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$EVWUDFW�

0DQ\ UHVHDUFKHUV KDYH VKRZQ LQWHUHVW WR VROYH WKH MRE VKRS VFKHGXOLQJ SUREOHP �-663� DSSO\LQJ

HYROXWLRQDU\ DOJRULWKPV �($V�� ,Q D SUHYLRXV ZRUN ZH UHSRUWHG DQ HQKDQFHG HYROXWLRQDU\ DOJRULWKP�
ZKLFK XVHV D PXOWLSOLFLW\ IHDWXUH WR VROYH -663� 7KH HYROXWLRQDU\ DSSURDFK ZDV HQKDQFHG E\ PHDQV

RI PXOWLSOH FURVVRYHUV RQ PXOWLSOH SDUHQWV �0&03� DQG WKH VHOHFWLRQ RI D VWXG DPRQJ WKH

LQWHUYHQLQJ SDUHQW� 3DUWLDOO\ PDSSHG FURVVRYHU �30;� ZDV XVHG RQ HDFK PXOWLSOH FURVVRYHU

RSHUDWLRQ DQG MRE EDVHG UHSUHVHQWDWLRQ �SHUPXWDWLRQ RI MREV� ZDV DGRSWHG DV D FRGLQJ WHFKQLTXH�

7KH WUDGLWLRQDO 0&03 DSSURDFK LV EDVHG RQ VFDQQLQJ FURVVRYHU� %XW WKH DSSOLFDWLRQ RI WKLV RSHUDWRU

WR SHUPXWDWLRQV ZLOO \LHOG LOOHJDO RIIVSULQJ LQ WKH VHQVH WKDW VRPH MREV PD\ EH PLVVHG ZKLOH VRPH

RWKHU MREV PD\ EH GXSOLFDWHG LQ WKH RIIVSULQJ� VR VRPH PRGLILFDWLRQV WR WKHLU PHFKDQLVP DUH

QHFHVVDU\ WR JXDUDQWHH WKH RIIVSULQJ OHJDOLW\�

7KLV SDSHU FRQWUDVWV ERWK 0&03 DSSURDFKHV� GLVFXVVHV LPSOHPHQWDWLRQ GHWDLOV DQG VKRZV UHVXOWV

IRU D VHW RI MRE VKRS VFKHGXOLQJ LQVWDQFHV RI GLVWLQFW FRPSOH[LW\�

.H\ZRUGV� PXOWLUHFRPELQDWLRQ� RSWLPL]DWLRQ� EUHHGLQJ� VFDQQLQJ FURVVRYHU� VFKHGXOLQJ�

�
7KH 5HVHDUFK *URXS LV VXSSRUWHG E\ WKH 8QLYHUVLGDG 1DFLRQDO GH /D 3DPSD�

�
7KH /,',& 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 PLPLF WKH QDWXUDO HYROXWLRQ RQ DQ DEVWUDFW OHYHO� 7KLV VWRFKDVWLF VHDUFK

WHFKQLTXH H[SORUHV GLIIHUHQW UHJLRQV RI WKH VHDUFK VSDFH VLPXOWDQHRXVO\� 6LQFH WKH SXEOLFDWLRQV RI

*ROGEHUJ >��@ DQG 'DYLV >�@� JHQHWLF DOJRULWKPV DUH PRUH DQG PRUH XVHG WR VROYH VFKHGXOLQJ

SUREOHPV� $ MRE�VKRS VFKHGXOLQJ SUREOHP FRQVLVWV RI Q MREV� RU LWHPV� WR EH SURFHVVHG E\ P

PDFKLQHV >��@� )RU HDFK MRE LV VSHFLILHG ERWK D VHW RI FRQVWUDLQWV RQ WKH RUGHU LQ ZKLFK PDFKLQHV FDQ

EH XVHG DQG D JLYHQ SURFHVVLQJ WLPH RQ HDFK PDFKLQH� 2XU -663 FRQVLVW LQ ILQGLQJ WKH VHTXHQFH RI

MREV RQ HDFK PDFKLQH LQ RUGHU WR PLQLPL]H WKH HODSVHG WLPH QHHGHG WR ILQLVK SURFHVVLQJ DOO MREV�

7KLV LV WKH GHILQLWLRQ RI GHWHUPLQLVWLF MRE�VKRS VFKHGXOLQJ SUREOHP� ZKHUH DOO SURFHVVLQJ WLPHV DUH

NQRZQ H[DFWO\ DQG WKHUH DUH QR UHVWULFWLRQV RQ ZKHQ MREV PD\ VWDUW�

$ YHU\ LPSRUWDQW LVVXH LQ EXLOGLQJ DQ HYROXWLRQDU\ DOJRULWKP IRU WKH MRE�VKRS SUREOHP LV WR GHYLVH

DQ DSSURSULDWH UHSUHVHQWDWLRQ RI VROXWLRQV WRJHWKHU ZLWK SUREOHP�VSHFLILF JHQHWLF RSHUDWLRQV VR WKDW

DOO FKURPRVRPHV JHQHUDWHG LQ HLWKHU WKH LQLWLDO SKDVH RU WKH HYROXWLRQDU\ SURFHVV ZLOO SURGXFH

IHDVLEOH VFKHGXOHV� 7KLV LV D FUXFLDO SKDVH WKDW DIIHFWV DOO WKH VXEVHTXHQW VWHSV RI HYROXWLRQDU\

DOJRULWKPV >�@�7KH JHQHWLF RSHUDWRUV� ZKLFK FRQWURO WKH VWRFKDVWLF VHDUFK KDYH WR EH GHVLJQHG YHU\

FDUHIXOO\ ZLWK UHVSHFW WR WKH FKRVHQ UHSUHVHQWDWLRQ� ([SORUDWLRQ DQG H[SORLWDWLRQ RI WKH VWUXFWXUH RI

WKH VHDUFK VSDFH VKRXOG EH EDODQFHG >��@� ,Q GLUHFW FRGLQJ� WKH UHSUHVHQWDWLRQ RQ WKH JHQHWLF OHYHO

GLUHFWO\ UHIHUV WR D SRLQW ZLWKLQ WKH VHDUFK VSDFH >�@� $ FODVVLF H[DPSOH RI WKLV NLQG RI UHSUHVHQWDWLRQ

IRU -663 LV MRE�EDVHG UHSUHVHQWDWLRQ >��@� +HUH D VFKHGXOH �D VROXWLRQ RI -663� LV HQFRGHG LQWR D

FKURPRVRPH� DQG HYROXWLRQDU\ DOJRULWKPV DUH XVHG WR HYROYH WKRVH FKURPRVRPHV WR GHWHUPLQH D

EHWWHU VFKHGXOH�

,Q D MRE VKRS UHSUHVHQWDWLRQ ZH GHDO ZLWK SHUPXWDWLRQV� VR DGHTXDWH JHQHWLF RSHUDWRUV� VXFK DV

SDUWLDOO\�PDSSHG FURVVRYHU �30;� >��@� RUGHU FURVVRYHU �2;� >�@ DQG F\FOH FURVVRYHU �&;� >��@

VKRXOG EH XVHG� ,Q ($V WKH FRPPRQ SUDFWLFH RI FURVVRYHU LV WR RSHUDWH RQFH RQ HDFK PDWLQJ SDLU

DIWHU VHOHFWLRQ� 6XFK SURFHGXUH LV NQRZQ DV WKH 6&3& �6LQJOH &URVVRYHU 3HU &RXSOH� DSSURDFK� %XW

LQ QDWXUH ZKHQ WKH PDWLQJ SURFHVV LV FDUULHG RXW� FURVVRYHU LV DSSOLHG PDQ\ WLPHV DQG WKH

FRQVHTXHQFH LV D PXOWLSOH DQG YDULDEOH QXPEHU RI RIIVSULQJ� 0XOWLSOH FURVVRYHUV SHU FRXSOH

�0&3&� >���@ LV D QRYHO FURVVRYHU PHWKRG� ,W ZDV DSSOLHG WR RSWLPL]H FODVVLF WHVWLQJ IXQFWLRQV DQG

VRPH KDUGHU �QRQ�OLQHDU� QRQ�VHSDUDEOH� IXQFWLRQV� )RU HDFK PDWLQJ SDLU 0&3& DOORZV D YDULDEOH

QXPEHU RI FKLOGUHQ� )URP DOO WKH JHQHUDWHG RIIVSULQJ� WKH EHVW� D UDQGRPO\ VHOHFWHG RU DOO RI WKHP

FDQ EH FKRVHQ IRU LQVHUWLRQ LQ WKH QH[W JHQHUDWLRQ� ,Q WKRVH HDUOLHU ZRUNV LW ZDV QRWLFHG WKDW LQ VRPH

FDVHV 0&3& IRXQG EHWWHU UHVXOWV WKDQ WKRVH SURYLGHG E\ 6&3&� $OVR D UHGXFHG UXQQLQJ WLPH

UHVXOWHG ZKHQ WKH QXPEHU RI FURVVRYHUV SHU FRXSOH LQFUHDVHG� DQG EHVW TXDOLW\ UHVXOWV ZHUH REWDLQHG

DOORZLQJ EHWZHHQ � DQG � FURVVRYHU SHU FRXSOH� 0RUHRYHU� VHHNLQJ IRU H[SORLWDWLRQ RI D JUHDWHU

VDPSOH RI WKH SUREOHP VSDFH� DQ H[WHQGHG PXOWL�UHFRPELQDWLRQ FDQ EH DSSOLHG WR D VHW RI PRUH WKDQ

WZR SDUHQWV� ,Q (LEHQ
V PXOWLSDUHQW �03� DSSURDFK >���@� RIIVSULQJ FUHDWLRQ LV EDVHG RQ D ODUJHU

VDPSOH IURP WKH VHDUFK VSDFH DQG FRQVHTXHQWO\ ODUJHU GLYHUVLW\ LV VXSSOLHG� 7KLV FDQ KHOS WR DYRLG

SUHPDWXUH FRQYHUJHQFH� (LEHQ XVHG GLIIHUHQW YHUVLRQV RI VFDQQLQJ FURVVRYHU �6;� ZKLFK FDQ EH

FDWHJRUL]HG DV PXOWL�SDUHQW JHQHWLF RSHUDWRUV�

7KHVH SUHYLRXV LGHDV JDYH ULVH WR PXOWLSOH FURVVRYHUV RQ PXOWLSOH SDUHQWV �0&03� >����@� ZKLFK

SURYLGHV D EDODQFH LQ H[SORLWDWLRQ DQG H[SORUDWLRQ EHFDXVH WKH VHDUFKLQJ VSDFH LV HIILFLHQWO\

H[SORLWHG �E\ WKH PXOWLSOH DSSOLFDWLRQ RI FURVVRYHUV� DQG H[SORUHG �E\ D JUHDWHU QXPEHU RI VDPSOHV

SURYLGHG E\ PXOWLSOH SDUHQWV�� 0&03 SURYLGHV D PHDQV WR H[SORLW JRRG IHDWXUHV RI PRUH WKDQ WZR

SDUHQWV VHOHFWHG DFFRUGLQJ WR WKHLU ILWQHVV E\ UHSHDWHGO\ DSSO\LQJ RQH RI WKH VFDQQLQJ FURVVRYHU �6;�

YDULDQWV >�@� D QXPEHU Q� RI FURVVRYHUV LV DSSOLHG RQ D QXPEHU Q� RI VHOHFWHG SDUHQWV� )URP WKH Q�



SURGXFHG RIIVSULQJ D QXPEHU Q� RI WKHP DUH VHOHFWHG� DFFRUGLQJ WR VRPH FULWHULRQ� WR EH LQVHUWHG LQ WKH

QH[W JHQHUDWLRQ� 7KLV LV WKH PHWKRG XVHG LQ DOO RXU H[SHULPHQWV�

7KLV QRYHO DSSURDFK ZDV VXFFHVVIXOO\ DSSOLHG WR VLQJOH DQG PXOWLFULWHULD RSWLPL]DWLRQ� 5HFHQWO\ LW

ZDV DOVR DSSOLHG WR -663 XQGHU RWKHU UHSUHVHQWDWLRQV� VXFK DV� GHFRGHUV� GLVSDWFKLQJ UXOH

UHSUHVHQWDWLRQ DQG RSHUDWLRQ EDVHG UHSUHVHQWDWLRQ >������ ��� ��� ��@� ,W ZDV VKRZQ WKDW D JUHDWHU

QXPEHU RI FURVVRYHUV IRU D JLYHQ QXPEHU RI SDUHQWV SURYLGH EHWWHU UHVXOWV�

'XH WR WKH XVH RI SHUPXWDWLRQV LQ WKH FKURPRVRPH UHSUHVHQWDWLRQ DQG DLPLQJ WR DSSO\ 0&03� WKH

WUDGLWLRQDO 6; PHWKRGV QHHG WR EH PRGLILHG LQ RUGHU WR SURGXFH IHDVLEOH RIIVSULQJ� 'HWDLOV RI WKH

RULJLQDO 6;PHWKRGV DQG WKH PRGLILFDWLRQV DUH GLVFXVVHG LQ QH[W VHFWLRQV� $OVR DQRWKHU YLHZ RI0&03

RQ MRE EDVHG UHSUHVHQWDWLRQ LV LQWURGXFHG KHUH� ,QVWHDG RI XVLQJ WKH WUDGLWLRQDO 6; PHWKRGV� ZH VKRZ

KRZ WR LQWURGXFH 30; WR D VFKHPH RI PXOWLUHFRPELQDWLRQ �EUHHGLQJ WHFKQLTXHV��

7KLV ZRUN LV RUJDQL]HG DV IROORZV� 6HFWLRQ � LQWURGXFHV MRE�EDVHG UHSUHVHQWDWLRQV DQG RQH RI WKH

VSHFLDO RSHUDWRUV GHYHORSHG IRU LW� 30;� 6HFWLRQ � VKRZV WKH GLIIHUHQW YDULDQWV RI PXOWLSDUHQW

JHQHWLF RSHUDWRU LQWURGXFHG E\ (LEHQ DQG LWV IXUWKHU PRGLILFDWLRQV WR EH DSSOLFDEOH WR VHTXHQFH

SUREOHPV� %UHHGLQJ WHFKQLTXHV YLD WKH LGHD RI D VWXG LQGLYLGXDO LV H[SODLQHG LQ VHFWLRQ �� )LQDOO\�

VHFWLRQ � H[SODLQV GHWDLOV RI LPSOHPHQWDWLRQ DQG DQDO\VHV RI WKH REWDLQHG UHVXOWV�
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-RE�%DVHG 5HSUHVHQWDWLRQ FRQVLVWV RI D OLVW RI Q MREV DQG D VFKHGXOH LV FRQVWUXFWHG DFFRUGLQJ WR WKH

VHTXHQFH RI MREV� )RU D JLYHQ VHTXHQFH RI MREV� WKH ILUVW RSHUDWLRQ RI WKH MRE XQGHU WUHDWPHQW LV

DOORFDWHG LQ WKH EHVW DYDLODEOH SURFHVVLQJ WLPH IRU WKH FRUUHVSRQGLQJ PDFKLQH WKH RSHUDWLRQ UHTXLUHV�

DQG WKHQ WKH VHFRQG RSHUDWLRQ LV DOORFDWHG� DQG VR RQ� XQWLO DOO RSHUDWLRQV RI WKH MRE DUH VFKHGXOHG�

7KH SURFHVV LV UHSHDWHG IRU HDFK MRE LQ WKH OLVW LQ WKH DSSURSULDWH VHTXHQFH� $Q\ SHUPXWDWLRQ RI MREV

FRUUHVSRQGV WR D IHDVLEOH VFKHGXOH�

8VLQJ WKLV NLQG RI UHSUHVHQWDWLRQ LW LV QHFHVVDU\ WR FRQVLGHU VSHFLDO FURVVRYHU RSHUDWRUV� 7KH

FRQYHQWLRQDO RQHV �RQH�SRLQW RU PXOWLSRLQW FURVVRYHU� JHQHUDOO\ PLJKW SURGXFH LOOHJDO RIIVSULQJ LQ

WKH VHQVH WKDW VRPH MREV PD\ EH PLVVHG ZKLOH VRPH RWKHUV PD\ EH GXSOLFDWHG LQ WKH RIIVSULQJ�

7KHUH DUH VRPH VSHFLILF FURVVRYHU RSHUDWRUV GHVLJQHG WR DSSO\ WR D SHUPXWDWLRQ VXFK DV� SDUWLDO�

PDSSHG FURVVRYHU �30;�� RUGHU FURVVRYHU �2;�� F\FOH FURVVRYHU �&;�� RUGHU�EDVHG FURVVRYHU�

KHXULVWLF FURVVRYHU� DQG VR RQ� 30; ZDV SURSRVHG E\ *ROGEHUJ DQG /LQJOH >��@ DQG FDQ EH YLHZHG

DV DQ H[WHQVLRQ RI WZR�SRLQW FURVVRYHU IRU ELQDU\ VWULQJ WR SHUPXWDWLRQ UHSUHVHQWDWLRQ� ,W XVHV D

VSHFLDO UHSDLULQJ SURFHGXUH WR VROYH WKH LOOHJLWLPDF\ FDXVHG E\ WKH VLPSOH WZR�SRLQW FURVVRYHU� 7KXV

WKH HVVHQWLDOV RI 30; DUH D VLPSOH WZR�SRLQW FURVVRYHU SOXV D UHSDLULQJ SURFHGXUH� )LJXUH �

H[SODLQV WKH 30; SURFHGXUH >��@�

)RU PXWDWLRQ D VLPSOH LQWHUFKDQJH RSHUDWRU� ZKLFK UDQGRPO\ H[FKDQJHV FKRVHQ JHQHV RI WKH

FKURPRVRPH FDQ EH XVHG�

30; RSHUDWLRQ

6HOHFW WZR SRVLWLRQV DORQJ WKH VWULQJ XQLIRUPO\ DW UDQGRP� 7KH VXE�VWULQJV GHILQHG E\ WKH WZR

SRVLWLRQV DUH FDOOHG WKH PDSSLQJ VHFWLRQV�

([FKDQJH WZR VXE�VWULQJV EHWZHHQ SDUHQWV WR SURGXFH D SURWR�FKLOGUHQ�

'HWHUPLQH WKH PDSSLQJ UHODWLRQVKLS EHWZHHQ WZR PDSSLQJ VHFWLRQV�

/HJDOL]H RIIVSULQJ E\ XVLQJ WKH PDSSLQJ UHODWLRQVKLS�

)LJXUH �� 30; SURFHGXUH
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(LEHQ LQ KLV PXOWLSDUHQW DSSURDFK >�@ SURSRVHG GLIIHUHQW YHUVLRQV RI PXOWLSDUHQW JHQHWLF RSHUDWRUV�

7KHVH RSHUDWRUV XVHG WZR RU PRUH SDUHQWV WR JHQHUDWH FKLOGUHQ� 7KH EDVLF PHFKDQLVP XVHG LQ RUGHU

WR GHILQH PXOWLSDUHQW RSHUDWRUV LV JHQH VFDQQLQJ �ILJXUH ��� $OO WKH VFDQQLQJ WHFKQLTXHV GHVFULEHG

KHUH JHQHUDWH D VLQJOH FKLOG IURP Q SDUHQWV �Q ! ���

,QLWLDOO\� WKUHH VFDQQLQJ FURVVRYHU �6;� PHWKRGV ZHUH SURSRVHG� ZKLFK HVVHQWLDOO\ WDNH JHQHV IURP

SDUHQWV WR FRQWULEXWH LQ EXLOGLQJ WKH RIIVSULQJ� 7KH 6; JHQHUDO PHFKDQLVP DVVLJQV D PDUNHU WR HDFK

SDUHQW DQG WR WKH RIIVSULQJ� 7KH RIIVSULQJ¶V PDUNHU WUDYHUVHV DOO RI LWV SRVLWLRQV IURP OHIW WR ULJKW� (DFK

WLPH D JHQH LV VHOHFWHG WKLV LPSOLHV XSGDWLQJ WKH SDUHQW¶V PDUNHU� 7KH SVHXGR�FRGH LQ ILJXUH � VKRZV

WKH VFDQQLQJ PHFKDQLVP�

LQLWLDOL]H SDUHQW PDUNHUV

IRU FKLOGBPDUNHU  � WR FKURPRVRPHBOHQJWK GR

XSGDWH SDUHQW PDUNHUV

FKLOG�DOOHOH>FKLOGBPDUNHU@  FKRRVH IURP YDOXHV LQGLFDWHG E\ WKH SDUHQW PDUNHUV

HQGIRU

)LJXUH �� WKH JHQHUDO JHQH VFDQQLQJ PHFKDQLVP�

7KH PDLQ FKDUDFWHULVWLFV RI DOO JHQH�VFDQQLQJ SURFHGXUHV DUH WKH PDUNHU XSGDWH PHFKDQLVPV DQG WKH

ZD\ WR FKRRVH D PDUNHG JHQH IURP WKH SDUHQWV� ,I WKH ZD\ LQ ZKLFK WKH YDOXHV WR EH LQVHUWHG LQ WKH

FKLOG DUH FKRVHQ LV FKDQJHG� WKHQ WKUHH VSHFLILF VFDQQLQJ WHFKQLTXHV FDQ EH GHILQHG� QDPHO\�

� 8QLIRUP VFDQQLQJ FURVVRYHU �86;�� 7KLV PHWKRG LV D QDWXUDO H[WHQVLRQ RI XQLIRUP FURVVRYHU�

(DFK SDUHQW KDV HTXDO FKDQFH WR EH D GRQRU IRU HDFK JHQH LQ WKH FKLOG�

� 2FFXUUHQFH�EDVHG VFDQQLQJ FURVVRYHU �2%6;�� 7KLV PHWKRG VHOHFWV WKDW JHQH YDOXH ZKLFK

RFFXUV PRUH IUHTXHQWO\ LQ D SDUWLFXODU SRVLWLRQ RI WKH SDUHQW¶V FKURPRVRPHV� ,I QRQH RI WKH

YDOXHV DUH UHSHDWHG WKHQ WKH JHQH SRLQWHG E\ WKH PDUNHU LQ WKH ILUVW SDUHQW LV VHOHFWHG�

$OWHUQDWLYHO\ D UDQGRP FKRLFH FDQ EH SHUIRUPHG�

� )LWQHVV�EDVHG VFDQQLQJ FURVVRYHU �)%6;�� 7KLV PHWKRG FKRRVHV WKH JHQH YDOXH WR LQKHULW EHLQJ

SURSRUWLRQDO WR WKH ILWQHVV YDOXH RI WKH SDUHQWV �URXOHWWH ZKHHO UHVWULFWHG WR VHOHFWHG SDUHQWV

VXEVHW��

7KHVH VFDQQLQJ SURFHGXUHV PLJKW EH GHILQHG IRU GLIIHUHQW UHSUHVHQWDWLRQV W\SHV LQWURGXFLQJ FKDQFHV

WR WKH PDUNHU XSGDWH PHFKDQLVP� 7KLV PHFKDQLVP LV YHU\ VLPSOH ZKHQ UHSUHVHQWDWLRQV ZLWK

LQGHSHQGHQW SRVLWLRQV �QR HSLVWDVLV� DUH DGRSWHG� WKH SDUHQW PDUNHUV DUH DOO LQLWLDOL]HG WR WKH ILUVW

SRVLWLRQ LQ HDFK RI WKH SDUHQWV DQG WUDYHUVHV WKH SDUHQWV IURP OHIW WR ULJKW E\ LQFUHDVLQJ LW E\ RQH

HDFK VWHS� 3UREOHPV ZKHUH HSLVWDVLV RFFXUV� DV LQ RXU FDVH� QHHG D PRUH VRSKLVWLFDWHG PDUNHU XSGDWH

PHFKDQLVP WR HQVXUH WKDW QR YDOXH LV DGGHG WR WKH FKLOG WZLFH� )RU HDFK SDUHQW WKLV PHDQV LQFUHDVLQJ

LWV PDUNHU XQWLO LW GHQRWHV D YDOXH WKDW KDV QRW DOUHDG\ EHHQ DGGHG WR WKH FKLOG� )LJXUH � VKRZV D

PRGLILFDWLRQ WR WKH PDUNHU XSGDWH PHFKDQLVP XVLQJ 2%6; IRU SHUPXWDWLRQV ZKLOH ILJXUH � H[SODLQV

WKH PHFKDQLVP XVLQJ 86; DV D PHWKRG WR VHOHFW WKH JHQH YDOXH WR EH LQKHULWHG�

$QRWKHU FDVH RI VFDQQLQJ FURVVRYHU LV DGMDFHQF\�EDVHG FURVVRYHU �$%;�� ZKLFK LV VSHFLDOO\

GHVLJQHG IRU UHSUHVHQWDWLRQV ZKHUH UHODWLYH SRVLWLRQLQJ RI YDOXHV LV LPSRUWDQW� ,WV SULQFLSDO

GLIIHUHQFH ZLWK WKH RWKHU VFDQQLQJ SURFHGXUHV DUH WKH ZD\ LQ ZKLFK WKH ILUVW YDOXH LV VHOHFWHG DQG

WKH PDUNHU XSGDWH PHFKDQLVP� 7KH ILUVW JHQH YDOXH LQ WKH FKLOG LV DOZD\V LQKHULWHG IURP WKH ILUVW

JHQH YDOXH LQ WKH ILUVW SDUHQW� )RU HDFK SDUHQW LWV PDUNHU LV VHW WR WKH ILUVW VXFFHVVRU RI WKH SUHYLRXVO\

VHOHFWHG YDOXH� ZKLFK GRHV QRW DOUHDG\ RFFXU LQ WKH FKLOG�
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)LJXUH �� 86; RQ MRE EDVHG UHSUHVHQWDWLRQ

7ZR W\SHV RI $%; KDV EHHQ GHILQHG� QDPHO\� RFFXUUHQFH EDVHG �2%�$%;� DQG ILWQHVV EDVHG �)%�

$%;�� 7KLV FURVVRYHU XVHV WKH VDPH PHFKDQLVP IRU FKRRVLQJ WKH YDOXHV WR EH LQKHULWHG E\ WKH FKLOG

DV RFFXUUHQFH EDVHG DQG ILWQHVV EDVHG VFDQQLQJ� WKH GLIIHUHQFH UHVLGHV LQ WKH PDUNHU XSGDWH

PHFKDQLVP� )LJXUH � VKRZV 2%�$%; SURFHGXUH�
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SHUPXWDWLRQV� LQ >��@ DQRWKHU ZD\ RI PXOWL�UHFRPELQDWLRQ LV FRQVLGHUHG� ,Q WKH SURFHVV IRU FUHDWLQJ

SHUPXWDWLRQV� WKH 30; RSHUDWRU UHSODFHV WKH VFDQQLQJ PHWKRG� )URP WKH SDUHQW SRSXODWLRQ Q�
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WKH UHVW RI WKH SDUHQWV VHOHFWHG XVLQJ 30; FRQVLGHULQJ WKRVH FURVVRYHU SRLQWV IL[HG� )URP WKDW
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�Q� ��� RIIVSULQJ DUH REWDLQHG� EXW RQO\ WKH EHVW RQH VXUYLYH� 7KH SUHFHGLQJ

FURVVRYHU SURFHVV LV UHSHDWHG Q� WLPHV GHWHUPLQLQJ RWKHU FXW SRLQWV HDFK WLPH� )LQDOO\ Q� RIIVSULQJ
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(YDOXDWH DX[BFKLOG

6RUW DX[BFKLOG �� WKH EHVW FKLOG LV LQ WKH ILUVW SRVLWLRQ
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)LJXUH �� %DVLF VWUXFWXUH RI WKH (YROXWLRQDU\ $OJRULWKP

,QFOXGLQJ 0XOWLSOLFLW\ DQG %UHHGLQJ�
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([SHULPHQWV FRQVLVWHG RI YDU\LQJ SDUDPHWHUV VXFK DV WKH QXPEHU Q� RI FURVVRYHU� WKH QXPEHU Q� RI

SDUHQWV� DQG DOVR WKH SURFHVV IRU FUHDWLQJ RIIVSULQJ�

:H KDYH GHFLGHG WR WHVW WKH DSSOLFDWLRQ RI WZR DOWHUQDWLYH ZD\V WR FDUU\ RXW 0&03 WR VROYH WKH

-663 XVLQJ SHUPXWDWLRQV DV FKURPRVRPH UHSUHVHQWDWLRQ� 2QH RI WKHP FRQVLVWHG LQ WKH WUDGLWLRQDO

DSSOLFDWLRQ RI 0&03 XVLQJ WZR YHUVLRQV RI VFDQQLQJ FURVVRYHU �XQLIRUP DQG RFFXUUHQFH EDVHG�



WRJHWKHU ZLWK RWKHU WZR YHUVLRQV RI DGMDFHQF\ EDVHG FURVVRYHU �XQLIRUP DQG RFFXUUHQFH EDVHG�� $QG

WKH RWKHU ZD\ FRQVLVWHG LQ WKH LQFRUSRUDWLRQ RI EUHHGLQJ WHFKQLTXHV E\ PHDQV RI WKH VWXG LGHD�

:H KDYH VHOHFWHG IRXU LQVWDQFHV RI GLIIHUHQW FRPSOH[LW\ RI -663 >��@ ZLWK NQRZQ RSWLPDO

PDNHVSDQ WR EH RSWLPL]HG �WDEOH ��� :H WHVWHG HYHU\ Q� FURVVRYHU RQ Q� SDUHQWV YHUVLRQV IRU Q�  

������ DQG Q�  ����� � E\ KDYLQJ �� UXQV DQG FDOFXODWLQJ SHUIRUPDQFH DYHUDJHV IRU HDFK �Q��Q��

SRVVLEOH FRPELQDWLRQ� ,Q DOO FDVHV WKH EHVW FKLOG IURP WKH Q� FUHDWHG FKLOGUHQ ZHUH LQVHUWHG LQ WKH

QH[W JHQHUDWLRQ� ([FKDQJH PXWDWLRQ� SURSRUWLRQDO VHOHFWLRQ DQG HOLWLVP WR UHWDLQ WKH EHVW�YDOXHG

LQGLYLGXDO ZHUH XVHG� :H XVHG LQ WKH ($ D ��� FURVVRYHU UDWH DQG ��� PXWDWLRQ UDWH �SHU

LQGLYLGXDO�� 7KH DOJRULWKPV HYROYHG IRU D PLQLPXP RI ��� JHQHUDWLRQV� DIWHU WKDW D FRQWURO RI WKH

PHDQ ILWQHVV SRSXODWLRQ SURJUHVV EHJDQ� LI WKLV YDOXH UHPDLQHG ZLWKLQ D GHWHUPLQHG UDQJH IRU ��

FRQVHFXWLYH JHQHUDWLRQV WKHQ WKH HYROXWLRQDU\ SURFHVV ZDV VWRSSHG� 7KH SRSXODWLRQ VL]H ZDV IL[HG

DW ��� LQGLYLGXDOV� $OO WKHVH YDOXHV ZHUH GHWHUPLQHG DV WKH EHVW FRPELQDWLRQ RI SUREDELOLWLHV DIWHU
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(EHVW �$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�

(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�

�*HQHUDWLRQ 1XPEHU RI JHQHUDWLRQV WKH ($V HYROYHV EHIRUH WKH IXOILOPHQW RI WKH VWRS FULWHULD�

)RU HDFK VHULHV DQG SDUDPHWHU VHWWLQJ DYHUDJH YDOXHV IRU WKH PLQLPXP DQG PHDQ YDOXHV RI WKH

SHUIRUPDQFH YDULDEOH ZHUH HVWDEOLVKHG� 7KH IROORZLQJ WDEOHV DQG ILJXUHV VXPPDUL]H WKHVH UHVXOWV

VKRZLQJ D FRPSDULVRQ RI GLIIHUHQW ($V XVLQJ 0&03 DQG DOVR DSSO\LQJ GLIIHUHQW LGHDV RI

PXOWLUHFRPELQDWLRQ�

9 0($�6WXG� 0XOWLUHFRPELQHG ($ XVLQJ EUHHGLQJ WHFKQLTXHV E\ PHDQV RI WKH VWXG LGHD�

9 0($�;;� 0XOWLUHFRPELQHG ($ LQFRUSRUDWLQJ PXOWLSOLFLW\ IHDWXUH LQ WKH WUDGLWLRQDO ZD\� DQG XVLQJ

GLIIHUHQW FURVVRYHU PHWKRGV� 26 VWDQGV IRU RFFXUUHQFH EDVHG VFDQQLQJ FURVVRYHU� 86 PHDQV

XQLIRUP VFDQQLQJ FURVVRYHU� 2$ LQGLFDWHV RFFXUUHQFH DGMDFHQF\ EDVHG FURVVRYHU DQG ILQDOO\ 8$

GHQRWHV XQLIRUP DGMDFHQF\ EDVHG FURVVRYHU�

���� 5(68/76�

$QDO\VLQJ DYHUDJH PLQLPXP (EHVW �ILJXUH ��� WKH ORZHVW YDOXHV DUH REWDLQHG E\ 0($�86
LQGHSHQGHQWO\ RI WKH DQDO\VHG LQVWDQFH� )RU OD��� LQ SDUWLFXODU� DYHUDJH PLQLPXP (EHVW LV HTXDO WR

��� LQ WKLV FDVH WKH RSWLPXP YDOXH LV UHDFKHG LQ DOO WKH SRVVLEOH �Q�� Q�� FRPELQDWLRQV DW OHDVW RQFH�

7KH VHFRQG EHVW SHUIRUPHU LV 0($�6WXG� ZKLFK H[FHSW IRU WKH OD�� LQVWDQFH� VKRZV VPDOOHU HUURUV

WKDQ WKRVH REWDLQHG XQGHU 0($�8$� ZKLFK LV WKH WKLUG EHVW SHUIRUPHU� &RQVLGHULQJ WKH WUDGLWLRQDO



0&03 PHWKRG DQG PDNLQJ D FRPSDULVRQ DPRQJ DOO GLIIHUHQW FURVVRYHUV� 0($�8$ SUHVHQWV JRRG

UHVXOWV� EXW ZLWK DQ LQIHULRU TXDOLW\ WKDQ 0($�86� )RU PRVW LQVWDQFHV� 0($�86 SUHVHQWV VPDOOHU

HUURUV WKDQ 0($�26� WKLV REVHUYDWLRQ LV H[WHQVLEOH WR 0($�8$ DQG 0($�2$� 7KH WZR GLIIHUHQW

NLQGV RI RFFXUUHQFH EDVHG FURVVRYHU UHDFK SRRU UHVXOWV� EXW PDNLQJ D FRPSDULVRQ EHWZHHQ WKHP
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SDLU� 6DPH UHPDUNV FDQ EH GRQH IRU PHDQ (EHVW �ILJXUH ���
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)LJXUH � DQG WDEOH � VKRZV HEHVW YDOXHV REWDLQHG DSSO\LQJ DQ\ RI WKH GLIIHUHQW SURSRVHG 0($

DSSURDFKHV IRU HDFK SRVVLEOH �Q�� Q�� FRPELQDWLRQ �KRUL]RQWDO D[H� IRU OD�� LQVWDQFH� ,Q WDEOH ��

EROG�IDFHG HEHVW YDOXHV LQGLFDWH WKH ORZHVW (EHVW YDOXHV IRU HDFK 0($ DSSURDFK� 0($�86
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)URP ILJXUH �� DQG WDEOH � ZH FDQ VHH D IDLU VLPLODULW\ EHWZHHQ (SRS FXUYHV FRUUHVSRQGLQJ WR

0($�26 DQG 0($�2$ DQG EHWZHHQ 0($�86 DQG 0($�8$� 0($�6WXG SUHVHQWV WKH VPDOOHVW

HSRS YDOXH IRU Q� �� DQG DV ORQJ DV WKLV YDOXH LQFUHDVHV� (SRS YDOXHV IRU WKLV DSSURDFK FRPSHWH

ZLWK (SRS YDOXHV RI 0($�8$ DQG 0($�86� 7KH EHVW HSRS YDOXHV DUH SUHVHQW ZKHQ Q� LV HTXDO WR



�� 7DEOH � VKRZV WKH QXPEHU RI JHQHUDWLRQV WKH HYROXWLRQDU\ DOJRULWKPV QHHGV WR HYROYH XQWLO WKH

VWRS FULWHULD KROGV� :KHQ D VLQJOH FURVVRYHU LV DSSOLHG� WKH DOJRULWKPV QHHG WR HYROYH GXULQJ D

JUHDWHU QXPEHU RI JHQHUDWLRQV DQG FRQVHTXHQWO\ WKH QXPEHU RI HYDOXDWLRQV LV KXJH� ZLWK WKH

H[FHSWLRQ RI 0($�6WXG� ,Q FRQWUDVW� DQDO\VLQJ HEHVW YDOXHV� WKH EHVW VROXWLRQ IRXQG LV YHU\ SRRU LQ

UHODWLRQ WR WKH RQHV IRXQG DSSO\LQJ PRUH FURVVRYHUV� :KHQ Q� LV JUHDWHU WKDQ �� LQ PRVW FDVHV WKH

QXPEHU RI JHQHUDWLRQ WKH DOJRULWKPV HYROYH LV WKH VDPH� YDU\LQJ LQ WKLV FDVH WKH HYDOXDWLRQ QXPEHU�

ZKLFK LQFUHDVHV DV ORQJ DV WKH QXPEHU RI SDUHQWV DQG FURVVRYHUV GR�
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7DEOH �� (EHVW YDOXHV IRU HDFK �Q�� Q�� FRPELQDWLRQ LQ OD�� LQVWDQFH

7DEOH � VKRZV (EHVW DQG (SRS YDOXHV REWDLQHG DSSO\LQJ DQ\ RI WKH GLIIHUHQW SURSRVHG 0($

DSSURDFKHV IRU HDFK SRVVLEOH �Q�� Q�� FRPELQDWLRQ IRU OD�� LQVWDQFH� ,Q WDEOH �� EROG�IDFHG (EHVW

YDOXHV LQGLFDWH ORZHU YDOXHV IRU HDFK 0($ DSSURDFK� ,Q JHQHUDO� 0($�86 DFKLHYHV ORZHU (EHVW

YDOXHV WKDQ WKH RWKHU DSSURDFKHV� 0($�86 HUURUV YDU\ IURP ����� WR ����� ZKLOH IRU H[DPSOH

0($�6WXG HUURUV YDU\ IURP ����� WLOO ������ 0RUHRYHU� ZKHQ WKH FURVVRYHU RSHUDWLRQ LV DSSOLHG

RQFH RQ WKH VHOHFWHG SDUHQWV� ZRUVW UHVXOWV �KLJKHVW HEHVW YDOXHV� WKDQ ZKHQ WKLV RSHUDWLRQ LV

UHSHDWHG IRXU WLPHV DUH REWDLQHG LQ WKH PDMRULW\ RI WKH FDVHV� &RPSDULQJ HEHVW DQG HSRS YDOXHV IRU

0($�6WXG DSSURDFK� ZH FDQ VHH D VWURQJ VLPLODULW\ EHWZHHQ WKHP� 7KLV DIILQLW\ JLYHV XV WKH LGHD

WKDW DOO WKH LQGLYLGXDOV EHORQJLQJ WR WKH ILQDO SRSXODWLRQ KDYH WKH VDPH PDNHVSDQ� EXW QRW

QHFHVVDULO\ WKH VDPH SHUPXWDWLRQ RI MREV�



���� &21&/86,216�

7KLV FRQWULEXWLRQ H[SODLQHG WKH EHKDYLRXU RI PXOWLUHFRPELQDWLYH DSSURDFKHV �0&03� XVHG WR VROYH

WKH -663 IRU D VHW RI LQVWDQFHV RI GLVWLQFW FRPSOH[LW\ XVLQJ D SHUPXWDWLRQ UHSUHVHQWDWLRQ� 'XH WR WKLV

SDUWLFXODU UHSUHVHQWDWLRQ� WKH FRQYHQWLRQDO VFDQQLQJ FURVVRYHU PLJKW SURGXFH LQIHDVLEOH RIIVSULQJ�

6R LW LV QHFHVVDU\ WR LQWURGXFH VRPH PRGLILFDWLRQ WR WKH JHQHUDO PHFKDQLVP WR EH XVHIXO ZLWK WKDW

NLQG RI UHSUHVHQWDWLRQ� $OVR D IXUWKHU FRPELQDWLRQ RI 0&03 ZLWK EUHHGLQJ WHFKQLTXHV E\ PHDQV RI

WKH VWXG LQ WKH SDUHQW VXESRSXODWLRQ ZDV VKRZQ� )RU WKLV ODVW DSSURDFK 30; DQG H[FKDQJH PXWDWLRQ

ZHUH WKH JHQHWLF RSHUDWRUV FKRVHQ� 7KLV WZR YHUVLRQV RI HYROXWLRQDU\ DOJRULWKP LPSURYHG ZLWK

PXWLUHFRPELQDWLYH IHDWXUHV ZHUH FRQWUDVWHG DJDLQVW� $IWHU D ORQJ VHULHV RI H[SHULPHQWV ZH FDQ

FRQFOXGH WKDW�

� 0&03�8; LV WKH EHVW SHUIRUPHU IROORZHG E\ 0&03�6WXG� WKH DSSURDFK ZLWK EUHDGLQJ

WHFKQLTXHV� ZKLOH 0&03�8$ LV WKH WKLUG EHVW SHUIRUPHU�

� ,Q JHQHUDO� ZKHQ � FURVVRYHUV DUH DSSOLHG EHWWHU UHVXOWV WKDQ ZKHQ D VLQJOH FURVVRYHU LV DSSOLHG

DUH REWDLQHG�

� 7KH 0&03 DSSURDFK ZLWK EUHDGLQJ WHFKQLTXHV DUULYHV WR D ILQDO SRSXODWLRQ ZKLFK LQ PDQ\

FDVHV LV FHQWUHG RQ WKH ILWWHVW LQGLYLGXDO� SURYLGLQJ D VHW RI DOWHUQDWLYH VFKHGXOHV� ZKLFK FDQ KHOS

WR GHDO ZLWK V\VWHP G\QDPLFV�

1RZ ORRNLQJ RQO\ WKH VFDQQLQJ PHWKRGV� ZH FDQ FRQFOXGH WKDW ZKHQ DOO WKH SDUHQWV KDYH WKH VDPH

FKDQFH WR EH GRQRUV �LQGHSHQGHQWO\ RI WKH XSGDWH PDUNHU PHFKDQLVP� EHWWHU UHVXOWV DUH REWDLQHG

WKDQ ZKHQ WKH JHQH YDOXHV LV VHOHFWHG DFFRUGLQJ WR WKH YDOXH RFFXUUHQFH�

7KH SURPLVLQJ UHVXOWV RQ WKHVH LQVWDQFHV HQFRXUDJH XV WR LQYHVWLJDWLRQ� 7R LPSURYH UHVXOWV LQ ODUJHU

LQVWDQFHV� IXUWKHU ZRUN ZLOO LQFOXGH VHOI�DGDSWDWLRQ RI SDUDPHWHUV VXFK DV �Q�� Q�� DVVRFLDWLRQV DQG

K\EULGL]DWLRQ RI JOREDO DQG ORFDO VHDUFK�

���� 5()(5(1&(6�

>�@ %UXQV� 5� 6FKHGXOLQJ� LQ 7K� %lFN� '� %� )RJHO� DQG =� 0LFKDOHZLF]� �HGLWRUV�� +DQGERRN RI

(YROXWLRQDU\ &RPSXWDWLRQ � FKDSWHU )���� SDJHV )������)������ 2[IRUG 8QLYHUVLW\ 3UHVV� 1HZ <RUN�

DQG ,QVWLWXWH RI 3K\VLFV 3XEOLVKLQJ� %ULVWRO� �����

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

>�@ 'DYLV� /�� $SSO\LQJ DGDSWLYH DOJRULWKPV WR GRPRLQV� ,Q SURFHHGLQJ RI WKH ,QWHUQDWLRQDO -RLQW

&RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� SS� �������� �����

>�@ (LEHQ $�(�� 5DXp 3�(�� DQG 5XWWND\ =V�� *HQHWLF DOJRULWKPV ZLWK PXOWL�SDUHQW UHFRPELQDWLRQ� ,Q

'DYLGRU� +��3� 6FKZHIHO� DQG 5� 0lQQHU� HGLWRUV� 3URFHHGLQJV RI WKH �UG &RQIHUHQFH RQ 3DUDOOHO

3UREOHP 6ROYLQJ IURP 1DWXUH� QXPEHU ��� LQ /1&6� SDJHV ������ 6SULQJHU�9HUODJ� �����

>�@ (LEHQ $�(�� YDQ .HPHQDGH &+0� DQG .RN -�1�� 2UJ\ LQ WKH FRPSXWHU� PXOWL�SDUHQW

UHSURGXFWLRQ LQ JHQHWLF DOJRULWKPV� LQ 0RUDQ )�� 0RUHQR $�� 0HUOR -�-�� DQG &KDFRQ 3�� HGLWRUV�

3URFHHGLQJV RI WKH �
UG
(XURSHDQ FRQIHUHQFH RQ $UWLILFLDO /LIH� QXPEHU ��� LQ /1$,� SDJHV ��������

6SULQJHU 9HUODJ� �����

>�@ (LEHQ� $�(� DQG %lFN 7K� $Q HPSLUDLFDO LQYHVWLJDWLRQ RI PXOWL�SDUHQW UHFRPELQDWLRQ RSHUDWRUV

LQ HYROXWLRQ VWUDWHJLHV� (YROXWLRQDU\ &RPSXWDWLRQ� ������������� �����

>�@ (VTXLYHO 6�� /HLYD $�� *DOODUG 5�� 0XOWLSOH &URVVRYHU SHU &RXSOH LQ *HQHWLF $OJRULWKPV� LQ

3URFHHGLQJV RI WKH �
WK
,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ (YROXWLRQDU\ &RPSXWDWLRQ �,&(&
����

SDJHV �������� ,QGLDQDSROLV� 86$� $SULO �����

>�@ (VTXLYHO 6�� /HLYD $�� *DOODUG 5�� &RXSOH )LWQHVV %DVHG 6HOHFWLRQ ZLWK 0XOWLSOH &URVVRYHU SHU

&RXSOH LQ *HQHWLF $OJRULWKPV� LQ 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO 6\PSRVLXP RQ (QJLQHHULQJ RI



,QWHOOLJHQW 6\VWHPV �(,6����� /D /DJXQD� 7HQHULIH� 6SDLQ 9RO� �� SDJHV �������� HG� (�$OSD\GLQ�

3XEOLVKHVG E\ ,&6& $FDGHPLF 3UHVV� &DQDGD�6ZLW]HUODQG� )HEUXDU\ �����

>�@ (VTXLYHO� 6�� /HLYD� $� $QG *DOODUG� 5�� 0XOWLSOH &URVVRYHUV EHWZHHQ 0XOWLSOH 3DUHQWV WR

,PSURYH 6HDUFK LQ (YROXWLRQDU\ $OJRULWKPV� HQ 3URFHHGLQJV RI WKH ���� &RQJUHVV RQ (YROXWLRQDU\

&RPSXWDWLRQ �,(((�� YRO� �� SDJHV ���������� :DVKLQJWRQ '&�� �����

>��@ (VTXLYHO� 6�� /HLYD� $� DQG *DOODUG� 5�� 0XOWLSOLFLW\ LQ *HQHWLF $OJRULWKPV WR )DFH

0XOWLFULWHULD 2SWLPL]DWLRQ� HQ 3URFHHGLQJV RI WKH ���� &RQJUHVV RQ (YROXWLRQDU\ &RPSXWDWLRQ�

,((( 6HUYLFH &HQWHU� SDJHV ������ :DVKLQJWRQ� '�&�� �����

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

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

>��@ *ROGEHUJ� '� \ /LQJOH� 5�� $OOHOHV� /RFL DQG WKH 7UDYHOLQJ 6DOHVPDQ 3UREOHP� HQ *UHIHQVWHWWH�

-� �HGLWRU�� 3URFHHGLQJV RI WKH )LUVW ,QWHUQDWLRQDO &RQIHUHQFH RQ *HQHWLF $OJRULWKPV� /DZUHQFH

(UOEDXP $VVRFLDWHV� SDJHV �������� +LOOVGDOH� 1-� �����

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

:HVOH\� �����

>��@ +XVEDQGV� 3�� *HQHWLF DOJRULWKPV IRU 6FKHGXOLQJ� $,6% 4XDUWHUO\� 1R� ��� �����

>��@ .RED\DVKL� 6�� 2QR� /� $QG <DPDPXUD� 0�� $Q HIILFLHQW JHQHWLF DOJRULWKP IRU MRE VKRS

VFKHGXOLQ SUREOHPV� 3URF� 2I WKH �
WK
&RQI� 2Q *HQHWLF $OJRULWKPV �,&*$
���� SS� ��������� �����

>��@ /DZUHQFH� 6�� 5HVRXUFH &RQVWUDLQHG 3URMHFW 6FKHGXOLQJ� DQ ([SHULPHQWDO ,QYHVWLJDWLRQ RI

+HXULVWLF 6FKHGXOLQJ 7HFKQLTXHV� �6XSSOHPHQW�� *UDGXDWH 6FKRRO RI ,QGXVWULDO $GPLQLVWUDWLRQ�

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

>��@ 0LQHWWL *�� 6DOWR� &�� $OIRQVR� +�� DQG *DOODUG� 5�� $ &RPSDULVRQ RI WZR 0XOWLUHFRPELQDWHG

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

$UJHQWLQR GH &LHQFLDV GH OD &RPSXWDFLyQ� &$&,& ���� 8QLYHUVLGDG 1DFLRQDO GH OD 3DWDJRQLD 6DQ

-XDQ %RVFR� �����

>��@ 2OLYHU ,�0�� 6PLWK '�-�� +ROODQG -�5�&� $ 6WXG\ RI 3HUPXWDWLRQ &URVVRYHU 2SHUDWRUV RQ WKH

7UDYHOOLQJ 6DOHVPDQ 3UREOHP � 3URFHHGLQJV RI WKH �
QG

,QW� &RQI� 2Q *HQHWLF $OJRULWKPV� SS� ����

���� �����

>��@ 6DOWR� &�� $OIRQVR� +�� DQG *DOODUG� 5�� 0XOWLSOLFLW\ DQG ,QFHVW 3UHYHQWLRQ LQ (YROXWLRQDU\

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

(QJLQHHULQJ RI ,QWHOOLJHQW 6\VWHPV� 8QLYHUVLW\ RI 3DLVOH\� 6FRWODQG� SDJ� �������� �����

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

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

LQ 3URFHHGLQJV 9, &RQJUHVR $UJHQWLQR GH &LHQFLDV GH OD &RPSXWDFLyQ� &$&,& ����� 8QLYHUVLGDG

1DFLRQDO GH OD 3DWDJRQLD 6DQ -XDQ %RVFR� SS� ���������� �����

>��@ 6DOWR� &�� $OIRQVR� +�� DQG *DOODUG� 5�� %UHHGLQJ LQ PXOWLUHFRPELQDWHG HYROXWLRQDU\ DOJRULWKPV

ZLWK SHUPXWDWLRQ EDVHG UHSUHVHQWDWLRQ IRU WKH MRE VKRS VFKHGXOLQJ SUREOHP� 3URFHHGLQJV RI �
WK

,QWHUQDWLRQDO ,&6& 6\PSRVLXP RQ VRIW &RPSXWLQJ DQG ,QWHOOLJHQW 6\VWHPV IRU ,QGXVWU\

�62&2�,6),������ SS� ���� �����

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

XQGHU 'LIIHUHQW 5HSUHVHQWDWLRQV ZKHQ 6ROYLQJ WKH -66 SUREOHP� 3URFHHGLQJV RI �
WK
:RUOG 0XOWL�

&RQIHUHQFH RQ 6\VWHPLFV� &\EHUQHWLFV DQG ,QIRUPDWLFV �6&, ������ SS� �������� �����


