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$ QHZ LVVXH IRU FRPELQDWRULDO RSWLPL]DWLRQ SUREOHPV LV WR LQFRUSRUDWH ORFDO VHDUFK LQWR WKH IUDPHZRUN

RI HYROXWLRQDU\ DOJRULWKPV� OHDGLQJ WR K\EULG HYROXWLRQDU\ DOJRULWKPV� :LWK WKH K\EULG DSSURDFK�

HYROXWLRQDU\ DOJRULWKPV DUH XVHG WR SHUIRUP JOREDO H[SORUDWLRQ DPRQJ SRSXODWLRQ ZKLOH RWKHU KHXULVWLF

PHWKRGV DUH XVHG WR SHUIRUP ORFDO H[SORLWDWLRQ DURXQG FKURPRVRPHV� 'XH WR WKH FRPSOHPHQWDU\

SURSHUWLHV RI HYROXWLRQDU\ DOJRULWKPV DQG FRQYHQWLRQDO KHXULVWLFV� WKH K\EULG DSSURDFK RIWHQ

RXWSHUIRUPV HLWKHU PHWKRG RSHUDWLQJ DORQH� :KHQ GHVLJQLQJ D K\EULG HYROXWLRQDU\ DOJRULWKP �+($�� D

IXQGDPHQWDO SULQFLSOH LV WR K\EULGL]H ZKHUH SRVVLEOH�

7KLV SDSHU DLPV DW GHYHORSLQJ SRZHUIXO +($ WR ILQG KLJK TXDOLW\ VXE�RSWLPDO VROXWLRQV IRU WKH MRE

VKRS VFKHGXOLQJ SUREOHP WKURXJK WDEX VHDUFK �76�� DQ DGYDQFHG ORFDO VHDUFK PHWD�KHXULVWLF�

([SHULPHQWV RI VXFK D K\EULG DOJRULWKP DUH FDUULHG RXW RQ GLIIHUHQW EHQFKPDUN� $QDO\VLV RI WKH

EHKDYLRXU RI WKH DOJRULWKP VKHGV OLJKW RQ ZD\V WR IXUWKHU LPSURYHPHQW DQG DUH GLVFXVVHG KHUH�

.H\ :RUGV� HYROXWLRQDU\ DOJRULWKPV� VFKHGXOLQJ� K\EULGL]DWLRQ� ORFDO VHDUFK� RSWLPL]DWLRQ�

� 7KH 5HVHDUFK *URXS LV VXSSRUWHG E\ WKH 8QLYHUVLGDG 1DFLRQDO GH /D 3DPSD�
�
7KH 5HVHDUFK *URXS LV VXSSRUWHG E\ WKH 8QLYHUVLGDG 1DFLRQDO GH 6DQ /XLV DQG WKH $13&<7

�1DWLRQDO $JHQF\ WR 3URPRWH 6FLHQFH DQG 7HFKQRORJ\��
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(YROXWLRQDU\ DOJRULWKPV �($V� RIIHU D UREXVW DSSURDFK WR SUREOHP VROYLQJ� ($V DUH H[WUHPHO\ IOH[LEOH

DQG FDQ EH H[WHQGHG E\ LQFRUSRUDWLQJ DOWHUQDWLYH DSSURDFKHV WR IDYRXU WKH VHDUFK SURFHVV� 2QH ZD\ LV

WR K\EULGL]H DQ HYROXWLRQDU\ DOJRULWKP ZLWK VWDQGDUG ORFDO VHDUFK SURFHGXUHV� /RFDO VHDUFK HPSOR\V WKH

LGHD WKDW D JLYHQ VROXWLRQ PD\ EH LPSURYHG E\ PDNLQJ VPDOO FKDQJHV >��@�

6RPH QRWLRQV QHHG WR EH LQWURGXFHG FRQFHUQLQJ ORFDO VHDUFK� 7ZR IXQFWLRQV DUH GHILQHG RQ D VHW RI

IHDVLEOH VROXWLRQV �)�� 7KH FRVW IXQFWLRQ LV D PDSSLQJ F � )o 5� ZKLFK LQ PRVW FDVHV LV FORVHO\ UHODWHG

WR WKH IXQFWLRQ WKDW LV WR EH RSWLPL]HG� 7KH QHLJKERXUKRRG IXQFWLRQ LV D PDSSLQJ Q � )o �
)
� ZKLFK

GHILQHV IRU HDFK VROXWLRQ [ � ) D QHLJKERXUKRRG Q�[� � )� (DFK VROXWLRQ LQ Q�[� LV FDOOHG D QHLJKERXU

RI [� 7KH H[HFXWLRQ RI D ORFDO VHDUFK DOJRULWKP GHILQHV D ZDON LQ ) VXFK WKDW HDFK VROXWLRQ YLVLWHG LV D

QHLJKERXU RI WKH SUHYLRXVO\ YLVLWHG RQH�

7KH EDVLF DOJRULWKP LV FDOOHG LWHUDWLYH LPSURYHPHQW� 6WDUWLQJ DW VRPH LQLWLDO IHDVLEOH VROXWLRQ� LWV

QHLJKERXUKRRG LV VHDUFKHG IRU D VROXWLRQ RI ORZHU FRVW� ,I VXFK D VROXWLRQ LV IRXQG� WKH DOJRULWKP LV

FRQWLQXHG IURP WKHUH� RWKHUZLVH� D ORFDO PLQLPXP KDV EHHQ IRXQG�

7KH TXDOLW\ RI WKH ORFDO PLQLPXP GHSHQGV RQ WKH LQLWLDO VROXWLRQ� RQ WKH QHLJKERXUKRRG IXQFWLRQ� DQG

RQ WKH PHWKRG RI VHDUFKLQJ WKH QHLJKERXUKRRGV� $Q LQLWLDO VROXWLRQ PD\ EH REWDLQHG E\ JHQHUDWLQJ LW

UDQGRPO\ RU E\ DSSO\LQJ D KHXULVWLF UXOH� 7KH FKRLFH RI D JRRG QHLJKERXUKRRG LV RIWHQ GLIILFXOW� 7KHUH

LV D FOHDU WUDGH�RII EHWZHHQ VPDOO DQG ODUJH QHLJKERXUKRRGV� LI WKH QXPEHU RI QHLJKERXUV LV ODUJHU� WKH

SUREDELOLW\ RI ILQGLQJ D JRRG QHLJKERXU PD\ EH KLJKHU� EXW ORRNLQJ IRU LW WDNHV PRUH WLPH� 7KHUH DUH

VHYHUDO DOWHUQDWLYHV IRU VHDUFKLQJ WKH QHLJKERXUKRRG� RQH PD\ WDNH WKH ILUVW QHLJKERXU IRXQG RI ORZHU

FRVW �ILUVW LPSURYHPHQW�� RU WDNH WKH EHVW QHLJKERXU LQ WKH HQWLUH QHLJKERXUKRRG �EHVW LPSURYHPHQW�� RU

WDNH WKH EHVW RI D VDPSOH RI QHLJKERXUV� SURYLGHG LW LV DQ LPSURYLQJ RQH�

,Q RXU FDVH� WKH HYROXWLRQDU\ DOJRULWKPV LV FRPELQHG ZLWK DQ DGYDQFHG ORFDO VHDUFK PHWD�KHXULVWLF�

WDEX VHDUFK DOJRULWKP >�@� OHDGLQJ WR D FODVV RI +($V�

,Q WKLV SDSHU� ZH DUH LQWHUHVWHG LQ WDFNOLQJ ZLWK +($V D KDUG FRPELQDWRULDO RSWLPL]DWLRQ SUREOHP� WKH

MRE VKRS VFKHGXOLQJ SUREOHP �-663�� 7KH -663 FRQVLVWV RI D VHW RI MREV WR EH DOORFDWHG WR D VHW RI

PDFKLQHV >�� ��@� (DFK MRE FRQVLVWV RI D FKDLQ RI RSHUDWLRQV� HDFK RI ZKLFK QHHGV WR EH SURFHVVHG

GXULQJ DQ XQLQWHUUXSWHG WLPH SHULRG RI D JLYHQ OHQJWK RQ D JLYHQ PDFKLQH� (DFK PDFKLQH FDQ SURFHVV DW

PRVW RQH RSHUDWLRQ DW D WLPH� $ VFKHGXOH LV DQ DOORFDWLRQ RI WKH RSHUDWLRQV WR WLPH LQWHUYDOV RQ WKH
PDFKLQHV� 7KH SUREOHP LV WR ILQG D VFKHGXOH RI PLQLPXP OHQJWK� 8QIRUWXQDWHO\� WKH SUREOHP LV YHU\

GLIILFXOW WR VROYH EHFDXVH LW EHORQJV WR WKH 13�FRPSOHWH IDPLO\ >�@�

,Q SUHYLRXV ZRUNV >��� ��� �� ��@ GLYHUVH UHSUHVHQWDWLRQV RI VROXWLRQV IRU WKH -663 VXFK DV RSHUDWLRQ

EDVHG UHSUHVHQWDWLRQ� MRE EDVHG UHSUHVHQWDWLRQ� GHFRGHUV DQG SULRULW\ UXOH EDVHG UHSUHVHQWDWLRQ ZHUH

LQYHVWLJDWHG� 2SHUDWLRQ EDVHG UHSUHVHQWDWLRQ �2%5� ZDV WKH RQH ZLWK EHVW UHVXOWV� DOWKRXJK IRU WKRVH

PRUH FRPSOH[ LQVWDQFHV VXERSWLPDO VROXWLRQV ZHUH IDU IURP WKH NQRZQ RSWLPXP� 2%5 HQFRGHV D

VFKHGXOH DV D VHTXHQFH RI RSHUDWLRQV� DQG HDFK JHQH VWDQGV IRU RQH RSHUDWLRQ� *HQ� 7VXMLPXUD DQG

.XERWD SURSRVHG WR LGHQWLI\ DOO RSHUDWLRQV IRU D MRE ZLWK WKH VDPH V\PERO DQG WKHQ LQWHUSUHW WKHP

DFFRUGLQJ WR WKH RUGHU RI RFFXUUHQFH LQ WKH VHTXHQFH IRU D JLYHQ FKURPRVRPH >�� �@� )RU DQ Q�MRE P�

PDFKLQH SUREOHP D FKURPRVRPH FRQWDLQV Q u P JHQHV� (DFK MRE DSSHDUV LQ WKH FKURPRVRPH H[DFWO\ P

WLPHV� DQG HDFK UHSHDWHG JHQH GRHV QRW LQGLFDWH D FRQFUHWH RSHUDWLRQ RI D MRE EXW UHIHUV WR DQ RSHUDWLRQ

ZKLFK LV FRQWH[W�GHSHQGHQW� ,W LV HDV\ WR VHH WKDW DQ\ SHUPXWDWLRQ RI WKH FKURPRVRPH DOZD\V \LHOGV WR

D IHDVLEOH VFKHGXOH� ,Q RUGHU WKDW FKURPRVRPHV UHSUHVHQW IHDVLEOH VFKHGXOHV D VSHFLDOO\ GHVLJQHG

FURVVRYHU RSHUDWRU FDOOHG SDUWLDO VFKHGXOH H[FKDQJH >�@ ZDV XVHG� )RU PXWDWLRQ D VLPSOH H[FKDQJH

PXWDWLRQ RSHUDWRU ZDV DGRSWHG�

&RQVHTXHQWO\� LQ WKH SUHVHQW ZRUN WKH K\EULG ($ LV FRQWUDVWHG DJDLQVW D FRQYHQWLRQDO ($ ERWK XVLQJ

2%5 RQ WKH VHW RI WKRVH LQVWDQFHV� ZKLFK UHVXOWHG PRUH GLIILFXOW LQ SUHYLRXV ZRUNV�



7KH SDSHU LV RUJDQL]HG DV IROORZV� :H ILUVW UHYLHZ WKH 76 DOJRULWKP �VHFWLRQ ��� 7KHQ� ZH SUHVHQW WKH

GLIIHUHQW DOWHUQDWLYHV RI K\EUL]DWLRQ SURSRVHG LQ WKLV ZRUN �VHFWLRQ ��� 6HFWLRQ � SUHVHQWV FRPSXWDWLRQDO

UHVXOWV DQG VHFWLRQ � DQDO\VHV WKH EHKDYLRXU RI WKH DOJRULWKPV� 7KH ODVW VHFWLRQ JLYHV FRQFOXVLRQV�

��� 7$%8 6($5&+�

7KH PDLQ LGHD EHKLQG WDEX VHDUFK LV YHU\ VLPSOH >�@� 7KH SURFHGXUH PRYHV IURP RQH VFKHGXOH WR

DQRWKHU� ZLWK WKH QH[W VFKHGXOH EHLQJ SRVVLEO\ ZRUVH WKDQ WKH SUHFHGLQJ VFKHGXOH� $ PHPRU\ IRUFHV

WKH VHDUFK WR H[SORUH QHZ DUHDV RI WKH VHDUFK VSDFH� 6RPH VROXWLRQV �VFKHGXOHV� WKDW KDYH EHHQ

H[DPLQHG UHFHQWO\ FDQ EH PHPRUL]HG DQG WKHVH EHFRPH WDEX �IRUELGGHQ� SRLQWV WR EH DYRLGHG LQ

PDNLQJ GHFLVLRQV DERXW VHOHFWLQJ WKH QH[W VROXWLRQ� 7DEX VHDUFK LV EDVLFDOO\ GHWHUPLQLVWLF� EXW LW LV

SRVVLEOH WR DGG VRPH SUREDELOLVWLF HOHPHQWV WR LW >�@�

6XSSRVLQJ D -663 ZLWK � MREV DQG � PDFKLQHV� D SRVVLEOH FKURPRVRPH XQGHU RSHUDWLRQ EDVHG

UHSUHVHQWDWLRQ PLJKW EH [  >�� �� �� �� �� �� �� �� �@� 1RZ VRPH HYDOXDWLRQ IXQFWLRQ WKDW SURYLGHV

IHHGEDFN IRU WKH VHDUFK LV QHHGHG� /HW XV DVVXPH WKDW WKH SUHYLRXV VHTXHQFH RI RSHUDWLRQV JLYH D

PDNHVSDQ RI ��� )RU HDFK VROXWLRQ RU VFKHGXOH D QHLJKERXUKRRG LV GHILQHG� ,Q WKLV ZRUN� LW FRQVLVWV LQ

IL[LQJ RQH SRVLWLRQ �UDQGRPO\ VHOHFWHG� DQG LQWHUFKDQJLQJ WKH JHQH LQ WKDW SRVLWLRQ ZLWK �O��� QRQ�

LGHQWLFDO JHQHV DW UDQGRPO\ VHOHFWHG SRVLWLRQV� ,Q WKHVH H[SHULPHQWV� O ZDV VHW WR WKH DPRXQW RI MREV

IRU D GHWHUPLQHG LQVWDQFH� ,Q WKLV SDUWLFXODU H[DPSOH O LV HTXDO WR �� WKXV WKH QHLJKERXUKRRG IRU D

SDUWLFXODU VROXWLRQ LV IRUPHG E\ WZR VROXWLRQV� )RU H[DPSOH� LI WKH ILUVW VHOHFWHG SRVLWLRQ LV � �WKH JHQH

FRUUHVSRQGV WR WKH VHFRQG RSHUDWLRQ RI MRE �� DQG WKH RWKHU WZR DUH � �VHFRQG RSHUDWLRQ RI MRE �� DQG �

�WKLUG RSHUDWLRQ RI MRE ��� DIWHU WKH LQWHUFKDQJH RI YDOXHV WKH QHLJKERXUV REWDLQHG DUH >�� �� �� �� �� �� ��

�� �@ DQG >�� �� �� �� �� �� �� �� �@� 7KHVH QHZ VHTXHQFHV QHHG WR EH H[DPLQHG� DQG WKH EHVW RQH LV

VHOHFWHG� 6XSSRVH WKDW LQWHUFKDQJLQJ WKH VHFRQG RSHUDWLRQ RI MRE � DQG WKLUG RSHUDWLRQ RI MRE �

JHQHUDWHV WKH EHVW HYDOXDWLRQ� VR WKLV QHZ VHTXHQFH RI RSHUDWLRQV >�� �� �� �� �� �� �� �� �@ \LHOGV WKH

FXUUHQW EHVW VROXWLRQ� ,Q RUGHU WR NHHS D UHFRUG RI WKH DFWLRQV �PRYHV�� VRPH PHPRU\ VWUXFWXUHV ZLOO EH

QHHGHG IRU ERRNNHHSLQJ� 'XH WR WKH UHSUHVHQWDWLRQ RI VROXWLRQV DGRSWHG LQ WKLV SDUWLFXODU

LPSOHPHQWDWLRQ DQG WKH QHLJKERXUKRRG FRQILJXUDWLRQ DGRSWHG� WKH RSHUDWLRQV RI MREV WKDW ZHUH

LQWHUFKDQJHG DUH UHPHPEHUHG� DV ZHOO DV WKH WLPH ZKHQ WKLV LQWHUFKDQJH ZDV PDGH� VR WKDW D GLIIHUHQFH

EHWZHHQ ROGHU DQG PRUH UHFHQW LQWHUFKDQJHV FDQ EH PDGH� )RU HDFK SRVVLEOH LQWHUFKDQJH RI RSHUDWLRQV
RI GLIIHUHQW MREV D WLPH VWDPS LV QHHGHG� WKH YDOXH RI WKH WLPH VWDPS ZLOO SURYLGH LQIRUPDWLRQ RQ WKH

UHFHQF\ RI WKH LQWHUFKDQJH RI WKHVH SDUWLFXODU RSHUDWLRQV� 0RUHRYHU� WKH SRVLWLRQV LQVLGH WKH

FKURPRVRPH RFFXSLHG E\ WKH LQWHUFKDQJHG RSHUDWLRQV DUH UHJLVWHUHG� WU\LQJ WR DYRLG UHWXUQLQJ WR D

ORFDO PLQLPXP WKDW KDV EHHQ YLVLWHG EHIRUH� 7KXV� D PDWUL[0ZLOO VHUYH DV D PHPRU\ VR�FDOOHG UHFHQF\

EDVHG PHPRU\� 7KLV PDWUL[ LV LQLWLDOL]HG WR �� $VVXPLQJ WKDW DQ\ SLHFH RI LQIRUPDWLRQ FDQ VWD\ LQ D

PHPRU\ IRU DW PRVW� VD\ ILYH LWHUDWLRQV �KRUL]RQ�� DQ LQWHUSUHWDWLRQ RI DQ HQWU\�

0�LQ� MP�  �N� SRVVRXUFH� SRVGHVW� �N z � �

PLJKW EH� �WKH Q�WK RSHUDWLRQ RI L MRE DW SRVVRXUFH SRVLWLRQ LQVLGH WKH FKURPRVRPH DQG WKHP�WK RSHUDWLRQ

RI M MRE DW SRVGHVW SRVLWLRQ LQVLGH WKH FKURPRVRPH ZHUH LQWHUFKDQJHG ��N LWHUDWLRQV DJR�� 8QGHU WKLV

LQWHUSUHWDWLRQ� WKH FRQWHQWV RI WKH PHPRU\ VWUXFWXUH 0 DIWHU RQH LWHUDWLRQ �DIWHU WKH UHJLVWUDWLRQ RI WKH

QHZ FXUUHQW VROXWLRQ� LQ RXU H[DPSOH LV JLYHQ LQ ILJXUH ��

7KH YDOXHV LQ HDFK HQWU\ RI WKH PHPRU\ DUH LQWHUSUHWHG DV WKH QXPEHU RI LWHUDWLRQV IRU ZKLFK JLYHQ

RSHUDWLRQV DQG WKHLU UHVSHFWLYH SRVLWLRQV LQVLGH WKH FKURPRVRPH DUH QRW DYDLODEOH IRU DQ\ LQWHUFKDQJH�

7KLV LQWHUSUHWDWLRQ UHTXLUHV WKDW DOO QRQ]HUR HQWULHV RI WKH PHPRU\ EH GHFUHDVHG E\ RQH XQLW DW HYHU\

LWHUDWLRQ� 7KLV GHFUHPHQW IDFLOLWDWHV WKH SURFHVV RI IRUJHWWLQJ DIWHU ILYH LWHUDWLRQV DQG UHIOHFWV WKH IDFW

WKDW DOO RI WKH UHFRUGHG LQWHUFKDQJHV WRRN SODFH RQH JHQHUDWLRQ HDUOLHU�
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)LJXUH �� WKH FRQWHQWV RI WKH UHFHQF\�EDVHG PHPRU\ 0

IRU WKH -663 DIWHU RQH LWHUDWLRQ�
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)LJXUH �� WKH FRQWHQWV RI WKH UHFHQF\�EDVHG PHPRU\ 0

IRU WKH -663� 7KH KRUL]RQ LV ILYH LWHUDWLRQV�

$IWHU HYDOXDWLQJ HDFK QHLJKERXU� WKHLU UHVSHFWLYH PHULWV DUH NQRZQ� EXW WDEX VHDUFK XWLOLVHV WKH PHPRU\

WR IRUFH WKH VHDUFK WR H[SORUH QHZ DUHDV RI WKH VHDUFK VSDFH� 7KH PHPRULVHG LQWHUFKDQJHV WKDW KDYH

EHHQ PDGH UHFHQWO\ DUH WDEX �IRUELGGHQ� IRU VHOHFWLQJ WKH QH[W VROXWLRQ� VR WKH\ DUH QRW FRQVLGHUHG�

$IWHU IRXU DGGLWLRQDO LWHUDWLRQV� VHOHFWLQJ WKH EHVW QHLJKERXU �ZKLFK LV QRW QHFHVVDULO\ EHWWHU WKDQ WKH

FXUUHQW SRLQW� DQG PDNLQJ DSSURSULDWH LQWHUFKDQJHV� WKH PHPRU\ KDV WKH FRQWHQWV VKRZQ LQ ILJXUH ��

,QWHUFKDQJLQJ WKH ILUVW RSHUDWLRQ RI MRE � ZLWK WKH ILUVW RSHUDWLRQ RI MRE � LV WDEX IRU WKH QH[W ILYH

LWHUDWLRQV �LI WKH SRVLWLRQV FXUUHQWO\ RFFXSLHG E\ WKRVH RSHUDWLRQV DUH HTXDO WR WKH RQHV LQ WKH

FRUUHVSRQGLQJ FHOO RQ 0 PDWUL[�� 6LPLODUO\� LQWHUFKDQJHV RI WKH WKLUG RSHUDWLRQ RI MRE � DQG WKH VHFRQG

RSHUDWLRQ RI MRE �� WKH WKLUG RSHUDWLRQ RI MRE � ZLWK VHFRQG RSHUDWLRQ RI MRE �� VHFRQG RSHUDWLRQ RI MRE

� ZLWK WKLUG RSHUDWLRQ RI MRE �� ILUVW RSHUDWLRQ RI MRE � ZLWK ILUVW RSHUDWLRQ RI MRE �� DQG VHFRQG

RSHUDWLRQ RI MRE � ZLWK VHFRQG RSHUDWLRQ RI MRE �� DUH DOVR LQ WKH WDEX OLVW� $PRQJ WKHP� WKH

LQWHUFKDQJH EHWZHHQ WKH VHFRQG RSHUDWLRQ RI MRE � DQG WKLUG RSHUDWLRQ RI MRE � LV WKH ROGHVW �L�H�� LW

KDSSHQHG ILYH LWHUDWLRQV DJR� DQG WKLV LQWHUFKDQJH ZLOO EH UHPRYHG IURP WKH WDEX OLVW DIWHU WKH QH[W

LWHUDWLRQ�

$W DQ\ VWDJH� WKHUH LV D FXUUHQW VROXWLRQ EHLQJ SURFHVVHG ZKLFK LPSOLHV D QHLJKERXUKRRG� DQG IURP LWV

QHLJKERXUKRRG� WDEX VROXWLRQV DUH HOLPLQDWHG IURP SRVVLEOH H[SORUDWLRQ�

,W PLJKW KDSSHQ WKDW RQH RI WKH WDEX QHLJKERXUV SURYLGHV DQ H[FHOOHQW HYDOXDWLRQ VFRUH EHWWHU WKDQ WKH

VFRUH RI DQ\ VROXWLRQ FRQVLGHUHG SUHYLRXVO\� ,Q RUGHU WR PDNH WKH VHDUFK PRUH IOH[LEOH� WDEX VHDUFK

FRQVLGHUV VROXWLRQV IURP WKH ZKROH QHLJKERXUKRRG� HYDOXDWHV WKHP DOO� DQG XQGHU QRUPDO

FLUFXPVWDQFHV VHOHFWV D QRQ�WDEX VROXWLRQ ZLWK D EHWWHU HYDOXDWLRQ VFRUH WKDQ WKH FXUUHQW VROXWLRQ� %XW

LQ H[FHSWLRQDO FLUFXPVWDQFHV� VXFK D VXSHULRU WDEX VROXWLRQ LV WDNHQ DV WKH QH[W SRLQW� 7KLV RYHUULGH RI

WKH WDEX FODVVLILFDWLRQ RFFXUV ZKHQ D VR�FDOOHG DVSLUDWLRQ FULWHULRQ LV PHW�

7KHUH DUH DOVR RWKHU SRVVLELOLWLHV IRU LQFUHDVLQJ WKH IOH[LELOLW\ RI WKH VHDUFK� 2WKHU PHPRU\� VR�FDOOHG

IUHTXHQF\�EDVHG PHPRU\� ZKLFK RSHUDWHV RYHU D PXFK ORQJHU KRUL]RQ FDQ EH LQWURGXFHG� )RU WKH -66

SUREOHP� D PDWUL[ + PD\ VHUYH DV D ORQJ WHUP�PHPRU\� 7KLV PDWUL[ LV LQLWLDOL]HG WR � DQG DW DQ\ VWDJH



RI WKH VHDUFK WKH HQWU\ +�LQ� MP�  S LV LQWHUSUHWHG DV �GXULQJ WKH ODVW K LWHUDWLRQV� WKH Q
WK
RSHUDWLRQ RI MRE

L DQG WKH P
WK
RSHUDWLRQ RI MRE M ZDV LQWHUFKDQJHG S WLPHV�� 8VXDOO\� WKH YDOXH RI WKH KRUL]RQ K LV TXLWH

ODUJH� DW OHDVW LQ FRPSDULVRQ ZLWK WKH KRUL]RQ RI UHFHQF\�EDVHG PHPRU\�

7KHVH IUHTXHQF\ FRXQWV VKRZ WKH GLVWULEXWLRQ RI PRYHV WKURXJKRXW WKH ODVW K LWHUDWLRQV� VR WKLV W\SH RI

PHPRU\ PLJKW EH XVHIXO WR GLYHUVLI\ WKH VHDUFK� )RU H[DPSOH� WKH IUHTXHQF\�EDVHG PHPRU\ SURYLGHV

LQIRUPDWLRQ FRQFHUQLQJ ZKLFK LQWHUFKDQJHV KDYH EHHQ XQGHU�UHSUHVHQWHG RU QRW UHSUHVHQWHG DW DOO� DQG

ZH FDQ GLYHUVLW\ WKH VHDUFK E\ H[SORULQJ WKHVH SRVVLELOLWLHV�

7KH XVH RI ORQJ�WHUP PHPRU\ LQ WDEX VHDUFK LV XVXDOO\ UHVWULFWHG WR VRPH VSHFLDO FLUFXPVWDQFHV� )RU

H[DPSOH� ZH PLJKW HQFRXQWHU D VLWXDWLRQ ZKHUH DOO QRQ�WDEX PRYHV OHDG WR D ZRUVH VROXWLRQ� 7KXV� WR

PDNH D PHDQLQJIXO GHFLVLRQ� LW PLJKW EH ZRUWKZKLOH WR UHIHU WR WKH FRQWHQWV RI WKH ORQJ�WHUP PHPRU\�

7KHUH DUH PDQ\ SRVVLELOLWLHV KHUH IRU LQFRUSRUDWLQJ WKLV LQIRUPDWLRQ LQWR WKH GHFLVLRQ�PDNLQJ SURFHVV�

7KH PRVW W\SLFDO DSSURDFK PDNHV WKH PRVW IUHTXHQW PRYHV OHVV DWWUDFWLYH� 8VXDOO\ WKH YDOXH RI WKH

HYDOXDWLRQ VFRUH LV GHFUHDVHG E\ VRPH SHQDOW\ PHDVXUH WKDW GHSHQGV RQ WKH IUHTXHQF\� DQG WKH ILQDO

VFRUH GHWHUPLQHV WKH ZLQQHU� 7KH HYDOXDWLRQ IRUPXOD IRU D QHZ VROXWLRQ [
 XVHG LQ VXFK FLUFXPVWDQFHV

LV

HYDO�[
� � SHQDOW\�[
�

:KHUH HYDO UHWXUQV WKH YDOXH RI WKH RULJLQDO HYDOXDWLRQ IXQFWLRQ DQG

SHQDOW\�[
�  F  +�LQ� MP�

ZKHUH F VHUYHV DV D FRHIILFLHQW DQG +�LQ� MP� LV WKH YDOXH WDNHQ IURP WKH ORQJ�WHUP PHPRU\ +�

7KH DERYH RSWLRQ RI LQFOXGLQJ IUHTXHQF\ YDOXHV LQ D SHQDOW\ PHDVXUH IRU HYDOXDWLQJ VROXWLRQV

GLYHUVLILHV WKH VHDUFK� 2I FRXUVH� PDQ\ RWKHU RSWLRQV PLJKW EH FRQVLGHUHG LQ FRQQHFWLRQ ZLWK WDEX

VHDUFK� )RU H[DPSOH� LI ZH KDYH WR VHOHFW D WDEX PRYH� ZH PLJKW XVH DQ DGGLWLRQDO UXOH �VR�FDOOHG

DVSLUDWLRQ E\ GHIDXOW� WR VHOHFW D PRYH WKDW LV WKH �ROGHVW� RI DOO WKRVH FRQVLGHUHG�

��� 7+(+<%5,'$3352$&+�

/RFDO LPSURYHPHQW SURFHGXUHV KDYH EHHQ LQFRUSRUDWHG LQWR ($V LQ RUGHU WR LPSURYH WKHLU

SHUIRUPDQFH� 6XFK ($V DUH FDOOHG K\EULG�($V �+($�� 7KHUH DUH VHYHUDO ZD\V KRZ WR LQFRUSRUDWH ORFDO

LPSURYHPHQW SURFHGXUHV LQWR DQ ($ >��� �@�

� 'HYLVH QHZ JHQHWLF RSHUDWRUV LQVSLUHG IURP FRQYHQWLRQDO KHXULVWLFV�

� ,QFRUSRUDWH FRQYHQWLRQDO KHXULVWLFV LQWR HYROXWLRQDU\ DOJRULWKPV� LQYROYHV K\EULGL]LQJ

FRQYHQWLRQDO KHXULVWLFV LQWR HYROXWLRQDU\ DOJRULWKPV ZKHUH SRVVLEOH�

,Q WKLV ZRUN� ZH KDYH FRQVLGHUHG WKH ODVW DSSURDFK RI KRZ WR LQFRUSRUDWH ORFDO VHDUFK� LQ SDUWLFXODU WDEX

VHDUFK� LQWR DQ ($� 9DULRXV DOWHUQDWLYHV IRU K\EULGL]DWLRQ DUH FRQVLGHUHG >��� ��@�

� +($�,3� 76 LV DSSOLHG WR VRPH SHUFHQWDJH ;� RI WKH EHVW �RU ZRUVW� LQGLYLGXDOV LQ WKH UDQGRPO\

JHQHUDWHG LQLWLDO SRSXODWLRQ� WR HVWDEOLVK D EHWWHU VWDUWLQJ SRLQW IRU WKH HYROXWLRQDU\ SURFHVV� ,Q WKLV

ZD\� D K\EULG HYROXWLRQDU\ DOJRULWKP ZLWK HOLWLVP FDQ JXDUDQWHH WR GR QR ZRUVH WKDQ WKH

FRQYHQWLRQDO ($ GRHV�

� +($�03� 76 LV DSSOLHG WR VRPH SHUFHQWDJH ;� RI WKH EHVW �RU ZRUVW� LQGLYLGXDOV LQ DQ

LQWHUPHGLDWH SRSXODWLRQ� ,Q WKLV RSWLRQ WKH HYROXWLRQDU\ SURFHVV LV VXVSHQGHG DIWHU FHUWDLQ QXPEHU

D RI JHQHUDWLRQV� WKHQ ORFDO VHDUFK LV DSSOLHG DQG ZKHQ LW ILQLVKHV WKH HYROXWLRQDU\ SURFHVV LV

UHVWDUWHG IRU WKH VXEVHTXHQW D JHQHUDWLRQV�

� +($�)3� 76 LV DSSOLHG WR DOO LQGLYLGXDOV LQ WKH ILQDO SRSXODWLRQ�

� +($�3� $V LW LV XVXDO ZLWK JHQHWLF RSHUDWRUV� KHUH 76 LV DSSOLHG ZLWK FHUWDLQ SUREDELOLW\ WR HDFK

QHZ FUHDWHG LQGLYLGXDO� +HUH 76 ZRUNV WRJHWKHU ZLWK PXWDWLRQ DQG FURVVRYHU RSHUDWRUV� WR SHUIRUP

TXLFN DQG ORFDOL]HG RSWLPL]DWLRQ LQ RUGHU WR LPSURYH RIIVSULQJ EHIRUH UHWXUQLQJ LW WR EH HYDOXDWHG�



��� (;3(5,0(176�

$ FRQYHQWLRQDO ($ DQG WKH DERYH GHVFULEHG K\EULG YDULDQWV �+($�,3� +($�03� +($�)3� +($�3�

ZHUH FRQWUDVWHG IRU D VHW RI VHOHFWHG LQVWDQFHV RI WKH -663� )RU HDFK LQVWDQFH D VHULHV RI WHQ UXQV ZDV

SHUIRUPHG� 7KH HYROXWLRQDU\ DOJRULWKPV XVHG SURSRUWLRQDO VHOHFWLRQ IRU PDWLQJ DQG HOLWLVP WR UHWDLQ WKH

EHVW�YDOXHG LQGLYLGXDO� 7KH SRSXODWLRQ VL]H ZDV IL[HG DW �� LQGLYLGXDOV� 7KH PD[LPXP QXPEHU RI

JHQHUDWLRQV ZDV IL[HG DW ���� DQG SUREDELOLWLHV IRU FURVVRYHU DQG PXWDWLRQ ZHUH IL[HG DW ���� DQG �����

UHVSHFWLYHO\� ,Q +($�,3 DQG +($�03 WKH SHUFHQWDJH ; ZDV VHW WR ��� ��� �� DQG ����� ,Q +($�03

D ZDV IL[HG DW ���� 7KH SUREDELOLW\ IRU DSSO\LQJ 76 LQ +($�3 ZDV VHW WR ���� ���� ��� DQG ���� 7KH VWRS

FULWHULRQ DGRSWHG IRU WKH WDEX VHDUFK SURFHGXUH ZDV VHWWLQJ WR ��� WKH QXPEHU RI LWHUDWLRQV� 0RYHV DUH

FRQVLGHUHG WDEX IRU � LWHUDWLRQV� WKH LQIRUPDWLRQ VWRUHG LQ IUHFXHQF\�EDVHG PHPRU\ LV HUDVHG DIWHU ��

LWHUDWLRQV� 7KH F FRHIILFLHQW XVHG E\ WKH SHQDOW\ HYDOXDWLRQ ZDV VHW WR ���� $OO WKHVH YDOXHV ZHUH

GHWHUPLQHG DV WKH EHVW FRPELQDWLRQ RI YDOXHV DIWHU PDQ\ LQLWLDO WULDOV� )RXU LQVWDQFHV >�@� ZLWK NQRZQ

RSWLPDO PDNHVSDQ ZHUH XVHG �WDEOH ���

,QVWDQFH 6L]H 2SWLPXP

DE]� ��[�� ���

DE]� ��[�� ���

IW�� ��[�� ���

IW�� ��[� ����

7DEOH�� ,QVWDQFHV

7KH IROORZLQJ UHOHYDQW SHUIRUPDQFH YDULDEOHV ZHUH FKRVHQ�

9 (EHVW  �$EV�RSWBYDO � EHVW YDOXH��RSWBYDO����

,W LV WKH SHUFHQWLOH HUURU RI WKH EHVW IRXQG LQGLYLGXDO ZKHQ FRPSDUHG ZLWK WKH NQRZQ� RU HVWLPDWHG�

RSWLPXP YDOXH RSWBYDO� ,W JLYHV XV D PHDVXUH RI KRZ IDU WKH EHVW LQGLYLGXDO LV IURP WKDW RSWBYDO�

9 (SRS  �$EV�RSWBYDO� SRS PHDQ ILWQHVV��RSWBYDO����

,W LV WKH SHUFHQWLOH HUURU RI WKH SRSXODWLRQ PHDQ ILWQHVV ZKHQ FRPSDUHG ZLWK RSWBYDO� ,W WHOOV XV KRZ

IDU WKH PHDQ ILWQHVV LV IURP WKDW RSWBYDO�

��� 5(68/76�

,Q ZKDW IROORZV ZH ZLOO GLVFXVV UHVXOWV RQ DE]� DQG IW�� DV GHPRQVWUDWLYH LQVWDQFHV EHFDXVH VLPLODU

FRQFOXVLRQV ZHUH GHULYHG IURP WKH RWKHU LQVWDQFHV� %ROGIDFHG YDOXHV FRUUHVSRQG WR WKH EHVW IRXQG RQHV

IRU HDFK SHUIRUPDQFH YDULDEOH FRQVLGHUHG�

7DEOH � DQG ILJXUH � SUHVHQW DYHUDJH (EHVW YDOXHV FRUUHVSRQGLQJ WR DE]� LQVWDQFH IRU HDFK K\EULG

SURSRVHG PHWKRG� $OO K\EULG PHWKRGV H[KLELWHG EHVW UHVXOWV WKDQ WKH RQHV REWDLQHG IRU D FRQYHQWLRQDO

HYROXWLRQDU\ DOJRULWKP� 5HJDUGLQJ TXDOLW\ LQ WKH UHVXOWV� +($�3 SUHVHQWV D FRQVLGHUDEOH LPSURYHPHQW�

IROORZHG LQ RUGHU RI PHULW E\ 0($�03�

7DEOH � DQG ILJXUH � VKRZ DYHUDJH (SRS YDOXHV FRUUHVSRQGLQJ WR DE]� LQVWDQFH IRU HDFK K\EULG

SURSRVHG PHWKRG� +($�3 DFKLHYHV JRRG UHVXOWV� UHGXFLQJ (SRS YDOXHV WR WKH KDOI RI WKRVH UHDFKHG E\

WKH FRQYHQWLRQDO HYROXWLRQDU\ DOJRULWKP� :KHQ FRQVLGHULQJ DOO K\EULG PHWKRGV� +($�)3 SUHVHQWV

LQGLYLGXDOV EHORQJLQJ WR WKH ILQDO SRSXODWLRQ FORVHVW WR WKH EHVW�IRXQG LQGLYLGXDO� WKLV FDQ EH GHULYHG

IURP WKH VPDOOHU HSRS YDOXH REVHUYHG IRU WKLV K\EULG DSSURDFK�

$QDO\]LQJ WDEOH �� +($�3 UHDFK WKH RSWLPXP YDOXH DW OHDVW RQFH IRU DOO SUREDELOLW\ YDOXHV �LQ DOO WKH

FDVHV (EHVW YDOXHV DUH ���� )RU WKH VDPH DOWHUQDWLYH� D JUDGXDO UHGXFWLRQ LQ DYHUDJH (EHVW YDOXHV FDQ

EH REVHUYHG DV ORQJ DV WKH SUREDELOLW\ YDOXHV XVHG LQ WKH H[SHULPHQWV DUH LQFUHDVHG� ,Q WKH FDVH RI

+($�,3� UHJDUGLQJ ERWK WKH SHUFHQWDJHV XVHG WR VHOHFW LQGLYLGXDOV IURP WKH ZKROH SRSXODWLRQ DQG WKH



$YHUDJH (EHVW$OWHUQDWLYH

0HWKRGV 0LQ 0HDQ

($ ������� �������

+($�,3 ������� �������

+($�03 ������� �������

+($�)3 ������� �������

+($�3 ������� �������

7DEOH �� $YHUDJH PLQLPXP HEHVW

IRU DE]� LQVWDQFH

�

�

�

�

(EHVW 0HDQ (EHVW

$YHUDJH 9DOXHV

($

+($�,3

+($�03

+($�)3

+($�3

)LJXUH �� $YHUDJH PLQLPXP HEHVW

IRU DE]� LQVWDQFH

$YHUDJH (SRS$OWHUQDWLYH

0HWKRGV 0LQ 0HDQ

($ �������� ��������

+($�,3 �������� ��������

+($�03 �������� ��������

+($�)3 ������� �������

+($�3 �������� ��������

7DEOH �� $YHUDJH PLQLPXP HSRS

IRU DE]� LQVWDQFH

�

�

��

��

��

��

(SRS 0HDQ (SRS

$YHUDJH 9DOXHV

($

+($�,3

+($�03

+($�)3

+($�3

)LJXUH �� $YHUDJH PLQLPXP HSRS

IRU DE]� LQVWDQFH

([SHULPHQW 0LQ� (EHVW $Y� (EHVW 0LQ� (SRS $Y� (SRS

($ ������� ������� �������� ��������

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

%HVW ��� ������� ������� �������� ��������

%HVW ��� ������� ������� �������� ��������

%HVW ��� ������� ������� �������� ��������

:RUVW ��� ������� ������� �������� ��������

:RUVW ��� ������� ������� �������� ��������

+($�,3

:RUVW ��� ������� ������� �������� ��������

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

%HVW ��� ������� ��������� ��������� ���������

%HVW ��� ������� ��������� ��������� ���������

%HVW ��� ������� ��������� ��������� ���������

:RUVW ��� ������� ��������� ��������� ���������

:RUVW ��� ������� �������� ��������� ���������

+($�03

:RUVW ��� ������� ��������� ��������� ���������

+($�)3 ������� ������� ������� �������

��� ������� ������� �������� ��������

��� ������� ������� �������� ��������

��� ������� ������� �������� ��������
+($�3

��� ������� ������� ������� ��������

7DEOH �� DE]� LQVWDQFH



FKDUDFWHULVWLFV RI WKHP� LW LV GLIILFXOW WR HVWDEOLVK D SDWWHUQ LQ WKH DOJRULWKP EHKDYLRXU� )RU WKLV

DOWHUQDWLYH� WKH PLQLPXP HEHVW ������� LV UHDFKHG ZKHQ WKH ��� RI WKH EHVW LQGLYXDOV IURP WKH LQLWLDO

SRSXODWLRQ DUH VHOHFWHG WR ILQH�WXQLQJ� 7KH PLQLPXP (EHVW IRU +($�03 DSSURDFK ������� LV REWDLQHG

ZKHQ DOO WKH LQGLYLGXDOV IURP LQWHUPHGLDWH SRSXODWLRQ DUH VXEPLWWHG WR WDEX VHDUFK� 0RUHRYHU� D

GHFUHDVH RI DYHUDJH (EHVW YDOXHV DUH REVHUYHG DV ORQJ DV WKH SHUFHQWDJH RI VHOHFWHG LQGLYLGXDOV WR

VXEPLW WR WKH ORFDO VHDUFK SURFHGXUH DUH LQFUHDVHG� LQGHSHQGHQWO\ LI WKH\ EHORQJ WR WKH EHVW RU ZRUVW

JURXS�

:KHQ ORRNLQJ DW (SRS� +($�)3 SURYLGHV ERWK WKH EHVW PLQLPXP DQG DYHUDJH (SRS YDOXHV ����� DQG

������� 2WKHU DSSURDFKHV ZLWK YDOXHV DURXQG �� WR ���� JLYH D KLJKHU GLYHUVLW\ LQ WKH ILQDO

SRSXODWLRQ� 7KHVH UHVXOWV KDYH IXUWKHU LPSOLFDWLRQV� )URP WKH DSSOLFDWLRQ SRLQW RI YLHZ� D ILQDO

SRSXODWLRQ ZLWK LQGLYLGXDOV RI VLPLODU ILWQHVV LV SURYLGLQJ D VHW RI DOWHUQDWLYH JRRG VFKHGXOHV� )URP WKH

HYROXWLRQDU\ SRLQW RI YLHZ D KLJK GLYHUVLW\ LQ WKH SRSXODWLRQ DOORZV XV WR FRQWLQXH WKH VHDUFK IRU

LPSURYLQJ VROXWLRQV� 'HSHQGLQJ RQ RWKHU PRUH JHQHUDO REMHFWLYHV LQ WKH GHVLJQHU¶V PLQG� KH �VKH�

FRXOG DGRSW HLWKHU SRLQW RI YLHZ�

$QDOL]LQJ (EHVW YDOXHV IRU IW�� LQVWDQFH �WDEOH � DQG ILJXUH ��� DOO SURSRVHG K\EULG PHWKRGV RXWSHUIRUP

UHVXOWV REWDLQHG XQGHU FRQYHQWLRQDO HYROXWLRQDU\ DOJRULWKPV� $PRQJ WKH GLIIHUHQW DOWHUQDWLYHV� +($�3

SUHVHQWV WKH EHVW UHVXOWV IRU ERWK PLQLPXP DQG PHDQ (EHVW� DQG LW LV IROORZHG E\ +($�03� 5HJDUGLQJ

PLQLPXP DQG DYHUDJH (SRS YDOXHV IRU IW�� LQVWDQFH �WDEOH � DQG ILJXUH ��� +($�)3 GLVSOD\V WKH

VPDOOHVW SRSXODWLRQ HUURU ������ �� DPRQJ WKH K\EULG PHWKRGV� $OVR JRRG SHUIRUPDQFH LV H[KLELWHG E\

+($�3�

$YHUDJH (EHVW$OWHUQDWLYH

0HWKRGV 0LQ 0HDQ

($ �������� ��������

+($�,3 ������� ��������

+($�03 ������� �������

+($�)3 ������� �������

+($�3 ������� �������

7DEOH �� $YHUDJH PLQLPXP (EHVW

IRU IW�� LQVWDQFH

�

�

��

��

(EHVW 0HDQ (EHVW

$YHUDJH 9DOXHV

($

+($�,3

+($�03

+($�)3

+($�3

)LJXUH �� $YHUDJH PLQLPXP (EHVW

IRU IW�� LQVWDQFH

$YHUDJH (SRS$OWHUQDWLYH

0HWKRGV 0LQ 0HDQ

($ �������� ��������

+($�,3 �������� ��������

+($�03 �������� ��������

+($�)3 �������� ��������

+($�3 �������� ��������

7DEOH �� $YHUDJH PLQLPXP (SRS

IRU IW�� LQVWDQFH

�

��

��

��

��

(SRS 0HDQ (SRS

$YHUDJH 9DOXHV

($

+($�,3

+($�03

+($�)3

+($�3

)LJXUH �� $YHUDJH PLQLPXP (SRS

IRU IW�� LQVWDQFH



$OVR DQDOL]LQJ IW�� LQVWDQFH �WDEOH ��� DOO +($ YHUVLRQV LPSURYH UHVXOWV� 5HJDUGLQJ PLQLPXP (EHVW�

($ SURGXFHV DQ HUURU RI ��� ZKLOH WKH ODUJHU PLQLPXP (EHVW LQ DQ\ RI WKH K\EULG DOJRULWKPV LV EHORZ

����� 8QGHU +($�,3� EHVW UHVXOWV ������ DUH REWDLQHG ZKHQ ��� RI WKH EHVW LQGLYLGXDOV DUH VXEPLWWHG

WR 76 EHIRUH HYROXWLRQ WDNHV SODFH� +($�03 SURYLGHV WKH EHVW PLQLPXP HUURU ������� ZKHQ ���� RI

WKH LQGLYLGXDOV DQG WKH ��� RI WKH EHVW RU ZRUVW LQGLYLGXDOV DUH ILQH�WXQHG LQ LQWHUPHGLDWH SRSXODWLRQV�

+LJKHVW TXDOLW\ RI UHVXOWV LV REWDLQHG DOVR XQGHU +($�3 �������� 5HJDUGLQJ DYHUDJH (EHVW YDOXHV

+($�3 LV DJDLQ WKH EHVW DOWHUQDWLYH� DQG LQFUHPHQWLQJ WKH SUREDELOLW\ RI WKH WULDOV LPSOLHV D FRQWLQXRXV

UHGXFWLRQ LQ WKH FRQVLGHUHG YDOXHV� 7KLV PHDQV WKDW LQ DYHUDJH WKLV YHUVLRQ SURYLGHV EHWWHU TXDOLW\

UHVXOWV� :KHQ ORRNLQJ DW (SRS� +($�)3 DJDLQ SURYLGHV ERWK WKH EHVW PLQLPXP DQG DYHUDJH (SRS

YDOXHV ������ DQG ������� 2WKHU DSSURDFKHV ZLWK YDOXHV EHWZHHQ ���� DQG ������ VKRZ D KLJKHU

GLYHUVLW\ RI WKH ILQDO SRSXODWLRQ�

([SHULPHQW 0LQ� (EHVW $Y� (EHVW 0LQ� (SRS $Y� (SRS

($ �������� �������� �������� ��������

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

%HVW ��� ������� ������� �������� ��������

%HVW ��� ������� �������� �������� ��������

%HVW ��� ������� �������� �������� ��������

:RUVW ��� ������� ������� �������� ��������

:RUVW ��� ������� �������� �������� ��������

+($�,3

:RUVW ��� ������� �������� �������� ��������

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

%HVW ��� ������� ������� �������� ��������

%HVW ��� ������� ������� �������� ��������

%HVW ��� ������� ������� �������� ��������

:RUVW ��� ������� ��������� ������� ���������

:RUVW ��� ������� ��������� �������� ���������

+($�03

:RUVW ��� ������� ��������� �������� ���������

+($�)3 ������� ������� �������� ��������

��� ������� ������� �������� ��������

��� ������� ������� �������� ��������

��� ������� ������� �������� ��������
+($�3

��� ������� ������� �������� ��������

7DEOH �� IW�� LQVWDQFH

��� &21&/86,216�

7KLV ZRUN VKRZV KRZ WR K\EULGL]H DQ HYROXWLRQDU\ DOJRULWKP LQFRUSRUDWLQJ FRQYHQWLRQDO KHXULVWLFV DW

GLIIHUHQW VWDJHV RI WKH HYROXWLRQDU\ SURFHVV� H[SHULPHQWLQJ ZLWK WKH VHOHFWLRQ RI GLVWLQFW VDPSOHV RI

LQGLYLGXDOV IURP WKH SRSXODWLRQ� ,Q WKLV K\EULGL]DWLRQ� D ZHOO�NQRZQ ORFDO VHDUFK PHWKRG �WDEX VHDUFK�

LV XVHG� 7KH PDLQ LVVXH KHUH ZDV TXDOLW\ RI UHVXOWV GLVUHJDUGLQJ FRPSXWDWLRQDO HIIRUW� $OO WKHVH

DOJRULWKPV SURYLGH RSWLPDO RU QHDU RSWLPDO VROXWLRQV IRU WKH -663 XVLQJ RSHUDWLRQ EDVHG UHSUHVHQWDWLRQ

DV FKURPRVRPH UHSUHVHQWDWLRQ�



:KHQ FRQWUDVWHG DJDLQVW D VLPLODU FRQYHQWLRQDO HYROXWLRQDU\ DSSURDFK DOO RI WKH K\EULG DSSURDFKHV

VKRZ D EHWWHU SHUIRUPDQFH LQ WKH TXDOLW\ RI VROXWLRQV SURYLGHG�

5HJDUGLQJ TXDOLW\ RI UHVXOWV� WKH +($�3 K\EULG RSWLRQ� ZKLFK LQFRUSRUDWHV WKH ORFDO VHDUFK KHXULVWLF DV

DQ DGG�RQ WR WKH EDVLF ORRS RI WKH HYROXWLRQDU\ DOJRULWKP� SURYLGHG WKH RSWLPDO RU WKH EHVW QHDU�RSWLPDO

VFKHGXOHV� $OVR VROXWLRQV RI JRRG TXDOLW\� EXW LQIHULRU WKDQ WKRVH IURP +($�3� DUH REWDLQHG ZKHQ ILQH�

WXQLQJ LV DSSOLHG WR WKH ZKROH ILQDO SRSXODWLRQ� EXW UHTXLULQJ OHVV &38 WLPH�

7KHVH SUHOLPLQDU\ H[SHULPHQWV XVHG IL[HG SDUDPHWHU VHWWLQJV DQG REWDLQHG SURPLVLQJ UHVXOWV�

&RQVHTXHQWO\ WR LPSURYH WKHVH UHVXOWV� IXWXUH ZRUN ZLOO LQFOXGH G\QDPLF FRQWURO RI SDUDPHWHUV

GHSHQGLQJ RQ WKH SURJUHVV RI WKH VHDUFK SURFHVV�

,Q IXWXUH ZRUNV ZLWK 76� DQ LQWHUHVWLQJ LVVXH ZLOO EH WR FRQVLGHU RWKHU UXOHV WR LQFRUSRUDWH SHQDOW\

PHDVXUHV IRU HYDOXDWLQJ VROXWLRQV WU\LQJ WR GLYHUVLI\ WKH VHDUFK�

��� $&.12:/('*(0(176�

:H DFNQRZOHGJH WKH FR�RSHUDWLRQ RI WKH SURMHFW JURXS IRU SURYLGLQJ QHZ LGHDV DQG FRQVWUXFWLYH

FULWLFLVPV� $OVR WR WKH 8QLYHUVLGDG 1DFLRQDO GH 6DQ /XLV� WKH 8QLYHUVLGDG 1DFLRQDO GH /D 3DPSD� DQG

WKH $13&<7 IURP ZKLFK ZH UHFHLYH FRQWLQXRXV VXSSRUW�

��� 5()(5(1&(6�

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

>�@ *DUH\� 0�5� DQG '�6� +RKQVRQ� &RPSXWHU DQG LQWUDFWDELOLW\� )UHHPDQ� 6DQ )UDQFLVWR� �����

>�@ *HQ� 0� \ 5XQZHL� &�� *HQHWLF $OJRULWKPV DQG (QJLQHHULQJ 'HVLJQ� :LOH\�,QWHUVFLHQFH

3XEOLFDWLRQ -RKQ :LOH\ 	 6RQV� ,QF� �����

>�@ *HQ� 0�� <� 7VXMLPXUD� DQG (� .XERWD� ³6ROYLQJ -RE�6KRS 6FKHGXOLQJ 3UREOHP 8VLQJ *HQHWLF

$OJRULWKPV´� 3URFHHGLQJV RI WKH ��
WK
,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHUV DQG ,QGXVWULDO

(QJLQHHULQJ� ����� SDJ� ��������

>�@ .XERWD� $�� ³6WXG\ RQ 2SWLPDO 6FKHGXOLQJ IRU 0DQXIDFWXULQJ 6\VWHP E\ *HQHWLF $OJRULWKPV´�

0DVWHU 7KHVLV� $VKLNDJD ,QVWLWXWH RI 7HFKQRORJ\� $VKLNDJD� -DSDQ� �����

>�@ /DZUHQFH� 6�� 5HVRXUFH FRQVWUDLQHG SURMHFW VFKHGXOLQJ� DQ H[SHULPHQWDO LQYHVWLJDWLRQ RI

KHXULVWLF VFKHGXOLQJ WHFKQLTXHV� �6XSSOHPHQW� *UDGXDWH 6FKRRO RI ,QGXVWULDO $GPLQLVWUDWLRQ�

&DUQHJLH�0HOORQ 8QLYHUVLW\� 3LWWVEXUJK� 3HQQV\OYDQLD� �����

>�@ *ORYHU )� DQG 0� /DJXQD� 7DEX 6HDUFK� .OXYHU� /RQGRQ �������

>�@ 0LFKDOHZLF]� =� DQG '�%� )RJHO� +RZ WR 6ROYH ,W� 0RGHUQ +HXULVWLFV� 6SULQJHU� *HUPDQ\ �����

>�@ 0LQHWWL� *�)�� &� 6DOWR� +�$ $OIRQVR� 5�+� *DOODUG� ³$ FRPSDULVRQ RI 7ZR 0XOWLUHFRPELQDWHG

(YROXWLRQDU\ $OJRULWKPV IRU WKH -RE 6KRS 6FKHGXOLQJ 3UREOHP´� 3URFHHGLQJV GHO 9, &RQJUHVR

$UJHQWLQR GH &LHQFLDV GH OD &RPSXWDFLyQ� �����

>��@ 3LQHGR� 0� 6FKHGXOLQJ� 7KHRU\� $OJRULWKPV DQG 6\VWHPV� 3UHQWLFH +DOO� �����

>��@ 5HQGHUV� -�� DQG +� %HUVLQL� ³+\EULGL]LQJ *HQHWLF $OJRULWKPV ZLWK +LOO�&OLPELQJ 0HWKRGV IRU

*OREDO 2SWLPL]DWLRQ� 7ZR 3RVVLEOH :D\V´� 3URF� RI WKH )LUVW ,((( &RQIHUHQFH RQ (YROXWLRQDU\

&RPSXWDWLRQ� ����� SS� ��������

>��@ 6DOWR� &�� +�$� $OIRQVR� DQG 5�+� *DOODUG�� ³0XOWLSOLFLW\ DQG ,QFHVW 3UHYHQWLRQ LQ (YROXWLRQDU\

$OJRULWKPV WR 'HDO ZLWK GH -RE 6KRS 3UREOHP´� 3URFHHGLQJV RI WKH 6HFRQG ,&6& 6\PSRVLXP RQ

(QJLQHHULQJ RI ,QWHOOLJHQW 6\VWHPV� ����� SS� ��������



>��@ 6DOWR� &�� *�)� 0LQHWWL� +�$ $OIRQVR� DQG 5�+� *DOODUG�� ³$ +\EULG (YROXWLRQDU\ $OJRULWKP�

0XOWLUHFRPELQDWLRQ ZLWK 3ULRULW\ 5XOH %DVHG 5HSUHVHQWDWLRQ IRU WKH -RE 6KRS 6FKHGXOLQJ

3UREOHP´� 3URFHHGLQJV GHO 9, &RQJUHVR $UJHQWLQR GH &LHQFLDV GH OD &RPSXWDFLyQ� �����

>��@ 6DOWR� &�� +�$� $OIRQVR� DQG 5�+� *DOODUG� ³(YROXWLRQDU\ $OJRULWKPV DQG /RFDO 6HDUFK WR 6ROYH

6FKHGXOLQJ 3UREOHPV´� 3URFHHGLQJV RI )RXUWK ,QWHUQDWLRQDO ,&6& 6\PSRVLXP RQ 6RIW

&RPSXWLQJ �62&2 ������ ���� SS� ����

>��@ 6DOWR� &�� +�$� $OIRQVR� DQG 5�+� *DOODUG� �$ +\EULG ($ $SSURDFK 8VHG WR 6ROYH WKH -RE 6KRS

3UREOHP�� VXEPLWWHG WR ,&6 ����� 2UODQGR� 86$�

>��@ 6DOWR� &�� +�$� $OIRQVR� DQG 5�+� *DOODUG� �3HUIRUPDQFH (YDOXDWLRQ RI (YROXWLRQDU\ $OJRULWKPV

XQGHU 'LIIHUHQW 5HSUHVHQWDWLRQV ZKHQ 6ROYLQJ 7KH -66 3UREOHP�� VXEPLWWHG WR ,&6 �����

2UODQGR� 86$�

>��@ 9DHVVHQV� 5�-�0�� (�+�/� $DUWV DQG -�.� /HQVWUD� -RE 6KRS 6FKHGXOLQJ E\ /RFDO 6HDUFK�

,1)2506 -� RQ &RPSXWLQJ� ����������� �����


