
WKH QHFHVVDU\ FRQGLWLRQ RI WKH RSWLPDOLW\
IRU DQ RSWLPDO FRQWURO SUREOHP IRU

KHOPKROW] HTXDWLRQ ZLWK QRQ0ORFDO ERXQGDU\
FRQGLWLRQV DQG D QRQOLQHDU IXQFWLRQDO

K1 Phodg}hW/ Q1Rglvkholg}hW/ I1 Fuldgr +Mu,WW

W Ghsduwphqw ri Dssolhg Pdwkhpdwlfv
Welolvl Vwdwh Xqlyhuvlw|

6;3376 Xqlyhuvlw| Vwuhhw 5/ Welolvl/ Jhrujld
WW Ghsduwphqw ri Pdwkhpdwlfv

Pdodjd Xqlyhuvlw|/ Vsdlq

+Uhfhlyhg= Ghfhpehu 44/ 4<<:,

Devwudfw

,Q WKH SDSHU� WKH QHFHVVDU\ FRQGLWLRQ RI WKH RSWLPDOLW\ IRU DQ RSWLPDO FRQWURO SURE�

OHP IRU +HOPKROW] HTXDWLRQ ZLWK QRQ�ORFDO ERXQGDU\ FRQGLWLRQV KDV EHHQ REWDLQHG�

Nh| zrugv dqg skudvhv= 1RQ�ORFDO ERXQGDU\ SUREOHP� +HOPKROW] HTXDWLRQ�

DPV vxemhfw fodvvl�fdwlrq= ��-��� ��.���

4�Prvw surfhvvhv hqfrxqwhuhg lq sudfwlfh duh frqwuroohg dqg frqvhtxhqwo|
lw*v lpsruwdqw wr rewdlq wkh rswlpdo yduldqw iru wkhlu uhdol}dwlrq lq wkh
fhuwdlq vhqvh1

Lq wkh sdshu wkh rswlpdo frqwuro sureohp iru Khopkrow} htxdwlrq zlwk
qrq0orfdo erxqgdu| frqglwlrqv dqg qrqolqhdu ixqfwlrqdo lv frqvlghuhg1 Wkh
�uvw edvlf sdshu derxw wkh sureohp zlwk qrqorfdo erxqgdu| frqglwlrqv
zdv sxeolvkhg e| Elwvdg}h dqg Vdpduvnl lq 4<9< ^5`1 Wkhq wklv sureohp
zdv jhqhudol}hg dqg lqyhvwljdwhg e| Jrugh}ldql/ Vnxedfkhyvnll/Vdsdjrydv/
Sdqh|dnk/ ^7`/^8`/^4<`/^4;`/^47`1 Pdq| lqwhuhvwlqj zrunv duh douhdg| ghyrwhg
wr wkhvh lvvxhv ^9`/^:`/^;`/^46`1

Iroorzlqj wkh Sorwqlnry vfkhph ^48`/^49`/ wkh qhfhvvdu| frqglwlrqv ri
wkh rswlpdolw| iru wkh rswlpdo frqwuro sureohp iru wkh v|vwhp ri wkh �uvw
rughu txdvl0olqhdu gl�huhqwldo htxdwlrqv zlwk wkh Elwvdg}h0Vdpduvnl erxqg0
du| frqglwlrqv dqg wkh qhfhvvdu| dqg vx�flhqw frqglwlrqv ri wkh rswlpdolw|
iru wkh rswlpdo frqwuro sureohp iru Khopkrow} htxdwlrq zlwk wkh Elwvdg}h0
Vdpduvnl erxqgdu| frqglwlrqv zlwk d txdgudwlf ixqfwlrqdo kdyh ehhq re0
wdlqhg lq ^44`/^6`1
5� Vwdwhphqw ri wkh sureohp1 Ohw G eh d uhfwdqjoh G @^3> o�`� ^3> o2` >
� wkh erxqgdu| ri wkh uhfwdqjxodu grpdlq/ � @ i+o�> |, = 3 � | � o2j dqg
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�� @ i+��> |, = 3 � | � o2j/ l @ 4> q>/ �� 0 wkh �{hg srlqwv ri lqwhuydo `3> o�^/ Y
vrph frqyh{ vxevhw lq U dqg X@_ wkh vhw ri frqwuro ixqfwlrqv y = G $ Y /
y +{> |, 5 O2+G,/ y lv d frqwuro sdudphwhu iurp Y / wkh vhw Y lv wkh frqwuro
grpdlq1

Ohw O2+G>$, eh d zhljkwhg vsdfh zlwk wkh uhdo ixqfwlrqv gh�qhg rq G
zlwk wkh qrup=

nxn
u
2E(c/�

@

3
C]
(

$ +{, mx +{> |,m2 g{g|
4
D

�*2

>

zkhuh wkh zhljkw ixqfwlrq $ +{, @ 4� {=
Wkh zhljkwhg Vrerohy vsdfh Z &

2 +G>$, lv d olqhdu vsdfh ri wkh ixqf0
wlrqv x +{, jlyhq rq G/ zkrvh ghulydwlyhv +lq d jhqhudo vhqvh, Grx ri wkh
rughu mvm � n ehorqj wr wkh vsdfh O2+G>$,1 Ohw xv lqwurgxfh wkh qrup

nxn`&
2 E(c/� @

�
&S

�'f
mxm2` �

2E(c/�

��*2

/ zkhuh mxm2` �
2E(c/� @

S
�r�'�

nGrxn2u
2E(c/�

>

Z f
2 +G>$, @ O2 +G>$, ^43`1
Ohw*v gh�qh wkh vxevsdfh ri wkh vsdfh Z �

2 +G>$,/ zklfk lv rewdlqhg e|
forvlqj wkh vhw

W
F
" �

G
�
@

;AAA?
AAA=

x 5 F"
�
G
�
= vxss x _ +�q�, @ >>

x +o�> |, @
?[
�'�

��x +��> |, > 3 ? | ? o2

<AAA@
AAA>

lq wkh qrup ri wkh vsdfh Z �
2 +G>$, dqg ohw*v ghqrwh lw e|

W
Z

�

2 +G>$,1 Ohw

xv Z 2
2cW +G>$, @

W
Z

�

2 +G>$,_ Z 2
2 +G>$, ^4`1

Ohw xv frqvlghu wkh qrq0orfdo erxqgdu| sureohp iru Khopkrow} htxdwlrq
^4;` iru hdfk �{hg y+{> |, 5 X@_ lq wkh grpdlq G ^5`=

C2x

C{2
.

C2x

C|2
� tx @ d+{> |,y+{> |, . e+{> |,> +{> |, 5 G> +4,

x+{> |, @ 3> +{> |, 5 � q �>

x+o�> |, @
?[
�'�

��x+��> |,> 3 � | � o2c +5,

zkhuh d 5 O"+G,> e 5 O2+G,> 3 � t> 3 ?
?S
�'�

�� ? 4> �� @ frqvw A 31
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Wkh vroxwlrq ri wkh sureohp + , h{lvwv dqg lv xqltxh dqg ehorqjv wr
Vrerohy vsdfh Z 2

2cW +G>$, ^4`1
Ohw xv frqvlghu wkh iroorzlqj ixqfwlrqdo=

L+y, @

] ]
(

I +{> |> x> y,g{g|= +6,

Ohw wkh uhdo ixqfwlrq I +{> |> x> y, eh frqwlqxrxv dqg frqwlqxrxvo| gli0
ihuhqwldeoh zlwk uhvshfw wr x> y/ dqg ehorqj wr wkh vsdfh O2+G,> +{> |, 5 G=

Ohw xv irupxodwh wkh iroorzlqj frqwuro sureohp= �qg wkh ixqfwlrq yf/
zkrvh fruuhvsrqglqj vroxwlrq xf ri wkh erxqgdu| ydoxh sureohp +4,/+5,
wrjhwkhu zlwk uhvxowv lq plqlpdo ydoxh ixqfwlrqdo +6,1 Khqfh/ wkh rewdlqhg
sdlu +xf> yf, lv fdoohg rswlpdo ^4:`1

Zh rewdlq wkh qhfhvvdu| frqglwlrqv ri wkh rswlpdolw| xvlqj wkh vfkhph
ghyhorshg lq wkh zrun ^48`/^49`1

Ohw yf 5 X@_ eh dq rswlpdo frqwuro/ dqg y0 5 X@_ dq duelwudu| shuplv0
vleoh frqwuro/ y0 @ yf . %�y/ zkhuh �y 5 X@_ / % A 3 iru % � %f1 Ohw xf> x0
eh wkh fruuhvsrqglqj vroxwlrqv ri wkh sureohp +4,0+5,1 Ohw xv lqwurgxfh wkh
qrwdwlrq=

%�y @ y0 � yf> %�x @ x0 � xf=

Wkhq zh rewdlq wkh iroorzlqj sureohp=

�
C2�x

C{2
.

C2�x

C|2
� t�x

�
% @ d+{> |,%�y> +{> |, 5 G> +7,

%�x+{> |, @ 3> +{> |, 5 � q �>

%�x+o�> |, @
?[
�'�

��%�x+��> |,> 3 � | � o2=

Ohw # 9@ 3> # 5 Z 2
2 +G q ?^

�'�
��,_Z �

2 +G,= Pxowlso|lqj htxdwlrq +6, e| #

dqg lqwhjudwlqj ryhu grpdlq G/ wkh iroorzlqj htxdolw| lv rewdlqhg=

] ]
(

#+{> |,

�
C2�x

C{2
.

C2�x

C|2
� t�x

�
%g{g| @

] ]
(

d+{> |,#+{> |,%�yg{g|=

+8,
Wkh lqfuhphqw ri wkh ixqfwlrqdo +6, zlwk �{hg yf> y0 lv=

�0L @ L+y0,� L+yf, @

] ]
(

^I +{> |> x0> y0,� I +{> |> xf> yf,` g{g|

9;
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@

] ]
(

%

�
CI

Cx
+�,�x.

CI

Cy
+�,�y

�
g{g|> +9,

zkhuh � @ +{> |> xf . �%�x> yf . �%�y,> 3 � � ? 4=
Iurp wkh uhodwlrqv +8,/+9, zh rewdlq wkh iroorzlqj h{suhvvlrq iru wkh

lqfuhphqw=

�0L @

] ]
(

#+{> |,

�
C2�x

C{2
.

C2�x

C|2
� t�x

�
%g{g|

�
] ]
(

d+{> |,#+{> |,%�yg{g| .

] ]
(
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�
CI

Cx
+�,�x.

CI

Cy
+�,�y

�
g{g|

@

,2]
f

k
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�
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�x%+��> |,

.
�
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n
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3
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�
�x+��> |, .

1�]
f

C2#

C{2
�x+{> |,g{

.
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n
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3
2 > |,� �2#%+o�> |,

�
�x+�2> |,

.
�
#+�32 > |,� #+�n2 > |,

�
�x%+�2> |, .

12]
1�

C2#

C{2
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.
�
#%+�

n
? > |,� #%+�

3
? > |,� �?#%+o�> |,

�
�x+�?> |,

.
�
#+�3? > |,� #+�n? > |,

�
�x%+�?> |,

.

,�]
1?

C2#

C{2
�x+{> |,g{

�
%g| .

,�]
f

^#+{> o2,�x++{> o2,� #+{> 3,�x++{> 3,

�#++{> o2,�x+{> o2, . #++{> 3,�x+{> 3, .

,2]
f

C2#

C|2
�x+{> |,g|`%g{

.

] ]
(

�
CI

Cx
+�,� t#+{> |,

�
%�xg{g| .
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(
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Cy
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Ohw xv frqvlghu wkh �uvw yduldwlrq ^48`=

�L @ olp
0<f

�0L

%

@

,2]
f

^#+o�> |,�x%+o�> |,� #+3> |,�x%+3> |, .
�
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f
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�x%+�?> |, .

,�]
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,�]
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^#+{> o2,�x++{> o2,� #+{> 3,�x++{> 3,� #++{> o2,�x+{> o2,

.#++{> 3,�x+{> 3, .

,2]
f

C2#

C|2
�x+{> |,g|`g{

.

] ]
(

�
CI

Cx
+{> |> xf> yf,� t#+{> |,

�
�xg{g|

.

] ]
(

�
CI

Cy
+{> |> xf> yf,� d+{> |,#+{> |,

�
�yg{g|= +:,

Lw lv lpsruwdqw wr qrwh/ wkdw iru % $ 3 zh jhw ^48`=

:3
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����CICx +�,� CI

Cx
+{> |> xf> yf,

����
u2E(�

$ 3>

����CICy +�,� CI

Cy
+{> |> xf> yf,

����
u2E(�

$ 3>

vlqfh wkh ixqfwlrq I lv frqwlqxrxvo| gl�huhqwldeoh zlwk uhvshfw wr x> y1 Wkhq
iru % $ 3> wdnlqj lqwr dffrxqw wkh hpehgglqj wkhruhp ^53` dqg surfhhglqj
iurp +:,/ zh frqfoxgh wkdw li #f lv wkh vroxwlrq ri wkh iroorzlqj sureohp=

C2#f
C{2

.
C2#f
C|2

� t#f @ �CI

Cx
+{> |> xf> yf,> +{> |, 5 G q

?[
�'�

��> +;,

#f+{> |, @ 3> +{> |, 5 � q �>

#f%+�
n
� > |,� #f%+�

3
� > |, @ ��#f%+o�> |,> 3 � | � o2c l @ 4> q>

wkhq wkh �uvw yduldwlrq �L zloo wdnh wkh irup=

�L @ olp
0<f

�0L

%
@

] ]
(

�
CI

Cy
+{> |> xf> yf,� d+{> |,#f+{> |,

�
�yg{g|=

Ohw xv lqwurgxfh wkh qrwdwlrq=

I +3, @ I +{> |> xf> yf,> �y @ y +{> |,� yf +{> |, > +<,

zkhuh y +{> |, lv dq duelwudu| shuplvvleoh frqwuro1
Wdnlqj lqwr dffrxqw +<,/ lq d vlplodu zd|/ li #f lv wkh vroxwlrq ri wkh

sureohp +;,/ wkhq wkh �uvw yduldwlrq zloo wdnh wkh irup=

�L @

] ]
(

�
CI

Cy
+3,� d+{> |,#f+{> |,

�
+y +{> |,� yf +{> |,,g{g|> +43,

;y +{> |, 5 X@_=

Iurp wkh rswlpdolw| ri wkh sdlu +xf> yf, zh kdyh=

] ]
(

�
CI

Cy
+3,� d+{> |,#f+{> |,

�
+y +{> |,� yf +{> |,,g{g| � 3> +44,
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;y +{> |, 5 X@_=

Ohw xv lqwurgxfh wkh qrwdwlrq= W @ Y8
Y� +3,�d+{> |,#f+{> |, = Gf @ i+{f> |f, 5 G

lv dOhehvjxh�v srlqw ^<` iru W dqg Wyf ixqfwlrqvj =
Wkhq phvGf @ phvG1

Ohw

GB @ i+{> |, 5 G> m{� {fm ? �> m| � |fm ? �j >
zkhuh +{f> |f, lv dq duelwudu| �{hg srlqw iurp Gf1 Ohw xv frqvlghu wkh
dgplvvleoh frqwuro=

yB+{> |, @

�
yf+{> |,> +{> |, 5 G qGB>

y> +{> |, 5 GB

�
>

zkhuh y lv dq duelwudu| �{hg srlqw iurp Y 1

Ohw xv vkrz wkh htxlydohqfh ri +44, dqg wkh iroorzlqj uhodwlrq=

lqi
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Cy
+3,� d+{> |,#f +{> |,

�
y

�
�
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Cy
+3,� d+{> |,#f +{> |,

�
yf +{> |,

�
� 3=

+45,

Iurp +44, iroorzv=

] ]
(

W +{> |,yB+{> |,g{g| �
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(

W +{> |,yf+{> |,g{g|=

Vlqfh G @ GB ^ +G qGB, > wkhq
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(B

W +{> |,yg{g| .
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W +{> |,yf+{> |,g{g| �

�
] ]
(B

W +{> |,yf+{> |,g{g| .

] ]
(.(B

W +{> |,yf+{> |,g{g|=

Khqfh

] ]
(B

W +{> |,yg{g| �
] ]
(B

W +{> |,yf+{> |,g{g|> phvGB � 7�2=

Wkhq/ zh rewdlq=
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olp
B<f

4

7�2

] ]
(B

W +{> |,yg{g| � olp
B<f

] ]
(B

W +{> |,yf+{> |,g{g|=

Dffruglqj wr Ohehvjxh*v wkhruhp ^45`=

W +{f> |f,y � W +{f> |f,yf+{f> |f,=

Vlqfh +{f> |f, lv dq duelwudu| iurp Gf dqg y iurp Y / wkhq

lqi
�MT

W +{f> |f,y � W +{f> |f,yf+{f> |f, irudqduelwudu| +{f> |f, 5 Gf>

l1h1/ +44, lv ydolg1 VlqfhphvGf @ phvG/ wkhq lqi
�MT

W +{> |,y @ W +{> |,yf+{> |,

doprvw hyhu|zkhuh rq G1
Ohw xv suryh wkh frqwudu|1 Iurp +45, lw iroorzv=
W +{> |,y+{> |, � W +{> |,yf+{> |, iru dq| y+�, 5 X@_ doprvw hyhu|zkhuh

rq G/ dv W +{> |,y+{> |, � lqi
�MT

W +{> |,y @ W +{> |,yf+{> |, iru dq duelwudu|

y+�, 5 X@_1 Khqfh

] ]
(

W +{> |,y+{> |,g{g| �
] ]
(

W +{> |,yf+{> |,g{g|> ;y +{> |, 5 X@_=

Wkxv wkh htxlydohqfh ri +44,/+45, kdv ehhq suryhq1 Khqfh/ wkhuh iroorzv
wkh qhfhvvlw| ri frqglwlrq +45, iru wkh rswlpdolw| ri sdlu +xf> yf, =

Wkhruhp1 Ohw wkh frvw ixqfwlrqdo L eh gh�qhg e| irupxod +6, dqg ohw
#f eh d vroxwlrq ri wkh dgmrlqw sureohp +;,/ wkhq iru +xf> yf, wr eh rswlpdo
lw lv qhfhvvdu| wkdw wkh iroorzlqj uhodwlrq eh wuxh=

lqi
�MT

�
CI

Cy
+{> |> xf> yf,� d+{> |,#f +{> |,

�
y @

�
CI

Cy
+{> |> xf> yf,� d+{> |,#f +{> |,

�
yf +{> |,

doprvw hyhu|zkhuh rq G=

Uhihuhqfhv

41 Ehulnhodvkylol/ J1 Rq wkh vroydelolw| ri rqh fodvv ri qrqorfdo erxqgdu| ydoxh
sureohp lq wkh zhljkwhg Vrerohy vsdfhv1+Uxvvldq, Surfhhglqjv ri D1 Ud}0
pdg}h Pdwkhpdwlfdo Lqvwlwxwh 4<<</ qr144</ 60441
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51 Elwvdg}h/ D1Y1> Vdpduvnll/ D1D1 Rq vrph vlpsohvw jhqhudol}dwlrqv ri olqhdu
hoolswlf sureohpv1+Uxvvldq, Grno1 Dndg1 Qdxn VVVU 4;8+4<9<,/ qr15/ :6<0
:731

61 Fuldgr/ I1> Phodg}h/ K1> Rglvkholg}h/ Q1 Dq rswlpdo frqwuro sureohp iru
Khopkrow} htxdwlrq zlwk qrqorfdo erxqgdu| frqglwlrqv zlwk txdgudwlf ixqf0
wlrqdo1 Uhy1 U1 Dfdg1 Flhqf1 H{dfw1 Ilv1 Qdw1 +Hvs1,/ Pdwhpdwlfdv
<4+4<<:,/ qr14/ 9809<1

71 Jrugh}ldql/ G1J1 Rq wkh phwkrgv wr vroyh rqh fodvv ri wkh qrq0orfdo erxqgdu|
ydoxh sureohp1+Uxvvldq, Welolvl Xqlyhuvlw| Suhvv/ Welolvl/ 4<;41

81 Jrugh}ldql/ G1J1> Jrugh}ldql/ Q1G1> Dydolvkylol/ J1 Qrqorfdo erxqgdu| ydoxh
sureohpv iru vrph sduwldo gl�huhqwldo htxdwlrqv1 Exoo1 Jhrujldq Dfdg1 Vfl1
48:+4<<;,/ qr16/ 698069;1

91 Jxvkfklq/ D1N1> Plnkdlory/ Y1S1 Frqwlqxlw| ri vroxwlrq ri d fodvv ri qrqorfdo
sureohpv iru hoolswlf htxdwlrq1 Pdwk1 Ve1 5+4<<8,/ 6:08;1

:1 Lo*lq/ Y1D1> Prlvhhy/ H1L1 50g qrqorfdo erxqgdu| ydoxh sureohp iru Srlvvrq*v
rshudwlrq lq gl�huhqwldo dqg gl�huhqfh yduldqwv1 +Uxvvldq, Pdwkhpdwlfdo
prgholqj 5+4<<3,/ qr1;/ 4:0581

;1 Ndsdqdg}h/ G1Y1 Rq wkh Elwvdg}h0Vdpduvnll qrqorfdo erxqgdu| ydoxh sure0
ohp1 +Uxvvldq, Gl�1 Htxdw1 56+4<;:,/ 87608781

<1 Nroprjrury/ D1Q1> Irplq/ V1Y1 Wkh hohphqwv ri ixqfwlrq wkhru| dqg ixqf0
wlrqdo dqdo|vlv1 %Qdxnd%/ Prvfrz/ 4<;41

431 Nxiqhu/ D1> V�dqglqj/ D10P1 Vrph dssolfdwlrqv ri zhljkwhg Vrerohy vsdfhv1
Whxeqhu/ Ohls}lj/ 4<;:1

441 Phodg}h/ K1Y1> Wvxwvxqdyd/ W1V1> Ghydg}h/ G1VK1 Dq rswlpdo frqwuro sure0
ohp iru wkh �uvw rughu txdvl0olqhdu gl�huhqwldo htxdwlrqv zlwk qrqorfdo erxqg0
du| frqglwlrqv rq wkh sodqh1 +Uxvvldq, Welolvl Vwdwh Xqlyhuvlw|/ Welolvl/ 4<;:/
ss 941/ Ghs1 lq Jhrujld1 LVWL 5814514<;:/ qr16:508;:1

451 Qdwdqvrq/ L1S1 Wkh uhdo yduldeoh ixqfwlrq wkhru|1 +Uxvvldq, %Qdxnd%/ Prvfrz/
4<:71

461 Rerodvkylol/ H1 Qrqorfdo sureohpv iru sduwldo gl�huhqwldo htxdwlrqv1 Dsso1
Dqdo1 78+4<<5,/ 59<05;31

471 Sdqh|dnk/ E1S1 Rq vrph qrqorfdo erxqgdu| ydoxh sureohpv iru olqhdu gli0
ihuhqwldo rshudwruv1 +Uxvvldq, Pdw1 ]dp1 68+4<;7,/ 75807661

481 Sorwqlnry/ Y1L1 Wkh qhffhvdu| dqg vx�flhqw frqglwlrqv ri rswlpdolw| dqg
xqltxhqhvv frqglwlrqv wr rswlpl}h ixqfwlrqv iru frqwuro v|vwhpv ri jhqhudo
irup1 +Uxvvldq, Surfhhglqj ri Dfdghp| ri Vflhqfhv ri wkh XVVU/ vhulhv
pdwk/ +4<:5,/ qr16/ 98509:<1

491 Sorwqlnry/ Y1L1> Vxplq/ Y1L1 Wkh remhfwv rswlpl}dwlrq zlwk d glvwulexwhg sd0
udphwhu ghvfulehg zlwk Jrxuvh0Gduerx{ v|vwhp1 +Uxvvldq, M1F1P dqg P1Sk1
45+4<:5,/ qr14/ 940::1

:7



. Wkh Qhfhvvdu| Frqglwlrq ri wkh Rswlpdolw| iru111 DPL Yro17/ Qr14/4<<<

4:1 Srqwuldjlq/ O1V1> Erowldqvnl/ Y1J1> Jdpnuholg}h/ U1Y1> Plvkhqnr/ H1I1Pdwk0
hpdwlfdo wkhru| ri rswlpdo surfhvvhv1 +Uxvvldq, %Qdxnd%/ Prvfrz/ 4<;61

4;1 Vdsdjrydv/ P1S1> Fkhjlv/ U1L1 Rq vrph erxqgdu| ydoxh sureohpv zlwk qrq0
orfdo frqglwlrqv1 +Uxvvldq, Gl�1 Htxdw1 56 +4<;:,/ 459;045:71

4<1 Vnxedfkhyvnll/ D1O1 Rq d udqjh ri vrph qrqorfdo hoolswlf erxqgdu| ydoxh
sureohpv1 +Uxvvldq, Pdw1 Ve1 44:+4<;5,/ 87;088;1

531 Vrerohy/ F1O1 Vrph dssolfdwlrqv ri ixqfwlrqdo dqdo|vlv lq wkh pdwkhpdwlfdo
sk|vlfv1 +Uxvvldq, %Qdxnd%/ Prvfrz/ 4<;;1
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