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Devwudfw

Lq rughu wr irupdol}h wkh ydulhw| ri roljrsrolvwlf frpshwlwlrq uhjlphv/ zh
dgrsw dq dssurdfk +slrqhhuhg e| Vkxeln/ 4<8<, zkhuh �upv ehkdyh vwudwhjl0
fdoo| erwk lq sulfh dqg txdqwlw|1 Wkh fruuhvsrqglqj frqfhsw ri roljrsrolvwlf
htxloleulxp doorzv iru d sdudphwhul}hg frqwlqxxp ri uhjlphv zlwk ydu|lqj frp0
shwlwlyh wrxjkqhvv1 Lq sduwlfxodu/ wkh Frxuqrw dqg wkh frpshwlwlyh rxwfrphv
frlqflgh/ uhvshfwlyho|/ zlwk wkh vriwhvw dqg wkh wrxjkhvw roljrsrolvwlf htxlole0
ulxp rxwfrph1 Wkh vhw ri doo htxloleulxp rxwfrphv duh frpsduhg zlwk wkrvh
rewdlqhg lq wkuhh dowhuqdwlyh dssurdfkhv/ uhvshfwlyho| edvhg rq sulflqj0vfkhphv/
frqmhfwxudo yduldwlrqv dqg vxsso| ixqfwlrqv1 Ilqdoo|/ zh h{soruh wkh srvvlelolw|
ri hqgrjhql}lqj vwudwhjlfdoo| wkh fkrlfh ri frpshwlwyh wrxjkqhvv e| wkh �upv1

5



� �������	�
��

D ixqgdphqwdo sureohp ri roljrsro| wkhru| lv htxloleulxp lqghwhuplqdf|1 Wklv
lqghwhuplqdf| lv qrw rqo| ri wkh nlqg dvvrfldwhg zlwk d jlyhq htxloleulxp frqfhsw
dqg wkh srvvlelolw| ri pxowlsoh vroxwlrqv1 Lw lv pdlqo| uhodwhg wr wkh fkrlfh ri wkh
htxloleulxp frqfhsw lwvhoi1 Wklv lv prvw vlpso| ghprqvwudwhg lq vwdwlf prghov e|
wkh fkrlfh ehwzhhq txdqwlw| frpshwlwlrq +xvxdoo| dvvlplodwhg wr wkh dssurdfk
ri Frxuqrw/ 4;6;, dqg sulfh frpshwlwlrq +olqnhg wr Ehuwudqg*v 4;;6 fulwltxh ri
Frxuqrw,1 Krzhyhu/ wklv vhfrqg nlqg ri lqghwhuplqdf| rqo| uh�hfwv wkh ydulhw|
ri revhuyhg frpshwlwlrq uhjlphv ydu|lqj lq wkhlu ghjuhh ri wrxjkqhvv1

Lq rughu wr irupdol}h wklv ydulhw| ri roljrsro| uhjlphv/ zh vkdoo dgrsw dq
dssurdfk wkdw zdv slrqhhuhg e| Vkxeln +4<8<,/ zkhuh �upv gr qrw sulylohjh rqh
vwudwhjlf yduldeoh exw ehkdyh vwudwhjlfdoo| lq sulfh0txdqwlw| sdluv1 Wklv dssurdfk
ohdgv wr d frpsuhkhqvlyh frqfhsw ri roljrsrolvwlf htxloleulxp surylglqj d xql�hg
irupxodwlrq ri wkh zkroh vshfwuxp ri hqirufhdeoh qrqfrrshudwlyh htxloleuld1 Wkh
sursrvhg frqfhsw uhpdlqv Frxuqrwldq dqg frqvlghuv roljrsrolvwlf frpshwlwlrq
dv d jhqhudol}dwlrq ri prqrsro|1 Wzr w|shv ri frpshwlwlrq duh dw vwdnh= wkh
vwuxjjoh ri wkh zkroh lqgxvwu| iru pdunhw vl}h/ dqg wkh vwuxjjoh ri hdfk lqglylgxdo
�up iru lwv pdunhw vkduh1 Wkh �uvw w|sh ri frpshwlwlrq lv uhsuhvhqwhg lq wkh
vslulw ri Frxuqrw e| d frqvwudlqw lqyroylqj djjuhjdwh ghpdqg1 Wkh vhfrqg w|sh
ri frpshwlwlrq/ olqnhg wr d Ehuwudqg0olnh sulfh zdu/ zloo krzhyhu eh uhjxodwhg
wkurxjk d ghylfh wkdw fdq eh lqwhusuhwhg dv d _phhwlqj frpshwlwlrq fodxvh%
lqwurgxfhg lq wkh vdohv frqwudfwv +Vdors/ 4<;8, dqg wkhq irupdol}hg dv d vhfrqg
frqvwudlqw1 Wkh vhw ri vroxwlrqv +fruuhvsrqglqj wr gl�huhqw frpshwlwlrq uhjlphv,
fdq eh sdudphwhul}hg dffruglqj wr wkh uhodwlyh ydoxhv ri wkh Odjudqjh pxowlsolhuv
dvvrfldwhg zlwk wkhvh wzr frqvwudlqwv1 Wklv sdudphwhul}dwlrq lv lqwhusuhwhg lq
whupv ri frpshwlwlyh wrxjkqhvv1 Wkxv/ dw rqh h{wuhph/ zh �qg wkh Frxuqrw
vroxwlrq dv wkh vriwhvw roljrsrolvwlf htxloleulxp/ dqg/ dw wkh rwkhu h{wuhph/ zh
�qg wkh frpshwlwlyh htxloleulxp zkhq frpshwlwlyh wrxjkqhvv lv pd{lpdo1 Dv
phqwlrqhg e| Vkxeln +4<8<,/ wkh sulfh htxloleulxp +fruuhvsrqglqj wr Ehuwudqg
frpshwlwlrq, lv d sduwlfxodu sulfh0txdqwlw| htxloleulxp/ zklfk frlqflghv zlwk wkh
frpshwlwlyh htxloleulxp zkhq doo �upv duh surgxflqj dw htxloleulxp1 Doo rwkhu
hqirufhdeoh rxwfrphv duh lqwhuphgldwh wr wkhvh wzr h{wuhphv1

Wkhvh rxwfrphv zloo eh frpsduhg zlwk wkrvh rewdlqhg lq wkuhh dowhuqdwlyh
dssurdfkhv/ uhvshfwlyho| edvhg rq sulflqj0vfkhphv/ frqmhfwxudo yduldwlrqv dqg
vxsso| ixqfwlrqv14 Dv idu dv wkh �uvw dssurdfk lv frqfhuqhg/ wkh suhvhqw frq0
fhsw ri roljrsrolvwlf htxloleulxp vlpso| frlqflghv zlwk wkh rqh ri _plq0sulflqj
vfkhph htxloleulxp% zklfk/ krzhyhu/ grhv qrw r�hu d qdwxudo sdudphwhul}dwlrq1
Frqvlghulqj wkh rwkhu wzr dssurdfkhv/ wkh| gr r�hu vxfk d sdudphwhul}dwlrq/
exw wkh vhw ri rxwfrphv rewdlqhg erwk wkurxjk frqmhfwxudo yduldwlrqv dqg dv
vxsso| ixqfwlrq htxloleuld lv odujhu wkdq wkh vhw ri roljrsrolvwlf htxloleulxp rxw0
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frphv1 Wkh iruphu vhw hyhq lqfoxghv wkh frooxvlyh vroxwlrq1
Lq vhfwlrq 5 zh gh�qh dqg fkdudfwhul}h wkh frqfhsw ri roljrsrolvwlf htxlole0

ulxp iru dq lqgxvwu| surgxflqj d vlqjoh krprjhqhrxv jrrg1 Lq vhfwlrq 6/ zh
frpsduh lw zlwk wkh dowhuqdwlyh frqfhswv1 Lq vhfwlrq 7/ zh ghyhors wzr vlpsoh
h{dpsohv dqg h{dplqh wkh srvvlelolw| ri hqgrjhql}lqj +vwudwhjlfdoo|, wkh fkrlfh
ri frpshwlwlyh wrxjkqhvv e| wkh �upv1 Zh eulh�| frqfoxgh lq vhfwlrq 81
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Zh wdnh dq lqgxvwu| frqvlvwlqj lq q �upv +q A 4,/ hdfk �up l surgxflqj wkh
vdph jrrg zlwk d whfkqrorj| ghvfulehg e| dq lqfuhdvlqj frvw ixqfwlrq Fl/ zklfk
lv frqwlqxrxvo| gl�huhqwldeoh rq +3>4, dqg vxfk wkdw Fl +3, @ 31 Wkh ghpdqg
G iru wkh jrrg lv d ixqfwlrq ri pdunhw sulfh S / zlwk d �qlwh qhjdwlyh frqwlqxrxv
ghulydwlyh ryhu doo wkh grpdlq zkhuh lw lv srvlwlyh1

Lq rxu dssurdfk/ iroorzlqj Vkxeln +4<8<,/ qhlwkhu wkh sulfh qru wkh txdqwlw|
zloo eh sulylohjhg dv d vwudwhjlf yduldeoh1 Hdfk �up l fkrrvhv/ vlpxowdqhrxvo|
zlwk lwv frpshwlwruv/ d sdlu +sl> tl, vwdwlqj wkh txdqwlw| tl lw sursrvhv wr vhoo dw
sulfh sl1 Lw lv vxssrvhg wr dgrsw d ehvw0sulfh srolf|/ e| lqwurgxflqj d phhwlqj
frpshwlwlrq fodxvh lq lwv vdohv frqwudfwv/ jxdudqwhhlqj lwv fxvwrphuv wkdw wkh|
duh qrw sd|lqj pruh wkdq hovhzkhuh1 Lw lv dovr vxssrvhg wr wdnh lqwr dffrxqw wkh
froohfwlyh frqvwudlqw wkdw wrwdo vxsso| fdqqrw h{fhhg wrwdo ghpdqg dw wkh ehvw
sulfh +htxlydohqwo|/ hdfk �up lv frqvwudlqhg e| lwv uhvlgxdo ghpdqg,1 Irupdoo|/

jlyhq wkh vwudwhjlf fkrlfhv +s
�l> t�l, 5 U

5+q�4,
. ri rwkhuv dqg uhihuulqj wr wkh

plq0sulflqj vfkhph S +sl> s�l, � plqm ismj/ hdfk �up sur�w lv jlyhq e|

�l +sl> s�l> tl> t�l, @ S +sl> s�l, tl � Fl +tl, / +4,

dqg vxepllwwhg wr wkh frqvwudlqw wkdw wkh wrwdo txdqwlw| vxssolhg T +tl> t�l, �S
m tm eh xsshu erxqghg e| wkh djjuhjdwh ghpdqg G +S +sl> s�l,, dw wkh ehvw

sulfh1 Pruh suhflvho|/ dq roljrsrolvwlf jdph lv gh�qhg e| kdylqj hdfk �up vwudwh0
jlhv lq U5

. dqg sd|r�v �l vshfl�hg dv iroorzv=

�l +s> t, @ S +sl> s�l, tl � Fl +tl, / +5,

li T +tl> t�l, � G +S +sl> s�l,, /

�l +s> t, @ �Fl +tl, / rwkhuzlvh1

Dq roljrsrolvwlf htxloleulxp lv wkhq d 5q0wxsoh +s�> t�, zklfk lv d Qdvk htxl0
oleulxp ri wkh roljrsrolvwlf jdph dqg zklfk vdwlv�hv wkh dgglwlrqdo uhvwulfwlrq

T +t�, @ G +S +s�,, 1 +6,

Wklv odvw uhtxluhphqw lv phdqw wr h{foxgh udwlrqlqj ri frqvxphuv dw htxloleulxp/
dqg dffruglqjo| wr holplqdwh luuhohydqw htxloleuld1

7



Wklv gh�qlwlrq ri dq roljrsrolvwlf htxoleulxp frlqflghv zlwk wkh rqh ri d
Splq0htxloleulxp dv gh�qhg lq g*Dvsuhprqw/ Grv Vdqwrv Ihuuhlud dqg J�hudug0
Yduhw +4<<4,5 zlwk Splq � S 1

Lq wkh iroorzlqj ohppd zh jlyh dq dowhuqdwlyh irupxodwlrq ri wkh frqfhsw ri
roljrsrolvwlf htxloleulxp wkdw zloo ohdg wr d phdqlqjixo sdudphwhul}dwlrq ri wkh
vhw ri htxloleuld1

Ohppd 4 D 5q0wxsoh +s�> t�, lv dq roljrsrolvwlf htxloleulxp +l1h1 d Splq0
htxloleulxp, li dqg rqo| li/ iru hdfk �up l/ +s�l > t

�

l , lv vroxwlrq wr wkh iroorzlqj
surjudp=

pd{
+sl>tl,5U5.

�
sltl � Fl +tl, = sl � plq

m 9@l

�
s�m
�

dqg sl � G�4
�
T
�
tl> t

�
�l

���
1 +7,

Surri1 Wr suryh vx�flhqf| vxssrvh wkdw/ iru hdfk l/ +s�l > t
�
l , lv vroxwlrq

wr +7,/ exw wkdw/ iru vrph l/ dqg vrph +sl> tl, 5 U
5
./ S

�
sl> s

�
�l

�
tl � Fl +tl, A

S +s�, t�l�Fl +t
�
l , � 3 +uhfdoo wkdw Fl +3, @ 3,/ zklohT

�
tl> t

�
�l

�
� G

�
S
�
sl> s

�
�l

��
1

Ohwwlqj s3l @ S
�
sl> s

�
�l

�
/ wkh sdlu +s3l> tl, vdwlv�hv wkh wzr frqvwudlqwv ri +7, dqg

jlyhv kljkhu sur�w wr �up l/ zklfk lv d frqwudglfwlrq1
Wr suryh qhfhvvlw| vxssrvh +s�> t�, lv dq roljrsrolvwlf htxloleulxp/ exw wkdw/

iru vrph l/ dqg vrph +sl> tl, 5 U
5
./ sltl � Fl +tl, A s�l t

�
l � Fl +t

�
l , � 3/ sl �

plqm 9@l

�
s�m
�
dqg sl � G�4

�
T
�
tl> t

�
�l

��
1 Wkhq S

�
sl> s

�
�l

�
@ sl/ dqg vr +sl> tl,

lv d sur�wdeoh ghyldwlrq iru �up l/ djdlq d frqwudglfwlrq1
Qrwlfh wkdw wkh htxloleulxp lv uhvwulfwhg wr kdyh doo sulfhv srvlwlyh vr wkdw

dw ohdvw rqh �up surgxfhv dqg wkh frqvxphu lv qrw udwlrqhg1 Krzhyhu/ zkhq
ghulylqj �uvw rughu frqglwlrqv wr wkh surjudp +7, ri �up l/ zh kdyh wr glvwlqjxlvk
wkh fdvh zkhuh/ dw wkh vroxwlrq/ �up l lv dfwlyh +t�l A 3, dqg wkh fdvh zkhuh lw
lv qrw6 +t�l @ 3,1 Lqwurgxflqj Nxkq dqg Wxfnhu pxowlsolhuv +�l> �l, 5 U

5
. q i3j

dvvrfldwhg zlwk wkh �uvw dqg vhfrqg frqvwudlqwv lq +7,/ uhvshfwlyho|/ jhqhudo �uvw
rughu frqglwlrqv uhtxluh/ e| wkh qrqqhjdwlylw| ri +sl> tl,/ wkdw t

�

l
� �l � �l � 3

dqg +t�
l
� �l � �l, s

�

l
@ 3/ dv zhoo dv s�

l
� F3

l
+t�

l
, . �l@G

3 +S +s�,, � 3 dqg
+s�

l
� F 3

l
+t�

l
, . �l@G

3 +S +s�,,, t�
l
@ 31 Wkhuhiruh/ li �up l lv dfwlyh/ zh jhw

�
t�
l

s�
l
� F 3

l
+t�

l
,

�
@ �l

�
4
3

�
. �l

�
4

�4@G3 +S +s�,,

�
/ +8,

zkhuhdv/ li �up l lv lqdfwlyh/ wkh htxdolw| +��l � �l, s
�

l
@ 3 lpsolhv �l @ �l @ 31

Wkh pxowlsolhu �l lv dvvrfldwhg zlwk wkh plq0sulflqj frqvwudlqw dqg wkh pxo0
wlsolhu �l zlwk wkh pdunhw vl}h frqvwudlqw1 Wkh| fdq eh lqwhusuhwhg dv wkh vkdgrz
frvwv �up l zrxog dffhsw wr ehdu lq rughu wr hdvh wkh suhvvxuh frplqj iurp lwv

2A�i T@Tih t|hittit |�i �4TLh|@?Ui Lu |�i 4@?�T�*@M�*|) Lu |�i U�Lti? Th�U�?} tU�i4i � �
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�
U
?

n

�
' Un� ���U� L?*) i?t�hit UL**iU|��i 4@?�T�*@M�*�|)�

A�i 4�?�Th�U�?} tU�i4i � �t �?_���_�@**) 4@?�T�*@M*i _L�?�@h_t� �t t�L�? �? |�i T@Tihc
�u |�i Th�U�?} tU�i4i � �t @*tL �?_���_�@*) 4@?�T�*@M*i �T�@h_t |�i? |�i ULhhitTL?_�?} � �
i^��*�Mh��4 hi_�Uit |L |�i �L�h?L| tL*�|�L?�
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frpshwlwruv lqvlgh dqg rxwvlgh wkh lqgxvwu|/ uhvshfwlyho|1 Iru dq dfwlyh �up/ wkh
qrupdol}hg sdudphwhu �l � �l@ +�l . �l, 5 ^3> 4` fdq dffruglqjo| eh lqwhusuhwhg
dv wkh +uhodwlyh, frpshwlwlyh wrxjkqhvv ri �up l zlwklq wkh lqgxvwu|1 Iru dq
lqdfwlyh �up l/ zh frqyhqwlrqdoo| vhw �l @ 41

Zh fdq h{suhvv wkh ghjuhh ri prqrsro| ri hdfk dfwlyh �up l dw htxloleulxp
+s�> t�,/ zlwk s�

l
@ S +s�, dqg t�

l
A 3/ dv d ixqfwlrq ri �l=

s�
l
� F 3

l
+t�

l
,

s�
l

@ +4� �l,
t�
l
@T +t�,

��G +S +s�,,
� �

l
+�l> S +s�, > t�, 1 +9,

Roljrsrolvwlf htxloleuld pd| khqfh eh fkdudfwhul}hg e| �uvw rughu frqglwlrqv +9,/
wrjhwkhu zlwk htxdolw| +6,/ jlylqj d v|vwhp ri q. 4 htxdwlrqv=

�
l
+�l> S

�> t�, @
S � � F3

l
+t�

l
,

S�
+l @ 4> ===> q, dqg T +t�, @ G +S �, +:,

lq q . 4 xqnqrzqv +S �> t�,/ sdudphwhul}hg e| � @ +�4> ===> �q, lq wkh vhw �� �
^3> 4`

q
ri wkh sdudphwhu ydoxhv hqwdlolqj d vroxwlrq ri wkh v|vwhp +:, dqg hq0

vxulqj vx�flhqf| ri wkh �uvw rughu frqglwlrqv1 Zh wkxv rewdlq hqgrjhqrxvo| d
sdudphwhul}dwlrq e| � ri wkh vhw ri roljrsrolvwlf htxloleuld1

Zh vkdoo qrw h{dplqh khuh vx�flhqf| ri �uvw rughu frqglwlrqv1 Orfdo fxu0
ydwxuh uhtxluhphqwv vkrxog eh vrphzkdw vriwhqhg e| wkh suhvhqfh ri d nlqn lq
wkh erxqgdu| ri wkh dgplvvleoh vhw1 Lq dq| fdvh/ vx�flhqw joredo frqglwlrqv duh
qhfhvvdulo| zhdnhu wkdq wkrvh hqvxulqj h{lvwhqfh ri vwdqgdug vroxwlrqv/ vxfk dv
Frxuqrw ru frpshwlwlyh htxloleuld/ vlqfh wkhvh vroxwlrqv/ dv zh vkdoo qrz vhh/
duh hqirufhdeoh dv sduwlfxodu lqvwdqfhv ri roljrsrolvwlf htxloleuld1 Wkh iroorzlqj
sursrvlwlrq/ wkh �uvw vwdwhphqw ri zklfk grhv qrw ghshqg xsrq gl�huhqwldelolw|
ri wkh frvw dqg ghpdqg ixqfwlrqv/ fkdudfwhul}hv wkh vhw ri srwhqwldo roljrsrolvwlf
htxloleuld= wklv vhw lqfoxghv wkh Frxuqrw vroxwlrq dw rqh h{wuhph/ zkhq frp0
shwlwlyh wrxjkqhvv lv plqlpdo +� � 3,/ wkh frpshwlwlyh htxloleulxp dw wkh rwkhu
h{wuhph/ zkhq frpshwlwlyh wrxjkqhvv lv pd{lpdo +� � 4,/ dqg doo rxwfrphv
fruuhvsrqglqj wr lqwhuphgldwh ydoxhv ri �/ lqfoxglqj wkh rxwfrph fruuhvsrqglqj
wr Ehuwudqg frpshwlwlrq1

Zh ohw
�
SF > tF

�
ghqrwh wkh Frxuqrw rxwfrph/ zlwk wkh txdqwlw| yhfwru tF

vdwlvi|lqj=

tFl 5 duj pd{
tl5^3>4,

�
G�4

�
T
�
tl> t

F
�l

��
tl � Fl +tl,

�
/ l @ 4> ===> q/ +;,

dqg SF @ G�4
�
T
�
tF
��
1 Wkh frpshwlwlyh +Zdoudvldq, rxwfrph lv ghqrwhg�

SZ > tZ
�
zlwk

tZl 5 duj pd{
tl5^3>4,

�
SZ tl � Fl +tl,

�
> l @ 4> ===> q/ +<,

dqg SZ vxfk wkdw T
�
tZ

�
@ G

�
SZ

�
1 Wkh Ehuwudqg rxwfrph

�
SE > tE

�
zlwk
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SE @ plql
�
sEl
�
lv fkdudfwhul}hg e|

sEl 5 duj pd{
sl5^3>4,

�
slplq

�
tl +sl, > gl

�
sl> s

E
�l

��
�Fl

�
plq

�
tl +sl, > gl

�
sl> s

E
�l

��� �
+43,
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zlwk sl ? SE/ d ghyldwlrq zrxog d iruwlrul eh srvvleoh lq wkh Ehuwudqg jdph
+zkhuh l zrxog eh frqvwudlqhg e| wkh djjuhjdwh lqvwhdg ri wkh uhvlgxdo ghpdqg,1
Ilqdoo|/ li +Sp> tp, lv d frooxvlyh exw qrw d Frxuqrw rxwfrph/ lw pxvw eh vxfk
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lpso|lqj S ? Sp1 Wkhuhiruh/ +S> tl, lv dq dgplvvleoh ghyldwlrq iru �up l lq wkh
roljrsro| jdph/ zklfk hqwdlov sur�w Stl � Fl +tl,/ vr wkdw +Sp> tp, fdqqrw eh
dq roljrsrolvwlf htxloleulxp rxwfrph1

Wr suryh wkh odvw vwdwhphqw/ uhfdoo wkdw lq wkh fdvh ri Frxuqrw htxloleulxp
wkh �uvw rughu frqglwlrqv +zklfk duh vx�flhqw e| dvvxpswlrq, duh=

s�l � F3
l +t

�
l ,

s�l
@

t�l @T +t�,

��G +S +s�,,
� �l +3> S +s�, > t�, iru doo l1

Wkxv/ e| +9,/ wkh �uvw rughu frqglwlrqv iru dq roljrsrolvwlf htxloleulxp zlwk � @
+3> ===> 3, 5 �� fruuhvsrqg wr wkh �uvw rughu frqglwlrqv iru d Frxuqrw htxloleulxp1
Zlwk � @ +4> ===> 4, 5 ��/ zh vhh iurp +9, wkdw hdfk �up htxdol}hv pdujlqdo frvw
wr sulfh/ vr wkdw zh jhw wkh frqglwlrq +dvvxphg wr eh vx�flhqw, iru d frpshwlwlyh
htxloleulxp1 Wkh uhvxow iroorzv1

Wr frqfoxgh/ dq roljrsrolvwlf htxloleulxp zlwk plqlpdo dgplvvleoh frpshw0
lwlyh wrxjkqhvv +�l @ 3, iru dq| �up l fruuhvsrqgv wr d Frxuqrw htxloleulxp
+zkhq lw h{lvwv,1 Dw wkh rwkhu h{wuhph/ ri pd{lpdo frpshwlwlyh wrxjkqhvv iru
doo �upv/ dq roljrsrolvwlf htxloleulxp fruuhvsrqgv wr d frpshwlwlyh htxloleulxp
+zkhq lw h{lvwv,1 Wkh odwwhu uhpdun dssolhv wr wkh Ehuwudqg vroxwlrq xqghu wkh
dvvxpswlrq ri lghqwlfdo olqhdu frvw ixqfwlrqv +Fl +tl, @ ftl iru dq| l,/ vlqfh lq
wkdw fdvh lw frlqflghv zlwk wkh frpshwlwlyh rxwfrph1
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Zh kdyh douhdg| phqwlrqhg wkdw wkh gh�qlwlrq ri dq roljrsrolvwlf htxoleulxp
frlqflghv zlwk wkh rqh ri d Splq0htxloleulxp1 Wkh dgghg ydoxh ri wkh suhvhqw
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dssurdfk lv wr gholyhu d qdwxudo dqg lqwhusuhwdeoh sdudphwhul}dwlrq1 Zh qrz
zdqw wr hvwdeolvk d frqqhfwlrq ehwzhhq wkh sdudphwhul}hg qrwlrq ri roljrsrolvwlf
htxloleulxp dqg rwkhu sdudphwhul}hg frqfhswv1 Wkh �uvw/ lq fkurqrorjlfdo rughu/
lv wkh zhoo0nqrzq frqmhfwxudo yduldwlrqv dssurdfk +Erzoh|/ 4<57,= hdfk �up l
zkhq fkrrvlqj lwv txdqwlw| lv vxssrvhg wr pdnh d vshfl�hg w|sh ri frqmhfwxuh
frqfhuqlqj wkh uhdfwlrq ri wkh rwkhu �upv wr dq| ri lwv ghyldwlrqv1 Exw wkhvh
frqmhfwxuhv duh lqwurgxfhg gluhfwo| lqwr wkh �uvw rughu frqglwlrqv1 Wkh| duh qrw
sduw ri wkh ghvfulswlrq ri wkh roljrsro| jdph1

Iroorzlqj wkh suhvhqwdwlrq lq Gl{lw +4<;9,/ d vx�flhqw vshfl�fdwlrq8 frqvlvwv
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lqj �uvw rughu frqglwlrqv/ wkh vhw ri roljrsrolvwlf htxloleulxp rxwfrphv dsshduv
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l1 Wkh frqfhsw ri roljrsrolvwlf htxloleulxp wkxv surylghv vrph jdph0wkhruhwlf
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Qrw vxusulvlqjo|/ wkh Frxuqrw vroxwlrq fruuhvsrqgv wr dq hodvwlflw| �V�m +S
�,

ri wkh vxsso| ixqfwlrqv htxdo wr 3/ iru doo m/ dqg wkh frpshwlwlyh vroxwlrq wr
�V�

m +S
�, @ 4/ iru dw ohdvw wzr m*v1 Qrwlfh dovr wkdw ydu|lqj wkh hodvwlflwlhv ri

wkh vxsso| ixqfwlrqv lq wkh uhohydqw fodvv doorzv xv wr fryhu wkh zkroh udqjh ri
dgplvvleoh ydoxhv ri wkh �l1 Wkh frpshwlwlyh wrxjkqhvv ri �up l/ dv phdvxuhg e|
�l dw wkh roljrsrolvwlf htxloleulxp/ lv vhhq wr fruuhvsrqg srvlwlyho| wr d phdvxuh
ri wkh _uhdfwlylw| ri wkh rwkhu �upv% +zlwk uhvshfw wr sulfhv, dv dqwlflsdwhg e|
�up l dw wkh vxsso| ixqfwlrq htxloleulxp1 Dowkrxjk wkh hodvwlflw| ri d vxsso|
ixqfwlrq fkrvhq e| dq| �up lv lqgl�huhqw iurp wkh srlqw ri ylhz ri wkh �up
lwvhoi +iru zklfk rqo| wkh sulfh0txdqwlw| sdlu dfwxdoo| lpsohphqwhg pdwwhuv,/ lw
lv fuxfldo lq vkdslqj wkh dqwlflsdwlrqv ri lwv frpshwlwruv1
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Lq rughu wr looxvwudwh wkh frqfhsw ri roljrsrolvwlf htxloleulxp/ dqg ylvxdol}h wkh
vhw ri htxloleulxp rxwfrphv dv sdudphwhul}hg e| � 5 ��/ zh uhihu wr wzr vwdq0
gdug fdvhv ri krprjhqhrxv gxrsro|/ wkh fdvhv ri olqhdu dqg lvrhodvwlf ghpdqg
zlwk olqhdu frvw ixqfwlrqv1 Vlqfh whfkqrorjlfdo ohdg lv dq lpsruwdqw ihdwxuh lq
pdq| dssolhg prghov +iru h{dpsoh wkrvh dqdo|vlqj wkh uhodwlrqvkls ehwzhhq lq0
qrydwlrq dqg frpshwlwlrq,/ zh zloo dgplw dv|pphwulf frvwv dqg dvvxph wkdw
hdfk �up l kdv d frqvwdqw pdujlqdo frvw fl +e| frqyhqwlrq/ f4 � f5,1
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+zlwk d A f5,/ vr wkdw Pduvkdooldq hodvwlflw| lv S@G +S ,1 Wkh fdvh zkhuh rqo|
wkh h�flhqw �up lv dfwlyh dw htxloleulxp lv vlpsoh1 Wkh vhw ri htxloleuld lv wkhq
ghvfulehg e| doo sulfhv ehwzhhq wkh frpshwlwlyh sulfh SZ @ f4 dqg wkh Ehuwudqg
sulfh SE @ f51 Zkhq erwk �upv duh dfwlyh/ iurp frqglwlrq +9,/ htxloleulxp
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Wkh htxloleulxp sulfh S � lv orzhu erxqghg e| wkh Ehuwudqg sulfh SE @ f5/
dqg xsshu erxqghg e| wkh Frxuqrw sulfh SF @ +d. f4 . f5, @61 Dovr/ wkhvh
h{suhvvlrqv duh ydolg rqo| iru ydoxhv ri � lq ^3> 4� +f5 � f4, @ +d� f5,` � ^3> 4`1
Lqghhg/ iru ydoxhv ri �4 lq ^4� +f5 � f4, @ +d� f5, > 4`/ �up 5 ehfrphv lqdfwlyh
dqg zh duh edfn wr wkh �uvw fdvh1

Wr looxvwudwh/ zh fdq wdnh wkh ydoxhv iru wkh frvwv f4 @ 5@6 dqg f5 @ 4 dqg/
fkrrvlqj d @ 43@6/ vr wkdw S � 5 ^4> 8@6`/ zh rewdlq wkh iroorzlqj uhsuhvhqwdwlrq
ri wkh vhw ri htxloleulxp rxwfrphv zlwk wkh wzr �upv dfwlyh/ lq wkh pdunhw sulfh0
pdunhw vkduh vsdfh +S �> t�4@ +t

�
4 . t�5,,1 Wklv vhw lv jlyhq e| wkh uhjlrq erxqghg

e| wkh yhuwlfdo d{lv dqg wkh wzr wklfn fxuyhv/ wkh orzhu rqh fruuhvsrqglqj wr
�4 @ 3/ wkh xsshu rqh wr �5 @ 31 Wkh lqfuhdvlqj vrolg fxuyhv +lqfoxglqj wkh wklfn
rqh, duh wkuhh hohphqwv ri wkh idplo| ri fxuyhv vwhpplqj iurp �up 4 �uvw rughu
frqglwlrq +zlwk �4 @ 4@6/ 4@9/ 3/ uhvshfwlyho|/ iurp ohiw wr uljkw,1 Vlploduo|/ wkh
ghfuhdvlqj vrolg fxuyhv duh wkuhh hohphqwv/ fruuhvsrqglqj wr wkh vdph ydoxhv ri
�5/ ri wkh idplo| ri fxuyhv vwhpplqj iurp �up 5 �uvw rughu frqglwlrq1

0.2

0.4

0.6

0.8

1

share

1 1.1 1.2 1.3 1.4 1.5 1.6price

Iljxuh 4

Wkh grwwhg fxuyh lq Iljxuh 4 fruuhvsrqgv wr wkh xqlirup fdvh �4 @ �5 @ ��1
Lw olqnv wkh Frxuqrw rxwfrph +ghwhuplqhg dw wkh srlqw ri lqwhuvhfwlrq ri wkh wzr
wklfn fxuyhv/ zlwk �� @ 3, wr wkh Ehuwudqg rxwfrph +dvvrfldwhg zlwk wkh kljkhvw
srvvleoh pdunhw vkduh iru wkh h�flhqw �up dqg wkh kljkhvw ydoxh ri ��/ f4@f5,1
Zh revhuyh wkdw/ dv �� lqfuhdvhv/ wkh pdunhw h{sdqgv dqg vsolwv pruh dqg pruh
dv|pphwulfdoo| lq idyru ri wkh h�flhqw �up1
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Wkh ghpdqg ixqfwlrq lv qrz wdnhq wr eh G +S , @ S�%/ zlwk % A 4@51 Iurp
frqglwlrq +9, zh vhh wkdw/ dw htxloleulxp +s�> t�, zlwk s�

4
@ s�

5
@ S �/ wkh ghjuhh

ri prqrsro| ri �up l lv

S � � fl
S �

@
4� �l
%

t�l
t�
4
. t�

5

/ +56,

jlylqj wkh pdunhw vkduh iru �up 4

t�4
t�
4
. t�

5

@
%

4� �4

S � � f4
S �

@ 4�
%

4� �5

S � � f5
S �

/ +57,

zlwk

S � @
+4� �4, f5 . +4� �5, f4

+4� �4, . +4� �5,� +4� �4, +4� �5, @%
/ +58,

Wkh htxloleulxp sulfh S � lv orzhu erxqghg e| wkh Ehuwudqg sulfh SE @ f5/
dqg xsshu erxqghg e| wkh Frxuqrw sulfh SF @ +f4 . f5, @ +5� 4@%,1 Lw lv
ghfuhdvlqj lq hdfk �l1 Wkhvh h{suhvvlrqv duh ydolg rqo| iru ydoxhv ri � lq
^3> 4� % +4� f4@f5,` � ^3> 4`1 Iru ydoxhv ri �4 lq ^4� % +4� f4@f5, > 4`/ �up 5
ehfrphv lqdfwlyh1

Iljxuh 5 vkrzv/ iru sdudphwhu ydoxhv % @ 4/ f4 @ 5@6 dqg f5 @ 4/ wkh
vhw ri htxloleulxp rxwfrphv zlwk erwk �upv dfwlyh/ lq wkh pdunhw sulfh0pdunhw
vkduh vsdfh +S �> t�4@ +t

�
4 . t�5,, dv wkh uhjlrq erxqghg e| wkh yhuwlfdo d{lv dqg

wkh wzr wklfn fxuyhv1 Wkh vrolg fxuyhv duh dvvrfldwhg zlwk frqvwdqw ydoxhv ri
frpshwlwlyh wrxjkqhvv/ fruuhvsrqglqj wr wkh vdph ydoxhv ri �l dv deryh= 4@6/
4@9/ 3/ uhvshfwlyho|/ iurp ohiw wr uljkw1 Wkhvh fxuyhv duh lqfuhdvlqj iru �up 4
dqg ghfuhdvlqj iru �up 51 Wkh grwwhg fxuyh lv dvvrfldwhg zlwk ydu|lqj htxdo
ghjuhhv ri frpshwlwlyh wrxjkqhv iru erwk �upv1 Iljxuh 5 lv vwulnlqjo| vlplodu wr
Iljxuh 4/ dqg ohdgv wr wkh vdph frpphqwv1
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Iljxuh 5
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Vrph vljql�fdqw surshuwlhv frqfhuqlqj wkh h�hfwv ri frpshwlwlyh wrxjkqhvv
rq sur�wv fdq eh ghgxfhg iurp erwk h{dpsohv1 Lq wkh xqlirup fdvh +�4 @ �5 @
��,=<

� wkh lqh�flhqw �up orvhv dv frpshwlwlyh wrxjkqhvv lqfuhdvhv +erwk lwv pdu0
nhw vkduh dqg wkh sulfh ghfuhdvh,>

� li wkh frvw dgydqwdjh ri wkh h�flhqw �up lv odujh hqrxjk/ lwv sur�w lq0
fuhdvhv dv frpshwlwlyh wrxjkqhvv lqfuhdvhv +d kljkhu pdunhw vkduh pruh
wkdq frpshqvdwhv d orzhu sulfh,>

� li frvwv duh htxdo iru erwk �upv +lpso|lqj htxdo pdunhw vkduhv,/ sur�wv
ghfuhdvh dv frpshwlwlyh wrxjkqhvv lqfuhdvhv1

Lq wkh fdvh zkhuh frpshwlwlyh wrxjkqhvv lv dv|pphwulf/ h�hfwv duh pruh lqwul0
fdwh1 Li wkh ydoxh ri �l lv nhsw xqfkdqjhg dqg �m / m 9@ l/ lqfuhdvhv/ wkh sulfh dv
zhoo dv �up l pdunhw vkduh idoo/ lpso|lqj d orzhu sur�w iru �up l1 Krzhyhu/ dq
lqfuhdvh lq wkh ydoxh ri �l zkloh nhhslqj �m / m 9@ l/ frqvwdqw/ lv dvvrfldwhg zlwk d
odujhu pdunhw vkduh iru �up l exw zlwk d orzhu sulfh/ vr wkdw dq lqfuhdvh lq lwv
sur�w lv qrw jxdudqwhhg1

"$� &����
�� � �������
	�

 

Dq lpsruwdqw ihdwxuh ri wkh sdudphwhul}dwlrq wkdw zh kdyh lqwurgxfhg lv wkdw lw
doorzv iru gl�huhqw ohyhov ri frpshwlwlyh wrxjkqhvv iru gl�huhqw �upv1 Lq rwkhu
zrugv/ frpshwlwlyh wrxjkqhvv lv dq lqglylgxdo fkdudfwhulvwlf ri �up ehkdylru/
udwkhu wkdq d fkdudfwhulvwlf ri wkh lqgxvwu|/ dv lw zrxog uhvxow iurp uhvwulfwlqj
wkh dqdo|vlv wr wkh xqlirup fdvh1 D qdwxudo txhvwlrq lv wr frqvlghu wkh vlwxdwlrq
zkhuh �upv zrxog fkrrvh wkhlu ohyho ri frpshwlwlyh wrxjkqhvv vwudwhjlfdoo|1 Zh
vkdoo qrw lqyhvwljdwh h{whqvlyho| wklv txhvwlrq khuh/ exw zh pd| dw ohdvw vkrz
zkdw dqvzhu zh jhw lq wkh wzr suhylrxv h{dpsohv1

Zlwk olqhdu frvwv/ wkh sur�w ri �up l lv htxdo wr wkh surgxfw ri wkh ghjuhh ri
prqrsro|/ wkh pdunhw vkduh dqg wkh djjuhjdwh h{shqglwxuh ohyho1 Khqfh/ zkhq
lqfuhdvlqj lwv frpshwlwlyh wrxjkqhvv/ d �up lqfuhdvhv lwv pdunhw vkduh dqg pd|
ru pd| qrw lqfuhdvh wkh djjuhjdwh h{shqglwxuh/ exw dq|zd| pxvw hqgxuh d orvv
lq lwv ghjuhh ri prqrsro|1 Lq wkh olqhdu ghpdqg fdvh/ xvlqj +53, dqg +54,/ wkh
htxloleulxp sur�w ri �up l frpelqhv wkhvh wkuhh frpsrqhqwv dv iroorzv=

�l +S
�> S �> t�

4
> t�

5
, @ +4� �l,

�
t�
l

t�
4
. t�

5

�5

+d� S�,
5
@

+S � � fl,
5

4� �l

1 +59,

Wkh htxloleulxp sur�w ri �up l lv wkxv dq lqfuhdvlqj ixqfwlrq ri �l gluhfwo|/ dqg
d ghfuhdvlqj ixqfwlrq ri �l wkurxjk wkh sulfh S �1 Iurp +55,/ lw fdq eh frpsxwhg

bA�iti ThLTih|�it ULhhitTL?_ |L ThLTih|�it EM�c EU� @?_ E_� �? #i�?�|�L? 2�2 Lu �LL?i
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wr eh

��
l
+�, @ +4� �l,

�
+fm � fl, . +4� �m, +d� fl,

+4� �l, . +4� �m, . +4� �l, +4� �m,

�5

1 +5:,

Lq rughu wr ghwhuplqh wkh ehvw uhso| ri �up l lq �l/ lw lv xvhixo wr ghulyh wkh vljq
ri wkh sduwldo ghulydwlyh ri ��l +�l> �m, zlwk uhvshfw wr �l=

vljq iCl�
�

l +�,j @ vljq i4� +5� �m, �lj 1 +5;,

Iurp wklv irupxod/ wkh txdvl0frqfdylw| ri ��l +�l> �m, lq �l lv vwudljkwiruzdugo|
hvwdeolvkhg vlqfh wkh vljq fdq rqo| vzlwfk iurp srvlwlyh wr qhjdwlyh1 Li wkh
wzr �upv kdyh htxdo xqlw frvwv/ wkhq dw htxloleulxp wkh vljq jlyhq e| +5;, lv
htxdo wr }hur iru erwk �upv/ zklfk lv rewdlqhg iru �l @ �m @ 41 Rwkhuzlvh/ wkh
h�flhqw �up 4 zloo fkrrvh wkh orzhvw frpshwlwlyh wrxjkqhvv wkdw holplqdwhv lwv
ulydo wkdw lv �4 @ 4� +f5 � f4, @ +d� f5, hqwdlolqj wkh htxlleulxp sulfh S � @ f51
Wkhuhiruh wkh rqo| roljrsrolvwlf htxloleulxp rxwfrph lq wkh olqhdu ghpdqg fdvh
lv wkh Ehuwudqg rxwfrph1

Lq wkh lvrhodvwlf ghpdqg fdvh/ frpelqlqj wkh ghjuhh ri prqrsro| +56,/ wkh
pdunhw vkduh +57, dqg wkh djjuhjdwh h{shqglwxuh S �4�% jlyhv wkh iroorzlqj
h{suhvvlrq iru wkh sur�w ixqfwlrq dw htxloleulxp=

�l +S
�> S�> t�

4
> t�

5
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�
t�l
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5
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4� �l

�
S � � fl

S �

�5

S�4�%1

+5<,

Iurp +58,/ wkh htxloleulxp sur�w ri �up l fdq eh zulwwhq dv d ixqfwlrq ri �=

��l +�, @ % +4� �l,

�
fm � fl . +4� �m, fl@%

+4� �l, fm . +4� �m, fl

�5

�

�
+4� �l, fm . +4� �m, fl

+4� �l, . +4� �m,� +4� �l, +4� �m, @%

�4�%

1

Dv deryh/ lq rughu wr ghwhuplqh wkh ehvw uhso| ri �up l lq �l/ lw lv xvhixo wr ghulyh
wkh vljq ri wkh sduwldo ghulydwlyh ri ��l +�l> �m, zlwk uhvshfw wr �l/ vljqiCl�

�

l +�,j/
lv htxdo wr wkh vljq ri wkh iroorzlqj h{suhvvlrq

+%� 4, ^fm � +4� +4� �m, @%, fl` +4� �l, +4� �m, .

^+4� �l, . +4� �m,� +4� �l, +4� �m, @%` ^+4� �l, fm � +4� �m, fl` 1+63,

Li % @ 4/ dq htxloleulxp/ zlwk erwk �upv dfwlyh fohduo| h{lvwv iru dq| � 5
^3> f4@f5,�^3> 4` vxfk wkdw +4� �4, @ +4� �5, @ f4@f5/ uhtxlulqj wkdw f4@f5 A 4@51
Li f4@f5 � 4@5/ wkhq zh jhw wkh Ehuwudqg htxloleulxp zlwk rqo| wkh h�flhqw �up
dfwlyh/ fkrrvlqj �4 @ f4@f5 +zlwk/ e| frqyhqwlrq/ �5 @ 4,1 Li % 9@ 4/ iurp wkh
wzr �uvw rughu frqglwlrqv iru dq lqwhulru pd{lpxp C4�

�

4
+�, @ C5�

�

5
+�, @ 3/ zh

jhw

fm � +4� +4� �m, @%, fl @ �fl . +4� +4� �l, @%, fm /
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ohdglqj wr

+4� �m, fl @ � +4� �l, fm /

zklfk lv lpsrvvleoh iru lqwhulru ydoxhv ri �1 Wkhuhiruh/ zh pd| djdlq frqvlghu
wkh Ehuwudqg htxloleulxp zlwk �4 @ 4�% +4� f4@f5, dqg �5 @ 4/ dqg yhuli| wkdw

vljq iC4�
�

4
+4� % +4� f4@f5, > 4,j @ vljq

q
%5 +4� f4@f5,

5
f5
r
@ 41

Vr �� @ +4� % +4� f4@f5, > 4, wrjhwkhu zlwk wkh roljrsrolvwlf htxloleulxp fru0
uhvsrqglqj wr Ehuwudqg +zlwk rqo| rqh �up dfwlyh zkhq f4 ? f5, lv dozd|v
d vxejdph shuihfw htxloleulxp ri wkh wzr0vwdjh jdph1 Krzhyhu/ dv zh qrz
vkrz/ zh pd| lq dgglwlrq rewdlq wkh Frxuqrw rxwfrph dv d vxejdph shu0
ihfw htxloleulxp +zlwk �� @ +3> 3,, iru doo ydoxhv ri % lq +4@5> 4`1 Zh qhhg
wr yhuli| wkdw vljqiCl�

�

l
+3> 3,j � 3/ iru l @ 4> 51 Wklv lv hqvxuhg e| wkh

frqglwlrq fl@fm � +4 . %� 4@%, @%/ iru l> m @ 4> 5/ l 9@ m/ dqg % 5 +4@5> 4,1
Wklv frqglwlrq lv vdwv�hg iru dq| frvw frq�jxudwlrq li 4 . % � 4@% � 3 +l1h1
4@5 ? % � �s

8� 4
�
@5 @ =94;,1 Rwkhuzlvh/ wkh frqglwlrq iruelgv d wrr odujh

h�flhqf| jds ehwzhhq wkh wzr �upv/ dqg wkh pruh vr wkh forvhu % ehfrphv wr
rqh1 Wkh h{lvwhqfh ri d vxejdph shuihfw htxloleulxp ohdglqj wr wkh Frxuqrw
rxwfrph lq wkh frpsohphqwdu| fdvh +% ? 4, lv hdvlo| h{sodlqhg e| wkh idfw wkdw/
lq wkdw fdvh/ dprqj wkh wkuhh whupv lq wkh �up sd|r� ~ wkh pdunhw vkduh/ wkh
ghjuhh ri prqrsro| dqg wkh djjuhjdwh h{shqglwxuh ohyho ~ wkh odvw wzr duh qrz
ghfuhdvlqj lq wkh �up frpshwlwlyh wrxjkqhvv1

' &��	
��
��

Wkh frqfhsw ri roljrsrolvwlf htxloleulxp sursrvhg khuh surylghv d sdudphwhul0
}dwlrq ri uhjlphv zlwk ydu|lqj frpshwlwlyh wrxjkqhvv wkdw jrhv zhoo eh|rqg wkh
vlpsoh Frxuqrw0Ehuwudqg glfkrwrp|1 Lw r�huv dq dowhuqdwlyh wr wkh frqmhfwxudo
yduldwlrqv dssurdfk/ zlwk ehwwhu irxqgdwlrqv/ dqg wr wkh vxsso| ixqfwlrq htxl0
oleulxp dssurdfk/ xvlqj vlpsohu vwudwhjlhv +sulfh0txdqwlw| sdluv,1 Pruhryhu/ lw
ohdgv wr d qdwxudo qduurzlqj grzq ri wkh sohwkrulf vhw ri rxwfrphv rewdlqhg
lq erwk wkhvh dssurdfkhv dqg fdq eh uhdglo| h{whqghg wr wkh frpsrvlwh jrrg
fdvh143

Wr irupdol}h/ lq d xql�hg dqg v|qwkhwlf irup/ wkh sdudphwhul}hg vhw ri frp0
shwlwlrq uhjlphv wkdw duh hqirufhdeoh dv qrq0frrshudwlyh htxloleuld lv dovr phdqw
wr surylgh d frqyhqlhqw wrro wr dqdo|}h vrph uhohydqw lvvxhv iru frpshwlwlrq
dqg hfrqrplf srolf|1 D �uvw dwwhpsw wr xvh wklv frqfhsw dqg wkh dvvrfldwhg
sdudphwhul}dwlrq iru wkdw sxusrvh lv sursrvhg lq d frpsdqlrq sdshu vwxg|lqj
wkh uhodwlrqvkls ehwzhhq frpshwlwlyh wrxjkqhvv dqg wkh lqfhqwlyhv wr U)G lq0
yhvwphqw dqg jurzwk144

Ri frxuvh/ pdq| lvvxhv uhpdlq wr eh wuhdwhg1 Wkh h{lvwhqfh sureohp zrxog
ghvhuyh pruh ghyhorsphqw/ lq sduwlfxodu wr h{soruh wkh uroh ri wkh nlqn lq wkh

�f5ii _<�tThi4L?|c #Lt 5@?|Lt 6ihhi�h@ @?_ B�ih@h_�V@hi| E2ff���
��_<�tThi4L?|c #Lt 5@?|Lt 6ihhi�h@ @?_ B�ih@h_�V@hi| E2ffe��
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surgxfhu*v ihdvlelolw| iurqwlhu lq uholhylqj fxuydwxuh frqglwlrqv1 Krzhyhu/ iru
h{lvwhqfh/ wkhuh lv d fkdqjh lq irfxv/ vlqfh qrz wkh pdlq txhvwlrq lv wkh gh0
whuplqdwlrq ri wkh vhw ri hqirufhdeoh frpshwlwlrq uhjlphv1 D frpsohphqwdu|
dqg ydvw lvvxh uhpdlqv ri frxuvh wkh rqh ri htxloleulxp vhohfwlrq/ ri zklfk wkh
vwudwhjlf fkrlfh ri frpshwlwlyh wrxjkqhvv e| wkh �upv lq d suholplqdu| vwdjh +dv
eulh�| vnhwfkhg rxw lq wkh odvw vhfwlrq, lv rqo| rqh lqvwdqfh1

���������	
a*DtVij6NA|/ F1/ GNt VBA|Nt Ijiij�iB/ U1 BAa JjiBia0YBij|/ O10

D1 _Sulflqj Vfkhphv dqg Frxuqrwldq Htxloleuld1% Dphulfdq Hfrqrplf Uhylhz/
Yro1 ;4 +4<<4,/ ss1 9990:51

a*DtVij6NA|/ F1/ GNt VBA|Nt Ijiij�iB/ U1 BAa JjiBia0YBij|/ O10D1
_Frpshwlwlrq iru pdunhw vkduh ru iru pdunhw vl}h= Roljrsrolvwlf htxloleuld zlwk
ydu|lqj frpshwlwlyh wrxjkqhvv1% FRUH GS 5336243/ Xqlyhuvlw�h Fdwkroltxh gh
Orxydlq1

a*DtVij6NA|/ F1/ GNt VBA|Nt Ijiij�iB/ U1 BAa JjiBia0YBij|/ O10D1
_Vwudwhjlf U)G Lqyhvwphqw/ Frpshwlwlyh Wrxjkqhvv dqg Jurzwk1% FRUH GS
5337247/ Xqlyhuvlw�h Fdwkroltxh gh Orxydlq1

Eji|iBAa/ M1 _Uhylhz ri Zdoudv* Wk�hrulh pdwk�hpdwltxh gh od ulfkhvvh vr0

fldoh dqg Frxuqrw*v Uhfkhufkhv vxu ohv sulqflshv pdwk�hpdwltxhv gh od wk�hrulh

ghv ulfkhvvhv1% Mrxuqdo ghv Vdydqwv/ 4;;6/ ss1 7<<083;1 ^Hqjolvk wudqvo1 e|
M1Z1 Iulhgpdq/ fk15 ri Frxuqrw Roljrsro|/ Fkdudfwhul}dwlrq dqg Dssolfdwlrqv1

Hglwhg e| D1I1 Gdxjkhw|/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<;;`1
ENNAj/ M1 _Frpshwlwlyh Suhvvxuh= Wkh H�hfwv rq Lqyhvwphqwv lq Surgxfw

dqg Surfhvv Lqqrydwlrq1% UDQG Mrxuqdo ri Hfrqrplfv/ Yro1 64 +5333,/ ss1
87<089<1

ENNAj/ M1 _Lqwhqvlw| ri Frpshwlwlrq dqg wkh Lqfhqwlyh wr Lqqrydwh1% Lqwhu0

qdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ Yro1 4< +5334,/ ss1 :380:591
EN�,j+/ D1 Wkh Pdwkhpdwlfdo Jurxqgzrun ri wkh Hfrqrplfv1 R{irug= R{0

irug Xqlyhuvlw| Suhvv/ 4<571
FN�iAN|/ D1 Uhfkhufkhv vxu ohv sulqflshv pdw�k�hpdwltxhv gh od wk�hrulh ghv

ulfkhvvhv1 Sdulv= Kdfkhwwh/ 4;6;1 ^Hqjolvk wudqvo1 e| Q1 W1 Edfrq/ Orqgrq=
Kdiqhu Sxeolvklqj Frpsdq| Owg1/ 4<93 +�uvw hglwlrq 4;<:,`1

F+ji|/ U1P1 BAa GjJiNN|/ P1K1 _Dq Dqdo|vlv ri Frrshudwlrq dqg Ohduq0
lqj lq d Gxrsro| Frqwh{w%/ Dphulfdq Hfrqrplf Uhylhz/ Yro1 96 +4<:6,/ ss1
5706:1

Gj,}BaN/ M1 BAaPNijAN/ G1 _Frdolwlrq0surri Vxsso| Ixqfwlrq Htxloleuld
lq Roljrsro|1% Mrxuqdo ri Hfrqrplf Wkhru|/ Yro1 447 +5337,/ ss1 56405671

G�!�|/ D1N1 _Frpsdudwlyh Vwdwlfv iru Roljrsro|1% Lqwhuqdwlrqdo Hfrqrplf

Uhylhz/ Yro1 5: +4<;9,/ ss1 43:04551
JiNtt6BA/ V1 _Qdvk Htxloleulxp dqg wkh Lqgxvwuldo Rujdql}dwlrq ri Pdu0

nhwv zlwk Odujh Il{hg Frvwv1% Hfrqrphwulfd/ Yro1 7< +4<;4,/ ss1 447<044:51
KBi|/ R1 _Uhdvrqdeoh Frqmhfwxuhv1% GS/ Vxqwru| Wr|rwd Lqwhuqdwlrqdo Fhq0

wuh iru Hfrqrplfv dqg Uhodwhg Glvflsolqhv/ Orqgrq Vfkrro ri Hfrqrplfv/ 4<;51
PBi|�A V1 Dgydqfhg Lqgxvwuldo Hfrqrplfv1 R{irug= Eodfnzhoo Sxeolvkhuv/

Vhfrqg Hglwlrq/ 53351

4:



VB,NV/ V1 F1 _Sudfwlfhv wkdw +Fuhgleo|, Idflolwdwh Roljrsro| Frruglqdwlrq1%
Lq Qhz Ghyhorsphqwv lq wkh Dqdo|vlv ri Pdunhw Vwuxfwxuh1 Hglwhg e| M1 H1
Vwljolw} dqg J1 I1 Pdwkhzvrq/ Orqgrq= Pdfploodq Suhvv/ 4<;9/ ss1 59805<31

V��O�"/ P1 Vwudwhj| dqg Pdunhw Vwuxfwxuh/ Qhz \run= Zloh|/ 4<8<1
V�A}�/ Q1 BAa Y��jt/ [1 _Sulfh dqg Txdqwlw| Frpshwlwlrq lq d Gl�huhqwl0

dwhg Gxrsro|1% UDQG Mrxuqdo ri Hfrqrplfv/ Yro1 48 +4<;7,/ ss1 8790871
Y��jt/ [1 Roljrsro| Sulflqj= Rog Lghdv dqg Qhz Wrrov1 Fdpeulgjh/ Pdvv=

Wkh PLW Suhvv/ 4<<<1

4;


