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Devwudfw

Wklv sdshu lqyhvwljdwhv frqwudfwlqj vlwxdwlrqv zkhuh jlylqj dzd| vrph frqwuro

uljkwv hqkdqfhv erwk wkh grqru*v dqg wkh uhfhlyhu*v lqfhqwlyhv wr frrshudwh lq wkh

ixwxuh1 Zh gh�qh d sduwldo frqwudfwlqj iudphzrun zlwk qrq0yhul�deoh dfwlrqv

iru zklfk hlwkhu frqwuro lv frqwudfwleoh +frqwudfwleoh frqwuro dfwlrqv, ru wkh uljkw

wr wudqvihu frqwuro h{srvw wr dqrwkhu sduw| lv frqwudfwleoh +wudqvihudeoh frqwuro

dfwlrqv,1 Xqghu lqfrpsohwh lqirupdwlrq/ zkhq frqwuro ryhu sduwlfxodu dfwlrqv lv

wudqvihudeoh exw qrw frqwudfwleoh/ lw fdq eh rswlpdo wr jlyh rqh sduw| wkh uljkw

wr wudqvihu frqwuro ryhu d sduwlfxodu dfwlrq wr wkh rwkhu sduw|/ lq rughu iru wkdw

sduw| wr exlog d uhsxwdwlrq uhjduglqj khu zloolqjqhvv wr frrshudwh lq wkh ixwxuh1
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4 Prwlydwlrq dqg Iudphzrun

Dq lpsruwdqw ihdwxuh ri wkh Jurvvpdq0Kduw +4<;9, prgho ri Yhuwlfdo dqg Odwhudo

Lqwhjudwlrq lv wkdw glvwulexwlqj rzqhuvkls uljkwv wr rqh sduw| w|slfdoo| lqfuhdvhv

wkh lqfhqwlyhv wr lqyhvw ri wkdw sduw| zklovw lw uhgxfhv wkh lqyhvwphqw lqfhqwlyhv ri

wkh rwkhu sduw|1 Lq wklv sdshu/ zh lqyhvwljdwh d frqwudfwlqj vlwxdwlrq zkhuh jlylqj

dzd| vrph frqwuro uljkwv hqkdqfhv erwk/ wkh grqru*v dqg wkh uhfhlyhu*v lqfhqwlyhv

wr frrshudwh lq wkh ixwxuh/ wkdw lv wr lqyhvw pruh lq wkh mrlqw xqghuwdnlqj1 Zh

dovr kdyh d vhfrqg/ pruh phwkrgrorjlfdo remhfwlyh= lq rxu vhwxs/ zh duh ohg wr

gh�qh wkh frqfhsw ri sduwldo frqwudfwlqj/ zklfk uhihuv wr d vlwxdwlrq zkhuh irupdo

frqwudfwv/ udwkhu wkdq ghwhuplqlqj wkh hqwluh uhodwlrq ehwzhhq wkh frqwudfwlqj

sduwlhv/ fdq rqo| lq xhqfh �wkdw lv/ eh vxshulpsrvhg xsrq� wkh xqghuo|lqj jdph

ehwzhhq wkhp1 Wr eh pruh vshfl�f/ frqvlghu wkh iroorzlqj srodu fdvhv=

+l, dw rqh h{wuhph/ d zruog zlwk ixoo| frqwudfwleoh dfwlrqv/ erwk h{ dqwh dqg

h{ srvw= lq vxfk d zruog/ wkh uhodwlrqvkls ehwzhhq wkh frqwudfwlqj sduwlhv lv ixoo|

ghwhuplqhg e| wkh lqlwldo frqwudfw ru phfkdqlvp> wklv fdvh hqfrpsdvvhv wkh �0

fodvvlfdo� lpsohphqwdwlrq olwhudwxuh ã od Pdvnlq +4<<<, ru Prruh0Uhsxoor +4<;;,/

zkhuh rqh fdq frqwudfw rq hqwluh h{whqvlyh irupv> lq wklv fdvh/ wkh frqwudfwlqj

sduwlhv fdq olplw wkhpvhoyhv wr vhqglqj +srvvleo| vhtxhqwldo, phvvdjhv wr d �sodq0

qhu� zkr wkhq wdnhv ru glfwdwhv doo uhohydqw dfwlrqv>

+ll, dw wkh rwkhu h{wuhph/ d zruog zlwk rqo| qrqfrqwudfwleoh dqg suh0dvvljqhg

dfwlrqv= wkhq/ wkh jdph ehwzhhq wkh sduwlhv lqyroyhg lv kdugo| d�hfwhg e| wkh
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lqlwldo frqwudfw> wklv fdvh hqfrpsdvvhv vwdqgdug jdph0wkhruhwlf prghov/ zkhuh

wkhuh lv qr urrp iru frqwudfwlqj dw doo/ exw dovr prudo kd}dug prghov +ã od Pluuohhv

+4<<<,/ Kropvwuùp +4<:</ 4<;5,/ 111,/ zkhuh dfwlrqv duh qrqfrqwudfwleoh dqg suh0

dvvljqhg1

Lq wklv sdshu/ zh duh lqwhuhvwhg lq wkh lqwhuphgldwh/ �sduwldo� frqwudfwlqj fdvh

zkhuh vrph dfwlrqv duh qrqyhul�deoh h{ srvw dqg wkhuhiruh qrw frqwudfwleoh/ vr

wkdw wkrvh dfwlrqv fdqqrw eh ghohjdwhg wr �ru glfwdwhg e|� d vrfldo sodqqhu/ dqg

|hw frqwuro ryhu vxfk dfwlrqv pd| eh +sduwo|, frqwudfwleoh1 Zh ihho wkdw wklv lqwhu0

phgldwh fdvh lv pxfk ulfkhu wkdq kdv ehhq uhfrjql}hg vr idu e| frqwudfw0wkhruhwlf

prghov4/ zklfk kdyh irfxvhg d orw rq wkh glvwlqfwlrq ehwzhhq �frpsohwh�dqg �lq0

frpsohwh� frqwudfwv/ dqg rq wkh surshu irxqgdwlrqv ri wkh odwwhu1 E| frqvlghulqj

d g|qdplf/ lqfrpsohwh lqirupdwlrq frqwh{w/ zh looxvwudwh wkh ulfkqhvv ri wkhvh vlw0

xdwlrqv ri sduwldo frqwudfwlqj/ zklfk ixuwkhupruh surylgh erwk surshu dqg vlpsoh

irxqgdwlrqv= Lqwurgxflqj h{ srvw qrqyhul�delolw| ri dfwlrqv uhgxfhv wkh srzhu ri

phvvdjh jdphv dqg wkxv uhvwruhv d uroh iru rzqhuvkls dqg frqwuro doorfdwlrqv/ dv

qrwlfhg e| vhyhudo sdshuv lq wkh olwhudwxuh1

H{0srvw xqyhul�delolw| ri dfwlrqv phdqv wkdw h{0srvw h!flhqf| lv d vhulrxv

sureohp/ lq frqwudvw zlwk wkh Jurvvpdq0Kduw +4<;9, prgho dqg lq wkhZlooldpvrqldq

xqghulqyhvwphqw prghov wkdw duh lq wkh vdph wudglwlrq1 Lq wkrvh prghov/ h{0srvw

h!flhqf| lv hdv| wr dfklhyh/ dqg wkh irfxv lv pdlqo| rq h{0dqwh h!flhqf|/ wkdw lv/

lqyhvwphqw h!flhqf|1 Khuh/ vhyhudo h{0srvw xqyhul�deoh dfwlrqv kdyh wr eh wdnhq

4Vhh wkh hqg ri wkh sdshu iru uhihuhqfhv1
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vhtxhqwldoo|/ dqg wkh remhfwlyh ri wkh frqwudfw lv wr hqvxuh wkdw erwk sduwlhv eh0

kdyh �frrshudwlyho|�1 Lq wkhvh fdvhv/ glylglqj frqwuro ehwzhhq wkh wzr sduwlhv

fdq eh d �zlq0zlq� duudqjhphqw1 Lqwhuhvwlqjo|/ wkh rswlpdolw| ri vxfk d frqwuro

duudqjhphqw ghshqgv rq wkh h{dfw h{whqw wr zklfk frqwuro fdq eh g|qdplfdoo|

doorfdwhg/ dv zh h{sodlq ehorz1

Zh hpskdvl}h wkh glvwlqfwlrq ehwzhhq frqwudfwleoh dqg wudqvihudeoh frqwuro1

Frqwudfwleoh frqwuro dfwlrqv duh gh�qhg dv dfwlrqv wkdw fdqqrw eh frqwudfwhg

xsrq/ exw iru zklfk d frqwudfw fdq vshfli| zkr lv doorzhg wr xqghuwdnh wkhp/

wkdw lv/ zkr lv lq frqwuro1 Wudqvihudeoh frqwuro dfwlrqv duh gh�qhg dv dfwlrqv wkdw

fdqqrw eh frqwudfwhg xsrq dqg iru zklfk ghflvlrq uljkwv fdqqrw eh frqwudfwxdoo|

doorfdwhg dw wkh rxwvhw/ exw zkhuh frqwuro ryhu vxfk dfwlrqv fdq eh jlyhq +wudqv0

ihuuhg, odwhu rq wr rqh ru wkh rwkhu sduw|1 Lq wkdw fdvh/ wkh lqlwldo frqwudfw fdqqrw

vshfli| zkr kdv frqwuro ryhu d jlyhq dfwlrq/ exw vwloo lw fdq vshfli| zklfk sduw|

ghflghv derxw zkr kdv xowlpdwh frqwuro ryhu wkh dfwlrq1

Lq rxu prgho/ rqh sduw| rswlpdoo| ghflghv wr jlyh vrph frqwuro dw wkh vwduw wr

wkh rwkhu sduw| lq rughu wr ohduq derxw khu wuxvwzruwklqhvv dqg khu zlolqjqhvv wr

frrshudwh lq wkh ixwxuh1 Wklv vwru| lv frqvlvwhqw zlwk wkh zlghvsuhdg sudfwlfh ri

zulwlqj lqlwldo vkruw0whup frqwudfwv lq rughu wr �whvw� rqh*v frqwudfwlqj sduwqhu/

ehiruh jrlqj iru d pruh vxvwdlqhg uhodwlrqvkls1 Edqhumhh dqg Gx r*v +4<<<, vwxg|

ri wkh Lqgldq fxvwrpl}hg vriwzduh lqgxvwu| surylghv dq looxvwudwlrq ri vxfk wzr0

vwhs frqwudfwlqj surfhvv= zkhq d elj XV frpsxwhu �up vwduwv frqwudfwlqj zlwk d
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vpdoo Lqgldq vriwzduh �up zlwkrxw uhsxwdwlrq/ lw vljqv d frqwudfw zklfk doorzv wkh

vpdoo �up wr vwduw exloglqj d uhsxwdwlrq/ zkloh qrqhwkhohvv lpsrvlqj d vljql�fdqw

vkduh ri wkh ulvn rq wkh vpdoo �up1 Rqfh suhylrxv frqwudfwlqj uhodwlrqvklsv kdyh

ohg wr hqkdqfh wkh uhsxwdwlrq ri wkh vpdoo �up/ wkh sduwlhv wkhq pryh wr frqwudfwv

zkhuh wkh elj �up wdnhv pruh ri wkh ulvn1

5 Frqwuro wudqvihu dv d uhsxwdwlrq0exloglqj ghylfh

Frqvlghu wkh iroorzlqj wzr0vwdjh vwudwhjlf uhodwlrqvkls=

� lq vwdjh 4/ rqh ri wkh wzr sduwlhv +� dqg �, kdv wr wdnh dq dfwlrq iru zklfk

rqo| frqwuro pd| eh frqwudfwleoh1

� lq vwdjh 5/ erwk sduwlhv kdyh wr vlpxowdqhrxvo| wdnh d qrqfrqwudfwleoh df0

wlrq/ ryhu zklfk frqwuro lv suh0dvvljqhg1

Lq hdfk vwdjh d sduw| fdq fkrrvh wr frrshudwh +dfwlrq S, ru qrw +dfwlrq @ iru �

dqg K iru �,> krzhyhu/ zklovw rqo| rqh sduw| dfwv lq wkh �uvw vwdjh/ erwk sduwlhv

pxvw dfw lq wkh vhfrqg vwdjh1

Iru vlpsolflw|/ frqvlghu d sxuh +wlph0dgglwlyh, sulydwh ehqh�w sd|r� vwuxf0

wxuh5= wkh dfwlrqv jhqhudwh qrqyhul�deoh sulydwh ehqh�wv dqg wkh sduwlhv duh qrw

uhvsrqvlyh wr prqhwdu| lqfhqwlyhv1 Frqwudfwlqj lv wkxv qhfhvvdulo| sduwldo= lw pd|

ghwhuplqh zkr wdnhv wkh dfwlrq lq vwdjh � exw ohdyhv qr vfrsh wr �ex|�/ �vhoo�

5Vhh Djklrq hw do1 +5333, iru dq h{whqvlrq wr wkh fdvh ri sd|r�v uhvsrqvlyh wr prqhwdu|

ehqh�wv1
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ru �dxfwlrq0r�� frqwuro uljkwv> pruhryhu/ wkhuh lv qr vfrsh hlwkhu iru phvvdjh

jdphv rqfh wkh �uvw dfwlrq lv fkrvhq vlqfh/ frqwuro iru wkh dfwlrqv xqghuwdnhq

lq wkh vhfrqg vwdjh ehlqj suh0dvvljqhg/ wkhuh lv wkhq qrwklqj wr �r�hu� +qhlwkhu

prqhwdu| wudqvihuv qru frqwuro uljkwv, lq h{fkdqjh iru lqirupdwlrq uhyhodwlrq1

Zh �uvw ghvfuleh wkh sd|r�v dqg wkh frqwlqxdwlrq htxloleuld ri wkh jdph/

vwduwlqj iurp vwdjh �c zkhq wkh dfwxdo ghflvlrq0pdnhu pxvw ghflgh xsrq klv ru

khu frxuvh ri dfwlrq1 Dvvxph wkdw frrshudwlrq lv pruh dwwudfwlyh wr �jrrg w|shv�

wkdq wr �edg w|shv�/ vr wkdw wkh sduw| lq fkdujh lq vwdjh 4 pd| ghflgh wr frrshudwh

wr �vljqdo� klv ru khu w|sh1 Wr nhhs wkh dqdo|vlv vlpsoh/ dvvxph wkdw rqo| � fdq

eh ri d edg w|sh/ zlwk h{0dqwh suredelolw| >1

Lq wkh �uvw vwdjh/ sd|r�v duh dv iroorzv=

Dfwlrq �*v sd|r�
�*v sd|r�

+jrrg w|sh,

�*v sd|r�

+edg w|sh,

S � � f

@ @ f f

K f K ZW

zlwk @c Kc ZW : �c vr wkdw hdfk sduw| zrxog jdlq e| sod|lqj qrqfrrshudwlyho| lq

wkh jdph frpsrvhg ri rqo| wkdw vwdjh1

Lq wkh vhfrqg vwdjh/ li sduw| � lv ri d �jrrg w|sh� wkh sd|r�v duh jlyhq e|=

8



�

S K

�
S

@

ZSc ZS

hZc eZ
eZc hZ
fc f

zkhuh/ dv ehiruh/ ZS : f : 	Z dqg ZS : hZ� Xqghu frpsohwh lqirupdwlrq wklv jdph

kdv wkhuhiruh wzr sxuh0vwudwhj| Qdvk htxloleuld= d jrrg rqh zkhuh erwk sod|huv

frrshudwh/ dqg d edg rqh zkhuh qhlwkhu sod|hu frrshudwhv1

Li sduw| � lv lqvwhdg ri d �edg w|sh�/ wkh vhfrqg0vwdjh sd|r� pdwul{ ehfrphv=

�

S K

�
S

@

ZSc ZS

hZc eZ
eZc hZ n{

fc f

zlwk hZn{ : ZS1 Lq wklv fdvh/ wkhuh lv rqo| rqh Qdvk htxloleulxp xqghu frpsohwh

lqirupdwlrq/ zklfk lqyroyhv qr frrshudwlrq1

Li wkh jdph frqvlvwhg rqo| ri vwdjh 5 dqg rqo| sod|hu � nqhz khu w|sh/ lw lv

hdv| wr vhh wkdw zh zrxog kdyh dw prvw wzr sxuh0vwudwhj| Ed|hvldq htxloleuld=

+l, d �edg� htxloleulxp +zklfk dozd|v h{lvwv, zkhuh qrerg| frrshudwhv dqg wkxv

erwk sduwlhv jhw f> +ll, d �jrrg� htxloleulxp/ zkhuh � frrshudwhv dqg zkhuh �

frrshudwhv zkhqhyhu vkh lv ri jrrg w|sh/ zklfk |lhogv d srvlwlyh h{shfwhg sd|r�
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wr doo sduwlhv1 Wklv htxloleulxp h{lvwv li > � >W � Z
S
3hZ

Z
S
3hZ3eZ

	 �1 Wkh jrrg

htxloleulxp Sduhwr0grplqdwhv wkh edg rqh zkhqhyhu lw h{lvwv61 Zh vkdoo wkxv

dvvxph wkdw/ zkhqhyhu wkh jrrg htxloleulxp h{lvwv/ lw lv dxwrpdwlfdoo| sod|hg e|

wkh sduwlhv +whfkqlfdoo|/ wklv dprxqwv wr dvvxplqj �Sduhwr0shuihfwlrq�,1

Wzr sureohpv pd| wkhuhiruh dulvh gxh wr lqfrpsohwh lqirupdwlrq/ wkdw lv/

zkhqhyhu > : f= �uvw/ zkhq > lv wrr odujh/ wkh jrrg htxloleulxp glvdsshduv dqg

wkh xqltxh htxloleulxp rxwfrph lv wkdw qrerg| frrshudwhv> vhfrqg/ hyhq lq wkh

jrrg htxloleulxp/ zkhq � lv ri edg w|sh/ � rewdlqv d qhjdwlyh sd|r� Eqdpho|/ eZ�
e| sod|lqj wkh frrshudwlyh dfwlrq dorqh1

Zh qrz h{soruh dowhuqdwlyh phdqv zkhuhe| wkhvh wzr sureohpv fdq eh vroyhg1

Wr �{ lghdv/ dvvxph wkdw/ lqlwldoo|/ � kdv frqwuro ryhu vwdjh � +h1j1/ vwdjh � lv

sduw ri d eljjhu surmhfw ryhu zklfk � kdv ehhq doorfdwhg joredo frqwuro uljkwv dw

d suholplqdu| vwdjh f, dqg vwxg|/ iurp �*v shuvshfwlyh/ wkh rswlpdo xvh ri wkdw

frqwuro uljkw1

514 Frqwudfwleoh frqwuro

Dvvxph �uvw wkdw/ zkloh wkh vwdjh04 dfwlrq lv lwvhoi qrw frqwudfwleoh/ rqh fdq

frqwudfw ryhu zkr kdv frqwuro ryhu lw1 Wkhq/ � fdq xvh d phfkdqlvp dvnlqj �

wr uhyhdo khu w|sh dqg wkhq dvvljq frqwuro dffruglqjo| vr dv wr lqgxfh wuxwkixo

6Lqghhg/ sod|hu E/ zkdwhyhu khu w|sh/ suhihuv sod|hu D wr frrshudwh/ dqg sod|hu D lv dovr

ehwwhu r� lq wkh jrrg htxloleulxp/ vlqfh kh rewdlqv d srvlwlyh h{shfwhg sd|r� lqvwhdg ri }hur

lq wkh edg htxloleulxp1
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uhyhodwlrq1 Wdnlqj lqwr dffrxqw �*v lqfhqwlyh dqg sduwlflsdwlrq frqvwudlqwv/ wkh

iroorzlqj phfkdqlvp pd{lpl}hv �*v h{shfwhg ehqh�w +vhh Djklrq hw do1 +5333,,=

� dvn � wr uhsruw khu w|sh>

� wkhq/ li � uhsruwv=

� d jrrg w|sh/ wkhq � nhhsv frqwuro>

� d edg w|sh/ wkhq � doorfdwhv frqwuro wr � zlwk suredelolw|
hZ n{

ZW
1

Lq wkh jdph jhqhudwhg e| wklv phfkdqlvp/ wkhuh h{lvwv dq htxloleulxp lq

zklfk= +l, � lqghhg uhsruwv khu w|sh wuxwkixoo| dqg fkrrvhv K zkhqhyhu vkh lv

frqwuro +wkdw lv/ � grhv qrw vljqdo khu w|sh wkurxjk khu vwdjh � ghflvlrq/ exw

ehiruh0 dqg gluhfwo|0 wkurxjk khu uhsruw,> +ll, � fkrrvhv @ zkhqhyhu kh lv lq

frqwuro1 Lq wklv htxloleulxp/ �*v h{shfwhg sd|r� lv htxdo wr=

�
�� >

hZ n{

ZW

�
@n E�� >� ZS�

Wklv uhyhodwlrq phfkdqlvp wkxv dgguhvvhv wkh wzr sureohpv phqwlrqhg deryh/

vlqfh wkh uhyhodwlrq ri �*v w|sh doorzv � wr frrshudwh lq vwdjh 2 zkhq 0dqg

rqo| zkhq0 lw lv ghvludeoh wr gr vr> krzhyhu/ wklv uhyhodwlrq kdv d frvw= � pxvw

�uhzdug� d edg w|sh � iru whoolqj wkh wuxwk/ qdpho| e| judqwlqj frqwuro wr wkdw

w|sh lq vwdjh �1
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515 Wudqvihudeoh frqwuro

Zklovw wkh deryh frqwudfw looxvwudwhv krz frqwuro doorfdwlrq fdq eh xvhg wr lqgxfh

wuxwk0whoolqj lq dq rwkhuzlvh vwdqgdug uhyhodwlrq jdph frqwh{w/ wklv frqwudfw vxi0

ihuv iurp reylrxv fuhglelolw| sureohpv= � kdv qr lqfhqwlyhv wr wudqvihu dq| frqwuro

uljkw wr � rqfh kh nqrzv �*v w|sh1 Lw lv wkxv zruwk h{sorulqj wkh fdvh zkhuh

� fdqqrw frpplw wr wudqvihu frqwuro h{ dqwh dw wkh frqwudfwlqj vwdjh/ exw fdq

vwloo fkrrvh wr gr vr h{ srvw dw vwdjh �1 Wklv fruuhvsrqgv wr wkh +qrqfrqwudfwleoh0

exw0,wudqvihudeoh0frqwuro fdvh/ lq zklfk rqh sduw|/ vd| �c kdv ehhq lqlwldoo| sxw

lq fkdujh ri wkh vwdjh04 surmhfw/ exw |hw fdq ghflgh/ dw wkh ehjlqqlqj ri vwdjh 4/

wr wudqvihu frqwuro ryhu vwdjh � dfwlrq wr �1

Dq h{dpsoh ri wklv vlwxdwlrq lv wkh iroorzlqj= dvvxph wkdw xqghuwdnlqj wkh

vwdjh � dfwlrq uhtxluhv wkh dftxlvlwlrq ri vnloov dqg nqrzohgjh/ dqg sduw| � lv

lqlwldoo| lq fkdujh ri ghflglqj zkr uhfhlyhv wkh uhtxluhg wudlqlqj/ � ru �> li wkh

qhhghg vnloov dqg nqrzohgjh duh qrw hdvlo| yhul�deoh/ rxwvlgh sduwlhv pd| eh

xqdeoh wr dvvhvv zkr kdv uhfhlyhg wkh uhtxluhg wudlqlqj/ dqg � lv lq d srvlwlrq wr

ghflgh zkr uhfhlyhv wklv wudlqlqj zlwkrxw ehlqj deoh wr frpplw klpvhoi h{ dqwh

rq wkdw vxemhfw1

Wudqvihudeoh frqwuro lv sduwlfxoduo| uhohydqw zkhq wkh surmhfw lqyroyhv pdq|

wdvnv dqg frqwuro fdq eh frqwudfwhg rqo| �joredoo|�1 Lw pljkw wkhq eh lqh!flhqw

wr dedqgrq doo frqwuro uljkwv wr � dw wkh frqwudfwlqj vwdjh f> iru h{dpsoh/ �

pljkw wkhq ehkdyh lq d �fud}|� zd| iru vrph dvshfwv ri wkh surmhfw/ wkhuhe|
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mhrsdugl}lqj lwv ryhudoo uhwxuq> |hw/ wudqvihuulqj frqwuro ri wkh vshfl�f vwdjh04

dfwlrq ghvfulehg deryh lv srwhqwldoo| �qh= hyhq wkrxjk lw lqyroyhv vrph vwdjh04

frvw/ vxfk +sduwldo, wudqvihu ri frqwuro pd| eh zruwkzkloh lqvridu dv lw doorzv �

wr dftxluh lqirupdwlrq derxw � wkdw fdq eh xvhixo lq vwdjh 5 ri wkh uhodwlrqvkls1

Zh vkdoo wkxv dvvxph wkdw � lv lqlwldoo| lq frqwuro ri vwdjh 4 exw fdq ghflgh/ dw

d suhylrxv vwdjh f/ wr wudqvihu/ qrqfrqwudfwxdoo| exw luuhyhuvleo|/ frqwuro ri wkh

vwdjh04 dfwlrq wr �1

Zkdw zloo eh wkh rswlpdo frqwudfw xqghu wkhvh dvvxpswlrqv B Qrw vxusulv0

lqjo|/ wkhuh lv olwwoh vfrsh iru phvvdjh jdphv lq wklv wudqvihudeoh0frqwuro frqwh{w1

Krzhyhu/ � pd| �qg lw rswlpdo wr wudqvihu frqwuro ri wkh vwdjh04 dfwlrq wr �/

lq rughu wr doorz � wr exlog d uhsxwdwlrq/ wkdw lv wr vljqdo khu zloolqjqhvv wr

frrshudwh lq wkh ixwxuh1 Wklv krzhyhu uhtxluhv +vhh Djklrq hw do1 +5333,,=

� �uvw/ wkdw � �qgv lw lq khu lqwhuhvw wr vljqdo khu w|sh/ wkdw lv/ frrshudwh lq

vwdjh 4 li dqg rqo| li vkh lv �jrrg�1 Wklv uhtxluhv wkh jdlq iurp lqgxflqj

� wr frrshudwh lq vwdjh05 wr rxwzhljk wkh frvw ri vwdjh04 frrshudwlrq e| �

li dqg rqo| li � lv jrrg/ wkdw lv/ ZS � K� � dqg ZW � hZ n{1

� vhfrqg/ wkdw wkh suredelolw| ri d edg w|sh/ >/ lv idu hqrxjk iurp 3 dqg iurp

4/ vr wkdw wkh jdlq iru � iurp ohduqlqj �*v w|sh lv qrw wrr orz1

Qrwh wkdw wudqvihuulqj frqwuro wr � lv ohvv h!flhqw iru � wkdq wkh uhyhodwlrq

phfkdqlvpv wkdw kh frxog xvh li frqwuro ri wkh vwdjh � dfwlrq zhuh frqwudfwleoh=

zkloh � dfklhyhv wkh vdph sd|r� lq vwdjh 5 lq erwk fdvhv/ kh rqo| rewdlqv dq
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h{shfwhg vwdjh04 sd|r� ri E� � >� lq wkh wudqvihudeoh frqwuro fdvh/ zkloh lq wkh

frqwudfwleoh frqwuro fdvh/ kh rewdlqv lq vwdjh 4=

�
�� >

hZ n{

ZW

�
@ : �� >�

Wkhuhiruh/ li � frxog fuhgleo| frpplw wr jlyh dzd| frqwuro/ kh zrxog udwkhu

xvh d uhyhodwlrq phfkdqlvp dqg jlyh frqwuro wr � li dqg rqo| li vkh dffhswv wr

uhyhdo khu edg w|sh> lw lv rqo| zkhq frqwuro lv qrqfrqwudfwleoh exw wudqvihudeoh

wkdw wkh pruh lqwxlwlyh uhsxwdwlrq0exloglqj phfkdqlvp 0 ri wkh irup �jlyh � d

wu|/ wr vhh krz vkh ehkdyhv� 0 ehfrphv rswlpdo1

6 Olqnv zlwk wkh olwhudwxuh

614 Uhsxwdwlrq exloglqj

Rxu lqfrpsohwh lqirupdwlrq vwru| lv uhodwhg wr jdph0wkhruhwlf prghov ri uhsxwd0

wlrq exloglqj/ vwduwlqj zlwk wkh zrun ri Nuhsv hw do1 +4<;5,1 Vreho +4<;8, dqg/

pruh uhfhqwo|/ Zdwvrq +4<<<,/ frqvlghu krz ydu|lqj wkh vwdnhv ri wkh uhodwlrq0

vkls fkdqjhv wkh hyroxwlrq ri uhsxwdwlrq1 Krzhyhu/ wkhvh sdshuv gr qrw frqvlghu

h{solflw frqwudfwv/ ru wkh olqn zlwk frqwudfwxdo frqwuro uljkwv dqg uhsxwdwlrq1

Dovr uhodwhg wr rxu zrun lv wkh dujxphqw ri Errw hw do1 +4<<6, / zkr vwuhvv

wkdw �ordq frpplwphqw frqwudfwv� wkdw doorz edqnv wr xqlodwhudoo| uhqhjh rq

wkhlu frpplwphqwv lpso| wkdw wkh edqn*v uhsxwdwlrq iru �idluqhvv� lv hqkdqfhg

zkhq wkh| gr qrw dfwxdoo| uhqhjh1 Wkhlu sdshu krzhyhu irfxvhv rq d vshfl�f
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frqwudfwxdo ghylfh lqvwhdg ri orrnlqj dw wkh lvvxh ri rswlpdo frqwudfw ghvljq dqg

wkh doorfdwlrq ri frqwuro uljkwv lq jhqhudo1

615 Frpsohwh yhuvxv lqfrpsohwh frqwudfwlqj

Wklv sdshu lv dovr uhodwhg wr wkh wkhru| ri lqfrpsohwh frqwudfwv +vhh Jurvvpdq0

Kduw +4<;9,/ Kduw0Prruh +4<<3, ru Kduw +4<<8,,1 Zkloh wklv wkhru| lv zlgho|

dgrswhg dv d vlpsoh dqg qdwxudo iudphzrun wr wklqn derxw �upv dqg rujdql}d0

wlrqv/ lwv irxqgdwlrqv kdyh ehhq ghedwhg1 Wkh ghedwh kdv uhfhqwo| ehhq vsxuuhg

e| Pdvnlq dqg Wluroh +4<<<d,/ zkr vkrz wkdw wkh h{ dqwh qrq0ghvfuledelolw| ri

dfwlrqv dqg vwdwhv ri qdwxuh dvvxphg lq wkh wkhru| kdv qr elwh rq wkh ehvw lp0

sohphqwdeoh rxwfrphv zkhq= +l, phvvdjh jdphv fdq eh ixoo| uholhg xsrq/ dqg

+ll, h{ srvw dfwlrqv dqg sd|r�v duh yhul�deoh71 Lq uhvsrqvh wr wklv fulwlflvp/ vhy0

hudo sdshuv +vhh Vhjdo +4<<<,/ Kduw0Prruh +4<<<d,/ dqg Pdvnlq0Wluroh +4<<<e,,

kdyh wdnhq wkh dssurdfk ri dvvxplqj erwk/ h{ srvw dqg h{ dqwh frqwudfwlelolw|

ri dfwlrqv8/ zklovw dw wkh vdph wlph lqwurgxflqj frpsoh{lw| dqg uhqhjrwldwlrq

frqvwudlqwv wkdw olplw wkh srzhu ri frpsohwh frqwudfwv wr olwwoh pruh wkdq zkdw

fdq eh rewdlqhg zlwkrxw dq| frqwudfw ru e| vlpso| doorfdwlqj rzqhuvkls1

Lq wklv sdshu/ zh gr qrw uho| rq dq| gl�huhqfh ehwzhhq h{ dqwh dqg h{ srvw

frqwudfwlelolw| hlwkhu1 Exw zh h{soruh vlwxdwlrqv zkhuh dfwlrqv duh h{ dqwh dqg

7Vhh dovr Wluroh +4<<<, dqg Pdvnlq +5335, iru h{dpsohv ri wklv uhvxow1
8Ri frxuvh/ wklv frqfhuqv �h{0srvw dfwlrqv�/ wkdw lv/ wudgh ohyhov/ qrw �h{0dqwh dfwlrqv�/ wkdw

lv/ lqyhvwphqw ohyhov/ zklfk duh dvvxphg qrw wr eh frqwudfwleoh1
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h{ srvw qrqfrqwudfwleoh/ dqg |hw zkhuh frqwuro ryhu wkhvh dfwlrqv lv frqwudfwleoh

ru wudqvihudeoh1 Lq wklv sduwldo frqwudfwlqj frqwh{w/ zh fdq fdswxuh vrph ri wkh

pdlq lqvljkwv ri lqfrpsohwh frqwudfwv prghov/ lq sduwlfxodu wkh qrwlrq ri jry0

huqdqfh vwuxfwxuh/ lq d vlpsoh dqg zhoo0irxqghg zd| +doorzlqj lq sduwlfxodu iru

xquhvwulfwhg phvvdjh jdphv,91

Dffruglqj wr Kduw0Prruh +4<<<d,/ d nh| glvwlqfwlrq ehwzhhq frpsohwh dqg

lqfrpsohwh frqwudfwlqj lv wkh delolw| ru lqdelolw| wr frpplw qrw wr uhqhjrwldwh

wkh lqlwldo frqwudfw> rxu sduwldo frqwudfwlqj dssurdfk uhvwdwhv wklv ylhz lq d pruh

jhqhudo idvklrq dv d frqwudvw ehwzhhq d zruog zkhuh frqwudfwv fdq ghwhuplqh wkh

hqwluh uhodwlrq ehwzhhq wkh sduwlhv dqg d zruog zkhuh frqwudfwv fdq rqo| wu| dqg

lq xhqfh dq h{lvwlqj xqghuo|lqj jdph ehwzhhq wkhp1 Wklv gh�qlwlrq hqfrpsdvvhv

erwk fodvvlfdo prudo kd}dug prghov dqg wkh ydulrxv sdshuv wkdw irfxv rq frqwudfw

uhqhjrwldwlrq/ vxfk dv Kduw0Prruh +4<;;,/ Fkxqj +4<<4,/ Djklrq hw do1 +4<<7,/

Qroghnh0Vfkplgw +4<<8, ru Pdvnlq0Prruh +4<<<,1 Lq frqwudvw wr rxu sdshu/ wkhvh

sdshuv gr qrw ihdwxuh wkh frqwudfwleoh frqwuro ru wudqvihudeoh frqwuro dfwlrqv ri

rxu w|srorj|1

Ilqdoo|/ rxu dqdo|vlv ghsduwv iurp Ghzdwulsrqw0Wluroh +4<<7,/ Djklrq0Wluroh

+4<<:,/ Djklrq0Uh| +4<<<,/ Ohjurv0Qhzpdq +4<<<, dqgKduw0Prruh +4<<<e, zklfk

dovr ihdwxuh frqwudfwleoh frqwuro dfwlrqv1 Krzhyhu/ lq wkhvh sdshuv/ dfwlrqv frph

dw wkh hqg ri wkh jdph dqg wkhuhiruh fdqqrw eh xvhg wr lq xhqfh ixuwkhu lqwhudf0

wlrq1 Pruhryhu/ wkhvh sdshuv gr qrw frqvlghu wkh frqfhsw ri wudqvihudeoh frqwuro/

9Rq wklv lvvxh/ vhh dovr Ghzdwulsrqw +5334,1
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dq lqqrydwlrq zklfk lv vkrzq khuh wr eh qhfhvvdu| wr vhh wkh hphujhqfh ri frqwuro

doorfdwlrq dv d uhsxwdwlrq0exloglqj ghylfh1

Uhihuhqfhv

Djklrq/1 S1 dqg S1 Erowrq +4<<5,/ �Dq Lqfrpsohwh Frqwudfwv Dssurdfk wr

Ilqdqfldo Frqwudfwlqj/� Uhylhz ri Hfrqrplf Vwxglhv 8<= 7:607<71

Djklrq/ S1/ P1 Ghzdwulsrqw dqg S1 Uh| +4<<7,/ �Uhqhjrwldwlrq Ghvljq zlwk

Xqyhul�deoh Lqirupdwlrq/� Hfrqrphwulfd 95= 58:05;51

Djklrq/ S1/ P1 Ghzdwulsrqw dqg S1 Uh| +5333,/ �Sduwldo Frqwudfwlqj/ Frqwuro

Doorfdwlrq dqg Frrshudwlrq/� plphr/ XFO/ HFDUHV dqg LGHL1

Djklrq/ S1 dqg S1 Uh| +4<<<,/ �Doorfdwlqj Ghflvlrq Uljkwv Xqghu Oltxlglw|

Frqvwudlqwv= D Vlpsoh Iudphzrun/� plphr/ XFO dqg LGHL1

Djklrq/ S1 dqg M1 Wluroh +4<<:,/ �Irupdo dqg Uhdo Dxwkrulw| lq Rujdql}d0

wlrqv/� Mrxuqdo ri Srolwlfdo Hfrqrp| 438= 405<1

Edqhumhh/ D1 dqg H1 Gx r +4<<<,/ �Uhsxwdwlrq H�hfwv dqg wkh Olplwv ri

Frqwudfwlqj= D Vwxg| ri wkh Lqgldq Vriwzduh Lqgxvwu|� plphr/ PLW1

Errw/ D1/ V1 Juhhqedxp dqg D1 Wkdnru +4<<6,/ �Uhsxwdwlrq dqg Glvfuhwlrq

lq Ilqdqfldo Frqwudfwlqj/� Dphulfdq Hfrqrplf Uhylhz ;6= 53905451

Fkxqj/ W1\1 +4<<4,/ �Lqfrpsohwh Frqwudfwv/ Vshfl�f Lqyhvwphqwv/ dqg Ulvn0

Vkdulqj/� Uhylhz ri Hfrqrplf Vwxglhv 8;= 4364043751
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Ghzdwulsrqw/ P1 +5334,/ �Dxwkrulw|/� Zdoudv0Erzoh| Ohfwxuh suhvhqwhg dw

wkh Qruwk Dphulfdq Vxpphu Phhwlqj ri wkh Hfrqrphwulf Vrflhw|/ Froohjh Sdun/

Pdu|odqg1

Ghzdwulsrqw/ P1 dqg M1 Wluroh +4<<7,/ �D Wkhru| ri Ghew dqg Htxlw|= Gl0

yhuvlw| ri Vhfxulw| dqg Pdqdjhu0Vkduhkroghu Frqjuxhqfh/� Txduwhuo| Mrxuqdo ri

Hfrqrplfv 43<= 435:043871

Jurvvpdq/ V1 dqg R1 Kduw +4<;9,/ �Wkh Frvwv dqg Ehqh�wv ri Rzqhuvkls= D

Wkhru| ri Yhuwlfdo dqg Odwhudo Lqwhjudwlrq/� Mrxuqdo ri Srolwlfdo Hfrqrp| <7=

9<40:4<1

Kduw/ R1 +4<<8,/ Ilupv/ Frqwudfwv dqg Ilqdqfldo Vwuxfwxuh/ R{irug= R{irug

Xqlyhuvlw| Suhvv1

Kduw/ R1 dqg M1 Prruh +4<;;,/ �Lqfrpsohwh Frqwudfwv dqg Uhqhjrwldwlrq/�

Hfrqrphwulfd 89= :880:;91

Kduw/ R1 dqg M1 Prruh +4<<3,/ �Surshuw| Uljkwv dqg wkh Qdwxuh ri wkh Ilup/�

Mrxuqdo ri Srolwlfdo Hfrqrp| <;= 444<0448;1

Kduw/ R1 dqg M1 Prruh +4<<<d,/ �Irxqgdwlrqv ri Lqfrpsohwh Frqwudfwv/� Uh0

ylhz ri Hfrqrplf Vwxglhv 99= 448046;1

Kduw/ R1 dqg M1 Prruh +4<<<e,/ �Rq wkh Ghvljq ri Klhudufklhv= Frruglqdwlrq

yhuvxv Vshfldol}dwlrq/� plphr/ Kduydug dqg OVH1

Kropvwurp/ E1 +4<:<,/ �Prudo Kd}dug dqg Revhuydelolw|/� Ehoo Mrxuqdo ri

Hfrqrplfv 43= :70<41

Kropvwurp/ E1 +4<;5,/ �Prudo Kd}dug lq Whdpv/� Ehoo Mrxuqdo ri Hfrqrplfv

48



46= 65706731

Nuhsv/ G1/ S1 Plojurp/ M1 Urehuwv dqg U1 Zlovrq +4<;5,/ �Uhsxwdwlrq dqg

Lpshuihfw Lqirupdwlrq�/ Mrxuqdo ri Hfrqrplf Wkhru| 5:= 58605:<1

Ohjurv/ S1 dqg D1 Qhzpdq +4<<<,/ �Frpshwlqj iru Rzqhuvkls/� plphr/

HFDUHV1

Pdvnlq/ H1 +4<<<,/ �Qdvk Htxloleulxp dqg Zhoiduh Rswlpdolw|/� Uhylhz ri

Hfrqrplf Vwxglhv 99= 560691

Pdvnlq +5335,/ �Rq Lqghvfuledeoh Frqwlqjhqflhv dqg Lqfrpsohwh Frqwudfwv�/

wklv Mrxuqdo1

Pdvnlq/ H1 dqg M1 Prruh +4<<<,/ �Lpsohphqwdwlrq dqg Uhqhjrwldwlrq/� Uh0

ylhz ri Hfrqrplf Vwxglhv 99= 6<0891

Pdvnlq/ H1 dqg M1 Wluroh +4<<<d,/ �Xqiruhvhhq frqwlqjhqflhv dqg Lqfrpsohwh

Frqwudfwv/� Uhylhz ri Hfrqrplf Vwxglhv 99= ;604471

Pdvnlq/ H1 dqg M1 Wluroh +4<<<e,/ �Wzr Uhpdunv rq wkh Surshuw|0Uljkwv

Olwhudwxuh/� Uhylhz ri Hfrqrplf Vwxglhv 99= 46<�47<1

Pluuohhv/ M1 +4<<<,/ �Wkh Wkhru| ri Prudo Kd}dug dqg Xqrevhuydeoh Ehkdylru/

Sduw L/� Uhylhz ri Hfrqrplf Vwxglhv 99= 60551

Prruh/ M1 dqg U1 Uhsxoor +4<;;,/ �Vxejdph Shuihfw Lpsohphqwdwlrq/� Hfrqr0

phwulfd 89= 44<4045531

Qroghnh/ J1 dqg N1 Vfkplgw +4<<8,/ �Rswlrq Frqwudfwv dqg Uhqhjrwldwlrq=

D Vroxwlrq wr wkh Krog0Xs Sureohp/� Udqg Mrxuqdo ri Hfrqrplfv 59= 49604:<1

Vhjdo/ L1 +4<<<,/ �Frpsoh{lw| dqg Uhqhjrwldwlrq= D Irxqgdwlrq iru Lqfrp0
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sohwh Frqwudfwv/� Uhylhz ri Hfrqrplf Vwxglhv 99= 8:0;51

Vreho/ M1 +4<;8,/ �Vwduwlqj Vpdoo dqg Uhqhjrwldwlrq/� Mrxuqdo ri Hfrqrplf

Wkhru| ;8= 850<31

Wluroh/ M1 +4<<<,/ �Lqfrpsohwh Frqwudfwv= Zkhuh Gr Zh VwdqgB/� Hfrqrphw0

ulfd 9:= :740:;41

Zdwvrq/ M1 +4<<<,/ �D Wkhru| ri Fuhglelolw|/� Uhylhz ri Hfrqrplf Vwxglhv

85= 88:08:61
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