
$ 1HZ 3LSHOLQHG $UFKLWHFWXUH IRU )X]]\ &RORU &RUUHFWLRQ

-HU 0LQ -RX � 6KLDQQ�5RQJ .XDQJ DQG <HX�+RUQJ 6KLDX

'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ

1DWLRQDO &KHQJ .XQJ 8QLYHUVLW\

7DLQDQ� 7DLZDQ� 5�2�&�

$EVWUDFW

&RORU FRUUHFWLRQ� ZKLFK QRQOLQHDUO\ FRQYHUWV WKH

FRORU FRRUGLQDWHV RI DQ LQSXW GHYLFH VXFK DV WKH VFDQQHU

LQWR WKDW RI DQ RXWSXW GHYLFH VXFK DV WKH SULQWHU� LV

LPSRUWDQW IRU PXOWLPHGLD DSSOLFDWLRQV� ,Q WKLV SDSHU� ZH

SUHVHQW D QRYHO G\QDPLF SLSHOLQHG 9/6, DUFKLWHFWXUH

IRU WKH IX]]\ FRORU FRUUHFWLRQ DOJRULWKP SURSRVHG LQ >�@

WR PHHW WKH VSHHG UHTXLUHPHQW RI WLPH�FULWLFDO

DSSOLFDWLRQV� 7R SURPSW WKH SHUIRUPDQFH� WKH SUHVHQWHG

DUFKLWHFWXUH LV G\QDPLFDOO\ SLSHOLQHG ZLWK XQIL[HG

ODWHQFLHV �RU GDWD LQLWLDWLRQ LQWHUYDOV�� WKHQ WKH SUREOHP

RI LPSRVVLEOH SLSHOLQLQJ �DQG WKHQ VORZ H[HFXWLQJ� WKH

IX]]\ FRORU FRUUHFWLRQ DOJRULWKP GXH WR WKH YDULDEOH

H[HFXWLRQ OHQJWK RI HDFK LWHUDWLRQ LQ LW LV VROYHG

FRPSOHWHO\� $V D UHVXOW� D VLJQLILFDQW �DERXW � WLPHV�

VSHHG�XS RI WKH G\QDPLF SLSHOLQH DUFKLWHFWXUH ZLWK D

VOLJKW KDUGZDUH RYHUKHDG UHODWLYH WR WKH VHTXHQWLDO

DUFKLWHFWXUH KDV EHHQ DFKLHYHG�

,� ,QWURGXFWLRQ

7KH UHSURGXFWLRQ RI FRORU GRFXPHQWV EHWZHHQ

GLIIHUHQW GHYLFHV KDV EHFRPH RQH RI LPSRUWDQW

SUREOHPV LQ PXOWLPHGLD DSSOLFDWLRQV GXH WR WKH UDSLG

SURJUHVV RQ WKH WHFKQRORJLHV RI 9/6, DQG FRORU

LQSXW�RXWSXW GHYLFHV VXFK DV VFDQQLQJ�SULQWLQJ GHYLFHV�

7KH PDMRU SUREOHP RI D FRORU FRUUHFWLRQ V\VWHP LV KRZ

WR PDLQWDLQ WKH RULJLQDO FRORU TXDOLW\ RI GRFXPHQWV RU

LPDJHV YHU\ IDLWKIXOO\ ZKHQ WKH\ DUH WUDQVIHUUHG

EHWZHHQ GLIIHUHQW LQSXW�RXWSXW GHYLFHV� 7KH PRVW

FRPPRQ H[DPSOH LV WKH FRORU GRFXPHQWV EHLQJ VFDQQHG

LQ WKH VFDQQHU DQG WKHQ EHLQJ SULQWHG RXW E\ WKH SULQWHU�

LW DOVR LV WKLV SDSHU©V IRFXVLQJ SUREOHP� +RZHYHU� VLQFH

WKH QRQOLQHDU FRORU PDSSLQJ SUREOHP H[LVWV EHWZHHQ

WKHP� WKH FRRUGLQDWHV REWDLQHG E\ WKH FRORU VFDQQHU

FDQ©W EH XVHG GLUHFWO\ E\ WKH FRORU SULQWHU� 7KHUHIRUH� D

PHFKDQLVP WR HIILFLHQWO\ DQG IDVW FRQYHUW WKH VFDQQHU©V

FRORU FRRUGLQDWHV LQWR WKDW RI WKH SULQWHU LV QHFHVVDU\

DQG FULWLFDO IRU D WLPH�FULWLFDO FRORU HQYLURQPHQW�

,Q WKH SDVW� WKHUH DUH VRPH PHWKRGV >�� �@ SURSRVHG

WR GHDO ZLWK FRORU FRUUHFWLRQ �RU FRQYHUVLRQ� EHWZHHQ

WKH VFDQQHU DQG WKH SULQWHU� +RZHYHU� VRPH RI WKHP DUH

ZLWK KLJK FRPSXWDWLRQ FRVWV DQG�RU QHHG ODUJH VWRUDJH

DUHD� WKH RWKHU DUH VORZ DQG XQVXLWDEOH IRU WLPH�FULWLFDO

DSSOLFDWLRQV� $ VORZ IX]]\ FRUUHFWLRQ DOJRULWKP DQG D

)3*$ �DOVR VORZ� LPSOHPHQWDWLRQ ZHUH SUHVHQWHG LQ

>�@� ,Q >�@� DQ HIILFLHQW IX]]\�WUHH FRUUHFWLRQ DOJRULWKP�

GHQRWHG DV )&&� LV SURSRVHG� 7KH DGYDQWDJHV RI )&&

OLH LQ LWV VLPSOLFLW\� DGDSWDELOLW\� DQG JRRG FRUUHFWLRQ

HIIHFW� $ VHTXHQWLDO KDUGZDUH RI LW KDG DOVR EHHQ

LPSOHPHQWHG LQ >�@� %XW� LWV SURFHVVLQJ VSHHG LV VWLOO

VORZ DQG LV D SUREOHP IRU WLPH�FULWLFDO DSSOLFDWLRQV�

0DNLQJ D IDVW KDUGZDUH UHDOL]DWLRQ IRU )&& WR SURPSW

WKH FRUUHFWLRQ VSHHG LV WKHQ WKH VXEMHFW RI WKLV SDSHU�

,Q WKLV SDSHU� ZH SUHVHQW D G\QDPLF SLSHOLQHG

DUFKLWHFWXUH IRU )&& WR LQFUHDVH WKH FRUUHFWLRQ VSHHG

VLJQLILFDQWO\� 3LSHOLQLQJ >���@ LV D SRZHUIXO DQG SRSXODU

WHFKQLTXH LQ GHVLJQLQJ KLJK WKURXJKSXW GLJLWDO FLUFXLWV�

)RU D IXQFWLRQDO SLSHOLQH GHVLJQ� FRQVHFXWLYH LWHUDWLRQV

RI WKH VDPH ORRS DUH LQLWLDWHG DW D WLPH LQWHUYDO FDOOHG

WKH ODWHQF\� ,Q JHQHUDO� ODWHQF\ LV IL[HG >�@ RU KDV VRPH

IL[HG YDOXHV >�@� +RZHYHU� LQ WKH PDLQ )&& SURFHVVLQJ

ORRS� YDULDQW H[HFXWLRQ OHQJWK RI HDFK LWHUDWLRQ DQG

WLPH�UHODWLYH GDWD GHSHQGHQFLHV EHWZHHQ WKHP PDNH LWV

SLSHOLQH ODWHQFLHV XQIL[HG DQG KDUG WR SLSHOLQH� ,Q RUGHU

WR FRQVWUXFW D KLJK WKURXJKSXW SLSHOLQHG DUFKLWHFWXUH IRU

)&&� ZH ILUVW LGHQWLI\ DQG PRGLI\ VRPH FRPSOLFDWHG

GDWD GHSHQGHQFLHV LQ LW VXFK WKDW SLSHOLQLQJ LV HDV\ WR

FDUU\ RXW� DQG WKHQ )&& LV SDUWLWLRQHG LQWR WZR VHFWLRQV�

,Q WKH ILUVW VHFWLRQ� WKH ZKROH VHFRQG VHFWLRQ LV YLHZHG

DV DQ XQERXQG GHOD\ RSHUDWLRQ ZKRVH GHOD\ LV GDWD�

GHSHQGHQW� 7KH WZR VHFWLRQV WKHQ DUH VHSDUDWHO\

SLSHOLQHG WR IRUP D FRPELQHG G\QDPLF SLSHOLQH� $IWHU

G\QDPLF SLSHOLQLQJ� WKH SLSHOLQH ODWHQF\ RI WKH )&&

ORRS LV GHSHQGHG RQ WKH H[HFXWLRQ OHQJWK RI WKH VHFRQG

VHFWLRQ� DQG LV XQIL[HG QDWXUDOO\ DQG YDULHV EHWZHHQ �

WR ��� 7KH DYHUDJH YDOXH LV DERXW ��� �PHDVXUHG E\ WKH

KDUGZDUH VLPXODWLRQ�� 7KXV� WKH SURFHVVLQJ VSHHG RI

)&& FDQ EH SURPSWHG VLJQLILFDQWO\ DQG LV DERXW � WLPHV

VSHHG�XS WR LWV VHTXHQWLDO YHUVLRQ RQO\ KDYLQJ D OLWWOH

KDUGZDUH RYHUKHDG�

,,� 2YHUYLHZ RI )&& DQG ,WV 6HTXHQWLDO

$UFKLWHFWXUH

,Q >�@� WKH IX]]\ FRORU FRUUHFWLRQ SURFHVV LV

PRGHOHG DV D WKUHH�OHYHO IX]]\ WUHH LQIHUHQFH SURFHVV�

7KH IXQFWLRQ RI HDFK IX]]\ VXEWUHH LV WR GR RQH FRORU

FRQYHUVLRQ ZKLFK LV SHUIRUPHG E\ ILQGLQJ D GHFLVLRQ

SDWK LQ LW� 7KH EDVLF VWUXFWXUH RI WKH )&& DOJRULWKP LV

RXWOLQHG LQ )LJ� � >�@� ,Q LW� HDFK LQSXW FRORU YDOXH ;L LV

SURFHVVHG ZLWK HLJKW IX]]\ VHWV �V�� V�� �� V�� IRU WKH



FRORU� / GHQRWHV WKH FXUUHQW OHYHO RI WKH WKUHH�OHYHO

IX]]\ WUHH DQG �≤ /≤ �� 3DWK/ GHQRWHV WKH GHFLVLRQ SDWK

RI WKH FXUUHQW VXEWUHH DQG �≤3DWK/ ≤ �� $GGLWLRQDOO\� D

��� E\WHV 520 LV XVHG DV WKH UXOH PHPRU\� 7KH

DGGUHVV IRU UHWULHYLQJ WKH V
� �WKH VXSSRUWHG YDOXH RI

IX]]\ VHW V�� DQG G �WKH IL[HG GLVWDQFH EHWZHHQ DQ\ WZR

QHLJKERU IX]]\ VHWV RI HDFK VXEWUHH� IURP 520 FDQ EH

FDOFXODWHG DV
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ZKHUH _'_ LV WKH GLVWDQFH GLVWDQFH EHWZHHQ ;L DQG WKH

IX]]\ VHW VN� �Z�� Z�� �� Z�� DUH WKH VXSSRUWHG YDOXHV RI

WKH IX]]\ VHWV ZKLFK UHSUHVHQW WKH YDULRXV LQWHQVLWLHV RI

FRORU VSDFH &0<� 7KH H[HFXWLRQ OHQJWK RI HDFK

LWHUDWLRQ LQ WKH )&& DOJRULWKP LV YDULDEOH EHFDXVH WKH

LWHUDWLRQ QXPEHU , RI WKH VHFRQG ORRS LQ )LJ� � LV

FKDQJHG DFFRUGLQJ WR WKH LQSXW GDWD ��≤ , ≤ ��� )RU
PRUH GHWDLOV� SOHDVH UHIHU WR >�@�

7KH FRUUHVSRQGLQJ VHTXHQWLDO DUFKLWHFWXUH >�@ RI

)&& LV VKRZQ LQ )LJ� �� ,W LQFOXGHV RQH FRPSDUDWRU� RQH

WZR©V FRPSOHPHQWRU� RQH DGGHU� RQH VXEWUDFWRU� DQG

RQH $/8 ZKLFK SHUIRUPV PXOWLSOLFDWLRQ DQG GLYLVLRQ

RSHUDWLRQV LQ (T� ���� :KHQ WKH LQSXW ;L LV WUDQVPLWWHG

WR WKH DUFKLWHFWXUH� LW FDOFXODWHV WKH UXOH DGGUHVV

DFFRUGLQJ WR OHYHO QXPEHU / DQG (T� ���� DQG WKHQ UHDGV

V� DQG G IURP 520� 7KH QRWDWLRQ ��Q �!!Q� LQ LW

GHQRWHV WKDW WKH YDOXH LV VKLIWHG OHIW �ULJKW� Q ELWV� 1H[W�

WKH DUFKLWHFWXUH ILQGV RXW WKH YDOXHV RI N DQG _'_ WR

GHWHUPLQH 3DWK� DQG 3DWK�� 7KH VWRUDJH XVHG WR VWRUH N

LV D ��ELW XS�FRXQW FRXQWHU WR SHUIRUP LWV LQFUHPHQW

RSHUDWLRQ� 7KH FRQGLWLRQ (��(�� LV VHW WR � LI N � �N ���

$QRWKHU FRQGLWLRQ /� LV VHW WR � LI '!�� )LQDOO\� WKH

FHQWHU�DYHUDJH PHWKRG LV XVHG IRU GHIX]]LILFDWLRQ E\ (T�

��� DQG WKH GHIX]]LILFDWLRQ �LQIHUHQFH� UHVXOW ;R LV

REWDLQHG� ,Q )LJ� �� WKH �Z�� Z�� �� Z�� DUH VWRUHG LQ D �

E\WHV 520 �GHQRWHG DV 520�� DQG N LV XVHG DV LWV

DGGUHVV�

,,,� '\QDPLF 3LSHOLQHG $UFKLWHFWXUH 'HVLJQ RI )&&

7KH DUFKLWHFWXUH RI )LJ� � SHUIRUPV )&&

VHTXHQWLDOO\� DQG LWV SURFHVVLQJ VSHHG LV OLPLWHG E\ WKH

UHFXUVLYH GHSHQGHQFH EHWZHHQ GLIIHUHQW LWHUDWLRQV DQG

LV VORZ� &RQYHQWLRQDOO\� WKH SURFHVVLQJ VSHHG RI WKH

VHTXHQWLDO DUFKLWHFWXUH FDQ EH LPSURYHG E\ XVLQJ

SLSHOLQLQJ WHFKQLTXHV HFRQRPLFDOO\ DQG HIILFLHQWO\�

+RZHYHU� VLQFH WKH SDUW RI LWV RSHUDWLRQV ZLWK YDULDEOH

H[HFXWLRQ GHOD\� )&& LV GLIILFXOW WR EH SLSHOLQHG E\

XVLQJ FRQYHQWLRQDO SLSHOLQLQJ WHFKQLTXHV ZLWK D IL[HG

ODWHQF\� 7KH G\QDPLF SLSHOLQHG DUFKLWHFWXUH ZLWK

YDULDQW ODWHQFLHV PXVW EH GHYHORSHG WR SLSHOLQH )&& WR

SURPSW LWV SHUIRUPDQFH�

7R GHVLJQ D KLJK SHUIRUPDQFH G\QDPLF SLSHOLQHG

)&& DUFKLWHFWXUH ZLWK PLQLPXP KDUGZDUH UHVRXUFH� DOO

RSHUDWLRQV DUH ILUVW SDUWLWLRQHG LQWR WZR VHFWLRQV WR

LQFUHDVH WKH SUREDELOLW\ RI SLSHOLQLQJ DQG WKH FKDQFH RI

KDUGZDUH VKDULQJ� 7KH RSHUDWLRQV RI WKH VHFRQG ZKLOH

ORRS DQG WKH LI LQVWUXFWLRQ LQ )LJ� � ZKLFK PDNH WKH

)&& PDLQ ORRS H[HFXWLRQ OHQJWK WR EH YDULDEOH DUH

JURXSHG LQWR WKH VHFRQG VHFWLRQ� DQG WKH UHPDLQLQJ

RSHUDWLRQV DUH JURXSHG LQWR WKH ILUVW VHFWLRQ� 7KH DLP RI

WKH SDUWLWLRQ LV WR GLYLGH WKH XQERXQGHG VHFRQG VHFWLRQ

IURP WKH ILUVW PDLQ ORRS VR WKDW WKH\ FDQ EH VHSDUDWHO\

SLSHOLQHG WR FRPELQH D KLJK SHUIRUPDQFH G\QDPLF

SLSHOLQH� 1RWH WKDW WKH PXOWLSOLFDWLRQ DQG GLYLVLRQ

RSHUDWLRQV QHHG WZR FORFN F\FOHV DQG WKH RWKHU

RSHUDWLRQV OLNH DGGLWLRQ� VXEWUDFWLRQ� RU FRPSDULVRQ

QHHG RQH FORFN F\FOH WR H[HFXWH E\ XVLQJ WKH ���µP FHOO

OLEUDU\ >�@�

$IWHU WKH RULJLQDO DOJRULWKP LV SDUWLWLRQHG� WKH

VHFRQG VHFWLRQ RI LW LV VHSDUDWHO\ VFKHGXOHG E\ DSSO\LQJ

SHUIRUPDQFH RSWLPL]DWLRQ SLSHOLQLQJ WHFKQLTXHV WR

DFKLHYH D KLJK SHUIRUPDQFH� 7KH VHFRQG VHFWLRQ LV

VFKHGXOHG ZLWKRXW UHJDUG WR WKH LQWHUDFWLRQ DQG

SUHFHGHQFH FRQVWUDLQWV EHWZHHQ LW DQG WKH ILUVW VHFWLRQ

WHPSRUDULO\� ,WV RSHUDWLRQV PD\ EH VFKHGXOHG LQWR �

VWDWHV E\ XVLQJ WKH FRQYHQWLRQDO SLSHOLQH VFKHGXOLQJ�

WKH RSHUDWLRQV LQ OLQH � RI )LJ�� DUH VFKHGXOHG DW WKH

ILUVW VWDWH� WKH RSHUDWLRQV LQ OLQH � RI )LJ�� DUH

VFKHGXOHG DW WKH VHFRQG VWDWH� DQG WKH RSHUDWLRQV LQ OLQH

� DUH VFKHGXOHG DW WKH WKLUG DQG IRXUWK VWDWHV

UHVSHFWLYHO\� +RZHYHU� WKLV VFKHGXOH LV YHU\ VORZ DQG

FDQ©W EH SLSHOLQHG GXH WR GDWD GHSHQGHQF\ EHWZHHQ

RSHUDWLRQV N � � DQG N�� �VHH )LJ� ��� 7R JHW D KLJK

SHUIRUPDQFH VFKHGXOH� ZH DSSO\ WKH FRQFHSW RI

VSHFXODWLYH FRPSXWDWLRQ LQ >�@ WR VFKHGXOH WKH VHFRQG

VHFWLRQ� DQG DOO RSHUDWLRQV LQ WKH VHFRQG VHFWLRQ DUH

VFKHGXOHG LQWR RQH VWDWH α6 � +RZHYHU� DW VWDWH α6

KRZ WR SUHYHQW VRPH FRQGLWLRQDO RSHUDWLRQV VXFK DV

RSHUDWLRQ '  −' G� ZKRVH H[HFXWLRQ GHSHQGV WKH

UHVXOW RI ORJLFDO RSHUDWLRQ� �N�� 		 '!�� LQ OLQH ��

RYHUUXQQLQJ �ZKHQ LWV H[HFXWLQJ FRQGLWLRQ LV IDOVH�

EHFRPHV D SUHVVLQJ SUREOHP� 6RPH QHZ FRQWURO VLJQDOV

PXVW EH JHQHUDWHG DQG UHODWLYH FLUFXLWV PXVW EH

GHVLJQHG WR VROYH LW� /HW F� DQG F� EH WKH FRQGLWLRQV

SURGXFHG E\ ORJLFDO RSHUDWLRQV �N�� 		 '!�� DQG ���

N �� 		 _'_ � G��� UHVSHFWLYHO\ �VHH )LJ� DQG )LJ����

DQG OHW /B'� /B3DWK�� /B3DWK�� DQG &BN EH WKH RULJLQDO

ORDGLQJ RU XS�FRXQWLQJ FRQWURO VLJQDOV RI UHJLVWHUV '�

3DWK�� 3DWK�� DQG FRXQWHU N� UHVSHFWLYHO\� 6LJQDOV /B'�

/B3DWK�� /B3DWK�� DQG &BN DUH VHW WR � E\ WKH FRQWUROOHU

ZKHQ WKH )&& DUFKLWHFWXUH UHDFKHV VWDWH α6 � 7R

SUHYHQW WKH VSHFXODWLYH RYHUUXQV RFFXUULQJ� QHZ VLJQDOV

PXVW EH GHVLJQHG WR UHSODFH WKHP WR FRQWURO UHVSHFWLYH

UHJLVWHUV RU FRXQWHUV� /HW WKHLU FRUUHVSRQGLQJ QHZ

FRQWURO VLJQDOV EH /B'©� /B3DWK�©� /B3DWK�©� DQG &BN©�



UHVSHFWLYHO\� ,Q DGGLWLRQ� OHW VLJQDO α,Q EH D FRQWURO

VLJQDO ZKLFK LQGLFDWHV ZKHWKHU WKH )&& DUFKLWHFWXUH LV

DW VWDWH α6 DQG LV VHW WR � LI LW LV DW VWDWH α6 � RWKHUZLVH�

VLJQDO α,Q LV VHW WR �� 7KHQ� VLJQDO /B'© LV JHQHUDWHG

E\
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6LJQDO /B3DWK�© DQG /B3DWK�© DUH JHQHUDWHG E\

/B3DWK/  
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ZKHUH / LV HTXDO WR � RU �� 7KHQ� WKH FLUFXLWV WR

LPSOHPHQW (T� ��� DQG (T� ��� DUH VKRZQ LQ )LJ� �� %\

WKH DERYH GHVLJQ� DOO RSHUDWLRQV RI WKH VHFRQG VHFWLRQ

FDQ EH VFKHGXOHG VSHFXODWLYHO\ DQG HIILFLHQWO\ LQWR VWDWH

α6 � ZKLFK PDNHV WKH SHUIRUPDQFH RI WKH )&&

DUFKLWHFWXUH IXUWKHU KLJK�

6XEVHTXHQWO\� WKH ILUVW VHFWLRQ ZLOO EH SLSHOLQHG

DQG WKHQ FRPELQHG ZLWK WKH VHFRQG VHFWLRQ WR IRUP D

G\QDPLF SLSHOLQH ZLWK YDULDEOH ODWHQFLHV� 3HUIRUPDQFH

RSWLPL]DWLRQ RI WKH ILUVW VHFWLRQ LV PRUH LPSRUWDQW DQG

GLIILFXOW VLQFH WKH PRUH FRPSOH[ LQWHUDFWLYH SUHFHGHQFH

UHODWLRQV EHWZHHQ UHVSHFWLYH VHFWLRQV PXVW EH

FRQVLGHUHG DQG WKH H[HFXWLRQ OHQJWK RI WKH VHFRQG

VHFWLRQ LV XQNQRZQ �GDWD GHSHQGHQW�� :H LQFUHPHQWDOO\

XQZLQG WKH ILUVW VHFWLRQ PDLQ ORRS� WR SLSHOLQH WKH ILUVW

VHFWLRQ� $IWHU D SRO\QRPLDO �DQG LQ SUDFWLFH VPDOO�

QXPEHU RI LWHUDWLRQV KDYH EHHQ XQZLQGHG DQG

SDUDOOHOL]HG� D UHSHDWLQJ SLSHOLQH ERG\ ZLOO SURYDEO\

HPHUJH� 'XULQJ SLSHOLQLQJ� WKH RULJLQDO ORFDWLRQ RI WKH

RSHUDWLRQV LQ WKH VHFRQG VHFWLRQ LV UHSODFHG E\ DQ

XQERXQG GHOD\ RSHUDWLRQ ZKRVH GHOD\ LV GHSHQGHQW RQ

RSHUDWLRQ F� DQG F�� )LJ� � VKRZV WKH IRXU WLPHV

XQZLQGLQJ RI WKH ORRS ERG\� 7KH RSHUDWLRQV RI

FDOFXODWLQJ WKH 520 DGGUHVV LQ HDFK LWHUDWLRQ PXVW EH

VFKHGXOHG DIWHU WKH XQERXQG GHOD\ RSHUDWLRQ RI LWV

SUHYLRXV LWHUDWLRQ GXH WR WKH GDWD GHSHQGHQF\ FDXVHG E\

3DWK� DQG 3DWK�� $IWHU WKH UHSHDWLQJ SLSHOLQH ERG\ RI

WKH ILUVW VHFWLRQ LV IRXQG� DOO RSHUDWLRQV RI GLIIHUHQW

LWHUDWLRQV RU GLIIHUHQW VHFWLRQV ZKLFK DUH H[HFXWHG DW WKH

VDPH WLPH DUH IRUPHG D VWDWH VXFK DV 6�a 6� DV VKRZQ LQ

)LJ� �� 7KH ODWHQF\ RI WKH FLUFXLW LV HTXDO IRXU FORFN

F\FOHV SOXV WKH GHOD\ RI WKH VHFRQG VHFWLRQ �L�H� WKH

XQERXQG GHOD\ RSHUDWLRQ� DQG LV YDULDEOH�

)LQDOO\� WKH VWDWH WUDQVLWLRQ JUDSKV RI WKH WZR

VHFWLRQV DUH FRPELQHG LQWR D ILQDO VWDWH WUDQVLWLRQ JUDSK

DV VKRZQ LQ )LJ� �� 7KH G\QDPLF SLSHOLQHG GDWD SDWK IRU

WKHP LV GHVLJQHG DQG LV GHSLFWHG LQ )LJ� �� ,Q LW� WKH

$/8 RI )LJ� � LV VSOLW LQWR D PXOWLSOLHU DQG D GLYLGHU GXH

WR WKHLU DFWLYDWHG WLPH FRQIOLFW�

,9� &RPSDULQJ 5HVXOWV

)RXU SLFWXUHV ZHUH XVHG WR WHVW WKH SURFHVVLQJ

VSHHG RI WKH G\QDPLF SLSHOLQHG GHVLJQ� 7KH FRPSDUHG

UHVXOWV ZLWK WKH VHTXHQWLDO GHVLJQ DUH UHSRUWHG LQ 7DEOH

�� ,Q LW� FROXPQV ¦VHTXHQWLDO§ DQG ¦G\QDPLF SLSHOLQLQJ§

VKRZ WKH WRWDO VWDWH QXPEHU UHTXLUHG IRU VHTXHQWLDO DQG

G\QDPLF SLSHOLQHG GHVLJQV� UHVSHFWLYHO\� 7KH UHVXOWV

VKRZ WKDW DERXW � WLPHV VSHHGXS FDQ EH REWDLQHG� 7KH

DYHUDJH ODWHQFLHV / IRU WKH G\QDPLF SLSHOLQHG GHVLJQ

DUH DOVR OLVWHG LQ 7DEOH ��

&RPSDULQJ WKH VHTXHQWLDO DQG G\QDPLF SLSHOLQHG

GDWD SDWKV VKRZQ LQ )LJ� � DQG )LJ� �� WKH SHQDOW\ SDLG

IRU WKH VSHHGXS LV H[WUD DUHD RYHUKHDG LQFOXGLQJ PRUH

SLSHOLQHG UHJLVWHUV DQG D VRPHZKDW ODUJHU FRQWUROOHU� ,Q

DGGLWLRQ� WKH WRWDO DUHD RI RQH PXOWLSOLHU DQG RQH GLYLGHU

XVHG LQ WKH G\QDPLF DUFKLWHFWXUH LV ODUJHU WKDQ WKH DUHD
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