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.H\�ZRUGV�� :'0��DOO�RSWLFDO�QHWZRUNV��ZDYHOHQJWK�DVVLJQPHQW��QHWZRUN�SODQLQJ�

$EVWUDFW� /DVW�JHQHUDWLRQ�RSWLFDO�FRPSRQHQWV� MRLQWO\�ZLWK�:'0�WHFKQLTXHV�ZLOO� DOORZ
WKH� UHDOLVDWLRQ� RI� D� VZLWFKHG� RSWLFDO� OD\HU� EDVHG� RQ� ZDYHOHQJWK� URXWLQJ� RI
VHPL�SHUPDQHQW� SDWKV�� 7KLV� SDSHU� SUHVHQWV� D� FRPSXWHU�DLGHG� SODQQLQJ� WRRO
LQWHQGHG� WR� FRYHU� WKH� GLPHQVLRQLQJ�� URXWLQJ�� DQG� ZDYHOHQJWK� DVVLJQPHQW� LQ
PHVKHG� QHWZRUNV� ZLWK� :'0� RSWLFDO� FURVV�FRQQHFWV�� $Q� HIILFLHQW� JUDSK�
FRORXULQJ�DOJRULWKP�DOORZV�D� IDVW�ZDYHOHQJWK�DVVLJQPHQW�HYHQ� IRU� WRSRORJLHV
ZLWK� D� ODUJH� QXPEHU� RI� QRGHV�� 7KH� SHUIRUPDQFHV� RI� WKH� SODQQLQJ� WRRO� DUH
LOOXVWUDWHG�RQ�D���QRGHV�(XURSHDQ�RSWLFDO�QHWZRUN�
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,Q� UHVSRQVH� WR� LQFUHDVLQJ� SUHVVXUH� RQ� WUDQVPLVVLRQ� FDSDFLW\�� EURXJKW
DERXW� E\� XSVXUJH� LQ� ERWK� QDUURZ�EDQG� DQG� HPHUJLQJ� EURDGEDQG� VHUYLFHV�
PDQ\� FDUULHUV� DUH� FRQVLGHULQJ� GHSOR\LQJ� GHQVH� ZDYHOHQJWK�GLYLVLRQ
PXOWLSOH[� �:'0�� V\VWHPV� DV� D� PHDQV� RI� WDNLQJ� DGYDQWDJH� RI� WKH� ILEUH
EDQGZLGWK� >�@�� ,Q� DGGLWLRQ� WR� SRLQW�WR�SRLQW� OLQH� V\VWHPV�� QHZ� RSWLFDO
HOHPHQWV� ZLWK� QHWZRUNLQJ� IHDWXUHV�� VXFK� DV� RSWLFDO� DGG�GURS� PXOWLSOH[HUV
�2$'0��DQG�RSWLFDO�FURVV�FRQQHFWV��2;&��KDYH�EHHQ�WHVWHG�LQ�ILHOG�WULDOV�
7KHVH� RSWLFDO� FRPSRQHQWV� RI� ODVW� JHQHUDWLRQ� DOORZ� IRU� WKH�PDQLSXODWLRQ� RI
ZDYHOHQJWKV� LQ� :'0� QHWZRUNV� RIIHULQJ� DGYDQFHG� IHDWXUHV� VXFK� DV
ZDYHOHQJWK�URXWLQJ��VZLWFKLQJ��DQG�FRQYHUVLRQ�LQWHUFKDQJH�>�@��,Q�WKLV�ZD\�
SURWRFRO�WUDQVSDUHQW� RSWLFDO� FKDQQHOV� FDQ� EH� LPSOHPHQWHG� EHWZHHQ� DQ\
VRXUFH�GHVWLQDWLRQ� QRGHV��0RUHRYHU��:'0� WHFKQLTXHV� RIIHU� HQRXJK� VSDUH
FDSDFLW\� IRU� SURWHFWLRQ� DQG� UHVWRUDWLRQ� SXUSRVHV�� 7KH� GHVLJQ� RI� :'0
QHWZRUNV�� LQFOXGLQJ� WRSLFV� VXFK� DV� WRSRORJ\� RSWLPLVDWLRQ�� URXWLQJ� DQG
GLPHQVLRQLQJ��ZDYHOHQJWK�DVVLJQPHQW��SURWHFWLRQ�DQG�UHVWRUDWLRQ�UHSUHVHQWV
D�FRPSOH[�RSWLPLVDWLRQ�SUREOHP�

,Q�WKLV�FRQWH[W��WKHUH�LV�D�JURZLQJ�QHHG�IRU�SODQQLQJ�WRROV�WR�GHDO�ZLWK�WKH
PDLQ� LVVXHV� RI� RSWLFDO� QHWZRUNLQJ� LQ� DQ� DXWRPDWHG� PDQQHU�� 7KLV� SDSHU
GHVFULEHV� D� VRIWZDUH� DSSOLFDWLRQ� LQWHQGHG� WR� DGGUHVV� WKH� SODQQLQJ� RI� KLJK�
VSHHG�:'0�QHWZRUNV��7KLV�VRIWZDUH�WRRO�LV�FXUUHQWO\�XQGHU�GHYHORSPHQW�VR
WKDW� VHYHUDO�PDMRU�SODQQLQJ� LVVXHV� �SURWHFWLRQ� DQG� UHVWRUDWLRQ�� WUDQVPLVVLRQ
TXDOLW\��ZLOO�EH�GHDOW�ZLWK�LQ�WKH�QHDU�IXWXUH�

��� 1(7:25.�02'(//,1*

1RGHV� FRQVLVW� RI� RSWLFDO� FURVV�FRQQHFWV� ZLWK� WKH� DUFKLWHFWXUH� GHSLFWHG� LQ
)LJ�����7KH�QXPEHU�RI�RXWSXW� ILEUHV�0� LV� WKH� VDPH�DV� WKH�QXPEHU�RI� LQSXW
ILEUHV��(DFK� ILEUH�FDUULHV�/�ZDYHOHQJWKV��7KH� RSWLFDOO\� WUDQVSDUHQW�2;&� LV
DEOH�WR�FRQQHFW�DQ\�ZDYHOHQJWK�IURP�DQ�LQFRPLQJ�ILEUH�WR�WKH�FRUUHVSRQGLQJ
ZDYHOHQJWK� RI� RQH� RI� WKH� RXWJRLQJ� ILEUH�� ,W� LV� DVVXPHG� WKDW� WKHUH� LV� QR
ZDYHOHQJWK� FRQYHUVLRQ� ZLWKLQ� WKH� 2;&�� VR� WKDW� WKHUH� LV� QR� QHHG� RI
ZDYHOHQJWK�FRQYHUWHUV�DQG�WKH�QHWZRUN�PDQDJHPHQW�LV�VLPSOLILHG�VLQFH�RQO\
RQH�ZDYHOHQJWK� LV�DWWDFKHG� WR�DQ�HQG�WR�HQG�FKDQQHO��+RZHYHU��D�EORFNLQJ
VLWXDWLRQ�PD\�RFFXU�LI�WZR�FKDQQHOV�KDYLQJ�WKH�VDPH�ZDYHOHQJWK�DWWHPSW�WR
XVH�WKH�VDPH�RXWJRLQJ�ILEUH���(DFK�2;&�SHUIRUPV�D�VWDWLF�URXWLQJ��VZLWFKLQJ
RFFXUULQJ�RQO\�LQ�FDVH�D�UHFRQILJXUDWLRQ�DIWHU�D�IDLOXUH�
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)LJ����2SWLFDO�FURVV�FRQQHFW

$V�VKRZQ�LQ�)LJ������D�OLQN�O�FRQWDLQV�N�ILEUHV��HDFK�ILEUH�VXSSRUWLQJ�XS�WR
/�ZDYHOHQJWKV� �/� LV� FRQVWDQW� RYHU� WKH� QHWZRUN��� 7KXV�� WKH� FDSDFLW\� RI� WKH
OLQN�O��H[SUHVVHG�LQ�WHUPV�RI�RSWLFDO�FKDQQHOV�LV� N/&

O
= �

���� 5RXWLQJ�DQG�ILEUH�DVVLJQPHQW

5RXWLQJ� FDQ� EH� SHUIRUPHG� PDQXDOO\� RU� DXWRPDWLFDOO\�� $� VKRUWHVW� SDWK
URXWLQJ� LV� DYDLODEOH� E\� UXQQLQJ� )OR\G¶V� DOJRULWKP� >�@�� ZKLFK� FRPSXWHV
VLPXOWDQHRXVO\�WKH�URXWHV�IRU�DOO�FRQQHFWLRQV���7ZR�RSWLRQV�DUH�DYDLODEOH�

�� PLQLPLVH�WKH�FRQQHFWLRQ�OHQJWK
�� PLQLPLVH�WKH�QXPEHU�RI�LQWHUPHGLDWH�QRGHV
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)LJ����/LQN�VWUXFWXUH

$Q�DXWRPDWHG�ILEUH�DVVLJQPHQW�LV�GRQH�IRU�HDFK�OLQN�LQ�WKH�IROORZLQJ�ZD\�
WKH�ILUVW�FKDQQHO�LV�DVVLJQHG�WR�WKH�ILUVW�ILEUH��WKH�VHFRQG�FKDQQHO�LV�DVVLJQHG
WR�WKH�VHFRQG�ILEUH��WKH�N�FKDQQHO�LV�DVVLJQHG�WR�WKH�N�ILEUH��WKH�N���FKDQQHO�LV
DVVLJQHG� WR� WKH� ILUVW� ILEUH� DQG� VR� RQ�� ,Q� WKLV�ZD\�� WKH� FKDQQHOV� VKDULQJ� WKH
VDPH�OLQN�DUH�HTXDOO\�GLVWULEXWHG�RYHU�WKH�DYDLODEOH�ILEUHV�RI�WKH�OLQN��,I�WKH
QXPEHU� RI� FKDQQHOV� XVLQJ� D� SDUWLFXODU� OLQN� H[FHHGV� WKH� OLQN� FDSDFLW\� D
ZDUQLQJ�PHVVDJH�LV�LVVXHG�WR�LQFUHDVH�WKH�QXPEHU�RI�ILEUHV��$W�WKLV�VWDJH��WKH
ZDYHOHQJWK� DVVLJQPHQW� LV� QRW� \HW� SHUIRUPHG� DQG� HYHQ� WKRXJK� WKH� OLQN
FDSDFLW\�LV�JUHDWHU�WKDQ�WKH�QXPEHU�RI�FKDQQHOV�WKDW�VKDUH�LW��LW�FRXOG�EH�QRW
VXIILFLHQW� WR� DOORZ�D�JOREDO�ZDYHOHQJWK� DVVLJQPHQW� VROXWLRQ�� ,I�� EHFDXVH�RI
ZDYHOHQJWK� DVVLJQPHQW� UHVWULFWLRQV�� QHZ�ILEUHV� DUH� DGGHG�� WKH� FKDQQHOV� DUH
UHGLVWULEXWHG�WR�HQVXUH�DQ�HTXDO�ORDG�RI�HDFK�ILEUH�

���� :DYHOHQJWK�DVVLJQPHQW

7KH� ZDYHOHQJWK� DVVLJQPHQW� LV� UHGXFHG� WR� D� JUDSK� FRORXULQJ� SUREOHP
>�@>�@�� (DFK� HQG�WR�HQG� FKDQQHO� LV� UHSUHVHQWHG� E\� D� YHUWH[� LQ� D
QHLJKERXUKRRG�JUDSK��9HUWLFHV�DUH�FRQQHFWHG�E\�DQ�HGJH� LI� DQG�RQO\� LI� WKH
FRUUHVSRQGLQJ� FKDQQHOV� VKDUH� VRPH� FRPPRQ� ILEUH�� 7KH� ZDYHOHQJWK
DOORFDWLRQ� FDQ� EH�PDSSHG� WR� D� JUDSK� QRGH� FRORXULQJ� SUREOHP�� ZKLFK� LV� D
ZHOO�NQRZQ�13� FRPSOHWH� SUREOHP��7KH� KHXULVWLF�PHWKRG� HPSOR\HG� LQ� RXU
VRIWZDUH�LV�EDVHG�RQ�WKH�7DEX�VHDUFK�WHFKQLTXH�FDOOHG�7$%8&2/�>�@��7DEX
VHDUFK� LV� D� JOREDO� VHDUFK� WHFKQLTXH� WKDW� PRYHV� VWHS� E\� VWHS� WRZDUGV� WKH
PLQLPXP�YDOXH�RI�D�IXQFWLRQ��ZKLFK�LV�LQ�RXU�FDVH�WKH�QXPEHU�RI�QHLJKERXUV
�YHUWLFHV� FRQQHFWHG� E\� DQ� HGJH�� KDYLQJ� WKH� VDPH� FRORXU�� $� WDEX� OLVW� RI
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IRUELGGHQ�PRYHPHQWV� LV�XSGDWHG�GXULQJ� WKH� LWHUDWLRQV� WR�DYRLG� F\FOLQJ� DQG
EHLQJ� WUDSSHG� LQ� ORFDO�PLQLPD�� ,Q� >�@� LW� LV� VKRZQ� WKDW� IRU�JUDSK�FRORXULQJ�
7$%8&2/�LV�VLJQLILFDQWO\�VXSHULRU�WR�WKH�VLPXODWHG�DQQHDOLQJ�

7KH� SHUIRUPDQFH� RI� WKH�ZDYHOHQJWK� DOORFDWLRQ� WHFKQLTXH�ZDV� HVWLPDWHG
RQ�WKH�QHWZRUN�DUFKLWHFWXUH�VKRZQ�LQ�)LJ����

)LJ����6SLGHU�ZHE�WHVW�DUFKLWHFWXUH

$VVXPLQJ� IRU� VLPSOLFLW\� RQO\� RQH� ILEUH� SHU� OLQN� DQG� RQH� FKDQQHO� EHWZHHQ
HDFK� QRGH� SDLU�� LW� WXUQHG� RXW� WKDW� WKH� QXPEHU� RI� ZDYHOHQJWKV� SHU� ILEUH� /
GHSHQGV�OLQHDUO\�RQ�WKH�QXPEHU�RI�QRGH��VHH�)LJ������+RZHYHU��DV�LW�LV�VKRZQ
LQ� )LJ�� ��� WKH� QXPEHU� RI� LWHUDWLRQV� QHFHVVDU\� WR� JHW� D� FRORXULQJ� VROXWLRQ
JURZV�H[SRQHQWLDOO\�

)LJ����0LQLPXP�QXPEHU�RI�ZDYHOHQJWKV�YHUVXV�WKH�QXPEHU�RI�QRGHV�IRU�WKH
ZHE�QHWZRUN�DUFKLWHFWXUH
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)LJ����1XPEHU�RI�LWHUDWLRQV�QHFHVVDU\�IRU�D�FRORXULQJ�VROXWLRQ

��� (8523($1�75$163257�1(7:25.

7KH� SODQQLQJ� WRRO� GHVFULEHG� DERYH� KDV� EHHQ� XVHG� WR� GHVLJQ� D� �±QRGHV
FHQWUDO�(XURSHDQ�QHWZRUN� >�@� WKH� WRSRORJ\� VKRZQ� LQ�)LJ�� ���7KH� GLVWDQFHV
EHWZHHQ�QRGHV�DQG� WKH�GHPDQGV�H[SUHVVHG� LQ�WHUPV�RI�RSWLFDO�FKDQQHOV�DUH
OLVWHG�LQ�7DEOH���

)LJ����(XURSHDQ�WUDQVSRUW�QHWZRUN�WRSRORJ\
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�7DEOH��
1RGH�SDLU 'LVWDQFH

>NP@

'HPDQG
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7KH�JRDO�RI�WKH�SODQQLQJ�SURFHVV�ZDV�WR�GHWHUPLQH�WKH�PLQLPXP�QXPEHU
RI�ILEUHV�IRU�HDFK�OLQN��ZKLFK�DOORZV�D�ZDYHOHQJWK�DOORFDWLRQ�VROXWLRQ��,Q�WKLV
ZD\����������RU����ZDYHOHQJWKV�SHU�ILEUH�KDYH�EHHQ�FRQVLGHUHG��7KH�UHVXOWV
DUH�OLVWHG�LQ�7DEOH���

�7DEOH��
)LEUHV�OLQN

/LQN

/LQN�ORDG

>FKDQQHOV@
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7KH�FDSDFLW\�XWLOLVDWLRQ�LV�GHILQHG�DV�WKH�UDWLR� ��N/O ��ZKHUH�O�LV�WKH�OLQN
ORDG��N�LV�WKH�QXPEHU�RI�ILEUHV�DQG�/�LV�QXPEHU�RI�ZDYHOHQJWKV�SHU�ILEUH�

)LJ�� �� GLVSOD\V� WKH� FDSDFLW\� XWLOLVDWLRQ� IRU� HDFK� OLQN� RI� WKH� ��QRGHV
(XURSHDQ�QHWZRUN�� ,W� WXUQV�RXW� WKDW� WKH�FDSDFLW\�XWLOLVDWLRQ�GHFUHDVHV�ZKHQ
WKH�QXPEHU�RI�ZDYHOHQJWKV�SHU�ILEUH�JHWV�KLJKHU��7KLV�LV�GXH�WR�WKH�LQFUHDVH
LQ�WKH�QXPEHU�RI�HGJHV�LQ�WKH�QHLJKERXUKRRG�JUDSK�VLQFH�D�KLJKHU�DPRXQW�RI
FKDQQHOV�VKDUH�WKH�VDPH�ILEUH��$Q\ZD\��DV�LW�LV�VKRZQ�LQ�)LJ����� WKH�XVH�RI
KLJKHU� QXPEHU� RI� ZDYHOHQJWKV� DOORZV� D� VXEVWDQWLDO� GHFUHDVH� RI� WKH� WRWDO
DPRXQW�RI�ILEUH�

)LJ����&DSDFLW\�XWLOLVDWLRQ

)LJ����5HODWLYH�RYHUDOO�ILEUH�OHQJWK
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7KH� VRIWZDUH� WRRO� GHVFULEHG� DERYH� SHUIRUPV� D� IDVW� HYDOXDWLRQ� RI� DQ
H[LVWLQJ� QHWZRUN� RU� D� QHZ� DUFKLWHFWXUH� XQGHU� GLIIHUHQW� ORDG� VLWXDWLRQV�
9DULRXV�³ZKDW�LI´�VFHQDULRV�FDQ�EH�WHVWHG�DOORZLQJ�WKH�SODQQHUV�WR�VHOHFW�WKH
PRVW�VXLWDEOH�DOWHUQDWLYH��,Q�WKH�QHDU�IXWXUH��WKLV�SODQQLQJ�WRRO�ZLOO�EH�IXUWKHU
GHYHORSHG� WR� DGGUHVV� NH\� LVVXHV� VXFK� DV� SURWHFWLRQ� DQG� TXDOLW\� RI
WUDQVPLVVLRQ�

$&.12:/('*(0(17

7KLV� ZRUN� KDV� EHHQ� GRQH� ZLWKLQ� WKH� &267� $FWLRQ� ���� ³$GYDQFHG
LQIUDVWUXFWXUH�IRU�SKRWRQLF�QHWZRUNV´

5()(5(1&(6

>�@ (�� /RZH�� ³&XUUHQW� (XURSHDQ� :'0� GHSOR\PHQW� WUHQGV�´� ,(((
&RPPXQLFDWLRQV�0DJD]LQH��YRO������QU�����)HEUXDU\������

>�@ $�� 0F*XLUH� DQG� 3�� %RQHQIDQW�� ³6WDQGDUGV�� WKH� EOXHSULQWV� IRU
RSWLFDO�QHWZRUNLQJ�´�,(((�&RPPXQLFDWLRQV�0DJD]LQH��YRO������QU�
���)HEUXDU\������

>�@ $��.HUVKHQEDXP��7HOHFRPPXQLFDWLRQV�QHWZRUN�GHVLJQ�DOJRULWKPV�
0F*UDZ�+LOO������

>�@ 7�.��7DQ�DQG�-�.��3ROODUG��³'HWHUPLQDWLRQ�RI�PLQLPXP�QXPEHU�RI
ZDYHOHQJWKV� UHTXLUHG� IRU� DOO�RSWLFDO�:'0�QHWZRUNV� XVLQJ� JUDSK
FRORXULQJ´�(OHFWURQLFV�OHWWHUV��YRO������QU������)HEUXDU\������

>�@ /��%HVXFKHW��5RXWDJH�RSWLPDO�HW�DVVLJQDWLRQ�GHV�ORQJXHXUV�G¶RQGH
GDQV� XQ� UpVHDX� GH� FRPPXQLFDWLRQV� RSWLTXHV� :'0�� 3URMHW� GH
GLSO{PH������(3)�/DXVDQQH�'(�7&20������

>�@ $��+HU]�DQG�'��GH�:HUUD��³8VLQJ�7DEX�VHDUFK�WHFKQLTXHV�IRU�JUDSK
FRORXULQJ´�&RPSXWLQJ��YRO������6SULQJHU�9HUODJ������

>�@ &�� %XQJDU]HDQX� DQG� $�� &RODUXVVR�� ³(XURSHDQ� RSWLFDO� WUDQVSRUW
QHWZRUN´�3URF��&267�:RUNVKRS�����2SWLFDO�WHOHFRPPXQLFDWLRQV�
1LFH��$SULO�������������


