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�0DU�GHO�3ODWD��������DPHQGHG�DW�*HQHYD�������������DQG�������DW�0DODJD�7RUUHPROLQRV�������

7KLV�5HFRPPHQGDWLRQ�PDLQO\�GHDOV�ZLWK�WKH�DQDORJXH�QHWZRUN��5HFRPPHQGDWLRQ�*�����GHDOV�ZLWK�WKH�ZKROO\
GLJLWDO� QHWZRUN� DQG� �� �� RI� WKLV�5HFRPPHQGDWLRQ� GHDOV�ZLWK� WKH� WUDQVLWLRQDO� SUREOHPV�ZKHQ� VRPH� GLJLWDO� FLUFXLWV� DUH
LQWURGXFHG� LQWR� WKH�DQDORJXH�QHWZRUN��8OWLPDWHO\�� LW� LV�HQYLVDJHG� WKDW�DOO� UHIHUHQFH�FRQQHFWLRQV��ZKHWKHU� WKH\� UHIHU� WR
DQDORJXH�RU�GLJLWDO�V\VWHPV��ZLOO�EH�FRPELQHG�ZLWKLQ�RQH�5HFRPPHQGDWLRQ�

� 3XUSRVH

$�K\SRWKHWLFDO�UHIHUHQFH�FRQQHFWLRQ�IRU�WUDQVPLVVLRQ�LPSDLUPHQW�VWXGLHV�LV�D�PRGHO�LQ�ZKLFK�WKH�LPSDLUPHQWV
FRQWULEXWHG�E\�FLUFXLWV�DQG�H[FKDQJHV�DUH�GHVFULEHG�

6XFK�D�PRGHO�PD\�EH�XVHG�E\�DQ�$GPLQLVWUDWLRQ�

� WR�H[DPLQH� WKH�HIIHFW�RQ� WUDQVPLVVLRQ�TXDOLW\�RI�SRVVLEOH�FKDQJHV�RI� URXWLQJ� VWUXFWXUH�� QRLVH� DOORFDWLRQV
DQG�WUDQVPLVVLRQ�ORVVHV�LQ�QDWLRQDO�QHWZRUNV��DQG

� WR� WHVW�QDWLRQDO�SODQQLQJ� UXOHV� IRU�SULPD� IDFLH�FRPSOLDQFH�ZLWK�DQ\� VWDWLVWLFDO� LPSDLUPHQW�FULWHULD�ZKLFK
PD\�EH�UHFRPPHQGHG�E\�WKH�&&,77�IRU�QDWLRQDO�V\VWHPV�

)RU�WKHVH�SXUSRVHV��VHYHUDO�PRGHOV�DUH�GHVLUDEOH��7KH�WKUHH�K\SRWKHWLFDO�UHIHUHQFH�FRQQHFWLRQV�GHVFULEHG�EHORZ
VKRXOG�HQFRPSDVV�PRVW�RI�WKH�VWXGLHV�UHTXLUHG�WR�EH�XQGHUWDNHQ�

+\SRWKHWLFDO�UHIHUHQFH�FRQQHFWLRQV�DUH�QRW�WR�EH�UHJDUGHG�DV�UHFRPPHQGLQJ�SDUWLFXODU�YDOXHV�RI�ORVV�RU�QRLVH�RU
RWKHU�LPSDLUPHQWV��DOWKRXJK�WKH�YDULRXV�YDOXHV�TXRWHG�DUH�LQ�PDQ\�FDVHV�UHFRPPHQGHG�YDOXHV��+\SRWKHWLFDO�UHIHUHQFH
FRQQHFWLRQV�DUH�QRW�LQWHQGHG�WR�EH�XVHG�IRU�WKH�GHVLJQ�RI�WUDQVPLVVLRQ�V\VWHPV�

� &RPSRVLWLRQ�RI�K\SRWKHWLFDO�UHIHUHQFH�FRQQHFWLRQV

��� 7KH�FRPSRVLWLRQ�RI�WKH�YDULRXV�FRQQHFWLRQV�LV�GHILQHG�LQ�)LJXUHV���*��������*�����DQG���*�����

)LJXUH���*�������7KH�ORQJHVW�LQWHUQDWLRQDO�FRQQHFWLRQ�ZLWK�WKH�PD[LPXP�QXPEHU�RI�LQWHUQDWLRQDO�DQG�QDWLRQDO
FLUFXLWV� H[SHFWHG� WR� RFFXU� LQ� SUDFWLFH�� 6XFK� D� FRQQHFWLRQ� ZRXOG� W\SLFDOO\� KDYH� KLJK� FRUUHFWHG� UHIHUHQFH
HTXLYDOHQWV� DQG� KLJK� QRLVH� FRQWULEXWLRQV�� DQG� WKH� QRLVH� FRQWULEXWLRQ� IURP� LQWHUQDWLRQDO� FLUFXLWV� PD\� EH
VLJQLILFDQW�� 7KH� DWWHQXDWLRQ� GLVWRUWLRQ�� JURXS� GHOD\�� DQG� JURXS�GHOD\� GLVWRUWLRQ� ZRXOG� DOVR� DOO� EH� H[WUHPHO\
KLJK��6XFK�FRQQHFWLRQV�DUH�UDUH�

)LJXUH���*�������$Q�LQWHUQDWLRQDO�FRQQHFWLRQ�RI�PRGHUDWH�OHQJWK��VD\��QRW�ORQJHU�WKDQ������NP��FRPSULVLQJ�WKH
PRVW�IUHTXHQW�QXPEHU�RI�LQWHUQDWLRQDO�DQG�QDWLRQDO�FLUFXLWV��,Q�VXFK�D�FRQQHFWLRQ��WKH�QRLVH�FRQWULEXWLRQ�RI�WKH
QDWLRQDO� V\VWHPV� ZRXOG� EH� H[SHFWHG� WR� SUHGRPLQDWH�� 6XFK� D� FRQQHFWLRQ� LV� XVHG� LQ� D� ODUJH� SURSRUWLRQ� RI
LQWHUQDWLRQDO�FDOOV�

)LJXUH� ��*����� ��$Q� LQWHUQDWLRQDO� FRQQHFWLRQ� FRPSULVLQJ� WKH� SUDFWLFDOO\� PD[LPXP� QXPEHU� RI� LQWHUQDWLRQDO
FLUFXLWV�DQG�WKH�OHDVW�QXPEHU�RI�QDWLRQDO�FLUFXLWV��6XFK�FRQQHFWLRQV�DUH�QXPHURXV�

��� 7KH�IROORZLQJ�*HQHUDO�5HPDUNV�DSSO\�WR�)LJXUHV���*��������*�����DQG���*����

����� 7KH� K\SRWKHWLFDO� UHIHUHQFH� FRQQHFWLRQV� VKRZ� WKH� LQWHUQDWLRQDO� FLUFXLWV� FRQQHFWHG� WRJHWKHU� DW� �� G%U� DQG
������G%U�YLUWXDO�VZLWFKLQJ�SRLQWV�LQVWHDG�RI�������G%U�DQG�����G%U�SRLQWV��7KLV�ZDV�IHOW�WR�EH�PRUH�GLUHFWO\�XVHIXO�WR�WKRVH
ZKR�PLJKW�KDYH�WR�XVH�WKH�UHIHUHQFH�FRQQHFWLRQV�LQ�WKHLU�VWXGLHV�

,W� PLJKW� EH� IHOW� WKDW� LW� LV� VRPHZKDW� LQFRQVLVWHQW� WKDW� WKH� K\SRWKHWLFDO� UHIHUHQFH� FRQQHFWLRQV� GR� QRW� XVH
�FRQYHQWLRQDO�� �������� G%U� YLUWXDO� VZLWFKLQJ� SRLQWV�� +RZHYHU�� LI� WKH� UHIHUHQFH� FRQQHFWLRQV� DUH� GUDZQ� XVLQJ� WKDW
FRQYHQWLRQ��WKH�QRLVH�SRZHU�ILJXUHV�DSSHDULQJ�RQ�WKH�GLDJUDP�FDQ�QR�ORQJHU�EH�WKH�IDPLOLDU�RQHV�WKDW�DSSHDU�HOVHZKHUH
LQ�RWKHU�5HFRPPHQGDWLRQV��$QQH[�$�JLYHV�IXUWKHU�H[SODQDWLRQV�

����� 7KH� QRPHQFODWXUH� LV� EDVHG� RQ� WKH� LQWHUQDWLRQDO� URXWLQJ� SODQ� UHFRPPHQGHG� LQ� 5HFRPPHQGDWLRQ� (������ L�H�
,6&� �,QWHUQDWLRQDO�6ZLWFKLQJ�&HQWUH��IRUPHUO\�UHIHUUHG�WR�DV�&7����,7&� �,QWHUQDWLRQDO�7UDQVLW�&HQWUH�
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����� ,Q�HDFK�FDVH�RQO\�RQH�GLUHFWLRQ�RI�WUDQVPLVVLRQ�LV�VKRZQ�

����� 7KH� GHVLJQ� REMHFWLYHV� IRU� WKH�PHDQ� QRLVH� SRZHUV� DUH� LQGLFDWHG� DFFRUGLQJ� WR� FXUUHQW� UHFRPPHQGDWLRQV�� )RU
ORQJ�GLVWDQFH�FDUULHU�FLUFXLWV� WKH\�DUH�SURSRUWLRQDO� WR� OHQJWK�� WKH�DSSURSULDWH�QRLVH�SRZHU�UDWH����S:�NP�RU���S:�NP�
EHLQJ�XVHG�DFFRUGLQJ�WR�ZKHWKHU�WKH�EDVLF�K\SRWKHWLFDO�UHIHUHQFH�FLUFXLW�LV�RQH������NP�ORQJ�RU������NP�ORQJ�

����� 7KH�DEEUHYLDWLRQ�S:�S�VWDQGV�IRU�SLFRZDWWV�SVRSKRPHWULF�UHIHUUHG�WR�D�SRLQW�RI�]HUR�UHODWLYH�OHYHO��,Q�WKH�FDVH
RI�H[FKDQJH�QRLVH��WKH�SRLQW�UHIHUUHG�WR�LV�FRQVLGHUHG�WR�EH�LQ�WKH�FLUFXLW�LPPHGLDWHO\�GRZQVWUHDP��RI�WKH�H[FKDQJH��7KH
QRLVH�SRZHUV�IRU�FLUFXLWV�DUH�UHIHUUHG�WR�SRLQWV�RI�]HUR�UHODWLYH�OHYHO�LQ�WKH�FLUFXLWV�WKHPVHOYHV�DQG�QRW�WR�VRPH�SRLQW�RQ
WKH�FRQQHFWLRQ�
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3& SULPDU\�FHQWUH ,6& LQWHUQDWLRQDO�VZLWFKLQJ�FHQWUH

),*85(���*����

7KH�ORQJHVW�LQWHUQDWLRQDO�FRQQHFWLRQ�OLNHO\�WR�RFFXU�LQ�SUDFWLFH
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�RQO\�RQH�LQWHUQDWLRQDO�FLUFXLW
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� )DVFLFOH�,,,�����5HF��*����������6XSHUVHGHG�E\�D�PRUH�UHFHQW�YHUVLRQ

1RWHV�WR�)LJXUHV���*��������*�����DQG���*����

1RWH�����)RU�FLUFXLWV�RQ�SK\VLFDO�OLQH�SODQW�WKH�/5�PD\�EH�WDNHQ�WR�KDYH�D�QRPLQDO�PD[LPXP�YDOXH�RI���G%�ZLWK�σ� ����7KLV�YDOXH
ZDV�DUULYHG�DW� LQ�WKH�IROORZLQJ�ZD\��5HFRPPHQGDWLRQ�*�����JLYHV�D�����OLPLW�RQ����G%�VHQG�ORXGQHVV�UDWLQJ��6/5��UHIHUUHG� WR�D
SRLQW�RI������G%U�RQ�WKH�LQWHUQDWLRQDO�FLUFXLW�DW�WKH�,&��5HIHUULQJ�WKLV�WR�D�]HUR�UHODWLYH�OHYHO�SRLQW�DW�WKH�LQSXW�WR�WKH�FKDLQ�RI�QDWLRQDO
DQG�LQWHPDWLRQDO�FLUFXLWV��L�H��WR�WKH�SULPDU\�FHQWUH��JLYHV������G%��5HIHUHQFH�>�@�LQGLFDWHV�WKDW�D������G%�VHQG�ORXGQHVV�UDWLQJ��6/5�
LV�W\SLFDO�IRU�PD[LPXP�ORFDO�OLQHV��WKXV�OHDYLQJ���G%�IRU�WKH�FLUFXLW�IURP�WKH�ORFDO�H[FKDQJH�WR�WKH�SULPDU\�FHQWUH��VZLWFKLQJ� ORVVHV
EHLQJ�LQFOXGHG��VHH�JHQHUDO�UHPDUN���������

)RU�)'0�RU�7'0�VKRUW�GLVWDQFH�FDUULHU�FLUFXLWV�ZKLFK�DUH���ZLUH�VZLWFKHG�DW�WKH�SULPDU\�FHQWUH��WKH�QRPLQDO�YDOXH�RI�WKH�FLUFXLW
ORVV�PD\�EH�WDNHQ�DV���G%�ZLWK�σ� ����7KLV�ORVV�LV�HTXDO�WR�WKH�/5�RI�WKH�FLUFXLW��LWV�ORVV�GLVWRUWLRQ�HIIHFW�LV�HVWLPDWHG�E\�LQFOXGLQJ�DQ
DGGLWLRQDO�ORQJ�GLVWDQFH�FLUFXLW�LQ�WKH�FRQQHFWLRQ��5HFRPPHQGDWLRQ�*��������$�������7KLV�FLUFXLW�PD\�IRU�LQVWDQFH�EH�SURYLGHG�RQ�D
3&0�V\VWHP�XVLQJ�HLWKHU���ELW�HQFRGLQJ��µ� �����RU�$� �������RU���ELW�HQFRGLQJ��µ� �����RU�$� ��������$OWKRXJK�RQO\���ELW�FRGLQJ�LV
UHFRPPHQGHG�E\�&&,77��D�QRQUHFRPPHQGHG���ELW�FRGLQJ�LV�XVHG�LQ�VRPH�FRXQWULHV�

1RWH�����)RU�)'0�RU�7'0�VKRUW�GLVWDQFH�FDUULHU�FLUFXLWV�QRW�H[FHHGLQJ�DERXW�����NP��WKH�PD[LPXP�YDOXH�RI�QRLVH�SRZHU�PD\�EH
WDNHQ�WR�EH������S:�S��6HH�5HFRPPHQGDWLRQ�*�����

1RWH�����7KH�IROORZLQJ�DUUDQJHPHQWV�PD\�EH�HQFRXQWHUHG�LI���ZLUH�VZLWFKLQJ��VSDFH�GLYLVLRQ�RU�WLPH�GLYLVLRQ��LV�XVHG�DW�WKH�SULPDU\
FHQWUH��&OHDUO\� LQ�SULQFLSOH� WKH� WHUPLQDWLQJ� VHW�PD\�EH� DW� DQ\�SRLQW� EHWZHHQ� WKH� ��ZLUH� VZLWFK� DQG� WKH� ��ZLUH� VZLWFK�� DOWKRXJK� LQ
SUDFWLFH�LW�LV�RUGLQDULO\�DVVRFLDWHG�ZLWK�RQH�RU�WKH�RWKHU�

D� E�

,I�DUUDQJHPHQW�E��LV�DGRSWHG��WKHQ�WKH�PLQLPXP�ORVV�D�W�E��FDOOHG�IRU� LQ�DFFRUGDQFH�ZLWK�5HFRPPHQGDWLRQ�*�����
PXVW�VWLOO�EH�DVVXUHG��LUUHVSHFWLYH�RI�ZKHWKHU�WKH�QDWLRQDO�WUDQVPLVVLRQ�SODQ�XVHV�WKH�����������������RU������������������
����EDVLV��VLQFH�WKHUH�FRXOG�QRZ�EH�DQ�H[WUD�FLUFXLW�LQ�WKH���ZLUH�FKDLQ��:KHUH�DQ�DGGLWLRQDO�����G%�LV�QHHGHG��WKLV�FRXOG
LQ�SULQFLSOH�HLWKHU�EH�LQWURGXFHG�E\�FKDQJLQJ�WKH�ORVV�RI�WKH�WHUWLDU\�FHQWUH�,6&�FLUFXLW�IURP���WR�����G%��RU�E\�DOORFDWLQJ
LW�WR�WKH�3&�/(�FLUFXLWV��6XFK�DUUDQJHPHQWV�PD\�EH�HQFRXQWHUHG�DW�HLWKHU�HQG�RI�WKH�FRQQHFWLRQ�

1RWH�����7KH�YDOXH�RI�����S:�S�DV� WKH�GHVLJQ�REMHFWLYH�IRU� WKH�PD[LPXP�QRLVH�SRZHU� LQ�D�QDWLRQDO���ZLUH�DXWRPDWLF�H[FKDQJH� LV
WDNHQ�IURP�5HFRPPHQGDWLRQ�*������������7KH�VDPH�YDOXH��L�H��DQ�DEVROXWH�QRLVH�SRZHU�RI�����S:S��KDV�SURYLVLRQDOO\�EHHQ�DVVXPHG
IRU�QDWLRQDO���ZLUH�H[FKDQJHV��1R�DVVXPSWLRQ�KDV�EHHQ�PDGH�FRQFHUQLQJ�WKH�SRVLWLRQ�RI�DQ\�QDWLRQDO�]HUR�UHODWLYH�OHYHO�SRLQW�

1RWH� �� �� 7KH� YDOXH� RI� ���� S:�S� DV� WKH� GHVLJQ� REMHFWLYH� IRU� WKH� PD[LPXP� QRLVH� SRZHU� LQ� DQ� LQWHUQDWLRQDO� H[FKDQJH� LV� WKDW
UHFRPPHQGHG�LQ�5HFRPPHQGDWLRQ�4����>�@�

1RWH�����7KH�QRLVH�YDOXH�FRUUHVSRQGV�WR�D�GHVLJQ�REMHFWLYH�RI���S:�S�NP�IRU�WKH�PRVW�DGYHUVH�QRLVH�SRZHU�GXULQJ�WKH�EXV\�KRXU�

1RWH�����7KH�DYHUDJH�YDOXH�RI������S:�S�IRU�WKH�,6&�,6&�FLUFXLWV�DVVXPHV�WKDW���S:�NP�LV�WKH�DYHUDJH�YDOXH�IRU�OLQH�QRLVH�SRZHU�
)RU�WKH�ZRUVW�FLUFXLW����S:�NP�LV�WKH�GHVLJQ�REMHFWLYH�OHDGLQJ�WR�WKH�OLPLW�RI�������S:�S��&RPSDQGHUV�ZRXOG�EH�XVHG�WR�LPSURYH
QRLVH�RQO\�LI�LW�H[FHHG�������S:�S��VHH�5HFRPPHQGDWLRQ�*������

1RWH��� ��%RWK�FRXQWULHV� DUH�DVVXPHG� WR�KDYH� WKH�����������������G%� W\SH�RI�SODQ��7KH�QRPLQDO� YDOXH�RI� WKH�SDG� LQ� WKH� UHFHLYLQJ
GLUHFWLRQ�DW�WKH�SULPDU\�FHQWUH�LQFOXGHV�WKH�ORVV�RI�WKH�WHUPLQDWLQJ�XQLW��VHH�*HQHUDO�5HPDUN���������

1RWH�����7KH�DYHUDJH�YDOXH�RI�����S:S��IRU�VXEVFULEHU�OLQH�QRLVH�LV�FRQVLGHUHG�WR�EH�W\SLFDO�DQG�LV�XVHG�E\�DW�OHDVW�RQH�$GPLQLVWUDWLRQ
DV�DQ�REMHFWLYH�IRU�PD[LPXP�QRLVH�DW�WKH�UHFHLYHU�

1RWH������7KH�PD[LPXP�YDOXH�RI������S:�S�SURYLGHV�IRU�D�FLUFXLW�OHQJWK�RI�DERXW�����NP�ZLWK�VRPH�PDUJLQ�

1RWH���� ��%RWK�FRXQWULHV�DUH�DVVXPHG� WR�KDYH� WKH���������������������G%� W\SH�RI�SODQ��7KH�QRPLQDO�YDOXH�RI� WKH���G%�SDG� LQ� WKH
UHFHLYLQJ�GLUHFWLRQ�DW�WKH�VZLWFKLQJ�FHQWUH�LQFOXGHV�WKH�ORVV�RI�WKH�WHUPLQDWLQJ�XQLW��VHH�*HQHUDO�5HPDUN���������

1RWH���� ��7KH�QRLVH�SRZHU� OHYHO�PD\�EH� WDNHQ�DV�QHJOLJLEOH� LI� WKH�FLUFXLW� LV�SURYLGHG�RQ�SK\VLFDO� OLQH�SODQW��$�PHDQ�YDOXH�RI����
S:�S�LV�DSSURSULDWH�LI�WKH�FLUFXLW�LV�SURYLGHG�RQ�D�)'0�RU�7'0�VKRUW�GLVWDQFH�FDUULHU�V\VWHP�

1RWH������7KH�ORFDO�H[FKDQJH�DQG�SULPDU\�FHQWUH�DUH�DVVXPHG�WR�EH�ERWK�FR�VLWHG�ZLWK�WKH�,6&�
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)DVFLFOH�,,,�����5HF��*����������6XSHUVHGHG�E\�D�PRUH�UHFHQW�YHUVLRQ �

����� 7KH�SDG�V\PEROV�UHSUHVHQW�WKH�QRPLQDO�ORVV�RI�WKH�SDUWLFXODU�FKDQQHO�RU�FLUFXLW��DQG�WKH�UHODWLYH�SRVLWLRQ�RI�WKH
QRLVH� JHQHUDWRU�� DQG� WKH� SDG� LQGLFDWHV� WKDW� LI� WKH� QRLVH� LV� WR� EH� UHIHUUHG� WR� WKH� UHFHLYLQJ� HQG� RI� D� FLUFXLW� LW� PXVW� EH
PRGLILHG�E\�WKH�SRZHU�UDWLR�FRUUHVSRQGLQJ�WR�WKH�ORVV�RI�WKH�SDG�

,I�LW�LV�UHTXLUHG�WR�UHIHU�WKH�QRLVH�SRZHUV�WR�VRPH�SDUWLFXODU�SRLQW�RQ�WKH�FRQQHFWLRQ��IRU�H[DPSOH��WKH�UHFHLYLQJ
ORFDO� H[FKDQJH� RU� WKH� SRLQW� RI� ]HUR� UHODWLYH� OHYHO� RQ� WKH� ILUVW� LQWHUQDWLRQDO� FLUFXLW�� WKHQ� WKH� UXOH� WR� EH� DSSOLHG� LV� DV
IROORZV�

,I�D�QRLVH�SRZHU�OHYHO�DW�D�SRLQW�$� LV� WR�EH�UHIHUUHG�WR�D�SRLQW�%�GRZQVWUHDP�RI� LWV�SRVLWLRQ�� LW� LV�REWDLQHG�E\
DXJPHQWLQJ� WKH� OHYHO� DW� SRLQW�%� E\� WKH� VXP�RI� WKH� ORVVHV� WKDW� LV� LPDJLQHG� WR� EH� WUDYHUVHG� IURP�$� WR� %�� ,I� LW� LV� WR� EH
UHIHUUHG� WR�D�SRLQW�&�XSVWUHDP�RI� LWV�SRVLWLRQ�� LW� LV�REWDLQHG�E\�GLPLQLVKLQJ� WKH� OHYHO�DW�SRLQW�&�E\� WKH�VXP�RI�DOO� WKH
ORVVHV�WKDW�LV�LPDJLQHG�WR�EH�WUDYHUVHG�IURP�$�WR�&�

����� 7KH�QRPLQDO�WHUPLQDO�ORVV�RI�WKH�FRQQHFWLRQ�>L�H��WKH�QRUPDO�RYHUDOO�ORVV�OHVV�WKH�VXP�RI�WKH�WUDQVLW�ORVVHV��YLD
QHW� ORVVHV��RI� WKH�LQGLYLGXDO�FLUFXLWV@� LV�VKRZQ�DV�RQH�SDG�DVVRFLDWHG�ZLWK� WKH�H[WUHPH�ULJKW�KDQG�FLUFXLW� LQ� WKH���ZLUH
FKDLQ��7KLV�DUWLILFH�HQDEOHV�WKH�QRLVH�SRZHUV�WR�EH�LQGLFDWHG�DV�LI�WKH\�ZHUH�LQMHFWHG�DW�]HUR�UHODWLYH�OHYHO�SRLQWV�RQ�WKH
LQGLYLGXDO�FLUFXLWV�DV�H[SODLQHG�LQ�$QQH[�$�

����� ,QIRUPDWLRQ�FRQFHUQLQJ�WKH�GLVWULEXWLRQV�RI�DWWHQXDWLRQ�GLVWRUWLRQ�DQG�JURXS�GHOD\�GLVWRUWLRQ�LV�WR�EH�IRXQG�LQ
$QQH[� $� RI� 5HFRPPHQGDWLRQ� *������ &DOFXODWHG� YDOXHV� RI� VRPH� SRVVLEOH� FRPELQDWLRQV� RI� EDVLF� WUDQVPLVVLRQ
LPSDLUPHQWV�DUH�JLYHQ�LQ�6XSSOHPHQW�1R������5HG�%RRN��)DVFLFOH�,,,���

5HFRPPHQGDWLRQ�*�����JLYHV�LQIRUPDWLRQ�FRQFHUQLQJ�JURXS�GHOD\�

����� 7KH� VWDQGDUG�GHYLDWLRQ�RI� WUDQVPLVVLRQ� ORVV� RI� FLUFXLWV� LV� LQ� DFFRUG�ZLWK� WKH�REMHFWLYHV� RI�5HFRPPHQGDWLRQ
*���������DQG�DOVR�ZLWK�WKH�UHVXOWV�REWDLQHG�LQ�SUDFWLFH�DQG�VSHFLILHG�LQ�>�@�

������ �&LUFXLW��LQ�WKHVH�UHIHUHQFH�FRQQHFWLRQV�LV�GHILQHG�LQ�WKH�VHQVH�RI�5HFRPPHQGDWLRQ�0�����>�@�DV�WKH�ZKROH�RI
WKH�OLQH�DQG�WKH�HTXLSPHQW�SURSHU�WR�WKH�OLQH��LW�H[WHQGV�IURP�WKH�VZLWFKHV�RI�RQH�H[FKDQJH�WR�WKH�VZLWFKHV�RI�WKH�QH[W��,Q
WKLV�ZD\�VZLWFKLQJ�DQG�H[FKDQJH�FDEOLQJ�ORVVHV�DUH�LQFOXGHG�LQ�WKH�YDOXHV�RI�WUDQVPLVVLRQ�ORVV�DVVLJQHG�WR�WKH�FLUFXLWV�
WRJHWKHU�ZLWK�WKH�ORVV��RU�JDLQ��LQWURGXFHG�E\�WKH�WUDQVPLVVLRQ�V\VWHP��,I�LW�LV�UHTXLUHG�WR�VHSDUDWHO\�GLVWLQJXLVK�H[FKDQJH
ORVVHV��DQ�DGGLWLRQDO�SDG�V\PERO�RI�DSSURSULDWH�YDOXH�PD\�EH�XVHG�

,W�VKRXOG�DOVR�EH�QRWHG�WKDW��DFFRUGLQJ�WR�WKLV�FRQYHQWLRQ��WKH�����G%�ORVV�RUGLQDULO\�DVVLJQHG�WR�D�WHUPLQDWLQJ
VHW�GRHV�QRW�ILJXUH�H[SOLFLWO\�LQ���ZLUH���ZLUH�FLUFXLWV��LWV�YDOXH�LV�DOVR�LQFOXGHG�LQ�WKH�ORVV�DVVLJQHG�WR�WKH�FLUFXLW�

� 1XPEHU�RI�PRGXODWLRQ�DQG�GHPRGXODWLRQ�HTXLSPHQWV

)RU� WKH� VWXG\� RI� WUDQVPLVVLRQ� SHUIRUPDQFH�� WKH� ORQJHVW� LQWHUQDWLRQDO� FRQQHFWLRQ� H[SHFWHG� WR� RFFXU� �VHH
)LJXUH���*������PD\� EH� FRQVLGHUHG� WR� KDYH� WKH� IROORZLQJ� DUUDQJHPHQW� RI�PRGXODWRU�GHPRGXODWRU� SDLUV� LQ� WKH� ��ZLUH
FKDLQ�

7$%/(���*����

1XPEHU�RI�PRGXODWRU�GHPRGXODWRU�SDLUV�LQ�D�ZKROO\
DQDORJXH���ZLUH�FKDLQ

(LJKW�QDWLRQDO
FLUFXLWV

&LUFXLWV�EHWZHHQ
,6&V

7RWDO

&KDQQHO

*URXS

6XSHUJURXS

�
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6XSHUVHGHG�E\�D�PRUH�UHFHQW�YHUVLRQ

� )DVFLFOH�,,,�����5HF��*����������6XSHUVHGHG�E\�D�PRUH�UHFHQW�YHUVLRQ

2I�WKH����FKDQQHO�PRGXODWRU�GHPRGXODWRU�SDLUV�D�PD[LPXP�RI�WKUHH�PD\�EH�RI�WKH�VSHFLDO�W\SH�ZKLFK�SURYLGH
PRUH�WKDQ����WHOHSKRQH�FLUFXLWV�SHU�JURXS�

� 'HYHORSPHQWV�DULVLQJ�IURP�WKH�LQWURGXFWLRQ�RI�3&0�GLJLWDO�SURFHVVHV

7KH�ZRUOGZLGH� WHOHSKRQH� QHWZRUN� LV� XQGHUJRLQJ� D� WUDQVLWLRQ� IURP�ZKDW� LV� ODUJHO\� DQ� DQDORJXH� QHWZRUN� WR� D
PL[HG�DQDORJXH�GLJLWDO�QHWZRUN��/RRNLQJ�IDUWKHU� LQWR� WKH� IXWXUH�� WKLV� WUDQVLWLRQ� LV�H[SHFWHG� WR�FRQWLQXH�DQG� UHVXOW� LQ�D
QHWZRUN� WKDW� ZRXOG� EH� SUHGRPLQDQWO\� GLJLWDO�� %DFNJURXQG� RQ� WKLV� WUDQVLWLRQDO� SURFHVV� LV� JLYHQ� LQ� 5HFRPPHQGDWLRQV
*������������DQG�*�����

:LWK� UHIHUHQFH� WR� WKH� K\SRWKHWLFDO� UHIHUHQFH� FRQQHFWLRQV� RI� )LJXUHV� ��*������ ��*����� DQG� ��*������ WKH
FRQILJXUDWLRQV�XVHG�FRQFHUQLQJ�QXPEHUV�RI�FLUFXLWV�DQG�QXPEHUV�RI�H[FKDQJHV�VKRXOG�DOVR�EH�DSSURSULDWH�IRU�QHWZRUN
FRQGLWLRQV�LQ�WKH�PL[HG�DQDORJXH�GLJLWDO�SHULRG��+RZHYHU��IRU�WUDQVPLVVLRQ�VWXGLHV�SHUWDLQLQJ�WR�PL[HG�DQDORJXH�GLJLWDO
FRQQHFWLRQV��DFFRXQW�PXVW�DOVR�EH� WDNHQ�RI�DOO�XQLQWHJUDWHG�GLJLWDO�SURFHVVHV� WKDW�PLJKW�EH�SUHVHQW��6XFK�XQLQWHJUDWHG
GLJLWDO�SURFHVVHV�FRXOG�KDYH�DQ� LPSRUWDQW� HIIHFW�RQ�RYHUDOO� WUDQVPLVVLRQ�SHUIRUPDQFH�SDUWLFXODUO\�ZLWK� UHJDUG� WR� VXFK
SDUDPHWHUV�DV�TXDQWL]LQJ�GLVWRUWLRQ��5HFRPPHQGDWLRQ�*�������DQG�WUDQVPLVVLRQ�GHOD\��*XLGDQFH�LV�SURYLGHG�RQ�WKH�XVH
RI�DSSURSULDWH�K\SRWKHWLFDO�UHIHUHQFH�FRQQHFWLRQV�IRU�D�PL[HG�DQDORJXH�GLJLWDO�QHWZRUN�LQ�$QQH[�%�

:KHUH�WKH�ZRUOGZLGH�QHWZRUN�EHFRPHV�DOO�GLJLWDO��PDQ\�RI�WKH�WUDQVPLVVLRQ�LPSDLUPHQWV�WKDW�ZHUH�SUHVHQW�LQ
WKH� PL[HG� DQDORJXH�GLJLWDO� SHULRG�� GXH� WR� WKH� LQFRUSRUDWLRQ� RI� XQLQWHJUDWHG� GLJLWDO� SURFHVVHV�� ZRXOG� EH� HOLPLQDWHG�
+RZHYHU��FHUWDLQ�SURFHVVHV�PLJKW�UHPDLQ�ZKLFK�FRXOG�LQWURGXFH�WUDQVPLVVLRQ�SHQDOWLHV��7KHVH�DUH�WKH�SURFHVVHV�ZKLFK
RSHUDWH� RQ� WKH� EDVLV� RI� UHFRGLQJ� WKH� ELW� VWUHDP� DV� LV� GRQH�� IRU� H[DPSOH�� LQ� WKH� FDVH� RI� GLJLWDO� SDGV�� $OWKRXJK� WKH
DFFXPXODWHG� WUDQVPLVVLRQ� LPSDLUPHQWV� LQWURGXFHG� E\� VXFK� SURFHVVHV� PD\� EH� ZHOO� ZLWKLQ� UHFRPPHQGHG� OLPLWV�� WKH
UHVXOWLQJ� ORVV� RI� ELW� LQWHJULW\� FRXOG� EH� DQ� LPSRUWDQW� GLVDGYDQWDJH�� 7KLV� LV� SDUWLFXODUO\� WUXH� LQ� WKH� FDVH� RI� VHUYLFHV
UHTXLULQJ�WKH�SUHVHUYDWLRQ�RI�ELW�LQWHJULW\�RQ�DQ�HQG�WR�HQG�EDVLV��&RQVHTXHQWO\��SURFHVVHV�RI�WKLV�W\SH�VKRXOG�EH�DYRLGHG
ZKHUH�SRVVLEOH��RU�DSSURSULDWH�DUUDQJHPHQWV�PDGH�WR�FLUFXPYHQW�WKHP��ZKHUH�VHUYLFHV�UHTXLULQJ�ELW� LQWHJULW\�DUH�WR�EH
FDUULHG�RYHU�WKH�DIIHFWHG�FRQQHFWLRQV�

$11(;�$

�WR�5HFRPPHQGDWLRQ�*�����

$Q�H[SODQDWLRQ�RI�KRZ�K\SRWKHWLFDO�UHIHUHQFH�FRQQHFWLRQV�FDQ�KH�GUDZQ
DVVXPLQJ�DOO�VHQG�VZLWFKLQJ�OHYHOV�DUH���G%U

$�� &RQVLGHU�WKH�FRQQHFWLRQ�VKRZQ�LQ�)LJXUH�$���*�����LQ�ZKLFK���FLUFXLWV�ZLWK�ORVVHV�RI���G%����G%�DQG���G%�DUH
FRQQHFWHG�WRJHWKHU�E\�H[FKDQJHV�ZLWK�DFWXDO�VHQG�VZLWFKLQJ�OHYHOV�RI����������DQG�����G%U�

),*85(�$���*����

&RQQHFWLRQ�ZLWK�YDULRXV�VHQG�VZLWFKLQJ�OHYHOV

$�� :H�DVVXPH�WKDW�QRLVH�SRZHUV�RI�WKHVH�FLUFXLWV�DUH�1���1��DQG�1��S:�S�UHVSHFWLYHO\��)LJXUH�$���*�����VKRZV
WKHVH�QRLVH�SRZHUV�HQWHULQJ�WKHLU�FLUFXLWV�YLD�DSSURSULDWHO\�YDOXHG�SDGV�FKRVHQ�WR�WDNH�FRJQL]DQFH�RI�WKH�VZLWFKLQJ�OHYHO
FRQFHUQHG�DQG�GLVSHQVH�ZLWK�WKH�DUURZ�V\PEROV�



6XSHUVHGHG�E\�D�PRUH�UHFHQW�YHUVLRQ

)DVFLFOH�,,,�����5HF��*����������6XSHUVHGHG�E\�D�PRUH�UHFHQW�YHUVLRQ �

),*85(�$���*����

7KH�QRLVH�SRZHUV�DGGHG

$�� :H�QRWH�WKDW�1��WUDYHUVHV�D�WRWDO�RI����G%�WR�UHDFK�(���1��D�WRWDO�RI���G%��DQG�1��D�WRWDO�RI���G%��$OVR�WKH
GLIIHUHQFH�EHWZHHQ� WKH�DFFXPXODWHG�VHQG� ORXGQHVV� UDWLQJ��6/5��DW�HDFK�H[FKDQJH�DQG� WKH�FRUUHVSRQGLQJ�FLUFXLW�QRLVH
OHYHO�LV���G%��IRU�1�������G%��IRU�1���DQG����G%��IRU�1����+HQFH�ZH�PD\�UHGUDZ�WKH�FRQQHFWLRQ�UHDOORFDWLQJ�WKH�ORVVHV�DV
VKRZQ�LQ�)LJXUH�$���*�����LQ�ZKLFK�DOO�VHQG�VZLWFKLQJ�OHYHOV�DUH���G%U�DQG�DOO�WKH�RWKHU�FRQGLWLRQV�DUH�PHW�DV�ZHOO�

),*85(�$���*�����

$OO�VHQG�VZLWFKLQJ�OHYHOV�DUH���G%U

$�� 6LQFH�WKH�UHODWLYH�OHYHO�RI�WKH�LPPHGLDWH�GRZQVWUHDP�FLUFXLW�DW�HDFK�VZLWFK�SRLQW�LV�QRZ�DUUDQJHG�WR�EH���G%U�
WKH�H[FKDQJH�QRLVH�SRZHUV�FDQ�EH�DGGHG�DV�LV�GRQH�LQ�WKH�K\SRWKHWLFDO�UHIHUHQFH�FRQQHFWLRQV�LQ�5HFRPPHQGDWLRQ�*�����



6XSHUVHGHG�E\�D�PRUH�UHFHQW�YHUVLRQ

�� )DVFLFOH�,,,�����5HF��*����������6XSHUVHGHG�E\�D�PRUH�UHFHQW�YHUVLRQ

$11(;�%

�WR�5HFRPPHQGDWLRQ�*�����

*XLGDQFH�RQ�K\SRWKHWLFDO�UHIHUHQFH�FRQQHFWLRQV
IRU�D�PL[HG�DQDORJXH�GLJLWDO�FRQQHFWLRQ

7KLV�DQQH[�SURYLGHV�JXLGDQFH�RQ�D�PHWKRG�WR�PRGHO�D�PL[HG�DQDORJXH�GLJLWDO�QHWZRUN��)RU�VLPSOLFLW\�DQG�IRU
HDVH�RI�FRPSDULVRQ�ZLWK�DQ�DOO�DQDORJXH�QHWZRUN��UHWHQWLRQ�RI�WKH�QHWZRUN�FRQILJXUDWLRQV�QRZ�JLYHQ�LQ�)LJXUHV���*����
WR���*�����LV�DSSURSULDWH��)LJXUHV���*�����DQG���*������ LQ�SDUWLFXODU�� UHSUHVHQW�UHVSHFWLYHO\��H[DPSOHV�RI� WKH� ORQJHVW�
WKRXJK� LQIUHTXHQW�� W\SH� RI� FRQQHFWLRQ� DQG� D� FRQQHFWLRQ� RI�PRGHUDWH� OHQJWK�ZKLFK� RFFXUV�PRVW� IUHTXHQWO\�� 7KH� WKUHH
FRQQHFWLRQV� SURYLGH� DQ� DGHTXDWH� UDQJH� RI� FRQQHFWLRQ� W\SHV� IRU� PRVW� SXUSRVHV� EXW� VRPH� JXLGDQFH� LV� GHVLUDEOH� ZLWK
UHVSHFW�WR�WKH�VHOHFWLRQ�RI�WKH�FLUFXLWV�DQG�H[FKDQJHV�ZKLFK�VKRXOG�EH�DQDORJXH�DQG�WKRVH�ZKLFK�VKRXOG�EH�GLJLWDO��7KLV
FKRLFH�PD\�GHSHQG�RQ� WKH�PDWWHU�XQGHU� VWXG\��7ZR�H[DPSOHV� DUH� GHVLJQDWHG� IRU� HDFK�RI� WKH� FRQQHFWLRQV�� RQH�ZKLFK
PD[LPL]HV�WKH�QXPEHU�RI�GLJLWDO�SURFHVVHV�DQG�RQH�ZKLFK�ZRXOG�EH�PRUH�UHSUHVHQWDWLYH�RI�DQ�HYROYLQJ�QHWZRUN��7KH
ZRUVW�FDVH�VLWXDWLRQ�FDQ�EH�UHSUHVHQWHG�E\�PDNLQJ�DOO�RI�WKH�H[FKDQJHV�GLJLWDO�DQG�OHDYLQJ�DOO�RI�WKH�FLUFXLWV�DQDORJXH��$
VHW�RI�PRUH� UHSUHVHQWDWLYH�FRQQHFWLRQV� LV�REWDLQHG�E\�GHILQLQJ� LVODQGV�RI�GLJLWDO� FRQQHFWLYLW\� VXFK� WKDW� WKH�QXPEHU�RI
LQGHSHQGHQW� GLJLWDO� SURFHVVHV� LQ� HDFK� FRQQHFWLRQ� LV� DSSUR[LPDWHO\� RQH�KDOI� RI� WKH� PD[LPXP�� )RU� WKH� UHSUHVHQWDWLYH
FRQQHFWLRQV�DOO�H[FKDQJHV�DUH�DVVXPHG�WR�EH�GLJLWDO��,Q�DGGLWLRQ��WKH�VSHFLILF�FLUFXLWV�GHVLJQDWHG�LQ�7DEOH�%���*�����DUH
DOVR�DVVXPHG�WR�EH�GLJLWDO�ZLWK�GLJLWDO�FRQQHFWLRQ�WR�WKH�GLJLWDO�VZLWFKHV�DW�HDFK�HQG�RI�WKH�FLUFXLW��7KLV�KDV�WKH�HIIHFW�RI
FUHDWLQJ� �GLJLWDO� LVODQGV��ZLWK� LQWHJUDWHG� GLJLWDO� SURFHVVHV�� VXFK� WKDW� HDFK� LVODQG�PD\� EH� UHJDUGHG� DV� D� VLQJOH� GLJLWDO
SURFHVV�

7$%/(�%���*����

$VVXPHG�GLJLWDO�FLUFXLWV
�OLVWHG�IURP�WRS�WR�ERWWRP�

)LJXUH���*���� )LJXUH���*���� )LJXUH���*����
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7&�WR�4&

�VW�,6&�WR��QG�,6&

�WK�,6&�WR��WK�,6&

4&�WR�7&

6&�WR�3&

3&�WR�,6&

,6&�WR�3&

/(�WR�,6&

�QG�,6&�WR��WK�,6&D�

,6&�WR�/(

D��6LQJOH�GLJLWDO�LVODQG�

1RWH���)RU�DQ�H[SODQDWLRQ�RI�DEEUHYLDWLRQV��VHH�)LJXUH���*�����
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