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Zlwk wkh khos ri d vlpsoh Ulfdugldq prgho/ wklv sdshu h{soruhv wkh
uroh ri lqgxvwuldo srolf| lq vhoi0hqiruflqj wudgh djuhhphqwv1 D edvlf
yhuvlrq vkrzv wkdw wkh rswlpdo vhoi0hqiruflqj wudgh djuhhphqw pxvw
lqfoxgh dfwlyh surprwlrq ri rxwsxw lq lqh�flhqw/ lpsruw0frpshwlqj
vhfwruv1 Lq d g|qdplf vhwwlqj/ d vlplodu uroh lv sod|hg e| wkh surwhf0
wlrq ri ghfolqlqj lqgxvwulhv/ zklfk fdq eh sduw ri dq h�flhqw wudgh
frrshudwlrq1 Wkh xqghuo|lqj dvvxpswlrqv iru wkhvh uhvxowv/ krzhyhu/
duh vwurqj= khdy| glvfrxqwlqj ri ixwxuh jdlqv/ vwurqj ghshqghqfh
rq wkh lpsruwhg jrrgv/ dqg d �h{leoh lqgxvwuldo vwuxfwxuh frqvwl0
wxwh suhfrqglwlrqv iru vxfk h�flhqf|0hqkdqflqj jryhuqphqw lqwhu0
yhqwlrqv1

Nh|zrugv= Wudgh Djuhhphqw/ Vhoi0hqirufhdelolw|/ Lqgxvwuldo Srolf|
MHO Fodvvl�fdwlrq= I43/ I46
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� W?|hL_�U|�L?
Yluwxdoo| doo dgydqfhg hfrqrplhv hqjdjh lq vrph irup ri frpphufldo dqg lq0
gxvwuldo srolf|1 Kxjh vxpv duh iuhtxhqwo| vshqw wr surwhfw ru surprwh vhfwruv
ri frpsdudwlyh glvdgydqwdjh dqg ghfolqlqj lqgxvwulhv1 Wkh hqhuj|/ vwhho/ djul0
fxowxuh/ wh{wloh dqg dssduho vhfwruv duh dprqj wkh prvw surplqhqw/ exw e| idu
qrw wkh rqo| h{dpsohv1 Lq wkh sxeolf glvfrxuvh wkhvh srolflhv duh riwhq ghihqghg
e| dsshdov wr wkh vwudwhjlf ydoxh ri wkh lqgxvwulhv lq txhvwlrq1
Hfrqrplvwv/ xvxdoo| frqfhuqhg derxw h�flhqf|/ whqg wr glvfdug wkhvh fodlpv
dqg eodph lqwhuhvw jurxsv iru pdnlqj wkh hfrqrp| vx�hu ghdgzhljkw orvvhv1
Wkh suhvhqw sdshu dujxhv wkdw wklv ylhz pd| vrphwlphv eh zurqj dqg wkdw wkh
surwhfwlrq ri frpsdudwlyh glvdgydqwdjhg dqg ghfolqlqj vhfwruv fdq eh zhoiduh
lpsurylqj1 Lw vkrzv wkdw wkh fruuhfw xvh ri lqgxvwuldo srolf| frqvwlwxwhv dq
h�flhqw zd| wr pdnh frxqwulhv uhvshfw wudgh djuhhphqwv dqg lv wkxv dozd|v
sduw ri wkh prvw h�flhqw wudgh djuhhphqw1
Dw wkh fruh ri wkh sdshu olhv wkh vhoi0hqirufhphqw frqvwudlqw/ zklfk xqghuolhv
dq| lqwhuqdwlrqdo djuhhphqw1 Lw uh�hfwv wkh dvvxpswlrq wkdw vryhuhljq frxqwulhv
fdqqrw eh irufhg lqwr lqwhuqdwlrqdo frrshudwlrq dqg zloo rqo| uhvshfw djuhhphqwv
li wkhvh dsshdu ehqh�fldo wr wkhp1 Qrz lw lv zhoo nqrzq wkdw odujh frxqwulhv
kdyh dq lqfhqwlyh wr xqlodwhudoo| huhfw wudgh eduulhuv vlqfh wklv lpsuryhv wkhlu
whupv ri wudgh dqg jhqhudwhv qhw jdlqv1 Lw lv xvxdoo| dvvxphg wkdw wkh rqo|
zd| wr nhhs d frxqwu| lq dq djuhhphqw lv d fuhgleoh wkuhdw ri sxqlvklqj dq|
fkhdwlqj ru ghihfwlrq1 Wkh rqo| fuhgleoh sxqlvkphqw lv d wudgh zdu lq zklfk doo
frxqwulhv dfw xqfrrshudwlyho|1 Wkxv/ ghihfwlrq lv iroorzhg e| d wudgh zdu zlwk
doo vlghv orvlqj1 Iruzdug0orrnlqj srolf| pdnhuv zhljk wkh wudqvlwlrqdo jdlqv iurp
ghihfwlrq djdlqvw ixwxuh orvvhv iurp wudgh zdu1
Wr vwxg| wklv lvvxh L ghyhors d prgho ri uhshdwhg wudgh ehwzhhq wrz frxqwulhv T 1
Zkhq qrz d frxqwu| lpsruwv hvvhqwldo jrrgv iru lwv hfrqrp|/ wklv frxqwu|*v
ghshqghqfh dqg yxoqhudelolw| wr krvwloh srolflhv lv sduwlfxoduo| kljk1 Wkdw/ lq
wxuq jlyhv lwv iruhljq vxssolhuv wkh srvvlelolw| wr vhl}h odujh sruwlrqv ri lwv lqfrph
e| ghihfwlqj1 Lq rwkhu zrugv/ lq vxfk d vlwxdwlrq wkh vxsso|lqj frxqwu| kdv d kljk
lqfhqwlyh wr ghihfw1 Wkh lpsruwhu*v yxoqhudelolw| dqg wkh h{sruwhu*v lqfhqwlyh wr
fkhdw duh wzr vlghv ri wkh vdph frlq1
Zkdw eulqjv uhphg| lq vxfk vlwxdwlrqvB Lw lv zhoo xqghuvwrrg wkdw frxqwulhv fdq
xvh olplwhg wudgh eduulhuv lq rughu wr uhgxfh erwk wkhlu rzq yxoqhudelolw| dqg
iruhljq ghihfwlrq lqfhqwlyhv1 Wklv sdshu frqvlghuv wkh vlwxdwlrq zkhuh frxqwulhv
kdyh wzr srolf| lqvwuxphqwv dw kdqg lq rughu wr uhgxfh wkhlu ghshqghqfh= frp0
phufldo dqg lqgxvwuldo srolflhv1 Khuh/ lqgxvwuldo srolf| lv gh�qhg dv jryhuqphqw
dfwlrqv wkdw gluhfwo| wdujhw wkh lqgxvwuldo vwuxfwxuh ri d frxqwu|/ zkloh frpphu0
fldo srolf| phdqv wdul�v1 Wr uhgxfh ghshqghqfh lq dq h�flhqw zd|/ frxqwulhv
zloo fkrrvh dq rswlpdo pl{ ri erwk1 Lw zloo eh vkrzq wkdw/ dv orqj dv lpsruwhgU.<3���*(�����(���E����%��
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jrrgv duh hvvhqwldo dqg zkhq wkh vhoi0hqirufhphqw frqvwudlqw elqgv/ lqgxvwuldo
srolf| lv dozd|v sduw ri wkh prvw h�flhqw wudgh djuhhphqw1
Zkdw lv wkh lqwxlwlrq iru wkdw �qglqjB Wkh iruhljq frxqwu|*v pdunhw srzhu
ghshqgv rq wkh hodvwlflw| ri grphvwlf lpsruw ghpdqg1 Qrz/ surylglqj vrph
ri wkh vxsso| grphvwlfdoo| lqfuhdvhv lpsruw0hodvwlflw| wkhuhe| uhgxflqj iruhljq
pdunhw srzhu dqg iruhljq lqfhqwlyhv wr ghihfw1 Vr wkh nh| wr uhod{lqj wkh vhoi0
hqirufhphqw frqvwudlqw lv wr euhdn wkh prqrsro| srvlwlrq ri wkh vxsso|lqj frxq0
wu|1 Wklv lv zkdw lqgxvwuldo srolf| grhv e| vwlpxodwlqj lpsruw0frpshwlqj sur0
gxfwlrq/ dqg wklv lv zk| lw khosv lq uhod{lqj wkh vhoi0hqirufhphqw frqvwudlqw1
Frqvhtxhqwo|/ zkhq lqgxvwuldo srolf| lv edqqhg dowrjhwkhu dqg wdul�v frqvwlwxwh
wkh rqo| srolf| lqvwuxphqw/ wudgh djuhhphqwv zloo qhfhvvdulo| eh ohvv h�flhqw e 1
Wr xqghuvwdqg wkh lpsolfdwlrqv ri wkh dujxphqw/ frqvlghu wkh hqhuj| vhfwru1 Lq
wkh hqhuj| fulvlv* ri wkh 4<:3*v jryhuqphqwv ri zhvwhuq lqgxvwuldol}hg frxqwulhv
zhuh txlfn wr vhw xs qdwlrqdo surjudpv vwlpxodwlqj grphvwlf hqhuj| surgxfwlrq
wr ghfuhdvh ghshqghqfh rq lpsruwv iurp wkh frxqwulhv wkdw kdg mxvw ghprq0
vwudwhg wkhlu delolw| wr vxffhvvixoo| frooxgh wr irup d prqrsrolvwlf fduwho1 Pruh
wkdq 63 |hduv odwhu/ wkh vdph frxqwulhv vwloo vxevlgl}h lqh�flhqw hqhuj| surjudpv
prwlydwhg e| wkh ghvluh wr uhgxfh ghshqghqfh rq xquholdeoh vxssolhuv1 D frp0
prq remhfwlrq wr wklv vwudwhj| lv wkdw lqgxvwuldo frxqwulhv vkrxog qrw ghsohwh
wkhlu vfdufh uhvhuyhv exw udwkhu vdyh wkhp iru wkh udlq| gd|v zkhq rlo vxsso|
voxpsv djdlq1 \hw/ lq oljkw ri wkh suhvhqw sdshu*v dujxphqw/ wkh hqhuj| sur0
judpv pljkw eh mxvw wkh pryh wkdw nhhsv wkh rlo vxssolhuv iurp ghihfwlqj/ wkxv
dyrlglqj udlq| gd|v lq wkh �uvw sodfh1
D �uvw h{whqvlrq ri wkh prgho lqwurgxfhv g|qdplfv lq whfkqrorj| dqg surylghv
d udwlrqdoh iru wkh surwhfwlrq ri ghfolqlqj lqgxvwulhv1 Wkh dujxphqw vwduwv iurp
wkh deryh vwdwhphqw wkdw vxevlglhv wr lpsruw0frpshwlqj vhfwruv duh sduw ri dq|
h�flhqw wudgh djuhhphqw1 Zkhq wkh sdwwhuq ri frpsdudwlyh dgydqwdjh ghhshqv/
wkh ydoxh ri frrshudwlrq uhodwlyh wr wkh ydoxh ri d euhdngrzq lqfuhdvhv dqg
ohdgv wr d judgxdo uhgxfwlrq ri wdul�v dqg lqgxvwuldo srolf|1 Wkh olehudol}dwlrq
lv judgxdo/ dv dqwlflsdwhg ixwxuh jdlqv uhod{ wkh vhoi0hqirufhphqw frqvwudlqw dqg
doorz d sduwldo olehudol}dwlrq wrgd|1 Gxulqj wkh olehudol}dwlrq surfhvv/ lqlwldoo|
surwhfwhg vhfwruv duh vkhowhuhg ohvv dqg ohvv dqg judgxdoo| vkulqn1 Wkh uhdvrq
iru d vwhszlvh uhgxfwlrq ri surwhfwlrq grhv qrw frph iurp wkh ghvluh wr fxvklrq
lqfrphv ru uhgxfh srolwlfdo uhvlvwdqfh> lw lv dq rswlpdo srolf| wr uxq ehfdxvh wkh
vhoi0hqirufhphqw frqvwudlqw lpshghv ohwwlqj wkhp jr dw rqfh1
Wkh uhvxowv vxppdul}hg xs wr khuh duh frqvlvwhqw zlwk wkh hpslulfdo �qglqjv
rq surwhfwlrq dqg wudgh srolf|1 Ohh dqg Vzdjho +4<<:, zulwh wkdw %qdwlrqv
whqg wr surwhfw lqgxvwulhv wkdw duh zhdn/ lq ghfolqh/ ^` ru wkuhdwhqhg e| lpsruw
frpshwlwlrq%1 Wuh�hu*v +4<<6, hvwlpdwhv vkrz wkdw d kljkhu lpsruw shqhwud0
wlrq lv dvvrfldwhg zlwk juhdwhu surwhfwlrq/ dqg Jrogehuj dqg Pdjjl +4<<<, �qgf.<3���V(�����(-
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wkdw %zlwklq wkh jurxs ri qrq0rujdql}hg vhfwruv/ surwhfwlrq whqgv wr lqfuhdvh
zlwk lpsruw shqhwudwlrq%1 Surwhfwlrqlvp lq jhqhudo lv w|slfdoo| h{sodlqhg e|
srolwlfdo hfrqrp| dujxphqwv +vhh Jurvvpdq dqg Khospdq +4<<7,,11 Krzhyhu/
Urguln fodlpv wkdw %zh odfn d jrrg h{sodqdwlrq ri wkh xqlyhuvdo suhihuhqfh iru
wudgh uhvwulfwlqj srolflhv ryhu wudgh surprwlqj rqhv%1 Srolwlfdo hfrqrp| kdv kdg
gl�fxowlhv lq mxvwli|lqj wklv dqwl0wudgh eldv lq wudgh srolflhv/ dqg suhylrxv h{sod0
qdwlrqv dgguhvvlqj wkh lvvxh duh vfdufh dqg uho| rq yhu| vshfl�f dvvxpswlrqv +vhh
Olpdr dqg Sdqdjdul|d +5335, dqg Ihuqdqgh} dqg Urguln +4<<4,,1 Wkh suhvhqw
sdshu wdnhv dq rssrvlwh dssurdfk wr wklv srlqw dqg dujxhv wkdw dq dqwl0wudgh
eldv pd| eh suhflvho| zkdw lv qhhghg wr pdnh wudgh djuhhphqwv vhoi0hqiruflqj1
D vhfrqg h{whqvlrq ri wkh vlpsoh prgho vkrzv wkdw vwurqj uljlglwlhv lq lqgxvwuldo
vwuxfwxuh fdq txdoli| dqg hyhq uhyhuvh wkh edvlf �qglqjv1 Lq d zruog zkhuh sur0
gxfwlrq fdsdflwlhv wdnh wlph wr exlog dqg rxwsxw sdwwhuqv duh vorz wr fkdqjh/
frxqwulhv zloo yhu| pxfk ghshqg rq lpsruwv hyhq diwhu dq djuhhphqw euhdnv
grzq1 Wklv lpsolhv wkdw dq| ghihfwlrq lv iroorzhg e| dq h{wuhpho| kduvk wudgh
zdu/ zklfk zloo lqfxu kxjh orvvhv iru doo/ lqfoxglqj wkh ghihfwlqj frxqwu|1 E|
ghfuhdvlqj wkh lqfhqwlyhv wr fkhdw rq wudgh djuhhphqwv/ pxwxdo ghshqghqfh qrz
suryhv wr eh ehqh�fldo1 Lq idfw/ wkh gholehudwh fuhdwlrq ri ghshqghqfh frq0
vwlwxwhv d zd| wr frpplw wr iuhh wudgh/ pdnlqj iuhh wudgh pruh olnho| wr eh
vhoi0hqirufhdeoh1 Lq vxfk d vfhqdulr/ surwhfwlqj lpsruw frpshwlqj vhfwruv xqghu0
plqhv wkh frpplwphqw ghylfh dqg pdnhv frrshudwlrq kdughu1
Wklv uhvxow uhfdoov wkh �qglqjv ri Ixuxvdzd dqg Odl +4<<<,/ zkr �qg wkdw wkh
frvwv ri dgmxvwlqj rxwsxw vwuxfwxuhv whqg wr uhod{ wkh vhoi0hqirufhphqw frqvwudlqw
ehfdxvh wkh| lqfuhdvh wkh frvw ri uhwxuqlqj wr qrq0frrshudwlrq1 Lq wkh suhvhqw
sdshu/ wkh ghjuhh ri luuhyhuvlelolw| ri lqgxvwuldo vwuxfwxuh wdnhv wkh uroh ri dg0
mxvwphqw frvwv/ zklfk fuhdwh wkh ehqh�fldo ghshqghqfh qhfhvvdu| wr frpplw wr
iuhh wudgh1
Exw fdq rqh uhdvrqdeo| h{shfw frxqwulhv wr hqjdjh lq wkh vwudwhjlf fuhdwlrq ri
pxwxdo ghshqghqfh lq rughu wr hqirufh wudgh djuhhphqwvB Wkh hfrqrplf frrs0
hudwlrq rq frdo dqg vwhho lq srvw Zruog Zdu LL Hxursh lv riwhq uhdg dv vxfk dq
hyhqw1 Lq 4<84 Iudqfh/ Lwdo|/ Jhupdq| Ehojlxp/ Ox{hpexuj dqg wkh Qhwkhu0
odqgv vljqhg wkh Wuhdw| ri Sdulv irxqglqj wkh Hxurshdq Frppxqlw| iru Vwhho
dqg Frdo +HFVF,1 Wkh srrolqj ri vxfk %vwudwhjlf jrrgv% zdv phdqw wr fuhdwh
pxwxdo ghshqghqfh vr dv wr pdnh ixwxuh krvwloh dfwlrqv lpsrvvleoh/ dffruglqj
wr srolwlfdo ghfodudwlrqv +vhh Jloolqjkdp +4<<4,,1 Wkrvh vwudwhjlf frqvlghudwlrqv
suhflvho| uh�hfw wkh odvw pdlq �qglqj ri wkh suhvhqw sdshu= 1 Dv lw wdnhv wlph
wr exlog fdsdflwlhv lq vwhho surgxfwlrq dqg frdo plqlqj/ surgxfwlrq sdwwhuqv duh
uljlg lq wkh vkruw whup1 Erwk wkhlu rxwsxw uljlglw| dqg wkhlu hfrqrplf lpsru0
wdqfh pdnh wkh frdo dqg vwhho lqgxvwulhv sduwlfxoduo| vxlwdeoh iru frpplwphqw1
Wkh uhvw ri wkh sdshu frqwdlqv �yh vhfwlrqv1 Vhfwlrq LL ghyhorsv wkh edvlf prgho
ri qrq0frrshudwlyh wudgh1 Vhfwlrq 6 wkhq frqvlghuv uhshdwhg wudgh dqg frrshud0
wlyh ehkdylru/ kljkoljkwv wkh uroh ri wkh vhoi0hqirufhphqw frqvwudlqw/ dqg suhvhqwv
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wkh edvlf �qglqj ri wkh sdshu1 Vhfwlrq 7 lqwurgxfhv ohduqlqj e| grlqj wr h{0
sodlq judgxdolvp dqg wkh surwhfwlrq ri ghfolqlqj lqgxvwulhv1 Vhfwlrq 8 lqwurgxfhv
uljlglwlhv lq wkh lqgxvwuldo vwuxfwxuh ri wkh frxqwulhv1 Ilqdoo|/ vhfwlrq YL frq0
foxghv1

2 A�i �@t�U �L_i*
Wkhuh duh wzr frxqwulhv/ Krph dqg Iruhljq +Iruhljq yduldeohv ghqrwhg e| - ,/
dqg wzr jrrgv {/ | zklfk duh surgxfhg zlwk frqvwdqw uhwxuqv wr vfdoh whfk0
qrorjlhv xvlqj rqh vlqjoh idfwru/ oderu1 Frxqwulhv kdyh htxdo vl}h ri oderu irufh/
qrupdol}hg wr xqlw|= O @ O r @ 41 Dvvxph wkdw Krph*v +Iruhljq*v, surgxfwlylw|
lq {0 +|0, surgxfwlrq htxdov e zkloh surgxfwlylw| lq wkh |0 +{0, surgxfwlrq lv
htxdo wr 41 Zlwk e A 4/ wklv phdqv wkdw Krph lv qdwxudo h{sruwhu ri {1 Wkh
whfkqrorjlhv duh glvhperglhg dqg/ iru d vwduw/ h{rjhqrxv=

{ @ eO s | @ O t { r @ O rs | r @ eO r
Hdfk frqvxphu*v suhihuhqfh lv uhsuhvhqwhg e| d wlph0vhsdudeoh xwlolw| ixqfwlrq
dqg wkh prphqwdu| xwlolw| +vlpso| fdoohg xwlolw| lq wkh iroorzlqj, kdv wkh Free0
Grxjodv irup dqg lv v|pphwulf lq wkh wzr jrrgv=

x+f s > f t , @ sf s f t +4,
Wr vdyh qrwdwlrq/ khuh dqg zkhqhyhu wkhuh lv qr ulvn ri frqixvlrq wlph lqglfhv
duh gursshg1
Wkhuh lv qr fdslwdo/ qr g|qdplf frqvlghudwlrqv rq wkh frqvxphuv* vlgh vxfk
wkdw/ dw hyhu| srlqw lq wlph/ lqglylgxdov pd{lpl}h +4, vxemhfw wr wkhlu exgjhw
frqvwudlqw1 Wkhuh duh qr h{whuqdolwlhv dqg doo pdunhwv duh frpshwlwlyh dqg rqo|
vxemhfw wr glvwruwlrqv iurp jryhuqphqw srolflhv vshfl�hg ehorz1
Qrwh wkdw wkh vhwxs lv frpsohwho| v|pphwulf dqg wkh dqdo|vlv zloo eh uhvwulfwhg
wr v|pphwulf rxwfrphv wkurxjkrxw wkh sdshu1

2�� A�i W?|i}h@|i_ ,UL?L4)
Wkh lqwhjudwhg hfrqrp| lv d zruog zkhuh jrrgv dqg idfwruv fdq furvv erughuv
zlwkrxw frvwv1 Lq vxfk d zruog wkh uhodwlyh sulfh ri jrrgv pxvw eh xqlw| ehfdxvh
ri v|pphwu| +s s @s t @ 4,1 Doo jrrgv duh surgxfhg frpshwlwlyho| xvlqj wkh prvw
h�flhqw whfkqrorj| dydlodeoh/ l1h1 surgxfwlylw| lq erwk vhfwruv lv e1 Lqglylgxdov
idfh wkh exgjhw frqvwudlqw f s . f t � L @ e/ zklfk lpsolhv wkdw xwlolw| ri d
uhsuhvhqwdwlyh frqvxphu lq hlwkhu ri wkh wzr frxqwulhv lv

x u @ e@5 +5,
Wklv xwlolw| ohyho uh�hfwv wkh h�flhqw rxwfrph ri wkh lqwhjudwhg hfrqrp|1 Lw lv
uhsolfdwhg e| d zruog hfrqrp| lq zklfk wkhuh lv iuhh dqg frvwohvv wudgh lq jrrgv
exw idfwruv 0 wkdw lv oderu 0 lv erxqg wr vwd| zlwklq qdwlrqdo erughuv1 Lq wklv
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zruog ri iuhh wudgh wkhuh lv frpsohwh lqwhuqdwlrqdo vshfldol}dwlrq/ uhodwlyh jrrgv
sulfh lv xqlw|/ dqg wkh flwl}hqv xwlolw| ixqfwlrq xqghu iuhh wudgh lv +5, djdlq1
\hw lq wklv prgho hfrqrp| frxqwulhv kdyh dq lqfhqwlyh wr glvwruw wkh zruog
hfrqrp| e| huhfwlqj wudgh eduulhuv dqg wkhuhe| pdqlsxodwh wkh whupv ri wudgh
wr wkhlu idyru1 Zkhq wkhuh lv qr fuhgleoh zd| wr frpplw wr wkh rswlpdo iuhh0
wudgh rxwfrph/ erwk frxqwulhv zloo vwduw wr vhw wdul�v/ zklfk wuljjhuv d wudgh
zdu1 Wklv zloo eh glvfxvvhg qh{w1

2�2 Ah@_i @̀h
Zkhq wzr odujh frxqwulhv fdqqrw frpplw wr iuhh wudgh/ wkh| zloo wu| wr pdqlsx0
odwh wkh whupv ri wudgh wr wkhlu idyru/ zklfk uhvxowv lq d wudgh zdu zlwk w|slfdoo|
doo vlghv orrvlqj1 Vr lw kdsshqv lq wkh v|pphwulf vhwwlqj dvvxphg khuh/ zkhuh
wkh qhw h�hfw ri wkh whupv ri wudgh pdqlsxodwlrq hqwluho| fdqfhov rxw dqg wkh
zruog hfrqrp| lv ohiw zlwk wkh glvwruwlrqv rqo|1
Frqvlghu �uvw wkh surgxfwlrq vlgh ri/ vd|/ Krph*v hfrqrp| v 1 Qrupdol}lqj wkh
lqwhuqdwlrqdo sulfh iru jrrg { wr 4 dqg ghqrwlqj wkh rqh ri jrrg | zlwk s wkh
surgxfwlrq sdwwhuq lq Krph zlwkrxw dq| jryhuqphqw lqwhuyhqwlrq lv

| 5
;

?

=

i3j
^3> 4`i4j

li s ? e
li s @ e
li s A e

dqg { 5
;

?

=

iej
^3> e`i3j

li s ? e
li s @ e
li s A e

Exw frxqwulhv fdq hqjdjh lq frpphufldo dqg lqgxvwuldo srolflhv wkdw glvwruw wklv
surgxfwlrq sdwwhuq1 Khuh/ wkh frpphufldo srolf| lv dq dg ydoruhp lpsruw wdul�
wkdw gulyhv d zhgjh ehwzhhq orfdo dqg lqwhuqdwlrqdo sulfhv ri wkh lpsruwhg jrrg=
s w+x�yVz @ Ws1 Lqgxvwuldo srolf| zloo eh xqghuvwrrg dv jryhuqphqw*v dfwlrqv wkdw
gluhfwo| glvwruw wkh grphvwlf surgxfwlrq vwuxfwxuh1 Lq sduwlfxodu/ dvvxph wkdw
Krph*v jryhuqphqw fdq jxdudqwhh d plqlpxp ohyho ri surgxfwlrq | +{, lq wkh
|0vhfwru +{0vhfwru, dqg glvwruw surgxfwlrq1 Wkhuh duh ydulrxv zd|v wr lpsohphqw
vxfk d srolf|1 Wr nhhs wkh pdwwhu vlpsoh/ dvvxph wkdw wkh jryhuqphqw ohylhv
oxps0vxp wd{hv wr �qdqfh vxevlglhv/ zklfk duh jlyhq wr zrunhuv hqjdjlqj lq
surgxfwlrq ri | +{, xs wr wkh uhvshfwlyh wdujhw ohyho1 Li wkh vxevlg| lv kljk
hqrxjk +h1j1 htxdo wr e shu xqlw ri rxwsxw,/ wkh vxevlgl}hg oderu zloo surgxfh
wkh jrrg | +{, lqghshqghqwo| ri sulfh fkdqjhv { 1
Zkhq wkh jryhuqphqw vhwv wdul�v dqg vxevlglhv/ rxwsxw lq wkh wzr frxqwulhv dqg| <3���*F ��
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vhfwruv lv

| 5
;

?

=

i|j
^|> 4� s � `i4� s � j

li sW ? e
li sW @ e
li sW A e

{ 5
;

?

=

ie+4� |,j
^{> e+4� |,`i{j

li sW ? e
li sW @ e
li sW A e

{ r 5
;

?

=

i{ r j
^{ r > 4� t��� `i4� t	�� j

li W r ? se
li W r @ se
li W r A se

| r 5
;

?

=

ie+4� { r ,j
^| r > e+4� { r ,`i| r j

li W r ? se
li W r @ se
li W r A se

+6,
Lq wklv zd|/ jryhuqphqwv fdq vhw d plqlpxp rxwsxw lq hdfk vhfwru wkdw lv
lqghshqghqw ri sulfhv dqg wkhuhiruh lqghshqghqw ri iruhljq srolflhv1
D ehqhyrohqw jryhuqphqw zloo hqjdjh lq frpphufldo dqg lqgxvwuldo srolf| zkhq0
hyhu lw lqfuhdvhv wkh rzq flwl}hqv* xwlolw| +4,1
Wkh qh{w vwhs lv wr ghwhuplqh frqvxphuv* lqfrphv dqg xwlolwlhv1
Zlwk wdul� uhyhqxhv glvwulexwhg oxps vxp/ Krph*v dyhudjh lqfrph lv L @ {.
sW| . +W � 4,s+f t � |,1 Xvlqj wkh htxdo h{shqglwxuh vkduhv/ l1h1 sW � f t @ L@5
dqg f s L@5/ Krph*v lqfrph ehfrphv

L @ 5W
W . 4+{. s|,

Zlwk wkh vdph fdofxodwlrqv iru Iruhljq dqg zlwk wkh wudgh edodqfh { � f s @
s+f t � |, rqh vroyhv iru wkh zruog sulfh iru jrrg |

s @ { r W r +W . 4, . {+W r . 4,
|W +W r . 4, . | r +W . 4, +7,

Krph*v xwlolw| wkhq ehfrphv

x @ {. s|ss � sW
W . 4 +8,

Qrwh wkdw lq wkh fdvh ri v|pphwu| +wkh lpsruwdqw rqh, { r @ |/ W @ W r / dqg
s @ 4/ vxfk wkdw

x @ +e+4� |, . |,
W . 4 =

Htxdwlrq +8, dovr uhyhdov wkh wzr fkdqqhov wkurxjk zklfk Krph*v hfrqrp| vxi0
ihuv lqh�flhqflhv= wdul�v dqg surgxfwlrq glvwruwlrqv1 Rswlpdo duh }hur lpsruw
wdul�v +W @ 4, dqg frpsohwh vshfldol}dwlrq +| @ 3/ { @ e,/ zklfk pdnhv +8, htxdo
wr +5, 0 exw dv zloo ehfrph fohdu vkruwo| qhlwkhu zloo krog lq Qdvk Htxloleulxp1
Zkhq Krph*v jryhuqphqw hqjdjhv lq lqgxvwuldo srolf| dqg wdul� vhwwlqj/ lw wdnhv
lqwr dffrxqw �upv ehkdylru +6, lq erwk frxqwulhv dqg wkh grphvwlf frqvxphuv*
fkrlfhv +8,1 Ixuwkhu/ lw lv frqvwudlqhg e| wkh oderu pdunhw fohdulqj1

:



Vr wkh xqfrrshudwlyh/ vwdwlf pd{lpl}dwlrq sureohp lv
pd{�O� s � t x v=w= +6,> +7,> dqg +8, +9,

zkloh wdnlqj Iruhljq*v srolf| ixqfwlrqv W r / { r / dqg | r dv jlyhq1
Wkh rswlpdolw| frqglwlrqv � iru wkh wdul�v wxuq rxw wr eh

� | r @W T
|+W r . 4, . | r +4 . 4@W , .

{ r W r
{ r W r +W . 4, . {+W r . 4, @ 3

zklfk jlyhv ulvh wr wkh ehvw uhvsrqvh ixqfwlrqv

W +W r , @
v

| r
{ r � { r . {+4 . 4@W r ,

| r . +W r . 4, +:,

Wklv Ehvw Uhvsrqvh ixqfwlrq zlwk lwv htxlydohqw iru Iruhljq ohdgv wr wkh v|p0
phwulf htxloleulxp wdul�v

W � @ W r � @ s{@| +;,
Wkh lpsolflw Ehvw Uhvsrqvh ixqfwlrqv iru lqgxvwuldo srolflhv dqg +;, fdq eh vkrzq
wr ohdg wr

| � @ 4@+e. 4, { � @ 3 W � @ e
{ r � @ 4@+e. 4, | r � @ 3 W r � @ e +<,

dqg wkh v|pphwulf htxlydohqw iru Iruhljq wdul�v dqg vxevlglhv1
Wrjhwkhu/ wkh Qdvk vwudwhjlhv +<, dqg xwlolw| +8, jlyh

x � @ e T . 4
e. 4

se +43,
Wklv lv wkh xwlolw| ri d flwl}hq olylqj lq d zruog zkhuh jryhuqphqwv xqfrrshu0
dwlyho| fkrrvh lpsruw wdul�v h{sorlwlqj wkhlu pdunhw srzhu lq vxsso|lqj wkhlu
h{sruw0jrrgv1 Wklv pdunhw srzhu lv vpdoohu/ wkh pruh wkh iruhljq frxqwu| srv0
vhvvhv ri wkdw jrrg +frpsduh +:,,1 Vr/ lq rughu wr eh ohvv h{srvhg wr iruhljq
wdul�v/ frxqwulhv hqjdjh lq lqgxvwuldo srolf| dqg surgxfh wkhlu lpsruwhg jrrgv
grphvwlfdoo|1 0 Zkloh wdul� vhwwlqj lv wkh djjuhvvlyh sduw ri wkh wudgh zdu e|
zklfk frxqwulhv wu| wr fkdqjh wkh whupv ri wudgh dqg h{wudfw jdlqv/ lqgxvwuldo
srolf| lv d ghihqvlyh pryh wkdw vklhogv frxqwulhv iurp iruhljq dfwlrqv1
Wkh wzr srolflhv glvwruw ghpdqg dqg surgxfwlrq/ uhvshfwlyho|/ vxfk wkdw wudgh
zdu xwlolw| lv ohvv wkdq iuhh wudgh xwlolw|1
Wr vxp xs wklv vhfwlrq*v pdlq uhvxow/ frxqwulhv hqjdjh lq frpphufldo dqg lq0
gxvwuldo srolflhv wr lpsuryh wkhlu whupv ri wudgh/ exw wkhvh dwwhpswv pxwxdoo|
qhxwudol}h dqg wkh vroh h�hfw lv wkh orvv rq doo vlghv1 Wkxv/ wkh vhwwlqj lv d yhu0
vlrq ri wkh sulvrqhuv* glohppd dqg dv vxfk wkh lqh�flhqf| fdq eh fxuhg wkurxjk
uhsxwdwlrq exloglqj lq d uhshdwhg jdph1 Lq�qlwh uhshwlwlrq ri wkh vwdjh jdph
ghvfulehg deryh lv wkh wrslf ri wkh qh{w vhfwlrq1
��h	������E�E0�����0� PLK
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� +iTi@|i_ Ah@_i @?_ �LLTih@|�L?
Ghvslwh wkh idfw wkdw frxqwulhv duh whpswhg wr uhds jdlqv e| fkdujlqj wdul�v xql0
odwhudoo|/ vxfk srolflhv pljkw qrw eh rswlpdo dv wklv wuljjhuv ixwxuh sxqlvkphqw1
D ghihfwlrq frxqwu| fdq zhoo hqmr| wudqvlwlrqdo jdlqv/ exw diwhu dq lqlwldo shulrg
ri vxusulvh wkh rwkhu frxqwu| zloo dgdsw lwv srolflhv dqg d wudgh zdu euhdnv rxw/
zklfk lqfxuv orvvhv dovr iru wkh fkhdwhu1
Li wkh wkuhdw iurp ixwxuh wudgh zdu lv vhyhuh hqrxjk/ iuhh wudgh lv vhoi0hqiruflqj1
Krzhyhu/ li frxqwulhv khdylo| glvfrxqw wkh �rz ri xwlolwlhv/ wklv lv qrw qhfhvvdulo|
wkh fdvh1 Lq vxfk d vlwxdwlrq/ lw lv srvvleoh wr vxvwdlq vrph/ wkrxjk qrw frpsohwh
olehudol}dwlrq ri wudgh1 Lw lv wkhq qhfhvvdu| wr dqdo|}h zklfk ri wkh wudgh eduulhuv
duh suhihudeo| wr eh uhpryhg dqg zklfk duh h�flhqw lq nhhslqj wkh djuhhphqw
vhoi0hqiruflqj1 Wklv vhfwlrq h{soruhv zkdw srolf| lqvwuxphqwv 0 wdul�v ru lqgxv0
wuldo srolf| 0 duh dssursuldwh wr pdnh wudgh djuhhphqwv vxvwdlqdeoh lq d vhwwlqj
ri uhshdwhg wudgh jdphv1
Wkh qh{w vxevhfwlrq suhsduhv wkh jurxqg dqg looxvwudwhv wkh frqglwlrqv xqghu
zklfk iuhh wudgh lv vhoi0hqiruflqj/ zkloh wkh iroorzlqj wkhq ghdov zlwk wkh vlwx0
dwlrqv xqghu zklfk wklv lv qrw wkh fdvh dqg gholyhuv uhvxowv rq zkhwkhu wr xvh
frpphufldo ru lqgxvwuldo srolf| wr vxvwdlq wudgh djuhhphqwv1

��� 5�t|@�?�?} 6hii Ah@_i
Dvvxph wkdw wkh vwdjh jdph ri wkh suhylrxv vhfwlrq lv uhshdwhg lq�qlwho| riwhq1
Ohw � eh wkh idfwru wkh wzr frxqwulhv glvfrxqw wkh �rz ri xwlolwlhv +4, zlwk1 Qrz
frqvlghu wkh iroorzlqj %wuljjhu vwudwhjlhv% lq rughu wr vxvwdlq iuhh wudgh= erwk
frxqwulhv gr qrw fkdujh wdul�v dqg gr qrw hqjdjh lq lqgxvwuldo srolf| +W @ W r @
4 dqg | @ { r @ 3, dv orqj dv erwk glg vr lq hyhu| shulrg lq wkh sdvw1 Li rqh
ghihfwv dqg ghyldwhv iurp wklv sdwwhuq wkh rwkhu fdqqrw uhdfw lq wkh vdph shulrg
exw erwk frxqwulhv sod| Qdvk vwudwhjlhv hyhu diwhu dqg hqg xs zlwk wkh xwlolw|
+43,1
Lq jhqhudo/ frrshudwlrq lv vhoi0hqiruflqj li wkh ixwxuh glvfrxqwhg �rz ri xwlolwlhv
xqghu frrshudwlrq lv eljjhu wkdq wkdw ri ghihfwlrq=

Y � x-x���z6�-���5z @ [

���'�
� � x �� � x �� .[

��� �
� � x �� @ Y � z���z���� +44,

ru
� � x � � x �

x � � x � +45,
lq d wlph0lqyduldqw vhwwlqj1
Lq +44, dqg +45,/ x � vwdqgv iru wkh frrshudwlrq xwlolw|/ x � iru wkh Qdvk xwlolw|
+43,/ dqg x � iru ghihfwlrq xwlolw|1 Ghihfwlrq lwvhoi phdqv wkdw rqh frxqwu|/ vd|
Iruhljq/ vhwv wdul�v dqg lqgxvwuldo srolf| xqlodwhudoo| zkloh iuhh wudgh zdv djuhhg
xsrq ruljlqdoo|1 Wklv klwv e| vxusulvh Krph*v jryhuqphqw dqg zrunhuv/ zklfk
fdq dgdsw qhlwkhu wdul�v qru rxwsxw lq wkh vdph shulrg1
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Htxdwlrq +44, lv wkh vhoi0hqirufhphqw frqvwudlqw +VHF, dqg sod|v d fhqwudo uroh
lq wkh iroorzlqj dqdo|vlv1 Wkh pdlq wdvnv zloo eh wr h{soruh zkhq lw elqgv dqg
krz wr xvh frpphufldo dqg lqgxvwuldo srolflhv rswlpdoo| wr pdnh lw krog1
Wr fkhfn zkhwkhu iuhh wudgh lv vhoi0hqirufhdeoh lq d wlph0lqyduldqw jdph/ rqh
kdv wr froohfw wkh uhvshfwlyh xwlolwlhv lq +45,1 Wkh ehvw uhvsrqvh wdul�v +:, vkrz
wkdw ghihfwlrq wdul�v rq iuhh wudgh duh lq�qlw| dqg iru e � 5 lw fdq eh vkrzq �
wkdw ehvw uhvsrqvh surgxfwlrq lpsolhv | @ 3 vxfk wkdw wkh prphqwdu| xwlolw|
iurp ghihfwlqj rq d iuhh wudgh djuhhphqw lv x � @ e@s51 Iuhh wudgh xwlolw| lv
x u @ e@51 Wkhq/ +46, ehfrphv

� � s5� 4s5� 5x � @e @ � u � +46,

Qrwh wkdw e| +43, � u � lv ghfuhdvlqj lq e dqg wkh frqvwudlqw uhod{hv1 Wkxv/ dv wkh
gl�huhqfhv lq surgxfwlylw| jurz odujhu/ wkh pruh olnho| iuhh wudgh lv vxvwdlqdeoh1
Wkh uhdvrq lv vlpso| wkdw dq lqfuhdvh lq e pdnhv wkh ydoxh ri frrshudwlrq jurz
idvwhu wkdq wkh ydoxh ri ghihfwlrq1 Wr vhh zk|/ qrwlfh wkdw dq lqfuhdvh lq e
lpsuryhv wkh surgxfwlrq srvvlelolwlhv exw dovr lqfuhdvhv wkh pxwxdo ghshqghqfh/
zklfk pdnhv wkh wudgh zdu wrxjkhu dqg whqgv wr uhgxfh wudgh zdu xwlolw|1 Wkh
ryhudoo lpsdfw ri dq lqfuhdvh lq e rq wudgh zdu xwlolw| lv wkhuhiruh ohvv wkdq lwv
lpsdfw rq frrshudwlrq xwlolw|1 Qrz/ dv wkh ydoxh ri ghihfwlrq lv d frpsrvlwh
ri wkh lqvwdqwdqhrxv jdlqv dqg wkh wudgh zdu frqvhtxhqfhv/ wkh lqfuhdvh lq e
lqfuhdvhv frrshudwlrq ydoxh pruh wkdq wkh ghihfwlrq ydoxh dqg wkhuhe| uhod{hv
wkh vhoi0hqirufhphqw frqvwudlqw1 Qrwh wkdw wklv frpsdulvrq lv fhwhulv sdulexv
dqg L zloo uhwxuq wr lw lq d g|qdplf frqwh{w lq Vhfwlrq 71
Qrz/ zkhq frxqwulhv khdylo| glvfrxqw ixwxuh xwlolw| dw orz �/ +46, lv ylrodwhg 0
wkh wkuhdw ri d wudgh zdu lv qrw hqrxjk wr vxvwdlq iuhh wudgh1 Iru wkh uhvw ri wkh
sdshu L zloo dvvxph wkdw vxfk khdy| glvfrxqwlqj/ d nh| frqglwlrq iru wkh uhvxowv
lv vdwlv�hg � 1
Lw lv zhoo xqghuvwrrg wkdw lq d vlwxdwlrq zkhuh iuhh wudgh lv qrw vhoi0hqiruflqj/ wkh
lpsohphqwdwlrq ri srvlwlyh exw prghudwh wudgh eduulhuv lv vhoi0hqiruflqj/ vlqfh
wkh| whqg wr ghfuhdvh wkh ydoxh ri ghihfwlrq pruh wkdq wkh ydoxh ri frrshudwlrq
+vhh Edjzhoo dqg Vwdljhu +5333,,1 Lq wkh iudphzrun ri wklv sdshu wkhuh duh qrz
wzr srolf| lqvwuxphqwv dw kdqg 0 frpphufldo dqg lqgxvwuldo srolf| 0 erwk ri
zklfk fdq eh hpsor|hg wr uhod{ wkh vhoi0hqirufhphqw frqvwudlqw1 Wkh qdwxudo
txhvwlrq dulvlqj lv/ zklfk ri wkhp vkrxog eh xvhg wr uhod{ wkh vhoi0hqirufhphqw
frqvwudlqw1 Wklv lv wkh irfxv ri wkh iroorzlqj vxevhfwlrq dqg lwv lpsolfdwlrqv
frqvwlwxwh wkh pdlq frqwulexwlrqv ri wkh sdshu1�.h	���V#�E�E0�-���%� PLKV#�:�:���8+E���� �����V��j
� :�(����	Q������ �����!F ���,�������������-�6� �	��:,/%���!���.�!����(���:�:��.��;`F ��������,����:���
 ��KC���������aj	���=�p�¡  �.X_j3¢i��]5£.l������
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��2 5�t|@�?�?} �}hii4i?|t |�hL�}� W?|ih�i?|�L?
Dvvxph wkdw frxqwulhv duh lpsdwlhqw dqg iuhh wudgh lv qrw vhoi0hqiruflqj1 Wkhq/
vwduwlqj iurp wkh wudgh zdu ohyho/ d sduwldo olehudol}dwlrq ri wudgh dqg lqgxvwuldo
srolflhv lv vwloo vhoi0hqiruflqj1 Wkh lghd lv wr nhhs vpdoo dprxqwv ri wudgh edu0
ulhuv wr uhgxfh lqfhqwlyhv wr ghihfw dqg wkxv pdnh frrshudwlrq srvvleoh ¨ 1 Wkh
lqh�flhqflhv wkhvh srolflhv fuhdwh duh wkh sulfh wr sd| iru dyrlglqj pxfk odujhu
orvvhv ri d wudgh zdu1 Wkh nh| txhvwlrq qrz frqfhuqv wkh uljkw frpelqdwlrq ri
wdul�v dqg lqgxvwuldo srolf| wr pdnh wkh vhoi0hqirufhphqw frqvwudlqw krog1
Wr �qg wklv uljkw frpelqdwlrq ri srolflhv/ fdoo wkh wdul� dqg lqgxvwuldo srolf|
djuhhg xsrq lq wkh djuhhphqw | © / { © / dqg W © 1 wkh rswlpdo v|pphwulf vhoi0
hqiruflqj wudgh djuhhphqw dv wkh vroxwlrq ri

pd{�C� s�ª � t	ª x+| © > { © > W © , v=w= � � x � +| © > { © > W © ,� x � +| © > { © > W © ,
x � +|

© > { © > W © ,� x � +47,

Qrwh wkdw e| v|pphwu|/ wkh vroxwlrq ri +47, pd{lpl}hv erwk frxqwulhv* xwlolw|1
Dovr/ erwk frxqwulhv idfh wkh vdph vhoi0hqirufhphqw frqvwudlqw vxfk wkdw +47,
hqwluho| gh�qhv wkh v|pphwulf sureohp1
Wkh vroxwlrqv ri +47,/ wkh srolf| ixqfwlrqv +| © > { © > W © , duh wkh srolflhv hyhqwx0
doo| �{hg lq wkh djuhhphqw1 Frrshudwlrq xwlolw| lv x � @ +{ © .| © ,sW © @+W © .4,
dffruglqj wr +8,/ x � lv iurp +43, dqg x � lv wkh ghihfwlrq xwlolw|1 Wkh dujxphqwv
ri x � duh wkh frrshudwlrq srolflhv wkdw duh ghihfwhg rq1 Wkh dfwxdo ghihfwlrq
vwudwhjlhv duh gh�qhg e| htxdwlrq +:, dqg lpsolflwo| e| wkh rswlpdolw| frqglwlrqv
+D7, dqg +D8, +vhh dsshqgl{,1
Dv glvfxvvhg deryh douhdg|/ wkh vroxwlrq wr wklv sureohp lv qr lqwhuyhqwlrq dw doo
surylghg wkdw wkh glvfrxqw idfwru � lv odujh hqrxjk 0 l1h1 wkh vhoi0hqirufhphqw
frqvwudlqw grhv qrw elqg1 Li � @ 3/ rq wkh rwkhu kdqg/ wkh ixwxuh lv qrw ydoxhg
dw doo dqg wkh rxwfrph lv d wudgh zdu dv lq wkh suhylrxv vhfwlrq1 Iru dq|
lqwhuphgldwh udqjh ri �/ wkh vhoi0hqirufhphqw frqvwudlqw grhv elqg dqg rqh fdq
vkrz wkdw / |

©
A 3/ {

©
@ 3 dqg W © A 4 lq wkdw fdvh � � 1

Wkh grphvwlf rxwsxw ri wkh lpsruwhg jrrg lv ri vshfldo lqwhuhvw khuh1 Lwv rswlpdo
ohyho lv srvlwlyh ehfdxvh lw lv dq h�flhqw phdqv wr uhgxfh ghihfwlrq lqfhqwlyhv
ri wkh iruhljq frxqwu|1 Wr vhh wklv/ dvvxph wkdw/ vd|/ Krph grhv qrw surgxfh
| dw doo1 Dv Iruhljq lv d prqrsrolvw lq d jrrg hvvhqwldo iru Krph/ Krph*v
ghshqghqfh rq Iruhljq vxssolhv lv h{wuhpho| kljk dqg vr duh Iruhljq*v jdlqv
iurp ghihfwlqj1 Exw vpdoo dprxqwv ri |0surgxfwlrq lq Krph douhdg| euhdn
wkh Iruhljq*v prqrsro| srvlwlrq dqg gudpdwlfdoo| uhgxfh lwv delolw| wr h{wudfw
rxwsxw iurp Krph1
Wkxv/ srvlwlyh grphvwlf surgxfwlrq ri wkh lpsruwhg jrrg lv sduw ri dq| wudgh
djuhhphqw wkdw grhv qrw lpsohphqw iuhh wudgh1
Exw wklv grhv qrw qhfhvvdulo| phdq wkdw pdunhwv idlo wr surylgh wkh rswlpdo
txdqwlw| | © dqg jryhuqphqwv kdyh wr hqjdjh lq lqgxvwuldo srolflhv1 \hw/ lw lv« �����'�6���,�6P�E0
 ���%�-��� ���
��FG�6��� :3A��-��������
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G�����9h��6��� A�����XSj.k�k�k�]�K�5¬ h������ (6��
 ;
:�E0�-�.��� ��A�"0A��-Q�������8+������:*�.���!� ���%� �0���������*� �JA�� Q�� ��AV:���/%:�� �%� ��:������������6P�E0���5��� ��AV:���(��������E
���+�����,
 ��Q���
 ­G®g�a�.X5Y3¯ °0®�]�"%���-����Q�����"0���
±�²ck+(���:5����F=:���/�:�� �%� d-� ��A+���	��
 �JE�����Q������3�6��� :�K

44



uhdglo| vkrzq wkdw uhodwlyh lpsruw sulfhv xqghu rswlpdo wudgh djuhhphqwv duh
dozd|v ehorz wkh pdujlqdo udwh ri wudqvirupdwlrq

sW © @ W © ? e
Wkxv/ d ghfhqwudol}hg pdunhw frpsohwho| vshfldol}hv rq wkh h{sruw jrrg dqg wkh
jryhuqphqw kdv wr vwhs lq dqg vhw wkh plqlpxp ohyho 1 Dw wkh vdph wlph/ wkhuh
lv qr qhhg wr vxevlgl}h h{sruw surgxfwlrq dqg lwv fhqwudoo| lqgxfhg plqlpxp
ohyho lv }hur1
Wkhvh �qglqjv duh vxppdul}hg lq wkh iroorzlqj

Sursrvlwlrq 4 Lq wkh hfrqrp| ghvfulehg lq Vhfwlrq 5/ dq| v|pphwulf vhoi0
hqiruflqj rswlpdo wudgh djuhhphqw wkdw grhv qrw lpsohphqw iuhh wudgh lqfoxghv
lqgxvwuldo srolf| idyrulqj lpsruw frpshwlwruv1

Surri1 Vhh Dsshqgl{1
Iljxuh 4 looxvwudwhv wkh �qglqj ri wkh sursrvlwlrq1 Rq wkh krul}rqwdo d{lv ri wkh
wrs sdqho/ wkh glvfrxqw idfwru � uxqv iurp }hur wr rqh1 Iru odujh / lqhtxdolw| +46,
lv vdwlv�hg dqg iuhh wudgh lv vxvwdlqdeoh1 Frqvhtxhqwo|/ qr wdul�v duh fkdujhg dqg
wkhuh lv qr lpsruw frpshwlqj surgxfwlrq xqghu wkh rswlpdo wudgh djuhhphqw1 Dv
vrrq dv � gursv ehorz wkh wkuhvkrog lq +46, wkh rswlpdo wudgh djuhhphqw lqfoxghv
srvlwlyh |0surgxfwlrq1 Dv wkh glvfrxqw idfwru dssurdfkhv }hur frxqwulhv ljqruh
ixwxuh ehqh�wv/ zklfk frqvwlwxwh wkh rqo| uhdvrq iru uhvshfwlqj wkh djuhhphqwv>
frqvhtxhqwo| wkh rswlpdo wudgh srolflhv +| © > W © , dssurdfk wkh Qdvk ohyhov +<,1
Iru d ghhshu xqghuvwdqglqj uhfdoo wkdw wkh vlwxdwlrq lq d wdul� jdph zlwk frp0
shwlwlyh �upv lv urxjko| wkh iroorzlqj= wkh frxqwulhv* jryhuqphqwv 0 qrw fdulqj
derxw iruhljq frqvxphuv* orvvhv exw zhoo derxw grphvwlf surgxfhuv* jdlqv 0 wu|
wr uhsolfdwh prqrsro| pdunxsv rq wkh frxqwulhv h{sruwv dqg vhw wdul�v wr wklv
hqg1 Prqrsro| pdunxsv/ krzhyhu/ ghshqg rq wkh hodvwlflw| ri ghpdqg % e|
wkh idfwru 4@+% � 4,1 Qrz/ e| hqjdjlqj lq surgxfwlrq ri wkh lpsruw jrrg/ d
frxqwu| lqfuhdvhv lwv lpsruw hodvwlflw|1 Wkxv/ lw uhgxfhv iruhljq pdunhw srzhu
dqg wkhuhe| wkh vxusoxv iruhljqhuv fdq h{wudfw zkhq ghihfwlqj1 Frqvhtxhqwo|/
iruhljq lqfhqwlyhv wr ghihfw idoo1
Wkh Free0Grxjodv xwlolw| kdv dq hodvwlflw| ri vxevwlwxwlrq ri rqh1 Zkhq wkhuh lv
qr surgxfwlrq ri wkh lpsruwhg jrrg/ wkh hodvwlflw| ri lpsruw ghpdqg � lv htxdoo|
rqh/ vr wkh pdunxs 4@+� � 4, lv xqerxqghg1 Surgxflqj vpdoo dprxqwv ri wkh
lpsruw0jrrg grphvwlfdoo| lqfuhdvhv lpsruw hodvwlflw| vrphzkdw exw uhgxfhv wkh
pdunxs gudpdwlfdoo|1 Wklv lv wkh uhdvrq zk| lpsruw frpshwlqj surgxfwlrq lv
h{wuhpho| h�flhqw lq uhgxflqj wkh ghihfwlrq xwlolw| dqg wkhuhiruh lq uhod{lqj wkh
vhoi0hqirufhphqw frqvwudlqw1
Sursrvlwlrq 4 vwdwhv wkdw lqgxvwuldo srolf| fdq eh h{wuhpho| h�flhqw lq uhgxflqj
yxoqhudelolw| wr xquholdeoh vxssolhuv1 Wkh hqhuj| fulvlv ri 4<:6 fdq eh uhdg
dv dq looxvwudwlyh dssolfdwlrq ri vxfk vwudwhjlhv1 Zkhq wkh RSHF lpsrvhg dq
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hpedujr rq zhvwhuq lqgxvwuldol}hg frxqwulhv/ wkhvh odwwhu vshqw kxjh vxevlglhv
wr vhw xs qdwlrqdo hqhuj| surjudpv1 Wkh fohdu dlp zdv wr uhdfk vrph ghjuhh
ri vhoi0vx�flhqf| dqg uhgxfh wkh yxoqhudelolw| wr wkh frxqwulhv wkdw mxvw kdg
ghprqvwudwhg wkhlu delolw| wr frooxgh wr d fduwho ri vxssolhuv1 Zlwk txlwh orz
hvwlpdwhv iru wkh hodvwlflwlhv ri vxevwlwxwlrq ehwzhhq hqhuj| dqg nh| djjuhjdwhv
udqjlqj durxqg rqh dqg ehorz +vhh �R}dwdod|/ Juxedxjk dqg Orqj +4<:<,,/ wklv
ehkdylru �wv zhoo lq wkh h{sodqdwlrq sdwwhuq ri Sursrvlwlrq 41 D frpprq dqg
qdwxudo remhfwlrq wr vxfk srolwlfv lv wkdw hqhuj| uhvhuyhv vkrxog qrw eh ghsohwhg
lq wlphv ri uhodwlyh dexqgdqfh exw udwkhu eh nhsw iru shulrgv zkhq zruog pdunhwv
duh wljkwhu1 Wkh vfhqdulr ghyhorshg deryh vkrzv lqvwhdg wkdw vxevlgl}hg hqhuj|
surgxfwlrq pljkw suhflvho| suhyhqw vxfk d wljkwhqlqj e| uhgxflqj wkh lqfhqwlyhv
ri rlo0surgxfhuv wr frooxgh1
Qrwh �qdoo|/ wkdw rswlpdo vxevlglhv duh idyrulqj lpsruw0frpshwlqj vhfwruv1 Ur0
guln +4<<8, lghqwl�hv dq %dqwl0wudgh eldv% lq wudgh srolf|1 Dwwhpswv wr h{sodlq
lw xvxdoo| wdnh d srolwlfdo hfrqrp|0dssurdfk dqg uho| rq udwkhu vshfl�f dvvxps0
wlrqv +vhh Olpdr dqg Sdqdjdul|d +5335,,1 Lq frqwudvw/ Sursrvlwlrq 4 vxjjhvwv
wkdw wklv dqwl0wudgh eldv pd| eh h{dfwo| zkdw lv qhhghg wr pdnh wudgh djuhh0
phqwv vxvwdlqdeoh1

��� 5i*u�,?uLhU�?} �}hii4i?|t ��|�L�| W?_�t|h�@* �L*�U)
Ehiruh forvlqj wklv vhfwlrq/ lw lv lqvwuxfwlyh wr orrn dw wkh frqvhtxhqfhv ri lp0
shglqj dq| nlqg ri lqgxvwuldo srolf|1 Sursrvlwlrq 4 lpsolhv wkdw wklv pdnhv
vhoi0hqiruflqj wudgh djuhhphqwv vxerswlpdo1 Dv zloo ehfrph fohdu lq d prphqw/
vxfk d edq pd| dfwxdoo| ohdg wr d froodsvh ri dq| h�flhqf|0hqkdqflqj djuhh0
phqw1
Dvvxph wkdw jryhuqphqw kdv qr srolf| lqvwuxphqw dsduw iurp lpsruw wdul�v1
Wklv lpsolhv wkdw lpsruw frpshwlqj surgxfwlrq lv }hur dv vrrq dv v|pphwulf
wdul�v duh ehorz wkh Qdvk ohyho W © @ e1 Jrlqj edfn wr wkh Ehvw Uhvsrqvh
ixqfwlrqv +:,/ rqh jhwv wkdw wkh ghihfwlrq wdul� jurzv xqerxqghg W $ 4> +7,
vkrzv wkhq wkdw Krph sulfhv ri jrrg | duh sW $ W © .41 Pruhryhu/ lpsruwv ri
| duh e@+W © . 4,/ vxfk wkdw Krph rswlpdoo| vwd|v rxw ri |0surgxfwlrq +| @ 3,=
Wklv ohdgv wr

x � +W © , @ e@sW © . 4
zkhuh W © lv wkh wdul� dfwxdoo| ghihfwhg rq1 Wkh frrshudwlrq xwlolw| lv x � +W © , @
esW © @+W © .4,/ dqg wudgh zdu xwlolw| lv x � iurp +43,1 Wkhq/ wkh vhoi0hqirufhphqw
frqvwudlqw +45, whoov wkdw lq rughu wr vxvwdlq dq| wudgh djuhhphqw +rwkhu wkdw
wkh wudgh zdu, wkh glvfrxqw idfwru � pxvw h{fhhg wkh plqlpxp ohyho ri �-�

� ³ +e, plq� ªC´Cµ � � ��¶
�

4� x � +W © ,� x �
x � +W © ,� x �
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Wklv ohdgv wr wkh iroorzlqj
Uhpdun wr Sursrvlwlrq 4 Li frxqwulhv fdqqrw hqjdjh lq lqgxvwuldo srolf|/ dq|
glvfrxqw idfwru wkdw idoov vkruw ri +48, ohdgv wr d wudgh zdu1
Wklv uhpdun kljkoljkwv wkh lpsruwdqfh ri lqgxvwuldo srolf| iru wudgh djuhhphqwv1
D frxqwu| olylqj lq vxfk d zruog zkhuh ixwxuh jdlqv duh khdylo| glvfrxqwhg zrxog
wxuq grzq wkh srvvlelolw| wr mrlq d wudgh djuhhphqw wkdw edqv doo nlqgv ri lq0
gxvwuldo srolflhv1 Lw zrxog udwlrqdoo| dvvxph wkdw lwv yxoqhudelolw| wr iruhljq
vxssolhuv zrxog fuhdwh wrr kljk lqfhqwlyhv iru wkhp wr ghihfw rq wkh djuhhphqw1
Wdul�v dorqh frxog qrw fxw wkhvh lqfhqwlyhv hqrxjk dqg frrshudwlrq lv qrw srv0
vleoh1
Zkloh wkh suhvhqw vhfwlrq pdgh wkh fdvh iru wkh xvh ri lqgxvwuldo srolf| wr
vxvwdlq vhoi0hqiruflqj wudgh djuhhphqwv wkh iroorzlqj vhfwlrq vhwv wklv �qglqj lq
d g|qdplf iudphzrun lq zklfk surgxfwlylwlhv duh fkdqjlqj ryhu wlph1

e ��@?}it �? �L4T@h@|��i �_�@?|@}i
Dv glvfxvvhg lq wkh suhylrxv vhfwlrq/ d ghhshqlqj ri wkh frpsdudwlyh dgydqwdjh
+l1h1 dq lqfuhdvh lq wkh sdudphwhu e, udlvhv wkh jdlqv iurp frrshudwlrq pruh
wkdq wkh jdlqv iurp ghihfwlrq dqg pdnhv iuhh wudgh pruh olnho|1 Wkh suhvhqw
vhfwlrq wdnhv d g|qdplf dssurdfk wr wklv srlqw dqg vkrzv krz d fduylqj lq ri
wkh frpsdudwlyh dgydqwdjh fdq ohdg wr judgxdo wudgh olehudol}dwlrq dqg h{sodlq
wkh surwhfwlrq ri ghfolqlqj lqgxvwulhv1
Lq d vlpsoh exw vxjjhvwlyh zd| wkh suhvhqw vhfwlrq zloo uhpryh wkh dvvxpswlrq
wkdw wkh sdwwhuq ri frpsdudwlyh dgydqwdjh lv frqvwdqw ryhu wlph1 Lq d �uvw vwhs/
wkh frpsdudwlyh dgydqwdjh lv dvvxphg wr ghhshq h{rjhqrxvo|/ l1h1 lqghshqghqw
ri wkh wudgh srolflhv wkh frxqwulhv hqjdjh lq1 Lw lv vkrzq wkdw d vlqjoh mxps lq
h{sruw surgxfwlylwlhv fdq ohdg wr d judgxdo uhgxfwlrq ri wudgh eduulhuv/ zklfk
vhwv lq ehiruh wkh gdwh ri wkh whfkqrorj| fkdqjh1 Xqghu wkh rswlpdo g|qdplf
djuhhphqw/ wkh lpsruw0frpshwlqj lqgxvwulhv ghfolqh lq wkh shulrg ri vwhszlvh
wudgh olehudol}dwlrq1 Frqvhtxhqwo|/ wkh surwhfwlrq ri ghfolqlqj lqgxvwulhv fdq eh
sduw ri dq rswlpdoo| ghvljqhg wudgh djuhhphqw1
D vhfrqg vwhs frqqhfwv wkh lqfuhdvh lq wkh frpsdudwlyh dgydqwdjh wr d vlpsoh
ohduqlqj e| grlqj surfhvv1 Lq wkh fdvh wkdw wkh ghhshqlqj ri frpsdudwlyh dgydq0
wdjh wdnhv sodfh frqglwlrqdo rq wudgh frrshudwlrq/ djuhhphqwv wkdw hyhqwxdoo|
doorz iuhh wudgh pd| lqghhg uhtxluh wkh wudqvlwlrqdo xvh ri lqgxvwuldo srolf| lq
idyru ri lpsruw0frpshwlqj lqgxvwulhv1 Vr edqqlqj lw pdnhv dq| rxwfrph rwkhu
wkdq wudgh zdu lpsrvvleoh1
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e�� #iU*�?�?} W?_�t|h�it
Lq d uhshdwhg jdph zkhuh ixwxuh jdlqv irup frrshudwlrq pdnh wkh sod|huv uhvshfw
wkh uxohv/ doo xsfrplqj hyhqwv hqwhu wkh sduwlflsdwlrq frqvwudlqw wrgd|1 Wkxv/ d
ixwxuh wudgh olehudol}dwlrq wkdw lv h{shfwhg wr lqfuhdvh jdlqv iurp frrshudwlrq
lqfuhdvhv dovr wrgd|*v ydoxh ri uhvshfwlqj wkh djuhhphqw1 Wklv/ lq wxuq/ uhod{hv
wrgd|*v vhoi0hqirufhphqw frqvwudlqw dqg doorzv wudgh olehudol}dwlrq wrgd| douhdg|1
Frqvhtxhqwo|/ wkh olehudol}dwlrq surfhvv lv judgxdo1
Wr h{soruh wklv dujxphqw lq pruh ghwdlo/ dvvxph wkdw wkh surgxfwlylw| lq wkh
h{sruwlqj vhfwru/ e/ lqfuhdvhv zlwk d vlqjoh h{rjhqrxv mxps dw vrph ixwxuh gdwh
w � 1 Wklv dvvxpswlrq qrw rqo| vlpsol�hv wkh irupdolwlhv/ lw dovr vkrzv wkdw wkh
judgxdolvp grhv qrw klqjh rq d vwhszlvh lqfuhdvh lq e1 Wkh surfhvv ie � j lv
vxppdul}hg lq wkh iroorzlqj

e � @
� e li w ? w ��e li w � w �

zlwk �e A e1 Udwlrqdo djhqwv dqwlflsdwh wklv mxps1
Qrz/ iru d jlyhq sdudphwhu e dqg v|pphwulf wudgh djuhhphqw gh�qhg e| +W © > | © ,/
gh�qh wkh jdlq iurp ghihfwlrq uhodwlyh wr Qdvk rxwfrph dv

�+W © > | © > e, @ x � +W © > | © > e,� x � +e,
dqg wkh jdlq iurp frrshudwlrq uhodwlyh wr Qdvk rxwfrph dv

�+W © > | © > e, @ x � +W © > | © > e,� x � +e,
Wkhq/ gursslqj wkh vxshuvfulswv + © , dqg zulwlqj vlpso| +W> |, iru wkh wudgh
djuhhphqwv/ wkh sduwlflsdwlrq frqvwudlqw dw wlph w fdq eh zulwwhq dv

�+W � > | � > e � , � [

· �C�
� · �+W �5¸ · > | �5¸ · > e �5¸ · ,

Dv dq lqfuhdvh lq e zdv vkrzv wr uhod{ wkh vwdwlf iuhh wudgh vhoi0hqirufhphqw
frqvwudlqw +45,/ lw lv srvvleoh wr dvvxph wkdw iuhh wudgh lv vxvwdlqdeoh xqghu �e
exw qrw xqghu e=

�+4> 3>�e, � 4
4� � �+4> 3>�e, �+4> 3> e, A 4

4� � �+4> 3> e,

Wkhq/ dvvxplqj wkdw w � lv idu hqrxjk lq wkh ixwxuh/ iuhh wudgh lv qrw vxvwdlqdeoh
dw w @ 31 Vr wkhuh pxvw eh d wlph w � � w � vxfk wkdw iuhh wudgh lv vxvwdlqdeoh
hyhu diwhu

�+4> 3> e ��¹ , � 4� � �1º.»��1¼
4� � �+4> 3> e, . � �1º.»��1¼

4� � �+4> 3>�e, w ½ � w �
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exw dw w � � 4 lw lv qrw

�+4> 3> e � ¹�¾�¹ , A
4� � �1º.»��1¼_¸ �

4� � �+4> 3> e, . � �1º.»��1¼_¸ �
4� � �+4> 3>�e,

Vxssrvh djdlq wkdw frxqwulhv dozd|v lpsohphqw wkh h�flhqw v|pphwulf vxejdph
shuihfw wudgh djuhhphqw1 Iurp wlph rqzdugv wklv /phdqv wkh odlvvhu0idluh srolflhv
+W> |, @ +4> 3, 1 Dw wlph w � � 4/ wkh prvw h�flhqw wudgh djuhhphqw pd{lpl}hv
frrshudwlrq xwlolw| x � +W ��¹�» � > | �6¹�» � , vxemhfw wr

�+W �6¹�» � > | ��¹�» � > e,� �+W ��¹�» � > | ��¹�» � > e, � �[

· �'�
� · �+4> 3> e ��¹6¸ · , +49,

Qrwh wkdw e| frqvwuxfwlrq ri w � wkh frqvwudlqw pxvw eh elqglqj vxfk wkdw wkh
ydoxh ixqfwlrq ri wklv pd{lpl}dwlrq sureohp lv ohvv wkdq xqghu odlvvhu0idluh/
x � +4> 3,/ dqg frqvhtxhqwo| wkh jdlqv iurp frrshudwlrq zloo eh ohvv

�+W ��¹�» � > | ��¹�» � > e, A �+W ��¹ > | �6¹ > e, @ �+4> 3> e, +4:,
Wkh rxwfrph ri wkh pd{lpl}dwlrq sureohp gholyhu wkh srolf| ixqfwlrqv +W ��¹�» � > | ��¹�» � ,iru wlph w � � 41
Dw wlph w � � 5/ srolf|pdnhuv wdnh +W � ¹ » � > | � ¹ » � , dv jlyhq wr fdofxodwh wkh prvw
h�flhqw vxvwdlqdeoh wudgh djuhhphqw/ pd{lpl}lqj x � +W ��¹�»'T > | ��¹�»�T , v1w1

�+W � ¹ »'T > | � ¹ »'T > e,� �+W � ¹ »'T > | � ¹ »'T > e, � ��+W � ¹ » � > | � ¹ » � > e,.�S · �'� �
· �+4> 3> e �6¹6¸ · , +4;,

Qrwh wkdw e| +4:, wkh UKV ri +4;, lv odujhu wkdq wkh UKV ri +49, vr wkh vhoi0
hqirufhphqw frqvwudlqw dw wlph w � � 5 +4;, lv wljkwhu wkdq dw wlph w � � 4 +49,1
Frqvhtxhqwo|/ wkh wudgh djuhhphqw dw wlph w � � 5 +W � ¹ »'T > | � ¹ »'T , lv ohvv olehudo
wkdq wkh rqh dw w � � 4 +W ��¹�» � > | ��¹�» � ,1 Dq lqgxfwlrq dujxphqw frpsohwhv wkh
surri wkdw/ jrlqj edfnzdugv lq wlph iurp w � rqzdugv wkh wudgh djuhhphqw jhwv
judgxdoo| ohvv olehudo1
Lw lv txlfn wr fkhfn wkdw dw hdfk wlph/ wkh rswlpdolw| frqglwlrqv iru wkh wudgh
djuhhphqwv duh lghqwlfdo zlwk wkrvh ri wkh sureohp +48,1 Dv wkh srolf| ixqfwlrqv
ri wkh pd{lpl}dwlrq sureohp +47,/ l1h1 +W © > | © , zhuh vkrzq wr eh ghfuhdvlqj lq
wkh ydoxh ixqfwlrq x � / wdul� dqg lqgxvwuldo srolf| judgxdoo| jurz vpdoohu dqg
hyhqwxdoo| ydqlvk1 Wklv �qglqj lv vxppdul}hg lq wkh iroorzlqj

Sursrvlwlrq 5 Dq dqwlflsdwhg h{rjhqrxv ghhshqlqj ri frpsdudwlyh dgydqwdjh
dw wlph / lqfuhdvhv wkh dqwlflsdwhg jdlqv iurp wkh wudgh djuhhphqw1 Wkhuhe|/ lw
uhod{hv wkh vhoi0hqirufhphqw frqvwudlqw hyhq ehiruh gdwh / dqg frqvhtxhqwo| wudgh
lv olehudol}hg judgxdoo|1 Gxulqj wkh olehudol}dwlrq shulrg ghfolqlqj lqgxvwulhv duh
surwhfwhg1

Wkh sursrvlwlrq kdv wzr sduwv/ zklfk dgguhvv judgxdolvp ri wudgh olehudol}d0
wlrq dqg wkh surwhfwlrq ri ghfolqlqj vhfwruv1 Zkloh wkh �qglqj ri judgxdolvp
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edvlfdoo| uhshdwv wkh uhvxow ri Ghyhuhx{ +4<<:,/ wkh qryho dqg lqwhuhvwlqj sduw
ri Sursrvlwlrq 5 lv wkh idfw wkdw rswlpdo wudgh djuhhphqwv surwhfw ghfolqlqj
lqgxvwulhv1
Wkh uhdvrq iru d vwhszlvh uhgxfwlrq ri surwhfwlrq grhv qrw frph iurp wkh ghvluh
wr fxvklrq ru uhgxfh srolwlfdo uhvlvwdqfh exw lw lv dq rswlpdo srolf| ehfdxvh wkh
vhoi0hqirufhphqw frqvwudlqw lpshghv wr ohw wkhp jr dw rqfh1 Vrph vhfwruv/ vr wkh
dujxphqw uxqv/ kdyh wr eh surwhfwhg lq rughu wr jxdudqwhh vhoi0hqirufhdelolw| ri
wkh djuhhphqw> dqg dv wkh vhoi0hqirufhphqw frqvwudlqw uhod{hv vwhszlvh/ wkh| duh
judgxdoo| idghg rxw1
Surwhfwlrq ri ghfolqlqj lqgxvwulhv lv xvxdoo| h{sodlqhg e| srolwlfdo hfrqrp| du0
jxphqwv1 Wkh frqwudfwlrq ri dq lqgxvwu|/ d vwdqgdug dujxphqw uxqv/ lv iroorzhg
e| d ghfuhdvh lq oree|lqj dfwlylw|/ zklfk lq wxuq ohdgv wr ohvv surwhfwlrq dqg
ixuwkhu ghfolqh +vhh Kloopdq +4<;5,,1 Wkh suhvhqw sdshu*v dujxphqw/ lq frqwudvw/
uholhv rq sxuho| zhoiduh0pd{lpl}lqj jryhuqphqwv1
Wkh qh{w vxevhfwlrq zloo h{soruh wkh vlwxdwlrq zkhuh wkh ghhshqlqj ri frpsdu0
dwlyh dgydqwdjh lv frqglwlrqdo rq wudgh frrshudwlrq1

e�2 #iU*�?�?} A�hL�}� �hL|iU|�L?
Zlwk d vlpsoh h{dpsoh/ wklv vhfwlrq kljkoljkwv wkh surplqhqw uroh lqgxvwuldo
srolf| sod|v lq wudgh djuhhphqwv1 Lw vkrzv wkdw wkh wudqvlwlrqdo hqjdjhphqw lq
lqgxvwuldo srolf| pd| eh qhfhvvdu| lq rughu wr uhdfk d iuhh wudgh djuhhphqw1
Wkh phfkdqlvp gudzv rq wkh Uhpdun wr Sursrvlwlrq 4 lq Vhfwlrq 6/ zklfk
vwdwhv wkdw surwhfwlrq ri lpsruw0frpshwlqj vhfwruv lv qhfhvvdu| wr uhdfk dq|
nlqg ri h�flhqf|0hqkdqflqj wudgh djuhhphqw surylghg wkdw wkh glvfrxqw idfwruv
duh vpdoo1 Wkhq/ li ohduqlqj e| grlqj lv vxfk wkdw wkh sdwwhuq ri frpsdudwlyh
dgydqwdjh ghhshqv rqo| li wkhuh lv lqwhuqdwlrqdo vshfldol}dwlrq/ frxqwulhv fdq
fkrrvh wr vwlfn wr wudgh zdu iruhyhu/ ru wr hqjdjh lq lqgxvwuldo srolf| whpsrudu0
lo| h{shulhqfh d shulrg ri prghudwh surwhfwlrq gxulqj zklfk wkh frpsdudwlyh
dgydqwdjhv fduyh lq dqg jlyh �qdoo| zd| wr d ixoo| olehudol}hg vhoi0hqiruflqj wudgh
djuhhphqw1
Dvvxph wkdw wkhuh lv vhfwru0vshfl�f glvhperglhg nqrzohgjh � ¿ +} @ {> |,/ zklfk
dffxpxodwhv wkurxjk ohduqlqj e| grlqj1 Krzhyhu/ wkhuh kdv wr eh d plqlpxp
ohyho ri dfwlylw| lq hdfk vhfwru iru wkh vwrfn ri nqrzohgjh wr lqfuhdvh � T 1 Lq
sduwlfxodu/ dvvxph wkdw hyroyhv dffruglqj wr

� ¿�5¸ � @ � ¿� . % � % � @
� % li } � A e@+e. 4,

3 hovh +4<,
� U <=�+R1��:5��� F ;J����� :,�.:�:���8+E��6� ���G"L�����+(����4����� ���4��F§Q��.��� ����:,8+� (����.^1F �	�����%�-�6� �	��:�K,#�:*�����!E0��:5:�� /%
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lq Krph dqg htxlydohqwo| lq Iruhljq1
Ilqdoo|/ vxssrvh wkdw wkh vwrfn ri nqrzohgjh d�hfwv wkh djjuhjdwh surgxfwlylw|
lq wkh iroorzlqj zd| � e =

e+� s , @
� e li � s � �

e hovh dqg d+� t , @
� d li � t � �

4 hovh +53,

Xqghu wkhvh frqglwlrqv/ wkhuh lv zloo eh qr lpsuryhphqw lq whfkqrorjlhv xqghu
wudgh zdu vlqfh 1 Krzhyhu/ xqghu vrph lqwhuqdwlrqdo vshfldol}dwlrq wkh vwrfn ri
nqrzohgjh lq wkh h{sruwlqj vhfwru jurzv dqg sdwwhuq ri frpsdudwlyh dgydqwdjh
fduyhv lq dw vrph gdwh w � 1 Wkh vlwxdwlrq lv qrz wkh vdph dv lq wkh suhylrxv
vxevhfwlrq zlwk wkh mxps lq h{sruw surgxfwlylwlhv dffruglqj wr +BB, zlwk wkh
rqo| gl�huhqfh wkdw wkh mxps lq e lv frqglwlrqdo rq wudgh lqwhjudwlrq1
Zkhq lqlwldoo| e dqg � duh vxfk wkdw � ? � ³ +e, +frpsduh +48,, dqg lv idu lq
wkh ixwxuh/ wkh h�hfw ri wkh dgglwlrqdo jdlqv rq wkh vhoi0hqirufhphqw frqvwudlqw
lv qhjoljleoh1 Wkxv/ wkh vhoi0hqirufhphqw frqvwudlqw lv hvvhqwldoo| wkh vwdwlf rqh
+45, dqg qr h�flhqf|0hqkdqflqj wudgh djuhhphqw lv ihdvleoh zlwkrxw wkh xvh
ri lqgxvwuldo srolf|1 Li qrz lq vxfk d zruog lqgxvwuldo srolf| lv surklelwhg/ qr
wudgh djuhhphqw zloo eh sxw lq sodfh dqg frqvhtxhqwo| wkh whfkqrorjlhv duh qrw
lpsurylqj1 Doo sdudphwhuv uhpdlq frqvwdqw ryhu wlph dqg frxqwulhv kdyh qr
fkrlfh exw olylqj xqghu d qrq0frrshudwlyh wudgh uhjlph1
Krzhyhu/ zkhq frxqwulhv kdyh wkh srvvlelolw| wr hqjdjh lq lqgxvwuldo srolflhv/ d
prghudwh olehudol}dwlrq zloo wdnh sodfh lqlwldoo|1 Wklv ohdgv wr vrph ghjuhh ri
vshfldol}dwlrq dqg e| +4<, wkh nqrzohgjh lq wkh uhvshfwlyh h{sruw0whfkqrorjlhv
vwduwv wr jurz lq hyhu| frqvhfxwlyh shulrg/ zklfk hyhqwxdoo| ohdgv wr wkh mxps
lq whfkqrorjlhv1 Li wkh lpsdfw ri wkh whfkqrorj| lv odujh hqrxjk/ lw zloo ohdg wr
iuhh wudgh +� u � +e, ? � 0 frpsduh +46,,1 Uhshdwlqj wkh orjlfdo vwhsv wkdw ohg wr
Sursrvlwlrq 5/ rqh ghulyhv wkh iroorzlqj

Sursrvlwlrq 6 Xqghu ohduqlqj e| grlqj dv lq +4<, dqg +53, dqg dvvxplqj wkdw
� u � +e, ? � ? � ³ +e,/ dq| vhoi0hqiruflqj wudgh djuhhphqw wkdw hyhqwxdoo| ohdgv
wr iuhh wudgh qhfhvvdulo| lpsohphqwv lqgxvwuldo srolf| whpsrudulo|1

Iljxuh 6 vkrzv wkh uhodwlrq ehwzhhq glvfrxqw idfwru dqg lqfuhdvh lq surgxfwlylw|
e wkdw fdq ohdg wr wklv vfhqdulr1
Wklv h{dpsoh looxvwudwhv wkdw/ vrphzkdw sdudgr{lfdoo|/ fhuwdlq vhfwruv pd| gh0
folqh dqg jlyh zd| wr olehudol}dwlrq rqo| li wkh| duh whpsrudulo| surwhfwhg1 Frxq0
wulhv wkdw ihdu ghshqghqfh rq iruhljq lpsruwv ri hvvhqwldo jrrgv pd| uhixvh wr
hqwhu wudgh djuhhphqwv zkhq wkh| duh qrw doorzhg wr surprwh wkh grphvwlf sur0
gxfwlrq ri wkhvh jrrgv e| lqgxvwu| srolflhv1 Krzhyhu/ li wkh djuhhphqw ohdyhv� f.#�:5:���8+�,��K A%K��6���-�$�!(����1�6��� �
��8+����������FG:���(������1^S:5EL��(�� Ã�(*�����-��
 ����A���� :������������
�����.�%��E����+���������(6�����	
 ��A�;V�����.��8�������:�/�R1��8+E4F ����8WÀ ��� À-K
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wklv grru rshq wr wkhp/ wkh| pd| sduwldoo| rshq wr wudgh/ zklfk vhwv wkhp rq
wkh wudfn wr hyhqwxdoo| frpsohwh olehudol}dwlrq1
Wkh sdvw vhfwlrqv pdgh d vwurqj fdvh iru vxevlglhv dqg lqgxvwuldo srolf| lq jhq0
hudo/ srlqwlqj rxw vrph ehqh�fldo h�hfwv lw fdq kdyh lq d frpshwlwlyh zruog
zlwkrxw h{whuqdolwlhv dqg zlwk d zhoiduh0pd{lpl}lqj jryhuqphqw1 Lw lv lpsru0
wdqw/ krzhyhu/ wr kljkoljkw wkh txdol�fdwlrqv ri wklv uhdvrqlqj1 Wklv lv wkh uroh
ri wkh qh{w vhfwlrq1

e�� w�4�|@|�L?tG � �Lhi +�}�_ W?_�t|h�@* �L*�U)
Lw zdv srlqwhg rxw douhdg| lq vx�flhqw ghwdlo wkdw nh| dvvxpswlrqv iru wkh
suhylrxv uhvxowv uhtxluh wkdw frxqwulhv eh lpsdwlhqw/ wkh lpsruwhg jrrgv eh
hvvhqwldo/ dqg wkhlu vxssolhuv eh prqrsrolvwv rq wkh zruog pdunhw1 Exw wkhuh lv
dqrwkhu ohvv h{solflw dvvxpswlrq/ zklfk lv fuxfldo iru wkh �qglqjv wr jr wkurxjk1
Wklv dvvxpswlrq frqfhuqv wkh �h{lelolw| ri lqgxvwuldo srolflhv1
Lq wkh suhylrxv vhfwlrqv/ lqgxvwuldo srolf| zdv prghohg dv �h{leoh hqrxjk wr eh
fkdqjhg iurp shulrg wr shulrg1 Lq sduwlfxodu/ wkh wlph wr fkdqjh frpphufldo dqg
lqgxvwuldo srolflhv zdv dvvxphg wr lghqwlfdo1 Krzhyhu/ zkhq lqgxvwuldo srolf|
lqfoxghv sruwv/ kljkzd|v/ slsholqhv ru wkh olnh 0 lq vkruw/ sxeolf lqiudvwuxfwxuh
wkdw qhhgv wlph wr exlog 0 lw lv udwkhu orqj0olyhg dqg vxemhfw wr vorz fkdqjhv dw
ehvw1
Wkh suhvhqw vhfwlrq wkhuhiruh ghdov zlwk wkh fdvh zkhuh wkh wlph wr fkdqjh frp0
phufldo srolf| lv vljql�fdqwo| vkruwhu wkdq wkh krul}rq iru fkdqjlqj lqgxvwuldo
srolflhv1 Lw zloo wxuq rxw wkdw wklv fkdqjh lq dvvxpswlrqv frqvlghudeo| dowhuv wkh
suhylrxv uhvxowv1
Iru wkh lqwhusuhwdwlrq ri d pruh orqj0olyhg lqgxvwuldo srolf|/ dvvxph wkdw jry0
huqphqwv kdyh frqwuro ryhu d shuihfwo| glylvleoh qdwxudo uhvrxufh zkrvh dprxqw
lv qrupdol}hg wr xqlw|1 Doorfdwlrq ri wkh uhvrxufh wr rqh ri wkh vhfwruv pdnhv
lw ehfrph d vhfwru0vshfl�f lqsxw jrrg1 Wklv jryhuqphqw lqsxw lv hvvhqwldo lq
hdfk lqgxvwu| exw h{klelwv ghfuhdvlqj uhwxuqv1 Ixuwkhu/ wkhuh lv frqjhvwlrq lq
wkh xvh ri wklv sxeolfo| surylghg lqsxw jrrg/ zklfk ohdgv wr ghfuhdvlqj uhwxuqv
wr oderu dv zhoo1 Jryhuqphqw glvwulexwhv d iudfwlrq � ri lw wr wkh h{sruwlqj dqg
4 � � wr wkh lpsruwlqj vhfwru1 Wkh iroorzlqj surgxfwlrq ixqfwlrqv uh�hfw wkh
dvvxpswlrqv

{ @ e+�@O s , Å O s
| @ ++4� �,@O t , Å O t

iru Krph dqg wkh v|pphwulf frxqwhusduw iru Iruhljq1 E| dvvxpswlrq/ ohw
� 5 ^3> 4` dqg e eh vwloo eljjhu wkdq xqlw|/ zklfk jlyhv Krph d qdwxudo frpsdud0
wlyh dgydqwdjh lq jrrg { xqghu v|pphwu|1 Dwrplvwlf zrunhuv surgxfh frpshwl0
wlyho| wdnlqj ryhudoo surgxfwlylwlhv e+�@O s , Å dqg ++4��,@O t , Å dv jlyhq1 Zdjhv
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htxdol}dwlrq ohdgv wr

O s @ �
� . +4� �,+sW@e, ��Æ Å O t @ +4� �,+sW@e, ��Æ Å

� . +4� �,+sW@e, ��Æ Å
dqg wkh rxwsxw

{ @ e �
+� . +4� �,+sW@e, ��Æ Å , � » Å O t @ +4� �,+sW@e, Ç � » ÅGÈ Æ Å

+� . +4� �,+sW@e, ��Æ Å , � » Å

Lq wkh olplw � $ 4/ rxwsxw lv htxdo wr { @ e� dqg | @ 4��/ zklfk zloo eh wdnhq
dv d ehqfkpdun khuh � v 1
Wkh dvvxpswlrq ri wkh odvw vhfwlrq 0 qdpho| wkdw rxwsxw vwuxfwxuh fdq eh
fkdqjhg hyhu| shulrg 0 lv qrz uhsodfhg e| wkh rssrvlwh dqg htxdoo| h{wuhph
dvvxpswlrq wkdw lqgxvwuldo srolf| lv frpsohwho| lq�h{leoh1 Lqlwldoo|/ jryhuqphqwv
fkrrvh wkh rxwsxw sdwwhuqv wkurxjk wkhlu lqgxvwuldo srolf| +l1h1 �,/ zklfk gh0
whuplqhv rxwsxw hyhu diwhu1 Wklv lqlwldo fkrlfh ri � lv dvvxphg wr eh iuhh iurp
frpplwphqw sureohpv � { 1 Diwhu wkh lqlwldo shulrg/ frxqwulhv duh rqo| deoh wr
ghihfw rq wdul�v1
Wkh h�hfw ri dgglqj wkh uljlglw| fdq eh uhdg rqh pruh wlph iurp wkh vhoi0
hqirufhphqw frqvwudlqw +44,= Xqolnh wkh suhylrxv vhfwlrq/ wkh lqlwldo fkrlfh ri
lqgxvwuldo srolf| qrz grhv d�hfw wkh xwlolwlhv lq doo frqvhfxwlyh shulrgv/ lq sdu0
wlfxodu/ lw suhghwhuplqhv orvvhv iurp d wudgh zdu1 Zkhq fdsdflwlhv wr surgxfh
wkh lpsruwhg jrrg duh vhw wr }hur/ d wudgh zdu dsshduv hvshfldoo| julp1 Exw
wklv phdqv wkdw frxqwulhv kdyh dq h{fhoohqw srvvlelolw| wr frpplw wr iuhh wudgh
e| vhwwlqj wkh lqgxvwuldo vwuxfwxuh � wr }hur1 Lq idfw/ wkh gholehudwh fuhdwlrq ri
pxwxdo ghshqghqfh frqvwlwxwhv d frpplwphqw0ghylfh iru frrshudwlrq1
Iru d irupdo h{srvlwlrq ri wklv lghd/ dvvxph wkdw wkh lqgxvwuldo vwuxfwxuh � lv
vhw dw wkh lqlwldo shulrg dqg vwd|v �{ iruhyhu1 Wkhq/ lq wkh fdvh ri frrshudwlrq
euhdngrzq/ erwk frxqwulhv vx�hu wkh vhyhuh sxqlvkphqw ri d wudgh zdu1 Wklv
sxqlvkphqw xwlolw| lv � � =

x É @ e+4� � . �,Êse+4� �,@� . Ês�@e+4� �, +54,

zklfk qrz hqwhuv wkh vhoi0hqirufhphqw frqvwudlqw +44, lqvwhdg ri x � 1
� � x � � x �

x � � x É +55,
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Qrwh wkdw wkh sxqlvkphqw xwlolw| lv }hur dw � dqg wkdw lw lv lqfuhdvlqj lq �1
Fohduo|/ zkhq surgxfwlrq ri wkh lpsruwhg jrrg lv }hur iru doo shulrgv wr frph/
d wudgh zdu ohdgv wr }hur xwlolw| 0 zklfk lv lq idfw zruvh wkdq wkh Qdvk xwlolw|
+43, +x � A x É @ 3,1 Wkh gluhfw frqvhtxhqfh lv wkh

Sursrvlwlrq 7 Rwkhu wklqjv htxdo/ iuhh wudgh lv pruh olnho| wr eh vhoi0hqirufhdeoh
lq d zruog zlwk uljlg rxwsxw wkdq zlwk �h{leoh rqh1

Surri1 Vhh Dsshqgl{1
Wklv uhvxow dssolhv zkhq rxwsxw fdsdflwlhv duh vx�flhqwo| vorz wr exlog1 Xqghu
wklv frqglwlrq/ wkh fuhdwlrq ri pxwxdo ghshqghqfh fdq vhuyh dv d frpplwphqw
ghylfh dqg khosv wr vxvwdlq iuhh wudgh zkhq lw zrxog qrw eh xqghu pruh �h{leoh
rxwsxw sdwwhuqv1 Lq idfw/ wkh gholehudwh ghvwuxfwlrq ri fdsdflwlhv lq lpsruw
frpshwlqj vhfwruv pd| eh dq dghtxdwh srolf| e| jhqhudwlqj wklv ghshqghqf|1
Vxfk d fuhdwlrq ri pxwxdo ghshqghqfh zdv dq dujxphqw sxw iruzdug e| wkh
irxqghuv ri wkh Hxurshdq Frdo dqg Vwhho Frppxqlw| +HFVF,/ zklfk odlg wkh
edvlv ri wkh odwhu Hxurshdq Xqlrq1 Wkh srrolqj ri wkh hvvhqwldo jrrgv vwhho dqg
frdo zdv phdqw wr fuhdwh d pxwxdo ghshqghqfh ehwzhhq wkh vl{ zhvwhuq Hxurshdq
phpehu qdwlrqv wkdw pdgh ixwxuh frrshudwlrq lqglvshqvdeoh +vhh Jloolqjkdp
+4<<4,,1 Wkh vwudwhjlf prwlyh iru wklv dfw lv wkh vdph wkdw pdnhv dq dup| exuq
wkh eulgjhv ehklqg wr frpplw wr jrlqj dkhdg1
Wkh qh{w wdvn lv wr dqdo|}h wkh lpsdfw ri lqgxvwuldo srolf| rq wkh vhoi0hqirufhphqw
frqvwudlqw dqg wr fkhfn wr zkdw h{whqw Sursrvlwlrq 4 jhqhudol}hv xqghu shuvlv0
whqw lqgxvwuldo vwuxfwxuh1 Dv fdq eh uhdg iurp +54,/ vpdoo dprxqwv ri grphvwlf
surgxfwlrq ri wkh hvvhqwldo lpsruwhg jrrg pdnh d wudgh zdu ohvv wkuhdwhqlqj1
Reylrxvo|/ zlwk wkh dghtxdwh surgxfwlrq fdsdflwlhv dw kdqg d wudgh zdu grhv
qrw vhhp vr edg/ zklfk lqfuhdvhv wkh ydoxh ri ghihfwlrq dqg wkhuhe| whqgv wr
wljkwhq wkh vhoi0hqirufhphqw frqvwudlqw1 Wklv uhpdundeo| rssrvhv wkh �qglqj
iurp Sursrvlwlrq 41
Ri frxuvh/ wkh h�hfw mxvw ghvfulehg lv qrw wkh rqo| rqh dqg wkh irufh ghvfulehg
lq wkh suhylrxv vhfwlrq wkdw uhod{hv wkh frqvwudlqw zkhq wkh lpsruw0frpshwlqj
surgxfwlrq lqfuhdvhv pxvw vwloo eh suhvhqw1 Krzhyhu/ lw lv vkrzq lq wkh Dsshqgl{
wkdw wkh qhjdwlyh h�hfw suhydlov dw wkh pdujlq dqg vpdoo dprxqwv ri lpsruw
frpshwlqj surgxfwlrq xqdpeljxrxvo| wljkwhq wkh vhoi0hqirufhphqw frqvwudlqw1
Wkh frqvhtxhqfh lv wkh iroorzlqj

Sursrvlwlrq 8 Xqghu uljlg rxwsxw sdwwhuqv/ vpdoo dprxqwv ri lqgxvwuldo sro0
lf| xqdpeljxrxvo| wljkwhq wkh vhoi0hqirufhphqw frqvwudlqw dqg wkh rswlpdo wudgh
djuhhphqw hlwkhu hpsor|v lqgxvwuldo srolf| lq odujh dprxqwv ru qrw dw doo1
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Surri1 Vhh Dsshqgl{1
Iljxuh 7 looxvwudwhv wkh �qglqj ri wkh sursrvlwlrq1 Lq wkh wrs sdqho/ wkhuh duh
qrz wkuhh gl�huhqw udqjhv iru wkh glvfrxqw idfwru1 Dw kljk ohyhov/ wkh hfrqrp|
lv xqglvwruwhg xqghu wkh rswlpdo djuhhphqw1 Iru phglxp ydoxhv/ iuhh wudgh
lv qrw vxvwdlqdeoh exw rqo| d prghudwh uhod{dwlrq ri wkh vhoi0hqirufhphqw frq0
vwudlqw +44, lv uhtxluhg1 Iru wkrvh vpdoo uhod{dwlrqv d surprwlrq ri wkh lpsruw0
frpshwlqj vhfwruv lv lqdghtxdwh vlqfh lw rswlpdoo| lv hlwkhu qxoo ru elj wlph1
Iru hyhq orzhu � srvlwlyh wdul�v duh qrw hqrxjk wr pdnh d wudgh djuhhphqw
vhoi0hqirufhdeoh dqg erwk/ wdul�v dqg lqgxvwuldo srolf|/ duh hpsor|hg lq srvlwlyh
txdqwlwlhv1
Qrwlfh wkdw wkh gulylqj irufhv ri Sursrvlwlrqv 4 dqg 8 duh txlwh glvwlqfw1 Zkhq
frpphufldo dqg lqgxvwuldo srolflhv duh htxdoo| txlfn wr fkdqjh/ vwlpxodwlqj vpdoo
txdqwlwlhv ri grphvwlf surgxfwlrq ri wkh lpsruwhg jrrg uhgxfh wkh iruhljq frxq0
wu|*v lqfhqwlyhv wr ghihfw rq wkh djuhhphqw1 Lq wkh fdvh ri pruh uljlg rxwsxw
sdwwhuqv/ wkh frpplwphqw ghylfh dlpv wr wlh rqhv kdqgv dqg lv gluhfwhg djdlqvw
wkh rzq ghihfwlrq lqfhqwlyhv1
Wkh wzr h�hfwv kljkoljkw wkh idfw wkdw wr vxvwdlq wudgh djuhhphqwv/ dw ohdvw rqh
ri wkh wzr lv qhhghg= rqh0wlph ghihfwlrq kdv wr dsshdu olwwoh dwwudfwlyh ru ixwxuh
frqvhtxhqfhv ri ghihfwlrq pxvw eh vhyhuh1
Ehiruh forvlqj wkh dqdo|vlv ri wkh uljlg rxwsxw dvvxpswlrq/ L txlfno| frqvlghu
wkh lqwhuphgldwh fdvh ehwzhhq �h{leoh dqg uljlg surgxfwlrq1 Dvvxph wkdw diwhu
ghihfwlrq rq wdul�v/ K shulrgv duh uhtxluhg wr dgdsw lqgxvwuldo srolf| wr wkh
qhz xqfrrshudwlyh hqylurqphqw 1 Lq wklv fdvh/ wkh vhoi0hqirufhphqw frqvwudlqw
ehfrphv

Y � x-x���z6�-���5z @ [

���'�
� � x � � x � . w[

�5Í �
� � x É . [

��Î'w
� � x � @ Y � z���z��5�

ru
x � � +4� �,x � � �

�

+4� � w ,x É . � w x � � +56,
Wkh OKV ri +56, wljkwhqv zlwk lqfuhdvlqj K> ydu|lqj ehwzhhq +48, dqg +55,
zkhq K 5 i3> 4> 5> ===j1 Jrlqj edfn wr wkh fdofxodwlrq wkdw ohg wr+48,/ lw ehfrphv
dssduhqw wkdw Sursrvlwlrq 7 vwloo jrhv wkurxjk lq wklv vrphzkdw ohvv uljlg zruog=
frrshudwlrq rq iuhh wudgh lv pruh olnho| xqghu uljlg rxwsxw sdwwhuqv1
Zlwk wkh khos ri +D<, dqg +D43, lw lv dovr txlfn wr hvwdeolvk wkdw Sursrvlwlrq 8
vxuylyhv wkh fkdqjh wr wklv vrphzkdw ohvv uljlg zruog= Vwduwlqj iurp }hur/ vpdoo
lqfuhdvhv lq | xqdpeljxrxvo| wljkwhq wkh vhoi0hqirufhphqw frqvwudlqw dqg klqghu
frrshudwlrq1
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D �L?U*�t�L?
Wklv sdshu kdv dujxhg wkdw lq d zruog zlwkrxw h{whuqdolwlhv/ zlwk jryhuqphqwv
pd{lpl}lqj vrfldo zhoiduh/ dqg lq devhqfh ri lqwhuhvw jurxsv wkh xvh ri lqgxvwuldo
srolf| fdq eh sduw ri d rswlpdo vwudwhj| zkhq lqwhuqdwlrqdo wudgh djuhhphqwv duh
uhtxluhg wr eh vhoi0hqiruflqj1 Rswlpdo lqwhuyhqwlrqv pxvw idyru vhfwruv ri frp0
sdudwlyh glvdgydqwdjh/ zklfk idfh frpshwlwlrq iurp lpsruwv1 Wkh glvwruwlrqv
wkhvh srolflhv fuhdwh duh wkh sulfh wkdw pxvw eh sdlg wr suhyhqw wkh hyhq pruh
vhyhuh gdpdjh ri d wudgh zdu1 Suhfrqglwlrqv iru wkhvh uhvxowv duh orz hodvwlflwlhv
ri ghpdqg ri wkh lpsruw0jrrgv/ khdy| glvfrxqwlqj ri ixwxuh ehqh�wv dqg vwurqj
vshfldol}dwlrq sdwwhuqv ri lqwhuqdwlrqdo surgxfwlrq1
D g|qdplf h{whqvlrq ri wkh prgho lqwurgxfhg ohduqlqj e| grlqj lq d vlpsol�hg
zd| dqg surylghg d udwlrqdoh iru wkh surwhfwlrq ri ghfolqlqj lqgxvwulhv1
D �qdo h{whqvlrq ri wkh prgho gudzv wkh dwwhqwlrq wr wkh uroh ri wkh �h{lelolw|
ri wkh lqgxvwuldo vwuxfwxuh1 Zkhq rxwsxw sdwwhuqv duh vorz wr fkdqjh/ pxwxdo
ghshqghqfh fdq vhuyh dv d frpplwphqw ghylfh/ hqfrxudjlqj dgkhuhqfh wr dq
djuhhphqw1 Lq wklv fdvh wkh vwlpxodwlrq ri lpsruw frpshwlqj vhfwruv pd| hyhq
xqghuplqh wudgh djuhhphqwv/ dqg wkh gholehudwh fuhdwlrq ri pxwxdo ghshqghqfh
wkurxjk d srolf| wkdw zrunv djdlqvw lpsruw0frpshwlqj vhfwruv pd| eh ghvludeoh1
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�TTi?_� 
L1 Wkh Qdvk Htxloleulxp1 Wkh surjudp lv wr pd{lpl}h +8, ryhu W / { dqg
| v1w1 +6, dqg +7,1 Wkh surri surfhhgv lq wzr vwhsv1 Wkh �uvw vwhs glvuhjdugv
+6, dqg dvvxphv wkdw Krph*v fkrlfh yduldeohv duh W / { dqg | +�{lqj wkh dfwxdo
rxwsxw lqvwhdg ri wkh plqlpxp ohyhov { dqg |,1 Wkh vhfrqg vwhs vkrzv wkdw wkh
ruljlqdo sureohp kdv wkh vdph vroxwlrq1
Iluvw vwhs1 Wkh surjudp lv wr pd{lpl}h +8, ryhu W dqg | vxemhfw wr +7, dqg wkh
uhvrxufh frqvwudlqw/ ru

pd{�C� t oq
#

{. |sss
sW
W . 4

$

v=w= +7, dqg { @ e+4� |, +D4,

Ghdolqj zlwk wkh wzr0glphqvlrqdo pd{lpl}dwlrq sureohp uhtxluhv lq jhqhudo wkh
fdofxodwlrq dqg hydoxdwlrq ri wkh Khvvldq1 Wklv lv d urxwh wkdw rqh vkrxog wu| wr
dyrlg1 Iruwxqdwho|/ d xqltxh dqg forvhg irup vroxwlrq wkh ehvw uhvsrqvh ixqfwlrq
ri wkh wdul� kdv ehhq ghulyhg e| Nhqqdq dqg Ulh}pdq ^4<;;` douhdg| dqg fdq
eh uhsolfdwhg e| hvwdeolvklqj wkh IRF z1u1w wkh wdul� W

� s|
{. s| � 4

5
� g

gW oq+s, . 4
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W . 4 @ 3
Xvlqj +7, jlyhv

g
gW oq+s, @ { r W r

{ r W r +W . 4, . {+W r . 4, � |+W r . 4, . | r
|W +W r . 4, . | r +W . 4, +D5,

dqg ohdgv wr wkh rog uhvxow

W +W r > { r , @
v

| r
{ r � { r . {+4 . 4@W r ,

| r . |+W r . 4, +D6,

Zkdwhyhu wkh ehvw vwudwhj| rq wkh rxwsxw pd| eh/ +D6, hvwdeolvkhv wkh xqltxh
ehvw uhvsrqvh wdul�1 Wr ghulyh wkh rswlpdo rxwsxw +|> {,/ xvh { @ e+4� |, dqg
vhw gx@g| @ 3=

s
{. s| . 4

5
�s| � {
{. s|

� g
g| oq+s, @ 3 +D7,

Wkh ghulydwlyh ri wkh sulfh +7,
g
g| oq+s, @ �e+W r . 4,

{ r W r +W . 4, . {+W r . 4, � W +W r . 4,
|W +W r . 4, . | r +W . 4, +D8,

jlyhv
3 @ 5{+W r . 4, . { r � e+|+W r . 4, . | r ,

{|+W r . 4, . {| r . |{ r
� W r . 4
|+W r . 4, . | r +4 . 4@W , . e W r . 4

{+W r . 4, . { r W r +W . 4,
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Wklv lv d qhfhvvdu| frqglwlrq d Qdvk htxloleulxp kdv wr vdwlvi|1 Li dq htxloleulxp
qrz kdsshqhg wr eh v|pphwulf +W @ W r / | @ { r ,/ wkh qhfhvvdu| frqglwlrq
lpsolhg wkdw wkh rswlpdo | lv

| @ pd{iW . 5� e> 3j
6e+W . 4,� e T � W +D9,

+Qrwh wkdw iru wkh uhohydqw udqjh +e A 4 dqg W � 4, wkh ghqrplqdwru lv srvlwlyh
dv orqj dv wkh qxphudwru lv vr1, Ilqdoo|/ +D6, dqg +D9, wrjhwkhu jlyh

W � @ e | � @ 4
e. 4 { � @ e T

e. 4 +D:,

Wr frpsohwh wkh surri wkdw +D:, lq idfw ghvfulehv d Qdvk Htxloleulxp/ vhw Iru0
hljq yduldeohv dffruglqj wr +D:,/ l1h1 W r @ e dqg { r @ ��

¸ � 1 Zulwlqj ixuwkhu wkh
vkruw0kdqg s @ u � @u T zlwk u � @ e+W.4,.{+e.4, T dqg u T @ e T +W.4,.|W +e.4, T /
wkh rswlpdolw| frqglwlrqv +D7, dqg +D8, jlyh

5 +eu T � u � , @ +e. 4, T +eu T . Wu � ,
� {
u T

� |
u �

�

Wkh OKV ri wkdw htxdwlrq lv lqfuhdvlqj lq | zkloh wkh UKV lv ghfuhdvlqj lq |
++eu T . Wu � , dqg {@u T � |@u � duh srvlwlyh dqg ghfuhdvlqj lq |,1 Dv wkh fkrlfh
yduldeohv duh uhvwulfwhg wr d frpsdfw vhw +|> W , 5 ^3> 4`� ^4> 5e` +vhh +D6,,1 Wklv
suryhv wkdw wkh xqltxh rswlpdo uhvsrqvh rq W r @ e dqg { r @ ��

¸ � iru Krph lv
jlyhq e| +D:,1
Vhfrqg vwhs1 Fkrlfh yduldeohv duh wdul�v dqg plqlpxp ohyhov ri rxwsxw lq wkh
vhfwruv dqg sod|huv lqwhuqdol}h +6,1
Vkrz wkdw lqwhuqdol}lqj +6, grhv qrw fkdqjh +D:,1 Vhw Iruhljq*v fkrlfh yduldeohv
wr wkh Qdvk ohyhov= W r @ e dqg { r @ ��

¸ � 1 +6, lpsolhv wkhq
sW @ e ru sW � e dqg | @ |
s @ 4 ru s � 4 dqg { r @ 4@+e. 4,

zkloh W r @ e dozd|v1 Iluvw qrwh wkdw s A 4 fdqqrw eh rswlpdo vlqfh lw lpsolhg
{ r @ 4@+e.4,/ zklfk lqgxfhg wkh Qdvk uhvsrqvhv +D:, lq Krph dqg frqwudglfwv
s A 41 Wkhuhiruh/ s @ 4 wkurxjkrxw1 Wklv lv htxlydohqw wr

{ r � 5e+W . 4, @ |+W . e,+e. 4,� e+e� W , +D;,
Qh{w frqvlghu wkh fdvh sW @ W @ e1 +D;, lqgxfhv { r @ | dqg +8, x @ +{ .
|,sW@+W . 4,1 Wkh rswlpdo | lv wkhuhiruh | @ plq+{ r , @ 4@+e. 4,1
Uhpdlqv wkh fdvh sW ? e dqg | @ |1 Wdnlqj lpsolflw ghulydwlyhv zlwk +D;,/
rqh kdv

gW
g{ r @ 5e+W . 4,

e. |+e. 4,� 5e{ r A 3 dqg g|
g{ r @ 5e+W . 4,

+e. W ,+e. 4, A 3
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vxfk wkdw wkh orfxv zkhuh +D;, krogv vkliwv rxw rq wkh +|> W ,0sodqh zkhq { r lq0
fuhdvhv +W lqfuhdvhv lq { r iru frqvwdqw | dqg ylfh yhuvd,1 Dv x @ +{.|,sW@+W.
4, ghfuhdvhv lq | dqg W / wkh rswlpdo { r lv wkh plqlpdo/ l1h1 { r @ 4@+e . 4,/
zklfk djdlq ohdgv wr wkh Qdvk uhvsrqvhv +D:, lq Krph1
�

LL1 Ghihfwlrq Xwlolw| rq Iuhh Wudgh1 Qrwh �uvw wkdw W Ï$Ð $ 4 dv +{ r $ 3,1
Xvh +7, dqg +D6, wr vhh wkdw { r $ 3 lpsolhv sW $ {@+| . e@+W r . 4,,1 Zdjh
htxdol}dwlrq lq wkh dfwlyh vhfwruv � � ohdg wr

| @ pd{i �T +4�
�

�'Ñ ¸ � ,> 3j
Dw W r @ 4 dqg iru e � 5 wklv lpsolhv | � @ 3 dqg

x � @ e@s5

LLL1 Surri ri Sursrvlwlrq 41 Vhwwlqj { r @ | © dqg xvlqj htxdwlrqv +7,/ +8,/
dqg +D6,/ rqh jhwv
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+| © , » ��Æ T � +D<,

zkhuh f x lv srvlwlyh dqg d frqvwdqw lq | © 1 Wdnlqj ghulydwlyhv ri wkh UKV ri +45,
gholyhuv
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Vlqfh gx � @g| © lv �qlwh/ wklv ghulydwlyh pxvw eh plqxv lq�qlw| �4 dw | © @ 31
Lq rwkhu zrugv/ vpdoo dprxqwv ri lpsruw0frpshwlqj surgxfwlrq uhod{ wkh VHF
dw d frvw0ehqh�w udwlr ri }hur1 Frqvhtxhqwo|/ wkh sureohp +47, kdv dq lqwhulru
vroxwlrq/ l1h1 | © A 31 �

LY Surri ri Sursrvlwlrq 7 dqg 81 Lw lv txlfn wr yhuli| wkdw
g

g| © x É +W
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zlwk f � A 31 Vlqfh gx É @g| © lqfuhdvh dw d kljkhu rughu wkdq gx � @g| © ghfuhdvhv/
rqh jhwv
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Lq rwkhu zrugv/ vpdoo dprxqwv ri lpsruw0frpshwlqj surgxfwlrq wljkwhq wkh VHF
dqg pruhryhu lqgxfh h�flhqf| orvvhv1 Wklv suryhv sursrvlwlrq 81
Y1 | © dqg W © duh qrq0ghfuhdvlqj lq �1 Iluvw gh�qh wkh gl�huhqfhv ehwzhhq
frrshudwlrq dqg wudgh zdu xwlolw|/ dqg ehwzhhq ghihfwlrq dqg wudgh zdu xwlolw|
dv

� � +| © > W © , @ x � +| © > W © ,� x �
� � +| © > W © , @ x � +| © > W © ,� x �

Qrwh wkdw lq wkh fdvh zkhq wkh frqvwudlqw grhv qrw elqg/| © dqg W © duh wulyldoo|
qrq0ghfuhdvlqj lq �1 Wkhuhiruh/ frqvlghu wkh fdvh zkhq wkh frqvwudlqw elqgv1
Wklv phdqv wkdw +4� �,� � �� � @ 31 Wkh vroxwlrq +| © /W © , ri wklv htxdwlrq
lv lqwhulru e| Sursrvlwlrq 4> vr rqh fdq wdnh ghulydwlyhv lpsolflwo| wr jhw

g| ©
g� @ � � @� �

� �t @� � �� �t @� � +D44,

Qrz/ dq| lqfuhphqw lq | © fuhdwhv glvwruwlrqv dw wkh pdujlq dqg uhgxfhv wkh
frrshudwlrq xwlolw| x � +frpsduh +8,, +l1h1 g� � @| © ? 3,1 Wkxv/ dq| rswlpdo
srolf| | © qhfhvvdulo| uhod{hv wkh vhoi0hqirufhphqw frqvwudlqw dw wkh pdujlq1 Wklv
dprxqwv wr g+� � @� � ,@g| © A 31 Wrjhwkhu zlwk � � >� � A 3 wklv suryhv wkdw
+D44, lv qhjdwlyh1 Wkh htxlydohqw uhdvrqlqj iru rswlpdo wdul�v W © ohdgv wr
gW © @g� ? 31
�
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+iuihi?Uit
Edjzhoo/ N|oh dqg Vwdljhu/ Urehuw Z1= %JDWW0Wklqn%/ QEHU Zrunlqj Sdshu
;338> 5333
Edjzhoo/ N|oh dqg Vwdljhu/ UrehuwZ1= %Grphvwlf Srolflhv/ Qdwlrqdo Vryhuhljqw|/
dqg Lqwhuqdwlrqdo Hfrqrplf Lqvwlwxwlrqv% Txduwhuo| Mrxuqdo ri Hfrqrplfv > 5334
Edjzhoo/ N|oh dqg Vwdljhu/ Urehuw Z1= %Vxevlg| Djuhhphqwv% QEHU Zrunlqj
Sdshu 435<5> 5337
Ekdjzdwl/ Mdjglvk= %Surwhfwlrqlvp% PLW Suhvv/ Fdpeulgjh/ PD 4<;;
Erqg/ Hulf Z1 dqg Sdun/ Mhh0K|hrqj= %Judgxdolvp lq Wudgh Djuhhphqwv zlwk
Dv|pphwulf Frxqwulhv/% Uhylhz ri Hfrqrplf Vwxglhv/ 5335
Eudgirug/ Vfrww= %Surwhfwlrq dqg mrev= h{sodlqlqj wkh vwuxfwxuh ri wudgh eduulhuv
dfurvv lqgxvwulhv% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 5336
Eulwlvk Shwuro %ES Vwdwlvwlfdo Uhylhz ri Zruog Hqhuj|%/ Mxqh 5337
Fdvvlqj/ Mdphv K1 dqg Kloopdq/ Du|h O1= %Vkliwlqj Frpsdudwlyh Dgydqwdjh dqg
Vhqhvfhqw Lqgxvwu| Froodsvh% Dphulfdq Hfrqrplf Uhylhz 4<;9
Ghyhuhx{/ Plfkdho E1= %Jurzwk/ Vshfldol}dwlrq dqg Wudgh Olehudol}dwlrq% Lq0
whuqdwlrqdo Hfrqrplf Uhylhz/ 4<<:
Gl{lw/ Dylqdvk dqg N|oh/ Doehuw V1= %Wkh Xvh ri Surwhfwlrq dqg Vxevlglhv iru
Hqwu| Surprwlrq dqg Ghwhuuhqfh% Dphulfdq Hfrqrplf Uhylhz 4<;8
Gl{lw/ Dylqdvk= %Vwudwhjlf Dvshfwv ri Wudgh Srolf|% lq= Wuxpdq I1 Euhzoh|
Dgydqfhv lq Hfrqrplf Wkhru| Iliwk Zruog Frqjuhvv/ Fdpeulgjh Xqlyhuvlw|
Suhvv/ Qhz \run/ 4<;:
Ihuqdqgh}/ U1 dqg Urguln/ G1= %Zk| lv Wudgh Uhirup vr XqsrsxoduB Rq Vwdwxv
Txr Eldv lq Srolf| Uhirupv% Dphulfdq Hfrqrplf Uhylhz/ 4<<4
Ixuxvdzd/ Wdlml dqg Odl/ Hgzlq= %Dgmxvwphqw Frvwv dqg Judgxdo Wudgh Olehu0
dol}dwlrq% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 4<<<
Hqhuj| Lqirupdwlrq Djhqf|= %Uhsruw wr wkh Suhvlghqw rq Ihghudo Uhvhdufk dqg
Ghyhorsphqw iru wkh Fkdoohqjhv ri wkh 54vw Fhqwxu|% Sdqho rq Hqhuj| Uhvhdufk
dqg Ghyhorsphqw/ Qryhpehu 4<<:
Jloolqjkdp/ Mrkq= %Frdo/ Vwhho/ dqg wkh Uheluwk ri Hxursh 4<7804<881 Wkh
Jhupdqv dqg Iuhqfk iurp wkh Uxku Frq�lfw wr wkh Hfrqrplf Frppxqlw|%
Fdpeulgjh 4<<4
Jurvvpdq/ Jhqh P1 dqg Khospdq/ Hokdqdq= %Surwhfwlrq iru Vdoh% Dphulfdq
Hfrqrplf Uhylhz 4<<7
Jrogehuj/ S1 N1 dqg Pdjjl/ J1= %Surwhfwlrq iru Vdoh= dq Hpslulfdo Lqyhvwljd0
wlrq% Dphulfdq Hfrqrplf Uhylhz 4<<<
Kloopdq/ D1O1= %Ghfolqlqj Lqgxvwulhv dqg srolwlfdo0vxssruw surwhfwlrqlvw pr0
wlyhv% Dphulfdq Hfrqrplf Uhylhz 4<;5
Kloopdq/ D1O1= %Ghfolqlqj Lqgxvwulhv dqg srolwlfdo0vxssruw surwhfwlrqlvw pr0
wlyhv% Lq Huudwd Dphulfdq Hfrqrplf Uhylhz 4<;7
Nhqqdq/ M1 dqg Ulh}pdq/ U1= %Gr Elj Frxqwulhv Zlq Wdul� ZduvB% Lqwhuqd0
wlrqdo Hfrqrplf Uhylhz 4<;;
Nuxjpdq/ Sdxo= %Wkh Qduurz Prylqj Edqg/ wkh Gxwfk Glvhdvh dqg wkh Frp0
shwlwlyh Frqvhtxhqfhv ri Pu1 Wkdwfkhu% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/
4<;:
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Odsdq/ Kduyh| H1= %Wkh Rswlpdo Wdul�/ Surgxfwlrq Odjv dqg Wlph Frqvlv0
whqf|% Dphulfdq Hfrqrplf Uhylhz 4<;;
Ohh/ M10Z dqg Vzdjho/ S1= %Wudgh Eduulhuv dqg Wudgh Iorzv Dfurvv Frxqwulhv
dqg Lqgxvwulhv% Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 4<<:
Olpdr/ Q1 dqg Sdqdjdul|d/ D1= %Zk| lv wkhuh dq Dqwl0Wudgh Eldv lq Wudgh
Srolf|B% XPG Fhqwhu iru Lqwhuqdwlrqdo Hfrqrplfv ZS 35036 Ghf1 5335
Orqj/ Qjr Ydq dqg Yrxvghq/ Qhlo= %Surwhfwlrqlvw uhvsrqvhv dqg ghfolqlqj lq0
gxvwulhv% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 4<<4
Pdjjl/ Jlrydqql dqg Urgu�ljxh}0Foduh= %Wkh Ydoxh ri Wudgh Djuhhphqwv lq wkh
Suhvhqfh ri Srolwlfdo Suhvvxuh% Mrxuqdo ri Srolwlfdo Hfrqrp| 4<<;
Pdjjl/ Jlrydqql= %Wkh Uroh ri Pxowlodwhudo Lqvwlwxwlrqv lq Lqwhuqdwlrqdo Wudgh
Frrshudwlrq% Dphulfdq Hfrqrplf Uhylhz 4<<<
PfOduhq M1= %Vl}h/ Vxqn Frvwv/ dqg Mxgjh Erzhu*v Remhfwlrq wr Iuhh Wudgh%
Dphulfdq Hfrqrplf Uhylhz 4<<:
Plwud/ Ghydvklvk= %Hqgrjhqrxv Oree| Irupdwlrq dqg Hqgrjhqrxv Surwhfwlrq=
D Orqj0Uxq Prgho ri Wudgh Srolf| Ghwhuplqdwlrq% Dphulfdq Hfrqrplf Uhylhz
4<<<�R}dowdod| V1/ Juxedxjk V1/ dqg Orqj W1Y1= %Hqhuj| Vxevwlwxwlrq dqg Qdwlrqdo
Hqhuj| Srolf|% Dphulfdq Hfrqrplf Uhylhz 4<:<
Sdun/ Mhh0K|hrqj= %Lqwhuqdwlrqdo Wudgh Djuhhphqwv Ehwzhhq Frxqwulhv ri Dv|p0
phwulf Vl}h% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 5333
Urguln/ G1= %Srolwlfdo Hfrqrp| ri Wudgh Srolf|% lq Jhqh P1 Jurvvpdq dqg
Nhqqhwk Urjr� Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro1 6 Dpvwhugdp/
Qruwk0Kroodqg +4<<8,
Vwdljhu/ Urehuw Z1= %D Wkhru| ri Judgxdo Wudgh Olehudol}dwlrq% lq Ohylqvrkq/
M1/ Ghdugru�/ D1Y1 Vwhuq/ U1P1/ Qhz Gluhfwlrqv lq Wudgh Wkhru|% Xqlyhuvlw|
ri Plfkljdq Suhvv/ Dqq Dueru/ PL1
Vwdljhu/ Urehuw Z1/ Wdehoolql/ Jxlgr= %Glvfuhwlrqdu| Wudgh Srolf| dqg H{fhv0
vlyh Surwhfwlrq%/ Dphulfdq Hfrqrplf Uhylhz 4<;:
Wuh�hu/ G1= %Wudgh Olehudol}dwlrq dqg wkh Wkhru| ri Hqgrjhqrxv Surwhfwlrq=
Dq Hfrqrplf Vwxg| ri XV Lpsruw Srolf|% Mrxuqdo ri Srolwlfdo Hfrqrp| 4<<6
ZWR= Djuhhphqw Hvwdeolvklqj wkh ZWR/ Dqqh{ 4/ Djuhhphqw rq Vxevlglhv
dqg Frxqwhuydlolqj Phdvxuhv> 4<<8
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