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� &RQWHQWV �������������������������������� �������������������������������� ������������������� �
� ,QWURGXFWLRQ�������������������������������� �������������������������������� ��������������� �
� 'HYLFH�(YROXWLRQ �������������������������������� �������������������������������� ��������
��� )XOO�&XVWRP �������������������������������������������������������������������������������������������
��� 6WDQGDUG�&HOOV���������������������������������������������������������������������������������������
��� 0DVN�3URJUDPPDEOH�*DWH�$UUD\V��03*$� �������������������������������������������
��� 3URJUDPPDEOH�5HDG�2QO\�0HPRU\��3520������������������������������������������
��� 3URJUDPPDEOH�/RJLF�'HYLFHV��3/'� �����������������������������������������������������
��� )LHOG�3URJUDPPDEOH�*DWH�$UUD\V��)3*$���������������������������������������������

� 7KH�)3*$ �������������������������������� �������������������������������� �������������� ��
��� )3*$�&ODVVHV��������������������������������������������������������������������������������������
��� 7KH�&RQILJXUDEOH�/RJLF�%ORFN��&/%� ����������������������������������������������������
��� )3*$�5RXWLQJ ��������������������������������������������������������������������������������������
��� &RPPHUFLDOO\�$YDLODEOH�)3*$V������������������������������������������������������������

� '\QDPLFDOO\�5HFRQILJXUDEOH�&RPSXWLQJ �������������������������������� ���
��� 7KH�$LPV�RI�5HFRQILJXUDWLRQ ����������������������������������������������������������������
��� *UDQXODULW\��������������������������������������������������������������������������������������������
��� ,QWHJUDWLRQ ��������������������������������������������������������������������������������������������
��� ,QWHUFRQQHFWLRQ�1HWZRUN�5HFRQILJXUDELOLW\ �������������������������������������������

� 2SWRHOHFWURQLF�,QWHUFRQQHFWV �������������������������������� ������������������ ��
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��� 7KH�$LP�RI�2SWRHOHFWURQLFV ������������������������������������������������������������������
��� 3URSDJDWLRQ�6SHHGV�����������������������������������������������������������������������������
��� ,PSHGDQFH�0DWFKLQJ ����������������������������������������������������������������������������
��� ,QWHUFRQQHFWLRQ�%DQGZLGWK�/LPLWDWLRQV �������������������������������������������������
��� 1RQ�/RFDO�,QWHUFRQQHFWLRQ �������������������������������������������������������������������
��� 2SWLFDO�$OLJQPHQW ���������������������������������������������������������������������������������
��� &RQFOXVLRQV������������������������������������������������������������������������������������������

� 2SWLFDOO\�,QWHUFRQQHFWHG�'5�)3*$V �������������������������������� ��������
��� '\QDPLFDOO\�5HFRQILJXUDEOH�6\VWHPV ��������������������������������������������������
��� &/%�2SWLFDO�,�2�0DSSLQJ����������������������������������������������������������������������
��� )OLS�&KLS�%RQGLQJ���������������������������������������������������������������������������������
��� 2SWLFDO�,�2�$UFKLWHFWXUHV ����������������������������������������������������������������������
����� 2Q�%RDUG�2SWLFDO�,2 �������������������������������� �������������������������������� ��������������������������� ��
����� )OLS�&KLS�2SWLFDO�,�2 �������������������������������� �������������������������������� ��������������������������� ��
����� ,QWHJUDWHG�2SWLFDO�,QSXW �������������������������������� �������������������������������� ���������������������� ��
����� 2Q�&KLS�/RQJ�/LQHV �������������������������������� �������������������������������� ��������������������������� ��

��� &RQFOXVLRQV������������������������������������������������������������������������������������������
� 2SWRHOHFWURQLF�'5�6\VWHPV �������������������������������� �������������������� ��
��� 7KH�2SWRHOHFWURQLF�6RUWLQJ�'HPRQVWUDWRU ��������������������������������������������
��� 7KH�1HXUDO�1HWZRUN�3DFNHW�6ZLWFK�&RQWUROOHU �������������������������������������
��� 7KH�*HQHULF�0XOWLSURFHVVRU�+DUQHVV ���������������������������������������������������

� &RQFOXVLRQ�������������������������������� �������������������������������� �������������� ��
�� *ORVVDU\�������������������������������� �������������������������������� ��������������� ��
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7KLV�OLWHUDWXUH�VHDUFK�ZLOO�H[DPLQH�WKH�HYROXWLRQ�RI�UHFRQILJXUDEOH�KDUGZDUH�WR�LWV� FXUUHQW� HPERGLPHQW�� VSHFLILFDOO\� WKH� ILHOG� SURJUDPPDEOH� JDWH� DUUD\��)3*$����7KH�)3*$�ZLOO�EH�H[DPLQHG�LQ�GHWDLO�DQG�DORQJ�ZLWK�LWV�DSSOLFDWLRQ�LQ�WKH� ILHOG� RI� UHFRQILJXUDEOH� FRPSXWLQJ�� � 7KH�DGGLWLRQ� RI� RSWLFDO� ,�2�RSHQV� XS�DSSOLFDWLRQ� DUHDV� LQ� KLJK� EDQGZLGWK� UHFRQILJXUDEOH� FRPSXWLQJ� SUHYLRXVO\�H[FOXGHG� E\� WKH� ORZ� EDQGZLGWK� ,�2� RI� KLJK� GHQVLW\� )3*$V�� � 7KUHH� FDVH�VWXGLHV� ZLOO� WKHQ� EH� H[DPLQHG� DQG� WKHLU� DSSOLFDWLRQ� XVLQJ� G\QDPLFDOO\�UHFRQILJXUDEOH�RSWLFDOO\�LQWHUFRQQHFWHG�)3*$V�FRQVLGHUHG�
,Q�DQ�DWWHPSW� WR�SURYLGH�D�FRQVLVWHQW�RYHUYLHZ�RI�FRQILJXUDEOH�KDUGZDUH� WKH�IROORZLQJ�WHUPLQRORJ\�ZLOO�EH�DGRSWHG�>�@�
x &RQILJXUDEOH�+DUGZDUH� +DUGZDUH�ZKRVH�IXQFWLRQ�FDQ�EH�FRQILJXUHG�RQH�RU� WZR� WLPHV�� �$Q�H[DPSOH� RI� VXFK�KDUGZDUH� LV� D� VWDQGDUG� FLUFXLW� ERDUG�SURGXFHG�E\�D�PDQXIDFWXUHU�IRU�D�VSHFLILF�SURGXFW�OLQH���$OWKRXJK�WKH�ERDUG�VXSSRUWV�DQ\�SURGXFW�YHUVLRQV�IURP�WKH�ORZ�WR�KLJK�HQGV��LWV�H[DFW�IXQFWLRQ�LV�FRQILJXUHG�E\�DGGLQJ�WKH�DSSURSULDWH�FRPSRQHQWV�DQG�PRGLI\LQJ�VHWV�RI�VZLWFKHV�RU�MXPSHUV�
x 5HFRQILJXUDEOH�+DUGZDUH� 5HFRQILJXUDEOH�KDUGZDUH�KDV� WKH�DGYDQWDJH�WKDW� LW� FDQ� EH� UHFRQILJXUHG�PDQ\� WLPHV� WR� VXLW� WKH� WDVN� RQ� KDQG�� � 6XFK�V\VWHPV�XVXDOO\�FRQWDLQ�FRPSRQHQWV�VXFK�DV SURJUDPPDEOH�ORJLF�GHYLFHV��3/'V���ZKLFK�DFW�DV�WUXWK�WDEOHV��%RROHDQ�HTXDWLRQV�RU�VWDWH�PDFKLQHV��RU�SURJUDPPDEOH�UHDG�RQO\�PHPRULHV��3520V��ZKLFK�FDQ�EH�XVHG�DV�QRQ�YRODWLOH�PHPRULHV�IRU�PLFURSURFHVVRUV�RU�PLFURFRQWUROOHUV���6RPH�IRUPV�RI�UHFRQILJXUDEOH KDUGZDUH�DUH��LQ�V\VWHP�SURJUDPPDEOH���,63��DQG�FDQ�EH�UH�SURJUDPPHG�ZKLOH�VWLOO�UHVLGHQW�RQ�WKH�FLUFXLW�ERDUG�
x '\QDPLFDOO\� 5HFRQILJXUDEOH� +DUGZDUH� 7KH� DGYHQW� RI� VWDWLF� 5$0��65$0�� EDVHG� )3*$V� RSHQHG� XS� DQRWKHU� FKDSWHU� LQ� UHFRQILJXUDEOH�KDUGZDUH���7KH�65$0�FHOOV�DOORZHG�WKH�)3*$
V�ORJLF�WR�EH�FRQILJXUHG�E\�VLPSO\� ORDGLQJ� D� ELW� SDWWHUQ� LQWR� WKH� 65$0�� WKXV� WKH� V\VWHP� FRXOG� EH�TXLFNO\�UHSURJUDPPHG�WR�SHUIRUP�DQ\�DSSURSULDWH�WDVN�� �)RU�H[DPSOH��RQ�
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VWDUW�XS�WKH�)3*$�FRXOG�EH�FRQILJXUHG�WR�SHUIRUP�GLDJQRVWLFV�RQ LWVHOI�DQG�LWV� FLUFXLW� ERDUG� EHIRUH� G\QDPLFDOO\� UHFRQILJXULQJ� WR� SHUIRUP� WKH� PDLQ�WDVN�V��WKDW�LW�ZDV�GHVLJQHG�IRU�
x 9LUWXDO� +DUGZDUH� 7KH� SUREOHP� ZLWK� WKH� PDMRULW\� RI� G\QDPLFDOO\�UHFRQILJXUDEOH� KDUGZDUH� LV� WKDW� LQ� RUGHU� WR� UHFRQILJXUH� WKH� GHYLFH��RSHUDWLRQ� QHHGV� WR� EH� KDOWHG� DQG� WKH� HQWLUH� 65$0� UHORDGHG� � DOVR�UHVXOWLQJ�LQ�WKH�LUUHWULHYDEOH�ORVV�RI�DQ\�GDWD�LQ�)3*$�UHJLVWHUV���7KLV�OHDG�WR� WKH� GHYHORSPHQW� RI� D� QHZ� W\SH� RI� )3*$� ZKLFK� VXSSRUWHG� G\QDPLF�UHFRQILJXUDWLRQ�RI� VHOHFWHG�SRUWLRQV� RI� LQWHUQDO� ORJLF�ZLWK�QR�GLVUXSWLRQ� WR�WKH� GHYLFH
V� ,�2� RU� V\VWHP� OHYHO� FORFNLQJ� DQG� FRQWLQXHG� RSHUDWLRQ� RI�SRUWLRQV� RI� WKH� GHYLFH� QRW� XQGHUJRLQJ� UHFRQILJXUDWLRQ�� � 2I� SDUWLFXODU�LQWHUHVW� KRZHYHU�� LV� WKDW� WKH� FRQWHQWV� RI� LQWHUQDO� UHJLVWHUV� DUH� QRW� ORVW�GXULQJ�UHFRQILJXUDWLRQ���7KLV�DOORZV�RQH�LQVWDQWLDWLRQ�RI�D�IXQFWLRQ�WR�KDQG�RYHU�GDWD�WR�D�QHZ�LQVWDQWLDWLRQ�RI�DQRWKHU�IXQFWLRQ�
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7KHUH� DUH� PDQ\� PHWKRGV� DW� D� GHVLJQHUV� GLVSRVDO� IRU� LQWHJUDWLQJ� GLVFUHWH�FRPSRQHQWV�RQWR�D�VLQJOH�9/6,�DSSOLFDWLRQ�VSHFLILF� LQWHJUDWHG�FLUFXLW� �$6,&��>�@��HDFK�PHWKRG�KDYLQJ�D�VSHFLILF�FDSDFLW\��SHUIRUPDQFH�� IOH[LELOLW\�DQG�XQLW�FRVW��LQ�ERWK�WLPH�DQG�PRQH\����7KLV�VHFWLRQ�RXWOLQHV�WKH�IXQFWLRQV�RI�YDULRXV�WHFKQRORJLHV�ZLWK� WKH�DLP�RI�KLJKOLJKWLQJ� WKH�QHZ�RSSRUWXQLWLHV�SUHVHQWHG� WR�GHVLJQHUV�WKURXJK�)3*$V�
������ ))XXOOOO &&XXVVWWRRPP
$�IXOO�FXVWRP�V\VWHP�LV�ZKHUH�WKH�HQWLUH�9/6,�FLUFXLW�LV�FDUHIXOO\�WDLORUHG�WR�WKH�GHVLJQHUV�UHTXLUHPHQWV���7KLV�UHVXOWV�LQ�D�KLJK�SHUIRUPDQFH�FKLS�ZLWK�RSWLPDO�VLOLFRQ�XVDJH�DQG�LV�VRPHWLPHV�WKH�RQO\�PHWKRG�RI�LPSOHPHQWDWLRQ�FRQVLGHUHG�IRU�FHUWDLQ�DSSOLFDWLRQV��VXFK�DV�VWDWH�RI�WKH�DUW�PLFURSURFHVVRUV���)DEULFDWLRQ�FRVWV�DQG�LQLWLDO�VHW�XS�WLPHV�IRU�IXOO�FXVWRP�VROXWLRQV�DUH�DOVR�KLJK�VLQFH�WKH�IOH[LELOLW\� DIIRUGHG� WR� WKH� GHVLJQHU� UHVXOWV� LQ� FKLS� GHVLJQ� EHLQJ� FRPSOH[� DQG�WLPH�FRQVXPLQJ�
������ 66WWDDQQGGDDUUGG &&HHOOOOVV
$�VWDQGDUG�FHOO�GHVLJQ�VDFULILFHV�WKH�IOH[LELOLW\�DQG�SHUIRUPDQFH�RI�D�IXOO�FXVWRP�GHVLJQ�WR�VSHHG�XS�WKH� GHVLJQ� SURFHVV�� � 7KLV� LV�GRQH� E\� XVLQJ� D� VSHFLILF� VHW� RI�GHVLJQ� UHVWULFWLRQV�DQG�VWDQGDUG�FHOOV� HQDEOLQJ� WKH� XVH� RI�VRIWZDUH� WRROV� WR� DXWRPDWH� WKH�GHVLJQ�SURFHVV�
$� VWDQGDUG� FHOO� PHWKRG�SUHGHILQHV� DOO� JDWHV� DV� D� VHULHV�RI�FHOOV�ZLWK�WKH�VDPH�KHLJKW�DQG�

���� ''''HHHHYYYYLLLLFFFFHHHH ((((YYYYRRRROOOOXXXXWWWWLLLLRRRRQQQQ

)LJXUH��
6DPSOH�URXWLQJ�RI�D�VHULHV�RI�VWDQGDUG�FHOOV�
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SODFHPHQW�RI�SRZHU�DQG�JURXQG� OLQHV� �VHH� ILJXUH����� �7KH�FKLS LV� ODLG�RXW� LQ�LQWHUOHDYHG�ORJLF�DQG�URXWLQJ�URZV��WKH�ODWWHU�EHLQJ�DV�ODUJH�DV�LV�QHFHVVDU\�WR�DFFRPPRGDWH� DOO� URXWLQJ�� � 5RXWLQJ� EHWZHHQ� URXWLQJ� URZV� LV� DFFRPSOLVKHG�XVLQJ�KLJKHU�PHWDO�OD\HUV�RU�E\�URXWH�WKURXJK�FHOOV���(VVHQWLDOO\��WKH�GHVLJQHU�QHHG�RQO\�VSHFLI\�IXQFWLRQDOLW\�DQG�VRIWZDUH�ZLOO�FUHDWH�WKH�OD\RXW���)DEULFDWLRQ�RI�D�VWDQGDUG�FHOO� LV�GRQH�E\�D�VLOLFRQ�IRXQGU\��UHVXOWLQJ�LQ�DSSUR[LPDWHO\�WKH�VDPH�IDEULFDWLRQ�WLPHV�DV�IXOO�FXVWRP�GHVLJQV�
������ 00DDVVNN��33UURRJJUUDDPPPPDDEEOOHH **DDWWHH $$UUUUDD\\VV ��0033**$$��
7KH�SUREOHP�ZLWK�ERWK�IXOO�FXVWRP�DQG�VWDQGDUG�FHOO�GHVLJQV�LV�WKDW�WKH\�KDYH�WR�EH�IDEULFDWHG�IURP�VFUDWFK���,Q�DQ�03*$�PRVW�RI�WKH�IDEULFDWLRQ�LV�FDUULHG�RXW�EHIRUHKDQG���)RU�H[DPSOH��DQ�03*$�PD\�FRQVLVW�RI�VHWV�RI�WUDQVLVWRUV�LQ�VSHFLILF� ORFDWLRQV� ZKLFK� DUH� SDUWLDOO\� LQWHUFRQQHFWHG� WR� IRUP� WKH� EDVLV� IRU�PDSSLQJ� FHUWDLQ� W\SHV� RI� ORJLF� JDWH�� � 7KXV� DOO� DQ\� GHVLJQHU� QHHG� GR� LV�LQWHUFRQQHFW�WKH�UHTXLUHG�HOHPHQWV�WR�JLYH�WKH�GHVLUHG�IXQFWLRQDOLW\�
7KLV�PHWKRG�UHGXFHV�ERWK�FRVW�DQG�WLPH�RI�IDEULFDWLRQ�DV�D�IRXQGU\�FDQ�VWRUH�ODUJH�DPRXQWV�RI�VWDQGDUG�GHVLJQ�SDUWLDOO\�IDEULFDWHG�FKLSV���7KH�GHVLJQHU�VWLOO�KDV� D� JUHDW� GHDO� RI� IOH[LELOLW\� DQG� LV� RQO\� OLPLWHG� E\� WKH� DPRXQW� RI� URXWLQJ�DYDLODEOH� RQ� WKH� FKLS�� � 8QIRUWXQDWHO\� LW� LV� LQHYLWDEOH� WKDW� WKHUH� ZLOO� EH�LQHIILFLHQFLHV�DV�VRPH�GHVLJQV�UHTXLUH�PRUH�RU�OHVV�RI�D�VSHFLILF�UHVRXUFH�RU�RI�URXWLQJ�EDQGZLGWK�WKDQ�DUH�DYDLODEOH�RQ�FKLS�
������ 33UURRJJUUDDPPPPDDEEOOHH 55HHDDGG 22QQOO\\ 00HHPPRRUU\\ ��33552200��
2QH�RI� WKH� ILUVW�JHQHUDO�SXUSRVH�SUH�IDEULFDWHG�FKLSV� WR�DFKLHYH�ZLGHVSUHDG�XVH�� WKH� 3520� FRQVLVWV� RI� DQ� DUUD\� RI� RQH� WLPH� UHDG� RQO\� FHOOV� SUH�SURJUDPPHG�ZLWK�D�WUXWK�WDEOH�IXQFWLRQ���7KH�LQIRUPDWLRQ�RQ�D�3520�FDQ�EH�VWRUHG�XVLQJ�RQH�RI�WKUHH�PHWKRGV
x )XVH�$QWLIXVH� (DFK� ELW� LV� VWRUHG� XVLQJ� D� IXVH�DQWLIXVH� ZKLFK� FDQ� EH�EORZQ� E\� DSSO\LQJ� D� KLJK� YROWDJH�� � 7KH� FRQGLWLRQ� RI� WKH IXVH�DQWLIXVH�GHWHUPLQHV�ZKDW�ELW�YDOXH�LV�UHDG�
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x (3520��(UDVDEOH�3520�� 3URJUDPPHG�E\�DSSOLFDWLRQ�RI�D�KLJK�YROWDJH�EXW�GLIIHUV�LQ�WKH�IDFW�WKDW� LW�FDQ�EH�HUDVHG�E\�H[SRVXUH�WR�89�OLJKW���7KLV�DOORZV�WKH�3520�WR�EH�UHSURJUDPPHG�
x ((3520� �(OHFWULFDOO\� (UDVDEOH� 3520�� $JDLQ�� SURJUDPPHG� XVLQJ� D�KLJK� YROWDJH� EXW� WKLV� WLPH� WKH� FKLS� FDQ� EH� HUDVHG� E\� SXUHO\� HOHFWULFDO�PHDQV�
2QH�RWKHU�WHFKQRORJ\�ZHOO�ZRUWK�D�PHQWLRQ�KHUH��EXW�QRW�VWULFWO\�FODVVLILHG�DV�D�3520��LV�UDQGRP�DFFHVV�PHPRU\��5$0��� � ,WV�FKDUDFWHULVWLFV�DUH�HVVHQWLDOO\�LGHQWLFDO�WR�D�3520�H[FHSW�WKDW�LW�LV�UHDG�ZULWH�DQG�FDQ�EH�UHSURJUDPPHG�LQ�V\VWHP�RQ�WKH�IO\�
������ 33UURRJJUUDDPPPPDDEEOOHH //RRJJLLFF ''HHYYLLFFHHVV ��33//''��
3/'V� ZHUH� VSHFLILFDOO\� GHVLJQHG� WR� LPSOHPHQW� ORJLF� FLUFXLWV� DQG� W\SLFDOO\�FRQVLVW�RI�DQ�DUUD\�RI�$1'�JDWHV� IROORZHG�E\�DQ�DUUD\�RI�25�JDWHV��VXP�RI�SURGXFWV��
x 3$/� �3URJUDPPDEOH� $UUD\� /RJLF�� 7KH� PRVW� FRPPRQ� 3/'� ZLWK� D�SURJUDPPDEOH�$1'�SODQH�IROORZHG�E\�D�IL[HG�25�SODQH�
x 3/$� �3URJUDPPDEOH� /RJLF� $UUD\�� $�PRUH� IOH[LEOH� YHUVLRQ� RI� WKH� 3$/�ZKLFK�DOORZV�ERWK�$1'�DQG�25�SODQHV�WR�EH�SURJUDPPHG�
x *$/��*HQHULF�$UUD\�/RJLF�� $�IXUWKHU�HQKDQFHPHQW�RI�WKH�3/'�ZKLFK�FDQ�EH� FRQILJXUHG� WR� LPSOHPHQW� VHYHUDO� GLIIHUHQW� W\SHV� RI� 3$/� ZLWK� RSWLRQDO�RXWSXW�LQYHUVLRQ�
x &3/'� �&RPSOH[� 3URJUDPPDEOH� /RJLF� 'HYLFH�� &3/'V� EUHDN� XS�FRPSOH[�V\VWHPV�E\�HIIHFWLYHO\�FRQQHFWLQJ�VHYHUDO�3/'�HOHPHQWV�WRJHWKHU�XVLQJ�D�VZLWFKLQJ�PDWUL[�
3/'V� FDQ� EH� LPSOHPHQWHG� XVLQJ� IXVH�DQWLIXVH�� (3520� RU� ((3520�SURJUDPPLQJ�WHFKQRORJLHV��DV�GHVFULEHG�LQ�VHFWLRQ�����
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������ ))LLHHOOGG 33UURRJJUUDDPPPPDDEEOOHH **DDWWHH $$UUUUDD\\VV ��))33**$$��
)3*$V� DUH� IXOO\� SUHIDEULFDWHG� GHYLFHV� GHVLJQHG� WR� LPSOHPHQW� PXOWL�OD\HU�FLUFXLWV� LQVWHDG�RI� WKH�VLPSOH�3/'�VXP�RI�SURGXFW� WHUPV�� �8QIRUWXQDWHO\�� WKLV�UHVXOWV� LQ� D� OHVV� SUHGLFWDEOH� SURSDJDWLRQ� GHOD\� DV� WKH� RQO\� OLPLW� WR� RQ� FKLS�FLUFXLW�FRPSOH[LW\� LV DYDLODEOH�UHVRXUFHV�� � ,W�VKRXOG�EH�QRWHG�WKDW�)3*$V�DUH�VRPHWLPHV� UHIHUUHG� WR�DV�&3/'�GHYLFHV�� WR�DYRLG�DPELJXLW\� WKH\�ZLOO�DOZD\V�EH�UHIHUUHG�WR�KHUH�DV�)3*$V�
)3*$V� DUH� QRW� RQO\� DYDLODEOH� LQ� IXVH�DQWLIXVH�� (3520� DQG� ((3520�WHFKQRORJLHV� �VHFWLRQ� ������ EXW� DOVR� LQ� DQ� 65$0�'5$0� YHUVLRQ� >�@���65$0�'5$0�YHUVLRQV�DOORZ�IDVW�LQ�FLUFXLW�UHFRQILJXUDWLRQ�RI�WKH�FKLS�EXW�DUH�GLVDGYDQWDJHG� E\� WKH� DPRXQW� RI� VLOLFRQ� UHTXLUHG� E\�5$0� WHFKQRORJ\�� �7KLV�UHFRQILJXUDWLRQ�FDQ�HLWKHU�EH�SDUWLDO�RU�FRPSOHWH��GHYLFH�GHSHQGHQW��DQG�QHHG�QRW� HYHQ� UHVXOW� LQ� WKH� GLVUXSWLRQ� RI� ORJLF� EORFNV� ZKLFK� DUH� QRW� EHLQJ�UHFRQILJXUHG�
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7KH�)3*$��>�@ DQG�>�@��ZDV�ILUVW�LQWURGXFHG�LQ������E\�;LOLQ[�DQG�VLQFH�WKHQ�VHYHUDO� RWKHU� FRPSDQLHV� KDYH� UHOHDVHG� VLPLODU� SURGXFWV�� � 7KLV� FKDSWHU�H[DPLQHV�VWDQGDUG�)3*$�DUFKLWHFWXUHV�DQG�FKDUDFWHULVWLFV�
������ ))33**$$ &&OODDVVVVHHVV
7KHUH� DUH� IRXU� PDLQ� FODVVLILFDWLRQV� RI� )3*$� OD\RXW�� HDFK� GHVFULELQJ� WKH�SRVLWLRQLQJ� RI� ERWK� URXWLQJ� DQG� ORJLF� EORFNV�� �$OWKRXJK� LQWHUHVWLQJ� RQ�D� FKLS�OD\RXW� OHYHO��ZKHQ�GHVLJQLQJ�D� ORJLF�FLUFXLW�VRSKLVWLFDWHG�&$'�WRROV�DUH�XVHG�ZKLFK�WUDQVODWH�WKH�GHVLJQ��PDNLQJ�WKH�XQGHUO\LQJ�DUFKLWHFWXUH�LQYLVLEOH�

���� 7777KKKKHHHH ))))3333****$$$$

)LJXUH��
7KLV�GLDJUDP�VKRZV�WKH�IRXU�PDMRU�FODVVHV�RI�FRPPHUFLDOO\�DYDLODEOH�)3*$V���,2%V�SURYLGH�WKH�LQWHUIDFH�EHWZHHQ�SDFNDJH�SLQV�DQG�LQWHUQDO�VLJQDO�OLQHV�
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)LJXUH� � LOOXVWUDWHV� WKH� IRXU�PDLQ� FODVVHV�ZKLFK� DUH� FRPPHUFLDOO\� DYDLODEOH���7KH� FKRLFH� RI� DUFKLWHFWXUH� LV� UHDOO\� GHSHQGHQW� RQ� DSSOLFDWLRQ�� VRPH� EHLQJ�PRUH�VXLWHG�WR�FHUWDLQ�WDVNV�WKDQ�RWKHUV�
������ 77KKHH &&RRQQIILLJJXXUUDDEEOOHH //RRJJLLFF %%OORRFFNN ��&&//%%��
&RQILJXUDEOH� ORJLF� EORFNV� LQ� DQ� )3*$� SURYLGH� WKH� IXQFWLRQDO� HOHPHQWV� IRU�FRQVWUXFWLRQ�RI�D�XVHU
V�ORJLF���7KH�&/%
V�PRVW�LPSRUWDQW�ILJXUH�RI�PHULW�LV�LWV�IXQFWLRQDOLW\�� � ,QFUHDVHG� IXQFWLRQDOLW\�DOORZV�PRUH�FRPSOH[� ORJLF� IXQFWLRQV� WR�EH� LPSOHPHQWHG� LQ� D� VLQJOH�&/%�� � +RZHYHU�� DV� WKH� IXQFWLRQDOLW\� RI� D� VLQJOH�&/%�LQFUHDVHV�VR�GRHV�LWV�VL]H��UHVXOWLQJ�LQ�IHZHU�&/%V�RQ�HDFK�)3*$�
&/%V� FDQ� FRQWDLQ� D� QXPEHU� RI� EXLOGLQJ� EORFNV� DUUDQJHG� LQ� D�PDQXIDFWXUHU�VSHFLILF� PDQQHU� WR� DOORZ� LPSOHPHQWDWLRQ� RI� YDULRXV� ORJLF� IXQFWLRQV�� � 7KH�VWDQGDUG�EXLOGLQJ�EORFNV�DUH�
x /RRN�8S� 7DEOHV� �/87�� /RRN� XS�WDEOHV�WDNH�0 %RROHDQ�LQSXWV�DQG�JLYH�1 RXWSXWV��ZKHUH�1 LV�XVXDOO\���� �7KH�RXWSXWV�JLYHQ�DUH�FKRVHQ�WR�UHSUHVHQW�VRPH�DSSURSULDWH�IXQFWLRQ���7KLV�UHSRUW�ZLOO�DGRSW�0�/87�1 WR�LGHQWLI\�D�/87
V�SURSHUWLHV� H�J�� D� ��/87��� LV� D� WKUHH�LQSXW� /87� ZLWK� RQH� RXWSXW�� � 6XFK� D�ORRN�XS� WDEOH� FRXOG� EH� XVHG� WR�LPSOHPHQW� D� �� LQSXW� $1'� JDWH� DV�VKRZQ� LQ� WDEOH� ��� � 7KH� QXPEHU� RI�RXWSXW�ELWV�ZKLFK�QHHG�WR�EH�VWRUHG�IRU�DQ\�ORRNXS�WDEOH�LV�D�GLUHFW�IXQFWLRQ�RIWKH� LQSXWV�� �0�� � 7KXV� D� ��/87���UHTXLUHV� ��� VWRUHG� ELWV� LQ� FRQWUDVW� WR�WKH� ��/87��� ZKLFK� UHTXLUHV� ��� � 7KH�SUREOHP�ZLWK�ORRNXS�WDEOHV�WKRXJK�LV�WKDW�ODUJHU�RQHV�DUH�WR�D�JUHDW�GHJUHH�XQGHU�XWLOLVHG���,W�KDV�EHHQ�VKRZQ�WKDW��IRU�PRVW�DSSOLFDWLRQV��WKH�RSWLPXP�/87�LV�D���/87���>�@�

,QSXW�0 2XWSXW�1
$ % & ;
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �

7DEOH��
6DPSOH���/87���UHSUHVHQWLQJ�D���LQSXW�$1'�JDWH�
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x 3URJUDPPDEOH�/RJLF�$UUD\��3/$�� �6HH�VHFWLRQ������)RU�WKH�YHU\�UHDVRQ�WKDW� /87V� DUH� LQHIILFLHQW� ZLWK� 0!��� WKH� DUHD� HIILFLHQF\� RI� 3/$V� ZDV�H[DPLQHG�ZLWK�0 LQSXWV��1 RXWSXWV�DQG�. SURGXFW�WHUPV���7KH�RSWLPDO�3/$�ZDV� VKRZQ� >�@ WR� KDYH� YDOXHV� RI� DSSUR[LPDWHO\� . ����0 �� DQG� 1 ���JLYLQJ�D����VSDFH�DGYDQWDJH�RYHU�D���/87���LPSOHPHQWDWLRQ�
x '�7\SH�)OLS�)ORSV� ([WUHPHO\�XVHIXO��DOWKRXJK�QRW�QHFHVVDU\��ZKHQ�DQ\�NLQG� RI� VHTXHQWLDO� ORJLF� QHHGV� WR� EH� SHUIRUPHG�� � ,W� KDV� EHHQ� VKRZQ�H[SHULPHQWDOO\� >�@ WKDW� ZLWKRXW� D� IOLS�IORS� LQ� D� &/%� WKH� QXPEHU� RI� &/%V�UHTXLUHG�WR�LPSOHPHQW�D�IXQFWLRQ�DSSUR[LPDWHO\�GRXEOHV�
&/%V� FDQ� FRQWDLQ� RWKHU�FRPSRQHQWV�VXFK�DV�ORJLF�JDWHV�DQG�PXOWLSOH[HUV��KRZHYHU� WKHUH�LV� QR� VWDQGDUG� LPSOHPHQWDWLRQ�PHWKRGRORJ\� ZLWK� )3*$V� EHLQJ�KLJKO\� PDQXIDFWXUHU� GHSHQGHQW���)LJXUH� � LOOXVWUDWHV� D� VDPSOH� ��/87���EDVHG�&/%�
7KH�SUREOHP�WKDW�DQ\�PDQXIDFWXUHU�KDV�ZKHQ�GHVLJQLQJ�DQ�)3*$�LV�WUDGLQJ�RII�&/%�JUDQXODULW\�DJDLQVW�IXQFWLRQDOLW\���2QH�SRVVLEOH�ZD\�URXQG�WKLV�SUREOHP�LV�WR�FUHDWH�D�QRQ�KRPRJHQHRXV�DUUD\�RI�ORJLF�EORFNV��KRZHYHU�VXFK�DQ�DUUD\�ZLOO� DOPRVW� DOZD\V�KDYH�HOHPHQWV� WKDW� DUH�QRW� VXLWHG� WR�D JLYHQ�DSSOLFDWLRQ���5HJDUGOHVV�RI�&/%�FRQILJXUDWLRQ��WKH�HIILFLHQF\�RI�DQ\�)3*$�LV�KLJKO\�UHOLDQW�RQ� LWV�&$'� WRROV�� � ,I�&$'� WRROV�GR�QRW�PDS�D� ORJLF�FLUFXLW�RSWLPDOO\�RQWR� WKH�&/%V�WKHQ�DQ\�DUFKLWHFWXUDO�DGYDQWDJH�ZLOO�EH�VTXDQGHUHG�
������ ))33**$$ 55RRXXWWLLQQJJ
)3*$� URXWLQJ� GHDOV� HVVHQWLDOO\� ZLWK� WKH� FRQQHFWLRQ� RI� &/%V� WRJHWKHU� ZLWK�RWKHU� &/%V� DQG� ,2%V� WR� SURYLGH� WKH� QHFHVVDU\� IXQFWLRQDOLW\�� � 7KH� EDODQFH�EHWZHHQ�DUHD�JLYHQ�WR�URXWLQJ�DQG�WR�&/%V�LV�FULWLFDO��WRR�PXFK�WR�&/%V�DQG�LW�ZLOO�QRW�EH�SRVVLEOH�WR�ZLUH�FRPSOH[�V\VWHPV�WRJHWKHU��WRR�OLWWOH�DQG�URXWLQJ�ZLOO�UHPDLQ�XQXVHG���2Q�D�VWDQGDUG�)3*$��URXWLQJ�ZLOO�QRUPDOO\�RFFXS\��������RI�DOO�WKH�DYDLODEOH�DUHD���5RXWLQJ�LV�H[SHQVLYH�LQ�WHUPV�RI�DUHD�DQG�GHOD\�VLQFH�

)LJXUH��
6DPSOH�&/%�GHVLJQ�WDNHQ�IURP�>�@�
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WKH�SURJUDPPDEOH�VZLWFKHV� WDNH�XS�D�VLJQLILFDQW�DUHD�DQG�KDYH�DSSUHFLDEOH�UHVLVWDQFH�DQG�FDSDFLWDQFH�
7KHUH�DUH�WZR�W\SHV�RI�EORFN�XVHG�LQ�URXWLQJ�DQ�)3*$�ZKLFK�DUH�GHILQHG�DV�FRQQHFWLRQ� EORFNV� �&%V�� DQG� VZLWFK� EORFNV� �6%V��� )LJXUH� � VKRZV� KRZ� D�V\PPHWULFDO�&/%�DUUD\�DUFKLWHFWXUH�LV�FRQVWUXFWHG�XVLQJ�WKHVH�WZR�DGGLWLRQDO�EORFNV�

7KH� LQWHUQDO� FRQQHFWLRQV� SRVVLEOH� LQ� ERWK� &%V� DQG� 6%V� DUH� DJDLQ�PDQXIDFWXUHU� GHSHQGHQW�� � $� PDQXIDFWXUHU� PXVW� FRQVLGHU� WKH� DPRXQW� RI�URXWLQJ� WKHLU� DUFKLWHFWXUH� UHTXLUHV�DQG� RSWLPLVH� &%�6%� FRQQHFWLYLW\�WR�DOORZ�PD[LPXP�LQWHUFRQQHFWLRQ�IOH[LELOLW\� ZKLOVW� NHHSLQJ�UHGXQGDQF\�WR�D�PLQLPXP�
$� VDPSOH� FRQQHFWLRQ� EORFN� �&%��LV� VKRZQ� LQ� ILJXUH� ��� � $�FRQILJXUDEOH� URXWLQJ� VZLWFK� LV�

)LJXUH��
&RQQHFWLRQ�EORFNV�DQG�VZLWFK�EORFNV�FDQ�EH�FRQILJXUHG�WR�URXWH�,2�IURP�&/%�HOHPHQWV��ILJXUH����RQWR�URXWLQJ�FKDQQHOV�

)LJXUH��
6DPSOH�FRQQHFWLRQ�EORFN�ZKHUH�;�UHSUHVHQWV�D�SRVVLEOH�FRQQHFWLRQ�WR�D�URXWLQJ�
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LQGLFDWHG�E\�DQ�;��WKH�&%�LWVHOI�XVLQJ�D�SDUWLFXODU�LQWHUFRQQHFWLRQ�WRSRORJ\�
)OH[LELOLW\� LV� D� YHU\� LPSRUWDQW� LVVXH� KHUH� DV� WRR� IHZ� URXWLQJ� VZLWFKHV� FRXOG�UHVXOW�LQ�LW�EHLQJ�LPSRVVLEOH�WR�LQWHUFRQQHFW�WZR�&/%�SLQV�

)LJXUH� � VKRZV� D� VDPSOH� VZLWFK� EORFN��6%��� � 7KH� IOH[LELOLW\� RI� D� VZLWFK� EORFN� LV�GHILQHG� DV� WKH� QXPEHU� RI� ZLUH� VHJPHQWV�DQ\� LQFRPLQJ� ZLUH� VHJPHQW� FDQ� EH�FRQQHFWHG�WR�� LQ�WKH�H[DPSOH�VKRZ�WKLV�LV�) ��� � :KHQ� GHVLJQLQJ� D� VZLWFK� EORFN�WRSRORJ\�WKH�GHVLJQHU�PXVW�EH�YHU\�FDUHIXO�WR�FKRVH�D�WRSRORJ\�WKDW�GRHV�QRW�SURKLELW�WZR� &/%� SLQV� IURP� EHLQJ� FRQQHFWHG�WRJHWKHU�
5RXWLQJ�LQ�DQ�)3*$�LV�QRUPDOO\�FODVVLILHG�LQWR�RQH�RI�WKUHH�FDWHJRULHV�ZKLFK�GHILQH�LWV�SULPDU\�XVH���7KHVH�DUH�
x *HQHUDO�SXUSRVH� LQWHUFRQQHFW� )RU�FRQQHFWLRQV� WKDW�VSDQ�RQH�RU�PRUH�ORFDO�&/%V�� � ,PSOHPHQWHG�XVLQJ�URXWLQJ�FKDQQHOV��FRQQHFWLRQ�EORFNV DQG�VZLWFKLQJ� EORFNV� DV� GHVFULEHG� DERYH�� � 8QIRUWXQDWHO\�� HDFK� VZLWFK� RU�FRQQHFWLRQ�EORFN�WKURXJK�ZKLFK�D�VLJQDO�PXVW�SDVV�KDV�DQ�DVVRFLDWHG�5&GHOD\�± WKLV�FDQ�EH�D�VHULRXV�SUREOHP�DW�KLJKHU�IUHTXHQFLHV�
x 'LUHFW� LQWHUFRQQHFW� 3URYLGHV� D� GLUHFW� FRQQHFWLRQ� ZLWK� RQH� RU� DOO� RI� D�&/%V�QHLJKERXUV�WR�HLWKHU�WKH�ULJKW��OHIW��WRS�RU�ERWWRP�
x /RQJ� OLQHV� 8VHG� WR� URXWH� FRQQHFWLRQV� WKDW� QHHG� WR� VSDQ� VHYHUDO�&/%V�ZLWK�ORZ�VNHZ�WKDW�ZRXOG�RWKHUZLVH�WUDYHUVH�VHYHUDO�URXWLQJ�VZLWFKHV�
2QH� ILQDO� EXW� YHU\� LPSRUWDQW� FRQVLGHUDWLRQ� LQ� )3*$� URXWLQJ� LV� ,�2� EORFNV��,2%V���ZLWKRXW�ZKLFK�DQ�)3*$�ZRXOG�EH�XVHOHVV���7KHUHIRUH�DQ�,2%�PXVW�EH�FKRVHQ� VXFK� WKDW� LW� VXSSRUWV� YDULRXV� RXWSXW�PRGHV�� 77/� RU�&026� ,�2� DQG�SURYLGHV�HQRXJK�GULYH�FXUUHQW�IRU�DQ\�DWWDFKHG�GHYLFH�WR�IXQFWLRQ��EXW�QRW�VRPXFK� WKDW� WKH� )3*$
V� SRZHU� FRQVXPSWLRQ� LV� JUHDWO\� LQFUHDVHG���8QIRUWXQDWHO\�� ,�2� LV� D� ZHDN� OLQN� LQ� )3*$V� DQG� KDV� UHFHQWO\� LPSURYHG�GLVSURSRUWLRQDWHO\�WR�FKLS�GHQVLW\�

)LJXUH��
6DPSOH� VZLWFK� EORFN�ZLWK� DOO�SRVVLEOH� VZLWFK�FRQILJXUDWLRQV�IURP�RQH�LQSXW�VKRZQ�
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������ &&RRPPPPHHUUFFLLDDOOOO\\ $$YYDDLLOODDEEOOHH ))33**$$VV
7R� LOOXVWUDWH� FXUUHQWO\� DYDLODEOH� WHFKQRORJ\�� WDEOH� � FRQWDLQV� LQIRUPDWLRQ� RQ�VWDWH�RI�WKH�DUW�)3*$V�
'HYLFH $UFKLWHFWXUH 65$0�ELWV� ,2%V 5HI�
;LOLQ[;&���� 6HD�RI�*DWHV��)3*$� ������ ��� >�@
'\QDFKLS����� 6\PPHWULFDO�DUUD\��)3*$� ������ ��� >�@
$OWHUD�$SH[(3��.����( 6\PPHWULFDO�DUUD\��3/'� ������� ��� >��@
4XLFN/RJLF�4/���� 3/'� ������ ��� >��@
/XFHQW�2UFD25�7��� 6HD�RI�*DWHV��)3*$� ������� ��� >��@

7DEOH��
6WDWH�RI�WKH�DUW�)3*$�WHFKQRORJ\�DV�RI�-XQH������
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'\QDPLFDOO\�UHFRQILJXUDEOH�ILHOG�SURJUDPPDEOH�JDWH�DUUD\V��)3*$V��FRPELQH��LQ�SULQFLSOH�� WKH�VSHHG�RI�D�GHGLFDWHG�KDUGZDUH�VROXWLRQ�ZLWK� WKH�IOH[LELOLW\�RI�VRIWZDUH� �>��@�� >��@ DQG� >��@��� � 6XFK� )3*$V� FDQ� EH� UHFRQILJXUHG� E\� DQ�H[WHUQDO� FRQWUROOHU� WR� LPSOHPHQW�DQ\�GHVLUHG�VHW�RI�%RROHDQ�RSHUDWLRQV� >��@���7KLV�LV�WKH�FRQFHSW�EHKLQG�G\QDPLFDOO\�UHFRQILJXUDEOH�FRPSXWLQJ��FRPELQH�WKH�IOH[LELOLW\� RI� VRIWZDUH� ZLWK� WKH� VSHHG� RI� KDUGZDUH� >��@�� � $W� SUHVHQW� WKHUH� LV�JURZLQJ� LQWHUHVW� LQ� WKH� WHFKQRORJ\�� WZR� FRPSDQLHV�� 7ULVFHQG� >��@ DQG�6WDUEULGJH� 6\VWHPV� >��@�� KDYH� ERWK� UHFHQWO\� UHOHDVHG� FRPSXWHU� V\VWHPV�ZKLFK�WDNH�DGYDQWDJH�RI�G\QDPLFDOO\�UHFRQILJXUDEOH�FRPSXWLQJ���$OWKRXJK�WKH�ILHOG� LV�VWLOO HPHUJHQW� >��@�� WKLV�VHFWLRQ�H[DPLQHV� �>��@ DQG� >��@�� WKH�FULWHULRQ�ZKLFK�DUH�XVHG�WR�FODVVLI\�D�UHFRQILJXUDEOH�FRPSXWHU�V\VWHP�
������ 77KKHH $$LLPPVV RRII 55HHFFRRQQIILLJJXXUUDDWWLLRRQQ
7KHUH�FDQ�EH WZR�UHDVRQV�IRU�XVLQJ�G\QDPLF�UHFRQILJXUDWLRQ�
x 6SHHG� ,PSURYHPHQW� ,QFUHDVH� SHUIRUPDQFH� WKURXJK� D� FXVWRP�DUFKLWHFWXUH�DSSOLHG�WR�D�VSHFLILF�SUREOHP�
x )DXOW� 7ROHUDQFH� 7R� LPSURYH� WKH� PDQXIDFWXULQJ� SURFHVV� � ± GHVLJQ�DOWHUDWLRQV�RU�SUREOHPV�DUH�HDVLO\�RYHUFRPH�
������ **UUDDQQXXOODDUULLWW\\
&ODVVLILHV�WKH�VL]H�DQG�FRPSOH[LW\�RI�WKH�VPDOOHVW�EORFN�LQ�DQ\�UHFRQILJXUDEOH�GHYLFH�
x )LQH� *UDLQHG�� &RQVLVWV� RI� VPDOO� DQG� VLPSOH� ORJLF� EORFNV� ZKLFK� DUH�FRQILJXUHG�WR�SHUIRUP�D�PRUH�FRPSOH[�RSHUDWLRQ�
x 0HGLXP� *UDLQHG�� &RQVLVWV� RI� FRPSOH[� ORJLF EORFNV� ZKLFK� FDQ� HDFK�SHUIRUP�D�VLJQLILFDQW�SDUW�RI�DQ\�FDOFXODWLRQ���1RQ�VWDQGDUG�FDOFXODWLRQV�DUH�SHUIRUPHG�E\�UHFRQILJXUDWLRQ�RI�WKH�LQWHUFRQQHFWLRQ�QHWZRUN�

���� ''''\\\\QQQQDDDDPPPPLLLLFFFFDDDDOOOOOOOO\\\\ 5555HHHHFFFFRRRRQQQQIIIILLLLJJJJXXXXUUUUDDDDEEEEOOOOHHHH&&&&RRRRPPPPSSSSXXXXWWWWLLLLQQQQJJJJ
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x &RDUVH�*UDLQHG��&RQVLVWV�RI�D�VHW�RI�H[HFXWLRQ�XQLWV�HDFK�ZLWK�WKHLU�RZQ�VHW� RI� LQVWUXFWLRQV�� (DFK� XQLW� LV� VLPSOHU� WKDQ� D� PLFURSURFHVVRU� EXW�LQWHJUDWHG� WLJKWO\� HQRXJK� WR� JLYH� KLJK� FRPPXQLFDWLRQ� VSHHGV� �>��@ DQG�>��@��
������ ,,QQWWHHJJUUDDWWLLRRQQ
6SHFLILHV�KRZ�D�UHFRQILJXUDEOH�V\VWHP�LV�FRXSOHG�WR�LWV�KRVW�
x '\QDPLF�6\VWHPV� %LR�LQVSLUHG�V\VWHPV�ZKLFK�DUH�QRW�FRQWUROOHG�E\�DQ�H[WHUQDO�GHYLFH���7KH�LGHD�LV�WKDW�VXFK�V\VWHPV�HYROYH�WKHPVHOYHV�
x 6WDWLF�� &ORVHO\� &RXSOHG� 5HFRQILJXUDEOH� XQLWV� DUH� FORVHO\� FRXSOHG� DV�H[HFXWLRQ�XQLWV�RQ�D�KRVW�SURFHVVRU¶V�GDWDSDWK�
x 6WDWLF�� /RRVHO\� &RXSOHG� 7KH� UHFRQILJXUDEOH� XQLWV� DUH� VLWXDWHG� RQ� D�VHSDUDWH� ERDUG� IURP� WKH� KRVW�� � 7KLV� LV� JHQHUDOO\� GHWULPHQWDO� WR� DQ\�VSHHGXS�DV�GDWD�PXVW�EH�WUDQVIHUUHG�WR�DQG�IURP�WKH�GDXJKWHUERDUG�
������ ,,QQWWHHUUFFRRQQQQHHFFWWLLRRQQ 11HHWWZZRRUUNN 55HHFFRRQQIILLJJXXUUDDEELLOOLLWW\\
6SHFLILFDOO\� WKH� UHFRQILJXUDELOLW\� RI� DQ� H[WHUQDO� LQWHUFRQQHFWLRQ� QHWZRUN�EHWZHHQ�UHFRQILJXUDEOH�XQLWV�
x 5HFRQILJXUDEOH�([WHUQDO�1HWZRUN� 7KH�FRQFHSW�RI�UHFRQILJXUDWLRQ�FDQ�EH�H[WHQGHG�RYHU�VHYHUDO� UHFRQILJXUDEOH�FLUFXLWV�HIIHFWLYHO\�SURYLGLQJ�D� ODUJH�UHFRQILJXUDEOH�XQLW���+RZHYHU��WKH�SHQDOWLHV�IRU�JRLQJ�RII�FKLS�DUH�KLJK�
x )L[HG�([WHUQDO�1HWZRUN��)L[HG�FRQQHFWLRQV�H[LVW�EHWZHHQ�UHFRQILJXUDEOH�FLUFXLWV� HIIHFWLYHO\� OLPLWLQJ� IOH[LELOLW\� LQ� RUGHU� WR� PD[LPLVH� VSHHG� DQG�PLQLPLVH�FRVW�
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'\QDPLFDOO\ UHFRQILJXUDEOH��)3*$V��DUH�QRUPDOO\�UHFRQILJXUHG�E\�DQ�H[WHUQDO�FRQWUROOHU� WR� LPSOHPHQW�D�GHVLUHG�FLUFXLW�� �5HFRQILJXUDWLRQ�FDQ�EH�SHUIRUPHG�ZLWK�VSHHGV�DW�RU�QHDU�WR�UHDO�WLPH��GHSHQGLQJ�RQ�WKH�H[WHQW�RI�UHFRQILJXUDWLRQ�DQG�RQ�WKH�WLPH�WDNHQ�WR�GRZQORDG�FRQILJXUDWLRQ�GDWD�RQWR�WKH�)3*$���$V�ZLWK�DOO� 9/6,� V\VWHPV�� WKH� LQFUHDVLQJ� GHQVLW\� DQG� VSHHG� RI� VLOLFRQ� FLUFXLWV�IUHTXHQWO\� WUDQVIHUV� WKH� SHUIRUPDQFH� ERWWOHQHFN� RI� D� V\VWHP� WR� LWV�FRPPXQLFDWLRQV� ± )3*$V� DUH� QR� H[FHSWLRQ�� � 7R� PDNH� G\QDPLFDOO\�UHFRQILJXUDEOH� FRPSXWLQJ� DW� DOO� YLDEOH�� QHZ� )3*$� FRQILJXUDWLRQV� PXVW� EH�GRZQORDGHG�DW�D�UDWH�ZKLFK�SXWV�WKH�FRPSRQHQW�RXW�RI�DFWLRQ�IRU�WKH�VKRUWHVW�SRVVLEOH�WLPH�SHULRG���2SWRHOHFWURQLF�LQWHUFRQQHFWV�DUH�ZLGHO\�FRQVLGHUHG�DV�D�SRWHQWLDO�VROXWLRQ�WR�WKH�SUREOHP�DQG�DUH DOUHDG\�EHLQJ�GHSOR\HG��DW�D�FUXGH�OHYHO��LQ�FRPPHUFLDO�V\VWHPV���$VLGH�IURP�WKH�SRWHQWLDO�RI�RSWLFV�IRU�UDZ�GDWD�WKURXJKSXW� �XQDWWDLQDEOH� LQ� FRQYHQWLRQDO� V\VWHPV��� ZKDW� LV� SHUKDSV� PRUH�H[FLWLQJ�LV�WKH�HQDEOLQJ�RI�QHZ�DUFKLWHFWXUDO�FRQFHSWV�E\�D�FRPELQDWLRQ�RI�WKLV�WKURXJKSXW�ZLWK�WKH�SRWHQWLDO�WR�UHFRQILJXUH�DW�KLJK�VSHHG�
7KLV�VHFWLRQ�FRQVLGHUV�WKH�DGYDQWDJHV�RI�RSWRHOHFWURQLF�LQWHUFRQQHFWV�DQG�WKH�DVVRFLDWHG�EHQHILWV�WKH\�FRXOG�EULQJ��QRW�MXVW�WR�UHFRQILJXUDEOH�FRPSXWLQJ�EXW�WR�9/6,�LQWHUFRQQHFWLRQ�DV�D ZKROH�
������ 77KKHH $$LLPP RRII 22SSWWRRHHOOHHFFWWUURRQQLLFFVV
7KH�GLIIHUHQFH�EHWZHHQ�HOHFWURQLFV�DQG�RSWLFV�LV� HVVHQWLDOO\� WKH� GLIIHUHQFH� EHWZHHQ� WKH�HOHFWURQ� DQG� WKH� SKRWRQ� �ILJXUH� ���� � 6LQFH�HOHFWURQV�FDUU\�PDVV�DQG�FKDUJH�WKH\�LQWHUDFW�YHU\� VWURQJO\� ZLWK� HDFK� RWKHU� PDNLQJ� WKHP�LGHDOO\� VXLWHG� WR� VZLWFKLQJ�� � 3KRWRQV�� RQ� WKH�RWKHU�KDQG��GR�QRW�FDUU\�PDVV�RU�FKDUJH�DQG�DUH� WKHUHIRUH� QRQ�LQWHUDFWLQJ� LQ� IUHH�VSDFH���7KLV� PDNHV� WKHP� LGHDOO\� VXLWHG� DV� ORQJ�

���� 2222SSSSWWWWRRRRHHHHOOOOHHHHFFFFWWWWUUUURRRRQQQQLLLLFFFF ,,,,QQQQWWWWHHHHUUUUFFFFRRRRQQQQQQQQHHHHFFFFWWWWVVVV

)LJXUH��
3KRWRQV�DUH�QRQ�LQWHUDFWLQJ�LQ�IUHH�VSDFH�
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GLVWDQFH�GDWD�FDUULHUV�IRU�GHQVH�VLJQDOV��WKH�WHOHFRPPXQLFDWLRQV�LQGXVWU\�KDV�ODUJHO\� DEDQGRQHG� HOHFWULFDO� LQWHUFRQQHFWLRQ� LQ� IDYRXU� RI� ILEUH� RSWLFV����2SWRHOHFWURQLFV�DWWHPSWV� WR�PDNH�WKH�EHVW�RI�ERWK�RI� WKHVH�ZRUOGV��KRZHYHU�WKHUH� ZLOO� EH� D� SRLQW� EHORZ� ZKLFK� FRQYHUVLRQ� LQWR� WKH� RSWLFDO� GRPDLQ� LV�ZDVWHIXO�ERWK�LQ�WHUPV�RI�WUDQVPLVVLRQ�UDWHV�DQG�PRQH\�
7KH� IUHH� VSDFH� RSWLFDO� V\VWHPV� FRQVLGHUHG� KHUH� DUH� FRQVWUXFWHG� E\� IOLS�FKLSSLQJ� RSWLFDO� GHWHFWRUV� DQG� HPLWWHUV� �RU�PRGXODWRUV�� RQWR� VLOLFRQ� FLUFXLWU\��VHH� VHFWLRQ� ����� VR� WKH� ZKROH� HQVHPEOH� FDQ� EH� YLHZHG� DV� FRQYHQWLRQDO�VLOLFRQ� HTXLSSHG� ZLWK� D� ODUJH� QXPEHU� RI� ³RSWLFDO� SLQV´� QRUPDO� WR� WKH� FKLS�VXUIDFH�
7KH� UHVW� RI� WKLV� FKDSWHU� DVVHVVHV� WKH� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI�RSWLFDO�LQWHUFRQQHFWLRQ�
������ 33UURRSSDDJJDDWWLLRRQQ 66SSHHHHGGVV
,Q� DQ� DWWHPSW� WR� FRPSDUH� DQG� FRQWUDVW�� ZH� FDQ� H[DPLQH� WKH� SURSDJDWLRQ�VSHHG� RI� DQ� RSWLFDO� VLJQDO� DJDLQVW� WKDW� RI� DQ� HOHFWURQLF� RQH� LQ� D� PHGLD� RI�UHIUDFWLYH� LQGH[� Q�� � (TXDWLRQ� � GHVFULEHV� WKH� YHORFLW\� DW� ZKLFK� DQ\� VLJQDO�SURSDJDWHV�ZKHUH�F LV�WKH�VSHHG�RI�OLJKW�
,Q� WKH� HOHFWURQLF� FDVH� Q|�������� ZKHUHDV� D� ILEUH� RSWLF� FRUH� KDV� Q|��������SURYLQJ� WKDW�� LI� DQ\WKLQJ�� RSWLFDO� VLJQDOV� ZLOO� SURSDJDWH� VOLJKWO\� VORZHU�� � 7KH�RQO\�GLIIHUHQFH� LV�ZKHQ� IUHH�VSDFH�RSWLFV�DUH�XVHG��ZKHUH�Q|�����EXW� WKLV� LV�VWLOO QRW�D�KLJKO\�VLJQLILFDQW�GLIIHUHQFH�ZKHQ�WKH�OHQJWK�RI�DQ\�SUDFWLFDO�V\VWHP�LV�FRQVLGHUHG���7KH�DGYDQWDJHV�RI�RSWLFV�OLH�HOVHZKHUH�
������ ,,PPSSHHGGDDQQFFHH 00DDWWFFKKLLQQJJ
$Q\�KLJK�VSHHG�HOHFWULFDO� WUDQVPLVVLRQ� OLQH�KDV� LPSHGDQFH�PDWFKLQJ�FULWHULD�ZKHUH� D� UHVLVWLYH� ORDG� LV� XVHG� WR� PDWFK� WKH� UHDO� LPSHGDQFH� RI� WKH�WUDQVPLVVLRQ� OLQH�� � 5HJDUGOHVV� RI� KRZ� D� OLQH� LV� WHUPLQDWHG�� LI� FRUUHFWO\�LPSHGDQFH�PDWFKHG�QR�UHIOHFWLRQV�ZLOO�RFFXU�DQG�DOO�SRZHU�ZLOO�EH�DEVRUEHG�ZLWKLQ� WKH� WHUPLQDWRU��JLYLQJ� ULVH� WR� WKHUPDO�FRQFHUQV�� �$W� WKH� WUDQVPLWWHU��DQ�

QFY  (TXDWLRQ��
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DSSURSULDWH� GULYH� FXUUHQW� PXVW� EH� VXSSOLHG� UHVXOWLQJ� LQ� IXUWKHU� WKHUPDO�FRQFHUQV�� UHGXFLQJ�SK\VLFDO�SDFNLQJ�GHQVLW\�� �7R�VHUYH�DV�DQ� LOOXVWUDWLRQ�� OHW�XV�FRQVLGHU�D����ELW�ZLGH�EXV�RI���: WHUPLQDWHG�WUDQVPLVVLRQ�OLQHV�ZLWK�D��9�VZLQJ� RSHUDWLQJ� DW ���� GXW\� F\FOH�� � (TXDWLRQ� � FDOFXODWHV� WKH� DPRXQW� RI�SRZHU�GLVVLSDWHG�LQ�WKH�WHUPLQDWLQJ�UHVLVWRUV�DQG�HTXDWLRQ�� WKH�UHTXLUHG�GULYH�FXUUHQW�

7KLV�LV�TXLWH�D�FRQVLGHUDEOH�ILJXUH�WR�DGG�WR�PRVW�SRZHU�VXSSO\�UHTXLUHPHQWV�
)RU�ERWK�IUHH�VSDFH�DQG�ZDYH�JXLGHG�RSWLFV��WKH�LPSHGDQFH�PDWFKLQJ�FULWHULD�DUH�FRQVLGHUHG� WR�EH�PHW�ZKHQ� WKH� IXOO� VLJQDO� LV�DEVRUEHG�ZLWKRXW� UHIOHFWLRQ�>��@�� 7KLV�FDQ�EH�GRQH�E\�IDEULFDWLQJ�D�VHFWLRQ�RI�WKH�WUDQVPLVVLRQ�PHGLD�WR�EH�H[DFWO\�RQH�TXDUWHU�RI�D�ZDYHOHQJWK�WKLFN��RU�DQ�LQWHJHU�PXOWLSOH�SOXV�RQH�TXDUWHU�� DQG� WR� KDYH� DQ� LPSHGDQFH� EHWZHHQ� WKDW� RI� IUHH� VSDFH� DQG� WKH�GHWHFWRU���6XFK�RSWLFDO�LPSHGDQFH�PDWFKLQJ�GHYLFHV�DUH�FDOOHG�DQWL�UHIOHFWLYH��$5��FRDWLQJV�
7KH�PDMRU� DGYDQWDJH� WKRXJK� LV� WKDW� DQ� RSWLFDO� UHFHLYHU� RSHUDWHV� LQ� D� QRQ�GLVVLSDWLYH� PDQQHU� >��@�� � $Q\� SKRWRQV� LQFLGHQW� RQ� D� SKRWRGHWHFWRU� DUH�FRQYHUWHG� LQWR�FKDUJH�EDVHG�RQ� WKH�GHYLFH¶V�TXDQWXP�HIILFLHQF\�E��ZLWK Ea��IHDVLEOH�� UHVXOWLQJ� LQ� OLWWOH� H[FHVV� KHDW�� � *LYHQ� WKDW� W\SLFDO� SKRWRGHWHFWRUV�JHQHUDWH� a���� WR� ���$�:� RI� LQFLGHQW� OLJKW�� D� �0: ORDGHG� SKRWRGHWHFWRU�ZLOO�JHQHUDWH�WKH�FXUUHQW�VKRZQ�LQ�HTXDWLRQ���

$V�OLWWOH�DV���P:�RI�LQFLGHQW�OLJKW�FRXOG�JHQHUDWH��9���2I�FRXUVH��WKH�UHVSRQVH�RI�D�SKRWRGHWHFWRU� LV�KLJKO\�GHSHQGHQW�RQ� LWV�FRQILJXUDWLRQ�� IRU�H[DPSOH�� WKH�IUHTXHQF\�UHVSRQVH�LV�5& GHSHQGHQW�DQG�DV�WKH�ORDG�UHVLVWDQFH�LQFUHDVHV�LWV�IUHTXHQF\�UHVSRQVH�GHFUHDVHV�� �7KH�SUREOHP�ZLWK�KHDW�GLVVLSDWLRQ�LQ�RSWLFDO�LQWHUFRQQHFWLRQ�GRHV�QRW�OLH�LQ�WKH�UHFHSWLRQ�EXW�UDWKHU�HPLVVLRQ���2QH�RI�WKH�PRVW� SURPLVLQJ� WHFKQRORJLHV�� WKH� YHUWLFDO� FDYLW\� VXUIDFH� HPLWWLQJ� ODVHU�

:59 ������ �  uu
$59 �����  u
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�9&6(/���VWLOO�GRHV�QRW�KDYH�WKH�QHFHVVDU\�SRZHU�FRQYHUVLRQ�HIILFLHQFLHV� WR�HOLPLQDWH�H[FHVV�KHDW��Ea����������LQ�FRPPHUFLDOO\�DYDLODEOH�GHYLFHV��FDQ�EH�E!����LQ�ODE�VLWXDWLRQV����$FFRUGLQJ�WR�WKH�0(/�$5,�2SWRHOHFWURQLFV�5RDGPDS�>��@��D�VWDQGDUG����HOHPHQW�9&6(/�DUUD\� WUDQVPLWWHU�RSHUDWLQJ�DW�����GXW\�F\FOH�ZLWK� D� �P$�RSHUDWLQJ� FXUUHQW� DW� ���9�ZRXOG� WKXV� SURGXFH� WKH� H[FHVV�KHDW�DV�VKRZQ�LQ�HTXDWLRQ���
(DFK�9&6(/� LQ� WKLV� LOOXVWUDWLRQ� SURGXFHV� �P:�RI�RSWLFDO� RXWSXW�SRZHU�� WZR�RUGHUV�RI�PDJQLWXGH�JUHDWHU� WKDQ� WKDW� UHTXLUHG� IRU�GHWHFWLRQ�� �1HYHUWKHOHVV��WKLV� LV� VWLOO� D� ORW� OHVV� GLVVLSDWHG� SRZHU� WKDQ� VWDQGDUG� WUDQVPLVVLRQ� OLQHV�JHQHUDWH�HYHQ�XVLQJ�D� ORZ�HIILFLHQF\�9&6(/�± WKH�GLIIHUHQFH� LV� WKDW�H[FHVV�WKHUPDO�HQHUJ\�PXVW�EH�GHDOW�ZLWK�DW�WKH�WUDQVPLVVLRQ�HQG�
������ ,,QQWWHHUUFFRRQQQQHHFFWWLLRRQQ %%DDQQGGZZLLGGWWKK //LLPPLLWWDDWWLLRRQQVV
$V�WKH�OHQJWK�DQG�RU�GHQVLW\�RI�HOHFWULFDO�LQWHUFRQQHFWLRQ�LQFUHDVHV�WKH\�EHJLQ�WR� VXIIHU� IURP� LQFUHDVHG� ZLUH� UHVLVWDQFH�� UHVLGXDO� ZLUH� FDSDFLWDQFH� IURP�IULQJLQJ�ILHOGV�DQG�LQWHU�ZLUH�FURVV�WDON���7KH�PD[LPXP�EDQGZLGWK�OLPLW�RI�DQ\�HOHFWULFDO�V\VWHP��UHJDUGOHVV�RI�LQWHUFRQQHFWLRQ�VFKHPH��FDQ�EH�GHULYHG�IURP�SK\VLFDO�SULQFLSOHV�DQG�LV�GHVFULEHG�E\�HTXDWLRQ���
+HUH�%PD[ LV�WKH�PD[LPXP�EDQGZLGWK��%� LV�D�FRQVWDQW�RI�SURSRUWLRQDOLW\��$ LV�WKH� LQWHUFRQQHFW¶V� FURVV�VHFWLRQDO� DUHD�DQG�/ LV� WKH� LQWHUFRQQHFW� OHQJWK�� �%�KDV� EHHQ� LQGHSHQGHQWO\� HVWLPDWHG� >��@ WR� EH� DSSUR[LPDWHO\� �[���� IRU�HOHFWULFDO� V\VWHPV� ZKHUH� $�/� LV� WKH� DVSHFW� UDWLR�� � 7KXV� WKH� PD[LPXP�EDQGZLGWK�IRU�D���FP�RII�FKLS�HOHFWULFDO�FRQQHFWLRQ�LV�DURXQG����*+]�
:KHQ�RSWLFV�DUH�XVHG�WKLV� OLPLW�VLPSO\�GRHV�QRW�DSSO\���,Q�IUHH�VSDFH��RSWLFV�SURSDJDWH� E\� GHILQLWLRQ� ZLWKRXW� D� JXLGLQJ� PHGLXP� DQG� ZLWK� DQ� DWWHQXDWLRQ�VLJQLILFDQWO\�VPDOOHU�WKDQ�WKDW�VHHQ�LQ�HOHFWURQLFV���7KH�SDUDOOHOLVP�DYDLODEOH�LV�HVWLPDWHG� WR� EH� !�������FKDQQHOV�FP���� � $GPLWWHGO\�� WKH� FRQQHFWLRQV� IURP�GDWD�VRXUFH�WR�9&6(/�RU�GHWHFWRU�WR�GDWD�GHVWLQDWLRQ�VWLOO�QHHG�WR�EH�HOHFWULFDO��EXW�ZKHQ�WKLV�GLVWDQFH�LV����WR�����PLFURQV�LQ�D�IOLS�FKLS�ERQGHG�V\VWHP��DV�

:,9 �����������  �uuuu E
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RSSRVHG� WR� D� IHZ� FHQWLPHWUHV� LQ� DQ� HOHFWULFDO� V\VWHP�� WKH� OLPLWDWLRQ� LV�� LQ�SUDFWLFH�� LUUHOHYDQW�� �7KH�QXPEHU�RI�RSWLFDO�SLQV� WKDW�FDQ�EH�GULYHQ�GHSHQGV�SULPDULO\�RQ� WKHUPDO�DQG� UHDO� HVWDWH�FRQVLGHUDWLRQV�� �&XUUHQWO\�ZH�FDQ�GULYH������� FKDQQHOV� IURP� �FP� DQG� VHH� QR� UHDO� REVWDFOH� WR� UHDFKLQJ� !�������FKDQQHOV���5DWHV�RI����0%V�� �&026�OLPLWHG��KDYH�EHHQ�GHPRQVWUDWHG�JLYLQJ�D� EDQGZLGWK� RI� DSSUR[LPDWHO\� ��7EV���� +RZHYHU�� LQGLYLGXDO� GHYLFHV� PD\�URXWLQHO\�EH�GULYHQ�DW���*EV�� VR�WKH�UHOD\�FRXOG�HVVHQWLDOO\�KDQGOH������7EV��LI ZH�ZHUH�QRW�&026�OLPLWHG��WKH�WKHRUHWLFDO�OLPLW�LV�DFWXDOO\�PXFK�KLJKHU��
2SWLFDO� FKDQQHOV� FDQ�EH GULYHQ�DW�VSHHGV�PXFK�JUHDWHU� WKDQ� WKDW�RI�&026�DQG� WDNH�FRQVLGHUDEO\� OHVV�SRZHU� WR�GULYH�WKDQ�SDGV�DQG�ZLUH�ERQGV�� �:KDW�VKRXOG�EH�UHPHPEHUHG�WKRXJK�LV� WKDW RSWLFDO� LQWHUFRQQHFWLRQ�RI�D�FKLS� LV�DQ�HQKDQFHPHQW� DQG� GRHV� QRW� SUHFOXGH� FRQYHQWLRQDO� HOHFWULFDO� FRQQHFWLRQ� DV�ZHOO�
������ 11RRQQ��//RRFFDDOO ,,QQWWHHUUFFRRQQQQHHFFWWLLRRQQ
,Q� ������ 6WRQH�GHYHORSHG� D� VRUWLQJ�DOJRULWKP� IRU� SDUDOOHO�FRPSXWLQJ� V\VWHPV�ZKLFK� KDV�� WR� WKLV� GD\��QRW� EHHQ� VXUSDVVHG� DV�IDU� DV� D�PLQLPDO� UDWH� RI�JURZWK� RI� FRPSXWDWLRQDO�VWHSV�LV�FRQFHUQHG���7KH�DOJRULWKP� LV� EDVHG� RQ�ZRUN�GRQH�E\�%DWFKHU�LQ������ FDOOHG� WKH� ELWRQLF�PHUJH�VRUW�� 6WRQH�DGDSWLQJ�%DWFKHU¶V�ZRUN�IRU�D�VKXIIOH�H[FKDQJH�QHWZRUN��>��@ DQG�>��@����7KH�LQWHUFRQQHFWLRQ�PHWKRGRORJ\� LV�JHQHUDOO\�NQRZQ�DV�³6WRQH¶V�SHUIHFW�VKXIIOH´���7KH�PDMRU�GLVDGYDQWDJH�LV�WKDW�WR�LPSOHPHQW�WKLV�DUFKLWHFWXUH�RQ�D�ODUJH�VFDOH�WKH�DPRXQW�RI�HOHFWULFDO�LQWHUFRQQHFWLRQ�OD\RXW�EHFRPHV�SURKLELWLYH�DV�FDQ�EHVHHQ� LQ� ILJXUH� ��D��� � ,W� LV� WKLV� YHU\� LQWHUFRQQHFWLRQ� SUREOHP� WKDW� OLPLWV� DQ\�

)LJXUH��
3HUIHFW�VKXIIOH�LQWHUFRQQHFW�LPSOHPHQWHG�LQ��D��HOHFWURQLFV�DQG��E��RSWLFV�



2SWLFDOO\�,QWHUFRQQHFWHG�'\QDPLFDOO\�5HFRQILJXUDEOH�&RPSXWLQJ

��

LPSOHPHQWDWLRQ� RI� KLJKO\� LQWHUFRQQHFWHG� FRQFXUUHQW� HOHFWURQLF� V\VWHPV� DQG�ZKHUH� RSWLFDO� LQWHUFRQQHFWLRQ� FRPHV� LQWR� SOD\�� )LJXUH� ��E�� VKRZV� KRZ� D�FRPSXWHU�JHQHUDWHG�KRORJUDP��&*0��RU�VSDWLDO�OLJKW�PRGXODWRU��6/0���ZKLFK�DUH� ERWK� RSWLFDO� HOHPHQWV� WKDW� FDQ� GHIOHFW� DQ� LQSXW� EHDP� WR� D� SUH�VHOHFWHG�WDUJHW��FRXOG�EH�XVHG�WR�URXW�RSWLFDO�GDWD�FKDQQHOV�DSSURSULDWHO\�WKURXJK�IUHH�VSDFH���7KH�QRQ�LQWHUDFWLQJ�QDWXUH�RI�IUHH�VSDFH�RSWLFDO�FKDQQHOV�PHDQV�WKDW�WKH\� FDQ� SDVV� WKURXJK� HDFK� RWKHU� WR� IRUP� DQ\� GHVLUHG� LQWHUFRQQHFWLRQ�WRSRORJ\�ZLWKRXW�FURVV�WDON���,QWHUFRQQHFWV�VXFK�DV�WKH�SHUIHFW�VKXIIOH�DQG�WKH�K\SHUFXEH WKXV� EHFRPH� UHODWLYHO\� VLPSOH� WR� LPSOHPHQW� DQG� VLQFH� WKH�LQWHUFRQQHFWV�DUH�PRUH�GLUHFW�DQG� LQWHUOHDYHG�� WKH�DPRXQW�RI� URXWLQJ�DQG� LWV�FRPSOH[LW\�LV�UHGXFHG�ZLWK�VNHZ�EHFRPLQJ�OHVV�RI�D�SUREOHP�
������ 22SSWWLLFFDDOO $$OOLLJJQQPPHHQQWW
7KH�GUDZEDFN�ZLWK�DQ\�RSWLFDO�V\VWHP�LV�DOLJQPHQW��DOO�FRPSRQHQWV�PXVW�KDYH�D�SDUWLFXODU�WROHUDQFH�ZKLFK�LV�GLUHFWO\�UHODWHG�WR�FRVW���7KHVH�WROHUDQFHV�QHHG�WR�FRPSHQVDWH�IRU�D�YDULHW\�RI�HIIHFWV�VXFK�DV�WKHUPDO�H[SDQVLRQ�FRQWUDFWLRQ��ORQJ�WHUP�³FUHHS´�DQG�HQYLURQPHQWDO�FRQGLWLRQV�VXFK�DV�PHFKDQLFDO�YLEUDWLRQ�IURP� FRROLQJ� IDQV� HWF�� � 2QH� ZD\� URXQG� WKHVH� SUREOHPV� LV� WR� XVH� DGDSWLYH�RSWLFV��$2�� >��@ ZKLFK�SHUIRUP�PHDVXUHPHQW�DQG�FRUUHFWLRQ�RI� IRFXVLQJ�DQG�SRVLWLRQDO� HUURU� LQ� UHDO� WLPH�� � 7KH�FRPPHUFLDO� YLDELOLW\� RI� VXFK� WHFKQLTXHV� LV�HDVLO\�VHHQ�E\�ORRNLQJ�DW�D�&'�SOD\HU�>��@��JHQHUDOO\�UHJDUGHG�DV�D�GLVSRVDEOH�SLHFH�RI�PDFKLQHU\��ZKLFK�PDLQWDLQV�IRFXV�DQG�SRVLWLRQ�RI�D�OLJKW�VSRW�LQ�UHDO�WLPH�RQ�D�UDSLGO\�URWDWLQJ�RSWLFDO�GLVN�
������ &&RRQQFFOOXXVVLLRRQQVV
)UHH�VSDFH�RSWLFDO�LQWHUFRQQHFWV�DSSHDU�WR�RIIHU�WUHPHQGRXV�DGYDQWDJHV�RYHU�HOHFWURQLFV�� WKH\� DUH� DWWHQXDWHG� IDU� OHVV� WKDQ� HOHFWULFDO� VLJQDOV�� RIIHU�WUDQVPLVVLRQ�OHQJWKV�RI�WKH�RUGHU�RI�PHWHUV�ZLWKRXW�VLJQLILFDQW�GULYLQJ�SRZHUV�DQG� WKHLU� QDWXUDOO\� SDUDOOHO� QDWXUH� LPSOLHV� KLJK� SDUDOOHOLVP� DURXQG� DQ\�LPSOHPHQWHG�PDFKLQH��H�J��WR�DQG�IURP�PHPRU\�DQG�RU�SHULSKHUDOV�
+RZHYHU��WKHUH�DUH�VWLOO�PDQ\�HQJLQHHULQJ�LVVXHV�WR�EH�FRQIURQWHG�EHIRUH�VXFK�LQWHUFRQQHFWV�FDQ�EH�URXWLQHO\�GHSOR\HG�
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7R�RIIVHW�WKH�OLPLWHG�,�2�EDQGZLGWK�RI�)3*$V��RSWLFDO�,�2�KDV�EHHQ�SURSRVHG�DV�D�PHDQV�RI�ERWK�)3*$�FRQILJXUDWLRQ�DQG�GDWD�,�2���,W�VKRXOG�EH�QRWHG�WKDW�RSWLFDO�,�2�LV�QRW�FXUUHQWO\�FRPPHUFLDOO\�DYDLODEOH�IRU�)3*$V�DQG�WKLV�VHFWLRQ�LV�ZULWWHQ�IURP�D�WKHRUHWLFDO�UHVHDUFK�SRLQW�RI�YLHZ�
������ ''\\QQDDPPLLFFDDOOOO\\ 55HHFFRRQQIILLJJXXUUDDEEOOHH 66\\VVWWHHPPVV
6R� IDU� ZH� KDYH� H[DPLQHG� WKH� DGYDQWDJHV� RI� RSWLFV�� EXW� WKHVH� DUH� JHQHUDO�DGYDQWDJHV� DQG� QRW� VSHFLILF� WR� G\QDPLFDOO\� UHFRQILJXUDEOH� V\VWHPV�� � 7KHUH�DUH�WZR�DGGLWLRQDO�UHDVRQV�ZK\�RSWLFDO�LQWHUFRQQHFWV�DUH�VSHFLILFDOO\�RI�LQWHUHVW�WR�'5�)3*$V�
x %DQGZLGWK� )3*$V� DUH� URXWHG� G\QDPLFDOO\� DQG� HDFK� ,�2� FKDQQHO�PXVW�WKHUHIRUH� WUDYHUVH� ERWK� VZLWFKLQJ� DQG� URXWLQJ� EORFNV�� HDFK� ZLWK� DQ�DVVRFLDWHG�5& GHOD\�� WR� UHDFK� DQ� ,�2� EORFN�� � 7KLV� FDQ� UHVXOW� LQ� VHULRXV�EDQGZLGWK�OLPLWDWLRQV���2SWLFDO�,�2�FDQ�UHOLHYH�DVVRFLDWHG�ERWWOHQHFNV�
x 5HFRQILJXUDWLRQ� 7R� PDNH� G\QDPLFDOO\� UHFRQILJXUDEOH� FRPSXWLQJ� DW� DOO�YLDEOH��QHZ�)3*$�FRQILJXUDWLRQV�PXVW�EH�GRZQORDGHG�DW�D�UDWH�ZKLFK�SXWV�WKH�FRPSRQHQW�RXW�RI�DFWLRQ�IRU�WKH�VKRUWHVW SRVVLEOH�WLPH�SHULRG���,I�KLJKO\�SDUDOOHO� RSWLFDO� ,�2� ZDV� XVHG� WR� GRZQORDG� QHZ� FRQILJXUDWLRQV��UHFRQILJXUDWLRQ� WLPHV� FRXOG� EH� PLQLPLVHG� WKXV� PDNLQJ� EHVW� XVH� RI� DOO�DYDLODEOH�SURFHVVLQJ�WLPH�
������ &&//%% 22SSWWLLFFDDOO ,,��22 00DDSSSSLLQQJJ
7KH�V\VWHPV�SURSRVHG�KHUH�FRQVLVW�RI�WKUHH�EDVLF�VWDJHV���7KH�ILUVW�VWDJH�ZH�ZLOO�FRQVLGHU�DV�WKH�LQSXW VWDJH�ZKLFK�ZLOO�FRQVLVW�RI�D�GHWHFWRU�WKDW�LV�FDSDEOH�RI� UHFHLYLQJ� D� GLJLWDO� RSWLFDO� LQSXW� EH� LW� IURP� IUHH�VSDFH�RU�ZDYHJXLGH�� �7KH�VHFRQG� VWDJH� LV� WKH� SURFHVVLQJ VWDJH� DQG� FRQVLVWV� RI� D� G\QDPLFDOO\�UHFRQILJXUDEOH� )3*$� V\VWHP� ZKLFK� FRXOG� EH� DQ\WKLQJ� IURP� D� VLQJOH� &/%�

���� 2222SSSSWWWWLLLLFFFFDDDDOOOOOOOO\\\\ ,,,,QQQQWWWWHHHHUUUUFFFFRRRRQQQQQQQQHHHHFFFFWWWWHHHHGGGG ''''5555����))))3333****$$$$VVVV
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�ILJXUH� ��� WR� DQ� DUUD\� RI� &/%V��ILJXUH� ����� � 7KH� ILQDO� VWDJH� LV� WKH�RXWSXW VWDJH� DQG� FRQVLVWV� RI� DQ�RSWLFDO� HPLWWHU� RU� PRGXODWRU�9&6(/� >��@�� 6(('� >��@�� ZLWK�GLJLWDO�RXWSXW�WR�HLWKHU�IUHH�VSDFH�RU�D�ZDYHJXLGH�� �7KLV�FRPELQDWLRQ�RI�VWDJHV� ZLOO� EH� UHIHUUHG� WR� DV� DQ�HOHPHQW�
7R� PDNH� IXOO� XVH� RI� SDUDOOHOLVP��WKHVH�HOHPHQWV DUH�DUUD\HG� LQ��'��L�H�� RQH� GHWHFWRU� DUUD\�� RQH� )3*$�DQG� RQH� 9&6(/� DUUD\�� � 7KH�SURFHVVLQJ�VWDJHV� �)3*$��RI�HDFK�HOHPHQW DUH� FDSDEOH� RI�FRPPXQLFDWLQJ� ZLWK� RQH�DQRWKHU�HOHFWURQLFDOO\�� RU� ZLWK� DQ\� RWKHU�ORFDO� HOHFWURQLFV� IRU� WKDW� PDWWHU�� DQG� FDQ� EH� FRQVLGHUHG� DV� D� VWDQGDUG�G\QDPLFDOO\� UHFRQILJXUDEOH� )3*$� ZLWK� DQ� H[WUD� RSWLFDO� LQSXW� DQG� RXWSXW�DYDLODEOH�WR�D�VSHFLILF�&/%�RU�VHW�RI�&/%V�
$Q\�&/%�KDV� WKH�SRWHQWLDO� WR�EH�UHSURJUDPPHG�E\� LWV�RSWLFDO� LQSXW�VWUHDP�LI�FRQILJXUDWLRQ� LQIRUPDWLRQ� LV� LQWHUODFHG� XVLQJ� D� SUHGHILQHG� SURWRFRO�� RU� WR�UHSURJUDP� DQRWKHU� &/%� LQ� DQRWKHU� V\VWHP� E\� LQWHUODFLQJ� WKH� VDPH�FRQILJXUDWLRQ�LQIRUPDWLRQ�RQWR�LWV�RSWLFDO�RXWSXW�VWUHDP�
7KH�V\VWHPV�GHVFULEHG�KHUH�ZLOO�EH�UHIHUUHG�WR�IURP�QRZ�RQ�DV�2SWLFDO�)3*$V��2)3*$V��
������ ))OOLLSS��&&KKLLSS %%RRQQGGLLQQJJ
8QIRUWXQDWHO\� WKHUH� DUH� D� IHZ� SUREOHPV� ZLWK� FRQVWUXFWLQJ� D� SUDFWLFDO� ,�2�V\VWHP��DOWKRXJK�LW� LV�SRVVLEOH�WR� LPSOHPHQW�D�GHWHFWRU��LQSXW��RQ�VLOLFRQ� LW� LV�QRW� SRVVLEOH� WR� LPSOHPHQW� 9&6(/V� �RXWSXW�� GXH� WR� DQ� LQVXIILFLHQW� EDQGJDS�HQHUJ\� GLIIHUHQFH� LQ� VLOLFRQ�� � ,Q� JHQHUDO� WKH� RSWRHOHFWURQLF� LQWHUIDFH� LV�

)LJXUH��
(OHPHQW ZLWK�RQH�G\QDPLFDOO\�UHFRQILJXUDEOH�&/%�

)LJXUH���
(OHPHQW ZLWK�PXOWLSOH�G\QDPLFDOO\�UHFRQILJXUDEOH�&/%V��JDWH�DUUD\��
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FRQVWUXFWHG� RI� K\EULG�SURFHVVLQJ� FKLS�WHFKQRORJLHV�� ZKLFK�HPSOR\� *D$V� RSWLFDO�FKLSV�KRVWLQJ�GHWHFWRUV�DQG� HPLWWHUV�� IOLS�FKLSSHG� >��@ RQ� WRS� RI�WKH� 6L� )3*$�� � 7KH�FRPELQDWLRQ� RI� LQSXW��SURFHVVLQJ� DQG� RXWSXW�HOHPHQWV� LV� JHQHUDOO\�NQRZQ�DV�D�VPDUW�SL[HO���7R�FRQQHFW�ERWK�VXEVWUDWHV�WKH\�PXVW�EH�SODFHG�RQ�WRS�RI�RQH�DQRWKHU�DQG�KHDWHG�WR�UHIORZ�WKH�VROGHU�EXPSV��ZKLFK�DUH�QRUPDOO\�������P� LQ� GLDPHWHU�� WKXV� FUHDWLQJ� D� FRQQHFWLRQ�� � 6XFK� KLJK� WHPSHUDWXUHV�FDQ� EH� GHWULPHQWDO� WR� WKH� FKLSV� DQG� FUHDWH� D� VWUDLQHG� FRQQHFWLRQ� ZKHQ�DWWDFKHG�GXH�WR�WKHUPDO�H[SDQVLRQ�FRHIILFLHQW�PLVPDWFK���)LJXUH��� VKRZV�D�WKUHH� OD\HU� FKLS� ZKLFK� PDNHV� YLVXDOLVDWLRQ� RI� FLUFXLWV� VLPSOHU� �PD\� VRRQ�EHFRPH�XQQHFHVVDU\�DV�QHZHU�WHFKQRORJLHV�DUH�FDSDEOH�RI�IDEULFDWLQJ�060�SKRWRGHWHFWRUV�RQWR�WKH�VDPH�VXEVWUDWH�DV�WKH�9&6(/�DUUD\��
������ 22SSWWLLFFDDOO ,,��22 $$UUFFKKLLWWHHFFWWXXUUHHVV
7KLV� VHFWLRQ� FRQVLGHUV� YDULRXV� DUFKLWHFWXUDO� LVVXHV� ZKLFK� PD\� DULVH� ZKHQ�FRQVWUXFWLQJ�D�G\QDPLFDOO\�UHFRQILJXUDEOH�V\VWHP�WKDW�XVHV�RSWLFDO�,�2�
���������� 22QQ��%%RRDDUUGG 22SSWWLLFFDDOO ,,225HIHUV�WR�D�VLQJOH�3&%�ZLWK�ERWK�RSWLFDO�LQSXW�DQG�RXWSXW�HOHPHQWV�DV�VKRZQ�LQ�ILJXUH������%RDUG�OHYHO�,�2�KDV�WKH�DGYDQWDJH�WKDW�VWDQGDUG�SDUWV��DV�IDU�DV�)3*$� DQG� DVVRFLDWHG� FLUFXLWU\� DUH� FRQFHUQHG�� FDQ� EH� XVHG� DQG� KHDW�GLVVLSDWLRQ�FDQ�EH�HDVLO\�KDQGOHG���7KH�PDMRU�GLVDGYDQWDJH�ZLWK�VXFK�GHYLFHV�LV�WKHLU�EDQGZLGWK���:H�QRZ�KDYH�WKH�SUREOHP�RI�WUDQVPLVVLRQ�OLQHV�EHWZHHQ�)3*$� DQG� RSWLFDO� LQSXW�RXWSXW� VWDJHV� ZKLFK� ZLOO� WKURWWOH� DQ\� LQFUHDVHG�EDQGZLGWK�SRWHQWLDO�WKDW�RSWLFDO�,�2�PD\�EULQJ�

)LJXUH���
)OLS�FKLS��ERQGLQJ�DQ�)3*$�ZLWK�RSWLFDO�LQSXW�DQG�RXWSXW�
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���������� ))OOLLSS��&&KKLLSS 22SSWWLLFFDDOO ,,��228VLQJ� IOLS�FKLS� ERQGLQJ�� LW� LV�SRVVLEOH� WR� VDQGZLFK� DQ�)3*$� FKLS� WR� FUHDWH� D� WKUHH�OD\HU� VPDUW� SL[HO� �ILJXUH� ������7KLV�UHSRUW�ZLOO�UHIHU�WR�VXFK�D�FRQILJXUDWLRQ� DV� DQ� LQOLQHV\VWHP� IURP� QRZ� RQ�� � ,I� WKH�)3*$� LV� G\QDPLFDOO\�UHFRQILJXUDEOH� WKHQ� WKH� LQOLQH�V\VWHP� FRXOG� EH� XVHG� IRU�DSSOLFDWLRQV� VXFK� DV� D�WHOHFRPPXQLFDWLRQV� URXWHU��>��@ DQG� >��@�� ZKHUH� HDFK�HOHPHQW� UHFHLYHV�DQ� LQSXW�GDWD�VWUHDP�DQG�FRQILJXUHV� LWVHOI� WR�HOHFWURQLFDOO\�VHQG� WKH� VWUHDP� WR� D� WDUJHW� RXWSXW� HOHPHQW�� � 6LPLODUO\�� DQ� LQOLQH� '63�OLNH�

)LJXUH���
$�ERDUG�OHYHO�V\VWHP�FRXOG�LQFRUSRUDWH�VWDQGDUG�FRPSRQHQWV�

)LJXUH���
,QOLQH�V\VWHP�ZLWK�)3*$�VDQGZLFKHG�EHWZHHQ�RSWLFDO�LQSXW�DQG�RXWSXW�HOHPHQWV�
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V\VWHP�>��@ FRXOG�UHFRQILJXUH�LWV�KDUGZDUH�WR�SHUIRUP�VLJQDO�SURFHVVLQJ�RQ�DQLQFRPLQJ�GDWD�VWUHDP�VXFK�DV�D�SDUDOOHO�RSWLFDO�EXV�
7KH� UHDO� DGYDQWDJH�RI� D� V\VWHP�XVLQJ� IOLS�FKLS�ERQGLQJ� LV� WKDW� WKHUH�DUH�QR�WUDQVPLVVLRQ�OLQHV��WKHUHIRUH�LWV�SRWHQWLDO�EDQGZLGWK�LV�FRQVHTXHQWO\�KLJKHU�
���������� ,,QQWWHHJJUUDDWWHHGG 22SSWWLLFFDDOO ,,QQSSXXWW7KHUH�KDYH�EHHQ�YDULRXV� VWXGLHV�RQ� LQWHJUDWLQJ�RSWLFDO� UHFRQILJXUDWLRQ� LQSXW�RQWR� 6L� )3*$V� ZLWK� D� KLJK� GHJUHH� RI� VXFFHVV� �>��@�� >��@�� >��@ DQG� >��@����+RZHYHU��IDEULFDWLQJ�9&6(/V�RQ�WKH�VDPH�FKLS�LV�REYLRXVO\�D�SUREOHP�VLQFH�6L
V�EDQGJDS�LV�LQVXIILFLHQW�WR�VXSSRUW�ODVLQJ���7KLV�VWLOO�KDV�SRWHQWLDO�KRZHYHU�DV�FRQILJXUDWLRQ�GRZQORDG�WLPHV�WR�WKH�FKLS�FDQ�EH�PLQLPLVHG�HYHQ�LI�WKH�FKLS�ODFNV�RSWLFDO�RXWSXW�
���������� 22QQ��&&KKLLSS //RRQQJJ //LLQQHHVV/RQJ�OLQHV�RQ�DQ�)3*$�DUH�XVHG�IRU�VLJQDO�GLVWULEXWLRQ�RQ�FKLS�RYHU�D�ORQJHU�GLVWDQFH���7KH�VSHHG�DQG�EDQGZLGWK�RI�RSWLFV�LV�VXFK�WKDW�JRLQJ�RII�FKLS��DQG�FRQVHTXHQWO\� VDYLQJ� URXWLQJ� UHVRXUFHV� PD\� SURYH� D� YLDEOH� DOWHUQDWLYH� WR�XVLQJ�ORQJ�OLQHV�
������ &&RRQQFFOOXXVVLLRRQQVV
2QH� ILQDO� SRLQW� LV� KRZ� GR� ZH� PDS� RSWLFDO� ,�2� WR� DQ� 2)3*$� DUFKLWHFWXUH��VKRXOG�WKH�LQSXW�RXWSXW�EH�WUHDWHG�DV�D�RQH�ZD\�,2%�RU�DV�DQ�LQWHJUDO�SDUW�RI�D�&/%�WR�ZKLFK�LQIRUPDWLRQ�FDQ�EH�ODWFKHG" 5HJDUGOHVV�RI�LPSOHPHQWDWLRQ��WKH�FRQVWUDLQLQJ�IDFWRU�LQ�DQ\�SUDFWLFDO�IXWXUH�V\VWHP�XVLQJ�KLJK�IUHTXHQF\�RSWLFDO�WUDQVPLWWHUV�LV�KHDW�GLVVLSDWLRQ�
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7KH�SRVVLEOH�UROH�RI�)3*$V�ZLWKLQ�WKUHH�RSWLFDO�V\VWHPV�LV�H[DPLQHG�KHUH���2I�WKH� WKUHH� V\VWHPV� GHVFULEHG�� RQO\� WKH� VHFRQG�� WKH� QHXUDO� QHWZRUN�� KDV�DFWXDOO\�EHHQ�FRQVWUXFWHG�
������ 77KKHH 22SSWWRRHHOOHHFFWWUURRQQLLFF 66RRUUWWLLQQJJ ''HHPPRRQQVVWWUUDDWWRRUU
$�VRUWLQJ�PRGXOH� >��@ ZDV� FKRVHQ�DV� D� GHPRQVWUDWRU� IROORZLQJ� VXJJHVWLRQV�IURP�WKH�FRPSXWLQJ�FRPPXQLW\�WKDW�WKLV�NLQG�RI�WDVN�ZRXOG�EH�³LQWHUHVWLQJ´�WR�WKHP�� � 7KH� DUFKLWHFWXUH� RI� WKH� GHPRQVWUDWRU� XWLOLVHV� RSWRHOHFWURQLFV� DV�GHVFULEHG�DERYH�DQG�H[SORLWV�D�QRQ�ORFDO�LQWHUFRQQHFW��LQ�WKLV�FDVH�WKH�SHUIHFW�VKXIIOH����7KLV�VRUWHU�LV�WKH�GLUHFW�GHVFHQGHQW�RI�WKH�RSWLFDO�&/,3�H[SHULPHQWV�>��@����)LJXUH��� VKRZV�D�VFKHPDWLF�RI�WKH�VRUWLQJ�GHPRQVWUDWRU���7KH�GDWD�WR�EH�VRUWHG�DUH�HQWHUHG�VHTXHQWLDOO\�LQWR�WKH�SURFHVVLQJ�ORRS�WKURXJK�HOHFWULFDO�

���� 2222SSSSWWWWRRRRHHHHOOOOHHHHFFFFWWWWUUUURRRRQQQQLLLLFFFF ''''5555 6666\\\\VVVVWWWWHHHHPPPPVVVV

)LJXUH���
2SWRHOHFWURQLF�VRUWLQJ�GHPRQVWUDWRU�PRGLILHG�WR�LQFOXGH�LQOLQH�FRPSRQHQWV���1%��&RPSRQHQWV�QRW�WR�VFDOH�± �[��FRPSRQHQWV�VKRZQ�IRU�FODULW\�
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,�2� DV� VKRZQ�� � 6L[WHHQ� ELW� SODQHV� RI� ��[��� ELWV� �WKH� QXPEHU� RI� RSWLFDO�FRPPXQLFDWLRQ�FKDQQHOV��PD\�EH�HQWHUHG�LQ�WKLV�YHUVLRQ���$W�UXQ�WLPH��WKH��'�SHUIHFW� VKXIIOH� LV� SHUIRUPHG� E\� D� OHQV� RSHUDWLRQ� GXULQJ� HDFK� F\FOH� RI� WKH�PDFKLQH�DQG�DOO� FRPSXWDWLRQV�DUH�SHUIRUPHG� LQ�SDUDOOHO� E\� WKH�)3*$�� �7KH�WRWDO�QXPEHU�RI�F\FOHV�VFDOHV�DV��ORJ1�� IRU�D�%DWFKHU¶V�ELWRQLF�VRUW�RI�1 GDWD�SRLQWV�� �$W� WKH�FRQFOXVLRQ�RI� WKH�FRPSXWDWLRQ�� WKH�VRUWHG�VHW�RI�GDWD�FDQ�EH�VHTXHQWLDOO\�GRZQORDGHG�WR�WKH�HOHFWURQLF�GRPDLQ�
(DFK� LQOLQH� DUUD\ FDQ� FRQYHUW� HOHFWULFDO� RU� RSWLFDO� LQSXWV� LQWR� HOHFWULFDO� RU�RSWLFDO�RXWSXWV���)RXU�PRGHV�RI�RSHUDWLRQ�DUH�WKHUHIRUH�SRVVLEOH���'XULQJ�WKH�SURFHVVLQJ��WKH�DUUD\�UHFHLYHV�RSWLFDO�GDWD�VWUHDPV��VWRUHV�RU�SURFHVVHV�WKHP�HOHFWURQLFDOO\�DQG�RXWSXWV� WKHP�RSWLFDOO\�� �7KH�DUUD\�FDQ�DOVR� IXQFWLRQ�DV�DQ�,�2� GHYLFH� E\� XVLQJ� WKH� HOHFWURQLF�LQSXW�RSWLFDO�RXWSXW� DQG� RSWLFDO�LQSXW�HOHFWURQLF�RXWSXW�PRGHV�RI�RSHUDWLRQ�UHVSHFWLYHO\�
$�VLPSOHU�V\VWHP�LQ�ZKLFK�RQH�RI�WKH�LQOLQH�GHYLFHV�LV�UHSODFHG�ZLWK�5$0��DQG�D�VXLWDEOH�RSWLFDO� LQWHUIDFH��JLYHV� WKH�DELOLW\� WR�FRQQHFW�PHPRU\�LQ�SDUDOOHO� WR�WKH�)3*$�DQG�WKXV�SRWHQWLDOO\�UHFRQILJXUH�LQ�D�VLQJOH�F\FOH�DFURVV�WKH�ZKROH�DUUD\�� �&DOFXODWLRQV�ZLWKLQ� WKH�DUUD\� FRXOG�EH�XVHG� WR� VXSSO\� WKH�QH[W� ORW� RI�VWRUHG� UHFRQILJXUDWLRQ� GDWD� ± DOVR LQ� SDUDOOHO�� � $OWHUQDWLYHO\� WKH� RSWLFDO�SDWKZD\V� FRXOG� EH� XVHG� WR� VXSSO\� DQ� LQRUGLQDWHO\� KLJK� WKURXJKSXW� WR� DSUHYLRXVO\�FRQILJXUHG�FKLS���,Q�WKLV�FDVH�WKHUH�LV�QR�UHTXLUHPHQW�IRU�WKH�FLUFXLW�WR�EH�ORRSHG���2WKHU�DXWKRUV�KDYH�FRQFOXGHG�WKDW�DGYDQWDJHV�PD\ EH�JDLQHG�ZLWK�D�VLQJOH�PHPRU\�WR�)3*$�RSWRHOHFWURQLF�LQWHUIDFH�>��@
:H�KDYH�VKRZQ�D�VRUWLQJ�V\VWHP�EXLOW�XVLQJ�WZR�LQOLQH�GHYLFHV��KRZHYHU�LW�LV�WKH� XVHV� RI� WKH� )3*$V� UHFRQILJXUDEOH� DVSHFWV� WKDW� DUH� RI� JUHDWHVW� LQWHUHVW�KHUH� $�ILUVW�OHYHO�RI�IOH[LELOLW\�FRXOG�EH�LQWURGXFHG�LQ�WKDW�WKH�&/%V�FRXOG�EH�UHFRQILJXUHG� WR� RSWLPLVH� H[HFXWLRQ� WLPH� IRU� GLIIHUHQW� DUUD\� VL]HV� >��@�� � $V� D�IXUWKHU�OHYHO��WKH�LWHUDWLYH�SHUIHFW�VKXIIOH�VKRZQ�KHUH�IRUPV��ZLWK�VXLWDEOH�QRGH�VZLWFKLQJ�� DQ� RPHJD� FODVV� QHWZRUN� FDSDEOH� RI� DUELWUDULO\� SHUPXWLQJ� GDWD���%HDULQJ�WKLV�LQ�PLQG��WKH�VHW�XS�FRXOG�EH�XVHG�WR�LPSOHPHQW�DQ\�DOJRULWKP�RU�PXOWLVWDJH�VZLWFKLQJ� IXQFWLRQ�JLYHQ� WKH� ULJKW� ORJLF�FRQILJXUDWLRQ�� � ,QGHHG� LW� LV�NQRZQ� WKDW� PDQ\� DOJRULWKPV� PDS� H[FHHGLQJO\� HIILFLHQWO\� RQWR� WKLV� WRSRORJ\��WKH�))7�EHLQJ� WKH�FODVVLF�H[DPSOH��DQG�SHUIRUPDQFH�UHVXOWV�DW� WKLV� OHYHO�RI�SDUDOOHOLVP� ZRXOG� EH� RI� VRPH� LQWHUHVW� WR� WKH� HQJLQHHULQJ� FRPPXQLW\���
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7KHUHIRUH� WKH� FRPELQDWLRQ� RI� WKH� )3*$� DQG� WKH� KLJK EDQGZLGWK� RSWLFDO�LQWHUFRQQHFW� JLYHV� XV� D� JHQHUDO� SXUSRVH� ILQH� JUDLQHG� PDVVLYHO\� SDUDOOHO�SURFHVVRU�� �7KH�VRUWLQJ�GHPRQVWUDWRU�V\VWHP�GHVFULEHG�KHUH�KDV�DQ�RII�FKLS�GDWD� UDWH� RI� ����*EV�� ZKLFK� LV�ZKDW�ZLOO� EH� UHTXLUHG� E\� WKH� VHPLFRQGXFWRU�LQGXVWU\��DFFRUGLQJ�WR�WKH�6,$�URDGPDS��LQ������
������ 77KKHH 11HHXXUUDDOO 11HHWWZZRRUUNN 33DDFFNNHHWW 66ZZLLWWFFKK &&RRQQWWUURROOOOHHUU
7KH� VHFRQG� H[DPSOH�DGGUHVVHG� KHUH� LV� WKH� QHXUDO�QHWZRUN� VZLWFK� FRQWUROOHU�� � $Q�H[SHULPHQWDO� YHUVLRQ� RI� WKLV�ZKLFK� VKRZHG� D� SHUIRUPDQFH�FRPPHQVXUDWH�ZLWK�VWDWH�RI�WKH�DUW� DOO� HOHFWURQLF� VZLWFKHV� KDV�DFWXDOO\� EHHQ� EXLOW� >��@ �DOEHLW�ZLWK�GLVFUHWH�FRPSRQHQWV��DQG�D� QRYHO� YHUVLRQ� XVLQJ� VPDUW�SL[HOV� DQG� )3*$V� LV� XQGHU�FRQVWUXFWLRQ�
$OWKRXJK� WKH� SK\VLFDO� OD\RXW� RI� WKH� QHXUDO� VZLWFK� FRQWUROOHU� LV� VRPHZKDW�GLIIHUHQW� WR� WKH� VRUWLQJ� PRGXOH� GHVFULEHG� DERYH�� IURP� DQ� DUFKLWHFWXUDO�SHUVSHFWLYH� WKH� QHXUDO� QHWZRUN�PD\� EH� IRUPHG� IURP� WKH�PRGXOH�PHUHO\� E\�UHSODFLQJ� WKH� RSWLFV� WKDW� DUH� XVHG� WR� JHQHUDWH� WKH� SHUIHFW� VKXIIOH� ZLWK� D�GLIIUDFWLYH�RSWLFDO�HOHPHQW� �'2(�� >��@ VXFK�DV� WKDW� VKRZQ� LQ� ILJXUH����� �7KH�HIIHFW� RI� WKH� HOHPHQW� LV� WR� IDQ�RXW� LQ� D� VSDFH� LQYDULDQW�PDQQHU� HYHU\� LQSXW�FKDQQHO� LQWR� WKH� SDWWHUQ� VKRZQ�� � 7KLV� PD\� UHDGLO\� EH� VHHQ� WR� HIIHFWLYHO\�DPRXQW� WR� DQ� DQDORJXH� VXP� RYHU� URZV� DQG� FROXPQV� RI� WKH� RXWSXWV� RI� WKH�SUHYLRXV�LQOLQH�GHYLFH���7KH�V\VWHP��DV�LW�VWDQGV�DW�SUHVHQW��KDV�D�IL[HG�VHW�RI�ZHLJKWV� DQG� LV� GHVLJQHG� WR� SHUIRUP� WKLV� VLQJOH� WDVN�� � 7KH� LQFOXVLRQ� RI� WKH�)3*$� VWDJHV� ZLOO� DOORZ�� LQ� WKH� ILUVW� LQVWDQFH�� SURJUDPPHG� ZHLJKWV� WR� EH�FRQVLGHUHG�ZKLFK�ZRXOG�DOORZ�WKH�QHWZRUN�WR�EH�FRQILJXUHG�IRU�D�ZLGHU�YDULHW\�RI� WDVNV� VXFK� DV� WKH� WUDYHOOLQJ� VDOHVPDQ� SUREOHP� RU� RWKHU� RSWLPLVDWLRQ�SUREOHP�� �$V� LQ� WKH�DERYH�H[DPSOH�KRZHYHU�� WKH�PRVW�H[FLWLQJ�SRVVLELOLW\� LV�

)LJXUH���
,OOXVWUDWLRQ�RI�D�VLQJOH�LQSXW�EHDP�LPDJHG�RQWR�PXOWLSOH�GHWHFWRUV�XVLQJ�D�'2(�
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EHLQJ� DEOH� WR� UHFRQILJXUH� WKHVH�ZHLJKWV� LQ� QHDU� RU� DW� UHDO� WLPH� VR� WKDW� IXOO\�DGDSWLYH�� VXSHUYLVHG� DQG� XQVXSHUYLVHG� OHDUQLQJ� VFKHPHV� PD\� EH�LPSOHPHQWHG�
6R� WKH� FRPELQDWLRQ� JLYHV� XV� D� QHXUDO� QHWZRUN� ZLWK� IXOO\� UHDO� WLPH� DGDSWLYH�ZHLJKWV� ZLWK� DQ� LQWHUFRQQHFWLRQ� GHQVLW\� WKDW� FRXOG� QHYHU� EH� DFKLHYHG�HOHFWURQLFDOO\�
������ 77KKHH **HHQQHHUULLFF 00XXOOWWLLSSUURRFFHHVVVVRRUU ++DDUUQQHHVVVV
7KH�FRQFHSW�RI�RSWLFDO�KLJKZD\V�>��@ LV�RI�SHUKDSV�WKH�PRVW�LQWHUHVW�LQ�WKDW�D�JHQHUDO� SXUSRVH� PXOWLSURFHVVRU� VROXWLRQ� FDQ� EH� HQYLVDJHG�� � )LJXUH� ��VFKHPDWLFDOO\� VKRZV� D� KLJKZD\� XVHG� WR� FRQQHFW� QRGHV� LQ� DQ� DUELWUDU\�WRSRORJ\�� ZLWK� HDFK� QRGH� KDYLQJ� DFFHVV� WR� !������ FKDQQHOV�� � 7KH�LQWHUFRQQHFW�LV�SRLQW�WR�SRLQW�DQG�KDUG�ZLUHG��ZLWK�VHYHUDO�WKRXVDQG�FKDQQHOV�EHLQJ� SDVVHG� IURP� HDFK� QRGH� YLD� D� VPDUW� SL[HO� LQWHUIDFH� LQWR� D� IUHH� VSDFH�RSWLFDO�UHOD\�V\VWHP�ZKLFK�FDQ�KROG��XQGHU�UHDVRQDEOH�DVVXPSWLRQV�UHJDUGLQJ�DEHUUDWLRQV��VHYHUDO�KXQGUHG�WKRXVDQG�FKDQQHOV���3RODULVLQJ�RSWLFV�DUH�XVHG�WR�GHWHUPLQH�WKH�SRVLWLRQ�RI�HYHU\�LQGLYLGXDO�LQWHUFRQQHFWLRQ�OLQN�WKXV�GHILQLQJ�WKH�FRPSXWDWLRQDO�WRSRORJ\�

7KH� GDWD� XVHG� LQ� WKLV� GHVLJQ� LV� H[WUDSRODWHG� GLUHFWO\� IURP� WKH� FRPSRQHQWV�XVHG�LQ�WKH�VRUWLQJ�GHPRQVWUDWRU��QXPEHU�RI�RSWLFDO�FKDQQHOV�RII�FKLS�LV��������FORFN� VSHHG� ���0+]�� GDWD� ZLGWK� LV� ��� ELWV�� ZKLFK� VKRZV� WKH� KLJKZD\� WR�VXSSRUW� ELVHFWLRQ� EDQGZLGWKV� LQ� H[FHVV� RI� �������7EV�� FRQQHFWLQJ� XS� WR� ��PLOOLRQ�QRGHV� �GHSHQGLQJ�RQ� WRSRORJ\�� >��@�� �(DFK�QRGH�PLJKW� FRQVLVW� RI� � D�

)LJXUH���
2SWLFDO�KLJKZD\�IRU�FRQQHFWLRQ�RI�PXOWLSOH�SURFHVVLQJ�QRGHV
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PLFURSURFHVVRU�� PHPRU\� DQG� FDFKH�� DQG RQH� RU� PRUH� 2)3*$V� WR� KDQGOH�FRPPXQLFDWLRQV�
7KH� UROH� RI�2)3*$V� LQ� WKLV� DUFKLWHFWXUH� LV� WR� RSWLPLVH� WKH� FRPPXQLFDWLRQV�DQG� SURFHVVLQJ� LQ� UHDO� WLPH� GXULQJ� H[HFXWLRQ� RI� D� UDQJH� RI� DOJRULWKPV�� 7KH�EDQGZLGWK� RI� WKH� FRPPXQLFDWLRQV� LQ� WKLV� V\VWHP� LV� VXIILFLHQWO\� KLJK� WR�LPSOHPHQW� D� IODW� PHPRU\� PRGHO�� EXW� VXSHULRU� SHUIRUPDQFH� RQ� SDUWLFXODU�DOJRULWKPV�PD\�EH�REWDLQHG�E\�FKDQJLQJ�WRSRORJ\�LQ�WKH�LQWHUFRQQHFW�KDUQHVV���,Q�HVVHQFH��WKH�GHVWLQDWLRQ�RI�DQ\�GDWD�FKDQQHO�RXWSXW�LQWR�WKH�RSWLFDO�GRPDLQ�LV�GHWHUPLQHG�E\� WKH�VSDWLDO� ORFDWLRQ�RI� WKH�HPLWWHU�RXWSXW�XSRQ�WKH�2)3*$���7KXV� E\� UH�URXWLQJ� VLJQDOV� ZLWKLQ� WKH� 2)3*$V�� D� SDUWLFXODU� JOREDO� WRSRORJ\�PD\�EH�HVWDEOLVKHG��7KH�PDFKLQH�FRXOG�RI�FRXUVH�EH�FRQILJXUHG�DUELWUDULO\�LQWR�VHYHUDO� GLIIHUHQWO\� FRQQHFWHG� UHJLRQV� LI� WKLV� ZDV� GHVLUDEOH�� ,Q� DGGLWLRQ�� WKH�IXQFWLRQDOLW\�RI�WKH�LQWHUIDFH�PD\�EH�FKDQJHG��IRU�H[DPSOH��2)3*$V�DOORZ�XV�WR� FRQILJXUH� WKH� LQWHUIDFH� DV� D� URXWHU� �QHFHVVDU\� LI� ZH� ZLVKHG� WR� XWLOLVH� D�K\SHUFXEH� LQ� WKH� RSWLFDO� GRPDLQ�� RU� DV� D� VLPSOH� VZLWFK� RI� KLJK� WKURXJKSXW��QHFHVVDU\� LI�ZH�ZLVKHG� WR�XVH�D� ODUJH�FURVVEDU� LQ� WKH�RSWLFDO�GRPDLQ���)RU�QRGHV� RI� VXIILFLHQW� FRPSOH[LW\�� WKH�PD[LPXP� WKURXJKSXW� RI� WKH� V\VWHP�PD\�RIWHQ�EH�DWWDLQHG�E\�FKDQJLQJ�WKH�ZLGWK�RI�GDWD�ZRUGV�DV�ZHOO�DV�WKH�WRSRORJ\�VR� DV� WR� NHHS� DOO� FRPPXQLFDWLRQ� FKDQQHOV� EXV\�� 2)3*$V� FRXOG� VXSSRUW�YDULDEOH�ZLGWK�PXOWLSOH[LQJ�DV�ZHOO�DV�URXWLQJ�DW�WKH�LQWHUIDFHV�
)RU� WKH�JHQHULF� LQWHUFRQQHFW� WKH�FRPELQDWLRQ�RI�)3*$V�ZLWK�KLJK�EDQGZLGWK�RSWRHOHFWURQLFV� HQDEOHV� DQ� LQWHOOLJHQW� FRPPXQLFDWLRQV� LQWHUIDFH� WR� EH�FRQVWUXFWHG�ZKLFK�DOORZV�PD[LPLVDWLRQ�RI�WKH�XOWUD�KLJK�WKURXJKSXW�DYDLODEOH��,Q� WXUQ� WKLV� HQDEOHV� UHDO� WLPH� RSWLPLVDWLRQ� DQG� ORDG� EDODQFLQJ� RI� WKH�ZKROH�PDFKLQH�RYHU�D�UDQJH�RI�FRPSXWDWLRQDO�PRGHOV�
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'\QDPLF�UHFRQILJXUDWLRQ�LV�EHFRPLQJ�HYHU�PRUH�SRSXODU�DV�D�PHDQV�RI�KLJK�VSHHG�SURFHVVLQJ�DQG�DV�DQ�LQFUHDVLQJ�DPRXQW�RI�FRPSDQLHV�EHJLQ�WR�UHOHDVH�VXFK�V\VWHPV� WKH� LVVXHV�RI�EDQGZLGWK�ZLOO�EHFRPH�HYHU�PRUH�SURPLQHQW� IRU�WKH� UHDVRQV� GHVFULEHG� DERYH�� � 7KH� DXWKRU� EHOLHYHV� WKDW� WKH� RQO\� ZD\� WR�RYHUFRPH� DVVRFLDWHG� EDQGZLGWK� OLPLWDWLRQV� LV� E\� XWLOLVLQJ� RSWLFDO�LQWHUFRQQHFWLRQ�� EH� LW� WKURXJK� IUHH�VSDFH� RU� ZDYHJXLGHV�� ZLWKRXW� RSWLFDO�LQWHUFRQQHFWLRQ�� G\QDPLFDOO\� UHFRQILJXUDEOH� FRPSXWLQJ� ZLOO� KLW� D� SUHPDWXUH�SHUIRUPDQFH�FHLOLQJ�

���� &&&&RRRRQQQQFFFFOOOOXXXXVVVVLLLLRRRRQQQQ
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$2 $GDSWLYH�2SWLFV$5 $QWL�5HIOHFWLYH$6,& $SSOLFDWLRQ�6SHFLILF�,QWHJUDWHG�&LUFXLW&$' &RPSXWHU�$LGHG�'HVLJQ&% &RQQHFWLRQ�%ORFN&' &RPSDFW�'LVN&/% &RQILJXUDEOH�/RJLF�%ORFN&026 &RPSOHPHQWDU\�0HWDO�2[LGH�6HPLFRQGXFWRU&3/' &RPSOH[�3URJUDPPDEOH�/RJLF�'HYLFH'5 '\QDPLFDOO\�5HFRQILJXUDEOH'5$0 '\QDPLF�5DQGRP�$FFHVV�0HPRU\(3520 (UDVDEOH�3URJUDPPDEOH�5HDG�2QO\�0HPRU\((3520 (OHFWULFDOO\�(UDVDEOH�3URJUDPPDEOH�5HDG�2QO\�0HPRU\))7 )DVW�)RXULHU�7UDQVIRUP)3*$ )LHOG�3URJUDPPDEOH�*DWH�$UUD\*$/ *HQHULF�$UUD\�/RJLF,�2 ,QSXW�2XWSXW,2% ,QSXW�2XWSXW�%ORFN,63 ,Q�6\VWHP�3URJUDPPDEOH/87 /RRN�8S�7DEOH03*$ 0DVN�3URJUDPPDEOH�*DWH�$UUD\V2)3*$ 2SWLFDO�)LHOG�3URJUDPPDEOH�*DWH�$UUD\3/' 3URJUDPPDEOH�/RJLF�'HYLFH3$/ 3URJUDPPDEOH�$UUD\�/RJLF3&% 3ULQWHG�&LUFXLW�%RDUG3/$ 3URJUDPPDEOH�/RJLF�$UUD\3520 3URJUDPPDEOH�5HDG�2QO\�0HPRU\5$0 5DQGRP�$FFHVV�0HPRU\520 5HDG�2QO\�0HPRU\6% 6ZLWFKLQJ�%ORFN6((' 6HOI�(OHFWUR�RSWLF�(IIHFW�'HYLFH65$0 6WDWLF�5DQGRP�$FFHVV�0HPRU\77/ 7UDQVLVWRU�7UDQVLVWRU�/RJLF89 8OWUD�9LROHW9&6(/ 9HUWLFDO�&DYLW\�6XUIDFH�(PLWWLQJ�/DVHU9/6, 9HU\�/DUJH�6FDOH�,QWHJUDWLRQ

�������� ****OOOORRRRVVVVVVVVDDDDUUUU\\\\
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7KLV�UHIHUHQFH�OLVW�LQFOXGHV�VRPH�FRPPHQWV�RQ�FHUWDLQ�HQWULHV���7KH�LGHD�LV�WR�KHOS� DVVHVV� WKH� UHOHYDQFH� RI� DQ\� VRXUFH� EHIRUH� LW� LV� ORRNHG� XS�� � 6RPH�FRPPHQWV�UHTXLUH�DQ�XQGHUVWDQGLQJ�RI�WKH�V\VWHPV�GHVFULEHG�LQ�WKLV�UHSRUW�
>�@ &��0D[ILHOG���/RJLF�WKDW�PXWDWHV�ZKLOH�X�ZDLW���('1��,661������������YROXPH�����QXPEHU������WK 1RYHPEHU�������SS��������������

7KH� DGYHQW� RI� 65$0�EDVHG� )3*$V�SUHVHQWHG� D� QHZ� FDSDELOLW\� WR� WKH� HOHFWURQLFV� FRPPXQLW\�� G\QDPLFDOO\� UHFRQILJXUDEOH� KDUGZDUH�� RU�GHVLJQV� WKDW� \RX� FDQ� UHFRQILJXUH� RQ� WKH� IO\�� $V� GHYLFHV�� )3*$V� FDQ� EH� GLIILFXOW� WR� FKDUDFWHULVH�� EHFDXVH� HDFK� )3*$� YHQGRU� ILHOGV� D�SURSULHWDU\�DUFKLWHFWXUH��+RZHYHU��D�JHQHULF�DUFKLWHFWXUH�LV�JLYHQ�WR�LOOXVWUDWH�WKH�VRSKLVWLFDWLRQ�RI�)3*$V�DV�FRPSDUHG�WR�WUDGLWLRQDO�3/'V�>�@ 6�� +DXFN�� �0XOWL�)3*$� 6\VWHPV��� 3K'� 7KHVLV�� 8QLYHUVLW\� RI�:DVKLQJWRQ�������
&KDSWHU���SURYLGHV�D�GHWDLOHG�DQG�SUHFLVH�RYHUYLHZ�RI�FXUUHQW�WHFKQRORJLHV�>�@ 0��0RWRPXUD��<��$LPRWR��$��6KLED\DPD��<��<DEH�DQG�0��<DPDVKLQD���$Q� HPEHGGHG� '5$0�)3*$� FKLS� ZLWK� LQVWDQWDQHRXV� ORJLF�UHFRQILJXUDWLRQ�� 3URFHHGLQJV� RI� ,(((� 6\PSRVLXP� RQ� )3*$V� IRU�&XVWRP�&RPSXWLQJ�0DFKLQHV�� ,6%1����������������,(((�&RPSXWHU�6RFLHW\��������SS��������
5HFRQILJXUDEOH�FRPSXWLQJ� LV�DWWUDFWLQJ�ZLGH�DWWHQWLRQ�DV�D�QRYHO�JHQHUDO�SXUSRVH�FRPSXWLQJ�SDUDGLJP�IRU�DFFHOHUDWLQJ�FRPSXWH�LQWHQVLYH�DQG�RU�GDWD�SDUDOOHO�DSSOLFDWLRQV��VXFK�DV�FRPSUHVVLRQ��HQFU\SWLRQ��VHDUFKLQJ��VRUWLQJ��DQG�LPDJH�SURFHVVLQJ��$�NH\�HQDEOLQJ�WHFKQRORJ\�IRU�D�UHFRQILJXUDEOH�FRPSXWHU�LV�LQ�V\VWHP�ORJLF�UHFRQILJXUDWLRQ�RI�65$0�EDVHG�)3*$V��WKURXJK�ZKLFK�LWV�KDUGZDUH�DUFKLWHFWXUH�LV�G\QDPLFDOO\�FXVWRPLVHG� IRU� D� VSHFLILF� WDVN� RQ� GHPDQG�� � 4XLFNHU� D� UHFRQILJXUDWLRQ� LV�� PRUH� IUHTXHQW� WKH� UHFRQILJXUDWLRQV� FDQ� EHFRPH�� L�H��� D�UHFRQILJXUDEOH� FRPSXWHU� FDQ� DGDSW� WR� DSSOLFDWLRQV� ZKLFK� KDYH� PRUH� G\QDPLF� EHKDYLRXU�� $� ZKROH�FKLS� UHFRQILJXUDWLRQ� LQ� FRQYHQWLRQDO�)3*$V�� KRZHYHU�� WDNHV� DW� OHDVW� ����PX� V��:LWK� � WKLV� ORQJ� ODWHQF\�� D� UHFRQILJXUDEOH� FRPSXWHU� LV� DGDSWDEOH� RQO\� WR� VWDWLF� DSSOLFDWLRQV��VXEVWDQWLDOO\�ORVLQJ�WKH JHQHUDO�SXUSRVHQHVV�RI�WKH�RULJLQDO�FRQFHSW��,QWHJUDWLQJ�D�'5$0�ZLWK�DQ�)3*$�FDQ�EHFRPH�DQ�LGHDO�VROXWLRQ�WR�WKLV�SUREOHP��7KH� RQ�FKLS� '5$0� FDQ� VWRUH� KXQGUHGV� RI� FRQILJXUDWLRQ� SURJUDPV�� DQG� WKH� ORJLF� UHFRQILJXUDWLRQ� FDQ� JHW� H[WUHPHO\� IDVWHU� E\�FRQWH[W�VZLWFKLQJ� DPRQJ� WKH� SURJUDPV�XWLOLVLQJ� KXJH� EDQGZLGWK� LQWHUQDO� WR� WKH�'5$0� FRUH�� %HLQJ� GULYHQ� E\� WKLV� REVHUYDWLRQ�� ZH�KDYH�FRQGXFWHG�SURWRW\SH�GHVLJQ�RI�DQ�HPEHGGHG�'5$0�)3*$�FKLS�>�@ 6�� '�� %URZQ�� 5�� -�� )UDQFLV�� -�� 5RVH� DQG� =�� *�� 9UDQHVLF�� �)LHOG�3URJUDPPDEOH� *DWH� $UUD\V��� .OXZHU� $FDGHPLF� 3XEOLVKHUV�� 86$�������
9HU\�LQIRUPDWLYH�ERRN�RQ�)3*$V��LI�VOLJKWO\�GDWHG�>�@ -�� 9�� 2OGILHOG� DQG� 5�� &�� 'RUI�� �)LHOG� 3URJUDPPDEOH� $UUD\V��5HFRQILJXUDEOH� /RJLF� IRU� 5DSLG� 3URWRW\SLQJ� DQG� ,PSOHPHQWDWLRQ� RI�'LJLWDO�6\VWHPV���-RKQ�:LOH\�DQG�6RQV�������

>�@ -�� .RXORKHULV� DQG�$�� (O�*DPPD�� �)3*$�$UHD� YV��&HOO�*UDQXODULW\� �/RRNXS� 7DEOHV� DQG� 3/$� &HOOV��� )LUVW� $&0� :RUNVKRS� RQ� )LHOG�

�������� 5555HHHHIIIIHHHHUUUUHHHHQQQQFFFFHHHHVVVV
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3URJUDPPDEOH�*DWH�$UUD\V��)3*$�
����%HUNHOH\��&$��)HEUXDU\�������SS�������
>�@ -�� 6�� 5RVH�� 5�� -�� )UDQFLV�� '�� /HZLV� DQG� 3�� &KRZ�� �$UFKLWHFWXUH� RI�3URJUDPPDEOH�*DWH�$UUD\V��7KH�(IIHFW�RI�/RJLF�%ORFN�)XQFWLRQDOLW\�RI�$UHD� (IILFLHQF\��� ,(((� -RXUQDO� RI� 6ROLG� 6WDWH� &LUFXLWV�� YROXPH� ����QXPEHU����2FWREHU�������SS������������
>�@ ;LOLQ[� &RUS��� �;&����� )LHOG� 3URJUDPPDEOH� *DWH� $UUD\��� $SULO� ��WK�����
>�@ '\QDFKLS�� ³'<����� )DPLO\� )$67� )LHOG� 3URJUDPPDEOH� *DWH� $UUD\ �́�'DWDVKHHW��5HYLVLRQ������KWWS���ZZZ�G\QD�FRP�
>��@ $OWHUD�� ³$SH[� ��.� 3URJUDPPDEOH� /RJLF� 'HYLFH� )DPLO\ �́� 'DWDVKHHW��9HUVLRQ����KWWS���ZZZ�DOWHUD�FRP��0D\������
>��@ 4XLFN/RJLF�� ³4/����� ������ 8VHDEOH� 3/'� JDWH� 4XLFN5$0� (63 �́�'DWDVKHHW��KWWS���ZZZ�TXLFNORJLF�FRP����WK $XJXVW������
>��@ /XFHQW� 7HFKQRORJLHV�� ³25&$� 6HULHV� �� )LHOG� 3URJUDPPDEOH� *DWH�$UUD\´�� 'DWDVKHHW�� 5HYLVLRQ� ��� KWWS���ZZZ�OXFHQW�FRP�� 6HSWHPEHU������
>��@ -��0��3��&DUGRVR�DQG�0��3��9pVWLDV���$UFKLWHFWXUHV�DQG�&RPSLOHUV�WR�6XSSRUW�5HFRQILJXUDEOH�&RPSXWLQJ��� KWWS���ZZZ�DFP�RUJ�FURVVURDGV�[UGV����UFFRQFHSW�KWPO���WK $SULO������
>��@ ,��3DJH���5HFRQILJXUDEOH�SURFHVVRU�DUFKLWHFWXUHV���0LFURSURFHVVRUV�	�0LFURV\VWHPV��,661������������YROXPH�����QXPEHU����0D\�������SS���������

1R�SDUWLFXODU�DSSOLFDWLRQ� LV�ZHOO�VXSSRUWHG�E\�D�FRQYHQWLRQDO�PLFURSURFHVVRU�ZKLFK�KDV�D�SUH�GHWHUPLQHG� VHW�RI� IXQFWLRQDO�XQLWV��7KLV� LV�SDUWLFXODUO\� WUXH� LQ�KLJKO\�G\QDPLF�DUHDV��VXFK�DV�PXOWLPHGLD��FRPPXQLFDWLRQV�DQG�RWKHU�HPEHGGHG�V\VWHPV��:H�VXJJHVW�WKDW�DGGLWLRQDO�VLOLFRQ� LV� XVHG� WR� SURYLGH� KDUGZDUH� ZKLFK� FDQ� EH� G\QDPLFDOO\� FRQILJXUHG� WR� VXSSRUW� DQ\� DSSOLFDWLRQ�� %\� FRPELQLQJ� D� FRQYHQWLRQDO�PLFURSURFHVVRU�DQG�)3*$�UHFRQILJXUDEOH�ORJLF�RQ�RQH�FKLS��FRPPRGLW\�SULFLQJ�LV�PDLQWDLQHG�DQG�\HW�WKH�VDPH�SDUW�FDQ�HIIHFWLYHO\�VXSSRUW�D�ZLGH�UDQJH�RI�DSSOLFDWLRQV��$�QRYHO�)3*$�DUFKLWHFWXUH�LV�RXWOLQHG�ZKLFK�LV�SDUWLFXODUO\�VXLWDEOH�IRU�WKLV�VW\OH�RI�LPSOHPHQWDWLRQ�>��@ 9LUWXDO� &RPSXWHU� &RUSRUDWLRQ� �9&&��� �)LHOG� 3URJUDPPDEOH� *DWH�$UUD\V�� $Q�(QDEOLQJ�7HFKQRORJ\���KWWS���ZZZ�YFF�FRP�ISJD�KWPO�
>��@ -�� (�� 9XLOOHPLQ�� 3�� %HUWLQ�� '�� 5RQFLQ�� 0�� 6KDQG�� +�� +�� 7RXDWL�� 3��%RXFDUG�� �3URJUDPPDEOH� DFWLYH� PHPRULHV�� UHFRQILJXUDEOH� V\VWHPV�FRPH� RI� DJH��� ,(((� 7UDQVDFWLRQV� RQ� 9HU\� /DUJH� 6FDOH� ,QWHJUDWLRQ�

http://www.vcc.com/fpga.html
http://www.acm.org/crossroads/xrds5-3/rcconcept.html
http://www.acm.org/crossroads/xrds5-3/rcconcept.html
http://www.lucent.com/
http://www.quicklogic.com/
http://www.altera.com/
http://www.dyna.com/


2SWLFDOO\�,QWHUFRQQHFWHG�'\QDPLFDOO\�5HFRQILJXUDEOH�&RPSXWLQJ

��

�9/6,��6\VWHPV��,661������������YROXPH����QXPEHU����0DUFK�������SS��������
3URJUDPPDEOH�DFWLYH�PHPRULHV��3$0��DUH�D�QRYHO�IRUP�RI�XQLYHUVDO�UHFRQILJXUDEOH�KDUGZDUH�FRSURFHVVRU��%DVHG�RQ�ILHOG�SURJUDPPDEOH�JDWH� DUUD\� �)3*$�� WHFKQRORJ\�� D� 3$0� LV� D� YLUWXDO� PDFKLQH�� FRQWUROOHG� E\� D� VWDQGDUG� PLFURSURFHVVRU�� ZKLFK� FDQ� EH� G\QDPLFDOO\� DQG�LQGHILQLWHO\� UHFRQILJXUHG� LQWR� D� ODUJH� QXPEHU� RI� DSSOLFDWLRQ�VSHFLILF� FLUFXLWV�� 3$0CV� RIIHU� D� QHZ�PL[WXUH� RI� KDUGZDUH� SHUIRUPDQFH� DQG�VRIWZDUH�YHUVDWLOLW\��:H�UHYLHZ�WKH�LPSRUWDQW�DUFKLWHFWXUDO�IHDWXUHV�RI�3$0CV��WKURXJK�WKH�H[DPSOH�RI�'(&3H5/H����DQ�H[SHULPHQWDO�GHYLFH�EXLOW� LQ�������3$0�SURJUDPPLQJ� LV�SUHVHQWHG��LQ�FRQWUDVW�WR�FODVVLFDO�JDWH�DUUD\�DQG�IXOO�FXVWRP�FLUFXLW�GHVLJQ��2XU�HPSKDVLV�LV�RQ�ODUJH��FRGH�JHQHUDWHG�V\QFKURQRXV�V\VWHPV�GHVFULSWLRQV��QR�FRPSURPLVH�LV�PDGH�ZLWK�UHJDUG�WR�WKH�SHUIRUPDQFH�RI�WKH�WDUJHW�FLUFXLWV��:H�H[KLELW�D�GR]HQ�DSSOLFDWLRQV�ZKHUH�3$0�WHFKQRORJ\�SURYHV�VXSHULRU��ERWK�LQ�SHUIRUPDQFH�DQG�FRVW��WR�HYHU\�RWKHU�H[LVWLQJ�WHFKQRORJ\��LQFOXGLQJ�VXSHUFRPSXWHUV�� PDVVLYHO\� SDUDOOHO� PDFKLQHV�� DQG� FRQYHQWLRQDO� FXVWRP� KDUGZDUH�� 7KH� ILHOGV� FRYHUHG� LQFOXGH� FRPSXWHU� DULWKPHWLF��FU\SWRJUDSK\��HUURU�FRUUHFWLRQ�� LPDJH�DQDO\VLV��VWHUHR�YLVLRQ��YLGHR�FRPSUHVVLRQ��VRXQG�V\QWKHVLV��QHXUDO�QHWZRUNV��KLJK�HQHUJ\�SK\VLFV��WKHUPRG\QDPLFV��ELRORJ\�DQG�DVWURQRP\��$W�FRPSDUDEOH�FRVW��WKH�FRPSXWLQJ�SRZHU�YLUWXDOO\�DYDLODEOH�LQ�D�3$0�H[FHHGV�WKDW�RI�FRQYHQWLRQDO�SURFHVVRUV� E\� D� IDFWRU� ��� WR� ������ GHSHQGLQJ� RQ� WKH� VSHFLILF� DSSOLFDWLRQ�� LQ� ������$� WHFKQRORJ\�VKULQN� LQFUHDVHV� WKH�SHUIRUPDQFH�JDSEHWZHHQ�FRQYHQWLRQDO�SURFHVVRUV�DQG�3$0CV��%\�1R\FHCV�ODZ��ZH�SUHGLFW�E\�KRZ�PXFK�WKH�SHUIRUPDQFH�JDS�ZLOO�ZLGHQ�ZLWK�WLPH�>��@ '�� &RQQHU�� �5HFRQILJXUDEOH� ORJLF�� +DUGZDUH� VSHHG� ZLWK� VRIWZDUH�IOH[LELOLW\��� $XVWUDOLDQ� (OHFWURQLFV� (QJLQHHULQJ�� ,661� �����������YROXPH�����QXPEHU����$XJXVW�������SS�������������
,I�\RX�YLHZ�UHFRQILJXUDEOH�)3*$V�RQO\�DV�VWDWLF�ORJLF�GHYLFHV�WKDW�DFFRPPRGDWH�GHVLJQ�FKDQJHV�GXULQJ�SURWRW\SLQJ�DQG�DV�RFFDVLRQDO�ILHOG�XSJUDGHV�� \RX� DUH� PLVVLQJ� WKH� ODWHVW� IURQWLHU� LQ� GLJLWDO� GHVLJQ�� 7KH� DELOLW\� RI� LQILQLWHO\� UHSURJUDPPDEOH� )3*$V� WR� G\QDPLFDOO\� UHGHILQH�KDUGZDUH�SURYLGHV�SHUIRUPDQFH�LPSURYHPHQWV�\RX�FDQ
W�DIIRUG�WR�LJQRUH��5HFRQILJXUDEOH�ORJLF�LV�QRW�VR�PXFK�D�QHZ�SURGXFW�DV�D�QHZ�ZDJ�RI�WKLQNLQJ��$OWKRXJK�65$0�EDVHG�)3*$V�KDYH�EHHQ�DYDLODEOH�IRU�\HDUV��QHZ�GHYLFHV�DUH�RIIHULQJ�JUHDWHU�SHUIRUPDQFH��'HSHQGLQJ�RQ�WKH�GHYLFH�XVHG��\RX�FDQ�UHSURJUDP�DQ�65$0�EDVHG�)3*$�IURP�VHYHUDO�WLPHV�D�VHFRQG�WR�PRUH�WKDQ�D�WKRXVDQG�WLPHV�D�VHFRQG��'HVSLWH�WKH�GHYLFH
V�IOH[LELOLW\��PRVW�GHVLJQHUV�XVH�WKH�UHSURJUDPPDEOH�FDSDELOLW\�DV�D�GHYHORSPHQW�DLG�WR�GHEXJ�DQG�UHILQH�GHVLJQV��DQG�RFFDVLRQDOO\�IRU�ILHOG�XSJUDGHV��,Q�WKH�FRQWH[W�RI�WKLV�DUWLFOH��UHFRQILJXUDEOH�ORJLF�UHIHUV�WR�LQILQLWHO\�UHSURJUDPPDEOH�ORJLF�GHYLFHV�>��@ 7ULVFHQG�� ³7ULVFHQG� (�� &RQILJXUDEOH� 3URFHVVRU� )DPLO\´�� 'DWDVKHHW��KWWS���ZZZ�WULVFHQG�FRP���WK 1RYHPEHU������

>��@ 6WDUEULGJH� 6\VWHPV� ,QF��� KWWS���ZZZ�VWDUEULGJHV\VWHPV�FRP�3DJHV�DERXW�KWPO�
*HQHUDO�LQIRUPDWLRQ�DQG�H[DPLQDWLRQ�RI�WKH�FRPSDQ\�DQG�WKHLU�LGHDV�IRU�G\QDPLFDOO\�UHFRQILJXUDEOH�VXSHUFRPSXWHUV�>��@ 0��%XWWV���)XWXUH�GLUHFWLRQV�RI�G\QDPLFDOO\�UHSURJUDPPDEOH�V\VWHPV���3URFHHGLQJV� RI� WKH� ,(((� ����� &XVWRP� ,QWHJUDWHG� &LUFXLWV�&RQIHUHQFH��,6%1����������������,(((��������SS���������
)3*$V�KDYH�PDGH�LW�SRVVLEOH�WR�EXLOG�G\QDPLFDOO\�UHSURJUDPPDEOH�V\VWHPV��7KLV�SDSHU�UHYLHZV�WKH�FXUUHQW�VWDWH�RI�)3*$�WHFKQRORJ\��DQG�GLVFXVVHV� WKH� WZR�PDLQ� FODVVHV�RI�G\QDPLFDOO\�UHSURJUDPPDEOH�V\VWHPV��ORJLF�HPXODWRUV�DQG�UHFRQILJXUDEOH�FRPSXWHUV��&XUUHQW�SUDFWLFH�DQG�IXWXUH�GLUHFWLRQV�IRU�HDFK�DUH�H[SORUHG�>��@ 6��.XPDU��/��3LUHV��'��3DQGDODL��0��9RMWD��-��*ROXVN\��6��:DGL�DQG�+��6SDDQHQEXUJ�� �%HQFKPDUNLQJ� 7HFKQRORJ\� IRU� &RQILJXUDEOH�&RPSXWLQJ�6\VWHP���3URFHHGLQJV�RI�,(((�6\PSRVLXP�RQ�)3*$V�IRU�&XVWRP�&RPSXWLQJ�0DFKLQHV�� ,6%1����������������,(((�&RPSXWHU�6RFLHW\�������

>��@ %�� 5DGXQRYLü� DQG� 9�� 0LOXWLQRYLü�� ³$� 6XUYH\� RI� 5HFRQILJXUDEOH�&RPSXWLQJ� $UFKLWHFWXUHV´�� )LHOG�3URJUDPPDEOH� /RJLF� DQG�

http://www.starbridgesystems.com/Pages/about.html
http://www.starbridgesystems.com/Pages/about.html
http://www.triscend.com/
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$SSOLFDWLRQV��3URFHHGLQJV�RI�)3/
����,6%1������ ���������6SULQJHU�9HUODJ��������SS����������
>��@ %�� )DZFHWW�� �)3*$V� DV� UHFRQILJXUDEOH� SURFHVVLQJ� HOHPHQWV��� ,(((�&LUFXLWV�	�'HYLFHV�0DJD]LQH��,661������������YROXPH�����QXPEHU����0DUFK�������SS�������

,Q�PRVW�DSSOLFDWLRQV��)3*$V�DUH�XVHG�WR�LPSOHPHQW��JOXH�ORJLF���SURYLGLQJ�WKH�DGYDQWDJHV�RI�KLJK�LQWHJUDWLRQ�OHYHOV�ZLWKRXW�WKH�H[SHQVH�DQG�ULVN� RI� FXVWRP� $6,&� GHYHORSPHQW�� +RZHYHU�� DV� 65$0�EDVHG� )3*$� GHYLFHV� KDYH� LQFUHDVHG� LQ� FDSDELOLW\�� WKHLU� XVH� DV� LQ�V\VWHP�FRQILJXUDEOH� FRPSXWLQJ� HOHPHQWV� LV� UHFHLYLQJ� FRQVLGHUDEOH� DWWHQWLRQ�� ,QGHHG�� UHFRQILJXUDEOH� )3*$� WHFKQRORJ\� KROGV� WKH� SRWHQWLDO� IRU�UHVKDSLQJ� WKH� IXWXUH� RI� FRPSXWLQJ� E\� SURYLGLQJ� WKH�FDSDELOLW\� WR�G\QDPLFDOO\� DOWHU�D�FRPSXWHU
V�KDUGZDUH� UHVRXUFHV� WR�RSWLPDOO\�VHUYLFH�LPPHGLDWH�FRPSXWDWLRQDO�QHHGV���&RPSXWLQJ�FLUFXLWV�EXLOW�IURP�65$0�EDVHG�)3*$V�FDQ�PHHW�WKH�WUXH�JRDO�RI�SDUDOOHO�SURFHVVLQJ�H[HFXWLQJ�DOJRULWKPV�LQ�FLUFXLWU\�ZLWK�WKH�LQKHUHQW�SDUDOOHOLVP�RI�KDUGZDUH��ZKLOH�DYRLGLQJ�WKH�LQVWUXFWLRQ�IHWFK�DQG�ORDG�VWRUH�ERWWOHQHFNV�RI�WUDGLWLRQDO�YRQ� 1HXPDQQ� DUFKLWHFWXUHV�� 7KHUH� DUH� PDQ\� FRPSXWDWLRQDOO\�LQWHQVLYH� DOJRULWKPV� WKDW� FDQ� EHQHILW� IURP� EHLQJ� SDUWLDOO\� RU� ZKROO\�LPSOHPHQWHG�LQ�KDUGZDUH��7\SLFDOO\��WKHVH�DOJRULWKPV�DUH�WRR�VSHFLDOLVHG�WR�MXVWLI\�WKH�H[SHQVH�RI�PDQXIDFWXULQJ�FXVWRP�,&�GHYLFHV�>��@ .��1DJDPL��.��2JXUL��7��6KLR]DZD��+��,WR�DQG�5��.RQLVKL���3ODVWLF�&HOO�$UFKLWHFWXUH�� 7RZDUGV� 5HFRQILJXUDEOH� &RPSXWLQJ� IRU� *HQHUDO�3XUSRVH��� 3URFHHGLQJV� RI� ,(((� 6\PSRVLXP� RQ� )3*$V� IRU� &XVWRP�&RPSXWLQJ�0DFKLQHV��,6%1����������������,(((�&RPSXWHU�6RFLHW\�������
>��@ -�� $�� %�� 'LQHV�� �2SWRHOHFWURQLF� &RPSXWLQJ�� ,QWHUFRQQHFWV��$UFKLWHFWXUHV�DQG�D�6\VWHPV�'HPRQVWUDWRU���3K'�7KHVLV��+HULRW�:DWW�8QLYHUVLW\��5LFFDUWRQ��(GLQEXUJK��(+����$6��8.�������
>��@ '��$��%��0LOOHU�� ³2SWLFV� IRU�/RZ�(QHUJ\�&RPPXQLFDWLRQ�,QVLGH�'LJLWDO�3URFHVVRUV� ± 4XDQWXP� 'HWHFWRUV�� 6RXUFHV� DQG� 0RGXODWRUV� DV�(IILFLHQW�,PSHGDQFH�&RQYHUWHUV´��2SWLFV�/HWWHUV��9RO������SS�����±����������
>��@ 3�� 0DOLQYHUQL� DQG� $�� )URFKHO� �(GLWRUV��� ³7HFKQRORJ\� 5RDG� 0DS��2SWLFDO�,QWHUFRQQHFWV�IRU�,QWHJUDWHG�&LUFXLWV´��(XURSHDQ�&RPPLVVLRQ��(635,7� SURJUDPPH� ± 0(/�$5,� 2372��KWWS���ZZZ�FRUGLV�OX�HVSULW�VUF�PHORS�UP�KWP�������
>��@ '�� $�� %�� 0LOOHU�� +�� 0�� 2]DNWDV�� ³/LPLW� WR� WKH� %LW�5DWH� &DSDFLW\� RI�(OHFWULFDO� ,QWHUFRQQHFWV� IURP� WKH� $VSHFW� 5DWLR� RI� WKH� 6\VWHP�$UFKLWHFWXUH´��-RXUQDO�2I�3DUDOOHO�DQG�'LVWULEXWHG�&RPSXWLQJ��9ROXPH�����1R�����SS����±���������
>��@ +�� 6�� 6WRQH�� ³3DUDOOHO� 3URFHVVLQJ� ZLWK� WKH� 3HUIHFW� 6KXIIOH´�� ,(((�7UDQVDFWLRQV�RQ�&RPSXWHUV��9ROXPH�&�����1R�����)HEUXDU\�����

http://www.cordic.lu/esprit/src/melop-rm.htm
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>��@ 0�� -�� 4XLQQ�� ³3DUDOOHO &RPSXWLQJ� 7KHRU\� DQG� 3UDFWLFH �́� �����0F*UDZ�+LOO�
>��@ -�� *RXUOD\�� 7�� <�� <DQJ�� 0�� ,VKLNDZD� DQG� $�� &��:DONHU�� ³/RZ�RUGHU�$GDSWLYH� 2SWLFV� IRU� )UHH�6SDFH� 2SWRHOHFWURQLF� ,QWHUFRQQHFWV´��6XEPLVVLRQ�WR�$SSOLHG�2SWLFV�6SHFLDO� ,VVXH�RQ�2SWLFV�LQ�&RPSXWLQJ�������
>��@ (��:� :LOOLDPV��³7KH�&'�520�DQG�2SWLFDO�'LVN�5HFRUGLQJ�6\VWHPV �́�2[IRUG�8QLYHUVLW\�3UHVV�������
>��@ &��-��&KDQJ�+DVQDLQ��0��DQG�-��3��+DUELVRQ��/��7��)ORUH]�DQG�&�/LQ��³0RQROLWKLF�0XOWLSOH�:DYHOHQJWK�6XUIDFH�(PLWWLQJ�/DVHUV �́�-RXUQDO�RI�/LJKWZDYH�7HFKQRORJ\�������� SS������������������
>��@ '��$��%��0LOOHU��'��6��&KHPOD��7��&��'DPHQ��7��+��:RRG��&��$��%XUUXV��$�� &�� *RVVDUG� DQG�:��:LHJPDQQ�� ³1RYHO� +\EULG� 2SWLFDOO\� %LVWDEOH�6ZLWFK�� 7KH� 4XDQWXP�:HOO� 6HOI�(OHFWUR�2SWLF� (IIHFW� 'HYLFH´�� 2SWLFV�/HWWHUV�4(�����������������
>��@ 0��0DNLXFKL�� +�� +DPDJXFKL�� 7�� .XPDL�� 2�� $RNL�� <�� 2LNDZD� DQG�2��:DGD�� �*D,Q$V�SLQ�3KRWRGLRGH�*D$V�3UHDPSOLILHU�3KRWRUHFHLYHU� IRU�*LJDELW�UDWH� &RPPXQLFDWLRQV� 6\VWHPV� XVLQJ� )OLS�&KLS� %RQGLQJ�7HFKQLTXHV´��(OHFWURQLFV�/HWWHUV��YROXPH�����QXPEHU�����SS�����������$XJXVW��WK�������
>��@ $�� 7RXKDIL�� :�� )�� %ULVVLQFN� DQG� (�� )�� 'LUN[�� �6LPXODWLRQ� RI� $70�VZLWFKHV� XVLQJ� G\QDPLFDOO\� UHFRQILJXUDEOH� )3*$
V��� )LHOG�3URJUDPPDEOH�/RJLF�DQG�$SSOLFDWLRQV��3URFHHGLQJV�RI�)3/
����,6%1����������������6SULQJHU�9HUODJ��������SS��������

:H�GLVFXVV�D�QHZ�DSSURDFK�IRU�HIILFLHQW�VLPXODWLRQ�RI�TXHXLQJ�V\VWHPV�E\�XVLQJ�WKH�FRQILJXUDEOH�FRPSXWLQJ�SDUDGLJP��2QH�RI�WKH�FODVVLFDO�DSSURDFKHV�WR�RSWLPLVLQJ�WKH�VLPXODWLRQ�RI�TXHXLQJ�V\VWHPV�LV�E\�LPSOHPHQWLQJ�FRSURFHVVRUV�IRU�WKH�KDUG�SDUWV�RI�WKH�VLPXODWLRQ�DOJRULWKP�XVLQJ�$6,&�RU�)3*$��7KH�DSSURDFK�WKDW�ZH�DUH�SURSRVLQJ� LV�GLIIHUHQW�IURP�WKH�SUHYLRXV�RQH�LQ�WKH�VHQVH�WKDW�ZH�DUH�QRW�XVLQJ�)3*$�WR�RSWLPLVH�WKH�VLPXODWLRQ�DOJRULWKP�EXW�ZH�LPSOHPHQW�DQ�HTXLYDOHQW�V\VWHP�WR�WKH�RQH�WKDW�KDV�WR�EH�VLPXODWHG�LQ�WKH�)3*$��$V�D�FDVH�VWXG\�ZH�KDYH�PDGH�D�VLPXODWRU�IRU�$70�VZLWFKLQJ�IDEULFV��2XU�UHVHDUFK�VKRZV�WKDW�G\QDPLFDOO\�UHFRQILJXUDEOH�)3*$�VXFK�DV�WKH������538�RI�;,/,1;�FDQ�EH�HIILFLHQWO\�XVHG�IRU�WKH�VLPXODWLRQ�RI�TXHXLQJ�V\VWHPV�>��@ 6�� $O.DVDEL� DQG� 6�� +DULUL�� �$� G\QDPLFDOO\� UHFRQILJXUDEOH� VZLWFK� IRU�KLJK�VSHHG� QHWZRUNV��� &RQIHUHQFH� 3URFHHGLQJV� RI� WKH� ����� ,(((�)RXUWHHQWK� $QQXDO� ,QWHUQDWLRQDO� 3KRHQL[� &RQIHUHQFH� RQ� &RPSXWHUV�DQG�&RPPXQLFDWLRQV��,6%1����������������,(((��������SS���������
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:H�SUHVHQW� D� GHVLJQ� IRU� D� G\QDPLFDOO\� UHFRQILJXUDEOH� VZLWFK� IRU� KLJK�VSHHG�QHWZRUNV�� 7KH�SURSRVHG� VZLWFK�ZLOO� EH� XVHG� WR�EXLOG�KLJK�SHUIRUPDQFH�SDUDOOHO�GLVWULEXWHG�V\VWHPV���6ZLWFK�UHFRQILJXUDELOLW\�LV�H[SORLWHG�WR�LPSOHPHQW�GLIIHUHQW�LQWHUFRQQHFWLRQ�WRSRORJLHV�DQG�VXSSRUW�GLIIHUHQW�DSSOLFDWLRQ� UHTXLUHPHQWV��:H�GLVFXVV�DQ�)3*$�LPSOHPHQWDWLRQ�RI�VXFK�D�VZLWFK�ZKHUH�D�QHZ�FRQILJXUDWLRQ�FDQ�EH�DWWDLQHG�E\�UHSURJUDPPLQJ� LWV�URXWLQJ�FRPSRQHQW��7KH�GHVLJQ�VXSSRUWV�ERWK�FLUFXLW�DQG�SDFNHW�VZLWFKLQJ�FRPPXQLFDWLRQV�ZLWK�ZRUPKROH�URXWLQJ��2XU�GHVLJQ� HPSOR\V� YLUWXDO� FKDQQHO� IORZ� FRQWURO� WR� LPSURYH� WKURXJKSXW� DQG�SURYLGH� DGGLWLRQDO�GHJUHH�RI� IUHHGRP� LQ� URXWLQJ� SDFNHWV� WR� WKHLU�GHVWLQDWLRQV��:H�DOVR�VKRZ�KRZ�WR�XVH�WKH�SURSRVHG�VZLWFK�GHVLJQ�WR�EXLOG�D�KLJK�VSHHG�PXOWL�OLQN�ULQJ�QHWZRUN�DQG�KRZ�WR�HPEHG�RWKHU�WRSRORJLHV��VXFK�DV�+\SHUFXEH��RQWR�WKDW�ULQJ�QHWZRUN��7KH�VDPH�DSSURDFK�FDQ�EH�DGRSWHG�WR�HPEHG�RWKHU�WRSRORJLHV�>��@ 3�� 3RSRYLF�� �5HFRQILJXUDEOH� )3*$�EDVHG� FR�SURFHVVRU� DFFHOHUDWHV�'63��� (OHFWURQLF� 3URGXFW� 'HVLJQ�� YROXPH� ���� QXPEHU� ��� )HEUXDU\������SS�����������
7KH�DYDLODELOLW\�RI�ODUJH�65$0�EDVHG�)3*$V�LV�IXHOOLQJ�GHYHORSPHQW�RI�FRPSXWLQJ�DUFKLWHFWXUHV�XVLQJ�G\QDPLFDOO\�UHFRQILJXUHG�KDUGZDUH��7KH�DXWKRU�GHVFULEHV�RQH�RI�WKH�ILUVW�GHYLFHV�WR�UHDFK�WKH�PDUNHW��DQG�JLYHV�D�JUDSKLFV�DSSOLFDWLRQ�H[DPSOH�>��@ 7�� +�� 6]\PDQVNL�� 0�� 6DLQW�/DXUHQW�� 9�� 7\DQ� DQG� $�� $X�� �$� )LHOG�3URJUDPPDEOH� *DWH� $UUD\� ZLWK� 2SWLFDO� ,�2��� 7HFKQLFDO� 'LJHVW� 26$�2SWLFV�LQ�&RPSXWLQJ��$VSHQ��&RORUDGR��,6%1�������������SDJH������$SULO������

>��@ /�� 6HODYR�� 6�� 3�� /HYLWDQ� DQG� '�� 0�� &KLDUXOOL�� �$Q� 2SWLFDOO\�5HFRQILJXUDEOH� 3URJUDPPDEOH� *DWH� $UUD\��� 7HFKQLFDO� 'LJHVW� 26$�2SWLFV�LQ�&RPSXWLQJ��$VSHQ��&RORUDGR��,6%1�������������SDJH������$SULO������
>��@ -�� 0XPEUX�� '�� 3VDOWLV�� *�� =KRX�� ;�� $Q� DQG� )�� 0RN�� �2SWLFDOO\�3URJUDPPDEOH�*DWH�$UUD\��23*$����7HFKQLFDO�'LJHVW�26$�2SWLFV�LQ�&RPSXWLQJ�� $VSHQ�� &RORUDGR�� ,6%1� ������������ SDJH� ����� $SULO������
>��@ 0�� )�� 6DNU�� 6�� 3�� /HYLWDQ�� &�� /�� *LOHV� DQG� '�� 0�� &KLDUXOOL���5HFRQILJXUDEOH� 3URFHVVRU� $UFKLWHFWXUHV� ([SORLWLQJ� +LJK� %DQGZLGWK�2SWLFDO� &KDQQHOV��� 3URFHHGLQJV� RI� ,((( 6\PSRVLXP� RQ� )3*$V� IRU�&XVWRP�&RPSXWLQJ�0DFKLQHV�� ,6%1����������������,(((�&RPSXWHU�6RFLHW\�������
>��@ -��*RXUOD\��7��<DQJ��-��$��%��'LQHV��-��)��6QRZGRQ�DQG�$��&��:DONHU��³'HYHORSPHQW�RI�)UHH�6SDFH�'LJLWDO�2SWLFV�LQ�&RPSXWLQJ �́�&RPSXWHU���������SS����� ���������
>��@ %��6��:KHUUHWW�� -�� )��6QRZGRQ��6��%RZPDQ�DQG�$��.DVKNR�� ³'LJLWDO�2SWLFDO� &LUFXLWV� IRU� ��'� GDWD� 3URFHVVLQJ´�� 63,(� 3URFHHGLQJV� RQ�2SWLFDO�&RPSXWLQJ��YRO��������SS���������������
>��@ 6��*��$NO��³3DUDOOHO�6RUWLQJ�$OJRULWKPV �́�$FDGHPLF�3UHVV�������
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>��@ 5��3��:HEE� $��-��:DGGLH��.��-��6\PLQJWRQ��0��5��7DJKL]DGHK�DQG�-��)��6QRZGRQ��³$Q�2SWRHOHFWURQLF�1HXUDO�1HWZRUN�6FKHGXOHU�IRU�3DFNHW�6ZLWFKHV´��6XEPLWWHG�WR�$SSOLHG�2SWLFV��0D\������
>��@ 0��5��7DJKL]DGHK�DQG�-��7XUXQHQ��³6\QWKHWLF�'LIIUDFWLYH�(OHPHQWV�IRU�2SWLFDO�,QWHUFRQQHFWLRQ´��2SWLFDO�&RPSXWLQJ�DQG�3URFHVVLQJ���������SS����������������
>��@ -��$��%��'LQHV��-��)��6QRZGRQ��0��3��<��'HVPXOOLH]��'��%��%DUVN\��$��9�� 6KDIDUHQNR� DQG� &�� 5�� -HVVKRSH�� ³2SWLFDO� LQWHUFRQQHFWLYLW\� LQ� D�VFDODEOH� GDWD�SDUDOOHO� V\VWHP�� -RXUQDO� RI� 3DUDOOHO� DQG� 'LVWULEXWHG�&RPSXWLQJ´��������������������
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