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$EVWUDFW� 7KH REMHFWLYH RI WKLV VWXG\ LV WR DQDO\]H WKH GHIRUPDWLRQDO FKDUDFWHULVWLFV RI D KLJK�YDFXXP
LQVXODWLRQ SDQHO WKDW LV HYDFXDWHG WR HOLPLQDWH VLJQLILFDQW JDV�SKDVH FRQGXFWDQFH WKURXJK LWV WKLFNQHVV� 7KH
SDQHO LV FRPSRVHG RI D PHWDO HQYHORSH DQG ORZ WKHUPDO FRQGXFWDQFH VSDFHUV� 7KH SUREOHP LV YHU\
FKDOOHQJLQJ EHFDXVH VHYHUDO QRQOLQHDULWLHV DUH LQYROYHG FRQFXUUHQWO\� 1RW RQO\ DUH YDULRXV ILQLWH HOHPHQW
PRGHOV VXFK DV WULDQJXODU� UHFWDQJXODU� EHDP DQG FLUFXODU SODWH PRGHOV XVHG WR VLPXODWH WKH SDQHO� EXW DOVR
VHYHUDO ILQLWH HOHPHQW SURJUDPV DUH XVHG WR VROYH WKH SUREOHP EDVHG RQ WKH FKDUDFWHULVWLFV RI WKH ILQLWH
HOHPHQW PRGHO� 7KH QXPHULFDO UHVXOWV LQGLFDWH WKDW WKH HIIHFW RI WKH GLDPHWHU RI WKH VSDFHU RQ WKH YHUWLFDO
GHIRUPDWLRQ RI WKH SODWH SDQHO LV QHJOLJLEO\ VPDOO� 7KH SDUDPHWHU WKDW PDLQO\ LQIOXHQFHV WKH PD[LPXP VDJ
LV WKH VSDFLQJ EHWZHHQ WKH VSDFHUV� 7KH PD[LPXP YHUWLFDO GHIRUPDWLRQ RI WKH SDQHO FDQ EH SUHGLFWHG IRU D
SUDFWLFDO UDQJH RI WKH VSDFLQJ EHWZHHQ WKH VSDFHUV DQG WKH WKLFNQHVV RI WKH SODWH� &RPSDUHG ZLWK WKH
QXPHULFDO UHVXOWV REWDLQHG E\ WKH ILQLWH HOHPHQW PRGHOV DQG WKH H[SHULPHQWDO WHVWV� WKH\ KDYH D JRRG
DJUHHPHQW� 7KH UHVXOWV DUH UHSUHVHQWHG LQ ERWK WDEXODU DQG JUDSKLFDO IRUPV� ,Q RUGHU WR PDNH WKH UHVXOWV
XVHIXO� D FXUYH ILWWLQJ WHFKQLTXH KDV EHHQ DSSOLHG WR SUHGLFW WKH PD[LPXP GHIRUPDWLRQ RI WKH SDQHO ZLWK
YDULRXV SDUDPHWHUV� 0RUHRYHU� WKH SDQHO ZDV VXJJHVWHG WR EH D ¦VPDUW§ VWUXFWXUH EDVHG RQ WKHUPDO HIIHFW�

.H\ ZRUGV� FKDUDFWHULVWLFV� YDFXXP� LQVXODWLRQ� SDQHO�

�� ,QWURGXFWLRQ

$ WKLQ VHFWLRQ� KLJK�YDFXXP LQVXODWLRQ SDQHO� ZKLFK FRQVLVWV RI D WKLQ SODWH SDQHO WKDW LV

HYDFXDWHG WR HOLPLQDWH VLJQLILFDQW JDV�SKDVH FRQGXFWDQFH WKURXJK LWV WKLFNQHVV� FDQ EH XVHG LQ

UHIULJHUDWRU�IUHH]HUV� WKHUPDO ERWWOH� DQG RWKHU DSSOLFDWLRQV� 7KH SDQHO LV FRPSRVHG RI D PHWDO

HQYHORSH DQG ORZ WKHUPDO FRQGXFWDQFH VSDFHUV WKDW DUH VSDUVHO\ GLVWULEXWHG EHWZHHQ WKH PHWDO VKHHWV

WR PDLQWDLQ WKH GHVLUHG GLVWDQFH EHWZHHQ WKH VKHHWV� %HFDXVH VSDFHUV VHSDUDWH WKH PHWDO VKHHWV� WKH

VWUXFWXUDO SDQHO FDQ EH HLWKHU IODW RU VKDSHG WR WKH JHRPHWU\ QHHGHG IRU WKH DSSOLFDWLRQ� +HDW WUDQVIHU

RFFXUV E\ UDGLDWLRQ� FRQGXFWDQFH WKURXJK WKH VSDFHUV DQG FRQGXFWDQFH WKURXJK WKH HGJHV RI WKH

SDQHO ZKHUH WKH HQYHORSH LV VHDOHG� 7KH VWUXFWXUDO UHTXLUHPHQWV IRU WKH SODWH SDQHO DUH�

�� 7R SUHYHQW SK\VLFDO FRQWDFW EHWZHHQ WKH SODWHV WKDW IRUP WKH HQYHORSH�

�� 7R PLQLPL]H WKH RYHUDOO FRQWDFW DUHD RI WKH VSDFHUV ZLWK WKH SODWHV SHU XQLW VXUIDFH DUHD RI WKH

SDQHO� HLWKHU E\ GHFUHDVLQJ WKH FRQWDFW DUHD EHWZHHQ VSDFHU DQG SODWHV RU E\ GHFUHDVLQJ WKH RYHUDOO

QXPEHU RI WKH VSDFHUV�

� /HFWXUHU
° 3URIHVVRU

DOI: http://dx.doi.org/10.12989/sem.2000.10.3.245



��� +XQJ�6KDQ 6KX DQG <DQJ�&KHQJ :DQJ

�� 7R PLQLPL]H WKH RYHUDOO ZHLJKW RI WKH ZKROH SDQHO�

1RQOLQHDU DQDO\VLV XVXDOO\ FDQ EH FDWHJRUL]HG DV IRXU SULPDU\ JURXSV� JHRPHWULF� PDWHULDOV�

ERXQGDU\� DQG IRUFH QRQOLQHDULWLHV� ,Q WKLV SDSHU� WKH SUREOHP LV YHU\ FKDOOHQJLQJ VLQFH WKLV W\SH RI

SDQHO FRQVLVWV RI VHYHUDO VWUXFWXUDO QRQOLQHDULWLHV VLPXOWDQHRXVO\ VXFK DV WKH GHIRUPDWLRQV� FRQWDFW

DUHD EHWZHHQ WKH SODWHV DQG VSDFHUV� 7KH DQDO\WLFDO SURFHGXUH LV QRW FRQYHQLHQW WR VROYH WKLV W\SH RI

SUREOHP DW SUHVHQW EXW QXPHULFDO PHWKRGV DUH IHDVLEOH� %DWKH ������ LQGLFDWHV WKDW GXULQJ WKH SDVW

WZR GHFDGHV� WKH ILQLWH HOHPHQW PHWKRG RI DQDO\VLV KDV UDSLGO\ EHFRPH D YHU\ SRSXODU WHFKQLTXH IRU

WKH FRPSXWHU VROXWLRQ RI FRPSOH[ SUREOHP LQ HQJLQHHULQJ� $W SUHVHQW� WKH ILQLWH HOHPHQW PHWKRG

UHSUHVHQWV D PRVW JHQHUDO DQDO\VLV WRRO DQG LV XVHG LQ SUDFWLFDOO\ DOO ILHOGV RI HQJLQHHULQJ DQDO\VLV�

7KHUHIRUH� IRXU GLIIHUHQW ILQLWH HOHPHQW PRGHOV VXFK DV WULDQJXODU �:HL HW DO� ������ UHFWDQJXODU�

EHDP �6KX HW DO� ������ DQG FLUFXODU SODWH PRGHOV DUH HVWDEOLVKHG WR HVWLPDWH WKH GHIRUPDWLRQDO

FKDUDFWHULVWLFV� FRQWDFW VXUIDFH EHWZHHQ WKH LVRODWLQJ VSKHUH DQG WKH WKLQ SODWH SDQHO� WKH YHUWLFDO

GHIRUPDWLRQ RI WKH SODWHV EHWZHHQ WKH VSKHUHV�

7R LQFUHDVH WKH ULJLGLW\ RI WKH SODWHV DQG GHFUHDVH WKH GHIRUPDWLRQ RI WKH SDQHO� D QHZ JHRPHWU\ LV

SURSRVHG� 7KH GHIRUPDWLRQ RI WKH QHZ JHRPHWU\ ZDV DQDO\]HG ZLWK YDULRXV JHRPHWULF SDUDPHWHUV�

7KH VRSKLVWLFDWHG HYDOXDWLRQ RI WKH ILQLWH HOHPHQW PRGHOLQJ ZDV SHUIRUPHG WR DGGUHVV WKH LVVXHV RI

ERXQGDU\ FRQGLWLRQV� HOHPHQW VL]H� HOHPHQW VSDFLQJ� HOHPHQW W\SH �+XD HW DO� ������ DQG DQDO\VLV

W\SH� HWF�

%DVHG RQ WKH GHIRUPDWLRQDO FKDUDFWHULVWLFV RI WKH SDQHO� YDULRXV ILQLWH HOHPHQW SURJUDPV DQG ILQLWH

HOHPHQW PRGHOV DUH XVHG WR DQDO\]H WKH SDQHO� ,Q WKLV UHVHDUFK HIIRUW� WKH IROORZLQJ WDVNV ZHUH

SHUIRUPHG�

�� 7KH YHUWLFDO GHIRUPDWLRQ EHWZHHQ WKH FRQVHTXHQW VSDFHUV LV IRXQG WR SUHYHQW WKH SK\VLFDO

FRQWDFW RI WKH HQYHORSH SODWHV�

�� 7KH FRQWDFW DUHD EHWZHHQ WKH SDQHOV DQG WKH VSDFHUV LV HVWLPDWHG WR PLQLPL]H WKH RYHUDOO FRQWDFW

DUHD ZLWK YDULRXV JHRPHWULF SDUDPHWHUV� ,W UHGXFHV WKH KHDW WUDQVIHU WKURXJK WKH FRQWDFW DUHDV�

�� 7KH HODVWLF�SODVWLF PDWHULDO SURSHUWLHV ZHUH DSSOLHG WR SHUIRUP WKH VWUHVV GLVWULEXWLRQ LQ RUGHU

QRW WR H[FHVV WKH DOORZDEOH VWUHVV RI WKH PDWHULDOV�

�� 2QFH WKH WDVNV DUH DFKLHYHG� WKH RSWLPXP VXSSRUWHG SDWWHUQ RI WKH GHVLJQ SDQHO LV IRXQG EDVHG

RQ WKH YHUWLFDO GHIRUPDWLRQV� VWUHVV GLVWULEXWLRQ� DQG WKH PLQLPXP RYHUDOO FRQWDFW DUHD�

�� )LQDOO\� WKH SDQHO ZDV VXJJHVWHG WR EH D ¦VPDUW§ VWUXFWXUH EDVHG RQ WKHUPDO HIIHFW�

�� 3UREOHP VWDWHPHQWV

%HFDXVH WKH SODWH SDQHO FRQVLVWV RI WKLQ SODWHV DQG VSDFHUV VXEMHFWHG WR DWPRVSKHULF SUHVVXUH� WKH

YHUWLFDO GHIRUPDWLRQ EHWZHHQ FRQVHTXHQW VSDFHUV� WKH FRQWDFW DUHDV EHWZHHQ WKH SODWHV DQG WKH

VSDFHUV DV ZHOO DV WKH VWUHVV GLVWULEXWLRQ RI WKH HODVWLF�SODVWLF PDWHULDO DUH WKH PRVW LPSRUWDQW WDVNV

RI WKLV W\SH RI SDQHO� ,Q RUGHU WR SUHGLFW WKH VWUXFWXUDO EHKDYLRU� IRXU SULPDU\ VWUXFWXUDO FKDUDFWHULVWLFV

DUH LQYHVWLJDWHG VXFK DV YHUWLFDO GHIRUPDWLRQ� RYHUDOO FRQWDFW DUHD� VWUHVV GLVWULEXWLRQ� DQG WKH RSWLPXP

HQG VXSSRUW SDWWHUQ�

���� 9HUWLFDO GHIRUPDWLRQ

7KH PRVW LPSRUWDQW UHTXLUHPHQW RI WKH VWUXFWXUHV LV WR SUHYHQW WKH SK\VLFDO FRQWDFW EHWZHHQ WKH

SODWHV� 7KH ILUVW WDVN RI WKLV SDSHU LV WR HVWLPDWH WKH YHUWLFDO GHIRUPDWLRQ RI WKH SDQHO XQGHU
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DWPRVSKHULF SUHVVXUH EHWZHHQ FRQVHTXHQW VSDFHUV IRU YDULRXV VXSSRUW�VSDFLQJ 6 DQG WKH SODWH

WKLFNQHVV W� %DVHG RQ ILQLWH HOHPHQW PHWKRGV� WKH PD[LPXP VDJ RI WKH SDQHOV VXEMHFWHG WR

HTXLYDOHQW DWPRVSKHUH SUHVVXUH LV IRXQG DQG FXUYH ILWWLQJ WHFKQLTXHV KDYH EHHQ HPSOR\HG WR GHULYH

VHFRQG RU KLJKHU RUGHU IRUPXODV WR SUHGLFW WKH PD[LPXP VDJ IRU D JLYHQ SDLU RI 6 DQG W WR PDNH WKH

UHVXOWV XVHIXO�

���� &RQWDFW DUHD

7KH VHFRQG PRVW LPSRUWDQW UHTXLUHPHQW RI WKH VWUXFWXUDO SDQHO LV WR PLQLPL]H WKH RYHUDOO FRQWDFW

DUHD RI WKH VSDFHUV RI WKH SDQHO WR UHGXFH WKH KHDW FRQGXFWDQFH� ,W LV LPSRUWDQW WR EH DEOH WR SUHGLFW

WKH FRQWDFW DUHD EHWZHHQ WKH SODWH DQG WKH VSDFHUV XQGHU DWPRVSKHULF SUHVVXUH IRU YDULRXV VSDFLQJ 6�

WKH UDGLXV RI WKH VSDFHU 5F� DQG WKH WKLFNQHVV RI WKH SDQHO W� 7KH VWUXFWXUDO FKDUDFWHULVWLFV RI WKH

ORFDO SODVWLFLW\ RI WKH SODWH DW WKH VXSSRUW SRLQWV� WKH ODUJH GHIRUPDWLRQV FRPSDUHG WR WKH WKLFNQHVV�

DQG D VLJQLILFDQW FRQWDFW EHWZHHQ WZR GHIRUPDEOH ERGLHV DUH WDNHQ LQWR DFFRXQW� 7KH FRQWDFW UDGLXV

5F RI WKH SDQHO ZLWK WKH VSDFHU LV IRXQG� 7KH UHVXOWV DUH DOVR HPSOR\HG WR GHULYH ILIWK RUGHU

IRUPXODV WR SUHGLFW WKH FRQWDFW UDGLXV 5F IRU D UDQJH RI SUDFWLFDO YDOXHV RI 6� 5F� DQG W�

���� 5LJLGLW\ RI WKH SDQHO

,Q JHQHUDO� IODW SODWHV DUH QRW D GHVLUDEOH FRQILJXUDWLRQ WR UHVLVW EHQGLQJ� $Q HIIRUW ZDV PDGH WR

H[DPLQH SRWHQWLDO ULJLGLW\ VFKHPHV LQ RUGHU WR PLQLPL]H WKH PD[LPXP GHIRUPDWLRQ RI WKH VWUXFWXUDO

SDQHOV� 'XH WR WKH PDWHULDO QRQOLQHDULW\� WKH VWUHVV GLVWULEXWLRQ KDV EHHQ IRXQG� 7KH YHUWLFDO

GHIRUPDWLRQ DQG WKH VWUHVV GLVWULEXWLRQ DUH DOZD\V LQWHUDFWHG� 7KHUHIRUH� WKH PD[LPXP GHIRUPDWLRQ

LV RQH RI WKH PRVW LPSRUWDQW IDFWRUV IRU WKH VWUHVV GLVWULEXWLRQ�

���� 2SWLPXP VXSSRUWHG SDWWHUQV

7KH RYHUDOO FRQWDFW DUHD EHWZHHQ WKH SODWHV DQG WKH VSDFHUV LV DQRWKHU LPSRUWDQW UHTXLUHPHQW RI

WKLV SDQHO WR SUHYHQW WKH KHDW FRQGXFWDQFH� 7KH RSWLPXP VXSSRUWHG SDWWHUQ GRHV QRW RQO\ UHGXFH WKH

RYHUDOO FRQWDFW DUHD EXW DOVR UHGXFHV WKH VWUHVV GLVWULEXWLRQ DQG WKH YHUWLFDO GHIRUPDWLRQ RI WKH SODWHV�

���� 6PDUW VWUXFWXUH

%DVHG RQ WKH LGHDOL]DWLRQ RI QR WKHUPDO H[SDQVLRQ HIIHFWV� WKH WKHUPDO HIIHFW RI WKH GHIRUPDWLRQ RI

WKH SDQHO LV LJQRUHG EXW WKH WKHUPDO HIIHFW RI UHDOLVWLF VWUXFWXUH PXVW EH WDNHQ LQWR DFFRXQW LQ WKH

IXUWKHU GHVLJQ LI WKH VWUXFWXUH VHUYHV DV DQ LVRODWRU IRU KLJK WHPSHUDWXUH YDULDWLRQ� 7KH WHPSHUDWXUH

YDULDWLRQ PD\ FUHDWH WKH LQWHUDFWLRQ RI WKHVH QRQOLQHDULWLHV� 7KHUHIRUH� WKH GHVLJQ SDWWHUQ RI D VPDUW

VWUXFWXUH LV SURSRVHG EDVHG RQ WKH WKHUPDO HIIHFW RI WKH GHIRUPDWLRQDO FKDUDFWHULVWLFV RI WKLV W\SH RI

VWUXFWXUHV�

�� )LQLWH HOHPHQW PRGHOV

+RZ WR SURSHUO\ GLVFUHWL]H WKH VWUXFWXUH DQG KRZ WR SURSHUO\ VLPXODWH WKH ERXQGDU\ FRQGLWLRQV DUH

WKH PRVW LPSRUWDQW IDFWRUV RI WKH ILQLWH HOHPHQW PRGHOLQJ� ,W LV KDUGO\ WR VLPXODWH D VWUXFWXUH LI LW
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LQYROYHV VHYHUDO VWUXFWXUDO QRQOLQHDULWLHV� VLPXOWDQHRXVO\� +XD ������ HW DO� LOOXVWUDWHG WKH HIIHFWV RQ

VWUXFWXUDO PRGHOLQJ XVLQJ GLIIHUHQW ILQLWH HOHPHQW PRGHOV DQG GLIIHUHQW HOHPHQW W\SHV� %DWKH ������

LQGLFDWHG WKDW LW LV WKH DLP WR HVWDEOLVK WKH ILQLWH HOHPHQW SURFHGXUHV XVLQJ UHODWLYHO\ VLPSOH DQG

SK\VLFDO FRQFHSWV� HYHQ DW WKH H[SHQVH RI ORVLQJ VRPH PDWKHPDWLFDO ULJRURXVQHVV� 7KH SUREOHP

GHVFULEHG LQ WKLV SDSHU LQYROYHV VHYHUDO W\SHV RI QRQOLQHDULW\ VXFK DV PDWHULDO� JHRPHWULF DQG

ERXQGDU\ QRQOLQHDULWLHV� ,Q WKLV SDSHU� IRXU ILQLWH HOHPHQW PRGHOV DUH HVWDEOLVKHG XVLQJ GLIIHUHQW

HOHPHQW SDWWHUQV DQG HOHPHQW W\SHV WR VSHFLI\ WKH FKDUDFWHULVWLFV RI WKH VWUXFWXUH�

���� 3UREOHP LGHDOL]DWLRQ

,Q RUGHU DFFXUDWHO\ WR PDNH WKH DQDO\VLV� WKH LGHDOL]DWLRQV RI WKH VWUXFWXUH DUH PDGH DV IROORZV�

�� 7KH SDQHO LV RULJLQDOO\ IODW DQG WKH VSDFHU LV D SHUIHFW VSKHUH� 7KH SHQHWUDWLRQ RI WKH VSKHUH LV

QRW DOORZHG�

�� 7KH SDQHO PDWHULDO LV LVRWURSLF� ,I LW LV OLQHDUO\ HODVWLF� WKH PRGXOXV RI HODVWLFLW\ LV WDNHQ HLWKHU

( ������ RU ������ 1�PP� DQG 3RLVVRQ©V UDWLR ν ���� ,I LW LV HODVWLF�SODVWLF� WKH WDQJHQW PRGXOXV
(W ��� N1�PP�� WKH \LHOG VWUHVV σ\ ��� 1�PP�� 7KH VSDFHU PDWHULDO LV LVRWURSLF� OLQHDUO\ HODVWLF

ZLWK WKH PRGXOXV RI HODVWLFLW\ (J ��� N1�PP�� 3RLVVRQ©V UDWLR νJ ����� 7KHUH LV QR HIIHFW RQ WKH

PDWHULDO SURSHUWLHV GXH WR WHPSHUDWXUH YDULDWLRQV�

�� 7KH HIIHFW RI WKH UDGLXV RI WKH JODVV RQ WKH PD[LPXP GHIRUPDWLRQ LV VPDOO�

�� 7KH ORDGLQJ LV D XQLIRUP SUHVVXUH RI Z ���� 1�PP� DSSOLHG DW WKH WRS RI WKH SDQHO� *UDYLW\

HIIHFWV DUH LJQRUHG VLQFH WKH RULHQWDWLRQ RI WKH SDQHO LV QRW NQRZQ DQG WKH JUDYLW\ ORDG LV VPDOO

FRPSDUHG WR DWPRVSKHULF SUHVVXUH�

�� 7KH PDWHULDO SURSHUWLHV XVHG LQ WKH DQDO\VLV DUH EDVHG RQ WKH DVVXPSWLRQ WKDW WKH VWUXFWXUH LV

EXLOW�LQ DQG GHIRUPHG DW URRP WHPSHUDWXUH DQG WKHUPDO H[SDQVLRQ HIIHFWV DUH LJQRUHG�

���� 7ULDQJXODU SODWH PRGHO

,Q RUGHU WR SUHYHQW WKH SK\VLFDO FRQWDFW RI WKH SODWHV� LW LV LPSRUWDQW WR EH DEOH WR SUHGLFW WKH

YHUWLFDO GHIRUPDWLRQ RI WKH SDQHO XQGHU DWPRVSKHULF SUHVVXUH IRU YDULRXV YDOXHV RI WKH VXSSRUW

VSDFLQJ 6 DQG WKH SODWH WKLFNQHVV W� 7KH WULDQJXODU SODWH PRGHO LV HVWDEOLVKHG WR DQDO\]H WKH YHUWLFDO

HODVWLF GHIRUPDWLRQ RI WKH WKLQ SODWH SDQHO EHWZHHQ WKH FRQVHTXHQW VSDFHUV�

,Q WKH WULDQJXODU PRGHO� WKHUH DUH WKUHH V\PPHWU\ D[HV �WKH DQJXODU ELVHFWRUV�� )LJ� � VKRZV RQH RI

WKH KH[DJRQV� 7KH WKUHH V\PPHWU\ OLQHV DUH VKRZQ LQ RQH RI WKH HTXLODWHUDO WULDQJOHV� 7KH

FURVVKDWFKHG DUHD LQGLFDWHV WKH SRUWLRQ RI WKH SODWH WKDW ZDV PRGHOHG� 7KH SODWH LV GLVFUHWL]HG ZLWK

��� QRGHV DQG ��� IRXU�QRGH VKHOO HOHPHQWV� 7KLV HOHPHQW KDV ERWK EHQGLQJ DQG PHPEUDQH

FDSDELOLWLHV� (DFK QRGH KDV VL[ GHJUHHV RI IUHHGRP� 7KH PD[LPXP HOHPHQW VL]H LV DSSUR[LPDWHO\

WKH RQH IRUW\ VSDFLQJ� 7KH WKLFNQHVV W LV FRQVWDQW� 7KH WRWDO QXPEHU RI GHJUHHV RI IUHHGRP LV ����

$OO VL[ GHJUHHV RI IUHHGRP DW WKH ORZHU OHIW QRGH KDYH EHHQ UHVWUDLQHG� $OVR DOO QRGHV RQ WKH HGJH

RI WKH WULDQJOH KDYH EHHQ UHVWUDLQHG DJDLQVW WUDQVODWLRQ LQ D GLUHFWLRQ� ZKLFK LV WKH QRUPDO WR WKH

HGJH GLUHFWLRQ� 7KH VORSHV RI DOO WKH QRGHV RQ WKH HGJHV RI WKH WULDQJXODU SODWH DORQJ WKH HGJH

GLUHFWLRQ DQG LQ GLUHFWLRQ QRUPDO WR WKH SDQHO DUH DOVR UHVWUDLQHG�

���� %HDP PRGHO

,Q RUGHU WR PLQLPL]H WKH RYHUDOO FRQWDFW DUHD RI WKH SDQHOV� LW LV LPSRUWDQW WR SUHGLFW WKH FRQWDFW
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DUHD XQGHU DWPRVSKHULF SUHVVXUH IRU YDULRXV SDUDPHWHUV� L�H�� WKH VSDFLQJ 6� WKH UDGLXV RI WKH VSDFHU

5F DQG WKH WKLFNQHVV RI WKH SDQHO W� $OWKRXJK WKH WULDQJXODU SODWH PRGHO LV VXIILFLHQWO\ JRRG HQRXJK

WR SUHGLFW WKH YHUWLFDO GHIRUPDWLRQV RI WKH SDQHO� LW LV QRW FDSDEOH WR HYDOXDWH WKH VWUXFWXUDO FRQWDFW

EHKDYLRU EHWZHHQ WKH WKLQ SODWH DQG WKH VSDFHUV EXW WKH EHDP PRGHO LV SURSHU�

)RU WKH EHDP PRGHO� WKH GHIRUPDWLRQ LV D[L�V\PPHWULF DERXW D OLQH QRUPDO WR WKH SODWH SDVVLQJ

WKURXJK WKH FHQWHU RI WKH VSDFHU� 7KH SODWH LV GLVFUHWL]HG ZLWK ��� QRGHV DQG ��� IRXU�QRGH

HOHPHQWV� 7KHUH DUH VHYHQ HOHPHQWV WKURXJK WKH WKLFNQHVV RI WKH SDQHO FORVH WR WKH FRQWDFW DUHD DQG

WKUHH HOHPHQWV WKURXJK WKH WKLFNQHVV RI WKH UHVW RI WKH PRGHO� )LJ� � VKRZV WKH HOHPHQWV FORVH WR WKH

)LJ� � 0RGHOHG SRUWLRQ RI WKH SDQHO

)LJ� � )LQLWH HOHPHQW PRGHO RI D SDQHO DQG VSDFHU
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VSKHUH� (DFK QRGH KDV WZR GHJUHHV RI IUHHGRP� 7KH WRWDO QXPEHU RI GHJUHHV RI IUHHGRP LV �����

7KH PDWHULDO PRGHO ZDV HODVWLF�SODVWLF ZLWK LVRWURSLF KDUGHQLQJ �β �� DQG ZLWK D FRQVWDQW WDQJHQW

�RU KDUGHQLQJ� PRGXOXV (W�

���� 5HFWDQJXODU SODWH PRGHO

%HFDXVH WKH WULDQJXODU SODWH DQG EHDP PRGHOV DUH LQDGHTXDWH WR HVWLPDWH WKH VWUHVV GLVWULEXWLRQ�

WKH UHFWDQJXODU SODWH PRGHO LV HVWDEOLVKHG WR SUHGLFW 9RQ 0LVVHV VWUHVV GLVWULEXWLRQ RI WKH SODWH

VXEMHFWHG WR DWPRVSKHUH SUHVVXUH� )LJ� � VKRZV RQH RI WKH KH[DJRQV RI WKH SDQHO LQ ZKLFK IRXU

V\PPHWULF OLQHV ZHUH VHOHFWHG LQ RUGHU WR PRGHO D UHFWDQJXODU SRUWLRQ RI WKH SODWH� 7KH FURVVKDWFKHG

DUHD LQGLFDWHV WKH SRWLRQ RI WKH SODWH WKDW LV PRGHOHG� ,Q WKLV UHFWDQJXODU SRUWLRQ� WKHUH DUH ILYH

VSDFHUV� IRXU LQ WKH FRUQHUV DQG RQH DW WKH FHQWHU� ,W VKRXOG EH QRWHG WKDW WKH DUHD RI PD[LPXP

GHIRUPDWLRQ DSSHDUV LQ ZKLWH DQG KDV DQ DOPRVW WULDQJXODU VKDSH� ,I WKH DUHD RI PD[LPXP

GHIRUPDWLRQ LV UDLVHG LQ DGYDQFH �EHIRUH GHIRUPDWLRQ RFFXUV�� WKH PD[LPXP SDQHO GHIRUPDWLRQ ZLOO

)LJ� � 0RGHOHG SRUWLRQ RI WKH SDQHO

)LJ� � 'LPHQVLRQV RI DQ HTXLODWHUDO WULDQJOH RI WKH ULJLGLILHG JHRPHWU\



'HIRUPDWLRQDO FKDUDFWHULVWLFV RI D KLJK�YDFXXP LQVXODWLRQ SDQHO ���

EH VLJQLILFDQWO\ UHGXFHG� )LJ� ��$� VKRZV D WRS YLHZ RI D KH[DJRQDO SRUWLRQ DQG ��%� VKRZV WKH

GLPHQVLRQV RI DQ HTXLODWHUDO WULDQJOH RI WKH VDPH JHRPHWU\� 7KH PRGHO FRQWDLQV ��� HOHPHQWV� ���

)LJ� � 9HUWLFDO GHIRUPDWLRQ GLVWULEXWLRQ RI WKH SDQHO IRU 6 �� PP DQG W ��� PP

7DEOH � 0D[LPXP SDQHO VDJ �PP� IRU GLIIHUHQW (V

6
W

��� ��� ��� ��� ��� ���

�� (V� ������ ������ ������ ������ ������ ������

(V� ������ ������ ������ ������ ������ ������

�� (V� ������ ������ ������ ������ ������ ������

(V� ������ ������ ������ ������ ������ ������

�� (V� ������ ������ ������ ������ ������ ������

(V� ������ ������ ������ ������ ������ ������

�� (V� ������ ������ ������ ������ ������ ������

(V� ������ ������ ������ ������ ������ ������

�� (V� ������ ������ ������ ������ ������ ������

(V� ������ ������ ������ ������ ������ ������

�� (V� ������ ������ ������ ������ ������ ������

(V� ������ ������ ������ ������ ������ ������

�� (V� ������ ������ ������ ������ ������ ������

(V� ������ ������ ������ ������ ������ ������

�� (V� ������ ������ ������ ������ ������ ������

(V� ������ ������ ������ ������ ������ ������

��� (V� ������ ������ ������ ������ ������ ������

(V� ������ ������ ������ ������ ������ ������

��� (V� ������ ������ ������ ������ ������ ������

(V� ������ ������ ������ ������ ������ ������

(V�� (V ������ 1�PP
�� ν  ���� S ��� 1�PP�
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QRGHV DQG ���� GHJUHHV RI IUHHGRP�

�� 1XPHULFDO UHVXOWV

%DVHG RQ WKH ILQLWH HOHPHQW PRGHOV DQG SURJUDPV� WKH GHIRUPDWLRQDO FKDUDFWHULVWLFV RI WKH SDQHO

VXFK DV WKH YHUWLFDO GHIRUPDWLRQ RI WKH SODWH EHWZHHQ VSDFHUV� WKH FRQWDFW DUHD RI WKH SODWH DQG WKH

VSDFHU� DV ZHOO DV WKH VWUHVV GLVWULEXWLRQ DUH IRXQG�

���� 9HUWLFDO GHIRUPDWLRQ

7R HVWLPDWH WKH YHUWLFDO GHIRUPDWLRQ EHWZHHQ FRQVHTXHQW VSDFHUV� WKH WULDQJXODU SODWH PRGHO DQG

WKH 1HZWRQ�5DSKVRQ DOJRULWKP DUH LPSOHPHQWHG ZLWK GLVSODFHPHQW FRQYHUJHQFH FULWHULRQ RI ����� PP�

7KH PD[LPXP VDJ ] ZDV IRXQG IRU W ���� ���� ���� ���� ���� DQG ���� PP DQG IRU 6 ��� ��� ��� ���

��� ��� ��� ��� ���� DQG ��� PP� 7KH FRQWRXU SORW RI YHUWLFDO GHIRUPDWLRQ RI WKH SDQHO IRU 6 ��

PP DQG W ��� PP LV VKRZQ LQ )LJ� �� 7KH QXPHULFDO UHVXOWV LQGLFDWH WKDW WKH PD[LPXP GHIRUPDWLRQ

RFFXUV DURXQG WKH PLGSRLQW RI WKH SDQHO EHWZHHQ WZR VSDFHUV� 7KH YHUWLFDO GHIRUPDWLRQ LV JUDGXDOO\

GHFUHDVHG QHDU WKH VSDFHU� 7KH GHIRUPDWLRQ RI WKH ORFDWLRQ DZD\ IURP WKH VSDFHU LV QRQOLQHDU� 7DEOH �

SUHVHQWV WKH PD[LPXP GHIRUPDWLRQ �VDJ� ] IRU YDULRXV YDOXHV RI WKH WKLFNQHVV W DQG VSDFLQJ 6�

)LJ� � 6DJ ] YHUVXV WKLFNQHVV W IRU YDULRXV YDOXVH RI 6



'HIRUPDWLRQDO FKDUDFWHULVWLFV RI D KLJK�YDFXXP LQVXODWLRQ SDQHO ���

)LJ� � JLYHV WKH PD[LPXP VDJ YHUVXV WKH WKLFNQHVV W IRU YDULRXV YDOXHV RI WKH VSDFLQJ 6 DQG )LJ� �

JLYHV WKH PD[LPXP VDJ YHUVXV WKH VSDFLQJ 6 IRU YDULRXV YDOXHV RI WKH WKLFNQHVV W� 7KH GDWD SRLQWV

ZHUH JHQHUDWHG E\ XVLQJ WKH QRQOLQHDU HODVWLF ILQLWH HOHPHQW DQDO\VLV DQG WKH FRQWLQXRXV OLQHV DUH

VHFRQG RUGHU SRO\QRPLDOV WKDW ILW WKH JHQHUDWHG GDWD LQ D OHDVW VTXDUHV VHQVH� 7KH PDWHULDOV KDYLQJ

GLIIHUHQW PRGXOXV RI HODVWLFLW\ KDYH WKH VDPH SURILOH RI WKH PD[LPXP VDJ YHUVXV VSDFLQJ FXUYH� 7KH

ILJXUHV LQGLFDWH WKDW WKH PD[LPXP GHIOHFWLRQ LQFUHDVHV DV WKH WKLFNQHVV RI WKH SODWH GHFUHDVHV� )LJ� �

SUHVHQWV D VHW RI LQWHUDFWLRQ FXUYHV XVHG WR HYDOXDWH WKH PD[LPXP VDJ IRU DQ\ SDLU RQ 6 DQG W� 7KH

LQWHUDFWLRQ FXUYHV DUH VSDFHG HYHU\ ���� PP RI GHIOHFWLRQ ] DSDUW� ,Q FRQFOXVLRQ� WKH PD[LPXP VDJ

IRU DQ\ SUDFWLFDO UDQJH RI YDOXHV 6 DQG W FDQ EH SUHGLFWHG E\ XVLQJ WKH DERYH PHQWLRQHG ILJXUHV�

���� &RQWDFW DUHD

7R ILQG WKH FRQWDFW DUHD� WKH EHDP PRGHO DQG WKH %UR\GHQ�)OHWFKHU�*ROGIDUE�6KDQQR �%)*6�

)RUPXODWLRQ DQG $OJRULWKP IRU QRQOLQHDU SUREOHP VROXWLRQ PHWKRG ZHUH LPSOHPHQWHG ZLWK

FRQYHUJHQFH WROHUDQFH RQ GLVSODFHPHQWV RI ����� PP� $ FRPSDULVRQ RI WKH FRQWDFW UDGLXV UHVXOWV

REWDLQHG E\ WKH DERYH�GHVFULEHG PRGHO DQG WKH DYDLODEOH H[SHULPHQWDO GDWD LV VKRZQ LQ 7DEOH ��

7KH SDUDPHWHUV VXFK DV WKLFNQHVV� GLDPHWHU� VSDFLQJ� PRGXOXV RI HODVWLFLW\� DQG \LHOG VWUHVV DUH DOVR

LQFOXGHG LQ 7DEOH �� )LJ� � VKRZV WKH FRQWDFW UDGLXV 5F YHUVXV VSDFLQJ 6 IRU WKH H[SHULPHQWDO GDWD�

WKH ILQLWH HOHPHQW UHVXOWV� KDUGQHVV HVWLPDWH� DQG WKH +HUW] IRUPXODWLRQ� 7KH HUURU EHWZHHQ WKH

H[SHULPHQWDO GDWD DQG WKH ILQLWH HOHPHQW VROXWLRQ YDULHV EHWZHHQ � � DQG ����

)LJ� � 0D[LPXP VDJ ] YHUVXV VSDFLQJ 6 IRU YDULRXV YDOXHV RI W



��� +XQJ�6KDQ 6KX DQG <DQJ�&KHQJ :DQJ

,W LV DSSDUHQW WKDW WKH HIIHFW RI WKH GLDPHWHU ' RQ WKH PD[LPXP VDJ ] LV QHJOLJLEO\ VPDOO� 7KH

SDUDPHWHU WKDW PDLQO\ LQIOXHQFHV WKH PD[LPXP VDJ LV WKH VSDFLQJ 6� 7KH HIIHFW RI WKH WDQJHQW RU

KDUGHQLQJ PRGXOXV (W RQ WKH FRQWDFW UDGLXV 5F IRU 6 �� PP� W ��� PP� DQG σ\ ��� 1�PP� KDV

EHHQ IRXQG� )RU WKLV FDVH DQG ZLWK YDOXHV RI (W ��� 1�PP�� ����� 1�PP�� ����� 1�PP� DQG

������ 1�PP�� WKH FRUUHVSRQGLQJ YDOXHV RI 5F DUH ����� PP� ������ PP� ����� PP� ����� PP�

UHVSHFWLYHO\�

)LJ� � ,QWHUDFWLRQ FXUYHV 6�W IRU GHWHUPLQLQJ VDJ ] �PP� ZLWK GLIIHUHQW (V

7DEOH � &RQWDFW UDGLXV�FRPSDULVRQ +HUW]� +DUGQHVV� DQG )($ UHVXOWV

0DWHULDO
0HDVXUHG

/DE� 5FRQW �PP�

0RGHO

+DUGQHVV
5FRQW �PP�

+HUW]
5FRQW �PP�

)($

5FRQW �PP� =VDJ �PP�

����$O ���������� ����� ����� ����� �����

&RSSHU ���������� ����� ����� ����� �����

���66 ���������� ����� ����� ����� �����

61�&56 ���������� ����� ����� ����� �����

61�&56 ���������� ����� ����� ����� �����

61�&56 ���������� ����� ����� ����� �����

61�&56 ���������� ����� ����� ����� �����
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7KH FRQWDFW UDGLXV 5F DQG WKH PD[LPXP VDJ ] ZHUH IRXQG IRU W ���� ���� ���� ���� ���� DQG ���� PP

DQG IRU VSKHUH GLDPHWHUV ' �� �� �� �� DQG �� PP� )LJ� �� VKRZV WKH GHIRUPHG VKDSH RI WKH EHDP

PRGHO� 7KH GHIRUPHG�VKDSH� XQGHIRUPHG�VKDSH� DQG WKH WKLQQLQJ RI WKH SDQHO FDQ EH REVHUYHG� 7KH

SDUDPHWHUV DUH SUHVHQWHG LQ 7DEOH � VXFK DV WKH FRQWDFW UDGLXV 5F IRU VSDFLQJ 6 ��� ��� �� DQG

�� PP� WKH YDULRXV YDOXHV RI WKH VSDFHU GLDPHWHU ' �� �� �� � DQG �� PP� DQG WKH HQYHORSH

WKLFNQHVV W�

)LJ� �� VKRZV WKH FRQWDFW UDGLXV 5F YHUVXV WKH HQYHORSH WKLFNQHVV W IRU 6 ��� ��� �� DQG �� PP�

DQG YDULRXV YDOXHV RI WKH VSDFHU GLDPHWHU '� $V H[SHFWHG WKH FRQWDFW UDGLXV UHGXFHV DV WKH WKLFNQHVV

LQFUHDVHV� $Q\ IXUWKHU LQFUHDVH LQ WKH WKLFNQHVV GRHV QRW UHGXFH WKH FRQWDFW UDGLXV� LI 6 �� PP DIWHU

D FULWLFDO WKLFNQHVV RI DERXW ��� PP� LI 6 �� PP DIWHU D FULWLFDO WKLFNQHVV RI DERXW ��� PP� RU LI 6

 �� PP DIWHU D FULWLFDO WKLFNQHVV RI DERXW ��� PP� )RU 6 �� PP� WKHUH LV QR QRWLFHDEOH FULWLFDO

WKLFNQHVV� $V WKH VSDFHU GLDPHWHU LQFUHDVHV� WKH FRQWDFW UDGLXV LQFUHDVHV� )RU VPDOOHU YDOXHV RI W� WKH

LQFUHPHQW LV VLJQLILFDQW� 7KH UHVXOWV KDYH DOVR EHHQ FXUYH ILW WR SUHGLFW WKH FRQWDFW UDGLXV 5F IRU D

JLYHQ VHW RI ' DQG W� 7KH ILIWK RUGHU VSOLQH ZKLFK JLYHV WKH PLQLPXP SRWHQWLDO HQHUJ\ LV DOVR

GHULYHG� 7DEOH � VKRZV WKH FRQWDFW UDGLXV SRO\QRPLDOV IRU 6 DQG '� ,Q DOO DERYH SDUDPHWHU

7DEOH � &RQWDFW UDGLXV�FRPSDULVRQ RI H[SHULPHQWDO� DQG +HUW]� 5HVXOWV

0DWHULDO
W

�PP�
'

�PP�
6

�PP�

<RXQJ©V
0RGXOXV

%ULQHOO
+DUGQHVV

<LHOG
6WUHVV

(
�1�PP��

%+
σ\

�1�PP��

����$O � � �� ����� ��� ���

&RSSHU � � �� ������ ��� ���

���66 � � �� ������ ��� ���

61�&56 ��� � �� ������ �� ���

61�&56 ��� � �� ������ �� ���

61�&56 ��� � �� ������ �� ���

61�&56 ��� � �� ������ �� ���

)LJ� � &RQWDFW UDGLXV YHUVXV VSDFLQJ IRU H[SHULPHQWDO )($� +HUW] DQG +DUGQHVV UHVXOWV
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)LJ� �� 'HIRUPHG VKDSHV RI WKH SDQHO DQG WKH VSDFHU DW S ��� 1�PP�

7DEOH � &RQWDFW UDGLXV 5F �PP� QRQOLQHDU HODVWLF�SODVWLF DQDO\VLV

'
�PP�

6
�PP�

(QYHORSH WKLFNQHVV W �PP�

��� ��� ��� ��� ��� ���

� �� ������ ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������ ������

� �� ������ ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������ ������
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�� ������ ������ ������ ������ ������ ������

� �� ������ ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������ ������
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�� ������ ������ ������ ������ ������ ������

6WHHO� (V ������ 1�PP
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�� (W ���� 1�PP
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FRPELQDWLRQV ���� WRWDO�� WKH PD[LPXP SDQHO GLVSODFHPHQW �VDJ ]� LV IRXQG� )LJ� �� VKRZV WKH

PD[LPXP VDJ ] YHUVXV WKH HQYHORSH WKLFNQHVV W IRU DOO WKH YDOXHV RI 6 DQG '�

���� 5LJLGLW\ RI WKH SDQHO

7R LQYHVWLJDWH WKH VWUHVV GLVWULEXWLRQ� WKH LQWHUDFWLRQ EHWZHHQ WKH GHIRUPDWLRQ DQG WKH VWUHVV

GLVWULEXWLRQ LV RQH RI WKH PRVW LPSRUWDQW IDFWRUV IRU WKH PDWHULDOV QRQOLQHDULW\� $ UHFWDQJXODU ILQLWH

HOHPHQW PRGHO RI WKLV JHRPHWU\ KDV EHHQ HVWDEOLVKHG DQG DQDO\]HG� 7KH SDUDPHWHUV XVHG DUH� 6 �� PP�

W ���� PP� %DVHG RQ WKH PRGLILHG UHFWDQJXODU SODWH PRGHO� WKH PD[LPXP VDJ ZDV IRXQG IRU

YDULRXV YDOXHV RI WKH ULVH K �K ���� ���� ���� ���� ��� DQG ��� PP�� 7KH HIIHFW RI WKH ULVH K RQ WKH

PD[LPXP VDJ RI WKH ULJLGLW\ RI WKH VWUXFWXUH LV VKRZQ RQ 7DEOH �� )RU VPDOO ULVH �K ��� PP� D ���

UHGXFWLRQ RI WKH PD[LPXP VDJ RI WKH IODW SDQHO LV REVHUYHG� $Q\ IXUWKHU LQFUHDVH LQ WKH ULVH GRHV

QRW SURGXFH DQ\ VLJQLILFDQW UHGXFWLRQ RI WKH PD[LPXP VDJ�

���� 2SWLPXP VXSSRUWHG SDWWHUQV

7R PLQLPL]H WKH RYHUDOO FRQWDFW DUHDV� LW LV QRW RQO\ WR UHGXFH WKH FRQWDFW DUHD EHWZHHQ WKH SODWHV

DQG WKH VSDFHUV EXW DOVR WR UHGXFH WKH QXPEHU RI WKH VSDFHUV� %DVHG RQ WKH PLQLPXP VWUHVV

)LJ� �� &RQWDFW UDGLXV YHUVXV WKLFNQHVV IRU YDULRXV 6
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GLVWULEXWLRQ DQG YHUWLFDO GHIRUPDWLRQ� WKH RSWLPXP VXSSRUWHG SDWWHUQ KDV EHHQ IRXQG WR UHGXFH WKH

RYHUDOO FRQWDFW DUHD RI WKH SDQHO�

,Q RUGHU WR LQYHVWLJDWH WKH HIIHFW RI WKH RSWLPXP VXSSRUWHG FRQGLWLRQV� WZR ZKROH SDQHOV DUH

PRGHOHG� RQH ZLWK D VTXDUH SDWWHUQ RI VSDFHUV DQG RQH ZLWK D KH[DJRQDO SDWWHUQ� 7KH YHUWLFDO

GHIRUPDWLRQDO GLVWULEXWLRQ RI WKH VTXDUH SDWWHUQ SDQHO LV VKRZQ LQ )LJ� ���$�� )URP WKLV ILJXUH RQH

FDQ REVHUYH WKDW IRU DOO LQWHULRU VSDFHUV WKHUH LV D V\PPHWULF GHIRUPDWLRQ DQG DOVR D FKDQQHO RI ODUJH

GHIRUPDWLRQ LV IRUPHG DORQJ WKH SHULPHWHU� 7KLV FDQ EH SUHYHQWHG LI D FDQWLOHYHU SRUWLRQ RI WKH SDQHO

ZDV GHVLJQHG WR EDODQFH WKH SUHVVXUH ORDG LQ HLWKHU VLGH RI WKH ILUVW �DQG ODVW� URZ �DQG FROXPQ� RI

WKH VSDFHUV� 7KH RSWLPXP OHQJWK RI WKH FDQWLOHYHU SRUWLRQ FDQ EH IRXQG HDVLO\ LI WKH JHRPHWU\ RI WKH

SDQHO LQ NQRZQ�

)LJ� �� VKRZV WKH GLPHQVLRQV RI D UHFWDQJXODU ������ PP × ������ PP� SDQHO ZLWK D KH[DJRQDO

SDWWHUQ RI VSDFHUV� )LJ� ���%� VKRZV WKH YHUWLFDO GHIRUPDWLRQ RI WKH RULJLQDO GHVLJQ �ZLWKRXW VSDFHUV

$ DQG %� LQ ZKLFK PD[LPXP GHIRUPDWLRQ LV ���� PP� )LJ� ���&� VKRZV WKH YHUWLFDO GHIRUPDWLRQ RI

WKH PRGLILHG GHVLJQ �ZLWKRXW VSDFHU $� LQ ZKLFK WKH PD[LPXP GHIRUPDWLRQ LV ���� PP� )LJ� ���'�

VKRZV WKH YHUWLFDO GHIRUPDWLRQ RI WKH ILQDO GHVLJQ VKRZQ LQ )LJ� �� �ZLWK DOO WKH VSDFHUV� LQ ZKLFK

PD[LPXP GHIRUPDWLRQ LV ��� PP� ,Q FRQFOXVLRQ� DQ RSWLPXP VXSSRUWHG SDWWHUQ DQG DQ RSWLPXP

FDQWLOHYHU OHQJWK EDVHG RQ WKH QXPEHU RI VSDFHUV UHGXFH WKH VWUHVV GLVWULEXWLRQ DQG YHUWLFDO

GHIRUPDWLRQ LQ RUGHU WR DYRLG ODUJH GHIRUPDWLRQ DQG FRQVHTXHQWO\ SODWH FRQWDFW�

7DEOH � &RQWDFW UDGLXV SRO\QRPLDO
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'HIRUPDWLRQDO FKDUDFWHULVWLFV RI D KLJK�YDFXXP LQVXODWLRQ SDQHO ���

�� 5HFRPPHQGDWLRQV WR EH D ¨VPDUW© VWUXFWXUH

7KLV GHVLJQHG SDQHO VDYHV VSDFH� HQHUJ\� DQG GLVSODFHV KDUPIXO FKORURIOXRURFDUERQV� ,W LV PRUH

IDVFLQDWLQJ LI WKH FRQFHSW RI FRQWUROOHG LQVXODWLRQ LV IHDVLEOH� ,Q RWKHU ZRUGV� D SDQHO ZKLFK ZLOO DFW

DV DQ LQVXODWRU RQO\ IRU D JLYHQ UDQJH RI WHPSHUDWXUHV� DQG DV D FRQGXFWLYH SODWH IRU WKH UHVW RI WKH

WHPSHUDWXUHV LV XVHIXO� ,Q DQ HIIRUW WR GHPRQVWUDWH WKH IHDVLELOLW\ RI DQ DXWRPDWLFDOO\ YDULDEOH

VWUXFWXUDO SDQHO� D ILQLWH HOHPHQW PRGHO RI D VLPSOH SDQHO FRQVLVWLQJ RI WZR SODWHV LV HVWDEOLVKHG�

(DFK SODWH LV FRPSRVHG RI WZR OD\HUV RI PDWHULDOV ZLWK GLIIHUHQW FRHIILFLHQWV RI WKHUPDO H[SDQVLRQ

αWRS �� × ��−�R&−� DQG αERW �� × ��−�R&−�� )LJ� ���$� VKRZV WKH ILQLWH HOHPHQW PRGHO� 7KUHH ORDGLQJ

)LJ� �� 7KH PD[LPXP VDJ = YHUVXV WKH HQYHORSH WKLFNQHVV W IRU YDOXHV RI 6 DQG '

7DEOH � (IIHFW RI ULVH K RQ WKH PD[LPXP VDJ RI WKH ULJLGLILHG VWUXFWXUH

K
�PP�

/LQHDU 1RQ�OLQHDU

7KLQ VKHOO 7KLFN VKHOO 7KLQ VKHOO

]PD[ σH�PD[ ]PD[ σH�PD[ ]PD[ σH�PD[

��� ����� ���� ������� ���� ������ ����

��� ������ ���� �������� ���� ������ ����

��� ������ ���� �������� ���� ������ ����

��� ������ ���� �������� ���� ������ ����

��� ������ ���� �������� ���� ������ ����

��� ������ ���� �������� ���� ������ ����

6 �� PP� W ���� PP� ( ������ 1�PP�� ν ���



��� +XQJ�6KDQ 6KX DQG <DQJ�&KHQJ :DQJ

FRQGLWLRQV DUH FRQVLGHUHG� )LUVW� DW D UHIHUHQFH WHPSHUDWXUH RI ��R&� D XQLIRUP SUHVVXUH RI ��� 1�PP�

LV DSSOLHG� 7KH GHIRUPHG VKDSH LV VKRZQ LQ )LJ� ���%�� 6HFRQG� WKH SUHVVXUH DQG DQ RXWVLGH

)LJ� �� 'LPHQVLRQV RI WKH ZKROH SDQHO ZLWK KH[DJRQDO SDWWHUQ

)LJ� �� 9HUWLFDO GHIRUPDWLRQ RI WKH ZKROH SDQHO ZLWK VTXDUH SDWWHUQ



'HIRUPDWLRQDO FKDUDFWHULVWLFV RI D KLJK�YDFXXP LQVXODWLRQ SDQHO ���

WHPSHUDWXUH RI ���R& ZDV DSSOLHG� 7KH GHIRUPHG VKDSH LV VKRZQ LQ )LJ� ���&�� )LQDOO\� WKH SUHVVXUH

DQG DQ RXWVLGH WHPSHUDWXUH RI ���R& ZHUH DSSOLHG� 7KH GHIRUPHG VKDSH LV VKRZQ LQ )LJ� ���'��

)LJ� �� LQGLFDWHV WKDW LI WKH VWUXFWXUH VHUYHV DV DQ LVRODWRU IRU KLJK WHPSHUDWXUH YDULDWLRQ� WKH

WKHUPDO HIIHFWV DUH VLJQLILFDQW� 7KH WHPSHUDWXUH YDULDWLRQ PD\ FUHDWH WKH LQWHUDFWLRQ RI WKHVH

QRQOLQHDULWLHV� ,Q WKH IXUWKHU UHVHDUFK� WKH FRPSRVLWH PDWHULDO ZLWK ORZ FRHIILFLHQW RI WKHUPDO

H[SDQVLRQ PD\ UHGXFH WKH WKHUPDO HIIHFWV RI WKLV W\SH RI SDQHO� 0RUHRYHU� WKH FKDUDFWHULVWLFV RI

WKHUPDO HIIHFWV PD\ HQKDQFH WKH VWLIIQHVV RI WKH SDQHO WR UHVLVW WKH DWPRVSKHUH SUHVVXUH LI WKH

WHPSHUDWXUH LV PXFK JUHDWHU WKDQ URRP WHPSHUDWXUH� 2Q WKH RWKHU KDQG� WKH WKHUPDO HIIHFWV PD\

UHGXFH WKH VWLIIQHVV RI WKH SDQHO WR UHVLVW WKH DWPRVSKHUH SUHVVXUH LI WKH WHPSHUDWXUH LV PXFK OHVV

WKDQ URRP WHPSHUDWXUH GHSHQGLQJ RQ WKH GHVLJQ�

�� &RQFOXVLRQV

%DVHG RQ WKH SUHYLRXV ZRUN� WKH PRVW LPSRUWDQW FRQFOXVLRQV DUH DV IROORZV�

)RU PRGHOLQJ� 7KH IRXU ILQLWH HOHPHQW PRGHOV SURYLGHG LQ WKLV SDSHU LQGLFDWH WKH SKLORVRSK\ RI D

ILQLWH HOHPHQW PRGHOLQJ DQG SUHGLFW WKH WUHQG RI VWUXFWXUDO EHKDYLRU� $ SURSHU YLUWXH VLPXODWLRQ

UHGXFHV WKH ODERUDWRU\ FRVWV − HVSHFLDOO\ IRU D FRPSOLFDWHG VWUXFWXUH OLNH WKLV SDQHO� %DVHG RQ WKH

VWUXFWXUDO FKDUDFWHULVWLFV� WKH ILQLWH HOHPHQW PRGHOV HVWDEOLVKHG LQ WKLV SDSHU DUH FDSDEOH WR HVWLPDWH

WKH VWUXFWXUDO EHKDYLRU�

)RU PDLQO\ SDUDPHWHU RI YHUWLFDO GHIRUPDWLRQ� 7KH HIIHFW RI WKH GLDPHWHU ' LV QHJOLJLEO\ VPDOO IRU

WKH PD[LPXP YHUWLFDO GHIRUPDWLRQ RI WKH SODWH SDQHO� 7KH SDUDPHWHU WKDW PDLQO\ LQIOXHQFHV WKH

PD[LPXP VDJ LV WKH VSDFLQJ EHWZHHQ WKH VSDFHUV� 7KH PD[LPXP YHUWLFDO GHIRUPDWLRQ RI WKH SDQHO

FDQ EH SUHGLFWHG IRU D SUDFWLFDO UDQJH RI SDUDPHWHUV 6 DQG W E\ WKH ILJXUHV SURYLGHG LQ WKLV SDSHU�

)RU WKH WKLFNQHVV RI SODWH� $V WKH WKLFNQHVV RI WKH SODWH LV LQFUHDVHG� WKH YHUWLFDO GHIRUPDWLRQ

EHWZHHQ WKH WZR VHTXHQW VSDFHUV GHFUHDVHV DQG WKH FRQWDFW UDGLXV DOVR GHFUHDVHV� $V WKH SODWH

UHDFKHV WKH FULWLFDO WKLFNQHVV� DQ\ IXUWKHU LQFUHPHQW GRHV QRW SURGXFH DQ\ VLJQLILFDQW FRQWDFW UDGLXV

)LJ� �� 9HUWLFDO GHIRUPDWLRQ RI WKH WKHUPR�VWUXFWXUDO PRGHO



��� +XQJ�6KDQ 6KX DQG <DQJ�&KHQJ :DQJ

RI WKH SDQHO�

)RU WKH SUH�ULVH RI WKH SODWH� 7KH VWUHVV GLVWULEXWLRQ DQG WKH YHUWLFDO GHIRUPDWLRQ DUH DOZD\V

LQWHUDFWHG� %DVHG RQ WKH PRGLILHG UHFWDQJXODU SODWH PRGHO� WKH PD[LPXP VDJ LV VLJQLILFDQWO\

UHGXFHG E\ SUH�ULVH RI K� ,I WKH ULVH RI K UHDFKHV LWV FULWLFDO KLJK� DQ\ IXUWKHU LQFUHPHQW GRHV QRW

SURGXFH VLJQLILFDQW UHGXFWLRQ RI WKH PD[LPXP VDJ�

)RU WKH RSWLPXP VXSSRUWHG SDWWHUQV� 7KH RSWLPXP VXSSRUWHG SDWWHUQV UHGXFH WKH VWUHVV

GLVWULEXWLRQ DQG YHUWLFDO GHIRUPDWLRQ EDVHG RQ WKH QXPEHU RI VSDFHUV DQG WKH RSWLPXP FDQWLOHYHU

OHQJWK� 7KH RSWLPXP VXSSRUWHG SDWWHUQV DUH WR DYRLG ODUJH GHIRUPDWLRQ DQG FRQVHTXHQWO\ SODWH

FRQWDFW� )RU WKLV W\SH RI SDQHO� LW LV HVVHQWLDO WR HVWDEOLVK WKH RSWLPXP VXSSRUW SDWWHUQV�

)RU VPDUW VWUXFWXUH� 7KH GHVLJQ RI D VPDUW VWUXFWXUH LV SRVVLEOH E\ XVLQJ ELPHWDOOLF DQG FDUHIXO

GHVLJQ FRQVLGHULQJ WKH WKHUPDO DQG VWUXFWXUDO HIIHFWV VLPXOWDQHRXVO\� ,I WKH SDQHO VHUYHV DV DQ

LVRODWRU IRU KLJK WHPSHUDWXUH YDULDWLRQ� FRPSRVLWH PDWHULDOV ZLWK ORZ FRHIILFLHQW RI WKHUPDO

H[SDQVLRQ UHGXFH WKH WKHUPDO HIIHFWV� 7KH WKHUPDO HIIHFWV PD\ HQKDQFH WKH VWLIIQHVV RI WKH SDQHO LQ

D SURSHU GHVLJQ�

$V WKH HQYLURQPHQWDO SURWHFWLRQ DWWUDFWV D ORW RI DWWHQWLRQV� LW LV LPSRUWDQW WR VDYH HQHUJ\ E\

LVRODWLQJ WHPSHUDWXUH FRQGXFWDQFH LQ PDQ\ DSSOLFDWLRQV� ,W LV WKH ZD\ WR VWXG\ WKH SDQHO OLNH WKLV WR

FRQWULEXWH WKH HQHUJ\ VDYLQJ�
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3URFHHGLQJV RI WKH (LJKWK 3DFLILF &RQIHUHQFH RQ 1'7� 7DLZDQ 'HFHPEHU� ��������
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