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E\ WXQLQJ RQ DXWRPDWLF VHPDQWLF PHWULFV"

&KL�NLX /2 DQG 'HNDL :8
+.867

+XPDQ /DQJXDJH 7HFKQRORJ\ &HQWHU
'HSDUWPHQW RI &RPSXWHU 6FLHQFH DQG (QJLQHHULQJ
+RQJ .RQJ 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\

^MDFNLHOR_GHNDL`#FV�XVW�KN
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(YHQ WKRXJK WKH LQIRUPDO ODQJXDJH RI VSR�
NHQ WH[W DQG ZHE IRUXP JHQUHV SUHVHQWV
JUHDW GLIILFXOWLHV IRU DXWRPDWLF VHPDQ�
WLF UROH ODEHOLQJ� ZH VKRZ WKDW VXUSULV�
LQJO\� WXQLQJ VWDWLVWLFDO PDFKLQH WUDQVOD�
WLRQ DJDLQVW WKH 65/�EDVHG REMHFWLYH IXQF�
WLRQ� 0($17� QHYHUWKHOHVV OHDGV PRUH UR�
EXVWO\ WR DGHTXDWH WUDQVODWLRQV RI WKHVH LQ�
IRUPDO JHQUHV WKDQ WXQLQJ DJDLQVW %/(8 RU
7(5� 7KH DFFXUDF\ RI DXWRPDWLF VHPDQWLF
SDUVLQJ KDV EHHQ VKRZQ WR GHJUDGH VLJQLI�
LFDQWO\ RQ LQIRUPDO JHQUHV VXFK DV VSHHFK
RU WZHHWV� FRPSDUHG WR IRUPDO JHQUHV OLNH
QHZVZLUH� ,Q VSLWH RI WKLV� KXPDQ HYDOX�
DWRUV SUHIHUUHG WUDQVODWLRQV IURP 0($17�
WXQHG V\VWHPV RYHU WKH %/(8� RU 7(5�
WXQHG RQHV E\ D VLJQLILFDQW PDUJLQ� (U�
URU DQDO\VLV LQGLFDWHV WKDW RQH RI WKH PD�
MRU VRXUFHV RI HUURUV LQ DXWRPDWLF VKDO�
ORZ VHPDQWLF SDUVLQJ RI LQIRUPDO JHQUHV LV
IDLOXUH WR LGHQWLI\ WKH VHPDQWLF IUDPH IRU
FRSXOD RU H[LVWHQWLDO VHQVHV RI ³EH´� :H
VKRZ WKDW 0($17¶V FRUUHODWLRQ ZLWK KX�
PDQ DGHTXDF\ MXGJPHQW RQ LQIRUPDO WH[W
LV LPSURYHG E\ UHFRQVWUXFWLQJ WKH PLVV�
LQJ VHPDQWLF IUDPHV IRU ³EH´� 2XU WXQ�
LQJ DSSURDFK LV LQGHSHQGHQW RI WKH WUDQVOD�
WLRQPRGHO DUFKLWHFWXUH� VR DQ\ 607PRGHO
FDQ SRWHQWLDOO\ EHQHILW IURP WKH VHPDQWLF
NQRZOHGJH LQFRUSRUDWHG WKURXJK RXU DS�
SURDFK�

� ,QWURGXFWLRQ

:H SUHVHQW WKH ILUVW NQRZQ UHVXOWV RI UREXVWO\
LPSURYLQJ WKH DGHTXDF\ RI VWDWLVWLFDO PDFKLQH
WUDQVODWLRQ �607� IRU LQIRUPDO JHQUHV E\ WXQLQJ
DJDLQVW WKH VHPDQWLF IUDPH EDVHG REMHFWLYH IXQF�
WLRQ 0($17� 8VLQJ ERWK VSRNHQ ODQJXDJH DQG

ZHE IRUXP GDWDVHWV� ZH VKRZ WKDW WXQLQJ DJDLQVW
0($17 RXWSHUIRUPV WZR 607 EDVHOLQHV WKDW IRO�
ORZ WKH FRPPRQ SUDFWLFH RI WXQLQJ DJDLQVW WKH Q�
JUDP EDVHG %/(8PHWULF RU WKH HGLW GLVWDQFH EDVHG
7(5PHWULF� :H LQYHVWLJDWH UHVXOWV DFURVV D EDWWHU\
RI DXWRPDWLF HYDOXDWLRQ PHWULFV� DV ZHOO DV VXE�
MHFWLYH KXPDQ HYDOXDWLRQ RI WUDQVODWLRQ DGHTXDF\�
6LQFH DXWRPDWLF VHPDQWLF SDUVLQJ KDV EHHQ VKRZQ
WR IDUH ZRUVH RQ LQIRUPDO JHQUHV� ZKHUH WKH UR�
EXVWQHVV RI WKH 326 WDJJLQJ DQG V\QWDFWLF SDUVLQJ
WKDW LW GHSHQGV RQ VXIIHUV� LW LV VXUSULVLQJ WKDW WXQ�
LQJ DJDLQVW D VHPDQWLF IUDPH EDVHG REMHFWLYH IXQF�
WLRQ QRQHWKHOHVV SHUIRUPV PRUH UREXVWO\ WKDQ WXQ�
LQJ DJDLQVW QRQ�VHPDQWLF PHWULFV� 2XU UHVXOWV HQ�
FRXUDJLQJO\ VXJJHVW WKDW IXUWKHU LPSURYHPHQW RI
VHPDQWLF IUDPH EDVHG REMHFWLYH IXQFWLRQV IRU WUDLQ�
LQJ 607 ZLOO EH D IUXLWIXO GLUHFWLRQ IRU UDLVLQJ WKH
XWLOLW\ RIPDFKLQH WUDQVODWLRQ RQ LQIRUPDO ODQJXDJH�
DQG QRW RQO\ IRUPDO WH[W JHQUHV�

3UHYLRXV ZRUN RQ LPSURYLQJ PDFKLQH WUDQVOD�
WLRQ RI LQIRUPDO WH[W KDV PRVWO\ IRFXVHG RQ XV�
LQJ GRPDLQ DGDSWDWLRQ WHFKQLTXHV LQVWHDG RI LQFRU�
SRUDWLQJ VHPDQWLFV� EHFDXVH WKH DFFXUDF\ RI DXWR�
PDWLF VKDOORZ VHPDQWLF SDUVHUV KDV EHHQ UHSRUWHG
WR GURS E\ DURXQG ��� RQ VSHHFK GDWD �)DYUH HW
DO�� ����� DQG E\ PRUH WKDQ ��� RQ ZHE GDWD OLNH
WZHHWV �/LX HW DO�� ������ <HW VRPHWKLQJ PRUH PXVW
EH GRQH� FRPPRQ HUURUV LQ PDFKLQH WUDQVODWLRQ RI
IRUPDO WH[W FDXVHG E\ VHPDQWLF UROH FRQIXVLRQV RI
WKH NLQG WKDW SODJXH VWDWH�RI�WKH�DUW 07 V\VWHPV
DUH HYHQ PRUH JODULQJ IRU LQIRUPDO WH[WV� 6HPDQWLF
UROH FRQIXVLRQ HUURUV LQ 607 DUH PDLQO\ WKH FRQ�
VHTXHQFH RI XVLQJ IDVW DQG FKHDS OH[LFDO Q�JUDP
EDVHG REMHFWLYH IXQFWLRQV VXFK DV %/(8 WR GULYH
GHYHORSPHQW� 'HVSLWH HQIRUFLQJ IOXHQF\� LW KDV
EHHQ HVWDEOLVKHG WKDW WKHVH PHWULFV GR QRW HQIRUFH
WUDQVODWLRQ XWLOLW\ DGHTXDWHO\ DQG RIWHQ IDLO WR SUH�
VHUYHPHDQLQJ FORVHO\ �&DOOLVRQ�%XUFK HW DO�� �����
.RHKQ DQG 0RQ]� ������
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:H UHFHQWO\ VKRZHG WKDW WKH WUDQVODWLRQ DGH�
TXDF\ IRU IRUPDO QHZV LV LPSURYHG E\ UHSODFLQJ
WKH VXUIDFH RULHQWHG PHWULFV OLNH %/(8 RU 7(5
ZLWK D VHPDQWLF REMHFWLYH IXQFWLRQ� ZKHQ WXQLQJ
WKH SDUDPHWHUV RI 07 V\VWHPV �/R HW DO�� ������
:H QRZ DVN ZKHWKHU WKH VDPH DSSURDFK RI WXQLQJ
07 V\VWHPV DJDLQVW D VHPDQWLF REMHFWLYH IXQFWLRQ
PLJKW LPSURYH WUDQVODWLRQ DGHTXDF\ HYHQ IRU LQIRU�
PDO WH[WV� GHVSLWH WKH IDFW WKDW DXWRPDWLF VHPDQ�
WLF SDUVLQJ LV NQRZQ WR EH RI ORZHU DFFXUDF\� ,I
WKH REMHFWLYH IXQFWLRQ IRU WXQLQJ 607 VXIILFLHQWO\
UHIOHFWV SUHVHUYDWLRQ RI PHDQLQJ� WKLV VKRXOG XO�
WLPDWHO\ GULYH FRQWLQXLQJ SURJUHVV WRZDUG KLJKHU
XWLOLW\� 2XU IXOO\�DXWRPDWLF� VHPDQWLF 07 HYDOX�
DWLRQ PHWULF� 0($17 �/R HW DO�� ������ PHDVXUHV
VLPLODULW\ EHWZHHQ 07 RXWSXW DQG UHIHUHQFH WUDQV�
ODWLRQV DV MXGJHG YLD VHPDQWLF IUDPHV� )RU IRU�
PDO WH[W JHQUHV� ZH KDYH VKRZQ WKDW 0($17 FRU�
UHODWHV PRUH KLJKO\ ZLWK KXPDQ DGHTXDF\ MXGJ�
PHQW WKDQ DOO RWKHU DXWRPDWLF 07 HYDOXDWLRQ PHW�
ULFV� $OWKRXJK 0($17 KDV QRW EHHQ VKRZQ WR
ZRUN ZHOO IRU LQIRUPDO ODQJXDJH JHQUHV ZKHUH LW
LV OLNHO\ WR VXIIHU IURP GHJUDGHG VHPDQWLF SDUVLQJ
DFFXUDF\� VLQFH D KLJK 0($17 VFRUH LV DOVR FRQ�
WLQJHQW RQ FRUUHFW OH[LFDO FKRLFHV DV ZHOO DV V\Q�
WDFWLF DQG VHPDQWLF VWUXFWXUHV� ZH K\SRWKHVL]H WKDW
SHUKDSV WXQLQJ DJDLQVW 0($17 ZRXOG QRQHWKH�
OHVV LPSURYH ERWK WUDQVODWLRQ DGHTXDF\ DQG IOXHQF\
HYHQ RQ VSHHFK DQG ZHE IRUXP GDWD�
7KH SURSRVHG DSSURDFK RI LQFRUSRUDWLQJ VHPDQ�

WLF VWUXFWXUHV LQWR 607 E\ WXQLQJ WKH PRGHO DJDLQVW
D VHPDQWLF IUDPH EDVHG HYDOXDWLRQ PHWULF LV LQGH�
SHQGHQW RI DVVXPSWLRQV DERXW WKH XQGHUO\LQJ WUDQV�
ODWLRQ PRGHO DUFKLWHFWXUH� 7KHUHIRUH� 07 V\VWHPV
IURP GLIIHUHQW 607 DSSURDFKHV �VXFK DV KLHUDU�
FKLFDO� SKUDVH EDVHG� RU V\QFKURQRXV�WUDQVGXFWLRQ
JUDPPDU EDVHG� RU WKRVH DSSO\LQJ RWKHU WHFKQLTXHV
IRU LQIRUPDO GDWD �VXFK DV GRPDLQ DGDSWDWLRQ IURP
IRUPDO WR LQIRUPDO WH[W� RU LQWHJUDWLRQ RI OLQJXLV�
WLF IHDWXUHV� FRXOG DOVR EHQHILW IURP WKH VHPDQWLF
LQIRUPDWLRQ LQFRUSRUDWHG WKURXJK RXU DSSURDFK�

� 5HODWHG ZRUN

5HODWLYHO\ OLWWOH ZRUN KDV EHHQ GRQH WRZDUG DG�
GUHVVLQJ WKH SUREOHP RI ELDVLQJ WKH WUDQVODWLRQ GH�
FLVLRQV RI DQ 607 V\VWHP WR SURGXFH DGHTXDWH
WUDQVODWLRQV IRU LQIRUPDO WH[W WKDW FRUUHFWO\ SUH�
VHUYH ZKR GLG ZKDW WR ZKRP� ZKHQ� ZKHUH DQG
ZK\ �3UDGKDQ HW DO�� ������ 7KHUH KDV EHHQ D UH�
FHQW VXUJH RI ZRUN DLPHG DW LQFRUSRUDWLQJ VHPDQ�

WLFV LQWR WKH 607 SLSHOLQH� KRZHYHU� QRQH DWWHPSWV
WR LPSURYH WUDQVODWLRQ TXDOLW\ RQ LQIRUPDO WH[W GXH
WR WKH GLIILFXOW\ RI VHPDQWLF SDUVLQJ� %HORZ� ZH
GHVFULEH VRPH RI WKH DWWHPSWV WR �D� LPSURYH LQIRU�
PDO WH[W WUDQVODWLRQ TXDOLW\ XVLQJ GRPDLQ DGDSWD�
WLRQ WHFKQLTXHV DQG �E� LQFRUSRUDWH VHPDQWLF UROH
ODEHOLQJ LQIRUPDWLRQ LQWR WKH 607 SLSHOLQH DQG
SUHVHQW D EULHI VXUYH\ RI HYDOXDWLRQ PHWULFV WKDW IR�
FXV RQ UHZDUGLQJ VHPDQWLFDOO\ YDOLG WUDQVODWLRQV�

��� 6HPDQWLFV LQ 607

7KHUH LV D ULVLQJ WUHQG RI ZRUN DLPHG DW LQFRUSR�
UDWLQJ VHPDQWLFV LQWR YDULRXV VWDJHV RI WKH 607
SLSHOLQH� IRU H[DPSOH� SUHSURFHVVLQJ WKH LQSXW �.R�
PDFKL HW DO�� ����� :X HW DO�� ������ WUDLQLQJ WUHH�
WR�VWULQJ 07 PRGHOV �/LX DQG *LOGHD� ����� $]L]
HW DO�� ������ WUDLQLQJ UHRUGHULQJ PRGHO �;LRQJ HW
DO�� ����� DQG UHRUGHULQJ WKH RXWSXW LQ WKH SRVWSUR�
FHVVLQJ VWDJH �:X DQG )XQJ� ������ $OO WKHVH DS�
SURDFKHV DUH RUWKRJRQDO WR WKH SUHVHQW TXHVWLRQ RI
ZKHWKHU WR WUDLQ WRZDUG D VHPDQWLF REMHFWLYH IXQF�
WLRQ� ,Q IDFW� DQ\ RI WKH DERYH PRGHOV FRXOG SRWHQ�
WLDOO\ EHQHILW IURP WKH SURSRVHG DSSURDFK�

��� $GDSWLQJ 607 IRU IRUPDO JHQUHV WR
LQIRUPDO JHQUHV

7KH PDMRU FKDOOHQJHV IRU PDFKLQH WUDQVODWLRQ LQ
WKH LQIRUPDO JHQUHV DUH ��� WKH GDWD GHPRQVWUDWHV
D ODUJH YDULHW\ RI JUDPPDU LVVXHV� VXFK DV GLV�
IOXHQFLHV� LQFRPSOHWH VHQWHQFHV DQG PLVVSHOOLQJV�
DQG ��� RQO\ VPDOO YROXPHV RI KLJK�TXDOLW\ SDU�
DOOHO WUDLQLQJ GDWD DUH DYDLODEOH �0HL DQG .LUFK�
KRII� ������ 5DR HW DO� ������ DQG :DQJ HW DO�
������ SURSRVHG WR UHPRYH GLVIOXHQF\ LQ SUHSUR�
FHVVLQJ VWDJH� %HUWROGL HW DO� ������ LQWURGXFHG
D PRGHO WR UHFRYHU WKH PLVVSHOOHG ZRUGV EHIRUH
WUDQVODWLRQ� %DQHUMHH HW DO� ������ DGGUHVVHG WKH
GDWD VSDUVLW\ SUREOHP E\ PL[LQJ GDWD IURP FRP�
SDUDEOH GRPDLQ LQWR WKH WUDLQLQJ RI ERWK WKH WUDQV�
ODWLRQ PRGHO DQG WKH ODQJXDJH PRGHO ZKHUHDV +H
DQG 'HQJ ������ SURSRVHG WR FODVVLI\ WKH WUDLQLQJ
GDWD LQWR LQ�GRPDLQ RU RXW�RI�GRPDLQ IRU WUDLQLQJ
WZR LQGHSHQGHQW WUDQVODWLRQ PRGHO DQG WKHQ FRP�
ELQH WKH WZR PRGHOV XVLQJ D V\VWHP FRPELQDWLRQ
DSSURDFK� 0HL DQG .LUFKKRII ������ LQFRUSRUDWHG
GRFXPHQW�OHYHO VHPDQWLFV� VXFK DV WRSLF RI WKH GLV�
FRXUVH� WKURXJK FRQWH[WXDO PRGHOOLQJ� $JDLQ� DOO
WKHVH DSSURDFKHV DUH RUWKRJRQDO WR RXU DSSURDFK
RI LQFRUSRUDWLQJ VHPDQWLFV LQWR 607 E\ WXQLQJ
DJDLQVW D VHPDQWLF REMHFWLYH IXQFWLRQ DQG DQ\ RI WKH
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DERYHPRGHOV FRXOG SRWHQWLDOO\ EHQHILW IURP WXQLQJ
ZLWK VHPDQWLF PHWULFV�

��� 07 HYDOXDWLRQ PHWULFV
/R HW DO� ������ VKRZHG WKDW WXQLQJ DJDLQVW

%/(8 �3DSLQHQL HW DO�� ����� RU 7(5 �6QRYHU HW
DO�� ����� GRHV QRW VXIILFLHQWO\ GULYH 607 LQWR
PDNLQJ GHFLVLRQV WR SURGXFH DGHTXDWH WUDQVOD�
WLRQV� 2WKHU VLPLODU Q�JUDP EDVHG RU HGLW GLVWDQFH
EDVHG PHWULFV� VXFK DV 1,67 �'RGGLQJWRQ� ������
0(7(25 �%DQHUMHH DQG /DYLH� ������ &'(5
�/HXVFK HW DO�� ����� DQG :(5 �1LH�HQ HW DO��
����� DOVR VXIIHU IURP WKH VDPH SUREOHP RI IDLO�
LQJ WR DGHTXDWHO\ UHIOHFW WUDQVODWLRQ XWLOLW\ DQG FRU�
UHFWO\ ELDV WUDQVODWLRQ PRGHO IRU SURGXFLQJ DGH�
TXDWH WUDQVODWLRQ�
2Q WKH RWKHU KDQG� QR ZRUN KDV EHHQ GRQH WR�

ZDUGV WXQLQJ 607 V\VWHPV DJDLQVW PRUH OLQJXLV�
WLFDOO\ PRWLYDWHG 07 HYDOXDWLRQ PHWULFV EHFDXVH
RI H[SHQVLYH UXQ WLPH FRVWV� 8/& �*LPpQH] DQG
0jUTXH]� ����� ����� LV DQ DJJUHJDWHG PHWULF
WKDW LQFRUSRUDWHV D ODUJH VHW RI OLQJXLVWLF IHDWXUHV�
LQFOXGLQJ VHYHUDO VHPDQWLF IHDWXUHV DQG VKRZV
LPSURYHG FRUUHODWLRQ ZLWK KXPDQ MXGJHPHQW RI
WUDQVODWLRQ TXDOLW\ �&DOOLVRQ�%XUFK HW DO�� �����
*LPpQH] DQG 0jUTXH]� ����� &DOOLVRQ�%XUFK HW
DO�� ����� *LPpQH] DQG 0jUTXH]� ������ /DPEHUW
HW DO� ������ WXQHG RQ48((1� D VLPSOLILHG YHUVLRQ
RI 8/&� WKDW GLVFDUGV WKH VHPDQWLF IHDWXUHV RI 8/&
DQG EDVHV RQ SXUH OH[LFDO VLPLODULW\� $OWKRXJK WXQ�
LQJ RQ 48((1 SURGXFHG VOLJKWO\ PRUH SUHIHUDEOH
WUDQVODWLRQV WKDQ VROHO\ WXQLQJ RQ %/(8� WKH PHW�
ULF GRHV QRW PDNH XVH RI DQ\ VHPDQWLF IHDWXUHV DQG
WKXV IDLOV WR H[SORLW DQ\ SRWHQWLDO JDLQV IURP WXQLQJ
WR D VHPDQWLF REMHFWLYH IXQFWLRQ� 7,1( �5LRV HW DO��
����� LV D UHFDOO�RULHQWHG PHWULF ZKLFK DLPV WR SUH�
VHUYH WKH EDVLF HYHQW VWUXFWXUH EXW RQO\ SHUIRUPV
FRPSDUDEO\ WR %/(8 DQG ZRUVH WKDQ0(7(25 RQ
FRUUHODWLRQ ZLWK KXPDQ DGHTXDF\ MXGJPHQW�
,Q FRQWUDVW� /R HW DO� ������ VKRZ WKDW D 07 V\V�

WHP WXQHG DJDLQVW 0($17 �/R HW DO�� ����� SUR�
GXFHV PRUH DGHTXDWH WUDQVODWLRQV LQ IRUPDO QHZV
JHQUH DV HYDOXDWHG ERWK TXDQWLWDWLYHO\ DQG TXDOLWD�
WLYHO\� 3UHFLVHO\� 0($17 LV FRPSXWHG DV IROORZV�

�� $SSO\ DQ DXWRPDWLF VKDOORZ VHPDQWLF SDUVHU RQ ERWK WKH
UHIHUHQFHV DQG 07 RXWSXW�

�� $SSO\PD[LPXPZHLJKWHG ELSDUWLWH PDWFKLQJ DOJRULWKP
WR DOLJQ WKH VHPDQWLF IUDPHV EHWZHHQ WKH UHIHUHQFHV DQG
07 RXWSXW E\ WKH OH[LFDO VLPLODULW\ RI WKH SUHGLFDWHV�

�� )RU HDFK SDLU RI DOLJQHG VHPDQWLF IUDPHV�

�D� &RPSXWH WKH OH[LFDO�SKUDVDO VLPLODULW\ VFRUHV WR
GHWHUPLQH WKH VLPLODULW\ RI WKH VHPDQWLF UROH
ILOOHUV�

�E� $SSO\ PD[LPXP ZHLJKWHG ELSDUWLWH PDWFKLQJ DO�
JRULWKP WR DOLJQ WKH VHPDQWLF UROH ILOOHUV EHWZHHQ
WKH UHIHUHQFH DQG 07 RXWSXW DFFRUGLQJ WR WKHLU
OH[LFDO�SKUDVDO VLPLODULW\�

�� &RPSXWH WKH ZHLJKWHG I�VFRUH RYHU WKH PDWFKLQJ UROH
ODEHOV RI WKHVH DOLJQHG SUHGLFDWHV DQG UROH ILOOHUV�

Mi,j � WRWDO � $5* M RI DOLJQHG IUDPH L LQ 07
Ri,j � WRWDO � $5* M RI DOLJQHG IUDPH L LQ 5()

Si,SUHG � VLPLODULW\ RI SUHGLFDWH LQ DOLJQHG IUDPH L
Si,j � VLPLODULW\ RI $5* M LQ DOLJQHG IUDPH L

wSUHG � ZHLJKW RI VLPLODULW\ RI SUHGLFDWHV
wj � ZHLJKW RI VLPLODULW\ RI $5* M

mi � �WRNHQV ILOOHG LQ DOLJQHG IUDPH L RI 07
WRWDO �WRNHQV LQ 07

ri � �WRNHQV ILOOHG LQ DOLJQHG IUDPH L RI 5()
WRWDO �WRNHQV LQ 5()

SUHFLVLRQ =

P
i mi

wSUHGSi,SUHG+
�

j wjSi,j

wSUHG+
�

j wjMi,jP
i mi

UHFDOO =

P
i ri

wSUHGSi,SUHG+
�

j wjSi,j

wSUHG+
�

j wjRi,jP
i ri

ZKHUH mL DQG rL DUH WKH ZHLJKWV IRU IUDPH i WKDW
HVWLPDWH WKH GHJUHH RI FRQWULEXWLRQ RI WKH IUDPH WR
WKH RYHUDOO PHDQLQJ RI WKH VHQWHQFH LQ WKH07�5()
UHVSHFWLYHO\� ML,M DQG RL,M DUH WKH WRWDO FRXQWV RI
DUJXPHQW RI W\SH j LQ IUDPH i LQ WKH 07 DQG 5()
UHVSHFWLYHO\� Si,SUHG DQG Si,j DUH WKH OH[LFDO�SKUDVDO
VLPLODULWLHV RI WKH SUHGLFDWHV DQG UROH ILOOHUV RI WKH
DUJXPHQWV RI W\SH j EHWZHHQ WKH 07 DQG 5()�
wSUHG DQG wj DUH WKH ZHLJKWV RI WKH WKH SUHGLFDWHV
DQG UROH ILOOHUV RI WKH DUJXPHQWV RI W\SH j LQ WKH07
DQG 5()� 7KHUH DUH �� ZHLJKWV IRU WKH VHW RI VHPDQ�
WLF UROH ODEHOV LQ 0($17 DV GHILQHG LQ /R DQG :X
�����E� DQG WKH\ DUH GHWHUPLQHG E\ RSWLPL]LQJ WKH
FRUUHODWLRQ ZLWK KXPDQ DGHTXDF\ MXGJPHQWV XVLQJ
JULG VHDUFK �/R DQG :X� ����D��

� 7XQLQJ 607 DJDLQVW 0($17

:H QRZ VKRZ WKDW XVLQJ 0($17 DV DQ REMHF�
WLYH IXQFWLRQ WR GULYH PLQLPXP HUURU UDWH WUDLQLQJ
�0(57� RI VWDWH�RI�WKH�DUW 07 V\VWHPV LPSURYHV
07 XWLOLW\ LQ WKH LQIRUPDO JHQUHV�
$LPLQJ DW LPSURYLQJ 607 DGHTXDF\ RI LQIRUPDO

JHQUHV� ZH VHW XS WZR H[SHULPHQWV RQ SXEOLF VSHHFK
7(' WDON GDWD DQG ZHE IRUXP GDWD� 7KH 7(' WDON
07 V\VWHP LV WUDLQHG RQ WKH ,:6/7���� &KLQHVH�
(QJOLVK SDUDOOHO 7(' WDON WUDLQLQJ GDWD FRQVLVWLQJ
RI RYHU ���N VHQWHQFHV SDLUV� 7KH GHYHORSPHQW DQG
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7DEOH �� 7UDQVODWLRQ TXDOLW\ RI 07 V\VWHP WXQHG DJDLQVW 0($17� %/(8 DQG 7(5 RQ 7(' WDON GDWD
7(' WDON %/(8 Ĺ 1,67 Ĺ 0(7(25 QRBV\Q Ĺ 0(7(25 Ĺ :(5 Ļ &'(5 Ļ 7(5 Ļ 0($17 Ĺ
%/(8�WXQHG ����� ���� ����� ����� ����� ����� ����� �����
7(5�WXQHG ���� ���� ����� ����� ����� ����� ����� �����
0($17�WXQHG ����� ���� ����� ����� ����� ����� ����� �����

7DEOH �� 7UDQVODWLRQ TXDOLW\ RI 07 V\VWHP WXQHG DJDLQVW 0($17� %/(8 DQG 7(5 RQ ZHE IRUXP GDWD
IRUXP %/(8 Ĺ 1,67 Ĺ 0(7(25 QRBV\Q Ĺ 0(7(25 Ĺ :(5 Ļ &'(5 Ļ 7(5 Ļ 0($17 Ĺ
%/(8�WXQHG ���� ���� ����� ����� ����� ����� ����� �����
7(5�WXQHG ���� ���� ����� ����� ����� ����� ����� �����
0($17�WXQHG ���� ���� ����� ����� ����� ����� ����� �����

WHVW VHWV RI WKH 7(' WDON GDWD FRQVLVW RI ��� DQG
���� VHQWHQFHV UHVSHFWLYHO\ ZLWK RQH UHIHUHQFH�
7KH ZHE IRUXP 07 V\VWHP LV WUDLQHG RQ D ODUJH
FROOHFWLRQ RI &KLQHVH�(QJOLVK /'& QHZVZLUH GDWD
ZLWK D VPDOO SRUWLRQ RI ZHE IRUXP GDWD UHOHDVHG XQ�
GHU '$53$*$/( DQG %2/7 SURMHFWV� 7KH GHYHO�
RSPHQW DQG WHVW VHWV ZHUH D KHOG�RXW VXEVHW RI WKH
'$53$%2/7 SKDVH � ZHE IRUXP GDWD ZKLFK FRQ�
VLVW RI ����� VHQWHQFHV DQG ����� VHQWHQFHV UHVSHF�
WLYHO\ ZLWK RQH UHIHUHQFH� :H H[SHULPHQWHG WZR
GLIIHUHQW 07 V\VWHPV� D 0RVHV SKUDVH EDVHG 07
V\VWHP WUDLQHG RQ WKH 7(' WDON GDWD DQG D 0RVHV
KLHUDUFKLFDO 07 V\VWHP WUDLQHG RQ WKH %2/7 ZHE
IRUXP GDWD� 7KH 7(' WDON0RVHV SKUDVH EDVHG V\V�
WHP OHYHUDJH D ��JUDP ODQJXDJH PRGHO WUDLQHG RQ
WKH (QJOLVK VLGH RI WKH SDUDOOHO WUDLQLQJ GDWD ZKLOH
WKH ZHE IRUXP0RVHV KLHUDUFKLFDO V\VWHP XVHV D ��
JUDP ODQJXDJH PRGHO WUDLQHG RQ D ODUJH YROXPH RI
PL[HG QHZVZLUH DQG ZHE IRUXP GDWD�
:H XVH =0(57 �=DLGDQ� ����� WR WXQH WKH 07

V\VWHP EHFDXVH LW LV D KLJKO\ FRPSHWLWLYH� UREXVW�
DQG UHOLDEOH LPSOHPHQWDWLRQ RI 0(57 WKDW LV DOVR
IXOO\ FRQILJXUDEOH DQG H[WHQVLEOH IRU LQFRUSRUDW�
LQJ QHZ HYDOXDWLRQ PHWULFV� ,Q WKLV H[SHULPHQW�
ZH XVH D 0($17 LPSOHPHQWDWLRQ DORQJ WKH OLQHV
GHVFULEHG LQ /R HW DO� ������ DQG 7XPXOXUX HW DO�
������ EXW ZH LQFRUSRUDWH D YDULDQW RI WKH DJJUHJD�
WLRQ IXQFWLRQ SURSRVHG LQ0LKDOFHD HW DO� ������ IRU
SKUDVDO VLPLODULW\ RI UROH ILOOHUV EHFDXVH LW QRUPDO�
L]HV WKH SKUDVH OHQJWK EHWWHU WKDQ JHRPHWULF PHDQ�

� 5HVXOWV

2I FRXUVH� WXQLQJ DJDLQVW DQ\ PHWULF ZRXOG PD[L�
PL]H WKH SHUIRUPDQFH RI WKH 607 V\VWHP RQ WKDW
SDUWLFXODU PHWULF� LW ZRXOG EH RYHUILWWLQJ� ,Q WKH
IROORZLQJ� ZH DYRLG FRPSDULQJ RQPHWULFV WRR VLP�
LODU WR WKH RQH WKDW WKH V\VWHP ZDV WXQHG RQ� 7KLV
LV EHFDXVH &HU HW DO� ������ VKRZHG WKDW WXQLQJ RQ

0(7(25� 7(5 DQG WKHLU YDULDWLRQV ZRXOG GR ZHOO
RQ PHWULFV VLPLODU WR ZKDW WKH\ ZHUH WXQHG RQ EXW
SHUIRUP SDUWLFXODUO\ SRRUO\ RQ WKH RWKHU PHWULFV�
7KHUHIRUH� LW LV OHVV PHDQLQJIXO WR HYDOXDWH D V\V�
WHP RQ PHWULFV VLPLODU WR ZKDW WKH\ ZHUH WXQHG RQ�

$ IDU PRUH ZRUWKZKLOH JRDO ZRXOG EH WR ELDV
WKH 607 V\VWHP WR SURGXFH DGHTXDWH WUDQVODWLRQV
ZKLOH DFKLHYLQJ WKH EHVW VFRUHV DFURVV DOO WKH PHW�
ULFV� ,Q DGGLWLRQ� ZH EHOLHYH D JRRG WUDQVODWLRQ LV
RQH IURP ZKLFK WKH UHDGHU FRXOG VXFFHVVIXOO\ XQ�
GHUVWDQG DW OHDVW WKH PHDQLQJ RI WKH VRXUFH VHQ�
WHQFH� LQVWHDG RI MXVW EHLQJ IOXHQW LQ WKH WDUJHW ODQ�
JXDJH� :LWK WKHVH DV RXU REMHFWLYHV� ZH SUHVHQW
WKH UHVXOWV RI FRPSDULQJ 0($17�WXQHG V\VWHPV
DJDLQVW WKH EDVHOLQH DV HYDOXDWHG RQ FRPPRQO\
XVHG DXWRPDWLF PHWULFV DQG KXPDQ MXGJHPHQW RI
DGHTXDF\�

��� &URVV�HYDOXDWLRQ XVLQJ DXWRPDWLF PHWULFV

7DEOHV � DQG � VKRZ WKDW 0($17�WXQHG V\VWHPV
DFKLHYH WKH EHVW VFRUHV DFURVV DOO RWKHU PHWULFV RQ
ERWK 7(' WDON DQG ZHE IRUXP GDWD� ZKHQ DYRLG�
LQJ WKH FRPSDULVRQ RQ PHWULFV WRR VLPLODU WR WKH
RQH WKDW WKH V\VWHP ZDV WXQHG RQ �WKH FHOOV VKDGHG
LQ JUH\ LQ WKH WDEOH�� 0(7(25 LV JURXSHG ZLWK
%/(8 DQG 1,67 EHFDXVH WKH\ DUH DOO Q�JUDP EDVHG
07 HYDOXDWLRQ PHWULFV� 2XU UHVXOWV LQGLFDWH WKDW
0($17�WXQHG V\VWHP PDLQWDLQV D EDODQFH EH�
WZHHQ OH[LFDO FKRLFHV DQG ZRUG RUGHU DV LW SHUIRUPV
ZHOO RQ Q�JUDP EDVHG PHWULFV WKDW UHZDUG FRUUHFW
OH[LFDO FKRLFHV DQG HGLW GLVWDQFH PHWULFV WKDW SH�
QDOL]H LQFRUUHFW ZRUG RUGHU� 7KLV LV QRW VXUSULVLQJ
DV D KLJK 0($17 VFRUH UHOLHV RQ D KLJK GHJUHH RI
VHPDQWLF VWUXFWXUH PDWFKLQJ� ZKLFK LV FRQWLQJHQW
XSRQ FRUUHFW OH[LFDO FKRLFHV DV ZHOO DV V\QWDFWLF
DQG VHPDQWLF VWUXFWXUHV�
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7DEOH �� 1R� RI VHQWHQFHV UDQNHG WKH PRVW DGH�
TXDWH E\ KXPDQ HYDOXDWRUV IRU HDFK V\VWHP LQ WKH
ZHE IRUXP H[SHULPHQW�

(YDO � (YDO �
%/(8�WXQHG �%� �� ��
7(5�WXQHG �7� �� ��
0($17�WXQHG �0� �� ��
% 7 � �
0 % � �
0 7 � �
0 % 7 � �

��� +XPDQ VXEMHFWLYH HYDOXDWLRQ

,Q OLQH ZLWK RXU RULJLQDO REMHFWLYH RI ELDVLQJ 607
V\VWHPV WRZDUG SURGXFLQJ DGHTXDWH WUDQVODWLRQV�
ZH FRQGXFW D PDQXDO HYDOXDWLRQ WR MXGJH WKH WUDQV�
ODWLRQ XWLOLW\ RI RXWSXWV SURGXFHG E\ 0($17��
%/(8� DQG 7(5�WXQHG V\VWHPV LQ WKH ZHE IRUXP
H[SHULPHQW� )ROORZLQJ WKH PDQXDO HYDOXDWLRQ SUR�
WRFRO RI /DPEHUW HW DO� ������� ZH UDQGRPO\ VDP�
SOHG ��� VHQWHQFHV IURP WKH07 RXWSXW RI WKH WKUHH
V\VWHPV LQ ZHE IRUXP GRPDLQ� 7KH RXWSXW RI RXU
V\VWHP DQG WKH WZR EDVHOLQHV DORQJ ZLWK WKH LQ�
SXW VHQWHQFH DQG WKH UHIHUHQFH WUDQVODWLRQ ZDV SUH�
VHQWHG WR KXPDQ HYDOXDWRUV� 7ZR HYDOXDWRUV ZHUH
LQVWUXFWHG WR FKRRVH WKH PRVW DGHTXDWH WUDQVODWLRQ
IURP WKH WKUHH 07 RXWSXW� 7KH LQWHU�HYDOXDWRU
DJUHHPHQW ZDV ����
7DEOH � LQGLFDWHV WKDW RXWSXW RI WKH 0($17�

WXQHG V\VWHP LV UDQNHG DGHTXDWH PRUH IUHTXHQWO\
FRPSDUHG WR %/(8� DQG 7(5�WXQHG EDVHOLQHV� :H
SHUIRUPHG WKH ULJKW�WDLOHG WZR SURSRUWLRQ VLJQLIL�
FDQFH WHVW RQ KXPDQ HYDOXDWLRQ RI WKH 607 V\V�
WHP RXWSXWV IRU ERWK WKH JHQUHV� 7KH 0($17�
WXQHG V\VWHP JHQHUDWHV PRUH DGHTXDWH WUDQVODWLRQV
RQ ZHE IRUXP GDWD WKDQ WKH 7(5�WXQHG V\VWHP DW
WKH ��� VLJQLILFDQFH OHYHO� 7KH 0($17�WXQHG
V\VWHP LV UDQNHG PRUH DGHTXDWH WKDQ WKH %/(8�
WXQHG V\VWHP DW WKH ��� VLJQLILFDQFH OHYHO� 7KH
KLJK LQWHU�HYDOXDWRU DJUHHPHQW DQG WKH VLJQLILFDQFH
WHVWV FRQILUP WKDW 0($17�WXQHG V\VWHP LV EHW�
WHU DW SURGXFLQJ DGHTXDWH WUDQVODWLRQV FRPSDUHG WR
%/(8 RU 7(5�WXQHG V\VWHPV�
$OWKRXJK RQH PLJKW H[SHFW DQ 65/ GHSHQGHQW

PHWULF VXFK DV 0($17 WR SHUIRUP SRRUO\ RQ WKH
GRPDLQ RI LQIRUPDO WH[W� LW QRQHWKHOHVV VLJQLIL�
FDQWO\ RXWSHUIRUPV WKH EDVHOLQHV DW WKH WDVN RI JHQ�
HUDWLQJ DGHTXDWH RXWSXW� 7KLV LQGLFDWHV WKDW WKH
GHVLJQ RI WKH 0($17 HYDOXDWLRQ PHWULF LV UREXVW
HQRXJK WR WXQH DQ 607 V\VWHP WRZDUG DGHTXDWH

RXWSXW RQ LQIRUPDO WH[W GRPDLQV GHVSLWH WKH VKRUW�
FRPLQJV RI DXWRPDWLF VKDOORZ VHPDQWLF SDUVLQJ�

� (UURU DQDO\VLV

7R EHWWHU XQGHUVWDQG ZK\ WKH 0($17�WXQHG 07
V\VWHP VWLOO DEOH WR RXWSHUIRUP WKH %/(8� DQG WKH
7(5�WXQHG V\VWHP GHVSLWH UHSRUWV SRLQWLQJ RXW WKH
GHILFLHQF\ RI DXWRPDWLF VHPDQWLF SDUVHU RQ LQIRU�
PDO WH[W GDWD� ZH FRQGXFW D WKRURXJK HUURU DQDO\�
VLV� :H VSHFLILFDOO\ ORRN LQWR FDVHV ZKHQ WKH DX�
WRPDWLF VKDOORZ VHPDQWLF SDUVHU IDLOV WR FRQVWUXFW
D SDUVH IURP WKH VHQWHQFH� %HVLGHV DQDO\VLQJ WKH
GHYHORSPHQW DQG WKH WHVW VHW RI WKH WZR SUHYLRXV
PHQWLRQHG H[SHULPHQWV� ZH DOVR ORRN IRU WKH VDPH
SKHQRPHQRQ LQ WKH 0HWULFV0D7U ���� EURDGFDVW
QHZV GDWD VHW WR HQVXUH D PRUH UHOLDEOH UHVXOW IURP
WKH HUURU DQDO\VLV�
7DEOH � VKRZV WKDW RYHU ��� RI WKH VHQWHQFHV LQ

WKH 7(' WDON GHPRQVWUDWH QR VHPDQWLF SDUVH DQG
RQ DYHUDJH RYHU �� RI WKH VHQWHQFHV LQ WKH ZHE IR�
UXP GDWD VHW KDV QR VHPDQWLF SDUVH� 7KH IDLOXUH RI
WKH DXWRPDWLF VHPDQWLF SDUVHU WR SURYLGH DQ\ SDUVH
IRU 0($17 WR VFRUH WKH VHQWHQFH ZRXOG UHVXOW LQ D
]HUR 0($17 VFRUH RQ WKRVH VHQWHQFHV� :H IXUWKHU
LQYHVWLJDWH LQWR WKH FDVHV ZKHQ WKH DXWRPDWLF VH�
PDQWLF SDUVHU IDLOV WR LGHQWLI\ DQ\ VHPDQWLF IUDPHV
LQ WKH VHQWHQFHV VR DV WR XQGHUVWDQG KRZ WR LQFRU�
SRUDWH VHPDQWLF LQIRUPDWLRQ LQ WKRVH FDVHV�

��� )DLOXUH WR ODEHO WKH ³EH´ VHPDQWLF IUDPHV
6XUSULVLQJO\� 7DEOH � VKRZV WKDW WKH IDLOXUH RI DX�
WRPDWLF VHPDQWLF SDUVLQJ RQ LGHQWLI\LQJ VHPDQ�
WLF IUDPHV GLG QRW UHVXOW IURP WKH XQJUDPPDWLFDO
VHQWHQFHV LQ WKH LQIRUPDO GDWD� ,QVWHDG� WKH PD�
MRU VRXUFH RI HUURUV LQ DXWRPDWLF VKDOORZ VHPDQWLF
SDUVLQJ RI LQIRUPDO JHQUHV LV IDLOXUH WR LGHQWLI\ WKH
VHPDQWLF IUDPH IRU FRSXOD RU H[LVWHQWLDO VHQVHV RI
³EH´ LQ SHUIHFWO\ JUDPPDWLFDO VHQWHQFHV� 7KH IRO�
ORZLQJ LV WKH 3URSEDQN �3DOPHU HW DO�� ����� IUDPH�
VHWV GHILQLWLRQ RI WKH SUHGLFDWH ³EH´�

5ROHVHW EH���� FRSXOD
5ROHV� $5*��WRSLF� $5*��FRPPHQW

5ROHVHW EH���� H[LVWHQWLDO
5ROHV� $5*��WKLQJ WKDW LV

5ROHVHW EH���� DX[LOLDU\
5ROHV� GR QRW WDJ

7KH IROORZLQJ DUH WKH H[DPSOHV IURP WKH 7(' WDON
DQG WKH ZHE IRUXP GDWD VKRZLQJ WKH XVDJH RI WKH
WKUHH VHQVHV RI ³EH´�
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7DEOH �� 1XPEHU RI VHQWHQFHV ZLWK QR DXWRPDWLF VHPDQWLF SDUVLQJ RXWSXW LQ HDFK GDWD VHW
GDWDVHW JHQUH �VHQWHQFHV �QR VHPDQWLF SDUVH �QR VHPDQWLF SDUVH
7('�GHY SXEOLF WDON ��� ��� ������
7('�WHVW SXEOLF WDON ���� ��� ������
%2/7 3��GHY IRUXP ���� ��� ������
%2/7 3��WHVW IRUXP ���� ��� �����
0HWULFV0D7U �� EURDGFDVW QHZV ��� � �����

7DEOH �� 'HWDLOHG EUHDNGRZQ RI WKH VHQWHQFHVZLWK QR VHPDQWLF IUDPH LGHQWLILHG E\ WKH DXWRPDWLF VHPDQWLF
SDUVHU� ��³EH´ LV WKH QXPEHU RI VHQWHQFHV WKDW KDV DW OHDVW RQH JUDPPDWLFDO DQG YDOLG VHPDQWLF IUDPH RI
WKH FRSXOD RU H[LVWHQWLDO VHQVH RI ³EH´� �QR YHUE � ��� DQG �QR YHUE �> ��� DUH WKH QXPEHU RI VHQWHQFHV
WKDW KDV QR YHUE LQ WKH VHQWHQFH ZLWK WKH VHQWHQFH OHQJWK LV ³OHVV WKDQ RU HTXDO WR ��´ RU ³JUHDWHU WKDQ ��´
UHVSHFWLYHO\� �RWKHU LV WKH QXPEHU RI VHQWHQFHV WKDW GR QRW IDOO LQWR DQ\ RI WKH SUHYLRXV FDWHJRULHV��

GDWDVHW JHQUH �QR SDUVH �³EH´ �QR YHUE ����� �QR YHUE �> ��� �RWKHUV
7('�GHY SXEOLF WDON ��� ��� �� � �
7('�WHVW SXEOLF WDON ��� ��� �� � �
%2/7 3��GHY IRUXP ��� ��� �� � �
%2/7 3��WHVW IRUXP ��� �� � � ��
0HWULFV0D7U �� EURDGFDVW QHZV � � � � �

([DPSOH ��� �FRSXOD�
$ ODQJXDJH LV D IODVK RI WKH KXPDQ VSLULW �

([DPSOH ��� �H[LVWHQWLDO�
7KHUH LV QR IHHG �

([DPSOH ��� �DX[LOLDU\� >$5*� 7KH VXQ@ LV
>35(' ULVLQJ@ �

,Q ([DPSOH ��� DQG ([DPSOH ���� WKH DXWRPDWLF VH�
PDQWLF SDUVHU IDLOV WR LGHQWLI\ WKH YHUE ³EH´ DV WKH
SUHGLFDWH DQG WKXV IDLOV WR FRQVWUXFW WKH FRUUHVSRQG�
LQJ VHPDQWLF IUDPH� ,Q ([DPSOH ���� WKH SUHGL�
FDWH ³ULVLQJ´ LV FRUUHFWO\ LGHQWLILHG DQG WKH DX[LO�
LDU\ VHQVH RI ³EH´ LV QRW WDJJHG IROORZLQJ WKH 3URS�
EDQN IUDPHVHW GHILQLWLRQ�
:H EHOLHYH WKDW WKH IDLOXUH LV GXH WR WKH GLIIHU�

HQFHV LQ ODQJXDJH XVDJH EHWZHHQ IRUPDO DQG LQ�
IRUPDO JHQUHV� ,Q IRUPDO WH[W JHQUHV �L�H� ZKLFK
WKH DXWRPDWLF VHPDQWLF SDUVHU LV WUDLQHG RQ�� ³EH´
LV DOZD\V XVHG DV DX[LOLDU\ YHUE WRJHWKHU ZLWK WKH
SUHVHQW RU SDVW SDUWLFLSOH WR UHDOL]H GLIIHUHQW WHQVH
RU YRLFH LQ JUDPPDU� 6LQFH 3URSEDQN GHFODUHV WKDW
WKH DX[LOLDU\ VHQVH RI ³EH´ VKRXOG QRW EH ODEHOHG�
WKH DXWRPDWLF VHPDQWLF SDUVHU LV ELDVHG KHDYLO\ QRW
WR ODEHO ³EH´ DV WKH SUHGLFDWH� +RZHYHU� DV ZH FDQ
VHH LQ 7DEOH �� XS WR ��� RI WKH VHQWHQFHV LQ LQIRU�
PDO JHQUHV DUH KDYLQJ WKH FRSXOD RU WKH H[LVWHQWLDO
VHQVH RI ³EH´ DV WKH SUHGLFDWH�
$SDUW IURP WKH SUREOHP RI ³EH´� DQRWKHU FRP�

PRQ VLWXDWLRQ IRU DXWRPDWLF SDUVHU IDLOV WR LGHQWLI\
VHPDQWLF IUDPHV LQ LQIRUPDO WH[W GDWD LV WKDW WKHUH LV

QR SUHGLFDWH YHUE DW DOO LQ WKH VHQWHQFH� :H EUHDN�
GRZQ WKH VWDWLVWLFV RI VHQWHQFHV ZLWK QR VHPDQWLF
IUDPH DFFRUGLQJ WR WKH VHQWHQFH OHQJWK DQG ILQG WKDW
PRVW RI WKHVH VHQWHQFHV DUH VKRUW SKUDVHV ZLWK OHVV
WKDQ �� ZRUGV� )RU WKHVH FDVHV� IURP H[SHULPHQWV
RQ VLPLODU SKHQRPHQD� ZH REVHUYHG WKDW XVLQJ WKH
SKUDVDO VLPLODULW\ IXQFWLRQ IRU WKH UROH ILOOHUV LQ
0($17 ZDV VWLOO EHWWHU WKDQ %/(8 RU RWKHU Q�
JUDP EDVHG PHWULFV IRU HYDOXDWLQJ WUDQVODWLRQ DG�
HTXDF\ DW VHQWHQFH�OHYHO� EHFDXVH RQO\ YHU\ UDUHO\
GR WKHVH VHQWHQFHV KDYH VXIILFLHQW Q�JUDP FRXQWV
IRU WKH PHWULFV WR DFFXUDWHO\ GLIIHUHQWLDWH WUDQVOD�
WLRQ TXDOLW\� 7KH IROORZLQJ DUH WKH H[DPSOHV RI WKH
QR�YHUE VHQWHQFHV IURP WKH 7(' WDON DQG WKH ZHE
IRUXP GDWD�

([DPSOH ��� �QR YHUE� VHQWHQFH OHQJWK���
���� 6XPPHU 'DYRV )RUXP

([DPSOH ��� �QR YHUE� VHQWHQFH OHQJWK>���
$ SKRWR RI :DQJ /HL � FRXQVHORU IRU WKH $UWV
'HSDUWPHQW ���� � +HQDQ 8QLYHUVLW\

��� 5HFRQVWUXFWLQJ WKH IUDPHV RI ³EH´
7KH UHVXOWV RI WKH HUURU DQDO\VLV KDYH OHDG WR DQ�
RWKHU LQWHUHVWLQJ UHVHDUFK TXHVWLRQ� LV LW SRVVLEOH WR
IXUWKHU LPSURYH WKH SHUIRUPDQFH RI WKH 0($17�
WXQHG 607 V\VWHP E\ UHFRQVWUXFW WKH PLVVLQJ VH�
PDQWLF IUDPHV RI ³EH´ FRUUHFWO\" :H PDQXDOO\
UHFRQVWUXFW WKH PLVVLQJ VHPDQWLF IUDPHV RI ³EH´
LQ WKH 0HWULFV0D7U ���� GDWD VHW� :H FRPSXWH
WKH 0($17 VFRUHV RI WKH WKUHH V\VWHP RXWSXWV LQ
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WKH 0HWULFV0D7U GDWD VHW DQG FRUUHODWH WKH VFRUHV
DJDLQVW WKH DGHTXDF\ MXGJPHQWV DV SURYLGHG LQ WKH
0HWULFV0D7U ���� GDWD VHW�
:LWK WKH UHFRQVWUXFWHG VHPDQWLF IUDPHV RI ³EH´�

WKH FRUUHODWLRQ RI 0($17 ZLWK KXPDQ DGHTXDF\
MXGJPHQW RQ 0HWULFV0D7U ���� EURDGFDVW QHZV
GDWD VHW LPSURYHV IURP ����� WR ������ 7KHVH UH�
VXOWV VXJJHVW WKDW FRUUHFWO\ UHFRQVWUXFWLQJ WKH PLVV�
LQJ VHPDQWLF IUDPHV RI ³EH´ ZRXOG SRVVLEO\ VHUYH
DV D IXWXUH EDVLV IRU IXUWKHU LPSURYHPHQWV WKH WUDQV�
ODWLRQ TXDOLW\ IRU LQIRUPDO WH[W�

� &RQFOXVLRQ

:H KDYH SUHVHQWHG WKH ILUVW HYHU UHVXOWV WR GHPRQ�
VWUDWH WKDW HYHQ IRU LQIRUPDO ODQJXDJH JHQUHV� WXQ�
LQJ DQ 607 V\VWHP DJDLQVW 0($17 UREXVWO\
SURGXFHV PRUH DGHTXDWH WUDQVODWLRQ WKDQ WXQLQJ
DJDLQVW %/(8 RU 7(5� DV PHDVXUHG DFURVV D EDW�
WHU\ RI FRPPRQO\ XVHG DXWRPDWHG PHWULFV� DV ZHOO
DV YLD KXPDQ VXEMHFWLYH HYDOXDWLRQ� 6XUSULVLQJO\�
WXQLQJ DJDLQVW 0($17 VXFFHHGV LQ SURGXFLQJ DG�
HTXDWH RXWSXW VLJQLILFDQWO\ PRUH IUHTXHQWO\ HYHQ
WKRXJK LW GHSHQGV RQ DXWRPDWLF VHPDQWLF SDUVHV
ZKLFK DUH QRWRULRXVO\ KDUG WR ILQG LQ WKHVH LQIRUPDO
JHQUHV� :H DUJXH WKDW E\ UHZDUGLQJ SUHVHUYDWLRQ
RI HYHQ D SRUWLRQ RI WKH PHDQLQJ RI WKH WUDQVODWLRQV
DV FDSWXUHG E\ VHPDQWLF IUDPHV GXULQJ WKH WUDLQ�
LQJ SURFHVV� WKH JDLQV IURP FRQVWUDLQLQJ WKH 607
V\VWHP WR PDNH PRUH DFFXUDWH OH[LFDO FKRLFHV DQG
UHRUGHULQJ RXWZHLJK WKH ORVVHV IURP IUDJLOH DXWR�
PDWLF 65/ RQ LQIRUPDO ODQJXDJH�
:H EHOLHYH WKDW WXQLQJ RQ 0($17 ZLOO SURYH

HTXDOO\ XVHIXO IRU 607 V\VWHPV EDVHG RQ DQ\ DU�
FKLWHFWXUH� SDUWLFXODUO\ ZKHUH WKH PRGHO GRHV QRW
RWKHUZLVH LQFRUSRUDWH VHPDQWLF LQIRUPDWLRQ WR LP�
SURYH WKH DGHTXDF\ RI WKH WUDQVODWLRQV SURGXFHG�
2XU HQFRXUDJLQJ UHVXOWV HYHQ RQ LQIRUPDO ODQJXDJH
VXJJHVW WKDW XVLQJ 0($17�OLNH REMHFWLYH IXQF�
WLRQV WR WXQH 607 ZRXOG GULYH VXVWDLQDEOH GH�
YHORSPHQW RI 07 WRZDUG KLJKHU XWLOLW\� )XWXUH
ZRUN RI WKLV OLQH RI UHVHDUFK LQFOXGHV XVLQJ PRUH
VWDEOH DQG HIILFLHQW RSWLPL]DWLRQ WHFKQLTXHV� VXFK
DV 0,5$ RU 352� WR WXQH 07 V\VWHPV DJDLQVW
0($17� DQG WXQLQJ 07 V\VWHPV IRU RWKHU ODQ�
JXDJH SDLUV DJDLQVW 0($17�

$FNQRZOHGJPHQW
7KLV PDWHULDO LV EDVHG XSRQ ZRUN VXSSRUWHG LQ SDUW E\ WKH 'H�
IHQVH $GYDQFHG 5HVHDUFK 3URMHFWV $JHQF\ �'$53$� XQGHU
%2/7 FRQWUDFW QR� +5��������&������ DQG *$/( FRQWUDFW

QRV� +5��������&����� DQG +5��������&������ E\ WKH (X�
URSHDQ 8QLRQ XQGHU WKH )3� JUDQW DJUHHPHQW QR� ������� DQG
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JUDQWV *5)������� *5)������� DQG*5)������� $Q\ RSLQ�
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3UDW\XVK %DQHUMHH� 6XGLS .XPDU 1DVNDU� -RKDQQ 5RWXULHU�
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�����
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FKLQH 7UDQVODWLRQ �:07����� SDJHV ���±���� �����

0DPRUX .RPDFKL� <XML 0DWVXPRWR� DQG 0DVDDNL 1DJDWD�
3KUDVH UHRUGHULQJ IRU VWDWLVWLFDO PDFKLQH WUDQVODWLRQ EDVHG
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LQ WKH $PHULFDV �$07$����� SDJHV ���±���� &DPEULGJH�
0DVVDFKXVHWWV� $XJXVW �����

$QDQG .DUWKLN 7XPXOXUX� &KL�NLX /R� DQG 'HNDL :X� $FFX�
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DQG 0DVDDNL 1DJDWD� ([WUDFWLQJ SUHRUGHULQJ UXOHV IURP
SUHGLFDWH�DUJXPHQW VWUXFWXUHV� ,Q 3URFHHGLQJV RI WKH �WK
,QWHUQDWLRQDO -RLQW &RQIHUHQFH RQ 1DWXUDO /DQJXDJH 3UR�
FHVVLQJ �,-&1/3����� �����

'H\L ;LRQJ� 0LQ =KDQJ� DQG+DL]KRX /L� 0RGHOLQJ WKH 7UDQV�
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JXLVWLFV� �����±��� �����
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