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'LQHVK 0$1$1'+$5� 5\RVXNH 6+,%$6$.,

7KH 8QLYHUVLW\ RI 7RN\R� -DSDQ

&HQWUH IRU 6SDWLDO ,QIRUPDWLRQ 6FLHQFH DQG

,QVWLWXWH RI ,QGXVWULDO 6FLHQFH

������ .RPDED� 0HJXUR�NX� 7RN\R ��������� -$3$1

GLQHVK#VNO�LLV�X�WRN\R�DF�MS� VKLED#VNO�LLV�X�WRN\R�DF�MS

.(<:25'6�0RELOH 0DSSLQJ� &DOLEUDWLRQ� 5DQJH 'DWD� &&' ,PDJH� *36�,16

$%675$&7

,Q WKLV UHVHDUFK� D SURWRW\SH IRU 9HKLFOH EDVHG /DVHU 0DSSLQJ 6\VWHP �9/06� LV GHYHORSHG� ZKLFK LV XVHG IRU WKH

GHYHORSPHQW RI ��' VSDWLDO GDWDEDVH RI XUEDQ REMHFWV� ,Q WKH SURWRW\SH� ZH XVH ODVHU VFDQQHU DV WKH PDLQ VHQVRU IRU GDWD

DFTXLVLWLRQ DQG RPQL�GLUHFWLRQ &&' FDPHUD IRU VXSSOHPHQWLQJ IXUWKHU LQIRUPDWLRQ DV QHFHVVDU\� 6LQFH� WKH ODVHU

VFDQQHU DQG WKH RPQL�GLUHFWLRQ FDPHUD REVHUYH WKH VDPH REMHFW VLPXOWDQHRXVO\� WKH WH[WXDO GDWD IURP WKH &&' FDPHUD

FDQ EH GLUHFWO\ RYHUODLG RQ WR WKH WKUHH GLPHQVLRQ FRRUGLQDWH GDWD IURP WKH ODVHU VFDQQHU� 7KLV DLGV LQ VROYLQJ WKH UHJLRQ

RI XQFHUWDLQWLHV RU FRQIOLFWV� )RXU VHWV RI VXFK VHQVRU V\VWHPV DUH XVHG� 7KH XVH RI IRXU VHWV RI RPQL�GLUHFWLRQ FDPHUD

DVVLVW XV LQ H[WUDFWLQJ WKH �KLGGHQ� IHDWXUHV �H�J� EXLOGLQJV EORFNHG E\ WUHHV RU PRYLQJ YHKLFOHV� DV ZHOO DV SURYLGHV XV

PXOWLSOH FKRLFH RI LPDJHV WDNHQ IURP GLIIHUHQW YLHZ SRLQW� 7KH XVH RI RPQL�GLUHFWLRQ FDPHUD IRU PRELOH PDSSLQJ

V\VWHP LV UDWKHU QHZ� 7KH QDYLJDWLRQ FRPSRQHQW� DV XVXDO� FRQVLVWV RI *36 DQG ,16 IRU JHR�UHIHUHQFLQJ SXUSRVH�

7KH PDLQ GLVFXVVLRQ LQ WKLV SDSHU LV DERXW WKH V\VWHP FRQILJXUDWLRQ� FDOLEUDWLRQ RI VHQVRUV �&&' FDPHUD DQG /DVHU

VFDQQHU�� DQDO\VLV RI +\EULG ,QHUWLDO 6XUYH\ 6\VWHP �+,66� GDWD DQG ODVHU UDQJH GDWD� +,66 LV WKH FRPELQDWLRQ RI HLWKHU

*36 DQG ,16 RU 2GRPHWHU DQG ,16� 7KH GLVFXVVLRQ LQFOXGHV D EULHI LQWURGXFWLRQ RI DOJRULWKPV XVHG DQG FDOLEUDWLRQ

SURFHGXUDO� $OJRULWKPV DUH GHYHORSHG WR VROYH WKH XQNQRZQ LQWULQVLF DQG H[WULQVLF SDUDPHWHUV ERWK IRU WKH &&' FDPHUD

DQG ODVHU VFDQQHU� :H KDYH DOVR OLVWHG VRPH RI WKH SUDFWLFDO GLIILFXOWLHV ZLWK VXFK W\SH RI PRELOH PDSSLQJ V\VWHP�

� ,1752'8&7,21

7KH SUHVHQW FRQWHVW RI UDSLG JURZWK DQG GHYHORSPHQW RI XUEDQ DUHD GHPDQGV UHJXODU DFTXLVLWLRQ DQG�RU XSGDWLQJ RI

VSDWLDO GDWD SUHIHUDEO\ LQ WKUHH GLPHQVLRQV IRU HIIHFWLYH DQG HIILFLHQW SODQQLQJ DQG PDQDJHPHQW� 7KH YHKLFOH�EDVHG

PDSSLQJ V\VWHP KDV DQ LPPHQVH YDOXH LQ SUHVHQW GD\V IRU IXOILOOLQJ WKH GHPDQGV RI IDVW DQG FRVW�HIIHFWLYH GDWD

DFTXLVLWLRQ IRU *,6 DQG RWKHU PDSSLQJ UHODWHG ILHOGV� ,W KDV IOH[LELOLW\ LQ SURYLGLQJ PXOWL WHPSRUDO� PXOWL GLPHQVLRQDO

DQG PXOWL UHVROXWLRQ GDWD� 7KLV OHG XV WRZDUGV WKH GHYHORSPHQW RI WKH YHKLFOH�EDVHG ODVHU PDSSLQJ V\VWHP� ,Q PRVW RI

VXFK V\VWHPV RQO\ &&' RU 9LGHR FDPHUD DUH XVHG IRU LPDJH GDWD DQG *36�,16 DUH XVHG IRU SRVLWLRQLQJ� +RZHYHU� LQ

RXU FDVH ZH DUH XVLQJ ODVHU VFDQQHU WKDW SURYLGHV D FORXG RI UDQJH SRLQWV LQ WKUHH GLPHQVLRQV� 8VH RI ODVHU VFDQQHUV IRU

PRELOH PDSSLQJ LV UDWKHU QHZ FRQFHSW�

7KH YHKLFOH�EDVHG ODVHU PDSSLQJ V\VWHP FRPSULVHV RI WKUHH EDVLF FRPSRQHQWV� YL]� /DVHU 6FDQQHU� &&' FDPHUD DQG

*36�,16� 7KH PDLQ XQLW IRU GDWD DFTXLVLWLRQ LV /DVHU 6FDQQHU� ZKLFK SURYLGHV UDQJH GDWD �DQJOH DQG GLVWDQFH IURP WKH

VHQVRU WR HDFK RI WKH REVHUYHG IHDWXUH�� 7KHVH GDWD FDQ HDVLO\ EH FRQYHUWHG LQWR ��GLPHQVLRQDO FRRUGLQDWHV RI WKH

VFDQQHG IHDWXUHV ZLWK UHVSHFW WR WKH VHQVRU SRVLWLRQ RU WR WKH UHDO ZRUOG RULJLQ� ,Q WKH ODWHU FDVH� WKH UHDO ZRUOG

FRRUGLQDWH UHIHUHQFH LV SURYLGHG E\ XVLQJ HLWKHU WKH FRPELQDWLRQ RI *36 DQG ,16 RU 2GRPHWHU DQG ,16� +RZHYHU WKH

LQIRUPDWLRQ� ZH JHW IURP WKH ODVHU VFDQQHU DUH MXVW D VHW RI EDUH ��GLPHQVLRQDO FRRUGLQDWHV� ,W KDV QR LQIRUPDWLRQ DERXW

WKH WH[WXUH RU FRORU RI WKH IHDWXUHV VFDQQHG� ,Q RUGHU WR IXOILOO� WKLV GHILFLHQF\� ZH XVH &&' FDPHUDV� 6LQFH� WKH ODVHU

VFDQQHU DQG WKH &&' FDPHUD REVHUYH WKH VDPH REMHFW VLPXOWDQHRXVO\� WKH WH[WXDO GDWD IURP WKH &&' FDPHUD FDQ EH

GLUHFWO\ RYHUODLG WR WKH WKUHH GLPHQVLRQ FRRUGLQDWH GDWD IURP WKH ODVHU VFDQQHU� :H KDYH XVHG IRXU VHWV RI VHQVRUV �/DVHU

DQG &&'� IL[HG RQ WRS RI WKH YHKLFOH DW GLIIHUHQW DQJOHV� 7KLV FRQILJXUDWLRQ SURYLGHV XV PRUH YLVLELOLW\ WR FDSWXUH WKH

IHDWXUHV HYHQ LI LW LV RFFOXGHG LQ RQH RI WKH VHQVRUV� 8VLQJ WKLV V\VWHP �YHKLFOH EDVHG ODVHU�� ZH FDQ EXLOG WKH XUEDQ ��'

GDWDEDVH DW PXFK KLJKHU UHVROXWLRQ DQG DFFXUDF\� 7KLV W\SH RI V\VWHP LV XQLTXH RQ LW�VHOI DV JURXQG EDVHG ODVHU VFDQQHUV

KDYH QRW EH XVHG IRU GDWD DFTXLVLWLRQ IRU GHYHORSLQJ XUEDQ ��' PDSV� DOWKRXJK WKHUH DUH TXLWH D ORW RI DSSOLFDWLRQV DQG

UHVHDUFK RQ DLUERUQH ODVHU VFDQQLQJ V\VWHP�
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7KH PRELOH PDSSLQJ

YHKLFOH LV VKRZQ LQ

ILJXUH �� ,W FRQVLVWV RI

IRXU &&' FDPHUDV�

IRXU ODVHU VFDQQHUV�

+\EULG ,QHUWLDO 6XUYH\

6\VWHP �+,66� ZKLFK

FRQVLVWV RI '*36� ,16

DQG HOHFWURQLF

2GRPHWHU IRU SRVLWLRQ

DQG RULHQWDWLRQ GDWD�

��� +,66 �7KH *36�,16 ,QWHJUDWLRQ�

7KH +\EULG ,QHUWLDO 6XUYH\ 6\VWHP �+,66� LV WKH LQWHJUDWLRQ RI *36 DQG ,16� *36 FDQ SURYLGH ��GLPHQVLRQ SRVLWLRQLQJ

DV IDU DV DW OHDVW IRXU *36 VDWHOOLWHV DUH YLVLEOH� 7KH *36 LV RSHUDWHG LQ GLIIHUHQWLDO PRGH� ZKLFK FDQ SURYLGH SRVLWLRQDO

DFFXUDF\ �VWDQGDUG GHYLDWLRQ� RI DERXW RQH PHWHU ZLWK D 3'23 EHWWHU WKDQ �� ZKLOH LQ VWDWLF PRGH DIWHU LQLWLDOL]DWLRQ�

+RZHYHU� ZKHQ WKH *36 DQWHQQD LV REVWUXFWHG E\ WUHHV RU EXLOGLQJV� WKH DFFXUDF\ LV HLWKHU VHULRXVO\ GHJUDGHG RU WKH

SRVLWLRQLQJ GDWD LV QRW DYDLODEOH DW DOO GXH WR OHVVHU QXPEHU RI YLVLEOH VDWHOOLWHV RU KLJKHU 3'23 YDOXH� 7KH ,16 FDQ

PHDVXUH SRVLWLRQ DXWRQRPRXVO\ ZLWK KLJK SUHFLVLRQ EXW LW LV KLJKO\ DIIHFWHG E\ GULIW HUURU� 7KXV WKH FRPELQDWLRQ RI ERWK

WKH *36 DQG ,16 UHVXOWV LQ EHWWHU SRVLWLRQLQJ GDWD� +RZHYHU� WKH SUREOHP VWLOO H[LVWV� LI WKH *36 GDWD LV QRW DYDLODEOH IRU

ORQJHU WLPH SHULRG� ZKLFK LV TXLWH SRVVLEOH LQ ILHOG VXUYH\LQJ LQ XUEDQ DUHD� ,Q RUGHU WR DYRLG WKLV SUREOHP DQ HOHFWURQLF

ZKHHO RGRPHWHU LV DOVR LQWHJUDWHG ZLWK WKH *36�,16 V\VWHP� 7KH RGRPHWHU GDWD LV DXWRPDWLFDOO\ XVHG RQFH WKH *36

SRVLWLRQLQJ LV QRW VDWLVIDFWRU\� 7KH GHFLVLRQ LV EDVHG RQ WKHVH WZR IDFWRUV� ZKHQ WKH QXPEHU RI VDWHOOLWHV DUH OHVV WKDQ

IRXU RU ZKHQ WKH 3'23 LV JUHDWHU WKDQ IRXU� .DOPDQ ILOWHU LV XVHG IRU LQWHJUDWLQJ WKH V\VWHPV� 7KH +,66 RXWSXW LV EDVHG

RQ HLWKHU *36�,16 PRGH RU 2GRPHWHU�,16 PRGH� )RU GHWDLOV RQ +,66 DQG LW©V ILHOG WHVW UHVXOWV� UHIHU 7DPXUD �������

��� /DVHU 6FDQQHU

)RXU ODVHU VFDQQHUV DUH IL[HG RQ WRS RI WKH YHKLFOH DW IRXU GLIIHUHQW GLUHFWLRQV DV VKRZQ LQ ILJXUH �� 7KH SXUSRVH RI XVLQJ

IRXU XQLWV LV WR FDSWXUH WKH GDWD IURP GLIIHUHQW YLHZLQJ DQJOH VR WKDW DV PXFK RI GDWD FDQ EH H[WUDFWHG DV SRVVLEOH HYHQ

ZKHQ WKH WDUJHW LV RFFOXGHG E\ SHGHVWULDQV RU PRYLQJ YHKLFOHV� 7KH FRQILJXUDWLRQ RI ODVHU VFDQQHU LV JLYHQ LQ 7DEOH ��

0HDV� 'LVWDQFH 5DQJH ��P�UHIOHFWLRQ UDWH ����

$FFXUDF\ RI 5DQJH �FP��_�

6FDQQLQJ 5RWDWLRQ ����

$QJXODU 5DQJH 6WHS �����

)UHTXHQF\ ��+]

7DEOH �� /DVHU 6FDQQHU FRQILJXUDWLRQ

��� &&' &DPHUD

)RXU &&' FDPHUDV DUH XVHG ZLWK SDUDEROLF UHIOHFWLQJ PLUURUV�

(DFK XQLW RI &&' FDPHUD DQG /DVHU VFDQQHU DUH KRXVHG LQ D

VLQJOH IUDPH� 7DEOH � VKRZV WKH FRQILJXUDWLRQ RI WKH &&' FDPHUD�

3KRWRJUDSK\ (OHPHQW ��� LQFK FRORU &&'

5HVROXWLRQ ���[���

(6' 2XWSXW 5*%

7ULJJHU VKXWWHU ����>�������

/HQV 0RXQW & PRXQW

7DEOH �� &RQILJXUDWLRQ RI &&' &DPHUD

)LJXUH �� 0RELOH 0DSSLQJ 6XUYH\ 9HKLFOH DQG WKH 6HQVRUV RQ WRS RI WKH YHKLFOH

/DVHU 6FDQQHU

&&' &DPHUD

3DUDEROLF 0LUURU

)LJXUH �� &&' DQG /DVHU VHQVRU XQLWV

Dinesh Manandhar
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��� &DOLEUDWLRQ

7KH IRUHPRVW WDVN LV WR FDOLEUDWH HDFK LQGLYLGXDO VHQVRU� ,Q WKLV UHJDUG� ZH KDYH GHYHORSHG WKH DOJRULWKPV DQG FRQGXFWHG

H[SHULPHQWV IRU FDOLEUDWLRQ RI /DVHU 6FDQQHUV DQG &&' FDPHUDV� 7KH H[SHULPHQWV ZHUH FRQGXFWHG ERWK LQGRRUV DQG

RXWGRRUV� 7KH LQGRRU H[SHULPHQWV DUH QHFHVVDU\ WR FDOLEUDWH WKH ODVHU VFDQQHU DQG &&' FDPHUD XVLQJ SDUDEROLF PLUURUV�

��� &&' &DOLEUDWLRQ

7KH FDOLEUDWLRQ RI &&' FDPHUD LV FRQGXFWHG WR ILQG RXW WKH LQWULQVLF �IRFDO OHQJWK� SULQFLSDO SRLQW DQG OHQV GLVWRUWLRQV�

DQG H[WULQVLF �SRVLWLRQ DQG DWWLWXGH RI WKH FDPHUD� SDUDPHWHUV� 7KH H[WULQVLF SDUDPHWHUV DUH QHFHVVDU\ WR LQWHJUDWH ZLWK

ODVHU VFDQQHU DV ZHOO DV ZLWK RWKHU VHQVRU XQLWV DQG XOWLPDWHO\ WR WUDQVIHU WR WKH ORFDO PDS FRRUGLQDWH V\VWHP� 7KH

DOJRULWKP� ZH KDYH XVHG LV EDVHG RQ '/7 �'LUHFW /LQHDU 7UDQVIRUP�� $EGHO�$]L] ������� 7KH GHWDLOV DUH QRW JLYHQ KHUH

DV PDQ\ UHVHDUFKHUV KDYH DOUHDG\ SXEOLVKHG RQ LW� )RU GHWDLOV� SOHDVH� UHIHU $EGHO�$]L] ������� ,Q RXU FDVH� ZH VROYHG

WKH FDOLEUDWLRQ SUREOHP LQ WZR VWHSV� ,Q WKH ILUVW VWHS� '/7 LV XVHG IURP ZKLFK HOHYHQ /�SDUDPHWHUV DUH FRPSXWHG�

7KHVH /�SDUDPHWHUV DUH XVHG DV LQLWLDO HVWLPDWH YDOXHV RI WKH SDUDPHWHUV IRU WKH QRQ�OLQHDU FRPSXWDWLRQ� 7KHUH DUH

GLIIHUHQW PHWKRGV WR H[WUDFW WKH FDPHUD LQWULQVLF DQG H[WULQVLF SDUDPHWHUV IURP WKH ���/SDUDPHWHUV� 7KH RQH� ZH KDYH

XVHG LV EULHIO\ PHQWLRQHG KHUH� 7KH GHWDLO GHULYDWLRQ RI WKH DOJRULWKP ZLOO EH DYDLODEOH WKURXJK RXU ZHE VLWH

�KWWS���VKLED�LLV�X�WRN\R�DF�MS� LQ QHDU IXWXUH�

����� '/7 $OJRULWKP� 7KH '/7 PHWKRG LV EDVHG RQ SLQKROH FDPHUD PRGHO DQG GRHV QRW FRQVLGHU WKH OHQV GLVWRUWLRQV

OLNH UDGLDO DQG WDQJHQWLDO GLVWRUWLRQV� 7KH '/7 HTXDWLRQV DUH �
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ZKHUH� X� Y DUH LPDJH FRRUGLQDWHV LQ FDPHUD FRRUGLQDWH V\VWHP� DQG ;�<�= DUH REMHFW FRRUGLQDWHV LQ ORFDO FRRUGLQDWH

V\VWHP� /
�
��/

��
DUH HOHYHQ '/7 SDUDPHWHUV� :H KDYH EXLOW WKH FRQVWUDLQW E\ DVVLJQLQJ YDOXH RQH WR /

��
SDUDPHWHU� ,Q

WKLV FDVH WKH OLQHDU HTXDWLRQ FDQ EH VROYHG ZLWK SVHXGR LQYHUVH� )DXJHUDV DQG 7RVFDQL ������� VXJJHVWHG WKH FRQVWUDLQW

/�

�
� /�

��
� /�

��
 �� ZKLFK LV VLQJXODULW\ IUHH� 7KH IROORZLQJ HTXDWLRQV H[SODLQ WKH FRPSXWDWLRQ RI /�SDUDPHWHUV DQG

H[WUDFWLRQ RI FDPHUD LQWULQVLF DQG H[WULQVLF SDUDPHWHUV IURP WKHVH /�SDUDPHWHUV�

7KH HTXDWLRQV � DQG � DERYH FDQ EH ZULWWHQ LQ PDWUL[ IRUP DV
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)LJXUH �� 7\SH RI WDUJHWV XVHG IRU RXWGRRUV� LQGRRUV DQG RPQL &&' FDOLEUDWLRQ

Dinesh Manandhar
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(TXDWLRQ � FDQ EH VROYHG GLUHFWO\ DV D/ E LQ OHDVW VTXDUH IDVKLRQ� 7KH VROXWLRQ LV JLYHQ E\

������� ����	
��� WW= ���

7KHUH DUH GLIIHUHQW ZD\V WR H[WUDFW WKH FDPHUD LQWULQVLF DQG H[WULQVLF SDUDPHWHUV IURP WKH HOHYHQ /�SDUDPHWHUV� )RU

GHWDLOV� UHIHU 0HOHQ ������� RU .ZRQ ������� 0HOHQ XVHG WKH 54 GHFRPSRVLWLRQ PHWKRG� +RZHYHU� WKH FRPSXWHG

UHVXOWV IURP '/7 DUH QRW VDWLVIDFWRULO\ HQRXJK� DV ZH FDQ QRW LQFRUSRUDWH WKH OHQV GLVWRUWLRQV� 7KHLU H[LVWV GLIIHUHQW

YHUVLRQ RI '/7 ZKLFK DOVR LQFRUSRUDWHV WKH OHQV GLVWRUWLRQ SDUDPHWHUV� +DW]H ������ KDV SURSRVHG 0RGLILHG '/7

�0'/7� PHWKRG ZKLFK FRQVLGHUV WKH OHQV GLVWRUWLRQV DV ZHOO�

,Q WKH VHFRQG VWHS� WKH FDOLEUDWLRQ LV SHUIRUPHG FRQVLGHULQJ WKH OHQV GLVWRUWLRQ SDUDPHWHUV DV ZHOO� 7KLV LV DFFRPSOLVKHG

E\ PLQLPL]LQJ WKH UHVLGXDO EHWZHHQ WKH DFWXDO REVHUYDWLRQ YDOXHV RI LPDJH FRRUGLQDWHV �8�9� DQG WKH FRPSXWHG YDOXHV

RI �X�Y� E\ XVLQJ WKH FRPSXWHG FDPHUD SDUDPHWHUV� 7KH REMHFWLYH LV WR PLQLPL]H WKH VXP RI VTXDUH RI UHVLGXDOV�
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1RQ�OLQHDU OHDVW VTXDUH HVWLPDWLRQ WHFKQLTXH FDQ EH XVHG WR VROYH HTXDWLRQ �� :H KDYH XVHG WKH /DYHQEHUJ�0DUTXDUGW

DOJRULWKP IRU WKH QRQ�OLQHDU RSWLPL]DWLRQ� 7KH SURSHU LQLWLDO YDOXHV DUH REWDLQHG IURP WKH '/7 PHWKRG� :LWKRXW SURSHU

LQLWLDO YDOXH WKH VROXWLRQ PLJKW VWLFN WR ORFDO PLQLPXP� 7KH 0DWODE IXQFWLRQV ZULWWHQ E\ +HNNLOOD DQG 6LOYHQ KDYH EHHQ

XVHG IRU VROYLQJ WKH QRQ�OLQHDU OHDVW VTXDUH IXQFWLRQ�

��� /DVHU &DOLEUDWLRQ

7KH ODVHU VFDQQHU FDOLEUDWLRQ ZDV FRQGXFWHG LQGRRUV� 7KH FDOLEUDWLRQ RI ODVHU VFDQQHU RXWGRRUV LV GLIILFXOW GXH WR WKH

GLIILFXOW\ LQ LGHQWLI\LQJ WKH UHIOHFWHG SXOVHV IURP WKH IHDWXUH RQ WKH GDWD� $ VSHFLDO DUUDQJHPHQW IRU WKH ODVHU WDUJHWV ZDV

PDGH IRU HDV\ LGHQWLILFDWLRQ RI UHIOHFWHG SXOVHV� 'XULQJ WKH FDOLEUDWLRQ H[SHULPHQWV� ZH KDYH DOVR FRQGXFWHG IRU WKH

DFFXUDF\ FKHFN RI WKH UDQJH GDWD�

����� /DVHU &DOLEUDWLRQ $OJRULWKP� 7KH ODVHU FDOLEUDWLRQ DOJRULWKP LV JLYHQ EHORZ� 7KLV LV D VHYHQ�SDUDPHWHU

WUDQVIRUPDWLRQ IRU WUDQVIRUPDWLRQ RI FRRUGLQDWHV IURP RQH V\VWHP WR DQRWKHU V\VWHP� 8VLQJ WKLV DOJRULWKP� ZH VLPSO\

JHW WKH H[WHULRU RULHQWDWLRQ RI WKH ODVHU VFDQQHU� ZKLFK LV QHHGHG IRU LQWHJUDWHG FDOLEUDWLRQ ZLWK &&' FDPHUD DQG�RU

RWKHU VHQVRUV� 7KH DOJRULWKP LV�
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(TXDWLRQ � FDQ EH H[SUHVVHG DV 7V5;[ += RU LQ IXQFWLRQDO IRUP �=−+= ������ ���

ZKHUH� [ LV WKH WDUJHW FRRUGLQDWHV LQ ODVHU FRRUGLQDWH V\VWHP� ; LV WKH WDUJHW FRRUGLQDWHV LQ WKH ORFDO FRRUGLQDWH V\VWHP

�LQ WKLV FDVH WRWDO VWDWLRQ VXUYH\ FRRUGLQDWHV�� V LV WKH VFDOH IDFWRU� 5 LV WKH URWDWLRQ PDWUL[ DQG 7 LV WKH WUDQVODWLRQ YHFWRU�

&RQVLGHULQJ ERWK [ DQG ; DV REVHUYDWLRQV� HTXDWLRQ � FDQ EH OLQHDUL]HG DV ���� =∆+ ZKHUH ���
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DUH SDUWLDO GHULYDWLYHV RI 0 ZLWK UHVSHFW WRω� ϕ� DQG κ UHVSHFWLYHO\

[ ]W����
������

δδδδδδδ=∆ ����

,I ZH DVVXPH WKDW DOO WKH REVHUYDWLRQV KDYH HTXDO ZHLJKW DQG DUH XQFRUUHODWHG� WKHQ ZH FDQ VROYH HTXDWLRQ � DV

������� ����	
�� WW=∆ ����

∆ LV WKH HVWLPDWHG YDOXH WR EH DGGHG WR WKH LQLWLDO DSSUR[LPDWLRQ� 6LQFH� WKH HTXDWLRQ LV QRQ�OLQHDU� LWHUDWLRQ PXVW EH

GRQH WR DFKLHYH WKH PRVW SUREDEOH HVWLPDWLRQ IRU DOO WKH XQNQRZQ SDUDPHWHUV� OLNH VFDOH� WKUHH URWDWLRQ DQJOHV DQG WKH

WUDQVODWLRQ YHFWRU�

Dinesh Manandhar
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��� *36�,16

7KH LQWHJUDWHG '*36�,16 V\VWHP� ZKLFK LV FDOOHG +,66� ZDV GHYHORSHG E\ $VLD $LU 6XUYH\� 7KH LQWHJUDWHG V\VWHP KDV

DQ DFFXUDF\ RI DERXW RQH�PHWHU LQ KRUL]RQWDO SODQH� 7KH V\VWHP RQFH LQLWLDOL]HG FDQ ZRUN HLWKHU RQ '*36�,16 PRGH RU

2GRPHWHU�,16 PRGH� 7KH VZLWFKLQJ EHWZHHQ WKH WZR PRGHV LV DXWRPDWLF� ZKLFK LV EDVHG RQ WKH 3'23 �LI 3'23 ! ����

DQG QXPEHU RI YLVLEOH VDWHOOLWHV �LI QR� RI VDW � ��� 7KH SUHIHUHQFH LV DOZD\V JLYHQ WR '*36�,16 PRGH� :H KDYH

FRQGXFWHG VRPH WHVWV WR VHH WKH EHKDYLRU RI WKH '*36 DORQH DQG '*36�,16 UHVXOWV DW VWDWLRQDU\ PRGH �ZKLOH WKH

YHKLFOH LV QRW PRYLQJ��

��� 'DWD $FTXLVLWLRQ 0HFKDQLVP

'DWD LV DFTXLUHG DIWHU HYHU\ VSHFLILF GLVWDQFH� ,Q WKLV FDVH� GDWD LV DFTXLUHG HYHU\ ��FP� 2QFH WKH YHKLFOH KDV WUDYHOHG

IRUZDUG E\ D VSHFLILHG GLVWDQFH� WULJJHU LV DFWLYDWHG ZKLFK WLPH WDJV WKH +,66 GDWD DQG FDSWXUHV WKH &&' LPDJH IUDPH

DQG /DVHU VFDQQHU GDWD� 7KH WULJJHU VHWWLQJ FDQ EH FRQWUROOHG E\ WKH XVHU GHSHQGLQJ XSRQ WKH UHTXLUHPHQW� 'DWD LV

WHPSRUDULO\ VWRUHG LQ WKH PHPRU\� 7KH 3& KDV ���0% RI PHPRU\� ZKLFK OLPLWV WKH FRQWLQXRV RSHUDWLRQ RI WKH GDWD

DFTXLVLWLRQ� 'DWD KDV WR EH VDYHG LQWR WKH KDUG GLVN DIWHU HYHU\ �����P�

� 5(68/76 $1' ',6&866,216

7KH UHVXOWV RI &&' FDPHUD FDOLEUDWLRQ� /DVHU 6HQVRU FDOLEUDWLRQ DQG +,66 RXWSXW DUH SUHVHQWHG EHORZ�

��� &&' &DPHUD &DOLEUDWLRQ

7KH UHVXOWV SUHVHQWHG KHUH IRU WKH &&' FDPHUD DUH ZLWKRXW XVLQJ WKH SDUDEROLF UHIOHFWLQJ PLUURU� 7KH XVH RI SDUDEROLF

PLUURU GUDVWLFDOO\ UHGXFHV WKH LPDJH UHVROXWLRQ� 7KXV� ZH ZRXOG OLNH WR FDOLEUDWH WKH &&' FDPHUD ERWK ZLWK DQG ZLWKRXW

WKH PLUURU� :H H[SHFW WKDW WKH UHVXOWV ZLWKRXW XVLQJ WKH PLUURU DUH EHWWHU WKDQ WKH RQH XVLQJ WKH PLUURU� 7KHVH FDOLEUDWLRQ

UHVXOWV ZLOO EH XVHG IRU LQWHJUDWHG FDOLEUDWLRQ ZLWK *36�,16� 7KH LQWHJUDWHG FDOLEUDWLRQ ZLWK ODVHU VKRXOG EH GRQH XVLQJ

WKH SDUDEROLF PLUURU� DV WKH ODVHU GDWD KDYH WR EH RYHUODLG RQ WKH &&' LPDJH�

&DPHUD 6FDOH )RFDO

�PP�

8�

�SL[�

9�

�SL[�

UDG� UDG� WDQ� WDQ� (UURU

�SL[�

&� ����� ����� ������ ������ ����(��� �����(��� �����(��� �����(��� ����

&� ����� ����� ������ ������ ����(��� �����(��� �����(��� �����(��� ����

&� ����� ����� ������ ������ ����(��� �����(��� ����(��� ����(��� ����

&DPHUD ;��PP� <��PP� =��PP� 2PJ

�GHJ�

3KL

�GHJ�

.DSSD

�GHJ�

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

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

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

7DEOH �� &&' FDPHUD FDOLEUDWLRQ SDUDPHWHUV IRU RXWGRRU H[SHULPHQW

&DPHUD 6FDOH )RFDO 8� 9� 5DG� 5DG� 7DQJ� 7DQJ� (UURU

&� ����� ������ ������ ������ ����(��� �����(��� �����(��� ����(��� ����

&� ����� ������ ������ ������ �����(��� �����(��� �����(��� �����(��� ����

&� ����� ������ ������ ������ �����(��� �����(��� �����(��� �����(��� ����

&� ����� ������ ������ ������ �����(��� �����(��� �����(��� ����(��� ����

&DPHUD ;��PP� <��PP� =��PP� 2PJ 3KL .DSSD

&� ����� ����� ��� ����� ����� ������

&� ����� ����� ��� ����� ����� ������

&� ����� ����� ��� ����� ����� ������

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

7DEOH �� &&' FDPHUD FDOLEUDWLRQ SDUDPHWHUV IRU LQGRRU H[SHULPHQW

$OWKRXJK� WKH FDOLEUDWLRQ UHVXOWV VKRZQ DERYH OLVW WKH RYHUDOO HUURU �VXP RI VTXDUH RI HUURUV� EHWWHU WKDQ RQH SL[HO� WKH

HUURU �VWDQGDUG GHYLDWLRQ� LQ HVWLPDWLQJ WKH LQGLYLGXDO LQWULQVLF SDUDPHWHUV YDULHG D ORW IURP HDFK RI WKH FDOLEUDWLRQ� 7KH

YDULDWLRQ ZDV ��� SL[HOV� 7KLV PD\ EH GXH WR WKH HUURUV LQWURGXFHG LQ H[WUDFWLQJ WKH WDUJHW LPDJH FRRUGLQDWHV DV ZHOO DV

PHDVXULQJ WKH WDUJHWV LQ UHDO ZRUOG FRRUGLQDWHV �WDUJHW VXUYH\ HUURU�� :H KDYH XVHG WKH WDUJHWV DV VKRZQ LQ ILJXUH � IRU

RXWGRRUV� LQGRRUV DQG RPQL &&' FDOLEUDWLRQ� :H IHHO WKDW WKH GHVLJQ DQG W\SH RI WDUJHW DIIHFWV WKH VLPSOLFLW\ DQG

DFFXUDF\ RI WKH FRRUGLQDWH H[WUDFWLRQ� 7KH WDUJHWV PXVW EH GHVLJQHG EDVHG RQ FDOLEUDWLRQ DQG VXUURXQGLQJ HQYLURQPHQW�
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)LJXUH �� /DVHU 5DQJH ,PDJH

,Q WKH QH[W H[SHULPHQW� ZH ZLOO DOVR XVH FLUFXODU WDUJHWV WR VHH KRZ WKH UHVXOWV DUH DIIHFWHG� 7KH WDUJHW SRLQW� ZKLFK LV WKH

FLUFOH FHQWUH ZLOO EH DXWRPDWLFDOO\ H[WUDFWHG EDVHG RQ WKH HOOLSVH PRGHO DQG H[WUDFWLQJ WKH ERXQGDU\ RI WKH FLUFOH� UDWKHU

WKDQ WKH HGJH RI WKH FLUFOH �HGJH H[WUDFWLRQ��

��� /DVHU 6FDQQHU &DOLEUDWLRQ

7KH ODVHU FDOLEUDWLRQ UHVXOWV IRU WKH H[WULQVLF SDUDPHWHUV DUH JLYHQ LQ 7DEOH �� 7KH GLIILFXOW SDUW LQ ODVHU FDOLEUDWLRQ LV WR

LGHQWLI\ WKH UHIOHFWHG WDUJHW SRLQWV RQ WKH FORXG RI WKH ODVHU WDUJHW GDWD� :H IL[HG WKH WDUJHWV RI VL]H IRXU VT�FP� �WDUJHW

XVHG IRU WRWDO VWDWLRQ VXUYH\� RQ WKH WLSV RI ZRRGHG URGV ZKLFK DUH IL[HG RQ D ERDUG� SURMHFWHG WRZDUG WKH VHQVRU

GLUHFWLRQ� 7KLV JLYHV D FORXG RI SRLQWV DW WKH VDPH SODQH SOXV D IHZ UHIOHFWHG WDUJHW SRLQWV DW QHDUHU GLVWDQFH IURP RWKHU

FORXG RI SRLQWV� 7KLV VLPSOLILHV WKH LGHQWLILFDWLRQ RI WKH WDUJHW�UHIOHFWHG SRLQWV� %HVLGHV� H[WULQVLF SDUDPHWHU HVWLPDWLRQ�

WKH SUHFLVLRQ RI WKH VFDQQHU LWVHOI LV FDUULHG RXW� 7KLV LV DFKLHYHG E\ PHDVXULQJ WKH KHLJKW RI WKH ZDOO E\ WKH VFDQQHU DQG

WKH WRWDO VWDWLRQ� VHH ILJXUH �� 7DEOH � VKRZV WKH UHVXOWV� 7KH GLVFUHSDQF\ LV DERXW ��� FP�

;R �PWU� <R �PWU� =R �PWU� 2PHJD 3KL .DSSD

����� ����� ����� ���	 ��
 ��
��


7DEOH �� /DVHU 6HQVRU H[WULQVLF FDOLEUDWLRQ SDUDPHWHUV

)LJXUH �� VKRZV WKH ODVHU UDQJH LPDJH DFTXLUHG E\ RQH RI WKH VHQVRUV�

7KH LPDJH LV IURP XQFDOLEUDWHG UDQJH

GDWD� 7KH YHKLFOH VSHHG GXULQJ WKH

DFTXLVLWLRQ RI WKLV GDWD LV DURXQG ��

��NP�KU� ZKLFK LV WRR VORZ IRU

SUDFWLFDO LPSOHPHQWDWLRQ� 7KH EXLOGLQJ

IDFH LV WLOWHG ZKLFK LV GXH WR WKH XVH RI

XQFDOLEUDWHG GDWD� 7KH +,66 GDWD DUH

GLUHFWO\ DVVLJQHG WR WKH ODVHU UDQJH

SRLQWV� 7KLV LV MXVW WR VHH KRZ WKH ODVHU

UDQJH GDWD �DQG GLIIHUHQW IHDWXUHV� OLNH

EXLOGLQJV� URDGV� WUHHV� ORRN OLNH ZKHQ

DFTXLUHG IURP D PRYLQJ SODWIRUP� :H

FDQ VHH VRPH WUHHV DW WKH OHIW VLGH RI

WKH LPDJH DQG DW WKH FHQWUH RI WKH URDG�

QHDWO\ WULPPHG SODQWV LQ WKH WUDIILF

LVODQG DUH VHHQ�

��� +,66 2EVHUYDWLRQ

)LJXUH � VKRZV WKH KHLJKW GDWD REVHUYHG LQ VWDWLF PRGH� 7KH REVHUYDWLRQ ZDV GRQH IRU DERXW �� PLQXWHV� DIWHU

LQLWLDOL]LQJ WKH +,66 V\VWHP� ZKLFK QRUPDOO\ WDNHV ��a�� PLQXWHV� :H FDQ VHH KRZ WKH '*36 GDWD DQG '*36�,16 GDWD

EHKDYHV� 7KH KHLJKW GDWD KDV EHFRPH FRQVWDQW� RQFH WKH +,66 PRGH KDV VZLWFKHG WR 2GRPHWHU�,16 PRGH� 7KH YDOXH LV

FRQVWDQW EHFDXVH WKHUH ZDV QR LQSXW �RU RQO\ FRQVWDQW LQSXW� IURP WKH 2GRPHWHU DV WKH YHKLFOH ZDV LQ VWDWLF PRGH� 7KH

+,66 RXWSXW IRU PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH KHLJKW LV ������P DQG ������P UHVSHFWLYHO\� )LJXUH �� VKRZV WKH

+,66 SRVLWLRQ �KRUL]RQWDO� RXWSXW� 7KH JUDSK LV SORWWHG IRU SRVLWLRQ GDWD IRU WKUHH�FRQVHFXWLYH YHKLFOH GULYHV� 7KH

YHKLFOH ZDV VWRSSHG LQWHUPLWWHQWO\ EHWZHHQ WKH REVHUYDWLRQV IRU GDWD WUDQVIHU IURP WKH PHPRU\ WR KDUG GLVN� 7KH +,66

RXWSXW LV EDVHG RQ .DOPDQ ILOWHULQJ RI HLWKHU '*36 � ,16 RU 2GRPHWHU � ,16 GDWD� +RZHYHU� LQLWLDOL]DWLRQ LV DOZD\V

DFFRPSOLVKHG ZLWK '*36�,16 PRGH IRU DW OHDVW �� PLQXWHV� ,W ZDV REVHUYHG WKDW WKH WUDQVLWLRQ IURP '*36�,16 PRGH

WR 2GRPHWHU�,16 PRGH ZDV VPRRWK� +RZHYHU� ZH FDQ DOVR QRWLFH WKH VXGGHQ MXPS RI SRVLWLRQ GDWD ZKHQ WKH +,66

RXWSXW FKDQJHG IURP 2GRPHWHU�,16 PRGH WR '*36�,16 PRGH� ,W KDSSHQHG ZKHQ WKH YHKLFOH ZDV VWRSSHG IRU VRPH

WLPH ����PLQ� DQG WKHQ PRYHG DJDLQ�

ª ¼ Å Ê Æ É � ª ¼ Å Ê Æ É � ª ¼ Å Ê Æ É� ª ¼ Å Ê Æ É�

§ Æ Ê ÀË À Æ Å � � �� � � � �� � � � �� � � � �� � �

§ Æ Ê ÀË À Æ Å � � �� � � � �� � � � �� � � � �� � �

§ Æ Ê ÀË À Æ Å � � �� � � � �� � � � �� � � � �� � �

7DEOH �� +HLJKW PHDVXUHPHQW E\ /DVHU VFDQQHU� 7KH

DFWXDO ZDOO KHLJKW LV ����PWU�

:DOO

���P

)ORRU

&HLOLQJ

'LIIHUHQW SRVLWLRQV

5RRP

/DVHU 6FDQQHU

)LJXUH �� ,OOXVWUDWLRQ RI 0HDVXUHPHQW

RI :DOO E\ /DVHU 6FDQQHU
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��� 3UDFWLFDO 'LIILFXOWLHV

$W SUHVHQW� WKH YHKLFOH

VKRXOG EH GULYHQ VORZO\

�a��NP�KU� DQG VWRSSHG

DIWHU FHUWDLQ GLVWDQFH

WUDYHOHG �a��PWU�� 7KLV

LV TXLWH VORZ DQG

XQSUDFWLFDO WR VXUYH\ LQ

XUEDQ DUHD� 7KH

OLPLWDWLRQ LV GXH WR WKH

VFDQQLQJ IUHTXHQF\

���+]� RI WKH /DVHU

6FDQQHU DQG 3&

KDUGZDUH� ,Q RUGHU WR

DFTXLUH WKH GDWD DW IDVWHU

UDWH WKH ODVHU VFDQQLQJ

IUHTXHQF\ VKRXOG EH

KLJKHU WKDQ ��+]� 7KH

3& KDV ���0% PHPRU\�

ZKLFK OLPLWV WKH

FRQWLQXRXV REVHUYDWLRQ�

$IWHU HYHU\� �����P

REVHUYDWLRQ� WKH GDWD KDV

WR EH WUDQVIHUUHG IURP

WKH PHPRU\ WR WKH KDUG

GLVN� 'DWD LV FDSWXUHG DW

HYHU\ ��FP RI GLVWDQFH

WUDYHOHG� ,W LV GLIILFXOW WR

LGHQWLI\ WKH ODVHU WDUJHW

SRLQWV UHIOHFWHG E\ WKH

WDUJHWV�

� &21&/86,21 $1' )8785( :25.6

7KH LQGLYLGXDO FDOLEUDWLRQ RI &&' FDPHUD DQG ODVHU VFDQQHU KDV EHHQ FRPSOHWHG� 6RPH SUHOLPLQDU\ GDWD KDV EHHQ

DFTXLUHG E\ XVLQJ WKH V\VWHP� 7KH ODVHU UDQJH GDWD LV SURPLVLQJ IRU GHYHORSLQJ ��' XUEDQ *,6 GDWDEDVH� +,66 RXWSXW

KDV EHHQ DQDO\]HG DQG QHHGV IXUWKHU LPSURYHPHQW WR KDQGOH WKH VLWXDWLRQ ZKHQ WKH SRVLWLRQ GDWD VXGGHQO\ MXPSV IURP

LW©V WUXH SRVLWLRQ� 7KH UHVXOWV VKRZ WKDW� LW VWLOO QHHGV LPSURYHPHQW LQ &&' FDOLEUDWLRQ LQ RUGHU WR PDNH WKH FRPSXWDWLRQ

PRUH UREXVW� 7KH WDUJHW FRRUGLQDWH H[WUDFWLRQ HUURUV VKRXOG EH PLQLPL]HG DQG DFFRXQWHG LQ FRPSXWDWLRQ� 7KLV LV DQ

RQJRLQJ UHVHDUFK ZLWK PDLQ REMHFWLYH RI IHDWXUH H[WUDFWLRQ IURP UDQJH GDWD IRU EXLOGLQJ WKUHH GLPHQVLRQV XUEDQ *,6

GDWDEDVH� 7KH IXWXUH ZRUN PDLQO\ FRQVLVWV RI WZR SDUWV� WKH ILUVW RQH LV &&' RPQL FDPHUD FDOLEUDWLRQ DQG LQWHJUDWHG

FDOLEUDWLRQ RI DOO WKH VHQVRUV� 7KH VHFRQG SDUW LV IHDWXUH H[WUDFWLRQ DQG FODVVLILFDWLRQ RI UDQJH LPDJH GDWD� :H ZLOO OLPLW

WKH REMHFWLYHV SULPDULO\ WR WKH H[WUDFWLRQ RI EXLOGLQJV RU EXLOGLQJ IDFHV� URDGV DQG WUHHV� 7KHVH IHDWXUHV ZLOO EH H[WUDFWHG

E\ ILOWHULQJ WKH SHGHVWULDQV DQG WKH PRYLQJ YHKLFOHV DV IDU DV SRVVLEOH�

$&.12:/('*(0(176

7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH $VLD $LU 6XUYH\� -DSDQ IRU WKHLU DVVLVWDQFH LQ FRQGXFWLQJ WKH FDOLEUDWLRQ ILHOG

WHVWV� (TXDOO\� ZH ZRXOG DOVR OLNH WR DFNQRZOHGJH WKH KHOS RI 7LDQHQ &KHQ� +XMLQ =KDR DQG .D]XKLVD ,QDED�
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)LJXUH �� &RPSDULVRQ RI KHLJKW REVHUYDWLRQ RI '*36 DQG +,66 RXWSXW
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5()(5(1&(6

$EGHO�$]L]� <�,� DQG .DUDUD� +�0�� ����� 'LUHFW OLQHDU WUDQVIRUPDWLRQ LQWR REMHFW VSDFH FRRUGLQDWHV LQ FORVH�UDQJH

SKRWRJUDPPHWU\� 3URF� 6\PSRVLXP RQ &ORVH 5DQJH 3KRWRJUDPPHWU\� 8UEDQD� ,OOLQRLV� S� ����

%URZQ� '�&�� ����� &ORVH 5DQJH &DPHUD &DOLEUDWLRQ� 3KRWRJUDPPHWULF (QJLQHHULQJ� YRO ��� QR �

)DLJ� :�� ����� &DOLEUDWLRQ RI FORVH�UDQJH SKRWRJUDPPHWULF V\VWHPV� 0DWKHPDWLFDO IRUPXODWLRQ� 3KRWRJUDPPHWULF

(QJLQHHULQJ DQG 5HPRWH 6HQVLQJ � YRO� ��� QR ��� S� ���������

)DXJHUDV� 2�' DQG 7RVFDQL� *� ������ &DPHUD FDOLEUDWLRQ IRU �' FRPSXWHU YLVLRQ� 3URF� 2I ,QWHUQDWLRQDO ZRUNVKRS RQ

,QGXVWULDO $SSOLFDWLRQV IRU 0DFKLQH 9LVLRQ DQG 0DFKLQH ,QWHOOLJHQFH� 6LONHQ� -DSDQ� S� �������

)UDVHU� &�6�� ����� 'LJLWDO FDPHUD VHOI FDOLEUDWLRQ� ,6356 -RXUQDO RI 3KRWRJUDPPHWU\ DQG UHPRWH VHQVLQJ� YRO ��� S����

���

+DW]H� +�� ����� +LJK 3UHFLVLRQ WKUHH GLPHQVLRQDO SKRWRJUDPPHWULF FDOLEUDWLRQ DQG REMHFW VSDFH UHFRQVWUXFWLRQ XVLQJ D

PRGLILLHG '/7 DSSURDFK� -RXUQDO RI %LRPHFKDQLFV� 9RO ��� S� ��������

+HLNNLOD� -�� DQG 6LOYHQ� 2�� $ IRXU VWHS FDPHUD FDOLEUDWLRQ SURFHGXUH ZLWK LPSOLFLW LPDJH FRUUHFWLRQ� 'HSDUWPHQW RI

(OHFWULFDO (QJLQHHULQJ� 8QLYHUVLW\ RI 2XOX� MWK#HH�RXOX�IL

.ZRQ� <�� KWWS���ZZZ�FV�EVX�HGX�a\NZRQ

0HOHQ 7�� ����� *HRPHWULFDO PRGHOOLQJ DQG FDOLEUDWLRQ RI YLGHR FDPHUDV IRU XQGHUZDWHU QDYLJDWLRQ� 'U� ,QJ� 7KHVLV�

1RUJHV 7HNQLVNH +RJVNROH� ,QVWLWXWH IRU 7HNQLVN .\EHUQHWLNN

0LNKDLO� (� 0�� 2EVHUYDWLRQV DQG /HDVW 6TXDUHV� +DUSHU DQG 5RZ SXEOLVKHUV� ,6%1 ��������������

7DPXUD� 7�� .LWDJDZD� 7�� 7VXML� .�� 8FKLGD 2�� 6KLPRJDNL� <�� 7KH *36�,16 LQWHJUDWLRQ DQG NLQHPDWLF

SKRWRJUDPPHWU\ IRU PRELOH PDSSLQJ V\VWHP� ,QWHUQDWLRQDO $UFKLYHV RI 3KRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ� YRO�

;;;,,� SDUW �� SS� �������� +DNRGDWH �����

7VDL� 5�<�� ����� $ YHUVDWLOH FDPHUD FDOLEUDWLRQ WHFKQLTXH IRU KLJK DFFXUDF\ �' PDFKLQH YLVLRQ PHWURORJ\ XVLQJ RII WKH

VKHOI 79 FDPHUDV DQG OHQVHV� ,((( -RXUQDO RI 5RERWLFV DQG $XWRPDWLRQ� YRO� 5$�� S� ��������� $XJXVW ����
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