
Olqhdu pdwul{ lqhtxdolwlhv iru lqwhuydo frqvwudlqw
sursdjdwlrq

Oxf Mdxolq� dqg Glglhu Khqulrq2c�/

� = Oderudwrluh o*Lqjìqlhulh ghv V|vwëphv Dxwrpdwlvìv/ Xqlyhuvlwì g*Dqjhuv/ Iudqfh1

2 = Oderudwrluh g*Dqdo|vh hw g*Dufklwhfwxuh ghv V|vwëphv/ Fhqwuh Qdwlrqdo gh od

Uhfkhufkh Vflhqwl�txh/ Wrxorxvh/ Iudqfh

� = Lqvwlwxwh ri Lqirupdwlrq Wkhru| dqg Dxwrpdwlrq/ Dfdghp| ri Vflhqfhv ri wkh F}hfk

Uhsxeolf/ Sudjxh

mdxolqCxqly0dqjhuv1iu

khqulrqCoddv1iu

Devwudfw= Lq wklv sdshu/ zh vkrz wkdw wkh sureohp ri frpsxwlqj wkh vpdoohvw lqwhuydo

vxepdwul{ ri d jlyhq lqwhuydo pdwul{ d�o zklfk frqwdlqv doo v|pphwulf srvlwlyh vhpl0

gh�qlwh +SVG, pdwulfhv ri d�o/ lv d olqhdu pdwul{ lqhtxdolw| +OPL, sureohp/ d frqyh{

rswlpl}dwlrq sureohp ryhu wkh frqh ri srvlwlyh vhplgh�qlwh pdwulfhv/ wkdw fdq eh vroyhg

lq sro|qrpldo wlph1 Lq d frqvwudlqw ylhzsrlqw/ wklv sureohp fruuhvsrqgv wr surmhfwlqj wkh

joredo frqvwudlqw SVGE�� ryhu lwv grpdlq d�o1 Surmhfwlqj vxfk d joredo frqvwudlqw/ lq d

frqvwudlqw sursdjdwlrq surfhvv/ pdnhv lw srvvleoh wr dyrlg wkh ghfrpsrvlwlrq ri wkh SVG

frqvwudlqw lqwr sulplwlyh frqvwudlqwv dqg wkxv lqfuhdvhv wkh h!flhqf| dqg wkh dffxudf| ri

wkh uhvroxwlrq1

Nh|zrugv= frqvwudlqw sursdjdwlrq/ lqwhuydo dqdo|vlv/ lqwhuydo pdwul{/ olqhdu pdwul{ lq0

htxdolwlhv/ rswlpl}dwlrq/ srvlwlyh vhpl0gh�qlwh frqvwudlqw1

41 Lqwurgxfwlrq

Pdq| sureohpv ri hvwlpdwlrq/ frqwuro/ urerwlfv/ 111 fdq eh uhsuhvhqwhg e| frqwlqxrxv

frqvwudlqw vdwlvidfwlrq sureohpv +FVS, ^43/ 4:`1 D FVS ^46` lv frpsrvhg ri d vhw ri

yduldeohv Y ' i%�c � � � c %?j c d vhw ri frqvwudlqwv F ' iS�c � � � c S6j dqg d vhw ri lqwhuydo

grpdlqv id%�oc � � � c d%?oj � Wkh dlp ri sursdjdwlrq whfkqltxhv lv wr frqwudfw dv pxfk dv

srvvleoh wkh grpdlqv iru wkh yduldeohv zlwkrxw orrvlqj dq| vroxwlrq ^6/ 7/ 53/ 55`1 Ghqrwh

e| d o wkh er{ gh�qhg e| wkh Fduwhvldq surgxfw ri doo grpdlqv dqg e| d oxS� / wkh vpdoohvw



er{ zklfk frqwdlqv doo srlqwv lq d o wkdw vdwlvi| S� 1 Wkh rshudwru x zloo eh fdoohg vtxduh

lqwhuvhfwlrq1 Wkh sulqflsoh jhqhudoo| xvhg wr frqwudfw wkh d%�o*v lv duf frqvlvwhqf|1 Lw

frqvlvwv lq frpsxwlqj wkh er{

EEEEEEd oxS�� x S2� x � � �� x S6�xS��xS2� � � � c +414,

xqwlo d �{hg srlqw lv uhdfkhg1

Zkhq qr dojrulwkp lv dydlodeoh iru frpsxwlqj d oxS�/ wkh frqvwudlqw S� vkrxog eh ghfrp0

srvhg lqwr frqvwudlqwv S��c S�2 /� � � rq zklfk wkh vtxduh lqwhuvhfwlrq x fdq eh frpsxwhg1

Zkhq vxfk d ghfrpsrvlwlrq lv shuiruphg/ wkh �{hg srlqw wkdw lv uhdfkhg lv jhqhudoo|

pxfk eljjhu wkdq wkh rqh wkdw rewdlqhg zlwkrxw wkh ghfrpsrvlwlrq1

H{whqglqj wkh fodvv ri frqvwudlqwv iru zklfk wkh vtxduh lqwhuvhfwlrq x fdq eh frpsxwhg

h!flhqwo| lv dq lpsruwdqw wdvn wkdw vkrxog eh frqvlghuhg lq wkh frqvwudlqw frppxqlw|1

Lq wklv sdshu/ zh frqvlghu wkh frqvwudlqw srvlwlyh vhpl0gh�qlwh +SVG, iru pdwulfhv/ l1h1/

iru d jlyhq lqwhuydo pdwul{ d�o/ zh vkdoo surylgh d sro|qrpldo dojrulwkp zklfk frpsxwhv

wkh vpdoohvw lqwhuydo pdwul{ zklfk frqwdlqv doo srvlwlyh vhpl0gh�qlwh pdwulfhv ri d�o1 Wkh

SVG frqvwudlqw riwhq rffxuv lq frqwuro wkhru| +vhh h1j1/ ^4;/ 49`, ru lq rswlpl}dwlrq +vhh

h1j1 wkh qrq0frqyh{lw| fkhfn lq ^;`,/ exw/ wr rxu nqrzohgjh lw kdv qhyhu ehhq frqvlghuhg lq

wkh frqvwudlqw sursdjdwlrq frppxqlw|1 Wkh dssurdfk wr eh sursrvhg lv edvhg rq olqhdu

pdwul{ lqhtxdolwlhv +OPL, eulh | suhvhqwhg lq Vhfwlrq 51 Vrph lpsruwdqw qrwlrqv dqg

surshuwlhv ri lqwhuydo +v|pphwulf, pdwulfhv duh jlyhq lq Vhfwlrq 61 Vhfwlrq 7 surylghv d

sro|qrpldo dojrulwkp wkdw vroyhv rxu sureohp1 Dq looxvwudwlyh h{dpsoh lv jlyhq lq Vhfwlrq

81

51 Olqhdu pdwul{ lqhtxdolwlhv

Wklv vhfwlrq suhvhqwv vrph qrwlrqv ri olqhdu pdwul{ lqhtxdolwlhv1 D pxfk pruh ghwdlohg

suhvhqwdwlrq fdq eh irxqg lq ^8`1 Ghqrwh e| P? wkh vhw ri doo pdwulfhv ri U?f?1 P? lv

d yhfwru vsdfh zlwk glphqvlrq ?21 Lwv fdqrqlfdo edvlv lv i,��j
�c�Mt�c���c?� c zkhuh ,

�� lv wkh

pdwul{ zlwk }hurv hyhu|zkhuh h{fhsw wkh E�c �� hqwu| zklfk lv htxdo wr 41 Wkh vhw

V? /
�
� 5 P?m� ' �

W
�
c +514,

ri doo v|pphwulf pdwulfhv ri P? lv d yhfwru vsdfh lvrprusklf wr U
?E?n��

2 1 Wkh idplo|�
,

��

V

�
�D�

c zkhuh

,
��

V
'
�
,

�� n,
��
�
li � 9' � dqg ,��

V
' ,

�� rwkhuzlvh +515,

lv wkh fdqrqlfdo edvlv ri V?1
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H{dpsoh 5141 Wkh fdqrqlfdo edvlv ri V2 lv

,
��
V
'

#
� f

f f

$
c,�2

V
'

#
f �

� f

$
c,22

V
'

#
f f

f �

$
+516,

Gh�qlwlrq 5151 D pdwul{ � ri V? lv srvlwlyh vhpl0gh�qlwh +SVG,/ ghqrwhg e| � � f/ li

;3 5 U?c 3W�3 � f� +517,

Wkhruhp 5161 Wkh vhw ri SVG pdwulfhv V?
n / i� 5 V?m� � fj lv d frqyh{ frqh4 ri V?1

Surri= Zh kdyh

V?
n '

�
� 5 V?m;3 5 U?c3W�3 � f

�
+518,

'
_
3MU?

�
� 5 V? m 3W�3 � f

�
� +519,

Qrz/ iru d jlyhq 3 5 U?/ zh kdyh wkh iroorzlqj htxlydohqfhv

3
W
�3 � f/

[
�c�

5�5�@�� � f/
[
�

52� @�� n 2
[
�:�

5�5�@�� � f� +51:,

Wkxv/ V?
n lv dq lqwhuvhfwlrq ri dq lq�qlwh qxpehu ri kdoi0vsdfhv ri U

?E?n��
2 1 Dv d uhvxow/

V?
n lv d frqh ri V? wkh yhuwh{ ri zklfk lv }hur1 �

Gh�qlwlrq 5171 D olqhdu pdwul{ lqhtxdolw| +OPL, kdv wkh irup

�E � / �f n %��� n � � �n %6�6 � fc +51;,

zkhuh  5 U6 lv d yhfwru ri yduldeohv dqg wkh pdwulfhv �� doo ehorqj wr V?1 Dq OPL vhw

lv d vxevhw ri U6 zklfk fdq eh gh�qhg e| dq OPL1

Wkh iroorzlqj wkhruhp looxvwudwhv vrph zhoo0nqrzq surshuwlhv ri OPL vhwv1

Wkhruhp 5181 Dq OPL vhw lv frqyh{ dqg wkh lqwhuvhfwlrq ri wzr OPL vhwv lv dq OPL vhw1

4
Uhfdoo wkdw d frqh ri U

q
zlwk yhuwh{ {3 lv d vxevhw F ri U

q
vxfk wkdw y 5 F , ;� A 3>{3.� +y � {3, 5

F=

6



Surri= Wkh OPL vhw V / i 5 U6m�f n %��� n � � �n %6�6 � fj fdq eh zulwwhq dv

V ' u
3�
�
V?
n

�
czkhuh

u G

+
U
6 $ P?

 :$ �f n %��� n � � �n %6�6

+51<,

lv d!qh1 Vlqfh wkh uhflsurfdo vhw ri d frqyh{ vhw e| dq d!qh ixqfwlrq lv frqyh{/ V lv

frqyh{1

D eorfn gldjrqdo pdwul{ lv SVG li dqg rqo| li doo lwv eorfnv duh SVG1 Wkxv/ wkh lqwhuvhfwlrq

V@ _ VK ri wkh wzr OPL vhwv

V@ ' i 5 U6 m �f n %��� n � � �n %6�6 � fj +5143,

VK ' i 5 U6 m �f n %��� n � � �n %6�6 � fj +5144,

lv jlyhq e|+
 5 U6 m

#
�f n %��� n � � �n %6�6 f

f �f n %��� n � � �n %6�6

$
� f

,

'

+
 5 U6 m

#
�f f

f �f

$
n %�

#
�� f

f ��

$
n � � �n %6

#
�6 f

f �6

$
� f

,

zklfk lv dq OPL vhw1 �

Zh qrz jlyh wkuhh h{dpsohv ri frqvwudlqwv wkdw fdq eh gh�qhg e| OPLv1

H{dpsoh 5191 D frqvwudlqw ri wkh irup  5 d o lv dq OPL1 Iru lqvwdqfh/ wkh frqvwudlqw

%� 5 d�c 2o(%2 5 d�c eo fdq eh zulwwhq lq dq OPL irup dv

3
EEEC

%� � � f f f

f 2 � %� f f

f f %2 � � f

f f f e� %2

4
FFFD � fc +5145,

l1h1/

3
EEEC
�� f f f

f 2 f f

f f �� f

f f f e

4
FFFDn %�

3
EEEC

� f f f

f �� f f

f f f f

f f f f

4
FFFDn %2

3
EEEC

f f f f

f f f f

f f � f

f f f ��

4
FFFD � f� +5146,
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H{dpsoh 51:1 D vhw ri olqhdu lqhtxdolwlhv lv dq OPL1 Iru lqvwdqfh+
@��%� n @�2%2 n K� � f

@2�%� n @22%2 n K2 � f

lv htxlydohqw wr wkh iroorzlqj OPL#
@��%� n @�2%2 n K� f

f @2�%� n @22%2 n K2

$
� fc

l1h1/ #
K� f

f K2

$
n %�

#
@�� f

f @2�

$
n %2

#
@�2 f

f @22

$
� f�

H{dpsoh 51;1 Dq hoolsvrlg ri U? lv dq OPL vhw1 Wr jhw wkh OPL dvvrfldwhg zlwk dq

hoolsvrlg/ zh fdq xvh wkh Vfkxu frpsohphqw wkhruhp +vhh ^5/ 8`, zklfk fodlpv wkdw/ iru dq|

pdwulfhv �c�c� zlwk dssursuldwhg glphqvlrqv/ wkh iroorzlqj htxlydohqfh=+
� " f

� ��
W
�
3�
� " f

/

#
� �

W

� �

$
" f

lv dozd|v wuxh1 Khuh/ � " f phdqv wkdw doo hljhqydoxhv ri � duh doo vwulfwo| srvlwlyh1 Qrwh

wkdw d frqvwudlqw ri wkh irup� " f fdq eh dssur{lpdwhg e| � � 0 zkhuh 0 : f lv dv vpdoo

dv ghvluhg1 Dv dq looxvwudwlrq/ frqvlghu wkh hoolsvrlg gh�qhg e| �%2�n2%22�2%�%2 	 D1 Zh

kdyh
�%2� n 2%22 � 2%�%2 	 D

/ D�

#
%�

%2

$W #
� ��

�� 2

$#
%�

%2

$
: f

/ � �

#
%�

%2

$W #
2 �

� �

$3�#
%�

%2

$
: f�

Xvlqj wkh Vfkxu frpsohphqw wkhruhp zlwk

� ' �c� '

#
%�

%2

$
dqg � '

#
2 �

� �

$
c

zh jhw wkh OPL 3
EC � %� %2

%� 2 �

%2 � �

4
FD " fc

l1h1/ 3
EC � f f

f 2 �

f � �

4
FDn %�

3
EC f � f

� f f

f f f

4
FDn %2

3
EC f f �

f f f

� f f

4
FD " f�
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Pdq| rwkhu frqyh{ vhwv fdq eh uhsuhvhqwhg e| OPLv1 Hyhq wkrxjk wkh jhqhudo sureohp

ri nqrzlqj zkhwkhu d jlyhq vhpldojheudlf frqyh{ vhw dgplwv dq OPL irupxodwlrq uhpdlqv

rshq/ wkh h{fhoohqw wh{werrnv ^5/ 8`/ froohfw dq lpsuhvvlyh dprxqw ri OPL0uhsuhvhqwdeoh

jhrphwulf vhwv +h1j1/ hoolsvhv/ sduderodh ru glvnv, ru pruh jhqhudo frqyh{ vhwv uhohydqw wr

frqwuro hqjlqhhulqj/ vwuxfwxudo rswlpl}dwlrq ru frpelqdwruldo rswlpl}dwlrq1

Iroorzlqj wkh vhplqdo zrun ri Ndupdundu ^44` suhvhqwlqj d sro|qrpldo0wlph dojrulwkp

iru vroylqj olqhdu surjudpplqj sureohpv/ d orw ri uhvhdufk dfwlylw| irfxvhg rq h{whqg0

lqj wkhvh uhvxowv wr pruh jhqhudo frqyh{ rswlpl}dwlrq sureohpv1 Wklv fxoplqdwhg lq wkh

pdqxvfulsw ^47` zkhuh jhqhudo lqwhulru0srlqw phwkrgv duh ghvfulehg wkdw fdq eh xvhg wr

vroyh OPL rswlpl}dwlrq sureohpv +dprqjvw rwkhuv, lq sro|qrpldo0wlph dw dq| jlyhq dffx0

udf|1 Vlqfh OPL sureohpv duh jhqhudol}dwlrq ri olqhdu surjudpplqj sureohpv wr wkh frqh

ri SVG pdwulfhv/ OPL surjudpplqj lv jhqhudoo| uhihuuhg wr dv vhplgh�qlwh surjudpplqj

lq wkh whfkqlfdo olwhudwxuh1 D surmhfwlyh phwkrg edvhg rq wkh uhvxowv ri ^47` dqg kdylqj

zruvw0fdvh frpsoh{lw| �
�
6�? *L}

�
�
0

��
/ zkhuh 0 lv wkh uhtxluhg uhodwlyh dffxudf|/ zdv �uvw

lpsohphqwhg lq wkh LQULD Vflode iuhhzduh ^9`/ dqg wkhq lq wkh frpphufldo OPL Wrroer{

iru Pdwode ^:`1 Sulpdo0gxdo lqwhulru0srlqw dojrulwkpv zhuh dovr ghvljqhg iru OPL sureohpv/

vhh ^54` iru d vxuyh| dqg ^4<` iru d kljk0txdolw| vroyhu fdoohg VhGxPl kdylqj zruvw0fdvh

frpsoh{lw| �
�
E?��D6n ?2�D62� *L}

�
�
0

��
1 Lq sudfwlfh/ prvw ri wkh frpsxwdwlrqdo wlph lv

vshqw vroylqj Qhzwrq0olnh vwhsv dw hdfk lwhudwlrq/ zkhuhdv qxphulfdo h{shulphqwv whqg wr

vkrz wkdw wkh qxpehu ri lwhudwlrqv ri sulpdo0gxdo phwkrgv lv doprvw sureohp0lqghshqghqw

dqg rvfloodwhv ehwzhhq 43 dqg 831

Fruroodu| 51<1 Wkh er{0OPL sureohp/ zklfk frqvlvwv lq �qglqj wkh vpdoohvw er{ d o

zklfk hqforvhv d vhw V gh�qhg e| dq OPL frqvwudlqw/ kdv d sro|qrpldo frpsoh{lw| lq wkh

zruvw0fdvh1

Surri= Vlqfh

d o '

�
4�?
 MV

%�c4@ 
 MV

%�

�
� � � ��

�
4�?
 MV

%6c4@ 
 MV

%6

�
c +5147,

frpsxwlqj d o dprxqwv wr vroylqj 26 OPL plqlpl}dwlrq sureohpv/ hdfk ri wkhp kdylqj

d sro|qrpldo frpsoh{lw| lq wkh zruvw0fdvh1 �

61 Lqwhuydo pdwulfhv dqg lqwhuydo v|pphwulf pdwulfhv

Lq wklv vhfwlrq/ zh suhvhqw vrph gh�qlwlrqv uhodwhg wr lqwhuydo pdwulfhv1 Vrph ri wkhp duh

voljkwo| gl�huhqw iurp wkdw ri wkh olwhudwxuh ^48` exw wkh dgdswdwlrq lv qhhghg wr hvwdeolvk

vrph surshuwlhv xvhg e| rxu dojrulwkp suhvhqwhg lq Vhfwlrq 71
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Dq lqwhuydo ri U lv d forvhg frqqhfwhg vhw ri U1 Dq lqwhuydo pdwul{ d�o lv d vhw ri pdwulfhv

lqP? zklfk fdq eh zulwwhq dv

d�o '

;?
=� 5 P?m

[
�c�Mt�c���c?�

@��,
��c @�� 5 d@��o

<@
> '

[
�c�Mt�c���c?�

d@��o�,
��c +614,

zkhuh d@��o duh ?2 lqwhuydov1 Wkh vhw ri doo lqwhuydo pdwulfhv zloo eh ghqrwhg e| LP?� Dq

lqwhuydo v|pphwulf pdwul{ d�o lv d vxevhw ri P? zklfk fdq eh zulwwhq dv

d�o '

+
� 5 P?m

[
�D�

K��,
��

V
c K�� 5 dK��o

,
'
[
�D�

dK�� o�,
��

V
/ +615,

zkhuh dK��o duh
?E?n��

2
lqwhuydov1 Wkh vhw ri doo lqwhuydo v|pphwulf pdwulfhv zloo eh ghqrwhg

e| LV?� Li D lv d vxevhw riP? dqg E lv d vxevhw ri V?/ wkhq zh gh�qh wkh wzr rshudwruv

kxoo}?
ED� /

_
id�o 5 LP? m D � d�oj c +616,

kxoo4? EE� /
_
id�o 5 LV? m E � d�oj � +617,

Zlwk wkhvh qrwdwlrqv/ wkh sureohp wr eh vroyhg lq wklv sdshu lv wr frpsxwh wkh lqwhuydo

pdwul{

kxoo}?

�
d�o_V?

n

�
c +618,

iru d jlyhq d�o 5 LP?1

Iljxuh 614 jlyhv d judsklfdo looxvwudwlrq ri vrph surshuwlhv ri LV? dqg LP?1 Iru lqvwdqfh/

� wkh vhw ri v|pphwulf pdwulfhv V? lv d vxe0yhfwru vsdfh ri P?/

� wkh vhw ri SVG pdwulfhv V?
n lv d frqyh{ frqh ri V?c

� li d�o lv dq lqwhuydo pdwul{/ d�o ' d�o _ V? lv dq lqwhuydo v|pphwulf pdwul{/

� dq lqwhuydo v|pphwulf pdwul{ d�o lv qrw qhfhvvdulo| dq lqwhuydo pdwul{/

� wkh lqwhuvhfwlrq ri dq lqwhuydo v|pphwulf pdwul{ zlwk V?
n lv qrw qhfhvvdulo| dq lqwhuydo

v|pphwulf pdwul{1

Wkhruhp 6141 Li d�o 5 LV?c E � V?/ d�o 5 LP?/ wkhq

+l, kxoo4? EE� ' kxoo}? EE� _ V?c

+ll, kxoo}? � kxoo4? EE� ' kxoo}? EE� c

+lll, d�o _ V? ' kxoo4? Ed�o _ V?� '
S

�D� Ed@��o _ d@��o�,
��

V
c

+ly, kxoo}?
Ed�o_Vn

? � ' kxoo}?
Ekxoo4? EEd�o_V?�_V

n
? �� c

+y, d�o_Vn
? lv dq OPL vhw ri V?c

+yl, kxoo}? Ed�o� '
S

�D�dK��o�
�� n

S
�	�

dK��o,
���

+619,

:



Iljxuh 614= Lq wkh vhw ri ?� ? pdwulfhvP?/ wkh vhw ri v|pphwulf pdwulfhv V? lv d yhfwru

vsdfh/ wkh vhw ri srvlwlyh vhpl0gh�qlwh pdwulfhv V?
n lv d frqyh{ frqh ri V?� Li d�o lv dq

lqwhuydo pdwul{/ d�o ' d�o _ V? lv dq lqwhuydo v|pphwulf pdwul{ 1 Wkh d{lv fruuhvsrqg wr

wkh frh!flhqwv ri wkh pdwulfhv1

;



Surri= Khuh/ zh vkdoo rqo| suryh surshuwlhv +lll,/ +ly,/ +y, dqg +yl, wkdw duh xvhixo wr

xqghuvwdqg wkh dojrulwkp1

Surri ri +lll,= Wkh vhw d�o _ V? lv gh�qhg e|+
� 5 P?m

[
�c�

@��,
��c @�� 5 d@��oc @�� ' @��

,

'

+
� 5 P?m

[
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71 Surmhfwlrq dojrulwkp iru wkh SVG frqvwudlqw

Wklv vhfwlrq sursrvhv d sro|qrpldo dojrulwkp iru surmhfwlqj wkh SVG frqvwudlqw1 Wr rxu

nqrzohgjh/ qr rwkhu dojrulwkp fdq eh irxqg lq wkh olwhudwxuh wr shuirup wklv wdvn1

Iurp +ly, ri Wkhruhp 614/ zh kdyh kxoo}?
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Vwhs 4 frpsxwhv d�o 5 LV? zklfk lv wkh lqwhuvhfwlrq ehwzhhq d�o 5 LP? dqg V?�

Dffruglqj wr Wkhruhp 614 +lll,/ Vwhs 4 lv htxlydohqw wr wkh vwdwhphqw

iru � 5 i�c � � � c ?jc iru � 5 i�c � � � c ?jc dK��o G' d@��o _ d@��o� +714,
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Uhpdun 41 Wkh dojrulwkp SVG fdq eh xvhg wr whvw li wkh lqwhuydo pdwul{ d�o frqwdlqv

dw ohdvw rqh SVG pdwul{1 Ri frxuvh/ rqo| wkh �uvw ri ? E?n �� rswlpl}dwlrq sureohpv dw
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Wkh fruuhvsrqglqj vrxufh frgh lv jlyhq ehorz1

E @ vgsydu+q/q,>

Elqi @ ^0: 04 08> 07 0; 5> 07 04 7`>

Evxs @ ^6 7 7> 5 6 <> < 9 <`>

Elqi @ pd{+Elqi*/Elqi,> Evxs @ plq+Evxs*/Evxs,

Flqi @ }hurv+q,> Fvxs @ }hurv+q,>

O @ opl+E:3,>

iru l @ 4=q/iru m @ 4=l

O @ O.opl+E+l/m,:Elqi+l/m,,.opl+E+l/m,	Evxs+l/m,,>

hqg/hqg

iru l @ 4=q/iru m @ 4=l

vro @ vroyhvgs+O/^`/E+l/m,,>

Flqi+l/m, @ grxeoh+E+l/m,,> Flqi+m/l, @ Flqi+l/m,>

vro @ vroyhvgs+O/^`/0E+l/m,,>

Fvxs+l/m, @ grxeoh+E+l/m,,> Fvxs+m/l, @ Fvxs+l/m,>

hqg/hqg>

Lq rughu wr vkrz wkh h!flhqf| ri SVG zlwk uhvshfw wr wkh glphqvlrq ? ri d�o/ ohw xv

jhqhudwh ?4@ lqwhuydo pdwulfhv
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? o

zkhuh W? lv wkh ?�? lghqwlw| pdwul{ dqg{3
? dqg{n

? duh ?�? pdwulfhv zkrvh frh!flhqwv

duh lqwhjhu wdnhq udqgrpo| lqvlgh wkh lqwhuydo dfc ?o1 Wkh orjdulwkp ri wkh frpsxwlqj wlphv

A E?� rewdlqhg e| SVG rq d SF Shqwlxp LY duh jlyhq rq Iljxuh 8141 Qrwh wkdw iru ? ' �f

k? /
*L}�f EA E?��

*L}�f ?
'

*L}�f E�SbbS�

*L}�f �f
' 2�HS�

Wklv lv frqvlvwhqw zlwk Wkhruhp 714 wkdw fodlpv wkdw *�4?<" k? lv d uhdo qxpehu vpdoohu

wkdq H�D�

91 Frqfoxvlrq

Lq wklv sdshu/ zh kdyh vkrzq wkdw OPL*v fdq eh xvhg wr ghdo zlwk joredo frqvwudlqwv

lqyroylqj pdwulfhv1 Wkh dssurdfk kdv ehhq looxvwudwhg rq wkh xqdu| frqvwudlqw SVG

+Srvlwlyh Vhpl0Gh�qlwh, iru d pdwul{1 Dq dojrulwkp zklfk frpsxwhv wkh vpdoohvw lqwhuydo

pdwul{ zklfk frqwdlqv doo SVG pdwulfhv wkdw ehorqj wr d jlyhq lqwhuydo pdwul{ kdv ehhq

jlyhq1
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Iljxuh 814= orj�f EA E?�� zlwk uhvshfw wr ?/ zkhuh A E?� lv wkh frpsxwlqj wlph ri SVG

Wklv dojrulwkp fdq eh xvhg lq frqwuro wkhru| li wkh frqvwudlqw SVG qdwxudoo| dsshduv lq

wkh sureohp wr eh frqvlghuhg1 Exw lv fdq dovr eh xvhg e| joredo rswlpl}dwlrq dojrulwkpv

vxfk dv wkdw ri Kdqvhq ^;` ru kEE ^4` wr exlog d qrqfrqyh{lw| frqwudfwru1 Uhfdoo wkdw

zkhq lw lv nqrzq wkdw dw wkh joredo plqlpxp/ wkh Khvvldq pdwul{ lv SVG/ Kdqvhq*v

dojrulwkp ru kEE wu| wr whvw zkhwkhu ru qrw wkh lqwhuydo Khvvldq pdwul{ dw wkh fxuuhqw

er{ pd| frqwdlq dq| SVG pdwul{ +wklv lv wkh qrq0frqyh{lw| whvw,1 Li lw frqfoxghv wkdw lw

fdqqrw/ wkh fruuhvsrqglqj er{ fdq eh uhpryhg1 D qrqfrqyh{lw| frqwudfwru edvhg rq wkh

dojrulwkp SVG frxog eh xvhg wr frqwudfw wkh fxuuhqw er{/ suxqlqj sduwv ri wkh er{ zkhuh

wkh Khvvldq fdqqrw eh SVG1 Wklv zrxog pdnh lw srvvleoh wr frqwlqxh wkh sursdjdwlrq

surfhvv ehiruh elvhfwlrq +zklfk vkrxog dozd|v eh frqvlghuhg dv d odvw uhvruw,1

Dovr/ wr jhw ydolgdwhg uhvxowv +wr wdnh lqwr dffrxqw wkh �qlwh uhsuhvhqwdwlrq ri qxpehuv lq

wkh frpsxwhuv,/ dq OPL vroyhu zlwk rxwzdug urxqglqj dqg rwkhu ydolgdwhg surfhgxuhv +iru

lqvwdqfh/ edvhg rq wkh dssurdfk sursrvhg lq ^<`, vkrxog eh ghyhorshg1 Wr rxu nqrzohgjh/

vxfk d vroyhu grhv qrw h{lvw |hw1

Uhihuhqfhv

^4` F1 Dgmlpdq/ V1 Gdoozlj/ F1 Iorxgdv/ dqg D1 Qhxpdlhu1 D joredo rswlpl}dwlrq phwkrg/

kEE/ iru jhqhudo wzlfh0gl�huhqwldeoh frqvwudlqhg QOSv 0 L wkhruhwlfdo dgydqfhv1 Frp0

sxwhuv dqg Fkhplfdo Hqjlqhhulqj/ 55=446:�448;/ 4<<;1

^5` D1 Ehq0Wdo dqg D1 Qhpluryvnll1 Ohfwxuhv rq prghuq frqyh{ rswlpl}dwlrq= dqdo|vlv/

dojrulwkpv/ dqg hqjlqhhulqj dssolfdwlrqv1 VLDP/ Sklodghoskld/ SD/ 53341
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^6` I1 Ehqkdprx dqgZ1 Roghu1 Dsso|lqj lqwhuydo dulwkphwlf wr uhdo/ lqwhjhu dqg Errohdq

frqvwudlqwv1 Mrxuqdo ri Orjlf Surjudpplqj/ sdjhv 4�57/ 4<<:1

^7` F1 Eolhn/ S1 Vshooxffl/ O1 Ylqfhqwh/ D1 Qhxpdlhu/ O1 Judqyloolhuv/ H1 Kxhqv/

S1 Y1 Khqwhqu|fn/ G1 Vdp0Kdurxg/ dqg E1 Idowlqjv1 Dojrulwkpv iru Vroy0

lqj Qrqolqhdu Frqvwudlqhg dqg Rswlplvdwlrq Sureohpv= Vwdwh ri wkh Duw1 D

555 sdjh surjuhvv uhsruw ri wkh FRFRQXW surmhfw/ 53341 Dydlodeoh dw

kwws=22zzz1pdw1xqlylh1df1dw2�qhxp2jorsw2frfrqxw2frfele1kwpo1

^8` V1 Er|g dqg O1 Ydqehqehujkh1 Frqyh{ rswlpl}dwlrq1 Ohfwxuh qrwhv dw Vwdq0

irug Xqlyhuvlw| dqg Xqlyhuvlw| ri Fdoliruqld dw Orv Dqjhohv/ 53361 Dydlodeoh dw

kwws=22zzz1vwdqirug1hgx2�er|g1

^9` S1 Jdklqhw dqg D1 Qhpluryvnll1 OPL Ode= d sdfndjh iru pdqlsxodwlqj dqg vroylqj

OPLv1 LQULD Urftxhqfrxuw/ Iudqfh/ 4<<61

^:` S1 Jdklqhw/ D1 Qhpluryvnll/ D1 M1 Odxe/ dqg P1 Fklodol1 Wkh OPL Frqwuro Wrroer{

iru xvh zlwk Pdwode1 Wkh PdwkZrunv/ Lqf1/ Qdwlfn/ PD/ 4<<81

^;` H1 U1 Kdqvhq1 Joredo Rswlpl}dwlrq xvlqj Lqwhuydo Dqdo|vlv1 Pdufho Ghnnhu/ Qhz

\run/ Q\/ 4<<51

^<` F1 Mdqvvrq1 D uljrurxv orzhu erxqg iru wkh rswlpdo ydoxh ri frqyh{ rswlpl}dwlrq

sureohpv1 Mrxuqdo ri joredo rswlpl}dwlrq/ 33=4�4:/ 53361

^43` O1 Mdxolq/ P1 Nlh�hu/ R1 Glgulw/ dqg H1 Zdowhu1 Dssolhg Lqwhuydo Dqdo|vlv/ zlwk H{0

dpsohv lq Sdudphwhu dqg Vwdwh Hvwlpdwlrq/ Urexvw Frqwuro dqg Urerwlfv1 Vsulqjhu0

Yhuodj/ Orqgrq/ 53341

^44` P1 Ndupdundu1 D qhz sro|qrpldo0wlph dojrulwkp iru olqhdu surjudpplqj1 Frpel0

qdwrulfd/ 7=6:6�6<8/ 4<;71

^45` M1 Oùiehuj1 \DOPLS/ \hw dqrwkhu OPL sduvhu1 Xqlyhuvlw| ri Olqnùslqj/ Vzhghq/

53341 Dydlodeoh dw kwws=22zzz1frqwuro1lv|1olx1vh2�mrkdqo1

^46` D1 N1 Pdfnzruwk1 Frqvlvwhqf| lq qhwzrunv ri uhodwlrqv1 Duwl�fldo Lqwhooljhqfh/

;+4,=<<�44;/ 4<::1

^47` \1 Qhvwhury dqg D1 Qhpluryvnll1 Lqwhulru0srlqw sro|qrpldo phwkrgv lq frqyh{ sur0

judpplqj1 VLDP/ Sklodghoskld/ SD/ 4<<71

^48` D1 Qhxpdlhu1 Lqwhuydo Phwkrgv iru V|vwhpv ri Htxdwlrqv1 Fdpeulgjh Xqlyhuvlw|

Suhvv/ Fdpeulgjh/ XN/ 4<<31
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^49` M1 Urkq1 Dq dojrulwkp iru fkhfnlqj vwdelolw| ri v|pphwulf lqwhuydo pdwulfhv1 LHHH

Wudqv1 Dxwrp1 Frqwuro/ 74+4,=466�469/ 4<<91

^4:` G1 Vdp0Kdurxg1 Frqvwudlqw frqvlvwhqf| whfkqltxhv iru frqwlqxrxv grpdlqv1 SkG

glvvhuwdwlrq 4756/ Vzlvv Ihghudo Lqvwlwxwh ri Whfkqrorj| lq Odxvdqqh/ Vzlw}huodqg/

4<<81

^4;` F1 Vfkhuhu dqg V1 Zhlodqg1 Frxuvh rq OPLv lq Frqwuro1 Ohfwxuh Qrwhv dw Ghoiw

Xqlyhuvlw| ri Whfkqrorj| dqg Hlqgkryhq Xqlyhuvlw| ri Whfkqrorj|/ 53351 Dydlodeoh

dw kwws=22zzz1fv1hoh1wxh1qo2VZhlodqg2opl1kwp1

^4<` M1 I1 Vwxup1 Xvlqj VhGxPl 4135/ d Pdwode wrroer{ iru rswlpl}dwlrq ryhu v|pphw0

ulf frqhv1 Rswlpl}dwlrq Phwkrgv dqg Vriwzduh/ 44045=958�986/ 4<<<1 Dydlodeoh dw

kwws=22ihzfdo1nxe1qo2vwxup1

^53` S1 ydq Khqwhqu|fn/ O1 Plfkho/ dqg \1 Ghylooh1 Qxphulfd 0 D Prghoolqj Odqjxdjh iru

Joredo Rswlpl}dwlrq1 PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv/ 4<<:1

^54` O1 Ydqghqehujkh dqg V1 Er|g1 Vhplgh�qlwh surjudpplqj1 VLDP Uhylhz/ 6;+4,=7<�

<8/ 4<<91

^55` P1 YdqHpghq1 Dojrulwkplf srzhu iurp ghfodudwlyh xvh ri uhgxqgdqw frqvwudlqwv1

Frqvwudlqwv/ 7+7,=696�6;4/ 4<<<1
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