
6(/)�25*$1,=$7,21 2) $ +(7(52*(1(286

6(1625 1(7:25. %< *(1(7,& $/*25,7+06

$11$ /� %8&=$.� 9,.5$0 5� -$0$/$%$'
$OOLHG6LJQDO� ,QF�� ��� &ROXPELD 5RDG� 0RUULVWRZQ� 1- ����������

$%675$&7�

7KLV SDSHU GHVFULEHV D QRYHO PHWKRG IRU RUJDQL]LQJ D UDQGRPO\ GLVWULEXWHG

JURXS RI VHQVRUV� 7KH JURXS LV KHWHURJHQHRXV LQ WKH VHQVH WKDW LW FRQWDLQV

VHQVRUV RI GLIIHUHQW W\SHV WKDW FDQ GHWHFW HLWKHU XQLTXH RU PXOWLSOH WDUJHW W\SHV�
)RU D JLYHQ GLVWULEXWLRQ RI VHQVRUV� WKH JRDO RI WKH V\VWHP LV WR GHWHUPLQH WKH

RSWLPDO FRPELQDWLRQ RI VHQVRUV WKDW FDQ GHWHFW DQG�RU ORFDWH WKH WDUJHWV� $Q

RSWLPDO FRPELQDWLRQ LV WKH RQH WKDW PLQLPL]HV WKH SRZHU FRQVXPSWLRQ RI WKH

HQWLUH VHQVRU QHWZRUN DQG JLYHV WKH EHVW DFFXUDF\ RI ORFDWLRQ RI GHVLUHG WDUJHWV�

:H DSSURDFK WKH SUREOHP LQ WZR SKDVHV� )LUVW� VHQVRUV DUH FOXVWHUHG DFFRUGLQJ

WR PRUSKRORJ\ DQG ORFDWLRQ� 1H[W� D JHQHWLF DOJRULWKP GHWHUPLQHV WKH RSWLPDO

FRPELQDWLRQ RI VHQVRUV WR DFKLHYH D JLYHQ REMHFWLYH� 7KH JHQHWLF DOJRULWKP

UHVWULFWV UHSURGXFWLRQ� FURVVRYHU DQG PXWDWLRQ RSHUDWLRQV WR VHQVRUV EHORQJLQJ

WR WKH VDPH FOXVWHU� :H GHYLVHG D FKURPRVRPH GHFRGHU WKDW FKDQJHV WKH

RULJLQDO FRQVWUDLQHG RSWLPL]DWLRQ SUREOHP LQWR DQ XQFRQVWUDLQHG SUREOHP� 7KH

WHFKQLTXH GHYHORSHG LV WHVWHG RQ D VLPXODWHG GDWD VHW DQG WKH UHVXOWV DUH

GHVFULEHG�

�� ,1752'8&7,21

:H DUH GHDOLQJ ZLWK D QHWZRUN RI UDQGRPO\ GLVWULEXWHG XQDWWHQGHG JURXQG VHQVRUV �8*6�� 7KHVH

VHQVRUV DUH UHPRWHO\ GHSOR\HG DQG DIWHU GHSOR\PHQW WKHLU ORFDWLRQ LV NQRZQ� 7KH VHQVRU QHWZRUN

DGDSWV LWV VWUXFWXUH LQ RUGHU WR DFKLHYH WKH JRDOV VSHFLILHG E\ WKH FRPPDQGHU LQ WKH PLVVLRQ REMHFWLYH�

7KH FRPSOHWH V\VWHP FRQVLVWV RI PRGXOHV WKDW SHUIRUP VHOI�RUJDQL]DWLRQ� WDUJHW ORFDOL]DWLRQ� WDUJHW

WUDFNLQJ� WUDFN IXVLRQ� ,G IXVLRQ� FRPPXQLFDWLRQ HWF� 6HOI�RUJDQL]DWLRQ FDQ EH YLHZHG DV WKH EUDLQ RI WKH

VHQVRU QHWZRUN EHFDXVH LW GLUHFWV WKH RWKHU PRGXOHV� 7KLV SDSHU GHDOV H[FOXVLYHO\ ZLWK WZR RI WKH VHOI�

RUJDQL]DWLRQ PRGXOHV� FOXVWHULQJ DQG RSWLPL]DWLRQ�

�� 352%/(0 '(6&5,37,21

7KH V\VWHP EHLQJ GHYHORSHG SHUIRUPV VHOI�RUJDQL]DWLRQ RI D VHQVRU QHWZRUN LQ RUGHU WR DFKLHYH D JLYHQ

PLVVLRQ REMHFWLYH� 7KH PLVVLRQ REMHFWLYH� VSHFLILHG SULRU WR PLVVLRQ H[HFXWLRQ� GHILQHV WKH VXUYHLOODQFH

JRDO RI WKH PLVVLRQ� 7KH PLVVLRQ VWDWHPHQW HQFRPSDVVHV D GHVFULSWLRQ RI WKH JHRJUDSKLFDO DUHD IRU

VXUYHLOODQFH DQG WKH WDUJHWV RI LQWHUHVW� $ VROGLHU LVVXHV WKH PLVVLRQ REMHFWLYH� 0LVVLRQ REMHFWLYHV FDQ

UDQJH IURP WDUJHW GHWHFWLRQ� WR ORFDWLRQ DQG LGHQWLILFDWLRQ� 7DUJHWV LQFOXGH� EXW DUH QRW UHVWULFWHG WR WDQNV�

WUXFNV� KHOLFRSWHUV� DQG SHRSOH� 7KH VHQVRU QHWZRUN DGDSWV LWV VWUXFWXUH LQ RUGHU WR DFKLHYH WKH JRDOV

VSHFLILHG LQ WKH PLVVLRQ REMHFWLYH ZKLOH PLQLPL]LQJ WKH RYHUDOO SRZHU FRQVXPSWLRQ RI WKH QHWZRUN� ,W LV

HQYLVLRQHG WKDW WKH V\VWHP PD\ RSWLPL]H DGGLWLRQDO QHWZRUN IXQFWLRQV ODWHU�

7KH PDLQ JRDO RI WKH VHOI�RUJDQL]DWLRQ LV WKH RSWLPL]DWLRQ RI WKH VHQVRU QHWZRUN� 6HOI�RUJDQL]DWLRQ

KDV WR FKRRVH� DW HDFK PRPHQW LQ WLPH� WKH VHW RI VHQVRUV WKDW QHHG WR EH RQ �DQG WUDQVPLW GDWD WR WKH RWKHU

V\VWHP PRGXOHV�� )URP WKH YLHZSRLQW RI RSWLPL]DWLRQ� ZH KDYH D PXOWL�REMHFWLYH SUREOHP ZLWK QR

XQLTXH VROXWLRQ� 7KHUHIRUH� RQO\ D 3DUHWR�RSWLPDO VROXWLRQ FDQ EH DFKLHYHG� :H GHDO ZLWK PXOWL�

REMHFWLYH RSWLPL]DWLRQ EHFDXVH VHQVRUV DUH FKRVHQ WR DFKLHYH WKH KLJKHVW DFFXUDF\ RI GHWHFWLRQ� ORFDWLRQ

DQG LGHQWLILFDWLRQ RI WDUJHWV� ZKLOH PLQLPL]LQJ WKH HQHUJ\ XVHG E\ WKHP DW HDFK PRPHQW� 7KH V\VWHP

SHUIRUPV FRPELQDWRULDO RSWLPL]DWLRQ FKRRVLQJ WXSOHV RI VHQVRUV WKDW QHHG WR EH RQ� ,I ZH QHHG DW PRVW

RQH VHQVRU SHU WDUJHW� HDFK N�WXSOH LV D SRVVLEOH VROXWLRQ� ZKHUH N LV WKH QXPEHU RI WDUJHWV� 7KH QXPEHU RI

FRPELQDWLRQV LV GHVFULEHG E\�
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ZKHUH Q LV WKH QXPEHU RI VHQVRUV� DQG N � WKH QXPEHU RI WDUJHWV� 7KH UHVXOWLQJ VHDUFK VSDFH LV RI

H[SRQHQWLDO FRPSOH[LW\� )LJXUH � VKRZV WKH LQFUHDVH LQ VHDUFK VSDFH IRU D SUREOHP ZLWK �� WDUJHWV� 7KH



)LJXUH �� &OXVWHU PHPEHUVKLS JULGV�

6ROLG OLQHV UHIHU WR D JULG IRU WKH VHQVRU

WR WKH OHIW ZKLOH GDVKHG OLQHV DUH D JULG

IRU WKH VHQVRU WR WKH ULJKW�

VHDUFK VSDFH LWVHOI LV QRQ�FRQYH[ DQG

GLVFRQWLQXRXV� ZLWK PL[HG�LQWHJHU SDUDPHWHUV

DQG IHDWXUH W\SH SDUDPHWHUV�

7KHUH DUH VHYHUDO DQDO\WLF DQG QXPHULFDO

RSWLPL]DWLRQ WHFKQLTXHV >&KD���@� VXFK DV

OLQHDU DQG QRQOLQHDU SURJUDPPLQJ �6/3�

643�� JUDGLHQW PHWKRGV� FRQVWUDLQW ORJLF

SURJUDPPLQJ DQG VLPXODWHG DQQHDOLQJ�

8QIRUWXQDWHO\ PRVW RI WKHP FDQQRW VROYH WKLV

SUREOHP� 7KH WZR WHFKQLTXHV FDSDEOH RI

VROYLQJ WKH FRPSOH[ RSWLPL]DWLRQ SUREOHP DW

KDQG DUH VLPXODWHG DQQHDOLQJ DQG JHQHWLF

DOJRULWKPV� :H FKRRVH WR XVH JHQHWLF

DOJRULWKPV EHFDXVH WKH\ KDYH EHHQ SURYHQ WR

EH YHU\ XVHIXO IRU RSWLPL]DWLRQ GXH WR WKHLU DELOLW\ WR HIILFLHQWO\ XVH KLVWRULFDO LQIRUPDWLRQ WR REWDLQ

QHZ VROXWLRQV ZLWK HQKDQFHG SHUIRUPDQFH >*RO���@� *HQHWLF DOJRULWKPV DUH DOVR WKHRUHWLFDOO\ DQG

HPSLULFDOO\ SURYHQ WR SURYLGH D UREXVW VHDUFK LQ FRPSOH[ VHDUFK VSDFHV DQG WKH\ GR QRW JHW WUDSSHG LQ

ORFDO PLQLPD DV RSSRVHG WR JUDGLHQW GHVFHQW WHFKQLTXHV�

�� 6<67(0 '(6&5,37,21

7KH VHOI�RUJDQL]DWLRQ V\VWHP FRQVLVWV RI WKUHH PRGXOHV� ,QLWLDOL]DWLRQ� 1HWZRUN 2EMHFWLYH $GDSWDWLRQ DQG

2SWLPL]DWLRQ� ,QLWLDOL]DWLRQ SUHSDUHV WKH VWDJH IRU DOO WKH RWKHU VHOI�RUJDQL]DWLRQ PRGXOHV� $IWHU VHQVRUV

DUH GHSOR\HG� WKHLU ORFDWLRQ DQG VWDWXV DUH IHG EDFN WR WKH LQLWLDOL]DWLRQ PRGXOH� 7KH PRGXOH UHVSRQGV E\

H[HFXWLQJ WKH &RQILGHQFH )DFWRU $VVHVVPHQW VXE�PRGXOH� ZKLFK SURYLGHV WKH FRPPDQGHU ZLWK YLVXDO

DQG QXPHULF PHDVXUHV RI WKH QRPLQDO FRYHUDJH RI WKH VSDFH RI LQWHUHVW �VSHFLILHG LQ WKH PLVVLRQ

REMHFWLYH�� 7KH QHWZRUN©V DELOLW\ �RU LQDELOLW\� WR GHWHFW RU ORFDWH WDUJHWV LQ DOO SDUWV RI WKH UHOHYDQW VSDFH

SURYLGHV DQ HDUO\ GHFLVLRQ SRLQW WR WKH FRPPDQGHU� :KLOH WKLV LV EHLQJ GLVSOD\HG� WKH &OXVWHULQJ VXE�

PRGXOH RUJDQL]HV WKH VHQVRUV LQWR FOXVWHUV� 7KHVH FOXVWHUV GLVFUHWL]H WKH VHDUFK VSDFH DQG HQDEOH WKH

RSWLPL]DWLRQ PRGXOH WR UXQ LQ DQ HIILFLHQW PDQQHU�

1HWZRUN 2EMHFWLYH $GDSWDWLRQ LV D PRGXOH UHVSRQVLEOH IRU WUDQVODWLQJ WKH EURDG 0LVVLRQ

6WDWHPHQW LVVXHG E\ WKH FRPPDQGHU LQWR D SUHFLVH 1HWZRUN 2EMHFWLYH WKDW ZLOO EH XVHG E\

2SWLPL]DWLRQ DV LWV JRDO� 7KH 1HWZRUN 2EMHFWLYH LV RQO\ YDOLG DW D VSHFLILF PRPHQW LQ WLPH DQG LW

HYROYHV UDSLGO\ DV YDULRXV HYHQWV KDSSHQ LQ WKH HQYLURQPHQW�

7KH 2SWLPL]DWLRQ PRGXOH LV UHVSRQVLEOH IRU RSWLPL]LQJ WKH VHQVRU QHWZRUN WR D JLYHQ JRDO GHILQHG E\

WKH 1HWZRUN 2EMHFWLYH� 2SWLPL]DWLRQ RI WKH QHWZRUN DUFKLWHFWXUH WR WKH QHWZRUN REMHFWLYH LV

SHUIRUPHG E\ D VHW RI *HQHWLF $OJRULWKPV �*$�� 7KH\ ZLOO EH GHVFULEHG LQ GHWDLO LQ VHFWLRQV � DQG ��

�� &/867(5,1*02'8/(

7KH V\VWHP SHUIRUPV VHQVRU FOXVWHULQJ LQ RUGHU WR UHGXFH

WKH VHDUFK VSDFH IRU WKH RSWLPL]DWLRQ DOJRULWKP� ,Q D

EURDG VHQVH� FOXVWHULQJ LV WKH RUJDQL]DWLRQ RI DOO WKH

VHQVRUV LQWR FRKHVLYH JURXSV� 6RPH FDUGLQDO UXOHV DUH

DGKHUHG WR LQ WKLV SURFHGXUH� 2QH UXOH LV WKDW VHQVRUV WKDW

RQO\ GHWHFW WKH VDPH W\SH RI WDUJHW FDQ EH SDUW RI WKH VDPH

FOXVWHU� 7KH SUHPLVH RI WKH FOXVWHULQJ SURFHGXUH LV WKDW

WKHUH LV D VHW RI WDUJHWV LQ WKH FRQVLGHUHG VSDFH WKDW DUH WR

EH ORFDWHG DQG PRQLWRUHG� 7KH DLP LV WR GHWHUPLQH DQ

DSSURSULDWH VHW RI VHQVRUV WKDW FDQ DFKLHYH WKLV UHVXOW ZKLOH

VHQVRUV WKDW DUH RXW RI UDQJH RI WKH WDUJHW DUH LJQRUHG�

7KH VROXWLRQ SURSRVHG LQ WKLV SDSHU LV WR EHJLQ E\ SDUWLWLRQLQJ WKH DUHD RI LQWHUHVW E\ D WHPSRUDU\

JULG� 7KH VL]H RI WKH JULG LV EDVHG RQ WKH GHWHFWLRQ UDQJH RI WKH SDUWLFXODU VHQVRU RU VHQVRUV EHLQJ

FRQVLGHUHG� (DFK FOXVWHU RI VHQVRUV LV WKHQ DVVRFLDWHG ZLWK D FRQWLJXRXV WRSRORJLFDO JULG VSDFH�

&OXVWHULQJ LV WKXV EDVHG RQ SK\VLFDOO\ GHILQHG UHJLRQV� 7KH PHWKRG LV DSSOLFDEOH WR D VSDFH RI DQ\

VL]H RU VKDSH� &OXVWHUV DUH WDUJHW EDVHG� L�H�� UHVWULFWHG WR VHQVRUV WKDW FDQ GHWHFW WKH VDPH W\SH RI

WDUJHW� &R�ORFDWHG VHQVRUV GHWHFWLQJ GLIIHUHQW W\SHV RI WDUJHWV ZLOO EHORQJ WR GLIIHUHQW �DOEHLW

RYHUODSSLQJ VSDFH� FOXVWHUV� 7KLV UXOH LV HQIRUFHG WR HQVXUH D FRKHUHQW WDUJHW UHVSRQVH� *ULG VL]H LV

GHWHUPLQHG E\ D IDFWRU WLPHV WKH PLQLPXP GHWHFWLRQ UDQJH RI WKH VHQVRUV WKDW DUH DEOH WR GHWHFW

WDUJHWV RI WKH VDPH W\SH� 7KLV DOORZV WDUJHW�EDVHG VHQVRU VHOHFWLRQ� XWLOL]LQJ RQO\ WKRVH VHQVRUV WKDW

�(���

�(���

�(���

�(���

�(���

�(���

�(���

�(���

�(���

�(���

�(���

�(���

� ��� ��� ��� ���� ���� ���� ��

1XPEHU RI 6HQVRUV

)LJXUH �� 6HDUFK VSDFH VL]H YV� QXPEHU RI VHQVRUV�



FDQ VHQVH D SDUWLFXODU WDUJHW� 7KH UDQJH ZLWKLQ ZKLFK DQ REMHFW FDQ EH GHWHFWHG E\ D VHQVRU KDV EHHQ

GHILQHG DV WKH UDQJH YHFWRU RI WKDW VHQVRU�

7KH FOXVWHUV WKDW UHVXOW IURP WKLV JURXSLQJ DUH IX]]\� $ VHQVRU EHORQJV WR D SDUWLFXODU FOXVWHU LI

WKH GLVN GHILQHG E\ LWV UDQJH YHFWRU RYHUODSV WKH JULG VSDFH DVVRFLDWHG ZLWK WKDW SDUWLFXODU FOXVWHU�

*UDSKLFDOO\� FRQVLGHU WKH VPDOOHU GLVN WR WKH OHIW LQ )LJXUH �� 7KH GLVN UHSUHVHQWV WKH VHQVRU©V UDQJH

�WKH SRUWLRQ RI WKH DUHD WKDW LW FDQ ¦VHH§�� 7KH VROLG�OLQH JULG VSDFHV UHIHU WR WKH FOXVWHULQJ JULG WKDW

KDV EHHQ DSSOLHG WR WKH SDUWLFXODU JHRJUDSKLFDO DUHD� 2I WKH � JULG VSDFHV VKRZQ IXOO\� WKH VHQVRU

RYHUODSV � VSDFHV� 7KH VHQVRU� WKHQ� LV D PHPEHU RI � FOXVWHUV� DQG LW LV DEOH WR GHWHFW WDUJHWV ORFDWHG

LQ SRUWLRQV RI HDFK RI WKHVH FOXVWHUV� )LJXUH � DOVR VKRZV D ODUJHU GLVN� L�H�� D VHQVRU ZLWK D ODUJHU

UDQJH� ZKLFK DOVR KDSSHQV WR GHWHFW D GLIIHUHQW W\SH RI WDUJHW� 7KLV ODUJHU UDQJH VHQVRU LV DVVRFLDWHG

ZLWK WKH JULG VSDFLQJ RI WKH GDVKHG OLQHV� ZKLFK UHODWH WR D GLIIHUHQW W\SH RI WDUJHW� 7KLV VHQVRU UDQJH

LQWHUVHFWV WZR JULG VSDFHV DQG LV D PHPEHU RI WZR

FOXVWHUV WKDW RYHUODS WKH IRXU FOXVWHUV RI WKH VPDOOHU

UDQJH VHQVRU� ,W LV LPSRUWDQW WR QRWH WKDW JULG VSDFHV

IRU GLIIHUHQW W\SHV RI WDUJHWV FDQ RYHUODS EXW JULG

VSDFHV IRU WKH VDPH W\SH RI WDUJHW FDQQRW RYHUODS�

$OO VHQVRUV FDSDEOH RI GHWHFWLQJ D WDUJHW RI WKH

VDPH W\SH DQG DVVRFLDWHG ZLWK D XQLTXH JULG VSDFH

IRUP D FOXVWHU� DV VKRZQ LQ )LJXUH �� &OXVWHUV

IUHTXHQWO\ FRQWDLQ VHQVRUV WKDW DUH ORFDWHG RXWVLGH

WKH SK\VLFDO ERXQGDULHV RI WKH JULG� &RQYHUVHO\�

ZKLOH WKH JULG VSDFHV DUH QRQ�LQWHUVHFWLQJ� WKH

FOXVWHUV WKDW DUH IRUPHG GR LQWHUVHFW DV VHQVRUV FDQ

EHORQJ WR PRUH WKDQ RQH FOXVWHU� 6HQVRUV EHORQJ WR

WKHVH IX]]\ FOXVWHUV ZLWK D GHJUHH RI PHPEHUVKLS

EHWZHHQ � DQG �� 7KH PHPEHUVKLS YDOXH LV

FRPSXWHG DV WKH UDWLR RI WKH DUHD RI LQWHUVHFWLRQ RI

WKH VHQVRU UDQJH FLUFOH ZLWK WKH DUHD RI WKH JULG

VSDFH�

�� 237,0,=$7,2102'8/(

7KH 2SWLPL]DWLRQ PRGXOH RSWLPL]HV WKH VHQVRU QHWZRUN DUFKLWHFWXUH WR WKH 1HWZRUN 2EMHFWLYH� ,W

FKRRVHV VHQVRUV WKDW ZLOO EH DFWLYH DW D JLYHQ PRPHQW DQG WHOOV WKH RWKHU DOJRULWKPV �L�H�� WUDFNLQJ� ,G

IXVLRQ� ZKLFK VHQVRUV ZLOO UHSRUW WR WKHP� 7KH JRDO RI WKH PRGXOH LV WR FKRRVH VHQVRUV LQ VXFK D ZD\

WKDW WKH\ DFKLHYH WKH KLJKHVW DFFXUDF\ RI GHWHFWLRQ� ORFDWLRQ DQG LGHQWLILFDWLRQ RI VSHFLILHG WDUJHWV�

ZKLOH PLQLPL]LQJ WKH HQHUJ\ XVHG E\ WKH VHQVRU QHWZRUN� *HQHWLF $OJRULWKPV DUH XVHG WR DFKLHYH

WKLV REMHFWLYH�

(DFK LQGLYLGXDO RI WKH JHQHWLF DOJRULWKP SRSXODWLRQ LV FRPSULVHG RI VHYHUDO JHQHV� (DFK RI WKH

JHQHV FRQWDLQV RQH VHQVRU©V LGHQWLILFDWLRQ� $OO WKH VHQVRUV� ZKLFK DUH FKRVHQ E\ *$ WR EH DFWLYH DW D

JLYHQ PRPHQW� KDYH WKHLU LGHQWLILFDWLRQV FRGHG LQ WKH JHQHV� 7KHUH LV D XQLTXH LGHQWLILFDWLRQ �LQWHJHU

QXPEHU VWDUWLQJ DW ]HUR� DVVRFLDWHG ZLWK HDFK VHQVRU DQG WKH JHQHV XVH D ELQDU\ HQFRGLQJ IRU

LGHQWLILFDWLRQV�

&OXVWHULQJ KHOSV WKH JHQHWLF DOJRULWKP E\ UHVWULFWLQJ WKH QXPEHU RI VHQVRUV WKDW FDQ EH FKRVHQ DV

D JLYHQ JHQH YDOXH� WR VHQVRUV IURP WKH FRUUHVSRQGLQJ FOXVWHU RQO\� :LWKRXW FOXVWHULQJ ZH ZRXOG

KDYH WR DOORZ IRU HDFK VHQVRU WR EH FKRVHQ DV DQ\ JHQH YDOXH� VLQFH ZH ZRXOG KDYH QR SULRU

NQRZOHGJH WKDW FHUWDLQ VHQVRUV FDQQRW VHQVH WKH WDUJHW �EHFDXVH WKH WDUJHW LV RXWVLGH WKHLU GHWHFWLRQ

UDQJH� RU WKH VHQVRU LV WKH ZURQJ W\SH�� 7KHUHIRUH� FOXVWHULQJ UHGXFHV WKH *$ VHDUFK VSDFH� DOORZLQJ

*$ WR UXQ PXFK PRUH HIIHFWLYHO\�

7KH *$©V LQWHUQDO VWUXFWXUH �L�H� QXPEHU RI JHQHV� GHSHQGV RQ WKH QHWZRUN REMHFWLYH� :KHQHYHU

WKLV REMHFWLYH FKDQJHV� WKH QXPEHU RI JHQHV RI WKH *$ DOVR FKDQJHV� 1HWZRUN REMHFWLYH LV FRPSULVHG

RI VXVSHFWHG WDUJHWV DQG UHTXLUHG RSHUDWLRQV DVVRFLDWHG ZLWK WKHP� 7KHUH LV DW OHDVW RQH JHQH WKDW LV

DVVRFLDWHG ZLWK HDFK VXVSHFWHG WDUJHW� ,I WKH RSHUDWLRQ LV WR GHWHFW WKH WDUJHW� WKHUH LV RQH JHQH

DVVRFLDWHG ZLWK WKLV WDUJHW �VHH )LJXUH �D�� :KHQ WKH RSHUDWLRQ LV WR ORFDWH WKH WDUJHW� WKHUH DUH DV

PDQ\ JHQHV DV QHFHVVDU\ IRU ORFDWLRQ� )RU H[DPSOH� LQ FDVH RI DFRXVWLF EHDULQJ VHQVRUV WKLV QXPEHU LV

WKUHH �)LJXUH �E��

6LQFH LQ RXU V\VWHP D JLYHQ JHQH FDQ FRUUHVSRQG WR DQ\ VHQVRU IURP D JLYHQ FOXVWHU RQO\� WKH

PLQLPXP DQG PD[LPXP YDOXHV WKDW WKH JHQH PD\ WDNH GHSHQG RQ WKH QXPEHU RI VHQVRUV LQ WKDW

FOXVWHU� +RZHYHU� VHQVRUV LQ RQH FOXVWHU GR QRW KDYH FRQVHFXWLYH LGHQWLILFDWLRQV DQG WKLV SRVHV D

)LJXUH �� &OXVWHUV RI VHQVRUV LQ DQ DUHD RI

VXUYHLOODQFH� 6HQVRUV DUH WKH FURVV�PDUNV�



SUREOHP IRU *$� ,I ZH DOORZ HDFK JHQH WR WDNH DOO SRVVLEOH YDOXHV EHWZHHQ PLQLPXP DQG PD[LPXP

RI VHQVRUV© LGHQWLILFDWLRQV IURP D JLYHQ FOXVWHU� *$ ZLOO SURGXFH PDQ\ LQYDOLG VROXWLRQV� 2QO\ WKRVH

VROXWLRQV WKDW KDYH JHQH YDOXHV FRUUHVSRQGLQJ WR VHQVRUV �EHORQJLQJ WR D JLYHQ FOXVWHU� WKDW FDQ GHWHFW

D JLYHQ WDUJHW DUH YDOLG� 7KLV PHDQV WKDW RXU SUREOHP LV D FRQVWUDLQHG RSWLPL]DWLRQ SUREOHP�

�� *(1(7,& $/*25,7+06 )25 &21675$,1(' 237,0,=$7,21 352%/(06

2SWLPL]DWLRQ SUREOHPV ZLWK FRQVWUDLQWV DUH PXFK PRUH GLIILFXOW WR VROYH WKDQ SUREOHPV ZLWKRXW

FRQVWUDLQWV� :KHQ RSWLPL]LQJ DQ XQFRQVWUDLQHG IXQFWLRQ� DQ\ FRPELQDWLRQ RI ELWV LQ FKURPRVRPHV LV

OHJDO� 7KLV PHDQV WKDW WKH PXWDWLRQ DQG FURVVRYHU RSHUDWLRQV ZLOO DOZD\V SURGXFH D OHJDO RIIVSULQJ�

:KHQ WKH SUREOHP KDV VRPH FRQVWUDLQWV� WKH FURVVRYHU DQG PXWDWLRQ RSHUDWLRQV RQ OHJDO

FKURPRVRPHV PD\ SURGXFH LOOHJDO RIIVSULQJV� 7KH WKUHH PRVW XVHG VROXWLRQV IRU VROYLQJ WKH

FRQVWUDLQW SUREOHP LQ JHQHWLF DOJRULWKPV DUH SHQDOW\ IXQFWLRQV� GHFRGHUV DQG FKURPRVRPH UHSDLU

>0,&���@�

7KH SUREOHP WKDW ZH DUH VROYLQJ� DV PHQWLRQHG SUHYLRXVO\� LV D FRQVWUDLQHG RSWLPL]DWLRQ

SUREOHP� 6LQFH JHQH YDOXHV FRUUHVSRQG WR VHQVRUV© LGHQWLILFDWLRQV DQG VHQVRUV DEOH WR GHWHFW D JLYHQ

WDUJHW KDYH QRQFRQVHFXWLYH LGHQWLILFDWLRQ QXPEHUV� LW LV SUREDEOH WKDW PRVW RI *$ VROXWLRQV ZLOO EH

LQYDOLG� �7KLV LV ZK\ WKH XVH RI SHQDOW\ IXQFWLRQV ZLOO QRW EH HIIHFWLYH�� :H ZLOO DYRLG EXLOGLQJ

LOOHJDO LQGLYLGXDOV E\ GHILQLQJ D GHFRGHU WKDW GRHV QRW LQYROYH VSHFLDOL]HG FURVVRYHU DQG PXWDWLRQ

RSHUDWRUV� 2XU GHFRGHU LQYROYHV VHQVRU UHPDSSLQJ� $OO VHQVRUV LQ WKH FOXVWHU DVVRFLDWHG ZLWK D JLYHQ

WDUJHW WKDW DUH DEOH WR VHH WKDW WDUJHW DUH SRVVLEOH FDQGLGDWHV DV JHQH YDOXHV� 6LQFH WKH\ KDYH

QRQFRQVHFXWLYH LGHQWLILFDWLRQV� ZH DUH SHUIRUPLQJ D UHPDSSLQJ IURP WKHLU LGHQWLILFDWLRQV LQWR

FRQVHFXWLYH LQWHJHUV� :H ZLOO UHIHU WR WKRVH FRQVHFXWLYH LQWHJHUV DV PDSSHG ,GV� *$ RSHUDWHV RQ

PDSSHG ,GV� 7KH XVH RI UHPDSSLQJ DOORZV FKDQJLQJ WKH FRQVWUDLQHG RSWLPL]DWLRQ SUREOHP LQWR DQ

XQFRQVWUDLQHG RQH WKDW LV PXFK HDVLHU WR WDFNOH E\ D *$� 8QIRUWXQDWHO\ LW LV QRW SRVVLEOH WR SHUIRUP

UHPDSSLQJ RQO\ RQFH� ,W KDV WR EH UHGRQH DW HDFK WLPH VWHS� VLQFH DW HDFK WLPH VWHS WKH SRVLWLRQV RI

WKH VXVSHFWHG WDUJHWV FKDQJH� DQG WKHVH SRVLWLRQV DUH XVHG LQ RUGHU WR GHWHUPLQH WKH FOXVWHU DQG WKH

VXEVHW RI WKH VHQVRUV IURP WKDW FOXVWHU WKDW DUH DEOH WR GHWHFW D JLYHQ WDUJHW�

*$ LQWHUQDO VWUXFWXUH �L�H� QXPEHU RI JHQHV� GHSHQGV RQ WKH QHWZRUN REMHFWLYH� :KHQHYHU WKLV

REMHFWLYH FKDQJHV WKH QXPEHU RI JHQHV RI *$ DOVR FKDQJHV� 1HWZRUN REMHFWLYH LV FRPSULVHG RI

VXVSHFWHG WDUJHWV DQG UHTXLUHG RSHUDWLRQV DVVRFLDWHG ZLWK WKHP� :LWK HDFK VXVSHFWHG WDUJHW WKHUH LV DW

OHDVW RQH JHQH DVVRFLDWHG� ,I WKH RSHUDWLRQ LV WR GHWHFW WKH WDUJHW� WKHUH LV RQH JHQH DVVRFLDWHG ZLWK WKLV

WDUJHW �VHH )LJXUH �D�� :KHQ WKH RSHUDWLRQ LV WR ORFDWH WKH WDUJHW� WKHUH DUH DV PDQ\ JHQHV DV

QHFHVVDU\ IRU ORFDWLRQ� )RU H[DPSOH LQ FDVH RI DFRXVWLF EHDULQJ VHQVRUV WKLV QXPEHU LV WKUHH �)LJXUH

�E��

�� *(1(7,& $/*25,7+0 &+$5$&7(5,67,&6

7KH LPSOHPHQWDWLRQ RI *$ LV FDUULHG WKURXJK WKH *HQH+XQWHU
�

'\QDPLF /LQN /LEUDU\ >:DU���@ RI

EDVLF *$ IXQFWLRQV� 7KLV OLEUDU\ LV OLQNHG WR RXU &�&�� SURJUDP� :H DUH XVLQJ DQ HOLWLVW *$ ZLWK D

*HQHWLF$OJRULWKP*HQHWLF$OJRULWKP

*HQH� *HQHQ*HQH�

6HQVRUUHGXQGDQF\FOXVWHUV

���

*HQHWLF $OJRULWKP*HQHWLF $OJRULWKP

*HQHV �B� WR �B� *HQHV �B� WR �B� *HQHV QB� WR QB�

6HQVRU UHGXQGDQF\ FOXVWHUV

���

���

���

)LJXUH �� ,QWHUQDO VWUXFWXUH RI *$ IRU GHWHFWLRQ �D� 2QH JHQH SHU WDUJHW�� DQG� LQWHUQDO VWUXFWXUH RI *$

IRU ORFDWLRQ �E� $V PDQ\ JHQHV SHU WDUJHW DV WKH QXPEHU RI VHQVRUV QHFHVVDU\ IRU FRPSXWLQJ ORFDWLRQ�



SRSXODWLRQ RI �� LQGLYLGXDOV� 7KH SUREDELOLW\ RI FURVVRYHU LV FRQVWDQW DQG LV VHW DW ��� DQG WKH

SUREDELOLW\ RI PXWDWLRQ LV ���� �SHU JHQH�� 7KH *$ LV UXQ XQWLO WKHUH LV QR LPSURYHPHQW LQ WKH EHVW

LQGLYLGXDO RI WKH SRSXODWLRQ IRU ������ JHQHUDWLRQV� 7KH QXPEHU RI JHQHUDWLRQV ZLWKRXW

LPSURYHPHQW GHSHQGV RQ WKH QXPEHU RI VHQVRUV� )RU D VPDOO QXPEHU RI VHQVRUV �H�J� ����� WKH UHVXOWV

DUH VDWLVIDFWRU\ DIWHU �� JHQHUDWLRQV ZLWK QR LPSURYHPHQW LQ WKH ILWQHVV IXQFWLRQ� IRU ODUJH QXPEHU RI

VHQVRUV �H�J� ����� WKHUH LV D QHHG IRU DV PDQ\ DV ��� JHQHUDWLRQV ZLWKRXW FKDQJH� $W WKLV SRLQW WKH

QXPEHU RI JHQHUDWLRQV ZLWKRXW LPSURYHPHQW� DIWHU ZKLFK WKH DOJRULWKP VWRSV� ZDV VHW PDQXDOO\� )RU

WKH ZKROH V\VWHP EHLQJ DEOH WR UXQ DXWRPDWLFDOO\� D JHQHUDO PHWKRG IRU ILQGLQJ WKH QXPEHU RI

JHQHUDWLRQV� KDV WR EH GHYHORSHG�

7KH ILWQHVV IXQFWLRQ GHVFULEHV WKH SRZHU XVHG E\ WKH FKRVHQ VHQVRUV DW HDFK PRPHQW LQ WLPH� ,W

KDV WKH IROORZLQJ IRUP�

¦
 

� 

Q

L

LSRZHU)LWQHVV
�

����

ZKHUH SRZHUL LV WKH SRZHU XVHG E\ VHQVRU QXPEHU L� :H DUH XVLQJ WKH QHJDWLYH VLJQ LQ IURQW RI WKH

VXP EHFDXVH *$V FDQ RQO\ SHUIRUP IXQFWLRQ PD[LPL]DWLRQ�

�� '$7$ 6(76

7KH ILIWHHQ GDWD VHWV WKDW ZH SHUIRUPHG WKH WHVWV RQ UDQJHG IURP ��� WR ���� VHQVRUV� ,Q HDFK GDWD VHW

WKH VHQVRUV ZHUH UDQGRPO\ GLVWULEXWHG LQ DQ DUHD ��NP E\ ��NP� 6HQVRU SRZHU FRQVXPSWLRQ ZDV D

UDQGRP QXPEHU ZLWK XQLIRUP GLVWULEXWLRQ IURP WKH >����@ LQWHUYDO� 7KH VHQVRUV EHORQJHG WR WKUHH

FDWHJRULHV� HDFK FDSDEOH RI GHWHFWLQJ D SDUWLFXODU W\SH RI WDUJHW� $ERXW RQH WKLUG RI DOO VHQVRUV

EHORQJHG WR HDFK FDWHJRU\� 7KH JRDO ZDV WR GHWHFW �� WDUJHWV EHORQJLQJ WR WZR GLVWLQFW W\SHV� 0RVW RI

WKH WDUJHWV ZHUH ORFDWHG LQ ORFDWLRQV RQ WKH SHULPHWHU RI WKH DUHD XQGHU VXUYHLOODQFH� (DFK RI WKH GDWD

VHWV LV GLIIHUHQW� HYHQ LI LW SRVVHVVHV WKH VDPH QXPEHU RI VHQVRUV� 7KH GLIIHUHQFH OLHV LQ WKH ORFDWLRQ

RI VHQVRUV DQG LQ WKHLU LQGLYLGXDO SRZHU FRQVXPSWLRQ�

�� 5(68/76

&OXVWHULQJ GLYLGHV VHQVRUV LQWR ��� FOXVWHUV EHORQJLQJ WR � FDWHJRULHV� ��� FOXVWHUV IRU VHQVRUV RI W\SH

�� ��� IRU VHQVRUV RI W\SH �� DQG � � IRU VHQVRUV RI W\SH �� 7KHUH DUH �� WDUJHWV� �� WDUJHWV WKDW FDQ EH

GHWHFWHG E\ VHQVRUV RI W\SH �� DQG � WDUJHWV WKDW FDQ EH GHWHFWHG E\ VHQVRUV RI W\SH �� (DFK WDUJHW

EHORQJV WR D GLIIHUHQW JULG VSDFH� 6LQFH WKH V\VWHP©V JRDO LV WR GHWHFW WDUJHWV� WKH *HQHWLF $OJRULWKP

KDV RQH JHQH SHU WDUJHW� UHVXOWLQJ LQ �� JHQHV SHU LQGLYLGXDO�

7DEOH � VKRZV WKH VROXWLRQV IRXQG IRU RXU ILIWHHQ GDWD VHWV� &ROXPQ � UHSUHVHQWV WKH QXPEHU RI

VHQVRUV� FROXPQ � � WKH QXPEHU RI JHQHUDWLRQV QHHGHG IRU FRQYHUJHQFH� FROXPQ � ¤ WKH PD[LPXP

ILWQHVV� FROXPQ � WKH QXPEHU RI GLIIHUHQW VHQVRUV FKRVHQ� %\ ORRNLQJ DW FROXPQ � ZH QRWLFH WKDW

DOZD\V OHVV WKDQ �� VHQVRUV ZHUH FKRVHQ� LW PHDQV WKDW WKH VDPH VHQVRU LV FKRVHQ WZLFH RU HYHQ WKUHH

WLPHV� 7KRVH ¦UHSHDWLQJ§ VHQVRUV FDQ GHWHFW WDUJHWV LQ DGMDFHQW FOXVWHUV� 3RZHU XVHG E\ WKH VHQVRU

QHWZRUN LV PLQLPL]HG ZKHQ RQH

VHQVRU LV FKRVHQ IRU GHWHFWLRQ RI D

IHZ WDUJHWV� 2I FRXUVH WKLV KDSSHQV

RQO\ LI WKLV VHQVRU XVHV OHVV SRZHU

WKDQ WZR VHQVRUV IURP DGMDFHQW

FOXVWHUV�

,QWXLWLYHO\� WKH PRUH VHQVRUV

WKHUH DUH� WKH KLJKHU VKRXOG EH WKH

ILWQHVV IXQFWLRQ RI WKH EHVW

LQGLYLGXDO� 7KLV UHVXOWV IURP WKH

IDFW WKDW WKH PRUH VHQVRUV WKHUH DUH�

WKH KLJKHU VKRXOG EH WKH QXPEHU RI

VHQVRUV ZLWK ORZ SRZHU

FRQVXPSWLRQ �VLQFH SRZHU

FRQVXPSWLRQ LV DOZD\V D XQLIRUP

UDQGRP QXPEHU IURP WKH VDPH

LQWHUYDO�� 2XU UHVXOWV GR QRW

LQGLFDWH WKLV WUHQG� 7KH UHDVRQ LV

WKH H[SRQHQWLDO JURZLQJ RI VHDUFK

VSDFH ZLWK WKH QXPEHU RI VHQVRUV�

1XPEHU

RI 6HQVRUV

1XPEHU RI

*HQHUDWLRQV

0D[LPXP

)LWQHVV

([FOXVLYH

6HQVRUV
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7DEOH �� *$ UHVXOWV IRU �� GDWD VHWV�



DV HYLGHQW E\ FRPSDULQJ QXPEHUV LQ )LJXUH �� 7KH QXPEHU RI JHQHUDWLRQV WKDW WKH JHQHWLF DOJRULWKP

ZDV UXQ LQFUHDVHV �VHH FROXPQ � RI 7DEOH �� DW PRVW OLQHDUO\ ZLWK WKH LQFUHDVH RI WKH VHDUFK VSDFH �WKH

OLQHDU FRHIILFLHQW GRHV QRW H[FHHG ��� 6LQFH WKH ILWQHVV IXQFWLRQV RQ WKH DYHUDJH GRHV QRW EHFRPH

ORZHU IRU ODUJHU QXPEHU RI VHQVRUV� LW LQGLFDWHV WKDW JHQHWLF DOJRULWKPV VKRXOG EH UXQ ORQJHU WKDQ WKH\

ZHUH� LQ RUGHU WR REWDLQ TXDVL�RSWLPDO VROXWLRQV� :H VWLOO H[SHFW WKH QXPEHU RI JHQHUDWLRQV WR

LQFUHDVH OLQHDUO\ ZLWK WKH QXPEHU RI VHQVRUV� +RZHYHU WKH FRHIILFLHQW ZLOO QRW EH � RU OHVV DV LW LV

QRZ� EXW ZLOO EH KLJKHU �H�J� ����� $QRWKHU PHWKRG WR LPSURYH FRQYHUJHQFH ZRXOG EH WR DGG D ORFDO

VHDUFK DW WKH HQG RI *$ UXQ�

��� &21&/86,216

7KLV SDSHU GHVFULEHV D V\VWHP SHUIRUPLQJ VHOI�RUJDQL]DWLRQ RI D VHQVRU QHWZRUN� 7KH JRDO RI WKH

V\VWHP LV WR FKRRVH VHQVRUV QHFHVVDU\ WR SHUIRUP WKH RSHUDWLRQ GHVFULEHG LQ WKH QHWZRUN REMHFWLYH

ZKLOH PLQLPL]LQJ WKH SRZHU FRQVXPSWLRQ RI WKH HQWLUH QHWZRUN� ,Q WKLV SDSHU� VSHFLDO HPSKDVLV LV

SODFHG RQ WKH FOXVWHULQJ PHFKDQLVP DQG WKH RSWLPL]DWLRQ SHUIRUPHG E\ JHQHWLF DOJRULWKPV�

7KH FOXVWHULQJ PHWKRG GHYHORSHG LV VLPSOH \HW SRZHUIXO� ,W VXLWV WKH SUREOHP DW KDQG LQ ZKLFK D

FRQYHQWLRQDO FOXVWHULQJ DOJRULWKP LV WRR FRPSXWDWLRQDOO\ H[SHQVLYH DQG QRW DV XVHIXO DV WKH RQH

GHYHORSHG� $ FRQYHQWLRQDO FOXVWHULQJ DOJRULWKP JURXSV SDWWHUQV �LQ RXU FDVH VHQVRUV� LQWR FODVVHV

DFFRUGLQJ WR WKH LQWHUQDO VLPLODULW\ EHWZHHQ WKH SDWWHUQV� :KLOH W\SLFDO FOXVWHULQJ DOJRULWKPV WDNH

VHYHUDO SDVVHV WKURXJK WKH GDWD VHW SULRU WR FRPSOHWLRQ� RXU PHWKRG UHTXLUHV D VLQJOH SDVV WKURXJK WKH

GDWD VHW� 7KH WHFKQLTXH GHYHORSHG LQ WKLV SDSHU LV UHDOO\ QRW FRQFHUQHG ZLWK WKH VLPLODULW\ RI SDWWHUQV

LQ WKH FOXVWHU� ,QVWHDG� LW LV FRQFHUQHG ZLWK WKH IDFW WKDW D VHQVRU EHORQJLQJ WR D VSHFLILHG FOXVWHU ZLOO

EH DEOH WR GHWHFW D WDUJHW ORFDWHG DW D VSHFLILHG SRVLWLRQ�

7KH H[SRQHQWLDO JURZ RI WKH VHDUFK VSDFH PDGH WKH SUREOHP LQWUDFWDEOH IRU PRVW RSWLPL]DWLRQ

WHFKQLTXHV LQ D UHDVRQDEOH WLPH IUDPH� 7KH IDFW WKDW WKH RSWLPDO VROXWLRQ LV QRW QHFHVVDU\ EXW D TXDVL�

RSWLPDO VROXWLRQ LV DFFHSWDEOH DOORZHG WKH XVH RI JHQHWLF DOJRULWKPV� 7KH GHYHORSPHQW RI *$

LQWHUQDO VWUXFWXUH ZHOO VXLWHG WR WKH SUREOHP EHLQJ VROYHG DQG HVSHFLDOO\ WKH VPDUW GHFRGHU GHYLVHG

DOORZHG D IDVW FRQYHUJHQFH RI WKH JHQHWLF DOJRULWKP� 7KH WHFKQLTXH GHYHORSHG DOORZV REWDLQLQJ D

TXDVL�RSWLPDO VROXWLRQ LQ DQ H[SRQHQWLDO VHDUFK VSDFH LQ D OLQHDU WLPH IUDPH� 7KLV LV D VXEVWDQWLDO

DFKLHYHPHQW PDNLQJ LW SRVVLEOH IRU WKH V\VWHP WR EH XVHG LQ UHDO WLPH�

��� $&.12:/('*(0(176

7KLV ZRUN ZDV VXSSRUWHG E\ $OOLHG6LJQDO GXULQJ WKH H[HFXWLRQ RI D '$53$ FRQWUDFW IRU 7HFKQRORJ\

IRU 7DFWLFDO 6HQVRUV DQG 7DVNLQJ DQG &RQWURO LQ 6PDOO 8QLW 2SHUDWLRQV �FRQWUDFW QXPEHU )���������

&������� 'U� (G &DUDSH]]D SURJUDP PDQDJHU� 6XSSRUW RI WKLV SURJUDP LV JUDWHIXOO\ DFNQRZOHGJHG�

:H ZRXOG OLNH DOVR WR WKDQN 'U� 5LFKDUG %XUQH� WKH $OOLHG6LJQDO 3URJUDP 0DQDJHU� DV ZHOO DV WKH

ZKROH $OOLHG6LJQDO¤1RUWKURS *UXPPDQ WHDP IRU IUXLWIXO GLVFXVVLRQV�

��� 5()(5(1&(6

>&KD���@ 9� &KDQGUX� 0� 5DR� ¦&RPELQDWRULDO 2SWLPL]DWLRQ§� 7KH &RPSXWHU 6FLHQFH DQG

(QJLQHHULQJ +DQGERRN� HG� $� 7XFNHU� -U�� &5& 3UHVV� ���� SS� ��������

>'DY���@ /� 'DYLV� +DQGERRN RI *HQHWLF $OJRULWKPV� 9DQ 1RVWUDQG 5HLQKROG� 1< �����

>*RO���@ '� *ROGEHUJ� *HQHWLF $OJRULWKPV LQ 6HDUFK� 2SWLPL]DWLRQ DQG 0DFKLQH /HDUQLQJ� $GGLVRQ�

:HVOH\ 3XEOLVKLQJ &RPSDQ\� ,QF�� �����

>0LF���@ =� 0LFKDOHZLF]� *HQHWLF $OJRULWKPV � 'DWD 6WUXFWXUHV  (YROXWLRQ 3URJUDPV� 6SULQJHU�

9HUODJ� �����

>:DU���@ :DUG 6\VWHPV *URXS� *HQH+XQWHU 8VHU©V 0DQXDO� 0DUFK �����


