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$ 0RGHO RI &RPPXWLQJ 'LVWDQFHV�$ 0RGHO RI &RPPXWLQJ 'LVWDQFHV�

6RPH 3UHOLPLQDU\ ,QVLJKWV IURP D6RPH 3UHOLPLQDU\ ,QVLJKWV IURP D

6SDWLDO 0RGHO RI -RE 6HDUFK6SDWLDO 0RGHO RI -RE 6HDUFK

0LFKDHO -� .HDQH� 'HSDUWPHQW RI (FRQRPLFV� 1DWLRQDO 8QLYHUVLW\ RI ,UHODQG� *DOZD\

(�PDLO� PLFKDHO�NHDQH#QXLJDOZD\�LH

3DSHU SUHVHQWHG DW WKH ��WK
(XURSHDQ &RQJUHVV RI WKH 5HJLRQDO 6FLHQFH $VVRFLDWLRQ� %DUFHORQD �����

$EVWUDFW$EVWUDFW

$ VSDWLDO PRGHO RI MRE VHDUFK LV GHYHORSHG� )URP WKLV PRGHO VRPH UHVXOWV WKDW DUH

LPSRUWDQW LQ WKH DQDO\VLV RI FRPPXWLQJ GLVWDQFHV DQG ODERXU PDUNHW LQWHUDFWLRQ DUH

KLJKOLJKWHG� 7KH GLVFXVVLRQ IRFXVHV RQ ODERXU PDUNHW LQWHUDFWLRQV� WKH VSDWLDO ZHLJKWV

PDWUL[ DQG IXQFWLRQDO IRUP LQ HPSLULFDO ZRUN�

.H\ZRUGV�.H\ZRUGV� -RE VHDUFK� VSDWLDO PRGHO� FRPPXWLQJ GLVWDQFHV� ODERXU PDUNHW LQWHUDFWLRQ�

VSDWLDO ZHLJKWV PDWUL[

-(/ &ODVVLILFDWLRQ�-(/ &ODVVLILFDWLRQ� 5�� 5��
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���� ,QWURGXFWLRQ,QWURGXFWLRQ

)XQGDPHQWDO FKDQJHV LQ WKH RUJDQLVDWLRQ RI SURGXFWLRQ DQG WKH JURZWK WRZDUGV D VHUYLFH

DQG LQIRUPDWLRQ EDVHG HFRQRP\ KDYH VWURQJ LPSOLFDWLRQV IRU FRPPXWLQJ GLVWDQFHV DQG WKH

FRQILJXUDWLRQ RI ODERXU PDUNHW DUHDV �9DQ GHU /DQQ� ����� 0DERJXQMH� ������ 7KHVH

FRQFHSWV DUH LQFUHDVLQJO\ VHHQ DV LPSRUWDQW LQ VPDOO�DUHD HPSLULFDO PRGHOV RI VSDWLDO

GHYHORSPHQW ZKHUH WKH FKDOOHQJH LV WR XQGHUVWDQG LQWUDPHWURSROLWDQ SRSXODWLRQ DQG

HPSOR\PHQW PRYHPHQWV DW D YHU\ ILQH OHYHO RI VSDWLDO GHWDLO� :HOO NQRZQ H[DPSOHV RI

WKHVH PRGHOV LQFOXGH WKDW RI &DUOLQR DQG 0LOOV ������ ZKR XVH D WZR HTXDWLRQ

VLPXOWDQHRXV V\VWHP WR SURYLGH DQ HPSLULFDO VWUXFWXUH IRU UHFRQFLOLQJ WKH

HPSOR\PHQW�SRSXODWLRQ GLUHFWLRQ RI FDXVDOLW\ LVVXH LQ FRXQW\�OHYHO GHYHORSPHQW

SURFHVVHV� %RDUQHW ������ SURYLGHV DQ H[WHQVLRQ RI WKH &DUOLQR�0LOOV PRGHO E\ H[SOLFLWO\

UHFRJQLVLQJ WKDW FLW\ ODERXU PDUNHWV DUH ODUJHU WKDQ WKH PXQLFLSDOLW\ RI UHVLGHQFH RI WKH

ODERXU IRUFH� 5HFRJQLVLQJ WKDW ORFDWLRQ ZLWKLQ D UHJLRQ PDWWHUV� %RDUQHW DGMXVWV IRU WKH

PLVPDWFK EHWZHHQ ORFDWLRQV RI HPSOR\PHQW DQG ORFDWLRQV RI UHVLGHQFHV E\ FRQVWUXFWLQJ

ODERXU PDUNHW SRWHQWLDO YDULDEOHV WKDW FDSWXUH LQWHUDFWLRQV WKDW DUH D IXQFWLRQ RI GLVWDQFHV

EHWZHHQ ]RQHV DQG WKH QXPEHUV RI HPSOR\HHV DQG UHVLGHQWV LQ HDFK ]RQH�

7KLV SDSHU JLYHV D VSDWLDO RULHQWDWLRQ WR WKH ZHOO HVWDEOLVKHG HFRQRPLF WKHRU\ RI MRE VHDUFK

�0F.HQQD� ����� LQ RUGHU WR GHULYH VRPH LQVLJKWV LQWR ODERXU PDUNHW DQG FRPPXWLQJ

EHKDYLRXU� 7KH UHVXOWV IURP WKH PRGHO SURYLGH VRPH XVHIXO SUHOLPLQDU\ EDFNJURXQG IRU

WKH PRGHOOLQJ RI HPSLULFDOO\ REVHUYHG FRPPXWLQJ GLVWDQFHV DQG ODERXU PDUNHW

LQWHUDFWLRQV EHWZHHQ DUHDV�

���� 6SDWLDO -RE 6HDUFK DQG &RPPXWLQJ 'LVWDQFHV6SDWLDO -RE 6HDUFK DQG &RPPXWLQJ 'LVWDQFHV

7KH VSDWLDO PRGHO LV RQH WKDW GHVFULEHV MREV DV GLVWULEXWHG HYHQO\ RYHU VSDFH DZD\ IURP

WKH VHDUFKHU� 7KH ZDJHV RI DOO MREV� :� LV WKH VDPH EXW WKH GLVWDQFH EHWZHHQ KRPH DQG

ZRUN GLIIHUV EHWZHHQ WKH YDULRXV MRE RIIHUV� 7KXV� WKH VHDUFKHU HYDOXDWHV MREV RYHU VRPH

JHRJUDSKLFDO UDQJH UQ RQ WKH EDVLV RI WKH ZDJH PLQXV FRPPXWLQJ FRVWV� ,W LV DVVXPHG WKDW

FRPPXWLQJ FRVWV DUH SURSRUWLRQDO WR GLVWDQFH U� ZLWK W WKH FRVWV SHU NLORPHWUH� 7KXV� VLQFH

MREV DUH GLVWULEXWHG RYHU VSDFH� WKH ZDJH PLQXV FRPPXWLQJ FRVWV �: � WU� YDULHV� 7KHUH LV

DOVR DQ RSSRUWXQLW\ FRVW� &� DVVRFLDWHG ZLWK HDFK XQLW RI VHDUFK DFWLYLW\� 8VLQJ WKH FRQFHSW
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RI WKH UHVHUYDWLRQ ZDJH� GHILQHG DV WKH PLQLPDO DFFHSWDEOH ZDJH� WKH VHDUFKHU FDQ HYDOXDWH

HDFK RSSRUWXQLW\ LQ WXUQ �VHTXHQWLDOO\� DQG FRPSDUH WKH ZDJH RIIHU �: � WU� ZLWK WKHLU

UHVHUYDWLRQ ZDJH� :KHQ WKH ZRUNHU XQFRYHUV DQ RIIHU ZKLFK DW OHDVW PDWFKHV WKHLU

UHVHUYDWLRQ ZDJH WKH\ ZLOO VWRS VHDUFKLQJ DQG DFFHSW WKDW MRE� 7KH VSDWLDO PRGHO LV

LOOXVWUDWHG LQ )LJXUH ��

[ U� U� U� UQ

)LJXUH �� 6SDWLDO -RE 0DUNHW)LJXUH �� 6SDWLDO -RE 0DUNHW

,Q WKH DVSDWLDO YHUVLRQ RI WKLV PRGHO WKH SUREOHP LV GHILQHG DV ILQGLQJ WKH RSWLPDO

UHVHUYDWLRQ ZDJH : ZKLFK ZLOO PD[LPLVH WKH QHW UHWXUQ IURP MRE VHDUFK DFWLYLW\� ,Q WKLV

VSDWLDO YHUVLRQ WKLV RSWLPDO UHVHUYDWLRQ ZDJH LV PHDVXUHG DV :  : � WU VR WKDW

LQIRUPDWLRQ DERXW WKH RSWLPDO UHVHUYDWLRQ ZDJH ZKLFK PD[LPLVHV WKH QHW UHWXUQ IURP MRE

VHDUFK DFWLYLW\ ZLOO DOVR \LHOG LQIRUPDWLRQ DERXW D ERXQG RQ WKH FRPPXWLQJ GLVWDQFH U�
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,Q WKLV VHTXHQWLDO GHFLVLRQ UXOH VHDUFK PRGHO �6PLWK� ����� WKHUH DUH RQO\ WZR SRVVLEOH

RXWFRPHV� ILQGLQJ D ZDJH RIIHU ZKHUH : � �: � WU� RU REWDLQLQJ D ZDJH RIIHU VXFK WKDW

: � �: � WU�� 7KXV�

���

*LYHQ WKDW WKH LQGLYLGXDO LV H[SORULQJ HDFK ORFDWLRQ LQ WXUQ� WKH H[SHFWHG UHWXUQ IURP

VHDUFKLQJ D VLQJOH VLWH LV

���

ZKLFK 0F.HQQD ������ �� � ��� LQWHUSUHWV DV �7KH H[SHFWHG UHWXUQ WR VHDUFKLQJ RQFH

XVLQJ D UHVHUYDWLRQ ZDJH� :� LV WKH PHDQ �H[SHFWHG� ZDJH RI DOO ZDJHV QR OHVV WKDQ : �

���� PXOWLSOLHG E\ WKH SUREDELOLW\ RI ILQGLQJ VXFK D ZDJH� SOXV WKH H[SHFWHG UHWXUQ WR

VHDUFKLQJ RQFH PRUH PXOWLSOLHG E\ WKH SUREDELOLW\ WKDW DQ XQDFFHSWDEOH ZDJH LV IRXQG� OHVV

WKH FRVW RI WKH ILUVW VHDUFK�� 6ROYLQJ ��� IRU 5�:� ZH REWDLQ WKH IROORZLQJ H[SUHVVLRQ�

���

ZKHUH�

DQG

7KH RSWLPDO UHVHUYDWLRQ ZDJH : LQ WKH VSDWLDO YHUVLRQ RI WKH VHDUFK PRGHO LV ���� VHH

DSSHQGL[ $

���
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7KLV HTXDWLRQ ��� LV WKHQ PD[LPLVHG RYHU U WR UHYHDO WKH |UHVHUYDWLRQ} FRPPXWLQJ

GLVWDQFH DVVRFLDWHG ZLWK WKLV RSWLPDO UHVHUYDWLRQ ZDJH� 7KLV FRQFHSW RI D UHVHUYDWLRQ

FRPPXWLQJ GLVWDQFH FDQ DOVR EH IRXQG LQ WKH PRGHO RI 5RXZHQGDO ������� 7KH JHQHUDO

VROXWLRQ XVHG WR JHQHUDWH WKLV UHVHUYDWLRQ GLVWDQFH� HTXDWLRQ �D LQ $SSHQGL[ $� H[KLELWV

WZR W\SHV RI EHKDYLRXU GHSHQGLQJ RQ WKH H[WHQW RI WKH JHRJUDSKLFDO DUHD RYHU ZKLFK WKH

MRE VHDUFKHU FKRRVHV WR VHDUFK� ,I D VPDOO DUHD LV VHDUFKHG� D UHVHUYDWLRQ GLVWDQFH GRHV QRW

H[LVW� VHH )LJXUH �D� EXW ZKHQ WKH DUHD LV ODUJH WKHUH LV D ZHOO GHILQHG UHVHUYDWLRQ

FRPPXWLQJ GLVWDQFH� VHH )LJXUH �E� 6RPH LPSOLFDWLRQV RI WKHVH GLIIHUHQW UHVXOWV DUH

GLVFXVVHG PRUH IXOO\ LQ WKH QH[W WZR VHFWLRQV RI WKH SDSHU�
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U

UQ

.PV

� � � �

)LJXUH �D�)LJXUH �D� $ 6PDOO *HRJUDSKLFDO 5DQJH UQ DQG &RPPXWLQJ 'LVWDQFH U

U

.PV

� �� �� �� ��

)LJXUH �E�)LJXUH �E� $ /DUJH *HRJUDSKLFDO 5DQJH DQG &RPPXWLQJ 'LVWDQFH 5
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)LJXUH �� *HRJUDSKLFDO 5DQJH DQG &RPPXWLQJ 'LVWDQFH)LJXUH �� *HRJUDSKLFDO 5DQJH DQG &RPPXWLQJ 'LVWDQFH
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���� /DERXU 0DUNHW ,QWHUDFWLRQ DQG WKH 6SDWLDO :HLJKWV 0DWUL[/DERXU 0DUNHW ,QWHUDFWLRQ DQG WKH 6SDWLDO :HLJKWV 0DWUL[

7KH WUHQG WRZDUGV DQ LQIRUPDWLRQ RULHQWHG HFRQRP\� SDUWLFXODUO\ UHIOHFWHG LQ WKH SUHVHQFH

RI EXVLQHVV VHUYLFHV� VXJJHVWV QHZ SDWWHUQV RI FRPPXWLQJ DFURVV VSDWLDO ]RQHV� 7KLV

LQWHUDFWLRQ FRQQHFWV ORFDWLRQV DQG GHILQHV QHZ FRPPXWLQJ VKHGV DQG ODERXU PDUNHW DUHDV�

7KLV ODERXU PDUNHW LQWHUDFWLRQ EHWZHHQ ]RQHV LV H[SHFWHG WR GHFUHDVH DV WKH GLVWDQFHV

LQYROYHG LQFUHDVH� ,Q WKH HPSLULFDO ZRUN FLWHG HDUOLHU� WKLV IHDWXUH LV FDSWXUHG E\ D VSDWLDO

ZHLJKWV PDWUL[ :  ^ZLM` ZLWK ZLM ↓ � DV LQWHUDFWLRQV IDOO� ,Q VRPH DSSOLFDWLRQV WKH URZ RU

FROXPQ VXPV RI : DUH VFDOHG WR RQH� 7ZR H[DPSOHV WKDW DUH FRPPRQO\ XVHG �+DLQLQJ�

����� DUH�

�D� ZLM  GLM
�γ �γ ≥ 0) ZKHUH GLM LV WKH GLVWDQFH EHWZHHQ L DQG M DQG γ LV D FRQVWDQW

�E� ZLM  H[S ��GLM
γ� ZKHUH H[S GHQRWHV WKH H[SRQHQWLDO IXQFWLRQ

7KH : PDWUL[ XVHG LQ %RDUQHW ������� IRU H[DPSOH� KDV DV LWV HOHPHQWV GLM
�α ZKHUH DJDLQ

WKH SDUDPHWHU α GHVFULEHV KRZ WKH ODERXU PDUNHW LQWHUDFWLRQV GHFUHDVH ZLWK GLVWDQFH�

6LQFH WKH VWUHQJWK RI WKLV ODERXU PDUNHW LQWHUDFWLRQ LV EDVHG RQ FRPPXWLQJ SDWWHUQV DFURVV

86 PXQLFLSDOLWLHV� WKH YDOXH RI α �  ����� ZDV HVWLPDWHG E\ %RDUQHW IURP 86 FHQVXV

FRPPXWLQJ GDWD� ,Q FRQWUDVW� LQ D UHFHQW H[WHQVLRQ RI WKH %RDUQHW PRGHO WR 'HQPDUN�

.ULVWHQVHQ DQG +HQU\ ������ VHW ZLM  � LI PXQLFLSDOLWLHV L DQG M DUH ZLWKLQ WKH VDPH

FRPPXWLQJ VKHG RI HDFK RWKHU DQG ZLM  � RWKHUZLVH� 7KLV GHFLVLRQ LV FRQVLVWHQW ZLWK

%DUWHOV ������ ZKR VXJJHVWV WKDW VLPSOH ELQDU\ ZHLJKWV DUH DV DGHTXDWH DV PRUH FRPSOH[

VFKHPHV LQ PRVW LQVWDQFHV� $Q HDUOLHU DQG GHWDLOHG GLVFXVVLRQ RQ WKH FKRLFH RI : FDQ EH

IRXQG LQ &OLII DQG 2UG ������ DQG LQ +DJJHWW HW DO� �������

7KH VSDWLDO PRGHO RXWOLQHG KHUH VWURQJO\ VXSSRUWV WKH H[SRQHQWLDO IRUP� ZLM  

H[S ��GLM
\�� 7KLV UHVXOW LV LOOXVWUDWHG ZLWK WKH DLG RI )LJXUH �� )LJXUH �D GHVFULEHV WKH

UHODWLRQVKLS EHWZHHQ UQ DQG U� DV GHILQHG E\ HTXDWLRQ �D LQ WKH $SSHQGL[� )LJXUH �E

LOOXVWUDWHV KRZ ODERXU LQWHUDFWLRQ GHFOLQHV ZLWK GLVWDQFH� 7KH PHDVXUH RI LQWHUDFWLRQ LV

H[SUHVVHG DV WKH UDWLR RI U WR UQ DV VKRZQ LQ �D� $V VXJJHVWHG HDUOLHU� WKHUH LV D VPDOO

JHRJUDSKLFDO UDQJH RYHU ZKLFK ODERXU LQWHUDFWLRQV DUH IXOO\ PD[LPLVHG �WKHVH DUH DUHDV

WKDW DUH� LQ .ULVWHQVHQ�V DQG +HQU\�V WHUPV� ZLWKLQ WKH VDPH FRPPXWLQJ VKHG RI HDFK

RWKHU� EXW EH\RQG WKDW UDQJH LQWHUDFWLRQ GHFOLQHV H[SRQHQWLDOO\� ,W LV WUXH� RI FRXUVH� WKDW
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WKH SDUWLFXODU FKDUDFWHULVDWLRQ WKDW LV VKRZQ LQ )LJXUH �E UHIOHFWV D JLYHQ VHW RI YDOXHV IRU

& DQG W LQ WKH XQGHUO\LQJ PRGHO� $Q LQFUHDVH LQ W� IRU H[DPSOH� ZLOO UHGXFH WKH UDQJH RYHU

ZKLFK LQWHUDFWLRQ LV PD[LPLVHG DQG ZLOO DOVR VWUHQJWKHQ WKH GHJUHH RI GLVWDQFH GHFD\

SUHVHQW� 7KH JHQHUDO VKDSH RI WKH UHVXOW LQ �E LV� KRZHYHU� XQDIIHFWHG E\ FKDQJHV LQ

SDUDPHWHU YDOXHV�

U ��
R

UQ

.PV

� �� ��

)LJXUH �D�)LJXUH �D� *HRJUDSKLFDO 5DQJH DQG &RPPXWLQJ 'LVWDQFH

/DERXU 0DUNHW ,QWHUDFWLRQ

�

|&RPPXWLQJ 6KHG}

�

.PV

)LJXUH �E�)LJXUH �E� /DERXU 0DUNHW ,QWHUDFWLRQ DQG 'LVWDQFH

)LJXUH �� *HRJUDSKLFDO 5DQJH� &RPPXWLQJ 'LVWDQFHV DQG /DERXU 0DUNHW ,QWHUDFWLRQV)LJXUH �� *HRJUDSKLFDO 5DQJH� &RPPXWLQJ 'LVWDQFHV DQG /DERXU 0DUNHW ,QWHUDFWLRQV
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���� &RPPXWLQJ 'LVWDQFHV� $Q (PSLULFDO 7HVW&RPPXWLQJ 'LVWDQFHV� $Q (PSLULFDO 7HVW

7KH UHVHUYDWLRQ FRPPXWLQJ GLVWDQFH GHILQHV WKH H[WHQW RI WKH FRPPXWLQJ WKDW ZLOO WDNH

SODFH IURP D JLYHQ ORFDWLRQ L� :KDW ZH VHH IURP WKH PRGHO LV WKDW WKLV GLVWDQFHV LQFUHDVHV

DV D UHVXOW RI KRXVHKROGV LQFUHDVLQJ WKHLU VHDUFK DUHD EXW GRHV VR DW D GHFUHDVLQJ UDWH� VHH

)LJXUH �D� :H FDQ EULHIO\ FRPSDUH WKLV UHODWLRQVKLS ZLWK VRPH FRPPXWLQJ GDWD� 7KH GDWD

LV IURP WKH &HQVXV RI 3RSXODWLRQ ,UHODQG ����� 7KH HPSLULFDO UHODWLRQVKLS LV DYHUDJH

FRPPXWLQJ GLVWDQFHV DQG VSDWLDO MRE VHDUFK DUHD�

,Q UXUDO DUHDV MREV DQG SHRSOH DUH XQHYHQO\ GLVWULEXWHG DQG WKLV UHDOLW\ PXVW EH

DFFRPPRGDWHG LQ GHYLVLQJ DQ\ PHDVXUH RI SRWHQWLDO VHDUFK DUHD� &OHDUO\ WKH QXPEHU RI

MREV LQ DOO RWKHU SDUWV RI D UHJLRQ ZLOO KDYH DQ LQIOXHQFH RQ WKH VHDUFK DUHD XVHG E\ DQ

LQGLYLGXDO ORFDWHG DW L� 7KH LQFUHDVLQJ OLNOLHKRRG LV WKDW LW ZLOO EH WKH VHW RI XUEDQ ORFDWLRQV

WKDW PDWWHUV LQ GHILQLQJ VSDWLDO MRE VHDUFK� +RXVWRQ ������ GLVFXVVHV D PHVXUH RI VSDWLDO

MRE DFFHVVLELOLW\ ZKLFK LV DGRSWHG KHUH� DOEHLW LQ D VLPSOLILHG� DQG PRUH JHQHUDOLVHG� IRUP�

7KH DVVXPSWLRQ PDGH LV WKDW D KLJKHU OHYHO RI DFFHVVLELOLW\ ZLOO HQFRXUDJH ZRUNHUV WR

HQJDJH LQ PRUH H[WHQVLYH VHDUFK� 7KH PHDVXUH XVHG LV�

ZKHUH $L  VSDWLDO DFFHVVLELOLW\ RI D ZRUNHU OLYLQJ DW ORFDWLRQ L� 3L  SRSXODWLRQ RI QHDUE\

�ZLWKLQ D GLVWDQFH RI �NPV�� XUEDQ SODFH�V�� 3R  SRSXODWLRQ LQ HDFK RWKHU XUEDQ SODFH� DQG

GLR  VWUDLJKW�OLQH GLVWDQFH RI HDFK RWKHU SODFH IURP ORFDWLRQ L�

$YHUDJH FRPPXWLQJ GDWD FRPSXWHG IRU KRXVHKROGV LQ �� UDQGRPO\ FKRVHQ UXUDO ORFDWLRQV

�'LVWULFW (OHFWRUDO 'LYLVLRQV�� DORQJ ZLWK VSDWLDO DFFHVVLELOLW\ PHDVXUHV� DUH UHSRUWHG LQ

7DEOH �� 7KH OHDVW�VTXDUHV ILW IRU ERWK WKH PRGHO DQG HPSLULFDO UHODWLRQVKLS DUH VKRZQ LQ

)LJXUH �� 7KH DQDO\VLV VXSSRUWV WKH LGHD WKDW VSDWLDO LQWHUDFWLRQV LQFUHDVH LQ FRPSOH[LW\ DV

VSDWLDO DFFHVVLELOLW\ LQFUHDVHV�

7DEOH �� $YHUDJH &RPPXWLQJ 'LVWDQFH DQG $FFHVVLELOLW\ 0HDVXUHV IRU �� UXUDO DUHDV7DEOH �� $YHUDJH &RPPXWLQJ 'LVWDQFH DQG $FFHVVLELOLW\ 0HDVXUHV IRU �� UXUDO DUHDV
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C ommutin g  Dista n c es
D ata

M oel   

x 3 02 52 01 51 050
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6HDUFK DUHD�

$FFHVVLELOLW\

)LJXUH �� /HDVW 6TXDUHV )LW)LJXUH �� /HDVW 6TXDUHV )LW

���� &RQFOXVLRQV&RQFOXVLRQV

7KHUH LV D UHQHZHG UHVHDUFK LQWHUHVW LQ ORFDO ODERXU PDUNHWV DQG LQ KRZ WKH\ ZRUN� $

VHULRXV SUREOHP HQFRXQWHUHG LQ HPSLULFDO PRGHOV RI ORFDO ODERXU PDUNHWV DQG HPSOR\PHQW

DQG SRSXODWLRQ FKDQJH FRQFHUQV PRGHO VSHFLILFDWLRQ� 2QH SDUWLFXODU VHW RI LVVXHV LV KRZ

WKH VSDWLDO ZHLJKW PDWUL[ WKDW LV XVHG LQ WKHVH PRGHOV WR FRQVWUXFW ODERXU PDUNHW SRWHQWLDOV

DQG GHILQH ODERXU PDUNHW DUHDV LV LWVHOI FRQVWUXFWHG DQG KRZ VHQVLWLYH WKH HPSLULFDO UHVXOWV

DUH WR GLIIHUHQW FRQVWUXFWLRQV� $ VSDWLDO PRGHO RI VHDUFK KDV EHHQ RXWOLQHG KHUH DV D EDVLF

WKHRUHWLFDO IUDPHZRUN WKDW DSSHDUV WR EH XVHIXO LQ WKLQNLQJ DERXW VRPH RI WKH PRGHOOLQJ

TXHVWLRQV LQYROYHG� 'HVSLWH LWV LQLWLDOO\ VLPSOH IRUP� WKH PRGHO LV TXLWH IUXLWIXO LQ WHUPV RI

WKH LQVLJKWV LW RIIHUV LQWR ODERXU PDUNHW LQWHUDFWLRQV� ,Q DGGLWLRQ� WKLV PRGHO RI VHDUFK

VXJJHVWV WKDW WKH DSSURSULDWH IXQFWLRQ LQ DQ\ H[HUFLVH WKDW VHHNV WR UHODWH FRPPXWLQJ

GLVWDQFH� RU WKH GLVWULEXWLRQ RI FRPPXWLQJ GLVWDQFHV� ZLWK WKH VSDWLDO GLVWULEXWLRQ RI

HPSOR\PHQW RSSRUWXQLWLHV DURXQG WKH KRPH ORFDWLRQ LV D ORJDULWKPLF IRUP� ,Q IDFW� WKLV

VSHFLILFDWLRQ FDQ EH IRXQG LQ VRPH RI WKH UHFHQW HPSLULFDO OLWHUDWXUH RQ FRPPXWLQJ

GLVWDQFHV �5RXZHQWDO DQG 5LHWYHOG� ����� ,PPHUJOXFN� ������
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$33(1',; $$33(1',; $

)LJXUH � GHVFULEHV WKH VSDWLDO PRGHO� 7DEOH �$ VXPPDULVHV WKH SUREDELOLWLHV IDFHG E\ WKH

VHDUFKHU ORFDWHG DW [ � VHH )LJXUH ��
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7KH FDOFXODWLRQ RI LV WKH VXP RI WKH SUREDELOLWLHV DVVRFLDWHG ZLWK DOO ZDJH

RIIHUV HTXDO WR RU JUHDWHU WKDQ:�
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7DNLQJ D SDUWLFXODU ([DPSOH�

��D�

ZKLFK VLPSOLILHV WR�

��D�

8VLQJ VXPPDWLRQ RI VHULHV UHVXOWV ��D� VLPSOLILHV IXUWKHU WR�

��D�

DQG JHQHUDOLVHG \LHOGV

��D�

7KXV

PD[LPLVLQJ 5�:� Z�U�W� U DQG FKHFNLQJ �QG RUGHU FRQGLWLRQV �&KDU� HW DO� ����� JLYHV

��D�

ZKHUH
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5HIHUHQFHV5HIHUHQFHV

%DUWHOV� &�3�$� ����� 2SHUDWLRQDO 6WDWLVWLFDO 0HWKRGV IRU $QDO\VLQJ 6SDWLDO 'DWD� ,Q

%DUWHOV &�3�$�� .HWDOODSSHU� 5�$� �HGV��� ([SORUDWRU\ DQG ([SODQDWRU\ 6WDWLVWLFDO $QDO\VLV

RI 6SDWLDO 'DWD� 0DUWLQXV 1LMQRII� %RVWRQ�

%RDUQHW� 0�*� ����� $Q (PSLULFDO 0RGHO RI ,QWUDPHWURSROLWDQ 3RSXODWLRQ DQG

(PSOR\PHQW *URZWK� 3DSHUV LQ 5HJLRQDO 6FLHQFH� 7KH -RXUQDO RI WKH 56$, ��� ��� � ���

&DUOLQR� *�$�� 0LOOV� (�6� ����� 7KH GHWHUPLQDQWV RI FRXQW\ JURZWK� -RXUQDO RI 5HJLRQDO

6FLHQFH ��� �� � ��

&KDU� %�:�� *HGGHV� .�2�� *RQQHW� *�+�� /HRQJ� %�/�� 0RQDJKDQ� 0�%�� :DWW� 6�0�

����� )LUVW /HDYHV� $ 7XWRULDO ,QWURGXFWLRQ WR 0DSOH 9� 6SULQJHU�9HUODJ� 1HZ <RUN

&OLII� $�'�� 2UG� -�.� ����� 6SDWLDO $XWRFRUUHODWLRQ� 3LRQ� /RQGRQ

+DJJHWW� 3�� &OLII� $�'�� )UH\� $� ����� /RFDWLRQDO $QDO\VLV LQ +XPDQ *HRJUDSK\�

$UQROG� /RQGRQ

+DLQLQJ� 5� ����� 6SDWLDO 'DWD $QDO\VLV LQ WKH 6RFLDO DQG (QYLURQPHQWDO 6FLHQFH�

&DPEULGJH 8QLYHUVLW\ 3UHVV� &DPEULGJH

,PPHUJOXFN� '� ����� 1HLJKERXUKRRG (FRQRPLF 'HYHORSPHQW DQG /RFDO :RUNLQJ� 7KH

(IIHFW RI 1HDUE\ -REV RQ ZKHUH 5HVLGHQWV :RUN� (FRQRPLF *HRJUDSK\ ��� �������

.ULVWHQVHQ� .�� +HQU\� 0�6� ����� 3HULSKHUDO 3RSXODWLRQ DQG (PSOR\PHQW &KDQJH ,Q�

'HQPDUN�V )XQFWLRQDO (FRQRPLF 5HJLRQV� 'RHV WKH +LQWHUODQG KDYH D 6WDNH LQ 8UEDQ"

3DSHU SUHVHQWHG DW WKH ��WK (XURSHDQ $VVRFLDWLRQ RI $JULFXOWXUDO (FRQRPLVWV 6HPLQDU

5XUDO 5HVWUXFWXULQJ ZLWKLQ 'HYHORSHG (FRQRPLHV� 'LMRQ )UDQFH� 0DUFK

0DERJXQMH� $�/� ����� 7KH 'HYHORSPHQW 3URFHVV� +XWFKLQVRQ� /RQGRQ
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0F.HQQD� &�-� ����� 7KH 7KHRU\ RI 6HDUFK LQ /DERXU 0DUNHWV� ,Q 6DSVIRUG� '��

7]DQQDWRV =� �HGV��� &XUUHQW LVVXHV LQ /DERXU (FRQRPLFV� 0DFPLOODQ� /RQGRQ

6PLWK� 6�:� ����� /DERXU (FRQRPLFV� 5RXWOHGJH� /RQGRQ

5RXZHQGDO� -� ����� 6HDUFK 7KHRU\� 6SDWLDO /DERXU 0DUNHWV� DQG &RPPXWLQJ� -RXUQDO

RI 8UEDQ (FRQRPLFV ��� �����

5RXZHQGDO� -�� 5LHWYHOG� 3� ����� &KDQJHV LQ &RPPXWLQJ 'LVWDQFHV RI 'XWFK +RXVHKROGV�

8UEDQ 6WXGLHV ��� ���� � ����

9DQ GHU /DQQ� /� ����� &KDQJLQJ 8UEDQ 6\VWHPV� $Q (PSLULFDO $QDO\VLV RI 7ZR

6SDWLDO /HYHOV� 5HJLRQDO 6WXGLHV ��� �������


