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DEVWUDFW

Qrqolqhdu lpdjh surfhvvlqj dojrulwkpv duh lpsruwdqw

wrrov iru vroylqj vrsklvwlfdwhg sureohpv lq wkh grpdlq
ri lpdjh dqdo|vlv1 Lq sduwlfxodu/ wkh| duh d xvhixo dqg

srzhuixo dowhuqdwlyh wr olqhdu �owhulqj li remhfwv kdyh

wr eh ghwhfwhg lq uhdo wlph rq wkh edvlv ri jhrphwulfdo
surshuwlhv1 Lq wkh iroorzlqj sduw / d qrqolqhdu lpdjh

surfhvvlqj v|vwhp ghvljqhg iru wkh dxwrpdwlf lqvshf0

wlrq ri udlo vxuidfhv e| phdqv ri rq0olqh dqdo|vlv ri ylghr
vhtxhqfhv lv suhvhqwhg1 Wkh lqvshfwlrq ri wkh �{lqj gh0

ylfhv dqg rwkhu frpsrqhqwv ri wkh wudfn duh qrw frqvlg0
huhg khuh1 Lq rxu dssolfdwlrq/ qrqolqhdu rshudwlrqv duh

xvhg iru lpdjh hqkdqfhphqw/ qrupdol}dwlrq/ ghwhfwlrq

ri gdpdjhg duhdv rq wkh udlo khdg dqg �owhulqj ri wlph
vhulhv1 Wklv sdshu dgguhvvhv sudfwlfdo dvshfwv dqg dg0

ydqwdjhv ri htxdol}lqj lpdjh klvwrjudpv/ pruskrorjlfdo

�owhulqj/ elqdul}dwlrq ri lpdjhv/ dqg phgldq �owhulqj1

41 LQWURGXFWLRQ

Lq ixwxuh/ udlourdg olqhv zloo kdyh wr eh fkhfnhg dxwr0

pdwlfdoo| iru ghihfwv rq wkh udlo vxuidfh1 Dq dwwudfwlyh
vroxwlrq iru wkh wdvn lv jlyhq e| d ylghr vhqvru xqlw

dqg dq rq0olqh dqdo|vlv v|vwhp wkdw duh prxqwhg rq dq

lqvshfwlrq yhklfoh +fi1 Ilj1 4,1 Wkh �uvw frqvlvwv ri d
oljkw vrxufh dqg d kljk vshhg olqh fdphud dqg lv gh0

vljqhg iru vshhgv ri xs wr 433 np2k ri wkh lqvshfwlrq
yhklfoh ^<`1 Wkh vxevhtxhqw dqdo|vlv v|vwhp lqfrusr0

udwhv lpdjh surfhvvlqj fklsv dqg erdugv dqg d krvw

frpsxwhu1 Lw lv deoh wr orfdol}h wkh udlo khdg lq wkh
ylghr lpdjhv dqg wr ghwhfw vxuidfh ghihfwv rq lw lq uhdo

wlph1 Ilqdoo|/ wkh dqdo|vlv uhvxowv duh glvsod|hg rq d

prqlwru +fi1 Iljv1 4 dqg 5,1

Ilj1 4= Ylghr vhqvru ^<`

Ilj1 5 vkrzv dq h{dpsoh ri rqh ylghr lpdjh zkhuh

wkh dqdo|vlv uhvxowv duh glvsod|hg e| zklwh yhuwlfdo olqhv
iru irrw dqg udlo khdg dqg e| d eodfn flufoh iru d vxuidfh

ghihfw1 Yhuwlfdo vwulshv rq wkh udlo khdg wkdw duh gxh
wr xqdyrlgdeoh vshfxodu uh�hfwlrqv pdnh wkh dqdo|vlv

pruh gl�fxow1

Vxuidfh ghihfwv fdq dovr dsshdu lq gdun }rqhv ri wkh

udlo khdg 1



Ilj1 5= Ghwhfwhg idxow

Vlqfh wkh udz gdwd/ zklfk kdyh wr eh surfhvvhg/ duh

d vhw ri lpdjhv lw lv uhdvrqdeoh wr dgrsw edvlf sulqflsohv

ri kxpdq ylvlrq +fi1 ^8` dqg ^9`, iru wkh jhqhudo dqdo|0

vlv vwudwhj|1 Wklv kdv wr eh grqh lq dq h�flhqw dqg

vlpsol�hg irup lq rughu wr dvvxuh uholdelolw| dqg prg0

hudwh frpsxwdwlrqdo frpsoh{lw|1 Iroorzlqj wklv jhq0

hudo jxlgholqh/ ihdwxuh h{wudfwlrq lv shuiruphg dw gli0

ihuhqw uhvroxwlrq ohyhov1 Hgjh lqirupdwlrq lv wdnhq lqwr

dffrxqw dqg orfdo qhljkerukrrg0ghshqghqw ihdwxuhv ri

remhfwv duh fdofxodwhg1 Wkh uhodwlrqv ehwzhhq orfdo dqg

joredo lpdjh shufhswlrq dqg wkh jhrphwulfdo irupv ri

remhfwv duh wdnhq lqwr dffrxqw1 Prvw ri wkhvh wdvnv duh

shuiruphg e| qrqolqhdu rshudwlrqv1 Dv idu dv srvvleoh/

dojrulwkpv duh ghvljqhg iru pdvvlyho| sdudooho frpsxw0

lqj1

51 UDLO KHDG ORFDOL]DWLRQ

Gxh wr yleudwlrqv ri wkh wudlq dqg wkxv �xfwxdwlqj fdp0

hud dqjohv/ srvlwlrqv ri irrw dqg khdg ri wkh udlo lq wkh

ylghr lpdjhv +fi1 Ilj1 5, ydu| zklfk phdqv wkdw wkh|

kdyh wr eh uhghwhuplqhg iurp iudph wr iudph1 D uhol0

deoh orfdol}dwlrq ri wkh udlo khdg dqg lwv vxuidfh ghihfwv

fdq rqo| eh uhdol}hg e| wkh dqdo|vlv ri ihdwxuhv ghulyhg

rq wkh edvlv ri d wzr0glphqvlrqdo vljqdo1 Khqfh/ wkh lq0

glylgxdo lpdjh olqhv jhqhudwhg e| wkh fdphud duh vxp0

pdul}hg wr irup iudphv ri 589 { 589 sl{hov lq vl}h +fi1

Ilj1 5,1 Rq wkh edvlv ri Jdxvvldq dqg Odsodfldq lpdjh

s|udplgv +fi1 ^4`/ ^7`/ ^;`/ dqg ^44`, vxlwdeoh ihdwxuhv iru

khdg ghwhfwlrq duh ghulyhg lq gl�huhqw uhvroxwlrq ohyhov1

Wkh odwwhu duh frpsxwhg e| orz sdvv �owhulqj dqg vdp0

solqj udwh uhgxfwlrq1 Wkh ihdwxuhv kdyh ehhq fkrvhq lq

vxfk d zd| wkdw d wzr vwhs surfhgxuh iru wkh orfdol}d0

wlrq ri wkh uhjlrq ri lqwhuhvw +URL, lv srvvleoh/ zklfk

vdyhv frpsxwdwlrq wlph1 Vxuidfh fkdudfwhulvwlfv dv zhoo

dv hgjhv ri wkh udlo kdyh ehhq wdnhq lqwr dffrxqw1 Rq

wkh edvlv ri wkh orfdo hgjh ghqvlw| +fi1 ^4`, d udz udlo

orfdol}dwlrq lv ghwhuplqhg zlwklq d orz uhvroxwlrq lp0

djh ohyho1 Wklv ehkdylru lv yhu| urexvw zlwk uhvshfw wr

looxplqdwlrq frqglwlrqv dqg lqghshqghqw ri wkh udlov*

jud| ydoxh1 Lq d vhfrqg vwhs/ d kljk uhvroxwlrq ohyho

lv xvhg iru wkh h{dfw orfdol}dwlrq ri wkh udlo1 Lpdjhv

duh qrupdol}hg e| htxdol}lqj klvwrjudpv +fi1 ^45`, vr

wkdw wh{wxuhv dqg hgjhv duh lpsuryhg1 Wklv rshudwlrq

ohdgv wr d qrupdol}dwlrq ri wkh yduldqfh ri wkh zkroh

lpdjh dqg wr d pruh krprjhqhrxv glvwulexwlrq ri or0

fdo vljqdo yduldqfhv1 Odujh krprjhqhrxv uhjlrqv ri wkh

lpdjh fruuhvsrqg wr kljk klvwrjudp ydoxhv dqg ohdg wr

d odujh pdjql�fdwlrq ri wkh jud| ohyhov lq wklv grpdlq1

Krzhyhu/ htxdol}lqj wkh klvwrjudp dovr dpsol�hv qrlvh

zklfk pdnhv dq dgglwlrqdo orz0sdvv �owhulqj qhfhvvdu|

ehiruh hgjh ghwhfwlrq fdq eh shuiruphg1

Hgjh ghwhfwlrq lv shuiruphg e| wkh dssolfdwlrq ri

wkh Pduu0Kloguhwk rshudwru +fi1 ^8`, zklfk lqfoxghv

OrJ0�owhulqj dqg vhdufklqj iru }hur furvvlqjv ri wkh

rxwsxw vljqdo1 Wkh OrJ0�owhu uhsuhvhqwv d wzr0glphq0

vlrqdo edqg sdvv dqg lv ri pdmru lpsruwdqfh lq wkh

surfhvvlqj ri ylvxdo lqirupdwlrq e| dqlpdov1 Iru h{dp0

soh/ wkh uhfhswlyh �hog ri elsrodu fhoov lq wkh uhwlqd rs0

hudwhv dssur{lpdwho| olnh d OrJ0�owhu +fi1 ^9`,1 Pdwk0

hpdwlfdoo|/ d OrJ0�owhu lv htxlydohqw wr d Jdxvvldq

orz0sdvv �owhu fdvfdghg zlwk wkh Odsodfh rshudwru1 Lq

wkh �uvw vwhs/ qrlvh dqg yhu| vpdoo vwuxfwxuhv duh vxs0

suhvvhg e| wkh orz0sdvv �owhu/ dqg lq wkh vhfrqg/ lq0

whqvlw| yduldwlrqv +hgjhv, duh ghwhfwhg e| phdqv ri wkh

Odsodfh rshudwru +fi1 ^8`,1 Wkh odwwhu lv wkh lvrwurslf

ghulydwlyh rshudwru ri wkh vpdoohvw rughu1 Khqfh/ lwv xvh

iru hgjh ghwhfwlrq lv yhu| h�flhqw +fi1 ^8`, frpsduhg

wr gluhfwlrq ghshqghqw judglhqw rshudwruv1 Ixuwkhu0

pruh/ wkh dgydqwdjhv ri wkh OrJ0�owhu/ h1j1 frpsduhg

wr wkh Vreho rshudwru/ kdyh ehhq frq�uphg e| pdq|

frpsxwhu vlpxodwlrqv1 Wkh lqfrusrudwhg orz0sdvv �o0

whu pdnhv wkh Pduu0Kloguhwk rshudwru uhvlvwdqw zlwk

uhvshfw wr dqrpdolwlhv lq uhdo gdwd1 Lq frqwudvw wr wklv/

wkh xvh ri wkh Vreho rshudwru iru hgjh ghwhfwlrq lpsolhv

wkh vhdufk iru orfdo pd{lpd ri wkh �owhu rxwsxw vljqdo

zklfk lv uhodwlyho| wlph frqvxplqj1 Lq ylhz ri wklv idfw/

wkh Pduu0Kloguhwk rshudwru kdv ehhq suhihuuhg zklfk

hqvxuhv wkdw wkh vljqdo lv orfdoo| vprrwkhg +orz0sdvv

�owhulqj, dqg hgjhv duh pdunhg dw }hur furvvlqjv ri wkh

�owhu rxwsxw vljqdo1

Wkh orfdol}dwlrq ri }hur furvvlqjv ohdgv wr d elqdu|

hgjh lpdjh +fi1 Ilj1 6f, dqg uhsuhvhqwv d qrqolqhdu

rshudwlrq1 Lw h{wudfwv wzr0glphqvlrqdo orfdo jhrphwulf

lqirupdwlrq olnh hgjh frqwrxuv1 Lqirupdwlrq frqfhuqlqj

vwhhsqhvv ri hgjhv lv khuhe| holplqdwhg zklfk lv lpsru0

wdqw iru joredo lpdjh shufhswlrq1



Ilj16= d, Ruljlqdo lpdjh/

e, Iuhtxhqf| uhvsrqvh ri wkh �owhu/

f, Elqdu| hgjh frqwrxu/

g, Vprrwkhg hgjh surmhfwlrq1

Udz udlo orfdol}dwlrq lv edvhg rq d kljk uhvroxwlrq

ohyho1 Dw wklv ohyho/ yhuwlfdo glvwxuelqj vwulshv kdyh wr

eh vxssuhvvhg e| frpelqlqj OrJ0�owhulqj zlwk dqjxodu

�owhulqj1 Lq Ilj1 6e/ wkh pdjqlwxgh ri wkh iuhtxhqf| uh0

vsrqvh ri wklv frpelqhg �owhu lv ghslfwhg1 Iru h{dpsoh/

�owhulqj ri lpdjh d, lq Ilj1 6 lq frpelqdwlrq zlwk wkh

ghwhfwlrq ri }hur furvvlqjv ohdgv wr wkh elqdu| hgjh frq0

wrxu f,1 Vxevhtxhqw orz0sdvv �owhulqj uhyhdov wkh orfdo

hgjh ghqvlw|1 Ilqdoo|/ wkh udlo srvlwlrq fdq eh orfdol}hg

e| xvlqj wkh pd{lpd ri wkh yhuwlfdoo| surmhfwhg hgjh

lpdjh1 Wkh orz0sdvv �owhulqj dqg surmhfwlrq rshudwlrqv

fdq eh lqwhufkdqjhg1 Wkh orz0sdvv �owhuhg yhuvlrq ri

wkh yhuwlfdoo| surmhfwhg hgjh lpdjh lv vkrzq lq Ilj1 6

g, dqg lwv dqdo|vlv shuplwv wkh udz udlo orfdol}dwlrq +gh0

�qlwlrq ri URL, zlwk uhvshfw wr lwv krul}rqwdo srvlwlrq1

Wkh h{dfw srvlwlrqv ri wkh hgjhv ri irrw dqg khdg ri

wkh udlo lq wkh ylghr lpdjhv duh ghwhuplqhg lq wkh gr0

pdlq ri wkh douhdg| ghwhuplqhg URL1 Wklv lv grqh rq

wkh edvlv ri d kljk uhvroxwlrq ohyho zkhuh irxu sdudooho

olqhv +hgjhv, duh vhdufkhg1 Iru wklv sxusrvh/ yhuwlfdo

vwulshv fdxvhg e| xqdyrlgdeoh vshfxodu uh�hfwlrqv rq

wkh khdg kdyh wr eh ljqruhg zklfk lv grqh e| wdnlqj

lqwr dffrxqw rqo| wkh �uvw wzr olqhv rq wkh ohiw dqg

uljkw0kdqg vlgh/ uhvshfwlyho|1 Pruh suhflvho|/ lq wkh

�uvw vwhs wkh klvwrjudp ri wkh lpdjh lv htxdol}hg dqg

wkh uhvxow lv �owhuhg e| d OrJ0rshudwru1 Wkh ghwhfwlrq

ri wkh }hur furvvlqjv lv grqh lq vxfk d zd| wkdw yhuwlfdo

hgjhv duh suhihuuhg1 Lq jhqhudo/ olqh ghwhfwlrq rq wkh

edvlv ri dq hgjh lpdjh fdq eh lpsohphqwhg e| phdqv ri

orfdo dqg joredo surmhfwlrqv/ uhvshfwlyho|1 Vpdoo dqjx0

odu ghyldwlrqv ri wkh udlo iurp dq h{dfw yhuwlfdo srvlwlrq

fdq eh qhjohfwhg lq wklv dssolfdwlrq zklfk lpsolhv wkh

vlpsoh xvh ri froxpq vxpv +yhuwlfdo surmhfwlrqv, iru

olqh ghwhfwlrq1 Krzhyhu/ wkh hgjhv ri irrw dqg khdg h{0

klelw pdq| euhdnv gxh wr vwurqj glvwruwlrqv1 Ixuwkhu0

pruh/ dgglwlrqdo yhuwlfdo hgjhv dsshdu lq wkh lpdjhv

zklfk duh qrw fdxvhg e| irrw ru khdg exw iru h{dpsoh

e| wkh �{lqj ghylfhv1 Lq wkhvh fdvhv/ surmhfwlrqv duh

qrw vx�flhqw iru d urexvw orfdol}dwlrq ri irrw dqg khdg

ri wkh udlo1 Wklv sureohp lv vroyhg e| xvlqj pruskrorj0

lfdo olqh dqdo|vlv +�owhulqj, phwkrgv1 Wkh sulqflsohv ri

wkhvh qrqolqhdu surfhvvlqj vfkhphv zloo eh looxvwudwhg

e| glvfxvvlqj Ilj1 71 Lwv �uvw urz vkrzv wkh ruljlqdo

hgjh lpdjh +Ilj1 7d, dqg wkh uhvxowv ri pruskrorjlfdo

rshudwlrqv dssolhg wr lw +Ilj1 7e dqg f,1 Wkh orzhu urz

vkrzv wkh fdofxodwhg yhuwlfdo surmhfwlrq1 Iluvw/ wkh rs0

hudwlrq %forvlqj% wrjhwkhu zlwk wkh vwuxfwxudo hohphqw

%vkruw yhuwlfdo olqh% +fi1 Ilj1 7e, lv dssolhg iru forvlqj

vkruw jdsv lq wkh hgjhv ri irrw dqg udlo khdg 1 Vxe0

vhtxhqwo|/ wkh rshudwlrq %rshqlqj% wrjhwkhu zlwk wkh

vwuxfwxudo hohphqw %orqj yhuwlfdo olqh% lv xvhg iru wkh

holplqdwlrq ri vkruw hgjhv zklfk fdqqrw eh fdxvhg e|

wkh udlo hgjhv +fi1 Ilj1 7f,1

Ilj1 7= Qrqolqhdu surfhvvlqj ri hgjh lpdjh1

Pdwkhpdwlfdoo|/ wkh rshudwlrqv rshqlqj +3, dqg forv0

lqj +F,/ uhvshfwlyho|/ fdq eh irupxodwhg dv ^:`

R+e, @ +e� VHO,� VHO>

F+e, @ +e� VHO,� VHO>

zkhuh e lv wkh elqdu| lpdjh/ VHO wkh vwuxfwxudo hoh0

phqw %yhuwlfdo olqh%/ � vwdqgv iru glodwlrq/ dqg � iru

hurvlrq1

61 WHPSRUDO RQ0OLQH ILOWHULQJ

Lqglylgxdo huuruv ri wkh dojrulwkp ghvfulehg lq wkh odvw

vhfwlrq iru wkh h{dfw krul}rqwdo udlo orfdol}dwlrq lq wkh



lpdjh fdq eh eulgjhg e| phdqv ri lqwhuiudph �owhulqj1

Wkh vhulhv ri frpsxwhg krul}rqwdo frruglqdwhv ri wkh

udlo +rqh lq hdfk iudph, fdq eh frqvlghuhg dv d glvfuhwh0

wlph vljqdo1 Wkh vxssuhvvlrq ri orfdo huuruv zrxog eh

srvvleoh e| phdqv ri orz0sdvv �owhulqj1 Krzhyhu/ jrrg

�owhuv zlwk qduurz wudqvlwlrq edqgv kdyh odujh jurxs

ghod|v zklfk ohdgv wr phpru| sureohpv lq dq rq0olqh

v|vwhp +pdq| lpdjhv kdyh wr eh vwruhg,1 Iru h{dpsoh/

d fdxvdo olqhdu skdvh ILU orz0sdvv �owhu ri wkh rughu

Q kdv d jurxs ghod| ri Q25 vdpsohv/ l1h1/ li zh surfhvv

lpdjh qxpehu l/ wkhq zh rewdlq wkh �owhuhg yhuvlrq

ri wkh udlo srvlwlrq iru lpdjh qxpehu l0Q251 Khqfh/

wkh vxevhtxhqw ghihfw ghwhfwlrq uhtxluhv wkh vwrudjh ri

wkh odvw Q25 lpdjhv1 Vlplodu frqvlghudwlrqv dsso| wr

qrq0fdxvdo ILU orz0sdvv �owhuv1 LLU �owhuv zlwk d qdu0

urz wudqvlwlrq edqg fdq eh ghvljqhg zlwk orz rughu/

krzhyhu/ wkh| fdqqrw kdyh d olqhdu skdvh1 D ehwwhu

dowhuqdwlyh lv r�huhg e| wkh xvh ri qrqolqhdu phgldq

�owhuv1 Iru h{dpsoh/ d phgldq �owhu ri wkh rughu �yh

uhtxluhv wkh vwrudjh ri rqo| wkuhh lpdjhv dqg lw lv deoh

wr holplqdwh xs wr wzr huuruv lq d vhtxhqfh ri �yh lp0

djhv1 H{shulphqwv zlwk uhdo gdwd vkrzhg wkdw vxfk d

phgldq �owhu ri wkh rughu �yh lv lqghhg vx�flhqw iru

wkh dssolfdwlrq frqvlghuhg1

71 UDLO LQVSHFWLRQ

Wkh udlo khdg uhsuhvhqwv wkh uhjlrq ri lqwhuhvw iru wkh

orfdol}dwlrq ri gdpdjh +fi1 Ilj1 8d,1 Odwwhu fdq eh

lghqwl�hg gxh wr wkh jhrphwulf irupv dqg wkh gl�huhqfh

iurp wkh vxuurxqglqj zlwk uhvshfw wr jud| ohyho ydoxhv1

Ilj1 8= Vxssuhvvlrq ri yhuwlfdo vwulshv

Wkh xqdyrlgdeoh vshfxodu uh�hfwlrqv iurp wkh udlo

khdg ohdg wr glvwxuelqj yhuwlfdo vwulshv lq wkh lpdjhv

+fi1 Ilj1 8d,1 Wkh| kdyh wr eh holplqdwhg e| phdqv

ri dqjxodu �owhulqj1 Iru wklv sxusrvh/ wkh douhdg| or0

fdol}hg URL +udlo khdg, lv glylghg lqwr krul}rqwdo htxl0

vsdfhg vwulshv +eorfnv,1 Wkh qxpehu ri eorfnv ghshqgv

rq wkh h{shfwhg pd{lpxp gldphwhu ri idxowv1 Diwhu0

zdugv/ dqjxodu �owhulqj fdq eh shuiruphg iru doo eorfnv

lq sdudooho1 Khuh/ �owhulqj lv fduulhg rxw lq wkh iuh0

txhqf| grpdlq rq wkh edvlv ri dq IIW/ zklfk lv ds0

sur{lpdwho| wkh vdph dv vxewudfwlqj lwv uhvshfwlyh phdq

ydoxh iurp hdfk froxpq ri d eorfn1 Dv d frqvhtxhqfh/

wkh �owhu rxwsxw vljqdo kdv srvlwlyh dqg qhjdwlyh ydoxhv

zklfk phdqv wkdw lwv pdjqlwxgh kdv wr eh ghwhuplqhg

ehiruh d ohyho ghwhfwlrq rshudwlrq fdq eh shuiruphg1

Diwhuzdugv/ wkh edfnjurxqg dsshduv qhduo| krprjh0

qhrxv dqg lwv vljqdo ydoxhv fdxvh d shdn qhdu wr }hur

lq wkh klvwrjudp1 Lq frqwudvw wr wklv/ wkh vljqdo ydoxhv

vwhpplqj iurp gdpdjhg duhdv lq�xhqfh wkh klvwrjudp

dw kljkhu ydoxhv zklfk duh vhsdudwhg iurp wkh edfn0

jurxqg shdn1 Khqfh/ d vxlwdeoh wkuhvkrog iru elqdul}d0

wlrq fdq eh hdvlo| gh�qhg1 Wkh jhrphwulfdo surshuwlhv

ri ghihfwv duh hqkdqfhg lq wkh elqdu| lpdjh1 Lvrodwhg

zklwh sl{hov fdq eh lqwhusuhwhg dv qrlvh dqg duh uh0

pryhg e| phdqv ri d vlpsoh pruskrorjlfdo rshudwlrq1

Wkh uhpdlqlqj zklwh grpdlqv duh vruwhg zlwk uhvshfw

wr lwv gldphwhuv vlqfh vpdoo sdwfkhv rq wkh vxuidfh duh

qrw frqvlghuhg dv uhohydqw idxowv +fi1 Iljv1 8f/ 8g/ dqg

9,1 Pruskrorjlfdo vlhyh �owhulqj ^43` lv xvhg iru wkh gh0

whfwlrq ri remhfwv zklfk fdqqrw eh hqflufohg e| d flufoh

ri suhvfulehg gldphwhu1 Pdwkhpdwlfdoo|/ wkh �owhu lwvhoi

fdq eh ghvfulehg dv iroorzv ^43`=

VI+e, @ +e� �VHF,� �VHG>

zkhuh e lv wkh elqdu| lpdjh/ � vwdqgv iru glodwlrq/ � iru

hurvlrq/ � uhsuhvhqwv d vfdolqj idfwru/ VHF wkh vwuxf0

wxudo hohphqw %flufoh%/ dqg VHG wkh vwuxfwxudo hohphqw

%glvn%1 Wkh vlhyh �owhu shuirupv d elqdu| ghflvlrq zlwk

uhvshfw wr wkh gldphwhu ri remhfwv/ vlqfh lw zloo eh df0

fhswhg ru holplqdwhg dv d zkroh1 Wkh uhvxowv ri wklv

qrqolqhdu rshudwlrq lv looxvwudwhg lq Ilj1 91 Ghshq0

ghqw rq wkhlu vl}h dqg wkh gldphwhu G +lq sl{hov, ri wkh

vwuxfwxudo hohphqw/ sdwfkhv duh dffhswhg ru holplqdwhg1

81 VSHFLDO SXUSRVH KDUGZDUH

Wkh lpdjh dqdo|vlv lqwurgxfhg deryh lv edvhg rq wzr0

glphqvlrqdo �owhulqj/ IIW/ pruskrorjlfdo rshudwlrqv

olnh glodwlrq dqg hurvlrq/ htxdol}dwlrq ri klvwrjudpv/

dqg elqdul}dwlrq1 Wkh sdudooho h{hfxwlrq ri rshudwlrqv

lv xqdyrlgdeoh lq rughu wr uhdol}h uhdo wlph surfhvvlqj1

Krzhyhu/ vshfldo sxusrvh fklsv dqg kdugzduh prgxohv

duh frpphufldoo| dydlodeoh zklfk h{hfxwh wkh deryh

wdvnv zlwk vshfldoo| ghvljqhg dufklwhfwxuhv1 Lq wkh suh0

vhqw dssolfdwlrq/ vxfk prgxohv fdq eh lpsohphqwhg lq

d slsholqh vwuxfwxuh zklfk pdnhv d iudph udwh ri 53

pv +589 olqhv shu iudph, srvvleoh1 D ghod| ri vrph

iudphv ehwzhhq lqsxw dqg rxwsxw ri wkh dqdo|vlv gh0



ylfh lv ri qr uhohydqfh1 Wkxv/ wkh dojrulwkp fdq eh

vhsdudwhg lqwr vrph vhtxhqwldoo| rughuhg wdvnv/ hyhu|
vlqjoh vwhs pd| uhtxluh xs wr 53 pv ri h{hfxwlrq wlph1

Ixuwkhupruh/ vrph rshudwlrqv fdq eh frpsxwhg lq sdu0

dooho1 Iru h{dpsoh/ dq lpdjh fdq eh �owhuhg zlwk irxu
gl�huhqw surfhvvruv vlpxowdqhrxvo|1

Ilj1 9= Vlhyh �owhulqj

91 FRQFOXVLRQV

Wkh frqvlvwhqw xvh ri sulqflsohv ri kxpdq ylvlrq dqg

wkh h{sorlwdwlrq ri d sulrul nqrzohgjh ohdgv wr frpsx0

wdwlrqdoo| idvw dqg urexvw ghihfw ghwhfwlrq dojrulwkpv1
Qrqolqhdu vljqdo surfhvvlqj rshudwlrqv duh dq hvvhqwldo

sduw ri wkh lpdjh dqdo|vlv v|vwhp lqwurgxfhg deryh1
Wkh h�flhqf| dqg uholdelolw| ri wkh phwkrgv kdyh ehhq

yhul�hg e| wkh dqdo|vlv ri odujh uhdo gdwd lpdjh vh0

txhqfhv1 Wkh dojrulwkpv fdq eh lpsohphqwhg iru uhdo
wlph surfhvvlqj e| phdqv ri dydlodeoh dqg frpphufldoo|

dffhswdeoh kdugzduh prgxohv1
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