
Uhdo0Wlph#Lqirupdwlrq#H{wudfwlrq#dqg#Ylvxdolvdwlrq

Wkh# lqfuhdvh# lq# dydlodelolw|# dqg#
diirugdelolw|# ri# zluhohvv# whfkqrorj|# kdv#
ohg# wr# d# surolihudwlrq# ri# odujh# zluhohvv#
vhqvru# qhwzrunv# +ZVQv,# zlwk# lqfuhdvlqj#
qxpehuv# ri# qrghv# ghsor|hg# wr# uhvroyh#
frpsoh{# ÓlqirupdwlrqdoÔ# sureohpv1#
W|slfdoo|/# krzhyhu/# qrghv# lq# wkhvh#
qhwzrunv# kdyh# olplwhg# uhvrxufhv#
lqfoxglqj# hqhuj|# +jlyhq# wkh# olplwhg#
edwwhu|# srzhu,/# phpru|/# frpsxwlqj#
srzhu#dqg#frppxqlfdwlrq#edqgzlgwk1#

Uhjdugohvv# ri# wkh# dssolfdwlrq# grpdlq#
dqg# ghsor|phqw# vfrsh/# wkh# delolw|# wr#
uhwulhyh# lqirupdwlrq# lv# fulwlfdo# wr# wkh#
vxffhvvixo# ixqfwlrqlqj# ri# dq|# ZVQ#
v|vwhp1#Lq# jhqhudo/# lqirupdwlrq#h{wudfwlrq#
surfhgxuhv# fdq#eh# fdwhjrulvhg# lqwr#wkuhh#
pdlq# dssurdfkhv=# djhqw0edvhg/# txhu|0
edvhg# dqg# pdfur0surjudpplqj1# Ri# wkh#
wkuhh/# txhu|0edvhg#v|vwhpv#duh#wkh#prvw#srsxodu#pdlqo|#ehfdxvh#wkh|#surylgh#d#xvdeoh/#kljk#
ohyho#lqwhuidfh#wr#wkh#vhqvru#qhwzrun#zkloh#devwudfwlqj#dzd|#vrph#ri#wkh#orz#ohyho#ghwdlov#olnh#wkh#
qhwzrun# wrsrorj|# dqg# udglr# frppxqlfdwlrq1# Lq# frqwudvw/# pdfur0surjudpplqj# surylghv# d# pruh#
jhqhudo0sxusrvh# dssurdfk# wr# glvwulexwhg# frpsxwdwlrq# frpsduhg# zlwk# wudglwlrqdo# txhu|0edvhg#
dssurdfkhv#dqg#irfxvhv#rq#surjudpplqj#wkh#qhwzrun#dv#d#zkroh#udwkhu#wkdq#surjudpplqj#wkh#
lqglylgxdo# ghylfhv# wkdw# irup# wkh# qhwzrun1# Wkh# djhqw0edvhg# dssurdfk# wdloruv# wkh# lqirupdwlrq#
h{wudfwlrq#phfkdqlvp#wr#wkh#w|sh#ri#lqirupdwlrq#qhhghg#dqg#wkh#frqiljxudwlrq#ri#wkh#qhwzrun#lw#
qhhgv#wr#eh#h{wudfwhg#iurp1#

Lq# wklv# surmhfw/# d# k|eulg# dssurdfk# wr# lqirupdwlrq# h{wudfwlrq# lv#
ghyhorshg# wkdw# dlpv# wr# uhwdlq# wkh# vlpsolflw|# dqg# hdvh# ri# xvh#ri#
txhu|0edvhg# dssurdfkhv# zkloh# doorzlqj# wkh# lqfoxvlrq# ri# xvhixo#
orjlfdo#devwudfwlrqv#surylghg#e|#pdfur0surjudpplqj#dssurdfkhv/#
wr#idflolwdwh#frqvwuxfwlrq#dqg#uhvroxwlrq#ri#pruh#srzhuixo#hqg0xvhu#
txhulhv1# Wklv# dssurdfk# dovr# lqfrusrudwhv# vrph# ri# wkh# sulqflsohv#
ri# djhqw0edvhg# v|vwhpv/# vxfk# dv# frooderudwlrq# dqg# lq0qhwzrun#
ghflvlrq# pdnlqj/# wr# dvvlvw# lq# txhu|# uhvroxwlrq1# Iroorzlqj# dq#
h{whqvlyh#vxuyh|#ri#wkh#olwhudwxuh#lq#wkh#duhd#ri#ZVQ#lqirupdwlrq#
h{wudfwlrq/# wkh# zrun# wr0gdwh# kdv# kljkoljkwhg# wkh# ehqhilwv# ri# lq0
qhwzrun# surfhvvlqj1#Wkh# ihdvlelolw|# ri# wkh# dssurdfk# kdv# ehhq#
ghprqvwudwhg#wkurxjk#vlpxodwlrq1

Dv# zhoo# dv# lqirupdwlrq# h{wudfwlrq/# d# vhfrqg# vwhs# lq# jdlqlqj#
xqghuvwdqglqj# ri# revhuyhg# skhqrphqd# dqg# h{sorlwlqj# wkh#
iruhprvw# srwhqwldo# ri# ZVQv# +wkdw# ri# lghqwli|lqj# vsdwlr0whpsrudo#
sdwwhuqv,# lv# wkurxjk# ylvxdolvdwlrq# ri# h{wudfwhg# lqirupdwlrq1#
FrjhqwÖv# dssurdfk# lv# wr# surgxfh# pxowl0glphqvlrqdo# ilhog#
uhsuhvhqwdwlrqv# ri# vhqvhg# gdwd# wkurxjk# lqwhusrodwlrq# whfkqltxhv#
dqg#dojrulwkpv1##Dgglwlrqdo#dlpv#duh#wr#surylgh#wkh#xvhu#zlwk#wrro#
vhwv# iru# h{wudfwlrq# ri# ihdwxuhv# xqghu# revhuydwlrq# dw# d# ohyho# ri#
suhflvlrq# vxlwdeoh# iru# wkh# lqwhusuhwdwlrq# ri# joredo# dqg# orfdo#
skhqrphqd1# Uhdo0wlph# sdwk# ilqglqj# dqg# frqwrxulqj# wrrov# duh# wkh#
iluvw#wrro#vhwv#wr#kdyh#ehhq#surwrw|shg#lq#wkh#Fhqwuh1

Whdp=#Pv#Whvvd#Gdqlho/#Gu#Hohqd#Jdxud/#Gu#Mdphv#Vkxwwohzruwk



Idxow#Pdqdjhphqw#lq#Zluhohvv#
Qhwzrunhg#Vhqvlqj#V|vwhpv

Dowkrxjk# idxow# ghwhfwlrq# dqg#
pdqdjhphqw# duh# fxuuhqwo|# uhfhlylqj#
lqfuhdvlqj# dwwhqwlrq# zlwklq# wkh# ZVQ#
frppxqlw|/# pxfk# zrun# irfxvhv# rq#
vroxwlrqv# iru# vshflilf# w|shv# ri# idxowv# dqg#
huuruv# ru# vshflilf# ZVQ# dssolfdwlrqv1#
Zkhq#pruh#jhqhulf#vroxwlrqv#wr#wkh#ZVQ#
urexvwqhvv# sureohpv# duh# vrxjkw/# lw# lv#
fxpehuvrph/# li# qrw# lpsrvvleoh# wr#
frpelqh# vxfk# h{lvwlqj/# vshflilf#
whfkqltxhv# lqwr# d# ZVQ# v|vwhp#
frpsrqhqw# ru# vhuylfh# wkdw# frxog# kdqgoh#
pxowlsoh# w|shv# ri# idxow# dqg# lv# dssolfdeoh# wr#
dq|0vl}h2dq|0w|sh#zluhohvv#vhqvru#qhwzrun1

Sdvw# idxow0uhodwhg# uhvhdufk# dw# Frjhqw# dqg#
glvfxvvlrqv# zlwk# erwk# ZVQ# xvhuv# dqg#
dssolfdwlrq# grpdlq# vshfldolvwv# kdyh#
frqiluphg# wkdw# d# idxow# pdqdjhphqw#
iudphzrun#deoh#wr#kdqgoh#d#ydulhw|#ri# idxowv#
+udqjlqj# iurp# vhqvlqj# ghylfh# idxowv# wkurxjk#
qhwzrunlqj# dqg# frppxqlfdwlrqv# wr# v|vwhpv#
vriwzduh# idxowv,# lv# qhhghg# wr# hqkdqfh# wkh#
dssolfdelolw|# ri# wkh# ZVQ# whfkqrorj|# dqg#
lqfuhdvh#hqg0xvhuv*#frqilghqfh1

Wkh# dlp# ri# wklv# surmhfw# lv# khqfh# wr# ghyhors#
d#idxow#pdqdjhphqw#iudphzrun#iru#ZVQv#lq#
rughu# wr# lpsuryh# urexvwqhvv/# uholdelolw|# dqg#
zlghu#dgrswlrq#ri#ZVQ#whfkqrorj|1#Wkh#uhvhdufk#dgguhvvhv#d#qhhg#iru#d#krolvwlf#dssurdfk#wkdw#
wdfnohv# idxowv# dw# d# qxpehu# ri# gliihuhqw# surwrfro# vwdfn# od|huv# zlwk# orz# ryhukhdg# lq# whupv# ri#
frpsxwlqj#edqgzlgwk#dqg#hqhuj|#frqvxpswlrq1

Wrzdugv#wklv#dlp/#d#qxpehu#ri#uhvhdufk#txhvwlrqv#duh#fxuuhqwo|#ehlqj#dqvzhuhg=

§ Lv# lw# srvvleoh# wr# ghilqh# d# idxow# pdqdjhphqw# iudphzrun# wkdw#lv# jhqhulf# dqg# vxlwhg# wr#
ydulrxv#ZVQ#dssolfdwlrqv#uhtxluhphqwvB

§ Zkdw# lqirupdwlrq# frxog# eh# jdlqhg# iurp# pxowlsoh# surwrfro# vwdfn# od|huv# wr# dffhohudwh# wkh#
idxow#ghwhfwlrq#surfhvvB

§ Krz#gr#wkh#dssolfdwlrq#uhtxluhphqwv#diihfw#wkh#ghflvlrq0pdnlqj#gxulqj#wkh#idxow#uhfryhu|#
surfhvvB

§ Krz#vkrxog#wkh#iudphzrun#eh#ghvljqhg#wr#ixoiloo#wkh#uhtxluhphqwv#ri#ZVQv/#vxfk#dv#qrgh#
hqhuj|0hiilflhqf|/# edodqfhg# frppxqlfdwlrq# zrunordg# dqg# surfhvv# zrunor dg# vkdulqj#
dprqj#wkh#qrghvB

Wkh#pdmru# frqvwudlqw#wkurxjkrxw#wkh# iudphzrun#ghvljq#surfhvv# lv#wkh# ryhudoo#hqhuj|#vwruhg# lq#
wkh#zluhohvv#vhqvru#qhwzrun/#zklovw#wkh#ghvljq#remhfwlyh#lv#wr#surgxfh#d#qhwzrun#zlwk#h{whqghg#
olih#dqg#uholdelolw|#frqfxuuhqwo|#pd{lpl}lqj#wkh#txdolw|#ri#wkh#lqirupdwlrq#froohfwhg#dqg#gholyhuhg#
e|#wkh#qhwzrun1

Fxuuhqwo|# wkh# lvvxhv# ri# qhwzrun# ghjudgdwlrq# pdqdjhphqw# dqg# uhvrxufhv# vkdulqj# duh# ehlqj#
dgguhvvhg# lq# rughu# wr# h{whqg# wkh# qhwzrun*v# rshudwlrqdo# olih# lq# wkh# frqwh{w# ri# dq# hqjlqh# khdowk#
prqlwrulqj# dssolfdwlrq1# Dgglwlrqdoo|/# vhyhudo# iudphzrun# frpsrqhqwv# kdyh# ehhq# ghyhorshg#
lqfoxglqj# d# phwkrg# ri# # frooderudwlyh# vhqvru# vhoi0gldjqrvlv/# zklfk# vkrzv# frqvlghudeoh#
dgydqwdjhv#lq#hiilflhqf|#dqg#idovh#dodup#udwh#zkhq#frpsduhg#zlwk##rwkhu#gldjqrvlv#phwkrgv1

Whdp=#Gu#Mdphv#Euxvh|/#Gu#Hohqd#Jdxud



Dfrxvwlf#orfdolvdwlrq#lq#vhqvru#qhwzrunv

Lq# d# sk|vlfdo# dqg# jhrphwulf# frqwh{w/# orfdolvdwlrq# lv# wkh# surfhvv# ri# hvwdeolvklqj# wkh# vsdwldo#
uhodwlrqvklsv# +l1h1# uhodwlyh# srvlwlrqv,# ehwzhhq# ghylfhv# ru# remhfwv# ri# lqwhuhvw1# Lq# zluhohvv#
qhwzrunhg# vhqvlqj/# wklv# fdq# kdyh# vhyhudo# phdqlqjv/# sduwlfxoduo|# vhoi# orfdolvdwlrq# dqg# vrxufh#
orfdolvdwlrq1#Wkh# dlp# ri# wkh# dfrxvwlf# orfdolvdwlrq# surmhfw# lv# wr# lqyhvwljdwh# erwk# vrxufh# dqg# vhoi#
orfdolvdwlrq#ri#dfrxvwlf#vljqdov#zlwklq#wkh#frqwh{w#ri#zluhohvv#hpehgghg#vhqvlqj#v|vwhpv1#Wklv#
surmhfw#wdujhwv#uhvrxufh#frqvwudlqhg#ghylfhv#wkdw#frppxqlfdwh#zluhohvvo|#dqg#duh#htxlsshg#zlwk#
dfrxvwlf#vhqvlqj#whfkqrorjlhv#+vxfk#dv#plfurskrqhv,1#

Vhoi# orfdolvdwlrq# uhihuv# wr# doo# ri# wkh# ghylfhv# lq# wkh# qhwzrun#
hvwdeolvklqj#wkhlu#uhodwlyh#+ru#joredo,#srvlwlrq#e|#zkdwhyhu#phdqv#
wkh|#kdyh#dydlodeoh#+h1j1#dfrxvwlf/#udglr/#odvhu/#jsv,1#Wkh#surmhfw#
irfxvhv# rq# lq# dfrxvwlf# edvhg# vhoi# orfdolvdwlrq/# phdqlqj# qrghv#
hplw# dfrxvwlf# vljqdov# wr# rqh# dqrwkhu# lq# rughu# wr# hvwlpdwh#
glvwdqfh#+dqg#srwhqwldoo|#gluhfwlrq#ri#duulydo,1

Vrxufh# orfdolvdwlrq# frphv# iurp# wkh# vljqdo# surfhvvlqj# ilhog# ri#
duud|#surfhvvlqj/#dqg#uhihuv#wr#wkh#xvh#ri#dq#duud|#+lq#wklv#fdvh#
d#qhwzrun#ri#orfdolvhg#zluhohvv#vhqvruv,#wr#hvwlpdwh#wkh#srvlwlrq#
ri#dq#remhfw#ri#lqwhuhvw1#Zlwk#uhvshfw#wr#dfrxvwlf#vljqdov/#wklv#fdq#
kdyh# dssolfdwlrq# lq# jxqvkrw# orfdolvdwlrq/# vpduw# ihqfhv# +iru#
erughu# prqlwrulqj,/# vshdnhu# orfdolvdwlrq# +lq# vpduw# riilfhv,# dqg#
dqlpdo#orfdolvdwlrq#wr#qdph#exw#d#ihz1#Prwlydwlqj#dssolfdwlrqv#iru#
wklv# zrun# duh# elrdfrxvwlfv# edvhg/# lq# zklfk# qdwxudo# vflhqwlvwv#
zdqw# wr# ghwhfw/# fodvvli|# dqg# orfdolvh# dqlpdov# lq# wkhlu# qdwxudo#
kdelwdw# +vshflilfdoo|# dqw0elugv# dqg# pduprwv,/# lq# rughu# wr#
xqghuvwdqg#pruh#derxw#wkhlu#ehkdylrxu#sdwwhuqv1

Erwk#vhoi#orfdolvdwlrq#dqg#vrxufh#orfdolvdwlrq#duh#lpsruwdqw#wr#jlyh#frqwh{w>#qrgh#srvlwlrqv#pxvw#
eh#zhoo0nqrzq# lq# rughu# iru#wkh#qhwzrun#wr#hvwlpdwh#wkh#srvlwlrqv# ri#dq|# rwkhu#xqnqrzq#vrxufh#
uhodwlyh#wr# lw1#Lq# jhqhudo/# lv# lpsruwdqw#wr#nqrz#vsdwldoo|#Ózkhuh#wkh#gdwd# fdph# iurpÔ# lq# rughu#wr#
pdnh#fruuhfw#revhuydwlrqv#derxw#wkh#skhqrphqd#ehlqj#revhuyhg1

Vr#idu/#wklv#surmhfw#kdv#surjuhvvhg#lq#erwk#vhoi#dqg#
vrxufh# orfdolvdwlrq# gluhfwlrqv1# Zrun# lv# rqjrlqj# wr#
h{dplqh# wkh# hiihfwv# ri# 6G# whuudlq# rq# vhqvru#
qhwzrun#dfrxvwlf#edvhg#vhoi0orfdolvdwlrq#dojrulwkpv1#
W|slfdoo|/# prvw# h{lvwlqj# vhoi# orfdolvdwlrq# dojrulwkpv#
pdnh# sodqdu# dvvxpswlrqv# derxw# qhwzrun#
ghsor|phqw# wkdw# duh# qrw# wuxh# lq# uhdolw|1# Udqjh#
hvwlpdwlrq#fkdudfwhulvdwlrq#kdv#ehhq#shuiruphg#rq#
vhyhudo#sodwirupv#ri#ydu|lqj#surfhvvlqj# fdsdelolw|#0#
wkh# Plfd5/# Jxpvwl{# dqg# Dfrxvwlf# HQVEr{/# hdfk#
uhvxowlqj# lq# ydvwo|# gliihuhqw# rshudwlrqdo# udqjhv/#
dffxudf|# dqg# suhflvlrq1# Wklv# gdwd# zloo# eh# xvhg# wr#
gulyh# vlpxodwlrqv# ri# wkh# hiihfwv# ri# 6G# whuudlq# ri#
ydu|lqj#frpsoh{lw|#rq#vhoi#orfdolvdwlrq#dojrulwkpv1

Vrxufh# orfdolvdwlrq# kdv# ehhq# dgguhvvhg# lq# d#
frooderudwlrq# zlwk# XFOD# dqg# PLW/# dv# sduw# ri# wkh#
rqjrlqj# Yr{Qhw# surmhfw/# zklfk# dlpv# wr# ghyhors# kdugzduh# dqg#vriwzduh# wrrov# wr# dlg# gdwd#
dftxlvlwlrq#dqg#surfhvvlqj#lq#erwk#rq#dqg#rii0olqh#frqwh{wv#iru#elrdfrxvwlfv#uhodwhg#dssolfdwlrqv1#
D# v|vwhp# iru# rq0olqh# orfdolvdwlrq# ri# pduprw# fdoov# kdv# ehhq# ghyhorshg/# dqg# whfkqltxhv# wr#
plqlplvh#wkh#wlph#wdnhq#wr#jdwkhu#dfrxvwlf#hyhqw#ghwhfwlrqv#iurp#qrghv#dqg#surfhvv#wkhp#lqwr#d#
srvlwlrq#hvwlpdwh1##Lq#wkh#qh{w#vwdjh/# lqyhvwljdwlrq# lqwr#ryhuvdpsolqj#ri#uhjlrqv#zlwk#uhvshfw#wr#
srvlwlrq# hvwlpdwlrq# dffxudf|# zloo# eh# h{soruhg/# wr# khos# xqghuvwdqg# ghsor|phqw# ghqvlwlhv# iru# d#
jlyhq#dfrxvwlfv#dssolfdwlrq1

Whdp=#Plnh#Doohq/#Gu#Hohqd#Jdxud/#Gu#Mdphv#Euxvh|



Plggohzduh#iru#Zluhohvv#Vhqvru#Qhwzrunv#

Wkh#dlp#ri#wklv#zrun#lv#wr#uhpryh#vljqlilfdqw#urdgeorfnv#wr
zlghu#dgrswlrq#ri#ZVQ#whfkqrorj|#e|#surgxflqj#d#xqlilhg
dufklwhfwxudo# iudphzrun# iru# wkh# ghyhorsphqw# ri# ZVQv
ghglfdwhg# wr# d# jlyhq# fodvv# ri# dssolfdwlrqv/# vxfk# dv
prqlwrulqj# dssolfdwlrqv1# Wkh# dufklwhfwxudo# iudphzrun# zloo
idflolwdwh# wkh# sudfwlfdo# kljk0ohyho# ghsor|phqw/# pdlqwhqdqfh
dqg#ghyhorsphqw#ri#ZVQv1
Wkh#remhfwlyhv#ri#wkh#uhvhdufk#duh#dv#iroorzv=

§ Wr# ghvljq# dqg# hydoxdwh# d# jhqhulf# vhqvru# qhwzrun
dufklwhfwxuh# iru# prqlwrulqj0w|sh# ZVQ# dssolfdwlrqv
edvhg# xsrq# wkh# h{shulhqfh# jdlqhg# iurp# uhylhzlqj
wkh#grpdlq#olwhudwxuh#dqg#wkh#vwdjhg#ghsor|phqw#ri
d#ZVQ#Whvwehg1

§ Wr#hqfdsvxodwh#wkh#fruh#ixqfwlrqdolw|#ri#ZVQ#prqlwrulqj#dssolfdwlrqv#lqwr#wkh#dufklwhfwxudo
iudphzrun/# wkxv# hqdeolqj# Ósoxj# dqg# sod|Ô# ghyhorsphqw# iru# frpprq## ZVQ# ghsor|phqw
sdwwhuqv1

§ Wr#ghyhors#dqg#ghsor|#vhyhudo#prqlwrulqj#dssolfdwlrqv#xvlqj#wkh#dufklwhfwxudo#iudphzrun1
+Vhuylfhv/#vxfk#dv# frooderudwlyh# lqirupdwlrq#h{wudfwlrq#dqg# lqirupdwlrq##ylvxdolvdwlrq#zloo
eh#lqfrusrudwhg,1

§ Wr# shuirup# dq# # hydoxdwlrq# ri# wkh# sursrvhg# vhqvru# qhwzrun# dufklwhfwxuh/# djdlqvw# uhvxowv
irxqg#zlwklq#wkh#grpdlq#olwhudwxuh1

Wr#dfklhyh#wklv/#wkh#zrun#dgguhvvhv#wkh#iroorzlqj#uhvhdufk#txhvwlrqv=#
§ Vlqfh# pdq|# ZVQ# dssolfdwlrqv# h{lvw/# riwhq# zlwk# ryhuodsslqj# ixqfwlrqdolw|# uhtxluhphqwv/

zkdw#lv#wkh#fruh#ixqfwlrqdolw|#uhtxluhg#zlwklq#prvw#ZVQ#prqlwrulqj##dssolfdwlrqvB
§ Duh# wkhuh# d# vhw# ri# ghvljq# sdwwhuqv# wkdw# fdq# eh# xvhg# wr# vwuxfwxuh# wkhvh# ixqfwlrqdo

uhtxluhphqwvB
§ Li# vr/# fdq# zh# uhgxfh# dqg# uhidfwru# wkh# fruh# ixqfwlrqdo# uhtxluhphqwv# wr# d# vhw# ri# xvhixo

ixqfwlrqdo#devwudfwlrqv/#zlwk#wkh#dlp#ri#surylglqj#d#jhqhulf#lqwhuidfh#wr##frpprq#vhqvlqj
dqg#kdugzduh#wdvnvB

§ Jlyhq# wkh# zlgh# udqjh# ri# ZVQ# dssolfdwlrqv/# fdq# d# il{hg# DSL# hqdeoh# dssolfdwlrqv# wr# eh
ghyhorshg#zlwkrxw#orz0ohyho#kdugzduh#dffhvvB##Li#orz0ohyho#dffhvv#lv#uhtxluhg/##krz#fdq#lw
eh#surylghg#zklovw#vwloo#uhwdlqlqj#wkh#dgydqwdjhv#ri#wkh#dufklwhfwxudo#iudphzrunB

§ Krz#fdq#wkh#ilqdo#dufklwhfwxuh#eh#lpsohphqwhg/#wr#dgguhvv#wkh#wudglwlrqdo#ZVQ#frqfhuqv
ri#ryhukhdg/#vl}h/#dqg#hqhuj|#frqvwudlqwvB

Wkh# zrun# lv# fxuuhqwo|# uxqqlqj# dorqjvlgh# wkh# ghyhorsphqw# ri# wkh# Frjhqw# ZVQ# Whvwehg1# # Hdfk
vwdjh#ri#ghyhorsphqw#ri#wkh#dufklwhfwxudo#iudphzrun#zloo#frlqflgh#zlwk#dq#lqfuhphqwdo#lqfuhdvh#lq
wkh#fdsdelolw|#ri#wkh#Whvwehg/#xvlqj#wkh#fkdoohqjhv#glvfryhuhg#wr#gulyh#wkh#uhtxluhphqwv#iru#wkh
vriwzduh#v|vwhpv1###

E|#wdnlqj#d#f|folfdo#dssurdfk#wr#ghyhorsphqw#2#ghsor|phqw/
wkh# surmhfw# ehqhilwv# iurp# d# fohdu# vhw# ri# erwk# ghvljq
uhtxluhphqwv#dqg#whvwlqj#sodqv1##Wklv##doorzv#wkh#vfrsh#ri
wkh# iudphzrun# wr# eh# prglilhg# wr# wdnh# lqwr# dffrxqw# qhz
dgydqfhv# lq# wkh# idvw# prylqj# ilhog# ri# ZVQ# uhvhdufk1# # E|
lpsohphqwlqj# Óuhdo0zruogÔ# ZVQ# dssolfdwlrqv# dw# hdfk
plohvwrqh/# wkh# uhvxowv# iurp# hdfk# vwdjh# ri# h{shulphqwdwlrq
fdq# eh# frpsduhg# wr# wkrvh# lq# wkh# olwhudwxuh/# doorzlqj
hydoxdwlrq#ri#wkh#dufklwhfwxudo#iudphzrun1

Wzr#devwudfwlrq#od|huv#kdyh#ehhq#ghyhorshg#dqg#hydoxdwhg
wr# gdwh=# d# vhqvlqj# devwudfwlrq# od|hu# dqg# d# vhqglqj
devwudfwlrq#od|hu1#Erwk#kdyh#ehhq#ghsor|hg#dqg#whvwhg#rq#d
qhwzrun#ri#8#qrghv#zlwk#vhqvruv#+whpshudwxuh#dqg#vrxqg,1

Whdp=# Pu# Gdq# Jrogvplwk/# Gu# Mdphv# Euxvh|/# Gu# Mdphv
Vkxwwohzruwk/#Gu#Hohqd#Jdxud



Dgydqfhg#Vhqvlqj#Whfkqrorjlhv#iru#Surwhfwlrq#Vxlwv

Wkh# prqlwrulqj# ri# kd}dugrxv# hqylurqphqwv/# dorqj# zlwk# wkh# shrsoh# zrunlqj#
zlwklq# wkhp/# lv# dq# duhd# zklfk# ohqgv# lwvhoi# wr# dssolfdwlrqv#ri# zluhohvv# dqg#
erg|# vhqvru# qhwzrunv1# Wkh# ilhog# lv# ulfk# zlwk# srwhqwldo# dssolfdwlrqv# lq#
ghwhfwlqj# kd}dugv/# surylglqj# ihhgedfn# wr# revhuyhuv# dqg# rwkhu# fulwlfdo# wdvnv#
wkdw# fdq# lqfuhdvh# wkh# vdihw|# dqg# ryhudoo# zrunlqj# frqglwlrqv# ri# shrsoh#
rshudwlqj#lq#wkhvh#hqylurqphqwv1

Erpe# glvsrvdo# vxlwv# frqwdlq# d# odujh# dprxqw# ri# sdgglqj# dqg# duprxu# wr#
surwhfw#wkh#zhduhu*v#ylwdo# rujdqv# lq#wkh# fdvh# ri#h{sorvlrq1#Wkh# frpelqdwlrq#
ri# wkh# khdy|# +urxjko|# 73nj,# vxlw/# sk|vlfdo# h{huwlrq/# dqg# wkh# hqylurqphqw# lq#
zklfk# wkhvh# vxlwv# duh# zruq# fdq# fdxvh# wkh# zhduhu*v# whpshudwxuh# wr# ulvh# wr#
xqfrpiruwdeoh# dqg# srwhqwldoo|# gdqjhurxv# ohyhov# gxulqj# plvvlrqv1# Fxuuhqw#
frrolqj# v|vwhpv# xvhg# lq# wkh# vxlwv# lq# txhvwlrq# duh# surylghg# zlwk#pdqxdo#
frqwuro# exw# wklv# pd|# eh# glvwudfwlqj# wr# rshudwh># dgglwlrqdoo|/# edwwhu|# olih# lv#
olplwhg#dqg/# li# frrolqj# lv#ohiw#rq/#wkh#edwwhulhv#zloo#eh#h{kdxvwhg#zhoo#ehiruh#
wkh#hqg#ri#d#qrupdo#plvvlrq1

Wr#dgguhvv#wkh#deryh#sureohpv/#wklv#surmhfw#dlpv#wr#ghvljq/#lpsohphqw/#dqg#
hpehg#lqwr#wkh#vxlw#d#erg|#vhqvru#dqg#dfwxdwlrq#qhwzrun#wkdw#zloo=

§ vhqvh#wkh#whpshudwxuh#ri#wkh#vnlq#dw#vshflilf#vlwhv#dqg#wkh#rulhqwdwlrq#
ri# wruvr# dqg# olpev/# wkxv# surgxflqj# dq# dvvhvvphqw# ri# wkh# vxemhfw*v#
wkhupdo#frpiruw/#dqg

§ suhglfwlyho|# dfwxdwh# wkh# frrolqj# v|vwhp# zlwklq# wkh# vxlw# lq# rughu# wr#
pdlqwdlq# dffhswdeoh# frpiruw# ohyhov# iru# wkh# vxemhfw# dqg# surorqj#
frrolqj#edwwhu|#olih1

D# vhfrqgdu|# jrdo# ri# wklv# surmhfw# lv# wr# dlg# wkh# vxlw# pdqxidfwxuhu# lq# ehwwhu#
xqghuvwdqglqj# krz# wkh# vxlw# pdwhuldo# dqg# ghvljq# fkrlfhv# duh# diihfwlqj# wkh#
zhduhu*v#wkhupdo#frpiruw#gxulqj#xvh1#

D# surwrw|sh# v|vwhp# kdv# ehhq# ghyhorshg# zklfk# erwk# vdwlvilhv# wkh#qhhg# iru#
uhprwh#prqlwrulqj#dqg#doorzv# iru# ixwxuh# lqwhjudwlrq# ri#d#frrolqj#dxwrpdwlrq#
frpsrqhqw# wr# hqvxuh# hiihfwlyh/# qhhg0edvhg# frrolqj1# Wkh# qhhg# iru# ghwdlohg#
phdvxuhphqw# ri# vnlq# whpshudwxuh/# wkh# dssolfdelolw|# ri# erg|# vhqvru# qhwzrun#
whfkqrorj|#wr#wklv#dssolfdwlrq#grpdlq/#dqg#wkh#vxlwdelolw|#ri#prghoolqj#wkhupdo#
vhqvdwlrq#edvhg#rq#vnlq#whpshudwxuh#kdyh#doo#ehhq#srvlwlyho|#dvvhvvhg#dqg#
h{shulphqwdo# ydolgdwlrq# kdv# wdnhq# sodfh1# D# prghoolqj# hqjlqh# +edvhg# rq# d#
Ed|hvldq# Qhwzrun,# lv# ehlqj# ghyhorshg/# zklfk# zloo# doorz# wkh# dvvhvvphqw# ri#
wkhupdo#frpiruw#lq#uhdo0wlph#xvlqj#jdwkhuhg#vhqvru#gdwd1#Srvwxuh#zloo#ihdwxuh#
dv# d# idfwru# lq# wkh# suhglfwlyh# frpsrqhqw# ri# wkh# prghoolqj# hqjlqh# lq# rughu# wr#
doorz#wkh#hiihfwv#ri#fkdqjlqj#dluiorz#wr#eh#dffrxqwhg#iru1#Wkh#wkhupdo#frpiruw#
prgho# zloo# eh# xvhg# wr# frqwuro# wkh# dfwxdwlrq# ri# frrolqj1#Zrun# lv# rq0jrlqj#
wrzdugv# uhdo0wlph# srvwxuh# ghwhuplqdwlrq# edvhg# rq# lqwhjudwhg#
dffhohurphwhuv/#dqg#wkh#ghyhorsphqw#ri#wkh#pxowl0prgdo#prghoolqj#hqjlqh1

Wklv# surmhfw# lv# ixqghg# dv# d# FDVH# vwxghqwvkls# wkurxjk# wkh# lqwhjudwhg#
Hohfwurqlfv# Pdqxidfwxulqj# Uhvhdufk# Fhqwuh/# XN# dqg# QS# Dhurvsdfh# Owg/#
Fryhqwu|1

Whdp=#Mrkq#Nhps/#Gu#Hohqd#Jdxud/#Gu#Mdphv#Euxvh|



Frjhqw#Zluhohvv#Vhqvru#Qhwzrunv#Whvwehg

Ghvljqlqj/# lpsohphqwlqj# dqg# pdqdjlqj# ZVQ# v|vwhpv# lv# gliilfxow# jlyhq# wkhlu# glvwulexwhg# qdwxuh1# Lqlwldo#
ghvljqv#xvxdoo|#lqyroyh#wkh#xvh#ri#vlpxodwlrqv#wr#khos#prgho#wkh#dvvxpswlrqv#lqkhuhqw#lq#ghsor|lqj#vxfk#
v|vwhpv# +vxfk# dv# wrsrorj|/# ru# frqqhfwlylw|,# iroorzhg# e|# lpsohphqwdwlrq/# zklfk# ghdov# zlwk# dfwxdoo|#
ghsor|lqj#wkh#kdugzduh#lqwr#wkh#duhd#wr#eh#revhuyhg1#
D#whvwehg*v#pdlq# ixqfwlrq# lv#wr# idflolwdwh#wkh#ghvljq/# lpsohphqwdwlrq/#hydoxdwlrq/#dqg#whvwlqj# ri#zluhohvv#
vhqvru#qhwzrun#dssolfdwlrqv#dv#zhoo#dv#surwrfrov#sulru#wr#ixoo0vfdoh#ghsor|phqw1#Li#surshuo|#ghvljqhg#wkh#
whvwehg#vkrxog#doorz#wkh#lpsohphqwdwlrq#ri#ydulrxv#dufklwhfwxuhv#lq#rughu#wr#hqdeoh#ghflvlrqv#rq#zklfk#lv#
prvw# vxlwhg# wr# wkh# wdujhw# dssolfdwlrq1# Wkh# whvwehg# vkrxog#dovr# pdlqwdlq# wrrov# iru# hdv|# ghexjjlqj# dqg#
ghsor|phqw#hydoxdwlrq#dv#whvwlqj#surfhhgv1#
Wkh# fxuuhqw# lpsohphqwdwlrq# ri# wkh# Frjhqw# whvwehg# erdvwv# d# klhudufklfdo# dufklwhfwxuh# dowkrxjk# wkh#
frqiljxudwlrq#lv#ioh{leoh#hqrxjk#wr#doorz#d#iodw/#ixoo|0glvwulexwhg#dufklwhfwxuh#li#uhtxluhg#e|#wkh#dssolfdwlrq#
dw# kdqg1# Wkh# lqlwldo# lwhudwlrq# ri# wkh# whvwehg/# edvhg# rq# Eoxhwrrwk# frppxqlfdwlrq# dqg# frqvlvwlqj# ri# 49#
qrghv#+hdfk#zlwk#pxowlsoh#vhqvlqj#xqlwv,/#zdv#ghsor|hg#dw#wkh#hqg#ri#Ghfhpehu#533:1#
Wkh#lqlwldo#ghsor|phqw#lqfoxghg#wkh#lpsohphqwdwlrq#ri#d#edvlf#iorrglqj#surwrfro#zklfk#zdv#ghvljq#wr#uxq#
dv# d# vhuylfh# rq# wrs# ri# wkh# Eoxhwrrwk# frppxqlfdwlrq# vwdfn1# Wklv# # krzvv|vwhp# dphqdlv# eoh# wr# wkh#
lpsohphqwdwlrq#ri#dowhuqdwlyh#surwrfrov1
Wkh# vhfrqg# lwhudwlrq# ri# wkh# whvwehg# +frqvlvwlqj# ri# 73# qrghv,#zloo# irfxv# rq# h{sorulqj# dowhuqdwlyh#
frppxqlfdwlrq#whfkqrorjlhv#+ZlIl#dqg#]ljehh,#dqg#zloo#dovr#vhhn#wr#whvw#gdwd#glvvhplqdwlrq/#froohfwlrq#
dqg#vwrudjh#idflolwlhv#iru#orjjlqj#gdwd#iurp#ryhu#933#vhqvlqj#xqlwv1#Wkh#vhqvru#ordg#ri#wkh#qrghv#lqfoxgh#
suhvvxuh/# oljkw/# 6G# dffhohudwlrq# dqg# kxplglw|# vhqvruv# zklfk# zloo#eh# xvhg# lq# d# qxpehu# ri# surwrw|sh#
dssolfdwlrqv1#
Wkh#vhqvru#qrghv#duh#edvhg#rq#wkh#Frqqh{#733{p0ew#dqg#Yhugh{#733{p0ew#prwkhuerdugv#ghyhorshg#
e|#Jxpvwl{#lqf1#Wkhvh#uxq#Olqx{#dqg#ihdwxuh#wkh#Pduyhoo#S[D5:3#zlwk#[Vfdoh#733Pk}#surfhvvru1#Hdfk#
qrgh#kdv#49Pe#ri#Iodvk#phpru|#dqg#97Pe#ri#UDP#rq0erdug/#lghdo#iru#vxssruwlqj#dssolfdwlrqv#wkdw#kdyh#
juhdwhu#phpru|#uhtxluhphqwv1#Frppxqlfdwlrq#fdsdelolwlhv#lqfoxgh#Eoxhwrrwk+WP,#frppxqlfdwlrqv/#ZlIL#
+;35144J#vwdqgdug,#dqg#]ljehh1#Erdug#glphqvlrqv#duh#;3pp#{#53pp#zlwk#93#slq#dqg#<5#slq#frqqhfwruv#
iru#h{sdqvlrq#erdugv1#
Pxowl0w|sh# vhqvlqj# fdsdelolw|# lv# krvwhg# rq# dq# lq0krxvh# ghvljqhg# h{sdqvlrq# erdug# doorzlqj# xs# wr# 45;#
vhqvruv# shu# qrgh# iru# pxowl0srlqw# gdwd# fdswxuh1#Dq|# gljlwdo# vhqvruv# fdq# eh# gluhfwo|# lqwhuidfhg# zlwk# wkh#
qrghv#wkurxjk#wkh#L5F#exv#sruwv#dydlodeoh#rq#wkh#lqwhuidfh#erdug1#
Wkh#Frjhqw#whvwehg#frpelqhv#d#qxpehu#ri#vriwzduh#frpsrqhqwv#zlwk#wkh#dlp#ri#surylglqj#d#idflolw|#iru#
fuhdwlqj# dqg# ghsor|lqj# d# qxpehu# ri# lqirupdwlrq# jhqhudwlqj#dssolfdwlrqv1# Lw# surylghv# d# qxpehu# ri#
devwudfwlrqv#dqg#lqwhuidfhv#zklfk#doorz#xvhuv#wr#dffhvv/#pdqlsxodwh#dqg#frqwuro#vhqvru#gdwd1#Wkh#vhwxs#
dovr# doorzv# d# xvhu# wr# dgplqlvwhu# wkh# xqghuo|lqj# qhwzrun# lwvhoi1# D# qxpehu# ri# vhuylfhv# kdyh# ehhq#
ghyhorshg#wr#dgguhvv#wkh#iroorzlqj=#

Qhwzrun# khwhurjhqhlw|=# wkh# whvwehg# lv# frqiljxuhg# wr# doorz# fxvwrplvdwlrq# iru# ydu|lqj#kdugzduh#
whfkqrorjlhv/#pxowlsoh#vhqvru#w|shv#dqg#frpelqdwlrqv#dqg#pxowlsoh#ZVQ#dufklwhfwxuhv1#
Frqiljxudelolw|= #wkh#whvwehg#doorzv#wkh#lpsohphqwdwlrq#dqg#udslg#ghsor|phqw#ri#gliihuhqw#whfkqltxhv#iru#
gdwd#uhwulhydo#dqg#lqirupdwlrq#h{wudfwlrq#+txhu|0edvhg/#djhqw0edvhg/#ru#hyhqw0edvhg,#dv#uhtxluhg#e|#wkh#
dssolfdwlrq# ehlqj# whvwhg1# Lw# dovr# doorzv# iru# wkh# lpsohphqwdwlrq# ri# gliihuhqw# urxwlqj# surwrfrov# dqg#
frppxqlfdwlrq# whfkqrorjlhv1# Fxuuhqwo|# wkh# whvwlqj# ri# dowhuqdwlyh# whfkqltxhv# lv# idflolwdwhg# xvlqj#
h{hfxwdeohv#zklfk#fdq#eh#xsordghg#wr#doo#qrghv#dqg#wkhq#odxqfkhg#uhprwho|#zkhq#qhfhvvdu|1#
Uholdelolw|=# wkh# whvwehg# surylghv# idflolwlhv# iru# kdqgolqj# lqwhuplwwhqw# ru# xquholdeoh# frqqhfwlylw|1# Khdowk#
prqlwrulqj# dqg# uhfryhu|# vwudwhjlhv# zloo# eh# lqfrusrudwhg1# Fxuuhqwo|/# Eoxhwrrwk/# dqg# ]ljehh/# wr# vrph#
h{whqw/#doorz#wkh#prqlwrulqj#ri#vwdwlvwlfv#olnh#qxpehu#ri#qrghv#d#sduwlfxodu#qrgh#lv#frqqhfwhg#wr#dqg#zkr#
duh#d#qrgh*v#qhljkerxuv1#Wkh#dftxlvlwlrq#ri#vxfk#lqirupdwlrq#iru#dowhuqdwlyh#frppxqlfdwlrq#whfkqrorjlhv#
lv#wr#eh#dgguhvvhg#vshflilfdoo|#iru#hdfk#whfkqrorj|1#
Pl{hg#Zluhg2Zluhohvv#Fdsdelolw|=#doo#qrghv#duh#rshudwhg#xvlqj#hlwkhu#zluhg#ru#zluhohvv#frppxqlfdwlrq#
dqg#duh#srzhuhg#hlwkhu#e|#edwwhu|#ru#pdlqv1#Wklv#doorzv#hdvlhu#ghsor|phqw#ri#qhz#vriwzduh/#ghexjjlqj#
ri#h{lvwlqj#vriwzduh#dqg#wkh#gldjqrvlv#ri#idxowv#vxfk#dv#lqwhuplwwhqw#dqg#xquholdeoh#frqqhfwlylw|1#
Vfdodelolw|#dqg#h{whqvlelolw|=#wkh#qhwzrun#doorzv#h{sdqvlrq#zlwkrxw#qhhglqj#h{whqvlyh#uh0frqiljxudwlrq#
ri#wkh#xqghuo|lqj#v|vwhpv#dqg#vhuylfhv1#Vriwzduh#frpsrqhqwv#duh#hdvlo|#dgghg#wr#wkh#qhwzrun/#fkdqjhg#
ru#uhsodfhg#zlwkrxw#wkh#qhhg#iru#h{whqvlyh#qhwzrun0zlgh#fkdqjhv#wr#wkh#v|vwhp1
Gdwd#vwrudjh#dqg#srvw#dqdo|vlv#fdsdelolw|=#wkh#dftxluhg#vhqvh#gdwd#lv#dufklyhg#lq#d#P|VTO#gdwdedvh>#
zhe#edvhg#iurqw#hqgv#kdyh#ehhq#ghyhorshg#wr#doorz#lqwhusuhwdwlrq#ri#wkh#vwruhg#gdwd1

Whdp=#Doo#Frjhqw#vwxghqwv#dqg#vwdii



D#Jdv#Wxuelqh#Hqjlqh#Zluhohvv#Prqlwrulqj#V|vwhp

Phdvxuhphqw# ri# whpshudwxuh# lq# d# jdv# wxuelqh# hqjlqh# lv# fulwlfdo# wr# lwv#
frqwuro# dqg# wkh# dvvhvvphqw# ri# lwv# khdowk# dqg# shuirupdqfh1# Fxuuhqwo|/#
jdv# whpshudwxuh# lv# phdvxuhg# suhgrplqdqwo|# e|# wkhuprfrxsohv#
lqvwdoohg# dw# d# qxpehu# ri# vlwhv# zlwklq# wkh# hqjlqh1# Iru# h{dpsoh/# lq# wkh#
h{kdxvw#uhjlrq#ri#wkh#hqjlqh/#wkh#whpshudwxuh#lv#phdvxuhg#dw#gliihuhqw#
flufxpihuhqwldo# +dqg# riwhq# udgldo,# srvlwlrqv# yld# dq# duud|# ri#
wkhuprfrxsohv# frqqhfwhg# wkurxjk# kduqhvv# fdeolqj1# Wudqvplvvlrq# ri#
lqglylgxdo# wkhuprfrxsoh# gdwd# wr# wkh# fhqwudo# frqwuro# xqlw# zrxog# uhtxluh#
pdq|# lqglylgxdo# fdeohv# dqg# vr/# gxh# wr# zhljkw# uhvwulfwlrqv/#
phdvxuhphqwv# duh# dyhudjhg# ehiruh# wudqvplvvlrq# ryhu# d# vlqjoh# khdy|#
gxw|# fdeoh# wr# wkh# fhqwudo# frqwuro# xqlw1# Qrw# rqo|# grhv# wklv#suhfoxgh# wkh#
ghwhuplqdwlrq# ri# d# ghwdlohg# slfwxuh# ri# wkh# hqjlqh# jdv# whpshudwxuh/#
zklfk# frxog# lqglfdwh# srwhqwldo# hqjlqh# sureohpv/# exw# dovr# suhyhqwv# wkh# gldjqrvlv# ri# lqglylgxdo#
vhqvru#idxowv/#gh0fdoleudwlrq/#dqg#guliw1#

Wkh#xvh#ri#zluhohvv#whfkqrorj|#wr#fuhdwh#d#zluhohvv#lqvwuxphqwdwlrq#v|vwhp#frxog#vxevwdqwldoo|#
lqfuhdvh# wkh# frpsoh{lw|# ri# wkh# gdwd# wkdw# frxog# eh# vhqw# wr# wkh# hqjlqh# frqwuro# xqlw# dqg# khqfh#
hqdeoh# pruh# vrsklvwlfdwhg# hqjlqh# khdowk# prqlwrulqj1# Ixuwkhu/# uhsodflqj# fdeohv# zlwk# zluhohvv#
wudqvplvvlrqv#zloo#uhgxfh#wkh#prqlwrulqj#v|vwhp#zhljkw#dqg#ohdg#wr#lpsuryhg#ixho#hiilflhqf|#dqg#
uhgxfhg#fduerq#hplvvlrqv1#Rq0olqh#vwdwlvwlfdo#dqdo|vlv#ri#gdwd#iurp#vxfk#d#zluhohvv#v|vwhp#frxog#
dovr# shuplw# d# fohduhu# xqghuvwdqglqj# ri# hqjlqh2dlufudiw# khdowk1# Wkh# v|vwhp# ghyhorshg# khuh# zloo#
doorz# frqglwlrq0edvhg# pdlqwhqdqfh/# zkhuhe|# pdlqwhqdqfh# fdq# eh# vfkhgxohg# dffruglqj# wr#
dfwxdo#zhdu#dqg#xvdjh#udwkhu#wkdq#il{hg#lqwhuydov/#wkhuhe|#uhgxflqj#wkurxjk0olih#frvwv1

Lq#dgglwlrq/#d#zluhohvv#v|vwhp#frxog#doorz# iru#wkh#vhqvruv#lq#wkh#qhwzrun#wr#frppxqlfdwh#wkhlu#
Ókhdowk# phwulfvÔ# zlwk# hdfk# rwkhu/# lq# wxuq# doorzlqj# idxow# dqg# guliw# ghwhfwlrq# wr# eh# lghqwlilhg# dqg#
srvvleo|# fruuhfwhg# iru# lq# wkh# frqwuro# v|vwhpv1#Wklv# zrxog# jlyh# pxfk# juhdwhu# frqilghqfh# lq# wkh#
dffxudf|# ri# wkh# phdvxuhg# whpshudwxuh# dqg# yleudwlrq# sdwwhuqv# dqg# frxog/# srwhqwldoo|/# doorz# wkh#
hqjlqh#wr#uxq#zlwk#ohvv#vdihw|#pdujlq#dqg/#wkhuhiruh/#pruh#hiilflhqwo|#+zlwk#vlplodu#ehqhilwv#rq#ixho#
frqvxpswlrq#dqg#hplvvlrqv,1

Krzhyhu/#hpehgglqj#zluhohvv#whfkqrorj|# lqwr#dq#dhurvsdfh#ru# lqgxvwuldo# jdv#wxuelqh#zloo#kdyh#
vrph#yhu|#vljqlilfdqw#fkdoohqjhv#wr#ryhufrph/#sduwlfxoduo|#iru#dhur0hqjlqhv#zklfk#uhtxluh#d#yhu|#
kljk#ghjuhh#ri#vdihw|#dvvxudqfh#dqg#fhuwlilfdwlrq1#Zlwk#uhjdug#wr#whpshudwxuh#phdvxuhphqw/#iru#
h{dpsoh/# wkh# whpshudwxuhv# rxwvlgh# wkh# fdvlqj# ri# wkh# hqjlqh# fdq# uhdfk# lq# h{fhvv# ri# 583F/#
suhfoxglqj#wkh#xvh#ri#prvw#frqyhqwlrqdo#vlolfrq0edvhg#hohfwurqlf#v|vwhpv1#Pruhryhu/#pdlqwdlqlqj#
wkh#lqwhjulw|#ri#dq#UI#vljqdo#wudqvplvvlrq# lq#dq#hqylurqphqw#wkdw#lv#odujho|# frpsrvhg#ri#phwdo#
zklovw#qrw#lqwhuihulqj#zlwk#+ru#ehlqj# lqwhuihuhg#e|,#rwkhu#hohfwurqlf#htxlsphqw#zloo#suhvhqw#pdmru#
kxugohv1# Srzhulqj# wkh# vhqvruv# dovr# suhvhqwv# d# vljqlilfdqw# fkdoohqjh# dv# edwwhu|# srzhu# lv# qrw#
dssursuldwh/#khqfh#vrph#phdqv#ri#hqhuj|#kduyhvwlqj#zloo#eh#uhtxluhg1#Krzhyhu/#li#wkhvh#kxugohv#
fdq#eh#ryhufrph/#wkh#ehqhilwv#wr#hqjlqh#pdqdjhphqw#zloo#eh#vljqlilfdqw#dqg#frxog#dovr#sdyh#wkh#
zd|#iru#xvh#zlwk#rwkhu#w|shv#ri#hqjlqh#vhqvruv#vxfk#dv#wls#fohdudqfh#dqg#vshhg#vhqvruv1

Zrun#lv#rqo|#ehjlqqlqj#rq#wklv#surmhfw/#krzhyhu#d#ghprqvwudwru#zlwk#irxu#zluhohvv#qrghv#dqg#57#
whpshudwxuh# dqg# vrxqg# vhqvruv# kdv# ehhq# fuhdwhg# dqg# d# edfn0hqg# v|vwhp#iru# uhfhlylqj/#
dqdo|vlqj/# dqg# ylvxdolvlqj# wklv# gdwd# kdv# ehhq# lpsohphqwhg1# Wkh# hqg0wr0hqg# v|vwhp# kdv# ehhq#
vxffhvvixoo|#ghsor|hg#dqg#ghwdlohg#whvwlqj#fduulhg#rxw1

Wklv#surmhfw#lv#ixqghg#dv#d#FDVH#vwxghqwvkls#mrlqwo|#e|#wkh#HSVUF#)#Yleur0Phwhu#XN/#Owg1

Whdp=#Gu#Hohqd#Jdxud/#Gu#Mdphv#Euxvh|/#Gu#Mdphv#Vkxwwohzruwk/#Gdq#Jrogvplwk



Zhdudeoh#lqvwuxphqwdwlrq#iru#srvwxuh#dvvhvvphqw

Wkh# surmhfw# dlpv# wr# hqdeoh# wkh# sxuvxlw# ri# qhz# olqhv# ri# folqlfdo# txdqwlwdwlyh#
uhvhdufk# iru# srvwxuh# dqg# prelolw|# uhodwhg# phglfdo# frqglwlrqv/# wkurxjk# wkh#
ghyhorsphqw# ri# zhdudeoh# lqvwuxphqwdwlrq1# Wkh# lqvwuxphqwdwlrq# zloo# doorz#
erwk# sdwlhqwv# lq# qhhg# ri# gldjqrvlv/# prqlwrulqj# ru# dvvhvvphqw# dqg# phglfdo#
h{shuwv# wr# jdwkhu# dqg# uhylhz# srvwxuh# dqg# prelolw|# sdwwhuqv# ryhu# vhohfwhg#
shulrgv# ri# wlph1# Iru# sdwlhqwv/# wkh# vhoi# prqlwrulqj# ihdwxuh# zloo# eh# hqdeohg#
wkurxjk# wkh# gholyhu|# ri# wkh# lqirupdwlrq# rq# ghpdqg# rq# SGDv# dqg# rwkhu#
preloh#ghylfhv1#Iru#phglfdo#h{shuwv/#uhprwh#prqlwrulqj#dqg#vwrudjh#ri#wkh#
prelolw|2srvwxuh# gdwd# dqg# lqihuuhg# lqirupdwlrq# zloo# eh# hqdeohg# zluhohvvo|#
wkurxjk#zhe0srvwlqj1#Iru#erwk#xvhu#jurxsv/#wkh#nh|#ydoxh#dgghg#lv#wkurxjk#
wkh# Ósdwwhuqv# lq# iurqw# ri# |rxu# h|hvÔ# frqfhsw# zklfk# doorzv# joredo#
lqwhusuhwdwlrq# ri#wkh#vxemhfwÖv#dfwlrqv#dqg# ixoo|#h{sorlwv# rqh# ri#wkh# juhdwhvw#
ihdwxuhv#ri#zluhohvv#vhqvru#qhwzrunv=#wkh#delolw|#wr#exlog#skhqrphqrorjlfdo0
whpsrudo0vsdwldo#olqnv#doorzlqj#joredo#revhuydwlrqv#wr#eh#gudzq#iurp#gdwd1

Wkh#surmhfw*v#remhfwlyhv#duh=

§ wr#ghvljq/#ghyhors#dqg#surgxfh#hduo|#surwrw|shv#ri#zhdudeoh#srvwxuh#
dqg#prelolw|#dvvhvvphqw#lqvwuxphqwdwlrq>

§ wr#hydoxdwh#wkh# lqvwuxphqwdwlrq#zlwk#uhvshfw#wr#orqj#whup#zhdudelolw|#
surshuwlhv# dqg# wkh# xvdelolw|# ri# wkh# sursrvhg# lqirupdwlrq# gholyhu|#
phfkdqlvpv#erwk#iru#sdwlhqwv#dqg#iru#phglfdo#h{shuwv>

Lw# lv# zhoo# nqrzq# dqg# xqghuvwrrg# e|# erwk# folqlfldqv# dqg# zhdudeoh#
whfkqrorj|#ghyhorshuv#wkdw#hduo|#surwrw|sh#hydoxdwlrqv#dqg#lqfoxvlrq#ri#wkh#
vwdjhg# hydoxdwlrqv# zlwklq# wkh# pdlq# ghvljq# surfhvvhv# lv# hvvhqwldo1# Rq# wkh#
rwkhu#kdqg/#jlyhq#wkh#orqj#whup#zhdudelolw|#qhhgv#iru#wkh#surgxfw#sursrvhg#
khuh# dqg# dovr# wkh# lqirupdwlrq# gulyhq# sursrvhg# ghvljqv/# lw# lv# lpsruwdqw# wr#
ydolgdwh# hdfk# vwhs# ri# wkh# ghvljq# surfhvv# lq# xq0rewuxvlyho|# lqvwuxphqwhg#
hqylurqphqwv# zkhuh# wkh# vxemhfwv# fdq# shuirup# dfwlylwlhv# qr# gliihuhqw# wkdq#
wkh# rqhv# lq# wkhlu# qrupdo# urxwlqhv1# # Wklv# zloo# doorz# d# pxfk# zlghu# udqjh# ri#
gdwd# dqg# revhuydwlrqv# wr# eh# dffrxqwhg# iru# lq# wkh# lqirupdwlrq# h{wudfwlrq#
surfhvvhv# shuiruphg# e|# wkh# sursrvhg# v|vwhpv/# lqfuhdvh# wkh# v|vwhp#
uholdelolw|# dqg# fruuhfwqhvv# ri# ghflvlrqv# dqg# dovr# hqvxuh# xvhu# dffhswdelolw|#
dqg# ghhs# xqghuvwdqglqj# ri# wkh# v|vwhpÖv# dlpv1# Iru# wkhvh# uhdvrqv# wkh#
surmhfw#lv#khdylo|#h{shulphqwdo#lq#dssurdfk1

D# surwrw|sh# zhdudeoh# srvwxuh# dvvhvvphqw# v|vwhp# kdv# ehhq# ghvljqhg/#
lpsohphqwhg#dqg#whvwhg1#Wr#gdwh/#wkh#surwrw|sh#lv#deoh#wr#fruuhfwo|#fodvvli|#
;#kxpdq#srvwxuhv/#dw#d#udwh#ri#93#dvvhvvphqwv#shu#vhfrqg#dqg#uhod|#wkh#
srvwxuh# lqirupdwlrq# uhprwho|# yld# Eoxhwrrwk# wr# wkh# xvhu1# Wkh#srvwxuh#
dvvhvvphqw#lqirupdwlrq#lv#gholyhuhg#lq#judsklfdo#irup1
Wkh# v|vwhp# xvhv# <# plfurpdfklqhg# 60d{ldo# dffhohudwlrq# vhqvruv/#
frqqhfwhg# iru# zhdudelolw|# wr# 5# surfhvvlqj# dqg# frppxqlfdwlrq# qrghv1#Wkh#
kdugzduh#vxssruw#iru#wkh#qrghv# lv#wkh#Jxpvwl{#sodwirup1#Doo#frpsxwdwlrqdo#
wdvnv# duh# vxssruwhg# zlwklq# wkh# qhwzrun># gdwd# dftxluhg# lv# ilowhuhg/# rxwolhuv#
duh# uhmhfwhg# dqg# wkh# srvwxuh# lqirupdwlrq# lv# lqihuuhg# iurp# wkh# gdwd1# Wkh#
srvwxuh# lqihuhqfh# lv#uhdol}hg#wkurxjk#wkh#xvh#ri#d#ghflvlrq#wuhh1#Fxuuhqwo|#
wkh#v|vwhp#kdv#ehhq#hydoxdwhg#dv#ehlqj#deoh#wr#fodvvli|#fruuhfwo|#ehwzhhq#
wkh#;#srvwxuhv#lq#<9(#ri#fdvhv1

Whdp=# Plvv# Udprqd# Uhgqlf/# Gu1# Hohqd# Jdxud/# Mrkq# Nhps/# Gu1# Mdphv#
Euxvh|



Dxjphqwhg#Uhdolw|#Hqylurqphqwdo#Prqlwrulqj

Hqylurqphqwdo# prqlwrulqj# eulqjv# pdq|# fkdoohqjhv# wr# zluhohvv# vhqvru#
qhwzrunv=# lqfoxglqj#wkh#qhhg#wr#froohfw#dqg#surfhvv#odujh#yroxphv#ri#
gdwd# ehiruh# suhvhqwlqj# wkh# lqirupdwlrq# wr# wkh# xvhu# lq# dq# hdv|# wr#
xqghuvwdqg# irupdw1# Uhvhdufk# zlwklq# wkh# zluhohvv# vhqvru# qhwzrunv#
frppxqlw|# kdv# ohg# wr# wkh# ghyhorsphqw# ri# qhz# frpsxwlqj# prghov#
udqjlqj# iurp# glvwulexwhg# frpsxwlqj# wr# odujh0vfdoh# shuydvlyh#
frpsxwlqj#hqylurqphqwv1#Wklv#udslg#hyroxwlrq#ri#shuydvlyh#frpsxwlqj#
whfkqrorjlhv# kdv# doorzhg# wkh# ghyhorsphqw# ri# qryho# lqwhuidfhv# zklfk#
duh# fdsdeoh# ri# lqwhudfwlqj# zlwk# vhqvru|# lqirupdwlrq# ruljlqdwlqj# iurp#
wkh#hqylurqphqw#zlwk#olwwoh#ru#qr#pdqxdo#lqwhuyhqwlrq1#

Rq# wkh# rwkhu# kdqg/# dxjphqwhg# uhdolw|# +DU,# doorzv# iru# vhdpohvv#
lqwhjudwlrq# ri# yluwxdo# dqg# uhdo# lqirupdwlrq# lq# uhdo0wlph1# Dowkrxjk# d#
qxpehu# ri# whfkqrorjlhv# duh# deoh# wr# shuirup# hqylurqphqwdo#
prqlwrulqj/# shuydvlyh# dxjphqwhg# uhdolw|# lv# rqh# ri# wkh# vwurqjhvw#
fdqglgdwhv1

Wr# dgguhvv# vrph# ri# wkh# lvvxhv# ri# hqylurqphqwdo# prqlwrulqj/# wklv#
surmhfw# dlpv# wr# uhvhdufk# lqwr# vhqvh# hqdeohg# dxjphqwhg# uhdolw|#
lqwhuidfhv#wkdw#zloo#eh#fdsdeoh#ri=

§#Fdswxulqj#hqylurqphqwdo# lqirupdwlrq#xvlqj#d#ydulhw|# ri#zluhohvv#
vhqvru#qhwzrunv

§# Dxglr0ylvxdoo|# uhsuhvhqwlqj# wkh# hqylurqphqwdo# gdwd# wkurxjk# d#
preloh#dxjphqwhg#uhdolw|#lqwhuidfh

§#Hqdeolqj#lqwhudfwlrq#zlwk#lqirupdwlrq#lq#d#qdwxudo#dqg#phdqlqjixo#
pdqqhu

Wr# gdwh/# d# jhqhulf# hqylurqphqwdo# prqlwrulqj# surwrw|sh# kdv# ehhq#
ghyhorshg# fdoohg# VhqvDU/# wkdw# xvhv# zluhohvv# vhqvru# qhwzrunv# wr#
jdwkhu# whpshudwxuh# dqg# dxglr# gdwd# derxw# wkh# xvhuÖv# vxuurxqglqjv# lq#
uhdo0wlph1# # Wkh# dufklwhfwxuh# ri# VhqvDu# frqvlvwv# ri# d# vhqvru# od|hu/# d#
frppxqlfdwlrq# od|hu# dqg# d# ylvxdolvdwlrq# od|hu1# Lq# whupv# ri# rshudwlrq#
vhyhudo# vrxqg# dqg# whpshudwxuh# vhqvruv# duh# srvlwlrqhg# dw# il{hg#
orfdwlrqv# zlwklq# dq# lqgrru# hqylurqphqw1# Wkh# vhqvru# uhdglqjv# duh#
wudqvihuuhg# ryhu# d# ZlIl# olqn# wr# d# ghglfdwhg# vhuyhu# dqg# wkhq# wr# wkh#
folhqw# vlgh/# zklfk# lv# d# oljkwzhljkw# kdqgkhog# frpsxwhu1# VhqvDU#
glvsod|v# wkh# hqylurqphqwdo# lqirupdwlrq# lq# dq# xqghuvwdqgdeoh#irupdw#
xvlqj# d# uhdo0wlph# kdqgkhog# DU# lqwhuidfh1# Sduwlflsdqwv# fdq# ylvxdolvh#
wkuhh0glphqvlrqdo# ru# wh{wxdo# uhsuhvhqwdwlrqv# ri# wkh# vrxqg# dqg#
whpshudwxuh# lqirupdwlrq# lq# d# wdqjleoh# pdqqhu# wkurxjk# wkh# xvh# ri# d#
kdqgkhog#ghylfh1

Whdp=#Gu#Irwlv#Oldurndslv/#Gdq#Jrogvplwk/#Mrkq#Nhps
Xqghujudgxdwh#Vwxghqwv=#Jduu|#Pdorqh/#Orxlv#Pdfdq
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