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5HVFRULQJ D 3KUDVH�EDVHG 0DFKLQH 7UDQVOLWHUDWLRQ 6\VWHP ZLWK 5HFXUUHQW
1HXUDO 1HWZRUN /DQJXDJH 0RGHOV
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7KH V\VWHP HQWHUHG LQWR WKLV \HDU¶V VKDUHG
WUDQVOLWHUDWLRQ HYDOXDWLRQ LV LPSOHPHQWHG
ZLWKLQ D SKUDVH�EDVHG VWDWLVWLFDO PDFKLQH
WUDQVOLWHUDWLRQ �607� IUDPHZRUN� 7KH V\VWHP
LV EDVHG RQ D MRLQW VRXUFH�FKDQQHO PRGHO LQ
FRPELQDWLRQ ZLWK D WDUJHW ODQJXDJH PRGHO DQG
PRGHOV WR FRQWURO WKH OHQJWK RI WKH VHTXHQFHV
JHQHUDWHG� 7KH MRLQW VRXUFH�FKDQQHO PRGHO
ZDV WUDLQHG XVLQJ D PDQ\�WR�PDQ\ %D\HVLDQ
ELOLQJXDO DOLJQPHQW� 7KH IRFXV RI WKLV \HDU¶V
V\VWHP LV RQ LQSXW UHSUHVHQWDWLRQ� ,Q RUGHU DW�
WHPSW WR PLWLJDWH GDWD VSDUVHQHVV LVVXHV LQ WKH
MRLQW VRXUFH�FKDQQHO PRGHO� ZH DXJPHQWHG WKH
V\VWHP ZLWK UHFXUUHQW QHXUDO QHWZRUN �511�
PRGHOV WKDW FDQ OHDUQ WR SURMHFW WKH JUDSKHPH
VHW RQWR D VPDOOHU KLGGHQ UHSUHVHQWDWLRQ� :H
SHUIRUPHG H[SHULPHQWV RQ GHYHORSPHQW GDWD
WR HYDOXDWH WKH HIIHFWLYHQHVV RI RXU DSSURDFK�
2XU UHVXOWV VKRZ WKDW XVLQJ DQ 511 ODQJXDJH
PRGHO FDQ LPSURYH SHUIRUPDQFH IRU ODQJXDJH
SDLUV ZLWK ODUJH JUDSKHPH VHWV RQ WKH WDUJHW
VLGH�

� ,QWURGXFWLRQ

2XU V\VWHP IRU WKH 1(:6 VKDUHG HYDOXDWLRQ RQ
WUDQVOLWHUDWLRQ JHQHUDWLRQ LV EDVHG RQ WKH V\VWHP HQ�
WHUHG LQWR ODVW \HDUV HYDOXDWLRQ �)LQFK HW DO�� ������
6RPH PLQRU LPSURYHPHQWV KDYH EHHQ PDGH WR VRPH
RI WKH FRPSRQHQWV� EXW WKH PDMRU GLIIHUHQFH LV WKH
DGGLWLRQ RI D UH�VFRULQJ VWHS ZLWK WKUHH UHVFRULQJ
PRGHOV� DQ 511 WDUJHW ODQJXDJH PRGHO� DQ 511
MRLQW VRXUFH�FKDQQHO PRGHO� DQG DPD[LPXP HQWURS\
PRGHO �WKLV PRGHO ZDV SDUW RI ODVW \HDU¶V V\VWHP
EXW KDV EHHQ PRYHG IURP WKH GHFRGLQJ VWHS LQWR WKH
UH�VFRULQJ VWHS IRU HIILFLHQF\�� ,Q DOO RXU H[SHUL�
PHQWV ZH KDYH WDNHQ D VWULFWO\ ODQJXDJH LQGHSHQ�
GHQW DSSURDFK� (DFK RI WKH ODQJXDJH SDLUV ZHUH SUR�
FHVVHG DXWRPDWLFDOO\ IURP WKH JUDSKHPLF UHSUHVHQWD�

WLRQ VXSSOLHG IRU WKH VKDUHG WDVNV� ZLWK QR ODQJXDJH
VSHFLILF WUHDWPHQW IRU DQ\ RI WKH ODQJXDJH SDLUV�
5HFHQW UHVHDUFK UHVXOWV RQ WKH DSSOLFDWLRQ RI UH�

FXUUHQW QHXUDO QHWZRUN PRGHOV WR ODQJXDJH PRGHO�
LQJ KDYH VKRZQ WKDW YHU\ SURPLVLQJ UHGXFWLRQV LQ
WH[W GDWD SHUSOH[LW\ UHODWLYH WR WUDGLWLRQDO Q�JUDP ODQ�
JXDJHPRGHO DSSURDFKHV DUH SRVVLEOH �0LNRORY HW DO��
����� 0LNRORY HW DO�� ������ 7KH 511 DSSURDFK
GLIIHUV IURP WKH VWDQGDUG Q�JUDP DSSURDFK LQ WKDW
511V DUH DEOH WR VPRRWK E\ SURMHFWLQJ WKH JUDSKHPH
VHW RQWR D VHW RI KLGGHQ XQLWV� D SURFHVV WKDW HI�
IHFWLYHO\ FOXVWHUV VLPLODU JUDSKHPHV� )XUWKHUPRUH�
511V KDYH EHHQ UHSRUWHG WR EH HIIHFWLYH ZKHUH GDWD
UHVRXUFHV DUH OLPLWHG �.RPEULQN HW DO�� ������
7KHVH FKDUDFWHULVWLFV PRWLYDWH XV WR LQYHVWLJDWH

WKH HIIHFW RI DSSO\LQJ WKLV DSSURDFK LQ PRGHOLQJ DW
WKH JUDSKHPH �RU JUDSKHPH VHTXHQFH SDLU� OHYHO�
SDUWLFXODUO\ DV WZR RI WKH PRVW LPSRUWDQW PRGHOV LQ
RXU V\VWHP DUH ERWK ODQJXDJH PRGHOV� 7KH PDLQ
GUDZEDFN RI 511 EDVHG PRGHOV� WKHLU H[FHSWLRQDOO\
KLJK WUDLQLQJ FRPSXWDWLRQDO FRPSOH[LW\ �0LNRORY HW
DO�� ����� LV QRW DQ REVWDFOH IRU WUDLQLQJ PRGHOV IRU
WKLV VKDUHG WDVN� WKRXJK LW PD\ EH DQ LVVXH LI ODUJH
DPRXQWV RI PRQROLQJXDO GDWD DUH XVHG WR EXLOG WKH
ODQJXDJH PRGHOV� :H UXQ H[SHULPHQWV XVLQJ WKLV
WHFKQLTXH WR LQYHVWLJDWH LWV HIIHFW RQ ERWK FRUSXV SHU�
SOH[LW\ DQG HQG�WR�HQG V\VWHP SHUIRUPDQFH �VLQFH
LW LV QRW QHFHVVDULO\ WKH FDVH WKDW JDLQV LQ ODQJXDJH
PRGHO SHUSOH[LW\ UHVXOW LQ EHWWHU V\VWHPV �&KHQ HW DO��
�������
7KURXJKRXW WKLV SDSHU ZH ZLOO UHIHU WR JUDSKHPHV�

JUDSKHPH VHTXHQFHV DQG JUDSKHPH VHTXHQFH SDLUV�
%\ JUDSKHPH� ZH PHDQ D VLQJOH XQLFRGH FKDUDFWHU�
IRU H[DPSOH µD¶ LQ (QJOLVK� µア¶ LQ -DSDQHVH RU µ明¶
LQ &KLQHVH� *UDSKHPH VHTXHQFHV DUH DUELWUDU\ VH�
TXHQFHV RI WKHVH JUDSKHPHV� DQG JUDSKHPH VHTXHQFH
SDLUV DUH ��WXSOHV RI JUDSKHPH VHTXHQFHV� HDFK HOH�
PHQW LQ WKH WXSOH EHLQJ D JUDSKHPH VHTXHQFH LQ D
JLYHQ ODQJXDJH� IRU H[DPSOH� �µKHOOR¶�µハロー¶��
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� 6\VWHP 'HVFULSWLRQ

��� %LOLQJXDO %D\HVLDQ *UDSKHPH $OLJQPHQW

7R WUDLQ WKH MRLQW�VRXUFH�FKDQQHO PRGHO�V� LQ RXU
V\VWHP� ZH SHUIRUP D PDQ\�WR�PDQ\ JUDSKHPH�WR�
JUDSKHPH DOLJQPHQW� 7R GLVFRYHU WKLV DOLJQPHQW
ZH XVH WKH %D\HVLDQ QRQ�SDUDPHWULF WHFKQLTXH GH�
VFULEHG LQ �)LQFK DQG 6XPLWD� ����� ZKLFK LV D UHO�
DWLYH RI WKH WHFKQLTXH SURSRVHG E\ �+XDQJ HW DO��
������ %D\HVLDQ WHFKQLTXHV W\SLFDOO\ EXLOG FRPSDFW
PRGHOV ZLWK IHZ SDUDPHWHUV WKDW GR QRW RYHUILW WKH
GDWD DQG KDYH EHHQ VKRZQ WR EH HIIHFWLYH IRU WUDQVOLW�
HUDWLRQ �)LQFK DQG 6XPLWD� ����� )LQFK HW DO�� ������

��� 3KUDVH�EDVHG 607 0RGHOV

7KH GHFRGLQJ ZDV SHUIRUPHG XVLQJ D VSHFLDOO\ PRGL�
ILHG YHUVLRQ RI WKH 2&7$9,$1 GHFRGHU �)LQFK HW DO��
������ DQ LQ�KRXVH PXOWL�VWDFN SKUDVH�EDVHG GHFRGHU
WKDW RSHUDWHV RQ WKH VDPH SULQFLSOHV DV WKH 026(6
GHFRGHU �.RHKQ HW DO�� ������ 7KLV FRPSRQHQW RI
WKH V\VWHP LV LPSOHPHQWHG DV D ORJ�OLQHDU FRPELQD�
WLRQ RI � GLIIHUHQW PRGHOV� D MRLQW VRXUFH�FKDQQHO
PRGHO� D WDUJHW ODQJXDJH PRGHO� D JUDSKHPH LQVHU�
WLRQ SHQDOW\ PRGH� DQG D JUDSKHPH VHTXHQFH SDLU LQ�
VHUWLRQ SHQDOW\ PRGHO� 7KH IROORZLQJ VHFWLRQV GH�
VFULEH HDFK RI WKHVH PRGHOV LQ GHWDLO� 'XH WR WKH
VPDOO VL]H RI PDQ\ RI WKH GDWD VHWV LQ WKH VKDUHG WDVNV�
ZH XVHG DOO RI WKH GDWD WR EXLOG PRGHOV IRU WKH ILQDO
V\VWHPV�

����� 1�JUDP MRLQW VRXUFH�FKDQQHO PRGHO
7KH Q�JUDP MRLQW VRXUFH�FKDQQHO PRGHO XVHG GXU�

LQJ GHFRGLQJ E\ WKH 607 GHFRGHU ZDV WUDLQHG IURP
WKH 9LWHUEL DOLJQPHQW DULVLQJ IURP WKH ILQDO LWHUDWLRQ
RI WKH %D\HVLDQ VHJPHQWDWLRQ SURFHVV RQ WKH WUDLQ�
LQJ GDWD �IRU WKH PRGHO XVHG LQ SDUDPHWHU WXQLQJ��
DQG WKH WUDLQLQJ GDWD DGGHG WR WKH GHYHORSPHQW GDWD
�IRU WKH PRGHO XVHG WR GHFRGH WKH WHVW GDWD�� :H
XVHG WKH 0,7 ODQJXDJH PRGHOLQJ WRRONLW �%R�MXQH HW
DO�� ����� ZLWK PRGLILHG .QHVVHU�1H\ VPRRWKLQJ WR
EXLOG WKLV PRGHO� ,Q DOO H[SHULPHQWV ZH XVHG D ODQ�
JXDJH PRGHO RI RUGHU ��

����� 1�JUDP WDUJHW /DQJXDJH PRGHO
7KH WDUJHW PRGHO ZDV WUDLQHG IURP WDUJHW VLGH RI

WKH WUDLQLQJ GDWD �IRU PRGHO XVHG LQ SDUDPHWHU WXQ�
LQJ�� DQG WKH WUDLQLQJ GDWD DGGHG WR WKH GHYHORSPHQW
GDWD �IRU WKH PRGHO XVHG WR GHFRGH WKH WHVW GDWD��
:H XVHG WKH 0,7 ODQJXDJH PRGHOLQJ WRRONLW ZLWK
.QHVVHU�1H\ VPRRWKLQJ WR EXLOG WKLV PRGHO� ,Q DOO
H[SHULPHQWV ZH XVHG D ODQJXDJH PRGHO RI RUGHU ��

����� ,QVHUWLRQ SHQDOW\ PRGHOV
%RWK JUDSKHPH EDVHG DQG JUDSKHPH�VHTXHQFH�

SDLU�EDVHG LQVHUWLRQ SHQDOW\ PRGHOV DUH VLPSOH PRG�
HOV WKDW DGG D FRQVWDQW YDOXH WR WKHLU VFRUH HDFK WLPH
D JUDSKHPH �RU JUDSKHPH VHTXHQFH SDLU� LV DGGHG WR
WKH WDUJHW K\SRWKHVHV� 7KHVH PRGHOV FRQWURO WKH WHQ�
GHQF\ ERWK RI WKH MRLQW VRXUFH�FKDQQHO PRGHO DQG WKH
WDUJHW ODQJXDJH PRGHO WR JHQHUDWH GHULYDWLRQV WKDW
DUH WRR VKRUW�

��� 5H�VFRULQJ 6WHS
����� 2YHUYLHZ
7KH V\VWHP KDV D VHSDUDWH UH�VFRULQJ VWDJH WKDW

OLNH WKH 607 PRGHOV GHVFULEHG LQ WKH SUHYLRXV VHF�
WLRQ LV LPSOHPHQWHG DV D ORJ�OLQHDU PRGHO� 7KH ORJ�
OLQHDU ZHLJKWV DUH WUDLQHG XVLQJ WKH VDPH 0(57
�2FK� ����� SURFHGXUH� ,Q SULQFLSOH� WKH ZHLJKWV IRU
WKH PRGHOV LQ WKLV VWDJH FRXOG EH WUDLQHG LQ D VLQ�
JOH VWHS WRJHWKHU ZLWK WKH 607 ZHLJKWV� DQG LQ ODVW
\HDU¶V V\VWHP WKLV ZDV WKH FDVH IRU WKH 0( PRGHO�
+RZHYHU WKH PRGHOV LQ WKLV VWDJH DUH PRUH FRPSX�
WDWLRQDOO\ H[SHQVLYH� DQG WR UHGXFH WUDLQLQJ WLPH ZH
WUDLQ WKHLU ZHLJKWV LQ D VHFRQG VWHS� 7KH WKUHH PRG�
HOV XVHG IRU UH�VFRULQJ ����EHVW� DUH GHVFULEHG LQ WKH
IROORZLQJ VHFWLRQV�

����� 0D[LPXP�HQWURS\ PRGHO
7KH PD[LPXP HQWURS\ PRGHO XVHG IRU UH�VFRULQJ

HPERGLHV D VHW RI IHDWXUHV GHVLJQHG WR WDNH WKH
ORFDO FRQWH[W RI VRXUFH DQG WDUJHW JUDSKHPHV DQG
JUDSKHPH VHTXHQFHV LQWR DFFRXQW� 7KH IHDWXUHV FDQ
EH SDUWLWLRQHG LQWR WZR FODVVHV� JUDSKHPH�EDVHG IHD�
WXUHV DQG JUDSKHPH VHTXHQFH�EDVHG IHDWXUHV� ,Q ERWK
FDVHV ZH XVH D FRQWH[W RI � WR WKH OHIW DQG ULJKW IRU WKH
VRXUFH� DQG � WR WKH OHIW IRU WKH WDUJHW� 6HTXHQFH EH�
JLQ DQG HQGPDUNHUV DUH DGGHG WR ERWK VRXUFH DQG WDU�
JHW DQG DUH XVHG LQ WKH FRQWH[W� 7KH IHDWXUHV XVHG LQ
WKH 0(PRGHO FRQVLVW RI DOO SRVVLEOH ELJUDPV RI FRQ�
WLJXRXV HOHPHQWV LQ WKH FRQWH[W� :H GR QRW PL[ IHD�
WXUHV DW WKH JUDSKHPH OHYHO DQG JUDSKHPH VHTXHQFH
OHYHO� VR IRU H[DPSOH� D JUDSKHPH VHTXHQFH ELJUDP
FDQ RQO\ FRQVLVW RI JUDSKHPH VHTXHQFHV �LQFOXGLQJ
VHTXHQFHV RI OHQJWK ���

����� 511 /DQJXDJH PRGHOV
:H LQWURGXFH WZR 511 ODQJXDJH PRGHOV

�0LNRORY HW DO�� ����� LQWR WKH UH�VFRULQJ VWHS RI
RXU V\VWHP� 7KH ILUVW PRGHO LV D ODQJXDJH PRGHO
RYHU JUDSKHPH VHTXHQFHV LQ WKH WDUJHW ODQJXDJH�
WKH VHFRQG PRGHO LV D MRLQW VRXUFH�FKDQQHO PRGHO
RYHU ELOLQJXDO JUDSKHPH VHTXHQFH SDLUV� 7KHVH
PRGHOV ZHUH WUDLQHG RQ WKH VDPH GDWD DV WKHLU
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/DQJXDJH 3DLU $FFXUDF\ LQ WRS�� 0HDQ )�VFRUH 055 0$3UHI
$UDELF WR (QJOLVK �$U(Q� ����� ����� ����� �����
&KLQHVH WR (QJOLVK �&K(Q� ����� ����� ����� �����
(QJOLVK WR %HQJDOL �%DQJOD� �(Q%D� ����� ����� ����� �����
(QJOLVK WR &KLQHVH �(Q&K� ����� ����� ����� �����
(QJOLVK WR +HEUHZ �(Q+H� ����� ����� ����� �����
(QJOLVK WR +LQGL �(Q+L� ����� ����� ����� �����
(QJOLVK WR -DSDQHVH .DWDNDQD �(Q-D� ����� ����� ����� �����
(QJOLVK WR .DQQDGD �(Q.D� ����� ����� ����� �����
(QJOLVK WR .RUHDQ +DQJXO �(Q.R� ����� ����� ����� �����
(QJOLVK WR 3HUVLDQ �(Q3H� ����� ����� ����� �����
(QJOLVK WR 7DPLO �(Q7D� ����� ����� ����� �����
(QJOLVK WR 7KDL �(Q7K� ����� ����� ����� �����
(QJOLVK WR -DSDQHVH .DQML �-Q-N� ����� ����� ����� �����
7KDL WR (QJOLVK �7K(Q� ����� ����� ����� �����

7DEOH �� 7KH HYDOXDWLRQ UHVXOWV RQ WKH ���� VKDUHG WDVN IRU RXU V\VWHP LQ WHUPV RI WKH RIILFLDO PHWULFV�

Q�JUDP FRXQWHUSDUWV GHVFULEHG LQ 6HFWLRQV ����� DQG
������ 7KH PRGHOV ZHUH WUDLQHG XVLQJ WKH WUDLQLQJ
SURFHGXUH GHVFULEHG LQ 6HFWLRQ ����

��� 3DUDPHWHU 7XQLQJ
7KH H[SRQHQWLDO ORJ�OLQHDU PRGHO ZHLJKWV RI ERWK WKH
607 DQG UH�VFRULQJ VWDJHV RI RXU V\VWHP ZHUH VHW
E\ WXQLQJ WKH V\VWHP RQ GHYHORSPHQW GDWD XVLQJ WKH
0(57 SURFHGXUH �2FK� ����� E\ PHDQV RI WKH SXE�
OLFO\ DYDLODEOH =0(57 WRRONLW � �=DLGDQ� ������ 7KH
V\VWHPV UHSRUWHG LQ WKLV SDSHU XVHG D PHWULF EDVHG RQ
WKH ZRUG�OHYHO )�VFRUH� DQ RIILFLDO HYDOXDWLRQ PHWULF
IRU WKH VKDUHG WDVNV �=KDQJ HW DO�� ������ ZKLFK PHD�
VXUHV WKH UHODWLRQVKLS RI WKH ORQJHVW FRPPRQ VXE�
VHTXHQFH RI WKH WUDQVOLWHUDWLRQ SDLU WR WKH OHQJWKV RI
ERWK VRXUFH DQG WDUJHW VHTXHQFHV�

��� 2IILFLDO 5HVXOWV
7KH RIILFLDO VFRUHV IRU RXU V\VWHP DUH JLYHQ LQ 7D�
EOH �� 6RPH RI WKH GDWD WUDFNV ZLOO EHQHILW IURP
D ODQJXDJH�GHSHQGHQW WUHDWPHQW IRU H[DPSOH LQ .R�
UHDQ LW LV DGYDQWDJHRXV WR GHFRPSRVH WKH FKDUDFWHUV�
DQG RWKHU ODQJXDJHV EHQHILW IURP URPDQL]DWLRQ DV
WKLV FDQ UHGXFH GDWD VSDUVHQHVV LVVXH DQG DOORZ WKH
WUDQVODWLRQ RI XQNQRZQ JUDSKHPHV LQ WHVW GDWD�

� ([SHULPHQWV

��� 3HUSOH[LW\
,Q WKLV VHFWLRQ ZH H[DPLQH WKH SHUIRUPDQFH RI WKH
511 ODQJXDJH PRGHO LQ WHUPV RI LWV SHUSOH[LW\ RQ
XQVHHQ GDWD� )RU WKHVH H[SHULPHQWV ZH GLYLGHG WKH

�KWWS���ZZZ�FV�MKX�HGX�∼R]DLGDQ�]PHUW�

WUDLQLQJ LQWR WZR SDUWV� D WUDLQLQJ VHW ���� RI WKH
GDWD� DQG D YDOLGDWLRQ VHW �WKH UHPDLQLQJ ����� DQG
XVHG WKH GHYHORSPHQW VHW DV WKH WHVW GDWD RQ ZKLFK
WKH SHUSOH[LW\ FDOFXODWLRQV ZHUH PDGH�
7KH 511 PRGHO ZDV EXLOW XVLQJ WKH SXEOLFO\

DYDLODEOH 511/0 WRRONLW �� $ VHW RI SLORW H[SHUL�
PHQWV ZDV UXQ RQ VXEVHWV RI WKH WUDLQLQJ GDWD WR ILQG
VXLWDEOH YDOXHV IRU WKH QXPEHU RI KLGGHQ XQLWV DQG
QXPEHU RI FODVVHV XVHG WR WUDLQ WKH 511� DQG D VLP�
SOH JULG VHDUFK ZH XVHG WR ILQG WKH EHVW SDUDPHWHUV
IRU HDFK ODQJXDJH SDLU� $OO RWKHU SDUDPHWHUV ZHUH
OHIW DW WKHLU GHIDXOW YDOXHV� 7KH Q�JUDP ODQJXDJH
PRGHO ZDV WUDLQHG XVLQJ WKH 65, ODQJXDJH PRGHOLQJ
WRRONLW �6WROFNH� ������ :H XVHG D ��JUDP PRGHO LQ
WKHVH H[SHULPHQWV WUDLQHG ZLWK :LWWHQ�%HOO VPRRWK�
LQJ�
7DEOH � VKRZV WKH UHVXOWV RI WKLV H[SHULPHQW� ,Q �

RXW RI WKH �� H[SHULPHQWV WKH 511 ODQJXDJH PRGHO
KDG ORZHU SHUSOH[LW\ WKDQ WKH ��JUDP EDFNRII ODQ�
JXDJH PRGHO� )XUWKHUPRUH� LQ DOO RI WKH H[SHULPHQWV
WKH LQWHUSRODWHG PRGHO �D PRGHO IRUPHG E\ OLQHDUO\
LQWHUSRODWLQJ WKH WZR PRGHOV WRJHWKHU ZLWK HTXDO
ZHLJKWV� KDG FRQVLGHUDEO\ ORZHU SHUSOH[LW\ WKDQ HL�
WKHU FRPSRQHQW PRGHO� 7KH ODUJHVW UHODWLYH JDLQV
ZHUH REVHUYHG LQ -Q�-N� (Q�.R DQG (Q�&K� WKHVH
WKUHH ODQJXDJHV KDG E\ IDU WKH ODUJHVW JUDSKHPH VHW
VL]HV RXW RI DOO WKH ODQJXDJH SDLUV� 7KLV UHVXOW LV QRW
VXUSULVLQJ EHFDXVH RI WKH PDQQHU LQ ZKLFK WKH 511
ODQJXDJH PRGHOV DUH DEOH WR VPRRWK E\ SURMHFWLRQ RI
WKH JUDSKHPH VHW RQWR WKH VHW RI KLGGHQ XQLWV�

�KWWS���ZZZ�ILW�YXWEU�F]�ƭPLNRORY�UQQOP�LQGH[�KWPO
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/DQJXDJH 511 1�JUDP ,QWHUSRODWHG *UDSKHPH &RUSXV VL]H )�VFRUH )�VFRUH
3DLU SHUSOH[LW\ SHUSOH[LW\ SHUSOH[LW\ VHW VL]H �JUDSKHPHV� ZLWK 511 QR 511
$U�(Q ���� ���� ���� �� ����. ����� �����
&K�(Q ����� ����� ����� �� ���. ����� �����
(Q�%D ����� ����� ����� �� ��. ����� �����
(Q�&K ����� ����� ����� ��� ���. ����� �����
(Q�+H ���� ����� ���� �� ��. ����� �����
(Q�+L ����� ����� ����� �� ��. ����� �����
(Q�-D ����� ����� ����� �� ���. ����� �����
(Q�.D ����� ����� ����� �� ��. ����� �����
(Q�.R ����� ����� ����� ��� ��. ����� �����
(Q�3H ����� ����� ����� �� ��. ����� �����
(Q�7D ���� ���� ���� �� ��. ����� �����
(Q�7K ���� ���� ���� �� ���. ����� �����
-Q�-N ����� ����� ����� ���� ��. ����� �����
7K�(Q ����� ���� ���� �� ���. ����� �����

7DEOH �� /DQJXDJH PRGHO SHUSOH[LW\ VFRUHV RQ WKH GHYHORSPHQW VHW ZLWK Q�JUDP� 511 DQG LQWHUSRODWHG ODQJXDJH
PRGHOV� WRJHWKHU ZLWK V\VWHP SHUIRUPDQFH ZLWK DQG ZLWKRXW WKH 511 PRGHOV�

��� 6\VWHP 3HUIRUPDQFH
,Q WKLV VHFWLRQ ZH ORRN DW ZKHWKHU WKH JDLQV IURP
LQFRUSRUDWLQJ WKH 511 ODQJXDJH PRGHOV UHVXOW LQ
JDLQV LQ RYHUDOO V\VWHP SHUIRUPDQFH� :H UDQ H[SHUL�
PHQWV RQ WKH GDWD XVHG LQ WKH SHUSOH[LW\ H[SHULPHQWV�
7KH RQO\ GLIIHUHQFH LQ WKH V\VWHPV ZH FRPSDUH ZDV
ZKHWKHU RU QRW WKH 511 ODQJXDJH PRGHOV ZHUH LQ�
FOXGHG LQ WKH UH�VFRULQJ SURFHVV� WKH 511PRGHO EH�
LQJ HIIHFWLYHO\ LQWHUSRODWHG LQ D ORJ�OLQHDU PDQQHU
ZLWK WKH RWKHU PRGHOV ZKHQ LW ZDV LQFOXGHG� 0(57
SDUDPHWHU WXQLQJ ZDV SHUIRUPHG VHSDUDWHO\ IRU V\V�
WHPV ZLWK DQG ZLWKRXW WKH 511 PRGHOV� 7KH UHVXOWV
LQ WHUPV RI )�VFRUH DUH VKRZQ LQ 7DEOH �� 7KH UHVXOWV
VKRZ VPDOO JDLQV LQ SHUIRUPDQFH IRU �� RI WKH �� ODQ�
JXDJH SDLUV� LQGLFDWLQJ WKDW WKH 511 PRGHOV DUH HI�
IHFWLYH� 2I WKH ODQJXDJHV ZLWK ODUJHU JUDSKHPH VHW
VL]HV WKDW VKRZHG KLJKHU LPSURYHPHQWV LQ SHUSOH[�
LW\� WZR �-Q�-N DQG (Q�&K� VKRZHG ODUJHU WKDQ DYHU�
DJH LPSURYHPHQW LQ RYHUDOO V\VWHP SHUIRUPDQFH�

� &RQFOXVLRQ

7KH V\VWHP XVHG IRU WKLV \HDU¶V VKDUHG HYDOXDWLRQ
ZDV LPSOHPHQWHG ZLWKLQ D SKUDVH�EDVHG VWDWLVWL�
FDO PDFKLQH WUDQVODWLRQ IUDPHZRUN DXJPHQWHG E\
D MRLQW�VRXUFH FKDQQHO PRGHO WUDLQHG IURP D PDQ\�
WR�PDQ\ DOLJQPHQW RI JUDSKHPH VHTXHQFHV XVLQJ D
%D\HVLDQ DOLJQPHQW DSSURDFK� 7KH V\VWHP KDG D UH�
VFRULQJ VWHS WKDW LQWHJUDWHV IHDWXUHV IURP DPD[LPXP
HQWURS\ PRGHO ZLWK WZR 511 ODQJXDJH PRGHOV� RQH
IRU WKH WDUJHW JUDSKHPH VHTXHQFH� DQG WKH RWKHU IRU
WKH VHTXHQFH RI JUDSKHPH VHTXHQFH SDLUV XVHG WR

JHQHUDWH WKH WDUJHW�
:H UDQ H[SHULPHQWV WR GHWHUPLQH WKH HIIHFWLYHQHVV

RI WKH 511 ODQJXDJH PRGHOV RQ WKH WUDQVOLWHUDWLRQ
WDVNV� :H IRXQG WKDW WKH DSSURDFK ZDV JHQHUDOO\ HI�
IHFWLYH DQG SDUWLFXODUO\ HIIHFWLYH IRU WDVNV ZLWK ODUJH
JUDSKHPH VHW VL]HV�
,Q IXWXUH ZRUN ZH ZRXOG OLNH WR LQYHVWLJDWH DO�

WHUQDWLYH ZD\V RI LQWHJUDWLQJ 511 PRGHOV LQWR RXU
V\VWHP� ,Q SDUWLFXODU LW PD\ EH IHDVLEOH WR LQVHUW WKH
PRGHOV GLUHFWO\ LQWR WKH 607 FRPSRQHQW RI RXU V\V�
WHP VR WKDW WKH\ FDQ EH XVHG GLUHFWO\ LQ WKH GHFRGLQJ
SURFHVV� )XUWKHUPRUH� ZH LQWHQG WR H[DPLQH KRZ WKH
LPSDFW RI WKHVH PRGHOV LQ WKH FDVH ZKHUH ODUJHU FRU�
SRUD RI PRQROLQJXDO GDWD DUH XVHG�

$FNQRZOHGJHPHQWV
)RU WKH (QJOLVK�-DSDQHVH� (QJOLVK�.RUHDQ DQG
$UDELF�(QJOLVK GDWDVHWV� WKH UHDGHU LV UHIHUUHG WR
WKH &-. ZHEVLWH� KWWS���ZZZ�FMN�RUJ� )RU (QJOLVK�
+LQGL� (QJOLVK�7DPLO� DQG (QJOLVK�.DQQDGD� DQG
(QJOLVK�%DQJOD WKH GDWD VHWV RULJLQDWHG IURP WKH
ZRUN RI �.XPDUDQ DQG .HOOQHU� ����� �� 7KH &KL�
QHVH ODQJXDJH FRUSRUD FDPH IURP WKH ;LQKXD QHZV
DJHQF\ �;LQKXD 1HZV $JHQF\� ������ 7KH (QJOLVK
3HUVLDQ FRUSXV RULJLQDWHV IURP WKH ZRUN RI �.DULPL
HW DO�� ����� .DULPL HW DO�� ������

�KWWS���UHVHDUFK�PLFURVRIW�FRP�LQGLD
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5HIHUHQFHV

%R�MXQH� 3DXO +VX� DQG -DPHV *ODVV� ����� ,WHUDWLYH ODQ�
JXDJH PRGHO HVWLPDWLRQ� (IILFLHQW GDWD VWUXFWXUH DQG
DOJRULWKPV� ,Q 3URF� ,QWHUVSHHFK�

6WDQOH\ &KHQ� 'RXJODV %HHIHUPDQ� DQG 5RQDOG 5RVHQ�
IHOG� ����� (YDOXDWLRQ PHWULFV IRU ODQJXDJH PRGHOV�

$QGUHZ )LQFK DQG (LLFKLUR 6XPLWD� ����� $ %D\HVLDQ
0RGHO RI %LOLQJXDO 6HJPHQWDWLRQ IRU 7UDQVOLWHUDWLRQ�
,Q 0DUFHOOR )HGHULFR� ,DQ /DQH� 0LFKDHO 3DXO� DQG
)UDQoRLV <YRQ� HGLWRUV� 3URFHHGLQJV RI WKH VHYHQWK ,Q�
WHUQDWLRQDO :RUNVKRS RQ 6SRNHQ /DQJXDJH 7UDQVOD�
WLRQ �,:6/7�� SDJHV ���±����

$QGUHZ )LQFK� (WLHQQH 'HQRXDO� +LGHR 2NXPD� 0LFKDHO
3DXO� +LURIXPL <DPDPRWR� .HLML <DVXGD� 5XLTLDQJ
=KDQJ� DQG (LLFKLUR 6XPLWD� ����� 7KH 1,&7�$75
VSHHFK WUDQVODWLRQ V\VWHP IRU ,:6/7 ����� ,Q 3UR�
FHHGLQJV RI WKH ,:6/7� 7UHQWR� ,WDO\�

$QGUHZ )LQFK� 3DXO 'L[RQ� DQG (LLFKLUR 6XPLWD�
����� ,QWHJUDWLQJ PRGHOV GHULYHG IURP QRQ�SDUDPHWULF
ED\HVLDQ FR�VHJPHQWDWLRQ LQWR D VWDWLVWLFDO PDFKLQH
WUDQVOLWHUDWLRQ V\VWHP� ,Q 3URFHHGLQJV RI WKH 1DPHG
(QWLWLHV :RUNVKRS� SDJHV ��±��� &KLDQJ 0DL� 7KDL�
ODQG� 1RY� $VLDQ )HGHUDWLRQ RI 1DWXUDO /DQJXDJH 3UR�
FHVVLQJ�

<XQ +XDQJ� 0LQ =KDQJ� DQG &KHZ /LP 7DQ� �����
1RQSDUDPHWULF %D\HVLDQ 0DFKLQH 7UDQVOLWHUDWLRQ ZLWK
6\QFKURQRXV $GDSWRU *UDPPDUV� ,Q $&/ �6KRUW 3D�
SHUV�� SDJHV ���±����

6DUYQD] .DULPL� $QGUHZ 7XUSLQ� DQG )DON 6FKROHU� �����
(QJOLVK WR SHUVLDQ WUDQVOLWHUDWLRQ� ,Q 63,5(� SDJHV
���±����

6DUYQD] .DULPL� $QGUHZ 7XUSLQ� DQG )DON 6FKROHU� �����
&RUSXV HIIHFWV RQ WKH HYDOXDWLRQ RI DXWRPDWHG WUDQVOLW�
HUDWLRQ V\VWHPV� 3URFHHGLQJV RI WKH ��WK $QQXDO 0HHW�
LQJ RI WKH $VVRFLDWLRQ RI &RPSXWDWLRQDO /LQJXLVWLFV�

3KLOLSS .RHKQ� +LHX +RDQJ� $OH[DQGUD %LUFK� &KULV
&DOOLVRQ�%XUFK� 0DUFHOOR )HGHULFR� 1LFROD %HUWROGL�
%URRNH &RZD� :DGH 6KHQ� &KULVWLQH 0RUDQ� 5LFKDUG
=HQV� &KULV '\HU� 2QGUHM %RMDU� $OH[DQGUD &RQVWDQWLQ�
DQG (YDQ +HUEVW� ����� 0RVHV� RSHQ VRXUFH WRRONLW
IRU VWDWLVWLFDO PDFKLQH WUDQVODWLRQ� ,Q $&/ ����� SUR�
FHHGLQJV RI GHPR DQG SRVWHU VHVVLRQV� SDJHV ���±����
3UDJXH� &]HFN 5HSXEOLF� -XQH�

6WHIDQ .RPEULQN� 7RPiã 0LNRORY� 0DUWLQ .DUDILiW� DQG
/XNiã %XUJHW� ����� 5HFXUUHQW QHXUDO QHWZRUN EDVHG
ODQJXDJH PRGHOLQJ LQ PHHWLQJ UHFRJQLWLRQ� ,Q 3UR�
FHHGLQJV RI ,QWHUVSHHFK ����� YROXPH ����� SDJHV
����±����� ,QWHUQDWLRQDO 6SHHFK &RPPXQLFDWLRQ $V�
VRFLDWLRQ�

$� .XPDUDQ DQG 7RELDV .HOOQHU� ����� $ JHQHULF IUDPH�
ZRUN IRU PDFKLQH WUDQVOLWHUDWLRQ� ,Q 6,*,5¶��� SDJHV
���±����

7RPiã 0LNRORY� 0DUWLQ .DUDILiW� /XNiã %XUJHW� -DQ ýHU�
QRFNê� DQG 6DQMHHY .KXGDQSXU� ����� 5HFXUUHQW
QHXUDO QHWZRUN EDVHG ODQJXDJH PRGHO� ,Q 3URFHHG�
LQJV RI WKH ��WK $QQXDO &RQIHUHQFH RI WKH ,QWHUQDWLRQDO
6SHHFK &RPPXQLFDWLRQ $VVRFLDWLRQ �,17(563((&+
������ YROXPH ����� SDJHV ����±����� ,QWHUQDWLRQDO
6SHHFK &RPPXQLFDWLRQ $VVRFLDWLRQ�

7RPiã 0LNRORY� $QRRS 'HRUDV� 6WHIDQ .RPEULQN� /XNiã
%XUJHW� DQG -DQ ýHUQRFNê� ����� (PSLULFDO HYDOXDWLRQ
DQG FRPELQDWLRQ RI DGYDQFHG ODQJXDJH PRGHOLQJ WHFK�
QLTXHV� ,Q 3URFHHGLQJV RI ,QWHUVSHHFK ����� YROXPH
����� SDJHV ���±���� ,QWHUQDWLRQDO 6SHHFK &RPPXQL�
FDWLRQ $VVRFLDWLRQ�

)UDQ] -� 2FK� ����� 0LQLPXP HUURU UDWH WUDLQLQJ IRU
VWDWLVWLFDO PDFKLQH WUDQVODWLRQ� ,Q 3URFHHGLQJV RI WKH
$&/�

$QGUHDV 6WROFNH� ����� 6ULOP � DQ H[WHQVLEOH ODQJXDJH
PRGHO WRRONLW�

;LQKXD 1HZV $JHQF\� ����� &KLQHVH WUDQVOLWHUDWLRQ RI
IRUHLJQ SHUVRQDO QDPHV� 7KH &RPPHUFLDO 3UHVV�

2PDU )� =DLGDQ� ����� =�0(57� $ IXOO\ FRQILJXUDEOH
RSHQ VRXUFH WRRO IRU PLQLPXP HUURU UDWH WUDLQLQJ RI
PDFKLQH WUDQVODWLRQ V\VWHPV� 7KH 3UDJXH %XOOHWLQ RI
0DWKHPDWLFDO /LQJXLVWLFV� �����±���

0LQ =KDQJ� +DL]KRX /L� /LX 0LQJ� DQG $� .XPDUDQ�
����� :KLWHSDSHU RI QHZV ���� VKDUHG WDVN RQ PD�
FKLQH WUDQVOLWHUDWLRQ� ,Q 3URFHHGLQJV RI WKH ����
1DPHG (QWLWLHV :RUNVKRS� -HMX� .RUHD� $VVRFLDWLRQ IRU
&RPSXWDWLRQDO /LQJXLVWLFV�
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