
Sursruwlrqdo Sd|r�v lq d Prgho ri Wzr0Vwdjh

Edujdlqlqj zlwk Uhyhuvleoh Frdolwlrqv

Pduld PrqwhurW

Dxjxvw 5336 +Iluvw yhuvlrq= Pdufk 5335,

Devwudfw

Wklv sdshu vwxglhv frdolwlrq irupdwlrq dqg sd|r� glylvlrq lq pd0

mrulw| jdphv xqghu wkh iroorzlqj dvvxpswlrqv= �uvw/ sd|r� glylvlrq fdq

rqo| eh djuhhg xsrq diwhu wkh frdolwlrq kdv iruphg +wzr0vwdjh edujdlq0

lqj,> vhfrqg/ qhjrwldwlrqv lq wkh frdolwlrq fdq euhdn grzq/ lq zklfk

fdvh d qhz frdolwlrq pd| eh iruphg +uhyhuvleoh frdolwlrqv,1 Xqghu wkh

prvw qdwxudo edujdlqlqj surwrfro/ erwk h{ dqwh dqg h{ srvw sd|r� gl0

ylvlrq duh sursruwlrqdo wr wkh yrwlqj zhljkwv1 Rwkhu edujdlqlqj uxohv

pd| jhqhudwh frxqwhulqwxlwlyh frpsdudwlyh vwdwlfv1

Nh|zrugv= frdolwlrq irupdwlrq/ wzr0vwdjh edujdlqlqj/ uhyhuvleoh frdol0

wlrqv/ dsh{ jdphv/ qxfohroxv/ shu fdslwd qxfohroxv1

M1H1O1 fodvvl�fdwlrq= F:4/ F:5/ F:;

WVfkrro ri Hfrqrplfv/ Xqlyhuvlw| ri Qrwwlqjkdp/ Xqlyhuvlw| Sdun/ QJ: 5UG Qrwwlqj0

kdp +Xqlwhg Nlqjgrp,> h0pdlo= pduld1prqwhurCqrwwlqjkdp1df1xn1 Wklv lv d pxfk uhylvhg

yhuvlrq ri FhqwHU Glvfxvvlrq sdshu 53350591 L dp judwhixo wr Vdoydgru Eduehuã iru khosixo

frpphqwv1
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4 Lqwurgxfwlrq

Qrqfrrshudwlyh prghov ri frdolwlrq irupdwlrq xvxdoo| dvvxph wkdw sod|huv

fdq djuhh rq sd|r� glylvlrq dw wkh wlph wkh| irup d frdolwlrq +vhh h1j1 Vho0

whq +4<;4,/ Edurq dqg Ihuhmrkq +4<;<,/ Fkdwwhumhh hw do1 +4<<6,/ Rndgd

+4<<9,,1 Krzhyhu/ wkhuh duh vlwxdwlrqv lq zklfk sod|huv irup frdolwlrqv eh0

iruh djuhhlqj rq sd|r� glylvlrq= lq frdolwlrq jryhuqphqwv/ sduwlhv fdqqrw

qhjrwldwh h�hfwlyho| rq doo lvvxhv ehiruh wkh irupdwlrq ri wkh jryhuqphqw/

sduwo| ehfdxvh rqh grhv qrw nqrz h{dfwo| zklfk lvvxhv zloo frph xs +vhh

Dxpdqq dqg P|huvrq +4<;;,,1 D frdolwlrq lv wkhq xqghuvwrrg dv d qhjrwld0

wlrq jurxs= li frdolwlrq V irupv/ lw phdqv wkdw sod|huv lq V edujdlq ryhu wkh

glylvlrq ri y+V,1 Lq wklv frqwh{w/ lw lv qdwxudo wr wklqn wkdw qhjrwldwlrqv pd|

euhdn grzq/ uhvxowlqj lq wkh glvvroxwlrq ri wkh frdolwlrq dqg srvvleo| lq wkh

irupdwlrq ri d qhz rqh +vhh wkh glvfxvvlrq lq Dxpdqq dqg Guë}h +4<:7,,1

Zh zloo uhihu wr wkh �uvw fodvv ri prghov +lq zklfk sod|huv djuhh rq sd|r�

glylvlrq dw wkh wlph wkh frdolwlrq lv iruphg, dv rqh0vwdjh prghov/ dqg wr wkh

vhfrqg fodvv +lq zklfk sod|hu djuhh rq sd|r� glylvlrq diwhu wkh frdolwlrq kdv

iruphg, dv wzr0vwdjh prghov1 Frdolwlrq irupdwlrq lq wzr0vwdjh prghov fdq

eh wkrxjkw ri dv uhyhuvleoh ru luuhyhuvleoh/ ghshqglqj rq zkhwkhu frdolwlrqv

fdq eh eurnhq xs rqfh iruphg1 Zh zloo eh lqwhuhvwhg lq wzr0vwdjh uhyhuvleoh

surfhvvhv1

Wkh wzr0vwdjh prghov vwxglhg lq wkh olwhudwxuh duh k|eulg= wkh surfhvv

ri frdolwlrq irupdwlrq lv prghohg dv d qrqfrrshudwlyh jdph/ exw sd|r� glyl0

vlrq lv ghwhuplqhg e| d frrshudwlyh vroxwlrq frqfhsw +Kduw dqg Nxu} +4<;6,/

Dxpdqq dqg P|huvrq +4<;;,,14 D ixoo| qrqfrrshudwlyh dssurdfk kdv ehhq

plvvlqj/ zlwk wkh lpsruwdqw h{fhswlrq ri wkh prghov ri edujdlqlqj lq pdu0

nhwv/ lq zklfk rqo| wzr0sod|hu frdolwlrqv fdq irup dqg pdwfklqj lv udqgrp

+vhh Rveruqh dqg Uxelqvwhlq +4<<3, dqg Pxwkrr +4<<<,,1

Lq wklv sdshu/ zh vwxg| d ixoo| qrqfrrshudwlyh jdph ri frdolwlrq irupd0

wlrq dqg sd|r� glylvlrq1 Wkh irupdwlrq ri d frdolwlrq phdqv wkh ehjlqqlqj

ri qhjrwldwlrqv ehwzhhq wkh sod|huv lq wkh frdolwlrq ryhu wkh glylvlrq ri wkh

4Dxpdqq dqg P|huvrq +4<;;, fohduo| kdyh luuhyhuvleoh frdolwlrqv lq plqg1 Lq frqwudvw/

Kduw dqg Nxu} +4<;6, vhhp wr vhh frdolwlrqv dv uhyhuvleoh1
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frdolwlrqdo ydoxh1 Qhjrwldwlrqv fdq euhdn grzq/ lq zklfk fdvh wkh frdolwlrq

lv glvvroyhg dqg d qhz frdolwlrq pd| eh iruphg1 Sursrvhuv duh udqgrpo|

fkrvhq erwk dw wkh frdolwlrq irupdwlrq dqg dw wkh sd|r� glylvlrq vwdjh1 Wkh

txhvwlrq wkhq dulvhv ri zkdw vkrxog eh wkh suredelolw| ri ehlqj d sursrvhu1

Lw vhhpv qdwxudo wr dvvxph wkdw hdfk ri wkh sod|huv lv fkrvhq zlwk d sured0

elolw| sursruwlrqdo wr klv qxpehu ri yrwhv1 Lw wkhq wxuqv rxw wkdw h{shfwhg

sd|r�v duh sursruwlrqdo erwk ehiruh sod|lqj wkh jdph +iru doo sod|huv, dqg

diwhu d frdolwlrq lv iruphg +iru wkh phpehuv ri wkh frdolwlrq, surylghg wkdw

wkh jdph lv frqvwdqw0vxp dqg krprjhqhrxv1 Zkloh wklv lv d yhu| qdwxudo

uhvxow lw lv qrw suhvhqw lq wkh olwhudwxuh wr wkh ehvw ri p| nqrzohgjh1 Yrq

Qhxpdqq dqg Prujhqvwhuq*v pdlq vlpsoh vroxwlrq dqg rwkhu frrshudwlyh vr0

oxwlrq frqfhswv olnh wkh dvsludwlrq fruh +Furvv/ 4<9:, suhglfw d sursruwlrqdo

glylvlrq ri sd|r�v lqvlgh wkh frdolwlrq wkdw dfwxdoo| irupv/ exw kdyh qrwk0

lqj wr vd| derxw h{ dqwh h{shfwhg sd|r�v1 H{ dqwh vroxwlrq frqfhswv olnh

wkh Vkdsoh| ydoxh gr qrw suhglfw sursruwlrqdo sd|r�v> wkh qxfohroxv dvvljqv

sursruwlrqdo sd|r�v wr wkh judqg frdolwlrq exw qrw wr doo plqlpdo zlqqlqj

frdolwlrqv1 Vrphwklqj vlplodu fdq eh vdlg ri qrqfrrshudwlyh prghov= wkh|

hlwkhu pdnh qr suhglfwlrq ri h{ dqwh h{shfwhg sd|r�v +dv Pruhool 4<<<, ru

wkh| dvvljq d glvsursruwlrqdwh vkduh wr wkh sursrvhu +dv Prqwhur 5334,1

Zkloh wkh prgho pdnhv lqwxlwlyh suhglfwlrqv iru wkh sursruwlrqdo edu0

jdlqlqj uxoh/ lw fdq pdnh vxusulvlqj suhglfwlrqv iru rwkhu uxohv1 Frqvlghu

wkh fdvh ri dsh{ jdphv1 Lq dsh{ jdphv wkhuh lv d pdmru sod|hu +wkh dsh{

sod|hu, dqg q� 4 � 6 plqru sod|huv1 Lq rughu iru d frdolwlrq wr eh zlqqlqj/

lw pxvw frqwdlq wkh pdmru sod|hu wrjhwkhu zlwk d plqru sod|hu/ ru doo wkh

plqru sod|huv wrjhwkhu1 Wkh pdmru sod|hu vhhpv wr eh vwurqjhu wkdq wkh pl0

qru sod|huv/ dqg lw frxog eh uhdvrqdeoh wr dgrsw edujdlqlqj uxohv wkdw uh hfw

wklv vwuhqjwk +iru h{dpsoh/ vhohfwlqj wklv sod|hu pruh riwhq wr eh sursrvhu,1

Krzhyhu/ lw fdq eh vkrzq wkdw wkh pdmru sod|hu fdq dfwxdoo| eh ehwwhu0r�

xqghu pruh hjdolwduldq uxohv1 H{ srvw sd|r� glylvlrq uhpdlqv sursruwlrqdo

ryhu d udqjh ri edujdlqlqj uxohv/ dqg wklv lv dfwxdoo| wkh uhdvrq zk| h{ dqwh

h{shfwhg sd|r�v ehkdyh lq d shuyhuvh zd|1 Zh dovr vkrz wkdw frdolwlrqv

odujhu wkdq plqlpdo zlqqlqj pd| irup iru vrph edujdlqlqj uxohv1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv
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wkh wzr0vwdjh jdph dqg vrph jhqhudo surshuwlhv ri wkh htxloleuld1 Vhfwlrq 6

uhihuv wr jhqhudo pdmrulw| jdphv1 Vhfwlrq 7 vwxglhv wkh fdvh ri dsh{ jdphv lq

ghwdlo/ dqg vhfwlrq 8 frqfoxghv zlwk vrph ixuwkhu uhpdunv rq wkh frpsdulvrq

zlwk wkh olwhudwxuh dqg rq srvvleoh h{whqvlrqv1

5 Wkh jdph

OhwQ @ i4> 5> ===> qj eh wkh vhw ri sod|huv +sduwlhv, dqg +Q>y, d surshu vlpsoh

fkdudfwhulvwlf ixqfwlrq jdph +y+V, @ 3 ru 4 iru doo V � Q / y+Q, @ 4/ y+B, @

3 dqg y+V,.y+W , � 4 iru doo W � QqV,1 Lq rughu wr pdnh wklqjv lqwhuhvwlqj

zh zloo dvvxph y+l, @ 3 iru doo l1 Zh zloo lqwhusuhw wkh fkdudfwhulvwlf ixqfwlrq

dv uhihuulqj wr d exgjhw ri vl}h 4 wkdw kdv wr eh glylghg e| pdmrulw| uxoh1 Wkh

fkdudfwhulvwlf ixqfwlrq y lqglfdwhv zklfk frdolwlrqv ri sduwlhv kdyh d pdmrulw|

+dqg wkxv fdq glylgh wkh exgjhw ehwzhhq wkhpvhoyhv,1 Zh zloo dvvxph wkdw

doo sod|huv lq Q duh ulvn0qhxwudo dqg glvfrxqw ixwxuh sd|r�v zlwk d glvfrxqw

idfwru � ? 415

Jlyhq wkh xqghuo|lqj fkdudfwhulvwlf ixqfwlrq jdph/ edujdlqlqj surfhhgv

dv iroorzv=

� Qdwxuh vhohfwv d sursrvhu dffruglqj wr d suredelolw| glvwulexwlrq �

+�� � 3 iru doo l dqg
S

�M�
�� @ 4,1

� Wkh vhohfwhg sursrvhu l sursrvhv d frdolwlrq V vxfk wkdw V 6 l1

� Sod|huv lq V dffhsw ru uhmhfw wkh sursrvdo vhtxhqwldoo|1 Li rqh ri wkhp

uhmhfwv/ d shulrg hodsvhv dqg Qdwxuh vhohfwv d qhz sursrvhu dffruglqj

wr wkh suredelolw| glvwulexwlrq �1

� Li doo sod|huv lq V dffhsw/ frdolwlrq V lv iruphg1 Li V lv d orvlqj frdol0

wlrq/ wkh jdph hqgv dqg doo sod|huv jhw 31 Li V lv d zlqqlqj frdolwlrq/

sod|huv lq V edujdlq ryhu wkh glylvlrq ri wkh exgjhw1 Wkh �lqwhuqdo�

jdph/ sod|hg rqo| e| sod|huv lq V/ lv d edujdlqlqj jdph zlwk udqgrp

sursrvhuv +Qdwxuh iroorzv d suredelolw| glvwulexwlrq �7 zlwk �7
�
� 3

iru doo l 5 V dqg
S

�M7
�7
�
@ 4, dqg euhdngrzq suredelolw|1 D sursrvdo

5Qrw doo wkh uhvxowv uhtxluh sod|huv wr glvfrxqw sd|r�v1
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{7 lv d glylvlrq ri wkh exgjhw ehwzhhq wkh sod|huv lq V +
S

�M7
{7
�
@ 4,1

Hyhu| wlph d uhvsrqghu uhmhfwv d sursrvdo/ frdolwlrq V lv glvvroyhg zlwk

suredelolw| 4� s +3 ? s ? 4,1

� Li frdolwlrq V lv glvvroyhg/ Qdwxuh vhohfwv d sursrvhu djdlq dffruglqj

wr wkh suredelolw| glvwulexwlrq �1

Zh zloo eh lqwhuhvwhg lq vwdwlrqdu| vxejdph shuihfw htxloleuld +VVSH,1

Vlqfh frdolwlrq irupdwlrq rffxuv ehiruh sd|r� glylvlrq/ zh fdq wklqn ri

wkh h{whqvlyh jdph ghvfulehg deryh dv d wzr0vwdjh jdph1 Ri frxuvh/ erwk wkh

frdolwlrq irupdwlrq �vwdjh� dqg wkh sd|r� glylvlrq �vwdjh� duh frpsolfdwhg

remhfwv dqg wkh sod| pd| eulqj wkh sod|huv edfn iurp wkh vhfrqg wr wkh �uvw

vwdjh1

Zh zloo uhihu wr wkh suredelolw| glvwulexwlrq � dv wkh surwrfro/ dqg wr �7

dv wkh lqwhuqdo surwrfro1 Jlyhq d VVSH �W zh zloo ghqrwh e| | wkh h{shfwhg

htxloleulxp sd|r� yhfwru frpsxwhg ehiruh Qdwxuh vwduwv wkh jdph/ dqg e|

|7 wkh h{shfwhg htxloleulxp sd|r� yhfwru frpsxwhg diwhu V kdv iruphg dqg

ehiruh Qdwxuh vwduwv wkh lqwhuqdo jdph1 Ohw }7 eh wkh yhfwru ri frqwlqxd0

wlrq ydoxhv +l1h1/ h{shfwhg sd|r�v diwhu d sursrvdo kdv ehhq uhmhfwhg, lq wkh

lqwhuqdo jdph1 Qrwlfh wkdw ehfdxvh ri vwdwlrqdulw|/ |/ |7 dqg }7 ghshqg

rqo| rq �W exw qrw rq wkh klvwru| ri wkh jdph1 Zh vwduw e| frpsxwlqj wkh

htxloleulxp ri wkh lqwhuqdo jdph1

514 Wkh htxloleulxp ri wkh lqwhuqdo jdph

Vxssrvh zh kdyh d VVSH ri wkh jdph zlwk dvvrfldwhg h{shfwhg htxloleulxp

sd|r� |1 Zh qrz vkrz wkdw wkh lqwhuqdo jdph kdv d xqltxh vwdwlrqdu|

vxejdph shuihfw htxloleulxp sd|r� |71

Li d sod|hu uhmhfwv d sursrvdo lq wkh lqwhuqdo jdph/ zlwk suredelolw| s

Qdwxuh vwduwv wkh lqwhuqdo jdph djdlq +vr wkdw sod|hu l h{shfwv wr jhw |7
�
,

dqg zlwk suredelolw| 4 � s frdolwlrq V euhdnv dsduw dqg Qdwxuh vwduwv wkh

frdolwlrq irupdwlrq jdph djdlq +vr wkdw sod|hu l h{shfwv wr jhw |�,1 Zh kdyh

wkh iroorzlqj htxdwlrq iru wkh frqwlqxdwlrq ydoxh ri sod|hu l

}7� @ s|7� . +4� s,|�
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Dv iru |7� / lw lv jlyhq e| wkh suredelolw| l lv vhohfwhg wr eh d sursrvhu lq wkh

lqwhuqdo jdph wlphv klv h{shfwhg sd|r� dv d sursrvhu soxv wkh suredelolw|

wkdw kh lv vhohfwhg wr eh wkh uhvsrqghu +zklfk lv 4� �7� ehfdxvh edujdlqlqj

lv xqdqlprxv lq wkh lqwhuqdo jdph, wlphv klv frqwlqxdwlrq ydoxh16

|7� @ �7� ^4�
[

�M7.t��

}7� ` . +4� �7� ,}
7
�

Iurp wklv v|vwhp ri htxdwlrqv +dqg wdnlqj lqwr dffrxqw wkdw
S

�M7 |7� @

4, zh vhh wkdw

|7� @ �7� +4�
[

�M7

|�, . |�= +4,

Wklv lv d zhoo0nqrzq uhvxow lq edujdlqlqj jdphv zlwk euhdngrzq sured0

elolw|= sod|hu l*v h{shfwhg sd|r� htxdov wkh euhdngrzq sd|r� +lq wklv fdvh/

|�, soxv d vkduh ri wkh vxusoxv sursruwlrqdo wr wkh suredelolw| ri ehlqj sur0

srvhu +fi1 Elqpruh +4<;:, dqg Elqpruh hw do1 +4<;9,,1

Htxdwlrq +4, uhvhpeohv dq doorfdwlrq uxoh lq wkdw hdfk sod|hu uhfhlyhv d

vkduh ri wkh dydlodeoh vxusoxv dqg wklv vkduh lv ghwhuplqhg e| wkh lqwhuqdo

surwrfro1 Krzhyhu/ wkhuh lv dq lpsruwdqw gl�huhqfh= wkh sd|r� d sod|hu jhwv

iurp ehlqj lq d frdolwlrq lv qrw ixoo| ghwhuplqhg e| wkh uxohv ri wkh lqwhuqdo

jdph ehfdxvh wkh euhdngrzq rxwfrph lv hqgrjhqrxv1

Ohw v ghqrwh mVm1 Wkh �uvw srvvlelolw| wkdw frphv wr plqg uhjduglqj wkh

lqwhuqdo surwrfro �7 lv wkh hjdolwduldq surwrfro/ �7� @ �

r
iru doo l 5 V/ zklfk

lpsolhv |7� @ �

r
+4�
S

�M7 |�,. |�1 Li wkh xqghuo|lqj surshu vlpsoh jdph lv d

zhljkwhg pdmrulw| jdph zlwk zhljkwv +z�> ===> z?,/ wkh sursruwlrqdo surwrfro

�7� @ ��S
�M7 ��

vhhpv uhdvrqdeoh dv zhoo1

6Wkh sd|r� iru sod|hu � dv d sursrvhu lv �3
S

�M7.t�� 5
7
� uhjdugohvv ri zkhwkhu djuhhphqw

lv lpphgldwh1 Wkhuh duh wzr srvvleoh fdvhv=

4, Li
S

�M7 5
7
� 	 � wkh sursrvhu vwulfwo| suhihuv pdnlqj dffhswdeoh sursrvdov> vlqfh lq

dq| VSH wkh sursrvhu pxvw r�hu h{dfwo| 5� wr hdfk uhvsrqghu � wkh uhvxowv krogv1

5, Li
S

�M7
57� ' � dffhswdeoh dqg xqdffhswdeoh sursrvdov jlyh wkh vdph sd|r�v wr wkh

sod|huv1 Qrwlfh wkdw wklv vhfrqg fdvh lv rqo| srvvleoh li
S

�M7 +7� ' � dqg
S

�M7 +� ' �1
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515 Wkh htxloleulxp ri wkh jdph

Ohppd 4 Li iru dq| sod|hu l zh kdyh �� A 3 dqg �7� A 3 iru doo zlqqlqj

frdolwlrqv V 6 l/ wkhq lq dq| VVSH doo sursrvdov wr irup d zlqqlqj frdolwlrq

duh dffhswhg/ dqg d zlqqlqj frdolwlrq irupv lpphgldwho|1

Surri1 Vxssrvh wkdw zh kdg dq htxloleulxp lq zklfk d sod|hu l sur0

srvhv frdolwlrq V zlwk srvlwlyh suredelolw| dqg vrph sod|hu m 5 V uhmhfwv wkh

sursrvdo zlwk srvlwlyh suredelolw|1 Zkhq uhfhlylqj wkh sursrvdo/ sod|hu m

frpsduhv wkh sd|r� iurp dffhswlqj/ |� . �7� +4�
S

&M7 |&,/
7 dqg wkh sd|r�

iurp uhmhfwlqj/ �|� 1 Sod|hu m pxvw dffhsw li |� A 3 wkxv uhmhfwlrq uhtxluhv

|� @ 3 dqg
S

&M7 |& @ 41 Exw li uhmhfwlrq rffxuv zlwk srvlwlyh suredelo0

lw|/ wkhq
S

&M� |& ? 4/ frqwudglfwlqj
S

&M7 |& @ 4 +qr |� fdq eh qhjdwlyh

ehfdxvh d sod|hu fdq jxdudqwhh klpvhoi d sd|r� ri 3,1

Qrz frqvlghu sod|hu l dv sursrvhu1 Li kh sursrvhv d orvlqj frdolwlrq zlwk

srvlwlyh suredelolw| zh kdyh
S

�M� |� ? 4/ wkxv d sursrvdo ri iruplqj wkh

judqg frdolwlrq pxvw eh dffhswhg dqg suhihuuhg e| l wr wkh orvlqj frdolwlrq1

Lw iroorzv iurp wkh surri ri wkh deryh ohppd wkdw/ lq dq| htxloleulxp

zlwk |� A 3 iru doo l/ d sursrvhu lv vxuh wkdw dq| sursrvdo kh pd| pdnh ri

iruplqj d zlqqlqj frdolwlrq zloo eh dffhswhg/ wkxv kh zloo pdnh d sursrvdo

wkdw pd{lpl}hv �7� +4�
S

&M7 |&,1

Fruroodu| 5 Ohw �7� eh wkh suredelolw| wkdw sod|hu l sursrvhv frdolwlrq V1 Lq

dq VSH zlwk |� A 3 iru doo l/ wkh iroorzlqj frqglwlrqv duh vdwlv�hg iru doo l

lq Q

|� @ ��
[
7��

�7�

%
�7� +4�

[
&M7

|&, . |�

&
.

[
�M�.t��

��
[

7
t�c��

�7�

%
�7� +4�

[
&M7

|&, . |�

&
[
7��

�7� @ 4

�7� A 3 lpsolhv V 5 duj pd{
A GA��

�A� +4�
[
�MA

|�,

7Qrwlfh wkdw htxloleuld lq zklfk vhyhudo uhvsrqghuv uhmhfw mxvw ehfdxvh 7 lv jrlqj wr eh

uhmhfwhg dq|krz duh uxohg rxw e| wkh idfw wkdw wkh sod|huv lq 7 uhvsrqg vhtxhqwldoo|1
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Uhpdun 6 Li �7 @ �

r
iru doo V � Q / wkhq rqo| plqlpdo zlqqlqj frdolwlrqv

irup lq dq VSH1

6 Frqvwdqw0Vxp Krprjhqhrxv Jdphv

D vlpsoh jdph +Q>y, lv frqvwdqw0vxp li y+V, . y+QqV, @ 4 iru doo V � Q 1

Lw lv krprjhqhrxv li zh fdq �qg zhljkwv +z�c===> z?, dqg d txrwd t vxfk wkdw

y+V, @ 4/
[

�M7
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�M7

z� @ t li V lv d plqlpdo zlqqlqj frdolwlrq1

Li wkhuh zh lpsrvh
S

�M�
z� @ 4 dqg z� @ 3 iru dq| gxpp| sod|hu l/

zh fdq �qg d xqltxh sdlu +t>z, vdwlvi|lqj wkh deryh surshuwlhv1 Wklv sdlu

lv fdoohg wkh fdqrqlfdo uhsuhvhqwdwlrq ri wkh jdph1

Sursrvlwlrq 7 Ohw +Q>y, eh d frqvwdqw0vxp krprjhqhrxv jdph zlwkrxw

gxpplhv dqg +t> z, eh lwv fdqrqlfdo uhsuhvhqwdwlrq1 Ohw �� @ z�/ dqg �7� @
��S

�M7 ��
1 Wkhq wkhuh h{lvwv d VVSH ri wkh jdph J+y> �> +�7,7\� > �, lq zklfk/

iru dq| ydoxh ri �/

+4, Rqo| plqlpdo zlqqlqj frdolwlrqv duh sursrvhg1

+5, H{shfwhg sd|r�v duh |� @ z� iru doo l lq Q 1

+6, H{ srvw sd|r� glylvlrq lv |7� @ ��

^
iru doo plqlpdo zlqqlqj frdolwlrqv

V1

Surri1 Ehfdxvh sod|huv uhfhlyh d vkduh ��S
�M7 ��

ri wkh vxusoxv ri dq|

frdolwlrq/ wkh sursrvhuv zloo sursrvh rqo| plqlpdo zlqqlqj frdolwlrqv1 Lw lv

hdv| wr vhh wkdw dvvxplqj |� @ z� iru doo l ohdgv wr |7� @ ��

^
iru doo plqlpdo

zlqqlqj frdolwlrqv V1 Lqghhg/ |�.�7� +4�
S

�M7 |�, ehfrphv z�.
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^
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z�1 Wkh txhvwlrq lv zkhwkhu zh fdq frqvwuxfw dq htxloleulxp ri wkh jdph

wkdw jhqhudwhv |� @ z�1

Ohw �W eh wkh htxloleulxp zh duh jrlqj wr frqvwuxfw1 Wkhuh duh wzr

frqglwlrqv �W pxvw vdwlvi|= �uvw/ �W pxvw suhvfuleh dq rswlpdo ehkdylru iru

wkh sod|huv +erwk dv sursrvhuv dqg dv uhvsrqghuv, jlyhq wkdw | @ z> vhfrqg/

;



| @ z vkrxog eh wkh h{shfwhg sd|r� yhfwru fruuhvsrqglqj wr �W1 Zh dwwhqg

wr wkhvh dvshfwv lq wxuq1

41 Li | @ z/ uhvsrqghuv zloo fohduo| dffhsw d sursrvdo ri iruplqj d plqlpdo

zlqqlqj frdolwlrq vlqfh lw zloo ohdg wr d sd|r� ri ��
^
A �z�1 Wkh| zloo

dffhsw ru uhmhfw rwkhu sursrvdov ghshqglqj rq zkhwkhu |7� � z�1

51 Li | @ z/ sursrvhuv zloo dozd|v sursrvh d plqlpdo zlqqlqj frdolwlrq

dqg jhw ��
^
1 D sursrvdo ri d odujhu frdolwlrq pd| eh dffhswhg exw

zrxog ohdg wr d orzhu sd|r� iru wkh sursrvhu> d sursrvdo wkdw zrxog

eh uhmhfwhg zrxog ohdg wr d sd|r� ri �z�1

61 Zh kdyh ixoo| vshfl�hg wkh uhvsrqghuv* ehkdylru dqg sduw ri wkh sur0

srvhuv* ehkdylru +doo plqlpdo zlqqlqj frdolwlrqv wr zklfk kh ehorqjv

duh rswlpdo iru d sursrvhu> zh kdyh qrw |hw fkrvhq dq h{dfw suredelolw|

glvwulexwlrq,1 Qrz doo zh qhhg wr gr lv wr fkrrvh wkh pl{hg vwudwhjlhv

lq vxfk d zd| wkdw d sod|hu*v h{shfwhg sd|r� lv lqghhg z1

Ohw u� eh wkh suredelolw| wkdw l uhfhlyhv d sursrvdo lq htxloleulxp1 Li

dq htxloleulxp zlwk | @ z h{lvwv/ wkh iroorzlqj v|vwhp ri htxdwlrqv

pxvw kdyh d vroxwlrq
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Dv lq Prqwhur +5334,/ L xvh wkh idfw wkdw wkh vhw ri plqlpdo zlqqlqj

frdolwlrqv Z6 lv edodqfhg1 Ohw +�7,7M`6 eh d froohfwlrq ri edodqf0

lqj zhljkwv/ dqg vhw �7 @ 3 iru doo frdolwlrqv wkdw duh qrw plqlpdo

zlqqlqj1 Ohw hdfk sod|hu lq V sursrvh frdolwlrq V zlwk suredelolw|

�7> edodqfhgqhvv hqvxuhv wkdw
S

7�� �7 @ 4 iru doo l lq Q 1 Wkhq wkh

htxdwlrq deryh ehfrphv +wdnlqj lqwr dffrxqw wkdw �� @ z�,
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Wdnlqj lqwr dffrxqw wkdw � @ z/ wklv ehfrphv
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Krprjhqhlw| lpsolhv wkdw
S

�M7.t��z� @ t�z� iru doo plqlpdo zlqqlqj

frdolwlrqv +zh grq*w kdyh wr zruu| derxw rwkhu frdolwlrqv ehfdxvh wkh|

kdyh �7 @ 3,1 Zh wkxv rewdlq
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Li wkhuh duh gxpp| sod|huv/ wkh| pd| eh lqfoxghg lq d frdolwlrq exw rqo|

li wkh| uhfhlyh d sd|r� ri }hur1

7 Wkh fdvh ri dsh{ jdphv

Dsh{ jdphv duh d vshfldo fodvv ri zhljkwhg pdmrulw| jdphv zlwk rqh pdmru

sod|hu +wkh dsh{ sod|hu, dqg q� 4 plqru sod|huv +dovr fdoohg edvh sod|huv,1

Li sod|hu 4 lv wkh dsh{ sod|hu/ y+V, @ 4 li hlwkhu i4j � V dqg Vqi4j 9@ B/

ru V @ Qqi4j1 Wkhuh duh wzr w|shv ri plqlpdo zlqqlqj frdolwlrqv= wkh

dsh{ sod|hu wrjhwkhu zlwk rqh ri wkh plqru sod|huv/ dqg doo wkh plqru sod|0

huv wrjhwkhu1 Dsh{ jdphv kdyh uhfhlyhg d orw ri dwwhqwlrq lq wkh olwhudwxuh/

erwk lq wkhru| +Gdylv dqg Pdvfkohu +4<9:,/ Krurzlw} +4<:6,/ Kduw dqg Nxu}

+4<;7,/ Dxpdqq dqg P|huvrq +4<;;,/ Ehqqhww dqg ydq Gdpph +4<<4,/ Prq0

whur +5335,, dqg lq h{shulphqwv +Vhowhq dqg Vfkxvwhu +4<9;,/ Krurzlw} dqg

Udsrsruw +4<:7,/ Doehuv +4<:;,/ Udsrsruw hw do1 +4<:;,/ Udsrsruw hw do1

+4<:<,/ Ploohu +4<;3,/ Nrprulwd dqg Wxprqlv +4<;3,,1 Wkh| duh dovr hp0

slulfdoo| frpprq/ hvshfldoo| lq sduoldphqwv zlwk d vpdoo qxpehu ri sduwlhv1

Ehorz duh wzr h{dpsohv1

Wrwdo VSG FGX IGS Ju�xqh

Vhdwv 564 435 ;; 57 4:

Wkh Odqgwdj lq Qruwk Uklqh0Zhvwskdold +5333,
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Dvvxplqj wkdw ghflvlrqv duh wdnhq e| vlpsoh pdmrulw|/ wkh VSG fdq irup

d zlqqlqj frdolwlrq zlwk dq| ri wkh rwkhu wkuhh sduwlhv1 Lq Vhylood zh dovr

kdyh dq dsh{ sod|hu +SVRH0D, dqg wkuhh plqru sod|huv +SS/ SD/ LXOY0FD,1

Wrwdo SVRH �D SS SD LXOY �FD

Vhdwv 66 47 45 7 6

Orfdo hohfwlrqv lq Vhylood +5336,

Zh qrz dqdo|}h lq ghwdlo wkh htxloleulxp lq dsh{ jdphv iru vrph surwr0

frov1 Wkhuh duh wkuhh frqfoxvlrqv wkdw hphujh iurp wkh dqdo|vlv= Iluvw/ wkh

lqwhuqdo surwrfro �7 lv pruh lpsruwdqw wkdq wkh surwrfro � lq ghwhuplqlqj

wkh sod|huv* h{shfwhg sd|r�v1 Vhfrqg/ frxqwhulqwxlwlyh frpsdudwlyh vwdwlfv

pd| rffxu= hyhq wkrxjk d sod|hu ehqh�wv iurp ehlqj vhohfwhg wr eh wkh sur0

srvhu/ kh pd| eh kxuw e| edujdlqlqj uxohv wkdw vhohfw klp pruh riwhq1 Wklug/

frdolwlrqv odujhu wkdq plqlpdo zlqqlqj duh srvvleoh xqghu vrph edujdlqlqj

uxohv/ xqolnh lq rqh0vwdjh edujdlqlqj prghov1

714 Dsh{ jdphv zkhq wkh lqwhuqdo jdph kdv dq hjdolwduldq

surwrfro

Vxssrvh �7� @ �

r
iru doo V � Q dqg iru doo l 5 V1 Dv zh kdyh vhhq/ wklv

lpsolhv wkdw lq wkh lqwhuqdo jdph h{shfwhg sd|r�v duh jlyhq e| |7� @ �

r
+4�

S
�M7 |�, . |�1

Dv iru wkh suredelolw| yhfwru �/ zh zloo dvvxph wkdw doo plqru sod|huv duh

wuhdwhg htxdoo|/ l1h1 �� @ �� iru dq| plqru sod|huv l dqg m/ dqg wkdw �� A 3

iru doo l lq Q 1 Wkhq wkh surwrfro � lv fkdudfwhul}hg e| rqh sdudphwhu/ wkh

suredelolw| wkdw wkh dsh{ sod|hu lv vhohfwhg wr eh wkh sursrvhu/ zklfk fdq

wdnh dq| ydoxh vwulfwo| ehwzhhq 3 dqg 41

Wkh �uvw wklqj wr qrwlfh lv wkdw/ vlqfh wkh lqwhuqdo surwrfro lv hjdolwduldq/

rqo| plqlpdo zlqqlqj frdolwlrqv fdq irup lq htxloleulxp1 Wkhuh duh wzr

w|shv ri plqlpdo zlqqlqj frdolwlrqv= frdolwlrqv frqvlvwlqj ri wkh dsh{ sod|hu

dqg rqh plqru sod|hu/ dqg wkh frdolwlrq ri doo plqru sod|huv1 Lq dq VVSH

doo plqru sod|huv pxvw kdyh wkh vdph h{shfwhg sd|r�v +vhh ohppd 8,/ dqg
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wkxv wkh dsh{ sod|hu pxvw eh lqgl�huhqw ehwzhhq doo wkh plqlpdo zlqqlqj

frdolwlrqv frqwdlqlqj klp1

Ohppd 8 Li �� @ �� iru dq| plqru sod|huv l dqg m/ wkhq lq dq| VVSH

|� @ |�1

Surri1 Vxssrvh |� A |� 1 Li l lv vhohfwhg wr eh wkh sursrvhu/ klv sd|r�

zloo eh |� .� +zkhuh � @ �

r
^y+V,�

S
&M7 |&` iru vrph frdolwlrq V zklfk lv

rswlpdo iru sod|hu l,1 Li kh lv qrw vhohfwhg wr eh wkh sursrvhu exw uhfhlyhv

d sursrvdo wr eh lq d frdolwlrq/ klv dyhudjh sd|r� zloo eh |� . �� +zkhuh

�� � �,1 Ohw u� wkh suredelolw| wkdw sod|hu l uhfhlyhv d sursrvdo iurp rwkhu

sod|huv +frpsxwhg ehiruh Qdwxuh vwduwv wkh jdph,1 Wkhq

|� @ �� ^|� .�` . u�
�
|� .��

�
+5,

Wkh sd|r� ri sod|hu m dv d sursrvhu lv dw ohdvw |� .� +li m 5 V/ wkhq m

fdq dozd|v sursrvh frdolwlrq V> li m @5 V/ wkhq m fdq dozd|v sursrvh frdolwlrq

iVqiljj ^ imj,1 Pruhryhu/ vlqfh |� A |�/ zkhqhyhu l uhfhlyhv d sursrvdo m

uhfhlyhv lw dv zhoo1 Wkxv

|� � �� ^|� .�` . u�
�
|� .��

�
. +u� � u�,+|� .���, +6,

zkhuh u� � u� dqg��� � 31 Vxevwudfwlqj 6 iurp 5 dqg wdnlqj lqwr dffrxqw

�� @ �� zh rewdlq

+4� �� � u�,+|� � |�, � �+u� � u�,+|� .���,

Vlqfh wkh dsh{ sod|hu zloo qhyhu sursrvh wr sod|hu l/ u� ? 4� �� dqg wkh

ohiw0kdqg vlgh ri wkh htxdwlrq lv vwulfwo| srvlwlyh1 Vlqfh wkh uljkw0kdqg vlgh

lv dw prvw }hur zh kdyh d frqwudglfwlrq1

Zh kdyh vkrzq wkdw lq dq| VVSH rqo| plqlpdo zlqqlqj frdolwlrqv pd|

irup dqg wkdw wkh dsh{ sod|hu pxvw eh lqgl�huhqw ehwzhhq doo wkh frdolwlrqv

kh fdq sursrvh1 Dv iru wkh plqru sod|huv/ wkhuh duh wkuhh srvvleoh fdvhv=

wkh| pd| suhihu d frdolwlrq zlwk wkh dsh{ sod|hu/ wkh plqru sod|hu frdolwlrq/

ru wkh| pd| eh lqgl�huhqw1 Zh zloo h{dplqh hdfk srvvlelolw| lq wxuq1

Ohw |@ ghqrwh wkh h{shfwhg sd|r� iru wkh dsh{ sod|hu dqg |6 wkh h{0

shfwhg sd|r� iru d plqru sod|hu1 Zh zloo dovr ghqrwh wkh suredelolw| wkdw

wkh dsh{ sod|hu lv vhohfwhg wr eh wkh sursrvhu dv �@1
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Ohppd 9 Wkhuh lv qr VVSH lq zklfk wkh dsh{ sod|hu lv dozd|v sduw ri wkh

frdolwlrq wkdw irupv1

Surri1 Li doo plqru sod|huv sursrvh wr wkh dsh{ sod|hu/ wkh dsh{ sod|hu

lv dozd|v sduw ri d frdolwlrq dqg klv h{shfwhg sd|r� lv jlyhq e| wkh htxdwlrq

|@ @ |@.
�

2
+4�|@� |6,1 Wklv htxdwlrq fdq rqo| krog li |@.|6 @ 4/ zklfk

+vlqfh |@.+q�4,|6 @ 4, lpsolhv |@ @ 41 Exw wkhq lw zrxog qrw eh rswlpdo

iru d plqru sod|hu wr sursrvh wr wkh dsh{ sod|hu1

Sursrvlwlrq : Li �@ � 4� �

?
/ wkhuh lv dq VVSH lq zklfk doo plqru sod|huv

sursrvh wkh plqru sod|hu frdolwlrq1

Surri1 Li doo plqru sod|huv sursrvh wkh plqru sod|hu frdolwlrq/ h{shfwhg

htxloleulxp sd|r�v duh jlyhq e| wkh iroorzlqj htxdwlrqv +wdnlqj lqwr dffrxqw

wkdw/ lq rughu iru doo plqru sod|huv wr kdyh wkh vdph h{shfwhg sd|r�v/ wkh

dsh{ sod|hu pxvw sursrvh wr hdfk ri wkhp zlwk htxdo suredelolw|,

|@ @ �@
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4

5
+4� |@ � |6,
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|6 @ +4� �@,
4

q� 4
. �@

4
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5
+4� |@ � |6,
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Wkh vroxwlrq wr wklv v|vwhp lv |@ @ w@E?32�
?E23w@�32 dqg |6 @ 2E�3w@�

?E23w@�32 1 Lq

rughu iru wklv vwudwhj| frpelqdwlrq wr eh dq htxloleulxp zh qhhg |6. �
2+4�

|@ � |6, �
�

?3� 1 Wklv lv wkh fdvh li �@ � 4� �
?
1

Sursrvlwlrq ; Li �@ � 4� �
?
/ wkhuh lv dq VVSH lq zklfk wkh plqru sod|huv

duh lqgl�huhqw ehwzhhq sursrvlqj wr wkh dsh{ sod|hu ru sursrvlqj wkh plqru

sod|hu frdolwlrq1

Surri1 Wkh lqgl�huhqfh frqglwlrq iru wkh plqru sod|huv/ |6. �

2+4�|@�

|6, @
�

?3� / wrjhwkhu zlwk htxdwlrq |@.+q�4,|6 @ 4 lpsolhv |@ @
?32
?

dqg

|6 @ 2
?E?3�� 1 Lq rughu wr frqvwuxfw dq htxloleulxp/ zh qhhg wr �qg pl{hg

vwudwhjlhv wkdw |lhog wkrvh h{shfwhg sd|r�v1

Iru dq| plqru sod|hu l/ ohw �� eh wkh suredelolw| wkdw l sursrvhv wr wkh

dsh{ sod|hu dqg � =@
S

�M�.t�� b�

?3�
1 H{shfwhg htxloleulxp sd|r�v iru wkh dsh{
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sod|hu duh jlyhq e|

|@ @ ^�@ . +4� �@,�`
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Vxevwlwxwlqj iru |@ dqg |6/ zh �qg � @ 4� �

?E�3w@�
1 Lq rughu iru � wr eh

qrqqhjdwlyh zh qhhg �@ � 4� �
?
1

Wkhuh lv d frqwlqxxp ri htxloleuld/ doo zlwk wkh vdph ydoxh ri �1 Ohw

�� eh wkh suredelolw| wkdw wkh dsh{ sod|hu sursrvhv wr sod|hu l1 H{shfwhg

sd|r�v iru sod|hu l duh jlyhq e|

|6 @

�
+4� �@,+4� �, .

4� �@

q� 4
�� . �@��

�
4

q� 4

Vxevwlwxwlqj iru wkh htxloleulxp ydoxhv ri |@/ |6 dqg �/ zh rewdlq �� @
�
?w@

�
b�E�3w@�
w@E?3�� +qrwlfh wkdw

S
�M�.t�� �� @ 4,1 Dq| froohfwlrq ri ��*v zlwk

dyhudjh 4 � �
?E�3w@�

dqg vxfk wkdw 3 � �� � 4 iru doo l lv sduw ri dq VVSH1

Wkh v|pphwulf htxloleulxp kdv �� @ � iru dq| plqru sod|hu l dqg �� @
�

?3� 1

Wkh frqfoxvlrq wkdw hphujhv iurp wkh dqdo|vlv lv wkdw li wkh lqwhuqdo

surwrfro lv hjdolwduldq h{shfwhg htxloleulxp sd|r�v zloo eh |@ @ ?32
?

dqg

|6 @ 2
?E?3�� surylghg wkdw �@ � 4� �

?
1

715 Dsh{ jdphv zkhq wkh lqwhuqdo jdph kdv d sursruwlrqdo

surwrfro

Zhljkwhg pdmrulw| jdphv kdyh pdq| uhsuhvhqwdwlrqv1 Zh zloo wdnh wkh

fdqrqlfdo uhsuhvhqwdwlrq ri dsh{ jdphv zlwk z� @
?32
2?3�

dqg z� @
�

2?3�

iru l 5 Qqi4j> wklv dvvxpswlrq lv hvvhqwldo wr wkh uhvxowv1

Ohppd < Li �� @ �� iru dq| plqru sod|huv l dqg m/ wkhq lq dq| VVSH

|� @ |�=

Surri1 Vlplodu wr wkdw ri ohppd 81

Dv lq wkh suhylrxv vxevhfwlrq/ rqo| plqlpdo zlqqlqj frdolwlrqv zloo irup

dqg wkh dsh{ sod|hu zloo eh lqgl�huhqw ehwzhhq srvvleoh sduwqhuv1 Dv iru

wkh plqru sod|huv/ wkhuh duh wkuhh srvvleoh fdvhv1 Djdlq dv lq wkh suhylrxv
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vhfwlrq/ wkh srvvlelolw| wkdw wkh dsh{ sod|hu lv dozd|v lq wkh frdolwlrq wkdw

irupv lv glvfdughg1

Sursrvlwlrq 43 Wkhuh lv qr VVSH lq zklfk wkh dsh{ sod|hu lv dozd|v sduw

ri wkh frdolwlrq wkdw irupv1 Dq VVSH lq zklfk doo plqru sod|huv sursrvh

wkh plqru sod|hu frdolwlrq uhtxluhv �@ �
?3�

2?3�
1 Dq VVSH lq zklfk wkh pl0

qru sod|huv duh lqgl�huhqw ehwzhhq sursrvlqj wkh plqru sod|hu frdolwlrq dqg

sursrvlqj wr wkh dsh{ sod|hu uhtxluhv �@ �
?3�

2?3�
1 H{shfwhg sd|r�v lq wklv

nlqg ri htxloleulxp duh |@ @
?32

2?3�
dqg |6 @

�

2?3�
1

Surri1 Dv lq wkh suhylrxv vxevhfwlrq1

Frpsdulqj surwrfrov jlyhv ulvh wr vxusulvlqj frpsdudwlyh vwdwlfv1 Eh0

fdxvh ?32

?
A ?32

2?3�
/ wkh dsh{ sod|hu suhihuv edujdlqlqj uxohv wr eh hjdolwduldq

udwkhu wkdq sursruwlrqdo$ D vhfrqg vxusulvh lv wkdw lq erwk fdvhv wkh sd|r�

iru wkh dsh{ sod|hu frqglwlrqdo rq ehlqj lq d frdolwlrq lv wkh vdph/ ?3�

?32
1

Zkdw lv wkh lqwxlwlrq iru wkhvh uhvxowvB

Dw wkh frdolwlrq irupdwlrq vwdjh/ ehlqj wkh sursrvhu hqvxuhv jhwwlqj wkh

kljkhvw srvvleoh sd|r� rqh fdq jhw iurp wkh jdph> dw wkh sd|r� glylvlrq

vwdjh/ ehlqj wkh sursrvhu lv luuhohydqw lq wkh olplw zkhq s whqgv wr 4 dqg

lw ehqh�wv wkh sod|hu li s ? 41 Wkxv/ dfwxdoo| ehlqj vhohfwhg dv d sursrvhu

lv d jrrg wklqj1 Krz derxw kdylqj d odujh suredelolw| ri ehlqj vhohfwhg

dv d sursrvhuB Li vwudwhjlhv zhuh wr uhpdlq frqvwdqw diwhu d fkdqjh lq wkh

surwrfro wkh h�hfw zrxog eh srvlwlyh/ exw rqfh zh wdnh lqwr dffrxqw wkh

srvvleoh fkdqjh ri htxloleulxp vwudwhjlhv wkh h�hfw lv dpeljxrxv1 Rqfh d

frdolwlrq kdv iruphg/ d odujh �7
�
lv fohduo| d jrrg wklqj/ vlqfh lw lqfuhdvhv

wkh vkduh ri wkh vxusoxv d sod|hu jhwv1 Rq wkh rwkhu kdqg/ d odujh �7
�
pd|

nhhs rwkhu sod|huv iurp sursrvlqj V1 Dv iru d odujh ��/ dq lqfuhdvh lq ��

zloo jhqhudoo| fkdqjh wkh htxloleulxp vwudwhjlhv1 Vxssrvh �@ lqfuhdvhv dqg

wkh plqru sod|huv frqwlqxh sursrvlqj wr wkh dsh{ sod|hu zlwk wkh vdph

suredelolw|1 Wkhq |@ zloo lqfuhdvh wr |�@ dqg lw pd| qrw eh rswlpdo dq|pruh

wr sursrvh wr wkh dsh{ sod|hu/ zklfk lq wxuq lv qrw frqvlvwhqw zlwk |�@1 Vlqfh

vwudwhjlhv pxvw dgmxvw lq d qhz htxloleulxp/ lw lv qrw fohdu li wkh h�hfw rq

sd|r�v zloo eh srvlwlyh ru qhjdwlyh1
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H{ srvw sd|r�v lq wklv jdph whqg wr uhpdlq dw wkh �frpshwlwlyh htxlole0

ulxp� zkhuh wkh dsh{ sod|hu uhfhlyhv dv pxfk dv q�5 plqru sod|huv1 Wkxv/

zh xvxdoo| zloo kdyh dq htxloleulxp zlwk |7@ @ ?32
2?3�

iru doo V @ i4> lj1 Rq

wkh rwkhu kdqg/ zh nqrz iurp vhfwlrq BB wkdw |7@ @ |@ . �7@ ^4 � |@ � |6`1

Ehfdxvh |6 @ �3+@
?3�

/ dq lqfuhdvh lq �7@ zloo qhhg d ghfuhdvh ri |@ li |7@ lv wr

uhpdlq frqvwdqw1

Rqh fdq dovr orrn dw frpsdudwlyh vwdwlfv iurp wkh srlqw ri ylhz ri fr0

rshudwlyh jdph wkhru|1 Frpprq frrshudwlyh jdph wkhru| frqfhswv olnh wkh

h{fhvv dqg wkh shu fdslwd h{fhvv kdyh d qdwxudo uroh lq wkh suhvhqw edujdlqlqj

jdph1

Vxssrvh zh duh orrnlqj iru d idlu glylvlrq ri wkh ydoxh ri wkh judqg

frdolwlrq1 Jlyhq d srvvleoh glylvlrq |/ wkh gl�huhqfh ehwzhhq zkdw d frdolwlrq

fdq jhw e| lwvhoi dqg zkdw lv jhwwlqj dw | fdq eh wkrxjkw ri dv d phdvxuh

ri wkh glvvdwlvidfwlrq ri wkh frdolwlrq zlwk V/ ru wkh whpswdwlrq wr ghihfw

iurp |1 Wklv gl�huhqfh lv fdoohg wkh h{fhvv ri V dw |/ ghqrwhg e| h+V> |, =@

y+V,� {+V,1 Wkh qxfohroxv +Vfkphlgohu/ 4<9<, plqlpl}hv wkh odujhvw h{fhvv

ryhu wkh vhw ri lpsxwdwlrqv1 Vlqfh wkh ghflvlrq xqlwv duh wkh sod|huv dqg qrw

wkh frdolwlrqv/ lw pdnhv vhqvh wr phdvxuh wkh whpswdwlrq wr ghihfw e| wkh

shu fdslwd h{fhvv/ h+V> |, =@ �

r
+y+V,� |+V,,/ lqvwhdg ri wkh h{fhvv1 Wkh shu

fdslwd qxfohroxv +Zdoophlhu/ 4<;6, plqlpl}hv wkh odujhvw shu fdslwd h{fhvv

ryhu wkh vhw ri lpsxwdwlrqv1

Zkdw lv wkh uhodwlrq ehwzhhq wkhvh qrupdwlyh vroxwlrq frqfhswv dqg wkh

htxloleulxp ri rxu h{whqvlyh irup jdphB

Frqvlghu wkh lqwhuqdo hjdolwduldq surwrfro1 Zkhq d sod|hu sursrvhv d

frdolwlrq/ kh jhwv �

r
+y+V,�|+V,,/ suhflvho| wkh shu fdslwd h{fhvv1 Wkxv hdfk

sursrvhu zloo fkrrvh wkh frdolwlrq frqwdlqlqj klp zlwk kljkhu shu fdslwd h{0

fhvv1 Dv iru wkh sursruwlrqdo surwrfro/ rqo| plqlpdo zlqqlqj frdolwlrqv zloo

eh sursrvhg lq htxloleulxp1 Ehfdxvh dsh{ jdphv duh krprjhqhrxv jdphv

dqg zh kdyh fkrvhq d krprjhqhrxv uhsuhvhqwdwlrq dv d edvlv iru wkh sur0

sruwlrqdo surwrfro/ d sod|hu l jhwv d �{hg vkduh ri wkh h{fhvv lq doo plqlpdo

zlqqlqj frdolwlrqv1 Wkxv/ hyhq li wkh sursrvhu grhv qrw jhw wkh zkroh h{fhvv/

kh kdv dq lqfhqwlyh wr fkrrvh wkh frdolwlrq frqwdlqlqj klp zlwk pd{lpdo h{0

fhvv1
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Zh kdyh qrz dujxhg wkdw lq dq VVSH sursrvhuv zloo sursrvh frdolwlrqv

ri pd{lpxp shu fdslwd h{fhvv +hjdolwduldq lqwhuqdo surwrfro, ru pd{lpxp

h{fhvv +sursruwlrqdo lqwhuqdo surwrfro,1 Grhv lw whoo xv dq|wklqj derxw wkh

h{shfwhg htxloleulxp sd|r�vB Zkhq orrnlqj iru dq htxloleulxp zlwk d jlyhq

h{shfwhg sd|r� yhfwru |/ zh qhhg wr �qg vwudwhjlhv vxfk wkdw l, doo sod|huv

duh sod|lqj d ehvw uhvsrqvh dqg ll, wkh vwudwhjlhv lqgxfh | dv h{shfwhg sd|0

r� yhfwru1 Wkhvh wzr uhtxluhphqwv duh riwhq lqfrpsdwleoh= d kljk h{shfwhg

sd|r� yhfwru iru sod|hu l uhtxluhv l wr uhfhlyh sursrvdov uhodwlyho| riwhq/ exw

suhflvho| ehfdxvh |� lv kljk lw pd| qrw eh rswlpdo iru wkh rwkhu sod|huv wr

sursrvh frdolwlrqv lqfoxglqj l1 Ehfdxvh vwudwhjlhv lq zklfk sod|huv vwulfwo|

suhihu rqh frdolwlrq whqg wr |lhog h{wuhph h{shfwhg sd|r�v wkdw duh riwhq

lqfrqvlvwhqw zlwk wkh vwudwhjlhv/ wkhuh lv d whqghqf| iru wkh htxloleulxp wr

eh lq pl{hg vwudwhjlhv1 Wkh qxfohroxv dqg wkh shu fdslwd qxfohroxv duh wkhq

jrrg fdqglgdwhv iru dq htxloleulxp sd|r� yhfwru= wkh| pdnh wkh sursrvhu

lqgl�huhqw ehwzhhq vhyhudo frdolwlrqv/ vr wkdw zh kdyh pruh ghjuhhv ri iuhh0

grp zkhq frqvwuxfwlqj htxloleulxp vwudwhjlhv1 Wkh htxloleulxp sd|r�v iru

wkh hjdolwduldq surwrfro duh odujhu iru wkh dsh{ sod|hu ehfdxvh wkh| fruuh0

vsrqg wr wkh shu fdslwd qxfohroxv udwkhu wkdq wkh qxfohroxv/ dqg wkh shu

fdslwd qxfohroxv wuhdwv wkh dsh{ sod|hu ehwwhu vlqfh kh lv lq vpdoohu plqlpdo

zlqqlqj frdolwlrqv1

Lq wzr0vwdjh jdphv wkh sd|r� d sod|hu jhwv lq d frdolwlrq grhv qrw gh0

shqg rq zkr sursrvhg wkh frdolwlrq1 Lq wkh htxloleuld zh kdyh vhhq vr idu iru

dsh{ jdphv zh fdq vd| vrphwklqj vwurqjhu= wkh sd|r� d sod|hu jhwv zkhq

hqwhulqj d frdolwlrq lv dozd|v wkh vdph/ l1h1/ lq htxloleulxp sod|huv rqo| hq0

whu frdolwlrqv wkdw r�hu wkhp wkh pd{lpdo srvvleoh sd|r�1 Lq rwkhu zrugv/

wkh htxloleulxp sd|r�v frqglwlrqdo rq ehlqj lq d frdolwlrq fruuhvsrqg wr

dq dvsludwlrq +vhh Ehqqhww +4<;6,,1 Ixuwkhupruh/ li zh olplw rxuvhoyhv wr

sdudphwhuv vxfk wkdw wkh htxloleulxp lv lq pl{hg vwudwhjlhv zh vhh wkdw wkh

dsh{ sod|hu jhwv ?32

?3�
dqg d plqru sod|hu jhwv �

?3�
li wkh| hqwhu d frdolwlrq/

uhjdugohvv ri zkhwkhu wkh surwrfro lv hjdolwduldq ru sursruwlrqdo1 Zh kdyh

dujxhg wkdw wklv lv gxh wr wkh jhqhudo whqghqf| ri htxloleuld wr eh �frp0

shwlwlyh� +l1h1/ lq pl{hg vwudwhjlhv,1 Wklv lqyduldqfh lv dovr vkduhg e| wkh

qxfohroxv dqg wkh shu fdslwd suhqxfohroxv= wkh shu fdslwd suhqxfohroxv jlyhv

4:



wkh sod|huv htxdo orvhv iurp ��

^
1

Sursrvlwlrq 44 Ohw +Q> y, eh d frqvwdqw0vxp krprjhqhrxv pdmrulw| jdph

zlwkrxw gxpp| sod|huv dqg +t>z�> ====> z?, d krprjhqhrxv uhsuhvhqwdwlrq1

Ohw H @
S

�M�
��

^
� 4 dqg h @ .

?
1 Wkhq wkh shu fdslwd suhqxfohroxv jlyhv

��

^
� h wr sod|hu l=

Surri1 Vxssrvh zh kdyh d jdph +Q> y, vdwlvi|lqj wkh frqglwlrqv deryh

dqg lwv shu fdslwd suhqxfohroxv lv vrph rwkhu yhfwru |1 Wdnh wkh vpdoohvw

sod|hu zlwk |� ?
��

^
� h1 Frqvlghu d PZF lqfoxglqj wklv sod|hu1 Li wklv

PZF kdv d kljkhu shu fdslwd h{fhvv wkdq h/ zh duh grqh1 Rwkhuzlvh/ wklv

phdqv wkdw rq dyhudjh sod|huv lq QqV duh jhwwlqj dw prvw ��

^
� h1 Li zh

qrz frqvlghu QqV ^ ilj/ wklv lv d zlqqlqj frdolwlrq ehfdxvh wkh jdph lv

frqvwdqw0vxp1 Hlwkhu lw lv d plqlpdo zlqqlqj frdolwlrq ru wkhuh lv d plqlpdo

zlqqlqj frdolwlrq lqfoxghg lq QqV ^ ilj1 Lq hlwkhu fdvh/ zh kdyh irxqg d

frdolwlrq zlwk d shu fdslwd h{fhvv kljkhu wkdq h1 Wklv lv fohdu li QqV^ilj lv

d PZF/ rwkhuzlvh wkh idfw wkdw l zdv wkh vpdoohvw sod|hu jhwwlqj ohvv wkdq
��

^
� h sod|v d uroh= vlqfh wkh sod|huv wkdw duh ohiw rxw ri wkh PZF pxvw

kdyh ohvv yrwhv wkdq l/ wkh| zhuh jhwwlqj dw ohdvw ��

^
� h/ vr wkh dyhudjh shu

fdslwd h{fhvv lq wkh PZF lv pruh wkdq h1

Jlylqj hdfk sod|hu ��

^
�h lv qrw dozd|v lqglylgxdoo| udwlrqdo1 Dq h{dpsoh

ri d frqvwdqw0vxp krprjhqhrxv jdph lq zklfk wkh shu fdslwd suhqxfohroxv

lv qrw lqglylgxdoo| udwlrqdo lv wkh jdph ^<> 8> 7> 7> 4> 4> 4> 4`1

716 Dsh{ jdphv zlwk dq lqwhuqdo surwrfro uhodwhg wr slyrwdo

srzhu

Frdolwlrqv odujhu wkdq plqlpdo zlqqlqj pd| dulvh lq wklv prgho/ wkrxjk zlwk

udwkhu h{wuhph surwrfrov1 Iru looxvwudwlrq/ zh frqvlghu wkh fdvh lq zklfk wkh

suredelolw| wkdw wkh dsh{ sod|hu lv vhohfwhg wr eh wkh sursrvhu lq wkh lqwhuqdo

jdph lv r3�

r
/ zkhuh v lv wkh wrwdo qxpehu ri sod|huv lq wkh frdolwlrq18 Wkh

sd|r� wkh dsh{ sod|hu jhwv dv d sursrvhu lv

^4� |@ � +v� 4,|6`
v� 4

v
. |@

8
Wkh qxpehu

r3�

r
lv dovr wkh frdolwlrq vwuxfwxuh Vkdsoh| ydoxh iru wkh dsh{ sod|hu1
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Wdnlqj lqwr dffrxqw wkdw |@ @ 4 � +q � 4,|6/ zh rewdlq
+6E?3r�Er3��

r
1

Wklv h{suhvvlrq lv pd{lpl}hg iru v @
s
q1 Iru q � 9/ lw lv rswlpdo iru wkh

dsh{ sod|hu wr sursrvh frdolwlrqv wkdw duh qrw plqlpdo zlqqlqj1

Pruh jhqhudoo|/ zh fdq vwxg| wkh htxloleuld ri wkh jdph lq zklfk wkh

vkduh ri wkh vxusoxv d sod|hu jhwv lq d frdolwlrq ghshqgv rq klv slyrwdo srzhu1

Iru plqlpdo zlqqlqj frdolwlrq wkh vxusoxv zloo eh glylghg htxdoo| vlqfh doo

sod|huv duh htxdoo| slyrwdo1 Dv iru odujhu frdolwlrqv/ zh zloo dvvxph wkdw wkh

iudfwlrq ri wkh vxusoxv wkh dsh{ sod|hu jhwv lv d ixqfwlrq ! ri wkh qxpehu

ri sod|huv lq wkh frdolwlrq19 Vxssrvh zh duh lq htxloleulxp/ dqg ohw v eh wkh

vl}h ri wkh rswlpdo frdolwlrq iru wkh dsh{ sod|hu1 Wkhq wkh h{shfwhg sd|r�

iru wkh dsh{ sod|hu lv

|@ @ �@ ^+4� |@ � +v� 4,|6,!+v, . |@` . +4� �@,�

�
4� |@ � |6

5
. |@

�

Lw lv hdv| wr fkhfn wkdw/ lq dq| VVSH/ doo plqru sod|huv sursrvh wkh

plqru sod|hu frdolwlrq zlwk srvlwlyh suredelolw|1 Wkxv/ � ? 41 Zh orrn iru

wzr w|shv ri htxloleuld/ ghshqglqj rq zkhwkhu � @ 3 ru � A 31

Vhw � @ 31 Wklv lv dq htxloleulxp rqo| li vroylqj wkh htxdwlrq deryh zh

rewdlq |@ � ?32
2 1 Wklv lv wkh fdvh li �@ � E?3��E?32�

2�Er�E?3r�nE?3��E?32� 1

D vwulfwo| srvlwlyh � lpsolhv |@ @
?32
2 dqg |6 @

2
?E?3�� 1 Vxevwlwxwlqj iru

|@ dqg |6 lqwr wkh htxdwlrqv lqghhg |lhogv � @ E?3��E?32�E�3w@�32�Er�w@E?3r�
?E?32�E�3w@�

1

Lq rughu iru wklv ydoxh wr eh odujhu wkdq 3/ zh qhhg �@ �
E?3��E?32�

2�Er�E?3r�nE?3��E?32� 1

Qrwlfh wkdw wkh fulwlfdo ydoxh ri �@ lv odujh +zh fdq �qg d orzhu erxqg iru lw

e| vhwwlqj v @ 3 dqg !+v, @ 4, dqg frqyhujhv wr 4 dv q jurzv1 Wklv phdqv

wkdw/ iru prvw ydoxhv ri wkh sdudphwhu �@/ h{shfwhg sd|r�v frlqflgh zlwk wkh

shu fdslwd qxfohroxv1 Wkxv/ doorzlqj iru jhqhudo lqwhuqdo surwrfrov edvhg rq

slyrwdo srzhu grhv qrw fkdqjh wkh txdolwdwlyh uhvxowv frqfhuqlqj htxloleulxp

sd|r�v1 Wkh rqo| gl�huhqfh lv wkdw frdolwlrqv rwkhu wkdq plqlpdo zlqqlqj

pd| irup/ dqg wkdw wkh htxloleulxp rxwfrphv qr orqjhu fruuhvsrqg wr dq

9
Wkh ixqfwlrq � frxog eh lqwhusuhwhg dv d uhgxfhg irup ri d pruh frpsolfdwhg lqwhuqdo

jdph lq zklfk sduwldo euhdngrzq lv srvvleoh/ uhvxowlqj lq wkh irupdwlrq ri d vpdoohu frdol0

wlrq1 Wkh srvvlelolw| ri sduwldo euhdngrzq pdnhv wkh dsh{ sod|hu sur�w iurp edujdlqlqj

zlwk vhyhudo plqru sod|huv udwkhu wkdq rqo| rqh1
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dvsludwlrq yhfwru= wkh plqru sod|huv pd| dffhsw r�huv lq zklfk wkh| uhfhlyh

ohvv wkdq wkhlu pd{lpxp srvvleoh sd|r�1

D yhu| lpsruwdqw dvvxpswlrq zh kdyh pdgh lv wkdw frdolwlrqv fdqqrw

eh hqodujhg rqfh iruphg1 Li frdolwlrqv fdq eh hqodujhg dqg wkh dsh{ sod|hu

sur�wv iurp sursrvlqj frdolwlrqv odujhu wkdq plqlpdo zlqqlqj/ wkh frdolwlrq

ri wkh dsh{ sod|hu zlwk rqo| rqh plqru sod|hu lv qrw srvvleoh= li iruphg/ wkh

dsh{ sod|hu zrxog lqylwh qhz plqru sod|huv dqg wkh| zrxog dffhsw udwkhu

wkdq jhw 31 Wkhq wkh fkrlfh ri wkh plqru sod|huv lv ehwzhhq wkh plqru sod|hu

frdolwlrq dqg d frdolwlrq ri wkh rswlpdo vl}h iru wkh dsh{ sod|hu/ dqg d pl{hg

vwudwhj| htxloleulxp qhhg qrw |lhog wkh shu fdslwd qxfohroxv1 Lqwhuhvwlqjo|/

htxloleulxp sd|r�v fdq eh orzhu iru wkh dsh{ sod|hu li frdolwlrqv fdq eh

hqodujhg1 Wklv uhvxow lv lq olqh zlwk Dxpdqq dqg P|huvrq +4<;;,1

8 Frqfoxglqj uhpdunv

Wkh uhvxowv ri wzr0vwdjh edujdlqlqj iru dsh{ jdphv duh txdolwdwlyho| vlp0

lodu wr wkrvh ri rqh0vwdjh edujdlqlqj +vhh Prqwhur +5335,, lq whupv ri h{0

shfwhg sd|r�v= wkhuh lv d odujh uhjlrq lq zklfk h{shfwhg sd|r�v duh frqvwdqw/

dqg wkh plqru sod|huv udqgrpl}h ehwzhhq sursrvlqj wr wkh dsh{ sod|hu dqg

sursrvlqj wkh plqru sod|hu frdolwlrq1 Zlwk wzr0vwdjh edujdlqlqj wkh glyl0

vlrq ri sd|r�v lqvlgh d frdolwlrq grhv qrw ghshqg rq zkr sursrvhg wr irup

wkh frdolwlrq/ zkhuhdv lq rqh0vwdjh edujdlqlqj wkh sursrvhu dozd|v jhwv pruh

wkdq kdoi ri wkh wrwdo sd|r�1 Shukdsv vxusulvlqjo|/ wkh dsh{ sod|hu kdv d

odujhu h{shfwhg sd|r� lq wkh wzr0vwdjh jdph/ ghvslwh ri wkh idfw wkdw wkh

wzr0vwdjh jdph pljkw vhhp wr surwhfw wkh plqru sod|huv e| vsolwwlqj wkh

vxusoxv htxdoo|1 Wkh wzr0vwdjh prgho dovr surylghv vrph vxssruw iru wkh

irupdwlrq ri frdolwlrqv odujhu wkdq plqlpdo zlqqlqj/ vrphwklqj lpsrvvleoh

lq wkh rqh0vwdjh prgho1

Rqh0vwdjh prghov zlwk udqgrp sursrvhuv kdyh surylghg qrqfrrshud0

wlyh irxqgdwlrqv iru wkh qxfohroxv +vhh Prqwhur +5334,,1 Rqh pd| zrqghu

zkhwkhu wzr0vwdjh prghov fdq surylgh qrqfrrshudwlyh irxqgdwlrqv iru wkh

shu fdslwd qxfohroxv1 Wkh dqvzhu lv qhjdwlyh/ dw ohdvw iru wkh suhvhqw prgho1

D gl!fxow| lv wkdw sod|huv zlwk }hur sd|r�v lq wkh shu fdslwd qxfohroxv pd|
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kdyh d srvlwlyh sd|r� lq wkh wzr0vwdjh jdph/ hyhq li wkh| duh qhyhu fkrvhq

wr eh sursrvhuv lq wkh frdolwlrq irupdwlrq vwdjh1

Wkh qrqfrrshudwlyh dssurdfk wr edujdlqlqj dqg frdolwlrq irupdwlrq kdv

riwhq ehhq fulwlfl}hg ehfdxvh ri wkh vhqvlwlyhqhvv ri wkh uhvxowv wr wkh gh0

wdlov ri wkh h{whqvlyh irup jdph1 Krzhyhu/ wklv surshuw| pd| dovr eh vhhq

dv d vwuhqjwk= lqvwlwxwlrqv suhvxpdeo| pdwwhu/ dqg gl�huhqw h{whqvlyh irup

jdphv pd| uh hfw gl�huhqw lqvwlwxwlrqdo hqylurqphqwv1 Lq wklv vhqvh/ wkh

wzr0vwdjh prgho zlwk uhyhuvleoh frdolwlrqv suhvhqwhg khuh lv d �uvw vwhs wr0

zdugv prghoolqj vlwxdwlrqv lq zklfk sod|hu*v frpplwphqw wr frdolwlrqv lv

lpshuihfw1

Uhihuhqfhv

^4` Doehuv/ Z1 +4<:;, Eorfn iruplqj whqghqflhv dv fkdudfwhulvwlfv ri edu0

jdlqlqj ehkdylru lq gl�huhqw yhuvlrqv ri dsh{ jdphv1 Lq= Vdxhupdqq/

K1 +hg1, Frqwulexwlrqv wr H{shulphqwdo Hfrqrplfv/ yro YLLL= Frdolwlrq

Iruplqj Ehkdylru1 M1F1E1 Prku/ Wÿelqjhq

^5` Dxpdqq/ U1 M1/ Guë}h/ M1 K1 +4<:7, Frrshudwlyh jdphv zlwk frdolwlrq

vwuxfwxuhv1 Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru| 6/ 54:056:

^6` Dxpdqq/ U1 M1/ P|huvrq/ U1 +4<;;, Hqgrjhqrxv irupdwlrq ri olqnv

ehwzhhq sod|huv dqg ri frdolwlrqv= dq dssolfdwlrq ri wkh Vkdsoh| ydoxh1

Lq= Urwk/ D1 +hg1, Wkh Vkdsoh| ydoxh1 Hvvd|v lq Krqru ri Oor|g Vkdsoh|1

Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh

^7` Edurq/ G1 S1/ Ihuhmrkq/ M1 D1 +4<;<, Edujdlqlqj lq ohjlvodwxuhv1 Dphul0

fdq Srolwlfdo Vflhqfh Uhylhz ;6/ 44;404539

^8` Ehqqhww/ H1 +4<;6, Wkh dvsludwlrq dssurdfk wr suhglfwlqj frdolwlrq iru0

pdwlrq dqg sd|r� glvwulexwlrq lq vlghsd|phqw jdphv1 Lqwhuqdwlrqdo

Mrxuqdo ri Jdph Wkhru| 45/ 405;

^9` Ehqqhww/ H1/ ydq Gdpph/ H1 +4<<4, Ghpdqg frpplwphqw edujdlqlqj=

wkh fdvh ri dsh{ jdphv1 Lq= Vhowhq/ U1 +hg1, Jdph Htxloleulxp Prghov/

Yro LLL= Vwudwhjlf Edujdlqlqj1 Vsulqjhu0Yhuodj/ Ehuolq
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^:` Elqpruh/ N1 +4<;:, Shuihfw htxloleuld lq edujdlqlqj prghov1 Lq= Elq0

pruh/ N1/ Gdvjxswd/ S1 +hgv1, Wkh Hfrqrplfv ri Edujdlqlqj1 Eodfnzhoo/

R{irug

^;` Elqpruh/ N1/ Uxelqvwhlq/ D1/ Zrolqvn|/ D1 +4<;9, Wkh Qdvk edujdlqlqj

vroxwlrq lq hfrqrplf prghoolqj1 Udqg Mrxuqdo ri Hfrqrplfv 4:/ 4:90;;

^<` Fkdwwhumhh/ N1/ Gxwwd/ E1/ Ud|/ G1/ Vhqjxswd/ N1 +4<<6, D qrqfrrshu0

dwlyh wkhru| ri frdolwlrqdo edujdlqlqj1 Uhylhz ri Hfrqrplf Vwxglhv 93/

7960::

^43` Furvv/ M1 +4<9:,1 Vrph wkhruhwlfdo fkdudfwhulvwlfv ri hfrqrplf dqg sr0

olwlfdo frdolwlrqv1 Mrxuqdo ri Frq lfw Uhvroxwlrq 44/ 4;704<81

^44` Gdylv/ P1/ Pdvfkohu/ P1 +4<98, Wkh nhuqho ri d frrshudwlyh jdph1 Qdydo

Uhvhdufk Orjlvwlfv Txduwhuo| 45/ 556058<

^45` Kduw/ V1/ Nxu}/ P1 +4<;6, Hqgrjhqrxv irupdwlrq ri frdolwlrqv1 Hfrqr0

phwulfd 84/ 437:04397

^46` Kduw/ V1/ Nxu}/ P1 +4<;7, Vwdeoh frdolwlrq vwuxfwxuhv1 Lq= Kroohu/ P1 M1

+hg1, Frdolwlrqv dqg Froohfwlyh Dfwlrq1 Sk|vlfd0Yhuodj/ Zÿu}exuj

^47` Krurzlw}/ D1 G1 +4<:6, Wkh frpshwlwlyh edujdlqlqj vhw iru frrshudwlyh

q0shuvrq jdphv1 Mrxuqdo ri Pdwkhpdwlfdo Sv|fkrorj| 43/ 59805;<

^48` Krurzlw}/ D1 G1/ Udsrsruw/ Dp1 +4<:7, Whvw ri wkh nhuqho dqg wzr

edujdlqlqj vhw prghov lq irxu0 dqg �yh0shuvrq jdphv1 Lq= Udsrsruw/

Dq1 +hg1, Jdph Wkhru| dv d Wkhru| ri Frq lfw Uhvroxwlrq1 G1 Uhlgho/

Gruguhfkw1

^49` Nrprulwd/ V1 V1/ Wxprqlv/ W1 P1 +4<;3, H{whqvlrqv dqg whvwv ri vrph

ghvfulswlyh wkhrulhv ri frdolwlrq irupdwlrq1 Mrxuqdo ri Shuvrqdolw| dqg

Vrfldo Sv|fkrorj| 6</ 589059;

^4:` Pdvfkohu/ P1 +4<<5, Wkh edujdlqlqj vhw/ nhuqho/ dqg qxfohroxv1 Lq= Dx0

pdqq/ U1M1/ Kduw/ V1 +hgv1, Kdqgerrn ri jdph wkhru| zlwk hfrqrplf

dssolfdwlrqv/ yro L1 Qruwk0Kroodqg/ Dpvwhugdp
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^4;` Ploohu/ F1 H1 +4<;3, H�hfwv ri sd|r�v dqg uhvrxufhv rq frdolwlrq irupd0

wlrq= d whvw ri wkuhh wkhrulhv1 Vrfldo Sv|fkrorj| Txduwhuo| 76/ 4870497

^4<` Prqwhur/ P1 +5334, Wkh qxfohroxv dv d frqvlvwhqw srzhu lqgh{ lq qrqfr0

rshudwlyh pdmrulw| jdphv1 FhqwHU iru Hfrqrplf Uhvhdufk Glvfxvvlrq

Sdshu Qr 533406<

^53` Prqwhur/ P1 +5335, Qrqfrrshudwlyh edujdlqlqj lq dsh{ jdphv dqg wkh

nhuqho1 Jdphv dqg Hfrqrplf Ehkdylru/ 63<06541

^54` Pruhool/ P1 +4<<<, Ghpdqg Frpshwlwlrq dqg Srolf| Frpsurplvh lq

Ohjlvodwlyh Edujdlqlqj1 Dphulfdq Srolwlfdo Vflhqfh Uhylhz <6/ ;3<0531

^55` Pxwkrr/ D1 +4<<<, Edujdlqlqj Wkhru| zlwk Dssolfdwlrqv1 Fdpeulgjh

Xqlyhuvlw| Suhvv/ Fdpeulgjh

^56` Rndgd/ D1 +4<<9, D qrqfrrshudwlyh frdolwlrqdo edujdlqlqj jdph zlwk

udqgrp sursrvhuv1 Jdphv dqg Hfrqrplf Ehkdylru 49/ <:043;

^57` Rveruqh/ P1 M1/ Uxelqvwhlq/ D1 +4<<3, Edujdlqlqj dqg Pdunhwv1 Dfd0

ghplf Suhvv

^58` Udsrsruw/ Dp1/ Ndkdq/ M1 S1/ Ixqn/ V1 J1/ Krurzlw}/ D1 G1 +4<:<,

Frdolwlrq Irupdwlrq e| Vrsklvwlfdwhg Sod|huv1 Vsulqjhu0Yhuodj/ Khlgho0

ehuj

^59` Udsrsruw/ Dp1/ Ndkdq/ M1 S1 dqg W1 V1 Zdoovwhlq1 +4<:;, Vrxufhv ri

srzhu lq irxu0shuvrq dsh{ jdphv1 Lq K1 Vdxhupdqq +hg1, Frqwulex0

wlrqv wr H{shulphqwdo Hfrqrplfv/ yro YLLL= Frdolwlrq Iruplqj Ehkdy0

lru1 M1F1E1 Prku/ Wÿelqjhq1

^5:` Vfkphlgohu/ G1 +4<9<, Wkh qxfohroxv ri d fkdudfwhulvwlf ixqfwlrq jdph

VLDP Mrxuqdo rq Dssolhg Pdwkhpdwlfv 4:/ 4496044:3

^5;` Vhowhq/ U1 +4<;4, D qrqfrrshudwlyh prgho ri fkdudfwhulvwlf ixqfwlrq

edujdlqlqj1 Lq= Eùkp/ Y1/ Qdfkwndps/ K1 K1 Hvvd|v lq Jdph Wkhru|

dqg Pdwkhpdwlfdo Hfrqrplfv1 Eleolrjudsklvfkhv Lqvwlwxw/ Pdqqkhlp
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^5<` Vhowhq/ U1/ Vfkxvwhu/ N1J1 +4<9;, Sv|fkrorjlfdo yduldeohv dqg frdolwlrq0

iruplqj ehkdylru1 Lq= Erufk/ N1/ Prvvlq/ M1 Ulvn dqg Xqfhuwdlqw|1

Pdfploodq/ Orqgrq

^63` Volnnhu/ P1 +5333, Ghflvlrq pdnlqj dqg frrshudwlrq uhvwulfwlrqv1 Sk1G1

Wkhvlv/ Wloexuj Xqlyhuvlw|1

^64` yrq Qhxpdqq/ M1 dqg R1 Prujhqvwhuq +4<77,1 Wkhru| ri Jdphv dqg

Hfrqrplf Ehkdylru1 Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv1

^65` Zdoophlhu/ H1 +4<;6, Ghu i0Qxfohroxv xqg hlq g|qdplvfkhv Yhukdqg0

oxqjvprghoo dov Oùvxqjvnrq}hswh iÿu nrrshudwlhyh q0Shuvrqhqvslhoh1

Lqvw1 i1 Pdwk1 Vwdwlvwln/ Pÿqvwhu
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