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Devwudfw

Dq lqwhjudo lqhtxdolw| lv ghulyhg/ dqg dssolhg wr wkh vwd0

elolw| sureohp ri wlph0ghod| v|vwhpv xvlqj glvfuhwl}hg

O|dsxqry ixqfwlrqdo irupxodwlrq1 Dv wkh uhvxow/ d vlp0

sohu vwdelolw| fulwhulrq lv ghulyhg1

Qrwdwlrqv

Z
W Wudqvsrvh ri pdwul{ Z

Z A +?,3 pdwul{ Z lv srvlwlyh +qhjdwlyh,
gh�qlwh

Z � +�,3 pdwul{ Z lv srvlwlyh +qhjdwlyh,
vhpl0gh�qlwh

U/ Un/ Un�p Wkh vhw ri uhdo qxpehuv/ n0yhfwruv
dqg n e| p pdwulfhv

u Wlph0ghod|
q Qxpehu ri vwdwhv
F Wkh vhw ri frqwlqxrxv Uq ydoxhg

ixqfwlrqv rq ^�u> 3`
Q Qxpehu ri glylvlrqv ri wkh lqwhu0

ydo ^�u> 3` lq glvfuhwl}dwlrq
k Ohqjwk ri hdfk glylvlrq @ u

Q

L Lghqwlw| pdwul{ ri dssursuldwh
glphqvlrqv

Rn�p nq e| pq glphqvlrqdo }hur
pdwul{

Lu Pdwul{ ^RQ�4> L`
Lo Pdwul{ ^L>RQ�4`
Lg @ Lo � Lu

4 Lqwurgxfwlrq

Wlph0ghod| v|vwhpv duh iuhtxhqwo| hqfrxqwhuhg lq hq0

jlqhhulqj/ elrorj|/ hfrqrp|/ dqg rwkhu duhdv ^43`1 Lq

�Wklv zrun lv sduwldoo| vxssruwhg e| Qdwlrqdo Vflhqfh Irxq0

gdwlrq Judqw LQW0<;4;645

wkh zdnh ri lqwhqvlyh uhvhdufk rq wkh urexvw vwdelolw|
dqg frqwuro wkhru|/ wkh vwdelolw| dqg frqwuro ri wlph0
ghod| v|vwhpv kdv uhfhlyhg uhqhzhg lqwhuhvwv1 Wkh gh0
yhorsphqw ri h!flhqw frpsxwdwlrqdo dojrulwkp iru qrq0
vprrwk frqyh{ rswlpl}dwlrq sureohp ^4<`/ zklfk pdgh
lw srvvleoh wr h!flhqwo| vroyh Olqhdu Pdwul{ Lqhtxdol0
wlhv +OPL, ^4` ^7`/ lqvsluhg lqwhqvlyh dfwlylwlhv wr irupx0
odwh vxfk sureohpv lq d OPL irup1 Zh zloo rqo| phq0
wlrq vrph pruh uhfhqw dfwlylwlhv lq wkh wlph0grpdlq ds0
surdfkhv xvlqj O|dsxqry0Nudvryvnll dqg Ud}xplnklp
phwkrgv1 Iru d pruh frpsuhkhqvlyh vxuyh|/ vhh ^53`
^47` ^46`1

Iru v|vwhpv zlwk vpdoo frh!flhqw pdwul{ iru wkh gh0
od|hg whup/ d ghod|0lqghshqghqw vwdelolw| fulwhulrq/
edvhg rq d udwkhu vlpsoh O|dsxqry0Nudvryvnll ixqf0
wlrqdo dujxphqw/ lv riwhq vx!flhqw lq sudfwlfh1 Wkhuh
duh vwloo vrph uhfhqw uhvhdufk rq wkh ghvljq v|qwkh0
vlv whfkqltxhv / wudfnlqj dqg prgho iroorzlqj ^49` ^54`1
Wklv irupxodwlrq frqvlghu wkh ghod|hg whup ri wkh v|v0
whp dv dozd|v ghwulphqwdo wr vwdelolw|1 Iru pdq| sudf0
wlfdo v|vwhpv/ wkh ghod|hg lqsxwv duh riwhq qhhghg wr
vwdelol}h wkh v|vwhp1 Reylrxvo|/ wkh ghod| lqghshqghqw
vwdelolw| zrxog eh lqdssursuldwh lq vxfk vlwxdwlrqv1

Iru v|vwhpv zlwk vpdoo ghod|/ d prgho wudqvirupdwlrq
whfkqltxh lv riwhq xvhg wr wudqvirup wkh srlqw0zlvh gh0
od| v|vwhp lqwr d glvwulexwhg ghod| v|vwhp/ dqg Ud}x0
plnklq vwdelolw| fulwhulrq lv xvhg wr wkh uhvxowlqj v|v0
whp1 Wkhuh duh vwloo d uhodwlyho| odujh qxpehu ri qhz
sxeolfdwlrqv lq wklv dssurdfk/ vhh/ iru h{dpsoh/ ^6`^4;`1
Wkh uhvxowlqj vwdelolw| fulwhulrq h{solflwo| ghshqgv rq
wkh ghod| +ghod|0ghshqghqw,/ dqg riwhq uh hfwv wkh uh0
dolw| ehwwhu1 Iru uhodwlyho| odujh ghod|/ krzhyhu/ wklv
phwkrg fdq eh udwkhu frqvhuydwlyh1 Rqh vrxufh ri frq0
vhuydwlvp lv gxh wr wkh dssolfdwlrq ri Ud}xplnklq wkh0
ru| dv qxphulfdo h{dpsohv vkrz ^8`1 Wkh rwkhu frqvhu0
ydwlvp lv gxh wr wkh idfw wkdw wkh prgho wudqvirupdwlrq
pd| lqwurgxfh dgglwlrqdo srohv zklfk duh qrw suhvhqw
lq wkh ruljlqdo v|vwhp/ dqg rqh ri wkhvh dgglwlrqdo srohv
pd| furvv wkh lpdjlqdu| d{lv ehiruh dq| ri wkh srohv
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ri wkh ruljlqdo v|vwhp gr dv wkh ghod| lqfuhdvhv iurp
}hur ^<` ^45`1 Krzhyhu/ iru v|vwhpv zkhuh wkh wlph0
ghod| pd| eh idvw wlph0ydu|lqj/ Ud}xplnklq dssurdfk
uhpdlqv wkh rqo| phwkrg dydlodeoh1

Uhfhqwo|/ wkhuh duh d qxpehu ri lqwhuhvwlqj qhz lghdv
rq wkh O|dsxqry0Nudvryvnll phwkrgv zlwk lpsuryhg
uhvxowv rq ghod|0ghshqghqw vwdelolw| ^55` ^48` dqg pl{hg
ghod|0lqghshqghqw dqg ghod|0ghshqghqw uhvxow ^4:`1

Iru olqhdu v|vwhpv zlwk frqvwdqw wlph0ghod|v/ wkh h{0
lvwhqfh ri d txdgudwlf O|dsxqry0Nudvryvnll ixqfwlrqdo
lv d qhfhvvdu| dqg vx!flhqw frqglwlrq ^44`1 D slhfh0
zlvh olqhdu glvfuhwl}dwlrq sursrvhg lq ^8` hqdeohv rqh wr
zulwh wkh vwdelolw| fulwhulrq lq OPL irup1 Hyhq zlwk
wkh prvw frduvh glvfuhwl}dwlrq ri Q @ 4/ wkh uhvxow
vkrzv vljql�fdqw lpsuryhphqwv ryhu pdq| vwdelolw| uh0
vxowv xvlqj wlph0grpdlq dssurdfk1 Wkh dqdo|wlfdo uh0
vxow fdq eh dssurdfkhg dv wkh glvfuhwl}dwlrq ehfrphv
�qhu1 Wkh frqyhujhqfh dqg wkh uhvxow iru xqfhuwdlq
v|vwhp duh ixuwkhu lpsuryhg e| xvlqj d pruh jhqhudo
O|dsxqry ixqfwlrqdo ^9`1 Wkh uhvxow kdv ehhq ixuwkhu
lpsuryhg e| doorzlqj vrph sdudphwhuv wr ghshqg rq
xqfhuwdlqwlhv/ zlwk wkh uhvxowlqj irupxodwlrq qr pruh
frpsolfdwhg vlqfh lw lv srvvleoh wr holplqdwh vrph ydul0
deohv lq wkh uhvxowlqj OPL ^:`1

Lq wklv duwlfoh/ dq lqwhjudo lqhtxdolw| zloo eh xvhg lq wkh
glvfuhwl}hg O|dsxqry ixqfwlrqdo dqg lwv ghulydwlyh/ uh0
vxowlqj lq d dowhuqdwlyh vwdelolw| fulwhulrq zklfk uhtxluhv
ohvv frpsxwdwlrq wkdq ^9` dqg ^:`1

5 Dq lqwhjudo lqhtxdolw|

Wkh iroorzlqj lqwhjudo lqhtxdolw| sod|v d fhqwudo uroh iru
wkh uhvxow ri wkh sdshu1

Ohppd 4 Iru dq| frqvwdqw pdwul{P 5 U
p�p/P @

PW A 3/ vfdodu � A 3/ yhfwru ixqfwlrq $ = ^3> �` $
U
p vxfk wkdw wkh lqwhjudwlrqv lq wkh iroorzlqj duh zhoo

gh�qhg/ wkhq

�

] �

3

$W +�,P$+�,g� �

�] �

3

$+�,g�

�W
P

�] �

3

$+�,g�

�

+4,

Surri= Lw lv hdv| wr vhh/ xvlqj Vkxu*v frpsohphqw/

wkdw �
$W +�,P$+�, $W +�,
$+�, P�4

�
� 3

iru dq| 3 � � � �1 Lqwhjudwlrq ri wkh deryh lqhtxdolw|

iurp 3 wr � |lhogv

� U �
3
$W +�,P$+�,g�

U �
3
$W +�,g�U �

3
$+�,g� �P�4

�
� 3

Xvh Vkxu*v frpsohphqw1

Iru wkh vfdodu fdvh +p @ 4,/ wkh uhvxowv lv zhoo nqrzq
lq fdofxoxv1 D vlpsoh h{whqvlrq ri wkh deryh ohppd lv

wkh iroorzlqj1

Ohppd 5 Iru dq| frqvwdqw pdwul{P 5 U
p�p/P @

P
W A 3 dqg yhfwru ixqfwlrq $> $4> $5 = ^3> �` $ Up>

vxfk wkdw wkh lqwhjudwlrqv lq wkh iroorzlqj duh zhoo gh0

�qhg/ wkhq

]
4

3

^+4� �,$W
4
+�,P$4+�, . �$W

5
+�,P$5+�,`g�

�

]
4

3

�]
�

3

$4+�,g� .

]
4

�

$5+�,g�

�W
P

�]
�

3

$4+�,g� .

]
4

�

$5+�,g�

�
g� +5,

] 4

3

+4� �,$W +�,P$+�,g�

�

]
4

3

�]
�

3

$+�,g�

�W
P

�]
�

3

$+�,g�

�
g� +6,

] 4

3

�$W +�,P$+�,g�

�

] 4

3

�] 4

�

$+�,g�

�W
P

�] 4

�

$+�,g�

�
g� +7,

Surri= Xvh Ohppd 4 iru wkh fdvh � @ 4/ dqg

$+�, @

�
$4+�,> li 3 � � � �

$5+�,> li � ? � � 4

wr rewdlq] �

3

$W4 +�,P$4+�,g� .

] 4

�

$W5 +�,P$5+�,g�

�

�]
�

3

$4+�,g� .

] 4

�

$5+�,g�

�W

P

�]
�

3

$4+�,g� .

] 4

�

$5+�,g�

�
g�

Lqwhjudwh wkh deryh iurp � @ 3 wr � @ 4/ dqg h{fkdqjh

wkh rughu ri lqwhjudwlrq ri wkh ohiw kdqg vlgh wr duulyh dw
lqhtxdolw| +5,1 Lqhtxdolw| +6, fdq eh duulyhg e| vhwwlqj
$4 @ $ dqg $5 @ 3 lq +5,1 Vlploduo|/ vhwwlqj $4 @ 3
dqg $5 @ $ |lhogv +7,1

6 O|dsxqry ixqfwlrqdo

Frqvlghu wkh vwdelolw| sureohp ri wlph0ghod| v|vwhp

b{+w, @ D+w,{+w, .E+w,{+w� u,> +8,
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zlwk lqlwldo frqglwlrq

{+w, @ !+w,> w 5 ^�u> 3`/

zkhuh {+w, 5 Uq lv wkh vwdwh> D+w, 5 Uq�q dqg E+w, 5
U
q�q duh xqfhuwdlq pdwulfhv/ zklfk duh xqnqrzq dqg

srvvleo| wlph0ydu|lqj/ exw duh nqrzq wr eh erxqghg
e| vrph frpsdfw vhw 
/ l1h1/

+D+w,> E+w,, 5 
 � Uq�5q> iru doo w 5 +3>4,1 +9,

Gh�qh F dv wkh vhw ri Uq ydoxhg frqwlqxrxv ixqfwlrq

lq wkh lqwhuydo ^�u> 3`/ dqg ohw {w 5 F eh d vhjphqw ri

v|vwhp wudmhfwru| gh�qhg dv

{w+�, @ {+w. �,/ � u � � � 3

Fkrrvh d O|dsxqry ixqfwlrqdo Y +{w, ri d txdgudwlf

irup=

Y = F :$ U>

Y +!, @
4

5
!W +3,S!+3,

.!W +3,

]
3

�u

T+�,!+�,g�

.
4

5

] 3

�u

g�

] 3

�u

!W +�,U+�> �,!+�,g�

.
4

5

] 3

�u

!W +�,V+�,!+�,g� +:,

zkhuh S @ SW
5 U

q�q> T+�, 5 U
q�q> U+�> �, @

UW +�> �, 5 Uq�q> V+�, @ VW +�, 5 Uq�q1 Iru v|vwhpv
zlwkrxw xqfhuwdlqw|/ wkh h{lvwhqfh ri vxfk d txdgudwlf
O|dsxqry ixqfwlrqdo lv qhfhvvdu| dqg vx!flhqw^44`1
Fkrrvh T/ U dqg V dv frqwlqxrxv slhfhzlvh olqhdu/ l1h1/

T+�l�4 . �k, @ Tl+�, +;,

@ +4� �,Tl�4 . �Tl

V+�l�4 . �k, @ Vl+�, +<,

@ +4� �,Vl�4 . �Vl

U+�l�4 . �k> �m�4 . �k, @ Ulm+�> �, +43,

@

;AAAA?
AAAA=

+4� �,Ul�4>m�4 . �Ulm . +�� �,Ul>m�4>
� � �

+4� �,Ul�4>m�4 . �Ulm . +� � �,Ul�4>m >
� ? �

iru 3 � � � 4> 3 � � � 4> zkhuh

�l @ �u . lk>

k @ u@Q>

l1h1/ Q lv wkh qxpehu ri glylvlrqv ri wkh lqwhuydo ^�u> 3`/
dqg k lv wkh ohqjwk ri hdfk glylvlrq1 Dv d uhvxow/ vlplodu

wr ^9`/ wkh O|dsxqry ixqfwlrqdo fdq eh zulwwhq dv

Y +!, @
4

5

]
4

3

+!W +3,> k^�#
W

+4,Lu � �#
W

+�,Lg`,

�
S �T
�TW �U

��
!+3,

k^LWu
�#+4,� LW

g
�#+�,`

�
g�

.
4

5

] 3

�u

!W +�,V+�,!+�,g� +44,

dqg lwv ghulydwlyh

bY +!, @
g

gw
Y +{w,m{w@!

dorqj wkh v|vwhp wudmhfwru| fdq eh zulwwhq dv

bY +!, @ �
4

5

] 4

3

+!W +3,> !W +�u,> k�!
W
+�,,

3
C �44 ��45 �+4� �,G3

4
� �G4

4

�55 �+4� �,G3
5
� �G4

5

v|pphwulf 4

k
Vg

4
D

3
C ! +3,

!+�u,

k�!+�,

4
Dg��

k5

5

]
4

3

�!
W

+�,g�Ug

]
4

3

�!+�,g�=

zkhuh

�U @

3
EEEC

U33 U34 = = = U3Q

U43 U44 = = = U4Q

1

1

1

1

1

1

1

1

1

1

1

1

UQ3 UQ4 = = = UQQ

4
FFFD

�Z @ +Z3>Z4> ===>ZQ ,>
�T @ +T3> T4> ===> TQ ,>

�44 @ �SD�DWS �TQ �T
W

Q � VQ >

�45 @ SE �T3>

�55 @ V3>

Vg @ gldj+Vg4> Vg5> ===> VgQ ,>

Vgl @
4

k
+Vl � Vl�4,>

Ug @

3
EEEC

Ug44 Ug45 = = = Ug4Q

Ug54 Ug55 = = = Ug5Q

1

1

1

1

1

1

1

1

1

1

1

1

UgQ4 UgQ5 = = = UgQQ

4
FFFD >

Uglm @

4

k
+Ulm �Ul�4>m�4,>

Gn
m @ +Gn

m4> G
n
m5> ===> G

n
mQ ,>

Gn
4l @ DWTl�4.n �

4

k
+Tl �Tl�4, .UW

l�4.n>Q >

Gn
5l @ EWTl�4.n �UW

l�4.n>3>

dqg

�!+�, @ +!4W +�,> !5W +�,> ===> !QW +�,,W >
�#+�, @ +#4W +�,> #5W +�,> ===> #QW +�,,W >

!l+�, @ !+�l�4 . �k,=

#l+�, @

]
�

3

!l+�,g�>
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7 Vwdelolw| frqglwlrqv

Lq wklv vhfwlrq/ wkh lqwhjudo lqhtxdolw| zloo eh xvhg wr

�qg wkh dowhuqdwlyh frqglwlrqv iru O|dsxqry ixqfwlrqdo

wr eh �srvlwlyh� dqg lwv ghulydwlyh wr eh �qhjdwlyh�/

wkxv duulylqj dw wkh vwdelolw| frqglwlrq ri wkh v|vwhp1

Sursrvlwlrq 6 +Dowhuqdwlyh O|dsxqry srvlwlyh
frqglwlrq, Wkhuh h{lvwv dq % A 3 vxfk wkdw wkh O|d0
sxqry ixqfwlrqdo +:, vdwlv�hv

Y +!, � %!W +3,!+3,

li
�V A 3 +45,

dqg �
S �T
�TW �U. 4

k
�V

�
A 3

zkhuh

�V @ gldj+V3> V4> ===> VQ ,

Surri= Lq ylhz ri +44,/ lw lv vx!flhqw wr suryh

YV+!, @
4

5

] 3

�u

!W +�,V+�,!+�,g�

�
k5

5

] 4

3

^�#
W

+4,Lu � �#
W

+�,Lg`

�V^LWu
�#+4,� LWg

�#+�,`g� +46,

Zlwk wkh slhfhzlvh h{suhvvlrq ri V/

YV+!, @
k

5

Q[
l@4

] 4

3

!lW +�, ++4� �,Vl�4 . �Vl,!
l+�,g�

ru

YV+!, @
k

5

] 4

3

�
+4� �,!4W +�,V3!

4+�,

.�!QW +�,VQ!
Q +�,

.
Q�4[
l@4

�
+4� �,!l.4W +�,Vl!

l.4+�,

.�!lW +�,Vl!
l+�,

��
g�

Xvh +6, lq wkh �uvw whup/ +7, iru wkh vhfrqg whup/ dqg
+5, iru wkh uhpdlqlqj whupv zlwklq wkh vxppdwlrq/ rqh
rewdlqv

YV+!, �
k

5

]
4

3

#�] �

3

!
4+�,g�

�W
V3

�] �

3

!
4+�,g�

�

.

�] 4

�

!Q +�,g�

�W
VQ

�] 4

�

!Q +�,g�

�

.
Q�4[
l@4

#�] 4

�

!l+�,g� .

]
�

3

!l.4+�,g�

�W

Vl

�] 4

�

!l+�,g� .

]
�

3

!l.4+�,g�

���
g�

@
k

5

] 4

3

�
#4W +�,V3#

4+�,

.
�
#
Q +4,� #

Q +�,
�W

VQ

�
#
Q +4,� #

Q +�,
�

.
Q�4[
l@4

��
#
l+4,� #

l+�, . #
l.4+�,

�W

Vl
�
#
l+4,� #l+�, . #

l.4+�,
���

g�

zklfk lv +46,1

Frpsduh wkh deryh uhvxow zlwk Fruroodu| 8 ri ^:`/ wkh
pdwul{ �U lv qr orqjhu uhtxluhg wr eh srvlwlyh gh�qlwh/
zklfk whqgv wr pdnh wkh uhvxow ohvv frqvhuydwlyh1 Rq
wkh rwkhu kdqg/ �V khuh gl�huv iurp aV lq Fruroodu| 8
ri ^:` lq wkh �uvw dqg odvw hqwulhv/ zklfk whqgv wr pdnh
wkh uhvxow pruh frqvhuydwlyh1 Wkh frpsxwdwlrq khuh lv
ohvv ghpdqglqj/ vlqfh rqh qr orqjhu qhhgv wr fkhfn wkh
srvlwlyh gh�qlwhqhvv ri �U1

Wkh O|dsxqry ghulydwlyh frqglwlrq fdq dovr kdyh do0
whuqdwlyh frqglwlrq xvlqj wkh lqwhjudo lqhtxdolw|1 Iru
wkh vdnh ri frqyhqlhqfh/ wkh iroorzlqj qrwdwlrqv zloo eh
lqwurgxfhg

� @

�
�44 ��45

��
W

45
�55

�

Gv
@

4

5

�
G3

4 .G4
4

G3
5
.G4

5

�

Gd @
4

5

�
G3

4
�G4

4

G3
5 �G4

5

�

dqg

!
3u

@

�
!+3,
!+�u,

�

Wkhq

bY +!, @ �

4

5
!W3u�!3u

�k!W3u

] 4

3

+Gv . +4� 5�,Gd,�!+�,g�

�

k5

5

] 4

3

�!
W

+�,
4

k
Vg�!+�,g�

�

k5

5

]
4

3

�!
W

+�,g�Ug

]
4

3

�!+�,g�= +47,

Sursrvlwlrq 7 Wkhuh h{lvwv dq % A 3 vxfk wkdw wkh

ghulydwlyh ri O|dsxqry ixqfwlrqdo vdwlv�hv

bY +!, � �%!W +3,!+3, +48,
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li wkhuh h{lvw X @ X
W
5 U

q�q dqg Z @ Z
W
5

U
qQ�qQ vxfk wkdw�

�� X Gv

GvW Ug .Z

�
A 3 +49,

�
X Gd

GdW 4

k
Vg �Z

�
A 3 +4:,

Z A 3 +4;,

Surri= Htxdwlrq +47, fdq eh uhzulwwhq dv

bY +!, @
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Wkh odvw whup lv qrq0srvlwlyh li +4;, lv vdwlv�hg dffrug0
lqj wr Ohppd 41 Wkhuhiruh/ +48, lv vdwlv�hg li +4;,/
+49, dqg�

X +4� 5�,Gd

+4� 5�,GdW 4

k
Vg �Z

�
A 3 +4<,

duh vdwlv�hg iru doo 3 � � � 41 Exw vlqfh � dsshduv
olqhduo|/ +4<, lv vdwlv�hg iru 3 � � � 4 li dqg rqo| li lw
lv vdwlv�hg iru � @ 3 dqg � @ 4/ zklfk lv +4:, dqg�

X �Gd

�GdW 4

k
Vg �Z

�
A 3

exw wkh deryh lv htxlydohqw wr +4:,1

Lq sudfwlfh/ Z fdq eh fkrvhq dv eorfn0gldjrqdo/ uhvxow0
lqj lq d vljql�fdqw vdylqjv ri frpsxwdwlrqdo dv frp0
sduhg wr wkh fruuhvsrqglqj frqglwlrqv lq ^9` dqg ^:`1

Iru odujh Q / wkh frpsxwdwlrq fdq eh udwkhu ghpdqg0
lqj1 Krzhyhu/ lw wxuqv rxw wkh frqyhujhqfh wr dqdo|wl0
fdo vroxwlrq fdq eh dffhohudwhg e| uh�qlqj wkh erxqglqj
xvlqj d frpelqdwlrq ri wkh lqwhjudo lqhtxdolw| dqg holp0
lqdwlrq ri yduldeohv1 Wklv zloo doorz hvwlpdwh ri vwdelolw|
erxqgv yhu| forvh wr wkh dqdo|wlfdo vroxwlrq zlwk yhu|
vpdoo Q / dqg wkhuhiruh/ uhtxlulqj frpsxwdwlrq zklfk
lv frpsdudeoh wr prvw rwkhu phwkrgv1 Wkh ghwdlov zloo
eh glvfxvvhg lq ^;`1

8 Frqfoxvlrqv

Dq lqwhjudo lqhtxdolw| lv xvhg wr ghulyh wkh vwdelolw|
uhvxowv ri wlph0ghod| v|vwhpv edvhg rq glvfuhwl}hg O|d0

sxqry ixqfwlrqdo phwkrg1 Wkh uhvxowlqj vwdelolw| fulwh0
ulrq fdq eh yhul�hg zlwk vljql�fdqwo| ohvv frpsxwdwlrq1

Uhihuhqfhv

^4` Er|g/ V1/ hw1 do1/ 4<<7/ Olqhdu Pdwul{ Lqhtxdolwlhv

lq V|vwhp dqg Frqwuro Wkhru| +Sklodghoskld= VLDP,1

^5` Fdr/ \10\1/ Vxq/ \10[1 dqg Fkhqj/ F1/ 4<<;/
Ghod|0ghshqghqw urexvw vwdelol}dwlrq ri xqfhuwdlq v|v0
whpv zlwk pxowlsoh vwdwh ghod|v/ LHHH Wudqvdfwlrqv rq

Dxwrpdwlf Frqwuro/ 76/ ss1 493;049451

^6` Gh Vrx}d/ F1 H1 dqg Ol/ [1/ 4<<</ Ghod|0
ghshqghqw urexvw K

4
frqwuro ri xqfhuwdlq olqhdu vwdwh0

ghod|hg v|vwhpv/ Dxwrpdwlfd/ 68/ ss14646046541

^7` Jdklqhw/ S1/ hw1 do1/ 4<<8/ OPL Frqwuro Wrroer{

iru xvh zlwk PDWODE +Qdwlfn/ PD= PdwkZrunv,1

^8` Jx/ N1/ 4<<:/ Glvfuhwl}hg OPL Vhw lq wkh Vwdelo0
lw| Sureohp ri Olqhdu Xqfhuwdlq Wlph0Ghod| V|vwhpv/
Lqwhuqdwlrqdo Mrxuqdo ri Frqwuro/ 9;/ ss1 <560<671

^9` Jx/ N1/ 4<<</ D jhqhudol}hg glvfuhwl}dwlrq vfkhph
ri O|dsxqry ixqfwlrqdo lq wkh vwdelolw| sureohp ri olq0
hdu xqfhuwdlq wlph0ghod| v|vwhpv/ Lqwhuqdwlrqdo Mrxu0
qdo ri Urexvw ) Qrqolqhdu Frqwuro/ </ ss1 4�471

^:` Jx/ N1/ 4<<</ Sduwldo vroxwlrq ri OPL lq vwdelolw|
sureohp ri wlph0ghod| v|vwhpv1 Surf1 6;wk LHHH Frqi1

rq Ghflvlrq dqg Frqwuro/ 55:05651

^;` Jx/ N1/ 5334/ D ixuwkhu uh�qhphqw ri glvfuhwl}hg
O|dsxqry ixqfwlrqdo phwkrg iru wlph0ghod| v|vwhpv1
Vxeplwwhg wr 5334 Dphulfdq Frqwuro Frqihuhqfh1

^<` Jx/ N1 dqg Qlfxohvfx/ V10L1/ 4<<</ Dgglwlrqdo g|0
qdplfv lq wudqviruphg wlph0ghod| v|vwhpv/ 6;wk LHHH

Frqi1 Ghflvlrq dqg Frqwuro > Skrhql{/ D]/ Ghfhpehu
:�43/ 4<<<1 Dovr lq LHHH Wudqvdfwlrqv rq Dxwrpdwlf

Frqwuro/ 78/ ss1 8:508:81

^43` Kdoh/ M1 dqg Oxqho/ V1 P1 Y1/ 4<<6/ Lqwurgxf0

wlrq wr Ixqfwlrqdo Gl�huhqwldo Htxdwlrqv +Qhz \run=
Vsulqjhu0Yhuodj,1

^44` Kxdqj/ Z1/ 4<;</ Jhqhudol}dwlrq ri Oldsxqry*v
wkhruhp lq d olqhdu ghod| v|vwhp/ M1 ri Pdwk1 Dqdo1 )

Dsso1/ 475/ ss1 ;6�<71

^45` Nkdulwrqry/ Y1 O1 dqg Phofkru0Djxlodu/ G1 D1/
4<<</ Vrph uhpdunv rq prgho wudqvirupdwlrqv xvhg
iru vwdelolw| dqg urexvw vwdelolw| dqdo|vlv ri wlph0ghod|
v|vwhpv/ Surf1 6;wk LHHH Frqi1 Ghf1 Frqwu1/ Skrhql{/
D]/ Ghfhpehu 4<<</ ss1 4475�447:1

^46` Nkdulwrqry/ Y1/ 4<<;/ Urexvw vwdelolw| dqdo|vlv ri
wlph ghod| v|vwhpv= D vxuyh|1 Surf1 LIDF V|vw1 Vwuxfw1

Frqwu1/ Qdqwhv/ Iudqfh1

^47` Nropdqryvnll/ Y1 E1 / Qlfxohvfx V10L1 dqg Jx/ N1/
4<<</ Ghod| h�hfwv rq vwdelolw|= d vxuyh|1 Surf1 6;wk
LHHH Frqi1 Ghflvlrq dqg Frqwuro/ Skrhql{/ D]/ Ghf1
:043/ ss1 4<<604<<;1
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^48` Nropdqryvnll/ Y1 E1 dqg Ulfkdug/ M10S1/ 4<<</
Vwdelolw| ri vrph olqhdu v|vwhpv zlwk ghod|/ LHHH

Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro/ 77/ q8/ ss1 <;70
<;<1

^49` Ndslod/ Y1/ Kdggdg/ Z1 P1 dqg Julydv/ D1/
4<<</ Vwdelol}dwlrq ri olqhdu v|vwhpv zlwk vlpxowdqh0
rxv vwdwh/ dfwxdwlrq/ dqg phdvxuhphqw ghod|v/ Lqwhu0

qdwlrqdo Mrxuqdo ri Frqwuro/ :5/ ss1 494<0495<1

^4:` Nropdqryvnll/ Y1/ Qlfxohvfx/ V10L1 dqg Ulfkdug/
M10S1/ 4<<</ Rq wkh Oldsxqry0Nudvryvnll ixqfwlrqdov iru
vwdelolw| dqdo|vlv ri olqhdu ghod| v|vwhpv/ :5/ ss6:70
6;51

^4;` Ol/ [1 dqg gh Vrx}d/ F1 H1/ 4<<:/ Fulwhuld iru ur0
exvw vwdelolw| dqg vwdelol}dwlrq ri xqfhuwdlq olqhdu v|v0
whpv zlwk vwdwh ghod|/ Dxwrpdwlfd/ 66/ ss498:049951

^4<` Qhvwhury/ \1 dqg Qhpluryvnll/ D1/ 4<<7/ Lqwhulru0
Srlqw Sro|qrpldo Dojrulwkpv lq Frqyh{ Surjudpplqj

+Sklodghoskld= VLDP,1

^53` Qlfxohvfx/ V1 L1/ Yhuulhvw/ H1 L1/ Gxjdug/ O1 dqg
Glrq/ M1 P1/ 4<<:/ Vwdelolw| dqg urexvw vwdelolw| ri wlph0
ghod| v|vwhpv= D jxlghg wrxu/ lq Vwdelolw| dqg Frqwuro

ri Wlph0Ghod| V|vwhpv +O1 Gxjdug dqg H1 L1 Yhuulhvw/
Hgv1,/ OQFLV/ Vsulqjhu0Yhuodj/ Orqgrq/ 4<<:/ ss1 40:41

^54` Rxfkhuldk/ V1/ Urexvw wudfnlqj dqg prgho iro0
orzlqj ri xqfhuwdlq g|qdplf ghod| v|vwhpv e| phpr0
u|ohvv olqhdu frqwuroohuv/ LHHH Wudqvdfwlrqv rq Dxwr0

pdwlf Frqwuro/ 77/ ss1 47:6047::1

^55` Sdun/ S1/ 4<<</ D ghod|0ghshqghqw vwdelolw| fulwh0
ulrq iru v|vwhpv zlwk xqfhuwdlq wlph0lqyduldqw ghod|v/
LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro/ 77/ ;:90;::1
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