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8QWLO PLG�QLQHWLHV� QXFOHDU GDWD UHOHYDQW DFWLYLW\ LQ .RUHD $WRPLF (QHUJ\ 5HVHDUFK ,QVWLWXWH

�.$(5,� KDG EHHQ OLPLWHG WR WKH JHQHUDWLRQ RI WKH PXOWL�JURXS FRQVWDQW OLEUDULHV IRU UHDFWRU SK\VLFV

FRGHV WR VXSSRUW WKH GHVLJQ RI D UHVHDUFK UHDFWRU DQG WKH ORFDOL]DWLRQ RI QXFOHDU IXHO DQG RI SRZHU SODQW

GHVLJQ WHFKQRORJ\� ,Q ����� WKH 1XFOHDU 'DWD (YDOXDWLRQ /DERUDWRU\ �1'(/� ZDV HVWDEOLVKHG LQ

.$(5,� .RUHD 0LQLVWU\ RI 6FLHQFH DQG 7HFKQRORJ\ KDV LQFOXGHG WKH QXFOHDU GDWD SURMHFW LQ WKH ORQJ�

WHUP QXFOHDU UHVHDUFK DQG GHYHORSPHQW SURJUDP� 7KH QXFOHDU GDWD VHUYLFHV� HYDOXDWLRQV� DQG

PHDVXUHPHQWV KDYH EHHQ LQFOXGHG DV D SDUW RI WKH ZRUN VFRSHV RI QXFOHDU GDWD SURMHFW� .$(5,�1'(/

LV QRZ OHDGLQJ WKH QXFOHDU GDWD SURMHFW LQ .RUHD ZLWK �� VWDIIV LQFOXGLQJ � WHPSRUDO VWDIIV� 7KH 3RKDQJ

$FFHOHUDWRU /DERUDWRU\� 6HRXO 1DWLRQDO 8QLYHUVLW\� .RUHD ,QVWLWXWH RI *HRORJ\� 0LQLQJ DQG 0DWHULDOV�

DQG RWKHUV DUH SDUWLFLSDWLQJ LQ WKH SURMHFW�

&XUUHQW DFWLYLWLHV DUH EULHIO\ LQWURGXFHG LQ WKH QH[W VHFWLRQ� $V RQH RI WKH DFWLYLWLHV� ZH KDYH

HYDOXDWHG UHVRQDQFH SDUDPHWHUV LQ ERWK UHVROYHG DQG XQUHVROYHG UHVRQDQFH HQHUJ\ UHJLRQV IRU VHOHFWHG

�� VWDEOH RU ORQJ�OLYHG ILVVLRQ SURGXFWV� 7KH QH[W UHOHDVH RI (1')�%�9, ZLOO LQFOXGH WKLV QHZ

HYDOXDWLRQ� 7KH UHVXOWV DUH SUHVHQWHG LQ 6HFWLRQ ��

�� 1XFOHDU 'DWD $FWLYLWLHV LQ .RUHD

7KH .$(5,�1'(/ KDV JHQHUDWHG DQG EHQFKPDUNHG WKH PXOWL�JURXS OLEUDULHV IRU ODWWLFH SK\VLFV

FRGHV VXFK DV :,06�'� &$602��� DQG +(/,26 EDVHG RQ XS�WR�GDWH HYDOXDWHG OLEUDULHV VXFK DV

-(1'/�� DQG (1')�%�9,� 7KRVH OLEUDULHV DUH XVHG IRU WKH GHVLJQ RI WKH UHVHDUFK UHDFWRU +$1$52�

DGYDQFHG IXHOV IRU DQ DGYDQFHG 3:5� DQG WKH IDVW UHDFWRU .$/,0(5� ,Q DGGLWLRQ� WKH OLEUDULHV IRU WKH

QHXWURQ WUDQVSRUW FRGHV VXFK DV '$176<6� '2256� DQG 0&13 KDYH EHHQ JHQHUDWHG DQG

EHQFKPDUNHG IRU WKH UHDFWRU VKLHOGLQJ DQG 3:5 SUHVVXUH YHVVHO VXUYHLOODQFH�

7KH HYDOXDWLRQ DFWLYLW\ KDV UDWKHU VKRUW KLVWRU\� 7KH FXUUHQW LVVXH LV WKH EXUQXS FUHGLW SUREOHP

RI WKH VSHQW IXHO VWRUDJH� $PRQJ PDQ\ RI UHODWHG GLUHFWLRQV� .$(5,�1'(/ LV FROODERUDWLQJ RQ WKH

QHXWURQ GDWD RI WKH ORQJ�OLYHG ILVVLRQ SURGXFW QXFOLGHV� 7KLV ZRUN LV XQGHUJRLQJ WRJHWKHU ZLWK WKH

%URRNKDYHQ 1DWLRQDO /DERUDWRU\ DV RQH RI WKH LQWHUQDWLRQDO FROODERUDWLRQV� :H KDYH FRPSOHWHG WKH

HYDOXDWLRQ RI LQGLYLGXDO UHVRQDQFH SDUDPHWHUV� 7KLV ZRUN ZLOO EH SUHVHQWHG LQ WKH QH[W VHFWLRQ� )RU WKH

KLJKHU HQHUJ\ DSSOLFDWLRQV VXFK DV WKH WUDQVPXWDWLRQ RI UDGZDVWH� .$(5,�1'(/ LV ZRUNLQJ RQ WKH

PRGHO FDOFXODWLRQ IRU WKH QHXWURQ DQG SURWRQ UHDFWLRQ GDWD DW WKH LQWHUPHGLDWH HQHUJ\ UHJLRQ� 7KLV

ZRUN LV XQGHUZD\ DV WKH FROODERUDWLRQ ZLWK -$(5,�1'&� ,Q DGGLWLRQ� WKH SKRWR�QXFOHDU GDWD

HYDOXDWLRQ XS WR ��� 0H9 LV XQGHU SURJUHVV DV DQ ,$($ &53 WR SURYLGH GDWD IRU WKH HOHFWURQ OLQDF�

EDVHG LVRWRSH SURGXFWLRQ� 7KH HYDOXDWLRQ IRU PRUH WKDQ ��� QXFOLGHV KDV EHHQ FRPSOHWHG� 7KH FKDUJHG

SDUWLFOH QXFOHDU GDWD XS WR �� 0H9 LV DOVR XQGHU SURJUHVV� 7KHVH GDWD DUH XVHIXO IRU WKH PHGLFDO

LVRWRSH SURGXFWLRQ IRU 3(7 DQG 63(&7 XVLQJ D F\FORWURQ DQG DOVR XVHIXO IRU WKH WKLQ OD\HU DFWLYDWLRQ

DQDO\VLV RI PHWDOOLF PDWHULDOV�



&XUUHQW REMHFWLYH RI WKH QXFOHDU GDWD H[SHULPHQWV LV WR GHYHORS FDSDELOLW\ DQG PDQSRZHU IRU

QXFOHDU GDWD PHDVXUHPHQWV LQ .RUHD� 7KH 3RKDQJ $FFHOHUDWRU /DERUDWRU\ LV OHDGLQJ WKH DFWLYLWLHV� 2QH

RI WKHP LV WR FRQVWUXFW D SXOVHG QHXWURQ VRXUFH XVLQJ D ��� 0H9 HOHFWURQ OLQDF� 7KH RWKHU DFWLYLW\ LV WR

REWDLQ DQG GHYHORS PHDVXUHPHQW VNLOOV E\ SDUWLFLSDWLQJ LQ WKH H[SHULPHQWV DW IRUHLJQ IDFLOLWLHV VXFK DV

.855,¶V� 'RPHVWLF HIIRUWV DUH WKH SURWRQ VFDWWHULQJ H[SHULPHQW XVLQJ D F\FORWURQ DW .$(5, KRVSLWDO

E\ WKH SK\VLFV GHSDUWPHQW RI 6HRXO 1DWLRQDO 8QLYHUVLW\ DQG WKH IDVW QHXWURQ JHQHUDWLRQ XVLQJ D 9DQ GH
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7KH QXFOHDU GDWD VHUYLFH LV SURYLGHG WKURXJK LQWHUQHW IRU GRPHVWLF DQG IRUHLJQ XVHUV� 7KH WDUJHW

RI WKH LQWHUQHW ZHE VHUYLFH LV WR SURYLGH GDWD WR QRYLFH XVHUV LQ WKH DUHD RI QXFOHDU GDWD� 7KH ZHE

VHUYLFH FRQVLVWV RI D WDEOH RI QXFOLGH� D FURVV VHFWLRQ SORWWHU� GHFD\ VFKHPHV� DQG D FDSWXUH FURVV

VHFWLRQ SORWWHU� %DVHG RQ WKH ,3 DGGUHVV� WKH QXPEHU RI XVHUV ZKR KDYH UHWULHYHG WKH GDWD DW OHDVW RQFH

LV ������ LQ WKH \HDU ����� $PRQJ WKHP� DERXW ����� DUH WKH IUHTXHQW XVHUV� WKH\ KDYH UHWULHYHG ���

WLPHV RQ WKH DYHUDJH�
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,Q PDQ\ HQJLQHHULQJ ILHOGV GHDOLQJ ZLWK VSHQW QXFOHDU IXHOV VXFK DV VWRUDJH RI VSHQW IXHOV DQG

WUDQVPXWDWLRQ RI ORQJ�OLYHG LVRWRSHV DV ZHOO DV LQ EDVLF UHVHDUFK ILHOGV VXFK DV DVWURSK\VLFV� WKH

QHXWURQ GDWD IRU ILVVLRQ SURGXFWV DUH YHU\ LPSRUWDQW HVSHFLDOO\ LQ WKH YLHZSRLQW RI QHXWURQ DEVRUSWLRQ�

+RZHYHU� HYHQ LQ WKH ODWHVW UHOHDVH RI (1')�%�9,� PRVW RI UHVRQDQFH GDWD IRU PDMRU ILVVLRQ SURGXFWV

DUH WKRVH EDVHG RQ ROG PHDVXUHPHQWV� DERXW �� \HDUV ROG RU PRUH� $OWKRXJK UDWKHU UHFHQW OLEUDULHV

VXFK DV -(1'/���� DQG -()���� KDG DGRSWHG VRPH UHFHQW PHDVXUHPHQWV� VWLOO WKH VRXUFH IRU PDQ\

LVRWRSHV ZDV WKH 0XJKDEJKDE¶V %1/ FRPSLODWLRQV SXEOLVKHG LQ ���� DQG ����>���@ DV WKRVH ZHUH�

7KHUHIRUH D QHHG IRU QHZ HYDOXDWLRQV LQFRUSRUDWLQJ QHZ PHDVXUHPHQWV KDV DULVHQ� )RU VHOHFWHG ��

ILVVLRQ SURGXFWV WKDW ODUJHO\ FRQWULEXWH WR WKH WRWDO QHXWURQ DEVRUSWLRQ LQ D V\VWHP� ZH KDYH HYDOXDWHG

UHVRQDQFH SDUDPHWHUV LQ ERWK UHVROYHG DQG XQUHVROYHG UHVRQDQFH HQHUJ\ UHJLRQV� ,Q WKH HYDOXDWLRQ� ZH

UHYLHZHG DOO DYDLODEOH PHDVXUHG GDWD QRW RQO\ QHZ EXW DOVR ROG�

,Q WKH UHVROYHG UHVRQDQFH UHJLRQ� ZH DGRSWHG WKH PXOWL�OHYHO %UHLW�:LJQHU IRUPXOD� 7KH

UHVRQDQFH HQHUJ\� RUELWDO DQJXODU PRPHQWXP RI LQFLGHQW QHXWURQ �O�� UHVRQDQFH VSLQ �-�� QHXWURQ

VFDWWHULQJ ZLGWK� DQG UDGLDWLYH ZLGWK DUH WKH SDUDPHWHUV WR EH SURYLGHG IRU HDFK UHVRQDQFH� 7KH %1/

FRPSLODWLRQV>���@ ZHUH DGRSWHG DV WKH SULPDU\ VRXUFHV RI UHVROYHG UHVRQDQFH SDUDPHWHUV DQG WKHUPDO

FURVV VHFWLRQV DW ������ H9� 7KHQ YDOXHV UHFRPPHQGHG LQ WKH FRPSLODWLRQV ZHUH UHYLVHG DQG�RU

VXSSOHPHQWHG E\ WDNLQJ LQWR DFFRXQW UHFHQW PHDVXUHPHQWV� 7KH ROG PHDVXUHPHQWV ZHUH DOVR UHYLVLWHG�

WKH ROG RQHV ZHUH FRUUHFWHG� UH�QRUPDOL]HG� RU UHYLYHG DFFRUGLQJ WR UHOHYDQW QHZ PHDVXUHPHQWV RU

HYDOXDWRU¶V GHFLVLRQ� LI QHFHVVDU\� ,Q WKH QH[W VWHS� WKH ERXQG OHYHO UHVRQDQFHV ZHUH LQYRNHG� LI

QHFHVVDU\� WR UHSURGXFH UHIHUHQFH WKHUPDO FURVV VHFWLRQV DQG VFDWWHULQJ OHQJWKV� )RU D UHVRQDQFH ZLWK

XQNQRZQ O YDOXH� WKH %D\HVLDQ DSSURDFK>�@ ZDV DSSOLHG WR WKH FDOFXODWLRQ RI SUREDELOLW\ WKDW WKH

UHVRQDQFH LV GXH WR S�ZDYH QHXWURQ� 7KHQ O ZDV DVVLJQHG DV HLWKHU � RU � IURP WKH SUREDELOLW\�

5HVRQDQFH VSLQV ZHUH UDQGRPO\ DVVLJQHG WR UHVRQDQFHV IRU ZKLFK WKH VSLQV ZHUH XQNQRZQ� $IWHU WKH

DVVLJQPHQW RI O YDOXHV IRU DOO UHVRQDQFHV RI DQ LVRWRSH� WKH GLVWULEXWLRQ RI UHGXFHG QHXWURQ ZLGWKV ZDV

DQDO\]HG LQ WHUPV RI WKH 3RUWHU�7KRPDV GLVWULEXWLRQ� 7KH ILW RI GLVWULEXWLRQ RI PHDVXUHG ZLGWKV WR WKH

WKHRUHWLFDO GLVWULEXWLRQ UHVXOWV LQ WKH DYHUDJH OHYHO VSDFLQJ DQG QHXWURQ VWUHQJWK IXQFWLRQ� HVSHFLDOO\� RI

V�ZDYH UHVRQDQFHV�

7KH XQUHVROYHG UHVRQDQFH UHJLRQ ZDV VHW WR FRYHU DQ HQHUJ\ UDQJH XS WR WKH ILUVW H[FLWHG OHYHO

IRU LQHODVWLF VFDWWHULQJ� ��a��� NH9 IRU PRVW ILVVLRQ SURGXFWV XQGHU FRQVLGHUDWLRQ� 7KH SUHVHQW

HYDOXDWLRQ SURYLGHV DYHUDJH UHVRQDQFH SDUDPHWHUV IRU V�� S� DQG G�ZDYH UHVRQDQFHV� ,Q SULQFLSOH� ZH

DGRSWHG WKH DYHUDJH SDUDPHWHUV WKDW KDG EHHQ REWDLQHG IURP WKH DQDO\VHV RI UHVROYHG UHVRQDQFHV� 7KH

OHYHO VSDFLQJ YDULHV ZLWK QHXWURQ HQHUJ\ DFFRUGLQJ WR WKH %HWKH¶V OHYHO GHQVLW\ IRUPXOD�
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ZKHUH 8 LV WKH HIIHFWLYH H[FLWDWLRQ HQHUJ\ WKDW GHSHQGV RQ WKH LQFLGHQW QHXWURQ HQHUJ\� D WKH OHYHO

GHQVLW\ SDUDPHWHU� DQG σ WKH VSLQ FXWRII IDFWRU� 9DOXHV RI D DQG SDUDPHWHUV IRU FDOFXODWLQJ 8 ZHUH



DGRSWHG IURP 5HIV� � DQG �� 7KH SURSRUWLRQDO FRQVWDQW ZDV GHWHUPLQHG IURP WKH V�ZDYH OHYHO VSDFLQJ

'�� ZKLFK KDG EHHQ REWDLQHG IURP WKH DQDO\VLV RI UHVROYHG UHVRQDQFHV� &RQFHUQLQJ WKH G�ZDYH

VWUHQJWK IXQFWLRQV� DV ZHOO DV S�ZDYH IXQFWLRQV IRU VRPH LVRWRSHV� ZH DGRSWHG YDOXHV IURP PDVV�

GHSHQGHQW V\VWHPDWLFV>���@ IRU ODFN RI PHDVXUHPHQWV RI UHVROYHG KLJK O�YDOXH UHVRQDQFHV� 7KH DYHUDJH

JDPPD ZLGWKV IRU S� DQG G�ZDYH UHVRQDQFHV ZHUH DVVXPHG WR EH HTXDO WR WKH ZLGWK IRU V�ZDYH WKDW

KDG EHHQ REWDLQHG E\ DYHUDJLQJ NQRZQ ZLGWKV RI UHVROYHG UHVRQDQFHV� ,Q VRPH FDVHV� KRZHYHU� WKH

DYHUDJH ZLGWK IRU S�ZDYH ZDV DGRSWHG IURP V\VWHPDWLFV>�@ RU GLUHFWO\ IURP WKH PHDVXUHPHQW �
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FDVH�� )LQDOO\� WKH DYHUDJH SDUDPHWHUV IRU KLJK O�YDOXH UHVRQDQFHV� LI QHFHVVDU\� ZHUH DGMXVWHG WR

UHSURGXFH PHDVXUHG FDSWXUH FURVV VHFWLRQV LQ WKH XQUHVROYHG HQHUJ\ UHJLRQ�

7DEOH � VXPPDUL]HV WKH VRXUFHV RI HYDOXDWLRQ� 7KH ROG VRXUFHV EHIRUH WKH %1/ FRPSLODWLRQV DUH

QRW OLVWHG H[FHSW RQHV WKDW DUH XVHG IRU WKH UHYLVLRQ RI GDWD LQ WKH %1/ FRPSLODWLRQV� ,Q WKH XQUHVROYHG

UHJLRQ� WKH FDSWXUH FURVV VHFWLRQ UHSURGXFHG XVLQJ SUHVHQW DYHUDJH SDUDPHWHUV VKRZ JRRG DJUHHPHQW

ZLWK WKH PHDVXUHPHQWV OLVWHG LQ WKH WDEOH� 7DEOHV � DQG � VKRZ WKH ���� P�V FDSWXUH FURVV VHFWLRQV DQG

FDSWXUH UHVRQDQFH LQWHJUDOV� UHVSHFWLYHO\� 7KHUH DUH VLJQLILFDQW GLIIHUHQFHV EHWZHHQ SUHVHQW HYDOXDWLRQ
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:H WRRN DOO DYDLODEOH PHDVXUHG GDWD LQWR DFFRXQW IRU WKH QHZ HYDOXDWLRQ RI UHVRQDQFH

SDUDPHWHUV RI PDMRU ILVVLRQ SURGXFWV� 7KHUHIRUH� JHQHUDOO\ VSHDNLQJ� SUHVHQW UHVRQDQFH SDUDPHWHUV DUH

PRUH UHOLDEOH WKDQ WKRVH LQ H[LVWLQJ OLEUDULHV DUH� ,Q DGGLWLRQ� WKH HYDOXDWLRQ PHWKRGV DQG SK\VLFV
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