
JHQHUDOL]HG OXFDV SRO\QRPLDOV DQG QHZWRQ VXP
UXOHV IRU WKH ]HUR*V GLVWULEXWLRQ RI SRO\QRPLDO

VROXWLRQV RI R1G1H1

S1 QdwdolqlW/ S1H1 UlfflWW

WXqlyhuvlw�d ghjol Vwxgl Urpd LLL ~
Idfrow�d gl Lqjhjqhuld

Odujr Vdq Ohrqdugr Pxuldogr/ 4 ~ 33479 0 URPD

WWGlsduwlphqwr gl Pdwhpdwlfd ~
Xqlyhuvlw�d ghjol Vwxgl gl Urpd %Od Vdslhq}d%

S1oh D1 Prur/ 5 ~ 334;8 0 URPD

+Uhfhlyhg= 5713<1<<>,

�Mt|h@U|

:H VKRZ VRPH XVHIXO DSSOLFDWLRQV RI WKH *HQHUDOL]HG /XFDV 3RO\QRPLDOV RI WKH

oUVW DQG VHFRQG NLQG� ,Q IDFW� E\ XVLQJ VRPH SUHFHGLQJ UHVXOWV RI H1 Exhqgld/ M1

V1 Ghkhvd/ I1 M1 J�doyh} ^9`/ S1H1 Ulffl ^74`/ S1 Qdwdolql ^67`/ dqg S1 Qdwdolql 0

S1H1 Ulffl ^6:`� ZH JLYH H[SOLFLW UHSUHVHQWDWLRQ IRUPXODV IRU WKH 1HZWRQ VXP UXOHV RI

SRO\QRPLDO VROXWLRQV RI RUGLQDU\ GLnHUHQWLDO HTXDWLRQV ZLWK SRO\QRPLDO FRHqFLHQWV�

$V DQ H[DPSOH� ZH FRPSXWH WKH 1HZWRQ VXP UXOHV RI WKH DVVRFLDWHG DQG FR�

UHFXUVLYH RI WKH FODVVLFDO +HUPLWH� /DJXHUUH DQG -DFREL SRO\QRPLDOV� VWDUWLQJ IURP WKH

GLnHUHQWLDO HTXDWLRQV VDWLVoHG E\ WKH DVVRFLDWHG +vhh V1 Ehophgkl 0 D1 Urqyhdx{ ^6`/

D1 ]du}r 0 D1 Urqyhdx{ 0 H1 Jrgr| ^78`, DQG FR�UHFXUVLYH +vhh D1 Urqyhdx{ 0 I1

Pdufhoodq ^75`/ D1 Urqyhdx{ 0 D1 ]du}r 0 H1 Jrgr| ^76`, RI DOO FODVVLFDO RUWKRJRQDO

SRO\QRPLDOV�

Nh| zrugv dqg skudvhv= *HQHUDOL]HG /XFDV 3RO\QRPLDOV� 2UWKRJRQDO SRO\QRPLDOV�

'LnHUHQWLDO HTXDWLRQV ZLWK SRO\QRPLDO FRHqFLHQWV� -DFREL PDWUL[� GLVWULEXWLRQ RI ]HURV�

1HZWRQ VXP UXOHV�

DPV vxemhfw fodvvl�fdwlrq= ��&��� ��$��� ��(��

�� W?|hL_�U|�L?

Wkh Jhqhudol}hg Oxfdv Sro|qrpldov ri vhfrqg nlqg duh d vwdqgdug pdwk0
hpdwlfdo wrro iru rewdlqlqj uhsuhvhqwdwlrq irupxodv iru srzhuv ri vtxduh
pdwulfhv +vhh h1j1 L1Y1Y1 Udjkdydfkdu|xox 0 D1U1 Whnxpdood ^73`,1 Wkh|
duh frqqhfwhg zlwk wkh pxowlglphqvlrqdo jhqhudol}dwlrq ri wkh Fkhe|vkhy
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sro|qrpldov ri wkh vhfrqg nlqg/ vwxglhg e| P1 Euxvfkl 0 S1H1 Ulffl ^8`1
Pruh jhqhudo gh�qlwlrqv dqg h{whqvlrqv ri wklv fodvv ri pxowlglphqvlrqdo
sro|qrpldov fdq eh irxqg lq sdshuv e| U1 Olgo ^5;`/ U1 Olgo hw do1 ^47`/ ^5<`/
W1 Nrruqzlqghu ^53`/ ^54`/ U1M1 Ehhuhqgv ^5`1

Qdpho|/ wkh iroorzlqj sursrvlwlrq lv ydolg=

Sursrvlwlrq 4114 ~ Ohw D eh dq u � u frpsoh{ pdwul{ dqg ghqrwh e|

S+�, =@ ghw+�L �D, @
o[

�'f

+�4,�x��
o3�

lwv fkdudfwhulvwlf sro|qrpldo +e| frqyhqwlrq xf =@ 4,/ wkhq iru wkh srzhuv ri
D zlwk lqwhjudo h{srqhqwv wkh iroorzlqj uhsuhvhqwdwlrq irupxod krogv wuxh=

D? @ I�c?3�+x�> = = = > xo,D
o3� .I2c?3�+x�> = = = > xo,D

o32. +414,

. = = =.Ioc?3�+x�> = = = > xo,L

Wkh ixqfwlrqv I&c?+x�> = = = > xo, zklfk dsshdu dv frh�flhqwv lq wkh suh0
fhglqj olqhdu frpelqdwlrq duh gh�qhg e| wkh uhfxuuhqfh uhodwlrq

I&c?+x�> = = = > xo, @ x�I&c?3�+x�> = = = > xo,� x2I&c?32+x�> = = = > xo,.

. = = =. +�4,o3�xoI&c?3o+x�> = = = > xo,> +415,

+n @ 4> = = = > u> q � �4,

dqg lqlwldo frqglwlrqv=

Io3&n�c�32+x�> = = = > xo, @ �&c� +416,

+n> k @ 4> = = = > u,

Ixuwkhupruh/ li D lv qrq0vlqjxodu +xo 9@ 3,/ wkhq irupxod +414, vwloo
krogv iru qhjdwlyh ydoxhv ri q/ surylghg wkdw zh gh�qh wkh I&c? ixqfwlrqv
iru qhjdwlyh ydoxhv ri q dv iroorzv=

I&c?+x�> = = = > xo, @ Io3&n�c3?no3�+
xo3�

xo

> = = = >
x�

xo
>
4

xo
,>

+n @ 4> = = = > u> q ? �4,=
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Dqrwkhu/ exw ohvv nqrzq dssolfdwlrq ri wkh deryh phqwlrqhg pxowl0
glphqvlrqdo Oxfdv sro|qrpldov lv wkh srvvlelolw| wr rewdlq uhsuhvhqwdwlrq
irupxodv iru wkh Qhzwrq vxp uxohv/ vwduwlqj iurp wkh frh�flhqwv ri wkh
gl�huhqwldo htxdwlrqv vdwlv�hg e| wkh frqvlghuhg vhw ri sro|qrpldov +vhh H1
Exhqgld/ M1V1 Ghkhvd/ I1M1 J�doyh} ^9`/ S1H1 Ulffl ^74`/ S1 Qdwdolql ^67`/ dqg
S1 Qdwdolql 0 S1H1 Ulffl ^6:`,1

Wkh Jhqhudol}hg Oxfdv sro|qrpldov ri wkh �uvw nlqg duh frqqhfwhg lq
d vlplodu zd| zlwk wkh vr fdoohg pxowlglphqvlrqdo Fkhe|vkhy sro|qrpldov
ri wkh �uvw nlqg/ zklfk kdyh ehhq lqwurgxfhg dqg vwxglhg e| wkh vdph
Dxwkruv1

Wkh deryh pxowlglphqvlrqdo sro|qrpldov +l1h1 Oxfdv 4vw dqg 5qg nlqg,
kdyh ehhq xvhg iru frpsxwlqj wkh Qhzwrq vxp uxohv/ vwduwlqj iurp hqwulhv
ri wkh Mdfrel pdwul{/ l1h1 iurp wkh frh�flhqwv ri wkh wkuhh0whup uhfxuuhqfh
uhodwlrq vdwlv�hg e| doo Ruwkrjrqdo Sro|qrpldov +vhh E1 Jhupdqr/ S1H1
Ulffl ^48`/ exw wkh| fdq dovr eh xvhg/ wr wkh vdph dlp/ vwduwlqj iurp wkh
frh�flhqwv ri wkh gl�huhqwldo htxdwlrqv +zkhq wklv h{lvwv, vdwlv�hg e| wkh
frqvlghuhg vhw ri sro|qrpldov1

Lq wkh iroorzlqj/ zh �uvw uhfdoo wkh phwkrg ri frpsxwlqj wkh Qhzwrq
vxp uxohv ghvfulehg lq ^9`/ ^6:`/ lq wkh jhqhudo fdvh ri sro|qrpldo vrox0
wlrqv ri qrq0k|shujhrphwulf w|sh gl�huhqwldo htxdwlrqv1 Wkhq zh dsso|
wklv phwkrg wr wkh fdvh ri wkh dvvrfldwhg dqg fr0uhfxuvlyh fodvvlfdo ruwkrj0
rqdo sro|qrpldov +vhh ^43`/ ^44`/ ^4<`/ ^58`/ ^59`/ ^5:`/ ^77`/ ^4:`/ ^4;`,1

2� Bi?ih@*�3i_ w�U@t TL*)?L4�@*t Lu |�i tiUL?_ !�?_

Frqvlghu wkh elodwhudo olqhdu krprjhqhrxv uhfxuuhqfh uhodwlrq zlwk u . 4
whupv dqg frqvwdqw frpsoh{ frh�flhqwv x&> +n @ 4> 5> = = = > u,/ dqg vxssrvh
xo 9@ 3=

[? @ x�[?3� � x2[?32 . = = =. +�4,o3�xo[?3o> +q 5 ], +514,

wklv lv mxvw wkh uhfxuuhqfh uhodwlrq vdwlv�hg e| wkh I&c? ixqfwlrqv1 Ixuwkhu0
pruh/ wkh I&c? ixqfwlrqv duh ghwhuplqhg e| wkh lqlwldo frqglwlrqv

+4> 3> 3> = = = > 3,> +3> 4> 3> = = = > 3,> = = = > +3> 3> = = = > 3> 4,>

lq idfw=

Io3&n�c�32+x�> = = = > xo, @ �&c�> +n> k @ 4> = = = > u,

Wkhq wkh| frqvwlwxwh d edvlv ri wkh yhfwruldo vsdfh Yo ri doo vroxwlrqv ri
wkh uhfxuuhqfh uhodwlrq +514,1
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Uhpdun 5114 Xvxdoo| d edvlv ri Yo lv rewdlqhg e| frqvlghulqj wkh urrwv ri
wkh fkdudfwhulvwlf htxdwlrq

}o � x�}
o3� . = = =. +�4,oxo @ 3 +515,

Lq wkh vlpsohvw fdvh/ l1h1 li ht1 +515, dgplwv u glvwlqfw urrwv }�> = = = > }o>
wkhq wkh jhqhudo vroxwlrq ri wkh uhfxuuhqfh uhodwlrq +514, lv h{suhvvhg e|

[? @ F�}�
? .F2}2

? . = = =. Fo}o
?> +q 5 ], +516,

D olwwoh elw frpsolfdwh irupxod krogv zkhq pxowlsoh urrwv dsshdu1

Zh fdq vkrz +L1Y1Y1 Udjkdydfkdu|xox 0 D1U1 Whnxpdood ^73`, wkh iro0
orzlqj uhsuhvhqwdwlrq irupxod iru wkh I&c? ixqfwlrqv=

I&c?3�+x�> = = = > xo, @

������������

4 4 = = = 4
}� }2 = = = }o
= = = = = = = = = = = =

}�
? }2

? = = = }o
?

= = = = = = = = = = = =

}�
o3� }2

o3� = = = }o
o3�

������������
Y +}�> }2> = = = > }o,

+n @ 4> 5> = = = > u> q 5 ],>

zkhuh wkh urz i}�
?> }2

?> = = = > }o
?j dsshduv lqvwhdg ri wkh xvxdo +u � n . 4,0

wk rqh/ dqg Y +}�> }2> = = = > }o,/ ghqrwhv wkh Ydqghuprqgh ghwhuplqdqw ri wkh
qxpehuv }�> }2> = = = > }o=

Dqrwkhu lpsruwdqw surshuw| lv h{suhvvhg e| wkh uhodwlrqv
;AAAA?
AAAA=

I�c? @ x�I�c?3� .I2c?3�
I2c? @ �x2I�c?3� . I�c?3�
= = = = = = = = = = = = = = = = = = = =

Io3�c? @ +�4,o32xo3�I�c?3� . Ioc?3�

Ioc? @ +�4,o3�xoI�c?3�

e| phdqv ri zklfk doo wkh iI&c?j?M~ fdq eh frpsxwhg lq whupv ri wkh
elodwhudo vhtxhqfh iI�c?j?M~1

Wkhq lw lv xvhixo wr lqwurgxfh wkh iroorzlqj gh�qlwlrq

Gh�qlwlrq 5114 Wkh elodwhudo vhtxhqfh iI�c?j?M~/ l1h1 wkh vroxwlrq ri +514,
fruuhvsrqglqj wr wkh lqlwldo frqglwlrqv

I�c3� @ 3> I�cf @ 3> I�c2 @ 3> = = = > I�co32 @ 4

lv fdoohg wkh ixqgdphqwdo vroxwlrq ri wkh uhfxuuhqfh uhodwlrq +514, +vhh �H1
Oxfdv ^65`,1
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Lq zkdw iroorzv zh zloo xvh wkh qrwdwlrq=

I�c?+x�> = = = > xo, @= �?+x�> = = = > xo, @ �?> +q 5 ],

Iru q � �4/ wkh �?+x�> = = = > xo, ixqfwlrqv duh d vhtxhqfh ri sro|qrpldov
fdoohg lq olwhudwxuh Jhqhudol}hg Oxfdv Sro|qrpldov ri vhfrqg nlqg1

Uhpdun 5115 Qrwh wkdw li u @ 5/ dqg x2 @ 4/ e| sxwwlqj x� @ {/ zh kdyh=

�?+x�> 4, @ �?+{> 4, � X?

�{
5

�
> +q 5Qf,>

zkhuh iX?+{,j?M�f
duh wkh fodvvlfdo Fkhe|vkhy sro|qrpldov ri vhfrqg nlqg1

Li u � 6/ dqg sxwwlqj xo @ 4/ zh rewdlq d vhtxhqfh ri sro|qrpldov lq
u � 4 yduldeohv zklfk dsshdu dv dq h{whqvlrq ri wkh fodvvlfdo Fkhe|vkhy

sro|qrpldov ri vhfrqg nlqg=

�?+x�> = = = > xo3�> 4, @= X?+x�> = = = > xo3�,> +q 5Qf,=

Vrph surshuwlhv ri wkhvh sro|qrpldov kdyh ehhq rewdlqhg lq P1 Euxvfkl
0 S1H1 Ulffl ^8`1 Ixuwkhu h{whqvlrqv dqg pruh jhqhudo vlwxdwlrqv kdyh ehhq
frqvlghuhg e| vhyhudo dxwkruv= U1 Olgo ^5;`/ N1E1 Gxqq 0 U1 Olgo ^47`/ U1
Olgo 0 F1 Zhoov ^5<`/ W1K1 Nrruqzlqghu ^53`/ ^54`/ U1M1 Ehhuhqgv ^5`1

Wkh deryh phqwlrqhg uhvxowv fdq eh uhvxphg dv iroorzv=
Wkh jhqhudol}hg Oxfdv sro|qrpldov ri vhfrqg nlqg duh gh�qhg dv wkh

vroxwlrq ri wkh elodwhudo olqhdu krprjhqhrxv uhfxuuhqfh uhodwlrq +514,

�? @ x��?3� � x2�?32 . = = =. +�4,oxo�?3o> +q 5 ],

fruuhvsrqglqj wr wkh lqlwldo frqglwlrqv

�3� @ 3>�f @ 3>�� @ 3> = = = >�o32 @ 4=

Lw lv fdoohg wkh ixqgdphqwdo vroxwlrq ri wkh uhfxuuhqfh uhodwlrq +514, vlqfh
doo vroxwlrqv ri +514, fdq eh h{suhvvhg lq whupv ri wklv sduwlfxodu vroxwlrq1

�� Bi?ih@*�3i_ w�U@t TL*)?L4�@*t Lu |�i �ht| !�?_

Zh uhfdoo wkh gh�qlwlrq ri Oxfdv sro|qrpldov ri wkh �uvw nlqg lq vhyhudo
yduldeohv x�> = = = > xo1

Dprqj wkh vroxwlrqv ri wkh elodwhudo uhfxuuhqfh uhodwlrq +514, wkhuh lv wkh
vxp ri srzhuv +iru dq| �{hg lqwhjudo h{srqhqw, ri wkh urrwv ri fkdudfwhulvwlf
htxdwlrq +515,1 Wklv sduwlfxodu vroxwlrq zdv fdoohg e| �H1 Oxfdv / wkh
sulprugldo vroxwlrq1 Wklv vroxwlrq zloo eh lqwurgxfhg khuh lq wkh iroorzlqj
zd|1
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Iru dq| lqwhjhu u/ sxw=

;AAAAAAA?
AAAAAAA=

�o3�+x�> = = = > xo, @ x� @
So

&'� {&co
�o+x�> = = = > xo, @ x2

�
� 5x2 @

So
&'� {

2
&co

�on�+x�> = = = > xo, @ x�� � 6x�x2 . 6x� @
So

&'� {
�
&co

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

�2o32+x�> = = = > xo, @ x��2o3� � x2�2o3e . = = =.
.+�4,o32xo3��o3� . +�4,o3�uxo @

So
&'� {

o
&co

+614,

dqg/ iru P A 5u � 5=

�� +x�> = = = > xo, @ x���3� � x2��32 . = = =.

. +�4,o3�xo��3o @
So

&'� {
�3on2
&co

>
+615,

zkhuh wkh {&co duh wkh urrwv ri wkh fkdudfwhulvwlf htxdwlrq +515, uhodwhg wr
wkh uhfxuuhqfh uhodwlrq +514,1

Uhpdun 6114 Wkh fkrlfh ri lqgh{hv lv mxvwl�hg lq ^8`/ lq rughu wr �qg/ lq
fdvh u @ 5/ wkh fodvvlfdo Oxfdv sro|qrpldov ri wkh �uvw nlqg lq wzr yduldeohv

+vhh Oxfdv ^65`,1

Lq idfw/ li u @ 5/ dqg x2 @ 4/ e| sxwwlqj x� @ {/ zh kdyh=

�?+x�> 4, @ �?+{> 4, � 5W?
�{
5

�
> +q 5Qf,=

zkhuh iW?+{,j?M�f
duh wkh fodvvlfdo Fkhe|vkhy sro|qrpldov ri �uvw nlqg1

Li u � 6/ dqg sxwwlqj xo @ 4/ zh rewdlq d vhtxhqfh ri sro|qrpldov lq

u � 4 yduldeohv zklfk dsshdu dv dq h{whqvlrq ri wkh fodvvlfdo Fkhe|vkhy

sro|qrpldov ri vhfrqg nlqg=

�?+x�> = = = > xo3�> 4, @= W?+x�> = = = > xo3�,> +q � u � 5,>

+vhh P1 Euxvfkl 0 S1H1 Ulffl ^8`,1

Ixuwkhu h{whqvlrqv dqg pruh jhqhudo vlwxdwlrqv kdyh ehhq frqvlghuhg

dqg vwxglhg e| wkh vdph dxwkruv phqwlrqhg ehiruh= U1 Olgo ^5;`/ U1 Olgo hw
do1 ^47`/ ^5<`/ W1 Nrruqzlqghu ^53`/ ^54`/ U1M1 Ehhuhqgv ^5` 1
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e� _�t|h�M�|�L? Lu 3ihLt Lu ��5 t@|�tu)�?} @? �#, ��|�

TL*)?L4�@* ULi�U�i?|t

e��� #i�it@<t }i?ih@*�3@|�L? Lu |�i �@ti 4i|�L_ E+iThiti?�
|@|�L? uLh4�*@t uLh |�i �i�|L? t�4 h�*it�

Frqvlghu wkh sro|qrpldo hljhqixqfwlrqv S�+{, ri d olqhdu gl�huhqwldo rshu0
dwru ri rughu p=

6[

�'f

j�+{,i
E��+{, @ 3> +714,

zkhuh wkh frh�flhqwv j�+{, duh sro|qrpldov ri ghjuhh f�=

j�+{, @

S�[

�'f

d
E��
� {� =

Zh zloo dvvxph wkdw S�+{, @ frqvw=
T�

,'�+{ � {,,/ zkhuh doo {, duh
gl�huhqw/ vr wkdw }hurv ri S�+{, duh doo vlpsoh/ dqg zh zloo zulwh lq wkh
vhtxho=

S� +{, @ {� � x�c�{
�3� . x�c2{

�32 . = = =. +�4,�x�c� +715,

ru
S�+{, @ {� � x�{

�3� . x2{
�32 . = = =. +�4,�x� >

dqg lqwurgxfh wkh Qhzwrq vxp uxohv ri wkh }hurv ri S� +{,/ gh�qhg e|

|r =@
�[

�'�

{r� = +716,

Li f� � l +l @ 3> 4> = = = >p, wkh gl�huhqwldo rshudwru +714, lv vdlg wr eh ri
k|shujhrphwulf w|sh1 Zkhqp @ 5/ dqg f� � l +l @ 3> 4> = = = >p,/ sro|qrpldo
vroxwlrqv ri +714, duh yhu| fodvvlfdo vlqfh wkh| duh frqqhfwhg zlwk fodvvlfdo
ruwkrjrqdo sro|qrpldov/ dqg kdyh ehhq ghhso| vwxglhg e| D1I1 Qlnlirury 0
Y1E1 Xydury lq ^6;`1

Wkh fdvh zkhq p @ 7 zdv �uvw frqvlghuhg e| K1O1 Nudoo ^56`~^57` lq
wkh wkluwlhv/ exw pruh uhfhqwo| lq pdq| sdshuv e| D1P1 Nudoo ^55`/ O1O1
Olwwohmrkq ^63`~^64` dqg rwkhuv ^6`~ ^75`~^76`~^78`1 Qhz fodvvhv ri ruwkrjr0
qdo sro|qrpldov fdq eh irxqg lq wkh vdph zd| dv wkh Khlqh sro|qrpldov
+vhh W1V1 Fklkdud ^<`/ dqg vrph jhqhudol}dwlrqv ri wkh fodvvlfdo sro|qrpl0
dov rewdlqhg e| dgglqj Gludf phdvxuhv lq wkh vxssruw ri wkh fruuhvsrqglqj
devroxwho| frqwlqxrxv Eruho phdvxuh +vhh U1D1 Qrgduvh 0 I1 Pdufhoodq ^6<`,1
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Wr dq| sro|qrpldo S� +{, lw lv srvvleoh wr dvvrfldwh d qrupdol}hg glvfuhwh
ghqvlw| glvwulexwlrq �� +{, gh�qhg e|

�� +{, @
4

Q

�[

,'�

�+{� {,, +� @ Gludf ghowd,

zkrvh prphqwv durxqg wkh ruljlq duh jlyhq e|

��� @
4

Q
|� @

4

Q

�[

�'�

{�� =

Frpsxwdwlrq ri wkh Qhzwrq vxp uxohv |� kdv ehhq frqvlghuhg e| N1P1
Fdvh ^;` iru wkh k|shujhrphwulf fdvh f� � l +;l @ 3> 4> = = = >p,/ dqg e| H1
Exhqgld 0 M1V1 Ghkhvd 0 I1M1 J�doyh} lq ^:` lq wkh jhqhudo fdvh1

D frpsxwdwlrq ri wkh Fdvh phwkrg zdv jlyhq e| S1H1 Ulffl ^74` dqg S1
Qdwdolql ^67` iru wkh k|shujhrphwulf fdvh1 Zh xvhg wkh jhqhudol}hg Oxfdv
sro|qrpldov ri wkh vhfrqg nlqg lq rughu wr uhsuhvhqw wkh Fdvh vxp uxohv1

Lq wkh iroorzlqj/ vwduwlqj iurp wkh deryh phqwlrqhg sdshu ^9`/ zh �uvw
h{whqg rxu phwkrg wr wklv jhqhudo fdvh1 Wkhq/ frqvlghulqj wkh uhfxuvlyh
irupxod uhsuhvhqwlqj wkh frh�flhqwv ri S�+{, lq whupv ri wkh frh�flhqwv
ri wkh gl�huhqwldo rshudwru +714,/ lqwurgxfhg lq ^9`/ +irupxod 46,/ zh vlpso|
xvh wkh jhqhudol}hg Oxfdv sro|qrpldov ri �uvw nlqg lq rughu wr frpsxwh
qxphulfdoo| wkh Qhzwrq vxp uxohv1

H1 Exhqgld 0 M1V1 Ghkhvd 0 I1M1 J�doyh} ^9`/ e| jhqhudol}lqj wkh Fdvh
sdshu ^;`/ suryhg wkh iroorzlqj uhfxuvlyh uhodwlrq iru wkh |� Qhzwrq vxp
uxohv=

6[

�'2

l

rnS�3�3�[

,'3�

d
E��
�n,n�3r

M
E��
�n,

@ �
S�[

�'f

d
E��
� |rn�3�> +v � 4, +717,

dvvxplqj/ e| gh�qlwlrq=

ME��o @ 3 iru 3 � u � l� 5>

dqg

ME��o @

E�c���c��[

�'E,�c���c,��

{o,�T�
&'�+{,� � {,&,

= +718,

Wkh M
E��
o duh vr fdoohg Fdvh vxp uxohv +vhh ^;`,/ dqg lq wkh odvw irupxod/SE�c���c��

�'E,�c���c,��
phdqv wkdw wkh vxp uxqv ryhu doo or +v @ 4> = = = >Q, surylghg wkdw

;l 9@ m/ o� 9@ o� 1

Wkh Fdvh vxp uxohv M
E��
o fdq eh h{suhvvhg lq whupv ri wkh Qhzwrq vxp

uxohv || zlwk w � u�l.4 e| phdqv ri wkh iroorzlqj uhsuhvhqwdwlrq wkhruhp=

75



. Jhqhudol}hg Oxfdv Sro|qrpldov dqg 111 DPL Yro18 Qr14/ 5333

Sursrvlwlrq 7114 ~ Iru dq| Q 5 Q +Q � 5,/ u 5 Qf = Q ^ i3j/ l 5 Q/
wkhq

ME��
o @ +l� 4,$

�3�[
&'f

Q � n

l
x&��no3�3&3�+x�> x2> = = = > x� ,> +719,

zkhuh ��+x�> x2> = = = > x�, ghqrwh wkh jhqhudol}hg Oxfdv sro|qrpldov ri wkh
vhfrqg nlqg lq Q1

Surri lv h{dfwo| wkh vdph dv lq wkh deryh phqwlrqhg sdshuv ^74`~^67`/

vlqfh irupxod +719, jlyhv d uhsuhvhqwdwlrq ri wkh ixqfwlrq M
E��
o / zklfk lv d

v|pphwulf ixqfwlrq ri wkh }hurv ri S�+{,/ lq whupv ri wkh frh�flhqwv ri
S� +{,1 Wkh srvvlelolw| wr rewdlq vxfk d irupxod lv d frqvhtxhqfh ri d
zhoo nqrzq Jdxvv* wkhruhp/ dqg reylrxvo|/ wklv irupxod lv lqghshqghqw ri
wkh gl�huhqwldo htxdwlrq vdwlv�hg e| S�+{,1 Qrwh wkdw li wkh sro|qrpldov
S� +{, vdwlvi| dq k|shujhrphwulf w|sh gl�huhqwldo htxdwlrq +l1h1 li f� � l

;l @ 3> 4> = = = >p,/ wkhq htxdwlrq +717, vlpsol�hv lqwr=

6[
�'2

l

�[
�'f

d
E��
� M

E��
rn� @ �d

E��
f |r � d

E��
� |rn�> +v � 3, +71:,

dqg hyhu| M
E��
rn� fdq eh frpsxwhg lq whupv ri wkh || +w � v, vr wkdw vwduwlqj

iurp

|f @
�[
�'�

{f� @ Q>

wkh uhfxuuhqfh uhodwlrq +71:, shuplwv wkh frpsxwdwlrq ri doo Qhzwrq vxp
uxohv1

Lq wkh jhqhudo fdvh/ vlqfh lq wkh uljkw kdqg vlgh ri +717, wkh pruh jhqhudo
frpelqdwlrq

�d
E��
f |r3� � d

E��
� |r � � � � � dE��S�

|rnS�3�

rffxuv/ wkhq iru frpsxwlqj doo Qhzwrq vxp uxohv lw lv qhfhvvdu| wr frqvwuxfw
vhsdudwho| wkh �uvw ydoxhv

|f @ Q> |�> = = = > |S�3�=

Exw wklv lv qrw vx�flhqw/ vlqfh d vlplodu lqghwhuplqdf| sureohp dulvhv lq wkh

ohiw kdqg vlgh/ lq zklfk txdqwlwlhv M
E��
o dsshdu/ lqyroylqj || zlwk w � u�l.4/

vr wkdw M
E��
�n,

lv h{suhvvhg lq whupv ri wkh || zlwk w � l. o � l. 4 @ o. 4 �
v. f� � l� 4 . 4 @ v. f� � l1

Wkhq/ lq rughu wkdw uhfxuuhqfh +717, zrunv/ lw lv vx�flhqw wr nqrz ||
iru w � v. t +v � 3,/ zkhuh

t = pd{if� � l> l @ 3> 4> 5> = = = > pj> +71;,
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l1h1 wr nqrz
|f @ Q> |�> |2> = = = > |^= +71<,

Lq wkh deryh phqwlrqhg sdshu ^9` wkh Dxwkruv jlyh h{suhvvlrqv iru wkh
lqlwldo frqglwlrqv +71<, ri wkh uhfxuuhqfh uhodwlrq +717, lq whupv ri wkh frhi0
�flhqwv ri wkh sro|qrpldo S� +{,/ e| xvlqj wkh Qhzwrq0Jludug irupxodv=
;AAAA?
AAAA=

x� @ |�
x2 @

�
2+x�|� � |2, @

�
2+|

2
� � |2,

x� @
�
�+�x�|2 . x2|� . |�, @

�
S+|

�
� � 6|�|2 . 5|�,

= = = = = = = = = = = = = = = = = = = = = = = = = =

x� @ �
�
i^+�4,�x�|�3� . +�4,�3�x2|�32 . = = =. x�3�|�` . +�4,�3�|�j

Pruh suhflvho|/ lqlwldo frqglwlrqv +71<, duh irxqg e| xvlqj wkh deryh
Qhzwrq0Jludug irupxodv dqg wkh iroorzlqj h{solflw uhfxuuhqw h{suhvvlrqv
iru wkh frh�flhqwv ri S�+{, lq whupv ri wkh frh�flhqwv ri wkh gl�huhqwldo
rshudwru +714,=

xr @ �

Sr
&'�+�4,

&xr3&
S6

�'f
E�3rn&�-

E�3rn&3��-
d
E��
�n^3&S6

�'f
E�3r�-

E�3r3��-
d
E��
�n^

> +7143,

zkhuh xf =@ 41
Wkh Dxwkruv dovr qrwh wkdw wkh xvh ri htxdwlrqv +717,0+7143, dqg wkh

Qhzwrq0Jludug irupxodv jlyh dovr wkh srvvlelolw| wr frpsxwh uhfxuvlyho|
wkh Qhzwrq vxp uxohv ||/ exw gxh wr qrq olqhdulw| ri uhodwlrqv lqyroyhg/
wkh| xvh rqo| wkhvh htxdwlrqv +717, lq rughu wr frpsxwh lqlwldo frqglwlrqv
+71<,/ dqg vxevhtxhqwo|/ wkh| xvh wkh uhfxuuhqfh uhodwlrq +717,1

Frqfoxglqj wklv vhfwlrq zh fdq vd| wkdw hyhq lq wklv pruh jhqhudo fdvh
+zlwk uhvshfw wr wkh k|shujhrphwulf fdvh frqvlghuhg lq ^74`~^67`,/ wkh uhsuh0
vhqwdwlrq irupxod +719,/ wkh Qhzwrq0Jludug irupxodv/ dqg lqlwldo frqglwlrqv
rewdlqhg e| xvlqj +7143, frpsohwho| vroyh wkh sureohp ri frpsxwlqj e| uh0
fxuvlrq wkh Qhzwrq vxp uxohv/ zkhuhdv lq ^9`/ wkh sureohp lv vroyhg rqo| lq
sduwlfxodu +exw uhohydqw, fdvhv1

e�2� �L4T�|@|�L? Lu �i�|L? t�4 h�*it M) �t�?} }i?ih@*�3i_

w�U@t TL*)?L4�@*t Lu |�i �ht| !�?_

Dffruglqj wr gh�qlwlrq ri wkh jhqhudol}hg Oxfdv sro|qrpldo ri wkh �uvw nlqg/
jlyhq lq Vhfwlrq 6/ ��+x�> x2> = = = > x� , jlyhv wkh vxp ri wkh +k�Q .5,0wk
srzhuv ri wkh urrwv ri S� +{,/ l1h1 wkh Qhzwrq vxp uxoh |�3�n21

Wkhq lw lv srvvleoh wr irupdol}h frqqhfwlrq ehwzhhq frh�flhqwv ri gli0
ihuhqwldo htxdwlrq +714, dqg Qhzwrq vxp uxohv ri }hurv ri S�+{,/ yld wkh
Qhzwrq0Jludug irupxodv/ dqg dyrlglqj wkh jhqhudol}hg Fdvh phwkrg/ e|
xvlqj wkh iroorzlqj
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Sursrvlwlrq 7115 ~ Frqvlghu d sro|qrpldo S� +{,/ jlyhq e| +715,/ zklfk
vdwlv�hv wkh gl�huhqwldo htxdwlrq zlwk sro|qrpldo frh�flhqwv +714,1 Wkhq/
frh�flhqwv ri S� +{, duh uhfxuvlyho| olqnhg wr wkh frh�flhqwv ri +714, e|
irupxod +7143,/ dqg iru wkh Qhzwrq vxp uxohv wkh iroorzlqj uhsuhvhqwdwlrq
irupxod krogv wuxh=

|� @
�[
&'�

{�& @ ��n�32+x�> x2> = = = > x� ,=

Wklv irupxod/ surylghg wkdw lqlwldo frqglwlrqv +71<, duh frpsxwhg/ shu0
plwv uhfxuvlyh frpsxwdwlrq ri prphqwv yld +615,1

D� _�t|h�M�|�L? Lu 3ihLt Lu ��5 }i?ih@|i_ M) @ |�hii�|ih4

hiU�hhi?Ui hi*@|�L?

Frqvlghu wkh sro|qrpldo wkuhh0whup uhfxuuhqfh uhodwlrq

�
S
3� @ 3> Sf @ 4>

S?+{, @ +{� �?,S?3�+{,� �2?3�S?32+{,> +q � 4,
+814,

Iru dq| �{hg q 5 Q zh frqvlghu lq wkh vhtxho wkh ghqvlw| ri wkh }hurv
{&c?> +n @ 4> = = = > q, ri S?+{, dqg wkh uhodwhg prphqwv/ gh�qhg e| +714,~
+715,1

D��� �? i T*�U�| hiThiti?|@|�L? uLh4�*@ Lu a�5� #i�it@ i| @*�

M1V1 Ghkhvd ^45` suryhg wkh iroorzlqj wkhruhp=

Sursrvlwlrq 8114 ^+Ghkhvd,` Wkh prphqwv ri wkh ghqvlw| ri }hurv �?+{,
ri S?+{, duh jlyhq e| wkh iroorzlqj irupxodv=

�E?�^ =@
4

q

[
E^�

I^+t
�

�> t�> t
�

2> t2> = = = > t
�

� > t� > t
�

�n�,�

�

?3|[
�'�

��
^�
���

2^���n�
^�
2 � � ���n�3�

^����n�3�
2^���n�

^��n�

+t @ 4> 5> = = = > q,

zkhuh=
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� m=@
�
^

2

�
lv wkh juhdwhvw lqwhjhu frqwdlqhg lq t@5>

�
S

E^� ghqrwhv wkh vxp uxqqlqj ryhu doo sduwlwlrqv ri wkh lqwhjhu t/ vd|

lw +t��> t�> t
�
2> t2> = = = > t

�
� > t� > t

�
�n�,/ vxemhfw wr wkh iroorzlqj frqglwlrqv=

�
t�� . t�2 . � � �. t��n� . 5+t� . t2 . � � �. t�, @ t

li tr @ 3> 4 ? v ? m> wkhq t& @ t�& @ 3> ;n A v>

� w ghqrwhv wkh qxpehu ri qrq ydqlvklqj t�� lqyroyhg lq wkh fruuhvsrqglqj

sduwlwlrq ri t>

dqg odvwo|=

� I^+t
�
�> t�> t

�
2> t2> = = = > t

�
� > t� > t

�
�n�, =@

=@ t
+t�� . t� � 4,$+t�3� . t�� � 4,$

t��$t�$+t�3� � 4,$t�� $

�32\
�'2

+t� . t��n� . t�n� � 4,$

+t� � 4,$t��n�$t�n�$
=

Wkh �uvw prphqwv duh jlyhq e|

�
E?�
� @

4

q

?[
&'�

�&>

�
E?�
2 @

4

q
i

?[
&'�

�2
& . 5

?3�[
�'�

�2�j>

�
E?�
� @

4

q
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?[
&'�
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& . 6

?3�[
�'�

�2
�+�� . ��n�,j>

�
E?�
e @

4

q
i

?[
&'�

�e
& . 7

?3�[
�'�

�2�+�
2
� . ����n� . �2

�n� .
4

5
�2�, . 7

?32[
�'�

�2��
2
�n�j=

Wkh sxusrvh ri wkh Ghkhvd*v lqyhvwljdwlrq lv wr rewdlq lqirupdwlrq derxw
wkh dv|pswrwlf ghqvlw| ri }hurv gluhfwo| iurp wkh frh�flhqwv ri wkh wkuhh0
whup uhfxuuhqfh uhodwlrq1

Krzhyhu/ wkh suhfhglqj irupxodv ehfrph pruh dqg pruh frpsolfdwh/
vlqfh wkh| duh kljko| qrq0olqhdu zlwk uhvshfw wr wkh sdudphwhuv �*v dqg �*v/
dqg ixuwkhupruh wkh gh�qlwlrq ri wkh frh�flhqwv I^ lv d�hfwhg e| vhyhuh loo
frqglwlrqlqj/ zkhq t lqfuhdvhv1
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D�2� , T*�U�| uLh4�*@t uLh |�i U�@h@U|ih�t|�U TL*)?L4�@* Lu

|�i a@ULM� 4@|h� 

D uhsuhvhqwdwlrq irupxod iru wkh prphqwv �
E?�
^ lv jlyhq khuh lq whupv ri

Oxfdv sro|qrpldov ri wkh �uvw nlqg1

Iru dq| lqwhjhu q/ frqvlghu wkh wkuhh0gldjrqdo v|pphwulf Mdfrel pdwul{=

M? =@

������������

�� �� 3 3 = = = 3 3
�� �2 �2 3 = = = 3 3
3 �2 �� �� = = = 3 3
=== === === === = = = === ===
3 3 3 3 = = = �?3� �?3�
3 3 3 3 = = = �?3� �?

������������
+815,

vr wkdw wkh fkdudfwhulvwlf sro|qrpldo

S?+{, =@ +�4,?ghw+M? � {L, @
@ +{? � x�c?{

?3� . x2c?{
?32 . = = =. +�4,?x?c?, @

@ +{? � x�{
?3� . x2{

?32 . = = =. +�4,?x?,
+816,

vdwlv�hv iru dq| q � 4 wkh uhfxuuhqfh uhodwlrq +814,1

Ohw/ iru dq| v vxfk wkdw 4 � v � q/ dqg iru dq| lqwhjhuv n�> n2> = = = > nr
vxfk wkdw 4 � n� ? n2 ? = = = ? nr � q

M&�c���c&r =@ +817,

��������
�&� �&��&�c&23� 3 3 = = = 3 3

�&23��&�c&23� �&2 �&2�&2c&�3� 3 = = = 3 3
=== === === === = = = === ===

3 3 3 3 = = = �&r3��&r3�c&r3� �&r

��������
zkhuh ��c& ghqrwhv wkh Nurqhfnhu ghowd/ dqg M�c2c���c? @ M?1

Wkh frh�flhqwv xr =@ xrc? +4 � v � q, duh jlyhq e| wkh iroorzlqj
irupxodv=

x� @ wuM?
x2 @

S
&�	&2

ghwM&�c&2
= = = = = = = = = = = = =
xr @

S
&�	&2	���	&r

ghwM&�c&2c���c&r
= = = = = = = = = = = =
x? @ ghwM?

+818,

7:



DPL Yro18 Qr14/ 5333 S1 Qdwdolql/ S1H1 Ulffl .

Lw lv hdv| wr vhh wkdw doo wkh suhfhglqj ghwhuplqdqwv fdq eh frpsxwhg
e| uhfxuuhqfh uhodwlrqv1 Zh kdyh/ lq idfw=

ghwM&�c���c&r @ �&rghwM&�c���c&r3� � +819,

��&r3��&r3��&r3��&r3�ghwM&�c���c&r32 >

dqg/ lq sduwlfxodu=

x? @ ghwM? @ �?ghwM?3� � �2
?3�ghwM?32= +81:,

E| +819, dqg xvlqj wkh lqgxfwlrq phwkrg/ wkh frh�flhqwv x�> x2> = = = > x?
fdq eh h{suhvvhg lq whupv ri ��> �2> = = = > �?> ��> �2> = = = > �?3�=

Dv d pdwwhu ri idfw zh kdyh
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E�c�n��

�& +8143,

Dqg lq jhqhudo/ ohwwlqj � =@

�
v@5 li v lv hyhq
+v� 4,@5 li v lv rgg
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S?
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E��c��n�(���(�jc�jn���& > +v rgg,

+�4,j
S�c?3�

��	uuu	�j��3��D2
�2
��
� � ��2�j > +v hyhq,

+8144,

zkhuh wkh v|pero
S?

&'�
E�c�n�� ghqrwhv wkdw wkh vxp uxqv ryhu doo lqgh{hv

n gl�huhqw iurp k dqg k. 41
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Uhpdun 8115 Qrwh wkdw wkh �uvw whup lq wkh vxp iru rewdlqlqj xr uhsuh0
vhqwv wkh hohphqwdu| v|pphwulf ixqfwlrq ri rughu v uhodwlyh wr wkh qxpehuv
��> = = = > �? +vxp ri surgxfwv ri v hohphqwv fkrvhq lq dq| zd| dprqj wkhvh
qxpehuv,> wkh vhfrqg whup/ zlwk qhjdwlyh vljq/ uhsuhvhqwv wkh vxp ri surg0
xfwv ri hdfk �2

� e| wkh hohphqwdu| v|pphwulf ixqfwlrq ri rughu +v�5, ri wkh
qxpehuv ��> = = = > ��3�> ��n2> = = = > �? +wkhvh duh wkh hohphqwv wkdw ehorqj wr
wkh pdwul{ rewdlqhg iurp M? hudvlqj wkh urzv dqg froxpqv frqwdlqlqj ��,>
wkh wklug whup/ zlwk srvlwlyh vljq/ uhsuhvhqwv wkh vxp ri surgxfwv ri hdfk
�2���

2
�2

e| wkh hohphqwdu| v|pphwulf ixqfwlrq ri rughu +v� 7, ri wkh qxp0
ehuv ��> = = = > ���3�> ���n2> = = = > ��23�> ��2n2> = = = > �? +ehorqjlqj wr wkh pdwul{
rewdlqhg iurp M? hudvlqj wkh urzv dqg froxpqv frqwdlqlqj ��� dqg ��2,>
dqg vr rq1

D��� �? i T*�U�| hiThiti?|@|�L? uLh |�i 4L4i?|t �? |ih4t Lu

|�i }i?ih@*�3i_ w�U@t TL*)?L4�@*t Lu |�i �ht| !�?_

Dv d frqvhtxhqfh ri wkh gh�qlwlrq jlyhq lq Vhfwlrq 6/ zh fdq surfodlp wkh
iroorzlqj

Sursrvlwlrq 8116 Iru dq| lqwhjhuv q � 4 dqg t 5 Qf/ wkh iroorzlqj uhs0
uhvhqwdwlrq irupxod iru wkh prphqwv ri wkh ghqvlw| ri }hurv ri ruwkrjrqdo
sro|qrpldov krogv wuxh=

�E?�^ =@
4

q

?[

&'�

{
^

&c? @
4

q
�^n?32+x�> = = = > x?, +8145,

zkhuh wkh yduldeohv x�> = = = > x? duh jlyhq e| wkh suhfhglqj irupxodv +8144,
+v @ 4> = = = > q,1

Uhpdun 8117 Li doo {&c? grhv qrw ydqlvk/ wkh uhsuhvhqwdwlrq irupxod +8144,
lv vwloo wuxh hyhq li t 5 ]/ vlqfh wkh Oxfdv sro|qrpldov ri wkh �uvw nlqg lq
vhyhudo yduldeohv duh zhoo gh�qhg1

Uhpdun 8118 Revhuyh wkdw/ e| +615,/ rqo| wkh �uvw q prphqwv duh olq0
hduo| lqghshqghqw/ vlqfh wkh fruuhvsrqglqj sureohp lv dq dojheudlf prphqw
sureohp1 Doo vxevhtxhqw prphqwv fdq eh frpsxwhg e| irupxod +615, 1

S� �L4T�|@|�L? Lu �i�|L? t�4 h�*it uLh @ttLU�@|i_ @?_

UL�hiU�ht��i Lu U*@tt�U@* ��5

Vwduwlqj iurp wkh wkuhh0whup uhfxuuhqfh uhodwlrq�
�?S?n�+{, . �?S?+{, . �?3�S?3�+{, @ {S?+{,> q � 3
S
3� @ 3> Sf @ 4>

+914,

7<
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�?/ �? uhdo/ �? A 3/ ;q 5Qf =@Q^i3j/ dvvrfldwhg ruwkrjrqdo sro|qrpldov
ri rughu f +f lqwhjudo qxpehu, duh wkh vhw iS?+{> f,j?M�f

gh�qhg e| wkh
iroorzlqj lqwhjudo shuwxuedwlrq ri lqgh{hv ri +914,=

�
�?nSS?n�+{> f, . �?nSS?+{> f, . �?nS3�S?3�+{> f, @ {S?+{> f,> q � 3
S3�+{> f, @ 3> Sf+{> f, @ 4=

+915,
Reylrxvo| S?+{> 3, � S?+{, ;q 5Qf1

Wkh dvvrfldwhg ruwkrjrqdo sro|qrpldov kdyh ehhq vwxglhg e| W1 V1 Fkl0
kdud ^<`0^43`1 Wkh| dsshdu lq frqqhfwlrq zlwk vwdwlrqdu| eluwk dqg ghdwk
surfhvv +vhh dovr P1H1 Lvpdlo 0 M1 Ohwhvvlhu 0 G1U1 Pdvvrq 0 J1 Ydohqw ^4<`,
l1h1 Pdunry surfhvv zlwk qrq qhjdwlyh lqwhjudo vwdwh yduldeohv1

Dqrwkhu fodvv ri ruwkrjrqdo sro|qrpldov/ wkh vr fdoohg fr0uhfxuvlyh sro|0
qrpldov/ duh gh�qhg e| dgglqj d uhdo shuwxuedwlrq � wr wkh �uvw frh�flhqw
�f ri wkh uhfxuuhqfh uhodwlrq +914,/ l1h1 frqvlghulqj wkh vhw iT?+{>�,j?M�f

gh�qhg e| wkh iroorzlqj uhfxuuhqfh uhodwlrq=

�
�?T?n�+{>�, . +�? . ��?cf,T?+{>�, . �?3�T?3�+{>�, @ {T?+{>�,>
T3�+{>�, @ 3> Tf+{>�, @ 4>

+916,
zkhuh q � 3/ dqg �?cf ghqrwhv wkh Nurqhfnhu ghowd1

Reylrxvo| T?+{> 3, � S?+{, ;q 5Qf1
Wkh fr0uhfxuvlyh ruwkrjrqdo sro|qrpldov kdyh ehhq vwxglhg e| W1V1 Fkl0

kdud ^44`/ M1 Ohwhvvlhu ^58`0^59`0^5:`1 Wkh| dsshdu lq frqqhfwlrq zlwk sr0
whqwldo vfdwwhulqj +vhh K1D1 Volp ^77`,1 Fr0uhfxuvlyh dvvrfldwhg sro|qrpldov
T?+{> �> f, kdyh dovr ehhq lqwurgxfhg1

Uhfhqwo| wkh glvwulexwlrq ri }hurv dqg �uvw Qhzwrq vxp uxohv ri dv0
vrfldwhg/ fr0uhfxuvlyh dqg fr0uhfxuvlyh dvvrfldwhg sro|qrpldov lq whupv ri
wkh hqwulhv i�?j dqg i�?j ri wkh Mdfrel pdwul{ kdyh ehhq vwxglhg e| H1N1
Lidqwlv 0 J1N1 Nrnrorjldqqdnl 0 S1G1 Vldidulndv ^4:`/ H1N1 Lidqwlv 0 S1G1 Vld0
idulndv ^4;`1 Wkh| jlyh h{solflw h{suhvvlrqv iru wkh �uvw Qhzwrq vxp uxohv
ri wkh dvvrfldwhg dqg fr0uhfxuvlyh dvvrfldwhg ri wkh fodvvlfdo ruwkrjrqdo
sro|qrpldov1

Wkh gl�huhqwldo htxdwlrqv vdwlv�hg e| vxfk sro|qrpldov/ kdyh ehhq lq0
wurgxfhg e| V1 Ehophgkl 0 D1 Urqyhdx{ ^6`/ D1 ]du}r 0 D1 Urqyhdx{ 0
H1 Jrgr| ^78` iru wkh dvvrfldwhg ri fodvvlfdo sro|qrpldov dqg e| D1 Urq0
yhdx{ 0 I1 Pdufhoodq ^75` D1 Urqyhdx{ 0 D1 ]du}r 0 H1 Jrgr| ^76` iru wkh
fr0uhfxuvlyh fdvh1

S��� �ttLU�@|i_ Lh|�L}L?@* TL*)?L4�@*t

Lq wkh deryh phqwlrqhg sdshuv H1N1 Lidqwlv 0 J1N1 Nrnrorjldqqdnl 0 S1G1
Vldidulndv ^4:`/ H1N1 Lidqwlv 0 S1G1 Vldidulndv ^4;` suryhg wkh iroorzlqj uh0

83



. Jhqhudol}hg Oxfdv Sro|qrpldov dqg 111 DPL Yro18 Qr14/ 5333

vxowv1 Iru dq| �{hg lqwhjudoQ 5Q/ ghqrwh e| ih?j?'fc�c���c�3� dq ruwkrqru0
pdo edvlv ri wkh hxfolghdq vsdfh H� / lqwurgxfh wkh rshudwruv +pdwulfhv,=

D @

3
EC

�S

1 1 1

�Sn�3�

4
FD +917,

E @

3
EC

�S
1 1 1

�Sn�3�

4
FD +918,

Y @

3
EEEC

3
4 3

11 1
1 1 1

4 3

4
FFFD +919,

Y W @

3
EEEC

3 4
11 1

1 1 1

3 4
3

4
FFFD +91:,

dqg frqvlghu wkh rshudwru Wf =@ DY W . YD . E1 Wkhq/ iru dvvrfldwhg
sro|qrpldov wkh iroorzlqj uhsuhvhqwdwlrq irupxod iru wkh Qhzwrq vxp uxohv
ri sro|qrpldov iS?+{> f,j?M� krogv wuxh=

Sursrvlwlrq 9114 ~ Ohw Q 5 Q eh d srvlwlyh lqwhjudo qxpehu1 Ghqrwh e|
�?+f, +q @ 3> 4> = = = >Q � 4, }hurv ri wkh dvvrfldwhg sro|qrpldo S� +{> f,1
Wkhq iru dq| n 5Q

�3�[
?'f

�&? @
�3�[
?'f

+W &
f h?> h?,= +91;,

Uhpdun 9115 ~ Wkh vhfrqg kdqg vlgh ri ht1 +91;, lv lqghshqghqw rq wkh
fkrlfh ri wkh ruwkrqrupdo edvlv ih?j?'fc�c���c�3� ri H� +vhh ^4:`,1

Uhpdun 9116 ~ Wkh pdwul{ dvvrfldwhg wr wkh rshudwru Wf lv h{dfwo| wkh
Mdfrel pdwul{

Wf @ MES� @

3
EEEEEC

�S �S 3
�S �Sn� �Sn�

1 1 1
1 1 1

1 1 1

�Sn�3� �Sn�32 �Sn�32

3 �Sn�32 �Sn�3�

4
FFFFFD
= +91<,
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Qrwh wkdw hyhq li Wf lv d wkuhh0gldjrqdo pdwul{ klv srzhuv duh lq jhqhudo
ixoo pdwulfhv/ vr wkdw e| wkh frpsxwdwlrqdo srlqw ri ylhz wkh uhsuhvhqwdwlrq
irupxod +91;, lv txlwh h{shqvlyh1

Lq wkh deryh phqwlrqhg sdshuv ^4:`0^4;` wkh Dxwkruv jlyh h{solflw h{0
suhvvlrq iru wkh �uvw Qhzwrq vxp uxohv lq whupv ri wkh vhtxhqfhv i�?nSj?M�
dqg i�?nSj?M�1 Lq wkh sduwlfxodu fdvh ri fodvvlfdo ruwkrjrqdo sro|qrpldov
wkh iroorzlqj uhvxowv duh vkrzq=

d, dvvrfldwhg Odjxhuuh sro|qrpldov O
E@�
� +{> f,1

S�3�
?'f �?+f, @ Q+Q . 5f. d,>

S�3�
?'f �2?+f, @ 5Q� .Q2+9f. 6d � 4,

.Q+9f2 . 9fd� 5f. d2 � d,� 5f2 � 5fd>

S�3�
?'f ��?+f, @ 8Qe .Q�+53f. 43d� 9,

.Q2+63f2 . 63fd� 4;f. 9d2 � <d. 5,

.Q+53f� . 63f2d� 4;f2 . 45fd2 � 4;fd

.7f. d� � 6d2 . 5d,
�+5f� . 4;f2d. 9fd2,>

S�3�
?'f �e?+f, @ 47QD .Qe+:3f. 68d� 5<,

.Q�+473f2 . 473fd � 449f. 63d2 � 93d. 55,

.Q2+473f� . 543f2d� 4:7f2 . <3fd2 � 4:7fd
.99f. 43d� � 68d2 . 66d� 9,

�Q+:3fe . 473f�d� 449f65 . <3f2d2 � 4:7f2d
.99f2 . 53fd� � 443fd2 . :7fd� 45f. de

�9d� . 44d2 � 9d,
�+8;fe . 449f�d. :3f2d2 . 45f2 . 45fd� . 45fd,=

+9143,

Qrwh wkdw wkh odvw irupxod jlyhv fruuhfwlrq ri vpdoo plvsulqwv zklfk
dsshdu lq ^4:`1

e, dvvrfldwhg Khuplwh sro|qrpldov K�+{> f,1

S�3�
?'f �?+f, @

S�3�
?'f ��?+f, @ 3>

S�3�
?'f �2?+f, @

�
2+Q � 4,+Q . 5f,>

S�3�
?'f �e?+f, @

�
eQ+Q � 4,+5Q � 6, . S

2+6Q � 8,+Q . f,=

+9144,

f, dvvrfldwhg Mdfrel sro|qrpldov S
E@cK�
� +{> f,1
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S�3�
?'f �?+f, @

�EK23@2�
E2Sn@nK�E2�n2Sn@nK�

>

S�3�
?'f �

2
?+f, @

E�3��d2SESn@nKn��n�E@nKn��o
E2Sn@nKn��E2�n2Sn@nK3�� .

EK3@�2dE��3��E@nK�2E2Sn@nK�E2�n2Sn@nK�o
2E2Sn@nKn��E2�n2Sn@nK3��E2Sn@nK�2E2�n2Sn@nK�2

�

EK3@�2dE�3��E2Sn@nK�2E2�n2Sn@nK�2n2�2E2�3��E@nK�2o
2E2Sn@nKn��E2�n2Sn@nK3��E2Sn@nK�2E2�n2Sn@nK�2 =

+9145,

S�2� 5U@*i_ UL�hiU�ht��i Lh|�L}L?@* TL*)?L4�@*t

Frqvlghu qrz d srvlwlyh uhdo sdudphwhu � dqg fr0uhfxuvlyh dvvrfldwhg
sro|qrpldov iT?+{>�> f,j1 Wkhq d qhz idplo| iT?+{>�> �> f,j?M� fdoohg
vfdohg fr0uhfxuvlyh sro|qrpldov fdq eh lqwurgxfhg dv iroorzv=

�
�?nST?n� . +�?nS . ��?cf,T? . �?3�nST?3� @ {^4� +� � 4,�?cf`T?>

T3� @ 3> Tf @ 4=

zkhuh q � 3/ �?cf ghqrwhv wkh Nurqhfnhu ghowd/ dqg T? � T?+{>�> �> f,1
Lqwurgxfh wkh ixuwkhu rshudwruv +pdwulfhv,

F @

3
EEEC

�

4
1 1 1

4

4
FFFD @ gldj+�> 4> = = = > 4,> +9146,

W @ F3
�

2 +Wf . �Sf+{> f,,F
3

�

2 > +9147,

dqg frqvlghu wkh jhqhudol}hg hljhqydoxhv sureohp

^Wf . �Sf+{> f,`{ @ �F{>

e| gh�qlwlrq/ iru dq| �{hg Q 5 Q/ wkh hljhqydoxhv ri wkhvh sureohpv duh
wkh }hurv ri sro|qrpldo T?+{>�> �> f, +�/ � uhdo/ � A 3/ f lqwhjudo qxpehu,1
Wkhq wkh iroorzlqj sursrvlwlrq krogv wuxh=

Sursrvlwlrq 9117 ~ Ohw Q 5Q eh d srvlwlyh lqwhjudo qxpehu/ dqg ghqrwh
e| $?+�> �> f, +q @ 3> 4> = = = >Q �4, wkh }hurv ri T?+{>�> �> f,1 Wkhq iru dq|
n 5Q

�3�[
?'f

$&
?+�> �> f, @

�3�[
?'f

+W &h?> h?,= +9148,
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Reylrxvo| wkh deryh uhsuhvhqwdwlrq irupxod +9145, krogv wuxh lq sduwlf0
xodu/ iru wkh fr0uhfxuvlyh dvvrfldwhg sro|qrpldov T?+{>�> f,1 Lq wklv fdvh/
lw lv wr dvvxph � @ 4/ W @ Wf . �Sf+}> f, dqg $?+�> 4> f, @ $?+�> f,1

Hyhq iru wkh frqvlghuhg jhqhudo fdvh h{solflw h{suhvvlrqv iru wkh �uvw
Qhzwrq vxp uxohv lq whupv ri wkh vhtxhqfh i�?nSj/ i�?nSj dqg sdudphwhuv
�/ � fdq eh irxqg lq ^4:`1 Lq wkh sduwlfxodu fdvh ri fr0uhfxuvlyh +f @ 3/
� @ 4, fodvvlfdo ruwkrjrqdo sro|qrpldov wkh iroorzlqj uhvxowv duh vkrzq=

d*, fr0uhfxuvlyh Odjxhuuh sro|qrpldov O
E@�
� +{> �,1S�3�

?'f $?+�, @ Q+Q . d, . �>

S�3�
?'f $2

?+�, @ 5Q� .Q2+6d� 4, .Q+d2 � d, . �2 . 5��f>

S�3�
?'f $�

?+�, @ 8Qe .Q�+43d� 9, .Q2+9d2 � <d . 5,
.Q+d� � 6d2 . 5d, . �� . 6�2�f . 6��2f . 6�2

f�>

S�3�
?'f $e

?+�, @ 47QD .Qe+68d� 5<, .Q�+63d2 � 93d. 55,
.Q2+43d� � 68d2 . 66d� 9,�Q+de � 9d� . 44d2 � 9d,
.�e . 7���f . 9�2�2f . 7���f . ;�2

f�f� . 7�2
f�

2

.5�2
f�

2 . 7�2
f���=

+9149,
e*, fr0uhfxuvlyh Khuplwh sro|qrpldov K�+{>�,1S�3�

?'f $?+�, @ �>

S�3�
?'f $2

?+�, @
E�3���

2 . �2 . 5��f>

S�3�
?'f $�

?+�, @ �� . 6�2�f . 6��2f . 6�2
f�>

S�3�
?'f $e

?+�, @
�E�3��E2�3��

e . �e . 7���f . 9�2�2f

.7���f . ;�2
f�f� . 7�2

f�
2 . 5�2

f�
2 . 7�2

f���=

+914:,

f*, fr0uhfxuvlyh Mdfrel sro|qrpldov S
E@cK�
� +{>�,1

S�3�
?'f $?+�, @

�EK23@2�
E@nK�E2�n@nK� . �>

S�3�
?'f $2

?+�, @ �2 . 5��f .
E�3���E@nKn��

E@nKn��E2�n@nK3��

. EK3@�2dE��3��E@nK��E2�n@nK�o
2E@nKn��E2�n@nK3��E@nK�2E2�n@nK�2

� EK3@�2dE�3��E@nK�2E2�n@nK�2n2�2E2�3��E@nK�2o
2E@nKn��E2�n@nK3��E@nK�2E2�n@nK�2

=

+914;,

87



. Jhqhudol}hg Oxfdv Sro|qrpldov dqg 111 DPL Yro18 Qr14/ 5333

.� #�gihi?|�@* i^�@|�L?t Lu |�i @ttLU�@|i_ @?_ UL�hiU�ht��i

��5

Uhfhqwo| V1 Ehophgkl 0 D1 Urqyhdx{ ^6`/ D1 ]du}r 0 D1 Urqyhdx{ 0 H1 Jrgr|
^78` dqg D1 Urqyhdx{ 0 I1 Pdufhoodq ^75`/ D1 Urqyhdx{ 0 D1 ]du}r 0 H1
Jrgr| ^76` jdyh h{solflw gl�huhqwldo htxdwlrqv ri wkh irxuwk rughu vdwlv�hg
e| wkh dvvrfldwhg ru fr0uhfxuvlyh ri wkh fodvvlfdo ruwkrjrqdo sro|qrpldov lq
whupv wkh frh�flhqwv ri wkh ruljlqdo gl�huhqwldo htxdwlrqv dqg sdudphwhuv
f ru �1 Lq sduwlfxodu wkh| kdyh irxqg wkh iroorzlqj gl�huhqwldo htxdwlrqv=

e[

�'f

J�+{> f> q,|
E�� @ 3> +:14,

D, dvvrfldwhg Odjxhuuh sro|qrpldov O
E@�
� +{> f,1

Je+{> f> q, @ {2>
J�+{> f> q, @ 8{>
J2+{> f> q, @ �{2 . 5+d . q. 5f,{� d2 . 7>
J�+{> f> q, @ 6+�{. d. q. 5f,>
Jf+{> f> q, @ q+q. 5,>

E, dvvrfldwhg Khuplwh sro|qrpldov K�+{> f,1

Je+{> f> q, @ 4>
J�+{> f> q, @ 3>
J2+{> f> q, @ 7+�{2 . q. 5f,>
J�+{> f> q, @ �45{>
Jf+{> f> q, @ 7q+q. 5,>

F, dvvrfldwhg Mdfrel sro|qrpldov S
E@cK�
�

+{> f,1

Je+{> f> q, @ +{2 � 4,2>
J�+{> f> q, @ 43{+{2 � 4,>
J2+{> f> q, @ ^57� 5q+d. e. q. 5f. 4,� +d. e. 5f,2`{2 � 5+d2 � e2,{.

.7f2 . 7+d. e. q,f. 5q+d. e. q. 4,� +d� e,2 � ;>
J�+{> f> q, @ 6^7� 5q+d. e. q. 5f. 4,� +d. e. 5f,2`{� 6+d2 � e2,>
Jf+{> f> q, @ q+q. 5,^+d. e. q. 5f,2 � 4`>

e[

�'f

J�+{> �>q,|
E�� @ 3> +:15,

88



DPL Yro18 Qr14/ 5333 S1 Qdwdolql/ S1H1 Ulffl .

D*, fr0uhfxuvlyh Odjxhuuh sro|qrpldov O
E@�
� +{>�,1

Je+{>�> q, @ {2^7q�2 . 5+4 . d. 7dq� {� 7q{,�.
.+5d. 5d2 . 7d2q. {� 7d{� ;dq{. 5{2 . 7q{2,`>

J�+{>�> q, @ 5{^43q�2 . +8 . 8d. 53dq� 7{� 49q{,�.
.+8d. 8d2 . 43d2q. 5{� ;d{� 49dq{. 6{2 . 9q{2,`>

J2+{>�> q, @ 7q+7� d2 . 5{. 5d{. 5q{� {2,�2 . 5+7 . 7d� d2 � d�.
.49dq� 7d�q. {. 7d{. 6d2{� q{. ;dq{. 45d2q{. ;dq2{�
�6{2 � 6d{2 � ;q{2 � 45dq{2 � ;q2{2 . {� . 7q{�,� . +;d.
.;d2 � 5d� � 5de . 49d2q� 7deq. 5{� d{. 8d2{. ;d�{�
�5dq{. ;d2q{. 49d�q{. ;d2q2{. 5{2 � 7d{2 � 45d2{2.
.7q{2 � 49dq{2 � 57d2q{2 � 49dq2{2 . {� . ;d{� . ;q{�.
.49dq{� . ;q2{� � 5{e � 7q{e,>

J�+{>�> q, @ 5^9q+4 . d. q� {,�2.
.+7 . 9d. 5d2 . ;q. 45dq. 43d2q. 45dq2 � 7{� 7d{.
�6q{� 53dq{� ;q2{. 5{2 . 43q{2,�.
.+7d. 9d2 . 5d� . ;dq. 9d2q. 7d�q. 9d2q2 . { � 8d{.
�9d2{. 5q{� ;dq{� 45d2q{� ;dq2{� {2 . 9d{2 . 5q{2.
.45dq{2 . 5q2{2 � 5{� � 7q{�,`>

Jf+{>�> q, @ q+4 . q,^7+q� 4,�2 . 5+9� d. 7dq. {� 7q{,�.
.+45d. 5d2 . 7d2q. 6{� 7d{� ;dq{. 5{2 . 7q{2,`>

E*, fr0uhfxuvlyh Khuplwh sro|qrpldov K�+{>�,1

Je+{> �>q, @ ;q�2 � 7{+4 . 7q,� . ^6 . 7+4 . 5q,{2`>
J�+{> �>q, @ 7^+4 . 7q,� � 5+4 . 5q,{`>
J2+{> �>q, @ 5i49q+4 . q� {2,�2 . ;{^�4� 7q� 7q2 . +4 . 7q,{2`�.

.<+4 . 5q, . 5+;q2 . ;q� 4,{2 � ;+4 . 5q,{ej>
J�+{> �>q, @ ;i�45q{�2 . ^5 . <q. 7q2 . 7+4 . 8q,{2`�.

�{^: . 7q. 7q2 . 7+4 . 5q,{2`j>
Jf+{> �>q, @ 7q+4 . q,^;+q� 4,�2 . 7{+4� 7q,� . 7+4 . 5q,{2 . 48`>

F*, fr0uhfxuvlyh Fkhe|vkhy sro|qrpldov S
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491 Kh P1/ Qdwdolql S1 Wkh Uhodwlylvwlf Mdfrel Sro|qrpldov1 Lqwhjudo Wudqvirupv

dqg Vshfldo Ixqfw1/ +lq sulqw,1
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DPL Yro18 Qr14/ 5333 S1 Qdwdolql/ S1H1 Ulffl .

4:1 Lidqwlv H1N1/ Nrnrorjldqqdnl J1N1/ Vldidulndv S1G1 Qhzwrq vxp uxohv dqg

prqrwrqlflw| surshuwlhv ri wkh }hurv ri vfdohg fr0uhfxuvlyh dvvrfldwhg sro|0

qrpldov1 Phwk1 Dqdo1 Dsso1

4;1 Lidqwlv H1N1/ Vldidulndv S1G1 Shuwxuedwlrq ri wkh frh�flhqwv lq wkh uhfxuuhqfh

uhodwlrq ri d fodvv ri sro|qrpldov1 M1 Frpsxw1 Dsso1 Pdwk1 8: +4<<8,/ 4960

4:31

4<1 Lvpdlo P1H1/ Ohwhvvlhu M1/ Pdvvrq G1U1/ Ydohqw J1 Eluwk dqg ghdwk surfhvv

dqg ruwkrjrqdo sro|qrpldov1 Ruwkrjrqdo Sro|qrpldov= Wkhru| dqg Sudfwlfh/

Noxzhu Df1 Sxeo1 5<7 +4<<3,1

531 Nrruqzlqghu W1K1 Ruwkrjrqdo sro|qrpldov lq wzr yduldeohv zklfk duh hljhq0

ixqfwlrqv ri wzr dojheudlfdoo| lqghshqghqw sduwldo gl�huhqwldo rshudwruv L0LL1

Nrq1 Qhg1 Dndg1 Zhw1 Vhu1 D/ ::/ 790991

541 Nrruqzlqghu W1K1 Ruwkrjrqdo sro|qrpldov lq wzr yduldeohv zklfk duh hljhq0

ixqfwlrqv ri wzr dojheudlfdoo| lqghshqghqw sduwldo gl�huhqwldo rshudwruv LLL0

LY1 Lqgdj1 Pdwk1/ 69 +4<:7,/ 68:06;41

551 Nudoo D1P1 Ruwkrjrqdo sro|qrpldov vdwlvi|lqj irxuwk rughu gl�huhqwldo htxd0

wlrqv1 Surf1 Ur|1 Vrf1 Hglqexujk/ ;: +4<;4,/ 5:405;;1

561 Nudoo K1O1 Rq fhuwdlq gl�huhqwldo htxdwlrqv iru Wfkhe|fkh� sro|qrpldov1

Gxnh Pdwk1 M1 7 +4<6;,/ :380:4;1

571 Nudoo K1O1 Rq ruwkrjrqdo sro|qrpldov vdwlvi|lqj d fhuwdlq irxuwk rughu gli0

ihuhqwldo htxdwlrq1 Shqqv|oydqld Vwdwh Froohjh Vwxglhv/ Qr1 9 +4<73,/ 40571

581 Ohwhvvlhu M1Fr0uhfxuvlyh dvvrfldwhg Odjxhuuh sro|qrpldov1 M1 Frpsxw1 Dsso1

Pdwk1 7< +4<<6,/ 45:04691

591 Ohwhvvlhu M1 Vrph uhvxowv rq fr0uhfxuvlyh dvvrfldwhg Odjxhuuh dqg Mdfrel

sro|qrpldov1 VLDP M1 Pdwk1 Dqdo1 58 +4<<7,/ 85;087;1

5:1 Ohwhvvlhu M1 Rq fr0uhfxuvlyh dvvrfldwhg Mdfrel sro|qrpldov1 M1 Frpsxw1

Dsso1 Pdwk1 8: +4<<8,1

5;1 Olgo U1 Wvfkhe|vfkh�sro|qrph lq phkuhuhq yduldehohq1 M1 Uhlqh Dqjhz1

Pdwk1 5:6 +4<:8,/ 4:;04<;1

5<1 Olgo U1/ Zhoov F1 Fkhe|vkhy sro|qrpldov lq vhyhudo yduldeohv1 M1 Uhlqh

Dqjhz1 Pdwk1 588 +4<:5,/ 43704441

631 Olwwohmrkq O1O1 Qrqfodvvlfdo ruwkrjrqdo sro|qrpldov dqg gl�huhqwldo htxd0

wlrqv1 Sk1G1 wkhvlv/ Wkh Shqqv|oydqld Vwdwh Xqlyhuvlw|/ SD +XVD,/ 4<;41
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. Jhqhudol}hg Oxfdv Sro|qrpldov dqg 111 DPL Yro18 Qr14/ 5333

641 Olwwohmrkq O1O1 Wkh Nudoo sro|qrpldov= d qhz fodvv ri ruwkrjrqdo sro|qrpl0

dov1 Fdqdg1 Pdwk1 Exoo1/ 59 +4<;6,/ 743074:1

651 Oxfdv H1 Wk�hrulh ghv Qrpeuhv1 Jdxwklhu Ylooduv/ Sdulv/ 4;<41

661 Qdjho E1 Wkh uhodwlylvwlf Khuplwh sro|qrpldo lv d Jhjhqedxhu sro|qrpldo1

M1 Pdwk1 Sk|v1/ 68 +4<<7,1

671 Qdwdolql S1 Vxo fdofror ghl prphqwl ghood ghqvlw�d ghjol }hul ghl srolqrpl

ruwrjrqdol fodvvlfl h vhplfodvvlfl1 Fdofror/ 64 +4<<7,/ 45:04771

681 Qdwdolql S1 Wkh Uhodwlylvwlf Odjxhuuh Sro|qrpldov1 Uhqg1 Pdw1 Dsso1/ YLL/

49 +4<<9,/ 5<<06461

691 Qdwdolql S1/ Ulffl S1H1 Rq wkh prphqwv ri wkh ghqvlw| ri }hurv iru wkh uho0

dwlylvwlf Khuplwh dqg Odjxhuuh sro|qrpldov1 Frpsxwhuv Pdwk1 Dssolf1/

64+4<<9,/ ;:0<91

6:1 Qdwdolql S1/ Ulffl S1H1 Frpsxwdwlrq ri Qhzwrq vxp uxohv iru sro|qrpldo

vroxwlrqv ri RGH zlwk sro|qrpldo frh�flhqwv +vxeplwwhg,

6;1 Qlnlirury D1I1/ Xydury Y1E1 Vshfldo Ixqfwlrqv ri Pdwkhpdwlfdo Sk|vlfv1

Elunk�dxvhu/ Edvho/ 4<;;1

6<1 Qrgduvh U1D1/ Pdufhoodq I1 Rq wkh prgl�fdwlrqv ri fodvvlfdo ruwkrjrqdo

sro|qrpldov= wkh v|pphwulf fdvh1 Dssur{1 Wkhru| Dsso1/ 47 +4<<;,/ ;05;1

731 Udjkdydfkdu|xox L1Y1Y1/ Whnxpdood D1U1 Vroxwlrq ri wkh Gl�huhqfh Htxd0

wlrqv ri Jhqhudol}hg Oxfdv Sro|qrpldov1 M1 Pdwk1 Sk|v1 46 +4<:5,/ 6540

6571

741 Ulffl S1H1 Vxp uxohv iru }hurv ri sro|qrpldov dqg jhqhudol}hg Oxfdv sro|qr0

pldov1 M1 Pdwk1 Sk|v1 67 +43,/ Rfwrehu 4<<61

751 Urqyhdx{ D1/ Pdufhoodq I1 Fr0uhfxuvlyh ruwkrjrqdo sro|qrpldov dqg irxuwk

rughu gl�huhqwldo htxdwlrqv1 M1 Frpsxw1 Dsso1 Pdwk1 58 +4<;<,/ 438043<1

761 Urqyhdx{ D1/ ]du}r D1/ Jrgr| H1 Irxuwk rughu gl�huhqwldo htxdwlrq vdwlv�hg

e| wkh jdqhudol}hg fr0uhfxuvlyh ri doo fodvvlfdo ruwkrjrqdo sro|qrpldov1 D

vwxg| ri wkhlu glvwulexwlrq ri }hurv1 M1 Frpsxw1 Dsso1 Pdwk1 8< +4<<8,/

5<8065;1

771 Volp K1 D1 Rq fr0uhfxuvlyh ruwkrjrqdo sro|qrpldov dqg wkhlu dssolfdwlrq wr

srwhqwldo vfdwwhulqj1 M1 Frpsxw1 Dsso1 Pdwk1 469 +4<;;,/ 404<1

781 ]du}r D1/ Urqyhdx{ D1/ Jrgr| H1 Irxuwk rughu gl�huhqwldo htxdwlrq vdwlv�hg

e| wkh dvvrfldwhg ri dq| rughu ri doo fodvvlfdo ruwkrjrqdo sro|qrpldov1 D vwxg|

ri wkhlu glvwulexwlrq ri }hurv1 M1 Frpsxw1 Dsso1 Pdwk1 7< +4<<6,/ 67<068<1
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