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,Q# 5333/# WKHUH# ZHUH# WZR# PDMRU# YROFDQLF
HUXSWLRQV# LQ#-DSDQ00# WKH#HUXSWLRQ#RI#0W1#8VX# LQ
+RNNDLGR#RQ#0DUFK#64/#ZKLFK#HQGHG#D#GRUPDQW
SHULRG# RI# 56# \HDUV># DQG# WKH# HUXSWLRQ# RI# 0W1
2\DPD# LQ# 0L\DNH# ,VODQG# RQ# -XO\# ;1# 7KH
*HRJUDSKLFDO# 6XUYH\# ,QVWLWXWH# FRPSLOHG# *,6
GDWD# RQ# WKHVH# WZR# HYHQWV# RQ# &'05# DQG
GLVWULEXWHG# LW# WR# UHOHYDQW# GLVDVWHU# SUHYHQWLRQ
RUJDQL]DWLRQV/# PXQLFLSDOLWLHV# DQG# RWKHUV# ZKR
FRXOG#XVH#WKH#LQIRUPDWLRQ1#$#IUHH#GRZQORDG#VLWH
KDV# DOVR# EHHQ# HVWDEOLVKHG# RQ# WKH#*HRJUDSKLFDO
6XUYH\# ,QVWLWXWH¶V# KRPH# SDJH# WR# SURYLGH
LQIRUPDWLRQ# WR# DV# PDQ\# JHQHUDO# XVHUV# DV
SRVVLEOH17KHVH# *,6# GDWD# FRQWDLQ# WKHPDWLF
LQIRUPDWLRQ# IURP# EDVH#PDSV# VXFK# DV# 4=58/333
WRSRJUDSKLF# PDSV/# SXEOLF# IDFLOLWLHV/# *36
REVHUYDWLRQ# SRLQW# LQIRUPDWLRQ/# ODQGIRUP
FODVVLILFDWLRQV# IURP# YROFDQLF# ODQG# FRQGLWLRQ
PDSV/#DQG#ODQGIRUP#FKDQJH#LQIRUPDWLRQ#GHULYHG
IURP# DHULDO# SKRWRJUDSKV/# DPRQJ# RWKHU# VRXUFHV1
)UHH# VRIWZDUH# HQDEOHV#XVHUV# WR#GLVSOD\# WKH#GDWD
LQ#RYHUOD\#IRUPDW/#VHDUFK#LQIRUPDWLRQ/#DQG#HDVLO\
XQGHUVWDQG# YDULRXV# W\SHV# RI# GDWD1#$GGLWLRQDOO\/
PRUH# KLJKO\# LQWHJUDWHG# *,6# VRIWZDUH# FDQ# KHOS
PXQLFLSDO#RUJDQL]DWLRQV# FRPELQH# RXU#GDWD#ZLWK
WKHLUV# WR# HVWDEOLVK# REVHUYDWLRQ# V\VWHPV# IRU
GUDIWLQJ# SXEOLF# HYDFXDWLRQ# SODQV# DQG# OHDUQLQJ
PRUH#DERXW#YROFDQLF#DFWLYLW\1

.(<#:25'6=
*,6#LQ#YROFDQR#'LVDVWHU#3UHYHQWLRQ
'LVDVWHU#3UHYHQWLRQ#±#,QIR#6KDULQJ
0W1#8VX

41#,1752'8&7,21

7KH#FUDWHU#RI#0W1#8VX#LV#LQ#FORVH#SUR[LPLW\#ZLWK
UHVLGHQWLDO# DUHDV1# +RZHYHU/# XVLQJ# YROFDQR
LQIRUPDWLRQ#REWDLQHG#EHIRUH#WKH#HUXSWLRQ/#KD]DUG
PDSV/# HWF1/# DERXW# 43/333# ORFDO# UHVLGHQWV# ZHUH
VXFFHVVIXOO\#HYDFXDWHG#ZLWKRXW# LQMXU\#RU#ORVV#RI
OLIH1#$W#0W1#2\DPD#LQ#0L\DNH#,VODQG#DV#ZHOO/#WKH
LQWHQVLYH# REVHUYDWLRQV# E\# GLVDVWHU# SUHYHQWLRQ
RUJDQL]DWLRQV# DQG# VFLHQWLILF# LQYHVWLJDWLRQV/# DQG
WLPHO\# SURYLVLRQ# RI# SHUWLQHQW# LQIRUPDWLRQ# WR
ORFDO# UHVLGHQWV# SOD\HG# D# VLJQLILFDQW# UROH# LQ# WKH
VXFFHVVIXO/# LQMXU\0IUHH# HYDFXDWLRQ# WKHUH1
3UHVHQWO\/#DOO#RI# WKH#UHVLGHQWV#RI#0L\DNH# ,VODQG/
ZKR# KDYH# EHHQ# HYDFXDWHG# IRU# VHYHUDO# PRQWKV
QRZ/# VWLOO# KDYH# QRW# EHHQ# DEOH# WR# UHWXUQ# WR# WKH
LVODQG#GXH#WR#FRQFHUQV#DERXW#HPLVVLRQV#RI#SRLVRQ
JDV#IURP#WKH#YROFDQR1

,Q#WKH#PHDQWLPH/#QDWLRQDO#DQG#ORFDO#JRYHUQPHQWV
DQG# WKH#&RRUGLQDWLQJ#&RPPLWWHH# IRU#3UHGLFWLRQ
RI#9ROFDQLF#(UXSWLRQ#KDYH#EHHQ#H[FKDQJLQJ#DQG
HYDOXDWLQJ# LQIRUPDWLRQ# DQG# FRQVLGHULQJ
PHDVXUHV# WR# WDNH1# $W# WKH# VDPH# WLPH/# WKHVH
RUJDQL]DWLRQV# KDYH# EHHQ# XVLQJ# WKH# ,QWHUQHW# DQG
PDVV#PHGLD# WR#SURYLGH# WKH#SXEOLF#ZLWK#DV#PXFK
LQIRUPDWLRQ#DV#SRVVLEOH1#)RU#RXU#SDUW/#ZH#DW# WKH
*HRJUDSKLFDO# 6XUYH\# ,QVWLWXWH# KDYH# EHHQ

4,'LUHFWRU#RI#*HRJUDSKLF#'HSDUWPHQW
5,5HVHDUFK#2IILFHU/#*HRJUDSKLF#'HSDUWPHQW
6,#0#9,#0HPEHUV#RI#WKH#7KLUG#*HRJUDSKLF
'LYLVLRQ/#*HRJUDSKLF#'HSDUWPHQW
# *HRJUDSKLFDO#6XUYH\#,QVWLWXWH#/0LQLVWU\#RI
/DQG/#,QIUDVWUXFWXUH#DQG#7UDQVSRUW/7VXNXED0
VKL/,EDUDNL0NHQ/#63803;44/#-DSDQ



XQGHUWDNLQJ# PDQ\# UHOHYDQW# DFWLYLWLHV/# VXFK# DV
PDNLQJ# REVHUYDWLRQV# XVLQJ# YDULRXV# JHRGHVLF
PHWKRGV# VXFK# DV# *36/# GLVWDQFH# DQG# DQJOH
REVHUYDWLRQV/#OHYHOLQJ#VXUYH\V/#HWF1/#WDNLQJ#DHULDO
SKRWRV# DQG# LQWHUSUHWLQJ# WKHP# WR# GHWHUPLQH
WRSRJUDSKLFDO# FKDQJHV/# DQG# SURYLGLQJ# EDVLF
LQIRUPDWLRQ#WKURXJK#PDSV#DQG#VLPLODU#PHGLD1#$W
WKH#VDPH# WLPH/#ZH#KDYH#RSHQHG# WZR#QHZ#SDJHV
DW# RXU# ZHE# VLWH=# WKH# %0W1# 8VX# 3DJH%# DQG# WKH
%0L\DNH# DQG# .RX]X# ,VODQGV# 3DJH%# WR# SURYLGH
SHRSOH# LQ# -DSDQ# ZLWK# LQIRUPDWLRQ# RQ# WKHVH
LPSRUWDQW#PDWWHUV1
+85/# # KWWS=22ZZZ1JVL1JR1MS2,
0RVW# RI# WKH# LQIRUPDWLRQ# LQ# WKHVH# GLVDVWHU
SUHYHQWLRQ# DFWLYLWLHV# KDV# EHHQ# JHRJUDSKLF
LQIRUPDWLRQ1# %XW# ZKLOH# PDQ\# SURSRVDOV# KDYH
EHHQ#PDGH# IRU# WKH# XWLOL]DWLRQ# RI#*,6/# WKHUH# LV
DOPRVW#QR#SODFH#LQ#-DSDQ#ZKHUH#LW#KDV#EHHQ#XVHG
DW# DQ# DFWXDO# GLVDVWHU# VLWH1# 7KH# *HRJUDSKLFDO
6XUYH\# ,QVWLWXWH# KDV# D# ZHDOWK# RI# LQIRUPDWLRQ
QHHGHG#WR#IRUPXODWH#YROFDQR#GLVDVWHU#SUHYHQWLRQ
SROLF\1#7R#HIIHFWLYHO\#XWLOL]H#WKLV#LQIRUPDWLRQ#IRU
GLVDVWHU# SUHYHQWLRQ# DQG# UHVWRUDWLRQ# DFWLYLWLHV/# LW
LV# QHFHVVDU\# WR# FRPSLOH# YROFDQR# GDWD# IRU# *,6
DQG# HVWDEOLVK# D# V\VWHP# WKDW# FDQ# SURYLGH# WKLV
LQIRUPDWLRQ#TXLFNO\1

,Q# 0DUFK# 4<<;/# WKH# *HRJUDSKLFDO# 6XUYH\
,QVWLWXWH#EHJDQ#PRQLWRULQJ#HDUWKTXDNHV#LQ#WKH#0W1
,ZDWH# DUHD# ZKLFK# KDG# EHHQ# VLJQDOLQJ# WKH
YROFDQR*V# UHDZDNHQLQJ1#'XULQJ# WKLV# ILUVW# XVH# RI
YROFDQR# GDWD# IRU# *,6/# ZH# ORRNHG# DW# VSHFLILF
ZD\V# WR# FRPSLOH# DQG# SURYLGH# SHUWLQHQW# GDWD1
7KHQ#ZH#FRPSLOHG#D#&'05#YHUVLRQ#RI#%*,6#'DWD
IRU# 'LVDVWHU# 3UHYHQWLRQ# DW# 0W1# ,ZDWH%# WKDW
LQFOXGHG# GDWD# IURP# UHODWHG# RUJDQL]DWLRQV1# 7KLV
ZDV#GLVWULEXWHG#WR#UHOHYDQW#RUJDQL]DWLRQV#LQ#HDUO\
1RYHPEHU1#7KH#QH[W#\HDU/#D#GLVDVWHU#SUHYHQWLRQ
PDS# ZDV# DGGHG# WR# WKH# LQIRUPDWLRQ/# GDWD# IURP
REVHUYDWLRQ# RUJDQL]DWLRQV# ZHUH# FRUUHFWHG/# HWF1/
DQG#FRPSLOHG#LQWR#D#QHZ#&'05#FDOOHG#%*,6#'DWD
IRU#'LVDVWHU#3UHYHQWLRQ#DW#0W1#,ZDWH%/#ZKLFK#ZDV
QRW# RQO\# GLVWULEXWHG# WR# UHOHYDQW# RUJDQL]DWLRQV/
EXW#DOVR#PDGH#DYDLODEOH#WR#WKH#JHQHUDO#SXEOLF#YLD
WKH#,QWHUQHW1

)XUWKHUPRUH/# VLQFH# WKH# HUXSWLRQ# RI#0W1#8VX# LQ
0DUFK# 5333# DQG# WKH# UHDZDNHQLQJ# RI# YROFDQLF
DFWLYLW\#RQ#0L\DNH#,VODQG#LQ#-XQH#5333/#ZH#KDYH
EHHQ#XVLQJ#RXU#H[SHULHQFHV#ZLWK#0W1#,ZDWH#WR#SXW
RXU#GDWD#LQ#D#PDQXDO#IRUPDW#WKDW#FDQ#EH#SURYLGHG
HYHQ#PRUH#TXLFNO\1

7KLV# SDSHU# GHVFULEHV# %*,6#'DWD# IRU#0W1#8VX/%
DQG#GLVFXVVHV#PHWKRGV#IRU#LWV#SURYLVLRQ#DQG#XVH1

51#&21',7,21#2)#*,6#)25
35(9(17,1*#92/&$12

',6$67(56

2XU#H[SHULHQFHV#ZLWK#0W1#8VX#KDYH#JLYHQ#XV#WKH
IROORZLQJ#LGHDV#UHJDUGLQJ#WKH#DUHDV#LQ#ZKLFK#WKLV
W\SH#RI#*,6#FDQ#EH#XVHG1
+4,# 7HFKQLFDO# RUJDQL]DWLRQV# VXFK# DV# WKH
&RRUGLQDWLQJ# &RPPLWWHH# IRU# 3UHGLFWLRQ# RI
9ROFDQLF# (UXSWLRQ# LQYHVWLJDWH# DOO# WKH# GDWD
SURYLGHG# E\# RWKHU# RUJDQL]DWLRQV# WR# GHWHUPLQH
FXUUHQW#FRQGLWLRQV#DQG#PDNH#SUHGLFWLRQV#IRU# WKH
IXWXUH1
+5,# 2UJDQL]DWLRQV# VXFK# DV# GLVDVWHU# SUHYHQWLRQ
KHDGTXDUWHUV#DW#WKH#VLWH#H[DPLQH#DOO#WKH#PDWHULDOV
SURYLGHG# E\# RWKHU# RUJDQL]DWLRQV# WR# IRUPXODWH
PHDVXUHV# WR# HVWDEOLVK# HYDFXDWLRQ# VLWHV/# WUHDW
GLVDVWHU#YLFWLPV/# UHGXFH# WKH#DPRXQW#RI#GDPDJH/
SURYLGH# HPHUJHQF\# UHOLHI# DQG# KHOS# ZLWK
UHVWRUDWLRQ1
+6,#,QVWUXFWLRQ/#VDIHW\#FRQILUPDWLRQV/#HWF1/#VKRXOG
EH#SURYLGHG# WR#UHVLGHQWV#E\#SROLFH/#ILUH#ILJKWHUV/
VHOI0GHIHQVH# IRUFHV# +QDWLRQDO# JXDUG,/# HWF1/# IRU
HPHUJHQF\# HYDFXDWLRQV/# UHVFXLQJ# YLFWLPV/# DQG
DOORZLQJ# HYDFXHHV# WR# UHWXUQ# KRPH# WR# UHWULHYH
QHFHVVDU\#LWHPV1
+7,# ,QIRUPDWLRQ# VKRXOG# EH# SURYLGHG# WR# ORFDO
UHVLGHQWV/# WKH# QHZV# PHGLD/# DQG# WKH# -DSDQHVH
SHRSOH1

2QH# RI# WKH# SUREOHPV# ZLWK# +4,# DQG# +5,# LV# WKDW
GLIIHUHQW#RUJDQL]DWLRQV#SUHSDUH#GLIIHUHQW#PDSV#WR
GHSLFW# REVHUYDWLRQ# GDWD/# PDNLQJ# LW# GLIILFXOW# WR
GLUHFWO\# RYHUOD\# LQIRUPDWLRQ# IRU# LQWHUSUHWDWLRQ1
7KHUHIRUH/# WKHUH#ZRXOG#EH#PXFK#PHULW#IRU# WKHVH



RUJDQL]DWLRQV# WR#GR# VRPHWKLQJ#DV# VLPSOH#DV#XVH
WKH# VDPH# EDVH# PDS1# )XUWKHUPRUH/# LI# WKH# PDLQ
LQIRUPDWLRQ# IURP# WKH# YDULRXV# RUJDQL]DWLRQV
FRXOG# EH# SURYLGHG# DV# QXPHULFDO# GDWD# EDVHG# RQ
FRPPRQ# EDVH#PDSV/# WKLV# LQIRUPDWLRQ# FRXOG# EH
RYHUODLG# RQ# *,6# WR# HQDEOH# PRUH# UDSLG# DQG
DFFXUDWH#LQYHVWLJDWLRQ1

,Q# DGGLWLRQ/# UHJDUGLQJ# DVSHFW# +6,/# PHPEHUV# RI
VXSSRUW#XQLWV#PLJKW#QRW#DOZD\V#EH#IDPLOLDU#ZLWK
WKH# ORFDO# JHRJUDSK\/# VR# LW# PLJKW# WDNH# WLPH# WR
SURYLGH# JXLGDQFH# IRU# UHVLGHQWV# DQG# PDNH# WKH
QHFHVVDU\#FRQILUPDWLRQV1

)LQDOO\/# UHJDUGLQJ# DVSHFW# +7,/# LI# WKH# EDVH#PDSV
IRU# WKH# WUDQVPLWWHG# LQIRUPDWLRQ# DUH# FRQIOLFWLQJ/
WKLV# ZLOO# FDXVH# XQQHFHVVDU\# FRQIXVLRQ# ZLWK
UHVLGHQWV#DQG#RWKHUV1

0RVW#RI#WKHVH#SUREOHP#SRLQWV#VKRXOG#EH#UHVROYHG
WR#VRPH#H[WHQW#E\#WKH#XVH#RI#*,6#WKDW#LV#EDVHG#RQ
FRPPRQ# PDS# GDWD1# +HUH/# ZH# KDYH# DLPHG# WR
GHYHORS#*,6#E\#FRQFHSWXDOL]LQJ#+4,#DQG#+5,1

,Q# WKLV# FDVH/# WKH# FRQGLWLRQV# ZH# FRQVLGHUHG# IRU
GHULYLQJ# GLVDVWHU0SUHYHQWLRQ# *,6# ZHUH# DV
IROORZV=
+4,# 7KHUH# DUH#PXOWLSOH# RUJDQL]DWLRQV# WKDW# ERWK
UHFHLYH#DQG#WUDQVPLW#LQIRUPDWLRQ/#DQG#WKH\#KDYH
GLIIHUHQW# H[SHULHQFHV#ZLWK#*,61#7KHUHIRUH/#*,6
DSSOLFDWLRQ# VKRXOG# EH# PDGH# DV# XQLYHUVDO# DQG
VLPSOH#DV#SRVVLEOH1
+5,#$#IUDPHZRUN#VKRXOG#EH#FUHDWHG#DQG#PDQDJHG
WR#SURYLGH#QHZ#GDWD#RQ#D#GDLO\#EDVLV1
+6,# 7KH# *,6# VKRXOG# EH# DEOH# WR# 4,# LQFRUSRUDWH
SURYLGHG# GDWD#ZLWKRXW#PRGLILFDWLRQ/# 5,# GLVSOD\
FKRLFHV# DQG# RYHUOD\V/# 6,# HQODUJH# DQG# UHGXFH
YLVXDO# DWWULEXWHV/# 7,# VHW# XS# FRORUV# DQG# 8,#PRYH
GDWD/#DPRQJ#RWKHU#IXQFWLRQV1
+7,#,Q#RUGHU#WR#LPSURYH#FRPSDWLELOLW\#RI#DQDO\VHV
XVLQJ# PRUH# LQWHJUDWHG# *,6# VRIWZDUH/# WKH
JHRJUDSKLF#GDWD#IRUPDW#VKRXOG#EH#DV#XQLYHUVDO#DV
SRVVLEOH1

61#'(6&5,37,21#2)#%*,6#'$7$#)25#071
8VX%

+4,#'HVFULSWLRQ#RI#GDWD

%*,6#'DWD#IRU#0W1#8VX%#FDQ#EH#URXJKO\#GLYLGHG
LQWR# EDVH# PDS# GDWD# DQG# WKHPDWLF# LQIRUPDWLRQ1
%DVH# PDSV# LQFOXGH# 4=533/333# VFDOH# UHJLRQDO
PDSV/# DQG# 4=58/333# DQG# 4=8/333# VFDOH
WRSRJUDSKLF# PDSV1# 7KHPDWLF# LQIRUPDWLRQ
FRQVLVWV# RI# LQIRUPDWLRQ# RQ# SXEOLF# IDFLOLWLHV/
JHRJUDSKLF# QDPHV/# UHVXOWV# RI# WULDQJXODWLRQ# DQG
EHQFKPDUN# FDOFXODWLRQV/# DQG# GLDJUDPV# VKRZLQJ
ODQG#FRQGLWLRQV#DURXQG#YROFDQRHV1#7KHUH# LV#DOVR
LQIRUPDWLRQ# FROOHFWHG# IURP# WKH# 8VX# HUXSWLRQ/
ZKLFK# LQFOXGHV# *36# REVHUYDWLRQ# SRVLWLRQLQJ
LQIRUPDWLRQ/# YHUWLFDO# IOXFWXDWLRQ# GHULYHG# IURP
OHYHOLQJ#VXUYH\V/#OHYHOLQJ#REVHUYDWLRQ#URXWH#PDS/
SULQFLSDO# SRLQW# SRVLWLRQLQJ# LQIRUPDWLRQ# IURP
FRORU# DHULDO# SKRWRJUDSKV/# LQIRUPDWLRQ# RQ# ODQG
GHIRUPDWLRQ/# DQG# GLDJUDPV# VKRZLQJ# FKDQJHV
FDXVHG#E\#JURXQG#XSKHDYDO1#7KH#IROORZLQJ#LV#DQ
H[SODQDWLRQ# RI# LQIRUPDWLRQ# JDWKHUHG# GXULQJ
WLPHV#RI#HPHUJHQF\1

*36# REVHUYDWLRQ# SRVLWLRQLQJ# LQIRUPDWLRQ# LV
FRPSRVHG#RI# WKH#HOHFWURQLF#FRQWURO#SRLQW#RI# WKH
*HRJUDSKLFDO# 6XUYH\# ,QVWLWXWH# +FRQWLQXRXV
REVHUYDWLRQ# SRLQW,# DQG# WKH# GDWD# IURP# WKH
WHPSRUDU\#*36#REVHUYDWLRQ#SRLQWV#WKDW#ZHUH#VHW
XS# DIWHU# WKH# HUXSWLRQ1# ,W# DOVR# FRQWDLQV# DWWULEXWH
GDWD# WKDW# KDV# EHHQ# DGGHG# IURP# UHFHLYHUV
+7ULPEOH# RU# $VKWHF,# GDWD# RQ# REVHUYDWLRQ
LQLWLDWLRQ/#HWF1

7KH# YHUWLFDO# IOXFWXDWLRQ# GHULYHG# IURP# OHYHOLQJ
VXUYH\V# FRQVLVWV# RI# OHYHOLQJ# UHVXOWV# REWDLQHG
EHIRUH# WKH# HUXSWLRQ# RI# 8VX/# DQG# DIWHU# WKH
HUXSWLRQ# +0D\# DQG# -XQH,/#ZKLFK#ZHUH# XVHG# WR
FUHDWH#UHODWLYH#IOXFWXDWLRQ#GDWD#+SUH0HUXSWLRQ#DQG
0D\# REVHUYDWLRQV/# SUH0HUXSWLRQ# DQG# -XQH
REVHUYDWLRQV,1

7KH# OHYHOLQJ#REVHUYDWLRQ#URXWH#PDS# LV#EDVHG#RQ
GDWD# REWDLQHG# IURP# OHYHOLQJ# VXUYH\# DIWHU# WKH



HUXSWLRQ#+0D\#DQG#-XQH,1

3ULQFLSDO# SRLQW# SRVLWLRQLQJ# LQIRUPDWLRQ# ZDV
GHULYHG#IURP#D#VHULHV#RI#FRORU#DHULDO#SKRWRJUDSKV
WDNHQ#E\#WKH#*HRJUDSKLFDO#6XUYH\#,QVWLWXWH#DIWHU
WKH# HUXSWLRQ# RI# 8VX1# 7KHVH# SKRWRV# FRPH# ZLWK
DWWULEXWH# LQIRUPDWLRQ# VXFK# DV# FRXUVH# DQG# SKRWR
QXPEHUV1

/DQG# GHIRUPDWLRQ# LQIRUPDWLRQ# LV# FRPSLOHG# E\
WRSRJUDSKLF#LQWHUSUHWDWLRQ#PDGH#IURP# WKH#DERYH
FRORU#DHULDO#SKRWRV1#,W#FRPSULVHV#GDWD#RQ#FUDWHUV/
S\URFODVWLF# PRXQGV/# IDXOWV/# ILVVXUHV/# DUHDV# RI
PXG#GHSRVLWLRQ/#DQG#WLPH0VHULHV#GDWD#+:#SHULRGV,

IRU#DUHDV#RI#QRWDEOH#JURXQG#XSKHDYDO1

8SKHDYDO#PDSV#FRQWDLQ#LQIRUPDWLRQ#SURYLGHG#E\
WKH#3XEOLF#:RUNV#5HVHDUFK#,QVWLWXWH1#7KHVH#PDSV
GHSLFW# GLIIHUHQFHV# LQ# GLJLWDO# HOHYDWLRQ# PRGHOV
+'(0V,#IRU#WZR#SHULRGV#+6264#DQG#7259,#DURXQG
WKH#1:#EDVH#RI#8VX# WKDW#ZHUH#FUHDWHG#ZLWK#DQ
DHULDO#ODVHU#PHDVXUHPHQW#V\VWHP1

+5,#)RUPDWV#RI#VRIWZDUH/#GDWD/#HWF1

6RPH# RUJDQL]DWLRQV# GR#QRW# KDYH#*,6# VRIWZDUH/
ZKLOH#RWKHUV#KDYH#YHUVLRQV# WKDW#KDYH#OLWWOH#RU#QR
FRPSDWLELOLW\#ZLWK#RWKHU#YHUVLRQV1#7KHUHIRUH/# WR

7DEOH#4# # *,6#'DWD#IRU#0W1#8VX
)RXU#4=533/333
UHJLRQDO#PDSV

0XURUDQ/#7RPDNRPDL/#,ZDQDL/
6DSSRUR

0DS#LPDJHV
+UDVWHU,

6HYHQ#4=58/333
WRSRJUDSKLF#PDSV

'DWH/#0DUHSSX/#$EXWD/#6RXEHWVX/
7R\RXUD/#7RX\D/#1DNDWRX\D

)RXU#4=533/333
UHJLRQDO#PDSV

0XURUDQ/#7RPDNRPDL/#,ZDQDL/
6DSSRUR

6HYHQ#4=58/333
WRSRJUDSKLF#PDSV

'DWH/#0DUHSSX/#$EXWD/#6RXEHWVX/
7R\RXUD/#7RX\D/#1DNDWRX\D

%DVH#PDS
GDWD

3ULQFLSDO#GDWD
+YHFWRU,

)RXU#4=8/333
WRSRJUDSKLF#PDSV

;,03)063264/#64265/#73274/#74275

3RVLWLRQ#UHIHUHQFH
LQIRUPDWLRQ

3XEOLF#IDFLOLWLHV/
JHRJUDSKLF#QDPHV

1DWLRQDO#RUJDQL]DWLRQV/#ORFDO#SXEOLF
ERGLHV/#VFKRROV/#ILUH#VWDWLRQV/
KRVSLWDOV/#SROLFHV/#SRVW#RIILFHV/
JHRJUDSKLF#QDPHV

2EVHUYDWLRQ0UHODWHG
LQIRUPDWLRQ

&RQWURO#SRLQW#UHVXOWV/
*36#REVHUYDWLRQ
SRLQWV/#DHULDO#SKRWRV/
OHYHOLQJ#URXWH#PDSV/
HWF1

7ULDQJXODWLRQ#UHVXOWV/#EHQFKPDUN
UHVXOWV/#*36#REVHUYDWLRQ#SRLQW
LQIRUPDWLRQ/#SULQFLSDO#SRLQW
SRVLWLRQLQJ#LQIRUPDWLRQ#IURP#DHULDO
SKRWRJUDSKV/#OHYHOLQJ#URXWH#PDSV/
HWF1

/DQGIRUP
FODVVLILFDWLRQ

9ROFDQR#ODQG#FRQGLWLRQ
PDS#³0W1#8VX´

&DOGHUD#ZDOO/#DWULR/#ODYD#GRPH/
FU\SWRGRPH/#VFRULD#FRQH/#HWF1

/DQGIRUP#FKDQJH
LQIRUPDWLRQ

5HVXOWV#RI#SKRWR
DQDO\VHV

&UDWHU/#IDXOW2ILVVXUH/#VLJQLILFDQW
XSKHDYDO#DUHD/#PXG#DFFXPXODWLRQ
DUHD/#HWF1

7KHPDWLF
LQIRUPDWLRQ

8SKHDYDO#OHYHO
LQIRUPDWLRQ

8SKHDYDO#OHYHO#FKDQJH
PDS

'LIIHUHQFHV#LQ#'(0V#IRU#WZR
SHULRGV#DURXQG#WKH#1:#EDVH#RI#8VX



SURPRWH#WKH#JUHDWHVW#FRPPRQDOLW\#ZLWK#WKH#OHDVW
HIIRUW/# ZH# FRQVLGHUHG# XVLQJ# IUHH# $UF([SORUHU
VRIWZDUH# +(65,/# ,QF1/# 86$,# DQG# SURYLGLQJ# D
UHODWLYHO\#YHUVDWLOH#GDWD# IRUPDW1#$V#D# UHVXOW/#ZH
GHFLGHG# WR# XVH# LPDJH# GDWD# LQ# 7LII# IRUPDW/# DQG
YHFWRU#GDWD#LQ#(65,#6KDSH#)LOH#IRUPDW1

$UF([SORUHU# FDQ# GLVSOD\# DOO# W\SHV# RI# GDWD
VHOHFWLRQV/# HQODUJH# DQG# UHGXFH# LPDJHV/# GLVSOD\
DWWULEXWHV# DQG# VHDUFK# FRQGLWLRQV/# DPRQJ# RWKHU
IXQFWLRQV1# 7R# VHW# V\PEROV/# FRORUV/# HWF1/# IRU
GLVSOD\# ZLWK# $UF([SORUHU/# ZH# FRQVLGHUHG
SRWHQWLDO# VWDQGDUG# GLVSOD\V# DQG# FUHDWHG# SURMHFW
ILOHV# +1DHS,1#'RXEOH0FOLFNLQJ# WKHVH# SURMHFW# ILOHV
+1DHS,# DOORZV# WKH# XVHU# WR# FDOO# XS# VWDQGDUGL]HG
GLVSOD\V# RI# WKH# DERYH# GDWD1# :H# KDYH# DOVR
SUHSDUHG#ILOHV# LQ# +1DSU,#IRUPDW# IRU#RUJDQL]DWLRQV
WKDW#KDYH#$UF9LHZ#VRIWZDUH1

+6,#&RRUGLQDWH#V\VWHP

7KH# IRUPXODWLRQ#RI#YROFDQR#GLVDVWHU#SUHYHQWLRQ
SROLFLHV# UHTXLUHV# QRW# RQO\# GDWD# IURP
*HRJUDSKLFDO# 6XUYH\# ,QVWLWXWH/# EXW# DOVR# WKH
FROOHFWLRQ#DQG#LQWHJUDWLRQ#RI#YDVW#DPRXQW#RI#GDWD
IURP# UHODWHG# RUJDQL]DWLRQV# LQ# RUGHU# WR
XQGHUVWDQG# FXUUHQW# FRQGLWLRQV1# 7KHUHIRUH/# ZH
FRQVLGHUHG# D# FRRUGLQDWH# V\VWHP# WKDW# FRXOG# EH
XVHG#ZLWK#PDQ\# W\SHV# RI# LQIRUPDWLRQ# WR#PDNH
WKH# FUHDWLRQ# RI# GDWDEDVHV# PRUH# HIILFLHQW# DQG
IDFLOLWDWH# WKH# FRPSLODWLRQ# RI# XQLTXH# GDWD# IURP
HDFK# RUJDQL]DWLRQ1# )RU# WKLV# SXUSRVH/# ZH# KDYH
SUHSDUHG# WZR# W\SHV# RI# FRRUGLQDWH# V\VWHPV=# %/
+JHRJUDSKLFDO# FRRUGLQDWHV,# DQG# ;<# +SODQH
UHFWDQJXODU# FRRUGLQDWHV,1# 'DWD# FDQ# EH# RYHUODLG
RQO\# LQ# ILOHV# EDVHG# RQ# WKH# VDPH# FRRUGLQDWH
V\VWHP1# 6LQFH# LPDJH# GDWD# +UDVWHU# GDWD,# IURP
4=533/333# UHJLRQDO# PDSV# DQG# 4=58/333
WRSRJUDSKLF#PDSV# DUH# FRQYHUWHG# LQWR# HLWKHU#%/
RU# ;<# FRRUGLQDWHV/# WKH\# DUH# GLIIHUHQW# IURP
SXEOLVKHG#LPDJH#GDWD1

71#3529,6,21#2)#%*,6#'$7$#)25# #0W1
8VX%

+4,#&'05#IRUPDW

:H#EHJDQ#FRPSLOLQJ#D#GDWDEDVH#IRU#*,6#LQ#0D\/
ILQLVKHG#LW#LQ#PLG0-XQH/#DQG#GLVWULEXWHG#LW#LQ#&'0
5# IRUPDW# WR# UHOHYDQW# RUJDQL]DWLRQV1#7KHVH#&'0
5V# FRQWDLQ# SURMHFW# ILOHV/# GDWD# ILOHV/# D# VHW0XS
SURJUDP# IRU# $UF([SORUHU/# FKDUW# ILOHV# IRU# *,6
GDWD/#D#GHPRQVWUDWLRQ# ILOHV/#DQG#D#5HDG0H# ILOH1
(DFK#&'05# LV#KRXVHG# LQ#D#FDVH# WKDW#KDV# VLPSOH
GLUHFWLRQV#IRU#XVH#RQ#WKH#EDFN#RI#WKH#FRYHU#VKHHW1

:H# GHFLGHG# WR# SUHSDUH# %*,6# 'DWD# IRU#0L\DNH
,VODQG/# HWF1%# DW# WKH# HQG# RI# $XJXVW# DQG# KHOG# D
SUHVV#FRQIHUHQFH#RQ#6HSWHPEHU#;#WR#DQQRXQFH#LWV
UHOHDVH1# 7KLV# VRIWZDUH# ZDV# GLVWULEXWHG# WR# WKH
VDPH# RUJDQL]DWLRQV# WKDW# KDG# UHFHLYHG# WKH# 8VX
VRIWZDUH1

+5,#$FFHVV#YLD#WKH#,QWHUQHW

%HFDXVH# QHZ# LQIRUPDWLRQ# LV# EHLQJ# REWDLQHG
HYHU\# GD\/# DQG# WKLV# LQIRUPDWLRQ# VKRXOG# EH
UHOHDVHG# LQ# D# WLPHO\# PDQQHU# WR# KHOS# ZLWK# WKH
IRUPXODWLRQ#RI#GLVDVWHU#SROLF\/#ZH#FUHDWHG#D#VLWH
WR#SURYLGH#DFFHVV#WR#EDVH#PDSV#DQG#WKHPH#PDSV
WKURXJK# WKH# *HRJUDSKLFDO# 6XUYH\# ,QVWLWXWH*V
KRPH#SDJH1#7KLV#VLWH#ZDV#RSHQHG#LQ#6HSWHPEHU1

)RUWXQDWHO\/# WKH#DFWLYLW\#RI# WKH#8VX#YROFDQR#KDV
EHHQ#JUDGXDOO\#GLPLQLVKLQJ/#DQG#PRUH#DQG#PRUH
UHVLGHQWV#DUH#EHLQJ#DOORZHG#EDFN#WR#WKHLU#KRPHV/
VR# ZH# ZHUH# QHYHU# DEOH# WR# SURYLGH# UHDO0WLPH
LQIRUPDWLRQ# RQ# D# SUDFWLFDO# EDVLV1#+RZHYHU/#ZH
FRQGXFWHG# VRPH# H[SHULPHQWV# WR# SUHSDUH# IRU# D
VLPLODU#GLVDVWHU# WKDW#PD\#RFFXU#VRPHWLPH# LQ# WKH
IXWXUH1

:H# DOVR# VHW# XS# D# XVHU# UHJLVWUDWLRQ# FRUQHU# IRU
RUJDQL]DWLRQV# UHODWHG# WR# HUXSWLRQV# DQG# GLVDVWHU
SUHYHQWLRQ#VR#WKDW#WKRVH#UHJLVWHUHG#RUJDQL]DWLRQV
FDQ#UHFHLYH#XS0WR0GDWH#LQIRUPDWLRQ#E\#H0PDLO1



81#7+(#86(#2)#%*,6#'$7$#)25#0W1#868%

+4,#'LVSOD\

%DVH#PDSV#FDQ#EH#GLVSOD\HG# LQ#GLIIHUHQW#VFDOHV1
,Q#WKH#FDVH#RI#SDSHU#PDSV/#GLIIHUHQW#VHWV#RI#PDSV
KDYH# WR# EH# XVHG# IRU# GLIIHUHQW# VFDOHV/# EXW# *,6
VRIWZDUH# DOORZV# XVHUV# WKH# FRYHUHG# DUHD# WR# EH
HDVLO\# FRQYHUWHG# WR# WKH# UHTXLUHG# VFDOH# RQ# WKH
FRPSXWHU#VFUHHQ#GLVSOD\1#7KLV#PDNHV#LW#HDVLHU#WR
XQGHUVWDQG#FRQGLWLRQV#DW#WKH#VFHQH#RI#D#GLVDVWHU1

%*,6# 'DWD# IRU# 0W1# 8VX%# LQFOXGH# LPDJH# DQG
YHFWRU#GDWD#IURP#4=533/333#VFDOH#UHJLRQDO#PDSV/
DQG# 4=58/333# WRSRJUDSKLF# PDSV/# DV# ZHOO# DV
YHFWRU# GDWD# IURP# 4=8/333# WRSRJUDSKLF# PDSV1
7KHVH# PDSV# KDYH# VRPH# FRPSDWLELOLW\# LVVXHV
GHSHQGLQJ#RQ#WKH#VFDOH#GLVSOD\#RQ#WKH#VFUHHQ1#%\
XVLQJ# WKH#IXQFWLRQ# IRU#VHWWLQJ# WKH#PLQLPXP#DQG
PD[LPXP# VFDOHV# RI# $UF([SORUHU/# VPDOO0VFDOH
GLVSOD\# RI# DQ# HQWLUH# LPDJH# FDQ# EH# 4=533/333
YHFWRU#GDWD>#EXW/#DV# WKH# LPDJH# LV#HQODUJHG/#VFDOH
LV# DXWRPDWLFDOO\# FRQYHUWHG# WR# 4=533/333# UDVWHU
GDWD/#4=58/333#YHFWRU#GDWD/#4=58/333#UDVWHU#GDWD/
DQG#4=8/333#YHFWRU#GDWD/#LQ#WKDW#RUGHU1

,Q# DGGLWLRQ/# IRU# EORFNHG# RXW# GDWD# VXFK# DV# ODQG
FODVVLILFDWLRQ#GDWD/#ODQG#GHIRUPDWLRQ#LQIRUPDWLRQ/
HWF1/# IURP# YROFDQR# ODQG# FRQGLWLRQ# PDSV/# WKH
SURJUDPV#PDNHV#KDOI0WRQH#GLVSOD\V#VR#WKDW#UDVWHU
LPDJHV#RI#WKH#EDVH#PDS#FDQ#EH#VHHQ1

+5,# ([DPSOHV# RI# ODQGIRUP# FODVVLILFDWLRQ# DQG
GLVSOD\V#RI#WKH#FUDWHU#LQ#WKH#SUHVHQW#VWXG\

)LJXUH# 4# LV# DQ# RYHUOD\# PDS# VKRZLQJ# YROFDQR
ODQG#FRQGLWLRQV/#WKH#FUDWHU#DQG#DUHD#RI#XSKHDYDO
DV# 4=58/333# PDS# LPDJHV1# 9ROFDQR# ODQG
FRQGLWLRQV#DUH#XVHG#WR#VKRZ#SDVW#ODYD#GRPH1#:H
FDQ# FOHDUO\# VHH# WKDW# WKH# PRVW# UHFHQW# DUHD# RI
DFWLYLW\# ZDV# DW# WKH# ZHVWHUQ# HGJH# RI# WKLV# DUHD/
DZD\#IURP#WKH#KDUG#ODYD#GRPH1

)LJ14

+6,#([DPSOH#RI#LQWHUSUHWHG#ODQG#GHIRUPDWLRQ

)LJXUH# 5# VKRZV# WKH# JHRORJLFDO# DWWULEXWHV
LQWHUSUHWHG# IURP# DHULDO# SKRWRJUDSKV# WDNHQ# RQ
$SULO#6/#53331# ,QIRUPDWLRQ#RQ# WKH#FUDWHU/# IDXOWV/
ILVVXUHV/# DUHD# RI# FRQVSLFXRXV# XSKHDYDO/# DUH
RYHUODLG#DV#4=58/333#PDS# LPDJHV#WR#DOORZ#PRUH
VXLWDEOH#LQYHVWLJDWLRQV#WR#EH#PDGH1#)XUWKHUPRUH/
RYHUOD\LQJ#WKLV#LQIRUPDWLRQ#ZLWK#GDWD#IURP#RWKHU
RUJDQL]DWLRQV# VKRXOG# LQFUHDVH# WKH# HIIHFWLYHQHVV
RI#LQWHUSUHWDWLRQV#LQ#JHQHUDO1

)LJ1#5



+7,# ([DPSOH# RI# GLVSOD\LQJ# SRVLWLRQV# RI# SXEOLF
IDFLOLWLHV

)LJXUH# 6# LV#DQ#H[DPSOH#RI#SXEOLF# IDFLOLWLHV#GDWD
RYHUODLG# RQ# D# 4=533/333# PDS# LPDJH1# %\
RYHUOD\LQJ# WKLV# LPDJH# ZLWK# LQIRUPDWLRQ# RQ
GHVLJQDWHG# HYDFXDWLRQ# DUHDV/# URDG# UHVWULFWLRQV/
HWF1/# LW# FDQ# EH# XVHG# WR# FRQVLGHU# HYDFXDWLRQ
PHDVXUHV#DQG#SURYLGH#LQIRUPDWLRQ#WR#UHVLGHQWV1

)LJ16

+8,#([DPSOH#RI#DWWULEXWH#GLVSOD\

)LJXUH# 7# LV# DQ# LPDJH#RI#GHWDLOHG#SXEOLF# IDFLOLW\
DWWULEXWHV# WKDW#ZDV# FUHDWHG#XVLQJ# WKH# LQGLYLGXDO
DWWULEXWH# GLVSOD\# IXQFWLRQ# RI# $UF([SORUHU1# %\
PDQDJLQJ# DWWULEXWH# GDWD# WKDW# DXWKRULWLHV# VKRXOG
EH#DZDUH#RI/# VXFK#DV# WKH#QXPEHU#RI# IDPLOLHV# LQ
HYDFXDWLRQ# VKHOWHUV/# QXPEHU# RI# SDWLHQWV# LQ
KRVSLWDOV/# HWF1/# WKHVH# GDWD# FDQ# EH# GLVSOD\HG# RQ
*,6# WR# LPSURYH# WKH# HIILFLHQF\# RI# HPHUJHQF\
UHVSRQVH1

)LJ17

+9,#([DPSOH#RI#FRQGLWLRQ#VHDUFK

)LJXUH# 8# VKRZV# DQ# H[DPSOH# RI# D# VHDUFK# RI
KRVSLWDOV# LQ#'DWH#&LW\# WKDW#ZDV#PDGH#XVLQJ# WKH
FRQGLWLRQ# VHDUFK# IXQFWLRQ# RI# $UF([SORUHU1# 7KH
VHDUFK# WXUQHG# XS# WKH#'DWH#5HG#&URVV#+RVSLWDO1
:H# IHHO# WKDW# WKLV# W\SH# RI# VHDUFK# IXQFWLRQ# FDQ
PDNH#PDQ\# NLQGV# RI# XVHV# SRVVLEOH# DV# VRRQ# DV
DWWULEXWH#GDWD#DUH#HQWHUHG1

)LJ18

+:,# ([DPSOH# RI# KLJKOLJKWHG# GLVSOD\# RI# VHDUFK
UHVXOWV

)LJXUH#9# LV#D#GLVSOD\#RI#FU\SWRGRPH#PDGH#ZLWK
WKH# FRQGLWLRQ# VHDUFK# IXQFWLRQ1# 5HVXOWV# DUH
KLJKOLJKWHG#LQ#UHG#RQ#WKH#PDS1



)LJ1#9

+;,#8VH#RI#RWKHU#W\SHV#RI#*,6#VRIWZDUH

)RU#H[DPSOH/#WKH#XVH#RI#$UF9LHZ#FDQ#OLQN#LPDJH
GDWD# IURP#DHULDO#SKRWRJUDSKV#ZLWK# WKH#SULQFLSDO
SRLQW#LQIRUPDWLRQ#IURP#WKHVH#SKRWRV1#7KLV#PDNHV
LW# SRVVLEOH# WR# GLVSOD\# QHHGHG# SKRWRV# IURP# WKH
SRVLWLRQ#IURP#ZKLFK#WKH\#ZHUH#WDNHQ1

,Q#DGGLWLRQ/#LW#LV#HDV\#WR#DGG#RU#GHOHWH#ILJXUH#GDWD1
)RU# H[DPSOH/# VKRZLQJ# SRO\JRQ# LQIRUPDWLRQ
IURP# HYDFXDWHG# DUHDV# RQ# WKH# GLVSOD\# DQG
LQWHJUDWLQJ# LW# ZLWK# LQIRUPDWLRQ# RQ# UHVLGHQWV
ZRXOG#PDNH# LW# HDVLHU# WR# JUDVS# LQIRUPDWLRQ# RQ
UHVLGHQW#LQ#HYDFXDWHG#DUHDV1

91#&21&/86,21

%HFDXVH# RI# RXU# FRQYLFWLRQ# WKDW# *,6# ZRXOG# EH
HIIHFWLYH# LQ# DQDO\]LQJ# GDPDJH# FDXVHG# E\
YROFDQLF#HUXSWLRQV#ODVW#\HDU/#ZH#FRPSLOHG#D#GDWD
VHW# FDOOHG# %*,6#'DWD# IRU#0W1#8VX%1#7KLV# SDSHU
KDV# UHSRUWHG#RQ# WKH#FRQWHQWV#DQG#PHULWV#RI#*,6
XWLOL]DWLRQ1# +RZHYHU/# LQ# RUGHU# WR# XVH# *,6
VRIWZDUH#DQG#GDWD#WR#IRUPXODWH#DFWXDO#SROLFLHV#WR
SUHYHQW# YROFDQR# GLVDVWHUV/#PXFK# UHPDLQV# WR# EH
GRQH/# LQFOXGLQJ# HQKDQFLQJ# *,6# VRIWZDUH
IXQFWLRQV/# VWDQGDUGL]LQJ# LQIRUPDWLRQ# IURP
GLVDVWHU# SUHYHQWLRQ# KHDGTXDUWHUV# DQG# UHODWHG
RUJDQL]DWLRQV/# GHYHORSLQJ# QHZ# *,6# VRIWZDUH/
SUH0SURFHVVLQJ# GDWD# IRU# WKH# *,6# GDWDEDVH/# DQG

GHYHORSLQJ#D#VXLWDEOH#V\VWHP#IRU#*,61

:H#PXVW#FRQVLGHU#WKHVH#LVVXHV#DQG#ZRUN#WRZDUG
LPSOHPHQWLQJ#ZKDWHYHU#LV#IHDVLEOH1

,Q#UHFHQW#\HDUV/#PDQ\#*,60UHODWHG#VHPLQDUV#DQG
FRQIHUHQFHV#KDYH#EHHQ#KHOG#LQ#YDULRXV# ORFDWLRQV
WR# VSUHDG# WKH# ZRUG# DERXW# WKLV# LPSRUWDQW# WRRO1
/RFDO#JRYHUQPHQWDO#RUJDQL]DWLRQV#DUH#XVLQJ#*,6
WR# XSGDWH# LQIRUPDWLRQ# IURP# WKHLU# RZQ
WRSRJUDSKLF#PDSV# IRU# XUEDQ# SODQQLQJ/# GLVDVWHU
SUHYHQWLRQ/# DQG# SURYLGLQJ# LQIRUPDWLRQ# RQ
IDFLOLWLHV#DQG#KLVWRULFDO#VLWHV1

)LQDOO\/#E\#PDNLQJ#YDULRXV#W\SHV#RI#LQIRUPDWLRQ
RQ#-DSDQ*V#ODQG#DYDLODEOH#LQ#HOHFWURQLF#PHGLD/#WKH
,QWHUQHW# FDQ# EH# XVHG# WR/# IRU# H[DPSOH/# VLPXODWH
YROFDQLF#HUXSWLRQV/#SUHGLFW# ODYD#IORZ/#DQG#VHOHFW
HYDFXDWLRQ# VLWHV1#7KXV# WKLV#ZLOO#KHOS#DXWKRULWLHV
WR#SUHYHQW#YROFDQR0UHODWHG#GLVDVWHUV1

5HIHUHQFHV
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