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([SORULQJ PRELOH WUDMHF

$Q LOYHVWLIJDWLRQ RI LQGLYLGXD
EHKDYLRXU DQG JHRJUDSKLF ILOW
LQIRUPDWLRQ UHWULHYDO

'DYLG OLFKDHO ORXQWDLQ

7TKHVLV VXEPLWWHG LQ IXOILOPHQW RI WKH UHT:

3K' LQ ,QIRUPDWLRQ 6FLHQFH

&LW\ 8QLYHUVLW\ /RQGRQ
'HSDUWPHQW RI ,QIRUPDWLRQ 6FLHQFH

6FKRRO RI ,QIRUPDWLFYV

'"HFHPEHU



([SORULQJ PRELOH WUDMHFWRULHYV

7DEOH RI &RQWHQWYV

$FNQRZOHGJHPHQWYV
7KHVLV $EVWUDFW
,QWURGXFWLRQ
ORWLYDWLRQ
$LPV DQG REMHFWLYHV
/ILPLWDWLRQV
BRWHQWLDO $SSOLFDWLRQV
/LWHUDWXUH 5HYLHZ
*HRJUDSKLF FRQFHSWV DQG UHSUHVHQWDWLRQV RI VSDFH D¢
'LJLWDO UHSUHVHQWDWLRQV RI VSDFH DQG WLPH
$WHPSRUDO *, 6\VWHPV
$VSDWLDO WHPSRUDO V\VWHPYV
$SSURDFKHV WR LQWHJUDWLQJ WLPH LQWR *, 6\VWHPV
7LPH *HRJUDSK\
ORGHOOLQJ PRWLRQ SDWWHUQYV
&RUUHODWHG UDQGRP ZDONYV
&LUFXODU VWDWLVWLFV
BUHGLFWLRQ
*HROLVXDOL]DWLRQ
*HRJUDSKLF NQRZOHGJH GLVFRYHU\
*HRJUDSKLF GDWD PLQLQJ
,QWHJUDWLQJ *HRYLVXDOL]DWLRQ DQG .QRZOHGJH 'LVFR)
,QIRUPDWLRQ 5HWULHYDO
,QIRUPDWLRQ UHWULHYDO DQG UHOHYDQFH
*HRJUDSKLF ,QIRUPDWLRQ UHWULHYDO
ORELOH FRPSXWLQJ
ORELOH WHOHFRPPXQLFDWLRQV LQIUDVWUXFWXUH DQG KI
3RVLWLRQLQJ WHFKQRORJLHV
/IRFDWLRQ EDVHG VHUYLFHYV
OHWKRGRORJ\
'DWD FROOHFWLRQ
*HROLVXDOL]DWLRQ
SHSUHVHQWLQJ PRWLRQ DWWULEXWHYV
(PSKDVLVLQJ WKH WHPSRUDO FRPSRQHQW
6SDWLR WHPSRUDO TXHU\LQJ
'"HVLJQ DQG LPSOHPHQWDWLRQ
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ORELOH SODWIRUP DQG WHVWEHG

HE3DUN SURMHFW WKH &DPLQHR VSLQ RIIl DQG WKH ¢

7KH
,QWHOOHFWXDO 3URSHUW\ 5LJKWV

8VHU QHHGYV TXHVWLRQQDLUH
9LVLWRU VKDGRZLQJ

*HRJUDSKLF ILOWHUV IRU LQIRUPDWLRQ UHWULHYDO
6SDWLDO SUR[LPLW\
7LPH *HRJUDSK\ DQG WHPSRUDO SUR[LPLW\
6SHHG KHDGLQJ SUHGLFWLRQV

BUHGLFWLRQ VXUIDFHV
(YDOXDWLRQ FULWHULD IRU SUHGLFWLRQ VXUIDFHV

(YDOXDWLRQ RI LQGLYLGXDO SUHGLFWLRQ VXUIDFHYV
(YDOXDWLRQ RI D SUHGLFWLRQ DSSURDEFK
BUHGLFWLRQ DSSURDFK HYDOXDWLRQ FULWHULD VXPPDU\

,PSOHPHQWDWLRQ RI SUHGLFWLRQ VXUIDFH WHVWYV

6RUWLQJ UHVXOWY XVLQJ JHRJUDSKLF ILOWHUYV

3RLQW IHDWXUHV
/LQH IHDWXUHV
$UHD IHDWXUHV
*HRJUDSKLF ,QIRUPDWLRQ UDQNLQJ LPSOHPHQWDWLRQ
OHWKRGRORJ\ 6 XPPDU\
5HVXOWV
3UHGLFWLRQ WHVWLQJ

%HKDYLRXU VFHQDULRYV
/IRQJ WHUP DQG VKRUW WHUP SUHGLFWLRQV

SBUHGLFWLRQ FRQILIXUDWLRQ SDUDPHWHUYV

IUDPHZRUN

$SSURDFK FKDUDFWHULVWLFV
6SHHG KHDGLQJ SUHGLFWLRQ VXUIDFHV

6SDWLDO SUR[LPLW\ SUHGLFWLRQ VXUIDFHV &
7THPSRUDO SUR[LPLW\ SUHGLFWLRQ VXUIDFHV

6 XLWDELOLW\ RI DSSURDFKHV IRU VFHQDULRYV
:DONLQJ VFHQDULR VKRUW WHUP SUHGLFWLRQ W LRPLQV

:DONLQJ VFHQDULR ORQJ WHUP SUHGLFWLRQ W RPLQV
'ULYLQJ VFHQDULR VKRUW WHUP SUHGLFWLRQ W LRPLQV
'ULYLQJ VFHQDULR ORQJ WHUP SUHGLFWLRQ W RPLQV

'DLO\ PLJUDWLRQ VFHQDULR VKRUW WHUP SUHGLFWLRQ W

8VHU HYDOXDWLRQ

'"LVEXVVLRQ
*HRJUDSKLF FRQWH[W IRU PRELOH LQIRUPDWLRQ UHWULHYDO

7KH 36HDUFK DURXQG PH  ILOWHU
7KH DFFHVVLELOLW\ ILOWHU
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7KH 36HDUFK DKHDG” ILOWHU

7KH YLVLELOLW\ ILOWHU

&RPELQLQJ ILOWHUYV
ORELOGIRUPDWLRQ UHWULHYDOVEDWEBG®BRQ KLVWRULFDO
*HRJUDSKLF ILOWHUV IRU SUHGLFWLRQ

BUHGLFWLRQ (YDOXDWLRQ FULWHULD

6SDWLDO SUR[LPLW\

7THPSRUDO 3UR[LPLW\

6SHHG KHDGLQJ SUHGLFWLRQYV

*HR 9LVXDOL]DWLRQ DQG ,QWHUDFWLYH 7LPH *HRJUDSK\
&RQFOXVLRQV
5SHVHDUFK DLPV

S5HYLVLWLQJ VSHFLILF REMHFWLYHV
ODLQ ILQGLQJV

SHIHUHQFHYV

*ORVVDU\



/ITSORULQJ PRELOH WUDMHFWRULHYV

/[LVW RI ILIXUHYV

JLIXUH L 7KUHH GLIITHUHQW FRQFHSWV RI GLVWDQFH LQ *, 6\VWHPYV

GLPHQVLRQDO VSDFH /DXULQL DQG 7KRPSVRQ E
J)LIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH VSDFH WLPH SDWK |
JLJYH /LJKW &RQHV DQG :RUOG /LQHV DIWHU OLQNRZVNL
J)LIXUH 6FKHPDWLF UHSUHVHQWDWLRQ Rl WKH VSDFH WLPH SULVP
J)LIXUH ,VRFKURQHV VKRZLQJ WUDYHO WLPHV IRU D SRLQW ORFDWL

E

JLIXUH $Q LQGLYLGXDOYV VSDFH WLPH SDWK DV WKH FRQVXPSWLR(

)LIWH &LUFXODU VWDWLVWLFV DIWHU %UXQVGRQ DQG &KDUOWRQ

JLIXUH ‘\QDPLF VSDFH WLPH HQYHORSHY EDVHG XSRQ UHFHQW VSH
%ULPLFRPEH DQG /L

)LIXH 7KH VSDWLDO KLVWRU\ H{SORUHU 0DS 9LHZ 7LPH 9LHZ DQG ¢

)LIXUH SHSUHVHQWLQJ PRWLRQ DWWULEXWHYV

)LIXUH 7KH pWHPSRUDO YLHZY ZLWK WKH \ D[LV UHSUHVHQWLQJ G

YLIXUH &RPSDULQJ ZHHNGD\ DQG ZHHNHQG EHKDYLRXU

)LIXUH ,QWHQWLRQ WR XVH D PRELOH LQIRUPDWLRQ V\VWHP

)LIXH 6SDWLDO SUR[LPLW\ VXUIDFHYV

)LINH 'LVWDQFH GHFD\ IXQFWLRQV DGDSWHG IURP /RQJOH\HW DO

)LINH 6SDFH WLPH SDWK FUHDWHG LQWHUDFWLYHO\ LQ WKH VSDW:

YLIXUH 8VLQJ VSDFH WLPH SDWKV WR GHILQH D SRWHQWLDO SDWK

YLIXUH $OWHUQDWLYH DSSURDFKHY WR ERXQGLQJ WKH VHFWLRQV
DFFHVVLEOH ZLWK D JLYHQ WLPH EXGJHW

)LIXUH ,VRFKURQHV VXUIDFHV UHJLRQV DFFHVVLEOH IURP %ODFN
OHVYV

Y)LIXUH $ GHWHUPLQLVWLF SRLQW SUHGLFWLRQ XVLQJ PHDQ VSHHC

Y)LIXUH &RPSDULVRQ RI VLQXRVLW\ DQG KHDGLQJ IRU WKUHH GLIIH

)LIXUH JUHTXHQF\ GLVWULEXWLRQ RI VSHHG IRU *36 SRLQWV F
DQG $SULO

)LIMH *HQHUDWLQJ D VXUIDFH EDVHG XSRQ D VHULHV RI VWRFKDV\

)LIXUH (YDOXDWLRQ FULWHULD WR FRPSDUH WKH HIIHFWLYHQHVYV
VXUIDFHV LOOXVWUDWHG XVLQJ VSDWLDO EXIIHUV

Y)LIXUH 9HULILFDWLRQ YDOXH

)LINH *HRJUDSKLF UHOHYDQFH VFRUHV IRU SRLQW IHDWXUHYV

)LINH *HRJUDSKLF UHOHYDQFH VFRUHV IRU DUHD IHDWXUHYV

)LIXUH 7KH ERXQGLQJ ER[ KHXULVWLF

JLIXUH *HRJUDSKLF ILOWHUV LPSOHPHQWHG LQ WKH :HE3DUN V\VYV



([SORULQJ PRELOH WUDMHFWRULHYV

)LIXUH :DONLQJ VFHQDULR ORELOH WUDMHFWRU\ WHVW VHW

)LIXUH 7LPH YV HOHYDWLRQ SORW IRU +HOYHOO\Q ZDONLQJ EHF

)LIXUH ':DONLQJ VFHQDULR SDUHQW VHW

)LIXUH 'ULYLQJ VFHQDULR ORELOH WUDMHFWRU\ WHVW VHW

)LIXUH 'ULYLQJ VFHQDULR WHVW VHW FKDUDFWHULVWLFV RI VS

)LIXUH 'ULYLQJ VFHQDULR 3DUHQW PRELOH WUDMHFWRU\

)LIXUH $'DLO\ PLJUDWLRQ  VFHQDULR SDUHQW PRELOH WUDMHF

YLIXUH 5XQQLQJ SUHGLFWLRQ VXUIDFH WHVWYV

)LIMH OHGLDQ YHULILFDWLRQ YDOXH DJDLQVW UHFHQW EHKDYLF
KHDGLQJ SUHGLFWLRQ VXUIDFHV

)LIXUH OHGLDQ VXUIDFH DUHD DJDLQVW UHFHQW EHKDYLRXU SH
SUHGLFWLRQ VXUIDFHV

Y)LIXUH 6SHHG KHDGLQJ SUHGLFWLRQ VXUIDFHV LQIOXHQFH RI \

)LIXUH OHGLDQ SUHGLFWLRQ VXUIDFH HIIHFWLYHQHVYV DJDLQVW
VHULHV RI VSHHG KHDGLQJ SUHGLFWLRQ VXUIDFHV

YLIXUH 6SHHG KHDGLQJ SUHGLFWLRQ VXUIDFHV SUHGLFWLQJ W
GLVSOD\LQJ ZDONLQJ EHKDYLRXU PLOQXWHV LQWR WKH IXWXU

)LIXUH 6XFFHVV UDWH DJDLQVW UHFHQW EHKDYLRXU SHULRG IR
SUHGLFWLRQ VXUIDFHV

)LIXUH 7KH HIITHFWV Rl WKH EXIIHU GLVWDQFH RQ VSDWLDO SUR

Y)LIXUH OHGLDQ YHULILFDWLRQ YDOXH DJDLQVW EXIIHU GLVWDQ!
SUHGLFWLRQ VXUIDFHV

)LIXUH OHGLDQ VXUIDFH DUHD DJDLQVW EXIIHU GLVWDQFH IRU [
SUHGLFWLRQ VXUIDFHV

)LIXUH OHGLDQ SUHGLFWLRQ VXUIDFH HIIHFWLYHQHVYV DJDLQVW
VSDWLDO SUR[LPLW\ SUHGLFWLRQ VXUIDFHYV

)LIXUH 6XFFHVV UDWH DJDLQVW EXIIHU GLVWDQFH IRU D VHULH
VXUIDFHV

)LIXUH 7HPSRUDO SUR[LPLW\ SUHGLFWLRQV IRU WKH GDLO\ PLJ

YLIXUH 7HPSRUDO SUR[LPLW\ SUHGLFWLRQ VXUIDFH FRQYH[ KX¢

YLIXUH 7HPSRUDO SUR[LPLW\ SUHGLFWLRQ VXUIDFH LQIOXHQFH
DUHD

)LIXUH 6XFFHVVIXO DSSURDFKHV IRU WKH ZDONLQJ VFHQDULR

)LIXUH 6XFFHVVIXO DSSURDFKHV IRU WKH GULYLQJ VFHQDULR

)LIXUH 6XFFHVVIXO DSSURDFKHV IRU WKH GDLO\ PLJUDWLRQ VF

)LIXUH 5HOHYDQFH RI UHVXOWV XVLQJ GLIIHUHQW JHRJUDSKLF

)LIXUH 3HUFHLYHG EHQHILW RI DOWHUQDWLYH JHRJUDSKLF ILO)

)LIXUH 8VHU LQWHUIDFH IRU WKH WUHNNLQJ DSSOLFDWLRQ

)LIXUH %HQHILW Rl WKH WUHNNLQJ DSSOLFDWLRQ

JLIXUH $FFXUDF\ RI WKH WUHNNLQJ DSSOLFDWLRQ WUDYHO WLP
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/LVW RI WDEOHYV

7DEOH OHGLD XVHG ZKHQ SUHSDULQJ RI D YLVLW WR WKH 613 .UXJ

7DEOH 3UHVHQW LQIRUPDWLRQ SURYLVLRQ ZKHQ KLNLQJ WKURXJK

7DEOH &RPSDULVRQ RI GLIIHUHQW PHDVXUHV RI SUHGLFWLRQ VXUI

7DEOH 7HPSRUDO ZHLJKWLQJY DQG GHFD\ IXQFWLRQV

7DEOH 6LWXDWLRQV DQG FRQILIXUDEOH SDUDPHWHUV IRU ZKLFK W
VXUIDFHV ZHUH WHVWHG

7DEOH 'LVWDQFH ZHLJKWLQJVDQG GHFD\ IXQFWLRQV

7DEOH 6FHQDULRY DQG FRQILIJXUDEOH SDUDPHWHUV IRU ZKLFK WKI
VXUIDFHV ZHUH WHVWHG

7DEOH 6FHQDULRY DQG FRQILIXUDEOH SDUDPHWHUV IRU ZKLFK WKI
VXUIDFHV ZHUH WHVWHG

7DEOH 7KUHVKROG EXIIHU GLVWDQFHV IRU DOWHUQDWLYH VFHQDUI

7DEOH ORVW HIITHFWLYH FRQILIXUDWLRQ IRU HDFK SUHGLFWLRQ D¢

7DEOH BUHGLFWLRQ VXUIDFH HIIHFWLYHQHVV RI WKH PRVW HIIHFV
SUHGLFWLRQ DSSURDFK LQ HDFK VLWXDWLRQ
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(TXDWLRQ
(TXDWLRQ
(TXDWLRQ
(TXDWLRQ
(TXDWLRQ
(TXDWLRQ
(TXODWLRQ
(TXDWLRQ
(TXDWLRQ
(TXDWLRQ

/LVW RI HTXDWLRQV

/LQHDU GLVWDQFH GHFD\

1HJDWLYH SRZHU GLVWDQFH GHFD\
1HIJDWLYH H[SRQHQWLDO GLVWDQFH GHFD\
,QYHUVH KHDGLQJ VSUHDG IXQFWLRQ
'HLJKWHG PHDQ

‘HLJKWHG VWDQGDUG GHYLDWLRQ

7UDQVIRUPLQJ JHG VFRUHYV

5HODWLYH SRLQW GHQVLW\

BUHGLFWLRQ VXUIDFH HIITHFWLYHQHVV
6XFFHVV UDWH
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$FNQRZOHGJHPHQWYV

JLUVW , ZRXOG OLNH WR H[SUHVV P\ JUDWLWXGH WR DOO WKRVH ZK
KDV KHOSHG WKLV WKHVLV FRPH LQWR EHLQJ 1XPHURXV SHRSOF
,QIRUPDWLRQ 6FLHQFH DQG LQ SDUWLFXODU WKH JL&HQWUH KDYH
WKH ODVW ILYH \HDUV DQG , ZRXOG OLNH WR WKDQN &ULVWLQD $UFI
'\NHV 3HWHU )LVKHU ,DQ *UHDWEDWFK $QLO *XQHVK )RWLV /LDURN
ODUVK -RQDWKDQ 5DSHU 'DYLG 5KLQG 90ODVLRV 9RXGRXULV DQG -F
VXJIJHVWLRQV DQG FRQVWUXFWLYH FULWLFLVP RITHUHG OXFK Rl WKt
ZDV LQVSLUHG E\ WKH :HE3DUN SURMHFW ZKLFK IRU WKUHH \HDUV |
HQYLURQPHQW LQ ZKLFK WR ZRUN DQG , ZRXOG OLNH WR H[SUHVV
67 WKIUDPHZRUN ZKR IXQGHG WKH SURMHFW DQG WKH LQGLYLGXDGC
WHDP WZR JURXSV GHVHUYH DGGLWLRQDO UHFRJQLWLRQ PHPEHU
GHGLFDWLRQ WR WKH WDVN LQ KDQG DQG FDPDUDGHULH GXULQJ OF
ZRUN DQG WKH 6ZLVV 1DWLRQDO 3DUN IRU WKHLU H[HPSODU\ SHU
XVHU QHHGYV DQG FRQGXFWLQJ WKH XVHU HYDOXDWLRQ RI WKH :HE3

, ZRXOG OLNH WR WKDQN P\ VXSHUYLVRUV -RQDWKDQ 5DSHU DQG -!
FROQWLQXHG JXLGDQFH DQG VSHFLILF FRPPHQWY SURYLGHG IRU YL
H[DPLQHUV OLNH -DFNVRQ DQG -RQDWKDQ %ULJJV IRU RIIHULQJ I}
WKH VXEPLWWHG GUDIW ,Q DGGLWLRQ PDQ\ QHZ LGHDV ZHUH LG
UHVHDUFK VWHHUHG DV D UHVXOW Rl MRLQW SXEOLFDWLRQV IRU
'\NHV )RWLV /LDURNDSLV $QWRQLR *RQFDOYHV .DWULQ .UXJ -RQ
5RGULJXHV , DP DOVR JUDWHIXO WR WKRVH ZKR YROXQWHHUHG WR
WKH WKHVLY QRWDEO\ 3HWH %R\G DQG -RQDWKDQ 5DSHU

)LQDOO\ , RZH D KXJH GHEW Rl JUDWLWXGH WR DOO WKRVH ZKR ¥
HQFRXUDJHPHQW WR SULRULWLVH WKLV UHVHDUFK DERYH DOO RWKF
WKHQ GXO\ XQGHUVWDQGLQJ ZKHQ , ZDV DEVRUEHG LQ P\ ZRUN 7R
P\ OXP DQG 'DG ,1G OLNH WR VD\ WKDQNV IRU WKH FRQVLVWHQW D
KDV KHOSHG PH JHW WR WKLV SRLQW )LQDOO\ , PXVW WKDQN P\
SDWLHQFH XQGHUVWDQGLQJ DQG FRQVLGHUHG DGYLFH TXDOLWLHYV
PDQ\ PDQ\\HDUV WR FRPH



([SORULQJ PRELOH WUDMHFWRULHYV

'HFODUDWLRQ RQ FRQVXOWDWLRQ I

JuUbQW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVLW\ /LEUDI
WKHVLVY WR EH FRSLHG LQ ZKROH RU LQ SDUW ZLWKRXW IXUW|
7KLY SHUPLVVLRQ FRYHUV RQO\ VLQJOH FRSLHV PDGH IRU V
VXEMHFW WR QRUPDO FRQGLWLRQV RI DFNQRZOHGJHPHQW

'DYLG ORXQWDLQ 'HF



([SORULQJ PRELOH WUDMHFWRULHYV

7KHVLV $EVWUDFW

7ZR UHFHQW WUHQGY LQ WKH ILHOG RI PRELOH FRPSXWLQJ KDYH EH
WKH XVH Rl KDQGKHOG GHYLFHV E\ PRELOH XVHUV WR DFFHVV L(
FHOOXODU QHWZRUNV ,W LV SURSRVHG WKDW NQRZLQJ D GHYLFH
GHILQHG E\ WKHLU SUHVHQW DQG SUHYLRXV VSDWLDO EHKDYLRX
UHOHYDQFH RI WKH LQIRUPDWLRQ UHWULHYHG E\ WKDW XVHU E\ XW
WKMHRJIJUDSKLF |FRRR WKHLQWTXHU\ ([LVWLQJ DSSURDFKHV KDYH FRQ\
VSDWLDO SUR[LPLW\ UHODWLRQVKLSY EHWZHHQ WKH PRELOH XVH
WKHVLV FRQVLGHUV RWKHU DSSUWRIRFIKID\SKWR RBRHQRARHQOHW K H
LQGLYLGXDOV VXFK DWHPBSRH\WD\OLELWRMREHWY IXWXUH ORFDWLRQV
YLVLELOLW\ JHRO9LVXDOL]DWLRQ WRROV KDYH EHHQ GHYHORSHG I
WUDMHFWRULHVY WR LPSOHPHQW DQ LQWHUDFWLYH DSSURDFK W
GHYHORSPHBWJIJWISKLF UHSWHUYMQWLQJ WKH JHRJUDSKLF FRQWHIV
LQGLYLGXDOV LQ GLIIHUHQW VFHQDULRYV

(YDOXDWLRQ LV ERWK TXDQWLWDWLYH LQFOXGLQJ FRPSDULVRQ
HITHFWLYHQHVYV RI GLIIHUHQW DSSURDFKHVY WR SUHGLFWLRQ DQG
XVHU HYDOXDWLRQ RI LPSOHPHQWDWLRQV RI JHRJUDSKLF ILOWHU
VHUYLFH 7KH UHVXOWV RI WKLV VWXG\ VXJJHVW WKDW PRELOH 1
FROQWH[W IRU LQIRUPDWLRQ UHWULHYDO DQG WKDW VSDWLDO SUR
EXW WKDW WKH\ DUH UHFHSWLYH WR RWKHU QRWLRQV RI JHRJUD
SUR[LPLW\ SUHGLFWLRQ DQG YLVLELOLW\ :KHQ SUHGLFWLQJ WKH I
REMHFWY D WLPH JHRJUDSK\ DSSURDFK XVLQJ WHPSRUDO SURJLP
IRXQG WR EH WKH PRVW HIIHFWLYH ZKLFK DQDO\WH D ORQJ WHUP
7KH QH[W PRVW HIIHFWLYH DSSURDFK DSSOLHG VSHHG KHDGLQJ .
DQDO\WVH D VKRUW WHUP UHFRUG RI SUHYLRXV EHKDYLRXU IRO(
SUHGLFWLRQ VXUIDFHV ZKLFK DFFHVV QR UHFRUG RI SUHYLRXV EHEFk
PRVW HIIHFWLYH SUHGLFWLRQV FDQ EH GHULYHG IURP GDWD PLQLQ
SDVW

JRU WKRVH UHDGHUV SXVKHG IRU WLPH RU ZKR RQO\ UHTXLUH DQ D
FRQWH[W PHWKRGRORJLFDO DSSURDFK DQG ILQGLQJV RI WKLV VW
IRXQG DW WKH VWDUW RI HDFK FKDSWHU
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O ,OQWURGXFWLRQ

, QWURGXFWLRQ $EVWUDFW

7KLV LQWURGXFWRU\ FKDSWHU ILUVW GHVFULEHYVY WKH PRWLYDMW
Rl PRELOH FRPSXWLQJ PRELOH WHOHSKRQ\ DQG SRVLWLRQ
DGYDQFHPHQW LQ WKH ILHOG RI JHRJUDSKLF LQIRUPDWLRQ UHYV
D QHZ ILHOG RI UHVHDUFK ORFDWLRQ EDVHG VHUYLFHV 1H[W

LQFOXGLQJ WKH QHHG WR GHYHORS JHRO9LVXDOL]DWLRQ VRIWZD
GHYHORS UHSUHVHQWDWLRQ WKDW GHILQH WKH JHRJUDSKLF FR
LQGLYLGXDOV EDVHG XSRQ WKHLU SUHYLRXV EHKDYLRXU WR

VXUIDFHVY DQG WR WHVW WKHVH QRWLRQV RI JHRJUDSKLF FRQ
VHUYLFH )LQDOO\ VRPH SRWHQWLDO DSSOLFDWLRQV IRU WKLV .
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ORWLYDWLRQ

7KH ZLGHVSUHDG DFFHSWDQFH DQG XVH RI WKH ,QWHUQHW KDV EHH
GLVWDQFH" &DLUQFURVYV DQG WKH *GHDWK RI JHRJUDSK\" %DW
DOORZV LQGLYLGXDOV WR DFFHVV YDVW UHVHUYHV RI JOREDOO\
UHJDUGOHVV RI WKHLU SUR[LPLW\ WR LQGLYLGXDO VRXUFHV $V D
FRQVWUDLQWYV XSRQ DFFHVV WR LQIRUPDWLRQ DVVRFLDWHG ZLWK
PRYHPHQW .ZDQ /HQQWRUS KDYH EHFRPH OHVV LPSRUW
2SHQVKDZ DQG *RGGDUG QHDUO\ WZHQW\ \HDUV DJR \RX QR O
LQIRUPDWLRQ VRXUFH RU ZDLW IRU LW WR EH VHQW WR \RX LQ RUG

(QWLWLHY DQG SKHQRPHQD GHVFULEHG ZLWKLQ GRFXPHQWY KRZHYt
ORFDWLRQV ZLWKLQ WKH SK\VLFDO ZRUOG VLQFH HQWLWLHVY WHQG
VSHFLILF ORFDWLRQV /RQJOH\ HW DO JHRJUDIS/SLLAV BVRWDKEH [\H D O W
DSSHDUV WR EH LPSOLFLWO\ FRQWDLQHG ZLWKLQ GRFXPHQWV 6LO
LQIRUPDWLRQ UHWULHYDO HQJUEBRYU®GS KQRWRRREBEE KWLVME H V H

ZHOO VLQFH WKH\ WHQG WR UHO\ RQ H[DFW PDWFKLQJ EHWZHHQ W
GRFXPHQWY 8QWLO UHFHQWO\ SRVVLEOH VSDWLDO UHODWLRQVKLS
VXFK DV GLVWDQFH DQG FRQWDLQPHQW KDYH EHHQ RYHUORRNHG
UHVHDUFK NQRZQ DV JHRJUDSKLF LQIRUPDWLRQ UHWULHYDO *,5
SUREOHPV DVVRFLDWHG ZLWK WKH 3VSDFHOHVV ,QWHUQHW’  IRFX
RQWRORJLHY DQG DXWRPDWHG TXHU\ WHUP H[SDQVLRQ WR PDWF
GRFXPHQWVY WR WKH VSDWLDO FRQWH[W RI WKH TXHU\ ,W LV JHQF
GHILQH WKH VSDWLDO IRRWSULQW IRU WKHLU TXHU\ H[SOLFLWO\ LQ
FLW\ QDPH DGGUHVV RU JLS FRGH *RRJOH RU YLD PDS LQWHUDI

7KH GHYHORSPHQW RI FRQVXPHU KDQGKHOG GHYLFHV VXFK DV SHU\
DQG PRELOH SKRQHV KDV OHG WR D QHZ FRPSXWLQJ SDUDGLJP WKD
DO ORELOH FRPSXWLQJ FRQVWUDLQWY LQFOXGH OLPLWHG VFU
DQG UHGXFHG LQWHUDFWLRQ EHWZHHQ XVHU DQG GHYLFH GXH WR
PHFKDQLVPV DQG WKH GLVWUDFWLRQV RI WKH RXWVLGH ZRUOG 3D
FRPSXWLQJ XVH WHQGY WR EH FKDUDFWHULVHG E\ VKRUW I[UHTXHQ
DQG WKHVH WDVNV DUH RIWHQ RI D IXQGDPHQWDOO\ JHRJUDSKL
DQG .DDVLQHQ UHQGH]YRXV &KLQFKROOH HW DO VHDUF
.MHOGVNRY SUR[LPLW\ PHVVDJLQJ EHWZHHQ DFTXDLQWDQFH\
HPSOR\HHV RU UHVRXUFHV SUR[LPLW\ DGYHUWLVLQJ DQG ORFDWLR
/L 7KHVH WDVNV EHORQJ WR WKH HPHUJLQJ ILHOG Rl ORFDWLR
*HRVSDWLDO &RQVRUWLXP E ZKLFK KDYH EHHQ GHILQHG DV
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SWKH GHOLYHU\ RI GDWD DQG LQIRUPDWLRQ VHUYLF
VHUYLFHY DUH WDLORUHG WR WKH FXUUHQW RU VRF
%ULPLFRPEH DQG /L

7KH LPSRUWDQFHRRUDBKHF RR®WH[WH XVHUVY FRPELQHG ZLWK W
DELOLW\ WR LQWHUDFW ZLWK D GHYLFH ZKLOVW RQ WKH PRYH
WHFKQLTXHVY WR GHILQH WKH UHJLRQ WKDW LV UHOHYDQW WR D
UHVHDUFK LQ WKLV DUHD KDV JHQHUDOO\ FRQVLGHUHG WKLV FRQ
WKH LQIRUPDWLRQ VRXJKW $PLWD\ HW DO RU VSDFH LWVHOI
EHKDYLRXU RI WKH LQGHRIGRB KL FPIMORRNAUD/SDEOH RI GHILQLQJ WKI
WKDW DUH DSSURSULDWH LQ GLIIHUHQW VLWXDWLRQV 6XFK ILOW
ORFDWASRIQVLD O SURMAPHWILELOLW\ LQ WHUPNPBR UDWOD @ [ WPLLAW
SUHGLFWLRQV RI IXWXUH ORFDWLRQV YLVLELOLW\ DPRQJ RWKHU\
ILOWHUV RIIHUV WKH SRWHQWLDO WR UHGXFH WKH YROXPH RI |
UDQNLQJ EDVHG XSR{R DIRMESKRFVUREDISWDQFH 2QH RI WKH PDLQ ID
LQIOXHQFLQJ WKH XWLOLW\ Rl ORFDWLRQ EDVHG VHUYLFHV /%6 L
UHWULHYHG LQIRUPDWLRQ 7KH H[LVWLQJ DVVXPSWLRQ RI VSDWLI
FRQWH[WV LQ ZKLFK PRELOH XVHUV DFFHVV LQIRUPDWLRQ DQG
VROXWLRQ WR ILOWHULQJ LQIRUPDWLRQ WR WKH WDVN LQ KDQC
DFFHVVLELOLW\ WKH SUHYLRXV VSDWLDO EHKDYLRXU Rl PRELOH
DZDUH GHYLFHV PD\ KROG WKH NH\ WR JHQHUDWLQJ JHRJUDSK
LQIRUPDWLRQ EDVHGVXERG@RBWWWK WHKHE WK H YWD DIRMQUFRLHHYQ
D

'LWKLQ WKH GLVFLSOLQH RI *, VFLHQFH D XQLI\LQJ WKHPH RI PXF
RI JHRJUDSKLF HQWLWLHY DQG SKHQRPHQD DQG PDQ\ UHVHDUFK
LQGLYLGXDO VSDWLR WHPSRUDO FRQVWUDLQWY OLOOHU )RU

ORXQWDLQ E KHQFH LW LV SHUKDSV XQLTXHO\ VXLWHG
DFFHVV LQ PRELOH HQYLURQPHQWY 7KHUH LV DQ RSSRUWXQLW\ W
OLJKW RI UHFHQW WHFKQRORJLFDO GHYHORSPHQWY DQG H[SORUF
WR WKLV HPHUJLQJ DUHD RI UHVHDUFK

'LWKLQ *, VFLHQFH WKH WHPSRUDO GLPHQVLRQ KDV WKXV IDU E
XVHG WR IXO0O SRWHQWLDO IRU DQDO\VLV 3HXTXHW ,PIHOG
/DXEH 7KLV KDV EHHQ GXH LQ SDUW WR D ODFN RI VX
G\QDPLF HQWLWLHV VXFK DV SHRSOH DW DQ DSSURSULDWH VFDO
OHG WR PDQ\ QHZ VRXUFHV Rl GDWD EHFRPLQJ DYDLODEOH VXFK
6\WWHPV *166 WKDW KDYH UHSODFHG OHVV SUHFLVH PRUH FXPE}
GLDULHV DQG SHUVRQDO REVHUYDWLRQ 3RVSLVFKLO HW DO
WHPSRUDO GDWD WKHUH LV D QHHG WR LPSOHPHQW GLJLWDO UH
DQDO\VLV Rl WKH HQWLW\ RU SKHQRPHQD XQGHU DQDO\VLV 6LPS
FOHDU EXW FRPSOH[ SDWWHUQV GLVSOD\HG E\ G\QDPLF HQWLWL
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WHPSRUDO GLPHQVLRQ DSSURSULDWHO\ DQG WKURXJK WKH ORVV R
VHW $QGULHQNR HW DO ,PIHOG *LYHQ WKH KXPDQ YLVX
FDSDFLW\ WR GHWHFW SDWWHUQV LQ VXFK GDWD %UXLMQ DQG
YLVXDOL]DWLRQ WHFKQLTXHVY WKDW SODFH HTXDO LPSRUWDQFH XSF
UHSUHVHQW D FULWLFDO VWHS WRZDUGV XQGHUVWDQGLQJ KXPDQ [
K\SRWKHVHV )JROORZLQJ IURP WKLV QRYHO DSSURDFKHV WR GHI
DVVRFLDWHG ZLWK TXHULHV PD\ EH GHYHORSHG WKDW PD\ EH DEC
LQIRUPDWLRQ DFFHVVHG LQ D PRELOH FRPSXWLQJ HQYLURQPHQW
WHPSRUDO FRQVWUDLQWYV

$LPV DQG REMHFWLYHYV

7KH EURDG DLPV RI WKLV UHVHDUFK DUH ILUVW WR LQYHVWLJD
XQGHUVWDQGLQJ RI WKH LQGLYLGXDO VSDWLDO EHKDYLRXU RI SH
DQDO\VLV 6HFRQG WR FRQVLGHU DSSURDFKHV WR PDNLQJ WKH LQ
HQYLURQPHQW PRUH UHOHYDQW WR WKH JHRJUDSKLF FRQWH[W RI \
7KLUG WR WHVW WKHVH LGHDV ERWK WKURXJK TXDQWLWDWLYH |
TXDOLWDWLYH IHHGEDFN IURP HQG XVHUV RI D IXQFWLRQLQJ PRELOF

ORUH VSHFLILF REMHFWLYHV LQFOXGH

7KH FROOHFWLRQ RI D OLEUDU\ Rl PRELOH WUDMHFWRULHYV
EHKDYLRXU IRU VHYHUDO LQGLYLGXDOV FROOHFWHG RYHU D Sl
7KH GHYHORSPHQW RI QHZ JHRO9LVXDOL]DWLRQ WRROV IRU Wi
WHPSRUDO DQG DWWULEXWH FRPSRQHQWY Rl WKRVH PRELOH W
7KH LPSOHPHQWPWLRR RIPGRMSWV LQ WKLV LQWHUDFWLYH JHF
HQYLURQPHQW

7KH GHYHORSPHQW RI WRROV DQG DOJRULWKPVY WKDW H[WUD!|
UHSUHVHQWDWHRQUDBIKWKREROQWH[WGLYLGXDO IRU H[DPSOH W}
Rl VSDFH WKDW LV VSDWLDOO\ FORVH DFFHVVLEOH RU OLNHO
XSRQ SUHYLRXVO\ GLVSOD\HG EHKDYLRXU

7KH GHYHORSPHQW RI HYDOXDWLRQ FULWHULD IRU VXUIDFHV ¢
PRYLQJ HQWLWLHV DQG WKH XVH RI WKHVH FULWHULD WR FR
HIITHFWLYHQHVV RI GLIIHUHQW DSSURDFKHV LQ D YDULHW\ RI VL
7KH LPSOHPHQWDWLRQ RI D JHRJUDSKLF ILOWHU WKDW UDQNYV
DQ LQGLYLGXDOYTV IXWXUH SDWK FRLQFLGLQJ ZLWK WKH JHRJU
WKDW LQIRUPDWLRQ DQG WHVW WKLV ILOWHU LQ D ORFDWLRC
VHUYLFH

7R FRQWUDVW WKH PRELOH DQG 3GHVNWRS  ,QWHUQHW DQG
XVHUV Rl WKH PRELOH ,QWHUQHW DERXW WKHLU LQIRUPDWLRQ
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ILPLWDWLRQV

7KLV VWXG\ ZLOO FRQVLGHU JHRJUDSKLF FRQWH[W LQ WHUPV RI W
IURP WKH SUHYLRXVO\ GLVSOD\HG VSDWLDO EHKDYLRXU RI PRELOF
XVH RI HIWHUQDO GDWD VRXUFHV VXFK DV WUDQVSRUWDWLRQ QHYV
DQG ZLOO RQO\N GLVFXVV EXW QRW LPSOHPHQW WKH SRVVLELOLW
WHUUDLQ PRGHOV DV D SRWHQWLDO JHRJUDSKLF ILOWHU

7KLY WKHVLV LV QRW DWWHPSWLQJ WR VROYH DQ\ RI WKH SURE
GLVFLSOLQH FRQFHUQHG ZLWK WKH FRPPXQLFDWLRQ RI QDYLJDW

7KH LQIRUPDWLRQ UHWULHYHG XVLQJ WKH SURFHVVHV GHYV
VSDWLDOO\ UHOHYDQW LQIRUPDWLRQ FRPPHQWDU\ DQG VHUYL
RULHQWDWLRQ RU GLUHFWLRQV

,VVXHV UHODWHG WR FDUWRJUDSKLF YLVXDOLVDWLRQ RQ VPDOO )\

OHQJWK 7KH WKHVLV ZLOO EH FRQFHUQHG SULPDULO\ ZLWK WK

DOWKRXJK WKHUH DUH REYLRXV LVVXHV UHODWHG WR PDS JHQH!

SUHVHQWLQJ WKLV LQIRUPDWLRQ DV D WZR GLPHQVLRQDO PDS RC
(GZDUGHV HW DO D

SRWHQWLDO $SSOLFDWLRQV

7KH SULPDU\ DSSOLFDWLRQ IRU WKH UHVHDUFK FRQGXFWHG DV
ORFDWLRQ EDVHG VHUYLFHV /%6 WKH FHQWUDO DLP LV WR FRQ
S3VHDUFK DURXQG PH" VSDWLDO SUR[LPLW\ VHDUFK WKDW LV WKH
.DULPL HW DO $EHOH HW DO :KLOVW XVLQJ GLVWDQFH
GHVLUDEOH LQ PDQ\ VLWXDWLRQV WKH SURMHFWHG IXWXUH ORF
HTXDOO\ UHOHYDQW IRU JHRJUDSKLF TXHULHVY SDUWLFXODUO\ IR
SRLQW DW ZKLFK WKH TXHU\ ZzDV PDGH PD\ EH UHGXQGDQW DW WK
RU UHFHLYHG 7KLV WKHVLV ZLOO FRQVLGHU D UDQJH RI JHRJUD:
PRELOH LQIRUPDWLRQ UHWULHYDO DQG ORFDWLRQ EDVHG VHUY|
GLIITIHUHQW DSSURDFKHV WR SUHGLFWLRQ

$ UHODWHG DUHD ZKHUH SUHGLFWLRQ DOJRULWKPV FRXOG EH DS«
DQG :ROIVRQ ZLWK XWLOLW\ LQ IOHHW PDQDJHPHQW ZKHUH
WUDFNV WKH ORFDWLRQ RI D ODUJH QXPEHU RI PRYLQJ YHKLFO
PRGHOV KDV EHHQ GHPRQVWUDWHG WR EH D PRUH HIILFLHQW DS
GDWDEDVH RI WKH ORFDWLRQ RI WKH IOHHW WKDQ XSGDWHV WKL
VSDWLDO UHVROXWLRQ :ROIVRQ DQG <LQ 2QH HPHUJLQJ D!
DOJRULWKPY GHYHORSHG LQ WKH VWXG\ FRXOG EH WKH GHYHOR
6KDUPD HW DO 7KH UHFHQW WUHQG WRZDUGV PRELOH G
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FRQQHFWLRQV KDV EHHQ D GULYHU IRU UHVHDUFK LQWR PRELOH D¢
HVVHQWLDOO\ PRELOH SHHU WR SHHU QHWZRUNV FKDUDFWHULVHG
WKDW FDQ DFW DV FOLHQWY RU VHUYHUV DV UHTXLUHG ZKHUH NHFE
QHWZRUN LV UHTXLUHG WR PDLQWDLQ D QHWZRUN WRSRORJ\ EDVHG
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[LWHUDWXUH S5HYLHZ

I[LWHUDWXUH UHYLHZ DEVWUDFW

7KLY VHFWLRQ DLPV WR SODFH WKLV UHVHDUFK LQ FRQWH[W DC
WKH PXOWLGLVFLSOLQDU\ QDWXUH RI WKH UHVHDUFK FRQGX
LOQWURGXFLQJ JHRJUDSKLF FRQFHSWV DQG UHSUHVHQWDWLR
GLVFXVVLQJ WKH GLJLWDO UHSUHVHQWDWLRQ RI WKHVH FRQF
WLPH LQWR *, 6\WWHPV *LYHQ WKLV FRQWH[W WKH KLVWRL
VXEVHTXHQW GHYHORSPHQWY FRQWWUPNWHGEJWBDBMERQOQWKXHILRO
PRGHOOLQJ LQGLYLGXDO PRELOLW)\ IH[W FRUUHODWHG UD(
PRYHPHQW SDWKV JHQHUDWHG E\ PRYLQJ REMHFWYV DUH Gt
VWDWLVWLFVY UHTXLUHG WR UHSUHVHQW DVVRFLDWHG PRWL
SUHGLFWLRQ LV FRQVLGHUHG ZLWK HPSKDVLV XSRQ SUHGLFW
SRLQW REMHFWYV

*HROLVXDOL]DWLRQ LV WKH QH[W WRSLF FRYHUHG DV DQ DSSI
GDWD VHWV E\ YLVXDO DQDO\VLV *HRO9LVXDOL]DWLRQ LV FORYV
LQ WKH QH[W VHFWLRQ JHRJUDSKLF NQRZOHGJH GLVFRYHU\

JHQHUDO WHUPV [IROORZHG E\ WKH VSHFLILFV RI DSSO\LQJ

JHRIJUDSKLF LQIRUPDWLRQ 1H[W WKH VXEMHFW RI LQIRUPDWL
E\ FRQVLGHUDWLRQ RI WKH OLWHUDWXUH RQ JHRJUDSKLF LQIR
GHILQLQJ JHRJUDSKLF IRRWSULQWY IRU TXHULHVY DQG LQIRUP|
FRPSDUH WKH VLPLODULW\ RI WKH WZR )LQDOO\ PRELOH F|
WHFKQRORJ\ E\ ZKLFK PRELOH LQGLYLGXDOV ZLOO PDNH LQIRUP
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*HRJUDSKLF FRQFHSWYV DQG UHSUHVHQWDWLR
DQG WLPH

:KLOVW *HRJUDSK\ FDQ EH YLHZHG DV D GLVWLQFW DFDGHPLF GLVFL
WR YLUWXDOO\ HYHU\WKLQJ ZH H[SHULHQFH LQ HYHU\GD\ OLIH &RX
WKH 3JUHDW FRPPRQ GHQRPLQDWRU IRU DOO RI XV OLYLQJ RQ WKI
EHKDYLRXU LV FRQVWUDLQHG ZLWKLQ D JHRJUDSKLF IUDPHZRUN |
3DUNHV DQG 7KULIWHVRVPREMEXH 6PLWK DQG ODUN 7KH PHVR
VFDOH LV GLVWLQFW IURP WKH DWRPLF DQG DVWURQRPLF OHYHOV D
RI DQDO\VLV ZKHUH WKH SK\VLFDO HQWLWLHV ZH SHUFHLYH DQG G}
5DSHU ,W LV HVVHQWLDO IRU D VWXG\ RI WKLV QDWXUH W
FRQFHSWV DQG WKH QDWXUH DQG UHSUHVHQWDWLRQ RI WZR NH\ J
WLPH DFURVV D UDQJH RI GLVFLSOLQHYV SULRU WR ORRNLQJ DW KRZ

&RXFOHOLYV SURSRVHVY WZR FDWHJRULHV RI XQLYHUVDOO\ KH¢
ZKLFK KXPDQ H[SHULHQFH RI WKH ZRUOG FDQ EH IUDPHG 7KH ILU
WDQJLEOH HQWLWLHY DQG SKHQRPHQD WKDW FDQ EH REVHUYHG DW
FDQ FKDQJH RYHU WLPH *HRWLBSKSWK\W LFHDI® REMHFWY WKDW FDQ E't
DW WKH PHVRVFRSLF VFDOH 32D SK\VLFDO HQWLW\ WKDW LV UHFRJQL
/HKDQ W LV ZLWKLQ WKLV FODVV WKDW SHRSOH DV LQGLYL
FRQVWUDLQW WKDW HQWLWLHY PXVW EH GLSRUIQWRFKRBDHAL QWK ODU R
SWKLQJV WKDW KDSSHQ  UDWKHU WKDQ *WKLQJV WKDW DUH~ &RXFO!
SKHQRPHQD UHODWLQJ WR PRELOH LQGLYLGXDOV LQFOXGH WUDIILI
LQGLYLGXDOV RU JURXSV RYHU D UDQJH RI VSDWLDO DQG WHPSRUDC

7KH VHFRQG FDWHJRU\ RI JHRJUDSKLF FRQFHSWV LGHQWLILHG E\ &R
DQG WLPH DW GLIIHUHQW OHYHOV RI JUDQXODULW\ DQG WKH VS
EHWZHHQ HQWLWLHY DQG SKHQRPHQD &RQFHSWXDOLVDWLRQV RI W
EH GLIIHUHQW 1&*,$ DOWKRXJK PDQ\ DXWKRUV KDYH LGHQWLI
WKHP )UDQN 5DSHU 7KHVH QRWLRQV RI VSDWLDO DQG WF
GHILQHG LQ GLIIHUHQW ZD\V DFFRUGLQJ WR WKH FRQWH[W GLIIH
H[FOXVLYH DQG QRW DOO DSSURDFKHY DUH DSSURSULDWH LQ DOO \
Rl VSDFH DQG WLPH KDV WUDGLWLRQDOO\ EHHQ WKH FRQFHUQ RI PD
JHRJUDSK\ &RXFOHOLYV 7KHUH LV VWURQJ RYHUODS EHWZHHQ «
RI WKH HYROXWLRQ Rl WKH FRQFHSWXDOLVDWLRQ RI WLPH DQG V
IUDPHZRUN IRU GLVFXVVLQJ WKH KDQGOLQJ RI VSDFH DQG WLPH Z
VFLHQFH 7KH HYROXWLRQ Rl GLIIHUHQW UHSUHVHQWDWLRQV LQ

FRQVLGHUHG WR JURXQG WKLV UHVHDUFK LQ WKH EURDGHU DFDGHPI
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ODWKHPDWLFV SURYLGHG HDUO\ SHUVSHEWLYHV RQ VSDFH LQ SD
WR GHVFULEH JHRJUDSKLF HQWLWLHVY DQG SKHQRPHQD +DUYH\
XQGHUVWDQGLQJ VSDFH DQG WLPH FDQ EH VHHQ DV IDU EDFN DV
DQG ZDV IRUPDOLVHG E\ PDWKHPDWLFLDQV VXFK DV 3\WKDJRUD
(XFOLGHDQ JHRPHWU\ UHPDLQV SHUKDSV WKH PRVW FRPPRQO\ XQ
ZKHUH PHDVXUHPHQWVYV EHWZHHQ SRLQWV UHIOHFW WKH DEVR
ODWKHPDWLFV DOVR LQWURGXFHG WRSRORJ\ UHODWLRQVKLSV Wt
GLVWDQFH LQ WKH VDPH ZD\ DV JHRPHWU\ EXW UHPDLQ WUXH WK
‘KHUH (XFOLGHDQ JHRPHWU\ FDQ GHVFULEH DEVROXWH GLVWD
WRSRORJ\ FDQ DQVZHU TXHVWLRQV VXFK DV ZKHWKHU WZR HQWL!
RQH LV FRQWDLQHG ZLWKLQ WKH RWKHU $OH[DQGURII

3K\WWLFV KDV RIITHUHG GLYHUVH DQG RIWHQ FRQWUDU\ WKHRUHWLF
VSDFH DQG WLPH LQ SDUWLFXODU WKH GLVWLQFWLRQ EHWZHHQ
7KH DEVROXWH DSSURDFK D SUHFRQGLWLRQ RI 1HZWRQLDC
QHXWUDO :*FRQWDLQHU RI DOO PDWHULDO WKLQJV"™ +DUYH\
OLQHDU VSDWLDO GLPHQVLRQV ZKLFK FDQ EH DXJPHQWHG E\ W
GLPHQVLRQ RI WLPH 1DJHO 5HODWLYH VSDFH KDV QR HI\
ORFDWLRQV RU GLVWDQFHYV DQG LV DQ HPHUJHQW SURSHUW\ RI
KHQFH pHPSW\ VSDFHY ZKLFK PD\ GRPLQDWH DQ DEVROXWH P

7KH FRQFHSW RI WLPH KDV EHHQ D SDUWLFXODU VRXUFH RI GLVFF
2XU FRPPRQ SHUFHSWLRQ RI WLPH LV WKDW RI DQ LQYDULDQW
GHVFULEHG E\ BWZWRIQSLD ODWRPDWLEPEVROXWH WUXH DQG PDW
WLPH RI LWVHOI DQG IURP LWV RZQ QDWXUH IORZV HTXDEO\ Zl
'KLWURZ $URXQG WKH VDPH WLPH DV 1HZWRQ %DUURZ FRQV
SURSHUWLHY DV D OLQH LQ WKDW LW KDV OHQJWK GXUDWLRQ D
IRUP D ORQJHU GXUDWLRQV &KLOG %DUURZ DOVR DFNQRZC
WLPH XVLQJ WKH H[DPSOH RI D FLUFXODU OLQH 'LVFUHSDQFLHYV
UDLVHG E\ /HLEQLW] ZHUH JLYHQ HPSLULFDO VXSSRUW IURP -C
PDJQHWLF WKHRU\ Rl OLJKW ,Q DWWHPSWLQJ WR UHFRQFLOH Wk
SK\VLFV (LQVWHLQ VKRZHG WKDW WLPH LV QRW LQYDULDQW E
EHWZHHQ WKH 8QLYHUVH DQ REVHUYHU  :KLWURZ

:KLOVW WKH OLPLWDWLRQV RI WKH 1HZWRQLDQ DSSURDFK WR WLF
IRU SURFHVVHVY WKDW RSHUDWH RQ WKH DVWURQRPLF PDFUR D
PLQLPDO LPSOLFDWLRQV IRU WKH pUHDO ZRUOGY ZKLFK JHRJUD!

$W WKH PHVRVFRSLF VFDOH 6PLWK DQG ODUN Rl KXPDQ
KXPDQ VSDWLDO EHKDYLRXU WDNHV SODFH *ROOHGJH DQG 6WLP
FRQVLGHUHG DV D OLQHDU LQYDULDQW IUDPHZRUN WKDW GLVSOD
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"'LJLWDO UHSUHVHQWDWLRQV RI VSDFH DQG WLPF

7KH JHRJUDSKLF FRQFHSWV DQG QRWLRQV RI VSDFH DQG WLPH (
FRQVLGHUDEOH SHULRGV RI WLPH KRZHYHU WKH SUHYDOHQFH RI Gl
Rl bQbDO\VLYV LV D UHODWLYHO\ UHFHQW WUHQG WKDW QHYHUWKHO|

UHSUHVHQWLQJ DQG DQDO\VLQJ GDWD /RQJOH\ HW DO 7KH C
KDV ORQJ EHHQ WKH SULPDU\ REMHFWLYH IRU WKH GHYHORSHUV
JHRJUDSKLF LQIRUPDWILR&QVWHMRWPWXUURXJK 7KHUH DUH PDQ

H[DPSOHV RI GLJLWDO V\WVWHPV GHYHORSHG IRU WKH UHSUHVHQ
SKHQRPHQD ZLWKLQ GLIIHUHQW GLVFLSOLQHV RIWHQ LQ UHVSRQVH
WR PRGHUQ *, 6\WWHPV FDQ EH IRXQG LQ VXFK GLYHUVH ILHOGV D
DUFKLWHFWXUH DJULFXOWXUH PHWHRURORJ\ DQG JHRORJ\ /RQJOH
DUH ILUPO\ URRWHG LQ DQDO\VLY DW WKH PHVRVFRSLF VFDOH 7KH
LWV RZQ FKDUDFWHULVWLFV DQG RIWHQ RFFXUV ZLWKRXW UHIHL
$SSURDFKLQJ WKH GHEDWH IURP WKH SHUVSHFWLYH RI WHPSRUDC
DUJXHV WKDW UHSUHVHQWLQJ WHPSRUDO GLPHQVLRQV LV LQKHUHQ
VSDWLDO RQHV VLQFH WKH\ DUH QRQ KRPRJHQRXV DOWKRXJK WKL\
YLHZ RI WKH SRWHQWLDO UHSUHVHQWDWLRQV RI VSDFH SHUKD S
FRQILQHG WR (XFOLGHDQ JHRPHWU\

$ FRPPRQDOLW\ EHWZHHQ GLJLWDO UHSUHVHQWDWLRQV RI WLPH DC
RIWHQ WKH UHVXOW RI D SUDJPDWLF VROXWLRQ WR D VSHFLILF SUF
FRQFHSWXDOLVDWLRQ RI WLPH KDV HYROYHG RXW RI WKH QHFHV)
'HVLIJQHUV RI SD\ UROO V\VWHPV IRU H[DPSOH PD\ HPSOR\ D FRQFF
WR IXOILO WKLV VLQJOH IXQFWLRQ ZLWK OLWWOH FRQFHUQ IRU
LPSOHPHQWDWLRQ )UDQN KHQ DGRSWLQJ WKLV SUDJPDWLF D
LV GHILQHG E\ WKH SURFHVV UDWKHU WKDQ YLFH YHUVD KRZHYHU
WLPH DGRSWHG FDQ SODFH UHVWULFWLRQV RQ WKH GHVFULSWLRQV

$WHPSRUDO *, 6\VWHPV

* V\WWHPV KDYH EHHQ FULWLFLVHG IRU QHJOHFWLQJ WKH WHPS
FDUWRJUDSKLF LQ@RKBDWDOQVH WKH UHVXOW RI WKHP HYROYL
FRXQWHUSDUWY WR SDSHU EDVHG PDSV WKDW E\ WKHLU YHU\ QDV
VXLWHG WR UHSUHVHQWHWJIDEKD QEHUHRQUBHRDQ\ FULWLTXHV RI UHV!
KDV IDLOHG WR FKDOOHQJH WKLV VWDWLF DSSURDFK :LWK UHVSHF
DQG PRELOH WUDMHFWRULHV ,PIHOG KDV EHHQ FULWLFDO RI
GHVFULELQJ PRYHPHQW XVLQJ RQO\ WKH VKDSH RI D SDWK DQG QHJ
,PIHOG 7KLV VHFWLRQ ZLOO SURYLGH D YHU\ EULHI GHVFULS
WKHVH WUDGLWLRQDO UyDWHPSRUDI *, VIVWHPY SULRU WR D GLVFX\
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PRGHOV XVLQJ D VSDWLR WHPSRUDO IUDPHZRUN ERWK JHQHUD
VSHFLILF LVVXH RI PRGHOOLQJ LQGLYLGXDO PRYHPHQW XVLQJ WKt

JLIXUH 7KUHH GLIIHUHQW FRQFHSWV RI GLVWDQFH LQ *, 6\VWHF

WZR GLPHQVLRQDO VSDFH /DXULQL DQG 7KRPSVRQ E
D (XFOLGHDQ GLVWDQFH E ODQKDWWDQ GLVWDQFH F 1HW
'L
'LVWDQFH

7KHUH DUH WZR PDLQ SDUDGLJPV LQ *, 6\WVWHPV REMHFW DQG IL
*RRGFKLOG 'LWKLQ WKH REMHFW PRGHO REMHFWV FDQ EH P
VSDWLDO GLPHQVLRQV ,Q ]JHUR GLPHQVLRQDO (XFOLGHDQ VSDFH
SRLQW DQG WKH RQO\ LQIRUPDWLRQ WKDW FDQ EH NQRZQ DERXMW
QRW ,Q RQH GLPHQVLRQDO VSDFH WKH GLVWDQFH RI D SRLQW D
IRU H[DPSOH WKH GLVWDQFH WUDYHOOHG DORQJ D PRWRUZD\ ,Q
EH SORWWHG RQ D SODQH WKLV UHSUHVHQWDWLRQ LV IDPLOLDU
VFUHHQV ,Q WKUHH GLPHQVLRQDO YROXPHWULF VSDFH D SRLQ)
RI ORFDWLRQ RQ WKH WZR GLPHQVLRQDO SODQH ZLWK WKH WKLUC
LPSRUWDQW WR GLVWLQJXLVK EHWZHH Q WDKP-H & EDRQNE) WLKRDOW RR IWWKKIH |
HQWLW\ WR EH PRGHOOHG )RU H[DPSOH D SRLQW REMHFW KDV ]
QRW EXW LWV ORFDWLRQ FDQ EH PRGHOOHG LQ D ]JHUR RQH

IUDPHZRUN $ OLQH REMHFW VXFK DV D URDG KDV RQH GLPHQVL
FDQ EH PRGHOOHG LQ D RQH GLPHQVLRQDO VSDWLDO IUDPHZRUN |
DGPLQLVWUDWLYH UHJLRQ KDV WZR GLPHQVLRQV RIWHQ UHIHUUF
LQ D SODQDU RU YROXPHWULF IUDPHZRUN )LQDOO\ D WKUHH C
XQGHUJURXQG RLO UHVHUYH PXVW EH PRGHOOHG LQ WKUHH GLP}
'HVSLWH WKH IDFW WKDW LQ UHDOLW\ SHRSOH DV LQGLYLGXDO\
REMHFWVY RFFXS\ D YROXPH LQ WKUHH GLPHQVLRQDO VSDFH IRU
WKH\ DUH IUHTXHQWO\ UHSUHVHQWHG DV SRLQW REMHFWYV DQG Kt
WZR RU WKUHH GLPHQVLRQDO VSDWLDO IUDPHZRUN 7UDFLQJ D
ORFDWLRQV FUHDWHY D UHSUHVHQWDWLRQ Rl ZKHUH DQ REMHFW
LV RIWHQ PRGHOOHG LQ D WZR RU WKUHH GLPHQVLRQDO VSDWLD
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ODWHU VHFWLRQV LQ RUGHU WR PRGHO PRELOLW\ LQ D PHDQLQJIXO
WHPSRUDO GLPHQVLRQ LQWR WKLV IUDPHZRUN

7KH GLVWDQFH EHWZHHQ WZR VSDWLDO ORFDWLRQV LV D IXQGDPHQ
DQG 7TKRPSVRQ E LGHQWLILHG PDQ\ DVSHFWV WR WKLV IXQGDPH
GLVWDQFH DV D PHWULF IRU PHDVXUHPHQW DV D W\SH RI JHRPHWU\
ZKHWKHU WKH PHDVXUHPHQW RI GLVWDQFH LV LVRWURSLF RU DQL
GLPHQVLRQDO LVRWURSLF VXUIDFH LV JLYHQ E\ WKH (XFOLGHDQ GL
GLVWDQFH DVVXPHV PRYHPHQW LV UHVWULFWHG WR FDUGLQDO GLU
OHQJWKV RI WKH VLGHV RI D ULJKW DQJOHG WULDQJOH )LJXUH OE
WKDW PRYHPHQW LV FRQVWUDLQHG WR WUDQVSRUWDWLRQ QHWZ
EHWZHHQ WZR SRLQWY DORQJ QHWZRUN HGJHV )LJXUH OF

$VSDWLDO WHPSRUDO V\VWHPV

7KHUH DUH PDQ\ GLVWLQFW DSSURDFKHV WR UHSUHVHQWLQJ WLPH
IRU DOO WKH 3GLIIHUHQW W\SHV RI WLPH" WKDW ZLOO EH GLVFXVVH:
DUH EHWZHHQ GLIIHUHQW FRQFHSWXDO PRGHOV WR UHSUHVHQW WK#
WKH PHVRVFRSLF VFDOH )UDQN FDWHJRULVHG WKH W\SHV R
KRZHYHU WKH GHVFULSWLRQV DUH JHQHULF HQRXJK WR RIIHU D FO
UHSUHVHQWDWLRQV RI WLPH )LUVW WLPH FDQHEH QRHBURHVHQWHG
GXUDWLRQ RU LOQWWKWRBMWP RFFXU EHWZHHQ HYHQWYVY /DQJUDQ
HYHQW WR LGHQWLI\ RFFXUUHQFHVY WKDW 3WUDQVIRUP RQH VWDWH
RWKHU KDQG GHILQHV WKH GXUDWLRQ RI D VWDWH DQG LV UHSUHYV
HQG 6QRGJUDVV 6HFRQG WLPH FDQ EH FRQVLGHUHG DV RUGL
RU DV D FRQWLQXRXV WHPSRUDO D[LV XSRQ ZKLFK HYHQWV FDQ E
VXEGLYLGHG E\ HLWKHU OLQHDU WLPH ZKHUH HDFK HYHQW IROORZV
WDNHV DFFRXQW Rl WKH UHSHWLWLRQ LQKHUHQW LQ PDQ\ QDW:
SKHQRPHQD $GRSWLQJ )UDQNYV IRXUWK WD[RQRP\ FRPELQLQJ WZR
PXOWLSOH RYHUODSSLQJ SHUVSHFWLYHV WKDW FDQ EH SDUWLDOO
YLHZSRLQW ZKHUH WRWDO RUGHU LV PDLQWDLQHG (DFK W\SH RI W
ZLOO EH FRQVLGHUHG EULHIO\

2UGLQDO WLPH PRGHOV VKDUH WKH FKDUDFWHULVWLFV RI WKH RUG

DQG FDQ EH UHSUHVHQMLPGH BWRIMMMULHY RHYHQWY LQ D WHPSF
VHTXHQFH (YHQWV FDQ EH RUGHUHG DFFRUGLQJ WR ZKHQ WKH\ RFF
D IXQGDPHQWDO WHPSRUDO UHODWLRQ ZKLFK FDQ EH XVHG WR LGH¢
YUDQN KRZHYHU WKH DFWXDO WLPHV RI RFFXUUHQFHV UHPD!
EHWZHHQ WZR HYHQWYV WK H®RPDMWLQ@RXW XBVH DEHRWELR'HRXY WR WKH LQWH L
UDWLR VFDOHV Rl PHDVXUHPHQW DQG KHQFH FDQ EH UHSUHVHQW
%H\RQG WKH WHPSRUDO WRSRORJ\ GHVFULEHG IRU RUGLQDO PRGHO'
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EH FDOFXODWHG IRU FRQWLQXRXV WLPH VFKHPD 3HXTXHW

QXPEHUV FDQ EH FRQVLGHUHG DV D FRQWLQXRXVY VWUHDP WKDW
6QRGJIJUDVYV VLQFH DQRWKHU HYHQW FDQ DOZD\V EH LQVHUW
FRQWLQXRXV PRGHO FDQ EH YLHZHG DW GLIIHUHQW UHVROXWLI
PLOOHQQLD 7KUHHWRPS®WWOBBH GHILQHG E\ D WROHUDQFH YDOXH Wi
RI XQFHUWDLQW\ LQ PHDVXUHPHQW )RU H[DPSOH JOREDO SRVLWL

DUH DFFXUDWH WR SDUW LQ RITHULQJ QDQRVHFRQG SUHFLVLF
HYHQWY WR EH RUGHUHG FRUUHFWO\ ZKLOVW IRVVLO UHFRUGV I
GHWHUPLQHG WR PLOOHQQLD )OHZHOOLQJ HW DO KHQFH HY

D JHRORJLFDO UHFRUG PD\EH LQGLVWLQJXLVKDEOH

%RWK SURFHVVHV DQG WHPSRUD®\ FROHERXOUHPHRBWW FDKH EHIULFX O
F\FOH LV GHSHQGHQW XSRQ WKH VHDVRQV LW LV QRW SRVVLEOH
6XPPHU IROORZV :LQWHU WKH F\FOH UHSHDWV LQGHILQLWHO\

GLFWDWHG E\ QDWXUDO HYHQWYV VXFK DV GDLO\ DQG DQQXDO VRC
SKHQRPHQD DQLPDO VOHHSLQJ KDELWV DQG JURZLQJ VHDVRQV

F\FOHV FDQ DOVR EH GHILQHG E\ VRFLDOO\ FRQVWUXFWHG IUDPH:
Rl ZRUN GLFWDWLQJ LQGLYLGXDO UHJLPHVY DQG KDYLQJ EURDG
EHKDYLRXU RI JURXSV RI LQGLYLGXDOV ,Q PDQ\ FDVHV WKH QDWX
LQWHUDFW IRU H[DPSOH WKH VHDVRQDO DQG GLXUQDO PRYHPHC
3DUNV LQ UHVSRQVH WR WKH YROXPH RI YLVLWRUV +DOOHU DQG )

$SSURDFKHV WR LQWHJUDWLQJ WLPH LQWR *, 6

7KH SUHYLRXV VHFWLRQV KDYH GHVFULEHG WKH HYROXWLRQ R
JHRJUDSKLF SKHQRPHQD FRQFHSWV RI VSDFH DQG WLPH DFUR
DSSURDFKHV WR UHSUHVHQWLQJ WKHVH FRQFHSWV GLJLWDOO\ )
GLJILWDO UHSUHVHQWDWLRQV RI VSDFH DQG WLPH LQ LVRODWLRQ
KRZ H[L\DMWMHPSRUDOVWHPY GHVLJQHG SULPDULO\ IRU UHSUHVHQW
/DQJUDQ KDYH EHHQ H[WHQGHG WR LQFOXGH WLPH

OXFK UHVHDUFK LQYHVWLJDWLQJ WLPH LQ WKH ILHOG RI *, VIVWHP
D WHPSRUDO GLPHQVLRQ WR H[LVWLQJ VSDWLDO V\WWHPV 3HXTX
PRWLYDWLRQ IRU WKH LQFOXVLRQ RI WLPH LQ *, 6\WWHPV 7KH Il
ERWK SKHQRPHQD DQG WKH HYROXWLRQ RI HQWLWLHY WKURXJK W
6\WWHPV WKDW MXVW VWRUH VWDWLF UHSUHVHQWDWLRQV RI WKH
UHSUHVHQWLQJ SURFHVV DQG FKDQJH 6HFRQG WKH PRUH SUDJP
ZLWK FXUUHQW GDWD DQG ZKDW WR GR ZLWK WKH pUHGXQGDQWT
SKUDVH *WKH DJRQ\ Rl GHOHWH  &RSHODQG ,PIHOG |
WHPSRUDO *, 6\WWHP IXQFWLRQDOLW\ VKRXOG H[WHQG EH\RQ
-XVWLILFDWLRQ IRU WKLV DUJXPHQW FRPHV IURP WKH VSDWLDC
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UHSUHVHQWY SRLQWY OLQHV DQG SRO\JRQV DQG GLVSOD\V WKHP V
6\WWHP 6LPLODUO\ ZLWKRXW DQDO\VLV IXQFWLRQDOLW\ WKDW LQF
WHPSRUDO *, 6\WVWHP ,PIHOG $ NH\ FRQVLGHUDWLRQ IRU LQ
6\WWHPV LV WKH UHWULHYDO RI LQIRUPDWLRQ LQ UHVSRQVH WR
GLVWLQFWLRQ EHWZHHQ W\SHV RI TXHU\ LV ZKHWKHU WKH\ ZLVK W
VRPH SKHQRPHWOBFRDW M LQVWRQ W KO WH WP W KFOWH R DF SHUHRG R1 WLPH
SHXTXHW 7KH ILUVW DSSURDFK LV HVVHQWLDOO\ VWDWLF DQ
I[URP D VHULHV RI WLPH VWDPSHG 3VQDSVKRWYV~ 6QRGJUDVYV K|
LQIRUPDWLRQ DERXW SURFHVV 6XFK D TXHU\ FRXOG UHYHDO IRU HJ
FHUWDLQ GDWH $ PRUH G\QDPLF TXHU\ ZRXOG FRQVLGHU FKDQJHV
GHIRUHVWDWLRQ RU UHIRUHVWDWLRQ RYHU WKH SUHYLRXV GHFDGHF

"\QDPLF PRGHOOLQJ UHTXLUHV D FORVHU ORRN DW WKH QDWXUH RI
FDQ RFFXU 3HXTXHW EXLOW XSRQ WKH GHILQLWLRQ RI DQ HYHC
D FODVVLILFDWLRQ RI IRXU W\SHV RI FKDQJH EDVHG XSRQ WKH IUHT
RQH H[WUHPH WKHUH LV FRQWLQXRXV FKDQJH DQ XQEURNHQ uHY!
HOHPHQW Rl SHULRGLFLW\ LV LPSOLHG E\ WZR LQWHUPHGLDWH W\S
PRVW RI WKH WLPH DQG VSRUDGLF FKDQJH RFFXUULQJ VRPH RI W
RWKHU H[WUHPH DUH WKRVH WKDW RFFXU RQO\ RQFH 7KH FODVVLI
GHSHQGHQW XSRQ WKH VSDWLDO DQG WHPSRUDO JUDQXODULW\ DV
'KHQ YLHZHG DV D ZKROH RYHU D SHULRG RI PDQ\ \HDUV WKH VHGL
YLHZHG DV FRQWLQXRXV :KHQ FRQVLGHULQJ VHDVRQDO YDULDWLRQ
RU VSRUDGLF +RZHYHU LI RQO\ FRQVLGHULQJ WKH LPSDFW XSF
LPPHGLDWHO\ SUHFHGLQJ DQG IROORZLQJ D PDMRU IORRG WKH VHC
DV D XQLTXH HYHQW (YHQWVY DUH GLVWISQVRGKILRR WHIHH UPR G\CRH BW L
VHULHV RI HYHQWV W\SLFDOO\ PRUH SURORQJHG RYHU WLPH ODFND

7TKHUH DUH PDQ\ GLIIHUHQW DSSURDFKHVY WR FODVVLI\LQJ WKH UHV}
VI\VWHPV ,PIHOG JURXSVY UHVHDUFK LQWR WKUHH WRSLFV GIL
6SDWLR WHPSRUDO GDWD FDQ EH UHSUHVHQWHG LQ *, VA\VWHPV D
GHSHQGLQJ XSRQ ZKHWKHU WKH GDWD LV RUGHUHG E\ ORFDWLRQ
SHXTXHW /IRFDWLRQ EDVHG UHSUHVHQWDWLRQV DUH FORVHYV
V\VWHPV VLQFH WKH\ FDQ EH LPSOHPHQWHG E\ VLPSO\ DSSHQGLQJ
ZLWK D WHPSRUDO DWWULEXWH &RKQ DQG +D]DULND 7KLV DY
UHSOLFDWLQJ WKH HQWLUH GDWDVHW ZLWK D/ WHPHSRW DD D SWKIRMEK W
+DOOV DQG OLOOHU WKURXJK WLPH :KLOVW D ORJLFDO SUR
6\VWHPV WKLV DSSURDFK KDV D QXPEHU RI GUDZEDFNV 7KH WLPI
LGHQWLILHG DV EHWZHHQ WZR DGMDFHQW VQDSVKRWY WKH WLPH R
LI NQRZQ LV QRW VWRUHG H[SOLFLWO\ 'DWD YROXPH LQFUHDVHV H(
WKHUH LV QR DWWHPSW WR LGHQWLI\ ZKDW KDV FKDQJHG EHWZHHQ
RU PRUH VQDSVKRWY PD\ EH LGHQWLFDO 3HEKKXGPWHIVWKHUQQNRDGHU W
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VLPSO\ UHSRUWWISRER WKHYHQ WLPH WZR OD\HUV PXVW EH FRPSD
EUXWH IRUFH zZD\ $ PRGLILFDWLRQ WR WKH UDVWHU GDWD PRGH
WLPH DQG SODFH RI FKDQJHV ZDV VXJJHVWHG E\ 3HXTXHW DQG 4L
OHQJWK OLVW RI DWWULEXWHY DVVRFLDWHG ZLWK WKH WLPH FH
YDOXHV ZKLOVW UHWDLQLQJ WKH ROG RQHV VWRULQJ WKH WLPH
FHOOV WKDW KDYH QRW FKDQJHG QHHG QRW EH XSGDWHG

(QwWwLW\N EDVHG UHSUHVHQWDWLRQ DGRSWV WKH REMHFW RULH
WKHPVHOYHY DUH HQFDSVXODWHG DQG DPHQGPHQWY UHFRUGHG
FRQWUDVWY ZLWK WKH ILUVW DSSURDFK ZKHUH DPHQGPHQWYVY DU
IRUP RI UHSUHVHQWDWLRQ LV PRVW VXLWHG WR WKH JHRPHWULF
WKDQ WKH ILHOG SDUDGLJP KHQFH LW FDQ 3WUDFN WKH FKDQJHYV
WLPH" 3HXTXHW DPHQ@BRRQW YKPWBHY WR H[LVWLQJ IHDWXUHV F
/IDQJUDQ KRZHYHU WKLV DSSURDFK KDV EHHQ FULWLFLVH
VLPSOLVWLF IRU HQWLWLHV ZLWK FRPSOH[ OLIHF\FOHV +DOOV D
OHDG WR VHYHUH IUDJPHQWDWLRQ 7KLV QRWLRQ RI OLIH F\FOH C
ZLWK LGHQWLW\ ZKHQ WZR H[LVWLQJ HQWLWLHV PHUJH RU D VLQJC

7KH WKLUG DSSURDFK WR UHSUHVHQWLQJ VSDWLR WHPSRUDO GDV
RUJDQLVDWLRQDO IUDPHZRUN FUHDWLQJ D WLPHOLQH RI HYHQW
RFFXUUHG EHWZHHQ VXFFHVVLYH VWDWHV 3HXTXHW 'KLOVW
XQLTXH VSRUDGLF DQG PDMRUDWLYH IRUPV Rl FKDQJH LGHQWLIL}
FKDQJH SRRUO\ VLQFH FRQWLQXRXV SKHQRPHQD PXVW EH EURNH
HYHQWYV ODFNDQHVYV

$FFRUGLQJ WR 3HXTXHW DQDO\VLV Rl WHPSRUDO GDWD FDQ
TXDOLWDWLYH DQG YLVXDO 4XDOLWDWLYH DSSURDFKHV KDYH F

9LVXDO DQDO\VLV KDV EHHQ LGHQWLILHG DV DQ HVVHQWLDO
KXPDQ YLVLRQ WR LQWHUSUHW SDWWHUQV LQ GDWD ODF(DFKUH
GHVFULEHG LQ GHWDLO XQGHU WKH VHFWLRQ JHRO9LVXDOL]DWLR!
LQFOXGH WKH WLPH JHRJUDSK\ DSSURDFKHV GHYHORSHG E\ +I.
/IHQQWRUS OLOOHU YRUHU ZKLFK ZLOO EH GLVEXVV
VHFWLRQ

JRU WKH UHVHDUFK LQWR PRELOH WUDMHFWRULHY FRQGXFWHG LG
LQGLYLGRBO®VQDVSRLQWRBEMHPWMZRUN RI WZR RU WKUHH VSDWLDC
VLQJOH WHPSRUDO GLPHQVLRQ ,PIHOG VXJIJHVWY DQ RQWRC
WZR FKDUDFWHULVWLFV Rl WKH REMHFW W\SH 7KH ILUVW RI WKH
GHVLUHG WHPSRUDO VFDOH RI DQDO\VLV VXFK DV D PRXQWDLQ Z
\HDUV RU PRELOH VXFK DV DQ LQGLYLGXDOfV EHKDYLRXU RYHU |
WKH GXUDWLRQ Rl WKH SRLQW REMHFW ZKLFK LV DOVR GHSHQG!
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DQDO\VLVY B6WDWLF SRLQWY FDQ H[LVW IRU DQ LQVWDQW WKHQ YDQI
H[LVW ISSHWUDRGWK GHILQHG VWDUW DQG HQG SRLQW HJ DQ DQLPD
LQWHUXDWK PXOWLSOH VWDUW DQG HQG SRLQWVY HJ WKH UHSHD'
LQGLYLGXDO RU WKH GXUD W QRIQIPW WEKH ARFRQ\OLG RUB@DO\VVLY HJ Wk
RI D FLW\ IRU D VWXG\ RI LQGLYLGXDO PRELOLW\ WKDW WDNHV SOI

7KH WHPSRUDO UHVROXWLRQ RI DQDO\VLV LV IUHTXHQWO\ GLF
XVHG IRU GDWD FROOHFWLRQ :KHQ FRQVLGHULQJ PRELOH WUDMHI
WUDYHO GLDULHV .ZDQ WKDW WHQG WR UHFRUG WKH VWDUW
MRXUQH\V DQLPDO REVHUYDWLRQ LQ ZLOGOLIH VWXGLHV ODUHO
SRVLWLRQLQJ V\VWHPV VXFK DV JOREDO QDYLJDWLRQ VDWHOOLWH
VHULHV RI SRLQW REMHFWV UHFRUGLQJ DW OHDVW D WZR GLPHQVLR
7KH VDPSOLQJ VWUDWHJI\ DVVRFLDWHG ZLWK PRELOH WUDMHFWRUL
XVXDOO\ D VHTXHQFH RI VQDSVKRWY UHFRUGLQJ WKH ORFDWLRQ RI
DGGLWLRQ WKH WHPSRUDO VDPSOLQJ VWUDWHJ\ PD\ EH UHJXODU II
VHFRQG RU WKH DSSURDFK PD\ UHVXOW LQ DQ LUUHJXODU WHPS
UHFRUGHG ZKHQ WKH REMHFW PRYHV PRUH WKDQ [ PHWUHV IURP WK

6SDWLDO PHWDSKRUV DUH IUHTXHQWO\ XVHG WR GHVFULEH WHPSR
WZR FRQWHPSRUDU\ HYHQWY DV pFORVHY RU D PHPRU\ IURP WKH OF
IDQJXDJH GHVFULELQJ PRYHPHQW WKURXJK VSDFH DOVR VKDU|
GHVFULELQJ WKH SURJUHVVLRQ RI WLPHKHN®&F K DMRIRFAOCKWRICRQV WKD
\RX :KHQ PRYLQJ WKHVH UHODWLRQV DUH HTXLYDOHQW VLQFH ORI
VSDFH DUH DOVR WKRVH WKDW \RX ZLOO UHDFK LQ WKH FRXUVH RI
GHVFULEHG XVLQJ WHPSRUDO PHWULFV ZKHQ SHRSOH UHIHU WR WKF
E\ WKH WLPH WDNHQ WR WUDYHO EWWZHHQ QXKHPR DRFW\H[DPSOH
3DUNHVY DQG 7KULIW QRWHG WKDW 32QH RI WKH PRVW FRPPR
FRPELQHY VSDFH ZLWK WLPH 7TKXV LQ HYHU\GD\ OLIH ZH FRQVL
VRPHZKHUH" 7KLV QRWLROQFRHWUELIOOWRHPGHRBULEHG QH[W
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7LPH *HRJUDSK\

$00 KXPDQ DFWLYLWLHV RFFXU FRLQFLGHQWDOO\ LQ WLPH DQG
KHQFH D IUDPHZRUN RI WZR RU WKUHH VSDWLDO GLPHQVLRQV DG
VXLWDEOH IRU PRGHOOLQJ LQGLYLGXDO PRELOLW\ $V GLVFXVVHG
DQDO\VLV LW LV DSSURSULDWH WR PRGHO LQGLYLGXDO KXPDQ E
UHDOLW\ WKH\ RFFXS\ D YROXPH LQ WKUHH VSDWLDO GLPHQVLRQV
LQGLYLGXDO FDQ EH PRGHOOHG DV D SRLQW REMHFW RFFXS\LQJ |
6QRGJIJUDVYV 6WDUWLQJ DW VRPH VSDWLR WHPSRUDO ORFDW
ZKLFK LW FDPH LQWR H[LVWHQFH DQ HQWLW\{V PRYHPHQW FDQ Et
WKURXJK WKLV WKUHH GLPHQVLRQDO VSDFH WLPH IUDPHZRUN ZK
WZR VSDWLDO GLPHQVLRQV DQG WKH YHUWLFDO D[LV UHSUHVHQW

7KLV UHVXOWRHLWLP RESRBLOH W UDAWNWWRU\ UHSUHVHQWLQJ \
XQLTXH SDWK IROORZHG E\ WKDW HQWLW\ VXFK D WUDMHFWRU\ L\

J)LIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH VSDFH WLPH SDW

7KH KHDY\ EODFN OLQH VKRZV WKH WUDMHFWRU\ IRUPHG ZKHQ WK
UHSUHVHQWHG LQ WZR VSDWLDO GLPHQVLRQV WKH KRUL]JRQWDO
WKH YHUWLFDO D[LV

DFFHVVLELOLW\ +IJHUVWUDQG .ZDQ IHQQWRUS /HQ
ORRUH HW DO YRUHU VSDF i MDMPUDEFR/QFHSWXDOLVDWLRQ RI
VHSDUDWLRQ DQG WLPH DV SDUW RI D RU ' FRQWLQXXP" D IU
GLPHQVLRQV DQG VLQJOH WHPSRUDO RQH ZLWKLQ ZKLFK DFWI
IUDPHZRUN KDV EHHDT XWHWLPHRR DY HW DK EHFDXVH RI LWV D
7KH PDMRULW\ Rl ZRUN LQ WKLV DUHD KDV GHVFULEHG JHRPHWULF
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VSDFH LQ WKH FRQWH[W RI PRGHOOLQJ HYHU\GD\ KXPDQ DFWLYLWLH
YRUHU

JLIXUH  /LJKW &RQHV DQG :RUOG /LQHV DIWHU OLQNRZVNL

ORUH UHFHQW UHVHDUFK DWWHPSWLQJ WR PRGHO KXPDQ EHKDYLI
IUDPHZRUN RZHV PXFK WR VFLHQWLVWY UHVHDUFKLQJ WKH SK\VLFV
RI WKH WZHQWLHWK FHQWXU\ ,GHDV GHYHORSHG E\ OLQNRZVNL

YLVXDOLVHG DV D OLJKW FRQH )RU DQ\ ORFDWLRQ DW D VSHFLILF
OLJKW FRQH GHILQLQJ D ERXQGDU\ EHWZHHQ WKH DFFHVVLEOH ORF
ZKLFK LV GHILQHG E\ OLJKW HPDQDWLQJ IURP WEDRO X R/HQNX VDXW W K D
IRU WKDW LQVWDQFH RI VSDFH WLPH DOO PRYHPHQW PXVW EH FRQ\
QRWKLQJ FDQ WUDYHO IDVWHU WKDQ WKH VSHHG RI OLJKW ([WUDSI
WKBHEVROXWHRSDWWDW ORFDWLRQ :RUOG OLQHV SUHGHFHVVRUV |
SUHYLRXVO\ GHVFULEHG LQ WKLV VHFWLRQ FDQ EH SORWWHG ZLW
REMHFWY{V PRYHPHQW 7KH JUDGLHQW RI D OLQH RQ WKHVH SORWYV
GLPHQVLRQDO VXUIDFH $ YHUWLFDO OLQH UHSUHVHQWYV QR PRYHP
VORSHG OLQHV VKRZ IDVWHU YHORFLWLHV 7KH /XQG 6FKRRO RI 6ZH
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OD\ WKH IRXQ@®DhWHRRIWBDBEMWHPSWLQJ WR FUHDWH D VSDWLR Wt
DIJDLQVW ZKLFK WR PRGHO KXPDQ DFWLYLW\ +IJHUVWUDQG R
NH\ LGHD RI WKH VSDFH WLPH SDWK RU PRELOH WUDMHFWRU\ IRU
DQ LGHD WKH VDPH LQ HVVHQFH WR ZRUOG OLQHV

JLIXUH 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH VSDFH WLPH SULV

SRWHQWLDO 3D\
6SDFH 336

SRWHQWLDO 3D\
$UHD 33%

:KLOVW WKH OLJKW FRQH GHILQHV WKH DEVROXWH SK\VLFDO OLF
KXPDQ DFWLYLW\ WKH FRQVWUDLQLQJ FRQHV RU SULVPV WHQG
IDFWRUV ,Q SUDFWLFH WKH PD[LPXP VSHHG RI ZDONLQJ RU PHFKD
WKH SRWHQWLDO SDVW DQG IXWXUH SK\WLFDO ORFDWLRQV DOW
LQWHUDFW ZLWK PRUH GLVWDQW ORFDWLREDFHOWQPHDYULVP GH)
PRGHOOLQJ WKH DELOLW\ RI LQGLYLGXDOV WR WUDYHO WR DQG
ORFDWLRQV 7KHVH SULVPV ZLOO DOZD\V FRQILQH WKH VSDFH WL
DQG GHILQH %RROHDQ YROXPHWULF UHJLRQV LQ VSDFH WLPH LQC
DQG FDQIW JHW WR. RRUERGHMWHG SK\WLFDO WUDQVSRUWDWLRQ |
SULVPV DUH GHILQHG E\ WKH LQGLYLGXDOYTV SUHVHQW ORFDWLRQ
DW FHUWDLQ WLPHV LQ WKH IXWXUH )LIJXUH VKRZV D UHSURGX
,W VKRZV WKH SRWHQWLDO SDWK VSDFH 336 RI DQ LQGLYLG
\L DW WERR PXVW UHWXUQ WR WKH VDPH ORFDWLRQ E\ WLPH ] 7K
WKH PD[LPXP VSDWLDO H[WHQW WKH LQGLYLGXDO FDQ DFFHVV I
GLPHQVLRQDO VSDWLDO H[WHQW LV UHIHUUHG WR DV WKH SRWHQ
IDFWRU RQ WKH VL]H RI WKH 336 DQG 33% KHQFH LQFUHDVLQJ W}
LQGLYLGXDO FDQ WUDYHO LQFUHDVHV WKHLU DFFHVVLELOLW\

7KH ERXQGDU\ RI WKH 33% FDQ EH UHIHUUHG WR DV D WLPH WUDY!
E RU LVRFKURQH ZKHQ SURMHFWHG LQ WZR GLPHQVLRQV VLC
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GLVWDQFH WKDW FDQ EH WUDYHOOHG IURP VWDUWLQJ SRLQW JLYH
VXUIDFH ZKHUH WKHUH LV QR YDULDWLRQ LQ HDVH RI PRYHPHQ\
GLUHFWLRQV D VHULHV RI LVRFKURQHY ZLWK LQFUHDVLQJ WLPH EX(
IRUP FRQFHQWULF FLUFOHV DURXQG WKDW VWDUWLQJ ORFDWLRQ
VLWXDWLRQV WKHUH DUH PDQ\ RWKHU FRQVWUDLQWY WKDQ MXVW
GHILQLQJ VSDFH WLPH SULVPV 6RPH VSDWLDO ORFDWLRQV ZLOO EH
VXFK DV SULYDWH ODQG RU LOQWHUPLWWHQWO\ VXFK DV RSHQLQJ
FRQVWUDLQWY LPSRVHG E\ SK\VLFDO FDSDELOLWLHV VXFK DV WKH
OHDGLQJ WR DQLVRWURSLF VSDFH WLPH SULVPV DQG LVRFKURQHV )

J)LIXUH , VRFKURQHV VKRZLQJ WUDYHO WLPHV IRU D SRLQW ORF
7TKRPSVRQ E

D J)RU DQ LVRWURSLF VXUIDFH 7KH LVRFKURQHV E ,Q WKLV DQLV
DUH FRQFHQWULF KHQFH DFFHVVLELOLW\ PLUURUV LPSHGHG E\ D
VSDWLDO SUR[LPLW\ FRPSOH[ LVRFKURQH SDWWHUQ
/ITHQQWRUS DWWHPSWHG WR DSSO\ WKHVH LGHDV \

DUHDV %\ FRQILJXULQJ WKH ORFDWLRQV WR EH YLVLWHG \
DFWLYLWLHYVY DOO IHDVLEOH SHUPXWDWLRQV RI WKH PRGHO
Rl DFFHVVLELOLW\ KRZHYHU DW WKDW WLPH FRPSXWLQJ L
VLPXODWLRQV RI WKH UHDO ZRUOG %XUQV FRQGXFWHG
DWWHQWLRQ WR WKH YDULDWLRQV LQ DFFHVVLELOLW\ WKDW
KRZHYHU WKLV ZRUN ZDV SXUHO\ WKHRUHWLFDO DQG ZDV QH’

2QH DSSURDFK WR PRYLQJ IURP VLPSOH LVRWURSLF VSDFH WLPH S
UHDOLVWLF PRGHOV RI DFFHVVLELOLW\ LV WR LQFOXGH OLQNV DQ
LQIUDVWUXFWXUH OLOOHU FRQVLGHUHG DSSURDFKHV WR WK
$SXQFWLIRUP" YHUVLRQ FRQVLGHUHG ORFDWLRQV DV SRLQWV LQ (>
OLQHV $ QHWZRUN YHUVLRQ OLQNHG QRGHV ZLWK D VHULHV RI D
FRUUHVSRQGLQJ WR WKH WUDQVSRUWDWLRQ QHWZRUN $OWKRXJK O
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VHFRQG PRGHO DW WKH OHYHO RI D VLPSOLVWLF JULG VWUXFWX
HIWHQGHG WR D WUDQVSRUW QHWZRUN ZKHUH WKH FODVV DQG K&t
Dv DQ DWWULEXWH WKLY DOORZV WKH GHYHORSPHQW RI PRUH FR
WLPH SULVPV

$QRWKHU DSSURDFK WR PRGHOOLQJ PRUH UHDOLVWLF WUDYHO VS
DVVXPSWLRQV VXFK DV KRPRJHQRXV VXUIDFHV LV WKH XVH RI WU
+\PDQ DQG OD\KHZ 7KLV DSSURDFK GRHV QRW GHSHQG XSR(
UHSUHVHQWDWLRQ RI WKH URDG QHWZRUN EXW LQVWHDG LV ELC
PRYHPHQW LV GLFWDWHG E\ SXUHO\ JHRPHWULF IDFWRUV &RQVW
IDFWRUV VXFK DV WKH GLVWDQFH IURP WKH FHQWUH RULDG FLW\ 7H
&LWAKHUH PRYHPHQW LV FRQVWUDLQHG WR WKH RUGLQDO GLUHF
OLOOHUYV PRGH®JH &PWMYHPHQW LV FRQVWUDLQHG WR HLWKHU UL
ZKLFK LV D JRRG ILW IRU /RQGRQ LQ WKH 8. ZLWK LWV PDMRU RUE
1IRUWK DQG 6RXWKX &L BARODVLGHUY FLWLHV ZKHUH PRYHPHQW L
GLUHFWLRQ LV FRQVWUDLQHG E\ D EDUULHU VXFK DV WKH FRDVW
WKH WZR GLPHQVLRQDO VSDWLDO SODQH DVVRFLDWWGPHLWK WK
VXUIDFAKWHUH VSHHG RI PRYHPHQW LV WKH VDPH DW DOO SRLQW
GLUHFWLRQV +\PDQ DQG OD\KHZ

J)LIXUH $Q LQGLYLGXDOTVY VSDFH WLPH SDWK DV WKH FRQVXPSW|

3ORWWHG LQ D GLVFUHWH PRGHO RI VSDFH WIDHHRYWISDHHPRELOH H
WLPH DIWHU )RUHU
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JRUHU FRQVLGHUHG WZR JHQHUDO DSSURDFKHV WR GHVFULEL
VSDFH WLPH IUDPHZRUN WKDW DWWHPSWHG WR PDNH PRUH UHDOLV'
RQ PRYHPHQW 2QH LV RQ D SRLQW QRGH EDVLV ZKHUH DQ LQGLY
EHWZHHQ QRGHV PD\ EH XVHG WR GHVFULEH PRYHPHQW ,Q WKLV FI
DQG GLUHFWLRQ RI VHSDUDWLRQ Rl WKH QRGHV PD\ QRW EH UHOHY
WZR QRGHV WKDW PDWWHUV 7KH RWKHU DSSURDFK LV WR WDNH IX
UHOHYDQW QRGHV DQG GHVFULEH WKH SK\VLFDO VSDFH LQ WHUPV R
YRUHU DV XVLQJ VSDFH WLPH DV DQ DFWLYLW\ IUDPHZRUN ,Q
EHWZHHQ SRLQWV LV RI NH\ LPSRUWDQFH

$Q LQWHUHVWLQJ DSSURDFK UHODWLQJ WR WKH XQLTXHQHVV RI I
FRQVLGHUV WUDYHO WR EH WKH FRQVXPSWLRQ RI VSDFH WKURXJk
H[LVWHQFH DQ HQWLW\ DOZD\V RFFXSLHV D XQLTXH ORFDWLRQ LQ
ZLWK RWKHU HQWLWLHYV )RU PRGHOOLQJ DQG UHSUHVHQWLQJ LQG!

VXJIJHVWHG SORWWLQJ YDULRXV VSDWLDO HQWLWLHV DV VRO
VSDWLDO DQG WHPSRUDO GLPHQVLRQV UDWKHU WKDQ PRGHOOLQJ L
WLPH JHRJUDSK\ DSSURDFK )LJXUH 7KLV VKRZV WKH LQGLYLGXDC
DOZD\V RFFXS\ QJ VRPH UHJLRQ RI VSDFH WKURXJK WLPH (DFK FX
UHIHUUHG WR DV D WD[HO D WKUHH GLPHQVLRQDO VSDFH WLPH SL[H

9DULRXV HQWLWLHY FDQ EH UHSUHVHQWHG LQ WKLV ZD\ 6SDWLDOO
DOzZD\V RFFEXS\ WKH VDPH WZR GLPHQVLRQDO VSDFH DOWKRXJK DF!
WKHVH VWUXFWXUHY PD\ EH FRQWLQXRXV VXFK DV RQHTV RZQ KRPFE
ZLWK VSHFLILF RSHQLQJ KRXUYV ,Q WKH ILUVW FDVH WKH WD[HOV ZL
VHFRQG WKHVH VSDWLDO VWDWLF EXW WHPSRUDOO\ G\QDPLF VWU;
ORELOH HOQWLWLHY VXFK DV LQGLYLGXDO SHRSOH RQ WKH RWKHU |
OLQH RI WD[HOV WKDW LV FRQVWDQW LQ VL]H EXW PRYHV LQ VSDFH
WLPH SULVP OLOOHU ZLOO EH UHSUHVHQWHG DV FROOHFWLRQ
WD[HO DW WKH SUHVHQW WLPH ZLGHQLQJ WR D PD[LPXP WKHQ F
VSHFLILF VSDWLR WHPSRUDO ORFDWLRQ LQ WKH IXWXUH LQGLFDWLQ
WKDW WLPH

7KLY VHFWLRQ KDV GHPRQVWUDWHG WKDW WLPH JHRJUDSK\ FDQ EH
GLVSOD\HG VSDWLDO EHKDYLRXU DQG DOVR RIIHUV DQ DSSURDFK W
SRWHQWLDO SDWK DUHD LV D SUHGLFWLRQ RI WKH ERXQGV RI DQ |
JLYHQ WLPH EXGJHW $ JUHDW GHDO RI UHVHDUFK KDV WDNHQ SODFI
PRGHOOLQJ RI PRWLRQ SDWWHUQV DQG WKH SUHGLFWLRQ RI WKH
REMHFWVY DQG WKHVH ZLOO EH UHYLHZHG LQ WKH IROORZLQJ VHFWL
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5HVHDUFK LQ WKH DUHD Rl WLPH JHRJUDSK\ LV Y*HRJBRFKVRQJRLQ
$QQDQKU KDG VHYHUDO SDSHUV GHYRWHG WR UHFHQW ZRUN LQ
SDUWLFXODU LQWHUHVW ZDV WKH GHR¥HGIRS R H QW F@OWRIHG @ RDOLR Q
9LOKHOPVRQ ZKLFK H[WHQGV WKH LGHD WKDW UHVRXUFHV D
UHJLRQV RI WLPH DQG SODFH (OOHJDUG DQG 9LOKHOPVRQ DUJX
GHSHQGHQW XSRQ WKH QHJRWLDWLRQ RI WKH SREFNHWV RI VXFK U
KDYH PRUH FRQWURO RYHU WKDQ RWKHUV ODNLQJ LQGLYLGXDOV
WKH UHJLRQ RI VSDFH WLPH DFFHVVLEOH WR WKHP LV FOHDUO\ FR
5SDXEB®W DO DSSO\ WKH QRWLRQ RI WLPH JHRJUDSK\ WR ORFDWL
SRLQWLQJ RXW WKDW SUHVHQW /%6 GR QRW DFFRXQW IRU LQGLYL:
7KH\ SURSRVH EXLOGLQJ XSRQ WKH WILRHGBREHBIS K\DORDWE B YJRW F
WKH SK\WLFDO VRFLR LQVWLWXWLRQDO DQG PHQWDO GRPDLQV
WKHRU\" DSSURDFK DLPV WR WDNH PRUH DFFRXQW RI LQGLYLGXDO
UDWKHU WKDQ PDNLQJ VLPSOLVWLF DVVXPSWLRQV DERXW WKH VH!
UHOHYDQFH RU LQWHUHVW WR DQ\ RQH LQGLYLGXDO DQ DSSURDF|
WR WKLV WKHVLV

ORGHOOLQJ PRWLRQ SDWWHUQV

&RUUHODWHG UDQGRP ZDONYV

7KH XVH Rl FRUUHODWHG UDQGRP ZDONV %\HUV LV D WHFKQ
SDWKV JHQHUDWHG E\ PRYLQJ REMHFWYV DQG FDQ EH DSSOLHG WR
ORFDWLRQ V RI VRPH HQWLW\ RU SKHQRPHQRQ EDVHG XSRQ VWD
WXUQLQJ DQJOHV 1DPV 7KH SULPDU\ DSSOLFDWLRQ KDV
GLVSHUVLRQ RI DQLPDOV RYHU WLPH EXW WKH WHFKQLTXH KD\
EHKDYLRXU LQ DSSOLFDWLRQV VXFK DV FULPH PRGHOOLQJ &UL
UDQGRP ZDON PRGHOV WDNH WKUHH SDUDPHWHUV %\HUV

¥ 7TKH QXPEHU RI VWHSV WKDW FRPSULVH WKH ZDON
1 7KH VWHS VL]H
1 $ GLVWULEXWLRQ RI WXUQLQJ DQJOHV %\HUYV RU KHDG

7KLV PRGHO KDV EHHQ YHU\ SRSXODU LQ HFRORJ\ SDUWLFXODUO\
DQLPDOV KRZHYHU LW KDV OLPLWDWLRQV )LUVW IL[LQJ WKH VWH
DOZD\V PDNHV D WXUQ HYHU\ Q PHWUHV LV DQ XQUHDOLVWLF \
JHQHUDWH XQQDWXUDOO\ XQLIRUP ZDONV 6HFRQG WKHUH LV QF
VXLWDEOH VWDWLVWLFDO GLVWULEXWLRQ WR XVH IRU WXUQLQJ

DVVXPHV D WXUQ GLUHFWLRQ LV HTXDOO\ OLNHO\ WR WKH OHIW R
PDJQLWXGH ZKLFK LV HTXDOO\ OLNHO\ WR EH DQ\ YDOXH IURP Rf L
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L Rf LOGLFDWLQJ D UHYHUVDO LQ KHDGLQJ 6XFK D PRGHO JHQHL
$ 1IRUPDO UDQGRP GLVWULEXWLRQ DVVXPHV D ELDV LQ WKH GL!I
2IWHQ D PHDQ YDOXH RI Rf LV XVHG VXJJHVWLQJ WKDW WKHUH LV
WXUQV DUH PRUH OLNHO\ WKDQ ODUJH RQHV ODUHOO HW DO
DSSURDFKHVY WKDW DVVXPH WKDW SDWWHUQV DUH UDQGRP SDU:
ELRORJ\ 7KLV PLVFRQFHSWLRQ DULVHV IURP WKH LQDELOLW\ RI V
FOHDU EXW FRPSOH[ SDWWHUQV WKDW DQLPDOV H[KLELW LQ WKHLL
ZKHQ XVLQJ WKH WXUQLQJ DQJOHV DSSURDFK FRUUHODWHG UDQGHR
LQLWLDO FKRLFH RI KHDGLQJ IURP ZKLFK WKH ILUVW VWHS LQ WKH
WKH SDWKV SRRU IRU SUHGLFWLRQ $Q DOWHUQDWLYH DSSURDFK L
UDWKHU WKDQ WXUQLQJ DQJOHV VR WKDW WKH KHDGLQJ DW HDFK
IXWXUH LV QRW GHSHQGHQW XSRQ WKH VWHSYV WKDW SUHFHGHG LW

ORUH UHFHQWO\ UDQGRP ZDONV KDYH EHHQ DSSOLHG DV D PHDQV R
RI JURXSY Rl HQWLWLHV RYHU VSDFH DQG WLPH /DXEH DQG 3XUYHV
FROVWBQ@MIWHUQ ZKHQ LW UHWDLQV WKH VDPH RRIQBXLQUHI@ERHD SHL
SDWWHUQ LV GHILQHG E\ D QXPEHU RI HQWLWLHY IROORZLQJ WKH VI
SDWWRMW\WQ G VEWWKHQVD JURXS FDQ EH LGHQWLILHG WKRVH WKDW
DQG DUH VXEVHTXHQWO\ MRLQHG E\ RWKHU JURXS PHPEHUV 7KH ZR
WKH GHHU KHUGV DQG PRYHPHQW RI HOHFWRUDO XQLWV ZLWKLQ
YDEULNDQW Rl YRWLQJ EHKDYLRXU 5DQGRP ZDONV WHQG QRW
PRYHPHQW DQG ZRUN ZHOO LQ VRPH FRQGLWLRQV DQG VSHFLILF
PRYHPHQW RI IRUDJLQJ DQLPDOV LQ RSHQ VSDFH ODUHOO HW DO

LQ KLJKO\ FRQVWUDLQHG HQYLURQPHQWY 7KHUH LV D SDUDOOHC
PRYHPHQW LQ UDQGRP ZDONV DQG UHVHDUFK LQWR DJHQW VLPXC
XVLQJ VZDUPLQJ RU IORFNLQJ EHKDYLRXU ODF*LOO DQG 2SHQVKI
UDQGRP ZDON FRXOG EH XVHG DV WKH UXOHV ZKLFK GLFWDWH WKt
DJHQWVYV LQ D VLPXODWLRQ ZLWK DSSOLFDWLRQV LQ D ZLGH UDQJF
%DWW\ HW DO

&LUFXODU VWDWLVWLFV

21 WKH PXOWLWXGH RI SXEOLFDWLRQ RQ VWDWLVWLFV VXUSULV
GLUHFWLRQDO RU FLUFXODU GDWD %UXQVGRQ DQG &KDUOWRQ
OLQHDULW\ RI GDWD DVVXPHG E\ PRVW GHVFULSWLYH VWDWLVWLEF
GHVFULEHG LQ WZR FLUFXODU WKUHH VSKHULFDO RU PRUH GLP!
&\FOLFDO GDWD KDV EHHQ GLVFXVVHG IURP WKH SHUVSHFWLY
UHFXU DW GLIIHUHQW VFDOHV VXFK DV GDLO\ ZHHNO\ OXQDU PRC(
6RPH DWWULEXWHY RI WKH PRELOH WUDMHFWRULHV 6P\WK
+HDGL@IRVHU DQG 7TKHRGRULGLYV FDQ EH GHILQHG DV WKH GL
VRPH PRYLQJ REMHFW UHODWHG WHUPV WKDEBH BGREPRW HHG O\ PRY|
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SRLQWY 3HUNLQV DQG RIHBINQWOEWLIIRY REMHFW 6P\WK DQG
WRSRORJLFD G5 LUKG VMRERN 6LPLODUO\ WKH YHFWRU DWWUL
GHVFULEHG E\ VFDODU VSHHG DQG GLUHFWLRQ 'XQFDQ 6>

KDYH QR FOHDU PLQLPXP DQG PD[LPXP D KHDGLQJ RI R GHJUHHYV
DOWKRXJK WKHVH DUH WKH H[WUHPH YDOXHYV DFFRUGLQJ WR OLQt
WKLV LV VKRZQ GLDJUDPPDWLFDOO\ LQ )LIXUH D

J)LIXUH &LUFXODU VWDWLVWLFV DIWHU %YUXQVGRQ DQG &KDUOWR

D 7KH PHDQ GLUHFWLRQ DQGBELGQKBUPHIDDYYQ) GLUHFWLRQ DQG FLU
IRU D VDPSOH RI IRXU DQJOHVVSUHDG IRU D VDPSOH RI DQJOHYV

7KH GLDJUDP VKRZV D VDPSOH7RHIRKD @ GLOHM¥WLRQ DQG PHDVXUH

FOXVWHUHG DURXQG JHUR GHJDWHH\ERVK PLQFOAUDWHG E\ GHULYLQJ

PHDQ RI WKH VDPSOH LV G HWKHHYR MKV RQ WKH FLUFXPIHUHQFH

RSSRVLWH GLUHFWLRQ Rl WKH UHSNHYVH@WDQX D QJIOHHQ 7KH PHDQ |

E\ WKH GLUHFWLRQDO PHDQ RI WKH FHQWURLG IURP WKH RULJLQ
WKH PLQLPXP GLVWDQFH IURP WKH |
WKH FLUFXPIHUHQFH

2QH DSSURDFK WR GHULYLQJ PHDVXWHW RIREH R E X O DAUHG M R PX HD
WUHDW WKHP DV SRLQWYV RQ WKH XQLW FLUFOH %UXQVGRQ DQG &
LV HTXDO WR RQH FHQWUHG RQ WKH RULJLQ $OWKRXJK SORWWH
WR WKH RQH GLPHQVLRQDO VXEVHW RI LW GHILQHG E\ WKLV XQL
WKHVH SRLQWV UHYHDOV D SRLQW VRPHZKHUH ZLWKLQ WKH FLUFC
DQJOH IURP WKH RULJLQ WR WKH FHQWURLG RI WKH SRLQWV $
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PLQLPXP GLVWDQFH EHWZHHQ WKH FHQWURLG DQG FLUFXPIHUHQFH
FOXVWHULQJ RI DOO DQJOHV XSRQ D VLQJOH SRLQW D YDOXH RI R
JLIXUH E

7KHUH DUH DOVR D QXPEHU RI VWDWLVWLFDO DSSURDFKHV WR WKH

ZKLFK FDQ RIIHU DOWHUQDWLYH PHDVXUHV RI FHQWUDO WHQG
GLVWULEXWLRQV XDYHEGEHH® DQG -XSS WR PDNH WKHP VXLWDE¢
GDWD LQFOXGLQJ WKH ZUDSSHG 1RUPDO GLVWULEXWLRQ 2WKHUV K
FLUFXODU GDWD VXFK DV WKH 9RQ OLVHV GLVWULEXWLRQ DQG W}
JLVKHU

SUHGLFWLRQ

'KHQ PDNLQJ SUHGLFWLRQV LW LV W\SLFDOO\ DVVXPHG WKH SU!
SUHYLRXVO\ GLVSOD\HG SDWWHUQV RI EHKDYLRXU LQ VKRUW 3WKH
IXWXUH"~ /RQJOH\ HW DO 7KLV FRQFHSW Rl WHPSRUDO DXWR
DQDORJRXV WR VSDWLDO DXWRFRUUHODWLRQ KRZHYHU WKHUH DUH
VHULHV GDWD LV RQH GLPHQVLRQDO ZKHUHDV VSDFH LV XVXDOO\
GLPHQVLRQV &UXFLDOO\ FDXVDOLW\ LV XQL GLUHFWLRQDO VLQFF
HYHQW EXW WKH RSSRVLWH LV QRW WUXH ,W FRXOG EH DUJXHG WKI
H[DPSOH WKDW \RX DUH DW D SDUWLFXODU ORFDWL@WHEHFADXVH \R X
ORFDWLRQ LQ WKH IXWXUH +RZHYHU XQWLO \RX DUULYH DW WKDW ¢
LQWHQWLRQ DV RSSRVHG WR DQ HYHQW WKDW KDV RFFXUUHG EDV
WK$DVW :RRG SHUVRQDO FRPPXQLFDWLRQ 6HSW 7KLV XQL G
FRQVWUDLQW LV QRW XVXDOO\ DSSOLHG ZKHQ FRQVLGHULQJ VSDW

%HIRUH FRQVLGHULQJ WKH OLWHUDWXUH FRQFHUQHG ZLWK SUHGL
EDVHG XSRQ WKHLU SUHYLRXV EHKDYLRXU LW PXVW ILUVW EH DF
UHVHDUFK LV DQG KDV EHHQ FRQFHUQHG ZLWK PRGHOOLQJ DQG S
ORQJHU WHUP PLJUDWLRQ RI ODUJH QXPEHUV RI LQGLYLGXDOV E
FHQWUHV -RUQVWHQ HW DO 7KLV ZRUN ZLWK URRWV LQ EH
KLJKO\ WKHRUHWLFDO DQG KDV WUDGLWLRQDOO\ EHHQ EDVHG XSROQ
Rl GLVWDQFH GHWHUUHQFH LH WKDW LI DOO RWKHWFORKWRWY DUH
ORFDWLRQ -RPVWHQ HW DO 6XFK UHVHDUFK KDV LQIRUPHG
GHFLVLRQ PDNLQJ SURFHVV ZKHQ FRQVLGHULQJ FKDQJHV WR WKH W
DVVXPSWLRQV DQG DSSURDFK RI WKLV OLWHUDWXUH LV RI OLPLWHG
PRYHPHQW RI LQGLYLGXDOV ZLWKRXW UHIHUHQFH WR H[WHUQDO
DEVHQFH RI WRZQV RU WUDQVSRUWDWLRQ OLQNV KHQFH OLWWOH L
ZRUN
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'KHQ FRQVLGHULQJ WKH VSDWLDO EHKDYLRXU RI LQGLYLGXDOV
SUHGLFWLRQV WR EH PDGH DERXW WKH IXWXUH ORFDWLRQ RI WK
GHDO RI UHVHDUFK KDV EHHQ IRFXVVHG XSRQ VXFK SUHGLFWLR(
VWRULQJ D UHFRUG RI NQRZQ FXUUHQW DQG SUHYLRXV ORFDWLRC
DK 6XJIJHVWHG DSSOLFDWLRQ DUHDV IRU PRYLQJ REMHFW SU
SXEOLF WUDQVSRUW PDQDJHPHQW )DUKDQ HW DK X DQG :RO
7DR HW DK FROOLVLRQ DYRLGDQFH IRU URERWLFV (OQDJD!
DQG )UDLFKDUG DQG XQPDQQHG YHKLFOHV ODGKDYDQ DQG 6
KRF QHWZRUNV 6KDUPD HW DK DQG DV D ILOWHU WR LQFUH
IRU PRELOH XVHUV RI SHUVRQDO GLJLWDO DVVLVWDQWY %ULPLF
:ROIVRQ DQG <LQ

,Q WKH FRQWH[W RI WKH XSGDWH RI D PRYLQJ REMHFWV GDWDED\
EH IDU PRUH HIILFLHQW WKDQ WKRVH XSGDWHG DW D SUHGHILQ
UHVROXWLRQ :ROIVRQ DQG <LQ 7KH DSSURDFK PDLQWDLQV
REMHFW LV OLNHO\ WR EH DW D IXWXUH WLPH JLYHQ LWV FXUUH
WUDQVSRUWDWLRQ QHWZRUN $ GHYLDWLRQ SROLF\ FRQWUROV

GHJUHH WR ZKLFK WKH DFWXDO ORFDWLRQ GHYLDWHG IURP WKH
XSGDWH ZKHQ VRPH WKUHVKROG LV FURVVHG :ROIVRQ DQG <LQ

DQVZHUV WR TXHULHV UHODWLQJ WR ZKHQ D PRYLQJ REMHFW ZLC
PD\ EH D SRLQW ORFDWLRQ RU UHJLRQ :X DQG :ROIVRQ E
GHVLJQHG WR SURYLGH WKH SRVVLEOH IXWXUH ORFDWLRQV RI D |
WLPH $ FULWLTXH Rl WKH DSSURDFK DSSOLHG E\ ;X DQG :ROIVRQ

IRU WKH LQGLYLGXDO VSDWLDO EHKDYLRXU RI PRYLQJ SRLQW REM
WUDYHUVH WKH HGJHV RI D WUDQVSRUWDWLRQ QHWZRUN DW WKH
DERXW IXWXUH ORFDWLRQV EDVHG XSRQ WKH SUHYLRXV WUDMHF
DORQH )XUWKHUPRUH WKH SUHGLFWLRQ FDQ RQO\ SUHGLFW DV ID
HGJH VLQFH WKHUH LV QR DSSURDFK GHVFULEHG WR PDNH D GHF
QRGHYV LQ WKH WUDQVSRUWDWLRQ QHWZRUN 7KLV PD\ EH DFFHS
DQG UHODWLYHO\ IHZ QRGHV HJ PRWRUZD\V EXW LV LQHIIHFWLY!
QRGH GHQVLW\ ZKHUH WKH SUHGLFWLRQ PRGHO PXVW EH XSGDWH

$QRWKHU PDMRU DSSOLFDWLRQ DUHD IRU SUHGLFWLRQ RI IXWXU'I
SDVW EHKDYLRXU KDV EHHQ WKH ILHOG RI URERWLFV VSHFLILFDC
9DVTXH] DQG )UDLFKDUG 7KH ORFDWLRQ RI PRYLQJ SRLQW F
YLVXDO VHQVRUV KHQFH WKHUH LV RYHUODS ZLWK UHVHDUFK L¢
YJUDLFKDUG ORWLYDWLRQV LQFOXGH WKH QHHG IRU URERMW
QDYLJDWH WKURXJK D G\QDPLF HQYLURQPHQW (0OQDJDU (O
6FKOHQRII DQG URERWLF DUPV WKDW SLFN XS QRQ VWDWL
DVVHPEO\ 3D\HXU HW DO 7KH SUHGLFWLRQ LV RIWHQ PDG
PRWLRQ VHQVRU RQ D pPURERWY VR UHODWLYH ORFDWLRQ LV X\
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ORFDWLRQ 7KH VHQVRU LWVHOI PD\ EH PRYLQJ DQG WKH DLP LV R
URERW WR HLWKHU DYRLG FRQWDFW ODGKDYDQ DQG 6FKOHQRII
DQRWKHU PRYLQJ REMHFW 3D\HXU HW DO 20H WHFKQLTXH )
H[WHQVLYHO\ LQ WKLV ILHOG LV WKH .DOPDQ ILOWHU 7KLV LV D W
SDVW SUHVHQW DQG IXWXUH VWDWHVY RI DQ REMHFW )XWXUH VWDW
HJ ORFDWLRQ DQG FRQWURO HJ VSHHG DQG KHDGE@LGULRUYHQ WKH
SUHGLFWLRQ LV PDGH DERXW D ORFDWLRQ LQ WKH IXWXUH 7KLV
PHDVXUHPHQWY WR DVVHVV WKH HUURU DVVRFLDWHG ZLWK WKH SU
SUHGLFWHG ORFDWLRQ DQG WKH DFWXDO ORFDWLRQ DW WKH SU]
DSSOLHG WR WXQH WKH ILOWHU WR LPSURYH IXWXUH SUHGLFWLRQV
ILHOG RI URERWLFV SURYLGHV D SRLQW SUHGLFWLRQ IRU D IXWXUF
SHVHDUFK LQ WKLV DUHD LV XVXDOO\ FRQFHUQHG ZLWK PRYHPHQW F
KDV DOVR EHHQ DSSOLHG WR ORQJHU WHUP SUHGLFWLRQ VXFK DV E.
DO $ FULWLTXH RI WKLV ZRUN KDV EHHQ LWV IDLOXUH WR FRC
LQGLYLGXDO PRYHPHQW UHO\LQJ LQVWHDG RQ YHU\ UHFHQW EHKDY
YHU\ UHOLDQW XSRQ VLPXODWHG PRWLRQ GDWD DQG YHU\ UDUHO\
VSDWLDO EHKDYLRXU RI PRYLQJ REMHFWV LQ WKH UHDO ZRUOG

2QH JHQHUDO FULWLFLVP RI H[LVWLQJ SUHGLFWLRQ WHFKQLTXHV KC
H[WUDSRODWLRQ EDVHG XSRQ D FXUUHQW SRVLWLRQ WLPH YHOF
PRWLRQ SDWWHUQV 7DR HW DO 7KLV VLPSOLILFDWLRQ KDV EF
D VHULHV RI VWUDLJKW OLQH LQWHUSRODWLRQV FDQ DSSUR[LPDW!
PRGHO DYRLGV WKH FRPSOLFDWLRQV RI PRWLRQ SDWWHUQV DQG QH
DQDO\VLVY WR EH SHUIRUPHG 7DR HW DO $ VHFRQG FULWLFLVF
SURFHVVLQJ RYHUKHDG DQG GDWD WUDQVIHU DVVRFLDWHG ZLWK P
REMHFWY VLQFH DQ HQWU\ PXVW EH IUHTXHQWO\ XSGDWHG IRU H[DTF
VSHHG RU ZKHQ SDVVLQJ D QRGH LQ WUDQVSRUWDWLRQ QHWZRUN
WKHVH DSSURDFKHV FRQFHQWUDWH RQ PDNLQJ SRLQW SUHGLFWLR(
OLQHDU H[WUDSRODWLRQ IURP WKH FXUUHQW SRVLWLRQ DW D JLYHQ
2WKHUV KDYH DWWHPSWHG WR GHILQH WKH G\QDPLF UHJLRQV R
Rl PRYLQJ REMHFWV E\ UHFRUGLQJ D PLQLPXP ERXQGLQJ UHFWDQJ
PRYHPHQW RI WKH FOXVWHU LQ FDUGLQDO GLUHFWLRQV 7DR HW DO

$ SURPLVLQJ JHRPHWULF DSSURDFK WR SUHGLFWLRQ GHYHORSHC
ILOWHULQJ IRU ORFDWLRQ EDVHG VHUYLFHY KDV EHHQ VXJIJHVWHG I
VXJIJHVW WKH DSC@MIFDWLRQDRH WLPMWR@HHDRISHVKH UHJLRQ RI V!
UHOHYDQW WR D PRELOH LQGLYLGXDO 7KHVH VSDFH WLPH HQYHOR:
DQG KHDGLQJ RI WKH PRELOH XVHU KHQFH IDVWHU VSDWLDO EHKD
HQYHORSH DQG WKH GLUHFWLRQ RI PRYHPHQW FRQWUROV WKH FHQ!
WLPH HQYHORSH FRPSULVHV D FRUH D FLUFOH DURXQG WKH PRYL
WUDSH]RLGDO SURMHFWLRQ LQ WKH GLUHFWLRQ RI PRYHPHQW DQC
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HQYHORSHVY UHVHPEOH WRUFK EHDPV VKLQLQJ DKHDG RI DQ LQ
J)LIXUH 2Q0H Rl WKH PDLQ DGYDQWDJHV RI WKUHIDKREVRDFK LV
RSSRVHG WR D SRLQW LQ VSDFH DQG VXFK D UHJLRQ FRXOG Et
UHWULHYDO WR LGHQWLI\ LQIRUPDWLRQ VRXUFHV ZKRVH JHRJUDS
UHJLRQ :KLOVW WKLV DSSURDFK LV SURPLVLQJ DW SUHVHQW LYV
DVVXPSWLRQV 7KH PHDVXUHV RI VSHHG DQG KHDGLQJ DUH EDVHG
FDOFXODWHG E\ FRPSDULVRQ RI WKH SUHVHQW DQG SUHYLRXV SR
WR PRGHO WKH GLVWULEXWLRQ RI VSHHG DQG KHDGLQJ RYHU DQ
WKH HQYHORSH GRHV QRW GLVWLQJXLVK EHWZHHQ VLQXRXV EHKI
OLQH )XUWKHU DUELWUDU\ SDUDPHWHUY DUH LQFOXGHG LQ WKH |
LV XVHG IRU WKH UDGLXV RI WKH FLUFOH ZKLFK LV XQOLNHO\ WR
HVSOD\Y RI GHJUHHV HLWKHU VLGH RI WKH H[WHQVLRQ ZKLFk
VLQXRVLW\ RI SUHYLRXV EHKDYLRXU

JLIXUH ‘\QDPLF VSDFH WLPH HQYHORSHVY EDVHG XSRQ UHFHQW \
DIWHU %ULPLFRPEH DQG /L

D /RZ VSHHG E +LJK VSHHG

*HROLVXDOL]DWLRQ

7KH KXPDQ YLVXDO V\VWHP LV YHU\ HIIHFWLYH DW GHWHFWLQJ SD
VHSDUDWLQJ FRPSOH[ SDWWHUQV IURP EDFNJURXQG 3QRLVH" DQG
*HRYLVXDOL]DWLRQ LV FRQFHUQHG ZLWK WKH YLVXDO UHSUHVHQ
WDNH DGYDQWDJH RI WKLV SURSHUW\ RI WKH KXPDQ YLVXDO V\
XQGHUVWDQGLQJ WKH IRUPDWLRQ RI LGHDV DQG FRQFHSWV DQG
HW DO LQ SUHVV D EGRBME¥®RIRQRWAPNVVWKDW DQDO\VH JHRJUD
LGHQWLI\ SDWWHUQV RU PDNH SUHGLFWLRQV ZLOO W\SLEDOO\ EH |
ZKDW VRUW RI VWUXFWXUHVY DUH OLNHO\ WR H[LVW ZLWKLQ WK
LPSRUWDQFH ZKHQ GHYHORSLQJ DOJRULWKPVY WKDW QHZ IRUPV R
SULRU WR GHYHORSPHQW HOVH H[LVWLQJ WKHRU\ GHYHORSHG IUF
EH DSSOLHG WKDW LV QRW YDOLG IRU WKH SDUWLFXODU VHW LQ T
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$V GHVFULEHG LQ VHFWLRQ WUDGLWLRQDO *HRJUDSKLF ,QIRUP
FULWLFLVP IRU EHLQJ PRVW VXLWHG WR DQ LQYHQWRU\ UROH RI R
IL[HG PRPHQW LQ WLPH /DQJUDQ 'DQJ DQG &KHQJ $FFHS

VSDFH LV D FRPELQDWLRQ Rl VSDFH WLPH DQG DWWULEXWH 3DUNt
WR EH PRUMSWWRQCRUPDWLRQ V\WVWHPV *, VI\VWHPV PXVW LQFOX:
FRPSRQHQW DQG DOORZ WKH PRGHOOLQJ DQG YLVXDOL]DWLRQ RI G\
WHPSRUDO FRPSRQHQW LV DOVR EHLQJ LQFOXGHG LQ WKH JHROLV
&KHQJ $QGULHQNR DQG $QGULHQNR '\NHV DQG ORXQWDLQ
GDWHV WKH FRPSXWLQJ HUD ZLWK H[DPSOHV IURP WKH QLQHWHHQW
DQG RQ WKH FXVS RI WKH GLJLWDO DJH XVLQJ ILOP ORHOOHULQJ
RQ VFUHHQ UHDOLVDWLRQV DQG LQWHUDFW ZLWK WKH WHPSRUDO F
WHPSRUDO SURFHVVHV ZH DLP WR UHSUHVHQW PXVW EH XQGHUVWRR

$V GLVFXVVHG LQ VHFWLRQ LQGLYLGXDO VSDWLDO EHKDYLRXU

UHSUHVHQWHG E\ WKHS RROMFMQUDFRILRQ (UZLJ HW DO VLQFF
RFFXSLHG E\ LQGLYLGXDOV LV QHJOLJLEOH IRU PRVW VFDOHV RI DC
VXLWHG WR UHSUHVHQWDWLRQ E\ VWHSZLVH FKDQJH GHILQHG E\ :D
WKDW LV VRPHWLPHV PRYLQJ DQG VRPHWLPHVY VWDWLF DV RSSRVH(
RFFDVLRQDO LQVWDQWDQHRXV FKDQJHV LQ ORFDWLRQ DVVRFLI
FROQWLQXRXV FKDQJH DVVRFLDWHG ZLWK PDQ\ QDWXUDO SK\VLFDOC

$ QXPEHU RI LGHDV KDYH EHHQ VXJJHVWHG LQ WKH OLWHUDWXUH I
VRIWZDUH )RU H[DPSOH JHRJUDSKLF WUDFHV DOORZ XVHUV WR G|
ZKLFK ORFDO VWDWLVWLFV DUH JHQHUDWHG DQG DQDO\WHG LQ JHR.
7TUDFHVY FDQ EH XVHG WR GHWHFW WKH JHRJUDSKLF GLVWULEXWLRC
SK\VLFDO IHDWXUHV VXFK DV ULYHUV :LOKHOP DQG 6DQGHU ’
FDQ EH GHILQHG E\ VHFWLRQV RI D PRELOH WUDMHFWRU\ DV ZHOO
VSDWLR WHPSRUDO DFWLYLW\ ZLWK PHDVXUHPHQWY RI LQGHSHQGH
ZD\ HQDEOHV DQDO\WWV WR LGHQWLI\ WKH GRPLQDQW DWWULEXWH
DQG VSDFH 5HODWLRQVKLSY FDQ EH FRQVLGHUHG UHTXLUHPHQWYV
IURP DQ\ LQVLIKWY WKDW DUH DFKLHYHG *UDSKLFDO UHSUHVHQW
LPSOHPHQWHG WKURXJK ORFDO SDUDOOHO FR RUGLQDWHVY SORW
WHFKQLTXHV FRXOG EH XVHG WR DQDO\WH WKH YDULDWLRQ LQ DW
GHILQHG E\ D VSDWLR WHPSRUDO XVHU SURILOH

$ UHODWLYHO\ UHFHQW QRYHO UHSUHVHQWDWLRQ WKDW FRPELQHV
JHRJUDSKLF LQIRUPDWLRQ LV WKH UDGLDO GLVWDQFH IXQFWLRQ
WHPSRUDO 5') SORWY JHQHUDWHG IURP VXFK IXQFWLRQV DUH HI[S
VHTXHQFHVY RI SRVLWLRQV LQ WLPH DQG VSDFH E\ UHSUHVHQWLC(
SKHQRPHQD VXFK DV ODQG XVH DW D VHULHV RI GLVWDQFHV IURP
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GLPHQVLRQDO SORWVY XVH RQH D[LV WR UHSUHVHQW WLPH DQG DC
WKH ZD\ LQ ZKLFK WKH HQYLURQPHQW DURXQG D PRELOH REMHFYV
GHYHORSHG IRU WKH VWXG\ RI DQLPDO EHKDYLRXU LV DQ HIIHF
FKDUDFWHULVWLFV Rl JHRJUDSKLF LQIRUPDWLRQ PRYLQJ DZD\ IUF
RI DQDO\VLY &RQVLGHUDEOH VXFFHVV LV UHSRUWHG LQ LGHQWLI
WHPSRUDO 5') SORWV ,PIHOG VXJIJHVWLQJ WKDW WKH\ PD
DSSOLFDWLRQV RXWVLGH WKRVH UHODWLQJ WR WKH VWXG\ RI
DVVRFLDWHG ZLWK PRELOH WUDMHFWRULHV 3UHVHQW LPSOHPH
JHQHUDWH RQ VWDQGDUG ZRUNVWDWLRQV KHQFH VXFK WHFKQLTX
WLPH YLVXDOL]DWLRQ VRIWZDUH

*HRJUDSKLF NQRZOHGJH GLVFRYHU\

7KH ILHOG RI NQRZOHGJH GLVFRYHU\ LV ZHOO HVWDEOLVKHG ZLW!

DO KRZHYHU vSDWLDO DQG WHPSRUDO GLPHQVLRQV KDYH
Zzb\ bv DQ\ RWKHU DWWULEXWH LQ WKH GDWDVHW UDWKHU WKDQ
HW DO JRU WKLV UHDVRQ VSHFLILF ILHOGVY RI GDWD PL(

JHRJUDSKLF GDWD DOO RI ZKLFKJHRJOO DZGRIWIDQ PWRHQUHBD® RI1 D
'LWKLQ WKLVSDUWRGIBW D PLQLQJ XWLOLVHV WKH XVXDOO\ RU
UHIHUHQFH V\VWHP DV WKH IUDPHZRUN IRU DQDO\VLVY 6LPLODUO\
WLPH WKDW HYHQWY RFFXUUHG DV D IUDPHZRUN 6SDWLR WHPSRU
FRPELQHG JHRJUDSKLF IUDPHZRUN ZKLFK JLYHV D 2ZKHQ  DQG 3zZK
ZRUOG HQWLWLHY DQG SURFHVVHV 2QH RI WKH DPELWLRQV RI WK
WR H[WUDFW WKH JHRJUDSKLF FRQWH[W RI PRELOH LQGLYLGXDOYV
LQIRUPDWLRQ WKH\ UHWULHYH 7KLV VHFWLRQ ZLOO ILUVW GLVFX
IROORZHG E\ VRPH VSHFLILFV RI VSDWLDO WHPSRUDO DQG VSDWL|

_.QRZOHGJH GLVFRYHU\ SURFHVV DIWHU +DQ E
'DWD FOHDQLQJ +DQGOLQJ HUURQHRXV PLVVLQJ RU LUUH
'DWD LQWHJUDWLRQ &RPELQLQJ KHWHURJHQRXV GDWD VR
'DWD VHOHFWLRQ 5HWULHYLQJ WKH GDWD UHOHYDQW WR
'DWD WUDQVIRUPDWLRQ ,QWR IRUPV VXLWDEOH IRU GDWD
'DWD PLQLQJ ([WUDFWLRQ RILQWHUHVWLQJ NQRZOHGJH
3DWWHUQ HYDOXDWLRQ ,GHQWLI\LQJ WKH PRVW VLJQLILFL
.QRZOHGJH SUHVHQWDWLRQ &RPPXQLFDWLQJ UHVXOWYV

$FFRUGLQJ WR +DQ +DQ E GDWD PLQLQJ LV RQH SDUW RI
GLVFRYHU\ LQ GDWDEDVHV 7KH IXO0 NQRZOHGJH GLVFRYHU\ SURI
DQG SUHVHQWDWLRQ DQG LV GHVFULEHG DERYH KRZHYHU PXFK R
PLQLQJ SURFHVV WR LQFOXGH DOO VHYHQ VWHSYV
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7KH GDWD PLQLQJ SURFHVV VWHS DERYH DLPV WR GLVFR
SDWWHUQV ZLWKLQ ODUJH YROXPHV RI GDWD DQG DGGLWLRC
DO 7TKHVH SDWWHUQV FDQ WKHQ EH HQFDSVXODWHC
DVVRFLDWLRQV UXOHV VSDWLR WHPSRUDO GLVWULEXWLRQV
PLQLQJ LV D EUXWH IRUFH FRPSXWDWLRQDO WHFKQLTXH ZK
GHYHORSPHQW RI D K\SRWKHVLV WR WHVW DJDLQVW DV L
DSSURDFKHYVY J/RQJOH\ 7KLV LQGXFWLYH SURFHVV UDC
UHYHDOLQJ WUHQGYV WKHQ WHVWLQJ WKH YDOLGLW\ RI H[LVW

'DWD PLQLQJ WDVNV FDQ EH VXEGLYLGHG LQWR HLWKHU GHVFULSW
WUHQGYV RU SUH®BUWK®/LMMWLWEWNN[WUDSRODWLRQ RI WKH GDWD LQWHF
IRU H[DPSOH FRQVWUXFWLQJ PRGHOV WR LQIHU SRVVLEOH IXWXUH
SUHYLRXV EHKDYLRXU $ QXPEHU RI JHQHUDO GHVFULSWLYH GDWD F
+DQ RODVV GHVEVLBMMWHRF@OFXODWLRQ RI VXPPDU\ LQIRUPDWLRQ
ZKLFK FDQ EH XVHIXO IRU FRPSDULVRQ ZLWK RWKHU VHWV WKHVH

VXFK DV WKH PHDQ WKH FRXQW RI WRWDO REVHUYDWLRQV WKH

TXDUWLOHYVY YDULDQFH DQG VWDQGDUG GHYLDWLRQ ZKLFK PD\ EH
DOJRULWKPYV OBDVRBHYWRR®/ LI\ WKH GHJUHH RI FRUUHODWLRQ EHYV
REVHUYDWLRQV RU JURXSV RI REMHFWYV RU W&GDLNWMW UEFEBWWREY DVV
WKH GLYLVLRQ RI WKH GDWD LQWR PHDQLQJIXO VXEVHWY HLWKHU W
UXOHV SRVVLEO\ GHULYHG IURP D WUDLQLQJ GDWDVHW RU IURP

ZLWKLQ WKIHPHWHWULHV DWQMNWKNLXYXVH RI WKH WLPH UHIHUHQFH WR |
VHTXHQFHY SHULRGLFLWLHV RU WUHQGY 7KH JHQHUDO GHVFULSWI
WKH FODVVLILFDWLRQ RI D GDWD VHW LQWR D QXPEHU RI JURXS
JRWKHULQJKDP HW DO 7KLV FODVVLILFDWLRQ LV XVHIXO VL
GDWDVHW QHZ REVHUYDWLRQV FDQ EH FRPSDUHG WR H[LVLWLQJ FO

*HRJUDSKLF GDWD PLQLQJ

$V GLVFXVVHG LQ VHFWLRQ JHRJUDSKLF LQIRUPDWLRQ FDQ EH
VSDFH WLPH DQG DWWULEXWH 3DUNHV DQG 7KULIW *HRJUELC
WHFKQLTXHV WKDW XWLOLVH WKH VSDWLDO DQG WHPSRUDO UHIHUH
WKH DWWULEXWH YDOXHYV 6RPH WHFKQLTXHV KDYH FRQFHQWUDWHG

HW DO DQG RWKHUV VROHO\ XSRQ WKH WHPSRUDO GLPHQVLR
KRZHYHU IRU WKH HIIHFWLYH DQDO\VLV DQG VXPPDULVDWLR
FRPELQHG VSDWLR WHPSRUDO <XDQ RU JHRJUDSKLF OLOOHU |

GDWD PLQLQJ LV UHTXLUHG 7KH DSSOLFDWLRQ RI GDWD PLQLQJ Wi
OHG WR D QXPEHU RI QHZ UHVHDUFK DUHDV OLOOHU DQG +DQ
VSDWLR WHPSRUDO UHSUHVHQWDWLRQV QHZ JHRJUDSKLF GDWD W
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YROXPHV RI JHRJUDSKLF GDWD DQG FUXFLDOO\ WKH XWLOLVDWLR(
ZLWKLQ *,6 RSHUDWLRQV

ORELOH WUDMHFWRULHV KDYH VSHFLILF FKDUDFWHULVWLFV WKI
WHFKQLTXHV 6XFK RSSRUWXQLWLHVY LQFOXGH QHZ LQIRUPDWLRQ
PRELOH WUDMHFWRULHY WKH SRWHQWLDO WR VLPXODWH IXWXU
DQDO\VLV RI JURXS G\QDPLFV 'HYHORSLQJ WKHVH RSSRUWXQLW
VXFK DV SULYDF\ LVVXHV 5DSHU DQG H[WUDFWLQJ WUHQG
LQFRPSOHWH RU FROOHFWHG DW D FRDUVH VSDWLR WHPSRUDO U}t

, QWHJUDWLQJ *HRYLVXDOL]DWLRQ DQG .QRZOH

7KH ,QWHUQDWLRQDO &DUWRJUDSKLF $VVRFLDWLRQ UHVHDUFK T
FORVHU LQWHJUDWLRQ EHWZHHQ JHRYLVXDOL]JDWLRQ NQRZOH
JHRFRPSXWDWLRQ *DKHJDQ HW DO VLQFH WKH REMHFWLYH
GLVFLSOLQHV RYHUODS WR D ODUJH GHJUHH $Q RYHUULGLQJ
FRQVWUXFWLRQ SDUWLFXODUO\ LQ QHZ RU SRRUO\ XQGHUVWRRG
K\SRWKHVHV PD\ QRW EH YDOLG *DKHJDQ HW DO ORELOH W
Rl VXFK GDWDVHWVY VLQFH WKH\ DUH UHODWLYHO\ QHZ DQG KDY
FRQYHQWLRQDO NQRZOHGJH GLVFRYHU\ SURFHVVHV DV PHQWLRQ}
JHRFRPSXWDWLRQ WHFKQLTXHV DUH RIWHQ DWHPSRUDO SHUIRUP
ZLWK WKH FDUWRJUDSKLF LQKHULWDQFH &RXFOHOLV RI SDS
E\ D UHVHDUFK TXHVWLRQ SRVHG WKH ,QWHUQDWLRQDO &DUWRJL
DQG IRU ZKDW WDVNV PXVW D GDWD PLQLQJ SURFHVV FRQVLGHU
DORQJ ZLWK WKH RWKHU DWWULEXWHV"" *DKHJDQ HW DO LW
LQ RUGHU WR H[WUDFW LQIRUPDWLRQ DERXW G\QDPLF SURFHVVI
LQWHUDFWLRQ EHWZHHQ LQGLYLGXDOV DV UHFRUGHG LQ PRELOH
PRWLRQ SURSHUWLHY DUH RI SDUDPRXQW LPSRUWDQFH

.QRZOHGJH GLVFRYHU\ DQG JHRYLVXDOL]DWLRQ KDYH EHHQ GL
KRZHYHU LW LV ZRUWK EULHIO\ GLVFXVVLQJ WKH DLPV RI JHRFR
VRPH Rl WKH REMHFWLYHV RI NQRZOHGJH GLVFRYHU\ VXFK DV !
LOQWHUHVWLQJ DQG VLJQLILFDQW SDWWHUQV ZLWKLQ GDWDVHWYV
ZLWK D VHW Rl WRROV WR PRGHO FRPSOH[ IUHTXHQWO\ QRQ GHW

+RZHYHU IUHTXHQWO\ JHRFRPSXWDWLRQ WHFKRQRZKVYV DLP W
SUREOHPV UDWKHU WKDQ XQFRYHU XQNQRZQ VWUXFWXUH KHQFI
W\SHV

$ TXHVWLRQ WKDW LV EHLQJ DVNHG LQFUHDVLQJO\ LQ WKLV UHVFE
WHFKQLTXHV FDQ LQIRUP WKH NQRZOHGJH GLVFRYHU\ SURFHVV 7
WKUHH PRGHV RI UHDVRQLQJ DW GLVWLQFWLYH VWDJHV RI LQYH



([SORULQJ PRELOH WUDMHFWRULHYV

GHGXFWLRQ *DKHJDQ$EGXPWARQGY WR WDNH SODFH DW WKH LQLW
VWDJH RI VFLHQWLILF LQYHVWLIJDWLRQ ZKHUH QR WKHRU\ KDV \H
IRUPHG :KHQ WKH JHRO9LVXDOL]DWLRQ SURFHVV LV DSSOLHG WR D
WKLQNLQJ DERXW WKH GDWD LQ RUGHU WR JHQHUDWH LGHDV DQG K
LV D YHU\ IOH[LEOH DSSURDFK VLQFH LW GRHVY QRW HQIRUFH H[LVW
VWUXFWXUH LV RIWHQ SRBUOWUDRXIXHUWWRWRKDW VRPH VWUXFWXUH
LGHQWLILHG ZLWKLQ D GDWDVHW ZKLFK PD\ EH DSSOLHG WR QHZ
,QGXFWLRQ LV WKH SHUKDSV WKH PRVW UHOLDEOH WRRO LQ NQR!:

ZKHUH RIWHQ UXOHV RI DVVRFLDWLRQ FODVVLILFDWLRQ GH
OHDUQHG IURP D WUDLQLQJ GDWDVHW DQG WKHQ DSSOLHV WR
JHROLVXDOL]DWLRQ DW WKLV VWDJH LV IXUWKHU LQYHVWLJDWH D
SURYLGH D SODWIRUP XSRQ ZKLFK K\SRWKHVHV PD\ EH WHVWHG DQ
'HGXFWILRQDSSOLHG ZKHQ UXOHV DUH ZHOO HVWDEOLVKHG IRU |
NQRZOHGJH DQG GHGXFWLYH SURFHVVHV Rl SUDFWLWLRQHUV LQ H[S
IXUWKHU UHVHDUFK TXHVWLRQ DVNHG E\ WKH ,QWHUQDWLRQDO &DU
GRHV WKH YLVXDO HQYLURQPHQW KDYH XSRQ WKH NQRZOHGJH GLV

,Q WKH FRQWH[W RI WKLV WKHVLV WKH YLVXDO HQYLURQPH
DEGXFWLRQ VWDJH RI K\SRWKHVLV IRUPXODWLRQ DQG DV DQ H
HITHFWLYHQHVV RI SUHGLFWLRQV EDVHG XSRQ NQRZOHGJH H[WUDF\
DSSOLHG LQ QHZ VLWXDWLRQV

,QIRUPDWLRQ 5SHWULHYDO

,QIRUPDWLRQ UHWULHYDO DQG UHOHYDQFH

&ULWHULD IRU MXGJLQJ WKH UHOHYDQFH RI LQIRUPDWLRQ KDV El
,QIRUPDWLRQ 5HWULHYDO ,5 IRU QHDUO\ IRUW\ \HDUV &OHYHUGR
DLP RI ,5 KDV EHHQ VWDWHG DV WKH UHWULHYDO RI LQIRUPDWLRC
PXOWLPHGLD UHOHYDQW WR VRPH TXHU\ WKDW UHSUHVHQWYV D SHU
UHVXOW RI VRPH SDUWLFXODU WDVN RU SUREOHP DW KDQG 6SLQI
GLIIHUHQW ,5 DOJRULWKPVY KDYH EHHQ HYDOXDWHG SULPDULO\ DW |

WR WKH XVHU 9DNNDUL DQG +DNDOD KRZHYHU UHOHYDQFH KD\
$ PXOWLGLPHQVLRQDO LQ WKDW LW FDQ EH PHDVXUHG RQ D QX
HW DO
$ G\QDPLF LQ WKDW D XVHUYV LQIRUPDWLRQ QHHGY DUH PHQWI
WLPH ,QJZHUVHQ DQG

$ FRPSOH[ EXW LQKHUHQWO\ PHDVXUDEOH %RUOXQG DQG ,QJZH
7KLV GLVFUHSDQF\ KDV OHG WR FULWLFLVP Rl WKH ,5 FRPPXQLW\ IR
FULWHULD WKDW DUH VROHO\ REMHFWLYH FRQVLGHULQJ RQO\ W
GRFXPHQWY DQG WKH TXHU\ IURP D FRPSXWLQJ SHUVSHFWLYH UDW
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GLPHQVLRQV Rl UHOHYDQFH UHODWHG WR WKH SHUVRQ ZKRYTV LQC
TXHU\ EHLQJ FRQGXFWHG %RUOXQG DQG ,QJZHUVHQ

$ VIVWHP RI ILYH GLVWLQFW EXW LQWHUY RO QDMOHEY CPORH. | KD'W EW |
VXJIJHVWHG 6DUDFHYLF E ZKLFK DLPV WR LQWHJUDWH WKH G
UHOHYDQFH WKDW KDYH HPHUJH$0 1R UG MW KHRLHIBHY 05Q M i LFSFOQ \DLIHA/MH U V
UHODWLRQVKLS EHWZHHQ WKH TXHU\ GHILQLWLRQ DQG UHWULHY!
VIVWHPTV LQWHUQDO UHOHYDQFH FULWHULD ,W FDQ EH DVVHVVH
RI GLIIHUHQW DOJRULWKPV ZKHQ LQIHUULQ & XKM R K YGFORXYFTHIAMY Z +
FRQVLGHUV WKH WRSLF GHILQHG E\ WKH TXHU\ DQG WKH WRSLF FF
EH DVVHVVHG LQ WHUPV Rl WKH UHODWLRQVKLS EHWZHHQ WKt
LQIRUPDWLRQ VRXUFHV DQG FDQ EH DVVHVVHG LQ LVRODWLRQ F
PHWKRGY PDNH VRPH DVVXPSWLRQ DERXW ZKDW LV UHOHYDQW
HITHFWLYHQHVYV )RU VXEMHFW UHOHYDQFH LW LV DVVXPHG WKDW
DQG LQIRUPDWLRQ VRX&EHYLWUWHNIHRZOQFH RU SHUWLQHQFH FR
UHODWLRQVKLS RI WKH XVHUYV VWDWH Rl NQRZOHGJH DQG LQIl
VRXUFHV WR EH PHDVXUHG VXEMHFWLYHO\ LQ WHUPV VXFK DV LQ
6LWXDWLRUQHOHYDQFH RU XWLOLW\ FRQVLGHUV WKH UHODWLRQVKk
WHUPV Rl WDVN RU SUREOHP LQ KDQG DQG WKHLU VLWXDWLRQ VX
FDQ EH PHDVXUHG LQ WHUPV RI DSSURSULDWHQHVY ZLWK UHVSHF
LQ GHFLVLRQ PDNLQJ DQG UHGXFWLRQ LQ XQFHUWDLQW\ 7KH Jt
FDQ EH VHHQ DV D VXEVHW RI VLWXDWLRQDO UHOHYDQFH ILOW
VXUURXQGLQJ HQYLURQPHQW DQG WKHLU UHODWLRQVKLS WR L
ORWLYDWLRGDBHYDQFH UHODWHY WKH XVHUYV JRDOV DQG LQWHQW
FDQ EH PHDVXUHG LQ WHUPV Rl VDWLVIDFWLRQ DQG DFFRPSOLVKP

$ VHFRQG UHODWHG FULWLFLVP RI ,5 HYDOXDWLRQ KDV EHHQ WKH
UHOHYDQFH UHVXOWV DUH HLWKHU UHOHYDQW RU QRW 6SLQN |
IURP RQO\ FRQGXFWLQJ HYDOXDWLRQ ,5 DW D VI\VWHP OHYHO ,\
%RROHDQ DSSURDFK LV LQDSSURSULDWH IRU HYDOXDWLQJ WKH FI
UHOHYDQFH DQG WKDW XVHU UHOHYDQFH MXGJHPHQWY VKRXOG El
DQG -DUYHOLQ ,W KDV EHHQ IRXQG WKDW VLQFH XVHUYTV LOQ
VXEVHTXHQW VHDUFKHVY WKDW VRXUFHV FODVVLILHG DV uSDUWLD
FKDQJH LQ WKH XVHUYV SUREOHP GHILQLWLRQ DQG VXEVHTXHQW

7KHVH pIX]]\ PLGGOHY VRXUFHV FDQ WKHUHIRUH KDYH PRU]
LQLWLDOO\ FRQVLGHUHG KLJKO\ UHOHYDQW ZKLFK PD\ VLPSO\ DF
DXJPHQW WKH XVHUfV FXUUHQW NQRZOHGJH VWDWH



([SORULQJ PRELOH WUDMHFWRULHV

*HRJUDSKLF ,QIRUPDWLRQ UHWULHYDO

3*HRIJUDSKLF LQIRUPDWLRQ LV SHUYDVLYH RQ WKH ZHE®~ 6LOYD

,QGLYLGXDOV SHUIRUPLQJ QDWXUDO ODQJXDJH VHDUFKHV RI LQIRUTF
D ZHE VHDUFK HQJLQH RIWHQ UHTXLUH LQIRUPDWLRQ WKDW LV JHR.
WRSRQ\BWDFHQDPHY LQ WKH TXHU\ WR GHILQH LWV VSDWLDO IRF

7UDGLWLRQDO DSSURDFKHV WR QDWXUDO ODQJXDJH VHDUFKHYV
WHUPV LQ WKH TXHU\ DQG GRFXPHQWYV :KHQ DSSOLHG WR JHRJUDS
FDQ RQO\ UHWULHYH H[DFW PDWFKHV DQG IDLOV WR FRQVLGHU GR
QDPHV DOWHUQDWLYH VSHOOLQJV DQG QDPHVY RU SODFHQDPHV Wt
GLIIHUHQW VSDWLDO UHVROXWLRQ 6DQGHUVRQ DQG .RKOHU
SHUFHQW Rl ,QWHUQHW TXHULHVY FRQWDLQ D JHRJUDSKLF WHUP 6D
FRXQWHU WKH ODFN Rl JHRJUDSKLF LQWHOOLJHQFH RI H[LVWLQJ VH
Rl *HRJUDSKLF ,QIRUPDWLRQ 5HWULHYDO KDV HPHUJHG

,Q RUGHU WR HQVXUH WKDW UHVRUUBDBHKGFDQIGRW B B OHKRIQMYS K L F
HIWHQW RI WKH TXHU\ DQG LQGLYLGXDO UHFRUGV LQ WKH GDWDVH
HIWHQW RI WKH TXHU\ PD\ EH GHWHUPLQHG E\ LQFOXGLQJ D WRSRQ!'

1LVVLP HW DO E\ GHILQLQJ DQ H[WHQW RQ D PDS *H\ DC
GHWHUPLQLQJ DQ LQGLYLGXDOfV FXUUHQW ORFDWLRQ XVLQJ VRPH
*RNHU HW DO 7KHUH DUH PDQ\ DSSURDFKHVY WR GHWHUPLQLQ.

FDQGLGDWH UHVXOWYVY RI D TXHU\ ZKLFK KDYH GHYHORSHG WR WD
LQGLYLGXDO GDWDVHWY WR EH VHDUFKHG )LUVW PDQ\ IHDWXUHV
GDWDVHWY H[LVW GHVLJQHG WR DVVRFLDWH VRPH VSDWLDO UHIH
FRPH IURP WKH FRPRBHRFROIIH@WAOWGH V ZLWK SDUWLFXODU HPSKDVL)
E\ JLYLQJ WKHP D SRLQW UHIHUHQFH ZKLFK FDQ EH GHULYHG IURP

6DJDUD DQG .LWVXUHJIDZD 2WKHU H[DPSOHV LQFOXGH FRQWHC
GDWDEDVHV IURP ZKLFK VSDWLDOO\ UHIHUHQFHG PXOWLPHGLD GRF>
HW DO E JRU WKH PDMRULW\ RI QDWXUDO ODQJXDJH GRFXPHQW

HE KRZHYHU WKHUH LV QR RQH FOHDU VROXWLRQ WR DVVLJQLQ
LQGLYLGXDO VRXUFHV DQG PDQ\ DSSURDFKHV WR H[WUDFWLQJ
XQVWUXFWXUHG WH[W KDYH EHHQ VXJJHVWHG +LOO HW DO

*HRIJUDSKLF LQIRUPDWLRQ LV IRXQG WKURXJKRXW ,QWHUQHW UHV]
VXJIHVWY WKDW ZHE GRFXPHQWVY FRQWDLQ DQ DYHUDJH
HQWLWLHY 7KH ILUVW VWDJH RI JHRJUDSKLF LQIRUPDWLRQ UHWUL
WKHVH JHRJUDSKLF UHIHUHQFHVY RU WRSRQ\PV ZLWKLQ WKH IUHH W|
DSSURDFK LV WR FRPSDUH FRPSRQHQWY RI WKH IUHH WH[W WR WKR\
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DGGLWLRQDOO\ VWRUH VRPH VSDWLDO UHIHUHQFH IRU WKRVH WH
WRSRQ\PV KDYH EHHQ LGHQWLILHG WKH JHRJUDSKLF VFRSH VK
LQGLYLGXDO WHUPV W KDV EHHQ VXJJHVWHG WKDW WKH OLQN \
WKHHRIJUDSKLFWRERFSHD OLQN EHWZHHQ WZR GRFXPHQWY VXJJHVW
WKHPH DQG SRVVLEOH D JHRJUDSKLF ORFDWLRQ 6LOYD HW DK
LGHQWLI\LQJ AVKIHU WS KAHRIRWKN GRFXPHQW E\ HOLPLQDWLQJ VSDW
RWKHU HQWLWLHV WKDW KDYH WKH VDPH WRSRQ\P VXFK DV 3/RQ(
DXWKRU f1-DFN /RQGRQ" $PLWD\ HW DK

*HRJUDSKLF RQWRORJLHYVY FDQ EH FRQVWUXFWHG ZKLFK SURYLGH
DQG VWUXFWXUH RI VSDFH -RQHV HW DK 6XFK RQWRORJLF
VSDWLDO IRRWSULQWY ZLWK LQGLYLGXDO WRSRQ\PV DQG KHQFF
JHRJUDSKLF RQWRORJLHYVY KDYH EHHQ FRQVWUXFWHG JHRJUDSKL
UHODWLRQVKLSV EHWZHHQ WRSRQ\PV VXFK DV ZKHWKHU WZR O
FROQOWDLQHG ZLWKLQ WKH RWKHU 6LOYD HW DK 7KLV KDV
SODFHQDPHYVY ZLWK NQRZQ DGPLQLVWUDWLYH ERXQGDULHV EXW
IRUPDOO\ GHILQHG VSDWLDO H[WHQW VXFK DV 37KH OLG :HVW" RU
HW DK

2QFH WKH JHRJUDSKLF H[WHQW RI ERWK TXHU\ DQG UHFRUGV LQ
WZR FDQ EH FRPSDUHG WR JLYH VSDWLDO VLPLODULW\ VFRUH \
DFFRUGLQJ WR WKHLU UHOHYDQFH WR WKH TXHU\ /DUVRQ DQG )U
WKLV PD\ EH D %YRROHDQ FODVVLILFDWLRQ DFFRUGLQJ WR ZKHWI
RYHUODS RU QRW 9DULRXV DXWKRUV KDYH DWWHPSWHG GHILQL
XVXDOO\ EDVHG XSRQ WKH GHJUHH RI RYHUODS RI WZR H[WHQWYV
RI ERWK TXHU\ DQG UHFRUG FDQ EH SUHFLVHO\ GHILQHG /DUVRQ I

$V GLVFXVVHG LQ WKH IROORZLQJ VHFWLRQ WKH FRQYHUJHQFH R
OHDGLQJ WR LQFUHDVLQJO\ VRSKLVWLFDWHG KDQGKHOG FRPSXWH
,QFUHDVLQJO\ WKHVH GHYLFHVY DUH ORFDWLRQ DZDUH XWLOLVLQJ
GHWHUPLQLQJ WHFKQRORJLHV ORXQWDLQ DQG 5DSHU E 71
SURPRWLQJ WKH JURZWK RI FRQWH[W DZDUH FRPSXWLQJ -RVH
SDUWLFXODU LQWHUHVW WR WKLV WKHVLV LQIRUPDWLRQ UHWULH
WKH ORFDWLRQ DQG EHKDYLRXU RI WKH XVHU DQGLWSB W\ RELY D
UHOHYRQPMKH LQIRUPDWLRQ UHFHLYHG E\ WKH XVHU ,W LV ZLW
PRELOH FRPSXWLQJ PD\ EH DEOH WR PDNH WKH JUHDWHVW FF
JHRJUDSKLF FRQWH[W RI WKH XVHU DQG PRGLI\LQJ WKH TXHU\
SDUDPHWHUV 7KLV FRXOG WDNH DFFRXQW RI WKH XVHU{V VSDW
FRQGXFW WKH TXHU\ WKH DFFHVVLELOLW\ Rl WKH VXUURXQGL:
WUDQVSRUW OHYHO RI YLVLELOLW\ DQG OLNHOLKRRG RI WKHP Y|
%ULPLFRPEH DQG /L
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6HYHUDO V\VWHPV KDYH DOUHDG\ EHHQ GHYHORSHG WKDW DUH DEC
WKH XVHUYVY ORFDWLRQ $ YDULHW\ RI WHFKQRORJLHYVY KDYH EHHQ F
KRWVSRWY DW VSHFLILHG ORFDWLRQV VHUYLQJ LQIRUPDWLRQ W]
HTXLSSHG PRELOH GHYLFHV LQ WKH DUHD *RNHU HW DO 2 Wk
PRUH JHQHULF VROXWLRQ ZKHUH ORFDWLRQ DZDUH PRELOH GHYLF
GDWDVHWY YLD D ZLUHOHVV FRQQHFWLRQ DQG ILOWHU LQIRUPDWI
FROQWH[W :HE3DUN 1R VI\VWHPV WKXV IDU KDYH VXFFHHGHG LQ
FROQWH[W WR SHUPLW WKH UHWULHYDO RI JHRJUDSKLFDOO\ UHOHYD(
VRXUFHV

ORELOH FRPSXWLQJ

7KLV VHFWLRQ ZLOO FRQVLGHU WKH NH\ FKDUDFWHULVWLFV RI PRE
HQYLURQPHQW IRU WKH PRELOH ,QWHUQHW ORFDWLRQ EDVHG VHUY
RI ,QWHUQHW FRPSXWLQJ KDG D SURIRXQG LPSDFW XSRQ DSSOLF
FKDQJH IURP D VWDQG DORQH GHVNWRS DUFKLWHFWXUH WR D PRUF
3HQJ DQG 7VRX 'HYHORSPHQWY LQ PRELOH FRPSXWLQJ DUH F
LPSDFW IRUFLQJ WKH GHYHORSPHQW Rl ZHE UHVRXUFHV DQG DSS:
ZLGHU UDQJH RI GHYLFHV WKDQ WUDGLWLRQDO GHVNWRS PDFKLQ

PRELOH FRPSXWLQJ HQYLURQPHQW KDYH WKUHH GHILQLQJ FKD

$+ PRELOH FOLHQWV WKDW KDYH OLPLWHG SURFHVVLQJ |
DVVLVWDQWY 3'$V DQG VPDUW SKRQHYV

¥ OQRQ VWDWLRQDU\ XVHUV ZKR PD\ XVH WKHLU GHYLFHV ZK

$ ZLUHOHVV FRQQHFWLRQV WKDW DUH RIWHQ PRUH YRODWL
EDQGZLGWK FRPSDUHG WR WKH IL[HG ,QWHUQHW

ORELOH WHOHFRPPXQLFDWLRQV LQIUDVWUXF
KDUGZDUH

:LUHOHVYVY QHWZRUNV DUH FRPSULVFHOOGMHDVYHQ WKRIJQRW@RUWHU Y H
RQH VLQJOH EDVH VWDWLRQ 6ZHGEHUJ :LGHVFDOH LH QDWL]
QHWZRUNV RI EDVH VWDWLRQV ILUVW RFFXUUHG LQ WKH HDUO\

(XURSH TKHBYW JHQHWDWIHRNMZRUNYV FKDUDFWHULVHG E\ XQHQFU\SWH
EURDGFDVWLQJ YRLFH GDWD EHWZHHQ WKH PRELOH SKRQH DQG D Q
VHFRQG JHQHUDWLRQ * ZLUHOHVV QHWZRUNV LQ WKH ODWH \Y
QHWZRUNV WUDQVPLWWHG YRLFH GDWD DV GLJLWDO VLJQDOV D¢
IXQFWLRQDCEKRQR)Y PWKIHDVH WR WKDW RI D PRELOH FRPSXWHU FDSDI
SURFHVVLQJ GLJLWDO GDWD '"HYLFHV RQ * QHWZRUNV DUH FKD
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FROQQHFWLRQV VLQFH WKH\ ZHUH GHYHORSHG WR KDQGOH YRLFH
FDSDELOLW\ ,W ZDV QHYHUWKHOHVYVY DW WKLV VWDJH WKDW WKHU
SKRQHVY DQG DV D UHVXOW WKH SULFH RI GHYLFHVY DQG FDOO FKLCL

BHFRQG JHQHUDWLRQ QHWZRUNV ZHUH WKH HQYLURQPHQW LQ ZKL
EULQJ IL[HG ,QWHUQHW FRQWHQW WR PRELOH GHYLFH 7KHVH PF
JDWHZD\ VHUYHUV ZKLFK DFWHG DV D EULGJH EHWZHHQ WKH Z
,QWHUQHW XSRQ ZKLFK ZHE VHUYHUV UHVLGH 7KH EDQGZLGWK U
VA\VWHPV ZHUH DGGUHVVHG E\ VR FDOOHG WZR DQG KDOI JHQHUI
WUDQVIHU UDWH RI * VIVWHPV ZDV W\SLFDOO\ NLORELWV SHU
ORQJ GRZQORDG WLPHV IRU ODUJH GDWDVHWYV * QHWZRUNV V
BHUYLFH *356 KDYH LQFUHDVHG GDWD WUDQVIHU VSHHGV WR R\
ZLUHOHVV FRPPXQLFDWARIQWVG DWEHOBWIERMZRUNY GHYHORSHG W
,QWHUQDWLRQDO 7HOHFRPPXQLFDWLRQ 8QLRQ V ,78 VWDQGDUG
PDQ\ PRELOH RSHUDWRUV RIIHU D * VHUYLFH 7KH EDQGZLGWK DV

NESV FRPSDUDEOH ZLWK D EURDGEDQG FRQQHFWLRQ WR WKH |
VXLWDEOH IRU WKH H[FKDQJH RI GLILWDO GDWD 7KHVH QHZ QHW?Z
GHYLFHV RIIHU D YHU\ VXLWDEOH HQYLURQPHQW LQ ZKLFK WR G
DQG VHUYLQJ *, GDWD 7KLV FRPELQHG ZLWK WKH ODUJH SRW|
FRPSDUHG WR WKH WUDGLWLRQDO *,6 VSHFLDOLVW QLFKH PDL
DSSOLFDWLRQV LQ WKH IRUP Rl ORFDWLRQ EDVHG VHUYLFHV PD\
XS (ULFVVRQ ORELOLW)\ :RUOG

+RZHYHU GHVSLWH DOO WKHVH DGYDQFHPHQWY ZLUHOHVV QHW
IRUHVHHDEOH IXWXUH D PRUH FKDOOHQJLQJ HQYLURQPHQW WR
6SHFLILF FKDOOHQJHV IRU PRELOH *, LQFOXGH GHDOLQJ ZLWK 3H(
$+ UHVWULFWHG EDQGZLGWK
$ ODWHQF\LQ WKH WLPH WDNHQ WR WUDQVIHU FRQWHQW
$+ PRUH XQVWDEOH FRQQHFWLRQV LQFOXGLQJ YDULDWLRQ
FRQQHFWLRQV

+DUGZDUH FOLHQWV IRU PRELOH *,6 IRUP D FRQWLQXXP LQ WH
LQIRUPDWLRQ SHUIRUP SURFHVVLQJ WDVNV DQG VWRUH DQG KDQ
7VRX $W RQH HQG RI WKH VSHFWUXP VWDQGDUG PRELOH Sk
VPDOO VFUHHQV W\SLFDOO\ [ SL[HOV ZLWK OLPLWHG SURFHV
7KH XVHU LQWHUDFWV YLD WRXFK VFUHHQ RU NH\SDG 3HUVRQ]
KDQGKHOG FRPSXWHUV WHQG WR KDYH ODUJHU VFUHHQV XS W
SURFHVVRUV LQ WKH UDQJH RI 0+] PRVW 3'$V KDYH WRXFK VHQ
LQSXW GHYLFH 7DEOHW 3&V EULGJH WKH JDS EHWZHHQ 3'$V DQG
ODSWRSV EXW DUH VPDOOHU DQG KDYH WRXFK VHQVLWLYH VFUHF
DV GHVNWRS PDFKLQHV ZLWK ODUJH GLVSOD\V DQG V RI JLIJDE\V
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7VRX )RU WKLV UHDVRQ VPDUW SKRQHV DQGWK$D WEDRIBQWR EH
DSSOLFDWLRQV ZKHUH DSSOLFDWLRQ ORJLF DQG GDWD UHVLGH R
ODSWRSV PRUH WXILW®DEFHHSHRWDWLRQV ZKHUH ORJLF DQG GDWD DU
FOLHQW GHYLFH +RZHYHU WKLV LV QRW KDUG DQG IDVW UXOH DQG
D VPDUWSKRQH WR DFW DV D WKLFN FOLHQW .UXJ HW DO

SRVLWLRQLQJ WHFKQRORJLHYV

7KH KDUGZDUH DQG VRIWZDUH UHTXLUHG WR LGHQWLI\ WKH ORFDWL
FROOHFWLYHO\ SIRORAPLRY WKW HUP L FIRPS RGHFRORIORPRELOH FRPSXW
7KLV PD\ RSHUDWH HQWLUHO\ RQ WKH PRELOH FOLHQW LWVHOI VXF
(QJH DQG OLVUD RQ D ZLUHOHVV QHWZRUN VHUYHU VXFK DV
VHUYHU VROXWLRQ VXFK DV QHWZRUN DVVLVWHG *36 (ULFVVRQ
WHOFRPPXQLFDWLRQV OLWHUDWXUH WHQGVY WR FODVVLI\ WKHVH
SURFHVVLQJ WDNHV SODFH RQ WKH FOLHQW GHYLFH RU RQ WKH VH
DOWHUQDWLYH GLVWLQFWLRQ LV ZKHWKHU WKH SRVLWLRQLQJ V)
ORXQWDLQ DQG 5DSHU E

*OREDO 1DYLJDWLRQ 6DWHOOLWH 6\VWHPV

7KH *OREDO 3RVLWLRQLQJ 6\WWHP *36 KDV EHFRPH V\QRQ\PRXV Z
KRZHYHU LW LV LQ IDFW D VSHFLILF W\SH RI *OREDO 1DYLJDWLRQ 6
GHYHORSHG E\ WKH 86 'HSW RI 'HIHQVH 'R' IURP EHFRPLQJ RSH
(QJH DQG OLVUD E\ WKH V WKH SULFH RI FRPPHUFLDO KDQ
IDOOHQ WR D OHYHO WKDW VDZ PDVV FRQVXPHU WDNH XS DV *36 FKI
LQVWDOOHG LQ D YDULHW\ RI GHYLFHV VXFK DV LQ FDU QDYLJDWLR
*36 VLJQDO LV DYDLODEOH WR DQ\RQH IRU WKH FRVW RI WKH UHFHI
VDWHOOLWHY UHPDLQV WKH SURSHUW\ Rl WKH 86 OLOLWDU\ ZKR KDY
DFFXUDF\ RI WKH VLJQDO LQ WKH LQWHUHVWY RI QDWLRQDO VHFEXU
3UHVV 6HFUHWDU\ 7KH RWKHU LPSOHPHQWHG *166 V\VWHP LV
*/21$66 */2EDOQD\D 1DYLJDWVLRQQD\ 6SXWQLNRYD\D 6LVWHPD 7KL
WKH VDPH WLPH DV *36 KRZHYHU LQ UHFHQW \HDUV WKLV KDV GH
VDWHOOLWHY KDYH QRW EHHQ PDLQWDLQHG RU UHSODFHG OHDGLQ
VDWHOOLWHY IXQFWLRQLQJ DW DQ\RQH WLPH %RUMHVVRQ HW DO

$FNQRZOHGJIJHPHQW RI WKH JOREDO UHOLDQFH RQ D VLQJOH PLOLWI
WKH GHYHORSPHQW RI D (XURSHDQ 8QLRQ IXQGHG V\VWHP *DOLOI
SULPDULO\ IRU FLYLOLDQ XVH *DOLOHR LV SODQQHG WR EHFRPH
&RPPRQV 7UDQVSRUW &RPPLWWHH *DOLOHR SODQV WR RIIHU
GLIITIHUHQW XVHU JURXSV 7KH WZR VHUYLFHV PRVW UHOHYDQW IRU
EDVHG VHUYLFHVY DUH WKH IUHHO\ DYDLODEOH RSHQ VHUYLFH IRU P/
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EH FRPSDUDEOH WR WKH H[LVWLQJ *36 V\VWHP DQG WKH FRPPHU
VLPLODU WDUJHW DXGLHQFH EXW RIIHULQJ LPSURYHG DFFXUDF\ C
, QWHURSHUDEOH UHFHLYHUVY FDSDEOH RI FDOFXODWLQJ SRVLWLR
H[SHFWHG WKDW ZLOO WDNH DGYDQWDJH RI WKH FRQVWHOODWLR(
&RYHUDJH LV OLNHO\ WR OLNHO\ WR LPSURYH VXEVWDQWLDOO\ 7
VDWHOOLWHYV

THUUHVWULDO SRVLWLRQLQJ VA\VWHPYV EDVHG RQ
WHOHFRPPXQLFDWLRQV LQIUDVWUXFWXUH

1HWZRUN SRVLWLRQLQJ VI\VWHPV H[SORLW WKH H[LVWLQJ WHOHFR
WR FDOFXODWH WKH SRVLWLRQ RI D PRELOH GHYLFH 7KHUH DUH
LWV RZQ FKDUDFWHULVWLFV LQ WHUPV RI DFFXUDF\ DQG SUHFL\
6RPH UHTXLUH DGMXVWPHQWY WR WKH QHWZRUN ZKLOVW RWKHUYV
7KH FHOO JOREDO LGHQWLW\ FHOO ,' LGHQWLILHV ZLWKLQ ZKLF!
RQH Rl WKH EDVH VWDWLRQV WKDW FRPSULVH WKH QHWZRUN WKF
WKH PRVW ZLGHO\ DYDLODEOH WHFKQLTXHV VLQFH LW LV UHTXLU
OHDVW SUHFLVH VLQFH WKLV LV GLEFWDWHG E\ WKH VL]H RI QHWZ
7KHUH LV YDULDWLRQ EHWZHHQ XUEDQ DUHDV ZKHUH WKH GHQV
VL]H RI QHWZRUN FHOOV FRUUHVSRQGLQJO\ VPDOO SHUKDSV D IH
DUHD DUHDV ZKHUH QHWZRUN FHOOV PD\ KDYH D UDGLXV RI NP
LPSURYHG XVLQJ WLPLQJ DGYDQFH LQIRUPDWLRQ WR LGHQWLI\ K
WKH GHYLFH LV IURP D EDVH VWDWLRQ 6ZHGEHUJ

%\ WULDQJXODWLQJ WKH VLIJQDOV IURP PXOWLSOH EDVH VWDWLRC(
EH QDUURZHG WR WKH PXFK VPDOOHU DUHD 6ZHGEHUJ 8VLCQC
GLIITHUHQFH (27" DSSURDFK D PRELOH GHYLFH FDQ FDOFXOD!'
WUDQVFHLYHU VWDWLRQ IURP WKH REVHUYHG WLPH GLIIHUHQFH E
LQIRUPDWLRQ EXUVWYV SURYLGLQJ DQ HVWLPDWLRQ RI SRVLWLF
&XUVRU $ VLPLODU DSSURDFK WKH XSOLQN WLPH GLIITHUHC
FDQ DFKLHYH DFFXUDF\ RI EHWZHHQ WR PHWUHY 6ZHGEHUJ
FODLPHG PHWUH DFFXUDF\ &HOO ORF

1HWZRUN DVVLVWHG *36 $ *36 LV D K\EULG DSSURDFK WKDW LP:
XVLQJ WKH WHOHFRPPXQLFDWLRQV QHWZRUN WR WUDQVIHU DOPD
LPSURYHPHQW LV GLH LQ WKH PDLQ WR WKH UHODWLYH VWDEL
QHWZRUN DV RSSRVHG WR WKH FRPPXQLFDWLRQV OLQN EHWZHH(

5HFHQW LPSURYHPHQWY LQ WKH DOJRULWKPV WKDW LQWHUS
WKH VL]H DQG FRVW RI *36 FKLS VHWV KDYH PDGH LW WKH SU
JHRORFDWLRQ 7KLV LV WKH VI\VWHP DGRSWHG E\ WKH ORFDWH ¢
LQ PDQ\ FRQVXPHU 3'$D DQG SKRQHV VXFK DV WKH +3 LSDT KZ VL
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$Q DGGLWLRQDO EHQHILW RI $ *36 LV WKDW ZKHQ QR *36 VLJQDO
GRRUV WKH WHUPLQDO FDQ IDOO EDFN RQ OHVV SUHFLVH SRVLWLF
HQVXUH WKDW VRPH SRVLWLRQDO LQIRUPDWLRQ LV DYDLODEOH

/IRFDWLRQ EDVHG VHUYLFHYV

LWKLQ WKLV HQYLURQPHQW RI ORFDWLRQ DZDUH PRELOH FRPSXWI
KDYH EHJXQ WR HPHUJH FRPPRARDONLRIQIEDYHG PMORUNMIAHFDWLRQ RI
ORFDWLRQ EDVHG VHUYLFHV KDV EHHQ GHYHORSHG E\ WKH 2SHQ
/IRFDWLRQ 6HUYLFHV LQLWLDWLYH 2SHQ *HRVSDWLDO &RQVRUWLXF
VHUYLFHVY FDQ WDNH WKH XVHU ORFDWLRQ DQG FRQWH[WXDO JHRJU
WR SURYLGH D VHUYLFH HLWKHU WR D XVHU GLUHFWO\ RU DV LQSX\
WKHVH VHUYLFHV LV LQ NHHSLQJ ZLWK WKH DPELWLRQ RI LQWHU
JHQHUDOO\ 2SHQ *HRVSDWLDO &RQVRUWLXP D WR GHILQH VWDC
DOORZ GHYHORSHUV WR LQWHJUDWH JHRVSDWLDO GDWD DQG JHRSU
VHUYLFHV )LYH FRUH VHUYLFHV KDYH EHHQ GHILQHG IRU PRELOH >
VHUYLFHY URXWH GHWHUPLQDWLRQ VHUYLFHV JHRFRGH VHUYLFH\
ODEURXN HW DO

/IRFDWLRQ JDWHZD\ VHUYLFHY DUH XWLOLW\ VHUYLFHV GHVLJQHG W
GHWHUPLQLQJ WHFKQRORJ\ FRPSRQHQW DQG DUH LQWHQGHG IRU X!
E\ DQ HQG XVHU GLUHFWO\ 7KH\ DUH FRQFHUQHG ZLWK SURYLGLQJ |
D PRELOH GHYLFH WR DQ DJUHHG VWDQGDUG *HRFRGLQJ VHUYLFHV
FRQYHUVLRQ IURP WRSRQ\PV RU RWKHU WH[WXDO VSDWLDO LGH
JHRFRGLQJ DQG WKH ZHH YHUVD UHYHUVH JHRFRGLQJ ODEURXN H

'LUHFWRU\ VHUYLFHVY DOORZ XVHUV WR ILQG D VSHFLILF SODFH S|
ORFDWLRQ IURP D JHRUHIHUHQFHG RQOLQH GLUHFWRU\ 7KH XVHU
WKH VSDWLDO DQG VXEMHFW FULWHULD LQ VRPH XVHU IULHQGO\

VSHFLILHG E\ WKH XVHUTV FXUUHQW ORFDWLRQ DV FDOFXODWHG E\
FRPSRQHQW $OWHUQDWLYHO\ WKH XVHU PD\ VSHFLI\ WKH VSDWLD
VXFK DV D PDS FOLFN RU E\ VSHFLI\LQJ D SODFHQDPH RU RWKHU \
7KH VXEMHFW PD\ EH VSHFLILHG E\ FDWHJRULHV IRU H[DPSOH D GU
WKURXJK VFUHHQV RU D QDWXUDO ODQJXDJH LQ WKH VDPH ZD\ DV

<HOO *URXS D

5RXWH GHWHUPLQDWLRQ VHUYLFHVY SURYLGH QDYLJDWLRQ DVVLVWD

*LYHQ D VWDUW DQG HQG ORFDWLRQ DQG D VSHFLILF FULWHU
URXWH FDQ EH GHWHUPLQHG DQG GLUHFWLRQV JLYHQ HQ URXWH OF
GLVSOD\ VHUYLFHV UHQGHU JHRJUDSKLF LQIRUPDWLRQ UHDG\ IRU ¢
VHUYLFH PD\ EH XVHG E\ WKH HQG XVHU RU RWKHU ORFDWLRQ VHU"
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DUHD ODEURXN HW DO 7KLY PDS PD\EH UDVWHU EDFNGURS |
Rl D VHULHV RI IHDWXUH OD\HUV GLVSOD\LQJ |IRU H[DPSOH IHDYV
XWLOLWY QHWZRUNV URXWHYVY DQG GLUHFWLRQV RU SRO\JRQDO JH
RU ODQG XVH W\SHYV
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OHWKRGRORJ\

OHWKRGRORJ\ $SEVWUDFW

7KLV PHWKRGRORJ\ FKDSWHU ILUVW FRQVLGHUV WKH GDWD FROOH
WKLY SURMHFW ZKHUH PRELOH WUDMHFWRULHVY UHSUHVHQWLQJ
QXPEHU RI YROXQWHHUYV ZHUH UHFRUGHG XVLQJ JOREDO SRVLW
SHULRGV RI XS WR RQH \HDU 7KH QH[W VXEMHFW FRQVLGHUH
IXQFWLRQDOLW\ RI D JHR9LVXDOL]DWLRQ WRRO WKH 6SDWLDO +L
IRU WKLV UHVHDUFK IRU WKH DQDO\VLVY RI PRELOH WUDMHFWRUI
ODQJXDJH 7KH QH[W VHFWLRQ GHVFULEHV WKH PRELOH SODWIRL
GULYHU IRU VRPH RI WKLV UHVHDUFK DQG ZDV WKH HQYLURQPHQYV
LQIRUPDWLRQ UHWULHYDO WRROV ZHUH HYDOXDWHG ZLWK HQG XVI

7KH VXEVHTXHQW VHFWLRQ LQWURGXFHV WKH FRQFHSW Rl JHRJ
UHWULHYDO DV VXUIDFHVY WKDW LQ VRPH ZD\ HQFDSVXODWH WKH

DQ LQGLYLGXDO DW VRPH WLPH DQG SODFH 6HYHUDO JHRJUDSKLF
FRQFHSWXDO DQG LPSOHPHQWDWLRQ OHYHO WKHVH LQFOXGH VSD
WHPSRUDO SUR[LPLW\ DFFHVVLELOLW\ LQ WHUPV RI WUDYHO WLI
SUHYLRXVO\ H[KLELWHG VSHHG DQG KHDGLQJ

JROORZLQJ WKH GLVFXVVLRQ RI JHRJUDSKLF ILOWHUV WKH SUHGL
PRGHOV WKH OLNHO\ IXWXUH ORFDWLRQV RI D PRYLQJ SRLQW RE
FULWHULD WKDW GHVFULEH DQG DVVHVV WKH SHUIRUPDQFH Rl SL
ZLWK D NMQRAQLFORULERW FROOHFWHG DW WKH SUHGLFWHG WLPH )L
JHRJUDSKLF ILOWHUV WR WKH WDVN RI VRUWLQJ JHRJUDSKLF DCQC
GLVFXVVHG EXLOGLQJ XSRQ H[LVWLQJ OLWHUDWXUH LQ WKLV DUHI
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'DWD FROOHFWLRQ

7KH WHFKQLTXHV GHVFULEHG ODWHU LQ WKLV FKDSWHU UHO\ XSR
PRELOH WUDMHFWRULHV RI LQGLYLGXDOV RYHU SURORQJHG SHUL
VRXUFHV Rl WKLV GDWD DV GLVFXVVHG LQ VHFWLRQ 3RVLW!
VRXUFH DUH WKH UHFRUGY RI GDWD H[FKDQJHG VXFK DV YRLFH
QHWZRUN LQIRUPDWLRQ VXFK DV KDQG RIIV DQG 6,0 XSGDWHV EF
VWDWLRQV 7KLV ZRXOG SURYLGH D YDVW DQG ULFK GDWDVHW
LQGLYLGXDOV RYHU D SHULRG RI PRQWKYV RU \HDUV %ULJJV
GHVLUDEOH LW UHPDLQV XQVXLWDEOH IRU D QXPEHU Rl UHDVRG
SXUSRVHV RI ELOOLQJ DQG QHWZRUN WUDIILF DQDO\VLY DQG LV (
H[WUDFWLRQ RI PRELOH WUDMHFWRULHV Rl LQGLYLGXDO XVHUV
VHFWLRQ WKH VSDWLDO UHVROXWLRQ RI WKLV GDWD LV YHU
JUDLQHG DQDO\VLV RI LQGLYLGXDO VSDWLDO EHKDYLRXU WKDW L
DGGLWLRQ WKH WHPSRUDO VDPSOLQJ VWUDWHJ\ LV FRDUVH DQ
WUDQVIHUV GDWD LQ VRPH ZD\ RU FURVVHV WKH ERXQGDU\ EHW
VWDWLRQV ZKLFK FDQQRW UHSUHVHQW LQGLYLGWHBOSRBDWLDO
UHVROXWLRQ )LQDOO\ FRQYHUVDWLRQV ZLWK H[HEXWLYHV DW
SULYDF\ LVVXHV VXUURXQGLQJ WKH UHOHDVH RI SRVLWLRQDO LQI
RI FXVWRPHUV ZLWKRXW WKHLU H[SOLFLW FRQVHQW ZDV DQ LQV
ZLGH VFDOH DQDO\VLV DW WKH WLPH RI ZULWLQJ +X0OOV 1H
*36 FKLSVHWV LQWR PRELOH WHUPLQDOV DQG DQ LQFUHDVLQJ Q:
DYDLODEOH WKH UHOHDVH RI DQRQ\PLVHG SRVLWLRQDO LQIRUF
FXVWRPHUV DUH SUHSDUHG WR PDNH LQ IXWXUH LQ UHWXUQ IRU
PRQWKO\ WDULII

+DYLQJ UXOHG RXW WKH SRVVLELOLW\ RI DQDO\VLQJ PRELOH WU
VWRUHG E\ WKH PRELOH WHOHFRPPXQLFDWLRQV RSHUDWRUYV

JHQHUDWHG E\ YROXQWHHUV FDUU\LQJ JOREDO SRVLWLRQLQJ V\V
VSDWLDO EHKDYLRXU IRU SHULRGV RI XS WR RQH \HDU 7KH WKUH|I
ZHUH 3HWH %R\G -RQDWKDQ 5DSHU DQG 'DYLG ORXQWDLQ DO
8QLYHUVLW\ 9DULRXV *36 UHFHLYHUV ZHUH XVHG IRU WKH GDWL
*DUPLQ *36 WKH *DUPLQ *36 ,,,SOXV *DUPLQ WKH HPWDF
DQG WKH SKDURV L*36 %7 3KDURV 6FLHQFH DQG $SSOLFDWLRQV
WR $UF3DG LQVWDOOHG RQ D :LQGRZV PRELOH 3'$ DV WKH GDWD F

7KH vSDWLDO DQG WHPSRUDO UHVROXWLRQ RI WKH FROOHFWHG
FRQILIXUDWLRQ RI LQGLYLGXDO XQLWVY KRZHYHU WKH XQLWYV ZF
VHFRQGV $UF3DG RU HYHU\ RPHWUHV ZLWK D KLIJKHU VSDWLDO
DQG ORZHU UHVROXWLRQ IRU UHODWLYHO\ VWUDLJKW PRYHPHQW
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FROOHFWHG DIWHU 0D\ KHQFH WKH *36 VLJQDO FRXOG EH D
DSSUR[LPDWHO\ PHWUHV 7KH :KLWH +RXVH 2IILFH RI WKH 3UHVYV
VHWV ZHUH UHFRUGHG XVLQJ WKH ODWLWXGH ORQJLWXGH :RUOG
FRRUGLQDWH V\WWHP DQG VXEVHTXHQWO\ FRQYHUWHG WR WKH
FRRUGLQDWH V\VWHP 26*% E\ DSSO\LQJ DQ DSSURSULDWH SURMI
2UGQDQFH 6XUYH\ E

7KH GDWD FROOHFWLRQ H[HUFLVHV DWWHPSWHG WR UHSUHVHQW D
FDUU\LQJ WKH GHYLFH IRU D JLYHQ SHULRG RI WLPH *36 UHFHLYHU
LQGRRUV KHQFH WKHUH LV D ELDV LQ WKH PRELOH WUDMHFWRULH'
EHKDYLRXU 7RROV ZHUH GHYHORSHG WR LQWHUSRODWH VWDWLF E
FHDVHV DW D ORFDWLRQ WKHQ EHJLQV DJDLQ IURP WKH VDPH ORFD
RI WKHVH LQWHUSRODWHG WUDMHFWRULHVY KDYH EHHQ XVHG LQ WK
KDG GLIILFXOW\ DFKLHY L QU EDSR ¥ DWIHREIHOWD[OOQEXLOGLQJV FDQ VK
UHFHLYHU DQG SURPRWH PXOWLSDWK HUURUV ZKHUH VLJQDOV UHI
SRWHQWLDO IRU VI\VWHPDWLF GDWD SDXFLW\ DQG HUURUV DVVRF
UHFHLYHUV DOVR FDQ VWUXJJOH WR DFKLHYH D SRVLWLRQDO IL[ R¢
WUDLQV GXH WR WKH UHLQIRUFHG VDIHW\ JODVV OHDGLQJ WR VRP}
,Q WKH GDWD FROOHFWHG WKHUH ZDV D VIVWHPDWLF DWWHPSW WF
SRVVLEOH *36 VLJQDO

7KH VWDWHG REMHFWLYH RI GDWD FROOHFWLRGSDBY HQR DMAIERH G
EHKDYLRXU IRU SDUWLFLSDWLQJ LQGLYLGXDOV KRZHYHU LW KDV E
WUDFNLQJ YROXQWHHUV PD\ PRGLI\ WKHLU EHKDYLRXU %ULJJV

WZR GLVWLQFW ZzZD\V )LUVW SDUWLFLSDQWY PD\ PRGLI\ WKHLU E
SHUFHLYH LV D EHWWHU LPSUHVVLRQ RI WKHLU PRYHPHQWY IRU F
UDQJLQJ ORFDWLRQV YLD D EURDGHU FKRLFH RI URXWHV WR VXJJH)\
%ULJIIV FHDVLQJ WR YLVLW FHUWDLQ ORFDWLRQV WKDW PD\
FRQYHUVHO\ DWWHQGLQJ ORQJHU KRXUV DW ORFDWLRQV ZKLFK WK
VHFRQG LQIOXHQFH LV WKDW E\ FDUU\LQJ D SRVLWLRQLQJ V\VWHP
VXFK DV VWUHHW GDWD SDUWLFLSDWLQJ LQGLYLGXDOV PD\ EH HQFF
ZLWK WKH DLP RI GLVFRYHULQJ QHZ ORFDWLRQV RU ILQGLQJ VKR
ORFDWLRQV :KLOVW HDFK RI WKHVH FRPSRQHQWYV PD\ KDYH VRP
EHKDYLRXU QHLWKHU FDQ KDYH DQ\ LQIOXHQFH RYHU WKH FRQV\
*HRJUDSK\ 6FKRRO VXFK DV WKH QHHG WR DWWHQG FHUWDLQ ORFELC
UHVXOWLQJ GDWDVHWY ZHUH IRXQG WR FRQWDLQ D ULFK UHFRUG |
FRQVLGHUHG UHSUHVHQWDWLYH DQG LV VXLWDEOH IRU D VWXG\ RI W
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*HROLVXDOL]DWLRAQ

7KLY PHWKRGRORJ\ LV KHDYLO\ LQIOXHQFHG E\ WKH SULQFLSOHYV

VHFWLRQ ZKHUH WKH LQWHUDFWLYH PDQLSXODWLRQ RI JUDSK
WR WKH GLVFRYHU\ RI KLGGHQ VWUXFWXUH DQG XOWLPDWHO\ WK
D SURFHVV NQBEAQRWBRGULHQNR HW DK JROORZLQJ WKH Sl

FROOHFWLRQ D KLJKO\ LQWHUDFWLYH YLVXDO GHYHORSPHQW H
YLVXDO DQDO\VLYVY RI PRELOH WUDMHFWRULHV 7KH GHYHORSPHQ
DQDO\VLYV SURYLGLQJ LQVLIKW LQWR WKH GDWD PRGHOV WKDW VK
ZRXOG EH VXLWDEOH JLYHQ WKH IRUP RI WKH GDWD VHW DQG WKF

7KH VSDWLDO KLVWRU\ H[SORUHU 6+( LV DQ DSSOLFDWLRQ WKD
VSDWLR WHPSRUDO SRLQW GDWD UHSUHVHQWLQJ WKH PRYHPHQW
WKURXJK WLPH W KDV EHHQ GHVLJQHG WR EH XVHG DW WKH HI[S
DQDO\VLV 'L%LDVH WKXV WR SURPRWH YLVXDO WKLQNL
ODF(DFKUHQ ,QLWLDO REMHFWLYHV RI WKH VRIWZDUH LQFOX

s VLPXOWDQHRXVY RQ VFUHHQ UHDOL]DWLRQ RI VSDWLDO WHP!

¥ UHSUHVHQWDWLRQ RI DOWHUQDWLYH WHPSRUDO YLHZV WR F
VFDOHYV

¥ IDFLOLWDWH LQWHUDFWLYH VSDWLR WHPSRUDO TXHU\LQJ D

1 SURPRWH YLVXDO WKLQNLQJ DERXW WKH PRELOH WUDMHFW
W\SHV RI LQIRUPDWLRQ WKDW PLJKW EH JHQHUDWHG IURP LW

7KH VRIWZDUH SURYLGHV D WWPDGLWLRRDRUISOMDMQLRHWKH VSDW
LQIRUPDWLRQ FRQWDLQHG LQ D PRELOH WUDMHFWRU\ DORQH W
QDWXUH :DQJ DQG &KHQJ WLP$ YHWHBESURFEO GLVSOD\V DEVROXV
SORWWHG DORQJ WKH [ D[LV WR UHWDLQ RUGHU IRU WKH GDWD
GLVSOD\ GLIIHUHQW WHPSRUDOT BWLUAEXRHYVD QEBQHY HRRQ WLIQRBS R U
VEDOHV $ WKLUBWSDULHEX WWKHDHEY FRQILIJXUDEOH E\ WKH XVHU I
GLVSOD\ D FRPELQDWLRQ RI VSDWLDO WHPSRUDO DQG DWWULEX)\
UHODWLRQVKLS EHWZHHQ VSHHG DQG DFFHOHUDWLRQ ORXQWDLQ
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JLIXUH

7KH VSDWLDO KLVWRU\ H[SORUHU 0DS 9LHZ 7LPH 9LHZ DQG

7KH GDWD VHW VKRZQ LV IRFXVHG VSDWLDOO\ XSRQ 6RXWK :HVW WLE

RYHU WZR GD\V LQ ODUFK
SRLQWV OHVV WKDQ

7KH SRLQWYV DUH QRW VKDGHG E\ DQ\
PHWUHV SHU VHFRQG KDYH EHHQ KLJKOLJKWF

DUH OLQNHG DQG WKH FRUUHVSRQGLQJ SRLQWYV DUH DOVR VHOHFWH
UX

B3

2QOLWXKRQ F RWRP

©

WLOGO W\ 0 GD! U 0X!

+?

D O0DS 9LHZ VSDWLDO
GLVWULEXWLRQ

$OWKRXJK QR FRQWH[WXDO EDFNJ
GDWD LV VKRZQ WKH GDWD VHW H
I[URP ORQFKLTXH LQ WKH 1RUWK
6DJUHV LQ WKH 6RXWK :HVW DQG /
WKH WHPSRUDU\ KRPH ORFDWLRQ
WKH 6RXWK (DVW WKH YLHZ LV DE
NP ZLGH 1RWDEOH KXEV FDQ EH
GHWHFWHG DW WKH DIRUHPHQWLR
ORFDWLRQV DQG DOVR DW $OMH]X
Rl 6DJUHV 7KHVH KXEV WHQG WR
DVVRFLDWHG ZLWK ORZ VSHHG EHI
DV LQGLFDWHG E\ WKH OLJKWHU
KLIKOLJKWHG VKDGH WKH OLQNYV
EHWZHHQ WKHP DUH DVVRFLDWHG
KLJK VSHHG EHKDYLRXU

E 7LPH 9LHZ WHPSRUDO
GLVWULEXWLRQ

7KH WLPH YLHZ VKRZV DEVROXWH
IURP ODUFK WR

ODUFK RQ WKH [ D[LV DQG WLPH R
RQ WKH \ D[LV (DFK GD\ HODSVHYV
PLGQLJKW DW WKH ERWWRP RI WK
D[LV WR PLGQLJKW DW WKH WRS
D[LV KHQFH WKH GDLO\ WUDMHFW
WKH ERWWRP RI WKH JUDSK WR WHEK
UHSHDWHG HYHU\ KRXUV %ODQN
UHSUHVHQW D ODFN RI GDWD FROC
DVVRFLDWHG ZLWK D ODFN RI SRVI
IL[ RQ WKH *36 UHFHLYHU ,W FDQ
VHHQ WKDW PRVW WLPH LV VSHQW
VSHHG WKH OLJKWHU KLJKOLJKWFE
UDWKHU WKDQ DW KLJKHU VSHHGYV
WUDYHOOLQJ EHWZHHQ GHVWLQDW

F $WWULEXWH 9LHZ DWWULEX
GLVWULEXWLRQ

7KLV YLHZ FDQ GLVSOD\ D UDQJH F
DWWULEXWHY RQ WKH D[HV KRZHY
WKLV FDVH VSHHG LQ PHWUHV SHU
LV SORWWHG RQ WKH [ D[LV DQG
DFFHOHUDWLRQ LQ PHWUHV SHU V
SHU VHFRQG RQ WKH \ D[LV 7KH F.
DQG GUDJJHG ER[ LQGLFDWHG WKE
XVHU KDV KLJKOLJKWHG DOO SRLQ
VSHHG LV OHVV WKDQ PHWUHV St
VHFRQG
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SHSUHVHQWLQJ PRWLRQ DWWULEXWHYV

7KH VKDGLQJ RI SRLQWV LQ WKH OLQNHG VSDWLDO WHPSRUDO DQ
VSDWLDO DQG WHPSRUDO YDULDEOHY RU RWKHU DWWULEXWHV Wk
FDQ RIIHU DQ LPPHGLDWH RYHUYLHZ RI DQ LQGLYLGXDOYV PRELO
DV VKRZQ LQ )LIJXUH D /RFDWLRQV DVVRFLDWHG ZLWK ORZ VS
KLJKOGHWWLQDMERQNY SODFHV RI KRPH ZRUN RU OHLVXUH SXUVX
WKH PRELOH WUDMHFWRU\ ZLWK WKRX WEHWY 8 HIDG W KRVRZ GHKHV L QL
6KDGLQJ E\ DFFHOHUDWLRQ RIIHUV DQ RSSRUWXQLW\ WR UHSU
LQGLYLGXDOYV VSDWLDO KLVWRU\ VLQFH WKH VWDUW DQG HQG
DFFHOHUDWLRQ DQG GHFHOHUDWLRQ UHVSHFWLYHO\ $FFHOHUDWI
MRXUQH\V ZKHWKHU WKH\ DUH VPRRWK RU LQYROYH D VHULHV RI

E 6KDGLQJ E\ KHDGLQJ )LIXUH F KHOSV LGHQWLI\ uWRY DQG |
MRXUQH\V ORXQWDLQ E

&LUFXODU DWWULEXWHY DV GHVFULEHG LQ WKH /LWHUDWXUH 5H
HLWKHU E\ VKDGLQJ RU SORWWLQJ RQ FLUFXODU D[HV )LJXUH |
YLHZ VKDGHG E\ KHDGLQJ XVLQJ D FRQWLQXRXV FRORXU ZKHHC
PRYHPHQW )RU ODUJH YROXPHV RI GDWD WKLV FDQ UHYHDO UHSH
EH EDVHG XSRQ DXWKRULW\ FRQVWUDLQWY VXFK DV RQH ZD\ V\
ZKHQ WUDYHUVLQJ D FLUFXLW IRU H[DPSOH D MRXUQH\ FRQVLVW
FKLOGUHQ DW VFKRRO WKHQ WUDYHOOLQJ RQ WR ZRUN LV OLNH(
PDQ\ SDUHQWYV :LWKLQ WKH VSDWLDO KLVWRU\ H[SORUHU HQYLU]
EH SORWWHG RQ FLUFXODU D[HV LQ WKH DWWULEXWH YLHZ DV V
%H\RQG KHDGLQJ WXUQLQJ DQJOH )LJXUH WRH SURYLGHV D YLV.
FDQ JLYH LQVLJKW LQWR WKH QDWXUH RI GLIIHUHQW DFWLYLWLH\
WR EH SUHGRPLQDQWO\ VWUDLJKW ZKLOVW EURZVLQJ VKRSV RQ
WXUQV %LDV LQ OHIW RU ULJKW WXUQV FDQ DOVR EH UHYHDOH
K\SRWKHVHV DERXW WKH DWWULEXWH VLIQDWXUH RI GLIIHUHQW |
RSSRUWXQLW\ IRU GDWD PLQLQJ FODVVLILFDWLRQ UXOHV EDVH
GLIIHUHQW DFWLYLWLHY "\NHV DQG ORXQWDLQ 6KDGLQJ SF
PDJQLWXGH WR EH DGGHG WR WKH GLVSOD\ WKDW PD\ EH ORVW |
WKH JHQHUDWLRQ RI SRLQW GHQVLW\ VXUIDFHV IRU WKH VDPH
LQGLFDWLRQ RI D@ AIQOALFU INKDWVINFLILF DUHDV ZKHWKHU LW LV W
VSHFLILF ORFDWLRQ RU D ZHOO IUHTXHQWHG URXWH RU GHVWL:
GLVWDQFH IURP D VHOHFWHG ORFDWLRQ WR VKRZ SDWWHUQV RI
WHPSRUDO SDQHO ORXQWDLQ E
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J)LIXUH 5HSUHVHQWLQJ PRWLRQ DWWULEXWHYV
7KH GDWD VHW VKRZQ UHSUHVHQWY D MRXUQH\ IURP 1RWWLQJKDP YLD
%LUPLQJKDP RQ WKH 0 DQG 6RXWK SDVW %ULVWRO ILQDOO\ IROORZLQ

D F ODS 9LHZ 1RWWLQJKDP LV LQ WKH 1RUWK (DVW ([HWHU WKH 6RX

D 6KDGHG E\ VSHHG E 6KDGHG E\ DFFHOHRDBKIDFGHG E\ KHDGLQJ
6ORZHU VSHHGYV DUH SARIOHUQOWLRQ LV VKRHAOBGLQIUMGUHSUHVHQWHG D
GDUNHU EURZQ IDVWGIHFYUSHHEWLRQ LQ JUKHMG LR 1RUWK \HOORZ
OLJKWHU EURZQ )DVWKNQVSHHBVSHHG LV RRWEK LGUHHQ (DVW DQG |
FDQ EH VHHQ RQ VHFWHKRWN RIKDQJIJHV LQ VSHMMG FDM EHQ EH VHHQ WKD\
PRWRUZD\ VORZLQJ ROKMQUBWGYDULRXV SRARXUWQHORRY WK WKH 1RUW
DQG DURXQG FLWLHVURXWH FRUUHVSRQG(MJWVRRWMWWQJKDP WR WKH
VWRSY DQG FRQJHVWBIRXQVK :HVW BBHBW HU

G DQHG $SWWULEXWH 9LHZ

G 6KDGHG E\ KHDGLQJ H 6KDGHG E\ 7XUQLQJ $QJOH
3ORWWLQJ KHDGLQJ DJDLQVW VSBRW VFIOHD WEUQHQW WOQDIWHWJIDLQVW V¢
WKDW KHDGLQJ RYHU WKH FRXUWK HRUHVIK\L\D MRWOG HRLDDNV LQ OHIW RU UL
WR WKH 6RXWK :HVW WXPV ZHUH WDNHQ RQ WKLV MRXUQH\
KLJK VSHHG BBBBBBBBBBBBBBBBBBBB

$SWWULEXWH 'LVWULEXWLRQ D D
WXUQLQJ DQJOH YV VSHHG

'DWD FROOHFWHG E\ '‘DYLG ORXQWDLQ -XQ
,PDIJHV SURGXFHG XVLQJ WKH VSDWLDO KLVWRU\ H[SORUHU
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(PSKDVLVLQJ WKH WHPSRUDO FRPSRQHQW

7KH LQHVFDSDEO\ OLQHDU QDWXUH RI RXU H[SHULHQFH RI WLPH
IDFWRU WKDW PXVW EH FRQVLGHUHG IRU UHSUHVHQWHQVLRQV RI
SODFHV ZHUH YLVLWHG LV LPSRUWDQW DV SULRU NQRZOHGJH DI
SORWWLQJ DEVROXWH WLPH DORQJ WKH [ D[LV Rl WKH WHPSRUDO
H[SORUHU DOORZV XV WR DVVHVV WKH ZD\ LQ ZKLFK D XVHU{V EH
RI D QHZ UHJLRQ LQFUHDVHYV ,I GHWHFWHG VXFK LQIRUPDWLRQ R
WR SUHGLFW IXWXUH UHVSRQVHV WR YLVLWLQJ QHZ DUHDV ZKLF
XVHUV KDYH KLJK LQIRUPDWLRQ QHHGY DQG WR GHWHUPLQH OC
ORXQWDLQ E

%H\RQG UHSUHVHQWLQJ WKH RUGHULQJ RI WKH VSDWLDO KLVWRU\
WHPSRUDO DWWULEXWHVY FDQ EH UHSUHVHQWHG WR H[SORUH F\FO
WKDW RFEFXU RQ D UDQJH RI VEDOHV $V PHQWLRQHG SUHYLRXVO
SORWV DEVROXWH WLPH KRZHYHU WKH \ D[LV FDQ UHSUHVHQW D¢
WLPH RI GD\ )LIJXUH D GD\ Rl WKH ZHHN )LJXUH E RU WKH P
F\FOLFDO SDWWHUQV DW GLIIHUHQW WHPSRUDO UHVROXWLRQV :K
GDWDVHW ZLOO VKRZ SDWWHUQV RI PRYHPHQW DQG VWDWLF SHU
VXJIJHVWY WKDW LQGLYLGXDO PRELOLW\ LV WR D GHJUHH SL
ORXQWDLQ E
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J)LIXUH 7KH p(WHPSRUDO YLHZY ZLWK WKH \ D[LV UHSUHVHQWLQJ GLI

'LITHUHQW WHPSRUDO PHDVXUHVY FDQ EH GLVSOD\HG RQ WKH \ D[LV RI
OLQNHG YLHZV WKLV FDQ JLYH LQVLIJKW LQWR GLIITHUHQFHY LQ EHKDY|
ZHHNO\ WHPSRUDO VFDOH DQG VHDVRQDO SDWWHUQV

D 'DLO\ GLVWULEWWULWERI|I GD\ PLGQLJKW WR HQG RI GD\ PLGQLJKW
E :HHNO\ GLVWULEKXKYHRGLVFUHWH FDWHJRULHV IURP ORQGD\ WRS W

'DWD FROOHFWHG E\ 'DYLG ORXQWDLQ
,PDJHV SURGXFHG XVLQJ WKH VSDWLDO KLVWRU\ H[SORUHU
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6SDWLR WHPSRUDO TXHU\LQJ

,QWHUDFWLYH WHFKQLTXHV FDQ EH H[WUHPHO\ XVHIXO LQ UHG
PHDQLQJIXO VXEVHW %HFNHU HWED®VKEBWZE@ HQ (YOHENH® VXSSR
ZKHUH WKH LQWHUDFWLYH VHOHFWLRQ RI REMHFWV LQ RQH YLH:
FKDUDFWHULVWLFV QRW RQO\ LQ WKDW YLHZ IRU H[DPSOH KLJK
RWKHU YLHZV %HFNHU HW DO 9LHZV FDQ EH UH FRQILJXUHC
E\ LQOWHUDFWLYHO\ VHOHFWLQJ HLWKHU IURP SDUWLFXODU WHPSF
D VXEVHW IURP VSDWLDO OLPLWV ,Q HDFK FDVH WKH VHOHFWLR
ERWK VSDWLDO DQG WHPSRUDO YLHZV 7KLV IDPLOLDU FRQFHSW F
DQG GUDJ RSHUDWLRQ FDQ EH H[WHQGHG IRU WHPSRUDO IRFX
EHWZHHQ WZR DEVROXWH VWDUW DQG HQG WLPHV WKH \ D[LV RI \
GHYHORS D PRUH FRPSOH[ VSDWLR WHPSRUDO TXHU\ WKDW UHVW
WLPH RI GD\ GD\ RI WKH ZHHN RU IRU D UDQJH RI PRQWKV )RU H
DQG GUDJ IXQFWLRQ UHWXUQ DQG GLVSOD\ WKH UHVXOW RI WKH T

68%6 (7
% (7:((1 $1°
)25 GD\21:HHN 7~ )UL 6DW  6XQ °

7KLV LQWHUDFWLYH VHOHFWLRQ WDNLQJ VHFRQGV WR SHUIRUP
VSHFLILHG WLPH SHULRG %\ DOWHULQJ WKH \ D[LV SDUDPHWHU W
VHOHFWLRQV DFFRUGLQJ WR WLPH RI GD\ HJ UHVWULFWLQJ WK
EHKDYLRXU RU PRQWK HJ VHDVRQDO GLVWULEXWLRQV ORXQWDL
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JLIXUH &RPSDULQJ ZHHNGD\ DQG ZHHNHQG EHKDYLRXU

7KH LPDJH EHORZ VKRZVY D GDWDVHW FROOHFWHG RYHU D SHULRG RI
FOLSSHG WR FHQWUDO /RQGRQ WKH FXUYLQJ EDQNV RI WKH 7KDPHYV
:DWHUORR FDQ EH VHHQ LQ WKH FHQWUH RI WKH LPDJH ,Q WKH WLP
VHOHFWHG E\ EUXVKLQJ WKHVH DUH KLJKOLJKWHG LQ OLJKW EOXH 1
PDS YLHZ WRS W FDQ EH VHHQ LQ WKH PDS YLHZ WKDW IRU ZHHNG
VOLIJKWO\ GLITHUHQW URXWHV EHWZHHQ WKH 1RUWK DQG 6RXWK RI1 V
FRUUHVSRQGVY WR WKH FRPPXWH WR DQG IURP ZRUN

7KH XQVHOHFWHG GDUN EODFN SRLQWY UHSUHVHQW ZHHNHQG EHKD®
XQFRQVWUDLQHG E\ WKH FRPPXWH RI WKH ZRUNLQJ ZHHN DQG LV ID
ZLWK ZLGHU UDQJLQJ OHVV UHVWULFWHG PRYHPHQW

( 6SDWLDO 'LVWULEXWLRQ R *
t
), 7THPSRUDO 'LVWULEXWLRQ Y

HODSVHG WLPH YV GDY RI ZHHN
ORQ

6X O " <o f .
9 1

'DWD FROOHFWHG E\ 'DYLG ORXQWDLQ $XJ 6HS
,PDJHV SURGXFHG XVLQJ WKH VSDWLDO KLVWRU\ H[SORUHU



([SORULQJ PRELOH WUDMHFWRULHYV

7KH ZHHNO\ F\FOH LV D KXPDQ FRQVWUXFW UDWKHU WKDQ D QD
JUHDWHU FRQVWUDLQWY WKDQ DQ\ QDWXUDOO\ RFFXUULQJ F\F
FRPSDULVRQ RI ZHHNGD\V DQG ZHHNHQGV UHYHDOV WKDW ZHHNG
GLVWULEXWLRQ DVVRFLDWHG ZLWK WKH VFKHGXOH UHVWULFWLRQ
WKH KRPH DQG ZRUN ORFDWLRQV DQG URXWHY EHWZHHQ WKHP
ZHHNHQG GHPRQVWUDWHY IDU OHVV UHVWULFWHG PRYHPHQW DQ
IURP WKH KRPH ORFDWLRQ DV VKRZQ LQ )LIXUH ORXQWDLQ

'HDOLQJ ZLWK GDWD LQWHUDFWLYHO\ LQ WKLV JUDSKLFDO DQG X\
WR JDLQ DQ DSSUHFLDWLRQ RI DQ\ SHULRGLFLW\ RU SDWWHUQ LQ
VFDOHV DW ZKLFK WKHVH IRUPV RFFXU WKURXJK D SURFHVV RI
RSHUDWLRQV RI HDFK W\SH PD\ EH UHTXLUHG WR UHGXFH D OD
VLIJQLILFDQW HSLVRGHY DQG KLJKHU OHYHO LQIRUPDWLRQ VXFK |
UDQJHV RI PRYHPHQW UHSHDW DQG SHULRGLF EHKDYLRXU ORXQW

$ VXEVHW RSHUDWLRQ KDV WKH GLVDGYDQWDJH RI QRW GLVSOD\L
WKH HQWLUH GDWDVHW KRZHYHU WKH VDPH LQWHUDFWLYH WHI
KLIJKOLJKW VHOHFWHG SRLQWV 7KH YLHZV DUH OLQNHG VR D VL
KLIKOLJKWHG VHW RI SRLOQWYVY LQ WKH VSDWLDO YLHZ ZLOO DOVF
YLHZ %HLQJ LQWHUDFWLYH WKLV WHFKQLTXH FDQ VHOHFW DQG
PRXVH LQ UHDO WLPH VR FDQ DQVZHU TXHULHV VXFK DV
¥ 3ZKDW ZDV WKH GLUHFWLRQ RI WUDYHO DORQJ WKLV URXYV
WKURXJK WLPH
¥ 3ZKHQ GLG WKLV LQGLYLGXDO YLVLW WKLV DUHD” E\ PDNLQJ

¥ 3LQ ZKDW DUHDV GRHV WKLV LQGLYLGXDO VSHQG WKHLU HY
VHOHFWLRQ WR D VSHFLILF WLPH RI GD\

%H\RQG DOORZLQJ WKH H[SORUDWLRQ RI PRELOH WUDMHFWRULH
GHYHORSPHQW HQYLURQPHQW DOORZLQJ DOJRULWKPV WR EH GH
YLVXDOLVHG SULRU WR LPSOHPHQWDWLRQ LQ RWKHU V\VWHPYV
ORXQWDLQ DQG 5DSHU HE3DUN $00 RI WKH JHRJUDSK
UHPDLQGHU RI WKLV FKDSWHU ZHUH GHYHORSHG DV SDUW RI WK
DOORZHG DQ LQWHUDFWLYH DSSURDFK WR WLPH JHRJUDSK\ WR EH
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'HVLJQ DQG LPSOHPHQWDWLRQ

7KH VSDWLDO KLVWRU\ H[SORUHU ZDV GHYHORSHG XVLQJ WKH \
SURJUDPPLQJ ODQJXDJH -6( 6XQ OLFURV\VWHPYV E $ YDULLE
HQYLURQPHQWY ZHUH XVHG QRWDEO\ WKH RSHQ VRXUFH (FOLSVH

$00 GHYHORSPHQW ZDV WKH ZRUN Rl WKH DXWKRU LQFOXGLQJ
LPSOHPHQWDWLRQ RI DOJRULWKPV DQG WKH IURQW HQG WR WKH
FRQVLGHUDEOH YLVXDO DQDO\VLY FRQILIJXUDWLRQ DQG LQWHUDFW|
MDBDFNDMWRDW FRPSULVH WKH VRIWZDUH FDQ EH IRXQG LQ DSSHC
SURYLGHV VXPPDU\ MDYD GRFXPHQWDWLRQ RQ D VPDOO QXPEHU R
MDYD FODVVHYVY DQG LQWHUIDFHYV 7KH SXUSRVH RI WKLV VHFWLRQ L
WKH FODVV GHVLJQ RI WKH VSDWLDO KLVWRU\ H[SORUHU DV D P
JHRO9LVXDOL]DWLRQ GHVFULEHG DERYH DQG GDWD PRGHOV DQG DOJ
VHFWLRQV ZDV LPSOHPHQWHG LQ WKH MDYD ODQJXDJH

7KH FODVVHV LQ WKH JHRPHWU\ SDFNDJH HGX FX JL GPP VKH JHRPI
IRU WKH UHSUHVHQWDWLRQ RI PXOWLGLPHQVLRQDO SRLQWV WKH V
DQG WKH KDQGOLQJ RI H[FHSWLRQV 7KH 3RLQW ' 3RLQW '7 DQG

H[LVWLQJ MDYD WZR GLPHQVLRQDO SRLQW UHSUHVHQWDWLRQ WR L
GLPHQVLRQ WLPH DQG D XQLTXH LGHQWLILHU 1H[W WKH 6SDV
UHSUHVHQWDWLRQ RI WKH PRELOH WUDMHFWRU\ LQFOXGLQJ WKH
FRPSULVH WKH WUDMHFWRU\ DQG DVVRFLDWHG PRWLRQ DWWULE X\
KHDGLQJ %RWK OLQHDU DQG FLUFXODU DWWULEXWHYV FDQ EH VWR
/ILQHDUSWWULEXWH DQG &LUFXODU$SWWULEXWH FODVVHV IRXQG
HGX FX JL GPP VKH DWWULEXWH 7KH UDZ YDOXHV IRU D SDUWLEXC
VXPPDU\ VWDWLVWLFV VXFK DV PHDVXUHV Rl FHQWUDO WHQGHQF\ L
WKH DWWULEXWH SDPRIVIHR QW WEXWHRUBVVRFLDWHG ZLWK WKH PR
DOWKRXJK WKH DVVRFLDWHG FODVVHYV DUH QRW UHVWULFWHG WR W|

7KH JULGV SDFNDJH HGX FX JL GPP VKH JULGV SURYLGHV D PHFK!
DQDO\VLV RI ILHOG EDVHG UHSUHVHQWDWLRQV &RYD DQG *RRGFKL!
WR WKLV WKHVLV LV WKH 3UHGLFWLRQ*ULG FODVV ZKLFK LV D ILHO
WKH OLNHO\ IXWXUH ORFDWLRQV Rl DQ LQGLYLGXDO DW D IXWXUH )
VSHHG KHDGLQJ DSSURDFK WR SUHGLFWLRQ VHH VHFWLRQ

3UHGLFWLRQ LQWHUIDFH LQ WKH SUHGLFWLRQ SDFNDJH HGX F
3UHGLFWLRQ LQWHUIDFH KDV PHWKRGV IRU VWRULQJ WKH FRQILJXU
DQG WKH DFWXDO ORFDWLRQ DW D SUHGLFWHG WLPH LI NQRZQ ZKLF
VHFWLRQ 7KH 3SD3UHGLFWLRQ DQG 6SDWLDO%XIIHUSUHGLFWLRC
ZLWK WZR RWKHU DSSURDFKHV WR SUHGLFWLRQ WKDW DUH GHVFULE

DQG
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7KH WLPH JHRJUDSK\ SDFNDJH HGX FX JL GPP VKH WLPH*HRJ VWF
UHSUHVHQWLQJ WKH FRQFHSWV RI WKH WLPH JHRJUDSK\ VFKRRO |
DV GHVFULEHG LQ VHFWLRQ XVLQJ WKH MDYD ODQJXDJH 7K
6SDFH7LPH3DWK DQG SRWHQWLDO SDWK DUHD 3RWHQWLDO3DW
DGGLWLRQ IXUWKHU FODVVHV H[WHQGHG VRPH RI WKHVH FRQFH
JHQHUDWLQJ WLPH JHRJUDSK\ UHSUHVHQWDWLRQV EDVHG XSRQ
EHKDYLRXU RI LQGLYLGXDOV DV GHVFULEHG LQ WKH IROORZLQJ V

7KHUH DUH PDQ\ PRUH FODVVHV WKDW DUH QRW GHVFULEHG DW
SDFNDJHV IRU WKH YLVXDO UHSUHVHQWDWLRQ RI PRELOH
HGX FX JL GPP VKH VFUHHQ LQFOXGLQJ KDQGOLQJ

HGX FX JL GPP VKH VFUHHQ LQWHUDFWLRQ DQG JHQHUDWLQJ D¢
ZLWK DWWULEXWH VKDGLQJ HGX FX JL GPP VKH VHUHHQ FRORU
GHVLJQHG WR IXOILO VSHFLILF IXQFWLRQV VXAKRD VS RAIKHV VW R U
HGX FX JL GPP VKH VHWVY  KDQGOLQJ VSDWLDO UHIHUHQFH V\V
EHWZHHQ WKHP HGX FX JL GPP VKH VUV DQG VWDWLVWLFDO DQD

7KH IXOO GHWDLOHG MDYD GRFXPHQWDWLRQ IRU DOO FODVVHV FI
DQG GRZQORDGHG IURP WKH ZHEVLWH DVVRFLDWH
KWWS ZZZ VRL FLW\ DF XDBRaXGPWPDERG D

ORELOH SODWIRUP DQG WHVWEHG

6RPH Rl WKH ZRUN GHVFULEHG LQ WKLV WKHVLV ZDV HLWKHU LQV
'HE3DUN SURMHFW D FROODERUDWLRQ RI VL[ (XURSHDQ SDUWQHL
‘HE3DUN ZKRVH SULPDU\ DLP ZDV WR GHYHORS D PRELOH LQ
JHRJUDSKLFDOO\ UHOHYDQW LQIRUPDWLRQ IRU YLVLWRUV WR RXW
WKH :HE3DUN SURMHFW LQ 2FWREHU RQH SURMHFW PHPEHU O
FRPSDQ\ &DPLQHR WUDGLQJ VKDUHV LQ WKH FRPSDQ\ IRL
ULJKWV ,35 Rl WKH RWKHU SURMHFW SDUWQHUV 7KH OLQNV EHW
DQG WKH VSDWLDO KLVWRU\ H{SORUHU ZLOO EH H[SODLQHG LQ WK

7KH PDLQ WHVW EHG IRU WKH :HE3DUN SURMHFW ZDV WKH 6ZLVV

QHHGV DVVHVVPHQWYV HDUO\ LQ WKH GHYHORSPHQW F\FOH DQG

SURWRW\SHY GHYHORSHG GXULQJ WKH SURMHFW{V WKUHH \HDU C
WKH EHJLQQLQJ Rl WKH SURMHFW DUH RI LQWHUHVW DW WKLV VW
GHILQLQJ WKH QRWLRQ RI JHRJUDSKLFDOO\ UHOHYDQW LQIRUPDW|
QHHGV VWXGLHV ZHUH FRQGXFWHG LQ DWWHPSW WR GLVFRYHU DC
PRELOH LQGLYLGXDOV B6HYHUDO VWUDWHJILHY ZHUH HPSOR\HG LQ


http://www.soi.city.ac.uk/~dmm/phd
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UHVSRQGHQWY DQG VHVVLRQV RI XVHU VKDGRZLQJ LQ WKH ILHO
IROORZLQJ VHFWLRQV

7KH HE3DUN SURMHFW WKH &DPLQHR VSLQ RI
6SDWLDO +LVWRU\ ([SORUHU ,QWHOOHFWXDO 3UR

$V GHVFULEHG LQ VHFWLRQ WKH VSDWLDO KLVWRU\ H[SORUHU Z
WRRO IRU WKH DQDO\VLY Rl PRELOH WUDMHFWRULHV :KLOVW WKH V
LQ LWV RZQ ULJKW SULRU WR WKH :HE3DUN SURMHFW WKH IXQFWL
FRXUVH Rl WKH SURMHFW WR VDWLVI\ WKH QHHGV RI WKH :HE3DUN ¢
DQG HYDOXDWLRQ ERWK YLVXDO DQG TXDQWLWDWLYH RI JHRJUD
LQIRUPDWLRQ UHWULHYDO $V D UHVXOW WKH 6+( $3, DOVR GHVFUL!
WKH DQDO\VLV RI PRELOH WUDMHFWRULHY VHH VHFWLRQ ")
"HE3DUN SURMHFW D VXEVHW RI 6+( FODVVHV ZDV UHHQJLQHHUHG
SODWIRUP RQ PRELOH GHYLFHV UXQQLQJ WKH SHUVRQDO-DYD $3, ¢

- 0( 6XQ OLFURVA\WWHPYV D 7KLY UHHQJLQHHUHG VXEVHW RI F
LPSOHPHQW VRPHRRUDMSKHF |LAQWABXELQJ WKH 3VHDUFK DKHDG” DOJR
XSRQ D VSHHG KHDGLQJ SUHGLFWLRQ VHH VHFWLRQ ZKLFK [

ODWHU VHFWLRQV RI WKLV PHWKRGRORJ\ ZLWKLQ WKH :HE3DUN DUF

$W WKH FORVH RI WKH :HE3DUN SURMHFW LQ 2FWREHU WKH VS
ODXQFKHG E\ D SURMHFW SDUWQHU EDVHG LQ 7RXORXVH &DPLQHR
ULJKWV ,35 WR DOO RI WKH FRGH UHTXLUHG WR UXQ WKH :HE3DU
SDUWQHUV WUDGLQJ VKDUHV LQ WKH FRPSDQ\ RU VHUYLFH FRQWU
VRPH RI WKH JHRJUDSKLF ILOWHUY GHYHORSHG DV SDUW RI WKLV UH
ORFDWLRQ EDVHG VHUYLFH ZLWK LPSOHPHQWDWLRQV IRU FOLHQW
IDWLRQDO 3DUN WKH 'XWFK &RDVW (FRODUH DQG WKH )UHQFK 3
3DUN

&DPLQHR KDV JLYHQ SHUPLVVLRQ WR SXEOLVK ZRUN GHVFULELQJ |
GHYHORSHG E\ WKH DXWKRU ZKRVH ,35 LV QRZ RZQHG E\ &DPLQHR )
EHHQ JUDQWHG WR SXEOLVK WKH MDYD GRFXPHQWDWLRQ DVVRFLDYV
UHVWULFWLRQ SODFHG XSRQ WKH DXWKRU LV WKDW WKH MDYD FRG
, 35 DVVRFLDWHG ZLWK WKH FODVVHV GHYHORSHG IRU JHR9LVXDOL]
VSDWLDO KLVWRU\ HISORUHU LV QRW RZQHG E\ &DPLQHR

8VHU QHHGYVY TXHVWLRQQDLUH

$v SDUW RI WKH :HE3DUN SURMHFW :HE3DUN D XVHU QHHGV \
WKH 6ZLVV 1DWLRQDO 3DUN $ TXHVWLRQQDLUH ZDV GLVVHPLQDWHG
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1IDWLRQDO 3DUN YLVLWRU LQIRUPDWLRQ FHQWUH E\ SRVW WR VXI
RWKHU LGHQWLILHG FRQWDFWYV ZLWK DQ LQWHUHVW LQ WKH SD
LOQWHUHVW WR WKLV WKHVLVY DUH TXHVWLRQV UHODWLQJ WR WKH
HPSOR\ ZKHQ YLVLWLQJ WKH SDUN DQG WKHLU ZLOOLQJQHVV WR
SODFH RI WKRVH HVWDEOLVKHG VRXUFHV

7TDEOH OHGLD XVHG ZKHQ SUHSDULQJ RI D YLVLW WR WKH 613 .U

5DQN UHVSRQVHYV
,QWHUQHW
0DSV
%URFKXUHV
%RRNV
JULHQGY UHODWLYHV
&' 5RP
2WKHU

YWVHG XSRQ YDOLG UHVSRQVHYV

,Q DQ DWWHPSW WR DVFHUWDLQ WKH PHDQV E\ ZKLFK YLVLWRUV
QHHGV UHVSRQGHQWYV ZHUH DVNHG ZKLFK PHGLD WKH\ XVHG ZKHC
3DUN DQG WKHLU SULPDU\ PHDQV RI LQIRUPDWLRQ SURYLVLRQ LG
DOORZHG WR FKRRVH PRUH WKDQ RQH RSWLRQ .UXJ HW DO

PRVW XVHG PHGLD ZHUH WKH ,QWHUQHW XVHG E\ RI UHVSRQGFH
UHVSRQGHQWY DV VKRZQ LQ 7DEOH 7KLV LPSOLHV WKH QHI
LQIRUPDWLRQ V\WWHPV SHRSOH SUHIHUHQWLDOO\ DFFHVV RQOLC
JHRJUDSKLFDO FRPSRQHQW WR WKHLU LQIRUPDWLRQ QHHGV %HO
XVHG WKHQ ZRUG RI PRXWK DQG ILQDOO\ LQIRUPDWLRQ LQ &' 5,
TXHVWLRQ OHG WR WZR GHVLJQ GHFLVLRQV IRU WKH :HE3DUN V\V
ZHE EURZVHU DV WKH ,QWHUIDFH DQG WKDW JHRJUDSK\ VKRXOG
LQIRUPDWLRQ

7TDEOH SBUHVHQW LQIRUPDWLRQ SURYLVLRQ ZKHQ KLNLQJ WKURX.

5DQN UHVSRQVHYV
,QIRUPDWLRQ ERDUGYV
/LWHUDWXUH
1IDWXUH WUDLO
3HUVRQDO FRQWDFW ZLWK VWDII
1R LQIR
.QRZLQJ 613 ZHOO
*XLGHG WRXU

%DVHG XSRQ YDOLG UHVSRQVHYV
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:KHQ UHVSRQGHQWY ZHUH DVNHG KRZ WKH\ DFFHVVHG LQIRUPDWLR
XVHG WKH LQIRUPDWLRQ ERDUGYV ORFDWHG LQ WKH ILHOG VHH 7D
GLVSOD\ DQ LQWHUHVW LQ LQIRUPDWLRQ WKDW LV UHOHYDQW WR V
HE3DUN GHVLJQ GHFLVLRQ WKDW WKH VIVWHP VKRXOG DWWHPSW W
UHWULHYH LQIRUPDWLRQ WKDW LV JHRJUDSKLFDOO\ UHOHYDQW 3H
WUDLOV VHW XS WKH 3DUN DQG FRQWDFW ZLWK SDUN VWDII VXJJH\
VRXUFHV RI LQIRUPDWLRQ .UXJ HW DO

JLIXUH L, QWHQWLRQ WR XVH D PRELOH LQIRUPDWLRQ V\VWHP

'"HULYHG IURP UHVSRQVHV WR WKH :HE3DUN XVHU QHHGV TXHVWI

2WKHU QR
VWDWHPHQW
'LIILFXOW WR LPDJLQH

<HV ZLWKRXW
UHVWUDLQW

<HV IRU VDIHW\

1R

’:t"_..i._ ”4:."..:::.

8VHUV ZHUH DVNHG ZKHWKHU WKH\ ZRXOG XVH VXFK D V\VWHP LQ
GHYHORSPHQW F\FOH QR V\WVWHP KDG EHHQ GHYHORSHG KHQFH

GHVFULSWLRQV RI KRZ VXFK D VI\VWHP PLJKW ZRUN UHSOLHG ZL
XVHU VFHSWLFLVP FRXOG DFW D EDUULHU WR WDNH XS RI PRELOH
3\HV" DOWKRXJK Rl WKHVH ZRXOG RQO\ XVH LW DV D VDIHW\ Il

UHPDLQGHU HLWKHU GLG QRW UHSO\ RU ZRXOG QRW H[SUHVV D ¢
LPDJLQH VXFK D VA\VWHP VXJJHVWLQJ WKDW WKH QRYHOW\ RI D V\V
WDNH XS

9LVLWRU VKDGRZLQJ

7KH VHFRQG VWXG\ XQGHUWDNHQ WR DVVHVV XVHU QHHGV FRPS
H[HUFLVHV ,Q WKHVH H[HUFLVHV YLVLWRUV ZHUH DFFRPSDQLHG R
"HE3DUN WHDP ZKR UHFRUGHG WKH TXHVWLRQV WKH\ UDLVHG DQG S
DFWHG DV D 3:KXPDQ /%6° UHFRUGLQJ DQG UHVSRQGLQJ WR TXHULH'
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IRU LQIRUPDWLRQ 7KH LQWHQWLRQ ZDV WR DVVHVV PRELOH L
SRWHQWLDO VFHQDULRYV RI XVH RI WKH VI\VWHP .UXJ HW DO

'XULQJ WKH WZR XVHU VKDGRZLQJ H[HUFLVHV D WRWDO RI TXH
KDG VRPH vSDWLDO UHIHUHQFH UHODWHG WR WKH TXHVWLRQ
UHIHUHQFH ZHUH UHODWHG WR QDYLJDWLRQ HJ 3:KHUH LV WK

3:KHUH DUH ZH"" RU ODQGVFDSH HJ 3,V WKLV WKH /DNH RI /LYLJQ
ZLWK D vSDWLDO UHIHUHQFH ZHUH UHODWHG WR SDUN IDXQD H
WR IORUD HJ 3$W ZKDW HOHYDWLRQ LV WKH WLPEHUOLQH" :LOO Z

JHRPRUSKRORJ\ HJ 3,V WKLV D PRUDLQH"" .UXJ HW DO Q|

RI WKH TXHU\ ZDV LPSOLFLW DV WKH TXHVWLRQ UHIHUUHG WR WK
D YLVLEOH ORFDWLRQ HJ 3:KLFK PRXQWDLQ LV ° RU D |

3:LO0 ZH SDVV ~~ $ IXO0 OLVW RI WKH TXHVWLRQV ZLWK D \

$SSHQGL]

7KLV LPSOLFDWLRQ WKDW URXJKO\ RI TXHULHV KDYH D VSDW

UHVXOW WKDW LV DW RGGV ZLWK H[LVWLQJ OLWHUDWXUH LQ WKL)\
RI TXHULHV KDYH D VSDWLDO FRPSRQHQW 6DQGHUVRQ DQG .RKOF
DUH NH\ GLIIHUHQFHV EHWZHHQ WKLV SDUWLFXODU XVHU QHHGV
VWXG\ ZDV FRQGXFWHG LQ DQ RXWGRRU HQYLURQPHQW WKH SDU
LQ WKH OLWHUDWXUH DQG XVHU QHHGV ZHUH UHFRUGHG IURP FF
SDUWLFLSDQW UDWKHU IRUPXODWLQJ TXHULHV WKDW ZHUH VXEF
VHDUFK HQJLQH 7KH OLPLWHG VL]JH RI WKLV XVHU QHHGV VWXG\
LOQWHUSUHWLQJ UHVXOWV KRZHYHU RQH LQWHUSUHWDWLRQ LV V
FRXOG EH GXH WR PRELOH DQG RXWGRRU LQGLYLGXDOV EHLQJ
FRPSRQHQW WR WKHLU TXHU\ VLQFH WKHLU LQIRUPDWLRQ QHHG)\
WKHLU VXUURXQGLQJV $Q DOWHUQDWLYH LQWHUSUHWDWLRQ L\
HQJLQHV DUH DV OLNHO\ WR KDYH D VSDWLDO FRPSRQHQW WR WK
LQFOXGH D WRSRQ\P RU VSDWLDO UHODWLRQ LQ WKH TXHU\ KDYL
VSDWLDO FRPSRQHQW LV SRRUO\ KDQGOHG E\ VHDUFK HQJLQHV 6

,W zZDV FOHDU IURP WKLV VWXG\ WKDW WKH LQIRUPDWLRQ QHHG
FROQWDLQHG D JHRJUDSKLF FRPSRQHQW WKDW PDQ\ TXHULHV ZR
JHRJUDSKLF FRQWH[W DQG WKDW WKH PDMRULW\ RI VXFK TXHUL}
LQIRUPDWLRQ VA\WVWHPV 7KH UHVXOWYVY RI WKLV VWXG\ OHG WR F
ILOWHUV WKDW FRXOG EH DSSOLHG WR LQFUHDVH WKH UHOHYDQT
WKDW XVHUV RI PRELOH LQIRUPDWLRQ V\WVWHPV HQJDJH ZLWK WK
G\QDPLF EDFNGURS OLNHO\ WR SURPSW TXHVWLRQV IDU PRUH WK
EDFNGURS ZLOO EH D PRUH IDPLOLDU SUHGLFWDEOH ORFDWLRQ V
HW DO
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*HRJUDSKLF ILOWHUV IRU LQIRUPDWLRQ UHWUL

7KH IROORZLQJ VHFWLRQVHRUBBRBNHF WIKDWRMDMWWHPSW WR LQFUHD'
UHOHYDQFH RI WKH LQIRUPDWLRQ UHWULHYHG E\ XVHUV RI PRELOH
ZRUN LV FORVHO\ UHODWHHER WRD SWKLIH- FUR-RIBHSNYSWO AR/ D O 7TKHVH

PHDVXUHVY DUH UHSUHVHQWHG DV VXUIDFHVY RU JHRJUDSKLF IHDWXU
DUH UHOHYDQW IRU DQ LQGLYLGXDO DW VRPH WLPH EDVHG XSR
FULWHULRQ 9DULRXV DVVXPSWLRQV DUH PDGH DERXW KRZ LQIRUF
PDGH PRUH UHOHYDQW WR WKH JHRJUDSKLFVEROQMBPNSRRMWRHWXVH!
ZKHUH WKH FORVHU DQ LQIRUPDWLRQ VRXUFH LV WR DQ LQGLYLG.
FRQFHSW RI VSDWLDO SUR[LPLW\ FDQ EH UHSUHVHQWHG ZLWK D

ORFDWLRQ D ERXQGLQJ ER[ RU E\ JHQHUDWLQJ D VSDWLDO SURJL
GHILQH D UHJLRQ LQ VSDFH WKDW LV UHOHYDQW EXW GLIITHUHQW
GLVWDQFH IURP WKH XVHUfV SRVLWLRQ RU VRPH RWKHU ORFDWLRQ
WKDWHASRUDO SURHOIPRWYV WKDW FDQ EH UHDFKHG LQ D VKRUWHU S|
UHOHYDQW WKDQ WKRVH WKDW DUH WHPSRUDOO\ GLVWDQW 7KLYV
JHRJUDSK\ FRQFHSWV VXFK DV SRWHQWLDO SDWK DUHDV DQG GHU
VXUIDFHY $QRWKHU UHODWHG DVVXPSWLRQ LV WKDW LQIRUPDWLRGCQ
OLNHO\ IXWXUH ORFDWLRQV LV PRUH UHOHYDQW WKDQ WKDW ORFD\
7KLY FDQ EH PRGY®IOHEG KHWDLQUQJ SUHGLWKMDWR S VRYLBGAHHBQ HVWLPDYV
WKH OLNHOLKRRG RI DQ LQGLYLGXDO YLVLWLQJ GLIITIHUHQW ORFDW
EHKDYLRXU 2WKHU PHDVXUHV Rl JHRJUDSKLF UHOHYDQFH DUH DOV
LQFOXGLQJ WKRVH EDVHG XSRQ YLVLELOLW\ PDNLQJ WKH DVVXPS
QHHGYV DUH LQVSLUHG E\ ZKDW WKH\ VHH DURXQG WKHP

6SDWLDO SUR[LPLW\

3HUKDSV WKH VLPSOHVW DQG PRVW LOQWXLWLYH PHDVXUH WR FRQ
JHRJUDSKLF UHOHYDQFH LV VSDWLDO SUR[LPLW\ /DXULQL DQG
DVVXPSWLRQ KHUH LV WKDW ORFDWLRQV WKDW DUH FORVHU LQ VSD
WKDQ WKRVH WKDW DUH GLVWDQW 7KLV UHODWHYV FORVHO\ WR ZKI
*HRJUDSK\ 3HYHU\WKLQJ LV UHODWHG WR HYHU\WKLQJ HOVH EXW Q
WKDQ GLVWDQW WKLQJV" 7REOHU "'LITHUHQW PHDVXUHV RI1 VS
ZLWK GLVWLQFW FKDUDFWHULVWLFV

% XIITHU

$ VLPSOH DQG IDPLOLDU ILOWHU IRU GHILQLQJ D UHJLRQ RI VSDF
JHRJUDSKLF FRQWH[W LV D EXIIHU ZKLFK FDQ EH GHVFULEHG E\ D F
ORFDWLRQ RI DQ LQGLYLGXDO DW D VSHFLILF WLPH VHH )LIXUH D

ILHOG RI JHRJUDSKLF LQIRUPDWLRQ UHWULHYDO WR UHWULHYH DOO
DQ LQGLYLGXDO 7KH VSDWLDO EXIIHU LV D %RROHDQ UHSUHVHQWI
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FLUFOH LV FRQVLGHUHG WR EH UHOHYDQW DQG WKH UHJLRQ F
HPSOR\LQJ WKLV %RROHDQ DSSURDFK LW LV QRW SRVVLEOH WR
ZLWKLQ WKH FLUFOH DOO WKDW FDQ EH VDL®&RAU MXHDYD QW HVKHU I
UDGLXV RI WKH FLUFOH PXVW EH GHILQHG DFFRUG WR VRPH FUL\
VSHFLI\ KRZ DUHDO IHDWXUHY TXDOLI\ IRU LQFOXVLRQ LQ D VHDU
DOORZ SHRSOH WR GHILQH WKLV VKDUS FXW RIIl GLVWDQFH IRU W

PHWUHYVY RI SUHVHQW ORFDWLRQ" :HE3DUN $ PRUH VRSKL\
WKH FXW RIl DXWRPDWLFDOO\ XVLQJ VRPH FULWHULRQ UHODWHC
SUHVHQW VSHHG

7KH PLQLPXP ERXQGLQJ UHFWDQJOH 0%5 LV VLPLODU WR WKH V
UHJLRQ RI VSDFH LV GHILQHG WKDW LV GHHPHG WR EH JHRJUDSKL
VSDFH KRZHYHU IRU D 0%5 WKH UHJLRQ LV GHILQHG E\ D VSHFLILI
FLUFOH RI IL[HG UDGLXV U $Q DUWHIDFW RI XVLQJ D 0%5 LV Wt
GLVWDQFH IURP WKH WDUJHW ORFDWLRQ PD\ EH FODVVLILHG G
IHYHUWKHOHVY WKH ERXQGLQJ ER[ LV IUHTXHQWO\ XVHG DV I
JHRJUDSKLF LQIRUPDWLRQ UHWULHYDO VLQFH FDQGLGDWH IHDW
WKH\ DUH ZLWKLQ WKH ERXQGV YHU\ TXLFNO\ RIWHQ SULRU WF
FRQVXPLQJ SURFHGXUH -RQHYV

6SDWLDO SUR[LPLW\ VXUIDFH

%XIITHUV DQG 0%5V ERWK GHILQH %RROHDQ UHJLRQV FHQWUHG R
GHILQH D UHJXODU JULG Rl FHOOV D UDVWHU ZKHUH YDOXHV YDL
IURP VRPH IRFDO SRLQW VXFK DV WKH FHQWUH VX$BWR DUD VW H
SUR[LPLW\ VXBIHBHHIXUH E 7KLV UDVWHU JULG FDQ DOVR KDYH
UDQJH ZKHUH LW LV DVVXPHG WKDW IXUWKHU LQFUHDVHVY LQ GLV\
RYHU WKH YDOXHV LH EH\RQG WKDW SRLQW DOO LQIRUPDWLRH!
%XUURXJK DQG OF'RQQHOO 7KLV GLVWDQFH ZHLJKWLQJ UHT
EH DSSOLHG $ %RROHDQ VSDWLDO EXIIHU DVVXPHV WKDW QR
ORFDWLRQV FORVHU WKDQ WKH FXW RIl GLVWDQFH KDYH WKH VDF
GHVFULEH WKUHH GLVWDQFH GHFD\ IXQFWLRQV OLQHDU C
GLVWDQFH GHFD\ DQG QHJDWLYH H[SRQHQWLDO GLVWDQFH GHFD
GHFD\ LV D OHVV H[WUHPH GHFD\ IXQFWLRQ ZKHUH YDOXHV RQ W
WR D OLQHDU UHODWLRQVKLS IURP WKH KLJKHVW DW WKH FHQW
JLIXUH E 7KH QHJDWLYH SRZHU GLVWDQFH GHFD\ IXQFWLRQ FD
WKH FHQWUH RI WKH VXUIDFH GHFD\LQJ IDVWHU WR ORZ YDOXH\
SHDN DQG UDWH RI GHFD\ FDQ EH FRQILJXUHG E\ PDQLSXODWLC
H[SRQHQWY SURYLGH D PRUH H[WUHPH SHDN DQG IDVWHU GHFD\
GHFD\ IXQFWLRQ DFWV LQ D VLPLODU ZD\ WR WKH SRZHU IXQFWLR
SHDN DQG IDVWHU GHFD\ WKDQ WKH OLQHDU IXQFWLRQ VHH )LIXU
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J)LIXUH 6SDWLDO SUR[LPLW\ VXUIDFHYV

'DWD FROOHFWHG E\ 'DYLG ORXQWDLQ -XQ
,PDJHV SURGXFHG XVLQJ WKH VSDWLDO KLVWRU\ H[SORUHU
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'LVWDQFH GHFD\ IXQFWLRQV I[URP /RQJOH\ HW DO

(TXDWLRQ /ILQHDU (TXDWLRQ 1HIDWLYH (TXDWLRQ
GLVWDQFH GHFD\ SRZHU GLVWDQFH GHFD\ H[SRQHQWLDO G
GHFD\
D EG : GuUE : H[S EG
J)LIXUH 'LVWDQFH GHFD\ IXQFWLRQVY DGDSWHG IURP /RQJOH\ HW |
D 1R GHFD\ E /LQHDU GLVWDQFH GHFD\
OLQHDU GHFD\
QR GHFD\
GLVWDQFH GLVWDQFH

F 1HIJDWLYH SRZHU GLVWDQFH GEBFDMIJDWLYH H[SRQHQWLDO GLVWD(

QHJDWLYH SRZHU GHFD\ H[SRQHQWLDO GHFD\

GLVWDQFH

H 2IIVHW OLQHDU GLVWDQFH GHFD\

OLQHDU GHFD\ RIIVHW
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$Q DOWHUQDWLYH WR WKH DVVXPSWLRQ WKDW ORFDWLRQV FORVHI
KLIJIKHU ZHLJKWLQJ WKDW WKRVH HOVHZKHUH ZLWKLQ WKH VXUIDFH

ZKLFK WKH PD[LPXP YDOXHV DUH IRXQG VHH )LIJXUH LVH 7KLV FUL
YDOXHV LQFUHDVH IURP D PLQLPXP DW WKH FHQWUH RI WKH VXUIL
GLVWDQFH WKHQ GHFUHDVH DJDLQ WR D PLQLPXP DW WKH FXW RI
VDPH GLVWDQFH GHFD\ IXQFWLRQV FDQ EH DSSOLHG IRU H[DPSOI
IXQFWLRQV 7KLV VXUIDFH FRXOG EH XVHIXO IRU SUHGLFWLQJ WKH
REMHFWY ZKHQ ZH KDYH VRPH LGHD RI WKH GLVWDQFH WKDW WKH\

DERXW LQ ZKLFK GLUHFWLRQ WKH\ PD\ WUDYHO 7KH VSDWLDO SUR|
6DUOH ZKHUH HDFK FHOO YDOXH LV GLYLGHG E\ WKH PH
QRUPDOLVDWLRQ WKH PHDQ FHOO YDOXH LV ZLWK YDOXHV EHORZ
I[URP WKH WDUJHW DQG YDOXHV JUHDWHU WKDQ FORVH ORFDWLRQ

7LPH *HRJUDSK\ DQG WHPSRUDO SUR[LPLW\

37KH SDVW LV WKH NH\ WR WKH SUHVHQW"~ /RQJOH\ HW DK

$V GLVFXVVHG LQ WKH OLWHUDWXUH UHYLHZ WKH HPHUJHQFH RI WL
XSRQ QRWLRQV RI DFFHVVLELOLW\ LQ WKH V SODFLQJ HPSKDVLYV
LQGLYLGMODMKHU WKDQ JURXSV RI SHRSOH +IJHUVWUDQG 7KL
FRQVLGHUDEOH LQVLJKW LQWR WKH FRQVWUDLQWY IDFHG LQ SHUVF
FDSDELOLWLHVY DYDLODELOLW\ RILQGLYLGXDOV DQG VHUYLFHV DC
PRGHOV KRZHYHU KDYH RIWHQ PDGH XQUHDOLVWLF VLPSOLI\LQJ
PRYHPHQW LQ DOO GLUHFWLRQV /HQQWRUS VLQFH WKH\ KDYF
WHPSRUDO GDWD GHVFULELQJ WKH EHKDYLRXU RI LQGLYLGXDOV
.ZDQ 7KH YLVXDO UHSUHVHQWDWLRQ RI WLPH JHRJUDSK\ FRQF
ODERULRXV SURFHVV RIWHQ XQGHUWDNHQ E\ D GHGLFDWHG JUDSKL
GD\V WKH ILQDO LPDJHV ZHUH LQWHQGHG WR FRPPXQLFDWH LGHDV
IRU H[SORUDWLRQ RI WKH PRGHO RU GDWD LWVHOI

7ZR NH\ WHFKQRORJLFDO DGYDQFHPHQWY KDYH DOORZHG WLPH
LPSOHPHQWHG LQ DQ LQWHUDFWLYH HQYLURQPHQW 7KH ILUVW LV \
PHPRU\ RI PRGHUQ FRPSXWHUV 5D\PRQG SHUPLWWLQJ WKH LQ
YROXPHV RI TXDQWLWDWLYH GDWD 7KH VHFRQG LV WKH DYDLODEL
FDQ UHFRUG WKH PRELOH WUDMHFWRULHV DW D PXFK ILQHU VSDW
GLDULHV VHH VHFWLRQ 7KLV VHFWLRQ GHVFULEHV KRZ WLPH

LPSOHPHQWHG LQ DQ LQWHUDFWLYH HQYLURQPHQW IROORZLQJ WKL
ZLOO EH H[SODLQHG DQG KRZ WKLV PD\ UHSUHVHQW WKH JHRJUDSK
LQ FHUWDLQ FLUFXPVWDQFHYV
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7KH VSDFH WLPH SDWK

J)LIXUH 6SDFH WLPH SDWK FUHDWHG LQWHUDFWLYHO\ LQ WKH V¢
7KH LPDJH EHORZ VKRZV D VSDFH WLPH S
LQWHUDFWLYHO\ XVLQJ WKH VSDWLDO KL
VRIWZDUH 7KH EODFN SRLQWYVY VKRZ WKH
IURP ZKLFK WKH VSDFH WLPH SDWK ZDV F
PRQWKYfVY VSDWLDO EHKDYLRXU UHFRUGH
/IRQGRQ 7KH FRORXUHG SRLQWV VKRZ WHK
JUHHQ SRLQW UHSUHVHQWY WKH VWDUW
OLQH VKRZV WKH SDWK LWVHOI DQG WKH
UHSUHVHQWY WKH HQG RI WKH SDWK

'DWD FROOHFWHG E\ 'DYLG ORXQWDLQ $XJ 6HS
,PDJHV SURGXFHG XVLQJ WKH VSDWLDO KLVWRU\ H[SORUHU

$V GHVFULEHG LQ WKH /LWHUDWXUH UHYLHZ VHFWLRQ RQH
JHRJUDSK\ FRQFHSWV LV WKDW RI WKH VSDFH WLPH SDWK OLOOH
+IJHUVWUDQG RU PRELOH WUDMHFWRU\ 6P\WK 7THPSRU

SDWK FDQ UHYHDO D PRYLQJ SRLQW REMHFW{V VSDWLDO EHKDYLI
WHPSRUDOO\ ERXQGHG SHULRG ,Q WKLV VHFWLRQ WKH FRQYHQW!|
HPRELOH WUDMHFWRU\Y WR UHIHU WR WKH SDUHQW GDWD VHW DQ
ERXQGHG VXEVHWV $Q LQWHUDFWLYH DSSURDFK WR WKH VSDFH \
WKH VSDWLDO KLVWRU\ H[SORUHU 6+( VRIWZDUH ZKHUH JLYHC
EXGJHW DQG RULJLQ D VSDWLDO SRLQW ORFDWLRQ WKH FRUUH
LQ PXOWLSOH YLHZV WKDW FDQ UHSUHVHQW VSDWLDO WHPSRUDC

7KH WLPH EXGJHW RI WKH VSDFH WLPH SDWK PXVW EH VSHFLI
FDQ EH GHILQHG E\ FOLFNLQJ LQ D SDQHDUIB® M3V D.QGWKHO 8B WH Q W
7KH QHDUHVW SRLQW PD\ EH GHILQHG E\ D VSDWLDO WHPSRUDO F
WKH SDQHO LQ ZKLFK WKH FOLFN RFFXUUHG

7KH SRWHQWLDO SDWK DUHD 33%$ RU WHPSRUDO SURJLP

$Q\ RQH VSDFH WLPH SDWK UHYHDOV WKH SUHYLRXV EHKDYLRXU R
D VSHFLILF SHULRG RI WLPH W LV SRVVLEOH WR DJJUHJDWH D QX
FDPH FORVH WR WKH VDPH VSDWLDO RULJLQ WR UHYHDO WKH U}



([SORULQJ PRELOH WUDMHFWRULHV

JLYHQ WLPH EXGJHW EDVHG XSRQ WKH SUHYLRXV EHKDYLRXU RI D
REMHFWY VHH )LIXUH 7KLV LV DQDORJRXV WR WKH WLPH JHRJU
DUHD /HQQWRUS WKH WZR GLPHQVLRQDO VSDWLDO H[WHQW
WUDYHO LQ D VSHFLILHG WLPH EXGJHW 5DWKHU WKDQ XVLQJ VLPS
WUDYHO LQ DOO GLUHFWLRQV /HQQWRUS RU XVLQJ FRQWHI[W
QHWZRUNV OLOOHU ZKLFK PD\ RQO\ DGGUHVV RQH FRPSRQ
DSSURDFK LV LQIRUPHG E\ SUHYLRXV EHKDYLRXU DQBDWUHSUHVHQW
DFFHVVLEOH JLYHQ WKH SUHYLRXVO\ GLVSOD\HG VSDWLDO EHKDYLR
ZLOO SURYLGH TXLWH FRQVHUYDWLYH 33%$V VLQFH LW UHSUHVHQWYV
DQG GRHV QRW DFFRXQW IRU H{SORUDWLRQ WR QHZ DUHDV HYHQ LI

'HILQLQJ D SRWHQWLDO SDWK DUHD 33$%
7KLV SURFHVV WDNHV DV LQSXW

¥ 2Q0H RU PRUH PRELOH WUDMHFWRULHY SDUHQW GDWDVHW
EHKDYLRXU RI RQH RU PRUH PRYLQJ SRLQW REMHFWYV

$f $ WLPH EXGJHW IRU WKH SRWHQWLDO SDWK DUHD

$ $Q RULJLQ SRLQW IRU WKH 33% 2

$ 7KH QXPEHU RI SDWKV WKDW ZLOO EH XVHG WR GHILQH WK
7KH SURFHGXUH LV

6HOHFW WKH Q SRLOQWYV LQ WKH SDUHQW VHW WKDW DUH FOR)
EH WKH VWDUWLQJ SRLQWV RI Q VSDFH WLPH SDWKYV

JURP HDFK VWDUWLQJ SRLQW |IROORZ WKH SDUHQW VHW PREL
VSHFLILHG E\ WKH WLPH EXGJHW WR GHILQH Q VSDFH WLPH SD

7KH SRWHQWLDO SDWK DUHD LV GHILQHG E\ SHUIRUPLQJ VRP}
DOO RI WKH SRLQWYV WKDW FRPSULVH WKH Q VSDFH WLPH SDW
DURXQG WKH SRLQWYVY RU EXIIHU DURXQG WKH VSDFH WLPH SD

$V GHVFULEHG LQ VWHS Rl WKH GHILQLQJ D SRWHQWLDO SDWK DU
GHILQHG E\ SHUIRUPLQJ VRPH *,6 RSHUDWLRQ WR HQFORVH DOO R
SDWKV HPDQDWLQJ IURP WKH RULJLQ SRLQW 7KH FRQYH[ KXOO DS
ZLWK WKH WLPH JHRJUDSK\ WUDGLWLRQ ZKHUH DFFHVVLEOH UHJLI
RQH GUDZEDFN RI WKLY DSSURDFK LV WKDW LW FDQ OHDG WR WKH L
QRW YLVLWHG ,Q )LJXUH E LW FDQ EH VHHQ WKDW WKH FRQYH[ KX
WKDW ZDV QRW YLVLWHG DQG KHQFH PD\ EH LQDFFHVVLEOH LQFO
WKDW ZDV QHYHU FURVVHG LQ WKH SUHYLRXV WUDMHFWRU\ IRU H

E DQG 7RZHU %ULGJH WKH PRVW (DVWHUO\ %ULGJH VKRZQ LQ )
FRXOG LQFOXGH SULYDWH LQDFFHVVLEOH UHJLRQV LQ WKH 33%$ DV
GXH WR WUDYHO WLPH FRQVWUDLQWYV
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JLIXUH 8VLQJ VSDFH WLPH SDWKV WR GHILQH D SRWHQWLDO SD

,Q D IRXU VSDFH WLPH SDWKV VKRZQ LQ \HOORZ ZLWK JUHHQ DQGC
IURP WKH SDUHQW PRELOH WUDMHFWRU\ VKRZQ DV WUDQVSDUHQV
FORVH WR D XVHU GHILQHG VWDUWLQJ SRLQW WKH\ GHPRQVWUDW
BRXWK (DVW DQG :HVW KDV EHHQ GLVSOD\HG IURP WKLV ORFDWLR
HQFORVHG XVLQJ D FRQYH[ KXOO WR GHILQH D SRWHQWLDO SDWK
DFFHVVLEOH ZLWKLQ PLQXWHYV

D )RXU VSDFH WLPH SDWKV WLPH EXGJHW PLOXWHYV

E 3RWHQWLDO SDWK DUHD WLPH EXGJHW PLQXWHYV

'DWD FROOHFWHG E\ 'DYLG ORXQWDLQ $XJ 6HS
,PDIJHV SURGXFHG XVLQJ WKH VSDWLDO KLVWRU\ H[SORUHU

$Q DOWHUQDWLYH DSSURDFK LV WR XVH D EXIIHU DURXQG WKH V
UHVXOWY LQ D UHJLRQ WKDW LV PRUH VSDWLDOO\ FRQVWUDLQHG
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LQWR UHJLRQV WKDW ZHUH QRW YLVLWHG $Q DSSURSULDWH EXIIHU
GDWD WKH UHSRUWHG DFFXUDF\ VLQFH WKH HQGLQJ RI GHOLEHUDW
DYDLODELOLW\ 7KH :KLWH +RXVH 2IILFH RI WKH 3UHVV 6HFUHWD!
PHWUHVY GHSHQGLQJ XSRQ WKH W\SH Rl UHFHLYHU DQG HQYLURQPH

a 3RUFLQR 6XFK D VPDOO EXIIHU GLVWDQFH PD\ EH DSSURS
GDWD GHQVLW\ KRZHYHU IRU VPDOOHU GDWDVHWY ODUJHU EXIIHU
WKH SRWHQWLDO SDWK DUHDV EHLQJ XQUHDOLVWLFDOO\ VPDOO ¢
PHWUHV KDV EHHQ DSSOLHG DURXQG WKH VSDFH WLPH SDWKV 7KH
DFFHVVLELOLW\ FRUULGRUV DQG DUH JHQHUDOO\ PRUH SUHFLVH WK

7KH SRWHQWLDO SDWK DUHD LV D FULVSO\ GHOLQHDWHG KRPRJHQF
VSDFH LV DFFHVVLEOH IRU D JLYHQ WLPH EXGJHW QR GLVWLQFWLR
UHJLRQ RI WKH SSD LV UHODWLYH WR DQRWKHU 6XFK LQIRUPDWLRQ
PRELOH WUDMHFWRULHV DQG WKH QH[W WZR VHFWLRQV ZLOO F
UHSUHVHQWLQJ DFFHVVLELOLW\ DV D SKHQRPHQRQ ZLWK LQGHWHU
SDWK DUHDWBPBRUDW SUR[LPDWD UVRIRXWHWR WKH VSDWLDO SURJ[LP
GHVFULEHG LQ VHFWLRQ KHUHDV D VSDWLDO SUR[LPLW\ VXUID
ZLWKLQ [ PHWUHYV RI WKH SUHVHQW ORFDWLRQ WKH SRWHQWLDO SELC
DFFHVVLEOH ZLWKLQ W PLQXWHV RI WKH SUHVHQW ORFDWLRQ E
EHKDYLRXU
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J)LIXUH $OWHUQDWLYH DSSURDFKHV WR ERXQGLQJ WKH VHEF
WUDMHFWRU\ DFFHVVLEOH ZLWK D JLYHQ WLPH EXGJHW

%DVHG XSRQ WKH SUHYLRXV EHKDYLRXU RI D VLQJOH LQGLYLGXDO

D ERXQGLQJ SRLQWV ZLWK D FRQYH[ KX0O E ERXQGLQJ SRLQ\

7KH KXOO LV VKRZQ DV D WUDIKWHSBXHIQW LRUDIQRAQ DV D WUDQVSD L
UHJLRQ ZLWK D UHG ERXQGDUWHJIHRMUIHMHB DWHG DURXQG D VHUL
DURXQG D VHULHV RI RULJLQ SRLQWY L@ JUHHQ 7KH \HOORZ SDW
7KH \HOORZ SDWKV VKRZ WKHVWHM. RRYVRR MWKKHWUDFN ORJ WKDW
PRELOH WUDMHFWRU\ WKDW KMDGDK MK HBGUDNYRPUWHKG RULJLQ SRLQW
IURP WKH RULJLQ SRLQWV ZLMIDQVHFLGXWHWWHQVLW\ Rl WKH RU
UHSUHVHQWY WKH GHQVLW)\ Rl VSDFH
GDUNHU RUDQJH UHJLRQV ZHUH YLVL
WLPHV OLJKWHU RUDQJH YLVLWHG L«

'‘DWD FROOHFWHG E\ 3BHWH %R\G 'HF
,PDJHV SURGXFHG XVLQJ WKH VSDWLDO KLVWRU\ H[SORUHU

' VRFKURQH VXUIDFHYV

$QLVRFKURQH ARDXQ@ IBHFHGHULYHG IURP D VHULHV RI SRWHQWLDO SD
WKH VDPH RULJLQ EXW GLIIHUHQW WLPH EXGJHWV ,W LV D JUDG
FRQFHQWULF SRO\JRQV FHQWUHG RQ DQ RULJLQ SRLQW VHH )LJIX
FURVV D ERXQGDU\ EHWZHHQ WZR SRO\JRQV PRYLQJ DZD\ IURP
KHWHURJHQHLW\ LQWR WKH FRQFHSW RI DFFHVVLELOLW\ VRPH
WHPSRUPMRMHU WR WKH RULJLQ WKDQ RWKHUV ZKLFK LV QRW W
SRWHQWLDO SDWK DUHD
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JLIXUH ,VRFKURQHV VXUIDFHV UHJLRQV DFFHVVLEOH IURP %ODFI
PLOQXWHV RU OHVYV

7KH VSDWLDO EHKDYLRXU RI RQH LQGLYLGXDO UHFRUGHG RYHU D R
&HQWUDO /RQGRQ KDV EHHQ DQDO\WHG WR JHQHUDWH WKH LVRFKRQ
VXFFHVVLYH UHG SRO\JRQ KHDGLQJ RXW IURP WKH FHQWUDO UHG S|
ZLWKLQ DQ DGGLWLRQDO PLQXWHV 7KH ODUJHVW HQFORVLQJ UHG
WKHUHIRUH UHSUHVHQWY WKH UHJLRQ DFFHVVLEOH ZLWKLQ PLQXV

SDUWLFXODU LQGLYLGXDO VSHHG RI WUDYHO LV IDVWHU LQ D 1RUW
HVW GLUHFWLRQ

'DWD FROOHFWHG E\ 'DYLG ORXQWDLQ $XJ 6HS
,PDJHV SURGXFHG XVLQJ WKH VSDWLDO KLVWRU\ H[SORUHU

$FFHVVLELOLW\ VXUIDFHV

$Q DFFHVVLELOLW\ VXUIDFH LV D UDVWHU JULG ZKHUH HDFK FHOO
VSDWLDO ORFDWLRQ WKH RULJLQ B5HSUHVHQWLQJ DFFHVVLELOLW
LQDFFHVVLEOH DUHDV DQG KRPRJHQHLW\ WKDW LV DVVRFLDWHG
LVRFKURQHV VXUIDFHV 5DVWHU PRGHOOLQJ GRHV QRW SODFH WKH
WUDYHO FDQ RQO\ LQFUHDVH ZLWK GLVWDQFH IURP WKH VXUIDFH RU
LW GRHV QRW UHSO\ XSRQ FRQFHQWULF SRO\JRQV

7KHUH DUH PDQ\ SDUDPHWHUV WKDW FDQ LQIOXHQFH WKLV VXUIDFH
UHSUHVHQWYVY WKH VSDWLDO UHVROXWLRQ RI WKH VXUIDFH 8VLQJ
SURFHVVLQJ WLPH DVVRFLDWHG ZLWK FDOFXODWLQJ WKH VXUIDFH
VSDWLDO UHVROXWLRQ PD\ OHDG GLIIHUHQW FRPSRQHQWYV RI WKH
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GLIIHUHQW FKDUDFWHULVWLFV IDOOLQJ LQWR WKH VDPH VHW RI |
DORQJVLGH D FDQDO :KHQ FDOFXODWLQJ WKH WUDYHO WLPH W
ZHLIJKWHG PHDQ FDQ EH XVHG RU DQ DOWHUQDWLYH LV WR XVH
WKRVH SRLQWYV WKDW IDOO ZLWKLQ WKH VHDUFK EXIIHU VLQFH S
WKH\ FDQ WUDYHO WR GLIIHUHQW ORFDWLRQV $FFHVVLELOLW\ V
JRUHU ZKR LPSOHPHQWHG WLPH JHRJUDSK\ FRQFHSWV XVLQJ D U

7THPSRUDO B3UR[LPLW\ 6XPPDU\

JRU WKLV VWXG\ WKH SRWHQWLDO SDWK DUHD ZLOO EH XVHG WHF
FRQVLGHUHG WR EH WKH PRVW DSSURSULDWH UHSUHVHQWDWLRQ
ZRUN RI WKH WLPH JHRJUDSK\ VFKRRO 7KH MXVWLILFDWLRQ IRU |
DOO WKRVH GHVFULEHG LV WKDW XQOLNH WKBLRNESH MH. PHUSDW K
UHSUHVHQWDWLRQ DV GHVFULEHG LQ VHFWLRQ Rl WKH /LWI
SDUWLFXODU WLPH EXGJHW )XUWKHUPRUH LW LV DQ REMHFW Yl
ILHOG UDVWHU UHSUHVHQWDWLRQ WKLV GLVWLQFWLRQ LV DOVR
LQ WKH /LWHUDWXUH 5HYLHZ VHFWLRQ WKH RULJLQDO W]
UHSUHVHQWDWLRQV RI DFFHVVLEOH DUHDV DQG ILHOG UHSUHVHQ
GHVFULEHG DERYH KDYH DFFRXQWHG IRU RQO\ D VPDOO SHUFHQW

6SHHG KHDGLQJ SUHGLFWLRQV

21 WKH H[LVWLQJ DSSURDFKHV IRU SUHGLFWLQJ WKH IXWXUH ORFL
KDYH EHHQ FULWLFLVHG IRU DVVXPLQJ WKDW WKRVH REMHFWYV
IXQFWLRQV DQG IRU IDLOLQJ WR FDSWXUH WKH FRPSOH[LW\ RI PR
WKH PHWKRGY DYDLODEOH IRU SUHGLFWLQJ WKH IXWXUH ORFDWL
XVLQJ VSHHG DQG HLWKHU WXUQLQJ DQJOH RU KHDGLQJ IURP F

%\HUV ZDV LGHQWLILHG DV D XVHIXO DSSURDFK SDUWLFXOD
PRGHOOLQJ WKH IXWXUH ORFDWLRQV RI PRYLQJ SRLQW REMHFW\
SUHYLRXV EHKDYLRXU $V GLVFXVVHG LQ VHFWLRQ LPSOHPH

ZDONV IUHTXHQWO\ ODFN WKH YROXPH RI GDWD UHTXLUHG WR JH
IRU LQSXW SDUDPHWHUV WR WKH PRGHO 7KH VSDWLDO DQG WHPS
FROOHFWHG DV SDUW RI WKLV VWXG\ LV VXIILFLHQWO\ ILQH WR
GLVWULEXWLRQV IRU SDUDPHWHUV VXFK DV VSHHG KHDGLQJ V
IROORZLQJ VHFWLRQV GHVFULEH WKH LQIOXHQFH RI GLITHUHQW S
DERXW IXWXUH EHKDYLRXU DQG KRZ WKH LGHDV IURP FRUUHOD
DGDSWHG WR XVH D PRYLQJ SRLQW REMHFWHF L FREIRGH WX U DOVARHHF W R

"KLOVW WKLV IRUP Rl SUHGLFWLRQ LV FORVHO\ UHODWHG WR F
FRQVLGHUV RQO\ KHDGLQJ DQG QRW WXUQLQJ DQJOH ZKHQ SU
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MXVWLILFDWLRQ IRU WKLV LV WKDW ZH ZLVK WR SUHGLFW WKH GH\
WKDQ FRQVWUXFW D PRGHO RI UHFHQW PRYHPHQW WKDW FRXOG G
ZKHQ WUDYHOOLQJ WR WKDW GHVWLQDWLRQ :KHQ PDNLQJ D SUHGLF
LQLWLDO VWDUWLQJ GLUHFWLRQ XVHG LQ FRUUHODWHG UDQGRP ZI
UHVXOW LQ D JRRG PRGHO RI PRWLRQ SDWWHUQ WKDW KHDGV LQL
XVLQJ KHDGLQJ WKH PRGHO RI PRWLRQ LV OHVV HIIHFWLYH EXW W
KHDGLQJ GHVFULEHG E\ SUHYLRXV EHKDYLRXU DQG EH OHVV DIIHFW
IURP WKH RYHUDOO GLUHFWLRQ RI PRYHPHQW )RU WKLV UHDVRQ W
DWSHHG KHDGLQJ SWR GIORLER@®\H WKDW WKH\ DUH EDVHG XSRQ DQ H
FXUUHQW ORFDWLRQ JLYHQ YDOXHV WR GHVFULEH VSHHG DQG Kl
DSSURDFK IURP FRUUHODWHG UDQGRP ZDONV 7KLV LV D QHZ DSSUR

BHYHUDO QHZ WHUPV ZLOO EH XVHG ZKHQ GLVFXVVLQJ SUHGLF\
GLPHQVLRQDO VSDWLDO SRLQW ORFDWLRQ IURP ZKLFK WKH SUHGLF
WKHHGLFWLRQ QRUMIKI® WLPH DW ZKLFK D SUH GLRWLRFQV LR & N MWIIU D
WLPH WWH SUHGLFWLRQ VSDWLDO RULJLQ DQG VWDUW WLPH DUH W\
SRLQW LQ D PRELOH WUDMHFWRU\ RU WKH WLPH DQG SODFH ZKHUF
QHHG DQG SHUIRUPV D VHDUFK IRU JHRJUDSKLFDOO\ UHOHYDQW LQI
ZKDW SHULRG LQWR WKH SDVW VKRXOG EH FRQVLGHUHG ZKHQ SUF
ORFDWLRQ ,Q WKLV GLVFXVVLRQ WKH SHULRG RI WLPH HODSVHG
SUHGLFWLRQ ZLOO EH PDGH SWHGHFMULRIE EWRLEBNE WKH 3 PLQXWHYV
SDUDPHWHU SUHGLFWLQJ ZKHUH DQ REMHFW ZLOOREH WHBRQXWHYV
SUHGLFALIORQXVH D JUHDWHU YDOXH |RUKKRWHG WHHVIPR §0E KRG RAK D Q
FROQWH[W RI WHVWLQWUHD LSUFMBWERQRERLDW R W HEHYW LR WLKRH) SRR QDY
NQRZQ ORFDWLRQ RI WKH PRYLQJ SRLQW REMHFW DW WKH WLPH IRU
WHWHFHQW EHKW Y O\RHX WR GHILQH WKH VSDWLDO EHKDYLRXU RI D
GHVFULEHG E\ LWV PRELOH WUDMHFWRU\ IURP VRPH VSHFLILHG SH
SUHGLFWLRQ VWDUW WLPH 7KH SULQFLSOH EHKLQG WKH DSSOLFDW
FRQWH[W LV WKHUHIRUH WR SUHGLFW WKH IXWXUH ORFDWLRQ RI \
DQDO\VLV RI LWV UHFHQW VSDWLDO EHKDYLRXU

3RLOQW SUHGLFWLRQV

:ROIVRQ DQG <LQ SURYLGH D GHILQLWLRQ IRU SUHGLFWLQJ WK
SRLQW REMHFW EDVHG XSRQ OLQHDU H[WUDSRODWLRQ IURP D NQRZ
FRQVWDQW VSHHG *LYHQ WKHVH DVVXPSWLRQV D VLQJOH IXWXUF
XVLQJ WKH DULWKPHWLF PHDQ RI VSHHG DQG WKH FLUFXODU PHDQ
REMHFEMAWQW EHEQ YHR»PWBOH RI WKLV LV VKRZQ LQ )LJXUH
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JLIXUH $ GHWHUPLQLVWLF SRLQW SUHGLFWLRQ XVLQJ PHDQ VSt

,Q WKH LPDJH WR WKH ULJKW D SRLQW
SUHGLFWLRQ WKH EOXH FURVV KDLU KDV
EHHQ PDGH IURP DQ RULJLQ ORFDWLRQ
WKH JUHHQ FURVV KDLU JLYHQ D
PRYLQJ SRLQW REMHFW{V UHFHQW VSDWLDO
EHKDYLRXU WKH SDOH JUHHQ SRLQWV

7KH SUHGLFWLRQ LV PDGH IRU

PLOQXWHV LQWR WKH IXWXUH JLYHQ WKH
EHKDYLRXU RYHU WKH SUHYLRXV
PLQXWHV 7KH REMHFW LV SUHGLFWHG WR
PRYH PHWUHV IURP WKH VWDUWLQJ
ORFDWLRQ DW D KHDGLQJ RI

GHJUHHV WKH EOXH OLQH 7KH DFWXDO
EHKDYLRXU VKRZQ E\ WKH \HOORZ
SRLQWYV GHYLDWHV FRQVLGHUDEO\ IURP
WKH SUHGLFWLRQ 7KH SUHGLFWHG
ORFDWLRQ ZDV PHWUHV DZD\ IURP

WKH DFWXDO ORFDWLRQ PLQXWHV ODWHU
WKH UHG SRLQW

6RXUFH GDWD $ *36 WUDFNORJ UHSUHVHQWLQJ D ZDON LQ D VHPL QDWXUDO VHWWLQJ
,PDIJHV SURGXFHG XVLQJ WKH VSDWLDO KLVWRU\ H[SORUHU

7KH JHQHUDO DOJRULWKP IRU JHQHUDWLQJ SRLQW SUHGLFWLRQV |

*HQHUDWLQJ SRLQW SUHGLFWLRQV

6SHFLBUWHIGH FWLRKH WBIHRIGRG RI WLPH LQWR WKH IXWXUH D
SUHGLFW WKH ORFDWLRQ RI D PRYLQJ SRLQW REMHFW HJ

5HWULHYH WKH PRELOH WUDMHFWRBY QYWDBW IGDRIE QMY WKH RE
WKH SHULRG RI WKHHSYBWICRFWRQ VWDUW WLPH WR EH FRQVL
SUHGLFWLRQ

&DOFXODWH VSHHG KHDGLQJ DQG VLQXRVLW\W YDOXHV JLY

&DOFXODWH WKH GLVWDQFH RYHU WKH JURXQG WKDW WKH S
WKH SUHGLFWHG WLPH JLYHQ WKDW VSHHG XVLQJ WKH HTXD

GLVWDQFH FRYHUHG RYHU JURXQG VSHHG WLPH

&DOFXODWH WKH VWUDLJKW OLQH GLVWDQFH WKDW WKH SRL
WKH GLVWDQFH FRYHUHG RYHU WKH JURXQG E\ WKH REMHFW{

VWUDLJKW OLQH GLVWDQFH GLVWDQFH FRYHUHG RYHU

*LYHQ WKLV VWUDLJKW OLQH GLVWDQFH DQG D KHDGLQJ YDO
ORFDWLRQ E\ H{IWUDSROBWHRQFAWRR QVRKULILQH Q

WKH LQYHUVH KHDGLQJ VSUHDG IXQFWLRQ FDQ EH XVHG I
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6LQXRVLWN\ DQG WKH LQYHUVH KHDGLQJ VSUHDG IXQFWLR

$V VWHS GHPRQVWUDWHY WKH SUHGLFWLRQV VKRXOG DOVR WDN
EHKDYLRXU 7KH VLQXRVLW\ LQGH[ LV GHILQHG DV WKH GLVWDQFH
WZR SRLQWV GLYLGHG E\ WKH VWUDLJKW OLQH GLVWDQFH EHWZHH
H[WUHPH WKH VLQXRVLW\ LQGH[ RI D VWUDLJKW OLQH LV HTXDO WHF
WKDW VWDUWV DQG HQGV LQ WKH VDPH SODFH KDV D VLQXRVLW\
VWUDLJKW OLQH GLVWDQFH EHWZHHQ VWDUW DQG HQG SRLQWV LV ]
WKRVH VKRZQ LQ )LJXUH WKH VLQXRVLW\ LQGH[ LV XVHIXO GHVF
WUDMHFWRULHY UHFRUGHG RYHU ORQJ SHULRGV RI WLPH VXFK DV
OHVV HIIHFWLYH GHVFULSWLYH VWDWLVWLF VLQFH ZLWK WLPH L
UHIOHFWLQJ WKH UHSHWLWLYH MRXUQH\V WKDW WHQG WR EH PDGH
WKH GDLO\ UHSHDWHG FLUFXLW IURP KRPH WR ZRUN DQG EDFN DJDL

J)LIXUH &RPSDULVRQ RI VLOXRVLW\ DQG KHDGLQJ IRU WKUHH GLIIHU
D 6WUDLJKW WUDFN E 6LQXRXV WUDFN F &LUFXLWRXV WUDFN
6LQXRVLW\ LQGH] 6LQXRVLW\ LQGH] 6LQXRVLW\ LQGH]

+HDGLQJ VSUHDG +HDGLQJ VSUHDG +HDGLQJ VSUHDG

,QYHUVH KHDGLQJ VSUHDG,QYHUVH KHDGLQJ VSUHDG,QYHUVH KHDGLQJ VSUHDG

6KDGHG E\ KHDGLQJ IGHJUHHYV 6KDGHG E\ KHDGLQJ GHJUHHG

&RORU ,QGLFDWHV KHDGLQJ UHODWLYH WR 1RUWK

,PDJHV SURGXFHG XVLQJ WKH VSDWLDO KLVWRU\ H[SORUHU

7KH VLQXRVLW\ LQGH[ LV LQYHUVHO\ $SRISBDWRLRQWBUWR WIKWFKE D
VWDWLVWLF WKDW FDQ EH XVHG LQ SODFH Rl WKH VWDQGDUG GHY
UHIOHFW WKH GHJUHH RI YDULDWLRQ LQ KHDGLQJ IRU D VSHFLILHG

D LOOXVWUDWHY WKDW IRU D UHODWLYHO\ VWUDLJKW WUDFN WKEFE
KHDGLQJ VSUHDG LV FORVH WR JHUR ERWK SDUDPHWHUV LQGLFDWI
$V VLQXRVLW\ LQFUHDVHV LQ )LIJXUH E DQG )LIJXUH F WKH }
FRUUHVSRQGLQJO\ 7KH LQYHUVH IXQFWLRQ Rl WKH KHDGLQJ VSUHD!

,QYHUVH KHDGLQJ

VSUHDG IXQFWLR
Q QKHDGLQ\] VSUHDG

(TXDWLRQ ,QYHUVH KHDGLQJ VSUHDG IXQ
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SURYLGHV D VWDWLVWLF WKDW LV VLPLODU LQ PDJQLWXGH WR W]
XVHG LQ VWHS RI WKH FDOFXODWLQJ SRLQW SUHGLFWLRQ SURFH
D VLQJOH ILJXUH WR GHVFULEH WKH VLQXRVLW\ IRU DOO VSDWLDO
LOQYHUVH VSUHDG IXQFWLRQWHRS EGHDOWDIXFMHE REDOORZ WKH PR)
EHKDYLRXU WR KDYH D JUHDWHU LQIOXHQFH WKDQ WKDW LQ WKH
(TXDWLRQ DQG )LIJXUH D SURFHVV GHVFULEHG LQ PRUH GHWDL

5HFHQW EHKDYLRXU DQG WLPH ZHLIJKWHG VWDWLVWLFV

7KH SUREOHP SRVHG E\ WKH LQFUHDVLQJ VLQXRVLW\ LQGH[ UDLV*H
Rl WLPH VKRXOG EH XVHG WR GHILQH UHFHQW EHKDYLRXU :ROI
GHILQLWLRQ IRU SUHGLFWLQJ WKH IXWXUH ORFDWLRQ RI D PRYL
H[WUDSRODWLRQ IURP D NQRZQ ORFDWLRQ DORQJ D VWUDLJKW O
DVVXPSWLRQV D VLQJOH IXWXUH SRLQW ORFDWLRQ FDQ EH FDOF
VSHHG DQG WKH FLUFXODU PHDQ RI KHDGLQJ IRU D PRYLQJ SRLQ
H[DPSOH RI WKLV LV VKRZQ LQ )LUXEFHIQWWORNHQXWR PHDQ DOO V
EHKDYLRXU GLVSOD\HG RYHU WKH SUHYLRXYV PLQXWHV KHQFH W
KHDGLQJ VSUHDG IXQFWLRQ PHDQ VSHHG DQG PHDQ KHDGLQJ XV
XSRQ WKH SUHYLRXV PLOQXWHV RI WKH PRELOH WUDMHFWRU\ W
WKDW DUH LQFOXGHG LQ DQDO\VLV PLQV DQG WKRVH WKDW D!

*LYHQ WKH DVVXPSWLRQ WKDW PRUH UHFHQW EHKDYLRXU LV PRU
ZLOO GR LQ WKH LPPHGLDWH IXWXUH WKDQ EHKDYLRXU LQ WKH P
FDOFX@BIWHKWHGIRHDMBEHHG DQG KHDGLQJ LQ VWHS Rl WKH DOJRL
SUHGLFWLRQV ZKHUH JUHDWHU VLJQLILFDQFH LV JLYHQ WR PRUH
LQYHUVH GLVWDQFH ZHLJKWHG DSSURDFK GHVFULEHG IRU VSDWLE
XVLIDWIBD®DUDWLRQ WR GHILQH GLVWDQFH SRLQWYV DUH ZHLJKW
LQWLPH IURP WKH PRVW UHFHQW SRLQW LQ WKH VHW 7KH VHSDUDYV
LV JLYHQ E\ WKH QXPEHU RI VHFRQGY RU VRPH RWKHU WHPSRUDO
SUHGLFWLRQ VWDUW WLPH 7KHVH YDOXHV DUH WKHQ UHVFDOHG |
WKDW WKH HDUOLHVW SRLQW KDV WKH ODUJHVW pGLVWDQFHY VHS
OHDVW R

*LYHQ WKHVH UHVFDOHG VHSDUDWLRQ YDOXHV GLIIHUHQW LQYHU
DSSOLHG WR SURYLGH D ZHLJKW IRU HDFK SRLQW LQ WKH VHW /L
J)LJIXUH E DQG LV FKDUDFWHULVHG E\ JLYLQJ UHODWLYHO\ KLJK
WKH VHW 1HJDWLYH SRZHU DQG QHJDWLYH H[SRQHQWLDO GLVW
ZHLJKWLQJVY WR PRUH UHFHQW SRLQWV LQ WKH VHW DQG WKH UL
GLVWDQFH GHFD\ SDUDPHWHU E VHH (TXDWLRQ (TXDWLRQ DQG
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*LYHQ WKHVH GLVWDQFH GHFD\ IXQFWLRQV ZHLJKWHG VWDWLVWLF
KHDGLQJ WKDW DUH PRUH LQIOXHQFHG E\ WKH PRVW UHFHQW EH}
FDOFXODWHG XVLQJ WKH HTXDWLRQ

G™ 3§
"HLIJKWHG
PHDQ .z

(TXDWLRQ :HLJKWHG PHDQ

:KHUH 9Z[ LV WKH VXP RI DOO ZHLJKWHG YDOXHV DQG ;Z LV WKH V
:KHHOHU :KHQ FDOFXODWLQJ VSHHG WKH YDOXH RI [ LV WKH \
VHFRQG RU VRPH RWKHU DSSURSULDWH PHDVXUHPHQW XQLW ,Q W
DQJOH YDOXH LQ GHJUHHV UDGLDQV RU VRPH RWKHU FLUFXODU PH
PHDQ IRU KHDGLQJ LV FDOFXODWHG E\ SORWWLQJ HDFK SRLQW RC
KHDGLQJ YDOXH DQG FDOFXODWLQJ WKH FHQWURLG RI WKH SRLQW\
WKH XQLW FLUFOH GHVFULEHG LQ VHFWLRQ

7KH ZHLJKWHG VWDQGDUG GHYLDWLRQ IRU VSHHG FDQ EH FDOFXODYV

9Z [ [OHDQ
"HLJKWHG VWDQ@DUG
GHYLDWLRQ .
(TXDWLRQ :HLJKWHG VWDQGDUG GHYLD

YRU KHDGLQJ WKH ZHLJKWHG VSUHDG LV XVHG LQVWHDG RI VWDC
&KDUOWRDQ &R[ LQ SUHVV )LVKHU ODUGLD DQG -XSS

FDQ EH ZHLJKWHG WKH LQYHUVH KHDGLQJ VSUHDG IXQFWLRQ FDQ
VLQXRVLW\ Rl PRUH UHFHQW EHKDYLRXU DQG QRW VLPSO\ WKH VL
WUDMHFWRL\

6WRFKDVWLF SUHGLFWLRQV

5HIDUGOHVYVY RI ZKHWKHU WKH PHDQ LV ZHLJKWHG RU QRW D VLQJO
IRU GHILQLQJ WKH JHRJUDSKLF IRRWSULQW RI D TXHU\ EDVHG XSRQ(
OLNHO\ WR EH LQ WKH IXWXUH LQ WKH FRQWH[W RI PRELOH LQIRU
UHVXOwY PD\ EH UDQNHG E\ GLVWDQFH IURP WKH SUHGLFWLRQ

LPSURYHPHQW XSRQ WKH VLPSOH SUR[LPLW\ VHDUFKHV WKDW DUH V
EDVHG VHUYLFHV VXF