
OW,+�+�OW��w 5k,w,A�� ,jA+��AW��

��5,# �� � #,6�+���w, ��+AW�w, 5v5A,�

6h@?U! �?}i**@�c �*���ih w@��@**i�c2 @?_ ��ihhi �@)*L��
� ,^��Ti 5�}?@* : W4@}i % ,�5,+� @?_ �+��B#+ W5W5c ��+5

�� bbc ��ef2 A@*i?Ui �i_i c 6h@?Ui
2 ,�WA� _i �Lh_i@� 

�c �L�ht _� B�i?�ih@* _i B@�**ic ��2f�c ���.D Bh@_�}?@?c 6h@?Ui
Ai*� n�� D DS He SS .e � 6@ n�� D DS He He fS

f�2>�'D >={f''>7{Jf'fzzf�zp����KJe[f>���qe

DEVWUDFW

Wkh xvh ri d sduwlfoh v|vwhp dv d vnhohwrq h{wudfwru lv lq0
wurgxfhg khuh1 Wklv v|vwhp ehkdyhv dv dq dfwlyh frqwrxu
prgho hpehgglqj yduldeoh wrsrorj| surshuwlhv1 Dv wkh
sduwlfohv sursdjdwh lqvlgh wuhh0vkdshg remhfwv/ zh exlog
wkhlu vnhohwrq zklfk lv xvhixo wr ghwhuplqh wkh qhljk0
erukrrgv xvhg iru wkh frpsxwdwlrq ri wkh uhjxodul}d0
wlrq dqg lqwhudfwlrq irufhv1 Wklv frqqhfwhg vnhohwrq lv
gluhfwo| uhwxuqhg dqg dyrlgv d wzr0vwhs dssurdfk edvhg
rq d pruskrorjlfdo rshudwlrq iroorzhg e| d wuhh dqdo0
|vlv1 Lq dgglwlrq/ wkh phwkrg jlyhv lqirupdwlrq rq wkh
klhudufk| ri vwuxfwxuhv1 Xvlqj wklv phwkrg/ lw lv srvvleoh
wr jhqhudwh d fduwrjudsk| ri vwuxfwxuhv vxfk dv yhlqv ru
fkdqqhov1

4 LQWURGXFWLRQ

Wkh sureohp ri vnhohwrq h{wudfwlrq kdv irxqg pdq| vr0
oxwlrqv hvvhqwldoo| edvhg rq pdwkhpdwlfdo pruskrorj|
dojrulwkpv ^4`1 Rqfh wkh vnhohwrq lv rewdlqhg/ lghqwl0
i|lqj wkh rulhqwhg klhudufklfdo vwuxfwxuh ri wkh vnhohwrq
wkhuhri ohdgv wr xvh/ iru h{dpsoh/ judsk wkhru|1 Rxu
sdshu sursrvhv d gl�huhqw dssurdfk wr �qg wkh vnhoh0
wrq ri jud|vfdoh wuhh0olnh remhfwv= lw lv edvhg rq dfwlyh
frqwrxu prghov ^5`1 Uhfhqwo|/ gl�huhqw whfkqltxhv kdyh
ehhq vwxglhg wr vroyh wkh sureohp ri wrsrorj| fkdqjhv
rffxuulqj zkloh xvlqj dfwlyh frqwrxuv1 Dprqj wkhp sdu0
wlfoh v|vwhpv kdyh ehhq lqwurgxfhg wr ryhufrph wkh fodv0
vlfdo prgho olplwdwlrq ^6`1 Wkhlu delolw| wr sursdjdwh
lqvlgh duwhulhv dqg wr sdvv wkurxjk mxqfwlrqv ohdgv wr
wkh h{wudfwlrq ri vnhohwrqv/ zkloh vlpxowdqhrxvo| uhyhdo0
lqj wkh klhudufk| ri vwuxfwxuhv1 Lq dgglwlrq/ sduwlfoh
v|vwhpv phwkrgv fdq eh olqnhg zlwk hyroxwlrqdu| dojr0
ulwkpv jlyhq wkdw hdfk hohphqw lv vxemhfw wr jhqhudo ph0
fkdqlfdo odzv exw pryhv lqghshqghqwo| ^7`^8`1 E| exlog0
lqj d uhodwlrq wuhh/ zh fdq ghwhuplqh wkh rulhqwhg vwuxf0
wxuh ri wkh remhfwv zkloh gh�qlqj uhodwlrqvklsv ehwzhhq
sduwlfohv1 Gl�huhqw phwkrgv duh sursrvhg lq wklv sdshu
wr frpsxwh wklv wuhh xvlqj wkh wudmhfwrulhv ri sduwlfohv1
Ilqdoo|/ vrph uhvxowv duh jlyhq rq erwk v|qwkhvl}hg dqg
uhdo 50G lpdjhv1

5 SDUWLFOH V\VWHP GHVFULSWLRQ

Rxu dojrulwkp vlpxodwhv wkh hyroxwlrq ri d sduwlfoh v|v0
whp zklfk lv vxemhfw wr lqwhuqdo dqg h{whuqdo irufhv1 Lq0
whuqdo irufhv frqwuro dqg uhjxodwh wkh h{sdqvlrq ri wkh
v|vwhp zkhuhdv h{whuqdo irufhv gulyh lwv hyroxwlrq df0
fruglqj wr wkh lpdjh L zh duh zrunlqj rq1

514 Prgho Gh�qlwlrq

Zh gh�qh d vhw ri qrghv +ru sduwlfohv,=q
P

l

ml @ 4> ===> Q
+n,

sduw

r
+4,

zkhuh Q
+n,

sduw

vwdqgv iru wkh qxpehu ri sduwlfohv dw vwhs
n1 Hdfk sduwlfoh P

l

fdq pryh lq wkh {0| lpdjh sodqh
lq dffrugdqfh zlwk wkh gl�huhqw h{huwhg irufhv1 Wkhvh
irufhv duh glylghg lqwr wzr jurxsv= lqwhuqdo irufhv dqg
h{whuqdo irufhv ^6`1
�Lqwhuqdo irufhv=
Zh gh�qh dq lqwhudfwlrq srwhqwldo ixqfwlrq jdwkhulqj

d orqj0udqjh dwwudfwlrq whup dqg d vkruw0udqjh uhsxovlrq
whup xvlqj d Ohqqdug0Mrqhv ixqfwlrq ^6`=

!+u, @
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zlwk q A p +5,

zkhuh D dqg E duh srvlwlyh frh�flhqwv xvhg wr vhw wkh
htxloleulxp fkdudfwhulvwlfv ehwzhhq wzr sduwlfohv vhsd0
udwhg zlwk glvwdqfh u1 Xvlqj ! zh fdq frpsxwh d joredo

lqwhudfwlrq irufh i
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lv wkh hxfolgldq glvwdqfh iurp qrgh l wr qrgh m
dqgu ghqrwhv wkh judglhqw rshudwru1 n

u

wxqhv wkh h�hfw
ri wkh irufh dqg frqwurov wkh joredo h{sdqvlrq vshhg ri
wkh sduwlfoh v|vwhp1 Y +P

l

> n, uhsuhvhqwv wkh qhljkeru0
krrg ri wkh qrgh P

l

dw lwhudwlrq n1 Wkh ghwhuplqdwlrq
ri wklv qhljkerukrrg lv ghvfulehg lq vhfwlrq 61 D vshfldo
fdvh ri irupxod +5, lv wkh Frxorpeldq hohfwulfdo dqdorj|
+D @ 3/ E @ 4 dqg q @ 4, zklfk ohdgv wr=
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zkhuh x
lm

lv wkh xqlw yhfwru iurp qrgh l wr qrgh m1 Wkh
pdlq gudzedfn ri wkh hohfwulfdo dqdorj| olhv lq lwv lqvwd0
elolw|1 Fkrrvlqj qrq0}hur ydoxhv iru sdudphwhuv D dqg
E lv xvhixo wr dwwudfw glvwdqw sduwlfohv dqg wr sxvk dzd|
qhdue| rqhv1 Vr ! doorzv xv wr kdyh dq h{sdqvleoh dqg
uhjxodwhg v|vwhp1

D vhfrqg irufh i
+l>n,

sk

lv xvhg wr jxlgh wkh sduwlfoh df0
fruglqj wr wkh wudmhfwru| ri rwkhuv sduwlfohv1 Zh exlog
d yhorflw| pds L

sk

xvlqj wkh yhorflw| ri hdfk sduwlfoh
dw hdfk vwhs ri wkh dojrulwkp1 Wklv pds doorzv xv wr
nqrz wkh dyhudjh vshhg yhfwru iru d sduwlfoh P

l

jlyhq
lwv srvlwlrq u

l

+n, rq wkh lpdjh L/ l1h1 wkh phdq vshhg
fdofxodwhg xvlqj=

L
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zkhuh y
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+p, vwdqgv iru wkh yhorflw| ri wkh sduwlfoh P
m

dw lwhudwlrq p zlwk p ? n1 Zh fdq wkhq gh�qh=
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+9,

zkhuh L[
sk

dqg L\
sk

duh L
sk

frpsrqhqwv lq wkh {0| sodqh1
n
sk

frqwurov wkh lq�xhqfh ri doo sduwlfohv wudmhfwrulhv xq0
wlo lwhudwlrq n rq P

l

1 Lw dfwv olnh dqw skhurprqhv/ guly0
lqj sduwlfohv suhihudeo| rq wkh zd| douhdg| xvhg e| sulru
sduwlfohv ^7`1

Wkh odvw lqwhuqdo irufh lv d uhjxodul}dwlrq irufh i
+l>n,

uhj

zhljkwhg e| n
uhj

1 Wklv irufh lv xvhg wr fruuhfw wkh srvl0
wlrq riP

l

zlwk lwv qhljkeruv lq Y +P
l

> n,1 ZkhqP
l

kdv
wzr qhljkeruv/ zklfk phdqv wkdw wkuhh qrghv duh sduwv
ri wkh vdph eudqfk/ zh dgg d irufh gh�qhg dv iroorzv=
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+n, lv wkh srvlwlrq ri qrghP
l

dw lwhudwlrq n dqg u4
l

+n,
dqg u5

l

+n, duh wkh srvlwlrqv ri P
l

qhljkeruv1 Zh fdq
qrwlfh wkdw wklv irufh lv vlplodu wr wkh rqh fuhdwhg e|
wkh vhfrqg rughu uhjxodul}dwlrq whup +uljlglw|, xvhg lq
wkh vqdnhv lqwhuqdo hqhuj| ^5`1 Wkxv/ wklv wuhh lqfoxghv
uhjxodul}lqj surshuwlhv/ vxfk dv wkrvh ri dfwlyh frqwrxuv1
�H{whuqdo irufhv=
Zh zdqw rxu v|vwhp wr orfdoo| uhwulhyh lqirupdwlrq

iurp wkh lpdjh L dqg wr eh �qdoo| orfdwhg lqvlgh re0
mhfwv1 Wklv lv wkh uhdvrq zk| zh xvh h{whuqdo irufhv

i
+l>n,

j

gluhfwo| ghshqglqj rq wkh judglhqw ri L/ gh�qhg dv
iroorzv=
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J lv d �owhu xvhg wr h{whqg wkh lq�xhqfh duhd ri remhfwv
erxqgdulhv lq L1 n

j

lv xvhg wr frqwuro wklv lq�xhqfh1
D iulfwlrq irufh lv dovr xvhg rq P

l
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lv wkh iulfwlrq frh�flhqw dqg y
l

+n� 4, lv wkh yhorflw|
ri P

l

dw vwhs n � 41

Vr wkh joredo irufh dssolhg rq P
l

dw lwhudwlrq n lv=
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515 Hyroxwlrqdu| Prgho

Khuh zh gr qrw vroyh wkh hyroxwlrq sureohp zlwk dq hq0
hujhwlf dssurdfk olnh lq ^5` ru ^9`1 Li zh frqvlghu wkdw
hdfk sduwlfoh lv d phfkdqlfdo v|vwhp/ lwv hyroxwlrq iro0
orzv wkh fodvvlfdo Qhzwrqldq phfkdqlfdo uhodwlrq jlyhq
ehorz1

p
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+w, +44,

zkhuh p
l

lv wkh pdvv ri wkh sduwlfoh l +lq rxu fdvh p
l

@
4/ ;l,1 i

l

+w, lv wkh wrwdo uhvxowdqw irufh rq P
l

1 Zh xvh
wkh Hxohu phwkrg wr frpsxwh htxdwlrq +44,1 Dw hdfk
vwhs n/ hdfk sduwlfoh pryhv dffruglqj wr=�

y
l

+n, @ y
l

+n � 4, . � � i +l>n,
u
l

+n, @ u
l

+n � 4, . � � y
l

+n,
+45,

y
l

+n, dqg u
l

+n, duh wkh yhorflw| dqg srvlwlrq yhfwruv iru
P

l

1 � lv wkh wlph lqwhuydo xvhg dv sdudphwhu iru wkh
Hxohu phwkrg1 Wkh pruh vrsklvwlfdwhg Uxqjh0Nxwwd
qxphulfdo lqwhjudwlrq whfkqltxhv frxog dovr eh xvhg1
Doo sduwlfohv duh fuhdwhg dw wkh vdph orfdwlrq u

lqlw

zlwk wkh lqlwldo yhorflw| y
lqlw

1 Wkrvh sdudphwhuv duh
fkrvhq vr wkdw wkh sduwlfohv zloo pryh lqvlgh wkh wuhh0
vkdshg remhfw lq lpdjh L1

6 KLHUDUFK\ WUHH

Rqh ri rxu jrdov lv wr rewdlq wkh rulhqwhg vnhohwrq ri
remhfwv lq wkh lpdjh L1 Lq rughu wr frpsohwh wklv wdvn
zh jhqhudwh d klhudufk| wuhh gxulqj wkh sduwlfohv* hyrox0
wlrq1 Lq dgglwlrq/ wklv wuhh lv xvhg wr doorz rxu v|vwhp
wr fkdqjh lwv wrsrorj|1 Xvlqj lw/ zh fdq ghwhuplqh wkh
qhljkerukrrgv Y +P

l

> n, zklfk duh xvhixo iru wkh frpsx0

wdwlrq ri i
+l>n,

lqw

dqg i
+l>n,

uhj

1 Lq idfw/ wkhvh qhljkerukrrgv
duh qhfhvvdu| wr nqrz zklfk sduwlfohv kdyh dq h�hfw rq
d jlyhq sduwlfoh/ ghshqglqj rq wkh remhfw vkdsh1 Iru
h{dpsoh/ sduwlfohv fdq eh forvh zkhuhdv wkh| pxvw qrw
lqwhudfw1 Iljxuh 4 vkrzv vxfk d fdvh1

Iljxuh 4= d, P
l

dqg P
m

pxvw lqwhudfw 0 e, P
l

dqg P
m

pxvw eh suhyhqwhg iurp lqwhudfwlqj1

D vroxwlrq wkdw xvhv wkh frpsdulvrq ehwzhhq hxfolgldq
dqg jhrghvlf glvwdqfhv lv sursrvhg lq ^:`1 Krzhyhu lq rxu
fdvh wklv vroxwlrq fdq*w eh dssolhg ehfdxvh ri wkh odujh
frpsxwdwlrqdo wlph qhhghg1



614 Wuhh Jhqhudwlrq

Zh sursrvh wzr phwkrgv iru wkh jhqhudwlrq ri wkh kl0
hudufk| wuhh1 Erwk wdnh dgydqwdjh ri wkh wudmhfwrulhv ri
doo sduwlfohv1 Wklv lqirupdwlrq lv gluhfwo| uhodwhg wr wkh
rulhqwdwlrq ri wkh wuhh1

61414 Srvw frpsxwdwlrq jhqhudwlrq

Wkh �uvw phwkrg exlogv wkh klhudufk| wuhh e| gluhfwo|

xvlqj wkh wudmhfwrulhv ri wkh sduwlfohv1 Ohw F
+n,

l

eh wkh
frpsohwh sdwk ri sduwlfoh P

l

iurp u
lqlw

wr u
l

+n,1 Rxu
jrdo lv wr �qg wkh sduwlfoh P

m

olqnhg iruzdug wr P
l

vr
wkdw P

l

P
m

lv d sduw ri wkh vnhohwrq wkdw zh duh vhdufk0
lqj iru= P

m

lv wkh sduwlfoh zklfk lv wkh forvhvw wr P
l

lq
wlph dqg lq vsdfh1 Lq idfw zh vfdq wkh hqwluh wudmhfwru|/
ehjlqqlqj dw vwhs n/ wu|lqj wr �qgP

m

dv jlyhq e| htxd0
wlrq +46,1 Li qr sduwlfoh vdwlv�hv wkh uhodwlrq/ zh pryh
edfn wr vwhs n � 4 dqg vr rq xqwlo vwhs 41

m @ duj plq
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k
4>Q

+n,
sduw

l
;ilj

inu
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+n,� u
l

+p,n m nu
o

+n,� u
l

+p,n � Gj+46,

zkhuh G lv xvhg wr hqodujh wkh wudmhfwru| F
+n,

l

dqg p
lv wkh fxuuhqw revhuyhg lwhudwlrq ydu|lqj iurp n grzqwr
41 Wklv phwkrg jlyhv xv wkh forvhvw qhljkeru +lq wlph,
zklfk lv wkh forvhvw wr d jlyhq fxuyh +lq vsdfh,1 Wkdw
zd|/ zh fdq exlog wkh frpsohwh klhudufk| wuhh diwhu uxq0
qlqj wkh hyroxwlrqqdu| dojrulwkp1

61415 Vwhs0e|0vwhs jhqhudwlrq

Iru wkh vhfrqg phwkrg zh frqvlghu wkdw wkh wuhh fdq eh
jhqhudwhg e| prgli|lqj lwv vwuxfwxuh dw hdfk vwhs ri wkh
hyroxwlrq1 Olqnv ehwzhhq sduwlfohv duh fkdqjhg dffrug0
lqj wr wkh jhrphwulf uhodwlrqv zlwk wkhlu qhljkeruv1 Zh
vwxg| gl�huhqw fdvhv fruuhvsrqglqj wr wkh gl�huhqw frq0
�jxudwlrqv ri hdfk qrgh= dgglwlrqv dqg frqyhujhqfhv/
ghohwlrqv/ glyhujhqfhv dqg vkliwv1
�Dgglwlrq dqg frqyhujhqfh=
Wkh whfkqltxh lv h{dfwo| wkh vdph dv wkh rqh xvhg

iru wkh �uvw phwkrg +xvlqj htxdwlrq 46,1 D olqn fdq eh
fuhdwhg iurp qrghP

l

wr qrghP
m

liP
l

kdv qr qhljkeru
ru li wklv olqn kdv ehhq fxw ehiruh1 Zh fdq vshhg xs wkh
dojrulwkp e| vhdufklqj wkh qhljkeru lq d uhvwulfwhg olvw
zklfk frqwdlqv wkh sduhqw qrghv ri P

l

1 E| uhexloglqj
wkh wuhh gxulqj wkh v|vwhp hyroxwlrq/ wklv olvw fdq hdvlo|
eh jhqhudwhg1
�Ghohwlrq=
D olqn lv uhpryhg zkhq wkh lqwhu0glvwdqfh ehwzhhq lwv

qrghv lv orqjhu wkdq d jlyhq wkuhvkrog1 Wklv fdvh riwhq
rffxuv iru wkh ohdglqj sduwlfoh ri d eudqfk1
�Glyhujhqfh dqg vkliw=
Wklv vlwxdwlrq kdsshqv iru mxqfwlrqv1 Frqvlghulqj

wkuhh qrghv P
4
/ P

5
dqg P

6
/ li wkh dqjoh _P

4
P

5
P

6

ehfrphv dfxwh +zklfk lv ghwhuplqhg e| frpsdulqj lwv
ydoxh wr d jlyhq wkuhvkrog,/ doo olqnv wr P

5
duh fxw r�1

Wkhq/ qhz eudqfkhv duh dgghg xvlqj wkh dgglwlrq dqg
frqyhujhqfh phwkrg1

615 Wuhh Xvh iru wkh V|vwhp Hyroxwlrq

Udwkhu wkdq xvlqj d vwdwlf phwkrg wr vroyh wkh wrsrorj|
fkdqjhv lvvxh ^;`/ zh wdnh dgydqwdjh ri wkh wudmhfwrulhv ri
doo sduwlfohv wr olqn wkhp g|qdplfdoo|1 Jlyhq wkh wuhh/
zh nqrz zklfk duh wkh olqnv iurp rqh sduwlfoh wr dq0
rwkhu1 Li d olqn h{lvwv iurpP

l

wr P
m

/ wkhqP
m

lv d sduw
ri Y +P

l

> n, dw vwhs n1 Wkhvh qhljkerukrrgv duh xvhg wr
frpsxwh wkh uhjxodul}dwlrq irufhv dqg wkh lqwhuhdfwlrq
irufhv1 Lq rughu qrw wr frpsxwh wkh zkroh wuhh dw hdfk
lwhudwlrq/ d whvw lv xvhg wr vwduw d qhz frpsxwdwlrq1 Lq
idfw/ dv wkh wuhh vwuxfwxuh fkdqjhv gxulqj wkh hyroxwlrq/
qhljkerukrrgv kdyh wr fkdqjh wrr ehfdxvh wkh| vwrs uh0
yhdolqj wkh uhdo wrsrorj| ri wkh lpdjh dqg ohdg sduwlfoh
rqwr zurqj sdwkv1 Wkhvh plvwdnhv fdq eh ghwhfwhg e|
vwxg|lqj wkh olqnv ehwzhhq sduwlfohv= li d olqn furvvhv dq
remhfw erxqgdu|/ wkhq wklv olqn pxvw eh fxw r�1 Wkxv/
gxulqj wkh hyroxwlrq wkh dojrulwkp vfdqv wkh lpdjh L
dorqj hdfk olqn1 Li d erxqgdu| lv ghwhfwhg +xvlqj d frp0
sdulvrq zlwk d jlyhq wkuhvkrog,/ wkhq d qhz frpsxwdwlrq
ri wkh wuhh lv qhhghg1

7 UHVXOWV

Wkh sduwlfoh v|vwhp dojrulwkp lv dssolhg wr v|qwkhvl}hg
lpdjhv lq rughu wr �qg wkh vnhohwrq ri remhfwv1 Ilj0
xuh 5 suhvhqwv wkh uhvxowv iru wuhh jhqhudwlrq xvlqj rxu
phwkrg1 Wkh wuhh jhqhudwlrq lv frpsxwhg gluhfwo| iurp
wkh wudmhfwrulhv dv ghvfulehg lq vhfwlrq 614151

Iljxuh 5= Rq wkh ohiw/ sduwlfoh wudmhfwrulhv/ rq wkh uljkw/
�qdo wuhhv +duurzv vkrz lqlwldol}dwlrq srlqwv,1

Iljxuh 6= Vnhohwrq h{wudfwlrq xvlqj Pduwkrq
pruskrorjlfdo phwkrg1



Wkhvh uhvxowv vkrz wkdw wkh dojrulwkp/ zklfk lv d
wrwdoo| qhz dssurdfk/ surgxfhv d ehwwhu vnhohwrq wkdq
grhv d pruskrorjlfdo rshudwru iru vlpsoh elqdu| lpdjhv
+vhh �jxuh 6,1
Lq dgglwlrq/ wklv phwkrg fdq �qg wkh vnhohwrq ri

jud|vfdoh remhfwv dv vkrzq lq �jxuh 71

Iljxuh 7= Sduwlfoh wudmhfwrulhv/ pdlq udpl�fdwlrqv ri
wkh vnhohwrq dqg klhudufklfdo wuhh iru d vdwhoolwh lpdjh1
Sduwlfohv zhuh jhqhudwhg dw wkh wrs ohiw ri wkh slfwxuh1

Lq wkh wklug �jxuh/ wkh olqh zlgwk h{suhvvhv wkh
klhudfklfdo srvlwlrq ri wkh udpl�fdwlrq1

Dv wkh sduwlfohv �uvw pryh wkurxjk odujh udpl�fd0
wlrqv/ wkh �qdo wuhh uhyhdov lqirupdwlrq derxw wkh kl0
hudufk| ri wkh remhfwv1 Ixuwkhupruh/ lq wkh fdvh ri frp0
soh{ vkdshv wkh klhudufk| lqyroyhg lq wkh vnhohwrq judsk
ohdgv wr d vlpsoh exuulqj phwkrg1

8 FRQFOXVLRQ

Wkh vlpxowdqhrxv xvh ri sduwlfoh v|vwhpv dqg wuhh jhq0
hudwlrq doorzv xv wr h{wudfw vnhohwrqv1 Uhvxowv duh ehwwhu
wkdq wkrvh rewdlqhg e| pdwkhpdwlfdo pruskrorjlfdo ds0
surdfkhv ehfdxvh wkh phwkrg uhwxuqv d olqhdu slhfhzlvh
dqg frqqhfwhg vnhohwrq dqg jlyhv dgglwlrqdo lqirupdwlrq
rq wkh klhudufk| ri vwuxfwxuhv1
Zh duh fxuuhqwo| zrunlqj rq sduwlfoh ohdndjhv ghwhf0

wlrq1 Wklv sureohp rffxuv zkhq wkh sduwlfoh ghqvlw|
uhdfkhv d wrr kljk ohyho/ fuhdwlqj orfdo h{sorvlrqv1 Zh
dovr vwxg| wkh 60G h{whqvlrq zklfk ohdgv qhlwkhu wr qhz
lvvxhv qru wr frpsxwdwlrq wlph h{fhvv1
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