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$EVWUDFW� 7KH 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO PHWKRG LV D IRUPDO JURXS FRQVHQVXV SURFHVV WKDW V\VWHPDWLFDOO\ DQG TXDQWLWD�
WLYHO\ FRPELQHV H[SHUW RSLQLRQ DQG HYLGHQFH E\ DVNLQJ SDQHOLVWV WR UDWH� GLVFXVV� WKHQ UH�UDWH LWHPV� 7KH PHWKRG KDV EHHQ XVHG WR
GHYHORS PHGLFDO VRFLHW\ JXLGHOLQHV� RWKHU FOLQLFDO SUDFWLFH JXLGHOLQHV� GLVHDVH FODVVL¿FDWLRQ V\VWHPV� UHVHDUFK DJHQGDV� DQG TXDOLW\
LPSURYHPHQW LQWHUYHQWLRQV� 7UDGLWLRQDOO\� D JURXS RI H[SHUWV PHHW LQ SHUVRQ WR GLVFXVV UHVXOWV RI D ¿UVW�URXQG VXUYH\� $IWHU WKH
PHHWLQJ� H[SHUWV FRPSOHWH D VHFRQG�URXQG VXUYH\ XVHG WR GHYHORS DUHDV RI FRQVHQVXV� 'XULQJ WKH &29,'��� SDQGHPLF� WKLV DVSHFW RI
WKH PHWKRG ZDV QRW SRVVLEOH� $V VXFK� ZH KDYH DGDSWHG WKH PHWKRG WR FRQGXFW YLUWXDO 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHOV� ,Q WKLV
VWXG\� ZH SUHVHQW D WDUJHWHG OLWHUDWXUH UHYLHZ WR GHVFULEH DQG VXPPDUL]H WKH H[LVWLQJ HYLGHQFH RQ WKH 5$1'�8&/$ PRGL¿HG 'HOSKL
SDQHO PHWKRG DQG RXWOLQH RXU DGDSWDWLRQ IRU FRQGXFWLQJ WKHVH SDQHOV YLUWXDOO\� 7UDQVLWLRQLQJ IURP LQ�SHUVRQ WR YLUWXDO PHHWLQJV ZDV QRW
ZLWKRXW FKDOOHQJHV� EXW WKHUH KDYH DOVR EHHQ XQH[SHFWHG DGYDQWDJHV� 7KH PHWKRG ZH GHVFULEH KHUH FDQ EH D FRVW�HIIHFWLYH DQG HI¿FLHQW
DOWHUQDWLYH IRU UHVHDUFKHUV DQG FOLQLFLDQV�
.H\ZRUGV� 'HOSKL SDQHO� H[SHUW SDQHO� FRQVHQVXV� YLUWXDO PHHWLQJ� &29,'���� SDQGHPLF

,QWURGXFWLRQ
7KH 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO PHWKRG LV D IRUPDO JURXS FRQVHQVXV SURFHVV WKDW V\VWHPDWLFDOO\ DQG
TXDQWLWDWLYHO\ FRPELQHV H[SHUW RSLQLRQ DQG HYLGHQFH E\ DVNLQJ SDQHOLVWV WR UDWH� GLVFXVV� WKHQ UH�UDWH LWHPV�� ,Q EULHI�
WKH VWHSV LQFOXGH D OLWHUDWXUH UHYLHZ� VHOHFWLRQ RI SDQHOLVWV� JHQHUDWLRQ RI D UDWLQJ IRUP� D ¿UVW�URXQG UDWLQJ IRUP VXUYH\�
DQ LQ�SHUVRQ PHHWLQJ ZKHUH SDQHOLVWV GLVFXVV DUHDV RI GLVDJUHHPHQW� ¿QDO UDWLQJV DQG DQDO\VLV RI WKRVH UDWLQJV� DQG WKH
GHYHORSPHQW RI D ZULWWHQ VXPPDU\ RI DUHDV RI DJUHHPHQW�

6XFK SDQHOV KDYH EHHQ XVHG WR GHYHORS PHGLFDO VRFLHW\ JXLGHOLQHV�� RWKHU SUDFWLFH JXLGHOLQHV��±� GLVHDVH FODVVL¿FDWLRQ
V\VWHPV�� UHVHDUFK DJHQGDV�� DQG TXDOLW\ LPSURYHPHQW LQWHUYHQWLRQV��� *XLGHOLQHV GHYHORSHG XVLQJ WKLV PHWKRG KDYH FRQWHQW�
FRQVWUXFW� DQG SUHGLFWLYH YDOLGLW\� 5HVXOWV RI PRGL¿HG 'HOSKL SDQHOV FRQGXFWHG XVLQJ WKH VDPH HYLGHQFH EDVH SURGXFH VLPLODU
UHVXOWV� DQG SDWLHQWV WUHDWHG DFFRUGLQJ WR WKH UHVXOWLQJ JXLGHOLQHV KDYH EHHQ VKRZQ WR KDYH LPSURYHG RXWFRPHV������

7KH SDQHO PHHWLQJ� D VLJQL¿FDQW FRPSRQHQW RI WKH PHWKRG ZKHUH SDQHOLVWV GLVFXVV DUHDV RI GLVDJUHHPHQW DQG WKH
UDWLRQDOH IRU WKHLU ¿UVW�URXQG UDWLQJV� LV WUDGLWLRQDOO\ KHOG LQ SHUVRQ� 'XULQJ WKH &29,'��� SDQGHPLF� PHHWLQJV FRXOG QRW
EH KHOG LQ SHUVRQ� +RZHYHU� WR PDLQWDLQ WKH LQWHJULW\ RI WKH PHWKRG ZKLOH FRQWLQXLQJ WR GHYHORS SUDFWLFH JXLGHOLQHV
GXULQJ WKH RQJRLQJ SDQGHPLF� ZH DGDSWHG WKLV PHWKRG DQG VXFFHVVIXOO\ FRQGXFWHG VHYHUDO YLUWXDO 5$1'�8&/$ PRGL¿HG
'HOSKL SDQHOV VLQFH 0DUFK ����� ,Q WKLV VWXG\� ZH FRQGXFWHG D WDUJHWHG OLWHUDWXUH UHYLHZ WR GHVFULEH DQG VXPPDUL]H WKH
H[LVWLQJ HYLGHQFH RQ WKH 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO PHWKRG DQG RXWOLQHG RXU DGDSWDWLRQ IRU FRQGXFWLQJ WKHVH
SDQHOV YLUWXDOO\�

+LVWRU\ RI WKH 5$1'�8&/$ 'HOSKL 3DQHO 0HWKRG
7KH ³'HOSKL PHWKRG´ ZDV RULJLQDOO\ GHYHORSHG E\ WKH 5$1' &RUSRUDWLRQ LQ WKH ����V DV D ZD\ WR REWDLQ JURXS FRQVHQVXV
RQ PLOLWDU\ GHFLVLRQV��� 7KH WHFKQLTXH ZDV GHVLJQHG WR DYRLG GLUHFW FRQIURQWDWLRQ DPRQJ H[SHUWV E\ QRW FRPSOHWLQJ UDWLQJV LQ
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SHUVRQ DQG LQVWHDG UHOLHG RQ UHSHDWHG� LQGLYLGXDO TXHVWLRQLQJ RI H[SHUWV WKURXJK VXUYH\V� ODWHU FDOOHG ³UDWLQJ IRUPV�´ ,Q WKLV
ZD\� WKH PHWKRG HOLPLQDWHG ³VSHFLRXV SHUVXDVLRQ�´ ZKHUH WKH SDUWLFLSDQW ZLWK WKH VWURQJHVW FRQYLFWLRQV RU JUHDWHVW VXSSRVHG
DXWKRULW\ SXVKHV RWKHU SDUWLFLSDQWV WR DJUHH DJDLQVW WKHLU RZQ MXGJPHQW��� 7KH PHWKRG XVHG VXFFHVVLYH URXQGV RI VXUYH\V�
([SHUW UHVSRQGHQWV ZHUH VKRZQ WKH JURXS PHGLDQV DIWHU HDFK URXQG DQG DVNHG WR H[SODLQ WKHLU UHDVRQLQJ LI WKHLU UDWLQJV IHOO
RXWVLGH D FHUWDLQ UDQJH� 6HYHUDO URXQGV ZHUH FRQGXFWHG LQ WKLV ZD\ XQWLO ³FRQVHQVXV´ HPHUJHG�

,Q WKH ����V� 5$1' DGDSWHG WKH PHWKRG LQ SDUWQHUVKLS ZLWK 8&/$ IRU XVH LQ WKH PHGLFDO VHWWLQJ�� �EHFRPLQJ WKH
5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO PHWKRG�� :LWK WKLV DGDSWDWLRQ� UHVHDUFKHUV DGGHG WKH GHYHORSPHQW RI D VXPPDU\
RI UHOHYDQW OLWHUDWXUH WR SURYLGH XQLIRUP FRQWH[W WR H[SHUWV DQG OLPLWHG WKH QXPEHU RI UHSHDWHG LQGLYLGXDO TXHVWLRQ�
QDLUHV WR WZR �UDWKHU WKDQ DQ XQOLPLWHG QXPEHU�� RQH FRPSOHWHG EHIRUH DQG RQH DIWHU DQ LQ�SHUVRQ PHHWLQJ�
5HVHDUFKHUV IRXQG WKDW ZKHQ DGGUHVVLQJ FOLQLFDO TXHVWLRQV� D GLVFXVVLRQ ZDV YLWDO WR GHEDWLQJ DUHDV RI
GLVDJUHHPHQW��� +RZHYHU� DV LQ WKH RULJLQDO GHVLJQ� WKH JURXS ZDV QHYHU UHTXLUHG WR DJUHH GXULQJ WKH PHHWLQJ�
,QVWHDG� WKH VHFRQG�URXQG UDWLQJV ZHUH XVHG DV D VXPPDU\ RI WKH JURXS FRQVHQVXV �GH¿QHG PDWKHPDWLFDOO\ EDVHG
RQ WKH QXPEHU RI ORZ YHUVXV KLJK UDWLQJV����

&RQWHPSRUDU\ 8VH RI WKH 5$1'�8&/$ 0RGLÀHG 'HOSKL 3DQHO 0HWKRG
7KH 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO PHWKRG KDV EHHQ XVHG WR GHYHORS FOLQLFDO SUDFWLFH JXLGHOLQHV LQ D YDULHW\ RI DUHDV�
)RU H[DPSOH� LW KDV EHHQ XVHG WR GHWHUPLQH WKH DSSURSULDWHQHVV RI DQG WUHDWPHQW SUHIHUHQFH IRU FRURQDU\ DQJLRJUDSK\�
SHUFXWDQHRXV WUDQVOXPLQDO FRURQDU\ DQJLRSODVW\� DQG FRURQDU\ DUWHU\ E\SDVV JUDIWLQJ�� ,W KDV EHHQ XVHG WR GHYHORS FULWHULD IRU
WKH DSSURSULDWH XVH RI XULQDU\ FDWKHWHUV LQ KRVSLWDOL]HG SDWLHQWV��� SHULSKHUDOO\ LQVHUWHG FHQWUDO FDWKHWHUV��� DQG WUDQVIXVLRQV LQ
KHSDWHFWRPLHV��� ,W KDV DOVR EHHQ XVHG WR LGHQWLI\ FLUFXPVWDQFHV ZKHQ VSLQDO PRELOL]DWLRQ DQG PDQLSXODWLRQ DUH LQDSSURSULDWH
IRU SDWLHQWV ZLWK FKURQLF ORZ EDFN SDLQ� DQG ZKHQ DQG KRZ WR VFUHHQ IRU QHXURWURSKLF NHUDWRSDWK\��� *XLGHOLQHV KDYH EHHQ
GHYHORSHG XVLQJ WKH PHWKRG WR HQKDQFH WKH XVH RI PHGLFDO DQG VXUJLFDO PHDVXUHV IRU UHFXUUHQW VWURNH SUHYHQWLRQ��� WR LGHQWLI\
V\VWHPLF WUHDWPHQWV IRU XQUHVHFWDEOH PHWDVWDWLF ZHOO�GLIIHUHQWLDWHG FDUFLQRLG WXPRUV�� DQG WR GHWHUPLQH WKH DSSURSULDWHQHVV RI
YDULRXV ELRORJLFV IRU &URKQ¶V GLVHDVH��� 7KH PHWKRG KDV KHOSHG GHWHUPLQH DGHTXDWH IROORZ XS LQWHUYDOV IRU SDWLHQWV ZLWK
&XVKLQJ¶V 'LVHDVH DW GLIIHUHQW SKDVHV LQ WKHLU WUHDWPHQW FRXUVH� DQG WR GHVFULEH VSHFL¿F FLUFXPVWDQFHV ZKHQ LW LV DSSURSULDWH WR
FRQVLGHU WDSHULQJ WKURPERSRLHWLQ UHFHSWRU DJRQLVWV LQ SULPDU\ LPPXQH WKURPERF\WRSHQLD��

:K\ WKH 0HWKRG :RUNV
0XOWLSOH DVSHFWV RI WKH 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO PHWKRG FRPELQH WR PDNH LW D VXFFHVVIXO WRRO IRU GHYHORSLQJ
FOLQLFDO JXLGHOLQHV� )LUVW� WKH VWUXFWXUH RI WKH UDWLQJ IRUP IRFXVHV GHFLVLRQ�PDNLQJ� 7KH IRUP LQFOXGHV KXQGUHGV RI SDWLHQW
VFHQDULRV GLIIHULQJ DFURVV FOLQLFDOO\ UHOHYDQW FKDUDFWHULVWLFV��� ,W LV W\SLFDOO\ VWUXFWXUHG DV D JULG� LQ ZKLFK VFHQDULRV LQ
QHDUE\ FHOOV GLIIHU RQO\ RQ RQH RU WZR FKDUDFWHULVWLFV� 7KLV GHVLJQ HQFRXUDJHV SDQHOLVWV WR WKLQN JUDQXODUO\ DERXW ZKHWKHU
HDFK FKDUDFWHULVWLF DORQH KDV DQ LPSDFW RQ WKHLU UDWLQJV� ,Q FOLQLFDO SUDFWLFH� SK\VLFLDQV IDFHG ZLWK FRPSOH[ DQG GLYHUVH
SDWLHQWV RIWHQ PDNH LQWXLWLYH MXGJPHQWV XVLQJ ZKDW KDV EHHQ FDOOHG ³6\VWHP �´ GHFLVLRQ�PDNLQJ²D IDVWHU� XQFRQVFLRXV�
DQG OHVV LQWHQWLRQDO GHFLVLRQ�PDNLQJ SURFHVV��� :KLOH PHGLFDO VWXGHQWV DUH WUDLQHG WR VROYH FOLQLFDO SUREOHPV E\
VHSDUDWHO\ FRQVLGHULQJ PXOWLSOH DVSHFWV RI WKH FOLQLFDO SLFWXUH� H[SHUW SK\VLFLDQV W\SLFDOO\ XVH WKH PRUH LQWXLWLYH SURFHVV�
+RZHYHU� PHGLFDO GHFLVLRQ�PDNLQJ UHO\LQJ RQO\ RQ 6\VWHP � WKLQNLQJ PD\ EH PRUH SURQH WR HUURU GXH WR FRJQLWLYH
ELDVHV��� )RU H[DPSOH� LQ FOLQLFDO SUDFWLFH� ZKHQ GHFLGLQJ LI DQ LQWHUYHQWLRQ LV DSSURSULDWH IRU DQ ROGHU SDWLHQW ZLWK
D FRPSOH[ VHW RI ULVN IDFWRUV� D FOLQLFLDQ PLJKW IRFXV RQO\ RQ DJH²VXEVWLWXWLQJ WKH VLPSOHU TXHVWLRQ IRU D PRUH FRPSOH[
RQH� 7KH GHWDLOHG UDWLQJV XVHG LQ WKH 'HOSKL SDQHO UDWLQJ IRUP HQFRXUDJH SDQHOLVWV WR XVH WKH VORZHU� PRUH ORJLFDO� DQG
FRQVFLRXV ³6\VWHP �´ WKLQNLQJ� :LWK HDFK ULVN IDFWRU H[SOLFLWO\ OLVWHG� WKH\ FDQQRW HDVLO\ EH LJQRUHG�

7KH XVH RI WZR URXQGV RI UDWLQJV ZLWK JURXS GLVFXVVLRQ LQWHUSRVHG LV DOVR OLNHO\ D IDFWRU LQ WKH VXFFHVV RI WKH SURFHVV�
,W KDV ORQJ EHHQ REVHUYHG WKDW WKH DFFXUDF\ RI DQ HVWLPDWH FDQ EH LPSURYHG E\ FRPELQLQJ HVWLPDWHV IURP GLIIHUHQW
LQGLYLGXDOV��� VRPHWLPHV FDOOHG WKH ³ZLVGRP RI WKH FURZG�´�� &OLQLFDO GHFLVLRQV RIWHQ KLQJH RQ WKH OLNHOLKRRG RI
D SDUWLFXODU RXWFRPH� )RU H[DPSOH� WKH OLNHOLKRRG RI P\RFDUGLDO LQIDUFWLRQ LQ DQ XQWUHDWHG SDWLHQW ZLWK FDUGLDF ULVN
IDFWRUV GULYHV WKH GHFLVLRQ WR SUHVFULEH D VWDWLQ� 3DQHOLVWV DVNHG WR UDWH WKH DSSURSULDWHQHVV RI VXFK D SUHVFULSWLRQ DUH
LPSOLFLWO\ HVWLPDWLQJ WKH ULVN RI GRLQJ VR� &RPELQLQJ LQGLYLGXDO SDQHOLVW UDWLQJV VKRXOG LPSURYH WKH DFFXUDF\ RI WKLV
HVWLPDWLRQ�
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0RUH UHFHQWO\� UHVHDUFKHUV KDYH GHPRQVWUDWHG ³WKH ZLVGRP RI WKH LQQHU FURZG�´ ¿QGLQJ WKDW DJJUHJDWHG HVWLPDWHV DOO
PDGH E\ D VLQJOH LQGLYLGXDO PD\ EH PRUH DFFXUDWH WKDQ WKDW LQGLYLGXDO¶V ³EHVW JXHVV�´����� :KHQ DQ LQGLYLGXDO¶V VHFRQG
HVWLPDWH LV FRQVWUXFWHG IURP WKH SHUVSHFWLYH RI VRPHRQH ZLWK ZKRP WKH\ GLVDJUHH� DFFXUDF\ LPSURYHV HYHQ PRUH��� 'XULQJ
WKH SDQHO GLVFXVVLRQ� WKH PRGHUDWRU JXLGHV SDQHOLVWV WR VKDUH WKHLU UHDVRQLQJ RQ VFHQDULRV IRU ZKLFK WKHUH ZDV GLVDJUHHPHQW�
3DQHOV SXUSRVHO\ LQFOXGH H[SHUWV IURP GLIIHUHQW EDFNJURXQGV �HJ VSHFLDOW\� SUDFWLFH W\SH� JHRJUDSKLF UHJLRQV�� ([SOLFLW
GLVFXVVLRQ RI GLIIHUHQFHV RI RSLQLRQ� ZKHUH SDQHOLVWV PXVW FRQVLGHU WKH RSLQLRQ RI RWKHUV ZLWK YLHZV GLIIHUHQW WKDQ WKHLU RZQ�
PD\ OHDG WKH SDQHOLVWV WR PRUH FRQVLVWHQW DQG ORJLFDO SRVLWLRQV� 7KH LQFUHDVHG DJUHHPHQW VHHQ LQ DOPRVW DOO VHFRQG�URXQG
'HOSKL SDQHO UDWLQJV LV FRQVLVWHQW ZLWK WKLV REVHUYDWLRQ� ,Q WKH VHFRQG URXQG� HDFK LQGLYLGXDO SDQHOLVW UH�UDWHV WKH LWHPV�
KDYLQJ QRZ FRQVLGHUHG QRW RQO\ ZKDW VRPHRQH WKH\ GLVDJUHH ZLWK �HJ DQRWKHU SDQHOLVW� WKLQNV� EXW ZK\ VKH WKLQNV WKDW ZD\�

%H\RQG WKH FRJQLWLYH SURFHVV QRWHG DERYH� WKH GLVFXVVLRQ DW WKH LQ�SHUVRQ PHHWLQJ DOVR UHVXOWV LQ GHFUHDVHG
GLVDJUHHPHQW DPRQJ WKH JURXS E\ KDUPRQL]LQJ SDQHOLVWV¶ LQWHUSUHWDWLRQV RI GH¿QLWLRQV XVHG LQ WKH UDWLQJ IRUP���

3DQHOLVWV GLVFXVV GH¿QLWLRQV� FODULI\ LWHPV WKDW ZHUH XQFOHDU� DQG FRPH WR D FRPPRQ XQGHUVWDQGLQJ RI WHUPV WKDW FDQ
WKHQ EH XVHG LQ WKH UHVXOWLQJ FOLQLFDO JXLGDQFH� )RU H[DPSOH� LQ D SDQHO WR GHWHUPLQH WKH DSSURSULDWHQHVV RI WDSHULQJ
WKURPERSRLHWLQ UHFHSWRU DJRQLVWV LQ SULPDU\ LPPXQH WKURPERF\WRSHQLD� FKDUDFWHULVWLFV WKDW FRXOG QRW EH GH¿QHG
QXPHULFDOO\ �HJ PDMRU�PLQRU EOHHGLQJ� YHUVXV WKRVH WKDW FRXOG �HJ SODWHOHW FRXQW�� EHQH¿WHG IURP JURXS GLVFXVVLRQ
WKDW PDGH LW PRUH OLNHO\ WKDW DOO SDQHOLVWV ZHUH LQWHUSUHWLQJ WKH FKDUDFWHULVWLF LQ WKH VDPH ZD\��

/DVWO\� E\ KDYLQJ SDQHOLVWV FRPSOHWH WKH UDWLQJ IRUP LQGHSHQGHQWO\ D VHFRQG WLPH IROORZLQJ WKH PHHWLQJ UDWKHU WKDQ
UHTXLULQJ WKH JURXS WR DJUHH DW WKH PHHWLQJ� KHOSV WR SUHYHQW WKH GLVFXVVLRQ IURP VWDOOLQJ LI SDQHOLVWV UHIXVH WR DJUHH� ,Q
7KH :LVGRP RI WKH &URZGV� 6XURZLHFNL DUJXHV WKDW WRR PXFK FRPPXQLFDWLRQ IURP ODUJH JURXSV FDQ EH XQPDQDJHDEOH
DQG LQHI¿FLHQW��� 7KH VWUXFWXUHG QDWXUH RI WKH 'HOSKL SDQHO PHHWLQJ GLVFXVVLRQ� LQ ZKLFK WKH PRGHUDWRU ZRUNV WKURXJK
UDWLQJV FRPSOHWHG LQ DGYDQFH� OLPLWV WKHVH LQHI¿FLHQFLHV� ,I DUJXPHQWV DULVH� WKH PRGHUDWRU FDQ VLPSO\ PRYH WR WKH QH[W
LWHP� DFNQRZOHGJLQJ WKDW WKHUH PD\ EH VRPH UHPDLQLQJ DUHDV RI GLVDJUHHPHQW LQ WKH VHFRQG�URXQG UHVXOWV�

9DOLGLW\ DQG 5HOLDELOLW\ RI WKH 0HWKRG
%\ DYRLGLQJ FHUWDLQ FRJQLWLYH ELDVHV DQG KDUQHVVLQJ WKH FROOHFWLRQ NQRZOHGJH RI H[SHUWV ZLWKRXW WKH OLPLWDWLRQV RI ODUJH
FURZGV� JXLGHOLQHV GHYHORSHG XVLQJ WKLV PHWKRG KDYH FRQWHQW� FRQVWUXFW� DQG SUHGLFWLYH YDOLGLW\� 8VLQJ D UHWURVSHFWLYH
PHGLFDO FKDUW UHYLHZ GHVLJQ� UHVHDUFKHUV IRXQG WKDW SDWLHQWV ZLWK KHDUW GLVHDVH HOLJLEOH IRU UHYDVFXODUL]DWLRQ DQG
LGHQWL¿HG DV OLNHO\ WR EHQH¿W IURP VXUJHU\ SHU JXLGHOLQHV GHYHORSHG XVLQJ WKH 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO
SURFHVV� KDG EHWWHU RXWFRPHV �ORZHU PRUWDOLW\ DQG SUHYDOHQFH RI DQJLQD� DIWHU UHYDVFXODUL]DWLRQ WKDQ GLG SDWLHQWV WUHDWHG
PHGLFDOO\��� 7KLV VWXG\ ZDV UHSHDWHG SURVSHFWLYHO\ DW WKUHH KRVSLWDOV LQ /RQGRQ��� DV ZHOO DV WKURXJK D SRVW�KRF
DQDO\VLV RI FOLQLFDO WULDO GDWD��� ZLWK VLPLODU UHVXOWV� 5HFHQWO\� D JURXS RI KHDUW GLVHDVH VSHFLDOW\ VRFLHWLHV �HJ WKH
$PHULFDQ &ROOHJH RI &DUGLRORJ\� 6RFLHW\ IRU &DUGLRYDVFXODU $QJLRJUDSK\ DQG ,QWHUYHQWLRQV� 6RFLHW\ RI 7KRUDFLF
6XUJHRQV� DQG WKH $PHULFDQ $VVRFLDWLRQ IRU 7KRUDFLF 6XUJHU\� XSGDWHG WKHVH UHYDVFXODUL]DWLRQ JXLGHOLQHV XVLQJ WKH
VDPH PHWKRG���

,Q DGGLWLRQ� WKH PHWKRG KDV EHHQ IRXQG WR EH UHOLDEOH� 6WXGLHV KDYH UHSRUWHG D WHVW�UHWHVW UHOLDELOLW\ RI !��� XVLQJ WKH
VDPH SDQHOLVWV �±� PRQWKV ODWHU�� DQG NDSSD VWDWLVWLFV DFURVV VHYHUDO SDQHOV ZLWK GLIIHUHQW PHPEHUV VLPLODU WR WKRVH RI
VRPH FRPPRQ GLDJQRVWLF WHVWV��� ,QGHSHQGHQW SDQHOV XVLQJ WKLV PHWKRG DOVR SURGXFH VLPLODU UDWLQJV WR RQH DQRWKHU�
DOWKRXJK WKH GHJUHH RI VLPLODULW\ GHSHQGV RQ WKH OHYHO RI HYLGHQFH DYDLODEOH� $ UHYLHZ RI 'HOSKL SDQHOV VKRZHG ���
DJUHHPHQW DPRQJ WKH SDQHOV WKDW XVHG UDQGRPL]HG FRQWURO WULDO HYLGHQFH FRPSDUHG WR ��±��� DJUHHPHQW LQ WKH SDQHOV
ZKLFK XVHG D ZHDNHU HYLGHQFH EDVH���

$GDSWLQJ WKH 5$1'�8&/$ 0RGLÀHG 'HOSKL 3DQHO 0HWKRG WR D 9LUWXDO
6HWWLQJ
7KH 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO PHWKRG SODFHV HPSKDVLV RQ WKH LQ�SHUVRQ GLVFXVVLRQ��� +RZHYHU� GXULQJ D WLPH
ZKHQ LQ�SHUVRQ PHHWLQJV FRXOG QR ORQJHU WDNH SODFH GXH WR WKH &29,'��� SDQGHPLF� ZH DGDSWHG WKH GLVFXVVLRQ WR
D YLUWXDO VHWWLQJ �)LJXUH ���
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&HUWDLQ DVSHFWV RI WKH PHWKRG GLG QRW QHHG WR FKDQJH� )RU H[DPSOH� ZH FRQWLQXHG WR LQFOXGH ��±�� SDQHOLVWV DQG ZHUH
DEOH WR GLVFXVV D VLPLODU UDQJH RI LWHPV ����±���� �7DEOH ��� 7KH FRPSUHKHQVLYH VXPPDU\ RI UHOHYDQW OLWHUDWXUH W\SLFDOO\
GHYHORSHG E\ WKH UHVHDUFK WHDP KDG RIWHQ DOUHDG\ EHHQ VKDUHG HOHFWURQLFDOO\� ,QVWHDG RI VKDULQJ SULQWHG VWXGLHV DW WKH LQ�
SHUVRQ PHHWLQJ� ZH SURYLGHG DQ RQOLQH OLQN WR D IROGHU ZLWK WKH HOHFWURQLF SXEOLFDWLRQV FLWHG LQ WKH OLWHUDWXUH UHYLHZ� 7R
LQIRUP WKH GHYHORSPHQW RI WKH UDWLQJ IRUP� UHVHDUFKHUV KDG SUHYLRXVO\ FRQGXFWHG DQG FRQWLQXHG WR FRQGXFW D VHULHV RI
SKRQH FRQYHUVDWLRQV ZLWK DOO SDUWLFLSDWLQJ SDQHOLVWV� 'XULQJ WKHVH FRQYHUVDWLRQV� WKH UHVHDUFK WHDP LGHQWL¿HV FKDUDFWHU�
LVWLFV FULWLFDO WR FOLQLFLDQ GHFLVLRQ�PDNLQJ RQ WKH SDQHO WRSLF DQG XVHV WKLV LQIRUPDWLRQ WR GHYHORS WKH VXUYH\� /DVWO\� SULRU
WR WKH PHHWLQJ LQ DQ\ IRUPDW� SDQHOLVWV KDG EHHQ DVNHG WR FRPSOHWH WKHLU UDWLQJV HOHFWURQLFDOO\� 7KHVH ¿UVW�URXQG UDWLQJV
DOORZ WKH PRGHUDWRU WR LGHQWLI\ SDWWHUQV RI DJUHHPHQW DQG GLVDJUHHPHQW DQG SUHSDUH IRU WKH PHHWLQJ�

,QVWHDG RI PHHWLQJ LQ SHUVRQ� ZH DGDSWHG WKH PHWKRG E\ RUJDQL]LQJ DQG PRGHUDWLQJ WKH SDQHO PHHWLQJV YLUWXDOO\
WKURXJK YLGHR FRQIHUHQFH� ,Q SHUVRQ� PHHWLQJV ZHUH KHOG RYHU �±� IXOO GD\V LQ D FHQWUDO JHRJUDSKLF ORFDWLRQ� :H EHOLHYHG
YLUWXDO PHHWLQJV RI WKLV OHQJWK ZRXOG EH XQSURGXFWLYH� ,QVWHDG� ZH UHGHVLJQHG WKH GLVFXVVLRQ LQWR VHYHUDO �� WR ��KRXU
EORFNV RI WLPH RQ FRQVHFXWLYH GD\V� :H KDYH EHHQ DEOH WR FRPSOHWH WKHVH JXLGHG GLVFXVVLRQV LQ D VKRUWHU DPRXQW RI WLPH
YLUWXDOO\ �a�±� KRXUV ORJJHG LQWR D PHHWLQJ� WKDQ ZDV UHTXLUHG ZKHQ PHHWLQJ LQ SHUVRQ ��±� IXOO GD\V LQFOXGLQJ WUDYHO WR
DWWHQG D �±��KRXU PHHWLQJ� �7DEOH ��� ,Q DGGLWLRQ� VKRUWHU YLUWXDO VHJPHQWV DOORZ SDUWLFLSDWLQJ H[SHUWV� XVXDOO\ SUDFWLFLQJ
SK\VLFLDQV� WR PDLQWDLQ VRPH SDUWV RI WKHLU EXV\ FOLQLF VFKHGXOHV RQ WKHVH GD\V� $V D UHVXOW� VFKHGXOLQJ WKHVH PHHWLQJ
WLPHV KDV EHHQ VLPSOHU DQG DOORZHG XV WR HQJDJH D PRUH GLYHUVH JURXS RI H[SHUWV� LQFOXGLQJ WKRVH ZKR GR QRW SULPDULO\
FRQGXFW UHVHDUFK RU WKRVH ZKR ZHUH UHOXFWDQW WR WUDYHO IRU D SDQHO PHHWLQJ� HYHQ SULRU WR WKH SDQGHPLF�

)LJXUH � 5$1'�8&/$ PRGLÀHG 'HOSKL SDQHO SURFHVV�

KWWSV���GRL�RUJ���������-+/�6������

DovePress
-RXUQDO RI +HDOWKFDUH /HDGHUVKLS ���������

%URGHU HW DO Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



'XULQJ RXU ¿UVW PHHWLQJV DW WKH VWDUW RI WKH SDQGHPLF� ZH ZRUNHG ZLWK RXU SDQHOLVWV DKHDG RI WKH PHHWLQJ WR
IDPLOLDUL]H WKHP ZLWK WKH YLGHR FRQIHUHQFLQJ WHFKQRORJ\ WR DYRLG WHFKQRORJLFDO FKDOOHQJHV RQ WKH GD\ RI WKH PHHWLQJ� $V
WKH SDQGHPLF HYROYHG� RXU SDQHOLVWV EHFDPH PRUH DGHSW DW YLGHR FRQIHUHQFLQJ DQG KDYH QRW QHHGHG WKLV DGGLWLRQDO VWHS�

7KHUH DUH VRPH OLPLWDWLRQV WR WKLV YLUWXDO SDQHO PHWKRG� )LUVW� LQ SHUVRQ� PHHWLQJV RIWHQ JHQHUDWHG DQ LQIRUPDO
LQWHUFKDQJH DPRQJ SDQHOLVWV GXULQJ EUHDNV RU PHDOV� ZKLFK RIWHQ EXLOW UDSSRUW DQG UHVSHFW DPRQJ WKH JURXS� :H KDYH QRW
EHHQ DEOH WR UHFUHDWH WKLV YLUWXDOO\� 6HFRQG� LQWHUQDWLRQDO SDQHOV ZLWK H[SHUWV IURP DFURVV WKH JOREH� WKRXJK OHVV H[SHQVLYH
DQG HDVLHU WR SODQ GXH WR ODFN RI WUDYHO� DUH KDUGHU WR VFKHGXOH JLYHQ WLPH GLIIHUHQFHV� ,W FDQ EH GLI¿FXOW WR ¿QG
VHYHUDO KRXU VHJPHQWV RI WLPH GXULQJ ZKLFK DOO SDQHOLVWV DUH ZLOOLQJ WR HQJDJH LQ D YLUWXDO GLVFXVVLRQ�

1HYHUWKHOHVV� LQ VHYHUDO YLUWXDO SDQHOV VLQFH HDUO\ ����� ZH KDYH VXFFHVVIXOO\ UHGXFHG GLVDJUHHPHQW DQG DFKLHYHG
FRQVHQVXV RQ D YDULHW\ RI FOLQLFDO WRSLFV �7DEOH ��� )RU H[DPSOH� GXULQJ D SDQHO KHOG RQ 0DUFK ��±��� ����� WKH
SURSRUWLRQ RI LWHPV ZLWK GLVDJUHHPHQW GHFUHDVHG E\ KDOI IROORZLQJ WKH SDQHO PHHWLQJ�� 8SFRPLQJ SXEOLFDWLRQV ZLOO
GLVFXVV RWKHU PRGL¿HG 'HOSKL SDQHO ¿QGLQJV LQ GHWDLO�

'LVFXVVLRQ
,Q UHVSRQVH WR WKH &29,'��� SDQGHPLF� ZH DGDSWHG WKH 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO PHWKRG WR LQFOXGH
D YLUWXDO� UDWKHU WKDQ LQ SHUVRQ� PHHWLQJ� 7KH UHVXOW LV D FRVW�HIIHFWLYH DQG HI¿FLHQW DOWHUQDWLYH� 9LUWXDO SDQHO PHHWLQJV
LQFOXGH WKH VDPH HOHPHQWV WKDW KDYH PDGH WKH PHWKRG D VXFFHVV �HJ D GLYHUVH JURXS RI �±�� SDQHOLVWV� D UHGXFWLRQ LQ

7DEOH � 5$1'�8&/$ 0RGLÀHG 'HOSKL 3DQHO ([DPSOHV

3URMHFW 7LWOH ,Q
3HUVRQ �
9LUWXDO

1XPEHU RI
3DQHOLVWV

/HQJWK RI
0HHWLQJ

1XPEHU RI
,WHPV 5DWHGD

3HUFHQW 'LVDJUHHPHQW
IURP )LUVW�5RXQG WR
6HFRQG�5RXQG 5DWLQJVE

8VH RI 2Q�'HPDQG 7UHDWPHQWV IRU 2)) (SLVRGHV LQ 3DUNLQVRQ
V

'LVHDVH� *XLGDQFH IURP D 5$1'�8&/$ 0RGLÀHG 'HOSKL

&RQVHQVXV 3DQHO��

9LUWXDO �� �� IHPDOH�

� PDOH�

� KRXUVF ��� ��� ��

([SHUW &RQVHQVXV RQ WKH 7HVWLQJ DQG 0HGLFDO 0DQDJHPHQW RI

3,.�&$�5HODWHG 2YHUJURZWK 6SHFWUXP��

9LUWXDO �� �� IHPDOH�

� PDOH�

� KRXUVF ��� �ÀUVW�URXQG��

��� �VHFRQG�

URXQG�

��� ��

([SHUW &RQVHQVXV RQ WKH ,GHQWLÀFDWLRQ� 'LDJQRVLV� DQG

7UHDWPHQW RI 1HXURWURSKLF .HUDWRSDWK\��
9LUWXDO �� �� IHPDOH�

� PDOH�

� KRXUVF ��� ��� �

(VWLPDWHV RI 6WDJH�6SHFLÀF 3UHFOLQLFDO 6RMRXUQ 7LPH DFURVV ��

&DQFHU 7\SHV��
9LUWXDO �� �� IHPDOH�

� PDOH�

� KRXUVF ��� ��� �

7DSHULQJ 7KURPERSRLHWLQ 5HFHSWRU $JRQLVWV LQ 3ULPDU\

,PPXQH 7KURPERF\WRSHQLD� ([SHUW &RQVHQVXV %DVHG RQ WKH

5$1'�8&/$ 0RGLÀHG 'HOSKL 3DQHO 0HWKRG�

9LUWXDO �� �� IHPDOH�

� PDOH�

� KRXUVF ��� ��� ��

'HYHORSLQJ DQ (PHUJHQF\ 'HSDUWPHQW 2UGHU 6HW IRU 6LFNOH

&HOO 'LVHDVH LQ $FXWH 3DLQ��
,Q SHUVRQ �� �� IHPDOH�

� PDOH�

�²� GD\V ��

KRXUV�G
��� ��� ��

'HYHORSPHQW RI D 6HYHULW\ &ODVVLÀFDWLRQ 6\VWHP IRU 6LFNOH &HOO

'LVHDVH�
,Q SHUVRQ �� �� IHPDOH�

� PDOH�

�²� GD\V ��

KRXUV�G
��� ��� ��

*XLGHOLQHV IRU 0DQDJHPHQW RI 8UJHQW 6\PSWRPV LQ 3DWLHQWV

ZLWK &KRODQJLRFDUFLQRPD DQG %LOLDU\ 6WHQWV RU &DWKHWHUV 8VLQJ

WKH 0RGLÀHG 5$1'�8&/$ 'HOSKL 3URFHVV��

,Q SHUVRQ �� �� IHPDOH�

�� PDOH�

� GD\ �� KRXUV�G ��� �ÀUVW�URXQG��

��� �VHFRQG�

URXQG�

��� ��

)ROORZ�XS ,QWHUYDOV LQ 3DWLHQWV ZLWK &XVKLQJ·V 'LVHDVH�

5HFRPPHQGDWLRQV IURP D 3DQHO RI ([SHULHQFHG 3LWXLWDU\

&OLQLFLDQV�

,Q SHUVRQ �� �� IHPDOH�

� PDOH�

� GD\ �� KRXUV�G �� �ÀUVW�URXQG��

�� �VHFRQG�

URXQG�

��� ��

1RWHV� D$ FKDQJH LQ QXPEHU RI LWHPV UHSUHVHQW H[SHUW�VXJJHVWHG DOWHUDWLRQV WR WKH VXUYH\ DIWHU WKH SDQHO GLVFXVVLRQ� E +LJKHU QXPEHUV DUH SHUFHQW GLVDJUHHPHQW LQ ÀUVW�
URXQG UDWLQJV� ORZHU QXPEHUV DUH SHUFHQW GLVDJUHHPHQW LQ VHFRQG�URXQG UDWLQJV� F7LPH VSHQW ORJJHG LQWR WKH YLUWXDO PHHWLQJ� G3DQHOLVWV W\SLFDOO\ WUDYHO WR WKH PHHWLQJ
ORFDWLRQ WKH HYHQLQJ EHIRUH WKH PHHWLQJ DQG VSHQG D IXOO GD\ �ZLWK EUHDNV� LQ SHUVRQ DW WKH PHHWLQJ�
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GLVDJUHHPHQW IROORZLQJ WKH GLVFXVVLRQ� DV ZHOO DV DGGLWLRQDO DGYDQWDJHV VXFK DV VKRUWHU PHHWLQJ WLPHV VFKHGXOHG DURXQG
FOLQLFLDQ VFKHGXOHV DQG WKH DELOLW\ WR LQFOXGH GLYHUVH� VRPHWLPHV LQWHUQDWLRQDO� H[SHUWV ZKR PD\ QRW KDYH RWKHUZLVH EHHQ
DEOH WR DWWHQG D �±� GD\ LQ�SHUVRQ PHHWLQJ�

2QOLQH DGDSWDWLRQV RI WKLV PHWKRG DUH QRW QHZ� 5$1' GHYHORSHG DQ RQOLQH HOLFLWDWLRQ V\VWHP �([SHUW/HQV�� EDVHG RQ
WKH RULJLQDO 'HOSKL SDQHO PHWKRG� WR IDFLOLWDWH URXQGV RI RQOLQH VXUYH\V DPRQJ D ODUJH JURXS RI H[SHUWV��� $QDO\WLF
PHWKRGV DUH XVHG WR DJJUHJDWH WKH GDWD LQ UHDO�WLPH DQG GHWHUPLQH ZKDW WKH JURXS WKLQNV� /LNH RXU DGDSWDWLRQ� WKH DXWKRUV
QRWH WKDW WKLV PHWKRG DOORZV IRU D FRVW�HI¿FLHQW ZD\ RI VROLFLWLQJ RSLQLRQV IURP QRQ�FROORFDWHG VWDNHKROGHUV�

5$1' DOVR GHYHORSHG WKH 5$1'�330' 3DWLHQW�&HQWHUHG 0HWKRG� DQ RQOLQH DSSURDFK WR HQJDJLQJ SDWLHQWV DQG
FOLQLFLDQV LQ FOLQLFDO SUDFWLFH JXLGHOLQH GHYHORSPHQW��� )ROORZLQJ WKH 'HOSKL SDQHO GHVLJQ� WKH PHWKRG LV FRQVLVWHQW ZLWK
KRZ FOLQLFLDQV DQG UHVHDUFKHUV W\SLFDOO\ GHYHORS SUDFWLFH JXLGHOLQHV� EXW DOVR DOORZV IRU WKH LQSXW RI SDWLHQWV DQG
FDUHJLYHUV�

2WKHU DGDSWDWLRQV RI WKH PHWKRG KDYH DOVR EHHQ SXEOLVKHG� )RU H[DPSOH� UHVHDUFKHUV FRPELQHG WKH PRUH WUDGLWLRQDO
'HOSKL SDQHO PHWKRG �UHSHDWHG VXUYH\V� ZLWK D IROORZ�XS LQ�SHUVRQ PHHWLQJ WR GHYHORS D OLVW RI VWDQGDUG LWHPV WKDW
VKRXOG EH LQFOXGHG LQ KHDOWK HFRQRPLFV DQDO\VLV SODQV �SURWRFROV GHWDLOLQJ SURFHGXUHV DQG VWDWLVWLFDO DQDO\VHV WR EH
FRQGXFWHG LQ KHDOWK HFRQRPLFV UHVHDUFK���� 7KH UHVHDUFKHUV XVHG D ODUJHU JURXS WR FRPSOHWH WZR URXQGV RI VXUYH\V ���
SDUWLFLSDQWV LQ D ¿UVW�URXQG VXUYH\ DQG �� LQ D VHFRQG�URXQG VXUYH\� DQG FRQYHQHG D VPDOOHU JURXS RI QLQH H[SHUWV WR
GLVFXVV WKH LWHPV LQ�SHUVRQ�

8QOLNH WKHVH PHWKRGV� RXU DGDSWDWLRQ PDLQWDLQV WKH VWHSV RI WKH RULJLQDO 'HOSKL SDQHO SURFHVV� EXW UDWKHU WKDQ PHHWLQJ
LQ SHUVRQ� WKH PHHWLQJ LV KHOG YLUWXDOO\� :H EHOLHYH WKLV YLUWXDO DGDSWDWLRQ LV D VXLWDEOH DOWHUQDWLYH WR KROGLQJ PHHWLQJV LQ
SHUVRQ�

&RQFOXVLRQ
7KH 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO PHWKRG UHPDLQV WKH EHVW VWXGLHG DQG PRVW PHWKRGRORJLFDOO\ ULJRURXV ZD\ WR
KHOS KHDOWK H[SHUWV UHDFK FRQVHQVXV RQ FRPSOH[� FOLQLFDO WRSLFV� 7KH PHWKRG UHGXFHV FRJQLWLYH ELDVHV DQG HI¿FLHQWO\
KDUQHVVHV WKH FROOHFWLYH NQRZOHGJH RI H[SHUWV� :KLOH RWKHU YDULDWLRQV RI WKLV PHWKRG KDYH EHHQ DV\QFKURQRXV� RXU YLUWXDO
DGDSWDWLRQ PDLQWDLQV WKH SDQHO PHHWLQJ� DOORZLQJ IRU YDOXDEOH UHDO�WLPH GLVFXVVLRQ WKDW LV LQWHJUDO WR WKH 5$1'�8&/$
PRGL¿HG 'HOSKL SDQHO PHWKRGRORJ\� 0RYLQJ IURP LQ�SHUVRQ WR YLUWXDO PHHWLQJV ZDV QRW ZLWKRXW FKDOOHQJHV� EXW WKHUH
KDYH DOVR EHHQ XQH[SHFWHG DGYDQWDJHV� (YHQ DV &29,'��� FDVHV GHFOLQH DQG LW ZLOO EH VDIH WR PHHW LQ SHUVRQ DJDLQ�
YLUWXDO PHHWLQJV ZLOO SHUVLVW� 7KH PHWKRGRORJ\ ZH GHVFULEH KHUH FDQ EH D FRVW�HIIHFWLYH DQG HI¿FLHQW DOWHUQDWLYH IRU
UHVHDUFKHUV DQG FOLQLFLDQV� :H DQWLFLSDWH FRQGXFWLQJ IXWXUH SDQHOV XVLQJ ERWK PHWKRGV GHSHQGLQJ RQ WKH FLUFXPVWDQFHV�

$XWKRU &RQWULEXWLRQV
$OO DXWKRUV �06%� 61*� ,<� FRQWULEXWHG VLJQL¿FDQWO\ WR WKLV ZRUN� HQVXUHG WKH LQWHJULW\ RI WKH ZRUN� DQG PHHW WKH
IROORZLQJ ,&0-( FULWHULD IRU DXWKRUVKLS�

�� 0DGH D VLJQL¿FDQW FRQWULEXWLRQ WR WKH ZRUN UHSRUWHG� LQFOXGLQJ FRQFHSWLRQ� VWXG\ GHVLJQ� H[HFXWLRQ� DFTXLVLWLRQ RI
GDWD� DQDO\VLV DQG LQWHUSUHWDWLRQ�

�� 'UDIWHG RU VXEVWDQWLDOO\ UHYLVHG RU FULWLFDOO\ UHYLHZHG WKH DUWLFOH�
�� $JUHHG RQ WKH MRXUQDO WR ZKLFK WKH DUWLFOH ZLOO EH VXEPLWWHG�
�� 5HYLHZHG DQG DJUHHG RQ DOO YHUVLRQV RI WKH DUWLFOH EHIRUH VXEPLVVLRQ DQG GXULQJ UHYLVLRQ�
�� $JUHH WR WDNH UHVSRQVLELOLW\ DQG EH DFFRXQWDEOH IRU WKH FRQWHQWV RI WKH DUWLFOH�

06%� 61*� DQG ,< GHVLJQHG WKH VWXG\� DFTXLUHG� DQDO\]HG� DQG LQWHUSUHWHG WKH GDWD� DQG GUDIWHG WKH PDQXVFULSW� $OO
DXWKRUV SURYLGHG ¿QDO DSSURYDO IRU WKH PDQXVFULSW WR EH SXEOLVKHG DQG DJUHH WR EH DFFRXQWDEOH IRU DOO DVSHFWV RI WKH ZRUN�

)XQGLQJ
1R IXQGLQJ ZDV SURYLGHG IRU WKLV VWXG\�
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'LVFORVXUH
$OO DXWKRUV �06%� 61*� ,<� DUH HPSOR\HHV RI 3DUWQHUVKLS IRU +HDOWK $QDO\WLF 5HVHDUFK �3+$5�� //&� D KHDOWK VHUYLFHV
UHVHDUFK FRQVXOWLQJ ¿UP� 7KH DXWKRUV UHSRUW QR RWKHU FRQÀLFWV RI LQWHUHVW LQ WKLV ZRUN�

5HIHUHQFHV
�� )LQN $� .RVHFRII -� &KDVVLQ 0� %URRN 5+� &RQVHQVXV PHWKRGV� FKDUDFWHULVWLFV DQG JXLGHOLQHV IRU XVH� $P - 3XEOLF +HDOWK� ��������������±����
GRL���������$-3+���������

�� %LFNHO .(� 0F1LII .� %XVV 0.� HW DO� 'H¿QLQJ KLJK�TXDOLW\ SDOOLDWLYH FDUH LQ RQFRORJ\ SUDFWLFH� DQ $PHULFDQ VRFLHW\ RI FOLQLFDO RQFRORJ\�
$PHULFDQ $FDGHP\ RI KRVSLFH DQG SDOOLDWLYH PHGLFLQH JXLGDQFH VWDWHPHQW� - 2QFRO 3UDFW� �����������H���±���� GRL���������-23������������

�� 6WURVEHUJ -5� )LVKHU *$� %HQVRQ $%� HW DO� 6\VWHPLF WUHDWPHQW LQ XQUHVHFWDEOH PHWDVWDWLF ZHOO�GLIIHUHQWLDWHG FDUFLQRLG WXPRUV� FRQVHQVXV UHVXOWV
IURP D PRGL¿HG GHOSKL SURFHVV� 3DQFUHDV� ��������������±���� GRL���������03$��E���H�����G�D��

�� *HHU (%� $\DOD $� %RQHUW 9� HW DO� )ROORZ�XS LQWHUYDOV LQ SDWLHQWV ZLWK &XVKLQJ¶V GLVHDVH� UHFRPPHQGDWLRQV IURP D SDQHO RI H[SHULHQFHG SLWXLWDU\
FOLQLFLDQV� 3LWXLWDU\� ��������������±���� GRL���������V����������������

�� +HUPDQ 30� +XUZLW] (/� 6KHNHOOH 3*� :KLWOH\ 0'� &RXOWHU ,'� &OLQLFDO VFHQDULRV IRU ZKLFK VSLQDO PRELOL]DWLRQ DQG PDQLSXODWLRQ DUH FRQVLGHUHG
E\ DQ H[SHUW SDQHO WR EH LQDSSURSULDWH �DQG DSSURSULDWH� IRU SDWLHQWV ZLWK FKURQLF ORZ EDFN SDLQ� 0HG &DUH� ��������������±���� GRL���������
0/5�����������������

�� &XNHU $� 'HVSRWRYLF -0� *UDFH 5)� HW DO� 7DSHULQJ WKURPERSRLHWLQ UHFHSWRU DJRQLVWV LQ SULPDU\ LPPXQH WKURPERF\WRSHQLD� H[SHUW FRQVHQVXV EDVHG
RQ WKH 5$1'�8&/$ PRGL¿HG 'HOSKL SDQHO PHWKRG� 5HV 3UDFW 7KURPE +DHPRVW� ������������±��� GRL���������UWK�������

�� +HPLQJZD\+� &URRN$0� 'DZVRQ -5� HW DO� 5DWLQJ WKH DSSURSULDWHQHVV RI FRURQDU\ DQJLRJUDSK\� FRURQDU\ DQJLRSODVW\ DQG FRURQDU\ DUWHU\ E\SDVV JUDIWLQJ�
WKH $&5( VWXG\� $SSURSULDWHQHVV RI FRURQDU\ UHYDVFXODULVDWLRQ VWXG\� - 3XEOLF +HDOWK 0HG� ��������������±���� GRL���������SXEPHG���������

�� 6KDK 1� %HHQKRXZHU '� %URGHU 06� HW DO� 'HYHORSPHQW RI D VHYHULW\ FODVVL¿FDWLRQ V\VWHP IRU VLFNOH FHOO GLVHDVH� &OLQ 2XWFRPHV 5HV�
�����������±���� GRL���������&(25�6������

�� %URGHU 06� /DQGRZ :-� *RRGZLQ 6&� %URRN 5+� 6KHUERXUQH &'� +DUULV .� $Q DJHQGD IRU UHVHDUFK LQWR XWHULQH DUWHU\ HPEROL]DWLRQ� UHVXOWV RI DQ
H[SHUW SDQHO FRQIHUHQFH� - 9DVF ,QWHUY 5DGLRO� ��������������±���� GRL���������6��������������������

��� &DPSEHOO 60� 5HVHDUFK PHWKRGV XVHG LQ GHYHORSLQJ DQG DSSO\LQJ TXDOLW\ LQGLFDWRUV LQ SULPDU\ FDUH� 4XDO 6DI +HDOWK &DUH� ��������������±����
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H[SHUWV ZLWK GLYHUVH NQRZOHGJH� -DQXDU\ �� ����� $YDLODEOH IURP� KWWSV���ZZZ�UDQG�RUJ�SXEV�H[WHUQDOBSXEOLFDWLRQV�(3���������KWPO�
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3XEOLVK \RXU ZRUN LQ WKLV MRXUQDO
7KH -RXUQDO RI +HDOWKFDUH /HDGHUVKLS LV DQ LQWHUQDWLRQDO� SHHU�UHYLHZHG� RSHQ DFFHVV MRXUQDO IRFXVLQJ RQ OHDGHUVKLS IRU WKH KHDOWK SURIHVVLRQ�
7KH MRXUQDO LV FRPPLWWHG WR WKH UDSLG SXEOLFDWLRQ RI UHVHDUFK IRFXVLQJ RQ EXW QRW OLPLWHG WR� +HDOWKFDUH SROLF\ DQG ODZ�7KHRUHWLFDO DQG SUDFWLFDO DVSHFWV
KHDOWKFDUH GHOLYHU\� ,QWHUDFWLRQV EHWZHHQ KHDOWKFDUH DQG VRFLHW\ DQG HYLGHQFH�EDVHG SUDFWLFHV� ,QWHUGLVFLSOLQDU\ GHFLVLRQ�PDNLQJ� 3KLORVRSKLFDO DQG
HWKLFDO LVVXHV� +D]DUG PDQDJHPHQW� 5HVHDUFK DQG RSLQLRQ IRU KHDOWK OHDGHUVKLS� /HDGHUVKLS DVVHVVPHQW� 7KH PDQXVFULSW PDQDJHPHQW V\VWHP LV
FRPSOHWHO\ RQOLQH DQG LQFOXGHV D YHU\ TXLFN DQG IDLU SHHU�UHYLHZ V\VWHP� 9LVLW KWWS���ZZZ�GRYHSUHVV�FRP�WHVWLPRQLDOV�SKS WR UHDG UHDO TXRWHV IURP
SXEOLVKHG DXWKRUV�

6XEPLW \RXU PDQXVFULSW KHUH� KWWSV���ZZZ�GRYHSUHVV�FRP�MRXUQDO�RI�KHDOWKFDUH�OHDGHUVKLS�MRXUQDO
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