
'RFXPHQW�6NHZ�'HWHFWLRQ�8VLQJ�0LQLPXP�$UHD�%RXQGLQJ�5HFWDQJOH

5H]D�6DIDEDNKVK�����DQG�����6KDKUDP�.KDGLYL

&RPSXWHU�(QJLQHHULQJ�'HSDUWPHQW

$PLUNDELU�8QLYHUVLW\�RI�7HFKQRORJ\��7HKUDQ��,UDQ

(PDLO��VDID#FH�DNX�DF�LU�����������NKDGLYL#FH�DNX�DF�LU

$EVWUDFW
'HWHFWLRQ RI GRFXPHQW VNHZ LV DQ LPSRUWDQW VWHS LQ

GRFXPHQW LPDJH DQDO\VLV� 7KLV SDSHU SUHVHQWV D QHZ

PHWKRG IRU FDOFXODWLRQ RI GRFXPHQW VNHZ� 7KH PHWKRG

IRUPV ODUJH FRQQHFWHG FRPSRQHQWV E\ D VPRRWKLQJ

DOJRULWKP DQG FDOFXODWHV WKH GRFXPHQW VNHZ E\ ILQGLQJ

WKH RULHQWDWLRQ RI WKH PLQLPXP�DUHD ERXQGLQJ UHFWDQJOH

RI RQH RU VHYHUDO FRQQHFWHG FRPSRQHQWV� &RQQHFWLRQ RI

WH[W WR QRQ�WH[W LQ WKH VPRRWKLQJ VWHS GRHV QRW GHJUDGH

WKH SHUIRUPDQFH RI WKH PHWKRG� 7KH VPRRWKLQJ

SDUDPHWHUV DUH GHWHUPLQHG DXWRPDWLFDOO\ DQG QR PDQXDO

DGMXVWPHQW LV QHFHVVDU\� 7KH PHWKRG LV QRW OLPLWHG LQ WKH

UDQJH RI GHWHFWDEOH VNHZ DQJOHV DQG WKH DFKLHYDEOH

DFFXUDF\� ([SHULPHQWDO UHVXOWV VKRZ WKH KLJK

SHUIRUPDQFH RI WKH DOJRULWKP LQ GHWHFWLQJ GRFXPHQW VNHZ

IRU D YDULHW\ RI GRFXPHQWV ZLWK GLIIHUHQW OHYHOV RI

FRPSOH[LW\�

���,QWURGXFWLRQ

&RPSXWHU DQDO\VLV RI GRFXPHQWV VHHNV WR GHFRPSRVH D

GRFXPHQW LPDJH LQWR LWV GLIIHUHQW VWUXFWXUDO XQLWV VXFK DV

WH[W� JUDSKLFV� WDEOHV� LPDJHV� HWF�� DQG WR VSHFLI\ WKH

ORJLFDO UHODWLRQV EHWZHHQ XQLWV WR LQGLFDWH WKH RUGHU RI

UHDGLQJ WKH GRFXPHQW UHJLRQV�

'RFXPHQW LPDJH DQDO\VLV JHQHUDOO\ UHTXLUHV WKDW WKH

GRFXPHQW LPDJHV GR QRW LQFOXGH DQ\ VNHZ� 3URGXFLQJ

VNHZ�IUHH LPDJHV WKURXJK VFDQQLQJ� KRZHYHU� LV D GLIILFXOW

WDVN DQG LQWURGXFWLRQ RI VPDOO VNHZV LQ WKH LPDJH VHHPV WR

EH LQHYLWDEOH� $V D UHVXOW� D GRFXPHQW VNHZ GHWHFWLRQ DQG

FRUUHFWLRQ LV UHTXLUHG EHIRUH WKH DFWXDO DQDO\VLV RI WKH

GRFXPHQW VWDUWV� 7KLV LV DQ LPSRUWDQW VWHS EHFDXVH

RWKHUZLVH� WKH GRFXPHQW VNHZ ZLOO DGYHUVHO\ DIIHFW WKH

DQDO\VLV VWHSV WKDW IROORZ�

5HVHDUFKHUV KDYH VSHQW D JRRG GHDO RI HIIRUW RQ WKH

SUREOHP RI IDVW DQG UREXVW GRFXPHQW VNHZ GHWHFWLRQ�

7KHVH HIIRUWV PD\ EH FODVVLILHG LQWR WKH IROORZLQJ JURXSV�

�� 3URMHFWLRQ�EDVHG 0HWKRGV� 7KH PDLQ LGHD LQ WKHVH

PHWKRGV LV WKDW WKH SURMHFWLRQ SURILOHV VKRZ PRUH

YDULDWLRQV ZKHQ WKH SURILOH LV LQ WKH GLUHFWLRQ RI

GRFXPHQW VNHZ� 7KXV� D IXQFWLRQ RI WKH SURILOH

PDJQLWXGH YDULDWLRQV IRU GLIIHUHQW DQJOHV LV XVHG WR

GHWHUPLQH WKH GLUHFWLRQ IRU WKH PD[LPXP YDULDWLRQV�

$PRQJ WKH ZRUN SUHVHQWHG LQ WKLV FDWHJRU\ DUH >�@�

>�@� >�@� DQG >�@�

�� +RXJK�7UDQVIRUP�EDVHG 0HWKRGV� 7KH GRFXPHQW

VNHZ LV DFWXDOO\ HTXDO WR WKH VNHZ RI WKH GRFXPHQW WH[W

OLQHV� $V D UHVXOW� WKHVH PHWKRGV XVH WKH +RXJK

DOJRULWKP RQ WKH WH[W OLQHV LQ WKH GRFXPHQW LPDJH WR

GHWHUPLQH WKH GLUHFWLRQ RI GRFXPHQW VNHZ� 6HYHUDO

HIIRUWV RI WKLV FDWHJRU\ DUH >�@� >�@� DQG >�@�

�� 1HDUHVW�1HLJKERU�EDVHG 0HWKRGV� ,Q WKHVH PHWKRGV

WKH DQJOH RI HDFK FRQQHFWHG FRPSRQHQW DQG LWV QHDUHVW

QHLJKERU�V� LV FDOFXODWHG DQG D KLVWRJUDP RI WKHVH

DQJOHV LV IRUPHG� 7KH GRFXPHQW VNHZ LV WKHQ

GHWHUPLQHG IURP WKH ODUJHVW SHDN LQ WKH KLVWRJUDP�

([DPSOHV RI WKLV DSSURDFK DUH GLVFXVVHG LQ >�@� DQG

>�@�

�� &URVV�&RUUHODWLRQ�EDVHG 0HWKRGV� 7KHVH PHWKRGV

FDOFXODWH WKH GRFXPHQW VNHZ E\ ILQGLQJ WKH DPRXQW RI

YHUWLFDO VKLIW QHHGHG WR PD[LPL]H FURVV�FRUUHODWLRQ

EHWZHHQ SDLUV RI QDUURZ YHUWLFDO FROXPQV RI WKH

GRFXPHQW� 2I WKHVH HIIRUWV DUH >��@� >��@� DQG >��@�

�� 2WKHU 0HWKRGV� 2WKHU HIIRUWV IRU WKH GHWHFWLRQ RI

GRFXPHQW VNHZ LQFOXGH XVLQJ WKH )RXULHU 7UDQVIRUP

>��@� XVLQJ PRUSKRORJLFDO WUDQVIRUPV >��@� DQG XVLQJ

ORFDO UHJLRQ FRPSOH[LW\ >��@�

,Q WKLV SDSHU� ZH SUHVHQW D QHZ WHFKQLTXH IRU GRFXPHQW

VNHZ GHWHFWLRQ� 7KH PHWKRG LV EDVHG RQ ILQGLQJ WKH

GLUHFWLRQ RI PLQLPXP DUHD ERXQGLQJ UHFWDQJOH RI

FRQQHFWHG FRPSRQHQWV RI WKH WH[W� $IWHU WKH LPDJH LV

ELQDUL]HG� ODUJH FRQQHFWHG FRPSRQHQWV DUH IRUPHG E\ D

VPRRWKLQJ DOJRULWKP� $ QXPEHU RI WKHVH FRPSRQHQWV ZLWK

ODUJHVW OHQJWK�WR�KHLJKW UDWLRV DUH WKHQ VHOHFWHG� DQG WKH

GRFXPHQW VNHZ LV GHWHUPLQHG IURP WKH DQJOH RI PLQLPXP�

DUHD ERXQGLQJ UHFWDQJOH RI WKH VHOHFWHG FRPSRQHQW�V��

,Q VHFWLRQ �� ZH GLVFXVV WKH SURSRVHG DOJRULWKP LQ

GHWDLO� 6HFWLRQ � SUHVHQWV WKH H[SHULPHQWDO UHVXOWV

REWDLQHG� DQG VHFWLRQ � FRQFOXGHV WKH SDSHU�



���7KH�SURSRVHG�DOJRULWKP

7KH EDVLF LGHD RI WKH PLQLPXP�DUHD ERXQGLQJ

UHFWDQJOH PHWKRG LV WKDW WKH DUHD RI WKH ERXQGLQJ UHFWDQJOH

RI HDFK ODUJH FRQQHFWHG FRPSRQHQW RI D WH[W OLQH KDV WKH

PLQLPXP DUHD ZKHQ WKH FRPSRQHQW KDV QR VNHZ ZLWK

UHVSHFW WR WKH UHFWDQJOH PDMRU D[LV� $V VXFK� FORVH OHWWHUV

RU ZRUGV DUH ILUVW FRQQHFWHG WRJHWKHU WR IRUP ODUJH

FRQQHFWHG FRPSRQHQWV� 7KHQ� WKH DQJOH RI WKH ERXQGLQJ

UHFWDQJOH RI HDFK FRPSRQHQW ZLWK WKH PLQLPXP DUHD LV

IRXQG DQG WKH GRFXPHQW VNHZ LV GHWHUPLQHG� 7KH

SURSRVHG DOJRULWKP FRQVLVWV RI WKH IROORZLQJ VWHSV�

�� &RQYHUVLRQ RI WKH GRFXPHQW LPDJH WR ELQDU\�

�� 5XQ OHQJWK VPRRWKLQJ RI WKH ELQDU\ LPDJH�

�� 6HOHFWLRQ RI FRQQHFWHG FRPSRQHQWV�

�� )LQGLQJ WKH DQJOH RI WKH ERXQGLQJ UHFWDQJOH ZKLFK KDV

WKH VPDOOHVW DUHD IRU VHOHFWHG FRQQHFWHG FRPSRQHQWV�

�� 'HWHUPLQLQJ WKH GRFXPHQW VNHZ DQJOH�

���� ,PDJH ELQDUL]DWLRQ

6LQFH WKH PHWKRG LV QRW VHQVLWLYH WR PLQRU GHWDLOV LQ WKH

ZRUGV RU JUDSKLFV� WKH ELQDUL]DWLRQ WHFKQLTXH FKRVHQ LV

QRW YHU\ FULWLFDO� :H XVHG WKH LWHUDWLYH WHFKQLTXH JLYHQ E\

3DUNHU >��@�

���� 6PRRWKLQJ

,Q UXQ�OHQJWK VPRRWKLQJ RI WKH GRFXPHQW� WKH LPDJH LV

VFDQQHG DQG DQ\ VWULQJ RI ZKLWH SL[HOV VKRUWHU WKDQ D

FHUWDLQ WKUHVKROG LV FRQYHUWHG WR EODFN� 7KLV ZD\� FORVH

EODFN FRPSRQHQWV DUH FRQQHFWHG WR IRUP D ODUJHU

FRPSRQHQW� 6FDQQLQJ WKH LPDJH FDQ EH KRUL]RQWDO ZLWK D

WKUHVKROG YDOXH
K
7 RU YHUWLFDO ZLWK D WKUHVKROG YDOXH

Y
7 �

'XH WR WKH LQWHU�OLQH VSDFLQJ LQ WKH YHUWLFDO GLUHFWLRQ� WKH

DERYH WZR WKUHVKROGV DUH XVXDOO\ GLIIHUHQW�

)RU WKH SXUSRVH RI WKH GRFXPHQW VNHZ GHWHFWLRQ�

KRUL]RQWDO VPRRWKLQJ DORQH PD\ VXIILFH LQ PDQ\ FDVHV�

+RZHYHU� LQ RUGHU WR UHGXFH VHQVLWLYLW\ RI VPRRWKLQJ WR

WKH WKUHVKROG YDOXHV DQG UHGXFH WKH SRVVLELOLW\ RI WKH

FRQQHFWLRQ RI FORVH WH[W DQG QRQ�WH[W UHJLRQV� :RQJ HW DO�

SURSRVHG D IRXU�VWHS DOJRULWKP >��@ ZKLFK ZDV ODWHU

LPSURYHG E\ 6KLK HW DO� >��@ LQWR WKH IROORZLQJ WZR VWHS

DOJRULWKP�

�� $ YHUWLFDO VPRRWKLQJ LV DSSOLHG WR WKH RULJLQDO

GRFXPHQW LPDJH E\ D WKUHVKROG
Y
7 �

�� ,I WKH UXQ�OHQJWK RI ZKLWH SL[HOV LQ WKH KRUL]RQWDO

GLUHFWLRQ RI WKH RULJLQDO LPDJH �GHQRWHG E\ 5/� LV

JUHDWHU WKDQ
K
7 � WKHQ VHW WKH FRUUHVSRQGLQJ SL[HOV LQ

WKH RXWSXW RI VWHS � WR ZKLWH SL[HOV� ,I5/ 7
K

d c � WKHQ

VHW WKH FRUUHVSRQGLQJ SL[HOV LQ WKH RXWSXW RI VWHS � WR

EODFN SL[HOV� ,I c � �7 5/ 7
K K

DQG WKH UXQ�OHQJWK RI

KRUL]RQWDOO\ FRQVHFXWLYH ZKLWH SL[HOV LQ WKH RXWSXW RI

VWHS � LV OHVV WKDQ RU HTXDO WR c7
K
� WKHQ VHW WKH

FRUUHVSRQGLQJ SL[HOV LQ WKH RXWSXW RI VWHS � WR EODFN�

7KH WKUHVKROG YDOXHV KDYH WR EH GHWHUPLQHG IRU HDFK

GRFXPHQW LQGHSHQGHQWO\� 7KHVH YDOXHV FDQ EH VHOHFWHG

H[SHULPHQWDOO\ RU DXWRPDWLFDOO\ E\ WKH V\VWHP� )RU

DXWRPDWLF GHWHUPLQDWLRQ RI WKHVH YDOXHV� ZH GHYLVHG D

WHFKQLTXH EDVHG RQ D VWDWLVWLFDO PHWKRG WKDW KDV EHHQ XVHG

E\ $YDQLQGUD HW DO� >��@ WR GHFUHDVH WKH WLPH UHTXLUHG E\

WKH EDVLF WLPH�FRQVXPLQJ FURVV�FRUUHODWLRQ PHWKRG JLYHQ

LQ >��@� )RU DXWRPDWLF GHWHUPLQDWLRQ RI VPRRWKLQJ

WKUHVKROGV� ZH VHOHFW 1 ZLQGRZV RI
��

00 u VL]H IURP

WKH LPDJH UDQGRPO\� ,Q HDFK ZLQGRZ� WKH PHDQ YDOXH RI

ZKLWH UXQV LQ WKH KRUL]RQWDO DQG YHUWLFDO GLUHFWLRQV DUH

FDOFXODWHG DQG FDOOHG
K

Z DQG
Y

Z � UHVSHFWLYHO\� 7KH

HVWLPDWHG PHDQ RI WKH ZKLWH UXQV DUH WKHQ WDNHQ DV WKH

PHGLDQ RI WKH QRQ]HUR YDOXHV RI
K

Z DQG
Y

Z HVWLPDWHG

IURP WKH 1 ZLQGRZV DV�

���PHGLDQ

���PHGLDQ

LZ:

LZ:

YLY

KLK

 

 
���

6LQFH WKH PHGLDQ RI WKH PHDQ YDOXHV LV XVHG LQ ���� WKH

PHWKRG LV DSSURSULDWH IRU GRFXPHQWV LQ ZKLFK PRUH WKDQ

��� RI WKH GRFXPHQW LQFOXGHV WH[W� 7KH QXPEHU RI

ZLQGRZV� 1� FDQ EH GHWHUPLQHG IURP WKH SUREDELOLW\ RI

REWDLQLQJ WUXH HVWLPDWH RI ZKLWH UXQV Z
K
DQG Z

Y
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LQ ZKLFK S LV WKH UDWLR RI WKH WH[W WR HQWLUH GRFXPHQW DUHDV�

)RU H[DPSOH� IRU ����t3 DQG ��� S � WKH QXPEHU RI

ZLQGRZV VKRXOG EH DW OHDVW HTXDO WR ���

7R GHWHUPLQH WKH WKUHVKROG YDOXHV� ZH VHW
�

0 WR
��

�

RI WKH GRFXPHQW KHLJKW DQG
�

0 WR
��

� RI WKH GRFXPHQW

ZLGWK� 7KHQ E\ H[SHULPHQWLQJ ZLWK D ODUJH QXPEHU RI

GRFXPHQWV� ZH REWDLQHG WKH IROORZLQJ UHODWLRQV IRU WKH

WKUHVKROG YDOXHV�

7 : 7 : 7 :
K K Y Y K K
  c  � �� �DQG ���

7KH WKUHVKROG YDOXHV UHTXLUHG IRU VPRRWKLQJ DQ\

GRFXPHQW ZLOO EH FDOFXODWHG DXWRPDWLFDOO\ XVLQJ WKH DERYH

UHODWLRQV� 7KXV� QR PDQXDO SDUDPHWHU DGMXVWPHQW LV

QHFHVVDU\ LQ WKH DOJRULWKP�

���� &RQQHFWHG FRPSRQHQWV VSHFLILFDWLRQ

6SHFLI\LQJ WKH FRQQHFWHG FRPSRQHQWV RI WKH VPRRWKHG

LPDJH LV WKH QH[W VWHS LQ WKH SURSRVHG DOJRULWKP� 7KH

WHFKQLTXH XVHG KHUH LV WKH VHTXHQWLDO DOJRULWKP JLYHQ LQ

>��@ ZLWK VRPH PRGLILFDWLRQV� 7KH PRGLILFDWLRQV LQFOXGH

FKDQJLQJ WKH ��QHLJKERUKRRG RI WKH DOJRULWKP WR ��

QHLJKERUKRRG DQG LPSOHPHQWLQJ LW VR WKDW RQO\ RQH WLPH



VFDQQLQJ RI WKH LPDJH LV QHFHVVDU\� $V VXFK� WKH DOJRULWKP

LV DV IROORZV�

�� 6FDQ WKH LPDJH IURP OHIW WR ULJKW� WRS WR ERWWRP�

�� ,I WKH SL[HO LV EODFN� WKHQ

D� ,I RQO\ RQH RI LWV QHLJKERUV KDV D ODEHO� WKHQ FRS\

WKH ODEHO�

E� ,I DOO QHLJKERUV KDYH WKH VDPH ODEHO� WKHQ FRS\ WKH

ODEHO�

F� ,I WKHUH DUH DW OHDVW WZR QHLJKERUV ZLWK GLIIHUHQW

ODEHOV� FRS\ WKH ODEHO RI WKH ILUVW QHLJKERU �WKH

XSSHU DQG OHIW�PRVW QHLJKERU� DQG HTXDOL]H WKH

ODEHO RI WKH RWKHU QHLJKERUV WR WKDW RI WKH ILUVW

QHLJKERU�

G�2WKHUZLVH DVVLJQ D QHZ ODEHO WR WKLV SL[HO�

�� ,I WKHUH DUH PRUH SL[HOV WR FRQVLGHU� WKHQ JR WR VWHS ��

�� 'HOHWH WKH XQXVHG ODEHOV�

7KH QHLJKERUV RI D SL[HO XVHG LQ WKLV DOJRULWKP DUH WKH

XSSHU DQG OHIW� WKH XSSHU� WKH XSSHU DQG ULJKW� DQG WKH OHIW

QHLJKERUV� (DFK ODEHO /� LV VSHFLILHG E\ D IRXU�WXSOH /  

�ODEHO� QHZ/DEHO� S�� S��� ZKHUH S� DQG S� DUH WKH WZR

QRQ�DGMDFHQW FRUQHUV RI WKH ERXQGLQJ UHFWDQJOH RI SL[HOV

ZLWK WKH VDPH ODEHO� DQG QHZ/DEHO PD\ EH VHW WR D QHZ

ODEHO LQ WKH SURFHVV RI HTXDOL]LQJ ODEHOV� (TXDOL]LQJ D

ODEHO WR DQRWKHU FRQVLVWV RI VHWWLQJ WKH QHZ/DEHO RI WKH

FXUUHQW ODEHO WR WKDW RI WKH WDUJHW ODEHO DQG H[WHQGLQJ WKH

UHFWDQJOH RI WDUJHW ODEHO WR LQFOXGH WKH ERXQGLQJ UHFWDQJOH

RI WKH FXUUHQW ODEHO� 7KH UROH RI QHZ/DEHO LV WR PDNH OLQNV

EHWZHHQ WKH HTXDOL]HG ODEHOV� 7KH XQXVHG ODEHOV DUH WKRVH

ZKLFK DUH HTXDOL]HG WR RWKHU ODEHOV� 1RWH WKDW LQ

HTXDOL]LQJ D ODEHO WR D WDUJHW ODEHO� WKH OLQN RI WKH WDUJHW

ODEHO LV IROORZHG XQWLO D ODEHO ZKLFK LV QRW HTXDOL]HG WR

DQRWKHU RQH LV IRXQG� :LWK WKH DERYH DSSURDFK� LQVWHDG RI

DQ DGGLWLRQDO VFDQQLQJ RI WKH LPDJH IRU HTXDOL]LQJ ODEHOV

DV JLYHQ LQ >��@� ZH VFDQ WKH DUUD\ RI ODEHOV� ZKLFK LV

PXFK VPDOOHU WKDQ WKH LPDJH�

���� 7KH PLQLPXP�DUHD UHFWDQJOH

7KH PLQLPXP�DUHD ERXQGLQJ UHFWDQJOH FDQ EH IRXQG E\

FDOFXODWLQJ WKH DUHD RI WKH ERXQGLQJ UHFWDQJOH DW GLIIHUHQW

RULHQWDWLRQV� 7KH DOJRULWKP LV DSSOLHG WR DQ LQSXW

FRQQHFWHG FRPSRQHQW WZLFH� $Q HVWLPDWLRQ RI WKH

UHFWDQJOH RULHQWDWLRQ LV FDOFXODWHG ZLWK D ODUJH UDQJH DQG

VWHS VL]H GXULQJ WKH ILUVW LWHUDWLRQ RI WKH DOJRULWKP� ,Q WKH

VHFRQG LWHUDWLRQ� WKH ILQDO RULHQWDWLRQ RI WKH UHFWDQJOH LV

IRXQG ZLWK DQ\ GHVLUHG DQJXODU UHVROXWLRQ LQ D VPDOO

QHLJKERUKRRG DERXW WKH HVWLPDWHG DQJOH� 7KH DOJRULWKP LV

DV IROORZV�

�� ,QLWLDOL]H URW$QJOH WR ]HUR� PLQ$UHD WR WKH DUHD RI WKH

ERXQGLQJ UHFWDQJOH RI WKH FRQQHFWHG FRPSRQHQW DW

DQJOH URW$QJOH� DQG
PLQ

D �
PD[

D � DQG D' WR WKHLU

GHVLUHG YDOXHV� &RQVLGHU WKH RULJLQ DW WKH FHQWHU RI

WKH UHFWDQJOH�

�� )RU GLIIHUHQW YDOXHV RI D IURP
PLQ

D WR
PD[

D ZLWK D

UHVROXWLRQ RI D' DQG �zD UHSHDW VWHSV � DQG ��

�� 7KH DUHD RI WKH ERXQGLQJ UHFWDQJOH LQ GLUHFWLRQD

FDQ EH FDOFXODWHG IURP �

� DD VLQFRV���� ���� ����� KKKKDUHD ���

ZKHUH
�
K DQG

�
K DUH WKH PD[LPXP DQG PLQLPXP

LQWHUFHSWV IURP RULJLQ RI WKH OLQHV KDYLQJ D VORSH RI

DWDQ DQG SDVVLQJ WKURXJK DQ\ ERXQGDU\ SL[HO RI WKH

FRQQHFWHG FRPSRQHQW� DQG
�
K DQG

�
K DUH WKH

PD[LPXP DQG PLQLPXP LQWHUFHSWV IURP RULJLQ RI

WKH OLQHV KDYLQJ D VORSH RI DWDQ�� DQG SDVVLQJ

WKURXJK DQ\ ERXQGDU\ SL[HO RI WKH FRQQHFWHG

FRPSRQHQW�

�� ,I DUHD�PLQ$UHD OHW PLQ$UHD  DUHD DQG URW$QJOH

 D �

�� 7KH URWDWLRQ DQJOH RI WKH FRQQHFWHG FRPSRQHQW

HTXDOV WR URW$QJOH�

7KH ERXQGDU\ SL[HOV RI HDFK FRQQHFWHG FRPSRQHQW

UHTXLUHG IRU VWHSV � DUH GHWHFWHG E\ WKH ERXQGDU\�

IROORZLQJ DOJRULWKP JLYHQ LQ >��@� )LJXUH � VKRZV WKH

IRUPDWLRQ RI WKH ERXQGLQJ UHFWDQJOH IRU D FRQQHFWHG

FRPSRQHQW�

)LJXUH �� 7KH JHRPHWU\ RI FDOFXODWLQJ WKH
PLQLPXP�DUHD ERXQGLQJ UHFWDQJOH

,Q RUGHU WR HYDOXDWH WKH DFFXUDF\ DQG VSHHG RI WKH

DERYH DOJRULWKP� ZH DOVR FDOFXODWHG WKH RULHQWDWLRQ RI

FRQQHFWHG FRPSRQHQWV E\ ILQGLQJ WKH D[LV RI WKH OHDVW

LQHUWLD WKURXJK >��@�
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LQ ZKLFK [ DQG \ DUH FRRUGLQDWH RI FRQQHFWHG FRPSRQHQW

FHQWURLG� DQG %>L � M@ LV � IRU SL[HOV RQ WKH ERXQGDU\ RI WKH

FRQQHFWHG FRPSRQHQW DQG � RWKHUZLVH� 7KH UHVXOWV RI WZR

PHWKRGV ZHUH FRPSDUHG�

���� 7KH GRFXPHQW VNHZ DQJOH

7KH GRFXPHQW VNHZ DQJOH FDQ EH VSHFLILHG LQ RQH RI

WKH IROORZLQJ ZD\V�

�� 6HW WKH VNHZ DQJOH HTXDO WR WKH URWDWLRQ DQJOH RI RQH

RI WKH VHOHFWHG FRPSRQHQWV�

�� 6HW WKH VNHZ DQJOH HTXDO WR PHDQ YDOXH RI WKH

URWDWLRQ DQJOHV RI WKH VHOHFWHG FRPSRQHQWV�

�� 6HW WKH VNHZ DQJOH HTXDO WR PHGLDQ YDOXH RI WKH

URWDWLRQ DQJOHV RI WKH VHOHFWHG FRPSRQHQWV�

7KLV FRQFOXGHV WKH SURSRVHG DOJRULWKP� ,Q WKH QH[W

VHFWLRQ� ZH SUHVHQW WKH UHVXOWV REWDLQHG IURP

LPSOHPHQWDWLRQ RI WKH PHWKRG�

���([SHULPHQWDO�UHVXOWV

$ QXPEHU RI GRFXPHQWV ZLWK GLIIHUHQW OHYHOV RI

FRPSOH[LW\ IURP QHZVSDSHUV� MRXUQDOV� DQG ERRNV ZHUH

VHOHFWHG WR FDUU\ RXW H[SHULPHQWV� 7KHVH GRFXPHQWV

LQFOXGH GLDJUDPV� LPDJHV� IRUPXODV� DQG VLQJOH DQG PXOWL�

FROXPQ (QJOLVK� $UDELF� RU )DUVL WH[W� 7KH GRFXPHQWV

ZHUH URWDWHG DW GLIIHUHQW DQJOHV EHWZHHQ > � @��� ��o o DQG

ZHUH GLJLWL]HG DW ��� GSL� $IWHU ELQDUL]DWLRQ� WKH LPDJHV

ZHUH VPRRWKHG E\ WKH SURSRVHG DOJRULWKP� WKH UHVXOW RI
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