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1DWD GH FRFR LV D ELRPDVV FRPSRVHG RI FHOOXORVH� JHODWLQ VKDSHG DQG ZKLWH� LQ ZKLFK

WKH PDVV LV GHULYHG IURP WKH IHUPHQWDWLRQ RI $FHWREDFWHU [\OLQXP LQ FRFRQXW ZDWHU�

'XULQJ WKH IHUPHQWDWLRQ� $FHWREDFWHU [\OLQXP QHHGV QXWULHQWV VXFK DV FDUERQ DQG

QLWURJHQ WR JURZ� ZKHUH WKH FDUERQ VRXUFH LV REWDLQHG IURP VXJDU DQG QLWURJHQ VRXUFH

LV REWDLQHG IURP =$� 7KH UHFHQWO\ HPHUJHG FDVH UHJDUGLQJ WKH XVH RI =$ IHUWLOL]HUV

KDV UDLVHG PDQ\ SROHPLFV LQ WKH XUEDQ FRPPXQLW\ EHFDXVH RI LWV QDWXUH IRU SODQWV�

PDNLQJ LW D QRQ IRRG JUDGH SURGXFWV� 7KHUHIRUH WKH DOWHUQDWLYH LV QHHGHG WR UHSODFH

WKH UROH RI =$ LQ QDWD GH FRFR PDNLQJ SURFHVV� 7KH H[LVWHQFH RI QLWURJHQ LQ VRDNHG

VR\EHDQ ZDWHU IURP 7HPSH 
.ZHQL�� DQ LQGXVWU\ LQ %DQWXO� KDV EHHQ SURYHQ WKURXJK

ODERUDWRU\ UHVXOWV� LQ ZKLFK WKHUH LV D ����� FRQWHQW RI QLWURJHQ� ZKLFK KDG TXDOL�HG

WKH VXEWLWXWHV RI =$� 6R\EHDQ VRDNHG ZDWHU LV DOVR DFLGLF �S+ ���� VR WKH DGGLWLRQ RI

DFHWLF DFLG LQ QDWD GH FRFR SURGXFWLRQ LV XQQHFHVVDU\� 7KH SXUSRVH RI WKLV VWXG\ LV WR

GHWHUPLQH WKH IRUPXODWLRQ RI KHOSLQJ PDWHULDOV DV D UHSODFHPHQW IRU =$ IRU PDNLQJ

QDWD GH FRFR� LGHQWLI\ WKH FKDUDFWHULVWLF RI QDWD GH FRFR ZLWKRXW =$ IURP WKH VHQVRU\

WHVW UHVXOWV DQG GHWHUPLQH WKH WHFKQLFDO DQG �QDQFLDO IHDVLELOLW\ RI QDWD GH FRFRZLWKRXW

=$ SURGXFWLRQ�

,Q WKLV UHVHDUFK� WULDO SURGXFWLRQ RI QDWD GH FRFR ZLWKRXW =$ ZLOO XVH � YDULDWLRQV RI

ZDVWH ZDWHU FRQFHQWUDWLRQV� ZKLFK LV ���� ���� ���� ��� DQG ���� 5HVXOWV VKRZHG

WKDW DIWHU � GD\V RI IHUPHQWDWLRQ WKH EHVW FRQFHQWUDWLRQ LV REWDLQHG IURP ��� VRDNHG

VR\EHDQ ZDWHU DGGLQJ� ZLWK ��� � ��� FP QDWD WKLFNQHVV� $FFRUGLQJ WR VHQVRU\ UHVSRQVH

�DURPD� WH[WXUH DQG �DYRU� QDWD GH FRFR ZLWKRXW =$ KDG D EHWWHU UHVXOW FRPSDUHG WR

QDWD GH FRFR ZLWK =$

.H\ZRUGV� QDWD GH FRFR� VR\EHDQ� =ZDYHO]XXU $PPRQLD

+RZ WR FLWH WKLV DUWLFOH� <HVVLFD *UDFLD 0DORULQJDQ DQG 'DUPDZDQ $UL 1� ������� 
3URGXFWLRQ RI 1DWD 'H &RFR 8VLQJ 6RDNHG 6R\EHDQ :DWHU DV WKH
$OWHUQDWLYH 8VDJH RI =ZDYHO]XXU $PPRQLDN �=$�� LQ 7KH �UG ,QWHUQDWLRQDO &RQIHUHQFH RQ $JUR�,QGXVWU\ ���� ´&RPSHWLWLYH 	 6XVWDLQDEOH $JUR�,QGXVWU\�
9DOXH &UHDWLRQ LQ $JULEXVLQHVVµ� .Q( /LIH 6FLHQFHV� SDJHV ������ '2, ���������NOV�Y�L������
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7ÔÕßØ �� =$ IRRG JUDGH SULFH YV =$ IHUWLOL]HU�

3URGXFW 3ULFH�SHU NJ�

=$ IRRG JUDGH 5S ����������

=$ IHUWLOL]HU 5S ��������
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1DWD GH FRFR LV D GLHWDU\ �EHU WKDW SURGXFHG IURP FRFRQXW ZDWHU WKURXJK IHUPHQWDWLRQ

SURFHVV ZKLFK LQYROYHG PLFURRUJDQLVP� KHUHLQDIWHU NQRZQ DV QDWD VHHG� 7KH DELOLW\

RI FRFRQXW ZDWHU WR SURGXFH QDWD GH FRFR LV FDXVHG E\ ULFK DQG UHODWLYHO\ FRPSOHWH

QXWULWLRQDO FRQWHQW� DV ZHOO DV VXLWDEOH IRU $FHWREDFWHU [\OLQXP >�@� 1DWD VHHG LV DFWXDOO\

D JURXS RI EDFWHULD QDPHG $FHWREDFWHU [\OLQXP� 1DWD GH FRFRPDNLQJ SURFHVV LV XVXDOO\

PL[LQJ ERLOHG FRFRQXW ZDWHU ZLWK VXJDU� =$ DQG DFLGLF DFLG� DQG DIWHU WKH WHPSHUDWXUH

GHFUHDVHG� LW WKHQ PL[HG ZLWK $FHWREDFWHU [\OLQXP DQG IHUPHQWHG IRU � � GD\V� $IWHU

WKH IHUPHQWDWLRQ SURFHVV� QDWD GH FRFR VKHHW LV UHDG\ IRU IXUWKHU SURFHVVLQJ�

=$ RU =ZDYHO]XXU $PPRQLDF ��1+���62�� LV QHHGHG DV QLWURJHQ VRXUFH IRU $FHWR�

EDFWHU [\OLQXP�V QXWULWLRQ� +RZHYHU WKH XVH RI =$ LQ IRRG QHHGHG WR EH IXOO\ FRQ�

WUROOHG� HVSHFLDOO\ UHJDUGLQJ WKH FRQFHQWUDWLRQ RI =$ WKDW EHLQJ DGGHG WR WKH IRRG�

)XUWKHUPRUH� WKH XVHG =$ PXVW EH IRRG JUDGH� 7KH XVH RI =$ IHUWLOL]HUV LQ QDWD GH

FRFR SURGXFWLRQ KDV ULVHQ SROHPLFV LQ WKH XUEDQ FRPPXQLW\� ZKHUH RQH RI WKH ULVN LV

DIIHFWLQJ KXPDQ KHDOWK� 7KH LPSXULWLHV RQ LWV FRPSRXQG FRXOG EH KHDY\PHWDOV VXFK DV

OHDG� ZKLFK LI FRQVXPHG E\ KXPDQ FDQ OHDG WR IDWDO HIIHFW� 8QIRUWXQDWHO\� IRRG JUDGHV

=$V DUH H[SHQVLYH� 7KH SULFH FRPSDULVRQ FDQ EH VHHQ LQ WKH WDEOH ��

0RUHRYHU� WKH PLQGVHW RI WKH QRZDGD\V XUEDQ FRPPXQLW\ WKDW WHQGV WR 
EDFN WR

QDWXUH� DOVR SURPSWHG WKH VHDUFK RI DOWHUQDWLYH QDWXUDO LQJUHGLHQW WKDW FDQ UHSODFH WKH

UROH RI =$ WR SURGXFH QDWD PRUH �W IRU FRQVXPSWLRQ� OHDYH QR UHVLGXH RU WR[LF PDWHULDO

IURP WKH IHUPHQWDWLRQ SURFHVV� ZLWKRXW FKDQJLQJ WLPH QDWD IHUPHQWDWLRQ�V WLPH OHQJWK�

3UHYLRXV UHVHDUFK KDV WULHG WR UHSODFH =$ IRU QDWD GH FDVVDYD SURGXFWLRQ XVLQJ VSURXW

H[WUDFW� 7KH H[WUDFWV DUH REWDLQHG IURP ERLOLQJ ��� JUDPV RI VSURXWV LQ ��� FF ZDWHU IRU

�� PLQXWHV >�@� +RZHYHU WKH XVH RI VSURXW H[WUDFWV ZLOO LQFUHDVH WKH FRVW RI SURGXFWLRQ�

DV ZHOO DV SURGXFLQJ PRUH ZDVWH ZDWHU IURP WKH SURFHVV�

$ KLJK QDWXUDO QLWURJHQ VRXUFH FDQ EH REWDLQHG IURP OHJXPLQRVHDH� /HJXPH YDULHW\

WKDW LV PRVWO\ IRXQG LQ ,QGRQHVLD LV VR\EHDQ� LQ ZKLFK VR\EHDQ RIWHQ FRQVXPHG DV

WHPSHK� 7HPSHK LQGXVWU\ LQ ,QGRQHVLD LV TXLWH GHYHORSHG� LQ <RJ\DNDUWD WKHUH DUH

DSSUR[LPDWHO\ ��� WHPSHK PDNHUV� 7KHVH ODUJH QXPEHU RI 60(V DUH IROORZHG E\ KLJK
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LQGXVWULDO ZDVWH ZDWHU WKDW LV EHLQJ WKURZQ DZD\� :DVWH IURP WHPSHK LQGXVWU\ VWLOO

FRQWDLQ UHGXFLQJ VXJDU ������� 1LWURJHQ ������� WRWDO VROLGV ����� PJ � O� DQG S+  �

>�@� 7KHZDVWHZDWHU LQ WHPSH LQGXVWU\ DUH XVXDOO\ WKURZQ LQ WKH ULYHUZLWKRXW SDVVLQJ D

WUHDWPHQW� PDNLQJ DQ DLU DQG ZDWHU SROOXWLRQ WR WKH VXUURXQGHG HQYLURQPHQW� ZKHUHDV

DIWHU WKH ERLOLQJ DQG VRDNLQJ SURFHVV� WKH VR\EHDQ VRDNHG ZDWHU VWLOO FRQWDLQ GLVVROYHG

PDWHULDO� RQH RI ZKLFK LV QLWURJHQ� 7KLV LV GXH WR WKH ERLOLQJ SURFHVV FDXVHG WKH UHOHDVH

RI WKH ERQG VWUXFWXUH RI WKH SURWHLQ VR WKDW WKH SURWHLQ FRPSRQHQW GLVVROYHG LQ ZDWHU

>�@� 7KLV ZDVWH ZKHQ GLVFKDUJHG LQWR WKH HQYLURQPHQW ZLWKRXW JRLQJ WKURXJK DQ\

WUHDWPHQW FDQ SROOXWH WKH HQYLURQPHQW� EHFDXVH QLWURJHQ LV GLI�FXOW WR EH GHJUDGHG

E\ PLFURRUJDQLVPV >�@� FDXVLQJ D EXLOGXS RI ZDVWH ZKLFK ZLOO UHVXOW LQ WKH JURZWK RI

EDFWHULD GLVHDVH WKDW FDQ GLVUXSW WKH HQYLURQPHQWDO EDODQFH�

7KH H[LVWHQFH RI QLWURJHQ FRQWDLQHG LQ VRDNHG VR\EHDQZDWHU RQ ERWK WKH LPPHUVLRQ

SURFHVV KDV EHHQ SURYHQ WKURXJK ODERUDWRU\ WHVW UHVXOWV� L�H�� WKHUH LV WKH FRQWHQW RI

������ ZKHUH LW KDV TXDOL�HG =$ VXEVWLWXWH UHTXLUHPHQW� ZKLFK PXVW KDYH D QLWURJHQ

FRQWHQW� DQG DOVR DFLGLF ZLWK D S+ RI ���� VR WKH DGGLQJ RI DFHWLF DFLG LQ QDWD SURGXFWLRQ

LV XQQHFHVVDU\� 4XDOLW\ DQG 7KH KLJKHVW DPRXQW RI QDWD LV SURGXFHG RQ FRFRQXW

ZDWHU PHGLXP KDYLQJ S+ ��� >�@� %HVLGHV VRDNHG VR\EHDQ ZDWHU LV DOVR DQ RXWFDVW

ZKRVH H[LVWHQFH LV QRW GHVLUDEOH LQ WKH LQGXVWU\� VR WKDW LI WDNHQ� LW ZRXOG QRW DIIHFW WKH

WHPSHKPDNLQJ SURFHVV� 7KH DXWKRUV ZLOO FRQGXFW UHVHDUFK UHODWHG WR WKH SURGXFWLRQ RI

QDWD GH FRFRZLWKRXW =$ UDQJLQJ IURP DGMXYDQW IRUPXODWLRQV DQG SURGXFWLRQ SURFHVVHV�

0$7(5,$/ $1' 0(7+2'

0DWHULDOV

7KLV VWXG\ IRFXVHG RQ VXEVWLWXWLQJ =$ LQ QDWD GH FRFR PDNLQJ SURFHVV ZLWK VRDNHG

VR\EHDQ ZDWHU IURP WHPSHK PDNLQJ LQGXVWU\� 6RDNHG VR\EHDQ ZDWHU VDPSOHV ZDV

WDNHQ IURP 7HPSHK .ZHQL ,QGXVWU\� %DQWXO� <RJ\DNDUWD� &RFRQXW ZDWHU REWDLQHG IURP

WUDGLWLRQDO PDUNHW DURXQG <RJ\DNDUWD�

0HWKRG

7KH SURFHVV RI PDNLQJ QDWD GH FRFR ZLWKRXW =$ EHJLQV ZLWK WDNLQJ VRDNHG VR\EHDQ

ZDWHU VDPSOHV WHPSHK LQGXVWU\� ZKLFK ZLOO EH XVHG DV D VXEVWLWXWH IRU =$� 6DPSOHV

DUH WKHQ DQDO\]HG IRU OHYHOV RI QLWURJHQ LQ WKH ODERUDWRU\� $IWHU REWDLQHG WKH OHYHOV RI

QLWURJHQ� WKH UHVXOW ZDV FRPSDUHG ZLWK WKH DPRXQW RI =$ DGGHG WR PDNH D UHJXODU
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IHUPHQWDWLRQ RI QDWD GH FRFR� 9DULRXV FRQFHQWUDWLRQV RI VRDNHG VR\EHDQ ZDWHU DUH

FRQGXFWHG DQG WKHQ WHVWHG LQ WKH ODERUDWRU\ LQ RUGHU WR JHW WKH ULJKW DPRXQW RI KRZ

PXFK VRDNHG VR\EHDQ ZDWHU QHHGV WR EH DGGHG LQ RUGHU WR IRUP WKLFN OD\HU RI QDWD GH

FRFR� DSSUR[LPDWHO\ � FP WKLFNQHVV� )HUPHQWDWLRQ SHULRG DUH OLPLWHG WR WKH SHULRG RI

UHJXODU IHUPHQWDWLRQ RI QDWD XVLQJ =$ E\ ��� GD\V�

7KH QH[W DFWLYLW\ LV WKH SURGXFWLRQ RI QDWD GH FRFR ZLWKRXW =$� ,Q JHQHUDO� WKH VWDJH

RI PDNLQJ QDWD GH FRFR ZLWKRXW =$ HTXDO WR WKH VWDJH RI PDNLQJ QDWD GH FRFR� 7KH

SURFHVV EHJLQV ZLWK WKH PDWHULDO SUHSDUDWLRQ� 1H[W� WKH FRFRQXW ZDWHU �OWHUHG IURP

GLUW� DQG WKH VXJDU DQG VRDNHG VR\EHDQ ZDWHU DUH DGGHG WR WKH FRFRQXW ZDWHU� 7KH

PL[WXUH WKHQ JHW VWLUUHG DQG ERLOHG� DQG DIWHU LW LV ERLOHG WKHQ WKH PL[WXUH ZHUH SRXUHG

LQWR WUD\V DQG WKHQ VHDOHG ZLWK SDSHU DQG UXEEHU EDQG� 7KH WUD\ WKHQ FRROHG IRU ��

KRXUV� DQG WKH VWDUWHU ZHUH DGGHG� $IWHU WKH VWDUWHU ZDV DGGHG� WKH WUD\ DUH FORVHG

DJDLQ DQG IHUPHQWHG IRU ���� GD\V�

%DVHG RQ ODERUDWRU\ WHVW UHVXOWV� WKHUH LV WKH FRQWHQW RI QLWURJHQ LQ WKH VRDNHG

VR\EHDQ ZDWHU IURP 7HPSH .ZHQL� %DQWXO �� PJ � ��� PO� RU D WRWDO RI ������ :LWK

WKHVH UHVXOWV LW LV DVVXPHG WKDW QLWURJHQ UHTXLUHPHQWV DUH HTXLYDOHQW WR WKH DGGLWLRQ RI

� JUDPV�OLWHU RI =$ RQ QDWD GH FRFR LV DV PXFK DV DERXW ��� RI VRDNHG VR\EHDQ ZDWHU�

7KURXJK WKHVH DVVXPSWLRQV� D SUHOLPLQDU\ VWXG\ RQ WKH FKDUDFWHULVWLFV RI QDWD GH FRFR

ZLWKRXW =$ ZDV GRQH� E\ XVLQJ VRPH YDULDWLRQ RI WKH FRQFHQWUDWLRQ RI VRDNHG VR\EHDQ

ZDWHU� FRFRQXW ZDWHU� ZKLFK LV ������ ������ ������ ����� DQG ������ 7KH DGGLWLRQ RI

VXJDU LV DVVXPLQJ QHHGV DV PXFK DV � JUDPV RI VXJDU SHU OLWHU RI FRFRQXW ZDWHU� 7KH

EHVW IRUPXODWLRQ IRU WKLV H[SHULPHQW ZDV FRQFOXGHG IURP VWDWLVWLFDO FDOFXODWLRQ XVLQJ

7XNH\�V 7HVW� 7KLV IRUPXODWLRQ ODWHU DQDO\]HG ZLWK VHQVRU\ WHVW�

7KH VHQVRU\ HYDOXDWLRQ FRQGXFWHG E\ SUHIHUHQFH�DFFHSWDQFH WHVW� XVLQJ �� SHUVRQV

DV D SDQHOV� ZKRP DOO ZHUH FDWHJRUL]HG DV XQWUDLQHG SDQHOV� ,Q WKLV WHVW� WKH SDQHOV

ZRXOG KDYH WR JLYH WKHLU SHUVRQDO SUHIHUHQFHV DERXW WKH JLYHQ�VDPSOHV� 7KHLU SUHIHU�

HQFHV ZLOO EH GHOLYHUHG LQ WKH IRUP RI VFDOH LQVLGH WKH TXHVWLRQQDLUH� XVLQJ WKH /LNHUW

VFDOH � WR �� VFDOH � UHSUHVHQWLQJ H[WUHPHO\ GLVOLNH DQG VFDOH � UHSUHVHQWLQJ H[WUHPHO\

OLNH�

5(68/7 $1' ',6&866,21

3URGXFWLRQ RI QDWD GH FRFR ZLWKRXW =$ FRQGXFWHG E\ � YDULDWLRQV �VDPSOH $�%�&�'�(�

DQG � FRQWURO �=$�� DQG � UHSHWLWLRQV RQ HDFK YDULDWLRQV� DQG � GD\V RI IHUPHQWDWLRQ

WKH UHVXOWV DUH DV IROORZV LQ 7DEOH ��
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7ÔÕßØ �� (YDOXDWLRQV RI QDWD GH FRFR ZLWKRXW =$ SURGXFWLRQ�

9DULDWLRQV /D\HU�V WKLFNQHVV �FP� $YJ

, ,, ,,, ,9 9 9,

$ ����� ���� ���� ���� ���� ���� ���� ����

% ����� ���� ���� ���� ��� ���� ���� ����

& ����� ��� ���� ���� ���� ���� ��� ����

' ����� ��� �������� ��� �������������

( ����� �������� ��� ���� ���� ���� ����

=$ � ���� � ���� ���� ��� ����

  
(a)         (b) 

)LJXUH �� 1DWD GH FRFR ZLWKRXW =$ DIWHU WKH IHUPHQWDWLRQ SURFHVV� �D� ��� RI VRDNHG VR\EHDQ ZDWHU� �E�
��� RI VRDNHG VR\EHDQ ZDWHU�

)URP WKH WDEOH DERYH� VWDWLVWLFDO FDOFXODWLRQ LV GRQH XVLQJ WKH 7XNH\�V WHVW� )URP WKH

WHVW UHVXOWV LW FDQ EH FRQFOXGHG WKDW WKH EHVW FRQFHQWUDWLRQ IRU VRDNHG VR\EHDQ ZDWHU

DUH RQ YDULDWLRQ %� ZKLFK LV ��� RI VRDNHG VR\EHDQ ZDWHU DQG YDULDWLRQ &� ZKLFK LV

��� RI VRDNHG VR\EHDQ ZDWHU� 7KH QDWD IRUPDWLRQ DV VHHQ RQ )LJXUH ��

7KHUH DUH QR VRDNLQJ VR\EHDQ ZDWHU UHPDLQ DIWHU � GD\V RI IHUPHQWDWLRQ� ZKLFK

PHDQ WKLV IHUPHQWDWLRQ KDV D SRWHQWLDO EHQH�W WR UHGXFH YROXPHWULF DPRXQW RI ZDVWH

GHULYHG IURP VRDNHG VR\EHDQ ZDWHU LQ WHPSHK LQGXVWU\�

7KH QH[W VWHS LV WR VHH ZKHWKHU WKH SXEOLF FDQ UHFHLYH QDWD GH FRFR ZLWKRXW =$ DQG

WR VHH LI WKHUH DUH DQ\ GLIIHUHQFH RI FKDUDFWHULVWLFV RI QDWD GH FRFR XVLQJ =$ DQGZLWKRXW

=$ XVLQJ D VHQVRU\ WHVW� 7KH QDWD FKDUDFWHULVWLFVPHQWLRQHG RQ WKH TXHVWLRQQDLUHZLOO EH

EDVHG RQ 61, ������������� VXFK DV FRORU� VPHOO �DURPD�� WH[WXUH DQG �DYRU� 6DPSOHV

IRU VHQVRU\ WHVW FRQVLVWLQJ RI � VDPSOHV $� % DQG &� ZKHUH WKH VDPSOH $ LV QDWD GH FRFR

ZLWK WKH DGGLWLRQ RI =$� WKH VDPSOH % LV QDWD GH FRFR IHUPHQWHG ZLWK ��� RI VRDNHG
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7ÔÕßØ �� 6HQVRU\ HYDOXDWLRQ UHVXOW�

&KDUDFWHULVWLF &RQFHSW

$ % &

0HDQ0HGLDQ0HDQ0HGLDQ0HDQ0HGLDQ

� &RORU ��� � ��� � ��� �

� $URPD ��� � ��� � ��� �

� 7H[WXUH ��� � ��� � ��� �

� )ODYRU ��� � ��� � ��� �

)LJXUH �� &RPSDULVRQ RI WKH UHVXOWV RI WKH VHQVRU\ WHVW IRU WKH GDWD PHDQ EHWZHHQ FRQFHSWV $ DQG %�

VR\EHDQ ZDWHU DQG VDPSOH & LV QDWD GH FRFR IHUPHQWHG ZLWK ��� RI VRDNHG VR\EHDQ

ZDWHU�

7KH UHVXOWV RI WKH VHQVRU\ HYDOXDWLRQ RQ WKRVH FKDUDFWHULVWLFV ZHUH GHVFULEHG LQ

PHDQ DQG PHGLDQ GDWD RQ 7DEOH ��

$FFRUGLQJ WR WKH WDEOH DERYH� FRQFHSW $ �QDWD GH FRFR XVLQJ =$� DQG FRQFHSW % �QDWD

GH FRFR XVLQJ VRDNHG VR\EHDQ ZDWHU ���� VKRZHG WKH KLJKHVW SUHIHUHQFHV� 7KHVH �

VDPSOHV WKHQ FRPSDUHG XVLQJ QRQ SDUDPHWULF WHVW �XVLQJ 0DQQ�:KLWQH\�� EHFDXVH WKH

GDWD GLVWULEXWLRQ ZDV DEQRUPDO� 7KHUHIRUH� WKH 0DQQ�:KLWQH\ PHWKRG ZDV XVHG IRU

FRPSDULQJ FRQFHSW $ DQG % RQO\�

)URP WKH VWDWLVWLFDO GDWD SURFHVVLQJ� LW FDQ EH VHHQ WKDW WKHUH LV D VLJQL�FDQW

GLIIHUHQFH EHWZHHQ WKH FRQFHSW RI $ DQG % RQ WKH FKDUDFWHULVWLFV RI FRORU� DQG WKHUH

LV QR VLJQL�FDQW GLIIHUHQW EHWZHHQ WKH FRQFHSW RI $ DQG % RQ WKH FKDUDFWHULVWLFV
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RI DURPD� WH[WXUH DQG �DYRU� 'DWD PHDQ IURP VHQVRU\ DQDO\VLV DV VHHQ RQ )LJXUH

��

7KH UHVXOWV WKHQ FDOFXODWHG XVLQJ 0DQQ�:KLWQH\ PHWKRGV� 7KH UHVXOWV LV QDWD GH

FRFR ZLWKRXW =$ ��� FRFRQXW ZDWHU LV EHWWHU IURP WKH RWKHU FRQFHSWV ZKHWKHU LQ

�DYRU� DURPD� DQG WH[WXUH�

&21&/86,21

7KH EHVW IRUPXODWLRQ IRU QDWD GH FRFR ZLWKRXW =$ PDNLQJ SURFHVV LV E\ DGGLQJ VRDNHG

VR\EHDQ ZDWHU LQ WKH FRQFHQWUDWLRQ RI ���� VXJDU � JUDPV� OLWUH PL[WXUH� 7KH WHVW

UHVXOWV VKRZHG WKDW QDWD GH FRFR ZLWKRXW =$ LV DEOH WR PHHW WKH VHQVRU\ FULWHULD

�EHWWHU WKDW QDWD GH FRFR ZLWK =$�� 7KH FKDUDFWHULVWLFV RI QDWD GH FRFR ZLWKRXW =$ DUH

DV IROORZV� DIWHU � GD\V RI IHUPHQWDWLRQ KDV ��� WR ��� OD\HU WKLFNQHVV� S+ ��� �DFLGLF��

DFFRUGLQJ WR VHQVRU\ WHVW UHVXOWV �DURPD� WH[WXUH DQG �DYRU� QDWD GH FRFR ZLWKRXW =$

KDG EHWWHU UHVSRQVH FRPSDUHG WR QDWD GH FRFR ZLWK =$�

5HIHUHQFHV

>�@ $ODEDQ� &�$� ����� 6WXGLHV 2Q 7KH 2SWLPXP &RQGLWLRQV IRU 1DWD GH &RFR %DFWHULXP

RU 1DWD )RUPDWLRQ LQ &RFRQXW :DWHU� 3KLOLSLQH[ $JULFXOWUXH� ��� ��������

>�@ 1DXIDOLQ� 5LIGD GDQ &RQGUR :LERZR� ����� 3HQDPEDKDQ 6XNURVD GDQ (NVWUDN

.HFDPEDK SDGD .XDOLWDV 1DWD GH &DVVDYD� -XUQDO 3HPEDQJXQDQ 3HGHVDDQ 9RO ,,,�

1R ,� ,661� ����������

>�@ 1XUKD\DWL� 6LWL� ����� .DMLDQ 3HQJDUXK .DGDU *XOD GDQ /DPD )HUPHQWDVL WHUKDGDS

.XDOLWDV 1DWD GH 6R\D� 'DODP -XUPDO 0DWHPDWLND� 6DLQV GDQ 7HNQRORJL� 9ROXPH ��

1RPRU �� ������

>�@ 5L]DO� +DUGL 0H\� 'HZL 0DVULD 3DQGLDQJDQ GDQ $EGXOODK 6DOHK� ����� 3HQJDUXK

3HQDPEDKDQ *XOD� $VDP $VHWDW GDQ :DNWX )HUPHQWDVL WHUKDGDS .XDOLWDV 1DWD GH

&RUQ� 'DODP -XUQDO 7HNQLN .LPLD 1R��� 9RO �� KDO� ������

>�@ 6XQGDUVLK GDQ <XOLDQD .XUQLDW\� ����� 3HQJDUXK :DNWX GDQ 6XKX 3HUHQGDPDQ

.HGHODL SDGD 7LQJNDW .HVHPSXUQDDQ (NVWUDNVL 3URWHLQ .HGHODL GDODP 3URVHV 3HP�

EXDWDQ 7DKX� 0DNDODK 3HQHOLWLDQ -XUXVDQ 7HNQLN .LPLD )DNXOWDV 7HNQLN 8QLYHUVLWDV

'LSRQHJRUR \HDU ����
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>�@ <XZDQWR� $GL 1XUKD\DWL GDQ +HUPDZDQ� ����� 3HQJRODKDQ GDQ 3HPDQIDDWDQ

/LPEDK &DLU ,QGXVWUL 7HPSH� -XUQDO ,OPLDK 8QLYHUVLWDV 6DW\D 1HJDUD ,QGRQHVLD 9RO��

1R�� 'HFHPEHU ���� +DO �����
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