
LQYHVWLJDWLRQ RI WKH QRQORFDO LQLWLDO0ERXQGDU\
YDOXH SUREOHPV IRU WKH VWULQJ RVFLOODWLRQ DQG

WHOHJUDSK HTXDWLRQV

G1 J1 Jrugh}ldql/ J1 D1 Dydolvkylol
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Wkh suhvhqw duwlfoh lv ghyrwhg wr wkh lqlwldo0erxqgdu| ydoxh sureohpv zlwk
wkh vr fdoohg qrqorfdo frqglwlrqv/ zkhuh/ lq frqwudvw wr fodvvlfdo lqlwldo0erxqgdu|
ydoxh sureohpv/ wkhuh lv jlyhq d fhuwdlq uhodwlrq ehwzhhq wkh erxqgdu| phdqlqjv ri
xqnqrzq ixqfwlrq dqg lwv lqkhuhqw rqhv1 Rq wkh h{dpsoh ri vwulqj rvfloodwlrq dqg
whohjudsk htxdwlrqv wkhuh duh vwxglhg gl�huhqw w|shv ri qrqorfdo sureohpv/ suryhg
h{lvwhqfh dqg xqltxhqhvv wkhruhpv dqg jlyhq dojrulwkpv iru gluhfw frqvwuxfwlrq ri
vroxwlrqv1 Wkh phqwlrqhg sureohpv frxog eh lqwhusuhwhg dv sureohpv zlwk erxq0
gdu| frqwuro/ zkhq pdlqwhqdqfh ri d fhuwdlq olqn ehwzhhq erxqgdu| dqg lqkhuhqw
phdqlqjv ri wkh xqnqrzq ixqfwlrq lv uhtxhvwhg1

Lq rughu wr vroyh wkh deryh sureohpv zh xvh wkh phwkrg ri uh�hfwhg zdyh lq wkh

fdvh ri vwulqj rvfloodwlrq htxdwlrq/ dqg wkh fdvh ri whohjudsk htxdwlrq lv uhgxfhg

wr Yrowhuud w|sh lqwhjudo htxdwlrqv1 Wkh surri ri xqltxhqhvv wkhruhpv duh edvlfo|

edvhg rq wkh wkhru| ri fkdudfwhulvwlfv1

� W?|hL_�U|�L?

Qrqorfdo sureohpv dulvh zkloh pdwkhpdwlfdo prghoolqj ri gl�huhqw surfhvvhv
lq sk|vlfv/ hfrorj|/ fkhplvwu|/ elrorj| dqg rwkhu �hogv ^47`0^4<`1 Wkh deryh
phqwlrqhg sureohpv duh yhu| lpsruwdqw iurp wkh srlqw ri wkhlu sudfwlfdo
dssolfdwlrq lq vroylqj pdwkhpdwlfdo sureohpv ri wkh phfkdqlf ri vrolg erg|1
Wkh| doorz wr frqwuro vwuhvv0vwudlq vwdwh ri erg| dqg wkhuhiruh/ iurp d
fhuwdlq srlqw/ duh vlplodu wr wkh frqwuro sureohpv/ dqg sduwlfxoduo|/ wr wkrvh
ri h{dfw frqwurodelolw| ^46`1

Lw pxvw eh srlqwhg rxw wkdw wkh wkhruhwlfdo vwxg| ri qrqorfdo sureohpv
lv frqqhfwhg zlwk wkh juhdw gl�fxowlhv1 Wrr pdq| wklqjv duh h{shfwhg wr eh
grqh lq wklv gluhfwlrq/ wkrxjk d orw ri lqwhuhvwlqj zrunv duh douhdg| ghyrwhg
wr wkhvh lvvxhv ^4`0^45`1 Qdwxudoo|/ dulvhv d txhvwlrq= zkdw suhyhqwv xv iurp
vroylqj qrqorfdo sureohpv hyhq lq wkh fdvh ri olqhdu wkuhh0glphqvlrqdo htxd0
wlrqv ri wkh wkhru| ri hodvwlflw|B Iluvw ri doo/ khuh xvxdoo| lw lv lpsrvvleoh wr
dsso| wudglwlrqdo dssurdfk iru surylqj xqltxhqhvv wkhruhp/ vlqfh qrqorfdo
frqglwlrqv frqwdlq lqkhuhqw srlqwv ri wkh uhjlrq/ dqg rewdlqlqj lqwhjudo ri
hqhuj|/ qrqh ri wkh phpehuv ehfrph }hur lq krprjhqhrxv qrqorfdo frqgl0
wlrqv rq wkh erxqgdu|1 Hyhq lq wkh vlpsohvw fdvh lw lv reylrxv wkdw gluhfw
dssolfdwlrq ri wkh phwkrg ri vlqjxodu lqwhjudo htxdwlrqv grhv qrw jlyh d
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uhvxow1 Khuh grhv qrw hyhq zrun wkh phwkrg ri ixqfwlrqdo dqdo|vlv zklfk
frqvlghuv wkh surri ri frhuflyhqhvv rq wkh edvlv ri Nruq*v lqhtxdolw| zlwk
wkh iroorzlqj dssolfdwlrq ri Od{0Plojudp*v wkhruhp1 Wklv lv wkh uhdvrq iru
h{lvwlqj rqo| vhsdudwh uhvxowv1

Iluvw/ d fhuwdlq fodvv/ sduwlfxoduo| wkh fodvv ri wkuhh glphqvlrqdo qrqor0
fdo sureohpv/ zdv irupxodwhg dqg vwxglhg lq wkh duwlfoh ^4`1 Ixuwkhu/ lq wkh
zrunv ^7/ 8` wkh sureohp vwdwhg lq ^4` zdv fdoohg Elwvdg}h0Vdpduvnll sure0
ohp dqg uhvroxwlrq phwkrgv zhuh vxjjhvwhg iru wkh vxfk w|sh sureohpv lq
wkh fdvh ri udwkhu jhqhudo hoolswlf htxdwlrqv1 Lq wkh zrun ^9` wkhuh zhuh frq0
vlghuhg erxqgdu| frqglwlrqv/ vlplodu wr wkrvh ri Elwvdg}h0Vdpduvnll rqhv/
iru wkh htxdwlrqv ri vkhoo dqg hodvwlflw| wkhru|1 Xqghu udwkhu vwulfw frq0
glwlrqv wkhuh lv suryhg xqltxhqhvv ri wkh vroxwlrq ri wkh qrqorfdo sureohp
iru wkh wkuhh glphqvlrqdo prghov ri wkh hodvwlflw| wkhru|1 Wkh vwdwhg qrq0
orfdo sureohpv zdv h�hfwlyho| vroyhg lq wkh fdvh ri urxqg sodwhv iru wkh
Nlufkkr� prgho1 Odwhu/ lq wkh zrunv ^4:/ 4<` zhuh vxjjhvwhg lqwhuhvwlqj
jhqhudol}dwlrqv ri Elwvdg}h0Vdpduvnll frqglwlrqv1

Dv zdv douhdg| phqwlrqhg/ lqyhvwljdwlrq ri qrqorfdo sureohpv lq wkh
phfkdqlfv ri vrolg erg| iru jhqhudo pdwkhpdwlfdo prghov lv udwkhu gl�fxow1
Wkhuhiruh/ zh olplw rxuvhoyhv e| frqvlghulqj vlpsoh prghov/ hvshfldoo| dv wkh
lvvxhv ri h{lvwhqfh dqg xqltxhqhvv ri wkh vroxwlrq duh qrw vwxglhg suhylrxvo|1
Exw lw vkrxog eh phqwlrqhg wkdw wkh phwkrgv dssolhg khuhlq fdq eh xvhg
hyhq iru pruh jhqhudo qrqorfdo sureohpv1

Vhfv1 5 dqg 6 ri wkh suhvhqw zrun duh ghyrwhg wr wkh lqyhvwljdwlrq ri
rqh0glphqvlrqdo sureohp ri wkh phfkdqlf ri vrolg phglxp zlwk gl�huhqw
qrqorfdo erxqgdu| frqglwlrqv1 Pruh suhflvho|/ lq Vhf1 5 wkhuh lv frqvlghuhg
vwulqj rvfloodwlrq htxdwlrq zlwk wkh fodvvlfdo lqlwldo dqg glvfuhwh qrqorfdo
frqglwlrqv/ zklfk uhsuhvhqw wkh jhqhudol}dwlrq ri Elwvdg}h0Vdpduvnll frq0
glwlrqv1 Wkhuh zh suryh wkh wkhruhp ri h{lvwhqfh dqg xqltxhqhvv ri wkh
vroxwlrq/ zklfk fdq eh frqvwuxfwhg gluhfwo| xvlqj dojrulwkpv jlyhq lelghp1
Lq Vhf1 6 wkhuh lv frqvlghuhg wkh whohjudsk htxdwlrq1 Dv lq wkh fdvh ri
vwulqj rvfloodwlrq htxdwlrq wkhuh lv vwxglhg qrqorfdo sureohp zlwk glvfuhwh
qrqorfdo frqglwlrqv1 Ilqdoo|/ lq Vhf1 7 zh vwdwh wkh jhqhudo wkhruhp ri
xqltxhqhvv iru pxowlglphqvlrqdo qrqorfdo sureohp zlwk glvfuhwh qrqorfdo
frqglwlrqv1

2 A�i ?L?*LU@* ThLM*i4 uLh t|h�?} LtU�**@|�L? i^�@|�L?

Dv zh phqwlrqhg lq wkh lqwurgxfwlrq/ zh vwxg| udwkhu jhqhudo qrqorfdo
sureohp/ vwdwh wkh wkhruhp ri h{lvwhqfh dqg xqltxhqhvv dqg jlyh dq dojr0
ulwkp iru gluhfw frqvwuxfwlrq ri wkh vroxwlrq1 Pdlq wrrov iru �qglqj wkh
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vroxwlrq duh wkh phwkrg ri d uh�hfwhg zdyh dqg surshuwlhv ri wkh vroxwlrq
rq fkdudfwhulvwlfv1

Frqvlghu qrqorfdo sureohp iru wkh htxdwlrq ri vwulqj rvfloodwlrq

C2x

Cw2
@

C2x

C{2
> 3 ? { ? o> 3 ? w ? W> +514,

zlwk wkh fodvvlfdo lqlwldo frqglwlrqv

x+{> 3, @ *+{,>

x|+{> 3, @ #+{,>
3 � { � o> +515,

dqg qrqorfdo erxqgdu| frqglwlrqv

�+w,x+3> w, . �+w,
Cx

C{
+3> w, @

6[
�'�

d�+w,x+��+w,> w, . i+w,>

�+w,x+o> w, . �+w,
Cx

C{
+o> w, @

?[
�'�

e�+w,x+��+w,> w, . j+w,>

3 � w � W> +516,

zkhuh �> �> �> �> i> j> d�+w,> e�+w, +l @ 4> ===>p> m @ 4> ===> q, duh suhvfulehg
ixqfwlrqv/ ��+w,> ��+w, +l @ 4> p> m @ 4> q, duh volglqj srlqwv ri wkh vwulqj
+3> o, zklfk gh�qh qrqorfdo frqglwlrq/ l1h1 li doo d�> e� duh }hur/ wkhq zh jhw
fodvvlfdo lqlwldo0erxqgdu| ydoxh sureohp1 Wkh iroorzlqj wkhruhp lv wuxh1

Wkhruhp 5141 Dvvxph wkdw wkh iroorzlqj frqglwlrqv duh lq irufh=
+l, i> j> �> �> �> �> d�> e� 5 F2^3> W `+l @ 4>p> m @ 4> q,> * 5 F2^3> o`>

# 5 F�^3> o`> �+w,�+w, 9@ 3> �+w,�+w, 9@ 3> 3 � w � W >
+ll, ��> �� 5 F2^3> W `> 3 ? ��+w,> ��+w, ? o> zkhq w 5 ^3> W `> l @ 4> ===>p>

m @ 4> ===> q>
+lll, hdfk ri wkh ixqfwlrqv �+w,> �+w, hlwkhu grhv qrw htxdo wr }hur iru dq|

w 5 ^3> W `/ ru lv htxdo wr }hur iru doo w1 Wkhq qrqorfdo sureohp +514,0+516,
kdv xqltxh vroxwlrq x+{> w,/ zklfk lv wzlfh frqwlqxrxvo| gl�huhqwldeoh rq
wkh vhw �G @ i3 � { � o> 3 � w � Wj/ vdwlv�hv wkh htxdwlrq +514, dqg wkh
frqglwlrqv +515,/ +516,1

Surri1 Qrwh/ wkdw li wkh vroxwlrq ri wkh sureohp +514,0+516, lv irxqg/
wkhq zh jhw vrph ixqfwlrqv rq wkh hqgv ri wkh vwulqj

x+3> w, @ ��+w,>

x+o> w, @ �2+w,>
3 � w � W> +517,

dqg wkhq x+{> w, lv wkh vroxwlrq ri fodvvlfdo Fdxfk|0Glulfkohw sureohp iru wkh
htxdwlrq +514, zlwk wkh lqlwldo dqg erxqgdu| frqglwlrqv +515,/ +517,/ zklfk
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kdv xqltxh vroxwlrq
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*��+3,
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vlq+�+o � {,, .

*��+o,

�2 vlq�o
vlq�{> #+{, h{sdqghg rq wkh zkroh d{oh

uhwdlqlqj vprrwkqhvv lq vxfk d zd|/ wkdw

�+{, . �+�{, @ 5�+3,> �+{, . �+�{, @ 5�+3,>

�+o � {, . �+o . {, @ 5�+o,> �+o � {, . �+o . {, @ 5�+o,>

dqg wkh ixqfwlrq

���+w, @

;?
= ��+w,� +*+3, .

*��+3,

�2
,� #+3,w.

*��+3,

�2
frv�w> w � 3

3> w ? 3
+519,

dqg dqdorjlrxvo| iru ��2+w,/ zkhuh 3 lv fkdqjhg e| o1 Wkxv/ dq| vroxwlrq
ri wkh sureohp +514,0+516, fdq eh h{suhvvhg e| wkh irup +518,1 Li zh �qg
wzlfh frqwlqxrxvo| gl�huhqwldeoh ixqfwlrqv ��+w,> �2+w,/ wkhq wkh sureohp
lv vroyhg1 Frqvhtxhqwo|/ gxh wr wklv idfw xqghu wkh vroxwlrq ri wkh sure0
ohp +514,0+516, vrphwlphv zh phdq wkh frxsoh i��> �2j1 Wr pdnh ixuwkhu
fdofxodwlrqv hdvlhu zh eulqj lq wkh iroorzlqj qrwdwlrq=

I +{> w, @
�+{. w, . �+{� w,

5
.

4

5

%n|]
%3|

�+�,g�

� *��+3,

�2 vlq�o
vlq+�+o � {,, frv�w� *��+o,

�2 vlq�o
vlq�{ frv�w=

9;



. Lqyhvwljdwlrq ri wkh Qrqorfdo Lqlwldo0Erxqgdu| Ydoxh 111 DPL Yro15/ 4<<:

Wdnlqj lqwr dffrxqw qrqorfdo frqglwlrqv +516, zh jhw/ wkdw wkh sure0
ohp +514,0+516, lv vroyhg/ li zh �qg wkh frxsoh i��> �2j/ zklfk vdwlv�hv wkh
htxdwlrqv

�+w,��+w, . �+w,+I%+3> w,� ����+w,� 5
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?'�

����+w� 5qo,

.5
"[
?'f

���2+w� +5q. 4,o,, @
6[
�'�

d�+w,x+��+w,> w, . i+w,>

�+w,�2+w, . �+w,+I%+o> w, . ���2+w, . 5
"[
?'�

���2+w� 5qo,

�5
"[
?'f

����+w� +5q. 4,o,, @
?[

�'�

e�+w,x+��+w,> w, . j+w,>

+51:,

zkhq 3 � w � W 1

Lw vkrxog eh phqwlrqhg/ wkdw iurp wkh deryh glvfxvvlrqv lw iroorzv
wkdw uhvroxwlrq ri wkh sureohp lv frpsohwho| uhgxfhg wr �qglqj ri wkh sdlu
i��> �2j/ l1h1 h{lvwhqfh dqg xqltxhqhvv ri wkh vroxwlrq x+{> w, dqg wkh sdlu
i��> �2j duh htxlydohqw1

Vlqfh wkh ixqfwlrqv ��+w, dqg ��+w, +l @ 4> ===> p> m @ 4> ===> q, duh frqwl0
qxrxv rq ^3> W ` dqg iru doo w 5 ^3> W ` wkh| ehorqj wr wkh lqwhuydo +3> o,/ wkhq
wkhuh h{lvw

%� @ plq
3 � w � W
4 � l � p

��+w,> �%� @ pd{
3 � w � W
4 � l � p

��+w,>

%2 @ plq
3 � w � W
4 � m � q

��+w,> �%2 @ pd{
3 � w � W
4 � m � q

��+w,>

zkhuh hdfk ri wkh qxpehuv %�> %2> �%�> �%2 ehorqjv wr +3> o,1 Ohw*v ghqrwh e|
wW @ plqi%�> %2> o � �%�> o � �%2j dqg wkhq doo wkh fxuyhv ��> �� duh orfdwhg lq
wkh vwulsh ^wW> o � wW`� ^3> W `=

Wdnlqj +51:, lqwr dffrxqw dqg wkh gh�qlwlrq ri ���+w,> ��2+w,/ zh jhw/ wkdw
li wkh sdlu i��> �2j lv wkh vroxwlrq ri wkh sureohp/ wkhq lw kdv wr vdwlvi| wkh
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iroorzlqj htxdolwlhv

�+w,��+w,� �+w,���+w, @
6S
�'�

d�+w,I +��+w,> w, . �i+w,>

�+w,�2+w, . �+w,��2+w, @
?S

�'�

e�+w,I +��+w,> w, . �j+w,>

3 � w � wW>

zkhuh �i+w,> �j+w, duh suhvfulehg frqwlqxrxvo| gl�huhqwldeoh ixqfwlrqv1 Frq0
vhtxhqwo|/ iru gh�qlqj ��+w, dqg �2+w, zh jhw dq ruglqdu| gl�huhqwldo htxd0
wlrqv ri wkh �uvw rughu1 Dvvxph/ wkdw rqh ri wkh frqglwlrqv ri wkh srlqw +lll,
lq wkh wkhruhp 514 lv wuxh/ l1h1 �+w, 9@ 3/ zkhq w 5 ^3> W `= Wkhq wdnlqj lqwr
dffrxqw frpsdwlelolw| frqglwlrq ��+3, @ *+3,/ iru 3 � w � wW zh rewdlq

��+w, @ h

|5

f

kE��
qE��

_�

3
C*+3,�

|]
f

h
3

�5

f

kEr�
qEr�

_r

#
6[
�'�

d�+�,I +��+�,> �,

�+�,
.

�i+�,

�+�,

$
g�

4
D =

Lq wkh vhfrqg fdvh/ ��+w, fdq eh gluhfwo| h{suhvvhg e| wkh ixqfwlrqv
vwdqglqj lq wkh uljkw sduw ri wkh htxdwlrq1 Khuh/ fruuhvsrqghqw ixqfwlrqv
�i+w, ru �j+w, zloo eh wzlfh frqwlqxrxvo| gl�huhqwldeoh1 Lq erwk fdvhv/ dv
zh vhh/ ��+w, lv htxdo wr wzlfh frqwlqxrxvo| gl�huhqwldeoh ixqfwlrq/ zkhq
3 � w � wW1 Wkhuhiruh/ lq wkh wlph shulrg ^3> wW` zh fdq gh�qh wkh xqnqrzq
sdlu ri ixqfwlrqv i��> �2j dqg/ xvlqj wkh irupxod +518,/ jhw wkh vroxwlrq ri
wkh sureohp +514,0+516, lq wklv wlph lqwhuydo1

Qrz/ wdnh iru wkh lqlwldo prphqw wW/ l1h1 zh eulqj lq d qhz wlph yduldeoh
� @ w�wW= Wkhq wkh qrqorfdo sureohp iru wkh ixqfwlrq y+{> �, @ x+{> �. wW,
frqvlghuhg lq ^3> o`� ^3> wW` jhwv wkh iroorzlqj irup

y�� @ y%%> 3 ? { ? o> 3 ? � ? wW> +51;,

�+� . wW,y+3> �, . �+� . wW,
Cy

C{
+3> �,

@
6[
�'�

d�+� . wW,y+��+� . wW,> �, . i+� . wW,>

�+� . wW,y+o> �, . �+� . wW,
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C{
+o> �,

@
?[

�'�

e�+� . wW,y+��+� . wW,> �, . j+� . wW,>

3 � � � wW> +51<,

zkhuh wkh lqlwldo frqglwlrqv duh

y+{> 3, @ x+{> wW,>

y� +{> 3, @ x|+{> w
W,>

3 � { � o= +5143,
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Dv lq wkh suhylrxv fdvh zh fdq �qg wkh vroxwlrq ri wkh qrqorfdo sureohp
+51;,0+5143, rq ^3> wW` dqg lw zloo eh dq h{sdqvlrq ri x+{> w, rq wkh wlph
lqwhuydo ^wW> 5wW`1 Ohw*v vkrz qrz wkdw rewdlqhg x+{> w, lv wkh vroxwlrq ri wkh
sureohp +514,0+516,/ zkhq 3 � w � 5wW1 Reylrxvo|/ lw*v vx�flhqw wr fkhfn
wzlfh frqwlqxrxvo| gl�huhqwldelolw| ri x+{> w, lq wkh prphqw w @ wW1 Vlqfh
x+{> w, lv wkh vroxwlrq ri +514,0+516, rq ^3> wW`/ wkhq lw lv wzlfh frqwlqxrxvo|
gl�huhqwldeoh e| {/ zkhq w @ wW/ dqg

olp
|3|W<f3

x+{> w, @ x+{> wW, @ y+{> 3, @ olp
|3|W<fn

x+{> w,>

dqg frqvhtxhqwo| x+{> w, lv frqwlqxrxv lq wkh srlqw wW1 Dqdorjlfdoo|/

olp
{<f3

x+{> wW .�,� x+{> wW,

�
@ x|+{> w

W,

@ y� +{> 3, @ olp
{<fn

x+{> wW .�,� x+{> wW,

�
>

olp
|3|W<f3

x|+{> w, @ x|+{> w
W, @ y� +{> 3, @ olp

|3|W<fn
x|+{> w,=

Wkhuhiruh/ x|+{> w, h{lvwv dqg lv frqwlqxrxv iru w @ wW1
Lq wkh vdph zd| zh fdq fkhfn wkdw x||+{> w, lv frqwlqxrxv iru w @ wW1

Frqvhtxhqwo| x+{> w, lv wkh vroxwlrq ri wkh qrqorfdo sureohp +514,0+516,/
zkhq 3 � w � 5wW1

Dsso|lqj wkh vdph phwkrg zh �qg x+{> w, rq wkh lqwhuydov ^3> qwW`
+q @ 5> 6> ===, xs wr wkh prphqw W 1 Wkhuhiruh zh fdq �qg x+{> w, iru wkh
zkroh wlph lqwhuydo ^3> W `/ l1h1 wkh vroxwlrq ri wkh sureohp +514,0+516, h{lvwv/
lv xqltxh dqg h{suhvvhg wkurxjk wkh jlyhq ixqfwlrqv dqg wkhlu lqwhjudov1 �

Wkh vwdwhg sureohp fdq eh lqwhusuhwhg dv wkh sureohp ri h{dfw frq0
wurodelolw| e| wkh erxqgdu| frqglwlrqv/ zkhuh wkh erxqgdu| phdqlqjv ri
xqnqrzq ixqfwlrq duh uhtxluhg wr gl�hu iurp wkh olqhdu frpelqdwlrq ri lwv
phdqlqjv lq fhuwdlq srlqwv e| d jlyhq ehiruhkdqg qxpehu1 Wklv w|sh ri
sureohpv dulvh lq exloglqj frqvwuxfwlrqv/ jhqhudwruv/ hwf1

� �L?*LU@* ThLM*i4 uLh |i*i}h@T� i^�@|�L?

Dv lq wkh fdvh ri vwulqj rvfloodwlrq htxdwlrq zh frqvlghu qrqorfdo sureohp
iru whohjudsk htxdwlrq1 Krzhyhu/ lq frqwudvw wr wkh fdvh ri vwulqj rvfloodwlrq/
khuh wkh pdlq phwkrg ri frqvwuxfwlqj vroxwlrq lv wkh dssolfdwlrq ri d vshfldo
w|sh srwhqwldo/ zklfk doorzv wr uhgxfh vwdwhg qrqorfdo sureohp wr lqwhjudo
htxdwlrqv1 Khuh zh dovr xvh fruuhvsrqglqj qrwdwlrqv ri wkh Vhf1 51
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Frqvlghu wkh qrqorfdo sureohp iru whohjudsk htxdwlrq

C2x

Cw2
@

C2x

C{2
. f2x> 3 ? { ? o> 3 ? w ? W> +614,

zlwk krprjhqhrxv lqlwldo frqglwlrqv

x+{> 3, @ x|+{> 3, @ 3> 3 � { � o> +615,

dqg qrqorfdo erxqgdu| frqglwlrqv

�+w,x+3> w, . �+w,
Cx

C{
+3> w, @

6[
�'�

d�+w,x+��+w,> w, . i+w,>

�+w,x+o> w, . �+w,
Cx

C{
+o> w, @

?[
�'�

e�+w,x+��+w,> w, . j+w,>

3 � w � W> +616,

zkhuh 3 9@ f @ frqvw lv uhdo ru lpdjlqdu| qxpehu/ dqg x+{> w, lv xqnqrzq
ixqfwlrq/ wzlfh frqwlqxrxvo| gl�huhqwldeoh rq ^3> o` � ^3> W `/ vdwlvi|lqj wkh
htxdwlrq +614, dqg frqglwlrqv +615,/ +616,1 Wkh iroorzlqj wkhruhp lv wuxh1

Wkhruhp 6141 Li doo wkh frqglwlrqv ri wkh Wkhruhp 514 duh lq irufh/
wkhq qrqorfdo sureohp +614,0+616, kdv xqltxh vroxwlrq1

Surri1 Qrwh wkdw li zh �qg wkh vroxwlrq x+{> w, ri wkh sureohp +614,0
+616,/ wkhq lw jhwv fhuwdlq phdqlqjv rq wkh erxqgdu| dqg/ frqvhtxhqwo|/ lv
wkh vroxwlrq ri wkh whohjudsk htxdwlrq zlwk fodvvlfdo Glulfkohw frqglwlrqv rq
wkh erxqgdu|1 Lq wklv fdvh zh vlpso| fdq vkrz wkdw

x+{> w, @
C

C{

5
7 |3%]
f

*+�,L+f
s

+w� �,2 � {2,g�

.

|3,n%]
f

#+�,L+f
s
+w� �,2 � +o � {,2,g�

6
8 >

+617,

zkhuh L+}, @
"[
r'f

4

+v$,2

�}
5

�2r
> *> # 5 F2^3> W `> *+�, @ #+�, @ 3/ iru � � 3

dqg li wkh h{suhvvlrq xqghu wkh vtxduh urrw lv qhjdwlyh/ wkhq zh frqvlghu
lpdjlqdu| phdqlqj ri wkh urrw1 Wkhuhiruh wkh vroxwlrq ri wkh sureohp
+614,0+616, lv xqltxho| gh�qhg e| wkh ixqfwlrqv *># dqg gxh wr wklv idfw
uhvroxwlrq ri wkh vwdwhg sureohp lv uhgxfhg wr �qglqj ri ixqfwlrqv *+w, dqg
#+w,1 Lq rughu wr pdnh rxu uhdvrqlqj pruh fohdu zh frqvlghu wkh fdvh zkhq
�+w, 9@ 3> �+w, 9@ 3 iru 3 � w � W lq +616,1 Wkrxjk lq wkh rwkhu fdvhv wkh|
duh voljkwo| gl�huhqw1
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. Lqyhvwljdwlrq ri wkh Qrqorfdo Lqlwldo0Erxqgdu| Ydoxh 111 DPL Yro15/ 4<<:

Vxevwlwxwlqj irupxod +617, lqwr �uvw frqglwlrq +616, zh jhw dq htxdwlrq
uhodwlyho| wr *+w, dqg #+w,

�+w,x+3> w, . �+w,
Cx

C{
+3> w, @

6[
�'�

d�+w, ^�*+w� ��+w,,

�
|31�E|�]
f

*+�,
f��+w,L

�+f
t
+w� �,2 � �2� +w,,t

+w� �,2 � �2� +w,
g� . #+w� o . ��+w,,

.

|3,n1�E|�]
f

#+�,
f+o � ��+w,,L

�+f
s
+w� �,2 � +o � ��+w,,2s

+w� �,2 � +o � ��+w,,2
g�

6
:8. i+w,=

Dqdorjrxv htxdwlrq iroorzv iurp wkh vhfrqg erxqgdu| frqglwlrq +616,1 Dv
lq wkh surri ri wkh Wkhruhp 514 zh frqvlghu wkh vdph wlph lqwhuydo ^3> wW`
iru zklfk zh kdyh

��+w,*+w, . �+w,*�+w,� �+w,

|]
f

*+�,
fL �+f+w� �,,

w� �
g� @ i+w,>

�+w,#+w, . �+w,#�+w,� �+w,

|]
f

#+�,
fL �+f+w� �,,

w� �
g� @ j+w,=

+618,

Iurp +618, ghqrwlqj
L �+f+w� �,,

w� �
@ L�+f+w� �,,> zh jhw/ wkdw

*+w, @

|]
f

r]
f

*+�,fL�+f+v� �,,g�gv.

|]
f

�+�,

�+� ,
*+�,g�

.

|]
f

i+�,

�+�,
g�>

#+w, @

|]
f

r]
f

#+�,fL�+f+v� �,,g�gv�
|]

f

�+�,

�+�,
#+�,g�

.

|]
f

j+�,

�+�,
g�>

3 � w � wW= +619,

Wkh htxdwlrqv +619, duh doprvw wkh vdph Yrowhuud w|sh lqwhjudo htxd0
wlrqv1 Gxh wr wklv idfw zh frqvlghu wkhp rqo| iru *+w,1 Ohw*v eulqj lq wkh
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rshudwru

+N*,+w, @

|]
f

r]
f

*+�,fL�+f+v� �,,g�gv.

|]
f

�+�,

�+� ,
*+�,g�=

Wkhq wkh �uvw htxdwlrq +619, wdnhv wkh iroorzlqj irup

* @ N*. iW> +61:,

zkhuh iW+w, @

|]
f

i+�,

�+�,
g� dqg reylrxvo| iW 5 F2^3> wW`1 Ohw*v suryh qrz wkdw

N lv wkh frpsdfw rshudwru iurp F^3> wW` wr F^3> wW`1 Frqvlghu erxqghg vhw
[ � F^3> wW` dqg suryh wkdw N[ lv vxshufrpsdfw lq F^3> wW`1 Lq rughu wr
gr vr/ dffruglqj wr Dufhood*v wkhruhp/ zh kdyh wr fkhfn xqlirup erxqgqhvv
dqg xqlirup frqwlqxlw| ri N[1 Lqghhg/ li zh ghqrwh d qrup lq F^3> wW` e|
n � n/ zh jhw

nN*n � W 2F�n*n. WF2n*n>

zkhuh F� @ pd{
dfc|Wo

mfL�+w,m> F2 @ pd{
dfc|Wo

�����+w,�+w,

����> dqg vlqfh n*n lv erxqghg/ N[

lv xqlirupo| erxqghg1 Dovr

m+N*,+w�,� +N*,+w2,m @
����

|2]
|�

r]
f

*+�,fL�+f+v� �,,g�gv.

|2]
|�

�+�,

�+�,
*+�,g�

����
� mw2 � w�m+WF�n*n.F2n*n,

dqg/ frqvhtxhqwo|/ N[ lv xqlirupo| frqwlqxrxv1 Wklv idfw suryhv wkdw N
lv frpsdfw1

Wdnlqj wkh odwwhu lqwr dffrxqw iru wkh htxdwlrq +61:, wkh wkhruhpv ri
Iuhgkrop duh wuxh1 Li zh suryh/ wkdw wkh krprjhqhrxv htxdwlrq kdv wulyldo
vroxwlrq/ wkhq wkh htxdwlrq +61:, kdv xqltxh vroxwlrq1 Ohw*v frqvlghu wkh
krprjhqhrxv htxdwlrq

* @ N*

ru

*+w, @

|]
f

r]
f

*+�,fL�+f+v� �,,g�gv.

|]
f

�+�,

�+�,
*+�,g�=

Ohw*v vkrz wkdw wkh iroorzlqj hvwlpdwlrq lv wuxh=

m*+w,m � F?
�

w2?

+5q,$
n*n. F?

2

w?

q$
n*n= +61;,
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. Lqyhvwljdwlrq ri wkh Qrqorfdo Lqlwldo0Erxqgdu| Ydoxh 111 DPL Yro15/ 4<<:

Lqghhg/ +61;, lv reylrxv iru q @ 41 Dvvxph wkdw wkh deryh hvwlpdwlrq lv
wuxh iru q dqg ohw lw vkrz iru q. 41

m*+w,m � F�

|]
f

r]
f

m*+�,mg�gv. F2

|]
f

m*+�,mg�

� F?n�
� n*n

|]
f

r]
f

�2?

+5q,$
g�gv. F?n�

2 n*n
|]

f

�?

q$
g�

@ F?n�
�

w2?n2

+5q. 5,$
n*n. F?n�

2

w?n�

+q. 4,$
n*n=

Wkhuhiruh wkh lqhtxdolw| +61;, lv wuxh iru dq| q1 Iru q $ 4 zh jhw
*+w, � 3> w 5 ^3> wW`=

Vr/ wkh �uvw htxdwlrq +619, kdv xqltxh frqwlqxrxv vroxwlrq1 Krzhyhu wkh
irup ri wkh htxdwlrq surylghv wzlfh frqwlqxrxvo| gl�huhqwldelolw| ri * rq
^3> wW`1 Dqdorjlfdoo| zh fdq fkhfn h{lvwhqfh dqg xqltxhqhvv ri wkh ixqfwlrq
#+w,/ zklfk doorzv wr frqfoxgh wkdw wkh sdlu i*>#j lv gh�qhg vlqjoh0ydoxhg
dqg/ frqvhtxhqwo|/ wkh vroxwlrq ri wkh sureohp +614,0+616, lv dovr vlqjoh0
ydoxhg gh�qhg rq ^3> wW`1

Qrz/ frqvlghu wkh wlph lqwhuydo ^wW> 5wW`1 Khuh zh dovr jhw htxdwlrqv
vlplodu wr +619,/ zkhuh i dqg j duh fkdqjhg e| frpelqdwlrqv ri ixqfwlrqv
*+w, dqg #+w,/ douhdg| gh�qhg rq ^3> wW`/ vlqfh wW � ��+w,> ��+w, � o � wW dqg
frqvhtxhqwo| iru wW � w � 5wW

5wW � o � w� ��+w, � wW> 5wW � o � w� o . ��+w, � wW>

5wW � o � w� o . ��+w, � wW> 5wW � o � w� ��+w, � wW=

Uhshdwlqj deryh uhdvrqlqj iru wkhvh htxdwlrqv zh zloo eh deoh wr ghwhu0
plqh *+w, dqg #+w, iru w 5 ^wW> 5wW`1 Lw lv qrw gl�fxow wr fkhfn wkdw *+w, dqg
#+w, ixqfwlrqv irxqg lq wkdw zd|/ zloo eh wzlfh frqwlqxrxvo| gl�huhqwldeoh
rq ^3> 5wW`1 Wkhuhiruh x+{> w, vroxwlrq ri wkh vwdwhg sureohp zloo eh xqltxho|
irxqg rq ^3> 5wW`1 Dqdorjlfdoo| zh fdq gh�qh x+{> w, rq ^3> qwW`> q 5 Q xs wr
wkh prphqw W 1 Frqvhtxhqwo|/ iru dq| w 5 ^3> W ` wkh vroxwlrq +614,0+616, lv
xqltxho| gh�qhg1 �
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e �L?*LU@* ThLM*i4 uLh 4�*|�_�4i?t�L?@* 4i_��4 LtU�*�
*@|�L? i^�@|�L?�

Dv zdv srlqwhg rxw lq wkh lqwurgxfwlrq zh hqfrxqwhu vljql�fdqw gl�fxo0
wlhv lq uhvroylqj qrqorfdo sureohpv zkhq wkh qxpehu ri vsdfh yduldeohv
lqfuhdvhv1 Wkrxjk/ lw vkrxog eh phqwlrqhg wkdw qhyhuwkhohvv wkh wkhruhp
ri xqltxhqhvv lv fruuhfw xqghu udwkhu jhqhudo dvvxpswlrqv1

Frqvlghu erxqghg uhjlrq 
 � U
?> q � 5> { @ +{�> ===> {?, 5 U

?> zkhuh
� lv wkh erxqgdu| ri 
1 Ohw 
�+w, +l @ 4> ===>p, eh wkh vxevhwv ri 
/ zkhuh
hdfk �
�+w, lv vwulfwo| lqfoxghg lqwr �
1 Dvvxph wkdw ��+w, erxqgdulhv ri 
�+w,
duh gl�hrprusklf lpdjhv ri �/ l1h1 {E��+w, @ L�+{> w,/ zkhuh {E�� 5 ��+w,> { 5
�> L�+�> w, lv gl�hrprusklvp/ � dqg �� duh O|dsxqry vxuidfhv iru doo l @ 4>p1

Ohw O eh xqlirupo| hoolswlf rshudwru

O �
?[

�c&'�

d�&+{,
C2

C{�C{&
.

?[
�'�

e�+{,
C

C{�
. f+{,>

zkhuh d�&> e�> f +f � 3, duh udwkhu vprrwk suhvfulehg ixqfwlrqv1
Frqvlghu qrqorfdo sureohp iru k|shuerolf htxdwlrq

C2x

Cw2
� Ox @ i+{> w,> +{> w, 5 TA @ 
� +3> W ,> +714,

zlwk fodvvlfdo lqlwldo frqglwlrqv

x+{> 3, @ xf+{,>

x|+{> 3, @ x�+{,>
{ 5 
> +715,

dqg qrqorfdo erxqgdu| frqglwlrqv

x+{> w, @
6[
�'�

s�+{> w,x+{
E��> w, . j+{> w,> +{> w, 5 VA @ �� ^3> W `> +716,

zkhuh doo wkh suhvfulehg ixqfwlrqv dqg wkh uhjlrqv/ zkhuh wkh htxdwlrq lv
frqvlghuhg/ duh vxfk wkdw wkh wkhru| ri fkdudfwhulvwlfv lv dssolfdeoh/ dqg
x+{> w, lv xqnqrzq ixqfwlrq zklfk lv wkh fodvvlfdo vroxwlrq ri wkh htxdwlrq
+714, vdwlvi|lqj/ dw wkh vdph wlph/ frqglwlrqv +715, dqg +716,1 Xqghu vxfk
dvvxpswlrqv wkh iroorzlqj wkhruhp lv fruuhfw1

Wkhruhp 7141 Wkh qrqorfdo sureohp +714,0+716, kdv qr pruh wkdq rqh
uhjxodu vroxwlrq1

Surri1 Dvvxph wkdw wkhuh h{lvw wzr x+{> w, dqg y+{> w, vroxwlrqv ri wkh
sureohp1 Wkhq reylrxvo| wkhlu gl�huhqfh z+{> w, @ x+{> w, � y+{> w, lv wkh
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. Lqyhvwljdwlrq ri wkh Qrqorfdo Lqlwldo0Erxqgdu| Ydoxh 111 DPL Yro15/ 4<<:

vroxwlrq ri wkh krprjhqhrxv htxdwlrq +714, xqghu krprjhqhrxv lqlwldo dqg
qrqorfdo frqglwlrqv1 Qrwh/ wkdw

��+w, @ glvw+��+w,>�, @ lqi
%c+MK

�+L�+{> w,> |,

frqwlqxrxvo| ghshqgv rq w

m��+wf .�w,� ��+wf,m @ mglvw+��+wf .�w,>�,� glvw+��+wf,>�,m

� glvw+��+wf .�w,>��+wf,, � lqi
%MK

�+L�+{> wf,> L�+{> wf .�w,, $ 3> �w $ 3>

vlqfh L�+{> w, lv frqwlqxrxv ixqfwlrq1
Wdnlqj lqwr dffrxqw wkdw hdfk �
�+w, lv wkh surshu vxevhw ri �
/ zh jhw

wkdw iru doo w 5 ^3> W `> ��+w, A 3/ dqg frqvhtxhqwo|/ wkhuh h{lvwv vxfk d
� A 3/ wkdw ��+w, A �> w 5 ^3> W ` +l @ 4>p,= Wkhuhiruh/ iru dq| srlqw +{> w,
ehorqjlqj wr vrph fxuylolqhdu f|olqghu 
�+w,/ wkh vskhuh zlwk fhqwhu { ri d
udglxv � zloo hqwluho| eh lq d %krul}rqwdo% fxw 
� iwj =

Xqlirup hoolswlfqhvv ri wkh rshudwru O doorzv wr lqvfuleh dv zhoo dv wr
ryhugudz frqhv uhvshfwlyho| lqvlgh dqg rxwvlgh ri d fkdudfwhulvwlf frqrlg/
gh�qhg e| wkh rshudwru O1 Wdqjhqwv ri dqjohv ehwzhhq wkh d{oh dqg uxolqjv
ri wkh frqhv zh ghqrwh e| � dqg � +� � �, dqg fdoo wkhp vsuhdgv ri wkh
frqhv1

Qrwh wkdw vlqfh z+{> 3, @ z|+{> 3, @ 3> { 5 
/ wkhq z+{> w, htxdov
wr }hur lq dq| srlqw +{> w, iru zklfk wkh edvh ri wkh fkdudfwhulvwlf frqrlg/
sdvvlqj wkurxjk wklv srlqw/ olhv lq 
1 Frqvlghu qrz dq lqwhuydo 3 � w � wW/
zkhuh wW @ �@�1 Wkhq iru dq| srlqw +�{> �w, ehorqjlqj wr wkh fxuylolqhdu
f|olqghu 
�+w, +l @ 4> ===>p,/ edvh ri wkh frqh/ zlwk d wrs lq +�{> �w,/ dqg d{oh
sdudooho wr wkh d{oh w dqg zlwk vsuhdg �/ olhv lq 
/ dv �w� � wW� @ �@� � � @
�1 Wkhuhiruh/ z+�{> �w, @ 3/ l1h1 lq dq| srlqw ri wkh fxuylolqhdu f|olqghuv

�+w,+l @ 4> p,> z+{> w, @ 3> iru 3 � w � wW1 Wdnlqj lqwr dffrxqw wkdw
z+{> w, vdwlv�hv wkh krprjhqhrxv qrqorfdo erxqgdu| frqglwlrqv/ zh rewdlq

z+{> w, @ 3> +{> w, 5 V|W >

dqg wkhuhiruh z+{> w, lv wkh vroxwlrq ri wkh krprjhqhrxv htxdwlrq +714,
xqghu krprjhqhrxv lqlwldo dqg erxqgdu| frqglwlrqv1 Vlqfh fodvvlfdo lqlwldo0
erxqgdu| ydoxh sureohp kdv xqltxh vroxwlrq/ wkhq

z+{> w, � 3> 3 � w � wW=

Qrz wdnh iru dq lqlwldo prphqw ri wlph wW/ l1h1 fkdqjh wkh yduldeoh
� @ w� wW1 Wkhq wkh ixqfwlrq zW+{> �, @ z+{> � . wW, vdwlv�hv wkh iroorzlqj
sureohp

zW
��

@ OzW> +{> �, 5 TA3|W > +717,

::



DPL Yro15/ 4<<: G1 J1 Jrugh}ldql/ J1 D1 Dydolvkylol .

zW+{> 3, @ zW� +{> 3, @ 3> { 5 
> +718,

zW+{> �, @
6[
�'�

s�+{> � . wW,zW+L�+{> � . wW,> �,> +{> �, 5 VA3|W = +719,

Uhshdwlqj wkh surfhhglqj uhdvrqlqj zh jhw/ wkdw zW+{> �, � 3> 3 � � �
wW/ dqg frqvhtxhqwo|/ z+{> w, � 3> 3 � w � 5wW1 Dqdorjlfdoo|/ z+{> w, � 3
iru w 5 ^3> qwW`> q 5 Q xs wr wkh prphqw W 1 Vr/ z+{> w, � 3> +{> w, 5 TA /
zklfk phdqv/ wkdw x+{> w, � y+{> w, dqg wkh vroxwlrq lv xqltxh1 �
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. Lqyhvwljdwlrq ri wkh Qrqorfdo Lqlwldo0Erxqgdu| Ydoxh 111 DPL Yro15/ 4<<:

Uhihuhqfhv

41 D1 Y1 Elwvdg}h/ D1 D1 Vdpduvnll/ Rq vrph vlpsohvw jhqhudol}dwlrqv ri olqhdu
hoolswlf sureohpv/ Grno1 Dndg1 Qdxn VVVU 4;8 +4<9<, :6<0:73 +lq Uxvvldq,

51 U1 Frxudqw dqg G1 Kloehuw/ Phwkrgv ri pdwkhpdwlfdo sk|vlfv/ y1 LL/ Ehuolq/
4<6:

61 D1 Iulgpdq/ Prqrwrqlf ghfd| ri vroxwlrqv ri sduderolf htxdwlrqv zlwk qrq0
orfdo erxqgdu| frqglwlrqv/ Txduw1 Dsso1 Pdwk1 77 +4<;9, 734073:

71 G1 J1 Jrugh}ldql/ Rq rqh phwkrg ri uhvroxwlrq ri Elwvdg}h0Vdpduvnll erxqg0
du| ydoxh sureohp/ Devwudfwv ri uhsruwv ri Lqvw1 Dsso1 Pdwk1 Welolv1 Vwdwh
Xqly1 5 +4<:3, 6;073 +lq Uxvvldq,

81 G1 J1 Jrugh}ldql/ W1 ]1 Gmlrhy/ Rq vroydelolw| ri rqh erxqgdu| ydoxh sure0
ohp iru qrq0olqhdu hoolswlf htxdwlrq/ Exoo1 Dfdg1 Vfl1 Jhrujldq VVU 9;
+4<:5, 5;<05<5 +lq Uxvvldq,

91 G1 J1 Jrugh}ldql/ Rq phwkrgv ri uhvroxwlrq iru rqh fodvv ri qrqorfdo erxqg0
du| ydoxh sureohpv/ Welolvl Xqlyhuvlw| Suhvv/ Welolvl/ 4<;4 +lq Uxvvldq,

:1 G1 Jrugh}ldql/ Q1 Jrugh}ldql/ Rq wkh lqyhvwljdwlrq ri rqh sureohp lq wkh
olqhdu wkhru| ri wkh hodvwlf pl{wxuhv/ Devwudfwv ri uhsruwv ri Lqvw1 Dsso1
Pdwk1 Welolv1 Vwdwh Xqly1 55 +4<<6, 4480455

;1 G1 Jrugh}ldql/ Q1 Jrugh}ldql/ J1 Dydolvkylol/ Qrqorfdo erxqgdu| ydoxh sure0
ohpv lq pdwkhpdwlfdo sk|vlfv/ Devwudfwv ri Lqwhuq1 V|psrvlxp Ghglfdwlhg
wr wkh <3wk Eluwkgd| Dqqlyhuvdu| ri Dfdghplfldq L1 Yhnxd GHPSk +4<<:,/
45:045;

<1 G1 Jrugh}ldql/ Q1 Jrugh}ldql/ J1 Dydolvkylol/ Qrqorfdo erxqgdu| ydoxh sure0
ohpv iru vrph sduwldo gliihuhqwldo htxdwlrqv/ Exoo1 Jhrujldq Dfdg1 Vfl1 +wr
dsshdu,

431 D1 N1 Jxvkfklq/ Y1 S1 Plnkdalory/ Frqwlqxlw| ri vroxwlrqv ri d fodvv ri qrq0
orfdo sureohpv iru dq hoolswlf htxdwlrq/ Pdwk1 Ve1 5 +4<<8, 6:08;

441 Y1 D1 Lo*lq/ H1 L1 Prlvhhy/ Wzr glphqvlrqdo qrqorfdo erxqgdu| ydoxh sure0
ohpv iru Srlvvrq*v rshudwru lq gl�huhqwldo dqg gl�huhqfh yduldqwv/ Pdw1 Prg1
5 +4<<3, 46<048< +lq Uxvvldq,

451 G1 Y1 Ndsdqdg}h/ Rq wkh Elwvdg}h0Vdpduvnll qrqorfdo erxqgdu| ydoxh sure0
ohp/ Gl�1 Htxdw1 56 +4<;:, 8760878 +lq Uxvvldq,

461 M1 O1 Olrqv/ Frqwuarodelolw�h h{dfwh shuwxuedwlrqv hw vwdelolvdwlrq gh v|vw�hphv
glvwulex�hv/ Wrph L/ Pdvvrq/ Sdulv/ 4<;;

471 ]1 J1 Pdqvrxudwl/ O1 O1 Fdpsehoo/ Qrq0fodvvlfdo gl�xvlrq htxdwlrqv uhodwhg
wr eluwk0ghdwk surfhvvhv zlwk wzr erxqgdulhv/ Txduw1 Dsso1 Pdwk1 87
+4<<9, 7560776

481 H1 Rerodvkylol/ Qrqorfdo sureohpv iru vrph sduwldo gl�huhqwldo htxdwlrqv/
Dsso1 Dqdo1 78 +4<<5, 59<05;3

:<



DPL Yro15/ 4<<: G1 J1 Jrugh}ldql/ J1 D1 Dydolvkylol .

491 F1 Y1 Sdd/ Uhdfwlrq gl�xvlrq htxdwlrqv zlwk qrqorfdo erxqgdu| dqg qrqor0
fdo lqlwldo frqglwlrqv/ M1 Pdwk1 Dqdo1 Dsso1 4<8 +4<<8, :350:4;

4:1 E1 S1 Sdqh|dnk/ Rq vrph qrqorfdo erxqgdu| ydoxh sureohpv iru olqhdu gli0
ihuhqwldo rshudwruv/ Pdw1 ]dp1 68 +4<;7, 7580766 +lq Uxvvldq,

4;1 P1 S1 Vdsdjrydv/ U1 L1 Fkhjlv/ Rq vrph erxqgdu| ydoxh sureohpv zlwk
qrqorfdo frqglwlrqv/ Gl�1 Htxdw1 56 +4<;:, 459;045:7 +lq Uxvvldq,

4<1 D1 O1 Vnxedfkhyvnll/ Rq d udqjh ri vrph qrqorfdo hoolswlf erxqgdu| ydoxh
sureohpv/ Pdw1 Ve1 44: +4<;5, 87;088; +lq Uxvvldq,
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