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&RQWHQWV LLL
/LVW RI 7DEOHV [
/LVW RI JLIXUHV [L
$FNQRZOHGJHPHQWYV [l
'HFODUDWLRQ [Tt
$EVWUDFW [[LL
&KDSWHU ,QWURGXFWLRQ

 QWURGXFWLRQ
%DFNJURXQG
2EMHFWLYHYV
,PSDFW (FKR OHWKRG
(FKR $QDO\VLV
JLQLWH (OHPHQW ORGHOOLQJ
1HXUDO 1HWZRUN ,QWHUSUHWDWLRQ
BWUXFWXUH RI 7TKHVLV
2YHUYLHZ RI 6WDWH RI WKH $UW
6XPPDU\

&KBWHU 1RQ GHVWUXFWLYH 7HVWLQJ DQG ,PSDFW (
 QWURGXFWLRQ
1RQ GHVWUXFWLYH 7HFKQLTXHYV
3XOVH (FKR
,QIUDUHG 7KHUPRJUDSK\
5DGDU
8OWUDVRQLF 3XOVH 9HORFLW\
5HPRWH 9LHZLQJ ,QVLGH D 6WUXFWXUH
5DGLRJUDSK\
,PSDFW (FKR OHWKRG
&RPSDULVRQ RI 7ZR ,PSDFW (FKR 'HYLFHV
7KHRU\
OHWKRG RI $SSOLFDWLRQ

,PSDFW 6RXUFH
LL



'LVSODFHPHQW 7UDQVGXFHU
‘:DYHIRUP $QDO\VHU
6LJQDO $QDO\VLYV
 QWHUSUHWLQJ WKH ,PSDFW 5HVSRQVH
'"HWHFWDEOH 'HIHFWV
6XPPDU\

&KBWHU 'HVFULSWLRQ RI ([SHULPHQWV
 QWURGXFEWLRQ
'HVFULSWLRQ RI &RQFUHWH 6SHFLPHQV
6XUYH\ /LQHV RQ :DOO 6SHFLPHQV
:DOO $ HDVW DQG ZHVW
7HVWLQJ Rl 6RXQG $UHDV
:DOO ' (DVW
6XPPDU\

&KBWHU ,PSDFW (FKR 6XUYH\
 QWURGXFWLRQ
BUHGLFWLRQ RI WKH 7KHRUHWLFDO JUHTXHQF\
9RLG 'HIHFW
9DULDWLRQ RI 9HORFLW\ LQ &RQFUHWH
9DULDWLRQ RI $PSOLWXGH *UDSKV
6XPPDU\

&KBWHU 1IHXUDO 1HWZRUNV
 QWURGXFWLRQ
1IHXUDO 1HWZRUNYV
'HYHORSPHQW RI $UWLILFLDO 1HXUDO 1HWZRUN
6XPPDU\ RI THXUDO 1HWZRUNYV
1IHXUDO 1HWZRUN $UFKLWHFWXUH
7KH %DVLF 1HXURQ
7UDLQLQJ
6XSHUYLVHG
(SRFK
SHLQIRUFHPHQW
8QVXSHUYLVHG
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$VVRFLDWLYH OHPRU\
+LHUDUFKLFDO 6WUXFWXUH RI WKH 1HXUDO 1HW
7UDQVIHU )XQFWLRQ /HYHO 2QH
7KUHVKROG /RJLF 1RGHYV
+DUG /LPLW 1RGHYV
6LJPRLG 1RGHYV
5DGLDO %DVLV )XQFWLRQ
1IHWZRUN 6WUXFWXUH /HYHO 7ZR
OXOWL OD\HUHG )HHG IRUZDUG 1HXUDO
6LQJOH /D\HU /DWHUDOO\ &RQQHFWHG
6LQJOH /D\HU 7RSRJUDSKLFDOO\ 2UGHL
%LOD\HUHG )HHG IRUZDUG DQG )HHG ED
OXOWL OD\HU &R RSHUDWLYHDQG &RPS}
+\EULG 1HWZRUNYV
.H\ 1IHXUDO 1HWZRUNV
.RKRQHQ 1HWZRUN
&RPSHWLWLRQ LQ /HDUQLQJ
+RSILHOG 1HWZRUN
(QHUJ\ )XQFWLRQV
&RXQWHU 3URSDJDWLRQ
$GDOLQH DQG ODGDOLQH
7KH %DFN 3URSDJDWLRQ 1HWZRUN
1IHWZRUN 3URFHVVHYV
JRUZDUG 6WHS
%DFNZDUG 6WHS
$SSOLFDWLRQ RI 1HXUDO 1HWZRUNYV
6HOHFWLRQ RI D ORGHO WKH %DFN 3URSDJDWL
6XPPDU\

&KBWHU 7KH %DFN 3URSDJDWLRQ 1HWZRUN
 QWURGXFWLRQ
%DFN 3URSDJDWLRQ 1HWZRUN
&KDUDFWHULVWLFV Rl WKH %DFN 3URSDJDWLRQ
$SFWLYDWLRQ )XQFWLRQV
/IRFDO OLQLPD
7UDLQLQJ BWHSV



7TKH *HQHUDOLVHG '"HOWD 5XOH
6 XPPDU\

&KDSWHUHXUDO 1HWZRUN ,PSOHPHQWDWLRQ
 QWURGXFWLRQ
7\SHV RI 'DWD
7UDLQLQJ D 1HWZRUN
9DOLGDWLRQ
ORPHQWXP 7HUP
/JHDUQLQJ 5DWH
"HLIJKWYV
1XPEHU RI ,WHUDWLRQYV
+LGGHQ /D\HUV DQG 1RGHV
&DOFXODWLRQ RI WKH 1XPEHU RI +LGGHQ /C
&DOFXODWLRQ RI WKH 1XPEHU RI +LGGHQ 1F
ORGHOOLQJ ,PSDFW (FKR E\ 1HXUDO 1HWZRUN
OHWKRG RI 'DWD &RUUHODWLRQ DQG 1HWZ
OHWKRG RI 'DWD (YDOXDWLRQ
OHWKRG ,QFUHDVLQJ WKH 1XPEHU RI 'DWD
'DWD 3UHSDUDWLRQ
JRUPDWWLQJ 5DZ 'DWD
'DWD &UHDWHG $GGLQJ 1RLVH
))7 3URFHVVLQJ
 QWHUSRODWLQJ 'DWD
'DWD )LOWHULQJ
$FFXPXODWLQJ WKH 'DWD
)XUWKHU ,PSURYHPHQWV
5H RUJDQLVLQJ WKH 'DWD
7HVWLQJ 1HXUDO 1HWZRUN RQ 7UDLQHG 'D
,QYHVWLJDWLRQ RI 2SWLPXP 3DUDPHWHUYV
1IHXUDO 1HWZRUN 5HVXOWYV
6XPPDU\

&KBWHU JLOQLWH (OHPHQW 7KHRU\
 QWURGXFWLRQ

7KHRU\ Rl )LQLWH (OHPHQWYV
YL



JRUPXODWLRQ RI WKH 6WLIIQHVYV ODWUL]
1RGDO 'LVSODFHPHQWYV
(TXDWLRQV RI 6WUDLQ
BWUHVV VWUDLQ (TXDWLRQV
OLQLPXP 3RWHQWLDO (QHUJ\ )RUPXODW
JLQLWH (OHPHQW 6ROXWLRQ
,QSXW 'DWD
$VVHPEO\ RI WKH 2YHUDOO 6WLIIQHVV 0
$SSOLFDWLRQ RI %RXQGDU\ &RQGLWLRC
BROXWLRQ IRU 'LVSODFHPHQWYV
/IRDGLQJ
6XPPDU\

&KDSWHU 7KHRU\ RI &RQWDFW (OHPHQWV
 QWURGXFWLRQ
7KHRU\
$SSOLFDWLRQ RI &RQWDFW (OHPHQWYV

&DOFXODWLRQ RI BWLIIQHVYV

&RQWDF (OHPHQW
&RQWDF (OHPHQW
6XPPDU\

&KBWHU ORGHOLQJ RI ,PSDFW (FKR 6\WWHPYV
 QWURGXFWLRQ
ORGHOOLQJ RI ,PSDFW (FKR 6\WWHPV

,PSDFW 3XOVH

'HWHUPLQLQJ (OHPHQW 6L]H

BROXWLRQ 7LPH 6WHS
OHWKRGO
OHWKRG

JLQLWH (OHPHQW OHVK

7HVW &DVHYV

$[LV\PPHWULF ORGHO RI ,PSDFW (FKR 6\VW
5HVXOWV RI $[LV\PPHWULF ORGHO

' "HIHFW ORGHO ZLWK FRQWDFW HOHPHQW
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SHVXOWY RI ' PRGHO ZLWK ZLWKRXW
'"ORGHO RI :DOO %
5HVXOWYVY RI ' ORGHO RI :DOO $
6 XPPDU\

&KDSWHU &RQFOXVLRQV
 QWURGXFWLRQ
'LVEXVVLRQ
+\SRWKHVLV
SHFFRPHQGDWLRQV

SHIHUHQFHYV 5

$SSHQGL[ $ 1HXUDO 1HWZRUN OHWKRG

$ ,QWURGXFWLRQ $0
$ 1HXUDO 1HWZRUN 3URIHVVLRQDO ,, SOX¥O
$ JRUPDW RI ,QSXW 'DWD 2XWSXW 'DWD $0
$ $6&,, )LOH IRUPDW $0
$ JLOHV $
$ ([DPSOH 3URJUDP $
$ %XLOGLQJ WKH %DFN 3URSDJDWLRQ 1HWZRUN
$ ,Q0SXW DQG 2XWSXW 3DUDPHWHUYV $
$ OLQ PD[ 7DEOHV $
$ &KDQJLQJ /HDUQLQJ 3DUDPHWHUV DQG §RPHQW
$ 7UDLQLQJ WKH 1HWZRUN $
$ 7HVWLQJ WKH 1HWZRUN $
$ 6DYLQJ WKH 1HWZRUN $,2
$ 5HVXOWYV $,2
$ 6XPPDU\ $

YOL



$SHHQGL[ % ),1,7( (/(0(17 $1%$/<6,6 3UHSDUDWLRQ R
,QWHUSUHWDWLRQ RI UHVXOWYV

% O ,QWURGXFWLRQ %
% )JLQLWH (OHPHQW 6RIWZDUH %
% 'DWD ,QSXW %
%  QWHUDFWLYH ORGH %
% %DWFK ORGH %
% ([DPSOH %
% 3UH SURFHVVLQJ %
% GB6ROXWLRQ % OO
% 3RVW SURFHVVLQJ %

$SSHQGL[ & ))7 PHWKRG

& O . QWURGXFWLRQ & O
& 7TKHRU\ & 0O
& ([DPSOH RI DQ $PSOLWXGH 6SHFWUXP &
& 6HOHFWLQJ D 6DPSOLQJ 5DWH &
& 6 XPPDU\ &
$SSHQGL[ ' 'DWD RI QHXUDO QHWZRUNYV '

$SSHQGL[ ( 'DWD RI ILQLWH HOHPHQW PHWKR®
$SSHQGL[ ) 'DWD RI ))7 ),
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/1,67 2) 7$%/(6
7LWOH
ILWHUDWXUH UHYLHZV
6XPPDU\ 1'7 PHWKRGY DQG WKHLU SULQFLSOH
&RPSDULVRQ RI '2&WHU DQG 2/621 LPSDFW HF
&RPSDULVRQ RI'3 6 DQG 5 ZDYHV
5HVXOWV Rl WHVW RQ VSHFLPHQ zZDOOV
&DOFXODWLRQ RI WKH WKHRUHWLEDO IUHTXH
(UURU FDOFXODWLRQ RI WKH LPSDFW HFKR W
)DPRXV QHXUDO QHWZRUNYV
$ WDEOH VKRZLQJ WKH UHODWLRQVKLS EHW?ZI
WKH OHDUQLQJ UDWH DQG QXPEHU RI LWHUDYV
5HVXOWYV RI LWHUDWLRQ KLGGHQ QRGH
S5HVXOWYV RI LWHUDWLRQ KLGGHQ QRGH
SHVXOWYV RI LWHUDWLRQ KLGGHQ QRG
SHVXOWYV RI LWHUDWLRQV KLGGHQ QRG
5HVXOWYV RI LWHUDWLRQ KLGGHQ QRGI
,OOXVWUDWLRQ RI WKH IUHTXHQF\ LQFUHPHQ
&DOFXODWLRQ RI KLGGHQ QRGHV IRU HDFK Vt
&DVHV RI OHDUQLQJ UDWH PRPHQWXP DQG Kl
RSWLPXP SDUDPHWHUV
&RPSDULVRQ RI UHVXOWV
ODWHULDO SURSHUWLHYV
ODWHULDO SURSHUWLHV IRU WKH D[LV\PPHWU
&RPSDULQJ UHVXOWV
&RPSDULVRQ RI /LQ HW DO DQG DXWKRUYTV UH
ODWHULDO SURSHUWLHV IRU 30DQH
ODWHULDO SURSHUWLHV IRU &RQWDEFO
ODWHULDO SURSHUWLHV IRU ' PRGHO
BWDWLVWLFV RI QHXUDO QHWZRUN WUDLQLQJ
2SWLPXP SDUDPHWHUV IRU QHXUDO QHWZRUN
$YHUDJHV RI QHXUDO QHWZRUN DQDO\VLV RQ

7DEOH $1HXUDO QHWZRUN UHVXOWYV



YLIXUH
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YLIXUH
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/,67 2) ),*85(6

7LWOH
&85,2 FDUU\LQJ RXW 1'7 LQVSHFWLRQ
,PSDFW HFKR GHYLFH

,OOXVWUDWLRQ RI D GHIHFW LQ UHLQIRUFHG
$Q H[DPSOH WHVW RQ FRQFUHWH

‘DYHIRUP RI WKH UHVSRQVH RI KDPPHU RQ FR
$PSOLWXGH VSHFWUXP RI WKH UHVSRQVH RI |
GRPDLQ

BWUXFWXUH RI UHVHDUFK

5HODWLRQVKLS EHWZHHQ FKDSWHUYV

2/621 LPSDFW HFKR GHYLFH

'2&WHU LPSDFW HFKR GHYLFH

'2&WHU V\VWHP LQ XVH

5HIOHFWLRQ RI LPSDFW HFKR ZDYHYV
,PSDFW HFKR WHVW FRQILIJXUDWLRQ

7KH IRUFH WLPH KLVWRU\ Rl WKH LPSDFW SXC
,PSDFW HFKR UHVXOWV RQ D VRXQG FRQFUHW
,PSDFW HFKR UHVXOWV RQ D FUDFNHG VODE
,PSDFW HFKR V\VWHP

,PSDFW HFKR WHVWLQJ RQ D VSHFLPHQ ZDOO
$ SKRWRJUDSK Rl WZR VSHFLPHQ ZDOOV
,O0OXVWUDWLRQ RI WKH GLUHFWLRQ RI LPSDF!
6XUYH\ OLQHV RQ ZDOOV $ 'DQG &

9RLGO

9RLG

9RLG

9RLG

7HVWLQJ RI 6ROLGO DQG B6ROLG

BROLG

9RLG

9RLG

9RLG

9RLG
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YJLIXUH
YLIXUH
YLIXUH
JLIXUH
YLIXUH
YLIXUH

'DYOH LQ WLPH GRPDLQ
'DYOH LQ IUHTXHQF\ GRPDLQ

,PSDFW HFKR WHVWLQJ
'HYHORSPHQW RI 1HXUDO 1HWZRUNV

7KH EDVLF IHDWXUH RI D ELRORJLFDO QHXUR(
$ QHXURQ

7KH GLIIHUHQW W\SHV RI DVVRFLDWLRQ DXW
1IHXUDO QHWZRUN WUDQVIHU IXQFWLRQV

7KH VL[ PDMRU W\SHV Rl QHXUDO QHWZRUN V!
$ W\SLFDO .RKRQHQ OD\HU LOOXVWUDWLQJ
+RSILHOG QHWZRUN DUFKLWHEWXUH

8QL IORZ FRXQWHU SURSDJDWLRQ QHWZRUN
.RKRQHQ OHDUQLQJ LQ YHFWRU IRUP
$GDOLQH SURFHVVLQJ HOHPHQW

7KH DUFKLWHFWXUH RI WKH EDFN SURSDJDWL
7KH DUFKLWHFWXUH RI WKH EDFN SURSDJDWL
'HULYDWLYH RI D VLIPRLGDO FXUYH

&URVV VHFWLRQ RI D K\SRWKHWLFDO HUURU \
JOREDO PLQERXMBUBIQBWKHU PLQLPD V

6WDJHV RI WKH IRUZDUG DQG EDFNZDUG VWH!
SURSDJDWLRQ QHWZRUN
&KDUDFWHULVWLFV V VKDSH RI WKH VLJPRLG
$ W\SLFDO WKUHH OD\HU QHWZRUN

,PSDFW HFKR DUUDQJHPHQW

$Q H[DPSOH RI D ))7 JUDSK

7KH GHVLJQ RI WKH EDFN SURSDJDWLRQ QHW:
LPSDFW HFKR GDWD

$Q RYHUDOO SURFHGXUH RI SUH SURFHVVLQJ
QHXUDO QHWZRUN DQDO\VLV

2ULJLQDO GDWD ZLWKRXW QRLVH

$GGLWLRQ Rl QRLVH VWDQGDUG GHYLDWLRQ
$PSOLWXGH VSHEWUXP VWDQGDUG GHYLDWLF
$GGLWLRQ Rl QRLVH VWDQGDUG GHYLDWLRQ
$PSOLWXGH VSHFWUXP VWDQGDUG GHYLDWLF
$GGLWLRQ Rl QRLVH VWDQGDUG GHYLDWLRQ

$PSOLWXGH VSHFWUXP VWDQGDUG GHYLDWLF
[LL
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$PSOLWXGH VSHFWUXP ZLWK
$PSOLWXGH VSHEWUXP ZLWK
JLOWHULQJ XQZDQWHG GDWD
)XQFWLRQ DSSUR[LPDWLRQ SUREOHP

ORPHQWXP OHDUQLQJ UDWH KLGGHQ

SRLQWV
SRLQWYV

ORPHQWXP OHDUQLQJ UDWH KLGGHQ
2ULJLQDO GDWD ZLWKRXW DQ\ QRLVH

'DWD ZLWK DGGLWLRQ RI QRLVH

5HVXOWYV ZLWK GHIDXOW SDUDPHWHUYV
SHVXOWYV ZLWK RSWLPXP SDUDPHWHUYV

(LJKW QRGH UHFWDQJXODU HOHPHQW

$ ORFDO FR RUGLQDWH V\VWHP IRU WKH ' HO
J)LQLWH HOHPHQW SURFHGXUHV LQ FRPSXWHU
([DPSOH RI ' PRGHO XVLQJ WULDQJXODU HOH
6WLIIQHVYV PDWUL[ IRU WKH HOHPHQWYV
&RQWDFW HOHPHQW

JRUFH GHIOHFWLRQ UHODWLRQVKLS IRU D FR(

'"HJUHHV RI IUHHGRP IRU WKH LQWHUIDFH HOH
*DS EHKDYLRXU ZLWK DQG ZLWKRXW XVH RI F
&RQWDFO

&RQWDF

6LPXODWLRQ RI WKH LPSDFW HFKR V\VWHP XV
6LPXODWLQJ WKH LPSDFW WLPH

7TRWDO LPSDFW RI WKH ILQLWH HOHPHQW VLP
6L]H RI HOHPHQW

,OOXVWUDWLRQ RI SUREOHP PRGHO SRLQW %
WKH UHFHLYHU SRLQW

$[LV\IPPHWULF PRGHO

:DYHIRUP RI GHIHFW IUHH VROLG LQ WLPH GF
$PSOLWXGH VSHFWUXP RI GHIHFW IUHH VROL
OHVK RI WKH PRGHO ZLWK FRQWDFW HOHPHQYV
ORGHOOLQJ ZLWK WKH FRQWDFW HOHPHQW
:DYHIRUP RI PRGHO ZLWK FRQWDFW HOHPHQW

$PSOLWXGH VSHEWUXP RI PRGHO ZLWK FRQWLI
[LLL



YLIXUH
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JLIXUH
JLIXUH
YLIXUH
YLIXUH
YJLIXUH
YLIXUH
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JLIXUH
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JLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
YLIXUH
YJLIXUH
YLIXUH
YLIXUH

:DYHIRUP RI PRGHO ZLWKRXW FRQWDFW HOHP

$PSOLWXGH VSHFWUXP RI PRGHO ZLWKRXW FF

GRPDLQ

OHVK Rl ' PRGHO

' ORGHO ZLWK QRPLQDO GLPHQVLRQ
':DYHIRUP Rl ' PRGHO LQ WLPH GRPDLQ
$PSOLWXGH VSHEWUXP RI
$$Q H[DPSOH RI DQ $6&,, GDWD ILOH
$6HOHFWLRQ RI D QHWZRUN

$6HOHFWLRQ RI DSSURSULDWH SDUDPHWHUV 1|

ER]
$6HOHFWLRQ RI LQVWUXPHQWY WR PRQLWRU S
$([DPSOH QHWZRUN ZLWK LWV LQVWUXPHQW
$,0SXW DQG RXWSXW SDUDPHWHUYV
$6HOHFWLQJ WKH OD\HU /56 WRRO
$7KH /56 WRRO GLDORJXH ER]
$7UDLQLQJ WKH QHWZRUN

$$ WUDLQHG QHWZRUN
$7HVWLQJ WKH QHWZRUN
$6DYLQJ WKH QHWZRUN

%BWUXFWXUH RI $16<6

%D\RXW RI $16<6

%[DPSOH PRGHO

%D\HUV

%HILQLQJ WKH W\SH Rl HOHPHQW
%HOHFWLRQ Rl WKH PDWHULDO SURSHUWLHYV
%HILQLQJ QRGHYV

WLOOLQJ EHWZHHQ QRGHYV

%BLFNLQJ QRGHV WR FRS\

%, RS\LQJ QRGHYV

%W XLOGLQJ RI ERWWRP OD\HU

%LVW Rl QRGHV FUHDWHG

% KDQJLQJ YLHZ DQG SLFNLQJ WKH HOHPHQWYV
% UHDWLQJ DQ HOHPHQW
% RS\LQJ HOHPHQWYV

% RS\ Rl QG HOHPHQW
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JLIXUH % RS\ RI 5HPDLQLQJ HOHPHQWYV
JLIXUH %GGLQJ WKH FRQVWUDLQWV

JLIXUH WRGHO ZLWK FRQVWUDLQWYV

JLIXUH %HOHFWLRQ RI WUDQVLHQW DQDO\VLV

JLIXUH %HOHFWLRQ RI IXO0 WUDQVLHQW DQDO\VLV
JLIXUH YRUFH DSSOLHG LQ WKH < GLUHFWLRQ DW QR
JLIXUH %HOHFWLRQ RI WKH ILOHV

JLIXUH %HVXPLQJ WKH GDWDEDVH ILOH

JLIXUH %LVSODFHPHQW YV 7LPH

JLIXUH %PSOLWXGH YV J)UHTXHQF\

J)LIXUH &DWD LQ WLPH GRPDLQ

JLIXUH &DWD LQ IUHTXHQF\ VSHFWUXP

JLIXUH &DPSOHG IUHTXHQF\

JLIXUH ' VW VHW RI QRLVH DGGHG WUDLQLQJ SDWWH |

QRGHYV VWDQGDUG GHYLDWLRQ
JLIXUH ' QG VHW RI QRLVH DGGHG WUDLQLQJ SDWWH!
KLGGHQ QRGHYV VWDQGDUG GHYLDWLRQ
JLIXUH ' UG VHW RI QRLVH DGGHG WUDLQLQJ SDWWH U
QRGHYV VWDQGDUG GHYLDWLRQ
JLIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ SDWWH|
KLGGHQ QRGHYV VWDQGDUG GHYLDWLRQ
JLIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ H[DPSO|
KLGGHQ QRGHYV VWDQGDUG GHYLDWLRQ
JLIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ H[DPSO|
KLGGHQ QRGHYV VWDQGDUG GHYLDWLRQ
JLIXUH ' WK VHW RI QRLVH WUDLQLQJ H[DPSOHV
KLGGHQ QRGHYV VWDQGDUG GHYLDWLRQ
JLIXUH ' WK QRLVH VHW Rl QRLVH DGGHG WUDLQLQJ |
KLGGHQ QRGHYV VWDQGDUG GHYLDWL
JLIXUH ' WK VHW Rl QRLVH DGGHG WUDLQLQJ H[DPSO!
KLGGHQ QRGHYV VWDQGDUG GHYLDWLR
JLIXUH '",2WK VHW Rl QRLVH DGGHG WUDLQLQJ H[DPSOC
KLGGHQ QRGHYV VWDQGDUG GHYLDWLR

JLIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ H[DPSO
KLGGHQ QRGHYV VWDQGDUG GHYLDWLR



JLIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ SDWWH

KLGGHQ QRGHYV

VWDQGDUG GHYLDWLRQ

J)LIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ SDWWH

KLGGHQ QRGHYV

VWDQGDUG GHYLDWLRQ

J)LIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ SDWWH

KLGGHQ QRGHYV

VWDQGDUG GHYLDWLRQ

J)LIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ SDWWH

KLGGHQ QRGHYV

JLIXUH "ORPHQWXP

JLIXUH '"ORPHQWXP

JLIXUH 'ORPHQWXP

JLIXUH 'ORPHQWXP

JLIXUH 'ORPHQWXP

JLIXUH "ORPHQWXP

JLIXUH 'ORPHQWXP

JLIXUH "ORPHQWXP

J)LIXUH "ORPHQWXP

JLIXUH "ORPHQWXP

JLIXUH 'ORPHQWXP

JLIXUH "ORPHQWXP

JLIXUH "ORPHQWXP

JLIXUH 'ORPHQWXP

VWDQGDUG GHYLDWLRQ
OHDUQLQJ UDWH KLGGHQ

OHDUQLQJ UDWH KLGGHQ

OHDUQLQJ UDWH KLGGHQ

OHDUQLQJ UDWH KLGGHQ

OHDUQLQJ UDWH KLGGHQ

OHDUQLQJ UDWH KLGGHQ

OHDUQLQJ UDWH KLGGHOQ

OHDUQLQJ UDWH KLGGHQ

OHDUQLQJ UDWH KLGGHQ

OHDUQLQJ UDWH KLGGHQ

OHDUQLQJ UDWH OHDUC

OHDUQLQJ UDWH OHDUC

OHDUQLQJ UDWH KLGGHQ

OHDUQLQJ UDWH KLGGHQ



YJLIXUH

YLIXUH

)LIXUH

YLIXUH

Y)LIXUH

YLIXUH

YLIXUH

JLIXUH

YLIXUH

YLIXUH

YLIXUH

YLIXUH

JLIXUH

JLIXUH

JLIXUH
JLIXUH

'ORPHQWXP OHDUQLQJ UDWH KLGGHQ

'ORPHQWXP OHDUQLQJ UDWH KLGGHQ

'ORPHQWXP OHDUQLQJ UDWH KLGGHQ

'ORPHQWXP OHDUQLQJ UDWH KLGGHQ

'ORPHQWXP OHDUQLQJ UDWH KLGGHQ
KLGGHQ QRGHYV

'ORPHQWXP OHDUQLQJ UDWH KLGGHQ
KLGGHQ QRGHYV

'ORPHQWXP OHDUQLQJ UDWH KLGGHQ
KLGGHQ QRGHYV

'ORPHQWXP OHDUQLQJ UDWH KLGGHQ

KLGGHQ QRGHV
'ORPHQWXP OHDUQLQJ UDWH KLGGHQ
KLGGHQ QRGHYV WUDQVIHU IXQFWLRQ

IXQFWLRQ KLGGHQ VLJPRLG WUDQVIHU IXQ
'ORPHQWXP OHDUQLQJ UDWH KLGGHQ
WUDQVIHU IXQFWLRQ RXWSXW  7DQ+ WL
VLIPRLG WUDQVIHU IXQFWLRQ LQSXW  OLQF
'"ORPHQWXP OHDUQLQJ UDWH KLGGHQ
WUDQVIHU IXQFWLRQ RXWSXW  OLQHDU
VLIPRLG WUDQVIHU IXQFWLRQ LQSXW  OLQF
'ORPHQWXP OHDUQLQJ UDWHIKLGGHQ
WUDQVIHU IXQFWLRQ RXWSXW OLQHDU
VLIPRLG WUDQVIHU IXQFWLRQ LQSXW  OLQF
'ORPHQWXP OHDUQLQJ UDWH KLGGHQ
WUDQVIHU IXQFWLRQ RXWSXW OLQHDU
VLIPRLG WUDQVIHU IXQFWLRQ LQSXW  OLQF
'ORPHQWXP OHDUQLQJ UDWH KLGGHQ
WUDQVIHU IXQFWLRQ RXWSXW OLQHDU
VLIPRLG WUDQVIHU IXQFWLRQ LQSXW  OLQF

);:DYHIRUP RI1 :DY OH

J$PSOLWXGH VSHFWUXP RI :DYOH
[YLL



JLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
JLIXUH
YLIXUH
YLIXUH
JLIXUH
JLIXUH
YLIXUH
YLIXUH
YJLIXUH
JLIXUH
YLIXUH
JLIXUH
YJLIXUH
YLIXUH
YLIXUH
YLIXUH
YJLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
YLIXUH

):DYHIRUP RI
)$PSOLWXGH
):DYHIRUP RI
)$PSOLWXGH
):DYHIRUP RI
)$PSOLWXGH
):DYHIRUP RI
)$PSOLWXGH
);:DYHIRUP RI
)$PSOLWXGH
):DYHIRUP RI
)$PSOLWXGH
)>:DYHIRUP RI
)$PSOLWXGH
);DYHIRUP RI
)$PSOLWXGH
);:DYHIRUP RI
)$PSOLWXGH
):DYHIRUP RI
)$PSOLWXGH
):DYHIRUP RI
)$PSOLWXGH
):DYHIRUP RI
)$PSOLWXGH
):DYHIRUP RI
)$PSOLWXGH
):DYHIRUP RI
)$PSOLWXGH

)$GGLWLRQ RI QRLVH VWDQGDUG GHYLDWLRQ
VSHFWUXP VWDQGDUG GHYLDWLF
)$GGLWLRQ RI QRLVH VWDQGDUG GHYLDWLRQ
VSHFWUXP VWDQGDUG GHYLDWL
)$GGLWLRQ Rl QRLVH VWDQGDUG GHYLDWLRQ
VSHFWUXP VWDQGDUG GHYLDWLF
))URQW SDQHO RI WKH /DEYLHZ SURJUDP

JSPSOLWXGH

J$PSOLWXGH

)$PSOLWXGH

:DY H

VSHFWUXP RI :DY H
:DY H

VSHFWUXP RI :DY H
:DY H

VSHFWUXP RI :DY H
:DYOZ

VSHFWUXP RI :DYOZ
DY Z

VSHFWUXP RI :DY Z
DY Z

VSHFWUXP RI :DY Z
DY Z

VSHFWUXP RI :DY Z
:GY H

VSHFWUXP RI :GY H
:GY H

VSHFWUXP RI ZGY H
:GY H

RI :GY H

:GY H

RI :GY H

:DFOO

RI :DFOO

:DFO

VSHFWUXP RI :DFO
:GFOH

VSHFWUXP RI :GFOH

)*DXVVLDQ QRLVH 9,

[YLLL



YJLIXUH
YLIXUH
JLIXUH
YLIXUH
YJLIXUH
YLIXUH
YLIXUH
JLIXUH

))LDJUDP SDQHO

JSPSOLWXGH JUDSK ZLWK SRLQWYV

J$PSOLWXGH VSHFEFWUXP ZLWK SRLQWYV
)J$PSOLWXGH VSHFWUXP ZLWK SRLQWYV
)J$PSOLWXGH VSHFWUXP ZLWK SRLQWYV
)J$PSOLWXGH VSHFWUXP ZLWK SRLQWYV

))URQW SDQHO
))LDJUDP SDQHO



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

'"HQLV &KDPE&IUWDEQLYHUVEAXSHUYLVLQJ P\ UHVHDUFK
SURRI UHDGLQJ DQG
HQFRXUDJHPHQW

(365& )XQGLQJ DQG JUDQW

/DUU\ 20VRQ20VRQ (QJLQHHHIRYQIGLQJ LPSDFW HFKR G
IRU QHXUDO QHWZRUN DQDC

-RKQ +LOO &LW\ 8QLYHUVEGWMLFH RQ )DVW )RXULHU
7UDQVIRUP

ODUN 3LENHULWQUXFRP +HOS ZLWK $16<6

-XOLDQ &KXD&LW\ 8QLYHUVIQ¥RXUDJHPHQW DQG
IULHQGVKLS

BKHUHHQ $NW&DMM\ 8QLYHUVIQ¥RXUDJHPHQW DQG
IULHQGVKLS

5RVV 5DVKNRILW\ 8QLYHUVAMOS ZLWK $16<6

ODUXN OLDK /RJL*DWHV /WGURYLGLQJ PH ZLWK
FRPSXWHUV DQG EHOLHYLQ
PH

2PDU &KXWR HEBDXHQHUDW LRERWEGDIHPHQW DQG
EHOLHYLQJ LQ PH

)DPLO\ JRORRNLQJ DIWHU P\ FKLOG
DQG SXWWLQJ ZLWK PH

 HVSHFLDOO\ ZR X ©GKXIVNEHZ VAR KDR/DIORIQVW D QW O\ HQFR.
DQG PDGH LW SRVVLEOH IRU PH WR FRPSOHWH WKLV L

[l



' (&1$5%$7,21

3, JubQWwW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVLW
LQ ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UHIHUHQFH
FRSLHVY PDGH IRU VWXG\ SXUSRVHV VXEMHFW WR QRU



$%675%&7

,Q WKH GHYHORSHG ZRUOG DFLG UDLQ DWWDFN FKO
RI TXDOLW\ FRQWURO GXULQJ WKH FRQVWUXFWLRQ
UHLQIRUFHG FRQFUHWH EXLOGLQJYVY DQG VWUXFWXUH\
1'7 RI FRQFUHWH LV VXEVWDQWLDO VR WKDW FRQV
VWUXFWXUHYVY LV LPSOHPHQWHG FRUUHFWO\ 7KLV UH"
WKH LQLWLDWLRQ RI GHIHFWV VR WKDW DSSURSULDW
GHWHULRUDWLRQ

7TKH LPSDFW HFKR WHVW PHWKRG LV RQH RI WKH PRVYV
WKH GHWHFWLRQ RI GDPDJH DQG KDV EHHQ DSSO
LOWHUSUHWDWLRQ DQG DQDO\WLYV RI WKH RXWSXW U
SURSRVHV WR XVH DQ DUWLILFLDO QHXUDO QHWZRUI
LOWHUSUHWDWLRQ 1HXUDO QHWZRUNV FRPSULVH RI
OLQNHG LQ D ZD\ WKDW WKH QHWZRUN JHQHUDOO\

H[SHULHQFH IRU ODWHU XVH 7KH\ DUH WUDLQHG XVl
WKDW DQ DSSURSULDWH WUDLQHG QHWZRUN LV DEOH
DSSHDULQJ LQ WKH WUDLQLQJ GDWD 7KH PDMRU IHD\
LV WKDW LW GRHV QRW LQYROYH VXEMHFWLYH MXG.
PHWKRG IRU DQDO\VLV RI ODUJH TXDQWLW\ RI GDWD

,Q WKH UHVHDUFK WKH ILQLWH HOHPHQW PHWKRG L
PHWKRG $ PRGHO RI D ZDOO ZLWK YRLGV IRU H[DPSC
XVHG WR UHSUHVHQW WKH LPSDFW WKH UHVSRQVH
SURYLGLQJ WKHRUHWLFDO DQDO\VLV WKLV QXPHULFE
XVH LQ QHXUDO QHWZRUNV WUDLQLQJ +RZHYHU GXH
WR XVH ILQLWH HOHPHQW GDWD LQ WKH QHXUDO QHW



&KDSWHU |,

&KDSWHU RQH

QWURGXFWLRQ

L, QWURGXFWLRQ

7KLY FKDSWHU JLYHV WKH EDFNJURXQG DQG VFRSH R
LOQOWHUSUHWDWLRQ LQ LPSDFW HFKR WHVWLQJ W HJ
EHHQ FROOHFWHG DQ DUWLILFLDO QHXUDO QHWZRUN
RI WKH LPSDFW HFKR V\VWHP LV DOVR HYDOXDWHG
UHVHDUFK REMHFWLYHVY DUH SUHVHQWHG ZLWK WKH \

7KH WZR K\SRWKHVHV IRU WKLY UHVHDUFK DUH

+ +\SRWKHVLV O 7KH LQWHUSUHWDWLRQ RI LPSDFV
WKURXJK WKH XVH RI D QHXUDO QHWZRUN

f +\SRWKHVLV JLQLWH HOHPHQW PRGHOV SDUWLI
FDQ SURYLGH D UHOLDEOH PHDQV Rl UHSUHVHQWLC
DV JHQHUDWLQJ QHXUDO QHWZRUN WUDLQLQJ GDWLEL

%DFNJURXQG

7KH GHFD\ Rl UHLQIRUFHG FRQFUHWH LQ EXLOGLQJV
SUREOHP LQ WKH GHYHORSHG ZRUOG $FLG UDLQ DW
DQG ODFN RI TXDOLW\ FROQWURO GXULQJ WKH FRQVWI
&RQVLGHULQJ UHLQIRUFHG FRQFUHWH LQ WKH 8. DOF
EXLOGLQJV URDG EULGJHV DQG VWRUDJH YF
IRU PDLQWHQDQFH %HFDXVH RI WKH VXEVWDQWLDO
UHSDLU RI WKHVH LW LV LPSHUDWLYH WKDW GHSHQ(C(
SURGXFWLYH UHOLDEOH DQG HFRQRPLF QRQ GHVWUX
WKLV

$FKLHYLQJ HIIHFWLYH LQVSHFWLRQ FDSDELOLW\ WK
WKH DUw DFFHVV V\VWHPV LV D FRQVWUXFWLRQ
&RQVWUXFWLRQ 5RERWLFV &HQWUH 7KH &85,2 7 &L\



&KDSWHU

2SHUDWLRQV URERW LV D SURGXFW RI WKLV DSSURDI
SDUWLFXODUO\ DSSOLFDEOH WR WDOO EXLOGLQJV

DFFHVV VA\VWHPV DUH HIIHFWLYH ,Q ILJXUH LW L
UHLQIRUFHG FRQFUHWH ZDOO B8QOLNH W\SLFDO IDFW
VHOI ZHLJKW UDWLR 7KH WRRO PDQLSXODWLQJ FDSD
IRU PRVW FRPPRQO\ HPSOR\HG 1'7 HTXLSPHQW &KDF
VWUXFWXUDO PRGLILFDWLRQVY DQG LQFUHDVHG PRW
RSHUDWLRQV FRXOG EH SHUIRUPHG )JXUWKHUPRUH
RYHUDOO SD\ORDG LV VXIILFLHQW WR DFFRPPRGDWH
PHWKRG WKDW KDV EHHQ DGRSWHG IRU GHOLYHU'
GHWHUPLQDWLRQ E\ LPSDFW HFKR UHVSRQVH )XUWK
ubGbu V\VWHPV LV DQ DWWUDFWLYH SURVSHFW + |
LOWHUSUHWDWLRQ VNLOO UHTXLUHPHQWY DQG OLPLYV

JLIXUH &85,2 FDUU\LQJ RXW 1'7 LQVSHF

2EMHFWLYHYV

,Q WKH GHYHORSPHQW DQG DSSOLFDWLRQ RI 1'7 PF
UHFRJQLVH WKH DGYDQWDJHV RI SUHFLVH SRVLWLRC
GHWHFWLRQ IRU H[DPSOH WKH ZDYHIRUP SRVLWLF
VXUIDFH FDQ EH PRUH LQIRUPDWLYH WKDQ D VHW R |
IXUWKHU H[DPSOH LV UDGDU ZKHUH DFFXUDF\ LV LF
FRQWURO RI WKH DQWHQQD ,Q IDFW WR WDNH IXOO
DGYDQWDJHRXV QRW WR WKLQN RI WKH URERW DV VL
DFWLYLW\ +HUH WKH DELOLW\ WR VLPXODWH 1'7 H
HYDOXDWLQJ PHWKRGY DQG SURFHGXUHV VXLWDEOH
HFKR V\VWHP WHFKQRORJ\ UHSUHVHQWY D FRQWULEX'



&KDSWHU

7KH REMHFWLYHV RI WKLV UHVHDUFK DUH WKXV WR
FRQGXFW LPSDFW HFKR H[SHULPHQWYV WR SURYLGH )
HVWDEOLVK D VXLWDEOH DUWLILFLDO QHXUDO QH\
SUHGLEFWLRQ
XVH WKH LPSDFW HFKR GDWD WR WUDLQ DQG YHULI\
RSWLPLVH WKH QHXUDO QHWZRUN SHUIRUPDQFH
EXLOG D VLPXODWLRQ RI WKH LPSDFW HFKR V\VWHP
PHDQV RI DFKLHYLQJ YDOLG GDWD VHWYV
8VH D FRQWDFW HOHPHQW WR PRGHO D GHIHFW LG
FRQWULEXWLRQ WRZDUGY PRGHO DFFXUDF\

,PSDFW HFKR PHWKRG

,PSDFW HFKR HTXLSPHQW FRPSULVHV DQ LPSDFW GHYLF
DQG DQ HFKR VLJQDO DQDO\WHU 7KH WUDQVGXFHU LV C
GHYLFH DV VKRZQ LQ ILJXUH &KDSWHU GLVFXVVFH
HTXLSPHQW :LWK HDUO\ IRUPV RI WKH HTXLSPHQW WKH
RI lOLJKW WRI RI WKH UHIOHFWHG 3 VWUHVV ZDYH /L1

S5HFHLYHU

,PSDFWRU

JLIXUH ,PSDFW HFKR GHYLFH

+RZHYHU LW LV QRZ LQYDULDEO\ EDVHG RQ IUHTXHQF\
ZDYH IRUP )RUWXQ@DWHO\ IRU WKLV KLJK IUHTXHQF\ |
QRZ EH DFKLHYHG XVLQJ ORZ FRVW SHUVRQDO FRPSXWH



&KDSWHU

PHWKRGY DGRSWHG IRU URERWLF GHOLYHU\ LW LV W
EHLQJ RIWHQ DVVRFLDWHG ZLWK LQVLWX SLOH WHV
LQYHVWLIDWLRQV ZKHUH ORZ IUHTXHQFLHVY DUH PRU
WKHVH WDVNV LV XQVXLWDEOH IRU JHQHUDO VXUYH\
IUHTXHQF\ EDQG LV RQO\ N +] N+] )RU WKH GHWHI
HTXLSPHQW RIITHULQJ VLIJQLILFDQWO\ KLIJKHU UHFHLY

7KLV LV HDVLO\ XQGHUVWRRG E\ FRQVLGHULQJ D VYV
FRQFUHWH FRPSRQHQW UHIOHFWHG DW DQ LQWHUIL
WUDQVGXFHU )LJXUH VKRZV WKH SUREOHP LQYHVYV
WKH UHLQIRUFLQJ EDUV FDXVHV GHODPLQDWLRQ 7K
YLFLQLW\ RI WKH UHLQIRUFLQJ EDUV DUH DERXW W F

$VVXPLQJ WKH VWUHVV ZDYH VSHHG &S WR EH
LQWHUIDFH G WR EH PP WA\SLFDO UHLQIRUFH
FRUUHVSRQGLQJ WRI LV S VHFV ,Q WKLV FDVH WK

N+] FRPSRQHQWY )RU DFFXUDWH DQDO\VLV D VDPSC
N+] LV FOHDUO\ LQGLFDWHG

,PSDFW

HFEKR 6XUIDFH
RI ZzDOO
JLIXUH ,OOXVWUDWLRQ RI D GHIHFW LQ UI

7KH IRUFH WLPH KLVWRU\ RI WKH FRQWDFWHG LPSD
FXUYH WKH GXUDWLRQ RI ZKLFK GLUHFWO\ LQIOXHQ
SXOVH $ VKRUW SXOVH IDYRXUV WKH GHWHFWLRQ RI
RQHY KRZHYHU WKH DPSOLWXGH RI HDFK FRPSRQHQ\V\



&KDSWHU

7TKH LPSDFW HFKR GHYLFH ZDV QRW UHDGLO\ DYDLOD
GHWHFW WKLV W\SH RI IUHTXHQF\ ,Q GHVSLWH RI WK
LQYHVWLIDWLRQV XVLQJ D KDPPHU DQG D GLJLWDO

ZDV XVHG DV DQ LPSDFWRU DQG WKH '$7 UHFRUGHU ;
VRXQG JHQHUDWHG IURP WKH KLW RQ WKH FRQFUHWH

7KH H[SHULPHQW ZDV FDUULHG RXW LQ D ODERUDWRL
DUHD RI YLVLEOH FUDFNHG VXUIDFHVY KROORZ DQG
VKRZV DQ H[DPSOH RI D VXUIDFH WHVWHG 7DS0O2
FRQFUHWH VXUIDFH

7KH VDPSOLQJ UDWH IRU '$7 ZDV N+] EXW WKH DFW
VLQFH WKH PD[LPXP IUHTXHQF\ RI WKH PLFURSKRQH .

DUH VKRZQ LQ ILJXUHV DQG W FDQ EH VHHOQ
IUHTXHQF\ UHVSRQVH VHHPV WR OHVV WKDQ N+] $
IUHTXHQF\ QHHGV WR EH DERXW N+] RUD PLQLPXP

'"HIHFW +ROORZ DUHD
'LVWDQFH RI LPSDFW

7bS DQG UHFHLYHU FP

J)LIXUH $Q H[DPSOH WHVW RQ FRQFUH

2ZWKHU PHWKRGY ZHUH FRQVLGHUHG UDGDU DQG XOW
WKH 0 +] UDQJH KRZHYHU WKHVH ZHUH QRW SRVVLE!
SXUFKDVH ,Q IDFW D VHQVLWLYH WUDQVGXFHU ZLW
SURGXFHG LQ WKH 8. DW WKH WLPH VR WR UHSOLFCLC
RSWLRQ LQGHHG WKH SUHOLPLQDU\ H[SHULPHQW GHYV



&KDSWHU

J)LIXUH :DYHIRUP RI WKH UHVSRQVH RI KDPPHU |

JUHTXHQF\ +]

YJLIXUH $PSOLWXGH VSHFEWUXP Rl WKH UHVSRQVH
GRPDLQ



&KDSWHU

$OVR D 9RLGVFDQ ZKLFK FRQVLVWHG RI DQ LQVWU.
PXOWL KHDG LPSDFW KDPPHU ZDV FRQVLGHUHG ZKlI
GHODPLQDWLRQV FUDFNV KRQH\FRPELQJ DQG GHX
8QIRUWXQDWHO\ WKLV HTXLSPHQW LV QR ORQJHU D
WUDYHOOHG WR WKH 8 6 $ WR REWDLQ D UHDOLVWLF
PDQXIDFWXUHG GHIHEFWY QRW VSHFLILFDOO\ GHVLJQF

2QFH WKH LPSDFW HFKR UHVXOWY ZHUH REWDLQHG
ZDV GRQH E\ H[DPLQLQJ D YDULHW\ RI QHXUDO QHWZR
DGGLWLRQDO GDWD IRU QHXUDO QHWZRUN WUDLQLC
PRGHOOLQJ 7KH PRGHO RI WKH LPSDFW HFKR ZDV

$OWKRXIK WKLV PHWKRG ZDV H[FHOOHQW IRU SURGX
ZHUH H[WUHPHO\ ORQJ XS WR VHYHQ GD\V 7KH ILQLW
DPRXQWYV RI KDUG GLVN VSDFH 7KLV ZDV HDVLO\ VRC(
KRZHYHU LW VWLOO GLG QRW UHGXFH WKH DPRXQW F
HOHPHQW PRGHO RI ' ZRXOG WDNH DERXW GD\V WR
ZKHQ D RI' D PRGHO ZDV EXLOW WKLV KDG QR HIIHI
ORRNHG LQWR 6XSHUFRPSXWHUV EXW WKLV PHDQW
FRPSXWHU ZKLFK PHDQW FRPSHWLQJ ZLWK RWKHU
REWDLQLQJ WKH UHVXOWYVY WRRN D FRQVLGHUDEOH

FRPSOHWH 6R JUHDWHU HIIRUWYVY ZHUH PDGH RQ VI
EHFDXVH WKH ' PRGHO UHTXLUHV ORQJHU WLPH WR S

(FKR DQDO\VLV

7KH SHULRGLF QDWXUH RI WKH UHIOHFWHG 3 ZDYHV
VLIQDO )DVW )RXULHU WUDQVIRUPDWLRQ ))7 LV XV
IUHTXHQFLHY DQG WKHLU FRUUHVSRQGLQJ DPSOLWXG

J)LOQLWH HOHPHQW PRGHOOLQJ

7R VXSSRUW SUHGLFWLRQ DQG DGGLWLRQDO GDWD U
PRGHOOLQJ WRRO LV UHTXLUHG 7KH ILQLWH HOHPH
PRGHO LPSDFW HFKR V\VWHPV &KHQJ 6DQVDORQH
DXWKRU  W\SHV RI HOHPHQWY DUH XVHG

f ' QRGH TXDGULODWHUDO

f ' QRGH FRQWDFW HOHPHQW

o QRGH



&KDSWHU

7TKHVH DUH GHVFULEHG LQ FKDSWHUYV DQG 7KH
XVHG WR GHILQH WKH IRUP PDWHULDO FRPSRVLWLR
VWUXFWXUH 8VH RI WKH LQWHUIDFH HOHPHQWY DOOF
GHYHORSLQJ RQ FUDFN FORVXUH ,Q WKLV UHVHDUEFK
UHSUHVHQW D FUDFN WKH LPSRUWDQFH RI WKLV LV (
WLPH OLPLW ILQLWH HOHPHQW GDWD ZDV QRW XVHG

1HXUDO QHWZRUN LQWHUSUHWDWLRQ

8VH RI D QHXUDO QHWZRUN ZDV PRVW VXLWHG WR W
DPRXQWYV RI GDWD ,WV SULPDU\ UROH LV DXWRPDWL
WR FRQYHQWLRQDO DQDO\WVLVY &RQVLGHUDEOH H[SH!
HFKR GDWD XQOLNH FRPPRQO\ HPSOR\HG 1'7 PHWKRC
WRRO LQ DVVLVWLQJ ZLWK WKH XQGHUVWDQGLQJ RI
LGHDOO\ JLYLQJ UHOLDEOH LQIRUPDWLRQ VXFK DV GH

$Q DUWLILFLDO QHXUDO QHWZRUN LV D VI\VWHP RI LQ
QRW SURJUDPPHG LQ WKH XVXDO VHULDO ZD\ RI UH(
FDVHV RI LQSXWY DQG RXWSXWV WKH QHWZRUN LV D
DQ DSSURSULDWH GHFLVLRQ PRGHO 21 WKH PDQ\ Gl
SURSDIJDWLRQ QHWZRUN &DXGLOO LV WKH PRV!
LGHDOO\ VXLWHG WR FODVVLILFDWLRQ SUREOHPV OLI
VWUXFWXUH RI WKH QHWZRUN ZKLFK FRPSULVHV LQS
7TKH LQSXW QRGHV DUH WKH DPSOLWXGHV DW HTXLG
I[UHTXHQF\ VSHFWUXP 2Q WKH RXWSXW VLGH WKHUH
IUHTXHQF\ Rl WKH GHIHFW LQWHUIDFH W LV QRW
I[UHTXHQFLHYVY DPSOLWXGHV GR QRW JLYH HTXDO VSEC
PRUH VLIJQLILFDQWO\ WR GHSWK

7R WUDLQ WKH QHWZRUN LW LV QHFHVVDU\ WR SUHV
DQG RXWSXW GDWD VHWV WR WKH QHWZRUN 7KHVH S
LOQWHUFRQQHFWLQJ QRGHV WR JLYH WKH VROXWLRQ
XVHG WR IROORZ WKH SURJUHVV LQ WKLV 2QFH WUD
QHZ LQSXW SDWWHUQV ZLWK JUHDW HIILFLHQF\



&KDSWHU

7TKH EDFN SURSDJDWLRQ QHWZRUN ZDV FRQFHQWUDW
7LPH GLG QRW DOORZ IXUWKHU LQYHVWLJDWLRQV RI
WUDQVIHU IXQFWLRQV ZKLFK DUH GHVFULEHG LQ FKD

6WUXFWXUH RI WKHVLV

J)LIXUH 6WUXFWXUH RI UHVHDUFK

7KH WKHVLV KDV WKUHH SDUWV ZKLFK FRYHU WKH IR
f ,PSDFW HFKR WKHRU\ DQG DSSOLFDWLRQ
f 1HXUDO QHWZRUN PRGHOOLQJ VWXGLHV
f )LQLWH HOHPHQW VLPXODWLRQ VWXGLHV

(DFK SDUW EHJLQV ZLWK WKH FRUUHVSRQGLQJ WKI
DSSOLFDWLRQ GHVFULSWLRQ RI H[SHULPHQW DQG FI
LOOXVWUDWHG LQ ILIJXUH $ % DQG & LQGLFDWLQJ

7ZR SDUWV RI WKH WKHVLVY DUH UHODWHG WR HDFK F
HFKR WHFKQLTXH LV PRGHOOHG XVLQJ QHXUDO QHWZ
DSSOLHG WR VLPXODWLQJ LPSDFW HFKR FDVHV 7KLV



&KDSWHU

JLIXUH SHODWLRQVKLS EHWZHHQ FKD

2YHUYLHZ RI VWDWH RI WKH DUW

7TKHUH KDYH EHHQ QXPHURXV SDSHUV SUHVHQWHG |
FRQFUHWH )RU H[DPSOH WKH LPSDFW HFKR HTXLSPI
DQG ZLWKRXW RYHUOD\V 6DQVDORQH &DULQR
XVHG WR ILQG YRLGV LQ JURXWHG GXFWV &DULQR
HQFRXUDJLQJ

6LPXODWLRQ RI LPSDFW HFKR GDWD XVLQJ WKH ILQL
UHVHDUFKHUV ZKHUH D ' PRGHO 6DQVDORQH &DU
&DULQR /LQ 6DQVDORQH &DULQR ZLWK D

EXLOW DQG WHVWHG $ ' PRGHO KDV EHHQ FUHDWHG
&KHQJ 6DQVDORQH $OVR D ILQLWH HOHPHQW
HFKR PHWKRGV IRU WKH LQYHVWLJDWLRQ RI GXFWH(
VKRZQ ODUWLQ +DUG\ 8VPDQL )RUGH 7KH UH
IDLUO\ DFFXUDWH ZKHQ FRPSDUHG WR SUDFWLFDO Ut
WKHVH QXPHULFDO PHWKRGYV KDYH QRW XVHG WKH Lt
LQYHVWLIJDWHG LQ FKDSWHU WR VHH LI FRQWDFW H¢
EHWWHU VLPXODWHG GDWD IRU LPSDFW HFKR DQG QH

7TKHUH KDV EHHQ D UHVHDUFK RQ W KH XVH RI QHXULI
QHWZRUN RQ LPSDFW HFKR GDWD 3UDWW 6DQVDORQ



&KDSWHU

KDYH XVHG LQSXW QRGHV ZLWK WUDLQLQJ SDW
QRW EHHQ WUDLQHG DGHTXDWHO\ WR GHOLYHU VLJQL
LV GLVFXVVHG LQ FKDSWHU XQGHU 1HXUDO 1HWZRU
EHHQ DSSOLHG LQ JURXQG SHQHWUDWLQJ UDGDU D
DVVHVVPHQW $WWRK 2NLQH $OVR WKH XVH RI
GHWHFWLRQ LQ FDUERQ ILEUH FRPSRVLWHV XVLQJ C
HIITHFWLYH 1&$)

JROORZLQJ WKH VWUXFWXUH RI WKH WKHVLVY GHWDLC

&KDSWHU 7TRSLF
,PSDFW HFKR WKHRU\
IHXUDO QHWZRUN WKHRU\ DQG DSSO
%DFN SURSDJDWLRQ WKHRU\
JLOQOLWH HOHPHQW WKHRU\
&RQWDFW HOHPHQW WKHRU\

7TDEOH I[LWHUDWXUH UHYLHZV

6XPPDU\

7KH SXUSRVH RI WKLY UHVHDUFK DUH
7R FDUU\ RXW LPSDFW HFKR WHVWV WR JHW D YDUL
5HDO VSHFLPHQV DUH H[SHQVLYH DQG D ODUJH QX
VXIILFLHQW EDVLV IRU QHXUDO QHWZRUN WUDLQLQ
GHFLGHG WR LQYHVWLJDWH PHDQV RI REWDLQLQJ
PRGHOOLQJ
3XUH QRLVH IUHH VLJQDOV FRPSDUHG ZLWK UHDC
PRGHOOLQJ 7KH SUHGLFWHG LGHD LV WKDW UHDO
WUDQVIHU ZLWK FUDFN FORVXUH )RU WKLV UHDV
LQYHVWLIJDWHG WR GHWHUPLQH LI PRUH UHDOLVWL
D SRVVLEOH LPSURYHPHQW RYHU ILQLWH HOHPHQW
6DQVDORQH



&KDSWHU

&KDSWHU WZR

1RQ GHVWUXFWLYH WHVWLQJ DQC

, QWURGXFWLRQ

$V LQWURGXFHG LQ FKDSWHU RQH WKH LPSRUWDQFH
FRQVLGHUDEOH LQ RUGHU WR DFKLHYH HIIHFWLYH PD
UHTXLUHV DVVHVVPHQW PHWKRGVY WKDW FDQ LGHQWL
DFWLRQV PD\ EH WDNHQ WR SUHYHQW ODUJH VEDOH G
Rl 1'7 PHWKRGVY IROORZHG E\ D VXPPDU\ Rl WKHVH
WHFKQLTXH IRU ZKLFK WKH WKHRU\ DQG DSSOLFDWL
LPSDFW HFKR GHYLFHV DYDLODEOH DUH FRPSDUHG
IROORZLQJ FKDSWHUV ZKLFK WDNH XS WKH LPSDEW H

1RQ GHVWUXFWLYH WHFKQLTXHYV

,Q WKH IROORZLQJ VHFWLRQV WKH FRPPRQO\ HPSOR\
$ VXPPDU\ RI WKLV LV JLYHQ LQ WDEOH 7KH SXUS|
RI'' 1'7 HTXLSPHQW DSSURSULDWH IRU EURDG GHIHFW
DVVRFLDWHG ZLWK WKH H[SDQVLYH DFWLRQ RI QHDU
WDUJHW

3XOVH HFKR

7KLV WHFKQLTXH LQYROYHV D KDPPHU RU KHDY\ FKDL
D GHODPLQDWHG DUHD LV VWUXEN D KROORZ VRXQ:
ULQJLQJ VRXQG SURGXFHG E\ D VROLG DUHD $OWKR X
KDV EHHQ IRXQG WR EH WLPH FRQVXPLQJ DQG UHOLH
WR LQWHUSUHW WKH QRLVH VLJQDO ORUHRYHU ZKLC
VRXQGLQJV EHFRPHV OHVV UHOLDEOH DV WKH GHSW
FRQFUHWH RYHUOD\V DUH SUHVHQW 0DQQLQJ

,QIUDUHG WKHUPRJUDSK\

,QIUDUHG WKHUPRJUDSK\ GHWHFWYVY GHODPLQDWLRQ)\
WHPSHUDWXUH ZLWK DQ LQIUDUHG FDPHUD $ GHODPL



&KDSWHU

7KLY DLU JDS DFWV DV DQ LQVXODWRU WKDW UHVWU
GXULQJ FRQGLWLRQV RI KHDW IORZ WKH VXUIDFH WH
DUH FUHDWHG DERYH WKH GHODPLQDWLRQ )RU SDV\
KDYLQJ D UHOLDEOH KHDWLQJ F\FOH ,Q DOO FDVHYV

ORFDO YDULDWLRQV LQ VXUIDFH SURSHUWLHV HPLVY\
DV WHPSHUDWXUH GLITHUHQFHV .XQ] (DOHV $F
ZRXOG UHTXLUH FRQVLGHUDEOH SRZHU DQG ORQJ KHI

5DGDU

7KLY PHWKRG XVHV DQ DQWHQQD WR LQWURGXFH SX
ZDYHV LQWR WKH FRQFUHWH $V D UHVXOW WKLV ¢
PDWHULDOV RI GLIITHUHQW GLHOHFWULF SURSHUWLH'
DOWHQQD 7KH UHFHLYHG VLJQDOV DUH WKHQ GLVSOL

,W LV SRVVLEOH WR GHWHFW WKH SUHVHQFH RI LQWH
EHFDXVH RI UHIOHFWLRQV IURP PDQ\ LQWHUIDFHV W
FRQVLGHUDEOH H[SHULHQFH UHTXLUHG LQWHUSUHV
&DOLEUDWLRQ RU NQRZOHGJH RI WKH GLHOHFWULT
HQFRXQWHUHG IUHTXHQWO\ IRU WKH DSSOLFDWLRQ

8OWUDVRQLF SXOVH YHORFLW\

7KLY LV WKH PHDVXUHPHQW RI WKH WUDQVLW WLPH F
DQG UHFHLYHU 7KH YHORFLW\ RI WKH SXOVH FDQ EI
WUDQVPLWWHU DQG WKH UHFHLYHU LV NQRZQ

'KHQ WHVWLQJ FRQFUHWH D FRXSOLQJ DJHQW SHW
DFKLHYH WKLV 7KH YHORFLW\ Rl VRXQG ZDYHV WKU
SUHVHQFH RI YRLGYV RU FUDFNV 1&+53 %\ XWLC
Rl VRXQG DQG WKH VWUHQJWK RI FRQFUHWH WKH WL
RI VWUHQJWK 'LPHQVLRQV PXVW EH NQRZQ KRZHYHU

SHPRWH YLHZLQJ LQVLGH D VWUXFWXUH

SHPRWH YLHZLQJ HQGRVFRSH FDQ RIWHQ EH WKH

VWUXFWXUH ZKHUH DFFHVV LV OLPLWHG 7KH KDUGZD
SHULVFRSHV 7KH ILEUH RSWLFV WHFKQLTXH XVHV D E
WKH GHIHFW EHLQJ YLHZHG 7KH LPDJHV DUH WKHQ W



&KDSWHU

E\ H\H RU FDPHUD (PPRQV +RZHYHU GHIHFW VL]
PP EHIRUH LQVHUWLRQ LV SRVVLEOH

SDGLRJUDSK\

$ EHDP RI JDPPD UD\V LV GLUHFWHG WKURXJK WKH FR
RSSRVLWH IDFH RI WKH WHVW PHPEHU 7KLV SURYLC
FRQFUHWH PHPEHU VKRZLQJ YDULDWLRQV LQ GHQ\
GXUDELOLW\ 9RLGV FDQ EH ORFDWHG ZLWK WKLV P
H[SHQVLYH KHDY\ DQG PXVW EH RSHUDWHG E\ D TXEC
LPDJHV UHTXLUHV FRQVLGHUDEOH VNLOO

OHWKRG B3ULQFLSDO $SSOLFDWLRQV
3XOVH HFKRTKLFNQHVV DVVHVVPHQW DQG (
GHODPLQDWLRQ RU PDMRU YRLG\
LQWHJULW\ WHVWLQJ
,QIUDUHG 7KHUMRFEDMISK® Rl GHODPLQDWLRQ PR
GXFWV RU YRLGV LQ VODEV RU ZC
5DGDU IRFDWLRQ RI YRLGV FUDENYV
UHLQIRUFLQJ EDUV ZLWKLQ FRQF
DQG YRLGV EHORZ JURXQG VODE)
Rl VODE WKLFNQHVYV
BOWUDVRQLF SBQVUHRUROWKFLWY FRQFUHWH TXD
VWUHQJWK ORFDWLRQ RI LQWHU
SHPRWH YLHZLQHWERWERQ® RI YRLGV GHODPLC
VWUXFWXUB®RFDWLRQ DQG FRQGLWLRQV R
PHWDOV
5DGLRJUDSKARFDWLRQ RI LQWHUQDO SRRU
YRLGY DQG UHLQIRUFHPHQW
PSDFW HFKRRFDWLRQ RI YRLGV FUDFNV Gl
UHLQIRUFLQJ EDUV ZLWKLQ FRQF
'HWHUPLQDWLRQ RI VODE WKLENC

7TEOH 6XPPDU\ 1'7 PHWKRGYV DQG WKHLU SUL

,PSDFW HFKR PHWKRG

7TKH LPSDFW HFKR PHWKRG LV D QRQ GHVWUXFWLYH F
ZDV FUHDWHG E\ &RUQHOO 8QLYHUVLW\ DQG WKH
THFKQRORJ\ LQ WKH 8QLWHG 6WDWHYVY 6DQVDORQH
KLGGHQ GDPDJH DQG GHWHUPLQH WKH H[WHQW RI WK
IRU H[DPSOH

6WUHVYVY ZDYH SURSDJDWLRQ KDV EHHQ DSSOLHG L
+RZHYHU WKHVH DWWHPSWYV KDYH QRW VKRZQ PXFK \



&KDSWHU

KDV EHHQ PDGH LQ PHDVXULQJ WKH WKLFNQHVV RI S
URG OLNH VWUXFWXUHV SLOHV IRU H[DPSOH 6WDLQ
RI WKH KHWHURJHQHRXV QDWXUH RI FRQFUHWH ZKI
ZDYHV 6R WUDGLWLRQDO ZDYH SURSDJDWLRQ PHWKF
FDQQRW EH XVHG IRU HYDOXDWLRQ RI FRQFUHWH

(PPRQV KDV VWDWHG WKDW GHWHFWLQJ IODZV X¢
EHHQ FRPSOLFDWHG DQG WKH LPSDFW HFKR HTXLSP
ILQGLQJ GHIHFWV ,QGHHG RQH RI WKH DGYDQWDJHV
UHTXLUHV DFFHVV WR RQH VLGH RI WKH WHVW PHPE
YHORFLW\ PHWKRG IRU H[DPSOH DFFHVV WR ERWK VI

$OWKRXIJK WKH LPSDFW HFKR LV D VWUDLJKWIRU:
LOWHUSUHWDWLRQ RI WKH GLVSODFHPHQW ZDYHIRUP
WUDQVLHQW VWUHVYV ZDYHV ZLWK LQWHUQDO GHIHFW
LOWHUSUHWDWLRQ LQWHOOLJHQFH WKH SXUSRVH RI
RYHU RWKHU 1'7 PHWKRGV ,Q WKH QH[W VHFWLRQ WK
SUHVHQWHG

&RPSDULVRQ RI WZR LPSDFW HFKR GHYLI

7KH WZR LPSDFW HFKR GHYLFHV FRPPHUFLDOO\ DYDL
2/621 DQG '2&WHU 'HIHFW 2ULHQWDWLRQ &RQILUPD'
VLPLODU WR RQH DQRWKHU DQG DUH FDSDEOH RI ORF
GHODPLQDWLRQ GLVFXVVHG LQ FKDSWHU $V VKRZQ
DUH HDV\ WR XVH EXW WKH 2/621 GHYLFH LV PRUH FR
KRULIRQWDOO\ DQG YHUWLFDOO\ ZKHUHDV WKH '2&\
KRULIRQWDOO\ LQGHHG WR WHVW D YHUWLFDO ZDOO
WHVW VWUXFWXUH &DULQR 6DQVDORQH ILJ>
+RZHYHU WKH '2&WHU KDV EHHQ FRPPHUFLDOO\ DYL
FRPSDULVRQ EHWZHHQ WKHVH DSSDUDWXV LV VXPPDL



&KDSWHU

JLIXUH 2/621 LPSDFW HFKR GHYLFH

J)LIXUH '2&WHU LPSDFW HFKR GHYLFH



&KDSWHU

,PSDFW HFKR GHYLFHPSDFW HFKR GHYLFH

2/621 VA\VWHP '2&WHU V\VWHP

1IHXUDO QHWZRUN VRIW Z LB UTROVIXWZR URYV VRIWZDU
WKH LPSDFW HFKR GAOWHIHWDWHG LQ WKH LPSDFW
5XJJHG 6\WWHP 5XJIJHG 6\VWWHP
5HVLVW GLUW DEXVH HSMELVW GLUW DEXVH HWI
3RUWDEOH 3RUWDEOH
9HU\ HDV\ WR XVH 9HU\ HDV\ WR XVH
,QWHJUDWHG ,PSDFWRU GWHRHUDMWWHGBQP®DFWRU 5HFHI
&RVW 86 $ ROODUWRRVW '
6DPSOLQJ )UHTXHQF\ X8BPBSIOQ QJ JUHTXHQF\ XVHG
H[SHULPHQWYV 0+] H[SHULPHQWYV 0 +]
6RXUFH Rl LPSDFW ,GRWURKRHQWWSDFW ,PSDFWRU
KDPPHU RU LPSDFWRU XEHQUMRIWHRRYBURRXV VL]H W
YDULRXV VL]H WR JHQH UBWHWIIFX\W DEX OUHI X HQF\ UD
IUHTXHQF\ UDQJH
SHFHLYHU SHFHLYHU
'LVSODFHPHQW 7UDQVGX¥SODRHPHQW 7UDQVGXFHU

7TDEOH &RPSDULVRQ RI '2&WHU DQG 2/621 LPSDF

JLIXUH '2&WHU VA\VWHP LQ XVH



&KDSWHU

7KHRU\

,Q WKLV PHWKRG D VWUHVV SXOVH LV LQWURGXFHG
VXUIDFH 7KLV SXOVH WUDYHOV LQWR WKH VROLG D\
ZDYHV $OVR D 5D\OHLJK 5 ZDYH LV JHQHUDWHG ZK
WKH REMHFW 7KHVH ZDYH FKDUDFWHULVWLFV DUH VX
DUH UHIOHFWHG E\ WKH VROLG DLU LQWHUIDFH DQG
SODWH IRU H[DPSOH PXOWLSOH UHIOHFWLRQV HFKI
IRUWK EHWZHHQ WKH WRS DQG ERWWRP RI WKH REM
$

'KHQ D 3 RU 6 ZDYH KLWV D ERXQGDU\ DW REOLTXH |

DUH FUHDWHG E\ PRGH FRQYHUVLRQ .ROVN\ $UL
ZKHUH DQ LPSDFW ZDV JHQHUDWHG SURGXFHV GLV!
SODFHG LQ WKH YLFLQLW\ I WKH UHFHLYHU WUDQV!

WKH GLVSODFHPHQW FDXVHG E\ 3 ZDYH DUULYDOV DU
GLVSODFHPHQW FDXVHG E\ WKH 3 ZDYH LV ODUJHU W
ZDYHV

$LU
A &RPSUHVVLRQ
X
&RQFUHWH 7HQVLRQ
$LU

JLIXUH SHIOHFWLRQ RI LPSDFW HFKR ZDYHV &



&KDSWHU

J)LIXUH % VKRZV WKH QRUPDO GLVSODFHPHQW DW
SODWH FDXVHG E\ DQ LPSDFW DW D QHDUE\ SRLQW R
GLVSODFHPHQWYVY FDXVHG E\ WKH DUULYDO RI WKH 5 Z
WKH DUULYDO RI PXOWLSO\ UHIOHFWHG 3 DQG 6 :C
VLPSOLFLW\ 6 ZDYH DQG PRGH FRQYHUWHG ZDYHV DUF

7KH 5 ZDYH UHVSRQVH LV GHQRWHG E\ D5 DQG 3 ZDY
3 3 UHIHUV WR D 3 ZDYH WKDW KDV XQGHUJRQH D V
SODWH VR LW KDV WUDYHOOHG DERXW WKH WZLFH W
WKDW JRQH WKURXJK WZR UHIOHFWLRQV IURP WKH E
6DQVDORQH +VX , I WKH ZDYH VSHHG &S LQ WKH
WR UHIOHFWLQJ LQWHUIDFHVY FDQ EH GHWHUPLQHG DV

7 &S (TXDWLRQ
1S

ZKHUH IS LV WKH GHWHFWHG FRUUHVSRQGLQJ IUHTXH(

SHDUUDQJLQJ HTXDWLRQ LQ WHUPV RI IUHTXHQF\ JI
'S (TXDWLRQ
7
3 ZDYHV 6 ZDYHYV 5S ZDYHV

%RG\ ZDYH %RG\ ZDYH 6XUIDFH ZDYH
'LODWDWLR QDIOVWRLLW LIRQIXQ VWKLY 5D\VOHLJIK
FRPSUHVVLRQ ZDMHHDU ZDYHZDYH
3DUWLFOH PRWWRQPRWLRRQYHVWUDYHOV DORQJ

SDUDOOHO VBRI WKHY GLFXOPWLW R/ XUIDEHV

GLUHFWLRQWKH GLUHFWLRQ RI

SURSDJDWLRURSDJIJDWLRQ

3 ZDYH VSKHUBLFDYOH VSKEBUIDAMHOF\OLQGULFDO
ZKHQ VWUHVVZKHYHVWUHZKZQ WYHVYUHVYV ZDYHYV
JHQHUDWHG HUH SIRQHNV DDWHHGIBQBUDWHG E\ D
VRXUFH DSSOLHSSRDRWPOROX WL QW VRXUFH
WR WKH WRS \DASIOEHGRQ BDSPIO MR QRUPDO WR

SODWH WKH WRS VXWKHFWRI MXUIDFH RI L
SODWH SODWH
3 ZDYHV FDQ SURZEDYHWH-D@ D VROLG OLTXLG
LQ DOO W\SHVSERSBEDLWHLRAOWAHAULUQFH 5 ZDYHV
PHGLD ZLWK NMEKADWRSDJIJDWH
VWLIIQHVYV DBRYRWMKGYV LQWHUIDF

7TDEOH &RPSDULVRQ RI 3 6 DQG 5 ZDY



&KDSWHU

OHWKRG RI DSSOLFDWLRQ

7TKH LPSDFW HFKR HTXLSPHQW FRQVLVW RI WKUHH FRF
t+t ,PSDFW VRXUFH

f 'LVSODFHPHQW WUDQVGXFHU

tf :DYHIRUP DQDO\VHU

$ W\SLFDO OD\RXW RI WKH DSSDUDWXV LV VKRZQ LQ Il

5HIOHFWLRQ IURP 5HIOHFWLRQ IURP
VODE YRLG LOQWHUIDFH ERWWRP RI VODE

J)LIXUH ,PSDFW HFKR WHVW FRQILJXUL

,PSDFW VRXUFH

7KH LPSDFWRU SURYLGHV D NQRZQ RU FRQWUROOHG
RI LPSDFW GHSHQGV RQ ZKDW UDQJH RI IUHTXHQF\ LV
IRUFH WLPH KLVWRU\ Rl WKH FRQWDFWHG LPSDFW GH
GXUDWLRQ RI WKH LPSDFW LV WKH FRQWDFW WLPH
VSHFWUXP RI WKH LQSXW SXOVH VKRZQ LQ ILJXUH
VKDOORZ LQWHUIDFH IHDWXUHV UDWKHU WKDQ GHHS
KDUGHQHG VWHHO EDOO LPSDFWV VKRZV WKDW FRQW
RQ GHQVH FRQFUHWH &DULQR 6DQVDORQH )
WUDQVGXFHU ZLWK D IUHTXHQF\ UHVSRQVH RI XS WR

7TKH FRQWDFW WLPH RI WKH LPSDFW GHSHQGV RQ 6L
PDVV RI WKH LPSDFWRU DV ZHOO DV GHSHQGLQJ RQ W
FROQWDFW WLPH ZLOO EH VKRUWHU RQ D VPRRWK VXUI



&KDSWHU

J)LIXUH 7KH IRUFH WLPH KLVWRU\ RI WKH

'LVSODFHPHQW WUDQVGXFHU

7TKH UHFHLYLQJ WUDQVGXFHU FRQYHUWYV WKH PHFKL
HOHFWULFDO VLIQDO 7KLV LV FDSDEOH RI DFFXUDWE
VHQVLWLYH DQG DEOH WR UHVSRQG WR D ZLGH UDQJH

:DYHIRUP DQDO\VHU

$ ZDYHIRUP DQDO\VHU LV XVHG WR FDSWXUH WKH \
WUDQVGXFHU W VWRUHYV WKH GLJLWLVHG ZDYHIRUP

6LJQDO DQDO\VLYV

7KH LQWHUSUHWDWLRQ RI WKH PHDVXUHG ZDYHIRUP
LQLWLDOO\ 7KLV ZDV GRQH E\ FDOFXODWLQJ WKH WL
DUULYDO RI WKH ILUVW 3 ZDYH UHVSRQVH :KLOVW 1
FRQVXPLQJ DQG ZDV RYHUFRPH E\ LQWHUSUHWLQJ W
)DVW )RXULHU 7UDQVIRUP ))7 PHWKRGV 6DQVDC
WUDQVIRUPDWLRQ EUHDNV WKH ZDYHIRUP GRZQ LQWR
LQ DQ DPSOLWXGH VSHEWUXP ZKLFK LV D JUDSK RI I
ZDYHV JHQHUDWHG E\ D SRLQW VRXUFH DUH FRPSRVH
D QXPEHU RI GLIIHUHQW ZDYHOHQJWKV 7KH SHDNV
WUDQVLHQW UHVRQDQFH EDXVHG E\ PXOWLSOH UHIC
LQWHUQDO GHIHFWV

, QWHUSUHWLQJ WKH LPSDFW UHVSRQVH

$OWKRXJIJK WKH LPSDFW HFKR LV D VLPSOH PHWKR
GLVSODFHPHQW ZDYHIRUP QHHGYVY D EDVLF XQGHUVW
VWUHVV ZDYHV ZLWK LQWHUQDO GHIHFWV )LJXUH ‘



&KDSWHU

VRXQG FRQFUHWH W LV LPSRUWDQW WR UHPHPEHU \
ORZHU IUHTXHQF\ WKDQ WKDW RI D VKDOORZHU VODE

JLIXUH ,PSDFW HFKR UHVXOWY RQ D VRXQG FI
7TKH GRPLQDQW SHDN LQGLFDWHG LQ ILIJXUH KDV
HTXDWLRQ WKLV FRUUHVSRQGLQJ WR LQFKHV

WKLV FRQILUPV WKDW WKH LPSDFW UHVSRQVH KDV EH

6LPLODUO\ ILJXUH LOOXVWUDWH WKH UHVXOW RI L
LV H[SHFWHG DQG WKHUH LV D GRPLQDQW IUHTXHQF\
GHSWK RI LQFKHV ZKLFK LV WKH UHIOHFWLRQ IURF

JLIXUH ,PSDFW HFKR UHVXOWY RQ D FUDFN}



&KDSWHU

"HWHFWDEOH GHIHFWYV

7TKH LPSDFW HFKR WHVW LV FDUULHG RXW WR PRQLWEF
ZDOOV SDYHPHQWY UXQZD\V WXQQHOV DQG GDPV (
YRLGYV KRQH\FRPE FUDFNV GHODPLQDWLRQ DQG RWtE
PDVRQU\ PDWHULDOV ,Q WKLV UHVHDUFK LW LV WKH
LV RI LQWHUHVW

6XPPDU\

$ VXPPDU\ UHYLHZ RI 1'7 PHWKRGV KDV EHHQ JLYHQ
VLIJQLILFDQFH RI WKH VHOGRP HPSOR\HG LPSDFW HFK
LPSDFW HFKR DQG LWV DSSOLFDWLRQ KDV EHHQ VKR:
HFKR GHYLFH RQ VRXQG DQG GHODPLQDWHG FRQFUH\
WKH WZR W\SHV RI LPSDFW HFKR GHYLFH KDV EHHQ G
FRQGXFWHG ZLWK WKLV DSSDUDWXV DUH SUHVHQWHG



&KDSWHU

&KDSWHHHVK

'"HVFULSWLRQ RI HISHULPHQV

L, QWURGXFWLRQ

7KLYV FKDSWHU FRYHUV WKH DSSOLFDWLRQ RI WKH LP:
ZDOOV 7KH SXUSRVH RI WKLV LV WR REWDLQ YDULHG
QHXUDO QHWZRUN LQWHUSUHWDWLRQ 'UDZLQJV DUFL
GHIHFWV DQG WKH VXUYH\ OLQHVY DGRSWHG IRU LPS|
FRQGXFWHG LQ WKH 86 $ DW WKH SUHPLVHV Rl 2
SKRWRJUDSKV RI WKH LPSDFW HFKR HTXLSPHQW GLVF

'HVFULSWLRQ RI FRQFUHWH VSHFLPHQV

7KH H[SHULPHQW ZDV FDUULHG RXW LQ D EDUQ 7KH
ZKLFK DUH ODEHOOHG $ % & ' DOO KDYLQJ D YDUL
XVHG LQ EXLOGLQJ WKH YRLGV SUHVHQW LQ ZDOOV %
7KH VLPXODWHG GHIHFWYV DUH YRLGV KRQH\FRPEV DC
D VXQ VFUHHQ PDWHULDO

:DOOV $ ' DQG & ZHUH WHVWHG :DOO $ FRQWDLQHG
KRQH\FRPEV DQG ZDOO & FRQWDLQHG VXQVFUHHQ PD

7KH LPSDFW HFKR PHWKRG ZDV HPSOR\HG IRU WHYV
2ULJLQDOO\ WKH IRXU ZDOOV ZHUH EXLOW IRU RWI]
QRPLQDO GLPHQVLRQV RI WKH ZDOOV ZHUH [ LQF

7KH H[SHULPHQWDO HTXLSPHQW ZDV VHW XS DV VKR
UHVXOW ZDV GLVSOD\HG RQ WKH FRPSXWHU 7KH LPS
ZDOO DV VKRZQ LQ ILJXUH :DOO $ ZDV WHVWHG RQ
WKH HDVW VLGH ZDV WHVWHG DQG IRU ZDOO & WKH
WKH FRQFUHWH ZDV FOHDUO\ PDUNHG UHSUHVHQWH(
HFKR HTXLSPHQW ZDV DSSOLHG 7ZR VSHFLPHQ ZDOO
LOOXVWUDWHY WKH GLUHFWLRQ RI WKH LPSDFW DSSC



&KDSWHU

J)LIXUH ,PSDFW HFKR V\VWHP

7TKHUH ZHUH KLWV RQ HDFK PDUNHG FURVV JLYLQJ
SRLQWV ZKLFK LOOXVWUDWH D UHVXOW IRU D GHIHF\
SURFHVVHG DQG VDYHG WR D ILOH UHDG\ IRU RWKHU
+RZHYHU WKH ))7 GDWD FRXOG QRW EH LPPHGLDWHO\ |
LW zZDV LQ ELQDU\ IRUP W ZDV WKHQ GHFLGHG WR >
$SSHQGL[ ) WR WUDQVIRUP WKH GDWD IURP WLPH WR |

ORFDWLRQV ZKLFK ZHUH WHVWHG JLYLQJ D WRWDC
ORFDWLRQV

JLIXUH ,PSDFW HFKR WHVWLQJ RQ D VSHFI



&KDSWHU

JLIXUH $ SKRWRJUDSK RI WZR VSHFLPHQ :
JLIXUH ,OOXVWUDWLRQ RI WKH GLUHFWLR
7TDEOH oLvw WKH WHVW ORFDWLRQV RQ WKH VSH

LOOXVWUDWLRQ RI WKH WHVWHG VSHFLPHQ ZDOOV W
ORFDWLRQV KHQ WHVWLQJ WKLFNQHVV WKH LPSDFW
WZR YRLGV L H ZKHUH WKHUH ZHUH QR GHIHFWV [RU
DUHDV $OVR :DFOO DQG :DFOO D ZHUH WHVWYV IRU WK
DQG KDUG bW WKH VDPH SRLQW 7KHUH ZDV QRW DQ\ VL
VR :DFOO ZDV XVHG LQ WKH QHXUDO QHWZRUN DQDO\V
LQGLFDWHG LQ ILIJXUH



&KDSWHU

&RGH (DVW 6 XUYH\ OLQH
QDPH RU :DOO OLQHV RI WKH
"HVW WHVWHG

ORFDWLRQV
:DY OH (DVW
DY H (DVW
DY H (DVW
DY H (DVW
:DYOZ :HVW
DY Z "HVW
DY Z "HVW
DY Z "HVW
DFOO :HVW
:DFOOD:HVW
:DFO "HVW
:GY H (DVW
:GY H (DVW
:GY H (DVW
:GY H (DVW
:GFOH (DVW '
FVVFZ :HVW &

TR AP R AP PR

7TEOH /ILVW RI WHVW ORFDWLRQV RQ VSH

:DY H

:DY H

OLQH OLQH OLQH
:FVVFZ
NH\

. YRLG
VROLG

J)LIXUH 6 XUYH\ OLQHV RQ ZDOOV $ ' DC(

6XUYH\ OLQHV RQ ZDOO VSHFLPHQV

7KH VL]HV DQG ORFDWLRQV RI WKH GHIHFWV LQ ZDO
WKURXJK WR ILIJXUH UHVSHFWLYHO\ ,Q HDFK ILJ)>
SODQ YLHZV DUH LQGLFDWHG 7KHVH GUDZLQJYVY DUH Q



&KDSWHU

:DOO $ HDVW DQG ZHVW

YLIXUH VKRZV YRLGO ZDYOH DQG ZDYOZ ZLWK GL
OLHV RQ WKH OLQH

$00 GLPHQVLRQV LQ LQFKH!

YLIXUH 9RLGO

2 &N WP R

$00 GLPHQVLRQV LQ LQFKHV

JLIXUH 9RLG



&KDSWHU

JLIXUHYV VKRZV YRLG DY H DQG DY Z ZLWK GLF
ZKLFK DOVR OLHV RQ WKH OLQH 2Q OLQH DUH Wk

DQG :DY Z KDYLQJ GLPHQVLRQV RI LQ [ LQ [ LQ T
VKRZQ LQ ILIXUHYV DQG UHVSHFWLYHO\

$00 GLPHQVLRQV LQ LQFKHV

J)LIXUH 9RLG

o

o

$00 GLPHQVLRQV LQ LQFKHYV

J)LIXUH 9RLG



&KDSWHU

THVWLQJ RI VRXQG DUHDYV

7TKH WHVWLQJ ORFDWLRQV IRU VRXQG DUHDV DUH LQ
VROLG :DFO WKH GLPHQVLRQV IRU WKHP DUH LQ
ZDOO $ ZDV WHVWHG

$00 GLPHQVLRQV LQ LQFKHV

J)LIXUH 7THVWLQJ RI 6ROLGO DQG 6ROLG

$OVR WKH HDVW VLGH RI ZDOO ' ZDV WHVWHG IRU D V
LQ ILIXUH 7KH GLPHQVLRQV DUH WKH VDPH DV SU

$00 GLPHQVLRQV LQ LQFKHV

J)LIXUH 6ROLG HDVW IDFH

:DOO ' (DVW

7KH HDVW VLGH RI ZDOO ' ZDV WHVWHG IRU D IXUWKH!
WKLV LV VKRZQ LQ ILIJXUH



&KDSWHU

$00 GLPHQVLRQV LQ LQFKHV

J)LIXUH 9RLG

7KH GLPHQVLRQV IRU WKH QH[W WKUHH YRLGYV DUH L
[ LQ WKH\ DUH LOOXVWUDWHG LQ WKH ILIXUHYV

0 LO +,

$00 GLPHQVLRQV LQ LQFKHV

YLIXUH 9RLGY



&KDSWHU

$00 GLPHQVLRQV LQ LQFKI

J)LIXUH 9RLG KRQH\FRPE

"
?
"

?
10

$00 GLPHQVLRQV LQ LQFKF

J)LIXUH 9RLG KRQH\FRPE



&KDSWHU

6 XPPDU\

7KH LPSDFW HFKR HTXLSPHQW DQG D VHULHV RI GUD.
SUHVHQWHG VKRZLQJ WKH JHRPHWU\ RI WKH EXLOW L
RI WKH LPSDFW HFKR PHWKRG DUH GLVFXVVHG



&KDSWHU

&KDSWHU IRXU

,PSDFW HFKR VXUYH\

, QWURGXFWLRQ

,Q WKH ODVW FKDSWHU WKH XVH RI WKH LPSDFW HFK
ZbDOOV ZHUH SUHVHQWHG 7KLV FKDSWHU SUHVHQWYV
DQDO\WLFDOO\ WR REVHUYH WKH DFFXUDF\ RI WKH

XQGHUVWDQGLQJ WKH DPSOLWXGH VSHFWUXP ))7 Jl
LPSDFW HFKR GDWD LV JLYHQ LQ WKH WLPH DQG IUHT.
WKH GDWD LQ WKH DPSOLWXGH VSHFWUXP

SUHGLFWLRQ RI WKH WKHRUHWLFDO IUHT?

,Q RUGHU WR LQWHUSUHW WKH DPSOLWXGH VSHFV
FRUUHVSRQGLQJ WR WKH WKLFNQHVV RU GHSWK RI GF
DQG JHRPHWULFDO GUDZLQJV RI WKH WHVW FDVHV DI
IURP FKDSWHU
(TXDWLRQ

KHUH &S LV WKH 3 ZDYH VSHHG LQ WKH WHVW REMHF)
ISLV WKH I[UHTXHQF\ RI' 3 ZDYH UHIOHFWLRQV IUF
7 LV WKH GHSWK WKH GLVWDQFH WR WKH LQWHUI

7KH GHSWKV WR WKH GHIHFW DUH NQRZQ ZKLFK FD
GUDZLQJV DQG WKH YHORFLW\ LQ FRQFUHWH &S LV
WKHRUHWLFDO IUHTXHQF\ IS FDQ EH FDOFXODWHG IRU
XQGHU SUHGLFWHG IUHTXHQF\ RQ WDEOH Q SUI
LGHQWLI\LQJ WKH IUHTXHQF\ DVVRFLDWHG ZLWK D NQ
7KLV FDQ EH DFKLHYHG XVLQJ D FRUH RI WKH PDWHUL



&KDSWHU

O9RLG GHIHFW

YLIXUH 'DYOH LQ WLPH GRPDLQ
YLIXUH 'DYOH LQ IUHTXHQF\ GRPDLQ
YLIXUH DQG VKRZV UHVXOWYV :DYOH ZKLFK DUH

LPSDFW HFKR WHVW GDWD LQ WLPH DQG IUHTXHQF
XQGHUVWDQG WLPH GRPDLQ GLVSODFHPHQWYVY VKRZQ
DQG WLPH FRQVXPLQJ HVSHFLDOO\ ZKHQ WKHUH DU}
H[SODLQHG LQ FKDSWHU 7KH IUHTXHQF\ GRPDLQ VK
UHSUHVHQW WKH WUDQVLHQW UHVRQDQFH FDXVHG &
VXUIDFHV DQG LQWHUQDO I0ODZV ,Q WKLV H[DPSOH
N+] ZKLFK FRUUHVSRQGY WR WKH YRLG GHSWK 7KLV I



&KDSWHU

I[UHTXHQF\ WR H[SHFW DV GLVFXVVHG LQ VHFWLRQ
I[UHTXHQF\ LV GHGXFHG DV .+] ZLWK D FRUUHVSRC(
DPSOLWXGH VSHFWUXP LV PRUH HIILFLHQW DQG HDV\

ODULDWLRQ RI YHORFLW\ LQ FRQFUHWH

$OWKRXIJK WKH &S LQ FRQFUHWH LV WDNHQ WR EH
FRQFUHWH ZLOO QHYHU EH VDPH IURP RQH FRQFUHW
VSHFLPHQ 7KHUH DUH IDFWRUV ZKLFK DIIHFW WKH &:¢
EH PRUH FRPSDFWHG LQ VRPH SDUWV WKDQ RWKHUYV
JLYLQJ D FRUUHVSRQGLQJ UDQJH RI &S YDOXHV RI
XVHG WR JDLQ DQ LGHD RI WKH LQIOXHQFH 7KH
ZKLFK LV VKRZQ RQ WDEOH ,QGHHG WKH YDULD

DV
“ 143 P V

&RGH 1DPH &3 7 I33UHGLFWHG3 s s
7KHRUHFWLFI®RZQ JUHTXHQFBHVXOWYV RUHGLFWHBUHGLFWHG
9HORFLW\ P WSWK o+ ,PSDFW IUHTXHQFVUHTXHOQF\

P (FKR .+] IRU .+] IRU
] &RQFUHWH. RQFUHWH
9HORFLW\®RHORFLW\ RI
PV
PV

:DYOH
:DY H
:DY H
:DY H
:DYOZ
:DY Z

:DY Z

:DY Z

:DFOO
:DFO

:GY H
:GY H
:GY H
:GY H
:GFOH

7TDEOH &DOFXODWLRQ RI WKH WKHRUHWL

8VLQJ WDEOH WKH SUHGLFWHG IUHTXHQF\ LV
UHVXOWY VKRZV D GRPLQDQW IUHTXHQF\ DURXQG

P 7KH SUHGLFWHG IUHTXHQF\ IRU :DYOZ LV
LQGLFDWHY D GRPLQDQW IUHTXHQF\ DERXW . +] D



&KDSWHU

7KH SUHGLFWHG IUHTXHQF\ IRU :DY Z LV N+] WD
R N+] DQG WKH GHSWK IRU WKLV YRLG LV P
R N+] WDEOH VXJIJHVWY D IUHTXHQF\ DW DE
YRLG LV P 7KH WKHRUHWLFDO IUHTXHQF\ IRU
FRQFUHWH DQG WKH GHSWK WR WKH HQG RI ZDOO LV
N +]
 PSDFWRU ,PSDFWRU
UHFHLYHU UHFHLYHU
JLIXUH ,PSDFW HFKR WHVWLQJ

6R IDU WKHVH UHVXOWY DUH IDLUO\ DFFXUDWH DQG
YHORFLW\ VKRZQ RQ WKH ODVW WZR FROXPQ RI WDE
DY Z DQG :GY H EXW LW LV YHU\ FORVH WR WKH IUHT
DY H :DFOO :DFO :GY H WR :GY H DUH QRW VR S
IDFWRUV WKDW QHHG WR EH FRQVLGHUHG 2QH LPSR
VRXQG FRQFUHWH ZDV VXUURXQGHG E\ ERXQGDULHYV
VHHQ LQ FKDSWHU IURP WKH JHRPHWULFDO GUDZLQ
FRQFUHWH FRQWDLQV RWKHU IUHTXHQFLHV LQFOXGL
UHVSRQVH RI WKH YRLGYV LQ WKH YLFLQLW\ LV DGGH
VWURQJ UHVSRQVH IRU WKH VSHFLPHQ WHVW SRLQW
ZHDNHU WKDQ QRUPDO $OVR D VLJQDO PD\ KDYH WR
D ORQJHU GLVWDQFH SURGXFLQJ D ORZHU IUHTXHQF\
VKRZV D UHDOLVWLF DQG LGHDO LPSDFW HFKR WHVW
VLIQDO UHVSRQVH WKDQ WKH UHDOLVWLF WHVWLQJ Z



&KDSWHU

+RZHYHU WKH UHDOLVWLF LOOXVWUDWLRQ LV WUXH \
YRLGY GHODPLQDWLRQV DQG RWKHU GHIHFWV RI Y
REYLRXVO\ QRW SUDFWLFDO WR DFKLHYH

$QRWKHU IDFWRU WR FRQVLGHU LV WKH UHVXOWYV IRU
:GY H WHVW SRLQWYVY 7KH SUHGLFDWHG IUHTXHQF\ IR
LPSDFW HFKR WHVW LQGLFDWHV D IUHTXHQF\

PLQLPXP YHORFLW\ RI PV ZKLFK JLYHV D IUHT
WA\SLFDO IRU D KRQH\FRPE GHIHFW EHFDXVH ZKHQ

UHVSRQVH WDNHYVY ORQJHU WR JHW EDFN DW WKH VXUI
D ORZHU IUHTXHQF\ (TXDWLRQ VKRZV WKDW LI WKI
ZLOO EH ORZHU 6LPLODUO\ WKH UHVXOWYV IRU :DFOO
R N+] LQGLFDWLQJ WKDW WKH ZDOO GHSWK LV G
P ,I WKH FRQFUHWH YHORFLW\ LV VPDOOHU WKLV ZF
WDNH ORQJHU WR UHWXUQ ZKLFK FRXOG EH WUXH LQ
VRXQG FRQFUHWH WHVWYV ZHUH FRQGXFWHG EHWZFE
:DY Z :DY 2 ZKHUH WKH QHLJKERULQJ YRLGV DIIHFW \

ODULDWLRQ RI DPSOLWXGH JUDSKYV

&RGH 6WDQGDUGOHDAQ 1R RI

1DPH GHYLDWLRQ[OZ2 EDG
WRR GDWD

DY OH

DY H

DY H

DY H

:DYOZ

DY Z

DY Z

DY Z

:DFOO

:DFO

:GY H

:GY H

:GY H

:GY H

:GFOH

7TEOH (UURU FDOFXODWLRQ RI WKH LPSDF\



&KDSWHU

W ZDV IRXQG WKDW WKH UHFRUGV IRU HDFK WHVW &
GLITHUHQW IURP HDFK RWKHU VR IRU :DYOH UHVXOV
YDULHG L H QR JUDSK zZDV H[DFWO\ WKH VDPH ,Q
REVHUYH LWV UHSHDWDELOLW\ 7KH GLYLVLRQV RQ W

JRU RQH GLYLVLRQ FP

7KH JUDSKV ZHUH H[DPLQHG E\ XVLQJ D UXOHU WR
FRQVHTXHQWO\ WKH HUURU IRU UHDGLQJ ZLWK D UXO
WKDW DOWKRXJK WKH T[UHTXHQFLHYV IRU D SDUWLFXOL
ZDV D YDULDWLRQ RQ WKH DPSOLWXGHV RI WKH LPSR
JUDSKV ZKLFK VKRZHG QR GRPLQDQW SHDNV LQ WK
JUDSKV WKLV LV LQGLFDWHG LQ WDEOH JRU H[DPS
EDG UHFRUGV VR UHFRUGY ZHUH XVHG IRU FDOFXO
SULQFLSDOO\ FDXVHG E\ LQFRUUHFW FRQWDFW RI WKl

7KH DXWKRU FRQGXFWHG ))7 SURFHVVLQJ IRU DOO
PHQWLRQHG LQ FKDSWHU

6XPPDU\

7KH LPSDFW HFKR UHVXOWYV KDYH EHHQ SUHVHQWHG -
UbzZ DQG ))7 IRUPV 7KH YHORFLW\ YDULDWLRQ RI FRCQ
DQRQG LQ PRVW FDVHV WKH LPSDFW HFKR UHVXOWYV
GHYLDWLRQ IRU PRVW WHVW FDVHV ZHUH OHVV WKDC(
LPSDFW HFKR GHYLFH WR EH DERXW XVLQJ JRRG
GHYLDWLRQ ZDV DERXW ZKLFK LV VWLOO IDLUO\ O
GLVFXVVHG ZKLFK DUH XVHG WR DQDO\VH WKH LPSDF



&KDSWHU

& KD SW.HWH I

I1HXUDO QHWZRUNYV

, QWURGXFWLRQ

7KLV FKDSWHU IRFXVHV RQ WKH DSSOLFDWLRQ RI DU
IURP UHDO DQG VLPXODWHG LPSDFW HFKR WHVWLQJ
FKDSWHU WKHVH LQYROYLQJ UHDGLQJV RQ D JURXS
6LPXODWLRQ RI GDWD E\ ILQLWH HOHPHQW PRGHOOL«
SUHVHQWY WKH WKHRU\ RI QHXUDO QHWZRUNV 7KH |
DOVR SUHVHQWHG $ GHWDLOHG H[SODQDWLRQ RI VL.
JLYHQ DQG WKH VHOHFWLRQ RI WKH EDFN SURSDJDW!I
SUHVHQWHG

7TKURXJK VHOHFWLRQ RI D VXLWDEOH QHWZRUN W\SH
DFKLHYH DGYDQFHPHQW LQ LQWHUSUHWDWLRQ LQWHC

1HXUDO QHWZRUNYV

$ QHXUDO QHWZRUN KDV EHHQ XVHG LQ WKLV UHVHI
LQYROYHV ODUJH DPRXQWV RI GDWD WKDW FDQQR
PDWKHPDWLFDOO\ 7KH UDSLGO\ JURZLQJ QXPEHU R
GHYHORSLQJ VXSHULRULW\ RI QHXUDO QHWZRUNV IR
EHWWHU DW GHDOLQJ ZLWK PRUH FRPSOH[ RU RSHQ
SHUFHLYHG DQG ZKLFK FDQ QRW EH VXIILFLHQWO\ Gt
7DVNV UHTXLULQJ IDXOW WROHUDQFH RU FRSLQJ ZLW
UHFRJQLWLRQ GLDJQRVLV DEVWUDEFEWLRQ DQG JHQ!
WUHDWPHQW ODUHQ +DUVWRQ 3DS

1HXUDO QHWZRUNV FDPH LQWR WKH IRUHIURQW RI F
FRPPHUFLDO GHYHORSPHQW LQ WKH ODWH v +RZ
LWV KLVWRU\ JRHV EH\RQG WKDW RI FRQYHQWLRQDO
MXVWLILHG DQDO\WVLYVY DQG D WKURXJK XQGHUVWDQG



&KDSWHU

7KH UDQJH RI FRQYHQWLRQDO FRPSXWHU DSSOLFDWL
DOJRULWKPV 7KLV IDFW GLVWLQJXLVKHV LQIRUPDWL
I[URP KXPDQ LQIRUPDWLRQ SURFHVVLQJ 1DPHO\ KXP
EHKDYLRXU WKURXJK OHDUQLQJ ZKHUHDV FRPSXWHL
WKHP WKH DOJRULWKPVY QHHGHG WR SHUIRUP WKH GH

'HVSLWH DGYDQFHV LQ FRPSXWLQJ KXPDQV DUH V
FKDOOHQJHVY 7KH NLQGV RI SUREOHPV WKDW KXPDC
UHFRIJQLWLRQ Rl HLWKHU VSHHFK RU LPDJHV RU ER
SDUDOOHO DUFKLWHFWXUH RI WKH EUDLQ ZKLFK JLY
SUREOHPV ZLWK VLPXOWDQHRXV FRQVWUDLQWYV

7KH PDLQ DUHDV LQ ZKLFK QHXUDO QHWZRUNYV KDYH E
6LIJQDO SURFHVVLQJ

SDWWHUQ UHFRJQLWLRQ *ORYHU

$XWRPDWHG FRQWURO 7RODW 'LGURZ
$GDSWLYH DVVRFLDWLYH PHPRU\ IRU H[SHUW V\VW
6SHHFK DQDO\VLV :DLEHO

7TKH VROXWLRQ RI KLJK GLPHQVLRQ PDWKHPDWLFD¢

H + +H+ =+ +H+ +H

+XPDQ H[SHULHQFHV DUH VWRUHG LQ D QHWZRUN RI L
FRPSXWLQJ WKDW WKHVH GHYLFHV SHUIRUP LV GLII
PHWKRG $FFRUGLQJO\ WKH REMHFWLYH IRU QHXUDO
LV WKDW WKHVH QHWZRUNV DUH FDSDEOH RI VWRULQ
FRPSXWHU PRGHOV

'"HYHORSPHQW RI DUWLILFLDO QHXUDO QH

7KH SLRQHHUV RI QHXUDO QHWZRUNYV ZHUH :DUUHQ O

3LWWYV , Q WKH\ GHYLVHG D EDVLF PRGHO F
DPSOLILHUV WKDW UHSUHVHQWHG WKH YDULDEOH V\C
QHXURQV WRJHWKHU DQG WKH RSHUDWLRQ RI WKH
EHFDPH WKH EDVLV RI PRVW QHXUDO QHWZRUNV 7KH
SXW IRUZDUG D PRGHO RI G\QDPLF PHPRU\ +H VWDV
UHYHUEHUDWH LQ GLIITHUHQW SDWWHUQV HDFK RI WK
HISHULHQFH



&KDSWHU

JUDQN 5RVHQEODWW GHVLJQHG WKH 3HUFHSWURQ LQ
ZKLFK UHFRJQLVHG LPDJHV XVLQJ WKH OF&XOORFK D
VRPH QRQ OHDUQLQJ IHDWXUH H[WUDFWRUV RI DQ LP
‘LGURZ +RII GHYLVHG RQH RI WKH HDUO\ SHUFF
FDOOHG WKH :LGURZ +RIl DOJRULWKP 7KLV ZDV IROO
3DSHUW ZKR GHFODUHG WKDW WKH 3HUFHSWURQ ZL\
VROYH DQ\WKLQJ H[FHSW SUREOHPVY WKDW ZHUH VHSE
VWDWHG DQRWKHU LPSRUWDQW GLIILEXOW\ ZKLFK ZE
VXFK QHWZRUNV DQG KRZ WKLV LQFUHDVHV ZLWK WK
WKH VFDOLQJ Rl WUDLQLQJ WLPHV DV WKH VL]H RI W
7D\ORU +RZHYHU D QXPEHU RI WKH PRVW SHUVI
VWXGLHVY ORUH FRPSOH[ DQG IOH[LEOH DUFKLWHFWX
$QGHUVRQ $QGHUVRQ DQG *URVVEHUJ *URVYV
IRXQGDWLRQ RI WKH ILHOG ZDV VORZO\ WDNLQJ VKD
VKRZQ WR EH VROYDEOH 7KHQ LQ WKH V. WKH JUF
ILHOG KDG DQ H[SORVLYH UHDFWLRQ

,Q -RKQ +RSILHOG +RSILHOG REVHUYHG WK
JRRG ZD\ RI SURGXFLQJ DGYDQFHG FRPSXWHU PHPRU
VROYH WKH SUREOHPV RI KDUG OHDUQLQJ ZKLEFK LV :
PLGGOH OD\HU FDOOHG WKH KLGGHQ OD\HU VHHPV '
WUDLQLQJ LQIRUPDWLRQ FRQVLVWLQJ RQO\ RI ELW S
RXWSXWV GR QRW FRQWDLQ D VSHFLILEFDWLRQ RI ZKI
WKHVH KLGGHQ XQLWV 7KHUH LV QR KRSH RI DEKLH
LQSXWV DQG RXWSXWV LI WKH\ DUH DOORZHG WR DF
VWXFN LQ WKH ZURQJ UHYHUEHUDWLRQV 7KLV ZDV
+LQWRQ 6HMQRZVNL LQ ZKR FUHDWHG WKH
QDPHG DIWHU /XGZLJ %ROW]PDQ ZKR VWXGLHG WKH
PROHFXOHV 7KH VLPLODULW\ EHWZHHQ V\VWHPV RI
HQDEOHG WKHVH UHVHDUFKHUV WR XVH WKH HOHFWU
DYRLG IDOVH UHYHUEHUDWLRQV DQG GHDO ZLWK WKH

, Q SXPHOKDUW +LQWRQ DQG :LOOLDPV SXPHOK
FRQFOXGHG WKDW D IHHG IRUZDUG QHWZRUN ZKLFK C



&KDSWHU

7KLY VHUYHG WR WDNH D SDWWHUQ DW WKH LQSXW |
ZKHUH LW LV WUDQVODWHG LQWR DQRWKHU SDWWHUC

7KH DSSHDUDQFH RI PXOWL OD\HU 3HUFHSWURQV DOC(
SUREOHPV 7KUHH OD\HU 3HUFHSWURQV PDGH LW SR\
VSDFH RI PDQ\ GHJUHH RI FRPSOH[LW\ OLPLWHG RQ¢
QHWZRUN 7UDLQLQJ RI D PXOWL OD\HU QHWZRUN LV
WHFKQLTXH LV WKH EDFN SURSDJDWLRQ G6KXEQLNRY

7KH EDFN SURSDJDWLRQ DOJRULWKP VROYHG WKH SU
ZDV LQLWLDOO\ VKRZQ E\ 3DXO :HUERV :HUERYV

E\ 3DUNHU 3DUNHU DQRG /H&XQ /[/H&XQ
SXPHOKDUW O0OF&OHOODQG DQG HW DO S5XPHOKDUW

$QRWKHU LQIOXHQWLDO FRQWULEXWRU WR WKH GHY!
7HXYR .RKRQHQ .RKRQHQ +H XVHG XQVXSHUYLV
GLVFRYHUV KLGGHQ SDWWHUQV LQ WKH LQSXW GDWD
EH XQDZDUH +RZHYHU WKHVH QXPHURXV UHVHDUFK
VLPSOLILHG SUREOHPV WR H[DPLQH WKHLU LGHDV LQ
VFDOH ,Q DQG .RKRQHQfV VWXG\ DSSOLHG QH:
ZKHUH SKRQHPHV ZHUH WXUQHG LQWR UHFRJQLVHG ZI

7TKH UHFRJQLWLRQ RI YLVXDO SDWWHUQV LV D PDI
JXNXVKLPD OL\DNH , WR )XNXVKLPD XQL
GHYLVHG DQG SDUWLDOO\ EXLOW D PDFKLQH FDOOH(¢
VHFWLRQV RI DQ LPDJH IURP IHDWXUHV IRU H[DPSOH

*RUPDQ DQG 6HMQRZVNL KDYH DSSOLHG WKH QHXUDO
VRQDU UHWXUQV IURP WZR XQGHUVHD WDUJHWYV D PH

*RUPDQ 6HMQRZVNL , Q WKLUG RUG
HPSOR\HG WR GLVWLQJXLVK EHWZHHQ FODVVHV RI .
WUDQVODWLRQDO SRVLWLRQ VFDOH DQG DQJXODU
VLIQLILFDQW IHDWXUH RI WKLV QHWZRUN LV WKDW LV
XVLQJ D VLPSOH VLQJOH OD\HU SHUFHSWURQ OHDUQL
$SSDUHQWO\ ZKHQ D KLJKHU RUGHU QHXUDO QHWZRU



&KDSWHU

IRU SHUIRUPLQJ QRQ OLQHDU GLVFULPLQDWLRQ LW =
FRPELQDWRULF H[SORVLRQ RI KLJKHU RUGHU WHUPYV

J)LIXUH '"HYHORSPHQW RI 1HXUDO 1HWZ

$QRWKHU LPSRUWDQW FRQWULEXWRU WR WKLV ILHOG
GHVLJQHG DQDORJXH VLOLFRQ FKLSV IRU WKH SUF
<RK +DQ 3DR GHYLVHG WKH IXQFWLRQDO OLQN Qf



&KDSWHU

SRZHUIXO IXQFWLRQ PDSSLQJ PRGHO NQRZQ ODVWHU
PDMRU SLRQHHUYV DUH VXPPDULVHG LQ ILJXUH

6LQFH WKHUH KDYH PDQ\ RWKHU UHVHDUFKHUV Zk
DQG DSSOLHG WKHP WR XVHIXO DSSOLFDWLRQV ,Q
ZKLFK 'RQDOG 6SHFKW UHYLYHG LQ GHYHORSLQ.
ODVWHUYV 7KLV XVHV D VLPSOH KDUGZDUH SUR
DOORZLQJ HFRQRPLFDO LPSOHPHQWDWLRQ

,Q D QHXUDO QHWZRUN ZDV XVHG WR ILQG WKH R
URERWV 3RXUERJKUDW ,Q QXPHURXV GHYlI
RUJDQLVLQJ QHWZRUN DSSURDFK 5LWWHU ODUWLQH\

$Q DWWHPSW WR XQGHUVWDQG WKH QHUYRXV V\VWH
LQYHVWLIJDWHG 6LPSOLILHG YHUVLRQV RI PHFKDQLV
FRPPHUFLDO DSSOLFDWLRQV IRU H[DPSOH LQ PR
Rl FRQWURO ZKHUH UHLQIRUFHPHQW WUDLQLQJ KDV
'KLWH 6RIJH

7KH LQWURGXFWLRQ RI DQ HQHUJ\ IXQFWLRQ OHG WH
LGHDV RQ SKDVH WUDQVLWLRQ DQG WHPSHUDWXUH H
ILUVW WLPH $ VSLQ JODVV GHULYDWLRQ ZDV DOVR Jl
OLPLW RI 1 DV WKH OLPLW WR WKH QXPEHU RI SDW
QHWZRUN RI 1 QHXURQYV

, Q LW EHFDPH FOHDU DV WR ZKDW ZDV WKH VRXUF
WKHVH QHWZRUNV DQG KRZ WKLV PLIKW EH LQFUHD\
DFKLHYH WKH IXOO FDSDFLW\ 1 &RRPEHV 7D\ORU

QHXURQV $OVR LQ WKDW \HDU UHVHDUFKHUV XVHG

FODVVLILFDWLRQ V\VWHP ZKLFK FDQ UHFRJQLVH SD\
WUDQVIRUPDWLRQ RI URWDWLRQ VFDOLQJ DQG WUDC
2I10D]HU 6LPLODUO\ KLHUDUFKLFDO DUWLILFLD
HQKDQFH HGJH PHDVXUHPHQW /X 6]HWR

, Q UHVHDUFKHUV XVHG D QHXUDO VWUXFWXUH FD
WR FRQWURO QRQ OLQHDU PXOWLYDULDEOH V\VWHPV



&KDSWHU

GHVLJQ QHXUDO QHWZRUN KDV EHHQ XVHG DQG VKRZ
DQG REVWDFOH DYRLGDQFH 7KHVH UHVHDUFKHUV F
UDSLGO\ SURYLGH D SURSHU SDWK IURP DQ\ DUELWL
DYRLGLQJ ERWK VWDWLF DQG PRYLQJ REVWDFOHV R
*LHOHQ

,Q QHXUDO QHWZRUN DUFKLWHFWXUH ZDV DS
VHIPHQWDWLRQ LQ QDWXUDO VFHQHV *ROWVHY
SURSDJDWLRQ QHWZRUN OHDUQLQJ XVLQJ G\QDPLFD
IDFWRU ZDV FRQVLGHUHG <X &KHQ S5HVHDUF
FRPSHWLWLYH OHDUQLQJ DOJRULWKP FDOOHG &HQ
HVWLPDWHY RSWLPDO FHQWURLGY RI WKH UHODWHG
$OVR GXULQJ WKDW WLPH DQ HVWDEOLVKHG QH
WKHRU\ $57 ZDV LQWURGXFHG DV D FODVV RI $57 PI
SUHGLFWLRQ ZLWK DUELWUDULO\ GLVWULEXWHG FRGH*

,Q PRVW HIIRUWV E\ QHXUDO QHWZRUN UHVHDUF

FODVVLILHU ZLWK D ODUJH GLVFULPLQDWLRQ SRZHU

VWDWHG E\ WKH , (((  QGHHG LQ WKDW \HDU VRF

QHXUDO QHWZRUNV ZHUH 7D\ORU

+f 'HYHORSPHQWYV LQ WKHRUHWLFDO XQGHUVWDQGLQ
WKHLU VSHHG XS LV XQGHU LQYHVWLJDWLRQ

+ 6WDWLVWLFDO PHFKDQLFV LV OHDGLQJ WR VLJQLI
DQG UHVSRQVH RI QHXUDO QHWZRUNV

f ,Q WKH ILHOG RI FRPSXWDWLRQDO QHXURVFLHQFH
PRGHOV RI WKH QHXUDO V\WVWHPV ZKLFK DUH YLWD
DQLPDOV RI D JLYHQ VSHFLHV

,W KDV EHHQ VWDWHG WKDW RQH RI WKH GUDZEDFNYV

LV WKDW WKH WUDLQLQJ SDWWHUQV PXVW EH UHSHI

WuUDLQLQJ FDQ WDNH VHYHUDO KRXUV 7KHUH DUH WZ

¥ 7KH SRVVLELOLW\ LQ ZKLFK WKH QHWZRUN FHDVH\
UDQGRPO\ WKLV LV FDOOHG SDUDO\VLV

¥ 7KH SRVVLELOLW\ RI IDOOLQJ LQWR D ORFDO PLQLF
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&RQVHTXHQWO\ PDQ\ KHXULVWLFV DUH HPSOR\HG \
PHWKRG RI JUDGLHQW GHVFHQW LV XVHG LQ WUDLQLC
QHWZRUN FDQ IDOO LQWR D ORFDO PLQLPXP DQG F
PHWKRGVY FDQ EH PL[HG ZLWK JUDGLHQW GHVFHQW WF
RI FXUUHQW UHVHDUFK G6KXEQLNRY $OVR DQ L
DOJRULWKP KDV EHHQ VXJJHVWHG /LX OHQJ ZK
VKRXOG QRW EH IL[HG WR EXW LV PDGH YDULDEOH V

, Q QHXUDO QHWZRUN UHVHDUFKHUV XVHG DUWLIL
RI KXPDQ KHDG RULHQWDWLRQ 5DH SLWWHU 7t
QHWZRUNV ZKLFK HQDEOH D FRPSXWHU WR LGHQWLI\
I[URP H[DPSOHV 2QH QHWZRUN LV XVHG IRU FRORXU \
RI WKH IDFH DQG WKH WKLUG IRU WKH ILQDO UHFRJQL

$ QHZ V\VWHP IRU UHDO WLPH GHWHFWLRQ DQG FODV
ODQG PLQHV IURP PXOWL VSHFWUDO LPDJHU\ GDWD I
LQYROYHYVY D YDULHW\ RI QHXUDO QHWZRUN VWUXFW;
FODVVLILFDWLRQ RI WDUJHWYV LQ VL[ GLIITIHUHQW RSW
OLDR $]JLPL 6DGMDGL HW DO

$ VHOI RUJDQLVLQJ QHXUDO QHWZRUN DUFKLWHFWX
SRVLWLRQ LQIRUPDWLRQ LQWR UHSUHVHQWDWLRQV F
ORFDWLRQV KDV EHHQ VKRZQ WR EH HIIHFWLYH &DF
7TKHVH UHSUHVHQWDWLRQV DUH XVHG WR QDYLJDWH |
DYRLGDQFH DQG SXUVXLW RI D PRYLQJ WDUJHW

W FDQ EH FRQFOXGHG WKDW WKH QHXUDO QHWZRUN
RI UHVHDUFKHUV ZKR KDYH FRQWLQXHG WR ZRUN RQ
GLIIHUHQW DVSHEWV Rl WKH DUWLILFLDO QHXUDO QH\
VXEMHFW KDV EUHDGWK DQG GHSWK ,W LV QRZ EHWW
WKDW WKHUH DUH VLPSOLILHG XVHU IULHQGO\ VRIWZ
ZKHUH QR RWKHU VROXWLRQ FDQ EH IRXQG RU QHX
HQKDQFLQJ WR GHOLYHU DQ LPSURYHG SHUIRUPDQFH
WKDW DUWLILFLDO QHXUDO QHWZRUNV FDQ EH XVHG
ZKHUHYHU DQG KRZHYHU LV PRVW DSSURSULDWH



&KDSWHU

6 XPPDU\ RI QHXUDO QHWZRUNYV

7TDEOH EHORZ VKRZV D VXPPDU\ RI WKH KLVWRULFD

DUWLILFLDO QHXUDO QHWZRUNV HDFK RI ZKLFK UHIC
SULQFLSDOV RI WKLV ILHOG



1IDPH RI

 QYHQWRUV DHIEU V

BULPDU\ $SSOLFDWLRIQOVDWLRQV &RPPHQWYV

QHWZRUN GHYHORSHQWURGXFHG

3HUFHSWURQ )UDQN 5RVHQEODWW

ODGDOLQH %HUQDUG :LGURZ

$YDODQFKH 6WHSKHQ *URVVEHUJ

%UDLQ VWDWHDIPGW ER]J
$QGHUVRQ

6HOI RUJDQLVAH}YYRDRKRQHQ

&HUHEHOODWURQG 0DU -DPHV
$OEXV $QGUHYV
3HOOLRQH]

+RSILHOG -RKQ +RSILHOG

IHFRIJQLWURQXQLKLNR )XNXVKLPD

%DFN 3URSDIBWAXRQ:HUERY 'DYLG
3DUNHU 'DYLG 5XPHO
KDUW

7\SHG FKDUDFWHU UBBRIDRW URGRIQEZKH RRBIVAM| QHXUDO QHWZR
FKDUDFWHUV H JZEKIEXHOMW LQ KDUGZDUH UD!
VHQVLWLYH WR GARIGIDHQFH LQ
VFDOH WUDQVODWLRQ GLVWRUWLRQ
$GDSWLYH QXOOLQJRIVXPEDUD OLQHBEURQ\P VWDQGV IRU PXOWL!
MDPPHUV DGDSWLYH RAGOWRRQVKLS PEWBMHYH QEXOWDU HOHPHQW
DGDSWLYH DQG RXWSXW OHDUQLQJ ODZ ,Q FRPPHUFL
HTXDO LVHUVIHFKR FDQFHOOHUVMLQ WKDQ \HDUV
WHOHSKRQH OLQHV

&RQWLQXRXV VSHHF KL WHEDIR S\U DRED & ® DR/IVPRWERWW ZRUNV QR VLQ
WHDFKLQJ PRWRU FRAPIXMH®R\WF MR QR WDRSGR DPDO WKHVH WDVNV
URERWLFV DUPV WR DOWHU VSHHG RU LQWHUSRODWH
PRYHPHQWYV
(I WUDFWLRQ RI NQR2QHGVKRIWRPHFLVERRK. @DNIMPR EL GLUHFWLRQD
GDWD EDVH QR LWHUDWLYH WPHPWRRIQL@IFRPSOHWLQJ IUDJ
LQSXWYV
0DSV RQH JHRPHWULFHDX UMH VR VHIHQVRY H MIUIDEVWLYE WKDQ PDQ\ |
UHFWDQJOH JULG RQWR DQRWKHU HWHFKQLTXHV IRU QXPHULF D}
DLUFUDIW IORZ FDOFXODWLRQ
&RQWUROOLQJ PRWRIHDFMWILHRQ FRIP SOGEMVOHDE& WR DYDODQFKH QHW
URERWLFV DUPV FRQWURO LQSXWEOHQG VHYHUDO FRPPDQG V¢
ZLWK GLIITHUHQW ZHLJKWV WHF
PRWLRQV VPRRWKO\ DV UHTX
5HWULHYDO RI FRPS GRHVHQRIWOHRW Q& I¥P! IEHK WRSOHPHQWHG RQ D
LPDJHV IURP IUDJPHOWWW EH VHW LQ DGYDQFH
+DQG SULQWHG FKDUBIFHWMUXQXVXDO®HODBRRSIRLFDWHG QHWZRUN
UHFRJQLWLRQ RI SURFHVVLQJ HAOHAHQMWW IDYIGWR GLIIHUHQF
FRQQHFWLRQV WUDQVODWLRQ URWDWLRQ
FRPSOH[ FKDUDFWHUV H J &}
6SHHFK VIQWKHVLV IBXSHWHIWHG WUDKBGLPORVRD QLGHO\ XVHG QHW:
DGDSWLYH FRQWUROFRUUREW W IQFR/X W VRS S KWV RX® MD U Q
VFRULQJ RI EDQN O REH) DBS@W E DVOL R Q



&KDSWHU

1DPH RI ,QYHQWRUV DHIEUV

ULPDU\ DSSOLFDWIRRQDWLRQV &RPPHQWYV

QHWZRUN GHYHORSHOQWURGXFHG

%L GLUHFWLR®DOW .RVNR
DVVRFLDWLYH PHPRU\

$GDSWLYH S5HYRQDQ@PHSHQWRU
7KHRU\ 6WHSKHQ *URVVEHUJ

%ROW]PDQQ -&DMFH\ +LQWRQ 7HUU\
ODFKLQHV 6HMQRZVN\ +DUROG
6]X

&RXQWHU SURSSFDEIDWEL RQ +HLFKW
1LHOVRQ

)XQFWLRQDO AKR¥XN+DQ 3DR
1HWZRUNYV

SURSDELOLVWRERDOG
6SHFKW

&RQWHQW DGGUHVVDEDHW\BR VR FHDGHQM MV VB MUV ZRUN WR OHDUC
PHPRU\ PXVW EH SURSH UG XFOGHAR QDO WRRO DVVRFL
IUDJPHQWHG SDLUV RI REMHF
FRPSOHWH SDLUV
3DWWHUQ UHFRJQLWGERQV LSY/DIUWHL AHRO BOBIDIY WERBWILRWLFDWH G
ZKHQ SDWWHUQ LV FERPVWREIWRG RAKEXQ H)\R WQDBBMAHG WR PDQ\ ¢
XQIDPLOLDU WR KXPDQV UDGDU RU
VRQDU UHDGRXWV YRLFHSULQWYV
3DWWHUQ UHFRJQLW®%RQ WRRDQPPDHKIBQAS®RIPIQHWZRUNV LQ ZKLFK
VRQDU UDGDU WUDLQLQJ WLPH I%QPKWKRQ LV XVHG WR ILQG [
PDFKLQH JHQHUDPLRQ P XPRLVH
LQ SURSHU VWDWLVWLF
GLVWULEXWLRQ
,PDJH FRPSUHVVLRQ /DANBWIRYWRUFPURPHVAMQRQV DV D VHOI
DQDO\VLY ORDQ VFRHDBPHQWY FRQYUFWIIRRPLQJ ORRN XS WDEO
UHTXLUHG IRU KIWR BBFXUDFRSDIDWLRQ RQO\
IRU DQ\ VL]H SURBPOMRHVV SRZHUIXO
$ YDULDEOH K\EULG 7UPQQURQOW IRAH FDQLOQARZ WLPH FDQ EH IDVW
FKDRWLF QRLVH FRQ@WDPIHDRWLAJ WRIAVRILRGVRLYXQFWLRQV DOORZ
PHDVXUHG GDWD XVHG EOLQGO\ DRGGIGIHQ ®G MU V
OD\HU LV LQFOXGHG
,QWULQVLFDOO\ D FABIWGIMLHWKRURXSIKOXLUHY OLWWOH RU QR WU
UHSUHVHQWDWLY¥YHR WMUBHQERJIJHWHW.PDWHV IRU
ZKROH WUDLQLQE MHAMY PRY W VEBRRG
VWRUHG DV ZHOO DV
SURFHVVHG HDFK WLPH DQ
XQNQRZQ FDVH LV FODVVLILHG
PHPRU\ QHHGV DUH ODUJH
DQG H[HFXWLRQ VSHHG LV
SRRU

7TDEOHDPRXV QHXUYO QHWZRU



&KDSWHU

1HXUDO QHWZRUN DUFKLWHFWXUH

7KH QHXURQV LQ D QHWZRUN DUH FRQQHFWHG WR H
FRQQHFWLRQ ZHLJKWV VHQG GLIIHUHQW VLJQDOV W
SDWWHUQV RI RXWSXW LQ UHVSRQVH WR LQSXW VWLP

$ W\SLFDO RSHUDWLRQ RI D QHXUDO QHWZRUN LV WR
SURGXFH DQ RXWSXW SDWWHUQ (DFK OD\HU RI QHXU
GDWD VLPXOWDQHRXVO\ (DFK RSHUDWLRQ E\ D OD\H
RSHUDWLRQ E\ WKH QHWZRUN )RU H[DPSOH D QHWZ
F\FOHV RI RSHUDWLRQ DFFHVVLQJ WKH LQSXW LQ W
LEQSXW WR WKH VHFRQG OD\HU DQG SURFHVVLQJ DQG
UHVXOW SDWWHUQ LQ WKH WKLUG OD\HU ZRXOG EH W

7KH WZR SULPDU\ HOHPHQWY WKDW PDNH XS D QHXUD
f 3URFHVVLQJ HOHPHQWYV
f ,QWHUFRQQHFWLRQV

BURFHVVLQJ HOHPHQWY QHXURQV DUH VLPSOH GHYL
DQG EDVHG RQ WKRVH LQSXWV HLWKHU SURGXFH L
RXWSXW VLJQDO RI DQ LQGLYLGXDO SURFHVVLQJ HC
HOHPHQWY DQG SRVVLEO\ EDFN WR LWVHOI DV LQSHX
SURFHVVLQJ HOHPHQWY ,Q QHXUDO QHWZRUNV OHD!
QHWZRUN V\WVWHP KDV VRPH NLQG RI OHDUQLQJ FDSD
GHVFULSWRUV ZKLFK GHILQH WKH QHXUDO QHWZRUN
+ 7KH LQOWHUFRQQHFWLRQ DUFKLWHFWXUH EHWZHHQ
$ 7KH UXOHV WKDW GHWHUPLQH ZKHWKHU RU QRW D
IXQFWLRQ
$ 7KH UXOHV JRYHUQLQJ FKDQJHV LQ WKH UHO
LQWHUFRQQHFWLRQV WR D SURFHVVLQJ HOHPHQWT'

7KH EDVLF QHXURQ

ORGHOV RI WKH EUDLQV DQG QHUYH FHOOV 'D\KRII
QHXUDO QHWZRUN DUFKLWHFWXUHV 7KHUH LV OLPL)
DQDWRP\ RI DQ LQGLYLGXDO QHUYH FHOO QHXURQ L
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,Q ILIJXUH D W\SLFDO QHUYH FHOO RI WKH KXPDQ
WKH QHXURQ LV D ORQJ EUDQFKLQJ ILEUH FDOOHG \
WKH FHOO DQG VHQW DORQJ WKH D[RQ EUDQFKHV WHR
QHUYH FHOO LV D VHW RI EUDQFKLQJ ILEUH FDOOHG
D[RQ DQG D GHQGULWH LV WKH V\QDSVH :KHQ D VH
GHQGULWLF DUHDV RI D QHXURQ WKH UHVXOW LV XV
QHXURQ ZLOO ILUH DQ LPSXOVH GRZQ LWV D[RQ

2QH LPSRUWDQW DQG IXQGDPHQWDO DVSHFW RI WKH
WKH V\QDSVHV LV YDULDEOH ,W LV WKLV YDULDELO
$OHNVDQGHU ORUWRQ OF&XOORFK DQG

PRGHO 7KLV EHFRPHV WKH EDVLV Rl QHXUDO QHWZR
FRPSXWLQJ

$ OF&XOORFK DQG 3LWW QHXURQ VKRZQ LQ ILJXUH
LOQSXW VLJQDOV DQG D VLQJOH RXWSXW VLJQDO 7KH
ZHLJKW M  7KH UHVXOW RI WKH LQSXW WR WKH QHXU

7TRWDO LQSXW "HLIKW RQ OLQH [ LQSXW RQ
"HLIKW RQ OLQH [ LOQSXW RQ
"HLJKW RQ OLQH Q[ LQSXW RQ Q
@ ;L Do 'Q:Q

Q
;M ;M IRU DOO Q LQSXW VLIJQDOV

L L

(TXDWLRQ

7KLV VXP LV FRPSDUHG WR D WKUHVKROG YDOXH DQC
6XP LV JUHDWHU WKDQ WKH WKUHVKROG WKHQ WKH Y
6XP LV OHVV WKDQ WKH WKUHVKROG WKHQ WKH YDOXI

2U

7TKH WKUHVKROG YDOXH LV VXEWUDFWHG IURP WKH
FRPSDUHG WR JHUR

, I WKH UHVXOW LV SRVLWLYH WKHQ WKH RXWSXW

, I WKH UHVXOW LV QHIJDWLYH WKHQ WKH RXWSXW
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6R
(TXDWLRQ

[

1(8521 1(8521

)J)LIXUH 7KH EDVLF IHDWXUH RI D ELRORJLFDO QH

$OWHUQDWLYHO\ WKH WKUHVKROG PD\ EH UHPRYHC

FRQQHFWHG WR DQ H[WUD LQSXW YDOXH WKDW LV IL|
LV PXOWLSOLHG E\ D ZHLJKW HTXDO WR PLQXV WKF

RWKHU LQSXWV 7KLV ELDVHV WKH QHXURQ %HDOH

\ K6 :L M (TXDWLRQ
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7UDLQLQJ

$ QHXUDO QHWZRUN LV WUDLQHG LQ DQ\ Rl WKUHH ZD
f 6XSHUYLVHG

f B5HLQIRUFHPHQW

f B8QVXSHUYLVHG

6XSHUYLVHG

$ VXSHUYLVHG WUDLQLQJ LV WKH PRVW ZLGHO\ DSSO
VHUYH DV H[HPSODUV (DFK VDPSOH LQ WKLV WUDLQ
DORQJ ZLWK WKH RXWSXWV WKDW DUH GHVLUHG ZKHC

(SRFK

'KHQ D VXEVHW RI WKH WUDLQLQJ VHW LV VHOHFWHG
WKH QHWZRUN VHTXHQWLDOO\ )RU HDFK VDPSOH W
FRPSDUHG ZLWK WKH WDUJHW RXWSXW :KHQ WKH ZK
SURFHVVHG WKH ZHLJKWV DUH XSGDWHG ZKLFK OL
XSGDWLQJ LV FDUULHG RXW LQ RUGHU WR PLQLPLVH
UHVXOW

2Q0H SDVV WKURXJK WKH VXEVHW RI WUDLQLQJ VDPS
ZHLJKWV LV FDOOHG DQ HSRFK 7KH QXPEHU RI VDPS
VL]H
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SHLQIRUFHPHQW

7KLY WUDLQLQJ PHWKRG XVHV D UHZDUG JLYHQ WR
UHVSRQVH WR D JLYHQ LQSXW 7KLV UHZDUG PD\ EH
ZHLIJKWYV WR DFKLHYH D PD[LPXP UHZDUG IURP WKH H(

8QVXSHUYLVHG

$Q XQVXSHUYLVHG WUDLQLQJ LV DQRWKHU SULQFLSD
WKH QHWZRUN LV QRW SURYLGHG ZLWK RXWSXWV IR
WKDW HDFK LQSXW DULVHV IURP RQH RI WKH VHYHUL
LGHQWLILFDWLRQ RI WKH FODVV WR ZKLFK LWV LQSXV

7KH SURFHVV RI WUDLQLQJ WKH QHWZRUN FRQVLVWYV
RI WKH WUDLQLQJ VHW 7KHVH IHDWXUHV DUH JURXS
GLVWLQFW

$VVRFLDWLYH PHPRU\

$ YLWDO FKDUDFWHULVWLF RI QHXUDO FRPSXWLQJ LV
QHXUDO FRPSXWLQJ LV GLVWULEXWHG 7KH FRQQHFV
QHXUDO QHWZRUN 7KH YDOXHV RI WKH ZHLJKWV VKR
QHWZRUN )RU H[DPSOH LI DQ LWHP RI NQRZOHGJH L'
RXWSXW SDLU WKH NQRZOHGJH LV GLVWULEXWHG D
QHWZRUN ,Q DGGLWLRQ LW VKDUHV WKHVH PHPRU\ X
LQ WKH QHWZRUN

$VVRFLDWLYH PHPRU\ DVVRFLDWHV UHVSRQVH WR D

SUHVHQWHG DQG UHTXLUHG RXWSXW LV UHFHLYHG

GLITHUHQW W\SH RI DVVRFLDWLRQV ZKLFK DUH

f $XWR DVVRFLDWLYH WKLV DVVRFLDWHYV D SDWWHL
WKH VDPH VR SUHVHQWDWLRQ RI DQ LQFRPSOHWH
UHFDOO RI WKH FRPSOHWH SDWWHUQ 7KH XVH RI
FRPSOHWLRQ LV LQGLFDWHG LQ WKH ERWWRP RI ILJ

+ +HWHUR DVVRFLDWLYH WKLYV DVVRFLDWHYVY WKH LQ
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J)LIXUH 7KH GLITHUHQW W\SHV RI DVVRFLDWLRC
DVVRFLDWLRQ %HDOH -DFENVRQ

+LHUDUFKLFDO VWUXFWXUH RI WKH QHXU

7KH SULPDU\ PHWKRG XVHG WR FRPSOHWH GLIIHUHC

GHYHORS WKH DSSURSULDWH VWUXFWXUHY ODUHQ

RUGHU WR XQGHUVWDQG QHXUDO QHWZRUN VWUXFW

OHYHOV

f /HYHO RQH 7KLV LV WKH ORZHVW OHYHO RI QH'
HOHPHQW LWVHOI

tf /HYHO WZR I1HXUDO QHWZRUN DUFKLWHFWXUH

7UDQVIHU IXQFWLRQ OHYHO RQH

$ W\SLFDO DUWLILFLDO QHXURQ LV D UHFRUG LQ DQ
QHXURQ 7KLV SURFHVV LV UDQJHG EHWZHHQ DQG
WZR SRVVLEOH VWDWHYVY ZKLFK DUH WKH H[WUHPH RU
YDU\ EHWZHHQ WKH ERXQGHG OLPLWYV

$W WKH ILUVW OHYHO QHXURQV DUH FKDUDFWHULVHC
WKH RQFRPLQJ VLIQDOV WR SURGXFH D VLQJOH RXWS
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E\ WKH FRQQHFWLRQ VWUHQJWKY WR HDFK RI WKH LQ
PD\ HDFK UHFHLYH D GLIIHUHQW YDOXH ZKLFK PD\ E
WKH VLJQ RI WKH FRQQHFWLRQ ZHLJKW )LJXUH \
IXQFWLRQV

L LL LLL
7TKUHVKROG /RIJEBUG /LPLW 6LJPRLG

YLIXUH 1IHXUDO QHWZRUN WUDQVIHU IXQFWLRQ)

TKUHVKROG ORJLF QRGHYV

7TKUHVKROG ORJLF QRGHV KDYH ELQDU\ VWDWH QHXUF
WKDQ RU HTXDO WR WKH QHXURQYV WKUHVKROG WKH

+DUG OLPLW QRGHYV

7KLV WUDQVIHU IXQFWLRQ KDV DQ XSSHU DQG D ORZ
LQSXW IURP RWKHU QHXURQV SOXV WKH WKUHVKROG
VXPPHG LQSXW LV OHVV WKDQ WKH ORZHU ERXQG WK
VXPPHG LQSXW LV JUHDWHU WKDQ RU HTXDO WR WKHI
VXPPHG LQSXW LV VRPHZKHUH EHWZHHQ WKH XSSHU L
GHILQHG DV D OLQHDU IXQFWLRQ RI WKH VXPPHG LQ
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6LIPRLG QRGHYV

7KH VLIPRLGDO VKDSH RI WKLV WUDQVIHU IXQFWLRQ
LQSXW WKH YDOXH JLYHQ E\ WKH WUDQVIHU IXQFWLF
7KH KLJKHU YDOXH DV\PSWRWH LV DQG WKH ORZHU
YDOXH RI WKH WUDQVIHU IXQFWLRQ WR EH FODVVLILH

7KH VLIJPRLG IXQFWLRQ LV WKH PRVW ZLGHO\ XVHG I
GHILQHG RYHU WKH LQWHUYDO IURP PLQXV WR SRVL
HIDPSOH WKH DUFWDQJHQW IXQFWLRQ LV DOVR XVHG

SDGLDO EDVLV IXQFWLRQ

7KLV IXQFWLRQ LV XVHIXO ZKHQ FUHDWLQJ D QHXUDO
ODUHQ +DUVWRQ 3DS 7KH FHQWUHYV
IXQFWLRQV PD\ EH DGDSWHG 7KLV PDNHV LW D PRU
IXQFWLRQ )RU H[DPSOH PDSSLQJV PD\ UHTXLUH WZ]
XQLWV ZKLOVW D VLQJOH OD\HU RI QHXURQV XVLQJ U

I1HWZRUN VWUXFWXUH OHYHO WZR

7KLV OHYHO FRQFHUQV WKH SK\VLFDO RUJDQLVDWLF
QHXUDO QHWZRUN 7KH QHXURQV LQ D QHXUDO QHW
GLIIHUHQW ZD\V $ FRPPRQ QHXUDO QHWZRUN PD\ KD
ZKLFK DFFHSW WKH LQSXW RWKHUV ZKLFK SURFHVYV
6RPH QHXUDO QHWZRUNV FRPELQH DOO WKHVH IXQF
QHWZRUNV FDQ SDVV LQIRUPDWLRQ IRUZDUG IURP R
2WKHUV DOORZ EDFNZDUG FRQQHFWLRQV 6RPH QH
YHUWLFDOO\ EHWZHHQ OD\HUV EXW QRW EHWZHHQ C
ZLOO KDYH RQH OD\HU ZLWK ODWHUDO FRQQHFWLRQ"
6RPH QHXUDO QHWZRUNV DOORZ D QHXURQ WR VH
DUFKLWHFWXUDO VWUXFWXUH RI WKH QHWZRUN DIIHF
IRU ZKLFK LW LV VWDWHG ODUHQ +DUVWRQ 3DS

QHWZRUN DUFKLWHFWXUHV DUH LOOXVWUDWHG LQ |
VHFWLRQV
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JLIXUH 7KH VL[ PDMRU W\SHV Rl QHXUDO ¢
+DUVWRQ 3DS

OXOWL OD\HUHG IHHG IRUZDUG QHXUD

,Q WKLV QHWZRUN DOO QHXUDO VLIQDOV SURSDJDWEF
OD\HUV )RU H[DPSOH WKH EDFN SURSDJDWLRQ LV R
DUH VXLWHG IRU SDWWHUQ FODVVLILFDWLRQ DSSOLFI
WR JHQHUDOLVH DERXW GLVWLQJXLVKLQJ FKDUDFWHL
GR WKLV GHSHQGY RQ WKH OHDUQLQJ DOJRULWKP D
JHHG IRUZDUG QHWZRUNV RU QHWZRUNV ZLWK PRUH
ZKHQ JHQHUDOLVDWLRQ DV ZHOO DV SDWWHUQ UHFR

6LQJOH OD\HU ODWHUDOO\ FRQQHFWFE

7KLV LV WKH VHFRQG PRVW ZLGHO\ XVHG W\SH RI QH
OD\HU RI ODWHUDOO\ FRQQHFWHG QHXURQV ,W FDQ
KDYLQJ RQH OD\HU 7KH ODWHUDO FRQQHFWLRQV FDX
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OD\HU ZLWK HDFK F\FOH RI RSHUDWLRQ /DWHUDOO\
DXWRDVVRFLDWLRQ $XWRDVVRFLDWLYH QHWZRUNV F
UHJHQHUDWLQJ FOHDQ YHUVLRQV RI SDWWHUQV WKH\
LQFRPSOHWH SDWWHUQ DV D VWDUWLQJ SRLQW 7KH
6WDWH LQ D %R[ DUH H[DPSOHV RI VLQJOH OD\F
QHWZRUNV $QGHUVRQ

6LQJOH OD\HU WRSRJUDSKLFDOO\ RU

7KLV W\SH RI QHWZRUN GRHV QRW KDYH H[SOLFLW FR
WKH YHFWRU GLVWDQFH EHWZHHQ WKH GLIIHUHQW Y
SRVLWLRQV LQ YHFWRU VSDFH $Q H[DPSOH RI WK
4XDQWL]DWLRQ /94 DQG GHYHORSHG E\ 7THXYR .RKRQ

%LOD\HUHG IHHG IRUZDUG DQG IHHG E

7KLV WZR OD\HU QHWZRUN SDVVHV LQIRUPDWLRQ E
SURFHVVLQJ 7KLV LV GRQH E\ KDYLQJ IHHGEDFN |
FRQQHFWLRQV EHWZHHQ WKH QHXUDO HOHPHQWV 7
VHWV RI FRQQHFWLRQ ZHLJKWY RQH JRLQJ IURP WKFE
FRQQHFWLQJ WKH VHFRQG OD\HU EDFN WR WKH ILL
SDUWLFEXODUO\ JRRG IRU DVVRFLDWLQJ D SDWWHUQ
VHFRQG OD\HU WKLV LV FDOOHG SDWWHUQ KHWHUR
XVHG IRU SDWWHUQ FODVVLILEDWLRQ

7KH PRVW UHFHQW QHWZRUNV RI WKLV W\SH LQYROY!
ILUVW DQG VHFRQG OD\HUV UHSHDWHGO\ VWLPXODW|
VHWWOHV WR D VWDEOH VWDWH 7KHVH G\QDPLFV ¢
SDWWHUQV VWRUHG LQ HDFK OD\HU $Q H[DPSOH RI D
$GDSWLYH 5HVRQDQFH 7KHRU\ DQG FUHDWHG E\ &DU:

OXOWL OD\HU FR RSHUDWLYH DQG FRF

7KH ODWHUDO FRQQHFWLRQV LQ WKLV QHWZRUN DUFF
FR RSHUDWLYH H[FLWDWRU\ RU SRVLWLYH FRQQHF)
QHJDWLYH FRQQHFWLRQV EDODQFH HDFK RWKHU LQ
XVHG LQ WKHVH QHWZRUNV DUH GHVLJQHG WR H[SOI
ZKLFK KDYH LQVSLUHG WKHLU GHVLJQ *URVVEHUJ HW



&KDSWHU

6\VWHP ODUHQ +DUVWRQ 3DS 7KLV LV D
WKH ERXQGDU\ OLQH VHIJPHQWDWLRQ LQ DQ LPDJH

+\EULG QHWZRUNYV

$ K\EULG QHWZRUN LV D FUHDWLRQ RI WZR RU PRUH
7KLY PHWKRG PDNHV LW IHDVLEOH WR EXLOG V\VWFE
FRPSOHWH PRUH FKDOOHQJLQJ SUREOHPYV 7KHUH DL
QHXUDO QHWZRUNV FDQ EH FRPELQHG ZLWK HDFK RV
VWDWLVWLFDO PHWKRGYV DQG H[SHUW V\VWHPV

7KH UHDVRQ IRU GHVLJQLQJ D VWURQJO\ FRXSOHG K\
ZKLFK KLIJKOLJKWYV WKH VWUHQJWKY DQG PLQLPLVHV
VA\VWHPV

.H\ QHXUDO QHWZRUNYV

,Q WKH IROORZLQJ VHFWLRQV NH\ QHXUDO QHWZRUN

.RKRQHQ QHWZRUN

$ .RKRQHQ VHOI RUJDQLVLQJ QHWZRUN FRQVLVWV R
ILIXUH 7KHVH QHXURQV DUH KLJKO\ LQWHUFRQQH
HIWHUQDOO\ 7KH .RKRQHQ OD\HU QHXURQV UHFHLYH
DQG QXPHURXV LQSXWV IURP WKH RWKHU QHXURQV Z

W LV LPSRUWDQW WR NQRZ WKDW WKHUH DUH WZR

QHWZRUN &DXGLOO

f ‘HLIKW YHFWRUV PXVW EH LQLWLDOLVHG

f W PXVW XVH ZHLJKW YHFWRUV DQG LQSXW YHFWR
IL[IHG OHQJWK XVXDOO\ XQLW\

, I DQ LQSXW SDWWHUQ LV SUHVHQWHG WR WKH QH\
UHFHLYHV WKH LQSXW SDWWHUQ DQG FRPSXWHV WKt
YHFWRU W LV WKH QHXURQ ZLWK WKH ODUJHVW GRYV
FRPSHWLWLRQ 7KLV LV FDOOHG FRPSHWLWLYH OHDU
QHXURQ WKDW JHQHUDWHY DQ RXWSXW VLIQDO RWE
WKDW SK\WLFDOO\ FORVHVW QHLJKERXU DUH WKH R(



&KDSWHU

SUHVHQWDWLRQ ©6R RQO\ WKH ZLQQHU LV DOORZH
QHLJKERXUVY DUH SHUPLWWHG WR DGMXVW WKHLU ZH|

&RPSHWLWLRQ LQ OHDUQLQJ

'KHQ HDFK QHXURQ LQ WKH OD\HU RXWSXWV LWV DF\
WR HDFK RI LWV IHOORZV WKHVH WHQG WR UHGXFH
UHGXFH WKHLU FRUUHVSRQGLQJ LQKLELWRU\ LQSXWYV

,Q PRVW RI WKHVH FRQQHFWLRQV WKH HIIHFW LV

LPPHGLDWH QHLJKERXUV LW LV H[FLWDWRU\ 7KLV O
DQG LI QRW SRVVLEOH KHOS LWV QHLJKERXUV WR IL
QHLJKERXU ZLQV LW ZLOO EH DOORZHG WR FKDQJH L
VLIQDO $V WKH FRPSHWLQJ RXWSXWV FLUFXODWH Z
VRPH VPDOO SRUWLRQ RI WKH QHWZRUN WKDW KDV
RXWSXW WKH UHPDLQLQJ SDUW RI WKH OD\HU VWD\
VHOHFWHG LWV ZHLJKWV KDYH WR EH DGMXVWHG X

QH: :ROG D ; : ROG

(TXDWLRQ
ZKHUH : LV WKH ZHLJKW YHFWRU
. LV WKH LQSXW SDWWHUQ YHFWRU
D LV WKH OHDUQLQJ FRQVWDQW

.RKRQHQ OHDUQLQJ WDNHV WKH GLIITHUHQFH EHWZHH
DQG DGGV VRPH IUDFWLRQ RI WKLV GLITHUHQFH WR W
WR DGMXVW LWV ZHLJKWYVY DQG VR GRHV LWV QHLJKE
WKH VDPH OHDUQLQJ UXOH DQG DSSO\ LW WR WKHLU
WKLV SURFHVYV LV WKDW WKH ZLQQLQJ QHXURQ RXWS
LWV QHLJKERXUV PRYH WKHLU ZHLJKW YHFWRUV VOLJ

'XULQJ WUDLQLQJ WKH QHLJKERXUKRRG RI WKH ZLQQ
7KLV PHDQV WKDW DW WKH EHJLQQLQJ RI WKH WUDLC
EH ODUJH VR VXEVWDQWLDO SRUWLRQV RI WKH QHWZ
VWDUWYV WKH VL]H Rl WKH QHLJKERXUKRRG LV JUDG
HDFK LWHUDWLRQ 8OWLPDWHO\ WKH ZLQQHU LWVHO



&KDSWHU

YLIXUH $ W\SLFDO .RKRQHQ OD\HU &DXG

7TKH QHWZRUN LV UHDG\ IRU WKH QH[W LQSXW SDWWH
WKH OD\HU DQG WKH QHXURQV VWDUW WR FRPSHWI
SURGXFHYVY DQ RXWSXW VLIQDO DQG WKLV QHXURQ D
VOLIJKWO\ FORVHU WR WKLV LQSXW YHFWRU 7KLV S
WUDLQLQJ LV FRPSOHWH

+RSILHOG QHWZRUN

7TKH RXWSXW RI HDFK SURFHVVLQJ HOHPHQW LV FRX
SURFHVVLQJ HOHPHQW H[FHSW LWVHOI 7KH ZHLJK\
ZHLIJKW Z\ EHWZHHQ SURFHVVLQJ HOHPHQWV M WR L
EHWZHHQ SURFHVVLQJ HOHPHQWYV L WR M

J)LIXUH +RSILHOG QHWZRUN DUFKLWHFWXUH

7TKH RXWSXW RI HDFK SURFHVVLQJ HOHPHQW LV FRQ
SRVLWLYH ZHLJKWV UHSUHVHQW H[FLWDWRU\ FRQQ
QHIJDWLYH ZHLJKWY UHSUHVHQW LQKLELWRU\ FRQQHF



&KDSWHU

7KH EDVLF OHDUQLQJ UXOH LV

$ZMM [M [M (TXDWLRQ

$OVR V\PPHWU\ GLFWDWHV WKDW

KHUH M DQG ;M KDYH YDOXHYV RU

M LV WKH RXWSXW RI WKH FXUUHQW SURFHVVLQJ HOF
[M LV WKH LQSXW WR WKH SURFHVVLQJ HOHPHQW DQG
Z\ LV 7KH FRQQHFWLRQ EHWZHHQ WKH MWK SURFHVVL

&RQQHFWLRQV DUH VWUHQJWKHQHG ZKHQ WKH RXWS
WKH LQSXW &RQQHFWLRQV DUH ZHDNHQHG ZKHQ Wk
SURFHVVLQJ HOHPHQW 7KH VWUXFWXUH RI WKLV QHW

(QHUJ\ IXQFWLRQV

-RKQ +RSILHOG FUHDWHG D IRUPXODWLRQ RI WKH G\(
ULQJV 1HXUDO &RPSXWLQJ 7KLV LV WKH UHVXO
DQ HQHUJ\ VXUIDFH 7KLV V\VWHP LV

( $£ (TXDWLRQ
:KHUH ( LV WKH HQHUJ\ RI WKH V\VWHP
7KH SRUWLRQ RI ( DIIHFWHG E\ WKH VWDWH ;M RI D SD
(TXDWLRQ

KHUWLY WKH HQHUJ\ VA\VWHP DIIHFWHG E\ M
1L

(M 6 (TXDWLRQ



&KDSWHU

Y WKHQ VR WKH FKDQJH LQ HQHUJ\ GXH WR RQt
FKDQJLQJ VWDWHYV LV

(TXDWLRQ

&RQVLGHULQJ HTXDWLRQ LI ;M LV FXUUHQWO\
LQSXWV LV QHJDWLYH )RU M WR EHFRPH $[M
SRVLWLYH 7KH UHVXOW LV WKDW WKH HQHUJ\ GHFUH

6LPLODUO\ LI WKH ZHLJKWHG VXP LV SRVLWLYH ;M ZI

WKH ZHLJKWHG VXP PXVW EH QHJDWLYH 6R WKI
GHFUHDVHV 7KXV DQ HOHPHQW LQ WKH QHWZRUN
GHFUHDVH WKH RYHUDOO HQHUJ\ RI WKH QHWZRUN
FRQYHUJH +RZHYHU WKLV ORJLF LV YDOLG RQO\ LI
VRPH UDQGRP RUGHU $OVR LW LV DSSUR[LPDWHG E\

&RXQWHU SURSDJDWLRAQ

+HFKW 1LHOVHQ GHVLIJQHG WKLV QHWZRUN 1HXUDO
VHOHFWY IURP D VHW RI H[HPSODUV E\ DOORZLQJ W
1RUPDOLVHG LQSXWYV DQG FRPSHWLWLRQ EHWZHHQ |
7KLV JLYHV D WHFKQLTXH RI EXLOGLQJ DQ DGDSWLYH

7KLY QHWZRUN FRQVWUXFWYVY D PDSSLQJ IURP D VHW
YHFWRUV < 7KLV DFWV DV D KHWHUR DVVRFLDWLYH
EHORZ LOOXVWUDWHY WKLV IRUP RI QHWZRUN DUFKLYV

$V VKRZQ LQ ILIJXUH WKH LQSXW OD\HU DFWV D EX
HYHU\ LQSXW YHFWRU KDV WKH VDPH OHQJWK WKHVH

6R WR QRUPDOLVH WR D YDOXH RI %

(TXDWLRQ



&KDSWHU

2XWSXWYV

,QSXWYV 1RUPDOLVHG

YLIXUH 8QL IORZ FRXQWHU SURSDJDWLRQ QHW:

'KHQ WKLV UHTXLUHPHQW LV PHOWHW KRQHQWQUW NSE&X
LQGLFDWHG LQ ILJXUH 7KH .RKRQHQ OD\HU DFWV
SURFHVVLQJ HOHPHQWY LQ WKLV OD\HU FRPSHWH 7
5HFDOOLQJ WKH .RKRQHQ OHDUQLQJ UXOH

:QHZ : ROG D ; - ROG
(TXDWLRQ
KLFK LQ YHFWRU IRUP LV
:QHZ : ROG D X . ROG
(TXDWLRQ
&RQVLGHULQJ WKH ILJXUH WKH YHFWRUV : ZLOO

XQWLO WKH\ DUH DW WKH FHQWUH RI WKRVH LQSXW
YHFWRU IRUP WKH RXWSXW , RI WKH SURFHVVLQJ HO|I

; (TXDWLROQ
7KLV LOQHU SURGXFW LV

, : © _ FRV @(WXDWLRQ

6LQFH WKH OHQJWK RI ERWK WKH ZHLJKW YHFWRU : D
UHGXFHV WR
, FRV W (TXDWLRQ
KHUH W LV WKH VPDOOHVW DQJOH RI WKH SURFHVVLC(



&KDSWHU

7TKH .RKRQHQ OD\HU PHDVXUHV WKH FRVLQH RI WKH D
ZHLIJKW YHFWRU : 7KH SURFHVVLQJ HOHPHQW ZLWK W
W KDV WKH KLIKHVW RXWSXW DQG ZLQV ©6R GXULQ.
FRPSHWLWLYH OD\HU DGMXVW WKHLU ZHLJKW YHFV
DSSUR[LPDWH FRUUHVSRQGHQFH WR WKH IUHTXHQF\

OD\HU XVHV D *URVVEHUJ 2XWVWDU 1HXUDO &RPSXW
ZKLFK OHDUQV WR JLYH D VSHFLILF RXWSXW ZKHQ

.RKRQHQ OD\HU GHOLYHUV D VLIQDO RXWSXW E\ FRF
GHFRGLQJ WKDW LQSXW WR DQ RXWSXW FODVV

YLIXUH .RKRQHQ OHDUQLQJ LQ YHFWRU IRUP
$GDOLQH DQG ODGDOLQH
'LGURZ 1HXUDO &RPSXWLQJ GHYHORSHG WKH $C

,W LV OLNH WKH 3HUFHSWURQ ZKLFK LV FDSDEOH R
+RZHYHU VSHFLILF PXOWL OD\HU H[WHQVLRQV WR \
PHWKRG IRU VHSDUDWLQJ WKH LQSXW VSDFH

JLIXUH $GDOLQH SURFHVVLQJ HOHPHQW 1H.



&KDSWHU

J)LIXUH LOOXVWUDWHY WKH EDVLF DGDOLQH SURF
WUDLQDEOH ZHLJKWV $ ELDV ZHLJKW LV FRQQHFWHG
VWDWH DQG ZKHUH ZHLJKWYV DUH VLIJQHG ERW|
VXP RI WKH LQSXWY DQG WKH ELDV DUH DSSOLHG WR
RU $ OHDUQLQJ FRQWURO PHFKDQLVP VDPSOHV W
RXWSXW DQG XVHV WKHVH WR DGMXVW WKH ZHLJKWYV
LQLWLDOO\

6HYHUDO W\SHV RI WKH DGDOLQH OHDUQLQJ DOJRU

6\VWHP LV RQH RI WKHP :LGURZ 6PLWK 7KH

IROORZV WKH VHTXHQFH

f $SSO\ WKH VHOHFWHG LQSXW WR WKH SURFHVVLC
GHVLUHG RXWSXW

¥ &RPSXWH WKH HUURU 7KH GLIITHUHQFH EHWZHF
TXDQWL]J]HU WKH GHVLUHG RXWSXW

f $GMXVW HDFK RI WKH ZHLJKWV VR WKDW WKH\ UHG
RI WKH HUURU DW WKH LQSXW WR WKH TXDQWL]JHU
WKLY DGGV RU VXEWUDFWYV D IL[IHG DPRXQW IURP H

7KH :LGURZ +RIl /HDUQLQJ LV WKH FDOFXODWLRQ RI
FKDQJLQJ WKH ZHLJKWV WR JHW ULG RI WKH HUURU

7TKH EDFN SURSDJDWLRQ QHWZRUN

$ EDFN SURSDJDWLQJ QHWZRUN LV FRPPRQO\ XVHG D
ILIXUH ,Q WKLV W\SH RI QHWZRUN DOO LQIRUP
QHXURQV WR WKH QHXURQV LQ WKH KLGGHQ OD\HU

LQIRUPDWLRQ LV SDVVHG EDFNZDUG GXULQJ DFWXELC
SURSDJDWLRQ UHIHUV VLPSO\ WR WKH OHDUQLQJ VWL

7KLY DOJRULWKP LV D JHQHUDOLVDWLRQ RI WKH PHV
wuDLQLQJ D EDVLF 3BHUFHSWURQ DV DSSOLHG WR PX!



&KDSWHU

2XWSXW 3DWWHUQV

,QSXW 3DWWHUQV

J)LIXUH TKH DUFKLWHFWXUH RI WKH EDI

I1HWZRUN SURFHVVHYV

7TKH QHWZRUN LV SUHVHQWHG ZLWK SDLUV RI SDWW
RXWSXW )RU HDFK SUHVHQWDWLRQ ZHLJKWV DUH D
WKH QHWZRUNTIV RXWSXW DQG WKH WDUJHW RXWSXW
WDUJHW SDWWHUQ SDLUV LV XVHG IRU WUDLQLQJ ¢
wuDLQLQJ LV VWRSSHG WKH SHUIRUPDQFH RI WKH Q

7KH DOJRULWKP XVHV WZR VWHSV D IRUZDUG SUR
SURSDJDWLQJ VWHS %RWK WKH IRUZDUG DQG EDFN
SDWWHUQ SUHVHQWHG GXULQJ WUDLQLQJ

JRUZDUG VWHS

7KLV VWHS EHJLQV ZLWK WKH SUHVHQWDWLRQ RIl D¢
QHWZRUN DQG FRQWLQXHYVY DV DFWLYDWLRQ OHYHO
KLGGHQ OD\HUV ,Q HDFK VXFFHVVLYH OD\HU HYHU\
DSSOLHV D VLJPRLG RU D VLPLODU WUDQVIHU IXQFWIL
RI XQLWYV WKHQ SURGXFHV WKH RXWSXW RI WKH QHW.:



&KDSWHU

%DFNZDUG VWHS

7KH EDFNZDUG VWHS EHJLQV ZLWK WKH FRPSDULVRQ
GHVLUHG RXWSXW ZKHUH WKH GLIITHUHQFH HUURU
VWHS WKHQ FDOFXODWHV HUURU YDOXHV IRU KLGG
ZHLJKWYVY VWDUWLQJ ZLWK WKH RXWSXW OD\HU DQG |
,Q WKLV EDFN SURSDJDWLQJ VWHS WKH QHWZRUN FR
RYHUDOO HUURU

$ PRUH GHWDLOHG GLVFXVVLRQ RI WKLV SDUWLFXODL

$SSOLFDWLRQ RI QHXUDO QHWZRUNYV

2QFH WKHUH KDV EHHQ D GHFLVLRQ WR XVH D QHXUD
GLITHUHQW W\SHV RI QHXUDO QHWZRUNV WR FKRRV}I
GLITHUHQW W\SH RI SXUSRVH )HHG IRUZDUG QHWZRU
HIDPSOH 6LQJOH OD\HU ODWHUDOO\ FRQQHFWHG QHYV
IRUZDUG IHHGEDFN QHWZRUNV DUH JRRG IRU KHWHU
DQRQG FRPSHWLWLYH QHWZRUNV DUH XVHIXO IRU VF
LOQOWHUUHODWLRQ RI GLITHUHQW W\SHV RI LQIRUPDWL
$OVR VRPHWLPHV QR VLQJOH QHWZRUN FDQ VROYH
LOWHUDFWLQJ QHWZRUNV PXVW EH FUHDWHG LQ RUGH

W LV YLWDO WR FRQVLGHU D YDULHW\ RI QHXUDO QH
WKH FKRLFH RI D QHXUDO QHWZRUN GHSHQGV RQ WK
VXFK DV
¥f ODSSLQJ 7KLV LV D SUREOHP ZKHUH DQ LQSXW
RXWSXW SDWWHUQ )RU H[DPSOH WKH LQSXW SDYV
FKDUDFWHU FRXOG EH PDSSHG WR WKH RXWSXW S
%DFN SURSDJDWLRQ DQG FRXQWHU SURSDJDWLRC
SUREOHPV
tf $VVRFLDWH PHPRU\ 7KLY VWRUHV LQIRUPDWLF
LQIRUPDWLRQ 5HFDOO LV FRPSOHWHG E\ JLYLQJ W
GHOLYHU WKH VWRUHG LQIRUPDWLRQ 6R LI WKH C
RXWSXW SDWWHUQV LW KDV EHHQ WUDLQHG ZLWK
PHPRU\ SUREOHP 7KHVH SUREOHPV FDQ EH DFFRP:
ZKLFK DUH EDFN SURSDJDWLRQ FRXQWHU SURSDJD



&KDSWHU

f &DWHJIJRULVDWLRQ 7KLV LV ZKHQ WKH LQSXWV D
QHWZRUN LV JLYHQ ZLWK DQ LQSXW SDWWHUQ DQC
WKH SDWWHUQ EHORQJV 6HOI RUJDQLVLQJ QHWZ
.RKRQHQ DQG DGDSWLYH UHVRQDQFH QHWZRUNYV

f 7HPSRUDO ODSSLQJ 7KH LQSXW GDWD KDV D FRC
LQSXW PD\ EH D WLPH VHTXHQFH RI VHQVRU UHDGL
0DQ\ SURFHVV FRQWURO SDWWHUQV DUH WHPSRUL
QHWZRUNV DUH DYDODQFHV EDFN SURSDJDWLRQ D

f ,PDJH 3URFHVVLQJ $ KLJK UHVROXWLRQ LPDJH F
SL[HOV RU PRUH WKDQ RQH PLOOLRQ HOHPHQWYV
OLPLWHG VL]H RI FXUUHQW QHXUDO QHWZRUNV LF¥
SUH SURFHVVLQJ WHFKQLTXHV DQG WKH VL]H RI
FDWHJRULVLQJ RU PDSSLQJ QHWZRUN LV VXLWDEOH

6HOHFWLRQ RI D PRGHO WKH EDFN SURSD

7TKH PRVW FRPPRQO\ XVHG QHWZRUN IRU SDWWHUQ
IRUZDUG QHWZRUN QDPHO\ WKH EDFN SURSDJDWLR
$V GLVFXVVHG WKH QHWZRUN RI WKLYV
DSSOLFDWLRQ RI WKH LPSDFW HFKR GDWD (VVHQWLEL
ZKLFK PDNHV LW PRUH VXLWHG WR WKLV W\SH RI QHYV

7KH EDFN SURSDJDWLRQ QHWZRUN LV JRRG DW JHQH
WKDW JLYHQ VHYHUDO GLIIHUHQW LQSXW YHFWRUV
SURSDJDWLRQ QHWZRUN ZLOO OHDUQ WR NH\ RII VLJ
,UUHOHYDQW GDWD ZLOO EH LIJQRUHG 7KLV LV PRVW
WKHUH DUH WZR GRPLQDQW IUHTXHQFLHV &KHQJ
ZDYHIRUP KDV WZR FKDUDFWHULVWLFV

f $ GRPLQDQW IUHTXHQF\ UHODWLQJ WR UHIOHFWLR
f $ GRPLQDQW IUHTXHQF\ FRUUHVSRQGLQJ WR UHIO

WHVW REMHFW

7KH UHPDLQLQJ GDWD LQ WKH WUDQVLHQW ZDYHIRU
VXFK DV URG DQG WKH WHVW REMHFWIV QDWXUDO |
WUDQVLHQW ZDYHIRUP



&KDSWHU

,W KDV EHHQ VXJJHVWHG LQ WKH 3URII ,, SOXV QHXU
WKDW WKH PRVW [UHTXHQW FLWHG FODVVLILFDW|

&DWHJRULFDO /HDUQLQJ

&RXQWHU SURSDJDWLRQ

/HDUQLQJ 9HFWRU 4XDWL]DWLRQ /94
SUREDELOLVWLF 1HXUDO 1HWZRUNYV

6HOI 2UJDQLVLQJ ODS LQWR &DWHJRULVDWLRQ

= H+ +H+ H

7KH SUREDELOLVWLF QHWZRUN LV D VSHELDOLVHG FC
RWKHU WKDQ LW GRHV QRW KDYH WKH ZLGH DSSOLF
$OVR DOWKRXJK IHZ WUDLQLQJ VDPSOHV DUH QHHGF
VHW QHHGV WR EH LQ JUHDW GHWDLO 7KLV LV JRR!
ZKLFK EHQHILWY IURP KDYLQJ D FRPSUHKHQVLYH WU
VHOHFWLYH LQ LWV DSSURDFK WR WUDLQLQJ $JDLQ

IHZ VDPSOHY DUH DYDLODEOH ZLWK IHZ KLGGHQ QHX
SUREDEO\ GR D JRRG MRE DW JHQHUDOLVLQJ IDU |
QHWZRUN W\SHV FDWHJRULFDO OHDUQLQJ FRXQWH
LQWR FDWHJRULVDWLRQ DUH QRW VXLWHG WR WKLV
ZKLFK LV D ZHDN FODVVLILHU ODVWHUYV ,W KDV
LQ LWV UHVSRQVH $OVR PRVW .RKRQHQ QHWZRUNV
QHXURQV ZKHUHDV LQ WKLV UHVHDUFK WKHUH D IHz
FRQFOXGHG WKDW D EDFN SURSDJDWLRQ QHWZRUN L\

6XPPDU\

7KH KLVWRU\ RI QHXUDO QHWZRUN LQFOXGLQJ WKH P
EDVLF WKHRU\ RI WKH QHXURQ DQG D GLVFXVVLRQ
SUHVHQWHG WR HQDEOH WKH PRVW DSSURSULDWH QI
WKLV UHVHDUFK 7KH EDFN SURSDJDWLRQ QHWZRUN k
HFKR SUREOHP ZKLFK ZLOO EH GLVFXVVHG LQ FKD:
VHOHFWLRQ DUH

f *RRG DW JHQHUDOLVDWLRQ

f 1HWZRUN DUFKLWHFWXUH LV PRVW VXLWHG WR WK
f ORVW ZLGHO\ XVHG QHWZRUN

+ ,PPHGLDWH DYDLODELOLW\ WR DXWKRU

7KH QH[W FKDSWHU GHYHORSYV IXUWKHU WKH RSHUDW



&KDSWHU

&KDSWHU V

(KH EDFN SURSDJDWLRQ QHW

, QWURGXFWLRQ

,Q WKH SUHYLRXV FKDSWHU WKH JHQHUDO W\SHV RI
LQ WKH VHOHFWLRQ RI EDFN SURSDJDWLRQ QHWZRUN
IRFDO SRLQW LQ WKLV FKDSWHU ,Q WKLV FKDSWHU
GLVFXVVHG LQ PRUH GHWDLO 7KH EDFN SURSDJDWLF
IXQFWLRQ DQG WKH JHQHUDOLVHG GHOWD UXOH D
PDWKHPDWLFDO DQG QRQ PDWKHPDWLFDO WHUPV 7
IXQFWLRQ DQG ORFDO PLQLPD LV DOVR SUHVHQWHG

%DFN SURSDJDWLRQ QHWZRUN

7KH EDFN SURSDJDWLRQ QHWZRUN LV DQ RXWFRPH R
DGGLWLRQ RI D KLGGHQ OD\HU DQG XVH RI WKH JHQH
D 3BHUFHSWURQ ZLWK D GLITHUHQW WUDQVIHU IXQFWL
DQG FDSDEOH OHDUQLQJ UXOH

1HWZRUNV RI WKHVH W\SH XVH VXSHUYLVHG WUDLQL
QHWZRUN KDV QR UHYHUVH RU ODWHUDO FRQQHFWLF
ZLWK WKH VHDUFK IRU YDULRXV KHXULVWLFV WKDW
WKH WUDLQLQJ SUREOHP LQ D OLPLWHG WLPH

7KH EDFN SURSDJDWLRQ HUURU PHWKRG LV RQH RI W

SHUFHSWURQV G6KXEQLNRY DQG DPRQJ WKH FX
QHXUDO QHWZRUN VA\VWHPV 7KH DOJRULWKPV UHSUH
UXOH :LGURZ +RI11 IRU WUDLQLQJ D VLPSOH 3H

3HUFHSWURQV 7KH URRW PHDQ VTXDUH UPV HUURU
LV PLQLPLVHG DQG WKH LQLWLDO ZHLJKWV RI WKH FI



&KDSWHU

7KH EDFN SURSDJDWLRQ QHWZRUN KDV WKUHH OD\HU

WKH IROORZLQJ

f ,QSXW /D\HU WKLV LV ZKHUH WKH LQSXW GDWD L

f +LGGHQ /D\HU WKLV OD\HU IRUPV WKH LQWHUQDC(
LV QRW SURYLGHG E\ WKH SURJUDPPHU

T 2XWSXW /D\HU DW WKLV OHYHO D ILQDO GHFLVLR

2XWSXW 3DWWHUQV

,QSXW 3DWWHUQV

J)LIXUH 7TKH DUFKLWHFWXUH RI WKH EDFN S

&KDUDFWHULVWLFV RI WKH EDFN SURSDJI

7KH SULPDU\ FKDUDFWHULVWLF Rl WKH EDFN SURSDJ
IURP D VHW RI LQSXW QRGHV WR D VHW RI RXWSXW
LQSXW SDWWHUQ 7KLV QHWZRUN FDQ EH GHVLJQHG
PDSSLQJV ,W LV SRVVLEOH WR GR WKLV EHFEDXVH V
QHWZRUN OHDUQ WR UHVSRQG WR IHDWXUHV IRXQ
GLVDGYDQWDJHV RI XVLQJ KLGGHQ QRGHV DUH WK $

f $GYDQWDJIJH WKH KLGGHQ QRGHV FDQ EH XVHG WR
LQSXW OD\HU SHUPLWWLQJ D PRUH FRPSOLFDWHG
+f 'LVDGYDQWDJH OHDUQLQJ EHFRPHV WLPH FRQVXP



&KDSWHU

7KLYV QHWZRUN W\SLFDOO\ UHTXLUHV ORQJ SHULRGV
7KH WUDLQLQJ VHW IRU WKLV QHWZRUN KDV WR EH ¢
WLPHV RU HYHQ PRUH LQ FHUWDLQ FLUFXPVWDQFHV
EHWZHHQ WKH QHXURQV WR VHWWOH LQWR D VWDE
SDWWHUQVY ODUHQ +DUVWRQ 3DS

:KLOVW WKH EDFN SURSDJDWLRQ GHOLYHUV KLJK SH
WKRVH LW KDV OHDUQHG LW GRHV QRW KDYH WKH DI
ZKLFK LV W\SLFDO ZLWK VXSHUYLVHG OHDUQLQJ ,I V
QHZ SDWWHUQ LW QHHGV WR EH JLYHQ H[DPSOHV F
FRUUHVSRQGLQJ FDWHJRU\ LGHQWLILFDWLRQ )XUW
LQYROYHYV FKDQJLQJ DOUHDG\ VWDELOLVHG LQWHU Q
DOVR EH UHWUDLQHG RQ SUHYLRXVO\ NQRZQ FDWHJ
ZHLIKWV WR JLYH FRUUHFW GHFLVLRQV IRU DOO FD
UHWUDLQLQJ QHZ FDWHJRULHV LV RQH RI WKH PDMRU

$FWLYDWLRQ IXQFWLRQV

W LV YLWDO IRU D QHWZRUN WR EH WUDLQHG WR S
HIWUHPH YDOXHV WKDW DUH GLIILFXOW RU LPSRVVLE
FXUUHQW PRGHOV XVH D VLIPRLG 6 VKDSHG ORJLVW

ol (TXDWLRQ

7KH VLIPRLGDO VKDSH RI WKH WUDQVIHU IXQFWLRQ L
WKH VXP RI LQSXWV WKH YDOXH JLYHQ E\ WKH WU
DV\PSWRWLF YDOXHVY *HQHUDOO\ WKH KLJKHU YDOX
EXW WKHVH YDOXHV FDQ QHYHU EH DWWDLQHG 7KH
YDOXHV VXFK DV IRU RQH GHFLVLRQ DQG IRU D

7TKH LPSRUWDQFH RI WKLV WUDQVIHU IXQFWLRQ RU
GHULYDWLYH LV DOZD\V SRVLWLYH DQG FORVH WR

YDOXHV RI[ :KHQ WKH GHULYDWLYH LV DW LWV PDJL
WKH EDFN SURSDJDWLRQ DOJRULWKP WR ZRUN ZHOO



&KDSWHU

PDWKHPDWLFDO DQDO\VLV RI WKH DOJRULWKP DQG

ZHLIJKWYV DUH SURSRUWLRQDO WR WKH GHULYDWLYH [

+f ,1 WKH GHULYDWLYH LV QHDU WKHQ WKH FKDQJlI
WKH GHULYDWLYH LV QHDU ZKHQ WKH DFWLYDWLR
VWDWHYV

f KHQ WKH DFWLYDWLRQ RI WKH QHXURQ LV LQ W
UHTXLUHV WR EH FKDQJHG JUHDWO\ IRUFLQJ LW W
VWDWHYV

tf ,Q WKH PLGGOH UDQJH WKH GHULYDWLYH LV ODU.
LV SURSRUWLRQDO WR WKH GHULYDWLYH LV ODUJFE

+HQFH WKH VLJPRLG WUDQVIHU IXQFWLRQ SURYLGH
DOORZLQJ FRQWURO RI WKH OHDUQLQJ ODZ

JLIXUH '"HULYDWLYH RI D VLIPRLGDO

IRFDO PLQLPD

YLIXUH VKRZV WKH LGHD RI FRQYHUJLQJ WR D ORF
WKH (XFOLGHDQ VSDFH RI GLPHQVLRQ HTXDO WR WKI
WKLV VSDFH UHSUHVHQWYVY D YHFWRU RI ZHLJKW YDC
QHWZRUN FRPSXWHV DQ HUURU RU HQHUJ\ IXQFWLRQ
WKH RXWSXW RI WKH QHWZRUN GLIIHUV IURP WKH Ut
QHWZRUN LV UHODWHG WR WKH ZHLJKWV EHWZHHQ W
D IXQFWLRQ RI WKH ZHLJKWV DQG LQSXWV WR WKH QI
LV D JUDSK LOOXVWUDWLQJ WKH HQHUJ\ IXQFWLRQ V
HQHUJ\ IRU D IL[HG LQSXW SDWWHUQ S ,W LV D PXC
UHSUHVHQWY RQH VSHFLILF ZHLJKW VR RQH SRLQW L



&KDSWHU

FRPELQDWLRQ RI SRVVLEOH ZHLJKW YDOXHV WKDW W
VSDFH

YLIXUH &URVV VHFWLRQ RI D K\SRWKHWLFDO HUL
=PLQ LV WKH JOREIP®G PUBLPWRHD@GQLPD V

7KH JHQHUDOLVHG GHOWD UXOH DLPV WR PLQLPLVH
ZHLJKWV LQ WKH QHWZRUN VR WKDW WKH\ FRUUHVSF
ORZHVW :KHQ WKH QHWZRUN VWDELOLVHV RQ D PL

OHDUQLQJ FRPHV WR D KDOW ,I D ORFDO PLQLPXP
RXWSXWV PD\ VWLOO EH XQDFFHSWDEO\ KLJK )JUHHPI
SUREOHP GRHV QRW FDXVH PXFK GLIILEXOW\ ,I D QH

XQDFFHSWDEOH WDUJHW WKH QXPEHU RI KLGGHQ QR
WR FRPEDW WKLV $OWHUQDWLYHO\ OHDUQLQJ FDQ |
RI LQLWLDO ZHLJKWYV ,Q IDFW WKHUH LV QR JXDUDQ
PLQLPXP UDWKHU WKDQ D ORFDO RQH ZKHQ WKH QHW

7UDLQLQJ VWHSV

$V GLVFXVVHG LQ WKH FKDSWHU WKHUH DUH WZR W

f )J)LUVW VWHS 7KLV LV WKH IRUZDUG VWDJH ZKH
SURSDJDWH WR WKH RXWSXW 7KH HUURU YDOXHV
FRPSDUHG WR WKH NQRZQ WDUJHW RXWSXW

f 6HFRQG VWHS 7KLY LV WKH EDFNZDUG SKDVH
EDFNZDUGY DQG ZHLIJKW FKDQJHVY DGMXVWHG 7KLV



&KDSWHU

FDOFXODWHG WKH ZHLIJKW FKDQJHV LQ WKH RXWS
DQG 7TKHVH IL[HVY WKH HUURU YDOXHV IRU WKH
WKH ZHLIJKW FKDQJHV PDGH XVLQJ HTXDWLRQ L
PD\ EH SURSDJDWHG EDFNZDUGV XQWLO WKH ZHL.
+HQFH WKHVH WZR WUDLQLQJ VWHSV DUH UHSHD)
VXPPDULVHG LQ ILIJXUH

5HVXOWY DW WKH

85GDWHYV RXWSXW OD\HU
R &203%$5(
! 8QLWYV LQ 5(68/76
1IHWZRUN &1
'"HVLUHG
UHVXOW

3KDVH RQH )RUZDUG VWHS

8VH HUURU WR
DSSO\ ZHLJKW
FKDQJHV EDFN
WKURXJK WKH
QHWZRUN

'LITHUHQFH
LV WKH HUURU

3KDVH WZR %DFNZDUG VWHS

J)LIXUH 6WDJHV RI WKH IRUZDUG DQG EDFNZDUG V
QHWZRUN 'D\KRII

/KH JHQHUDOLVHG GHOWD UXOH

7KLV LV OHDUQLQJ DOJRULWKP IRU WKH PXOWL OD\HL
WUDLQLQJ RI WKH KLGGHQ XQLW E\ D SURFHVV RI SI
RXWSXW OD\HU

, WKH DFWLYDWLRQ RI WKH MWK XQLW IRU WKH SWK '

DSM A IRUDOO L :MM 2SL 8M (TXDWLRQ
ZKHJ#V WKH DFWLYDWLRQ RI WKH QRGH M RI SDWWHL
LLYV WKH VXP RI DOO LQSXWV DW WKH LWK XQLW
‘ML LV ZHLJKW IURP QRGH L WR M
8M LV WKUHVKROG DW QRGH M
2SL LV WKH DFWXDO RXWSXW RQ QRGH L



&KDSWHU

7R HVWDEOLVK DQ RXWSXW IXQFWLRQ H[SUHVVHG JC
QRGHYVY FDQ EH DOWHUHG

FsMo L DSM (TXDWLRQ

ZKHUH R3- LV WKH DFWXDO RXWSXW RQ QRGH M
IM LV WKH WKUHVKROG IXQFWLRQ DFWLQJ RQ WKH Z
XQLWM

7KLV GHDOV ZLWK D ZKROH FODVV RI QHXURQ PRGHO
JHQHUDO zD\ 6R IRU D IHHG IRUZDUG QHW ZLWK
$OHNVDQGHU ORUWRQ
f )JRU WKH SWK SUHVHQWDWLRQ RI DQ LQSXW RXW.
ZHLIJKW ZKLFK MRLQV WKH MWK X Q4&d&WvMWR SLURG R WK L
WR VRPH FRPSXWHG HUURU 6SM IRU WKLV MWK XQ
$3 ZML D1tSM RSL
(TXDWLRQ
ZKHUH
6SM LV WKH FRPSXWHG HUURU IRU WKH MWK QRGH
D LV WKH FRQVWDQW ZKLFK GHWHUPLQHV WKH UDWH
$S ZS LV WKH FKDQJH LQ ZHLJKW

¥ )RU RXWSXW XQLWYV WKH HUURU LV FDOFXODWHG
WKH MWK XQLW W3M WKH HUURU LV H[SUHVVHG DV

6SM WSM fSL I M DSM (TXDWLRQ
ZKHUH
W3M LV WKH WDUJHW RXWSXW IRU SDWWHUQ S RQ QRC
I M D3M LV WKH UDWH RI FKDQJH RI RSM ZLWK UHVSF

$OVR WKH WHUP W3M RS LQGLFDWHV WKDW WKH H
WKH DFWXDO RXWSXW R3M DQG WKH WDUJHW RXWSXW



&KDSWHU

f )JRU D KLGGHQ XQLW DQG LWV RXWSXW FRQQHFW!
SURSRUWLRQDO WR WKH VXP RI WKH HUURUV RI DO
FRQQHFWLQJ WKHVH XQLWYV

sm | IRUDOON &SN :BMM (TXDWLRQ
ZKHUH t3N LV WKH FRPSXWHG HUURU IRU WKH NWK QR
N_ LV WKH ZHLJKW IURP QRGH M WR N
7KH XVH RI WKHVH HTXDWLRQV KDYH EHHQ GLVFXVYV
UHSHDWHGO\ XQWLO DQ DFFHSWDEOH OHYHO LV DFKI

:LOOLDPV VKRZHG WKDW RYHUDOO RXWSXW HUU
WKH VTXDUHYV RI DOO WKH RXWSXW HUURUYV

(S = IRU DLO M W 3M RSL (TXDWLRQ

ZKHUH (S LV WKH HUURU IXQFWLRQ IRU SDWWHUQ S

7TKH\ VXJJHVWHG WKDW DQ 6 VKDSHG IXQFWLRQ LOOX
WKLV FDVH EHFRPHYV

R 3M H DS-
(TXDWLRQ
ZKHUH
DsM:* IRUDOO L :ML 2SM 8M
$V GLVFXVVHG LQ VHFWLRAQ WKH EHQHILW RI WKL

IRXQG 2WKHU VLJPRLG IXQFWLRQV VXFK DV K\SHUE!
XVHG

6LQFH

I M DSM a AfS L A DSM



&KDSWHU

| M D3am RSM (TXDWLRQ
IRU RXWSXW QRGHYV HTXDWLRAQ EHFRPHV
6 SM WSM 2S 2SM R 3M
(TXDWLRQ
IRU KLGGHQ QRGHY HTXDWLRQ EHFRPHYV
6SM IRU DOO N BSIM: NM 2SM (TXDWLRQ
2XWSXW
JLIXUH &KDUDFWHULVWLFY V VKDSH RI WKH VLJP

6 XPPDU\

7KH IDFWRUV FRQFHUQLQJ WKH EDFN SURSDJDWLRQ
WKH VLIPRLG WUDQVIHU IXQFWLRQ ZKLFK KDV EHHQ
WKH OHDUQLQJ ODZ ODWKHPDWLFDO DQG QRQ PDWKt¢
LOOXVWUDWH WKH JHQHUDOLVHG GHOWD UXOH DQG
KDYH EHHQ SUHVHQWHG ,Q WKH QH[W FKDSWHU WK
SURSDJDWLRQ DUH SUHVHQWHG IRU WKH LPSDFW HFK



&KDSWHU

&KDSWHU VHYHQ

IHXUDO QHWZRUN LPSOHPHQV

L, QWURGXFWLRQ

7KLY FKDSWHU GHDOV ZLWK WKH EDFN SURSDJDWLRGC
ZDV SUHVHQWHG LQ FKDSWHU 7KH IDFWRUV ZKLI
H[ISODLQHG ORGHOOLQJ RI WKH LPSDFW HFKR IRU QH
PHWKRG RI RSWLPLVLQJ WKH QXPEHU RI KLGGHQ QR
GHDOW ZLWK 7KH UHVXOWY RI DQ LQYHVWLJDWLRQ

FDQ PDNH D GLIITHUHQFH WR WKH EDFN SURSDJDWLRQ

7\SHV RI GDWD

JRU DOO FDVHV RI QHXUDO QHWZRUN WHVWLQJ WKF
ORFDWLRQV VHH SDJH FKDSWHU ZKLFK ZHUH D
SDWWHUQ IRU HDFK GHIHFWHG FDVH 7KLV ZDV WDNF
PRUH GHWDLOV 7KHUH ZHUH WKUHH GHIHFW FDVHV I
I 6RXQG FRQFUHWH

¥ +RQH\FRPE FRQFUHWH

f 9RLGHG FRQFUHWH

7UDLQLQJ D QHWZRUN

7KHUH DUH QR VSHFLILF UXOHV IRU KRZ EHVW WR W
PDQ\ DVSHFWV RI QHXUDO QHWZRUN V\VWHPV LW VI
JUHHPDQ %\ XVLQJ DV PDQ\ QHXUDO QHWZRUN
KRZ WR VHOHFW DQG SUHSDUH WUDLQLQJ VHWV LV
SURYHG WR EH QRW SRVVLEOH +RZHYHU VHOHFWLR
VXEVWDQWLDO FRQVLGHUDWLRQ

7KH EDFN SURSDJDWLRQ QHWZRUN GRHV QRW H[WUL
LQVXIILFLHQWO\ WUDLQHG RQ D SDUWLFXODU FOD
LGHQWLILFDWLRQ RI PHPEHUV RI WKDW FODVV PD\ E}
JUHHPDQ LW LV HVVHQWLDO WR



&KDSWHU

¥ (QVXUH WKDW WKH WUDLQLQJ GDWD FRYHUV WKH .
¥ &KRRVH WUDLQLQJ YHFWRU SDLUV UDQGRPO\ IURP

9DOLGDWLRQ

7KH FRPSHWHQFH RI D QHXUDO QHWZRUN PXVW EH L
SODFHG LQWR VHUYLFH 7KLV SURFHVV LV FDOOHG YI
FDVHV LQWR WZR SDUWYV

$ 7UDLQLQJ VHW

f O9DOLGDWLRQ VHW

8VXDOO\ D QHXUDO QHWZRUN VRIWZDUH DOORZV WK
DEDO\VLV IRU H[DPSOH 7KLV SURFHGXUH RSHUDWtE
SURJUDP WULHV WR ILQG WKH DSSURSULDWH VHW RI
SDUWLFXODU DSSOLFDWLRQ WR DFKLHYH PD[LPXP UH

ORPHQWXP WHUP

,Q QHXUDO QHWZRUN WUDLQLQJ PRPHQWXP LV H[SUH

SIML W ZML W D6SM R3L 3 ‘MM \WIXDMWMRW®Y

ZKHUH MM W LV WKH ZHLJKW IURP QRGH L WR QRGH
‘ML W LV WKH ZHLJKW IURP QRGH L WR QRGH M
‘ML W LV WKH ZHLJKW IURP QRGH , WR QRGH M
3LV WKH PRPHQWXP IDFWRU
3 HUURU WHUP IRU SDWWHUQ S

ORPHQWXP LV D PHWKRG IRU LQFUHDVLQJ WKH VSHHC
ZHLIKW FKDQJH YDOXH D IUDFWLRQ RI WKH SUHYLR?’
ZHLIKW FKDQJHV JRLQJ LQ WKH VDPH GLUHFWLRQ

DSSOLHG WR WKH ZHLJKW FKDQJH HTXDWLRQ RQ WK
KLGGHQ OD\HU 7KH PRPHQWXP SDUDPHWHU LV FRPPI
RQH )UHHPDQ 8VH RI WKH PRPHQWXP WHUP LV F

/IHDUQLQJ UDWH

7KH EDFN SURSDJDWLRQ QHWZRUN LV D KLOO GHVFH(
LQ ORFDO PLQLPD DV ZDV GLVFXVVHG LQ WKH FKDS\)



&KDSWHU

QHWUN LV UHVWDUWHG IRU GLIIHUHQW LQLWLDO ZHL
DSSHDU DV EHLQJ GRPLQDQW $V LOOXVWUDWHG LQ
HTXDWLRQ WKH OHDUQLQJ UDWH D LV JLYHQ E\

$S :MM D 3M RSM (TXDWLRQ

UHFDOOLQJ WKDW $S 'S LV WKH ZHLJKW FKDQJHV IRU \
SM LV DQ HUURU WHUP IRU SDWWHUQ S RQ QRGH M
R3L LV WKH DFWXDO RXWSXW DW QRGH L IRU SDWWHU

7KH ILIJXUH LQ FKDSWHU KDV VORSLQJ UDYLQH)
ORZHVW SRLQW ZKLFK UHSUHVHQWYV WKH EHVW VROX
LV UHIHUUHG WR DV WKH OHDUQLQJ UDWH 7KH OHD
SHUIRUPDQFH

, I WKH UDWH DW ZKLFK WKH ZHLJKWYV DUH FKDQJHG L
UXOH LV DEOH WR REWDLQ D EHWWHU VROXWLRQ ,I V
VWHSY DUH WDNHQ DFURVYV WKH ZHLJKW DQG HQHUJ\
UDWH LV GHFUHDVHG WKH QHWZRUN ZHLJKWV VHW)
ZLWKRXW RYHUVKRRWLQJ WKH VWDEOH SRVLWLRQ D
VWHSV 7KLV WHFKQLTXH DOORZV WKH QHWZRUN WR
DQEG VHWWOH LQWR GHHSHU PLQLPD ZLWKRXW RVFLO
OHDUQLQJ WHUP PHDQV WKH QHWZRUN ZLOO WDNH OF

7KLV WHUP PXVW EH D VPDOO QXPEHU RI WKH RUGF
QHWZRUN ZLOO VHWWOH WR D VROXWLRQ )UHHPDQ

SDUDPHWHU WKDW GHOLYHUV PD[LPXP UDWH OHDUQ!
&DUOLQJ 7KH LPSRUWDQFH RI WKH QXPEHU R
OHDUQLQJ UDWH DQG WLPH WDNHQ WR WUDLQ LV LOC(

1XPEHU RI
KLGGHQ/HDUQLQUXPEHU RI LWHUDWLRQ
QRGHV XVH®WH

7TDEOH $ WDEOH VKRZLQJ WKH UHODWLRQVKLS EH
OHDUQLQJ UDWH DQG QXPEHU RI LWHUDWLR



&KDSWHU

&RQVLGHULQJ WDEOH LW KDV EHHQ VWDWHG WE
QHFHVVDULO\ JUHDWO\ UHGXFH WKH WLPH WR OHDU!
DERXW LW LV IRXQG WR JLYH XQVWDEOH EHKDYLF

"HLIJKWYV

$V LOOXVWUDWHG LQ ILIJXUH RI FKDSWHU  WKH 1
DVVRFLDWHG FRQQHFWLRQ VWUHQJWK WKH ZHLJKWYV
LQSXWV RYHU LWV RXWSXW YDOXH 'HSHQGLQJ RQ Wi
LOQKLELW WKH QHXURQ

W KDV EHHQ VXJIJHVWHG WKDW ZHLJKWV VKRXOG EH L
RU JUHHPDQ

1XPEHU RI LWHUDWLRQV

7TKH QXPEHU RI LWHUDWLRQV UHIHUV WR WKH QXPEH}
QHWZRUN ZKHQ LW LV OHDUQLQJ )RU H[DPSOH
WUDLQLQJ RI WKH EDFN SURSDJDWLRQ QHWZRUN 7KI|
QHWZRUN DFKLHYHG E\ WUDLQLQJ D QHWZRUN XC
LPSURYHPHQW LQ LWV SHUIRUPDQFH LQGHHG WKL
LWHUDWLRQV ZKLFK ZDV WKH RSWLPXP

+LGGHQ OD\HUV DQG QRGHV

W KDV EHHQ VXJJHVWHG WR XVH DV IHZ KLGGHQ QRC
WKH ORDG RQ WKH FHQWUDO SURFHVVLQJ XQLW )R
LEQSXWV WKH KLGGHQ OD\HU QHHGV WR EH D VPDO
JUHHPDQ , I WKH QHWZRUN IDLOV WR FRQYHUJI
KLGGHQ QRGHV DUH UHTXLUHG ,I LW GRHV FRQYHU.
UHGXFHG VR WKDW WKH QHWZRUN FDQ VHWWOH RC
SHUIRUPDQFH

$OVR LW LV SRVVLEOH WR UHPRYH KLGGHQ XQLWV W
WKH KLGGHQ QRGHYV DUH H[DPLQHG SHULRGLFDOO\ D
VHH WKDW ZHLJKWV RQ FHUWDLQ QRGHV FKDQJH YH
QRGHV PD\ QRW EH SDUWLFLSDWLQJ LQ WKH OHDUQI
WKHQ VXIILFH



&KDSWHU

&DOFXODWLRQ RI WKH QXPEHU RI KLGGFE

7KH S\ UDPLG VKDSH XVHG E\ ODVWHUYV KDV EHH
QXPEHU RI KLGGHQ OD\HUV DQG QRGHV LQ WKLV UHV
UXOH ZKLFK LV VKRZQ LQ ILJXUH 7KLY DXWKRU KI

OD\HUV ,QGHHG IRU PDQ\ SUDFWLFDO SUREOHPV LW
KLGGHQ OD\HU

&DOFXODWLRQ RI WKH QXPEHU RI KLGGH

J)LIXUH $ W\SLFDO WKUHH OD\HU QHW

7TKH QXPEHU RI KLGGHQ QRGHYV ZDV FDOFXODWHG E\ >

+LGGHQ 1RGHYV 01 (TXDWLRQ

‘KHUH 0 LV WKH QXPEHU RI RXWSXW QRGHV DQG 1 L\
KDV EHHQ VWDWHG WKDW WKH QXPEHU RI KLGGHQ QR
YHU\ VPDOO FRPSDUHG WR WKH QXPEHU RI WUDLQLQ
WUDLQLQJ VHW VL]H DQG KLGGHQ OD\HU VL]HV DU}
XQEDODQFHG LQ RQH GLUHFWLRQ WKH QHWZRUN L
6LPLODUO\ ZKHQ XQEDODQFHG LQ WKH RWKHU ZD\ \
VSXULRXV UHODWLRQVKLSY ,W ZLOO OHDUQ LUUHC
JHQHUDOLVHV SRRUO\ VR WKHUH PXVW EH D EDODQF

W LV HVVHQWLDO WR XVH WKH EDUH PLQLPXP QXPEH
DFFHSWDEOH SHUIRUPDQFH ,QFUHDVLQJ WKH QXPE
GHWHULRUDWLRQ LQ JHQHUDOLVDWLRQ DELOLW\



&KDSWHU

7KH IDFWRUV GLVFXVVHG LQ VHFWLRQ WR KD®
SURGXFLQJ WKH QHXUDO QHWZRUN PRGHO DQG UHVX

ORGHOOLQJ LPSDFW HFKR E\ QHXUDO QH

‘DWD ZDV WUDLQHG XVLQJ WKH EDFN SURSDJDWLRQ
LPSDFW HFKR GHYLFH DV GHVFULEHG LQ FKDSWHU
VSHFLPHQ JHRPHWU\ DUH JLYHQ LQ FKDSWHUYV DQG

7TKH LQSXW QRGHV RI WKH QHWZRUN WDNH DPSOLWXC
SURFHVVLQJ RI WKH VLIQDO GDWD 7KHUH LV RQH R’
IUHTXHQF\ IRU D JLYHQ GHIHFW ZKLFK LV SUHGLF
UHSURGXFHG KHUH SUHVHQWHG LQ FKDSWHU WZR

7 &S $W LI $W | WKHQ(TXDWLRQ
IS FS
7 (TXDWLRQ

KHUH &S LV WKH ZDYH VSHHG LQ FRQFUHWH
7 LV WKH GLVWDQFH WR UHIOHFWLQJ LQWHUIDFH
$W LV WKH URXQG WULS WUDYHO IURP WKH VWDU
ZDYH 6HH FKDSWHU RQ LPSDFW HFKR WKHRU\

7RS VXUIDFH RI VOPEHPRKEQF\ WR
SRLQW RI LPSDFW UHIOHFWLQJ LQWHUIDFH

IS &S 7
N

9RLG

RWWRP RI ZDOO
YLIXUH ,PSDFW HFKR DUUDQJHPHQW QRW
7KLV DUUDQJHPHQW FDQ EH VHHQ LQ ILJXUH )R U

LV PV DQG NQRZQ GHSWK LV P WKHQ XVLOQ
IUHTXHQF\ LV N +]

J)LIXUH LV JLYHQ WR DVVLVW XQGHUVWDQGLQJ WKt
WKHUH LV D GRPLQDQW SHDN DW DERXW N+] ,Q WK



&KDSWHU

WKH JUDSK 7KH GHVLJQ RI WKH LQSXW ILOH IRU WKH

JUHTXHQF\ +]

YLIXUH $Q H[DPSOH RI D ))7 JUDSK

JLIXUH 7KH GHVLJQ RI WKH EDFN SURSDJDWLRQ Q
HFKR GDWD

&RQVLGHULQJ ILIJXUH WKH LQSXW QRGH UHSUHVLE

SUH SURFHVVLQJ ZKLFK LQFOXGHV ))7 SURFHVVLQJ
SUH SURFHVVHG YDOXHV WKHQ WKHUH ZLOO LQ:

WKHRUHWLFDO IUHTXHQF\ ZLOO EH WKH RXWSXW QRG



&KDSWHU

DUH JLYHQ LQ DSSHQGL[ $ 7KLV PHWKRG RI LQWHU
DSSOLHG WR WKH WHVWLQJ RI GDWD FRUUHODWLRQ
QXPEHU RI GDWD VHWYV LQ WHVWLQJ

OHWKRG RI GDWD FRUUHODWLRQ DQG Q

2SWLPLVDWLRQ LV DQ LPSRUWDQW DVSHFW RI WKH Q
YDULRXV QHWZRUN GHVLJQV KDV EHHQ VWXGLHG LQ
SDUDPHWULF VWXG\ IRU RSWLPLVDWLRQ LV XQGHUWI
WKH UHVXOWYV LW KDG RQ WKH UHVXOWV ZKLOH W
REMHFWLYH ZDV WR H[DPLQH WKH QXPEHU RI LWHL
GHFUHDVLQJ KLGGHQ QRGHYV

JRU QHXUDO QHWZRUN DQDO\VLV WKH UDZ GDWD RE!
EH SUH SURFHVVHG 7KLV ZDV FRPSOHWHG WR LPSU|
SURGXFLQJ D EHWWHU UHVXOW 7KH SURFHVV RI WKL

J)LIXUH $Q RYHUDOO SURFHGXUH RI SUH SURFHV)
QHXUDO QHWZRUN DQDO\VLYV
$W VWDJH $ )RU HDFK RI WKH VDPSOH SRLQWYV LQC
LPSDFW KDPPHU ZDV DSSOLHG DERXW WHQ WLPHV )
ZDYH

6WDJH % 8VLQJ ([FHO WKH GDWD FRQVLVWHG RI D
KDG GDWD SRLQWV ZKLFK ZHUH UHVSRQVHV IR
LPSDFW HFKR GHYLFH 7KH GDWD ZDV WKHQ VSOLW L

6WDJH & 8VLQJ ODWODE WKHVH WH[W ILOHV ZHUH F
ILOHVY 7KHQ IRU HDFK ILOH ))7 ZDV SHUIRUPHG DQ!
ILOH



&KDSWHU

6WDJH ' 8VLQJ /DEYLHZ WKH GDWD LV QRZ UHGXFHC

RQO\ D UHIOHFWLRQ ))7 WKHRU\ W LV IXUWKHU UHC(

LQ /DEYLHZ ZKLFK WDNHV WKH ILUVW WZR GDWD SRL

WKHQ PRYHV RQ WR WKH QH[W WZR GDWD SRLQWYV IU

7KLY SURFHGXUH ZDV UHSHDWHG WLPHV IRU WKH

SURJUDP DFFXPXODWHG WKH GDWD WR ILOH 6R LW I
GDWD SRLQWYV

6WDJH ( 7KH ILOH FUHDWHG DW VWDJH & LV DGGHG
XVLQJ HTXDWLRQ DQG WKHQ VSOLW LQWR WZR ILC
WKH RWKHU IRU WHVWLQJ VHH DSSHQGL[ $ IRU WKH
FRQWDLQV PRUH GDWD H[DPSOHV WKDQ WKH WHVWLQ

6WDJH ) 7KH OHDUQLQJ DQG WHVWLQJ ILOH LV LQFC
QHWZRUN LV WHVWHG DQG D UHVXOW ILOH SURGXFHG

6WDJH * 7KH RXWSXW RI WKH QHXUDO QHWZRUN LV K
HUURU SHUFHQWDJH DQG RWKHU LQIRUPDWLRQ SURFI

OHWKRG RI GDWD HYDOXDWLRQ

$FWXDO '"HWHFWHBHBW X'BI&WHFWHG®URU(UURU
JUHTXHQBUHTXHQMSWESSDUHQWP
+] +] PP 'HSWK PP

7TEOH SHVXOWYV RI LWHUDWLRQV K

,Q RUGHU WR VLPSOLI\ WKH LPSDFW HFKR GDWD D GI
GRQH E\ VWXG\LQJ SORWV RI WKH SRLQWYV W ZL



&KDSWHU

VLPLODU WR RQH DQRWKHU VR LI WKHUH ZHUH JUD!
IURP WKDW FODVV ZRXOG EH XVHG WR UHSUHVHQW W

wubDLQLQJ H[IDPSOHVY ZHUH SUHVHQWHG WR WKH QHW
QHWZRUN

$FWXDOHWHFVSHR®XDABWHFWHGRU(UURU
JUHTXHQRAHTXHOHFSWK$SSDUH QPP
+] +] PP 'HSWK PP

7TEOH SHVXOWYV RI LWHUDWLRQV q

$FWXDOHWHFWHG® XD'EWHFWH®RWURU
JUHTXHQEHTXHQWSWK$SSDUHPW
+] +] PP 'HSWK PP

7TEOH SHVXOWYV RI LWHUDWLRQV K

7R ILQG WKH RSWLPXP QXPEHU RI LQYHVWLJDWLRQ L
GLG QRW FKDQJH FRQVLGHUDEO\ LQGLFDWHG LQ WDE
LPSURYHPHQW IURP LWHUDWLRQ WR WR EH D



&KDSWHU

$SFWXDOHWHFWHG/XD'®IWHFWHO®RWURU
JUHTXHQEHTXHQHESWK$SSDUH W
+] +] PP 'HSWK PP

7TDEOH SHVXOWYV RI LWHUDWLRQV k

$FWXDOHWHFWHGVXD'GlWHFWHG® RWURU
JUHTXHQEHTXHQRSWK$SSDUHPWP

+] +] PP 'HSWK PP

JLIXUH SHVXOWYV LWHUDWLRQV KL
7TKH UHVXOWYVY RI WDEOH DQG WDEOH VKRZ D RY
LQFUHDVLQJ WKH QRGHV IURP WR KRZHYHU REYV

LW LV QRWHG WKDW WKHUH LV VOLIJKW LQFUHD)
GHFLGHG DW WKLV VWDJH WR FRQVLGHU RWKHU ZCLC
RSWLPLVDWLRQ RI LPSDFW HFKR GDWD $OVR WKH DS
LQ GRXEW 7KH QH[W VHFWLRQ GHVFULEHV WKH LPSU]I



&KDSWHU
OHWKRG ,QFUHDVLQJ WKH QXPEHU RI GD

W KDV EHHQ VWDWHG WKDW GXH WR WKHLU ODUJH Q
VHQVLWLYH WR RYHUILWWLQJ ZKHQ FRPSDUHG WR V)
OD\HU QHWZRUN KDG LQSXWV DQG KLGGHQ QRGI
WKLV LV FDOFXODWHG E\ XVLQJ ODVWHUV

"HLIKWYV Q P
(TXDWLRQ

‘KHUH Q LV WKH QXPEHU RI LQSXWV DQG P LV WKH QX

BUHYLRXVO\ LQ QHXUDO QHWZRUN WHVWLQJ LQS.
KDV QRZ EHHQ UHGXFHG WR LQSXWV WKH PLQLPX
DPRXQW RI LQSXW QHXURQV DFFRUGLQJ WR ODVWHUYV
DERXW VL[ WUDLQLQJ VDPSOHV ZLOO PRVWO\ UHSUH\
LQSXW SDWWHUQV WKH FKDQFH RI VRPH SDWWHUQ
VHW LV PXFK KLJKHU 7KH RQO\ ZD\ WR SUHYHQW
FKDUDFWHULVWLFV RI WKH WUDLQLQJ VHW WR WKH ¢
LV WR SURYLGH LW ZLWK SOHQW\ RI H[DPSOHV VR \
LGLRV\QFUDVLHV $V D JXLGHOLQH LW KDV EHHQ VXJ
+ &RPSXWH WKH QXPEHU RI ZHLJKWV LQ WKH QHWZR!
+ 'RXEOH LW WR JHW WKH PLQLPXP QXPEHU RI WUDL(
f+ 'RXEOH LW DJDLQ WR JHW D EHWWHU VDPSOH VL]H

, W KDV EHHQ ZRUNHG RXW WKDW IRU WKLV SDUWLFX
XVLQJ HTXDWLRQ JLYHV I[UHH SDUDPHWHUV |
PLQLPXP QXPEHU RI WUDLQLQJ VDPSOHV LV DERXW

W ZDV WKHQ QHFHVVDU\ WR LQFUHDVH WKH GDWD RI
WKLV WKHRU\ +RZHYHU LW ZDV LPSRVVLEOH WR UHS
LQ WKH 86 $ 7KH EHVW RSWLRQ zZDV WR DGG QRLVI
VHFWLRQV GHVFULEH WKH SURFHGXUHVY WDNHQ WR Sl
SUHSDUH GDWD IRU WKH QHXUDO QHWZRUN DQDO\VLV



&KDSWHU

'‘DWD SUHSDUDWLRAQ

7KH SUHSDUDWLRQ WR LQFUHDVH WKH GDWD IRU Wk
GHVFULEHG LQ VHFWLRQ $JDLQ DOO WKH GD\
f (GLWLQJ WKH UDZ GDWD

$GGLQJ QRLVH

))7 SURFHVVLQJ

SHGXFWLRQ Rl GDWD ,QWHUSRODWLRQ
JLOWHULQJ

3UHSDUDWLRQ IRU QHXUDO QHWZRUN DQDO\VLYV

H + +H+ +H +

2QFH WKLV ZDV FRPSOHWHG IRU WKH ILUVW VHW RI
ZLWK D GLIITHUHQW VHW RI QRLVH DGGHG WR WKH F
UHSHDWHG XQWLO GDWD VHW RI ZHUH FUHDWHG
WKH IROORZLQJ VHFWLRQ

JRUPDWWLQJ UDZ GDWD

7KH uUbz GDWD FROOHFWHG IURP WKH LPSDFW HFKR F
VHW R HDFK VHW KDYLQJ GDWD SRLQWYV ZKLF
GLVFXVVHG LQ FKDSWHU 7KLY KDG WR EH VHSDUD)
PHDQV WKDW IRU RQH WHVW SRLQW WKHUH ZDV GL
FRPSOHWHG IRU RWKHU QHXUDO QHWZRUN DQDO\VLV

'‘DWD FUHDWHG E\ DGGLQJ QRLVH

$ UHTXLUHPHQW LQ FUHDWLQJ PRUH GDWD E\ DGGLC
DOWHU WKH RULJLQDO GDWD VLJQLILFDQWO\ ZKLOV)
RUGHU WR DFFRPSOLVK WKLV D YDULHW\ RI VWDQC
HI[SHULPHQWHG ZLWK 7KH YDOXHV WHVWHG ZHUH

7TKH VWDQGDUG GHYLDWLRQ FRQWUROV WKH QRLVH
GHYLDWLRQ QRLVH ZDV DGGHG WR WKH RULJLQDO GI
))7 SURFHVVLQJ PDGH LW HDVLHU WR VHH DQ\ GLIIHU

DQG VR LW ZDV XVHG WR FRPSDUH ZLWK JUDSKYV K
ZDV WKDW WKH VWDQGDUG GHYLDWLRQ RI ZDV W
FRPSOHWHO\



&KDSWHU

J)LIXUH 2ULJLQDO GDWD ZLWKRXW QF

V%

-~
o

R

7LPH V

JLIXUH $GGLWLRQ RI QRLVH VWDQGDUG
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JUHTXHQF\ +]

J)LIXUH $PSOLWXGH VSHFWUXP VWDQGDU(

YLIXUH $GGLWLRQ RI QRLVH VWDQGDUG ¢



&KDSWHU

J)LIXUH $PSOLWXGH VSHFWUXP VWDQGDUC

)LIXUH $GGLWLRQ Rl QRLVH VWDQGDUG C



&KDSWHU

J)LIXUH $PSOLWXGH VSHFWUXP VWDQGDUC

+RZHYHU WKH VWDQGDUG GHYLDWLRQ RI ZDV WR
GDWD W ZDV IRXQG WKDW WKH VWDQGDUG GHYLDWI
VHW ZDV LQFUHDVLQJ ZKHQ WKH QXPEHU RI GDWD \
VKRZHG QR VXEVWDQWLDO SHUIRUPDQFH VR LW ZDV
VOLIKWO\ KHQFH WKH VWDQGDUG GHYLDWLRQ RI

IDEYLHZ ZDV XVHG WR JHQHUDWH WKH QRLVH WKH

$SSHQGL[ ) 7KH SURJUDP ZKLFK SURGXFHV WKH QRLV

VHW RI GDWD WR EH REWDLQHG 7KH FDOFXODWLF

QHWZRUN DQDO\VLVY VKRZQ LQ VHFWLRQ LQGLFI

UHTXLUHG 7KLV PHDQV WKH /DEYLHZ SURJUDP ZRX
IRU HDFK VHW RI GDWD

))7 3URFHVVLQJ

2QFH WKH QRLVH ZDV DGGHG HDFK VHW RI GDWD
DGYDQWDJHY RQH ZDV WKDW LW ZDV PXFK FOHDUH
IUHTXHQF\ WHUPV UDWKHU WKDQ LQ WLPH GRPDLQ W

SRLQWV WR ))7 WKHRU\ 7KLV ZDV D KHOS EH
SULPDU\ REMHFWLYH LQ WKLV W\SH RI QHXUDO QHWZ
WKH QH[W VHFWLRQ 7KH ))7 PHWKRG XVLQJ ODWODE |



&KDSWHU
,QWHUSRODWLQJ GDWD

7KH GDWD QHHG IXUWKHU UHGXFWLRQ 7KH IXQFWL
PLQLPLVHG WKH GDWD LW DOVR KDG WKH DGGLWLRQ
GRPLQDQW SHDNV VKRZHG DQG VPDOOHU SHDNV GL\
NQRZQ KRZ PDQ\ SRLQWV WR VHWWOH RQ 7KLV QHHC
LQFUHPHQW XVHG LV JLYHQ LQ WDEOH

JUHTXHQF\ ,QFUHKRH QWX IOW GRLQW YV
BBBBBPBBBBBBBB

7TEOH ,OOXVWUDWLRQ RI WKH IUHTXHQF

J)LIXUH $PSOLWXGH VSHFWUXP ZLWK



&KDSWHU

J)LIXUH $PSOLWXGH VSHFWUXP ZLWK

7KH IUHTXHQF\ LQFUHPHQW ZDV FDOFXODWHG XVLQJ \
SHFRUG /HQJWK 1 [ 6S (TXDWLRQ

'KHUH 1 LV WKH QXPEHU RI VDPSOLQJ SRLQWYV
6S LV WKH 6DPSOLQJ IUHTXHQF\

R VLQFH WKH QXPEHU RI VDPSOLQJ SRLQWV ZDV
))7 WKHRU\ DQG DSSOLFDWLRQ DQG WKH VDPSOLQJ
6S WKHQ

SHFRUG /HQJWK [ v

7TKH TUHTXHQF\ LQFUHPHQW IRU WKLV UHFRUG OHQJW!

JUHTXHQF\ LQFUHPHQW /L
7KH IUHTXHQF\ LQFUHPHQW RI +] ZDV WKHQ PXO
+] 7KLV QHZ ILIJXUH ZDV XVHG WR FDOFXODWH WKF
HTXDWLRQ 7KLV GHOLYHUHG SRLQWV 1 % W}

EHFDXVH ZLWK ))7 WKHRU\ WKH RWKHU KDOI RI WKH V



&KDSWHU

WR SRLQW RXW WKDW WKH I UHTXHQF\ LQFUHPHQW LV
YDOXH 7KLV SURFHGXUH ZDV UHSHDWHG E\ PXOWLSO

8VLQJ ODWODE WKH LQWHUSRODWLRQ ZDV FRPSOH
IUHTXHQF\ LQFUHPHQWY ZHUH SORWWHG DQG VWXGLF
ZDV WR ILQG D JUDSK ZKLFK JDYH WKH PRVW XVHIXO
QRQ GHIHFW DQG DOVR XVHG WKH PLQLPXP QXPEHU

LW ZDV IRXQG WKDW WKH IUHTXHQF\ LQFUHPHQW
UHTXLUHPHQW +RZHYHU WKH IUHTXHQF\ LQFUHPHQ)\
ZRXOG JLYH EHWWHU UHVXOWV WKDQ WKLV ,W GLG Q
7KH ODWODE SURJUDP IRU LQWHUSRODWLRQ DQG JUD
$SSHQGLJ[ )

'‘DWD ILOWHULQJ

2QFH WKH LPSDFW HFKR GDWD ZDV UHGXFHG WR SF
ZKLFK FRXOG EH GLVFDUGHG )RU H[DPSOH WKH GHSYV
PP JLYHV DQ HTXLYDOHQW IUHTXHQF\ RI N 4

EHORZ WKLV FDQ EH GLVFDUGHG EHFDXVH LW KDV QF
YLWDO IRU QHXUDO QHWZRUN PDNLQJ LW HDVLHU WR

YLIXUH JLOWHULQJ XQZDQWHG GDWI

$OVR KLJIJKHU IUHTXHQF\ zZzDV Rl QR LQWHUHVW EHEFCLC
GHIHFWYV ZKLFK ZHUH QRW SUHVHQW 7KH PD[LPXP
WKHRUHWLFDO ,Q SUDFWLFH WKH JUDSKYV JDYH DEF
EH HOLPLQDWHG 7KLV REVHUYDWLRQ LV LQGLFDWHG
WKH QXPEHU RI GDWD QRW IUHTXHQF\ EXW LGHD LV W



&KDSWHU

‘KHQ WKH GDWD ZDV ILOWHUHG LW ZDV DSSHQGHG W
WLPHV VR HDFK ILOH ZRXOG KDYH GDWD VHWV 1R
QHWZRUN IRUPDW 7KLV SURFHGXUH ZDV FRPSOHWH
JLYHQ LQ $SSHQGL[ )

$FFXPXODWLQJ WKH GDWD

(DFK WLPH D VHW RI ZDV FUHDWHG IRU QHXUDO Q
WKDW WKH QHWZRUN FDQ XVH WR WUDLQ DQG WHVW
XVHG LQ WKLY UHVHDUFK OHWKRG DQG H[DPSOHV RI
$

7KH GDWD H[DPSOHV ZHUH WUDLQHG DQG WHVWHG

GDWD ZHUH DGGHG ZLWK QRLVH ))7 SURFHVVHG L
WR WKH RULJLQDO ILOH IRU QHXUDO QHWZRUN WUD
LQFUHDVHG WR DERXW 7KLV GDWD LV JLYHQ LQ $
VHWYV XVHG LQ WKH QHXUDO QHWZRUN WUDLQLQJ ZLV
VHW $V VKRZQ WKH PLQLPXP GDWD VHW XVHG ZDV
PD[LPXP XVHG LV WuUDLQLQJ GDWD ZLWK WHVW
WKDW GXH WR VRPH HUURU QRW DOO RI WKH GD\V
LQVWHDG GDWD UHFRUGYV ZHUH XVHG LQ PRVW FDV

'‘DWD 6HWVHVW VHWBGHQ QRGHYV

7TDEOH &DOFXODWLRQ RI KLGGHQ QRGHV IRU HD



&KDSWHU
) XUWKHU LPSURYHPHQWYV

2ULJLQDOO\ WKLV DSSOLFDWLRQ ZDV FRQVLGHUHG
VKRZQ LQ ILIJXUH WKDW LV D JUDSK UHSUHVHQV
ILWWHG LQ RUGHU WR ILQG D VROXWLRQ 7KH EDFN
RSWLRQ 7KH UHVXOWYV IRU WKH LQFUHDVH RI WKH Q>
JLIXUHV DQG VKRZ WKH RULJLQDO GDWD ZLW
DGGHG DQG WKH DGGLWLRQ RI QRLVH ZLWK GDWD
WKH GHVLUHG UHVXOWYV VHW E\ WKH DXWKRU DQG W
KDV PDQDJHG WR DFKLHYH

JLIXUH J)XQFWLRQ DSSUR[LPDWLRQ SU
/HDUQLQJ
SDUDPHWHDNDUQLQRPHQWXPGGHTUDQVIHUDQVIHUWDWQVIHU
KLGGH®DUDPHWHY IRGHMVIXQFWLIKQFWLKQFWLRQ
D RXWSXW LQSXWKLGGH®RXWSXW
D

ILQHDWBLIJPRL&LIJPRLG
ILQHDWBLJIJPRL&GLIPRLG
ILQHDWBLIJPRL&LIJPRLG
ILQHDWBLIJPRL&LIJPRLG
ILQHDWBLIJPRL&GLIJPRLG

ILQHDWBLIJPRL&GLIJPRLG
ILQHDWBLIPRL&GLIJPRLG
ILQHDWBLIJPRL&GELIJPRLG
ILQHDWBLIJPRL&LIJPRLG
ILQHDWBLIJPRL&GELIPRLG
ILQHDWBLIJPRL&LIJPRLG
ILQHDWBLIJPRL&GELIPRLG
ILQHDWBLIJPRL&GELIPRLG
ILQHDWBLIJPRL&GELIPRLG
ILQHDWBLIJPRL&LIJPRLG
ILQHDWBLIJPRL&JIJPRLG
ILQHDWBLIJPRL&LIJPRLG
ILQHDWBLIJPRL&LIJPRLG
ILQHDWLIJPRL&LIJPRLG
ILQHDWBLIJPRL&GLIPRLG
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/HDUQLQJ

SDUDPHWHDNUQLQRAHQWXPLGGHRQUDQVIHWDQVIHWDQVIHU

KLGGH@DUDPHWHY IRGHVIXQFWLIRK@FWLKQFWLRQ
D RXWSXW LQSXWKLGGH@®XWSXW

BBB& BBB
ILQHDWBWLIJPRL&LIJPRLG

ILQHDWBLIJPRL&GLIJPRLG
ILQHDBLIJPRL&GLIPRLG
ILQHDWBLIJPRL&GELIJPRLG
6LIPRL&ELIJPRLGLQHDU
ILQHDWBLIJPRLGEDQ+
ILQHDWBLJIJPRLGLQHDU
ILQHDWBWLJIJPRLGLQHDU
ILQHDWBLJIJPRLGLQHDU
ILQHDWBLJIJPRLGLQHDU

7TEOH &DVHV RI OHDUQLQJ UDWH PRPHQWXP DQ
RSWLPXP SDUDPHWHUYV

7KHUH ZDV VWLOO URRP IRU LPSURYHPHQW 6R IDU
WHUP ZHUH XVHG DV WKH GHIDXOW YDOXHV SURYL
$GMXVWLQJ WKHVH YDOXHV ZRXOG PDNH VRPH LPSUR
WKH RSWLPXP SDLU WKDW ZRXOG JLYH WKH EHVW Ul
ZHUH

f ORPHQWXP S

f /HDUQLQJ UDWH D IRU KLGGHQ DQG RXWSXW OD\HL
f +LGGHQ QRGHYV

f 7UDQVIHU IXQFWLRQ

5SH RUJDQLVLQJ WKH GDWD

7KH ILUVW VWDJH LQ LPSURYLQJ WKH UHVXOWV ZD
FRQWDLQHG VRPH EDG GDWD ZKLFK FRXOG EH PLVOH
ZHUH HOLPLQDWHG 7KLV SURFHGXUH ZDV UHSHDWHG

DQG WHVWLQJ ILOH ZDV UHGXFHG WR DQG GDYV
QHZ OHDUQLQJ ILOH ZzDV FKRVHQ WR FUHDWH D VPDO
ZHOO WKH QHWZRUN ZDV WUDLQHG ZLWK WKH GI

8VXDOO\ DERXW WR GDWD SDWWHUQV ZDV WDNHQ

7HVWLQJ QHXUDO QHWZRUN RQ WUDLQHC

7KH DLP ZzDV WR WHVW WKH QHWZRUN RQ WKH VDPH V
WKLV ZDV D YHU\ JRRG VWDUWLQJ SRLQW WR VHH KRz



&KDSWHU

WKH QHWZRUN RQ GDWD WKDW LW KDV QRW VHHQ EH
FDQ EH VHHQ WKDW WKHUH DUH ODUJH GLVFUHSDQF
OHDUQW WKH GDWD ZHOO LGHDOO\ WKHUH VKRXOG
DQG QHXUDO QHWZRUN GDWD 7R PLQLPLVH WKLV GL
IRXU SDUDPHWHUYVY QHHG WR EH DGMXVWHG WR ILQG \

, QYHVWLIJDWLRQ RI RSWLPXP SDUDPHWH

7KH QH[W VWHS ZDV WR ILQG WKH CRIBO\G. FPRP IS Q WX FR |
VHOHFWLRQ RI WKHVH YDOXHV ZHUH WDNHQ 7KH C
SDUDPHWHUV DUH LQFOXGHG LQ WKH $SSHQGL[ ' )LJ
WKH RSWLPXP SDUDPHWHUV IRU D DQ S

2QFH WKH RSWLPXP D DQG 3 ZDV IRXQG WKH QH[W W
KLGGHQ QRGHV ,QGHHG LW ZDV GHFLGHG WR KDYH
WKDQ WKH RXWSXW OD\HU EHEFDXVH KDYLQJ D ODUJ
WKDQ IRU WKH RXWSXW OD\HU DOORZV WKH KLGGHQ
HDUO\ VWDJHV Rl WUDLQLQJ VR WKDW WKHVH IHDW)
PRUH FRPSOH[ GHWHFWRUV DW WKH RXWSXW OD\HU

KDYLQJ GLIIHUHQW OHDUQLQJ SDUDPHWHUV IRU WKHI
WLPH 7KH UDQJH RI KLGGHQ QRGHV ZDV LQYHVWLJDYV

%\ DOWHULQJ WKH WUDQVIHU IXQFWLRQ IRU HDFK OD
UHVXOWV VR WKLV ZDV H[DPLQHG 7KH WUDQVIHU IX
IURP VLJPRLG WR /LQHDU DQG 7DQ+ DQG QHWZRUN
LPSURYHPHQWY 7KH /LQHDU WUDQVIHU IXQFWLRQ VI
ZHUH FKDQJHG WR DQG WR REVHUYH DQ\ LPS
ZHUH DOWHUHG WR DQG 7KH GDWD IRU DOO WKH

'KHQ WKH RSWLPXP SDUDPHWHUV ZHUH IRXQG ZKLFK
QHWZRUN ZDV ILQDOO\ WUDLQHG DJDLQ DQG WHVWH
ILIXUHV DQG LQGLFDWH DERXW LPSURYHPH
GDWD ZLWK GDWD VHWYV



&KOPWHU

[+

\AOHXLHN(



&KDSWHU

+]

JUHTXHQF\

J)LIXUH ORPHQWXP OHDUQLQJ UDWH KLGGHQ OHDUQLQJ



& KD SWH

JUHTXHQF\ +]

7THVW &DVHYV VSFWXDO
1HXUDO 1HWZRUN

J)LIXUH 2ULJLQDO GDWD ZLWKRXW DQ\ QRLVH



&KDSWHU

+]

JUHTXHQF\

F$FWXDO
1HXUDO 1HWZRUN



&KDSWHU

+]

JUHTXHQF\

THVW &DVH $$SFWXDO
1HXUDO 1HWZRUN

JLIXUH SHVXOWYVY ZLWK GHIDXOW SDUDPHWHUV WUDLQLQJ GDWD

I



&KDSWHU

THVW &DVH $$FWXDO
1HXUDO 1HWZRUN

JLIXUH SHVXOWYV ZLWK RSWLPXP SDUDPHWHUYV WUDLQLQJ GDWD
LOO



&KDSWHU

1HXUDO QHWZRUN UHVXOWYV

'XULQJ WKH LQYHVWLIJDWLRQ RI WU\LQJ WR ILQG WKF
UHVXOWYV VWDUWHG WR VKRZ LPSURYHPHQW ZKHQ W

$Q LQFUHPHQW RI ZDV DGGHG WR WKH PRPHQ\
REVHUYHG 7KLV ZDV UHSHDWHG XQWLO PRPHQWXP Z
PRPHQWXP IDFWRU VKRXOG EH LQ WKH RUGHU RI WR
PRPHQWXP YDOXH RI WKH UHVXOWY ZHUH WKH ZR!
QHXUDO QHWZRUN DQDO\WVLV 7KH HUURU ZDV YHU\ OCL
VHOHFWHG $0OVR 6HFWLRQ VWDWHG WR XVH D UD
7KH PD[LPXP YDOXH RI GLG GHOLYHU JRRG UHVXO!

7KLV SURYHG WKDW WKH DSSDUHQW RSWLPXP UHVXO\
f D KLGGHQ

f D RXWSXW

T 3

f +LGGHQ QRGHYV

f 7UDQVIHU IXQFWLRQ LQSXW /ILQHDU

f 7UDQVIHU IXQFWLRQ KLGGHQ 6LJPRLG

f 7UDQVIHU IXQFWLRQ RXWSXW 6LJPRLG

f ,WHUDWLRQ

7TDEOH VKRZV UHVXOWYV RI QHXUDO QHWZRUN ZLW
HFKR 7KH QHXUDO QHWZRUN ZDV SURGXFHG IURP GD
LOOXVWUDWHG LQ FKDSWHU 7TKH GDWD IRU HDFK OF
FRPSXWHG $V FDQ EH VHHQ IURP WDEOH WKH Q
JHQHUDOO\ DFFXUDWH +RZHYHU WKH UHVXOWYV IR
GLVFXVVHG LQ FKDSWHU WKH VRXQG DUHDV WHVWI
FRQVHTXHQWO\ ZRXOG ZHDNHQ WKH VLJQDO IRU D VR

+RZHYHU WKH UHVXOWYV FRXOG VWLOO EH LPSURYHG
FODVVLILFDWLRQ SUREOHP DOWKRXJK LW ZDV DVVX
IXQFWLRQ DSSUR[LPDWLRQ SUREOHP ,W VHHPV WKDW



&KDSWHU

FDQ EH MFODVVLILHGY DV GHIHEW RU QRQ GHIHEW
1IHWZRUN LV PRVW VXLWHG $OVR ZKHQ WKH QHWZRL
LQ ILIJXUH WKHUH LV VWLOO D FRQVLGHUDEOH DF
DQG QHXUDO QHWZRUN UHVSRQVH VKRXOG EH DQ HJI
QRW KDYH SUHFLVH GDWD DV GLVFXVVHG WKH GDWI
7KH UHFRUGV IRU RQH WHVW SRLQW KDG VRPH G
SUHGLFWHG IUHTXHQF\ )RU H[DPSOH IRU D SUHGLFW
PD\ VXJJHVW DERXW N+] DQRWKHU PD\ LQGLFDWHG

&R GH IS IS I1HXUDO
1DPH SUHGLFWPASDFWHWZRUN
JUHT XHQFKR
N + ] N + ]
:DYOH

DY H
DY H
DY H
:DYO Z
DY Z
DY Z
DY Z
:DFOO
:DFO
:GY H
:GY H
:GY H
:GY H
:GFOH

7TDEOH &RPSDULVRQ RI UHVXOWYV

6XPPDU\

7TKH LPSRUWDQW IDFWRUV FRQFHUQLQJ D QHXUDO QH
PRPHQWXP OHDUQLQJ UDWH ZHLJKWV LWHUDWLRC
SUHSDULQJ GDWD IRU WUDLQLQJ D QHXUDO QHWZRUN
WKH LPSDFW HFKR ZDV PRGHOOHG XVLQJ WKH QHXUD
QHXUDO QHWZRUN GDWD ZDV LPSURYHG E\ DGMXVWL(
FKDSWHU W FDQ EH FRQFOXGHG WKDW WR DFKLHYH
FRQGXFWHG ZLWK WKH LPSDFW HFKR GHYLFH WKH S
PXVW EH DGRSWHG



&KDSWHU

&KDSWHU HLJKW

J)LOLWH HOHPHQW WKHRU\

, QWURGXFWLRQ

7KLV FKDSWHU FRYHUV WKH WKHRU\ RI WKH ILQLWH I
WKH VLPXODWLRQ RI LPSDFW HFKR VI\VWHP LQ RUGHU

7KH LPSDFW HFKR V\VWHP LV D W\SLFDO SUDFWLFD(
FRQYHQWLRQDO DQDO\WLFDO PHWKRGV LV HLWKHU
HYDOXDWH WKH SUHFLVH UHVSRQVH RI WKH ERG\ E\ \
RI WKH HTXDWLRQV ZKLFK JRYHUQ LWV GHIRUPDWL
EHFDXVH SUDFWLFDO SUREOHPV WHQG WR KDYH FR
HIFHHGLQJO\ GLIILFXOW WR REWDLQ VXFK VROXWLRQ
QXPHULFDO WHFKQLTXH 7KH ILQLWH HOHPHQW KDV E
IRU REWDLQLQJ D ZLGH UDQJH RI LPSDFW HFKR GDWD

7TKHRU\ RI ILQLWH HOHPHQWYV

7KH ILQLWH HOHPHQW PHWKRG LV D JHQHUDO QXPHU

VROXWLRQV WR WKH SDUWLDO GLIIHUHQWLDO HTXDW

7KH PHWKRG DSSUR[LPDWHV D VWUXFWXUH LQ WZR G|

$ 7KH GLYLVLRQ RI VPDOOHU SDUWV LV FDOOHG ILQ
VWUXFWXUH LV FDOOHG GLVFUHWLVDWLRQ (DFK H(
ZKLFK KDV DQ HTXDWLRQ RI HTXLOLEULXP WKDW FI
KDYH QRGHV WKDW FRQQHFW LW WR WKH DGMDFHQ\
UHSUHVHQW WKH HTXLOLEULXP RI WKH HQWLUH VW
WKH JOREDO PRWLRQ RI WKH VWUXFWXUH DV LW
FROOHFWLRQ RI QRGHV DQG ILQLWH HOHPHQWYV

f )JRU HDFK LQGLYLGXDO ILQLWH HOHPHQW WKH
FDOFXODWHG DQG VROYHG 7KH VROXWLRQV RI WKF
OLQHDU FRPELQDWLRQ RI ORZ RUGHU SRO\QRPLDO\
PDGH FRPSDWLEOH ZLWK DGMDFHQW VROXWLRQ Z
QRGHV FRPPRQ WR WZR HOHPHQWY 7KH VROXWLRGQ
PDVV DQG VWLIIQHVYV PDWULFHVY WKDW GHVFULEH V



&KDSWHU

JRUPXODWLRQ RI WKH VWLIIQHVYV PDWUL

,Q WKLV UHVHDUFK DV SUHYLRXVO\ GLVFXVVHG LQ
HPSOR\HG 7KH ILUVW ZDV DQ HLJKW QRGH ' HOHPHC
WZR GLIITHUHQW W\SHV RI FRQWDFW HOHPHQW DUH G
WKLUG ZDV D WZHQW\ QRGH ' HOHPHQW 7KLV VHFWL
HOHPHQW W SUHVHQWV WKH IRUPXODWLRQ RI WKH
HOHPHQW VRIWZDUH WKLV LV SURFHVVHG E\ XVLQJ D

7KH SURFHGXUH EHJLQV E\ FRQYHUWLQJ WKH GLVSOEL
QRGDO GLVSODFHPHQW XVLQJ VXLWDEOH SRO\QRPLD
IURP WKHVH QRGDO GLVSODFHPHQWY ZKLFK FDQ EH
+RRN V ODZ )LQDOO\ WKH XQNQRZQ SDUDPHWHUV LC
E\ DSSO\LQJ WKH SULQFLSOH RI PLQLPXP SRWHQWLDO

1RGDO GLVSODFHPHQWYV

J)LIXUH (LJKW QRGH UHFWDQJXODU HO

7TKH ' HOHPHQW ZLWK HLIJKW QRGHV ZLWK WZR GHJU}
LQ ILIXUH 7TKHVH DUH GLVSODFHPHQW LQ WKH [
UHIHUUHG WR DV GLVSODFHPHQWY X DQG Y =LHQNLH.

7KH HOHPHQW VKRZQ LQ ILJXUH KDV D WRWDO RI

RI ' UHHGRP '2) IRU HDFK HOHPHQW 7KH GLVSODFHF
E\

8 <& \» A&Ava» D[\ D\ D[\ DJ[\ (TXDWLRQ



&KDSWHU

9 DL D[ D\ D[ D[\ D\ DI\ DI\
ZKHUH FT L WR DUH FRQVWDQWV WR EH HYDOXDW
%\ VXEVWLWXWLQJ LQ WKH DSSURSULDWH [ DQG \ FR

RI HLJKW VLPXOWDQHRXV HTXDWLRQV DUH FUHDWHG
WKH XQNQRZQ FRHIILFLHQWY 7KHVH FDQ EH VXEVWL\

8 BBB > § & \ E 4§ EE DE XL
DE [ D\ E:\ ED[ E E 8
s D> E> E®P E E
s D;\ E;\8 ED E X (TXDWLEF
S DS D ;\ E D X
[ D \ E \ E E Z
S DS D» E D X
s D ;\ E ; \ E E X @

7KLV FDQ EH H[SUHVVHG DV

g8 >1 1 1 1 1 111 @

(TXDWLRQ

0 0 00 X X X

KHUH 1L WR 1 DUH WKH VKDSH IXQFWLRQV 7KLV SUF

8 [\ ; 1IM [\ X (TXDWLRQ

(TXDWLRQ



&KDSWHU

,I D ORFDO FR RUGLQDWH V\VWHP ... U LV FKRVHQ |

JLIXUH $ ORFDO FR RUGLQDWH VA\VWHP IRL

(TXDWLRQV RI VWUDLQ

7TKHUH DUH WKUHH VWUDLQ FRPSRQHQWYV LQ VPDOO G

$ X
[ (TXWDLR Q
(\ Y
A (TXDWLRQ
<[\ X Y TXDWLR
— ( Q

,Q WHUPV RI QRGDO GLVSODFHPHQW DQG VKDSH IXQF'
IRUP

Uk A1l
[
A 61 (TXWLRQ
\
1 1
A\ [ A
,Q VXPPDU\ IRUP HTXDWLRQ EHFRPHV
(TXDWLRQ

N >%@ N



&KDSWHU

7R FKDQJH WR D ORFDO FR RUGLQDWH V\VWHP DV LC
RI SDUWLDO GLITHUHQWLDWLRQ

1\ (TOWLRQ

61 61 [B 1B\
U [ U \ 6T (TXDWLRQ

,Q PDWUL[ IRUP EHFRPHYV

(TXDWLRQ

7KH LQYHUVH RI WKLV FDQ EH IRXQG E\ XVLQJ WKH -D

1A v

1
[ A (TXDWLRQ

61 1
S
6\M Y -

7TKH GHULYDWLYHV WKXV KDYH D PDSSLQJ IURP ORFDC
6WUHVYV VWUDLQ HTXDWLRQV

%\ XVLQJ +RRN V ODZ WKH VWUDLQV FDQ H[SUHVVHG

V[ -B D[ XD\ (TXDWLRQ
(

V\(/f\vXD[ (TXDWLRQ

<0 [ (TXDWLRQ



&KDSWHU

7KXV WKH FRPSOHWH VWUHVYVY VWUDLQ UHODWLRQVKI

&_[ & avVv X q
D\ ( R WX (TXWLRQ
A\ R X

7KLV LV ZULWWHQ LQ WKH VXPPDU\ IRUP
0 >'@ "D ° (TXDWLRQ

OLQLPXP SRWHQWLDO HQHUJ\ IRUPXOD

7TKH VWLIIQHVYV PDWUL[ RI WKH VWUXFWXUH FDQ EH G
ZRUN

7TKH ZRUN GRQH E\ WKH QRGDO IRUFHV LV WKH H[WHU

(IWHUQDO ZRUN AH 7 A JAXDWLRQ

7TKH VWUDLQ HQHUJ\ LQ WKH VWUXFWXUH LV WKH LQW

,QWHUQDO ZRUN7 ~ 3H"° (TXDWLRQ

6XEVWLWXWLQJ HTXDWLRQV DQG LQWR HTXDWIL

,QWHUQDO ZRHN> % @ 7>'@ >% @ G YTKOWIPRH) @

(TXDWLQJ HTXDWLRQV DQG JLYHV

N 3HS > % @7 >"' @ > % @ G (YIRKOX\WPHRQN H

,Q WKH ORFDO FR RUGLQDWH V\VWHP WKH OLPLWYV RI

N3HS - > % @7 >' @ > % @ >- @ "t H Gt GT



&KDSWHU

6LQFH . 3 WKH VWLIIQHVY PDWUL[ LV

A M L >% @7 >"' @ > % @QTXDVWALRQGUL

JLOQLWH HOHPHQW VROXWLRQ

J)LIXUH VXPPDULVHV WKH VLJQLILFDQW VWHSV LQ
(DFK VWDJH LV GLVFXVVHG LQ WKH IROORZLQJ V.

J)LIXUH J)LOQLWH HOHPHQW SURFHGXUHV LQ F



&KDSWHU

, QS XW GDWD

7KH ILUVW VWDJH RI DQ\ ) ( SURJUDP LV WR UHDG D
FRQWDLQ WKH LQIRUPDWLRQ UHTXLUHG WR GHILQH W
WKH PRGHO IRU DQ DQDO\VLV LV

t

1RGHV 7KH QRGHV DUH GHILQHG E\ WKHLU FR RU
QXPEHU

(OHPHQWY 7KH HOHPHQWYVY DUH HDFK DOORFDWHC
QRGHV ZKLFK PDNH XS WKH HOHPHQW 7KH RUGHU F
LQ WKH HOHPHQW GHILQLWLRQ $SSHQGL[ % VKRZV
ZKLFK WKH QRGHV VKRXOG EH VSHFLILHG (DFK HC
PDWHULDO SURSHUW\ 7KHVH WDEOHV DUH OLVWH
WKHUHIRUH DOVR FRQWDLQV WZR SRLQWHUV WR W
SURSHUW\ WDEOHV *RUGRQ

3K\WLFDO 3URSHUWLHVY 7KH SK\VLFDO SURSHUWL
HOHPHQW W\SH 7KHVH SURSHUWLHVY PD\ YDU\ IURP
WDEOH LV UHTXLUHG (DFK VHW Rl SURSHUWLHV L
QXPEHU ZLOO WKHQ EH VSHFLILHG LQ WKH HOHPHQ\
ODWHULDO 3URSHUWLHY 7KH PDWHULDO SURSHU\
SK\WLFDO SURSHUWLHV 7KH SURSHUWLHY DUH JHQ
LV LOOXVWUDWHG RQ WDEOH

SHVWUDLQWY ERXQGDU\ FRQGLWLRQV 7KH ERXQ
QXPEHU D GHJUHH RI IUHHGRP DQG D YDOXH *HQH!
WKH YDOXH HQWHUHG ZLOO EH IRU D JHUR GLVSODF
IRDGLQJ 7KH ORDG GDWD LV HQWHUHG LQ D VLPL
PD\ FRQVLVW RI D QRGH QXPEHU D GLUHFWLRQ QX
ZLOO EH WKH PDJQLWXGH RI WKH ORDG DQG WKH \
$OWHUQDWLYHO\ LI D GLVWULEXWHG ORDG LV DSS
DQG HGJH QXPEHU DQG WKH YDOXH RI WKH SUHV
VLPXODWHG E\ DSSO\LQJ SUHVVXUH RQ RQH RU WZR
6SHFLILFDWLRQ RI 5HVXOWYV 5HTXLUHG 7KH XVHU
FDOFXODWHG DQG GLVSOD\HG LQ WKH RXWSXW ILC
GLVSODFHPHQWY UHDFWLRQV VWUDLQV VWUHVVH
VROXWLRQ QRGH QXPEHU W\SH RI UHVXOWV HJ G
UHVXOWY DUH WR EH REWDLQHG QHHG WR GHILQHG



&KDSWHU

<RXQJTV ORGXEBRVYLW\3RLVVRQYV 5DWLR

3D NJ P
[ E
7TDEOH ODWHULDO SURSHUWLHV
= =
JLIXUH ([DPSOH RI " PRGHO XVLQJ WULDAQJ
&RQVLGHULQJ WKH ' PRGHO H[DPSOH LQ ILJXUH W

QRGH WKHUH DUH '2) GHJUHHV RI IUHHGRP ZKLFK D
8Q LV KRULJRQWDO Q UHIHUV WR WKH QXPEHU RI HDF

JRU WKH H[DPSOH WKH QRGHV DUH VWDWHG DV

PR RR R

7TKH HOHPHQWYV EHFRPH

$VVHPEO\ RI WKH RYHUDOO VWLIIQHVV

'KHQ WKH FDOEFEXODWLRQ RI WKH VWLIIQHVV PDWUL
GHVFULEHG LQ VHEWLRQ WKH RYHUDOO VWLIIQH
' H[DPSOH LQ ILIJXUH WKH H[DPSOH KDV '2) DW
RYHUDOO VWLIIQHVY PDWUL[ )RU HDFK HOHPHQW WK



&KDSWHU

QRGHV GHILQLQJ DQ HOHPHQW )RU HOHPHQW WK
LQFOXGHG LQWR WKH JOREDO PDWUL[ 7KLV LV VKRZC
PDWUL[HV IRU DOO HOHPHQWV KDYH EHHQ LQFOX!
FRPSOHWH

| <57 8L 7
)\ 9
) NQ N NL NX N 8
)N NLN A N A N 9
) NLN A N A N X
N N_N N N N N 9
) A N NLN N N X
N NL N N N N 9
I 8

A 9

9 . YY\

J)LIXUH 6WLIIQHVV PDWUL[ RI HOHPHQW L

$SSOLFDWLRQ RI ERXQGDU\ FRQGLWLR

'Q PRVW FDVHV WKH ILQLWH HOHPHQW PRGHO ZLOO
SUHYHQW WKH PRGHO DFFHOHUDWLQJ XQGHU WKH C
DSSURSULDWH URZV DQG FROXPQV WR EH HOLPLQD\
HPSOR\HG WR FDUU\ RXW WKLV LQVSHFWLRQ 2QH P}t
RYHUDOO VWLIIQHVV PDWUL[ E\ D ODUJH QXPEHU 7KL
DQG

) A A 8 . 9 . L 8 . LL8 L (LTgs(ADWLRQ
se .Q8L.M 90 .M 8 .LL8M .MQ9Q
8M )[L .LL8L .090 .Ls8 MW LRO

.MM8L



&KDSWHU

6ROXWLRQ IRU GLVSODFHPHQWYV

ODQ\ DOJRULWKPVY DUH DYDLODEOH WR VROYH WKH V)
RQH VXFK PHWKRG EXW WKH GLVDGYDQWDJH LV WK
SDUWLFXODU SUREOHP +HQFH LW LV YLWDO WR PLQ
HOHPHQWY DSSURSULDWHO\ $ UHYLHZ RI WKH PDQ\ H
RI WKLV UHVHDUEFEK

IRDGLQJ

'KHQ IRUFHVY DFWLQJ RQ DQ HODVWLF ERG\ YDULHYV
SUREOHP 7KH VWUHVV ZDYHV LQLWLDWHG E\ WKH H]J
ZKLFK GHIRUPV DV D UHVXOW LQ D WLPH GHSHQGD(
SUREOHPVY LQYROYHV D VWXG\ RI WKH PDQLIHVWDWLR

7KH ILQLWH HOHPHQW FDQ EH XVHG WR DQDO\VH G\Q

WKUHH PDWULFHV

f 6WLIIQHVY PDWUL[ 7KLV LV WKH UHODWLRQ RI DQ
GLVSODFHPHQW JOREDO VWLIIQHVV LV WKH DVVHPE

+f ODVV PDWUL[ WKH LQHUWLD RI ERG\ UHSUHVHQWYV
GLVFUHWL]HG IRUP WKH WRWDO LQHUWLD RI WKH E

t+ 'DPSLQJ PDWUL[ ,Q GDPSHG YLEUDWLRQ WKH UHVL
IULFWLRQ RI WKH ERG\ ZKLFK UHVXOWY LQ HQHUJ
UHSUHVHQWHG E\ LWV JOREDO GDPSLQJ PDWUL]

7KH UHVXOWLQJ V\VWHP RI HTXDWLRQ LV

) W >0@ "G X GW = >&@ "GX GW" > @ "X

) W LV WKH IRUFLQJ IXQFWLRQ VLQH ZDYH W K H
VROYH IRU WKH UHVSRQVH RI D VWUXFWXUHLWRQM W I
ZDYH ZKLFK LV GHVFULEHG LYQVE®BSADNW LP SIOHFQ WK
IRUFLQJ IXQFWLRQ LV WKHQ VHW WR JHUR DOORZLQJ
DIWHU WKH LPSXOVH



&KDSWHU

D@ LV WKH VWUXFWXUDO PDVV PDWUL[ WKLV LV GHIL

1(

>0@( >oH @ (TXDWLRQ

ZKHUH >0HM @ LV WKH LQGLYLGXDO HOHPHQW PDWUL

>&@ LV WKH VWUXFWXUDO GDPSLQJ PDWUL[ WKLV LV

1087 1(/

>&@ D >O@’$(°)A)M.:@\IM@N(O>&N@ (TXDWLRQ

ZKHUH D >0@ LV WKH PDVV GDPSLQJ
1087

3>.@( am>NWe WKH VWUXFWXYDOKEDFPRBUWIRQ RI WKH VW
L L

EDVHG RQ PDWHULDO M 10%$7 LV QXPEHU RI PDWHULD

>& - LV WKH FRQVWDQW GDPSLQJ

1(/

( senleV WKH HOHPHQWYODRISLLGQUGLYLGXDO HOHPHQW G
N O

WKH QXPEHU RI GDPSLQJ HOHPHQWYV

> @LV WKH RYHUDOO VWUXFWXUDO VWLIIQHVY PDWUL

[N

(
.o (- v@ (TXDWLRQ
L o

ZKHUH 1( LV WKH QXPEHU RI HOHPHQWYV
s>.n@ LV WKH LQGLYLGXDO HOHPHQW VWLIIQHVV PDWU

AXT 1RGDO GLVSODFHPHQW YHFWRU

"GX GW' 1RGDO YHORFLW\ YHFWRU

"G X GW 1RGDO DFFHOHUDWLRQ YHFWRU

7KH G\QDPLF DQDO\VLV LV DSSOLFDEOH WR DQ\ DQG I
LQWHJUDWLRQ VEKHPH WR VROYH IRU WKH XQNQRZQ



&KDSWHU

WUDQWQBQWLY $16<6 7KH 1HZPDUN LQWHJUDWLRC
ILQLWH HOHPHQW PHWKRG ZKLFK FRQVLGHU WKH IR
7KH GLVSODFHPHQW YHFWRU XQ LV D IXQFWLRQ

YHORFLWLHY DQG DFFHOHUDWLRQV

7KH VROXWLRQ RI D OLQHDU V\VWHP ZLOO QHYH
LQWHJUDWLRQ WLPH VWHS $W LV $W LV GHILQHG |
SRLQWV L H

$W 2WQ WQBL

8VLQJ WKH HTXDWLRQ RI PRWLRQ IURP HTXDWLRQ
) AW >0@ "G X GW = >&@ "GX GW"~ >.@ "X

JRU QRQ OLQHDULWLHY WKH 1HZPDUN HTXDWLRQ FC
SRLQW VR WR SURYLGH DQ\ QXPEHU RI HTXLOLEUXP 1

DR >0@ D >&@ >. @~ $XWO, MW MW QU L"
>0@ DR A"XWBSDNAGX ' EWHSWKGBW'  >&@ D ~XW $W°
DAGX GWW $W' D ~GX GWW $W°

KHUH DR DQG D DUH IXQFWLRQV RI WKH WLPH V\
SDUDPHWHUYV

6 XPPDU\

7KH ILQLWH HOHPHQW WKHRU\ ZDV SUHVHQWHG XVL
QHHGHG WR GHGXFH WKH VWLIIQHVV PDWUL[ E\ D JH
XVHG WR LOOXVWUDWH WKH FRPSXWHU SURJUDPPLQJ
FKDSWHU WKH WKHRU\ RI WKH LQWHUIDFH HOHPHQW



&KDSWHU

&KDSWHU QLQH

/KHRU\ RI FRQWDFW HOHPHQ

, QWURGXFWLRQ

,Q WKH SUHYLRXV FKDSWHU WKH WKHRU\ RI ILQLW
GLVFXVVHV WKH XVH RI WKH FRQWDFW HOHPHQW LQ
W\SH DULVLQJ ZLWK FUDFN W\SH GHIHFWV ,Q WKH
LQYHVWLIJDWHG DV D PHDQV RI DFKLHYLQJ PRUH UHD
GHIHFWYV 7KH WKHRU\ WKDW JRYHUQV WKLV HOHPHQW
RI FRQWDFW HOHPHQWY DUH UHSRUWHG

7TKHRU\

8VH RI WKH LQWHUIDFH HOHPHQWY DOORZV D QR W
FRQWDFW IRUFHVY GHYHORSLQJ RQ FUDFN FORVXUH 7
XVHG DV DQ HIDPSOH WR VKRZ WKLV FKDUDFWHULVW
FRPSRQHQWYV IQA WKH QRUPDO IRUFH DFURVYV WKH JL

JDS ,Q WKH IRUFH GLVSODFHPHQW JUDSKV NQ DQG 1

UHVSHFWLYHO\ ,Q WKH DQDO\VLV WKH VWLIIQHVV F
FORVHG IULFWLRQ VWDWH LV JLYHQ E\ HTXDWLRQ
UHIHU WR WKH GHJUHHV RI IUHHGRP LOOXVWUDWH

J)LIXUH &RQWDFW HOHPHQW



&KDSWHU

1RUPDO 7TDQJHQWLDO VOLGLQJ
YLIXUH JRUFH GHIOHFWLRQ UHODWLRQVKLS
(TXDWLRQ

JRU WKH FORVHG VOLGLQJ VWDWH KRZHYHU LWV FRC

(TXDWLRQ



&KDSWHU

z O

JLIXUH '"HJUHHV RI IUHHGRP IRU WKH LQW

$SSOLFDWLRQ RI FRQWDFW HOHPHQWYV

JLIXUH *DS EHKDYLRXU ZLWK DQG ZLWKRXW

KHUH SODQHU FUDFNV DQG GHODPLQDWLRQV RFFXU
VRXQG ZKLFK LV FDXVHG E\ WKH WZR VXUIDFHV KLWW
WKLV VLWXDWLRQ QHHGV WR EH PRGHOOHG HIIHFWL
DFKLHYH WKLV HIIHFW W GRHV WKLV E\ DFWLQJ DV C
UHERXQGLQJ WKH VWUHVYV ZDYHV :LWKRXW WKH XVH
VXUIDFHV FDQ SDVV WKURXJK HDFK RWKHU QRW D WU



&KDSWHU

7KH PRGHOLQJ RI LPSDFW HFKR E\ ILQLWH HOHPHQW
6DQVDORQH &DULQR 1HOVRQ 6DQVDORQH &
&DULQR &KHQJ 6DQVDORQH KRZHYHU
FRQVLGHUHG WKH HIIHFW RI D FRQWDFW HOHPHQW ¢
LQ ZLGWK 8VH RI WKH FRQWDFW HOHPHQW LV DGY
GLPHQVLRQ FDQ EH PRGHOHG ORUH LPSRUWDQWO\ T
DSSDUHQW IRU VLPXODWHG GHIHFWV LQ WKH ILQLWH

7TKH FRQWDFW HOHPHQW ZDV HPSOR\HG WR DOORZ VI
FROOLGLQJ 7KLV LV VKRZQ LQ ILJXUH 7TKH LQWH
EUHDN SK\WLFDO FRQWDFW $V GLVFXVVHG LQ WKH
JLYHV WKH SRVVLELOLW\ IRU FRPSUHVVLRQ LQ WKH G
LW SRVVLEOH WR PRGHO D GHODPLQDWLRQ

&DOFXODWLRQ RI VWLIIQHVV

7TKH FDOFXODWLRQ RI WKH VWLIIQHVV RI WKH FRQWD
VXUURXQGLQJ VROLG PDWHULDO ZKLFK KDV EHHQ
HOHPHQW 7KH VWLIIQHVV LV GHGXFHG E\

BWLIIQHVV  $( / (TXDWLRQ

‘KHUH $ LV WKH VXUIDFH DUHD DVVRFLDWHG ZLWK D F
( LV WKH <RXQJ V PRGXOXV IRU WKH WHVW VROLG
/ LV WKH OHQJWK Rl WKH FRQWDFW HOHPHQW

"KHQ WKH FRQWDFW HOHPHQW JDS LV FORVHG WKH F
ZKHQ WKH JDS RSHQV WKH VWLIIQHVV LV UHGXFHG W

7KH QH[W VHFWLRQV GHVFULEH WZR W\SH RI FRQWDF
REVHUYH WKH SHUIRUPDQFHYV RI WKHLU FDSDELOLWLF

&RQWDFO HOHPHQW

&RQWDFO LV D ' SRLQW WR SRLQW FRQWDFW HOHPH
EUHDN SK\VLFDO FRQWDFW DQG PD\ VOLGH UHODWLY
RQO\ FRPSUHVVLRQ LQ WKH GLUHFWLRQ QRUPDO WR
GLUHFWLRQ ,W KDV WZR GHJUHHV RI I[UHHGRP DW HD
GLUHFWLRQV



&KDSWHU

- ©
YLIXUH &RQWDFO
$V VKRZQ LQ ILJXUH WKH HOHPHQW LV SUHVHQWH

LQWHUIDFH WZR VWLIIQHVV NQ DQG NV DQ LQLWLD
XVH Rl WKLY LQWHUIDFH HOHPHQW WKH LPSDFW SRLC

&RQWDF HOHPHQW

7KLV HOHPHQW FDQ EH XVHG WR UHSUHVHQW FRQWDF
GLUHFWLRQV ,W KDV WZR GHJUHHV RI IUHHGRP DW HI
GLUHFWLRQV &RQWDFW LV DSSDUHQW ZKHQ WKH FRC
DFWV OLNH D ELOOLDUG EDOO ZKHUH WKH LPSDFW SR
EHWZHHQ &RQWDFW DQG &RQWDFWO

J)LIXUH VKRZV WKH JHRPHWU\ DQG QRGH ORFDWLRC(
ZLWK WKH EDVH DV D OLQH FRQQHFWHG E\ WZR QRGH
WKH RSSRVLWH VXUIDFH OLHV D QRGH FRQWDFW VX
WDUJHW OLQH DQG WKH QRGHV DW WKH HQGV RI WKH
FRQWDFW VXUIDFH LV D FRQWDFW QRGH



&KDSWHU

WDV GHFLGHG WR XVH &RQWDFW EHFDXVH LW ZDV
WKH VKHDU GLUHFWLRQ ZDV QRW RI LQWHUHVW WR W
HOHPHQW

6XPPDU\

7TKH WKHRU\ DQG DSSOLFDWLRQ RI WKH FRQWDFW H!
LOQOWHUIDFH SUREOHPV WR EH PRUH FRUUHFWO\ UHS
UHODWHG GHIHFWYV 7KH WZR FRQWDFW HOHPHQWYV &

LPSDFW LV SUH GHWHUPLQHG ZLWK WKH ILUVW HOHP
ZLWK WKH RWKHU

,Q WKH QH[W FKDSWHU WKH UHVXOWV RI ILQLWH HC
&RQWDFO LV SUHVHQWHG



&KDSWHU

& K D S WVHHID

ORGHOLQJ RI LPSDFW HFKR V\V

 QWURGXFWLRQ

&KDSWHUV DQG JLYH WKH WKHRU\ RI ILQLWH H
UHVSHFWLYHO\ 7KLV FKDSWHU LOOXVWUDWHV WKH
UHVSRQVH Rl ERXQGHG VWUXFWXUHV FRQWDLQLQJ GH
PHWKRG KDV EHHQ XVHG WR VLPXODWH WKH LPSDFW |
LV VKRZQ DQG WKH FDOFXODWLRQ RI WKH VL]H RI H
H[SODLQHG )LQDOO\ WKH UHVXOWV RI WKH WHVW ED

ORGHOOLQJ RI LPSDFW HFKR V\VWHPV

JLIXUH 6LPXODWLRQ RI WKH LPSDFW HFKR V\\

J)LIXUH VKRZV WKH EDVLF PRGHO RI WKH LPSDFW
E\ DSSO\LQJ D SUHVVXUH ORDGLQJ ZLWK D IRUFH WLP
DQ HOHPHQW +HUH IRUFH FDQ EH XVHG LQVWHDG RI

7KH ZDYHIRUP SURGXFHG E\ WKH LPSDFW LV D VLPX
PHDVXUHG E\ D VXUIDFH GLVSODFHPHQW WUDQVGXFHL



&KDSWHU

,PSDFW SXOVH

$V GLVFEXVVHG LQ FKDSWHU WKH FRQWDFW WLPH R
DQ LPSRUWDQW YDULDEOH LQ LPSDFW HFKR WHVWLQJ
WKH FRQWDFW WLPH LQIOXHQFHV WKH IUHTXHQF\ FRQ
FRQWDFW WLPH FRQWDLQ KLJKHU ITUHTXHQF\ VKRUW
QHHGHG ZKHQ WHVWLQJ WKLQ REMHFWY DQG GHWHF
UHVROXWLRQ

$V GLVFXVVHG WKH LPSDFW RI D VSKHULFDO PDVV .
SUHVVXUH RYHU DQ HOHPHQWYV DW WKH FHQWUH RI W
WLPH KLVWRU\ RI WKH DSSOLHG SUHVVXUH ZDV KDOI
SXOVHV DV LOOXVWUDWHG LQ ILIJXUH , OLVILEW W
ZDYH WKH VPRRWKHU WKH RXWSXW UHVSRQVH +HQFL!

J)LIXUH 6LPXODWLQJ WKH LPSDFW WL

7KH LPSDFW LV UHSUHVHQWHG E\ SRLQWYV IRU
UHVSRQVH WR EH H[DPLQHG DIWHU WKH HQG RI WKH
ZLWK JHUR IRUFH IRU D ORQJHU SHULRG RI WLPH )RU
SV SV LV DOORZHG WR UHVSRQG WR WKLV LPSDF!
RXWSXW LV SURYLGHG DW HDFK ORDG VWHS WKH QXF
QXPEHU RI VDPSOLQJ SRLQWV IURP WKH IRUFH DJDL(
VWHSV DUH XVHG ZLWK WKH RXWSXW IHG GLUHFWO\
DQG



&KDSWHU

5HVSRQVH 7LPH

J)LIXUH TRWDO LPSDFW RI WKH ILQLWH HO

'HWHUPLQLQJ HOHPHQW VLI]H

1RGH
(OHPHQW
Q
,QFKHV
[ HP
[ P
YLIXUH 6L]H RI HOHPHQW
JRU P WR P WKLFN SODWHV VXEMHFWHG WR D IR
VWHHO VSKHUH DQG FRQWDFW WLPH PLFURVI
GLPHQVLRQV RI WKH RUGHU RI WLPHV WKH SODWEG
&DULQR 1HOVRAQ 7KXV
(v [ G

(TXDWLRQ
"KHUH

(V. (OHPHQW VL]H

G 3ODWH WKLFNQHVYV



&KDSWHU

7R FDOFXODWH HOHPHQW VL]H IRU WKH PRGHO VKRZQ
| G 30DWH WKLFENQHVV P

7KHQ (V [G [ [ 2 P

7KH HOHPHQW VL]IH LQGLFDWHG DERYH LV WKH LGHELC
ILIXUH +RZHYHU WR DFKLHYH DQ DFFXUDWH UH
7KLV LV GLIILFXOW WR DFKLHYH ZLWK WKH FRPSXWI
FKDSWHU SURFHVVLQJ WLPH LV VXEVHTXHQWO\ YHU

6ROXWLRQ WLPH VWHS VROXWLRQ

7KH DFFXUDF\ RI WKH VROXWLRQ LV GHSHQGDQW RQ V
7KLV LV UHIHUUHG WR DV WKH ,76 ZKLFK LV D IXQFW
PDVV GHQVLW\ DQG ZDYH SURSDJDWLRQ FKDUDFWHUL
ILQLWH HOHPHQW PRGHO VR WKDW D VPRRWK WUDQV
DFKLHYHG +HQFH WKH ,76 JRYHUQV WKH DFFXUDF\ F
, 76 WKH EHWWHU WKH DFFXUDF\ EXW WKH ODUJHU V
WKH VROXWLRQ ,W LV YLWDO WR VHOHFW DQ RSWLPX

OHWKRGV KDYH EHHQ SURSRVHG IRU HVWLPDWLQJ VX
1HOVRQ $16<6 &DOFXODWLRQ E\ WZR GLII
IROORZLQJ VHFWLRQV

OHWKRG ,76P

KHUH WKH HIIHFWYV RI WKH HODVWLF ZDYH DW WKH P
EH VPDOO HQRXJK WR UHVROYH WKLV ZDYH ORUH HC
ZLOO EH QHFHVVDU\ IRU WKH ZDYH VKDSH WR EH DGH
DV $16<6

,76PL  $[ & (TXDWLRQ
"KHUH

$f LV WKH HOHPHQW VL]H OHVV WKDQ RU HTXDO

/ LV WKH VWUXFWXUH GLPHQVLRQ DORQJ GLUH
HIFLWDWLRQ ZKLFK HYHU LV OHVYV

& LV WKH HODVWLF ZDYH VSHHG ZKLFK LV ( S

( LV WKH HODVWLF PRGXOXV

S LV WKH PDVV GHQVLW\



&KDSWHU

JRU WKH ZDOO VSHFLPHQ LQ ILJXUH

/ [ [ 1T P 7R FRQYHUW IURP LQFKHV
7KHUHIRUH $[ [ [ P

( [ 1P

S NJ P
7KHUHIRUH (S [ PV
7KHUHIRUH ,76P [ [ Vv

OHWKRG ,76P

7KH WLPH VWHS UHTXLUHG IRU QXPHULFDO VWDELOLMW
WKH XVH Rl YHU\ VPDOO WLPH VWHSY WR REWDLQ DQ
UHTXLUHV WKDW WKH WLPH VWHS ,76 PHHW WKH IRO(
1HOVRQ

,7T6P ,76PD[ [ &S (TXDWLRQ

:KHUH

/ LV WKH 6KRUWHVW GLPHQVLRQ RI HOHPHQW P
&S LV WKH 3 ZDYH VSHHG LQ PDWHULDO
6R LW ZDV DGYLVDEOH WR XVH

, (6P ,76PD[ L H ,76P I &S (TX

7R FKHFN WKH ,76PL YDOXH ZLWK WKLV PHWKRG
R IDU LQ WKH DQDO\VLVY WKH GLPHQVLRQV RI DQ HOH
LI / 6KRUWHVW GLPHQVLRQ RI HOHPHQW P

&S 3 ZDYH VSHHG LQ PDWHULDO P V W V
WKHUHIRUH

,76PD[ /| &S [ [ Y

,76P , 76 PDJ[ [ [ [ \



&KDSWHU

&RPSDULQJ WKLV YDOXH ZLWK WKH FDOFXODWHG ,76P

,76P , 76 PDJ [ v

DQG
,76PL [ a VIURP SUHYLRXV VHFWLRQ

KHQFH WKHVH YDOXHV VDWLVI\ ERWK UHFRPPHQGDWL

7TKH ,76 XVHG LQ WKH ILQLWH HOHPHQW PRGHOOLQJ
OLPLWDWLRQV VPDOOHU WKH ,76 WKH ORQJHU WKH F

JLOLWH HOHPHQW PHVK

'KHQ QRGHV DUH QXPEHUHG DQG GHILQHG E\ WKHLU
JHQHUDWHG WKLV LV FDOOHG PHVKLQJ DQ H[DPSOH

LV VKRZQ LQ ILJXUH W VKRZV WKH QXPEHU R
HOHPHQW ZDV PZKLUFK ZDV FDOFXODWHG IURP HTXDWI
RI HOHPHQWYV

7TKHUH DUH WZR W\SHV RI PRGHOOLQJ RQH LV GRQH
7TKH RWKHU LV DXWRPDWLF WKLV VKRZQ LQ ILIJXUH?
GLVFXVVHG IXUWKHU LQ $SSHQGL[ %

(/1(0(176 =
$ %
)LJ ,OOXVWUDWLRQ RI SUREOHP PRGHO OQRW Gl

SRLQW DQG SRLQW % LV WKH UHFHLYHL



&KDSWHU

THVW FDVHYV

7KH W\SHV RI GHIHFWV QRQ GHIHFWV LQ FRQFUHWH P

f ' VROLG O9HULI\LQJ /LQ 6DQVDORQH &DULQR

f O9RLGV XVLQJ FRQWDFW HOHPHQWYV LQ

f 9RLGV ZLWKRXW XVLQJ FRQWDFW HOHPHQW LQ

f OXOWLSOH YRLGV LQ ' D VLPXODWLRQ RI ZDOO $ F
LQ FKDSWHU DQG

7KH IROORZLQJ VHFWLRQV GHVFULEH WKH PHWKRG R
UHVXOWY DFFRUGLQJO\

$[LVAPPHWULF PRGHO RI LPSDFW HFKR V

7KH REMHFWLYH RI /LQ 6DQVDORQH &DULQR ZI
XVLQJ WKH LPSDFW HFKR PHWKRG IRU GHWHFWLQJ YR
DXWKRUV KDYH PRGHOOHG VHYHUDO ILQLWH HOHPHQ
YRLGV

7KH DXWKRU GHYHORSHG D ILQLWH HOHPHQW PRGHO \
DV D VWDUWLQJ SRLQW WR DFWXDOO\ PRGHO D UHD
H[SHULHQFH 7KH SODWH LV P WKLFN DQG P LQ
KDOlI RI WKH SODWH GLDPHWHU ZDV XVHG $ UHSUHV!
VKRZQ LQ ILJXUH

J)LIXUH $[LVI\IPPHWULF PRGHO QR GHIHF



&KDSWHU

,Q WKH DQDO\VHV D ' D[LV\PPHWULF HOHPHQW ZDV
ZDV VLPXODWHG E\ DSSO\LQJ D XQLIRUP SUHVVXUH F
QRGHV RI 30DQH /ILQ HW DO KDYH XVHG WZR HOHPI
HOHPHQWY IURP WKH LPSDFW SRLQW 7KH DGYDQWDJI
QRGHYVY PHDQV IRU HYHU\ HOHPHQW XVHG E\ WKH UH
RWKHU GLIITHUHQFHY DUH VKRZQ RQ WDEOH 7TKH L
SODWH 7KH W\SLFDO GLPHQVLRQ RI WKH TXDGULODW
P LQ ERWK GLUHFWLRQV 7KLV FRQILUPV HTXDW
ZKLFK FDQ EH XVHG DV DQ HVWLPDWLRQ RI Wi

7KH JHQHUDWHG VWUDLQV DUH YHU\ ORZ LQ LPSDFW F
HODVWLF SURSHUWLHYVY VKRZQ LQ WDEOH UHSUHVH

ODWHULD@VLWRXQJBRLVVRQTV
NJ P ORGXOXBDWLR
3D
&RQFUHWH

7TEOH ODWHULDO SURSHUWLHV IRU WKH D]

/LQ HW DO $XWKRUV
1R FRQVWUDLQVWRQXVYWGEDLQWY XVHG RQ WKH
OLQH
HOHPHQWY WKUR X HO WKHHQSWODWKURXJIK WKH ¢
WKLENQHVYV H/DKALPFHNGM Y V HOHPHQWYV WK
WKURXJK KDOlI RKW®&HRIODKHHSODWH GLDPHW
GLDPHWHU XVHG WRWR® DO HROHPWQ W V

7TDEOH &RPSDULQJ UHVXOWYV

SHVXOWYV RI D[LV\PPHWULF PRGHO

7KH UHVXOWYV IRU WKH GHIHFW IUHH VROLG PRGHO
UHVXOWY DJDLQVW /LQ HW DO 7KH ZDYHIRUP LV VKRZ



&KDSWHU

E 5
I E E SE |

"KAAY\”

$ XV KRU /LQ 6DQVDORQH &DULQR
JLIXUH :DYHIRUP RI GHIHFW I UHH VROLG |
[ 6
$XWKRU /LQ 6DQVDORQH &DULQR

JLIXUHV $PSOLWXGH VSHFWUXP RI GHIHFW IUH



&KDSWHU

JLIXUH VKRZV WKH VXUIDFH GLVSODFHPHQW ZDYHI
WKH LPSDFW SRLQW $V GLVFXVVHG LQ FKDSWHU ‘
GRZQzZDUG GLVSODFHPHQW SURGXFHG E\ WKH DUUL)
FDXVHG E\ WKH DUULYDO RI 3 ZDYHV ZKLFK PXOWLSO\
WKH SODWH DV ZHOO DV IURP WKH SHULPHWHU RI WK
VSHFWUXP W VKRZV WKH WKUHH IOH[XUDO PRGHV O
ODEHOOHG DQG DUH WKH URG PRGH DQG 3 ZDYH W
FRPSDUHG DJDLQVW WKH FRUUHVSRQGLQJ GHSWKYV IR

7KH UHVXOWV RI WKH DXWKRU V YHULILFDWLRQ RI 7L
UHVXOWV DUH RYHU LQ DJUHHPHQW VDWLVIDFWRU
GLG QRW XVH DV PDQ\ HOHPHQWYV DV WKH /LQ HW DO
WHQG WR PDNH WKH DXWKRUJV PRGHO VWLIIHU WKX
IRXQG

/ILQ HW DIOQ HW DEXWKRU$SXWKRU
JUHTXHQFWHSWK J)UHTXHQFMHSWK

N +] P O N +] P
6ROLG  N+] P N +] P
SODWH N +] P N +] P
N +] P N +] P
N +] P N +] P
7TDEOH &RPSDULVRQ RI /LQ HW DO DQG DXWKRUY

"GHIHFW PRGHO ZLWK FRQWDFW HOHPH

YLIXUH VKRZV WKH DXWRPDWLF PHVK RI WKH GHIH
HOHPHQWYV )LJXUH VKRZV D VEKHPDWLF LOOXVW!
WKH HIIHFW RI XVLQJ FRQWDFW HOHPHQWYV $V GHVFL
WKH FRQWDFW HOHPHQW LV SODQHU ZLWK DQ LQLW
VWLIIQHVVY LQ WKH QRUPDO DQG VKHDU GLUHFWLRQ
DUHD ZKHUH WKH FRQWDFW HOHPHQW ZDV LPSOHPHQ\
SURSHUWLHY XVHG IRU ERWK HOHPHQWY DUH JLYHQ
PRGHO DUH

$ 7RWDO QXPEHU RI HOHPHQWYV

+ 7RWDO QXPEHU RI FRQWDFW HOHPHQWYV

+ (OHPHQW W\SH 30DQH

f ,QWHUIDFH HOHPHQW XVHG &RQWDFO



&KOSWHU

JRUFH XVHG WR JHQHUDWH WKH LPSDFW
,PSDFW WLPH _LV

7TRWDO GXUDWLRQ SV

'LVWDQFH RI LPSDFW DQG UHFHLYHU P

= =+ +H+ +H

7KH PRGHO ZDV UXQ ZLWK WKH FRQWDFW HOHPHQW ZL
GRPDLQ DV VKRZQ LQ ILIJXUHV DQG )W ZDV U
HOHPHQW WR WKH VDPH GLPHQVLRQV GHVFULEHG LQ IL
WKH WLPH DQG IUHTXHQF\ GRPDLQ DV VKRZQ LQ ILIJXUH

OPP

J)LIXUH OHVK RI WKH PRGHO ZLWK FRQWDF!'

FRQWDFW HOHPHQWY DSSOLHG KHUH

P

)LIXUH ORGHOOLQJ ZLWK WKH FRQWDFW

ODWHULDEQVLWXRXQJYV3RLVVRQTTV
w P ORGXOXV 5DWLR
N1 P
&RQFUHWH [O
7DEOH ODWHULDO SURSHUWLHV IRU 30DQH

W LQLWLDX
.Q N1 P.V N1 PJ P VWDWXVFRXORPE
RSHQ IULFWLRQ
FUDFN
[ K [
7TDEOH ODWHULDO SURSHUWLHYV IRU &RQ"



&KDSWHU

SHVXOWYV RI " PRGHO ZLWK ZLWKRXW
7TKH UHVXOWYV RI ZLWK DQG ZLWKRXW FRQWDFW HOHPI

[

P

,QLWLDO JDS

JLIXUH :DYHIRUP RI PRGHO ZLWK FRQWDFW F

J)LIXUH $PSOLWXGH VSHFWUXP RI PRGHO ZLWK FR



&KBWHU

=
o
I
o
T
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-
JLIXUH :DYHIRUP RI PRGHO ZLWKRXW FRQWDF
<
-
X
=
o
o™
o
&
JUHTXHQF\ +]
JLIXUH $PSOLWXGH VSHFWUXP RI PRGHO ZLWKR

GRPDLQ



&KDSWHU

7TKH UHVXOWYV IRU ZLWK DQG ZLWKRXW FRQWDFW HOF
VLPLODU EXW WKH GLIITHUHQFH LV WKDW UHVXOWYV R/
KLWWLQJ HDFK RWKHU RFFDVLRQDOO\ ZKLOH WKH U
FDQWLOHYHUY SDVVLQJ WKURXJK HDFK RWKHU

7TKH GHIHFW ZLWK P GHSWK JLYHV D SUHGLFWHG
LQGLFDWHG LQ ERWK JUDSKV ZKHUH LW LV N +]
SUHGLFWHG WKLFNQHVV ITUHTXHQF\ LV N+] WKH
HOHPHQW VKRZV D GRPLQDWH SHDN RI DERXW N +

DFWXDOO\ SDVVHG WKURXJK WKH FRQWDFW HOHPHQW
EDFN WR WKH WRS VXUIDFH 6R WKH WZR VXUIDFHV |
FRPSUHVVLRQ IRUFH 7KH DPSOLWXGH JUDSK ZLWKRX
VKRZ D SHDN LQ WKDW UHJLRQ WKLV VXJIJHVW WKH F
ZHUH QRW LQ FRQWDFW GXULQJ FRPSUHVVLRQ IRUFH
FRQWDFW HOHPHQWY GLVFXVVHG LQ VHFWLRQ Rl &

,Q IDFW WKH PRGHO ZLWK WKH LQWHUIDFH HOHPHQW
UHVSRQVH ZLWK WKH FRQWDFW HOHPHQW LV PRUH F
ZLWK WKH PRGHO ZLWKRXW FRQWDFW HOHPHQW 7KH\
FDQ EH VHHQ WKDW DIWHU WKH pJDST RI P WKF
FRXOG EH GXH WR WKH HIIHFWV RI WKH VXUIDFHV RI
“ P PD\EH WKH GLVSODFHPHQWY RI HDFK VXUIDFH
LV QRVLHU WKDQ WKH PRGHO ZLWKRXW WKH FRQWDFW

7KH DPSOLWXGH JUDSK RI ILJXUH VKRZ SURQRXQ
VXJIJHVW SHUKDSVY D EHDW SKHQRPHQD ZKHUH WKH F
KDYH D SURQRXQFHG ORZHU IUHTXHQF\ IHDWXUH +R
PRGHO ZLWKRXW FRQWDFW HOHPHQWY GRHV QRW VKR

" PRGHO RI :DOO $ 20VRQ VSHFLPHQ ZD

7KH ' PRGHO LV WKH VLPXODWLRQ RI ZDOO $ RI WKH
GHVFULEHG LQ FKDSWHU $ ILQLWH HOHPHQW PHVK
VKRZQ LQ ILIXUHYV DQG



&KDSWHU

J)LIXUH OHVK RI " PRGHO

JLIXUH ' PRGHO ZLWK QRPLQDO GLPHQVLRQ ¢



&KDSWHU

7KH PDWHULDO SURSHUWLHV XVHG LQ WKH PRGHOOLC(
IRU WKLY PRGHO DUH

f 1XPEHU RI HOHPHQWYV

t+r ,PSDFW WLPH SV

tf 7RWDO LPSDFW WLPH SV

¥ )RUFH XVH DV LPSDFW

¥ 'LVWDQFH RI LPSDFW DQG UHFHLYHU P

ODWHULDIRLVVRQYVHQVLW\ <RXQJTV

5DWLR N1 P ORGXOXV
N1 P
&RQFUHWH [V
7EOH ODWHULDO SURSHUWLHV ' PRG
SGHVXOWY RI ' PRGHO RI :DOO %

7KH UHVXOWYV IRU WKH ' PRGHO RI ZzDOO $ LV VKRZQ
WKH SUDFWLFDO UHVXOWY 7KH\ DUH SUHVHQWHG LQ

7KH PDLQ GLIITHUHQFH EHWZHHQ WKH ILQLWH HOHPHQ
HITHFWV RI RWKHU YRLGYV LQ WKH YLFLQLW\ KDV PDGI
WHVW PRUH FRPSOLFDWHG 7KH ILQLWH HOHPHQW
PD[LPXP ITUHTXHQF\ RI DERXW N+] 7KLV PHDQV WKF
HYHQ ILQHU EXW DV GLVFXVVHG LQ FKDSWHU RQH WI
ZLWK WKH ' PRGHO WKH SURFHVVLQJ WLPH ZLOO EF
REWDLQ D VROXWLRQ $V H[SODLQHG LQ VHFWLRQV

VLIQLILFDQW WKH PRUH HOHPHQWY XVHG WKH JUHDW

JRU D GHIHFW R P GHSWK WKH IUHTXHQF\ RI LQV
SODQH RI P WKH WKLFNQHVV IUHTXHQF\ LV

HOHPHQW UHVXOW VKRZV D SHDN DERXW N+] EXW G
WKLFNQHVYVY IUHTXHQF\ ,Q WKLV ILQLWH HOHPHQW PF
XVHG 8VH RI WKH FRQWDFW HOHPHQWY GHPRQVWUDW
DFFXUDF\ RI WKH WKLFNQHVY DQG GHIHFW ITUHTXHQI
HI[SHULPHQWDO UHVXOWYV &RQVLGHULQJ WLPH DQG U
RI' ' LPSDFW HFKR V\VWHPV LV EH\RQG WKH VFRSH R
PRGHOV KDYH IRUPHG WKH PDLQ EDVLV RI WKH DXWKR



&KBWHU

YLIXUH

$PSOLWXGH

JLIXUH

:DYHIRUP RI ' PRGHO LQ WLPH G

$PSOLWXGH VSHFWUXP R

"PRGHO L



&KDSWHU

6 XPPDU\

7KH VLIJQLILFDQFH RI WKH ,76 LPSDFW WLPH VL]H RI
ZLWK

JLQLWH HOHPHQW VLPXODWLRQ WR YHULI\ /LQ HW DO
LQ DJUHHPHQW ORGHOOLQJ ZLWK DQG ZLWKRXW FRQ
WKH UHVXOWY DSSHDUHG WR EH VLPLODU WKH UHVXC
UHDOLVWLF 7KH PRGHOOLQJ RI ZDOO $ RI 20VRQ V¢
UHVXOWV DUH PRVW HQFRXUDJLQJ KRZHYHU WKH

PRGHOOLQJ DUH EH\RQG WKH VFRSH RI WKLV UHVHDUI

:KLOVW WKH ILQLWH HOHPHQW DSSURDFK OHDGV L
FRPSRQHQWY DQG WKHLU GHIHFWV LWV LV FOHDUO\
EURDG UDQJH RI WUDLQLQJ GDWD 7KH DEVHQFH RI G
WKHRUHWLFDO GDWD DQG WKDW GHULYHG IURP SK\V
HOHPHQW FDXVHV VXFK QRLVH WKH WZR VLGHV RI D
XQUHDOLVWLFDOO\ SDVV WKURXJK HDFK RWKHU



&KDSWHU

&KDSWHU HOHYHQ

&RQFOXVLRQV

, QWURGXFWLRQ

,Q WKLV FKDSWHU DFKLHYHPHQW DJDLQVW WKH REMI
UHFRPPHQGDWLRQV IRU IXWXUH ZRUN )RU FRQYHQI
UHSHDWHG KHUH SUHIDFLQJ WKH FRUUHVSRQGLQJ FR

'LVFXVVLRQ

&RQGXFW LPSDFW HFKR H[SHULPHQWY WR SURYLGH YI
7KLV REMHFWLYH KDV EHHQ VXFFHVVIXOO\ DFKLHYHG
HFKR GHYLFH WHVWHG RQ ORFDWLRQV RI H[SHULPI
QHXUDO QHWZRUN VWXG\ )RU HDFK ORFDWLRQ WKHL
JDWKHUHG LQ WKH WLPH GRPDLQ $OWKRXJK LW ZDV
LPSDFW LQ WKLV IRUP LW ZDV FRQYHQLHQW WR XQGFH
DV GLVFXVVHG LQ VHFWLRQ RI FKDSWHU +HQFH
DOO WKH UbzZz GDWD WR DFKLHYH WKLV JLYLQJ D WRW

7R XQGHUVWDQG WKH JUDSKV WKH SUHGLFWHG IUHT

DQG GHSWK RI ZDOO XVLQJ 7 &S IS ZKHUH 7 LV
YHORFLW\ LQ FRQFUHWH DQG IS LV WKH IUHTXHQF\ F
7KH WKHRU\ LV GLVFXVVHG LQ VHFWLRQ Rl &KD S

SURYLGHG E\ 20VRQ (QJLQHHULQJ ZKR SURGXFHG WHK
WKH VLIJQLILFDQW IUHTXHQF\ IRU HDFK ))7 JUDSK 7
GHYLFH ZDV H[DPLQHG DQG GLVFXVVHG LQ Rl FKI
ORFDWLRQ ZDV IRXQG WR EH GLITHUHQW IURP RQH Jl
JUDSKYV ZDV LQYHVWLIJDWHG DQG WKH VWDQGDUG GH
ZDV IRXQG WKDW JHQHUDOO\ WKH VWDQGDUG GHYLDW

Rl &KDSWHU $QRWKHU IDFWRU FRQVLGHUHG ZD
%YHFDXVH WKH VWUHVYVY ZDYH YHORFLW\ LQ FRQFUHWH
ZDV DVVXPHG WKDW WKHUH ZRXOG EH * IOXFWXDW
IRXQG WKH UDQJH RI IUHTXHQFLHYVY LOQWHUSUHWHG I[UF



&KDSWHU

I[UHTXHQFLHYV ZLWK WKH * VWUHVYVY ZDYH YHORFLW\
WKH LPSDFW HFKR GDWD 7KH IUHTXHQFLHV LQWHUSL
VKRZQ DJDLQVW WKH IUHTXHQFLHV ZLWK WKH YDULD
&KDSWHU 7KH PDLQ ILQGLQJV LV WKDW WKH LPSDF!
UHOLDEOH IRU WKH SXUSRVHV RQ WUDLQLQJ D QHXUD

(VWDEOLVK D VXLWDEOH DUWLILFLDO QHXUDO QHWZR
$ VXLWDEOH QHXUDO QHWZRUN IRU WKH GDWD DQDO\!
RI WKH QHXUDO QHWZRUNV DOJRULWKPYV DQG WUDQV
QHXUDO QHWZRUNV DQG FRQFOXGHG WKDW WKH EDFI
XVH 7KLV LV WKH PRVW ZLGHO\ XVHG DQG ZHOO HVW
FKDSWHU WKH EDFN SURSDJDWLRQ QHWZRUN DUFK
DSSOLFDWLRQ DQG LV JRRG DW JHQHUDOLVDWLRQ
SUHVHQWHG WR WKH QHWZRUN ZKLFK FRUUHVSRQGYV
QHWZRUN ZLOO OHDUQ WR NH\ RII VLIQLILFDQW VLPL
ZLOO EH LIQRUHG 7KLV LV PRVW DSSURSULDWH LQ W
WZR LPSRUWDQW IUHTXHQFLHY SUHVHQW LQ WKH WU
7TKHVH VLIJQLILFDQW IHDWXUHV DUH
f $ GRPLQDQW IUHTXHQF\ UHODWLQJ WR WKH UHIOH
REMHFW WKLFNQHVYV IUHTXHQF\
f $ GRPLQDQW IUHTXHQF\ FRUUHVSRQGLQJ WR WKH
WKH WHVW REMHFW

$ W\SLFDO ))7 JUDSK VKRZQ LQ &KDSWHU VKRZV R
LOQOWHUHVW E\ XVLQJ WKH EDFN SURSDJDWLRQ QHW
QHIJOHFWHG DQG WKH WZR VLIQLILFDQW IHDWXUHV DL

8VH WKH LPSDFW HFKR GDWD WR WUDLQ DQG YHULI\ W
7KLYV REMHFWLYH ZDV DFFRPSOLVKHG ZLWK LPSDFV
SURSDIJDWLRQ QHWZRUN EXW QRW VR VWUDLJKW IR
DYDLODEOH WRWDO GDWD RI VHWY ZDV LQ IDFW Q
LOQSXWYV WR WKH QHXUDO QHWZRUN DQ HVWLPDWHG

RYHU ILWWLQJ ,QGHHG WKH QHWZRUN LV PRUH OLN|
DGHTXDWH GDWD VHWYVY LV QRW SUHVHQWHG 7KLV P
VXSSOHPHQW WKH H[SHULPHQWDO GDWD REWDLQHG Il



&KDSWHU

W ZDV GHFLGHG WR FUHDWH DGGLWLRQDO GDWD IUF
7KLYV KDG EHHQ WULHG E\ RWKHU DXWKRUV ZKRP ZHU
ZHUH WZR SRVVLELOLWLHYV IRU DFKLHYLQJ WKLV WR
RU UHYLHZ DYDLODEOH VRIWZDUH /DEYLHZ ZKLFK S|
XVHG

$ VWXG\ ZzDV PDGH WR GHFLGH RQ D OHYHO RI VWDQG
WR DOWHU WKH DFWXDO GDWD WRR PXFK ZKLOVW VW
LQ VHFWLRQ RI §KDSWHU &UHDWLQJ WKLV |
ZDV D ORQJ SURFHVV LQ ZKLFK LQYROYHG ILUVW DG
))7 SURFHVVLQJ ZDV GRQH

7KH UHPDLQLQJ GDWD ZDV LQWHUSRODWHG ZKLFK
IXQFWLRQ RI WKH LQWHUSRODWLRQ ZDV WKDW GRP
GLPLQLVKHG +RZHYHU WR ILQG WKH RSWLPXP QXP
LQYHVWLIJDWLRQ 7KLV LV GLVFXVVHG LQ VHFWLRQ

W 7ZDV REVHUYHG WKDW WKHUH ZHUH VRPH XQZDQWFE
WKLV ZRXOG DOVR UHGXFH WKH GDWD DJDLQ VR WKH

)LQDOO\ WKH UHPDLQLQJ GDWD ZDV DFFXPXODWHG
WLPHV 7KH DFFXPXODWHG GDWD IRU QHXUDO QHW
WKH QHXUDO QHWZRUN FRXOG XQGHUVWDQG WKLV L
ZDV ODEHOOHG VR WKDW WKH DXWKRU NQHZ WKH RUL
IUHTXHQF\ UHODWHG WR LWV GHSWK RI LQWHUHVW ZI
ZDV WDNHQ DV WKH LQSXW DQG WKH QXPEHU RI KLG
DQDO\VLY ZDV FDOFXODWHG EDVHG RQ WKH LQSXW
&KDSWHU 7KLV SURFHVVLQJ KDG WR EH UHSHDWHG
ZLWK WKH QXPEHU RI GDWD VHWV IRU WKH WUDLQLQ
WUDLQLQJ DQG WHVWLQJ GDWD DUH VKRZQ RQ WDEOH

7TDEOH VKRZV WKH RULJLQDO VWDWLVWLFV GDWD

GDWD VHWYV VHWY ZHUH ORVW GXH WR DXWKRUY
RI GDWD VHWV DIWHU DGGLQJ QRLVH LV VKRZQ LQ WK
LQ WKH VHWYV ZKLFK ZHUH RI QR XVH 7KLV ZDV SRLQW



&KDSWHU

UHVSRQVHV RI WKH LPSDFW HFKR GHYLFH ZDV H[DPLQ
QR VLIQLILFDQW SHDNV VR WKHVH ZHUH WDNHQ RXW

2ULJLQDORWDO QXPEHRWMIO QXPEHU RI GDWD
'DWD VHWGDWD VHWVVHWWWIWHU HOLPLQDWLQ.
DGGLWLRQ RI QREDKS 1 GDWD
7UDLQLQJ GDWD VHW
7HVWLQJ GDWD VHW

7TEOH 6WDWLVWLFV RI QHXUDO QHWZRUN WU

2SWLPLVH WKH QHXUDO QHWZYRUNSHUIRUPDQFH

7KLV REMHFWLYH WR RSWLPLVH WKH QHXUDO QHWZRL

QHXUDO QHWZRUN DIWHU DGGLWLRQ RI PRUH GDWD Z

SDUWLFXODUO\ IRU YRLG GHIHFWYV WKH UHVXOW GH

ZHUH EHWWHU WKDQ DFFXUDWH EXW LQ RWKHU F
DFFXUDF\ )LJXUH RI &KDSWHU VKRZV WKH QH

GHFLGHG WR LQYHVWLIJDWH ZKHWKHU LW ZDV SRVVLE:"

$ VHOHFWLRQ RI GDWD IURP WKH RULJLQDO WUDLQL
WUDLQLQJ GDWD ILOH ZDV WRR ODUJH WR XVH 7KH Q
WUDLQLQJ GDWD 7KH DXWKRU H[SHFWHG WR REVHUY
SUHGLFWHG IUHTXHQF\ JLYHQ WR WKH QHXUDO QHWZ
E\ WKH QHXUDO QHWZRUN DIWHU WHVWLQJ 7KLV ZRX
8QIRUWXQDWHO\ WKLV ZDV QRW WKH FDVH DQG WKH
WKLV LV VKRZQ LQ ILJXUH RI &§KDSWHU 7TKH PRVYV
OHDUQLQJ SDUDPHWHUYV D PRPHQWXP S WUDQVIHU
QRGHV $Q LQYHVWLJDWLRQ WR ILQG WKH RSWLPXP
FRQFOXGHG WKDW WR DFKLHYH WKH RSWLPXP UHVXO
WKH SDUDPHWHUY SUHVHQWHG LQ WDEOH PXVW EI
UHVXOWY ZLWK WKHVH SDUDPHWHUY DUH VKRZQ LQ IL
/HDUQLQHDUQLQBPHQWXRPEHUUDQVFHUD QV IHLD Q VLKW EHU

3DUDPH\WHUDPHW Hgj Rl IXQFWURQFWLRQFWLRR)
IRU KLGGRIQ RXWSXW KLGGH®Q\SH IRUSH IRUSH IRMHUDWLRQ
QRGHV DRGHV D QRGHVLQSXWKLGGH@XWSXW

QRGHVQRGHVQRGHYV
JLQHDBLJPRLELJIPRLG

7TEOH 2SWLPXP SDUDPHWHUV IRU QHXUDO



&KDSWHU

7KH LPSRUWDQFH RI WKH OHDUQLQJ UDWH PRPHQWX
GLVEXVVHG LQ FKDSWHU 'KHQ WKH RSWLPXP RI Wk
WDEOH WKH WUDQVIHU IXQFWLRQ IRU WKH KLGGH
GHIDXOW YDOXHV VHW E\ WKH QHXUDO QHWZRUN VRIW
GRQH WR VHH LI IXUWKHU LPSURYHPHQWY FRXOG EH
ZKHQ D VXPPDWLRQ YDOXH WKH VXP RI WKH LQSXWYV
HOHPHQW LV EH\RQG WKH SURFHVVLQJ HOHPHQWYV
HOHPHQW EHFRPHV PVDWXUDWHGYT :KHQ WKLV KDSS
SURGXFHV DQ HUURU L H QR OHDUQLQJ FDQ RFEXU
IXQFWLRQ UDQJH LV GLVFXVVHG LQ FKDSWHU $V
IXQFWLRQV 7DQ+ 6LJPRLG DQG /LQHDU ZHUH LQYHVW
LPSURYHPHQW WKH RSWLPXP YDOXHV SUHVHQWHG L
IXQFWLRQV DUH SUHVHQWHG LQ $SSHQGLJ

$QRWKHU LPSRUWDQW IDFWRU LQYHVWLJDWHG LV W
QHXUDO QHWZRUN WUDLQLQJ ,W ZDV IRXQG WKDW Wtk
IRU WKH LPSDFW HFKR DSSOLFDWLRQ 7KLV ZDV LQGL
VKRZV D PHDVXUH RI WKH SHUIRUPDQFH RI D QHXUDO
WKLV QXPEHU RI LWHUDWLRQ WKH 506 VWD\HG FRQ
WUDLQLQJ LV H[SODLQHG LQ $SSHQGL[ $

%XLOG D VLPXODWLRQ RI WKH LPSDFW HFKR VA\VWHP >
RIDFKLHYLQJ YDOLG GDWD VHWYV

6LPXODWLRQ RI WKH LPSDFW HFKR VA\VWHP XVLQJ

VXFFHVVIXOO\ DV D PHDQV RI DFKLHYLQJ DGGLWLRQD
HOHPHQW PRGHO RI WKH LPSDFW HFKR V\VWHP ZDV E

6DQVDORQH &DULQR 7KH UHVXOWY DUH SUHVHC(
ZDV RYHU LQ DIJUHHPHQW
$ " ILQLWH HOHPHQW PRGHO EDVHG RQ ZDOO $ RI W}

UHVXOWYV REWDLQHG 7KH ))7 JUDSK IURP WKH LPSDF
ZKLFK LV FORVH WR WKH SUHGLFWHG IUHTXHQF\ RI

PRGHO JDYH D IUHTXHQF\ RI N+] 7KH UHDVRQ IRU
QHHGY WR EH PHVKHG ZLWK PRUH HOHPHQWV $V GLV
RI DQ HOHPHQW EDVHG RQ zZDOO $7V GLPHQVLRQ VKI



&KDSWHU

OHDGLQJ WR D PHVK ZLWK HOHPHQWYV +RZHYHU
HOHPHQWYV ZRXOG EH YHU\ VORZ 7KH VL]H RI HOHPH
&DULQR VWXG\ RI WKH ' PRGHO ZDV [ P E\
PHVK ZLWK HOHPHQWY KDOI RI WKH SODWH ZDV P

XVHG DQ QRGHG HOHPHQW ZKLFK VHUYHG DV IRXU
QRGHG HOHPHQW JLYLQJ D WRWDO R9LGD\HW OMR HJIX\WQV
REWDLQ D VROXWLRQ 7KH ' PRGHO FRIGWDY QWRG S U R

$OVR 7KH GLVWDQFH EHWZHHQ WKH LPSDFWRU DQG
WA\SLFDO GLVWDQFH RI WKH LPSDFWRU DQG UHFHLYFE

UDQJH RI WR [ P WR LQFKHV 7KH GLVW
6DQVDORQH &DULQR ZDV [ P 7KH GLVW|
UHFHLYHU IRU WKH ' PRGHO ZDV [ P 7KLV L

+RZHYHU WR GHFUHDVH WKLV GLVWDQFH PHDQV FUH
PRUH HOHPHQWY ZRXOG WDNH ORQJHU WR SURFHVV
SURGXFHG E\ WKH ILQLWH HOHPHQW PRGHO LV WKDW
RI WKH ZDOO JLYLQJ WKH ULVN RI XQZDQWHG ERXC
&KDSWHU

$FKLHYLQJ WKLV REMHFWLYH PHDQW WU\LQJ WR ILC
VDWLVIDFWRU\ UHVXOW ,QLWLDOO\ WKH DXWKRU EX
SURFHVV 6XEVHTXHQWO\ WKH PRGHOV ZHUH EXLOW
" PRGHOV WKH WLPH LPSOLFDWLRQV ZHUH XQDFFHS
WLPH OLPLW ILQLWH HOHPHQW GDWD ZDV QRW XVHG

8VH D FRQWDFW HOHPHQW WR PRGHO D GHIHFW L
FROQWULEXWLRQ WRZDUGY PRGHO DFFXUDF\
7KLY REMHFWLYH ZDV DFKLHYHG XVLQJ D FRQWDFW |
P $ VWXG\ ZzDV XQGHUWDNHQ ZLWK DQG ZLWKR:
XQGHUVWDQG LWV FRQWULEXWLRQ WRZDUGV PRGHO
GHVLIJQHG DQG EXLOW ZLWK FRQWDFW HOHPHQWYV 7
UXQ DJDLQ ZLWKRXW WKH FRQWDFW HOHPHQWYV 7Kl
FRPSDUHG DQG LW ZDV REVHUYHG WKDW WKH\ ZHUH
FRQWDFW HOHPHQW SURGXFHG D QRVLHU UHVSRQVH
GRPDLQ WKDQ WKH PRGHO ZLWKRXW FRQWDFW HOHPH



&KDSWHU

WKDW DIWHU WKH LQLWLDO JDS RI P WKHUH ZHUHF
VXUIDFHV RI WKH GHIHFW ZHUH LQ RFFDVLRQDO FRQW

7TKH GLVSODFHPHQW RI WKLV ILQLWH HOHPHQW FDVH
RI * P ZKLFK FRXOG EH WKH HIIHFW RI WKH FROOL
WKH IUHTXHQF\ GRPDLQ IUHTXHQFLHV XQGHU N+] L
FROOLVLRQ RI WKH WZR VLGHV RI GHIHFW KDYH SUR
ILIXUH LQ &KDSWHU 7TKH WKLFNQHVYV ITUHTXHQ
SURYLQJ WKDW WKH GHIHFW LQWHUIDFHYVY KDYH PDGH
WKH LPSDFW IRUFH WR SDVV WKURXJK LW WR UHDFI
VXUIDFH +RZHYHU WKLV WKLFNQHVV IUHTXHQF\ LV C
ZLWKRXW WKH FRQWDFW HOHPHQW VKRZQ LQ ILJXUH
RI LPSDFW HFKR V\VWHP FRQWDFW HOHPHQWYV VKRX
OLNHO\ WR PHHW GXULQJ WKH LPSDFW HFKR SURFHVYV

+\SRWKHVLV

+\SRWKHVLV 7KH LQWHUSUHWDWLRQ RI LPSDFW HI
WKURXJK WKH XVH RI D QHXUDO QHWZRUN

&RQVLGHULQJ K\SRWKHVLV 7KH LPSDFW HFKR PHWK
GHFLGLQJ WR PDNH DSSURSULDWH GHFLVLRQV IRU DC
FKDSWHUV DQG +HQULNVHQ VWDWHY WKDW C
HFKR DQG XVHUfV H[SHULHQFH QHHGV WR FRQVLGHU
QHXUDO QHWZRUN WR DVVLVW LQ LQWHUSUHWDWLR
SURYLGHG DQDO\VLYV RI ODUJH DPRXQWV RI GDWD LQ
QHWZRUN WKH VXEMHFWLYH MXGJHPHQW LV HOLPLQI
VKRZ WKH UHVXOWYV RI QHXUDO QHWZRUN DQDO\VLV I

8VLQJ WKH GDWD VHW VWDWHG LQ WDEOH DO
IXUWKHU LQ FKDSWHU ZHUH SXW WRJHWKHU DQG
FRPSXWHG 7KLV LV VKRZQ LQ WDEOH XQGHU WKH

&RQVLGHULQJ WKHVH UHVXOWY WKH QHXUDO QHWZ
DFFXUDWH LQ PRVW FDVHV ZKHQ FRPSDUHG WR WKt
FROXPQ DQG 7KH WHVW FDVHV :DFOO DQG :GFOH k



&KDSWHU

7KLV LV EHFDXVH WKH LPSDFW HFKR WHVW ZDV
FRXOG KDYH UHVXOWHG LQ ZHDN UHVSRQVH +HQFH
IXOILOOHG

&DVHYV B3UHGLFWHGBSWK 13 ,PSDFW 'HSWK 1HXUDO "HS WK "LITHUHQFH
JUHTXHQFRI ZDOO (FKR FRUUHVSRQHWZRUN FRUUHVSRQEHWZHHQ

N + ] P JUHTXHQF\GLQJ WR NWUHTXHQF\ GLQJ WR SUHGLFWHG
E N +] P N +] 1HXUDO DQG QHXUDO
1HWZRUN QHWZRUN
IUHTXHQF\VIUHTXHQF\
P N + ]
:DY OH
:DY H
:DY H
:DY H
:DYO z
:DY Z
:DY Z
:DY Z
:DFOO
:DFO
:GY H
:GY H
:GY H
:GY H
:GFOH
7TDEOH $YHUDJHV RI QHXUDO QHWZRUN DQDO
7TKH FROXPQV ODEHOOHG WR LQ 7DEOH DUH

WHVW FDVHV LQYHVWLJDWHG

SUHGLFWHG IUHTXHQFLHYV

WKH DFWXDO GHSWK RI GHIHFWV DQG QRQ GHIH
I[UHTXHQFLHV

I[UHTXHQFLHYVY REWDLQHG ZLWK WKH LPSDFW HFKR F
WKH FRUUHVSRQGLQJ GHSWKV WR IUHTXHQFLHV ZL'
QHXUDO QHWZRUN IUHTXHQFLHYV DIWHU WUDLQLQJ
WKH FRUUHVSRQGLQJ GHSWKV WR WKH QHXUDO QH
GLIlTHUHQFH EHWZHHQ WKH SUHGLFWHG IUHTXHQF\

8VH RI QHXUDO QHWZRUN DQDO\VLV LV DSSURSULDW
HFKR GDWD PRVW XVHIXOO\ DV XVHU VXSSRUW UDWK

+\SRWKHVLV  )LQLWH HOHPHQW PRGHOV SDUWLFXO
SURYLGH D UHOLDEOH PHDQV RI UHSUHVHQWLQJ LPS
QHXUDO QHWZRUN WUDLQLQJ

W KDV EHHQ VKRZQ LQ FKDSWHU WKDW E\ LPSOH
UHSUHVHQWDWLRQ Rl WKH LPSDFW HFKR V\VWHP LV S



&KDSWHU

HOHPHQW LQGLFDWH WKDW WKH WZR VXUIDFHV RI W
RWKHU GXULQJ DQ LPSDFW IRUFH ZKLFK LV WKH WUX|
GHIHFW 7KH FDOFXODWHG SUHGLFWHG IUHTXHQF\ ED
N+] DQG WKH DPSOLWXGH JUDSK RI WKH ILQLWH HOH
VKRZQ D IUHTXHQF\ RI N+] $OVR WKH SUHGLFW
N+] WKH ILQLWH HOHPHQW FDVH ZLWK WKH FRQWDF\
7TKHVH UHVXOWY DUH RYHU DFFXUDWH

7KH " ILQLWH HOHPHQW PRGHO UHSUHVHQWLQJ D VS
HTXLSPHQW GLVFXVVHG LQ &KDSWHU LV DERXW
KDG RQO\ HOHPHQWY $V GLVFXVVHG SUHYLRXVO
HOHPHQWYV QHHGVY WR FUHDWHG $OVR E\ LPSOHPHQ
HOHPHQW PRGHO ZLOO IXUWKHU HQKDQFH LWV DFF)>
PRGHOV JLYHQ FXUUHQW FRPSXWLQJ SRZHU LV OLNFE
HOHPHQW PRGHO ZLWK FRQWDFW HOHPHQW DUH VLPL
HOHPHQW PRGHO GLG QRW KDYH FRQWDFW HOHPHQW)
WR FRQFOXGH K\SRWKHVLV KDV EHHQ SURYHQ

SHFRPPHQGDWLRQV

)XWXUH LPSURYHPHQWY UHFRPPHQGHG
8QGHUWDNH H[SHULPHQW ZLWK RWKHU QHXUDO QH'
.RKRQHQ RU 5DGLDO %DVLV )XQFWLRQ QHWZRUN
7KH LPSDFW HFKR DSSOLFDWLRQ VR IDU KDV EH
DSSUR[LPDWLRQ SUREOHP VR D EDFN SURSDJDWLF
QHWZRUN )XUWKHU LPSURYHPHQWY QHHG WR EH
DSSOLFDWLRQ DQG WHVW .RKRQHQ DQG 5DGLDO %D

,QYHVWLJIJDWH XVH Rl WKH 6WUXWWJDUW 1HXUDO 1
SURFHVV LQFRUSRUDWHG DOORZLQJ GHWHUPLQDW!I
SDUDPHWHUV WR REWDLQ RSWLPXP UHVXOWYV

7KLV QHXUDO QHWZRUN VRIWZDUH ZDV GHVLJQHG E
(IIRUWV ZHUH PDGH WR XVH WKLV QHXUDO QHWZRU!
RQO\ UDQ XQGHU 81,; ZKLFK ZDV QRW FRQYHQLHQ
$QQXDO 1HXUDO 1HWZRUNV 6XPPHU 6FKRRO KD\
QHWZRUN VRIWZDUH E\ 6WUXWWJDUW 8QLYHUVLW)\



&KDSWHU

8VH VXSHU FRPSXWHUV RU D ZHOO HTXLSSHG FRPS
ILQH HOHPHQW PHVKHYV DAORG LFPSHURWH PRBNXUG®DBWD IR
WUDLQLQJ

$V VKRZQ WKH LGHDO VL]H RI HOHPHQW ZRXOG EH
ZDOO $ 7KLV UHTXLUHV HOHPHQWY WR EXLO
QXPEHU RI HOHPHQWYV LV GLIILFXOW WR DFKLHYH W
DQG WHVW 7KLV ZRXOG WDNH OHVV ORQJHU WR SU
DQG GLVWDQFH EHWZHHQ WKH LPSDFW DQG UHFHLY

, QYHVWLIJDWH D UDQJH RI GHIHFW PRGHO ZLWK W
QHXUDO QHWZRUN SHUIRUPDQFH

7R WDNH DGYDQWDJH RI WKH UHOLDELOLW\ RI WKI
LPSDFW HFKR GDWD ZRXOG GHOLYHU D FRPSUHKHQ
YDULHG GDWD SUHVHQWHG WR WKH QHWZRUN WKH
WKH RQO\ zD\ WR SUHYHQW WKH QHWZRUN IURP O
WUDLQLQJ VHW E\ SURYLGLQJ LW ZLWK SOHQW\ RI
OHDUQ DOO WKHLU LGLRV\QFUDVLHYV

$GRSW ODUJHU SK\VWLFDO WHVW VSHFLPHQV ZLW
LOQYHVWLIDWLRQV

,Q WKH LPSDFW HFKR WHVWLQJ WKH UHVSRQVH RI
RWKHU YRLGVY DQG ERXQGDULHV DIIHFWLQJ WKH
UHFRPPHQGDWLRQ WR EXLOG ODUJHU VSHFLPHQV
PRUH GLVWLQFW VLIQDOV LV VXJIJIHVWHG

$GRSW LUUHJXODU YRLG PRGHOV WKDW UHSUHVHQ
30DQQHU YRLGV KDYH EHHQ PRGHOOHG LQ WKLV L
GLPHQVLRQ DQG DQJOH QHHGV WR EH FRQVLGHUHG
VTIXDUH RU FLUFXODU IRU H[DPSOH ,W ZLOO EH LL
ZD\ $ VLPLODU DSSURDFK VKRXOG EH WDNHQ ZKHQ
XVH ZLWK WKH LPSDFW HFKR HTXLSPHQW



SHIHUHQFHYV

5()(5(1&(6

$OHNVDQGHU , DQG ORUWRQ + $Q ,QWURGXFW
&KDSPDQ DQG +DOO

$PLW ' ORGHOV RI %UDLQ )XQFWLRQ &DPEULG.

$QGHUVRQ - $ $ 6LPSOH 1HXUDO 1HWZRUN *HQ
ODWKHPDWLFDO %LRVFLHQFHV

$16<6 "\QDPLFV 0DQXDO 8VHU V JXLGH IRU UHYL
$16<6 8VHUYV 0DQXDO 9ROXPH ,,, (OHPHQWYV U
$16<6 *HWWLQJ VWDUWHG ZLWK WKH $16<6 SURJ
$16<6 "\QDPLFV 8VHUYfV *XLGH IRU 5HYLVLRQ

$16<6 7TKHRU\ 9ROXPH ,9 ODQXHO $QDO\VLV

$QDO\VLV SS

$WWRK 2NLQH 1 8VH RI DUWLILFLDO QHXUDO Q
DSSOLFDWLRQV LQ SDYHPHQW HYDOXDWLRQ DQG DV
'"HVWUXFWLYH 7HVWLQJ LQ &LYLO (QJLQHHULQJ 1'7 &

%HDOH 5 DQG -DFNVRQ 7 IHXUDO &RPSXWLQJ ¢

%XQJIH\ - + THVWLQJ FRQFUHWH LQ VWUXFWXUF
FRQFUHWH LQ VWUXFWXUHYV IRQGRQ &,5,9%

&DPHURQ 6 *URVVEHUJ 6 DQG *XHQWKHU ) + $
DUFKLWHFWXUH IRU QDYLJDWLRQ XVLQJ RSWLF IORZ



SBHIHUHQFHV

&DULQR 1 - 6DQVDORQH 0 DQG +VX1 1 )ODZ GH'
VSHFWUXP DQDO\VHV RI LPSDFW HFKR ZDYHIRUPV
GHVWUXFWLYH 7HVWLQJ HGLWHG E\ : - OF*RQQDJO

6FLHQFH 3XEOLVKHUV

&DULQR 1 - DQG 6DQVDORQH O '"HWHFWLRQ YR

LPSDFW HFKR PHWKRG ODWHULDOV -RXUQDO RI WKF

&DUOLQJ $ ,(QWURGXFLQJ 1HXUDO 1HWZRUNV L

&DUSHQWHU * $ 'LVWULEXWHG OHDUQLQJ UHFI
$570%$3 QHXUDO QHWZRUNV 1HXUDO 1HWZRUNYV

&DXGLOO O ,(QWURGXFWLRQ WR 1HXUDO 1HWZRL
E\O &DXGLOO 6DQ )UDQFLVFR OLOOHU )UHHPDQ

&DXGLOO 0 3DUW ,9 .RKRQHQ OHDUQLQJ ,Q 1
0 &DXGLOO 6DQ )UDQFLVFR OLOOHU JUHHPDQ

&DXGLOO O 3bUw , :KDW LV D 1HXUDO 1HWZR
HGLWHG E\ 0 &DXGLOO 6DQ )UDQFLVFR OLOOHU )UHF

&DXGLOO O $YRLGLQJ WKH JUHDW EDFN SURS
6SHFLDO 5HSRUW 6DQ J)UDQFLVFR OLOOHU )UHHPDQ

&DXGLOO O 3DUW %DFN SURSDJDWLRQ QHWZ
HGLWHG E\ 0 &DXGLOO 6DQ )UDQFLVFR OLOOHU )UH

&DXGLOO O 3DUWwW $GDSWLYH UHVRQDQFH QH)
HGLWHG E\ 0 &DXGLOO 6DQ J)UDQFLVFR OLOOHU )UHF

&KDPEHUODLQ '$ DQG %OHDNOH\ * - &85,2 1'7
LQGXVWU\ ,Q ,QGXVWULDO 5RERW 0&% 8QLYHUVLW\



SHIHUHQFHV

&KDPEHUODLQ ' $ $ UHPRWHO\ RSHUDWHG EXL
SRERWLFV 7KH ,QWHUQDWLRQDO -RXUQDO RI WKH 5R

&KDPEHUODLQ " $ $ UHEDU GHWHFWLRQ URERW
6\PS 2Q $XWRPDWLRQ DQG 5RERWLFV LQ &RQVWUXFW

&KHQJ & DQG 6DQVDORQH 0 7KH LPSDFW HFKF
FRQWDLQLQJ GHODPLQDWLRQV QXPHULFDO H[SHULE
BWUXFWXUHYV

&OHPHQD * * 1RQ GHVWUXFWLYH LQVSHFWLRQ F
SHQHWUDWLQJ uUbGbuUu ,Q 7TUDQVSRUWDWLRQ SHVHDU
%RDUG SS

&RROH\ - : DQG 7XUNH\ - : $Q DOJRULWKP IRU
FRPSOH[ IRXULHU VHULHVY ODWKHPDWLFV RI &RPSXWL

&RRPEHV 6 DQG 7D\ORU - * 8VLQJ JHQHUDOLVHC(
DFKLHYH DVVRFLDWLYH PHPRU\ LQ D +RSILHOG QHW

"'D\KRII - 1HXUDO QHWZRUNV DUFKLWHFWXUHYV
IRVWUDQG SHLQKROG

(PPRQV 3 + &RQFUHWH 5HSDLU DQG ODLQWHC
&RPSDQ\ LOQF

JLIWK $QQXDO 1HXUDO 1HWZRUNV 6XPPHU 6FKRRO
SURJUDPPH )RU ,QGXVWU\ 9ROO SSO O WK - X(
&DPEULGJH

JUHHPDQ - $ %DFN SURSDJDWLRQ LQ D QHXUDO
SHSRUW 6DQ )UDQFLVFR OLOOHU )UHHPDQ



SHIHUHQFHV

JXNXVKLPD . OL\DNH 6 DQG ,WR 7 I1HRFRJQLWUTF
PHFKDQLVP RI YLVXDO SDWWHUQ UHFRJQLWLRQ ,(((
S\EHUQHWLFV 60&

)XNXVKLPD . $QDO\WLV RI WKH SURFHVV RI YL
I1HRFRIJQLWURQ 1HXUDO QHWZRUNYV

*ODVLXV 5 .RPRGD $ DQG *LHOHQ 6 & $ 0 1HXUI
SODQQLQJ DQG REVWDFOH DYRLGDQFH 1HXUDO 1HWZ

*ORYHU ' ( $ K\EULG RI RSWLFDO IRXULHU HO
YLVLRQ LQVSHFWLRQ V\VWHP 3URF 9LVLRQ &RQIH
*ROWVHY $ $Q DVVHPEO\ QHXUDO QHWZRUN |

IHWZRUNYV

*RUGRQ 5 6 6WDWLF 7ZR 'LPHQVLRQDO ([DP:
7UDLQLQJ 3URMHFW 80,67

*RUPDQ 5 3 DQG 6HMQRZVNL 7 - $QDO\WVLV RI KL
WUDLQHG WR FODVVLI\ VRQDU WDUJHWY 1HXUDO 1HW

*URVVEHUJ 6 6FLHQFH

JODPPRQG FRQFUHWH VHUYLFHYV OLWHUDWXUH

JOHEE ' 2 7KH RUJDQLVDWLRQ RI EHKDYLRXU 1H

+HQULNVHQ & ,PSDFW HFKR WHVWLQJ &RQFUHMW

JOLQWRQ * DQG 6HMQRZVNL 7 2SWLPDO SHUFHS
&RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRIJQLWLRQ



SHIHUHQFHV

+RSILHOG - - IHXUDO QHWZRUNV DQG SK\VLFD
FRPSXWDWLRQDO DELOLWLHYVY ,Q SURF RI WKH 1DWLF
86%

((( 7TUDQVDFWLRQV RQ 1HXUDO 1HWZRUNYV
,QPDQ ' - (QJLQHHULQJ 9LEUDWLRQ /RQGRQ 3
-DOLQRRV ) 20VRQ /' DQG $RXDG 0) 8OWUDVR
7RPRJUDSK\ IRU WKH '"HWHFWLRQ RI '"HIHFWV LQ 6WUX

(QILQHHULQJ /LWHUDWXUH

.RKRQHQ 7 6HOI RUJDQLVHG IRUPXODWLRQ RI \
%LRORJLFDO &\EHUQHWLFYV

.RKRQHQ 7 &RPSXWHU 1R
.ROVN\ + 6WUHVV ZDYHV LQ VROLGYV 1HZ <RUN
.XQ] -7 DQG (DOHV - : SHPRWH VHQVLQJ WHEFK

HYDOXDWLRQ ,Q 6WUHQJWK (YDOXDWLRQ RI ([LVWL
&RQFUHWH ,QVWLWXWH 'HWURLW SS

/H&XQ < 8QH SURFHGXUH GIDSSUHQWLVVDJH
&RIQLWLYD SS

/LQ < 6DQVDORQH 0 DQG &DULQR 1 - JLQLWH H
UHVSRQVH RI SODWHV FRQWDLQLQJ WKLQ OD\HUV
(YDOXDWLRQ

ILQ < DQG 6DQVDORQH O "HWHFWLQJ 10DZV LQ
WKH LPSDFW HFKR PHWKRG ODWHULDOV -RXUQDO



SHIHUHQFHYV

/ILX : DQG OHQJ = BWXG\ RQ WKH PRGHO DQG
QHWZRUN QG ,QWHUQDWLRQDO 6\PSRVLXP RQ 7HVW

IRFNKDUW * % DQG &KHHWKDP % 0 * %%$6,&
N XWWHUZRUWK

IX 6 DQG 6]JHWR $ +LHUDUFKLFDO DUWLILFLDO Q
SDWWHUQ UHFRJQLWLRQ

ODQQLQJ ' * '"HWHFWLQJ GHIHFWV DQG GHWHU
1&+53 6\QWKHVLV 1R 7TUDQVSRUWDWLRQ 5HVHDUF

ODUHQ $ +DUVWRQ & DQG 3DS 5 +DQGERRN RI
JRQGRQ $FDGHPLF 3UHVV /WG

ODUWLQ - +DUG\ 06 $ 8VPDQL $6 DQG )RUGH 0 &
RI SRVW WHQVLRQHG FRQFUHWH EULGJH EHDPV ,Q
&RQIHUHQFH RQ 6WUXFWXUDO )DXOWV DQG 5HSDLU

ODVWHUYV 7 SUDFWLFDO QHXUDO QHWZRUN UHFI
WG
OF&XOORFK : 6 DQG 3LWWYV : $ ORJLFDO FDOF

QHUYRXYV DFWLYLW\ %XOOHWLQ RI ODWKHPDWLFDO %

OHDG & $QDORJ 9/6, DQG QHXUDO V\VWHPV $G(

OLDR ; $]JLPL 6DGMDGL 05 7LDQ % 'XEH\ $ & DQG
'HWHEFWLRQ RI PLQHV DQG PLQHOLNH WDUJHWYV XVLQ.
PHWKRGV ,((( 7TUDQVDFWLRQ RQ 1HXUDO 1HWZRUNYV

IHXUDO &RPSXWLQJ $SSOLFDWLRQV )RUXP 1&%$) $XJ

IDWK % )YXQGDPHQWDOV RI )LQLWH (OHPHQWYV
3UHVYV



SHIHUHQFHV

1IDWLRQDO 6FLHQFH )RXQGDWLRQ 3KDVH , ILQDO 5HSF

1&+53 5HSRUW "HWHFWLQJ GHIHFWYV DQG GHWHUL
S

1IHXUDO &RPSXWLQJ 1HXUDOZRUNV 3URIHVVLR
([SORUHU 1HXUDO:DUH SS 1& 1& IHXUDO:DUH
IHXUDO &RPSXWLQJ 1HXUDOZRUNV 3URIHVVLR
([SORUHU 1HXUDO:DUH SS 1& 1& 1HXUDO:DUH
IHXUDO &RPSXWLQJ I1HXUDOZRUNYV 3URIHVVLR(
([SORUHU 1HXUDO:DUH SS 1& 1& I1HXUDO:DUH

IHXUDO &RPSXWLQJ IHXUDOZRUNV 3URIHVVLRQL

([SORUHU S 1& IHXUDO:DUH ,QF

20VRQ (QJLQHHULQJ ,QF JLWHUDW XUH

3DUN ' & 'HYHORSPHQW RI D QHXUDO QHWZR
FRPSHWLWLYH OHDUQLQJ ,((( ,QWHUQDWLRQDO &RQ

SDUNHU " % /IHDUQLQJ ORJLF 7THFKQLFDO 5HSRU
SHVHDUFK LQ (FRQRPLFV DQG ODQDJHPHQW G6FLHQ
7THFKQRORJ\ &DPEULGJH 0%

SRXUERJKUDW ) IHXUDO QHWZRUNY DSSOLFDWL
PRELOH URERWYVY G6RFLHW\ RI 3BKRWRRSWLFDO ,QVWU
$SSOLFDWLRQV RI 2SWLFDO (QJLQHHULQJ 3URFHH

3UDWW ' DQG 6DQVDORQH 0 7KH XVH RI D QHXU
HFKR VLJQDO LQWHUSUHWDWLRQ 5HYLHZ RI 3URJL
(YDOXDWLRQ $



SHIHUHQFHYV

5DH 5 DQG 5LWWHU + - 5HFRJQLWLRQ RI KXPDQ
QHXUDO QHWZRUNV ,((( 7TUDQVDFWLRQ RQ 1HXUDO 1H

5DR '+ DQG *XSWD 00 &R RUGLQDWLRQ D
PXOWLYDULDEOH V\WWHPV ZLWK SDUDPHWULF DQG \
QHXUDO QHWZRUN ,Q 8QFHUWDLQW\ ORGHOOLQJ DG
(OVHYLHU 6FLHQFH % 9

S5HLG 0 % 6SLUNRYVND / DQG 2FKRD ( 6LPXO
URWDWLRQ LQYDULDQW SDWWHUQ FODVVLILFDWLRQ
IHWZRUNYV

5LWWHU + ODUWLQHW] 7 DQG 6FKXOWHQ . 1H X
PDSV
5RFNH\ . & (YDQV + 5 *ULIILWKYV ': DQG 1HWKHUF

(OHPHQW OHWKRG $ %DVLF ,QWURGXFWLRQ &ROOLQ\

5RVHQEODWW ) 7KH 3HUFHSWURQ $ SUREDELC
DQG RUJDQL]DWLRQ LQ WKH EUDLQ 3V\FKRORJLFDO !

5XPHOKDUW ' ( DQG OF&OHOODQG -/ 3DUDC
([SORUDWLRQ LQ WKH OLFURVWUXFWXUH RI &RJQLWLF
0DVV

5XPHOKDUW ' ( +LQWRQ * ( DQG :LOOLDPV 5 - /'t
E\ HUURU SURSDJDWLRQ ,Q 3DUDOOHO 'LVWULEXWH
OF&OHOODQG -/ DQG WKH 3'3 5HVHDUFK *URXS (GV

6DQVDORQH 0 DQG &DULQR 1 - ,PSDFW HFKR
FRQFUHWH XVLQJ WUDQVLHQW VWUHVV ZDYHV ,Q 1%
IDWLRQDO %XUHDX RI 6WDQGDUGY *DLWKHUVEXUJ O



SHIHUHQFHYV

6DQVDORQH 0 DQG &DULQR 1 - DQG 1HOVRQ + 1
WUDQVLHQW ZDYH SURSDJDWLRQ LQ SODWHV -RXUQ
6WDQGDUGYV

6DQVDORQH 0 DQG &DULQR 1 - '"HWHFWLQJ GH
VODEV ZLWK DQG ZLWKRXW $VSKDOW FRQFUHWH RY
ODWHULDOV -RXUQDO RI WKH $PHULFDQ &RQFUHWH ,Q

6DQVDORQH 0 DQG &DULQR 1 - J)LOQOLWH HOHP
UHVSRQVH RI OD\HUHG SODWHV FRQWDLQLQJ IODZV
7HVWLQJ 1HZ <RUN *RUGRQ %UHDFK 6FLHQFH
6DQVDORQH 0 DQG BWUHHW : % ,PSDFW (FKR

&RQFUHWH DQG ODVRQU\ %XOOEULHU 3UHVYV

6KXEQLNRY (, 7KH PDLQ PRGHOV RI QHXUDO
7HFKQRORJ)\

6WDLQ 5 7 ,QWHJULW\ 7THVWLQJ &LYLO (QJLQHHL

7D\ORU - * 7TKH KLVWRULFDO EDFNJURXQG +DQC
3XEOLVKLQJ /WG DQG 2[IRUG 8QLYHUVLW\ 3UHVV

7KH 6WXGHQW (GLWLRQ RI 0$7/$% 9HUVLRQ 8VHU
,(QWHUQDWLRQDO

7RODW 99 DQG :LGURZ * $Q DGDSWLYH EURR
((( , OWHUQDWLRQDO &RQIHUHQFH RQ 1HXUDO 1HWZR

8VLQJ 1HXUDO 1HWZRUN $ 7XWRULDO IRU 1HXU
1HXUDOZRUNV ([SORUHU 1HXUDOZDUH ,QF

:DLEHO $ &RQVRQDQW UHFRJQLWLRQ E\ PRGXO
WLPH GHOD\ QHXUDO QHWZRUNV ,Q 1HXUDO ,QIRUPL
&DOLIRUQLD SS .DXIPDQ 3XEOLVKHUYV



SHIHUHQFHYV

"HUERV 3 - %H\RQG 5HJUHVVLRQ 1HZ 7RROV IR
%HKDYLRXUDO 6FLHQFHYVY 3K ' GLVVHUWDWLRQ LQ VW

'KLWH '$ DQG 6RIJH ' $ +DQGERRN RI LQWHOO!
1RVWUDQG 5HLQKROG

'LGURZ % DQG +RII 0 ( $GDWLYH 6ZLWFKLQJ
(QJLQHHUV :HVWHUQ (OHFWURQLF 6KRZ DQG &RQVYHQ

'LGURZ % DQG 6PLWK ) : 3DWWHUQ UHFRJQL]LC
DQG ,QIRUPDWLRQV 6FLHQFHV 6\PSRVLXP 3URFHHGLC
%RRNV

<LFKLQJ / DQG 6DQVDORQH 0 '"HWHEWLQJ I0DZ\
XVLQJ LPSDFW HFKR PHWKRG $&, ODWHULDOV -RXUQT

<X : + DQG &KHQ * $ (I ILFLHQW EDFN SURSDJI
OHDUQLQJ UDWH DQG PRPHQWXP 1HXUDO 1HWZRUNV

<XFHHU & DQG 2I0D]HU . $ URWDWLRQ VFDOLQ
FODVVLILFDWLRQ V\VWHP 3DWWHUQ 5HFRJQLWLRQ

=LHQNLHZLF] 2 & 7KH )LQLWH (OHPHQW OHW
OF*UDZ +LOO



$SSHQGL[ $

$SSHQGL[ $

IHXUDO QHWZRUN PHWKRG

$ ,QWURGXFWLRQ

7KLY DSSHQGL[ LOOXVWUDWHY WKH WHFKQLTXH RI \
REWDLQHG E\ WKH LPSDFW HFKR VHH DSSHQGL[ & $
XVLQJ WKH EDFN SURSDJDWLRQ QHWZRUN LV SUHVHQV

$ 1HXUDO QHWZRUN SURIHVVLRQDO OO SOX

SUWLILFLDO QHXUDO QHWZRUNV KDYH EHHQ UHFRJQL
VROYLQJ D ODUJH YDULHW\ RI SUREOHPV LQ D QXPEH
QXPEHU RI FRPPHUFLDO VRIWZDUH DQG KDUGZDUH D
WKLV UHVHDUFK LV WKH '26 YHUVLRQ RI 1HXUDO:RU
1HXUDO :DUH

$ JRUPDW RI LQSXW GDWD RXWSXW GDWD
7TKH LQSXW GDWD FDQ EH SUHVHQWHG IURP WKH IROO

+H

.H\ERDUG

++

$Q $6&,, RU ELQDU\ ILOH
f 8VHU ZULWWHQ SURJUDP

$ $6&,, ILOH IRUPDW

JRU WKLV UHVHDUFK GDWD ZDV SUHVHQWHG IURP DQ
ILOHV FRQWDLQ GDWD LQ URZ DQG FROXPQ IRUPDW (
RXWSXWV RSWLRQDO IRU RQH H[DPSOH 6R LI WKHL
WKHQ WKHUH ZRXOG EH QXPEHUV IRU HDFK ORJLFD
IURP WKH RWKHUV ZLWK DW OHDVW RQH VSDFH RU D F

$ ORJLFDO URZ FDQ KDYH PDQ\ SK\WLFDO URZV 7K
DPSHUVDQG DQG PXVW EHJLQ LQ FROXPQ O RI WKHI
ILOHV FDQ KDYH FRPPHQWY $ FRPPHQW OLQH VWDUW

$0



$SSHQGL[ $

EH DGGHG DW WKH HQG RI D OLQH DV ZHOO DW WKH
EHORZ LQ ILJXUH $ EHORZ

7KLV LV DQ H[DPSOH RI D FRPPHQW OLQH
£7KLV LV D FRPPHQW IRU D ILHOG UH
£7KLV LV SDUW RI DQ LQSXW ZLWK D F
ODQG KHUH LV WKH FRQWLQXDWLRQ O

JLIXUH $O $Q H[DPSOH RI DQ $6&,, GDWD

$ JLOHV

7TKH LPSRUWDQW ILOHV ZLWK WKH IROORZLQJ H[WHQV

f $6&,, LOSXW GDWD ILOHV KDYH DQ H[WHQVLRQ QOQ

f 7KH QQG H[WHQVLRQ LV DVVXPHG IRU DOO QHWZR
DV WKLV WDNHV OHDVW DPRXQW RI URRP DQG FF
UHFUHDWH D QHWZRUN

f BS5HVXOW ILOHV KDYH DQ QQU H[WHQVLRQ

$ ([IDPSOH SURJUDP

$Q H[DPSOH RI IORZHU FODVVLILFDWLRQ KDV EHHQ X\
QHWZRUN VRIWZDUH 7KH REMHFWLYH LV WR FODVVL
DUH

f 6HWRVD

f 9HUVLFRORU

¥ O9LUJLQLFD

7TKHVH DUH WKH WKUHH SRVVLEOH GHVLUHG RXWS)]
UHSUHVHQWHG E\ RU , I WKH LULV LV D 9HUVLFRQC
QHWZRUN ZRXOG EH IRU HI[DPSOH 7KH FULWHUL
VSHFLHVY DUH EDVHG RQ WKH OHQJWK DQG ZLGWK RI
LAQSXWV WR WKH QHWZRUN DQG WKH\ ZLOO DSSHDU D\

7TKH GDWD IRU WKH IORZHU FODVVLILFDWLRQ EDFN SL
WuUDLQLQJ GDWD VHW ZKLFK ZLOO EH XVHG IRU OHD

WHVW WKH GDWD WR VHH KRZ ZHOO LW KDV OHDUQW
$



$SSHQGL[ $

7KH QHXUDO QHWZRUN VRIWZDUH LV VWDUWHG E\ Et
F?2Qz Y DQG WKHQ W\SLQJ QZ [ IURP 06 '26 RU LW

$ %XLOGLQJ WKH EDFN SURSDJDWLRQ QHW.

7KH EDFN SURSDJDWLRQ QHWZRUN LV FUHDWHG E\ VH

f ,QVWD1HW PHQX
+ 7KH %DFN 3URSJDWLRQ FRPPDQG
7KLV LV VKRZQ LQ ILJXUH $

JLIXUH $ G6HOHFWLRQ RI D QHWZRUN

1H[W DSSHDUV WKH %DFN 3URSDJDWLRQ GLDORJXH E
FRPSOHWH WRRO NLW IRU EXLOGLQJ EDFN SURSDJDW
WKH QXPEHU RI SURFHVVLQJ HOHPHQWY LQ HDFK OD\F
ILOOHG IRU H[DPSOH

, QS XW
+LG
+LG
+LG
2XWSXW



$SSHQGL[ $

$OVR VHOHFW WKH IROORZLQJ

T
T
s
s
s
s

'"HOWD UXOH

6LIJPRLG WUDQVIHU IXQFWLRQ

J)LOH IRU OHDUQLQJ DQG WHVWLQJ ZKLFK LV ,ULV
'"HVHOHFW WKH %LSRODU LQSXWYV

/IHDYH DOO RWKHU YDOXHV DV GHIDXOW

7KLV LV VKRZQ LQ ILIJXUH $

2QFH WKLV KDV EHHQ FRPSOHWHG WKH LQVWUXPHQW
ZLOO DSSHDU DV VKRZQ LQ ILIJXUH $

7KLY LQVWUXPHQW SORWV WKH 506 HUURU RI WKH RX
ZKLFK DGGV XS WKH VTXDUHV RI WKH HUURUV IRU HD
GLYLGHV E\ WKH QXPEHU RI SURFHVVLQJ HOHPHQW L
VTXDUH URRW RI WKDW DYHUDJH LV WDNHQ

$



$SSHQGL[ $

7KH 506 LV YHU\ XVHIXO DQG JLYHV DQ LQGLFDWLRQC
GXULQJ WUDLQLQJ $V OHDUQLQJ SURJUHVVHV WKH
DQ HUURU QHDU JHUR 1HXUDO:RUNV EXLOGV D EDFN
EHORZ LQ ILJXUH $ &RQVLGHULQJ WKH ILJXUH LQ $
VFUHHQ WKH RXWSXW OD\HU LV DW WKH WRS DQG °
RXWSXW OD\HUV 7KH OD\HUV QDPHG DORQJ WKH ULJK

(DFK ER[ LQ D OD\HU LV D SURFHVVLQJ HOHPHQW ,W
HOHPHQW VKRZ WKHLU RXWSXW YDOXHV 7KHVH FDQ
FRPPDQG $OVR WKH GRWWHG OLQH DQG VROLG OLC
FRQQHFWLRQV 7KH OLQH ZKHWKHU LW LV VROLG GF
FRQQHFWLRQITV VWUHQJWK

$ ,QSXW DQG RXWSXW SDUDPHWHUYV
7KH 3IDUDPHWHUYV GLDORJXH ER[ FRQWDLQV DOO WKH

FDQ EH VHHQ LQ WKH ILIJXUH $ ZKLFK LV IRXQG WKUF
EH YLHZHG E\ VHOHFWLQJ WKH 3DUDPHWHUV FRPPDC
6RXUFH ODEHOOHG /UQ LQ WKH XSSHU OHIW KDQG F
UDGLR EXWWRQ LV VHOHFWHG



$SSHQGLI[ $

1HXUDO:DUH FODLP WKDW E\ VHOHFWLQJ )LOH 5DQG
HIDPSOHV ZLOO EH SUHVHQWHG WR WKH QHWZRUN L
WuUuDLQLQJ GDWD KHOSV WKH QHWZRUN WR SUHYHQW
FKHFN ER[ IRU /UQ PXVW EH GHVHOHFWHG WKLV LV V
ELQDU\N ILOH $OVR XQGHU WKH 5FO 7THVW KHDGLQJ
J)LOH VHT UDGLR EXWWRQ PXVW EH VHOHFWHG

6HOHFWLRQ RI WKH WUDLQLQJ ILOH PXVW DSSHDU XC
WKH GLDORJXH ER[ 7KH GHIDXOW H[WHQVLRQ LV QQI
XQGHU 5FO 7THVW KHDGLQJ RQ WKH ULJKW VLGH RI W

DJDLQ QQD

7KH UDGLR EXWWRQV ,QSXW DQG 'HVLUHG 2 3 XQGHU
HQVXUHV WKDW WKH UHVXOW ILOH ZLOO KDYH WKH G
QHZ YDOXHV REWDLQHG E\ WKH QHWZRUN 7KLV PDNH
GLIIHUHQFHVY $OVR ZKHQ XVLQJ DQ $6&,, UHFDOO ILC
DQ $6&,, UHVXOWYV ILOH ZLWK WKH VDPH QDPH DV WK
QQU

7TKHVH VHOHFWLRQV DUH UHFRUGHG E\ VHOHFWLQJ 2.

JLIXUH $ ,QSXW DQG RXWSXW SDUDPHMW

$ OLQ PD[ WDEOHYV

5Dz YDOXHV FDQ QRW EH SUHVHQWHG WR WKH QHWZ
VLIPRLG RU K\SHUEROLF WUDQVIHU IXQFWLRQV ZK
VXPPDWLRQ EHWZHHQ DERXW WR , D XVHU SUH
LQSXW YDOXHV VXFK DV HYHQ ZLWK VPDOO ZHI
ZLOO EH KXJH DQG WKH VLJPRLG ZLOO EHFRPH VDWXL

$



$SSHQGL[ $

KHQ WKLV KDSSHQV WKH GHULYDWLYH RI WKH VLJPF
DW ODUJH SRVLWLYH RU QHJDWLYH VXPPDWLRQ Y
PXOWLSOLHU LQ WKH ZHLIJKW XSGDWH HTXDWLRQ O
ELJ VXPPDWLRQ YDOXHYV

JLJIXUH $ 6HOHFWLQJ WKH OD\HU /56 WF

7KLV SUREOHP LV RYHUFRPH E\ WKH 1HXUDO:RUNV
IDFLOLW\ ZKLFK FRPSXWHV WKH ORZV DQG KLJKV RI F
WR EH XVHG ZLWK D JLYHQ QHWZRUN 7KHVH ORZV D
OLQOD[ WDEOH

‘KHQ WKH 0OLQOD[ WDEOH FKHFN ER[ ZDV VHOHFWHG
SDUWLFXODU SUREOHP VKRZQ LQ ILIJXUH $ 1HXUDO:
WDEOH IURP WKH GDWD ILOHV VHW WKH QHWZRUN L
HIDPSOH LQ ILIJXUH $ 7TKH 1IHWZRUN 5DQJHV LV VKR
IHXUDO:RUNV WKH VHOHFWLRQ RI 1IHWZRUN 5DQJHV |

$ 7KH QXPEHU RI LQSXWV
+ 7KH W\SH RI WUDQVIHU IXQFWLRQ LQ RSHUDWLRQ
+ 7KH LQLWLDO ZHLJKW YDOXHV LQ WKH QHWZRUN

,QGHHG WKH EDVLF LGHD LV WR ILQG D UDQJH WKDV
VDWXUDWH WKH WUDQVIHU IXQFWLRQ 7KH SUH SURFF}
SURSDJDWLRQ FRPPDQG WKURXJK WZR GLDORJXH ERTI
f 7KH , 2 3DUDPHWHUYVY GLDORJXH ER[ WR VHW QHWZF

f 7KH , 2 OLQOD[ WDEOHV GLDORJXH ER[ WR EXLOG D

$ &KDQJLQJ OHDUQLQJ SDUDPHWHUV DQG F

W LV LPSRUWDQW WR UHPHPEHU WKDW GLIIHUHQW O
OD\HU QHWZRUN FDQ LPSURYH WKH OHDUQLQJ WLPH
KDYH EHHQ WDNHQ DORQJ ZLWK WKH OHDUQLQJ UDW
OD\HUV



$SSHQGL[ $

7KLV LV GRQH E\ XVLQJ WKH WRRO SDOHWWH WR EXL
KLGGHQ OD\HUV 7R FUHDWH D VFKHGXOH IRU WKH R.
FOLFNHG DQG KHOG 7KLV LV VKRZQ LQ ILIJXUH $

JURP WKLV PHQX WKH 756 WRRO LV VHOHFWHG $ PH
WKH OD\HU WKDW ZLOO EH OLQNHG ZLWK WKH / 5 6Fl
6FKHGXOH GLDORJXH E\ FOLFNLQJ RQ DQ\ SURFHVVL(
LQ ILIXUH $

JURP ILJXUH $ RXW LV WKH QDPH DVVLJQHG WR WKL
FRXQW LV WKLV PHDQV WKDW WKH &RHIILELHQW\
/HDUQ &RXQW LQFUHDVHV EH\RQG &ROXPQ VKR
ZKHQ WKH OHDUQ FRXQW LV JUHDWHU WKDQ WKH YDO
WKDQ WKH FRXQW LQ FROXPQ WZR WKH FRHIILFLHQW
WHFKQLTXH DOVR DSSOLHV WR WKH FKDQJHV WR ORP

/JHDUQ &RXQW
‘__  JJO WHPSHUDWXUH
/HDUQ L QJ 5DWH

"A  ‘u «F%
NLHI vHvswLW
2Q 'LVN
ftfez 6 W rarrrrr

EDFNSURS
EROW]PDQ

JLIXUH $ 7KH /56 WRRO GLDORJXH ER]|
$ 7UDLQLQJ WKH QHWZRUN

7R VWDUW WKH WUDLQLQJ /HDUQ LV VHOHFWHG IURP
KLIKOLJKWHG WKHQ D ILIJXUH RI LV VHOHFWHG |
WR SUHVHQW WUDLQLQJ H[DPSOHV WR WKH QHW:
EH LQOWHUUXSWHG ZLWK WKH HVFDSH NH\ )LJXUH $
EHHQ WUDLQHG $ FRXQWHU LQ WKH PHVVDJH ER[ LQC
SUHVHQWHG WR WKH QHWZRUN



$SSHQGL[ $

$ THVWLQJ WKH QHWZRUN

JLIXUH $0O THVWLQJ WKH QHWZRUN
$



$SSHQGL[ $

1RZ WKDW WKH QHXUDO QHWZRUN LV WUDLQHG LW L
WKH 7THVW FRPPDQG IURP WKH 5XQ PHQX WKHQ FOLFI
7KLV LV VKRZQ LQ ILJXUH $ 7KH VRIWZDUH ZLOO QR
DOO WKH H[DPSOHV WR WKH WUDLQHG QHWZRUN 7
SHULRGLFDOO\ VKRZQ LQ WKH PHVVDJH ER[ 7KH GH’
UHVXOWYV ZLOO EH ZULWWHQ WR WKH UHVXOW ILOH

$ 6DYLQJ WKH QHWZRUN

7KH QHWZRUN FDQ EH VDYHG LQ WZR ZD\V
t 6DYH 7KLV LV XVHG WR VDYH DV WR XSGDWH D QH

f 6DYH DV 7KLV LV XVHG WR LQLWLDOO\ VDYH D QH\
QHWZRUN WR D QHZ ILOH

7KH QHWZRUN LV VDYHG LQ ELQDU\N IRUPDW EHFDXVH
FRQWDLQV DOO WKH LQIRUPDWLRQ QHHGHG WR UHFI
QHWZRUN WKH 6DYH DV LV VHOHFWHG IURP WKH )LOH

JLIXUH $ 6DYLQJ WKH QHWZRUN
$ 5HVXOWYV

7KH UHVXOWY RI WKLV H[DPSOH LV VKRZQ LQ WDEOH 3¢
GDWD VHW E\ WKH XVHU DQG WKH ODVW WKUHH FROX
DFKLHYHG

$FWXDO 1IHXUDO 1HWZRUN



$FWXDO 1IHXUDO 1HWZRUN



$SSHQGL[ $

7TDEOH $ IHXUDO QHWZRUN UHVXOWYV

$ 6XPPDU\

7KH XVH RI WKH 3URII 30XV QHXUDO QHWZRUN VRI
FODVVLILFDWLRQ SUREOHP %XLOGLQJ D EDFN SURSE
EHHQ VKRZQ /HDUQLQJ DQG WHVWLQJ D QHWZRUN KD



$SSHQGL[ %

$SSHQGL[ %

),1,7( (/(0(17 $1$/<6,6 86,1* $16<6

SUHSDUDWLRQ RI GDWD DQG ,QWHUSUH

%  QWURGXFWLRQ

7KH SXUSRVH RI WKLV DSSHQGL[ LV WR LOOXVWUDWH
DQDO\WLYVY DQG LOOXVWUDWH WKH SURFHVVLQJ RI WKI
WKH IRUPHU ZH KDYH WR FRQVLGHU WKH SUHSDUD\
UHSUHVHQWLQJ WKH LPSDFW SXOVH 7KH SXUSRVH RI
RI WKH UHIOHFWHG VLIQDO WKH WLPH GLVSODFHPHQ

% J)LOQOLWH HOHPHQW VRIWZDUH

JLIXUH %0 G6WUXFWXUH RI $16<6

,Q WKH ILQLWH HOHPHQW PRGHOOLQJ $16<6 ZDV WKHI

VWUXFWXUH Rl $16<6 LV VKRZQ LQ ILJXUH %O 7KH

SURFHVVLQJ WKH VROXWLRQ DQG WKH SRVW SURFH

H[DPSOH LV XVHG WR LOOXVWUDWH WKH ILQLWH HOHP
% O






$SSHQGL[ %

% , QWHUDFWLYH PRGH

7TKH FRPPDQGY LQ WKH LOQWHUDFWLYH PRGH DUH ZUL\
PRXVH RU NH\ERDUG WR JR IURP RQH FRPPDQG LQ
FRPPDQG HQWHUHG LV ZULWWHQ WR D GHIDXOW ILOH

% %DWFK PRGH

,Q WKH EDWFK PRGH D ILOH LQ WKH IRUPDW RI WKH
HGLWRU 7KH FRPSOHWH ILOH FDQ EH UHVXPHG LQWR

% ([DPSOH
2
JLIXUH % ([DPSOH PRGHO
R + !
5 A JRWWRP OD\HU
| Z L
,,.BBBBBBBBBEBBBBBBBBBBBBBBBB
L R
N 5 L o™ B OD\HU

J)LIXUH % /D\HUV

%



$SSHQGL[ %

$Q H[DPSOH PRGHO RI P [ OP [ OP VKRZQ LQ ILJXUH
HDFK KDYLQJ QRGHV DV VKRZQ LQ ILIJXUH % % 7
RUGHU RI, - . / 0 1 2 DQG 3 $W HDFK QRGH WKH
8\ DQG 8]

'LWK WKH VRIWZDUH WKHUH DUH WZR W\SHV RI PRGH
DXWRPDWLF JHQHUDWLRQ ZKHUH WKH VKDSH WR EH
WKH PRGHO 7KH VHFRQG PHWKRG QHHGV WKH XVHU W
PRGHOOLQJ LV XVHG )RU WKLV PHWKRG LW LV LGHD
PDNLQJ LW FOHDUHU WR YLVXDOLVH )LJXUH % VKR:
QRGHYV DQG FR RUGLQDWHYV

% 3UH SURFHVVLQJ

7TKH SUH SURFHVVLQJ VWDJH LV FDOOHG 3UHS $W W

FRQVWUXFWHG 7KLV EHJLQV ZLWK GHILQLQJ WKH HO

% VKRZV VROLG D " EULFN HOHPHQW VHOHFWHG Il

IRU WKLV H[DPSOH LV ZKLFK LGHQWLILHV WKH HOHP

FRQFUHWH LV FKRVHQ ZKLFK LV VKRZQ LQ ILIJXUH %

WR EH GHILQHG UHIHUULQJ WR ILIJXUH % QRGH LV
7KLV LV VKRZQ LQ ILIXUH %

JLIXUH % '"HILQLQJ WKH W\SH RI HOHPHC(

%



$SSHQGL[ %

JLIXUH % 6HOHFWLRQ RI WKH PDWHULDO

JLIXUH % 'HILQLQJ QRGHYV

7KLV LV UHSHDWHG IRU QRGH WKHQ QRGH LV FUH
ILIXUH %

%



$SSHQGL[ %

JLIXUH % )LOOLQJ EHWZHHQ QRGHYV

JLIXUH % 3LFNLQJ QRGHV WR FRS\

7KH WKUHH QRGHYVY FDQ FRSLHG WR FUHDWH WKH ERYV
QRGHV VKRZQ LQ ILIXUH % 2QFH WKH QRGHV DUH V

DSSHDUV WKLV LV VKRZQ LQ ILIJXUH %,2 7KH ERWWE
VHHQ LQ ILIJXUH %

JLIXUH %,2 &RS\LQJ QRGHYV

%



$SSHQGL[ %

JLIXUH % %XLOGLQJ RI ERWWRP OD\HL

7R FKHFN WKDW WKH QRGHV KDYH EHHQ SORWWHG ZL\
DOO WKH QRGHV WKLV LV DFFRPSOLVKHG E\ VHOHFW
PHFKDQLFDO XWLOLW\ PHQX 7KH OLVW RI WKHVH QRG

$// 6(/(&7(' 12'(6 "6<6

.67
57 7$%/( 21 12 12 12

/
62

12°( ; 9 ] 7+;9 7+9= 74+ =

JUXUH % /ILVW RI QRGHVY FUHDWHG

7KH YLHZ LQ WKH JUDSKLFV ZLQGRZ FDQ EH FKDQJH
FRPPDQG XQGHU WKH 3/27&75/6 LQ WKH 0(&+$1,&$/ 87
VKRZQ LQ ILIJXUH %

20FH WKH ERWWRP OD\HU LV HVWDEOLVKHG WKLYV

FRPPDQG 7KHQ WKH HOHPHQWYV FDQ EH FUHDWHG 7Kl
VDPH VR WR FUHDWH WKH ILUVW HOHPHQWY WKH QR
SHIHUULQJ WR ILIJXUH % DQG % WKH QRGHV IRU WKt
DQG 7TKH QRGHV QHHG WR pPSLFNHGY ZKLFK LV VKRZ
EHHQ VHOHFWHG IRU WKH HOHPHQW VSHFLILHG WKH
%

%



$SSHQGL[ %

JLIXUH % &KDQJIJLQJ YLHZ DQG SLENLQJ WK

JLIXUH % &UHDWLQJ DQ HOHPHQW

7TKH HOHPHQW FUHDWHG FDQ EH FRSLHG WR FUHDWEFE

(*(1 FRPPDQG 7KLV LV VKRZQ LQ ILIJXUH %  7KH UH
%

%



$SSHQGL[ %

YLIXUH % &RS\LQJ HOHPHQWYV

7KLV FDQ WKHQ EH FRSLHG DJDLQ E\ USLENLQJY WKF
(*(1 FRPPDQG ,W LV LPSRUWDQW WR GHILQH WKH V
ZKLFK LQ WKLV FEDVH LV 7KLV LV WKH GHIDXOW YI
QXPEHU VWDWHG HDUOLHU XQGHU PDWHULDO SURSH
VKRZQ LQ ILJXUH % 8VLQJ WKH 3%$1 =220 527$7( F
PRGHO FDQ EH DOWHUHG LQ VHYHUDO GLUHFWLRQ WR

JLIXUH % &RS\ Rl QG HOHPHQW

%



$SSHQGL[ %

JLJIXUH % &RS\ Rl 5SHPDLQLQJ HOHPHQW

WRXQGDU\ FRQGLWLRQV QRZ QHHG WR EH DSSOLHG
DQG ERWWRP RI WKH PRGHO LV VHOHFWHG E\ uSLFENT
WR I[JURP WKH PHQX VKRZQ LQ ILIJXUH % 2QFH WKL
PRGHO DUH VKRZQ LQ ILIJXUH %

JLIXUH % $GGLQJ WKH FRQVWUDLQWV

%, 2



$SSHQGL[ %

JLIXUH % ORGHO ZLWK FRQVWUDLQWYV

7KH PRGHO LV QRZ FRPSOHWH E\ VHOHFWLQJ ),1,6+ D
$16<6 0%$,1 0(18 1RZ WKH QH[W VWDJH QHHG WR EH HC

% BROXWLRQ

7KLV VWDJH GHILQHV WKH ORDGLQJ RQ WKH PRGHO |
FKRVHQ WR EH WUDQVLHQW ZKLFK LV DSSURSULDWH
JLIXUH %

JLIXUH % 6HOHFWLRQ RI WUDQVLHQW D



$SSHQGL[ %

JLIXUH % 6HOHFWLRQ RI IXOO WUDQVLHC(

7KHUH DUH VHYHUDO W\SHV RI WUDQVLHQW DQDO\VL'
DQEDO\VLYV LV VHOHFWHG 7KLV LV VKRZQ LQ ILIJXUH %

7KH SURJUDP LV KDOWHG DW WKLV VWDJH WKH SURFI
7KH ILOH ORJ LV RSHQ ZKLFK KDV UHFRUGHG DOO Wk
$16<6 LV DGGHG WR WKH ILOH DQG VDYHG DV D QI
LQWR $16<6 WKURXJK WKH 5($" FRPPDQG IURP WKFE
0(18 7KLV PHWKRG LV VLPSOHU DQG TXLFNHU VLQFH
/16:5,7( KDYH WR EH UHSHDWHG WLPHVY 7KH SURJU]
EH VROYHG WKH IRUFH DSSOLHG WR WKH PRGHO LV V

%



$SSHQGL[ %

7R VROYH WKH SURJUDP WKH 62/9( FRPPDQG LV VHO
VHOHFWHG IURP WR 7KLV VKRZQ LQ ILIJXUH %
FRPSOHWH 7KHQ WKH UHVXOWY DUH UHDG\ WR EH H
LQYHVWLIDWHG

JLIXUH % 6HOHFWLRQ RI WKH ILOHYV

% 3RVW SURFHVVLQJ

7KH SRVW SURFHVVLQJ VWDJH FRQVLVW RI WZR RSWL
DOORZV WKH XVHU WR H[DPLQH WKH UHVXOWYV DW L
DQEQDO\WLV 7KH VHFRQG RSWLRQ LV WKH 3267 ZKLFK
EH LQYHVWLIJDWHG 7KLV RSWLRQ LV PRVW DSSURSUL

$OWKRXJK LW LV SRVVLEOH WR SORW UHVXOWV IRU \

DUH QRW JLYHQ DW D FRQVWDQW WLPH LQWHUYDC
SURYLGH WKLV 7KLV SURJUDP LV HQWHUHG LQWR $1
VWDUW WR $16<6 LV PDGH WKH UHOHYDQW GDWD E
5(680(' 7KLV ILOH FRQWDLQV DOO WKH LQIRUPDWLRC
KRZHYHU 7KLV LV VKRZQ LQ ILIXUH %

JLIXUH % SHVXPLQJ WKH GDWDEDVH IL

%



$SSHQGL[ %

1H[W WKH ILOH WR FRQYHUW GDWD DW FRQVWDQW W
WKH 5($' FRPPDQG

2QFH WKLV LV FRPSOHWHG WKH UHVXOWY IRU QRGH
HGLWLQJ $ W\SLFDO RXWSXW ILOH SURGXFHG E\ $16<

7KHVH FROXPQ FRQWDLQV SRLQWV RI WLPH LQF
/| 2&$7,21 9%/ 8

(
(
(
(

7TKHVH FROXPQ FRQWDLQV GLVSODFHPHQW YDO?

(
(
(

7/KH ODVW FROXPQ RQ WKH ULJKW DUH WKH WLPH GL
WKDW VLQJOH FROXPQV RI WLPH DQG GLVSODFHPHQW
LV VKRZQ LQ ILIXUH %

7TKH GLVSODFHPHQW FROXPQ LV FRSLHG WR D VHSDU

))7 LV SURFHVVHG LQ ODWODE 7KH DPSOLWXGH VSHF
ILIXUH % EHORZ

%



$SHQGL[ %
[ &I

'LVSODFHPHQW

JLIXUH % 'LVSODFHPHQW YV 7LPH

JUHTXHQF\ +] s s
JLIXUH % $PSOLWXGH YV )UHTXHQF\

%



$SSHQGL[ %

% 6 XPPDU\

$Q H[DPSOH RI D " PRGHO KDV EHHQ XVHG WR VKRZ
HOHPHQW SURJUDP $W WKH SUH SURFHVVLQJ VWDJH
PDWHULDO SURSHUWLHV IRU FRQFUHWH 7KH ERXQG
DSSOLHG DW WKH VROXWLRQ SKDVH DQG ILQDOO\ RQ
XQGHU WKH SRVW SURFHVVLQJ VWDJH

7KHUH DUH WZR VWDJHV RI GDWD LQSXW LQ $16<6 RC

EDWFK PRGH ZKHUH D SURJUDP ZKLFK KDV EHHQ FUH
VRIWZDUH %RWK RI WKHVH H[DPSOHV KDYH EHHQ GHF

%



$SSHQGL[ &

$SSHQGL[ &

))7 OHWKRG

&  QWURGXFWLRQ

7KLY DSSHQGL[ H[SODLQV WKH SURFHVV RI ))7 W
WUDQVIRUP GDWD IURP WLPH GRPDLQ WR IUHTXHQF\ ¢
XVHG RQ WKH GDWD UHFHLYHG IURP WKH LPSDFW HF|
VLPXODWLRQ $ VLPSOH H[DPSOH WR LOOXVWUDWH Wi

& 7TKHRU\

7TKH PHWKRG XVHG WR FKDQJH DQ DQDORJXH VLIQDO
WUDQVIRUP ZKLFK LV GHILQHG E\

RR

) W R DQFRVQFR7 EQVLQQFR7
Q o (TXDWLRQ &

KHUH FRW LV

DR 7Y W GW (TXDWLRQ &

DQ J W GW FRVQFRM GW 1w iro &

ZKHUH Q

EQ 7 )W GW VLQQFRU GWTXDWLRQ &

ZKHUH Q

$ SHULRGLF WLPH VLIJQDO RI SHULRG 7 FDQ EH UHSU
IRUP JLYHQ E\ HTXDWLRQ &0 ZLWK )RXULHU FRHIILFLE
JRXULHU FRHIILFLHQWY UHSUHVHQW IUHTXHQF\ GRPDL
WKH )RXULHU FRHIILFLHQWY DQ DQG EQ JLYHQ LQ HTX
EHWZHHQ )RXULHU DQDO\VLY DQG YLEUDWLRQ H[SHUL

&0



$SSHQGL[ &

WUDQVGXFHU [ W DUH WKH LQSXWV WR WKH DQDO\V

WKH VSHEWUDO FRHIILFLHQWVY RI WKHVH VLJQDOV

SURFHVVHV WKH IROORZLQJ

f 7KH DQDO\VHU FRQYHUWYVY WKH DQDORJXH VLJQDOV

f ,W VDPSOHV WKH VLJQDO [W DW PDQ\ GLIIHUHQW
WKH VLJQDO LQ WKH IRUP RI D VHW RI QXPEHUV [\
Rl VDPSOHV DQG 1 'LVFUHWH YDOXH RI WKH WLPH

'KHQ WKH GLJLWDO UHFRUG RI WKH VLJQDO LV UHD
WUDQVIRUP LV SURFHVVHG 7KH GLJLWDO )RXULHU WL

t

N [ WN DR D FRV PWN 7 EM(%"X%V\FL\%% &7

ZKHUH N O 1

7/KH GLJLWDO VSHFWUDO FRHIILFLHQWY ZKLFK DUH W/
&

DR Q’;\l PN (TXDWLRQ &

A 1 ;NFRV PN 1 (TXDWLRQ &
N

E JLinVLQ LLN 1 (TXDWLRQ &

7TKH IXQFWLRQ RI WKH DQDO\VHU LV WR FDOFXODWH D
WKH PHDVXUHG VLIJQDOV 7KH QXPEHU RI VDPSOHV 1
DQG LV WKH SRZHU RI WZR VXFK FRPPRQ VL]HV DUH

JRU HDFK VDPSOH ZULWLQJ RXW HTXDWLRQV & WR &
JRXULHU FRHRILFUM®®WY e1v ZKLFK FDQ EH ZULWWHQ L
PDWHIXDWLRQV ,Q PDWUL[ IRUP WKH\ DUH

[ &D (TXDWLRQ &



$SSHQGL[ &

ZKHUH [ LV WKH YHFWRU RI VDPSOHYVY ZLWK HOHPHQW
DLV WKH YHFWRU RI )RXULHU FRHIILFLHQWY DR
& LV WKH HOHPHQWYV FRQWDLQLQJ WKH FRHIILFLF

W FDQ EH QRWHG WKDW [ UHSUHVHQWY WKH GLJLWD
WKH IUHTXHQF\ FRQWHQW RI WKH LQSXW VLJQDO 7KI
FRHIILFLHQWYV LV JLYHQ E\

D & | (TXDWLRQ &,

7KH DQDO\VHU LV HPSOR\HG WR FRPSXWH WKH PDWU|
))7 LV WKH PRVW ZLGHO\ XVHG PHWKRG RI FRPSXWLQ
GHYHORSHG E\ &RROH\ 7XNH\

& ([DPSOH RI DQ DPSOLWXGH VSHFWUXP

$ ZDYHIRUP FDQ EH UHSUHVHQWHG DV D VXP RI VLQ D
DPSOLWXGH IUHTXHQF\ DQG SKDVH VKLIW 7KLV WU
2Q0H LPSRUWDQW DGYDQWDJH RI )DVW )RXULHU VHUI
FRQWDLQLQJ GLVFRQWLQXLWLHY ZKHUHDV RWKHU P
VHULHV UHTXLUH WKH IXQFWLRQ WR EH FRQWLQXRXYV

7KH ))7 LV D FROOHFWLYH WHUP IRU D QXPEHU RI HIIL
WKH GLVFUHWH IRXULHU WUDQVIRUP ")7 DQG WKH L
IRFNKDUW &KHHWKDP 7TKH ))7 WHFKQLTXH FD¢
DSSOLHG PHFKDQLFYVY DFRXVWLFV PHGLFDO LPDJLQJ
WHOHFRPPXQLFDWLRQV

W KDV EHHQ VKRZQ WKDW ZLWK WKH LPSDFW HFKR \
ZDYHIRUPV LQ WKH WLPH GRPDLQ ZKLOH EHLQJ IHDVI
&DULQR 7KLY LQYROYHG FDOFXODWLQJ WKH WL
WKH DUULYDO RI WKH ILUVW 3 ZDYH UHIOHFWLRQ UH
GDWD LQWHUSUHWDWLRQ LV PXFK VLPSOHU LQ WKH Il
D GLJLWDO WLPH GRPDLQ ZDYHIRUP IXQFWLRQ LV

J W VLQ W W VLQ L W VLQ (TXDWLRQ &O

KHUH W LV WLPH LQ VHFRQGYV

&



$SSHQGL[ &

W FDQ EH VHHQ WKDW WKLV IXQFWLRQ LV FRPSRVHG
ZLWK IUHTXHQFLHV DQG +] 7KLV IXQFWLRQ FD

J)LIXUH &0 'DWD LQ WLPH GRPDLQ

7KH IXQFWLRQ JW LV FRPSRVHG RI WKUHH VLQ FX
IUHTXHQFLHV RI DQG +] 7KLV FDQ EH VHHQ
VSHEWUXP 7KH SHDNV RFFXU DW WKHVH SDUWLFXOD!
FRPSRQHQW VLQ FXUYHV LQ HTXDWLRQ &0 7KLV V¢
WLPH GRPDLQ ZDYHIRUP XVLQJ WKH ))7 WHFKQLTXH
SURJUDP IRU ODWODE LV LQFOXGHG LQ $SSHQGL]J )

7KH JUDSK RI ILJXUH & KDYV

f 6DPSOLQJ SRLQWV 6S

f 7LPH LQWHUYDO EHWZHHQ SRLQWVY RU VDPSOLQJ S
f 6DPSOLQJ IUHTXHQF\ RU7ZVDPSOLQJ UDMH )V

JUH T XH QF\ +]

JLIXUH & 'DWD LQ IUHTXHQF\ VSHFWUXF



$SSHQGL[ &

7KH IUHTXHQF\ VSHFWUXP ZDV FDOFXODWHG E\ WKH )
& KDV
f OD[LPXP IUHTXHQF\ LQ JUDSK % )PD[ VLQFH IUHTX
FRQWDLQV KDOI DV PDQ\ SRLQWYV DV WKH WLPH GRI
+]
f )JUHTXHQF\ LQWHUYDO )PD| 6S 1R RI SRLQW:

+]

& 6HOHFWLQJ D VDPSOLQJ UDWH

,W LV FOHDU WKDW WKH IUHTXHQF\ LQWHUYDO LV LQ"
PHDQV WKDW D VORZHU VDPSOLQJ UDWH HQKDQFHV
+RZHYHU WR DYRLG HUURUV LQ IUHTXHQF\ DQDO\VLYV

7R VDPSOH D VLIJIQDO SURSHUO\ WKH VDPSO
IUHTXHQF\ PXVW EH DW OHDVW WZLFH DV KLJK
KLIKHVW IUHTXHQF\ FRPSRQHQW LQ WKH VLJQDO

JRU H[DPSOH LI WKH VDPSOH UDWH LV OHVV WKDQ Wz
LOQDFFXUDWH UHSUHVHQWDWLRQ RI WKH LQSXW ©6R
WKH VDPSOHG VLIJQDO 7KLV SKHQRPHQRQ LV FDOOHG

$OLDVLQJ FDQ EH DYRLGHG LQ VLJQDOV FRQWDLQLC
DOLDVLQJ ILOWHU 7KLV RQO\ DOORZV ORZ IUHTXHQFL
WKDQ DERXW KDOI WKH PD[LPXP IUHTXHQF\ Q\TXLVW

7TKHUH LV DQ LPSRUWDQW UHODWLRQVKLS EHWZHHQ
7R LOOXVWUDWH WKLV SRLQW ZH VDPSOH D VLIJQDO W

JLIXUH & 6DPSOHG IUHTXHQF\

&



$SSHQGL[ &

JURP ILJXUH & WKH VLIJQDO LV YHU\ UHJXODU LW K
WR VDPSOH D VLQH ZDYH WZLFH GXULQJ HDFK F\FOH \

$QRWKHU SUREOHP HQFRXQWHUHG LQ ))7 DQDO\VLV
IHDVLEOH WKH SHULRGLF VLJQDO PXVW EH VDPSOHG
WKH VLJQDO LV WR EH ILQLWH WKH VLJQDO FRXOG EI
8QIRUWXQDWHO\ WKHUH LV QR VLPSOH VROXWLRQ
FRQWDLQLQJ PDQ\ GLIIHUHQW IUHTXHQFLHV 6R WKH
OHDNDJH 7KLV PHDQV HUURQHRXV IUHTXHQFLHV DS
IRXULHU WUDQVIRUP RI WKH ILQLWH OHQJWK VLJQDO
VDPSOH UHFRUG OHQJWK +HQFH WKH DFWXDO IUHTX
IUHTXHQFLHYV

/IHDNDJH FDQ EH FRUUHFWHG PRUH RU OHVV E\ WKH >
PXOWLSO\LQJ WKH RULJLQDO DQDORJXH VLJQDO E\ D
WR JHUR RXWVLGH WKH VDPSOLQJ SHULRG +DPPLQJ Z

& 6 XPPDU\

7KH WKHRU\ RI WKH ))7 KDV EHHQ SUHVHQWHG DQC
GHPRQVWUDWHG 7KH LPSRUWDQFH RI VDPSOLQJ DW
HITHFWV KDYH EHHQ H[SODLQHG



$SSHQGL[ °

$SSHQGL]J °

1HXUDO 1HWZRUN 'DWD

7TKH QHXUDO QHWZRUN GDWD ZLWK HIIHFW RI DGGLC
VHFWLRQ WKH ILUVW IHZ JUDSKYVY VKRZ WKH GDWD Zl1
UHPDLQLQJ JUDSKYV VKRZ GDWD ZLWK D VWDQGDUG G&H

7KH LQYHVWLIJDWLRQV WR ILQG WKH RSWLPXP SDUDPF
WKLV DSSHQGL]



$SHQGL[

+]

YJUHTXHQF\
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JLIXUH ' VW VHW RI QRLVH DGGHG WUDLQLQJ SDWWHUQV WHVW SDWWHU !
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JUHTXHQF\ +]

xeredbrfdatle

JLIXUH ' QG VHW RI QRLVH DGGHG WUDLQLQJ SDWWHUQV WHVW SDWWHUQ
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JUHTXHQF\ +]

1HXUDO 1HWZRUN

JLIXUH ' UG VHW RI QRLVH DGGHG WUDLQLQJ SDWWHUQV WHVW SDWWHUDQ



$SHQGL[ '

+]

JUHTXHQF\

aadaaapanuy F-™.

JLIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ SDWWHUQV WHVW SDWWHUQ
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JUHTXHQF\

7THVW &DVHYV $FWXDO

aaAgEE@mAt —"[2 T-™"e

JLIKU WK VHW RI QRLVH DGGHG WUDLQLQJ H[DPSOHYV WHVWLQJ H[DPSOHV
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+]

JUHTXHQF\

zerredefidattle

JLIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ H[DPSOHYV WHVWLQJ H[DPSOH
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JUHTXHQF\

aaadaaamaapz t-™"e

JLIXUH ' WK VHW RI QRLVH WUDLQLQJ H[DPSOHYV WHVWLQJ H[DPSOHYV
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+]

JUHTXHQF\

THVW &DVHYV $FWXDO

1IHXUDO 1HWZRUN

JLIXUH ' WK QRLVH VHW RI QRLVH DGGHG WUDLQLQJ H[DPSOHYV WHVWLQJ H[D}



$SHQGL[ °

JUHTXHQF\ +]

7HVW &DVHYV R
© t—"f2 fome.

JLIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ H[DPSOHYV WHVWLQJ H[DPSOH

', 2






$SHQGL[

+]

JUHTXHQF\

7HVW &DVHV 2

J)LIXUHO WK VHW RI QRLVH DGGHG WUDLQLQJ H[DPSOHV WHVWLQJ H[DPSOHYV
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JUHTXHQF\ +]

eeatedfl t-™".

JLIXUH ' WK VHW RI QRLVH DGGHG WUDLQLQJ SDWWHUQV WHVW SDWWHU!
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+]

JUHTXHQF\

THVW &DVHYV $FWXDO
tceagtaetf 2 t-™'7.

J)LIKU WK VHW RI QRLVH DGGHG WUDLQLQJ SDWWHUQV WHVW SDWWHUQV



$SHQGL[ °

JUHTXHQF\ +]
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J)LIKU WK VHW RI QRLVH DGGHG WUDLQLQJ SDWWHUQV WHVW SDWWHUQV
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JUHTXHQF\

THVW &DVHYV $FWXDO
1HXUDO 1HWZRUN

)LIXH WK VHW RI QRLVH DGGHG WUDLQLQJ SDWWHUQV WHVW SDWWHUQ
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JUHTXHQF\ +]
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)LIXH ORPHQWXP OHDUQLQJ UDWH KLGGHQ OHDUQLQJ UDW



$SHQGL[

+]

JUHTXHQF\

$f2 gomens

JLIXUH ' ORPHQWXP OHDUQLQJ UDWH KLGGHQ OHDUQLQJ U
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JUHTXHQF\
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JLIXUH ' ORPHQWXP OHDUQLQJ UDWH KLGGHQ OHDUQLQJ U
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JUHTXHQF\

A

JLIXUH ' ORPHQWXP OHDUQLQJ UDWH KLGGHQ OHDUQLQJ U
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JUHTXHQF\ +]

xeeedbrfldatle

JLIKU ORPHQWXP OHDUQLQJ UDWH KLGGHQ OHDUQLQJ UDW
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JUHTXHQF\

eedfl t-™".

) L IXH ORPHQWXP OHDUQLQJ UDWH KLGGHQ OHDUQLQJ UD)
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JUHTXHQF\
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SURJUDP WR GHWHUPLQH ))7 DQG SORW D
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LGDWDGDWD LV GLVSOD\HG

W O 2H 2H GHILQLQJ WLPH LQFUHPHQW RI H

SORW W [sGPWDBDDYHIRUP

[ODEHO vV7LPH ODEHOOLQJ WKH [D[LV

\ODEHO 'LVSODIDHRH®LIQIJ WKH \D[LV

< |[IW LGDWD GR IIW RQ WKH LGDWD ZKLFK LV D RQH GLPHQVLRC

1 VDPSOLQJ SRLQWYV GHILQHG
[ 1 FDOFXODWLRQ RI DFWXDO IUHTXHQF\
SORW I DEV < O WLWOH s$RBWLIN XMEH mSsHE WXILMHPJ

[ODEHO )UHTXHQBDEHOOLQJ WKH [D[LV

\ODEHO $PSOGLMEXGHLQI WKH \D[LV

$PS DEV < O GHILQLQJ WKH QHZ DUUD\ RI IIW YDOXHV
ISULQWI PRUL W[Isul@WQLQEPWBKH IIW YDOXHV WR D ILOH

$GGLWLRQ RI QRLVH WR WKH RULJLQDO G
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