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7KLV SDSHU DQDO\]HV WKH JXLGDQFH SULQFLSOH DQG
WKH UREXVWQHVV IHDWXUH RI D ELRORJLFDOO\�LQVSLUHG YLVXDO
KRPLQJ DOJRULWKP IRU DXWRQRPRXV URERWV� 7KH KRP�
LQJ VWUDWHJ\ XVHV FRORU LPDJHV DQG LV EDVHG RQ DQ D�QH
PDWFKLQJ PRGHO ZKRVH SDUDPHWHUV DUH XVHG WR HVWLPDWH
UHDO QDYLJDWLRQ GLVSODFHPHQW LQ WKH HQYLURQPHQW� 7KH
JXLGDQFH SULQFLSOH RI WKH YLVXDO KRPLQJ LV SURYHQ WR EH
D YLVXDO SRWHQWLDO IXQFWLRQ ZLWK DQ HTXLOLEULXP SRLQW OR�
FDWHG DW WKH JRDO SRVLWLRQ� 7KH SUHVHQFH RI D SRWHQWLDO
IXQFWLRQ PHDQV WKDW FODVVLFDO FRQWURO WKHRU\ SULQFLSOHV
EDVHG RQ WKH /LDSXQRY IXQFWLRQV FDQ EH DSSOLHG WR DV�
VHVV WKH UREXVWQHVV RI WKH QDYLJDWLRQ VWUDWHJ\�

� ,QWURGXFWLRQ

7KDQNV WR HQWRPRORJLFDO VWXGLHV RQ VRFLDO LQVHFWV
VHYHUDO PHFKDQLVPV RI YLVXDO QDYLJDWLRQ WKDW FDQ EH
H�HFWLYHO\ DSSOLHG WR URERWLFV KDYH EHHQ GLVFRYHUHG�
VHH H�J� >��� ��� ��� ��@� $PRQJ WKRVH PHFKDQLVPV�
WKH VR FDOOHG KRPLQJ SURFHVV R�HUV LQWHUHVWLQJ LGHDV
IRU D FRPSXWHU�EDVHG LPSOHPHQWDWLRQ�
,Q RUGHU WR UHWXUQ WR NQRZQ SODFHV� VRFLDO LQVHFWV

DQG EHHV LQ SDUWLFXODU� XVH WZR GL�HUHQW QDYLJDWLRQ
PHWKRGV >��@� GHDG�UHFNRQLQJ DQG YLVXDO KRPLQJ QDY�
LJDWLRQ� 'HDG�UHFNRQLQJ LV H[SORLWHG E\ H[WUDFWLQJ LQ�
IRUPDWLRQ DERXW WKH KRPLQJ YHFWRU XVLQJ SRODUL]HG
OLJKW >��@ DQG LQWHJUDWLRQ RI LPDJH �RZ >��@� 9LVXDO
KRPLQJ LV XVHG LQ WKH �QDO VWDJH RI WKH QDYLJDWLRQ� IRU
D SUHFLVH DSSURDFK WR WKH JRDO� ZKHQ GHDG�UHFNRQLQJ
GRHV QRW KDYH WKH UHTXLUHG GHJUHH RI SUHFLVLRQ�
$FFRUGLQJ WR H[SHULPHQWV RQ DQWV DQG EHHV >�@� LQ�

VHFWV KDYH WKH DELOLW\ WR OHDUQ D SODFH E\ VWRULQJ D VRUW
RI VQDSVKRW RI WKH SDQRUDPD WR EH XVHG ODWHU IRU WKH
KRPLQJ WDVN� ,QVHFWV UHPHPEHU QRW RQO\ WKH DSSDUHQW
GLPHQVLRQ DQG SRVLWLRQ RI REMHFWV VXUURXQGLQJ D SODFH
EXW DOVR WKHLU VKDSH� SDWWHUQ DQG FRORU�

,Q SDUWLFXODU� LQ >�@ DQG >�@ GL�HUHQW FRPSXWDWLRQDO
PRGHOV H[SODLQLQJ KRZ EHHV H[SORLW WKH YLVXDO KRP�
LQJ QDYLJDWLRQ KDYH EHHQ SURSRVHG� ,Q WKRVH PRGHOV�
WKURXJK D FRPSDULVRQ EHWZHHQ WKH VQDSVKRW WDNHQ DW
WKH JRDO SRVLWLRQ DQG WKH DFWXDO LPDJH� EHHV FRPSXWH
WKH PRYHPHQWV IRU D SUHFLVH DSSURDFK WR WKH WDUJHW�

'LYHUVH WKHRULHV KDYH EHHQ LQWURGXFHG WR H[SODLQ
WKH ELRORJLFDO QDYLJDWLRQ PRGHOV �VHH H�J� >��@ IRU D
UHYLHZ� EXW WKH VQDSVKRW K\SRWKHVHV LWVHOI R�HUV LP�
SRUWDQW VWDUWLQJ SRLQWV WR LPSOHPHQW QDYLJDWLRQ DOJR�
ULWKPV�

7R WKLV H[WHQW� H[WHQVLRQV RI WKH DERYH PRGHOV KDYH
EHHQ H�HFWLYHO\ XVHG RQ URERWV LQ >�� ��@� ZKHUH D YL�
VXDO KRPLQJ PHWKRG EDVHG RQ D FRPSDULVRQ EHWZHHQ
FRORU LPDJHV KDV EHHQ SUHVHQWHG� 7KH LPSOHPHQWHG
PHWKRG LV FRPSRVHG RI WZR SKDVHV� PDWFKLQJ DQG QDY�
LJDWLRQ� ,Q WKH PDWFKLQJ SKDVH WKH URERW FRPSDUHV
WKH VWRUHG VQDSVKRW RI WKH SODFH VXUURXQGLQJ WKH JRDO
ZLWK WKH VQDSVKRW SHUFHLYHG DW WKH PRPHQW� ,Q WKH
QDYLJDWLRQ SKDVH WKH GL�HUHQFHV LQ SRVLWLRQ DQG LQ GL�
PHQVLRQV EHWZHHQ REMHFWV LQ WKH WZR LPDJHV GULYH WKH
URERW WR WKH SUH�OHDUQW JRDO� ,PDJHV DUH DFTXLUHG ZLWK
D FRORU FDPHUD DQG WKHLU FRPSDULVRQ LV SHUIRUPHG E\
DSSO\LQJ DQ D�QH PRGHO�

7KH DLP RI WKLV SDSHU LV WR DQDO\]H WKH XQGHUO\LQJ
SULQFLSOH WKDW GULYHV WKH URERW WR WKH JRDO� 7R WKLV
H[WHQW� UHFHQW WHVWV UHYHDO WKH SUHVHQFH RI D QDYLJDWLRQ
YHFWRU �HOG ZKRVH EDVLQ RI DWWUDFWLRQ LV SODFHG DW WKH
JRDO SRVLWLRQ >�@�

&RQ�UPDWLRQV RI WKLV FDQ EH IRXQG LQ WKH UHVXOWV RI
RWKHU H[SHULPHQWV FRQGXFWHG RQ LQVHFWV >��@ RU RQ DU�
WL�FLDO DJHQWV WKDW XVH ELRORJLFDOO\�LQVSLUHG QDYLJDWLRQ
PHWKRGV >�@�

7KH WKHRU\ RI YLVXDO SRWHQWLDO IXQFWLRQ LQWURGXFHG
LQ >�@ VROYHV WKH SUREOHP RI FDOFXODWLQJ WKH SRWHQWLDO
IXQFWLRQ WKDW GULYHV D KRPLQJ PHWKRG� 7KH QXPHULFDO
FDOFXODWLRQ RI WKH SRWHQWLDO IXQFWLRQ VWDUWV FRQVLGHULQJ
WKH QDYLJDWLRQ YHFWRU �HOG SURGXFHG E\ WKH KRPLQJ



VWUDWHJ\� &RQVLGHUDWLRQV RQ WKH FRQVHUYDWLYHQHVV RI
WKH �HOG SOD\ D FUXFLDO UROH IRU WKH SURFHVV RI LQWHJUD�
WLRQ DQG KHQFH IRU FRPSXWLQJ WKH SRWHQWLDO IXQFWLRQ�

)XUWKHUPRUH� WKH SUHVHQFH RI D SRWHQWLDO IXQFWLRQ
DURXQG WKH JRDO LV D VX�FLHQW FRQGLWLRQ IRU WKH DSSOLFD�
WLRQ RI WKH FODVVLFDO FRQWURO WKHRU\ EDVHG RQ /LDSXQRY
IXQFWLRQV� 7KHUHIRUH� IRUPDO FRQVLGHUDWLRQV RQ WKH UR�
EXVWQHVV IRU WKH KRPLQJ PHWKRG FDQ EH LQWURGXFHG�
,Q DGGLWLRQ� WKH LGHD RI DSSO\LQJ PHWKRGV IURP YHFWRU
DQDO\VLV WR QDYLJDWLRQ SUREOHPV DOORZV XV WR HYDOXDWH
WKH SHUIRUPDQFH RI GL�HUHQW PRGHOV DQG PLJKW DOVR
UHSUHVHQW WKH NH\ SRLQW IRU WKH PHWKRG WR EH IXUWKHU
H[WHQGHG WRZDUGV WRSRORJLFDO QDYLJDWLRQV�

7KH RUJDQL]DWLRQ RI WKLV SDSHU LV DV IROORZV� UHYLHZ
RI WKH YLVXDO KRPLQJ VWUDWHJ\ �VHFWLRQ ��� LQWURGXF�
WLRQ RI WKH YLVXDO SRWHQWLDO IXQFWLRQ ERWK WKHRUHWLFDOO\
�VHFWLRQ �� DQG QXPHULFDOO\ �VHFWLRQ ��� IRUPDO FRQVLG�
HUDWLRQV RQ WKH UREXVWQHVV RI WKH PHWKRG �VHFWLRQ ���
5HPDUNV DQG IXWXUH ZRUN ZLOO FRQFOXGH WKH SDSHU�

� %LRORJLFDOO\�LQVSLUHG YLVXDO KRPLQJ

7KH LPSOHPHQWHG DOJRULWKP VWDUWV IURP WKH UHVXOWV
SUHVHQWHG LQ >�@ DQG >��@� ZLWK FRORU LPDJHV DQG VRPH
FRQVWUDLQWV LQ WKH LPDJH DFTXLVLWLRQ�

7KH PDLQ LGHD LV WKDW DQ HVWLPDWH RI WKH YHFWRU
SRLQWLQJ IURP WKH FXUUHQW SRVLWLRQ RI WKH DJHQW WR WKH
SUH�OHDUQW JRDO FDQ EH FRPSXWHG FRPSDULQJ SRVLWLRQ
DQG DPSOLWXGH RI PDWFKLQJ DUHDV LQ WKH FRQVLGHUHG LP�
DJHV >�@� 7KH PDWFKLQJ EHWZHHQ WKH JRDO LPDJH DQG
WKH DFWXDO YLHZ LV SHUIRUPHG XVLQJ DQ D�QH PRGHO�
$OO SRVVLEOH D�QH WUDQVIRUPDWLRQV DQG VKLIWV RI WKH
DFWXDO LPDJH LQ WKH DOORZHG UDQJH DUH FRPSXWHG DQG
WKH RQH WKDW EHVW �WV WKH JRDO LPDJH LV FKRVHQ� )URP
WKH SDUDPHWHUV RI WKH D�QH WUDQVIRUPDWLRQ WKH DOJR�
ULWKP FRPSXWHV DQ HVWLPDWH RI WKH URERW GLVSODFHPHQW
IURP WKH JRDO SRVLWLRQ� 7KLV KDV EHHQ LQWHUSUHWHG DV
WKH GLVWDQFH RI WKH URERW IURP WKH JRDO�

)LJXUH �� 9HUWLFDOO\ VXE�VDPSOHG JRDO SRVLWLRQ LPDJH

)LJXUH �� $Q H[DPSOH RI D YHUWLFDOO\ VXE�VDPSOHG
VWDUWLQJ SRLQW LPDJH

([DPSOHV RI LPDJHV XVHG E\ WKH DOJRULWKP DUH
VKRZQ LQ �JXUH � DQG �JXUH �� 7KH\ KDYH EHHQ UHVSHF�
WLYHO\ DFTXLUHG DW WKH JRDO SRVLWLRQ DQG LQ D JHQHULF
VWDUWLQJ SRLQW RI WKH HQYLURQPHQW� $ GHFLPDWLRQ SUR�
FHVV KDV EHHQ DSSOLHG LQ RUGHU WR VSHHG XS WKH D�QH
PDWFKLQJ�
7KH DERYH PHQWLRQHG FRQVWUDLQWV� QDPHO\ �[HG

KHDGLQJ DQG FRQVWDQW KHLJKW RI WKH FDPHUD� DOORZ IRU
WKH XVH RI D VLPSOL�HG D�QH PRGHO� JLYHQ E\�

�
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ZKHUH 6; DQG 6< DUH WKH GLVSODFHPHQW FRPSR�
QHQWV IRU WKH PDWFKLQJ DORQJ [ DQG \ D[HV UHVSHFWLYHO\�
�;�< � DUH WKH SL[HOV FR�RUGLQDWHV� D�; � D�< UHSUHVHQW
WUDQVODWLRQV LQ SL[HOV DQG D�; � D�< UHSUHVHQW H[SDQ�
VLRQV �D�GLPHQVLRQDO�� )XUWKHUPRUH� WKH FDPHUD KDV
EHHQ DOZD\V SODFHG DW WKH VDPH KHLJKW �DERXW ��� P�
DQG� GXH WR WKH DEVHQFH RI WKH YHUWLFDO FDPHUD PRYH�
PHQW� WKH WHUP D�< LV QXOO� $Q DSSDUHQW YHUWLFDO VKLIW
LQ WKH LPDJH SODQH FDQ EH LQWURGXFHG E\ WKH FKDQJH
RI REMHFW GLVWDQFH DQG LV GHVFULEHG E\ WKH H[SDQVLRQ
SDUDPHWHUV D�< �
,Q WKH PDWFKLQJ SKDVH WKH DOJRULWKP �QGV WKH SD�

UDPHWHU YDOXHV RI WKH D�QH PRGHO WKDW PLQLPL]H WKH
0HDQ 6TXDUH (UURU �06(� RQ WKH WKUHH FKURPDWLF
FKDQQHOV RI WKH ZKROH LPDJH >��@� ,Q RUGHU WR VSHHG XS
WKH SDUDPHWHU FRPSXWDWLRQV DQG DW WKH VDPH WLPH DO�
ORZ WKH HVWLPDWH RI ODUJH GLVSODFHPHQW YHFWRUV� D PXOWL
UHVROXWLRQ S\UDPLGDO WHFKQLTXH KDV EHHQ LPSOHPHQWHG
DV LQ >��@� 7KH UDQJHV RI WKH SDUDPHWHU HVWLPDWH DQG
WKH PXOWL UHVROXWLRQ OHYHOV DUH FKRVHQ DFFRUGLQJ WR WKH
PD[LPXP GLVSODFHPHQW FRQVLGHUHG�
7KH FRPSXWDWLRQ RI WKH UHDO GLVSODFHPHQW FRPSR�

QHQWV IURP WKH JRDO EHFRPH SRVVLEOH ZLWK WKH IROORZLQJ
UHODWLRQVKLSV�

�
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ZKHUH 9[ DQG 9\ UHSUHVHQW DQ HVWLPDWLRQ RI WKH GLV�
WDQFH �DORQJ [ DQG \ D[HV RI WKH HQYLURQPHQW� IURP
WKH DFWXDO SRVLWLRQ WR WKH JRDO SRVLWLRQ� 7KH YDOXHV
RI . DQG + DUH GHWHUPLQHG WKURXJK DQ LQLWLDO VHWWLQJ
SKDVH� SHUIRUPHG E\ D VHULHV RI NQRZQ GLVSODFHPHQWV
DURXQG WKH JRDO SRVLWLRQ >��@�
7KH V\VWHP G\QDPLFDO PRGHO LV WKHUHIRUH JLYHQ E\�

�
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ZKHUH [�N� DQG \�N� UHSUHVHQW WKH FRRUGLQDWHV RI
URERW DW VWHS N� 9[�[�N�� \�N�� DQG 9\�[�N�� \�N�� WKH
GLVSODFHPHQWV FRPSXWHG DW VWHS N IROORZLQJ HTXDWLRQ
�� 7KRVH GLVSODFHPHQWV DUH UHODWHG WR WKH SRVLWLRQ DW
VWHS N JLYHQ E\ �[�N�� \�N��� /DVWO\� [�N��� DQG \�N�
�� UHSUHVHQW WKH QHZ SRVLWLRQV WKH URERW ZLOO PRYH
WR� &OHDUO\� DQ LPSRUWDQW HTXLOLEULXP SRLQW �[�� \��
IRU WKH V\VWHP LV JLYHQ E\ WKH FRRUGLQDWHV RI WKH JRDO
SRVLWLRQ�
,Q �JXUH � WKH GLUHFWLRQV RI WKH HVWLPDWHG GLVSODFH�

PHQW YHFWRUV a9  >9[ 9\@ IRU WKH �UVW QDYLJDWLRQ VWHSV
IURP D JURXS RI VWDUWLQJ SRLQWV DUH VKRZQ� 7KH JRDO
�UHSUHVHQWHG E\ D VPDOO FLUFOH� VHHPV WR EH ORFDWHG
ZLWKLQ D EDVLQ RI DWWUDFWLRQ�
7KH UHVXOWV RI D FRPSOHWH QDYLJDWLRQ SURFHVV IURP

HDFK JLYHQ VWDUWLQJ SRLQW FDQ EH VHHQ LQ �JXUH �� 7KH
QDYLJDWLRQ SKDVH LV FRPSOHWHG DIWHU WZR VWHSV� ZLWK D
PHDQ HUURU RI DERXW � FP DORQJ D SDWK RI DERXW ���
FP� OHVV WKDQ ��� ��
7KH DFTXLUHG LPDJHV FDQ EH D�HFWHG E\ QRLVH� 7KH

PDMRU HUURU FRQWULEXWLRQV FRPH IURP PRYLQJ REMHFWV
�SHRSOH ZDONLQJ� HWF�� DQG IURP RFFOXVLRQV WKDW FDXVH
D SXQFWXDO HUURU KLJKHU WKDQ WKH DYHUDJH�
)RU WKLV UHDVRQ LQ WKH �QDO PDWFKLQJ SKDVH WKH 06(

RQ WKH ZKROH LPDJH LV VXEVWLWXWHG E\ D QHZ 06( �06(
(QKDQFHG � 06((� FRPSXWHG RQO\ RQ WKH SL[HOV ZKRVH
YDOXHV DUH ORZHU WKDQ WKH 06( SUHYLRXVO\ FRPSXWHG�
7KLV PHWKRG HQKDQFHV WKH UREXVWQHVV RI WKH QDYLJD�
WLRQ DV GHWDLOHG LQ VHFWLRQ ��
$ VLPSOH �RZ FKDUW RI WKH GHVFULEHG PHWKRG FDQ EH

VHHQ LQ �JXUH ��

� 7KH YLVXDO SRWHQWLDO IXQFWLRQ

$ �HOG RI IRUFHV a9 �T� FDQ EH GH�QHG DV SRWHQWLDO
ZKHQ LW LV SURGXFHG E\ D GL�HUHQWLDEOH IXQFWLRQ 8
�FDOOHG SRWHQWLDO HQHUJ\� ZLWK�
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ZKHUH T LV WKH DFWXDO FRQ�JXUDWLRQ RI WKH URERW >�@�
&ODVVLFDOO\� ERWK 8 DQG T DUH PDWKHPDWLFDOO\ VSHFL�
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)LJXUH �� $Q H[DPSOH RI D QDYLJDWLRQ �HOG FRPSXWHG

�HG� 7KH DFWXDO FRQ�JXUDWLRQ T RI WKH URERW GHSHQGV
RQ WKH DFWXDO SRVLWLRQ RI WKH URERW� LQ RXU FDVH [�
\ DQG �� 7R VLPSOLI\ WKH SURFHVV DOO WHVWV KDYH EHHQ
SHUIRUPHG FRQVLGHULQJ D �[HG �� DV GHWDLOHG LQ WKH SUH�
YLRXV VHFWLRQ� 7KHUHIRUH� IURP HTXDWLRQV � DQG � DQG
VXSSRVLQJ WR GHDO ZLWK FRQWLQXRXV�WLPH� VPRRWK DQG
GL�HUHQWLDEOH 9[ DQG 9\� LW FDQ EH VWDWHG WKDW�
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$ QHFHVVDU\ DQG VX�FLHQW FRQGLWLRQ IRU WKH
�XQLTXH� LQWHJUDWLRQ RI WKH YHFWRU �HOG LV WKDW WKH IRO�
ORZLQJ UHODWLRQ KROGV >��@�
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)LJXUH �� &RPSOHWH QDYLJDWLRQ WHVW

FDQ EH DOWHUQDWHO\ UHIHUUHG ZLWK WKH WHUP FRQVHUYD�
WLYHQHVV�

1RZ� IRU WKH LQWHJUDWLRQ RI HTXDWLRQ �� OHW F EH D
FXUYH LQ WKH VHW RI GH�QLWLRQ RI WKH HTXDWLRQ �RXU HQYL�
URQPHQW� DQG VXSSRVH WKDW 8�[� \� LV D FRQWLQXRXVO\
GL�HUHQWLDEOH IXQFWLRQ� LQ DGGLWLRQ� OHW [ DQG \ GH�
SHQG RQ SDUDPHWHU W� WKDW LV [  [�W� DQG \  \�W� VR
WKDW WKH FXUYH F LV SDUDPHWHUL]HG RQ W �L�H� F  F�W���
WKH VDPH KROGV IRU WKH GLUHFWLRQDO YHFWRU aU� ,W FDQ EH
VWDWHG WKDW >��@�
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ZKHUH D DQG E DUH WKH YDOXHV RI W ZKLFK UHSUHVHQW
UHVSHFWLYHO\ WKH LQLWLDO DQG HQG SRLQWV RI WKH FXUYH
F� 7KHUHIRUH� WKH SRWHQWLDO IXQFWLRQ 8�[� \� FDQ EH
FDOFXODWHG E\ LQWHJUDWLQJ HTXDWLRQ � IROORZLQJ D JLYHQ
FXUYH F�

,I WKH YHFWRU �HOG a9 LV FRQVHUYDWLYH WKHQ WKH LQWHJUDO
LV SDWK LQGHSHQGHQW >��@� 7KHUHIRUH� SHUIRUPLQJ WKH
VXEVWLWXWLRQ GHWDLOHG LQ HTXDWLRQ � DQG FRPSXWLQJ WKH
VFDODU SURGXFW� WKH IROORZLQJ LV REWDLQHG�
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)LJXUH �� )ORZ FKDUW RI WKH DOJRULWKP

7KH SURFHVV FDQ EH IXUWKHU VLPSOL�HG E\ IROORZLQJ D
SDUWLFXODU FXUYH F� 7KHUHIRUH� PRUH H�HFWLYHO\� LW FDQ
EH ZULWWHQ DV�
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ZKHUH 8�;�< � LV WKH SRWHQWLDO IXQFWLRQ DQG WKH
SDWK RI LQWHJUDWLRQ LV DORQJ WKH KRUL]RQWDO OLQH VHJ�
PHQW IURP WKH LQLWLDO SRLQW �S[� S\� WR WKH YHUWLFDO OLQH
WKURXJK �;�< � DQG WKHQ DORQJ WKH YHUWLFDO OLQH VHJ�
PHQW WR �;�< ��
/HWWLQJ WKH LQLWLDO SRLQW FRLQFLGHV ZLWK WKH FR�

RUGLQDWHV RI WKH JRDO SRVLWLRQ KHOSV WKH FRPSXWLQJ RI
WKH SRWHQWLDO IXQFWLRQ� (YHU\ RWKHU SRLQW LV WKXV UH�
IHUUHG WR LQ WHUPV RI SRWHQWLDO WR WKH JRDO SRVLWLRQ�

��� ,VVXHV RQ WKH QRQ�FRQVHUYDWLYHQHVV RI
WKH �HOG

7KH DERYH LQWURGXFHG WKHRU\ KROGV IRU FRQVHUYDWLYH
�HOGV EXW IRU WKH SXUSRVH RI WKLV SDSHU VRPH FRQVLGHU�
DWLRQV RQ QRQ�FRQVHUYDWLYH �HOGV PXVW EH PDGH�

)RUPDOO\ VSHDNLQJ� D QRQ�FRQVHUYDWLYH �HOG LV RQH
LQ ZKLFK WKH FLUFXLWDWLRQ LV QRQ�QXOO� 7KDW LV� WKH FDO�
FXODWLRQ RI 8�[� \� GHSHQGV RQ WKH SDWK IROORZHG DQG



HTXDWLRQ � SURGXFHV GL�HUHQW UHVXOWV DFFRUGLQJ WR WKH
FXUYH WKDW ZDV FKRVHQ�
7KLV SRWHQWLDO IXQFWLRQ FDQ EH FRQVLGHUHG DV PXOWL�

YDOXHG� IRU HYHU\ UHIHUHQFH SRVLWLRQ� D JHQHUDO SRVL�
WLRQ ZLOO KDYH PRUH WKDQ RQH SRWHQWLDO YDOXH DFFRUG�
LQJ WR WKH SDWK FKRVHQ IRU LQWHJUDWLRQ� 7KLV VRUW RI
PXOWL�YDOXHG SRWHQWLDO IXQFWLRQ FDQ EH WUDQVODWHG LQ
QRQ�XQLTXHQHVV RI WKH YHFWRU �HOG� ,Q RWKHU ZRUGV� UH�
SHDWHGO\ SODFLQJ WKH URERW LQ WKH VDPH SRLQW ZLWKLQ D
QRQ�FRQVHUYDWLYH DUHD ZLOO OHDG WR GL�HUHQW SDWKV WKDW
ZLOO EH IROORZHG�
,W LV KDUG WR VWDWH ZKDW NLQG RI HQYLURQPHQWDO RU

V\VWHP IHDWXUH PLJKW EH UHVSRQVLEOH IRU VXFK QRQ�
FRQVHUYDWLYH QDWXUH RI WKH �HOG� 7KHRUHWLFDOO\� KRZ�
HYHU� DV WKH �HOG LV QHLWKHU VWDEOH QRU UHOLDEOH� WKH UH�
SHDWDELOLW\ RI WKH QDYLJDWLRQ GRHV QRW KROG DQG WKLV
FDQ OHDG WR XQSUHGLFWDEOH QDYLJDWLRQ UHVXOWV�

� 5REXVWQHVV RI WKH PHWKRG

,Q RUGHU WR WDNH DGYDQWDJH RI WKH GLVFXVVLRQ SUH�
VHQWHG LQ WKH SUHYLRXV VHFWLRQ DQG VXSSRVLQJ WKDW DOO
WKH QHFHVVDU\ K\SRWKHVHV KHOG� WKH G\QDPLF V\VWHP
SUHVHQWHG LQ HTXDWLRQ � LV FRQVLGHUHG FRQWLQXRXV�WLPH
ZLWK WKH IROORZLQJ �OHDYLQJ RXW WKH YHFWRU QRWDWLRQV��

B[�W�  9 �[�W�� ����

ZKHUH [ UHSUHVHQW WKH JHQHULF FRRUGLQDWHV DQG DQ
HTXLOLEULXP SRLQW [� LV ORFDWHG DW WKH JRDO SRVLWLRQ�
6HYHUDO LPSRUWDQW FRQVLGHUDWLRQV IRU WKH VWDELOLW\ RI

WKH V\VWHP FDQ EH H[SUHVVHG IRFXVLQJ DWWHQWLRQ RQ LWV
SURSHUWLHV�
7KH EDVLF LGHD IRU YHULI\LQJ WKH VWDELOLW\ DQG WKH

FRQYHUJHQFH LV WR VHHN DQ DJJUHJDWH VXPPDUL]LQJ IXQF�
WLRQ RQ WKH VWDWHV RI WKH V\VWHP� 7KH XQGHUO\LQJ SULQ�
FLSOH LV WR VLPSOLI\ WKH DQDO\VLV RI D FRPSOH[ KLJK�RUGHU
G\QDPLF V\VWHP E\ FRQVLGHULQJ D VLQJOH VFDODU�YDOXHG
IXQFWLRQ ZKRVH WLPH EHKDYLRU FDQ EH HVWLPDWHG >�@�

,Q SDUWLFXODU� ZKHQ D G\QDPLF V\VWHP FDQ EH UHS�
UHVHQWHG E\ B[  I�[� ZLWK D �[HG SRLQW [�� DQG LW
LV SRVVLEOH WR �QG D /LDSXQRY IXQFWLRQ� L�H� D FRQWL�
QRXVO\ GL�HUHQWLDEOH� UHDO�YDOXHG IXQFWLRQ 8�[� ZLWK
WKH IROORZLQJ SURSHUWLHV >��@�

�� 8�[� ! � IRU DOO [ � [� DQG 8�[��  �

�� B8 � � IRU DOO [ � [� �DOO WUDMHFWRULHV �RZ GRZQKLOO
WRZDUG [��

WKHQ [� LV JOREDOO\ VWDEOH� IRU DOO LQLWLDO FRQGLWLRQV
[�W�� [� DV W � ��

7KHUH DUH GL�HUHQW W\SHV RI V\VWHP FRQ�JXUDWLRQV�
VWDEOH� DV\PSWRWLFDOO\ VWDEOH� PDUJLQDOO\ VWDEOH DQG XQ�
VWDEOH� DOO RI ZKLFK DUH H[SODLQHG LQ WHUPV RI WUDMHF�
WRULHV IROORZHG E\ V\VWHP VWDWHV� ,Q WKRVH FDVHV /LD�
SXQRY FULWHULD VWLOO H[LVW ZKLFK UHOD[ WKH FKDUDFWHULVWLFV
RI 8�[� SUHYLRXVO\ OLVWHG�
7KH V\VWHP GHSLFWHG LQ HTXDWLRQ �� LV RI W\SH B[  

I�[� EXW� XQIRUWXQDWHO\� WKHUH LV QR V\VWHPDWLF ZD\ WR
FRQVWUXFW /LDSXQRY IXQFWLRQV�

)RU H[DPSOH� WKH TXDGUDWLF GLVWDQFH RI WKH URERW
WR WKH WDUJHW �DV FRPSXWHG E\ HTXDWLRQ �� PLJKW EH
D JRRG FDQGLGDWH WR KDYH WKH QDWXUH RI D /LDSXQRY
IXQFWLRQ� %XW� LW FDQ EH WDNHQ DGYDQWDJH FRQVLGHU�
LQJ WKH H�HFWV RI WKH V\VWHP� WKDW LV WKH YHFWRU �HOG
LW SURGXFHV �VHH �JXUH ��� 7KLV UHSUHVHQWV WKH RQO\
ZD\ WR SHUIRUP VXFK DQDO\VLV DV ZH FDQQRW SUHGLFW WKH
DQDO\WLFDO IRUP RI a9 RQ [�W� DV GHSLFWHG E\ HTXDWLRQ
��

7R WKLV H[WHQW� DQ LPSRUWDQW /LDSXQRY IXQFWLRQ FDQ
EH FRQVWUXFWHG E\ LQWHJUDWLQJ WKH ULJKW�KDQG VLGH RI
WKH V\VWHP HTXDWLRQ ���

7KLV DXWRPDWLFDOO\ OHDGV XV WR LQWURGXFH WKH YLVXDO
SRWHQWLDO IXQFWLRQ DV D JRRG FDQGLGDWH IRU DQDO\]LQJ
WKH RYHUDOO VWDELOLW\ RI WKH V\VWHP�

,I WKH YLVXDO SRWHQWLDO IXQFWLRQ KDG D EDVLQ RI DW�
WUDFWLRQ ZKRVH WKH PLQLPXP LV DW WKH JRDO SRVLWLRQ
WKHQ WKH WKHRU\ RI /LDSXQRY IXQFWLRQV IRU WKH PHWKRG
DVVXUHV WKDW KRPLQJ LV LQWULQVLFDOO\ VWDEOH� DW OHDVW
VWDUWLQJ QDYLJDWLQJ IURP SDUW RI WKH HQYLURQPHQW�

,Q DGGLWLRQ� WKH LQWULQVLF VWDELOLW\ RI WKH V\VWHP
ZRXOG PHDQ WKDW WKH QHFHVVLW\ RI DQ DFFXUDWH FDOLEUD�
WLRQ SKDVH IRU GHWHUPLQLQJ + DQG . GRHV QRW KROG
DQ\PRUH� ([SHULPHQWV UHSRUWHG LQ >�� ��@ FDQ EH FRQ�
VLGHUHG WKLV ZD\� 0RUHRYHU� + DQG . FRXOG QRW SURE�
DEO\ EH VWURQJO\ UHODWHG WR D SDUWLFXODU WDUJHW� URERW
DQG HQYLURQPHQW�

7KH SUDFWLFDO FRPSXWDWLRQ RI WKH YLVXDO SRWHQWLDO
IXQFWLRQ DORQJ ZLWK WKH VWDELOLW\ DQDO\VLV RI WKH V\V�
WHP EHLQJ FRQVLGHUHG ZLOO EH GHWDLOHG LQ WKH IROORZLQJ
VHFWLRQ�

� 7HVWV RQ FRQVHUYDWLYHQHVV DQG FDOFX�
ODWLRQ RI WKH YLVXDO SRWHQWLDO IXQFWLRQ

,Q VHFWLRQ � LW KDV EHHQ VWDWHG KRZ FRQVHUYDWLYH
LVVXHV DUH FUXFLDO WR FDOFXODWH D XQLTXH SRWHQWLDO IXQF�
WLRQ VWDUWLQJ IURP D YHFWRU �HOG� $V LW ZDV VDLG� IRU
HYHU\ YHFWRU �HOG PHDVXUHG GXULQJ DQ H[SHULPHQW LW LV
QHFHVVDU\ WR FRPSXWH WKH FURVV GHULYDWLYHV DQG HYDOX�
DWH WKH &DXFK\�5LHPDQQ FRQGLWLRQ�

7R WKLV H[WHQW� �JXUH � SORWV WKH FRPSRQHQWV 9[
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)LJXUH �� $Q H[DPSOH RI 9[ DQG 9\ DQG WKHLU FURVV
GHULYDWLYHV

DQG 9\ DQG WKHLU FURVV GHULYDWLYHV
#9[
#\

DQG
#9\
#[

WDNHQ
IURP DQ H�HFWLYH WHVW� 7KH FURVV GHULYDWLYHV KDYH EHHQ
FRPSXWHG QXPHULFDOO\ DV H[SUHVVHG LQ >��@�
$OO WKH WHVWV KDYH EHHQ SHUIRUPHG LQ WKH VDPH HQ�

YLURQPHQW UHSRUWHG LQ �JXUH � DQG WKH JRDO SRVLWLRQ LV
ORFDWHG LQ ���� ���� 7KH SRLQW ZLWK FR�RUGLQDWHV ��� ��
LV SODFHG DW WKH WRS�ULJKW FRUQHU RI �JXUH ��
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)LJXUH �� &RQVHUYDWLYHQHVV RI WKH QDYLJDWLRQ �HOG
DGRSWLQJ 06( PDWFKLQJ

7KH URERW KDV EHHQ PDQXDOO\ SODFHG DW YDULRXV
SRLQWV LQ WKH HQYLURQPHQW� )URP WKRVH SRLQWV� DSSO\�
LQJ WKH PHWKRG GHWDLOHG LQ HTXDWLRQ �� D GLVSODFHPHQW
YHFWRU LV FRPSXWHG� 7KH LWHUDWLRQ RI WKH PHWKRG RYHU
WKH ZKROH HQYLURQPHQW DQG WKH FROOHFWLRQ RI HYHU\ GLV�

SODFHPHQW YHFWRU SURGXFHV D YHFWRU �HOG� DV SUHYLRXVO\
H[HPSOL�HG E\ �JXUH ��
,Q �JXUH � WKH FRQVHUYDWLYHQHVV RI WKH QDYLJDWLRQ

�HOG FRPSXWHG DGRSWLQJ WKH 06( PDWFKLQJ LV VKRZQ�
7KH JUHDW SDUW RI WKH �HOG FDQ EH FRQVLGHUHG FRQVHU�
YDWLYH� +RZHYHU� WKHUH DUH VRPH UHJLRQV RI WKH HQYL�
URQPHQW ZKHUH WKDW FRQGLWLRQ GRHV QRW KROG� WKHUHIRUH
WKLV D�HFWV WKH UHSHDWDELOLW\ RI WKH QDYLJDWLRQV VWDUW�
LQJ IURP WKRVH DUHDV� ,Q IDFW� LI WKH YHFWRU �HOG LV QRQ�
FRQVHUYDWLYH WKHQ WKH SRWHQWLDO IXQFWLRQ FRPSXWHG LV
QRW XQLTXH�
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)LJXUH �� 7KH YLVXDO SRWHQWLDO IXQFWLRQ DGRSWLQJ 06(
PDWFKLQJ� 7KH JRDO SRVLWLRQ LV ORFDWHG LQ ���� ����

7KH YLVXDO SRWHQWLDO IXQFWLRQ WKDW LV FDOFXODWHG E\
LQWHJUDWLQJ WKH �HOG DV GHWDLOHG LQ HTXDWLRQ �� LV VKRZQ
LQ �JXUH ��
7KHUH DUH ODUJH DUHDV RI WKH HQYLURQPHQW IURP

ZKLFK WKH QDYLJDWLRQ SKDVH FDQ EH VXFFHVVIXOO\ SHU�
IRUPHG� 1HYHUWKHOHVV� VWDUWLQJ IURP RWKHU DUHDV WKH
URERW JHWV WUDSSHG E\ IDOVH JRDOV� 7KRVH UHJLRQV
URXJKO\ FRUUHVSRQG WR WKH ERWWRP�ULJKW SDUW RI WKH
HQYLURQPHQW UHSRUWHG LQ �JXUH ��
7KH VDPH FDOFXODWLRQV FDQ EH GRQH E\ FRQVLGHULQJ

WKH 06(( PDWFKLQJ EHWZHHQ LPDJHV� 7KH FRQVHUYD�
WLYHQHVV RI WKH �HOG LV UHSRUWHG LQ �JXUH � DQG WKH
YLVXDO SRWHQWLDO IXQFWLRQ LV VKRZQ LQ �JXUH ���
7KH VWDELOLW\ LV QRW JXDUDQWHHG IRU WKH ZKROH HQYL�

URQPHQW� DV FDQ EH VHHQ LQ WKH �JXUHV SUHYLRXVO\ UH�
SRUWHG� %XW WKH SRWHQWLDO EDVLQ LV EHWWHU VKDSHG WKDQ
ZLWK VLPSOH 06( DQG WKH JRDO SRVLWLRQ LV PRUH VWDEOH�
)XUWKHUPRUH� WKH XVH RI 06(( LQVWHDG RI 06( D�HFWV
WKH FRQVHUYDWLYHQHVV RI WKH �HOG� ,Q DGGLWLRQ� 06((
HQODUJHV WKH DUHD �VHH �JXUH �� FRPSDUHG WR �JXUH ��
IURP ZKLFK WKH JRDO FDQ EH UHDFKHG�
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)LJXUH �� &RQVHUYDWLYHQHVV RI WKH QDYLJDWLRQ �HOG
DGRSWLQJ 06(( PDWFKLQJ
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)LJXUH ��� 7KH YLVXDO SRWHQWLDO IXQFWLRQ DGRSWLQJ
06(( PDWFKLQJ� 7KH JRDO SRVLWLRQ LV ORFDWHG LQ
���� ����

%XW� HLWKHU 06( RU 06(( FDQQRW GHDO ZLWK WKH
LQWULQVLF OLPLWDWLRQV RI WKH KRPLQJ VWUDWHJ\ ZKHQ WKH
URERW LV SODFHG LQ VRPH UHJLRQV RI WKH HQYLURQPHQW �LQ
�JXUHV � DQG ��� ZKHQ [ � �� DQG \ � ���� 7KH
XVH RI D FDPHUD ZLWK D OLPLWHG �HOG RI YLHZ FDQ OHDG
WR EDG QDYLJDWLRQ UHVXOWV� WKH URERW LV DWWUDFWHG WR
IDOVH JRDOV EHFDXVH WKH DFWXDO YLHZ PLJKW QRW FRQWDLQ
HQRXJK LQIRUPDWLRQ IRU D JRRG FRPSDULVRQ ZLWK WKH
VWRUHG VQDSVKRW WDNHQ DW WKH JRDO SRVLWLRQ� 7KLV FDQ
EH RYHUFRPH E\ DFWLQJ HLWKHU RQ WKH PDWFKLQJ PHWKRG
RU� PRUH OLNHO\� E\ ZLGHQLQJ WKH FDPHUD �HOG RI YLHZ�

��� ,VVXHV RQ WKH YLVXDO SRWHQWLDO DV D
/LDSXQRY IXQFWLRQ

)URP WKH SRWHQWLDO IXQFWLRQ SUHYLRXVO\ SORWWHG LW
FDQ EH HDVLO\ XQGHUVWRRG ZK\ WKH V\VWHP JHWV VRPH�
WLPHV WUDSSHG LQWR IDOVH JRDOV RU ZKDW FDQ EH WKH UH�
JLRQ RI FRQYHUJHQFH IRU WKH PDLQ JRDO SRVLWLRQ�

7KLV LPSOLFLWO\ VWDWHV WKDW WKH V\VWHP KDV QRW RYHU�
DOO VWDELOLW\ RQ WKH ZKROH HQYLURQPHQW� 7KHUHIRUH� WKH
YLVXDO SRWHQWLDO IXQFWLRQ LWVHOI FDQQRW EH FRQVLGHUHG
/LDSXQRY FRPSOLDQW XQOHVV UHGXFLQJ LWV GRPDLQ RI DS�
SOLFDWLRQ WR D UHJLRQ DURXQG WKH JRDO SRVLWLRQ� VWDUWLQJ
IURP ZKLFK WKH V\VWHP FRQYHUJHV�

7KLV UHVWULFWHG YLVXDO SRWHQWLDO IXQFWLRQ FDQ EH IRU�
PDOO\ DGRSWHG DV D /LDSXQRY IXQFWLRQ� WKRXJK LQ D
UHVWULFWHG DUHD RI WKH HQYLURQPHQW�

,Q DGGLWLRQ� WKH SDUDPHWHUV + DQG . FDQ EH VXLW�
DEO\ FRPSXWHG WR DOORZ IRU WKH V\VWHP WR EH EHWWHU
FRQYHUJHQW EXW WKLV QHHGV WR EH IXUWKHU LQYHVWLJDWHG�

� &RQFOXVLRQV DQG SHUVSHFWLYHV

7KLV SDSHU KDV VKRZQ KRZ WKH SUHVHQWHG
ELRORJLFDOO\�LQVSLUHG PHWKRG IRU QDYLJDWLQJ FDQ EH H[�
SODLQHG LQ WHUPV RI D YLVXDO SRWHQWLDO �HOG� 7KH FRQ�
VHUYDWLYHQHVV RI WKH QDYLJDWLRQ YHFWRU �HOG FDQ EH DI�
IHFWHG E\ GL�HUHQW PDWFKLQJ RU YLVLRQ HQKDQFHPHQW
DOJRULWKPV�

7KH SUHVHQFH RI D SRWHQWLDO IXQFWLRQ DURXQG WKH
JRDO DOORZV XV WR DSSO\ FODVVLFDO FRQWURO WKHRULHV WR DV�
VHVV WKH UREXVWQHVV RI WKH V\VWHP VXFK DV WKH /LDSXQRY
IXQFWLRQV�

7KH XVH RI 06( RU 06(( DORQH LV QRW VX�FLHQW
WR SURGXFH D SRWHQWLDO IXQFWLRQ ZKRVH SUR�OH LV JORE�
DOO\ GLUHFWHG WR WKH JRDO� 7R WKLV H[WHQW� D SDQRUDPLF
�HOG RI YLHZ LV WKRXJKW WR EH QHFHVVDU\ WR SURGXFH
ZHOO�VKDSHG SRWHQWLDO EDVLQV ZKHUH WKH JRDO LV WKH RQO\
JOREDO PLQLPXP� 7KLV DVSHFW KDV WR EH IXUWKHU LQYHV�
WLJDWHG DV ZHOO DV WKH UHODWLRQ RI WKH LQWURGXFHG PRGHO



ZLWK RWKHUV WKDW FRQVLGHU GL�HUHQW DVSHFWV RI WKH HQ�
YLURQPHQW VXFK DV ODQGPDUNV�
7KH SUHVHQFH RI D SRWHQWLDO IXQFWLRQ LV FRQVLGHUHG WR

EH LPSRUWDQW IRU IXUWKHU H[WHQGLQJ WKH PHWKRG� VXE�
JRDOV FDQ EH DXWRPDWLFDOO\ SODFHG DW WKH ERXQGDULHV
RI WKH EDVLQ RI DWWUDFWLRQ�
7KH LGHD RI DSSO\LQJ PHWKRGV IURP YHFWRU DQDO\�

VLV WR QDYLJDWLRQ SUREOHPV DOORZV XV WR HYDOXDWH WKH
SHUIRUPDQFH RI GL�HUHQW PRGHOV DQG FDQ UHSUHVHQW DQ
LPSRUWDQW VWHS IRU WRSRORJLFDO QDYLJDWLRQV�
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