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Figure 1.1 Measuring mobility behavior with smartphone sensors is tricky due to the gaps
in the data. This is one common example of missing data called a "cold start,” where the
boxes indicate my start and end locations. By the time the app started tracking my location,
I was already halfway home.

Despite over a decade of attempts at using smartphone-based applications for
measuring national travel behavior, so far none have been robust enough to stick.
The single most important factor isn't respondent willingness or lack of institutional
investment: it's missing data.

Some of the missing data are the “fun” type, where you almost can’t help but to see
all the ways to correct it from the moment you look at it, because it's very intuitive.
Like in Figure 1.1: drop a few clearly erroneously reported locations, use the roads
and some common sense, and you've solved the problem. Supposing one opts out
of addressing it, the consequences also seem like they would be relatively mild:
maybe a slight underestimation of travel distance if we draw a line between where
the gap started and where it ended, rounding off the corners, so to speak.

Unfortunately, the extent of the problem is much larger, and the consequences more
dire. It was during the first Mobile Apps and Sensors in Surveys conference back
in 2019 when the light first went on for me, that all of us working with passively-
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WLRQLQWKHWZRDUHDV WKHUROHRIPLFURFRPSXWHUYV
DQG DQDO\WLV RI WUDQVSRUW VXUYH\V DQG WKH QHHG |
JDJH LQ FRQWUROOHG H[SHULPHQWDWLRQ VR WKDW PH
PD\FRQWLQXH WR EHPDGHLQ WKHILHOG RI WUDQVSRUW

$V LW VWDQGY QRZ WUDYHO GLDULHV DUH D FRUQHUVWRQH
7KH\ SURYLGH GHWDLOHG LQVLJKWV LQWR LQGLYLGXDO WU
XUEDQ SODQQLQJ WUDQVSRUWDWLRQ SROLF\ DQGLQIUDVW!
ORQJLWXGLQDO SDQHOV VXFK DV WKH 'XWFK 1DWLRQDO ORE|
FDOLEUDWH FRXQWU\ZLGH WUDQVSRUWDWLRQ PRGHOV € WK
WKH RWKHU DX[LOLDU\ GDWD DUH ILW B6HHQ LQ WKLV UHJDUG
YHU\ UHPRWH

$QG \HW KHUHDQG QRZ IRUW\ VRPH RGG\HDUV LQ WKH I XWX
HUV ILQG RXUVHOYHYV DVNLQJ TXHVWLRQV ZKLFK LI QRW ZR
SRVHG EDFN LQ DUH DOLNH LQ VSLULW I \RX ZHUH WR .
UHVHDUFKHUVY DWWHQGLQJ WKHVH VHVVLRQV LQIRUPLQJ Wi
RI WKH DUWDQG VWDWH RI WKH SUDFWLFHKDG EHHQ VR VXII
QHZ WUDYHO VXUYH\PHWKRGRORJLHVY KDG EHFRPH WKH JROC
EHXQVXUSULVHG ,I\RXWKHQ JHQWO\ OHW WKHP NQRZ WKD
WR LURQ RXW VRPH RI WKH PRUH GLIILFXOW ZULQNOHV MXV
YHUVLRQV WR EHJLQ WR VXSHUVHGH WKHP , WKLQN VRPH Pl
QRYDWLYH UHVHDUFK OHDQV RQ SHRSOH ZKR EHOLHYH WKDW
VROYLQJ 7KH %LJ SUREOHP

$FWXDOO\ LI\RX DVNHG WKH UHVHDUFKHU ZRUNLQJ DGMDEFH
ZLWK LQQRYDWLYH WHFKQRORJLHY WKH\ ZRXOG SUREDEO\
VHHPHG WR KDYH WKH RSSRVLWH Rl WKH OLGDV WRXFK HY
RQ ZDV WKH HTXLYDOHQW RI WXUQLQJ JROG LQWR OHDG ,W
VWDUU\ HV\HG GUHDPV WKDW ZHUH QHYHU JRLQJ WR PDWHULTL
SODXVLEOH RQ SDSHU DIWHU DOO + EXW WKH UHVXOWYV RQO\
WKDQ DQVZHUYV

7KH WUXWK LV WKDW WHFKQRORJLFDO LQQRYDWLRQ LV RIW|
EUHDNLQJ WHFKQRORJLHV EHJLQ DV DPELWLRXV H[SHULPHQ
RSSRUWXQLWLHY WR H[SDQG WKH IXWXUH RI VRPH ILHOG EX!
LQLWLDO H[SHFWDWLRQV 5HD Q@D WAHHVH D KB\ VIHLLONHUW K H
LFDO IXQFWLRQ RI OD\LQJ WKH IRXQGDWLRQV IRUWKH WHFKC
LQ WKH IXWXUH 7KHRQO\IDLOXUHLV RQHRIDVVXPSWLRQV
QH[W \HDU YHUVXV WHQ \HDUV RQ )JUDQNO\ \RX..G EH IRUJLY
WKDW..VDOVR KRZWKHVHWKLQJVDUHVROG EHFDXVH ZH...U
PLVWDNHQO\ EHOLHYH RXUVHOYHV WKDW ZH..UH RQO\ RQH E
WKLQJ 7DNH IRU H[DPSOH $53%$1(7

7TKRXJK LW ZRXOG HYHQWXDOO\ OHDG WR WKH WKLQJ WKDW
WLPH WKDW UHVHDUFKHUY FRQQHFWHG WKH ILUVW IRXU FRF
LOQVWHDG RI WKH XVXDO IHHW LW DOO EXW FROODSVHG L(
WKH IDFW WKDW WKH SDFNHW VZLWFKLQJ ZDV FOHDUO\ GRL



6PDUW VXUYH\V

GR DQG TXLWH ZHOO LW EHFDPH REYLRXV WKDW ORQJ GLV
JRLQJ WR EH WRR QRLV\ WR HQDEOH WKHP WR UHO\ RQ WUDC

7KH HUURU FKHFNLQJ WKH\ LPSOHPHQWHG DV FRPSHQV
UHYLVLRQ WKDW HYHQWXDOO\ EHFDPH WKH VHW RI S
WKH LQWHUQHW

6PDUW VXUYH\V

6PDUWG6XUYH\VLOQWHIJUDWH WUDGLWLRQDO VXUYH\PHWKRG
DQG DSSV RQ VPDUWSKRQHVY DQG RWKHU VPDUW GHYLFHV

VWUHQJWKYV RI VHOI UHSRUWHG GDWD HJ EHLQJDEOH WR
RURITHULQWHUSUHWDWLRQV WKDW UHTXLUH WKH UHVSRQ(
MHFWLYLWA\DQG SUHFLVLRQ IURP VHQVRU GHORWDS § ’RUWW R QQ W!
LHY DUH FOHDU WKHGDWD DUHULFKHU PRUHILQHO\JUDLQ
LWVKRXOGUHGXFHPHDVXUHPHQW HUURU E\HOLPLQDWLQJ
LW..VPRUHHIILFLHQW ERWK IRU WKH XVHU ZKR FDQ OHW SD
UROHDV UHVSRQGHQW DQG IRUWKHUHVHDUFKHU ZKR FDQ
TXLFNHU DQG DW UHGXFHG H[SHQVH

6PDUW VXUYH\V DUH DW WKH IURQWLHU RI VXUYH\ PHWKRGR
HVWDEOLVKHG SURWRFROV WKDWDOORZWKHP WRZRUNDFU
LQPDWXULW\WR WKH QHWZRUNV WKHVUXQ RQ %XW OLNH 4
REYLRXV WKDW WKH\ GR WKH FRUH HOHPHQWYV RI ZKDW WKl
ZHOO ZKHWKHU WKDW ..V RSWLFDO FKDUDFWHU UHFRJQLWL
DO SURYLGLQJ VXJIJHVWLRQV IRUDFWLYLWLHVROW XVHU\
PHDVXULQJVRPHRQH...VSUHFLVH ORFDKLVRRD NRIKRW HIVHWEY
FDXVH WKHVHMMHMWMERDWY KDYH WKHPVHOYHVY KDG GHFDGHV V
7KLV LV ZKDW PDNHVY WKHP YDOXDEOH WR LQFRUSRUDWH DV

,W..VDOVR ZKDW PDNHV WKHP YHU\FRPSOLFDWHG B6HQVRU
DQG UHVHDUFKHUV VHHNLQJ WR KDUQHVV WKH GDWD IRU W
WKDW WKH\ DUH SXWWLQJLQ D ORW RI OHJZRUN WR DOLJQ V
DLPV 7KH ILQGLQJV IURP WKH VHFRQG (66QHW IXQGHG SU
6XUYH\ ,PSOHPHQWDWLRQ QRWHG D %6PDUW YHUVXV &OHYI
DV GHVLJQHG DQG WKHLU FDSDFLW\ WR LPSURYH UDWKHU W
UHVSRQGHQWY )J)ULWPMHN\WR @ QDPH RU DQRWKHU DOO WKHV
HQFRXQWHULQJ WKH VDPH FKDOOHQJH RXU FDSDFLW\ WR P
ODJJLQJ EHKLQG RXU FDSDFLW\ WR SXW WKHP LQWR SURG XI
FOHDU WKDW WKLV LV DQ RSSRUWXQLW\ IRULQQRYDWLRQ

%DFN LQ 6WDWLVWLFV 1IHWKHUODQGY HPEDUNHG RQ LW
ZLWKDQDSS ZH FDODKIKGPREDBDISS ZKLFK LY GHWDLOHG WKRI

ZDVGHYHORSHGDV SDUWRIDVWXGHQW..V%DFKHORU...V\
RQ D UHVSRQGHQW..V SKRQH WR FDSWXUH JHRORFDWLRQ C
XVHUV ZKR ZHUH DVNHG WR SURYLGH DQQRWDWLRQV RI WK

$IWHU WKH -DSDQHVH VDQGDO



,QWURGXFWLRQ

VXUYH\ ZRXOG KDYH DVNHG WKHP OLNH WKH PRGH RIWUDQV
WKHLU SXUSRVH IRU XQGHUWDNLQJ LW )RU DQ DXWHXU HIIF
DQG DOWKRXJK WKH FKDOOHQJHYVY ZHUH HYLGHQW ZKHQ WU\
DOO WKH WKLQJV WKH 20G 'DWD GLG LQKHUHQWO\ WKH ULFK
IRULWVHOI VHH )LJXUH

$QLPSURYHPHQW RYHU WUDGLWLRQDO

JRU VRPH WKH H[LVWHQFH RI D QHZ WHFKQRORJ\ DORQH LV
LWV XVDJH ZKLOH RWKHUV UHTXLUH VRPH GHILFLW ZLWK W]
HQWO\ 7UDYHO 'ZBBW\IBWIX EHXY HUDO FKDOOHQJHYV WKDW KLQG
QHVV

SDUWLFLSDQWY RIWHQ IDLO WR UHSRUWDOO WKHLU WULSV

SOHWH GDWD 5LFKDUGVRBHUMMODO7KH RSSRUWXQLW\WR UH
DUHVSRQGHQW..V ORFDWLRQ LQGHSHQGHQWO\ RI WKHLU FI
VXUYH\ DQG DOVR DFFXUDWHO\ UHSURGXFH WKHLU GDLO\ DF
PLVVLQJ GDWD WKDW ZH ZRXOG RWKHUZLVH EHLQYLVLEOH W

$GGLWLRQDOO\ SDUWLFLSDQWY KDYH EHFRPH LQFUHDVLQJ
YH\V RYHUDOO OHDGLQJ WR UHGXFHG UHVSR&WH WDKWHHYV 6V
VXUYHPOE¥RUGHQVRPH DV WUDYHO GLDULHVY WHQG WR EHFI

WKHFRPELQHG QRQ UHVSRQVHDQG EUHDN RITUHVXOWYV
UDWHV ZKLFKDUHFRQWLOQXLQJWRGHFUHDVH ,QRUGHUWR
ODUJH VDPSOH VL]IHV WKH QHW PXVW EH FDVW VWLOO ZLGHU

6PDUW VXUYH\VKDYHWKH SRWHQWLDO WRUHYROXWLRQL]HF
DFFXUDWH DQG FRPSUHKHQVLYH GDWD RQ WUDYHO EHKDYLI
LQIRUPDWLRQ RQWUDYHO SDWWHUQV PRGHV RI WUDQVSRUYV
HVVHQWLDO IRUGHYHORSLQJ HITHFWLYH WUDQVSRUWDWLRC

6PDUW VXUYH\V RITHU VLIQLILFDQW DGYDQWDJHVY RYHU WUD
XULQJ KXPDQ PRELOLW\ 7KH FKDOOHQJH LV LQ KDUQHVVLQJ
REVWDFOHV ,Q WKH QH[W VHFWLRQ ZH GHVFULEH WKH VSH
YH\VWVDQG WUDYHO DSSV FDQ HQFRXQWHU VHWWLQJ WKH VW
DFFRPSOLVK

&XUUHQW LVVXHV ZLWK VPDUW VXUYH\
DSSV

7KLV LQWURGXFWLRQ RSHQHG ZLWK WKH FODLP WKDW WKH S
YH\V EDFN IURP ZLGHU XVDJH ZzDV WKH SUREOHP RI PLVVLQJ
GHVFULEHV D VIPSWRP UDWKHU WKDQ D FDXVH ,V LW SRVVLI
O\LQJ FDXVH"

/IRRNLQJDW WKH SUREOHP KROLVWLFDOO\ RQHPLJKW VD\ WK
DPLVXQGHUVWDQGLQJRI ZKDW ZH DUH ORRNLQJIRU LQ FRPS



&XUUHQW LVVXHV ZLWK VPDUW VXUYH\V DQG WUDYHO DS

JLIXUH $00 WUDMHFWRULHV IURP WKH 7DEL DSS
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WKH IDFW WKDW WKH GDWD FDSWXUHG IURP GHYLFH VHQVRU
WR WKH GDWD ZH DUH XVHG WR VHHLQJ 7KHUH LV D IXQGDPH
FROWLQXRXV GDWD WR EH FRPSOHWH DW WKH OHYHO WKDW
HYHU VDPSOLQJIURP LW

,QWKHFDVHRIWKHWUDYHO VXUYH\ WKHUDZ GDWD DUH IXQF
ULQJ D FRPSUHKHQVLYH JHRJUDSKLF NQRZOHGJH RI ODW OR
LQVLIKWY ZLWK WKH GDWD IRU H[DPSOH SURGXFLQJ HVWLF
SHUVRQ WUDYHOV LQ DJLYHQ GD\ UHVHDUFKHUV PXVW DSSO
WKHLQWHUSUHWDWLRQ RI WKHUDZ GDWD MXVW WR DUULYH |
VXUYH\ 7KLV QHFHVVLW\ GUDPDWLFDOO\ LQFUHDVHV WKH F
GDWD DQDO\VLYV

7TUDGLWLRQDO GLDULHV DUH WKHPVHOYHYVY QRW LQKHUHQWO
OLVWRIDOO WKHWULSVRQDJLYHQ GD\IRUD SDUWLFXODU L
OHDVW KDYH WR VXP WKHP WR DUULYH DW D WRWDO IROORZ
ELDV EHIRUH FDOFXODWLQJ D PHDQ DFURVY SHUVRQV 7KL
JUDGXDOO\PRUH FRPSOH[RYHU WLPHDOO ZLWK WKH JRDO R
H[DPSOH LIDUHVSRQGHQW VDLG WKH\WRRN WKH WUDLQ EHYV
FRXOG UHSODFHWKHLUUHFRUG RIKRZPDQ\NLORPHWHUV WK
UHIHUHQFHG IURP D OLVW RI WUDLQ VWDWLRQ GLVWDQFHYV Z
7TUDYHO 6 XUYH\ 8QGHUZD\ L Q'WKKDIVH@®KGIN ¥ DQREH/ & %6 &Y
$VVXPLQJ WKH UHVSRQGHQW WUDYHOHG DV H[SHFWHG
SHUIHFW DFFXUDF\ ZKHUHDV D UHVSRQGHQW ..V RZQ HVWLP
DVWKH\ZHUH QRW WKHPVHOYHY GULYLQJ WKH WUDLQ

:KLOH DOJRULWKPV KDYHDOZD\V SOD\HG D UROH LQ GHULYLQ
VWDWLVWLFV H[LVWVDVDILHOG € WKHIDFWWKDW WKH GDWL
IRUP WKDQ WKHGDWD ZH ZRXOG OLNHWR JHW RXW PHDQV WKL
WKHUHTXLUHPHQWY KHUH

ODNLQJ DOO RI LW PXFK PRUH GLIILFXOW LV WKH IDFW WKDW
D VWXG\DUH XQGHU WKH UHVHDUFKHU ..V FRQWURO 7KH GH
LQ GDWD FROOHFWLRQ ZLWK HDFK GHYLFH..V RSHUDWLQJ V
ORFDWLRQ FDQ EH DFTXLUHG RU KRZ ORQJ DQ DSS ZLOO EH
GHWHUPLQHG QRW WR EHDFWLYHO\LQ XVH 7KHFRPELQDWL
IDFWRUV FUHDWHV D FRPSOH[VLWXDWLRQ IRUPLVVLQJ GDWLEL
IDFW WKDW PDQ\RIWKHDOJRULWKPV DSSOLHG WR WKHUDZG
RI WKH JHRORFDWLRQV LQWR WUDFN VWRS HYHQWYV DUH WK
SKDVH 7KH EDFN DQG IRUWK EHWZHHQ WZHDNLQJ DOJRULW
VSHFLILFOLPLWDWLRQV FUHDWHY D QRLVVHQYLURQPHQW IR

OLVVLQJ GDWD
2Q0H RI WKH PRVW VLJQLILFDQW LVVXHV ZLWK VPDUW VXUYH
GDWD 7KLV FDQ RFFXU GXH WR YDULRXV UHDVRQV VXFK DV

Z6DWHOOLWH EDVHG WHFRKGLFODOLWXMIV*36 GDWD FDQ EF
SURPLVHG E\ HQYLURQPHQWDO IDFWRUV VXFK DV WDOO



&XUUHQW LVVXHV ZLWK VPDUW VXUYH\V DQG WUDYHO DS

JLIXUH $ WISLFDO HIDPSOH RI PLVVLQJ GDWD GXH WR VRIWZDUH EL
WKHPLVVLQIJQHVV LV FRQVSLFXRXV GXH WR WKH VSDWLDO GLVSOI

OHDGLQJWR VLIQDO ORVVRULQDFFXUDWH ORFDWLRQ W
HYHQ VKRUW SHULRGV RI VLIJQDO ORVYV FDQ UHVXOW LQ
PHWULFVY VXFK DV WUDYHO GLVWDQFHDQG PRYHPHQW H

Z6RIWZDUH EDVHG WHFK @IDADWHYVVEHDLQ VRIWZDUHPDO
26 IXQFWLRQDOLW\ VXFK DV %GR]JH PRGH% LQKLELWLQ
ORFDWLRQV RU SURFHVYVY GDWD FDQ OHDG WR JDSV LQ GI
HW DO 3HMRYLC

Z8VHU QRQ FRPSGDWOGAHLSDQWY PD\IRUJHW WR DFWLYDYV
FDUU\WKHLU GHYLFHV ZLWK WKHP GXULQJ WULSV 7KLV
PLVVLQJ GDWD IRU HQWLUH WULSVY RUVHJPHQWY RI WUL
ELOLW\UHFRUGY $GGLWLRQDOO\ SDUWLFLSDQWYV PD\ (
FRUUHFWO\ OHDGLQJ WR IXUWKHU GDWD JDSV

Z3ULYDF\FRQPBHRPBVWBDUWLFLSDQWY PD\EHUHOXFWDQW W
GDWD OHDGLQJWRLQFRPSOHWHRUPLVVLQIJGDWD 3UL
SDUWLFLSDQWY WXUQLQJ RIl ORFDWLRQ VHUYLFHV RU S
IXUWKHU FRPSURPLVLQJ GDWD TXDOLW\

Z'DWD WUDQVPLVVLRQ URNMHWDVHY GDWD PD\ EH FROOHF
VXFFHVVIXOO\ WUDQVPLWWHG WR WKH VHUYHU GXH WR ¢
WLRQV 7KLV FDQ UHVXOW LQ PLVVLQJ GDWD WKDW LV G
PD\EH ORVW SHUPDQHQWO\ LI QRW SURSHUO\ VWRUHG O

,PSXWDWLRQ WHFKQLTXHV VXFK DV OXOWLSOHO,REXWDWLR
DUH WKHUHIRUH FUXFLDO DV WRROV WR VROYH D KRVW RI G
0,&(LV ZLGHO\ XVHG DFURVYV YDULRXV GLVFLSOLQHV WR KDC
IRUWKH HVWLPDWLRQ RI PLVVLQJ YDOXHY EDVHG RQ WKH ¢
7KLV LV D SUHGLFWLYH DSSURDFK WKDW KHOSVY QRW RQO\ |



,QWURGXFWLRQ

WKDW HUURUV DUH FRUUHFWO\ SURSDJDWRGDF SXBEMBIPLRQ \
SUDLVHG IRU WKHLU DELOLW\ WR KDQGOH FRPSOH[ GDWDVH\
ZKLFK PDNHVY WKHP DJRRG FKRLFH IRU RXU XVH FDVH

KLOH PLVVLQIJ GDWD LV D VLIQLILFDQW FKDOOHQJH LWLV Q
FOXGH SDUWLFLSDWLRQ ZLOOLQJQHVV DQG FRQFHSWXDO Fk
DUH VWLOO ZLOOLQJ WR SHUPLW ORFDWLRQ WUDFNLQJ IRU YV
GHFOLQHRYHU WKH ODVW\HDUV LQ WKH ZLOOLQJQHVV RI SDL
HW DO $GGLWLRQDOO\ FRQFHSWXDO FKDOOHQJHV VXFK D
DVWRSRUDWUDFN RUKRZWRDFFXUDWHO\VHFPHQW PRYHP
7TKHVH FKDOOHQJHYV KLIKOLJKW WKH FRPSOH[LW\ RI XVLQJ VI
IRUWUDYHO EHKDYLRU PHDVXUHPHQW DQG WKH QHHG IRU FR

, QWHIJUDWLRQ LVVXHYV
%H\RQG WKH SUREOHP RI WKH PLVVLQJ UDZ GDWD OLHV D PR
UDWLRQ 2QFH\RX..YH FROOHFWHG WKH VPDUWSKRQH ORFD
IDFHG ZLWK WKH WDVN RI WUDQVODWLQJ LW LQWR VRPHWKLC
PHDVXUHYV

7TUDGLWLRWM DG 6PDUWSKRQH %DV HG6PAUDBREM 8 K WHHRWVI X Q

GDPHQWDOO\ GLITHUHQW SULQFLSOHYV 2QH SURYLGHV GLVF
LQWHUSUHWHG E\ WKH UHVSRQGHQW WKH RWKHU RIIHUV D F
UHTXLULQJ HIWHQVLYH DOJRULWKPLF SURFHVVLQJ WR H[WL
7KLV GLITHUHQFH LVQ.. W MXVW LQFRQYHQLHQW LW FUHDWH
IHFW KRZ ZH DQDO\IJHDQG LOQWHUSUHW PRELOLW\ SDWWHUQV

JRULQVWDQFH LGHQWLI\LQJ D %WULS% LQ VPDUWSKRQH GD
DERXWZKHQ PRYHPHQW EHIJLQVDQGHQGV € GHFLVLRQV WKD
ZLWK KRZ UHVSRQGHQWY ZRXOG FODVVLI\ WKHLU RZQ MRXU(
H[DPSOH D SHUVRQ ELNLQJ WR D WUDLQ VWDWLRQ ZKHUH \
JHWWLQJRQ WKH WUDLQ PLIKW ULJKWO\FODVVLI\WKH ELNLC
WKHLU ELNH EXWODEHO WKHDPELJXRXV VHFRQG OHJDV EHJ
ZKHUHDV DQ DSS ZRXOG OLNHO\ EHJLQ WKH WUDLQ PRGH OH
WR PRYH 1HLWKHU LQWHUSUHWDWLRQLVLQKHUHQWO\ FRU!
OHDGV WR TXDQWLILDEOH GLITHUHQFHY EHWZHHQ PRGHYV

7TKHVHLQWHJIJUDWLRQ FKDOOHQJHVY FRPSRXQG RXU PLVVLQJ(
FXULQ VPDUWSKRQHGDWD WKHDOJRULWKPLFLQWHUSUHWL
HYHQ PRUH XQFHUWDLQ DV ZH GRQ..W UHDOO\KDYH DQ DSSL
PLOQXWHJDS FRQWDLQ DWULS" ,I VR ZKHUH GLG LW JR DQG Z
RQWKHEDVLV RI VHOIl UHSRUWHG LQIRUPDWLRQ RUUHWURV
DFRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH GLITHUHQFHYV LC
HDFK RI WKH WZR PRGHYV

(YHQ ZKHQ ZRUNLQJ ZLWK UHODWLYHO\ FRPSOHWH GDWD IF
WKH GLITHUHQFHV LQ GDWD VWUXFWXUH PDNH GLUHFW FRPS
VPDUWSKRQH EDVHG PHDVXUHY SUREOHPDWLF 7KLV FRPSO
PDNHV LW GLIILFXOW WR HVWDEOLVK FRQWLQXLW\ ZLWK KLV



7KH ELJ SUREOHP

VLGHUDWLRQ IRUORQJLWXGLQDO PRELOLW\ VWXGLHV DQG

7KH ELJ SUREOHP

‘H NQRZ WKDW WKH SRWHQWLDO LV WKHUH IRU WUDY
WR FUHDWH D PDVVLYH VWHS IRUZDUG LQ UHGXFLQJ
EXJWKH FRQNHYSHW\ VWUDLJKWIRUZDUG HYHQ LI WKH SURF
DFFXUDWHO\ UHFRUG VRPHRQH..V ORFDWLRQ WKDW..V |
WKHUH \RX FDQ ZRUN RXW WKH DGGUHVV WKH GLVWDQFH W
RILW DQG ZLWK YHU\ OLWWOH LQSXW QHFHVVDU\ IURP WKH
EHFDXVH SHRSOH JHQHUDOO\ VSHDNLQJ GRQ..W ZDQW WR
GRQ..WGRLW DQG WKH\..UHQRQ UHVSRQGHQWYV RU WKH\ (
EUHDN RIIV RU WKH\ VD\ WKH\ ZLOO GR LW DQG WKHQ UHD(
WR WU\ WR UHPHPEHU WKH GD\ DQG MXVW PDNH XS DQ DYHU
PHDVXUHPHQW HUURU

7KH SURPLVH ZDV FRPSHOOLQJ HQRXJK WKDW RULJLQDOO\
ZHUH JRLQJWR ZLQ D KLJKHU UHVSRQVH UDWH DV UHVSRQG
E\ WKH EXUGHQ $OWKRXJK VWLOO XS IRU GHEDWH WKH OD
VRPH HYLGHQFH WR WKH FRQWUDVYNMQULWKRWWOQ LPSURY}H
LQ UHVSRQVH WHADWIOW REZKAM WR UHDFK SHRSOH PRUH HDVLO
RQIRUD ORQJHU SHULRG RI WLPH DW OLWWOH FRVW WR HLW
VFDODELOLW\A\LVY D GHFLVLYHDGYDQWDJH HYHQ LI WKH LQL)
FKDOOHQJLQJ WKDQ DQWLFLSDWHG

7KLY SDWWHUQ RI SURPLVLQIJWHFKQRORJLHV IDFLQJHDUO\
SRWHQWLDO EHIRUH PHWKRGRORJLFDO UHILQHPHQW LV D F|
VKLIW I[URP WUDGLWLRQDO VHTXHQFLQJ PHWKRGV WR 1H[W
RPLFV RITHUV DQ LOQVWUXFWLYH SDUDOOHO 6DQJHU VHTXF
VPDOO VFDOH '1$ DQDO\VLY EXW SURYHG LPSUDFWLFDOO\ V
FLQJ HQWLUH JHQRPHV *RPHYXH.GRHYHORSPHQW RI SDUDOO
FLQJPHWKRGV GLGQ..WLPPHGLDWHO\ SURGXFH EHWWHU U}
VKRUWHU VHIPHQWV RI'1$ WKH\KDG PXFK KLJKAUWHWHKRU UL
IXQGDPHQWDO DGYDQWDJH RI VFDODELOLWA\HYHQWXDOO\ W
UHGXFLQJ FRVWV DQG HQDEOLQJDSSOLFDWLRQV LPSRVVLE

:KDW PDQ\ RI XV VXVSHFW LV WKDW ZH..UH GRLQJ WKLV EHF
OLNHO\ WR EH WKH RQO\ ZD\ WR JDWKHU GDWD 6R ZKLOH
WKH PHDQWLPH OLNH WKH DYDLODELOLW\ RI DFWXDO URXYV
PRGHOV WKDW FXUUHQWO\XVHGDWD IURPVHOI UHSRUW WU
ORELOLW\ORGHO VHH 6PWR HQWHIUDWH DW D PRUH JUDQX
ZLWK 2EMHFW "HVWLQDWLRQ PDWULFHVY DV WKH\ FDQ KDYH
URDG VHQVRUV WKH WUXH EHQHILW LV RXW AWDE®ELKNH WR E
QHDU IXWXUH $QG WKH FRUROODU\ WR WKLV LV WKDW JLY
RI VPDUWSKRQHYV VXJIJHVWY WUHQGYV WKDW ZLOO UHVXOW |
UDWKHU WKDQ OHVV LQ WKH QHDU IXWXUH GHYHORSPHQW
PLVVLQJQHVV DUH WUXO\ HVVHQWLDO



,QWURGXFWLRQ

/[LNH 1H[W *HQHUDWLRQ 6HTXHQFLQJ UHODWLYH WR 6DQJHU
EDVHG WUDYHO VXUYH\ LV FXUUHQWO\ DW OHDVW OHVV U}t
FDSDFLW\IRU FRQWLQXRXV ORQJLWXGLQDO GDWD FROOHFYV
DVLPLODU SDUDGLJP VKLIW 7KHTXHVWLRQLVQ..WZKHWKH !
RGV EXWZKHQ DQG KRZZH..OO VROYH WKH PHWKRGRORJLFLEL
WKHLU SRWHQWLDO 7KLV WKHVLVY DGGUHVVHYVY RQH FULWLF
LQJ GDWD SUREOHP WKDW FXUUHQWO\ VWDQGYV DV WKH SULP
SURPLVH RI VPDUWSKRQH EDVHG WUDYHO VXUYH\V

&EXUUHQW OLPLWDWLRQV DQG JDSV RI ¢
UHVHDUEFK

OXFK RI WKH H[LVWLQJ UHVHDUFK KDV IRFXVHG RQ DGGUHW"
WKH SUREOHP VXFK DV GHYHORSLQJ DOJRULWKPV IRU VWRS
XVLQJ FRPSOHWH GDWDVHWY 7R GR VR WKHVH VWXGLHV RI)\
VXFK DV XVLQIJ GHYHORSHU XQORFNHG GHYLFHVY RUUHVWULT
QDWXUDOO\ ZKHUH DOJRULWKPVY WR DGGUHVYV PLVVLQJ GDV
EHHQ XQGHU VLPLODUO\ RSWLPDO VLWXDWLRQV VXFK DV KL
HDFK SDUWLFLSDQW RU E\ OLPLWLQJ WKH FRUUHFWLRQ PHI
VPDOO HQRXJK WKDW WKH\ FDQ EHILOOHG ZLWK DOJRULWKP
LV PLVVLQJ LV D FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH
SUDFWLFDO VROXWLRQV WKDW FDQ EHDSSOLHG WR UHDOLV\

SHVHDUFK 4XHVWLRQV

7TRDGGUHVV WKHVHLVVXHYV WKLV WKHVLVZLOOH[SORUH WKF

Z:KDWDUHWKHUHDVRQVIRUPLVVLQJGDWDLQVPDUW VXU
LVVXHV DUH GXH WR KDUGZDUH VRIWZDUH RURWKHU IDF
SHUVLVW LQWR WKH IXWXUH"

Z+RZ VLJQLILFDQW LV WKH SUREOHP RI PLVVLQJ GDWD" :K|
IRUPDNLQJLQGHSHQGHQW HVWLPDWHY DQG FRPSDULQJ

Z&DQ ZH FUHDWH D FRPSOHWH GDWDVHW WKDW SURYLGH
PRELOLW\DQDO\VLV" ,V WKLY GDWDVHW EHWWHU WKDQ K

$LPVDQG 2XWOLQH

7KH SURJUHVVLRQ RI WHFKQRORJ\ DGRSWLRQ IROORZV D SD
LWVHOI :KDW EHJLQV DV D VWUDLJKWIRUZDUG TXHVWLRQ €
FROOHFW WUDYHO GDWD"%€ LQHYLWDEO\ OHDGYV LQWR LQFL
W UHPLQGY PH RI D UHFHQW FRQYHUVDWLRQ DERXW DXWRP
FRQFHSW LV VLPSOH GHWHFW ZKHWKHU WKH FDU LV PRYLQJ
SOHPHQWLQJ WKLV VHHPLQJO\EDVLFIXQFWLRQ UHTXLUHG G



$LPVDQG 2XWOLQH

WKHFRXQWOHVV HGJH FDVHYV

7KLY SDWWHUQ RILQFUHDVLQJ FRPSOH[LW\ XSRQ PRYLQJ IU
FKDUDFWHUL]JHY ERWK WHFKQRORJLFDO HYROXWLRQ
FKDSWHU IROORZV ORJLFDOO\VIURP WKH SUHYLRXV R
LIHG NQRZOHGJH DQG LQFUHDVLQJO\ VRSKLVWLFDW
WKRUQLHU DVSHFWV RI WKH PLVVLQJ GDWD SUREOHP

"HEHIJLQ ZLWK IRXKEGBSWHRQWURGXFHYVY WKH 6WDWLVWLFV 1H
DSS DQG H[SORUHV LWV SRVVLELOLWLHY DQG FKDOOHQJHYV
SDUWLFLSDQWY 7KLV FKDSWHU H[DPLQHYVY WHFKQLFDO SHI
GDWD TXDOLW\ SURYLGLQJD ILUVW DVVHVVPHQW RI VPDUW
PRELOLW\ UHVHDUFK W HVWDEOLVKHY WKH WHUPLQRORJ'
WKHVLY SUHVHQWLQJD EURDG RYHUYLHZ RI WKH FKDOOHAQ.

+DYLQJ FRQFUHWHO\ HVYWDEOLVKHG WKH UH®IODLIW RU WKH P
DVNV ZKDW LV UHDOO\WKH RQO\ORJLFDO IROORZXS TXHVWL
DERXW WKH OHYHOV RIPLVVLQJGDWD LQ RXUVXUYH\V" 7KLV
ULFV IRUDVVHVVLQJ PRELOLW\ GDWD LQFOXGLQJ VSDUVLW
5DGLXV RI *\BRW[WQV XOWLPDWHO\D YHU\ SUDFWLFDO FKD S
DV DJXLGHIRUDQDO\]LQJ WKH GDWD UH¥ X &/WRXQVWQO UQ A \D Q HDY
HUDO HVVHQWLDO DOJRULWKPV IRU SDUVLQJ UDZ ORFDWLRC
WKH 7RS 'RZQ 7LPH5DWLR DOJRULWKP IRUVHJPHQWDWLRQ
UHOLHV RQ UHVSRQGHQWY WR LQWHUSUHW WKHLU RZQ DFW
SOLVK WKLV DOJRULWKPLFDOO\*D VHHPLQJO\VLPSOH WDVN
LQLPSOHPHQWDWLRQ

JLQDOO\ LW HYDOXDWHY WKH %GR QRWKLQJ% DSSURDFK WE
PDLOWDLQHG LWV VWDWXV DV PRVW FRPPRQ PHWKRG RI DGC
OHQJHV 7KHIDFW WKDWLQWHUSRODWLRQDORQH SHUIRUP
UHVXOWYV VHWV WKH VWDJH QLFHO\ IRU WKH FKDSWHUV WKD
PHWKRGRORJ\

&KDSWHWSUHVHQWY WKH PHWKRGRORJLFDO KHDUW RI WKH
LQWR WKH WHFKQLFDO ZHHGV +HUH ZHLQWURGXFH '\QDPLF
,PSXWDWL®RQ, DV D QRYHO DSSURDFK WR ILOOLQJ ORQJ JDS
WUDMHFWRULHY 7KH DSSDUHQW VLPSOLFLW\ Rl WKH RUL.
PLVVLQJ GDWD"% € JLYHV ZD\ WR D FRPSOH[ PHWKRGRORJI
VRSKLVWLFDWHG WLPH VHULHVY DQDO\VLY WHFKQLTXHV 7KI
YDULDQWVY RI WKH PHWKRG '\QDPLF 7LPH :DUSLQJ %DVHG 0
,QIRUPDWLRQ, +,DQG '\QDPLF 7LPH :DUSLQJ %DVHG OXOWLS
/IRZ ,QIRUPDW®%RQ/2 WKURXJK H{IWHQVLYH VLPXODWLRQ VW
WKHLU SHUIRUPDQFH DJDLQVW RWKHU DSSURDFKHWXHYXFK D
WKH HQJLQHHUV ILQH WXQLQJ WKH DXWRPDWLF ZLQGVKLHC
RI UHDO ZRUOG FRQGLWLRQV ZH..UH GHYHORSLQJ VSHFLD
FKDOOHQJHV RI VPDUWSKRQH EDVHG PRELOLW\ GDWD

JLQD&O®IODSWHWBSOLHY WKHVH PHWKRGRORJLHY WR UHDO ZRL
WKHLU SUDFWLFDO XWLOLW\ DQG OLPLWDWLRQV ,Q LW Z




L, QWURGXFWLRQ

RXV FKDSWHUV WR SURYLGH D URDGPDS IRUUHVHDUFKHUYV ZF
WUDYHO VXUYH\ GDWD SDUWLFXODUO\ZKHQ GHDOLQJ ZLWK
GDWD 7KLV FKDSWHU EULQJV RXU WHFKQLFDO MRXUQH\ IXO(
SOLFDWLRQVDIWHUKDYLQJEHHQLQIRUPHG E\WKHVSHFLDO
WKH ZD\

7TKURXJKRXW WKLV SURJUHVVLRQ WKH WKHVLV PLUURUV WK}
FHVV LWVHOI PRYLQJ IURP LGHQWLI\LQJ JHQHUDO SUREOH!
VSHFLDOL]HG VROXWLRQV HDFK EXLOGLQJ XSRQ WKH ODVW
PRUHWHFKQLFDODV ZHJR EXW WKLV LQFUHDVLQJVSHFLDOI
SUDFWLFDO DGYDQFHV LQ KRZ ZH FROOHFW DQG DQDO\]H PR
ILQHPHQW LQ DXWRPDWLF ZLQGVKLHOG ZLSHU WHFKQRORJ\
HDFK PHWKRGRORJLFDO GHYHORSPHQW LQ WKLV WKHVLV WD
LQJ GDWD FKDOOHQJH EULQJLQJ XV LQFUHPHQWDOO\ FORVI
WUDYHO VXUYH\V



3DUW, ’

2Q LGHQWLI\LQJ
DGGUHVVLQJPLVVLC






$Q $SS $VVLVWHG 7
6XUYH\LQ 2IILFLDO 6W
SRVVLELOLWLHV DQG &

$SEVWUDFW

$GYDQFHV LQ VPDUWSKRQH WHFKQRORJI KDYH DOORZHG IR
QHDU FROWLQXRXVORFDWLRQ WUDFNLQJDWD YHU|SUHFLV
UHVHDUFK WKH 7UDYHO 'LDU\ 6WXG| KDV FRQWLQXHG WR R
RYHU WKH \HDUV UHVHDUFKHUV DUH ORRNLQJ WR WKHVH P
EHWZHHQ VHOI UHSRUW UHFDOO VWXGLHV DQG D SHUVRQ ...
DUWLFOH GHWDLOV DQ RSHQ VRXUFHDSSOLFDWLRQ WKDW F
UHVSRQGHQWYV PD| WKHQ DQQRWDWH WR SURYLGH D GHWDI
ILHOG WHVW LQYROYLQJ SDUWLFLSDQWYVY DUH GLVFXVVHG
GDWD TXDOLWIDQG UHVSRQVH UDWH

3DUWV RI WKLV FKDSWHU KDYH EHHQ SXEOLVKHG LQ OF&RRO ' [/XJWLJ 3
$Q DSS DVVLVWHG WUDYHO VXUYH\LQ RIILFLDO VWDWLVWLFV 3RVVLE
6WDWLVWLFV € KWWSV GRL RUJ MRV OF&RRO HW D



$Q $SS $VVLVWHG 7TUDYHO 6XUYH\ ,Q 2IIL

,QWURGXFWLRQ

8QGHUVWDQGLQJ WKH WUXH XQGHUO\LQJ PRYHPHQW EHKDY|
JUDSKLF DUHD LV D NH\ FRPSRQHQW LQ WKH IRXQGDWLRQ R
FLVLRQV ,QVWLWXWLRQVUHVSRQVLEOHIRUJHQHUDWLQJRI
OLQHG LQVWUXPHQWY WR HQDEOH WKH FROOHFWLRQ RILPSR
RUJDQL]DWLRQV FXUUHQWO\ LP'S OHP HIQWVF K BB WRFR RDQW YV |
D VHULHV RI WULSV DQG VWRSY RYHU D VSHFLILHG WLPH SH
FRPSOHWHG ZLWKLQ SUREDELOLVWLF VDPSOHV WKH DJJUHJ
WUDYHO GHPDQG EHWZHHQ UHJLRQV JHQHUDWH VWDWLVWI
PRQLWRU WKH XSWDNH RI JUHHQ LQFHQWLYHV VXFK DV WHO}

8VDIJH/R6 LQ RIILFLDO VWDWLVWLFV WR FUHDWH D JUDQXODL
EHKDYLRU RYHU WLPH KDV VSDQQHG PRUH WKDQ KDOI D FHQYV
KDYHHYROYHG ZLWK WKH WLPHV ITURPIDFH WR IDFHLQWHUY
JUDGXDOO\LQWR PDLODQG WHOHSKRQH VXUYH\LQVWUXPHQ
E\D WUDQVLWLRQ WR ZHE EDVHG PHWKRGRORJ\ LQ WKH HDU
HW DO $UHQW]H HW BIXDXVHQ $OWKRXJIK WKLV PRGH HYRC
KDV OHG WR ERWK UHGXFHG FRVWYV DV ZHOO DV LQFUHDVHG |
RQ UHVSRQGHQW UHFDOO IRUJHQHUDWLRQ RI WKH GLDU\ KD

5HVHDUFKHUV KDYH ORQJEHHQ DZDUH RI WKHWHQGHQF\RI W
GHUUHSRUWLQJ &OBURKMHWINAQ HWWHBHQW VWXGLHV FRPSD
FRQFXUUHQW *36 DQG UHFDOO PHWKRGRORJLHV KDYH GHPRQ
PHWKRGRORJ\SURGXFHV XQGHUUHSRUWLQJRIVKRUW WULS\
SDUWXUH WLPHVY RYHUHVWLPDWLRQ RIWULS OHQJWK DQG X
WUDYHO %ULFNBRBWILRBQ HW)ROUHVW 3HDUMROD\HW DO
BWRSKHU 6KH@®OIHW DO ORUH JHQHUDOO\ WKH UHVSRC
IRO'6 KDYH KDYH EHHQ GHFUHDVLQJ VWHDGLO\ RYHU WKH GHF
QRWHG GLVSURSRUWLRQDWH QRQ UHVSRQVH IRUODUJH KRX
DQG \RXQJHU DGXOWV DQG\2KRHLIQW WICPLODU QRQ UHVSRQ\
ZLWKLQ KRXVHKROGYV PDNLQJ WKH IHZHVW DQG PRVW WULS"
EXUGHQVRPH VWXGLHV XVLQJ VWDQGDORQH *36 GHYLFHV k
UHVSRQVH FKDOOHQJHV EXW GR VHHP WR LQFUHDVH XSWDN
%ULFND HW DODQDJLQJ ORZHULQJUHVSRQVH UDWHV UHTXLU
SHU UHVSRQGHQW RIDQ DOUHDG\H[SHQVLYH GHVLJQ ZKLFK
ILQG PRUH FRVW HIIHFWLYH ZD\V WR DFFHVV WKH LQIRUPDW!|

6PDUWSKRQH EDVHG WUDYHO VWXGLHY KDYH EHHQ SURSRVFE
LVVXHV RI FRVW DQG GHFUHDVLQJ UHVSRQVH UDWH DPRQJ\
SKRQHSHQHWUDWLRQ RYHU WKHODVW GHFDGH KDV QHDUHG
IURP 6WDWLVWLFV 1IHWKHUODQGV LQGLFDWLQJ WKDW RYHU

D PRELOH GHYLFH &HQWUDDO % XUHD X$GRR W GRIQEDADIDW L 5/RVAC
HW DO IRXQG WKDW UHVSRQGHQWY UDWHG LQWHUDFWLRQ .
WKDQ HLWKHU D WUDGLWLRQDO XVHU FRPSOHWHG WUDYHO
OHVV  EXUGHQVRPH DQG ERWI REG®UY HW MG PRQVWUDWHG

WKDW VPDUWSKRQH EDVHG DSSVY SURYLGHG KLIJKHU TXDOLW



6WDWLVWLFV 1IHWKHUODQGY 7UDYHO $SSOLFDWLRQ RYHL

EDVA® 7KHVH SRWHQWLDO DGYDQWDJHYV KDYH OHG WR WK
DSS EDVHG WUDYHO GLDULHV &&RNWHU O GBI HY HW DO
NQFK HW DO3UHOLSFHDQ HWR@GDWH KRZHYHU WKHVH
LHVY KDYH \HW WR DGGUHVV WKH XQLTXH FKDOOHQJHV LQYF
WKH JHQHUDO SRSXODWLRQ QRU KDV WKH LPSDFW RI D OD|
DVVHVVHG 7R WKDW HQG WKH SULPDU\JRDO RI WKLV UHVHI
VHVVPHQW RI D VPDUWSKRQH EDVHG WUDYHO VWXG\ ZLWKLC
SUREOHPV DW WKH GLITHUHQW FRPSRQHQW OHYHOV RI 7TRWD
HUDO SRSXODWLRQ VXUYH\V LPSRUWDQW UHTXLUHP
ORZ GURS RXW ORZLQ DSSPLVVLQIJGDWD DQG KLJK
SORUHV WKHVH IHDWXUHVY $SDUW IURP WKHVH PRUH
DUHFRPSOH[ORJLVWLFDO DQG SURFHGXUDO UHTXLU
KHUH WKH\DUH QRW IRFDO LQ WKLV H[SORUDWLRQ

L, QWURGXFWLRQ RI WEHWQRVEDVWHIB®OYHU EXOOHW 7KHUH DL
DULVLQJIURP *OREDO 1DYLJDWILGQ 61DW K O DR MWEHVS VWWKHHPRA H (
UDQJLQJ IURP WKH SUREOHPV RI XUEDQ FDQ\RQV WR WKH Ot
WDEOLVKDQ LQLWLDO VLI®OBOLAM ILBRMBWM®ODOWKRXJIK SURFI
ORFDWLRQ GDWD FDQ EH DV DFFXUDWH DV P WKLV DFFX
GHYLFHV /LX HWIBOEDUG HW DQ@YHQ ZKHQ WKH DFFXUDF\ LV D
DEOH WHFKQLFDOLVVXHVZLWKWKHDSSOLFDWLRQV WKHPV
WUDYHO EHKDYLRUV 5S5RGQGHSESMOQBAH QW RI WHFKQLFDO LVV,
LVVXHVY SUHVHQW DQ DGGLWLRQDO KXUGOH 7KH WUDQVLWL
IURP UHVSRQGHQW..V VXEMHFWLYH LQWHUSUHWDWLRQ RI
GLIILFXOW WDVN DQG WKHUHGXFWLRQLQ EXUGHQ H[SHFWF
LV\HW WR VXUIDFH 3UHOKkK®SRHHWHMMMHIODR HW DO ,P
SRUWDQWO\ DSSV PXVW DOVR UHPDLQ XVHU IULHQGO\ RU L

,Q WKLV VWXG\ ZH DLP WR LQYHVWLIJDWHMWKWMRHDVLEL
EH UREXVW HQRXJK DJDLQVW WKHVH HUURUV WR EH XVDEO
VXUYH\V RI WUDYHO EHKDYLRU

6WDWLVWLFV 1IHWKHUODQGV 7UDYHO $
YLHZ

7TKHLQLWLDO REMHFWLYH RI WKLY VWXG\ ZDV WR GHYHORS
WR DVVHVV WKH SRWHQWLDO RI VPDUWSKRQH WHFKQRORJ\ |
WKH DSS ZDV GHVLIQHG ERWK WR FROOHFW WKH GDWD RI LC
XVHU LQSXW WKDW ZRXOG DOORZ DVVHVVPHQW RI WKH GDW
UHSUHVHQW EDFN WR WKH SDUWLFLSDQW WKHLU PRELOLW!
ODWLWXGH DQG ORQJIJLWXGH XSGDWHV IUHTXHQWO\ HQRXJ
VHSDUDWH WKHVHPHDVXUHPHQWV LQWR D VHULHV RIPRYLQ
SHULRGYV VWRSV 7KLVZRXOGWKHQDOORZWKHXVHU WR H(
OHYHO DQG WULS OHYHO LQIRUPDWLRQ

7KH 7UDYHO $SS 6\VWHP LV FRPSULVHG RI D IURQW HQG DQ
HQG FRQVLVOMVRD WHKIHS$SSS ZKLFK FROOHFWV WKH ORFDWLR






6WDWLVWLFV 1IHWKHUODQGY 7UDYHO $SSOLFDWLRQ RYHL

GLVWULEXWLRQDQGDGGUHVV SRWHQWLDO SULYDF\FRQFH!
WHQG LV DYBMOMDEWOHIWODE FRP WDEL

8VHU ,QWHUSDIFHY ZKR GRZQORDG WKH DSSOLFDWLRQ WR WK
TXHVWHG WR ORJ LQ XVLQJ WKH FUHGHQWLDOV UHFHLYHG L
WKH PDLO 8SRQ VXFFHVVIXO UHJLVWUDWLRQ RI WKHLU GHY
WR HQDEOH ORFDWLRQ SHUPLVVLRQV RQ WKHLU GHYLFH 6S
GLIIHU DFURVV GHYLFHV DOWKRXJK WKH 8, SURPSW GRHV G
RISHUPLVVLRQ VWDWXV XVHUV DUH SURYLGHG ZLWK
XVH Rl WKH DSSOLFDWLRQ 8VHUV DUH VKRZQ KRZ WR
ZLWKLQ D GD\ DGGLQJ DQQRWDWLYH LQIRUPDWLRQ
WKH DSSOLFDWLRQ..V ORFDWLRQ WUDFNLQJ EHKDYL

JLIXUH ,QWHUIDFH IRU LQLWLDO ORJLQ SHUPLVVLRQV DQG

KLOH WKH DSSOLFDWLRQ LV UXQQLQJ DQLFRQLV YLVLEOH
DFFHVVHV WKH QRWLILFDWLRQ GUDZHU D PHVVDJH LV YLVLI
LV UXQQLQJLQ WKHEDFNJURXQG WR WUDFN PRYHPHQW

7KH XVHU LQWHUIDFH IRUDGGLQJ DQQRWDWLRQV LV RUJDQ]
DWPLGQLJKW $ XVHU RSHQLQJWKHDSS ZKLOH LW LV UXQQL
WDNHQ WR D OLVW Rl WKH FXUUHQW GD\...V VWRSV DQG WUDI
WKH 'D\ 2YHUYLHZ LW LV SRVVLEOH WR UHWXUQ WR WKH FD
GD\V WR GULOO GRZQ LQWR HDFK VWRS RUWUDFN RU WR DC
YLIXUH

&OLFNLQJRQDVWRSRSHQVD PDSZLWKD SRLQWDQG VXUUR
XVHU..VUHIJLVWHUHG ORFDWLRQ IRUWKDW WLPH SHULRG &
ZLWK WZR SRLQWYV UHSUHVHQWLQJ VWDUW DQG VWRS ORFD
WKHLU PRYHPHQW WUDMHFWRU\ 7KLV PDS FDQ EH PDQLSXO|
RUGHU IRU WKH XVHU WR GHWHUPLQH ZLWK JUHDWHU DFFXL
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JLIXUH 8VHU ,QWHUIDFH IRU WUDYHO ORJ GLVSODIDQG GDI| O

PHQX UHTXHVWYV XVHUV WR UHFRUG D QDPH DQ KKRIDWRQ IRU
WKH WUDFN PHQX ZKLFK UHTXHVWYVY WKDW XVHUV HQWHU WK
LQ WKH WULS OHJ

7KH XVHU LV SUHVHQWHG ZLWK GLITHUHQWLDO LFRQV LQGLFI
KDV EHHQ FRPSOHWHG $ XVHU ZKR FRPSOHWHYV D GD\ E\ DVV
DQOQRWDWLRQV WR HDFK VWRS DQG WUDFN RQ D GD\ bV ZHO
DQOQRWDWLRQ TXHVWLRQV ZLOO VHH D FKHFN PDUN IRU WKH (

$OJRULWKPVDQG LPSOHPHQWDWLRQ

7KH DSSOLFDWLRQ FROOHFWV DQG VDYHV UDZ GDWD IURP DG
DWLRQ $3, LPSOHPHQWDWLRQ )RU L26 WKLV LV &RUH /RFDW
VHUYLFHV.. *RRJOH /RFDWLRQ 6HUYLFHV $3, LV SUHIHUUHG
QDWLYHDQGURLG ORFDWLRQ $3,LVFDOOHGLQ LWV SODFH §
DWLRQ $OWKRXJK WKH PHWKRGV WKDW SURGXFH WKH ORFED)
LW LV NQRZQ WKDW WKHVH ORFDWLRQ $3,V DLP WR SURGXF|
FRPELQLQJLQIRUPIBWORGDORE )L VLIQDOV DQG FHOO SKRQH
$QGURLG GHYLFHV RIIHUD VHWWLQJH[WHUQDO WR RXUDSSO
WR XVH*RO&\LJQDOV RU WR WXUQ RQ ...KLJK DFEXUDF\ PRGH.
DWLRQ GHULYHG IURP WKH FRPELQDWLRQ RF16 6ML PRDMOHW R R
LQIRUPDWLRQ 'HYLFHV UXQQLQJL26 DV DQ RSHUDWLQJ V\V
GLVD'HOGBH DOWKRXJK LW LV DFFHVVLEOH RQO\ WKURXJK D VHLU
ZLWK L26 $SSOH GHYLFHV RITHU WKH XVHU WKH RSWLRQ W
ZLWK WKH UHTXHVWLQJ DSSOLFDWLRQ HLWKHU RQO\ ZKHQ Wi
IRUHJURXQG RUDW DOO WLPHV

7KH IRUPDW DQG FRQWHQW RI WKH FRRUGLQDWHYV UHWXUQH
WKH SROOHG VA\VWHP /DWLWXGH DQG ORQJLWXGH DUH XQL°



6WDWLVWLFV 1IHWKHUODQGY 7UDYHO $SSOLFDWLRQ RYHL

JLIXUH 8VHU ,QWHUIDFH IRU WULS DQG VWRS GHWDLO DQ

QXPEHU RIVLJQLILFDQW GLJLWV YDULHV $OWLWXGH LV UH S
HVWDEOLVKHG EHWZHH QLW&/NVGWHYR FHKHQIGFBXUDF\ UHW XU Q'
*RRJOH /RFDWLRQ 6HUYLFHV $3, LV GHILQHG DV WKH UDGLXV
7KH LQWHUSUHWDWLRQ RI WKH KRUL]JRQWDO DFFXUDF\ YDU
FXUUHQWO\ XQGRFXPHQWHG E\ $SSOH

+LJK /RZ WUDFRKRDSSOLFDWLRQ UXQQLQJ RQ WKH PRELOH
IRUPDWLRQ IURP WKH 26 VSHFLILF $3, DWUHJXODULQWHUYD
RIPRYHPHQW :KHQ WKH GHYLFHLY GHWHUPLQHG WR EH QR
UHTXHVWV D ORFDWLRQ XSGDWH RQFH SHU PLQXWH LQ RUGHFH
WKH GHYLFHLV LQ PRWLRQ WKHORFDWLRQ UHTXHVW LV VX
GURLG WKH DSSOLFDWLRQ DOVR DFFHSWV RWKHU ORFDWL|
GLITHUHQW DSSOLFDWLRQV ZLWK WKH JRDO RI SURYLGLQJ W
LQFUHDVHG FRVW WR EDWWHU\ OLIH

$Q DOJRULWKP ZDV GHYHORSHG LQ RUGHU WR GHWHUPLQH
EHWZHHQ WKH WZR WUDFNLQJ SURILOHV 7KLV DOJRULWKP
GLVWDQFH 7KH LPSOHPHQWDWLRQ LV VLPLODU LQ WKH $Q
$ OLVWHQHU LV HQJDJHG WR UHFHLYH ORFDWLRQ XSGDWH"
ORFDWLRQ UHSRVLWRU\RQ WKH GHYLFH (DFK XSGDWHG OR'
SDUDPHWHU WR GHWHUPLQH ZKHWKHU D GLVWDQFH FKHFN \
WLPH SDUDPHWHU LV H[FHHGHG WKH GLVWDQFH IURP WKH LF
FDOFXODWHG XVLQJWKH +DYHUVLQH IRUPXOD 7KLV FDOF X(
GLVWDQFH SDUDPHWHU WR GHWHUPLQH ZKHWKHU RU QRW W
WKDW WKH UHSRUWHG DFFXUDF\RI WKH ORFDWLRQ LV ODUJF
QXPEHU LV XVHG LQVWHDG Rl WKH GLVWDQFH SDUDPHWHU L
WKH SRWHQWLDOO\HUUDWLFEHKDYLRULQDVLWXDWLRQLQ
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DUH UHWXUQHG EHFDXVH RI SRRU VLIJQDO DYDLODELOLW\ I
WKLV QXPEHU WKH DSSOLFDWLRQ DFWLYDWHYV KLIJK WUDFN
ORFDWLRQ XSGDWHV DW WKH UDWH RI RQH SHU VHFRQG ,I LV
DFWLYDWHG DQG ORFDWLRQ XSGDWHV DUH UHTXHVWHG RQF!

6WRS GHWHFWLRQ UKWROXMBELEROWHFWLRQ DOJRULWKP GHYH
DSSOLFDWLRQ IXQFWLRQV VLPLODUO\ WR WKH KLJK ORZ WU
LGHQWLILHV D VWRS ZKHQ WKH GHYLFH UHSRUWHG ORFDWL
SDUWLFXODU OHQJWK RI WLPH %\ DOWHULQJ WKHVH WZR SD!
GXUDWLRQ LW LV SRVVLEOH WR DGMXVW WKH VHQVLWLYLW
EH FRQVROLGDWHG LQWR D VLQJOH VWRS ,Q 6HFWLRQ )LHC
RI RXU VWXG\ LQ ZKLFK ZH YDULHG WKHVH DWWULEXWHYV DFL
VWXG\ FRQGXFWHG SRVW KRF RQ WKH ILHOG WHVW GDWD LQ
ORFDWLRQV LQ HDFK FRPELQDWLRQ RI UDGLXV DQG GXUDWLF
GLIIHUHQFHV LQ WKH QXPEHU RI LGHQWLILHG VWRSV .LLOOTC

:KLOHDOO ORFDWLRQ XSGDWHV ZHUH VWRUHG LQ WKH UHSR\
WKH UHSRUWHG DFFXUDF\ ZDV OHVV WKDQ PHWHUV ZHUH
RI VWRS GHWHUPLQDWLRQ 7KH VWRS GHWHFWLRQ DOJRULMW
WKH WLPHVWDPS RI WKH ODVW NQRZQ VWRS LV UHTXHVWHG
SRVLWRU\ 6HFRQG WKH VHW RI ORFDWLRQV ZLWK WLPHVW
WKH ODVW NQRZQ VWRS DUH UHWXUQHG 7KLUG WKH VHW R
JURXSY EDVHG RQ WKH GLVWDQFH EHWZHHQ WKH SRVLWLRQ\
WKHGLVWDQFH EHWZHHQ HDFK QHZ SURSRVHG ORFDWLRQ D(
WLILHG DV EHORQJLQJ WR D VWRS ,I| WKLY GLVWDQFH LV OH\
ORFDWLRQ LV LQFRUSRUDWHG LQWR WKH H[LVWLQJ VWRS |
UDGLXY SDUDPHWHU LW EHFRPHVY WKH ILUVW ORFDWLRQ LQ I
WLPH HODSVHG EHWZHHQ WKH ILUVW DQG ODVW ORFDWLRQ L
DQG FRPSDUHG DJDLQVW WKH GXUDWLRQ SDUDPHWHU I WI
YDOXH WKH PHDQ ODWLWXGH ORQJLWXGH DQG WKH EHJLQC
UHJLVWHUHG LQ WKH ORFDO GDWDEDVH

$GMDFHQW VWRSV DUH PHUJHG ZKHQ WKH GLVWDQFH EHWZH
VLWLRQ LV OHVV WKDQ RQH KXQGUHG PHWHUV )ROORZLQJV
YLVLWY FDQ EH SURFHVVHG 6WRSV PD\ EH SODFHV WR ZKL
KRXVH RUZRUNSODFH $ VWRS YLVLW LV WKHUHIRUH D VLQJ)
D VWRS

7UDFNMDFNV ZHUH GHILQHG DV WKH VHW RI ORFDWLRQV EHW

JLQQLQJODWLWXGH ORQJLWXGHDQGHQGLQJODWLWXGH OR

LWRU\ 7UDFN OHQJWK ZDV FDOFXODWHG DV D VXPPDWLRQ RY

FRQVHFXWLYH ORFDWLRQV DIWHU ILOWHULQJ RXW FRRUGLQ
PHWHUYV

2ZWKHU GDWD FROOHFWHG
'DWD ZHUH FROOHFWHG DW YDULRXV LQWHUYDOV 8SRQ UHJ
LOQIRUPDWLRQ ZDV UHFRUGHG LQ WKH GDWDEDVH LQFOXGL(



JLHOG WHVW

26 DQG YHUVLRQ QXPEHU $V GHVFULEHG LQ WKH SUHFHGLQ
FROOHFWHG DW WLPH LQWHUYDOV RI YDU\LQJ OHQJWK DQG
DQG VWRSYV

8VHUV ZHUH UHTXHVWHG WR DQQRWDWH DOO WUDFNV ZLW
XWLOL]JHG LQ WKH PRYHPHQW O9DULRXV FRPPRQ RSWLRQV Z
D GURS GRZQ VHOHFW PHQX LQ DGGLWLRQ WR DQ RSHQ WH
FRPPRQ IRUPV RIWUDQVSRUWDWLRQ 8VHUV ZHUH UHTXHVW
PRWLYH RI WKH VWRS 8VHUV ZHUH SURYLGHG ZLWK D OLVW |
DV KRPH ZRUNDQG VKRSSLQJ $GGLWLRQDOO\ XVHU
PDUN WKH VWRS DV LQFRUUHFW 6WRSV FRXOG EH JL

TR IDFLOLWDWH GHWHFWLRQ RI XQH[SHFWHG HYHQWYV
EDFN RQ WKUHH GD\ OHYHO TXHVWLRQV ,'LG\RX KDYH \RXU
WRGD\"... ,:DV WRGD\ D QRUPDO GD\ IRU \RX"... DQG ,'R \RX
GD\"..

JLHOG WHVW

$ILHOG WHVW ZDV GHVLJQHG DQG FRQGXFWHG LQ ODWH L
UHVHDUFK TXHVWLRQV

7R ZKDW H[WHQW DUH SHUVRQV ZLOOLQJ WR UHJLVWHU
WLPH ORFDWLRQ VHQVRU GDWD"

KDW LV WKH TXDOLW\ RI WKH UHVXOWLQJ VHQVRU GDWD

7R IDFLOLWDWH FRPSDULVRQ ZLWK H[ZV&W E@D B8 X E WHIGNE \U H
WKH 'XWFK OLQLVWU\ Rl ,QIUDVWUXFWXUH ZDV VHOHFWHG
&HQWUDDO %XUHDX YRRU BHBW BWVVYWAHGI DV D &RPSXWHU {
‘HE ,QWHUYERBZL®UDU\ VWXG\ ZKHUHUHVSRQGHQWV NHHS W
LQFOXGLQJ VWDUW DQG HQGSRLQWYV DQG WLPHV IRU D VSH

SDUWLFLSDQWYV
7KHILHOG WHVW VXUYH\ZDV VHQW WR VDPSOH SHUVRQV
VDPSOHG IURP WKH 'XWFK SRSXODWLRQ UHJLVWHU DQG KDC
WKH SRRO RI SUHNM\RXRQGHQWY ZKRVH VXUYH\V KDG EHHQ F
PRQWKV RI BHSWHPEHU DQG 2FWREHU 7KH WDUJHW SRS
\HDUV DQG ROGHU OLYLQJLQ QRQ LQVWLWXWLRQDOL]HG |

OHWKRGYV
,QFHQWLYH VWUDSWUDGORR R UDWLILFDWLRQ RI WKH VDPS
LQFHQWLYH FRQGLWLRQV 3HUVRQV ZHUH UDQGRPO\ DVVL.
FRQGLWLR®V © © © =© DQ® =© &© DQGUHFHLYHG
DEULHI ZLWK WKH FRUUHVSRQGLQJLQIRUPDWLRQ $00 LQF
JLIW FDUGV PDLOHG WR UHFLSLHQWYVY $00 VDPSOH SHUVRC
2QH WKLUG RI WKH VDPSOH ZDV SWRPZVWEBFARQPSQ MW R/EPRRC
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UHJLVWUDW IFR®BOQWLRQDO RQ VHYHQ GD\V RI UHFRUGHG WL

ZDV SURRLVHRBQGLWLRQDO RQ VHYHQ GD\V RIWUBYHO GDWD

FRQGLWLRQDO RQ VHYHQ GD\V RI UHFRUGHG WUDYHO GDWD

WKH UHIHUHQFH WR WK H R G FRQEBRWH RKPIOLQFHQWLYH FRQGL
DQG

6WRS GHWHFWLRQ VWoWDWPWOHEBWURRQYV ZHUH DGGLWLRQDO(
IHUHQW VWRS GHWHFWLRQ SDUDPHWHUY DW UDQGRP 3DUW
WLRQ G RI HLWKHU RU PLOQXWHLQWHUYDOV DQG D

PHWHUV LQFOXVLYH UHSUHVHQWLQJ WKH PD[LPXP GLVWI
D VWRS 7KHVH SDUDPHWHUV ZHUH LPSOHPHQWHG WR LQIO
RI WKH DOJRULWKP WR DXWRPDWLFDOO\ LGHQWLI\ D VWRS
ORRVHU FULWHULD DQG KLJKHU YDOXHV UHSUHVHQWLQJ PRL
SDUDPHWHUYV ZHUH LPSOHPHQWHG LQ WKH EDFN HQG RI WKFE
SDUWLFLSDQWYV

ODWHULDOV

7KH VDPSOH ZDV VHQW DQ LQYLWDWLRQ OHWWHU E\ PDLO Z
ERWK D 45 FRGH DQG 85/ 6 HU®LYHIOWE Y @RBQGLQJ SDIJH 7KH L
OHWWHU DUULYHG RQ 1RYHPEHU QG DQG SHUVRQV ZHUH JLY
XQWLO '"HFHPEHU WK 2Q WKHODQGLQJSDJH SHUVRQV ZHU|
DWLRQ DQG D EULHI HISODQDWLRQ RI WKH VWXG\ DQG WKH C
DSSURSULDWH DSSOLFDWLRQ VWRUH EDVHG RQ GHYLFH RSH
2Q 1RYHPEHU WK WKRVH SHUVRQV \HW WR UHJLVWHU ZLW
PLQGHU OHWWHU LQ WKH PDLO FRQWDLQLQJ WKH VDPH ORJL!
2Q 1RYHPEHU UG UHVSRQGHQWY ZKR KDG QRW UHDFKHG V
ZHUH VHQW D PRWLYDWLRQ OHWWHU $00 OHWWHUV WKH D¢
LOQIRUPDWLRQ RQ KRZWR FRQWDFW 6WDWLVWLFV 1IHWKHUOD
ILFXOWLHV

$QDO\VLYV SODQ
$VWKH SULPDU\JRDO ZDVWRHVWDEOLVKWKHIHDVLELOLW\ I
DWLRQ ZHDLPHG WR LQYHVWLIJDWHLQLWLDO XSWDNH VWXC(
XSWDNH DQDO\WHYV ZHUH VWUDWLILHG E\ WKH GHPRJUDSKLF'
ODWLRQ UHJLVWHU DV ZHOO DV E\ LQFHQWLYH FR®QGLWLRQ
VWDWXV 'URSRXW DQDO\WVHV ZHUH VWUDWLILHG E\ WKHVH V
LQFOXGHG LQIRUPDWLRQ RQ WKH W\SH RI PRELOH GHYLFH X'
RSHUDWLQJ V\VWHP 4XDOLW\RI WKH GDWD ZDV MXGJHG E\
DOLJQPHQW RIVXPPDU\PHDVXUHWIRIWHWS RDWHVW G DWDB X!
VHW RI SDUWLFLSDQWY ZKR ZHUHLQYROYHG LQ WKHG6HSWHP



SHVXOWYV

SHVXOWYV

5HJLVWUDWLRQ DQG UHVSRQVH
2l SDUWLFXODULQWHUHVW ZDV ZKHWKHU XVHRIDQDSS EDV
SDUWLFLSDWLRQ UDWHY DQGWRGHWHUPLQH ZKLFKIDFWRL
RU SDUWLFLSDWLRQ $GGLWLRQDOO\ WKLV VWXG\ VRXJKW
QRQUHVSRQVH DQG GURSRXW ZHUH VHOHFWLYH E\ XVLQJ D(
DOO "'XWFK UHVLGHQWY RIDOO SRWHQWLDO UHVSRQGHQWYV

7KH IROORZLQJ VHTXHQWLDO VWDJHV ZHUH UHTXLU
UHFHLYLQJDQG UHDGLQJ WKH LQYLWDWLRQ OHWWH
ZLWKLQ WKHDSS DFFHSWLQJORFDWLRQ SHUPLVVLRQ
WKH IXO0 VHYHQ GD\V DQG SURYLGLQJ DQQRWDWLYH GDWE
WR FRLQFLGH ZLWK WKH WKLUG VWHS GHYLFH UHJLVWUDWL

21 WKH UHVSRQGHQWY ZKR ZHUH VHQW D OHWWHU U
WKH ORJLQ LQIRUPDWLRQ WKH\ UHFHLYHG OHDGLQJWR D W
BUHYLRIXMDUWLFLSDQWY KDG D UHVSRQVH UDWH RI FRPS
DFTXLUHG VDPSOH..V UHVSRQVH UDWH RI 7KLV UHIOHF
UDWH WKDQ WKH DQG 2REMDLQW® CRU UHVSHFWLYH
&HQWUDDO %XUHDX YRR U &HQMDDWDIO/WXHNDX YRRU GH 6 WD

UzZvVv :YO $V VKRZQ LQ 7DEIO-HWKUHH LQFHQWLYH FRQGL

DQG DFKLHYHG UHVSRQVH UDWHV RI DQG

LYHO\

7KHPHDVXUHRIQRQ UHJLVWUDWLRQUHSUHVHQWVY DQRYHU
HYHU GLVWLQJXLVKLQJ QRQ FRQWDFW UHIXVDO DQG QRQ
SRVVLEOHRQO\IRUWKRVH SHUVRQV ZKRLQGHSHQGHQWO\ F
&RQWDFW ZDV UHFHLYHG IURP SHRSOH ZKR DWWHPSWHG WI
ZHUH XQDEOH WR GRZQORDG DQG LQVWDOO WKH DSSOLED\
JLVWHUHG LV ZLWKLQ WKLV VWXG\ D FORVH DQDORJXH RI
UHJLVWHU D GHYLFH DUH OLNHO\ WR EH WUDGLWLRQDO QRQ

7TDEOH 'HYLFH UHJLVWUDWLRQ XQLW UHVSRQVH UDWHE|VDPSOH\
BQUHJIJLVWHUHG S5HILVWHUHG

Q Q

6DPSOH VRXUFH
2',1 UHVSRQGHQWYV
1HZO\ DFTXLUHG

,QFHQWLYH

7TRWDO
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1RQUHVSRQVH

'"HYLFH UHJLVWUDWLRQ VWDWXYVY YDULHG DFURVYV NQRZQ GF
'XWFK SRSXODWLRQ UHJLVWHU ZKLFK LV D JRYHUQPHQWDO
LVWUDWLYHLQIRUPDWLRQ RQDOO SHUVRQV UHJLVWHUHG D\
SHUVRQV ZHUH PRUH OLNHO\ WR UHJLVWHU D GHYLFH WKDQ R
OHVV OLNHO\WR UHJLVWHU D GHYLFH WKDQ WKRVHRULJLQDC
WLRQ LPPLJUDQWY ZHUH OHVV OLNHO\WR UHJLVWHU D GHYLF
ubQwyvy 3HUVRQV ZLWK FROOHJH GHJUHHV RU KLJKHU ZHUH F
WKDQ WKRVH ZLWK HOHPHQWDU\ RU YRFDWLRQDO VFKRRO Gl

'LYRUFHG DQG ZLGRZHG SHUVRQV ZHUH OHVV OLNHO\ WR UH.
ZLWK SHUVRQV ZKR ZHUH QHYHU PDUULHG +RZHYHU VLQJO
OHVV OLNHO\ WR UHVSRQG WKDQ IDPLO\ KRXVHKROGV ZLWK
PRUH OLNHO\ WR UHJLVWHU D GHYLFH WKDQ ZHUH UHQWHUYV
LQFRPHVY ZHUH DOVR PRUH OLNHO\ WR UHJLVWHU WKHLU GHY

ORVW WUDQVSRUWDWLRQ UHODWHG FKDUDFWHULVWLFV WK
SRSXODWLRQ UHJLVWHU LQFOXGLQJ SRVVHVVLRQ RI D FDU
VLIJQLILFDQWO\ UHODWHG WR UHJLVWUDWLRQ VWDWXV 3R\
HYHU ZDV VLJQLILFDQWO\ UHODWHG WR UHJLVWUDWLRQ VW
GULYHU..V OLFHQVH PRUH OLNHO\ WR UHJLVWHU D GHYLFH \
OLFHQVH

*HRJUDSKLF YDULDEOHYV LQFOXGLQJDGGUHVYVY GHQVLW\ DQ
DEOHV ZHUH QRW VLJQLILFDQWO\ UHODWHG WR GHYLFH UHJL
VSRQVH DFURVV DOODYDLODEOH YD LLMEXSSHRVMQ EH IRXQG L

'URS RXW

7THFKQLFDO GLIILFXOWLHY FRQWULEXWHG WR DPELJXLW\ LQ
SDUWLFLSDQWY UHSRUWHG DQ LQDELOLW\ WR VHQG GDWD IF
WLRQ 21 WKH SDUWLFLSDQWYVY ZKR UHJLVWHUHG D GHYLFF
*36 GbWD 3DUWLFLSDQWY ZKR FRQWDFWHG 6 WDWLVWLFV 1H
LOVWUXFWHG WR XSJUDGH WKHLU 26 YHUVLRQ UHLQVWDOO V
HQW GHYLFH (DFK DGGLWLRQDO UHJLVWUDWLRQ zZzDV UHFRU
SDUWLFLSDQWY FRPSOHWHG UHJLVWUDWLRQV RI ZKLFK
GLITHULQJPRGHORU 26 YHUVLRQ DQG WKHUHPDLQLQJ ZH

XQLTXH WR XVHU GHYLFH FRQILIXUDWLRQV SHRBXFHG QR
WKH GLVWULEXWLRQ RI ODFN RI *36 GDWD DFURVYV 26 DQG 26
DQ $QGURLG GHYLFH ZRXOG VHQG *36 ORFDWLRQ GDWD DW O
DFURVV RSHUDWLQJ VI\VWHP YHUVLRQV $OWKRXJK ZH IRXQG
OLNHO\ QHYHU WR VHQG GDWD ZH GLG QRW REVHUYH GLIIHL
'LVWLQJIJXLVKLQJ LQ D GHWHUPLQDWLYH ZD\ WKRVH XVHUV Z
SHUPLVVLRQ ZKHQ SURPSWHG LQ WKH 26 IURP WKRVH ZKR HJS
ZLWK ORFDWLRQ SURYLVLRQ RUIRU ZKRP RWKHU VHWWLQJV |
ORFDWLRQ SURYLVLRQ ZDV QRW SRVVLEOH ZLWK WKH DYDLO

,QDGGLWLRQWR GURSRXWRYHUWLPH ZLWKLQ WKHVHYHQ GI
RI GURSRXW ZLWKLQ D GD\ LQ ZKLFK WKH DSS ZRXOG QRW V'l



SHVXOWYV

7TDEOH 'HYLFH UHJLVWUDWLRQ E\ VDPSOH FKDUDFWHULVWLFV

S8QUHJIJLVWHUHG

S5HILVWHUHG

Q

Q

$JH FDWHJRULHYV
> @
@
@
@
2ULJLQ
"X W F K
1RQ ZHVWHUQ
"HVWHUQ
*HQHUDWLRQ
JLUVW
6HFRQG
ODULWDO VWDWXYV
ODUULHG
1HYHU PDUULHG
'LYRUFHG
'LGRZ ZLGRZHU
(GXFDWLRQ
9RFDWLRQDO
(OHPHQWDU\
6HFRQGDU\
*UDGXDWH
8QLYHUVLW\
8QNQRZQ
+RXVHKROG W\SH
6LQJOH
3DUWQHUV
3DUWQHUV FKLOG
6LQJOH SDUHQW
2WKHU KRXVHKROG
+DV GULYHUV OLFHQVH
1R
<HV
+RPH RZQHUVKLS
2ZQ
5HQW FRUSRUDWLRQ
5HQW RWKHU
8QNQRZQ
7RWDO

IRWZHP LWV QRQ UHVSRQGHUV ODF&LELI HUHYRHWVEDYDILESOQW S
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7TDEOH 26 DQG YHUVLRQ E\ GDWD VWDWXV
1R ORFDWLRQV /IRFDWLRQV

Q Q
$QGURLG

L26

TRWDO

WKH IXOO0 KRXUV EXW ZRXOG FRQWLQXH WR VHQG GDWD
D VXEVHTXHQW GD\ :KLOH LW LV QRW SRVVLEOH WR GLVWL
UHRSHQLQJ RI WKH DSSOLFDWLRQ IURP WKH GDWD WKH SDW
VXSSRUW WR WKH LGHD WKDW WKLV HIITHFW FRPHV IURP WKH
LQYHVWLIJDWH WKLY SKHQRPHQRQDQG GHWHUPLQH LWV HIIH
JDS WLPH *DS WLPH UHIHUV WR WKH OHQJWK RI WLPH EHWZ}
UHSRUWYV IURP D VLQJOH GHYLFH $ GHYLFH IXQFWLRQLQJ Sl
UHVWULFWLRQV LPSRVHG E\ WKH RSHUDWLQJ VIVWHP Rl WK F
RI DSSUR[LPDWHO\ RQH VHFRQG ZKLOH LQ PRWLRQ DQG RI R
$IWHU UHPRYLQJ GXSOLFDWH UHFRUGV RQ DYHUDJH ZH LG

VHFRQGYV GXULQJ WULSV DQG D PHDQ JDS WLPH RI VHF
QRQ WULS DFWLYLW\

$W IDFH YDOXH UHFHLYLQJDQ XSGDWH GXULQJ WULSV DW KI
VWDWLRQDU\ SHULRGV PRUH RIWHQ WKDQ UHTXHVWHG VHHP'
LV ORVW +RZHYHU LI ZHLQVWHDG FRQVLGHU WKH PD[LPXP
DGLITHUHQW SLFWXUH HPKRZAVMWKDWDSSUR[LPDWHO\ RI W
RI QRQ WULS DFWLYLW\ FRQWDLQV JDS WLPHV JUHDWHU V
FDOFXODWHG RQ WKH EDVLVY RI DYDLODEOH GDWD WKHUHII
DJJUHJDWH VXPPDWLYH VWDWLVWLFV ZLOO OLNHO\EH XQGH
WLPHVY DUH OLNHO\ WR FRYHU SHULRGV RI PHDQLQJIXO GDW
OHQIJWK RIDQDFFHSWDEOH JDS WLPH WR FRQVLGHU FRYHUD
RQHQGJIJRDOV FKRRVLQJDPD[LPXPJDS WLPH QR ODUJHU WK
DQDYHUDJH RI KRXUV FRYHUHG SHU XVHU GD\

&RPSOLFDWLQJ WKH SUREOHP WKHJDS WLPHV DUH QRW HYH
GDb\ ,QIDFW WKHUHLV HYLGHQFH WKDW WKHVH JDS WLPHV U
OHDGLQJWRDJUHDWHU SURSRUWLRQ RIPLVVLQIJQHVYV ODWE
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7TDEOH 'HVFULSWLYH VWDWLVWLFV IRU WUDYHO GLVWDQFH .0
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JLIXUH .LORPHWHUV SHU GD| El VXUYHI

WKH DSS VXFFHVVIXOO\LQLWLDWHY WUDENLQJD FRPPXWHU
ZKLFK ORVHVY FRQWDFW LQ WKH FRXUVH RI WKH GD\ GURSSL:
HYHQLQJ

&RQFOXVLRQV

7KHSULPDU\JRDORIWKLVUHVHDUFK ZDVWRGHWHUPLQH ZK't
DWLRQ RI VPDUWSKRQH WUDYHO GLDULHV ZDV IHDVLEOH LQ
,QRUGHU WR EH FRQVLGHUHG IHDVLEOH ZH RXWOLQHG UHTX
DFFHSWDEOH UHVSRQVH UDWH DQG WKH GDWD FROOHFWHG
HOQRXJK TXDOLW\WR DOORZ IRULPSRUWDQW PHWULFV WR EH

5HVSRQVH UDWHV IRU WKLV VWXG\ ZHUH VLPLORUWWR WKRVH
$OWKRXJIK SULRU WR UHVSRQVH UDWHYV ZHUH XSZDUGV |
IXQFWLRQ RIWKH &%$7,DQG &%$3, FRQWDFW LQLWLDWLYHV IROC
ZHUH YHU\ FRVWO\ 6LQFH WKHVHPRGHY KDYH EHHQ SKD'
&%$:, PRGH ZKLFK ORZHUHG UHVSRQVH UDWHV WR DQG

DQG 7KH UHVSRQVH UDWH IRU WKLV VWXG\...VQHZ
EXWLQ SODFHRIDVLQJOH GD\...VGDWD WKH\DUH UHVSRQG
ZRUWK RI GDWD

SHVSRQGHQWY DOVR SURYHG ZLOOLQJ WR SURYLGH DQQRWTI
$OWKRXIK WKLY FXUUHQWO\ WDNHVY WKH IRUP RI ODEHOLQJ
WUDQVSRUWDWLRQ PRGH WKHVHDUHYDULDEOHV ZKLFK FRX



SHVXOWYV

WKH GDWD LWVHOI DV WKH DFFXUDF\ RI PRELOH GHYLFH *36
OHYHODFFXUDF\ 'DERYH +XRBREIKWHIN 7KLVIUHHV UHVHDUEFK
WR UHGXFH UHVSRQGHQW EXUGHQ E\HLWKHU UHO\LQJ RQ W't
D YHULILFDWLRQ DSSURDFK ZKHUH UHVSRQGHQWY HLWKHU
FRUUHFW LW

,PSRUWDQWO\ WKLV VWXG\ LGHQWLILHVY D PDMRU KXUGOH
LWLRQ WR DS6LPBOME®HQWDWLRQV 7KHUHLVDPSOHHYLGHC
VXJIJHVW WKDW FRQFHUQV RYHU GURSRXW DQG PLVVLQJ GDYV
$ UHFHQW VXUYH\ Rl WKH VWDWH RI WKH DUW RI EXU
GHPRQVWUDWHG WKDW DFURVV GLIIHUHQW DSSV
LQJV\VWHP DQG SKRQH PDQXIDFWXUHU LPSDFWHG ER
GDWD +DUGLQGHVHDUFKHUVLQ WKLVILHOGKDYHUHPDLQHG
WKDW LPSURYHG VPDUWSKRQH WHFKQRORJ\ ZRXOG DGGUHYV
LQJGDWD ORZDFEXUDF\ XUEDQ FDQ\RQV DQG BAHWWHIW\ OL I
30DW]HU&RWWULOO HWXUY HW DORQJ HW DO*UHDYHYV
HW DO 9HU]JRVD HW DOOWKRXJIJK WKHVH SUHGLFWLRQV DUH
DV WKH\ SHUWDLQ WR WKH LQH[RUDEOH PDUFK RI WHFKQROR
WKDW WKH UHVXOWDQW GDWD ZLOO EH DQ\ EHWWHU DV QH?2
UHSODFH WKH ROG &RQVLGHU EDWWHU\OLIH LQ RUGHU WR
UHTXLUHPHQWY $QGURLG KDV LPSOHPHQWHG PHFKDQLVPV
LQJ WKH XVHU OHDGLQJ WR JDSV DQG XQLQWHQWLRQDO GU
)RU WKH VDPH EDWWHU\ FRQFHUQV L26 KDV WDNHQ RY
DWLRQ PDQDJHPHQW V\VWHP UHVWULFWLQJ WKH IUHTXHQF
OHDGLQJ WR WKH SUREOHP RI FROG VWDUWYV LQ WKH GDWD

5HVHDUFKHUV XOWLPDWHO\KDYH OLWWOH FRQWURO RYHU V
ZLOO EHLQVWDOOHG *RRJOH $SSOH DQG WKH YDULRXV Gt
WR EH RSHQ LQ UHOHDVLQJ GHWDLOV GHVFULELQJ WKH SUFL
VI\IVWHPVY $GGLWLRQDOO\ DV YHUVLRQV PRYH TXLFNO\ DQGC
DWLRQV D VI\VWHP WKDW IXQFWLRQV ZHOO RQH \HDU PD\ Ul
WKHIROORZLQJ\HDULQ RUGHU WR FRQWLQXH WR IXQFWLRQ
PD\ XOWLPDWHO\EH TXLWH GLITHUHQW DV ZHOO ,W PD\EH W
IRUWKH WLPH EHLQJ FRQWLQXH WR LQYROYH SDUWLFLSDQ
ZLWK DFWLYH FRQWURO TXHVWLRQV

,WLVHDV\WRYLHZ WKLVDVDQHJDWLYHLIZHYLHZLWLQ WE
DQG FRPSOHWH GDWD WKDW FRPHV EDFN IURP ZULWWHQ VX!
KDYHEHHQ SURPLVHG KLIKHU TXDOLW\ G D W D6 WERDNMW/RAHU L F V
FXUUHQW VWXG\GHPRQVWUDWHY WKDWDQ\LQFUHDVHLQTX
WKHVH GDWD PXVW EH MXGJHG RQ WKHLU RZQ WHUPV 7KH U
NHV\WR LWV XVH ,GHQWLILFDWLRQ RI WKHLVVXHVY XQGHUO\L
LV DQ LPSRUWDQW ILUVW VWHS 7KH QH[W VWHS PXVW EH
IRU WKH WHFKQRORJLFDO LVVXHV DV ZH GR IRU RWKHU PH\
WKH XQLTXH FKDUDFWHULVWLFV RI WKH GDWD LWVHOI PD\ S
QDWXUH RI WKH GDWD FROOHFWHG PD\DOORZ UHFRYHU\RIF
SHUVRQ..VRZQ WUDYHO ORJ WKH VSDWLDO QDWXUH RI WK}
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PHDVXUHPHQW HUURU DQG WKH VKHHU VL]H RI WKH GDWD PL
LQIHUHQFH WR XV 7THFKQRORJLFDO FKDOOHQJHV ZLOO SHUV
UREXVW PHWKRGRORJ\IRULGHQWLILFDWLRQ RI WKH WUXH X
DUH VXIILFLHQW WR SURYLGH JURXQGV IRU JRRG LQIHUHQFF
WKHVHLQLWLDO VWHSV



OD[LPXP LQWHUSRODE
OHQJWK LQ PLV
VPDUWSKRQH EDVH
PRELOLW\ GD

3DUWV RI WKLV FKDSWHU KDYH EHHQ SXEOLVKHG LQ OF&RRO ' [XJIJWLJ
LPXP LQWHUSRODEOH JDS OHQJWK LQ PLVVLQJ VPDUWSKRQH EDVHG *36
KWWSV GRL RUJ \% OF&RRO HW DO
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$SEVWUDFW

3DVVLYHO| JHQHUDWHG ORFDWLRQ GDWD KDYH WKH SRWHQW
SRUWDWLRQ UHVHDUFK DV GHPRQVWUDWHG E\ D GHFDGH RI
WKHVH GDWD LV D KLIK SURSRUWLRQ RI PLVVLQJQHVV 1DY
GHOHWLRQ RIVXEMHFWV RUGDIV RUOLQHDULQWHUSRODW!L
WLDO WR ELDV VXPPDUl| UHVXOWYV 2Q WKHRWKHU KDQG LW
GDWD DW IUHTXHQFLHV KLIK HORXJK WR UHIOHFW DOO SRVYVI
ZHGHVFULEH WKHUHODWLRQVKLS EHWZHHQ WKH WHPSRUDO
JDSV DQG LOOXVWUDWH WKH LPSDFW RQ PHDVXUHV RI LQWH
SURSRVHD PHWKRG WR GHDO ZLWK PLVVLQJ ORFDWLRQ GDWI
GRZQ WLPH UDWLR VHIPHQWDWLRQ PHWKRG ZLWK VLPSOH O
LOWHUSRODWLRQ LPSXWHYV PLVVLQJ GDWD 7KH VHIJPHQWDYV
RI ORFDWLRQ SRLOWV WR D VHULHV RI OLQHV FDOOHG VHJI
IRUUHODWLYHO| VKRUW JDSV EXW LV HYDOXDWHG DOVR IR
IHFW RI RXU LPSXWDWLRQ PHWKRG IRU WKH GXUDWLRQ RI PL
REVHUYHG VXEVHW RI REVHU YQIWIURDQY'WH OURW MGIH:H ILQG WKD
JDSVGHPRQVWUDWH JUHDWHU GRZQZDUG ELDV RQ WUDYHO C
UDGLXV RIJIUDWLRQ DV FRPSDUHG WR VKRUWHU EXW PRUH Il
LQJQHVV LV XQUHODWHG WR WUDYHO EHKDYLRU WRWDO VSD
ZLWK JDS OHQJWKYV RI XS WR PLQ ZKLOH PDLOWDLQLQJ D
ELDVLQ WKHPHWULFV RILQWHUHVW 7HPSRUDO DVSHFWYV FI
RFFXUULQJLQ WKHHYHQLQJRU QLJKWKRXUVLVOHVVELDVL



L QWURGXFWLRQ

,QWURGXFWLRQ

BHQVRU GDWD KDV WKH SRWHQWLDO WR LQWURGXFH QHZ GH
UHVSRQVH EXUGHQ KXPDQ HUURU DQG VXEMHFWLYLW\ ,Q\
VWXGLHV DQG HFRORJLFD O UGBV M RZKZ IO DQWRPLW YV VHFF
DGH RI XVH &ROOHFWLRQ RILQGLYLGXDO WUDFHV XVLQJ U
URVH ZLWK WKH XELTXLW\ Rl VHQVRU HTXLSSHG PRELOH GH
LQGLYLGXDO OHYHO VHQVRU GDWD KDV WKH FDSDFLW\ QRW
WR SURYLGH D EDVLV IRU EHKDYLRUDO LQ\HODH QW LHR\) ¥ 09

'"HVSLWH WKLV IDFW PRVW SXEOLFDWLRQV UHSUHVHQ
DSSV $0O0OVWUfP BRWDPEHUV HW DOUUD HW DOF&RRO HW
DO ,Q IDFW D UHFHQW 6:8%DE@XQG MVMKRW WKH PDMRULW
VHDUFK WHDPV GLVFRQWLQXHG WKHLU DSSOLFDWLRQV IROC
.XPDZDW 2QO\ UHFHQ8WIBIGYPH) FHG WR VHFRQG URXQGV R
OHFWLRQ RU XQGHUWDNHQ UHVHDUFK EH\RQG WKHL
OROOR\HW DZDWWHUVRQ HW DO

%HFDEM¥ABLP WR FROOHFW GDWD ERWK DW D KLJK IUHT
DOPRVW DOO VWXGLHY HQFRXQWHU SUREOHPV ZLWK PLVVL
FRQWURO RI DQ\LQYROYHG SDDWG Q& HWWINRQJ HW DO
‘LHHW DO :KLOH PDQ\UHVHDUFKHUV RSW WR UHPRYH F
WLPH FRQWDLQLQJVSDUVH GDWD WKLV ERWK ULVNV ELDVL
VDPSOH VL]HV LQ D ILHOG ZKHUH SDUWLFLSDWLRQLV DOUH
HW DO 5HVHDUFKHUV ZKR DJJUHJDWH WKH GDWD WR UHP|
QDWXUH GLVFDUG WKH SRWHQWLDO EHQHILWV LQKHUHQW LC
DQG PD\ VWLOO LQWURGXFH ELD V5 REXYDWHHW KR\GB QR | KD Q
PLVVLQJ GDWD DULVHLQGHSHQGHQWO\IURP DQ\RIVL[GLIIH
OHDUQLQJ WUDQVSRUWDWLRQ HQJLQHHULQJ JHRVFLHQFF
+DUULVRQ HWBBI®YL]L HW BRHQ HW DO (DFK ILHOG PD\
KDYHLWV RZQ WHUPLQRORJ\DQG VHW RI XQGHUO\LQJ DVVXF
VHDUFK RI EHVW SUDFWLFHV WR SDUVH WKURXJK GLVSDUDW

&UXFLDO WR DYRLGLQJ WKH SURSDJDWLRQ RI ELDVHV IURP
LPSDFWRIWKHPLVVLQIJGDWD 4XDQWLILFDWLRQFDQ EH WK
JLUVW NH\ RXWFRPH PHDVXUHY VKRXOG EHLGHQWLILHG DV
LQJ SURFHVV 6HFRQG LWLV SRVVLEOH WR HVWDEOLVK D UF
DYDLODEOHLQ WKHLQFRPSOHWH GDWD VXFK DV WKH DPRX
RI'WKHJDS $ WKLUG VWHS ZRXOG DOORZ WULS FKDUDFWHU|
IXUWKHU 6WHS IRXU LV WKHHVWLPDWLRQ RI WKHPLVVLQJP
EHEDVHG RQ WKHUHODWLRQVKLSY XQFRYHUHG LQ SUHYLRX
SOHWH GDWD )LQDOO\ ZH PD\DOORZ IRU VWHSVY WKUHH DQ
IHDWXUHYV

,Q WKLV SDSHU ZH GHWDLO VWHSV RQH WKURXJK WKUHH 7K
GLVFXVVHV FDXVHV DQG H[LVWLQJ VROXWLRQRXRUWOR QMWL Q.
PHWKRGV IRUGHVFULELQJWKHH[WHQW RIPLVVLQJQHVVLQ"
LW IRU DQDO\VL VH[BHRMIHR/QWKH UHODWLRQVKLS EHWZHHQ E
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ULFVDQG PLVVLQJ GDWD E\LQGXFLQJPLVVLQJQHVV LQWR FI
6HFWLR®LVFXVVHY WKH UHVXOWV RI WKH VLPXODWLRQ DQG
HVWDEOLVKLQJ WKH OLPLWV DW ZKLFK VLPSOH PHFKDQLVPV
EHJLQ WR IDLO

&DXVHV RI PLVVLQJQHVYV

&DXVHV RI PLVVLQJQHVV LQ SDVVLYHO\ FROOHFWHG ORFDW
UHODWLYH LPSDFW +HBKHQ HBMORBKHWHFKDQLVPV GXH WR
VLIQDO ORVV VXFK DV EORFNHG OLQH RIVLIKW RU WKH %FR
VPDOO JDSV 2WKHUV PD\ SURGXFH ORQJHU JDSV REVFXULQ.
GD\ E\FDXVLQIJWKHGHYLFHWRVWRSWUDQVPLVVLRQ VXFKI
WKHDSSE\WKHGHYLFHRUXVHU SRZHULQJRIIRIWKH GHYLFI
PRGH 6RPH RI WKHVH PD\ WDNH GD\V WR UHVROYH OHDGLQ
/IDVWO\ GHYLFHLQFRPSDWLELOLW\DQG UHVSRQGHQW ZLOO|
WKH XVHU OHYHO

7KH VLPSOHVW FDXVH RI VLIJQDO ORVV LV LQWHUUXSWHG OL(
*166JHQHUDWHG WUDMHFWRULHV ZLWK XVHUV .. *UB&ERUGHG W
WUDMHFWRULHY FRQWDLQHG DW OHDVW RQH LQVWDQFH RI E
7KLV WHQGV WR EH UHODWHG WR SDUWLFXODU ORFDWLRQ L
LQJ WKURXJK D WXQQHO RU XQGHUSDVV ,Q WKHVH FDVHV \
WUDQVPLVVLRQ OHDGLQJWR QR GDWD EHLQJ UHFRUGHG IRU
WKH *36 VDWHOOLWH DQG WKH SKRQH DUH XQDEOH WR HVWLEL
LV OLQHDUO\ LQWHUSRODWHG E\ FRQQHFWLQJ WKH FRRUGL
IROORZLQJ WKLV JDS WKLV DVVXPHV D SDWK WKDW LV SHUIF
WLPH $V WXQQHOV DQG XQGHUSDVVHV DUH RIWHQ FRQVWU X
LQPLQG WKHH[SHFWHG LPSDFWRQ GLVWDQFH RU QXPEHU RI
LPDO EXW DQ\GHYLDWLRQ RI WKH WUXH SDWK IURP WKLV OL
RQ WKH XQGHUO\LQJ EHKDYLRU 2Q WKH RWKHU KDQG D WUX|
WR QR ELDV HYHQ LI WKH VLJQDO LV EORFNHG IRU D PXFK OR
FDVH ZLWK D WUDLQ WUDYHOLQJ WKURXJK D WXQQHO

$ VHFRQGDU\SK\VLFDO FDXVH LV WKH VR FDOOHG %XUEDQ FD
ZKHUHPDQ\WDOO EXLOGLQJV DUHVLWXDWHG FORVH WRJHWk
OLQH RI VLIJKW &KHQBEHWLIDADUO\ XUEDQ HQYLURQPHQWYV FDC
KROHV % RU DUHDV LQ ZKLFK DOO HQWHULQJ WUDMHFWRULH
+RQJHW DO 8QOLNH PLVVLQJ GDWD FDXVHG E\ D VKRUW W X (
ZLWKLQ XUEDQ FDQ\RQV RU EODFN KROHV LV QRW UHVWULFV
$ VOLIJKW GRZQZDUG ELDVLQJRIGLVWDQFH DQG UDGLXV RIJ
GDWD WKDW FRQWDLQ PLVVLQJQHVV GXH WR XUEDQ FDQ\RQ\
DUHD PD\EH ORVW HQWLUHO\ 8UEDQ FDQ\RQV FDQ DOVR OHD
VDWHOOLWH VLJQDOV FDXVH HUURQHRXV WULDQJXODWLRQ

7KH FROG VWDUW SUREOHP LV DQRWKHU FRPPRQ FDXVH RI
GHPRQVWUDWLQJ WKDW RI DOO WUDMHFWRULHY FRQWD

%HFDXVH VRPHRQH...V ORFDWLRQ LV XVXDOO\ GHWHUP
LQGRRUV DQGE\*36 RXWGRRUV WKHVWDUWRID WULS LV RI



L QWURGXFWLRQ

DW WKH ERXQGDU\ 7KH SURFHVV RILGHQWLI\LQJ D VXIILFLFE
RUGHU WR DFFXUDWHO\UHFRUG D SRVLWLRQ LV QRW LPPHG

VHFRQGV WR PLQ WR SURYLGH DQ LQLWEBB®HRYHWLR(
FDQ UDQJH TXLWH IDU ZLWKLQ WKLV WLPH SHULRG DQG XC
XQOLNHO\ WR EH IROORZLQJ D VWULFWO\ OLQHDU SDWK IUR
EXLOGLQJ WR WKH SRLQW DW ZKLFK WKH VLIJQDO LV UHJDLQ
RIGLVWDQFH WUDYHOHG DQG UDGLXV RI J\UDWLRQ LQ FDOF
LQWHUSRODWLRQ LV H[SHFWHG :KHQ WKH XQGHUO\LQJ WULI
WULS WKDW LV VXIILFLHQWO\ VKRUW DQ HQWLUH WULS PD\ |

:KLOHPDS IHDWXUHV DQG GDWD FKDUDFWHULVWLFV PD\DOC
RI VKRUW JDSV WKH JHQHUDWLRQ PHFKDQLVPV EHKLQG OR
FRPPRQ SDWWHUQRIPLVVLQJGDWD RFFXUV ZKHQ WKH GHYL
RQ EHKDOI RIWKHDSSOLFDWLRQ 7KLV FDQEHDVDFRQVHT?
KDV VKXW RIl WKHLU SKRQH RU FORVHG WKH DSSOLF
DQG SDUW RI WKH GHVLJQ RI WKH RSHUDWLQJ V\VWH
L26 RSHUDWLQJ VA\VWHPYVY DOLNH ERWK KDYH LQWURG
ZKHQ D SKRQH XVHU LV QRW GLUHFWO\ HQJDJHG ZLWK WKH
PRGH RU +LEHUQDWLRQ YWFKRRWHW DO$SGGLWLRQDOO\ VR
SKRQH PDQXIDFWXUHUV LQFOXGH YHUVLRQV RI WKH $QGURF
DJJUHVVLYHO\ NLOO DSSV SUHYHQWLQJ WKHP IURP UXQQL
DO &RQVHTXHQFHV YDU\ ZLWK UHVSHFW WR WKH OHQJW
RI WKHJDS $ OHQJWK\ SHULRG RI PLVVLQJ GDWD IROORZHC
LQGLFDWH WKDW WKH GHYLFH ZDV LQ KLEHUQDWHBRWW GR]
KLIJIKHUOHYHOV RIVSDUVLWA\LQ WKH QLJKWWLPHKRXUV OLI
FDVH WKHLPSDFWRQ GLVWDQFH VSUVLRP ORI@®OE WMFUWMW HPW D
HYHQWVLVOLNHO\WREHPLQLPDO +RZHYHU WKHUHLV OLW
LQ ZKLFK WKH DSS KDV EHHQ FORVHG HLWKHU E\ WKH XVHU
UHRSHQHG E\ WKH XVHU 7KLV KDV WKH SRWHQWLDO WR RE\
DQG PD\ SURGXFH ODUJH GRZQZDUG ELDVHER*LDOQGL ¥ WA FH
RIWHQ PLVV WULSVY DQG VWRSVY 7KH ORQJHU WKH JDS WKH
EH

'"HYLFHV WKDW FHDVHUHFRUGLQJGDWD GXHWREDWWHU\GL
GDWD SDWWHUQV EXW PD\EH LGHQWLILDEOH LI WKH DSS U
LV PRUH OLNHO\ WR RFFXU GXULQJ D WULS OHDGLQJ WR PL
XSGDWLQJ SURFHVV WHQGVY WR EHLQ LWVHOI GUDLQLQJ RQ
PRUH OLNHO\ WR XVH EDWWHU\ DV ZHOO DV SURKLELW FKDU
GDWD FROOHFWLRQ EHJLQV DJDLQ WKLV LV OLNHO\ WR RFF
RU ZRUN

7TKHVH VLWXDWLRQV OHDG WR JDSV LQ D XVHU ...V ORFDWLR
UDQJLQJ IURP KRXUV WR GD\V RU ZHHNV /DFNLQJ D PRGHC
WH[WXDOL]LQJ WKH LQWHULP SHULRG DFFXUDWHO\ DFFRX
SRVVLEOH
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7TDEOH ([LVWLQJ VROXWLRQV IRU PLVVLQJ GDWD

6WXG\ /S XPSWLRQV $X[LOLDU\LQIR

%DUQHWW / 5HFRUGHG EHRKIDWLIRQJ EHKDYLRU /RQJLWXGLQDO GDW!

%LHUODLUW 7UDMHFWRULHV IROORZ PDSV 7TUDQVSRUWDW

%LKUPDQQ/ *HRJUDSKLF YDULDEOHYVY QRW RI LOQOWHUHVW

+XDQJ % 7UDMHFWRULHV UHSUHVH@WHGSP\WIHDO RYHUODS
PHWULFV

/L 6 7TUDMHFWRULHV IROORZ PDSYV 0ODS GDWD

/LX 6 *DXVVLDQJDSV VWULFWO\0&$5 /IRQJLWXGLQDO

OHVHFN 6 OLVVLQJIJDVVXPHG VWDWLRQDU\

1DzD] % 6SDWLDO DJJUHJIJDWLRQ /IRQJLWXGLQDO C

3UHOLSFHD¥® 5HFDOO GDWD DUH DFFXUDWH 7UDYHO VXUY

6FKXHVVOH& 7UDM IROORZ PDSV 7TUDQVSRUWDWLRQ C

=KDR / SHFRUGHG EHRKIDWMIRQJ EHKDYLRU /RQJLWXGLQDO GDW!

IRWHESSOLFDEOH WR JDSV RI OHQJWK/ ORQJ 6 VKRUW % ERWK

SUHYLRXV VWXGLHYV
3UHYLRXV VWXGLHV KDYH SURSRVHG DGGUHVVLQJ PLVVLQJ
WDLQ ZD\V 3UHOLSFHDXYHG \VDHD| FRPSOHWLRQ WULS GLDU
LQ SDVVLYHO\ JHQHUDWHG GDWD WR HVWDEOLVK D MRLQW J
ILOOHG HDFK JDS ZLWK WKH PHGLDQ ORFDWLRQ RI WKH SUHFF
PDQQ DQG (UVE ®HUIRUPHG PXOWLSOH LPSXWDWLRQ RQ DJJL
LQWHUHVW +XDQJLPBO®WPHQWHG IX]]\ F PHDQV LPSXWDWLR
WD[L *OREDO 3RVLWERD GOWEDWR GRQWWUXFW PLVVLQJ VHJI
WKH WUDMHFWRULHV %DUQTHWW-RQR EQIMDPSOHG IURP
H[LVWLQJ WUDMHFWRULHV WR ILOO LQ JD S W LAHRKXBIMYK HW DQ

DQG /L HW DOXVH PDS PDWFKLQJ PHWKRGV WR LPSURYH
2WKHUV VXFK DV 1DZDPHMW DIOX DQG 2QQHOMH RWKHU PHWK
RGV Rl SUREDELOLVWLFDOO\ HVWDEOLVKLQSZRDPMWERNFAXY YV Z
RYHUYLHZ RI VRPH UHFHQW PHWKRGRORJLHYV

KLOH PHWKRGY KDYH EHHQ SURSRVHG IRUPDQDJLQJ WKHVH
DYDLODEOH DV D EHQFKPDUN WR UHVHDUFKHUYV ORRNLQJ WR
LWLRQ RI WKHLU RZQ PLVVLQJ GDWD LQ RUGHU WR JXLGH W
DSSO\WKHVH PHWKRGV +ZdRRIHWD@D=KDR HW DO :H

ILOO WKLV JDS E\ VLPXODWLQJ PLVVLQJ GDWD ZLWK GLIIHUH
WUDYHO VXUYH\ GDWD ,Q WKH VLPXODWLRQV ZH YDU\JDS C
LWLY SRVVLEOH WR VHW ORZHU WKUHVKROGV IRU ZKHQ PLV
7KLV FULWLFDO ILUVW VWHS HQDEOHV VHOHFWLRQ RIDQ LPS
UHVHDUFK JRDOV DQG GDWD DYDLODELOLW\

,Q WKLY SDSHU ZH HYDOXDWH WKH PHWKRG RI OLQHDU LQW
RI'YDULHG VLIHV XQGHU WKHDVVXPSWLRQ WKDW FHUWDLQ |
LWLV OLNHO\ WKDW XVHUV KDYH IROORZHG D PRVWO\ OLQHLEL
PDS PDWFKLQJ PHWKRGV ZKLFK PD\EH DSSOLHG LQ D VXEVH
ZKLFKDUH PRUH FRPSOH[] DQGRIWHQ XQDYDLODEOH IRU SHG



OHWKRGYV

OHWKRGYV

:KHQ ORFDWLRQ GDWD DUH FROOHFWHG WKH\DUH VDPSOHC
WUDMHFWRU\ 7ZR FRQVHFXWLYH VDPSOHG SRLQWYV ZLOO Et
E\WLPH 7KHVKRUWHU WKH WLPHLQWHUYDO EHWZHHQ WKH
DWHO\ WKH FRQWLQXRXV WUDMHFWRU\ LV DSSUR[LPDWHG

WLRQ RI WKH FRQWLQXRXV WUDMHFWRU\LV WKDW DOO ORFD
GXH WR WKH QDWXUH RI VDPSOLQJ 7KLV OLPLWV WKH H[WH
FDWHJRUL]HG HLWKHU DV ZKROO\ FRPSOHWH RU ZKROO\ PL
PHWULF WR HVYWDEOLVK WKH LPSDFW RI SRWHQWLDO PLVVL«
SRLQWYV

6SDUVLW\
%\ GLVFUHWL]LQJ D UHVSRQGHQWa.. Y QWRRVD @ REKHU YRD W DR
OHQIWK LQWHUYDEWRRPH®Y WKKI WHPSRUDO UHVROX
DQDOWRXVW EH FKRVHQ WR UHIOHFW WKH JRDOV RI
DQLQWHUYDO WKDW LV VKRUW HQRXJK WR SUHFOXG
EXWORQJHQRXIJKWR HQFRPSDVV WKH VXIILFLHQW VDPSOL(

7KH GLVFUHWLIQWRR@QRIHUY PO M RY FD\H RN \E KMKW HU YD OV
7

(DFKLQWHUYDO LQ D XVHU..VWUDMHFWRU\ FDQ EH DVVLJQ}
HQFIH RUDEVHQFHRI DW OHDVW RQH UHFRUG GXULQJ WKH
SURSRUWLRQ@RODWLSHBRYRGHY D PHDVXUH RI VSDYUVLW\ ZLW
SDUDPHWHULQHG PIMWLRQ

‘H FDQ H[WHQG WKLV PHDVXUHPHQW RI VSDUVLW\ DFURVV ¢
GD\V ZHHNV DQG VWDWHV HJ WUDYHOLGHUWMDWLRQDU\
\ w A (DFK SHUWWRQGDWD RF§XQUMQIRIQNLRH y» DQG
 VWDWHWV w A (DFK VWPRVHVDLQRQWHWYDOW 4

/HW ;UHSUHVHQW D ELQDU\LQGLFDWRU RI DQWU®Q WRUDGMR U G
LQWLPHLQRWHWEMDTRQY OHDGY WR WKH IROORZLQJIXOOHT
VKRZQ LQ (TXDWLRQ

6HIPHQWDWLRQ
/IRFDWLRQ GbwD DUH JHQHUDWHG DV D WLPH VWDPSHG VHT
DJHRJUDSKLFDO SRVLWLRQ DW D PRPHQW LQ WLPH 7KHVH |






OHWKRGYV

RU\DQG WKH ODVW ORFDWLRQ LQ WKH WUDMHFWRU\ (DFK U}
WZR VHIPHQWHQGV LVIJLYHQD SURSRVHG QHZ SRLQW DORQ.
UHVSHFW WR WKH HODSVHG WLPH 7KH GLVWDQFH LV FDOFX
DQG WKLV SVHXGR VDPSOHG SRLQW 7KH SRLQW O\LQJ IXUW
WHG WR IRUPD QHZ VHIPHQW HQG ZKHUHXSRQ WKH SURFHYV
GHVFULEHVY WKH SURFHVV DV LPSOHPHQWHG LQ WKLV VWXG

7TKHDOJRULWKPLVYLWHUDWLYHDQGLIDOORZVWHIGBIWRQWY LQG
IRUSRLQWY ,Q RUGHU WR EH XVHIXO LW PXVW EHJLYHQ D V
QXPEHU RI VHIPHQWYV RU WKH PD[LPXP HUURU GLVWDQFH EF
DQG WKH DGMXVWHG SRLQWYVY WKDW OLH DORQJ WKH OLQH V
PRUH LQIRUPDWLRQ LV SUHVHUYHG DQG WKH PRUH VHJIPH(
VHIPHQWY ZLOO UHGXFH FDSDFLW\ IRU ODWHU LPSXWDWLF
FKRRVH VWRSSLQJ FULWHULD VXFK WKDW ZH ILQG D EDODAC
DLPV

OHWULFV RILQWHUHVW
7KH UHODWLYH LPSDFW RQ FRPPRQO\ XVHG PRELOLWN\
FULWHULD IRURXWFRPHFRPSDULVRQ 7UDMHFWRULHV ZHUF
VHFWLRQV XVLQJ DQ LPSOHPHQWDWLRQ RI' D UXOH EDVHG
ORQWROLX HW BOLPSOHPHQWHG ZLWKLQ WKLV VWXG\ QR
IRUGZHOO WLPH DV WKLV ZDV XQQHFHVVDU\JLYHQ WKH PDJ[
K 6HH $SSHW@GOURULMKPFRPSOHWH GHWDLOV ,QGLYLGXDO
ZHUH PHUJHGLQWR VLQJOH VWRSV LI WKHLU FHQWURLGYV ZH!
WR UHGXFH WKH QXPEHU RILQFRUUHFWO\ GLITHUHQWLDWHDC

'LVWDQFH PHWULFV ZHUH FDOFXODWHG XVLQJ WKHRDYHUVI
DUULYHDW WRWDO GLVWDQFH WKH GLVWDQFHEHWZHHQ DC
IRUWKHHQWLUH WUDMHFWRU\ ORYHG GLVWDQFH LQYROYH
DOO VHIPHQW HQGSRLQWY ZKHQ VHIPHQWDWLRQ ZDV SHUI
6LPLODUO\ WRWDO PRYH WLPH ZDV HVWDEOLVKHG E\ VXPPIL
PRYHHYHQW VHIJPHQW

SR*LV FDOFXODWHG DV WKH URRW PHDQ VTXDUH WLPH ZHLJ
ORFDWLRQV GXULQJDQ LQGLYLGXDO...V K SWUIIDR/GQ BV VKI
FHVVDU\WR ZHLJKW E\WLPH GXHWR WKH XQHTXDO IUHTXHQ
WKH KLIJIKHU GHQVLW\ PRYHPHQW WUDMHFWRULHYVY ZRXOG R\
PHWULF

. g - 0 o 1G5 0 oot |

'KHUH DQGH#DUH GHILQHG umf%ﬁ?%m@&gg%@\mg&mw D
ZHLIJKWLQJ HOHPHQW UHSUHVHQWLQJ KDOI WKH WLPH LQW|
UHF R &G H-& Lo



OD[LPXP LQWHUSRODEOH JDS (

$OJRULWKRES 'RZQ 7LPH5DWLR HIWHQVLRQ RI5S5DPHU 'RXJODV

,QSXW ORFV> @ PD[DOORZHG GLVWDQFH
DXWSXOWREY @ ZLWK VHIPHQW LG DQQRWDWLRQ
IXQF WWRG ' RZQ7LPH5DWLR
$QQRWDWH WK
VHJPHQWWVWIDXUNW
$OQOQRWDBD@HWK
VHIPH@AWLG
IXQFWLW® UDWH
IRU DAHA PH @WRL G
7e,0°¢A 21@-¢7 > @-¢
2€’¢|..".A >1@|.7 >@|.
7€, 45%0 A 1@yl > @sy,
IRU DMEDL Q VHJ RO WL G
oot g A Pl@-e7 > @-¢
# A Jee, |t 6 Z€,%,"€
AQs 4 A > @50, 76,18 %0+ N #
>@|aA >@|. Z€,i|..".N #
@, A KDY HUV L QB 4 W@s
HQG IRU
LDQ>@, "#. WKHQ
"ALQGH[ RI P@)|
$Q QRWOWFH. W K
VHJVWDNWUWKH
$QQRWOW@ZLWK
VHIPHQ@QWIX®E VX'P "# I'#
LWHUDWH O>@
HQG LI
HQG IRU
HQG IXQFWLRQ
HQG IXQFWLRQ




5HODWLQJELDV DQG VSDUVLW\

SHODWLQJELDVDQG VSDUVLW\

ORWLYDWLQJ H[DPSOH
$V D PRWLYDWLQJ H[DPSOH ZH FRQVLGHU WKH GDWD FROO
WKeHWUDYHO DSS 7KLVILHOG WHVW FRQFHUQHG VDPSOH
7KHVDPSOHZDVHYHQO\GLYLGHG EHWZHHQD QHZUDQGRP YV
SRSXODWLRQ UHJLVWHU DQG D VHFRQGDU\JURXS RI UHVSR
SDUWLFLSDQWY ZKR KDG SD QW LFQ $IKWMMZ R(PRAIMYKWRGBHFHG
ILHOG2WHNWDQ RQOLQH RQO\VWXG\RILQGLYLGXDO PRELOL
&EHQWUDDO %XUHDX YRRU GH6WDWLVWLHN &%6 uzv Yo

%RWKJURXSVRIUHVSRQGHQWY ZHUH FRQWDFWHG YLD SRVYV
DSSOLFDWLRQ RQWR WKHLU SHUVRQDO PRELOH GHYLFHV U]
XVHUQDPHDQG SDVVZRUG DQG UHFRUG VHYHQ GD\V RI PRY}
RQDSSPHWKRGRORJ\DQG GDWD VWUXFWXUHDUHDY

:KLOH WKH DSS ZDV UXQQLQJ RQ WKH SKRQH LW FDS
SHU VHFRQG ZKLOH WKH SHUVRQ ZDV GHWHUPLQHG W
ZKLOH WKH SHUVRQ ZzDV GHWHUPLQHG WR EH VWDWLRQDU\
XSRQDQDOJRULWKP WKDWDVVHVVHG ZKHWKHU RU QRW WK
LQWHUYDOV HI[FHHGHG WKUHVKROGYV LQGLFDWLQJ PRYHPHC

&ROOHFWLYHO\ D WRWDO RI SHUVRQ GD\V ZHUH UHFRUGC
7KH PHDQ OHQJWK RI SDUWLFLSDWLRQ ZDV GD\V DQG WK
ZLWK ORFDWLRQ LQIRUPDWLRQ LQ D GD\ ZDV K 7KH ODUJt
UHQGHUHG FDOFXODWLRQ RI WKH VXPPDU\ VWDWLVWLFV RI
DQG GLVWDQFH GLIILFXOW ZLWKRXW FDUHIXO FRQVLGHUD\
OHDGLQJ WR WKH PLVVLQJ GDWD

OLVVLQIJGDWD LQWKHG6WDWLVWLFV IHWKHUODQUC
%HFDXVHJDS WLPHV GL }HHUS MKHMFBRYAMRPHQW RI RYHUDOO
7KH GLVWULEXWLRQ RI VSDUVLW\ ZLWK L Q}WHKHNVGIDW D ROHWD ¥
WREH PLQ PLQ DQG PLQ %HFDXVHWKHVDPSOLQJLQWI
VHW WR PLQ UHGXFLQJ RXU WHPSRUDO LQWHUYDO WR WK
GRHVY QRW DOORZ IRU WKH VDPH OHYHO RI GLVFULPLQDWLR
UHVROXWLRQ RI PLQ PD\ EH WRR ODUJH WR SUHFOXGH QR
JLIXUHVKRZV WKH GLVWUQ BWKMLURQB®IGDWD VHW XQGHU WKHV
UHVROXWLRRRI :PW® D YHU\ VPDOO SHUFHQWDJH RI RXU GO
D VSDUVLW\ +RZHYHU WKH GLIIHUHQFH EHWZHHQ WHPSF
PLQ LV OHVV SURQRXQFHG :KHQ VHOHFWLQJIRU FRPSOHW!
RI PLQLQWHUYDOV

6HOHFWLRQ RI FRPSOHWH GDWD

$ VXEVHW RI GDWD ZHUH VHQHFWH GRUKBH BR QWKIHI XR XV KR
SHULRG )LIXWRHYYLGHV D JUDSKLFDO EUHDNGRZQ RI WKH H[F
WR WKLV VHOHFWLRQ ,Q WRWDO SHUVRQV UHSUHVHQW
UHPDLQHG $V ZH LQWHQG IRU WKH VLPXODWLRQ VWXG\ ZL)\



OD[LPXP LQWHUSRODEOH JDS (

JLIXUH 6SDUVLWIDFURVYV

JHQHUDOL]DEOH WR WKRVH SHUVRQV ZLWK WUXH PLVVLQJQ}
VRQV ZLWK FRPSOHWH GDWD ZHUH OLNHO\ WR EH UHSUHVHQ
JRUWKLVDQDO\WVLYV ZHPDNH XVHRIWKHIDFWWKDW ZH KDYH
RQWUDYHO EHKDY'LRVWNXMBPIWKHDQ\LQGLYLGXDOV ,WZDV S

RI WKH lURP IMIKBIPSOH WKDW KDG SURYLGHG DW OHDVW "

2l WKHVH UHFRUGHGDWOHDVWRQHFRPSOHWHGD\ZLW

GLG QRW JURXS 1& *URXSVZHUH FRPSDUHG RQ WKUHH PF
WKH SURSRVHG VLPXODWLRQ VWXG\ XVLQJ D% L WIHRISOML RHW/P X
*URXS & UHFRUGHG OHVV DWWLYH WUDWKO QVLPRIXS 1&

| S 7TUDYHO GLVWDQFH ZzDV VLPL&WDU EHWZHHQ JU
DQG JURX®S 1& | DV ZDV PHDQ QXPEHU RI WU
IRUJURX® &' | DQG 1w [ 7TKHUH PD\ EH

VRPHLQGLFDWLRQ RIGLIITHUHQWLDO WUDYHO EHKDYLRU EHYV
JURXS ZLWK PRUH FRPSOHWH GDWD PRUH OLNHO\ WR KDYH P
PRUH WLPH VSHQW ZLWK WKH DSS DFWLYHO\UHFRUGLQJ ORF

6HOHFWLRQ RIDQ HUURU SDUDPHWHU IRU VHIPHQ
$ VLPXODWLRQ VWXG\ZDV FRQGXFWHG RQ WKH VXHWHW RI FRI
RUGHU WR GHWHUPLQH WKHUHODWLRQVKLS EHWZHHQ WKH V
SDUDPHWHU DQG WKH GLVWDQFH FRYHUHG %DVHOLQH FRP
HUURU SDUDPHWHU RI PHWHU (UURU FRQGLWLRQV UDQJH
WROHUDQFH 7KH GDWD ZHUH HLWKHU XQILOWHUHG PHDQ Il
WR VHIPHQWDWLRQ DV GHVFULEHG LQ /HH .UXPP

5HVXOWV IURP WKHVLPXODWLRQ VWXG\GHPRQVWUDWH D UH
DQG PD[LPXP HUURU WKDW LV GHSHQGHQW XSRQ WKH QXPEH!






OD[LPXP LQWHUSRODEOH JDS (

JLIXUH 'LVWDQFH FRPSDULVRQ IRU PD[ HUURU WROHUDQFHV DFUR)
PRYHV

VRQ KDVHQWHUHG :KLOHWKHUHLVDFOHDU QHIJDWLYH UHO
HUURU DQG WKH UHODWLYH WRWDO GLVGHRRMYWWILW HWRWY KA
FRPSOH[LW\ :H H[SHFW D YHU\ VPDOO DPRXQW RI WUXH PRY
VWDWLRQDU\ VRDQDSSURSULDWHHUURU SDUDPHWHU LQ Wt
ODWLYHGLVWDQFHWR]JHUR $Q %HOERZ% DW WKH HUURU WR
DU\FRQGLWLRQLQGLFDWHYV D ERWWRPLQJ RXWRIQRLVH UH
ZRXOG UHGXFH WKLV QXPEHU IXUWKHU EXW DW WKH FRVW RI
WKH GLVWDQFH GXULQJ WUXH PRYHPHQW EHKDYLRU 7KH PH
WUXH PRYHPHQW FDVHV DW DQ HUURU SDUDPHWHU RI PHW
ZKLFK DOLJQV ZLWK SUHYLRXYV 1MQ@GLRKNUIDO B BOU

6LPXODWLRQ VWXG\GHVLJQ

‘DWD

7KH VHW RI 3DWDZDV GLYLGHG LQWR LQGLYLGXDO K SHULF
FRPSDULVRQ EHWZHHQ XVHUV $ XVHU ZLWK RQH IRXU GD\FR!
IRXU VHWYV RI K ZLWK DQ\ UHPDLQGHU GLVFDUGHG 7KH I
ILUVW  PHDVXUHPHQW IRUZKLFKDOOVXEVHTXHQW PHDVXUHP
JUHDWHU WKDQ PLQ 7KHUDZ GDWD ZHUH VXEVHTXHQWO\ FC
GHWHFWLRQ SURWRFRO LPSOHPHQWHG LQ WKH RULJLQDO PF
WKH HYWLPDWHG DFFXUDF\ SURYLGHG E\ $QGURLG RU L26 ZI
QHFHVVDU\WR VHOHFW D VXIILFLHQWO\ODUJHDFFXUDF\LQ R
YLD :L )L WULDQJXODWLRQRQL26DV WKLV GHIDXOWV WR P
DFFXUDF\HIIHFWLYHO\UHPRYHVFHOO WRZHU EDVHG ORFDW!I



5HODWLQJELDV DQG VSDUVLW\

DUH DQ LQVXIILFLHQW QXPEHU RI QDYLJDWLRQDO VDWHOO
SRVLWLRQ %HIRUH LQWURG XjFW L RZL WIKPL W\DIEQJHGD W D
XVHUV ZHUH UHWDLQHGF REWUBXRXQWIKWULRGY EURNHQ LQW

KRXU SHULRGV 7KH PHDQ QXPEHU RI SHALLVRIGD §BQ XV RU ;
€

6LPXODWLQJ VKRUWJDSV
, QRUGHUWRDVVHVVWKHLPSDFWRILQFUHDVLQJOHYHOV RI
WKH ILUVW VWXG\ LQWURGXFHG PLVVLQJQHVV WR WKH GDW
UHSUHVHQWY D VLWXDWLRQ LQ ZKLFK WKH PLVVLQJQHVYV ZLC
WR PRELOLW\ RU WKH XVHU (DFK SHULRG ZDV GLYLGHG LQ!
L H 6SDUVLW\ ZDV LOQWURGXFHG DW WHQ SHUFHQW
ZKHUH QR GDWD ZHUH UHRRYAKGAFWR RI WKH ILYH PLQ>
LQWHUYDOV ZHUH HI[FOXGHG )RU HDFK SHULRG WKLV SURI
HDFKWR DOORZ IRU GLITHUHQW SRUWLRQV RI WKH GD
YHUVLRQV RI HDFK VHW ZLWK YDULHG SDWWHUQV RI
LQWHUSRODWHG DFURVYVY JDSV DQG VHIPHQWHG IRO
PHDVXUHV $0O0G&BRHYIFWKEHY WKH VWHSYVY LQ GHWDLO

$OJRULWKPIRULWKP IRU VKRUW JDS VLPXODWLRQ VWXG\

IRU D6GIGRES R
IRU DGO GRr
IRUD®@O G'R

6DPSOH ZLWKRXW USHBEROSRAHR® HRQVRI LQWHUYDOV DQ
6H@A LQWHUSRQ®WH 6HW>
6H@A UHVROYHGB\P®RSY 6HW>
OHUJH DGMDFHQW VWRSV ZLWK FHQWURLGV OHVV W
&DOFXODWH DJJUHIJDWH PHDVXUHV RQ PRYHV DQG "
LIQXPEHU RI PRYH \WWIH/QH V

IRU DPROYH VWIDBW@BE R LQ SDUDOOHO
WRS'RZQ7LPH5DWLR PRYH VWDWHYV
HQG LI
WRS'RZQ7LPH50@VLR 6HW>
5HFRUG DJJUHJDWH PHDVXUHYV
HQG IRU
HQG IRU
HQG IRU

6LPXODWLQJ ORQJ *DSV

)XQFWLRQDOO\ VKRUW JDSV UHGXFH WKH RYHUDOO GHQVLV
RYHUDOO PRELOLW\ FKDUDFWHULVWLFV /RQJ JDSV DW WK
VKRXOG LQGXFH D GLIIHUHQW SDWWHUQ /RQJJDSV DW LQ
OLNHO\ WR UHPRYH ZKROH WULSVY DQG WKHUHESBHFUHDVH
ZKLFK VKRXOG PHDQLQJIXOO\ GLVWRVUKDW WEKRHOVRIID\S YV LFV L



OD[LPXP LQWHUSRODEOH JDS (

$ VLPXODWLRQ VWXG\ ZDV GHVLJQHG LQ R UZDHWL\Y R X\FHAGN W |
DW WHQ SHUFHQW LQWHUYDO,YVIWHDG 6RHFUMMIPRRY LQJ GDWD L
LQWHUYDOV DW UDQGRP D VWDUWLQJ SRLQW ZDV VHOHFWHC
ZHUH UHPRYHG LQ K LQWHUYDOV UHSUHVHQWLQJ RQH Wt
FRUUHVSRQGLQJ WR,HDREKGHNYWR ROYHVWLIDWH WKH WHPSRL
WKLV SURFHVV ZDV FDUULHG RXW WLPHV IRU HDFK GDWD V
IRU HDFK RI WKH UHFRUGHG KR XUWR B RARIXW & UDHDIFRKQW K H H Q
RIWKH KSHULRG LQ ZKLFK FDVH IXUWKHU UHPRYDO VWDUV
K SHULRG 7KLV SURFHVV LV GHWDLOHG LQ $OJRULWKP

$OJRULWKPIRULWKP IRUORQJJDS VLPXODWLRQ VWXG\

IRU Dsi@mEs R
IRU DGO n \ GR
IRU D@Q GR
5SHPRYBURSRUWLRQ RI LQWHUYDOV VWDUWLQJ IURP
LLQWHUYDOV WR EH UHPRYHG HWHKH®E SDVW GDWD \
5HPRYH UHPDLQGHU IURP EHJLQQLQJ RI GDWD VHV
HQG LI
6H@A LOQOWHUSRQ®WH 6HW>
6H@A UHVROYHBJRSY 6HW>
OHUJH DGMDFHQW VWRSV ZLWK FHQWURLGV OHVV W|
&DOFXODWH DJJUHJDWH PHDVXUHV RQ PRYHV DQG V
LIQXPEHU RI PRYH WWCHQH V
IRU DPROYH VWIBBWKBE R LQ SDUDOOHO
WRS'RZQ7LPH5DWLR PRYH VWDWHYV
HQG LI
WRS'RZQ7LPH508VLR 6HW>
5SHFRUG DJJUHJDWH PHDVXUHYV
HQG IRU
HQG IRU
HQG IRU

6KRUW JDS VHQVLWLYLW\DQDO\VLV

$QDO\WLV RI WKHUHVXOWY IURP WKH VKRUW JDS DQG ORQJ JI
WKDW JDS OHQJWK ZDV LPSRUWDQW LQGHSHQGHQW RI WKH
K\ SRWKHVL]HG WKDW LW VKRXOG EH SRVVLEOH WR XVH WKH
WR GLVFULPLQDWH EHWZHHQ WZR WA\SHV RI PLVVLQJ GDWD \
VROYHG ZLWK OLQHDULQWHUSRODWLRQ DQG WKRVH WKDW F
% ORQJ% JDSV UHVSHFWLYHO\

$ WKLUG VLPXODWLRQ VWXG\ ZDV FRQGXFWHG LQ RUGHU WR
DW WKH YDULDWLRQ ZKHQ JDS OHQJWKYV YDU\ IURP PLQ WR
Gbwb VvVHwW JDSV ZHUH FUHDWHG EHWZHHQ DQG PLQ LQ O
PLQ LQ HDFK RI WKH KLQ WKH GDWDOHXW D WHHGUDI@/JHHURU H F
IHOO EHWAHKHHWKH FDVH ZKHUH PLQ ZDV UHPRYHG IURP WKH \



SHVXOWYV

DQG ZKHUH PLQ ZHUH UHPRYHG IURP WKH VWDUW RI HDFl
GHVFULEHG LQ $OJRULWKP

$OJRULWKPIRULWKP IRU VKRUW JDS VHQVLWLYLW\VLPXODW

IRU DB®I@MES R
IRUD®@Q GR
5HPRYHPLQ IURP WKH VWDUW RI HDFK Rl  KRXUV
6H@A LQWHUSRQ®WH 6HW>
6H@A UHVROYHGB\@®RSY 6HW>
OHUJH DGMDFHQW VWRSV ZLWK FHQWURLGV OHVV WK
&DOFXODWH DJJUHJDWH PHDVXUHV RQ PRYHV DQG VW
LIQXPEHU RI PRYH \WWIH/QH V
IRU DPRYH VWIBBWBE R LQ SDUDOOHO
WRS'RZQ7LPH5DWLR PRYH VWDWHYV
HQG LI
WRS'RZQ7LPH508VLR 6HW>
5HFRUG DJJUHJDWH PHDVXUHYV

HQG IRU
HQG IRU

SHVXOWYV

6LPXODWLRQ VWXG\
$FURVV DOO WKUHH VLPXODWLRQ VFHQDULRYV ZHLQYHVWL]J
DWLRQ DV D PHWKRG IRUDGGUHVVLQJ JDSV LQ WKH GDWD
ZHUH FKRVHQ WR UHSUHVHQW YDULDEOHV FRPPRQO\ XVHG L(
WRWDO GLVWDQFH WRWDO WUDYHO GLVWDQBR*QRBEHU RI
WRWDO PRYHWLPH 7KHPHWKRG RIFDOFXODWLRQ IRU WKHYV

%HFDXVH WKHDEVROXWH PHWULFV PD\ GLIIHU XS WR DQ RUC
VRQV FRPSDULVRQV ZHUH SHUIRUPHG E\HYDOXDWLQJ WKH
PHWULFLQ WKHLOQWHUSRODWHG GDWD VHW DV FRPSDUHG W
VHW )LIXUHYV DQG JURXS WKHVH SHUFHQWDJHV E\ ER[ SO
GLITHULQJ OHYHOV RI VSDUVLW\LQ RUGHU WR SURYLGH D UI
GLVWULEXWLRQ 7KHER[VSDQVEHWZHHQ WKH XSSHUDQG O
LVWLF DQG WKH KRUL]JRQWDO OLQHVY HIWHQGV IURP WKHVH
LQWHU TXDUWLOH UDQJH IURP WKH PHGLDQ 7KHPHGLDQ LV
OLOQH WKURXJK WKH ER[ 9DOXHV HIWHQGLQJ EH\RQG WKH KF
EVLQGLYLGXDO SRLQWYVY 7DEOHV DQG ILIJXUHVY HYDOXDWLQ.
PHQW EHKDYLRU H[FOXGHG SDUWLFLSDQWY UHJLVWHULQJ (
DQGDOOILIXUHVDQG WDEOHV H[FOXGHG SHUVRQV UHJLVWI
PRYHPHQW EHKDYLRU



OD[LPXP LQWHUSRODEOH JDS (

- JLIXUH 0&%$5 VKRUW JDS DQDOI\VLV

7TDEOH 0&%5 VKRUW JDS OHGLDQ DEVROXWH GLIIHUHQFHV EI\ L

T 7UDYHO 'LVWDQFH 5R* 6WRSYV
NP

6KRUW JDSV
7KH GDWD ZLWK LQGXFHG PLVVLQJQHVYV ZHUH FRPSDUHG WHE
RUGHU WR HYDOXDWH WKH LPSDFW RQ PR ® PLIFKMYRKRDOWHUHV
WKH GHFUHDVH LQ PRYHG GLVWDQFH DQG QXPEHU RI VWRSYV
VSDUVLW\ WKH PHDQ GLVWDQFH UHWDLQHG LV DOPRVW
UHWDLQHG LV 2Q0\ DV VSDUVLW\ OHYHOV H[FHHG GRI
ORVW UHDFK 6LPLODUO\ ILOOLQJ JDSV WKURXJK OLQHD
WKH PHGLDQ QXPEHU RI VWRSV XQWLO VSDUVLW\ UHDFKHV
EHFRPH SUREOHPDWLF RQO\ ZKHQ WKH\ EHFRPH ORQJ JDSV
VKRUW JDSV PHUJH LQWR RQH

JLIXUHVKRZY D UHODWLRQVKLS EHWZHHQ GLVWDQFH PHWULTF
SUHGLFWDEOHLQ DJJUHJDWH ,QGLYLGXDO UHVSRQVH GHPR
Rl YDULDQFH € ZKLOH LW PD\ EH SRVVLEOH WR SUHGLFW WKI



SHVXOWYV

7TDEOH 0&%5 ORQJ *DS OHGLDQ DEVROXWH GLIIHUHQFHYV E\ LC

T 7UDYHO 'LVWDQFH 5R* 6WRSYV
NP

QXPEHU RI WUDYHO EHKDYLRUV RU WRWDO WUDQVL
VSDUVLW\ WKH X QHF[HFWIW OL@ BV QDVYH SUHGLFWLRQ ZR
HQFHEDQGV H[WHQGLQJ LQVRPHFDVHV IURPD LQ

/IRQJ JIJDSV

7KHUHVXOWY RI WKH VHFRQG VLPXODWLRQ VWXG\ GHVLJQ}

WKH VDPH PHWKRG RI OLQHDU LQWHUSRODWLRQ ZRUNHG IR

EHVHHQ LQ)LDB®GBH EULHI VXPPDU\RIPHGLDQ UHVXOWYV FDC
$Q LQFUHDWR LQDFFRPSDQLHV D GRZQZDUG ELDV RI

WUDYHO GLVWDBR FUHH POHGMVDQHODWLYHO\ VW B K B HMDKWW K BIK C

QXPEHU RIUHFRUGHG VWRSVY EHFRPHY XQVWDEOH ZLWK

JLIXUHGHPRQVWUDWHY ZLGH YDULDELOLW\LQ UHVSRQVH IU|
ULFV 5HPRYDO RI GDWD FRQWLJIJXRXVO\FRXOG UHPRYH W
HOW..V WUDYHO EHKDYLRU ZLWKLQ D GD\ ZKLOH OHDYLQJ
RWKHU

JLIXUHVKRZVY WKH UHODWLRQVKLS EHWZHHQ LQFUHDVLQJ V¢
VPDOOHU JDSV YHUVXV LQFUHDVLQJ VSDUVLW\ WKURXJK LC
JDS ,Q DOO VLWXDWLRQV ORQJJDSV GHPRQVWUDWH D PRL
JURXQG WUXWK WKDQ VKRUW JDSV DW WKH VDPH OHYHOV RI

6KRUW JDS VHQVLWLYLW\DQDO\VLV

7TDEOHVKRZV VRPH UHVXOWYV IURP WKLV VHQVLWLYLW\DQDO
RIDFFHSWDEOH GDWD ORVYV LWLV SRVVLEOH WR HVWDEOL)
WDEOH RI UHVXOWY )RU H[DPSOH LI ORVV RI XQGHU WUuUD
XQGHU PLQLQOHQJWK PD\EHDFFHSWDEO\KDQGOHG E\OL

6RPH GLIlIHUHQFHY HPHUJH EHWZHHQ WKH WKUHH VLPXODW
DQLQFUHDVH LQ WRWDO PLVVLQJQHVYV ZDY¥RD\ZKRIFRJHHDWHG Z |
UHPRYDO RI PLQ SHU KRXU HTXLYDRRPQW WBHNVNYD®WM R
LQDVPDOO SRVLWLYH LQFUHDVH 7KLV LV DWWULEXWDEOF



OD[LPXP LQWHUSRODEOH JDS (

JLIXUH 0&$5 ORQJJDS DQDOI\VLV

JLIXUH BHUFHQW ELDV LQ FDOFXODWHG PRELOLWI PHWULFV U



SHVXOWYV

7TDEOH 6KRUW JDS VHQVLWLYLW!| OHGLDQ DEVROXWH GL

OLQ 5HPRYHG +U 7UD Y3RO 6WRSYV
'LVWDQFH
NP

PLQXWHY ZHUH UHPRYHG IURP WKH EHJLQQLQJ RI H
WKH ILUVW ORFDWLRQ HQWU\ $V XVHUV IUHTXHQWO\
ZKLOH DW KRPH WKLV UHVXOWYV LERD VYIP@ROHODXE 2D UKGW TE\LIDLV.
SURSRUWLRQ RI KRPH ORFDWLRQV ZHUH UHPRYHG $GGLWL
PRYH ERXQGDULHYV LQKLELW DFFXUDWH GHWHUPLQDWLRQ R
D ODUJHU SURSRUWLRQ RI WLPH DVVRFLDWHG ZLWK PRYHP
FRQVHTXHQWO\D ODUJHRFWLPH ZHLJKWHG

JLIXUHVKRZV WKH UHODWLRQVKLS EHWZHHQ WKH SHUFHQWI
PRELOLW\ PHDVXUHVY EHWZHHQ WKH FRPSOHWH GDWD DQG W
QHVV 6RPHPHWULFV VXFKDV QXPEHU RIVWRSV DQG PRYH)
UHVSRQG ZHOO WKURXJK JDS VL]HV RI PLQ 2WKHU PHWULF
EHFRPH TXLFNO\ XQUHOLDEOH HYHQ ZLWK YHU\ VKRUW JDS"

,PSRUWDQWO\ ZKLOH WKH SRLQW HVWLPDWHYV PD\UHPDLQ V
PHWKRGRORJLHY WKH YDULDQFH LY FRQVLGHUDEOH ZLWK
LPSDFWIXO GHSHQGLQJ RQ WKH VDPSOHG XQGHUO\LQJ EHKE

&RYDULDWHYV
)LQDOO\ ZH VRXJKW WR HVWDEOLVK D VHW RI FRYDULDWH YV
VKLS EHWDR®IBELDYV UHPDLQLQJ DIWHU LQWHUSRODWLRQ 'L
FRYDULDWHY FRXOG DOORZ IRU HIWHQGLQJ WKH ERXQGDUL
LPXP DFFHSWDEOH JDS WLPH 2Q WKH RWKHU KDQG VLPLOD!
WKDW QR DGGLWLRQDO ELDV LV LQWURGXFHG ZKHQ ILOOLQ
DWLRQ

ORELOLW\ FKDUDFWHULVWLFV

7KH PHWULFV RI LQWHUHVW KDG D VPDOO LPSDFW RQ WKH S
LQWHUSRODWLFRBRYZVMIWKH PHDQ ELDV RI WRWDO GLVWDQFH
DOBR*ROORZLQJLQWHUSRODWLRQ DFURVV JDSV DW YDU\LC
ORQJ JDS VLPXODWLRQ FRQGLWLRQ $00 WKUHH PHWULFV



OD[LPXP LQWHUSRODEOH JDS (

JLIXUH 6HQVLWLYLWI| VLPXODWLRQ IRU VPDOO JDSV

ZKHQ FDOFXODWHG LQ GDWD VHWV ZKHUH WKH WUXH GLVWD
ORZHU :H ILQG WKH LQYHUVH WBHROIDQVWROMKA. $ ZVAV B QFFBIXBIQ
HVWLPDWLRQ RQ WKH LQWHUSRODWHG GDWD VHWV $FURV
SHUFHQW ELDVVDMRZ DFURVYV YDULHG WUXH WULS FKDUDFWH

SHUVRQDO FKDUDFWHULVWLFV

7KH 'XWFK SRSXODWLRQ UHJLVWHU FRQWDLQV EDVLF LQIRUF
WKH 1HWKHUODQGYVY WKURXJK WKHLU UHJLVWUDWLRQ ZLWK \
ZDV OLQNHG WR WKH XVHUV ZKR KDG SDUWLFLSDWHG LQ RXI
PHWULFV HYWDEOLVKHG LQ WKH ORQJJDS VWXG\ ZHUH FRPS
FRYDULDWHY $I1XOO VHW RI UHVXOWYV ZWBHPB®eR@MDLODEO!
GDWD HVWDEOLVKPLQRUUHODWLRQVKLSVEHWZHHQ FRYDUL
DQG LQGXFHG ELDV EXW WKH RYHUDOO HIIHFW VL]HV DUH V
DQLFLW\DUH DVVRFLDWHG ZLWK GLITHUHQWLDO PRELOLW\ F|
VWURQJHU UHODWLRQVKLS ZLWK ZLWK SHUFHQW ELDV LQ WK
WKLV UHODWLRQVKLS

7LPH

, QYHVWLIJDWLRQ RI WLPH DV D PHWULF ZDV FRQVLGHUHG LP
L26 RSHUDWLQJ V\VWHPV HPSOR\PHFKDQLVPVIRUUHGXFLQJ
RI OHVVHU DFWLYLW\ OHYHOV FRQWULEXWLQJ WR ORQJJDS!
FRQ WDLQ WUDYHO EHKDYLRU 7KHUHVXOWVY IURP WKH /RQJ"
LQ SURYLGHG D ZD\WR LQYHVWLIJDWH WKH UHODWLRQVKL
WKH WLPH RI GD\ GXULQJ ZKLFK WKH JDS RFFXUV

$V VKRZQ LQ )LIKBMUV EHWZHHQ DQG SURGXFH XQELI
DWHV RI WRWDO GLVWDQFH QXPEHU RI PRYHV DQG 5R* HYHC



&RQFOXVLRQ

Abs Percent Bias 07

True Distance (Km) True Moves True RoG

<1 (0.1,1] (1,10] (10,200] >100  [0,1] (1,5] (5,10] (10,30] (30,60] (1,5] (5,10] <1 (10,20]20,60] >60

aouelsig

SOAON

Long Gap Sparsity
PowhoN®mo RPNWANON®O RNWRNO~N®O
o0y

JLIXUH %LDV ZLWK UHVSHFW WR XQGHUOILQJ PRELOLWI FK

K 7KH ORZ YDULDQFH GXULQJ WKHVH WLPH SHULRGV VXJJ
QHVV PD\EHDSSURSULDWHO\UHVROYHG WKURXJK XQVRSKL'
LQIUHTXHQW QLJKWWLPH WUDYHO EHKDYLRU

L, QWHUHVWLQJO\ WKHUHDSSHDU WR EH SRFNHWYV GXULQJ GI
XS WR ZLWK UHODWLYHO\ VKRUW SHULRGV RI PLVVLQJQI
WLPH SHULRGV LQ ZKLFK SHRSOH DUH PRUH OLNHO\ WR HQJ|
FRPPXWHU WUDIILF ZLWK D GLVWLQFW PRUQLQJ SKDVHDQG
GDWD DURXQG QRRQLVPRUHOLNHO\WRELDVUHFRUGHG PR’
RBR*UHIOHFWLQJ PRELOLW\ SDWWHUQV VKRUWHU ERWK LQ C
GXULQJ WKLV WLPH

&RQFOXVLRQ

8QGHUVWDQGLQJWKH FRPSRVLWLRQ RI WKHPLVVLQJGDWD
GHFLVLRQV DERXW LWV FRQWHQW 7KHFRPSRVLWLRQ FDQ L
HOWJDSV WKHRYHUDOO VSDUVLW\RIWKHGDWD RUWKH WL
"RUNLQJ VPDUWO\ ZLWKLQ WKHVH ERXQGDULHVY UHVHDUFKI
WKDW PLIKW RWKHUZLVH EH HIFOXGHG IURP DQDO\VLV IRU E
ZKHUH WKHJDSVDUH VKRUW€ EHWZHHQILYHDQG WHQ PLQ €
YHU\ OLWWOH FDQ SHUWXUE DJJUHJDWIHRHDYXVUIPDNH¥K D
OLQHDU LOQWHUSRODWLRQ DQ DFFHSWDEOH VROXWLRQ IRU
VLIKW LOVWDQFHY ORUH LOQWHQVLYH PHWKRGV RI DGGUHYV
PDS PDWFKLQJRULPSXWDWLRQ DUH XQOLNHO\WR RIIHU OD



OD[LPXP LQWHUSRODEOH JDS (

Percent Bias 0.25 0.50 0.75 1.00

Distance Moves RoG

N
o

[N
o1

Gap duration (hours)
o 5

03:00 09:00 15:00 21:00  03:00 09:00 15:00 21:00  03:00 09:00 15:00 21:00
Gap start time

20
15

10

Gap duration (hours)

SD o0 01 02 03 04

JLIXUH %LDV ZLWK UHVSHFW WR JDS GXUDWLRQ DQG WLPH

WKHDGGHG FRPSOH[LW\ PD\KLQGHU HIIRUWVY WR DGGUHVV W

‘HDUH OLPLWHG WR WKH PHWULFVY FRQVLGHUHG ZLWKLQ WKI
FRQVHTXHQFHY 2QHPHWULFRIJUHDW LPSRUWDQFHLQ PREL
LQ WKHVH DQDO\WHV LV WKH HPSOR\HG PRGH RI WUDQVSRUW
PD\EH SRVVLEOH WKDW LOQOWHUSRODWLRQ HYHQ DFURVYV YHU
SDFW RQ WKH SUHGLFWLRQ DFFXUDF\ RI PRGH RI WUDQVSRU
WKHPHWULFVLQYHVWLIDWHG ZLWKLQ WKHVH VLPXODWLRQ\
OHFWLQJGDWD RQPRYHPHQW EHKDYLRU LWLV XQOLNHO\ Wk
GDWD WKDW LV FROOHFWHG ZLWKLQ WKH FRQWH[W RI LQGLY!

 WLVFOHDUWKDWOLQHDULQWHUSRODWLRQLVDSRRUILW I
RIJV\WUDWLRQDQG QXPEHURIVWRSV PD\VHHPLQLPDOLPSDFW
ORVW DV PD\EH WKH FDVH ZKHQ D SKRQH...V EDWWHU\ GLHV |
DW WKH GHVWLQDWLRQ +RZHYHU WKH VDPH VLWXDWLRQ ZF
GRZQZDUG ELDVLQJRIGLVWDQFHPHWULFV XVLQJWKHVDPHF
RQDQ\LQGLYLGXDO..VWUDYHO EHKDYLRUQHFHVVLWDWHYV VW
VSDWLRWHPSRUDO DVSHFWV Rl WKH JDS LWVHOI

6R ZKDW DUH WKH LPSOLFDWLRQV IRU DQDO\VLVY RI WLPH OR
2XU VWXG\ VKRZV WKDW LI WKH JDSV GRQ..W H[WHQG EH\RC
WKH\ DUH UHODWLYHO\ LQIUHTXHQW VD\ EHORZ ELDVHYV
EH DFFHSWDEOH 2U VHHQ IURP WKH RWKHU VLGH ZKHQ VH
FRYHUDJH RI FRQILGHQFH LQWHUYDOV IRUWUDYHO VWDWLYV



&RQFOXVLRQ

ZKDW JDS FKDUDFWHULVWLFVY PD\EH SUREOHPDWLF

OHWKRGV RI DGGUHVVLQJ WKHVH ORQJJDSV DUH GRFXPHQW
WLRQ ZLWK D XVHU ..V ORQJLWXGLQDO GDWD RU ZLWK GHQ\
RWKHU XVHUVY DUH ERWK SURPLVLQJ PHWKRGYV XVLQJ ODUJ
DFFRXQW IRU WKH LQIRUPDWLRQ ORVW $OWKRXJK RIWHQ
GDWD WR FRQWH[WXDOL]H WKHLURZQ JDSV WKH ORQJHU W
DYDLODEOH IRU WKLV FRQ WH[W $QG ZKLOH XVHUV LQ GHQ\
FROWDLQ VXIILFLHQW RYHUODS LQ WKHLU WUDMHFWRULHYV \
WKLV LV IDUIURP DSSO\LQJ WR DOO VXFK FROOHFWLRQ RSS
WHUHVW WR GLVWULEXWH D OLPLWHG EXGJHW VXFK WKDW LC
PD\EHFRYHUHG ([WHUQDO GDWD VRXUFHVY SURYLGLQJLQIR
DVIUHTXHQWHG DGGUHVVHYV RULQWHJUDWHG VXUYH\V RQF
WR SURYLGH FRQWH[W IRUHVWLPDWLRQ /DQG XVH FKDUDF\
VWUXFWXUH GDWD IHDWXUH LQ RWKHU ORQJJDS PHWKRGRO
VHQVRUV OLNH DFFHOHURPHWHUV DQG J\URVFRSHV F
WUDYHO DFWLYLW\DQG PD\DGGLWLRQDOO\ EH RI XV
PLVVLQJ GDWD

$ FOHDU SDWK HPHUJHV IRU IXWXUH UHVHDUFK 5HVHDUFKH
IRUDGGUHVVLQJ VKRUW DQG ORQJ JDSV LQ WKH PRVW FRQ'
7KLV SDSHU SURSRVHV WKDW OLQHDULQWHUSRODWLRQLVD
DQGGHILQHV VKRUWJDSV DV OHVV WKDQ PLQLQOHQJIJWK IF
([LVWLQJ PHWKRGV IRUDGGUHVVLQJ ORQJJDSV XQLYHUVDC
YDULHG LQIRUPDWLRQ VRXUFHV )RU UHVHDUFKHUVY KRZHY|
RGV DUH DSSURSULDWH IRU WKHLU SDUWLFXODU VROXWLR
RIPXOWLSOHDSSURDFKHV XVLQJ DOO DYDLODEOH UHVRXUF
QH[W VWHS $V *36 WHFKQRORJ\ LPSURYHYV UHVHDUFKHUYV |
RI ORFDWLRQ GDWD WR IDOO DzZD\ $V WKH QXPEHU RI SRVLW
WHFKQRORJ\IRUWULDQJXODWLRQ LPSURYHV WKH DFFXUDI
WDLQO\ LPSURYH WR FUHDWH WUDMHFWRULHYV ZLWK OHVV (
VI\IVWHPV DQG UHFHLYLQJFKLSY SXUSRUW VHQVLWLYLWLHV )
FLQJ VRPHOLQH RI VLIJKW EDVHG FDXVHV RI PLVVLQJ GDWD
GDWD DUHOLNHO\WR UHPDLQ IRU\HDUV %DWWHU\FDSDFLV
EDWWHU\ OLIH KDV QRW DV WKH GHPDQG IRU ZKDW D PRELO
FRQFXUUHQWO\ $QGURLG YHUVLRQV DUH EHFRPLQJ PRUH U
DSS DQG L26 GHYLFHV UHPDLQ VLPLODUO\RSDTXHRQ ZKHQ
RSHUDWLRQVLQ WKHEDFNJURXQG :KLOHXQGRXEWHGO\D S
LQJIRFXV RQ XVHU SULYDF\ PD\LQGLUHFWO\LPSDFW UHVHD
RI WKH VZLWFK WR RSW LQ YHUVXVY RSW RXW ORFDWLRQ RSV

OLVVLQJ GDWD LV XQOLNHO\ WR EH D VROYHG SUREOHP IRU
DQGUREXVW PHWKRGV RI DGGUHVVLQJ WKH PLVVLQJ GDWD
SRWHQWLDO RI WKLY QHZ WHFKQRORJ\






'\QDPLF 7LPH
‘DUSLQJ EDVHG LPSXW
RIORQJJDSV LQ KX
PRELOLW\WUDMH

7KLY FKDSWHU LV FXUUHQWO\ DYDLODEOH DV D SUHSULQW 0F&RRO " [/XJW
7LPH :DUSLQJ EDVHG LPSXWDWLRQ RI ORQJ JDSV LQ KXPDQ PRELOLW\ WUD
KWWS DU[LY RUJ DEV OF&RRO HW DO



'7: EDVHG LPSXWDWLRQ RI KXPDQ PRELOLW

$SEVWUDFW

,QGLYLGXDO PRELOLW\ WUDMHFWRULHV DUH GLIILFXOW WR F
RI PLVVLQJQHVV $JIJUHIDWLRQ RI WKLV PRELOLW\| GDWD ZLYV
LQJQHVV OHDGV WR HUURQHRXV UHVXOWYV XQGHUHVWLPDYV
SURSRVHAM,DV D PHWKRG RIITLOOLQJORQJJIDSVLQ KXPDQ PRI
RUGHU WR XVH WKHDYDLODEOH GDWD WR WKHIXOOHVW H[WH
SRUDO WUDMHFWRULHV WR WLPH VHULHV RI SDUWLFXODU WU
IRUPXOWLSOH LPSXWDWLRQ RQ WKHEDVLV RI WKH GIQDPLF |
WKHSRWHQWLDO GRQRU VHULHV DQG WKH VHULHV SUHFHGL(
FLSLHOW VHULHVDQGILQDOOI|LPSXWHV YDOXHV PXOWLSOH |
WR HVWDEOLVK RSWLPD:Q8 DBUIRPHIWGHVWIRRI YHUVLRQV RI WK
7TKHVH WZR PHWKRGV DUHDSSOLHG WR D UHDO ZRUOG GDWD
RULHV ZLWK VLPXODWHG PLVVLQJQHVV DQG FRPSDUHG DJDL
PLVVLQIQRXWSHUIRUWPW QG RWKHU PHWKRGV ZKHQ JDSV DUH
GDWD DUH OL#BIOWRNSHUIRUPV RWKHU PHWKRGV ZKHQ JDSV
DQG ZKHQ PRUH GDWD DUH DYDLODEOH



,QWURGXFWLRQ

,QWURGXFWLRQ

7KH PRELOH GHYLFH DV D QHZ VRXUFH RI GDWD IRU UHVHDU
DFURVV D YDULHW\ RI ILHOGV LQFOXGLQJ KXPDQ JHRJUDSK
KHDOWK 5RXW HWKIHO/H JDLQV KDYH\HW WR PDWHULDOL]H G
HULF UHVRXUFHY DYDLODEOH WR KDQGOH WKH IUHTXHQW G
UHVSHFW WR PLVVLQJ GDWHHXNKQ KRWINVW HAWDXGLHV XVLQJ
VWDQGDIGRWHDFNLQJ GHYLFHVY KDYH GHPRQVWUDWHG WKH
LQFROOHFWLQJDFWLYLW\GDWD LQ SUHGLFWLQJZDQGHUL
DQGLQLQYHVWLIJIDWLQJWUDYHO EHRKWDNXRIUD NX WWRH WDVULDHEWL |
=KHQJ HW DO

SHVHDUFKHUVY SUHVXSSRVHG D QDWXUDO SURJUHVVLRQ IUF
WKH XVHRIUHVSRQGHQWV... RZQ GHYLFHV DV DQ HFRQRPLF |
ZLWKLQ WKHWHFKQLFDO FDSDFLW\RIWKHVPDUWSKRQH EX
PHWKRGRORJ\LVWKDWLWLV KLIKO\SURQH WRRRRLNWILDQQ QHV

, QIDFWWKHVDPHIHDWXUH WKDW PDNHV LW FRPSHOOL
RIODUJHDPRXQWV RIGDWD RYHU WLPH € EHFRPHV D VLJQLIL
DUHLQFRPSOHWH 7KHWHPSRUDO QDWXUH RIWKHVHGDWD |
RIWKHH[DFWPLVVLQJORFDWLRQVDQLQWUDFWDEOH SURE(
HYDOXDWHDQ DOWHUQDWLYHPHWKRG IRULPSXWDW
GDWD LQ WUDYHOG U XXWVHNADIIJUHIDWH VWDWLVWLFV G
PHDVXUHG ORFDWLRQV WR LPSXWH WUDYHO PHWULF
LQIRUPDWLRQ WKDW SUHFHGHVY DQG IROORZV WKH JD

'DWD FDQ EH PLVVLQJ IRU PDQ\ UHDVRQV VRPH UHODWHG W
DQG WKXV FRPPRQ WR DOO *166 PHDVXUHPHQWY DQG RWKH!
XVHU RU WKH LQWHUDFWLRQ EHWZHH G DAH WZRK Ho o KUD H W

7KH ILUVW FDWHJRU\ FRQWDLQV VXFK PHFKDQLVPV DV
VWDUWYV DQG XUEDQ FDQ\RQV 7IKWHIV/IHP VHM\QIBON R SURGXFH P|
QHVV WKDW LV FRQVLVWHQW RFFXUULQJHLWKHU RYHU D O
D UHODWLYHO\ EULHI SHULRG Rl WLPH 2Q WKH RWKHU KDQ
VLIJQLILFDQWO\ EHWZHHQ SHUVRQV DQG WKHLU BWMRUFHV %
LQJ WKH ORFDWLRQ GDWD UHTXLUHV WKDW DQ DSS PXVW E
WKH VPDUWSKRQH PXVW EHRQ DQG LW PXVW KDYH WKH QHF
WKH GDWD .HXVFK :HQ] &RRUDIG$SQGURLG DQG L26 RSHUD
WHPV LQDQHIIRUWWRLQFUHDVH EDWWHU\OLIHRQ WKHLU
LQGLVFULPLQDWHO\ LQFOXGLQJ WKRVH DSSOLFDWLRQV UH
7KLV LV D SULPDU\FDXVHRIPLVVLQJGDWD FROOHFWHG IURF
HW DO ,Q DGGLWLRQ WR WKLV ODUJHVW KXUGOH DSSV P
XVHU FORVLQJ WKH DSS WXUQLQJ RIl WKH SKRQH RU GLVD
WKH GHYLFH 7KLV FDQ RFFXU XQLQWHQWLRQDOO\ EXW PD\
FRQFHUQV .UHXWHWRUWWRXFHUQV DERXW EDWWHU\ OLIH /D
PD\VLPSO\EHFRPH GUDLQHG FHDVLQJDOO ORFDWLRQ FRO(
RQ DJDLQ

'"HYHORSLQJ VWUDWHILHVY WR KDQGOH WKH PLVVLQJ GDWD L



'7: EDVHG LPSXWDWLRQ RI KXPDQ PRELOLW

ORIIDW HW DOBWXGLHV KDYH GHPRQVWUDWHG WKDW WKH SD
DUH PRUH RIWHQ LQIRUPDWLYH WKOQQIRW Hiw REBR®Y DO

VHTXHQWO\ GHOHWLRQ RI WKRVH SHUVRQV RU GD\V ZLWK PL
UHVXOWV LQ VXEVHTXHQW DQDO\VHWRQZWHKERUQIQJI(OOLRWY
1HLWKHU LV LW DSSURSULDWH WR LQWHUSRODWH DFURVYV JL
WR D FRQVLGHUDEOH UDWH RI XQGHUHVWLPDWLRQ DV JDSV
OF&RRO HW D®KDQ HW DODQG XS WR D IROG LQFUHDVH LQ }
DQFH FRPSXWHG RQ WKH PHWULFV RI LQWHUWWUW SRVVYQEO/M
WR DJJUHJDWH WKH GDWD WR GD\V RU ZHHNV DQG WKHQ WR
RI PLVVLQJ GDWD KDQGOLQJ 7KLV LV WKH PHWKRG PRVW FR
HURPHWHU VWXGLHYV 6WHSREBYHUNWKRLY ORVV RI JUDQXODL
WKH OHYHO RI DQDO\VLVY WR WKH DJJUHJDWH OHYHO ORUH V
QHFHVVDU\ WR VLPXOWDQHRXVO\PDLQWDLQ WKH XVHIXO FK
DV DOORZ IRU XQELDVHG KDQGOLQJ RIPLVVLQJQHVV 2QQHO

7TKHVH VRSKLVWLFDWHG PHWKRGRORJLHVY GR H[LVW LQ WKH
GHPRQVWUDWHG WKH FDSDFLW\ WR VROYH ORQJ JDSV LQ Wk
H[DPSOH N 1HDUHWWY I1PHHWKERRARORIJLHY DUH RIWHQ HPSOR\F
JDSV LQ WKLV ZzD\ EXW WHQG WR LQVXIILFLHQWO\ FRQVLGH!
WLPH VHULHV 6XQ HWPHO'HOD\HG 'HHS 1HXUDO 1HWZRUNYV KI
VRZQ VRPH SURPLVH IRUWKH LPSXWDWLRQ RI ORQJ JDSV EX
VLQJOHJDS LQ GDWD VXSSRUWHG E\UHODWHG YDULDEOHV

(ITIRUWV WR UHFRQVWUXFW IXOO VHWV RI SRWHQWLDO SDWKV
FRQVLGHUHG UHFHQWO\ ZKLFK PD\ SURYH LQWHUHVWLQJ EX
SRVVLELOLWLHY ZKHQ FRQVLGHULQJ ORQJ JDSV LQ KXPDQ P
5DQGRP ZDONV PD\ EH XVHG WR JHQHUDWH VHTXHQFHV RI EH
IRUJDS ILOOLQJDFURVV ORQJJDSV EXW FXUUHQW PHWKRG!
'"HNNHU HW DO

*HRJUDSKLF RUWLPH FRQVWUDLQWY FDQ KHOS WR LGHQWLI\
OLNHO\ DQG WR QDUURZ WKH QXPEHU RI SRVVLEOH WUDFN)
GLWLRQDO GDWD WKDW OLPLWYV WKHLU DSSOLFDELOLW\ LQ
ZH PD\ PDNH XVH Rl WKH UHSHWLWLYH QDWXUH RI KXPDQ EF
WZR ZHHNV WHQG WR FRQWDLQ D SHUVRQ..V SULPDU\DFWLY
=KX HW DO LI ZH HIWHQG GDWD FROOHFWLRQ RYHU D ORQJ H¢
WR DFKLHYH FRYHUDJH RYHU WKH PLVVLQJ GHORNDNSHIW IDROGV &
2U LIDJIJHRJUDSKLFDO FRQVWUDLQW FDQ EHDSSOLHG L
OLF WUDQVSRUWDWLRQ RUFRPPRQ URDG VWUXFWXUHV PD\E
8VHUV PD\ WKHQ KDYH RYHUODSSLQJ WUDFHVY DOORZHG IRU
RWKHUV.. UHFRUGYV ZLWK D KLJK GHJUHH RI SUHFLVLRQ

(IWHUQDO GDWD KDV DOVR EHHQ VKRZQ WR SURYLGH DGGLWL
PLVVLQJ GDWD 0DS PDWFKLQJPD\SURYLGH D PHWKRG IRU U
SDWWHUQV SURYLGHG WKDW WKH JDS LV VKRUW HQRXJK WKD
DQG VWRS ORFDWLRQV -DJDGHHWQK SHQLHMD QWEKQRND HW
DO RULIWKHPLVVHG ORFDWLRQV FDQ EH SURYLGHG DIWH
GRQDWLRQ %RHVFKRWROOHWIDMKHDG 4XDQ + DHXAHFHKW D O



%DFNJURXQG

&RQUDG 6LOEHUHWD®W LY SRVVLEOH WKDW GDWD RQPRGH |
LVXVHIXOLQILOOLQJORQJIDSVZKHUHWKHWUDYHO EHKDY
EXW DVNLQJ IRU WKLV LOQIRUPDWLRQ LQFUHDVHV WKH EXUG
WR HUURU ,PSRUWDQWO\ HDFK RI WKHVH PHWKRGRORJLHV
RU FRQVWUDLQWY WKDW DUH XQOLNHO\ WR EH FRPSDWLEO
REVHUYDWLRQ SHULRGY FRPPRQ IRUWUDYHO VWXGLHYV

2IWHQ WKHUHPD\VEHQRKHOSIXOUHODWLRQVKLSY ZLWKLQ W
RI PLVVLQJ GDWD EH\RQG ZKDW SDWWHUQV H[LVW ZLWKLQ L
UHFRUGHG GDWD "\QDPLF 7LPH :DUSLQJLV D PHWKRG XVHG
WZR WLPH VHULHYV ZKLFKZH SURSRVHDV D VHOHFWLRQ PHFE
FDQGLGDWHYV RQ WKHEDVLY RI WKHORFDWLRQ@:GDWD LWVHC
DQHZJHQHULFDOO\DSSOLFDEOH PHWKRGRORJ\IRU XVH LQ
LWV SHUIRUPDQFH DJDLQVW RWKHU DSSOLFDEOH PHWKRGR

7KH QH[W VHFWLRQ ZLOO GHVFULEH DQG RXWOLQH WKH LQW
LQFOXGLQJ H[WUDFWLRQ RIPHWULFV RILQWHUHVW DV WLP}
7LPH :DUSIZQJ GLVWDQFHY EHWZHHQ WKHVH WLPH VHULHV
LPSXWDWLRQ XVLQJ WKLV GLVWDQFH PHDVXUH WR VHOHFW
WLPHVHULHY DQGDGHVFULSWLRQRI'\QDPLF'7L®H :DUSLQJ
‘H GHVFULEH WKH KLVWRU\ Rl WKLY PHWKRGRORJ\ DQG RX\
PHWKRG IRU XVH LQ WKH LPSXWDWLRQ RI JHROR¥P
GDWD SUHSDUDWLRQDQGD VLPXODWLRQ VWXG\LQ ZK
BHFWLRHYDOXDWHYV WKH UH ODWQ Yo HIRIPFSIDRU HRG Z L W
7LPH :DUSLQJ %DVHG >6LQJ0%,@LPWMWSWROPWLRQ DJJ
'LQGRZLPSXWDWLRQDQGPHDQ LPSXWDZHLRIQVHX QD O 8 OIHY 6
LVVXHV UHJDUGLQJ WKH SURFHGXUHV SUHVHQWHG LQ WKLV

%DFNJURXQG

'7:%,ZDV GHYHORSHG IRU PRUH JHQHUDO XVH LQ WKH LPSXW
%YHFDXVH WKH PHWKRG PDNHV XVH RI SDWWHUQV ZLWKLQ W
WKH GDWD LW LV XVHIXO WR HYDOXDWH LWV SRWHQWLDO
ORQJJDSVLQ WUDMHFWRU\GDWD ,Q WKLV VHFWLRQ ZH GH
SURFHVYV

.H\PHWULFV LQ WUDYHO GDWD

5DZ36GDWD LV FRPSULVHG RI ORFDWLRQ FRRUGLQDWHYV WKE
GD\LQWR VWRSVDQG WULSVY DQG WR FDOFXODWH YDULRXYV |
WUDYHOHG ,Q FRPSDULVRQ WUDYHO GLDULHV ODFN WKLV .
XVXDOO\FRQWDLQLQJRQO\VWDUWDQGHQG ORFDWLRQV IR
OLPLWHG WR FRXQW WLPH GLVWDQFH RU WUDYHO PRGH VW
DW GD\ RU ZHHN OHYHO LQ WKHVH FDVHV DQG JHQHUDO VW
RI WKH VDPSOH GDWD

/IRFDWLRQ GDWD FROOHFWHG YLD D VPDUWSKRQH XQGHU LG
UHVHQWLQJWKHUDZ GDWD RID SHUVRQ..VORFDWLRQ DW D .
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ZKLFK WUDFH GDWD DUH GLVFUHWL]HG WR PLOQXWH LQWHL
ZLWKLQ WKHVH SHULRGVY WR SURGXFH D IRXU HOHPHQW WLP
ULFVFDQEHFDOFXODWHG DFURVV DOO XVHUV WR GHVFULEHL
ZKLFK GLITHUHQW SHUVRQV FDQ EH FRPSDUHG WR ILQG FRP
YROYHV WZR LPSRUWDQW FRQVLGHUDWLRQV QDPHO\ WKH
ZKLFK WLPH LY GLVFUHWL]HG

KLFK PHWULFV DUH VHOHFWHG VKRXOG UHIOHFW WKH ILQI
LQWHQGY WR HPSOR\ ,Q WKLV SDSHU ZH FRQVLGHU D VHOH
WUDYHO GLDULHV LQFOXGLERDOQDBYRWDUHDNRABEMVFXVVHG

LQ6HFWLR@KLY PHWKRG LV HIWHQVLEOH WR D ZLGH YDULH)
FDWHJRULFDO PHDVXUHV VXFK DV WUDQVSRUWDWLRQ PRGH

$ VHFRQGDU\ FRQVLGHUDWLRQ LQYROYHV WKH GLVFUHWL]L
PD\EHDJJUHIJDWHG DFURVV LQWHUYDOV UHIOHFWLQJLQFUL
XWLRQ $V WKHWHPSRUDO UHVROXWLRQ FKDQJHV WKH WLP
GHFUHDVH WKH SRWHQWLDO VSHFLILFLW\LQ WKHPDWFKLQ.
VKRXOG EH RI VXIILFLHQW OHQJWK WR HQVXUH WKDW WKHUF
EORFNV FRQWDLQLQJ FRPSOHWH GDWD

8VLQJ WKH QRWDWLRQ IURP 3KDQ 3RLVVRQ &DLDE®DXOW .
GHVFULEH D XQLYDULDWB WHBHRMBRYXYHPHQWY RU REVHUY
LQGH[HG E\ GLVF DNWHKRZPHQ (TXDWLRQ

"\ .n# w N

8VLQJ WKH H[DPSOH SURYLGHEZRROQGIXKHEXFH WKLV WUDFH
VHULARPSULVHG FHIOHPHQWV UHSUHVHQWLQJNLORPHWHUV
WLPH SHULRG

,Q LQVWDQFHFNREWDHQV PLVVLQJ PHDV XUH P H/Z W&O \ORDAFHN W L
REVHUYDWLRQV :H LQWURGXFH D E LIQPDGL ADHWISRQW K K B U HE

RU DEVHQFIHGDWD B MWL\PLHQJ GDWD FDQ PDQLIHVW DV LVR(
RUVSDQ PXOWLSOH WLPH SRLOQWA/LI)RU DQG,YHQ WIKPHHLQGH |
#GHQRWHV WKH VWD UWHRWEKH S D/GIOH VW L Q&R FIK WKWWU W
5 PDUNLQJ WKH JDS..VHQG 7K HE B HIQUQUKQR HIAKW K DS
JLYHQ E\ (TXDWLRQ

T #

JLIXUHGHPRQVWUDWHY WKH FRQYHUVLRQ RI WKHRWKJILQDO
PLVVLQJ GDWD RFFXUULQJIJ#XULQQY WKPWY SBIWH RWKH WLPH
'.ZRXOG EH UHSUHVHQ@WHG E\ DQG WKH UHVSRQOB\H VHULH
\ "TKH OHQJWK RIMWKADIFXODWHG DV

‘HH[WHQG ERWK WK HO\WQGPWMKHUHMSRQWR PR OMWLS®OH SHUVRQ
GH[HG EUHVXOW D@QXLUHVSHFWLYHO\ :HFDQ IXUWKHU JHQHU
"UHSUHVHQWLQJPXOWLSOH YDULDEOHV H{WUDFWHG DV WL
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(a) Euclidean element pairs (b) DTW element pairs

(c) DTW warping path
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JLIXUH $OLIJQPHQW RI WZR WLPH VHULHVY UHSUHVHQWLQJ NLORPHYV
LOWHUYDO RI WLPH D (XFOLGHDQ DOLJQPHQW ZKHUH HDFK HO
PDWFKHV WR WKH FRUUHVSRQGLQJ RUGHUHG HGHPHEHQW:LQ WKH U
DOLIJQPHQW ZKHUH WKH SDWK RI EHVW ILW LV IRXQG ZKHUH HOHP
F &RVW PDWUL[ XVHG WR GHWHUPLQH WKH SDWK RI EHVW ILW 7KI|
HOHPHQWV LV FDOFXODWHGDQG D SDWKLV GUDZQ WKDW UHVXOWYV
DFFRUGLQJ WR WKH VWDQGDUG '7: LPSOHPHQWDWLRQ LQ (TXDWLR
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(a) Sakoe-Chiba (b) Sakoe-Chiba window (c) Open begin/end (d) Time Window of
window of 2 of 0 (Euclidean) alignment 1 hour
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JLIXUH 'LIIHUHQW DOLJQPHQW UH VWU I6EVWIRRIQE KALEMKAIQR GRZ RI  ZK|
DOORZV DOLJQPHQW RI HOHPHQWYVYV DW PRVW WZR GLVWDOQOW LQ RU«
ZKHUH RQO| RQH SDWK H[LVWV LQ D RQH WR RQH FRUUHVSRQGHQF|
F HDVLQJ RI WKH EHJLQQLQJDQG HOQGLQJ UHVWULFWLRQ ZKHUH IL
OHHG QRW DOLJQ WR WKH ILUVW DQG ODVW HOHPHQWV RI WKH UHIH!
XVHRIWLPHZLQGRZV UHIOHFWLQJ WUXH WLPH ZKHUH WKH SRVVLE
ZLOQGRZDW HDFK HOHPHQW RI WKH TXHU| VHULHYV

7TDEOH 'LVWDQFHWPODOMWIUAVHQWLQJ WKH FRVW RIDOO SRVVLEOH UR X

w W H w 1
M # e o e H "y e
M e b #s b H o b
G G G J G
M O “#e "#s H “#, {

$ SDWK LV VHOHFWHG WKURXJK WKLV PDWUL[ WKDW SURYLG
DOO WUDYHUVDEOH SDWKV DVZXKRHD) LJQYAXDWKIRBLQLPXP

GLVWDQFH FRVWLXE® WRHSRUQWY VHULHY VEE SRILDWHQFH VHU
$ SDWK PD\ FRQVLVW RI GLDJRQDO YHUWLFDO RU KRULJRQ
O#7 7 U #T DQG# 7 UHVSHFWLYHOWF )GHPROVWUDWHYV
DQ H[DPSOH FDOFXODWLRQ RI WKH SDWK RiI EHVW ILW JLYHQ

u # GLMWW PL®QU #7 7 u #7 u#E 7 N

,Q VWDQGDWXH ILUVW DQG ODVW HOHPHQWVY RI WKH TXHU\ DC
DOLJQ ZLWK HDFK RWKHU PHDQLQJ WKDW WDKHESHDNGK ZALXWKN E |
V UHJDUGOHVV RI FRVW $GGLWLRQDOO\ D SDWK PD\ QF
0 # WRW w DUH QRW DOORZHG DQG HDFK HOHPHQW P
DW OHDVW RQFHR HVBW w 7 WR VNLS RYHU RQHRRICRHPH QW LQ
HOHPHQWHIMGHFWLYHO\ ,Q DGGLWLRQ WR WKHVH FRQVWUDL
WR UHVWULFW WKH SDWK LQ RWKHU ZD\V VXFK DV UHTXLULQ
D FHUWDLQ RUGHUHG GLVWDQFH RU ZLQGRZ RIHDFK RWKHL
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7DEOH fi ZLWK UHSUHVHQWLQJ GLVWLQFW VHWYV IRU DOLJQLQJ
PHDVXUHPHQW DFURV V&GV \CAHUUMWHKIVQB HY R1 OHQJWK

Y M M M M M
NP NP NP NP NP
NP NP NP NP
NP NP NP

JLIXUHLOOXVWUDWHY ZDUSLQJ SDWKV XQGHU GLODBGNQW FF
WKH FRQVWUDLQW Rl WKH 6DNRH &KLED ZLQGRZ RI VL]H

ODWHG EHWZHHQ WKRVH HOHPHQWYV IDOOLQJ ZLWKLQ HO|
FRPSDULVRQ D 6DNRH &KLED ZLQGRZ Rl VE]HDOURRY RDRQ )L
RQH SDWK PDWFKLQJ HDFK HOHPHQW LQ WKH TXHU\ WR LW\
VHULHV ,PSRVLQJ WKLV UHVWULFWLRQ UHTXLUHV WKDW W
WKH VDPH OHQJWK GXH WR WKH UHVWULFWLRQ WKDW WKH I
DQG UHIHUHQFH VHULHV PXVW EH DOLJQHG (DVLQJ WKLV Ut
GHPRQVWUDWHG EQ MUIWKRSHQ % RJLRU(YGEVHTXHQFH DOL.
PHQW 7RUPHQH HW $®0 HOHPHQWYV RI WKH TXHU\ YHFWRU |
OHDVW RQH HOHPHQW RI WKH UHIHUHQFH YHFWRU EXW WKH
FRPELQHG ZLWK D 6DNRH &KLED ZLQGRZ RI JHUR WK
VXEVHTXHQFH VHDUFK 6DNRH &KLED

JLIXUHG LOOXVWUDWHV RXUQHZPHWKRG ZKLFK UHV
RQ WKH EDVLV RI D FRQWLQXRXV WLPH ZLQGRZLQJ SDUDPH\
ZLWKLQ WKHJLYHQ WLPH ZLQGRZ DUH WUDYHUVDEOH E\ WK

2XU REMHFWLYH LV WR GHWHUP L @RQEWR WIYPLOOCDUN. BV WEKHHW Z
R{WR VHUYH DV D GRQRU GUIZRIMXUDPHQG ZH GHILQH D FR(
RI UHIHUHQFH Wi PBIWMKIRZHY LQ (TXDWLRQ

fi W \{E{ﬁ w \{/\
ZKHUH HDIFKGHILQHG DV LQ (TXDWLRQ

{ \{.n wo.n

7DEOHSURYLGHV DQ H[DP SO Hi FFIRIY \WDLLYDLWLIDWHUHJIDWHG G L\
NLORPHWHUWHRBUHQFH VHWV RI YDU\LQJ OHQJWKYV ,I WKH F
LV D 6DNRH &KLED ZLQGRZ Rl UHTXLULQJADREH DR RQH P
VHUYH DV UHIHUHQFH VHULHV WR WKH HEBIFS®&MA XHU\ IURP
EX(WFDQQRW EHFDXVH LW FRQWDLQV RQO\ HOHPHQWYV

*LYHQ WKDAMDQ RQO\ FRPSXWH GLVWDQFHV IRU FRPSOHWH R
LQWR WZR VHJPHQWV w #DQGsz. \ .n """ w A
ZKHWB QGPDUN WKH VWDUW DQG HQG RI WKH JDS UHVSHFWL
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7DEOH $00 SRV VL EMWRKQWGHRID 6DNRH &KLED ZLOQGRZ RI 5HVSHFWIL
Rl.. DQG3.{¥ KDV WZR SRVVLEOH DOLJQPHQWYV ZLWKDWRQOYH HOH
ROH SRVVLEOH DOLJQPHQW DV LW FROQWDLQV &KOXPERBWRPEMU R F
IXWXUH SRWHQWLDO GRQRU YDOXHV IYRP HDFK YLDEOH SRVLWLRQ

<o £ <SZ‘

{E
..N\AEDODOIOSN
{/E

{0
..N\AE66067168"

WKH DVVRFRDWAHRQ WIIRP GLIITHUHQW SHURMRIQMP WKH VDPH
SHUVRQ EXW DW WLPHVPQRW LQ

JRU HRFFIK@ ZH FDOFXODWH WKH GLVWRBQFEH EHVDOHHQ HDFK
ILQG WKH VXEVHWKBW PLQLPL]JHV WKH WRWDO VXP RI GLVWDQ
GLVWDQFHV WR HVYWDEOLVK WKH RYHUDOO GLVVLPLODULW\

{ PLQ |, {.
NG PES T

JURP RXU HDUOLHU H[DPSOH TXHU\ ZKHUfH PD\ FUHDWH
e V. "DQGgy. \ N T7TDEOHSURYLGHV WKH H[DPSOH UHIF
VHU EH W\ ANH VLPLODUGD WSHODRLMK SHUPLVVLEOH VSRW !
DOORZ IRU D FRPSDULVRQDIIGL QWVMSPRWWHG E\ D JDS RI OHC
JHQHUDWLQJ WKHIROORZLQJWZR FRPSDULVRQ UHIHUH(
RFFXUULQJ HLWKHU DWWLPBYRIGCXWLQJ URVSHFWEYHO\
DQG "NLQ RUGHU WR ILW WKH SDWW HDIDQVRIUPLO ¥ RQ 1 Q B W\
GLVWD @FH&UHVSHFWLYHO\ WR EH XVHG WR MKRZWWHKHKDS
FRPSDULVRQ RI ERWK SRVVLEOHDBOIWRRMKQW PRPHQWYV RI

7KH H[DPSOH DOLJQPHQWRIURRFIDEQBRXOG SURGXFH D WRW

GLVVLPLQDUWLW\IRI 7 ] ] 71 OHDQZKLOH WKHDOLJQP
RI WRE, ,516¢4RX0OG SURGXFH D WRWDO GLVVLPL@DULW\ RI

] 7 1 DQG WReo56/R-GLVVLPLPDULW\IRI 7 ]

] 7 1] )RBE  WRWDO VHWV RI LQGLFHV DQG PLQLPXP

DUH FDOFXODWHG UHSUHVHQWL® & RDOEYEH Y- W\LDVE HRAMHDUF K
ILW WRRQ 5csWKH DOLIQPHQW SRVLWLRQ DQG WRWDG GLVVL

EH UHWXU{FH®BHRDXVH RQO\ RQH SRVVLE O K° DIDQ@ I Q@ PEQWVH [ L \
SRVLWLRQ DPQG GLVVLPLODWUWQWEH UHWXUQHG IRU

‘HPD\FRQVMWBADISSO\LQJD VHW RIUHVWULFWLRQV ZKLFK ZH (
* DVVKRZQ LQ (TXDWIL\WRED\ OLPLW RHWUWRRHRU UHVWULFW WK
VHW RIDOORZDEOH PLQLPL]DWLRQ SDWKV DV LQ (TXDWLRQ
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2Q0HORJLFDOOLPLWDWLRQLVLPSOHPHQWLQJD WLPHGLIIHL
DQG UHIHUHQFH VHWY 7KH PD[LPXP DOORZHG GLIIHUHQFH L
TXHU\DQG SRLQWV LQ WKH UHIHUHQFH VHW ZH UHIHU WR D
OLPLWV WKH SRVVLEOH SDWKV RIDOLIQPHQW WR EHWHPSRL
EHKDYLRULV LPSXWHGLQ WKHPRUQLQJ PLGGD\WUDYHO EF
HWF 8QGHU WKLWBOERVWNDWIKRHQUATWIV.UL FW& RALYV W\SH RI

WHPSRUDO ZLQGRZLQJFDQ DOVR EHDSSOLHG WR DSSO\ WR ¢
ZHHNHQG ZHHNGD\ UHVWULFWLRQV 5HGXFLQJ WKH QXPEHU
KDV WKH VLGH HIITHFW RI GHFUHDVLQJ WKH WRWDO FRPSXWLEL

WLV XQFOHDU ZKLFK OLPLWDWLRQV SHUIRUP EHVW LQ WKL
WR PDNH D FKRLFH IRU WKHDSDJDWHWHM>RMW.REYLRXV KRZ W|
EH GRQH QRU KDYH HDUOLHU VWXGLHYVY SURYLGHG PXFK JX
LPSOHPHQWHG D VLPXODWLRQ VWXG\ LQ WKH FRQWH[W RI L
LQ ZKLFK *36 ORFDWLRQV ZHUH PHDVXUHG RYHU D SHULRG
GLITHUHQW FKRLFHY OHDG WR GLIITHUHQW PDWFKLQJ  VHWYV [
$SSHQG LGHVFULEHY WKLY VLPXODWLRQ VWXG\

OXOWLSOH ,PSXWDWLRAQ
WLV TXLWH OLNHGWUWRKBGEXWKHDY H[SODLQHG LQ WKH
VHYHUDO SRVVLEOHPDWFKHYV 7KLV LV GHVLUDEOH DVHW™
RIGLITHUHQW PDWFKHV LQVWHDG RI D VLQJOH PENWAKHNVNW W L (
WRFUHOWHHUHQW GDWD VHWV DJDLQVW ZKLFK ZH ZLOO FDO
FHVV FDOOHG OXOWLSOH ,PSXTWKIHWHIRVQL B EEBHRLVH EHKLQG F
LPSXWDWLRQ LV WKDW WKH FUHDWLRQ RI PXOWLSOH FRPSO
SOHWH GDWDVHW DOORZV XV WR REWDLQ VWDQGDUG HUURI
%XXUHQ 7KLVLVYDOXDEOHEHFDXVHLW SHUPLWYV FDOFXO

OXOWLSOH LPSXWDWLRQ FDQ EH XVHG WR GHVFULEH D UDQJ}
ILOOLQ PLVVLQJIJQHVYV $ VXEVHW RIWKHVH PHWKRGV DPRQ
WLRQ DQG BUHGLFWLYH OHDQ ODWFKLQJ GHVFULEH WHFKQL
ZLWK REVHUYHG YDOXHXLNLWWROHGHY PRUH SODXVLEOH YD
GUDZQ IURP WUXH RFFXUUHQFHYVY ZLWK WKH DGGHG DGYDQ
ZD\RIPRGHO VSHFLILFDWLRQ ,PSOHPHQWDWLRQ RI WKLV P
SDUWLFXODU QXPEHU RIFDQGLGDWHV RQ VRPH EDVLV RI VLF
WKH TXHU\DQG WKH UHIHUHQFH VHWYVY WKDW DUH SRVVLEO
SUREDELOLW\ RI VHOHFWLRQ IRUHDFK UHIHUHKQEWY WBIQ 6L
EH WXQHG E\ DGMXVWLQJ D SDUDPHWHU LQ WKH FDOFXODW
SUREDELOLW\ RI VHOHFWLRQ IRU VLPLODU GRQRUV 7KH PX
EHFKDLQHG VXFKWKDW GDWD WKDWDUHLQFRPSOHWH DW W
XUH PD\WKHPVHOYHVY EH XVHG WR LPSXWH VXEVHTXHQW GD\

7KLVLPSURYHV WKH TXDOLW\RIWKHLPSXWDWLRQV DQ
VHULHY GDWD DOORZV IRUDOO DYDLODEOH GDWD WR EH X
FORVHVW PDWFKHYV
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WKHJDS LQ WKH WDUJHW WLPH VHULHYV ZLWK D VLQJOH WLPF
LQWHUSRODWHG PHDVXUH WKHQ H[FLVH DQG LQWHUSRODYV
DWHDFK SRWHQWLDO JDS PRPHQW DOORZLQJ XV WR PDNH |
SURYLGHV DQ H[DPSOH WKLV SURFHGXUH

'7:%,KDV PDQ\ SDUDPHWHUV WKDW GHVFULEH LWV LPSOHP|
'7:%,LVH[SHFWHG WR GHSHQG RQ WKH VHOHFWLRQ RI WKHV
O\WHV ZH YDU\ IRXU SDUDPHWHUY WZR LPSDFWLQJ WKH P
WLPH ZDUSLQJDOLJQPHQW DQG WZR LPSDFWLQJLPSXWDWL
PDWFK EXIIHU DQG WLPH ZLQGRZ UHIOHFW:LQ WHJIYMHOOMR Q V
ZKLOH WKH SDUDPHWHUY FDQGLGDWH VSHFLILFLW\DQG QX
VXEVHTXHQW LPSXWDWLRQ SURFHGXUH

7KH PDWFK EXIIHU SDUDPHWHU GHVFULEHV WKH QXPEHU RI
DQG DIWHU WKHJDS $ EXIIHU RI |JHUR HOHPHQWYV LV HTXLYI
LOGHSHQGHQWLRLODULW\ $ ODUJHU EXIIHU SUHIHUV ORQJ
SHUVRQ..V ZRUN FRPPXWH ZKLOH D VKRUWHU EXIIHU SUHIH
SHUVRQ..VPRYLQJ SUHFHGLQJD JDS EXW QRW DIWHUZDUGYV

7TKHWLPHZLQGRZSDUDPHWHU GHVFULEHY WKHPD[LPXP WLP
PDWFKDEOH HOHPHQWV LQ WKH WDUJHW DQG TXHU\ WLPH VF
WZR KRXUV ZRXOG DOORZ D TXHU\ HOHPHQW RI $0 W
RFFXUULQJ EHWZHHQ $0 DQG $0 7KH WLJKWHU WK
GLGDWH PDWFKHY DUH UHVWULFWHG WR FRQIRUP W
WLPH ZLQGRZ WKH PRUH FDQGLGDWH PDWFKHYV DUH y
ZLWKRXW UHTXLULQJ WKH WLPH HOHPHQW $ WLPH ZLQGRZ
XQUHVWULFWHG SDWWHUQ PDWFKLQJ LQ WKH WLPH VHULH\
DIWHUZDUG

'7:%0,LVWKHH[WHQ%®%LWRKR WIKHPXOWLSOHLPSXWDWLRQIUDP
LQ7:%, RQO\ WKH EHVW ILWWLQJ FDQGLGDWH LN%WBHOHFWHG
ZH VHOHFW D QXPEHU RI GLITHUHQW FDQGLGDWHYV 7KLV DC
LPSDFW WKH LPSXWDWLRQ € WKH QXPEHU RI LPSXWDWLRQYV
$ KLIKHU QXPEHU RI LPSXWDWLRQV PHDQV WKDW ZH ZLOO LC
QXPEHU RI ZRUVH DQG EHWWHU ILWWLQJ FDQGLGDWHYV IUR
ZLOO EH GUDZQ 7KLV KDV WKH DGYDQWDJH RI DOORZLQJ X
RIHDFK HVWLPDWH &DQGLGDWH VSHFLILFLW\LV D SDUDPH
VKLS EHWZHHQ WKH VHOHFWLRQ SUREDELOLW\RIDQ LPSXW
PDWFK WKH GRQRU LV $ KLJKHU FDQGLGDWH VSHFLILFLW\ C
VLPLODULW\ YHUVXV D ORZFDQGLGDWH VSHFLILFLW\ ZKLFK
VSHFLILFDWLRQ ,Il WKHFDQGLGDWH VSHFLILFLW\LV WRR KL
DFURVVY DOO LPSXWDWLRRVY ,BBGHRIQI W.RWKHEHVW GRQR!
FDQGLGDWH VSHFLILFLW\ LV WRR ORZ ZH PD\ VHOHFW GRQF
DWDOO UHGXFLQJ WR WKH 7LPH :LQGRZLPSXWDWLRQ FDVH

7TKHVH IRXU SDUDPHWHUY SURGXFHD QXPEHURIGLIITHUHQW F
QHVV LV H[SHFWHG WR GHSHQG QRW RQO\RQ WKH LQWHUDF\
EXWDOVRRQGLITHUHQFHV LQ WKH GDWD 21 SULPDU\LQWHL
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WKDW DUH DSSURSULDWH WR HIWHQW RI WKH LQIRUPDWLRQ
DPRXQW RIGDWD LQFUHDVHYV HLWKHU WKURXJK LQFUHDVLQ.
WKH OHQJWK RI GDWD FROOHFWLRQ D ORQJHU PDWFK EXIIH!
WKH FKDQFH WKDW LGHQWLFDO URXWHY ZLOO EH LGHQWLILF
6LPLODUO\ D KLJKHU FDQGLGDWH VSHFLILFLW\ ZRXOG EH E
VHWWLQJ LQFUHDVLQJ WKHIUHTXHQF\RI VHOHFWLRQ RI YHL
7KH H[SHFWHG LPSDFW RI WKH SDUDPHWHUV WLPH ZLQGRZ D(
OHVV FOHDU $ VHW RI SDUDPHWHUVY PRUH DSSURSULDWH IR
ZKLFKWKHUHLVY OLWWOHRYHUODSSLQJGDWD HLWKHU ZLWKI
LQVWDQWDQHRXY WUDYHO SDWWHUQV VXFK DV WUDYHO LPF
JDS RU PD\KDYH D VKRUWHU WLPH ZLQGRZ LQ RUGHU WR EH(
SHFWV RIWUDYHO EHKDYLRU $ORZ LQIRUPDWLRQ SDUDPHW
WLPH ZLQGRZ VKRUWHU PDWFK EXIIHU UHGXFHG FDQGLGDW
QXPEHU RI LPSXWDWLRQ VWUHDPV

‘H H[SHFW LPSURYHG SHUIRUPDQFH RI WKH KLJK LQIRUPDWI
ORZ LQIRUPDWLRQ YDULDQW WR EH UHODWHG WR WKH W\SH
D SHUVRQ EXW UHVWULFWHG E\ WKH DPRXQW RI DYDLODEOF}
ZLWK YHU\ FRQVLVWHQW WUDYHO SDWWHUQV DFURVYV GD\V Z
D KLJK LQIRUPDWLRQ YDULDQW DV WKH\ ZLOO EH PRUH OLNF
QHDU LGHQWLFDO WUDYHO EHKDYLRU WKDQ DJDLQVW WKDW
WUDYHO SDWWHUQ DFURVY GD\V EXW ZKRVH WUDYHO EHKD
W\SLFDO WUDYHO SDWWHUQV ZLWKLQ WKH VDPSOH DUH XQ
LQIRUPDWLRQ YDULDQW XQWLO WKH VWXG\ SHULRGYVY DUH OR
WKH GHYLDWLRQ $ WKLUG W\SHRI SHUVRQ IRU ZKRP WUDYH
EXW ZKRVH DFWLYLWLHY GHYLDWH IURP WKH WUDYHO SDWW
HJ DODUJHQXPEHURIVWRSYVY WUDFNV ORQJWUDYHOV PD
YDULDQW SHUIRUPV DFFHSWDEO\ LQ VKRUWHU JDS EXW SRF
KLIK LQIRUPDWLRQ YDULDQW ZRXOG KDYH SRRUHU SHUIRUP
Rl VLPLODU WUDYHO DFWLYLWLHY ZHUH REVHUYHG IRU WKH \

‘HSHUIRUPHG D VLPXODWLRQ VWXG\WR HVWDEOLVK WKHVH V
WR WZR PHWKRG%EDO®PDRIG:%0, /2 UHSUHVHQWLQJ KLJK DQG
LQIRUPDWLRQDYDLODELOLWANUHVSHFWLYHO& )XOO UHVXOW!

$QDO\WLV VWUDWHJ\

7KLV VHFWLRQ GHVFULEHVY WKH VHOHFWLRQ RI D VXLWDEOH
FULWHULD IRUFRPSDULVRQ DQG WKH RWKHU PHWKRGV DJDL
EHFRPSDUHG

(IDPSOH GDWD VHW
$V D PRWLYDWLQJ H[DPSOH ZH FRQVLGHU WKH GDWD FROOH
WKH 6WDWLVWLFV 1HWKHUODQGYVY WUDYHO DSS 7KLV ILHOG
VRQV DIJHG DQG ROGHU 2'L1 LVDQ RQOLQH RQO\ VWXG\ RI
'XWFK SRSXODWLRQ &HQWUDDO %XUHDX YRRU GH 6WDWLVYV



$QDO\WLV VWUDWHJ\

%RWK JURXSV RI UHVSRQGHQWY ZHUH FRQWDFWHG YLD SR\
WKH DSSOLFDWLRQ RQWR WKHLU SHUVRQDO PRELOH GHYLF!
VRQDO XVHUQDPH DQG SDVVZRUG DQG UHFRUG VHYHQ GD\V
GHWDLOVRQDSS PHWKRGRORJ\DQG GDWD VWUXFWXUH KDY

7KH DSS FDSWXUHG D SDUWLFLSDQW ...V ORFDWLRQ RQF
ZDV GHWHUPLQHG WR EH LQ PRWLRQ DQG RQFH SHU PLQXW
WHUPLQHG WR EH VWDWLRQDU\ 7KLV GHWHUPLQDWLRQ ZD
DVVHVVHG ZKHWKHU RU QRW WKH GLVSODFHPHQW EHWZHH
WKUHVKROGV LQGLFDWLQJ PRYHPHQW EHKDYLRU &ROOHFW
ZHUH UHFRUGHG DPRQJVW  SDUWLFLSDQWYV

‘HGHVFULEH WKHPLVVLQJGDWDLQ WHUPV RIFRYHUHG WLP|
EHUDQG OHQJWK RIJDSV $ QDWXUDO JDS RFFXUV EHWZHHQ
ORFDWLRQV ZLWKLQ D VLQJOH SHUVRQ ..V WUDMHFWRU\ I
RIVHFRQGY YHU\OLWWOHLQIRUPDWLRQ RQ D SHUVRQ...V FI
WLPH HODSVHG EHWZHHQ ORFDWLRQV LQFUHDVHV WKH DPR
LQFUHDVHY 'HFLGLQJRQ D PD[LPXP DOORZDEOH JDS OHQJW
VKRXOG GHSHQG RQ WKH VPDOOHVW PRYHPHQW EHKDYLRU
7KH PLVVLQJ GDWD SDWWHUQV LQ WKLY GDWD VHW ZHUH GH
LPXP JDS WLPH RI VL[ PLQXWHV 7KHFRQWLJXRXV OHQJWK R
ZLWKRXW H[FHHGLQJ WKH PD[LPXP JDS WLPH EHWZH
ZH UHIHU WR DV WKH FRYHUHG WLPH &RYHUHG WLPH
DGLVFUHWH OHQJWK RI WLPH VXFK DV DQ KRXU RU D
QHVV :HFDQ WKHQ VSHDN RIWKHKRXUO\ GDLO\ FRY
OHQJWK RI FRYHUHG WLPH LQ D GD\ ZDV KRXUV FRUUHVS
RI 7KH PHDQ QXPEHU RI JDSV SHU FDOHQGDU GD\ DFUR)
DQG WKH PHDQ JDS OHQJWK ZDV KRXUV LQ OHQJWK

YROORZLQJ IURP WKH LQLWLDO PLVVLQJ GDWD DQDO\VHV Z]
RI LQWHUHVW DFURVV ZKLFK ZH H[SHFW WKH HIITHFWLYHQHV
GLIIHU SDUWLFLSDWLRQ OHQJWK DQG WHPSRUDO YDULDWL
RQDYDULDEOH QXPEHU RIGD\V UDQJLQJIURPRQHWR FU
WKH WRWDO LQIRUPDWLRQ DYDLOD DO N SRIZVL\Y K H YCLLG/XADUOL E)>
RI SHUVRQV LQ WKH GDWD VHW E\ WKH QXPEHU RI GD\V RQ Zk
VRPH GDWD JURXSHG E\WKHLU DYHUDJH KRXUO\ FRYHUDJH
KLJK OHYHOV RI GDLO\ FRYHUDJH UHSUHVHQWHG E\ WKH EU
SHULRG RIWLPH $VWKHDPRXQWRIGDWD IURPD SHUVRQ...V
WKH DGGLWLRQDO GD\V EHFRPHDYDLODEOH WR IRUP UHIHU'
PLVVLQJ GDWD 6HFRQGO\ OGRRRIG ISWHNLRXVO\ WKDW QLJK
KDYHDQ LQFUHDVHG LQFLGHQFH RIPLVVLQJQHVV GXHLQS
YLRUV WKDW UHVWULFW SURFHVVLQJ ZKHQ W KIHO®KYIWF BDLW K
WKH DYHUDJH FRYHUDJH DFURVVY WLPH DQG GD\ RI WKH ZHHN
QLJKW WLPH KRXUV DQG KLJKHVW GXULQJ FRPPXWLQJ WLPH
RI FRYHUDJH DUH PRUH GLVSHUVHG ZLWKLQ WKH ZHHNHQG\
YLRU RFFXUV GXULQJWKH GD\WLPH KRXUV DQG PXFK RI WKH
LPSXWDWLRQ RI PLVVLQJ GDWD RFFXUULQJ GXULQJ WKH HY
VLPSOHU PHWKRGYV
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a b
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JLIXUH ,QFUHDVHG OHQJWK RI SDUWLFLSDWLRQ PDI\LQFUHDVH WKH
ILOOLQJ PHFKDQLVPV E|SURYLGLQJ PRUH UHIHUHQFH VHWV RI D SH!U
WKDWRFFXUVLQ WKHHYHQLQJKDVD ORZOLNHOLKRRGRIFRQWDLQ
WKHLPSDFW RI KLJK LQIRUPDWLRQ JDS ILOOLQJ PHFKDQLVPV

&RPSDULVRQ

JURP WKH GDWD VHW GHVFULEHG/HQBHWWGRBO O FRQWLJXR X
RI DW OHDVW KRXUV DQG ZLWK QR JDSV H[FHHGLQJ PLQXW
WUDMHFWRULHY ZLWK LPSODXVLEOH VSHHGVY EHWZHHQ VXF
LQVSHFWHG WR LGHQWLI\ ZKLFK ORFDWLRQV ZHUH PRUH OLN
WKHQ IODJJHGIRUUHPRYDO DQG WKHGDWD ZHUH DJDLQ ILOV
VHWYV ZLWK JDSV H[FHHGLQJ PLQXWHV )ROORZLQJ WKLYV

UHVSRQGHQWY UHPDLYKRZVIWKMHHKNSDWLDO GHQVLW\ RI D
WUDMHFWRULHY UHODWLYH WR WKH GHQVLW\ RI WKH VHW R
KRXUV

%HFDXVH WKH OHQJWK RI WKH JDS SOD\VDQ LQWHJUDO UROF
GDWD FDQ EH LPSXWHG ZH FUHDWHG ILYH GLIITHUHQW PLVVLC(
JDS OHQJWKV RI RQH KRXU WKUHH KRXUV VL[ KRXUV KR X
HDFK VFHQDULR RI WKH VHWY ZHUH VHOHFWHG DW UD
PLVVLQJQHVV 7KH PLVVLQJQHVV ZDV LQWURGXFHG LQWR H|
VLQJOH FRQWLJXRXV SHULRG (DFK VFHQDULR UDQGRPL]HG
GDWD DV ZHOO DV WKH VWDUW WLPH RI WKH PLVVLQJ GDWD |
HDFK VFHQDULR ZHUH DSSOLHG WR WKH VDPH GDWD

,Q WRWDO ZH FRPSDUH VL[ GLITHUHQW PHWKRGYV RQ WKHLU
GDWD LQGXFHG DW YDULRXV OHYHOYV 76€HNME PPBXKROGNWLRBRQH
0, 7LPH :LQGRZ ,PSXWDWLRQPLF 7LPH :DUSLQJ %DVHG >61
,PSXWDWLRQ ‘\QDPLF 7LPH :DUSLQJ %DVHG 0OXOWLSOH ,PS
+LIJK ,QIRUPDWIORG, DQG '"\QDPLF 7LPH :DUSLQJ %DVHG 0XO



$QDO\WLV VWUDWHJ\

JLIXUH 6SDWLDO GHQVLW| RI WUDMHFWRULHYV UHFRUGHG LQ WKH
DUHDV VKRZ VHIPHQWV UHSUHVHQWHG LQ WKH IXO0 VHW RI GDWD
JDSV DV ZHOO DV GDWD VHWV FRYHULQJ OHVV WKDQ KRXUV LQ W
GDWD XVHG LQ WKH VLPXODWLRQ VWXG| ZKLFK UHTXLUHG DW OHD
QR JIJDSV HIFHHGLQJ PLQXWHV

IRWH 'HQVLWLHVDUHFDOFXODWHG RQ WKHEDVLVRIWKHQXPEHU

RWKHU XVHUV 1RQ LOWHUVHFWLQJ VHIPHQWYVY ZHUH UHPRYHG WR
WKH VLPXODWLRQ VWXG|
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SXWDWLRQ XQGHU /R'Z;%Q0RUP DVDICRMHWKRGY ZHUH LPSOHPH(
WKH 5 ODQJXDJH DQG DXUMVDIND L IERIH MRKY RSHQ VFLHQFH
$QDO\VHYV

/, FDOFXODWHVY WKH GLVWDQFH EHWZHHQ WKH ODVW SRLQW |
IROORZLQJ WKH JDS XVLQJ WKH +DYHUVLQH IRUPXOD 7KLV
DFURVV WKH 1 GLVFUHWH PLVVLQJQHVYVY SHULRGV 7KH JDS
VHULHVY RI LGHQWLFDO WUDYHO EHKDYLRU 7KLV LV GRQHLQ
IRUPDW

0,ILOOHGHDFKJIJDSZLWKWKHPHDQ YDOXHSHUKRXURIWKHD
RQ WKHEDVLV RI WKHQRQ PLVVLQJ SRUWLRQ 7KLV SHUVRQI
FUHDWLQJ D WLPH VHULHY RI WKH WUDYHO EHKDYLRU HTXDO

7:, LPSXWHV PLVVLQJ GDWD FRPSDUDEOH WLPH ZLQGRZ VHO
FRPSOHWH GDWD &DQGLGDWHV.. WUDYHO EHKDYLRU VLPL
%RWK WKH RQH KRXU DQG WKUHH KRXU YDOXHV ZHUH FRQV
SDUDPHWHU ZLWK VLPLODU SHUIRUPD Q FHE H:FHD KR PIS®IUIHWR/Q H
VOLIJKWO\EHWWHU DJJUHJDWH SHUIRUPDQFH 7HQ LPSXWDW
WKHWKHRUHWLFDO YDOXH RI LQFUHDVLQJ VXIILFLHQW YDUL

'7:%, VHOHFWV WKH EHVW ILWWLQJ'FD QG WXDDVMHDRACFW KN IED V
RI HLIJIKW KRXUV DQG D WLPH ZLQGRZ RI RQH KRXU 7KLV SDUL
D WKHRUHWLFDO EDVLV IRUD GHVLUDEOH SHUIRUPDQFH DV\
SDWWHUQ ZzDV DYDLODEOH DV DQ LPSXWDWLRQ FDQGLGDWH

'7:%0, +, VHOHFWYV WKH WKUHH EHVW ILWWLQOEDIRHGGW WH)\
XWLOL]JLQJ DQ HIWHQGHG PDWFK EXIIHU RI HLIJIKW KRXUV DQ
WR WDUJHW ILQGLQJD IHZ YHU\ FORVH PDWFKHV € VXFK DV D !
RU\ZKHQ DYDLODEOH 7KH SDUDPHWHUV IRUPDWFK EXIIHU D«
WKHRUHWLFDOO\ SRVLWHG WR HQKDQFH PDWFKLQJ SUHFLVL
KDG FORVH DOLJQPHQW RYHU D ORQJHU LQWHUYDO 7KH VLPF
SHQ@IGHPRQVWUDWHG WKH YLDELOLW\ RI WKH WKHRUHWLFD
D KRXU WLPH ZLQGRZ DQG WKUHH LPSXWDWLRQ FDQGLGDW
EDVLV RI SURYLGLQJ WKH ORZHVW DEVROXWH ELDV DV ZHOO
RWKHU SHUIRUPDQFH PHDVXUHV %RWK RI WKHVH DOLJQ ZL\
KDYHIHZHU YHU\ FORVHPDWFKHV DQG ZLOO WKXV SUHIHU IHZ
WLPH UHVWULFWLRQ PD\ DOORZ IRU PDWFKLQJ PRUQLQJ FRPF
PXWHV RUIRURWKHUZLVH LGHQWLFDO WUDMHFWRULHV WK
WLPH

'7:%0, /2 VHOHFWV WKH EHVW ILWWLQJ ED:QDQ GIUPHWQRQ W K
XVLQJ D PDWFK EXIIHU RI RQH KRXU D PHGLXP FDQGLGDWH V
GRZ Rl WKUHH KRXUV 'QMWKHFWKH RLPXODWLRQ VWXG\ GH\
$SSHQGL[ $ ZDV XVHG DV WKH SULPDU\ EDVLV IRU SDUDPHWH
WLRQ SURYLGHG WKH RYHUDOO EHVW SURILOH DFURVYV WKH \
6XEVHTXHQW LQYHVWLIJDWLRQ RI WKH PDWFKHV SURGXFHG
WKHRUHWLFDO PHFKDQLVP RI DFWLRQ UHO\LQJ RQ D JHQHU:
EHKDYLRU LPPHGLDWHO\ SUHFHGLQJ IROORZLQJD JDS DQG



5HVXOWYV

ZLWKLQ WKH JDS

SHVXOWY DUH VSOLW DFFRUGLQJ WR JDS OHQJWK DQG DOV|
WHULVWLFV LGHQWAPEH® IR DYDLODEOH VHWY DQG QLJKW
7KLV PD\DOORZ IRU ILQH WXQLQJ PHWKRG VHOHFWLRQ

3HUIRUPDQFH FULWHULD
‘H VHOHFWHG WKH IROORZLQJ WZR NH\ WUDYHO PHWULFV |
WRWDO GLVWDQFH DQG QXPEHU RI VWRSV :H FRPSDUH WKF
5RRW OHDQ 6TXDSWK (DQRUPHDQ DEVROXWH ELDV %LDV DV
VHW RI PHWULFV GHYHORSHG WR DVVHVV WKH DFFXUDF\ DQGC
WUDYHO GLVWDQFH DQG QXPEHU BD6HWIRBYDANSERWKPRY Y 8
WKH DFFXUDF\RI WKH XQGHUO\LQJLPSXWHG PHWULF LQ DEV
SDUDPHWHU VHWY JHQHUDWHG HLWKHU D VLJQLILFDQW XSZE
GLVWDQFH ZH FRPSDUHG XQGHU DQG RYHUHVWLPDWLRQ V|

7TUDYHO 3HULRG RYBKHNWHWVLRPWY MVMKH SHUFHQWDJH RI PLQ.
RGV LPSXWHG WKDW GLG QRW H[LVW LQ WKH WUXH GDWD VF
GHUHVWLPBWURPHFWY WKH SHUFHQWDJH RI WKH WUXH QX
ZHUH VSHQW LQ PRYHPHQW WKDW ZHUH QRW UHIOHFWHG LC
$FFXUDB\S$FRUHIOHFWY WKH SHUFHQWDJH DJUHHPHQW ZLWK
LQJ VWDWLRQDU\ SHULRGY EHWZHHQ WKH WUXH GDW

'LVWDQFH RYHUHVWUPMDOWH.RWYY RQO\ WKH XSZDUG ELD
UHODWLYH WR WKH WUXH GLVWDQFHL VW VYWBDLQOFHUXO®
RQO\ WKH GRZQZDUG ELDV RI WKH LPSXWHG YDOXHYVY UHODW
DUH H[SUHVVHG LQ NLORPHWHUYV

SHVXOWYV

7TUDYHO GLVWDOQFH

7TDEOHVKRZV UHVXOWYV IRU WUDYHO GLVWDQFH LPSXWDWLF
WKH VL[ WHVWHG, PRHHDKR GR'SXWDWUIR®, '7:%0, +,DQG

'7:%0, /2 DYHUDJHG DFURVYV DOO ILYH PLVVLQJQHVV VFHQD
SHUIRUPDQFH LQ WHUPV RI DEVRD:XWH /RLZDW k¥ BWPH DQVE LLIVV
R .P 7TKHPHGLDQ ELDV 0OHG WHIWKREV DWOHVYV WKDQ Pt
DQG PHWHUV ,IROWKKRHG :H FDQ EUHDN RXW DEWROXWH EL
'LVMZKLFK DOORZV LQYHVWLIJDWLRQ RI VIVWHPDWLF GLUHF
SURFHGXUHLQFDSDEOH RI RYHUHVWLPDWLQJ WKH WUDYHO
UHIOHFWV DQ XQGHUHVWLPDWLRQ RI WUDYHD:GEDNWHD® FH RI
PHWKRGV VAIVWHPDWLFDOO\ XQGHURMWL FRR}HVEHD YRHCP G L\
WKHRWKHU PHWKRGY GHVSLWHD VOLIJKW XQGHUHVWLPDWIL
WLPDWLRQDQG XQGHUHVWLPDWLRQDUHVPDOO UHODWLYH
EHWZHHQ WKH DYHUDJH RYHUHVWLPDWLRQ DQG XQGHUHVW

7KH WUDYHO SHULRG PHWULFV RIITHU LQVLJKW LQWR WKH V
'7:%,SURYLGHV WKH KLIKHVW DFFXUDF\ZLWK UHVSHFW WR L
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7TDEOH &RPSDULVRQ RI PHWKRGV IRU LPSXWLQJ WUDYHO GLVWDQFH
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EHU RI PLQXWHSHULRGV LQ ZKLFK7 % 6,UVR@ZDPMWI2DYHOLC
DOVR RIIHUDSSUR[LPDWHAOD QPFFK OBIMY DFFXUDWH WKDQ W
PHWKRGNDQG3LDOORZ IRULQYHVWLIJDWLRQ RI VIVWHPDWLF E
HVWLPDWRRQ /2LV WKH RQO\ PHWKRG IRU ZKLFK XQGHUHVWLF
WLPDWLRQ SHUFHQWDJHV DUH VLPLODU DQG DOVRKORZ OHDC
RI'JHUR EHFDXVH WKH PHDQ YDOXHLPSXWHG IRUWKHPLVVLQ
PRYHPHQW WKUHVKROG /LQHDU LQWHUSRODWLRQ DOWKRX
WKHWRWDO WUDYHOHG GLVWDQFH FDQDVVLIJQD GLVWDQFH
WR D SHULRG ZKLFK RULJLQDOO\ FRQWDA GHE RERVWRYDWH Y \D
SUREOHP ZLWK VA\IVWHPDWLF XQGHUHVWLPDWLRQ RI WUDYHO

3UHYLRXV VWXGLHV KDYH GHPRQVWUDWHG WKDW WKH OHQ.
FRQVLGHUDWLRQ LQ GHFLGLQNK® DVPRHHVKRRSG 3BIEJORIUP D Q F H
ULFV DFURVYV WKH ILYH VLPXODWLRQV ZLWK GLIIHULQJ JDS O
OHQJIWHRbL, '7:%0, /2DQG PHDQ LPSXWDWLRQ SURYLGHG WKH OF
DJH OHDQ LPSXWDWLRQ RIITHUV TXLWH D KLJK PHGLDQ ELDV
RWKHU PHWKRGY DOO OHVV WKDQ PHWHUV 7KH RYHU DQC
LYHO\ORZDFURVVDOOPHWKRGY GXHWR WKHVPDOO OLNHOL
LQJWUDYHORYHUORQJGLVWDQE®\D & HEHUPRURNYE BN RI

VLPLODU SHUIRUPLQJEHVWRQ WKHVHPHWULFV FRQWDLQL(
VLPLODU UDWLR DQG WR D VPDOO GHJUHH $Q@®WUBRYHO SHUL
DOWKRXJK OLQHDU LQWHUSRODWLRQ DOVR RIITHUV DFFHSWD

$VWKHJIDS OHQIJWK LQFUHDVHV WR '"'KRXDQGN®%KE,SRRUIRUPDQ
UHPDLQ VXIILFLHQW $OWKRXJK ERWK RIIHUIDYRUDEOH SUR|
HYLGHQFH IRU ODUJH V\VWHPDWLF EILDEX Q@ WVWRDE@BH HVWL
DFFHSWDEOH SHUIRUPDQFH ZLWK UHJDUG WR RYHUDOO ELDV
WKH DVVHVVPHQW RI WKH LPSXWHG VKDSH DQG DFFXUDF\ RI
7:,DQG PHDQ LPSXWDWLRQ GR QRW RIIHU IDYRUDEOH SURILC
FRQGLWLRQ ,Q WKH KRX:WYWID S BRICPRIOWMWRIDWHY WKHEHVW S
DQFH KLOKIDV WKH ORZHVW DEVROXWH ELDV LW RIIHUV ZRL
WKH RWKHU'PHWULEKWY D PRUHIDYRUDEOH VKDSH SURILOH
RYHUDQG XQGHUHVWLPDWLRQ RI WKH WUDYHO SHULRGV 7K
ZRUVH SHUIRUPDQFH RQ DYHUDJH :LWKLQ 'WHR4D, /RRXU JDS



5HVXOWYV

RITHUV WKH EHVW SHUIRUPDQFH DFURVV DOO PHWKRGV 7KH
DYHUDJH DOWKRXJK WKH ELDV VSOLW E\RYHU DQG XQGHUH
UHVSHFWLYHO% Ot HUWDHOVR RIITHUV DQ DFFHSWDEOH SHUIRUPD
ELDV RI .P DQGDIDYRUDEOH VKDSH SURILOH ,Q WKH KF
LPSXWDWIER®, EIIHUV WKH EHVW SURILOH RQ DYHUDJH ZLWI
PHWHUV DOWKRXJK WKHUH LY DPHDQLQJIXO ELDV WRZDUG
'7:%0, /2SHUIRUPY ZHOO KHUH DV ZHOO ZLWK DQ DEVROXWH
URXJKO\HTXLWDEOH WUDYHO SHULRG RYHU DQG XQGHUHVYV
.P 2YHUDOO LQFUHDVHG JDS OHQJWK WHQGV WRZDUGYV LC
PRVW PHWKRGYV DQG DQ LQFUHDVHLQ ERWK RYHUHVWLPDW
WRWDO GLVWDQFHDQG WKHQXPEHU RIWUDYHO SHULRGV 7|
'7: EDVHG PHWKRGY HYHQ DV JDS OHQJWK LQ®BWOHD2ZHV WR
DQG@:%,DUH DEOH WR SURYLGH PXFK EHWWHU DSSUR[LPDWLF
/,DW JDS OHQJWKYV RI DQG KRXUV

7DEOHVKRZV SHUIRUPDQFH RI WKH LPSXWDWLRQ PHWKRGV L
WLRQVLQ WKH KRXUJDSFRQGLWLRQ %HFDXVH SHRSOH DL
QLJKW KRXUV GLIIHUHQW PHWKRGRORJ\ RU SDUDPHWHU VH
SXWLQJ PLVVLQJ GDWD RFFXUULQJ RQO\DW QLJKW 5HFRUG
LQGXFHG RQO\LQ WKH KRXUV EHWZHHQ DQG ZHUH L
"1LJKW 2QO\ % WR EH FRPSDUHG WR UHFRUGV DOVR F
LQJ WKH GD\WLPH KRXUV OLVVLQJQHVV RFFXUULQJ
DEVROXWH E7D%Q,Q/WKH6, DQGFRQGLWLRQV B6\VWHP
XQGHUHVWLPDWLRQ ZDV ORZHU DFURVV DOO PHWKR
WKH PLVVLQJQHVV RFEXUWM,G/ IDW @ LBKRIIHU WKH EHVW GD\
WLPH SHUIRUPDQFH ZLWK FRPSDUDEOH DEVR®XWH ELDV D
GHPRQVWUDWHY OHVV VIVWHPDWLF ELDV WRZDUGV XQGHU
'7:%),

$V WKH GDWD FRQWDLQHG PXOWLSOH GLIITHUHQW VHWV RI G
SRVVLEOH WR LQYHVWLJDWH WKH DPRXQW WR ZKLFK DFFH?
WUDYHO EHKDYLRU IURP GLITHUHQW WLPH SRLQWYV FRXOG Et
FHGXUH ,Q 7TDEOMH PHWKRGY DUH FRPSDUHG DJDLQVW WKH T
DYDLODEOH DV GLIIHUHQW GDWD VHWYV IRU VHUYLQJ DV LPS
ZKHUH RQO\D VLQJOH VHW ZDV DYDLODEOH DQG ZKRP WKHU
RZQ LPSXWDWLRQ/E®D Q,G/2LGDWWKH SUHIHUUHG PHWKRG RQ W
DOO PHDVXUHV :KHQ VHWA B UHDY®LVODQEEBURYLGHG
VLPLODU SHUIRUPDQFH ZLWK UHVSHFW WR WKH PHDQ ELDV D
+RZHYHU WKH WUDYHO SHULRG PHWULFV GHPRQY2NVUDWH ¢
PHWKRG ,Q WKH VHWWKKBPRBQGBKMWOREZHVW DEVROXWH ELDV
HUZLVH SRRU SHUIRUP®B QFRKDIGLDBUHIHUDEOH SURILOH IRL
RI VIVWHPDWLF ELDV ERWK IRUWUDYHO SHULRGV DQG GLVYV
RI DOOPHWKRGY ZRUVHQV DV WKH QXPEHU RI VHWV LQFUHD
HISHFWDWLRQV

7R GHWHUPLQH ZKHWKHU WKLV UHVXOW ZDV GXH WR LQKHU/
ZLWK YDU\LQJ DPRXQWV RI HIWUD GDWD IRU H[DPSOH GXH
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'7: EDVHG LPSXWDWLRQ RI KXPDQ PRELOLW

7TDEOH OHWKRG FRPSDULVRQ DFURVV DOO FDVHV 1XPEHU RI WULSV

$EV %LDV OHG06( 7¥K 73L 73 $FF
%LDV

/,

7,
7%,
'7:%0, +,
'7:%0, /2

PRUHWUDYHO EHKDYLRU OHDGLQJWR ORQJHU WUDFNLQJ WL
ZDV FRQGXFWHG XVLQJ RQO\ WKRVH SHUVRQV ZLWK DW OHD
GHVFULEHG LQ&$SSH@ELNY UHVWULFWHG VLPXODWLRQ VWXG
LQGHHG LPSURYH ZLWK DGGLWLRQDO RZQ GDWD VHWV EXW
LQIRUPDW%RQ+LY QRW GHPRQVWUDWHG

1XPEHU RI WULSYV
'7:% 0 , PHWKRGV DUH QRW UHVWULFWHG WR WKH LPSXWDWLF
PHWULFV WKDW RFFXUDV D IXQFWLRQ RIWLPH PD\EHQHILW I
7TDEOHSUHVHQWY D FRPSDULVRQ RI WKH VDPH PHWKRGYV DSS
WULSV RFFXUULQJ ZLWKLQ D JDS :KLOH DOO PHWKRGV SUH
'7:%0, /12DQG :%,RIIHU DQ LPBIRKBHGG OHVV VAIVWHPDWLF RYHL
DWLRQ RI WKH QXPEHU RI SHULRGYVY FRQWDLQLQJ PRYHPHQW

TDEORWKRZVWKHUHVXOWY RI WKHVLPXODWLRQV VWUDWLILH
:KLOHSHUIRUPV ZLWK PRUH ELDV DV WKH OHQJWK RI WKH PL\
'7:%0, /12DQG: %, PHWKRGY GHOLYHU UHODWLYHO\ FRQVLVWH
UHJDUGVY WR DYHUDJH DEVROXWH ELDV DQG RAIBHAIFEHWWHU |
73K DQ®BL $W D JDS OHQJIWK RI'7: KRXUNGIPOHOVKRGYV PDLQWDI
73 $FRI DSSUR[LPDWHOYX, RITAKIVORHQOYB® $FF

&RQFOXVLRQ

,Q WKLV UHVHDUFK ZHLQWURGXFHG D XQLTXHDSSURDFK WR
DFWHULVWLFV LQ KXPDQ WUDMHFWRU\ GDWD ZKLFK ZH FDO
OXOWLSOH ,PSXWDOWIHRWHVWHG WKH SHUIRUPDQFH RI WKLV P
DUHDO OLIHGDWDVHW DQG FRQGXFWHG D VLPXODWLRQ VW X
SDUDPHWHUYV 7KH RXWFRPHVY FRQYL'QFLQ,MOH ERQGLTFOMNWWG Wi
SHUVHGHG RWKHU JDS ILOOLQJ VWUDWHILHY VXFK DV PHDQ
SXWDWLRQ DQG OLQHDU LQWHUSRODWLRQ VSHFLILFDOO\ I

‘HGHPRQVWUDWH WKDW GLITHUHQW PHWKRGV IRUJDS ILOOL
UHVXOWVY RQ WKH EDVLV RI WKHQDWXUH RI WKHPLVVLQJQHV
RUWLPHRUGD\ RUWKHQDWXUHRIWKHGDWDLWVHOI HJ G
UHIHUHQFH VHWYV J/LQHDU LQWHUSRODWLRQ LV DQ DSSURSL
ZKHQ PLVVLQJIJQHVV RFFXUV DW QLJKW EHFDXVH WKH FKDQF|
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'7: EDVHG LPSXWDWLRQ RI KXPDQ PRELOLW

WKHVHVLWXDWLRQV 2Q WKHRWKHU KDQG LQ VLWXDWLRQV
JDS LPSXWDWLRQ PHWKRGV ZLOO OLNHO\SURYLGH VXSHULR
WR DSSURSULDWHO\ FRQVLGHU WUDYHO EHKDYLRU YDULDQF
SHUVRQ..VRZQ GDWD LV DYDLODEOH WR XVHDV GRQRU FDQG
FDQGLGDWHY ZLWK PRUH FORVHO\ DOLJQHG WUDYHO EHKDY
FDSDFLW\ WR UHGXFH WKH YDULDQFH RI WKH HVWLPDWH

'7:%0, +,ZLWK DQ KRXUPDWFKLQJEXIIHUDQG KLJKFDQGLGI
SHFWHG WR EH DEOH WR PDWFK RQ WKH EDVLV RI ORQJHU W
DV FRPPXWLQJEHKDYLRU DQG ZDV H[SHFWHGM®R KDYH DQ D
LQ VFHQDULRV LQ ZKLFK WUDYHO EHKDYLRU ZDV PRUH SUHGL
OLVVLQJRU UHIHUHQFH VHWERQGEWQREYSHUIRHWHG UHO|
LYH'W:R60, /2LQ DOPRVW DOO VFHQDULRY LQFOXGLQJZKHQLP
WR SHUVRQV ZLWK DGGLWLRQDO RZQ GD¥%D VHWEBM QM ESSH:
E\D VKRUW KRXU PDWFKLQJEXIIHU PHGLXP FDQGLGDWH V'
WLPH ZLQGRZ DQG WKXV PDWFKHG LPSXWDWLRQ FDQGLGDW
PHGLDWHO\ SUHFHGLQJ DQG IROORZLQJ WKH JDS 7KLV SUR
PDQ\ VFHQDULRY LQFOXGLQJ DV WKH OHQJWK RI WKH JDS L
KRXUV

&RPSDULVRQV EHWZHHQ WKHDH UZRQY® DY EHBRRVYV VFHQDULRYV
FROWH[WXDOL]JH WKHEHQHILW RI VLQJOH YHUWVXRMPEKOWLSOF
WLPHVY KDG WKH ORZHVW DEVROXWH ELDV WKH PHWKRG WHQ
XQGHUHVWI/PBWLREGHUIRUPHG PRUH FRQVLVWHQWO\ DFURV\
SLWH LWV VA\VWHPDWLF RYHUHVWLPDWLRQ RI GLVWDQFH DQZC
VA\VWHPDWLF ELDV LV XQFOHDU EXW PD\EH GXH WR GLIITHUH(
DYDLODEOH XQGHU WKH WZR SDUDPHWHU VHWYV 7KH ORQJH
GLGDWH VSHFLWFLWRRIPRUH RIWHQ EH UHVWULFWHG WR R(
VHWV ZKHUH WKHUH LV D VOLJKW QHIJDWLYH FRUUHODWLRQ
'7:%0, /2LPSXWHV RQDYHUDJHDQ HTXDO QXPEHU RI WUDYHO
DQG XQGHUHVWLPDWLRQV LQGLFDWLQJ WKDW WKH GLVWDAQ

‘H UHFRJQL]H FHUWDLQ FRQVW U D'7Q0/, DWW R RIGD W & 52 G\LKQ Y
WKH QHFHVVLW\ IRU DW OHDVW RQH FRPSOHWH GDWDVHW D¢
REVHUYDWLRQ SHULRGYV &RQVHTXHQWO\ ZHUHFRPPHQG IXW
RQ LQYHVWLIJDWLQJ WKH OLPLMW\D AIHW B R GEIIRQL MP SRAWLKQH W U
EHKDYLRU DQG LQ EURDGHQLQJLWY SRWHQWLDO DSSOLFDW

,Q WHUPV RI IXWXUH GLUHFWLRQV ZH VXJJHVW H[DPLQDWL
GDWDVHWV HQFRPSDVVLQJD ODUJHU SRSXODWLRQ SURORQ
HIKLELWLQJOLVVLQJ1RW $W5DQGRP FKDUDFWHULVWLFV 7K
JHQHUDOL]DELOLW\ DQG/URERPHWERGY RQWRIBP\ DGGLWLRQDC
OLIJKWRQ WKHDSSURSULDWHQHVYVY RI YDU\LQJ SDUDPHWHU V
WKDW WUDYHO PRGH LV D IXQGDPHQWDO FRPSRQHQW RI WUD
EHZRUWK H[SORULQJ WKH SRVVLELOLW\RILPSXWLQJ WUDYH
ZLWK WUDYHO EHKDYLRU FRDWOD,PWWKIRGNLFV YLD WKH

IRWZLWKVWDQGLQJ WKHVH OLPLW:DW LRKW KRB ERWOIGN \§ KD WV



&RQFOXVLRQ

PDWLF LPSOLFDWLRQV IRU DXJPHQWLQJ WKH SUHFLVLRQ R
DGGUHVVLQJ LWV SHUYDVLYH PLVVLQJ GDWD SUREOHPV SD
VRXUFHV DUH OLPLWHG :‘H XUJH UHVHDUFKHUV DQG SUDFWI
RGRORJ\ DV D SRWHQWLDO VROXWLRQ IRUILOOLQJ ORQJJD
FRQVLGHU LWV FDSDFLW\ IRU H[SDQVLRQ LQ YDULRXV FRQW







PSXWLQJPLVVLQJ GI
DSS EDVHG WUDYHO

'DQLHOOHOF&RRO %DUU\G6FKRXWHQ DQC



,PSXWLQJ PLVVLQI GDWD LQ DSS EDVHG

$SEVWUDFW

OLVVLQJ GDWD LQ VPDUWSKRQH EDVHG DSS VWXGLHV RI KXI
REVWDFOH LQ WKHLU ODUJH VFDOH LOWURGXFWLRQ DV UHSC
VXUYH\V 7KH GDWD DUH SURQH WR SHULRGV RIPLVVLQJQHYV
WR GDIV LQ OHQJWK 5HVHDUFKHUV VHHNLQJ WR DQVZHU T’
FROOHFWHG GDWD PXVW DFFRXQW IRU WKLV PLVVLQJQHVV
HVSHFLDOO\| VLQFH GDWD DUH PRUH OLNHO| WR EH PLVVLQJ
WKLVDUWLFOH ZHLQYHVWLJDWH WKHLPSDFWRIGLIITHUHQW
DULVLQJIURP WKH 'XWFK 7UDYHO 6 XUYHILQ WHUPV RI WKH
EHKDYLRU VWDWLVWLFV 'HSURSRVHDQG LOOXVWUDWH D P
WUDYHO EHKDYLRUEILPSXWLQJDW WKHJUDQXODU OHYHO XV
OXOWLSOH ,PSXWDWLRQ IROORZHG E|\ OXOWLYDULDWH ,PSX
DGGUHVV SUREOHPV RI UHSUHVHQWDWLYLWI



,QWURGXFWLRQ

,QWURGXFWLRQ

'‘DWD RQKXPDQ PRELOLW\DUHLQWHJUDO WR QDWLRQDO WUL
DQG SUDFWLFH $[KPX¥IHDQY &RRSHWDUULVRQ HW &RQ
VHTXHQWO\ VXUYH\VRQ WKHWRSLFDUHDGPLQLVWHUHG DV
ZLWK FRQVLGHUDEOH FDUH WRZDUGY WKH DFFXUDWH JHQH !
598 6YHULJH DW KLJK FRVW DQG HIIRUW 0 RAKHHYH & BMWDO
DUHFRQVXPHG QRWRQO\E\WKH I1DWLR,QJRO 9WDW®Q V8 R U WDAV,
DIJHQFLHVY WKDW JHQHUDWH WKHP EXW DOVR E\ 1*2V UHVFE
SDQLHV 7KH FRQVHTXHQFHV RILQDFFXUDWH ELDVHG RUL
EHKDYLRU FDQ WKHUHIRUH EH IDU UHDFKLQJ

6PDUW VXUYH\V KDYH EHFRPH LQFUHDVLQJO\ LPSRUWDQW W
ZKHQ WUDGLWLRQDO PHWKRGY HQFRXQWHU SUREOHPV VXF
TXHVWLRQV IRUZKLFKUHVSRQGHQWY GRQ..WKDYHDQVZHU
IRUD VWUDLJKWIRUZDUG TXHVWLRQ DQVZHU DBWDRDFK 6F
KXPDQ PRELOLW\ WUDGLWLRQDOO\ JDWKHUHG LQ WKH IRUF
WR EH D JRRG ILW IRU WKH VPDUW VXUYH\ PHWKRGRORJ\ DC
UDWHV Rl QRQ UHVSRQVH DQG GHFOLQHV LQ UHVSRQVH TX
PDQ16,KDYH LQLWLDWHG WKH SURFHVV RI GHYHORSLQJ VP
WUDYHO DSSV WR UHSODF & BRUWWHXIPHOW MOSBWKRXJIK WKH

SULPDU\ JRDO LV JHQHUDOO\ HDVLHU FKHDSHU DQG PRUH |
GDWD IRUPDWY WKH IDFW WKDW WKH GDWD DUH JHQHUDOO
EHHQ QRWHG DV D QLFH DGGHG EHQHILW $DODKYRQIHMWORA

&RQVLGHULQJ WKH SRWHQWLDO RI SDVVLYH GDWD ER
DWLRQV RI WKH/WBUDGRRVDR XM@BHUUHSRUWLQJ 6WR
:LWOR[ DQG GHSDUWXUH DUULYDO WLPH URRR&QBG
WKHLQFUHDVLQJSUHYDOHQFH RIVHQVRU HQDEOHG
LIDWLRQV WKDW DGRSW WKHVH DSSOLFDWLRQV RSW RXW DJ
+DUULVRQ HWOR@WHQF\ HW DOUHDYHV HW DVXJJHVW D FRP
ELQDWLRQ RI LQHUWLD GLVLQWHUHVW IURP SDUWLFLSDQW
HW DO LGHQWLI\ GLIILFXOWLHV ZLWK PDQDJLQJ WKH GDW|
+DUULVRQ HW BORSRVHV WKH OLPLWHG VWDQGDUGY DYDLC
DQG DSSOLFDWLRQV DV D SULPDU\UHDVRQ :HEHOLHYH WKEC
HDFK Rl WKHVH GLIILFXOWLHV LV WKH PDVVLYH LPSDFW RI |
WKDW SDVVLYHO\ FROOHFW WUDYHO EHKDYLRU GDWD

OLVVLQJIJQHVYV VSDUVLW\ RU ORZ REVHUYDWLRQ IUHTXHQF
WUDYHODSSV +DUGU®ERRD\DKW DO6WXGLHV IUHTXHQWO\ GH
VWUDWH PLVVLQJ GDWD UDWLRV RRQH ZBIENEQRRQN D@/ XG\ UH
WHG WKDW RQO\ SHUVRQV RXW RI WKH ZKR GRZQORDGH
RI GDWD GHVSLWH WKH UHODWLYHO\ OLEHUDO LQLWLDO Ut
SHU KRXU IRU KRXUV /DQ +HRPETIKFDWLQJ PDWWHUYV IXL

7KLY SUREOHP H[LVWV LQ QRQ DSS EDVHG 7TUDYHO 'LDU\ 6WXGLHV DV ZHOO
HW DO



,PSXWLQJ PLVVLQI GDWD LQ DSS EDVHG

PLVVLQIJQHVV LV QRW HTXDOO\ GLVWULEXWHG WHPSRUDO V.
DVSHFWYVY JHRJUDSKLFDO FRQVLGHUDWLRQVDQG HYHQ WUD"
UHODWHG ZLWK WKH SUREDELOLW\RI SURYLGLQJ D ORFDWLR
FDU PD\EH OHVV OLNHO\ WR KDYH PLVVLQJ GDWD GXULQJ Wk
HOLQJ E\ XQGHUJURXQG WUDLQ PRUH OLNHO\ 7KLV PLVVLQ.
IHDWXUHV &XUUH\ 7TRQE&®&X\LDVHV LQ LQIHUUHG PRELOLW\ SI
HW DO

$ UHFHQW UHYLHZ RQ EHVW SUDFWLFHYV IRU *36 GDWD XVDJ
UHVHDUFKHUV PDNLQJ XVH RI *36 GDWD LQ WKHLU SURWRFRO
DwWw DOO 3HDUVRQ HW DO WHPSWLQJ WR PLVWDNH WKH DEVF
HYLGHQFH RI DEVHQFH DQG DVVXPH WKDW QR GDWD LPSOLH
IDFW VRPHWLPHV WKHFDVHLQDFFRUGDQFH ZLWK GHYLFH E
EXW ERWK XVHU IHHGEDFN DQG VWXGLHV XVLQJ SDUDOOHO
ORQWLQL HWDKOOHUU\ HW DMKDW GHYLFHV IUHTXHQWO\ IDLO W
EHKDYLRU

&XUUHQW PHWKRGV IRUDGGUHVVLQJ WKH PLVVLQJQHVV IDO:
WUDMHFWRU\ UHFRQVWUXFWLRQ DQG EHKDYLRU LPSXWDWL
DJDSLQDUHVSRQGHQW..VWUDMHFWRU\LVUHSODFHG ZLWK
WR LPSXWH DW WKH VDPH OHYHO RI JUDQXODULW\ DV WKH GD
ERWK VLPSOH WHFKQLTXHV VXFK DV OLQHDU LQWHUSRODWL
HW DO DQG PRUH VRSKLVWLFDWHG WHFKQLTXHV VXFK DV
HW DO RU WKH *DXVVLDQ 3URFHVV 0XOWL 7DVN UHFRQVWU
E\ 8RXUHO HW DBLPSOH PHWKRGY DUH JHQHUDOO\ DFFHSWLE
UHFRQVWUXFWLRQ +RRWWHIUIRUP OHVV ZHOO DV WKH JDS Ot
OF&RRO HW DDV WKH\ FDQQRW DFFRXQW IRU WKH FRPSOH[L
EHKDYLRU O0DS PDWFKLQJ FDQ EH XVHG WR H[WHQG WKH DF
JDS SURYLGLQJ PRUH UHDOLVWLF DOWHUQDWLYHV WKDQ V
XVHG WR LPSXWH ZKROH WULSV WKDW DUH PLVVLQJ ORUH F
ERWK WUDMHEWRULHY DQG ZKROH WULSV VROYLQJ WKH SU|
GRQH RQ WKH EDVLV RI VLPLODULWLHYV LQ DQG RU EHWZHHQ
7KLHUU\ HW BB XUHO HW D&ULWLFDOO\ WKHVH PHWKRG
ORQJLWXGLQDO GDWD VSDQQLQJPRQWKYV RU\HDUV PDNLQJ
WKDW W\SLFDOO\ FROOHFW GDWD RYHU GD\V WR ZHHNV

7KLV OHDYHVY WUDYHO EHKDYLRU LPSXWDWLRQ DV WKH RQO\
ORQJJDSV 7KHVH PHWKRGVY DOVR YDU\LQ FRPSOH[LW\ WKR
PHQWRIDJJUHIJDWLRQ ZKLFKLV WKH SURFHVV E\ZKLFK WKH
EHFRPHVY WKH WUDYHO VWDWLVWLF ,QLWVVLPSOHVW IRUP
OHYHO VWDWLVWLFV E\ VXPPLQJ DFURVV WKH FROOHFWHG (
QHVV 7KLV LV WKHVDPHDVLPSXWLQJQRWUDYHO EHKDYLRU
GRZQZDUG ELDVLQJ RIWUDYHO VWDWLVWLFV DJJUHJDWLRQ
GDWD EXWREWDLQLQJWKLVIURPPRVW SDUWLFLSDQWYV LV X
WR SDUWLFLSDQWYV ZLWK FRPSOHWH GDWD PD\ LQGXFH VHO}t
.HXVFK %asKU HW DQ WKLV SDSHU ZH SUHVHQW DQ LPSURYH
SURFHVV E\ UHVWULFWLQJ DJJUHIJDWLRQ WR LQWHUYDOV WK



7\SHV DQG FDXVHV RI PLVVLQJ GDWD LQ WUDYHO DSSV

DIWHU ZKLFK WUDYHO EHKDYLRU LV PXOWLSO\LPSXWHG

7KLV FKDSWHU SUHVHQWYVY D FRPSUHKHQVLYH PHWKRGRORJ
PLVVLQJ GDWD LQ bSS EDVHG WUDYHO GLDULHV WKURXJK D
5DWKHU WKDQ DSSO\LQJ D VLQJOH LPSXWDWLRQ DSSURDFK
ZHGHYHORS WDUJHWHG PHWKRGV IRUGLVWLQFW JDS FDWH.
JDSV XQGHU PLQXWHYV ZKHUH VSDWLDO SUR[LPLW\ SHUPL

‘\QDPLF 7LPH :DUSLQJ %DVHG OXOWLSOH ,PSXWDWLRQ '7
R PLQXWHV WR KRXUV ZKHUH WHPSRUDO SDWWHUQV
OLNHO\ WUDYHO EHKDYLRUV DQG OXOWLSOH ,PSXWDWLF
IRUGD\ OHYHO PLVVLQJQHVY ZKHUH GHPRJUDSKLF DQG FR(
SHQVDWH IRUDEVHQW WUDMHFWRU\GDWD 7KLV VHTXHQWL
HQW PLVVLQJ GDWD PHFKDQLVPV UHTXLUH IXQGDPHQWDOO\
ZLWK HDFK VWHS GHVLJQHG WR PD[LPL]JH LQIRUPDWLRQ SUF
DGGUHVVLQJ VRXUFHV RI ELDV

7TKH IUDPHZRUN LV GHPRQVWUDWHG XVLQJ GDWD IURP WKH
7TUDYHO $SS ILHOG WHVW LQ ZKLFK D SUREDELOLW\ EDVHG \
DQG ROGHU ZHUH LQYLWHG WR UHFRUG D ZHHN RI PRELOL
SDUWLFLSDQWY ZKR SURYLGHG GDWD RQO\ UHFRUGHG VHY
GHVSLWH DFFXPXODWLQJ SHUVRQ GD\V RIREVHUYDWLR
PLVVLQJGDWD FKDOOHQJH %\V\VWHPDWLFDOO\DGGUHVVL
RXU DSSURDFK WUDQVIRUPV WKHVH IUDJPHQWHG REVHUYD
VXLWDEOH IRU SRSXODWLRQ OHYHO LQIHUHQFH

7KLV VWXG\ FRQWULEXWHV WR WKH HPHUJLQJ OLWHU
WKUHH NH\ GLPHQVLRQV )LUVW LW SURYLGHV HPSL
GDWD WUHDWPHQWYV DIIHFW VXEVWDQWLYH WUDYHO
RIXSWR LQGLVWDQFHWUDYHOHG ZKHQ PLVVLQJQ
DJHQHUDOL]DEOH IUDPHZRUN WKDW FDQ EHDGDSWHG DFUR
WH[WV DV WKH VHTXHQWLDO VWUDWHJ\ GHSHQGY RQO\ RQ "
WKDQ SODWIRUP VSHFLILF IHDWXUHV 7KLUG LW EULGJHV \
VRSKLVWLFDWHG WUDMHFEWRU\ UHFRQVWUXFWLRQ WHFKQL
DQG SUDFWLFDO UHTXLUHPHQWYV RI VKRUW GXUDWLRQ WUD
FKDSWHU SUHVHQWY WKH WKHRUHWLFDO IRXQGDWLRQV LP
UHVXOWV RI WKLV LQWHJUDWHG DSSURDFK WR PLVVLQJ GDYV
PHQW

7T\SHVDQGFDXVHVRIPLVVLQJGDWDLQ

7TKHPHWKRGRORJLFDOIUDPHZRUN GHSHQGV RQDGGUHVVLQ
VHW RI VWHSV :H ILUVW HVWDEOLVK D WD[RQRP\ RI SDWW
EDVHG WUDYHO GDWD 7KLV FODVVLILFDWLRQ VFKHPH JUF
ZKHUH SRVVLEOH SURYLGHV WKH DQDO\WLFDO IUDPHZRUN
VWUDJH\



,PSXWLQJ PLVVLQI GDWD LQ DSS EDVHG

2SHUDWLRQDO GHILQLWLRQV DQG WKUHVKROC(
7KH HVWDEOLVKPHQW RI RSHUDWLRQDO WKUHVKROGYV IRU JD
LFDOPHWKRGRORJLFDO GHFLVLRQ SRLQW WKDW LQIOXHQFH
,Q FKRRVLQIJ WKH WKUHVKROGY ZH VHHN WR EDODQFH WKHRI
PRELOLW\ SDWWHUQV ZLWK WKH SUDFWLFDO FRQVWUDLQWYV

*DS GHWHFWLRQ WKUHVKROGGFKPQQMKQ@HY LOKHUHQW LQ HV\
ERXQGDULHVIRUPLVVLQIQHVV LVHVWDEOLVKLQJD WKUHVK
PHDVXUHPHQWY € QDWXUDO DUWLIDFWV RIGLVFUHWH VDPSO
DUHODUJH HQRXJKWRFRQVWLWXWHPLVVLQ)JGDWD $OWKR?
QRPLQDOO\ RSHUDWH DW UHTXHVWHG LQWHUYDOV SUDFWL
GHOD\V LQ SURFHVVLQJ DQG SRZHU PDQDJHPHQW SURWRFR
PHQWY WKDW FRPSOLFDWH JDS LGHQWLILFDWLRQ 7KH VHOL}
EDVHG RQ ERWK HPSLULFDO DQG WKHRUHWLFDO FRQVLGHUD

Z%HKDYLRUDO FRPSOHWHQHVY ILYH  PLQXWHYV UHSUHVHC
UHTXLUHG WR FURVV D PHDQLQJIXODFWLYLW\ORFDWLRQ
HVWDEOLVKPHQW

Z7HFKQLFDO VWDELOLW\ 7KLV LQWHUYDO H[FHHGV PDQ\ \
DFTXLVLWLRQ DQG SURFHVVLQJ

Z$QDO\WLFDO FRQVLGHUDWLRQV 7KH WKUHVKROG LV ILQ
WULS GHWHFWLRQ

6KRUWJIJDS WKUHVKROG &RBIFGISWHKW OO\ VKRUWJDSV FDQ EH (
IURPWKHJDS GHWHFWLRQ WKUHVKROG E\SHUPLWWLQJWKH ¢
YLRU DQG IURP ORQJJDSV E\ ZKHWKHU ZH FDQ SUHVHUYH VS
WKURXJK GHWHUPLQLVWLF PHWKRGV 7KH PLOQXWH WKUHV
YDOLGDWHG ERXQGDU\ FRQVLGHULQJ

Z'LVWDQFHDQG WULSV DUH SUHVHUYHG (PSLULFDO DQDC
WDQFH ORVV ZKHQ LQWHUSRODWLQJJDSV XQGHU WKLV W
RIFRPSOHWH WULS FRQFHDOPHQW OF&RRO HW DO

Z$QDO\WLFDO FRQVLGHUDWLRQV /LQHDU LQWHUSRODWL
ODUJHU PRUH FRPSUHKHQVLYH DQG PRUH UHSUHVHQWLI
IRUWKH  VXEVHTXHQW VWHSYV

/IRQJIDS WKUHVKROG 7KKRXWIVQVLWLRQ IURP VKRUW JDSV WF
FXUV ZKHUH EHKDYLRUDO SDWWHUQV UDWKHU WKDQ H[DFW !
LQIHUHQWLDO UHVRXUFH DQG WKH WUDQVLWLRQIURP ORQJ
LODUO\UHSUHVHQWV D VZLWFK WR WKH XVHRIGHPRJUDSKLF
7KH KRXU WKUHVKROG LV VHW ZLWK FRQVLGHUDWLRQ RI W

Z&LUFDGLDQ DOLJQPHQW 7KHWKUHVKROG FDSWXUHV WK
SHULRGYV



7\SHV DQG FDXVHV RI PLVVLQJ GDWD LQ WUDYHO DSSV

Z6XIILFLHQW PHDVXUHG EHKDYLRU *DSV H[FHHGLQJ K
FUHDVLQJDPRXQW RI FRQWH[WXDO LQIRUPDWLRQ

Z,QGLYLGXDO YDULDQFH 9DULDWLRQVLQGDLO\EHKDYLF
VFKHGXOHYV PD\VWLOO EHLQIHUUDEOH ZKHQ WKH JDSV

7KHVH RSHUDWLRQDO GHILQLWLRQV UHSUHVHQW WKHRUHW|
PLVVLQJQHVV ZLWK DSSURSULDWH PHWKRGRORJLFDO UHVS
LQ WKUHVKROG GXUDWLRQ FRPHY DORQJVLGH HVFDODWLQ
OHQJHYV

6KRUW JDSV PLQXWHYV

$OWKRXJK VKRUW JDSV DUH FODVVLILHG RQ WKH EDVLV RI G
RIWHQ VKDUH VLPLODU FDXVHV ZKLFK UHVXOW LQ D GLVUXS
FDXVH RI VKRUW JDSV LV WKH %FROG VWDUW® SEKRRRHQRC
WKHUH LV D GHOD\ LQ JHRORFDWLRQ UHFRUGLQJ DV WKH G|
WULDQJXODWLRQ WR *166 EDVHG WULDQJXIOIDWGEGR QD0 FORR
REVEXUH WKH EHJLQQLQJ RI D WUDMHFEWRU\ DQG DIIHFW WK
DQG FDQ EH PXFK ORQJHU LQ EXLOW XS HQYLURQPHQWV $Q
JDSV LV VLIJQDO ORVV GXH WR RFFOXVLRQJ&W RES KIDW XAUHD Y
WUDWHV D VLIJQDO JDS UHVXOWLQJ IURP D VKRUW WXQQHO

DWPRVSKHULF FRQGLWLRQV FDQ DOVR GLVUXSW WKH VLJQD

%HFDXVH WKH PD[LPDO WKUHVKROG IRULGHQWLI\LQJ D VK
SUREDELOLW\ RI FRQFHDOHG WULSVY WKHVH JDSV FDQ EH F
SRODWLRQ DFURVV WKH JDS 7KLV SUHVHUYHV WKH WUDMF
PLQRU GLVWDQFH XQGHUHVWLPDWLRQ

IRQJJDSV PLQXWHYV KRXUV
7KHFDXVHV RIORQJJDSV DUH PRUH YDULHG WKDQ VK
FDXVH RI ORQJJDSV LV LQKHUHQW LQ WKH GHVLJQ RI PRGHL
WHPV ZKLFK UHVWULFWDQDSS..VIXQFWLRQDOLW\GXULQJ
7KLV RIWHQ RFFXUV GXULQJ WKH QLIKWWLPH KRXUV ZKLOH
JHQHUDOO\ ZKLOH WKHGHYLFHLVY QRWLQPRWLRQ 'XULQJW
OLNHOLKRRG RIWUDYHO EHKDYLRU ,I WKLV ZHUH WKH RQO
WKHVH JDSV DV VWDWLRQDU\ EHKDYLRU ZRXOG KDYH YHU\ O
HVWLPDWLRQ RI WUDYHO VWDWLVWLFV

JUXVWUDWLQJO\ WKHVH JDSV DUH JHQHUDOO\ LQGLVWLQJX
WR D UHFRUGLQJ IDLOXUH ZLWKLQ WKH DSS ZKLFK KDYH DY
LQJ WUDYHO EHKDYLRU 'LDJQRVLQJ WKH UHDVRQ IRU UHFR
UHVSRQGHQW IHHGEDFN EXW PD\ VWHP IURP DQ\ RI WKH IRO

7KH GHYLFH NLOOV WKH DSS RU UHVWULFWV LWV SURFH)
LIDWLRQ

7TKHUHVSRQGHQW FORVHV WKH DSS RUWXUQV RIl WKH G
$Q HPSW\ EDWWHU\ OHDGLQJ WR WKH GHYLFH VKXWWLQJ










,PSXWLQJ PLVVLQI GDWD LQ DSS EDVHG

FOXVWHULQJ 7KLV WHPSRUDO FOXVWHULQJ DOLJQV ZLWK C
6XQGD\REVHUYDWLRQIUHTXHQF\ VXJJHVWLQJV\VWHPDWLF
LQWHUDFWLRQ SDWWHUQV 8RXUHO HW DO

7KH WHPSRUDO SDWWHUQV VXUURXQGLQJ WKHVH JDSV SUR
SUREDELOLVWLF UHFRQVWUXFWLRQ WKURXJK '\QDPLF 7LPH :
YLRUDO UHJXODULWLHY ZLWKRXW UHTXLULQJ HIWHQVLYH OF

'D\ OHYHO PLVVLQJQHVYV ! KRXUV
"KHUH ORQJJDSVHQG GD\ OHYHO PLVVLQJQHVV EHJLQV EXW
IHUHQW VLWXDWLRQV LQFOXGLQJ QRQ UHVSRQVH EUHDN RI
VWRSSDJH :LWK GD\ OHYHO PLVVLQJQHVV ZH ODFN VXIILFL
LPSXWDWLRQ DQG PXVW LQVWHDG LPSXWH EHKDYLRUV DW D
WKH FDVH RI QRQ UHVSRQVH RU EUHDN RII WKLV LV VHOI HYLC
2Q WKH RWKHU KDQG ZKHQ GRHV D ORQJJDS EHFRPH GD\ OH

&RQFHSWXDOO\ ZHDUHLQWHUHVWHG DW WKH FXWRII SRLQW

ZLOO LPSURYH UDWKHU WKDQ ELDV RXU HVWLPDWH RI ZKDW

FKRLFHRI KRXUVDVDQXSSHUERXQGDU\LVLQVSLUHG E\ Wk

DQG E\HDUOLHU H[SHULPHQWYVY WKDW GHPRQVWUDWHG DFFH:

OF&RROHWDGOBOWKRXJKJIDSV RYHU KRXUV PD\EH HVWLPDW

ZH H[SHFW WR ILQG WKDW WKH EHQHILW RI HVWLPDWLQJDW V
DQG KRXUV

,PSXWLQJ WUDYHO VWDWLVWLFV RQ WKH EDVLV RI WKH UHFR
WKH GD\ RI WKH ZHHN LJQRULQJ DQ\ VHOHFWLYLW\ LQ WKH
UHWLUHG SHUVRQV PD\ EH ERWK OHVV OLNHO\ WR UHVSRQG |
HW DO DQG PD\DOVR WUDYHO OHVV,BXXWQRHDMWBIODJIH WUD
EHKDYLRU XQGHU VHOHFWLYH QRQ UHVSRQVH FRXOG OHDG
HVWLPDWHY E\ LQFRUSRUDWLQJ GHPRJUDSKLF YDULDEOHV \
VSRQVH DQG WKH GLIITHUHQW WUDYHO EHKDYLRUV HQVXULC
DQDO\WLYVY FDQ EH SODXVLEO\DVVXPHG WR GHSHQG RQ REVHI
5XELQ 7TKHDEVHQFH RI WUDMHFWRU\LQIRUPDWLRQ DQG D
JUDSKLF DQG FRQWH[WXDO FRYDULDWHY PDNHVY OXOWLSOH ,|
YDQ W XXUHQ@WKHDSSURSULDWH PHWKRGRORJLFDO FKRLFH

SHODWLRQVKLS WR PHWKRGRORJLFDO IUDPHZ
7KLV FODVVLILFDWLRQ RI PLVVLQJ GDWD SDWWHUQV GLUHF'
WLRQ IUDPHZRUN ZLWK HDFK W\SH RI GDWD JDS WDFNOHG X
DSSURDFKHV

$V JIJDS GXUDWLRQLQFUHDVHY WKHLQIHUHQWLDO FKDOOHQJ
JDSVUHTXLUHRQO\JHRPHWULFUHFRQVWUXFWLRQ ORQJJD!
GD\ OHYHO JDSV QHFHVVLWDWH SRSXODWLRQ OHYHO LQIHU
RXU VHTXHQWLDO LPSXWDWLRQ VWUDWHJ\ ZKHUH HDFK PHW
LQIHUHQWLDO FRQWHI[W



OHWKRGRORJLFDO )UDPHZRUN

7TDEOH *DS FODVVLILFDWLRQ DQG FKDUDFWHULVWLFV

*DS 7\SH3ULPDU\ OHWKRGRORJLHDGBVVXPSWLILRQ
&KDOOHQJH 6ROXWLRQ

6KRUW| 6SDWLDO SDWKQWHUSRODWILRIR[LPDWH HQGSRLQW

/IRQJ %HKDYLRUDQ '7:%0, 7THPSRUDO URHJXODULMW
'D\ OHYYHBHOHFWLRQ E OD&/( 0$5 JLYHQ FRYDUL
DWHYV

OHWKRGRORJLFDO )UDPHZRUN

'DWD 6RXUFH DQG 3UHSDUDWLRQ
‘H XVH GDWD JDWKHUHG IURP WKH ILHOG WHVW RI WKH 6
DSSOLFDWLRQDV D PRWLYDWLQJH[DPSOH 7KHILHOG WHVW
RQOL@WDPHGLLILQYROYHG D VDPSOH RI LQGLYLGXDOV VF
IURP WKH 'XWFK SRSXODWLRQ UHJLVWHU UHVWULFWHG WFR
FLSDQWYV ZHUH LQYLWHG YLD SRVWDO PDLO WR GRZQORDG
SHUVRQDO XVHUQDPH DQG SDVVZRUG DQG GREFXPHQW D ZH
WHUQV 7KHDSSOLFDWLRQ UHTXHVWHG WKH XVHU...V OREDYV
DQG HYHU\PLQXWH GXULQJ VWDWLRQDU\SHULRGY DOWKR X
FRQVLGHUDEO\ORZHU IUHTXHQF\ 8VDEOH ORFDWLRQ GDWD
FLSDQWV DPRXQWLQJWRD WRWDO RI SHUVRQ GD\V )XO
DQG GDWD VWUXFWXUH DUH DYDLO DEDGH W R H RERIROVIRW LDFOH
KDV EHHQ PDGH DNWMCSD/EOHLDMODE FRP WDEL DUFKLYH WDE

5DZ ORFDWLRQ GDWD XQGHUZHQW V\VWHPDWLF TXDO
GHYLFH UHSRUWHG DFFXUDF\ H[FHHGLQJ PHWHUYV
SUHFLVLRQ (DFK WUDMHFWRU\ XQGHUZHQW YLVXDO
GHILQHG DV PRYHPHQWYV UHTNXS K LEHWZIHHHGFR QW L J X
7KLV PDQXDO LQVSHFWLRQ SURFHGXUH LGHQWLILHG DSSUR
PRYDO IURP PLOOLRQ WRWDO REVHUYDWLRQV &RPSOH
DYDLODEOH L $SSHQGL]

&RQFHSWXDO IUDPHZRUN IRUVHTXHQWLDO LF
7KH YDULHG QDWXUH RI WKH PLVVLQJQHVY SDWWHUQV SUHYV
O\WLFDO DSSURDFK WKDW EHQHILWV IURP GLIIHUHQWLDO W
VLILFDWLRQ SURSRVHGHLHMHFAOWRRD VHTXHQWLDO LPSXWDYV
WKDW DOLJQV PHWKRGRORJLFDO VWUDWHJLHYV ZLWK WKH L(
FDWHJRU\ &XUUHQWO\ QR JHQHUDOO\ DFFHSWHG PHWKRG
QHVV LQ JHRORFDWLRQ GDWD IRU KXPDQ WUDMHFWRULHYV
FRQVWUDLQHG E\ PHWKRGRORJLFDO IDPLOLDULWA\DQG GDW

7KH VWHS SURFHGXUH VHHNV WRDGGUHVV WKHWHQVLRQ E
IHUHQWLDO YDOLGLW\ :KHUH GDWD DUH SUHVHQW ZH ZRXO((
LQIRUPDWLRQ E\ SUHPDWXUH DJJUHIJDWLRQ EXW ZH DOVR \
WHQG WKH FDSDELOLWLHYV RI JUDQXODULW\ SUHVHUYLQJ P



,PSXWLQJ PLVVLQI GDWD LQ DSS EDVHG

RQ WKUHH FRUH SULQFLSOHYV

3ULQFLSOH +LHUDUFKLFDO LQIRUPDWEKRQ BBHVWUYDWWKR(J
PD[LPL]JHV WKH UHWHQWLRQRIDYDLODEOHLQIRUPDWLRQ EH
LPSXWDWLRQ PHWKRGV 7KLV KLHUDUFK\ PRYHV IURP UHFRC
SRUDO OHYHO LQWHUSRODWLRQ WKWBRXMFEESKDRUIRBDBRLFR!
LQIHUHQ&H

SBULQFLSOH SURJUHVVLYH EMOHV\WPHTWXIHQWILRQ VWUXFWXUH H
JHWHG FRUUHFWLRQRIVSHFLILFVRXUFHV RIELDVDWHDFK V'
ODWLRQ RI VIVWHPDWLF HUURUV WKDW FRXOG UHVXOW IURP

BULQFLSOH OHWKRGRORJLFDEX DOISIRPWEWRU\ UHTXLUHV |
PHQWDOO \ GLITHUHQW LQIHUHQWLDO DSSURDFKHV QHFHVYV
EDVLV RIDYDLODEOH LQIRUPDWLRQ GHQVLW\

&XUUHQWO\ QR IJHQHUDOO\DFFHSWHG PHWKRG H[LVWV IRU |
ORFDWLRQ GDWD IRU KXPDQ WUDMHFWRULHY 7KH GHFLVLRC
RIWHQ GHSHQG RQ WKHLU IDPLOLDULW\ZLWK JHQHUDO PHWK
GDWD DQG WKHLU VHW RIRSWLRQV LV RIWHQ OLPLWHG E\ WK
6WHS SURFHVVLQJ DUFKLWHFWXUH SURYLGHV D IUDPHZRU
I[URP VPDOOHVW WR ODUJHVW

,PSOHPHQWDWLRQ 2YHUYLHZ
JLIXUHLOOXVWUDWHY WKH RSHUDWLRQDO IUDPHZRUN WKDW \
WUDFHVLQWR FRPSOHWH GDWDVHWYVY WKURXJK VI\VWHPDWLF
VWUDWHILHV

6KRUWJIJDS UHVROXWLRQ 6KRIUNWWHW UHSUHVHQWLQJ R
HIFHHGLQJILYH PLQXWHY DULVH SULPDULO\IURP EULHI VLJ
GUHVVHG GHWHUPLQLVWLDOO\WKURXJK OLQHDU LQWHUSRO
JHRPHWU\ 7KLV VWHS UHGXFHV WKH ELDV DVVRFLDWHG ZLW
IXUWKHU DQDO\WVHV WR IXOO\ FRPSOHWH GDWD

/RQJJIDSLPSXWDWLRQ PLQXWHWJ XRXWVHTXLUH SUREDEL
UHFRQVWUXFWLRQ EDVHG RQ WHPSRUDO EHKDYLRU SDWWH L
SRQHQWV QHFHVVLWDWHV DJJUHJDWLRQ WR EHKDYLRUDO WL
LQJ WKURXJK "\QDPLF 7LPH :DUSWVH QMAWARRS DUDWLYH DQTC
DOWHUQDWLYH DSSURDFKHV LQFOXGLQJ UHVWULFWLRQ WF
GD\V RQO\ DV PHWKRGRORJLFDO EDVHOLQHV 7KLV VWHS W|
IURP WKH UHODWLRQVKLS EHWZHHQ WKH XQGHUO\LQJ WUDY!
LWVHOI

'D\ OHYHO UHFRQVWUXFWLR'®)\ 'OHKWRIOURLVVLQJIJQHVYV HQFRP
ERWK XQLW QRQ UHVSRQVH DQG H[WHQVLYH ZLWKLQ SHUVR(
RU\ LQIRUPDWLRQ PDQGDWHY UHOLDQFH RQ GHPRJUDSKLF F



,PSOHPHQWDWLRQ RI *DS )LOOLQJOHWKRGYV

*DS '"HWHIFWLRQ
PLQ
&ODVVLILFDWLRQ

6HTXHQWLDO
SURFHVVLQJ

/

&RPSOHWH|'DWDVHW

JLIXUH 6HTXHQWLDO LPSXWDWLRQ IUDPHZRUN

1IHWKHUODQGY SRSXODWLRQ UHJLVWHU 9DULDEOHV XVHG
VHOHFWHG EDVHG RQ WKHLU UHODWLRQVKLS ZLWK ERWK W
YLRXV OLWHUDWXUH DV ZHOO DV WKHLU UHODWLRQVKLS ZL
VWHS SURYLGHV D FRUUHFWLRQ IRUUHVSRQVH SURSHQVLW\
FRPSOHWH GDWD VHWV VXLWDEOH IRU DQDO\VLV DI
XVLQJ5XELQ..VUXOHV 5XELQ

,PSOHPHQWDWLRQ RI *DS )LOOLQJ OHMW

6WHS , QWHUSRODWLRQ IRUVKRUW JDSV
JRU HDFK SHUVRQ WKH VHW RI ORFDWLRQV ZDV VRUWHG EI
PLOQXWHYV DQG PLQXWHYV ZKHUH WKH GLVWDQFH ZDV JUHL
UHSODFHG ZLWK D VHWRIUHFRUGVY DW RQH PLQXWHLQWHUY

ORQJLWXGHEHWZHHQ VWDUWDQGHQG SRVLWLRQ ZDV FDOF
UHFRUGYV

7KLV ZDV D QHFHVVDU\ VWHS WR IDFLOLWDWH WKH XVH RI W
DVGRQRU WUDMHFWARULHY GXULQJ

6WHS &RPSDUDWLYHDSSURDFKHV IRU ORQJ
(DFK RI WKH IROORZLQJ SURSRVHG PHWKRGV VORWYV LQWR
SURYLGHV D GDWD VHW WKDW PD\EH XVHG IRUDQDO\VLV LQ
QHVV ZDV XQLQIRUPDWLYH XQUHODWHG HLWKHU WR REVHL
LFV ILQDO HVWLPDWHYV IRUWKH WUDYHO VWDWLVWLFV ZRX(



,PSXWLQJ PLVVLQI GDWD LQ DSS EDVHG

PRGHOV DQG ZH ZRXOG QRWH RQO\ ODUJHU FRQILGHQFH LQV
RI SRZHU 2Q WKH RWKHU KDQG LI WKHPRGHOV SURGXFH OD |
LQGLFDWLYH RILQIRUPDWLYH PLVVLQJQHVV WKDW PXVW EH I
ELDV RI WKH PLVVLQJQHVV

8VLQJ RQO\ FRPSOHWHRXBBNLVFDUG GDWD IURP DOO SDUWL
QRW UHJLVWHU GD\WV RI FRPSOHWH GDWD 7KLV LV OLNHO\ V
DVWKHODUJHVW IDFWRU LQ SURYLGLQJIXOO\FRPSOHWH GD
DUH FROOHFWHG ,Q UHVWULFWLQJ WKH DQDO\WVHV WR LQFC
SURYLGHD IXOO ZHHN RI GDWD WKH VHOHFWLRQ LV GHSHQGI
UDWKHU WKDQ WKH VHFRQG ODUJHVW FRQWULEXWRU WR PLYV

7KLV KDV WKH EHQHILW RI UHPRYLQJ WKH ELDVLQJLPSDFW RI
EHKDYLRU 7KH GDWD PD\ VWLOO KDYH SDWWHUQV RI PLVVI
YLGXDO FKDUDFWHULVWLFV FRQWULEXWLQJ WR XQLW UHVS
SKRQHRZQHUVKLS € DVSHFWV WKDW PD\DOVR EH UHODWHG

5HVWULFWLRQ WR WKH VHW RI FRPSOHWH ZHHNV RQO\ LV VXV
IRUWKH FDOFXODWLRQ RI SRLQW HVWLPDWHY IRU WUDYHO E
WLRQV EXWLQPDQ\VWXGLHV WKLV UHVWULFWV WKHVDPSO
RI SRSXODWLRQ OHYHO VWDWLVWLFV DFURVV HYHQ KLJK OH
DJH RUSRSXODWLRQ GHQVLW\ PD\EH XQVWDEOH RUHYHQ LF

8VLQIJ RQO\FRPSOHARKGCGO\WQFUHDVH WKHDPRXQW RI GDWD C
WLPDWLQJ WUDYHO EHKDYLRU :LWK WKLV PHWKRG ZH HI[FO
LOQFRPSOHWH 7KLV UHVXOWV LQDQ XQEDODQFHG GDWDVHW
ORJXH WR SDLUZLVH GHOHWLRQ 7KLV QRWHV WZR GLVWLQF
WRWDIP@QG WKH VLPSOLILFDWLRQ RI WKH GDWD FXUDWLRQ SU|
RI WKH VHOHFWLRQ RIRQO\D VLQJOH GD\ RI WKH ZHHN IRU D(

W ZRXOG DOVR EH SRVVLEOH WR FRQVLGHU WKLY PHWKRG DV
IRU HIDPSOH DW WKH KRXU OHYHO $V ZH DUH VHHNLQJ WR S
WKH GD\ OHYHO WKH GD\ LV D FRQYHQLHQW XQLW RI PHDVXL
QHVV

7KH GLVDGYDQWDJH WR DQDO\VLV RI DOO FRPSOHWH GD\V L
VHTXHQWDQDO\WHY 7KHGDWD WKDWDUHFROOHFWHG DUH O
WR WKH WUDYHO EHKDYLRU ZLWKLQ WKLV VXEVHW RI SDUWLF
WUDYHO EHKDYLRU LPSOLHV D KLJKHU OLNHOLKRRG RI WKH |
HYLGHQFHG E\ WKH IDFW WKDW UHVSRQGHQWYV ZKR UHFRUG
UHFRUG D KLIK GLVWDQFH WUDYHOHG LQ FRPSDULVRQ WR SH
DGGLWLRQ WKLVLVLQOLQHZLWK WKHH[SHFWHG EHKDYLRU
ZRXOG YLRODWH WKH DVVXPSWLRQ WKDW WKH PLVVLQJQHV\
LOQWHUHVW DQG LV H[SHFWHG WR ELDVY WKHVH HVWLPDWHYV X

JRUH[DPSOH D SDUWLFLSDQW PD\FRQWULEXWH WKUHH FRPSOHWH ORQGD\
IRU 7KXUVGD\



,PSOHPHQWDWLRQ RI *DS )LOOLQJOHWKRGYV

'\QDPLF 7LPH :DUSLQJ %DVHG 0XOW L DVHE,HBEKWEWMGRQ 0F &R
HW DO FDQEH XVHG WR LPSXWH DJJUHJDWH WUDYHO FKDU
WKH PD[LPXP DPRXQW :RIOGORWNY DW WKH SDWWHUQ RI PRY
KDYLRU RYHU WLPH DJJUHJDWLQJ LW LQWR WLPH VHULHYV
SDWWHUQV

'7: KDV EHHQ VXFFHVVIXOO\ XVHG LQ RWKHU UHVHDUFK WR
VSDWLDO WUDMHFWRULHD Q& WHKULW HONsDBLW\ KDV EHHQ XVF
HW DO DV D EDVLV IRU LPSXWDWLRQ QRW RI WKH WUDMHF
PLVVLQJ SHUVRQDO FKDUDFWHULVWLFV7:KLDHB @KILNUWWXG
ZD\LQ RUGHU WR ILQG GRQRU FDQGLGDWHV IRU DJJUHJDWH
VDPH SURSHUWLHVY WKDW DOORZ WKH DOJRULWKP WR SHUIR
LQ WKHVH RWKHU FDVHVY DUH H[SHFWHG WR EH D JRRG ILW |
QHFHVVDU\ KHUH

2QH SDUWLFXODUO\ GLITHUHQW HOHPHQW EHWZHHQ WKLV D(
RGVLQ WKHOLWHUDWXUH LV WKHVWULSSLQJDZD\RIWKHV
OHDYLQJ EHKLQG RQO\DQ DJJUHIJDWH WUDYHO EHKDYLRU

WKH ODFN RI VXIILFLHQW RYHUODS LQ WKH GDWD WKH SUR
HW DO VXJJHVWYV XVLQJD YHU\VLPLODU S QORAHGXUGDIWD Z
VXUURXQGLQIJWKHJIDSDUHDJIJUHIJIDWHG WRLPSURYH WKH L
YLRXV VWXG\ KDV VKRZQ WKLY WR EHD VXFFHVVIXO SURFHG
JHQHUDWHG PLVVLQJQHVYV LQ ZKLFK WKH SUREDELOLW\ IRU
UDQGRP DQG XQUHODWHG WR DQ\ GDWD FKDUDFWHULVWLF
LQ WKH GbDWD LV FHUWDLQO\ UHODWHG WR WHPSRUDO DQG
GLUHFWO\ WR WKH WUDYHO EHKDYLRU ZH...UH WU\LQJ WR PH
DFFXUDWH HVWLPDWHYV

$ GLVFXVVLRQ RI VHYHUDO RI WKH ILQHU STR:I%QWAL WH
WKLV VWXG\ FDQ EH IRXQG LQ $SSHQGL]

6WHSO0,&(IRUGD\ OHYHO LPSXWDWLRQ
"KLOM:%0,DOORZV IRULPSXWDWLRQ RI LQFRPSOHWH GD\V Z
LQIRUPDWLRQ ZH FDQQRW XVH LW WR LPSXWH WKH GDWD F
LV QHFHVVDU\ WR XVH D PRUH FRQYHQWLRQDO PHWKRG RI ¥
DJJUHJDWH GDLOO,RHDNVXQBWSDFNDJH WKDW DOORZV IXOO\ F
FLILFDWLRQ RIPXOWLSOH YDULDEOHV ZLWK PLVVLQJ GDWD
GHILQHG E\ LWV RZQ LPSXWDWLRQ PRGHO YDQ %XXUHQ *U
8VLQJD VHW RIUHOHYDQW YDULDEOHV IURP WKH 6WDWLVWL
UHOHYDQW PRELOLW\ VWDWLVWLFV IRUD IXO0 ZHHN ZHUH
DQG IRU GD\V Rl WKH ZHHN ZLWK LQVXI%FLHQW GDWD WR VX

8VLQJ&(IROORZL®QO,DOORZV XVWR  FRUUHFWO\WUHDW GDWD"
PLVVLQJ GXH WR SHUVRQDO FKDUDFWHULVWLFV RUPHDVXU
VWHS DV SUHYLRXV UHVHDUFK KDV GHPRQVWUDWHG UHODMW

6XFK DV DFFHOHURPHWHUYV RU KHDUW UDWH PRQLWRUV WKDW DUH ZRUQ |
VHULHV RI VHQVRU GDWD
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RI SDUWLFLSDWLRQ LQ WKH VWXG\ DQG ZRUNLQJ VWDWXV 7
PXVWFRQVLGHU WKH YDULDEOHVY WKDW GHPRQVWUDWHERW
WR EH PLVVLQJ DV ZHOO DV ZLWK WKH WUDYHO EHKDYLRUV V
IURP WKH 'XWFK 3HUVRQDO 5HFRUGY 'DWDEDVH KDV UHODWL
DEOHVNQRZQ WREHUHODWHG WR WUDYHO EHKDYLRU LQFOX
GHPRJUDSKLFYV

7TKHPRGHO LOQWURGXFWEBEQ@PWEBBUW RIWKHILQDO OD\HU PXVYV
WZR PRUH FULWLFDO HOHPHQWY WKH GD\ RI PLVVLQJQHVYV
2QH PHWKRG RI FRUUHFWLQJ IRU WKH XQEDODQFHG GDWDVFE
FRPSOHWH ZHHNV DUH DYDLD:DEOVWWRO ORKILOQF WKHY LV SRV’
LI WKH QXPEHU RI VHWV LV TXLWH ODUJH LW LV XQOLNHO\ \
DV WKH QXPEHU LV H[SHFWHG WR EH WRR ORZ HVSHFLDOO\ L

GD\V DFURVYV SHUVRQV 7KHUHIRUH WKH PRGHO PX
DQRWKHU zD\ +HUH ZH KDYH RSWHG WR LPSOHPHQW D PXO!'
VA\VWHPDWLFDOO\ PLVVLQJ SUHGLFWRUV IURP WKH PGPLFH
SHRSOH LQFOXGLQJ WKH QRQ UHVSRQGHUV DQG WKRVH ZLW
DQ\GD\V ZLOO KDYH V\VWHPDWLFDOO\ PLVVLQJ WUDYHO EH
LPSXWH WKHVH E\GUDZLQJIURP WKH SRVWHULRU GLVWULEX
ZKHUH WKH GDWD zZzDV HLWKHU IXOO\ REVHUYHG RU VSRUDC
ILUVW FKDLQ

SHVXOWYV

7TDEOHSUHVHQWY WKH PHDQ HVYWLPDWHY DQG FRQILGHQFH L«
WUDYHO PHWULFVY GLVWDQFH WUDYHOHG QXPEHU RI WULS'
WULSWP VHIPHQWHG E\ :HHNGD\V 6DWXUGD\ DQG 6XQGL
SUHVHQWHG UHIOHFW SURJUHVVLYHO\ PRUH VRSKLVWLFDW|
FRXQW IRUPRUH VRXUFHV RI HUURU 7KH SURJUHVVLRQ IURP
WR PXOWLSOH LPSXWDWLRQ RQ WKHDJJUHJDWH GDWD VHW I
WULEXWH FRPSOHWH ZHHNV DW HDFK VWDJH LQ WKH SURFHV
PHWULFILOOV SURJUHVVLYHO\ODUJHU JDSV &RPSDULQJ WK
LQ ZKLFK WKH HVWLPDWHY DUH QRW JHQHUDWHG RQ WKH ED\
VWUDWHYV WKH QHFHVVLW\ RI ZHLJKWLQJ WR UHGXFH WKH L|
SHUVRQ GD\V ZLWK PRUHWUDYHO ZKLFKDUH PRUH OLNHO\ W
SHUVRQ GD\V ZLWK OHVV WUDYHO 7KH LQWHUSRODWLRQ S|
SHUVRQ GD\V WKDW KDYH KDG D VLJQLILFDQW DPRXQW RI PR
ZDV UHFRUGHG E\ WKHLU GHYLFH JHQHUDOO\ LQWHUVSHUYV
ORFDWLRQV ZHUH UHFRUGHG 7KLV LV ERUQH RXW LQ WKH L
WUuULSV 7KDW ZH DJDLQ VHH DQ LQFUHDVH LQ WUDYHO EHKD
FDOFXODWHG RQ WKH EDVLV RI WKH FRPSOHWH ZHHNV RQO\ .
VWHS KDV ELDVHG WKH VHW RI FRPSOHWH GDWD WRZDUGYV LC
VRQV '"HVSLWH WKLV IDFW WKLV VWHS LV LPSRUWDQW DV W
SDWWHUQ RIVWRS DQG JR WUDYHO EHKDYLRU LQWR WKH GD

(VWLPDWHYVY PDGH RQ WKHEDVLV RIUHVSRQGHQ@WMNZLWK D IX(
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,PSXWLQJ PLVVLQI GDWD LQ DSS EDVHG

SURFHGXUH KDYH LQWHJUDWHG WKH WHPSRUDO UHODWLRQ
SURYLGHV D PHFKDQLVP WR SDUWLDOO\DOOHYLDWH WKH EL
"KHQ JDSV RFFXUULQJ GXULQJ WKH QLJKW KRXUV DUH ILOOHC
WKDW LV VLPLODULQ SDWWHUQ EHIRUHDQG DIWHU WKHJDS
WKH PLVVLQJQHVV 7KLV QDWXUDOO\OHDGV WR HYHQLQJDQ
ILOOHG ZLWK VWDWLRQDU\ EHKDYLRU LI WKH SUHFHGLQJ DQ
VWRS RU PRYHPHQW EHKDYLRU LI WKH SUHFHGLQJ RU IROO
RI PRYHPHQW 7KHLPSXWDWLRQ PRGHO KHUH LV LPSOLFLW
H[SOLFLW PRGHO IRU WKLV WHPSRUDO GLVWULEXWLRQ DQG
GRQRUV DFURVV PXOWLSOHLQGHSHQGHQW LPSXWDWLRQ FKI
RI YDULDQFH WKDW FRUUHVSRQGY WR WKH GLVWULEXWLRQ
WKH IXOO GDWDVHW

7TKHILQDO FROXPQ SUHVHQWY FRPSDUDEOHXUHYX®®WY IURP D
&Y % "HLIKWHG HVWLPDWHY DUH SURYLGHG XVLQJ WKH W
61WR UHIOHFW WKH WRWDO SRS XQDLWGEROWLIQN K HVIKHA KFHDNDHD.
LHV RI FHUWDLQ WUDYHO WA\SHV LQFOXGLQJ WUDYHO RXWVL
SXUSRVHV ZLWK RU ZLWKRXW D I[UHLIJKW WUXFN DQG WUDYF
WKH VDPH FDWHJRUL]DWLRQ ZLWK WKH 6WDWLVWLFV 1HWKH!
VR'L1IGDWD ZDV DJJUHIJDWHG DFURVY DOO FRQGLWLRQV WR
VLPLODU DV SRVVLEOH WR WKH WKH DSS EDVHG GDWD 7ULS
SDUDEOH HOHPHQW WR QXPEHU RIWULSY DQG WULS OHJV XQ
WULSV

OHWKRGRORJLHV WKDW XVHERWK WKH VKRUW DQG ORQJ JDS |
DUH FORVHVW WR ZKDW ZH ZRXOG H[SHFW UHGDSHFNMMHGR W K
WKDW RXU ILQDO HVWLPDWHY ZRXOG LQGHHG EHE&DIKHU WKD
WKLV KDV EHHQ D FRPPRQ ILQGLQJRIPDQ\RWKHU VWXGLHV ¢
WKH XQGHUUHSRMUWRQHLIR) WKH SURSRVHG EHQHILWYV RI XVLC
XUH WUDYHO EHKDYLRU WKLV LV TXLWH ORJLFDO +RZHYHL
UHPDUNDEOH ,W LV DGGLWLRQDOO\UHODWLYHO\SHUVLVWE
WUHDWPHQWY :KLOH WKH ZLGH FRQILGHQFH LQWHUYDOV RI
'D\V DQG ,QWHUSRODWLRQ PHWKRB VWICPARP IS TTY¥ DMWKHH U
QRW, & (GR

5HJDUGLQJ VKRUW WULSV ZH GR VHH WKH LQFUHDVH LQ WKH
H[SHFWHG ,Q WKH 0,&( HVYWLPDWH ZH HVWLPDWH RQ DYHUD
ZHHNGD\V EXW PXFK OHVV IRUZHHNHQGY $00 PHWKRGV HVW
YLRURQ 6XQGD\WR EH OHVV WKDQ WKH PHDQ WUDYHO EHKDY
FRQVLVWHQW ZLWK RWKHU ILQ G LOKKHQWWIRPD HW DO

7TDEOHSUHVHQWY WKH XQZHLJKWHG PHDQ HVWLPDWHY DQG
WKUHH VHOHFWHG WUDYHO PHWULFV GLVWDQFH WUDYHOHG
VKRUW WULSWPWWHMWHQWHG E\ :HHNGD\V 6DWXUGD\ DQG 6
UHVXOWY DUH FRPSXWHG RQ WKH QHZO\DGGHG VHW RIDOO S
VWDJH RI PLVVLQJ GDWD KDQGOLQJ UHSUHVHQWLQJ WKH LC
VWHS 7KH GDWD DUH SUHVHQWHG WKLV ZD\ LQ RUGHU WR P
XQGHUO\LQJ FKDQJHV LQ GLVWULEXWLRQV EHWZHHQ PRGHO



'LVFXVVLRQ

7TDEOH OHDQ HVWLPDWHV DQG FRQILGHQFH LOWHUYDOV IRU WUDY
WUDYHOHG QXPEHU RI WULSV DQG QXPEHU RI VKRUW WULSV € E| |
6DWXUGD|! DQG 6XQGD! OHWULFV DUH FDOFXODWHG RQ WKH QHZ(
HDFK SURJUHVVLYH VWDJH RI PLVVLQJ GDWD KDQGOLQJ DQG UHSU
DW HDFK VWHS

17 YV &' "7:%0, YV ,17 0,&( YV '7:%0),
OHWULF 0 0 %&D &, O 0 &, 0 0 &,
// 8/ // 8/ // 8/
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1RWH 5HVXOWY DUH FRPSXWHG DFURVV WKH WRWDO QXPEHU RI SHUVRQ G

UHVSRQGHQWY WR FRQWULEXWH EHWZHHQ DQG GD\V %&D &, %LDV &RL
&RQILGHQFH ,QWHUYDO ERRWVWUDSSHG ZLWK LWHUDWLRQV // ORZHI
DQDO\WLV UHVWULFWH®WRSKRD\VZERKHUDJH ,17 LQWHUSRODWLRQ '7:%0
7LPH :DUSLQJ EDVHG PXOWLSOH LPSXWDWLRQ 0,&( OXOWLSOH ,PSXWDWL

‘KLOH 7DEGHPRQVWUDWH WKDW WKH VHTXHQWLDO VWHSV U
DWLRQ RI WKH WUDYHO SDIRFRNWW BYSGREOWMO\ RQ WKH FKL
RI DOO GD\V WKDW EHFRPH DYDLODEOH DW HDFK SURJUHV VL
DQ XQEDODQFHG VHW SHU SHUWR®O0 , DURYU BRI DDMLIR\G
DYHUDJH GLVWDQFHV WKDQ DUH LPSXWHG DW WKH
GHPRQVWUDWHY PRQRWRQLFBJHGWHEWSRQ ZKLOH VK
SOD\D QRQ PRQRWRQRBF SBWWMURQNP 7KHVH FRPSR
GLIIHUHQFHV SURYLGH LQVLJKW LQWR WKH GLVWLQFW PLVV
HDFK PHWKRGRORJLFDO OD\HU:LQWHUSRODWLRQ SUHIHUH
KDYLRUV ZLWK LQW HU PlOWWHFRWY VW EIXFWVY PRGHUDWH DFW
WKURXJK WHPSRUDO WH& (CO-D/HUDLIMY ®KRRIUDSKLF FRYDUL
SXWH ORZ PRELOLW\ GD\V DQG XQLW QRQ UHVSRQVH 7KH

PHWULFV DFURVV LPSXWDWLRQ VWDJHVY FRUURERUDWH WKF
OHFWLRQ H[KLELWV VI\VWHPDWLF ELDVHV IDYRULQJ KLJK D
WKH VHTXHQWLDO DSSURDFK LQ RUGHU WR PLWLJDWH WKH
WXUHV DQG SRSXODWLRQ OHYHO UHSUHVHQWDWLYHQHVV

LQ ODWHU VWDJHV DSSURSULDWHO\ UHIOHFW WKH SURSDJD

'LVEXVVLRQ

7TKHSUREOHPRIPLVVLQIJGDWDLQ VPDUWSKRQH FDSWXUHG
DFHQWUDO LVVXHSODJXLQJUHVHDUFKHUV RYHU WKH SDVW
LQWURGXFLQJ SDVVLYHO\ DFTXLUHG PRELOLW\ GDWD LQWR



,PSXWLQJ PLVVLQI GDWD LQ DSS EDVHG

ODQ\ VWXGLHV LIJIQRUH WKH PLVVLQJ GDWD RU H[FOXGH DOC
PHHW FHUWDLQ WKUHVKROGV ZLWKRXW FRQVLGHULQJ WKH S
QDLYH PHWKRGY ‘HKDYHGHYHORSHG D KLHUDUFKLFDO LPSX
VXFFHVVLYHO\ E\ PDLQWDLQLQJ WKH KLIJKHVW DYDLODEOH .
JDS FKDUDFWHULVWLFV 7R GR WKLV ZHKDYH OHYHUDJHG W/
VKRUW JDSV '"\QDPLF 7LPH :DUSLQJ %DVHGOXOCRNWLEREJPSXW
JDSV DQG PXOWLSOH LPSXWDWLRQ IRU XQLW QRQUHVSRQVI
SDUWLFXODU QHHG LQ UHGXFLQJ WKH RYHUDOO ELDV WKUR
PRUH FRPSOHWH GD\V SDUWLDOO\ DGGUHVVHV WKH ELDVLQ.
GHYLFH W\SH DQG WUDYHO EAKDAH RD SWWDRXJK RQ WHPSRUI
UHODWLRQV DQG UHGXFH ELDV IURP VAI\VWHPDWLF SDWWHUQ!
WKURXJK PXOWLSOH LPSXWDWLRQ ZHDFFRXQW IRU XQFHUW
XQLWYV 7KLV VWXG\IRXQG WKDW GLITHUHQW WUHDWPHQWYV |
VWDQWLDOO\ GLITHUHQW HVWLPDWHY RI WUDYHO EHKDYLRU
WKH QRWLRQ WKDW UHVHDUFKHUV ZKR DUH ZRUNLQJ ZLWK £
GDWD PXVW H[SOLFLWO\ FRQVLGHU WKH SUREOHP RI PLVVLQ
DVDFRQVHTXHQFH RI WKH GDWD FROOHFWLRQ PHFKDQLVPV

ORUH VSHFELILFDOO\ WKLY VWXG\GHPRQVWUDWHY WKH ELDV
HUDWLRQ PHFKDQLVP WKDW LV FRUUHODWHG ZLWK WKH WUD Y
FRQWDLQLQJPRUH WUDYHO EHKDYLRU KHUH EHVW VHHQ LQ
RI WUDFNV DUH PRUH OLNHO\WR EH UHFRUGHG 8VHUV ZKR V
D FRQVHTXHQFH JHQHUDWH PRUH GD\V UHVXOWLQJLQ DQ X
GD\VDUH DOORZHG WR FRQWULEXWH WR WKH HVWLPDWHV ZL
VWUXFWXUH DV LQ WKH FRPSOHWH GD\V RQO\ H[DPSOH WKH
EDVLV RI WKHVH GDWD ZLOO EH ELDVHG XSZDUGV 21 FRXUVF
LQJ WKH PLVVLQJ GDWD ZLOO RIWHQ UHVXOW LQ D VDPSOH W
WR WKH SRWHQWLDOO\ ELDV LQGXFHG E\ VHOHFWLYH SHUVR
SUREOHP RIJDS ILOOLQJ ZLWK WKUHH GLIITHUHQW VWHSV WR
UHVXOWHG LQ D ILQDO GDWD VHW WK D2W ADN PYH R FH BDMAD V
VHW LQ WHUPV RI GLVWDQFH WUDYHOHG DQG ZKHUH LW GHYL
OXFK OLNH RWKHU UHVHDUFKHUV ZHIRXQG D VOLJKWO\ LQFL
DQ LQFUHDVH LQ WKH QXPEHU RI VKRUW WULSV 6WRUHVXQG

2QH SULPDU\ JRDO RI WKLV VWXG\ ZDV ZDV WR GHPRQVWUDV
WKH FKRVHQ PHWKRG RI PLVVLQJ GDWD KDQGOLQJ RQ WUDY'}
/IDENLQJ D JURXQG WUXWK PDNHV LW GLIILFXOW WR VWDWH Z
SURFHVV KDV EHHQ DEOH WR DGGUHVV WKH ELDV FRPSOHWH
DWHV DUH GHILQLWLYH :KDW ZH KDYH VKRZQ LV WKDW QDLY
UHVXOW LQ YHU\ LPSUHFLVH HVWLPDWHY WKDW DUH DOVR T.
UHVXOWLQJ IURP WKH 0,&( LPSXWDWLRQ PRGHO DUH DOLJQF
VWXGLHVY FRUUHFWLQJ IRU PLVVLQJQHVV LQ SDVVLYHO\ FRO
DQLQGLFDWLRQ WKDW WKH KLHUDUFKLFDO LPSXWDWLRQ SL
OHDVW PRUH FRUUHFW WKDQ WKH DOWHUQDWLYHYV ,Q WKLV
VRQ..VWUDYHO EHKDY:ORWU VLW DRV WLDNVKWKHLFLHQW GDWD FR
VDPH JHRJUDSKLF DUHD HLWKHU EHFDXVH WKH JHRJUDSKLF
YHU\ VPDOO OHDYLQJPDQ\SHRSOH WR WUDYHUVH WKH VDPI



'LVFXVVLRQ

IROORZV WKH VDPH SHU VR Q1 RAODVONRHS] FADLP HP 83KWH DFW XD O
RULHV ZLWK UHODWLYHO\JRRG VXFHHEH/O Z KY H UK HW W KLV .
LPSURYH WKHLPSXWDWLRQV DW WKHJUDQXODUOW&HS +RZF
VWHS WR LPSXWH QRQ UHVSRQGHUV ZLWK QR SUHH[LVWLQJ
VWLOO UHPRYH WKH VSDWLDO DVSHFW 2Q WKH RWKHU KDQ
XVLQIJ PXOWLSOH LPSXWDWLRQ DV WKHILQDO VWHS RI WKH I
QLFHO\ FRPSOHWH GDWDVHW ZKLFK FDQ DOORZ IRU PDQ\ Gl
LQIHUHQFH VXFK DV DJHQW EDVHG RRGHROW WUBDWG IDMOLR QD C
FKRLFH PRGHOV +XDQJ /HYLQVRQ

7KLY PHWKRG KDV VRPH OLPLWDWLRQVY WKDW VKRXOG EH DC
WKH IDFW WKDW WKH ORQJ JDS DQG GD\ OHYHO LPSXWDWLF
WKHLU VSDWLDO FRQWH[W 7KLV JUHDWO\OLPLWY WKH XWL
UHFRQVWUXFWLRQ LV UHPXOLUM GV KHRWKIRWIHKD OO\ FDSDEOH
JHRORFDWLRQV WKLV ZRXOG UHTXLUH GHQVH VSDWLDO R
PHDQLQJIXO UHVXOWYV $QRWKHU FRQFHUQ LV WKDW WKH PH
GHSHQGHQFH WR DGGUHVV VRPH RI WKH FKDOOHQJHV RI PL
GHUO\LQJ WUDYHO EHKDYLRU 7KLV SUHVXPHV WKDW SHRSC
SDWWHUQV RQ WKH ZKROH WKDW FDQ EH SUHGLFWHG E\ D V
VRPHLQGLYLGXDOV KDYH KLJKO\LUUHJXODU WHPSRUDO SD!
DQG WKHLPSXWDWLRQ PRGHO PD\ QRW FDSWXUH WKHVH GLI

$OWKRXJK WKLV SDSHU XVHV VSHFLILF LPSOHPHQWDWLRQV
WLRQIRUUHFRQVWUXFWLQJWUDMHFWRULHVIRUVPDOOJDS
VLPLODULW\ IRU ODUJH JDSV DQG PXOWLSOH LPSXWDWLRQ
DWLRQ GHWDLOV FDQ EH VXEVWLWXWHG ZLWK DOWHUQDWL
KDQG )RU H[DPSOH PDS PDWFKLQJ ZRXOG DOPRVW FHUWD
RQLQWHUSRODWLRQ VXEVHTXHQWO\RSHQLQJ WKH |
RU WUDMHFWRU\ UHFRQVWUXFWLRQ RSWLRQV DW W
'7:%0,PHWKRGRORJ\ LV DOVR SRVVLEOH DV LW VXSS
ULFV LQFOXGLQJDFWLYLW\DQG WUDYHO PRGHO LI WKH PF
7LPH :DUSLQJLV DOVR HIWHQVLEOH WR PXOWLYDULDWH WLF
IRUVLPXOWDQHRXV HVYWLPDWLRQ RI DGGLWLRQDO FRUUHO
DWLRQ RU WKHLQWURGXFWLRQ RI SHUVRQ OHYHO RU GD\ C
VHOHFWLRQ PRGHO /LRGRUBRP®BWW DOKH LPSOHPHQWDWL
GHWDLOV DUH VHFRQGDU\ WR WKH LGHD EHKLQG WKHP GDW
DW WKH ORZHVW OHYHO RI DJJUHJDWLRQ IHDVLEOH LQ RUGI
ELDV







3DUW’ , ,

6PDUWSKRQHY VHHP OLNH WKH SHUIHFW WRRO IRU PHDVXU|
FDUU\ WKHP DURXQG ZLWK WKHP DW DOO WLPHV WKH\ KDYt
UHVSRQGHQWV WR UHPHPEHU ZKHWKHU WKH\ELNHG WR ZR U
7KH SUREOHP LV WKDW WKHGDWD WKH\FROOHFW LV RIWHQ Y
ORJV ZH WHQG WR KDYHLQWHUPLWWHQW FRYHUDJH IRU SHI
RYHU SHRSOHDQG RYHU WKH WLPH RI GD\

,QWKHILHOG WHVW WKDW IRUPV WKH EDFNERQH RI WKLV WK
MXVW KRXUV RIORFDWLRQ GDWD SHU SHUVRQ SHU GD\*UR

KRXU GD\ ZH ZHUH ORRNLQJ IRU 3KRQHVY ORVH VDWHOOL
FRPPXWH DQG RSHUDWLQJ VI\VWHPV TXLHWO\NLOO DSSV WHF
WKDW..VPRUH OLNHO\WR EHPLVVLQJ WKDQ SUHVHQW RYHL

7KLV WKHVLV ZDV FUDIWHG WR EH D IRUPXOD IRU DGGUHV\
H[SODLQLQJ KRZ DQG ZK\ ZH ZzZDQW WR FROOHFW WKH GDWD
VWDUW WR ZRUU\ DERXW WKH JDSV VKRUW RQHV DUH QRW
LIQRUHG EXW ORQJ RQHV DUH PRUH RI DQ LVVXH DQG HQ
PLIKW KDYH KDSSHQHG GXULQJ WKH JDSV E\ XVLQJ D SHUVR(
WHPSODWH 7KHPHWKRG '\QDPLF7LPH:DUSLQJ %DVHG 0XO
FRPSOLFDWHG EHFDXVH WKHGHWDLOVDUH LQIDFW DELWF
LVVLPSOH SHRSOHDUH FUHDWXUHV RI KDELW DQG WKHLU
PLVVLQJ SUHVHQW

7TKHILQDO WDNHDZD\LV WKDW ZH VKRXOGQ..WVHHPLVVLQJ
VXUYH\V DV D IDWDO IObDZ EHFDXVH WKH PLVVLQJQHVV FRP
PDQ\EHQHILWY 5DWKHU ZH VKRXOG VHH LW DV D PHWKRGR
LWZLWK DQ DSSURSULDWH PHWKRGRORJLFDO VROXWLRQ






,QWKHLQWURGXFWLRQ WR WKLV WKHVLVY ,PDGHD SUHWW\
DQW EDUULHU WR VPDUWSKRQH EDVHG WUDYHO VXUYH\V Et
WUDGLWLRQDO GLDU\ PHWKRGV LVQ..W UHVSRQGHQW ZLOO
LW..V PLVVLQJ GDWD 2XU ZRUN LV IUDPHG ZLWKLQ WKH EU
LOQRYDWLRQ DORQJVLGH SURPLVLQIJWHFKQRORJLHV OLNH
TXHQFLQJ ZKHUH WKH LQLWLDO IDLOXUH WR PHHW H[SHFWD
UHVSHFWLYH ILHOGVY WKURXJK PHWKRGRORJLFDO UHILQHPF

"KHQ 1$6%$ ILUVW GHVLJQHG WKH OHUFXU\ VSDFHFUDIW HQ
DXWRPDWHG VI\VWHP ZKHUH DVWURQDXWYV ZRXOG PHUHO\ E
GLGQ..WHYHQLQFOXGH ZLQGRZV RUPDQXDO FRQWUROV %
QHHGHG VLWXDWLRQDO DZDUHQHVV DQG WKH DELOLW\ WR P
VIVWHPV IDOWHUHG 7KHUHVXOWLQJK\EULG DSSURDFK FRF
RYHUVLJKW EHFDPH WKH VWDQGDUG IRU VSDEHPLODVIOO® 6.
VPDUW VXUYH\V VLW DW WKLV VDPH LQWHUVHFWLRQ WU\LC
OHFWLRQ ZLWK QHFHVVDU\ KXPDQ LQSXW IRU FRQWH[W DQG
LQLWLDO DWWHPSWY WHQG WR HUU RQ WKH VLGH RI DVVXP
DGGUHVV WKH LVVXHV ZH..UH IDFLQJ :H ZRXOG GR EHWWHU
VXUYH\V VWLOO UHTXLUH KXPDQ LQWHUYHQWLRQ ZKHWKHU
WKH XVHU GXULQJ WKH VXUYH\ RUSRVW KRF UHVHDUFKHU |
WLRQ

7KH UHDOLW\ LV WKDW WUDGLWLRQDO VXUYH\ PHWKRGROR.
ZDUG IURP WKH RXWVLGH+LY DFWXDOO\D FRPSOH[ VIVWHP |
ILQHPHQW )RU VPDUW VXUYH\V ZH..UH UHSOLAFODWEQ®UIW KH\
ERDUG ZKHUH HDFK FRPSRQHQW VHUYHV D VSHFLILF SXUSR

RFFDVLRQDOO\OLWHUDO



&RQFOXVLRQ

LOWR PHDQLQJIXO LQVLIKWY ,Q WKLV WKHVLV ,..YHIRFXVH
LQ WKDW FLUFXLW KRZ WR DGGUHVYV PLVVLQJ GDWD LQ VPLC
WKURXJK '\QDPLF 7LPH :DUSLQJ %DVHG ,PSXWDWLRQ %\ LV
ZH FDQ VHH LWV LPSDFWV QRW RQO\ ZLWKLQ WKH FLUFXLW E
"KHQ ZH ILUVW DVNHG WKH TXHVWLRQV %+RZ FDQ ZH LGHQW
ZURQJ"% % :KHUH VKRXOG ZH ORRN IRU WKH FDXVHV"% DQC
EH PHDVXULQJ"% LW zZDV QRW \HW FOHDU WKDW WKHVH ZR X(
TXHVWLRQV IRUWKH ILHOG WKDW ZRXOG HIWHQG EH\RQG RX
KDYH

‘HFRXOG FHUWDLQO\ KDYH FKRVHQ D GLITHUHQW ZLUH WR IR/
+RXVHKROG %XGJHW 6XUYH\ RU D VPDUW 7LPH 8VH 6XUYH\ '
,PSOHPHQWBOVWIURMHFW , REVHUYHG RWKHUV HQFRXQWHULQ
LQJQHVY FKDOOHQJHV , KDG IDFHG \HDUV HDUOLHU 7KH\ D
DVNHG ZKHQ , WQUAKHEK WKLY WKHVLY DGGUHVVHYV :KLOH V
SURYLGHG KHUH VXFK DV %D JDS RI PLOQXWHYV LV SUREDEC
WUDYHO EHKDYLRU DW WKH GD\ OHYHO % PD\QRW LQWHUHVW
GRPDLQV WKH PHWKRGRORJLFDO IUDPHZRUN IRU GHULYLQJ
$Q DEULGJHG YHUVLRQ RI WKLV WKHVLY ZRXOG HVVHQWLDO
VPDUW VXUYH\WR LGHQWLI\D SUREOHP DQG VA\VWHPDWLFDO

‘H FRXOG DOVR HDVLO\ KDYH SLFNHG DQRWKHU VZLWFK LQ W
'7:%0, 7TKH\HDUV EHWZHHQ DQG ZHUH VSHQW EXULHG L«
WDEV DW DQ\ JLYHQ PRPHQW PRVW RI WKHP VXJJHVWLQJ VK
LQJ PLVVLQJQHVV LQ GDWD WKDW ZHUH QHDU LGHQWLEDO W
6XUYH\ $SS EXW DOZD\V VOLJKWO\ GLIIHUHQW LQ VRPH PHD
FDU FHQWULF WRR LQIUHTXHQW RU $DHQWRPFDO Q WERIFE B
FOHDU WKDW DQ\ PHWKRGRORJLFDO FKRLFH ZRXOG EH LPSH
ZDV VLPSO\ WR VWDUW VRPHZKHUH :H FRXOG KDYH RSWHG
YDULRXV IODYRUV $KP#HXXHWDK®W DRU GLIIXVLRQ PRGHOV <I
HW DO  :KLOH RXU VSHFLILF UHVXOWYV PLJKW KDYH GLIIHUH
LQJWKHVH PHWKRGV+DQG WKH EURDGHU LQVLJKWV DERXW K
VXUYH\V+«ZRXOG KDYH UHPDLQHG UHPDUNDEO\ VLPLODU

HVILQGLQIJV DQG WKHLU LPSOLFDWLRC

JRXQGDWLRQV IRUXQGHUVWDQGLQJ WKH ODQ
&KDSWHDLG WKH JURXQGZRUN IRUHYHU\WWKLQJ WKDW IROOR:
LVWLFV 1IHWKHUODQGY WUDYHO DSSDQG VA\VWHPDWLFDOO\ C
SOHPHQWDWLRQ KLOHLWIXQFWLRQVDVDWHFKQLFDO GHV|
RORJLFDO GHVFULSWLRQ RIWKHILHOG WHVW WKDW LV WKH E
H[SORUDWLRQ RI ZKDW KDSSHQV ZKHQ WKHRU\ PHHWYV SUDFYV

I1RW WR PHQWLRQ WKH VDPH TXHVWLRQV WKDW WKH\ DVNHG EDFN LQ DW
FRQIHUHQFH $PSW HW DO

ORVWRIWKHVH GDWDVHWY ZHUH SUHVXPDEO\ RI WKH %WRR ORQJ% JHQXV |
GHOHWLRQ



7TUDYHO 6>067H\V

20HRI WKHPRVW VREHULQJILQGLQJV ZDV WKH H[WHQW RI W
DSS UHFRUGHG D PHDQ RI RQO\ KRXUV RI ORFDWLRQ GDW
URXJKO\RQH WKLUG RI WKH WRWDO WLPH ZH...G KRSHG IRU
LVVXH LW SURYHG WR EH D IXQGDPHQWDO OLPLWDWLRQ WK
VPDUWSKRQHDVD GDWD FROOHFWLRQDSSDUDWXV (YHQ PR
WKDW GDWD FRPSOHWHQHVYV YDULHG VIVWHPDWLFDOO\DFU|
FKDUDFWHULVWLFV UDLVLQJ VHULRXV TXHVWLRQV DERXW |

7KH FKDSWHU DOVR UHYHDOHG LQVLJKWY DERXW SDUWLFLS
XSWDNH EXW KDG PLQLPDO LPSDFW RQ FRQWLQXHG HQJDJF
VXFK DV 26 DQG PDQXIDFWXUHU ZHUH GHPRQVWUDWHG WR E
SOHWHQHVYVY $V WKHVHFDQ..WEHVWDQGDUGL]JHG DFURVYV ¢
OD\HU RI KHWHURJHQHLW\ WKDW PXVW EHDFFRXQWHG IRU

&KDSWBIOVR HVYWDEOLVKHG D FOHDU SLFWXUH RI WKH UHOD
SRUWHG DQG SDVVLYHO\ FROOHFWHG GDWD ,Q FRPSDULQJ
IURP WKH WWDIGIL WeRHPROXOG VHH ERWK WKH SRWHQWLDO DQ
WKH VPDUWSKRQH EDVHG DSSURDFK 7KH DSS FDSWXUHG P
WKH H[SHFWHG VKRUW WULSV EXW VKRZHG FRQFHUQLQJDQ
WUDYHO GLVWDQFH

%\ WKRURXJKO\GRFXPHQWLQJ ERWK WKH VXFFHVVHV DQG ID
DWLRQ &KGBISG&VPIRRUH WKDQ LGHQWLI\ WKH PLVVLQJ GDWD SUI
LW VR WKDW LW FRXOG EH DGGUHVVHG 7KH GRFXPHQWDWL
RSHQHG XS WKH SDWK IRU WKH VXEVHTXHQW PHWKRGRORJL

&KDSWHWRYLGHG DIUDPHZRUN IRU GHFLGLQJ RQ WKUHVKRO
EHFRPHY SUREOHPDWLF HQRXJK WR UHTXLUH LQWHUYHQWL
LQIJQHVV GRHVQ..W QHFHVVDULO\ WHOO WKH ZKROH VWRU\
ZKHWKHU RU QRW WKH JDSV PHDQLQJIXOO\ LPSDFW RXU DE
YLRU %\ LOWURGXFLQJ PHWULFV OLNH VSDUVLW\ D QGgH\4\A
JDSOHQJIJWKYV ZH..YH SURYLGHG SUDFWLFDO WRROV I[[RU UH\
VHWYV

7KH VLPXODWLRQV SUHVHQWHG LQ WKLV FKDSWHU UHYHDO
UHODWLRQVKLS EHWZHHQ PLVVLQJ GDWD DQG ELDV LQ PREL
XQLYHUVDO $ PLQXWH JDS DW PLGQLJKW W\SLFDOO\ FRC
FDQ EH VDIHO\LQWHUSRODWHG EXW WKH VDPH JDS GXULQJ
VFXUH DQ HQWLUH FRPPXWH 7KLV WHPSRUDO GHSHQGHQF
DQG FKDOOHQJHV IRU UHVHDUFKHUYV

2XU PRVW DFWLRQDEOH ILQGLQJWKDW JDSV XQGHU PLQ
GUHVVHG WKURXJKVLPSOHOLQHDULQWHUSRODWLRQ ZKLO'
DVWUDLJKWIRUZDUG JXLGHOLQHIRUKDQGOLQJVKRUW SHUI
UHPDLQVY UHDVRQDEO\ VWDEOH DFURVY GLIITHUHQW WUDY H ¢
WUDYHOHG UDGLXV RIJ\UDWLRQ DQG QXPEHU RIPRYHV +R



DOVR VKRZHG WKDW DV JDSV H[WHQG EH\RQG WKLV WKUHVKR
SDUWLFXODUO\IRUPHDVXUHPHQWY RI WUDYHO GLVWDQFH

BHUKDSV PRVW VLIJQLILFDQWO\ ZHGHPRQVWUDWHG WKDW W
HDU LQWHUSRODWLRQ DFURVYV ORQJHU JDSV VXEVWDQWLDO
,Q VLPXODWLRQV ZLWK WRWDO KRXUV RI PLVVLQJ GDWD O
DWHG WUDYHO GLVWDQFH E\QHDUO\ NLORPHWHUYV ZKHQ Wk
YHUVXV RQO\ NLORPHWHUV ZKHQ WKH PLVVLQJQHVV ZDV Gl
7KLVILQGLQJPDNHV D FRPSHOOLQJFDVHDJDLQVW WKHQD'Y
UHPDLQV SUHYDOHQW LQ WKH ILHOG

%\ HVYWDEOLVKLQJ WKHVH HPSLULDPBO ORMZKUHANKHREDUEAK HIUK\D B/\R
LOQIRUPHG GHFLVLRQV DERXW ZKHQ VLPSOH VROXWLRQV DUH
LVWLFDWHG DSSURDFKHY EHFRPH QHFHVVDU\ 7KLV IRXQGD
GHYHORSPHQW/&HRI, WHKWKRGRORJ\LQ VXEVHTXHQW FKDSWHUYV
OLQHDWHG WKH SUREOHP VSDFH ZKHUH DGYDQFHG LPSXWDW
JUHDWHVW YDOXH

&EKDSWIHBUHVHQWY WKHPRVWVXEVWDQWLDO PHWKRGRORJL
, QLW ZHLQWURGXFH '\QDPLF 7LPH :DUSLQJ BYHWRXOWLSC
DGGUHVV ORQJJDSV LQ KXPDQ PRELOLW\WUDMHFWRULHYV 7
WKH FRQFHSW WKDW ZKHQ \RX UHFRUG VRPHRQH..V PRYHPI
WLPH WKH\ WHQG WR JR PDQ\ RI WKH VDPH SODFHVY DQG WD
LV PRVW HYLGHQW ZKHQ LW FRPHVY WR WKH ZRUN KRPH FRPP
SDUWLFLSDQWV.. EHKDYLRUV RQ D PDS DQG DUUDQJH WKHP
RYHUOD\WKHFRPSOHWH GD\VRYHU WKH GD\V ZLWK PLVVLQJC
(I \RX XVH WKH PRYHPHQW EHKDYLRU OHDGLQJ XS WR WKH JC
JDS \RX FDQ XVH WKLV WR SDWWHUQ PDWFK DJDLQVW WKH
RQHV ZLWK JRRG ILW WR LPSXWH WKH WUDYHO EHKDYLRU G X
YHU\IHZ SHRSOH LQ RXU GDWD VHW KDG HQRXJK GDWD WR PL
VSDWLRWHPSRUDO GDWD D YLDEOH DSSURDFK 7KH TXHVWLF
PDNH XVH RI WKLV PHWKRG LQ D PRUHJHQHUDO VHQVH"

7KH PRVW VWULNLQJ ILQGLQJ IURP WKLV FKDSWHU ZDV KRZ
WLRQ YDIUBLDQWSHUIRUPHG DFURVV WKH YDULRXV VLPXODWLI
PHDQ DEVROXWH ELDV RI NLORPHWHUV DFURVVY DOO VFHQD
FXUDWHLPSXWDWLRQVHYHQDVIJIDS OHQIJWKV LQFUHDVHG W
FROWUDVW WR OLQHDU LOWHUSRODWLRQ ZKLFK XQGHUHVW
NLORPHWHUV LQ KRXU JDSV

:KDW PDNHV WKH DSSURDFK KHUH YDOXDEOH LV WKDW LW ZD
HIWHUQDO GDWD VRXUFHVY PDS PDWFKLQJ RU H[WUD VHQV
SDWWHUQV LQ WKH PRVW EDVLF GDWD DYDLODEOH WLPHVW
EHQHILW RIPDNLQJLWEURDGO\DSSOLFDEOHDFURVY GLYHU
JHRJUDSKLFDO FRQWH[W RUVWXG\ OHQJWK

, QWHUHVWLQJO\ RXU HI[SHFWDWLRQV DERXW ZKLFK YDULDQ'



XS 'HKDG DQWLFLSDWHG WKDW WKH KRALQJKH @LRUKPDWNL RIQ YL
WHQGHG PDWFKLQJ EXIIHU DQG KLIJK FDQGLGDWH VSHFLILF
IHG ZLWK WKH VRUW RI GDWD WKDW LQVSLUHG WKH FRQFHS
SDWWHUQV ZLWK ORWV RI RZQ GDWD $FWXDOO\ ERWK PHW
FDQGLGDWHVW :BoXW/MMOHJLD QW VWLOO7R% W,SH, T IKRLUWPWG]
JHVWV WKDW ZKLOH PRELOLW\SDWWHUQV DUHJHQHUDOO\ ¢
PRVW LPSRUWDQW LV ZKDW ...V KDSSHQLQJ LPPHGLDWHO\ EI
ILQGLQJ ZLWK EURDGHU LPSOLFDWLRQV

7KH VLPXODWLRQ VWXGLHVY DOVR UHYHDOHG QXDQFHG SHU
FRQWH[WXDO IDFWRUV QLJKWWLPHJDSVY ZHUH XQLYHUVDO!
GD\WLPHJDSV SDUWLFXODUO\WKRVHVSDQQLQJW\SLFDO F
RI'7:%0,EHFDPH PXFK PRUH SURQRXQFHG UHLQIRUFLQJ WKH
SDWWHUQV LGHQWLILHG LQ &KDSWHU

J)LQDOO\ &KDHRPRHYWYWUDWHG WKDW WKH PXOWLSOH LPSXWD)
LYHO\ FDSWXUH WKH XQFHUWDLQW\ LOKHUHQW LQ WKLV W\
PXOWLSOH SODXVLEOH YDULDWLRQV UDWK'HWMWKIURD VLQJC
GXFHVY PRUH KRQHVW HVWLPDWHYV RI WKH YDULDQFH RI WKH
GLIILFXOW WR DFKLHYH ZLWKRXW WKH XVH RI DQ HPSLULFDC

%\ VIVWHPDWLFDOO\ FRPSDULQJ WKHVH PHWKRGYV DFURVYV "
SDWWHUQV DQGGDWDDYDLODELOLWN\VFHQDULRY ZH..YHS
DQFH RQ ZKHQ VRSKLVWLFDWHG LPSXWDWLRQ DSSURDFKHYV
YDULDQW PLIJKW EHVW VXLW WKHLU SDUWLFXODU GDWD FKI
ZDV SUHYLRXVO\ D VXEMHFWLYH MXGJPHQW FDOO LQWR DQ
GHFLVLRQ

&KDSWHDINHV WKH WKHRUHWLFDODQG VLPXODWLRQ EDVHG .
WHVWVLWLQWKHPHVV\UHDOLW\RIDFWXDO WUDYHO VXUYH
DEOHIRUHVWDEOLVKLQJ PHWKRGRORJLFDO SULQFLSOHV V
SDWWHUQV RI PLVVLQJQHVYVY WKDW HPHUJH LQ SUDFWLEH

GHPRQVWUDWLQJ KRZ RXU KLHUDUFKLFDO DSSURDFKIWR DG
ZKHQ FRQIURQWHG ZLWK WKH 6WDWLVWLFV 1HWKHUODQ:

7KH UHVXOWVY UHYHDOHG VRPHWKLQJ TXLWH LQWHUHVWLQ
PLVVLQJ GDWD KDQGOLQJ PHWKRGY DQG WKH UHVXOWLQJ W
RXU IXOO KLHUDUFKLFDO LPSXWDWLRQ SLSHOLQH*DGGUHV"
ORQJ JDSV ZLWK '7:%0, DQG GD\ OHQJWK JDSV ZLWK PXOW
WDLQHG HVWLPDWHYV IRU WUDYHO EHKDYLRU WKDW DOLJQF
WUDYHO GLDU\ VWXGLHV EXW ZLWK VRPH NH\ GLIIHUHQFHYV
SRUWLQJLVVXHV LQ WKRVH WUDGLWLRQDO PHWKRGYV

BHUKDSV PRVW VLIJQLILFDQWO\ RXU ILQGLQJVY GHPRQVWUD
GDWD KDQGOLQJPHWKRGRORJ\VXEVWDQWLDOO\LPSDFWV \
SURDFKHY OLNH OLVWZLVH GHOHWLRQ SURGXFHG ZLOGO\ Y|
HQFHLOQWHUYDOV GXHWRWKHIDFWWKDWLWUHGXFHG RXU



&RQFOXVLRQ

FRPSOHWH GD\V 7KH KLHUDUFKLFDO VPDUW ORQJ GD\ OH
PRUH VWDEOH HVWLPDWHY ZLWK QDUURZHU FRQILGHQFH LQ
FHUQLQJ ZHHNGD\ WUDYHO EHKDYLRUV ZKHUH WUDYHO SDWMW

8OWLPDWHO\ WKLV FKDSWHU GHPRQVWUDWHG WKH H[LVWHDC
IRUUHVHDUFKHUV ZKR ILQG WKHPVHOYHV ZLWK D GDWDVHW
7KLV LV D VLWXDWLRQ WKDW DV ZH..YH HVWDEOLVKHG WKU
HYLWDEOH 5DWKHU WKDQ GLVFDUGLQJ WKH SDUWLDOO\ FRF
LQIHUHQFHVY EDVHG RQ SDUWLFLSDQWY UHVHDUFKHUV QRZ
IRULPSOHPHQWLQJD FRPSUHKHQVLYH PLVVLQJ GDWD VWUD!'

2XU FRPSDULYRQVAWKVWY WKDW WKLY PHWKRGRORJ\ LV KH
GLUHFWLRQ $OWKRXJIJK WKH DEVROXWH YDOXHV GLIIHUHG V
WUDYHO EHKDYLRU GHVFULEHG LQ ERWK VWXGLHV DOLJQHG .
WKH GD\V RI WKH ZHHN DQG WULS IUHTXHQFLHVY WKDW ZHU
+RSHIXO WR RXU FDXVH ZDV WKH IDFW WKDW WKH GLITHUHQF
WLFXODUO\ ZLWK UHVSHFW WR WKH KLIJIKHU WULS FRXQWYV LC
SUHYLRXV UHVHDUFK VXJIJHVWLQJ WULS XQGHUUHSRUWLQJ |
7'6V

7KLV ILQDO FKDSWHU SXOOV WRIJHWKHU WKH PHWKRGRORJLF
GHPRQVWUDWLQJ WKDW ZKDW EHJDQ DV D WDUJHWHG VROXVW
OHP PLVVLQJ GDWD LQ VPDUWSKRQH EDVHG WUDYHO VXUYI
IRUKRZ ZH DSSURDFK VHQVRU EDVHG GDWD FROOHFWLRQ P
LFDOO\ DGGUHVVLQJ WKH PLVVLQJQHVYVY FKDOOHQJH DW PXO
MXVW D VSHFLILF VROXWLRQ EXW D IUDPHZRUN IRU WKLQNLC
PHDVXUHPHQW VA\VWHPYV

ORVW LPSRUWD QWU DKQRDBWHWZKDW RULIJLQDOO\NVHHPHG OL
DEOH GDWD TXDOLW\ LVVXH LQWR D PDQDJHDEOH PHWKRGR(
GRZQ WKH SUREOHP LQWR GLVWLQFW FDWHJRULHV RI PLVVL(
WHFKQLTXHV WR HDFK ZH..YH VKRZQ WKDW VPDUWSKRQH EC
SURGXFH UHOLDEOH PRELOLW\ PHWULFVY GHVSLWH WKHLU LQ

SUDFWLFDO DSSOLFDWLRQV IRU UHVHI
VWLWXWLRQV

7KLY WKHVLV LV QRW VROHO\ IRU PHWKRGRORJLVWY ORRNL:
GDWD DOWKRXJK LMOMFRURVKRRUNEEKW LQVWHDG VRPHWKLQJ Z
LPPHGLDWH DQG SUDFWLFDODSSOLFDWLRQVIRUD QXPEHU

JRU $SS %DVHG 7UDYHO 6 XUYH\ 'HVLJQHUV

7Z:RUN LQWLPDWHO\ ZLWK \RXU DSS GHYHORSPHQW WHDP D
WKHLPSOHPHQWDWLRQ RI WKHDOJRULWKPV DV WKH\ DU

7'HVLIJQ ZLWK DZDUHQHVV RI WKH VA\VWHPDWLF SDWWHUQV



7KH URDG DKHDG UHFRPPHQGDWLRQV IRU IXWXUH UHVHLEL

7, QYROYH WKH XVHU ZLWKRXW EHLQJ D EXUGHQ LQ RUGHL
WKDW FDQ KHOS WR LGHQWLI\ XQGHUVWDQG DQG FRUU

7%XLOG TXDOLW\DVVHVVPHQW LQWR WKH GDWD FROOHF\
DWLF SDWWHUQV HDUO\

JRU 'DWD $QDO\WWYV :RUNLQJ ZLWK ([LVWLQJ 'DWDVHWYV

7'HDO ZLWK GLIIHUHQW JDSVLQ GLIIHUHQW ZD\V VKRUW JI
ORQJJDSV FXUUHQWO\ YHU\ IHZ

78VH '7:%0, LQ VLWXDWLRQV ZLWK KLJK OHYHOV RI PLVVL:
FRPSRQHQW LVQ..W LPSRUWDQW

78VH PXOWLSOH LPSXWDWLRQ RQ WKH GDWD DJJUHJDWH
FDQ..WEH UHDVRQDEO\LPSXWHG

7&RQVLGHU WKH WHPSRUDO DQG EHKDYLRUDO SDWWHUQ\
LQJDQDO\VHV

JRU1IDWLRQDO 6WDWLVWLFDO ,QVWLWXWHV DQG 7UDQVSRU

75HFRJQL]H WKDW VPDUWSKRQH EDVHG DSSURDFKHV GH
YDOXDEOH FRPSOHPHQWDU\ GDWD

730DQ DKHDG IRU WKH KLJK OHYHO RI PLVVLQJQHVV ZKHQ

7Z/HDYH WLPH IRU WKH PHWKRGRORJLFDO GHYHORSPHQW
DFWXDO JRDO RI'lILUVW DWWHPSWYV ZLWK WHFKQRORJLFI

7'RQ..WJRLQ ZLWK WKH H[SHFWDWLRQ WKDW VPDUWSKR
SODFH WUDGLWLRQDO DSSURDFKHV E\ WKH VHFRQG RU
VWDELOLW\LY SDUDPRXQW

Z:RUN WRZDUGV D VHW RI VWDQGDUGYVY DQG EHVW SUDFWLI
LQ SDVVLYH PRELOLW\ VWXGLHY WKDW FRQVLGHU WKH F

/KH URDG DKHDG UHFRPPHQGDW
UHVHDUFK

5LJKW QRZ PDQ\ UHVHDUFKHUV KDYH IRXQG WKHPVHOYHYV
RI KDYLQJ DOUHDG\ ILHOGHG DQ 6PDUW SRR ERD BDWRGLQU® Y |
WKDW WKH\ DUH QRZ IDFHG ZLWK GDWDVHWY SODJXHG E\ PL
SRVLWLRQ ZKHUH WKH\DUH QRZ UHWXUQLQJ KDW LQ KDQG W
RI DQ H[SHULPHQW WKDW IHOW OLNH D ELW RI D OHW GRZQ

FRQVLGHU WKH +XEEOH 6SDFH 7THOHVFRSH

KHQ WKH +XEEOH ZDV ILUVW ODXQFKHIE WATK/H +€X\E R &EHH AT5\H F
ILUVW ODXQFKHG € LW ZDV ODXQFKHG ZLWK LWV SULPDU\ P
UHVXOW DOO WKH LPDJHV WKDW LW VHQW EDFN ZHUH EOXL
+XEEOH ZDV IXQGHG LQ WKH V WRRN GHFDGHV WR HQJLQ



ODXQFK LW IDLOHG WR GRWKH WKLQJHYHU\RQH KDG EHHQ D
D FU\ZWWDO FOHDU YLHZ RI RXWHU VSDFH 7 KHHWHRWPAWILRQ" 6|
WKHFRUUHFW VSHFLILFDWLRQV IRUWKH JODVVHY UHTXLUHC
LPDJHUHFRQVWUXFWLRQ DOJRULWKPV IRUZRUNLQJEDFNZD
HQGHG XS EHLQJ SDUWLFXODUO\ XVHIXO LQ PHGLFDO LPDJLGQ

$OWKRXIK WR WKH EHVW RI P\ NQRZOHGJH QR RQH LV FODPR
YH\V DOWRJHWKHU , GR WKLQN PDQ\ DUH GLVDSSRLQWHG Z
WKHQ WKLV WKHVLY SURYLGHVY D VHW RI PHWKRGRORJLFDO
IODZLQ VPDUWSKRQHV WKDW ZH VHHP WR EH VWXFN ZLWK 7K
QHHG PRUH ORUH FRQFUHWHO\ ZH QHHG DGMXVWPHQWV WK
VSHFLILF VROXWLRQ 7KH GLIILFXOW\LV WKDW WKDW UHTXL
EHWZHHQ D QXPEHU RI GLITHUHQW SOD\HUV :H QHHG SHRSO
DERXW WKH LQWULFDFLHV RI VRIWZDUH GHVLJQ WKH\DUH V
WKLQJ PHDQLQJIXO WR UHGXFH WKH PLVVLQJQHVV HQHHG
DEOHDERXW WKH VHQVRUV ZH ZDQW WR XVH WKH\KDYH GHF
WKDW FDQ EH HIWUDRUGLQDULO\ XVHIXO WR XVH EXW RIWHQ
TXLUHV VXEVWDQWLDO GRPDLQ NQRZOHGJH DQG WKH UHDGL
OHDUQLQJ PHWKRGYV EHFDXVH RIWHQWLPHYVY WKH GDWD GRQ
WR PRUHWUDGLWLRQDO WHFKQLTXHY ORUHWKDQ DQ\WKLQJ
WR NHHS SXVKLQJ ZDQWLQJ PRUH IURP 6PDUW 6XUYH\V WKD
EHHQ DEOH WR SURYLGH

7KLY UDLVHVY DQRWKHU SRLQW RI FROQWHQWLRQ RI FRXUVH
QRWLFHG WKDW WKLY WKHVLY KDV VNLUWHG DURXQG WKH Yt
PHWKRGVY FDQ EH YDOLGDWHG ,WIHHOV GLVLQJHQXRXV WR \
WKH VPDUW VXUYH\LPSURYHV XSRQ WKH PHDVXUHPHQW RI W
WXUQDURXQGLQWKHS5HVXOWVYDQG XVHLWDVDEHQFKPDUNI
ZRXOG REMHFW WR LWV XVDJHWR HQVXUH WKDW ERWK PRGH
WKHVDPH RUGHU RIPDJQLWXGH HYHQ WKH SURFHVV RI GRLC
% JURXQG WUXWK% VWDWXV RI WKH RULJLQDO VXUYH\ 7KLV
PRPHQW ZKHUH \RX PXVW GR VRPHWKLQJDV VLPSOH DV VSOL
GDWDVHW DORQJ GLVFUHWH GD\V

7KH FDSDFLW\ RI H[LVWLQJ WUDYHO VXUYH\V WR VHUYH WKLYV
:KHQ ZH FKRRVH HVWLPDWHV VXFK DV WUDYHO GLVWDQFH RU
WKHVH DUH WKH WKLQJV ZH FRXOG KDYHHVWLPDWHG EHIRUH
URXWH FKRLFH EHKDYLRU'BURE BWHUDAG W\R HRQ\DL®® DWH WKH OH
WKDW VRPHRQH ELNLQJ ZDLW VFID\ ® W WHR\BHD WIKKLB IEXBA WRXW K H
+RZVXLWDEOH LV WKH GDWD SODJXHG E\DOO LWV PLVVLQJQ
UHDOO\NQRZ EHWKXVIHQWRYWWLRQ WKDW ZH DUH ORRNLQJ IF
DQG ORRVH E\ PDNLQJ FRPSD B1VR R YHH $\&7H PRYEBO K BHK H Q

ZH GHFLGH WKDW ZH ZLOO UHPRYH WKH DSS IURP LWV FRQWH]|
LW VWDQGYV

KLOH , WKLQN WKHVH WZR IXWXUH GLUHFWLRQV DUH WKH PF

&RUUHFWLYH 2SWLFV 6SDFH 7THOHVFRSH $[LDO 5HSODFHPHQW &267%5



DQRYHUYLHZ RI VRPHFRQFUHWH VXJIJHVWLRQV

OXOWLYDWLDOWSESSOLFDWLRQYV 7KLV WKHVLYVY KDV GHPRQ'
ZLWK XQLYDULDWHGDWD EXWWKHH[WHQVLRQ WRPXOW
RSHQ WKHILHOG IRULQFRUSRUDWLQJ RWKHU VHQVRU GI
VLPXOWDQHRXV LPSXWDWLRQ RIPXOWLSOH WUDYHO FKI

,QWURGXFLQJ RWKHU VKRUW JDS ILOOLQJ WHFKQLTXHYV
SRODWLRQ WR EH %JRRG HQRXJK% IRU RXU SXUSRVHYV
PDWFKLRAOEEDVHG URXWLQJDUH OLNHO\WR RIIHUDQ LPS
ZKHQ FRQVLGHULQJ GLVWDQFH DV D PHDVXUH

'LUHFW URXWH 7P XYW DNMWHRO®ZHOO VXLWHG IRU PDWFKLQ
DIJDLQVW HDFK RWKHU ZKLFK FRXOG EH DFFRPSOLVKHC
ZKHUH XVHUV KDG PDQ\ PRUH GD\V RI FRPSOHWH DQG SD!

7TKH6PDUW 6 XUYH\MRXUQH\LVIROORZLQJWKHSDWWHUQ FR
WLRQ € WKHWKLQJVWKDWDSSHDUFRQFHSWXDOO\VWUDLJK
LQWKHLULPSOHPHQWDWLRQ 7KLV WKHVLV KDV WDFNOHG F
SOH[LW\ WKHPLVVLQJGDWD SUREOHPLQ VPDUWSKRQH EDV
DFRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH QDWXUH RI WKF
PHWKRGRORJLHY WR DGGUHVV JDSV RI YDU\LQJ OHQJWKYV Z
WRZDUGV PDBI%QB WIKBHHEOH WRRO IRU PRELOLW\ UHVHDUEFK

-XVW DV WKH +XEEOH 6SDFH 7THOHVFRSH..V LQLWLDO EOXL
&267%$5 DQG MXVW DV $53%$1(7..VHDUO\WUDQVPLVVLRQ IDL(
FKHFNLQJ SURWRFROV WKDW SRZHU WRGD\...VLQWHUQHW V
IRUP ZKDW LQLWLDOO\ VHHPHG OLNH D IDWDO I10ODZ LQWR D
VHDUFK SURFHVV 2XU '7:%0, PHWKRGRORJ\ VHUYHV DV WK
VPDUWSKRQH EDVHG WUDYHO VXUYH\V DOORZLQJWKHP WR
SLWHLQKHUHQW OLPLWDWLRQYV

7TKHPHWKRGY GHYHORSHG KHUH GRQ.. W HOLPLQDWHWKH F
XQOLNHO\WKDWDQ\HYHU ZLOO :KDW WKH\GR LV WUDQVIRL
DEOHDVSHFWRIWKH UHVHDUFK SURFHVV $V WKHVH WHFKQ
RWKHU PHWKRGRORJLFDO DGYDQFHYVY VPDUWSKRQH EDVHG
WKHVDPH WUDMHFWRU\DV RWKHU WHFKQRORJLHV WKDW EH
UHYROXWLRQL]HG WKHLU ILHOGV
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$GOHU 7 5LPPHU / &DUSHQWHU ' 8VH RILQWHUQHW
GLDU\ VXUYH\ LQVWUXPHQW >GRIDQVSRUWDW@RQ UHV
UHFRUG € KWWSV GRL RUJ

$KPHG + 0 S$EGXOUD]DN % %ODQFKHW ) * $ORXORX +
/JRQJ JDSV PLVVLQJ ,R7 VHQVRUV WLPH VHULHV GDWD
JDXVVLDQ DSEYURBRPFKVV € KWWSV GRL RUJ

$&&(66

$OODKYLUDQORR 0 5HFNHU : OLQLQJ DFWLYLW\ SD
ORFDWLQJ DFWLYLW LZW\D Q@ S\RLHVMPHIL RRIVWW SV GRL
RUJ Vv

$OOVWUTP $ .ULVWRIIHUVVRQ |, 6XVLOR < 6PDUW
FROOHFWLRQ ([SHULHQFHV IURP DUDHQYG RN D W [LRYXQVA
VHDUFK 3URFHGELBWWSY GRL RUJ M WUSUR

$PSW ( 6 5LFKDUGVRQ $ - %UYJ :1HZ VXWFHPPHWKRGV
LQO WUDQVSRUW 3URFHHGLQJV RI QG LOWHUQDWLRQD
DXVWUDOLD VHSOBPE MY SOD\ JRRJOH FRP VW
V GHWDLOV"LG QY<6/ -3% &

$UHQWI]H 7 %RV , OROLQ ( 7LPPHUPDQV + L 17(51(
6859(<6 6(/(&7(' (9,'(1&( 21 5(63216( 5$7(6 6$03/,1* %,
$1'5(/,$%,/,7< >GRL 7UD@VSRUWPHWULF

€ KWWSV GRL RUJ

$VVHPL % -DIDU]JDGHK + OHVEDK 0 +LFNPDQ 0 3D
WLRQV RI VPDUW SKR QHUDQDNSHRY WOWMHRY UHVHDUFK 3
SVIFKRORJ\ DQG EHKDEYLREKWWSY GRL RUJ M WU

$VWUR]D 6 %KDW 3 & %KDW & 5 3HQG\DOD 5 0 *DL
8QGHUVWDQGLQJ DFWLYLW\ HQJDJHPHQW DFURVYV ZHH
$ PXOWLYDULDWH PXOWLSOH GLVFUHWHRPRIQWDIAODKXRXV

FKRLFH PRGHO®LQMWWSYV GRL RUJ M MRFP

$[KDXVHQ . : 7UDQV SR USRPBE WGIOLARIG HDOLQJ IRU VX\
XUEDQ GH\BLJIOQE SRXWIOMESN GRL RUJ

WUDQVSRUW PRGHOOLQJ ND\ D[KDXVHQ

$[KDXVHQ . : 7UDYHO GLDULHV $Q D Q QRWWADSAVVH GUFD W L
VDS QWO EWV JRY YLHZ GRW

$[KDXVHQ . : OROOR\ - 7FKHUYHQNRY & +DV VZLW
KWWSV GRL RUJ (7+= %

%aoKU 6 +DDV * & .HXVFK ) .UHXWHU ) 7UDSSPDQQ O

DQG RWKHU PHDVXUHPHQW TXDOLW\LVVXHV LQ PRELO



6RFLDO VFLHQFH FRPSXWHU KWWWLSHZ GRL RUJ

%DUDWFKL 0 OHUDWQLD 1 +DYLQJD 3 - 0 6NLGPRUH $
$ KLHUDUFKLFDO KLGGHQ VHPL PDUNRY PRGHO I
GDWIRFHHGLQJV RI WKH $&0 , QWHUQDWLRQDO -RLQ
YDVLYH DQG S8ELTXLWRWWE&RPSXRAL @U J

%DUQHWW , 2QQHOD - 3 ,QIHUULQJPRELOLW\PHDV;
PLVVLQJ %DRWONVD W LH WEHF VKWW SV GRL RUJ ELRV
VWLFV N[\

%DWRRO 7 1HYHQ $ 6PHHWV & - 3 6FKHUUHQEHUJ 0 'H
$GQDQ 0 5RVV 9 %ULMV . :HWV * -DQVVHQV
FRQWUROOHG WULDO WR HQKDQFH WUDYHO UHODWHG !
SDWLHQWY ZLWK FRURQDRNXWKMHDW W LYBPIQYSIRUW KHD

KWWSV GRL RUJ M MWK

%D\DUW & 6LPDV 0 'RUNVKRS VIQWKHVLV OL[HG PRC
WHJUDWLQJ WHFKQRORJ\ LQWR W U D GAUMDIRGRY &YDWL RQ
UHVHDUFK SURFKGLBEWWSY GRL RUJ M WUSUR

%HUJHU O 30DW]HU O JLHOG HYDOXDWLRQ RI WKH V
EHKDYLRXUGDWD FROOHFWDR @ DREEWDRMDLUIRVYPRRI%H D U FK .

€ KWWSV GRL RUJ M WUSUR
%HXNHQKRUVW $ / 'UXFH . / 'H &RFN ' 6PDUWSKHE
ORVNHOHWDO UHVHDUFK K\SH RUKRSH" OHVVRQV IURF
VWXGhBY PXVFXORVNHOHWD O IGWWRBYG HERL RUJ \%

%HXNHQKRUVW $ / 6HUJHDQW - & BFKXOW] ' 0 O0F%HWK
* 8QGHUVWDQGLQJ WKH SUHGLFWRUV RI PLVVLQ

IRUP VPDUWSKRQH VWXG\ GHVLJQ-02& \PHHDDWKRRQOG V)
X+HDOWK KWWSV GRL RUJ

%LHUODLUH 0 &KHQ - 1HZPDQ - $ SUREDELOLVWLF
IRUVPDUWSKRQHUB®BORWWDWLRQ UHVHDUFK 3DUW &
QRORJLHW KWWSV GRL RUJ M WUF

%LKUPDQQ . (UVE., OO $ . (VWLPDWLQJUDQJHRILQIO
VSDWLDO GDWD $ VLPXODW LR QOWNHUGADRIL R DO DUN 00N
KHDOWK JHRJUD BKIVF®¥Y GRL RUJ

%RHVFKRWHQ / $XVORRV - ORHOOHU - $UDXMR 7 2EH
WUDFH GDWD FROOHFWLRQ WKW R XHAKGDWMED RQJDW RRQ
DEV

%ULFND 6 =PXG - :ROI - JUHHGPDQ - +RXVHKROG
*36 $Q H[SHULPHQW >GRL TUDQVSR@WDWLRQ UHVHD
FRUG € KWWSV GRL RUJ

&DUULRQ & 3HUHLUD ) %DOO 5 =KDR ) .LP < 1DZDUDW
& %HQ $NLYD O(YDOXDWLQJ )06 $SUHOLPLQDU|FRPS
D WUDGLWLRQDOUWAVBIDHIE K/ YU BH | KMWUL SVW UE LIRIGI WUE |
YLHZ



&%6 &Y % '"HF RREHHW ZHJ LQ QHGHUODQG 2'L1 RQGHU]JR
LQJ UHVHDUFKUHS &HQWUDDO %XUHDX YRRU GH 6W

I[URPWWSYV ZZZ FEV QO PHGLD BSGI RQ(
HGHUODQG RGLQ SGI
&HOOLQD ) %XFKHU ' O0DQJLOL ) 9HLJD 6LP£R - 5XGHO

$ ODUJH VFDOH DSS EDVHG EHKDYLRXU FKDQJH H[SHUL
DEOH PRELOLW\ SDWWHUQV OHWKRG¥XVYWDXQW K LIDQ G
6FLHQFH 3UDFWLFH DQ®&®R\EV| GRL RUJ V X
&HQWUDDO %XUHDX YRRU G,/ BWBBUXMLHNQ KXLVKRXGHQV
VRQHQ ,&7 >GHWIDYHWIE®G -XQH KWWSIWRRZZ FEV QO
O QO RQ]JH GLHQVWHQ PHWKRGHQ RQGHU]JRHNVRPVFK
VEHVFKULMYLQJHQ LFW JHEUXLN YDQ KXLVKRXGHQV
&HQWUDDO %XUHDX YRRU GH 6WDW LAQMGUHHNZ HJ L Q)8 HG KD O\D
2'L1 SHWULHYHG J)HEUXDUKWWSV IURPZ FEV QO
QO QO ORQJUHDG UDSSRUWDJHV RQGHUZHJ LQ Q

&HQWUDDO %XUHDX YRRU GH 6WDWLVWLHN &%620Q UZV :YO
GHUJRHN RQGHUZHJ LQ QHGHUXIBOQGOWDR'6WDWLRQ 6RFI
6FLHQFHV +XKMWIWLHWBRL RUJ '$16 ;39 0:3*

&KDNUDEDUWL 6 %LVZDV 1 .DUQDQL . 3DGXO 9 -RQHV

%LQQHG GDWD SURYLGH EHWWHU LPSXWDWLRQ R
IURP ZHDUBRPHEQWRUV %DVHO 6ZLW]JKWWBSYG GRL RUJ

Vv
&KDPEHUV 7 3HDUVRQ $ / .DZDFKL , 5]RWNLHZLF] = 6W
0 1LOKXUFKX & 6LIJQDO / .LGVLQ VSDFH OHD

UHVLGHQWLDO QHLJKERUKRRGY DQG RWKHU GHVWLQD
DQG ZHDUDEOH FBRAUDGOM.BIOFH PHGLFL®OH
KWWSV GRL RUJ M VRFVFLPHG

&KHQ & *RQJ + /DZVRQ & %LDORVWR]N\ ( (YDOXD
DSDVVLYHWUDYHO VXUYH\ FROOHFWLRQLQ D FRPSOH]
OHDUQHG IURP WKH QHZ \R BWNDFQWS\REDW B W IWRX@G U H V HD U F
3ROLF\ DQOG SUDF&WLFHWWSV GRL RUJ M WUD

&KHQ & OD - 6XVLOR < /LX < :DQJ O 7KH SURPLV
VPDOO GDWD IRUWUDYHO EHKDYLRU DUINDOR>SHROSWIDRIELLR
UHVHDUFK 3DUW & (PHUJLQJ WHFK@RGRJLHKWRL RUJ

M WUF
&KHQ * 9LDQD $ & )LRUH 0O 6DUUDXWH & &RP.SO.
VWUXFWLRQ IURP VSDUVH PBREDWV® SRKROGFSNWB V

GRL RUJ HSMGV V
&LFK * .QDSHQ / %HOOHPDQV 7 -DQVVHQV THWV  *
GHWHFWLRQ LQ *36 WUDFHV WR |HHB&BBRE 5N ARSPSXMDH
VFLHQFH € KWWSV GRL RUJ M SURFV
&ODUNH 0 'L[ O -RQHV 3 (UURU DQG XQFHUWDLG

TUDQVSRUWDWELREWWSYVY GRL RUJ %)



&RWWULOO & ' 3HUHLUD ) & =KDR ) 'LDV , ) [/LP +
=HJUDV 3 & JXWXUH PRELOLW\ VXUYH\ ([SHULH
D VPDUWSKRQH EDVHG WUDYHO VXUYH\ LQ VLQJDSRUH
TUDQVSRUWDWLRQ UHVHDYU FKWWBERUG GRL RUJ

&XUUH\ ' TRURXYV - ,QFUHDVLQJ WKH YDOXH RI GLJLW
UHGXFLQJ PLVVLQJQHVYV $ UHWURVSHFWLYH UHYLHZ DC(
%0- PHOWDO KHDOWKKWWSYVY GRL RUJ EPMPHQW

'DERYH 3 'L3ILHWUD 9 7TRZDUGV KLJK DFFXUDF\*166 U
ZLWK VPDUWSSXYDQH\HV LQ VSDFH UHVHDUFK WKH RIILFI
&RPPLWWHH RQ 6SDFH 5¢VHODWWIS V GRL RUJ M D

'DKPHQ 9 ODUWLQH] 6 « 2 /RGHU $ %RJHQEHUJHU
VFDOH VHPL SDVVLYHJSVWUDYHO GLDULHV YDOXDEOH
7UDQVSRUWDWLRQ 5HVHDUFKRARDSG $@EEDDWKF IKEQW
GH

'HNNHU / DHOLC . YDQ 'LMN 0 +ROWURS 6 .HXSHU 1
JHHXZHQ 7 OHLMV & 6FKURWHQ + YDQ :LMN /
ORFDWLRQ GDWD ZLWKEUR Y QVIKIPRBELA@Q[LY RUJ DEV

'KRQW 0 7VLSRUNRYD ( *RQJ]{OH] '"HOHLWR 1 "HUL'Y
WUDMHFWRU\ ILQJHUSULQWY IURP PRELOLW\ GDWD XVL¢
LVDWLRQWHUQDWLRQDO &RQIHUHQFHRQ 'DWD OLQLQJ :

€ KWWSV GRL RUJ ,&'0:

'RXJODV ' + 3HXFNHU 7 . $OJRULWKPV IRUWKH UHG X
SRLQWV UHTXLUHG WR UHSUHVHQW D &D UVNRLUJHBESELG B F
7KH ,QWHUQDWLRQDO -RXUQDO IRU *HRJUDSKLF ,QIRUP

€ KWWSV GRL RUJ P X X

JRUUHVW 7 / 3HDUVRQ ' ) &RPSDULVRQ RI WULS GH

LQ KRXVHKROG WUDYHO VXUYH\V HQKDQFHG E\ D JORED
@ 7UDQVSRUWDWLRQ UHVHBUFK UHF
KWWSV GRL RUJ

JULW] 0 .HXVFK ) 9RON - +oXIJOJFNQHU / %ODQNH . ‘|
'H)DXVWL ) ,QJOHVH ) /RU" % 0 3DSSDJDOOR $ 3L
3HUH] 0 9DQ 7LHQRYHQ 7 3 /XV\QH 3 OF&RRO ' /X.
VND\D % « +ROP.\ $ '"HOUYBUDEOH VPDUW DG YI

VWDUHMVHDUFK UHS (66QHW %UXVVHOV %HOJLXP (XU

JXUOHWWL % &LQWLD 3 5HQVR & 6SLQVDQWL / ,
IURP *36 WBDRWWHGLQJV RI WKH QG $&06,*."" ,QWHUQD
VKRS RQ S8UEDQ & RRRISXIWIOHKWWSYV GRL RUJ

*DG]L VNL - SBHUVSHFWLYHV RI WKH XVH RI VPDUWSKR
VWXGLHYV )LQGLQJV IURP D OLWHUDWXWHYYER UMD R (
UHVHDUFK 3DUW & (PHUJLQJSWVHKWQP/RVRJIGRY RUJ

M WUF



*HXUV . 7 7KRPDV 7 %LMOVPD 0 'RXKRX 6 $XWRP
GHWHFWLRQ ZLWK PRYH VPDUWHU )LUVW UHVXOWYV IU
SDQHODQVSRUWDWLRQ 5HVHDEBFK BRWRVFSMGLIBGRL RUJ

M WUSUR

*RPHV $ .RUI % -DQXDU\ *HQHWLF3WGYWWYL A AB&QC
FHU JHOIBWLF¥ (OVKWMHY GRL RUJ E

*RQJ / ORULNDZD 7 <DPDPRWR 7 6DWR + "HULYLQ

IURP *36 GDWD $ OLWHUDWXUH UHYLHZ RRURKH GILDVW L
6RFLDO DOG %HKDYLRUD® 6 FKW@FRHV GRL RUJ |
VEVSUR
*RQ]iOH] 3©@UH] $ ODWH\ 6DQ] 0 *UDQHOO & &DVWHOH)
ELOH GHYLFHV DV VFLHQWLILF PHDVXUHPHQW LQVWU X
VFKHGXZHDYDVLYH DQG PRELOH FRPEWWISYJ GRL RUJ
M SPFM
*RRW]HQ < .OLQJZRUW - 6FKRXWHQ % 'DWD TXDO
WUDFNLQJLQ VPDUW WUDYHRVD\QSWREZQLFVEWVVROY HRW
BSGI FEVBGLVFXVVLRQBSDSHUBBBDYDBGDWDBT
*UHDYHV 6 (OOLVRQ $ (OOLVRQ 5 5DQFH ' B6WDQGHQ
$ZHE EDVHG GLDU\DQG FRPSDQLRQ VPDUWSKRQH
VXUYHUDQVSRUWDWLRQ 5HVHDEBFK BWRIFEHWGLBRL RUJ

M WUSUR
*UHDYHV 6 3 &REEROG $ 6WDQHVE\ 2 6KDUPDQ 0O -RVH
9 KR VWD\VDQG ZKR SOD\V" SDUWLFLSDQW UHWH

DSS XVDJHLQ D ORQIJLWXGLQDO WUDYHO VXUYH\ 5HWU
KWWSV VHV OLEUDU\ XV\G HGX DX KDQGOH

+DJJDU 3 &RRSHU & 7UDISHG KRVGHOVV SKV¥H LL\F FW LR
F XN &RRSHU&+ 7UDIS5HG PHWKRGRORJ\ 7UDI5HG PRC

SGI

+DODEL 5 6HOYDUDMDQ 5 /LQ = +HUG & /L ; .DEULW -
EXE 1IHWR ( 3UDWDS $ &RPSDUDWLYH DVVHVYV
VHQVRU GDWD TXDOLW\ FROOHFWHG XVLQJ DQGURLG I
ZRUOG VHMWWVRIW BDVHO 6ZKWIWINMODQ@EL RUJ \

+DUGLQJ & )DJKLK ,PDQL $ G6ULNXNHQWKLUDQ 6 OLOOH
WKHUH\HW"DVVHVVLQJVPDUWSKRQHDSSV DV IXOO IOl
VXUYHWD QVSRWKWWBMR QOLQN VSULQJHU FRP DUWLFO'

+DUGLQJ & JURP VPDUWSKRQHDSSVWRLQ SHUVRQ GD
FRVW HIIHFWLYHPXOWLPRGDO WUDYHO GDWD FROOHFV
KWWSV XWRURQWR VFKRODULV FD ELWVWUHDPV E
FGHG GRZQORDG

+DUULVRQ * *UDQW OXOOHU 6 0 +RGJVRQ ) & 1H?Z
IRUPV LQ WUDQVSRUWDWLRQ SODQQLQJDQG SROLF\ 2
IRU "WUDFN DQG WADDRHSR G WL RQ UHVHDUFK 3DUW &
ORORJLHYV KWWSV GRL RUJ M WUF



+DZWKRUQH * (OOLRWW 3 ,PSXWLQJ FURVV VHFWL
SDULVRQ RI FRPPR QMK HRBKYWXMEYLDQ DQG 1HZ =HDODQC
SVIFKLDWUIE KWWSV GRL RUJ M
[

+HFNHU ' 6WDQJH + .RUQHU & 0D\ O 6DPSOH ELD
GDWDLQ PRELOLW)\YKWDWHNVYQDWLRQDO &RQIHUHQFHRQ
:RUNVKR®MWVSYV GRL RUJ LFGPZ

+ROOLQJVKHDG : 4XDQ +DDVH $ HWDO (WKLFV DQG !
VRFLDO VFLHQFH $ FDRY@ RPS S WODNIRRIRDWGERFLBAl R
uJ HWKLFV SULYDF\ FRPSXWDWLRQDH
FH ZLOOLDP KROOLQJVKHDG DQDEHO TXDQ KDDVH ZHC

+RQDNHU - .LQJ * 'KDW WR GRDERXW PLVVLQJYDOXF
VHFWLRGRBHDUINEDQ MRXUQDO RI SROEWLRIWENLHORH
L RUJ M [

+RQJ / =KHQJ < <XQJ ' 6KDQJ - =RX |/ '"HWHF WL
KROHV EDVHG RQ KXPD@PREHBGWYEDRIDWKH UG 6,*63¢4
,OWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHV LQ *HRJUL
KWWSV GRL RUJ

+XDQJ $ JHYLQVRQ ' $[LV Rl WUDYHO ORGHOLQJ QI
FKRLFH ZLWK 72D@VYWRUWDWLRQ 5HVHDUFK 3DUW & (PH
JLHVY € KWWSV GRL RUJ M WUF

+XDQJ - ODR % %DL < =KDQJ 7 OLDR & $Q LQW
PHDQV PHWKRG IRU PLVVLQJ GDWD LPSXWB@VYRQVXVLQ.
%DVHO 6ZLW]JHUOK@WANSY GRL RUJ Vv

+XPSKUH\V 7 ( &HQWLPHWHU SRVLWLRQLQJ ZLWK D VF
DQWHRQ@WSY GRL RUJ 7 +7 *9 5

+XQJ /| & +X < + 7VDL & ) +XDQJ 0 : $ G\QDPLF V
DSSURDFK IRUKDQGOLQJFODVV LPEDODQFHG PHGLFDO
XHV $FDVHVWXG\RI SURWHLQ OR{BE UMW WILRDHAPLYNH. BAK

DSSOLFDWLRQV KWWSV GRL RUJ M HVZD

+XR - &R[ & ' 6HDYHU : / 5RELQVRQ 5 % -LDQJ <
Rl WZR GLUHFWLRQDO WLPH VHULHV PR®XOY B®R RIHS O |
(OYLURQPHOQWDO (QJLEHHWMKMOYSY GRL RUJ $6&

((
+ZDQJ 6 9DQ'HODUN & 'KDWW 1 <DOOD 6 9 &UHZV 5 7

KXPDQ WUDMHFWRU\GDWD E\PRYHPHQW VWDWHYV ZKLOF
VLIQDO OHRARMHD SKLFDO ,QIRUPDWLRE 6| \KWHWPSN G
RL RUJ

-DJDGHHVK * 5 GB6ULNDQWKDQ 7 2QO0LQHPDS PDWFKL
ORFDWLRQ GDWD ZLWK KLGGHQ PDUNRY(IXQ G @\RXAVH FK|
WLRQV RQ ,QWHOOLJHQW 7UDQVERUWKOWM BQ 6 |&RIHRV
J 7,76

.DUDLP 0 (OVKHLNK 0 1RXUHOGLQ $ 5XVWDPRY 5 %
VRXUPKXOWLIXQFWLRQDO 2SHUDWLRQ BQ G WS\SSM. FD WL/

ERRNV JRRJOH QO ERRNV"KO HQ OU LG NQT4'Z$$4



38 GT VRXUFHV RI *166 HUURU RWV 1 SL/TW' [ VLJ ¢
P H'" 7X17:\073\0 N

.HOO\ 3 .UHQQ 3 7LW]H 6 6WRSKHU 3 JRVWHU &
HQFHEHWZHHQ VHOI UHSRUWHG DQG JOREDO SRVLWLR
QH\ GXUDWLRQV $ V\VWHPDWLFUHYLHZ >GRL
T/UDQVSRUW S5HYIHZWWWSV GRL RUJ

.HXVFK ) %=aKU 6 +DDV * & .UHXWHU ) 7UDSSPDQQ O
1RQ SDUWLFLSDWLRQLQVPDUWSKRQH GDVWXEROOHFW
RI WKH 5RIDO 6WDWLVWLFDO®GRREBHWWBMHIMN HVGRL RUJ
uvvbD
.HXVEK ) &RQUDG ) * 8VLQJ VPDUWSKRQHV WR FD
VHOIl UHSRUWV DQG SDVVLYHO\ PHDV XU HRBXEMIOYRRU L
6XUYH| 6WDWKWW.SFYV DRDEDGHPLF RXS FRP MVVDP DUW

HXVFK ) :HQ] $ &RQUDG ) 'R \RX KDYH \RXU VPEC
\RX"EHKDYLRUDO EDUULHUV IRUPHDVXULQJHYHU\GD\
VHQVRBYSXWHUV LQ KXPDQ EWKISXLRGRL RUJ M
E

.LLOODDUV / B6FKRXWHQ - * O0XVVPDQ 2 BWRS DQC
SRVLWLRQ GDWD

.QDSHQ / %HOOHPDQV 7 -DQVVHQV ' :HWV * JLNH

PDS PDWFKLQJRI *36 UHFRUGLQJV XVLQJUDRESHRUWWUID F
DWLRQ 5HVHDUFK 3DUW & (PHUJL€®J RMAX®R O RBHIHRUJ

M WUF
.JUQHU & ORGHOLQJYLVLWSRWHQWLDO RIJHRJUDSKLF OR
GDWBMLYHUVLWaWV XQG /DQ&WWES\E O KRW K KINQ@ASFOHQQ H

.RVWDGLQRYD ( %RHYD 9 %RQHYD / 7VLSRUNRYD (
EDVHG LPSXWDWLRQ PHWKRG IRU JHQH H[SUMKXVLRQ W
((( ,OWHUQDWLRQDO &RQIHUHQFH, Q WMA\E\I H @GR 16 1R W
uJ .6

.UHXWHU ) +DDV * & .HXVFK ) %oKU 6 7UDSSPDQQ 0
YH\DQG VPDUWSKRQH VHQVRU GDWD ZLWK DQ DSS 2SS
DURXQG SULYDF\ DQG L GIRAILACHG VFFR.ON\DHFBAIWRPSXWHU UF

€ KWWSV GRL RUJ

/IDP 6 6 6 3DFNHW VZLWFKLQJ LQ D PXOWL DFFHVV EUR
DSSOLFDWLRQ WR VDWHOOLWH FRPPXQRFIMRUP® IGA B _F
VHUWDWLRQ 8QLYHUVLW\ RI &DMW BRU QV B DARFRKS BURD K

RP RSHQYLHZ H H I H E I "ST RULJVLWE
ODU FEO GLVV \
/IDQ < +HOELFK O 6KRUW WHUP H[SRVXUH VHTXHQF

WRPV $ WLPH VHULHV FOXVWHULQJ RI VPDUWSKRQH E
,OWHUQDWLRQDO MRXUQDO RI KK\D @ ®¥K JHRIURSKLFV
v



/IDQJOH\ 5 % 2FWREBNDWLRQ )DVWHU SKHHWKHH YW $RQ LE
IURPWWSYV ZZZ JSVZRUOG FRP LQQRYDWLRQ ID

JHU
/[HH : & .UXPP - 7UDMHFW R U\ERABSXWVRIFHNXILWQHK V, QD W
WUDMHFMWRULHVG6SULQIJHUKWXVSR'UNGRL RUJ
B
/lL % &DL = .DQJ 0 6X 6 =KDQJ 6 -LDQJ / *H <

UHVWRUDWLRQ DOJRULWKP IRU ORZ VDPSOLQJ UDWH IC
XUEDQ URDG QHWZIRSNK/L FDO ,QIRUPDWLRQ 6KVWWH PV
SV GRL RUJ

/L - 5RPEDXW ( 9DQKDYHUEHNH / $JHQW EDVHG G
JHQHUDWLRQ IRUUHJLRQVIDFLQJGDWD VFDUFLW\ XVLQ
$ FDVH VWXG\ IRUCBMEKN@B@YRQDO MRXUQ XWRISFLJILWD
GRL RUJ

/ILRQ 0 6KDKDU < ,PSOHPHQWDWLRQ DQG HYDOXDYV
DEVWUDFWLRQ EDVHG LQWHUYDO EDVHG G\QDPLF WLP
LODULW\ PHDVXUH IRU ORQJLWRGUQDO RHGLRPE GIHHR
IRUPDWLFYV KWWSV GRL RUJ M MEL

IJLWWOH 5 - &DUSHQWHU - 5 IHH . - $ FRPSDULV
PHWKRGV IRU KDQGOLQJ PLVVLQJ GDWD &RPSOHWH FD
DELOLW\ZHLJKWLQJ DQG BRPMRICRVH E D BXPMDIWK RREY UH

€ KWWSV GRL RUJ

JLWWOH 5 - $ OLVVLQJ GDWD DGMRXW P BQ\RY EQVQE WM

HFRQRPLF VWDWLVWLFV D SXEOLFDWLRQ RI WKH $PHU
€ KWWSV GRL RUJ

JLX * 2QQHOD - 3 %LGLUHFWLRQDO LPSXWDWLRQ
LHV ZLWK PLVVLQJQHVV XVLQJ VSDUVW-R RO@DLQ HR I KWV L
$PHULFDQ OHGLFDO ,QIRUPDWLFV $VERFLBRWWRY -$0,$
GRL RUJ MDPLD RFDE

JLX - +X < =KDQJ ' /LX + 3HUIRUPDQFH DVVHVVPH
XUHPHQWV IURP DQGURLGVEORWIRWPDWLRQDO &RQIHU
&RPSXWHU 6FLHQFH DQG 1HWZRUN 7EFK@RORBM ,&H&L617
RL RUJ ,&8&617

IXNH ' 5 %XUNH - 9 /\RQ 5 * 2SWLFDO ZDYHIURQ
7KHRU\DQG QXPHULBBO BHWIKRGVE KWWSV GRL RU
J 6

/IXQDUGHOOL , YDQ GHQ +HXYHO - 6FKRXWHQ % '..$PHQ
3HUH] 0 =JRQHF O+RZ GR UHVSRQGHQWYV WKLQN DER.
ZLWK VPDUW IHDAKX UHB" 6WDWLVWLFV IHWKHUODQGYV

INQFK - 'XPRQW - *UHHQH ( (KUOLFK - 8VH RI D V
DSSOLFDWLRQ IRU UHFXUUHQW W U DY BI@QVEHRKON D R/ U D W
VHDUFK UHFRU& KWWSV GRL RUJ

ODUUD $ ' %HFNHU + $[KDXVHQ . : &RUPDQ ) "HY|
LYH *36 WUDFNLQJ VIVWHP WR VWX G\ DIRIQIVE R U % VW DR €
5HVHDUFK 3DUW & (PHUJLQJ 7THEKQRW®RIBMV GRL RUJ

M WUF



OF&RRO ' /XJWLJ 3 OXVVPDQQ 2 6FKRXWHQ % $Q
VXUYH\ LQ RIILFLDO VWDWLVWLFV -FRMMLEQ GRUWRL H\F DL

VWDWLVWLF\WE KWWSV GRL RUJ MRV

OF&RRO ' [XJWLJ 3 6FKRXWHQ % OD[LPXP LQWHUS
PLVVLQJ VPDUWSKRQH EDVHBURBE PREIKMOVWBNRDWE BL R
ulJ \%

OF&RRO ' /XJWLJ 3 6FKRXWHQ % ‘"\QDPLF WLPH zZDL
WLRQ RI ORQJJDSV LQ KXPDQ MRELD W WM - WER U L |
RL RUJ DU;LY

OF&RRO ' G6WUXPLQVND\D % /IXIJWLJ 3 ,QWHJUDWL
WUDGLWLRQDO PHWKRGYVY &KDOOHQJHV RSSRUWXQLW
DWLK@MWVSV GRL RUJ DU;LY

OHQEQDUG 7 OLOOHU - 1RZDN O 1RUULV ' &RPSDULQ

RI'WKHVDPVXQJJDOD[\6 PRWRUROD GURLG; DQG WKH
WUDFNLQJXVLQJ)UHHUWRBOIREHOUWDWLRQDO ,(((&RQIH
,QWHOOLJHQW 7UDQVSRUWDW L RQWIWIWHP®R,L7 R&J J
,716&

OHQQLYVY - ODVRQ 0 &RIIPDQ " / +HQU\ . *HRJUDSK
PLVVLQJ DFWLYLW\ VSDFH GDWD IURP HFRORJLFDO PRI
*36 SRVLWQRGWODWLRQDO MRXUQ@DO RI HQYLURQPHQV
KHDOWKWWSV GRL RUJ LMHUSK

OHUDWQLD 1 %\ 5 $ $ QHZ SHUVSHFWLYH RQ WUL
WHFKQLKMNWW®SY UHVHDUFK XWZHQWH QO HQ SXEOLFD
HRQ WUDMHFWRU\ FRPSUHVVLRQ WHFKQLTXHV

OHUDWQLD 1 GH %\ 5 $ 6SDWLRWHPSRUDO FRPSU
PRYLQJSRLOQW®REDMMHFANWL Q 'DWDEDVH 7THFKQRORJ! ('%

KWWSV GRL RUJ B

OHVHFEN . -DQNRZVND O 0 6FKLSSHULMQ - 1DWDUDMDQ
7TDNHPRWR 0 &ULVW . .HUU - .V PLVVLQJ JHF
LQJ VIVWHP GDWD LQ DFFHOHURPHWU\ VWXGLHV D SUR
VROXWHR@SDWLDO KHDROWMXKSY GRL RUJ JK

ORIIDW $ 0 3DSDOH ' S5HLFKVWHLQ 0 +ROOLQJHU ' <
$ * HFNVWHLQ & %UDVZHOO % + &KXUNLQD *
*RYH - + +HLPDQQ O +XL ' -DUYLV $ - .DWWJH -
6WDXFK 9 - &RPSUHKHQVLYH FRPSDULVRQ RI JD
IRUHGG\FRYDULDQFH QW EPXERQJIUOR[BYG )RUHVW 0H

€ KWWSV GRL RUJ M DJUIRUPHW

OROOR\ - &DVWUR )HUQiQGH] $ *fTWVFKL 7 6FKRHRDQ %
8 +LQWHUPDQQ % $[KDXVHQ . : $XIXVW $ QD)
ELOLW\ SULFLQJ H[SHULPHQW XVLQJ *36 WUDFNLQJ DQ
ODQG 5HVSRQVH UDWHV DQG VKWWISWVPHBEKR® UHVXOW
(7+= %

OROQDU 0 = (UURUFRUUHFWLRQLQ QH[WJHQHUDRWFLRQ '1$V
WRUDO GLVVHUWDWLRQ 7KH 8QLYHUVLW\ RI :HVWHUQ
‘HVWHUQ 2QWDULR



ORQWLQL / 3URVW 6 6FKUDPPHO - 5LHVHU 6FK¥%“VVOHU 1
&RPSDULVRQ RI WUDYHO GLDULHY JHQHUDWHG IURP VP
DWHG *36 GHYDERMWSRUWDWLRQ 5HVHD BFK BWR\WSNG L D

GRL RUJ M WUSUR
ORQWROLX 5 %ORP - *DWLFD 3HUH] 'LVFRYHULQ
HYHU\GD\OLIH IURP VPDXOWBKRQGLEDMRROV DQG DSSOL
€ KWWSV GRL RUJ \% ]

ORUHQF\ & 7U©®SDQLHU 0 +DUGLQJ & O9HUUHDXOW + %
6FHQDULRV IRUD QDWLRQDO KRXVHKROG WUDYHO VXUY
7JUDQVSRUWDWLRQ UHVHO UKW WSBRFHGRD RUJ M W
R

1DzZD] $ +XDQJ = :DQJ 6 $NEDU $ $06DOPDQ + *XPDH
WUDMHFWRU\ FRPSOHWLRQ XVLQJHQG WR HQG ELGLUH]|
HQFRGHU GHFRGHU DUFKLWHFW XU H6ZHQWKR D W \WaDQAM OR C
6ZLWJHUODKQGGWSY GRL RUJ v

2JOH - *XHQVOHU 5 (ODQJR 9 *HRUJLD..V FRPPXWF
SURJUDP 5HFUXLWPHQW PHWKRGV DQGAWDRYIS® GWD U\
DWLRQ UHVHDUFK UHFRW®& SV GRL RUJ

2QQHOD - 3 2SSRUWXQLWLHY DQG FKDOOHQJHV LQ WK
GLIJLWDO SKHQRMAVSURSVEBKWAMSKDUPDFRORJ|! RIILFLDO ¢
WKH $PHULFDQ &ROOHJH RI 1IHXURSVEFKREBWBYVPDEROR J
L RUJ Y

3DOPHU 0 & &DOFXODWLRQ RI GLVWDQFH WUDYHOHG E
SRVLWLRQDO GDWD $ WKHRUHWLFDO HY)R@XKBWILRY RI
UHVHDUFKE KWWSV GRL RUJ M ILVKUHV

3DUN - OXOOHU - $URUD % )D\ELVKHQNR % 3DVWRUHOC
5 $JDUZDO ' /JRQJ WHUP PLVVLQJYDOXHLPSXWD
GDWD XVLQJ GHHS QHXURY OFMVZREB NVDU[LY RUJ DEV

3DUN O + .LP + & J/HH 6 - %DH . 6 SHUIRUPDOQFF

DQGURLG ORFDWLRQ VHUY L F RVEWQWK-HHUODE/DIQRIOID® B R Q
RO $GYDQFHG &RPPXQLFDWLRQ KHFWORORIRL RUJ

L &$&7
3DUUHOOD 0 / $OEDQR * 3HUQD & /DG5RFFD 0 % R
WLRQ UHJLRQV IRU VHTXHQFHV RI PLVVLQJ YDOXHV LQ
&RPSXWDWLRQDO VWO WLKWMWSN GRL RUJ Y
\
3DWWHUVRQ = )LW]VLPPRQV . -DFNVRQ 6 OXNDL 7
VPDUWSKRQH WUDYHOSRXWYBUSODWIRWR SV GRL RUJ
M VRIW]
3HDUVRQ $ / 7ULEE\ & %URZQ & ' <DQJ - $ 3IHLIIHL
0 0 6\WWHPDWLF UHYLHZ RI EHVW SUDFWLFHV IRU

FHVVLQJ DQG OLQNDJHLQ KHDOWK H[SRVXUH VFLHQFH
UHVHDWFEKRSHQH KWWSV GRL RUJ EPMRSHQ



3HMRYLC 9 (PEUDFLQJVKLIWLQJWUHQGV DQ@ UHYLYL
SHUYDVLYH FRRISKIWLQBRL RUJ PSUY

3HWWHU 2 +LUVFK 0 OXVKWDT ( +HYHVL 3 /XNRZLF] :
XQGHU UHFHQW PRELOH SODWIRUP EDFNJURXQG VHUY
DSSURBEMXQFW 3URFHHGLQJV RI WKH $&0 , QWHUQD
HOFH RQ 3HUYDVLYHDQG 8ELTXLWRXV &RPSXWLQJ DQC
$&0 , QWHUQDWLRQDO 6\PSRVLXP RQ D KDNEWSNVERBS X W
O DFP RUJ GRL DEV

3KDQ 7 7 + %LJDQG $ &DLOODXOW % 3 $ QHZ IX]]\
PHDVXUH DSSOLHG WR ODUJH JDS LPSXWDWLRQ IRU XQ
VHUI$S\SOLHG FRPSXWDWLRQDO LOWHOOLJHQFH DQG V.
KWWSV GRL RUJ

3KDQ 7 7 + 3RLVVRQ&DLOODXOW % %LJDQG $ H
WLRQ PHWKRG IRU XQLY BELYIDVOHF MG BR RSXOIWBWLRQDO
IRU.QRZOHGJH (QJLQHHUNWSY GRL RUJ

B

3KDQ 7 7 + 3RLVVRQ &DLOODXOW % /HIHEYUH $ %LJD
ZDUSLQJ EDVHG LPSXWDWLRQ IRU X QD WIMH.IDW t HFIRRII )
WLRQ OHWWHUV KWWSV GRL RUJ M SDWUHF

3UHOLSFHDQ $ & *LGRIDOYL * 6XVLOR < 2 &RPSI
DFWLYLW\ WUDYHO GLDU\ FRQWHBE\Y DR R O\DMOHLPR/Q | H U F
ORGHOV DQG 7HFKQRORJLHV IRU ,QWHOOLJHQW 7UDQV
KWWSV GRL RUJ PWLWYV

3UHOLSFHDQ $ & *LGRIDOYL * G6XVLOR < 2 OHDV X
VHIPHQWDWLRQ R| (MWBMAFEWRRIQBE® MRXUQDO RI JHRJ
DWLRQ VFLHQFH ,€,6 KWWSV GRL RUJ

B3UHOLSFHDQ $ & *LG3IDOYL * 6XVLOR < 2 0(,/,
OHFWLRQ DQQRWDWLRQ DQSRBENIRADWLRQW\YRMHPH Q
XUEDQ VIVWHRYV KWWSV GRL RUJ M FRPSHQYXU

3URQHOOR & .XPDZDW 3 6PDUWSKRQH DSSOLFDWL
PRELOLW\ GDWD $ UHYLHZ D @@ & 2@ AHQDIOQ \LIQW H® O L J k
WHPV DQG FRIBSXWL®QJ 6SULQJHU ,QWHUQDWLRQDO 3

SV GRL RUJ B

5DELQHU / -XDQJ % XOGDPHQWDOV RI VSHIBPK QWERJHQL W
+DOO KWSVY GO DFP RUJ GRL DEV

5DPHU 8 $Q LWHUDWLYH SURFHGXUH IRU WKH SRO\WIR
FXUYBRPSXWHU JUDSKLFV DQG LPDEH SKWRMHBWV L @GR L
RUJ Vv [

5DQDFKHU 3 %UXQDXHU 5 7UXWVFKQLJ : 9DQ GHU BSHN

:K\ *36 PDNHV GLVWDQFHV ELJJXHEB NMBE MAOH DQURUP DV
6IVWHPV € KWWSV GRL RUJ
5DQDVLQJKH & .UD\ & /IRFDWLRQ LQIRUHRDWRILRQ T XD
KWWSV GRL RUJ v



5HQ & 7DQJ / /RQJ - .DQ = <DQJ ; ORGHOOLQJ SOL
VHTXHQFHV GXULQJ WUDMHFWRU\ GDWD JD835BDVHG RC
,OWHUQDWLRQDO -RXUQDO RI *MR/ \WHER U RIRALLRDJ

LMJL
5LFKDUGVRQ $ - $PSW ( 6 OH\BXUY Hl AFHWKRGV IRU WUD
SRUW SODRBROQVSWXYV SUHVKWWGCGERXUDQBFDGHPLD HGX
ZQORDG 6 XUYH\BOHWKRGVB)RUB7UDQVSRUWB3O
S5REXVWR & & 7KH FRVLQH REMBOPWILQIAFDRUPPXWHOHP D WL

PROQWKO| WKHRIILFLDO MRXUQDO RI WKH ODWKHPDWLFI
KWWSV GRL RUJ

5RGGLV 6 :LQWHU 6 =KDR ) . XWDGLQDWD 5 5HV ¢
LQ WUDYHO VXUYH\ GHVLJQ $Q LQLWLDO FRPSDULVRQ |
WHFKQRORJ\ EDVHG WUD Y H QUDXYUHYOH % IHX\DW UR R U QW & 6 R

€ KWWSV GRL RUJ M WEV

5RXW $ 1LWRVODZVNL 6 /DGOH $ *DOSHUQ 3 8V
GDWD WR XQGHUVWDQG SHGHVWULDQ VFDOH EHKDYLRU
WKHPHV DQG DSBRROXWHYYV HQYLURQPHOQW DQG XUEDC

KWWSV GRL RUJ M FRPSHQYXUEV\V
5XELQ ' % ,QIHUHQFH D Q6LRIPHWLQLNED WRW W SV
GRL RUJ ELRPHW

5XELQ ' % X0 WLSOH LPSXWDWLRQ IRU OREQHVSRQV
':LOH\ 6RKQ¥VWSV SOD\ JRRJOH FRP VWRUH ERRNV GH
BP8&

598 6YHULJH 7KH VZHGLVK QDWLRQDBWHDYFHKAJWWSU YEH98 6 YHU
KWWSV ZzZZ WUDID VH JOREDODVVHWY VWDWLVWLN U
WLRQ UHVYDQRU L VYHULJH SGI

6DIL + $VVHPL % OHVEDK O )HUUHLUD / 7ULS GHWH
DVVLVWHG FROOHFWALRDDK/ISWR UDVOHIOL @ QWB VHBUFK UHFR

KWWSV GRL RUJ

6DIL + $VVHPL % OHVEDK 0 YJHUUHLUD / $Q HPS
RI IRXU WHFKQRORJ\ PHGLDWHG VRXIVYOHDW \RX 7 UIDV R HFVIDKO
7JUDQVSRUWDWLRQ (QJLOQHHULQE) KWWBVK (GRW IRRIQ

M MWWH

6DNRH + &KLED 6 "\QDPLF SURJUDPPLQJ DOJRULWH
VSRNHQ ZRUG UHFRRWUDQMVDFWLRQV RQDFRXVWLFV VSH
SURFHVVLQY KWWSV GRL RUJ 7$663

6DPPHU * *UXEHU & 5RHVFKHO * 7RPVFK\ 5 +HUU\ O
RI VIVWHPDWLF XQGHUUHSRUWLQJ RI WUDYHO EHKDYLR
DU\ VXUYH\VED PHWD DQDO\WLVDQG PHWKRGRORJLFDO
SUREOWPQVSRUWDWLRQ UHVHDY FKKSN\REWMGLDZZ VFL
HQFHGLUHFW FRP VFLHQFH DUWLFOH SLL 6

6FKRXWHQ % /XJWLJ 3 IXLWHQ $ &DQ VPDUW VXU
EXVLQHVV FDVH"DQ HYDOXDWLRQ EBRXIUGORD@VRK B HH A-LDD/
VWDWLVWLFWE KWWSV GRL RUJ [

6FKXHVVOHU 1 $[KDXVHQ . ODS PDWFKLQJRI*36 WUD
QDYLIJDWLRQ QHWZRUNV XVLQIJWKHPXOWESBDHIKWYRWKF



EHULFKWH 9HUNHKUV XQG 5D XRPEWBOXQJZZ UHVHDUFK
OOHFWLRQ HWK] FK KDQGOH
BHUYL]L 9 3HUHLUD ) & $QGHUVRQ 0 . 1LHOVHQ 2 $
PLQLQJ IURP VPDUWSKR®HNSH DO WHZQVSRUW UHVHDL
KWWSV GRL RUJ Y ]
6IHLU * S5RGULJXHV ) $ERX =HLG 0 3HUHLUD ) & $
HUURURISXEOLFWUDQVSRUWWULSVLQWKHGDQLVK Q
FDUG GIUWPRVSRUWDWWARKESY GRL RUJ v
]
BKHQ / BWRSKHU 3 5 S5HYLHZ RI *36 WUDYHO VXU
SURFHVVLQJ PUHINERSRUW 5HYLEHZVKWWSY GRL RUJ

BKHQ < /L : X * /L % 6SDWLRWHPSRUDO ILOWH U
QHWZRUN..V SRVLWLRQ WLPH VHULHV ZLWK PLVVLQJ G|
DQDOVRIXW QDO RI JHREHKWWSV GRL RUJ v

\

BLGGLTXH - %HOLQ 7 5 OXOWLSOH LPSXWDWLRQ X
ZLWK GLVWDQFH EDVHG WR QR YW HROHEW PR G KR Q H
WSV GRL RUJ VLP

BLOEHU + .HXVFK ) %UHXHU - 6LHJHUV 3 %HXWKQHU
"HLY % JLQNLQJ VXUYH\V DQG GLJLWDO WUDFH G
VWXGLHV RQ GHWHUPLQDQWV RARABW DL V KIDWIMREWE H K D Y

GRL RUJ RVI LR G] X

6PLW 5 =RQGDJ % :LOOLJHUV - *URZWK PRGHO 71
SDVVHQJHU WUD QXYRSW PR GUIDQ VS R KW WRQ | H Y HDFIH L
FDQFH QO ZS FRQWHQW XSORDGV %=2 *0 7K
DWLRQDO SDVVHQJHU WUDQVSRUW PRGHO SGI

BWDQOH\ . <RR ( + 3DXO 7 %HOO 6 +RZ PDQ\ G
&DSWXULQJ URXWLQH, @ WHIU® PREIRILDM MRXUQDO RI JH
IRUPDWLRQ VFLHQFHE€,-*,6{kWWSV GRL RUJ

6WHGPDQ 5 & &RQQHOO\ 1 $ +HEHUOHLQ 7 $ 'HFNHU °
7KHHQG RI WKH UHVHDUFK ZRUOG DV ZH NQRZ LW" XQ
ZLWK GHFOLQLQJ UHVSRQV H &AL HWW ROPMONDXAUY HV\R

€ KWWSV GRL RUJ

6WHSKHQV 6 %H\HQH - 7UHPEOD\ 0 6 )DXONQHU * 3X
PDQ % O 6WUDWHJILHV IRU GHDOLQJ ZLWK PLVVL
5KHXPDWLF GLVHDVHV FOLQLFV Rl 1 RONWKSSP H G RADR U.J

M UGF

6WRQH $ $ 6FKQHLGHU 6 6P\WK - 0 -XQJKDHQHO ' 8
*ROGVWHLQ 6 6KHGGLQJ OLJKW RQ SDUWLFLSD
ORJLFDO PRPHQWDU\ DVVHVVPHQW (0$ VWXGLHV )LC
SDQHO \BWRG\RQ H KWWSV GRL RUJ MRXUQ
H

6WRSKHU 3  *UHDYHV 6 OLVVLQJ DQG LQDFFXUDWH
VXUYH\V 3LOR@VUHWKROMHVRI 7UDQVSRUW DQG /RILVWL



3DSHKOIWWSV VHV OLEUDU\ XV\G HGX DX ELWVWUHDP

SGI
6WRSKHU 3 6KHQ / ,Q GHSWK FRPSDULVRQ RI JORE
DQG GLDU\ UHPRYVGRUWDWLRQ UHVHEREURKRWMFRUGR
L RUJ
6WRUHVXQG +tHVMHYROO , )\KUL $ &LFFRQH $ $SS

OHFWLRQ RIWUDYHO EHKDYLRXU $ILHOG VWXG\ FRPSD
KDYLRKEDQVSRUWDWLRQ 5HVHDUFK ,QWHUIGWWI\SOLQD
GRL RUJ M WULS

6WUXPLQVND\D % /XJWLJ 3 .HXVFK ) +TKQH - . $ X
ZLWK GDWD IURP VHQVRUV DQG DSSV 2SERAUWRUAKLHYV
HOQFH FRPSXWHU UHYLHZ KWWSV GRL RUJ

6WXW] 3 (QKDQFLQJYDOLGLW|ORQJ WHUP WUDYHO GLDUI \
GRVH PRELOLW\| GDLO| FRPPXWLQJ

6XQ % OD / &KHQJ : :HQ : *RVZDPL 3 %DL * $Q L
QHDUHVW QHLJKERXUV PHWKRG IRU WUD KL @HPH VHUL
$XWRPDWLRQ &RQJUHKVV &EHBONSV GRL RUJ &$&

6XVLOR < 2 /LX & %JUMHVVRQ 0 7KH FKDQJHV RI DI
DWLRQ DFURVYV JHQGHU OLIH F\FOH DQG JHQHUDWLRQ
7UDQVSRUKMDWBMR QOLQN VSULQJHU FRP DUWLFOH

6ZHQVRQ / 6 *ULPZRRG - 0 $OH[DQGHU & & 7KL
KLVWRU\ Rl SURMHFWRMUFRXU\ERRNV JRRJOH QO ERRN
LG P+O0%$$$%$,$%- RL 1QG SJ 35 GT WKLV QHZ RFHDQ
\ R SURMHFW PHUFXU\ RWV J ]&FV4% VLJ T,ELZM 5 3
-G9 5
7DQDND $ 7DWHLZD 1 +DWD 1 <RVKLGD $ :DNDPDWVX 7
2I1OLQHPDS PDWFKLQJXVLQJWLPH H[SDQGHG JU
GDWDDOVSRUWDWLRQ 5HVHDUFK 3DUW & (PHUJLQJ 7HF!
KWWSV GRL RUJ M WUF
7KLHUU\ % 6WDQOH\ . .HVWHQV < :LQWHUV 0 )XOOHU
WLRQ GDWD IURP VPDUWSKRQHDQG GHGLFDWHG JOREDC
,PSOLFDWLRQV IRUHSLGHPHRORDQFMRMNHIDUFRI HSLGHF
€ KWWSV GRL RUJ DMH NZDG
7KRPDV 7 *HXUV . 7 .RROZDDLM - %LMOVPD 0 $X W
ZLWK WKH GXWFK PRELOH PRELOLW\ SDQHO 7RZDUGV L
UHJLVWUDWLRQ IRUROUIBIOVRPSOENQ WHFKQRORJI
KWWSV GRL RUJ
7JRUPHQH 3 *LRUJLQR 7 4XDJOLQL 6 6WHIDQHOOL 0
WLPH VHULHV ZLWK G\QDPLF WLPH ZDUSLQJ $Q DOJRU
WR SRVW VWURNHSUHKIDEEOD W RDQ@WRIQ OLJH@FH LQ PHGL
KWWSV GRL RUJ M DUWPHG
8RXUHO ( *XDQ ; :DQJ < +XDQJ 6 :DQJ 4 &KHQ &
PLVVLQJQHVV LQ SDVVLYHO\ JHQHUDWHG PRELOH GDW



SURFHVVUIWWQVSRUWDWLRQ UHVHDUFK 3DUW & (PHUJL

KWWSV GRL RUJ M WUF

YDQ %XXUHQ 6 *URRWKXLV 2XGVKRRUQ . 0,&( 0XO
E\ FKDLQHG HTXD\RXRQWORE 6 WD WLV W LEF DIOWS\R BW ZD U H
GRL RUJ .66 9

YDQ %XXUHQ 6 JOHPLEOH LPSXWDWLRQ RI PLVVLQJ GD Wi
&5& 3UHVV

YDQ %XXUHQ 6 2XGVKRRUQ & * 0 OXOWLYDULDWH
HTXDWKR/QWSVY SXEOLFDWLRQV WQR QO SXEOLFDWLR
HQ PXOWLYDULDWH SGI

9HU]JRVD 1 *UHDYHV 6 (OOLVRQ 5 6PDUWSKRQH E
UHYLKHWWSY VHV OLEUDU\ XV\G HGX DX KDQGOH

'DQJ ) :DQJ - &DR - &KHQ & %DQ ; - (IWUDFWLQ.

VRXUFHG GDWD IRU PRELOLW\ SDWWHUQ DQDO\VLV $(
7UDQVSRUWDWLRQ UHVHDUFK 3DUW & (PHUKWNN WHFK

SV GRL RUJ M WUF
'DQJ = +H 6 < [/HXQJ < $SSO\LQJ PRELOH SKRQH C
KDYLRXU UHVHDUFK $ OQU\DMHDVEXKB YIHRYXHZERFLHWI
KWWSV GRL RUJ M WEV
'LWORJ[ ) (YDOXDWLQJ WKH UHOLDELOLW\RI UHSRUWH
EHKDYLRXU DRROQILYY Rl 7UDQVSRUW *HRJUDSK|
‘RMWXVLDN - ORJKDUDE 1LD 5 /IRFDWLRQ SUHGLFW
&DQ PDFKLQH OHDUQLQJKHOS ORFDWH WKHQPENYLQJ S|
OHW RI 7KLQJV KWWSV GRL RUJ M LRW
‘ROl - 2O0LYHLUD O 7KRPSVRQ 0 7KH LPSDFW RI V

RQ 907 DQG WUDYHO WLPH HVWLPDWHY 3UHOLPLQDU\ |
VWDWHZLGH KRXVHKROG WUDVYBQ WXRL W D #3816 RRQVKHKEW H L
FRUG € Kwwsyvy ZzZ2Z UHVHDUFKJDWH QHW SURIL
VB2OLYHLUD SXEOLFDWLRQ B7KHBLPSDFWBRIBYV
B907TBDQGBWUDYHOBWLPHBHVWLPDWHVBSUHOLPLQDU
QLDBVWDWHZLGHBKRXVHKROGBWUDYHOBVXUYH\B*36E
IDF HI SGI

‘LH 3 /L 7 J/LX - 'X 6 <DQJ : =KDQJ - SUEDQ |
IURPVSDWLRWHPSRUDO GDWD XV LQ JSPDRXW S H @BIW URQ.
MRXUQDO RQ LQIRUPD&LRQWSIALR@GRL RUJ M LQI

<DQJ ) <DR = &KHQJ < 5DQ % <DQJ ° OXOWLPRG

GHWHFWLRQ XVLQJ SHUVR QX0 QDUDRIH BWRIO\OAD WEW. 7L
WLROQO 6\VWHP¥ KWWSV GRL RUJ

<DQJ < -LQ 0 :HQ + =KDQJ & /LDQJ < 0D / :DQJ < [/
‘X = %LDQ - 3DQ 6 :HQ 4 $ VXUYH\RQ GLIIXV
WLPH VHULHV DQG VS DWLUR IWHFXRE® GDWDRY RUJ DE\



<RR ( + B5REHUWV - ( (XP < 6KL < 4XDOLW\ RI K\E
GUDZQ IURP *36 HQDEOHG PRELOH SKR@PHW DRWY R /VPIDY
*,6 KWWSV GRL RUJ WJLV

=KDQJ % 5DVRXOL 6 JHQJ 7 6RFLDO GHPRJUDSKLF\
VLPLODULW\N\LQ PXOWL GLPHQVLRQDO DFWLYLW\ WUDY}
7UDYHO EHKDYLRXU VRF{WWBEYVY GRL RUJ M WEV

=KDQJ < 7TKRUEXUQ 3 - $ GXDO KHDG DWWHQWLRQ

GDWD LPSX&S\NRPBXRUH UV DQG (OHFWURQLFV LQ $JULFXO
KWWSV GRL RUJ M FRPSDJ

=KDR ) *KRUSDGH $ 3HUHLUD ) & =HJUDV & %HQ $NLYLC

WLRQLQ VPDUWSKRQH EDVWH® WIPYWDWKRYBHNVNHD UFK .
€ KWWSV GRL RUJ M WUSUR

=KDR 3 -RQLHW] 5DXEDO O $SSO\VLQJI IUHTXHQW

WLPH JHRJUDSK\ WR LPSXWH JDSV LQ VPDUWSKRQH ED
GDWBRJUDSKLFDO ,QIRUPEWIKRPWISVYWHFPR/L RUJ

=KDR = <LQ / 6KDZ 6 / )DQJ = <DQJ ; =KDQJ )
VWRSV IURP PRELOH SKRQH ORFDWLRQ GDWD E\ LQWURC
7JUDQVDFWLRQV LQ *€6 7KWWSV GRL RUJ WJLV

=KHQJ < /L 4 &KHQ < :LH : 0D : < 8QGHUVWDQGL

RQ *36 GBWRFHHGLQJV RI WKH WK LQWHUQDWLRQ@DO F1
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7TKH LQLWLDO VLPXODWLRQ VWXG\ ZDV SHUIRUPHG LQ RUGH
SDUDPHWHUY GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ :HV
WUDYHO PHWULFV IRUHYDOXDWLRQ RI SHUIRUPDQFH WRW
‘H FRPSDUH WKH SDUDPHWHIOW Q@ & RHEQ@ WEWRDOXWH ELDV

DV ZHOO bV RQ D VHW RI PHWULFVY GHYHORSHG WR DVVHVV
ELDV RI WKH LPSXWHG WUDYHO GLVWDQFH DQG5Q&KPEHU R

DQG LDV ERWK DVVHVV WKH DFFXUDF\ RI WKH XQGHUO\LQ
WHUPV %HFDXVH GLIITHUHQW SDUDPHWHU VHWY JHQHUDWH (
RUGRZQZDUG ELDV RQ WRWDO GLVWDQFH ZH FRPSDUHG XQ
DUDWHO\

7UDYHO 3HULRGYV 2YHJK WWNHWORPWWGOGVKH SHUFHQWDJH RI P
SHULRGV LPSXWHG WKDW GLG QRW H[LVW LQ WKH WUXH GDV
8QGHUHVWLADWH®HFWY WKH SHUFHQWDJH RI WKH WUXH Q°
ZHUH VSHQW LQ PRYHPHQW WKDW ZHUH QRW UHIOHFWHG LC
$FFXUDF\ 73 $FF UHIOHFWV WKH SHUFHQWDJH DJUHHPHQW
LQJ VWDWLRQDU\ SHULRGY EHWZHHQ WKH WUXH GDWD DQG

'LVWDQFH 2YHUHWKUMD @Q/HREWY RQO\WKH XSZDUG ELDV RI WK
UHODWLYH WR WKH WUXH GLVWDQFH. VKLV WDLOLH) 0 & HUBNK
RQO\ WKH GRZQZDUG ELDV RI WKH LPSXWHG YDOXHYV UHODW
DUH H[SUHVVHG LQ NLORPHWHUV

/TDE®@HVKRZVY WKHPHDQ SHUIRUPDQFH RIHDFK SDUDPHWHU R.
WLRQVIRUGLVWDQFH 2YHUDOO DPDWFKEXIIHURI KRXUL
DQG SURYLGHV WKH VPDOOHVW ELDV LQ GLVWDQFH $ KLJK I
SUHIHUUHG RYHUDOO DOWKRXJK WKH RYHUDOO ELDV LV Ol
FOHDU SDWWHUQ ZKHQ HIDPLQLQJ WKH PHDQ SHUIRUPDQFH



&

7TDEOH &RPSDULVRQ DPRQI % RG\DUEDAHWHU YDOXHV

%LDVLVKY 'LVW 506( 73 $FF K7373L
NP

IRZ
OHGLXP
+LJ

KR X
KRXUV
KRXUV

KR XU
KRXUV
1R :LQG

7LPH ODWFKDQG
'LQGRZXIIHBSHF

1,PSV

QXPEHURILPSXWDWLRQV DOWKRXJKWKHUHODWLRQVKLS E}
DQG QXPEHU RI LPSXWDWLRQV SUHIHUV D VPDOOHU QXPEHU |

7KH SHUIRUPDQFH RI WKHVH PHWULFV LV GHSHQGHQW ERWK
VLPXODWLRQ PRGHO DV ZHOO DV FKDUDFWHULVWLFV RI WKH
& VKRZV PHDQ DEVREOXWHEL\DIMLODULW\N YDOXHYV IRU WKH L
WRWDO GLVWDQFH WUDYHOHG 7KHILIXUH VKRZV WKH LQWH I
SDUDPHWHU YDOXHV IRU &XPGOLOWWK %&HHULPHLMQGRZ

7: DQG 1XPEHU RI ,PIXWOPWEIRIQPWGDVKHG OLQH GHPRQVWUD
UHODWLYH SHUIRUPDQFH

‘HILUVW FRQVLGHU DEVROXWH ELDV%$ bWt IKDWRXILUREQH/ J X U H
KRXU GHPRQVWUDWH WKH ORZHVW DEVROXWHELDV LQ PHWH!
RI DEVROXWH ELDVY DV WKH OHQJWK RI WKH PDWFK EXIIHU L
6SHFLIKBLIND\Y DQ LQFUHDVHG ELDVY UHODWLYH WR PHGLXP DQ
EXINTHU LQFUHDVHYV ,PSRWLKRRXUWKWVOHVY ELDV&EE&G ZLWK D |
ZKLOH LPSXWIOQRZLWRXUV LV OHVV ELDV&G 'ZLIWK PRISH X P
EHWZHHQ WKH YDULRXV WLPH ZLQGRZV HPHUJHDFURVV WKH
$V WKH OHQJWK RI WKH ODWFK %XIIHU LQFUHDVHV WKH KR>
SHUIRUPDQFH ZLWK UHVSHFW WR ELDV 7KH QXPEHU RI LPS
FROQVLVWHQW UHODWLRQVKLS ZLWK WKH ELDV

1H[W ZH FRQVLGHU WKH GLVWDQFH RYHU DQG XQGHUHVWLF
PHWHUV $V LV VKRZQ WXH JKQHUDO UHODWLRQVKLS LV W|
FRPELQDWLRQV WKDW GHFUHDVH RYHUHVWLPDWLRQ LQFUHI
SDUDPHWHU FRPELQDWLRQV WKDW GHFUHDVH XQGHUHVWLP
$V WKHOHQIWK LQFUHDVHVY WKH XQGHUHVWLPDWLRQ RIWUD
HYHU WKHUHYHUVH WUHQOQR IL W KEXVYY ERHVW RW BURYLGH LQ L



&

DORZOHYHORI GLVWDQFH RYHUHVWLPDWLRQ EXW UDWKH.L
HUV RQ DYHUDJH 7KH GHOBDYW QR Q@\NRKEEDRM LV XQFOHDU $Q
7LPH :LQGRZ SURYLGHY OHVV XQGHUHVWLPDWLRQ DFURVYV
LQFUHDVHYVY XQGHUHVWIEP BWHRQQRW KRXWHYHU DSSHDU WR
EHVW SHUIRUPDQFH ZLWK UHVSHFW WR RYHUHVWLPDWLRQ
SDUDPHWHUYV /DVWO\ ZHLGHQWLI\QR UHODWLRQVKLS EHW
DQG WKH XQGHUHVWLPDWLRQ EXW D VOLJKW LQFUHDVLQJ |
RILPSXWDWLRQV ZLWKLQ WKH PHGLXP FDQGLGDWH VSHFLIL

7UDYHO 3HULRG 3EFRWHDADLQYV D UHODWLYHO\ FRQVLVWHQW
FRQGLWLRQ FRPELQDWERRYV KROHQVWEE X U AWM B VFWRI G
RIITHU ZRUVH SHUIRUPDQFH LQ WKL VOP4RW UK R X UQRDIHW\H NDKW
EHVW SHUIRUPDQFH 1R FOHDU SDWWHUQV HPHUJH IRU &D Q
,PSXWDWLRQV

7TUDYHO SHULRG RYHU DQG XQGHUHVWLPDWLRQ GLIIHU VO
WKH WRWDO GLVWDQFH RYHU DQG XQGHOUHMNAP D W3 WKH
VDPH ZLWK D PRGHVW LQFUHDVH LQ UDWH RI WUDYHO SHULF
DQG KRXU FRQGLWLRQV DV FRPSDUHG WR WKH KRXU FRQ
UHGXFWLRQLQDJIJUHIJDWH LQ WUD YED SWB KREBIRNBHQIE VW L P
KRXUV UHODWLYH WR KRXU 1R FGBR2Q DWW WHIH XD HM NV G/H
WHG7LPH :LQGRIZR'YLGH PRUH RYHUHVWLPDWLRQDQG OHVYV X
WKH PRVW UHVWULFWLYH WLPH ZLQGRZ FRQGLWLRQ SURYL(
XQGHUHVWLPDWLRQ RI WKHWRWDO QXPEHU RIWUDYHO SHU
IXPEHU RI ,PSXWDWLRQV



&

*LYHQ WKH DVVXPSWLRQ WKDW DQ LQGLYLGXDO...V SULRU W
PRVW DSSURSULDWH LPSXWDWLRQ FDQGLGDWH IRU WKHLU R
DGGLWLRQDO VLPXODWLRQ VWXG\ 7KLV ZDV GRQH ZLWK WKH
LQFUHDVLQJ WKH DYDLODELOLW\RIVHOIl UHIHUHQWLDO GDW

‘HVHOHFWHG WKH IXO0O VXEVHW RI SDUWLFLSDQWYV ZKR KD
VHWV )RUHDFKRIWKHVHLQGLYLGXDOV ZHUDQGRPO\VHOH
GDWD ZDV LQVHUWHG 7KLV PLVVLQJ GDWD ZDV LQWURGXFH (
LQLWLDWLQJ DW D UDQGRPO\ FKRVHQ VXLWDEOH ORFDWLRQ
ZDV LQWURGXFHG DW ILYH GLIIHUHQW OHYHOV QDPHO\ RQH
HLJKW KRXUV DQG WZHOYH KRXUV WKHUHE\ HVWDEOLVKLQJ
WKH PLVVLQJQHVV FRQGLWLRQ

,Q WKH RZQ GDWD FRQGLWLRQ ZH FUHDWHG IRXU OHYHOV ]}
VHOI VHWVY DQG WKUHH VHOI VHWV (DFKRZQ GDWD FRQGLWL
VHW FRQVLVWLQJ RI UDQGRPO\VHOHFWHG VHWV IURP LQG
GDWDVHWYV 7KLV ZDV GRQH WR HQVXUH DQ DPSOH TXDQWLW\
HDFK FRQGLWLRQ WKH XQXVHG VHOI VHWV ZHUH UHSODFHG
IURP LQGLYLGXDOV KDYLQJIHZHU WKDQ IRXU GDWD VHWV LG
QXPEHU RI WRWDO DYDLODEOH FDQGLGDWHYV

‘H FRQGXFWHG WHQ VLPXOBWLROQN ZBHIPEQW :%,ZHUH
DSSOLHG WR WKH JHQHUDWHG GDWD VHW 7KHVH VLPXODWLF
SHUIRUPDQFH FULWHULD GHOWQ HIHWHHG PQ Vi MW HR Q UHOD W L
DQFH RQ WUDYHO GLVWDQFH LPSXWDWLRQ

7TDEQHVKRZVY DJJUHIJDWH UHVXOWY DFURVYV WKHWORZAQ VHW FR(
DQG: %0, /12VKRZ D UHGXFWLRQ LQ DEVROXWH ELDV FRUUHVSF
WKH QXPEHU RI RZQDVOI®BYK 73L DQG 73 $FF UHPDLQ PRVWO\ V\
7KH GLVWDQFH RYHUHVWLPDWHG LQFUHDVHYV VOLJKWO\ ZK|
GHFUHDVHV VOLJKWO\ IRU ERWK PHWKRGV OHGLDQ ELDV LV
ZDV DFURVV ERWK PHWKRGV DQG DOO FRQGLWLRQV 2YHU
WKH QXPEHU RI RZQ VHWYVY JHQHUDOO\ LPSURYHV WKH SHUIR
PHWKRGV7Z%WK/2FRQVLVWHQWO\ SHUIR'U Ph @, EFDNVWIBU W KD C
RQ WKH SUHVHQWHG PHWULFYV

7TDEQHVKRZV WKH EUHDNRXW DFURVV ERWK JDS OHQJWK FRQ((
VHWY DYDLODEOH $V JDS OHQIJWK LQFUHDVHV:%KH SHUIRU
PHWKRGV LQFUHDVHV LQ WRWDO ELDV UHGXFWLRQ 6LPLODU
HDFK OHYHO RI PLVVLQJ GDWD $EVROXWH ELDV UHGXFHV Z
EHU RI RZQ5WBWWPDLQVY VWDEOH RU VKRZVY HYLGHQFH RI D
DQG 7TUDYHO 3HULRG PHWULFV UHPDTL:Q00 D 2RKXONSVHIDEIDHYV 2Y
'"7:%0, /2

$OWKRXJIK ZH H[:SAHFE WHMER RXWSHUBRUPZLQ VLWXDWLRQV ZKHU
ZDV DGYDQWDJHRXV WR PDWFK ZLWK D JUHDWHU VSHFLILFLW
WKLV VLPXODWLRQ VWXG\ GRHVY QRW SURYLGH HYLGHQFH LQ
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7TDEOH 8HWKRG FRPSDULVRQ DFURVV QXPEHU RIRZQ UHIHUHQFH VH

6HWYV ORGHO % 5DV ( 7K 73L 73 $FF 'KVWVIW
NP
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'7:%0, /2
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'7:%0, /2
'7:%0, +,
'7:%0, /2

WKHDYDLODEOH KLVWRULFDO GDWD IRUD SHUVRQ ZRXOG EH
KLJK LQIRUPDWLRQ PHWKRG WR WKH ORZ LQIRUPDWLRQ PHW



7TDEOH 8HWKRG FRPSDULVRQ DFURVV JDS OHQJWK DQG QXPEHU RI f

*DS ORGHO 6HWV 50(DV7& 73L 73 $FF 'KVWVIW
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%HFDXVH UHVSRQGHQWY PD\KDYH PXOWLSOH JDSV ZLWKLQ
VRPH JDSV PD\ RFFXU DW WKH EHJLQQLQJ RU HQG RI WKH St
LPSXWHG7Z®WWK :H UHTXLUH WKDW WKH WRWDO VXP RI FRYHU
DIWHU WKH JDS LV DW OHDVW PLOQXWHY ‘HWKHUHIRUH S
WKDW RFFXUV RQ UHVSRQGHQW GD\V ZKLFK HYHQ LI VXFFH)\
FRQVWLWXWH D FRWSORWW EBSRVVLEOH LQ WKH IXWXUH WR
VR WKDW WKH\ FDQ EHFRPH UHIHUHQFH TXHULHV IRU LPSXYV
VXIILFLHQW LQIRUPDWLRQ WR EH FRQVLGHUHG WKHPVHOYH

,QUHTXLULQJ WKDW WKH VHW RI SRWHQWLDO GDWD KDV D E
VLGHYVY ZHUHVWULFW WKHVHWRISRWHQWLDOO\LPSXWDEO
XQIRUWXQDWH FRQVHTXHQFH RI WKH GLYLVLRQ RI WKH GDW
FRQWLQXRXV WLPHLQWR FDOHQGDU GD\VPHDQV WKDW JDS\
DP FXWRII FDQQRW KDYH D EXIITHU ,Q WKLY FDVH WKHUH DL
GD\ EDVHG IRUPDW DQG®PIOWRKHORQH VLGHG EXIIHU RU
'7:%0,SULRUWRVSOLWWLQJWKHGDWDRQFDOHQGDU GD\V
,Q WKLV VWXG\ ZH LPSOHPHQW WKH VHFRQG PHWKRG

$ VHFRQGDU\ LVVXH LV WKDW PDQ\ Rl WKH ORQJ JDSV WKHF
RI'7:%0, DUH LQWHUVSHUVHG ZLWK VLQJOH PHDVXUHPHQWYV
DIXO0O PDWFKLQJ EXIIHU 7KHVH DUH SRWHQWLDOO\ LQIRUJ
GR QRW DOORZ SURSHU IXQFWLRQ RI WKH LPSXWDWLRQ PR
JLIXUH ZKHUH WKH EODFN OLQH VKRZV WKH JDS WLPH DQG W
LW VKRZV WKH RQH KRXU PDWFK EXIIHU +HUH ZH ZLOO HOHF)
LQWR D VLQJOH JDS PDNLQJ QRWH Rl WKH GLVWDQFH LI DC
SRLQWYV

$ FRPSOHWH GD\ LV FRYHUDJH GXULQJ WKH DP WR DP SHULRG RU Pl



JLIXUH "% XIIHULQJ DURXQG VLQJOH SRLQWV WR HIWHQG WKH LPSXW|
ORVV 7KHEODFNOLQH VKRZV WKHJDS WLPH DQG WKHFRORURQHL
PDWFK EXIIHU



7KH GbWD ZHUH DJJUHJDWHG IURP D VHW RI WLPHVWDPSHG
DQ LPSXWDEOH WLPH VHULHV RI WUDYHO EHKDYLRUV LQ D .
VHTXHQWLDO VWHSYV GDWD FOHDQLQJ SDUWLWLRQLQ
ODUJH JDS DVVHVVPHQW VWRS GHWHFWLRQ VHIPHQWI
'" SURYLGHV D FRPSUHKHQVLYH RYHUYLHZ RI WKH SDUDPH\
WKHUHIRUH

'DWD FOHDQLQJ

$00 JHRORFDWLRQV ZLWK D GHYLFH UHSRUWHG DFFXUDF\
ILOWHUHG RXW 7KLV LV OHVV FRQVHUYDWLYH WKDQ PDQ\ R’
VHOHFWHG LQ RUGHU WR HQVXUH WHKBBSW R M LP®H IGPSXRPL@X\P\E HH
PDLQWDLQHG HVSHFLDOO\ GXULQJ FROG VWDUWYV $GGLWL
ZDVFDUULHG RXW WR HVWDEOLVKWKHOLNHO\ERXQGV RI Wk
GLVWDQFH EHWZHHQ LPPHGLDWHO\ SUHFHGLQJDQG LPPHGL
FXODWHG SURYLGHG WKH SRLQWV RFFXUUHG ZLWKLQ ILYH P
:KLOH WKHVH SRLQWV DUHDOVR PHDVXUHG ZLWK HUURU ZH
UHSRUWHG DFFXUDF\WR SRLQWV ZLWK D ORZUHSRUWHG DF|
WHVW WKH GLVWDQFH 5HVXOWY LQGLFDWHG WKDW LQWH U (
UHSRUWLQJ DQ DFFXUDF\ XQGHU P GHPRQVWUDWHG D |

P@ DQG IRU $QGURLG &, HPSLULFD@ $QGURLG..V VWEL
GHILQLWLRQ RI WKH DFFXUDF\ YDULDEOH LV D FRQILGHQ
LQGLFDWHG D HAPSLULFDO@ )RUWKHVHUHDVRQV DQG EF
IROORZLQJ VWHS DOORZHG IRU JUHDWHU SUHFLVLRQ GXULC
DQ XSSHU ERXQGDU\ RI PHWHUV

JROORZLQJ WKLV WUDMHFWRU\ VHIJPHQWY ZHUH IODJJHG IR
WDLQHG SRLQW ZDV IODJJHG DV KDYLQJ DQ LPSODXVLEOH "
FDOFXODWHG ERWK IRUZDUG DQG EDFNZDUG DOORZLQJ IRL
FRPPRGDWLQJ RI VPDOO WLPHVWDPS LUUHJXODULWLHYV WKI|
WLRQV RFFXUULQJ QHDU VLPXOWDQHRXVO\ DQG WKHUHIRU
VSHHG 7KH VHYHULW\RIHDFK GLVFUHSDQF\ ZDV IODJJHG Z|I
WKDW SRLQWYV ZLWK D VSHHG ! NSK ZHUH DGGUHVVHG ILL
IROORZHG E\ NSK ODQXDO LQVSHFWLRQ ZDV SHUIRUPHG
DSS WKDW DOORZHG IRU SRLQWYV WR EH SORWWHG DJDLQV
WLPHVWDPS DQG VHOHFWHG IRU ILOWHULQJ 7KH ILOWHULC(
NJHRORFDWLRQV IURP WKH WRWDO VHW RI P

8VHU VHW VHIPHQWDWLRQ LOQWHUSRODWLRQ DQG ODUJH J

JRU HDFK XVHU WKH JDS OHQJWK EHWZHHQ VXEVHTXHQW J
ZKLFK ZDV XVHG DV D PHFKDQLVP IRUHVWDEOLVKLQJPLVVLC
DWLRQV IURP WKH VDPH XVHU VHSDUDWHG E\ D JDS RI RYHU
LOWR WKHLURZQ VHWV IRUDOO IXWXUH VWHSV 7KHVH VHW\
SRLQWYV ZKHUH WKH JDS ZDV JUHDWHU WKDQ ILYH PLQXWHYV
PDGH IRU WKH /LVWZLVH DQG 3DLUZLVH DQDO\WVHYVY RQ WKH |



7TDEOH “XVWLILFDWLRQ IRU SDUDPHWHU DQG YDOXH VHWYV XVHG LQ |

SDUDPHWHHIWQLWLRQ 9DOXHV 5HIHUHQFH -XVWLILFDWL

OLVVLQJIQHV

7HPSRUDO UHVIROM@IWR RI WKH G LRIFQ H 8HHULUGH \

WHUYDO HYDOXDWHG WR HVYWDEOLVK PLVVLQJQHVV \HV RU QR

OD[ORQJJDS WIDHHPXP HODSVHG WLRMH JIBUBPWWLFDO OLPLW VWLOO 2

IRUHD UHVSRQGHQW ...V VHW LV GLYLGHG DQ®RNHS/LOLEDW HE R M Q GV

O0D[ VKRUW JDS WDRHPXP WLPHVSDPLRYMHALRRO

ZKLFK LQWHUSRODWLRQ PD\EH SHUIRUPHG

OD[ VKRUW JDS GLYWDR@KR GLVWDMAH RBHHYLRXV FOHDQLQJ VWH:

ZKLFK LQWHUSRODWLRQ PD\ RFFXU WKLV XQQHFHVVDU\ EXW U
D FRQVLGHUDWLRQ IRU XQf
GDWD

'‘DWD

7THPSRUDO DJJUHJDWLRQ 6LHN RO XWRHRY SUDFWLFDO HQVXULQJ DW

WLPH ZLQGRZ FKRVHQ IRUDJJUHIJDWLRQRFDWLRQV DW WKH VHOHF
SRUDO UHVROXWLRQ RI PLQ

OLQ DFFXUDAR\QLPXP GHYLFH ODEHOMG BFFXDB\FN P GXH WR LQVXI

SDUDPHWHU RYHU ZKLFK WKH UDZ GDW BLIHEHABORWMN IRHQY RU IURP FH!
WRZHU

6HIPHQWDWLRQ/ITREURLUQ 7LPH 5DWLR WHHUDWQLD

PHQWDWLRQ PHWKRG HUURU VWRASLQJ SDUDPHWHU RU SHU

FHOQW RI SRLQWY FODVVLILHG DV PRYLQJ VWRSSHG UHVSHFW

LYHO\

OD[ VSHHG ICBBRORFDWLRQV ZLWK GHU&DHG VSHHG

IURP SUHYLRXV ORFDWLRQ ZHUHNBKVXDOO\ LQVSHFWHG E\

RYHUOD\LQJ WKH VXUURXQGLQJ WUDMHFWRU\ RQ D PDS DQG

IODJJHG DV RXWOLHUV RU QRW

6WRS GHWHFWLRQ

6WRS PD[ UDQIDJ¥YPXP GLVWDQFH D RVBRQMDRY L XL FK

FRYHU LQ D SODFHWR EHFRQVLGHUHG D VWRS

6WRS PLQ WOLRH.PXP WLPH WKDW D XPIHQU FORVQWWRW RX F K

LQ WKHVDPH SODFH WR EH FRQVLGHUHG D VWRS

6WRS PHUJH GLVOWWPD@XHP DOORZDEOHRGLBWDNIDQFAHRQWROL X
EHWZHHQ WHPSRUDOO\ DGMDFHQW VWRS FHQWHU SRLQWV WR
SHUPLW PHUJLQJ

6PDOO WUDFN PDODIQARKXWY QXPEHU RI ORGD L

WLRQV WKDW PD\ PDNH XS DQLPSODXVLEOH VPDOO WUDFN

%0,

‘7

ODWFKLQJEXJWUPH SRLQWV EHIRUH D Qi & RRIOU 8N UDED U W L

JDS WKDW DUH XVHG LQ HVYWDEOLVKLQJ WUDMHFWRU\ VLPLODULW\

7LPH ZLQGRD[LPXP DOORZDEOH WLPWH GODRERRQFH

EHWZHHQ WKH TXHU\ DQG GRQRU VHW

'RQRU FDQGLGIMMHR| FDQGLGDWH GR QRABR RIRP

DOO FRPSOHWH FDVHV ZLWK WKH KLJKHVW VLPLODULW\ WR WKH

TXHU\ IURP ZKLFK WKH GRQRU LV VHOHFWHG

1LPSXWDWERBQXPEHURILQGHSHQGHQ@WQ PSXWD QF &RR O

WLRQV FUHDWLQJ WKH VHW RI PXOWLSOH LPSXWDWLRQV QHHGHG

DQDO\VLV

1 FKDLQNKH QXPEHU RI LWHUDWLRQV | R&HW SXIWIHYI MKDHOXDWLQJ W

GDWD RQ WKH EDVLV Rl WKH QHZ VHW RFRPYXW BIGQEFHWRI) VPDOOHU \
LWHUDWLRQV

0,&(

SPP GRQRU FDQGLEFODUNHNULDEOHV LPOBRWHEXXUHQ

ZLWK SUHGLFWLYH PHDQ PDWFKLQJ QXPEHU RI FDQGLGDWH
GRQRUV VHOHFWHG IURP

1FKDLQWXPEHU RI FKDLQHG LWHUDWLR®VVRYWHE YVDWIRGQUIYHUJHQF
DOO YDULDEOHYV




VHWY $ SHUVRQ GD\ ZDV DVVLJQHG WR HDFK XQLQWHUUXS)
DV D FXWRIIl PRPHQW EHWZHHQ GD\V 3HUVRQ GD\V ZLWK DW
RI D KRXU GD\ RI FRYHUHG WLPH ZHUH PDUNHG DV IXOO0O\
3DLUZLVH DQDO\VLV 8VHUV ZLWK DW OHDVW RQH FRPSOHW
ZHUH VHOHFWHG IRU WKH /LVWZLVH GHOHWLRQ VHW

/IRFDWLRQVIURP WKHVDPH XVHUDQG VHSDUDWHG E\DJDS JI
IODJJHG IRULQWHUSRODWLRQ ,QWHUSRODWLRQ ZDV FDU
SDFNDJH LQ 5 DQG EXLOW SVHXGR UHFRUGV IRU WKH PLVYV
LOWHUSRODWLRQ VWHS WKH GDWD VHWYV ZHUH DJDLQ DVVH
JDS HIFHHGHG ILYH PLQXWHV 7KH QWHUSRODWLRQ GDWD !
DQG SHUVRQ GD\V ZHUH FUHDWHG ZLWKLQ HDFK FRPSOHWH
WRWDO FRYHUDJH ZzDV DW OHDVW PLQXWHYVY 7KH GDWD
ZDV PDUNHG IRU XVH DV WKH(EDREXWDWKRQ

BWRS GHWHFWLRQ DQG VHIJPHQWDWLRQ

6WRS GHWHFWLRQ ZDV FDUULHG RXW RQ HDFK RI WKH IRXU G
WHUSRODWORRVLQJ D VSDWLRWHPSRUDO FOXVWHULQJDOJI
DQG *DWLFD 3HUH] DV LPSOHPHQWHG E\ WKH VWRSGHW
GLXVY SDUDPHWHUV ZHUH VHW UHODWLYHO\ VKRUW P D

PLOQXWHY LQ RUGHU WR EHWWHU GLVFULPLQDWH EHWZHI
ZDV D IRFXV RI WKLV SDSHU $00 SRLQWV ZHUH VXEMHFWH
FOXGHG VKRUW WUDFNV EHWZHHQ VWRSV DQG PHUJHG VWI

PHWHUV RI HDFK RWKHU 7KLV ZDV GRQH LQ RUGHU WR U
SRVLWLYH WUDFNYV

JROORZLQJ VWRS GHWHFWLRQ WUDFNV DQG VWRSV ZHUH Vi
RWKHU XVLQJ WKH 5 SDFNDJH WRSGRZQWLPHUDWLR ZKLFK 1
VHIPHQWDWLRQ DOJRULWKP IURP OSHUBDWURUW S BGHDRHWHU R
PHWHUV ZzDV VHOHFWHG IRU WUDFNV LGHQWLILHG LQ WKH ¢

PHWHUV IRU VWRSV 7KLV VWHS UHGXFHV WKH QRLVH LQ V
HUURU SULRU WR FDOFXODWLQJGLVWDQFHHVWLPDWHYV $0
PHDQ PHGLDQ VPRRWKLQJ ZHUH FRQVLGHUHG EXW VHJPHQ
DFURVV WKH VHIJPHQW +DYHUVLQH GLVWDQFHV ZDV MXGJHG

$JIJUHIDWLRQ

7R IDFLOLWDWH FRPSDULVRQ EHWZHHQ VSDWLDOO\KHWHUR
SXUSRVHV WKH GDW®, VQWVEKHUH DJJUHIJDWHG WR PLQXW
FUHDWLQJ WKH IROORZLQJ VXPPDWLYH YDULDEOHV WRWDGC
RIWUDFNV QXPEHURIVKRUW WUDFNV DQGDQDGGLWLRQDC
FRQWDLQHG LQ WKH PLQXWHLQWHUYDO 7RWDO GLVWDQF
RQ WKH EDVIZVIEDWKMNVWHG ODWLWXGHY DQG ORQJLWXGHYV
FDOFXODWHG LQ WKH VDPH ZD\ EXW UHVWULFWHG WR SRLQV
7JUDFN YDULDEOHV ZHUH OHVV VWUDLJKWIRUZDUG GXH WR W
WUDFN DQG VWRS GHVLJQDWLRQ :KHUH WKH PLQXWH LQ
LGHQWLILHG DV HLWKHU "VWRS% WKH QXPEHU RI WUDFNV Z
LQWHUYDO FRQWDLQHG RQHRUPRUH WUDFNV WKLV ZDV VXF



SURFHVVLQJ GXULQJ WKH DQDO\VLVY VWDJH WR HVWDEOLVK F
WUDFNV )RU VKRUW WUDFNV ZKHUH LW ZDV YHU\ OLNHO\ Wi
DVLQJOH PLOQXWHLQWHUYDO WKH VKRUW WUDFN ,"'ZDV SU
WR WKH LPSXWDWLRQ VWHS SURYLGLQJD PDQQHU RI WUDFN
UHVXOW ZDV D ORQJ IRUP GDWD VHW JURXSHG E\ XVHU VHW
MRLQHG ZKHUH HDFK URZ UHSUHVHQWHG WUDYHO EHKDYLRL
LQWHUYDO



3DUW






'LW SURHIVFKULIW JDDW RYHU ZDW HU PLVJDDW ©Q ZDW HU Q
PHWHQ PHW VPDUWSKRQH DSSVLQ SODDWV YDQ PHW WUDGL)
RQGHU]JRHNHUV HQ VWDWLVWLHNEXUHDXV ZLOOHQ DSSV LQ]
DXWRPDWLVFK WH UHJLVWUHUHQ 6PDUWSKRQHV NXQQHQ K
FDWLHY YDVWOHJJHQ HQ GDW OHYHUW LQ WKHRULH ULMNH L
GDJERHN ZDDULQ PHQVHQ JHOI KXQ UHL]JHQ PRHWHQ RQWKR]

,Q GH SUDNWLMN EOLMNHQ GH]H 6PDUW 6XUYH\V HFKWHU D
EHODQJULMNVWH VSHOEUHNHU LV RQWEUHNHQGH GDWD J
ZDDURS GHDSS QLHWV UHJLVWUHHUW GHHOQHPHUV GLH KD
VFKH YHUVFKLOOHQ WXVVHQ W\SHQ WHOHIRRQV $0OV ZH GLF
HHQ QD HYH PDQLHU RSYXOOHQ NULMJHQ ZH YHUWHNHQGH
VHQ UHL]JHQ KRHYHHO WULSV ]JHPDNHQ HQ KRHPRELOLWHL
EHYRONLQJ

'LW SURHIVFKULIW ULFKW JLFK RS ©©Q FHQWUDOH YUDDJ k
ZRRUGH PDQLHU RPJDDQ PHW RQWEUHNHQGH GDWD LQ DSS
JRGDW GH XLWNRPVWHQ EUXLNEDDU ZRUGHQ YRRU EHOHLG
GUXN OLJW GDDUELM RS VPDUWSKRQH JHEDVHHUGH UHLVR
7UDYHO 6XUYH\V RIWHZHO 6%76 HQ RS PHWKRGHQ RP YHL
LQ GH GDWD WH FODVVLILFHUHQ HQ WH LPSXWHUHQ JRQGHL
YHUWHNHQHQ

+HW SURHIVFKULIW EHVWDDW XLW HHQ LQOHLGHQG KRRIGYV
KRRIGVWXNNHQ HQ HHQ DIVOXLWHQG KRRIGVWXN ZDDULQ
PHQNRPHQ ,Q KHW HHUVWH KRRIGVWXN ZRUGW GH FRQWHIV
GDJERHNRQGHU]JRHNHQ 7UDYHO 'LDU\ 6WXGLHV 7'6 NDPSF
SRUWDJH HQ QRQUHVSRQV '"HHOQHPHUV YHUJHWHQ WULS\
ELM WH KRXGHQ RI KDNHQ YRRUWLMGLJ DI 7THIHOLMNHUWL
YDQ VPDUWSKRQH DSSV DXWRPDWLVFKH ORFDWLHPHWLQJ



GHQWHQ PHHU GHWDLO HQ PRJHOLMN HHQ EHWHUH GHNNL!
YHUSODDWVLQJHQ

7RFK VFKXLIWPHW GHRYHUVWDS QDDUDSSV KHW SUREOHHP
PHQ ,Q SODDWVY YDQ %+RHYHHO NLORPHWHU KHHIW X JHUHL\
ORFDWLHPHWLQJHQ GLH HHUVW YHUWDDOG PRHWHQ ZRUGH
DIVWDQGHQ 'DDUELM LV KHW LGHH YDQ %FRPSOHWH GDW D %
OHYHUHQ ]JHOGHQ HHQ SHUIHFW DDQHHQJHVORWHQ WLMGOL
WLPDOLVDWLH NDQ GHDSS DIVOXLWHQ GH ORFDWLHPHWLQJ
ZRUGHQ RIJHEUXLNHUV NXQQHQ GH LQVWHOOLQJHQ DDQSD
GHOLMN GDW RQWEUHNHQGH GDWD LQ VPDUW VXUYH\V JHHQ
YRUPW YDQ GH PHWKRGRORJLVFKH XLWGDJLQJ 'HUHVW YDQ
RS GLH REVHUYDWLH

+RRIGVWXN EHVFKULMIWGHRQWZLNNHOLQJHQ HHUVWH JUFR
IHWKHUODQGY 7UDYHO $SS HHQ DSS GLH LV RQWZLNNHOG G
GH 6WDWLVWLHN &%6 RP UHLVJHGUDJ LQ HHQ ODQGHOLMN
PHWHQ +HW KRRIGVWXN EHVFKULMIW GH WHFKQLVFKH HQ S|
HQ GH ELMEHKRUHQGH EDFN HQG HQ JHHIW HHQ HYDOXDWL
ZDW EHWUHIW UHSUHVHQWDWLYLWHLW DOV PHHWNZDOLWHL

(HQ VWHHNSURHI YDQ SHUVRQHQ ZHUG XLWJIJHQRGLJG RP
ELOLWHLW YLD GHDSS WH ODWHQ UHJLVWUHUHQ 9DQ GH
GDWD OHYHUGHQ ZDV GH JHPLGGHOGH GHNNLQJ VOHFKWYV
YHHU HHQ GHUGH YDQ ZDW ZHQVHOLMN LV 6O0OHFKWV SHUV
JHGHNWH GDJHQ ]RQGHU JURWH JDWHQ

'H GDWD EHYDWWHQ YHHO RQWEUHNHQGH ZDDUGHQ QLHW
ODQJH SHULRGHV ]JRQGHU PHWLQJHQ HQ FRPSOHWH GDJHQ ]
NHQ VIVWHPDWLVFKH SDWURQHQ WH YHUWRQHQ GH GDWDF
SHUVRRQVNHQPHUNHQ JRDOV OHHIWLMG ©Q PHW DSSDUDDW
WHHP HQ PHUN 'DW EHWHNHQW GDW GH JDWHQ LQ GH GDWD ¢
EHGUHLJLQJ YRUPW YRRU GH UHSUHVHQWDWLYLWHLW +RRI(
JHOLMNLQJ PHW 2'L1 GH 1HGHUODQGVH UHLVGDJERHNVWXG
WULSV YRRUDO NRUWH ULWWHQ PDDUJDIRQZDDUVFKLMQOI
WHQ RS]LFKWH YDQ KHW WUDGLWLRQHOH GDJERHN 'LW ZLMV
PHHWIRXWHQ HQ RQWEUHNHQGH GDWD

+RRIGVWXN WRRQW GDDUPHH GDW VPDUWSKRQH DSSV HHC
PDDU GDW KHW SUREOHHP YDQ ROQOWEUHNHQGH GDWD HHUVW
PRHW ZRUGHQ YRRUGDW GH GDWD EUXLNEDDU JLMQ YRRU RII

,Q +RRIGVWXN VWHOOHQ ZLM GH YUDDJ KRH ODQJ HHQ JDW
WH NXQQHQ ZRUGHQ PHW LQWHUSRODWLH ,Q YHHO RQGHU]F
GDWD LQ IHLWH JHQHJHHUG HON JDW ZRUGW EHKDQGHOG DO
DIJHOHJG WXVVHQ GH ODDWVWH ORFDWLH YRRU KHW JDW H¢
'LW NDQ SULPD ZHUNHQ YRRU NRUWH KLDWHQ PDDU ZRUGW
ZRUGHQ RI RS GUXNNH PRPHQWHQ YDQ GH GDJ YDOOHQ ,Q G
ZLM ZDQQHHU GLW VRRUW LQWHUSRODWLH HHQ DFFHSWDEHC



HQ YDQDI ZHON SXQW GH ELDV LQ EHODQJULMNH PHWLQJHC
WRWDOH DIVWDQG DDQWDO YHUSODDWVLQJHQ RIUDGLXV |

OHW EHKXOS YDQ YROOHGLJJHREVHUYHHUGH GDWD XLW GH
VLPXODWLHV XLWJHYRHUG ,Q GH]JH VLPXODWLHYVY ZRUGHQ N
OHQGH OHQIJWHV HQ RS YHUVFKLOOHQGH WLMGVWLSSHQ DD
LOWHUSRODWLH RSIJHYXOG ZDDUQD ZRUGW JHNHNHQ KRHY
GHZHUNHOLMNH ZDDUGHQ

8LW GH]H VLPXODWLHY EOLMNW GDW GH WRWDOH KRHYHHO
ODQJULMN LV GDQ GH OHQJWH HQ KHW WLMGVWLS YDQ GH .
PLGGHQ LQ GH QDFKW NDQ YDDN SUREOHHPORRY ZRUGHQ J
WLMGHQV GHRFKWHQGVSLWV NDQ HHQ YROOHGLJH ZRRQ ZH
SUDNWLVFKH GUHPSHO WH JLMQ JDWHQ NRUWHU GDQ RQJH
VLWXDWLHYV PHW HHQYRXGLJH LQWHUSRODWLH ZRUGHQ RSJ
RQJHYHHU LQ NHUQVWDWLVWLHNHQ %LM ODQJHUH JDWHC
VWHUN YHUVQHOG WRH YRRUDO YRRU UHLVDIVWDQG

+RRIGVWXN OHYHUW ]JR FRQFUHWH ULFKWOLMQHQ RS YRRU
QHQ UHODWLHI YHLOLJ PHW HHQYRXGLJH PHWKRGHQ ZRUGF
YUDJHQ RP PHHU JHDYDQFHHUGH WHFKQLHNHQ 'H]JH GUHPS
KHW RQGHUVFKHLG WXVVHQ NRUWH HQ ODQJH JDSV LQ GH Ul

.RUWH JDWHQ JLMQ GXV QRJ EHKHHUVEDDU PHW OLQHDLUH L
,Q +RRIGVWXN ZRUGW GDDURP HHQ QLHXZH PHWKRGH RQW:
YDQ ODQJH JDWHQ WRW RQJHYHHU € XXU LQ PRELOLWH
‘DUSLQJ %DVHG OXOWLSOH ,PSXWDWLRQ '7:%0,

+HW LGHH DFKWHU GH PHWKRGH LV LQWX WLHI $0OV MH LHP
JD MH SDWURQHQ JLHQ GH]HOIGH URXWHYV QDDU ZHUN YDV
UXIJNHUHQGH EH]JRHNHQ DDQ EHSDDOGH ORFDWLHV ‘LH SDW
RP RQWEUHNHQGH VWXNNHQ LQ HHQ GDJ WH UHFRQVWUXHU
YROJW URQGRP HHQ ODQJ JDW ZRUGHQ GH ZDDUQHPLQJHQ
JHEUXLNW DOV EXIIHU OHW '"\QDPLF 7LPH :DUSLQJ '7: ZRUC
GDJHQ RI WUDMHFWHQ JH]JRFKW GLH TXD SDWURRQ OLMNHQ |
GH]H EHVW SDVVHQGH UHIHUHQWLHWUDMHFWHQ ZRUGW GH
JHEUXLNW DOV GRQRUGDWD 'LW SURFHV ZRUGW KHUKDDOC
OLQJHQ WH JHQHUHUHQ ]J]RGDW GH RQJHNHUKHLG URQG GH L
NDQ ZRUGHQ

(HQ EHODQJULMN NHQPHUN LV GDW '7:%0, JHHQ H[WHUQH JF
NRSSHOLQJ QRGLJ KHHIW GH PHWKRGH ZHUNW XLWVOXLWH
XLW GH]J]HOIGH VWXGLH 8LW XLWJHEUHLGH VLPXODWLHV EO
YDULDQW YDQ '7:%0, YHUUDVVHQG JRHG SUHVWHHUW PHW U
RRNELM ODQJHJDWHQ GHWRWDOHUHLVDIVWDQG HQDQGHU
ELDV JHUHFRQVWUXHHUG 7HUZLMO OLQHDLUH LQWHUSROD
GDQ NLORPHWHU DDQ DIVWDQG YHUNHHUG LQVFKDW EOL
YDQ '7:%0, URQG GH NLORPHWHU



+RRIGVWXN OHYHUW GDDUPHH HHQ QLHXZH SUDNWLVFK W
RS YRRUODQJHJIDSV LQ VPDUWSKRQH JHEDVHHUGH PRELOL\

+RRIGVWXN SUHVHQWHHUW HHQ KL«UDUFKLVFK IUDPHZRUN
HHUGHUHLQJLFKWHQ ZRUGHQ VDPHQJHEUDFKW LQ HHQ GULH)
NHQGH GDWD LQDSS JHEDVHHUGH UHLVGDJERHNHQ ,Q SODD
YRRUDOOH VRRUWHQ PLVVLQIJQHVV WH JHEUXLNHQ ZRUGW F
QLYHDXVY NRUWH JDSV WRW PLOQXWHQ ODQJH JDSV P
ROWEUHNHQGH GDWD RS GDJQLYHDX PHHU GDQ XXU RI YRC
EDUH GDWD .RUWH JDSV ZRUGHQ EHKDQGHOG PHW OLQHDL
GH ULFKWOLMQHQ XLW +RRIGVWXN PHW DOV GRHO KHW U>
ZDDU GDW YHUDQWZRRUG NDQ J]RQGHU RQQRGLJH ELDV WH |
ZRUGW '7: %0, WRHIJHSDVW RP RS EDVLVYDQ WHPSRUHOH JHGL
WLMGHQV KHW JDW WH LPSXWHUHQ +LHU OLJW GH IRFXV RS
WHLWVJHGUDJ RYHU GH WLMG DIVWDQG DDQWDO WULSV LC
OHGLJI RQWEUHNHQGH GDJHQ LV HU JHHQ EUXLNEDUH WUDMF
GH DDQGDFKW QDDU KHW VFKDWWHQ YDQ VWDWLVWLHNHQ R
,PSXWDWLRQ E\ &KDLQHG (TXDWLRQV 0,&( ZRUGHQ VWDWLYV
SXWHHUG RS EDVLV YDQ GHPRJUDILVFKH HQ FRQWH[WXHOH Y
UHVSRQGHQWHQ GLH Z©0O GDWD KHEEHQ 2S GH]JH PDQLHU ZF
JHFRUULJHHUG ELMYRRUEHHOG ZDQQHHU EHSDDOGH JURH?
GLHZHLQLJUHL]HQ V\VWHPDWLVFKPLQGHU JHQHLJG]LMQR

+HW IUDPHZRUN LV WRHJHSDVW RS GH GDWD XLW GH &%6 7UI
=RQGHU LPSXWDWLH HQ ELM VWULNWH HLVHQ DDQ FRPSOHH)
RYHUEOLMYHQ PHW HHQ YROOHGLJH ZHHN ZDW RQYROGRHC
'RRU GH KL«UDUFKLVFKH LPSXWDWLH NXQQHQ YHHO PHHU G
VFKDWWLQJ YDQ ZHHNVWDWLVWLHNHQ GDOHQ GH EHWURX?Z
HQ NRPHQ GH JHVFKDWWH UHLVDIVWDQGHQ HQ DDQWDOOHQ
XLW 2'L1 PHW YHUVFKLOOHQ GLH LQKRXGHOLMN YHUNODDUE

+RRIGVWXN ODDW JLHQ GDW HHQ GRRUGDFKW LPSXWDWLH:¢
HHUVWH JH]LFKW RQEUXLNEDDU OLMNW NDQ RPYRUPHQ WR
SXODWLHVFKDWWLQJHQ YDQ PRELOLWHLW 'H SULMV GLH G
JHHU JHGHWDLOOHHUGH UXLPWHOLMNH LQIRUPDWLH JHGHH
LPSXWDWLHVWDSSHQ PDDU GDDU VWDDW HHQ EHWHUH VFKEC
WHIJHQRYHU

+RRIGVWXN LV KHWDIVOXLWHQGH KRRIGVWXN ZDDULQ DOO
YDW HQ YHUWDDOG QDDU SUDNWLVFKH DDQEHYHOLQJHQ YRF
NHUV

9RRU RQWZHUSHUV YDQ DSS JHEDVHHUGH WUDYHO VXUYH\V
DSSHQ DQDO\WHPHWKRGH LQ QDXZH VDPHQZHUNLQJRQWZLN
ULWPHQ YRRU GDWDYHUZHUNLQJ]JLMQ JHHQ ELM]DDN 9HUGH
RQWZHUSHQ PHW KHW RRJRS EHNHQGH SDWURQHQ YDQ PLV VI
ULQJLQ WHERXZHQ RP SUREOHPHQ YURHJWLMGLJ WH VLJQD
SDVVLHYH PHWLQJHQ WH FRPELQHUHQ PHW JHULFKWH DFWL



RPJIJDWHQ WHLGHQWLILFHUHQ HQ EHWHU WH EHJULMSHQ

9RRU GDWD DQDOLVWHQ JHOGW GDW YHUVFKLOOHQGH PHWI
W\SHQ RQWEUHNHQGH GDWD NRUWH JDSV NXQQHQ DQGHUV
JDSV RI RQWEUHNHQGH GDJHQ 1D HYH VWUDWHJLH«Q JRDC
LQWHUSROHUHQ RYHU ODQJH JDWHQ OHYHUHQ LQVWDELHO
RS HQ GLHQHQ YHUPHGHQ WH ZRUGHQ OXOWLSOH LPSXWDW
ELHGW GH PRJHOLMNKHLG RP RQJHNHUKHLG HQ VHOHFWLYLYV

9RRU QDWLRQDOH VWDWLVWLHNEXUHDXV HQ EHOHLGVPDNH
SKRQH JHEDVHHUGH VXUYH\V QLHW WH JLHQ DOV GLUHFWH °
WKRGHQ PDDU DOV HHQ DDQYXOOHQGH EURQ PHW HLJHQ \
VWHHNSURHIRQWZHUS PRHW UHNHQLQJ JHKRXGHQ ZRUGHQ
PLVVLQJQHVV JURWHUH VWHHNSURHYHQ HQ H[WUD PHWKRG
GLJ 1LHXZH WHFKQRORJLH YHUGLHQW WLMG GH HHUVWH L
GRORJLVFKH OHVVHQ WH WUHNNHQ HQ VWDQGDDUGHQ WH R
LPSXWDWLH

6DPHQYDWWHQG ODDW GLW SURHIVFKULIW JLHQ GDW RQWEI
SUREOHHP YRUPHQ LQ VPDUWSKRQH JHEDVHHUGH UHLVRQ
EOHHP PHW GH MXLVWH DDQSDN WH EHKHHUVHQ LV 'RRU Yt
RQGHUVFKHLGHQ HQ YRRUHONW\SHHHQ JHVFKLNWH LPSXW
HHQ ZHUNZLM]H GLH RQGHU]JRHNHUV LQ GH SUDNWLMN NXQQ






$NGHQL] ' 6FKPLGW O . 6H\QDHYH & 0 OF&RRO ' *LDI

%URHN $ - +DXSWPDQQ 0 6WH\HUEHUJ ( : +RRQ!
S5LVNIDFWRUV IRUPHWDFKURQRXV FRQWUDODWHUDO E
YLHZ DQG PHWDWWHHDWYWELVKWWSY GRL RUJ M EU

%XFKHU + HXVFK ) 'HYLWLLY & GH )DXVWL ) ,QJOHV
OF&RRO ' /XJWLJ 3 6WUXPLQR/MNDWDV XU YH| LPSOHPH
DWLRQ ZRUNSDFNDJH 5HVHDUFK PHWKRGRORJ| GHOL
UHVHDUFK UHS (XURS KIVQVER' P PG R Y LARRWQJ 5%

%XFKHU + .HXVFK ) 9RON - +oXIJOYFNQHU / %ODQNH
) 7THUULELOL 0 3HUH] 0 YDQ 7LHQRYHQ 7 3 OFFRR
LQVND\D % (OHYHOW $ 'H*URRW - .RPSLHU 0 6F|
- 9DQ 'HQ +HXYHO - «$0 ,EUD&KHHPWY XUYH|LPSOHPH
DWLRQ ZRUN SDENDJH 5HVHDUFK PHWKRGRORJ| G
EDVHOLQHIUWBDHMFK UHS (XURSHIWSRPPGRY LRI

5*

'URRJHU - $NGHQL] ' 3LJQRO - 3 .RSSHUW / % OF&RR
+RRQLQJ 0 - -DJHU $ $GMXYDQW UDGLRWKHUD
FDQFHU LQ %5&% DQG %5&$% PXWDWLRQ FDUULHUV D
EUHDVW FDQFHU ZLWK VSHFLDO DWWHQWLRQ WR SDWL
%WUHDVW FDQFHU UHVHDUFK DQ & W KMDMSPH Q WRL RUJ

v

JULW] 0 .HXVFK ) 9RON - +8XIJOYFNQHU / %ODQNH .
'H)DXVWL ) ,QJOHVH ) /RU” % 0 3DSSDJDOOR $ 3|
3HUH] 0 9DQ 7LHQRYHQ 7 3 /XV\QH 3 OF&RRO ' /X



VND\D % <+ +ROP,\ $ '"HOUYBUDEOH VPDUW DGYI
VWDUMVHDUFK UHS (66QHW %UXVVHOV %HOJLXP (XU

.UDPHU , 6FKDDSYHOG 0 20GHQEXUJ + 6 $ B6RQNH *
JHHXZHQ ) ( 9DQ GH 9LMYHU . . 5XVVHOO 1 6 /LQ
6 HWDO 7KH LQIOXHQFH RIDGMXYDQW V\VWHPLF

HUDO EUHDVW FDQFHU ULVN-D®QG LRIFUHGIVR B I WKEA I DRV L
&DQFHU ,QVWLWXWH KWWSV DFDGHPLF RXS FRP MQF
DEVWUDFW

OF&RRO ' /XJWLJ 3 OXVVPDQQ 2 6FKRXWHQ % $Q L
VXUYH\ LQ RIILFLDO VWDWLVWLFV -FRUMLEQ GRUVRL H\F DX
VWDWLVWLFW¥ KWWSV GRL RUJ MRV

OF&RRO ' /XJWLJ 3 B6FKRXWHQ % OD[LPXP LQWHUSH
PLVVLQJ VPDUWSKRQH EDVHBUDSONVBREUBD WA B@ W D

YDQ 5RVVXP $ * - .RN 0O OF&RRO ' 2SGDP 0 OLOWHQEX!
, $ 0 YDQ /HHXZHQ 6WRN ( ,PKRO] $ / 7 3RUWLHC
0 0 (0 YDQ %RFKRYH $ YDQ :HUNKRYHQ ( B6FKPLG\
NDPS + 0 /LQQ 6 & ,QGHSHQGHQW UHSOLFDW
LVPV SUHGLFWLQJ WR[LFLW\LQ EUHDVW FDQFHU SDWLH
GHQVHDQG GRFHWD[HO FRQWD L Q LQQARMKDNIHIWN FKHP R

€ KWWSV GRL RUJ RQFRWDUJHW

OF&RRO ' 6FKRXWHQ % /XJWLJ 3 "\QDPLF WLPH zZDU
WLRQ IRUORQJJDSV LQ JS\)PRESODLY VUBQYMBBEKR &R QIH
$VVRFLDWLRQ IRU (XURSHDQ 7UDQVSRUW $(7
OF&RRO ' B6FKRXWHQ % /XJWLJ 3 52WK . 6PHHWYV /
DQG $0ZD\V 2Q ORFDWLRQ GDWD $VVHVVLQJ WKH LPSD
ELOH GHWIWRSHDQ 7UDQVSRUW &RQIHUHQFH SVVRFLL
7UDQVSRUWWSY8YV WULG WUE RUJ YLHZ



OF&RRGVVHVVLQIJDQGDGGUHVVLQJPLVVLQIJQHVVPHFKDQL
ORFDWLRRWGDIMDQ 6 XUYH\5HVHDUFK &RQIHUHQFH =DJ
KWWSV ZZZ HXURSHDQVXUYH\UHVHDUFK RUJ FRQ
(65$BOF&RROB$VVHVVLQJIBOLVVLQJQHVVBOHFKDQ
B/RFDWLRQB'DWDBXSORDG SSW]|
OF&RRQPSURYLQJWUDQVSRUWDWLRQ UHVHDUFK ZLWK SDVV
ORELOH $SSV DQG 6HQVRUV LQ 6XUYH\V ODQRQWWLP *H L
SV GDQLHOOHPF FRRO ,PSURYLQJB7UDQVSRUWDWLR
OF&RRODSV VPDOO DQG ODUJH LQ DSS ED% 6 % DR POIWDLR-PW U
LQDU 2QOLQH '"HFHPEHU
OF&RROOLQG WKH JDS WKH PLVVLQJ GDWD SUREOHP LQ ORC
%LIJ6EXUY 2QOLQH KWWSV ZZZ \RXWXEH FRP ZDWF
"' 71 9HBV
OF&RROKH WDEL WUDYHO DSS € FROVWUXFWLRQODHFKOWYV D

OF&RROOXOWLSOH LPSXWDWLRQ ZLWK DQQRIHGHUOBRIWL F
VWDOLJ 30DWIRUP YRRU 6XUYH\ 2QGHU]JRHN 1362 ,Q0Q
'"HFHPEHU
OF&RROIQDPLF WLPH ZDUSLQJEDVHG LPSXWDWLRQ IRULPSX
LW| GDYMDRSHDQ 7UDQVSRUW &RQIHUHQFH $VVRFLDWL
SRUW $(7 0OLODQ ,WDO\ 6HSWHPEHU
OF&RROIQDPLF WLPH ZDUSLQJ EDVHG PXOWLSOH LPSXWDWL
VHULO-RELOH $SSV DQG 6HQVRUV LQ 6 XUYH\V 0$66 8W!
-XQH
OF&RRO'NQODPLF WLPH ZDUSLQJ EDVHG PXOWLSOH LPSXWDW,
PDQ WUDMHREROHHBSY DQG 6HQVRUV LQ 6XUYH\V 0$6

8QLWHG .LQJGRP -XQH
0OF&RRO7ZR PHWKRGV IRU LOQWHJUDWLQJ VPDUW VXUYH\V Z
ODUFK

OF&RRO ' /XJWLJ 3 GPISRYMBQ PHVVLQJ PRELOLW!| GDWD
VPDUWSKROQH WUDY(XO BEBDQWXYEH\ 5SHVHDUFK $VVRFI
IHUHQFH OLODQ ,WDO\ -X 0\









'‘DQLHOOH OF&RRO

€
SUHVHQW

OVF 6WDWLVWLFV DQG OHWKRGRORJ\

SBWUHFKW 8QLYHUVLW\ 8WUHFKW
7KHVAEMFXUUHQW HYHQW PRGHO IRU SRSXODWLRQ
6XSHUYLDBWHQ &UXLMI

%VEF 3VIFKRORJ\ 3KLORVRSK\
7TH[DV :RPDQ..V8QLYHUVLW\ '"HQWRQ 86%

&RXQWU\ 7THDP 2SHUDWRU

6XUYH\ RI +HDOWK $JHLQJ DQG 5HWLUHPHQW LQ (X

SRVWGRFWRUDO 5HVHDUFKHU
'LJLWDO 'DWD 'RQDWLRQ ,QIUDVWUXFWXUH

SRVWGRFWRUDO 5SHVHDUFKHU
(66QHW B3URMHFW 6PDUW 6 XUYH\ ,PSOHPHQWDWLR(

OHWKRGRORJLVW
&HQWUDDO %XUHDX YRRU GH 6WDWLVWLHN

3K'" & DQGLGDWH
OHWKRGRORJ\DQG 6WDWLVWLFV 8WUHFKW 8QLYH



, WKLQN DV D VWDWLVWLFLDQ PD\EH ,..P QRW VXSSRVHG W
ZRXOG\RXFDOO WKHRQH SHUVRQ LQ ZKR E\SXUH FKDC
LQDURZ" ,..POXFN\WR KDYH KDG VRPDQ\SHRSOH LQ P\ OLII
RQPH ZLWKRXW ZKRP WKLV WKHVLVY ZRXOG QHYHU KDYH HJL

JLUVW DQG IRUHPRVW ZKHQ LW FRPHV WR SHRSOH ZKR WRR
IRUHYHU JUDWHIXO WR 3BHWHU /XJWLJDQG %DUU\ 6FKRXWHQ

,W..VLPSRVVLEOHWR LPDJLQHWZR EHWWHU WKHVLV VXSHL
WKHIUHHGRP WR WDNH WKH RULJLQDO LGHD RI WKH 3K'DQG
ZDQWHG 7KHUH ZHUH GD\V , ZRUULHG WKDW LW KDG JRWWH
QR PDWWHU ZKDW QR PDWWHU KRZ REVFXUH P\ SURSRVHG
VXSSRUWLYH \RX ZHUH DOZD\V NLQG DQG \RX ZHUH DOZD\V
\RXWZR JDYH PH WKH FKDQFH LQ WKH EHJLQQLQJ

SHWHU \RX...UH P\ JRDOSRVW IRU ZKDW LW PHDQV WR EH D |
DOO WKH WLPH % :KDW ZRXOG 3HWHU GR"% DQG XVXDOO\ W
DVVXPH WKHEHVW RI HYHU\RQH LQYROYHG EH KXPEOH DC
DQG WU\ WR XQGHUVWDQG ZKDW UHDOO\ PDWWHUV 7KDQI

%DUU\ \RXU FDSDFLW\IRU ILQGLQJ ZD\V IRU RWKHU SHRSOF
<RX DVN TXHVWLRQV WR ZKLFK \RX DOUHDG\ NQRZ WKH DQ\
IHHO FOHYHU LQ DGGUHVVLQJ WKHP ,W IHHOV OLNH \RX...U|
FRPHVY WR WUXO\ XQGHUVWDQGLQJ VWDWLVWLFV EXW\RX V
5H UHDGLQJ ROG HPDLOV DERXW WKH GLUHFWLRQ RI P\ SURN
,ZDV EHLQJPHQWRUHG E\D SUHVFLHQW EXWEHQHYROHQW J
WKH SUREOHPV EA\ JHWWLQJ WKHUH P\VHOI

,ZRXOG OLNHWRH[SUHVVP\VLQFHUH WKDQNV WR P\UHDGLQ
'LFN (WWHPD (OOHQ +DPDNHU )ORULDQ .HXVFK DQG 7RQ GH
DQG HIITRUW LQYHVWHG LQ UHYLHZLQJ WKLV ZRUN

,...P JUDWHIXO WR VR PDQ\ SHRSOH ZKR WRRN D FKDQFH RC
7TKDQNV ,UHQH .OXJNLVW ,..YH QHYHU IRUJRWWHQ WKDW \R
PHLQWR WKH SURJUDP ,I\RX KDGQ..W ORRNHG DW PH DQG"
ZRXOGQ..WEH KHUH WRGD\ O\OLIHVWDUWHGLQ 7TKDQN
RQPHLQVXSHUYLVLQJ P\ODVWHUVY WKHVLV ZKDW QRZ IHHO
9HUD 7TRHSRHO IRU OHWWLQJ PH WU\ P\ KDQG DW ZULWLQJ 7
PHDWWHPSW WHDFKLQJIRUWKHILUVW WLPH 7KDQNV 3HWF
WU\ PVILUVW UHDO FRQVXOWDWLRQ 7KDQNV %HOOD 6WUXPI
DW XQGHUWDNLQJ UHDO OLIH H[SHQVLYH VXUYH\WDVNV $
WDNLQJD FKDQFH RQ PHQRZDV D GHYHORSHU



7KLYV WKHVLY GHSHQGHG RQ D WUXO\ KXJH FRPPXQLW\RILQG
EDFN VXSSRUW LGHDV GLUHFWLRQ DQG VRPHWLPHV MXYV
LW , IHHO LQFUHGLEO\ OXFN\ WR KDYH EHHQ DEOH WR ZRU
SHRSOH

)RUH[DPSOH WKHFRPPXQLW\DW DQGDURXQG 6WDWLVWLEF
PDLQWDLQHG VXSSRUWHG RU KHOSHG PH DQDO\JH WKH VP
FOXGLQJ 9LFWRU 9HUVWDSSHQ 20H O0XVVPDQQ -RQDV .OLQ.
6FKLMYHQDDUV 7RP 2HUOHPDQV DQG OLNH 9ROOHEUHJIW 1
':DDUQHPLQJ JURXS LQ +HHUOHQ IRUDOORZLQJPH WR MRLQ L
EHLQJWKHUH IRUWKH .HHN RS GH :HHN ZLWK '"HLUGUH *LHVHQ
GHQ +HXYHO ODDLNH .RPSLHU 9LYLDQ OHHUWHQV *HU 6QLN
ODUNR 5RRV DQG -R %YURXZHUV $QG QDWXUDOO\ WKDQNV V
ZLWK WKH JURXS SRVVLEOH

7R WKRVH DW 8WUHFKW 8QLYHUVLW\ \RX...UH ZKDW PDNH WKI
ORVH WKH VHQVH RI WRIHWKHUQHVYVY WKDW RXU GHSDUWPHQ

‘LWKRXW D GRXEW ,RZHPRUHWKDQNV WKDQ,FDQ SRVVLEO\:
VXSSRUW RI WKH 'DWD 4XDOLW\JURXS 3HWHU %HOOD .DWKLE
7KLMV /DXUD $QQH 1LHN &KDUORWWH DQG 5RELQ +RQHV)
P\ ZRUN IDPLO\ H[FHSW ZH JHW DORQJ PXFK EHWWHU DQG , FI
HYHU\ RQH RI \RX &RRUGLQDWLQJ (65%$ ZLWK \RX DOO zZDV D
NHHS XS RXU FROODERUDWLRQV IRUD YHU\ ORQJ WLPH

$OVR D VSHFLILF VKRXW RXW WR WKH OLVVLQJ 'DWD JURXS
DQG 7KRP IRU DOO \RXU KHOS ZKLOH , ZDV SUHSDULQJ &KDS!
ERXQFH LGHDV RII RI \RX DOO ZKLOH , ZDV SXWWLQJ WRJHWK
XVH G\QDPLF WLPH ZDUSLQJ IRUGRQRU VHOHFWLRQ ZDV WRYV

$QG WR HYHU JURZLQJ OLVW RI URRPPDWHYV $QQH 3LD 'DDQ
&DPLOOD $QQH 'DYLG DQG 'DQL«OOH IRU SXWWLQJ XS ZLW
PLJUDWHG IXUWKHU GRZQ WKH & KDOOZD\ ! ! , IHO
OHDYLQJP\WKLQJV LQ D ZLGHU DUUD\ RI FDELQHWYV EXW \R>
LW , UHDOO\ YDOXH RXU WLPH VKDULQJ VSDFH WRJHWKHU D
DQG DFFHSWHG PH <RX JRW PH WKURXJK KHDY\ WLPHV OLNH
ZDV JRLQJ WR GUDJ WKLV EHDVW DFURVV WKH WKUHVKROG i
P\ VRPHWLPHV WRR WDONDWLYH KHDUW 7KDQNV 3LD DQG O
SDUDQ\PSKV $OWKRXJK , KDYH ZLVHO\ VHOHFWHG WZR SHRS
VHQWLPHQWDO FULHU ,..G OLNH WR RIIHU\RX WZR P\ DSROR

$ ELJ KHDUW\ WKDQNV WR WKH 7KXUVGD\ ERUUHO FUHZ W |
IRUP IRU XV DOO WR WDON DERXW WKH LPSDFWV RI KHDY\ HY'}
FXW LPSDFWV ,Q QR SDUWLFXODU RUGHU 7KRP 3LD -]J%U
(GLWD $0OIRQV ODQXHO 7LPR )ORULDQ -HURHQ 3DEOR +D
JHOR

7R P\RWKHU FROOHDJXHY SDVWDQG SUHVHQW LQ WKH GHSDL
ZLWK PH 7UROOLQJ WKH FRIITHH PDFKLQH IRU SHRSOH WR ER



VXFFHVVIXO DQG, HQMR\HG EHLQJ QRV\ DERXW \RXU SURMt
4L[LDQJ +LGGH .\OH %RXNMH %HWK $\RXE .LUVWHQ 'DQL
.HYLQ 2LV-Q (PPHNH &DVSDU DQG ODKGL

7R P\0 6 ODVWHUVY FRKRUW ZKDW D FUD]\ FKDQFH ZH WRRN !
RIl HIFHSWLRQDOO\ ZHOO +RZ RIWHQ LQ OLIH GRHV RQH JH
WR EH VXUURXQGHG E\D EXQFK RI VPDUW LQWHUHVWLQJ SH
WRZDUGVY WKH VDPH VHW RI JRDOV DQG ZKR DUH LQYHVYV
NQRZOHGJH GURSOHW RXW RI RXU FRXUVH ORDG :H SXOOH
RWKHU PRUH SRZHUIXO DQG DW WKH ULVN RI VRXQGLQJ OLI
WKLQN WKDW HGXFDWLRQ FDQ..W JHW DQ\ EHWWHU WKDQ V
KHWKHU ZH ZHUH ZRUNLQJ RQ )XQGDPHQWDOV DURXQG Wik
6366 VIQWD[ DW WKH IOH[SOHNNHQ RU 5LQ WKH FRPSXWHU
HDFK RWKHU XSZDUGV DQG RQZDUGVYV (YDDQG ODUL«OOH W
HYHU PLVVHG D GHDGOLQH 3DVFDO WKDQN\RXIRUEHLQJ Wt
IRUGLITHUHQW VROXWLRQV WKDQNV 7LPR IRU WKH KHDGYV >
WKDQNV 5RE IRU EHLQJ D JRRG VSRUW ZLWK P\ VWXSLG MRI
WKH :HE VXUYH\ FRQVXOWDQW IRU OF% XUJHUV , QWHUQDWLF
EHLQJD SLFWXUH SHUIHFW H[DPSOH RI D JUHDW GHSDUWPH
,..YHGRQHLW VLQFH ,..YH\HW WR OLYH XS WR LW EXW , ..P
IRUWKH WKHHGRRVMH DQG IRUHYHU\RQH IRU QRW ODXJKL(
6LOQWHUNODDY JHGLFKW /DXUD WKDQNV IRU VKDULQJ MRE |
RQ WKH KXQW IRU D 3K' ,...PJODG, GLGQ..W XQVXEVFULEH
RQH FRXOG SDVV P\ ZzD\ \HDUV ODWHU

.LUVWHQ -ROLHQ DQG .HHV IRUWZR\HDUV RIP\OLIH , WKL
OLIHLQ WKH FRPSDQ\ RI DW OHDVW RQH RI\RX WKUHH ,W Z
3DVFDO -RRVW 7HUHVD ZRUNLQJ ZLWK \RX DOO RQ WKH /F
RI WKLQJVY WKDW KDYH EHHQ XQH[SHFWHGO\ KHOSIXO OLN]
DJHQGDV , PLVV\RX DOO WRR 7R DOO RI\RX LQ /RERV DQ
PDQ\EHHUV RYHU PDQ\ D JHIHOOLJHYHQLQJ *DPHV DW P\ S(

ODWWLDQG (OLQH \RXKDYHEHHQIDQWDVWLFIULHQGYV DQC
IDPLO\JURZ (YHQ ZKHQ LW..V D ORQJ WLPH EHWZHHQ XV JH
DOzZD\VIHHOV OLNH LW ZDV MXVW \HVWHUGD\ 7KDQN \RX IRL

1LEFN DQG OLWFKHOO WKDQN \RX IRUDOZD\V EHLQJ WKHUH
DERXW WKLQJV DQGIRUORRNLQJDWDOO WKHVWXSLG SDSFH
\RX OHW PH H[SODLQ VWDWLVWLFV WKLQJV WR \RX EHEDXVF
DQVZHULQJP\IWK TXHVWLRQRIWKHPRQWKRQ JLW ZKHQ 6KI
1LFN ,FDQ..WEHOLHYH,KDYHWRFRPHEDFNLQDQGDGG W|
P\FRYHU EHWWHU , GRQ..W WKLQN ,...00 HYHU IRUJHW WKD
\RX WKLQN"% LQWR D WZR KRXU %'RQ..W ZRUU\ ,..00 IL[ LW
EDFN FKDQQHO KHOS WKHUH DQG WKDQNV OLWFKHOO IRU ZK
,..PVXUHLW ZDV JUHDW 1LFN ,KRSHZHQHYHUKDYH WR VW
DQG OLWFKHOO , KRSH ZH JHW WR VWRS ORRNLQJ DW )XQGLE
FORVHU WKDQ IULHQGV \RX..UH IDPLO\ DQG , DP VR KDSS\"
\R X



7TKDQNV -R\FH *UDQGPD ...&RRO... , ORYH\RX DQG DP VR OX!
ODZ OLNH\RX LQ P\ OLIH 7KDQNV IRU HYHU\WKLQJ WKDW \R X
\RX GLGQ..WPDNHLW WR VHHPHILQLVK WKLV ZKROH WKLQJ
PH

/IDVWO\ WR P\LPPHGLDWH IDPLO\ WKDQN\RXIRUEHDULQJ ZL
WHQDFLW\LQVSLUHVPH ,ORYHWKDW\RXJRDIWHU ZKDW \RX
LW..VDELWFUD]J]\OLNHOHDUQLQJ)UHQFKDQG PRYLQJWR 3D
IRUKROGLQJ XS WR P\ EXV\ SHULRGY RYHU WKHVH ODVW VL]
WKHUH..VQRWDORWRINLGYVY ZKR...YHEHHQDORQJIRU WKHH
MRXUQH\ IURP %DFKHORUV WR 'RFWRUDWH EXW ZH PDGH LW
FUHDWLYH ORYHO\ ZzDUP VHOI LV JRLQJWR PDNH WKH ZRUOC
EHLQJP\NLG 6KDZQ WR\RX,RZH WKH ELJIJHVW GHEW RIJUD
P\VRXOPDWH P\EHVW IULHQG /HW..VJR RQD YDFDWLRQ
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