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) 7 3& V� 7 KH D QJ XOD U R ULH QWD WLR Q R I H D F K PLUUR U F D Q EH D GMXVWH G E\ D VPD OO UR WD WLR Q D ER XW H LWKH U R I WZ R D UELWUD U\
EXW R UWKR J R QD O D [ H V LQ WKH SOD QH R I WKH PLUUR U� 7 KH H UUR UV LQ EH D P SR VLWLR QLQJ D W H D F K VXF F H VVLY H PLUUR U D UH
H Y D OXD WH G T XD QWLWD WLY H O\ � D V SUR GXF H G E\ D UELWUD U\ D GMXVWPH QWV R I D Q\ VXEVH W R I WKH PLUUR UV� 7 KH D ELOLW\ WR VWH H U
WKH EH D P UH SUR GXF LEO\ E\ UH PR WH F R QWUR O R I WKH D GMXVWPH QWV R I WZ R R I WKH PLUUR UV LV F R QVLGH UH G� 7 KH VWD ELOL] LQJ
H oH F W R I KD Y LQJ D WLQ\ �� �PP� PLUUR U MXVW EH IR UH WKH EH D P�V� WKUR XJ K WKH ) 7 3& J D V LV D QD O\ VH G� 7 KH H oH F WV R I
WKH PH F KD QLF D O VKLIWLQJ R I WKH 67 $ 5 PD J QH W SR OH SLH F H D UH VKR Z Q WR EH XQLPSR UWD QW�
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7KH PDLQ 73& RI 67$5 KDV D ODVHU FDOLEUDWLRQ V\VWHP>�@ FRPSRVHG RI D ODUJH QXPEHU RI ��PP GLDPHWHU ODVHU EHDPV
DW YDULRXV ORFDWLRQV DQG DQJXODU RULHQWDWLRQV WKURXJKRXW WKH VHQVLWLYH YROXPH RI WKH 73&� (DFK RI WKHVH EHDPV
SURGXFHV D VWUDLJKW WUDFN RI LRQL]DWLRQ LQ WKH 73&� 7KHVH SURYLGH D PHDQV RI PDSSLQJ WKH SRVVLEOH GLVWRUWLRQV LQ WKH
GULIW SURSHUWLHV RI WKH HOHFWURQ FORXGV IURP WKH WUDFNV� 7KH ��PP EHDPV DUH SURGXFHG IURP D VLQJOH� EURDG SULPDU\
EHDP IURP D <$* ODVHU� RQH DW HDFK HQG RI 67$5� IURP ZKLFK DUH VSOLW WKHVH YDULRXV EHDPV E\ PHDQV RI PDQ\
��PP GLDPHWHU PLUURUV� 7KH FHQWHULQJ RI WKLV EURDG EHDP LV PRQLWRUHG E\ FUHDWLQJ D 3RLVVRQ VSRW DW EHDP
V FHQWHU
ZKLFK LV PRQLWRUHG E\ &&' FDPHUDV� $ VRPHZKDW VLPLODU V\VWHP RI ��PP PLUURUV LV LQWHQGHG IRU WKH )RUZDUG 73&V
�)73&V�� EXW QRW DV H[WHQVLYH� $ERXW ����� EHDPV SHU )73& DUH H[SHFWHG�

,W LV LPSRUWDQW WR DVVHVV WKH H[SHFWHG SHUIRUPDQFH RI WKLV PLUURU V\VWHP DQG WR SURYLGH TXDQWLWDWLYH LQIRUPDWLRQ
DERXW WKH H[WHQW RI SRVVLEOH SUREOHPV IURP WROHUDQFHV DQG PLVDOLJQPHQWV DQG DERXW KRZ WR WXQH VXFK D FRPSOH[
V\VWHP� (DFK )73& V\VWHP LV H[SHFWHG WR KDYH DERXW �� PLUURUV� DQG HYLGHQWO\ WKH\ SURGXFH D FXPXODWLYH HoHFW
RQ WKH EHDP� 7KH SXUSRVH RI WKH SUHVHQW DQDO\VLV LV WR SURYLGH TXDQWLWDWLYH DQG UHSUHVHQWDWLYH UHVXOWV�

:H FRQVLGHU D V\VWHP RI PDQ\ PLUURUV� HDFK ZLWK DQ DUELWUDU\ RULHQWDWLRQ LQ VSDFH� (DFK PLUURU LV RQ D PRXQW
ZKLFK SHUPLWV FRQWURO RI WKH DQJXODU RULHQWDWLRQ RI WKH PLUURU E\ DGMXVWPHQW RI HLWKHU RU ERWK RI WZR VFUHZV RQ HDFK
PRXQW� 7KHUH LV D WKUHH�SRLQW VXVSHQVLRQ RQ HDFK PRXQW� RQH SRLQW� :� EHLQJ p[HG ZKLOH WKH ORFDWLRQV RI WKH RWKHU
WZR SRLQWV DUH DGMXVWHG E\ WZR VFUHZV� 8 DQG 9� 7KH GLVWDQFHV 8: DQG 9: DUH RI HTXDO OHQJWK DQG SHUSHQGLFXODU
WR HDFK RWKHU� 7KH RULHQWDWLRQ RI WKH PLUURU LV FRQWUROOHG E\ DGMXVWPHQW RI VFUHZV 8 DQG 9� :H ZLOO FRQVLGHU VHQGLQJ
D ODVHU EHDP WKURXJK WKLV V\VWHP ZKHQ WKH PLUURUV DUH FDOFXODWHG WR EH SURSHUO\ DGMXVWHG WR SURYLGH WKH GHVLUHG
EHDP WUDMHFWRU\� 7KLV ZLOO SURYLGH WKH 781(' VHWV RI SRLQWV �[�\�]�� HDFK SRLQW EHLQJ ZKHUH WKH FHQWHU RI WKH EHDP
VWULNHV WKH VXUIDFH RI LWV PLUURU� 7KHQ ZH ZLOO WZLVW VRPH VHOHFWHG VHW RI VFUHZV �L�H�� 8L DQG 9L� RQ WKH PRXQWV RI WKH
PLUURUV DQG pQG WKH UHVXOWLQJ DoHFW RQ WKH WUDMHFWRU\� 6XFK DoHFWV ZLOO EH JLYHQ E\ OLVWLQJ WKH GLoHUHQFHV EHWZHHQ
WKH &DUWHVLDQ FRRUGLQDWHV RI WKH QHZ SRVLWLRQV DQG WKRVH RI WKH 781(' FRQpJXUDWLRQ�
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&RQVLGHU D PLUURU ZKRVH SODQH LV SDUDOOHO WR WKH [\ SODQH� 7KH GLUHFWLRQ FRVLQHV RI WKLV PLUURU DUH �������� 'HQRWH
WKH GLUHFWLRQ FRVLQHV RI DQ DUELWUDU\ EHDP LPSLQJLQJ RQ LW DV O��P�� Q�� 7KH DFWLRQ RI WKH PLUURU RQ WKLV EHDP LV WR
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FKDQJH WKH VLJQ RI Q� ZKLOH KDYLQJ QR HoHFW RQ WKH EHDP
V RWKHU WZR GLUHFWLRQ FRVLQHV� 7KH PDWUL[ 5� DFFRPSOLVKHV
WKLV DV
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7KH QH[W REMHFWLYH LV WR URWDWH WKLV HQWLUH VFHQDULR� DUELWUDU\ EHDP LPSLQJLQJ RQ DQG WKHQ UHqHFWLQJ IURP D PLUURU
LQ WKH [\ SODQH� E\ VXFK DQ DPRXQW WKDW WKH QRUPDO WR WKH PLUURU LV QR ORQJHU SDUDOOHO WR WKH ] D[LV� EXW KDV DUELWUDU\
GLUHFWLRQ FRVLQHV /� 0� 1� $W WKLV WLPH ZH DUH QRW LQWHUHVWHG LQ WKH ORFDWLRQ RI WKH PLUURU� RQO\ LWV RULHQWDWLRQ� 'HpQH
VXFK D URWDWLRQ PDWUL[ 3 DV
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ZKHUH 37 LV WKH WUDQVSRVH RI WKH PDWUL[ 3� %HLQJ D URWDWLRQ PDWUL[� 3 LV DQ RUWKRJRQDO PDWUL[ VR LWV URZV DUH
RUWKRUQRUPDO� DV DUH LWV FROXPQV� $OVR WKH LQYHUVH 3b�  3 7 � 7KH pUVW VTXDUH EUDFNHW LV UHqHFWLRQ PDWUL[ 5 IRU
WKH DUELWUDULO\ RULHQWHG PLUURU� WKH VHFRQG EUDFNHW LV WKH LQFRPLQJ UD\ ZLWK WKH VDPH DQJOH RI UHODWLYH LQFLGHQFH DV
RULJLQDOO\� DQG WKH ULJKW KDQG VLGH LV WKH UHVXOWLQJ UHqHFWHG UD\�
(YDOXDWLQJ WKH pUVW VTXDUH EUDFNHW ZKLOH PDNLQJ XVH RI WKH RUWKRUQDPLOLW\ RI WKH URZV �RU FROXPQV� JLYHV
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ZKLFK LV D V\PPHWULF PDWUL[� XQOLNH 3� 7KH QHZ QRUPDO WR WKH PLUURU LV /� 0� 1� DV GHpQHG DERYH� 6R
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DQG WKH UHqHFWLRQ PDWUL[ EHFRPHV
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ZKLFK LV HQWLUHO\ GHWHUPLQHG E\ WKH GLUHFWLRQ FRVLQHV RI WKH QRUPDO WR WKH DUELWUDULO\ RULHQWHG PLUURU� 1RWH WKDW WKH
VLJQ RI WKH YHFWRU QRUPDO WR WKH PLUURU KDV QR HoHFW� DV FKDQJLQJ WKH VLJQV RI DOO RI WKHVH GLUHFWLRQ FRVLQHV \LHOGV WKH
VDPH UHqHFWLRQ PDWUL[�
)RU LOOXVWUDWLRQ� FRQVLGHU WKDW WKH LQFRPLQJ UD\ �VHFRQG VTXDUH EUDFNHW LQ (T ���� DOZD\V KDV GLUHFWLRQ FRVLQHV

��� �WUDYHOLQJ SDUDOOHO WR WKH ] D[LV�� DQG HYDOXDWH WKH UHqHFWHG UD\ �ULJKW�KDQG VLGH RI (T ���� IRU YDULRXV PLUURU
RULHQWDWLRQV /01� �1RWH WKDW VRPHWLPHV ZH RPLW WKH FRPPDV EHWZHHQ GLUHFWLRQ FRVLQHV ZKHQ WKH PHDQLQJ LV FOHDU��
)RU /01  ���� WKH UHqHFWHG UD\� XVLQJ (T ���� LV ����� )RU /01 ���� WKH UHqHFWHG UD\ LV ���� VR WKLV PLUURU KDV QR
HoHFW� 6LPLODUO\� IRU /01 ��� WKH UHqHFWHG UD\ LV ��� ZLWK QR HoHFW� )RU /01 ���
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:H KDYH LQ (T ��� WKH UHqHFWLRQ PDWUL[ IRU DQ\ DUELWUDU\ RULHQWDWLRQ RI WKH SODQH RI D PLUURU DFWLQJ RQ DQ\ DUELWUDU\
LQFLGHQW UD\ DQG \LHOGLQJ LWV UHqHFWHG UD\� 6R IDU� WKH RQO\ XVHG LQIRUPDWLRQ DERXW WKH PLUURU LV WKH GLUHFWLRQ FRVLQHV
RI LWV QRUPDO� :H DOVR ZDQW WR HYDOXDWH WKH HoHFW RI WZLVWLQJ VFUHZV 8 DQG�RU 9 RQ WKH PLUURU PRXQW� 7KLV PHDQV
WKDW ZH PXVW NQRZ QRW RQO\ /01� EXW DOVR WKH RULHQWDWLRQ RI DQ D[LV �8: RU 9:� LQ D SODQH SDUDOOHO WR WKH PLUURU
VXUIDFH� ,Q RUGHU WR LQFRUSRUDWH WKLV� ZH FRQVLGHU DJDLQ D PLUURU ZKRVH SODQH LV SDUDOOHO WR WKH [\ SODQH� &RQVLGHU
WKDW WKH D[HV :8 DQG :9 DUH SDUDOOHO WR WKH [ DQG \ D[HV LQ WKH ODERUDWRU\� :H GHQRWH WKLV DV WKH 5()(5(1&(
SRVLWLRQ RI D PLUURU� :H VHHN WR GHWHUPLQH WKH (XOHU URWDWLRQ PDWUL[ �OLNH 3� ZKLFK ZLOO URWDWH WKLV PLUURU VXFK WKDW
QRW RQO\ LV WKH PLUURU
V QRUPDO LQ WKH UHTXLUHG 781(' GLUHFWLRQ /01� EXW DOVR WKH GLUHFWLRQ RI PRXQW�D[LV 8:
LV WKH UHTXLUHG 781(' RQH� 7KDW LV� WKH PHFKDQLFDO PRXQW RI WKH PLUURU SURYLGHV D SDUWLFXODU GLUHFWLRQ /01 RI
WKH QRUPDO DQG D SDUWLFXODU GLUHFWLRQ RI D[LV :9 �ZKLFK GHWHUPLQHV :8 IRU WKH 781(' FRQpJXUDWLRQ� $IWHU WKDW�
ZH ZDQW WR HYDOXDWH WKH HoHFW RQ WKH UHqHFWHG UD\ UHVXOWLQJ IURP D JLYHQ WZLVW RI VFUHZV 8 DQG�RU 9 DZD\ IURP WKH
781(' DQJXODU RULHQWDWLRQ RI WKH PLUURU�
7KH SURFHGXUH LV DV IROORZV� :H ZLOO pQG WKH GLUHFWLRQ RI WKH QRUPDO WR HDFK PLUURU LQ WKH V\VWHP LQ RUGHU WR

SURYLGH WKH UHTXLUHG 781(' WUDMHFWRU\ RI WKH EHDP WKURXJKRXW WKH V\VWHP RI PDQ\ YDULRXVO\ RULHQWHG PLUURUV�
7KHQ IRU HDFK PLUURU ZH ZLOO HYDOXDWH LWV (XOHU PDWUL[ WR URWDWH WKDW PLUURU PRXQW IURP WKH VWDQGDUG 5()(5(1&(
RULHQWDWLRQ WR WKLV 781(' /01 RULHQWDWLRQ� 7KLV (XOHU PDWUL[ ZLOO DOVR \LHOG WKH pQDO GLUHFWLRQV RI D[HV 89 DQG
8: IRU LWV PRXQW� 7KHQ ZH ZLOO K\SRWKHWLFDOO\ SODFH WKLV PLUURU EDFN LQ LWV 5()(5(1&( SRVLWLRQ DQG WZLVW RQH
RU ERWK RI VFUHZV 8 DQG 9 E\ JLYHQ DPRXQWV� HYDOXDWH WKH FKDQJH LQ /01 RI WKLV PLUURU LQ WKH 5()(5(1&(
SRVLWLRQ� DQG pQDOO\ XVH WKH VDPH (XOHU PDWUL[ WR GHWHUPLQH WKH QHZO\ DGMXVWHG /01 RI WKLV PLUURU DV D UHVXOW RI
WKH DGMXVWPHQWV RI VFUHZV 8 DQG�RU 9� 1RWH WKDW WKH (XOHU PDWUL[ GHWHUPLQHV WKH RULHQWDWLRQ RI WKH WKUHH D[HV RI
WKH PRXQW� ZKLFK EHIRUH WZLVWLQJ VFUHZV 8 DQG�RU 9 GHWHUPLQHV WKH PLUURU
V /01 ^ DIWHU WZLVWLQJ� WKHUH LV D VOLJKWO\
GLoHUHQW /01 GHWHUPLQHG DV MXVW GHVFULEHG�
7KH UHTXLUHG PDWUL[ LV 3 RI (T ���� 7KUHH RI LWV HOHPHQWV DUH GHWHUPLQHG LQ (T ���� 7KH (XOHU PDWUL[ IRU URWDWLRQ

RI D FRRUGLQDWH IUDPH WKURXJK WKH XVXDO (XOHU DQJOHV o� p DQG q LV
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7KH GHpQLWLRQ RI WKHVH (XOHU DQJOHV >�@ LV WKDW LQ VHTXHQFH� WKH FRRUGLQDWH IUDPH LV� �D� URWDWHG DERXW WKH ROG ] D[LV
WKURXJK WKH DQJOH o� �E� URWDWHG DERXW WKH QHZ \ D[LV WKURXJK WKH DQJOH p� �F� URWDWHG DERXW WKH QHZ ] D[LV E\ WKH
DQJOH q� 7KH WUDQVSRVH RI WKLV LV WKH (XOHU PDWUL[ IRU URWDWLQJ D YHFWRU� 7KH ODWWHU PDWUL[ LV ZKDW ZH XVH KHUH� VR
ZH QDPHG (T ��� DV WKH WUDQVSRVH� )URP (T ���� WKH WHUPV LQ WKH ERWWRP URZ RI (T ��� DUH /� 0� 1� UHVSHFWLYHO\�
VR ZH KDYH D PHDQV WR HYDOXDWH VRPH SURSHUWLHV RI o DQG p� ,Q RWKHU ZRUGV� WKH pUVW WZR URWDWLRQV LQ WKH DERYH
VHTXHQFH DUH WKH RQHV WKDW GHWHUPLQH WKH GLUHFWLRQ� DSDUW IURP WKH VLJQ� RI WKH QRUPDO WR WKH DFWXDO PLUURU� 7KH pQDO
URWDWLRQ WKURXJK DQJOH q GHWHUPLQHV WKH RULHQWDWLRQ RI D[HV 89 DQG 8:� 2I FRXUVH� NQRZLQJ WKH GLUHFWLRQ /01
DQG WKH GLUHFWLRQ RI HLWKHU RI D[HV 8: RU 9: SURYLGHV WKH RWKHU D[LV EHFDXVH WKH V\VWHP LV ULJKW KDQGHG� )URP WKLV
VHTXHQFH RI WKUHH URWDWLRQV ZH VHH WKDW WKH SRODU FRRUGLQDWHV v DQG � RI WKH ROG ] D[LV� RU QRUPDO WR PLUURU� DIWHU WKH
pUVW WZR �RU DOO WKUHH� (XOHU URWDWLRQV DUH �  o DQG v  p�
7KXV� WKH UHODWLRQ RI WKH pUVW WZR (XOHU DQJOHV WR WKH PLUURU QRUPDO LV

FRVp  1 ����

FRVo  / 
S
�b1�

2QO\ / DQG 1 DUH QHHGHG LQ (T ����� EXW WKH\ DUH QRW HQRXJK WR GHWHUPLQH WKH QRUPDO FRPSOHWHO\� $OWKRXJK �/�
0� 1� LV QRUPDOL]HG� WKH VLJQ RI 0 LV VWLOO XQGHWHUPLQHG� 7KDW VLJQ LV GHWHUPLQHG IURP WKH UHTXLUHPHQW WKDW WKH
FROXPQV RI WKH (XOHU PDWUL[ DUH RUWKRQRUPDO WR HDFK RWKHU� DV DUH WKH URZV� .QRZOHGJH RI / DQG 1 UHVWULFWV WKH
QRUPDO YHFWRU WR EH RQ WKH LQWHUVHFWLRQ RI D FRQH DURXQG WKH [ D[LV DQG D FRQH DURXQG WKH ] D[LV� +RZHYHU� WKHUH DUH
WZR VXFK OLQHV RI LQWHUVHFWLRQ� VR WKH YDOXH RI 0 LV DOVR QHHGHG WR GHWHUPLQH WKH RULHQWDWLRQ RI WKH QRUPDO� 2Q WKH
RWKHU KDQG� NQRZOHGJH RI RQO\ o DQG p LV HQRXJK WR XQLTXHO\ GHWHUPLQH WKH GLUHFWLRQ RI WKH QRUPDO� 7KLV DSSDUHQW
FRQWUDGLFWLRQ LV UHVROYHG E\ QRWLQJ WKH (T ���� OHDYHV o DQG p HDFK XQFHUWDLQ DV WR DOJHEUDLF VLJQ�
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:H NQRZ WKDW WKH ERWWRP URZ RI (T ��� LV / 0 1� :H FDQ XVH HLWKHU RI WKH XSSHU WZR HOHPHQWV RI WKH WKLUG
FROXPQ RI (T ��� WR JHW LQIRUPDWLRQ DERXW WKH WKLUG (XOHU DQJOH� KHQFH WKH UHPDLQGHU RI WKH (XOHU PDWUL[� )RU
H[DPSOH�

VLQq  K 
S
��b1��� ����

+HUH LW LV XQFOHDU ZKHWKHU ZH KDYH HYDOXDWHG q RU } � q� DV LQ WKH GLVFXVVLRQ DERYH� %\ HYDOXDWLQJ WKH UHVXOW RI WKH
(XOHU PDWUL[ 4�WUDQVSRVH RI (T ��� DFWLQJ RQ D XQLW YHFWRU DORQJ [� \ RU ]� ZH VHH WKDW WKH pUVW FROXPQ RI 4 �pUVW
URZ LQ (T ���� LV WKH GLUHFWLRQ FRVLQHV RI WKH �[� D[LV RI WKH PLUURU PRXQW� GHQRWHG ;VLGH� 7KH VHFRQG FROXPQ RI 4
�VHFRQG URZ LQ (T ���� LV WKH GLUHFWLRQ FRVLQHV RI WKH �\� D[LV RI WKH PLUURU PRXQW� GHQRWHG <VLGH� 7KH WKLUG FROXPQ
RI 4 KDV DOUHDG\ EHHQ UHFRJQL]HG DV WKH GLUHFWLRQ FRVLQHV RI WKH QRUPDO WR WKH PLUURU� +HUH �[� DQG �\� UHIHU WR WKH
[ DQG \ D[HV LQ WKH 5()(5(1&( SRVWLWLRQ� 7KH\ ZLOO KDYH QHZ GLUHFWLRQV DIWHU DSSOLFDWLRQ RI WKH (XOHU PDWUL[�
DQG WKHVH GLUHFWLRQV PXVW PDWFK WKH DFWXDO PHFKDQLFDO GHVLJQ RI WKH SODFHPHQW RI WKH PLUURU PRXQW� &RQYHUVHO\�
FDOFXODWLRQV WKDW DUH PDGH SRVVLEOH ZLWK WKH SUHVHQW GLVFXVVLRQ FDQ KHOS WR GHWHUPLQH ZKDW WKH RULHQWDWLRQ RI WKH
;VLGH DQG <VLGH VKRXOG EH�
7KH DPELJXLWLHV LQ WKH (XOHU DQJOHV� MXVW GLVFXVVHG� FDQ VRPHWLPHV EH UHVROYHG E\ WKH VWUDLJKWIRUZDUG XVH RI

(TV ���� DQG ����� IROORZHG E\ D VLPSOH WHVW� 7KDW LV� RQH FDQ IDEULFDWH D VLPSOH� URWDWDEOH FRRUGLQDWH V\VWHP E\
VWUDLJKWHQLQJ WKUHH SDSHU FOLSV� EHQGLQJ HDFK LQWR DQ �/� VKDSH DQG WDSLQJ WKHVH WKUHH WRJHWKHU WR IRUP DQ RUWKRJRQDO
FRRUGLQDWH V\VWHP� /DEHO WKH D[HV ZLWK WDSH WR IRUP D ULJKW�KDQGHG V\VWHP� 7KHQ PDQLSXODWH WKLV WULDG E\ KDQG
WKURXJK WKH SUHVFULEHG WKUHH URWDWLRQV RI WKH (XOHU PDWUL[ DQG LW FDQ EH GHWHUPLQHG ZKLFK VROXWLRQ RI (TV ���� DQG
���� LV DSSURSULDWH�
7KLV FDQ DOVR EH FKHFNHG E\ UHFDOOLQJ WKDW WKHVH PDWUL[ HOHPHQWV DUH WKH FRVLQHV RI WKH DQJOHV EHWZHHQ WKH

ODERUDWRU\ [� \ RU ] D[HV DQG WKH DFWXDO QRUPDO DQG WKH DGMXVWPHQW D[HV �:8 DQG :9� SURGXFHG E\ WKH (XOHU
URWDWLRQ PDWUL[ 4 RSHUDWLQJ RQ WKH [� \ DQG ] XQLW YHFWRUV� XVLQJ WKHVH YDOXHV RI o� p DQG q� )RU H[DPSOH� VXSSRVH
WKDW ZH ZDQW WKH DGMXVWPHQW D[LV :8 WR EH KRUL]RQWDO IRU WKH 781(' PRXQW� 7KLV PHDQV G � LQ (T ���� VR 4�� ��
VR WDQq �01�/� 7KLV JDPPD� GHWHUPLQHG IURP /� 0 DQG 1� ZLOO \LHOG D KRUL]RQWDO :8 D[LV LQ WKH DFWXDO PLUURU
PRXQW� +RZHYHU� WKHUH LV VWLOO WKH TXHVWLRQ RI WKH VLJQV RI WKH WKUHH (XOHU DQJOHV GHWHUPLQHG IURP WKHVH UHODWLRQV�
&RQYHUVHO\� KDYLQJ GHWHUPLQHG o� p DQG q� WKH (XOHU PDWUL[ LV XQLTXHO\ GHWHUPLQHG IURP (T ���� 1RZ ZH KDYH DQ

(XOHU PDWUL[ IRU HDFK PLUURU ZKLFK SURSHUO\ RULHQWV LWV 781(' PRXQW� LQFOXGLQJ SURYLGLQJ WKH FRUUHFW RULHQWDWLRQV
RI WKH QRUPDO DQG DGMXVWPHQW D[LV :8� 7KH UHqHFWHG UD\ IURP DQ\ RI WKHVH PLUURUV IRU D JLYHQ LQFLGHQW UD\ LV QRZ
GHWHUPLQHG E\ LWV 781(' /01�

� 0 $7 5, ; )25 '5, )7 % ( 7 :( ( 1 0 , 55256

7KH GULIW RI WKH EHDP EHWZHHQ D SDLU RI PLUURUV LQYROYHV WKH GLVWDQFH ' EHWZHHQ WKH SRLQW �[L�\L�]L� ZKHUH WKH
EHDP OHDYHV WKH VXUIDFH RI WKH XSVWUHDP PLUURU DQG WKH SRLQW �[I �\I �]I � ZKHUH WKH EHDP VWULNHV WKH VXUIDFH RI WKH
VXFFHHGLQJ PLUURU� 7KH EHDP KDV GLUHFWLRQ FRVLQHV �O�P�Q� EHWZHHQ WKHVH WZR PLUURUV� 7KH UHODWLRQ LV
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DV FDQ EH VHHQ E\ HYDOXDWLQJ WKH ULJKW�KDQG VLGH RI (T ����� 7KLV GULIW PDWUL[ LQ (T ���� ZLOO EH GHQRWHG DV 6�
)RU GLoHUHQW YDOXHV RI �O�P�Q�� WKH EHDP VWDUWLQJ DW WKH SRLQW �[L�\L�]L� ZLOO QRW WUDYHO H[DFWO\ WKH VDPH GLVWDQFH

EHIRUH VWULNLQJ WKH QH[W PLUURU � :H ZDQW WR DFFXUDWHO\ HYDOXDWH '� GHpQHG DV SRVLWLYH� 7KH HTXDWLRQ IRU D SODQH DW
D GLVWDQFH S� GHpQHG DV SRVLWLYH� IURP WKH RULJLQ LV

/[�0\ �1]  S� ����

ZKHUH WKH GLUHFWLRQ FRVLQHV RI WKH QRUPDO WR WKH SODQH DUH /� 0� 1� ZKLOH �[�\�]� LV DQ\ SRLQW LQ WKH SODQH� ,I ZH
UHTXLUH WKLV SRLQW WR EH �[I �\I �]I �� WKHQ XVLQJ WKH YDOXHV RI �[M �\I �]I � IURP (T ����� ZH pQG

'  >Sb/[L b0\L b1]L@ >/O�0P�1Q@� ����

1H[W ZH HPSOR\ DQRWKHU DSSOLFDWLRQ RI (T ���� IRU WKH VDPH SODQH ZKHUH WKH SRLQW LQ WKH SODQH LV �[F�\F�]F�� EHLQJ
LGHDOO\ GHpQHG DV p[HG UHJDUGOHVV RI WKH WZLVWLQJ RI WKH WZR DGMXVWPHQW VFUHZV� 6XFK D SRLQW� IRU H[DPSOH� ZRXOG EH
WKH FHQWHU RI WKH PLUURU VXUIDFH IRU D JLPEDO PRXQW� GLVFXVVHG EHORZ� 7KLV FDQ EH XVHG WR HOLPLQDWH S� DQG JLYH

'  >/�[F b [L� �0�\F b \L� �1�]F b ]L�@ >/O �0P�1Q@ ����

�



,QFLGHQWDOO\� WKH GHQRPLQDWRU LV WKH FRVLQH RI WKH DQJOH EHWZHHQ WKH GLUHFWLRQV O�P�Q DQG /�0�1� ZKLFK REVHUYDWLRQ
ZLOO KHOS LQ YHULI\LQJ (T ���� E\ WULJRQRPHWU\�
,I WKH PRXQW DQG PLUURU KDG ]HUR WKLFNQHVV EHWZHHQ SRLQW : �SLYRW SRLQW IRU DGMXVWPHQWV 8 DQG 9� GLVFXVVHG

DERYH� DQG WKH PLUURU VXUIDFH� WKHQ SRLQW : ZRXOG KDYH WKH FRRUGLQDWHV �[F�\F�]F�� $ EHWWHU DSSUR[LPDWLRQ� PRUH
DFFXUDWH DQG HDVLHU WR DSSO\� LV WKDW WKH SRLQW �[F�\F�]F� LV WKH SRLQW ZKHUH WKH 781(' EHDP VWULNHV WKLV PLUURU�
)RU HLWKHU DSSUR[LPDWLRQ WKH HoHFW RQ WKH DFFXUDF\ RI WKH WUDMHFWRU\ LV QHJOHJLEOH IRU WKH GLPHQVLRQV RI WKH V\VWHP
DW 67$5�

� ( ))( &7 21 0 , 5525 1 250 $/ )520 $'-867 , 1 * 6&5( :

7ZLVWLQJ WKH DGMXVWPHQW VFUHZ 8 \LHOGV D URWDWLRQ RI WKH QRUPDO WR WKH PLUURU DERXW WKH D[LV :9� 6LPLODUO\� DGMXVWLQJ
VFUHZ 9 \LHOGV D URWDWLRQ RI WKH QRUPDO WR WKH PLUURU DERXW D[LV :8� 7KH HDVLHVW ZD\ WR GHWHUPLQH WKH DoHFW RI VXFK
DGMXVWPHQW RQ WKH VXEVHTXHQW WUDMHFWRU\ LV WR DGMXVW LW LQ WKH 5()(5(1&( SRVLWLRQ� DQG WR WUDQVIRUP WKH UHVXOW
ZLWK WKH VDPH (XOHU PDWUL[� 7KDW LV� WKH EDVH RI WKH PRXQW LV WKH VDPH EHIRUH DQG DIWHU WKH VFUHZ DGMXVWPHQW� DQG
WKH (XOHU PDWUL[ SRVLWLRQV WKH EDVH�
$QRWKHU URWDWLRQ PDWUL[ GHVFULEHV HDFK RI WKH DGMXVWPHQWV RI VFUHZV 8 DQG 9� :H NQRZ WKDW PHFKDQLFDOO\ D

WKUHH�SRLQW VXVSHQVLRQ GHWHUPLQHV WKH SODQH RI WKH PLUURU� DQG WKH RUGHU RI DGMXVWPHQW RI VFUHZV 8 DQG 9 VKRXOG
QRW PDWWHU� 2Q WKH RWKHU KDQG� URWDWLRQ PDWULFHV GR QRW FRPPXWH� LQ JHQHUDO� +RZHYHU� LW LV HDV\ WR SURYH WKDW
ZKHQ WKH VLQHV RI WKH WZR DQJOHV RI URWDWLRQ DUH � �� WKH WZR URWDWLRQ PDWULFHV FRPPXWH� 7KHQ WKH FRPELQHG HoHFW
RI WKH WZR URWDWLRQV LV WKH WUDQVIRUPDWLRQ PDWUL[
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ZKHUH r LV WKH DQJOH WKURXJK ZKLFK WKH PLUURU
V QRUPDO ZRXOG URWDWH ZKHQ RQO\ WKH VFUHZ ZKLFK URWDWHV DERXW WKH [
D[LV �5()(5(1&( RULHQWDWLRQ� LV WZLVWHG� 6LPLODUO\ s LV WKH DQJOH WKURXJK ZKLFK WKH PLUURU
V QRUPDO ZRXOG URWDWH
ZKHQ RQO\ WKH VFUHZ ZKLFK URWDWHV DERXW WKH \ D[LV LV WZLVWHG� :H ZLOO VHH WKDW r DQG s RI RQO\ D IHZ PLOOLUDGLDQV FDQ
SURGXFH LQWROHUDEO\ ODUJH GHYLDWLRQV RI WKH WUDMHFWRU\ IURP WKH 781(' WUDMHFWRU\� VR WKH DSSUR[LPDWLRQ UHSUHVHQWHG
E\ (T ���� LV JRRG IRU UHOHYHQW DGMXVWPHQWV�
1RZ WKH DGMXVWHG QRUPDO LQ WKH 5()(5(1&( RULHQWDWLRQ LV WKH SURGXFW RI WKH PDWUL[ LQ (T ���� RSHUDWLQJ RQ

WKH QRUPDO� �������� ZKLFK \LHOGV ��VLQs� �VLQr� ��VLQ�rbVLQ�s�� :KHQ WKLV UHVXOW LV RSHUDWHG RQ E\ WKH (XOHU PDWUL[
4 REWDLQHG IURP (T ��� IRU WKH 781(' FRQpJXUDWLRQ� WKH $'-867(' 781(' QRUPDO LV REWDLQHG� 7KHVH QHZ
DGMXVWHG YDOXHV RI WKH GLUHFWLRQ FRVLQHV RI WKH PLUURU QRUPDO IRU DQ\ PRXQWV WKDW KDYH EHHQ DGMXVWHG DZD\ IURP WKH
781(' FRQpJXUDWLRQ DUH XVHG LQ GHWHUPLQLQJ WKH WUDMHFWRU\ DIWHU VFUHZ DGMXVWPHQW RI WKH PLUURU V\VWHP�

� ., 1 ( 0 $7 , & 0 281 7 6 $1 ' *, 0 % $/ 0 281 7 6 2) 0 , 55256

7KH PHDQLQJ RI WKH WHUP �NLQHPDWLF PRXQW� LV LOOXVWUDWHG E\ WKH ODVW SDUDJUDSK RI VHFWLRQ �� +HUH WKH p[HG SRLQW
LV WKH FHQWUDO SRLQW : EHWZHHQ WKH SRLQWV RI FRQWDFW RI WKH WZR DGMXVWLQJ VFUHZV� 8 DQG 9� 7KLV UHVXOWV LQ D VOLJKWO\
DOWHUHG GLVWDQFH ' RI GULIW WR D PLUURU WKDW KDV EHHQ DGMXVWHG� DV GLVFXVVHG QHDU (T �����
7KH �JLPEDO PRXQW� LV RQH GHVLJQHG VXFK WKDW WKH FHQWHU RI WKH PLUURU RQ WKLV PRXQW LV WKH SRLQW WKDW GRHV QRW

FKDQJH FRRUGLQDWHV ZKHQ LWV DGMXVWLQJ VFUHZV DUH WZLVWHG� 7KLV LV PRUH FRPSOLFDWHG WR FRQVWUXFW�
,W LV DOUHDG\ QRWHG DERYH WKDW WKHUH LV QR SUDFWLFDO GLoHUHQFH LQ WKH DFFXUDF\ RI WKH FDOFXODWLRQV IRU WKH V\VWHPV

GLVFXVVHG KHUH ZKHQ HLWKHU W\SH RI PRXQW LV XVHG� )RU HLWKHU W\SH RI PRXQW� WKH SRLQW �[F�\F�]F� ZLOO KHUH EH GHpQHG
DV WKH SRLQW ZKHUH WKH EHDP VWULNHV WKLV PLUURU IRU WKH 781(' FRQpJXUDWLRQ�
7KH DGMXVWLQJ VFUHZV DUH RIWHQ �� WKUHDGV SHU LQFK� .LQHWLF PRXQW PDQXIDFWXUHUV VD\ WKDW D VHQVLWLYH KDQG FDQ

GHWHFW �r RI WZLVW RI WKH VFUHZ� 7KLV ZRXOG LQGHHG VHHP WR EH WKH OLPLW RI VHQVLWLYLW\� ,I WKH GLVWDQFHV 8: DQG
9: DUH �� PP� DSSUR[LPDWHO\ WUXH LQ PLQLPRXQWV� WKLV �r WZLVW FRUUHVSRQGV WR ���� PLOOLUDGLDQ� 6LQFH D ��r WZLVW
LV RQO\ ��� PLQXWHV PRYHPHQW RI WKH PLQXWH KDQG RI D FORFN� ZH ZLOO XVH � PLOOLUDGLDQ DV D W\SLFDO DQG VRPHZKDW
UHSURGXFLEOH DGMXVWPHQW IRU WKH SUHVHQW FDOFXODWLRQV�

� 7 ( 67 &$/&8/$7 , 21 6

$ FRPSXWHU SURJUDP KDV EHHQ ZULWWHQ XVLQJ WKH UHODWLRQV DERYH� 7KHVH WHVWV ZLOO EH GHVFULEHG LQ VRPH GHWDLO LQ
RUGHU WR LOOXVWUDWH IHDWXUHV DQG SUREOHPV RI GHDOLQJ ZLWK WKHVH YDULDEOHV� 7KH LQSXWV WR WKH SURJUDP IRU HDFK OHJ
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7DEOH �� (XOHU PDWULFHV IRU WKH 781(' SRVLWLRQV RI &DVH $�
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7DEOH �� $QJOHV r DQG s �PLOOLUDGLDQV� UHVXOWLQJ IURP WZLVWLQJ WKH VFUHZV RQ HDFK PLUURU PRXQW� DQG WKH UHVXOWLQJ
HUURUV �PP� LQ SRVLWLRQ RI VWULNLQJ WKH VXFFHHGLQJ PLUURU �RU DIWHU ���� PP RI WUDYHO IRU WKH ODVW OHJ��

PLUURU r s HUU[ HUU\ HUU]
� ��� ��� ������ ������ ������
� ��� ��� ������ ������ b������
� ��� ��� ������ ������ b������
� ��� ��� b������ ������ ������
� ��� ��� b������ ������ b������
� ��� ��� b������ ������ b������
� ��� ��� ������ ������ ������
� ��� ��� ������ ������ b������
� ��� ��� ������ ������ b������

RI WKH ODVHU EHDP DUH WKH GLVWDQFH WR WKH FHQWHU RI WKH QH[W PLUURU LQ WKH 781(' SRVLWLRQ DQG WKH WKUHH (XOHU
DQJOHV RI WKH 781(' PLUURU� $OVR LQSXW DUH WKH FRRUGLQDWHV RI WKH VWDUWLQJ SRLQW RI WKH EHDP DQG WKH GLUHFWLRQ
FRVLQHV RI WKLV LQLWLDO EHDP� &KHFNV DUH PDGH LQ WKH SURJUDP WR GHWHUPLQH WKDW HDFK (XOHU PDWUL[ JHQHUDWHG KDV
RUWKRQRUPDO URZV DQG RUWKRQRUPDO FROXPQV DQG WKDW WKH HDFK (XOHU PDWUL[ WUDQVIRUPV XQLW YHFWRUV DORQJ WKH D[HV
LQ WKH 5()(5(1&( V\VWHP WR IRUP D ULJKW�KDQGHG V\VWHP� :H ZLOO LOOXVWUDWH DSSOLFDWLRQV RI WKLV SURJUDP E\ WZR
WHVW FDVHV DQG E\ DQ H[DPSOH RI D UHDOLVWLF JHRPHWU\ IRU WKH )73& ODVHU V\VWHP�
&DVH $ LV GHpQHG DV D ���� PP VTXDUH DUUD\ RI OHJV RI ODVHU EHDP WUDYHO� 7KDW LV� WKH EHDP VWDUWV DW WKH RULJLQ�

WUDYHOV ���� PP LQ WKH SRVLWLYH ] GLUHFWLRQ WR WKH pUVW PLUURU ZKLFK UHqHFWV WKH EHDP DW ULJKW DQJOHV VR LW WUDYHOV
DORQJ WKH QHJDWLYH [ GLUHFWLRQ� 7KLV EHDPV WUDYHOV WR D VHFRQG PLUURU� IROORZHG E\ D ULJKW�DQJOH UHqHFWLRQ� IROORZHG
E\ D WKLUG PLUURU DQG LWV ULJKW�DQJOH UHqHFWLRQ� $OO RI WKH WUDMHFWRU\ LV LQWHQGHG WR EH LQ D SODQH� 7KLV WKLUG UHqHFWHG
EHDP LV DOORZHG WR WUDYHO D p[HG GLVWDQFH RI ���� PP� 7KXV� HDFK OHJ LV ���� PP ORQJ LQ WKH 781(' FRQGLWLRQ�
)RU WKLV FDVH� WKH DFFXUDF\ RI WKH FRPSXWDWLRQV LV FKHFNHG E\ QRWLQJ KRZ IDU IURP WKH RULJLQ LV WKH IRXUWK OHJ RI WKH
WUDMHFWRU\ DIWHU ���� PP RI WUDYHO ^ WKLV GLVWDQFH VKRXOG EH YDQLVKLQJO\ VPDOO�
7R LOOXVWUDWH TXDQWLWDWLYHO\� WKH GLUHFWLRQ FRVLQHV RI WKH VXFFHVLYH EHDPV LQ WKH IRXU OHJV LQ WKH 781(' ORFDWLRQ

DUH �������� ��������� �������� DQG �������� 7KHUH LV D PLUURU DIWHU HDFK RI WKH pUVW WKUHH RI WKHVH EHDPV� 7KH GLUHFWLRQ
FRVLQHV RI WKH QRUPDOV WR WKH PLUURUV DUH ���
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WKH RULJLQ RI WKH pUVW EHDP DQG WKH FRPSXWHG DUULYDO SRLQW RI WKH IRXUWK EHDP LV ������ PP DIWHU D SDWK OHQJWK RI
���� PP� $ FRPSXWHU SUHFLVLRQ FDUU\LQJ VHYHQ GLJLWV ZDV XVHG IRU DOO WKH FRPSXWDWLRQV SUHVHQWHG KHUH� 7KH (XOHU
PDWULFHV� ZKRVH WUDQVSRVH LV VKRZQ LQ (T ���� DUH OLVWHG LQ 7DEOH �� 7KH QXPHULFDO UHVXOWV GLoHUHG IURP WKHVH YDOXHV
E\ x h� LQ WKH VHYHQWK GLJLW� 7KH PDWULFHV RI 7DEOH � DUH XVHG WR URWDWH WKH QRUPDO WR HDFK RI WKH PLUURU PRXQWV
IURP WKH 5()(5(1&( SRVLWLRQ DURXQG WR WKH 781(' RULHQWDWLRQ� 7KH (XOHU DQJOHV �GHJUHHV� WKDW SURGXFHG 7DEOH
� DUH �o� p� q� ��� ��� ��� ��� ������ DQG ����������� UHVSHFWLYHO\� 1RWH WKDW WKH ERWWRP URZ LQ HDFK PDWUL[ LV WKH
VDPH DV WKH GLUHFWLRQ FRVLQHV RI WKH QRUPDO WR WKH PLUURU� GHVFULEHG DERYH� 6LPLODUO\ WKH PLGGOH URZ LV WKH GLUHFWLRQ
FRVLQHV RI WKH <VLGH RI WKH PLUURU PRXQW� $OO <VLGHV DUH SDUDOOHO� $QG WKH WRS URZ LV WKH ;VLGH RI HDFK PLUURU� HDFK
;VLGH EHLQJ ��r FORFNZLVH EH\RQG LWV SUHGHFHVVRU �ORRNLQJ GRZQ RQ WKH XSZDUG SRLQWLQJ \ D[LV RI WKH FRRUGLQDWH
V\VWHP��
1H[W DUH WKH GHYLDWLRQV IURP WKLV 781(' VLWXDWLRQ ZKHQ VFUHZ DGMXVWPHQWV DUH PDGH� 7DEOH � VKRZV WKH

DGMXVWPHQW DQJOHV� r DQG s� IURP WKH 781(' SRVLWLRQ RI HDFK PLUURU DQG WKH DFFRPSDQ\LQJ GLoHUHQFH EHWZHHQ WKH
UHVXOWLQJ ORFDWLRQV ZKHUH WKH EHDP VWULNHV WKH PLUURU FRPSDUHG WR WKH ORFDWLRQV RI WKH SRLQWV ZKHUH WKH EHDPV VWULNH
WKH PLUURUV LQ WKH 781(' SRVLWLRQV� 7KH DQJOHV r DQG s UHSUHVHQW WKH PRYHPHQW RI WKH QRUPDO WR WKH PLUURU LQ WKH
5()(5(1&( SRVLWLRQ UHVXOWLQJ IURP WZLVWLQJ WKH DGMXVWLQJ VFUHZV LQ WKH NLQHWLF PRXQWV� $QJOH r LV DQ DGMXVWPHQW
DERXW WKH D[LV ;VLGH� s LV DQG DGMXVWPHQW DERXW WKH D[LV <VLGH� :H VHH WKDW WKH HUURUV DUH URXJKO\ DGGLWLYH� LQ WKH
VHQVH WKDW WKH HUURUV LQ WKH ERWWRP JURXS� r ���� s ���� DUH QHDUO\ WKH VXP RI WKRVH RI WKH pUVW WZR JURXSV� 7KLV LV
UHODWHG WR WKH IDFW WKDW WKH DQJOHV r DQG s LQ WKH ERWWRP JURXS DUH WKH VXPV RI WKRVH LQ WKH pUVW WZR JURXSV�
&DVH %� ,Q RUGHU WR WU\ D FDVH ZKHUH ZH NQRZ WKH DQVZHUV WR H[SHFW� EXW KDYH D PRUH FRPSOH[ WKUHH�GLPHQVLRQDO
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SUREOHP WR FDOFXODWH DQG WR YLVXDOL]H� ZH URWDWH WKH HQWLUH V\VWHP RI &DVH $ XVLQJ DQ (XOHU PDWUL[ FRPSRVHG RI ��r

DQJOHV IRU HDFK RI o� p DQG q� :H PDNH DQ (XOHU WUDQVIRUPDWLRQ RI HYHU\ OHJ RI EHDP WUDYHO� WKH QRUPDO WR HYHU\
PLUURU DQG WKH <VLGH DQG WKH ;VLGH RI HYHU\ PLUURU LQ RUGHU WR VHH ZKDW WKH FRPSXWHG UHVXOWV VKRXOG ORRN OLNH� ,Q
RWKHU ZRUGV� ZH WLS WKH VTXDUH WKUHH GLPHQVLRQDOO\ ZLWKRXW GLVWRUWLQJ LW� +RZHYHU� DV XVXDO� ZH RQO\ LQSXW WKH LQLWLDO
EHDP� WKH WKUHH (XOHU DQJOHV RI HDFK PLUURU WUDQVIRUPDWLRQ IURP WKH 5()(5(1&( SRVLWLRQ WR WKH 781(' SRVLWLRQ�
DQG WKH GLVWDQFH EHWZHHQ HDFK VXFFHVVLYH SDLU RI PLUURUV PHDVXUHG FHQWHU WR FHQWHU LQ WKH 781(' SRVLWLRQ� %XW
KRZ VKRXOG ZH pQG WKH (XOHU DQJOHV QHHGHG WR PDWFK D FKRVHQ PHFKDQLFDO GHVLJQ RI WKH ODVHU V\VWHP" 7KH\ DUH QRW
REYLRXV IRU D FRPSOLFDWHG V\VWHP RI PLUURUV ZKHUH ZH VWDUW ZLWK RQO\ WKH GHVLUHG WUDMHFWRU\ RI WKH ODVHU EHDP DV LW
WUDYHOV IURP WKH ODVHU WR WKH HQWLUHW\ RI WKH V\VWHP�
7KH PHWKRG XVHG WR GHWHUPLQH WKH (XOHU DQJOHV IRU HDFK PLUURU LV DV IROORZV� 5HFDOO WKDW WKH WKUHH (XOHU DQJOHV

FRPSOHWHO\ GHWHUPLQH WKH QLQH HOHPHQWV RI WKH (XOHU PDWUL[� )LUVW� VHOHFW WKH GHVLUHG QRUPDO WR WKH PLUURU DQG VHOHFW
WKH ����� HOHPHQW RI WKH (XOHU PDWUL[� 7KH GLUHFWLRQ FRVLQHV RI WKH GHVLUHG QRUPDO GHWHUPLQH WKH ERWWRP URZ RI WKH
(XOHU PDWUL[� ,WV ����� HOHPHQW p[HV WKH ] �ODE IUDPH� FRPSRQHQW RI WKH <VLGH RI WKH PLUURU PRXQW� 7KLV GRHV QRW
FRPSOHWHO\ GHWHUPLQH WKH (XOHU PDWUL[ VLQFH WKH GLUHFWLRQ RI WKH <VLGH LV QRW IXOO\ GHWHUPLQHG ^ LW KDV WZR SRVVLEOH
YDOXHV� 5DWKHU WKDQ GHYHORS IXUWKHU DOJHEUD IRU WKLV SUREOHP� D SURJUDP ZDV ZULWWHQ WR XVH WKHVH IRXU LQSXW QXPEHUV
������� ����� ����� DQG ����� HOHPHQWV RI WKH (XOHU PDWUL[� WR pQG D VROXWLRQ IRU WKH (XOHU DQJOHV� DV LQ (TV ��������
7KHQ DOO HLJKW FRPELQDWLRQV RI VLJQV RI WKHVH WKUHH (XOHU DQJOHV DUH WULHG DQG WKH (XOHU PDWUL[ IRU HDFK FRPELQDWLRQ
LV FDOFXODWHG� %\ FRPSDULQJ WKH URZV RI HDFK RI WKHVH HLJKW PDWULFHV WR WKH GHVLUHG JHRPHWU\ RI WKH PLUURU PRXQW ZH
pQG WKDW DW PRVW RQO\ RQH RI WKH HLJKW VROXWLRQV LV VDWLVIDFWRU\�
)RU H[DPSOH� IRU &DVH % ZH ZDQW WKH <VLGHV RI DOO WKUHH PLUURUV WR EH SDUDOOHO WR HDFK RWKHU� DV WKH\ ZHUH LQ

&DVH $� 6RPHWLPHV WKH DERYH HLJKW VROXWLRQV ZLOO FRQWDLQ RQO\ RQH SRVVLEOH FDQGLGDWH EXW WKDW FDQGLGDWH KDV D qDZ
^ YL]�� WKH <VLGH KDV WKH FRUUHFW GLUHFWLRQ DQG WKH QRUPDO KDV WKH FRUUHFW GLUHFWLRQ DSDUW IURP WKH VLJQ� 7KLV PHDQV
WKDW WKH QRUPDO
V GLUHFWLRQ LV RSSRVLWH WR WKH GLUHFWLRQ RI WKH QRUPDO LQ &DVH $ DIWHU WUDQVIRUPDWLRQ E\ WKH DERYH
WKUHH ��r (XOHU DQJOHV� $V WKH VLJQ RI WKH QRUPDO GRHV QRW PDWWHU IRU WKH UHqHFWLRQ IURP WKH PLUURU� WKLV FDQGLGDWH
VROXWLRQ ZRXOG EH VDWLVIDFWRU\ H[FHSW WKDW WKH ;VLGH LV SRLQWLQJ ���r DZD\ IURP LWV GHVLUHG SRVLWLRQ� 7KLV LV EHFDXVH
WKH QRUPDO LV UHYHUVHG DQG WKH V\VWHPV DUH DOZD\V ULJKW KDQGHG� 7KLV PHDQV WKDW r ZRXOG SURGXFH WKH ZURQJ VLJQ
RI HoHFW� 6R IRU WKH WZR PLUURUV IRU ZKLFK WKLV KDSSHQHG� WKH RSSRVLWH VLJQ RI r ZDV VHOHFWHG IRU 7DEOH � FRPSDUHG
WR WKH VHWV RI r VKRZQ LQ 7DEOH ��
+DYLQJ VHOHFWHG WKH (XOHU DQJOHV IRU HDFK PLUURU LQ FDVH % DQG WKH VHWV RI r DQG s WKDW VKRXOG SURGXFH WKH VDPH

WRWDO HUURU LQ &DVH $ DV LQ &DVH %� ZH FDQ PDNH WKH FRPSDULVRQ� 6LQFH WKH D[HV RI WKH DGMXVWLQJ VFUHZV QHFHVVDULO\
SRLQW LQ GLoHUHQW GLUHFWLRQV LQ WKH ODERUDWRU\ IRU &DVH $ DQG &DVH %� ZH H[SHFW WR pQG GLoHUHQW [� \ DQG ] HUURUV
ZKHQ ZH FRPSDUH 7DEOH � WR 7DEOH �� +RZHYHU� ZH H[SHFW WKH WRWDO HUURU� L�H�� WKH TXDGUDWXUH RI WKH WZR HUURUV� LQ
&DVH $ WR EH WKH VDPH DV WKH TXDGUDWXUH RI WKH HUURUV IRU &DVH %� 7DEOHV � DQG � JLYH WKH UHVXOWV IRU &DVH % LQ WKH
VDPH IDVKLRQ DV GR 7DEOHV � DQG � IRU &DVH $�
7KH (XOHU DQJOHV �o� p � q� FRUUHVSRQGLQJ WR 7DEOH � DUH� LQ GHJUHHV� ���������� ��������� ��������� DQG ����������

��������� ��������� IRU WKH pUVW WZR PLUUURUV� UHVSHFWLYHO\� 7KH (XOHU DQJOHV IRU WKH WKLUG PLUURU DUH LGHQWLFDO WR
WKRVH IRU WKH pUVW PLUURU� 1RWH WKDW WKH HUURUV LQ 7DEOH � DUH YHU\ GLoHUHQW IURP 7DEOH �� EXW LQ HDFK URZ WKH VXPV
RI WKHLU VTXDUHV DJUHH EHWZHHQ 7DEOHV � DQG � ZLWKLQ URXQGRo HUURUV�
6RPH QXPEHUV LQ 7DEOH � ZLOO KHOS WR HOOXFLGDWH WKH GLVFXVVLRQ DERYH� 7KH QRUPDOV LQ &DVH $ DIWHU WUDQVIRUPDWLRQ

ZLWK DQ (XOHU PDWUL[ KDYLQJ ��r IRU HDFK RI o� p DQG q ZLOO EH ����������� ���������� ����������� ����������� �
���������� ���������� DQG ������������ ����������� ����������� IRU WKH WKUHH PLUURUV� UHVSHFWLYHO\� 1RWH WKDW WKH
ERWWRP URZ LQ 7DEOH � IRU PLUURU � PDWFKHV WKH pUVW RI WKHVH QRUPDOV� EXW WKH VLJQV DUH RSSRVLWH IRU PLUURUV � DQG

�



7DEOH �� (UURUV IRU &DVH %� 1RWH WKH VLJQV RI r KHUH FRPSDUHG WR 7DEOH �� DV GLVFXVVHG�
PLUURU r s HUU[ HUU\ HUU]
� ��� ��� ������ ������ ������
� ��� ��� b������ ������ b������
� ��� ��� b������ b������ b������
� ��� ��� b������ ������ ������
� b��� ��� b������ ������ ������
� b��� ��� b������ ������ ������
� ��� ��� b������ ������ ������
� b��� ��� b������ ������ b������
� b��� ��� b������ ������ ������

�� 2Q WKH RWKHU KDQG� WKH VHFRQG URZV IRU DOO WKUHH PLUURUV DUH WKH VDPH� PHDQLQJ WKDW WKH <VLGHV DUH DOO WKH VDPH�
&RQVHTXHQWO\� WKH ;VLGHV KDYH WR EH WKH VDPH IRU PLUURU � EXW RSSRVLWH IRU PLUURUV � DQG �� FRPSDUHG WR D ��r�
��r� ��r URWDWLRQ RI &DVH $� )RU WKLV UHDVRQ� WKH VLJQV RI r LQ 7DEOH � ZHUH FKRVHQ DV VKRZQ� $JDLQ WKH DSSUR[LPDWH
DGGLWLYLW\ LQ HUURUV LV VHHQ LQ 7DEOH � DV LQ 7DEOH �� 7KH FKHFN RQ WKH PLGGOH URZV LQ 7DEOH � LV WKDW WKH ��r� ��r� ��r

(XOHU PDWUL[ RSHUDWLQJ RQ ����� ��� WKH <VLGH LQ WKH 5()(5(1&( SRVLWLRQ� LV ������������ ���������� �����������
$V GLVFXVVHG� RQO\ WKH ���������� DORQJ ZLWK WKH GHVLUHG ERWWRP URZ RI 7DEOH �� ZHUH XVHG DV WKH IRXU LQSXWV LQWR
WKH SURFHVV RI pQGLQJ WKH (XOHU DQJOHV WR IRUP 7DEOH �� ,W LV JUDWLI\LQJ WKDW WKH RWKHU HOHPHQWV RI WKH PLGGOH URZV
LQ 7DEOH � PDWFK WKH <VLGH YHFWRU MXVW PHQWLRQHG�
7KH SURFHVV WKDW OHDG WR 7DEOHV � DQG � LOOXVWUDWHV VRPH FKDUDFWHULVWLFV RI WKH (XOHU PDWUL[� $OWHUQDWLYHO\� ZH

FRXOG KDYH REWDLQHG WKH GHVLUHG UHVXOWV E\ WKH IROORZLQJ FKDQJH RI (XOHU DQJOHV� 5HWDLQ WKH pUVW PLUURU
V (XOHU DQJOHV
WKDW OHDG WR 7DEOH �� )RU WKH (XOHU DQJOHV RI WKH QH[W WZR PLUURUV� DGG ���r WR p� &RQVLGHUDWLRQ RI WKH VHFRQG RI
WKH WKUHH URWDWLRQV WKDW GHpQH WKH (XOHU VHW RI WKUHH URWDWLRQV ZLOO VKRZ WKDW WKLV ZLOO UHYHUVH WKH GLUHFWLRQ RI WKH
QRUPDO WR WKHVH WZR PLUURUV� %XW WKLV ZLOO UHVXOW LQ WKH WKLUG URWDWLRQ WKURXJK q EHLQJ UHYHUVHG LQ GLUHFWLRQ� VR ZH
FRPSHQVDWH E\ FKDQJLQJ WKH VLJQ RI q IRU WKH ODVW WZR PLUURUV� ,I WKHQ WKH VLJQV RI r LQ 7DEOH � DUH PDGH WKH VDPH
DV LQ 7DEOH � DQG WKH SURJUDP LV UHUXQ� DOO RI WKH �� HUURUV LQ 7DEOH � ZLOO EH MXVW WKH VDPH DV WKH HUURUV LQ 7DEOH �
ZLWKLQ URXQGRo� $QG WKH VLJQV RI WKH PDWUL[ HOHPHQWV LQ WKH WRS URZV DQG LQ WKH ERWWRP URZV RI PLUURUV � DQG � LQ
7DEOH � ZLOO EH UHYHUVHG� DV WKH\ VKRXOG EH�

� 5( $/, 67 , & )7 3 & &$6(

1H[W ZH FDOFXODWH D UHDOLVWLF FDVH IRUPHG IURP D K\SRWKHWLFDO EXW UHDVRQDEOH GHVLJQ RI WKH ODVHU V\VWHP IRU WKH
)RUZDUG 73&V �)73&V�� 2QH REMHFWLYH LV WR JHW DQ DFFXUDWH LGHD RI KRZ PXFK GHYLDWLRQ RI WKH ODVHU EHDP ZLOO
UHVXOW IURP YDULRXV FRPELQDWLRQV RI HUURUV� IRU ZKDWHYHU UHDVRQ� LQ WKH DOLJQPHQW RI HDFK PLUURU FRPSDUHG WR WKH
781(' VLWXDWLRQ ZKHUH DOO WKH PLUURUV DUH FRUUHFWO\ SRVLWLRQHG DQG RULHQWHG� 7KH VDPH SURJUDP LV XVHG IRU WKLV
FDVH DV ZDV XVHG IRU WKH WHVW FDVHV DERYH� ,W LV SRVVLEOH WKDW WKLV SURJUDP FRXOG EH XVHG DV D EDVLV IRU UHPRWH FRQWURO
RI WKH RULHQWDWLRQV RI VRPH RI WKH PLUURUV LI WKH V\VWHP ZDQGHUV IURP WKH 781(' RULHQWDWLRQV DQG ORFDWLRQV GXULQJ
FRQWLQXHG RSHUDWLRQ� 6XFK UHPRWH FRQWURO ZLOO QRW EH SXUVXHG IXUWKHU KHUH�
)LJXUH � VKRZV WKLV SRVVLEOH GHVLJQ LQ VFKHPDWLF IRUP� 2QO\ HQRXJK GHWDLO ZLOO EH JLYHQ WR VKRZ KRZ WKH LGHDV

GLVFXVVHG pW LQWR D UHDOLVWLF FDVH� 7KH [\� \] DQG [] SURMHFWLRQV DUH VKRZQ WR DLG LQ YLVXDOL]DWLRQ� 7KH ODVHU OLHV QHDU
WKH 67$5 qRRU DQG LV DW WKH LQLWLDO SRLQW / RI WKH HQWLUH SDWK LQ )LJ� �� 3DWKV �� DQG �� DUH PRXQWHG WR WKH RXWVLGH
IDFH RI WKH SROH WLS RI WKH 67$5 PDJQHW VROHQRLG� 3DWK �� LV SDUDOOHO WR WKH 5+,& EHDP �SRVLWLYH ] GLUHFWLRQ�� DQG
PLUURU � LV FORVH WR DQG PRXQWHG WR WKH RXWVLGH IDFH RI WKH )73&� 3DWK �� WDNHV WKH EHDP SDUDOOHO WR WKLV IDFH WR D
SDLU RI PLUURUV� � DQG �� ZKLFK WDNH WKH EHDP WR WKH RSSRVLWH VLGH RI WKH FLUFXODU qDQJH RI WKH IURQW IDFH �FLUFOH LQ
)LJ� �� � DQG GLUHFW WKH EHDP UDGLDOO\ LQZDUGV LQVLGH WKH )73& DQG LQ WKH [\ SODQH DORQJ SDWK ���
7KH HQWU\ SRLQW RI WKH EHDP LQWR WKH )73& LV VOLJKWO\ GRZQVWUHDP RI PLUURU �� 7KH ODVHU EHDP LV }�� PP

GLDPHWHU XSVWUHDP RI PLUURU � DQG LV FROOLPDWHG WR � PP GLDPHWHU DW WKH HQWU\ SRLQW� ,Q SDWK �� WKHUH DUH pYH ��PP
GLDPHWHU PLUURUV DW pYH GLoHUHQW UDGLL LQVLGH WKH )73&>�@ WR SLFN Ro pYH SRUWLRQV RI WKH ��PP EHDP WR SURGXFH pYH
WKLQ EHDPV DW YDULRXV UDGLL LQ QHDUO\ RQH SODQH �FRQWDLQLQJ WKH 5+,& EHDP�� 7KH RQH RI WKHVH pYH EHDPV QHDUHVW
WKH 5+,& EHDP LV UHSUHVHQWHG E\ WKH �����PP SDWK GHSDUWLQJ IURP PLUURU � DQG WUDYHOLQJ WKURXJK WKH )73& LQ WKH
SRVLWLYH ] GLUHFWLRQ� 7KLV EHDP �( LV � PP LQ GLDPHWHU �PLQRU GLDPHWHU RI WKH HOOLSVH RI PLUURU �� DQG LW SURYLGHV D
VWUDLJKW� FDOLEUDWLQJ WUDFN RI LRQL]DWLRQ LQ WKH )73&� 7KH RWKHU EHDPV >�@ DUH QRW VKRZQ QRU FRQVLGHUHG KHUH DOWKRXJK
WKLV VDPH SURJUDP KDV QR SUREOHP LQ GHDOLQJ ZLWK WKHP�
7KLV GHVLJQ LV VFKHPDWLF� EXW LW LV UHDOLVWLF HQRXJK IRU WKH SXUSRVH RI LOOXVWUDWLQJ WKH SURSRJDWLRQ RI WKH ODVHU

�



)LJXUH �� �D�� �E� DQG �F� DUH WKH [\� [] DQG \] SURMHFWLRQV� UHVSHFWLYHO\� RI D SRUWLRQ RI WKH K\SRWKHWLFDO V\VWHP�
7KH SDWK OHQJWKV DUH JLYHQ LQ 7DEOH �� 7KH PDJQLWXGHV RI WKH DQJOHV EHWZHHQ D SDWK DQG WKH KRUL]RQWDO �[] SODQH�
DUH ��r IRU ��� DQG ��r IRU �� DQG ��� $OO OLQHV GUDZQ LQ )LJ� � WKDW DSSHDU WR EH SDUDOOHO WR RQH RI WKH [� \ RU
] D[HV DUH LQGHHG VR� 7KH GDVKHG �& LV D PRQLWRULQJ EHDP OHDGLQJ WR D &&' FDPHUD DW &� %HDP �& LQ LQ WKH [\
SODQH� �G� 7KHVH VHYHQ XQLW YHFWRUV DUH WKH GLUHFWLRQV RI WKH <VLGHV RI WKH PLUURU PRXQWV� GHVLJQDWHG E\ WKHLU ODEHOV
LQ SDQHOV �D�� �E� DQG �F� RI WKLV )LJXUH� $OO VHYHQ YHFWRUV DUH LQ WKH [\ SODQH� DUELWUDULO\� 0HDVXULQJ FORFNZLVH IURP
WKH SRVLWLYH D[LV� WKH\ DUH ���r� ���r� ���r� ���r� ��r� ���r DQG ���r� UHDGLQJ IURP PRXQWV � WR ��
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7DEOH �� (XOHU DQJOHV �GHJUHHV� IRU HDFK PLUURU LQ WKH UHDO )73& H[DPSOH� '  GLVWDQFH �PP� WR UHDFK WKLV PLUURU�
7KH GLVWDQFH WUDYHOHG DIWHU PLUURU � LV ���� PP IURP � WR (�

0LUURU o p q '

� �� �� � ���
� ��� �� � ����
� �� ��� � ����
� ��� ��� � ���
� b�� �� � ���
� �� b�� � ���
� �� b�� � ���

7DEOH �� (XOHU PDWUL[ HOHPHQWV IRU WKH UHDO )73& H[DPSOH� 7KH VHYHQ GLJLWV FDUULHG DUH URXQGHG WR WKUHH KHUH�
DOWKRXJK VHYHQ DUH QHHGHG IRU DFFXUDWH FDOFXODWLRQ�

0LUURU� 0LUURU� 0LUURU�
����� ����� b����� ����� ����� b����� ����� b����� b�����
b����� ����� ����� b����� b����� ����� b����� ����� �����
����� ����� ����� b����� ����� ����� ����� ����� b�����

0LUURU� 0LUURU� 0LUURUV�DQG�
����� b����� b����� ����� b����� b����� ����� ����� �����
b����� b����� ����� ����� ����� ����� b����� ����� �����
b����� ����� b����� ����� b����� ����� b����� b����� �����

EHDP WKURXJK D V\VWHP RI VHYHQ PLUURUV LQ D WKUHH�GLPHQVLRQDO DUUD\� DV ZHOO DV WKH HoHFWV RI WLOWLQJ DQ\ PLUURU
RU FRPELQDWLRQ RI PLUURUV VOLJKWO\ DERXW HLWKHU RU ERWK RI HDFK PLUURU
V WZR DGMXVWPHQW D[HV� $ PRUH GHWDLOHG
UHSUHVHQWDWLRQ ZRXOG VKRZ WKUHH EHDPV LQ WKH [\ SODQH� QRW RQH� HPDQDWLQJ IURP WKUHH FORVH VSDFHG PLUURUV QHDU
SRVLWLRQ � RI )LJ� �� 7KHVH EHDPV ZRXOG EH URXJKO\ ���r DSDUW LQ RUGHU WR SURGXFH WKUHH UDGLDO SODQHV LQ WKH )73&
ZLWK pYH EHDPV LQ HDFK HDFK SODQH LQVWHDG RI WKH VLQJOH UDGLDO SODQH RI pYH EHDPV PHQWLRQHG DERYH� 7KXV� )LJ� �
VKRZV RQH EHDP� �(� VHOHFWHG IURP WKH pIWHHQ EHDPV MXVW GLVFXVVHG� $ IXUWKHU VLPSOLpFDWLRQ WR PDNH WKH V\VWHP
DQG WKH PDWUL[ HOHPHQWV DQG GLUHFWLRQ FRVLQHV HDVLHU WR YLVXDOL]H LV WR KDYH HDFK EHDP GUDZQ LQ )LJ� � OLH LQ D SODQH
SDUDOOHO WR VRPH WZR RI WKH WKUHH FRRUGLQDWH D[HV GUDZQ LQ )LJ� �� 7KHUH ZRXOG DOVR EH D IRXUWK PLUURU �QRW VKRZQ�
QHDU SRVLWLRQ � ZLWK D IRXUWK EHDP JRLQJ DFURVV WKH RXWVLGH RI WKH FLUFXODU IDFH RI WKH )73& WR D PRQLWRULQJ &&'
FDPHUD & RQ WKH SHULSKHU\ RI WKH FLUFXODU IDFH� 7KLV EHDP LV WKH GDVKHG OLQH �& LQ WKH [\ SODQH LQ )LJ� ��
2QH PLJKW ZRQGHU ZK\ LW LV XVHIXO WR GLVFXVV SUHFLVLRQV RI D IUDFWLRQ RI D PLOOLPHWHU IRU WKH ORFDWLRQV RI WKH EURDG

EHDPV EHWZHHQ WKH ODVHU DQG PLUURU �� 7KH UHDVRQ LV WKDW D IHZ�PP EDOO LV SODFHG LQ WKH FHQWHU RI WKH EURDG EHDP
QHDU WKH ODVHU� DQG WKLV SURGXFHV D 3RLVVRQ VSRW >���@ RI ��� PP GLDPHWHU LQ WKH FHQWHU RI WKH EURDG EHDP� 7KH
3RLVVRQ VSRW LV XVHG WR PRQLWRU WKH SUHFLVH SRVLWLRQ RI WKH EHDP E\ XVLQJ PLQLDWXUH &&' FDPHUDV DW YDULRXV SRLQWV
�HDFK QHDU D PLUURU� LQ WKH V\VWHP DW OHDVW XS WR DQG LQFOXGLQJ D GLVWULEXWLRQ ER[ QHDU PLUURU �� 7KH PDMRU FKHFNHU
RI WKH EHDP YHFWRU LV DW WKH WZR HQGV RI SDWK �&�
7KH GLUHFWLRQ RI WKH QRUPDO WR HDFK PLUURU GHWHUPLQHV KRZ LWV LQFLGHQW EHDP LV GHqHFWHG� DQG WKLV LV GHWHUPLQHG

E\ RQO\ (XOHU DQJOHV o DQG p� DV GLVFXVVHG DERYH� (XOHU DQJOH q GHWHUPLQHV WKH RULHQWDWLRQ RI WKH WZR D[HV� ;VLGH
DQG <VLGH� DERXW ZKLFK LWV PLUURU FDQ EH URWDWHG E\ WZLVWLQJ HDFK RU ERWK RI WKH WZR DGMXVWPHQW VFUHZV� $UEULWUDULO\�
EXW ZLWKRXW ORVV RI JHQHUDOLW\� q LV FKRVHQ KHUH WR EH ]HUR IRU HDFK PLUURU� 7KLV PHDQV WKDW WKH <VLGH RI WKH PLUURU
PRXQW LV LQ WKH [\ SODQH DOZD\V� 7KLV DJDLQ PDNHV IRU HDVH RI YLVXDOL]DWLRQ� EXW DQ\ q LV VDWLVIDFWRU\ IRU RSHUDWLRQ
RI WKLV FRPSXWHU SURJUDP� ,Q D UHDO V\VWHP� q ZRXOG RIWHQ QRW EH ]HUR� 7KH (XOHU DQJOHV IRU HDFK PLUURU DUH JLYHQ
LQ 7DEOH ��
7KH GLVWDQFHV RI qLJKW EHWZHHQ SRLQWV LQ WKH V\VWHP LQ WKH 781(' SRVLWLRQV DUH DOVR JLYHQ LQ 7DEOH �� 7KH

SURMHFWLRQV RI WKHVH GLVWDQFHV DUH VKRZQ LQ )LJ� �� )RU VLPSOLFLW\� WKH EHDP LV GHqHFWHG WKURXJK ��r DW HDFK PLUURU
H[FHSW PLUURU �� ZKHUH LW LV GHqHFWHG WKURXJK ��r� 2I FRXUVH� WKLV LV QRW D UHTXLUHPHQW RI WKH PHWKRG RI DQDO\VLV� EXW
LV XVHG IRU HDV\ YLVXDOL]DWLRQ� 7KLV FRQpJXUDWLRQ LV FORVH HQRXJK WR D SRVVLEOH UHDO V\VWHP WR LOOXVWUDWH WKH DVSHFWV RI
D UHDO V\VWHP�
7KH (XOHU PDWUL[ HOHPHQWV IRU HDFK RI WKH PLUURUV DUH JLYHQ LQ 7DEOH �� 1RWH WKDW HDFK SDLU RI URZV IRU D PLUURU

DUH RUWKRQRUPDO� DV LV HDFK SDLU RI FROXPQV� 7KLV LV FKHFNHG E\ WKH SURJUDP WR RQH SDUW SHU PLOOLRQ IRU FRQVLVWHQF\�
5HFDOO WKDW WKH pUVW URZ IRU HDFK PLUURU LV DOVR WKH GLUHFWLRQ FRVLQHV RI WKH ;VLGH� WKH VHFRQG URZ LV WKH GLUHFWLRQ
FRVLQHV RI WKH <VLGH� DQG WKH WKLUG URZ LV WKH GLUHFWLRQ FRVLQHV RI WKH QRUPDO WR WKH PLUURU� DOO EHLQJ LQ WKH 781('
FRQpJXUDWLRQ�
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7DEOH �� 'LUHFWLRQ FRVLQHV RI HDFK EHDP DIWHU UHqHFWLRQ IURP LWV PLUURU�
0LUURU 'LUHFWLRQFRVLQHV

� ����� ����� �����
� ����� ����� �����
� ����� ����� �����
� b����� ����� �����
� ����� ����� �����
� ����� ����� �����
� ����� ����� �����

7DEOH �� 7KH DGMXVWPHQW DQJOH �PUDG� DERXW WKH ;VLGH LV DGM; � WKH DGMXVWPHQW DQJOH DERXW WKH <VLGH LV DGM<� 7KH
GLoHUHQFHV EHWZHHQ WKH SRVLWLRQ RI VWULNLQJ WKH PLUURU Q�� ZLWK DQG ZLWKRXW WKH DGMXVWPHQW RI PLUURU Q DUH HUU[�
HUU\ DQG HUU] �PP�� 7KHVH WKUHH HUURUV LQ TXDGUDWXUH JLYH WKH WRWDO HUURU� HUUWRW�

0LUURU DGM; DGM< HUU[ HUU\ HUU] HUUWRW
� � � b����� b����� b����� �����
� � � ����� ����� ����� �����
� � � b����� ����� ����� �����
� � � ����� ����� ����� �����
� � � b����� b����� b����� �����
� � � b����� ����� ����� �����
� � � ����� b����� b����� �����
� � � ����� ����� b����� �����
� � � ����� b����� b����� �����
� � � ����� ����� ����� �����
� � � ����� b����� b����� �����
� � � ����� b����� ����� �����
� � � b����� b����� b����� �����
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7KH GLUHFWLRQ FRVLQHV RI HDFK EHDP DIWHU UHqHFWLRQ IURP LWV PLUURU LQ WKH 781(' FRQpJXUDWLRQ DUH LQ 7DEOH ��
7KH\ ZLOO EH VHHQ WR PDWFK WKH OD\RXW RI )LJ� ��D�F�� 7KH EHDP LQFLGHQW RQ PLUURU � KDV GLUHFWLRQ FRVLQHV �������
������ �������� 1RWH WKDW WKLV VHW DQG WKH VHYHQ VHWV LQ 7DEOH � DUH QRUPDOL]HG WR XQLW\� DV UHTXLUHG� 7KLV LV FKHFNHG
E\ WKH SURJUDP WR RQH SDUW SHU PLOOLRQ IRU FRQVLVWHQF\�
1H[W ZH WU\ DGMXVWLQJ VRPH RI WKH �� VFUHZV IRU WKHVH � PLUURUV DQG OHW WKH SURJUDP FDOFXODWH WKH GLoHUHQFHV

EHWZHHQ WKH FRRUGLQDWHV RI WKH SRLQW ZKHUH WKH EHDP �3RLVVRQ VSRW RU EHDP FHQWHU� VWULNHV WKH PLUURU LQ WKH 781('
SRVLWLRQ JLYHQ E\ 7DEOH �� DQG DOVR UHSUHVHQWHG E\ 7DEOHV � DQG �� ,Q HDFK RI WKH IROORZLQJ H[DPSOHV� WKH DGMXVWPHQW
LV E\ DQ DQJOH RI ����� PLOOLUDGLDQ� ZLWK D SRVLWLYH VLJQ GHQRWLQJ WKDW WKH ERWWRP UXOH IRU WKH VFUHZ URWDWLRQ LV SDUDOOHO
WR WKH GLUHFWLRQ FRVLQH RI WKH DSSURSULDWH ;VLGH RU <VLGH RI LWV PLUURU� 7KH pUVW WHVW LV WR FKHFN WKH GLUHFWLRQ DQG
DPRXQW RI HUURU SURGXFHG E\ DGMXVWPHQW RI HDFK PLUURU� 7KDW LV� 7DEOH � VKRZV WKH HUURU LQ SRVLWLRQ RI DFWXDOO\
VWULNLQJ PLUURU Q�� DV WKH UHVXOW RI DQ DGMXVWPHQW RI PLUURU Q ZKHQ WKH EHDP LQFLGHQW RQ PLUURU Q LV D 781('
EHDP� 7KH PLUURU LQGH[ LQ 7DEOH � LV Q� )RU PLUURU � WKH HUURUV DUH PHDVXUHG DIWHU GULIWLQJ ���� PP WR SRLQW ( LQ
)LJ� �� &RQGLWLRQV LQ 7DEOH � DUH VLPSOH HQRXJK WKDW RQH FDQ DOVR FKHFN WKH UHVXOWV IRU VLJQ DQG VL]H E\ XVLQJ D KDQG
FDOFXODWRU�
)LJXUH� ��G� VKRZV WKH GLUHFWLRQ RI HDFK <VLGH� REWDLQHG IURP 7DEOH �� 5HFDOO WKDW HDFK <VLGH LV LQ WKH [\ SODQH�

7KH GLUHFWLRQ RI WKH <VLGH YHFWRU LV WKH GLUHFWLRQ RI D SRVLWLYH URWDWLRQ DURXQG <VLGH SURGXFLQJ DGM< LQ 7DEOH ��
7DEOH � VKRZV WKH UHVXOWV RI JLYLQJ HYHU\ PLUURU WKH VDPH DGMXVWPHQW� ,Q FRQWUDVW ZLWK 7DEOH � VKRZLQJ WKH HUURU

UHVXOWLQJ IURP DGMXVWLQJ D VLQJOH PLUURU DQG PHDVXULQJ DW WKH QH[W PLUURU� 7DEOH � IROORZV WKH EHDP DOO WKH ZD\
WKURXJK WKH V\VWHP� OLVWLQJ WKH DFFXPXODWHG HUURU GXH WR HYHU\ PLUURU KDYLQJ D ����� PLOOLUDGLDQ DGMXVWPHQW� 7KH
DFFXPXODWHG HUURU LQ WKH SRVLWLRQ RI WKH EHDP DIWHU LW KDV WUDYHUVHG WKH )73& LV VHHQ WR EH ����� PP ZKHQ HYHU\
PLUURU LV DGMXVWHG E\ � PUDG DERXW LWV ;VLGH D[LV� EXW ������ PP ZKHQ LQVWHDG HYHU\ PLUURU LV DGMXVWHG E\ � PUDG
DERXW LWV <VLGH� 6WDWHG DQRWKHU ZD\� LI VRPHKRZ HDFK PLUURU JRW EXPSHG RXW RI LWV 781(' FRQGLWLRQ E\ D WZLVW
RI � PUDG DERXW LWV <VLGH� WKH UHVXOWLQJ GLVSODFHPHQW RI WKH ODVHU EHDP DIWHU WUDYHUVLQJ WKH )73& ZRXOG EH ������
PP�
1H[W ZH DGMXVW HYHU\ PLUURU E\ �� PUDG DERXW LWV ;VLGH DQG E\ �� PUDG DERXW LWV <VLGH� 7KH UHVXOWV DUH LQ

WKH WRS KDOI RI 7DEOH ��� 1RWH WKDW HDFK HUU[ LQ WKLV LV URXJKO\ WKH VXP RI WKH YDOXHV RI HUU[ RQ WKH WRS KDOI DQG
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7DEOH �� &XPXODWLYH HUURUV DV WKH EHDP JRHV WKURXJK WKH V\VWHP� 7KH WRS KDOI KDV DGMXVWPHQW RQO\ LQ WKH DGM;
FROXPQ� 7KH ERWWRP KDOI KDV DGMXVWPHQW RQO\ LQ WKH DGM< FROXPQ� ,Q D JLYHQ URZ LV WKH PLUURU LQGH[ DQG LWV DGM;
DQG DGM<� IROORZHG E\ WKH IRXU DFFXPXODWHG HUURUV LQ SRVLWLRQ PHDVXUHG DW WKH VXFFHHGLQJ PLUURU� ,Q WKH FDVH RI
PLUURU �� WKH HUURUV DUH PHDVXUHG DW SRLQW ( DIWHU WUDYHUVLQJ WKH )73&�
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RQ WKH ERWWRP KDOI RI 7DEOH �� DOWKRXJK WKH\ GR GLoHU EH\RQG WKHLU XQFHUWDLQWLHV� 7KH VDPH DSSOLHV WR HUU\ DQG WR
HUU]� 6R DJDLQ WKH HUURUV DUH DSSUR[LPDWHO\ DGGLWLYH� ,W LV OLNHO\ WKDW WKLV LV DQ DFFLGHQW RI WKH DUELWUDU\ FKRLFH RI
WKH GLUHFWLRQV RI WKH <VLGHV� EXW UXQV WR H[DPLQH WKLV KDYH QRW EHHQ PDGH�
,W LV RI VRPH LQWHUHVW WR VHH KRZ ODUJH WKH HUURUV PLJKW EH LQ WKH ODVHU EHDP SRVLWLRQ DIWHU WUDYHUVLQJ WKH )73&�

ZKLOH NHHSLQJ RQO\ � PUDG IRU HDFK DGMXVWPHQW EXW YDU\LQJ WKH VLJQV� 7KLV LV QRW ZRUWK H[KDXVWLYH VWXG\� EXW ZH
FDQ DSSUR[LPDWH WKLV E\ XVLQJ 7DEOH �� 7KDW LV� IRU WKH ERWWRP KDOI RI 7DEOH WKH DGM; VLJQV ZHUH FKRVHQ WR EH WKH
VDPH DV WKH HUU[ VLJQV RQ WKH WRS KDOI RI 7DEOH �� 6LPLODUO\ WKH DGM< VLJQV ZHUH FKRVHQ WKH VDPH DV WKH HUU\ VLJQV
RQ WKH ERWWRP KDOI RI 7DEOH �� 7KH MXVWLpFDWLRQ IRU WKLV FKRLFH LV QRW FRPSHOOLQJ� DQG WKH FKRLFH ZDV PDGH RQO\ DV D
pUVW WU\ WR NHHS ERWK HUU[ DQG HUU\ LQFUHDVLQJ DV WKH EHDP PRYHV WKURXJK WKH V\VWHP� 5HFDOO WKDW WKHUH LV QRWKLQJ
V\VWHPDWLF LQ WKH UHODWLRQ RI WKH GLUHFWLRQ RI WKH ;VLGH RU WKH <VLGH WR WKH ODERUDWRU\ FRRUGLQDWH IUDPH� VR FRUUHODWLQJ
WKH PRXQW�p[HG ;VLGH DQG <VLGH WR WKH ODERUDWRU\�p[HG HUU[� HUU\ DQG HUU] LV D GHEDWDEOH FULWHULRQ IRU PD[LPL]LQJ
WKH HUURUV� 1HYHUWKHOHVV� WKH UHVXOWV JLYHQ RQ WKH ERWWRP KDOI RI 7DEOH �� VKRZ UDWKHU ODUJH HUURUV� FXOPLQDWLQJ LQ ��
PP WRWDO HUURU DW WKH HQG�
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7KH ODVW URZ LQ WKH ERWWRP KDOI RI 7DEOH �� VKRZV WKH [� \� ] DQG WRWDO HUURUV LQ WKH FRRUGLQDWHV RI WKH FHQWHU RI WKH
EHDP LI PLUURU � ZHUH RI ODUJH GLDPHWHU DQG LI WKHUH ZHUH QR FROOLPDWRU� +RZHYHU� PLUURU � LV RQO\ � PP LQ GLDPHWHU�
6R WKH TXHVWLRQ EHFRPHV ZKHUH ZRXOG WKLV VDPH VHW RI DGM; DGM< SXW WKH EHDP WKDW DFWXDOO\ LV UHqHFWHG E\ WKLV VPDOO
PLUURU �" 7KDW LV� ZH UHWDLQ WKH VDPH GLUHFWLRQ FRVLQHV RI WKH EHDP LPSLQJLQJ RQ PLUURU � DV LQ WKH ERWWRP KDOI RI
7DEOH ��� EXW IRUFH WKH UHqHFWLRQ WR RFFXU DW WKH FHQWHU RI PLUURU �� 7KLV LV WKH DFWXDO VLWXDWLRQ EHFDXVH PLUURU �
LV VR VPDOO LQ GLDPHWHU� 7KH UHVXOWLQJ GHqHFWLRQ RI WKLV ��PP EHDP DIWHU WUDYHUVLQJ WKH )73& LV ����� PP LQ WKH
UDGLDO GLUHFWLRQ DQG ���� PP LQ WKH D]LPXWKDO GLUHFWLRQ� WKHVH EHLQJ WKH GHSDUWXUHV IURP WKH EHDP ORFDWLRQ DIWHU
WKH )73& LQ WKH 781(' VLWXDWLRQ�
)LJ�� VKRZV WKDW WKH UDGLDO SDWK �� LV RQO\ ��r DZD\ IURP WKH [ GLUHFWLRQ� VR WKHVH GHqHFWLRQV DUH WR EH FRPSDUHG

DSSUR[LPDWHO\ WR ����� DQG ���� PP LQ 7DEOH ��� �1RWH WKDW WKH SRVLWLYH [ GLUHFWLRQ LV QHDUO\ WKH QHJDWLYH UDGLDO
GLUHFWLRQ KHUH�� ,Q RWKHU ZRUGV� WKH VPDOOQHVV RI PLUURU � SURYLGHV D UHGXFWLRQ LQ WKH FDOLEUDWLRQ HUURU E\ D IDFWRU RI
��� LQ WKH UDGLDO GLUHFWLRQ DQG ��� LQ WKH D]LPXWKDO GLUHFWLRQ� )RU WKH WRS KDOI RI 7DEOH �� WKH IDFWRUV DUH ��� DQG ����
UHVSHFWLYHO\� )RU WKH ERWWRP KDOI RI 7DEOH �� WKH IDFWRUV DUH ��� DQG ���� )RU WKH WRS KDOI RI 7DEOH ��� WKH IDFWRUV DUH
���� DQG ���� 7KXV� WKH VPDOOQHVV RI PLUURU � XVXDOO\ UHGXFHV WKH HUURU LQ FDOLEUDWLRQ RI WKH )73&� DQG RIWHQ E\ D
VLJQLpFDQW DPRRXQW� +RZHYHU� IRU WKLV ODVW FDVH RI D IDFWRU ����� WKH EHDP OHDYLQJ D ODUJH YHUVLRQ RI PLUURU � ZRXOG
EH� UDGLDOO\ VSHDNLQJ� Ro FHQWHU DQG ZLWK WKH ZURQJ VORSH EXW VXFK DV WR QHDUO\ FRPSHQVDWH HDFK RWKHU DW WKH IDU
HQG RI WKH )73&�
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7DEOH ��� (oHFWV RI KDYLQJ DOO � PUDG PLVDOLJQPHQWV RI PLUURUV� �D� $OO VDPH VLJQ� RQ WKH WRS KDOI� DOO �� WZLVW
DQJOHV� DGM; DQG DGM<� RI PLVDGMXVWPHQW RI WKH VFUHZV KDYH WKH VDPH VLJQ� �E� 6LJQV WR JLYH ODUJH HUURUV� RQ WKH
ERWWRP KDOI WKH DGM; DQG DGM< VLJQV DUH FKRVHQ WR PDNH WKH HUU[ DQG HUU\ LQFUHDVH LQ PDJQLWXGH DW HDFK VXFFHHGLQJ
PLUURU�
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,I PHFKDQLFDO PRXQWV LQ WKH PLUURU V\VWHP VKRXOG VRPHKRZ VKLIW� ZH ZDQW WKH FDSDELOLW\ WR FRPSHQVDWH E\ DGM;
DQG�RU DGM< LQ VRPH PLUURUV VXFK WKDW WKH EHDP LQ WKH )73& DW VWDWLRQ ( LV UHWXUQHG WR LWV SURSHU SRVLWLRQ�
6XFK FRPSHQVDWLRQ PXVW EH UHPRWHO\ FRQWUROOHG GXH WR OLPLWHG DFFHVV WR WKH )73&V GXULQJ 5+,& RSHUDWLRQ� $OVR
WKH FRPSHQVDWLRQ VKRXOG EH PDGH DV IDU GRZQVWUHDP LQ WKH V\VWHP DV SRVVLEOH� FRQVLVWHQW ZLWK WKH FRQVWUDLQW RI
DYDLODEOH VSDFH IRU VXFK PHFKDQLFDO FRQWURO� 7KH UHDVRQ LV WR SRVLWLRQ WKH FRQWURO GRZQVWUHDP RI DV PDQ\ PHFKDQLFDO
SHUWXUEDWLRQV DV SRVVLEOH�
,Q PDQ\ V\VWHPV� LW LV QHFHVVDU\ WR FRQWURO WKH pYH YDULDEOHV RI D EHDP YHFWRU� YL]�� �[� \� ]� DQG LWV WZR SRODU

DQJOHV� +HUH �[� \� ]� LV WKH ORFDWLRQ ZKHUH WKH EHDP FHQWHU VWULNHV VRPH DUELWUDU\� K\SRWKHWLFDO SODQH� p[HG LQ VSDFH�
6XFK FRQWURO UHTXLUHV �UHPRWH� DGMXVWPHQW RI DGM; DQG DGM< RI DW OHDVW WZR PLUURUV ^ WKH pUVW PLUURU LV WR UHVWRUH
WKH FHQWHU RI WKH HUUDQW EHDP WR WKH FHQWHU RI WKH VHFRQG PLUURU� DQG WKH VHFRQG PLUURU LV WR UHVWRUH WKH SURSHU
GLUHFWLRQ RI WKH EHDP UHqHFWLQJ IURP WKLV PLUURU� ,Q WKLV VWDWHPHQW� LW LV DVVXPHG WKDW ZKHQHYHU WKH SURSHU DGM;
DQG DGM< DUH SURYLGHG WR WKH VHFRQG PLUURU� WKH EHDP LQFLGHQW RQ WKLV PLUURU DOZD\V VWULNHV LW DW LWV FHQWHU� 6XFK LV
WKH SURSHUW\ RI D JLPEDO PRXQW� 7KXV� WKH pYH FRQWURO YDULDEOHV DUH DGM; DQG DGM< IRU WZR PLUURUV �IRXU� LQ DOO� SOXV
WKH GLVWDQFH IURP WKH SRLQW ZKHUH WKH EHDP VWULNHV DQ DUELWUDU\� p[HG SODQH WR WKH SRLQW ZKHUH WKH EHDP VWULNHV WKH
VHFRQG PLUURU� 7KLV PDWFKHV WKH pYH GHJUHHV RI IUHHGRP RI WKH EHDP YHFWRU OHDYLQJ WKH VHFRQG FRQWURO PLUURU�
+RZHYHU� LQ WKH SUHFHHGLQJ VHFWLRQ ZH VDZ WKDW IRU WKH SUHVHQW V\VWHP WKH SULPDU\ QHHG LV WR REWDLQ WKH FRUUHFW

GLUHFWLRQ RI WKH EHDP LQ SDWK ��� 2QH LPSOLFDWLRQ RI WKLV LV WKDW ZH GR QRW KDYH WR DGMXVW DFFXUDWHO\ WKH GLVWDQFH
WR WKH VHFRQG FRQWUROOLQJ PLUURU� VR WKH IRXU YDULDEOHV DGM; DQG DGM< RI WKH WZR FRQWUROLQJ PLUURUV DUH VXrFLHQW�
:LWK WKHVH IRXU DGMXVWPHQWV VHW SURSHUO\� WKH GLVWDQFH SDUDPHWHU GRHV QRW DoHFW WKH GLUHFWLRQ RI WKH EHDP OHDYLQJ
WKH VHFRQG FRQWURO PLUURU� LW RQO\ DoHFWV WKH FHQWHULQJ RI WKH UHqHFWHG EHDP� :H DVVXPH KHUH WKDW WKHUH LV QR VKLIW
RI DQ\ RI WKH PLUURUV GRZQVWUHDP RI WKH WZR UHPRWHO\ FRQWUROOHG PLUURUV�
7KH LGHDO PRXQWLQJ RI WKH WZR UHPRWHO\ FRQWUROOHG PLUURUV ZRXOG EH WR WKH ULJLG IDFH RI WKH )73&� 7KLV ZRXOG

PLQLPL]H WKH SUREDELOLW\ RI VKLIWLQJ RI PLUURUV GRZQVWUHDP RI WKH WZR FRQWURO PLUURUV� +RZHYHU� WKHUH LV OLPLWHG VSDFH
QHDU WKH FLUFXODU IDFH RI WKH )73&V� VR ZH ZLOO FRQVLGHU LQ WKLV DQDO\VLV WKDW PLUURUV � DQG � DUH WKH RQHV WR EH UHPRWHO\
FRQWUROOHG� &RQVLGHU WKDW PLUURU � KDV VRPHKRZ VKLIWHG LWV RULHQWDWLRQ E\ RQO\ ��� PUDGLDQ� 6SHFLpFDOO\ FRQVLGHU
WKDW DGM; �� DQG DGM< �� WKURXJK VRPH DFFLGHQW� EXW DOO RWKHU PLUURUV UHPDLQ LQ WKHLU 781(' FRQpJXUDWLRQ�
7KLV FRXOG UHSUHVHQW D PRUH JHQHUDO VKLIW VRPHZKHUH LQ WKH V\VWHP XSVWUHDP RI PLUURU �� 7KH UHVXOW DIWHU WKH EHDP
WUDYHUVHV WKH )73& LV� HUU[ ���� HUU\ ����� HUU] ���� HUUWRW ����� UDGLDO FDOLEUDWLRQ HUURU ���� DQG D]LPXWKDO
FDOLEUDWLRQ HUURU ���� DOO LQ PP� 7KH FRUUHFWLRQ IRU WKLV DFFLGHQW LV� PLUURU � LV JLYHQ DGM; �������� DGM< �������
PLUURU � LV JLYHQ DGM; �������� DGM< ������� 7KH UHVXOW LV WKDW DOO VL[ RI WKH DERYH HUURUV EHFRPH ������� �������
������� ������ ������ DQG ������ PP� ,Q RWKHU ZRUGV� WKLV DFFLGHQW KDV EHHQ UHPHGLHG WR EHWWHU WKDQ � PLFURQV E\
WKLV UHPRWH DGMXVWPHQW RI PLUURUV � DQG �� 7KH DELOLW\ WR UHPHG\ VXFK DQ DFFLGHQW GRHV QRW GHSHQG RQ WKH GLUHFWLRQ
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RI WKH DFFLGHQWDO GHqHFWLRQ IURP 781(' SURGXFHG DW PLUURU �� ,W ZRXOG ZRUN HTXDOO\ ZHOO IRU DQ\ FRPELQDWLRQ RI
DGM; DQG DGM< DW PLUURU �� $V SDUW RI WKLV FRUUHFWLRQ V\VWHP� WKHUH ZRXOG EH &&' FDPHUDV ORRNLQJ DW WKH 3RLVVRQ
VSRW YHU\ QHDU WR HDFK RI PLUURUV � DQG � WR FRQpUP WKH FHQWHULQJ RI WKH EHDP DW WKHVH WZR PLUURUV�
$V D VHFRQG FKHFN� &&' FDPHUD & RI )LJ� ��D� ZRXOG EH HPSOR\HG� $Q DGGLWLRQDO PLUURU �QRW VKRZQ� ZRXOG EH

QHDU PLUURU � WR SURGXFH WKH GDVKHG EHDP �& IRU WKLV FKHFN� 7KH SDWK OHQJWK �& RI WKLV PRQLWRULQJ EHDP LV ���
PP� 7KLV HVWDEOLVKHV D UHIHUHQFH YHFWRU FRQpUPLQJ WKDW WKH EHDP RQWR PLUURU � KDV WKH FRUUHFW SURSHUWLHV� 7KH
SUHFLVLRQ RI WKLV FKHFN LV DERXW

S
���������� ���PUDG EHFDXVH FDPHUD & FRXOG GHWHUPLQH WKH FHQWHU RI WKH 3RLVVRQ

VSRW WR DERXW ��� RI LWV GLDPHWHU� DV FRXOG WKH FDPHUD QHDU ��
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7KH PRXQWV IRU PLUURUV � DQG � DUH ORFDWHG RQ WKH PDJQHW SROH SLHFH� 3HUKDSV RQFH RU WZLFH SHU \HDU WKLV SROH SLHFH
ZLOO EH UHPRYHG DQG ODWHU SXW EDFN RQWR SRVLWLRQ� 6R WKH TXHVWLRQ LV KRZ PXFK WKLV ZLOO SHUWXUE WKH ODVHU GLVWULEXWLRQ
V\VWHP� $ SROH LV KHOG LQ SODFH ZLWK IRXU KHDY\ SDGV ORFDWHG V\PPHWULFDOO\ DURXQG LWV FLUFXODU SHULSKHU\� 7KHVH DUH
GHVLJQHG >�@ IRU D PD[LPXP GHqHFWLRQ RI ����� LQFK HDFK� GXH WR D[LDO IRUFHV RQ WKH SROH WLS� 7KH QRUPDO WR WKH SROH
IDFH FRXOG WKHQ FKDQJH LWV GLUHFWLRQ E\ x��������� ���� PUDG GXH WR PDJQHWLF IRUFHV� 7KH\ DUH OLNHO\ WR GHqHFW E\
VLPLODU DPRXQWV� JLYLQJ HYHQ OHVV FKDQJH LQ WLOW WKDQ WKLV� 7KH FKDQJH LQ D[LDO VWDWLRQ RI WKH SROH WLS GXH WR UHPRYDO
DQG UHORFDWLRQ LV DERXW ����� LQ� 7KH [ DQG \ FRRUGLQDWHV RI DQ\ JLYHQ SRLQW RI WKH SROH DUH DoHFWHG E\ WKH FOHDUDQFH
EHWZHHQ WKH EROWV DW WKHVH IRXU SDGV DQG WKHLU EROW KROHV� 7KLV PD\ EH D IHZ PP� +RZHYHU� WKH VXUYH\RUV FDQ ORFDWH
D SRLQW WR ZLWKLQ ����� LQFK ZLWK UHDVRQDEOH DQJOHV RI VLJKW� 6R ZKHQHYHU WKH LQIUHTXHQW SROH SLHFH ORFDWLRQ LV F\FOHG�
HDFK RI WKH WZR ER[HV FRQWDLQLQJ PLUURUV � RU � FDQ EH VXUYH\HG� DQG LI QHFHVVDU\ SXW EDFN WR WKHLU RULJLQDO �[� \� ]�
FRRUGLQDWHV ZLWKLQ ����� LQFK � ���� PP�� ZKLFK LV OHVV WKDQ WKH GLDPHWHU RI WKH 3RLVVRQ VSRW� 7KHVH DUH YHU\ VPDOO
HUURUV ZKLFK FDQ HDVLO\ EH UHPHGLHG E\ UHDGMXVWPHQW RI WKH DOUHDG\ UHPRWHO\ FRQWUROOHG DQJOHV RI PLUURUV � DQG ��
7R VHH WKDW WKLV LV SRVVLEOH� DVVXPH WKDW WKH V\VWHP FRPSRVHG RI WKH )73& DQG PLUURUV �� �� � DQG � LV ULJLG

DJDLQVW UHSODFHPHQW RI WKH SROH SLHFH� $QG FRQVLGHU K\SRWKHWLFDOO\ VKLQLQJ WKH ODVHU EHDP LQWR PLUURU � IURP
SRLQW ( RQ WKH RSSRVLWH HQG RI WKH )73&� ZLWK WKH EHDP LQVLGH WKH )73& EHLQJ H[DFWO\ WKH VDPH YHFWRU �URWDWHG
HQG IRU HQG WKURXJK ���r� DV GXULQJ WKH UHDO 781(' RSHUDWLRQ RI WKH ODVHU V\VWHP� 7KHQ WKH TXHVWLRQ EHFRPHV
ZKHWKHU PDQLSXODWLRQ RI VRPH FRPELQDWLRQ RI WKH IRXU DQJOHV DGM; DQG DGM< RI PLUURUV � DQG � FRXOG UHVXOW LQ D
EDFNZDUGV�EHDP YHFWRU OHDYLQJ PLUURU � WRZDUGV / ZKLFK LV H[DFWO\ WKH VDPH DV WKH LQSXW ODVHU EHDP YHFWRU /� LQ
DFWXDO RSHUDWLRQ �DIWHU WKLV ODWWHU EHDP LV URWDWHG HQG IRU HQG E\ ���r�� )URP FRQVLGHUDWLRQ RI WKH DERYH DQDO\VLV
RI VWHHULQJ� WKH DQVZHU LV FOHDUO\ \HV� 7KLV UHTXLUHPHQW LV HDVLO\ PHW� 0LUURU � LV DOVR DYDLODEOH EXW LWV UHDGMXVWPHQW
VKRXOG QRW EH QHHGHG�
7KH RWKHU TXHVWLRQ LV ZKHWKHU WKHUH LV HQRXJK PRQLWRULQJ GHVFULEHG VR IDU WR DVVXUH WKDW WKLV UHDOLJQPHQW LV

DFFRPSOLVKHG� 7KH UHTXLUHPHQW LV WR GHWHUPLQH WKDW WKH YHFWRU OHDYLQJ PLUURU � LQ UHDO RSHUDWLRQ KDV WKH VDPH pYH
FRRUGLQDWHV �EXW HPSKDVL]LQJ WKH GLUHFWLRQ PRUH WKDQ �[� \� ]�� DIWHU WKH UHSODFHPHQW RI WKH SROH SLHFH DV LW KDG
EHIRUH� 7KLV LQIRUPDWLRQ LV SURYLGHG E\ WKH &&' FDPHUD PRQLWRULQJ WKH 3RLVVRQ VSRW QHDU PLUURU � DQG WKH FDPHUD
&� ,I PLUURU � VKRXOG VKLIW� WKH RQO\ UHTXLUHPHQW IRU EHLQJ DEOH WR FRPSHQVDWH E\ RQO\ DGMXVWLQJ PLUURUV � DQG �
LV WKDW PLUURU � VKRXOG QRW KDYH FKDQJHG LWV [�\ FRRUGLQDWHV E\ DQ DSSUHFLDEOH IUDFWLRQ RI WKH ���PP GLDPHWHU RI
WKH ODVHU EHDP WKHUH� 7KDW LV� LI PLUURU � KDG PRYHG D VPDOO GLVWDQFH *� WKH 3RLVVRQ VSRW DW WKLV PLUURU VKRXOG EH
VWHHUHG WR D SRLQW �* DZD\ IURP WKH RULJLQDO FHQWHU RI WKLV PLUURU� 7KLV ZRXOG UHVWRUH WKH YHFWRU PHDVXUHG DW VLWHV
� DQG &�
,Q FRQFOXVLRQ� WKH SRVVLEOH VKLIW RI WKH SROH SLHFH GRHV QRW DSSHDU WR EH D GLrFXOW SUREOHP�
$JDLQ LW LV HPSKDVL]HG WKDW WKHVH FRQVLGHUDWLRQV DUH RI D SRVVLEOH GHVLJQ ZKLFK ZLOO OLNHO\ GLoHU IURP WKH pQDO

GHVLJQ RI WKH )73&V ODVHU FDOLEUDWLRQ� +RZHYHU� LW LV VXrFLHQWO\ QHDU DQ\ SRVVLEOH pQDO GHVLJQ WKDW WKH SHUIRUPDQFH
QXPEHUV KHUH DUH H[SHFWHG WR EH FORVHO\ UHSUHVHQWDWLYH RI WKH pQDO GHVLJQ�
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�� $� /HEHGHY� SULYDWH FRPPXQLFDWLRQ� 1XFOHDU 6FLHQFH 6\PSRVLXP� ,((( ����� S��������� YRO� ��

�� 0$7+(0$7,&$/ 0(7+2'6 2) 3+<6,&6� -� 0DWKHZV DQG 5�/�:DONHU� :�$� %HQMDPLQ� ,QF�� 1HZ <RUN�
����

�� )RUZDUG 7LPH 3URMHFWLRQ &KDPEHU IRU WKH 67$5 'HWHFWRU� 3URSRVDO WR 67$5 E\ WKH 67$5 )73& &ROODER�
UDWLRQ� -DQXDU\� ����� 03,�3+(�����

�� $�(� 6LHJPDQ� /$6(56� 0LOO 9DOOH\� &DOLI�� 8QLYHUVLW\ 6FLHQFH %RRNV� ����

�� 5DOSK %URZQ� 67$5 &KLHI 0HFKDQLFDO (QJLQHHU� SULYDWH FRPPXQLFDWLRQ�
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