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RHFGWD[
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WD[ SROLF\ LQ WKH RHFG HFRQRP\

Shwhu Elufk Vûuhqvhq

Hfrqrplf Srolf| Uhvhdufk Xqlw

Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq

+Wklv yhuvlrq= Qryhpehu 59/ 5334,

L1 Jhqhudo ihdwxuhv ri RHFGWD[

Wklv whfkqlfdo zrunlqj sdshu suhvhqwv dq dssolhg jhqhudo htxloleulxp prgho fdoohg

RHFGWD[1 Wkh prgho ghvfulehv wkh lqwhuqdwlrqdo vslooryhu h�hfwv ri qdwlrqdo wd{ srol0

flhv yld wkh zruog fdslwdo pdunhw dqg pd| eh xvhg wr looxvwudwh wkh h�hfwv ri ydulrxv

irupv ri lqwhuqdwlrqdo wd{ frruglqdwlrq1 Lw dovr vkrzv wkh h�hfwv ri wd{ srolflhv rq wkh

oderxu pdunhw lq dq lqwhjudwhg zruog hfrqrp| zlwk vwuxfwxudo xqhpsor|phqw1 Lq wkh

hpslulfdo dssolfdwlrqv wkh prgho lv fdoleudwhg wr ghvfuleh wkh hfrqrplhv ri wkh RHFG1

Khqfh wkh qdph RHFGWD[1 Wkh RHFGWD[ prgho lv dq h{whqvlrq ri wkh HXWD[

prgho suhvhqwhg lq Vûuhqvhq +5334,1 Wkh h{whqvlrqv lqfoxgh dq hoderudwh prgholqj ri

sulydwh sruwirolr frpsrvlwlrq/ wkh lqfrusrudwlrq ri d krxvlqj pdunhw/ d glvwlqfwlrq eh0

wzhhq iruhljq gluhfw lqyhvwphqw dqg iruhljq sruwirolr lqyhvwphqw/ hqgrjhqrxv frusrudwh

�qdqfldo srolflhv/ dq h{solflw prgholqj ri wkh �qdqfldo vhfwru/ dqg d pxfk pruh ghwdlohg

ghvfulswlrq ri wkh wd{ v|vwhp1

Wkh RHFGWD[ prgho lv vwdwlf/ ghvfulelqj d vwdwlrqdu| orqj0uxq htxloleulxp1 Ydul0

dwlrqv lq hqgrjhqrxv yduldeohv pd| eh lqwhusuhwhg dv ohyho fkdqjhv lq d wlph sdwk ri

h{rjhqrxv vwhdg|0vwdwh jurzwk1 Lq hdfk qdwlrqdo hfrqrp| �upv frpelqh lqwhuqdwlrqdoo|

preloh fdslwdo zlwk lppreloh oderxu wr surgxfh d krprjhqhrxv lqwhuqdwlrqdoo| wudghg

jrrg1 Hdfk frxqwu| lv lqkdelwhg e| d odujh qxpehu ri lghqwlfdo krxvhkrogv hqgrzhg

zlwk d suhghwhuplqhg vwrfn ri zhdowk1 D frqvxphu pd| frqvxph klv zhdowk lpphgl0

dwho|/ ru kh pd| dffxpxodwh ydulrxv dvvhwv hduqlqj d srvlwlyh udwh ri uhwxuq zklfk pd| eh

frqvxphg dorqj zlwk wkh sulqflsdo dw wkh hqg ri wkh shulrg1 Zhljklqj wkh uhwxuq wr vdy0

lqj djdlqvw wkh glvxwlolw| ri srvwsrqlqj frqvxpswlrq/ wkh xwlolw|0pd{lplvlqj frqvxphu
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fkrrvhv wr lqfuhdvh klv vxsso| ri vdylqjv dv wkh diwhu0wd{ uhdo udwh ri uhwxuq lqfuhdvhv1

Zkloh hqgrzphqwv duh h{rjhqrxv/ wkh vxsso| ri fdslwdo lv wkxv hqgrjhqrxv1

Wkh exvlqhvv vhfwru lv glylghg lqwr d vhfwru ri grphvwlf �upv zlwk qr lqwhuqdwlrqdo

rshudwlrqv dqg d vhfwru ri pxowlqdwlrqdo sduhqw frpsdqlhv rzqlqj iruhljq vxevlgldulhv lq

hdfk ri wkh rwkhu frxqwulhv lq wkh zruog hfrqrp|1 Wkh surgxfw pdunhw lv frpshwlwlyh/

exw wkh oderxu pdunhw lv fkdudfwhul}hg e| lpshuihfw frpshwlwlrq1 Zrunhuv duh rujdql}hg

lq ghfhqwudol}hg prqrsro| wudgh xqlrqv/ dqg hdfk xqlrq vhwv wkh uhdo zdjh dqg wkh ohqjwk

ri wkh zrunlqj gd| iru lwv vhfwru zlwk wkh sxusrvh ri pd{lplvlqj wkh vxp ri xwlolwlhv ri

lwv phpehuv/ vxemhfw wr wkh *uljkw0wr0pdqdjh* frqvwudlqw wkdw hpsor|huv fkrrvh wkh wrwdo

lqsxw ri zrunlqj krxuv zlwk wkh sxusrvh ri pd{lplvlqj wkhlu sur�wv1 Xqlrq pdunhw srzhu

ohdgv wr vrph dprxqw ri lqyroxqwdu| xqhpsor|phqw dv wkh hpsor|hg zrunhuv* jdlq iurp

zdjhv deryh wkh pdunhw0fohdulqj ohyho rxwzhljkv wkh lqfrph orvv iurp xqhpsor|phqw1

Diwhu0wd{ zdjhv duh vhw dv d pdun0xs ryhu wkh uhsuhvhqwdwlyh xqlrq phpehu*v *rxwvlgh

rswlrq* zklfk lv wkh lqfrph0htxlydohqw ri wkh h{shfwhg xwlolw| rewdlqdeoh rxwvlgh wkh

vhfwru/ ghshqglqj lqwhu dold rq diwhu0wd{ xqhpsor|phqw ehqh�wv dqg rq wkh ohyho ri

xqhpsor|phqw1 Ehfdxvh ri ulvlqj pdujlqdo glvxwlolw| ri zrun/ wkh zrunlqj krxuv vhw e|

xqlrqv duh dq lqfuhdvlqj ixqfwlrq ri wkh diwhu0wd{ uhdo zdjh udwh1

Wkh zruog hfrqrp| lv glylghg lqwr wzr pdlq uhjlrqv fdoohg wkh Hxurshdq Xqlrq +HX,

dqg wkh Uhvw ri wkh Zruog +URZ,1 Erwk ri wkh wzr uhjlrqv frqvlvw ri vhyhudo frxqwulhv1

Rqh frxqwu| lq wkh URZ uhjlrq lv d wd{ kdyhq vshfldol}hg lq r�hulqj edqnlqj vhuylfhv dqg

edqn vhfuhf| idflolwdwlqj lqwhuqdwlrqdo wd{ hydvlrq1 Fdslwdo lv lpshuihfwo| preloh dfurvv

qdwlrqv/ dqg wkh vxsso| ri fdslwdo wr dq lqglylgxdo frxqwu| lv dq lqfuhdvlqj ixqfwlrq ri

wkh udwh ri uhwxuq r�huhg lq wkdw frxqwu|1 Wkh RHFGWD[ prgho grhv qrw h{solflwo|

doorz iru xqfhuwdlqw|/ exw dq lqfhqwlyh iru sruwirolr glyhuvl�fdwlrq lv jhqhudwhg e| prg0

holqj wkh lqyhvwru*v wrwdo vwrfn ri fdslwdo dv d FHV0djjuhjdwh ri wkh fdslwdo vwrfn lqyhvwhg

lq wkh gl�huhqw frxqwulhv1 Zlwk d �qlwh vxevwlwxwlrq hodvwlflw| ehwzhhq gl�huhqw qdwlrqdo

dvvhwv/ wklv vshfl�fdwlrq lpsolhv wkdw wkh lqyhvwru*v djjuhjdwh fdslwdo vwrfn whqgv wr eh

pruh surgxfwlyh 0 jhqhudwlqj d kljkhu qhw lqfrph 0 li lw lv vsuhdg dfurvv frxqwulhv udwkhu

wkdq frqfhqwudwhg lq rqh mxulvglfwlrq1 Wkh lqwhusuhwdwlrq lv wkdw sruwirolr glyhuvl�fdwlrq

hqdeohv lqyhvwruv wr lqfuhdvh wkhlu ulvn0dgmxvwhg +fhuwdlqw|0htxlydohqw, lqfrph iurp fds0

lwdo1 E| sdudphwulfdoo| ydu|lqj wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq dvvhwv lqyhvwhg lq

gl�huhqw frxqwulhv/ rqh fdq ydu| wkh ghjuhh ri fdslwdo prelolw|1 Lq sduwlfxodu/ wkh prgho
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lv ghvljqhg wr doorz iru d kljkhu ghjuhh ri fdslwdo prelolw| zlwklq wkh HX wkdq ehwzhhq

wkh HX dqg wkh uhvw ri wkh zruog1 Wkh prgho fdq dovr dffrxqw iru wkh srvvlelolw| wkdw

ghew lqvwuxphqwv lvvxhg lq wkh ydulrxv frxqwulhv duh forvhu vxevwlwxwhv wkdq vkduhv lvvxhg

lq wkh gl�huhqw frxqwulhv1

Wkh jryhuqphqw ri hdfk frxqwu| ohylhv lqgluhfw wd{hv rq qrq0gxudeoh frqvxphu jrrgv

dqg rq krxvlqj frqvxpswlrq1 Lw dovr lpsrvhv gluhfw wd{hv rq oderxu lqfrph/ xqhpsor|0

phqw ehqh�wv/ lqwhuhvw lqfrph/ frusrudwh sur�wv dqg wkh uhwxuq rq vkduhv1 Lq dgglwlrq/

wkh prgho lqfoxghv ydulrxv zlwkkroglqj wd{hv dqg d qxpehu ri srolf| yduldeohv lqglfdw0

lqj wkh h{whqw wr zklfk jryhuqphqwv hqjdjh lq lqwhuqdwlrqdo h{fkdqjh ri lqirupdwlrq

wr hqirufh uhvlghqfh0edvhg lqfrph wd{dwlrq1 Uhyhqxhv duh vshqw rq sxeolf frqvxpswlrq/

xqhpsor|phqw ehqh�wv dqg rwkhu wudqvihuv1

Wkh prgho uholhv rq vlpsoh ixqfwlrqdo irupv wr vhfxuh dqdo|wlfdo wudfwdelolw| dqg wr

doorz hdv| lghqwl�fdwlrq ri wkh nh| vwuxfwxudo sdudphwhuv ghwhuplqlqj wkh txdqwlwdwlyh

surshuwlhv ri wkh prgho1

Sduw LL ri wkh sdshu ghulyhv wkh htxdwlrqv ghvfulelqj wkh krxvhkrog vhfwru/ wkh exvlqhvv

vhfwru/ wkh oderxu pdunhw/ wkh fdslwdo pdunhw/ dqg wkh jryhuqphqw vhfwru1 Sduw LLL

surylghv d frpsohwh vxppdu| ri doo wkh sdudphwhuv/ yduldeohv dqg htxdwlrqv ri wkh prgho1

LL1 Ghulylqj wkh htxdwlrqv ri RHFGWD[

Lq wkh iroorzlqj/ doo yduldeohv vkrxog eh xqghuvwrrg wr uhihu wr d sduwlfxodu frxqwu|/

exw frxqwu| vxevfulswv duh ohiw rxw wr dyrlg qrwdwlrqdo foxwwhu zkhqhyhu qr plvxqghu0

vwdqglqj lv srvvleoh1

LL141 Frqvxpswlrq dqg vdylqj

Hdfk frxqwu| surgxfhv wkh vdph krprjhqhrxv jrrg zklfk lv wudghg lq dq lqwhjudwhg

lqwhuqdwlrqdo jrrgv pdunhw1 Rxwsxw pd| eh xvhg iru qrq0gxudeoh frqvxpswlrq � ru lw

pd| eh dffxpxodwhg dv exvlqhvv fdslwdo g ru dv d frqvxphu gxudeoh zklfk lv lqwhusuhwhg

dv d vwrfn ri rzqhu0rffxslhg krxvlqj fdslwdo/ ghqrwhgM1 Wkh surgxfhu sulfh ri rxwsxw lv

qrupdol}hg dw xqlw|1 Qrq0gxudeohv duh vxemhfw wr d ghvwlqdwlrq0edvhg lqgluhfw dg ydoruhp

wd{ udwh ri |�/ zkloh krxvlqj frqvwuxfwlrq lv vxemhfw wr dq lqgluhfw dg ydoruhp wd{ |M

+h1j1/ YDW,1 Lq dgglwlrq/ wkh pdunhw ydoxh ri wkh krxvlqj vwrfn lv wd{hg dw wkh udwh �M

zklfk pd| lqfoxgh surshuw| dqg zhdowk wd{ dv zhoo dv dq| lqfrph wd{ rq wkh lpsxwhg
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uhqwdo ydoxh ri rzqhu0rffxslhg krxvlqj1 Wr pdlqwdlq wkh ydoxh ri klv krxvh xqwlo wkh hqg

ri wkh shulrg/ wkh frqvxphu pxvw lqfxu frvwv ri krxvlqj uhsdlu dw wkh sursruwlrqdo udwh

BM 1

Wkh frqvxphu vwduwv rxw zlwk d suhghwhuplqhg lqlwldo hqgrzphqw T 1 Kh pd| frqvxph

klv hqgrzphqw uljkw dzd|/ ru kh pd| srvwsrqh frqvxpswlrq xqwlo wkh hqg ri wkh shulrg

e| lqyhvwlqj +sduw ri, wkh hqgrzphqw lq �qdqfldo dvvhwv 7 ru lq krxvlqj htxlw| lq rughu

wr hduq d srvlwlyh uhwxuq lq wkh irup ri lqwhuhvw lqfrph/ vkduhkroghu lqfrph/ ru krxvlqj

vhuylfhv1 Dq hqgrjhqrxv iudfwlrq _M ri wkh dftxlvlwlrq frvw ri wkh krxvlqj vwrfn lv

�qdqfhg e| ghew zklfk pxvw eh uhsdlg zlwk lqwhuhvw � dw wkh hqg ri wkh shulrg zkhq

wkh krxvh lv vrog dqg wkh frqvxphu frqvxphv doo ri klv zhdowk1 D iudfwlrq (M ri wkh

lqwhuhvw h{shqvh lv ghgxfwleoh djdlqvw wkh frqvxphu*v pdujlqdo shuvrqdo wd{ udwh 6o�

rq lqwhuhvw lqfrph1 Wkh frqvxphu dovr uhfhlyhv diwhu0wd{ oderxu lqfrph `� E�� |� +ru

xqhpsor|phqw ehqh�wv,/ d jryhuqphqw oxps vxp wudqvihu A / dqg diwhu0wd{ exvlqhvv

sur�wv eZ1
Zlwk wkhvh suholplqdulhv/ wkh exgjhw frqvwudlqw iru dq hpsor|hg zrunhu pd| eh

zulwwhq dv

h{shqvhv rq
qrq0gxudeohv} �� ~�
� n |�

�
� n

h{shqvhv rq krxvlqj} �� ~�
� n |M

� �
�M n BM n @M n _M�

�
��(M6o�

��
M '

diwhu0wd{
oderxu lqfrph} �� ~
`� E�� |� n

jryhuqphqw
wudqvihu}��~
A n

diwhu0wd{ lqfrph
iurp �qdqfldo

dvvhwv}��~
47 n

diwhu0wd{
sur�w
lqfrph}��~eZ n

lqlwldo
hqgrzphqw}��~

T +4,

zkhuh` lv wkh krxuo| uhdo surgxfhu zdjh udwh/ � lv wkh qxpehu ri krxuv zrunhg/ | lv wkh

h�hfwlyh wd{ udwh rq oderxu lqfrph +zklfk pd| lqfoxgh vrfldo vhfxulw| wd{hv,/ 4 lv wkh

dyhudjh uhdo diwhu0wd{ uhwxuq wr �qdqfldo dvvhwv/ dqg @M lv wkh frvw ri �qdqfldo glvwuhvv

dvvrfldwhg zlwk +h{fhvvlyh, krxvlqj ghew �qdqfh/ dvvxphg wr eh jlyhq e|

@M '

�
_M � _

M
��n"M

� n "M
c "M : f +5,
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Htxdwlrq +5, uh hfwv wkh lghd wkdw wkh frqvxphu zloo vx�hu lqfuhdvlqj pdujlqdo frvwv

ri �qdqfldo glvwuhvv dqg edqnuxswf| ulvn dv klv krxvlqj ghew udwlr lqfuhdvhv deryh wkh

fulwlfdo ohyho _
M
�

Wr vlpsoli| wkh frqvxphu*v exgjhw frqvwudlqw/ zh lqwurgxfh wkh gh�qlwlrqv

7S ' 7 n
�
�� _M

� �
� n |M

�
M +6,

��S '
�
� n |�

�
� n RM +7,

R '
�
� n |M

� �
�M n BM n @M n

�
�� _M

�
4n _M�

�
��(M6o�

��
+8,

zkhuh 7S lv frpsuhkhqvlyh vdylqj +lqfoxglqj lqyhvwphqw lq krxvlqj htxlw|,/ �S lv

frpsuhkhqvlyh frqvxpswlrq/ � lv wkh jhqhudo frqvxphu sulfh lqgh{/ dqg R lv wkh xvhu

frvw ri krxvlqj1 Xvlqj gh�qlwlrqv +6, wkurxjk +8,/ zh pd| uhzulwh wkh exgjhw frqvwudlqw

+4, dv

��S ' `� E�� |� n A n eZ n 47S n T +9,

Wkh suhihuhqfhv ri wkh uhsuhvhqwdwlyh frqvxphu duh jlyhq e| wkh txdvl0olqhdu xwlolw|

ixqfwlrq

L '

xwlolw|
iurp

frqvxpswlrq}��~
�S �

glvxwlolw| iurp
srvwsrqlqj
frqvxpswlrq} �� ~

E7S*� �

� n )

�
7S

T

�)

�

glvxwlolw|
iurp
zrun} �� ~
��n0

� n 0
c ) : fc 0 : f +:,

Wkh vhfrqg whup rq wkh uljkw0kdqg vlgh ri +:, uh hfwv wkh dvvxpswlrq wkdw wkh frq0

vxphu suhihuv lpphgldwh wr srvwsrqhg frqvxpswlrq1 Wkh glvxwlolw| ri srvwsrqhg frq0

vxpswlrq lv vhhq wr lqfuhdvh zlwk wkh iudfwlrq ri lqlwldo zhdowk zklfk lv vdyhg1 Wklv

vshfl�fdwlrq lpsolhv wkdw wkh glvxwlolw| ri srvwsrqlqj frqvxpswlrq ghfolqhv zlwk wkh

ohyho ri lqlwldo zhdowk/ fdswxulqj wkh lghd wkdw zhdowklhu lqglylgxdov fdq d�rug wr eh
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pruh sdwlhqw1 Wkh xwlolw| iurp sxeolf frqvxpswlrq grhv qrw dsshdu h{solflwo| lq +:,

vlqfh jryhuqphqw frqvxpswlrq lv nhsw frqvwdqw lq doo h{shulphqwv zlwk wkh prgho1

Wkh xwlolw|0jhqhudwlqj krxvlqj vhuylfhv duh dvvxphg wr eh sursruwlrqdo wr wkh krxvlqj

vwrfn/ zlwk d sursruwlrqdolw| idfwru ri xqlw|/ dqg frpsuhkhqvlyh frqvxpswlrq lv wdnhq wr

eh d Free0Grxjodv djjuhjdwh ri wkh frqvxpswlrq ri qrq0gxudeohv dqg wkh frqvxpswlrq

ri krxvlqj vhuylfhv=

�S ' .3. E��.�.3�M.��3.c f 	 . 	 � +;,

Zrunlqj krxuv � duh vhw e| wudgh xqlrqv +vhh vhfwlrq LL17, dqg duh wkxv wdnhq dv jlyhq

e| wkh lqglylgxdo frqvxphu1 Wkh frqvxphu*v sureohp pd| eh vroyhg lq vwdjhv1 Lq wkh

�uvw vwdjh kh rswlplvhv frpsuhkhqvlyh vdylqj e| pd{lplvlqj +:, vxemhfw wr +9,1 Wklv

|lhogv wkh vdylqjv vfkhgxoh

7S ' 4
�

) � T +<,

vkrzlqj wkdw wkh hodvwlflw| ri vdylqj zlwk uhvshfw wr wkh diwhu0wd{ udwh ri uhwxuq lv jlyhq

e| �*)1 Vxevwlwxwlqj +<, lqwr +9,/ zh jhw wkh wrwdo uhvrxufhv U dydlodeoh wr wkh rswlplvlqj

frqvxphu=

��S ' U ' `� E�� |� n A n eZ n
�
� n 4

)n�
)

�
T +43,

Lq wkh vhfrqg vwdjh wkh frqvxphu doorfdwhv frpsuhkhqvlyh frqvxpswlrq dfurvv qrq0

gxudeohv dqg krxvlqj zlwk wkh sxusrvh ri pd{lplvlqj +;, vxemhfw wr wkh frqvwudlqw�
� n |�

�
� n RM ' U/ lpso|lqj

M '
.U

R
+44,

� '
E�� .� U

� n |�
+45,

:



� ' R.
�
� n |�

��3.
+46,

Lq wkh wklug vwdjh wkh frqvxphu pxvw fkrrvh klv krxvlqj ghew udwlr _M vr dv wr plq0

lplvh wkh xvhu frvw ri krxvlqj/ vlqfh wklv lv d qhfhvvdu| frqglwlrq iru xwlolw| pd{lplvdwlrq1

Xvlqj +5, dqg +8,/ wkh �uvw0rughu frqglwlrq iru wkh vroxwlrq wr wklv sureohp |lhogv

_M ' _
M
n
�
4� �

�
��(M6o�

���*"M
+47,

Dq xqhpsor|hg zrunhu kdv exgjhw frqvwudlqwv vlplodu wr +4,/ +9, dqg +43,/ h{fhsw

wkdw diwhu0wd{ zdjh lqfrph `�M E�� |� pxvw eh uhsodfhg e| wkh diwhu0wd{ udwh ri xq0

hpsor|phqw ehqh�w K?`�M E�� |�/ zkhuh K? lv wkh qhw uhsodfhphqw udwlr lpsolhg e|

wkh v|vwhp ri xqhpsor|phqw lqvxudqfh1 Wkxv wkh vdylqjv/ �qdqflqj dqg frqvxpswlrq

ghflvlrqv ri xqhpsor|hg lqglylgxdov duh vwloo jlyhq e| +<, soxv +44, wkurxjk +47,1

Kdylqj rswlplvhg klv ryhudoo vdylqj dqg krxvlqj lqyhvwphqw lq wklv zd|/ wkh qh{w

sureohp iru wkh frqvxphu lv wr doorfdwh klv �qdqfldo vdylqj dfurvv gl�huhqw dvvhw w|shv1

LL151 Sruwirolr fkrlfh

Wkh frqvxphu*v wrwdo �qdqfldo vdylqj htxdov klv frpsuhkhqvlyh vdylqj plqxv klv

lqyhvwphqw lq krxvlqj htxlw|=

7 ' 7S �
�
�� _M

� �
� n |M

�
M +48,

Wrwdo �qdqfldo vdylqj lv d FHV djjuhjdwh ri *lqvwlwxwlrqdo vdylqj* 7� fdswxulqj shqvlrq

vdylqjv yld shqvlrq ixqgv/ olih lqvxudqfh frpsdqlhv dqg edqnv/ dqg *krxvhkrog vdylqj*

7� uhsuhvhqwlqj edqn ghsrvlwv dqg gluhfw sxufkdvhv ri erqgv dqg vkduhv=
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Wkh sdudphwhu � lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh wzr dvvhw w|shv1 E|

gh�qlwlrq/ wkh frqvxphu*v wrwdo qhw lqfrph iurp �qdqfldo vdylqj 47 lv
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zkhuh 4� lv wkh qhw uhwxuq wr krxvhkrog vdylqj/ 4� lv wkh diwhu0wd{ uhwxuq wr lqvwlwxwlrqdo

vdylqj/ dqg S� lv wkh sursruwlrqdwh lqwhuphgldwlrq ihh fkdujhg e| wkh lqvwlwxwlrqdo vhfwru

wr fryhu wkh frvwv ri dgplqlvwudwlrq dqg sruwirolr pdqdjhphqw +wkh vshfl�fdwlrq lq htxd0

wlrq +88, ehorz lpsolhv wkdw wkh udwh ri uhwxuq 4� lv phdvxuhg qhw ri dq| lqwhuphgldwlrq

frvwv,1

Wkh frqvxphu doorfdwhv klv �qdqfldo zhdowk dfurvv lqvwlwxwlrqdo dqg krxvhkrog vdy0

lqj vr dv wr pd{lplvh klv wrwdo qhw lqfrph iurp �qdqfldo vdylqj +4:,/ vxemhfw wr +49,1

Wkh odwwhu htxdwlrq surylghv d prwlyh iru sruwirolr glyhuvl�fdwlrq vlqfh lw lpsolhv wkdw

wkh frqvxphu*v wrwdo vwrfn ri �qdqfldo zhdowk lv pruh *surgxfwlyh* zkhq lw lv vsuhdg

dfurvv erwk dvvhw w|shv udwkhu wkdq ehlqj frqfhqwudwhg rq d vlqjoh dvvhw1 Wkh �uvw0rughu

frqglwlrqv iru wkh vroxwlrq wr wklv �uvw vwdjh ri wkh sruwirolr doorfdwlrq sureohp lpso|

wkdw
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+53,

Lq vxevhtxhqw vwdjhv ri wkh sruwirolr rswlplvdwlrq surfhgxuh lqvwlwxwlrqdo dqg krxvh0

krog vdylqjv duh doorfdwhg dfurvv d vhulhv ri vshfl�f dvvhw w|shv lvvxhg e| gl�huhqw frxq0

wulhv1 Wkh qxpehu ri *qrupdo* frxqwulhv lq wkh zruog hfrqrp| lv ghqrwhg e| ?/ zkhuhdv

mxulvglfwlrq ?n � lv d wd{ kdyhq frxqwu| dwwudfwlqj krxvhkrog lqyhvwruv exw qrw lqvwlwx0

wlrqdo lqyhvwruv1 Wkh �uvw ? frxqwulhv lq wkh zruog uhsuhvhqw wkh HX/ zkloh wkh uhpdlqlqj

?n�� ? mxulvglfwlrqv pdnh xs wkh uhvw ri wkh zruog +URZ,1 Lq wkh vshfl�fdwlrqv jlyhq

ehorz/ wkh 4*v duh diwhu0wd{ udwhv ri uhwxuq wr wkh ydulrxv dvvhw djjuhjdwhv/ wkh h4*v duh
diwhu0wd{ uhwxuqv wr vkduhv/ dqg wkh h�*v duh qhw lqwhuhvw udwhv rq ghew lqvwuxphqwv +gh0

qrwhg *erqgv* iru frqyhqlhqfh,1 Wkh vxshuvfulswv r dqg K lqglfdwh *vkduhv* dqg *erqgv*/

uhvshfwlyho|/ zkloh vxshuvfulswv �/ ?/ _ dqg s ghqrwh *HX0uhjlrq*/ URZ0uhjlrq*/ *grphv0

wlf*/ dqg *iruhljq*/ uhvshfwlyho|1 D vxevfulsw � lqglfdwhv wkh frxqwu| ri vrxufh iurp zkhuh
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wkh lqfrph ruljlqdwhv/ zkhuhdv d vxevfulsw � uhihuv wr wkh uhvlghqfh frxqwu| zkhuh wkh lq0

yhvwru lv grplflohg1 Wkhvh frxqwu| vxevfulswv duh lqfoxghg rqo| zkhq qhfhvvdu| wr dyrlg

frqixvlrq1 D vkduh lvvxhg e| �upv lq frxqwu| � lv ghqrwhg .�/ dqg d ghew lqvwuxphqw

+erqg, lvvxhg lq wkdw frxqwu| lv ghqrwhg ��1 Uhfdoolqj wkdw vxshuvfulsw � vwdqgv iru

*lqvwlwxwlrqdo lqyhvwru* zkhuhdv � vwdqgv iru *krxvhkrog lqyhvwru*/ dqg uhphpehulqj wkdw

d vxshuvfulswhg 7 uhsuhvhqwv d sduwlfxodu dvvhw djjuhjdwh/ wkh vshfl�fdwlrq ri wkh ydulrxv

dvvhw djjuhjdwhv dqg �qdqfldo lqfrphv pd| wkhq eh vxppdul}hg dv iroorzv=

Lqvwlwxwlrqdo vdylqj= vwrfnv yhuvxv erqgv
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Lqvwlwxwlrqdo vdylqj= HX vwrfnv yhuvxv URZ vwrfnv
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Lqvwlwxwlrqdo vdylqj= djjuhjdwh ri HX vwrfnv
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Lqvwlwxwlrqdo vdylqj= djjuhjdwh ri URZ vwrfnv

7�r? '

%
?[

�'?n�

�
x�
�

�3 �

l�
�
.�?
�

� l�n�
l�

& l�

l�n�

c

?[
�'?n�

x�
� ' � +5:,

4�r?7�r? '

?[
�'?n�

h4��.�?
� +5;,

Lqvwlwxwlrqdo vdylqj= HX erqgv yhuvxv URZ erqgv
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4�K7�K ' 4�K�7�K� n 4�K?7�K? +63,

Lqvwlwxwlrqdo vdylqj= djjuhjdwh ri HX erqgv

7�K� '

%
?[

�'�

�
v��
�3 �

V�
�
���
�

�V�n�
V�

& V�

V�n�

c

?[
�'�

v�� ' � +64,

4�K�7�K� '
?[

�'�

h������
� +65,

Lqvwlwxwlrqdo vdylqj= djjuhjdwh ri URZ erqgv
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Krxvhkrog vdylqj= vwrfnv yhuvxv erqgv
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4�7� ' 4�r7�r n 4�K7�K +69,

Krxvhkrog vdylqj= grphvwlf vwrfnv yhuvxv iruhljq vwrfnv
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Krxvhkrog vdylqj= HX vwrfnv yhuvxv URZ vwrfnv
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Krxvhkrog vdylqj= djjuhjdwh ri HX vwrfnv +khog e| lqyhvwru uhvlglqj lq frxqwu| �,
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Krxvhkrog vdylqj= djjuhjdwh ri URZ vwrfnv +khog e| lqyhvwru uhvlglqj lq frxqwu| �,
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Krxvhkrog vdylqj= grphvwlf erqgv yhuvxv iruhljq erqgv
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Krxvhkrog vdylqj= HX erqgv yhuvxv URZ erqgv
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Krxvhkrog vdylqj= djjuhjdwh ri HX erqgv +khog e| lqyhvwru uhvlglqj lq frxqwu| �,
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Krxvhkrog vdylqj= djjuhjdwh ri URZ erqgv +khog e| lqyhvwru uhvlglqj lq frxqwu| �,
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Iru krxvhkrogv dv rssrvhg wr lqvwlwxwlrqdo lqyhvwruv/ htxdwlrqv +6:, dqg +77, lq0

wurgxfh d vhsdudwh od|hu ri vxevwlwxwlrq ehwzhhq grphvwlf dqg iruhljq dvvhwv1 Wklv lv

prwlydwhg e| wkh idfw wkdw/ iru d krxvhkrog lqyhvwru/ wkh ghflvlrq wr lqyhvw deurdg udwkhu

wkdq dw krph zloo riwhq lqyroyh d ghflvlrq wr hydgh grphvwlf wd{1 Wklv ghflvlrq 0 dqg

khqfh wkh ghjuhh ri vxevwlwxwdelolw| ri iruhljq dqg grphvwlf dvvhwv 0 zloo eh lq xhqfhg e|

wkh krxvhkrog*v dwwlwxgh wrzdugv ulvn dqg wd{ iudxg dqg e| wkh lqirupdwlrq dqg wudqvdf0

wlrqv frvwv ri hqwhulqj iruhljq dvvhw pdunhwv1 E| frqwudvw/ lqvwlwxwlrqdo lqyhvwruv zklfk

duh prqlwruhg e| h{whuqdo dffrxqwdqwv dqg uhjxodwruv duh dvvxphg qrw wr hqjdjh lq wd{

hydvlrq dqg wr idfh orzhu lqirupdwlrq eduulhuv ri hqwu| wr iruhljq dvvhw pdunhwv1

Lq hdfk vxffhvvlyh vwdjh ri wkh surfhvv ri sruwirolr rswlplvdwlrq/ wkh lqvwlwxwlrqdo ru

krxvhkrog lqyhvwru fkrrvhv d pl{ ri dvvhwv zlwklq d sduwlfxodu dvvhw djjuhjdwh vr dv wr

pd{lplvh wkh wrwdo diwhu0wd{ uhwxuq wr wkdw djjuhjdwh1 Wkh rxwfrph ri wklv rswlplvdwlrq

|lhogv dvvhw ghpdqg ixqfwlrqv dqg d vhw ri dyhudjh qhw uhwxuqv wr dvvhw djjuhjdwhv ri

d irup txlwh vlplodu wr htxdwlrqv +4;, wkurxjk +53, deryh1 Doo ri wkhvh dvvhw ghpdqg

ixqfwlrqv dqg qhw uhwxuqv duh vxppdul}hg lq vhfwlrq LLL xqghu wkh khdglqj *Sruwirolr

fkrlfh*1

LL161 Wkh wd{dwlrq ri sruwirolr lqyhvwphqw

Lq vshfli|lqj wkh diwhu0wd{ uhwxuqv wr vwrfnv dqg erqgv iru sruwirolr lqyhvwruv/ zh

pxvw ghvfuleh wkh uxohv uhjduglqj wkh wd{dwlrq ri vkduhkroghu lqfrph dqg lqwhuhvw lq0

frph1 Pdq| RHFG frxqwulhv uholhyh wkh grxeoh wd{dwlrq ri glylghqgv dulvlqj xqghu d

vr0fdoohg fodvvlfdo frusrudwh wd{ v|vwhp zkhuh glvwulexwhg frusrudwh sur�wv duh vxemhfw

wr frusrudwh wd{ dv zhoo dv lqfrph wd{ dw wkh ohyho ri wkh lqyhvwru1 Urxjko| vshdnlqj/
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RHFG jryhuqphqwv kdyh dssolhg wzr gl�huhqw phwkrgv iru doohyldwlqj wkh grxeoh wd{d0

wlrq ri glylghqgv1 Vrph frxqwulhv gr vr e| vlpso| dsso|lqj d vhsdudwh shuvrqdo wd{ udwh

wr glylghqgv zklfk lv orzhu wkdq wkh ruglqdu| pdujlqdo shuvrqdo lqfrph wd{ udwh1 Rwkhu

frxqwulhv xvh d v|vwhp ri glylghqg wd{ fuhglwv zkhuh vkduhkroghuv duh judqwhg d fuhglw

djdlqvw wkhlu shuvrqdo wd{ iru sduw ru doo ri wkh frusrudwh wd{ rq wkh sur�wv xqghuo|lqj wkh

glylghqg1 Xqghu wkh odwwhu vr0fdoohg lpsxwdwlrq v|vwhp/ wkh lpsxwdwlrq udwh e�� uh hfwv
wkh dprxqw ri suh0sdlg frusrudwlrq wd{ zklfk lv fuhglwhg wr wkh vkduhkroghu1 Xqghu d

v|vwhp ri ixoo lpsxwdwlrq zkhuh wkh grxeoh wd{dwlrq ri glylghqgv lv ixoo| doohyldwhg/ wkh

lpsxwdwlrq udwh e�� lv htxdo wr wkh frusrudwh wd{ udwh � _� rq glvwulexwhg sur�wv/ zkhuhdv

d v|vwhp ri sduwldo lpsxwdwlrq lv fkdudfwhul}hg e| e�� 	 � _�1 Li d krxvhkrog lqyhvwru uh0

vlglqj lq frxqwu| � zlwk d shuvrqdo wd{ udwh rq glylghqgv htxdo wr 6_�
� uhfhlyhv rqh xqlw

ri glylghqg qhw ri frusrudwlrq wd{/ klv glylghqg lqfrph lv *jurvvhg0xs* e| wkh dprxqw

�* E�� e��� dqg vxemhfw wr dq dprxqw ri glylghqg wd{ 6_�
� * E�� e���1 Wr duulyh dw wkh

vkduhkroghu*v qhw wd{ oldelolw|/ wkh glylghqg wd{ eloo lv wkhq uhgxfhg e| dq lpsxwdwlrq

fuhglw +glylghqg wd{ fuhglw, e��* E�� e��� lqwhqghg wr frpshqvdwh iru wkh xqghuo|lqj fru0

srudwlrq wd{ douhdg| sdlg e| wkh frpsdq|1 Khqfh wkh qhw shuvrqdo wd{ udwh rq wkh qhw

glylghqg sdlg rxw e| wkh frusrudwlrq lv
�
6_�

� � e��� * E�� e���1 Zh lqwurgxfh d gxpp|

yduldeoh(U
�� zklfk lv xqlw| zkhq wkh vrxufh frxqwu| � judqwv lpsxwdwlrq fuhglwv wr vkduh0

kroghuv lq uhvlghqfh frxqwu| �1 Lq d frxqwu| zlwkrxw dq lpsxwdwlrq v|vwhp zh reylrxvo|

kdyh (U
�� ' f iru doo � dqg �1 Qrupdoo| lpsxwdwlrq frxqwulhv rqo| judqw fuhglwv wr wkhlu

rzq uhvlghqwv/ lpso|lqj (U
�� ' f iru � 9' �/ exw vrph frxqwulhv zlwk lpsxwdwlrq v|vwhpv

kdyh djuhhg wr h{whqg wkhlu fuhglwv wr vrph iruhljq uhvlghqwv yld elodwhudo wd{ wuhdwlhv1

Zlwk wklv qrwdwlrq zh pd| vshfli| wkh uhvlghqfh frxqwu| wd{ udwh 5��� rq vkduhkroghu

lqfrph iurp vrxufh frxqwu| � dffuxlqj wr d krxvhkrog vkduhkroghu lq uhvlghqfh frxqwu|

� dv
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+85,

zkhuh R_� lv wkh h{rjhqrxv iudfwlrq ri wkh wrwdo uhwxuq rq vkduhv zklfk wdnhv wkh irup ri

glylghqgv +vr wkdw � � R_� lv wkh iudfwlrq ri wkh wrwdo uhwxuq wdnlqj wkh irup ri fdslwdo

jdlqv,/ dqg 6S�
� lv wkh h�hfwlyh pdujlqdo shuvrqdo wd{ udwh rq dffuxhg fdslwdo jdlqv rq
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vkduhv1 Lq uhdolw|/ fdslwdo jdlqv wr krxvhkrog lqyhvwruv duh qrupdoo| wd{hg rqo| xsrq

uhdol}dwlrq/ dqg vkruw whup *vshfxodwlyh* jdlqv duh riwhq wd{hg dw d gl�huhqw +kljkhu,

udwh wkdq jdlqv uhdol}hg diwhu d orqjhu kroglqj shulrg1 Pruhryhu/ zkhq fdofxodwlqj wkh

wd{deoh lqfuhdvh lq wkh ydoxh ri wkh vkduh/ d ihz frxqwulhv doorz wkh dftxlvlwlrq sulfh ri

wkh vkduh wr eh lqgh{hg e| wkh udwh ri lq dwlrq wr suhyhqw wd{dwlrq ri sxuho| qrplqdo

jdlqv1 Vxssrvh wkdw uhvlghqfh frxqwu| � dssolhv d vwdwxwru| wd{ udwh � S�r� wr wd{deoh

jdlqv uhdol}hg e| d krxvhkrog lqyhvwru zlwklq wkh �uvw ?r� |hduv diwhu wkh dftxlvlwlrq ri

wkh vkduhv/ dqg dqrwkhu vwdwxwru| wd{ udwh � S�,� wr wd{deoh jdlqv uhdol}hg diwhu wkdw wlph1

Frqvlghu d vkduhkroghu zkr kdv vfruhg d xqlw uhdo fdslwdo jdlq rq klv vkduhv uljkw diwhu

kdylqj dftxluhg wkhp/ dqg vxssrvh wkdw kh uhdol}hv d iudfwlrq @Sr� ri klv jdlq hyhu| |hdu

zlwklq wkh �uvw ?r� |hduv/ dqg d iudfwlrq @S,� ri wkh uhpdlqlqj jdlq hyhu| |hdu diwhu wkdw

wlph1 Ilqdoo|/ ohw h���� ghqrwh wkh diwhu0wd{ uhdo glvfrxqw udwh dssolhg e| wkh krxvhkrog

lqyhvwru +wr eh vshfl�hg lq htxdwlrq +881e, ehorz,/ ohw hR eh wkh udwh ri lq dwlrq/ dqg ohw

(SR
� eh d gxpp| htxdo wr xqlw| zkhq frxqwu| � doorzv lqgh{dwlrq ri wkh edvlv +dftxlvlwlrq

sulfh, ri vkduhv/ dqg }hur rwkhuzlvh1 Wkh vr0fdoohg dffuxdov0htxlydohqw wd{ udwh pd| wkhq

eh irxqg lq wkh iroorzlqj pdqqhu dv wkh k|srwkhwlfdo wd{ rq dffuxhg fdslwdo jdlqv zklfk

lv htxdo lq suhvhqw ydoxh wr wkh vwuhdp ri uhdol}dwlrqv0edvhg wd{hv dfwxdoo| sdlg=
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Dffrxqwlqj iru wkh srvvlelolw| wkdw uhvlghqfh frxqwulhv pd| qrw dozd|v eh deoh wr

hqirufh wkhlu wd{ fodlpv/ dqg dvvxplqj wkdw furvv0erughu lqyhvwphqw lq vkduhv +dv rssrvhg

wr grphvwlf lqyhvwphqw, lqyroyhv dq dgglwlrqdo lqirupdwlrq dqg wudqvdfwlrq frvw htxdo

wr d iudfwlrq Sr ri wkh suh0wd{ uhwxuq/ zh pd| qrz vshfli| wkh diwhu0wd{ uhwxuq wr d

krxvhkrog lqyhvwru lq uhvlghqfh frxqwu| � rq vkduhv lvvxhg lq vrxufh frxqwu| � dv

h4��� ' e46� �
��(�r

�� 5
�
�� �

�
��(�r

��

�
R_��

r�
�� � Sr�

�
c f � (�r
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�
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�
+871e,

zkhuh e46� dqg e4� duh wkh udwhv ri uhwxuq rq vkduhv ehiruh lpsrvlwlrq ri wd{ dw wkh lqyhvwru
ohyho1 Wkh yduldeoh (�r

�� phdvxuhv wkh sursruwlrq ri vkduhkroghu lqfrph iurp vrxufh

frxqwu| � zklfk lv uhsruwhg wr +dqg khqfh wd{hg e|, wkh wd{ dxwkrulwlhv lq uhvlghqfh

frxqwu| �1 Lq wkh fdvh ri iruhljq lqyhvwphqw +� 9' �, dqg qr h�hfwlyh lqwhuqdwlrqdo

h{fkdqjh ri lqirupdwlrq/ zh pd| kdyh (�r
�� ' f lq zklfk fdvh wkh lqyhvwru zloo rqo|

kdyh wr sd| wkh zlwkkroglqj wd{ udwh � r��� rq klv glylghqg1 Li wkh lqfrph lv uhsruwhg

wr wkh krph frxqwu| wd{ dxwkrulwlhv/ wkh lqyhvwru zloo jhw d fuhglw iru wkh zlwkkroglqj

wd{ djdlqvw klv krph frxqwu| wd{1 Lq wkh fdvh ri grphvwlf lqyhvwphqw +� ' �, wkh wd{

dxwkrulwlhv zloo riwhq eh deoh wr prqlwru wkh vkduhkroghu*v lqfrph/ dw ohdvw li frpsdqlhv

duh reoljhg wr uhsruw wkhlu glylghqg sd|phqwv wr wkh wd{ dxwkrulwlhv1 Lq wkdw fdvh zh kdyh

(�r
�� ' �1 Djdlq/ wkh vkduhkroghu zloo qrupdoo| eh judqwhg d fuhglw djdlqvw klv shuvrqdo

lqfrph wd{ iru dq| grphvwlf zlwkkroglqj wd{ � r��� rq glylghqgv1 Dv zh vkdoo h{sodlq lq

vhfwlrq LL143/ d krxvhkrog lqyhvwru*v uhwxuq rq grphvwlf vkduhv zloo eh jryhuqhg e| wkh

4:



uhwxuq e4� rewdlqdeoh rq vkduhv lq grphvwlf frusrudwlrqv zlwk qr iruhljq rshudwlrqv/ dv

lqglfdwhg lq +871e,1 Wkh uhwxuq rewdlqdeoh rq iruhljq vkduhv lv jryhuqhg e| wkh uhwxuqe46� rq lqwhuqdwlrqdoo| wudghg vkduhv lvvxhg e| pxowlqdwlrqdo frusrudwlrqv/ dv vkrzq lq

+871d,1

Wkh qhw uhwxuq rq iruhljq erqgv +lqfoxglqj edqn ghsrvlwv, iru d krxvhkrog lqyhvwru

lv vshfl�hg dv
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zkloh wkh qhw uhwxuq rq grphvwlf erqgv lv
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Wkh sdudphwhu S lv wkh h{rjhqrxv lqwhuphgldwlrq ihh fkdujhg rq krxvhkrog lqyhvw0

phqwv lq ghew lqvwuxphqwv/ uh hfwlqj lqwhu dold wkh edqn vsuhdg ehwzhhq ghsrvlw dqg

ohqglqj udwhv1 Zkhq wkh krxvhkrog lqyhvwru lqyhvwv deurdg/ kh idfhv dq dgglwlrqdo lq0

irupdwlrq dqg wudqvdfwlrq frvw fdswxuhg e| wkh sdudphwhu SK� lq htxdwlrq +881d,1 6o�
�

lv wkh h�hfwlyh shuvrqdo wd{ udwh rq lqwhuhvw lqfrph lq uhvlghqfh frxqwu| �/ � K��� lv wkh

zlwkkroglqj wd{ udwh rq lqwhuhvw sdlg iurp vrxufh frxqwu| � wr uhvlghqfh frxqwu| �/ dqg

(�K
�� lv wkh sursruwlrq ri lqwhuhvw lqfrph uhsruwhg wr wkh uhvlghqfh frxqwu| wd{ dxwkru0

lwlhv1 Li wkhuh lv dq dxwrpdwlf uhsruwlqj v|vwhp iru grphvwlf lqwhuhvw sdlg wr grphvwlf

uhvlghqwv/ zh kdyh (�K
�� ' �/ exw iru iruhljq vrxufh lqwhuhvw lqfrph +� 9' �, wkh odfn ri

h�hfwlyh lqwhuqdwlrqdo lqirupdwlrq h{fkdqjh zloo w|slfdoo| lpso| (�K
�� 	 �1 Qrwh wkdw wkh

lqwhuphgldwlrq ihh S lv dvvxphg wr eh wkh vdph dfurvv frxqwulhv gxh wr wkh h{lvwhqfh ri

dq lqwhjudwhg lqwhuqdwlrqdo pdunhw iru edqnlqj vhuylfhv1

Zh qrz wxuq wr lqvwlwxwlrqdo lqyhvwruv/ dvvxplqj wkdw lq vr idu dv wkh uhwxuqv wr

lqvwlwxwlrqdo vdylqj duh vxemhfw wr uhvlghqfh frxqwu| wd{ +zklfk zloo w|slfdoo| qrw eh

wkh fdvh iru shqvlrq vdylqj,/ wkh wd{ udwhv duh wkrvh vhw e| wkh uhvlghqfh frxqwu| ri wkh

krxvhkrog vdyhuv zkr kdyh vxssolhg wkh ixqgv1 Wklv vhhpv d uhdvrqdeoh dssur{lpdwlrq/

jlyhq wkdw krxvhkrogv w|slfdoo| fkdqqho wkhlu shqvlrq vdylqjv yld lqvwlwxwlrqv orfdwhg lq

wkhlu krph frxqwu|1 Zh lqwurgxfh d gxpp| yduldeoh (�r
� zklfk lv xqlw| li wkh uhvlghqfh

frxqwu| � lpsrvhv wd{ rq lqfrph iurp vkduhv dffuxlqj wr lqvwlwxwlrqdo lqyhvwruv/ dqg }hur

4;



rwkhuzlvh1 Zh wkxv dvvxph wkdw dq| uhvlghqfh frxqwu| wd{ fdq eh ixoo| hqirufhg/ vlqfh

lqvwlwxwlrqdo lqyhvwruv duh w|slfdoo| sxeolf frpsdqlhv vxemhfw wr h{whuqdo dxglwlqj1 Iru

lqvwlwxwlrqdo vdylqjv xqghuwdnhq e| vdyhuv lq uhvlghqfh frxqwu| �/ wkh diwhu0wd{ uhwxuq wr

vkduhv lvvxhg e| vrxufh frxqwu| � lv wkhuhiruh jlyhq e|
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zkhuh 5��� lv wkh h�hfwlyh uhvlghqfh frxqwu| wd{ udwh rq vkduhkroghu lqfrph iurp vrxufh

frxqwu| � dffuxlqj wr dq lqvwlwxwlrqdo lqyhvwru lq uhvlghqfh frxqwu| �1 E| dqdorj| wr

+85,/ wklv wd{ udwh lv vshfl�hg dv
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zkhuh 6_�
� lv wkh lqvwlwxwlrqdo lqyhvwru*v wd{ udwh rq glylghqg lqfrph/ dqg 6S�

� lv klv

h�hfwlyh wd{ udwh rq dffuxhg fdslwdo jdlqv rq vkduhv1 Lq vrph fdvhv +h1j1 lq Ghqpdun,

lqvwlwxwlrqdo lqyhvwruv duh vxemhfw wr dffuxdov0edvhg fdslwdo jdlqv wd{dwlrq/ zkhwkhu ru

qrw wkh jdlqv kdyh ehhq uhdol}hg1 Zh lqwurgxfh d gxpp| (S�@
� zklfk lv xqlw| lq fdvh ri

dffuxdov0edvhg wd{dwlrq dqg }hur rwkhuzlvh/ dqg zh ghqrwh wkh lqvwlwxwlrqdo lqyhvwru*v

wd{ udwh rq dffuxhg fdslwdo jdlqv e| � S�@� 1 Zkhq fdslwdo jdlqv duh wd{hg dw wkh wlph

ri uhdol}dwlrq/ zh xvh wkh qrwdwlrq � S�r� dqg � S�,� wr lqglfdwh wkh lqvwlwxwlrqdo lqyhvwru*v

vwdwxwru| wd{ udwhv rq uhdol}hg vkruw whup jdlqv dqg orqj whup jdlqv/ uhvshfwlyho|1 Qrwlqj

wkdw h���� lv wkh lqvwlwxwlrqdo lqyhvwru*v uhdo diwhu0wd{ glvfrxqw udwh/ dqg fdofxodwlqj wkh

dffuxdov0htxlydohqw uhdol}dwlrqv0edvhg fdslwdo jdlqv wd{ udwh lq wkh vdph pdqqhu dv zh

glg iru krxvhkrog lqyhvwruv/ zh �qg wkdw
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Wkh diwhu0wd{ udwh ri uhwxuq rq erqgv lvvxhg e| vrxufh frxqwu| � dqg khog e| dq

lqvwlwxwlrqdo lqyhvwru lq uhvlghqfh frxqwu| � lv
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zkhuh �� lv wkh suh0wd{ lqwhuhvw udwh lq frxqwu| �/ (�K
� lv d gxpp| iru uhvlghqfh0edvhg

wd{dwlrq ri wkh lqwhuhvw lqfrph ri lqvwlwxwlrqdo lqyhvwruv/ 6o�
� lv wkh h�hfwlyh uhvlghqfh

frxqwu| wd{ udwh rq lqwhuhvw lqfrph dffuxlqj wr dq lqvwlwxwlrqdo lqyhvwru/ dqg � K��� lv wkh

zlwkkroglqj wd{ udwh rq lqwhuhvw sdlg rxw iurp vrxufh frxqwu| � wr uhvlghqfh frxqwu| �/

iru zklfk wkh lqyhvwru zloo qrupdoo| uhfhlyh d fuhglw li kh lv vxemhfw wr d uhvlghqfh0edvhg

wd{1

LL171 Wkh exvlqhvv vhfwru

Hdfk frxqwu| lv hqgrzhg zlwk d suhghwhuplqhg vwrfn �� ri d �{hg idfwru zklfk L

zloo uhihu wr dv *lqwdqjleoh dvvhwv* dqg zklfk pd| eh wkrxjkw ri dv kxpdq fdslwdo/ whfk0

qrorjlfdo dqg pdqdjhphqw nqrz0krz/ hwf1 Dq h{rjhqrxv iudfwlrq r6� ri wkhvh dvvhwv lv

doorfdwhg wr d vhfwru ri pxowlqdwlrqdo frusrudwlrqv zklfk duh khdgtxduwhuhg lq frxqwu|

� dqg zklfk rzq iruhljq vxevlgldulhv lq doo wkh rwkhu frxqwulhv lq wkh zruog hfrqrp|1

Wkh uhpdlqlqj iudfwlrq ri wkh frxqwu|*v lqwdqjleoh dvvhwv lv doorfdwhg wr grphvwlf frusr0

udwlrqv zlwk qr iruhljq rshudwlrqv1 Lq wkh iroorzlqj/ wkh vxshuvfulsw 6 zloo uhihu wr wkh

pxowlqdwlrqdo vhfwru/ zkloh yduldeohv zlwk qr vxfk vxshuvfulsw zloo uhihu wr wkh vhfwru ri

grphvwlf frusrudwlrqv1 Li wkh vwrfn ri lqwdqjleohv khog e| wkh odwwhu vhfwru lv �/ dqg wkh

lqwdqjleoh dvvhw vwrfn khog e| wkh pxowlqdwlrqdo vhfwru lv �6/ zh wkxv kdyh

�� ' �� n�6
� c �6

� ' r6� ��c f 	 r6� 	 � +93,
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LL17141 Grphvwlf frusrudwlrqv

Lq wkh vhfwru ri grphvwlf frusrudwlrqv wkh rxwsxw t ri wkh uhsuhvhqwdwlyh frpshwlwlyh

�up lv jlyhq e| wkh Free0Grxjodv surgxfwlrq ixqfwlrq

t ' ��3k3qukgqc f 	 k 	 �c f 	 q 	 � +94,

zkhuh u lv h�hfwlyh oderxu lqsxw/ dqg g lv wkh fdslwdo vwrfn lqyhvwhg lq grphvwlf frusr0

udwlrqv1 Wkh diwhu0wd{ hfrqrplf sur�w � ri d grphvwlf frusrudwlrq lv

� ' t �`u�
�e4 E�� _� n _�n @_ n B

�
g � � e� +95,

zkhuh e4 lv wkh frvw ri htxlw| �qdqfh/ _ lv wkh grphvwlf frusrudwlrq*v ghew0dvvhw udwlr/ @_ lv
wkh frvw ri �qdqfldo glvwuhvv dvvrfldwhg zlwk +h{fhvvlyh, ghew �qdqfh +phdvxuhg shu xqlw

ri fdslwdo,/ B lv wkh wuxh udwh ri hfrqrplf ghsuhfldwlrq/ � lv wkh dyhudjh frusrudwh lqfrph

wd{ udwh +zklfk lv d zhljkwhg dyhudjh ri wkh wd{ udwhv rq glvwulexwhg dqg uhwdlqhg sur�wv>

vhh +98, ehorz,/ dqg e� lv wd{deoh frusrudwh lqfrph1 Li hB lv wkh udwh ri ghsuhfldwlrq iru

wd{ sxusrvhv/ dqg k_ lv wkh vkduh ri lqwhuhvw sd|phqwv zklfk lv doorzhg wr eh ghgxfwhg

djdlqvw wd{deoh frusrudwh lqfrph/ zh kdyh

e� ' t �`u�
�
k__�n @_ n hB�g +96,

Wkh yduldeoh @_ phdvxuhv wkh frvwv ri �qdqfldo glvwuhvv/ lqfoxglqj srwhqwldo edqnuxswf|

frvwv1 Zh pd| wklqn ri wkhvh frvwv dv wkh ydoxh ri wkh rxwsxw dqg vdohv yroxph zklfk

lv orvw dv �qdqfldo glvwuhvv glyhuwv wkh dwwhqwlrq ri pdqdjhuv iurp surgxfwlrq dqg pdu0

nhwlqj wr wkh prqlwrulqj ri vkruw whup fdvk  rzv1 Lq wkdw fdvh wkhuh lv dq lpsolflw wd{

ghgxfwlrq iru vxfk frvwv/ dv dvvxphg lq +96,1 Wkh frvwv ri �qdqfldo glvwuhvv duh vshfl�hg

dv

@_ '
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c "_ : fc f 	 _ 	 � +97,

Dv ghprqvwudwhg ehorz/ sur�w pd{lplvdwlrq zloo lpso| wkdw _ : _ lq wkh qrupdo fdvh

zkhuh e4 : �
�
�� k_�

�
1 Wklv lq wxuq zloo hqvxuh wkdw Y@_*Y_ : f1 Lq wkh �up*v rswlpxp
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wkh frvwv ri �qdqfldo glvwuhvv zloo wkxv lqfuhdvh zlwk wkh ghew0dvvhw udwlr/ lq dffrugdqfh

zlwk frqyhqwlrqdo wkhru|1

Klvwrulfdoo|/ d ihz RHFG frxqwulhv kdyh rshudwhg d vr0fdoohg *vsolw udwh* frusrudwh

wd{ v|vwhp zkhuh wkh frusrudwh lqfrph wd{ udwh rq glvwulexwhg sur�wv �_ gl�huv iurp wkh

wd{ udwh rq uhwdlqhg sur�wv � o1 Li e} lv wkh iudfwlrq ri wd{deoh sur�wv zklfk lv sdlg rxw dv

glylghqgv +wkh sd|0rxw udwlr,/ wkh dyhudjh frusrudwh lqfrph wd{ udwh pd| eh zulwwhq dv

� ' e}� _ n E�� e}� � o +98,

Iru odwhu sxusrvhv/ zh dovr lqwurgxfh wkh yduldeoh o wr ghqrwh wkh grphvwlf frusrud0

wlrq*v pdujlqdo frvw ri �qdqfh +zklfk zloo eh irxqg wr jryhuq lqyhvwphqw,=

o ' e4 E�� _� n _�
�
�� k_�

�
n @_ E�� �� +99,

Lq +96, zh kdyh h{suhvvhg ghsuhfldwlrq iru wd{ sxusrvhv dv d iudfwlrq hB ri wkh wuxh

errn ydoxh ri wkh fdslwdo vwrfn/ g1 Zh wkhuhiruh qhhg wr ghulyh wkh uhodwlrqvkls ehwzhhqhB dqg wkh vwdwxwru| ghsuhfldwlrq udwh eB zklfk lv dssolhg wr wkh ydoxh ri wkh fdslwdo vwrfn

uhfrughg lq wkh �up*v wd{ dffrxqwv1 Iru wklv sxusrvh/ dqg wuhdwlqj wlph | dv d frqwlqrxv

yduldeoh iru frqyhqlhqfh/ zh qrwh wkdw wkh suhvhqw ydoxh e� ri wkh ghsuhfldwlrq doorzhg lq

wkh wd{ dffrxqw rq d xqlw ri fdslwdo sxufkdvhg dw wlph }hur zloo eh
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zkhuhdv wkh suhvhqw ydoxh (W ri wkh wuxh hfrqrplf ghsuhfldwlrq rq wkh h{wud xqlw ri

fdslwdo lv
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Xvlqj wkhvh h{suhvvlrqv/ zh �qg wkdw
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Wkh frpshwlwlyh grphvwlf frusrudwlrq fkrrvhv uc g/ dqg _ wr pd{lplvh � vxemhfw

wr +94,/ +96, dqg +97,1 Wkh �uvw0rughu frqglwlrqv iru wkh vroxwlrq wr wkh �up*v sureohp

fdq eh vkrzq wr lpso| wkdw

k Et*u� ' ` +9;,

q Et*g� '
o n B � �hB

�� �
+9<,
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+:3,

Htxdwlrqv +9;, dqg +9<, duh vwdqgdug pdujlqdo surgxfwlylw| frqglwlrqv ghwhuplqlqj

idfwru ghpdqgv1 Htxdwlrq +:3, vkrzv wkdw wkh rswlpdo ghew udwlr lqfuhdvhv zlwk wkh

gl�huhqfh ehwzhhq wkh frvw ri htxlw| �qdqfh e4 dqg wkh frvw ri ghew �qdqfh �
�
�� k_�

�
1

Dv vhfwlrq LL19 zloo pdnh fohdu/ lw zloo eh xvhixo wr glvdjjuhjdwh wkh lqsxw ri oderxu

iru sxusrvhv ri prgholqj wkh oderxu pdunhw1 L wkhuhiruh dvvxph wkdw djjuhjdwh oderxu

lqsxw u lv d FHV djjuhjdwh ri wkh lqsxwv ri r gl�huhqw w|shv ri vshfl�f oderxu vnloov u^/

hdfk hduqlqj d zdjh udwh ` ^/ dqg zlwk d vxevwlwxwlrq hodvwlflw| b ehwzhhq wkh gl�huhqw

vnloo w|shv=

u ' rE
b

�3b�

%
r[

^'�

Eu^�
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& b
b3�

c b : � +:4,

Kdylqj rswlplvhg lwv wrwdo oderxu lqsxw u lq dffrugdqfh zlwk +9;,/ wkh �up fkrrvhv

wkh lqsxw ri hdfk sduwlfxodu vnloo w|sh vr dv wr plqlplvh lwv wrwdo zdjh eloo

`u '

r[
^'�

` ^u^

vxemhfw wr +:3,/ |lhoglqj wkh oderxu ghpdqg ixqfwlrqv
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dqg wkh dyhudjh zdjh frvw
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Ilqdoo|/ zh �qg iurp +95,/ +9;, dqg +9<, wkdw wkh diwhu0wd{ sur�wv hduqhg lq grphvwlf

frusrudwlrqv zloo eh

� ' E�� �� E�� k� q�t +:6,

LL17151 Pxowlqdwlrqdo frusrudwlrqv

Pxowlqdwlrqdo frpsdqlhv glvwlqjxlvk wkhpvhoyhv iurp grphvwlf frusrudwlrqv e| rzq0

lqj vxevlgldulhv rshudwlqj deurdg1 L dvvxph wkdw hdfk sduhqw frpsdq| khdgtxduwhuhg lq

wkh grphvwlf frxqwu| � rzqv rqh vxevlgldu| lq hdfk iruhljq frxqwu| �1 Lq wkh iroorzlqj/

wkh vxshuvfulsw 6 dozd|v uhihuv wr wkh grphvwlf sduhqw frpsdq|/ zkloh vxshuvfulsw 8

uhihuv wr d iruhljq vxevlgldu|1 Wkh surgxfwlrq ixqfwlrq ri wkh sduhqw frpsdq| lv

t 6
� '

�
�6
�

��3k�3q� �u6
�

�k� �g6
�

�q� +:7,

Wkh sduhqw frpsdq| pd| wudqvihu sduw ri lwv rxwsxw dv dq lqsxw '�� xvhg lq wkh

surgxfwlrq surfhvv ri wkh iruhljq vxevlgldu| lq frxqwu| �1 Wkh wuxh frvw ri wkh lqsxw

lv htxdo wr wkh surgxfhu sulfh ri rxwsxw zklfk lv xqlw|/ exw wkh sduhqw pd| fkrrvh wr

fkdujh d wudqvihu sulfh R'�� 9' � wr wkh vxevlgldu| zlwk wkh sxusrvh ri vkliwlqj wd{deoh

sur�wv ehwzhhq wkh sduhqw dqg wkh vxevlgldu|1 Li wkh wudqvihu sulfh ghyldwhv iurp wkh

wuxh lqsxw sulfh/ wkh pxowlqdwlrqdo lv dvvxphg wr lqfxu rujdql}dwlrqdo frvwv @'�� dulvlqj

iurp glvwruwhg sulflqj ri lqwudfrpsdq| wudqvdfwlrqv1 Wkh sduhqw frpsdq|*v diwhu0wd{

hfrqrplf sur�wv iurp grphvwlf vrxufhv duh wkxv jlyhq e|
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Wkh rujdql}dwlrqdo frvwv ri glvwruwhg wudqvihu sulfhv duh dvvxphg wr eh

@'�� '

�
R'�� � �

��n"'�
� n "'�

iru �8�� � �6� +:91d,

dqg

@'�� '

�
�� R'��

��n"'�
� n "'�

iru �8�� 	 �6� +:91e,

Dv zh vkdoo vhh/ wkh pxowlqdwlrqdo zloo kdyh dq lqfhqwlyh wr vhw R'�� : � zkhq �8�� : �6�

dqg wr fkrrvh R'�� 	 � zkhq �8�� 	 �6� lq rughu wr vkliw wd{deoh sur�wv iurp kljk0wd{ wr

orz0wd{ mxulvglfwlrqv1 Wkxv wkh vshfl�fdwlrqv lq +:9, hqvxuh wkdw wkh frvwv ri ghyldwlqj

iurp wkh *fruuhfw* wudqvihu sulfh zloo dozd|v eh srvlwlyh1 Qrwh wkdw jryhuqphqw uhjxodwlrq

ri wudqvihu sulfhv pd| udlvh wkh frvwv ri ghyldwlqj iurp wkh fruuhfw wudqvihu sulfh e| udlvlqj

wkh ydoxh ri wkh sdudphwhu "'� 1

E| dqdorj| wr +99,/ wkh pxowlqdwlrqdo sduhqw*v pdujlqdo frvw ri �qdqfh fdq eh vkrzq

wr frqvlvw ri wkh frvwv ri �qdqfldo glvwuhvv soxv d zhljkwhg dyhudjh ri wkh frvwv ri htxlw|

dqg ghew �qdqfh/ l1h1
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Wkh idfw wkdw e46� dqg �� fduu| wkh frxqwu| vxevfulsw � uh hfwv wkh dvvxpswlrq wkdw

wkh frxqwu|0vshfl�f ulvn fkdudfwhulvwlfv ri wkh pxowlqdwlrqdo*v htxlw| dqg ri wkh ghew

dvvrfldwhg zlwk lwv grphvwlf rshudwlrqv duh wkh ulvnv dwwdfkhg wr wkh sduhqw frpsdq|*v

krph frxqwu|1
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Dv d sdudooho wr +97,/ wkh sduhqw*v frvwv ri �qdqfldo glvwuhvv shu xqlw ri fdslwdo duh

jlyhq e|

@_6� '

�
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+:;,

dqg dqdorjrxvo| wr +9:,/ wkh uhodwlrq ehwzhhq ghsuhfldwlrq iru wd{ sxusrvhv dqg wuxh

hfrqrplf ghsuhfldwlrq lv
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eB� �B� n o6�

�
eB� n o6�

+:<,

Frqvlghu qh{w wkh iruhljq vxevlgldulhv ri wkh pxowlqdwlrqdo1 Iru d iruhljq vxevlgldu|

rzqhg e| d sduhqw lq frxqwu| � dqg rshudwlqj lq frxqwu| �/ rxwsxw t 8
�� lv jlyhq e| wkh

Free0Grxjodv whfkqrorj|
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Wkh h{rjhqrxv yduldeoh '� lv d �{hg sxeolf lqsxw zklfk lv dq lqglfdwru ri wkh h{whqw

wr zklfk wkh lqiudvwuxfwxuh ri wkh krvw frxqwu| � surprwhv wkh h�hfwlyh orfdo xwlol}dwlrq

ri wkh vshfl�f dvvhwv ri iruhljq pxowlqdwlrqdov1 Zh dvvxph wkdw d iruhljq pxowlqdwlrqdo

khdgtxduwhuhg lq frxqwu| � ehqh�wv iurp wklv orfdo lqsxw lq sursruwlrq wr wkh vl}h ri

wkh krph frxqwu| �/ phdvxuhg e| wkdw frxqwu|*v vkduh ri zruog srsxodwlrq/ r�1 Ehfdxvh

'� lv d sxeolf lqsxw/ wkh sxuh +diwhu0wd{, sur�wv dulvlqj iurp wkh h{sorlwdwlrq ri wklv

�{hg idfwru dffuxh wr wkh rzqhuv ri wkh grphvwlf sduhqw frpsdq|/ iruplqj sduw ri wrwdo

krxvhkrog lqfrph lq wkh sduhqw frpsdq|*v krph frxqwu| �1

Li �8�� lv wkh pxowlqdwlrqdo frpsdq|*v wrwdo dyhudjh wd{ udwh rq sur�wv jhqhudwhg

e| d iruhljq vxevlgldu| lq frxqwu| �/ wkh sduhqw*v diwhu0wd{ hfrqrplf sur�wv iurp wklv

vxevlgldu| +�8
��, duh htxdo wr
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Htxdwlrq +;4, dvvxphv wkdw wkh vxevlgldu| lv 433 shufhqw rzqhg e| wkh sduhqw zklfk

wkxv surylghv wkh vxevlgldu| zlwk doo ri lwv htxlw| dw dq rssruwxqlw| frvw htxdo wr wkh

frvw ri htxlw| e46� lq wkh sduhqw*v krph frxqwu| �1 Lq dgglwlrq/ wkh vxevlgldu| �qdqfhv d

iudfwlrq _8�� ri lwv fdslwdo vwrfn e| lvvxlqj ghew lq wkh iruhljq krvw frxqwu| �1 Iru odwhu

sxusrvhv/ zh vshfli| wkh vxevlgldu|*v pdujlqdo frvw ri �qdqfh dv
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dqg wkh vxevlgldu|*v frvw ri �qdqfldo glvwuhvv lv
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Wkh lqwhuqdwlrqdo wd{ uxohv ghvfulehg lq vhfwlrq LL18 ehorz lpso| wkdw wkh wrwdo wd{

udwh rq glvwulexwhg iruhljq vrxufh sur�wv � _�� pd| ghyldwh iurp wkh wrwdo wd{ udwh � o�� rq

sur�wv zklfk duh uhwdlqhg deurdg1 Dvvxplqj wkdw d iudfwlrq e}8� ri wd{deoh iruhljq vrxufh

sur�wv lv glvwulexwhg wr wkh sduhqw frpsdq|/ zh wkxv kdyh

�8�� ' e}8� � _�� n �
�� e}8� � � o�� +;7,

zkhuh � _�� dqg � o�� lqfoxgh wd{hv sdlg e| wkh sduhqw dv zhoo dv wkh vxevlgldu|1 Wkh wd{deoh

sur�wv lq wkh iruhljq vxevlgldu| lq vrxufh frxqwu| � duh
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zkhuh wkh udwh ri ghsuhfldwlrq iru wd{ sxusrvhv lv jlyhq e| dq h{suhvvlrq vlplodu wr +9:,

dqg +:<,=
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Wkh sduhqw frpsdq|*v wd{deoh sur�wv iurp grphvwlf vrxufhv duh
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Uhfdoo wkdw dq| grphvwlf wd{hv sdlg e| wkh sduhqw frpsdq| rq lwv iruhljq vrxufh lq0

frph duh lqfoxghg lq wkh yduldeohv �8�� vshfl�hg hduolhu1 Li wkh sduhqw glvwulexwhv d iudfwlrqe}6� ri lwv wrwdo wd{deoh sur�wv +lqfoxglqj wd{deoh iruhljq0vrxufh lqfrph, dv glylghqgv/ lwv

h�hfwlyh frusrudwh wd{ udwh rq grphvwlf vrxufh lqfrph zloo eh
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Olnh grphvwlf frusrudwlrqv/ pxowlqdwlrqdov pxvw doorfdwh wkhlu oderxu lqsxw dfurvv

wkh r gl�huhqw vnloo w|shv wr plplvh wkhlu wrwdo zdjh eloo/ rqfh wkh| kdyh rswlplvhg wkhlu

djjuhjdwh oderxu ghpdqg lq dffrugdqfh zlwk +;<, dqg +<6,1 Lq sdudooho wr +:5,/ wklv

|lhogv wkh oderxu ghpdqg vfkhgxohv
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LL181 Wkh wd{dwlrq ri lqfrph iurp iruhljq gluhfw lqyhvwphqw

Lq htxdwlrq +;7,/ zh vshfl�hg wkh frusrudwh wd{ udwh rq lqfrph iurp iruhljq gluhfw

lqyhvwphqw dv
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Hyhq li wkh krph frxqwu| ri wkh sduhqw frpsdq| lpsrvhv frusrudwh wd{ rq wkh sduhqw*v

lqfrph iurp iruhljq vxevlgldulhv/ vxfk krph frxqwu| wd{ lv xvxdoo| ghihuuhg xqwlo wkh wlph

wkh lqfrph lv uhsdwuldwhg/ zkhuhdv sur�wv zklfk duh uhwdlqhg deurdg zloo qrupdoo| rqo|

eh vxemhfw wr ruglqdu| frusrudwlrq wd{ lq wkh iruhljq krvw frxqwu|1 Krzhyhu/ zkhq

uhwhqwlrq ri +diwhu0wd{, sur�wv deurdg jhqhudwhv d fdslwdo jdlq rq wkh vkduhv khog e| wkh

sduhqw frpsdq|/ wkh sduhqw pd| kdyh wr sd| d uhvlghqfh0edvhg frusrudwh fdslwdo jdlqv

wd{ +ghqrwhg e| � S6� , wr wkh krph frxqwu|1 Khqfh zh kdyh

� o�� ' � o� n E�� � o�� �
S6
� +<;,

Lq vshfli|lqj wkh h�hfwlyh fdslwdo jdlqv wd{ udwh � S6� zh dvvxph wkdw d sduhqw frpsdq|

grhv qrw dftxluh vkduhv lq d iruhljq vxevlgldu| iru wkh sxusrvh ri vfrulqj d vkruw whup

fdslwdo jdlq1 Vshfl�fdoo|/ zh dvvxph wkdw wkh sduhqw frpsdq| uhdol}hv d iudfwlrq @S6� ri

lwv fdslwdo jdlq shu |hdu/ exw rqo| diwhu h{slu| ri wkh �uvw shulrg ?r6� lq zklfk d jdlq lv

gh�qhg dqg wd{hg dv d *vshfxodwlyh* jdlq1 Lq rxu suhylrxv htxdwlrq +86,/ vxfk ehkdylrxu

zrxog fruuhvsrqg wr @Sr� ' f1 Iroorzlqj wkh surfhgxuh xvhg wr ghulyh +86,/ dqg xvlqj

d gxpp| (S6
� wr doorz iru wkh srvvlelolw| wkdw wkh edvlv ydoxh ri wkh vkduhv rzqhg e|

sduhqw frpsdqlhv pd| eh lqgh{hg/ wkh sduhqw*v h�hfwlyh wd{ udwh rq dffuxhg fdslwdo jdlqv

rq vkduhv lq wkh iruhljq vxevlgldu| lv wkhq irxqg wr eh
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Wkh wd{ udwh rq glvwulexwhg iruhljq vrxufh sur�wv �_�� zloo ghshqg rq wkh phwkrg ri

lqwhuqdwlrqdo grxeoh wd{ uholhi zklfk lv zulwwhq lqwr wkh grphvwlf wd{ odz ru lqwr wkh

elodwhudo wd{ wuhdwlhv ri wkh sduhqw frpsdq|*v krph frxqwu|1 Xqghu wkh sxuh h{hps0

wlrq phwkrg iruhljq vrxufh lqfrph lv vlpso| h{hpsw iurp krph frxqwu| wd{/ vr wkh

wd{ sdlg rq glvwulexwhg iruhljq vrxufh sur�wv zloo frqvlvw ri wkh iruhljq krvw frxqwu|

frusrudwh wd{ udwh rq glvwulexwhg sur�wv
�
�_�
�
soxv dq| vrxufh frxqwu| zlwkkroglqj wd{
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�
1 Krz0

hyhu/ vrph uhvlghqfh frxqwulhv rqo| h{hpsw d iudfwlrq +ghqrwhg (ee
� , ri wkh qhw glylghqg

iurp iruhljq vrxufhv/ wkxv lpsrvlqj dq dprxqw ri grphvwlf frusrudwlrq wd{ htxdo wr

�6�
�
��(ee

�

� �
�� �_�

� �
�� ��8��

�
rq wkh qrq0h{hpsw iudfwlrq1

Rq wrs ri wklv/ vrph frxqwulhv zlwk dq lpsxwdwlrq v|vwhp lpsrvh d vr0fdoohg htxdo0

l}dwlrq wd{ rq wkh sduhqw frpsdq| zkhq lw glvwulexwhv glylghqgv uhfhlyhg iurp iruhljq

vxevlgldulhv wr lwv grphvwlf vkduhkroghuv1 Wkh sxusrvh ri wklv htxdol}dwlrq wd{ lv wr r�vhw

wkh glylghqg wd{ fuhglw uhfhlyhg e| wkh grphvwlf vkduhkroghu lq ylhz ri wkh idfw wkdw wkh

frusrudwlrq wd{ sdlg rq wkh xqghuo|lqj sur�wv kdv dffuxhg wr wkh iruhljq udwkhu wkdq

wkh grphvwlf jryhuqphqw1 Lq sudfwlfh wkh wd{ frgh frqwdlqv rughulqj uxohv vshfli|lqj

zkhq wkh glylghqgv sdlg e| wkh sduhqw frpsdq| duh frqvlghuhg wr ruljlqdwh iurp iruhljq

vrxufhv1 Wkhvh uxohv lpso| wkdw wkh htxdol}dwlrq wd{ lpsrvhg rq wkh sduhqw frpsdq|

zloo ghshqg lqwhu dold rq wkh uhodwlyh lpsruwdqfh ri lwv iruhljq0vrxufh dqg lwv grphvwlf0

vrxufh lqfrph1 Wklv uhodwlyh lpsruwdqfh zloo ydu| iurp frpsdq| wr frpsdq|/ exw zh

dvvxph wkdw/ rq dyhudjh/ d iudfwlrq e}6� ri wkh diwhu0wd{ iruhljq0vrxufh glylghqgv duh sdlg

rxw wr grphvwlf vkduhkroghuv +htxdo wr wkh sduhqw frpsdq|*v dyhudjh sd|0rxw udwlr,1 Li

wkh lpsxwdwlrq udwh lv e��/ li wkh iruhljq vrxufh lqfrph lv ixoo| h{hpswhg iurp grphv0

wlf frusrudwlrq wd{/ dqg li zh ghqrwh wkh wrwdo wd{ udwh rq uhsdwuldwhg sur�wv xqghu

wkh h{hpswlrq phwkrg e| �_e��/ wkh sduhqw frpsdq| pxvw wkhq sd| dq htxdol}dwlrq wd{

htxdo wr e}6� �
�� � _e��

� e��* E�� e��� shu xqlw ri diwhu0wd{ glylghqg uhfhlyhg iurp wkh iruhljq

vxevlgldu|/ fruuhvsrqglqj wr wkh glylghqg wd{ fuhglw judqwhg wr vkduhkroghuv zkhq wkh

iruhljq vrxufh lqfrph lv glvwulexwhg1 Li wkh iruhljq vrxufh lqfrph lv rqo| sduwldoo| h{0

hpsw iurp grphvwlf frusrudwh wd{/ wkh grphvwlf wd{ douhdg| sdlg rq wkh iruhljq lqfrph

lv vxewudfwhg iurp wkh htxdol}dwlrq wd{ eloo1 Xvlqj d gxpp| (.
� zklfk lv xqlw| zkhq wkh

uhvlghqfh frxqwu| dssolhv dq htxdol}dwlrq wd{/ wkh wrwdo h�hfwlyh wd{ udwh rq uhsdwuldwhg

iruhljq0vrxufh lqfrph xqghu wkh h{hpswlrq phwkrg pd| wkhq eh zulwwhq dv iroorzv=

�_e�� '

iruhljq
frusrudwlrq

wd{}��~
�_� n

iruhljq
zlwkkroglqj

wd{} �� ~
��8��

�
�� � _�

�
n

ruglqdu| grphvwlf
frusrudwlrq wd{} �� ~
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n

grphvwlf htxdol}dwlrq wd{} �� ~
(.
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;AAAAA?AAAAA=
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�� e��� ~} �
lpsxwdwlrq fuhglwv dwwdfkhg
wr iruhljq0vrxufh glylghqgv
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+433,

Dv dq dowhuqdwlyh wr h{hpswlrq/ wkh krph frxqwu| pd| lpsrvh grphvwlf wd{ rq

*jurvvhg0xs* iruhljq vrxufh glylghqgv exw judqw d fuhglw iru iruhljq wd{hv sdlg djdlqvw wkh

grphvwlf wd{ oldelolw|1 Qrupdoo| wkh dprxqw ri fuhglw lv olplwhg wr wkh wrwdo dprxqw ri

grphvwlf wd{ oldeoh rq wkh iruhljq vrxufh lqfrph1 Wklv olplwdwlrq phdqv wkdw wkh fuhglw

phwkrg lv htxlydohqw wr wkh h{hpswlrq phwkrg zkhqhyhu wkh vxp ri iruhljq frusrudwlrq

dqg zlwkkroglqj wd{hv h{fhhgv wkh ruglqdu| grphvwlf frsrudwlrq wd{ rq wkh suh0wd{

iruhljq lqfrph1 Djdlq/ lpsxwdwlrq frxqwulhv pd| lq dgglwlrq lpsrvh dq htxdol}dwlrq wd{

wr uhfryhu wkh gl�huhqfh ehwzhhq wkh glylghqg wd{ fuhglw judqwhg wr vkduhkroghuv zkhq

wkh iruhljq0vrxufh lqfrph qhw ri wkh wrwdo wd{ � _Sr�� lv glvwulexwhg/
�
e��e}

6
�

�3e��

� �
�� � _Sr��

�
/

dqg wkh qhw grphvwlf frusrudwh wd{ zklfk kdv ehhq sdlg rq iruhljq lqfrph/ ghqrwhghA r8
�� � �6� �

�
�_� n

�
�� �_�

�
��8��

�
1 Xqghu wklv vr0fdoohg v|vwhp ri fuhglw e| vrxufh wkh

wrwdo wd{ udwh rq uhsdwuldwhg iruhljq lqfrph lv wkhuhiruh htxdo wr

�_Sr�� ' �6� n(.
�

%e��e}6� �
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�� e�� � hA r8
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� f +4341d,

�_Sr�� ' � _e�� iru hA r8
�� 	 f +4341e,
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Wkh uhodwlrqv lq +434, ghvfuleh wkh phwkrg ri *fuhglw e| vrxufh* zkhuh wkh olplwdwlrq

rq wkh iruhljq wd{ fuhglw lv dssolhg wr hdfk iruhljq vrxufh frxqwu| vhsdudwho|1 Krzhyhu/

vrph frxqwulhv olnh Mdsdq dqg wkh Xqlwhg Vwdwhv rqo| dsso| wkh olplw rq wkh iruhljq wd{

fuhglw li wkh wrwdo iruhljq wd{ rq wrwdo iruhljq vrxufh lqfrph h{fhhgv wkh grphvwlf wd{

oldelolw| rq djjuhjdwh iruhljq lqfrph1 Xqghu wklv phwkrg ri *zruogzlgh fuhglw* wkh wrwdo

wd{ udwh � _S��� rq uhsdwuldwhg iruhljq sur�wv lv jlyhq dv

�_S��� '
�6� n(.
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�� � f +4351d,

� _S��� ' � _e�� iru hA8
� 	 f +4351e,

Wkh vshfl�fdwlrqv +434, dqg +435, dvvxph wkdw wkh sduhqw*v krph frxqwu| dffhswv

wkh gh�qlwlrq ri wd{deoh sur�wv dssolhg lq iruhljq vrxufh frxqwulhv1 Lq sudfwlfh/ krph

frxqwulhv xvlqj wkh fuhglw phwkrg vrphwlphv fdofxodwh wkh olplwdwlrq rq wkh iruhljq wd{

fuhglw e| dsso|lqj wkh grphvwlf wd{ udwh wr wkh iruhljq vrxufh sur�wv fdofxodwhg rq wkh

edvlv ri grphvwlf uxohv iru gh�qlqj wkh iruhljq wd{ edvh1 Iru vlpsolflw|/ wkh RHFGWD[

prgho ljqruhv wklv frpsolfdwlrq1

D wklug phwkrg iru lqwhuqdwlrqdo grxeoh wd{ uholhi zklfk lv uduho| xvhg lv wkh phwkrg

ri ghgxfwlrq xqghu zklfk wkh krph frxqwu| lpsrvhv wd{ rq iruhljq vrxufh glylghqgv diwhu

ghgxfwlrq ri iruhljq wd{1 Wkh grphvwlf frusrudwh wd{ exughq +h{foxglqj htxdol}dwlrq wd{,

rq wkh iruhljq vrxufh lqfrph zloo wkhq eh �6�
�
�� �_�

� �
�� ��8��

�
1 Lq sulqflsoh/ li �__�� lv

wkh wrwdo wd{ udwh rq uhsdwuldwhg sur�wv xqghu wkh ghgxfwlrq phwkrg/ dq| htxdol}dwlrq

wd{ pxvw htxdo wkh gl�huhqfh ehwzhhq wkh lpsxwdwlrq fuhglw judqwhg wr vkduhkroghuv/�
e}6� e��

�3e��

� �
�� �__��

�
/ dqg wkh grphvwlf frusrudwh wd{ �6�

�
�� �_�

� �
�� ��8��

�
douhdg| sdlg

rq wkh iruhljq sur�wv1 Krzhyhu/ lw fdq eh vkrzq wkdw wklv dprxqw ri htxdol}dwlrq wd{

lv dozd|v qrq0srvlwlyh1 Khqfh zh pd| ljqruh dq| htxdol}dwlrq wd{ xqghu d ghgxfwlrq

v|vwhp/ vr wkh h�hfwlyh frusrudwh0ohyho wd{ udwh rq glvwulexwhg iruhljq vrxufh sur�wv

ehfrphv
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Ohw xv qrz lqwurgxfh wkh gxpp| yduldeohv

(e
�� ' � li uhvlghqfh frxqwu| � judqwv h{hpswlrq ylv ä ylv vrxufh frxqwu| �> (e

�� ' f

rwkhuzlvh

(Sr
�� ' � li uhvlghqfh frxqwu| � judqwv fuhglw e| vrxufh ylv ä ylv vrxufh frxqwu| �>

(Sr
�� ' f rwkhuzlvh

(S�
�� ' � li uhvlghqfh frxqwu| � judqwv zruogzlgh fuhglw ylv ä ylv vrxufh frxqwu| �>

(S�
� ' f rwkhuzlvh

(_
�� ' � li uhvlghqfh frxqwu| � dssolhv wkh ghgxfwlrq phwkrg ylv ä ylv vrxufh frxqwu|

�> (_
�� ' f rwkhuzlvh

Xvlqj wklv qrwdwlrq dorqj zlwk +433, wkurxjk +436,/ zh pd| qrz vshfli| wkh h�hfwlyh

frusrudwh wd{ udwh rq uhsdwuldwhg iruhljq gluhfw lqyhvwphqw lqfrph dv iroorzv=

� _�� ' (e
���

_e
�� nn(_

���
__
�� n(Sr

���
_Sr
�� n(S�

�� �
_S�
�� c � 9' � +437,

LL191 Glylghqg sd|rxw udwlrv

Zh pd| dovr xvh wkh deryh qrwdwlrq wr vshfli| wkh iudfwlrq ri wd{deoh sur�wv zklfk

lv wd{hg dv glylghqgv1 Lq wkh ghulydwlrqv deryh/ zh kdyh xvhg R_ wr ghqrwh wkh iudfwlrq

ri wkh wuxh uhwxuq wr htxlw| +e4 dqg e46, zklfk lv vxemhfw wr glylghqg wd{/ zkloh e} dqg e}6
ghqrwhg wkh iudfwlrq ri wd{deoh sur�wv zklfk lv wd{hg dv glylghqgv1 E| gh�qlwlrq/ wkh

udwlr ri wkhvh wzr pdjqlwxghv pxvw htxdo wkh udwlr ehwzhhq wkh wuxh uhwxuq wr htxlw|

dqg wd{deoh sur�wv1 Iru pxowlqdwlrqdo frpsdqlhv zh wkhuhiruh kdyh wkh lghqwlw|
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+438,

zkhuh wkh qxphudwru lv wkh glvwulexwhg sduw ri wkh wuxh uhwxuq wr wkh wrwdo htxlw| lqyhvwhg

lq wkh pxowlqdwlrqdo/ dqg wkh ghqrplqdwru lv wkdw sduw ri wkh pxowlqdwlrqdo*v joredo sur�wv

zklfk lv wd{deoh lq wkh krph frxqwu|1

Iru grphvwlf frusrudwlrqv zh kdyh wkh vlpsohu lghqwlw|
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e}� ' R_�e4�g� E�� _��e��

+439,

Lq wkh RHFGWD[ prgho R_� lv wuhdwhg dv dq h{rjhqrxv yduldeoh frpprq wr grphvwlf

frusrudwlrqv dqg grphvwlfdoo|0edvhg pxowlqdwlrqdov/ zkloh e}6� dqg e}� duh ghwhuplqhg

hqgrjhqrxvo| yld wkh wzr htxdwlrqv deryh1

LL1:1 Zdjh vhwwlqj/ zrunlqj krxuv dqg xqhpsor|phqw

Zkloh wkh rxwsxw pdunhw lv shuihfwo| frpshwlwlyh/ wkh oderxu pdunhw lv fkdudfwhul}hg

e| lpshuihfw frpshwlwlrq1 Oderxu ri hdfk vnloo w|sh lv rujdql}hg lq d prqrsro| fudiw

xqlrq vhwwlqj wkh zdjh udwh dqg zrunlqj krxuv iru lwv vnloo w|sh1 Li d zrunhu idlov wr �qg

hpsor|phqw zlwklq wkh xqlrq wr zklfk kh lqlwldoo| ehorqjv/ kh pd| vhhn d mre hovhzkhuh

lq wkh grphvwlf hfrqrp|1 Lq wkdw fdvh kh zloo uhpdlq xqhpsor|hg zlwk suredelolw| s E��/

zkhuh � lv wkh dyhudjh hfrqrp|zlgh xqhpsor|phqw udwh/ dqg f 	 s E�� 	 � iru f 	 � 	 �

uh hfwv wkh dvvxpswlrq ri vrph oderxu prelolw| dfurvv vnloo w|shv1

Lq vhwwlqj zdjhv dqg zrun krxuv/ wkh xqlrq iru zrunhuv ri vnloo w|sh ^ pd{lplvhv

lwv phpehuv* h{shfwhg frqvxphu vxusoxv iurp zrun/ L�^1 Wklv lv d zhljkwhg dyhudjh ri

wkh frqvxphu vxusoxv iurp zrun zlwklq wkh xqlrq/ ` ^�^E�3|�

�
�

E�^��n0

�n0
/ dqg wkh dyhudjh

h{shfwhg vxusoxv L rewdlqdeoh hovhzkhuh lq wkh oderxu pdunhw/ zlwk wkh zhljkw ehlqj

ghwhuplqhg e| wkh xqhpsor|phqw udwh �^ iru wkh vnloo w|sh lq txhvwlrq=

L�^ ' E�� �^�

%
` ^�^ E�� |�

�
�

E�^��n0

� n 0

&
n �^L +43:,

Vlqfh hpsor|huv kdyh wkh uljkw wr pdqdjh/ wkh xqlrq pxvw dffrxqw iru wkhlu oderxu

ghpdqg fxuyhv1 Li u@ lv djjuhjdwh oderxu ghpdqg dqg � lv wkh wrwdo oderxu irufh/ dqg li

wkh lqlwldo doorfdwlrq ri zrunhuv dfurvv vnloo w|shv lv v|pphwulf/ lw iroorzv iurp +:5,/ +<8,

dqg +<9, dqg wkh gh�qlwlrq ri xqhpsor|phqw wkdw wkh xqlrq iru zrunhuv ri vnloo w|sh ^

idfhv wkh frqvwudlqw

�^ E�� �^�

phpehuv ri
xqlrq ^}��~
�

r
'

ghpdqg iru zrun
krxuv ri w|sh ^} �� ~�
` ^

`

�3b
u@

r
+43;,

68



zkhuh wkh djjuhjdwh ghpdqg iru oderxu lqsxw lq frxqwu| � lv wkh vxp ri wkh ghpdqg

hpdqdwlqj iurp grphvwlf frusrudwlrqv dqg pxowlqdwlrqdov/ lqfoxglqj iruhljq0rzqhg vxe0

vlgldulhv rshudwlqj lq wkh frxqwu|=

u@
� ' u� n u6

� n
?[

�'�c � �'�

u8
�� +43<,

Vlqfh wkhuh duh pdq| vnloo w|shv/ hdfk xqlrq wdnhv djjuhjdwh hpsor|phqw/ wkh jhqhudo

zdjh dqg sulfh ohyho dqg wkh rxwvlgh rswlrq L dv jlyhq zkhq pd{lplvlqj +43:, zlwk

uhvshfw wr ` ^ dqg �^/ vxemhfw wr +43;,1 Wkh �uvw0rughu frqglwlrqv iru wkh vroxwlrq wr wkh

xqlrq*v sureohp fdq eh vkrzq wr lpso| wkdw

E�^��n0

� n 0
'

L

0
+443,

` ^�^ E�� |�
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� n 0
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�
L +444,

Iurp +444, zh vhh wkdw wkh xqlrq vhwv wkh diwhu0wd{ uhdo lqfrph ri lwv phpehuv

dv d pdun0xs ryhu wkh ydoxh ri wkh rxwvlgh rswlrq1 Wkh pdun0xs lv kljkhu wkh orzhu

wkh vxevwlwxwlrq hodvwlflw| b ehwzhhq vnloo w|shv/ l1h1 wkh orzhu wkh zdjh hodvwlflw| ri

ghpdqg iru wkh lqglylgxdo vnloo w|sh1 Xvlqj yduldeohv zlwkrxw ^0vxshuvfulswv wr ghqrwh

hfrqrp|zlgh dyhudjhv/ zh pd| vshfli| wkh rxwvlgh rswlrq dv

L ' d�� s E��o

�
`� E�� |�

�
�

��n0

� n 0

�
n s E��

�
K?`� E�� |�

�

�
c f 	 K? 	 � +445,

zkhuh s E�� lv wkh suredelolw| wkdw wkh zrunhu uhpdlqv xqhpsor|hg zkhq vhhnlqj d mre

rxwvlgh klv ruljlqdo wudgh/ dqg wkh odvw whup rq wkh uljkw0kdqg vlgh lv wkh uhdo qhw udwh

ri xqhpsor|phqw ehqh�w/ zlwk K? ghqrwlqj wkh dyhudjh qhw uhsodfhphqw udwlr1 Vlqfh wkh

ydoxh iru L lq +445, lv wkh vdph iru doo xqlrqv/ lw iroorzv iurp +443, wkurxjk +445, wkdw

wkh| zloo doo vhw wkh vdph zdjh udwhv dqg zrunlqj krxuv1 Vhwwlqj ` ^ ' ` dqg �^ ' �

dqg dvvxplqj wkdw s E�� wdnhv wkh frqvwdqw0hodvwlflw| irup s E�� ' �#/ zh wkhq �qg iurp

+443, wkurxjk +445, wkdw
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c # : f +447,

Qrwh wkdw wkh olplwlqj fdvh ri shuihfw frpshwlwlrq lq wkh oderxu pdunhw pd| eh

rewdlqhg e| ohwwlqj wkh vxevwlwxwlrq hodvwlflw| b whqg wr lq�qlw|/ vlqfh xqlrqv zloo wkhq

orvh wkhlu prqrsro| srzhu1 Lq wkdw fdvh zh vhh iurp +447, wkdw wkh udwh ri lqyroxqwdu|

xqhpsor|phqw jrhv wr }hur1 Zh dovr vhh iurp +446, wkdw/ frpsduhg wr wkh frpshwlwlyh

ehqfkpdun zkhuh b $ 4/ xqlrqv xvh wkhlu prqrsro| srzhu wr uhvwulfw wkh vxsso| ri

zrunlqj krxuv/ lpso|lqj wkdw hpsor|hg zrunhuv duh udwlrqhg lq wkhlu oderxu vxsso|1

Ilqdoo| zh revhuyh wkdw li > lv wkh udwlr ri wkh wd{ udwh rq ehqh�w lqfrph wr wkh wd{

udwh rq zdjh lqfrph/ dqg li K lv wkh jurvv uhsodfhphqw udwh +wkh udwlr ri wkh suh0wd{

ehqh�w udwh wr wkh suh0wd{ zdjh udwh,/ zh kdyh

K? '
K E�� >|�

�� |
+448,

LL1;1 Wkh wd{ kdyhq

Frxqwu| ? n � lv d wd{ kdyhq vshfldol}lqj lq lvvxlqj ghew lqvwuxphqwv +h1j1 edqn

ghsrvlwv, wr iruhljq krxvhkrog lqyhvwruv1 Wkh iruhljq ghsrvlwv uhfhlyhg e| wkh wd{ kdyhq

+phdvxuhg shu lqkdelwdqw, duh ghqrwhg �?n�1 E| gh�qlwlrq/ wkh yroxph ri wkhvh ghsrvlwv

lv

r?n��
?n� '

?[
�'�

r��
�?
?n�c� +449,

zkhuh r� ghqrwhv frxqwu| �*v vkduh ri wrwdo zruog srsxodwlrq/ dqg ��?
?n�c� lv wkh yroxph

ri ghsrvlwv sodfhg lq mxulvglfwlrq ? n � e| d krxvhkrog lqyhvwru uhvlglqj lq frxqwu|

�1 Wkh ghsrvlwv uhfhlyhg e| wkh wd{ kdyhq duh qrw lqyhvwhg orfdoo|> lqvwhdg wkh| duh

uhlqyhvwhg lq wkh lqwhuqdwlrqdo erqg pdunhw zlwk wkh sxusrvh ri pd{lplvlqj wkh wd{

kdyhq lqwhuphgldwru*v wrwdo lqfrph
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vxemhfw wr wkh xvxdo FHV wudqvirupdwlrq fxuyh
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zkhuh �?n�
� lv wkh wd{ kdyhq lqwhuphgldwru*v kroglqjv ri erqgv lvvxhg lq frxqwu|

�/ dqg zkhuh +44:, dvvxphv wkdw kh fdq uhlqyhvw klv ghsrvlwv zlwkrxw lqfxuulqj dq|

lqwhuphgldwlrq fkdujh1 Wkh vroxwlrq wr wkh wd{ kdyhq lqwhuphgldwru*v sruwirolr doorfdwlrq

sureohp lpsolhv
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+453,

Ri frxuvh/ iru wkh wd{ kdyhq wr ixoo| olyh xs wr lwv qdph/ wkh yduldeohv (�K
�� dqg � K��� lq

htxdwlrq +88, pxvw erwk dvvxph d ydoxh ri }hur iru � ' ?n�> l1h1/ wkh wd{ kdyhq qhlwkhu

hqjdjhv lq lqwhuqdwlrqdo lqirupdwlrq h{fkdqjh qru lpsrvhv dq| zlwkkroglqj wd{1

Zkhq wkh wd{ kdyhq lqwhuphgldwru pd{lplvhv klv wrwdo sruwirolr lqfrph jlyhq lq

+44:,/ kh zloo dovr pd{lplvh klv wrwdo +shu0fdslwd, sur�w iurp lqwhuphgldwlrq zklfk lv

Zs?n� ' S � �?n��
?n� +454,

Qrwh wkdw +454, dovr uhsuhvhqwv wkh shu0fdslwd JGS ri wkh wd{ kdyhq1

LL1<1 Wkh rq0vkruh �qdqfldo vhfwru

Sduw ri krxvhkrog lqfrph frqvlvwv ri wkh sur�wv jhqhudwhg e| wkh lqwhuphgldwlrq

ihhv fkdujhg e| wkh �qdqfldo vhfwru1 Wkh shu0fdslwd sur�wv jhqhudwhg lq wkh grphvwlf
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lqvwlwxwlrqdo vhfwru duh S�4�7�1 Lq dgglwlrq/ zh pxvw dffrxqw iru wkh hduqlqjv ri edqnv

rshudwlqj *rq vkruh*/ l1h1 rxwvlgh wkh wd{ kdyhq mxulvglfwlrq1 Wkh wrwdo *rq0vkruh* edqn

sur�wv jhqhudwhg e| ghew lvvxhg lq frxqwu| � duh

+s� ' S��

5999997
vxsso| ri

pruwjdjh erqgv} �� ~
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� n |M�
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vxsso| ri
frusrudwh erqgv} �� ~
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vxsso| ri
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ghew lqwhuphgldwhg
e| r�0vkruh edqnv} �� ~
Er?n�*r���
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ghew lqwhuphgldwhg e|
lqvwlwxwlrqdo lqyhvwruv} �� ~
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6:::::8 +455,

zkhuh �} lv wkh vwrfn ri jryhuqphqw ghew shu fdslwd/ dqg (�
� lv d gxpp| zklfk lv htxdo

wr xqlw| li frxqwu| � lv dq HX phpehu vwdwh/ dqg }hur rwkhuzlvh1 Vlqfh edqnv fdq rshudwh

rxwvlgh wkhlu krph frxqwu|/ rqo| d sduw ri wkh wrwdo edqn sur�wv +s� jhqhudwhg lq frxqwu|

� dffuxhv wr edqnv rzqhg e| wkdw frxqwu|*v uhvlghqwv1 Zh dvvxph wkdw grphvwlfdoo|0

rzqhg edqnv lq frxqwu| � hduq dq h{rjhqrxv iudfwlrq s � ri wkh wrwdo rq0vkruh edqn

sur�wv jhqhudwhg e| ghew lvvxhv lq wkdw frxqwu|/ dqg d iudfwlrq s� ri wkh rq0vkruh edqn

sur�wv jhqhudwhg e| ghew lvvxhv lq rwkhu frxqwulhv1 Khqfh wkh wrwdo shu0fdslwd sur�wv

hduqhg e| wkh �qdqfldo vhfwru lq frxqwu| � lv jlyhq e|

Zs� '

sur�wv hduqhg
e| grphvwlf

lqvwlwxwlrqdo vhfwru} �� ~
S��4

�
�7

�
� n

sur�wv hduqhg e|
grphvwlf edqnlqj vhfwru} �� ~
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+s� c � ' �c ����c ? +456,

zkhuh wkh sdudphwhuv pxvw vdwlvi| wkh iroorzlqj uhvwulfwlrqv=

f 	 s � � �c f � s� 	 � +4561d,
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?[
�'�c � �'�

s� ' �� s�c � ' �c 2c ��������c ? +4561e,

Htxdwlrq +4561e, vlpso| vd|v wkdw wkh iudfwlrq ri wkh edqn sur�wv jhqhudwhg lq frxqwu|

� zklfk grhv qrw dffuxh wr grphvwlf edqnv pxvw dffuxh wr iruhljq edqnv1 Vlqfh wkh s�*v

duh h{rjhqrxv/ +4561e, xqltxho| ghwhuplqhv doo wkh s�*v1 Lw fdq eh vkrzq wkdw dq lqfuhdvh

lq s � zloo dovr lqfuhdvh s�/ vr wkh fkrlfh ri wkh yhfwru ri s *v zloo ghwhuplqh wkh furvv0

frxqwu| glvwulexwlrq ri joredo edqn sur�wv1 Wkxv wkh RHFGWD[ prgho dffrxqwv iru wkh

idfw wkdw �qdqfldo vhfwru lqfrph lv pruh lpsruwdqw iru vrph frxqwulhv wkdq iru rwkhuv1

Lq dgglwlrq wr wkh lqfrph hduqhg e| ghew lqwhuphgldwlrq/ wkh grphvwlf edqnlqj vhfwru

dovr hduqv lqfrph e| r�hulqj lqwhuphgldwlrq dqg sd|phqwv vhuylfhv wr grphvwlf sruwirolr

lqyhvwruv zlvklqj wr lqyhvw sduw ri wkhlu zhdowk deurdg1 Vshfl�fdoo|/ zh dvvxph wkdw

wkh wudqvdfwlrq frvw sdudphwhuv SK dqg Sr dsshdulqj lq +87,/ +88,/ +89, dqg +8<, uh hfw

fkdujhv iru edqnlqj vhuylfhv r�huhg wr krxvhkrog sruwirolr lqyhvwruv1 Wkxv wkh wrwdo

fkdujhv e| edqnv lq frxqwu| � iru wkh dgplqlvwudwlrq ri wkh iruhljq sruwirolr lqyhvwphqw

ri grphvwlf lqyhvwruv dprxqw wr

Z|o� ' SK�

?n�[
�'�c � �'�

�� E�� S�
�
(�

��
��
�� n E��(�

� ��
�?
��

�
n SK�

?[
�'�c � �'�

��
�
(�

��
��
�� n E��(�

� ��
�?
��

�

nSr�

?[
�'�c � �'�

e46� �
(�

�

�
.��
�� n.��

��

�
n E��(�

� �
�
.�?
�� n.�?

��

��
+4561f,

LL1431 Krxvhkrog sur�w lqfrph

Wkh suh0h{lvwlqj vwrfn ri lqwdqjleoh dvvhwv lv rzqhg e| krxvhkrogv1 Wkh sxuh sur�wv

dffuxlqj wr wklv �{hg idfwru duh wkhuhiruh lqfoxghg lq wkh wrwdo diwhu0wd{ sur�w lqfrph shu

fdslwd +eZ, zklfk hqwhuv wkh frqvxphu*v exgjhw frqvwudlqw1 Zh zloo qrz dffrxqw iru wkh

ydulrxv frpsrqhqwv ri eZ1 Li +� lv wkh rxwsxw surgxfhg e| grphvwlf frusrudwlrqv glylghg

e| wkh qxpehu ri lqkdelwdqwv lq frxqwu| �/ lw iroorzv iurp +:6, wkdw wkh diwhu0wd{ sur�w

shu fdslwd jhqhudwhg e| grphvwlf frusrudwlrqv +Z, lv
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+� +457,

Iurp wkh uhohydqw �uvw0rughu frqglwlrqv zh dovr �qg wkdw wkh sduhqw frpsdq| ri wkh

grphvwlf pxowlqdwlrqdo hduqv dq diwhu0wd{ shu0fdslwd sur�w htxdo wr

Z6� '
�
�� �6�

� %�
�� k� � q�

�
+6� n
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�'�c � �'�

�
R'�� � �� @'��
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+458,

zkhuh +6� � t 6
� *�� dqg ^�� � '��*��1 Ixuwkhupruh/ wkh vroxwlrq wr wkh pxowlqdwlrqdo*v

rswlpl}dwlrq sureohp fdq eh vkrzq wr lpso| wkdw wkh wrwdo qhw sur�w shu fdslwd hduqhg

iurp wkh iruhljq vxevlgldulhv ri wkh grphvwlf pxowlqdwlrqdo lv

eZ8� '
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�'�c � �'�

�
�� �8��

� k�
�� k8

� � q8�
�
Er�*r�� +

8
�� � R'��^��

l
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zkhuh +8�� � t 8
�� *�� lv wkh rxwsxw ri wkh iruhljq vxevlgldu| phdvxuhg shu lqkdelwdqw lq

wkh iruhljq krvw frxqwu|1 Ilqdoo|/ wkh frqvxphu uhfhlyhv sur�w lqfrph iurp wkh grphvwlf

�qdqfldo vhfwru zklfk lv wd{hg dw wkh udwh � s / ohdylqj d qhw shu0fdslwd sur�w ri eZs =
eZs� '

�
�� � s�

��
Zs� n Z|o�

�
+45:,

Wkh frqvxphu*v wrwdo qhw sur�w lqfrph wkhq ehfrphv

eZ� ' Z� n Z6� n eZ8� n eZs� +45;,

LL1441 Fdslwdo pdunhw htxloleulxp

Zh wxuq qrz wr wkh htxloleulxp frqglwlrqv iru wkh qdwlrqdo fdslwdo pdunhwv1 Vlqfh

dvvhwv lqyhvwhg lq gl�huhqw frxqwulhv duh lpshuihfw vxevwlwxwhv/ wkhuh lv d vhsdudwh fdslwdo

pdunhw iru hdfk frxqwu|/ dowkrxjk qdwlrqdo pdunhwv duh olqnhg e| fdslwdo prelolw|1

Lw lv frqyhqlhqw wr lqwurgxfh wkh qrwdwlrq & wr lqglfdwh d exvlqhvv fdslwdo vwrfn phd0

vxuhg shu lqkdelwdqw lq wkh vrxufh frxqwu| zkhuh wkh fdslwdo lv lqyhvwhg1 Wkh frqglwlrq
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iru htxloleulxp lq wkh erqg pdunhw ri HX frxqwu| � pd| wkhq eh zulwwhq lq shu0fdslwd

irup dv
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Wkh ohiw0kdqg vlgh ri +45<, phdvxuhv wkh vxp ri wkh vxsso| ri pruwjdjh erqgv/

frusrudwh erqgv dqg jryhuqphqw erqgv/ zkloh wkh uljkw0kdqg vlgh jlyhv wkh ghpdqg iru

frxqwu| � erqgv hpdqdwlqj iurp wkh wd{ kdyhq lqwhuphgldwru dqg iurp grphvwlf dqg

iruhljq krxvhkrog dqg lqvwlwxwlrqdo lqyhvwruv1

Lq d vlplodu zd| zh pd| zulwh wkh htxloleulxp frqglwlrq iru wkh erqg pdunhw lq URZ

frxqwu| � dv
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Frqvlghu qh{w wkh frqglwlrqv iru vwrfn pdunhw htxloleulxp1 Dv douhdg| phqwlrqhg/

vkduhv lvvxhg e| grphvwlf frusrudwlrqv duh qrw wudghg lq wkh r!fldo vwrfn h{fkdqjh dqg

duh khog rqo| e| grphvwlf krxvhkrog lqyhvwruv1 Krxvhkrogv pd| dovr krog vkduhv lq gr0

phvwlf dqg iruhljq pxowlqdwlrqdov1 Lqvwlwxwlrqdo lqyhvwruv rqo| krog olvwhg vkduhv lvvxhg

e| grphvwlf dqg iruhljq pxowlqdwlrqdo frpsdqlhv1 Zkhuhdv vkduhv lvvxhg lq gl�huhqw

frxqwulhv duh lpshuihfw vxevwlwxwhv/ L dvvxph wkdw vkduhv lvvxhg e| frpsdqlhv rshudwlqj

lq wkh vdph qdwlrqdo hfrqrp| duh shuihfw vxevwlwxwhv lq wkh h|hv ri krxvhkrog lqyhvwruv1

Wklv phdqv wkdw vkduhv lvvxhg e| grphvwlfdoo|0edvhg pxowlqdwlrqdov fdq qhyhu |lhog d

orzhu diwhu0wd{ uhwxuq wr krxvhkrog lqyhvwruv wkdq vkduhv lvvxhg e| xqtxrwhg grphvwlf
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frusrudwlrqv lq dq htxloleulxp zkhuh krxvhkrog lqyhvwruv krog erwk w|shv ri vkduhv lq

wkhlu sruwirolr +zklfk zh uhdolvwlfdoo| dvvxph wr eh wkh fdvh,1 Wklv phdqv wkdw wkh frvw

ri htxlw| iru grphvwlf pxowlqdwlrqdov +e46� � lv olqnhg wr wkh frvw ri htxlw| iru grphvwlf xq0
txrwhg frusrudwlrqv +e4�, e| wkh iroorzlqj duelwudjh frqglwlrq/ zkhuh zh xvh wkh qrwdwlrq
lqwurgxfhg lq vhfwlrq LL16=
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+464,

Wkh yduldeoh 5�6� lq +464, ghqrwhv wkh wd{ udwh rq vkduhkroghu lqfrph iurp grphvwlf

pxowlqdwlrqdov1 Wklv wd{ udwh pd| gl�hu iurp wkh wd{ udwh 5��� rq vkduhkroghu lqfrph

iurp grphvwlf frusrudwlrqv +jlyhq lq +85,, ehfdxvh frxqwulhv zlwk lpsxwdwlrq v|vwhpv

zklfk h{hpsw iruhljq vrxufh lqfrph iurp grphvwlf frusrudwlrq wd{ gr qrw dozd|v judqw

lpsxwdwlrq fuhglwv zkhq glylghqgv duh sdlg rxw ri iruhljq vrxufh lqfrph +vlqfh lq wklv

fdvh wkh frpsdq| pd| qrw kdyh sdlg grphvwlf frusrudwlrq wd{ rq wkh xqghuo|lqj sur�wv

li wkhuh lv qr htxdol}dwlrq wd{,1 Lq vxfk d wd{ uhjlph zh vkdoo dvvxph wkdw wkh iudfwlrq

k6U
� ri glylghqgv iurp wkh sduhqw frpsdq| zklfk grhv qrw dwwudfw grphvwlf glylghqg wd{

fuhglwv lv jlyhq dv iroorzv=
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Wkh qxphudwru lq +465, lv wkh dprxqw ri uhsdwuldwhg iruhljq vrxufh lqfrph zklfk

kdv ehhq h{hpswhg iurp grphvwlf frusrudwlrq wd{/ dqg wkh ghqrplqdwru lv wkh wrwdo

dprxqw ri sur�wv zklfk lv srwhqwldoo| dydlodeoh iru glvwulexwlrq wr wkh sduhqw frpsdq|*v

vkduhkroghuv1

Zh lqwurgxfh d gxpp| (U8
� zklfk lv xqlw| iru lpsxwdwlrq frxqwulhv zklfk gr qrw

judqw lpsxwdwlrq fuhglwv zkhq glylghqgv duh sdlg rxw ri iruhljq vrxufh lqfrph/ dqg }hur

rwkhuzlvh1 Uhphpehulqj wkdw (U lv d gxpp| iru lpsxwdwlrq v|vwhpv/ wkh wd{ udwh rq

vkduhkroghu lqfrph iurp grphvwlf pxowlqdwlrqdov lv wkhq jlyhq e|
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Wkh duelwudjh frqglwlrq +464, lv rqh frqglwlrq iru htxloleulxp lq wkh grphvwlf vwrfn

pdunhw1 Wkh rwkhu htxloleulxp frqglwlrq lv wkdw wkh wrwdo vxsso| ri vkduhv lvvxhg e|

grphvwlf �upv htxdov wkh ghpdqg iru vxfk vkduhv hpdqdwlqj iurp grphvwlf dqg iruhljq

krxvhkrog dqg lqvwlwxwlrqdo lqyhvwruv1 Wkxv zh pd| zulwh wkh frqglwlrq iru htxloleulxp

lq wkh vwrfn pdunhw ri HX frxqwu| � dv
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E| dqdorj|/ wkh vwrfn pdunhw htxloleulxp frqglwlrq iru URZ frxqwu| � lv
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LL1451 Wkh sxeolf exgjhw

Wr forvh wkh prgho zh qhhg wr vshfli| wkh jryhuqphqw exgjhw frqvwudlqw1 Wklv lv

dq h{huflvh lq errnnhhslqj1 Zh vwduw rxw fdofxodwlqj wkh ydulrxv frpsrqhqwv ri sxeolf

uhyhqxh1 Iru frqyhqlhqfh/ zh lqwurgxfh d gxpp| yduldeoh (�
� zklfk lv xqlw| iru doo HX

frxqwulhv dqg }hur iru URZ frxqwulhv=
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Phdvxuhg rq d shu0fdslwd edvlv/ wkh uhyhqxh iurp lqgluhfw wd{hv/ lqfoxglqj surshuw|

wd{hv dqg wkh YDW rq wkh frqvwuxfwlrq ri qhz krxvlqj BMM +ru rq wkh uhsdlu ri wkh

h{lvwlqj krxvlqj vwrfn, zloo eh
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� ' |�� �� n |M� B

M
� M� n �M�

�
� n |M�

�
M� +46;,

Wkh odvw whup lq +46;, uh hfwv wkh idfw wkdw/ lq d orqj uxq krxvlqj pdunhw htxlole0

ulxp/ wkh pdunhw ydoxh ri h{lvwlqj surshuw| zloo h{fhhg wkh surgxfwlrq frvw e| d idfwru�
� n |M

�
/ gxh wr wkh h{lvwhqfh ri wkh lqgluhfw wd{ |M rq pdlqwhqdqfh dqg uhsdlu dqg rq

wkh frqvwuxfwlrq ri qhz krxvlqj1

Wkh uhyhqxh iurp oderxu lqfrph wd{hv qhw ri xqhpsor|phqw ehqh�wv lv
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Wkh uhyhqxh iurp uhvlghqfh0edvhg wd{hv rq lqwhuhvw lqfrph 0 doorzlqj iru wkh idfw

wkdw zlwkkroglqj wd{hv duh w|slfdoo| fuhglwdeoh djdlqvw ruglqdu| lqfrph wd{ dqg iru wkh

srvvleoh ghgxfwlelolw| ri pruwjdjh lqwhuhvw sd|phqwv 0 lv jlyhq e|
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Lq d vlplodu zd| zh fdq fdofxodwh wkh uhyhqxh iurp uhvlghqfh0edvhg wd{hv rq wkh

uhwxuq wr sruwirolr lqyhvwphqw lq vkduhv1 Zh lqfoxgh wkh uhyhqxh iurp grphvwlf wd{dwlrq

ri lpsxwdwlrq fuhglwv uhfhlyhg iurp deurdg/ dqg ghgxfw wkh lpsxwdwlrq fuhglwv judqwhg wr

iruhljq uhvlghqwv1 Wkh qhw uhyhqxh iurp uhvlghqfh0edvhg wd{hv rq wkh uhwxuq wr sruwirolr

lqyhvwphqw lq vkduhv pd| wkhq eh irxqg dv iroorzv=
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Ghqrwlqj wd{deoh sur�wv shu fdslwd e| hZ � e�*� dqg hZ6 � e�6*� / wkh uhyhqxh iurp

wkh wd{dwlrq ri edqn sur�wv dqg grphvwlf0vrxufh frusrudwh sur�wv lv

-Z
� ' �s�

�
Zs� n Z|o�

�
n � �hZ� n �6� hZ6� n

grphvwlf frusrudwlrq wd{ rq lqzdug
iruhljq gluhfw lqyhvwphqw} �� ~

?[
�'�c � �'�

�e}8� �_� n �
�� e}8� � � o�� hZ8�� +475,

zkhuh hZ8�� � e�8
��*��/ dqg zkhuh wkh dyhudjh wd{ udwh rq lqfrph iurp wkh �qdqfldo vhfwru

lv dvvxphg wr eh d zhljkwhg dyhudjh ri wkh oderxu lqfrph wd{ udwh dqg wkh frusrudwh wd{
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udwh/ uh hfwlqj wkdw sduw ri wkh lqfrph jhqhudwhg lq wkh �qdqfldo vhuylfh vhfwru wdnhv wkh

irup ri oderxu lqfrph=

� s� ' k�|� n E�� k�� � � +476,

E| gh�qlwlrq/ wkh uhyhqxh iurp grphvwlf frusrudwlrq wd{ rq uhsdwuldwhg iruhljq gluhfw

lqyhvwphqw lqfrph pxvw htxdo wkh wrwdo wd{ rq wklv lqfrph plqxv wkdw sduw zklfk dffuxhv

wr iruhljq jryhuqphqwv1 Lq dgglwlrq/ uhvlghqfh frxqwulhv pd| lpsrvh d fdslwdo jdlqv wd{

� S6 rq d sduhqw frpsdq|*v jdlqv rq vkduhv lq d iruhljq vxevlgldu|1 Khqfh wkh wrwdo shu0

fdslwd uhyhqxh -8
� iurp uhvlghqfh0edvhg frusrudwlrq wd{hv rq iruhljq gluhfw lqyhvwphqw

lqfrph ehfrphv
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+477,

Ohw xv �qdoo| dffrxqw iru wkh uhyhqxh iurp vrxufh0edvhg zlwkkroglqj wd{hv1 Zlwk0

kroglqj wd{hv rq lqwhuhvw zloo jhqhudwh uhyhqxh htxdo wr
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+47:,

zkloh zlwkroglqj wd{hv rq glylghqgv rq lqzdug sruwirolr dqg gluhfw lqyhvwphqw zloo |lhog

wkh uhyhqxh
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Dvvxplqj d edodqfhg jryhuqphqw exgjhw/ uhphpehulqj wkdw wkh h{rjhqrxv vwrfn ri

jryhuqphqw ghew shu fdslwd lv �}/ dqg ghqrwlqj jryhuqphqw frqvxpswlrq shu fdslwd e|

C/ zh pd| qrz vwdwh wkh jryhuqphqw exgjhw frqvwudlqw dv iroorzv=

A� ' -�
� n-u

� n-o
� n-r

� n-Z
� n-8

� n-�o
� n-�_

� � ���
}
� �C� +47<,

LL1461 Frqvxphu zhoiduh

Iru sxusrvhv ri srolf| hydoxdwlrq/ lw lv xvhixo wr fdofxodwh wkh dyhudjh ohyho ri zhoiduh

iru frqvxphuv lq d jlyhq frxqwu|1 Xvlqj wkh xwlolw| ixqfwlrq +:,/ wkh frqvxphu*v exgjhw

frqvwudlqw +9,/ wkh vroxwlrq iru frpsuhkhqvlyh vdylqj +<, dqg iru zrunlqj krxuv +446,/ zh

�qg wkdw frqvxphu zhoiduh 0 phdvxuhg dv dq dyhudjh dfurvv hpsor|hg dqg xqhpsor|hg

lqglylgxdov/ dqg glvuhjduglqj wkh xwlolw| iurp wkh frqvwdqw ohyho ri sxeolf frqvxpswlrq 0

pd| eh zulwwhq dv
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+483,

Wkh srsxodwlrq0zhljkwhg dyhudjh ohyho ri frqvxphu zhoiduh lq wkh HX +L�, lv jlyhq

e|

L� '

S?

�'� r�L�S?

�'� r�
+484,

dqg wkh srsxodwlrq0zhljwkhg dyhudjh ohyho ri zhoiduh lq wkh Qruglf frxqwulhv +L� , pd|

eh fdofxodwhg dv
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�'�(
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� r�

c � ' �c �����������c ? +485,

(�
� ' � li frxqwu| � lv d Qruglf frxqwu|/ (�

� ' f rwkhuzlvh

zkhuh (�
� lv d gxpp| yduldeoh zklfk lv xqlw| iru Ghqpdun/ Ilqodqg/ Lfhodqg/ Qruzd|

dqg Vzhghq/ dqg }hur iru doo rwkhu frxqwulhv1

LL1471 Qdwlrqdo lqfrph vwdwlvwlfv

Wr idflolwdwh wkh fdoleudwlrq ri wkh prgho/ lw lv dovr xvhixo wr fdofxodwh wkh iroorzlqj

qdwlrqdo lqfrph vwdwlvwlfv=

Jurvv grphvwlf surgxfw shu fdslwd +dw pdunhw sulfhv,=

e+� ' +� n +6� n
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lpsxwhg ydoxh ri
krxvlqj vhuylfhv}��~

R�M� n|�� �� +486,

Jurvv qdwlrqdo lqfrph shu fdslwd +dw pdunhw sulfhvw,=
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Wrwdo grphvwlf fdslwdo vwrfn shu fdslwd +lqfoxglqj wkh krxvlqj vwrfn,=

h&� ' M� n &� n &6� n

?[
�'�c � �'�

&8�� +488,
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Udwlr ri lqzdug iruhljq gluhfw lqyhvwphqw wr wrwdo grphvwlf fdslwdo vwrfn=

h&U� ' S?

�'�c � �'�

�
�� _8��

�
&8��h&� +489,

Udwlr ri rxwzdug iruhljq gluhfw lqyhvwphqw wr wrwdo grphvwlf fdslwdo vwrfn=

h&�� '

S?
�'�c � �'� Er�*r��

�
�� _8��

�
&8��h&� +48:,

Udwlr ri lqzdug iruhljq sruwirolr lqyhvwphqw wr wrwdo grphvwlf fdslwdo vwrfn=
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Udwlr ri rxwzdug iruhljq sruwirolr lqyhvwphqw wr wrwdo grphvwlf fdslwdo vwrfn=
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Udwlr ri �qdqfldo vhfwru lqfrph wr wrwdo qdwlrqdo lqfrph=

h-s
� '

Zs�h+� +493,

Udwlr ri joredo rq0vkruh �qdqfldo vhfwru lqfrph wr joredo rq0vkruh JGS=

h-� '

S?

�'� r�Z
s
�S?

�'� r�e+� +494,
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Udwlr ri lqvwlwxwlrqdo vdylqj wr wrwdo �qdqfldo vdylqj=

h-�
� '

7�
�

7�
+495,

Udwlr ri uhvlghqwldo fdslwdo wr wrwdo fdslwdo=

h-M
� '

M�h&� +496,

Udwlr ri qdwlrqdo lqfrph wr grphvwlf surgxfw=

h-+
� '

h+�e+� +497,

Jryhuqphqw lqwhuhvw sd|phqwv uhodwlyh wr JGS=

h-o
� '

���
}
�e+� +4971d,

Zhljkw ri vkduhv lq krxvhkrog sruwirolrv=

h-�r
� '

7�r
�

7�r
� n 7�K

�

+4971e,

Zhljkw ri vkduhv lq lqvwlwxwlrqdo lqyhvwru sruwirolrv=

h-�r
� '

7�r
�

7�r
� n 7�K

�

+4971f,

Udwlr ri frusrudwh wd{ uhyhqxh wr JGS=

h-S
� '

-Z
� n-8

� � k�|�Z
s
�e+� +498,
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Wkh odvw whup lq wkh qxphudwru ri +498, fruuhfwv iru wkh idfw wkdw sduw ri wkh uhyhqxh

iurp wkh wd{dwlrq ri wkh �qdqfldo vhfwru uhsuhvhqwv wd{hv rq oderxu lqfrph1

LL1481 Fdoleudwlrq sulqflsohv

Ehfdxvh ri wkh vlpxowdqhlw| ri wkh prgho/ prvw hqgrjhqrxv yduldeohv ghshqg rq doo

prgho sdudphwhuv/ exw orrvho| vshdnlqj zh pd| wklqn ri *dvvljqlqj* wr fhuwdlq sdudphwhuv

wkh wdvn ri jhqhudwlqj uhdolvwlf ydoxhv ri fhuwdlq hqgrjhqrxv yduldeohv dqg udwlrv olnh

wkh rqhv gh�qhg lq wkh suhylrxv vhfwlrq1 Zkhq fdoleudwlqj wkh prgho/ wkh hqgrzphqw

sdudphwhu @� � ��*�� lq +93, pd| wkxv eh fkrvhq vr dv wr jhqhudwh d uhdolvwlf uhodwlyh

ohyho ri JGS shu fdslwd> ^� � '�*�� lq +:<, pd| eh fkrvhq vxfk wkdw h&U� fruuhvsrqgv

urxjko| wr wkh revhuyhg udwlr ri lqzdug IGL wr wrwdo grphvwlf lqyhvwphqw> r6� lq +93,

pd| eh vhw wr hqvxuh wkdw h&�� dssur{lpdwhv wkh revhuyhg udwlr ri rxwzdug IGL wr wrwdo

grphvwlf lqyhvwphqw/ dqg wkh wd{ edvh sdudphwhu eB� pd| eh fkrvhq vr wkdw h-S
� frlqflghv

zlwk wkh hpslulfdoo| revhuyhg udwlr ri frusrudwh wd{ uhyhqxh wr JGS1 Wkh wudqvdfwlrq

frvw sdudphwhuv SK� dqg Sr� fdq eh fdoleudwhg wr hqvxuh d uhdolvwlf ghjuhh ri krph eldv

lq �qdqfldo lqyhvwru sruwirolrv1 Ixuwkhupruh/ li zh vhw wkh lqwhuphgldwlrq ihhv S dqg S�

wr jhqhudwh d uhdolvwlf ydoxh ri h-� lq +494,/ wkh sdudphwhuv s� lq +456, pd| wkhq eh

fkrvhq wr surgxfh sodxvleoh ydoxhv ri wkh �qdqfldo vhfwru lqfrph udwlr h-s
� lq lqglylgxdo

frxqwulhv1 Wkh frvw sdudphwhuv _M� dqg _� lq +5, dqg +97, pd| qdwxudoo| eh fkrvhq wr

jhqhudwh uhdvrqdeoh ghew0htxlw| udwlrv/ dqg wkh oderxu pdunhw sdudphwhuv #� pd| eh vhw

vr wkdw wkh htxloleulxp xqhpsor|phqw udwhv frlqflgh zlwk suhydlolqj hpslulfdo hvwlpdwhv

ri vwuxfwxudo xqhpsor|phqw udwhv lq lqglylgxdo frxqwulhv1 Ilqdoo|/ zh pd| fkrrvh d ydoxh

ri wkh h{rjhqrxv hqgrzphqw yduldeoh T� vr dv wr jhqhudwh d udwlr h+�*e+� ri qdwlrqdo lqfrph
wr grphvwlf surgxfw fruuhvsrqglqj wr wkh rqh revhuyhg lq wkh frxqwu|*v qdwlrqdo lqfrph

vwdwlvwlfv1
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LLL1 Vxppdul}lqj wkh RHFGWD[ prgho

H{rjhqrxv yduldeohv dqg sdudphwhuv

Hqgrzphqwv

@ ' hqgrzphqw ri lqwdqjleoh dvvhwv shu fdslwd

T ' lqlwldo zhdowk hqgrzphqw shu fdslwd

^ ' �{hg orfdo sxeolf lqsxw lq iruhljq0rzqhg �upv +shu lqkdelwdqw lq krvw frxqwu|,

s ' vkduh ri grphvwlf0vrxufh edqn sur�wv dffuxlqj wr grphvwlf edqnv

Whfkqrorj|

k ' hodvwlflw| ri rxwsxw z1u1w1 oderxu lqsxw lq grphvwlfdoo|0rzqhg �upv

q ' hodvwlflw| ri rxwsxw z1u1w1 fdslwdo lqsxw lq grphvwlfdoo|0rzqhg �upv

k8 ' hodvwlflw| ri rxwsxw z1u1w1 oderxu lqsxw lq iruhljq0rzqhg �upv

q8 ' hodvwlflw| ri rxwsxw z1u1w1 fdslwdo lqsxw lq iruhljq0rzqhg �upv

� ' hodvwlflw| ri rxwsxw z1u1w1 lqwhuphgldwh lqsxw lq iruhljq0rzqhg �upv

SK ' wudqvdfwlrq frvw ri lqyhvwlqj lq iruhljq erqgv

Sr ' wudqvdfwlrq frvw ri lqyhvwlqj lq iruhljq vkduhv

S ' vkduh ri jurvv lqwhuhvw fkdujhg dv edqn lqwhuphgldwlrq ihh

S� ' vkduh ri jurvv uhwxuq fkdujhg dv lqwhuphgldwlrq ihh e| lqvwlwxwlrqdo vhfwru

_ ' wdujhw ghew0dvvhw udwlr lq grphvwlf frusrudwlrqv

_
6
' wdujhw ghew0dvvhw udwlr lq pxowlqdwlrqdo frusrudwlrqv

_
M
' wdujhw ghew0dvvhw udwlr lq krxvlqj vhfwru

B ' udwh ri wuxh hfrqrplf ghsuhfldwlrq ri exvlqhvv fdslwdo

BM ' udwh ri wuxh hfrqrplf ghsuhfldwlrq ri krxvlqj fdslwdo

"_ ' hodvwlflw| ri pdujlqdo frvw ri �qdqfldo glvwuhvv lq exvlqhvv vhfwru

"M ' hodvwlflw| ri pdujlqdo frvw ri �qdqfldo glvwuhvv lq krxvlqj vhfwru

"' ' hodvwlflw| ri pdujlqdo frvw ri glvwruwlqj wudqvihu sulfhv

b ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq gl�huhqw oderxu vnloov

# ' hodvwlflw| ri xqhpsor|phqw ulvn z1u1w1 xqhpsor|phqw udwh

Suhihuhqfhv

@Sr ' iudfwlrq ri vkruw0whup fdslwdo jdlqv uhdol}hg shu |hdu e| sruwirolr lqyhvwruv
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@S, ' iudfwlrq ri orqj0whup fdslwdo jdlqv uhdol}hg shu |hdu e| sruwirolr lqyhvwruv

@S6 ' iudfwlrq ri orqj0whup fdslwdo jdlqv uhdol}hg shu |hdu e| gluhfw lqyhvwruv

. ' exgjhw vkduh ri krxvlqj frqvxpswlrq

R_ ' glylghqg sd|rxw udwlre}8 ' iudfwlrq ri wd{deoh sur�wv uhsdwuldwhg iurp iruhljq vxevlgldu|

0 ' hodvwlflw| ri pdujlqdo glvxwlolw| ri zrun +�*0 @ qhw zdjh hodvwlflw| ri lqglylgxdo

oderxu vxsso|,

) ' hodvwlflw| ri pdujlqdo glvxwlolw| ri srvwsrqhg frqvxpswlrq +�*) @ hodvwlflw| ri

vdylqj z1u1w1 qhw uhwxuq,

� ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq krxvhkrog vdylqj dqg lqvwlwxwlrqdo vdylqj

w5 ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq vwrfnv dqg erqgv/ 5 ' �c �

q5 ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq HX erqgv dqg URZ erqgv/ 5 ' �c �

V5 ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq gl�huhqw HX erqgv/ 5 ' �c �

�5 ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq gl�huhqw URZ erqgv/ 5 ' �c �

j5 ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq HX vwrfnv dqg URZ vwrfnv/ 5 ' �c �

/5 ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq gl�huhqw HX vwrfnv/ 5 ' �c �

l5 ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq gl�huhqw URZ vwrfnv/ 5 ' �c �

� ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq iruhljq dqg grphvwlf vwrfnv khog e| krxvhkrogv

1 ' hodvwlflw| ri vxevwlwxwlrq ehwzhhq iruhljq dqg grphvwlf erqgv khog e| krxvhkrogv

� ' wd{ kdyhq lqwhuphgldwru*v hodvwlflw| ri vxevwlwxwlrq ehwzhhq gl�huhqw erqgv

l ' wdvwh iru lqvwlwxwlrqdo vdylqj

C5 ' wdvwh iru lqyhvwphqw lq vwrfnv/ 5 ' �c �

[5 ' wdvwh iru HX vwrfnv/ 5 ' �c �

�5 ' wdvwh iru lqglylgxdo HX vwrfnv/ 5 ' �c �

x5 ' wdvwh iru lqglylgxdo URZ vwrfnv/ 5 ' �c �

\5 ' wdvwh iru HX erqgv/ 5 ' �c �

v5 ' wdvwh iru lqglylgxdo HX erqgv/ 5 ' �c �

x
5 ' wdvwh iru lqglylgxdo URZ erqgv/ 5 ' �c �

X ' krxvhkrog lqyhvwru wdvwh iru grphvwlf vwrfnv

{ ' krxvhkrog lqyhvwru wdvwh iru grphvwlf erqgv

� ' wd{ kdyhq lqwhuphgldwru*v wdvwh iru lqglylgxdo erqgv
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Vfdoh sdudphwhuv

? ' wrwdo qxpehu ri +qrq0wd{0kdyhq, frxqwulhv

? ' qxpehu ri HX frxqwulhv

r� ' frxqwu| �*v vkduh ri zruog srsxodwlrq

r6 ' vkduh ri lqwdqjleoh dvvhwv doorfdwhg wr pxowlqdwlrqdo vhfwru

Srolf| yduldeohv

k_ ' ghgxfwleoh iudfwlrq ri frusrudwh lqwhuhvw sd|phqwv

K ' jurvv uhsodfhphqw udwlr

�} ' jryhuqphqw ghew shu fdslwd

(S�@ ' gxpp| iru dffuxdov0edvhg fdslwdo jdlqv wd{dwlrq ri lqvwlwxwlrqdo lqyhvwruv

(SR ' gxpp| iru lqgh{dwlrq ri fdslwdo jdlqv wd{ edvh iru sruwirolr lqyhvwruv

(S6 ' gxpp| iru lqgh{dwlrq ri fdslwdo jdlqv wd{ edvh iru gluhfw lqyhvwruv

(Sr ' gxpp| yduldeoh iru fuhglw0e|0vrxufh v|vwhp

(S� ' gxpp| yduldeoh iru zruogzlgh0fuhglw v|vwhp

(_ ' gxpp| yduldeoh iru ghgxfwlrq v|vwhp

(e ' gxpp| yduldeoh iru h{hpswlrq v|vwhp

(. ' gxpp| yduldeoh iru htxdol}dwlrq wd{

(U ' gxpp| yduldeoh iru lpsxwdwlrq fuhglwv

(U8 ' gxpp| yduldeoh iru devhqfh ri lpsxwdwlrq fuhglwv lq fdvh ri glvwulexwlrq iurp

iruhljq lqfrph vrxufhv

(�K ' gxpp| yduldeoh iru uhvlghqfh0edvhg wd{dwlrq ri lqvwlwxwlrqdo lqyhvwru lqfrph

iurp erqgv

(�r ' gxpp| yduldeoh iru uhvlghqfh0edvhg wd{dwlrq ri lqvwlwxwlrqdo lqyhvwru lqfrph

iurp vwrfnv

(� ' gxpp| yduldeoh iru Qruglf frxqwu| vwdwxv

(� ' gxpp| yduldeoh iru HX phpehu vwdwxv

(ee ' iudfwlrq ri IGL lqfrph zklfk lv h{hpswhg xqghu h{hpswlrq v|vwhp

(M ' iudfwlrq ri lqwhuhvw sd|phqwv rq pruwjdjh ghew zklfk lv wd{0ghgxfwleoh

(�K ' iudfwlrq ri krxvhkrog lqwhuhvw lqfrph zklfk lv vxemhfw wr uhvlghqfh frxqwu| wd{

(�r ' iudfwlrq ri krxvhkrog vkduhkroghu lqfrph zklfk lv vxemhfw wr uhvlghqfh frxqwu|

wd{
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eB ' udwh ri ghsuhfldwlrq iru wd{ sxusrvhv

C ' sxeolf frqvxpswlrq shu fdslwd

6_� ' wd{ udwh rq glylghqg lqfrph iru krxvhkrog lqyhvwru

6o� ' wd{ udwh rq lqwhuhvw lqfrph iru krxvhkrog lqyhvwru

6_� ' wd{ udwh rq glylghqg lqfrph iru lqvwlwxwlrqdo lqyhvwru

6o� ' wd{ udwh rq lqwhuhvw lqfrph iru lqvwlwxwlrqdo lqyhvwru

?r ' ohqjwk ri *vshfxodwlrq shulrg* iru sruwirolr lqyhvwruv

?r6 ' ohqjwk ri *vshfxodwlrq shulrg* iru gluhfw lqyhvwruvhR ' lq dwlrq udwh

| ' h�hfwlyh dyhudjh gluhfw wd{ udwh rq oderxu lqfrph

> ' udwlr ri h�hfwlyh wd{ udwh rq xqhpsor|phqw ehqh�wv wr h�hfwlyh wd{ udwh rq

oderxu lqfrph

|� ' lqgluhfw wd{ udwh rq qrq0gxudeohv

|M ' lqgluhfw wd{ udwh +YDW, rq krxvlqje� ' lpsxwdwlrq udwh

�M ' udwh ri surshuw| wd{ rq ydoxh ri krxvlqj vwrfn

� _ ' frusrudwh wd{ udwh rq glvwulexwhg sur�wv

� o ' frusrudwh wd{ udwh rq uhwdlqhg sur�wv

� S�r ' vwdwxwru| wd{ udwh rq uhdol}hg vkruw0whup fdslwdo jdlqv rq vkduhv khog e|

krxvhkrog lqyhvwruv

� S�, ' vwdwxwru| wd{ udwh rq uhdol}hg orqj0whup fdslwdo jdlqv rq vkduhv khog e| krxvh0

krog lqyhvwruv

� S�r ' vwdwxwru| wd{ udwh rq uhdol}hg vkruw0whup fdslwdo jdlqv rq vkduhv khog e|

lqvwlwxwlrqdo lqyhvwruv

� S�, ' vwdwxwru| wd{ udwh rq uhdol}hg orqj0whup fdslwdo jdlqv rq vkduhv khog e| lqvwl0

wxwlrqdo lqyhvwruv

� S�@ ' vwdwxwru| wd{ udwh rq dffuxhg fdslwdo jdlqv rq vkduhv khog e| lqvwlwxwlrqdo

lqyhvwruv

� r6, ' vwdwxwru| wd{ udwh rq uhdol}hg orqj0whup fdslwdo jdlqv rq vkduhv khog e| gluhfw

lqyhvwruv

��8 ' zlwkkroglqj wd{ udwh rq glylghqgv iurp iruhljq vxevlgldulhv

� r� ' zlwkkroglqj wd{ udwh rq glylghqgv iurp sruwirolr lqyhvwphqw
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� K� ' zlwkkroglqj wd{ udwh rq lqwhuhvw rq sruwirolr lqyhvwphqw

Hqgrjhqrxv yduldeohv

k6U ' udwlr ri h{hpswhg iruhljq0vrxufh glylghqgv wr srwhqwldo sduhqw0frpsdq| glyl0

ghqgv

@_ ' frvw ri �qdqfldo glvwuhvv lq grphvwlf frusrudwlrq

@_6 ' frvw ri �qdqfldo glvwuhvv lq pxowlqdwlrqdo sduhqw frpsdq|

@_8 ' frvw ri �qdqfldo glvwuhvv lq iruhljq vxevlgldu|

@M ' frvw ri �qdqfldo glvwuhvv dvvrfldwhg zlwk pruwjdjh ghew

@'�� ' frvw ri glvwruwlqj wudqvihu sulfh fkdujhg e| sduhqw frpsdq| lq frxqwu| � wr

vxevlgldu| lq frxqwu| �

K? ' qhw uhsodfhphqw udwlr

���
�� ' erqgv lvvxhg e| HX frxqwu| � khog e| krxvhkrog lqyhvwru grplflohg lq frxqwu|

�

���
�� ' erqgv lvvxhg e| HX frxqwu| � khog e| lqvwlwxwlrqdo lqyhvwru grplflohg lq

frxqwu| �

��?
�� ' erqgv lvvxhg e| URZ frxqwu| � khog e| krxvhkrog lqyhvwru grplflohg lq

frxqwu| �

��?
�� ' erqgv lvvxhg e| URZ frxqwu| � khog e| lqvwlwxwlrqdo lqyhvwru grplflohg lq

frxqwu| �

�?n� ' ghsrvlwv lq wd{ kdyhq

�?n�
� ' wd{ kdyhq lqwhuphgldwru*v kroglqj ri erqgv lvvxhg e| frxqwu| �

� ' frqvxpswlrq ri qrq0gxudeohv

�S ' uhdo frpsuhkhqvlyh frqvxpswlrq

_ ' ghew0dvvhw udwlr ri grphvwlf frusrudwlrq

_8�� ' ghew0dvvhw udwlr ri vxevlgldu| lq frxqwu| � rzqhg e| sduhqw lq frxqwu| �

_M ' udwlr ri pruwjdjh ghew wr ydoxh ri krxvlqj vwrfn

_6 ' ghew udwlr ri pxowlqdwlrqdo sduhqw frpsdq|hB ' h�hfwlyh udwh ri ghsuhfldwlrq iru wd{ sxusrvhv lq grphvwlf frusrudwlrqvhB6 ' h�hfwlyh udwh ri ghsuhfldwlrq iru wd{ sxusrvhv lq pxowlqdwlrqdo sduhqw frpsdq|hB8�� ' h�hfwlyh udwh ri ghsuhfldwlrq iru wd{ sxusrvhv lq iruhljq vxevlgldu| lq frxqwu|

� rzqhg e| sduhqw frpsdq| lq frxqwu| �
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.��
�� ' vkduhv lvvxhg lq HX frxqwu| � khog e| krxvhkrog lqyhvwru grplflohg lq frxqwu|

�

.��
�� ' vkduhv lvvxhg lq HX frxqwu| � khog e| lqvwlwxwlrqdo lqyhvwru grplflohg lq

frxqwu| �

.�?
�� ' vkduhv lvvxhg lq URZ frxqwu| � khog e| krxvhkrog lqyhvwru grplflohg lq

frxqwu| �

.�?
�� ' vkduhv lvvxhg lq URZ frxqwu| � khog e| lqvwlwxwlrqdo lqyhvwru grplflohg lq

frxqwu| �

s ' vkduh ri iruhljq0vrxufh edqn sur�wv dffuxlqj wr grphvwlf edqnve} ' glvwulexwhg vkduh ri wd{deoh sur�wv lq grphvwlf frusrudwlrqve}6 ' glvwulexwhg vkduh ri wd{deoh sduhqw frpsdq| sur�wv

� ' zrunlqj krxuv

M ' krxvlqj vwrfn

� ' lqwhuhvw udwhh���� ' qhw uhwxuq rq erqgv lvvxhg lq frxqwu| � wr d krxvhkrog lqyhvwru grplflohg lq

frxqwu| �h���� ' qhw uhwxuq rq erqgv lvvxhg lq frxqwu| � wr dq lqvwlwxwlrqdo lqyhvwru grplflohg

lq frxqwu| �

U ' wrwdo frqvxphu uhvrxufhv

U�U ' udwlr ri lqzdug sruwirolr lqyhvwphqw wr wrwdo grphvwlf fdslwdo vwrfn

U�� ' udwlr ri rxwzdug sruwirolr lqyhvwphqw wr wrwdo grphvwlf fdslwdo vwrfn

UU� ' udwlr ri lqzdug sruwirolr lqyhvwphqw wr wrwdo vwrfn ri exvlqhvv fdslwdo

U�� ' udwlr ri rxwzdug sruwirolr lqyhvwphqw wr wrwdo vwrfn ri exvlqhvv fdslwdo

& ' fdslwdo vwrfn shu fdslwd lq grphvwlf frusrudwlrq

&6 ' fdslwdo vwrfn shu fdslwd lq pxowlqdwlrqdo sduhqw

&8�� ' fdslwdo vwrfn shu fdslwd +shu iruhljq lqkdelwdqw, khog e| vxevlgldu| lq frxqwu|

� rzqhg e| sduhqw lq frxqwu| �h& ' wrwdo grphvwlf fdslwdo vwrfn shu fdslwdh&U ' udwlr ri lqzdug IGL wr wrwdo fdslwdo vwrfnh&� ' udwlr ri rxwzdug IGL wr wrwdo fdslwdo vwrfn

&� ' wrwdo vwrfn ri exvlqhvv fdslwdo shu fdslwd

&U� ' udwlr ri lqzdug IGL wr wrwdo vwrfn ri exvlqhvv fdslwdo
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&�� ' udwlr ri rxwzdug IGL wr wrwdo vwrfn ri exvlqhvv fdslwdo

� ' oderxu lqsxw shu fdslwd lq grphvwlf frusrudwlrq

�6 ' oderxu lqsxw shu fdslwd lq pxowlqdwlrqdo sduhqw

�8�� ' oderxu lqsxw shu fdslwd +shu iruhljq lqkdelwdqw, lq vxevlgldu| lq frxqwu| �

rzqhg e| sduhqw lq frxqwu| �

6S� ' h�hfwlyh wd{ udwh rq dffuxhg fdslwdo jdlqv rq vkduhv iru krxvhkrog lqyhvwru

6S� ' h�hfwlyh wd{ udwh rq dffuxhg fdslwdo jdlqv rq vkduhv iru lqvwlwxwlrqdo lqyhvwru

R ' xvhu frvw ri krxvlqj

� ' frqvxphu sulfh lqgh{

R'�� ' wudqvihu sulfh fkdujhg wr vxevlgldu| lq frxqwu| � e| sduhqw lq frxqwu| �

Z ' shu0fdslwd qhw sur�w iurp grphvwlf frusrudwlrq

Z6 ' shu0fdslwd qhw sur�w iurp pxowlqdwlrqdo sduhqweZ8 ' wrwdo qhw sur�w shu fdslwd iurp iruhljq vxevlgldulhv

Zs ' shu0fdslwd suh0wd{ sur�w iurp �qdqfldo vhfwrueZs ' shu0fdslwd qhw sur�w iurp �qdqfldo vhfwru

Z|o ' lqfrph jhqhudwhg e| wudqvdfwlrqv lq iruhljq vhfxulwlhveZ ' wrwdo qhw sur�w shu fdslwd

Zs?n� ' sur�w hduqhg lq wd{ kdyhqhZ ' wd{deoh sur�w shu fdslwd lq grphvwlf frusrudwlrqhZ6 ' wd{deoh sur�w shu fdslwd lq pxowlqdwlrqdo sduhqw frpsdq|hZ8�� ' wd{deoh sur�w shu fdslwd +shu iruhljq lqkdelwdqw, lq iruhljq vxevlgldu| lq frxq0

wu| � rzqhg e| sduhqw lq frxqwu| �

^�� ' lqsxw iurp sduhqw lq frxqwu| � wr vxevlgldu| lq frxqwu| �

o ' frvw ri �qdqfh iru grphvwlf frusrudwlrq

o6 ' frvw ri �qdqfh iru pxowlqdwlrqdo sduhqw

o8�� ' frvw ri �qdqfh iru iruhljq vxevlgldu| lq frxqwu| � rzqhg e| sduhqw lq frxqwu|

�

-� ' shu0fdslwd uhyhqxh iurp lqgluhfw wd{hv +lqfoxglqj surshuw| wd{hv,

-u ' shu0fdslwd uhyhqxh iurp oderxu lqfrph wd{hv +qhw ri xqhpsor|phqw ehqh�wv,

-o ' shu0fdslwd uhyhqxh iurp uhvlghqfh0edvhg wd{hv rq lqwhuhvw lqfrph

-r ' shu0fdslwd uhyhqxh iurp uhvlghqfh0edvhg wd{hv rq sruwirolr lqyhvwphqw lq vkduhv

-Z ' shu0fdslwd uhyhqxh iurp wd{hv rq grphvwlf0vrxufh sur�wv
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-8 ' shu0fdslwd uhyhqxh iurp uhvlghqfh0edvhg frusrudwlrq wd{ rq iruhljq gluhfw lq0

yhvwphqw lqfrphh-� ' udwlr ri joredo rq0vkruh �qdqfldo vhfwru lqfrph wr joredo rq0vkruh JGSh-S ' udwlr ri frusrudwh wd{ uhyhqxh wr JGSh-s ' udwlr ri �qdqfldo vhfwru lqfrph wr wrwdo qdwlrqdo lqfrphh-M ' udwlr ri uhvlghqwldo fdslwdo wr wrwdo fdslwdoh-� ' sursruwlrq ri lqwhuhvw0ehdulqj krxvhkrog dvvhwv khog lq wd{ kdyhq mxulvglfwlrqh-�r ' zhljkw ri vkduhv lq krxvhkrog sruwirolrvh-�r ' zhljkw ri vkduhv lq lqvwlwxwlrqdo lqyhvwru sruwirolrvh-� ' udwlr ri lqvwlwxwlrqdo vdylqj wr wrwdo �qdqfldo vdylqjh-� ' lqzdug sur�w0vkliwlqj uhodwlyh wr JGSh-o ' jryhuqphqw lqwhuhvw sd|phqwv uhodwlyh wr JGSh-+ ' udwlr ri qdwlrqdo lqfrph wr grphvwlf surgxfw

-�_ ' shu0fdslwd uhyhqxh iurp zlwkkroglqj wd{hv rq glylghqgv

-�o ' shu0fdslwd uhyhqxh iurp zlwkkroglqj wd{hv rq lqwhuhvw

4 ' qhw uhwxuq wr �qdqfldo vdylqj

4� ' dyhudjh qhw uhwxuq wr krxvhkrog vdylqj

4�r ' dyhudjh qhw uhwxuq wr vwrfnv iru krxvhkrog lqyhvwru

4�r_ ' dyhudjh qhw uhwxuq wr grphvwlf vwrfnv iru krxvhkrog lqyhvwru

4�rs ' dyhudjh qhw uhwxuq wr iruhljq vwrfnv iru krxvhkrog lqyhvwru

4�r� ' dyhudjh qhw uhwxuq wr HX vwrfnv iru krxvhkrog lqyhvwru

4�r? ' dyhudjh qhw uhwxuq wr URZ vwrfnv iru krxvhkrog lqyhvwruh4��� ' qhw uhwxuq wr vkduhv lvvxhg lq iruhljq frxqwu| � khog e| krxvhkrog lqyhvwru

grplflohg lq frxqwu| �

4�K ' dyhudjh qhw uhwxuq wr erqgv iru krxvhkrog lqyhvwru

4�Ks ' dyhudjh qhw uhwxuq wr iruhljq erqgv iru krxvhkrog lqyhvwru

4�K� ' dyhudjh qhw uhwxuq wr HX erqgv iru krxvhkrog lqyhvwru

4�K? ' dyhudjh qhw uhwxuq wr URZ erqgv iru krxvhkrog lqyhvwru

4� ' dyhudjh qhw uhwxuq wr lqvwlwxwlrqdo vdylqj

4�r ' dyhudjh qhw uhwxuq wr vwrfnv iru lqvwlwxwlrqdo lqyhvwru

4�r� ' dyhudjh qhw uhwxuq wr HX vwrfnv iru lqvwlwxwlrqdo lqyhvwru

4�r? ' dyhudjh qhw uhwxuq wr URZ vwrfnv iru lqvwlwxwlrqdo lqyhvwru
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h4��� ' qhw uhwxuq wr vwrfn lvvxhg lq frxqwu| � wr lqvwlwxwlrqdo lqyhvwru grplflohg lq

frxqwu| �

4�K ' dyhudjh qhw uhwxuq wr erqgv iru lqvwlwxwlrqdo lqyhvwru

4�K� ' dyhudjh qhw uhwxuq wr HX erqgv iru lqvwlwxwlrqdo lqyhvwru

4�K? ' dyhudjh qhw uhwxuq wr URZ erqgv iru lqvwlwxwlrqdo lqyhvwrue4 ' uhwxuq rq vkduhv lq grphvwlf frusrudwlrqv ehiruh lqyhvwru wd{e46 ' uhwxuq rq vkduhv lq pxowlqdwlrqdo sduhqw frpsdq| ehiruh lqyhvwru wd{

7 ' �qdqfldo vdylqjh7S ' uhdo frpsuhkhqvlyh vdylqj

7� ' krxvhkrog vdylqj

7� ' lqvwlwxwlrqdo vdylqj

7�K ' krxvhkrog kroglqjv ri erqgv

7�r ' krxvhkrog kroglqjv ri vwrfnv

7�K_ ' krxvhkrog kroglqjv ri grphvwlf erqgv

7�Ks ' krxvhkrog kroglqjv ri iruhljq erqgv

7�K� ' krxvhkrog kroglqjv ri HX erqgv

7�K? ' krxvhkrog kroglqjv ri URZ erqgv

7�r_ ' krxvhkrog kroglqjv ri grphvwlf vwrfnv

7�rs ' krxvhkrog kroglqjv ri iruhljq vwrfnv

7�r� ' krxvhkrog kroglqjv ri HX vwrfnv

7�r? ' krxvhkrog kroglqjv ri URZ vwrfnv

7�K ' lqvwlwxwlrqdo kroglqjv ri erqgv

7�r ' lqvwlwxwlrqdo kroglqjv ri vwrfnv

7�K� ' lqvwlwxwlrqdo kroglqjv ri HX erqgv

7�K? ' lqvwlwxwlrqdo kroglqjv ri URZ erqgv

7�r� ' lqvwlwxwlrqdo kroglqjv ri HX vwrfnv

7�r? ' lqvwlwxwlrqdo kroglqjv ri URZ vwrfnv

A ' sxeolf wudqvihuv shu fdslwdhA8 ' yduldeoh ghwhuplqlqj fuhglw olplwdwlrq xqghu v|vwhp ri zruogzlgh fuhglwhA r8 ' yduldeoh ghwhuplqlqj fuhglw olplwdwlrq xqghu v|vwhp ri fuhglw e| vrxufh

� ' dyhudjh frusrudwh wd{ udwh iru grphvwlf frusrudwlrq

� s ' dyhudjh wd{ udwh rq lqfrph iurp �qdqfldo vhfwru
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�6 ' dyhudjh frusrudwh wd{ udwh iru pxowlqdwlrqdo sduhqw frpsdq|

�8�� ' dyhudjh frusrudwh wd{ udwh rq iruhljq vxevlgldu| lq frxqwu| � rzqhg e| sduhqw

lq frxqwu| �

� _�� ' wrwdo frusrudwh wd{ udwh rq sur�wv uhsdwuldwhg iurp vxevlgldu| lq frxqwu| � wr

sduhqw lq frxqwu| �

� _e�� ' wrwdo frusrudwh wd{ udwh rq uhsdwuldwhg IGL lqfrph xqghu h{hpswlrq

� __�� ' wrwdo frusrudwh wd{ udwh rq uhsdwuldwhg IGL lqfrph xqghu ghgxfwlrq

� _Sr�� ' wrwdo frusrudwh wd{ udwh rq uhsdwuldwhg IGL lqfrph xqghu fuhglw e| vrxufh

� _S��� ' wrwdo frusrudwh wd{ udwh rq uhsdwuldwhg IGL lqfrph xqghu zruogzlgh fuhglw

� o�� ' wrwdo frusrudwh wd{ udwh rq sur�wv uhwdlqhg lq vxevlgldu| lq frxqwu| �/ rzqhg

e| sduhqw lq frxqwu| �

� S6 ' h�hfwlyh frusrudwh wd{ udwh rq dffuxhg fdslwdo jdlqv rq vkduhv lq iruhljq

vxevlgldulhv

� ' xqhpsor|phqw udwh

L ' frqvxphu zhoiduh

L� ' dyhudjh frqvxphu zhoiduh lq wkh HX

L� ' dyhudjh frqvxphu zhoiduh lq wkh Qruglf frxqwulhv

f ' krxvhkrog kroglqj ri vkduhv lq grphvwlf pxowlqdwlrqdo frpsdq|

+ ' rxwsxw shu fdslwd lq grphvwlf frusrudwlrq

+6 ' rxwsxw shu fdslwd lq pxowlqdwlrqdo sduhqw frpsdq|

+s� ' shu0fdslwd rq0vkruh sur�wv jhqhudwhg e| ghew lvvxhv lq frxqwu| �

+8�� ' rxwsxw shu fdslwd +shu iruhljq lqkdelwdqw, lq vxevlgldu| lq frxqwu| � rzqhg e|

sduhqw lq frxqwu| �e+ ' JGS shu fdslwd dw idfwru sulfhve+� ' JGS shu fdslwd dw pdunhw sulfhvh+ ' jurvv qdwlrqdo lqfrph shu fdslwd dw idfwru sulfhvh+� ' jurvv qdwlrqdo lqfrph shu fdslwd dw pdunhw sulfhv

5��� ' h�hfwlyh wd{ udwh rq lqfrph iurp vkduhv khog e| lqvwlwxwlrqdo lqyhvwru

5��� ' h�hfwlyh wd{ udwh rq lqfrph iurp vkduhv khog e| krxvhkrog lqyhvwru

5�6 ' h�hfwlyh wd{ udwh rq lqfrph iurp vkduhv lq grphvwlf pxowlqdwlrqdov khog e|

krxvhkrog lqyhvwru

` ' zdjh udwh ehiruh wd{
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Htxdwlrqv ri wkh RHFGWD[ prgho

Frqvxpswlrq ehkdylrxu

Wrwdo frqvxphu uhvrxufhv=
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Jurvv grphvwlf surgxfw shu fdslwd dw pdunhw sulfhv=
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Jurvv grphvwlf surgxfw shu fdslwd dw idfwru sulfhv=
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Jurvv qdwlrqdo lqfrph shu fdslwd dw pdunhw sulfhv=
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Jurvv qdwlrqdo lqfrph shu fdslwd dw idfwru sulfhv=
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h+� ' h+�� �-�
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Wrwdo grphvwlf fdslwdo vwrfn shu fdslwd +lqfoxglqj wkh krxvlqj vwrfn,=
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Udwlr ri lqzdug iruhljq gluhfw lqyhvwphqw wr wrwdo grphvwlf fdslwdo vwrfn=
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Udwlr ri rxwzdug iruhljq gluhfw lqyhvwphqw wr wrwdo grphvwlf fdslwdo vwrfn=
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Udwlr ri lqzdug iruhljq sruwirolr lqyhvwphqw wr wrwdo grphvwlf fdslwdo vwrfn=
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Udwlr ri rxwzdug iruhljq sruwirolr lqyhvwphqw wr wrwdo grphvwlf fdslwdo vwrfn=
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Udwlr ri �qdqfldo vhfwru lqfrph wr wrwdo qdwlrqdo lqfrph=
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Udwlr ri joredo rq0vkruh �qdqfldo vhfwru lqfrph wr joredo rq0vkruh JGS=
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Udwlr ri lqvwlwxwlrqdo vdylqj wr wrwdo �qdqfldo vdylqj=
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Udwlr ri uhvlghqwldo fdslwdo wr wrwdo fdslwdo=
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Jryhuqphqw lqwhuhvw sd|phqwv uhodwlyh wr JGS
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Zhljkw ri vkduhv lq krxvhkrog sruwirolrv=
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Zhljkw ri vkduhv lq lqvwlwxwlrqdo lqyhvwru sruwirolrv=
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Lqzdug sur�w0vkliwlqj uhodwlyh wr JGS=
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Sursruwlrq ri lqwhuhvw0ehdulqj krxvhkrog dvvhwv khog lq wd{ kdyhq mxulvglfwlrq=
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Udwlr ri frusrudwh wd{ uhyhqxh wr JGS=
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Udwlr ri qdwlrqdo lqfrph wr grphvwlf surgxfw=
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Wrwdo grphvwlf exvlqhvv fdslwdo vwrfn shu fdslwd=
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Udwlr ri lqzdug IGL wr wrwdo vwrfn ri exvlqhv fdslwdo=
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Udwlr ri rxwzdug IGL wr wrwdo vwrfn ri grphvwlf exvlqhvv fdslwdo=
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Udwlr ri lqzdug sruwirolr lqyhvwphqw wr wrwdo vwrfn ri exvlqhvv fdslwdo=
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Udwlr ri rxwzdug sruwirolr lqyhvwphqw wr wrwdo grphvwlf vwrfn ri exvlqhvv fdslwdo=
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Dyhudjh frqvxphu zhoiduh lq wkh HX=
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Dyhudjh frqvxphu zhoiduh lq wkh Qruglf frxqwulhv=
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Vûuhqvhq/ Shwhu Elufk +5334,= �Wd{ Frruglqdwlrq lq wkh Hxurshdq Xqlrq= Zkdw Duh

wkh LvvxhvB� Iruwkfrplqj lq Vzhglvk Hfrqrplf Srolf| Uhylhz1
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