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$EVWUDFW

$IWHU GHVFULELQJ 'HODXQD\ WULDQJXODWLRQV RI YHUWLFHV RQ D VSKHUH DQG LQ D SODQH� ZH SURYH WKDW
HYHU\ 'HODXQD\ WULDQJXODWLRQ RI YHUWLFHV RQ D VSKHUH FRUUHVSRQGV WR WKH 'HODXQD\ WULDQJXODWLRQ
LQ WKH SODQH RI DQ\ VWHUHRJUDSKLF SURMHFWLRQ RI WKH VSKHULFDO WULDQJOH YHUWLFHV� :H WKHQ H[SORLW
WKLV FRUUHVSRQGHQFH WR EXLOG UREXVW DOJRULWKPV IRU 'HODXQD\ WULDQJXODWLRQV LQ WKH SODQH RU RQ WKH
VSKHUH� :H DOVR GHVFULEH D FROOHFWLRQ RI ?pVKH\H� FRQIRUPDO WUDQVIRUPDWLRQV RI WKH VSKHUH WKDW DUH
WKH FRPSRVLWLRQ RI RQH VWHUHRJUDSKLF SURMHFWLRQ ZLWK WKH LQYHUVH RI DQRWKHU VWHUHRJUDSKLF SURMHFWLRQ�

.H\ZRUGV� 0DS WUDQVIRUPDWLRQV� 9RURQRL GLDJUDPV� SDUWLWLRQV� FRQIRUPDO PDSSLQJ



, QWU RGXFWLRQ

'HODXQD\ WULDQJXODWLRQV DULVH QDWXUDOO\ DQG IUH�
TXHQWO\ LQ PDSSLQJ DSSOLFDWLRQV DQG LQ VSDWLDO
GDWD PDQDJHPHQW SUREOHPV� 7ULDQJXODWHG ,UUHJ�
XODU 1HWZRUNV �7,1V� �0DUN� ����� KDYH ORQJ
SOD\HG DQ LPSRUWDQW UROH LQ HOHYDWLRQ PDSSLQJ
�3HXFNHU� ������ DQG 'HODXQD\ WULDQJXODWLRQV RI�
IHU PDQ\ FRPSXWDWLRQDO DQG WKHRUHWLFDO DGYDQ�
WDJHV RYHU RWKHU 7,1 GHFRPSRVLWLRQV� $ 'H�
ODXQD\ WULDQJXODWLRQ LQ D SODQH DOVR LV WKH GXDO
JUDSK �RU WRSRORJLFDO GXDO� RI D 9RURQRL GLDJUDP�
D IXQGDPHQWDO VSDWLDO GDWD VWUXFWXUH IRU IDFLOLWDW�
LQJ QHDUHVW QHLJKERU TXHULHV DQG SRLQW VHDUFKHV
�%HUQ� ������ 7KH 9RURQRL GLDJUDP PD\ EH EXLOW
IURP WKH 'HODXQD\ WULDQJXODWLRQ LQ OLQHDU WLPH
DQG YLFH YHUVD� 2IWHQ WKH WZR SODQH JUDSKV DUH
EXLOW VLPXOWDQHRXVO\ �VHH )LJXUH ��� VLQFH WKH
9RURQRL YHUWLFHV DUH WKH FLUFXPFHQWHUV RI WKH WUL�
DQJOHV RI WKH 'HODXQD\ WULDQJXODWLRQ� DQG WKH FLU�
FXPFHQWHUV DUH KDQG\ �DQG WKXV DUH RIWHQ FRP�
SXWHG� WR PDLQWDLQ WKH 'HODXQD\ WULDQJXODWLRQ
IRU G\QDPLF SRLQW VHWV�

'HODXQD\ WULDQJXODWLRQV DQG 9RURQRL GLD�
JUDPV LQ WKH SODQH HDFK KDYH FRXQWHUSDUWV RQ
WKH VSKHUH� 2Q WKH VSKHUH� HGJHV DUH PLQRU DUFV
RI JUHDW FLUFOHV �OLNH WKH OLQH VHJPHQWV LQ WKH
SODQH� WKHVH DUFV DUH DOVR JHRGHVLFV�� $V LQ WKH
SODQH� 9RURQRL HGJHV OLH RQ SHUSHQGLFXODU ELVHF�
WRUV RI 'HODXQD\ HGJHV LQ WKH VSKHUH� 7KH DVVR�
FLDWHG VWUXFWXUHV QDWXUDOO\ DUH DOVR FDOOHG ?'H�
ODXQD\ WULDQJXODWLRQV� DQG ?9RURQRL GLDJUDPV�
RI WKH VSKHUH� UHVSHFWLYHO\ �VHH )LJXUH ��� 7KHUH
LV PDWKHPDWLFDO VRIWZDUH �5HQND� ����� IRU 'H�
ODXQD\ WULDQJXODWLRQV RQ WKH VSKHUH DQG HYHQ DW
OHDVW RQH FRPPHUFLDO PDSSLQJ SURGXFW DYDLODEOH
WKDW SDUWLWLRQV WKH JOREH LQWR 'HODXQD\ WULDQJX�
ODWLRQV DQG 9RURQRL GLDJUDPV� �/XNDWHOD� ������

:KLOH WKHUH DUH PDQ\ ZD\V WR DVVRFLDWH SRLQWV
RQ D UHJLRQ RI WKH VSKHUH ZLWK SRLQWV LQ WKH SODQH
�DQ\ PDS SURMHFWLRQ� RI FRXUVH� LV MXVW VXFK DQ DV�
VRFLDWLRQ�� LW LV QRW LPPHGLDWHO\ FOHDU WKDW DQ\ RI
WKH DVVRFLDWLRQV RI SRLQWV H[WHQG WR DVVRFLDWLRQV
RI WKHLU WULDQJXODWLRQV �L�H�� H[WHQGLQJ DQ DVVRFL�

�KWWS���ZZZ�JHRG\VVH\�FRP�KLSSDUFKXV�KWPO

)LJXUH �� 'HODXQD\ WULDQJXODWLRQ �JUD\� DQG LWV
GXDO 9RURQRL GLDJUDP �EODFN� RQ D VSKHUH

DWLRQ WR WKH WULDQJXODWLRQV ZRXOG PHDQ WKDW WKH
FRUUHVSRQGLQJ HGJH VHWV HDFK WULDQJXODWH WKHLU UH�
VSHFWLYH VSDFHV�� (GJHV WKHPVHOYHV DUH QRW JHQ�
HUDOO\ DVVRFLDWHG SRLQW IRU SRLQW� *UHDW FLUFOH
DUFV XVXDOO\ GR QRW SURMHFW WR VWUDLJKW OLQHV XQ�
GHU DUELWUDU\ SURMHFWLRQV� 7KH RQH SURMHFWLRQ
WKDW VHQGV DOO JUHDW FLUFOHV WR VWUDLJKW OLQHV� WKH
FHQWUDO D]LPXWKDO RU JQRPRQLF SURMHFWLRQ� GRHV
QRW SUHVHUYH UHODWLYH GLVWDQFHV DORQJ WKRVH OLQHV�

'HODXQD\ &U LWHU LD

,Q WKH SODQH� 'HODXQD\ WULDQJXODWLRQV DUH FKDU�
DFWHUL]HG E\ WKH HPSW\ FLUFXPFLUFOH SURSHUW\� $
WULDQJXODWLRQ LV 'HODXQD\ LI WKH LQWHULRU RI WKH
FLUFXPFLUFOH RI HDFK RI LWV WULDQJOHV FRQWDLQV QR
YHUWLFHV RI WKH SRLQW VHW� 2Q D VSKHUH DQ\ FLUFOH
LV WKH LQWHUVHFWLRQ RI D SODQH VOLFLQJ WKURXJK WKH
VSKHUH� (DFK FLUFOH WKHQ ERXQGV WZR ?EXEEOHV��
D ODUJHU DQG D VPDOOHU EXEEOH �VHH )LJXUH ��� 7KH
QDWXUDOO\ HTXLYDOHQW FRQGLWLRQ WR WKH HPSW\ FLU�
FXPFLUFOH SURSHUW\ LQ WKH SODQH LV WKH HPSW\ EXE�
EOH SURSHUW\ RQ WKH VSKHUH�

,Q RWKHU ZRUGV� WKH VPDOOHU RI WKH WZR ?EXE�
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)LJXUH �� 'HODXQD\ WULDQJXODWLRQ �JUD\� DQG LWV GXDO 9RURQRL GLDJUDP �EODFN� LQ D SODQH

)LJXUH �� $Q\ FLUFOH RQ WKH VXUIDFH RI WKH VSKHUH
GLYLGHV WKH VSKHUH LQWR D ODUJH DQG D VPDOO EXEEOH

EOHV� IRUPHG E\ WKH FLUFOH RQ WKH VXUIDFH RI WKH
VSKHUH SDVVLQJ WKURXJK WKH WULDQJOH YHUWLFHV LV
HPSW\� 7KH EXEEOH ZLOO EH HPSW\ LI DQG RQO\ LI
WKHUH DUH QR RWKHU YHUWLFHV �LQ ��' VSDFH� RQ RQH
VLGH RI WKH SODQH WKDW SDVVHV WKURXJK WKH WKUHH
WULDQJOH YHUWLFHV� 7KXV LI ZH UHSODFH WKH JUHDW FLU�
FOH DUFV ZLWK FKRUGV RI WKRVH DUFV� ZH JHW H[DFWO\
WKH HGJHV DQG YHUWLFHV RI WKH FRQYH[ KXOO RI WKH
YHUWH[ VHW� ,Q IDFW� RQH PD\ GHpQH WKH 'HODXQD\
WULDQJXODWLRQ RI D SRLQW VHW RQ WKH VSKHUH WR EH
WKH FRQYH[ KXOO RI WKH SRLQW VHW� WKHQ LQWHUSUHW
WULDQJXODU IDFHWV RI WKH SRO\KHGURQ DV VSKHULFDO
WULDQJOHV� DV LOOXVWUDWHG LQ )LJXUH ��

$V EHIRUH� DQ HPSW\ ?FLUFXP�EXEEOH� VLJQLpHV
WKDW DOO YHUWLFHV QRW EHORQJLQJ WR D WULDQJOH DUH
RQ WKH VDPH VLGH RI WKH SODQH RI WKH WULDQJX�
ODU IDFHW� )RU VRPH WULDQJXODWLRQV RI WKH VSKHUH�
WHVWLQJ VLGHGQHVV RI WKH SODQH LV D TXLFN DQG HDV\
WHVW� 2Q WKH RWKHU KDQG� LI WKH FXUYDWXUH LQ D UH�
JLRQ LV YHU\ VOLJKW� WKHQ DOO SRLQWV ZLOO EH QHDUO\
FR�SODQDU� DQG WHVWLQJ IRU VLGHGQHVV PD\ SURGXFH
LQFRQFOXVLYH UHVXOWV �WKH WUXH RU PHDVXUHG GLV�
WDQFH WR WKH SODQH PD\ EH VPDOOHU WKDQ WKH XQ�
FHUWDLQW\ RI PHDVXUHPHQWV DQG FRPSXWDWLRQV��
$ VLPSOH WHVW IRU VLGHGQHVV LQYROYHV SOXJJLQJ WKH
FRRUGLQDWHV RI WKH WHVW SRLQW �[�� \�� ]�� LQWR WKH
OLQHDU H[SUHVVLRQ� $[�%\�&]�'� ZKRVH ]HUR�
VHW� I�;�<� =� M $;�%< �&=�'  �J� GHpQHV
WKH SODQH� ,I WKH VLJQ RI WKH HYDOXDWHG H[SUHVVLRQ
LV SRVLWLYH� WKHQ WKH SRLQW LV RQ RQH VLGH RI WKH
SODQH� LI WKH VLJQ LV QHJDWLYH� WKH SRLQW OLHV RQ
WKH RWKHU VLGH RI WKH SODQH� ,I WKH UHJLRQ LWVHOI
LV WRR qDW� WKHQ WKH HYDOXDWHG H[SUHVVLRQ ZLOO EH
WRR FORVH WR ]HUR WR VD\ DQ\WKLQJ GHpQLWH DERXW
LWV VLJQ� ,Q RWKHU ZRUGV� WKH FRPSXWHG YDOXH
LQYROYLQJ WKUHH PXOWLSOLFDWLRQV DQG WKUHH DGGL�
WLRQV PLJKW KDYH D FRPSXWDEOH XQFHUWDLQW\ WKDW
LV JUHDWHU LQ DEVROXWH YDOXH WKDQ WKH FRPSXWHG
YDOXH LWVHOI�
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)LJXUH �� $ VSKHULFDO WULDQJOH DQG LWV SODQH
�FKRUGDO� WULDQJOH

,Q WKH VHFWLRQ RQ LQYHUVH VWHUHRJUDSKLF SURMHF�
WLRQV ZH ZLOO GHVFULEH KRZ WR DXJPHQW FXUYDWXUH
ORFDOO\ WR SHUPLW WKH DSSOLFDWLRQ RI FRQYH[ KXOO
PHWKRGV RI FRPSXWDWLRQ ZKHQ WKH VLGHGQHVV WHVW
ZRXOG RWKHUZLVH EH LQFRQFOXVLYH�

3UHVHUYLQJ 'HODXQD\ &ULWHULD

:KDW GRHV LW PHDQ IRU D WUDQVIRUPDWLRQ WR SUH�
VHUYH 'HODXQD\ FULWHULD" :H KDYH D IHZ SRVVL�
EOH GLoHUHQW LQWHUSUHWDWLRQV� 7KH pUVW SRVVLELOLW\
LV WKH SUHVHUYDWLRQ RI 'HODXQD\ HGJHV� 6XSSRVH
WKDW ZH DUH JLYHQ DQ DUELWUDU\ 'HODXQD\ WULDQ�
JXODWLRQ LQ D GRPDLQ VSDFH DQG D WUDQVIRUPDWLRQ
IURP WKDW VSDFH WR DQRWKHU VSDFH� ZKLFK ZH FDOO
WKH UDQJH VSDFH� :H PLJKW LQVLVW� IRU H[DPSOH�
WKDW HGJHV EH WUDQVIRUPHG LQWR HGJHV� DQG WKDW�
IXUWKHUPRUH� WKH UHVXOWLQJ HGJH VHW LQ WKH UDQJH
VSDFH FRQVWLWXWH D 'HODXQD\ WULDQJXODWLRQ RI WKH
UHVXOWLQJ YHUWH[ VHW RI WKDW VSDFH� 7KLV FRQGL�
WLRQ WXUQV RXW WR EH WRR FRQVWUDLQLQJ_WKH RQO\
WUDQVIRUPDWLRQV WKDW VHQG 'HODXQD\ HGJHV WR 'H�
ODXQD\ HGJHV �DV SRLQW VHWV� DUH VLPLOLWXGHV �ULJLG
PRWLRQV� UHqHFWLRQV� VFDOLQJV� DQG FRPSRVLWLRQV
RI WKRVH WKUHH W\SHV RI WUDQVIRUPDWLRQV� IURP WKH

SODQH WR WKH SODQH� RU URWDWLRQV DQG�RU LQYHUVLRQV
IURP WKH VSKHUH WR WKH VSKHUH� 7KHUH DUH QR 'H�
ODXQD\ HGJH SUHVHUYLQJ WUDQVIRUPDWLRQV EHWZHHQ
WKH VSKHUH DQG WKH SODQH� ,QGHHG� WKH RQO\ HGJH
SUHVHUYLQJ WUDQVIRUPDWLRQV IURP VSKHUH WR SODQH
DUH JQRPRQLF SURMHFWLRQV IROORZHG E\ DUELWUDU\
SHUVSHFWLYH RU DrQH WUDQVIRUPDWLRQV RI WKH SODQH
WR LWVHOI� DQG QRQH RI WKHVH FRPSRVLWH WUDQVIRU�
PDWLRQV SUHVHUYH WKH 'HODXQD\ SURSHUW\ �HPSW\
FLUFXPFLUFOHV��

$ VHFRQG SRVVLEOH LQWHUSUHWDWLRQ LV WKH SUHVHU�
YDWLRQ RI WKH FRPELQDWRULDO WULDQJXODWLRQ� $
FRPELQDWRULDO WULDQJXODWLRQ RI D VHW RI YHUWLFHV
LV WKH FROOHFWLRQ RI YHUWH[ WULSOHV WKDW FRUUHVSRQG
WR WKH WULDQJOHV RI WKH WULDQJXODWLRQ �RU HTXLY�
DOHQWO\� D FROOHFWLRQ RI YHUWH[ SDLUV WKDW FRUUH�
VSRQG WR WKH HGJHV RI WKH WULDQJXODWLRQ�� $O�
WKRXJK HDFK GRPDLQ HGJH LV QRW WUDQVIRUPHG �DV
D SRLQW VHW� WR D UDQJH VSDFH HGJH �DQG QHLWKHU LV
HDFK WULDQJOH WUDQVIRUPHG DV D SRLQW VHW WR D WUL�
DQJOH�� QHYHUWKHOHVV� DQ\ WULSOH RI YHUWLFHV DQG LWV
LPDJH WULSOH PD\ EH WHVWHG WR GHWHUPLQH LI HDFK
WULSOH LV D 'HODXQD\ WULDQJOH YHUWH[ VHW LQ LWV UH�
VSHFWLYH GRPDLQ RU UDQJH VSDFH� 8QGHU WKLV QR�
WLRQ RI SUHVHUYDWLRQ RI 'HODXQD\ FULWHULD� ZH KDYH
WKH UDWKHU VXUSULVLQJ UHVXOW WKDW DOO VWHUHRJUDSKLF
SURMHFWLRQV IURP VSKHUH WR SODQH� �DQG RQO\ VWHUH�
RJUDSKLF SURMHFWLRQV�� ZLOO VDWLVI\ WKH FULWHULD� ,Q
IDFW� PDSSLQJ FLUFOHV �DQG WKHLU LQWHULRUV� WR FLU�
FOHV �DQG WKHLU LQWHULRUV� LV SUHFLVHO\ WKH 'HODX�
QD\ WHVW FRQGLWLRQ WKDW LV SUHVHUYHG E\ VWHUHR�
JUDSKLF SURMHFWLRQV �DQG RQO\ E\ VWHUHRJUDSKLF
SURMHFWLRQV�� :H� WKHUHIRUH� KDYH WKH IROORZLQJ
UHVXOW�

7KHRUHP �� 6XSSRVH WKDW WKH 'HODXQD\ WUL�
DQJXODWLRQ LQ HDFK RI WZR VSDFHV LV FKDUDFWHU�
L]HG E\ WKH HPSW\ FLUFXPFLUFOH SURSHUW\� 6XSSRVH
IXUWKHU WKDW D WUDQVIRUPDWLRQ EHWZHHQ WKH WZR
VSDFHV VHQGV FLUFOHV DQG WKHLU LQWHULRUV WR FLUFOHV
DQG WKHLU LQWHULRUV� 7KHQ VXFK D WUDQVIRUPDWLRQ
VHQGV D FRPELQDWRULDO 'HODXQD\ WULDQJXODWLRQ RI
YHUWLFHV LQ WKH GRPDLQ VSDFH WR WKH FRPELQDWR�
ULDO 'HODXQD\ WULDQJXODWLRQ RI WKH FRUUHVSRQGLQJ
LPDJH YHUWLFHV LQ WKH UDQJH VSDFH�
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6WHU HRJU DSKLF 3 U RMHFWLRQV

$ VWHUHRJUDSKLF SURMHFWLRQ IURP WKH VSKHUH WR
WKH SODQH PD\ EH GHVFULEHG JHRPHWULFDOO\ DV IRO�
ORZV� $WWDFK D WDQJHQW SODQH g WR WKH VSKHUH DW
WKH 6RXWK 3ROH� )RU DQ\ SRLQW S RQ WKH VSKHUH
RWKHU WKDQ WKH 1RUWK 3ROH� VKRRW D UD\ IURP WKH
1RUWK 3ROH WKURXJK WKH SRLQW S DQG FRQWLQXH WKH
UD\ XQWLO LW WRXFKHV D SRLQW }�S� LQ g� 7KHQ
WKH DVVRFLDWLRQ RI SRLQWV� S � }�S�� LV D �SRODU
RU QRUPDO� VWHUHRJUDSKLF SURMHFWLRQ RI WKH VSKHUH
�PLQXV WKH 1RUWK 3ROH� RQWR WKH SODQH�� $Q DUEL�
WUDU\ �REOLTXH� VWHUHRJUDSKLF SURMHFWLRQ PD\ EH
REWDLQHG E\ DWWDFKLQJ WKH WDQJHQW SODQH DW DQ DU�
ELWUDU\ SRLQW� WKHQ SURMHFWLQJ UD\V WKURXJK WKH
VSKHUH WR WKH WDQJHQW SODQH IURP WKH DQWLSRGHV
�RSSRVLWH SRLQW� LQVWHDG RI IURP WKH 1RUWK 3ROH�
)LJXUH � LOOXVWUDWHV WKH JHRPHWULF FRQVWUXFWLRQV
RI VWHUHRJUDSKLF SURMHFWLRQV�

6WHUHRJUDSKLF SURMHFWLRQV DUH FRQIRUPDO� $W
DQ\ SRLQW WKH\ KDYH WKH VDPH VFDOH IDFWRU LQ
DOO GLUHFWLRQV� 7KH 7LVVRW ,QGLFDWUL[� DQ HOOLSVH
ZKLFK GHVFULEHV UHODWLYH GLUHFWLRQDO GLVWRUWLRQ DW
HDFK SRLQW LV HYHU\ZKHUH D FLUFOH IRU FRQIRUPDO
PDSV� 6RPHWLPHV WKH SURSHUW\ RI FRQIRUPDOLW\
LV GHVFULEHG DV WDNLQJ LQpQLWHVLPDO FLUFOHV WR LQ�
pQLWHVLPDO FLUFOHV�� 7KH VWHUHRJUDSKLF SURMHFWLRQ
GRHV HYHQ EHWWHU� LW WDNHV DOO FLUFOHV WR FLUFOHV�
)RU DQ H[FHOOHQW RYHUYLHZ RI WKHVH DQG RWKHU JHR�
PHWULF SURSHUWLHV RI WKH VWHUHRJUDSKLF SURMHFWLRQ�
VHH *HRPHWU\ DQG WKH ,PDJLQDWLRQ LQ 0LQQHDSR�
OLV� DQ RQOLQH FROOHFWLRQ RI KDQGRXWV �&RQZD\ HW
DO�� ����� IRU D WZR�ZHHN VXPPHU ZRUNVKRS HQ�
WLWOHG ?*HRPHWU\ DQG WKH ,PDJLQDWLRQ�� OHG E\
-RKQ &RQZD\� 3HWHU 'R\OH� -DQH *LOPDQ� DQG
%LOO 7KXUVWRQ DW WKH *HRPHWU\ &HQWHU LQ 0LQ�
QHDSROLV� -XQH ������ �����

�:KLOH F D UWR J UD SKH UV GH VF ULEH WKLV SUR MH F WLR Q R QWR D
WD QJ H QW SOD QH � PD WKH PD WLF LD QV R IWH Q ? SUR MH F W� R QWR WKH
H T XD WR ULD O SOD QH � 7 KH R QO\ GLoH UH QF H LQ WKH LPD J H V LV D
VF D OH ID F WR U R I � �

� 7 KH PR GH UQ GH VF ULSWLR Q R I WKLV SUR SH UW\ R I OLPLWV LV
WKD W WKH LQGXF H G OLQH D U PD S R I WKH WD QJ H QW SOD QH D W D Q\
SR LQW WR WKH WD QJ H QW SOD QH R I WKH LPD J H SR LQW LV D VLPLOL�
WXGH �

,QYHUVH VWHUHRJUDSKLF SURMHFWLRQV

7KH FLUFOH SUHVHUYLQJ SURSHUWLHV RI WKH VWHUHR�
JUDSKLF SURMHFWLRQ DUH DOVR HQMR\HG E\ LWV LQYHUVH�
1RW RQO\ GRHV HYHU\ FLUFOH RQ WKH VSKHUH JHW VHQW
WR D FLUFOH RQ WKH SODQH SURMHFWLRQ VXUIDFH� EXW
HYHU\ FLUFOH RQ WKH SODQH FRPHV IURP� RU PD\ EH
OLIWHG WR� D FLUFOH RQ WKH VSKHUH� 7KLV JXDUDQ�
WHHV WKDW FRPELQDWRULDO 'HODXQD\ WULDQJXODWLRQV
LQ WKH SODQH KDYH D 'HODXQD\ FRXQWHUSDUW WULDQ�
JXODWLRQ �DQG FRQYH[ KXOO FRQVWUXFWLRQ� RQ DQ\
DVVRFLDWHG VSKHUH DV ORQJ DV WKH DVVRFLDWLRQ LV GH�
ULYHG IURP VRPH VWHUHRJUDSKLF SURMHFWLRQ� 7KH
VSKHUH VL]H DQG LWV SRLQW RI WDQJHQF\ ZLOO GHWHU�
PLQH WKH H[WHQW RI WKH LQYHUVH LPDJH RI WKH SODQDU
UHJLRQ� 6PDOOHU VSKHUHV ZLOO KDYH JUHDWHU DQJXODU
H[WHQW� DV VKRZQ LQ )LJXUH ��

)LJXUH �� ,QYHUVH VWHUHRJUDSKLF SURMHFWLRQV LQ
FURVV�VHFWLRQ

*LYHQ D UHFWDQJXODU PDS� RQH PD\ FKRRVH
D VSKHUH RI DSSURSULDWH VL]H VR WKDW WKH LQ�
YHUVH VWHUHRJUDSKLF SURMHFWLRQ FRYHUV D UHDVRQ�
DEOH DPRXQW RI WKH VSKHUH� EXW GRHV QRW H[KLELW
H[WUHPH GLVWRUWLRQ DQ\ZKHUH� $ EDODQFHG WUDGH�
Ro PD\ EH DFKLHYHG E\ VHOHFWLQJ D WDQJHQW VSKHUH
RI GLDPHWHU HTXDO WR RQH KDOI WKH GLDJRQDO RI WKH
UHFWDQJXODU PDS �VHH pJXUHV � DQG ��� ,Q )LJ�
XUH � RQO\ WULDQJOH YHUWLFHV DUH SURMHFWHG� (GJHV
DUH QRW SURMHFWHG DV SRLQW VHWV� 7ULDQJOH HGJHV
DUH UHFRQVWUXFWHG �DV JUHDW FLUFOH DUFV� E\ OLQNLQJ
YHUWLFHV� 9RURQRL HGJHV DUH WKHQ EXLOW DV SHUSHQ�
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)LJXUH �� 1RUPDO �OHIW� DQG REOLTXH VWHUHRJUDSKLF SURMHFWLRQ

GLFXODU ELVHFWRUV RI WULDQJOH HGJHV�

)LJXUH �� 5HFWDQJXODU UHJLRQ SULRU WR LQYHUVH
VWHUHRJUDSKLF SURMHFWLRQ WR KHPLVSKHUH

%\ DWWDFKLQJ WKH VSKHUH DW LWV VRXWK SROH VR
WKDW LW LV WDQJHQW WR WKH PDS DW WKH FHQWHU RI WKH
PDS� WKH UHFWDQJOH PDSV HQWLUHO\ WR WKH ORZHU
KHPLVSKHUH� WKH UHFWDQJOH FRUQHUV PDS WR WKH
HTXDWRU� DQG WKH VFDOH IDFWRU YDULHV PRQRWRQLFO\
IURP ��� DW WKH VRXWK SROH WR ��� DW WKH HTXDWRU
RI WKH DWWDFKHG VSKHUH� 7KXV DOO OHQJWK PHD�
VXUHV RI IHDWXUHV RQ WKH UHFWDQJXODU UHSUHVHQWD�
WLRQ DUH VKUXQN E\ D IDFWRU EHWZHHQ RQH�KDOI DQG
RQH WR REWDLQ FRUUHVSRQGLQJ IHDWXUH OHQJWKV RQ
WKH VSKHUH� 0RUHRYHU� DOO SDLUV RI SRLQWV LQ WKH
UHFWDQJOH KDYH WKHLU JHRGHVLF GLVWDQFHV UHGXFHG

E\ D IDFWRU EHWZHHQ ��� DQG ��� ZKHQ WKH\ DUH
?SURMHFWHG XS� RQWR WKH ORZHU KHPLVSKHUH DQG
WKHLU VHSDUDWLRQ LV PHDVXUHG XVLQJ WKH JHRGHVLF
PHWULF RI WKH VSKHUH� 7KLV UDQJH RI UDWLRV KROGV
IRU PRUH WKDQ JHRGHVLFV� LW KROGV IRU DOO SDWK
OHQJWKV RI SDWKV RQ WKH UHFWDQJOH FRPSDUHG WR
LPDJH SDWK OHQJWKV RQ WKH KHPLVSKHUH� 6LQFH
SDWK OHQJWK LV VLPSO\ WKH LQWHJUDO RI WKH QRUP RI
WKH YHORFLW\ YHFWRU DORQJ D SDUDPHWHUL]HG SDWK�
DQG VLQFH WKDW YHFWRU
V QRUP LV WUDQVIRUPHG �L�H��
PXOWLSOLHG� E\ WKH ORFDO LQVWDQWDQHRXV PDS VFDOH
LQ WKH DSSURSULDWH GLUHFWLRQ� DORQJ WKH LPDJH
SDWK� WKH LQWHUPHGLDWH YDOXH WKHRUHP RI FDOFX�
OXV JXDUDQWHHV WKDW WKH HQWLUH SDWK OHQJWK JHWV
VWUHWFKHG RU VKUXQN VRPHZKHUH EHWZHHQ H[WUHPH
ORFDO FKDQJHV RI ��� �PD[LPXP� DQG ��� �PLQL�
PXP��

:H PD\ DOVR DVVHVV WKH UDWH DW ZKLFK WKH VFDOH
LV FKDQJLQJ E\ QRWLQJ WKDW WKH VLPLODU WULDQJOHV LQ
)LJXUH � JLYH XV WKH IROORZLQJ SUHFLVH FORVHG H[�
SUHVVLRQ IRU WKH VFDOH IDFWRU HYHU\ZKHUH LQ WHUPV
RI WKH ODWLWXGH � �PHDVXUHG LQ UDGLDQV VRXWK RI
WKH HTXDWRU��

V�  �5�5 VLQ�� �5  �� � VLQ�� ��

�2QO\ WKH OR F D WLR Q D QG QR W WKH GLUH F WLR Q PD WWH UV Z KH Q
D VVH VVLQJ VF D OH ID F WR UV IR U F R QIR UPD O PD SV�

�



)LJXUH �� ,QYHUVH VWHUHRJUDSKLF SURMHFWLRQ WR KHPLVSKHUH �DV VHHQ WKURXJK D WUDQVSDUHQW SODQH�

)LJXUH �� 6FDOH IDFWRU DV D IXQFWLRQ RI �

)URP WKH H[SUHVVLRQ IRU WKH VFDOH IDFWRU� ZH
VHH WKDW WKH UDWH RI FKDQJH RI WKH VFDOH IDFWRU LV
DOVR D IXQFWLRQ RI WKH ODWLWXGH � DORQJ PHULGLDQV
DQG LV XQFKDQJLQJ DORQJ SDUDOOHOV RI ODWLWXGH�

#V� #�  FRV� �� #V� #y  ��

7KH DERYH DQDO\VLV RI GLVWRUWLRQ SURSHUWLHV
JXDUDQWHHV WKDW UHODWLYH EHWZHHQ�SRLQW GLVWDQFHV
DUH QHYHU PRUH WKDQ HTXDOHG RU OHVV WKDQ KDOYHG
ZKHQ WUDQVIRUPLQJ IURP WKH UHFWDQJOH WR WKH
KHPLVSKHUH� 6LQFH WKH UHFWDQJOH GLDJRQDO �RI
OHQJWK '  �5� ZKHUH 5 LV WKH VSKHUH
V UD�
GLXV� LV WUDQVIRUPHG LQWR D VHPLFLUFOH �KDOI RI D
JUHDW FLUFOH� RU ���r�� ZH FRQFOXGH WKDW D SDLU
RI SRLQWV RQ WKH UHFWDQJOH VHSDUDWHG E\ D GLV�
WDQFH G ZLOO EH VHSDUDWHG E\ DQ DQJXODU JUHDW

FLUFOH GLVWDQFH RI DW OHDVW �� ���G '����r DQG QR
PRUH WKDQ �� }��G '����r  G���r �}5�� 7KLV
JXDUDQWHHG VHSDUDWLRQ FDQ SURYLGH D VDWLVIDFWRU\
DVVXUDQFH WKDW WKH WULDQJXODWLRQ SRLQWV RQ WKH
KHPLVSKHUH ZLOO EH VXrFLHQWO\ IDU IURP EHLQJ FR�
SODQDU WR DOORZ XQDPELJXRXV GHWHUPLQDWLRQ RI
WKH VLGHGQHVV RI RWKHU VSKHUH SRLQWV ZLWK UHVSHFW
WR FXWWLQJ SODQHV� 7KXV WKH FRQYH[ KXOO WHVW FDQ
EH FRQGXFWHG UREXVWO\ IRU SRLQWV GLVWULEXWHG UHD�
VRQDEO\ ZHOO RQ D KHPLVSKHUH�

'HODXQD\ WULDQJXODWLRQ RI SRLQWV LQ D SODQH
UHFWDQJXODU UHJLRQ PD\ EH DFFRPSOLVKHG DORQJ
WKH OLQHV RI WKH IROORZLQJ SVHXGR�FRGH�

�� $W WKH FHQWURLG RI WKH UHFWDQJOH�

DWWDFK D WDQJHQW VSKHUH RI GLDPHWHU

HTXDO WR ��� WKH UHFWDQJOH
V

GLDJRQDO�

�� 3URMHFW WKH WULDQJXODWLRQ SRLQWV

IS�� S�� � � � � SNJ IURP WKH SODQH WR

WKH KHPLVSKHUH YLD WKH LQYHUVH

VWHUHRJUDSKLF SURMHFWLRQ� }b��

�� ,QVHUW WKH SRLQWV RQ WKH VSKHUH

I}b��S��� }b��S��� � � � � }
b��SN�J RQH DW D

WLPH� :LWK HDFK LQVHUWLRQ }b��SL��
XSGDWH WKH FRQYH[ KXOO RI WKH

FROOHFWLRQ RI LQVHUWHG SRLQWV� 7R

DFFRPSOLVK WKLV� GR WKH IROORZLQJ�

�



�D� /RFDWH WKH FXUUHQW KXOO

ERXQGLQJ WULDQJXODU IDFHWV IRU

ZKLFK }b��SL� OLHV RXWVLGH WKH

SODQHV RI WKRVH WULDQJOHV�

�E� &RQQHFW }b��SL� WR HDFK KRUL]RQ

HGJH VHJPHQW WR IRUP D QHZ KXOO

WULDQJXODU IDFHW�

�F� 8SGDWH WKH FRHIILFLHQWV DQG

WKH VLGHGQHVV FULWHULD RI WKH

FRQYH[ KXOO WULDQJXODU IDFHW

ERXQGLQJ SODQHV�

7KLV SVHXGR�FRGH GRHV QRW GHVFULEH H[SOLFLWO\
KRZ WR SHUIRUP WKH VLGHGQHVV WHVWV� EXW WKHUH
DUH VHYHUDO REVHUYDWLRQV WKDW PD\ IDFLOLWDWH WKH
WHVWV� )LUVW ZH QRWH WKDW HYHU\ SRLQW RQ WKH
VSKHUH LQGHHG EHORQJV WR WKH FRQYH[ KXOO� KHQFH�
HDFK SRLQW� ZKHQ DGGHG� ZLOO OLH RXWVLGH VRPH
SUHYLRXVO\ DGGHG IDFHW� ,I WKDW IDFHW KDV WKH IRO�
ORZLQJ HTXDWLRQ WR GHpQH LWV SODQH� I�;� <� =� M
$;�%< �&=�'  �J� WKHQ DQ\ �;�<�=� WKDW
HYDOXDWHV WR D QXPEHU ZLWK WKH RSSRVLWH VLJQ RI
' ZLOO OLH RXWVLGH WKH SODQH RI WKH IDFHW� 7KLV LV
HDVLO\ VHHQ WR EH WUXH E\ QRWLQJ WKDW WKH FHQWHU
RI WKH VSKHUH �ZKLFK LV FOHDUO\ DQ LQVLGH SRLQW�
HYDOXDWHV WR ' EHFDXVH DOO RWKHU WHUPV GURS RXW
�;  <  =  ��� +HQFH RXWVLGH SRLQWV PXVW
HYDOXDWH WR D QXPEHU RI WKH RSSRVLWH VLJQ�

&RQIRU PDO *OREH 7 U DQVIRU PDWLRQV

7KH LQYHUVH RI D FRQIRUPDO PDSSLQJ LV QHFHVVDU�
LO\ D FRQIRUPDO PDSSLQJ DV ZHOO� 7KH FRPSRVLWH
RI WZR FRQIRUPDO PDSSLQJV LV D FRQIRUPDO PDS�
SLQJ� :H DOUHDG\ VDZ LQ WKH VHFWLRQ RQ LQYHUVH
VWHUHRJUDSKLF SURMHFWLRQV WKDW DQ LQYHUVH VWHUHR�
JUDSKLF FRQIRUPDO PDSSLQJ IURP WKH SODQH WR WKH
VSKHUH KDV PDQ\ LPSRUWDQW SURSHUWLHV WKDW JXDU�
DQWHH WKDW WKH IXQFWLRQ GRHV QRW FKDQJH VFDOH WRR
UDSLGO\� 2Q WKH KHPLVSKHUH DW ZKLFK D WDQJHQW
SODQH LV DWWDFKHG� IRU H[DPSOH� WKH UDQJH RI VFDOHV
RQO\ YDULHV EHWZHHQ ��� �DW WKH SRLQW RI WDQJHQF\�
DQG ��� ���r IURP WKH SRLQW RI WDQJHQF\�� 7KLV

UHODWLYHO\ VPDOO YDULDWLRQ UHVXOWV LQ UHDVRQDEOH
ORZHU ERXQGV DQG XSSHU ERXQGV IRU GLVWRUWLRQ LQ
DQ H[WHQGHG DUHD RI LQWHUHVW� 7KH UDWH RI FKDQJH
RI WKH VFDOH LV LWVHOI DOVR ZHOO�EHKDYHG� UDQJLQJ
IURP �  FRV�} �� DW WKH SRLQW RI WDQJHQF\ WR
� � � �FRV �� �� DW ��r DZD\� :H QRWH WKDW
WKH JHQHUDO VWXG\ RI DUELWUDU\ FRQIRUPDO PDS�
SLQJV EHWZHHQ WZR VSKHUHV EHORQJV KLVWRULFDOO\ WR
WKH UHDOP RI FRPSOH[ YDULDEOHV DQG KRORPRUSKLF
IXQFWLRQV RQ WKH 5LHPDQQ VSKHUH �ZKLFK LV SUH�
FLVHO\ WKH DQDO\WLFDO HTXLYDOHQW RI WKH FRPSOH[
SODQH DXJPHQWHG ZLWK D SRLQW DW LQpQLW\ �.R�
GDLUD� ������� &RQIRUPDO WUDQVIRUPDWLRQV DUH
XQXVXDO LQ WKDW WKH\ UHDOO\ KDYH QR qH[LELOLW\ LQ
WKH IROORZLQJ VHQVH� RQFH D IXQFWLRQ LV GHpQHG
RQ DQ\ RSHQ QHLJKERUKRRG� KRZHYHU VPDOO� DQG
WKH IXQFWLRQ LV UHTXLUHG WR EH FRQIRUPDO RQ LWV
GRPDLQ� WKHQ WKH IXQFWLRQ LV FRPSOHWHO\ GHWHU�
PLQHG HYHU\ZKHUH� $QRWKHU ZD\ RI VD\LQJ WKLV
LV WKDW LI WZR FRQIRUPDO IXQFWLRQV DJUHH RQ DQ\
DUELWUDULO\ VPDOO QHLJKERUKRRG� WKHQ WKH\ DJUHH
RQ WKHLU HQWLUH GRPDLQV�

)LVKH\H &RQIRUPDO ?*OREDO�JUDPV�

7KH FRQIRUPDO IXQFWLRQV IURP VSKHUH WR VSKHUH
WKDW FRQVLVW RI VWHUHRJUDSKLF SURMHFWLRQV IRO�
ORZHG E\ LQYHUVH VWHUHRJUDSKLF SURMHFWLRQV DUH
MXVW RQH NLQG RI FRQIRUPDO VSKHUH�WR�VSKHUH PDS�
SLQJ� +RZHYHU� WKHVH IXQFWLRQV KDYH GHPRQVWUD�
EO\ JRRG DQDO\WLFDO SURSHUWLHV� )LUVW WKHVH IXQF�
WLRQV DOZD\V WDNH EXEEOHV WR EXEEOHV� %\ UHJDUG�
LQJ WKH LQWHUPHGLDWH PDSSLQJ WR D SODQH� ZH VHH
WKDW FLUFOHV DUH DOZD\V SUHVHUYHG WR DQG IURP WKH
VSKHUH� +HQFH WKH FRPSRVLWH VSKHUH WR VSKHUH
PDSV VHQG FLUFOHV WR FLUFOHV �DQG WKHLU LQWHULRUV
WR LQWHULRUV�� ,Q IDFW� JLYHQ WKH SRLQW S LQ WKH
LQWHULRU RI DQ\ EXEEOH %� ZH PD\ VHQG WKH EXE�
EOH % H[DFWO\ RQWR WKH VRXWKHUQ KHPLVSKHUH E\
D FRQIRUPDO WUDQVIRUPDWLRQ WKDW DOVR VHQGV S WR
WKH VRXWK SROH �.RGDLUD� ������ 7KLV FRQIRUPDO
PDSSLQJ ZLOO EH XQLTXH XS WR URWDWLRQ� 6LQFH DQ\
EXEEOH PD\ EH WUDQVIRUPHG FRQIRUPDOO\ WR WKH
VRXWKHUQ KHPLVSKHUH� DQ\ EXEEOH PD\ EH WUDQV�
IRUPHG FRQIRUPDOO\ WR DQ\ RWKHU EXEEOH� 0RUH�

�



)LJXUH ��� )LYH RUWKRJUDSKLF YLHZV RI WKH HDUWK
V JUDWLFXOH ���r VSDFLQJ LQ ODWLWXGH DQG ORQJLWXGH�
IURP VSDFH ZLWK YLHZSRLQWV DORQJ D VLQJOH PHULGLDQ WDNHQ DERYH SRLQWV RQ WKDW PHULGLDQ DW WKH
HTXDWRU� WKH SROHV� ODWLWXGH ��r1� DQG LWV DQWLSRGHV� $ pQHU ��r� JULG LV GUDZQ FHQWHUHG DW ��r1�

)LJXUH ��� )LYH FRUUHVSRQGLQJ RUWKRJUDSKLF YLHZV RI D ?)LVKH\H JOREDO�JUDP� ��r JUDWLFXOH�� DOO
WDNHQ DERYH WKH PHULGLDQ FRQWDLQLQJ WKH PDJQLpFDWLRQ ��;� SRLQW DW ODWLWXGH ��r1 ��r pQH JULG�

)LJXUH ��� )LYH FRUUHVSRQGLQJ RUWKRJUDSKLF YLHZV RI D ?)LVKH\H JOREDO�JUDP� ��r JUDWLFXOH�� WDNHQ
DERYH WKH PHULGLDQ FRQWDLQLQJ WKH PDJQLpFDWLRQ ���;� SRLQW DW ODWLWXGH ��r1 �� �r pQH JULG�

RYHU� LI ERWK EXEEOHV DUH VPDOOHU WKDQ D KHPL�
VSKHUH DQG EXEEOH FHQWUDO SRLQW JRHV WR EXEEOH
FHQWUDO SRLQW� WKHQ WKH ODUJHVW DQG VPDOOHVW VFDOH
IDFWRUV RI WKH WUDQVIRUPDWLRQ RI WKH WZR EXEEOHV
KDYH D UDWLR QR JUHDWHU WKDQ ���� 7KLV ODVW REVHU�
YDWLRQ SHUPLWV WKH ORFDO PDJQLpFDWLRQ RI D SRLQW
DQG LWV VXUURXQGLQJ DUHD RQ D JOREH ZLWK D UHD�
VRQDEO\ JUDGXDO GLPLQLVKLQJ RI VFDOH DZD\ IURP
WKH IRFDO SRLQW� 7KH ?JOREDO� RU ��' HTXLYDOHQW
RI FDUWRJUDPV� PDSV WKDW H[DJJHUDWH DUHDV XQ�
HYHQO\� PD\ EH EXLOW WR HQODUJH FLUFXODU UHJLRQV
RQ D VSKHUH DW WKH UHODWLYH H[SHQVH RI RWKHU UH�
JLRQV �FRPSDUH pJXUHV �� DQG �� ZLWK )LJXUH ����

$OO RI WKH �� YLHZV LQ pJXUHV ��� �� DQG �� KDYH
WKH SULPH PHULGLDQ DSSHDULQJ DV �SDUW RI� D FHQ�
WUDO YHUWLFDO OLQH� 7KH pQHU JULGGHG UHJLRQ RI LQ�
WHUHVW LV DOZD\V VSOLW E\ WKLV OLQH �DOWKRXJK WKH
UHJLRQ FDQQRW EH VHHQ LQ WKH WKLUG DQG pIWK SDQ�
HOV RI HDFK URZ EHFDXVH WKH UHJLRQ FHQWHU LV RS�
SRVLWH WKH YLHZHU�� %HFDXVH WKH WUDQVIRUPDWLRQV
VWUHWFK WKH SULPH PHULGLDQ XQHYHQO\� WKH FRUUH�
VSRQGLQJ pJXUHV LQ HDFK YHUWLFDO FROXPQ DOZD\V
NHHS WKH FHQWHU RI WKH GHWDLOHG UHJLRQ �ODWLWXGH
��r 1� LQ WKH VDPH VSRW UHODWLYH WR WKH YLHZHU�

0XFK OLNH WKH VW\OL]HG ?PDS� RQ WKH IDPRXV
FRYHU RI WKH 1HZ <RUNHU PDJD]LQH� RQH FRXOG

�



EXLOG D JOREH ZLWK DQ HQWLUH KHPLVSKHUH �RU
PRUH� RFFXSLHG E\ WKH DUHD RI 1HZ <RUN RU RI
DQ\ RWKHU FLW\ RU VWDWH RU RWKHU UHJLRQ� 8Q�
OLNH PRVW FDUWRJUDPV� KRZHYHU� WKH FRQIRUPDO
?JOREDO�JUDP� H[KLELWV UHDGLO\ TXDQWLpHG GLVWRU�
WLRQ SURSHUWLHV� QR DQJOH GLVWRUWLRQ �OLQHV RI ODWL�
WXGH DQG ORQJLWXGH DOZD\V FURVV DW ULJKW DQJOHV��
UDGLDO GLVWRUWLRQ �VFDOH GLPLQLVKHV LQ D GLVWDQFH
GHSHQGHQW PDQQHU DZD\ IURP WKH IRFDO SRLQW��
JHRGHVLFV DUH FLUFOHV �JUHDW FLUFOHV LI PHDVXUHG
IURP IRFDO SRLQW��

)LJXUH ��� 5HODWLRQVKLS RI SDUDOOHOV RI ODWLWXGH

6XSSRVH WKDW ZH ZLVK WR HQODUJH WKH UHJLRQ
DERXW WKH SRLQW S E\ D IDFWRU RI 6 RQ D VSKHUH
RI UDGLXV 5� :H PD\ DFFRPSOLVK WKLV E\ WKH
IROORZLQJ�

�� &RPSXWH D URWDWLRQ b WKDW VHQGV S
WR WKH VRXWK SROH RI WKH VSKHUH RI

UDGLXV 5�

�� &RPSXWH WKH WUDQVIRUPDWLRQ RI

ODWLWXGHV j��� WKDW FRUUHVSRQGV

WR WKH FRQIRUPDO WUDQVIRUPDWLRQ WKDW

LV WKH FRPSRVLWH IXQFWLRQ RI WKH WZR

UHTXLVLWH IXQFWLRQV� D VWHUHRJUDSKLF

SURMHFWLRQ IURP WKH VSKHUH RI UDGLXV

5 DQG WKH LQYHUVH VWHUHRJUDSKLF

SURMHFWLRQ WR WKH VSKHUH RI UDGLXV

U  5 6�

�� $SSO\ bb� rj r b WR DOO SRLQWV RQ WKH

VSKHUH�

7KH EHIRUH DQG DIWHU HoHFWV RI WKH WUDQVIRUPD�
WLRQV PD\ EH VHHQ LQ pJXUHV �� �EHIRUH�� DQG ��
DQG �� �DIWHU�� UHVSHFWLYHO\�

7KH FRPSXWDWLRQ RI j LV LOOXVWUDWHG LQ )LJ�
XUH ��� :H DVVXPH WKDW � JRHV IURP b��r
DW WKH VRXWK SROH WR ���r DW WKH QRUWK SROH�
6LQFH LQVFULEHG DQJOHV DUH HTXDO WR RQH�KDOI WKH
VXEWHQGHG DUF� ZH VHH WKDW WKH LQVFULEHG DQ�
JOHV DW WKH QRUWK SROHV RI FLUFOHV RI UDGLXV 5
DQG U  5 6 UHVSHFWLYHO\ DUH ���r � �� � DQG
���r � j���� �� ,I ZH OHW G EH WKH GLVWDQFH RI
WKH SURMHFWHG SRLQW IURP WKH WDQJHQW SRLQW LQ
WKH SODQH �VKRZQ DV D KRUL]RQWDO OLQH LQ FURVV�
VHFWLRQ�� WKHQ ZH KDYH WKH IROORZLQJ�

WDQ����r � �� ��  G ��5��

WDQ����r �j���� ��  G ��U��

U  5 6�

7KXV ZH KDYH�

6 WDQ����r � �� ��  WDQ����r �j���� ���

)URP WKLV UHODWLRQVKLS ZH PD\ H[SOLFLWO\ FRP�
SXWH WKH ODWLWXGH WUDQVIRUPDWLRQ�

j���  � DUFWDQ�6 WDQ����r � �� ���b ��r

,I ZH VROYH WKH UHODWLRQVKLS LQ WHUPV RI WKH FR�
ODWLWXGHV� WKH DQJOH DORQJ D PHULGLDQ PHDVXUHG
IURP WKH VRXWK SROH� �  ��r � � DQG f���  
��r�j���� WKHQ ZH KDYH WKH VLPSOHU H[SUHVVLRQV

WDQ�� ��  G ��5��

WDQ�f��� ��  G ��U��

U  5 6�

)URP WKLV UHODWLRQVKLS ZH PD\ H[SOLFLWO\ FRP�
SXWH WKH FR�ODWLWXGH WUDQVIRUPDWLRQ�

f���  � DUFWDQ�6 WDQ�� ���

�



'HPRQVWUDWLQJ ?*OREDO�JUDPV�

$ ZHE VLWH� ZLWK JHRPHWULF -DYD DSSOHWV KDV
EHHQ VHW XS LQ WKH 2KLR 6WDWH 8QLYHUVLW\ 'HSDUW�
PHQW RI &LYLO DQG (QYLURQPHQWDO (QJLQHHULQJ
DQG *HRGHWLF 6FLHQFH WR LOOXVWUDWH PDSSLQJ DOJR�
ULWKPV DQG WUDQVIRUPDWLRQV� &RPSXWHU JUDSK�
LFV �LQ WKH IRUP RI DQLPDWHG �JLI pOHV� WR LO�
OXVWUDWH pVKH\H FRQIRUPDO WUDQVIRUPDWLRQV RQ
VSKHUHV KDYH EHHQ DGGHG WR WKH VLWH� 0DSOH SUR�
JUDPPLQJ FRGH IRU JHQHUDWLQJ WKH DQLPDWLRQV LV
DOVR DYDLODEOH WKHUH IRU GRZQORDGLQJ�

5HIHU HQFHV

�� %HUQ� 0DUVKDOO� ?7ULDQJXODWLRQV�� LQ +DQG�
ERRN RQ 'LVFUHWH DQG &RPSXWDWLRQDO *HRP�
HWU\� -� *RRGPDQ DQG -� 2
5RXUNH� HGV��
&5& 3UHVV� �����

�� &RQZD\� -RKQ� 3HWHU 'R\OH� -DQH
*LOPDQ� DQG %LOO 7KXUVWRQ� ?*HRPH�
WU\ DQG WKH ,PDJLQDWLRQ LQ 0LQQHDSR�
OLV�� DQ RQOLQH FROOHFWLRQ ZLWK 85/
KWWS���ZZZ�JHRP�XPQ�HGX�GRFV�GR\OH

�PSOV�KDQGRXWV�KDQGRXWV�KWPO� 0LQ�
QHDSROLV� -XQH ������ �����

�� .RGDLUD� .XQLKLNR� ,QWURGXFWLRQ WR &RP�
SOH[ $QDO\VLV� &DPEULGJH 8QLYHUVLW\ 3UHVV�
����� /RQGRQ�

�� /XNDWHOD� +UYRMH� ?+LSSDUFKXV *HRSRVLWLRQ�
LQJ 0RGHO� $Q 2YHUYLHZ�� $XWR&DUWR���
����� %DOWLPRUH�

�� 0DUN� 'DYLG� ?7KH KLVWRU\ RI *HRJUDSKLF
,QIRUPDWLRQ 6\VWHPV� ,QYHQWLRQ DQG UH�
LQYHQWLRQ RI WULDQJXODWHG LUUHJXODU QHW�
ZRUNV �7,1V��� 3URFHHGLQJV RI *,6�/,6 
���
&LQFLQQDWL� 2FWREHU� �����

�� 3HXFNHU� 7� .�� )RZOHU� 5� -�� /LWWOH� -� -��
DQG 0DUN� '� 0�� ����� 7KH WULDQJXODWHG

�KWWS���JVFJDV�HQJ�RKLR�VWDWH�HGX�UHVRXUFHV�LQGH[�KWPO

LUUHJXODU QHWZRUN� 3URFHHGLQJV� $PHULFDQ
6RFLHW\ RI 3KRWRJUDPPHWU\� 'LJLWDO 7HUUDLQ
0RGHOV 6\PSRVLXP� 6W� /RXLV� 0LVVRXUL�
0D\ ����� ����� SS� �������

�� 5HQND� 5�-�� ?,QWHUSRODWLRQ RI GDWD RQ WKH
VXUIDFH RI D VSKHUH�� $&0 7UDQVDFWLRQV RQ
0DWKHPDWLFDO 6RIWZDUH� ��� �������� �����

$ODQ 6DDOIHOG LV DVVLVWDQW SURIHVVRU LQ WKH
*HRGHWLF 6FLHQFH SURJUDP RI WKH 'HSDUWPHQW
RI &LYLO DQG (QYLURQPHQWDO (QJLQHHULQJ DQG
*HRGHWLF 6FLHQFH DW WKH 2KLR 6WDWH 8QLYHUVLW\�
+LV UHVHDUFK IRFXVHV RQ PDWKHPDWLFDO FDUWRJUD�
SK\ DQG DOJRULWKPV DQG GDWD VWUXFWXUHV IRU VSD�
WLDO GDWDEDVHV�

��


