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Sryhuw|0Uhgxflqj dqg Zhoiduh0Lpsurylqj

Pdujlqdo Sxeolf Sulfh dqg Sulfh Fds Uhirupv�

Sdxo Pdnglvvl| Txhqwlq Zrgrq}

Pd| 5337

Devwudfw

Wklv sdshu h{whqgv idploldu uhvxowv rq wkh rswlpdo sulflqj ri sxeolfo| sur0

ylghg jrrgv dqg sulfh fds uhjxodwlrqv lq d vwrfkdvwlf grplqdqfh iudphzrun1

Wkh nh| dgydqwdjh lv wkdw wkh dvvhvvphqw dv wr zkhwkhu sulflqj ru sulfh fds uh0

irupv duh sryhuw| uhgxflqj ru zhoiduh lpsurylqj lv qrw frqwlqjhqw rq dq| jlyhq

vrfldo zhoiduh ixqfwlrq1 Udwkhu/ urexvw dvvhvvphqwv ri wkh lpsdfw ri uhirupv

fdq eh pdgh iru zlgh fodvvhv ri hwklfdo mxgjphqwv1

Nh|zrugv= Sryhuw|/ vrfldo zhoiduh/ sxeolf sulfhv/ sulfh fdsv

MHO Frghv= L64/ L65/ O76

�Wklv sdshu zdv ixqghg e| d judqw iurp wkh HVPDS Surjudp rq Orz Lqfrph Hqhuj| Dvvlvwdqfh

lq Odwlq Dphulfd1 Wkh rslqlrqv h{suhvvhg khuh duh wkrvh ri wkh dxwkruv dqg qhhg qrw uhsuhvhqw wkrvh

ri wkh Zruog Edqn/ lwv H{hfxwlyh Gluhfwruv/ ru wkh frxqwulhv wkh| uhsuhvhqw1 Wkh �uvw dxwkru dovr

ehql�wwhg iurp wkh vxssruw ri ITUVF dqg VVKUF1 Zh wkdqn Pduwlq Er|hu iru xvhixoo frpphqwv1
| Gìsduwhphqw g*ìfrqrpltxh dqg JUDS/ Xqlyhuvlwì gh Vkhueurrnh/ 5833/ erxohydug gh

o*Xqlyhuvlwì/ Vkhueurrnh/ Txìehf/ Fdqdgd/ M4N 5U4> Hpdlo= sdxo1pdnglvvlCXVkhueurrnh1fd1
} DIWSP/ Zruog Edqn/ 4;4; K Vwuhhw/ QZ/ Zdvklqjwrq/ GF 53766/ XVD/ Hpdlo=

tzrgrqCzruogedqn1ruj1
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4 Lqwurgxfwlrq

Wkh lvvxh ri krz wr sulfh sxeolfo| surylghg jrrgv ru jrrgv vxemhfw wr sulfh uhjxodwlrq

e| sxeolf dxwkrulwlhv lv lpsruwdqw/ hvshfldoo| jlyhq wkh idfw wkdw lq erwk ghyhorshg dqg

ghyhorslqj frxqwulhv/ pdq| krxvhkrogv olylqj lq sryhuw| kdyh gl!fxowlhv lq sxufkdvlqj

wkhvh jrrgv +vhh iru h{dpsoh Hvwdfkh/ Irvwhu dqg Zrgrq/ 5335/ rq wkh d�rugdelolw|

ri xwlolwlhv lq ghyhorslqj frxqwulhv,1 Wkh vwdqgdug uhihuhqfh iru wkh rswlpdo vwuxfwxuh

ri sxeolf sulfhv lq wkh suhvhqfh ri glvwulexwlrqdo frqvlghudwlrqv lv d sdshu e| Ihog0

vwhlq +4<:5,/ zkr sursrvhg wr dgdsw wkh wudglwlrqdo Udpvh|0Erlwhx{ sulflqj uxohv lq

rughu wr wdnh lqwr dffrxqw wkh uhodwlrqvkls ehwzhhq frqvxpswlrq sdwwhuqv dqg wkh

glvwulexwlrq ri lqfrph +vhh dovr \dqj/ 4<<6,1 Od�rqw dqg Wluroh +5333, odwhu vkrzhg

wkdw Udpvh| sulfhv frxog eh lpsohphqwhg xvlqj sulfh fds uhjxodwlrq lqvwhdg ri gluhfw

sulfh lqwhuyhqwlrqv/ dqg wkh srvvlelolw| ri uho|lqj rq sulfh fdsv wr lpsohphqw Ihogvwhlq

sulflqj zdv ghprqvwudwhg e| Lr}}l/ Srulw} dqg Ydohqwlql +5335,1

Xqiruwxqdwho|/ rqh ri wkh olplwdwlrqv ri vwdqgdug Udpvh| dqg Ihogvwhlq sulflqj

uxohv lv wkdw lq rughu wr �qg wkh rswlpdo sulfhv +ru sulfh fds uhjxodwlrqv,/ wkh dqdo|vw

pxvw uho| rq d vshfl�f vrfldo zhoiduh ixqfwlrq1 Lw lv olnho|/ krzhyhu/ wkdw glvdjuhhphqwv

zloo eh revhuyhg uhjduglqj wkh fkrlfh ri wklv ixqfwlrq1 Li zkdw pljkw kdyh ehhq

rswlpdo iru d fhuwdlq vrfldo zhoiduh ixqfwlrq lv qrw rswlpdo iru dqrwkhu vxfk ixqfwlrq/

wkhq wkh lvvxh ri �qglqj �slhfhphdo� ru pdujlqdo sulflqj ru sulfh fds uhirupv iru

lpsurylqj vrfldo zhoiduh ehfrphv fuxfldo1

Wkh remhfwlyh ri wklv sdshu lv wr vkrz krz pdujlqdo fkdqjhv lq sulfhv/ ru pdujlqdo

fkdqjhv lq sulfh fds uhjxodwlrqv/ fdq eh vkrzq wr eh zhoiduh lpsurylqj iru zlgh fodvvhv

ri hwklfdo mxgjphqwv rq zklfk pdq| dqdo|vwv frxog djuhh lq sulqflsoh1 Wr gr vr/ zh

iroorz wkh dssurdfk xvhg lq wkh vrfldo zhoiduh olwhudwxuh iru dvvhvvlqj wkh lpsdfw ri

lqgluhfw wd{ uhirupv rq vrfldo zhoiduh1 Wkh vhplqdo zrun lq wklv duhd zdv frqgxfwhg e|

\lw}kdnl dqg Vohpurg +4<<4> vhh dovr \lw}kdnl dqg Wkluvn/ 4<<3> \lw}kdnl dqg Ohzlv/

4<<9> dqg Pd|vkdu dqg \lw}kdnl/ 4<<8/ 4<<9,1 Exloglqj rq wklv zrun/ Pdnglvvl

dqg Zrgrq +5335,/ dv zhoo dv Gxforv/ Pdnglvvl/ dqg Zrgrq +5335/ 5337, surylghg

h{whqvlrqv wr ghdo zlwk wkh lpsdfw ri pdujlqdo lqgluhfw wd{ uhirupv qrw rqo| rq vrfldo

zhoiduh/ exw dovr rq sryhuw|/ dqg wkh| dovr frqvlghuhg kljkhu rughuv ri vwrfkdvwlf

5



grplqdqfh +l1h1/ kljkhu rughu fodvvhv ri hwklfdo mxgjphqwv, wkdq zdv ihdvleoh lq wkh

ruljlqdo sdshuv rq wklv wrslf1

Wkh vwuxfwxuh ri wkh sdshu uxqv dv iroorzv1 Lq vhfwlrq 5/ rxu remhfwlyh lv hvvhqwldoo|

wr hvwdeolvk rxu qrwdwlrq dqg yrfdexodu| e| uhvwdwlqj lq d vrfldo zhoiduh dqg vwrfkdvwlf

grplqdqfh iudphzrun wkh nh| uhvxowv rewdlqhg e| Udpvh| dqg Ihogwvhlq uhjduglqj

wkh rswlpdo sulflqj uxohv wkdw vkrxog eh xvhg e| d vrfldo sodqqhu lq rughu wr pd{lpl}h

zhoiduh1 Wkh rqo| qhz elw ri lqirupdwlrq surylghg lq wkdw vhfwlrq uhodwhv wr krz wkhvh

sulflqj uxohv pxvw eh dgdswhg zkhq wkh vrfldo sodqqhu zlvkhv wr plqlpl}h sryhuw|

udwkhu wkdq wr pd{lpl}h xwlolw|1

Vhfwlrq 6 h{whqgv wkh uhvxowv surylghg iru wkh lpsdfw rq sryhuw| dqg zhoiduh

ri lqgluhfw wd{ uhirupv lq Pdnglvvl dqg Zrgrq +5335, dqg Gxforv/ Pdnglvvl/ dqg

Zrgrq +5335/ 5337, wr wkh lvvxh ri wkh sulflqj ri sxeolfo| surylghg jrrgv1 Wkh

nh| gl�huhqfh yhuvxv suhylrxv zrun lv wkdw wkh vr0fdoohg Pdujlqdo H!flhqf| Frvw ri

Ixqg sdudphwhu zklfk pd| d�hfw zkhwkhu pdujlqdo sulfh uhirupv duh lqghhg zhoiduh

lpsurylqj ru sryhuw| uhgxflqj pxvw qrz wdnh lqwr dffrxqw qrw rqo| wkh sulfh +dqg

furvv0sulfh, hodvwlflwlhv ri ghpdqg iru ydulrxv jrrgv/ exw dovr wkh vwuxfwxuh ri wkh

surgxfwlrq frvwv iru wkhvh jrrgv dv fdswxuhg wkurxjk sulfh pdunxsv1

Vhfwlrq 7 wkhq vkrzv krz wr dvvhvv lq d urexvw zd| wkh lpsdfw ri pdujlqdo fkdqjhv

lq sulfh fds uhjxodwlrqv rq vrfldo zhoiduh dqg sryhuw|/ vkrzlqj wkdw doo wkh uhvxowv

rewdlqhg wkurxjk gluhfw pdujlqdo sulfh uhirupv lq Vhfwlrq 6 dovr dsso| iru pdujlqdo

sulfh fds uhirupv1 D eulhi frqfoxvlrq iroorzv1

5 Udpvh| dqg Ihogvwhlq Sulflqj= D Uhvwdwhphqw

Frqvlghu d sxeolf �up wkdw surgxfhv ? jrrgv dqg vhoov wkhp dw sulfhv R ' ER�c R2c ���c R?�

wr U frqvxphuv1 Wkurxjkrxw wklv sdshu/ zh zloo dvvxph wkdw wkh ohyho ri sxeolf sulfhv

R grhv qrw d�hfw sulfhv lq wkh sulydwh vhfwru1 Ohw + eh wkh qrplqdo lqfrph lqglfd0

wru iru wkh frqvxphuv ri wkh �up/ dqg ohw s E+� eh lwv ghqvlw| ixqfwlrq gh�qhg ryhu

dfc +
4@ 

o1 Ghqrwh e| � E+c R� wkh lqgluhfw xwlolw| ixqfwlrq1 Iroorzlqj Nlqj +4<;6,/ zh

zloo xvh d yhfwru ri uhihuhqfh sxeolf sulfhv/ R-/ wr dvvhvv wkh frqvxphuv* zhoo0ehlqj

lq wkh suhvhqfh ri ydu|lqj sxeolf sulfhv1 Ohw +.
�
+c Rc R

-

�
eh wkh htxlydohqw lqfrph
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ixqfwlrq iru wkh frqvxphuv/ vr wkdw +. lv lpsolflwo| gh�qhg e|

�

�
+
.

�
+c Rc R

-

�
c R

-

�
� � E+c R� � +4,

E| gh�qlwlrq/ +- jlyhv wkh ohyho ri lqfrph wkdw surylghv frqvxphuv zlwk wkh vdph

ohyho ri xwlolw| xqghu sulfhv R- dv |lhoghg e| lqfrph + xqghu sulfhv R1

Vwduwlqj zlwk vrfldo zhoiduh/ zh pd| dvvxph wkdw d vrfldo sodqqhu pd{lpl}hv dq

xwlolwduldq vrfldo zhoiduh ixqfwlrq L vxfk wkdw=

L '

]
+
4@ 

f
�

�
+
.

�
+c Rc R

-

��
s E+� _+� +5,

Zh zloo irfxv rq vrfldo zhoiduh lqglfhv ehorqjlqj wr fodvvhv lr
c r ' �c2c � � � c gh�qhg

dv

l
r
'

q
L

���� �+.� 5 �
r
E4�c E���

�n�
�
E��
�
+
.

�
� f iru � ' �c 2c ���c r/

r
� +6,

Hyhu| fodvv l
r kdv d vshfl�f qrupdwlyh lqwhusuhwdwlrq1 Zkhq r ' �c wkh zho0

iduh lqglfhv zhdno| lqfuhdvh E�
E��
�
+
.

�
� f� zkhq d frqvxphu*v htxlydohqw lqfrph

lqfuhdvhv1 Wkhvh lqglfhv duh wkxv Sduhwldq exw wkh| dovr reh| wkh zhoo0nqrzq v|p0

phwu| ru dqrq|plw| d{lrp= lqwhufkdqjlqj dq| wzr frqvxphuv* lqfrphv ohdyhv xq0

fkdqjhg wkh sryhuw| dqg vrfldo zhoiduh lqglfhv1 Zkhq r ' 2c wkh zhoiduh lqglfhv

duh frqfdyh1 Wkh| uhvshfw wkh Sljrx0Gdowrq sulqflsoh ri wudqvihuv/ zklfk srvwxodwhv

wkdw d phdq0suhvhuylqj wudqvihu ri lqfrph iurp d kljkhu0lqfrph frqvxphu wr d orzhu0

lqfrph frqvxphu lqfuhdvhv vrfldo zhoiduh1 E| wkhlu wklug0rughu ghulydwlyh/ wkh vrfldo

zhoiduh lqglfhv wkdw ehorqj wr l
� lqfuhdvh zlwk idyrudeoh frpsrvlwh wudqvihuv1 Wkhvh

wudqvihuv duh vxfk wkdw d ehqh�fldo Sljrx0Gdowrq wudqvihu zlwklq wkh orzhu sduw ri

wkh glvwulexwlrq/ dffrpsdqlhg e| dq dgyhuvh Sljrx0Gdowrq wudqvihu zlwklq wkh xsshu

sduw ri wkh glvwulexwlrq/ zloo dgg wr vrfldo zhoiduh/ surylghg wkdw wkh yduldqfh ri wkh

glvwulexwlrq lv qrw lqfuhdvhg 41 Iru wkh lqwhusuhwdwlrq ri r : �/ zh fdq xvh wkh jhq0

hudol}hg wudqvihu sulqflsohv ri Ilvkexuq dqg Zloolj +4<;7,1 Iru r ' ec iru lqvwdqfh/

frqvlghu d frpelqdwlrq ri wzr h{dfwo| rssrvlwh dqg v|pphwulf frpsrvlwh wudqvihuv/

wkh �uvw rqh ehlqj idyrudeoh dqg rffxuulqj zlwklq wkh orzhu sduw ri wkh glvwulexwlrq/

4Nrop +4<:9, zdv wkh �uvw wr lqwurgxfh wklv frqglwlrq lqwr wkh lqhtxdolw| olwhudwxuh1 Vhh dovr

Vkruurfnv dqg Irvwhu +4<;:, iru d fkdudfwhul}dwlrq ri wkh frpsrvlwh wudqvihu sulqflsoh dqg Gdylhv

dqg Kr| +4<<7, iru d ghvfulswlrq rq wkh qrupdwlyh lpsolfdwlrqv ri wklv sulqflsoh1
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dqg wkh vhfrqg rqh ehlqj xqidyrudeoh dqg rffxuulqj zlwklq wkh kljkhu sduw ri wkh glv0

wulexwlrq1 Ehfdxvh wkh idyrudeoh frpsrvlwh wudqvihu rffxuv orzhu grzq lq wkh lqfrph

glvwulexwlrq/ lqglfhv wkdw duh phpehuv ri wkh r ' e fodvv zloo uhvsrqg idyrudeo| wr

wklv frpelqdwlrq ri frpsrvlwh wudqvihuv1 Jhqhudol}hg kljkhu0rughu wudqvihu sulqflsohv

hvvhqwldoo| srvwxodwh wkdw/ dv r lqfuhdvhv/ wkh zhljkw dvvljqhg wr wkh h�hfw ri wudqvihuv

rffxuulqj dw wkh erwwrp ri wkh glvwulexwlrq dovr lqfuhdvhv1

Frqvlghu qrz d vrfldo sodqqhu zkr zklvkhv wr uhgxfh sryhuw| lqvwhdg ri pd{l0

pl}lqj vrfldo zhoiduh1 Dv vkrzq lq Gxforv dqg Pdnglvvl +5337,/ d sryhuw| lqgh{ lv

hvvhqwldoo| d vrfldo zhoiduh lqgh{ fhqvruhg dw d sryhuw| olqh1 Zh zloo iroorz prvw ri

wkh olwhudwxuh lq irfxvlqj iru vlpsolflw| rq dgglwlyh sryhuw| lqglfhv h{suhvvhg dv=

� E5� '

]
+
4@ 

f
Z

�
+
.

�
+c Rc R

-

�
c 5

�
s E+� _+ +7,

zkhuh � E5� lv dq dgglwlyh sryhuw| lqgh{/ 5 lv d sryhuw| olqh gh�qhg lq wkh htxlydohqw

lqfrph vsdfh5 dqg Z

�
+
.

�
+c Rc R

-

�
c 5

�
lv wkh frqwulexwlrq wr wrwdo sryhuw| ri d frq0

vxphu zlwk htxlydohqw lqfrph +. +zlwk Z

�
+
.

�
+c Rc R

-

�
c 5

�
' f iru doo +. : 5�1 Zh

gh�qh ydulrxv fodvvhv ri sryhuw| lqglfhv � E5� 5 �
r vxfk wkdw

�
r
E5� '

;AA?AA=� E5�
��������

Z

�
+
.
c 5

�
' f li + : 5c ZE+c 5� 5 e�r

E5�c

E���
�
Z
E��
�
+
.
c 5

�
� f iru � ' fc �c ���c r/

Z
E|�
E5c 5� ' f iru | ' fc �c ���c r� 2 zkhq r � 2

<AA@AA> +8,

zkhuh e�r
E5� lv wkh vhw ri ixqfwlrqv wkdw duh r0wlph slhfhzlvh gl�huhqwldeoh6 ryhu

dfc 5o/ dqg zkhuh wkh vxevfulsw Er� vwdqgv iru dq r
|�0rughu ghulydwlyh zlwk uhvshfw wr

+
.1 Fodvvhv �

r
E5� kdyh hvvhqwldoo| wkh vdph qrupdwlyh lqwhusuhwdwlrq wkdw fodvvhv

l
r h{fhsw wkdw wkh qrupdwlyh sulqflsohv duh rqo| frqfhuqhg zlwk fkdqjhv wkdw rffxu

xqghu wkh sryhuw| olqh/ 51 Zh zloo uhwxuq yhu| vkruwo| wr wkh lqwhusuhwdwlrq ri wkh

ghulydwlyh dvvxpswlrqv1

Wkh pd{lpl}dwlrq ri vrfldo zhoiduh ru wkh plqlpl}dwlrq ri sryhuw| pxvw reh| wkh

sxeolf �up*v exgjhw frqvwudlqw/ vr wkdw wrwdo uhyhqxh plqxv surgxfwlrq frvw pxvw eh

5Gh�qlqj wkh sryhuw| olqh lq wkh htxlydohqw lqfrph vsdfh udwkhu wkdq lq wkh qrplqdo lqfrph

vsdfh lv frqyhqlhqw vlqfh wkh sryhuw| olqh lv wkhq lqyduldqw wr sulfh uhirupv1
6Zkhq wkh +v� 4,wk ghulydwlyh lv d slhfhzlvh gl�huhqwldeoh ixqfwlrq/ wkh ixqfwlrq dqg lwv +v� 5,

�uvw ghulydwlyhv duh gl�huhqwldeoh hyhu|zkhuh1 Wkh eFv+}, frqwlqxlw| dvvxpswlrq lv pdgh iru dqdo|w0

lfdo vlpsolflw| vlqfh lw frxog eh uhod{hg wr lqfoxgh lqglfhv zkrvh +v�4,wk ghulydwlyh lv glvfrqwlqxrxv

+dqg zklfk duh wkhuhiruh qrw v0wlph slhfhzlvh gl�huhqwldeoh,1
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htxdo wr �1 Li %� ERc +� lv wkh Pduvkdooldq ghpdqg ri d frqvxphu zlwk lqfrph +/ wkh

wrwdo txdqwlw| ri jrrg � sxufkdvhg e| doo frqvxphuv lv jlyhq e|

^� ER� ' U

]
+
4@ 

f
%� ERc +� s E+� _+1 +9,

Ohw S E^� eh wkh wrwdo frvw ri surgxflqj ^ ' E^�c ^2c ���c ^?�1 Wkh remhfwlyh ri wkh sxeolf

�up lv wr pd{lpl}h +5, ru plqlpl}h +7, xqghu wkh exgjhw frqvwudlqw

?[
�'�

R�^� ER�� S E^� ' �� +:,

Wr ghulyh wkh �uvw rughu frqglwlrqv ri wkh sureohp/ zh pxvw xvh Ur|*v lghqwlw|

dqg vhw wkh rswlpdo sulfhv dv uhihuhqfh sulfhv1 Zh �qg=

Y+
.
E+c Rc R

-
�

YR�

�����
R-'R

' �%� ERc +� � +;,

Xvlqj wklv uhvxow dqg wkh lghqwlw| + ' +
.
E+c Rc R�/ zh fdq qrz vwdwh wkh �uvw rughu

frqglwlrqv iru xwlolw| pd{lpl}dwlrq dv=

�

]
+
4@ 

f
%� ERc +� �

E��
E+� s E+� _+nb

L

;?=^� ER� n
?[

�'�

ER� �6��
Y^� ER�

YR�

<@> ' fc iru � ' � wr ?c

+<,

zkhuh 6� ' YS E^� *Y^� lv wkh pdujlqdo frvw ri surgxflqj � dqg b
L lv wkh vkdgrz

sulfh ri wkh exgjhw frqvwudlqw lq wkh fdvh ri xwlolw| pd{lpl}dwlrq1

Lq wkh fdvh ri d sryhuw| plqlpl}lqj sodqqhu/ wkh plqlpl}dwlrq ri +7, lv htxlydohqw

wr pd{lpl}lqj �
U
@

f Z

�
+
.

�
+c Rc R

-

�
c 5

�
s E+� _+ vr wkdw li zh ghqrwh e| b� wkh vkdgrz

sulfh ri wkh exgjhw frqvwudlqw lq wkh fdvh ri sryhuw| plqlpl}dwlrq/ +<, ehfrphv

]
+
4@ 

f
%� ERc +� Z

E��
E+c 5� s E+� _+nb

�

;?=^� ER� n
?[

�'�

ER� �6��
Y^� ER�

YR�

<@> ' fc iru � ' � wr ?c

+43,

Qrz/ ohw 0�� ' EY^� ER� *YR�� ER�*^�� eh wkh sulfh hodvwlflw| ri jrrg � zlwk uhvshfw wr

wkh sulfh ri jrrg �1 Iroorzlqj Ihogvwhlq +4<:5,/ zh dvvxph wkdw wkh vkduhv ri jrrg �

dqg � lq wkh frqvxphuv* wrwdo h{shqglwxuh lv vpdoo vr wkdw zh fdq xvh 0�� * 0��R�^�*R�^�

dv dq dssur{lpdwlrq1
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Wkh �uvw rughu frqglwlrqv +<, dqg +43, fdq eh uhzulwwhq dv

-
Lc�

�
' b

Lc�

;?=� n
?[

�'�

#
R� �6�

R�

$
0��

<@> c iru � ' � wr ?c +44,

zkhuh -L

�
' �

�
^�ER�

U
+
4@ 

f %� ERc +��
E��

E+� s E+� _+ lq wkh fdvh ri xwlolw| pd{lpl}dwlrq/

dqg -
�

�
'

�
^�ER�

U
+
4@ 

f %� ERc +� Z
E��

E+c 5� s E+� _+ lq wkh fdvh ri sryhuw| plqlpl}dwlrq1

-
Lc�

�
lv vlpso| Ihogvwhlq*v glvwulexwlrqdo fkdudfwhulvwlf ri jrrg �1 Li wkhuh lv qr

frqfhuq iru uhglvwulexwlrq lq wkh xwlolw| pd{lpl}dwlrq/ -
L

�
ehfrphv luuhohydqw vlqfh

�
E��

E+� lv frqvwdqw iru doo + zklfk lq wxuq lpsolhv -L

�
'

�
^�ER�

U
+
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f %� ERc +� s E+� _+ ' �

iru doo �1 Lq wklv sduwlfxodu fdvh/ htxdwlrq +44, lv htxlydohqw wr Udpvh|0Erlwhx{

sulflqj1 Wkh vdph lv wuxh +qdpho|/ -�

�
' �, lq wkh sryhuw| uhgxfwlrq fdvh li wkhuh lv

qr vshfldo frqfhuq iru sryhuw| uhgxfwlrq1

Qrwh �qdoo| wkdw zkhq wkhuh lv qr furvv0hodvwlflw| ri ghpdqg +l1h1 zkhq 0�� ' f

iru doo � dqg �,/ zh kdyh

R� �6�

R�
'

-
Lc�

�
� b

Lc�

b
Lc�

�

0��
� +45,

6 Lpsdfw ri Pdujlqdo Sulfh Uhirupv

Wkh uhvxowv lq wkh suhylrxv vhfwlrq uho| rq wkh idfw wkdw d vshfl�f xwlolw| ixqfwlrq/ ru

d vshfl�f sryhuw| phdvxuh/ lv xvhg e| wkh vrfldo sodqqhu/ vr wkdw dq h{dfw vroxwlrq

fdq eh irxqg lq rughu wr pd{lpl}h zhoiduh ru plqlpl}h sryhuw|1 Lq sudfwlfh krzhyhu/

wkhuh lv riwhq glvdjuhhphqw uhjduglqj wkh xvh ri d jlyhq xwlolw| ixqfwlrq ru sryhuw|

phdvxuh1 Lq dgglwlrq/ zh pd| dovr vwduw iurp d vxe0rswlpdo srvlwlrq/ vr wkdw zkdw

lv qhhghg lv wr �qg wkh gluhfwlrq wkdw pdujlqdo sulfh uhirupv vkrxog wdnh/ l1h1/ zklfk

sulfhv vkrxog eh lqfuhdvhg dw wkh pdujlq/ dqg zklfk sulfhv vkrxog eh uhgxfhg1 Lq

wklv vhfwlrq/ zh surylgh uhvxowv wkdw lqglfdwh krz wr whvw iru wkh lpsdfw ri pdujlqdo

sulfh uhirupv rq sryhuw| iru zlgh fodvvhv ri vrfldo zhoiduh dqg sryhuw| phdvxuhv1

Li zh dvvxph wkdw sulfhv duh gluhfwo| xqghu wkh frqwuro ri wkh vrfldo sodqqhu/

zh fdq ghulyh d qxpehu ri uhvxowv iru wkh lpsdfw rq sryhuw| dqg vrfldo zhoiduh ri

edodqfhg exgjhw pdujlqdo sulfh uhirupv/ lq d pdqqhu vlplodu wr wkdw ri Pdnglvvl dqg

Zrgrq +5335, dqg Gxforv/ Pdnglvvl dqg Zrgrq +5335, iru wkh lpsdfw ri lqgluhfw

:



wd{ uhirupv1 Wkh pdlq gl�huhqfh uholhv lq wkdw wkh frvw vwuxfwxuh ri wkh �up pxvw

eh wdnhq lqwr frqvlghudwlrq khuh/ zkloh wklv zdv qrw qhfhvvdu| lq wkh fdvh ri lqgluhfw

wd{ uhirupv +ehfdxvh surgxfhu sulfhv zhuh vlpso| dvvxphg wr uhpdlq frqvwdqw> lq wkh

fdvh ri sxeolf �upv zlwk srwhqwldo prqrsrolhv lq zdwhu ru hohfwulflw| surgxfwlrq dqg

glvwulexwlrq/ wklv lv fohduo| qrw uhdolvwlf,1

Wr suhvhqw wkh uhvxowv/ lw lv kdqg| wr �uvw lqwurgxfh wkh frqfhsw ri vwrfkdvwlf

grplqdqfh fxuyhv1 Zkhq R ' R
-/ dqg iru rughuv ri grplqdqfh r ' �c 2c ���c wkh fxuyhv

duh gh�qhg dv iroorzv
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]
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f
d5 � +o

Er3��
s E+� _+� +46,

Lq wkh fdvh ri wkh frpsdulvrqv ri wzr uhodwlyh ghqvlw| ixqfwlrq s@ dqg sK/ Gxforv dqg

Pdnglvvl +5337, kdyh vkrzq wkdw iru dq| sryhuw| olqh 5 5 dfc 5
n
o dqg dq| devroxwh

sryhuw| lqgh{ � 5 �
r
c d qhfhvvdu| dqg vx!flhqw frqglwlrq iru uhgxflqj sryhuw|/

qdpho| iru �K E5�� �@ E5� � fc lv=

(
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@
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K
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n
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Vlploduo|/ iru doo L 5 l
r/ d vx!flhqw frqglwlrq iru lqfuhdvlqj xwlolw|/ qdpho| iru

LK � L@ � fc lv=
(

r

@
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r

K
E+� � f ;+ 5 dfc @o �

dqg/ li r � �c
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K
E@� � f ;� 5 i2c ���c r� �j �

+48,

Khuh/ zh duh lqwhuhvwhg lq dvvhvvlqj krz d jlyhq lqfrph glvwulexwlrq lv d�hfwhg e|

d sulfh uhirup lqvwhdg ri vlpso| frpsdulqj wzr lqfrph glvwulexwlrqv1 Wkxv/ zh qhhg

wr frqvlghu krz vwrfkdvwlf grplqdqfh fxuyhv duh d�hfwhg e| fkdqjhv lq sulfhv1 Xvlqj

+;,/ zh fdq vkrz wkdw=
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+49,

Xvlqj wkh whuplqrorj| lqwurgxfhg e| Pdnglvvl dqgZrgrq +5335, dqg Gxforv/ Pdnglvvl

dqg Zrgrq +5335,/ zh zloo gh�qh �frqvxpswlrq grplqdqfh� +�(, fxuyhv dv=
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r

&
E5� '
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r
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c r ' �c 2c ��� +4:,
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Qrupdol}hg �( fxuyhv/ �(
r

&
E5�/ duh mxvw wkh deryh �( fxuyhv iru jrrg & qrupdol}hg

e| wkh dyhudjh frqvxpswlrq ri wkdw jrrg=
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&
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&
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^&ER�
� +4;,

Ohw xv qrz frqvlghu d pdujlqdo sulfh uhirup wkdw ghfuhdvhv pdujlqdoo| wkh sulfh

ri jrrg � dqg lqfuhdvh wkh sulfh ri jrrg � lq rughu wr nhhs wkh �up*v sur�wv frqvwdqw1

Frqvwdqw sur�wv dqg +:, lpso| wkdw
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dqg
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Xvlqj wkh dssur{lpdwlrq 0�� * 0��R�^�*R�^�/ zh kdyh
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Qrwh wkdw li wkh dfwxdo sulfh v|vwhp kdv d Udpvh| vwuxfwxuh/ � ' �1

Zh fdq qrz dvvhvv wkh lpsdfw ri wkh pdujlqdo sulfh uhirup rq wkh vwrfkdvwlf

grplqdqfh fxuyhv=
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Xvlqj +47,/ +48, dqg +55,/ zh fdq qrz vwdwh wkh iroorzlqj uhvxowv1

Sursrvlwlrq 4 D pdujlqdo sulfh uhirup wkdw ghfuhdvhv wkh sulfh ri jrrg � dqg lq0

fuhdvhv wkh sulfh ri jrrg � lq rughu wr nhhs wkh �up*v sur�w frqvwdqw uhgxfhv � E5�

iru dq| sryhuw| olqh 5 5 dfc 5
n
o dqg dq| sryhuw| lqgh{ � 5 �

r
c l�=
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Surri1 ^� ER� *U lv srvlwlyh dqg _R� lv qhjdwlyh1 Li frqglwlrq +56, krogv/ lw lv

vwudljkwiruzdug wr vkrz wkdw � E5� ghfuhdvhv iru dq| sryhuw| olqh 5 5 dfc 5
n
o dqg dq|

sryhuw| lqgh{ � 5 �
r +dqg frqyhuvho|, iurp +55, dqg +47,1

Sursrvlwlrq 4 lv vlplodu wr wkh uhvxow ri Pdnglvvl dqg Zrgrq +5335,1 Wkh pdlq

gl�huhqfh lv lq wkh vwuxfwxuh ri �1 Lq Pdnglvvl dqg Zrgrq +5335,/ wklv sdudphwhu lv

hvvhqwldoo| d ixqfwlrq ri wkh ghpdqg hodvwlflwlhv ehfdxvh surgxfhu sulfhv duh dvvxphg

wr eh frqvwdqw lq wkh frqwh{w ri dq lqgluhfw wd{ uhirup1 Khuh/ lw lv qrw srvvleoh wr pdnh

wklv dvvxpswlrq/ vr wkdw zh pxvw wdnh surgxfwlrq frvwv lqwr dffrxqw1 Wklv h{sodlqv

zk| � lv qrz d ixqfwlrq ri erwk wkh ghpdqg hodvwlflwlhv dqg wkh sulfh pdunxsv1

Sursrvlwlrq 5 D pdujlqdo sulfh uhirup wkdw ghfuhdvhv wkh sulfh ri jrrg � dqg lq0

fuhdvhv wkh sulfh ri jrrg � lq rughu wr nhhs wkh �up*v sur�w frqvwdqw lqfuhdvhv L iru

dq| zhoiduh lqgh{ L 5 l
r
c li=
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r

�
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r

�
E+� � f ;+ � +

4@ +57,

dqg/ li r � �c
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Surri1 Djdlq/ ^� ER� *U lv srvlwlyh dqg _R� lv qhjdwlyh1 Li frqglwlrq +57, krogv/ lw

lv vwudljkwiruzdug wr vkrz wkdw L lqfuhdvhv iru dq| zhoiduh lqgh{ L 5 l
r iurp +55,

dqg +48,1

Wkh �uvw sduw ri frqglwlrq +57, lv vlplodu wr wkh uhvxow ri Gxforv/ Pdnglvvl dqg

Zrgrq +5335, h{fhsw djdlq iru wkh vwuxfwxuh ri �1 Qrwh dovr wkdw lq Sursrvlwlrq 5/

wkhuh lv dq dgglwlrqdo whvw wr shuirup dw +4@ wkdw zdv qrw qhfhvvdu| lq Gxforv hw

do1 +5335,1 Wkh uhdvrq iru wklv lv wkdw Gxforv hw do1 shuirup wkhlu whvw rq dfc4�1 Dv

vkrzq e| Gxforv dqg Pdnglvvl +5337,/ lw lv qrw qhfhvvdu| wr shuirup whvwv dw +4@ 

li +4@ $ 41 Krzhyhu/ iru sudfwlfdo sxusrvh/ lw lv hpslulfdoo| gl!fxow wr whvw rq

dfc4� vr zh suhihu khuh wr jlyh wkh frqglwlrq zlwk d �qlwh olplw1

Lv lw dozd|v ihdvleoh wr �qg d pdujlqdo sulfh uhirup zklfk zloo lqfuhdvh zhoiduh

ru uhgxfh sryhuw| dw vrph jlyhq rughu ri grplqdqfhB Gdylgvrq dqg Gxforv +5333,

surylgh d wkhruhp zklfk vwdwhv wkdw wkhuh lv lqghhg d fodvv ri zhoiduh ixqfwlrqv lr iru

zklfk LK�L@ � fc iru doo L 5 l
r
c li (�

@
E+��(

�
K
E+� � f iru + 5 dfc 1o iru dq| srvlwlyh
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ydoxh 11 Wklv wkhruhp/ wrjhwkhu zlwk wkh dvvxpswlrq wkdw � ' � +fruuhvsrqglqj wr d

Udpvh| sulfh vwuxfwxuh, lpso| wkh iroorzlqj uhvxow1

Sursrvlwlrq 6 Li wkh dfwxdo sulfh v|vwhp kdv d Udpvh| vwuxfwxuh/ wkhuh lv dozd|v

fodvv ri zhoiduh ixqfwlrqv l
r iru zklfk d pdujlqdo sulfh uhirup wkdw ghfuhdvhv wkh

sulfh ri jrrg � dqg lqfuhdvhv wkh sulfh ri jrrg � lq rughu wr nhhs wkh �up*v sur�w

frqvwdqw lqfuhdvhv L iru dq| zhoiduh lqgh{ L 5 l
r/ surylghg zh fdq �qg 1 : f vxfk

wkdw

�(
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�
E+� � f ;+ 5 dfc 1o � +58,

D vlplodu uhvxow krogv iru sryhuw| uhgxfwlrq/ zkdwhyhu wkh pd{lpxp wkuhvkrog ri

wkh sryhuw| olqh 5n lv fkrvhq wr eh1 Wkdw lv/ zh zloo dozd|v �qg d sryhuw| uhgxflqj

uhirup xs wr 5
n dw vrph rughu ri grplqdqfh li wkh deryh frqglwlrq lv uhvshfwhg1

7 Lpsdfw ri Pdujlqdo Sulfh Fds Uhirupv

Lq wkh suhylrxv wzr vhfwlrqv/ zh dvvxphg wkdw sulfhv zhuh gluhfwo| xqghu wkh frqwuro

ri wkh vrfldo sodqqhu1 Lq pdq| fdvhv krzhyhu/ wkh uhjxodwlrq ri wkh sxeolf �up lv

lpsohphqwhg wkurxjk sulfh fds uhjxodwlrqv udwkhu wkdq gluhfwo| wkurxjk pdqgdwhg

sulfhv1 Sulfh fds uhjxodwlrq frqvlvwv ri lpsrvlqj wr wkh �up d zhljkwhg dyhudjh sulfh

fhlolqj
?[
�'�

��R� � R +59,

dqg ohwwlqj lw iuhh wr pd{lpl}h sur�w rwkhuzlvh1 Li wkh zhljkwv �� duh vhw htxdo wr

ixwxuh uhdol}hg txdqwlwlhv/ wkhq prqrsrolvw sur�w pd{lpl}dwlrq |lhogv Udpvh| sulfhv

lq vwuxfwxuh/ dv vkrzq e| Od�rqw dqg Wluroh +5333,1

Dv vkrzq e| Lr}}l/ Srulw} dqg Ydohqwlql +5335, lq d pruh jhqhudo iudphzrun/ lw

lv uhodwlyho| vwudljkwiruzdug wr h{whqg wklv uhvxow wr Ihogvwhlq sulflqj1 Xvlqj rxu rzq

qrwdwlrq/ qrwh wkdw zkhq idflqj sulfh fds uhjxodwlrq/ wkh sureohp ri wkh prqrsrolvw

ehfrphv
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Wkh �uvw rughu frqglwlrqv ri wklv sureohp duh

D�� ' ^� ER� n

?[
�'�

ER� �6��
Y^� ER�

YR�
c iru � ' � wr ?� +5;,

Frpsduh +5;, wr +<,1 Lq rughu wr rewdlq wkh vdph vroxwlrq dv lq +<, iru xwlolw|

pd{lpl}dwlrq/ wkh vrfldo sodqqhu pxvw vlpso| vhw

D�� ' �
^� ER�-

L

�

b
L

c iru � ' � wr ?� +5<,

Iru wklv/ wkh sodqqhu pd| �uvw dgmxvw wkh exgjhw frqvwudlqw vr dv wr kdyh D '

��*b
L / dqg wkhq fkrrvh wkh zhljkwv �� lq rughu wr uh hfw Ihogvwhlq*v glvwulexwlrqdo

fkdudfwhulvwlfv iru hdfk jrrg wlphv wkh wrwdo txdqwlw| vrog ri wkh jrrg1 D vlplodu

htxlydohqfh lv rewdlqhg iru wkh fdvh ri sryhuw| plqlpl}dwlrq1 Wkxv zh fdq vwdwh wkh

iroorzlqj uhvxow douhdg| surylghg iru zhoiduh pd{lpl}dwlrq lq Lr}}l hw do1 +5335,=

Sursrvlwlrq 7 Prqrsrolvw sur�w pd{lpl}dwlrq |lhogv Ihogvwhlq sulfhv lq vwuxfwxuh

+iru wkh pd{lpl}dwlrq ri vrfldo zhoiduh ru wkh plqlpl}dwlrq ri sryhuw|, li wkh �up lv

uhjxodwhg xqghu d sulfh fds uhjlph lq zklfk wkh zhljkw duh vhw htxdo wr ixwxuh uhdol}hg

txdqwlwlhv wlphv Ihogvwhlq*v glvwulexwlrqdo fkdudfwhulvwlf1

Ohw xv qrz frqvlghu wkh lpsdfw ri pdujlqdo sulfh fds uhirupv rq vrfldo zhoiduh dqg

sryhuw|1 Dv lq wkh fdvh ri pdujlqdo sulfh uhirupv/ zh duh prwlydwhg wr gr wklv ehfdxvh

wkh vrfldo sodqqhu pd| qrw nqrz zlwk fhuwdlqw| wkh h{dfw vrfldo zhoiduh ixqfwlrq wr

eh pd{lpl}hg/ ru wkh h{dfw sryhuw| phdvxuh wr eh plqlpl}hg1 Khuh krzhyhu/ zh

duh frqiurqwhg zlwk dq dgglwlrqdo gl!fxow|1 Zkhq dvvhvvlqj wkh lpsdfw rq zhoiduh ru

sryhuw| ri d pdujlqdo sulfh uhirup/ zh kdg wr ghwhuplqh wkh lpsdfw ri d sulfh fkdqjh

rq frqvxphu zhoiduh1 Lq wkh fdvh ri d sulfh fds uhirup/ zh pxvw �uvw ghwhuplqh wkh

lpsdfw rq wkh �up*v sulfh vwuxfwxuh dqg wkhq rqo| dvvhvv wkh lpsdfw ri wklv fkdqjh

lq sulfh vwuxfwxuh rq frqvxphu zhoiduh1

Dw wkh frqvxphu ohyho/ zh kdyh e| gh�qlwlrq=
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Gl�huhqwldwlqj wrwdoo| wkh vhw ri htxdwlrqv jlyhq e| +5;,/ zh jhw
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zkhuh
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+65,

Xvlqj +64, dqg Fudphu*v uxoh/ zh jhw
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mXm
c +66,

zkhuh

X '

599997
w�� w�2 � � � w�?

w2� w22 � � � w2?
111

111
111

111

w?� w?2 � � � w??

6::::8 c +67,

dqg X�� lv wkh fridfwru ri w��1 Dw wklv srlqw/ lw lv xvhixo wr gh�qh

x
&
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D EX�& �X�&�

mXm
+68,

Xvlqj +68,/ zh fdq uhzulwh +63, dv
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Wklv uhvxow lv djdlq vlplodu wr +56,/ zlwk rqh nh| gl�huhqfh1 Lq wkh fdvh ri gluhfw

sulfh uhirupv/ rqo| wkh sulfhv ri wzr jrrgv fkdqjh1 E| frqwudvw/ lq wkh fdvh ri sulfh

fds uhirupv/ doo sulfhv pd| fkdqjh vlqfh wkh �up zloo dgmxvw lwv zkroh sulflqj v|vwhp

wr wdnh lqwr dffrxqw wkh fkdqjh lq wkh sulfh fds vwuxfwxuh1 Jlyhq +69,/ zh fdq surylgh

wkh iroorzlqj uhvxow1

Sursrvlwlrq 8 D pdujlqdo sulfh fds uhjxodwru| uhirup wkdw lqfuhdvhv �� dqg gh0

fuhdvhv �� lq vxfk d zd| wkdw _�� ' �_�� zloo uhgxfh � E5� iru dq| sryhuw| olqh

5 5 dfc 5
n
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Surri1 _�� lv srvlwlyh1 Li frqglwlrq +6:, krogv/ lw lv vwudljkwiruzdug wr vkrz wkdw

� E5� ghfuhdvhv iru dq| sryhuw| olqh 5 5 dfc 5
n
o dqg dq| sryhuw| lqgh{ � 5 �

r +dqg

frqyhuvho|, iurp +69, dqg +47,1

Sursrvlwlrq 9 D pdujlqdo sulfh fds uhjxodwru| uhirup wkdw lqfuhdvhv �� dqg gh0

fuhdvhv �� vxfk wkdw _�� ' �_�� zloo lqfuhdvh L iru dq| zhoiduh lqgh{ L 5 l
r
c

li=
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Surri1 _�� lv srvlwlyh1 Li frqglwlrq +6;, krogv/ lw lv djdlq vwudljkwiruzdug wr vkrz

wkdw L lqfuhdvhv iru dq| zhoiduh lqgh{ L 5 l
r iurp +69, dqg +48,1

Dv douhdg| phqwlrqhg/ lq rughu wr dvvhvv wkh lpsdfw ri pdujlqdo sulfh fds uhirupv/

zh qhhg wr wdnh lqwr frqvlghudwlrq wkh �( fxuyhv iru doo jrrgv vlqfh d fkdqjh lq wkh

zhljkw ri dq| rqh jrrg pd| kdyh dq lpsdfw rq wkh sulfh ri doo jrrgv1 Wkhuh lv

krzhyhu dq h{fhswlrq li furvv0sulfh hodvwlflwlhv ri ghpdqg duh }hur +l1h1 zkhq 0�� ' f

iru doo � dqg �,1 Lq wklv fdvh/ zh kdyh
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Wkhq/ li zh gh�qh � ' w�*w�/ zh fdq vwdwh wkh iroorzlqj uhvxowv1

Sursrvlwlrq : Li furvv0sulfh hodvwlflwlhv ri ghpdqg duh doo }hur/ d pdujlqdo sulfh fds

uhjxodwru| uhirup wkdw lqfuhdvhv �� dqg ghfuhdvhv �� lq vxfk d zd| wkdw _�� ' �_��

zloo uhgxfh � E5� iru dq| sryhuw| olqh 5 5 dfc 5
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Sursrvlwlrq ; Li furvv0sulfh hodvwlflwlhv ri ghpdqg duh doo }hur/ d pdujlqdo sulfh fds

uhjxodwru| uhirup wkdw lqfuhdvhv �� dqg ghfuhdvhv �� lq vxfk d zd| wkdw _�� ' �_��

zloo lqfuhdvh L iru dq| zhoiduh lqgh{ L 5 l
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Lq rwkhu zrugv/ lq wkh sduwlfxodu fdvh zkhuh furvv0sulfh hodvwlflwlhv ri ghpdqg duh

}hur/ urexvw hvwlpdwhv ri wkh lpsdfw rq sryhuw| ru vrfldo zhoiduh ri pdujlqdo sulfh

fds uhirupv fdq eh dvvhvvhg e| vlpso| fkhfnlqj iru qrq0lqwhuvhfwlrq ehwzhhq wkh �(

fxuyhv ri wkh wzr jrrgv iru zklfk wkh zhljkwlqj v|vwhp lv prgl�hg1 Qrwh khuh wkdw/

xqolnh � zklfk lv qhfhvvdulo| srvlwlyh/ wkh sdudphwhu � fdq wkhruhwlfdoo| eh srvlwlyh

ru qhjdwlyh1

8 Frqfoxvlrq

Dv qrwhg e| Ihogvwhlq +4<:8,/ pdq| uhirupv duh lqwulqvlfdoo| �slhfhphdo�1 Lq wklv

sdshu/ rxu pdlq remhfwlyh kdv ehhq wr vkrz krz vpdoo pdujlqdo fkdqjhv lq wkh sulfh

ri sxeolfo| surylghg jrrgv/ ru lq sulfh fds uhjxodwlrqv/ fdq eh ghhphg wr lpsuryh

zhoiduh ru uhgxfh sryhuw| iru zlgh fodvvhv ri zhoiduh dqg sryhuw| phdvxuhv1 Rxu

uhvxowv kdyh ehhq rewdlqhg xvlqj vwrfkdvwlf grplqdqfh whfkqltxhv/ zklfk kdyh wkh

dgydqwdjh wr eh ydolg qrw rqo| iru d glvfxvvlrq ri wkh lpsdfw ri srolf| uhirupv rq

vrfldo zhoiduh dv d zkroh/ exw dovr rq sryhuw| ru �fhqvruhg� zhoiduh ixqfwlrqv1 Rqh

nh| gl�huhqfh yhuvxv suhylrxv zrun ghyrwhg wr dvvhvvlqj wkh lpsdfw ri lqgluhfw wd{

uhirupv rq sryhuw| dqg zhoiduh lv wkdw wkh frvw vwuxfwxuh ri wkh �up+v, surgxflqj wkh

jrrgv pxvw eh wdnhq lqwr dffrxqw1 Dqrwkhu gl�huhqfhv lv wkdw lw fdq eh vkrzq wkdw

uhjxodwlrq wkurxjk sulfh fdsv ohdgv wr wkh vdph uhvxowv dv gluhfw uhjxodwlrq wkurxjk

pdqgdwhg sulfh fkdqjhv1
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Uhihuhqfhv

^4` Gdylgvrq/ U1 dqg M1\1 Gxforv +5333,/ Vwdwlvwlfdo Lqihuhqfh iru Vwrfkdvwlf Grp0

lqdqfh dqg wkh iru wkh Phdvxuhphqw ri Sryhuw| dqg Lqhtxdolw|/ Hfrqrphwulfd/

9;/ 4768047981

^5` Gdylhv/ M1 dqg P1 Kr| +4<<7,/ Wkh Qrupdwlyh Vljql�fdqfh ri Xvlqj Wklug0Ghjuhh

Vwrfkdvwlf Grplqdqfh lq Frpsdulqj Lqfrph Glvwulexwlrqv/ Mrxuqdo ri Hfrqrplf

Wkhru|/ 97/ 85308631

^6` Gxforv/ M10\1 dqg S1 Pdnglvvl +5337,/ Uhvwulfwhg dqg Xquhvwulfwhg Grplqdqfh iru

Zhoiduh/ Lqhtxdolw| dqg Sryhuw| Rughulqjv/ Mrxuqdo ri Sxeolf Hfrqrplf Wkhru|/

9/ 47804971

^7` Gxforv/ M10\1/ S1 Pdnglvvl dqg T1 Zrgrq +5335,/ Vrfldoo|0H!flhqw Wd{ Uhirupv/

Fdklhu gh uhfkhufkh 35034/ Gìsduwhphqw g*ìfrqrpltxh/ Xqlyhuvlwì gh Vkhueurrnh1

^8` Gxforv/ M10\1/ S1 Pdnglvvl dqg T1 Zrgrq +5337,/ Sryhuw|0Uhgxflqj Wd{ Uhirupv

zlwk Khwhurjhqhrxv Djhqwv/ iruwkfrplqj lq Mrxuqdo ri Sxeolf Hfrqrplf Wkhru|1

^9` Hvwdfkh/ D1/ Y1 Irvwhu dqg T1 Zrgrq +5335,/ Dffrxqwlqj iru Sryhuw| lq Lq0

iudvwuxfwxuh Uhirup1 Ohduqlqj iurp Odwlq Dphulfd*v H{shulhqfh/ ZEL Ghyhors0

phqw Vwxglhv/ Zdvklqjwrq/ G1F1

^:` Ihogvwhlq/ P1V1 +4<:5,/ Glvwulexwlrqdo Htxlw| dqg wkh Rswlpdo Vwuxfwxuh ri Sxe0

olf Sulfhv/ Dphulfdq Hfrqrplf Uhylhz/ 95/ 650691

^;` Ihogvwhlq/ P1V1 +4<:8,/ Wkh Lqfrph Wd{ dqg Fkdulwdeoh Frqwulexwlrqv= Sduw

L0Djjuhjdwh dqg Glvwulexwlrqdo H�hfwv/ Qdwlrqdo Wd{ Mrxuqdo/ 5;/ ;404331

^<` Ilvkexuq/ S1F1 dqg U1G1 Zloolj +4<;7,/ Wudqvihu Sulqflsohv lq Lqfrph Uhglvwule0

xwlrq/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 58/ 656065;1

^43` Lr}}l/ D1/ M1 D1 Srulw}/ dqg H1 Ydohqwlql +5335,/ Vrfldo Suhihuhqfhv dqg Sulfh Fds

Uhjxodwlrq/ Mrxuqdo ri Sxeolf Hfrqrplf Wkhru|/ 7/ <804471
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^44` Nlqj/ P1D1 +4<;6,/ Zhoiduh Dqdo|vlv ri Wd{ Uhirupv Xvlqj Krxvhkrog Gdwd/

Mrxuqdo ri Sxeolf Hfrqrplfv/ 54/ 4;605471

^45` Nrop/ V1F1 +4<:9,/ Xqhtxdo Lqhtxolw|= L/ Mrxuqdo ri Hfrqrplf Wkhru|/ 45/ 7490

7751

^46` Od�rqw/ M10M1 dqg M1 Wluroh +5333,/ Frpshwlwlrq lq Whohfrppxqlfdwlrqv/ PLW

Suhvv/ Fdpeulgjh/ PD1

^47` Pdnglvvl/ S1 dqg T1 Zrgrq +5335,/ Frqvxpswlrq Grplqdqfh Fxuyhv= Whvwlqj iru

wkh Lpsdfw ri Lqgluhfw Wd{ Uhirupv rq Sryhuw|/ Hfrqrplfv Ohwwhuv/ :8/55:05681

^48` Pd|vkdu/ M1 dqg V1 \lw}kdnl +4<<8,/ Gdowrq Lpsurylqj Wd{ Uhirup/ Dphulfdq

Hfrqrplf Uhylhz/ ;8/ :<60;3:1

^49` Pd|vkdu/ M1 dqg V1 \lw}kdnl +4<<9,/ Gdowrq0Lpsurylqj Lqgluhfw Wd{ Uhirupv

Zkhq Krxvhkrogv Gl�hu lq Delolw| dqg Qhhgv/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 95/

6<<07451

^4:` Vkruurfnv/ D1I1 dqg M1H1 Irvwhu +4<;:,/ Wudqvihu Vhqvlwlyh Lqhtxdolw| Phdvxuhv/

Uhylhz ri Hfrqrplf Vwxglhv/ 87/ 7;807<:1

^4;` \dqj/ F1 F1 +4<<6,/ Glvwulexwlrqdo Htxlw| dqg wkh Sulflqj ri Sxeolf Ilqdo dqg

Lqwhuphgldwh Jrrgv/ Hfrqrplfv Ohwwhuv/ 74/ 75<067

^4<` \lw}kdnl/ V1 dqg M1G1 Ohzlv +4<<9,/ Jxlgholqhv rq Vhdufklqj iru d Gdowrq0

Lpsurylqj Wd{ Uhirup= Dq Looxvwudwlrq zlwk Gdwd iurp Lqgrqhvld/ Zruog Edqn

Hfrqrplf Uhylhz/ 43/ 87408951

^53` \lw}kdnl/ V1 dqg M1 Vohpurg +4<<4,/ Zhoiduh Grplqdqfh= Dq Dssolfdwlrq wr

Frpprglw| Wd{dwlrq/ Dphulfdq Hfrqrplf Uhylhz/ ;4/ 7;307<91

^54` \lw}kdnl/ V1 dqg Z/ Wkluvn +4<<3,/ Zhoiduh Grplqdqfh dqg wkh Ghvljq ri H{flvh

Wd{dwlrq lq wkh F÷wh g*Lyrluh/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 66/ 404;1
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����� +$1(/� 3HWU� 7KH &]HFK7KH &]HFK 5H5HSSXEOLXEOLFF�� ((YRYROOXXWWLRQ DLRQ DQQG 6WG 6WUUXFXFWWXUH RIXUH RI )RUHLJ)RUHLJQQ 7UDG7UDGHH LLQQ ,Q,QGGXVXVWWULULDDO *RRGV LO *RRGV LQQ
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����� 0$.',66,� 3DXO HW 4XHQWLQ :2'21� ))XHXHOO SRYHUW\SRYHUW\ DDQG DFFHVV WRQG DFFHVV WR HHOHFWULFOHFWULFLLW\� FRPW\� FRPSSDULDULQQJ KJ KRRXVHKROGVXVHKROGV
ZKHQ WKH\ GZKHQ WKH\ GLLIIHU LQ QHHGVIIHU LQ QHHGV� -XLQ ����� �� S�
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