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AEVWUDFW 

$FTXLULQJ IOH[LEOH DQG DJLOH EHKDYLRUV DV VHHQ LQ ELRORJLFDO V\VWHPV� WKH URERW FDQ DFKLHYH DFUREDWLF PRYHPHQWV VXFK 
DV MXPSLQJ DQG WKURZLQJ� 7KHVH DFUREDWLF PRYHPHQWV DUH H[SHFWHG WR H[WHQG WKH UDQJH RI URERW DFWLYLW\� ,Q WKLV 
UHVHDUFK� ZH SURSRVH D VSHFLDO PHFKDQLVP XVLQJ D SDLU RI PRWRUV� VSULQJV DQG FDPV� ZKLFK KDV WKUHH IXQFWLRQV� QRUPDO 
RSHUDWLRQ� LQVWDQWDQHRXV RSHUDWLRQ DQG YDULDEOH ULJLGLW\� 7KHQ� ZH GHULYHG D PDWKHPDWLFDO PRGHO RI WKH PHFKDQLVP 
DQG GLVFXVVHG WKH LQSXW�RXWSXW FKDUDFWHULVWLFV RI WKH PHFKDQLVP E\ FKDQJLQJ WKH GHVLJQ SDUDPHWHUV� DQG DQDO\]HG WKH 
GLIIHUHQFH EHWZHHQ WKH WKHRUHWLFDO DQG PHDVXUHG UHVXOWV� 

Keywords� KLJK SRZHU MRLQW PHFKDQLVP� /LQN PHFKDQLVP� &DP PHFKDQLVP

 
��� IQWURGXFWLRQ 

,Q RUGHU WR SHUIRUP KLJK�VSHHG RSHUDWLRQV VXFK DV 
MXPSLQJ DQG WKURZLQJ� DQ DFWXDWRU WKDW FDQ UHDOL]H WZR 
FKDUDFWHULVWLFV� VWURQJ IRUFH DQG KLJK VSHHG� LV UHTXLUHG� 
$V D PHDQV WR UHDOL]H LQVWDQWDQHRXV RSHUDWLRQ� D 
PHFKDQLVP WKDW VWRUHV HQHUJ\ LQ D UHODWLYHO\ OLJKWZHLJKW 
PHFKDQLFDO HOHPHQW VXFK DV D VSULQJ DQG UHOHDVHV LW WR 
H[WUDFW LQVWDQWDQHRXV IRUFH LV RIWHQ VWXGLHG� <DPDGD KDV 
GHYHORSHG D FORVHG�ORRS IOH[LEOH FDWDSXOW XVLQJ MXPS 
EXFNOLQJ� DQG KDV UHDOL]HG D URERW FDSDEOH RI MXPSLQJ DQG 
VZLPPLQJ >�@� $OWKRXJK LQVWDQWDQHRXV IRUFH LV JHQHUDWHG 
E\ MXPS EXFNOLQJ� WKH RXWSXW YDOXH LV FRQVWDQW� DQG LW LV 
GLIILFXOW WR UHDOL]H QRUPDO RSHUDWLRQ ZLWK ORZ VSHHG DQG 

KLJK WRUTXH� 7R FUHDWH DQ DFWXDWRU WKDW FDQ JHQHUDWH 
LQVWDQWDQHRXV IRUFHV� WKH DXWKRUV KDYH GHYHORSHG D KLJK�
SRZHU MRLQW PHFKDQLVP WKDW PLPLFV WKH KLQG OLPE RI 
ORFXVWV >�@� 7KH GHYHORSHG PHFKDQLVP FDQ UHDOL]H QRW 
RQO\ LQVWDQWDQHRXV RSHUDWLRQ EXW DOVR QRUPDO RSHUDWLRQ 
WKDW FDQ EH DSSOLHG WR ZDONLQJ HWF� +RZHYHU� 
LQVWDQWDQHRXV RSHUDWLRQ LV SRVVLEOH� EXW YLVFRXV IULFWLRQ 
ORVV UHODWHG WR WKH DFWXDWRU UHGXFHU LV ODUJH GXH WR WKH 
VWUXFWXUH RI WKH PHFKDQLVP� ,Q WKLV VWXG\� ZH SURSRVH D 
PHFKDQLVP WKDW XVHV D FDP WR HOLPLQDWH WKLV YLVFRXV ORVV 
DQG IXUWKHU HQKDQFH WKH IXQFWLRQ RI WKH PHFKDQLVP� ,Q WKH 
QH[W FKDSWHU� ZH GHVFULEH WKH QHZO\ GHYHORSHG KLJK�
SRZHU MRLQW PHFKDQLVP� 
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2�� OYHUYLHZ RI WKH SURSRVHG PHFKDQLVP 

)LJ�� VKRZV WKH SURSRVHG PHFKDQLVP� 7KH PHFKDQLVP 
FRQVLVWV RI D SDLU RI PRWRUV� FDPV� FDP IROORZHU� ZLUH� 
VSULQJ� D VOLGHU� D OLQHDU JXLGH� DQG DQ RXWSXW OLQN� 7KH 
IHDWXUH RI WKH PHFKDQLVP LV WKDW LW KDV WKUHH IXQFWLRQV� 
QRUPDO RSHUDWLRQ� LQVWDQWDQHRXV RSHUDWLRQ� DQG FKDQJH LQ 
MRLQW VWLIIQHVV� ,Q QRUPDO PRWLRQ� WKH RXWSXW OLQN PRYHV 
DW WKH VDPH RXWSXW DV WKH PRXQWHG PRWRU� %\ URWDWLQJ WZR 
FDPV RQ WKH VDPH D[LV DV WKH PRWRU LQ WKH VDPH GLUHFWLRQ� 
WKH RXWSXW OLQN PRYHV� ,Q WKH UDSLG PRWLRQ� WKH RXWSXW OLQN 
FDQ LQVWDQWDQHRXVO\ H[KLELW PRUH RXWSXW WKDQ WKH 
PRXQWHG PRWRU� %\ URWDWLQJ WKH WZR FDPV LQ GLIIHUHQW 
GLUHFWLRQV� WKH VSULQJ FDQ EH FKDUJHG ZLWK HQHUJ\� 7KHQ� 
DIWHU WKH FDP SRVLWLRQ UHDFKHV WKH UHOHDVH SRLQW� WKH FDP 
IROORZHU GLVHQJDJHV IURP WKH FDP� UHOHDVLQJ WKH VWRUHG 
HQHUJ\ ZLWK WKHRUHWLFDOO\ QR ORVV� $ &DP &KDUJHU 
GHYHORSHG E\ WKH DXWKRUV LV DSSOLHG WR WKLV UHOHDVH 
PHFKDQLVP>�@� $IWHU UHOHDVH� WKH VOLGHU WUDQVODWHV XVLQJ 
WKH IRUFH VWRUHG LQ WKH VSULQJ DV WKH WKUXVW� 7KH WUDQVODWLRQ 
RI WKH VOLGHU LV WUDQVODWHG LQWR URWDWLRQDO PRYHPHQW RI WKH 
RXWSXW OLQN WKURXJK WKH ZLUH� 7KLV DOORZV IRU DJLOH 
URWDWLRQDO PRYHPHQW� )RU YDULDEOH VWLIIQHVV� LW LV SRVVLEOH 
WR FKDQJH WKH VWLIIQHVV RI WKH RXWSXW OLQN PDLQ MRLQW� 7KH 
DXWKRUV KDYH GHYHORSHG D YDULDEOH VWLIIQHVV MRLQW 
PHFKDQLVP WKDW XWLOL]HV WKH FKDUDFWHULVWLFV RI WKH FDP
V 
UHGXFWLRQ UDWLR>�@� 7KH SURSRVHG PHFKDQLVP KDV D 
VWUXFWXUH LQ ZKLFK WKH ULJLGLW\ RI WKH MRLQW FKDQJHV 
DFFRUGLQJ WR WKH DPRXQW RI GLVSODFHPHQW RI WKH VSULQJ� 
7KLV LV SRVVLEOH E\ XVLQJ WZR FDPV WR FRPSUHVV WKH VSULQJ 
LQWR SODFH DQG NHHS WKH FDP DQJOH FRQVWDQW� 
 
 
 
 
 
 
 
 
 
 
 
 

)LJ�� &DP FRPSHWLWLYH PHFKDQLVP 
 
 

 
 

��� TRUTXH DQG DQJXODU YHORFLW\ RI WKH RXWSXW 
OLQN 

)URP WKH JHRPHWULF PRGHO� GHULYH DQ H[SUHVVLRQ IRU WKH 
RXWSXW YDOXH RI WKH PHFKDQLVP� )LUVW� IURP D VWDWLF 
YLHZSRLQW� FRQVLGHU WKH WRUTXH JHQHUDWHG LQ WKH RXWSXW 
OLQN� )LJ� � �G� VKRZV WKH OLQN YHFWRU RI WKH SURSRVHG 
PHFKDQLVP GXULQJ UDSLG PRWLRQ� 7KH VSULQJ IRUFH ࢖࢙ࡲ 
JHQHUDWHG LQ WKH VOLGHU LV GHWHUPLQHG E\ WKH VSULQJ FKDQJH 
DPRXQW ࢖࢙ࢾ DQG WKH VSULQJ FRQVWDQW ݇௦௣� DQG LV H[SUHVVHG 
E\ WKH IROORZLQJ HTXDWLRQ�  

7KH IRUFH ܨ௪ JHQHUDWHG RQ WKH ZLUH LV H[SUHVVHG E\ WKH 
IROORZLQJ HTXDWLRQ� ZKHQ WKH DQJOH RI WKH ZLUH LV GHILQHG 
DV ߠ௪�  

 
 

���

%\ XVLQJ WKH -DFREL PDWUL[ ࢖࢙ࡶ ൌ ሺ࢒࢒૚ ൈ  \�ሻ GHULYHG Eࢠࢋ�
WKH FURVV SURGXFW RI WKH IRUFH ࢝ࡲ  DQG WKH URWDWLRQ 
GLUHFWLRQ YHFWRU ࢠࢋ�� WKH WRUTXH ௢ܶ JHQHUDWHG LQ WKH RXWSXW 
OLQN LV H[SUHVVHG E\ WKH IROORZLQJ HTXDWLRQ� 

  ���
7KH UHGXFWLRQ UDWLR� ZKLFK LV WKH LQSXW � RXWSXW 

UHODWLRQVKLS ZKHQ FRQYHUWLQJ WKH VSULQJ IRUFH ࢖࢙ࡲ WR WKH 
RXWSXW OLQN WRUTXH ௢ܶ � LV H[SUHVVHG E\ WKH IROORZLQJ 
HTXDWLRQ�  

 
 
 

 
���

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ܩ ൌ ௢ܶ

ȁ࢖࢙ࡲȁ

          ���

  ���

 
)LJ�� &DP FRPSHWLWLYH PHFKDQLVP 

௪ܨ ൌ
ȁ࢖࢙ࡲȁ
௪ߠݏ݋ܿ

௢ܶ ൌ ࢀ࢖࢙ࡶ ࢝ࡲ

࢖࢙ࡲ ൌ ݇௦௣࢖࢙ࢾ
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,Q UDSLG PRWLRQ�WKH PRYLQJ PHFKDQLFDO HOHPHQWV DUH D 
VOLGHU� WZR ZLUHV� DQG DQ RXWSXW OLQN� $PRQJ WKH PRYLQJ 
PHFKDQLFDO HOHPHQWV� WKH PDVV DQG LQHUWLD RI WKH VOLGHU 
DQG RXWSXW OLQN DUH VR ODUJH WKDW WKH\ FDQQRW EH LJQRUHG� 
7KHUHIRUH� LW LV QHFHVVDU\ WR FRQVLGHU WKH ORVV RI NLQHWLF 
HQHUJ\ DQG GHULYH WKH YHORFLW\ WKDW RFFXUV RQ WKH RXWSXW 
OLQN� ,I WKH PDVV RI WKH VOLGHU LV PBO� WKH YHORFLW\ LV ȞBO� 
WKH LQHUWLD RI WKH RXWSXW OLQN LV ,BR� WKH DQJXODU YHORFLW\ 
LV ȦBR� DQG WKH HQHUJ\ FRPSOHWHO\ VWRUHG LQ WKH VSULQJ LV 
(� WKH LQVWDQWDQHRXV HQHUJ\ FKDQJH GXULQJ RSHUDWLRQ LV DV 
IROORZV� 

 
 

 ���

&RQVLGHULQJ WKH LQVWDQW FHQWHU RI URWDWLRQ RI ZLUH� LW LV 
SRVVLEOH WR GHILQH WKH SRVLWLRQ YHFWRUV݈ଵ� ݈ଶ� ݈ଷ VKRZQ LQ 
)LJ� � �G�� DQG WKH UHODWLRQVKLS EHWZHHQ WKH DQJXODU 
YHORFLW\ ߱௢ RI WKH RXWSXW OLQN DQG WKH YHORFLW\ ߥ௟ RI WKH 
VOLGHU LV ([SUHVVLRQ� 

 
 

 
���

)URP ��� DQG ���� WKH DQJXODU YHORFLW\ RI WKH RXWSXW OLQN 
FDQ EH H[SUHVVHG E\ WKH IROORZLQJ HTXDWLRQ� 

 
 

���

 
��� AQDO\VLV RI RXWSXW FKDUDFWHULVWLFV 
:H DQDO\]HG KRZ WKH RXWSXW FKDUDFWHULVWLFV RI WKH 

PHFKDQLVP FKDQJH ZKHQ WKH GHVLJQ SDUDPHWHUV RI WKH 
PHFKDQLVP FKDQJH� 7KH RXWSXW FKDUDFWHULVWLFV ZHUH 
DQDO\]HG XVLQJ HTXDWLRQV ��� DQG ���� )LJ�� VKRZV WKH 
GHVLJQ SDUDPHWHUV FKDQJHG GXULQJ WKH DQDO\VLV DQG WKH 
UDQJH RI WKH QXPHULFDO YDOXHV� $V D UHVXOW RI DQDO\VLV� 
VHYHUDO UHGXFWLRQ UDWLRV DQG RXWSXW WRUTXHV ZHUH 
FODVVLILHG LQWR VHYHQ SDWWHUQV� )RU 3DWWHUQ �� WKH UHGXFWLRQ 
UDWLR LV WKH ODUJHVW DW VWDUWXS� DQG JUDGXDOO\ GHFUHDVHV ZLWK 
WKH GLVSODFHPHQW RI WKH RXWSXW OLQN� 7KLV SURSHUW\ LV 
XVHIXO ZKHQ WKH SURSRVHG PHFKDQLVP LV DSSOLHG WR DUP 
MRLQWV IRU WKURZLQJ� 7KLV LV EHFDXVH ZKHQ WKURZLQJ� WKH 
PRVW WRUTXH LV UHTXLUHG GXULQJ DFFHOHUDWLRQ� 3DWWHUQV �� �� 
DQG � KDYH D FKDUDFWHULVWLF WKDW WKH UHGXFWLRQ UDWLR 
JUDGXDOO\ LQFUHDVHV� VR WKDW FRQWLQXRXV WRUTXH FDQ EH 
RXWSXW� 7KHVH SURSHUWLHV FDQ EH XVHIXO IRU LQVWDQWDQHRXV 
PRYHPHQWV LQ YDULRXV XQGHUZDWHU HQYLURQPHQWV� )OXLG 
UHVLVWDQFH PD\ EH GRPLQDWHG E\ LQHUWLDO IRUFH GHSHQGLQJ 
RQ WKH VKDSH RI WKH RXWSXW ULJLG ERG\� ,Q WKLV FDVH� VLQFH 
WKH IOXLG UHVLVWDQFH DSSURDFKHV D PDJQLWXGH SURSRUWLRQDO 

WR WKH VTXDUH RI WKH VSHHG� WKH RXWSXW XQLW QHHGV WRUTXH 
HYHQ RXWVLGH WKH DFFHOHUDWLRQ UDQJH� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

��� E[SHULPHQWDO GHYLFH 
 $Q H[SHULPHQWDO GHYLFH ZDV IDEULFDWHG WR HYDOXDWH WKH 
SURSRVHG PHFKDQLVP RQ D UHDO PDFKLQH� )LJ� � VKRZV WKH 
H[WHUQDO YLHZ RI WKH H[SHULPHQWDO GHYLFH� )LJ� � VKRZV 
WKH OLQN YHFWRU GHILQHG� DQG 7DEOH � VKRZV WKH 
VSHFLILFDWLRQV RI WKH GHYLFH� ݇௦௣ FDQ EH FKDQJHG E\ 
FKDQJLQJ WKH QXPEHU RI PRXQWHG VSULQJV� 
 

7DEOH�� 6SHF RI WKH GHYLFH 
6\PERO 9DOXH 8QLW 
૚࢒࢒ ����� >PP@ 
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��� PHUIRUPDQFH HYDOXDWLRQ WHVW 
,Q RUGHU WR FRPSDUH WKH VLPXODWLRQ DQG WKH UHDO 

PDFKLQH RI WKH DQJXODU YHORFLW\� WKH SHUIRUPDQFH ZDV 
HYDOXDWHG XVLQJ DQ H[SHULPHQWDO GHYLFH� 7KH DFWXDOO\ 
PHDVXUHG DQJXODU YHORFLW\ ZDV FDOFXODWHG EDVHG RQ D 
SKRWRJUDSKHG LPDJH RI WKH RSHUDWLRQ RI WKH RXWSXW XQLW LQ 
WKH H[SHULPHQWDO DSSDUDWXV WDNHQ IURP DERYH� ,Q WKH FDVH 
RI ݇௦௣ ൌ ͳǤͻͲͷ� LW FDQ EH FRQILUPHG IURP )LJ� � WKDW WKH 
DQJXODU YHORFLW\ EHWZHHQ WKH WKHRUHWLFDO YDOXH DQG WKH 
PHDVXUHG YDOXH LV DOPRVW WKH VDPH ZKHQ ș LV DURXQG ��� 
>GHJ@ WR � >GHJ@�  :KHQ ș LV � >GHJ@ WR �� >GHJ@� WKH YDOXH 
RI WKH UHDO PDFKLQH LV VOLJKWO\ VPDOOHU WKDQ WKH YDOXH RI 
WKH VLPXODWLRQ� 7KLV IDFWRU LV FRQVLGHUHG WR EH D ORVV GXH 
WR YLVFRXV IULFWLRQ LQ WKH DFWXDWRU� ZKLFK LV QRW UHIOHFWHG 
LQ WKH VLPXODWLRQ�� 

,Q WKH FDVH RI ݇௦௣ ൌ ͵Ǥͺͳ � IURP )LJ� �� LW FDQ EH 
FRQILUPHG WKDW ZKHQ ș LV � >GHJ@ WR �� >GHJ@� YDOXH RI WKH 
VLPXODWLRQ LV JUHDWO\ UHGXFHG ZLWK UHVSHFW WR WKH UHDO 
PDFKLQH� 7KLV LV FRQVLGHUHG WR EH EHFDXVH WKH LQFUHDVH LQ 
WKH VSHHG RI WKH PHFKDQLVP LQFUHDVHG WKH YLVFRXV IULFWLRQ 
UHVLVWDQFH DV FRPSDUHG ZLWK WKH FDVH RI NBVS ������  

 
 
 
 
 
 
 
 
 

 
��� CRQFOXVLRQ 
,Q WKLV VWXG\� ZH SURSRVHG D VSHFLDO PHFKDQLVP ZLWK 

WKUHH IXQFWLRQV DQG GLVFXVVHG WKH PHFKDQLVPV WR UHDOL]H 
WKHVH WKUHH IXQFWLRQV� 1H[W� ZH FRQVWUXFWHG D 
PDWKHPDWLFDO PRGHO IRU WRUTXH DQG DQJXODU YHORFLW\ 
GXULQJ LQVWDQWDQHRXV RSHUDWLRQ� DQG VKRZHG WKDW WKH 
PHFKDQLVP FDQ UHDOL]H VRPH RXWSXW FKDUDFWHULVWLFV E\ 
FKDQJLQJ GHVLJQ SDUDPHWHUV� ,Q DGGLWLRQ� ZH IDEULFDWHG 
DQ H[SHULPHQWDO GHYLFH IRU WKH PHFKDQLVP DQG FRPSDUHG 
WKHRUHWLFDO DQG PHDVXUHG YDOXHV RI DQJXODU YHORFLW\ 
GXULQJ LQVWDQWDQHRXV RSHUDWLRQ� 7KH HUURU EHWZHHQ WKH 
WKHRUHWLFDO DQG PHDVXUHG YDOXHV ZDV VPDOO� FRQILUPLQJ 
WKH YDOLGLW\ RI WKH PDWKHPDWLFDO PRGHO DQG WKH DFWXDO 
PDFKLQH� 
$V IXWXUH ZRUN� ZH ZLOO GLVFXVV QRUPDO RSHUDWLRQ DQG WKH 
IXQFWLRQ WR FKDQJH WKH ULJLGLW\ RI WKH RXWSXW OLQN� 
)XUWKHUPRUH� ZH SODQ WR GHYHORS D KLJK�SHUIRUPDQFH 
KDQG DV RQH RI WKH DSSOLFDWLRQV LQ WKH PHFKDQLVP� 
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