUULHU�LV�QRZ�XSVLGH�GRZQ� 
· �&RQQHFW�WKH�PXOWLPHWHU�WR�PHDVXUH�WKH�VHFRQGDU\�YROWDJH�96��$GMXVW�WKH�DPSOLWXGH�RI�WKH�
VLJQDO�IURP�WKH�VLJQDO�JHQHUDWRU�XQWLO�96�LV�WKH�VDPH�DV�LQ�WKH�SUHYLRXV�LQYHVWLJDWLRQ� 

· �1RZ�PHDVXUH�DQG�UHFRUG�93��,3�DQG�,6� 
 

Z��D 

Z��E 

5HDGLQJ 6WHS-GRZQ 6WHS-XS 
9P     
9S     
,P     
,S     



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

6R�ZKDW" 
  7KH�ODVW�ZRUNVKHHW�ORRNHG�DW�WUDQVIRUPHU�SULQFLSOHV��EXW�WKH�ILQDO�GHYLFH�ZDV�YHU\�LQHIILFLHQW�� 
7KLV�RQH�XVHV�DQ�LPSURYHG�YHUVLRQ�-�WZR�FRLOV��VLGH�E\�VLGH��DV�EHIRUH��EXW�
OLQNHG�E\�D�PXFK�PRUH�HODERUDWH�FRUH��WKUHDGLQJ�WKURXJK�WKH�FHQWUH�RI�WKH�
FRLOV��DQG�ZUDSSHG�DURXQG�WKH�RXWVLGH�WRR��7KH�UHVXOW�-�PRUH�HIIHFWLYH�
OLQNDJH�EHWZHHQ�WKH�PDJQHWLF�ILHOG�JHQHUDWHG�LQ�WKH�SULPDU\�DQG�WKH�
VHFRQGDU\�FRLO� 
  :KDW�WKH�UHVXOWV�VKRZ� 
  · /RRN�DW�WKH�UDWLR�93�96�IRU�ERWK�VWHS-XS�DQG�VWHS-GRZQ�
WUDQVIRUPHUV��7KH�WUDQVIRUPHU�HTXDWLRQ�VD\V�WKDW��IRU�DQ�
LGHDO�WUDQVIRUPHU� 

   93���96� �13���16 
 ZKHUH�13�DQG�16�DUH�WKH�QXPEHU�RI�WXUQV�RQ�WKH�WZR�FRLOV� 
 · 1H[W�ORRN�DW�WKH�UDWLR�,3�,6�IRU�ERWK�WUDQVIRUPHUV��� 
 ,Q�JHQHUDO�WHUPV� 

· D�VWHS-XS�WUDQVIRUPHU�µVWHSV�XS¶�WKH�YROWDJH��YLUWXDOO\�GRXEOHV�LW��
EXW�µVWHSV�GRZQ¶�WKH�FXUUHQW�-�,3��LV�PXFK�JUHDWHU�WKDQ�,6� 

· D�VWHS-GRZQ�WUDQVIRUPHU�µVWHSV�GRZQ¶�WKH�YROWDJH��EXW�GHOLYHUV 
 WKH�VDPH�VHFRQGDU\�FXUUHQW�IRU�D�PXFK�VPDOOHU�SULPDU\�FXUUHQW� 
· %RWK�GHOLYHUHG�WKH�VDPH�YROWDJH��96��WR�WKH��NW�ORDG��DQG�VR�,6��WKH�VHFRQGDU\�FXUUHQW��
ZDV�YHU\�VLPLODU�LQ�ERWK�FDVHV� 

 7KH�DFLG�WHVW� 
:KDW�DERXW�WKH�SRZHU"�:DV�LW�VWHSSHG�XS�RU�VWHSSHG�GRZQ"� 
 8VLQJ�WKH�IRUPXOD� 3RZHU� �&XUUHQW�[�9ROWDJH� 
3RZHU�GHOLYHUHG�WR�WKH�SULPDU\�FRLO�� 33� �,3�[�93�� �������������������������������������P: 
 3RZHU�GHOLYHUHG�IURP�WKH�VHFRQGDU\�� 36� �,6�[�96� �������������������������������������P: 
 ������)RU�DQ�LGHDO�WUDQVIRUPHU�������HIILFLHQW�� 33� �36� 
 DQG���,6���,3� �13���16 

�2SWLRQDO�H[WHQVLRQ�� 
 · ,QYHVWLJDWH�WKH�HIIHFW�RI�DSSOLHG�IUHTXHQF\�RQ�WKH�RXWSXW�RI�WKH�WUDQVIRUPHU��5HVHDUFK�WKH�
WRSLF�RI�SRZHU�PDWFKLQJ�WR�H[SODLQ�\RXU�UHVXOWV� 

:RUNVKHHW��� 
3UDFWLFDO�WUDQVIRUPHUV 

Z��F 

Z��G 

Z��H 

)RU�\RXU�UHFRUGV� 
 · &RS\�WKH�WUDQVIRUPHU�HTXDWLRQ��DQG�H[SODLQ�ZKDW�LW�PHDQV��LQ�ZRUGV� 
 · ([SODLQ�ZKDW�LV�PHDQW�E\�µVWHS-XS¶�DQG�µVWHS-GRZQ¶�ZKHQ�DSSOLHG�WR�WUDQVIRUPHUV� 
 ,QFOXGH�WKH�UROH�RI�WKH�QXPEHU�RI�WXUQV�RI�ZLUH��DQG�VSHFLI\�H[DFWO\�ZKDW�LV�VWHSSHG�XS��DQG�
ZKDW�LV�VWHSSHG�GRZQ�LQ�HDFK�FDVH� 

$&� VXSSO\ 

3ULPDU\ 

6HFRQGDU\ 

,QSXW 
2XWSXW 
/RDG 

/DPLQDWHG�VWHHO�FRUH 

0DJQHWLF�IOX[�OLQNLQJ�SULPDU\ DQG�VHFRQGDU\�ZLQGLQJV 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
'LRGH�FKDUDFWHULVWLFV 
'LRGHV�DOORZ�FXUUHQW�WR�IORZ�LQ�RQH�GLUHFWLRQ�EXW�QRW�WKH�RWKHU��7KH�
SHUIRUPDQFH�RI�D�GLRGH�FDQ�EH�LOOXVWUDWHG�E\�SORWWLQJ�D�JUDSK�RI�
µIRUZDUG¶�DQG�µUHYHUVH¶�FXUUHQW�DJDLQVW�WKH�DSSOLHG�YROWDJH��7KLV�
JUDSK�DOORZV�XV�WR�SUHGLFW�DFFXUDWHO\�KRZ�D�GLRGH�ZLOO�EHKDYH�LQ�D�
SDUWLFXODU�FLUFXLW�DQG�GHFLGH�ZKHWKHU�RU�QRW�LW�LV�VXLWDEOH�WKDW�
DSSOLFDWLRQ�� 
 ,Q�WKLV�ZRUNVKHHW�\RX�FRPSDUH�WKH�FKDUDFWHULVWLFV�RI�WZR�GLIIHUHQW�
GLRGHV��2QH�LV�D�JHQHUDO�SXUSRVH�ORZ-YROWDJH�VLOLFRQ�GLRGH�
��1������ZKLOVW�WKH�RWKHU�LV�PDGH�IURP�JHUPDQLXP��2$���� 

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��E 

Z��F 

)RUZDUG�FKDUDFWHULVWLFV 
9F ,F (1N4001) ,F (OA91) 
�     
���     
���     
���     
���     
���     
���     
���     

5HYHUVH�FKDUDFWHULVWLFV 
9R ,R (1N4001) ,R (OA91) 
�     
���     
����     

Z��D 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
'LRGH�FKDUDFWHULVWLFV 

6R�ZKDW" 
· 8VH�WKH�D[HV�OLNH�WKRVH�VKRZQ�EHORZ�WR�SORW�\RXU�UHVXOWV�DV�JUDSKV�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� WKH�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���������������������� 

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�UHYHUVH-ELDVHG��LW�GRHV�QRW�FRQGXFW��IRU�ORZ�
YROWDJHV��DW�DQ\�UDWH���� 

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

Z��D 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
+DOI-ZDYH�UHFWLILHU 

 2QH�RI�WKH�PRVW�FRPPRQ�DSSOLFDWLRQV�IRU�D�GLRGH�LV�WR�FRQYHUW�
DOWHUQDWLQJ�FXUUHQW��$&��WR�GLUHFW�FXUUHQW��'&��LQ�D�UHFWLILHU�FLUFXLW��7KLV�
H[SORLWV�WKH�XQLGLUHFWLRQDO�SURSHUWLHV�RI�D�GLRGH� - FXUUHQW�IORZV�RQO\�
ZKHQ�WKH�DQRGH�LV�SRVLWLYH�ZLWK�UHVSHFW�WR�WKH�FDWKRGH�� 
 7KH�QH[W�LVVXH�LV�WR�PDLQWDLQ�WKH�FXUUHQW�IORZ�ZKLOH�WKH�GLRGH�LV�QRW�
FRQGXFWLQJ��7KLV�LQYROYHV�WKH�XVH�RI�D�ODUJH�YDOXH�FDSDFLWRU�DFWLQJ�DV�
D�UHVHUYRLU�IRU�FKDUJH��7KLV�PDLQWDLQV�FXUUHQW�IORZ��DQG�RXWSXW�
YROWDJH��XQWLO�WKH�GLRGH�FRQGXFWV�DJDLQ� 

Z��E 

Z��D 

2YHU�WR�\RX�  
 · %XLOG�FLUFXLW�$��7KH�$&�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�FKDQQHO�$�GLVSOD\V�DW�OHDVW�WZR�FRPSOHWH�F\FOHV�RI�WKH�
LQSXW�ZDYHIRUP�DQG�FKDQQHO�%�GLVSOD\V�WKH�FRUUHVSRQGLQJ�
RXWSXW��&RQQHFW�WKH�RVFLOORVFRSH�JURXQG�WHUPLQDOV�WR�WKH�
QHJDWLYH�UDLO�RI�WKH�FLUFXLW�� 

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

 7DNH�FDUH�WR�FRQQHFW�LW�WKH�ULJKW�ZD\�URXQG��DV�VKRZQ� 
 · 1RWLFH�WKH�HIIHFW�RQ�WKH�RVFLOORVFRSH�WUDFH� 
 · $JDLQ�PHDVXUH�DQG�UHFRUG�WKH�RXWSXW�YROWDJH��9287�� 
 · 5HSHDW�WKLV�SURFHVV�IRU�DOO�WKH�RWKHU�YDOXHV�RI�FDSDFLWRU�&��
JLYHQ�LQ�WKH�WDEOH� 

7\SLFDO�RVFLOORVFRSH�VHWWLQJV� 
7LPHEDVH��  ���PV�GLY� 
 9ROWDJH�UDQJH���%RWK�,QSXWV���� ��9�'&�ZLWK�[���SUREHV�� 
��� 7ULJJHU�0RGH�  5HSHDW   7ULJJHU�&KDQQHO��
 FK�$����� 
 7ULJJHU�'LUHFWLRQ 5LVLQJ����� 7ULJJHU�7KUHVKROG�-���P9 

&DSDFLWRU 9287 
1RQH�-�FLUFXLW�$   

���)   
����)   
����)   
�����)   



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

:RUNVKHHW��� 
+DOI-ZDYH�UHFWLILHU 

)RU�\RXU�UHFRUGV� 
 ·  6NHWFK�D�YROWDJH-WLPH�JUDSK�IRU�WKH�RXWSXW�VLJQDO�IRU�FLUFXLW�$�� 
 · 6NHWFK�D�YROWDJH-WLPH�JUDSK�IRU�WKH�RXWSXW�VLJQDO�IRU�FLUFXLW�%�ZLWK�WKH�����m)�FDSDFLWRU� 
 · ([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�JUDSKV� 
 · :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�IRUZDUG-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�'&�RXWSXW�
�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����
WR�VKRZ�WKH�UHFWLILFDWLRQ�LQ�PRUH�GHWDLO� 
 ,Q�SDUWLFXODU��QRWLFH�WKDW�WKH�'&�RXWSXW���WKH�ORZHU�RQH���LV� 
DSSUR[LPDWHO\����9�ORZHU�WKDQ�WKH�$&�LQSXW��7KH�GLRGH�GRHV�
QRW�UHDOO\�FRQGXFW�XQWLO�WKH�YROWDJH�DFURVV�LW�UHDFKHV����9��
7KHUHDIWHU��WKHUH�LV�D����9�GURS�DFURVV�WKH�GLRGH��OHDYLQJ�WKH�
'&�RXWSXW����9�EHORZ�WKH�$&�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�FDSDFLWRU�LQ�FLUFXLW 
'& 

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

Z��F 

Z��G 

Z��H 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

: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�� 
 

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

 · 0HDVXUH�WKH�'&�RXWSXW�YROWDJH��9287�DQG�UHFRUG�LW�LQ�WKH�
ILUVW�OLQH�RI�WKH�WDEOH��IRU�µ&DSDFLWRU�-�1RQH¶��� 

 · 8VLQJ�WKH�VDPH�WLPH�EDVH�DQG�YROWDJH�VHQVLWLYLW\�VHWWLQJV�
DV�EHIRUH��FRQQHFW�DQ�RVFLOORVFRSH�WR�GLVSOD\�DW�OHDVW�WZR�FRPSOHWH�F\FOHV�RI�WKH�RXWSXW�� 

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

 7DNH�FDUH�WR�FRQQHFW�LW�WKH�ULJKW�ZD\�URXQG��DV�VKRZQ� 
 · 1RWLFH�WKH�HIIHFW�RQ�WKH�RVFLOORVFRSH�WUDFH� 
  · 0HDVXUH�DQG�UHFRUG�WKH�'&�RXWSXW�YROWDJH��9287�� 
 · 8VH�HDFK�RI�WKH�RWKHU�FDSDFLWRU�YDOXHV�VKRZQ�LQ�WKH�
WDEOH��0HDVXUH�DQG�UHFRUG�WKH�'&�RXWSXW�YROWDJH��
9287��IRU�HDFK� 

  
 

Z��D 

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

Z��E 

Z��F 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

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

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��PRVW�RVFLOORVFRSHV�KDYH�D�FRPPRQ��9�FRQQHFWLRQ�EHWZHHQ�WKH�WZR�FKDQ�
QHOV��7KLV�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�'&� 

)RU�\RXU�UHFRUGV� 
  · 6NHWFK�D�YROWDJH-WLPH�JUDSK�RI�WKH�IXOO-ZDYH�UHFWLILHG�'&�RXWSXW�VLJQDO��ZLWKRXW�VPRRWKLQJ� 
 · &RPSDUH�WKH�SHUIRUPDQFH�RI��WKH�IXOO-ZDYH�UHFWLILHU�ZLWK�WKH�KDOI-ZDYH�UHFWLILHU�� 
 :KLFK�FLUFXLW�SHUIRUPHG�WKH�EHVW��DQG�ZK\" 
 · 7KH�RXWSXW�RI�WKLV�IXOO-ZDYH�UHFWLILHU��XVLQJ�IRXU�GLRGHV��LV����9�OHVV�WKDQ�WKH�$&�LQSXW�SHDN�

YDOXH��DQG�LV�QRW�VPRRWK�'&� 
 · $JDLQ��D��ODUJH�FDSDFLWRU�FDQ�EH�FRQQHFWHG�DFURVV�WKH�RXWSXW�RI�WKH�UHFWLILHU�WR�VPRRWK�WKH�'&�
VLJQDO�SURGXFHG� 

Z��G 

Z��H 

Z��J 

Z��I 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

5HYLVLRQ�TXHVWLRQV 
 

$ERXW�WKHVH�TXHVWLRQV 
7KHVH�TXHVWLRQV�DUH�GHVLJQHG�WR�SURYLGH�\RX�ZLWK�D�XVHIXO�DLG�WR�UHYLVLRQ��<RX�VKRXOG�DOORZ����
PLQXWHV�WR�DQVZHU�WKHP�DQG�WKHQ�FKHFN�\RXU�DQVZHUV�ZLWK�WKRVH�JLYHQ�RQ�SDJH����� 
 
���:KHQ�VL[����9�GU\�FHOOV�DUH�FRQQHFWHG�LQ�VHULHV�WKH�UHVXOWLQJ�EDWWHU\�YROWDJH�ZLOO�EH� 

�D�� ���9 
�E�� �9 
�F�� �9 

 
���$�VLQH�ZDYH�KDV�D�IUHTXHQF\�RI���PV��:KDW�LV�LWV�IUHTXHQF\" 

�D�� ��+] 
�E�� ��+] 
�F�� ��+] 

 
���7KH�FRPSRQHQWV�VKRZQ�RQ�WKH�ULJKW�DUH� 

�D�� UHVLVWRUV� 
�E�� FDSDFLWRUV� 
�F�� LQGXFWRUV� 

 
���$�VLQH�ZDYH�KDV�D�SHDN�YDOXH�RI���9��:KDW�LV�LWV�UPV�YDOXH" 

�D�� �9 
�E�� ����9 
�F�� �����9 

 
���7KH�FRQQHFWLRQ�PDUNHG�µ;¶�RQ�WKH�GLRGH�VKRZQ�LQ�WKH�ULJKW�LV�WKH� 

�D�� DQRGH� 
�E� EDVH� 
�F� FDWKRGH� 

 
���2KP¶V�/DZ�VWDWHV�WKDW� 

�D�� 9� �,�5 
�E�� 9� �,���5 
�F�� 9� �5���, 

 
���,QGXFWLYH�UHDFWDQFH� 

�D�� LQFUHDVHV�ZLWK�IUHTXHQF\� 
�E�� GHFUHDVHV�ZLWK�IUHTXHQF\� 
�F�� GRHV�QRW�FKDQJH�ZLWK�IUHTXHQF\� 

 
���,I�WKH�IUHTXHQF\�RI�WKH�FXUUHQW�IORZLQJ�LQ�D�UHVLVWRU�LV�GRXEOHG�WKH�FXUUHQW�ZLOO� 

�D�� EH�GRXEOHG� 
�E�� EH�KDOYHG� 
�F� VWD\�WKH�VDPH� 

 
 
 
����7KH�FRPSRQHQW�VKRZQ�RQ�WKH�ULJKW�LV� 

�D� D�UHVLVWRU� 

T� 

T� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

5HYLVLRQ�TXHVWLRQV 
 

�E� DQ�LQGXFWRU� 
�F� D�FDSDFLWRU� 

 
����7KH�XQLWV�RI�HOHFWULF�FKDUJH�DUH�� 

�D� DPSHUHV� 
�E� FRXORPEV� 
�F� IDUDGV� 

 
����$�SRWHQWLDO�GLIIHUHQFH�RI����9�DSSHDUV�DFURVV�D�UHVLVWDQFH�RI���Nȍ�� 
 :KLFK�RQH�RI�WKH�IROORZLQJ�JLYHV�WKH�FXUUHQW�WKDW�ZLOO�EH�IORZLQJ�LQ�WKH�UHVLVWRU" 

�D� �����P$ 
�E� ���P$ 
�F� ���P$ 

 
����$�WUDQVIRUPHU�KDV�DQ�LQSXW�RI����9�DQG�D�WXUQV�UDWLR�RI������:KDW�ZLOO�WKH�RXWSXW�YROWDJH�EH� 

�D� ��9� 
�E� ��9� 
�F� ���9� 

 
����,Q�D�VHULHV�/-&-5�FLUFXLW�DW�UHVRQDQFH��WKH�LPSHGDQFH�ZLOO�EH� 

�D� PD[LPXP� 
�E� PLQLPXP� 
�F� ]HUR� 

 
����:KLFK�RQH�RI�WKH�IROORZLQJ�JLYHV�WKH�SHDN�YDOXH�DQG�IUHTXHQF\�RI�WKH�ZDYHIRUP�VKRZQ�RSSRVLWH� 

�D� �9�����+] 
�E� �9���+] 
�F� ��9������+] � 

����:KLFK�RQH�RI�WKH�IROORZLQJ�JLYHV�WKH�XQLWV�RI�HOHFWULFDO�HQHUJ\" 
�D� DPSHUHV 
�E� MRXOHV 
�F� ZDWWV 

 
����$�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 

 

T� 

T�� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

5HYLVLRQ�TXHVWLRQV 
 
����,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�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� 

 
����5HVLVWRUV�RI���ȍ�DQG���ȍ�DUH�FRQQHFWHG�LQ�VHULHV�DFURVV�D���9�VXSSO\�� 
 :KLFK�RQH�RI�WKH�IROORZLQJ�JLYHV�WKH�YROWDJH�GURSSHG�DFURVV�WKH���ȍ�UHVLVWRU" 

�D� ���9 
�E� ��9 
�F� ��9 

 
����$Q�FDSDFLWRU�ZLWK�D�UHDFWDQFH�RI����ȍ�LV�FRQQHFWHG�LQ�VHULHV�ZLWK�D����ȍ�UHVLVWRU�� 
 :KLFK�RQH�RI�WKH�IROORZLQJ�JLYHV�WKH�LPSHGDQFH�RI�WKH�FLUFXLW" 

�D�� ����ȍ 
�E�� ���ȍ 
�F�� ���ȍ 

 
����$W����+]�WKH�UHDFWDQFH�RI�D�FDSDFLWRU�LV����ȍ���$W����N+]�LWV�UHDFWDQFH�ZLOO�EH� 

�D�� ������ȍ 
�E�� �����ȍ 
�F�� ����ȍ 

 
����7KH�FRPSRQHQW�VKRZQ�RQ�WKH�ULJKW�LV�D� 

�D�� UHVLVWRU� 
�E�� FDSDFLWRU� 
�F� WUDQVIRUPHU� 

 
����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� 

� 
 
 
 
 
 
 
 
 

T�� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

$QVZHUV�WR UHYLVLRQ�TXHVWLRQV 
 $QVZHUV�WR�UHYLVLRQ�TXHVWLRQV��VHH�SDJH���� 
 
 �� �F�     

�� �D� 
�� �D�     
�� �E� 
�� �F�     
�� �D� 
�� �D� 
�� �F� 
�� �E� 
��� �E� 
��� �D� 
��� �D� 
��� �E� 
��� �D� 
��� �E� 
��� �D� 
��� �D� 
��� �E� 
��� �F� 
��� �E� 
��� �E� 
��� �E� 
��� �D� 
��� �F� 
��� �E� 



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

�$ERXW�WKLV�FRXUVH 
,QWURGXFWLRQ 
7KLV�ZRUNERRN�LV�LQWHQGHG�WR�UHLQIRUFH�WKH�OHDUQLQJ�WKDW�WDNHV�SODFH�LQ�WKH�FODVVURRP�RU�OHFWXUH�
URRP�IRU�LQWHUPHGLDWH�OHYHO�FRXUVHV�VXFK�DV�WKH�%7(&�1DWLRQDO�XQLW��4&)�/HYHO�����LQ�(OHFWULFDO�
DQG�(OHFWURQLF�3ULQFLSOHV��-������������,W�SURYLGHV�D�VHULHV�RI�SUDFWLFDO�DFWLYLWLHV�DQG� 
LQYHVWLJDWLRQV��GHVLJQHG�WR�FRPSOHPHQW�WKH�%7(&�V\OODEXV�� 
 7KH�OHDUQLQJ�RXWFRPHV�DUH�DV�IROORZV� 
· 8VH�FLUFXLW�WKHRU\�WR�GHWHUPLQH�YROWDJH��FXUUHQW�DQG�UHVLVWDQFH�LQ�GLUHFW�FXUUHQW��'&��FLUFXLWV� 
· 8QGHUVWDQG�WKH�FRQFHSWV�RI�FDSDFLWDQFH�DQG�GHWHUPLQH�FDSDFLWDQFH�YDOXHV�LQ�'&�FLUFXLWV� 
· .QRZ�WKH�SULQFLSOHV�DQG�SURSHUWLHV�RI�PDJQHWLVP� 
· %H�DEOH�WR�XVH�VLQJOH-SKDVH�DOWHUQDWLQJ�FXUUHQW��$&��WKHRU\� 
 /RFNWURQLFV�HTXLSPHQW�PDNHV�LW�VLPSOH�DQG�TXLFN�WR�FRQVWUXFW�DQG�LQYHVWLJDWH�VLPSOH�HOHFWULFDO�
DQG�HOHFWURQLF�FLUFXLWV��7KDQNV�WR�WKH�V\PEROV�SULQWHG�RQ�HDFK�FRPSRQHQW�FDUULHU��WKH�UHVXOW�FDQ�
ORRN�H[DFWO\�OLNH�WKH�FLUFXLW�GLDJUDP� 

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

· WR�XVH�D�PXOWLPHWHU�DQG�RVFLOORVFRSH�WR�FDUU\�RXW�EDVLF�'&�DQG�$&�FLUFXLW�PHDVXUHPHQWV� 
· WR�LGHQWLI\�VHULHV�DQG�SDUDOOHO�EUDQFKHV�ZLWKLQ�D�FLUFXLW�QHWZRUN� 
· WKH�UHODWLRQVKLS�EHWZHHQ�FXUUHQW��YROWDJH�DQG�UHVLVWDQFH�LQ�VLPSOH�'&�DQG�$&�FLUFXLWV� 
· WKH�UHODWLRQVKLSV�EHWZHHQ�SRZHU��YROWDJH��FXUUHQW��UHVLVWDQFH��HQHUJ\�DQG�WLPH 
· WKH�UHODWLRQVKLS�EHWZHHQ�UHVLVWDQFH��UHDFWDQFH�DQG�LPSHGDQFH�LQ�DQ�$&�FLUFXLW� 
· WKH�UHODWLRQVKLS�EHWZHHQ�FKDUJH��YROWDJH�DQG�FDSDFLWDQFH� 
· WKH�UHODWLRQVKLS�EHWZHHQ�PRWLRQ��FXUUHQW�IORZ�DQG�LQGXFHG�HPI� 
· WKH�UHODWLRQVKLS�EHWZHHQ�UHDFWDQFH��IUHTXHQF\�DQG�FDSDFLWDQFH��RU�LQGXFWDQFH�� 
· WKH�EHKDYLRXU�RI�D�VHULHV�UHVRQDQW�/-&-5�FLUFXLWV� 
· WKH�UHODWLRQVKLS�EHWZHHQ�4-IDFWRU�DQG�EDQGZLGWK� 
· WKH�UHODWLRQVKLS�EHWZHHQ�WXUQV�UDWLR��YROWDJH�UDWLR�DQG�FXUUHQW�UDWLR�IRU�DQ�LGHDO�WUDQVIRUP�
HU 

· WKH�EHKDYLRXU�RI�D�GLRGH�ZKHQ�IRUZDUG�DQG�UHYHUVH�ELDVHG� 
· WKH�RSHUDWLRQ�RI�VLPSOH�KDOI-ZDYH�DQG�IXOO-ZDYH��EULGJH��UHFWLILHUV� 

3ULRU�.QRZOHGJH 
 6WXGHQWV�VKRXOG�KDYH�SUHYLRXVO\�VWXGLHG��RU�VKRXOG�EH�FRQFXUUHQWO\�VWXG\LQJ��0RGXOH���
�0DWKHPDWLFV��DQG�0RGXOH����3K\VLFV��RU�VKRXOG�KDYH�HTXLYDOHQW�NQRZOHGJH�DW�/HYHO��� 

7XWRU¶V�QRWHV 
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:KDW�VWXGHQWV�ZLOO�QHHG�� 
 6WXGHQWV�QHHG�WKH�HTXLSPHQW�VKRZQ�LQ�WKH�WDEOH��WRJHWKHU�ZLWK�WKH�IROORZLQJ�LWHPV�RI�WHVW�HTXLSPHQW� 
 · ��GLJLWDO�PXOWLPHWHU · ��RVFLOORVFRSH��VLQJOH�RU�GXDO�WUDFH� · ��DXGLR�IUHTXHQF\�VLJQDO�JHQHUDWRU�ZLWK�ORZ-LPSHGDQFH�RXWSXW��SUHIHUDEO\���ȍ��RU�OHVV�� 
 ,Q�DGGLWLRQ��VWXGHQWV�PD\�QHHG��D�VPDOO�VXSSO\�RI�WKLQ�FDUG�DQG�WZR�DOXPLQLXP�SODWHV�LQ�RUGHU�WR�FRPSOHWH�:RUNVKHHW�����RSWLRQDO���$�PXOWLPHWHU�ZLWK�D�FDSDFLWDQFH�UDQJH�ZLOO�DOVR�EH�UHTXLUHG�IRU�WKLV�LQYHVWLJDWLRQ�� 
 3RZHU�VRXUFH� 7KH�PDMRULW\�RI�WKH�LQYHVWLJDWLRQV�LQ�WKLV�ZRUNERRN�UHTXLUH�D�'&�SRZHU�VRXUFH�VXFK�DV�WKH�+3������ZKLFK�LV�DQ�DGMXVWDEOH�'&�SRZHU�VXSSO\�RIIHULQJ�RXWSXW�YROWDJHV�RI��9�����9���9�����9���9�RU�����ZLWK�FXUUHQWV�W\SLFDOO\�XS�WR��$� 
 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�WKHPVHOYHV��RU�PD\�DOORZ�VWXGHQWV�WR�PDNH�QHFHVVDU\�FKDQJHV� 
 7KH�WZR�SRZHU�VXSSO\�ZRUNVKHHWV�UHTXLUH�WKH�XVH�RI�DQ���9��$�$&�VXSSO\�VXFK�DV�WKH�+3������7KLV�LV�D�IL[HG�YROWDJH�VXSSO\��$OWHUQDWLYH�YHUVLRQV�DUH�DYDLODEOH�IRU�XVH�LQ�(XURSH�DQG�WKH�86$�   
  

/RFNWURQLFV�+3�����SRZHU�VXSSO\� VKRZLQJ�YROWDJH�VHOHFWRU� 

4W\ &RGH 'HVFULSWLRQ 
� +3���� 3ODVWLF�WUD\ 
� +3���� 3RZHU�VXSSO\ 
� +3���� 7UD\�/LG 
� +3���� 'HHS�WUD\ 
� +3���� 'DXJKWHU�WUD\�IRDP�FXWRXW 
� +3���� 'DXJKWHU�WUD\�IRDP�FXWRXW 
� +3���� ��PP�GDXJKWHU�WUD\ 
� +3���� ��PP�GDXJKWHU�WUD\ 
� /.���� 6PDOO�EDU�PDJQHW 
� /.���� $&�YROWDJH�VRXUFH�FDUULHU 
� /.���� 0(6�EXOE����9�����$ 
� /.���� 9ROWPHWHU���9�WR���9 
� /.���� /RFNWURQLFV�8VHU�*XLGH 
� /.���� 5HVLVWRU������RKP���:������',1� 
� /.���� &DSDFLWRU��������X)��(OHFWURO\WLF���9 
� /.���� 7UDQVIRUPHU������WXUQV�UDWLR 
� /.���� 5HVLVWRU���N�����:������',1� 
� /.���� 5HVLVWRU����N�����:������',1� 
� /.���� 5HVLVWRU������RKP�����:������',1� 
� /.���� 5HVLVWRU������RKP�����:������',1� 
� /.���� 3RWHQWLRPHWHU������RKP��',1� 
� /.���� &DSDFLWRU����X)��(OHFWURO\WLF����9 
� /.���� 'LRGH��JHUPDQLXP 
� /.���� 'LRGH��SRZHU���$����9 
�� /.���� &RQQHFWLQJ�/LQN 
� /.���� %ULGJH�UHFWLILHU 
� /.���� /DPSKROGHU��0(6 
� /.���� 3DLU�RI�OHDGV��UHG�DQG�EODFN�����PP���PP�WR�FURF�FOLS 
� /.���� /HDG��\HOORZ�����PP���PP�WR��PP�VWDFNDEOH 
� /.���� /HDG��EOXH�����PP���PP�WR��PP�VWDFNDEOH 
� /.���� &DSDFLWRU�����X)��(OHFWURO\WLF����9 
� /.���� &DSDFLWRU��������X)��(OHFWURO\WLF����9 
� /.���� &DSDFLWRU����X)��3RO\HVWHU 
� /.���� 6ZLWFK��SXVK�WR�PDNH��PHWDO�VWULS 
� /.���� 5HVLVWRU����N�����:������',1� 
� /.����5� &KRNH����P+ 
� /.���� 5HVLVWRU�����N�����:������',1� 
� /.���� &DSDFLWRU������X)��(OHFWURO\WLF����9 
� /.���� &XUULFXOXP�&'�520 
� /.���� $$�EDWWHU\�KROGHU�FDUULHU 
� /.���� ����WUDQVIRUPHU�ZLWK�UHWUDFWDEOH�IHUULWH�FRUH 
� /.���� 3RZHU�VXSSO\�FDUULHU�ZLWK�EDWWHU\�V\PERO 
� /.���� ��[���PHWULF�EDVHERDUG�ZLWK��PP�SLOODUV 
� /.���� $PPHWHU���P$�WR����P$ 
� /.���� ����7XUQ�FRLO�FDUULHU 
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8VLQJ�WKLV�FRXUVH�� 
 ,W�LV�H[SHFWHG�WKDW�WKH�ZRUNVKHHWV�DUH�SULQWHG���SKRWRFRSLHG��SUHIHUDEO\�LQ�FRORXU��IRU�WKH� 
VWXGHQWV¶�XVH��6WXGHQWV�VKRXOG�UHWDLQ�WKHLU�RZQ�FRS\�RI�WKH�HQWLUH�ZRUNERRN�� 
 :RUNVKHHWV�XVXDOO\�FRQWDLQ� 

· DQ�LQWURGXFWLRQ�WR�WKH�WRSLF�XQGHU�LQYHVWLJDWLRQ� 
· 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�µ)RU�<RXU�5HFRUGV¶�ZKLFK�SURYLGHV�LPSRUWDQW�VXPPDU\�LQIRUPDWLRQ�WKDW�
VWXGHQWV�VKRXOG�UHWDLQ�IRU�IXWXUH�UHIHUHQFH� 

 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�WKH�OHDUQHU�WR�DVVHVV�WKHLU�JUDVS�RI�WKH�LGHDV�LQYROYHG�LQ�WKH�H[HUFLVHV�WKDW�LW�FRQWDLQV� 
 )LQDOO\��D�VHW�RI�PXOWLSOH�FKRLFH�UHYLVLRQ�TXHVWLRQV�KDV�EHHQ�SURYLGHG�WR�FRQFOXGH�WKH�ZRUN�LQ�
WKLV�XQLW��7KHVH�TXHVWLRQV�DUH�RI�PL[HG�GLIILFXOW\�DQG�DUH�GHVLJQHG�WR�KHOS�VWXGHQWV�LGHQWLI\�
WRSLFV�ZKLFK�PLJKW�QHHG�PRUH�ZRUN��,W�LV�UHFRPPHQGHG�WKDW�VWXGHQWV�VKRXOG�DWWHPSW�WKHVH�
TXHVWLRQV�XQGHU�H[DPLQDWLRQ�FRQGLWLRQV�DQG�ZLWKRXW�WKH�XVH�RI�QRWHV� 
 
 7LPH�� 
 ,W�ZLOO�WDNH�PRVW�VWXGHQWV�EHWZHHQ�HOHYHQ�DQG�HLJKWHHQ�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�LQ�D�VHOI-VWXG\�HQYLURQPHQW�� 
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:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  ,Q�WKH�ILUVW�ZRUNVKHHW��VWXGHQWV�LQYHVWLJDWH�WKH�VHULHV�DQG�SDUDOOHO�FRQQHFWLRQ�RI�FHOOV�LQ�RUGHU�WR�SURGXFH�EDWWHULHV��%HIRUH�WKLV��VWXGHQWV�VKRXOG�EH�LQWURGXFHG�WR�WKH�GLIIHUHQW�W\SHV�RI�FHOO�DQG�WR�WKH�GLVWLQFWLRQ�EHWZHHQ�SULPDU\�DQG�VHFRQGDU\�W\SHV��,W�LV�DOVR�LPSRUWDQW�IRU�VWXGHQWV�WR�NQRZ�WKH�EDVLF�FKDUDFWHULVWLFV�RI�VHYHUDO�RI�WKH�PRVW�FRPPRQ�W\SHV�RI�FHOO��LQFOXGLQJ�OHDG-DFLG��DONDOLQH��QLFNHO-FDGPLXP�DQG�]LQF-FDUERQ�W\SHV�� 

 6HULHV�DQG�SDUDOOHO�FRQQHFWLRQ�RI�EDWWHULHV�VKRXOG�EH�GHVFULEHG�WRJHWKHU�ZLWK�UHSUHVHQWDWLYH�FLUFXLW�GLDJUDPV��6WXGHQWV�QHHG�WR�EH�DZDUH�WKDW�WKH�VDPH�ORDG�FXUUHQW�IORZV�WKURXJK�DOO�FHOOV�LQ�D�VHULHV-FRQQHFWHG�EDWWHU\�EXW�LV�VKDUHG�EHWZHHQ�WKH�FHOOV�LQ�WKH�FDVH�RI�D�SDUDOOHO-FRQQHFWHG�EDWWHU\� 
 6WXGHQWV�DUH�DVNHG�WR�FRQVWUXFW�WKUHH�DUUDQJHPHQWV�RI�VHULHV-FRQQHFWHG�FHOOV�DQG�WKUHH�DUUDQJHPHQWV�RI�SDUDOOHO-FRQQHFWHG�FHOOV��%\�FRPSDULQJ�WKH�PHDVXUHG�YROWDJHV��WKH\�FRQILUP�ZKDW�WKH\�KDYH�SUHYLRXVO\�OHDUQHG�DERXW�VHULHV�DQG�SDUDOOHO�FRPELQDWLRQ�RI�LQGLYLGXDO�FHOOV�  

 
 ���-��� PLQXWHV  

  � 
 7KLV�ZRUNVKHHW�LQWURGXFHV�VWXGHQWV�WR�WKH�XVH�RI�D�PXOWLPHWHU�WR�PHDVXUH�WKH�FXUUHQW�IORZLQJ�LQ�D�FLUFXLW��:KHUH�PXOWLPHWHUV�DUH�QRW�DYDLODEOH��WXWRUV�PD\�ZLVK�WR�XVH�GLVFUHWH�PHWHUV�EXW�WKHVH�PXVW�EH�RI�FRPSDUDEOH�VHQVLWLYLW\� 
 0XOWLPHWHUV�DUH�LQ�ZLGHVSUHDG�XVH�EHFDXVH�RI�WKHLU�ORZ�FRVW�DQG�YHUVDWLOLW\��$OWKRXJK�WKH\�GLIIHU�LQ�WHUPV�RI�WKH�IXQFWLRQV�WKH\�RIIHU�DQG�WKH�SUHFLVH�GHWDLOV�RI�WKHLU�VWUXFWXUH��WKH�EURDG�SULQFLSOHV�DUH�WKH�VDPH��+HUH�ZH�ORRN�DW�WKHLU�XVH�WR�PHDVXUH�FXUUHQW��DPPHWHU�IXQFWLRQ��DQG�ODWHU�YROWDJH��YROWPHWHU�IXQFWLRQ��� 
 :H�DGGUHVV�WKH�GLVWLQFWLRQ�EHWZHHQ�'&�UDQJHV�DQG�$&�UDQJHV��ZLWKRXW�JRLQJ�LQWR�GHWDLO�DERXW�'&�DQG�$&�� 
 %HZDUH��,W�LV�FRPPRQ�WR�ILQG�WKDW�WKH�DPPHWHU�VHWWLQJV�DUH�SURWHFWHG�E\�DQ�LQWHUQDO�IXVH��7KLV�LV�IUHTXHQWO\�µEORZQ¶�EHFDXVH�VWXGHQWV�VZLWFK�RQ�WKH�PXOWLPHWHU��FRQQHFWHG�DV�D�YROWPHWHU��ZLWK�WKH�GLDO�WXUQHG�WR�D�FXUUHQW�UDQJH��7HDFKHUV�VKRXOG�FKHFN�DOO�IXVHV�SULRU�WR�WKLV�H[HUFLVH��DQG�EH�SUHSDUHG�ZLWK�D�VXSSO\�RI�UHSODFHPHQW�IXVHV�� 
 7KH�DLP�RI�WKH�H[HUFLVHV�LV�WR�VSRW�WKH�SDWWHUQ�IRU�FXUUHQW�IORZ�-�WKDW�WKH�WRWDO�FXUUHQW�OHDYLQJ�DQ\�MXQFWLRQ�LQ�WKH�FLUFXLW�LV�HTXDO�WR�WKH�WRWDO�FXUUHQW�HQWHULQJ�WKH�MXQFWLRQ���&RPSDUH�WKLV�ZLWK�WUDIILF�DW�D�URDG�MXQFWLRQ��ZKHUH�FUDVKHV�DQG�SDUNLQJ�FDQ�OHDG�WR�D�GLIIHUHQW�UHVXOW�� 
 7KH�ZRUNVKHHW�HQGV�ZLWK�DQ�DGGLWLRQDO�H[HUFLVH�DQG�TXHVWLRQV��UHTXLULQJ�VWXGHQWV�WR�DSSO\�WKH�FXUUHQW�UXOH�WKDW�WKH\�GLVFRYHUHG�LQ�WKH�LQYHVWLJDWLRQ� 

  ���-��� PLQXWHV  
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:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  7KLV�ZRUNVKHHW�PLUURUV�WKH�VWUXFWXUH�RI�WKH�ODVW�RQH��EXW�ORRNV�DW�PHDVXULQJ�YROWDJH�UDWKHU�WKDQ�FXUUHQW�� 

 7KH�SRLQW�LV�PDGH�LQ�WKH�LQWURGXFWLRQ��WKDW�LW�LV�UHODWLYHO\�HDV\�WR�YLVXDOLVH�DQ�HOHFWULF�FXUUHQW�-�PLOOLRQV�RI�HOHFWURQV�VORZO\�VTXHH]LQJ�WKHLU�ZD\�DORQJ�D�ZLUH��OLNH�FURZGV�RI�SHRSOH�LQ�D�VKRSSLQJ�PDOO��EXW�WKDW�LW�LV�PRUH�GLIILFXOW�WR�YLVXDOLVH�YROWDJH��,W�LV�D�WRSLF�ZH�UHWXUQ�WR�LQ�D�ODWHU�ZRUNERRN�� 
 )RU�WKH�SUHVHQW��WKH�H[HUFLVH�FRQFHQWUDWHV�RQ�PHDVXULQJ�YROWDJH��UDWKHU�WKDQ�GHILQLQJ�LW��6WXGHQWV�XVH�D�PXOWLPHWHU�IRU�WKLV��E\�FRQQHFWLQJ�LW�LQ�SDUDOOHO�ZLWK�WKH�VHFWLRQ�RI�WKH�FLUFXLW�XQGHU�LQYHVWLJDWLRQ�� 
 7KH�FLUFXLW�GLDJUDP�DW�WKH�WRS�RI�WKH�VHFRQG�SDJH�RI�WKH�ZRUNVKHHW�VKRZV�WKUHH�YROWPHWHUV��7KH�VWXGHQW�GRHV�QRW�QHHG�WKUHH��EXW�FDQ�PRYH�RQH�IURP�RQH�YROWPHWHU�SRVLWLRQ�WR�WKH�QH[W�WR�WDNH�WKH�WKUHH�UHDGLQJV� 
 $JDLQ��VWXGHQWV�DUH�DVNHG�WR�ORRN�IRU�D�SDWWHUQ�LQ�WKHLU�UHVXOWV��7KLV�LV�WKDW�WKH�WRWDO�RI�WKH�YROWPHWHU�UHDGLQJV�LQ�DQ\�ORRS�RI�WKH�FLUFXLW�LV�HTXDO�WR�WKH�SRZHU�VXSSO\��RU�EDWWHU\��YROWDJH�� 
 7KH�ZRUNVKHHW�HQGV�ZLWK�DQ�H[HUFLVH�DQG�TXHVWLRQV��UHTXLULQJ�VWXGHQWV�WR�DSSO\�WKH�YROWDJH�UXOH�  

 
 ���-��� PLQXWHV  

  �  7KLV�ZRUNVKHHW�IRFXVHV�RQ�2KP¶V�/DZ��,W�DOVR�LQWURGXFHV�WKH�XVH�RI�D�SRWHQWLRPHWHU�DV�D�VLPSOH�YDULDEOH�YROWDJH�VRXUFH��6WXGHQWV�PLJKW�QHHG�KHOS�LQ�VHWWLQJ�XS�WKH�FLUFXLW��$�SLFWXUH�LV�SURYLGHG�WR�DVVLVW�ZLWK�WKLV�� 
 7KH�LQVWUXFWLRQV�UHIHU�WR�XVH�RI�DQ�DPPHWHU�DQG�D�YROWPHWHU��:KLOH�LW�LV�SRVVLEOH�WR�XVH�D�VLQJOH�PXOWLPHWHU�WR�GR�ERWK�MREV��LW�LV�HDVLHU�LI�HDFK�VWXGHQW�KDV�DFFHVV�WR�WZR�PXOWLPHWHUV��,I�XVLQJ�RQO\�RQH��RQFH�WKH�FXUUHQW�LV�PHDVXUHG��D�FRQQHFWLQJ�OLQN�PXVW�UHSODFH�WKH�DPPHWHU��ZKLOH�WKH�PXOWLPHWHU�LV�DFWLQJ�DV�D�YROWPHWHU�� 
 7KH�YROWDJH�DGMXVWPHQW�LV�GHOLFDWH��DQG�VWXGHQWV�VKRXOG�EH�HQFRXUDJHG�WR�KDYH�SDWLHQFH�ZKHQ�VHWWLQJ�LW�WR�WKH�YDOXHV�JLYHQ�LQ�WKH�WDEOH� 
 ,Q�UHDOLW\��2KP¶V�/DZ�DSSOLHV�RQO\�ZKHQ�D�YHU\�VSHFLILF�VHW�RI�FLUFXPVWDQFHV�DSSO\��,Q�SDUWLFXODU��WKH�WHPSHUDWXUH�RI�WKH�FRQGXFWRU���D�UHVLVWRU�LQ�WKLV�FDVH���PXVW�QRW�FKDQJH��$V�WKH�FXUUHQW�WKURXJK�LW�LQFUHDVHV��WKH�UHVLVWRU�JHWV�KRW��:H�DWWHPSW�WR�OLPLW�WKLV�E\�VSHFLI\LQJ�D�PD[LPXP�RI����9�DFURVV�WKH�UHVLVWRU��7KH�VWXGHQWV�SORW�D�JUDSK�RI�WKHLU�UHVXOWV��DQG�FDQ�XVH�LW�WR�REWDLQ�D�YDOXH�IRU�WKH�UHVLVWDQFH�RI�WKH�UHVLVWRU� 
 7KH�QH[W�VHFWLRQ�LQWURGXFHV�WKH�UHVLVWRU�FRORXU�FRGH��7XWRUV�VKRXOG�VSHQG�WLPH�JLYLQJ�IXUWKHU�H[DPSOHV�RI�LWV�XVH�� 
 $�JXLGH�RQ�XVLQJ�D�PXOWLPHWHU�WR�PHDVXUH�UHVLVWDQFH�IROORZV���7KH�PRVW�LPSRUWDQW�DVSHFW�RI�WKLV�LV�WKDW�WKLV�FDQQRW�EH�GRQH�µLQ-FLUFXLW¶��7KH�FRPSRQHQW�PXVW�EH�UHPRYHG�IURP�WKH�FLUFXLW�IRU�WKH�PHDVXUHPHQW� 
 7KH�ZRUNVKHHW�HQGV�ZLWK�TXHVWLRQV�RQ�XVLQJ�2KP¶V�/DZ�IRUPXODH��DQG�RQ�DSSO\LQJ�WKH�UHVLVWRU�FRORXU�FRGH��VHH�,QWHUPHGLDWH�(OHFWURQLFV��/.������IRU�D�FRORXU�FKDUW�IRU�WKH�IRXU-EDQG�UHVLVWRU�FRORXU�FRGH��� 

  ���-��� PLQXWHV  
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:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  7KLV�LQYHVWLJDWLRQ�LQWURGXFHV�VWXGHQWV�WR�VHULHV�DQG�SDUDOOHO�FLUFXLWV�� $V�EHIRUH��WKLV�LQYROYHV�VLPLODU�PXOWLPHWHU�VNLOOV��DQG�SLWIDOOV��,QVWUXFWRUV�VKRXOG�DJDLQ�EH�DZDUH�RI�WKH�LQWHUQDO�IXVH�LVVXH� 

 7KH�WUHDWPHQW�FRPSDUHV�PHDVXUHG�YDOXHV�ZLWK�FDOFXODWHG�RQHV��,QVWUXFWRUV�PLJKW�GHFLGH�DW�WKLV�SRLQW�WR�GLVFXVV�FRPSRQHQW��DQG�LQVWUXPHQW�WROHUDQFH��,QVSHFWLRQ�RI�WKH�UHVLVWRUV�EHQHDWK�WKH�FDUULHUV�ZLOO�VKRZ�WKHP�WR�KDYH�HLWKHU����RU����WROHUDQFH��0HDVXULQJ�LQVWUXPHQWV�KDYH�D�UDQJH�RI�DFFXUDFLHV��GHSHQGLQJ�RQ�ZKDW�VFDOH�WKH\�DUH�RQ��:KHUH�DYDLODEOH��VWXGHQWV�FRXOG�EH�GLUHFWHG�WR�PDQXIDFWXUHU¶V�GDWD� 
 7KH�ZRUNVKHHW�HQGV�ZLWK�D�QHWZRUN�IRU�VWXGHQWV�WR�DQDO\VH��7KH�RXWFRPH�RI�WKHLU�FDOFXODWLRQV�ZLOO�LQGLFDWH�KRZ�ZHOO�WKH\�KDYH�DVVLPLODWHG�WKH�FRQWHQWV�RI�WKH�HDUOLHU�ZRUNVKHHWV� 
 

 
 ���-��� PLQXWHV  

 �  9ROWDJH�GLYLGHUV�DUH�D�YHU\�LPSRUWDQW�LQ�HOHFWULFLW\�DQG�HOHFWURQLFV�DV�WKH\�IRUP�WKH�EDVLV�IRU�PDQ\�VHQVLQJ�VXEV\VWHPV��VXFK�DV�OLJKW-VHQVLQJ�XQLWV� 
 7KH\�FDQ�DOVR�DSSHDU�GLIILFXOW�WR�VWXGHQWV��7KH�DLP�KHUH�LV�WR�RYHUFRPH�WKDW�DXUD�RI�GLIILFXOW\�E\�UHGXFLQJ�WKH�WUHDWPHQW�WR�WZR�VLPSOH�VWDJHV� 
 · WKH�VXP�RI�WKH�YROWDJHV�DFURVV�WKH�FRPSRQHQWV�HTXDOV�WKH�VXSSO\�YROWDJH� · WKH�ELJJHU�WKH�UHVLVWDQFH�RI�D�FRPSRQHQW��WKH�ELJJHU�LWV�VKDUH�RI�WKH�VXSSO\�YROWDJH���-�LI�RQH�UHVLVWRU�KDV�IRXU�WLPHV�WKH�UHVLVWDQFH�RI�WKH�RWKHU��LW�JHWV�IRXU�WLPHV�DV�PXFK�YROWDJH� 
 7KLV�DSSURDFK�LV�WHVWHG�ZLWK�WKUHH�GLIIHUHQW�SDLUV�RI�UHVLVWRUV��DQG�XVLQJ�WZR�VXSSO\�YROWDJHV�� 
 7KH�RXWSXW�YROWDJH�GHSHQGV�RQO\�WKH�VXSSO\�YROWDJH�DQG�WKH�UHODWLYH�VL]H�RI�WKH�UHVLVWRUV���QRW�WKHLU�DEVROXWH�UHVLVWDQFH���VR�WKDW�D��YROWDJH�GLYLGHU�PDGH�IURP�D��ȍ�DQG�D��ȍ�UHVLVWRU�EHKDYHV�PXFK�OLNH�RQH�PDGH�IURP�D��0ȍ�DQG�D��0ȍ�UHVLVWRU�� 
 +RZHYHU��WKH�DEVROXWH�YDOXHV�RI�UHVLVWDQFH�DUH�LPSRUWDQW�LQ�WZR�ZD\V� 
� · 8VLQJ�YHU\�ORZ�YDOXHV�RI�UHVLVWDQFH�LQFUHDVHV�WKH�FXUUHQW�IORZLQJ�WKURXJK�WKH�YROWDJH�GLYLGHU��DQG�LQFUHDVHV�WKH�SRZHU�GLVVLSDWLRQ�LQ�WKH�UHVLVWRUV��7KLV�LV�XVXDOO\�XQGHVLUDEOH�� 
 · :KHQ�DQRWKHU�VXEV\VWHP��ZKLFK�GUDZV�DQ�DSSUHFLDEOH�FXUUHQW���LV�FRQQHFWHG�WR�WKH�YROWDJH�GLYLGHU�RXWSXW��WKLV�H[WUD�ORDGLQJ�FDQ�FKDQJH�WKH�RXWSXW�YROWDJH�RI�WKH�YROWDJH�GLYLGHU��7KLV�H[WUD�FXUUHQW�IORZV�WKURXJK�WKH�XSSHU�UHVLVWRU�EXW�QRW�WKH�ORZHU�UHVLVWRU�LQ�WKH�YROWDJH�GLYLGHU��$�XVHIXO�UXOH�RI�WKXPE�VD\V�WKDW�WKH�FXUUHQW�IORZLQJ�WKURXJK�WKH�XQFRQQHFWHG�YROWDJH�GLYLGHU�VKRXOG�EH�DW�OHDVW�WHQ�WLPHV�ELJJHU�WKDQ�WKH�FXUUHQW�WKDW�ZLOO�EH�GUDZQ�IURP�LW�ZKHQ�WKH�QH[W�VXEV\VWHP�LV�FRQQHFWHG�WR�LWV�RXWSXW� 
 ,W�PD\�EH�ZRUWK�GLVFXVVLQJ�WKHVH�SRLQWV�ZLWK�WKH�VWXGHQWV�RQFH�WKH\�KDYH� FRPSOHWHG�WKLV�H[HUFLVH� 

  ���-��� PLQXWHV  



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 �  7KLV�ZRUNVKHHW�LQYHVWLJDWHV�FXUUHQW�GLYLGHU�FLUFXLWV��DQG�FRPSDUHV�DQG�FRQWUDVWV�WKHLU�EHKDYLRXU�ZLWK�WKDW�MXVW�VWXGLHG�IRU�YROWDJH�GLYLGHUV�� 

 &XUUHQW�GLYLGHUV�GR�QRW�KDYH�DV�PDQ\�REYLRXV�DSSOLFDWLRQV�DV�YROWDJH�GLYLGHUV��WKRXJK�WKH\�DUH�XVHG�LQ�FXUUHQW�PHDVXUHPHQW��,W�LV�RIWHQ�XVHIXO�WR�PHDVXUH�RQO\�D�IL[HG�SRUWLRQ�RI�WKH�WRWDO�FXUUHQW��DQG�IURP�WKDW�GHGXFH�WKH�WRWDO�FXUUHQW�IORZLQJ��)RU�H[DPSOH��LI�D�FXUUHQW�GLYLGHU�VHQGV�����RI�WKH�WRWDO�FXUUHQW�WKURXJK�DQ�DPPHWHU��ZKLFK�WKHQ�UHJLVWHUV�D�FXUUHQW�RI����$��WKHQ�WKH�WRWDO�FXUUHQW�IORZLQJ�ZDV���$� 
 ,Q�DQ�DSSURDFK�SDUDOOHO�WR�WKDW�XVHG�IRU�YROWDJH�GLYLGHUV��WKH�WUHDWPHQW�ORRNV�DW�WZR�VLPSOH�LGHDV� · WKH�VXP�RI�WKH�FXUUHQWV�WKURXJK�WKH�FRPSRQHQWV�HTXDOV�WKH�VXSSO\�FXUUHQW� · WKH�ELJJHU�WKH�UHVLVWDQFH�RI�D�FRPSRQHQW��WKH�VPDOOHU�LWV�VKDUH�RI�WKH�FXUUHQW��VR�WKDW�LI�RQH�UHVLVWRU�KDV�IRXU�WLPHV�WKH�UHVLVWDQFH�RI�WKH�RWKHU��LW�SDVVHV�D�FXUUHQW�IRXU�WLPHV�VPDOOHU�  

 
 ���-��� PLQXWHV  

 �  7KLV�ZRUNVKHHW�ORRNV�DW�WZR�YHU\�LPSRUWDQW��EXW�VWUDLJKWIRUZDUG��UXOHV�RI�HOHFWULFLW\��NQRZQ�DV�.LUFKKRII¶V�ODZV��,Q�WKH�OLJKW�RI�PRGHUQ�NQRZOHGJH�DERXW�HOHFWULFLW\��WKHVH�DUH�OHVV�LPSUHVVLYH�WKDQ�WKH\�ZRXOG�KDYH�DSSHDUHG�LQ������ZKHQ�WKH\�ZHUH�ILUVW�IRUPXODWHG��1HYHUWKHOHVV��WKH\�RIIHU�YDOXDEOH�WRROV�IRU�DQDO\VLQJ�QHWZRUNV�RI�FRPSRQHQWV� 
 7KH�FXUUHQW�ODZ�VWDWHV�WKDW�WKH��YHFWRU��VXP�RI�WKH�FXUUHQWV�DW�DQ\�SRLQW�LQ�D�FLUFXLW��LV�]HUR��RU�LQ�RWKHU�ZRUGV��WKH�WRWDO�FXUUHQW�IORZLQJ�RXW�RI�DQ\�MXQFWLRQ�LV�HTXDO�WR�WKH�WRWDO�FXUUHQW�IORZLQJ�LQWR�WKH�MXQFWLRQ��,W�PD\�QHHG�WR�EH�VWUHVVHG�WR�VWXGHQWV�WKDW�LW�LV�YLWDO�WR�WDNH�LQWR�DFFRXQW�WKH�GLUHFWLRQ�LQ�ZKLFK�D�FXUUHQW�LV�IORZLQJ��DV�ZHOO�DV�LWV�PDJQLWXGH��ZKHQ�DSSO\LQJ�.LUFKKRII¶V�UXOH��:H�FDQ�QRZ�VD\�WKDW�LW�LV�D�FRQVHTXHQFH�RI�WKH�FRQVHUYDWLRQ�RI�FKDUJH��RU��LQ�RWKHU�ZRUGV��WKDW�HOHFWURQV�DUH�QHLWKHU�FUHDWHG�QRU�GHVWUR\HG�DV�WKH\�IORZ�DURXQG�D�FLUFXLW� 
 7KH�YROWDJH�ODZ�VD\V�WKDW�DURXQG�DQ\�ORRS�LQ�D�FLUFXLW��DQ\�SRVVLEOH�SDWK�WKDW�DQ�HOHFWURQ�PD\�IORZ�DURXQG���WKH�VXP�RI�WKH�HPI¶V��HQHUJ\�JLYHQ��WR�WKH�HOHFWURQV���LV�HTXDO�WR�WKH�VXP�RI�WKH�SG¶V��HQHUJ\�WDNHQ��IURP�WKH�HOHFWURQV����,Q�RWKHU�ZRUGV��LQ�D�VHULHV�FLUFXLW�FRQVLVWLQJ�RI�D��9�EDWWHU\�DQG�WZR�UHVLVWRUV���VR�WKDW�WKHUH�LV�RQO\�RQH�SRVVLEOH�ORRS���WKH�VXP�RI�WKH�YROWDJHV�DFURVV�WKH�UHVLVWRUV��ZKLFK�WDNH�HQHUJ\�IURP�WKH�HOHFWURQV�DQG�KHDW�XS�LQ�WKH�SURFHVV��-�WKH�SG¶V��LV�HTXDO�WR��9���WKH�HQHUJ\��ZKLFK�WKH�EDWWHU\�JLYHV�WR�WKH�HOHFWURQV�-�WKH�HPI���,Q�UHDOLW\��WKLV�UXOH�LV�VLPSO\�D�UHVWDWHPHQW�RI�WKH�FRQVHUYDWLRQ�RI�HQHUJ\� 
 7KH�LQYHVWLJDWLRQ�ORRNV�DW�ERWK�WKHVH�DVSHFWV��DQG�WDNHV�PHDVXUHPHQWV�WR�MXVWLI\�WKHP�� 

  ���-��� PLQXWHV  



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

7XWRU¶V�QRWHV 
 
:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 

 �  6WXGHQWV�VKRXOG�DSSUHFLDWH�WKH�UHODWLRQVKLS�EHWZHHQ�HQHUJ\��SRZHU��DV�WKH�UDWH�DW�ZKLFK�HQHUJ\�LV�XVHG���YROWDJH��FXUUHQW�DQG�WLPH��7KH�LQWURGXFWLRQ�XVHV�WKUHH�NH\�IDFWV��GHILQLWLRQV��WR�DUULYH�DW�WKH�UHODWLRQVKLS�3� �,�î�9�� 
 7KH�LQYHVWLJDWLRQ�LQWR�WKUHH�FLUFXLWV�LV�GHVLJQHG�WR�JLYH�VWXGHQWV�H[SHULHQFH�RI�HOHFWULFDO�FDOFXODWLRQV�LQ�WKH�FRQWH[W�RI�DFWXDO�FLUFXLWV�� 
 7KH�TXHVWLRQV�ZLOO�SURYLGH�VWXGHQWV�ZLWK�SUDFWLFH�LQ�DSSO\LQJ�WKH�SULQFLSOHV�RI�SRZHU�DQG�HQHUJ\�LQ�UHODWLRQVKLS�WR�SUDFWLFDO�SRZHU�GLVWULEXWLRQ�V\VWHPV�� 
 

 
 ���-��� PLQXWHV  

  ��  7KH�ILUVW�ZRUNVKHHW�RQ�FDSDFLWRUV�LV�RSWLRQDO��7KH�PDWHULDOV�IRU�WKLV�DUH�127�LQFOXGHG�LQ�WKH�/RFNWURQLFV�NLW��DV�WKH�HVVHQFH�RI�WKH�LQYHVWLJDWLRQ�LV�WKDW�LW�XVHV�HYHU\GD\�PDWHULDOV�� 
 7KH�LQYHVWLJDWLRQ��DV�GHVFULEHG��XVHV�DOXPLQLXP�SODWHV��VHSDUDWHG�E\�FDUGERDUG��EXW�HTXDOO\��LW�FRXOG�XVH�DOXPLQLXP�NLWFKHQ�IRLO��DQG�NLWFKHQ�IRRG�ZUDSSLQJ�VXFK�DV�¶&OLQJ)LOP¶����&RPPHUFLDOO\�SURGXFHG�FDSDFLWRUV�DUH�P\VWHULRXV�SDFNDJHV�WKDW�KLGH�DQ\�GHWDLOV�RI�LQQHU�VWUXFWXUH�� 
 6WXGHQWV�LQYHVWLJDWH�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�D�VLPSOH�SDUDOOHO�SODWH�FDSDFLWRU��FRQVWUXFWHG�IURP�WZR�VTXDUH�DOXPLQLXP�SODWHV�ZLWK�DUHD�RI�DURXQG���FP���7KH�SODWHV�DUH�VHSDUDWHG�E\�RQH�RU�PRUH�VTXDUHV�RI�FDUG��HDFK�KDYLQJ�D�WKLFNQHVV�RI�DURXQG����PP��7KH�DUUDQJHPHQW�PXVW�EH�NHSW�IODW�WR�HQVXUH�WKDW�WKH�SODWHV�DUH�WUXO\�SDUDOOHO��7KH\�FDQ�EH�SODFHG�EHWZHHQ�WZR�JODVV�SODWHV��WKHQ�SODFHG�IODW�RQ�D�WDEOH��ZLWK�D�QRQ-PHWDOOLF�ZHLJKW���VXFK�DV�D�EDJ�RI�VXJDU���DSSOLHG�WR�WKH�XSSHU�JODVV�SODWH�� 
 7KH�FDSDFLWDQFH�RI�WKLV�DUUDQJHPHQW��ZLWK�RQH�VLQJOH�VKHHW�RI�FDUG��ZLOO�EH�DURXQG��Q)�DQG�VKRXOG�EH�HDVLO\�PHDVXUDEOH�XVLQJ�D�GLJLWDO�PXOWLPHWHU�ZLWK�D��Q)�RU���Q)�FDSDFLWDQFH�UDQJH�� 
 &DUH�VKRXOG�EH�WDNHQ�ZKHQ�DVVHPEOLQJ�WKH�DSSDUDWXV�WR�DYRLG�VKRUW�FLUFXLWV�DQG�DQ\�XQZDQWHG�VWUD\�FDSDFLWDQFH��� 
 

  ���-��� PLQXWHV  

 ��  +HUH�VWXGHQWV�LQYHVWLJDWH�WKH�FKDUJLQJ�DQG�GLVFKDUJLQJ�RI�D�FDSDFLWRU��7KH\�ILUVW�LQYHVWLJDWH�FDSDFLWRU�FKDUJLQJ�E\�FRQQHFWLQJ�D��9�'&�VXSSO\�WR�D�FDSDFLWRU�YLD�D�VHULHV�UHVLVWRU��$�SXVK-WR-PDNH�VZLWFK�LV�XVHG�WR�GLVFKDUJH�LW�SULRU�WR�PDNLQJ�PHDVXUHPHQWV��7KH�FDSDFLWRU�ZLOO�EHJLQ�WR�FKDUJH�DV�VRRQ�DV�WKH�VZLWFK�LV�UHOHDVHG��6WXGHQWV�QHHG�D�FORFN�RU�VWRSZDWFK�ZLWK�D�VZHHS�VHFRQG�KDQG�RU�GLJLWDO�VHFRQGV�GLVSOD\� 
 7KH�PHDVXUHPHQWV�DUH�UHSHDWHG�IRU�WKUHH�GLIIHUHQW�VHWV�RI�&-5�YDOXHV��7KH\�WKHQ�SORW�WKUHH�GLIIHUHQW�JUDSKV�IURP�ZKLFK�WR�PDNH�LQIHUHQFHV�DERXW�WKH�HIIHFW�RI�WLPH�FRQVWDQW��&î5��RQ�WKH�UDWH�RI�FKDUJLQJ� 
 6WXGHQWV�WKHQ�LQYHVWLJDWH�WKH�GLVFKDUJH�SURFHVV��1RZ�WKH�SXVK-WR-PDNH�VZLWFK�LV�ILUVW�FORVHG�LQ�RUGHU�WR�FKDUJH�WKH�FDSDFLWRU�IXOO\��DQG�WKHQ�UHOHDVHG�WR�VWDUW�WKH�GLVFKDUJH�SHULRG���2QFH�DJDLQ��PHDVXUHPHQWV�DUH�UHSHDWHG�IRU�WKUHH�GLIIHUHQW�VHWV�RI�&-5�YDOXHV��IURP�ZKLFK�WKUHH�GLIIHUHQW�JUDSKV�DUH�GUDZQ��7KH�VWXGHQWV�PDNH�LQIHUHQFHV�DERXW�WKH�UROH�RI�WLPH�FRQVWDQW��&î5��RQ�WKH�UDWH�DW�ZKLFK�WKH�FDSDFLWRU�LV�GLVFKDUJHG� 
 7KLV�ZRUNVKHHW�SURYLGHV�WKH�EDVLV�RI�D�XVHIXO�FODVV�GLVFXVVLRQ��RQ�IRU�H[DPSOH���MXVW�KRZ�ORQJ�LW�WDNHV�WR�FKDUJH�RU�GLVFKDUJH�D�FDSDFLWRU��0RUH�DEOH�VWXGHQWV�ZLOO�EHQHILW�IURP�DGGLWLRQDO�ZRUN�EDVHG�DURXQG�D�PDWKHPDWLFDO�DQDO\VLV�RI�FKDUJH�DQG�GLVFKDUJH�� 
 

 ���-��� PLQXWHV  



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
  ��  7KLV�SUDFWLFDO�H[HUFLVH�QHHGV�FDUHIXO�DWWHQWLRQ��7KH�HIIHFWV�EHLQJ�VWXGLHG�DUH�VPDOO�DQG�HDVLO\�PLVVHG��6WXGHQWV�XVLQJ�GLJLWDO�PXOWLPHWHUV��VKRXOG�EH�DZDUH�WKDW�WKHVH�LQVWUXPHQWV�VDPSOH�WKH�LQSXW�VLJQDO�SHULRGLFDOO\��VR�WKDW�VKRUW-GXUDWLRQ�SXOVHV�PD\�EH�PLVVHG�� 

 7UDGLWLRQDOO\��VWXGHQWV�DUH�QHUYRXV�DERXW�XVLQJ�PXOWLPHWHUV�-�VHOHFWLQJ�WKH�ULJKW�UDQJH��XVLQJ�WKH�FRUUHFW�VRFNHWV��DQG�VR�RQ��7KH\�PD\�QHHG�D�EULHI�UHYLVLRQ�VHVVLRQ�EHIRUHKDQG��$�SRWHQWLDO�FRPSOLFDWLRQ�LV�WKDW�PDQ\�PXOWLPHWHUV�KDYH�DQ�LQWHUQDO�IXVH�WR�SURWHFW�DJDLQVW�RYHUORDG�RQ�'&�FXUUHQW�UDQJHV��7KHVH�µEORZ¶�YHU\�HDVLO\��EXW�GR�VR�RXW�RI�VLJKW��OHDYLQJ�WKH�VWXGHQW�SX]]OHG�DV�WR�WKH�ODFN�RI�DFWLYLW\�RQ�WKH�PHWHU��,QVWUXFWRUV�ZLOO�QHHG�WR�FKHFN�PHWHUV�UHJXODUO\��DQG�KDYH�D�UHDG\�VXSSO\�RI�QHZ�IXVHV� 
 6LPLODUO\�ZLWK�GLJLWDO�VWRUDJH�RVFLOORVFRSHV��WKH�LQSXW�LV�VDPSOHG��5HSHDWLQJ�WKH�DFWLRQ�VHYHUDO�WLPHV�ZLOO�KHOS�WR�FRQYLQFH�WKH�VWXGHQW�ZKDW�LV�JRLQJ�RQ��DQG�PD\�SURGXFH�D�JRRG�WUDFH�RQ�WKH�VWRUDJH�RVFLOORVFRSH�HYHQWXDOO\� 
 )OHPLQJ¶V�ULJKW-KDQG��G\QDPR��UXOH�QHHGV�FDUHIXO�H[SODQDWLRQ��DQG�D�JUHDW�GHDO�RI�SUDFWLFH��LI�VWXGHQWV�DUH�WR�IHHO�FRQILGHQW�DERXW�LWV�XVH��6RPH�FRQIXVH�WKH�XVH�RI�WKH�OHIW-KDQG�DQG�ULJKW-KDQG�UXOHV� 
 $Q�H[SODQDWLRQ�LV�JLYHQ�LQ�WHUPV�RI�WKH�EHKDYLRXU�RI�HOHFWURQV��7KH�LQVWUXFWRU�VKRXOG�MXGJH�KRZ�IDU�WR�WDNH�WKLV�ZLWK�D�JLYHQ�FODVV�RI�VWXGHQWV� 
 

  ���-��� PLQXWHV  

 ��  7KLV�ZRUNVKHHW�LV�GHVLJQHG�WR�LQWURGXFH�VWXGHQWV�WR�WKH�FRQFHSW�RI�LQGXFWDQFH�� 
 ,W�LQYROYHV�ILUVW�WKH�JHQHUDWLRQ�RI�D�VWHDG\�PDJQHWLF�ILHOG�LQ�WKH�FRUH�RI�DQ�LQGXFWRU�DQG�WKHQ�REVHUYLQJ�WKH�HPI�JHQHUDWHG�ZKHQ�WKH�FXUUHQW�LV�LQWHUUXSWHG��FDXVLQJ�WKH�PDJQHWLF�ILHOG�WR�FROODSVH��'XH�WR�WKH�WUDQVLHQW�QDWXUH�RI�WKLV�µEDFN�HPI¶��LW�LV�QHFHVVDU\�WR�XVH�D�WULJJHUHG�RVFLOORVFRSH�RU�HTXLYDOHQW�YLUWXDO�LQVWUXPHQW�WR�GLVSOD\�LW� 
 6RPH�LQLWLDO�H[SHULPHQWDWLRQ�PD\�EH�UHTXLUHG�WR�RSWLPLVH�WKH�RVFLOORVFRSH�VHWWLQJV�EXW�WKRVH�JLYHQ�LQ�WKH�ZRUNVKHHW�PDNH�D�JRRG�VWDUWLQJ�SRLQW�� 
 1RWH�WKDW�WKH�LQGXFWDQFH�XVHG�IRU�WKLV�LQYHVWLJDWLRQ�LV�REWDLQHG�IURP�WKH�SULPDU\�ZLQGLQJ�RI�WKH�/RFNWURQLFV�WUDQVIRUPHU�FRPSRQHQW��7KLV�KDV�RSWLPXP�FKDUDFWHULVWLFV�IRU�WKLV�LQYHVWLJDWLRQ��VPDOOHU�FRPSRQHQWV�PD\�SURGXFH�PXFK�VKRUWHU�WUDQVLHQWV�ZKLFK�PD\�EH�DFFRPSDQLHG�E\�D�VLJQLILFDQW�DPRXQW�RI�GDPSHG�RVFLOODWLRQ�UHVXOWLQJ�IURP�WKH�SUHVHQFH�RI�VKXQW�FDSDFLWDQFH�LQ�WKH�RVFLOORVFRSH�OHDGV��� 
 :KHUH�VWXGHQWV�XVH�D�VWRUDJH�RVFLOORVFRSH��WKH\�VKRXOG�EH�HQFRXUDJHG�WR�VDYH�WKHLU�VFUHHQ�GLVSOD\V�DQG�VXEVHTXHQWO\�SULQW�WKHVH�RXW�� 
 

 
 ���-��� PLQXWHV  



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
  ��  ,Q�WKH�ZRUNVKHHW��VWXGHQWV�DUH�LQWURGXFHG�WR�DOWHUQDWLQJ�FXUUHQW��$&��PHDVXUHPHQWV�� 

 7KH\�DUH�SURYLGHG�ZLWK�DQ�LQWURGXFWLRQ�WR�WKH�TXDQWLWLHV�DQG�WHUPLQRORJ\�XVHG�LQ�$&�PHDVXUHPHQWV��6WXGHQWV�VKRXOG�XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�URRW-PHDQ-VTXDUH��UPV���SHDN�DQG�SHDN-SHDN�YDOXHV�DQG�VKRXOG�EH�DEOH�WR�UHODWH�WKHVH�WR�VLQXVRLGDO�ZDYHIRUPV�GLVSOD\HG�RQ�DQ�RVFLOORVFRSH�� 
 7KH\�VKRXOG�DOVR�XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�IUHTXHQF\�DQG�SHULRGLF�WLPH�DQG�EH�DEOH�WR�PDQLSXODWH�WKLV�UHODWLRQVKLS�LQ�RUGHU�WR�FDOFXODWH�RQH�IURP�WKH�RWKHU� 
 :DYHIRUPV�FDQ�EH�GLVSOD\HG�XVLQJ�D�FRQYHQWLRQDO�RVFLOORVFRSH�RU�D�VWRUDJH�RVFLOORVFRSH��5HFRPPHQGHG�RVFLOORVFRSH�VHWWLQJV�DUH�JLYHQ�LQ�WKH�ZRUNVKHHW� 
 

  ���-��� PLQXWHV  

  ��  7KLV�ZRUNVKHHW�LQWURGXFHV�VWXGHQWV�WR�WKH�HIIHFWV�RI�LQGXFWLYH�UHDFWDQFH�� $V�VWXGHQWV�PD\�EH�XQIDPLOLDU�ZLWK�XVLQJ�D�VLJQDO�JHQHUDWRU��WKH�LQVWUXFWRU�VKRXOG�FKHFN�WKDW�LW�LV�VHW�WR�WKH�FRUUHFW�IUHTXHQF\�DQG�DPSOLWXGH�� 
 )RU�WKRVH�UHWXUQLQJ�WR�HOHFWULFDO�VWXGLHV�DIWHU�D�EUHDN��WKLV�LV�DQRWKHU�RSSRUWXQLW\�WR�UHYLVLW�WKH�XVH�RI�PXOWLPHWHUV�WR�PHDVXUH�FXUUHQW�DQG�YROWDJH��,Q�SDUWLFXODU��VWXGHQWV�VKRXOG�EH�UHPLQGHG�WKDW�YROWDJH�PHDVXUHPHQWV�FDQ�EH�PDGH�ZLWKRXW�LQWHUUXSWLQJ�WKH�FLUFXLW��ZLWK�WKH�PXOWLPHWHU�FRQQHFWHG�LQ�SDUDOOHO�ZLWK�WKH�UHVLVWRU�XQGHU�LQYHVWLJDWLRQ��2Q�WKH�RWKHU�KDQG��WR�PHDVXUH�FXUUHQW��WKH�FLUFXLW�PXVW�EH�EURNHQ�DW�WKH�SRLQW�RI�LQWHUHVW��ZLWK�WKH�PXOWLPHWHU�LQVHUWHG�WKHUH�WR�FRPSOHWH�WKH�FLUFXLW� 
 ,QVWUXFWRUV�QHHG�WR�EH�DZDUH�WKDW�WKH�ORZ�FXUUHQW�UDQJH�RQ�PRVW�PXOWLPHWHUV�LV�SURWHFWHG�E\�LQWHUQDO�IXVH��,I�D�VWXGHQW�LV�KDYLQJ�GLIILFXOW\�LQ�JHWWLQJ�UHDGLQJV�IURP�D�FLUFXLW��LW�PD\�EH�WKDW�WKLV�IXVH�KDV�EORZQ��,W�LV�ZRUWK�KDYLQJ�VSDUH�PXOWLPHWHUV�DYDLODEOH��DQG�WKH�PHDQV�WR�FKDQJH�WKH�IXVHV��WR�VWUHDPOLQH�WKH�OHVVRQ� 
 7KH�LQVWUXFWLRQV�VSHFLI\�WKH�VLJQDO�JHQHUDWRU�RXWSXW�IUHTXHQF\��EXW�QRW�DPSOLWXGH��7KLV�LV�EHFDXVH�LW�LV�LUUHOHYDQW��SURYLGLQJ�LW�JLYHV�PHDVXUDEOH�UHVXOWV��7\SLFDOO\��D�YDOXH�RI��9�S-S�ZLOO�EH�VXIILFLHQW� 
 $�FRPSDULVRQ�LV�PDGH�EHWZHHQ�UHVLVWRUV��ZKLFK�RSSRVH�FXUUHQW��DQG�LQGXFWRUV��ZKLFK�RSSRVH�FKDQJLQJ�FXUUHQW��7KH�LQVWUXFWRU�PLJKW�ZLVK�WR�HODERUDWH�RQ�WKLV��DQG�H[SDQG�RQ�ZKDW�LV�PHDQW�E\�µUDWH�RI�FKDQJH�RI�FXUUHQW¶�� 
 6WXGHQWV�PD\�ILQG�LW�FRQIXVLQJ�WKDW�UHDFWDQFH�LV�PHDVXUHG�LQ�RKPV��7KH�SRLQW�VKRXOG�EH�PDGH�WKDW�WKLV�FRPHV�IURP�WKH�GHILQLWLRQ�RI�LQGXFWLYH�UHDFWDQFH��DQG�D�IRUPXOD�WKDW�ORRNV�OLNH��EXW�KDV�QRWKLQJ�WR�GR�ZLWK��2KP¶V�ODZ��7KH�RSSRVLWLRQ�FDXVHG�E\�UHVLVWRUV�LV�WKH�UHVLVWDQFH��+RZHYHU��WKH�RSSRVLWLRQ�FDXVHG�E\�LQGXFWRUV�LV�QRW�FDOOHG�LQGXFWDQFH��EXW�LQGXFWLYH�UHDFWDQFH� 
 7KH\�QHHG�SOHQW\�RI�SUDFWLFH�LQ�FDOFXODWLQJ�WKLV�IURP�WKH�IRUPXOD�� 

;/� ���p�I�/� DV�WKH\�FRQIXVH�WKH�WHUPV�I�DQG�/��DQG�ILQG�LW�GLIILFXOW�WR�FRQYHUW�PXOWLSOLHUV�VXFK�DV�¶PLOOL¶�RIWHQ�XVHG�ZLWK�LQGXFWDQFH� 
 

  ���-��� PLQXWHV  



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 ��  7KLV�LV�WKH�LQWURGXFWRU\�ZRUNVKHHW�IRU�FDSDFLWLYH�UHDFWDQFH��HTXLYDOHQW�WR�WKH�HDUOLHU�RQH�RQ�LQGXFWLYH�UHDFWDQFH�� 

 ,W�LV�LPSRUWDQW�WKDW�VWXGHQWV�DSSUHFLDWH�WKDW�LQGXFWRUV�DQG�FDSDFLWRUV�DUH�UHDOO\�PLUURU-LPDJHV�RI�HDFK�RWKHU� 
 · 7KH�IRUPHU�VHWV�XS�D�PDJQHWLF�ILHOG��WKH�ODWWHU�DQ�HOHFWULF�ILHOG�� 
 · 7KH�IRUPHU�KDV�D�VORZO\�LQFUHDVLQJ�FXUUHQW��RQFH�D�YROWDJH�LV�DSSOLHG�WR�LW��7KH�ODWWHU�KDV�D�VORZO\�LQFUHDVLQJ�YROWDJH�DFURVV�LW��DV�D�FXUUHQW�IORZV�LQ�WKH�FLUFXLW�� 
 · ,QGXFWRUV�RSSRVH�D�FKDQJLQJ�FXUUHQW��FDSDFLWRUV�D�FKDQJLQJ�YROWDJH�� 
 · 7KLV�RSSRVLWLRQ�LQFUHDVHV�ZLWK�IUHTXHQF\�LQ�LQGXFWRUV��EXW�GHFUHDVHV�ZLWK�IUHTXHQF\�LQ�FDSDFLWRUV� 
 $JDLQ��WKH�LQVWUXFWLRQV�VSHFLI\�RQO\�WKH�VLJQDO�JHQHUDWRU�RXWSXW�IUHTXHQF\��DQG�QRW�DPSOLWXGH��$Q\�PHDVXUDEOH�VLJQDO�FDQ�EH�XVHG��SURYLGLQJ�LW�JLYHV�PHDVXUDEOH�UHVXOWV��$�W\SLFDO�YDOXH�LV��9�S-S� 
 7KH�WUHDWPHQW�JLYHQ�LQ�WKH�ZRUNVKHHW�PDNHV�QR�PHQWLRQ�RI�SKDVRU�GLDJUDPV��EXW�WKH�LQVWUXFWRU�PD\�ZLVK�WR�LQWURGXFH�WKHVH�WR�VXSSRUW�WKH�VWXGHQW¶V�XQGHUVWDQGLQJ� 
 7KH\�ZLOO�QHHG�SOHQW\�RI�SUDFWLFH�LQ�FDOFXODWLQJ�UHDFWDQFH�IURP�WKH�IRUPXOD�� 

;&� �������p�I�&�  6WXGHQWV�ILQG�LW�GLIILFXOW�WR�FRQYHUW�PXOWLSOLHUV�VXFK�DV�µPLFUR¶�DQG�µQDQR¶� 
 

  ���-��� PLQXWHV  

 ��  :KHUHDV�VHULHV�FRPELQDWLRQV�RI�LQGXFWRUV��UHVLVWRUV�DQG�FDSDFLWRUV�PDNH�IUHTXHQF\-GHSHQGHQW�YROWDJH�GLYLGHUV��SDUDOOHO�FRPELQDWLRQV�IRUP�IUHTXHQF\-GHSHQGHQW�FXUUHQW�GLYLGHUV��7KLV�ZRUNVKHHW�LQWURGXFHV�WKH�ILUVW�RI�WKHVH��WKH�VHULHV�/-5�FLUFXLW� 
 7KH�WUHDWPHQW�GHOLEHUDWHO\�DYRLGV�WKH�LVVXH�RI�LPSHGDQFH�LQ�SDUDOOHO�FLUFXLWV��EHFDXVH�WKH�UHOHYDQW�IRUPXOD�LV�TXLWH�FRPSOLFDWHG��,QVWHDG��LW�ORRNV�DW�WKH�FXUUHQWV�LQ�YDULRXV�SDUWV�RI�WKH�FLUFXLW��DQG�KRZ�WKH\�DUH�UHODWHG�� 
 $JDLQ��WKH�LQVWUXFWLRQV�VSHFLI\�RQO\�WKH�VLJQDO�JHQHUDWRU�RXWSXW�IUHTXHQF\��DQG�QRW�DPSOLWXGH��$Q\�PHDVXUDEOH�VLJQDO�FDQ�EH�XVHG��SURYLGLQJ�LW�JLYHV�PHDVXUDEOH�UHVXOWV��$�W\SLFDO�YDOXH�LV��9�S-S� 
 7KHUH�DUH�SKDVH�VKLIW�LVVXHV�DJDLQ��DQG�WKH�IRUPXOD�JLYHQ�WR�FDOFXODWH�WRWDO�FXUUHQW�FRPHV�GLUHFWO\��EXW�ZLWKRXW�H[SODQDWLRQ��IURP�WKH�SKDVRU�GLDJUDP�IRU�WKLV�FLUFXLW�� 
 ,Q�WKLV�FDVH��WKH�YROWDJH�DFURVV�WKH�FRPSRQHQWV�LV�WKH�VDPH��7KH�FXUUHQW�WKURXJK�WKH�UHVLVWRU�LV�LQ�SKDVH�ZLWK�LW��EXW�WKH�FXUUHQW�LQ�WKH�LQGXFWRU�ODJV�EHKLQG�E\������7KH�LQVWUXFWRU�PXVW�MXGJH�KRZ�PXFK�RI�WKLV�QHHGV�WR�EH�H[SODLQHG�WR�WKH�FODVV� 
 $V�EHIRUH��VWXGHQWV�XVH�WKHLU�PHDVXUHG�YDOXH�RI�WKH�VXSSO\�YROWDJH�WR�FDOFXODWH�WKH�FXUUHQWV�IORZLQJ�WKURXJK�WKH�LQGXFWRU�DQG�UHVLVWRU��DQG�WKHQ�FRPELQH�WKHVH�WR�FDOFXODWH�D�YDOXH�IRU�WKH�WRWDO�FXUUHQW�IORZLQJ� 
 7KH�LQYHVWLJDWLRQ�LV�UHSHDWHG�IRU�D�VHFRQG��KLJKHU��IUHTXHQF\�WR�VKRZ�WKDW�WKH�GLVWULEXWLRQ�RI�FXUUHQW�LV�IUHTXHQF\�GHSHQGHQW� 
 

  ���-��� PLQXWHV  



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

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

 7KLV�LQYHVWLJDWLRQ�LV�SDUDOOHO�WR�WKH�SUHYLRXV�RQH��EXW�IRU�&-5��FDSDFLWRU-UHVLVWRU��QHWZRUNV��7KH�VDPH�LGHDV�DSSO\��7KH�UHDFWDQFH�RI�WKH�FDSDFLWRU�DQG�WKH�UHVLVWDQFH�RI�WKH�UHVLVWRU�FDQQRW��VLPSO\�EH�DGGHG�WRJHWKHU�LQ�RUGHU�WR�GHWHUPLQH�WKH�LPSHGDQFH�EHFDXVH�RI�WKH�SKDVH�VKLIW�LQYROYHG��$JDLQ��WXWRUV�PD\�ZLVK�WR�JR�LQWR�WKLV�LQ�PRUH�GHWDLO�ZLWK�D�PRUH�DEOH�FODVV� 
 7KH�DSSURDFK�LV�LGHQWLFDO��H[FHSW�WKDW�WKH�VHFRQG�IUHTXHQF\�FKRVHQ�LV�WHQ�WLPHV�VPDOOHU��L�H�����+]���6WXGHQWV�VKRXOG�EH�HQFRXUDJHG�WR�QRWLFH�WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�VLWXDWLRQV��+HUH��RQFH�DJDLQ��WKH�UHDFWDQFH�LV�WHQ�WLPHV�ELJJHU�DW�WKH�VHFRQG�IUHTXHQF\��DQG�VR�WKH�FDSDFLWRU�GRPLQDWHV�WKH�YROWDJH�GLYLGHU�DW�WKLV�VHFRQG�IUHTXHQF\��$PSOLWXGH�LV�DJDLQ�LUUHOHYDQW��EXW��9�S-S�VKRXOG�JLYH�UHDVRQDEOH�UHVXOWV� 
 ,Q�RWKHU�ZRUGV��ORZ�IUHTXHQFLHV�VHW�XS�ODUJH�YROWDJHV�DFURVV�WKH�FDSDFLWRU��ZKHUHDV�KLJK�IUHTXHQFLHV�GR�VR�DFURVV�WKH�UHVLVWRU� 
 

  ���-��� PLQXWHV  

 ��  +DYLQJ�VWXGLHG�LQGXFWRUV�DQG�FDSDFLWRUV�VHSDUDWHO\��WKLV�ZRUNVKHHW�QRZ�FRPELQHV�WKHP��DQG�LQWURGXFHV�WKH�FRQFHSW�RI�UHVRQDQFH� 
 ,QVWUXFWRUV�VKRXOG�HPSKDVLVH�WKDW�UHVRQDQFH�LV�D�ZLGHVSUHDG�HIIHFW�LQ�DQ\�RVFLOODWLQJ�V\VWHP��,Q�VRPH��VXFK�DV�PXVLFDO�LQVWUXPHQWV��LW�LV�EHQHILFLDO���DQG�VWXGHQWV�FRXOG�UHVHDUFK�KRZ�WKH�UHVRQDQW�IUHTXHQF\�DQG�VR�QRWH�SURGXFHG��FDQ�EH�FKDQJHG�LQ��VD\��ZLQG�DQG�VWULQJ�LQVWUXPHQWV��,Q�RWKHUV��SDUWLFXODUO\�LQ�FLYLO�DQG�PHFKDQLFDO�HQJLQHHULQJ��LW�FDQ�FDXVH�SUREOHPV�-�DQQR\LQJ�UDWWOHV�LQ�FDUV�DW�SDUWLFXODU�VSHHGV��YLEUDWLRQV�LQ�DLUFUDIW�ZLQJV�DQG�EULGJHV�WKDW�WKUHDWHQ�FRPSOHWH�PHFKDQLFDO�IDLOXUH�HWF� 
 (OHFWULFDO�UHVRQDQFH�KDV�D�QXPEHU�RI�DSSOLFDWLRQV��7KH�REYLRXV�RQH�LV�LQ�UDGLR�UHFHLYHUV��ZKHUH�WKH�ZHDN�VLJQDO�SLFNHG�XS�E\�WKH�DHULDO�VWLPXODWH�WKH�WXQHG�FLUFXLW�WR�RVFLOODWH�DW�LWV�UHVRQDQW�IUHTXHQF\��2WKHU�XVHV�LQFOXGH�D�VXUJLFDO�LPSODQW�WKDW�NLOOV�QHDUE\�FDQFHURXV�FHOOV��ZKHQ�KHDWHG�E\�VWLPXODWLRQ�DW�LWV�UHVRQDQW�IUHTXHQF\�WKURXJK�KLJK�IUHTXHQF\�UDGLR�ZDYHV����DQG�WKH�ZLGHVSUHDG�WHFKQLTXHV�RI�5),'��UDGLR�IUHTXHQF\�LGHQWLILFDWLRQ���ZKHUH�SDVVLYH�GHYLFHV�FDQ�SLFN�XS�HQRXJK�HQHUJ\��WKURXJK�VWLPXODWLRQ�DW�WKHLU�UHVRQDQW�IUHTXHQF\��WR�WUDQVPLW�LQIRUPDWLRQ�WR�D�QHDUE\�GHYLFH�� 
 7KH�DSSURDFK�KHUH�ORRNV�DW�WKH�HIIHFW�RQ�FLUFXLW�LPSHGDQFH�RI�FKDQJLQJ�WKH�DSSOLHG�IUHTXHQF\��,Q�RWKHU�ZRUGV��WKH�FLUFXLW�RIIHUV�OHVV�KLQGUDQFH�WR�VRPH�IUHTXHQFLHV�WKDQ�WR�RWKHUV��$OWKRXJK�WKHUH�LV�QR�DGGHG�VHULHV�UHVLVWRU��VWXGHQWV�VKRXOG�EH�PDGH�DZDUH�WKDW�WKH�ZLQGLQJV�RI�WKH�LQGXFWRU�FRLO�KDYH�UHVLVWDQFH��$PSOLWXGH�LV�DJDLQ�LUUHOHYDQW��EXW��9�S-S�VKRXOG�JLYH�UHDVRQDEOH�UHVXOWV� 
 $W�UHVRQDQFH��WKH�YROWDJH�DFURVV�WKH�FDSDFLWRU�LV�HTXDO�DQG�RSSRVLWH�WR�WKDW�DFURVV�WKH�LQGXFWRU��DQG�VR�WKH�WZR�FDQFHO�HDFK�RWKHU�RXW��7KH�RQO\�KLQGUDQFH�WR�WKH�IORZ�RI�FXUUHQW�LV�WKHQ�WKH�UHVLVWDQFH�RI�WKH�YDULRXV�HOHPHQWV�LQ�WKH�FLUFXLW��SDUWLFXODUO\�WKH�LQGXFWRU��(TXDOO\��EHFDXVH�WKH�YROWDJHV�DFURVV�WKH�FDSDFLWRU�DQG�LQGXFWRU�FDQFHO�HDFK�RWKHU�RXW��WKHUH�LV�QR�UHDVRQ�ZK\�WKHVH�FDQQRW�EH�YHU\�ODUJH�YROWDJHV��$JDLQ��WKLV�YROWDJH�DPSOLILFDWLRQ�HIIHFW�LV�H[SORUHG�ODWHU� 
 7KHVH�ODUJH-VFDOH�HIIHFWV�RFFXU�LQ�RWKHU�H[DPSOHV�RI�UHVRQDQFH�WRR�-��WKH�PXFK-SXEOLFLVHG�VKDWWHULQJ�RI�D�ZLQH�JODVV�E\�DQ�RSHUD�VLQJHU�RU�WKH�FROODSVH�RI�WKH�7DFRPD�1DUURZV�%ULGJH�GXH�WR�WKH�HIIHFW�RI�WKH�ZLQG�-�VHH�YLGHRV�DYDLODEOH�RQ�µ<RX7XEH¶����   

 ���-��� PLQXWHV  



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 ��  7UDQVIRUPHUV�FDQ�DSSHDU�P\VWHULRXV��+HUH��WKH�DLP�LV�WR�LQWURGXFH�WKHP�DV�H[WHQVLRQV�RI�ZKDW�KDV�JRQH�EHIRUH��,I�VWXGHQWV�DFFHSW�WKDW�HOHFWULFLW\�LV�JHQHUDWHG�ZKHQ�D�PDJQHW�LV�SOXQJHG�LQWR�D�FRLO��WKHQ�WKH\�VKRXOG�KDYH�QR�GLIILFXOW\�ZLWK�WKH�WUDQVIRUPHU��7KH�PDJQHW�LV�UHSODFHG�E\�DQ�HOHFWUR-PDJQHW��DQG�PRWLRQ�ZLWK�WKH�PRYLQJ�PDJQHWLF�ILHOG�JHQHUDWHG�E\�DQ�DOWHUQDWLQJ�FXUUHQW� 

 +RZHYHU��ODFN�RI�IDPLOLDULW\�ZLWK�RVFLOORVFRSH�DQG�VLJQDO�JHQHUDWRU�PD\�EOXU�WKH�VHTXHQFH�RI�HYHQWV��,QVWUXFWRUV�PD\�ZLVK�WR�JLYH�D�VKRUW�EULHILQJ�DERXW�WKHP�WR�UHGXFH�WKHVH�GLIILFXOWLHV� 
 ,W�PD\�QRW�EH�REYLRXV�WR�VRPH�WKDW�VZLWFKLQJ�D�'&�HOHFWURPDJQHW�RQ�DQG�RII�FDXVHV�D�PRYLQJ�PDJQHWLF�ILHOG��DQG�KHQFH�LQGXFHV�FXUUHQW�LQ�WKH�VHFRQGDU\�FRLO��,QVWUXFWRUV�PD\�ZLVK�WR�GHYHORS�WKHLU�XQGHUVWDQGLQJ�RQ�WKLV�WKURXJK�TXHVWLRQLQJ�WKHP� 
 

  ���-��� PLQXWHV  

 �� 
 7KH�PDLQ�SDUW�RI�WKH�GHYHORSPHQW�KHUH�LV�WR�GLVWLQJXLVK�EHWZHHQ�VWHS-XS�DQG�VWHS-GRZQ�WUDQVIRUPHUV��6RPH�VWXGHQWV�ILQG�LW�HDV\�WR�DFFHSW�µVWHS-GRZQ¶�EXW�VHH�µVWHS-XS¶�DV�GHI\LQJ�WKH�ODZV�RI�QDWXUH��,W�ORRNV�OLNH�VRPHWKLQJ�IRU�QRWKLQJ��7KDW�LV�ZK\�WKH�LQYHVWLJDWLRQ�H[SORUHV�WKH�HIIHFW�RQ�FXUUHQW��DQG�RQ�WKH�RYHUDOO�SRZHU�LVVXHV�� 
 7KH�WUDQVIRUPHU�XVHG�LQ�WKH�LQYHVWLJDWLRQ�LV�PXFK�PRUH�HIILFLHQW�WKDQ�WKH�SULPLWLYH�GHYLFH�XVHG�HDUOLHU�EXW�LV�VWLOO�IDU�IURP�LGHDO��$Q�LGHDO�WUDQVIRUPHU�ZDVWHV�QR�HQHUJ\�DQG�VR�REH\V�ERWK�WKH�WUDQVIRUPHU�UHODWLRQ�DQG�WKH�FXUUHQW�UDWLR�YV�WXUQV�UDWLR�UHODWLRQ���7KH�VLJKW�RI�FRROLQJ�ILQV��LQ�VXEVWDWLRQ�WUDQVIRUPHUV�VKRZV�WKDW�LGHDO�WUDQVIRUPHUV�DUH�GLIILFXOW�WR�GHVLJQ� 
 7KH�GLIILFXOWLHV�SUREDEO\�FHQWUH�DJDLQ�RQ�WKH�LQVWUXPHQWDWLRQ�-�WKH�XVH�RI�VLJQDO�JHQHUDWRUV�DQG�PXOWLPHWHUV��7KH�WUHDWPHQW�RI�WKH�UHVXOWV�LQWURGXFHV�WKH�WUDQVIRUPHU�UHODWLRQ��ZKLFK�ZRUNV�ZHOO��+RZHYHU��WKH�LVVXH�RI�VWHSSLQJ�XS�DQG�VWHSSLQJ�GRZQ�FXUUHQW�FDQ�EH�PRUH�SUREOHPDWLF�� 
 6WXGHQWV�VKRXOG�EH�DVNHG�WR�FRPSDUH�WKH�XVH�RI�D�WUDQVIRUPHU�WR�UHGXFH�$&�YROWDJH��ZLWK�WKH�XVH�RI�D�VHULHV�UHVLVWRU�WR�GURS�VRPH�RI�WKH�YROWDJH��7KH�WUDQVIRUPHU�ZLQV�HYHU\�WLPH� 
 

  ���-��� PLQXWHV  

 ��  7KH�SUDFWLFDO�H[HUFLVH�LQYROYHV�YDU\LQJ�WKH�VL]H�DQG�GLUHFWLRQ�RI�YROWDJH�DSSOLHG�WR�WZR�W\SHV�RI�GLRGH�DQG�PHDVXULQJ�WKH�UHVXOWLQJ�FXUUHQW�IORZ�� 
 6WXGHQWV�UHFRUG�WKHLU�PHDVXUHPHQWV�DQG�WKHQ�XVH�WKHP�WR�SORW�WKH�IRUZDUG�DQG�UHYHUVH�FKDUDFWHULVWLFV�RI�HDFK�GHYLFH��7KH�VLOLFRQ�GLRGH�ZLOO�QRW�FRQGXFW�PHDVXUDEOH�UHYHUVH�FXUUHQW��DQG�VR�GLIIHUHQW�VFDOHV�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$����WR�FRPSDUH�ZLWK�WKHLU�RZQ�JUDSKV� 
 7KH\�FDQ�EH�DVNHG�WR�VXJJHVW�DSSUR[LPDWH�IRUZDUG�FRQGXFWLRQ�YROWDJHV�IRU�HDFK�GLRGH��*HQHUDOO\��WKHVH�DUH����9�-����9�IRU�VLOLFRQ�GLRGHV�DQG�DURXQG����9�WR����9�IRU�JHUPDQLXP�GHYLFHV� 
 7KH\�FRXOG�DOVR�EH�DVNHG�IRU�DSSOLFDWLRQV�IRU�HDFK�W\SH�RI�GHYLFH��RU�WR��JURXS�WKHP�DV�HLWKHU�µSRZHU¶�RU�µVLJQDO¶�GHYLFHV�� 

 ���-��� PLQXWHV  



,QWHUPHGLDWH�HOHFWULFDO�DQG�HOHFWURQLF�SULQFLSOHV 

3DJH��� 

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

7XWRU¶V�QRWHV 
 

:RUNVKHHW 1RWHV�IRU�WKH�7XWRU 7LPLQJ 
 ��  ,Q�WKLV�ZRUNVKHHW�VWXGHQWV�LQYHVWLJDWH�RQH�RI�WKH�PRVW�LPSRUWDQW�DSSOLFDWLRQV�IRU�D�GLRGH��FRQYHUWLQJ�DOWHUQDWLQJ�FXUUHQW��$&��WR�GLUHFW�FXUUHQW��'&���7KH\�FRQVWUXFW�DQG�WHVW�D�VLPSOH�KDOI-ZDYH�UHFWLILHU���,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�FLUFXLW��DQG�VKRXOG�VNHWFK�WKHP�IRU�WKHLU�UHFRUGV� 
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