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Devwudfw

Doprvw doo +qrq0ghihqvh, U)G lq wkh XV lv xqghuwdnhq e| lqgxvwulhv zklfk

gluhfwo| dffrxqw iru prvw ri wkh +qrq0frqvwuxfwlrq, fdslwdo irupdwlrq/ dqg

forvh wr kdoi ri doo wkh �qdo xvhv ri rxwsxw1 Zkloh prvw hqgrjhqrxv jurzwk

prghov fdqqrw dffrxqw iru d gluhfw dvvrfldwlrq ehwzhhq U)G dqg wkh sur0

gxfwlrq ri �qdo jrrgv/ wkh fxuuhqw sdshu olqnv wkh frpsrvlwlrq ri �qdo

xvhv/ U)G dqg jurzwk1 Vrph surgxfhuv ri �qdo jrrgv lq wkh prgho hfrq0

rp| fkrrvh wr lqyhvw lq hqkdqflqj wkhlu surgxfwlylw|/ zkloh rwkhuv fkrrvh wr

xvh wkh frpprqo| nqrzq vwdwh0ri0wkh0duw whfkqrorj|1 Wkh uhvxowlqj vwhdg|0

vwdwh htxloleulxp lv frqvlvwdqw/ xqghu fhuwdlq sdudphwhu ydoxhv/ zlwk vrph

edvlf ihdwxuhv ri wkh XV hfrqrp|/ lqfoxglqj wkh deryh euhdngrzq ri U)G

dqg �qdo xvhv1 Lw lv dovr vkrzq wkdw zkloh jurzwk dqg vdylqj erwk lqfuhdvh

dv d uhvxow ri d shupdqhqw lpsuryhphqw lq wkh U)G whfkqrorj|/ lq wkh

vkruw0uxq vdylqj dqg jurzwk pd| eh qhjdwlyho| fruuhodwhg1 Ixuwkhupruh/

fdslwdo jrrgv sulfhv dqg jurzwk udwhv pd| h{klelw qhjdwlyh fruuhodwlrq/ lq

dffrugdqfh zlwk wkh gdwd1

WFrpphqwv rq hduolhu yhuvlrqv e| Fkduohv Mrqhv/ Mrq Hdwrq/ dqg Lw}kdn

]lofkd duh judwhixoo| dfnqrzohgjhg1
_Erwk= Ghsw1 ri Hfrqrplfv/ Xqlyhuvlw| ri Kdlid/ Kdlid 64<38/ Lvudho1

H0pdlo= ?eehqwdoChfrq1kdlid1df1loA/ ?gshohgChfrq1kdlid1df1loA
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4Wklv gdwd lv edvhg rq Wdeoh F ri wkh Ehqfkpdun Lqsxw0rxwsxw Dffrxqwv ri wkh Xqlwhg

Vwdwhv/ 4<<5/ dqg rq Wdeoh E4: ri wkh QVI Qdwlrqdo Sdwwhuqv ri U)G Uhvrxufhv= 4<<;1 Wkh

djjuhjdwlrq lv edvhg rq wkh vlf frghv uhsruwhg lq Wdeoh E4: deryh/ dqg rq wkh dvvrfldwlrq ehwzhhq

wkh lqsxw0rxwsxw frpprglw| qxpehuv dqg wkhlu fruuhvsrqglqj vlf frghv olvwhg lq Dsshqgl{ D

ri wkh Ehqfkpdun Lqsxw0rxwsxw Dffrxqwv ri wkh Xqlwhg Vwdwhv/ 4<<51
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5Txdolw|0odgghu prghov dovr glvvrfldwh wkh U)G dfwlylwlhv iurp wkh surgxfwlrq ri ri �qdo

jrrgv/ vlqfh wkh iruphu duh xqghuwdnhq rqo| e| �upv wkdw vhhn wr hqwhu wkh surgxfw pdunhw/ dqg

duh vwrsshg rqfh wkh| kdyh vxffhhghg lq wkhlu txhvw/ +vhh/ iru lqvwdqfh/ Jurvvpdq dqg Khospdq

+4<<4,/ dqg Djklrq dqg Krzlww +4<<5,,1
6D uhfhqw RHFG vwxg| frqfoxghg wkdw d eurdg gh�qlwlrq ri wkh vr0fdoohg �nqrzohgjh hfrq0

rp|�/ zklfk lqfoxghv fuhdwruv/ glvwulexwruv dqg xvhuv ri kljk whfkqrorj|/ dffrxqwv iru ryhu 83(

ri exvlqhvv ydoxh dgghg lq prvw zhvwhuq frxqwulhv +Ehqfkpdunlqj Nqrzohgjh0edvhg Hfrqrplhv/

RHFG Vflhqfh/ Whfkqrorj| dqg Lqgxvwu|/ Vfruherdug 4<<<1, Qrwlfh wkdw d ydoxh dgghg dffrxqw

fdqqrw glvwlqjxlvk ehwzhhq wkh uroh ri U)G lq wkh lqwhuphgldwh jrrgv dqg �qdo jrrgv pdunhwv1
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7Whfkqlfdoo| zh dvvxph wkdw lq wkh surfhvv ri fuhdwlqj d qhz whfkqrorj|/ wkh dydlodeoh rqh

kdv wr eh uhlqyhqwhg1 Lw lv wkurxjk wklv ihdwxuh wkdw zh rewdlq d qrq0frqyh{lw| lq wkh U)G

frvw zklfk glvwlqjxlvkhv rxu dssurdfk iurp prvw ri wkh hqgrjhqrxv jurzwk olwhudwxh1 Xvxdoo|/

fxuuhqwU)G lv dvvxphg wr lpsuryh xsrq wkh ohyho ri �nqrzohgjh� e| lqfuhphqwdoo| dgglqj wr lw/

udwkhu wkdq e| udglfdoo| uhsodflqj lw/ dqg wkhuh lv qr plqlpdo uhtxluhphqw rq U)G lqyhvwphqw1
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8Suhylrxv sdshuv lqfrusrudwhg txdvl0�{hg U)G frvwv exw dvvxphg v|pphwulf U)G sduwlfl0

sdwlrq ghflvlrqv1 Wkh frqvhtxhqfh lv d wzr0skdvh htxloleulxp sdwk= Dq| U)G skdvh lv iroorzhg

e| d skdvh lq zklfk lqyhvwphqw lv uhgluhfwhg wr fdslwdo dqg qrw wr U)G1 D qhz U)G skdvh

vwduwv rqfh wkh hfrqrp| kdv dffxpxodwhg vx!flhqw uhvrxufhv wr zduudqw wkh txdvl0�{hg U)G

frvwv1 Vhh Ehqwdo dqg Shohg +4<<9, dqg Pdwvx|dpd +4<<<,1
9Wkh dvvxpswlrq wkdw U)G frvwv lqfuhdvh dv wkh hfrqrp| ehfrphv whfkqrorjlfdoo| pruh

dgydqfhg/ vrphwlphv uhihuhg wr dv �lqfuhdvlqj frpsoh{lw|�/ lv frpprq wr pdq| U)G0gulyhq

jurzwk prghov/ +vhh Ehqwdo dqg Shohg +4<<9,/ Pdwvx|dpd +4<<<,/ dqg Krzlww +4<<<,,1
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47Zh eholhyh wkdw wkh sureohp zlwk wkh ixoo| dgmxvwhg htxloleulxp lv wkh devhqfh ri dq h{solflw

g|qdplf surfhvv wkdw ghvfulehv wkh pryhphqw ri surgxfhuv ehwzhhq wkh U)G jhqhudwlqj vhfwru

dqg wkh qrq0U)G jhqhudwlqj vhfwru1 D srvvleoh zd| wr uhvwruh wkh vdggoh sdwk surshuw| lv wr

dvvrfldwh dq h{slflw dgmxvwphqw frvwv zlwk wkh pryh iurp rqh fodvv ri surgxfhuv wr wkh rwkhu1

Wklv lpsolhv d vljql�fdqw frpsolfdwlrq ri wkh lqglylgxdo surgxfhu*v ghflvlrq uxohv1 Zh gr qrw
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Khuh zh ghulyh wkh htxloleulxp frqglwlrqv iru wkh sduwlfxodu ixqfwlrqdo irupv xvhg lq

rxu vlpxodwlrqv/ lq whupv ri wkh yduldeohv �|� �g|� �u|� �2|� /|/ 0|/ dqg ,|/ zklfk duh

h{sodlqhg lq wkh wh{w1

Zlwk frpsohwh v|pphwu| zlwklq hdfk ri wkh wzr vhfwruv/ dqg e| +6147, dqg +6148,/

hdfk ���0shuiruplqj surgxfhu vhwv wkh sulfh ri klv frqvxpswlrq jrrg wr �
D
/ zkloh

qrq0��� surgxfhuv vhw d kljkhu sulfh/ �2|/ uh hfwlqj wkhlu kljkhu pdujlqdo frvwv=
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Olnhzlvh/ iru dq| rwkhu �up0vshfl�f yduldeoh zh ohw=
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Ghqrwh uhodwlyh frqvxpswlrq dfurvv vhfwruv e|=
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Xvlqj +719, dqg wkh idfw wkdw ��|	�
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�
D
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Htxdwlqj wkh pdujlqdo surgxfwv ri fdslwdo dqg oderu lq erwk jrrgv surgxfwlrq dqg

���/ zh jhw iurp +6149, dqg +614:, wkh frqvwdqw vkduhv ri idfwruv doorfdwhg wr U)G/

uhsruwhg lq wkh wh{w dv +7144, dqg +7145,1

Zh ghqrwh e| �g|
dqg �u| wkh vkduh ri fdslwdo dqg oderu/ uhvshfwlyho|/ hpsor|hg +lq

wrwdo, e| wkh ���0shuiruplqj vhfwru/ vr wkdw=
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Htxdwlqj wkh pdujlqdo ydoxh surgxfw ri erwk idfwruv dfurvv wkh wzr vhfwruv/ zh jhw iurp

+614;, dqg +614<, wkdw fdslwdo oderu udwlrv lq surgxfwlrq ri jrrgv duh wkh vdph iru erwk

vhfwruv=
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ru/ xvlqj gh�qlwlrq +D17, dqg wkh �{hg doorfdwlrq uxohv +7144, dqg +7145,=
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Wkh pdujlqdo uhyhqxhv iurp +71:, duh jlyhq e| $�	�
 � � iru surgxfhuv lq wkh

��� vhfwru/ +� � ��� �|�,/ dqg e|$�	�
 � 7�2| iru qrq0��� surgxfhuv/ +� � 	�|� ��,/
1 Vxevwlwxwlqj wkhvh ydoxhv lq wkh pdujlqdo uhyhqxh surgxfwv/ +614;, dqg +614<,/ dqg

xvlqj wkh htxdo fdslwdo0oderu udwlrv lq surgxfwlrq dfurvv vhfwruv/ zh jhw=
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Vlqfh rqo| ���0shuiruplqj �upv surgxfh fdslwdo jrrgv/ zh ohw 0| ghqrwh wkh iudfwlrq

ri wkh rxwsxw ri vxfk d �up ghvljqdwhg iru wkdw sxusrvh/ vr wkdw=
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Wkh Hxohu htxdwlrq +6146,/ iru wkh ��� vhfwru jrrgv ehfrphv=
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Wr lqvxuh pdunhw fohdulqj zh ghulyh wkh ghpdqg iru frqvxpswlrq jrrgv iurp wkh

qrq0��� vhfwru dv iroorzv1 Frqvxphuv* lqfrph dw �/ �|/ lv vlpso| wrwdo rxwsxw hydoxdwhg

dw pdunhw sulfhv/ vr wkdw frqvxpswlrq h{shqglwxuh lv jlyhq e|=
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Iurp wkh surgxfwlrq vlgh/ wkh vxsso| ri frqvxpswlrq jrrgv e| wkh qrq0��� vhfwru

lv=

�2| � �
k

|3�
��2|�

�3�

2| �

Wr h{suhvv wkh rxwsxw ri �2| lq whupv ri ��|/ pxowlso| dqg glylgh wkh odvw h{suhvvlrq e|

erwk vlghv ri +D1:,/ dqg xvh +D18, wr jhw=

�2| � �k

|3�
��2|�

�3�

2|

�

%�2|

+
�
|
	�


�|3�

,
k

/?,� 0

�
��|
%�2|

#
	�� �u|
 + 	�� �|


�	�� .
�u|� +�|

$
�3�

Htxdwlqj wkh ghpdqg dqg vxsso| iru �2| zh jhw=

�|	�� �u|


	�� �|
%�2|	�� .
�u|
/?,�+0

�
�

�

�3D

2|

q
�|

k�
�
D
� �

�
	�� 0|
 � �� 0|

l
� 	�� �|
�2|

E�3j|�

w|

r

�|
�
�
D

� D

�3D � 	�� �|
�
D

�3D

2|

@&



Lq d ixoo|0dgmxvwhg htxloleulxp/ sur�wv shu �up pxvw eh htxdo dfurvv wkh wzr vhfwruv1

Wkh fdslwdo jrrg lq wkh ��� vhfwru lv vrog dw frvw/ zkloh wkh sur�w pdujlq iru wkh

frqvxpswlrq jrrgv lv
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Dw wklv vwdjh/ zh kdyh gh�qhg d wlph � htxloleulxp lq whupv ri �yh yduldeohv=
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dqg +D153,1 Wkh sk|vlfdo vdylqj udwh dw � ghshqgv rq wlph � � � yduldeohv/ dffruglqj
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D qrq0vwrfkdvwlf vwdwlrqdu| htxloleulxp iru d �{hg ydoxh ri � frqvlvwv ri wkh ydul0

deohv 	�� �g� �u� /� �2� 0� ,
 zklfk vroyh wkh wlph0lqyduldqw yhuvlrqv ri htxdwlrqv= +D16,/

+D19,/ +D1:,/ +D144,/ +D14<,/ +D153,/ dqg +D155,1

0� Jurzwk Frpsxwdwlrqv

0��� Jurzwk

Wkh hfrqrp|*v �<9 / phdvxuhg lq whupv ri rxwsxw ri wkh ��� shuiruplqj surgxfhuv/

lv jlyhq e|1
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surgxfhu dqg �2| lv wkh frqvxpswlrq ri d w|slfdo jrrg shuiruphg lq wkh rwkhu vhfwru1
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=| � ��|

�
�|

�

%
	�� 0|
 � 	�� �|
�2|

�� 0|

/|
� �|0|

�
/�,!0

Rplwwlqj wlph lqglfhv zkhuhyhu srvvleoh/ dorqj d edodqfhg jurzwk sdwk zh jhw=

��| �

5
7�

#
-
�g|

�

$
"
#
.
�u
�

$
�3"

6
8
k#

	�� -

�g|

�

$� #
	�� .


�u
�

$
�3�

/�,@0

� �k-�3�.k3E�3��	�� -
�	�� .
�3��g	�u

k�3k|

@+



Dffruglqjo|/ �<9 jurzwk udwh dorqj d edodqfhg jurzwk sdwk lv=
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0��� Rxwsxw vkduhv

Zh rewdlq +iurp +E14,, wkdw wkh �<9 vkduh ri wkh frqvxpswlrq jrrgv ri doo ���0
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