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1HXUDO 0RGHOV� $� 6WDWLF OLQHDU PRGHO� %UDLWHQEHUJ

������ XVHG WKLV NLQG RI PRGHO WR GHVFULEHG WKH HOHPHQWDU\

SURSHUWLHV RI WZR ZKHHOHG URERWV¶ EHKDYLRU� %� :H FRQVLGHUHG D

IDPLO\ RI PRGHOV WKDW LQFOXGHG QRQOLQHDU LQSXW IXQFWLRQ DQG

G\QDPLF FRQQHFWLRQV� &� $PRQJ WKHVH SRVVLELOLWLHV� RXU UHVXOWV

VXSSRUW D OLQHDU PRGHO ZLWK LSVLODWHUDO G\QDPLF FRQQHFWLRQV�
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H�J�� D VHFRQG RUGHU SRO\QRPLDO�

����������
� 7KH QHXUR�URERWLF V\VWHP DOORZV XV WR
VLPXOWDQHRXVO\ VWXG\ WKH EHKDYLRU� QHWZRUN� DQG
FHOOXODU OHYHO LQ D FRQWUROOHG HQYLURQPHQW�

� :H GHPRQVWUDWHG WKH VLJQLILFDQW UROH RI WKH
G\QDPLF SURSHUWLHV RI WKH QHWZRUN�

� :H QDUURZHG WKH SK\VLRORJLFDO SRVVLELOLWLHV IRU
WKH RULJLQ RI WKHVH SURSHUWLHV DQG GHPRQVWUDWHG
SODVWLF FKDQJHV RI WKHVH G\QDPLF SURSHUWLHV�

�	
����
� ,Q DQHVWKHWL]HG ODUYDH RI 6HD ODPSUH\ �3HWURP\]RQ
PDULQXV�� WKH ZKROH EUDLQ ZDV GLVVHFWHG DQG PDLQWDLQHG LQ
5LQJHU¶V VROXWLRQ �����R&�� 7ZR VWLPXODWLQJ HOHFWURGHV
ZHUH SODFHG LQ WKH D[RQV RI Q20, DQG Q203 �����6
PRQRSKDVLF LQ YDULDEOH UDWH�� 7ZR UHFRUGLQJ HOHFWURGHV ZHUH
SODFHG LQ OHIW DQG ULJKW 3551 D[RQV �$OIURG HW DO� ������

� 2Q D .KHSHUD �.�7HDP� PRELOH URERW� WKUHH OLJKW VHQVRUV
IURP HDFK VLGH ZHUH FRPELQHG WR SURYLGH OLJKW OHYHOV RQ WKH
OHIW DQG ULJKW ³H\HV´� (LJKW OLJKWV PRXQWHG DW ��R LQFUHPHQWV
DURXQG D ���FP GLDPHWHU FLUFOH FRPSULVHG WKH ZRUNVSDFH� $
/DE9,(: LQWHUIDFH FRQYHUWHG EHWZHHQ QHXUDO DQG URERW
VLJQDOV�

� 7R H[SORUH WKH SRVVLELOLW\ WKDW WKH VSLQDO FRUG ZDV
UHVSRQVLEOH IRU WKH G\QDPLF SURSHUWLHV� WKH VSLQDO FRUG ZDV
FXW LQ IRXU SUHSDUDWLRQV�
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� ,Q RUGHU WR VWXG\ OHDUQLQJ PHFKDQLVPV� ZH
GHYHORSHG D UHVHDUFK WRRO WKDW LQFOXGHG WKH
UHWLFXODU IRUPDWLRQ RI DQ LQ YLWUR ODPSUH\
EUDLQVWHP SUHSDUDWLRQ DQG D WZR�ZKHHOHG URERW�
LQWHUFRQQHFWHG LQ D FORVHG ORRS �5HJHU HW DO ������

� 8QGHU QRUPDO FLUFXPVWDQFHV� YHVWLEXODU VLJQDOV
DQG PRWRU FRPPDQGV DUH XVHG WR VWDELOL]H WKH
RULHQWDWLRQ RI WKH ODPSUH\ GXULQJ VZLPPLQJ
�'HOLDJLQD ������

� :H H[SORLWHG WKLV V\VWHP� XVLQJ OLJKW LQWHQVLW\
VLJQDOV LQ SODFH RI YHVWLEXODU VLJQDOV� 7KH
UHVXOWLQJ EHKDYLRU ZDV WKH WHQGHQF\ RI WKH URERW
WR WUDFN WKH VRXUFH RI OLJKW�

� :H DOVR FRQVLGHUHG G\QDPLF PRGHOV ZKHUH WKH RXWSXW ZDV
DOVR D IXQFWLRQ RI WKH SUHYLRXV RXWSXW DQG QRW RQO\ RI WKH
SUHYLRXV LQSXW �)LJ� ���

�
�����

� 7KH OLQHDU VWDWLF PRGHO �)LJ� �$� SURYLGHG D
TXDOLWDWLYH GHVFULSWLRQ RI WKH EHKDYLRU W\SH� ,Q
H[WHQGLQJ WKH DFFXUDF\ DQG WKH QXPEHU RI
SDUDPHWHUV� WKH VLPSOHVW G\QDPLF PRGHO ZDV
VLJQLILFDQWO\ VXSHULRU WR DQ\ VWDWLF PRGHO� �)LJ� ���

� ,SVLODWHUDO FRQQHFWLRQV �)LJ� �� 'L� ZHUH PXFK
PRUH LPSRUWDQW WKDQ FRQWUDODWHUDO FRQQHFWLRQV
�)LJ� �� '[� LQ WKH PRGHO� 7KLV ZDV H[SHFWHG
IURP WKH DQDWRP\ RI WKH EUDLQ�

� )RXU SUHSDUDWLRQV ZLWK WUDQVHFWHG VSLQDO FRUG
H[KLELWHG VLPLODU EHKDYLRU DQG VLPLODU WHVWLQJ
HUURUV �DV LQ )LJ� ��� 7KLV UHIXWHV WKH K\SRWKHVLV
WKDW UHFXUUHQW FRQQHFWLRQV LQ WKH PRGHO UHSUHVHQW
WKH SDWKZD\V WR WKH VSLQDO FRUG DQG EDFN�

� ,Q DQ H[SHULPHQW GHVLJQHG WR LQGXFH DGDSWDWLRQ�
WKH FKDQJH LQ WKH ZHLJKW RI D UHFXUUHQW FRQQHFWLRQ
ZDV PRVW VLJQLILFDQW �)LJ� ���

5HIHUHQFHV
$OIRUG 6� =RPSD ,� DQG 'XEXF 5 ������ /RQJ�WHUP SRWHQWLDWLRQ RI JOXWDPDWHUJLF SDWKZD\V
LQ WKH ODPSUH\ EUDLQVWHP� -� 1HXRURVFL� �������
%UDLWHQEHUJ 9 ������ 9HKLFOHV� &DPEULGJH� 0DVVDFKXVHWWV 0,7 SUHVV�
'HOLDJLQD 7* ������ 9HVWLEXODU FRPSHQVDWLRQ LQ ODPSUH\V� ,PSDLUPHQW DQG UHFRYHU\ RI
HTXLOLEULXP FRQWURO GXULQJ ORFRPRWLRQ� -� ([S� %LRO� ���� ����
5HJHU %'� )OHPLQJ .0� 6DQJXLQHWL 9� $OIRUG 6 DQG 0XVVD�,YDOGL )$ ������ FRQQHFWLQJ
EUDLQV WR URERWV� 7KH GHYHORSPHQW RI D K\EULG V\VWHP IRU WKH VWXG\ RI OHDUQLQJ LQ QHXUDO
WLVVXHV� $UWLILFLDO /LIH �����
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6DQ 'LHJR� ����
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5RERW VHWXS DQG 6FKHPDWLF GLDJUDP RI
WKH QHXUR�URERWLF V\VWHP�
7RS� 8VLQJ D SDWWHUQ RI FRORUHG FLUFOHV� WKH

RYHUKHDG FDPHUD WUDFNHG WKH URERW�

%RWWRP� 7KH QHXUDO
LQWHUIDFH WUDQVODWHG WKH
OLJKW VHQVRU GDWD IURP WKH
URERW LQWR D SDWWHUQ RI
VWLPXODWLRQ IRU WKH QHXUDO
SUHSDUDWLRQ� QHXUDO
UHFRUGLQJV ZHUH FRQYHUWHG
LQWR PRWRU VLJQDOV IRU WKH
URERW�

� 7R LQGXFH SODVWLF FKDQJHV LQ WKH QHXUDO
FRQQHFWLRQV ZH HOHFWULFDOO\ ³EOLQGHG´ WKH OHIW VLGH
RI WKH URERW DQG OHW LW PRYH DERXW WKH ZRUNVSDFH
ZLWK UDQGRP VWLPXODWLRQ IRU �� PLQ�

� $IWHU ³XQ�EOLQGLQJ�´ ZH REVHUYHG D WHQGHQF\ WR
PRYH WR WKH OHIW� ZKLFK UHIOHFWHG QHXURQDO FKDQJH�

�:H H[SORUHG WKH QHXURQDO EDVLV IRU WKH REVHUYHG
EHKDYLRU DQG DGDSWDWLRQ E\ FRQVLGHULQJ YDULRXV
WZR�LQSXW�WZR�RXWSXW QHXUDO QHWZRUN PRGHOV�

�
$GDSWDWLRQ

DQDO\VLV
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&KDQJH LQ ZHLJKWV �)LJ� �&� DIWHU

WKH SURFHGXUH RI DUWLILFLDO

EOLQGLQJ ZLWK �� PLQXWHV RI

UDQGRP VWLPXODWLRQ �Q ���

���
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� 7R DSSUR[LPDWH WKH EHKDYLRU� D VWDWLF SRO\QRPLDO PRGHO
ZDV ILWWHG DQG WKH VLPXODWHG EHKDYLRU ZDV FRPSDUHG WR WKH
PHDVXUHG IRU HDFK SUHSDUDWLRQ �)LJ� �� OHIW��

� 7R IXUWKHU H[SORUH WKH EHVW PRGHO IRU WKH QHXUDO WLVVXH� WKH
LQSXW DQG RXWSXW VHW RI GDWD IRU HDFK WUDMHFWRU\ ZDV ILWWHG ZLWK
D SRO\QRPLDO IXQFWLRQ RI WKH LQSXW �VWDWLF PRGHO��

� 7R FKHFN WKH FDSDELOLW\ RI WKH PRGHO WR JHQHUDOL]H� SDUW RI
WKH GDWD IURP HDFK VHW RI WUDMHFWRULHV ZDV QRW XVHG IRU WKH
ILWWLQJ DQG ZDV NHSW IRU WHVWLQJ� 7KH PHDQ HUURU RYHU WKH
ILWWHG GDWD DQG RYHU WKH WHVW GDWD �JHQHUDOL]DWLRQ� ZDV
FDOFXODWHG RYHU �� SUHSDUDWLRQV �)LJ� �� ULJKW� )LJ� � %RWWRP��

&KDQJH LQ V\QDSWLF ZHLJKWV �0RGHO &�

�
7KH HUURU UHGXFWLRQ E\ YDULRXV QHXUDO

PRGHOV� FRPSDUHG WR WKH VWDWLF OLQHDU

PRGHO� )LWWLQJ �WRS�� 7HVWLQJ �ERWWRP�
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$SSUR[LPDWLRQ RI EHKDYLRU DQG 1HXUDO

PRGHOV� /HIW� &RPSDULVRQ RI PHDVXUHG GDWD DQG

VLPXODWLRQV RI LQFUHDVLQJ PRGHO RUGHU IRU RQH

SUHSDUDWLRQ� 5LJKW� 506 HUURUV �Q ���

ILWWLQJ �XSSHU� DQG WHVWLQJ �ORZHU��
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7KH WZR

RXWSXWV RI WKH

PRGHOV DUH

SRO\QRPLDO

IXQFWLRQV RI

WKH WZR LQSXWV�


