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7KH� DXWKRU� LV� D� &KDUWHUHG� (QJLQHHU� ZLWK� UHVHDUFK�� GHVLJQ� DQG� GHYHORSPHQW�H[SHULHQFH�LQ�LQGXVWU\�LQFOXGLQJ�DUHDV�RI�UDGDU��FRPSXWLQJ�DQG�VSHFWUXP�DQDO\VLV��,Q�D�XQLYHUVLW\�FROOHJH�HQYLURQPHQW�KH�KDV�DOVR�EHHQ�UHVSRQVLEOH�IRU�WKH�GHVLJQ�RI�VSHFLDOLVHG�HTXLSPHQW�IRU�UHVHDUFK�SURMHFWV�

¤ 5��(��:(%%�� �����



(OHFWULFDO�&RQQHFWLRQV�IRU�(OHFWURQLF�$SSDUDWXV����5��:HEE �

�

&�2�1�7�(�1�7�6
&$%/(6��

&/$66,),&$7,21�2)�6,*1$/6
/2:��)5(48(1&<���/2:��/(9(/�6,*1$/6

'($/,1*�:,7+�5$',2�)5(48(1&,(6
',*,7$/�6,*1$/6

&211(&7,1*�72�&20387(5��32576
0($685(0(17�	�&21752/�9,$�$�3&

/2&$/�$5($�1(7:25.6
32:(5�6833/<�&211(&7,216

+,*+�92/7$*(�&216,'(5$7,216
3,1�'(6,*1$7,216�)25�67$1'$5'�/($'6



(OHFWULFDO�&RQQHFWLRQV�IRU�(OHFWURQLF�$SSDUDWXV����5��:HEE �

�

&DEOHV�$YRLG�WKLQNLQJ�RI�D�FDEOH�DV�D�ZLUH�XVHG�WR�FRQGXFW�HOHFWULFLW\��:LUH�LV�H[WUXGHG�PHWDO�ZKHUHDV�D�FDEOH�XVHG�IRU�WUDQVPLWWLQJ�HOHFWULFDO�HQHUJ\�PD\�LQFOXGH�VHYHUDO�PHWDO�FRQGXFWRUV�LQVXODWHG�IURP�HDFK�RWKHU�DQG�DUUDQJHG�LQ�D�SDUWLFXODU�IRUP�ZLWK�RYHUDOO�PHFKDQLFDO�SURWHFWLRQ��,Q�WKH�FDVH�RI�D�ILEUH�RSWLF�FDEOH�WKH�PHFKDQLVP�IRU�WUDQVPLWWLQJ� LQIRUPDWLRQ� GRHV� QRW� UHTXLUH� D�PHWDO� FRQGXFWRU�� $� SDUWLFXODU� FDEOH�ZLOO�KDYH�EHHQ�GHVLJQHG�IRU�D�VSHFLILF�SXUSRVH��WKH�GLPHQVLRQV�RI�WKH�FRQGXFWRUV�DQG� LQVXODWLRQ� DQG� WKH� W\SH� RI� PDWHULDOV� XVHG� KDYLQJ� EHHQ� FKRVHQ� WR� PHHW� D�UHTXLUHG�VSHFLILFDWLRQ�
&DEOHV� DQG� WKHLU� DVVRFLDWHG� FRQQHFWRUV� DUH� XVHG� WR� WUDQVSRUW� HQHUJ\� DQG�LQIRUPDWLRQ�IURP�RQH�SRLQW�WR�DQRWKHU��,QIRUPDWLRQ�FDQ�EH�FRQYH\HG�LQ�WKH�JXLVH�RI FKDQJLQJ�YROWDJHV��FXUUHQWV�RU�OLJKW�DQG�PXVW�EH�FDUULHG�RXW�ZLWKRXW�FRUUXSWLQJ�WKH� LQIRUPDWLRQ� LQYROYHG�� $� VLPSOH� H[DPSOH� ZRXOG� EH� D� FKDQJH� LQ� YROWDJH� RU�FXUUHQW�OHYHO��FDOOHG�D�ZDYHIRUP��ZKLFK�LV�XVHG�WR�WXUQ�VRPHWKLQJ�HLWKHU�RQ�RU�RII�RU� WR� LQGLFDWH� WKDW� VRPHWKLQJ� KDV� RU� KDV� QRW� RFFXUUHG�� $V� VXFK� LW� LV� D� FRQWURO�ZDYHIRUP�� LW� FDUULHV� QR� IXUWKHU� LQIRUPDWLRQ� DQG� WKH� H[FXUVLRQ� RI� LWV� DPSOLWXGH�FKDQJH�PD\�QRW�EH�YHU\�FULWLFDO��$�VLJQDO�ZDYHIRUP�RQ�WKH�RWKHU�KDQG�LV�PRUH�D�FRPSOH[�DIIDLU�DQG�FDUH�LV�QHHGHG�WR HQVXUH�WKDW�D�WUXH�UHSOLFD�RI�ZKDW�VWDUWV�RII�DW�WKH�VHQGLQJ�HQG�RI�D�FDEOH�VWLOO�H[LVWV�DW�WKH�UHFHLYLQJ�HQG��7KLV�SRVHV�WKH�TXHVWLRQ�³ZKDW�FDQ�SRVVLEO\�JR�ZURQJ�ZLWK�D�VLJQDO�WUDQVPLWWHG�YLD��ZKDW�FRXOG�EH��D�VKRUW�OHQJWK�RI�LQVXODWHG�FRSSHU�ZLUH"´�7KH�SRVVLELOLWLHV�ZLOO�EH�H[SORUHG�
)LUVW� D� IHZ� UHPLQGHUV��$Q�HOHFWULF�FXUUHQW� LV� DOZD\V�DFFRPSDQLHG�E\�D�PDJQHWLFILHOG� DQG� DQ� HOHFWULF� ILHOG�� 7KH� ODWWHU� DOVR� H[LVWV� EHWZHHQ� WZR� RU� PRUH� SRLQWV�EHWZHHQ� ZKLFK� YROWDJHV� H[LVW�� (QHUJ\� FDQ� EH� WUDQVPLWWHG� IURP� RQH� FLUFXLW� WR�DQRWKHU� YLD� WKHVH� ILHOGV�� 7KH� UHVLVWDQFH�� LQGXFWDQFH� DQG� FDSDFLWDQFH� WKDW� DUH�LQKHUHQW� LQ� DQ\� HOHFWULFDO� FLUFXLW� LPSHGH� DQ� HOHFWULF� FXUUHQW� DQG� WKHLU� FRPELQHG�HIIHFW�RQ�FXUUHQW�IORZ�LV�FDOOHG�LPSHGDQFH��
$�FDEOH�FDUU\LQJ�FXUUHQW�FDQ�EH�GHSLFWHG DV�SK\VLFDOO\�FRQVLVWLQJ�RI�UHVLVWDQFH��5���LQGXFWDQFH� �/��� �ZKLFK� SURGXFHV� D� PDJQHWLF� ILHOG��� DQG� FDSDFLWDQFH�&��� �ZKLFK�SURGXFHV� DQ� HOHFWULF� ILHOG��� GLVWULEXWHG� DORQJ� LWV� OHQJWK�� VHH�)LJ����7KH�PDJQHWLF�DQG� HOHFWULF� ILHOGV� JHQHUDWHG� FDQ� FRXSOH� ZLWK� RWKHU� FDEOHV� DV� VKRZQ� LQ� )LJ�� ���&RPSRQHQWV�RI�FXUUHQW�IURP�HDFK�FDEOH�ZLOO�WKHQ�EH�LQWURGXFHG�LQWR�HDFK�RWKHU��
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)LJ��������(DFK�PLQXWH�VHFWLRQ�RI�D�FXUUHQW�FDUU\LQJFDEOH��WRS���FDQ�EH�GHSLFWHG�DV�EHLQJ�PDGH�XS�RIFRPELQDWLRQV�RI�VHULHV�FRQQHFWHG�LQGXFWDQFH��/��DQG�UHVLVWDQFH��5��DQG�VKXQW�FDSDFLWDQFH��&���ERWWRP�

&RQGXFWRU�$
&RQGXFWRU�%

&RXSOLQJ�YLD�PDJQHWLF�ILHOGV

&RXSOLQJ�YLDHOHFWULF�ILHOGV*URXQG
)LJ������([DPSOHV�RI�FDSDFLWLYH�DQG�PDJQHWLF�FRXSOLQJ�EHWZHHQ�DGMDFHQW�FRQGXFWRUV�DQG�JURXQG�GXH�WR�PDJQHWLF�DQG�HOHFWULF�ILHOGV�JHQHUDWHG�E\�HOHFWULF�FXUUHQWV�LQ�$�DQG�%�
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6XFK� FRXSOLQJ�� DOVR� UHIHUUHG� WR� DV� ³SLFN�XS´��ZLOO� DOVR� WDNH� SODFH� EHWZHHQ� HDFK��������������������FRQGXFWRU� DQG� JURXQG�� 7KHVH�PHFKDQLVPV� FDQQRW� EH� SUHYHQWHG� EXW� WKHLU� HIIHFWV�FDQ� EH� UHGXFHG� WR� LQVLJQLILFDQW� DPRXQWV� RU� DYRLGHG� DOWRJHWKHU� E\� WUDQVPLWWLQJ�LQIRUPDWLRQ�LQ�WKH�IRUP�RI�PRGXODWHG�,5�OLJKW�YLD�ILEUH�RSWLF�FDEOHV��
:KHQ� FRQQHFWLQJ� WZR� RU�PRUH� SLHFHV� RI� HOHFWURQLF� DSSDUDWXV� WKH� FRUUHVSRQGLQJ�VSHFLILFDWLRQV�ZLOO�PHQWLRQ��VRXUFH�LPSHGDQFH DQG�ORDG�LPSHGDQFH� 6RXUFH�UHIHUV�WR�ZKHUH�WKH�VLJQDO�RULJLQDWHV�DQG�ORDG�UHIHUV�WR�ZKHUH�LW�LV�VHQW��VHH�)LJ�����ZKHUH�WKH�RXWSXW�YROWDJH�RI�WKH�VLJQDO�VRXUFH��9R��LV�WKH�JHQHUDWHG�VLJQDO��9V��PLQXV�WKH�YROWDJH� GURS� DFURVV� DQ� LPSHGDQFH� =V�� $VVXPLQJ� QR� YROWDJH� GURS LQ� WKH� FDEOH�FRQQHFWLQJ�WKH�VLJQDO�VRXUFH�DQG�WKH�ORDG�WKHQ�WKH�YROWDJH�GHYHORSHG�DFURVV�=U LV�DOVR�9R� )RU�ORZ�IUHTXHQF\�VLJQDOV�LW�LV�XVXDOO\�QHFHVVDU\�WKDW�WKH�ORDG�LPSHGDQFH�EH�PXFK�JUHDWHU� WKDQ� WKH� VRXUFH� LPSHGDQFH��7KH� LPSRUWDQFH�RI� VRXUFH�DQG� ORDG�LPSHGDQFHV�IRU�KLJK�IUHTXHQF\�VLJQDOV�LV�H[SODLQHG�ODWHU�

V=
=U9V 9R

,6LJQDO�VRXUFH /RDG,QWHUIDFLQJFDEOH

)LJ�� ��� � � 7KH� VRXUFH� VLJQDO� FXUUHQW�� ,�� JRHV� YLD� LWV� RZQ� LPSHGDQFH�=V WR� WKH�����UHFHLYLQJ�XQLW�ZKHUH�LW�GHYHORSV�D�YROWDJH�DFURVV�WKH�ORDG LPSHGDQFH�=U�
7KH�VLJQDO�VRXUFH�DQG�WKH�ORDG�DUH�LQWHUIDFHG�ZLWK�FRQQHFWRUV�DQG�FDEOH�UHOHYDQW�WR�WKH�W\SH�RI�VLJQDO�EHLQJ�WUDQVPLWWHG�EHWZHHQ�WKHP��,W�LV�QRZ�QHFHVVDU\�WR�H[DPLQH�WKH� W\SHV� RI� VLJQDO� FXUUHQW� WKDW� PD\� IORZ� EHWZHHQ� D� VLJQDO� VRXUFH� DQG� D ORDG��7KUHH�W\SHV�RI�HOHFWULFDO�VLJQDO�ZLOO�EH�FRQVLGHUHG�����6ORZO\�FKDQJLQJ�DQG�VPDOO��L�H��ORZ�IUHTXHQF\�ORZ�OHYHO�����4XLFNO\�FKDQJLQJ��L�H��FRQWDLQLQJ�UDGLR��L�H��DERYH�DXGLR��IUHTXHQFLHV�����'LJLWDO���ELQDU\��DV�JHQHUDWHG�E\�ORJLF�FLUFXLWV�(DFK�VLJQDO�W\SH�LV�UHTXLUHG�WR�EH�KDQGOHG�LQ�D�SDUWLFXODU�ZD\�
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/RZ�IUHTXHQF\�ORZ�OHYHO�FRQVLGHUDWLRQV3RVVLEOH�SUREOHPV�KHUH�DUH�����³3LFNXS´�IURP�DGMDFHQW�FDEOHV�FDUU\LQJ�WKH�PDLQV�VXSSO\�����)OH[LQJ�RU�YLEUDWLRQ�RI�WKH�VFUHHQHG�VLJQDO�OHDG�����1RLVH JHQHUDWHG�DV�D�UHVXOW�SRRU�FRQQHFWLRQV�����³/RDGLQJ´�RI�D�VLJQDO�VRXUFH�
�����(OHFWURPDJQHWLF�SLFNXS��FDOOHG�³KXP´��IURP�FDEOHV�FDUU\LQJ�WKH�PDLQV�VXSSO\�FDQ� EH� D� PDMRU� SUREOHP� ZKLFK� LV� DJJUDYDWHG� LI� WKH� VLJQDO� VRXUFH� KDV� KLJK�LPSHGDQFH��3K\VLRORJLFDO�SUREHV��IRU�H[DPSOH��FDQ�KDYH�D�PHGLXP�WR�KLJK�VRXUFH�LPSHGDQFH�� UDQJLQJ� IURP� D� IHZ� WKRXVDQG� RKPV� XS� WR� VHYHUDO� PLOOLRQ� RKPV��WKHUHIRUH� WKH� DVVRFLDWHG� FRQQHFWLQJ� OHDGV� DUH� PRUH� OLNHO\� WR� EH� VXVFHSWLEOH� WR�SLFNXS� IURP� D� QHDUE\�PDLQV� FDEOH� WKDQ� OHDGV� FRQQHFWHG� WR�� VD\�� WKHUPRFRXSOHV�ZKLFK�ZLOO�KDYH�D�VRXUFH�LPSHGDQFH�RI�RQO\�D�IHZ�RKPV��$Q�REYLRXV�SUHFDXWLRQ�LV�WR�HQVXUH�WKDW�WKH�DSSDUDWXV�LQ�XVH�DQG�DOO�LWV�DVVRFLDWHG�VLJQDO�FDEOHV�DUH�ZHOO�FOHDU�RI�PDLQV�FDEOHV��LQFOXGLQJ�WKRVH�GLVWULEXWLQJ�WKH�PDLQV�VXSSO\ WR�WKH�RXWOHW�VRFNHWV�DORQJ� WKH� ZRUNLQJ� VXUIDFH�� 0DLQV� WUDQVIRUPHUV� DQG� PRWRUV� JLYH� RXW� VWURQJ�PDJQHWLF�ILHOGV�WKH�HIIHFWV�RI�ZKLFK�FDQ�VRPHWLPHV�EH�UHGXFHG�E\�UHRULHQWLQJ�WKH�RIIHQGLQJ�REMHFW�ZLWK�UHVSHFW�WR�WKH�ZRUN�SLHFH��6FUHHQHG�VLJQDO�FDEOHV�VKRXOG�EH�XVHG� ZLWK� HDFK� VFUHHQ� FRQQHFWHG� GLUHFWO\� WR� D� VLQJOH� FRPPRQ� HDUWK� SRLQW�� 7KH�JURXQGHG�OHDGV�RI�HDFK�SRZHU�VXSSO\��WKH�VFUHHQ�IRU�WKH�DSSDUDWXV�DQG�WKH�PDLQV�HDUWK��JURXQG��VKRXOG�DOVR�EH�GLUHFWO\�FRQQHFWHG�WR�WKH�VDPH�SODFH��VHH�)LJ����

*URXQGLQJ�OHDGV�IRU�SRZHUVXSSOLHV�$�DQG�%�

*URXQGLQJ�FRQQHFWLRQV�IRU�WKH�VFUHHQV�RI�VLJQDO�OHDGV�$�DQG�% 6LQJOH�FKDVVLV�FRQQHFWLRQ�

&RQQHFWLRQ�WR�WKH�HOHFWULFDOPDLQV�VXSSO\�HDUWK��JURXQG��
)LJ�� ��� �$� FRPPRQ�JURXQGLQJ� FRQQHFWLRQ� UHGXFHV�PDLQV� VXSSO\�³SLFNXS´� WKDW�FDQ� RWKHU� ZLVH� EH� LQGXFHG� YLD� JURXQG� ORRSV�� L�H�� FXUUHQWV� FLUFXODWLQJ� LQ� WKH�JURXQG�SODQH�
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�����)OH[LQJ�D� VFUHHQHG�FDEOH�FDXVHV�PRYHPHQW�RI� WKH�VFUHHQ�ZLWK� UHVSHFW� WR� WKH�VLJQDO�FRQGXFWRU��ZKLFK�LQ�WXUQ�FDXVHV�FKDQJHV�RI�FDSDFLWDQFH�EHWZHHQ�LW�DQG�WKH�FRQGXFWRU��7KLV�UHVXOWV�LQ�VPDOO�FKDQJHV�RI�FKDUJH�DFURVV�WKH�FDSDFLWDQFH�IRUPHG�E\�WKH�VFUHHQ�DQG�FRQGXFWRU�WKDW�DSSHDUV�DV�QRLVH�RQ�WKH�VLJQDO�OLQH��9LEUDWLRQ�FDQ�LQDGYHUWHQWO\�FDXVH�FRQWLQXRXV� IOH[LQJ�RI�D�FDEOH�� IRU�H[DPSOH��ZKHQ�D�PRWRU� LV�UXQQLQJ�RQ� WKH�VDPH�EHQFK� WKXV�FUHDWLQJ�FKDUJHV� WKDW�DUH�VXSHULPSRVHG�RQWR�WKH�VLJQDO�� 7KH� XVH� RI� FDEOHV� ZLWK� D� FRQGXFWLQJ� OD\HU� EHWZHHQ� WKH� VFUHHQ� DQG�FRQGXFWRU� LQVXODWLRQ� XVXDOO\� RYHUFRPHV� WKLV� SUREOHP��1RWH� WKDW� WKLV� FRQGXFWLQJ�OD\HU�PXVW�QRW�FRPH�LQWR�FRQWDFW�ZLWK�WKH�ERG\�RI�D�FRQQHFWRU�ILWWHG�WR�WKH�FDEOH�
����� $OO� UHVLVWRUV� JHQHUDWH� UDQGRP� WKHUPDO� QRLVH�� WKH� ODUJHU� WKH� UHVLVWDQFH� WKH�JUHDWHU� WKH� QRLVH�� WKHUHIRUH� D� FRQWULEXWRU� RI� QRLVH� ZLOO� EH� WKH� UHVLVWDQFH� RI� WKH�VLJQDO� VRXUFH�� 5HVLVWDQFH� FDXVHG� E\� SRRU� FRQQHFWLRQV� MRLQLQJ� D� VLJQDO� WR� DQ�DPSOLILHU� ZLOO� EH� VHHQ� E\� WKDW� DPSOLILHU� DV� EHLQJ� SDUW� RI� WKH� VLJQDO� VRXUFH�UHVLVWDQFH��6RPH�RWKHU�SRVVLEOH�VRXUFHV�RI�QRLVH�DUH���L��,QFRUUHFW�FULPSLQJ�RI�FDEOH�FRQGXFWRUV�WR�FRQQHFWRU�SLQV��LL��'U\�VROGHU�MRLQWV�EHWZHHQ�FDEOH�FRQGXFWRUV�DQG�FRQQHFWRU�SLQV��LLL��'DPDJHG�VXUIDFHV�RI�FRQQHFWRU�SLQV�DQG�VRFNHWV��LY��/RRVH�FRQQHFWLRQV�EHWZHHQ�FRQQHFWRU�SLQV�DQG�PDWLQJ�VRFNHWV��Y��7KH�XVH�RI�GLIIHUHQW�PDWHULDOV�IRU�WKH�PDWLQJ�SDUWV�([SDQGLQJ�RQ�WKHVH�SRLQWV���L��	��LL���.QRZLQJ�KRZ�WR�XVH�WKH�FRUUHFW�WRROV�IRU�WKH�MRE�ZLOO�DYRLG�VXFK�SUREOHPV���LLL���$�FRUURVLYH�HQYLURQPHQW��L�H��FKHPLFDO�DJHQWV�LQ�WKH�DWPRVSKHUH��FDQ�GHVWUR\�FRQQHFWLQJ� VXUIDFHV�� 0DQ\� FRQQHFWRUV� KDYH� JROG� IODVKHG� FRQQHFWLQJ� SDUWV� WR�UHGXFH�WKH�SRVVLELOLW\�RI�WKLV�SUREOHP�RFFXUULQJ�DQG�D�JRRG�PDWHG�FRQQHFWRU�ZLOO�KDYH�DLUWLJKW�MRLQWV�EHWZHHQ�FRQQHFWLQJ�SDUWV���LY��� 0LVXVH� PD\� GDPDJH� WKH� PDWLQJ� SDUWV� RI� D� FRQQHFWRU� FDXVLQJ� LQWHUPLWWHQW�GLVFRQQHFWLRQ��DV�ZLOO�ZHDU�DQG�WHDU��DOWKRXJK�WKH�ODWWHU�LV�XQOLNHO\�WR�RFFXU�ZLWK�QRUPDO�XVH�DQG�JRRG�FRQQHFWRUV��Y���7KH�6HHEHFN�HIIHFW� WKDW�SURGXFHV�VPDOO�FKDQJHV�RI�YROWDJH�ZLWK�WHPSHUDWXUH�EHWZHHQ�FRQGXFWRUV�PDGH�IURP�GLIIHUHQW�PDWHULDOV�PD\�FDXVH�SUREOHPV�ZKHUH�WKH�VLJQDOV�DUH�YHU\�VPDOO��7KHUPRFRXSOHV�ZRUN�RQ�WKLV�SULQFLSOH� WKHUHIRUH� LW� LV�YHU\�LPSRUWDQW� WKDW� WKH�FRQQHFWRUV�DQG�FDEOHV�XVHG�ZLWK�D� WKHUPRFRXSOH�DUH�GHVLJQHG�IRU�XVH�ZLWK�WKDW� W\SH�RI� WKHUPRFRXSOH��1RWH� WKDW� OHDGV�XVHG�ZLWK�WKHUPRFRXSOHV�DUH� SRODULW\� VHQVLWLYH�� 7KHUH� DUH� QDWLRQDO� FRORXU� FRGHV� LQ� H[LVWHQFH� IRU� WKH�LQVXODWLRQ�RI�WKH�DOOR\�FRPELQDWLRQV�IRU�FRQGXFWRUV�DQG�IRU�RYHUDOO�VKHDWKLQJ��7KH�$PHULFDQ�$16,�FRORXU�FRGH�LV�ZLGHO\�XVHG�DQG�WKHUH�LV�DQ�LQWHUQDWLRQDO�VWDQGDUG�(&� ������� )XUWKHU� LQIRUPDWLRQ� RQ� WKH� FRORXU� FRGHV� XVHG� FDQ� EH� REWDLQHG� IURP��ZZZ�RPHJD�FR�XN�XN�WHFKUHI�WKFSUHIO�KWP
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�����:KHQ�PRQLWRULQJ� D� VLJQDO� LW� LV� LPSRUWDQW� WKDW� WKH� LQVWUXPHQW� XVHG� GRHV� QRW�DIIHFW�WKDW�VLJQDO��7KLV�FDQ�RFFXU�LI�WKH�LQSXW�LPSHGDQFH�RI�WKH�PHDVXULQJ�GHYLFH�LV�FRPSDUDEOH� WR�RU�VPDOOHU�WKDQ�WKH�RXWSXW�LPSHGDQFH�RI�WKH�VLJQDO�VRXUFH�ZKHQFH�ERWK� WKH� DPSOLWXGH� DQG� VKDSH� RI� WKH� PRQLWRUHG� VLJQDO� ZLOO� EH� DIIHFWHG�� $Q�H[DPSOH� ZRXOG� EH� DQ� RVFLOORVFRSH� WKDW� KDV� DQ� LQSXW� UHVLVWDQFH� RI� �� PHJ�RKP��PRQLWRULQJ�D�GHYLFH�ZLWK�DQ�LQWHUQDO�UHVLVWDQFH�RI�WKH�VDPH�RUGHU��,Q�WKLV�H[DPSOH�WKH� PRQLWRUHG� VLJQDO� ZRXOG� DSSHDU� WR� EH� KDOI� LWV� DFWXDO� YDOXH�� )RU� VXFK�FLUFXPVWDQFHV� WKHUH� DUH� H[WHQVLRQ� SUREHV� DYDLODEOH� WKDW� LQFUHDVH� WKH� LQSXW�LPSHGDQFH� RI� WKH� PRQLWRULQJ� LQVWUXPHQW�� 7ZR� W\SHV� RI� VXFK� SUREHV� DUH� PDGH��SDVVLYH�DQG�DFWLYH��7KH�IRUPHU�LV�HVVHQWLDOO\�D�UHVLVWRU�FDSDFLWRU�FRPELQDWLRQ�WKDW�LQFUHDVHV� WKH� LQSXW� LPSHGDQFH�E\����RU����� WLPHV�EXW�DOVR� UHGXFHV� WKH�DSSDUHQW�DPSOLWXGH� RI� WKH� VLJQDO� E\� WKH� VDPH� DPRXQW�� $Q� LQWHJUDO� WULPPHU� HQVXUHV� WKDW�VLJQDO� GHJUDGDWLRQ� FDQ� EH� PLQLPLVHG�� 7KH� ODWWHU� LV� DQ� DPSOLILHU� ZLWK� YHU\� KLJK�LQSXW� LPSHGDQFH� WKDW� DOVR� SUHVHUYHV� WKH� VLJQDO� DPSOLWXGH�� 7KLV� W\SH� UHTXLUHV� D�VRXUFH� RI� SRZHU�� %RWK� W\SHV� PD\� UHGXFH� WKH� UDQJH� RI� IUHTXHQFLHV� WKDW� FDQ� EH�PHDVXUHG�
'HDOLQJ�ZLWK�UDGLR�IUHTXHQF\�VLJQDOV7KLV� VHFWLRQ� GHDOV� ZLWK� YROWDJHV� DQG� FXUUHQWV� WKDW� FKDQJH� TXLFNO\�� 6XFK�ZDYHIRUPV�FRQWDLQ�IUHTXHQFLHV�DERYH�WKH�DXGLR�UDQJH�DQG�DUH�KDQGOHG�XVLQJ�UDGLR�IUHTXHQF\� �U�I��� WHFKQLTXHV�� 1RWH� WKDW� D� VLQJOH� SXOVH� RU� D� ZDYHIRUP�ZLWK� D� ORZ�UHSHWLWLRQ� UDWH� EXW� ZLWK� UDSLGO\� FKDQJLQJ� GLPHQVLRQV�� VHH� )LJ�� ���� ZLOO� FRQWDLQ�UDGLR� IUHTXHQFLHV�� 5DGLDWLRQ� IURP� VXFK� VRXUFHV� LV� GLIILFXOW� WR� FRQWURO� WKHUHIRUH�VXLWDEOH�FDEOHV�VKRXOG�EH�XVHG�HJ�VLQJOH�RU�GRXEOH�VFUHHQHG�W\SHV��7ZLVWLQJ�³OLYH´�DQG�JURXQG�FRQGXFWRUV�DOVR�KHOSV�WR�UHGXFH�UDGLDWLRQ�

W

$PSOLWXGH

7LPH
)LJ������7KH�IDVW�ULVH�RU�IDOO�WLPH��W��RI�D�ZDYHIRUP�FRQWDLQV�UDGLR�IUHTXHQFLHV�

$� SUHYLRXV� VHFWLRQ� SRLQWHG� RXW� WKDW� D� FDEOH FDQ� EH� UHSUHVHQWHG� DV� D� VHULHV� RI�UHVLVWRUV�� FDSDFLWRUV� DQG� LQGXFWRUV� �)LJ���� WKHUHIRUH� LW� LV� WR� EH� H[SHFWHG� WKDW� D�VXLWDEOH� PHDVXULQJ� GHYLFH� ZRXOG� JLYH� DQ� LQGLFDWLRQ� RI� WKH� YDOXHV� RI� WKHVH�FRPSRQHQWV��6LQFH�LQGXFWLYH�DQG�FDSDFLWLYH�UHDFWDQFH�YDULHV�ZLWK� IUHTXHQF\�VXFK�
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D�PHDVXUHPHQW�ZRXOG�JLYH�GLIIHUHQW�UHVXOWV�DW�GLIIHUHQW�IUHTXHQFLHV��7R�EH�RI�DQ\�SUDFWLFDO�YDOXH�D�FDEOH�PXVW�PHDVXUH�WKH�VDPH�DW�DOO�IUHTXHQFLHV��,W�FDQ�EH�VKRZQ�WKDW�D�XQLIRUP�FDEOH��WKDW�LV�RQH�WKDW�LV�LGHQWLFDO�WKURXJK�RXW�LWV�OHQJWK�L�H��KDV�QR�GLVFRQWLQXLWLHV�� ZLOO�� LI� LW� LV� LQILQLWHO\� ORQJ�� KDYH� D� SDUWLFXODU� FKDUDFWHULVWLF�LPSHGDQFH ZKLFK� LV� SXUHO\� UHVLVWLYH�� 7KH� YDOXH� RI� WKLV� UHVLVWDQFH� ZLOO� GHSHQG�XSRQ� WKH� GLPHQVLRQV� DQG�PDWHULDO�PDNH� XS� RI� D� FDEOH� DQG�ZLOO� EH� VWDWHG� LQ� WKH�PDQXIDFWXUH¶V� VSHFLILFDWLRQ� IRU� WKDW� FDEOH�� ,W� IROORZV� WKDW� LI� D� VKRUW� OHQJWK� RI�XQLIRUP� FDEOH� LV� WHUPLQDWHG ZLWK� LWV� FKDUDFWHULVWLF� LPSHGDQFH� WKHQ� D�PHDVXULQJ�GHYLFH�ZLOO�DVVXPH�WKDW�WKH�FDEOH�LV�LQILQLWHO\�ORQJ�DQG�JLYH�D�YDOXH�RI�UHVLVWDQFH�DV�WKH�PHDVXUHPHQW��VHH�)LJ�����)RU�WKLV�WR�KDSSHQ�LW�LV�QHFHVVDU\�WR�HQVXUH�WKDW�WKH�WHUPLQDWLQJ� UHVLVWDQFH� XVHG� LV� D� SXUH� UHVLVWDQFH� DW� DOO� IUHTXHQFLHV� DQG� GRHV� QRW�UHSUHVHQW� D� GLVFRQWLQXLW\� LQ� WKH� FDEOH�� ,W� PXVW� ORRN�� DV� IDU� DV� WKH� PHDVXULQJ�DSSDUDWXV� LV�FRQFHUQHG��DV�DQ�H[WHQVLRQ�RI� WKH�FDEOH��7KLV�LV�QRW�HDV\�WR�DFKLHYH��HVSHFLDOO\� DW� YHU\� KLJK� UDGLR� IUHTXHQFLHV�� -XVW� FRQQHFWLQJ� DQ\� UHVLVWRU� RI�DSSURSULDWH� YDOXH� DFURVV� WKH� UHFHLYLQJ� HQG� RI� D� FDEOH� ZLOO� QRW� PHHW� WKH�UHTXLUHPHQWV�� 7HUPLQDWLQJ� ORDGV� RI� DSSURSULDWH� FKDUDFWHULVWLF� LPSHGDQFH� IRU�VSHFLILF� FDEOHV� DUH� DYDLODEOH� FRPPHUFLDOO\�� 1RWH� WKDW� VXFK� D� XQLW� PXVW� EH� RI�DSSURSULDWH�SRZHU� UDWLQJ��7\SLFDO�YDOXHV�RI�FKDUDFWHULVWLF� LPSHGDQFH��V\PERO�=R�IRU� FRPPRQO\�XVHG� FDEOHV� DUH���:����:�DQG����:��%HFDXVH�FKDUDFWHULVWLF�LPSHGDQFH� LV� UHVLVWLYH� LW� LV� DOVR� UHIHUUHG� WR� DV� FKDUDFWHULVWLF� UHVLVWDQFH�� V\PERO��5R�
5R 7R�LQILQLW\

5R5R
&DEOH�RI�LQILQLWH�OHQJWK

&DEOH�RI�ILQLWH�OHQJWK
)LJ������,I�D�FDEOH�RI�LQILQLWH�OHQJWK�KDV�D�FKDUDFWHULVWLF�UHVLVWDQFH�RI�5R�WKHQ�WKDW�VDPH�FDEOH�ZKHQ�RI�ILQLWH�OHQJWK�DQG�WHUPLQDWHG�ZLWK�D�SXUH�UHVLVWDQFH�RI�YDOXH�5R�ZLOO�KDYH�WKH�VDPH�FKDUDFWHULVWLF�UHVLVWDQFH�
:KHQ�D�FDEOH�XVHG�WR�FDUU\�KLJK�IUHTXHQFLHV�LV�QRW�SURSHUO\�WHUPLQDWHG�WKH�HQHUJ\�SURSDJDWHG� DORQJ� WKDW� FDEOH� ZLOO� QRW� EH� IXOO\� DEVRUEHG� DW� WKH� UHFHLYLQJ� HQG�UHVXOWLQJ�LQ�SDUW�RI�WKDW�HQHUJ\�EHLQJ�UH�WUDQVPLWWHG��UHIOHFWHG��EDFN�WR�LWV�VRXUFH��)RU�WKLV�UHDVRQ�LW�LV�RIWHQ�QHFHVVDU\�IRU�WKH�RXWSXW�UHVLVWDQFH�RI�D�GHYLFH�WR�EH�WKH�VDPH�YDOXH�DV�WKH�FKDUDFWHULVWLF�UHVLVWDQFH�RI�WKH�FDEOH�XVHG�VR�WKDW�LI�DQ\�HFKRHV�GR�RFFXU�WKH\�ZLOO�EH�DEVRUEHG�ZKHQ�UHFHLYHG�EDFN�DW�WKH�VHQGLQJ�HQG��
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7KH�UHDGHU�PD\�WKLQN�RI� WKH�WUDQVPLVVLRQ�DQG�UHFHSWLRQ�RI�DQ�HOHFWULFDO�VLJQDO�DV�EHLQJ� PRUH� RU� OHVV� LQVWDQWDQHRXV� EHFDXVH� LW� WUDYHOV� DW� WKH� ³VSHHG� RI� OLJKW´�� ,Q�UHDOLW\� LWV� UDWH� RI� SURJUHVV� LV� VXEVWDQWLDOO\� UHGXFHG�ZLWKLQ�PHGLXPV� RWKHU� WKDQ� D�YDFXXP��&RQVLGHU�D�SXOVH�RI�HOHFWULFDO�HQHUJ\��RI�SHDN�YROWDJH�DPSOLWXGH�9��LQ�WKH�VKDSH�RI�D�UHFWDQJOH��EHLQJ�VHQW�DORQJ�D�FDEOH���XVXDOO\�FDOOHG�D�WUDQVPLVVLRQ OLQH���KDYLQJ�D�FKDUDFWHULVWLF�LPSHGDQFH�RI�5R��7KH�SXOVH�WDNHV�D�ILQLWH�WLPH�WR�UHDFK�WKH�HQG�RI�WKH�FDEOH�DQG�GXULQJ�LWV�MRXUQH\�LW�LV�PRYLQJ�WKURXJK�D�YLUWXDO�UHVLVWDQFH�RI�5R VR�WKDW�GXULQJ�WKLV�WLPH�LWV�SHDN�FXUUHQW�LV�9�5R� ,I��ZKHQ�LW�UHDFKHV�WKH�HQG�RI�WKH�FDEOH��WKHUH�LV�QR�WHUPLQDWLQJ�UHVLVWRU��L�H��WKHUH�LV�DQ�RSHQ�FLUFXLW��WKH�FXUUHQW�WKDW�KDV�EHHQ�WUDYHOOLQJ�DORQJ�WKH�FDEOH�PXVW�GLVDSSHDU�EHFDXVH�WKHUH�LV�QRZKHUH�IRU�LW�WR�JR��7KLV�FDQ�RQO\�EH�DFKLHYHG�LI�LW�LV�FDQFHOOHG�E\�DQ�HTXDO�DQG�RSSRVLWH�SXOVH�EHLQJ�JHQHUDWHG�DW�WKDW�SRLQW��7KLV�SXOVH�ZLOO�WKHQ�EH�SURSDJDWHG�EDFN�DORQJ�WKH�FDEOH��$OWHUQDWLYHO\��VXSSRVH�WKDW�WKH�HQG�RI�WKH�FDEOH�LV�VKRUW�FLUFXLWHG��,Q�WKLV�FDVH� LW� LV� WKH�YROWDJH� WKDW�EHFRPHV�]HUR�DQG�DQ�HTXDO�DQG�RSSRVLWH�YROWDJH�SXOVH�PXVW� EH� JHQHUDWHG� WR� PHHW� WKH� FLUFXLW� FRQGLWLRQV� DW� WKDW� SRLQW�� 7KLV� LQYHUWHG�YROWDJH�SXOVH�ZLOO�LV�WKHQ�VHQW�EDFN�DORQJ�WKH�FDEOH��,I�WKH�VHQGLQJ�HQG�RI�WKH�FDEOH�LV�DOVR�QRW�WHUPLQDWHG�ZLWK�5R WKHVH�UHIOHFWLRQV�ZLOO�EH�VHQW�EDFN�DQG�IRUWK�DORQJ�WKH�FDEOH�XQWLO�WKH�HQHUJ\�LQ�WKH�SXOVHV�LV�GLVVLSDWHG�LQ�WKH�FDEOH LPSHGDQFH��1RWH�WKDW� WKLV� LV� QRW� WKH� VDPH� DV� WKH� FDEOH¶V� FKDUDFWHULVWLF� UHVLVWDQFH�� 7KH� DPRXQW� RI�UHIOHFWHG� HQHUJ\� ZLOO� YDU\� EHWZHHQ� WKH� H[WUHPH� FRQGLWLRQV� RI� RSHQ� DQG� VKRUW�FLUFXLW� EHFRPLQJ�D�PLQLPXP�DW�5R��&RQVLGHU�D� WUDLQ�RI�SXOVHV�EHLQJ� WUDQVPLWWHG�DORQJ�DQ�XQ�WHUPLQDWHG�OLQH��WKHUH�ZLOO�EH�SRLQWV�DORQJ�LW�ZKHUH�D�WUDQVPLWWHG�SXOVH�DQG�D�UHIOHFWHG�SXOVH�FRLQFLGH��'HSHQGLQJ�RQ�WKH�UHODWLYH�SRODULWLHV�RI�WKHVH�SXOVHV�WKH� UHVXOWDQW� SXOVHV�DW� WKRVH�SRLQWV�ZLOO�EH�HLWKHU�HQODUJHG�RU� UHGXFHG� LQ� VL]H�� ,Q�VXFK FRQGLWLRQV�LW�LV�SRVVLEOH�IRU�D�SXOVH�MXVW�OHDYLQJ�D�WUDQVPLWWHU�WR�EH�HQODUJHG�E\� WKLV� PHDQV� DQG� DV� D� UHVXOW� FDXVH� GDPDJH� WR� WKDW� WUDQVPLWWHU�� &OHDUO\�� VXFK�HIIHFWV�DUH�XQGHVLUDEOH�
,Q�WKH�SUHFHGLQJ�SDUDJUDSK�WKH�WUDQVPLVVLRQ�RI�D�SXOVH�DORQJ�D�OLQH�ZDV XVHG�DV�DQ�H[DPSOH�� 7KH� VDPH� DUJXPHQWV� DSSO\� WR� D� ZDYHIRUP� RI� DQ\� VKDSH� DQG� WR� RWKHU�WUDQVPLVVLRQ�PHGLXPV�� H�J�� ZDYH�JXLGHV��:KHQ� FRQVLGHULQJ� WKH� WUDQVPLVVLRQ� RI�VLQXVRLGDO�ZDYHIRUPV� WKH� UHVXOW� RI� LQWHUDFWLRQ�EHWZHHQ� WUDQVPLWWHG�DQG� UHIOHFWHG�HQHUJ\�LV�UHIHUUHG�WR�DV�D�VWDQGLQJ�ZDYH��7HUPLQDWLRQ� RI� D� FDEOH� LV� QRW� QHFHVVDU\� LI� WKH� ZDYHOHQJWKV� RI� WKH� IUHTXHQFLHV�FRQFHUQHG� DUH� ORQJHU� WKDQ� WKH� OHQJWKV� RI� WKH� FDEOHV� EHLQJ� XVHG��%XW�ZKHQ� UDGLR�IUHTXHQFLHV��ZKHWKHU� VLQXVRLGDO�RU�FRQWDLQHG�ZLWKLQ�D�SXOVH�� DUH� WR� EH� VHQW�YLD�D�FDEOH� EHWZHHQ� WZR� SLHFHV� RI� HTXLSPHQW� WKH� FKDUDFWHULVWLF� UHVLVWDQFH� RI� WKH�FRQQHFWLQJ�FDEOH�DQG�FRQQHFWRUV��WKH�VRXUFH�LPSHGDQFH�DW�WKH�VHQGLQJ�HQG�RI�WKH�
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FDEOH�DQG�WKH�WHUPLQDWLQJ�UHVLVWDQFH�DW�WKH�UHFHLYLQJ�HQG�RI�WKH�FDEOH�PXVW�DOO�EH�VSHFLILHG� WR�KDYH� WKH� VDPH�FKDUDFWHULVWLF� UHVLVWDQFH��1RWH� WKDW�FRQQHFWRUV�KDYLQJ�GLIIHUHQW� FKDUDFWHULVWLF� UHVLVWDQFHV� PD\� DSSHDU� WKH� VDPH� EXW� FORVHU� H[DPLQDWLRQ�ZLOO�VKRZ�WKDW�WKH\�GR�KDYH�GLIIHUHQW�GLPHQVLRQV��$�SUHIHUUHG�PHWKRG�RI�XVLQJ�DQ�RVFLOORVFRSH�WR�PHDVXULQJ�VLJQDOV�DW�WKH�HQG�RI�D�WHUPLQDWHG�OLQH�LV�JLYHQ�LQ�)LJ�����

���RKP�FRD[LDO�FDEOHDQG�FRQQHFWRUV
���RKP&RD[LDO�7�SLHFH

+LJK�LPSHGDQFHVLJQDO�LQSXWIRU�LQVWUXPHQW

���RKPWHUPLQDWLRQ�
)LJ������0HDVXULQJ�KLJK�IUHTXHQF\�VLJQDOV�YLD�D�KLJK�LQSXW�LPSHGDQFH�LQVWUXPHQW�

(QVXUH� WKDW� LQWHUIDFLQJ� SULQWHG� FLUFXLW� ERDUGV� PDGH� LQ� KRXVH� GR� QRW� KDYH� WKHLU�LQSXW�RXWSXW� LPSHGDQFHV� MHRSDUGLVHG� ZLWK� VORSS\� OD\RXW� RU� ORQJ� OHDGV� DQG� QRWH�WKDW�FRQGXFWRUV�RQ�D�SULQWHG�FLUFXLW�ERDUG�KDYH�D�FKDUDFWHULVWLF�UHVLVWDQFH��XVXDOO\�DURXQG� ���� RKPV�� $W� UDGLR� IUHTXHQFLHV� HYHU\� PLOOLPHWUH� DIIHFWV� FLUFXLW�SHUIRUPDQFH� DQG� LV� D� VRXUFH� RI� UDGLDWLRQ� GLVWULEXWLQJ� WKDW� HQHUJ\� WKURXJKRXW�DGMDFHQW� FLUFXLWV� DQG�� LI� VFUHHQLQJ� KDV� QRW� EHHQ� SURSHUO\� FDUULHG� RXW�� RYHU� D�VXEVWDQWLDO�GLVWDQFH�
'LJLWDO�VLJQDOV,QWHJUDWHG�FLUFXLWV� �,&V�� IRU�GLJLWDO�VLJQDOV�DUH�GHVLJQHG�WR�ZRUN�ZLWK UHFWDQJXODU�SXOVHV�KDYLQJ�VSHFLILHG�GLPHQVLRQV�ZLWK�PLQLPXP�DQG�PD[LPXP�YROWDJH� OHYHOV�WKDW�GHILQH� WZR� ORJLF� OHYHOV� UHIHUUHG� WR�DV���DQG����'LJLWDO�FLUFXLWV�ZLOO�QRW�ZRUN�UHOLDEO\�RU�PD\�EH�GDPDJHG� LI� WKH�VLJQDO�YROWDJHV�DSSOLHG�WR� WKHP�DUH�RXWVLGH�RI�WKH VSHFLILHG�OLPLWV�RU�EHFRPH�GLVWRUWHG��7KH�IDVWHU�VXFK�SXOVHV�FKDQJH�VWDWH���L�H��IURP�D���WR�D���RU�YLFH�YHUVD���WKH�KLJKHU�WKH�UDGLR�IUHTXHQFLHV�WKDW�DUH�FRQWDLQHG�
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ZLWKLQ� LW�� 7KXV� WKH�PHWKRGV�� RXWOLQHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� IRU�ZRUNLQJ�ZLWK�VXFK�IUHTXHQFLHV�VKRXOG�DOVR�EH�REVHUYHG�ZKHQ�ZRUNLQJ�ZLWK�GLJLWDO�VLJQDOV�&RQQHFWLQJ�WR�FRPSXWHU�SRUWV7KH� SURFHVVRU� LQ� D� FRPSXWHU� FRPPXQLFDWHV�ZLWK� GHYLFHV� FRQQHFWHG� WR� LW� YLD� LWV�³SRUWV´��7KHVH�PD\�EH�XVHG�IRU�LQWHUQDO�IXQFWLRQV��VXFK�DV�GLVN�GULYHV��RU�SURYLGHD�PHDQV� RI� VHQGLQJ� DQG� UHFHLYLQJ� GDWD� H[WHUQDO� WR� WKH� FRPSXWHU� VXFK� DV� YLD� LWV�VHULDO� RU� SDUDOOHO� FRQQHFWRU� SRLQWV� WKDW� DUH� SURYLGHG� DV� ZLWK� D� 3&�� $GGLWLRQDO�PHDQV� IRU� WKH�3&�WR�FRPPXQLFDWH�ZLWK�H[WHUQDO�HTXLSPHQW�FDQ�EH�VDWLVILHG�ZLWK�WKH� XVH� RI� � H[WUD� FDUGV�� �SULQWHG� FLUFXLWV� ERDUG�ZLWK� FRPSRQHQWV��� WKDW� SOXJ� LQWR�VORWV�SURYLGHG�ZLWKLQ�WKH�FRPSXWHU��7KH�QXPEHU�DQG�W\SH�RI�VXFK�VORWV�DYDLODEOH�YDULHV� ZLWK� 3&� PDQXIDFWXUHU�� 2SHUDWLRQ� RI� FRPPHUFLDOO\� ERXJKW� ³SOXJ�LQV´� LV�IDFLOLWDWHG�YLD� VRIWZDUH�SURYLGHG�ZLWK� WKHP�� ,W� LV� DOVR�SRVVLEOH� WR�ZULWH� VRIWZDUH�WKDW�ZLOO�SURYLGH�RU�DFFHSW�D�VHTXHQFH�RI�GLJLWDO�VLJQDO�IURP�D�3&V�VWDQGDUG�SRUWV�
,QWHUFRQQHFWLQJ� FDEOHV� WKDW� WUDQVPLW� GLJLWDO� VLJQDOV� WR� DQG� IURP� FRPSXWHUV� DQG�VWDQGDUG� SHULSKHUDO� HTXLSPHQW� DUH� ZHOO� VSHFLILHG�� ,Q� VRPH� FLUFXPVWDQFHV�VDWLVIDFWRU\�UHVXOWV�PD\�EH�REWDLQHG�XVLQJ�XQVSHFLILHG�FDEOHV�EXW�WKLV�PD\�OHDG�WR�SHUIRUPDQFH� SUREOHPV� WKDW�PD\� QRW� EH� LPPHGLDWHO\� HYLGHQW�� 7KH� VSHFLILFDWLRQV�ZLOO� OLPLW� WKH� OHQJWK�RI�FDEOH� WKDW�VKRXOG�EH�XVHG�LQ�JLYHQ�FLUFXPVWDQFHV��H[FHHG�WKLV� OLPLW� DQG� WKH� VLJQDOV� ZLOO� GHWHULRUDWH� EH\RQG� WKH� DELOLW\� RI� WKH� DVVRFLDWHG�GLJLWDO�FLUFXLWV�WR�SURSHUO\�UHVSRQG�WR�WKHP��7ZR�PHWKRGV�DUH�XVHG�WR�VHQG�VLJQDOV�EHWZHHQ� HTXLSPHQW�� VHULDO� DQG� SDUDOOHO� WUDQVPLVVLRQ�� $� SRUWLRQ� RI� GLJLWDO�LQIRUPDWLRQ� FRPSULVHG� RI�� VD\�� �� XQLWV� FRXOG� EH� VHQW� DV� D� VXFFHVVLRQ� RI� SXOVHV�DORQJ�D�VLQJOH�FRQGXFWRU��LQ�ZKLFK�FDVH�LW�LV�VHULDO�WUDQVPLVVLRQ��DOWHUQDWLYHO\�DOO���XQLWV�FRXOG�EH�VHQW�VLPXOWDQHRXVO\�XVLQJ���FRQGXFWRUV�LQ�ZKLFK�FDVH�LW�LV�SDUDOOHO�WUDQVPLVVLRQ� &RQGXFWRUV� FDUU\LQJ� VXFK� VLJQDOV� DUH� FDOOHG� D� EXV�� 7KH� FKRLFH� RI�WUDQVPLVVLRQ�PHWKRG�XVHG�WHQGV�WR�EH�D�PDWWHU�RI�KRUVHV�IRU�FRXUVHV�DW�D�SDUWLFXODU�WLPH� RI� WHFKQLFDO� GHYHORSPHQW�� &XUUHQWO\� WKH� FRPPRQ� LQWHUIDFHV� IRU�LQWHUFRQQHFWLQJ�HTXLSPHQW�DQG�FRPSXWHUV DUH�����56����DQG�GHULYDWLYHV�����86%��8QLYHUVDO�6HULDO�%XV������56������)LUH�:LUH������3DUDOOHO��SULQWHU������6&6,�����*%,%���,(((��������/$1¶V��(WKHUQHW��7RNHQ�5LQJ��
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7KHUH� IROORZV� VRPH�JHQHUDO� LQIRUPDWLRQ� DERXW� HDFK� RI� WKH� LQWHUIDFHV� MXVW OLVWHG��&RQQHFWRU�SLQ�RXW�GHWDLOV�DUH�JLYHQ�LQ�WKH�3LQ�2XW�VHFWLRQ�7KH�56����IDPLO\7KH�ILUVW�SHUVRQDO�FRPSXWHUV� LQFRUSRUDWHG�IDFLOLWLHV� IRU�FRQQHFWLQJ�WKH�FRPSXWHU�WR� SHULSKHUDO� HTXLSPHQW� XVLQJ� VSHFLILFDWLRQV� WKDW� DOUHDG\� H[LVWHG� IRU� RWKHU� XVHV��7KH� VHULDO� SRUW� �56����RU�(,$�����ZDV�RQH�RI� WKHVH�� ,W�ZDV�RULJLQDOO\�GHVLJQHG�IRU�WKH�WUDQVPLVVLRQ�RI�GLJLWDO�LQIRUPDWLRQ�RYHU�YRLFH�IUHTXHQF\�WHOHSKRQH�OLQHV�VR�WKDW� EXVLQHVV�PDFKLQHV� VXFK� DV�PDLQ� IUDPH� FRPSXWHUV� FRXOG� FRPPXQLFDWH�ZLWK�HDFK� RWKHU� RYHU� VXEVWDQWLDO� GLVWDQFHV� DQG� GRZQ� ORDG� LQIRUPDWLRQ� WR� UHPRWH�WHUPLQDOV�DQG�SULQWHUV��:KHQ�GLJLWDO�VLJQDOV�JHQHUDWHG�ZLWKLQ�D�FRPSXWHU�QHHG�WR�EH� WUDQVPLWWHG� DORQJ� YRLFH� IUHTXHQF\� OLQHV� WKH\� DUH� WUDQVIRUPHG� LQWR� DQ� DXGLR�VLJQDO�ZKLFK� LV�PRGXODWHG WR�VLPXODWH� WKH��V�DQG��V�RI� WKH�GLJLWDO�VLJQDO��$W� WKH�UHFHLYLQJ� HQG� WKHVH� DXGLR� VLJQDOV� DUH� UHFRQVWLWXWHG� LQWR� GLJLWDO� IRUP�� XVLQJ� D�SURFHVV� FDOOHG� GHPRGXODWLRQ�� 7KH� DSSDUDWXV� WKDW� SHUIRUPV� WKH�PRGXODWLQJ� DQG�GHPRGXODWLQJ� SURFHVVHV� LV� FDOOHG� D� PRGHP�� )RU� VXFK� WUDQVPLVVLRQV� WR� EH�VXFFHVVIXO�LW�LV�QHFHVVDU\�WR�HQVXUH�WKDW�WKH�PRGHPV�DW�WKH�VHQGLQJ�DQG�UHFHLYLQJ�HQGV� RI� WKH� WHOHSKRQH� OLQH� DUH� VZLWFKHG� RQ� DQG� DYDLODEOH� WR� UHFHLYH� LQIRUPDWLRQ�DQG�WKDW�WKH�VHQGLQJ�DQG�UHFHLYLQJ�PDFKLQHV�DUH�ERWK�UHDG\�WR�FRPPXQLFDWH�ZLWK�HDFK�RWKHU��,Q�RWKHU�ZRUGV�LW�LQYROYHV�ERWK�HQGV�RI�D�OLQN�WR�DJUHH�WR�GR�VRPHWKLQJ�EHIRUH� GRLQJ� LW�� :KHUH� FRPSXWHUV� DUH� PXOWL�WDVNLQJ� WKLV� LQWHUURJDWLRQ� FDQ� EH� DFRQWLQXRXV�DIIDLU��6XFK�SURFHGXUHV�LQYROYH�VLJQDOV�JRLQJ�EHWZHHQ�VHYHUDO�VRXUFHV�ZLWKLQ�WKH�FRPSXWHUV�DQG�WKH�ORFDO�PRGHPV��WKXV�WKH�UHDVRQ�IRU�XVLQJ�PXOWL�ZD\�FDEOH� EHWZHHQ� WKH� WZR�� 7KH� IXOO\� VSHFLILHG� VHULDO� SRUW� XVHV� D� ��� ZD\� ³'´�FRQQHFWRU�EXW�WKH�DGYHQW�RI�WKH�SHUVRQDO�FRPSXWHU��ZKHUH�LWV�SHULSKHUDOV��VXFK�DV�PRGHPV�� SULQWHUV�� HWF�� DUH� DGMDFHQW�� HQDEOHG� WKH� FRQQHFWLQJ� V\VWHP� WR� EH�VLPSOLILHG�E\�FUHDWLQJ�D�SVHXGR�56����LQWHUIDFH�YLD�D���ZD\�³'´�FRQQHFWRU��7KLV�UHGXFHG� SLQ�RXW� RQO\� DOORZV� QRQ�V\QFKURQRXV� RSHUDWLRQ�� 0RGHUQ� SHUVRQDO�FRPSXWHUV�XVXDOO\�KDYH�DQ�LQWHUQDO�PRGHP�WKXV�SHUPLWWLQJ�D�VLQJOH�µSKRQH�OHDG�WR�EH�XVHG�EHWZHHQ�WKH�FRPSXWHU�DQG�D�µSKRQH�VRFNHW��3&¶V�XVXDOO\�KDYH�WZR�VHULDO�SRUWV��RQH�XVLQJ�D����ZD\�³'´�FRQQHFWRU��WKH�RWKHU�D���ZD\��7KH\�DUH�UHIHUUHG�WR�DV� &20�� RU� VHULDO� �� DQG� &20�� RU� VHULDO� ��� UHIOHFWLQJ� WKHLU� RULJLQDO� XVH� LQ�FRPPXQLFDWLRQV� EXW� RQO\� RQH� GHYLFH� SHU� SRUW� FDQ� EH� XVHG� DW� DQ\� RQH� WLPH��(OHFWULFDO� DQG� FRQQHFWRU� SLQ�RXWV� DUH� VSHFLILHG� LQ� 56����� DOVR� UHIHUUHG� WR� DV�(,$�����)RU�PRUH�LQIRUPDWLRQ�WU\��ZZZ�DUVHOHFW�FRP�UV����KWP�
$�GHYHORSPHQW�RI�56����XVLQJ�GLIIHUHQWLDO�VLJQDOV�KDV�EHHQ�LQWURGXFHG�DV�56�����7KLV� XVHV� D� ��� ZD\� '� FRQQHFWRU�� $� UHGXFHG� IDFLOLW\� YHUVLRQ� RI� WKLV� VWDQGDUG�NQRZQ� DV� 56���� XVHV� D� ��� ZD\� '� FRQQHFWRU�� 56���� 	� 56���� FRPPXQLFDWH�
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EHWZHHQ� MXVW� �� GHYLFHV�� 56����� 56���� DQG� 56���� ZHUH� LQWURGXFHG� DV� VHULDO�WUDQVPLVVLRQ� VWDQGDUGV� WKDW� FRXOG� FRPPXQLFDWH� EHWZHHQ� VHYHUDO� SLHFHV� RI�HTXLSPHQW�� 56���� DQG� 56���� SURYLGH� EDODQFHG�� L�H�� GLIIHUHQWLDO�� LQWHUIDFHV�� ,Q�DGGLWLRQ��56����DFFRPPRGDWHV�PXOWLSOH�WUDQVFHLYHUV��56����LV�XQEDODQFHG��)LJ���VKRZV�WKH�WUDQVPLVVLRQ�FRQILJXUDWLRQV�IRU�56����DQG�56�����56����SURYLGHV�WKH�HOHFWULFDO� VSHFLILFDWLRQ� IRU� 56����� 56������������ GR� QRW� SURYLGH� SLQ�RXW�VSHFLILFDWLRQV�
6RPH�0DFLQWRVK�FRPSXWHUV�DUH�VXSSOLHG�ZLWK�D�56����SRUW�EXW�D�SOXJ�LQ�FDUG�LV�UHTXLUHG� WR� SURYLGH� WKLV� VWDQGDUG� ZLWK� DQ� ,%0� 3&�� $W� FRPSRQHQW� OHYHO� 56����SDUWV�DUH� LQWHUFKDQJHDEOH�ZLWK�56����FRXQWHUSDUWV�EXW�56����GULYHUV�VKRXOG�QRW�EH� XVHG� LQ� D� 56���� V\VWHP� EHFDXVH� WKH\� FDQQRW� UHOLQTXLVK� FRQWURO� RI� WKH� EXV��56�����56���� DQG�56���� SURYLGH� RQO\� HOHFWULFDO� VSHFLILFDWLRQV�� FRQQHFWRU� SLQ�RXWV�GHVLJQDWLRQV�EHLQJ�UHIHUUHG�WR�56����������EXW�VRPH�PDQXIDFWXUHUV�XVH�RWKHU�FRQQHFWRU�VW\OHV�
6RPH�WHUPLQRORJLHV�WR�EH�DZDUH�RI�ZLWK�WKH�VHULDO�WUDQVPLVVLRQ�RI�GDWD�DUH�6LPSOH[� 7UDQVPLVVLRQ�RQH�ZD\�RQO\�'XSOH[� 6LPXOWDQHRXV���ZD\�WUDQVPLVVLRQ�RQ�D�VLQJOH�OLQH�+DOI�GXSOH[� ��ZD\�WUDQVPLVVLRQ��RQH�ZD\�DW�D�WLPH��RQ�D�VLQJOH�OLQH�)XOO�GXSOH[� ��VHSDUDWH�VLPSOH[�OLQHV�XVHG��RQH�IRU�HDFK�GLUHFWLRQ�'7(� �'DWD�7HUPLQDO�(TXLSPHQW��� 0DFKLQHV�WKDW�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�YLD�D�WHOHFRPPXQLFDWLRQV�OLQH��H�J��FRPSXWHUV�'&(� �'DWD�&LUFXLW�WHUPLQDWLQJ�(TXLSPHQW��� 7KH�GHYLFH�WKDW�VHQGV�DQG�UHFHLYHV�PRGXODWHG�VLJQDOV��H�J��D�PRGHP�
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7UDQVFHLYHU

56����EXV

56����EXV

 �ORFDO�HDUWK

7UDQVPLWWHU 5HFHLYHUV

7UDQVPLW
5HFHLYH

)LJ����� �7RS��&LUFXLW�FRQILJXUDWLRQV�IRU�56�����ZKLFK�SURYLGHV�GLIIHUHQWLDO� WUDQVPLVVLRQ�WR� VHYHUDO� UHFHLYHUV�� %RWWRP��56���� DFFRPPRGDWHV�PXOWLSOH� WUDQVPLWWHUV� DQG� UHFHLYHUV�RSHUDWLQJ� LQ�GLIIHUHQWLDO�PRGH��(DFK� WULDQJOH� UHSUHVHQWV�D� ORJLF�FLUFXLW�DQG� WKH�DSH[�RI�WKH� WULDQJOH� SRLQWV� WR� WKH� GLUHFWLRQ� RI� VLJQDO� IORZ�� 7KH� UHFHLYHUV� DQG� WUDQVFHLYHUV� DUH�FRQQHFWHG�WR�WKH�GHYLFHV�EHLQJ�FRPPXQLFDWHG�ZLWK�7KH�8QLYHUVDO�6HULDO�%XV��86%�7KLV� LV� D� VHULDO� SRUW� VSHFLILFDOO\� GHVLJQHG� IRU� XVH� ZLWK� SHUVRQDO� FRPSXWHUV� DQG�WKHLU�SHULSKHUDOV��86%�����UHTXLUHV�:LQGRZV����RU�ODWHU�RU�DQ�$SSOH�L0DF��7KHUH�LV�D�SDWFK��265������IRU�:LQGRZV����EXW�LW�LV�QRW�RSHUDWLRQDOO\�UHOLDEOH��7KHUH�LV�QR�86%�VXSSRUW�IRU�17��86%�����FDQ�EH�XVHG�ZLWK�ODWHU�YHUVLRQV�RI�:LQGRZV��H�J��;3� DQG� ����� DQG� LV� EDFNZDUG� FRPSDWLEOH�ZLWK�86%�����7KH� EXV� IDFLOLWDWHV� WKH�FRQQHFWLRQ�RI�PDQ\�FRPSDWLEOH�GHYLFHV�WR�D�VLQJOH�FRPSXWHU�E\�XVLQJ�86%�KXEV�RQH�RI�ZKLFK�PD\�EH�EXLOW� LQWR�D�3&��7KH�PD[LPXP�OHQJWK�RI�FDEOH� WKDW�FDQ�EH�XVHG�EHWZHHQ�GHYLFHV� LV� OLPLWHG����RU��P�GHSHQGLQJ�RQ� WKH�VSHHG�RI� WKH�GHYLFH��EXW�WKLV�LV�QRW�D�SUREOHP�ZKHUH�D�3&¶V�SHULSKHUDOV�DUH�DGMDFHQW��$�IRXU�FRUH�FDEOH�LV�XVHG��WZR�GDWD�OLQHV�DQG���SRZHU�VXSSO\�OLQHV��7KHUH�DUH�WZR�W\SHV�RI�FRQQHFWRU��



(OHFWULFDO�&RQQHFWLRQV�IRU�(OHFWURQLF�$SSDUDWXV����5��:HEE ��

��

RQH�KDV���LQ�OLQH�SLQV���7\SH�$���DQG�SOXJV�LQWR�D�3&�RU�D�KXE��WKH�RWKHU���7\SH�%���LV�VTXDUH�ZLWK���SDLUV�RI�SLQV�DQG�SOXJV�LQWR�WKH GHYLFH�EHLQJ�FRQWUROOHG�
3& 86%��

86%�� +XE
7R�GLVSOD\�	�DQRWKHU�KXE

7R�SRLQWHU��NH\ERDUG�SULQWHU��VFDQQHU�)LJ������$�3&�KDV�DW�OHDVW���86%�SRUWV�WKDW�FDQ�VXSSRUW�PDQ\�GHYLFHV�YLD�H[WHUQDO�KXEV�6RPH�3&¶V�KDYH�D�EXLOW�LQ�KXE�WR��SURYLGH�PRUH�WKDQ�WZR�SRUWV�
$�SHUVRQDO�FRPSXWHU�PD\�KDYH���86%�SOXV�WKH�WUDGLWLRQDO�VHULDO�DQG�SDUDOOHO�SRUWV�RU� LI� LW� LV� ³OHJDF\� IUHH´� WKHUH� ZLOO� EH� RQO\� D� JURXS� RI� 86%� DQG� )LUH� :LUH�FRQQHFWRUV�IRU�XVH�ZLWK�FRPSDWLEOH�SHULSKHUDOV��,I�VHSDUDWH�KXEV��EXV�VWDWLRQV��DUH�UHTXLUHG� LW� PD\� EH� DGYLVDEOH� WR� HQVXUH� WKDW� WKH\� DUH� WKH� ³DFWLYH´� W\SH�� L�H�� WKH\�KDYH� WKHLU� RZQ� SRZHU� VXSSO\� WR� VXSSRUW� ���P$�SHU� SRUW� GRZQ� VWUHDP�� 3DVVLYH�W\SHV�UHO\�RQ�WDNLQJ�SRZHU�IURP�WKH�86%�EXV��$OVR�FRQVLGHU�WKH�XVH�RI�KXEV�ZLWK�SUH�SRUW� VZLWFKLQJ� WR�SUHYHQW� D� IDLOHG�GHYLFH� FUDVKLQJ� DQ� HQWLUH� FKDLQ��7KH�86%V\VWHP�LV�FRQVLVWHQW�ZLWK�3&�SOXJ�	�SOD\ DUFKLWHFWXUH�DQG�FRPSDWLEOH�SHULSKHUDOV�VKRXOG� LQVWDOO� WKHPVHOYHV� RQ� ERRW�XS�� )XUWKHU� LQIRUPDWLRQ� LV� DW��KWWS���ZZZ�XVE�RUJ��$GGLWLRQDO�GHYHORSPHQWV� LQFOXGH��86%�2Q�7KH�*R�� �27*���GHVLJQHG� IRU� SRUWDEOH� GHYLFHV� ZKLFK� UHTXLUH� VPDOOHU� FRQQHFWRUV�� VHH��ZZZ�XVE�RUJ�GHYHORSHUV�RQWKHJR DQG� 86%� ���� LQFRUSRUDWHG� LQWR� D� /$1� �VHH� D�ODWHU�VHFWLRQ��YLD�DQ�DGDSWRU�,(((�������)LUH�:LUH�RU�L�/,1.�$SSOH� &RPSXWHUV� RULJLQDWHG� WKLV� VHULDO� EXV�� ,W� LV� D� KLJK� VSHHG��ZLGH� EDQGZLGWK�LQWHUIDFH� IRU� XVH� EHWZHHQ� D� SHUVRQDO� FRPSXWHU� DQG� �SULQFLSDOO\�� FRQVXPHU�HOHFWURQLFV�VXFK�DV�GLJLWDO�FDPHUDV��9&5¶V��FDPFRUGHUV��DXGLR�YLVXDO�SHULSKHUDOV��HWF�� 8QOLNH� 86%�� )LUH� :LUH� ZDV� GHVLJQHG� VSHFLILFDOO\� IRU� WKH� DSSOLFDWLRQV� MXVW�OLVWHG� DQG�SURYLGHV�SHHU� WR�SHHU� LQWHUIDFLQJ� VR� WKDW�� IRU� H[DPSOH�� WKH�EXV�FDQ�EH�XVHG� IRU� GXEELQJ� IURP� RQH� FDPFRUGHU� WR� DQRWKHU�ZLWKRXW� WKH� XVH� RI� D� SHUVRQDO�FRPSXWHU��7KH�VSHFLILFDWLRQ�DOORZV�GDLV\�FKDLQLQJ�RI�XS�WR����SHULSKHUDOV�ZLWKRXW�WKH� XVH� RI� D� ³KXE´� DQG� WKHVH� FDQ� EH� FRQQHFWHG� WR� D� OLYH� EXV�� ,W� DOVR� VSHFLILHV�DV\QFKURQRXV�DQG�LVRFKURQRXV�GDWD�WUDQVPLVVLRQ��7KH�ODWWHU�LV�LPSRUWDQW�IRU�YLGHR�XVH�DQG�JXDUDQWHHV�GDWD�WUDQVIHU�DW�D�SUHGHWHUPLQHG�UDWH��7KH�FDEOH�XVHG�SURYLGHV��
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SRZHU��JURXQG�DQG�WZR�WZLVWHG�SDLUV�IRU�GDWD�DQG�FRQWURO�VLJQDOV��7KH�SRZHU�OLQHV�FDQ� VXSSO\�XS� WR����$�DW�YROWDJHV�EHWZHHQ��9�DQG���9��)XUWKHU� LQIRUPDWLRQ�DW��ZZZ������RUJ�
7KH�3&�3DUDOOHO�3RUW�$OVR� NQRZQ� DV� WKH� SULQWHU� SRUW� DQG� VRPHWLPHV� ODEHOOHG� /37�� �/LQH� 3ULQWHU�7HUPLQDO���,W�LV�EDVHG�RQ�D�VSHFLILFDWLRQ�RULJLQDWHG�E\�&HQWURQLFV�DQG�ZDV�DOUHDG\�LQ� H[LVWHQFH� EHIRUH� WKH� DGYHQW� RI� WKH� 3&�� 2ULJLQDOO\� LW� ZDV� D� RQH�ZD\� SRUW� EXW�VLQFH������LW�KDV�EHHQ�UH�GHILQHG�DV�,(((������7KLV�LV�EDFNZDUG�FRPSDWLEOH�ZLWK�WKH� &HQWURQLFV� VSHFLILFDWLRQ� EXW� SURYLGHV� D� EL�GLUHFWLRQDO� VWDQGDUG� VLJQDOOLQJ�PHWKRG� IRU� SHULSKHUDOV� LQWHUIDFLQJ� ZLWK� SHUVRQDO� FRPSXWHUV� YLD� D� SDUDOOHO�LQWHUIDFH�� ,(((����� DOVR� SURYLGHV� D� FKRLFH� RI� RSHUDWLQJ� PRGHV� IRU� ZKLFK� WKH�FRQQHFWRU�SLQ�DVVLJQPHQWV�YDU\��VHH� WKH�3LQ�2XW�VHFWLRQ��,W�DOVR�UHFRPPHQGV�WKH�XVH� RI� D�0'5���� SLQ� FRQQHFWRU� IRU� QHZ� HTXLSPHQW��$OWKRXJK� SHUIRUPLQJ�ZKDW�PD\� EH� FRQVLGHUHG� D�PXQGDQH� WDVN� WKLV� SRUW� UHTXLUHV� WKH� XVH� RI� D� JRRG� TXDOLW\�FDEOH�� 7ZLVWHG� SDLUV�ZLWK� VHSDUDWH� JURXQGV� DUH� XVHG� SOXV� RYHUDOO� VKLHOGLQJ�ZLWK�IRLO�ZUDSSLQJ��7KH�VSHFLILFDWLRQ�DOVR�FDOOV�IRU�D�PD[LPXP�FDEOH�OHQJWK�RI��P��2Q�SHUVRQDO�FRPSXWHUV� WKH�SULQWHU�SRUW�XVHV�D����ZD\�'�FRQQHFWRU��WKH�SULQWHU�KDV�D����ZD\�'HOWD��&HQWURQLFV��FRQQHFWRU��$Q�DGGLWLRQDO�SULQWHU�FDQ�EH�VXSSRUWHG�YLD�D�SDUDOOHO�SRUW�FDUG�WKDW�SOXJV�LQWR�D�VSDUH�VORW�ZLWKLQ�WKH�3&��,6$�DQG�3&,�YHUVLRQV�DUH� DYDLODEOH�� &XUUHQW� 3&V� DQG� SULQWHUV� DUH� XVXDOO\� SURYLGHG� ZLWK� SDUDOOHO� DQG�86%�FRQQHFWLRQV�DQG�LI�LW�LV�UHTXLUHG�WR�XVH���SULQWHUV�ZLWK�D�3&�WKDW�KDV�D�3DUDOOHO�SRUW�DQG�86%�SRUWV�LW�PD\�EH�IRXQG�OHVV WURXEOHVRPH�WR�XVH�RQH�SULQWHU�FRQQHFWHG�WR�WKH�SDUDOOHO�SRUW�DQG�WKH�RWKHU�WR�D�86%�SRUW�6&6,���6PDOO�&RPSXWHU�6\VWHPV�,QWHUIDFH�'HYHORSHG� WR� RYHUFRPH� WKH� OLPLWDWLRQV� RI� WKH� ,6$� EXV� XVHG� LQ� HDUO\� 3&¶V� LW�SURYLGHV� D� VWDQGDUG�PHDQV� IRU� FRPSXWHUV� WR� H[FKDQJH�GDWD� DW�KLJK�VSHHG�RYHU�D�SDUDOOHO� EXV� EHWZHHQ� GDLV\�FKDLQHG� GHYLFHV� VXFK� DV� GLVN� GULYHV�� GLVN� DUUD\V��SULQWHUV�� VFDQQHUV�� HWF��'DLV\� FKDLQLQJ� LV� IDFLOLWDWHG�E\� HDFK�6&6,�GHYLFH�KDYLQJ�LQSXW�DQG�RXWSXW�EXV�FRQQHFWRUV��7KH�EXV�LV�ZLGHO\�XVHG�IRU�QHWZRUN�VHUYHUV�DQG�8QL[� ZRUNVWDWLRQV� EXW� LWV� DSSOLFDWLRQ� LV� OLPLWHG� IRU� XVH� ZLWK� D� VLQJOH� SHUVRQDO�FRPSXWHU��$�VWDQGDUG�,%0�FRPSDWLEOH�3&�ZLOO�UHTXLUH�D�6&6,�KRVW�DGDSWHU�FDUG�WR�PDNH� XVH� RI� 6&6,� FRPSDWLEOH� GHYLFHV��$�YHU\� ODUJH�KDUG�GLVF� DQG� �� RU�PXOWLSOH�SHULSKHUDOV�PD\� MXVWLI\� LWV� XVH�ZLWK� D� 3&��$SSOH�0F,QWRVK� FRPSXWHUV� SURYLGH� D�6&6,�SRUW�EXW�WKH�VWDQGDUG����ZD\�'�FRQQHFWRU�XVHG�PHDQV�PDNLQJ�D�FRPSURPLVH�RQ�JURXQGLQJ�DUUDQJHPHQWV�DQG�WKHUHIRUH�LV�QRW�UHFRPPHQGHG�IRU�KLJK�VSHHG�GDWD�
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WUDQVIHU��6HYHUDO�YHUVLRQV�RI�WKH�6&6,�EXV�ZLWK�LPSURYLQJ�SHUIRUPDQFH�KDYH�EHHQ�GHYHORSHG��VHH�7DEOH����
7DEOH��

7\SH�1DPH %LW�ZLGWK���������������������ELWV�����������������������7UDQVIHU�UDWH�����������������0E�V���������������6&6,���RU�6WDQGDUG�6&6, ������������������������ ������������������6&6,���RU�)DVW�6&6, � ��)DVW�:LGH�6&6,�� �� ��6&6,���RU�8OWUD�6&6, � ��6&6,���)DVW����RU�:LGH�8OWUD�6&6, �� ��8OWUD���6&6, � ��:LGH�8OWUD���RU�8�: �� ��6HULDO�6&6,��EHLQJ�GHYHORSHG�± �������
:LWK�SOXJ�DQG�SOD\�DUUDQJHPHQWV�� �6&6,���DQG� ODWHU���D�6&6,�VXE�V\VWHP�VKRXOG�LQVWDOO�LWVHOI�DW�ERRW�XS��2OGHU�V\VWHPV�UHTXLUH�DQ�,'��L�H��D�GLVWLQFW�DGGUHVV��WR�EH�PDQXDOO\�DVVLJQHG�WR�WKH�KRVW�DGDSWHU�DQG�WR�HDFK�SHULSKHUDO�YLD�VHOHFWRU�VZLWFKHV�WKDW�DUH�D�SDUW�RI�WKRVH�GHYLFHV��$Q���ELW�YHUVLRQ�RI�6&6,�VXSSRUWV�XS�WR���GHYLFHV�ZLWK�DGGUHVVHV�LGHQWLILHG�ZLWK�,GV�EHWZHHQ���DQG ���7KH�KRVW�DGDSWHU�UHTXLUHV�RQH�RI�WKRVH�,GV��6LPLODUO\�D����ELW�6&6,�EXV�VXSSRUWV����DGGUHVVHV��,Q�D�6&6,�V\VWHP��GHYLFHV� WKDW� UHTXHVW� ,�2� SURFHVVHV� DUH� FDOOHG� LQLWLDWRUV� DQG� WKRVH� WKDW� SHUIRUP�RSHUDWLRQV� UHTXHVWHG�E\� WKH� LQLWLDWRUV�DUH�FDOOHG� WDUJHWV�� ,Q�D� VLPSOH�DUUDQJHPHQW�WKH� KRVW� DGDSWHU� FDUG� FRQWUROV� LWVHOI� DQG� XS� WR� �� RU� ��� RWKHU� WDUJHWV� EXW� RQO\�UHTXLUHV� D� VLQJOH� ,54� OLQH�� (DFK� WDUJHW� KDV� LWV� RZQ� FRQWUROOHU� DQG� LV� FDSDEOH� RI�DGGUHVVLQJ� DGGLWLRQDO� 6&6,� GHYLFHV�� %HFDXVH� WKH� 6&6,� EXV� LV� GHVLJQHG� WR�H[FKDQJH�LQIRUPDWLRQ�EHWZHHQ�6&6,�GHYLFHV�ZLWKRXW�XVLQJ�XS�FRPSXWHU�F\FOHV�LW�LV� FDSDEOH� RI� ZRUNLQJ� IDVWHU� WKDQ� WKH� FRPSXWHU� EXV�� 7KH� LQWHJULW\� RI� WKH� KLJK�IUHTXHQF\� VLJQDOV� LV� PDLQWDLQHG� E\� SURSHUO\� WHUPLQDWLQJ� WKH� EXV� OLQHV�� 3OXJ�LQ�WHUPLQDWRUV�DUH�DYDLODEOH�IRU�WKLV�SXUSRVH��6&6,�GHYLFHV�IRU�XVH�LQVLGH�D�FRPSXWHU�PD\�KDYH�D�EDQN�RI�WHUPLQDWLQJ�UHVLVWRUV�WKDW�FDQ�EH�OHIW�RU�UHPRYHG�GHSHQGLQJ�RQ�WKH�SRVLWLRQ�RI�WKH�GHYLFH�RQ�WKH�6&6,�EXV��6HH�)LJ�����IRU�SRVVLEOH�DUUDQJHPHQWV��7KH� W\SH�RI� FRQQHFWRU�XVHG�GHSHQGV�XSRQ� WKH�YHUVLRQ�RI�6&6,�EHLQJ� VXSSRUWHG��VHH�WKH�&RQQHFWRU�3LQ�2XW�VHFWLRQ��)XUWKHU�LQIRUPDWLRQ�IURP��ZZZ�VFVLWD�RUJ� �
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+RVW�6&6,DGDSWRUZLWKLQ�3&

 �7HUPLQDWLRQV

6&6,�GHYLFHV
([WHUQDO6&6,�FDEOHV
,QWHUQDO6&6,�FDEOH

)LJ�������(DFK�HQG�RI�D�FKDLQ�RI�6&6,�GHYLFHV�PXVW�EH�WHUPLQDWHG��:KHQ�WKHUH�DUH�DOVR�6&6,�GHYLFHV�ZLWKLQ�WKH�3&��VKRZQ�GRWWHG��DQLQWHUQDO�WHUPLQDWLRQ�LV�DOVR�DSSOLHG�WR�WKH�ODVW�RI�WKHP��,I�WKHUH�DUHQR�LQWHUQDO�GHYLFHV�WKH�WHUPLQDWLRQ�LV�DSSOLHG�WR�WKH�KRVW�DGDSWHU��1RWH��,W�LV�QRW�UHFRPPHQGHG�WR�PL[���DQG����ELW�GHYLFHV�LQ�D�FKDLQ�
0HDVXUHPHQW�DQG�&RQWURO�YLD�D�3&��:LWK�VRPH�SURJUDPPLQJ�DQG�HOHFWURQLF�FLUFXLW�NQRZOHGJH�SOXV�DQ�XQGHUVWDQGLQJ�RI�WKH�RSHUDWLQJ�V\VWHP�RI�D�SHUVRQDO�FRPSXWHU��GLJLWDO�LQSXWV�DQG�RXWSXWV�FDQ�EH�SURYLGHG�YLD�WKH�VWDQGDUG�SRUWV�SUHYLRXVO\�GHVFULEHG��$�EDVLF�H[DPSOH�ZRXOG�EH�DQ�RXWSXW�IURP�WKH�VHULDO�RU�SDUDOOHO�SRUW�WKDW�ZRXOG�VZLWFK�DQ�LQWHJUDWHG�ORJLF�GHYLFH�WKDW�FRQWUROOHG�DQ�LQGLFDWRU�RU�UHOD\��$OWHUQDWLYHO\��FRPPHUFLDOO\�DYDLODEOH�SOXJ�LQ�H[WHQVLRQ�ERDUGV�WR�ZKLFK�H[WHUQDO�RSHUDWLRQV�FDQ�EH�FRQQHFWHG�PD\�EH�XVHG��$SSURSULDWH�VRIWZDUH�LV�SURYLGHG�ZLWK�WKHVH�ERDUGV�ZKLFK�UDQJH�LQ�FRPSOH[LW\�IURP�EDVLF�GLJLWDO�LQSXW�RXWSXW��,�2��VHUYLFHV�WR�PXOWL�IXQFWLRQ�GHYLFHV�ZLWK�DQDORJXH�WR�GLJLWDO��$'&��DQG�RU�GLJLWDO�WR�DQDORJXH��'$&��IDFLOLWLHV��7KHVH�ERDUGV�KDYH�PXOWL�ZD\�FRQQHFWRUV�WKDW�DUH�DYDLODEOH�DW�WKH�EDFN�RI�D�3&��7KH�DGYLFH�DOUHDG\�JLYHQ�IRU�KDQGOLQJ�GLIIHUHQW�W\SHV�RI�VLJQDO�DSSOLHV�WR�WKH�FDEOHV�DQG�FRQQHFWLRQV�PDGH�WR�VXFK�ERDUGV��(QVXUH�WKDW�D�FKRVHQ�ERDUG�LV�FRPSDWLEOH�ZLWK�WKH�FRPSXWHU�EXV�DQG�WKDW�WKH�SRZHU�VXSSO\�RI�WKH�FRPSXWHU�FDQ�VXSSO\�WKH�FXUUHQW�WKH�ERDUG�UHTXLUHV�
7KH� FRQWURO� RI� LQVWUXPHQWDWLRQ� E\� D� FRPSXWHU� FDQ� EH� GRQH� ZLWK� WKH� *HQHUDO�3XUSRVH� ,QWHUIDFH� %XV �*3,%�� ,(((����� RU� ,(&������� 7KLV� ZDV� RULJLQDWHG� E\�
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+HZOHWW� 3DFNDUG� DQG� SURYLGHV� D�PHDQV� RI� DXWRPDWLQJ�PHDVXUHPHQW� DQG� FRQWURO�SURFHVVHV� XVLQJ� VWDQGDUG� LQVWUXPHQWDWLRQ� IXUQLVKHG� ZLWK� D� *3,%� LQWHUIDFH��6RIWZDUH� VXSSOLHG� ZLWK� WKH� 3&� FRQWUROOHU� FDUG� PDQDJHV� WKH� IXQFWLRQV� RI� HDFK�LQVWUXPHQW�� 7KH� ODWWHU� DUH� GDLV\� FKDLQHG� DQG� JLYHQ� XQLTXH� DGGUHVVHV� WKHVH�PD\�KDYH� WR� EH� FKRVHQ� PDQXDOO\�� 7KH� FRQQHFWRUV� XVHG� FDQ� EH� VWDFNHG�� WKH�LQWHUFRQQHFWLRQ�DUUDQJHPHQWV�PDNLQJ�XVH�RI�WKLV�GHVLJQ�DUH�VKRZQ�LQ�)LJ�����$OVR�VHH��KWWS���VWDQGDUGV�LHHH�RUJ� ��*R�WR�,(((�6WDQGDUGV�2QOLQH�WKHQ�WR�6HDUFK�
$QDORXJH�LQSXWV

'LJLWDO�RXWSXWVDQG�LQSXWV8VLQJ�D�GDWD�DTXLVLWLRQDQG�FRQWURO�FDUG�
'90

$QDO\VHU
5HFRUGHU6WDFNDEOH�FRQQHFWRUV

*3,%�LQVWUXPHQWDWLRQ

8VLQJ�D�*3,%�FDUG
7R�RWKHULQVWUXPHQWDWLRQ

)LJ�������7ZR�ZD\V�RI�PDNLQJ�PHDVXUHPHQWV�DQG�FRQWUROOLQJ�DSSDUDWXV�YLD�D�3&�

/RFDO�$UHD�1HWZRUNV�� �/$1¶V�5HVRXUFH�DQG�LQIRUPDWLRQ�KDQGOLQJ�EHWZHHQ�ILOH�VHUYHUV��3&¶V�DQG�SHULSKHUDOV�QHFHVVLWDWHV�KLJK�VSHHG�GLUHFW�FRQQHFWLRQV�EHWZHHQ WKHP�WKURXJKRXW�D�EXLOGLQJ�RU�FDPSXV��7KLV�LV�GRQH�XVLQJ�ORFDO�DQG�ZLGH�DUHD�QHWZRUNV�± /$1¶V�DQG�:$1¶V�ZKLFK�DUH�XVXDOO\�LPSOHPHQWHG�XVLQJ�HLWKHU�(WKHUQHW�RU�7RNHQ�5LQJ�V\VWHPV��7KHUH�DUH�GLIIHUHQW�IODYRXUV�IRU�HDFK�RI�WKHVH�V\VWHPV�DQG�VRIWZDUH�LPSOHPHQWDWLRQ�IRU�WKHP�LV�GLIIHUHQW��,Q�HVVHQFH��D�3&�ZLWK�DQ�DSSURSULDWH�LQWHUIDFH�FDUG�FDQ�EH�FRQQHFWHG�WR�D�/$1�RU�:$1�ZKHQFH�LW�FDQ�WKHQ�SLFN�XS�GDWD�WKDW�LV�IORZLQJ�DORQJ�WKDW�QHWZRUN�DQG�VHQG�GDWD�WR�VSHFLILF�WDUJHWV�YLD�LW��7KH�WZR�PRVW�SRSXODU�/$1V��(WKHUQHW�DQG�7RNHQ�5LQJ��DUH�QRZ�FRQVLGHUHG�
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1RWHV�RQ�(WKHUQHW� $FTXDLQWDQFH�ZLWK�WKH�IROORZLQJ�WHUPV�ZLOO�EH�XVHIXO�ZKHQ�GRLQJ�IXUWKHU�UHDGLQJ�RQ�WKH�VXEMHFW��$8,� $WWDFKPHQW�8QLW�,QWHUIDFH��7KLV�FRQVLVWV�RI�D�PXOWL�ZD\�FDEOH�DQG�FRQQHFWRUV�IRU�VLJQDOV�DQG�SRZHU�WR�DQ�0$8�'7(� 'DWD�7HUPLQDO�(TXLSPHQW��7KLV�RUJDQLVHV�VLJQDOOLQJ�DUUDQJHPHQWV��$OVR�VHH�VHFWLRQ�RQ�56����)2� )LEUH�RSWLF�0$&� 0HGLXP�$FFHVV�&RQWURO��D����ELW�KDUGZDUH�DGGUHVV�0$8� 0HGLXP�$WWDFKPHQW�8QLW��7KLV�LV�HVVHQWLDOO\�D�WUDQVFHLYHU��LH�LW�WUDQVPLWV�DQG�UHFHLYHV�VLJQDOV0',� 0HGLXP�'HSHQGHQW�,QWHUIDFH�28,� 2UJDQL]DWLRQDOO\�8QLTXH�,GHQWLILHUV�6HH�)LJ����IRU�IXUWKHU�H[SODQDWLRQ�
1HWZRUN�&DEOH

0', 0$8 $8, '7(�3&�
)LJ�������5HODWLRQVKLS�RI�FRPSRQHQWV�PHQWLRQHG�LQ�WKH�WH[W��,I�WKH�0$8�LV�LQWHJUDWHG�ZLWKLQ�WKH�3&�WKH�$8,�LV�QRW�YLVLEOH�DV�D�VHSDUDWH�LWHP�

(WKHUQHW�LV�DYDLODEOH�LQ�VHYHUDO�VW\OHV�WKDW�FDQ�EH�PL[HG�7KLFN�&RD[�RU����EDVH�� �³%DVH´�LQGLFDWHV�EDVH�EDQG��7KLQ�&RD[�RU����EDVH��7ZLVWHG�3DLU�RU����EDVH±7 �7�LQGLFDWHV�WZLVWHG�SDLU�)LEUH�2SWLF�RU����EDVH±)� �)�LQGLFDWHV�ILEUH�RSWLF�7KLFN�(WKHUQHW�XVHV�D�WUDQVFHLYHU�WKDW�WDSV�WKH�FRD[LDO�FDEOH�E\�SLHUFLQJ�LW��7KLV�RSHUDWLRQ�LV�FDUULHG�RXW�ZLWKRXW�GLVWXUELQJ�WKH�RSHUDWLRQ�RI�WKH�/$1��$�PXOWL�ZD\�FDEOH�DQG�FRQQHFWRUV��FDOOHG�DQ $8,��LV�XVHG�WR�FRQQHFW�WKH�WUDQVFHLYHU�DQG�3&��7KLQ�&RD[�(WKHUQHW�XVHV�D�VPDOOHU�FDEOH�FRQQHFWLQJ�GLUHFWO\�WR�HDFK�3&�YLD�D�³7´�SLHFH��:LWK�WKLV�FRQILJXUDWLRQ�D�/$1�VHFWLRQ�PD\�EH�LQWHUUXSWHG�ZKHQ�DQ�DGGLWLRQDO�3&�LV�LQVHUWHG�LQWR�WKDW�VHFWLRQ��5HSHDWHUV �+XEV��FDQ�EH�LQVHUWHG�LQ�WKLV�
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FKDLQ�WR�SURYLGH�EUDQFK�OLQHV��)LJ����VKRZV�EDVLF�FRQQHFWLQJ�DUUDQJHPHQWV�IRU�(WKHUQHW�7KLFN�DQG�7KLQ�&RD[�FRQILJXUDWLRQV�

FDEOH
7�SLHFH�FRQQHFWRU

7UXQN�FDEOH 7DS
7UDQVFHLYHU�0$8� 0XOWLZD\��GURS��FDEOH�$8,�

/$1

/$1

,QWHUIDFH�FDUG�'7(���0$8� +8%
7R�RWKHU�3&V

)LJ�������0DNLQJ�FRQQHFWLRQ�WR�7KLFN�&RD[�(WKHUQHW���WRS���DQG�7KLQ�&RD[�(WKHUQHW���ERWWRP��
7ZLVWHG�SDLU�DQG�ILEUH�RSWLF�V\VWHPV�DOVR�XVH�KXEV��PXOWL�SRUW�UHSHDWHUV���ZKLFK�DUH�FRQQHFWHG�WR�WKH�PDLQ�WUXQN�FDEOH�WR�HQODUJH�D�/$1��7KH�ILEUH�RSWLF�LPSOHPHQWDWLRQ�UHTXLUHV�DQ�H[WUD�FRPSRQHQW�WR�FRQYHUW�EHWZHHQ�RSWLF�DQG�HOHFWULFDO�VLJQDOV��*HQHUDOLVHG�FRQILJXUDWLRQV�DUH�VKRZQ�LQ�)LJ������$�³7HOFR´����ZD\�FRQQHFWRU�XVHG�LQ�WKH�WHOHSKRQH�LQGXVWU\�VRPHWLPHV�UHSODFHV�WKH�5-����VW\OH�FRQQHFWRU��1RWH�WKDW�WKH�VWDQGDUG�WHOHSKRQH�MDFN�FDEOH�PXVW�QRW�EH�XVHG�LQ�SODFH�RI�WKH�VSHFLILHG�WZLVWHG�SDLUV�FDEOH�$OVR�VHH��ZZZ�RWV�XWH[DV�HGX�HWKHUQHW �QHZV�FRPS�GFRP�ODQV�HWKHUQHW �
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0$8
��

0$8
��

0$8
��

+8%

7ZLVWHG�SDLU
��SLQ�MDFN

��SLQ�SOXJ5-���
'7(LQWHUIDFH

)20$8�� )20$8�� )20$8��
)2�+8%

'7(LQWHUIDFH

0XOWL�ZD\FDEOH��$8,����ZD\�FRQQHFWRU)20$8RSWLFDO���HOHFWULFDOLQWHUIDFH

7;
5;

)LJ������7RS��7KLV�+8%�SURYLGHV�FRQQHFWLRQV�WR�D�/$1�IRU���3&V�YLD�WZLVWHGSDLU�FDEOHV��%RWWRP��7KH�ILEUH�RSWLF�LPSOHPHQWDWLRQ�UHTXLUHV�WUDQVPLW��7;��DQG�UHFHLYH��5;��FDEOHV��WKH�+8%�VKRZQ�SURYLGHV�FRQQHFWLRQ�WR�D�/$1�IRU���3&V�

1RWHV�RQ�7RNHQ�5LQJ�3K\VLFDO�LPSOHPHQWDWLRQ�RI�WKH�/$1�LV�OLNHO\�WR�EH�LQ�WKH�IRUP�RI�D�VWDU�ZLUHG�ULQJ�XVLQJ�VFUHHQHG�WZLVWHG�SDLU�FDEOH�WR�FRQQHFW�WR�LQGLYLGXDO�FRPSXWHUV�NQRZQ�DV�VWDWLRQV ZKLFK�LQFOXGH�WKH�QHFHVVDU\�KDUGZDUH�DQG�VRIWZDUH�WR�FDUU\�RXW�WKH�
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IXQFWLRQ�RI�D�'7(��*URXSV�RI�VWDWLRQV�DUH�FRQQHFWHG�WR�WKH�/$1�YLD�D�0XOWL�VWDWLRQ�$FFHVV�8QLW���0$8�RU�06$8��VRPHWLPHV�NQRZQ�DV�D�FRQFHQWUDWRU����ZD\�/REH�&DEOHV FRQQHFW�VWDWLRQV�WR�0$8¶V�DQG�5LQJ�,Q�5LQJ�2XW� �3DWFK���FDEOHV FRQQHFW�LQGLYLGXDO�0$8¶V�VR�WKDW�WKH�FRPELQDWLRQ�IRUP�D�ULQJ� 7KHVH�DUUDQJHPHQWV�DUH�GHSLFWHG�LQ�)LJ������,QWHUIDFHV�ZLWK�WKH�/$1�FDEOH�DUUDQJH�IRU�D�VWDWLRQ�WR�EH�E\�SDVVHG�VKRXOG�LW�QRW�EH�VZLWFKHG�RQ��6HOI�VKRUWLQJ�FRQQHFWRUV�DUH�XVHG�VR�WKDW�PDQXDOO\�GLVFRQQHFWLQJ�D�OHDG�DXWRPDWLFDOO\�VKRUWV�WKH�WHUPLQDOV�WR�ZKLFK�WKH�VWDWLRQ�ZDV�FRQQHFWHG�WKXV�PDLQWDLQLQJ�FRQWLQXLW\�DURXQG�WKH�ULQJ��/RFDO�H[SDQVLRQ�RI�WKH�ULQJ�FDQ�EH�PDGH�ZLWK�D�&RQWUROOHG�$FFHVV�8QLW� �&$8���7KLV�LV�DQ�LQWHOOLJHQW�0$8��DQG�VXSSRUWV���/REH�$WWDFKPHQW�8QLWV� �/$8¶V���HDFK�RI�ZKLFK�FDQ�LQ�WXUQ�VXSSRUW�XS�WR����VWDWLRQV�
,W�LV�XVXDO�WR�XVH�6KLHOGHG�7ZLVWHG�3DLU �673���8QVKLHOGHG�7ZLVWHG�3DLU �873��RU�RSWLF�ILEUH�FDEOLQJ��,%0�PD\�XVH�WKHLU�8QLYHUVDO�'DWD�&RQQHFWRUV� �8'&¶V���ZKLFK�DWWDFK�WR�HDFK�RWKHU�ZLWKRXW�WKH�QHFHVVLW\�RI��PDOH�RU�IHPDOH�GHVLJQDWLRQV��'%����5-���DQG�5-����FRQQHFWRUV�DUH�DOVR�XVHG

� � � ��� � � �0$8�� 0$8�� 0$8���Q

6WDWLRQ��3&�

3DWFK�&DEOH/REH&DEOH5,�52�3RUW
���ZD\�

� � �&$8�
6WDWLRQ��3&�

/$8����)LJ�������7RNHQV�RI�GLJLWDO�LQIRUPDWLRQ�FLUFXODWH�DURXQG�WKH�ULQJ�VHTXHQWLDOO\�FDOOLQJ�DW�HDFK�VWDWLRQ��$Q�0$8�VHUYLFHV�XS�WR���ORFDO�VWDWLRQV�DQG�D�&$8���/$8�FRPELQDWLRQ�XS�WR���[ ���VWDWLRQV�
$OVR�VHH��KWWS���VWDQGDUGV�LHHH�RUJ�FDWDORJ�,(((������KWPOQHZV�FRPS�GFRP�ODQV�WRNHQULQJ
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3RZHU�FRQQHFWLRQV�L� 7KH�D�F��HOHFWULFDO�PDLQV�VXSSO\��LL� G�F��SRZHU�VXSSO\�FRQQHFWLRQV�
�L��)OH[LEOH�PDLQV�FDEOHV��RU�FRUGV��DUH�XVHG�WR�FRQQHFW�HOHFWULFDO�HTXLSPHQW�WR�WKH�HOHFWULFLW\�PDLQV� VXSSO\� DW� D� QHDUE\� VRFNHW� RXWOHW��7KHVH�FRUGV�DUH�XVXDOO\� WDNHQ�IRU�JUDQWHG�EXW�JLYLQJ� WKHP�D� OLWWOH� WKRXJKW�PD\�SUHYHQW�SUREOHPV�RFFXUULQJ��%\�LQWHUQDWLRQDO�DJUHHPHQW�WKH�FRORXU�FRGH�XVHG�IRU�WKH�LQVXODWLRQ�RI�WKH�FRQGXFWRUV�LV��EURZQ�IRU�OLYH��EOXH�IRU�QHXWUDO�DQG�JUHHQ�ZLWK�D�\HOORZ�VWULSH�IRU�JURXQG��DOVR�UHIHUUHG�WR�DV�HDUWK��$�³OLYH´�FRQGXFWRU�ZLOO�KDYH�D�KLJK�YROWDJH�H[LVWLQJ�EHWZHHQ�LWVHOI�DQG�QHXWUDO��7KH�QHXWUDO�FRQGXFWRU�LV�XVXDOO\��EXW�QRW�DOZD\V��FRQQHFWHG�WR�JURXQG�DW�VRPH�UHPRWH�SRLQW�WKHUHIRUH�D�KLJK�YROWDJH�DOVR�H[LVWV�EHWZHHQ�OLYH�DQG�JURXQG�� %HFDXVH� D� YROWDJH� GURS� ZLOO� H[LVW� DORQJ� WKH� QHXWUDO� FRQGXFWRU� WR� WKH�UHPRWH� JURXQGLQJ� SRLQW�� D� UHODWLYHO\� VPDOO� YROWDJH�ZLOO� H[LVW� EHWZHHQ� LW� DQG� WKH�ORFDO� JURXQG��7KLV�PD\� RQO\� EH� D� IHZ� WHQV� RI� YROWV� EXW� LI� WKH� QHXWUDO� FRQGXFWRU�FRPHV� LQWR� FRQWDFW� ZLWK� D� ORFDO� JURXQGLQJ� FRQGXFWRU� D� SRWHQWLDOO\� H[FHVVLYH�FXUUHQW�� �D� SURSRUWLRQ�RI� WKDW� IURP�DOO� ORDGV�FRQQHFWHG� WR� WKDW� VXSSO\� OLQH�ZKLFK�ZRXOG� RWKHUZLVH� IORZ� DORQJ� WKH� QHXWUDO� FRQGXFWRU��� ZLOO� IORZ� WKURXJK� WKDW�FRQQHFWLRQ�WR�WKH�ORFDO�JURXQG��'DQJHURXV�VLWXDWLRQV�ZLOO�DOVR�H[LVW�LI�WKH�OLYH�DQG�QHXWUDO� FRQGXFWRUV� DUH� LQWHUFKDQJHG�� IRU� H[DPSOH�� ,I� WKH� FRQWUROOLQJ� VZLWFK� LV�VLQJOH� SROH�� L�H�� RQO\� VZLWFKHV� RQH� FRQGXFWRU�� WKH� HTXLSPHQW�PD\�FHDVH� WR�ZRUN�ZKHQ� VZLWFKHG� RII� EXW� HOHFWULFLW\�ZLOO� VWLOO� EH� SUHVHQW� LQ� WKH� OHDG� DQG� DSSDUDWXV��:RUVH�VWLOO��LI�WKH�HDUWK�DQG�OLYH�FRQGXFWRUV�DUH�LQWHUFKDQJHG�WKH�PHWDO�SDUWV�RI�WKH�HTXLSPHQW�FDVH�PD\�EHFRPH�OLYH�
:KHQ�VHOHFWLQJ�D�IOH[LEOH�PDLQV�FRUG�FRQVLGHU�LWV�FXUUHQW�FDUU\LQJ�FDSDFLW\��OHQJWK�DQG� HQYLURQPHQWDO� FRQGLWLRQV� LQ� ZKLFK� LW� LV� XVHG�� 7KH� ILUVW� WZR� FRQGLWLRQV� DUH�UHODWHG� WR� WKH� FRQGXFWRU¶V� HOHFWULFDO� UHVLVWDQFH� DQG� WKHUHIRUH� LWV� FURVV� VHFWLRQDO�DUHD�� 7KH� ODWWHU� PXVW� EH� ODUJH� HQRXJK� WR� SUHYHQW� RYHU� KHDWLQJ�� ZKLFK� FRXOG�GDPDJH� WKH� LQVXODWLRQ�RU�EH�D� ILUH�KD]DUG��DQG�DOVR�SUHYHQW�DQ�H[FHVVLYH�YROWDJH�GURS� DORQJ� LWV� OHQJWK�� ,I� WKH� FDEOH� LV�ZRUNLQJ� LQ�� RU� LV� FRQQHFWHG� WR�� HTXLSPHQW�KDYLQJ� D� KLJKHU� WKDQ� QRUPDO� DPELHQW� WHPSHUDWXUH�� XVH� KHDW� UHVLVWLQJ� FDEOH�� $�FDEOH¶V� JLYHQ� UDWLQJ� DVVXPHV� IUHH� DLUIORZ� DURXQG� LW�� $OVR� JLYH� DWWHQWLRQ� WR� WKH�SRVVLELOLW\� RI� FKHPLFDO� RU� PHFKDQLFDO� GDPDJH� RFFXUULQJ� WR� D� FDEOH� DQG� WKH�FRQQHFWRU�DWWDFKHG�WR�LW��$�FRUURVLYH�DWPRVSKHUH���H�J��ILQH�VSUD\�IURP�DQ�RUDQJH���PD\�FRUURGH�FRQQHFWRU�HOHFWURGHV�WKXV�LVRODWLQJ�DQ�HVVHQWLDO�HDUWK�FRQQHFWLRQ�DQG��RU�LQFUHDVLQJ�WKH�HOHFWULFDO�UHVLVWDQFH�RI�WKH�OLYH�DQG�QHXWUDO�HOHFWURGHV��7KH�ODWWHU�ZLOO�OHDG�WR�RYHU�KHDWLQJ�RI�WKH�SOXJ�DQG�VRFNHW�



(OHFWULFDO�&RQQHFWLRQV�IRU�(OHFWURQLF�$SSDUDWXV����5��:HEE ��

��

7KH� IXVH�RU�RYHU�ORDG� WULS� FRQWUROOLQJ� WKH�PDLQV� VXSSO\� WR� D�SLHFH�RI� HTXLSPHQW�VKRXOG� EH� FKRVHQ� WR� SURWHFW� WKH� VPDOOHVW� VL]H� RI� FDEOH� XVHG�� 3URWHFWLRQ� RI� WKH�HTXLSPHQW�LV�D�PDWWHU�IRU�WKH�GHVLJQHUV�RI�WKDW�HTXLSPHQW��$�IXVH��QR�PDWWHU�KRZ�VPDOO�� FDQQRW� SURWHFW� DJDLQVW� DQ� HOHFWULF� VKRFN�� $� FXUUHQW� DV� VPDOO� DV� ��P$�WKURXJK� D� KXPDQ� ERG\� FDQ� KDYH� VHYHUH� HIIHFWV�� 7KH� XVH� RI� D� UHVLGXDO� FXUUHQW�GHYLFH �5&'��WKDW�GLVFRQQHFWV�WKH�PDLQV�VXSSO\�LI�WKHUH�LV�D�KD]DUGRXV�HOHFWULFDO�OHDNDJH�WR�JURXQG�SURYLGHV�SURWHFWLRQ�IRU�VRPH�FLUFXPVWDQFHV��1RWH�WKDW�LW�FDQQRW�SURYLGH� SURWHFWLRQ� IRU� OHDNDJH� EHWZHHQ� OLYH� DQG� QHXWUDO�� ,Q� ODERUDWRU\� VLWXDWLRQV�HQVXUH� WKDW� D� KLJK� HOHFWULFDO� UHVLVWDQFH� H[LVWV� EHWZHHQ� \RXUVHOI� DQG� DQ\� KLJK�YROWDJHV�
�LL� $�G�F��VXSSO\�PD\�EH�³UDZ´�� L�H��XQUHJXODWHG��WKHUHIRUH�LWV�RXWSXW�YDULHV�ZLWK�WKH�PDLQV�VXSSO\�IURP�ZKLFK�LW�GUDZV�LWV�HQHUJ\��DQG�XQ�VWDELOLVHG��ZKLFK�PHDQV�WKDW� LWV�RXWSXW�YDULHV�ZLWK� WKH�DPRXQW�RI�FXUUHQW� LW� VXSSOLHV� WR�D� ORDG��5HJXODWHG�DQG�VWDELOLVHG�G�F��SRZHU�VXSSOLHV�PD\�EH�OLQHDU�RU�VZLWFKLQJ�W\SHV��(LWKHU�FDQ�EH�GHVLJQHG� WR� SURYLGH� FRQVWDQW� YROWDJH�� FRQVWDQW� FXUUHQW� RU� FRQVWDQW� SRZHU�� 7KH�VZLWFKLQJ�W\SHV�DUH�PRUH�FRPSDFW�EXW�DUH�SURQH�WR�U�I��UDGLDWLRQ��7KLV�PD\�FDXVH�SUREOHPV� WKHUHIRUH� LW� LV�ZLVH� WR�NHHS�DOO� VLJQDO� OHDGV�ZHOO� FOHDU�RI�VXFK�VXSSOLHV�DQG� DQ\� FDEOHV� FRQQHFWHG� WR� WKHP��$� FRQVWDQW� YROWDJH� SRZHU� VXSSO\�RQO\�NHHSV�WKH� YROWDJH� FRQVWDQW� DW� LWV� RXWSXW� WHUPLQDOV�� LW� FDQQRW� FRPSHQVDWH� IRU� D� YROWDJH�GURS�DORQJ�H[WHUQDO�FDEOHV�FRQQHFWHG�WR�WKRVH�WHUPLQDOV��,W�FDQ�EH�DUUDQJHG�IRU�WKH�YROWDJH�DFURVV�D�ORDG�DW�WKH�HQG�RI�ORQJ�OHDGV�WR�EH�NHSW�FRQVWDQW�LI�WKH�VWDELOLVHU�VHQVHV�WKH�YROWDJH�DFURVV�WKH�ORDG�YLD�VHQVLQJ�OHDGV��VHH�)LJ������

3RZHUVXSSO\ /RDG

3RZHUVXSSO\ /RDG
YROWDJH�GURS

��VHQVLQJ�WHUPLQDO

��VHQVLQJ�WHUPLQDO)LJ�������6HQVLQJ�OHDGV�XVHG�WR�PDLQWDLQ�YROWDJH�FRQVWDQW�DW�ORDG�WHUPLQDOV�
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1RW� DOO� SRZHU� VXSSOLHV� DUH� GHVLJQHG�ZLWK� VHQVLQJ� WHUPLQDOV� DYDLODEOH� H[WHUQDOO\�EXW� ZKHUH� WKH\� GR� H[LVW� DQG� DUH� QRW� LQ� XVH� WKH\� PXVW� EH� FRQQHFWHG� WR� WKH�UHVSHFWLYH�RXWSXW�WHUPLQDO��H�J�����6(16(� WR����287387�
&RQVWDQW� YROWDJH� SRZHU� VXSSOLHV� VKRXOG� QRW� EH� FRQQHFWHG� LQ� SDUDOOHO� WR� SURYLGH�H[WUD�FXUUHQW�XQOHVV�GHVLJQHG�WR�RSHUDWH�WKDW�ZD\��6PDOO�GLIIHUHQFHV�LQ�WKHLU�RXWSXW�YROWDJHV� FRPELQHG� ZLWK� WKH� ORZ� RXWSXW� UHVLVWDQFH� RI� VXFK� XQLWV� FDQ� UHVXOW� LQ�GDPDJLQJ�FLUFXODWLQJ�FXUUHQWV��

,Q�JHQHUDO��SRZHU�XQLWV�DUH�VXSSOLHG�ZLWK�³IORDWLQJ´�YROWDJHV��7KLV�PHDQV�WKDW�QHLWKHU�WHUPLQDO��SRVLWLYH�RU QHJDWLYH��LV�GLUHFWO\�FRQQHFWHG�WR�JURXQG��7KHUH�ZLOO�� KRZHYHU�� EH� D� KLJK� UHVLVWDQFH� DQG� FDSDFLWDQFH� EHWZHHQ� HDFK�WHUPLQDO� DQG� JURXQG� WKHUHIRUH� ZKHUH� KLJK� YROWDJH� SRZHU� VXSSOLHV� DUH�FRQFHUQHG� LW� LV�SRVVLEOH� WR�UHFHLYH�DQ�HOHFWULF�VKRFN�ZKHQ�VLPXOWDQHRXVO\WRXFKLQJ� RQH� RI� WKH� WHUPLQDOV� DQG� JURXQG�� :K\� WKLV� VKRXOG� EH� VR� LV�GHPRQVWUDWHG�LQ�)LJ�����

,QWHUQDOFLUFXLWERDUG
3RVLWLYH
1HJDWLYH
&KDVVLV�*URXQG

&KDVVLV

5& )LJ�������6WUD\�UHVLVWDQFH��5��DQG�FDSDFLWDQFH�&��EHWZHHQ�WHUPLQDOV�DQG�WKH�HDUWKHG�FKDVVLV�UHVXOW�LQ�DQ�LQGHWHUPLQDWH�YROWDJH�H[LVWLQJ�EHWZHHQ�DQ\�WHUPLQDO�DQG�JURXQG�

,W� LV� FRQYHQWLRQDO� WR� UHIHU� WKH� PHDVXUHPHQW� RI� YROWDJHV� ZLWK� UHVSHFW� WR�JURXQG� WKHUHIRUH� LI� WKH� QHJDWLYH� WHUPLQDO� RI� D� IORDWLQJ� SRZHU� VXSSO\� LV�FRQQHFWHG�WR�JURXQG�WKH�YROWDJH�PHDVXUHG�DW�WKH�SRVLWLYH�WHUPLQDO�ZLOO�EH�SRVLWLYH�ZLWK�UHVSHFW�WR�JURXQG��,W�FRXOG�EH�VDLG�WR�EH�VR�PDQ\�YROWV�DERYH�JURXQG�� ,I�� RQ� WKH� RWKHU� KDQG�� WKH� SRVLWLYH� WHUPLQDO� LV� JURXQGHG� WKHQ� WKH�YROWDJH�DW�WKH�QHJDWLYH�WHUPLQDO�ZLOO�EH�QHJDWLYH�ZLWK�UHVSHFW�WR�JURXQG�RU�VR� PDQ\� YROWV� EHORZ� JURXQG�� 6XFK� WHUPLQRORJ\� FDQQRW� EH� XVHG� LI� WKH�WHUPLQDOV� RI� WKH� SRZHU� VXSSO\� UHPDLQ� IORDWLQJ� EHFDXVH� WKHQ� WKHUH� LV� QR�JURXQG� UHIHUHQFH�� )RU� VXFK� FDVHV� YROWDJHV� FDQ� EH� UHIHUUHG� WR� RQH� RI� WKH�RXWSXWV�ZKLFK�LV�WKHQ�UHIHUUHG�WR�DV�WKH�FRPPRQ OLQH��)ORDWLQJ�SRZHU�XQLWV�FDQ�EH�FRQQHFWHG�LQ�VHULHV�DV�VKRZQ�LQ�)LJ������7KHUH�DUH�FDYHDWV�WR�VXFK�DUUDQJHPHQWV�� IRU� H[DPSOH�� PD[LPXP�ZRUNLQJ� YROWDJHV� ZLWK� UHVSHFW� WR�
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FKDVVLV�DQG�FRPSDUDEOH�PD[LPXP�FLUFXODWLQJ�FXUUHQWV�PXVW�EH�FRQVLGHUHG��$OVR��EHFDXVH�LQGLYLGXDO�XQLWV�VWDELOLVH�DW�GLIIHUHQW�UDWHV�LW�LV�DGYLVDEOH�WR�XVH� YROWDJH� OLPLWHUV� VXFK� DV� ]HQHU� GLRGHV� DFURVV� WKHLU� RXWSXW� WHUPLQDOV��7KLV� ZLOO� SURWHFW� FLUFXLWV� FRQQHFWHG� WR� WKHP� IURP� DQ\� WUDQVLHQW� RYHU�YROWDJH�WKDW�PD\�RFFXU�DW�VZLWFK�RQ��7KLV�SUHFDXWLRQ�LV�DOVR�VKRZQ�LQ�)LJ�����
9

9 9
9

�����9

��9 ���WR����YROWVUHODWLYH�WR�JURXQG
��WR���YROWVUHODWLYH�WR���9'

9$5,$%/(�287387

),;('�287387

),;('�287387

),;('�287387
6\PEROV�IRU�
&RQQHFWLRQ�WR�FKDVVLV

&RQQHFWLRQ�WR�JURXQG
$UURZ�KHDGV�SRLQW�WRWKH�PRVW�SRVLWLYH�OLQH

&RPPRQ�OLQH

)LJ�������7KHUH�DUH�GLIIHUHQW�V\PEROV�IRU�FRQQHFWLRQ�WR�JURXQG�HDUWK�DQG�WR�FKDVVLV�EXW�D�FKDVVLV�PD\�EH�FRQQHFWHG� WR�JURXQG�YLD� WKH�PDLQ�HOHFWULFLW\�VXSSO\�� �7RS��&RQQHFWLQJ�DUUDQJHPHQWV� IRU�WZR�VLPLODU�VXSSOLHV�WR�SURGXFH���9�UHODWLYH�WR�WKH�FRPPRQ�OLQH��%RWWRP��+HUH�LW�LV�DVVXPHG�WKDW�HDFK�FKDVVLV� LV�JURXQGHG��7KH�YDULDEOH�RXWSXW�VXSSO\�³VLWV�RQ�WRS�RI´�WKH���9�IL[HG�VXSSO\��7KH�]HQHU�GLRGH�'��UDWHG�DW����9��SUHYHQWV�VXUJHV�IURP�WKH���9�VXSSO\�WKDW�PD\�GDPDJH�FRPSRQHQWV�FRQQHFWHG�EHWZHHQ�WKH���� �9�WHUPLQDOV�
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+LJK�YROWDJH�FRQQHFWLRQV$Q� HOHFWURQLF� FRPSRQHQW�ZLOO� KDYH� D�PD[LPXP�YROWDJH� UDWLQJ� WKDW�PXVW� QRW� EH�H[FHHGHG�HYHQ�LI�LWV�SRZHU�UDWLQJ�LV�ZLWKLQ�VSHFLILFDWLRQ��)RU�H[DPSOH��FRQQHFWLQJ������YROWV�DFURVV�D���ZDWW���PHJ�RKP�UHVLVWRU�PD\�PHHW�WKH�SRZHU�UDWLQJ�IRU�WKDW�FRPSRQHQW� EXW� LI� LWV� YROWDJH� UDWLQJ� LV� ���� YROWV� WKHQ� LW� ZLOO� EUHDN� GRZQ� DQG� D�FRQVHTXHQFH�PD\�LQFOXGH�GDPDJH�WR�RWKHU�FRPSRQHQWV��1RWH�WKDW�YROWDJH�UDWLQJV�UHIHU� WR� SHDN� YDOXHV� DQG� WKH�SHDN�YDOXH�RI� WKH�PDLQV�YROWDJH� VXSSO\� LV� RYHU�����WLPHV�LWV�U�P�V��YDOXH�
(OHFWULF�FXUUHQW�SDVVLQJ�WKURXJK�SDUW�RI�WKH�ERG\�ZLOO�FDXVH�DQ�HOHFWULF�VKRFN�DQG�MXVW���P$��������SDUWV�RI�� DPS���FRXOG�EH�IDWDO��7KH�YROWDJH�VXSSO\LQJ�WKH�FXUUHQW�PXVW� EH� KLJK� HQRXJK� IRU� WKDW� DPRXQW� RI� FXUUHQW� WR� IORZ�� 'HSHQGLQJ� RQ�FLUFXPVWDQFHV�WKH�ERG\�UHVLVWDQFH�EHWZHHQ�RQH�KDQG�DQG�WKH�RWKHU�PD\�EH�VHYHUDO�KXQGUHG� WKRXVDQG� RKPV� RU� ��� WLPHV� ORZHU� WKDQ� WKLV� $Q� HOHFWULF� VKRFN� FDQ� EH�REWDLQHG�IURP�XQH[SHFWHG�VRXUFHV�VXFK�DV�D�FKDUJHG�FDSDFLWRU��DQ�HDUWKHG�IUDPH�DV�GHSLFWHG� LQ�)LJ�����RU�YLD�D�FRQWDPLQDWHG�LQVXODWRU�RYHU�ZKLFK�D�KLJK�YROWDJH�FDQ�³WUDFN´�

9
'9

0DMRU�IDXOWFXUUHQW

)UDFWLRQ�RI�IDXOW�FXUUHQW

*URXQG

)LJ�������/HIW��%HZDUH�RI�FDSDFLWRUV�FKDUJHG�WR�KLJK�YROWDJHV��5LJKW��$�KLJK�FXUUHQW�IORZLQJ�DORQJ�DQ� HDUWKHG� IUDPH� PD\� KDYH� D� VXEVWDQWLDO� YROWDJH� GURS� DORQJ� LWV� OHQJWK� PDNLQJ� DOWHUQDWLYH�JURXQGLQJ�URXWHV�GDQJHURXV�
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&RQQHFWRU�SLQ�RXW�GHVLJQDWLRQV/HDGV� IRU�VWDQGDUG�VSHFLILFDWLRQV�DUH�DYDLODEOH�FRPPHUFLDOO\�EXW� UHTXLUHPHQWV� WR�PRQLWRU�VSHFLILF�VLJQDOV��XVH�WKHP�IRU�RWKHU�SXUSRVHV�RU�WURXEOH�VKRRW��QHFHVVLWDWHV�NQRZLQJ�RQ�ZKLFK�FRQQHFWRU�SLQ�WKH�VLJQDO�LV�DYDLODEOH��7KLV�VHFWLRQ�JLYHV�VRPH�VWDQGDUG�SLQ�RXW�DUUDQJHPHQWV�IRU�WKRVH�SXUSRVHV��/HDGV�PDGH�LQ�KRXVH�PXVW�XVH�WKH�FDEOH�VSHFLILHG�IRU�WKH�DSSOLFDWLRQ��(IIRUWV�KDYH�EHHQ�PDGH�WR�HQVXUH�WKDW�WKH�SLQ�RXW�GDWD�JLYHQ� LV�FRUUHFW�EXW� WKH�DXWKRU� LV�QRW� UHVSRQVLEOH� LI� WKLV� LQIRUPDWLRQ�OHDGV�WR�DQ\�GDPDJH�

%1 *1 25 %.
,%0�8'&��'DWD��&RQQHFWRU

��

0

0��
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([WHUQDO�YLHZ�RI�SLQV�IRU�D�SOXJ�DQG�LQWHUQDO�YLHZ�IRU�D�VRFNHW
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([WHUQDO�YLHZ�RI�SLQV�IRU�D�VRFNHWDQG�LQWHUQDO�YLHZ�IRU�D�SOXJ

868$/�$55$1*(0(17�2)�3,16�)25�(;7(51$/�&211(&7256

(GJH�FRQQHFWRU�IRU�D�GRXEOH�VLGHG�3&%
DE

� � Q
� � Q

',1�����VW\OH

��� ���� ��������

�� ���� ���� ��������������,((�����&RQQHFWRU�9LHZ�IURP�VRFNHW�IDFH�

� � �5-���VRFNHW

)LJ������6RPH�JHQHUDO�FRQQHFWRU�DUUDQJHPHQWV�VKRZLQJ�SLQ�SRVLWLRQV�IRU�FRQQHFWRUV�PHQWLRQHG�LQ�WKH� WH[W�� 7KH�&HQWURQLFV� VW\OH� FRQQHFWRU� XVHV� SODWHV� LQVWHDG�RI� SLQV�� 7KH� ,%0�GDWD� FRQQHFWRU LV�KHUPDSKURGLWLF��L�H��QHLWKHU�PDOH�QRU�IHPDOH��7KH�³'´�UDQJH�RI�FRQQHFWRUV�PD\�EH�GHVLJQDWHG�DV�EHLQJ�HLWKHU�'�RU�'%�DQG�WKH�5-���SOXJ�LV�RI�VLPLODU�IRUP�WR�D�WHOHSKRQH�MDFN�
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72.(1�5,1*�8'&��,%0��&211(&725 '%������ZD\�'��&211(&7255HG 5HFHLYH�� 3LQ�� 5HG 5HFHLYH��*UHHQ 5HFHLYH��� 3LQ�� %ODFN 7UDQVPLW��2UDQJH 7UDQVPLW�� 3LQ�� *UHHQ 5HFHLYH��%ODFN 5HFHLYH�� 3LQ�� 2UDQJH 7UDQVPLW��
5-�������ZLUH�WZLVWHG�SDLU�FDEOH� 5-����&211(&7253LQ�� %OXH�:KLWH 7UDQVPLW�� 3LQ�� %OXH�:KLWH 7UDQVPLW��3LQ�� :KLWH�2UDQJH 5HFHLYH�� 3LQ�� :KLWH�2UDQJH 5HFHLYH��3LQ�� 2UDQJH�:KLWH 5HFHLYH�� 3LQ�� 2UDQJH�:KLWH 5HFHLYH��3LQ�� :KLWH�%OXH 7UDQVPLW�� 3LQ�� :KLWH�%OXH 7UDQVPLW��7KH�ILUVW�OLVWHG�FRORXU�LV�WKH�EDFNJURXQG�DQG�WKH�VHFRQG�JLYHQ�FRORXU�WKH�VWULSH�

(7+(51(7�'%����$8,�&211(&725��GURS�FDEOH�IRU����EDVH���3LQ�� 'UDLQ�:LUH 3LQ�� &ROOLVLRQ��3LQ�� &ROOLVLRQ�� 3LQ��� 7UDQVPLW��3LQ�� 7UDQVPLW�� 3LQ��� /RJLF�5HI�3LQ�� /RJLF�5HI� 3LQ���� 5HFHLYH��3LQ�� 5HFHLYH�� 3LQ��� 3RZHU��3LQ�� 3RZHU���9� 3LQ��� /RJLF�5HI�3LQ�� 1& 3LQ��� 1&3LQ�� /RJLF�5HI�7KH�'UDLQ�:LUH�DQG�/RJLF�5HI�FRQGXFWRUV�DUH�FRQQHFWHG�WRJHWKHU��7KH��9�3RZHU�LV�VHSDUDWH�5-����67</(�&211(&725�)25���%$6(�73LQ�� 7UDQVPLW�����7'�� 3LQ�� 5HFHLYH�� �5'��3LQ�� 7UDQVPLW������7'�� 3LQ � 5HFHLYH�� �5'��
81,9(56$/�6(5,$/�%86 ),5(�:,5(��,(((�����7<3(6�$�DQG�%�&211(&725 3LQ�� 3RZHU� ���9�RII�ORDG�3LQ�� 9FF 5HG 3LQ�� *URXQG���3RZHU�	�LQQHU�VKLHOG�3LQ�� ��GDWD :KLWH 3LQ�� 73%��3LQ�� ��GDWD *UHHQ 3LQ�� 73%�3LQ�� *URXQG %ODFN 3LQ�� 73$�3LQ�� 73$��73$�DQG��73%�DUH�WZLVWHG�SDLUV�IRU�WKH�GLIIHUHQWLDO�VLJQDOV�7+(�,(((�����&211(&7253LQV��± � 'DWD�'��± '� 3LQ���� 6HUYLFH�5HTXHVW3LQ��� (QG�RU�,GHQWLI\ 3LQ���� $WWHQWLRQ3LQ��� 'DWD�9DOLG 3LQ���� 6KLHOG�*URXQG3LQ����������1RW�5HDG\�IRU�'DWD 3LQV����± ������'DWD�'��± '�3LQ��� 1R�'DWD�$FFHSWHG 3LQ���� 5HPRWH�HQDEOH3LQ��� ,QWHUIDFH�&OHDU 3LQV����± �������*URXQGV
$OVR�VHH��ZZZ������RUJ� ZZZ�����WD�RUJ� ZZZ�XVE�RUJ� ZZZ�RWV�XWH[DV�HGX�HWKHUQHW

http://www.ots.utexas.edu/ethernet
http://www.usb.org/
http://www.1394ta.org/
http://www.8025.org/


(OHFWULFDO�&RQQHFWLRQV�IRU�(OHFWURQLF�$SSDUDWXV����5��:HEE ��

��

3$5$//(/�32572ULJLQDOO\�FDOOHG�WKH�&HQWURQLFV�SDUDOOHO�SULQWHU�SRUW�ODWHU�WKH�,(((������SDUDOOHO�SRUW� ZKLFK� LV� EDFNZDUG� FRPSDWLEOH� ZLWK� WKH� &HQWURQLFV� VSHFLILFDWLRQ� DQG� QRZ�SURYLGHV� D� JHQHUDO� SXUSRVH�EL�GLUHFWLRQDO� SDUDOOHO� SHULSKHUDO� LQWHUIDFH� FDSDEOH�RI�RSHUDWLQJ� LQ� VHYHUDO� PRGHV�� 7KHVH� DUH�� 633� � 6WDQGDUG� 3RUW�� WKH� RULJLQDO�&HQWURQLFV� VSHFLILFDWLRQ��&RPPXQLFDWLRQ� LV� HVVHQWLDOO\� RQH�ZD\�� IURP� FRPSXWHU�WR�SULQWHU��(33� � (QKDQFHG�3DUDOOHO�3RUW��%L�GLUHFWLRQDO�RSHUDWLRQ�SULPDULO\�XVHG�E\� QRQ�SULQWHU� SHULSKHUDOV�� (&3� � ([WHQGHG� &DSDELOLW\� 3RUW�� %L�GLUHFWLRQDO�RSHUDWLRQ� XVHG� E\� VRPH� SULQWHUV� 	� VFDQQHUV�� ,Q� DGGLWLRQ�� WZR� UHYHUVH� GLUHFWLRQ�RQO\�PHWKRGV�RI�FRPPXQLFDWLRQ�� L�H�� IURP�SHULSKHUDO� WR�FRPSXWHU��DUH�VSHFLILHG��1LEEOH�0RGH�ZKLFK�XVHV� WKH�VWDWXV� OLQHV� WR�VHQG���ELWV�DW�D�WLPH�DQG�%\WH�0RGH�ZKLFK�XVHV�WKH GDWD�OLQHV�WR�VHQG���ELWV�DW�D�WLPH��633��1LEEOH�DQG�%\WH�PRGHV�DUH�LPSOHPHQWHG� YLD� VRIWZDUH�� (33� DQG� (&3� PRGHV� XVH� KDUGZDUH� WR� DVVLVW� GDWD�WUDQVIHU��8VH�RI�WKHVH�PRGHV�UHOLHV�RQ�ERWK�WKH�RSHUDWLQJ�V\VWHP�DQG�WKH�SHULSKHUDO�VXSSRUWLQJ�WKH�,(((�����VWDQGDUG�
7KH�6WDQGDUG�3DUDOOHO�3RUW� �633�� (DFK� GDWD�	� FRQWURO� OLQH� IRUPV� D� WZLVWHG� SDLU�ZLWK� LWV� RZQ�JURXQG� OLQH� VLWXDWHG�RQ�RSSRVLWH� IDFLQJ�SLQV�RI� WKH� FRQQHFWRU��7KH�DFWLYH�VWDWH�RI�D�FRQWURO�OLQH�LV�VKRZQ�LQ�SDUHQWKHVHV���/�� �/RZ���+�� �+LJK��:KHQ�QRW�JLYH Q��WKH�VWDWH�HLWKHU�YDULHV�RU�LV�GHWHUPLQHG�E\�WKH�PDQXIDFWXUHU��7KH�SULQWHU�KDV�D�&HQWURQLFV�FRQQHFWRU�DQG�WKH�3&�D�'�FRQQHFWRU�
���:$<�&(17521,&6�&211(&725� ���:$<�³'´�&211(&725�3LQV������������	����KDYH�QR�FRQQHFWLRQV�3LQ 'HVLJQDWLRQ 6RXUFH 3LQ 'HVLJQDWLRQ6RXUFH� 'DWD�6WUREH��/� 3& � 'DWD�6WUREH��/� 3&��± � 'DWD�'��± '� 3& ��� � 'DWD�'��± '� 3&�� $FNQRZOHGJH��/� 3ULQWHU �� $FNQRZOHGJH��/� 3ULQWHU�� %XV\��+� 3ULQWHU �� %XV\��+� 3ULQWHU�� 3DSHU�2XW �+� 3ULQWHU� �� 3DSHU�2XW �+� 3ULQWHU�� 3ULQWHU�6HOHFWHG��+� 3ULQWHU �� 3ULQWHU�6HOHFWHG��+� 3ULQWHU�� /LQH�)HHG��/����>6XSSO\�*URXQG@
������3& �� /LQH�)HHG��/� 3&�� (UURU��/�����>2VFLOODWRU�7UDQVPLW@
������3ULQ WHU �� (UURU���'HVHOHFW��/� 3ULQWHU�� *URXQG �� ,QLWLDOLVH�SULQWHU��/� 3&���� �������'DWD�&RQWURO�OLQH�*URXQGV �� 6HOHFW�,QSXW��/� 3&�� 5HVHW���,QSXW�3ULPH��/� 3& ���� �� *URXQGV�� )DXOW�3DSHU�2XW���'HVHOHFW��/� 3ULQWHU�� *URXQG�� 6HOHFW�,QSXW��/���>QR�FRQQHFWLRQ@
�������3&3UH�,%0�3&�;7�� �(UURU��SLQ�����DQG�)DXOW��SLQ�����SHUIRUP�WKH�VDPH�IXQFWLRQ�VR�HLWKHU�RU�ERWK�PD\�EH�XVHG�E\�D�SULQWHU�PDQXIDFWXUH��%XV\��SLQ�����PD\�EH�XVHG�IRU�QRQ�UHDG\�FRQGLWLRQV�
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3LQ�RXWV�IRU�WKH�(QKDQFHG�3DUDOOHO�3RUWV�DQG�WKH�([WHQGHG�&DSDELOLW\�3RUWV�,(((������$�3,1�287�)25�7+(����:$<�'�&211(&7256�3LQ (&3�0RGH� (33�0RGH 6RXUFH� +RVW�&ON� �:ULWH��/� +RVW��± � 'DWD���� � $'���� � (LWKHU�� 3HULSK��&ON� ,QWHUXSW��+� 3HULSKHUDO�� 3HULSK��$FN� � :DLW��/� 3HULSKHUDO�� $FN��5HYHUVH��/� �XVHU�GHILQHG� 3HULSKHUDO�� ;IODJ �XVHU�GHILQHG� 3HULSKHUDO�� +RVW�$FN� � '�6WUREH��/� +RVW�� �3HULSK��5HTXHVW��/� �XVHU�GHILQHG� 3HULSKHUDO�� � ,QLWLDWH��/� � 5HYHUVH�5HTXHVW��/� +RVW�� ,((�����$FWLYH � $�6WUREH��/� +RVW���± �� *URXQGV *URXQGV
,(((������%�3,1�287�)25�7+(����:$<�&(17521,&6�&211(&7253LQ (&3�0RGH (33�0RGH 6RXUFH� +RVW�&ON� � :ULWH��/� +RVW��± � 'DWD���± � $'��± $'� (LWKHU�� 3HULSK��&ON ,QWHUXSW��+� 3HULSKHUDO�� 3HULSK��$FN� � :DLW 3HULSKHUDO�� � $FN��5HYHUVH��/� �XVHU�GHILQHG� 3HULSKHUDO�� ;IODJ �XVHU�GHILQHG� 3HULSKHUDO�� +RVW�$FN� �'�6WUREH��/� +RVW�� �QRW�GHILQHG� �QRW�GHILQHG��� /RJLF�*URXQG /RJLF�*URXQG�� &KDVVLV�*URXQG &KDVVLV�*URXQG�� 3HULSK�/RJLF�+L� 3HULSK�/RJLF�+LJK 3HULSKHUDO���± �� *URXQGV *URXQGV�� � ,QLWLDWH��/� � 5HYHUVH�5HT���/� +RVW�� � 3HULSK��5HT���/� �XVHU�GHILQHG� 3HULSKHUDO���± �� �QRW�GHILQHG� �QRW�GHILQHG��� ,(((����$FWLYH � $�6WUREH��/� +RVW

,(((������&��3,1�287�)25�0'5�&211(&7256��
3LQ &RPSDWLEOH�0RGH�

(&3�0RGH (33�0RGH 6RXUFH� %XV\��+� 3HULSK��$FN� �:DLW��/� 3HULSKHUDO� 6HOHFW��+� ;IODJ �XVHU�GHILQHG� 3HULSKHUDO� $FNQRZOHGJH��/� 3HULSK��&ON� ,QWHUUXSW��+� 3HULSKHUDO� �)DXOW��/� �3HULSK��5HTXHVW��/� �XVHU�GHILQHG� 3HULSKHUDO� (UURU��+� �$FN��5HYHUVH��/� �XVHU�GHILQHG� 3HULSKHUDO��± �� 'DWD���± � 'DWD���± � $'��� � (LWKHU�� �,QLWLDWH��/� �,QLWLDWH��/� �5HYHUVH�5HTXHVW��/� +RVW�� �6WUREH��/� +RVW�&ON� �:ULWH��/� +RVW�� �6HOHFW��/� ,(((������$FWLYH �$�6WUREH��/� +RVW�� /LQH�)HHG�3DULW\�&RQWURO +RVW�$FN� �'�6WUREH��/� +RVW�� +RVW�/RJLF�+LJK +RVW�/RJLF�KLJK +RVW�/RJLF�+LJK +RVW���± �� *URXQGV *URXQGV *URXQGV�� 3HULSK��/RJLF�+LJK 3HULSK��/RJLF�+LJK 3HULSK��/RJLF�+L� 3HULSKHUDO
�5HFRPPHQGHG�IRU�QHZ�GHVLJQV������

�2SHUDWLQJ�LQ�WKH�VDPH�PRGH�DV�D�6WDQGDUG�3DUDOOHO�3RUW�



(OHFWULFDO�&RQQHFWLRQV�IRU�(OHFWURQLF�$SSDUDWXV����5��:HEE ��

��

7+(�56����)$0,/<$Q� ,%0� 3&�PD\� KDYH� WZR� 56���� EDVHG� VHULDO� SRUWV�� D� �� �ZD\�'� FRQQHFWRU� ODEHOOHG�6HULDO���RU�&20����DQG�D���ZD\�'�FRQQHFWRU�ODEHOOHG�6HULDO ���RU�&20����7KH���ZD\�SLQ�RXWV�RQO\�SURYLGH�QRQ�V\QFKURQRXV�RSHUDWLRQ�
%HORZ�� 56�(,$���VLJQDOV� DUH� UHIHUUHG� WR� JURXQG �� �QG� �6HFRQGDU\�� UHIHUV� WR� D� VHFRQG�FKDQQHO� WKDW� FDQ�EH�XVHG� IRU� DGPLQLVWUDWLYH� IXQFWLRQV��56�(,$����ZRUNV�GLIIHUHQWLDOO\��OLQHV�³$´� ����	�³%´� �±��IRUPLQJ�D� WZLVWHG�SDLU��56�(,$����LV� WKH� LQWHQGHG�SLQ �RXW� IRU�56�(,$���������	�����EXW�'��DQG�5-� W\SH�FRQQHF WRUV�DUH�RIWHQ�XVHG�� �!�PHDQV� IURP�'&(�WR�'7(��	���IURP�'7(�WR�'&(��
56�(,$���� ,%0�3&�VHULDO�3RUW 56�(,$���� 56�(,$�������ZD\�'� FRQQHFWRU� ��ZD\�'�FRQQHFWRU ���ZD\�'�FRQQHFWRU ���ZD\�'�FRQQ�3LQ��'HVLJQDWLRQ�������������'HVLJQDWLRQ 'HVLJQDWLRQ 'HVLJQDWLRQ� 6KLHOG�6FUHHQ 'DWD�FDUULHU�GHWHFW����
 6KLHOG�� $ 6KLHOG�� $� 7UDQVPLW�GDWD�� 5HFHLYH�GDWD����
 6LJQDO�UDWH�LQGLFDWRU 7UDQVPLW�GDWD�� $� 5HFHLYH�GDWD��! 7UDQVPLW�GDWD����
 1& 5HFHLYH�GDWD�� $��������5HTXHVW�WR�VHQG�� 'DWD�WHUPO��5HDG\����
 7UDQVPLW�GDWD�� $�� 5HTXHVW�WR�VHQG�� $� &OHDU�WR�VHQG�! *URXQG����
 7UDQVPLW�WLPLQJ�� $ &OHDU�WR�VHQG�� $� 'DWD�VHW�UHDG\�! 'DWD�VHW�UHDG\����
 5HFHLYH�GDWD�� $ 'DWD�VHW�UHDG\� 6LJQDO�JURXQG 5HTXHVW�WR�VHQG����
 5HTXHVW�WR�VHQG�� $ 6LJQDO�JURXQG� 'DWD FDUULHU�GHWHFW�!� &OHDU�WR�VHQG����
 5HFHLYH�WLPLQJ�� $ 5HFHLYH�VLJ��GHWHFW�� $� �5HVHUYHG�IRU�WHVWLQJ� 5LQJ�LQGLFDWRU &OHDU�WR�VHQG�� $ 5HFHLYH�WLPLQJ�� %�� �5HVHUYHG�IRU�WHVWLQJ� /RFDO�ORRS�EDFN 5HFHLYH�VLJ��GHWHFW�� %�� 6HOHFW�WUDQVPLW�FKDQ� 'DWD�VHW�UHDG\�� $ ([WHUQDO�WLPLQJ�� %�� �QG�FDUULHU�GHWHFW�! 'DWD�WHUPLQDO�UHDG\�± $ 7UDQVPLW�WLPLQJ�� %�� �QG�FOHDU�WR�VHQG�! 5HFHLYH�VLJQDO�GHWHFW�± $ &OHDU�WR�VHQG�� %��������QG�WUDQVPLW�GDWD�� 5HPRWH�ORRS�EDFN 7UDQVPLW�GDWD�� %�������7UDQVPLW�WLPLQJ�! ,QFRPLQJ�FDOO 7UDQVPLW�WLPLQJ�� $�� �QG�UHFHLYHG�GDW�! 6HOHFW�IUHTXHQF\ 5HFHLYH�GDWD�� %�������5HFHLYHG�WLPLQJ�! ([WHUQDO�WLPLQJ�± $ 5HFHLYH�WLPLQJ�� $��� /RFDO�ORRS�EDFN�� 7HVW�PRGH�LQGLFDWRU /RFDO�ORRS�EDFN��������QG�UHTXHVW�WR�VHQG�� 6LJQDO�JURXQG 5HTXHVW�WR�VHQG�� %�� 'DWD�WHUPLQDO�UHDG\� 5HFHLYH�FRPPRQ 'DWD�WHUPO��UHDG\�� $�������/RRS�EDFN�FRQWURO�! 1& 5HPRWH�ORRS�EDFN�������5LQJ�LQGLFDWRU! 7UDQVPLW�GDWD�± % 'DWD�VHW�UHDG\�� %�������'DWD�UDWH�VHOHFW�� 7UDQVPLW�WLPLQJ�± % 'DWD�WHUPO��5HDG\�� %�������7UDQVPLW�VLJQDO�WLPLQJ� 5HFHLYH�GDWD�± % ([WHUQDO�WLPLQJ�� $�������7HVW�LQGLFDWRU��! 5HTXHVW�WR�VHQG�± % 7HVW�PRGH�������± 5HFHLYH�WLPLQJ�� %������� &OHDU�WR�VHQG�± %�������± 7HUPLQDO�LQ�VHUYLFH������� 'DWD�VHW�UHDG\�� %�������± 'DWD�WHUPLQDO�UHDG\�� %������� 5HFHLYH�VLJQDO�GHWHFW�� %�������± 6HOHFW�VWDQGE\������� 6LJQDO�TXDOLW\�������± 1HZ�VLJQDO������� ([WHUQDO�WLPLQJ�� %�������± 6WDQGE\�LQGLFDWRU������� 6HQG�FRPPRQ����(,$�����(�DOORZV�D����ZD\�$OW�$ FRQQHFWRU WR�EH�XVHG��SLQ����LV�QRW�FRQQHFWHG�
3LQ�QXPEHULQJ�WR�(,$�����IRU�DQ�5-���%ORFN�FRQQHFWRU��VHH��ZZZ�MQHXKDXV�FRP�DSSOVHU�KWPO
7R�FRQQHFW�D�'7(��H�J��D�3&��� WR�D�'&(��H�J��D�PRGHP���YLD����ZD\�FDEOH�FRQQHFWRUV��SLQ�Q�RI�FRQQHFWRU�$� JRHV� WR� SLQ� Q� RI� FRQQHFWRU�%��7R� FRQQHFW� WZR�'7(¶V� RU�'&(¶V� WKH� OLQHV� DUH� FURVV�FRQQHFWHG� DQG� FDOOHG� D� 1XOO�0RGHP� OLQN��:KHQ� WKH� WLPLQJ�� VHFRQGDU\� DQG� WHVW� VLJQDOV� DUH� QRW�UHTXLUHG�WKH�SLQ�RXW�IRU�DV\QFKURQRXV�ZRUNLQJ�FDQ EH�UHGXFHG�WR��

http://www.jneuhaus.com/applser.html
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$6<1&+521286�&211(&7,216���ZD\�'�WR����ZD\�'�FRQQHFWLRQV� ��ZD\�'�WR����ZD\�' FRQQHFWLRQV�1XOO�0RGHP� '7( '&( '&(����������'7( '7(���������'7($����WR % 3&���WR 0RGHP�� 3LQ���WR 3LQ 3LQ���WR 3LQ� � � � � � ��	�� ��� � � � � � � �� � � � � � � �� � � � � �� � �� � � � � � � ���	�� �� � � � � � �� � � � � � � ��� ��	�� �� �� � � � �� ��6\QFKURQRXV�RSHUDWLRQ� UHTXLUHV� WKH�XVH�RI� WKH� WLPLQJ�VLJQDO�RQ�SLQ�����$�1XOO�0RGHP�FDEOH�WKDW�FDQ�EH�XVHG�IRU�HLWKHU�V \QFKURQRXV�RU�DV\QFKURQRXV�RSHUDWLRQ�KDV�WKH�IROORZLQJ�OLQNV�EHWZHHQ�FRQQHFWRUV�$�DQG�%�
$ SLQV � � � � � � �� � �� ��WR% SLQV � � � � � �� � � �� ��
3VHXGR� KDUGZDUH� KDQG� VKDNLQJ� FDQ� EH� LPSOHPHQWHG� E\� OLQNLQJ�� ZLWKLQ� WKH� VDPH�FRQQHFWRU���5HTXHVW�WR�6HQG�WR�&OHDU�WR�6HQG�DQG�DOVR�FRQQHFW�WKH�SLQV�IRU�&DUULHU�'HWHFW��'DWD�6HW�5HDG\�	�'DWD�7HUPLQDO�5HDG\�WRJHWKHU��VHH�SDJH�����,I�VRIWZDUH�KDQG�VKDNLQJ�LV�XVHG�RQO\���SLQ�RXWV��7UDQVPLW�'DWD��5HFHLYH�'DWD�DQG�V\VWHP�JURXQG�DUH�UHTXLUHG��
,W� LV� FRPPRQ� WR� XVH HLWKHU� D� �� ZD\� '� RU� D� 5-� W\SH� FRQQHFWRU� IRU� RSHUDWLQJ� 56����DV\QFKURQRXVO\�DQG�WKH�SLQ�RXW�XVHG�YDULHV�ZLWK�PDQXIDFWXUHU��:KHQ�WKH�56����SLQ �RXW�LV�XVHG�IRU�56����WKH�%��±��OLQHV�DUH�FRQQHFWHG�WR�VLJQDO�JURXQG�����
)XUWKHU�LQIRUPDWLRQ�ZZZ�HSDQRUDPD�QHW�OLQNV�WHOH�LQWHUIDFH�KWPOZZZ�VLJWHFK�FRP�NHOWHF�LQVWUXPHQWDWLRQ�UV���BVSHF�KWPOKWWS���ZZZ�MQHXKDXV�FRP�DSSOVHUO�KWPO�
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6&6,��$33529('�&211(&7256��������6\VWHP &RQQHFWRU 6&6,�UHI���ELW�)DVW ���SLQ�+LJK�'HQVLW\���� $OWHUQDWLYH����$��ELW��6WDQGDUG ���SLQ�³&HQWURQLFV´�VW\OH� $OWHUQDWLYH����$���ELW�)DVW���:LGH ���SLQ�+LJK�'HQVLW\���� $OWHUQDWLYH����36&6,�����8OWUD���� ���SLQ�9+'&, $OWHUQDWLYH����3����$OVR�NQRZQ�DV�D�6&6,���&RQQHFWRU������$OVR�NQRZQ�DV�D�6&6,���&RQQHFWRU������ 1HZO\�GHILQHG�
��ELW�VLQJOH�HQGHG����SLQ�LQWHUQDO�KHDGHU�	�KLJK�GHQVLW\�$OW����$�FDEOH�FRQQHFWRU�$OO�RGG�QXPEHUHG�SLQV�SOXV����������������	����DUH�JURXQG��± LQGLFDWHV�DFWLYH�ORZ��3LQ 'HVLJQDWLRQ 6RXUFH 3LQ 'HVLJQDWLRQ 6RXUFH� ±'� ,QLWLDWRU�7DUJHW �� 7HUPLQDO�3ZU�� ±'� CC �� ±$WWHQWLRQ ,QLWLDWRU� ±'� CC �� ±%XV\ ,QLWLDWRU�7DUJHW� ±'� CC �� ±$FNQRZOHGJH ,QLWLDWRU�� ±'� CC �� ±5HVHW CC�� ±'� CC �� ±0HVVDJH 7DUJHW�� ±'� CC �� ±6HOHFW ,QLWLDWRU�7DUJHW�� ±'� CC �� ±&RQWURO�'DWD 7DUJHW�� ±3DULW\ CC �� ±5HTXHVW CC�� 1RW�8VHG �� ±,QSXW�2XWSXW CC

��ELW�GLIIHUHQWLDO����SLQ�KHDGHU�	�KLJK�GHQVLW\�$OW���$�FDEOH�FRQQHFWRU�3LQV��������������������������������������	����DUH�*URXQG�3LQ 'HVLJQDWLRQ 6RXUFH 3LQ 'HVLJQDWLRQ 6RXUFH� �'� ,QLWLDWRU�7DUJHW �� 7HUPLQDWLRQ�3RZHU� ±'� ,QLWLDWRU�7DUJHW �� 7HUPLQDWLRQ�3RZHU� �'� ,QLWLDWRU�7DUJHW �� �$WWHQWLRQ ,QLWLDWRU� ±'� ,QLWLDWRU�7DUJHW �� ±$WWHQWLRQ ,QLWLDWRU� �'� ,QLWLDWRU�7DUJHW �� �%XV\ ,QLWLDWRU�7DUJHW� ±'� ,QLWLDWRU�7DUJHW �� ±%XV\ ,QLWLDWRU�7DUJHW� �'� ,QLWLDWRU�7DUJHW �� �$FNQRZOHGJH ,QLWLDWRU�� ±'� ,QLWLDWRU�7DUJHW �� ±$FNQRZOHGJH ,QLWLDWRU�� �'� ,QLWLDWRU�7DUJHW �� �5HVHW ,QLWLDWRU�� ±'� ,QLWLDWRU�7DUJHW �� ±5HVHW ,QLWLDWRU�� �'� ,QLWLDWRU�7DUJHW �� �0HVVDJH 7DUJHW�� ±'� ,QLWLDWRU�7DUJHW �� ±0HVVDJH 7DUJHW�� �'� ,QLWLDWRU�7DUJHW �� �%XV�6HOHFW ,QLWLDWRU�7DUJHW�� ±'� ,QLWLDWRU�7DUJHW �� ±%XV�6HOHFW ,QLWLDWRU�7DUJHW�� �'� ,QLWLDWRU�7DUJHW �� �&RQWURO�'DWD 7DUJHW�� ±'� ,QLWLDWRU�7DUJHW �� ±&RQWURO�'DWD 7DUJHW�� �'DWD�3RODULW\ ,QLWLDWRU�7DUJHW �� �5HTXHVW 7DUJHW�� ±'DWD�3RODULW\� ,QLWLDWRU�7DUJHW �� ±5HTXHVW 7DUJHW�� 'LII��6&6,�6HQVH ,QLWLDWRU �� �,�2 7DUJHW�� ±,�2 7DUJHW
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��ELW�6LQJOH�HQGHG�SVHXGR LQWHUIDFH�IRU�0DFLQWRVK�FRPSXWHUV�XVLQJ�D����ZD\�'�3LQ 'HVLJQDWLRQ 3LQ 'HVLJQDWLRQ� 5HTXHVW �� *URXQG� 0HVVDJH �� &RQWURO�'DWD� ,QSXW�2XWSXW �� *URXQG� 5HVHW �� $WWHQWLRQ� $FNQRZOHGJH �� *URXQG� %XV\ �� 6HOHFW� *URXQG �� 3DULW\� '%� �� '�� *URXQG �� '��� '� �� '��� '� �� *URXQG�� '� �� 7HUPLQDWRU�3RZHU�� '�
��ELW�6LQJOH�(QGHG�����SLQ��&HQWURQLFV��$OW�����$�FDEOH�FRQQHFWRU�3LQV���WR��������WR����SOXV��������������DQG����DUH�JURXQG��(DFK�GDWD�OLQH�DQG�D�JURXQG�OLQH�IRUP�DWZLVWHG�SDLU��WKH�DVVRFLDWHG�JURXQG�OLQH�LV�DWWDFKHG�WR�WKH�IDFLQJ�GDWD�SLQ�DW�WKH�FRQQHFWRU�3LQ 'HVLJQDWLRQ 6RXUFH 3LQ 'HVLJQDWLRQ 6RXUFH���������������UHVHUYHG �� ±$WWHQWLRQ ,QLWLDWRU���������������Q�F� �� ±%XV\ ,QLWLDWRU�7DUJHW�������������� UHVHUYHG �� ±$FNQRZOHGJH ,QLWLDWRU���WR��������±'��WR�± '� ,QLWLDWRU�7DUJHW �� ±5HVHW ,QLWLDWRU��������������±'DWD�%XV�3RODULW\ ,QLWLDWRU�7DUJHW �� ±0HVVDJH 7DUJHW��������������UHVHUYHG �� ±6HOHFW ,QLWLDWRU�7DUJHW��������������7HUPLQDO�3RZHU �� ±&RQWURO�'DWD 7DUJHW��������������UHVHUYHG �� ±5HTXHVW 7DUJHW�± LQGLFDWHV�DFWLYH�ORZ� �� ±,QSXW�2XWSXW 7DUJHW
��ELW�'LIIHUHQWLDO�����SLQ��&HQWURQLFV��$OW�����$�FDEOH�FRQQHFWRU��GDWD�DQG�FRQWURO�OLQH�SDLUV�DUH�WZLVWHG�WRJHWKHU�DQG�FRQQHFWHG�WR�IDFLQJ�SLQV�DW�WKH�FRQQHFWRU�3LQ 'HVLJQDWLRQ 6RXUFH 3LQ 'HVLJQDWLRQ 6RXUFH� *URXQG �� *URXQG��WR��������'��WR��'� ,QLWLDWRU�7DUJHW ���WR��� ��'��WR��'� ,QLWLDWRU�7DUJHW������������'DWD�%XV�3DULW\ ,QLWLDWRU�7DUJHW �� � 'DWD�%XV�3DULW\ ,QLWLDWRU�7DUJHW������������'LIIHUHQWLDO�6HQVH ,QLWLDWRU �� *URXQG���������������5HVHUYHG �� 5HVHUYHG������������7HUPLQDWLRQ�3RZHU �� 7HUPLQDWLRQ�3RZHU������������5HVHUYHG �� 5HVHUYHG�������������$WWHQWLRQ ,QLWLDWRU �� � $WWHQWLRQ ,QLWLDWRU������������*URXQG ,QLWLDWRU �� *URXQG�������������%XV\ ,QLWLDWRU�7DUJHW �� � %XV\ ,QLWLDWRU�7DUJHW�������������$FNQRZOHGJH ,QLWLDWRU �� � $FNQRZOHGJH ,QLWLDWRU�������������5HVHW ,QLWLDWRU �� ��5HVHW ,QLWLDWRU�������������0HVVDJH 7DUJHW �� �0HVVDJH 7DUJHW�������������6HOHFW ,QLWLDWRU�7DUJHW �� ��6HOHFW ,QLWLDWRU�7DUJHW�������������&RQWURO�'DWD 7DUJHW �� � &RQWURO�'DWD 7DUJHW������ �5HTXHVW 7DUJHW �� � 5HTXHVW 7DUJHW�������������,Q�2XW 7DUJHW �� � ,Q�2XW 7DUJHW������������*URXQG �� *URXQG��
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	The signal source and the load are interfaced with connectors and cable relevant to the type of signal being transmitted between them. It is now necessary to examine the types of signal current that may flow between a signal source and a load. Three types of electrical signal will be considered:
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	With some programming and electronic circuit knowledge plus an understanding of the operating system of a personal computer, digital inputs and outputs can be provided via the standard ports previously described. A basic example would be an output from the serial or parallel port that would switch an integrated logic device that controlled an indicator or relay. Alternatively, commercially available plug-in extension boards to which external operations can be connected may be used. Appropriate software is provided with these boards which range in complexity from basic digital input/output (I/O) services to multi function devices with analogue to digital (ADC) and/or digital to analogue (DAC) facilities. These boards have multi-way connectors that are available at the back of a PC. The advice already given for handling different types of signal applies to the cables and connections made to such boards. Ensure that a chosen board is compatible with the computer bus and that the power supply of the computer can supply the current the board requires.
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