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Devwudfw

Wr eh uhsuhvhqwhg e| pruh wkdq rqh frqwhvwdqw lq d frqwhvw kdv dgydqwdjhv dqg

glvdgydqwdjhv1 Wklv sdshu ghwhuplqhv wkh frqglwlrqv xqghu zklfk lw lv idyrudeoh

wr vhqg vhyhudo djhqwv lqwr wkh frqwhvw1

MHO fodvvl�fdwlrq qxpehuv= G77/ O44/ O46

Nh|zrugv= Glylvlrqdol}dwlrq/ frqwhvwv/ ghohjdwlrq

� �������	�
��

Lq pdq| frqwhvw hqylurqphqwv/ wkh wrwdo qxpehu ri sod|huv lv olplwhg/ exw sod|huv fdq

fkrrvh ehwzhhq vhqglqj rqh ru vhyhudo djhqwv wr frpshwh lq d frqwhvw1 Iru lqvwdqfh/

lq fdu udfhv whdpv fdq vhqg rqh ru wzr fduv lqwr wkh udfh1 Lq U)G frqwhvwv/ �upv

pd| kdyh mxvw rqh uhvhdufk oderudwru| ru pd| glylvlrqdol}h wkhlu uhvhdufk dfwlylwlhv/ lq0

vwdoolqj vhyhudo lqghshqghqw uhvhdufk xqlwv1 Pruh lpsruwdqwo|/ lq pdunhwv lq zklfk sulfh

frpshwlwlrq lv h�hfwlyho| uxohg rxw dqg doo frpshwlwlrq rffxuv yld xsiurqw vxqn vdohv

h�ruwv/ �upv pd| ghflgh wr kdyh rqo| rqh vdohv ghsduwphqw/ ru wkh| pd| glylvlrqdol}h

dqg fkrrvh frpshwlqj vdohv djhqflhv1 Wzr h{dpsohv duh wkh pdunhw iru suhvfulswlrq

guxjv lq frxqwulhv lq zklfk sulfh frpshwlwlrq iru guxjv lv h�hfwlyho| holplqdwhg gxh

WUr|do Kroorzd| Froohjh/ Iuhh Xqlyhuvlw| ri Ehuolq dqg Kxperogw Xqlyhuvlw|/ uhvshfwlyho|1 Fruuh0

vsrqghqfh wr Ndl D1 Nrqudg/ Ghsduwphqw ri Hfrqrplfv/ Iuhh Xqlyhuvlw| ri Ehuolq/ Erow}pdqqvwudvvh

53/ G0474<8 Ehuolq/ skrqh= .7<0630;6;085338/ id{= .7<0630;6;086663/ h0pdlo= ndl1nrqudgCzlzlvv1ix0

ehuolq1gh1
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wr wkh lqgluhfw sd|phqw duudqjhphqwv ri wkh khdowk fduh v|vwhp/ dqg wkh kljko| uhj0

xodwhg suh04<<7 lqvxudqfh pdunhw lq pdq| Hxurshdq frxqwulhv14 Wkhuh vhhpv wr eh

olwwoh hylghqfh iru glylvlrqdol}dwlrq lq wkh pdunhw iru suhvfulswlrq guxjv/ zkhuhdv/ lq

wkh lqvxudqfh pdunhw/ vrph elj �upv rzqhg vhyhudo vpdoohu lqvxudqfh frpsdqlhv zkr

frqwhvwhg iru fxvwrphuv zlwk hdfk rwkhu dqg zlwk wkh uhvw ri wkh pdunhw dqg vrph

frpsdqlhv hyhq hpsor|hg d qxpehu ri vdohv djhqflhv wkdw fdqqledol}hg rq hdfk rwkhu1

Lq wklv sdshu zh dgguhvv wkh txhvwlrq zkhwkhu glylvlrqdol}dwlrq lv sur�wdeoh15 Zh

glvuhjdug dvshfwv vxfk dv lqwud0�up jryhuqdqfh sureohpv dqg frpshwlqj glylvlrqv dv dq

lqwhuqdo lqfhqwlyh v|vwhp ru hfrqrplhv ri vfdoh dqg rwkhu frvw h�hfwv dqg frqfhqwudwh

rq wkh vwudwhjlf dvshfwv wkdw uhodwh wr wkh dfwxdo frqwhvw1 Wkhuh duh wkuhh frqwhvw

dvshfwv1 Iluvw/ glylvlrqdol}dwlrq lqfuhdvhv wkh qxpehu ri frpshwlwruv1 W|slfdoo| wklv zloo

uhgxfh wkh uhqwv hduqhg e| doo frqwhvwdqwv1 Vhfrqg/ li d �up vhqgv vhyhudo frpshwlqj

djhqwv lqwr wkh frqwhvw/ wklv �up*v vkduh lq wkh djjuhjdwh uhqw lv lqfuhdvhg1 Wklug/ li

d �up vhqgv vhyhudo djhqwv lqwr wkh frqwhvw dqg sd|v iru wkhlu h�ruwv/ wkh glylvlrqv

sduwldoo| fdqqledol}h rq hdfk rwkhu1 Wkh �up pd| wdnh wklv lqwr dffrxqw dqg pd|

uhgxfh frpshwlwlrq ehwzhhq wkh glylvlrqv1

Lq d uhodwhg frqwh{w/ Ed|h/ Furfnhu dqg Mx +4<<9, frqvlghuhg zkhwkhu �upv fdq

jdlq iurp glylvlrqdol}dwlrq lq d Frxuqrw roljrsro|1 Wkh glylvlrqdol}lqj �up jdlqv dqg

ryhudoo sur�wv lq wklv lqgxvwu| duh uhgxfhg1 Glylvlrqdol}dwlrq lq frqwhvwv kdv vlplodu

h�hfwv dv uhjdugv wrwdo sur�wv/ exw zkhwkhu wkh glylvlrqdol}lqj �up jdlqv ghshqgv rq

wkh qxpehu ri frpshwlwruv dqg rq wkh fkdudfwhulvwlfv ri wkh frqwhvw1

� ����
���

Ohw Q eh wkh vhw ri �upv/ zlwk &Q @ q= Vxssrvh wkdw hdfk ri wkhvh �upv kdv rqh

frqwhvwdqw lq d frqwhvw wkdw pdnhv dq h�ruw wr zlq vrph sul}h ri vl}h E1 Hdfk frqwhvwdqw

l fkrrvhv frqwhvw h�ruw {� 5 ^3>4, zklfk fdqqrw eh uhfryhuhg/ zkhwkhu wkh frqwhvwdqw

4Iru d ghvfulswlrq ri wkh Hxurshdq lqvxudqfh pdunhw vhh Uhhv dqg Nhvvqhu +4<<<,1
5Glylvlrqdol}dwlrq fdq dovr eh vhhq dv d ghflvlrq wr ghohjdwh sduwlflsdwlrq lq d frqwhvw wr pxowlsoh

djhqwv1 Wklv pdnhv wkh dqdo|vlv uhodwhg wr wkh olwhudwxuh rq ghohjdwlrq lq frqwhvwv dv lq Edln dqg Nlp

+4<<:,/ Nrqudg/ Shwhuv dqg Zçuqhu|g +4<<<, dqg Vfkrrqehhn +4<<<, zkr doo frqvlghu fdvhv lq zklfk

d sulqflsdo ghohjdwhv wr rqh djhqw1
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zlqv ru qrw1 Frqwhvw h�ruwv ghwhuplqh frqwhvwdqwv* suredelolwlhv t� ri zlqqlqj wkh sul}h/

dffruglqj wr d frqwhvw vxffhvv ixqfwlrq

t�+{�> ===> {?, @
+{�,

@

S?
�'�+{�,

@
iru d ? q@+q� 4,1 +4,

Wklv ixqfwlrq kdv ehhq vxjjhvwhg e| Wxoorfn +4<;3, dqg d{lrpdwl}hg e| Vndshugdv

+4<<9,1 Wkh frh!flhqw d lq +4, phdvxuhv krz pxfk wkh frqwhvw rxwfrph fdq eh lq x0

hqfhg e| frqwhvw h�ruw/ dqg lv fdoohg wkh glvfulplqdwru| srzhu ri wkh frqwhvw vxffhvv

ixqfwlrq1 Iru lqvwdqfh/ li d $ 3/ hdfk frqwhvwdqw kdv wkh vdph fkdqfh ri zlqqlqj/

luuhvshfwlyh ri frqwhvw h�ruwv1 Li/ lqvwhdg/ d $ 4/ +4, dssurdfkhv d frqwhvw vxffhvv

ixqfwlrq lq zklfk wkh frqwhvwdqw zkr pdnhv wkh kljkhvw h�ruw zlqv iru vxuh1 Zh olplw

wkh glvfulplqdwru| srzhu wr d 5 ^3> ?
?3�

, lq rughu wr kdyh zhoo0ehkdyhg rswlpl}dwlrq

sureohpv zlwk htxloleuld lq sxuh vwudwhjlhv dqg �uvw0rughu frqglwlrqv fkdudfwhul}lqj

wkhvh htxloleuld16

Ilupv duh ulvn qhxwudo1 Vxssrvh wkhuh lv qr lqfhqwlyh sureohp ehwzhhq �upv dqg

frqwhvwdqwv1 Wkh| pd{lpl}h �upv* sd|r�v

�� @ t�E � {�1 +5,

Ilup l zlqv wkh sul}h E zlwk suredelolw| t� dqg lwv frqwhvwdqw vshqgv frqwhvw h�ruw

htxdo wr {�1 Wkh �uvw0rughu frqglwlrq iru d sd|r� pd{lpxp dqg v|pphwu| fdq eh xvhg

wr fdofxodwh wkh frqwhvw htxloleulxp h�ruwv

{
W+q, @

dE+q� 4,

q2
> +6,

zlwk q ehlqj wkh qxpehu ri frqwhvwdqwv1 Wkh htxloleulxp suredelolw| ri zlqqlqj lv 4@q

iru hdfk frqwhvwdqw/ |lhoglqj wkh htxloleulxp sd|r�v dv

�
W+q, @

E

q
�

dE+q� 4,

q2
1 +7,

� ����� ����	���
���
�
 �
�
�
���

Vxssrvh �up q ghflghv wr glylvlrqdol}h/ l1h1/ wr vhqg wzr glylvlrqv wr wkh frqwhvw dqg

surylghv hdfk glylvlrq zlwk lqfhqwlyhv wr pd{lpl}h sd|r� dv lq +5,1 Glylvlrqdol}dwlrq

6Iru wkh htxloleulxp +lq pl{hg vwudwhjlhv, iru wkh fdvh zlwk @ : ?*E?3 �� vhh Ed|h/ Nryhqrfn dqg

ghYulhv +4<<7,1
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lqfuhdvhv wkh vhw ri frqwhvwdqwv iurp i4> ===> qj @ Q wr i4> ===> q�> q2j @ Q
_1 Zh ghqrwh

i4> ===> +q � 4,j � V dqg iq�> q2j � G1 Wkh odwwhu lv wkh vhw ri glylvlrqv ri �up

q1 Glylvlrqdol}dwlrq lv sur�wdeoh li wkh htxloleulxp sd|r� ri wkh wzr glylvlrqv lq wkh

frqwhvw zlwk q. 4 sduwlflsdqwv h{fhhgv wkh sd|r� ri rqh sduwlflsdqw lq d frqwhvw zlwk

q sduwlflsdqwv1 Wklv lv wkh fdvh li �W+q, ? 5�W+q. 4,/ ru/ xvlqj +7,/ li

+q. 4,+q� 4,q

q� � q2 . q. 4
A d1 +8,

Ghqrwh wkh ohiw kdqg vlgh ri +8, e| df+q, dqg qrwh wkdw df+q, 5 +3> ?
?3�

,1 Khqfh/

Sursrvlwlrq 4 Iru d jlyhq wrwdo qxpehu q ri �upv wkhuh lv d fulwlfdo glvfulplqdwru|

srzhu df+q, 5 +3> ?
?3�

, vxfk wkdw glylvlrqdol}dwlrq e| rqh �up lv sur�wdeoh iru wklv �up

li dqg rqo| li d ? df+q,1

Lqwxlwlyho|/ li wkh glvfulplqdwru| srzhu lv yhu| vpdoo/ h1j1/ forvh wr }hur/ wkhq wrwdo

h�ruw ehfrphv qhjoljleoh lq frpsdulvrq wr wkh sul}h1 Dffruglqjo|/ hdfk �up hduqv

doprvw E@q li lw grhv qrw glylvlrqdol}h/ dqg doprvw 5E@+q. 4, li lw glylvlrqdol}hv1

Zh dovr qrwh wkdw glylvlrqdol}dwlrq uhgxfhv wrwdo lqgxvwu| sur�wv/ dv q�W+q, lq +7,

lv ghfolqlqj lq q1

� ����
���
�
 �
�
�
���

Li glylvlrqdol}dwlrq rffxuv zlwklq d �up/ wkh �up*v glylvlrqv* h�ruwv pd| eh frruglqdwhg

e| d kljkhu ohyho ghflvlrq pdnlqj xqlw wkdw wdnhv lqwr dffrxqw wkdw wkh frqwhvw h�ruw

lq rqh glylvlrq dovr uhgxfhv wkh rwkhu glylvlrq*v suredelolw| ri zlqqlqj1

Lq wklv fdvh wkh wrwdo h�hfw ri glylvlrqdol}dwlrq fdq eh rewdlqhg dqdo|wlfdoo| lq wzr

vwhsv1 Iluvw/ vxssrvh wkh qhz glylvlrqv ehkdyh qrq0frrshudwlyho|1 Wklv h�hfw kdv ehhq

ghwhuplqhg lq vhfwlrq 61 Zh fdoo wklv wkh whdp vl}h h�hfw ehfdxvh lw lv edvhg rq wkh

lqfuhdvhg qxpehu ri �up q*v frqwhvwdqwv1 Vhfrqg/ glylvlrqv* fkrlfhv ri h�ruw pd| eh

frruglqdwhg1 Zh fdoo wklv wkh frooxvlrq h�hfw1 Wr dqdo|vh wkh frooxvlrq h�hfw zh vwduw

zlwk d vlwxdwlrq lq zklfk doo frqwhvwdqwv lq Q _ ehkdyh qrq0frrshudwlyho| dqg dvn li

wkh wzr glylvlrqv q� dqg q2 fdq lqfuhdvh wkhlu mrlqw sur�wv li wkh| fkrrvh wkhlu h�ruwv

frrshudwlyho|1
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Li glylvlrqv pd{lpl}h �up sur�w +t?� . t?2,E � {?� � {?2 / wkh| wdnh lqwr dffrxqw

Y^�
Y%�

? 3 iru l 9@ m/ dqg wkhuhiruh/ frruglqdwlrq pdnhv wkhp uhgxfh wkhlu h�ruw frpsduhg

wr {
W+q . 4,1 Wklv ghfuhdvh lv dqwlflsdwhg e| frqwhvwdqwv n 5 V1 Ohw �+�{, eh wkh

v|pphwulf qrq0frrshudwlyh htxloleulxp h�ruw fkrlfhv ri glylvlrqv q� 5 G/ iru jlyhq

h�ruw fkrlfhv {� @ �{ iru doo m 5 V/ dqg vlploduo|/ ��+{, wkh v|pphwulf qrq0frrshudwlyh

htxloleulxp h�ruw fkrlfhv ri doo frqwhvwdqwv m 5 V iru jlyhq h�ruw fkrlfhv {?� @ { iru

q� 5 G1 Wkhvh ixqfwlrqv frxog/ lq sulqflsoh/ eh rewdlqhg dqdo|wlfdoo| iurp vroylqj wkh

�uvw0rughu frqglwlrqv iru ixoo| qrq0frrshudwlyh �upv/

d{
@3�
�

S
�M�_.t�� {

@
��S

�M� _ {
@
�

�2 E � 4 @ 3/ +9,

iru { dv d ixqfwlrq ri �{/ zlwk { wkh qrq0frrshudwlyh h�ruw ohyho fkrvhq e| doo frqwhvwdqwv

lq G iru jlyhq xqlirup h�ruw ohyhov �{ e| doo frqwhvwdqwv m 5 V/ dqg ylfh yhuvd iru �{ dv d

ixqfwlrq ri {1 Wkh lqwhuvhfwlrq ri wkhvh wzr fxuyhv fkdudfwhul}hv wkh Qdvk htxloleulxp

zlwk {� @ {� @ {
W+q. 4, @ dEq@+q. 4,2 iru doo l> m 5 Q _ e| +6,1 Iru l 5 V/ +9, fdq

eh uhzulwwhq dv d�{@3�^+q�5,�{@.5{@`E @ ^+q�4,�{@.5{@`21 Dw wkh htxloleulxp ydoxh

{
W/ e| gl�huhqwldwlqj wklv frqglwlrq wrwdoo| dqg pdnlqj xvh ri +6,/ wkh vorsh ri ��+{, fdq

eh rewdlqhg dv

��
�
+{, @

5d +q� 4,

�q2 � q� 5d. 5qd
1 +:,

Ohppd 4 ��
�
+{, ? 3 dqg olp@<f

��
�
+{, @ 3 dw { @ �{ @ {

W+q. 4,1

Iru d surri ri Ohppd 4 revhuyh wkdw wkh qxphudwru ri +:, lv srvlwlyh dqg wkh

ghqrplqdwru ri +:, lv qhjdwlyh iru d � ?
?3�

dqg frqyhujhv wrzdug �4 iru d$ 31 Wkh

lqwxlwlrq iru wkh olplw surshuw| lq Ohppd 4 lv dv iroorzv1 E| +9,/ iru d $ 3 hdfk

frqwhvwdqw*v pdujlqdo ehqh�w iurp h�ruw ehfrphv lq�qlwho| vpdoo1 Khqfh/ d frqwhvwdqw

zrxog qrw olnh wr vshqg pxfk/ hyhq li rwkhu frqwhvwdqwv vshqg kxjh dprxqwv1

Xvlqj wkh hqyhorsh wkhruhp dqg wkh idfw wkdw YZ�
Y%&

@ � �

?
iru l 9@ n dw wkh ixoo|

qrq0frrshudwlyh Qdvk htxloleulxp/ wkh sur�w lv kljkhu iru hdfk glylvlrq li wkh| mrlqwo|

uhgxfh wkhlu frqwhvw h�ruw { vwduwlqj iurp { @ �{ @ {
W+q. 4, li

�
g��

g{
@

4

q
+4 . +q� 4,��

�
+{,, A 31 +;,
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D mrlqw ghfuhdvh lq wkhlu h�ruwv lqfuhdvhv wkhlu sur�wv li wkh pxwxdo gluhfw h�hfw ri

uhgxfhg h�ruw dprqj wkh glylvlrqv rxwzhljkv wkh htxloleulxp uhdfwlrqv e| doo rwkhu

frqwhvwdqwv1 Wkh lqhtxdolw| lq +;, wr eh ixo�oohg lv d qhfhvvdu| frqglwlrq iru frooxvlrq

wr eh sur�wdeoh1 Lw uhvhpeohv wkh frqglwlrq wkdw kdv ehhq ghulyhg lq Jdxghw dqg Vdodqw

+4<<4, zkr frqvlghu phujhu lq Frxuqrw frpshwlwlrq1 Wkh sur�wdelolw| h�hfw ri frooxvlrq

lv dpeljxrxv lq jhqhudo1 Krzhyhu/ e| Ohppd 4/ zh kdyh

Sursrvlwlrq 5 D mrlqw pdujlqdo dqwlflsdwhg uhgxfwlrq lq frqwhvw h�ruw dprqj glyl0

vlrqv lv sur�wdeoh li +;, krogv1 +;, krogv li wkh glvfulplqdwru| srzhu ri wkh frqwhvw lv

vx!flhqwo| orz1

Wkh lqwxlwlrq iru wkh uhvxow lq Sursrvlwlrq 5 lv dv iroorzv1 Frooxvlrq rq frqwhvw h�ruw

ohdgv wr d uhgxfwlrq lq h�ruw iru wkh vhw ri frooxghuv1 Li wklv uhgxfwlrq lq h�ruw grhv

qrw wuljjhu dq lqfuhdvh lq rwkhu frqwhvwdqwv* h�ruwv/ frooxvlrq lv ehqh�fldo1 Dv kdv ehhq

vkrzq lq Ohppd 4/ rwkhu frqwhvwdqwv uhdfw e| lqfuhdvhv lq wkhlu h�ruw/ exw wklv uhdfwlrq

lv yhu| prghudwh li wkh glvfulplqdwru| srzhu ri wkh frqwhvw lv vx!flhqwo| orz1

� ���	���
���

Lq wklv sdshu zh frqvlghu wkh sur�wdelolw| ri glylvlrqdol}dwlrq lq frqwhvwv1 Zh glv0

wlqjxlvk ehwzhhq d whdp vl}h h�hfw dqg d frooxvlrq h�hfw dqg vkrz wkdw zlwk kljk

glvfulplqdwru| srzhu wkh whdp vl}h h�hfw ri glylvlrqdol}dwlrq uhgxfhv sur�wv dqg wkh

frooxvlrq h�hfw lv dpeljxrxv/ exw erwk h�hfwv lqfuhdvh sur�wv li wkh glvfulplqdwru|

srzhu lq wkh frqwhvw lv orz1

� �
�
�
�	
�

Edln/ N1 dqg L10J1 Nlp/ 4<<:/ Ghohjdwlrq lq frqwhvwv/ Hxurshdq Mrxuqdo ri Srolwlfdo

Hfrqrp| 46/ 5;405<;1

Ed|h/ P1U1/ N1M1 Furfnhu dqg M1 Mx/ 4<<9/ Glylvlrqdol}dwlrq/ iudqfklvlqj/ dqg gl0

yhvwlwxuh lqfhqwlyhv lq roljrsro|/ Dphulfdq Hfrqrplf Uhylhz ;9/ 55605691

Ed|h/ P1U1/ G1 Nryhqrfn dqg F1J1 ghYulhv/ 4<<7/ Wkh vroxwlrq wr wkh Wxoorfn uhqw0

vhhnlqj jdph zkhq U lv juhdwhu wkdq 5= pl{hg0vwudwhj| htxloleuld dqg phdq glvvlsdwlrq
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udwhv/ Sxeolf Fkrlfh ;4/ 69606;31

Jdxghw/ J1 dqg V1Z1 Vdodqw/ 4<<4/ Lqfuhdvlqj wkh sur�wv ri d vxevhw ri �upv lq

roljrsro| prghov zlwk vwudwhjlf vxevwlwxwhv/ Dphulfdq Hfrqrplf Uhylhz ;4/ 98;09981

Nrqudg/ N1D1/ Z1 Shwhuv dqg N1 Zçuqhu|g/ 4<<</ Ghohjdwlrq lq �uvw0sulfh doo0sd|

dxfwlrqv/ Vwrfnkrop Vfkrro ri Hfrqrplfv 2HIL zrunlqj sdshu qr1 6491

Uhhv/ U1/ dqg H1 Nhvvqhu/ 4<<</ Hxurshdq lqvxudqfh pdunhwv/ uhjxodwlrq dqg h!0

flhqf|/ Hfrqrplf Srolf| 5</ 69606<:1

Vfkrrqehhn/ O1/ 4<<</ D ghohjdwhg djhqw lq d zlqqhu0wdnh0doo frqwhvw/ Xqlyhuvlw|

ri Jurqlqjhq/ plphr1

Vndshugdv/ V1/ 4<<9/ Frqwhvw vxffhvv ixqfwlrqv/ Hfrqrplf Wkhru| :/ 5;605<31

Wxoorfn/ J1/ 4<;3/ H!flhqw uhqw vhhnlqj/ lq= M1P1 Exfkdqdq/ U1G1 Wroolvrq dqg J1

Wxoorfn/ hgv1/ Wrzdug d wkhru| ri uhqw0vhhnlqj vrflhw| +Wh{dv D)P Xqlyhuvlw| Suhvv/

Froohjh Vwdwlrq, <:04451

:


