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*$�IRU�3ODQQLQJ�&DEOH�7HOHFRPPXQLFDWLRQ�1HWZRUNV
3DEOR�&RUWpV����-XDQ�/DUUDxHWD���/XLV�2QLHYD���-RVH�0��*DUFtD� DQG�0DUtD�6��&DUDEDOOR�

� 6HYLOOH�8QLYHUVLW\*UXSR�,QJHQLHUtD�2UJDQL]DFLyQ�(VFXHOD�6XSHULRU�,QJHQLHURV��&DPLQR�GH�ORV�'HVFXEULPLHQWRV�V�Q�6HYLOOD��������63$,1�(�PDLO��SFD#HVL�XV�HV� 85/��KWWS���LR�XV�HV�3�&RUWHV�PDLQ�KWP
$EVWUDFW2SWLFDO�ILEHU�QHWZRUNV�RYHU�V\QFKURQRXV�GLJLWDO�KLHUDUFK\�RSHUDWLQJ�RQ�$70�PRGH�DSSHDU�DV�RQH�RI�WKH�EHVW�DOWHUQDWLYHV�IRU�WKH�QHZ�KLJK�VSHHG�WHOHFRPPXQLFDWLRQV�QHWZRUNV��7KH�QHWZRUN�PDQDJHPHQW�UHTXLUHV� SODQQLQJ� VWXGLHV� VR� WKDW� WKH� GHVLJQHG� QHWZRUNV� DOORZ� HIILFLHQW� RSHUDWLRQ� LQ� UHDO� WLPH�� � $�TXDQWLWDWLYH� PRGHO� HYDOXDWLQJ� WKH� JOREDO� WRSRORJLFDO� GHVLJQ� RI� DQ� RSWLFDO� ILEHU� QHWZRUN� RYHU�V\QFKURQRXV�GLJLWDO�KLHUDUFK\�LV�GHVFULEHG��7KH�PRGHO�LQFOXGHV�WKH�HFRQRPLF�DVSHFWV�LQYROYHG�LQ�WKH�SURMHFW��WKH�FLYLO�ZRUNV��WKH�FDSDFLW\�HYDOXDWLRQ�FRVWV�DQG�WKH�LQWURGXFWLRQ�RI�UHOLDELOLW\�FRQGLWLRQV��$�JHQHWLF�DSSURDFK�EDVHG�RQ�WKH�H[SORLWDWLRQ�RI�WKH�.XKQ�7XFNHU�RSWLPDOLW\�FRQGLWLRQV�LV�SURSRVHG�WR�VROYH�WKH�PRGHO�

.H\ZRUGV� HYROXWLRQDU\�FRPSXWLQJ��WHOHFRPPXQLFDWLRQ�QHWZRUN�SODQQLQJ��.XKQ �7XFNHU�RSWLPDOLW\�FRQGLWLRQV�
���,QWURGXFWLRQ
,Q�WKH�QHDU�IXWXUH�WHOHFRPPXQLFDWLRQ�QHWZRUNV�ZLOO�EHFRPH�WKH�QHFHVVDU\�LQIUDVWUXFWXUH�IRU� WKH�QHZ�LQIRUPDWLRQ�KLJKZD\V��1HWZRUNV�ZLWK�KLJKHU�FDSDFLW\�DQG�VSHHG�ZLOO�EH�QHHGHG�WR�JLYH�VROXWLRQ�WR�WKH�VHW� RI� WUDQVSRUW� DQG� WUDIILF� YROXPH� UHTXLUHPHQWV�� 7KH� IXWXUH� QHWZRUN�ZLOO� EH� NQRZQ� DV�%URDGEDQG�,QWHJUDWHG�6HUYLFHV�'LJLWDO�1HWZRUN� �% �,6'1��� DQG�ZLOO� OHW� WUDQVPLW�PRUH� LQIRUPDWLRQ��RI�GLIIHUHQW�W\SHV��DXGLR��YLGHR��GDWD��HWF����DW�D�JUHDWHU�VSHHG�DQG�ZLWK�PRUH�LQWHUFRQQHFWLRQ�SRVVLELOLWLHV�
7KH�EURDGEDQG�HYROXWLRQ�LV�VWURQJO\�OLQNHG�WR�WKH�RSWLFDO�ILEHU�WHFKQRORJ\�GHYHORSPHQW��+HFKW���������/LJKW� SHUPLWV� JUHDWHU� FDSDFLW\� WKDQ� HOHFWULF� FXUUHQW� EXW� LW� UHTXLUHV� WKH� XVH� RI� PRUH� H[SHQVLYH�HTXLSPHQW��,Q�IDFW��LW�KDV�EHHQ�RQO\�XVHG�IRU�WKH�FRQQHFWLRQ�RI�ODUJH�WHOHSKRQH�H[FKDQJHV�
,Q�RWKHU�OLQH��IXWXUH�QHWZRUNV�ZLOO�DSSHDU�OLQNHG�WR�WKH�QHZ�VZLWFKLQJ�DQG�W UDQVPLVVLRQ�WHFKQRORJLHV��,Q�WKH�HLJKWLHV��WKH�(XURSHDQ�VWDQGDUG�FRPPLWWHH�&&,77�UHFRPPHQGHG�WKH�DGRSWLRQ�RI�$V\QFKURQRXV�7UDQVIHU� 0RGH� �$70�� DV� VZLWFKLQJ� PRGH� DQG� WKH� 6\QFKURQRXV� 'LJLWDO� +LHUDUFK\� �6'+�� DV�WUDQVPLVVLRQ�PRGH�IRU�WKH�IXWXUH�EURDGEDQG��7KH�F RQFHSW�RI�VZLWFKLQJ�DQG�RU�PXOWLSOH[LQJ�FHQWHUV��RU�QRGHV��DSSHDUV�MRLQHG�WR�WKH�$70�WHFKQRORJ\��:H�QDPH�WKHVH�QRGHV�DV�KXEV��6H[WRQ� HW�DO�� ������
7KH� SUREOHP� DGGUHVVHG� KHUH� GHDOV� ZLWK� WKH� GHVLJQ� DQG� GLPHQVLRQLQJ� RI� DQ� RSWLFDO� ILEHU� EDFNERQH�QHWZRUN� DPRQJ� D� VHW� RI� XUEDQ� QRGHV��$V� LQLWLDO� GDWD��ZH� DUH� JLYHQ� WKH� LQSXW� WUDIILF� DV� WKH�GHPDQG�PHDVXUHG�LQ�(UODQJV�IRU�DOO�RULJLQ �GHVWLQDWLRQ�XUEDQ�FRPPXQLFDWLRQ�SDLUV��7KLV�(UODQJ�WUDIILF�FDQ�EH�FRQYHUWHG�LQWR�WKH�QXPEHU�RI�V\QFKURQRXV�WUDQVSRUW�PRGXOH��670��OHYHO V�UHTXLUHG�IRU�HDFK�SRLQW �WR�SRLQW�FRQQHFWLRQ��6R�� WKH�RXWSXW�RI�WKH�FRQYHUVLRQ�SURFHVV�LV� WKH�QXPEHU�670 �X OHYHOV�UHTXLUHG�IRU�HDFK�RI�WKH�RULJLQ�GHVWLQDWLRQ�SDLUV��$FFRUGLQJ�WR�WKH�(XURSHDQ�VWDQGDUG��WKH�6'+�VWDQGDUG�GLYLGHV�WKH�WUDIILF� XQLWV� LQWR�670��� OHYHO� HTXLYDOHQW� WR� �������0ESV�� WKDW� FDQ�EH� DVVHPEOHG� LQWR�670 ��� OHYHO�HTXLYDOHQW� WR� �������0ESV� DQG� LQWR� 670 ���� OHYHO� HTXLYDOHQW� WR� ��������0ESV�� 670 �X KDV� EHHQ�ZLGHO\�XVHG�DV� WKH�SODQQLQJ�DQG�GHVLJQ�EDVLF�GHPDQG�XQLW�RI�VXFK�RSWLFDO�ILEHU�EDFNERQH�QHWZR UNV�
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RYHU�6\QFKURQRXV�'LJLWDO�+LHUDUFK\��1H[W�WDEOH���VXPPDUL]HV�WKH�UHODWLRQ�DPRQJ�WKH�(XURSHDQ�DQG�86$�VWDQGDUGV�DQG�WKHLU�FRUUHVSRQGHQFHV�ZLWK�WKH�FDSDFLW\�PHDVXUHG�DV�0ESV�DQG�RSWLFDO�OHYHOV�
7DEOH��� (XURSHDQ�DQG�86$�WUDQVPLVVLRQ�VWDQGDUGV2SWLFDO�OHYHO &DSDFLW\��0ESV� 6'+��,78� D 621(7��$16,� E2&F�� ����� 676G�� �2&�� ������ 676�� 670H��2&�� ������ 676�� �2&��� ������ 676��� 670��2&��� ������ 676��� �2&��� ������� 676��� �2&��� ������� 676��� �2&��� ������� 676��� 670���D 6\QFKURQRXV�'LJLWDO�+LHUDUFK\��,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ�E 6\QFKURQRXV�2SWLFDO�1(7ZRUN��$PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH��F 2SWLFDO�&DUULHU�OHYHOG 6LJQDO�7UDQVSRUW�6LJQDO�OHYHOH 6\QFKURQRXV�7UDQVSRUW�0RGXOH�OHYHO

6R��ZH�ZLOO� KDYH� WR�GHDO�ZLWK� D� WZR�VWDJH�SUREOHP�� ,QLWLDOO\��ZH� VWDWH� WKH�FRQGXLW�QHWZRUN� ORFDWLQJ�GLWFKHV�ZKHUHLQ�FDEOHV�FDQ�EH�SODFHG��$IWHU�WKDW�ZH�FRQVLGHU�WKH�WUDQVPLVVLRQ�OLQN�URXWLQJ�WRSRORJ\�LQ�WKH�FRQGXLW�LQIUDVWUXFWXUH�FRQVLGHULQJ�UHOLDELOLW\�DV�PXOWLURXWLQJ�WR�DYRLG IDLOXUHV�LQ�WKH�QHWZRUN��DQG�WKH� WUDQVPLVVLRQ� GHYLFHV� ORFDWLRQ� DW� VRPH� VSHFLILF� XUEDQ� QRGHV�� 7KH� WUDQVPLWWHUV� FRQQHFW� D� ORZ�KLHUDUFKLFDO�OHYHO�IORZ�LQWR�D�KLJK�KLHUDUFKLFDO�OHYHO�IORZ�DW�KLJKHU�VSHHG�
2SWLFDO�ILEHU�QHWZRUNV�DUH�ZHOO�VXLWHG�WR�GHDO�ZLWK�E URDGEDQG�QHWZRUNV�GXH�WR�WKHLU�ZLGH�WUDQVPLVVLRQ�FDSDELOLW\��W\SLFDOO\�QDPHG�KXEELQJ�WRSRORJLHV�DUH�LQGLFDWHG�IRU�WKLV�RSWLFDO�ILEHU�EDFNERQH�QHWZRUNV��&DUGZHOO�HW�DO���������.HUQHU�HW�DO����������:H�FRQVLGHU�D�KXEELQJ�WRSRORJ\�EDVHG�RQ�WZR�OHYHOV��,Q�WKH�ILUVW�OHYHO��WKH�ORZ�VSHHG�QHWZRUN��IORZV�DUH�ILUVW�WUDQVSRUWHG�IURP�WKH�LQLWLDO�VZLWFKLQJ�RIILFH�WR�WKH�UHJLRQDO�KXE�WR�VZLWFK��$IWHU��LQ�WKH�VHFRQG�OHYHO��WKH�KLJK�VSHHG�QHWZRUN��DOO�WKH�DUULYHG�GHPDQGV�WR�WKH�KXE�DUH�VRUWHG�DQG�UHURXWHG�WR�WKHLU�VSHFLIL F�GHVWLQDWLRQV��7R�GHDO�ZLWK�WKLV�DUUDQJHPHQW�LQ�WKH�KXEV��WUDQVPLVVLRQ�HTXLSPHQW�VXFK�DV�'LJLWDO�&URVV �FRQQHFW�6\VWHP��'&6��KDYH�WR�EH�LQVWDOOHG�DW�HDFK�KXE�
7KH� RXWSXW� RI� WKH� SUREOHP� PXVW� EH� WKH� ORFDWLRQ� RI� WUDQVPLVVLRQ� QRGHV� �KXEV��� WKH� ORFDWLRQV� RI�WUDQVPLVVLRQ� OLQNV� DQG� WKHLU� FDSDFLWLHV� DV� 670 �X WRWDO� IORZ�� WKH� SDWKV� WR� WUDQVSRUW� WKH� RULJLQ �GHVWLQDWLRQ�SDLU�GHPDQG�DV�670 �X� OHYHOV�DQG�WKH�FRVWV�DVVRFLDWHG�WR�WKH�SODQQLQJ�DQG�GLPHQVLRQLQJ�SURFHVV�LQ�WKH�QHWZRUN�
6HYHUDO� UHIHUHQFHV� EDVHG� RQ� VRIW� FRPSXWL QJ� WHFKQLTXHV� FDQ� EH� IRXQG� GHDOLQJ� ZLWK� WKH� UHDO� WLPH�QHWZRUN�RSHUDWLRQ��'LYHUVH�DXWKRUV��*KDQZDQL��������:DQJ�HW�DO���������KDYH�VKRZQ�WKH�XVH�RI�QHXUDO�DSSURDFKHV� WR� VROYH� WKH� UHDO� WLPH� WUDIILF� URXWLQJ� SUREOHP�� $ERHOHOD� HW� DO��� ����� SUHVHQW� D� IX]]\�PXOWLREMHFWLYH�RSWLPL]DWLRQ�PRGHO�WR�GHYHORS�D�URXWLQJ�DOJRULWKP�WR�JXDUDQWHH�WKH�YDULRXV�TXDOLW\�RI�VHUYLFH�FKDUDFWHULVWLFV�UHTXHVWHG�E\�WKH�ZLGH�UDQJH�RI�DSSOLFDWLRQV�VXSSRUWHG�E\�% �,6'1��&KRX�HW�DO�������� KDYH� GHYHORSHG� D� K\EULG� QHXUDO �JHQHWLF� SURFHGXUH� WR� GHDO� ZLWK� WKH� EDQGZLGWK� DOORFDWLRQ� RI�YLUWXDO�SDWKV�LQ�$70�QHWZRUNV��+RZHYHU��QRW�PDQ\�VRIW�FRPSXWLQJ�UHIHUHQFHV�DSSHDU�ZLWK�UHVSHFW�WR�WKH�SODQQLQJ�DQG�GLPHQVLRQLQJ�VWDJH��,Q�VSLWH�RI�LW��WKH�JOREDO�WHOHFRPPXQLFDWLRQ�QHWZRUNV�WRSRORJLFDO�GHVLJQ� KDV� EHHQ� GHDOW� ZLWK� LQ� WKH� ELEOLRJUDSK\� H[WHQVLYHO\� ZLWK� WKH� XVH� RI� WUDGLWLRQDO� RSHUDWLRQDO�UHVHDUFK�DSSURDFKHV��&KDQJ�HW�DO���������&KDQJ�HW�DO��������KDYH�GHYHORSHG�FRPPXQLFDWLRQ�PRGHOV�DPRQJ�KXEV�VROYHG�E\�PHDQV�RI�ODJUDQJLDQ�UHOD[DWLRQ�WHFKQLTXHV��&R[�HW�DO������ ��KDYH�LPSOHPHQWHG�DQ� H[KDXVWLYH� FRVW� HYDOXDWLRQ� PRGHO� IRU� WKH� 86� :(67� LQ� WKH� &RORUDGR� DUHD� VROYHG� ZLWK� WKH�FRPPHUFLDO� RSWLPL]DWLRQ� VRIWZDUH� &3/(;��0RUH� UHFHQWO\��<RRQ� HW� DO��� ����� KDYH� GHYHORSHG�ZLWK�VXFFHVV�DQ�LPSRUWDQW�PRGHO�IRU�KLHUDUFKLFDO�QHWZRUNV�DW WHQGLQJ�WR�KXEV�DQG�WHUPLQDO�QRGHV�EURDFKHG�ZLWK�D�GXDO�DVFHQW�SURFHGXUH�
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7KH�UHVW�RI�WKH�SDSHU�GHDOV�ZLWK�WKH�JOREDO�WRSRORJLFDO�GHVLJQ�IRU�WKH�RSWLFDO�ILEHU�EDFNERQH�RI�D�WZR �OHYHO�KLHUDUFKLFDO�QHWZRUN��6HFWLRQ���HVWDEOLVKHV�WKH�DSSURDFK�WR�FRQVWUXFW�WK H�PRGHO��WKH�FDSDFLW\�WR�EH�DVVLJQHG�WR�WKH�OLQNV�DQG�WKH�WUDIILF�URXWLQJ�DW�PLQLPXP�FRVW��7KH�JOREDO�PRGHO�LV�SUHVHQWHG�DV�DQ�13�+DUG SUREOHP�UHGXFLEOH�WR�WKH�6WHLQHU�SUREOHP��SURYHG� 13�+DUG E\�*DUH\�HW�DO���������6HFWLRQ���SUHVHQWV� D� VROXWLRQ�PHWKRG� RI� H YROXWLRQDU\� W\SH�ZKRVH� UHVXOWV� DUH� VKRZQ� LQ� VHFWLRQ� ��� )LQDOO\��ZH�UHYLHZ�WKH�PDLQ�DVSHFWV�LQ�VHFWLRQ���
���)RUPXODWLRQ
%HIRUH� IRUPXODWLQJ� WKH�PRGHO� LW� LV� LPSRUWDQW� WR�FODULI\� WKH�GLIIHUHQFHV�EHWZHHQ� WKH�WHUPV�JUDSK�DQG�WHOHFRPPXQLFDWLRQV�QHWZRUN�VXFK�D V�ZH�XVH�LQ�WKLV�SDSHU��,Q�RXU�PRGHO�ZH�ZLOO�GHDO�ZLWK�JUDSKV�RQ�WZR� OHYHOV�� 2QH� OHYHO� ZLOO� EH� UHODWHG� WR� WKH� WRSRORJLFDO� JUDSK� DQG� WKH� RWKHU�ZLOO� EH� UHODWHG� WR� WKH�WHOHPDWLF�QHW�
*UDSK� PDS�DEVWUDFWLRQ�HTXLYDOHQW�WR�WKH�WUDQVSRUW�V\VWHP��,W�LQFOXGHV�WKH� XUEDQ�QRGHV��WKH�MXQFWLRQ�QRGHV��LQWHUVHFWLRQV���DQG�WKH�GLUHFW�FRQQHFWLRQV�DPRQJ�DOO�WKHVH�QRGHV� �DUFV��
1HWZRUN� UHSUHVHQWV�WKH�REMHFWLYH�WHOHFRPPXQLFDWLRQ�QHWZRUN��+HQFH�LW�LGHQWLILHV�DV�QRGHV�RQO\�WKRVH�UHSUHVHQWLQJ�KXEV�RU�WHUPLQDO�QRGHV��ZKLOH�WKH�W UDQVPLVVLRQ�OLQNV DUH�GLIIHUHQW�IURP�DUFV�DQG�UHSUHVHQW�WKH�KXE�KXE�FRQQHFWLRQV RU�WKH�WHUPLQDO�KXE�FRQQHFWLRQV�

)LJXUH����*UDSK�YHUVXV WHOHPDWLF�QHWZRUN
1RWH�LQ�WKH�ILJXUH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DUF�FRQFHSW�DQG�WKH�OLQN�FRQFHSW��/LQNV�ZLOO�EH�WKH�G LUHFW�FRQQHFWLRQV�EHWZHHQ�RQH�KXE�DQG�WKH�WHUPLQDOV�RI�LWV�UHJLRQ��ZLWKLQ �UHJLRQ�OLQNV��RU�WKH�FRQQHFWLRQ�DPRQJ�KXEV� IURP�GLIIHUHQW� UHJLRQV� �EHWZHHQ� WKH� UHJLRQ� OLQNV���2Q� WKH�RWKHU�KDQG�DUF� LV� WKH�MRLQLQJ�EHWZHHQ�HDFK�SDLU�RI�DGMDFHQW�QRGHV�LQGHSHQGHQWO\�R I�WKHLU�VZLWFKLQJ�FDSDFLW\��7KHVH�QRGHV�FRXOG�EH�KXEV�� WHUPLQDOV�RU�VLPSOH�LQWHUVHFWLRQV�LQ�WKH�WUDQVSRUW�V\VWHP��2Q�WKH�FRQWUDU\�WKH�OLQN�WHUP�DSSHDU�UHODWHG�WR�WKH�LQIUDVWUXFWXUH�IRU�WHOHPDWLF�VHUYLFHV�WUDQVPLVVLRQ�
6R�LQ�ILJXUH����WKH�DUF� ���+�� FRLQFLGHV�ZLWK�D�WHUPLQDO�KXE�WUDQVPLVVLRQ�OLQN��2Q�WKH�FRQWUDU\��WKH�DUF������ GRHV� QRW� VKDSH� D� WUDQVPLVVLRQ� OLQN�E\� LWVHOI�� EXW� LW� LV� D� SDUW� RI� WKH�KXE �KXE� WUDQVPLVVLRQ� OLQN��+��+����(YHQ�PRUH��QRWH�KRZ�WKH�DUF� ���+�� VKDSHV�D�WHUPLQDO�KXE�E\�LWVHOI�DQG�LV�SDU W�RI�WKH�KXE�KXE�WUDQVPLVVLRQ�OLQN��+��+���6XPPDUL]LQJ��DOO�WKH�GLUHFWHG�IHDVLEOH�SDWKV�EHWZHHQ�WZR�KXEV�LQ�WKH�SRWHQWLDO�JUDSK�ZLOO�VKDSH�WKH�VHW�RI� OLQNV�DPRQJ� WKH� UHJLRQV� �WKH� LQWHU �UHJLRQDO� VHW���$OO� WKHVH� IHDVLEOH� OLQNV�ZLOO� EH� FRQVWLWXWHG�E\�D�VXFFHVVLRQ� RI� QRGHV� DQG� XQGLUHFWHG�DUFV� IURP� WKH� LQLWLDO�KXE� WR� WKH� ILQDO�KXE��7KHVH�NLQGV� RI� OLQNV�VKDSH� WKH� XSSHU� OHYHO� QHWZRUN� DQG� UHSUHVHQW� D� KLJK� VSHHG� QHWZRUN� ZLWK� IXOO� VZLWFKLQJ� DQG�

��� +�+�

� +XE��+L�7HUPLQDO

+XE�FRQQHFWLRQ��OLQN�+XE�7HUPLQDO��OLQN�*UDSK�DUF��,W�LV�QRW�QHFHVVDU\�D�OLQN�DOWKRXJK�D�OLQN�FDQ�LQFOXGH�VHYHUDO�DUFV������������������������������������������������������������������������������������������������������������������������������������&LYLO�ZRUNV��,W�LQFOXGHV�GLWFKHV�DQG�FRQGXLWV�
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PXOWLSOH[LQJ�FDSDFLWLHV��$OO� WKH� IHDVLEOH�SDWKV�EHWZHHQ�HDFK� WHUPLQDO�Z LWKLQ�UHJLRQ�DQG� LWV� UHJLRQDO�KXE�ZLOO�VKDSH�WKH�VHW�RI�OLQNV�ZLWKLQ�HDFK�RI�WKH�UHJLRQV��WKH�LQWUD �UHJLRQDO�VHW���7KHVH�NLQGV�RI�OLQNV�VKDSH�WKH�ORZHU�OHYHO�QHWZRUN�DQG�KDYH�QRW�VZLWFKLQJ�FDSDFLW\��7KH�FRPPXQLFDWLRQ�ZLOO�KDYH�WR�JR�WR�WKH�KXE�IRU�VZLWFKLQJ�DQG�EHLQJ�VHQW�WR�WKH�FRUUHFW�GHVWLQDWLRQ�
1RWH��KRZ�WKH�DUF�FRQFHSW�DSSHDUV�UHODWHG�WR�FRQGXLW�FRQVWUXFWLRQ�DQG�WKH�OLQN�FRQFHSW�DSSHDUV�UHODWHG�WR�WKH�WUDQVPLVVLRQ�IORZV��+HQFH��ZH�KDYH�WR�FRQVLGHU�WZR�SDUDOOHO�OLQNV�UHODWHG�WR�ERWK�GLUHFWLRQV��L�H� ��+�o+��� DVVRFLDWHG� WR� WKH�GLUHFWHG� OLQN �+��+�� DQG �+�o+�� DVVRFLDWHG� WR� WKH�RWKHU�GLUHFWHG� OLQN�+��+��������$XJPHQWHG�1HWZRUN
,Q�RUGHU�WR�PDNH�HDVLHU�WKH�WDVN�RI�PRGHOLQJ�WKH�SUREOHP�D�ILFWLWLRXV�QRGH�LV�ORFDWHG�ZLWKLQ�HDFK�RI�WKH�UHJLRQV�FRQVWLWXWLQJ�WKH�JHRJUDSKLFDO�QHWZRUN��D�VLPLODU�SURFHGXUH�LV�GHVFULEHG�LQ�<RRQ�HW�DO���������7KH�ILFWLWLRXV�QRGH�LV�MRLQHG�WR�DOO�WKH�XUEDQ�QRGHV��FDQGLGDWHV�WR�EH�WKH�KXE��E\�PHDQV�RI�ILFWLWLRXV�DUFV�� 7KH� DXJPHQWHG� QHWZRUN� FDQ� EH� REVHUYHG� LQ� ILJXUH� ��� ZLWK� WKH� VSHF LDO� FKDUDFWHULVWLFV� DQG�QRPHQFODWXUH�WKDW�DUH�GHVFULEHG�EHORZ�

)LJXUH����$XJPHQWHG�QHWZRUN�
�L� $�ILFWLWLRXV�QRGH�LV�ORFDWHG�ZLWKLQ�HDFK�UHJLRQ� U RI�WKH�QHWZRUN��,W�ZLOO�EH�QRWHG�DV�+IU��LL� )LFWLWLRXV�DUFV�DUH�FRQVWUXFWHG�FRQQHFWLQJ�DOO�WKH�ZLWKLQ �UHJLRQ�WHUPLQDOV M WR�WKH�QHZ�ILFWLWLRXV�KXE��+IU���LLL� 7KH�FRVW�RI�HDFK�ILFWLWLRXV�DUF�LV�WKH�KXE�DFWLYDWLRQ�FRVW ��IM+IU���LY� (DFK� SDLU� RI� FRPPXQLFDWLRQ�� QRWHG� DV� N�� ZLOO� EH� HVWDEOLVKHG� EHWZHHQ� RQH� RULJLQ� RI�FRPPXQLFDWLRQ��R�N���DQG�RQH�GHVWLQDWLRQ�RI� FRPPXQLFDWLRQ��G�N���7R�GHDO�ZLWK�LW��WKH�RULJLQ�GHVWLQDWLRQ�FRPPXQLFDWLRQ�SDLUV�DUH�GHILQHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�UXOHV�

.U� �^N��R�N�� U���G�N� +IU` � U�� 5��
,W�UHSUHVHQWV�WKH�ZLWKLQ�UHJLRQ�U FRPPXQLFDWLRQ��WKH�LQWUD �UHJLRQDO�VHW��7KH�XUEDQ�QRGHV�LQVLGH�D� UHJLRQ� U HVWDEOLVK� WKH� LQWHUQDO� FRQQHFWLRQV� WKURXJK� WKH� UHJLRQDO� KXE�� 6R� DOO� WKH�FRPPXQLFDWLRQV�ZLOO�KDYH�WKH�ILFWLWLRXV�KXE�DV�WKHLU�GHVWLQDWLRQ�
.R  �^N��R�N� +IU ��G�N� +IU¶`�� U� U¶� 5��

5HJLRQ�,,5HJLRQ�,

5HJLRQ�,,,
5HJLRQ�,9

,QWHUVHFWLRQ QRGH7HUPLQDO�QRGH)LFWLWLRXV�KXE
*UDSK�DUF)LFWLWLRXV�DUF5HJLRQV
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,W�UHSUHVHQWV�WKH�EHWZHHQ�WKH�UHJLRQ�FRPPXQLFDWLRQ� WKH�LQWHU�UHJLRQDO�VHW��7KH�FRPPXQLFDWLRQ�LV�HVWDEOLVKHG�DPRQJ�WKH�ILFWLWLRXV�QRGHV��VR�WKH�FRQQHFWLRQ�EHWZHHQ�XVHUV�LQ�GLIIHUHQW�UHJLRQV�LV�JXDUDQWHHG�
�Y� 7KH�GHPDQG�LV�HVWLPDWHG�LQ�WKH�IROORZLQJ�PDQQHU�����7KH�ZLWKLQ �UHJLRQ�GHPDQG�LV�GHWHUPLQHG�DV�WKH WRWDO�DPRXQW�RI�670�X OHYHOV��VHH�WDEOH��������7KH�GHPDQG�LQWHU�UHJLRQV�LV�HVWLPDWHG�DV�WKH�670�X OHYHOV�WR�EH�LQVWDOOHG�WR�DOORZ�WKH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�WZR�UHJLRQV��L�H���WKH�FRPPXQLFDWLRQ�YROXPH�EHWZHHQ�HYHU\�SDLU�RI�UHJLRQV�
:LWK�WKHVH�FRQGLWLRQV�WKH�H[LVWHQFH�RI�D�SRWHQWLDO�SDWK�EHWZHHQ�HDFK�RI�WKH�WHUPLQDOV�LQVLGH�WKH�UHJLRQ�DQG�WKHLU�ILFWLWLRXV�UHJLRQDO�KXE�LV�JXDUDQWHHG��$�FRQVWUDLQW�IRUFLQJ�WKH�DFWLYDWLRQ�RI�RQO\�RQH�RI�WKH�FDQGLGDWHV� WR� EH� WKH� UHDO� KXE� ZLOO� LPSRVH� WKH� FRPPXQLFDWLRQV� RYHU� W KLV� KXE�� 7KH� RXWJRLQJ�FRPPXQLFDWLRQV�IURP�HDFK�XUEDQ�QRGH�LV�GLUHFWHG�WR�WKH�UHDO�KXE�LQ�WKH�UHJLRQ�DQG�VZLWFK�WKHUH�WR�EH�VHQW�WR�WKH�FRUUHFW�GHVWLQDWLRQ�
2Q� WKH� RWKHU� KDQG�� HYHQ� WKRXJK� ZH� GHILQH� WKH� FRPPXQLFDWLRQ� IRU� HYHU\� RULJLQ �GHVWLQDWLRQ� SDLU�EHWZHHQ� WKH� ILFWLWLRXV� KXEV� RI� GLIIHUHQW� UHJLRQV�� WKH� HIIHFWLYH� FRPPXQLFDWLRQ�ZLOO� EH�PDQDJHG� DQG�HVWDEOLVKHG� WKURXJK� WKH� UHDO� DFWLYDWHG� KXEV� ZLWKLQ� HDFK� UHJLRQ�� 6R� WKLV� ZLOO� EH� VKDSLQJ� WKH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�UHJLRQV��WKH�LQWHU �UHJLRQ�FRPPXQLFDWLRQ�
���� 1RWDWLRQ�DQG�FRQVWUDLQWV
� 3DUDPHWHUV���1 VHW�RI�QRGHV�RI�WKH�JUDSK���$ VHW�RI�DUFV�RI�WKH�JUDSK���5 VHW�RI�UHJLRQV�WR�EH�GHILQHG�LQ�WKH�QHWZRUN���0�U� XUEDQ�QRGHV��RU�WHUPLQDOV��LQVLGH�WKH�UHJLRQ� U�5���. VHW�RI�RULJLQ�GHVWLQDWLRQ�FRPPXQLFDWLRQ�SDLUV� 7KHUH�H[LVW�WZR�FRPPXQLFDWLRQ�OHYHOV��WKH� ZLWKLQ� HDFK� UHJLRQ� FRPPXQLFDWLRQ� .U�� DQG� WKH� EHWZHHQ� WKH� UHJLRQV�FRPPXQLFDWLRQ� .R��EHLQJ� >> @@U5UR ... ������  ����N� VHW� RI� IHDVLEOH� SDWKV� FRQQHFWLQJ� WKH� RULJLQ� QRGH� RI� WKH� SDLU� N�.�� R�N��� ZLWK� WKH�GHVWLQDWLRQ�QRGH��G�N���(DFK�SDWK�K���N��ZLOO�EH�D�VXFFHVVLRQ�RI�QRGHV�DQG�DUFV�IURP�WKH�RULJLQ��QRGH�R�N��WR�WKH�GHVWLQDWLRQ��QRGH�G�N��
� 9DULDEOHV���\LM ELQDU\� YDULDEOH� LQGLFDWLQJ� LI� WKH� XQGLUHFWHG� DUF� ^L�M` LV� XVHG� LQ� WKH� QHWZRUN�LQIUDVWUXFWXUH���\M+IU ELQDU\�YDULDEOH�LQGLFDWLQJ�LI�D�KXE�LV�LQVWDOOHG�DW�WKH�WHUPLQDO� M�0�U����SNK FRQWLQXRXV�YDULDEOH�LQGLFDWLQJ�WKH�RULJLQ �GHVWLQDWLRQ�SDLU�GHPDQG�IUDFWLRQ�� N� WKURXJK�WKH�SDWK�K�
� 'DWD���JN RULJLQ�GHVWLQDWLRQ�FRPPXQLFDWLRQ�SDLU�GHPDQG�� N���GLMNK ELQDU\�SDUDPHWHU��HTXDO� WR�RQH� LI� WKH�SDWK� K XVHV�WKH�DUF� ^L�M` WR�MRLQ�WKH�SDLU� N��DQG�RWKHUZLVH�]HUR���ILM FLYLO�ZRUNV�OLQHDU�FRVW�LQ�WKH�DUF� ^L�M`��,W�LQFOXGHV�WKH�FRVWV�RI�GLWFKHV�DQG�FRQGXLWV���IM+IU QRGH�M DFWLYDWLRQ�FRVW�DV�UHJLRQDO�KXE�
7KH�HTXLSPHQW�FRVW� IRU� WKH� OLQN�H��FH�[H���ZLOO�GHSHQG�RQ� WKH�FLUFXODWLQJ�IORZ�DQG� WKH�WRWDO�GLVWDQFH�FRYHUHG�E\�WKH�OLQN��%XW�WKH�HOHPHQWV�VHW�DOORZLQJ�WKHVH�FRQGLWLRQV�DQG�LPSO\LQJ�PLQLPXP�FRVW�ZLOO�EH�GHWHUPLQDEOH��7KHUH�ZLOO�EH�DQ�RSWLPDO�FRPELQDWLRQ�RI�ILEHUV��ELQDU\�UHJLPH� WUDQVPLWWHUV�UHFHLYHUV��UHJHQHUDWRUV��HWF���*yPH]�HW�DO����������DV�FDQ�EH�YLHZHG�LQ�ILJXUH���
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)LJXUH��� &RPSRQHQWV�RI�DQ�RSWLFDO�ILEHU�FDEOH�
2QFH� WKH� OLQN�KDV�EHHQ� VWDWHG� WKH� FRVW� IXQFWLRQ� FH�[H�� WDNHV�D�TXDVL�FRQFDYH�VKDSH �DV�GHILQLWLRQ� LQ�0DQJDVDULDQ��������GHSHQGLQJ�RQ�WKH�IORZ�YROXPH�DQG�WKH�OHQJWK�RI�WKH�OLQN��VHH�ILJXUH���

)LJXUH��� &RVW�IXQFWLRQ�RI�WKH�OLQN�YHUVXV IORZ�OHYHO�DQG�OLQN�OHQJWK�
+RZHYHU� WKH�KXE� ORFDWLRQ�ZLOO� GHWHUPLQH� WKH�GHILQLWL YH� FDQGLGDWH� OLQNV� LQ� WKH�QHWZRUN��6R� WKH�KXE�VWUXFWXUH�ZLOO�GUDVWLFDOO\�DIIHFW�WKH�QHWZRUN�WRSRORJ\�� +XE�VWUXFWXUH PHDQV�D�IHDVLEOH�DUUDQJHPHQW�RI�KXEV� LQ� WKH� JHRJUDSKLFDO� DUHD�� L�H��� WKH� ORFDWLRQ� RI� RQH� KXE� SHU� UHJLRQ�� 6R�� HDFK� IHDVLEOH� KXE�FRPELQDWLRQ� �KXE� VWUXFWXUH�� ZLOO� KDYH� UHSHUFXVVLRQV� RQ� WKH� DUUDQJHPHQW� RI� SRWHQWLDO� OLQNV� ZLWK� D�GHWHUPLQHG�FRVWV� VWUXFWXUH�� VLQFH� WKHUH�ZLOO�DSSHDU�GLIIHUHQW�SDWK�VHWV� MRLQLQJ�HDFK�SDLU�RI�QRGHV�� ,Q�ILJXUH���DUH�VKRZQ�WKUHH�GLIIHUHQW�KXE�VWUXFWXUH�IRU�D�VDPH�JUDSK�$�� )LUVW�RSWLRQ��%��ORFDWHV�WKH�KXEV�RYHU�WKH�QRGHV������DQG����VHFRQG�RSWLRQ�ORFDWHV�WKH�KXEV�LQ�QRGHV������DQG����DQG�WKLUG�RSWLRQ�VLWHV�WKH�KXEV� LQ� QRGHV� ��� �� DQG� ��� 7KHUH�ZLOO� EH�PRUH� DGGLWLRQDO� RSWLRQV� XQWLO� D� WRWDO� RI� ��� GLIIHUHQW� KXE�VWUXFWXUHV�� DOO� RI WKHP�ZLOO� LPSO\� DOWHUQDWLYH� DUUDQJHPHQW� RI� SRWHQWLDO� WUDQVPLVVLRQ� OLQNV�� )LJXUH� ��GHSLFWV�WKH�SRWHQWLDO�WUDQVPLVVLRQ�OLQNV�IRU�KXE�VWUXFWXUHV�%��&�DQG�'�

)ORZ�WKURXJK�WKH�OLQN /LQN�OHQJWK

/LQN�FRVW
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)LJXUH��� 7UDQVPLVVLRQ�OLQNV�DVVRFLDWHG�WR�LWV�FRUUHVSRQGHQW�KXE�VWUXFWXUH
,Q� JHQHUDO�� IRU� 5 UHJLRQV�� WKHUH� ZLOO� H[LVW� + ^+�� +�� � �+/`�� IHDVLEOH� KXEV� VWUXFWXUHV � ZLWK���    5

�U �U�0/ ��ZKHUH�µ0�U�µ LQGLFDWHV�WKH�WRWDO�QXPEHU�RI�XUEDQ�QRGHV�LQ�UHJLRQ� U�5�
$V� LW� KDV�EHHQ� VWDWHG� HDFK� IHDVLEOH�KXE�FRPELQDWLRQ� �KXE� VWUXFWXUH��ZLOO� KDYH� UHSHUFXVVL RQV�RQ� WKH�DUUDQJHPHQW�RI�SRWHQWLDO�OLQNV�ZLWK�D�GHWHUPLQHG�FRVW�VWUXFWXUH��VLQFH�WKHUH�ZLOO�DSSHDU�GLIIHUHQW�SDWK�VHWV�MRLQLQJ�HDFK�SDLU�RI�QRGHV��6R��QHZ�YDULDEOHV�DQG�GDWD�DSSHDU�DQG�DUH�QRWHG�DV�IROORZV�
� L+( VHW�RI�IHDVLEOH�OLQNV�ZKHQ�WKH�VWUXFWXUH�+L LV�XVHG���GHNK ELQDU\�SDUDPHWHU��HTXDO�WR�RQH�LI�WKH�WUDQVPLVVLRQ�OLQN� H LV�LQFRUSRUDWHG�LQ�WKH�SDWK� K XVHG�IRU�WKH�FRPPXQLFDWLRQ�N��DQG�RWKHUZLVH�]HUR���KL ELQDU\�YDULDEOH�WDNLQJ�YDOXH�HTXDO�WR�RQH�LI�+L LV�XVHG�DV�WKH�KXE�VWUXFWXU H�� L+H[ FRQWLQXRXV� YDULDEOH� LQGLFDWLQJ� WKH� IORZ� OHYHO� LQ� HDFK� OLQN� H ZKHQ�+L LV� XVHG� DV� WKH�KXE�VWUXFWXUH�� ��[F L+L+ HH FRVW�RI�WKH�OLQN�H ZKHQ�VWUXFWXUH�+L LV�XVHG�DQG�WKH�IORZ�RYHU�WKH�OLQN�LV [H�
����0RGHO
7KH� PRGHO� LQFOXGHV� WKH� GHPDQG� EDODQFH� FRQVWUDLQWV� ���� SOXV� WKRVH� UHODWHG� WR� WKH� WRSRORJLFDO �WHFKQRORJLFDO�FRQGLWLRQV�RI�WKH�SUREOHP���������������DQG������6R�FRQVWUDLQW�����LPSRVHV�WKDW�KXQGUHG�SHU�FHQW�RI� WKH�WRWDO�YROXPH�RI�GHPDQG�DFURVV�DOO� WKH�IHDVLEOH�SDWKV�LQ�WKH QHWZRUN�KDV�WR�UHDFK�WKH�GHVWLQDWLRQ� IURP� WKH� RULJLQ� RI� FRPPXQLFDWLRQ��&RQVWUDLQW� ���� GHWHUPLQHV� WKDW� RQO\� RQH� KXE� FDQ� EH�DFWLYDWHG� SHU� UHJLRQ�� &RQVWUDLQW� ���� VWDWHV� WKH� DUFV� VKDSLQJ� WKH� FRQGXLW� PHVK� DV� D� IXQFWLRQ� RI� WKH�FRPPXQLFDWLRQ�SDWKV��&RQVWUDLQW��� ��GHWHUPLQHV�WKH�IORZ�LQ�HDFK�WUDQVPLVVLRQ�OLQN�DV�WKH�VXP�RI�WKH�WRWDO�WUDQVSRUWHG�IORZ�RYHU�DOO�WKH�SDWKV�EHLQJ�XVHG�E\�HYHU\�RULJLQ �GHVWLQDWLRQ�SDLUV�RI�FRPPXQLFDWLRQ�WKDW�LQFOXGH�OLQN�H��&RQVWUDLQW�����LPSRVHV�WKH�FRQWHPSODWHG�KXE�VWUXFWXUH�DV�WKH�SURG XFW�RI�WKH�ELQDU\�YDULDEOHV�DVVRFLDWHG�WR�WKH�FRUUHVSRQGHQW�VWUXFWXUH��$OWKRXJK�FRQVWUDLQW�����KDV�EHHQ�ZULWWHQ�LQ�LWV�QRQ �OLQHDU� IRUP�FRXOG�EH� UHZULWWHQ�E\�PHDQV�RI�DGGLWLRQDO�ELQDU\�YDULDEOH�DQG�D� ODUJH�QXPEHU�RI� OLQHDU�FRQVWUDLQWV��$OO�WKHVH�FRQVWUDLQWV FDQ�EH�IRXQG�GLVFXVVHG�H[WHQVLYHO\�LQ�&RUWHV�������
)LQDOO\��WKH�FRQVWUDLQWV�DUH�FRPSOHWHG�E\�PHDQV�RI�WKH�LQWURGXFWLRQ�RI�VXUYLYDELOLW\�UHOLDELOLW\�OHYHOV����������DQG�WKH�QHWZRUN�WROHUDWHG�GHOD\�OHYHO������7KH�GLYHUVLILFDWLRQ�SURFHGXUH�GHVFULEHG�LQ�$OH YUDV�HW�DO��������KDV�EHHQ�DGRSWHG�DV�VXUYLYDELOLW\�WHFKQLTXH��&RQVWUDLQW�����IRUFHV�XV�WR�XVH�DV�PDQ\�SDWKV�DV�SDUDPHWHU ª��UNº GHWHUPLQHV�� DYRLGLQJ� RYHUFKDUJHG� OLQNV� ZKLFK� ZRXOG� HQGDQJHU� WKH� QHWZRUN�



�

VXUYLYDELOLW\��&RQVWUDLQW�����DYRLGV�QRGHV�PDQDJLQJ�PRU H�IORZ�OHYHO� WKDQ� WKH�VDPH�SUHYLRXV�ERXQG��&RQVWUDLQW�����LV�XVHG�WR�IRUELG�SDWKV�LQFRUSRUDWLQJ�DQ�XSSHU�QXPEHU�RI�KXEV�WKDQ�FHUWDLQ�PD[LPXP�ERXQG�EHFDXVH�RI�WKH�VZLWFKLQJ�SURFHVV�LV�WKH�GHOD\�GRPLQDQW�WHUP�LQ�ILEHU�RSWLFDO�QHWZRUNV��6R�SDWKV�LPSO\LQJ�JUHDWHU�GHOD\V� WKDQ� WKRVH�GHWHUPLQHG�E\� WKH�PD[LPXP� OHYHO�ZLOO�QRW�EH�DOORZHG��:H�QRWH�WKHVH�SDWKV�DV�� �+L��N���

*3 LV�D�PL[HG�LQWHJHU�OLQHDU�SURJUDPPLQJ�SUREOHP�LPSO\LQJ�DQ�HQRUPRXV�VL]H��HYHQ�IRU�PRGHUDWHO\�VL]H�QHWZRUNV��)RU� LQVWDQFH��D�JHRJUDSKLFDO�DU HD�GLYLGHG� LQWR���UHJLRQV��ZLWK����PXQLFLSDOLWLHV��WKLV�ZLOO�EH�HTXLYDOHQW�WR����LQWHU �UHJLRQDO�RULJLQ�GHVWLQDWLRQ�SDLUV�DQG����LQWUD �UHJLRQDO�RULJLQ�GHVWLQDWLRQ�SDLUV���DQG�D�JUDSK�ZLWK�����DUFV�LPSO\LQJ�����WUDQVPLVVLRQ�OLQNV�DV�DYHUDJH�IRU�HDFK�KXE�VWUX FWXUH�DQG�WKUHH�DOWHUQDWLYH�SDWKV�IRU�HDFK�RULJLQ �GHVWLQDWLRQ�SDLU�ZLOO�UHTXLUH�������ELQDU\�YDULDEOHV����������FRQWLQXRXV�YDULDEOHV�DQG���������FRQVWUDLQWV�H[FOXGLQJ�WKH�QRQQHJDWLYLW\�FRQGLWLRQV�
���*HQHWLF�DSSURDFK
2XU� SURSRVDO� LV� WR� XVH� D� JHQHWLF� DOJ RULWKP� �*$�� WR� VROYH� WKH� PRGHO�� :H� VWDWH� WKH� SRSXODWLRQ�LQGLYLGXDOV�DV� WKH�IHDVLEOH�KXE�VWUXFWXUHV��6R� WKH�JHQHWLF�HQFRGLQJ�FDQ�EH�VWDWHG�LQ�DFFRUGDQFH�ZLWK�ILJXUH����ZKHUH�LW�LV�GHWHUPLQHG�WKH�XUEDQ�QRGH�RI�HDFK�UHJLRQ�EHLQJ�DFWLYDWHG�DV�UHJLRQDO�KXE�

MM�0�U� \M+IU 
 � � ~U�5 ���
MK���N� SNK 
 � � ~N�. ���
MN�. MK���N� SNKÂNKLM � _._ Â\LM � ~^L�M`�$ ���
[H+L 
 MN�.� MK���N� �N ÂSNK Â NKH � ~H+L�(+L � ~+LI+ ���
�L 
 $U�5 $M�0�U�MG+L

\M+IU � ~+LI+ ���
MK���N�� M�K SNK � 'N � ~N�.� � ~ MI+L � ~+LI+ ���

SNK � 'N � ~K���N� � ~ N�.� ���SNK � �L � � � ~K����+L�N�� � ~N�.� ���SNK��� ~N�.� ~K���N�\LM
^���` � ~^L�M`�$\M+IU
^���` � ~M�0�U� � ~U�5

0,1 M^L�M`�$ I LMÂ \LM � MU�5 MM �0�U� IM+IU Â\M+IU � M+LI+ MH+L�(+L
FH+L�[H+L� Â�L

V�W��
*3�
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)LJXUH����3RSXODWLRQ�LQGLYLGXDO�FRGHG�DV�WKH�KXE�VWUXFWXUH
7KH� LQGLYLGXDO� ILWQHVV� LV�FDOFXODWHG�E\�HYDOXDWLRQ�RI� WKH�DVVRFLDWHG�PRGHO�RQFH� WKH�KXE�VWUXFWXUH� LV�IL[HG� LQ�*3�� 7KH�SUREOHP� FDQ� WKHQ� EH� UHGXFHG� WR� D�PXOWLFRPPRGLW\� IORZ�SUREOHP�ZLWK� UHOLDELOLW\�FRQGLWLRQV��HTXLYDOHQW�WR�FDSDFLW\�FRQVWUDLQWV��DQG�ZLWK�D�FRQFDYH�REMHFWLYH�IXQFWLRQ��7KH�PRGHO�VWLOO�LV�13�+DUG�
:H�VXJJHVW�D� ILWQHVV�DSSUR[LPDWLRQ�EDVHG�RQ�D� WZR �VWDJH�DSSURDFK��)LUVW�� WKH� LQLWLDO�EDVLF� WRSRORJ\�FRUUHVSRQGLQJ� WR� WKH� LQIUDVWUXFWXUH� LV� LP SRVHG� E\� PHDQV� RI� ��WUHHV� WHFKQLTXHV� ZLWK� VXUYLYDELOLW\�FRQGLWLRQV��FRPELQLQJ�6WHLQHU�WUHHV��0RQPD�HW�DO���������0RQPD� HW�DO ������:DOG�HW�DO����������7KH�VROXWLRQ�IURP�WKLV� ILUVW�VWDJH�LV� WKH�VHW�RI�DUFV��FRQGXLWV��DQG� WKH�IHDVLEOH�VHW�RI�SDWKV�DQG�WHOHPD WLF�OLQNV�IRU�WKH�KXE�VWUXFWXUH��2QFH�WKH�EDVLF�LQIUDVWUXFWXUH�KDV�EHHQ�IL[HG��WKH�VHFRQG�VWDJH�LV�WR�URXWH�WKH�WUDIILF�DQG�DVVLJQ�HQRXJK�FDSDFLW\�WR�WKH�OLQNV��6R�LW�FRUUHVSRQGV�ZLWK�WKH�QH[W� 5&3 SUREOHP�

0,1 MH�( FH�[H�V�D�� MK���N� SNK 
 � � ~N�.� ���
[H 
 MN�.� MK���N� �N ÂSNKÂNKH � ~H�( ���
SNK�'N � ~K���N� � ~N�.� ���SNK��� ~K���N� � ~N�.�[H��� ~H�(

5&3�

$� FRQFDYH� PLQLPL]DWLRQ� SUREOHP�� DV� 5&3�� LV� 13�+DUG�� HYHQ� LQ� VXFK� VSHFLDO� FDVHV� DV� WKDW� RI�PLQLPL]LQJ�D�TXDGUDWLF�FRQFDYH�IXQFWLRQ�RYHU�YHU\�VLPSOH�SRO\WRSHV�VXFK�DV�K\SHUFXEHV��3DUGDORV�HW�DO����������+RZHYHU�LW�FDQ�EH�HDVLO\�SURYHG�WKDW�WKH�JOREDO�PLQLPXP�RI�D�FRQFDYH�IXQFWLRQ�LV�DOZ D\V�DWWDLQHG� DW� VRPH� YHUWH[� RI� WKH� SRO\WRSH� �+RUVW� HW� DO��� ������� 0RUH� DFFXUDWHO\�� WKH� .XKQ �7XFNHU�RSWLPDOLW\� FRQGLWLRQV� VWDWH� WKH� VHW� RI� FRQGLWLRQV� DQG� HTXDWLRQV� WKDW� WKH� RSWLPXP� VDWLVILHV� LQ� HYHU\�RSWLPL]DWLRQ�SUREOHP��7KH�.XKQ �7XFNHU�FRQGLWLRQV�FRQFHUQLQJ�SUREOHP�5&3�DUH�VKRZQ�QH[W�



��

SNK� N < XNK
� \ YNK
�0&�S�0SNK 	�N 
 �
MH�( F
H�[H� Â �N ÂKH 
 �N < MH�( F
H�[H� ÂKH 
 �
N 
 �N�N

SNK
 � < XNK�� \ YNK
�0&�S�0SNK 	�N 
 XNK��
MH�( F
H�[H� Â �N ÂKH � �N < MH�( F
H�[H� ÂKH � �
N 
 �N�N

0,1 MH�( FH�[H� 
 0,1 &�[� 
 0,1 &�S�
V�W�� MK���N� SNK 
 � � ~N�.�

SNK�N � ~K���N�� ~N�.�SNK��� ~K���N�� ~N�.�

0&�S�0SNK 	�N 
 XNK	 YNKSNK ÂXNK 
 ��SNK	N� ÂYNK 
 �

&DVH�,

&DVH�,,�E

&DVH�,,�D

2SWLPDOLW\��.XKQ�7XFNHU�&RQGLWLRQV5&3��

SNK
N < XNK
� \ YNK��0&�S�0SNK 	�N 
 	YNK��
MH�( F
H�[H� Â �N ÂKH � �N < MH�( F
H�[H� ÂKH � �
N 
 �N�N

�N IUHHXNK � ��YNK � �

6R�� DWWHQGLQJ� WR� WKH�+RUVW� HW� DO��� �����RSWLPDOLW\�QHFHVVDU\� FRQGLWLRQ�� DV�ZHOO� DV�� WKH�.XKQ �7XFNHU�FRQGLWLRQV� WZR�GLIIHUHQW�VLWXDWLRQV�FDQ�EH�GHVFULEHG��FDVH�,�DQG�FDVH�,,��� ,Q�WKH�ILUVW�RQH�� WKH�RULJLQ�GHVWLQDWLRQ� SDLU� N GRHV� QRW� XVH� WKH� SDWK� K �SNK ���� WKLV� LV� FDVH� ,�� ,Q� WKH� VHFRQG� RQH�� WKH� RULJLQ �GHVWLQDWLRQ� SDLU� N XVHV� WKH� SDWK� K �SNK!��� +HUH� WZR� RSWLRQV� DUH� SUHVHQWHG�� WKH� WUDQVPLVVLRQ� OLQN�WUDQVSRUWV� WKH�WRWDO�DOORZHG�IORZ�DFFRUGLQJ�ZLWK� WKH�VXUYLYDELOLW\�FRQVWUDLQW��SNK /N��VKRZHG�LQ�FDVH�,,�D��RU�WKH�WUDQVPLVVLRQ�OLQN�GRHV�QRW�VDWXUDWH�WKH�VXUYLYDELOLW\�FRQVWUDLQW�� SNK�/N���LW�LV�VKRZHG�LQ�FDVH�,,�E�
)RU� FDVH� ,� WKH� FRVW� YDULDWLRQ� VXP� DVVRFLDWHG� WR� WKH� OLQNV� VKDSLQJ� SDWK� K LV� ORZHU� ERXQGHG� E\� DQ�LQGLFDWRU� SDUDPHWHU�� P�N� HTXDO� WR� WKH� .XKQ�7XFNHU� PXOWLSOLHU� DVVRFLDWHG� WR� WKH� GHPDQG� EDODQFH�HTXDWLRQ�GLYLGHG�LQWR�WKH�WRWDO�GHPDQG�YROXPH�UHODWLYH�WR�RULJLQ �GHVWLQDWLRQ�SDLU�N�
)RU� FDVH� ,,�D� WKH� FRVW� YDULDWLRQ� VXP�DVVRFLDWHG� WR� WKH� OLQNV�VKDSL QJ�SDWK� K LV�XSSHU�ERXQGHG�E\� WKH�VDPH�LQGLFDWRU�SDUDPHWHU��)LQDOO\��IRU�FDVH�,,�E�WKH�FRVW�YDULDWLRQ�VXP�DVVRFLDWHG�WR�WKH�OLQNV�VKDSLQJ�SDWK�K LV�H[DFWO\�HTXDO�WR�WKH�LQGLFDWRU�SDUDPHWHU�
6R�� WKH� RSWLPDOLW\� FRQGLWLRQV� UHIOHFW� WKH� H[LVWHQFH� RI� WKUHH� NLQG V� RI� SDWKV� IRU� WKH� FRPPXQLFDWLRQ��&KHDS�SDWKV�WKDW�PXVW�EH�IORZ�VDWXUDWHG��H[SHQVLYH�SDWKV�WKDW�PXVW�EH�IORZ�HPSW\�DQG�RQH�LQGLFDWRU�SDWK� WKDW� WUDQVSRUWV� WKH� UHVW� RI� WKH� IORZ� WR� VDWLVI\� WKH� GHPDQG� HTXDWLRQ� ���� LQ� 5&3 SUREOHP��7KLV�LQGLFDWRU�SDWK�DFWV�DV�WKH�IURQWLHU�EHWZHHQ�WKH�FKHDS�DQG�H[SHQVLYH�SDWKV�
7KHQ�WKH�RSWLPDOLW\�FRQGLWLRQV�FDQ�EH�UHVXPHG�LQ�WKH�IROORZLQJ�FRQGLWLRQ�F
KV�SNK� � F
KL�SNK� � F
KY�SNK� IRU HDFKK
 KV �VDWXUDWHG SDWK� � KL �LQGLFDWRU SDWK� � KY �YRLG SDWK� � ��N�
7KH�.XKQ�7XFNHU�PXOWLSOLHUV�LQFRUSRUDWH�WKH�IROORZLQJ�FRQFHSWV�
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��PN � LK
F .XKQ�7XFNHU�PXOWLSOLHU� DVVRFLDWHG� WR� WKH� GHPDQG� EDODQFH� HTXDWLRQ� UHIHUV� WR� WKH�FRVW�YDULDWLRQ�VXP�DORQJ�WKH�LQGLFDWRU�SDWK�
��YNK � VL KK 
F
F � .XKQ�7XFNHU� PXOWLSOLHU� DVVRFLDWHG� WR� WKH� VXUYLYDELOLW\� HTXDWLRQ� UHIHUV� WR� WKH�GLIIHUHQFH� EHWZHHQ� WKH� FRVW� YDULDWL RQ� VXP� DORQJ� WKH� LQGLFDWRU� SDWK� DQG� WKH� FRVW�YDULDWLRQ� VXP� DORQJ� WKH� VDWXUDWHG� SDWK�� ,W� PXVW� EH� SRVLWLYH� LQ� WKH� RSWLPXP�RWKHUZLVH�WKH�LQGLFDWRU�SDWK�VKRXOG�EH�IORZ�VDWXUDWHG�DQG�WKH�VDWXUDWHG�SDWK�VKRXOG�QRW�EH�VDWXUDWHG�
��XNK � LY KK 
F
F � .XKQ�7XFNHU� PXOWLSOLHU� DVVRFLDWHG� WR� WKH� QRQ �QHJDWLYH� SDWK� YDULDEOH� HTXDWLRQ�UHIHUV� WR� WKH�GLIIHUHQFH�EHWZHHQ� WKH�FRVW�YDULDWLRQ�VXP�DORQJ�WKH�HPSW\�SDWK�DQG�WKH�FRVW�YDULDWLRQ�VXP�DORQJ�WKH�LQGLFDWRU�SDWK��,W�PXVW�EH�SRVLWLYH�LQ�WKH�RSWLPXP�RWKHUZLVH� WKH� HPSW\� SDWK� VKRXOG� WUDQVSRUW� SRVLWLYH� IORZ� DQG� WKH� LQGLFDWRU� SDWK�VKRXOG�EH�HPSW\��
�����5RXWLQJ�GHPDQG�DQG�FDSDFLW\�DVVLJQPHQW�SURFHGXUH
7R� URXWH� WKH� GHPDQG� DQG� DVVLJQ� HQRXJK� FDSDFLW\� ZH�PDNH� XVH� RI� WKH�.XKQ �7XFNHU� FRQGLWLRQV� WR�FRQVWUXFW�WKH�IROORZLQJ�DOJRULWKP�
,QLWLDOL]DWLRQVWHS��� *UDGH�N�� FRQQHFWLYLW\� LQ� WUDQVPLVVLRQ� OLQNV� LV� LPSRVHG� E\� PHDQV� RI� JUDGH�N� PLQLPXP�VSDQQLQJ�WUHHV��067JUDGH�N��

)RU�WKH�VLPSOHU�FDVH�RI�RQO\�RQH�RULJLQ �GHVWLQDWLRQ�SDLU�LQ�DEVHQFH�RI�VXUYLYDELOLW\�FRQVWUDLQWV��WKH� FRQQHFWLYLW\� ZRXOG� FRUUHVSRQG� ZLWK� WKH� VKRUWHVW� SDWK� SUREOHP�� )RU� VHYHUDO� RULJLQ �GHVWLQDWLRQ�SDLUV� LQ�DEVHQFH�RI�VXUYLYDELOLW\�FRQVWUDLQWV�� WKH�VROXWLRQ�ZRXOG�FRUUHVSRQG�ZLWK�WKH�PLQLPXP� VSDQQLQJ� WUHH� SUREOHP��$V� WKH� VXUYLYDELOLW\� FRQVWUDLQWV� H[LVW� ZH�ZLOO� LPSRVH�VXFFHVVLYH� VXUYLYDELOLW\� JUDGH�N� 067�� )LUVW�067�ZLOO� EH� RYHU� DOO� WKH� QRGHV� LQ� WKH� JUDSK��VHFRQG�067�ZLOO�EH�RYHU�DOO�WKH�QRGHV�ZLWK�VXUYLYDELOLW\�RI�JUDGH����DQG�LQ�WKH�VDPH�IRUP�IRU�WKH�UHVW�RI�QRGHV�ZLWK�XSSHU�VXUYLYDELOLW\�JUDGHV�XQWLO�WKH�SDLU�RI�QRGHV�ZLW K�PD[LPXP�JUDGH�RI�VXUYLYDELOLW\�
VWHS��� ,W� LV�VHW�D�ILUVW� WUDIILF�SDWWHUQ�RQ�WKH�QHWZRUN�ORRNLQJ�IRU�WKH�SDWK�WKDW�LQFRUSRUDWHV�DQ�XSSHU�QXPEHU�RI�VZLWFKLQJ�SURFHVV�LQ�KXEV��:LWK�WKLV�SURFHGXUH�LW�LV�LQFRUSRUDWHG�WKH�KLHUDUFKLFDOO\�PRVW� LPSRUWDQW� SDUW� RI� WKH� UHPDLQLQJ� LQYHVWPHQW�� WKH� WUDQVPLWWHU�� UHFHLYHU� DQG�PXOWLSOH[HU�FRVWV��7KLV�SDWK�ZLOO�EH�WKH�LQGLFDWRU�SDWK�DQG�ZLOO�FDUU\�WKH�UHPDLQLQJ�GHPDQG�XQWLO�VDWLVI\LQJ�WKH�EDODQFH�HTXDWLRQ�����LQ�5&3��WKH�RWKHU�SDWKV�ZLOO�EH�VDWXUDWHG�SDWKV�
VWHS��� &KHFN�WKH�RSWLPDOLW\�FRQGLWLRQV��,Q�FDVH�RI�QRW�VDWLVIDFWLRQ�JR�WR�LWHUDWLRQV�
,WHUDWLRQVVWHS��� ��N� LV�WKH�VHW�RI�RULJLQ�GHVWLQDWLRQ�SDLUV�QRW�VDWLVI\LQJ�WKH�RSWLPDOLW\�FRQGLWLRQV�
VWHS��� 6HOHFW�D�SDLU�N� VXFK�DV�

N � 
 PD[N���N� PD[KV � �F
KV�S �NK� 	 F
KL�S �NK�VWHS��� )RU�VHOHFWHG�SDLU�� N� WKH�GHPDQG�LV�UHDVVLJQHG�WR�WKH�SDWKV�E\�RUGHU�RI�WKH�FRVW�YDULDWLRQ�VXP��S�
F KNK  �
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7KH�LQLWLDOL]DWLRQ�VWDJH�VWDWHV�WKH�WUDQVPLVVLRQ�OLQNV�DQG�D�ILUVW�IORZ�SDWWHUQ�ZLWK�WKH�SXUSRVH�RI�WDNLQJ�D�ILUVW�GLPHQVLRQLQJ�RI�WKH�WUDQVPLVVLRQ�OLQN�FDSDFLW\��$IWHU�WKDW�ZH�FKHFN�WKH�RSWLPDOLW\�FRQGLWLRQV�DQG�WKURXJK�GLYHUVH�LWHUDWLRQ�VWDJHV�ZH�LPSURYH WKH�GLPHQVLRQLQJ�RI�WKH�WUDQVPLVVLRQ�OLQN�FDSDFLW\��,W�LV�JXDUDQWHHG�WKDW�HDFK�LWHUDWLRQ�UHGXFHV�WKH�IORZ�SDWWHUQ�QRQ �RSWLPDOLW\�
:LWK� WKHVH�FULWHULD� WR� VHOHFW� WKH� LQGLYLGXDO� ILWQHVV�� WKH�JHQHWLF�DOJRULWKP�LV�GHVFULEHG�XVLQJ�XQLIRUP�FURVVRYHU� RSHUDWRUV�� UDQGRP� SDUHQWV� VHOHFWLRQ� DQG� UDQNLQJ� EDVHG� UHSODFHPHQW�� 7KH� PDLQ�FKDUDFWHULVWLFV�RI�WKH�JHQHWLF�SURFHGXUH�DUH�GHVFULEHG�EHOORZ�
�� 8QLIRUP� FURVVRYHU� RSHUDWRUV�� ,I� ERWK� SDUHQW� KXE� VWUXFWXUHV� KDYH� ORFDWHG� WKH� KXE� LQ� WKH� VDPH�PXQLFLSDOLW\�WKLV�LV�PDLQWDLQHG�IRU WKH�RIIVSULQJ��2WKHUZLVH�LW�LV�ORFDWHG�LQ�WKH�SRVLWLRQ�RI�HDFK�RI�WKH�SDUHQWV�ZLWK�WKH�VDPH�ò�SUREDELOLW\��)LJXUH���GHSLFWV�VXFK�WKLV�VLWXDWLRQ�

)LJXUH��� 8QLIRUP�FURVVRYHU�RSHUDWRU
�� 0XWDWLRQ�RSHUDWRU��$�PXWDWLRQ�SURFHVV�ZLOO�LPSO\�WKH�UHORFDWLRQ�RI�R QH�KXE�IURP�D�PXQLFLSDOLW\�WR�RWKHU��LQ�D�VSHFLILF�UHJLRQ��� 5DQGRP�SDUHQWV�VHOHFWLRQ��$OO�WKH�LQGLYLGXDOV�IURP�WKH�VL]H� 1 SRSXODWLRQ�DUH�UDQGRPO\�VHOHFWHG��7KLV�ZLOO�HQULFK�WKH�SRSXODWLRQ�JHQHWLF�YDULHW\��� 5DQNLQJ� EDVHG� UHSODFHPHQW��:H� SURSRVH� WKH� XVH� RI� D� K\SHUJHRPHWULF� IXQFWLRQ� DOORZLQJ�PRUH�SUREDELOLW\�RI�UHSODFHPHQW�IRU�LQGLYLGXDOV�ZLWK�ZRUVH�ILWQHVV�DQG�OHVV�SUREDELOLW\�RI�UHSODFHPHQW�IRU� LQGLYLGXDOV� ZLWK� EHWWHU� ILWQHVV�� 6R�� WKH� LQGLYLGXDO� LQ� UDQNLQJ� SRVLWLRQ �L� KDYH� D� UHSODFHPHQW�SUREDELOLW\�HTXDO�WR�T���T�L��EHLQJ�T WKH�UHSODFHPHQW�SUREDELOLW\�RI�WKH�ZRUVW�LQGLYLGXDO��� %DVHG� RQ� SRSXODWLRQ� HQWURS\� VWRS� FULWHULRQ��:H� IROORZ� WKH�*UHIHQVWHWWH�� ����� VXJJHVWLRQ� DV� D�JRRG� SURFHGXUH� WR� FRQWURO� WKH� FRQYHUJHQFH� LQ� JHQHWLF� DOJRULWKPV��6R��ZH� FDOFXODWH� WKH� HQWURS\�OHYHO�UHODWHG�WR�HDFK�VSHFLILF�UHJLRQ� �6U��DV�IXQFWLRQ�RI�WKH�DFWLYDWLRQ�IUHTXHQF\�� IUL���RI�HDFK�XUEDQ�QRGH��L�0�U���DV�UHJLRQDO�KXE��$IWHU�WKDW�WKH�SRSXODWLRQ�HQWURS\�� 6SRSXODWLRQ���FDQ�EH�FDOFXODWHG�DV�WKH�VXP�RI� WKH� UHJLRQ� HQWURSLHV�ZHLJKWHG�ZLWK� UHVSHF W� WR� WKH�QXPEHU� RI�PXQLFLSDOLWLHV� LQVLGH� HDFK�UHJLRQ�

6U 
 	 ML�0�U� IULÂ OQ IUL
6SRSXODWLRQ 
 MU�5 _0�U�_7 Â6U 
 	MU�5 ML�0�U� _0�U�_7 Â IULÂ OQ IUL

7KH�JHQHWLF�DOJRULWKP�SVHXGRFRGH�DQG�WKH�LPSOHPHQWDWLRQ SDUDPHWHUV�FDQ�EH�IRXQG LQ�WKH�DSSHQGL[�
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���5HVXOWV
$OO� WKH� WHVWV� KDYH� EHHQ� UXQ� RQ� D� ���� 0+]� 3&� 3HQWLXP�00;� ZRUNVWDWLRQ�� 7HVW� SUREOHPV� ZHUH�UDQGRPO\�JHQHUDWHG�DQG�SDUDPHWHUV��QXPEHU�RI�QRGHV��DUFV��UHJLRQV�DQG�RULJLQ �GHVWLQDWLRQ�SDLUV��ZHUH�DUELWUDULO\�VHOHFWHG�IURP�WKH�FRUUHVSRQGLQJ�UDQJHV��:H�VROYHG�D�WRWDO�RI�����WHVW�SUREOHPV��ZKLFK�ZHUH�JURXSHG�LQWR�GLIIHUHQW�UDQJHV�DFFRUGLQJ�WR�WKH�QXPEHU�RI�QRGHV�� WKH�WHUPLQDO�GHQVLW\�DQG�WKH�UHJLRQ�GHQVLW\�
2XU�*$�ZDV�SXW�LQ�FRPSHWLWLRQ�ZLWK�WKH�ZHOO�NQRZQ�WZR�VWHS�UXOH�EDVHG�KHXULVWLF��XVLQJ�WKH�VKRUWHVW�SDWK�DOJRULWKP�DV�WKH�URXWLQJ�DQG�DVVLJQPHQW�FDSDFLW\�SURFHGXUH�VXJJHVWHG�IRU�WKH�KHXULVWLF�LQ�6H[WRQ�HW�DO���������VHH�DSSHQGL[ , IRU�SVHXGRFRGH���:H�KDYH�FRQVLGHUHG�JUDGH ���RI�VXUYLYDELOLW\�IRU�WKH�LQWHU �UHJLRQDO�QHWZRUN�DQG�JUDGH���RI�VXUYLYDELOLW\�IRU�WKH�LQWUD �UHJLRQDO�QHWZRUN�IRU�DOO�WKH�FDVHV��7DEOH���VXPPDUL]HV�WKH�UHVXOWV�

7DEOH����6XPPDU\�RI�FRPSXWDWLRQDO�UHVXOWV3UREOHP�UDQJHD *$ +HXULVWLF1RGHV 7HUPLQDOGHQVLW\E 5HJLRQ�GHQVLW\F &RVWG 7LPHH &RVWG 7LPHH &RVW�UHGXFWLRQ>��������@ ���� ��� ���� ��� ���>��������@ ��������@ ���� ��� ���� ��� ���>��������@ ���� ���� ���� ���� ���d �� ���������@ ��������@ ���� ���� ���� ���� ���>��������@ ���� ���� ���� ���� ���>��������@ ��������@ ���� ���� ���� ���� ���>��������@ ���� ����� ���� ����� ���>�����@ ���������@ ��������@ ���� ����� ���� ����� ���>��������@ ���� ����� ���� ��� �����>��������@ ��������@ ���� �� ���� �� �����>��������@ ���� ����� ���� ����� �����>������@ ���������@ ��������@ ���� ��� ����� ����� �����D� 3UREOHP� UDQJH� LV� JLYHQ� E\� WKH� QXPEHU� RI� QRGHV�� WKH� WHUPLQDO� GHQVLW\� DQG� WKH� UHJLRQ� GHQVLW\� ZKLFK� DUH�SDUDPHWHUV�EDVHG�RQ�WKH�QXPEHU�RI�QRGHV��1���DUFV��$���WHUPLQDOV��7��DQG�UHJLRQV��5��E�7HUPLQDO�GHQVLW\��7'��LV�FDOFXODWHG�DV�7' 7�1F 5HJLRQ�GHQVLW\��5'��LV�FDOFXODWHG�DV�5' 5�7G$YHUDJH�QHWZRUN�GHSOR\PHQW�FRVW�LQ�PLOOLRQ�RI�HXURV�H $YHUDJH�H[HFXWLRQ�WLPH�LQ�VHFRQGV�
7KH� UHVXOWV� VKRZ� D� JRRG� EHKDYLRU� IRU� WKH� *$�� 7KH� FRPSXWDWLRQ WLPH� LV� DOZD\V� LQVLGH� DFFHSWDEOH�YDOXHV��ZLWK�UHVSHFW�WR�WKH�SUREOHP�GHFLVLRQ�KRUL]RQ��QRWH�KRZ�ZH�DUH�GHDOLQJ�ZLWK�D�SODQQLQJ�SUREOHP�LQ�ZKLFK�FLYLO�ZRUNV�KDYH�WR�EH�GRQH��0RUHRYHU��WKH�H[HFXWLRQ�WLPHV�JURZ�ZLWK�WKH�QXPEHU�RI�QRGHV�DQG�ZLWK�WKH�WHUPLQDO�GHQVLW\�
:LWK�UHVSHFW�WR�WKH�QHWZRUN�GHSOR\PHQW�FRVW�ERWK�WHUPLQDO�DQG�UHJLRQ�GHQVLWLHV�VKRZHG�DV�LPSRUWDQW�IDFWRUV��3DUDPHWHUV�DV�QXPEHU�RI�DUFV�GR�QRW�VLJQLILFDQWO\�DIIHFW�FRVW�RU�WLPH�H[HFXWLRQ�
)LQDOO\��WR�FRQFOXGH�ZLWK� WKH�FRPSDULVRQ�EHWZHHQ�RXU�*$� DQG� WKH�WZR�VWHS�UXOH�EDVHG�KHXULVWLF�ZH�KDYH� WR� HPSKDVL]H� KRZ� RXU� DOJRULWKP� EHDWV� WKH� KHXULVWLF� LQ� DOO� WKH� UDQJHV� WHVWHG� DWWHQGLQJ� WR� WKH�QHWZRUN�H[WHQVLRQ�FRVW�DV�ZHOO�DV�WKH�FRPSXWDWLRQDO�WLPH�
:H�KDYH�WHVWHG�RXU�*$�LQ�UDQGRPO\�JHQHUDWHG�SUREOHPV�DV�ZH OO�DV�LQ�UHDO�OLIH�VFHQDULRV��1H[W�ILJXUH���VKRZV� WKH� WRSRORJLFDO� QHWZRUN� �UHODWLYH� WR� WKH� FRQGXLWV� FRQVWUXFWLRQ�� IRU� WKH� FDVH� RI� WKH� 6HYLOOH�SURYLQFH�VLWHG�LQ�$QGDOXVLD��6SDLQ���RQH�RI�WKH�PRVW�VRXWKHUQ�UHJLRQV�RI�(XURSH�
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)LJXUH�����3K\VLFDO�QHWZRUN��6HYLOOH�SURYLQFH�FDVH�
,Q� WKH� ILJXUH� DUH� GLVSOD\HG� IRXU� UHJLRQV� �WKH�PRVW� FRVW �HIIHFWLYH� WHUULWRULDO� GLYLVLRQ�� DQG� WKH� LQWHU �UHJLRQDO�QHWZRUN�FDQ�EH�GLVWLQJXLVKHG�IURP�WKH�LQWUD �UHJLRQDO�QHWZRUN�E\�PHDQV�RI�WKH�WKLFNQHVV�OLQH��7KH� SK\VLFDO� QHWZRUN� VKRZHG� LQ� WKH� ILJXUH� �� FRUUHVSRQGV�ZLWK� WKH� ORJLFDO� QHWZRUN� �UHODWLYH� WR� WKH�WUDQVPLVVLRQ� OLQNV�� VKRZHG� LQ� WKH�QH[W� ILJXUH����ZKHUH� HDFK�RI� WKH� IRXU� UHJLRQV�DUH�DVVRFLDWHG� WR�D�GLIIHUHQW�FRORXU�

)LJXUH����/RJLFDO�QHWZRUN��6HYLOOH�SURYLQFH�FDVH
%RWK�ILJXUHV�UHYHDO�WKH�H[LVWHQFH�RI�D�ULQJ�QHWZRUN�IRU�WKH�LQWHU �UHJLRQDO�QHWZRUN�DQG�WKH�H[SDQVLRQ�LQ�D�ORJLFDO�VWDU�IRU�WKH�WUDQVPLVVLRQ�OLQNV��FRUUHVSRQGLQJ�WR�D�SK\VLFDO�WUHH�IRU�WKH�FRQGXLWV��LQ�WKH�LQWUD �UHJLRQDO�QHWZRUN�
7KLV�QHWZRUN�GHSOR\PHQW�LPSOLHV�WKH�LQYHVWP HQW�UDWLRV�VKRZHG�LQ�WDEOH����7KHVH�UDWLRV�FDQ�EH�XVHG�WR�SUHGLFW�UHTXLUHG�LQYHVWPHQW�OHYHOV�

7DEOH��� ,QYHVWPHQW�UDWLRV7RWDO�LQYHVWPHQW�LQ�WKH�VFHQDULR �������PLOOLRQ�RI�HXURV�$WWDLQHG�VXUYLYDELOLW\�OHYHO ����,QYHVWPHQW�YROXPH�ZLWK�UHVSHFW�WR�WKH�PXQLFLSDOLW\�SRSXODWLRQ �������¼�LQKDELWDQWV�,QYHVWPHQW�YROXPH�ZLWK�UHVSHFW�WR�WKH�WRWDO�IDPLO\�KRXVLQJV ��������¼�WRWDO�IDPLO\�KRXVLQJV�,QYHVWPHQW�YROXPH�ZLWK�UHVSHFW�WR�WKH�SULPDU\�IDPLO\�KRXVLQJV ��������¼�SULPDU\�IDPLO\�KRXVLQJV�

� +XEx 7HUPLQDO,QWUD�UHJLRQDO�OLQN,QWHU�UHJLRQDO�OLQN
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)RU� WKH� WHVW� QHWZRUN� FRQVWUXFWLRQ�� WKH� 6WDWLVWLFDO� ,QVWLWXWH� RI�$QGDOXVLD� VXSSRUWHG� WKH� LQSXW� VRFLDO �HFRQRPLFDO�GDWDEDVHV�DQG�WKH�&DUWRJUDSKLFDO�,QVWLWXWH�RI�$QGDOXVLD�SURYLGHG�WKH�WRSRORJLFDO�GDWD� LQ�$5&?,1)2�IRUPDW��$�PRUH�GHWDLOHG�GLVFXVVLRQ�DERXW�WKHVH�WRSLFV�FDQ�EH�IRX QG�LQ�&RUWHV�HW�DO��������
���&RQFOXVLRQV
,Q�WKLV�SDSHU�ZH�KDYH�GHDOW�ZLWK�WKH�GHVLJQ�RI�D�KLHUDUFKLFDO�ILEHU�WUDQVSRUW�EDFNERQH�QHWZRUN�ZKLFK�LV�W\SLFDOO\�IRXQG�IRU�VXSSRUWLQJ�EURDGEDQG�FRPPXQLFDWLRQV��7KH�GLIIHUHQWLDWLRQ�EHWZHHQ�WKH�JUDSK�DQG�QHWZRUN� FRQFHSWV�� DQG� LQ� KLV� WXUQ�� DPRQJ� OLQNV�� DUFV� DQG� SDWKV� LQFUHDVHV� WKH� FRPSOH[LW\� RI� WKH�PRGHOLQJ�HIIRUW�DQG�LW�KDV�QRW�EHHQ�GHDOW�KLVWRULFDOO\�LQ�WKH�WHOHFRPPXQLFDWLRQV�QHWZRUN�WRSRORJLFDO�GHVLJQ��+HUH��D�ILQHU�IRUPXODWLRQ�RI�WKH�JOREDO�GHVLJQ�KDV�EHHQ�SUHV HQWHG�UHODWLQJ�WKHVH�FRQFHSWV��7KH�IRUPXODWLRQ� HYDOXDWHV� WKH� SK\VLFDO� DQG� UHDO� FRVWV� DVVRFLDWHG� WR� WKH� OLQNV�� 7KH� ILQDO�PRGHO� LQFOXGHV�VXUYLYDELOLW\�DQG�JUDGH�RI�VHUYLFH�FRQVWUDLQWV�WRR��DQG�LW�LV�VKRZHG�DV�D� 13�+DUG SUREOHP�
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