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2XU UHVHDUFK FRQVLGHUV VHQVRU EDVHG PRELOH URERW
H[SORUDWLRQ LQ DQ XQNQRZQ LQGRRU HQYLURQPHQW� 2QH
RI WKH ELJ SUREOHPV LQ WKLV DUHD LV SRVLWLRQLQJ HU�
URU� 7R GHDO ZLWK WKLV SUREOHP LQ WKH H[SORUDWLRQ WDVN�
ZH KDG SURSRVHG D ORFDOL]DWLRQ PHWKRG XVLQJ D SDU�
WLDOO\ FRQVWUXFWHG WRSRORJLFDO PDS WHUPHG WKH JHQHU�
DOL]HG 9RURQRL JUDSK �*9*�� 7KH *9*�EDVHG PHWKRG
SHUIRUPHG VXFFHVVIXOO\ LQ VRPH ODUJH VFDOH LQGRRU HQYL�
URQPHQWV� EXW KDG SUREOHPV UHVXOWLQJ IURP SRRU VHQV�
LQJ DELOLW\ RI WKH VL[WHHQ VRQDU VHQVRUV RQ�ERDUG WKH
URERW� 7KH SRRU VHQVLQJ DELOLW\ ZDV SDUWLFXODUO\ GHOH�
WHULRXV DW JHRPHWULF VWUXFWXUHV LQ WKH *9* WKDW ZHUH
?XQVWDEOH�� 7R VROYH WKH SUREOHP� ZH DGRSWHG ?5H�
GXFHG *HQHUDOL]HG 9RURQRL *UDSK �5*9*�� IRU H[�
SORUDWLRQ PDS LQVWHDG RI RULJLQDO *9*� 7KH 5*9* LV
D VWDEOH VXEVHW RI WKH *9* DQG LV VXpFLHQW IRU PRWLRQ
SODQQLQJ� 7R HQDEOH UHDOLVWLF DQG UHOLDEOH H[SORUDWLRQ
XVLQJ 5*9* VWUXFWXUH� ZH GHYHORSHG DQ HGJH PDWFK�
LQJ SURFHGXUH IRU WRSRORJ\ PDWFKLQJ� ,Q WKLV SDSHU� ZH
LQWURGXFH WKH 5*9* VWUXFWXUH DQG WKH HGJH PDWFKLQJ
SURFHGXUH IRU UREXVW H[SORUDWLRQ� ([SHULPHQWDO UHVXOWV
YHULI\ WKH GHVFULEHG ZRUN�

� ,QWURGXFWLRQ

6HQVRU EDVHG H[SORUDWLRQ LV D IXQGDPHQWDO IXQF�
WLRQ IRU PRELOH URERW LQWHOOLJHQFH� :H DGRSWHG WKH
LQFUHPHQWDO FRQVWUXFWLRQ SURFHGXUH RI WKH *HQHUDOL]HG
9RURQRL *UDSK �*9*� >�@ IRU RXU H[SORUDWLRQ VWUDWHJ\�
,Q WZR GLPHQVLRQDO FDVH� WKH *9* LV WKH VHW RI SRLQWV
HTXLGLVWDQW WR WZR REMHFWV� 7KHUHIRUH� H[SORUDWLRQ LV
H[HFXWHG E\ WUDFLQJ WKH VHW RI SRLQWV HTXLGLVWDQW WR WZR
REMHFWV XQWLO LW UHDFKHV D PHHW SRLQW� D SRLQW HTXLGLV�
WDQW WR WKUHH REMHFWV� RU D ERXQGDU\ SRLQW� D SRLQW

ZKHUH WKH *9* LQWHUVHFWV WKH ERXQGDU\� 0DQ\ *9*
HGJHV WHUPLQDWH DW D PHHW SRLQW� VR WKH URERW SLFNV DQ
HGJH DQG WUDFHV LW XQWLO WKH URERW HQFRXQWHUV DQRWKHU
PHHW SRLQW� ZKHUH WKLV SURFHGXUH LV UHSHDWHG DJDLQ� ,I
WKH URERW DUULYHV DW D ERXQGDU\ SRLQW LW EDFNWUDFNV
WR D PHHW SRLQW ZLWK DQ XQH[SORUHG GLUHFWLRQ� DQG
SXUVXHV D QHZ HGJH� :KHQ DOO PHHW SRLQWV KDYH QR
XQH[SORUHG GLUHFWLRQV� H[SORUDWLRQ LV GRQH�

7KH RULJLQDO LPSOHPHQWDWLRQ RQO\ ZRUNHG LQ VPDOO�
VL]HG HQYLURQPHQW XVLQJ D FRQYHQWLRQDO ZKHHOHG PR�
ELOH URERW �7RWDO UXQ ZDV OHVV WKDQ DERXW �� PHWHUV�
>�@� ,W ZDV QRW VXLWDEOH IRU ODUJH�VFDOH HQYLURQPHQWV
EHFDXVH RI DFFXPXODWHG SRVLWLRQLQJ HUURU LQ WKH GHDG
UHFNRQLQJ V\VWHP�

7R VROYH WKH SUREOHP� ZH KDG GHYHORSHG D WRSRORJL�
FDO PDWFKLQJ WHFKQLTXH IRU ORFDOL]DWLRQ >�@� ,Q WKLV DS�
SURDFK� ORFDOL]DWLRQ LV GRQH E\ PDWFKLQJ PHHW SRLQWV�
,I HDFK PHHW SRLQW ZDV XQLTXH� WKHQ WKH URERW QHHG
RQO\ WR ORRN DW LWV VHQVRUV WR GHWHUPLQH ZKHUH LW LV LQ
WKH PDS� 0DQ\ WLPHV� PHHW SRLQWV ?ORRN� WKH VDPH� VR
WKH URERW PXVW FRQVLGHU WKH FXUUHQW PHHW SRLQW DQG LWV
QHLJKERUV� (VVHQWLDOO\� WKH URERW LV SHUIRUPLQJ D JUDSK
PDWFKLQJ WHFKQLTXH ZLWK D SDUWLDOO\ FRQVWUXFWHG *9*�
7KLV LV ZK\ WKLV PHWKRG LV FDOOHG WRSRORJLFDO PDWFK�
LQJ�

7KLV DSSURDFK ZRUNHG LQ VRPH ODUJH VFDOH HQYLURQ�
PHQW� KRZHYHU LW VWLOO UHTXLUHG D KLJKO\ VWUXFWXUHG HQ�
YLURQPHQW ^ VRPHWLPH ZH XVHG FDUGERDUG WR HQIRUFH
VWUXFWXUH� 2QFH ZH VWDUWHG H[SHULPHQWLQJ LQ OHVV�

VWUXFWXUHG HQYLURQPHQW� WKH ZHDN PHHW SRLQW SUREOHP
DSSHDUHG� ,I WKH HQYLURQPHQW LV VOLJKWO\ SHUWXUEHG� D

ZHDN PHHW SRLQW FRXOG DSSHDU RU GLVDSSHDU� ZKHUHDV

VWURQJ PHHW SRLQWV DUH FRQVWDQW� $OWKRXJK WKH HQ�

YLURQPHQWV ZH FRQVLGHU DUH VWDWLF� VHQVRU HUURU FDQ
JLYH WKH URERW WKH LOOXVLRQ WKDW WKH HQYLURQPHQW ZDV

VOLJKWO\ SHUWXUEHG� 7KLV SUHVHQWV D SUREOHP ZKHQ SHU�

IRUPLQJ ORFDOL]DWLRQ EDVHG RQ PHHW SRLQWV�



7R GHDO ZLWK WKLV SUREOHP� ZH GHnQHG 5HGXFHG *HQ�
HUDOL]HG 9RURQRL *UDSK �5*9*� VWUXFWXUH IRU H[SOR�

UDWLRQ PDS� 7KH 5*9* LV HVVHQWLDOO\ WKH *9* ZLWK�

RXW LWV ZHDN PHHW SRLQWV� %\ DGRSWLQJ WKH 5*9* LQ�

VWHDG RI WKH *9*� D QXPEHU RI PHHW SRLQWV DQG HGJHV

GHFUHDVHV� :LWK IHZHU HGJHV DQG PHHW SRLQWV� ORFDOL]D�
WLRQ EHFRPHV PRUH GLpFXOW� 6R� ZH GHYHORSHG DQ HGJH

PDWFKLQJ SURFHGXUH IRU WRSRORJLFDO PDWFKLQJ WR DYRLG

D XVHOHVV HGJH PDWFKLQJ DQG WR PDLQWDLQ UHOLDELOLW\�

� 5HODWHG :RUN

7KLV ZRUN UHODWHV WR WZR UHVHDUFK nHOGV� VHQVRU

EDVHG H[SORUDWLRQ DQG PRELOH URERW ORFDOL]DWLRQ� %RWK

UHVHDUFK nHOGV DUH VR YDVW WKDW ZH RQO\ LQFOXGH WKH

ZRUNV WKDW KDYH LQoXHQFHG WR RXU ZRUN�

��� 6HQVRU %DVHG ([SORUDWLRQ

6HQVRU EDVHG H[SORUDWLRQ KDV D SRVVLELOLW\ WR EH
XVHG LQ YDULRXV PRELOH URERW DSSOLFDWLRQV� DQG PDQ\
DOJRULWKPV DQG WHFKQLTXHV KDYH EHHQ SURSRVHG�

$ EHKDYLRUDO EDVHG H[SORUDWLRQ LV D SRSXODU DS�
SURDFK� 7KH URERW LV DUPHG ZLWK D VLPSOH VHW RI EH�
KDYLRUV �H�J�� IROORZLQJ D ZDOO� WR H[SORUH HQYLURQPHQW
>�@� 3L[HO EDVHG H[SORUDWLRQ LV DOVR SRSXODU DSSURDFK�
$ SODQDU HQYLURQPHQW LV GLVFUHWL]HG LQWR SL[HOV RI VRPH
UHVROXWLRQ �H�J�� >�@�� 6WURQJ H[SHULPHQWDO UHVXOWV YHU�
LnHG WKH XWLOLW\ RI WKHVH DSSURDFKHV� +RZHYHU� WKHVH
KHXULVWLF DSSURDFKHV GR QRW JXDUDQWHH WKDW D SDWK FDQ
EH IRXQG WKHRUHWLFDOO\�

2K WKH RWKHU KDQG� QRQ�KHXULVWLF VHQVRU EDVHG DO�
JRULWKPV KDYH EHHQ SURSRVHG LQ WKH SODQH �VHH >�@ IRU
D VXUYH\�� 7KH\ JXDUDQWHH D FRPSOHWHQHVV RI nQGLQJ
D SDWK WKHRUHWLFDOO\� KRZHYHU PDQ\ RI WKHP YHULnHG
RQO\ LQ VLPXODWLRQ DQG OLWWOH H[SHULPHQWDO UHVXOWV LQ
UHDO ZRUOG KDYH EHHQ UHSRUWHG�

��� 0RELOH 5RERW /RFDOL]DWLRQ

/RFDOL]DWLRQ LV D PDMRU WRSLF LQ PRELOH URERW UH�
VHDUFK DUHD� DQG PDQ\ DOJRULWKPV DQG WHFKQLTXHV KDYH
EHHQ SURSRVHG� >�@ LV D FRPSOHWH VXUYH\ RI FXUUHQW
ORFDOL]DWLRQ WHFKQLTXHV� 0RVW RI WKHP DUH FRQVWDQWO\
WU\LQJ WR XSGDWH WKH URERW
V �[� \� FRRUGLQDWHV UHODWLYH
WR D JOREDO IUDPH E\ VHQVRU LQIRUPDWLRQ�

2XU ORFDOL]DWLRQ DSSURDFK LV GLmHUHQW SKLORVRSK\
IURP WKHP� ,W LV WU\LQJ WR ORFDOL]H D URERW ORFDWLRQ RQ
D WRSRORJLFDO PDS ZLWKRXW XSGDWLQJ WKH URERW
V �[� \�
ORFDWLRQ�

'XGHFN>�@ DQG .XLSHUV >�@ KDYH UHSRUWHG ZLWK WKH
VDPH SKLORVRSK\ ZLWK RXUV� ,Q >�@� D URERW ORFDOL]HV RQ

D JUDSK E\ PDWFKLQJ XS QRGHV DQG WKH DGMDFHQF\ UH�
ODWLRQ� +RZHYHU� WKH DSSURDFK DVVXPHV WKH URERW FDQ
ODEHO HDFK QRGH E\ GHSRVLWLQJ D PDUNHU DW WKH QRGHV�
.XLSHU
V ZRUN>�@ LV VLPLODU WR RXU PHWKRG� 7KH URERW
HVVHQWLDOO\ WUDFHV GRXEOH HTXLGLVWDQW OLQH XQWLO D VHQVRU
WKUHVKROG LV PHW� WKHQ WKH URERW IROORZV WKH REVWDFOH
ERXQGDULHV� %RWK DOJRULWKPV YHULnHG LQ VLPXODWLRQ�
KRZHYHU LW LV QRW YHULnHG E\ UHDO URERW LQ UHDO HQYLURQ�
PHQW�

� %DVLF 6WUDWHJ\ RI ([SORUDWLRQ

7KH SODQDU *9* LV D VHW RI SRLQWV H[SUHVVHG E\
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ZKHUH G� DQG G� DUH GLVWDQFHV WR WZR FRQYH[ REMHFWV�
6LQFH * LV D IXQFWLRQ RI GLVWDQFH� D *9* HGJH FDQ

EH FRPSXWHG IURP UDQJH VHQVRUV� 2QFH WKH URERW DF�

TXLUHV WKH ZKROH *9* VWUXFWXUH� LW KDV HmHFWLYHO\ DOO

WKH UHOHYDQW HQYLURQPHQWDO LQIRUPDWLRQ EHFDXVH HYHU\

SRLQW LQ WKH HQYLURQPHQW LV YLVLEOH DW OHDVW RQH *9*
HGJH�

7KLV VHFWLRQ GHWDLOV WKH *9* LQFUHPHQWDO WUDFLQJ

WHFKQLTXH�

�� $FHVVLQJ *9*

)LUVW� WKH URERW DFFHVVHV *9*� 7KLV PRWLRQ LV UH�
DOL]HG E\ PRYLQJ DZD\ IURP WKH FORVHVW REMHFW XQWLO LW
DUULYHV DW WKH SRLQW HTXLGLVWDQW WR WZR REMHFWV�

�� 7UDFLQJ *9*

)LJXUH �� 7UDFLQJ

2QFH WKH URERW JHWV RQ
*9*� LW WUDFHV *9* HGJH�
7KH PRWLRQ LV UHDOL]HG E\
PDLQWDLQLQJ WZR HTXLGLVWDQFH
EHWZHHQ WZR FORVHVW REMHFWV�
$ WDQJHQW YHFWRU RI ORFDO *9*
HGJH WKDW WKH URERW VKRXOG IRO�
ORZ LV GHWHUPLQHG DV WKH YHF�
WRU SHUSHQGLFXODU WR WKH OLQH
WKDW SDVVHV WKURXJK WZR FORV�
HVW SRLQWV RI HDFK REMHFW� )LJ�
XUH � VKRZV D FDOFXODWLRQ H[�
DPSOH RI WDQJHQW YHFWRU� ZKLFK LV H[SUHVVHG E\ RXWOLQH
DUURZ� $ PDWKHPDWLFDO GHWDLO RI WKH FRQWURO ODZ IRU
WUDFLQJ *9* LV GHVFULEHG LQ >�@�

�� 0HHW 3RLQW 'HWHFWLRQ

6HYHUDO *9* HGJHV PHHW DW WKH SRLQW HTXLGLVWDQW
WR WKUHH �RU PRUH� REMHFWV WHUPHG D PHHW SRLQW� :KHQ



WKH URERW DUULYHV DW WKH PHHW SRLQW� LW VWRUHV WKH SRLQW
ORFDWLRQ DQG EUDQFKLQJ HGJH DQJOHV� DQG FRQWLQXHV WR

IROORZ RQH RI XQH[SORUHG HGJHV� ,I WKHUH LV QR XQH[�

SORUHG HGJH DVVRFLDWH ZLWK WKH PHHW SRLQW� WKH URERW

EDFNWUDFNV DORQJ DQ DOUHDG\ H[SORUHG HGJH WR WUDFH DQ�

RWKHU XQH[SORUHG HGJH� 2QFH HYHU\ PHHW SRLQW KDV QR
XQH[SORUHG HGJHV� H[SORUDWLRQ LV GRQH�

�� %RXQGDU\ 3RLQW 'HWHFWLRQ

6RPH *9* HGJHV WHUPLQDWH DW WKH ERXQGDU\ RI HQ�
YLURQPHQW �H�J� FRUQHU�� DQG WKH URERW KDV RQO\ RQH
FKRLFH WR IROORZ DW WKH SRLQW� 7KLV SRLQW LV FDOOHG
ERXQGDU\ SRLQW� :KHQ WKH URERW DUULYHV DW WKH SRLQW�

LW VLPSO\ EDFNWUDFNV WKH H[SORUHG HGJH�

6LPSOH H[DPSOH RI DERYH H[SORUDWLRQ SURFHGXUH LV

LOOXVWUDWHG LQ )LJXUH ��

2* Bddfttjoh HWH

3* Usbdjoh
HWH

4* Nffu Qpjou
Efufdujpo

5* Cpvoebsz Qpjou
Efufdujpo

)LJXUH �� %DVLF 6WUDWHJ\ RI ([SORUDWLRQ

� /RFDOL]DWLRQ E\ 7RSRORJ\ 0DWFKLQJ

,Q RXU nUVW DWWHPSW WR LPSOHPHQW DERYH H[SORUDWLRQ
DOJRULWKP RQ D UHDO PRELOH URERW� ZH XVHG GHDG UHFNRQ�
LQJ IRU ORFDOL]DWLRQ� :KHQ WKH URERW DUULYHV DW D PHHW
SRLQW� LW VLPSO\ FRPSDUHV LWV FXUUHQW FRRUGLQDWHV �FDO�
FXODWHG E\ GHDG UHFNRQLQJ V\VWHP� ZLWK HYHU\ UHJLV�
WHUHG FRRUGLQDWHV RI PHHW SRLQW� ,I SDLU RI FRRUGLQDWHV
PDWFKHV� WKH URERW UHFRJQL]HV WKDW LW KDV DUULYHG DW
DQ DOUHDG\ YLVLWHG PHHW SRLQW� 7KLV ZRUNHG nQH LQ
D VLPXODWLRQ DQG LQ VPDOO�VL]HG HQYLURQPHQWV �WRWDO
UXQ ZDV OHVV WKDQ �� PHWHUV�� +RZHYHU LW IDLOHG PDQ\
WLPHV LQ ODUJHU HQYLURQPHQWV EHFDXVH RI DFFXPXODWHG
SRVLWLRQLQJ HUURU RI GHDG UHFNRQLQJ�

7R GHDO ZLWK WKLV SUREOHP� ZH KDG SURSRVHG D OR�
FDOL]DWLRQ DSSURDFK XVLQJ WRSRORJLFDO PDWFKLQJ >�@� ,Q

WKLV DSSURDFK� ZKHQ WKH URERW DUULYHV DW QHZ PHHW
SRLQW� LQVWHDG RI ORRNLQJ DW LWV FXUUHQW SRVLWLRQ� LW
ORRNV DW WKH FXUUHQW YDOXHV RI WKH VRQDU VHQVRUV� ,I
WKLV ?VHQVRU VLJQDWXUH� PDWFKHV WKH VLJQDWXUH RI SUH�
YLRXVO\ HQFRXQWHUHG PHHW SRLQWV� WKHQ FXUUHQW PHHW
SRLQW LV FDQGLGDWH IRU EHLQJ DQ DOUHDG\ H[SORUHG PHHW
SRLQW� 7KH URERW WKHQ H[SORUHV D *9* HGJH XQWLO LW
UHDFKHV D QHLJKERULQJ PHHW SRLQW� ,I ERWK FXUUHQW DQG
QHLJKERU PHHW SRLQWV PDWFK SDLU�ZLVH WR PHHW SRLQWV
FRQQHFWHG E\ DQ HGJH RI WKH VDPH OHQJWK DQG LQWUD�
PHHW�SRLQW GLVWDQFH LQ WKH SDUWLDOO\ FRQVWUXFWHG *9*�
WKHQ WKH FDQGLGDWH PHHW SRLQW �DQG LWV QHLJKERU� LV
�DUH� PRUH OLNHO\ WR EH DQ DOUHDG\ YLVLWHG PHHW SRLQW�
7KLV SURFHGXUH LV UHSHDWHG RQFH PRUH DQG LI WKHUH LV
D PDWFK� WKH URERW FRQFOXGHV WKDW LW KDV UH�YLVLWHG DO�
UHDG\ HQFRXQWHUHG PHHW SRLQWV� 1RWH� WKDW LI PXOWLSOH
PDWFKHV UHVXOW� WKHQ WKH URERW YLVLWV DGGLWLRQDO PHHW
SRLQWV XQWLO D XQLTXH JUDSK PDWFK LV REWDLQHG�

6HH )LJXUH � IRU DQ H[DPSOH RI WKLV ORFDOL]DWLRQ DS�
SURDFK� )LUVW� WKH URERW YLVLWV PHHW SRLQWV �� �� DQG
�� /DWHU RQ� LQ WKH FRXUVH RI H[SORUDWLRQ� WKH URERW
UH�HQFRXQWHUV WKHVH PHHW SRLQWV� EXW LQLWLDOO\ FDQQRW
FRQFOXGH WKHLU WUXH LGHQWLW\� VR WKH URERW ODEHOV WKHP
PHHW SRLQWV �� �� DQG ��� $IWHU JUDSK PDWFKLQJ� WKH

URERW LGHQWLnHV WKH WUXH LGHQWLW\ RI WKH PHHW SRLQWV

DQG UHGXFHV ORFDOL]DWLRQ HUURU�
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)LJXUH �� /RFDOL]DWLRQ E\ 7RSRORJ\ 0DWFKLQJ

:H LPSOHPHQWHG WKLV ORFDOL]DWLRQ DSSURDFK RQ D

UHDO PRELOH URERW� DQG LW VXFFHVVIXOO\ ZRUNHG LQ VRPH

ODUJH HQYLURQPHQWV� EXW WKH URERW VRPHWLPHV IDLOHG OR�
FDOL]DWLRQ EHFDXVH RI ZHDN PHHW SRLQW SUREOHP�

��� :HDN 0HHW 3RLQW

7KH DERYH ORFDOL]DWLRQ PHWKRG HVVHQWLDOO\ UHTXLUHV
FRQVLVWHQF\ RI PHHW SRLQWV
 UHODWLRQVKLS LQ *9* VWUXF�
WXUH� ,I VRPH PHHW SRLQWV DUH XQVWDEOH �VRPHWLPHV WKH
PHHW SRLQWV DSSHDU DQG VRPHWLPHV GLVDSSHDU�� WKLV OR�
FDOL]DWLRQ DSSURDFK FDQ HDV\ IDLO� 8QIRUWXQDWHO\� WKLV
LV QRW D QRQ�JHQHULF VLWXDWLRQ LQ UHDO HQYLURQPHQWV EH�



FDXVH VHQVLQJ DELOLW\ LV RIWHQ OLPLWHG� :H FDOO VXFK XQ�
VWDEOH PHHW SRLQWV� ZHDN PHHW SRLQWV� )LJXUH � VKRZV

D W\SLFDO H[DPSOH RI ZHDN PHHW SRLQWV� %RWK HQYL�

URQPHQWV DUH WKH VDPH DQG WKH OHIW *9* VWUXFWXUH LV

WKHRUHWLFDOO\ FRUUHFW� +RZHYHU� VRPHWLPHV WKH URERW

DFWV OLNH D ULJKW nJXUH� EHFDXVH LW GRHV QRW UHFRJQL]H
WKH FRQFDYLW\ LQ XSSHU ZDOO IURP LWV VHQVRU UHDGLQJV�

GUQ[ =UUd @_Y^d

)LJXUH �� :HDN 0HHW 3RLQW

��� 5HGXFHG *HQHUDOL]HG 9RURQRL *UDSK

7R GHDO ZLWK WKH ZHDN PHHW SRLQW SUREOHP� ZH WULHG

WR UHPRYH HYHU\ ZHDN PHHW SRLQW IURP *9*� LQVWHDG

RI WU\LQJ WR GHWHFW PHHW SRLQWV PRUH SUHFLVHO\�

$OPRVW RI DOO ZHDN PHHW SRLQWV DUH DVVRFLDWHG

ZLWK HGJHV WKDW FRQWDFW WZR REMHFWV� FDOOHG ERXQGDU\
HGJHV� ,Q DOO FDVHV� VXFK HGJHV GR QRW KDYH WR EH H[�

SORUHG DV WKH\ GR QRW SURYLGH DQ\ WRSRORJLFDO LQIRU�

PDWLRQ� 7KHUHIRUH ZH DGRSWHG D *9* VWUXFWXUH ZLWK�
RXW ERXQGDU\ HGJHV� FDOOHG WKH 5HGXFHG *HQHUDOL]HG
9RURQRL *UDSK �5*9*�� )LJXUH � VKRZV D FRPSDUL�

VRQ H[DPSOH EHWZHHQ FRQYHQWLRQDO *9* DQG 5*9*�

1RWH WKDW 5*9* LV D XQLTXH VWUXFWXUH WKDW LV D VXE�

VHW RI WKH *9*� $OVR 5*9* LV FRQQHFWHG EHFDXVH LW LV

SURGXFHG E\ HOLPLQDWLQJ ERXQGDU\ HGJHV IURP *9*�

7KHUHIRUH� 5*9* LV TXDOLnHG DV H[SORUDWLRQ PDS RI

HQYLURQPHQW�

��� (GJH 0DWFKLQJ 7HFKQLTXH

,Q WKH ORFDOL]DWLRQ DSSURDFK E\ WRSRORJ\ PDWFKLQJ
VKRZQ LQ >�@� ZH XVHG RQO\ HGJH OHQJWK LQIRUPDWLRQ IRU
HGJH PDWFKLQJ� $FWXDOLW\� WKLV FULWHULRQ LV QDLYH EH�
FDXVH GLmHUHQW *9* HGJHV FRXOG EH PDWFKHG DFFLGHQ�
WDOO\� )XUWKHUPRUH� RQFH ZH DGRSW 5*9* VWUXFWXUH
IRU H[SORUDWLRQ� WKH ORFDOL]DWLRQ SURFHGXUH EHFRPHV
YHU\ GLpFXOW EHFDXVH WKHUH DUH IHZHU PHHW SRLQWV DQG
KHQFH IHZHU HGJHV� :H IRXQG WKDW LQ RXU H[SHULPHQWV
WKDW PDWFKLQJ ZLWK PHHW SRLQW LQIRUPDWLRQ DQG HGJH
OHQJWKV LV QRW HQRXJK� 6R� ZH VWDUWHG WR FRQVLGHU RWKHU
PDWFKLQJ FULWHULRQ� :H DVVXPH WKDW WKH URERW VWRUHV

BUTeSUT 7F73_^fU^dY_^Q\ 7F7

)LJXUH �� 5HGXFHG *HQHUDOL]HG 9RURQRL *UDSK

��� URERW
V FRRUGLQDWHV IURP GHDG UHFNRQLQJ� DQG ���
GLVWDQFH DQG RULHQWDWLRQ RI WKH WZR FORVHVW REMHFWV�
LQ HYHU\ VHQVRU XSGDWH� 7KHQ� LQ DGGLWLRQ WR HGJH

OHQJWK FRPSDULVRQ� ZH XVH DQ HGJH VKDSH FRPSDULVRQ

DQG HGJH DUHD FRPSDULVRQ IRU HGJH PDWFKLQJ�

�� (GJH /HQJWK &RPSDULVRQ

7KH VLPSOHVW HGJH FRPSDULVRQ VFKHPH LV WR FRPSDUH

OHQJWK� 7KH HGJH OHQJWK FDQ EH DSSUR[LPDWHG E\ D

VXP RI VDPSOLQJ SRLQWV
 GLVWDQFH� GI�(��(��� ZKHUH
(� DQG (� DUH WKH VHW RI VDPSOLQJ SRLQWV LQ nUVW DQG
VHFRQG HGJH�

,I GI�(��(�� LV VPDOOHU WKDQ D FRQVHUYDWLYH WKUHVK�
ROG �,I ERWK HGJH OHQJWKV DUH WKH VDPH�� PDWFKLQJ SUR�
FHGXUH HQWHUV IROORZLQJ VWHS� 7HPSRUDOO\� ZH VHW WKH
WKUHVKROG DV �� SHUFHQW HUURU RI HGJH OHQJWK�

�� (GJH 6KDSH &RPSDULVRQ

%HIRUH FRPSDULQJ HGJHV� SODFH ERWK HGJHV �WKHLU UH�
VSHFWLYH VHTXHQFH RI SRLQWV� LQWR D FRPPRQ FRRUGLQDWH
V\VWHP� 6R� RQH HGJH LV WUDQVODWHG DQG URWDWHG WR OLH
LQ WKH VDPH FRRUGLQDWH V\VWHP DV WKH RWKHU HGJH� 7KH
WUDQVODWLRQ YHFWRU LV VLPSO\ WKH GLVSODFHPHQW YHFWRU
EHWZHHQ WKH VWDUW SRLQWV RI ERWK HGJHV� /HW S�V EH WKH

VWDUW SRLQW RI (� DQG S�V EH WKH VWDUW SRLQW RI (�� S�V
LV DOVR WKH RULJLQ RI (�� 7KH GLVSODFHPHQW LV VLPSO\

S�V b S�V� /HW S�H EH WKH HQG SRLQW RI (� DQG S�H EH

WKH HQG SRLQW RI (�� 7KH RULHQWDWLRQ RI WKH FRRUGLQDWH
V\VWHP LV DSSUR[LPDWHG E\ WKH DQJOH EHWZHHQ S�HbS�V

DQG S�H b S�V� 7KLV SURFHGXUH LV VKRZQ LQ )LJXUH ��
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([SODQDWLRQ� 7KH JUD\ OLQH UHSUHVHQWV WKH nUVW
HGJH DQG EODFN WKLQ OLQH UHSUHVHQWV WKH VHFRQG RQH
LQ WKH VDPH HQYLURQPHQW� 7KH EODFN GRWV DQG ZKLWH
VPDOO FLUFOHV UHSUHVHQW WKH URWDWHG VDPSOLQJ SRLQW RI
VHFRQG HGJH� �:KLWH FLUFOH PHDQV WKDW LW KDV QR SDLU
LQ nUVW HGJH�� 3DUDOOHO WUDQVODWLRQ DQG URWDWLRQ RI
WKH VHFRQG HGJH FRPSHQVDWH D FRPSDULVRQ SUREOHP
DVVRFLDWHG ZLWK WKH FRPSDULVRQ�

)LJXUH �� (GJH 6KDSH &RPSDULVRQ

1RZ� (� LV WUDQVODWHG DQG URWDWHG LQWR WKH VDPH
FRRUGLQDWH V\VWHP DV (�� :H WULHG VHYHUDO WHFKQLTXHV
IRU FRPSDULQJ WKH HGJHV�

)LUVW� ZH WULHG FRPSDULQJ SRLQWV WKDW DUH WKH VDPH
GLVWDQFH DORQJ WKH HGJH �LQWHJUDWH GLVWDQFH ZLWK UH�
VSHFW WR DUF OHQJWK�� 7KLV GLG QRW ZRUN ZKHQ VRPH

HGJHV KDG D KLJK IUHTXHQF\ FRPSRQHQW� SHUKDSV GXH
WR VHQVRU QRLVH� ,Q RWKHU ZRUGV� HGJHV ZLWK D VOLJKW

ULSSOH LQ WKHP ZRXOG VHHP ORQJHU WKDQ RWKHU HGJHV�

7KHQ� ZH GHFLGHG WR FRPSDUH SRLQWV EHWZHHQ HGJHV

E\ FRPSDULQJ WKH ?FORVHVW SDLUV� RI SRLQWV� )RU HDFK

SRLQW LQ (�� WKHUH LV D FORVHVW SRLQW LQ (� DQG HDFK RI
WKHVH SDLUV KDV D GLVWDQFH EHWZHHQ WKHP� ,I PXOWLSOH

SRLQWV LQ (� PDS WR WKH VDPH SRLQW LQ (�� ZH RQO\

FRQVLGHU WKH VPDOOHVW GLVWDQFH RI WKH SDLUV� /HW Qe EH

WKH QXPEHU RI UHPDLQLQJ SDLUV RI SRLQWV DQG OHW N EH DQ

LQGH[ RI UHPDLQLQJ SDLUV� :H WKHQ VXP WKH UHPDLQLQJ

SDLUV WR GHWHUPLQH WKH GLVWDQFH EHWZHHQ (� DQG (��
L�H��
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7KH GHQRPLQDWRU Qe QRUPDOL]HV WKH VXPPDWLRQ� VR
WKLV UHVXOW LV LQGHSHQGHQW RI OHQJWK� ,I Q
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QRW XVH DERYH SURFHGXUH IRU PDWFKLQJ� �.HHS LQ \RXU

PLQG WKDW Q LV WKH QXPEHU RI SRLQWV RQ (���

�� (GJH $UHD &RPSDULVRQ

7KH VL]H RI WKH IUHH VSDFH LQ RQH HGJH LV DOVR LQ�
GHSHQGHQW IURP SRVLWLRQLQJ HUURU� 7KHUHIRUH� ZH GH�

nQHG D FRUUHODWLRQ IXQFWLRQ RI HGJH DUHD FRPSDULVRQ

FD�(�� (�� XVLQJ WKH UHPDLQLQJ SDLUV RI (� DQG (��

FD�(�� (��  
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ZKHUH G�N LV D GLVWDQFH WR WKH FORVHVW REMHFW DW S�N�

DQG G�N LV D GLVWDQFH WR WKH FORVHVW REMHFW DW S�N�

7KLV LV QRW H[DFW D FRPSDULVRQ RI WKH VL]H RI IUHH
VSDFH DUHD� KRZHYHU LW PXVW PDWFK ZKHQ WKH URERW
WUDYHUVHV WKH VDPH SDLU RI HGJHV�

2QFH GI�(��(��� FV�(��(��� DQG FI�(�� (�� DUH
VPDOOHU WKDQ WKUHVKROG� (� LV PDWFKHG ZLWK (��
,Q RXU LPSOHPHQWDWLRQ� WKH WKUHVKROG RI FV�(�� (��
LV �>LQFK SDLU@� DQG WKUHVKROG RI FI�(��(�� LV
��>LQFK OHQJWK@�

� ([SHULPHQW

:H LPSOHPHQWHG WKH SURSRVHG ORFDOL]DWLRQ DS�
SURDFK RQ RXU 1RPDG ��� PRELOH URERW ZLWK �� VRQDU
VHQVRUV LQ D ODERUDWRU\ HQYLURQPHQW XVLQJ SDUDPHWHUV
PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQ�

)LJXUH � VKRZV RQH H[SHULPHQWDO UHVXOW RI H[SOR�
UDWLRQ LQ UHDO HQYLURQPHQW �DERXW �d �PHWHUV�� 7KH
URERW VWDUWHG H[SORUDWLRQ IURP PHHW SRLQW �� WUDFHG D
ORRS DQG FDPH EDFN WR PHHW SRLQW � DJDLQ� ,W ODEHOHG
DV PHHW SRLQW �� 7KHQ LW WUDFHG WKH VDPH HGJH WRZDUG
PHHW SRLQW � �EHFDXVH WKH URERW GLG QRW FRQFOXGH WKDW
LW DUULYHG DW ROG PHHW SRLQW�� ,Q WKLV VHFRQG UXQ� WKH
URERW IRXQG WKUHH ZHDN PHHW SRLQWV �� � DQG �� +RZ�
HYHU� RQFH LW KDG HQRXJK VHQVRU GDWD� WKHVH ZHDN PHHW
SRLQWV ZHUH GHOHWHG LQ WKLV VWUXFWXUH �MXVW GLVSOD\HG��
7KHQ� WKH URERW PDWFKHG PHHW SRLQWV DQG HGJHV� DQG
VXFFHHGHG FRQVWUXFWLRQ RI 5*9* LQ WKLV HQYLURQPHQW�

� &RQFOXVLRQ DQG )XWXUH :RUNV

:H VXFFHHGHG WR UHGXFH D ZHDN PHHW SRLQW SURE�
OHP E\ XVLQJ 5*9*� DQG WKLV ORFDOL]DWLRQ DSSURDFK
FDQ EH DSSOLHG LQ ODUJH VFDOH HQYLURQPHQW� 1RZ WKH
URERW VXFFHHGV H[SORUDWLRQ WDVN PRUH WKDQ �� SHUFHQW
LQ RXU ODERUDWRU\ VL]H HQYLURQPHQW E\ WKLV DSSURDFK�
+RZHYHU� ZH VWLOO KDYH IROORZLQJ SUREOHPV�



)LJXUH �� ([SHULPHQWDO 5HVXOWV

�� +\SHU 6\PPHQWULHV 3UREOHP

)LJXUH �� +\SHU
6\PPHWU\

,I DQ HQYLURQPHQW LQFOXGHV
K\SHU V\PPHWU\� WKLV DS�
SURDFK IDLOV EHFDXVH WRSRORJ\
PDWFKLQJ UHOLHV RQ WKH VHQVRU
VLJQDWXUH RI PHHW SRLQWV DQG
HGJH OHQJWK� QRW �[� \� FRRUGL�
QDWHV� )RU H[DPSOH� WKH URERW
IDLOV WR ORFDOL]H LQ )LJXUH � EH�
FDXVH HYHU\ PHHW SRLQW ORRNV
VDPH DQG HYHU\ HGJH OHQJWK LV
VDPH LQ *9* VWUXFWXUH� 2QFH
ZH XVH 5*9* LQ WKLV H[DPSOH�
QR PHHW SRLQW DSSHDUV LQ WKLV H[DPSOH�

�� 6HQVRU 5DQJH 3UREOHP

2QFH WKH URERW UHFRJQL]HV RQO\ RQH REMHFW LQ LWV

VHQVRU UDQJH� WKH URERW QHYHU WUDFHV D *9* OLQH� &XU�

UHQW VRQDU VHQVRU
V UDQJH LV DERXW � PHWHUV� VR WKH

URERW FDQ QRW H[SORUH LQ D ODUJH RSHQ VSDFH E\ FXUUHQW
DOJRULWKP�

�� )XWXUH :RUNV

1H[W VWHS RI RXU UHVHDUFK LV WR VROYH DERYH SUREOHPV�

,QFLGHQWDOO\� WKLV HGJH PDWFKLQJ WHFKQLTXH PD\ EH DS�

SOLHG RQ D ORFDOL]DWLRQ RI PXOWL�URERWV
 H[SORUDWLRQ EH�

FDXVH WKH PHWKRG LV LQGHSHQGHQW IURP SRVLWLRQLQJ HU�
URU� 7KLV LV DQRWKHU DSSOLFDWLRQ RI ORFDOL]DWLRQ WHFK�

QLTXH EDVHG RQ HGJH PDWFKLQJ�

5HIHUHQFHV

>�@ +� &KRVHW DQG -�:� %XUGLFN� 6HQVRU %DVHG
3ODQQLQJ� 3DUW ,,� ,QFUHPHQWDO &RQVWUXFWLRQ RI
WKH *HQHUDOL]HG 9RURQRL *UDSK� ,Q 3URF� ,(((

,QW� &RQI� RQ 5RERWLFV DQG $XWRPDWLRQ� 1DJR\D�
-DSDQ� �����

>�@ + &KRVHW� , .RQXNVYHQ� DQG $ 5L]]L� 6HQVRU
%DVHG 3ODQQLQJ� $ &RQWURO /DZ IRU *HQHUDWLQJ
WKH *HQHUDOL]HG 9RURQRL *UDSK� ,Q 3URF� RI ,(((

,QW� &RQI� RQ $XWRQRPRXV 5RERWV� 0RQWHUH\� &$�
�����

>�@ .HLML 1DJDWDQL� +RZLH &KRVHW� DQG 6HEDVWLDQ
7KUXQ� 7RZDUGV H[DFW ORFDOL]DWLRQ ZLWKRXW H[�
SOLFLW ORFDOL]DWLRQ� ,Q 3URF� RI ,((( ,QWHUQDWLRQDO

&RQI� RQ 5RERWLFV DQG $XWRPDWLRQ� SDJHV ���^����
�����

>�@ 5RGQH\ $� %URRNV� $ UREXVW OD\HUHG FRQWURO V\V�
WHP IRU D PRELOH URERW� ,((( -RXUQDO RI 5RERWLFV

DQG $XWRPDWLRQ� �������^��� �����

>�@ -� %RUHQVWHLQ DQG -� .RUHQ� 5HDO�WLPH REVWD�
FOH DYRLGDQFH IRU IDVW PRELOH URERWV LQ FOXWWHUHG
HQYLURQPHQWV� ,Q ,((( &RQIHUHQFH RI 5RERWLFV

DQG $XWRPDWLRQ� SDJHV ���^���� &LQFLQQDWL� 2KLR�
0D\ �����

>�@ 1�6�9� 5DR� 6� .DUHWL� :� 6KL� DQG 6�6� ,\HQD�
JDU� 5RERW 1DYLJDWLRQ LQ 8QNQRZQ 7HUUDLQV� ,Q�
WURGXFWRU\ 6XUYH\ RI 1RQ�+HXULVWLF $OJRULWKPV�
2DN 5LGJH 1DWLRQDO /DERUDWRU\ 7HFKQLFDO 5HSRUW�
251/�70��������^��� -XO\ �����

>�@ -� %RUHQVWHLQ� %� (YHUHWW� DQG /� )HQJ� 1DYLJDWLQJ
0RELOH 5RERWV� 6\VWHPV DQG 7HFKQLTXHV� $� .�
3HWHUV� /WG�� :HOOHVOH\� 0$� �����

>�@ *� 'XGHFN� 0� -HQNLQ� (� 0LOLRV� DQG '� :LONHV�
5RERWLF H[SORUDWLRQ DV JUDSK FRQVWUXFWLRQ� ,(((

7UDQVDFWLRQV RQ 5RERWLFV DQG $XWRPDWLRQ� �����^
���� 'HF� �����

>�@ %� .XLSHUV DQG <�7� %\DQ� $ 5RERW ([SORUDWLRQ
DQG 0DSSLQJ 6WUDWHJ\ %DVHG RQ D 6HPDQWLF +L�
HUDUFK\ RI 6SDWLDO 5HSUHVHQWDWLRQV� -RXUQDO RI

5RERWLFV DQG $XWRQRPRXV 6\VWHPV� ����^��� �����


