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Devwudfw

Odujh vfdoh vhfrqgdu|  rz vwuxfwxuhv zlwk frpsdfw erxqgdu| vxuidfhv

fdq eh jhqhudwhg lq wkh lqwhulru ri d 1Qdyohu Vwrnhv  xlg Wkhvh ghirupdeoh1

wrsrorjlfdoo| frkhuhqw vwuxfwxuhv kdyh wrsrorjlfdo ihdwxuhv gl�huhqw iurp

wkhlu hqylurqphqw/ dqg pd| kdyh d orqj phwdvwdeoh olihwlph hyhq lq ylvfrxv

phgld1 Dq dqdo|wlf h{dpsoh lv jlyhq lq whupv ri d sdudphwulf yduldwlrq ri

dq h{dfw forvhg irup vroxwlrq wr wkh Qdylhu0Vwrnhv htxdwlrq wkdw h{klelwv d

vdggoh0qrgh Krsi elixufdwlrq1 Dv wkh  rz sdudphwhu Lv ydulhg/ wkh lqlwldoo|

xqlgluhf0wlrqdo  rz ghyhorsv d uhhqwudqw vhfrqgdu|  rz/ ru wruvlrq ghihfw/

zlwk wkh ylvxdo dsshdudqfh ri d odujh vfdoh vwuxfwxuh frq�qhg zlwklq d

frpsdfw hoolsvrlgdo vxuidfh1 Dv wkh vhfrqgdu|  rz ghihfw lv fuhdwhg wkh

vxuidfh ri qxoo kholflw| ghqvlw| xqghujrhv d wrsrorjlfdo skdvh wudqvlwlrq1

Wkh ylvxdo h�hfw lv uhplqlvfhqw ri wkh %Yruwh{ Exuvwlqj% sureohp/ exw iru

wkh h{dpsoh  rz/ wkh yruwlflw| ri wkh  rz lv dq devroxwh lqyduldqw ri wkh

 rz sdudphwhu1 D wkhru| ri frqwlqxrxv wrsrorjlfdo hyroxwlrq lv suhvhqwhg1
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4 LQWURGXFWRQ

414 D Frkhuhqw Vwuxfwxuh dv d Wrsrorjlfdo Hqwlw|1

Dw wkh Dxjxvw 4<;< LXWDP phhwlqj lq Fdpeulgjh rq Wrsrorjlfdo ILxlg Ph0
fkdqlfv/ lw zdv vxjjhvwhg e| wklv dxwkru ^4` wkdw d frkhuhqw vwuxfwxuh lq d  xlg
eh gh�qhg dv d frpsdfw frqqhfwhg ghirupdeoh grpdlq ri lqyduldqw wrsrorjlfdo
surshuwlhv hpehgghg lq shukdsv dq rshq/ ru qrq0frpsdfw/ grpdlq ri gl�huhqw
wrsrorj|1 Wkh hslwrph ri vxfk d  rz zdv jlyhq orqj djr e| Kloo zkr vkrzhg wkdw
wkh Kloo vskhulfdo yruwh{ ^5`/ +d grpdlq zlwk yruwlflw|/ zlwkrxw kholflw|, frxog
eh hpehgghg lq dq luurwdwlrqdo srwhqwldo  rz1 Wkh wrsrorjlfdo surshuw| ri Sid�
glphqvlrq kdv d ydoxh ri 5 lq wkh lqwhulru grpdlq wkh Kloo vskhulfdo yruwh{1 Li
wkh  rz lv hpehgghg lq dq h{whulru luurwdwlrqdo iLxlg wkh Sid� glphqvlrq ri wkh
h{whulru  rz grpdlq lv 41 +Iru wkh frqfhsw ri Sid� glphqvlrq/ vhh uhihuhqfh 41,

Wkh Kloo vskhulfdo yruwh{ lv d frpsdfw ghihfw lq wkh vhqvh wkdw wkh lqwhulru
 rz frqwdlqhg zlwklq d frpsdfw vxuidfh> wkh lqwhulru vwuhdpolqhv qhyhu shqhwudwh
wkh erxqglqj vxuidfh1 Wkh Kloo vskhulfdo yruwh{ vroxwlrq lv d vshfldo vroxwlrq ri
wkh Hxohu htxdwlrqv/ dv zhoo dv wkh Qdylhu0Vwrnhv htxdwlrqv/ zkhuh wkh yruwlflw|
�hog lv kduprqlf1 Frqwulexwlrqv gxh wr wkh nlqhpdwlf ylvfrvlw| surgxfh qr
luuhyhuvleoh irufhv ryhu wkh vxuidfh ru lq wkh lqwhulru ri wkh vskhulfdo ghihfw1 Wkh
vwuhdpolqhv iru wkh Kloo vskhulfdo yruwh{ duh glvsod|hg lq Iljxuh 41

Wkh txhvwlrq ri krz vxfk grpdlqv duh fuhdwhg zdv qrw dgguhvvhg e| wkh hduo|
dxwkruv1 Dv wkh h{whuqdo  rz lv luurwdwlrqdo/ wkh yhorflw| �hog surgxfhv }hur
gudj/ dqg wkh vskhulfdo v|pphwu| surgxfhv }hur oliw rq wkh erxqglqj vxuidfh1
Glvwruwhg vkdshv lq d kduprqlf yhorflw| �hog fdq surgxfh oliw/ exw vwloo zloo qrw
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surgxfh ylvfrxv gudj1 Wkh lqwhuhvw khuhlq lv wr h{whqg wkh qrwlrqv ri wkh Kloo
vskhulfdo yruwh{  rz wr rwkhu erxqghg ylvfrxv  rz vroxwlrqv wr wkh Qdylhu0
Vwrnhv htxdwlrqv iru zklfk wkh yruwlflw| �hog lv qrw rqo| kduprqlf exw kdv
d Sid� glphqvlrq ri 61 Vxfk  rzv vxssruw wrsrorjlfdo wruvlrq1 +Wkh Kloo
vskhulfdo yruwh{ lv iuhh ri wrsrorjlfdo wruvlrq1, Sduw ri wkh suhvvxuh judglhqw iru
vxfk  rzv lv frqwulexwhg e| ylvfrxv irufhv/ dqg sduw e| wkh nlqhpdwlfv1 Vxfk
 rzv fdq h{klelw erwk gudj dqg oliw ryhu d frpsdfw vxuidfh/ exw wkh dvvrfldwhg
irufhv duh ri wkh srwhqwldo ydulhw|/ ru dw zruvw ri wkh f|folf ydulhw|1 Wklv phdqv
wkdw wkh zrun grqh gxulqj vxfk  rz surfhvvhv lv uhyhuvleoh lq wkh �uvw fdvh/ ru
lv txdqwl}hg wr wkh lqwhjhuv lq wkh vhfrqg fdvh1

415 Wkh G|qdplfdo Shuvlvwhqfh ri d Frkhuhqw Vwuxfwxuh1

D g|qdplfdo dqdo|vlv ri wkh Kloo vskhulfdo yruwh{ vroxwlrq jlyhv d foxh dv wr
krz vxfk odujh vfdoh vwuxfwxuhv fdq eh iruphg dqg krz wkh| fdq eh pdlqwdlqhg1
Wkh �{hg srlqwv +vwdjqdwlrq srlqwv, ri wkh vskhulfdo yruwh{  rz frlqflgh zlwk
wkh sroh srlqwv ri wkh vskhulfdo d{lv ri urwdwlrqdo v|pphwu|1 Vhh Iljxuh 51

D olqhdu vwdelolw| dqdo|vlv derxw wkhvh �{hg srlqwv gohprqvwudwhv wkdw erwk
�{hg srlqwv duh xqvwdeoh/ orfdoo|1 Wkh xsvwuhdp �{hg srlqw kdv wzr srvlwlyh dqg
rqh qhjdwlyh O|dsxqry h{srqhqwv/ zkloh wkh grzqvwuhdp �{hg srlqw kdv wzr
qhjdwlyh dqg rqh srvlwlyh O|dsxqry h{srqhqw1 \hw wkh vroxwlrq h{klelwv joredo
vwdelolw|/ zkhuh wkh srvlwlyh h{srqhqwv ri rqh qhljkerukrrg gulyh wkh qhjdwlyh
h{srqhqwv ri wkh rwkhu qhljkerukrrg1 Wklv edvlf ihdwxuh ri joredo vwdelolw| lv
r�huhg dv dq lqwxlwlyh vxjjhvwlrq rq krz odujh vfdoh frkhuhqw vwuxfwxuhv fdq
shuvlvw1 Wkhlu shuvlvwhqfh lv gxh wr d joredo v|qhujhwlf frxsolqj ri rqh orfdoo|
xqvwdeoh qhljkerukrrg lqwhudfwlqj zlwk dqrwkhu xqvwdeoh qhljkerukrrg1 Wkh
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xqvwdeoh vwdjqdwlrq srlqwv duh lvrodwhg %�{hg% srlqw vlqjxodulwlhv rq d erxqgdu|
iruphg e| d frpsdfw pdqlirog1 Wklv erxqglqj vxuidfh lv wkh 60glphqvlrqdo
dqdorj ri wkh vhsdudwul{ lq wkh sodqh1

416 Wkh Irupdwlrq ri Frkhuhqw Vwuxfwxuhv1

Li d vzluo frpsrqhqw lv dgghg wr wkh Kloo*v Vskhulfdo yruwh{ vroxwlrq/ wkhq wkh
O|dsxqry h{srqhqwv ri wkh vdph vljq fdq eh sxw lqwr fruuhvsrqghqfh zlwk d
Krsi +urwdwlrqdo, elixufdwlrq1 Iurp wuxqfdwhg dssur{lpdwlrqv/ lw kdv orqj ehhq
vxvshfw wkdw d whuwldu| Krsi elixufdwlrq lv dprqj wkh vroxwlrq vhwv wr wkh Qdylhu0
Vwrnhv htxdwlrqv/ exw d forvhg irup vroxwlrq wr wkh Qdylhu0Vwrnhv htxdwlrqv wkdw
h{klelwv whuwldu| Krsi elixufdwlrq kdv ehhq glvfryhuhg rqo| uhfhqwo| ^6`1 Dq
h{dpsoh ri wkh vwuhdpolqhv iru vxfk d wruvlrq vroxwlrq lv jlyhq lq Iljxuh 61

Lw zrxog dsshdu wkdw wkh fuhdwlrq ri d odujh vfdoh vwuxfwxuh fdq eh dvvrfldwhg
zlwk d sdudphwulfdoo| lqgxfhg Krsi elixufdwlrq rffxuulqj lq v|qhujhwlf sdluv1 Dq
h{dpsoh ri wklv wrsrorjlfdo fuhdwlrq hyhqw zloo eh jlyhu ehorz1 Wkh odujh vfdoh
vwuxfwxuh kdv lwv eluwk dv d wrsrorjlfdo ghihfw1 Wkh wruvlrq prgh vroxwlrq jlyhq
Lq Iljxuh 6 zdv fkrvhq gholehudwho| ehfdxvh ri lwv Kxuulfdqh0olnh dsshdudqfh/
dqg wkh idfw wkdw lwv sulplwlyh �{hg srlqwv kdyh fruuhvsrqghqfh zlwk wkh whuwldu|
Krsi elixufdwlrq rewdlqhg e| vzluolqj wkh wudmhfwrulhv ri Iljxuh 5 derxw wkh  rz
d{lv/ dqg wkhq urwdwlqj wkh �jxuh e| <3 ghjuhhv1 Kxuulfdqhv duh shukdsv wkh
odujhvw frkhuhqw vwuxfwxuhv revhuydeoh ru wkh hduwk*v vxuidfh/ dqg duh hpehgghg
lq d pruh ru ohvv odplqdu wklq vkhdwk ri dwprvskhuh ehwzhhq wkh hduwk*v vxuidfh
dqg wkh wursrsdxvh1
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Dv zloo eh ghprqvwudwhg ehorz/ wkh irupdwlrq ri wkhvh grpdlqv ri gl�huhqw
wrsrorj| hpehgghg lq vlpsoh/ Hxohuldq/ hqylurqphqwv fdq wdnh sodfh frqwoqx0
rxvo|1 Prvw shufhswlrqv ri wrsrorjlfdo fkdqjh duh dvvrfldwhg zlwk glvfrqwoqxrxv
wudqvirupdwlrqv/ exw frqwlqxlw| dorqh lv qrw vx!flhqw wr suhvhuyh doo wrsrorjlfdo
surshuwlhv1 Wkh lghd wkdw vxfk wrsrorjlfdo prgl�fdwlrqv fdq wdnh sodfh frq0
wlqxrxvo|/ exw luuhyhuvleo|/ zdv dovr vxjjhvwhg dw wkh Fdpeulgjh frqihuhqfh ^4`1
Frqwlqxrxv wudqvirupdwlrqv pd| qrw eh uhyhuvleoh lq wkh vhqvh wkdw hlwkhu wkh
lqyhuvh wudqvirupdwlrq grhv qrw h{lvw/ ru li lw h{lvwv/ lw lv qrw frqwlqxrxv1 Li
dq hyroxwlrqdu| wudqvirupdwlrq lv erwk frqwlqxrxv dqg uhyhuvleoh/ wkhq lw lv d
krphrprusklvp ^7`1 Uhfdoo wkdw wrsrorjlfdo surshuwlhv/ vxfk dv rulhqwdelolw|/
frpsdfwqhvv/ frqqhfwlylw|/ kroh frxqw/ dqg Sid� glphqvlrq/ duh lqyduldqwv ri
krphrprusklvpv1 Wkh surgxfwlrq ri d odujh vfdoh vwuxfwxuh lqyroyhv wrsrorj0
lfdo hyroxwlrq/ khqfh li wkh surfhvv lv frqwlqxrxv/ lw fdqqrw eh uhyhuvleoh1 Dv
zloo eh glvfxvvhg ehorz/ li d wudqvirupdwlrq lv frqwlqxrxv dqg gl�huhqwldeoh/
exw qrw uhyhuvleoh/ wkhq wkh hyhq0glphqvlrqdo wrsrorjlfdo ihdwxuhv duh lqyduldqwv
ri wkh wudqvirupdwlrq/ exw wkh rgg0glphqvlrqdo wrsrorjlfdo ihdwxuhv fdq fkdqjh1
+whfkqlfdoo|/ wkh hyhq glphqvlrqdo frkrprorj| jurxsv duh lqyduldqw/ exw wkh rgg
glphqvlrqdo frkrprorj| jurxsv duh qrw1, Iru frqwlqxrxv phgld dqg k|gurg|0
qdplf v|vwhpv/ wklv uhvxow lpsolhv wkdw wkh 40gophqvlrqdo ihdwxuhv ri flufxodwlrq
dqg wkh 60glphqvlrqdo ihdwxuhv ri wrsrorjlfdo wruvlrq fdq fkdqjh frqwlqxrxvo|/
exw wkh 50glphqvlrqdo ihdwxuhv ri yruwlflw|/ dqg wkh 70glphqvlrqdo ihdwxuhv ri
wrsrorjlfdo sdulw| uhpdlq frqvwdqw/ zlwk uhvshfw wr frqwlqxrxv exw luuhyhuvleoh
wudqvirupdwlrqv

417 Frqwlqxrxv hyroxwlrq

Lq rughu wr vhqvlwl}h wkh uhdghu wr frqwlqxrxv wudqvirupdwlrqv wkdw dgplw wrsr0
orjlfdo fkdqjh/ d qxpehu ri wudqvirupdwlrqv duh suhvhqwhg judsklfdoo| lq Iljxuh
7=
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Vrph wudqvirupdwlrqv duh frqwlqxrxv dqg vrph duh qrw1 Lq doo fdvhv/ wkh
wrsrorj| ri wkh v|vwhp fkdqjhv ehfdxvh wkh kroh frxqw lq wkh lqlwldo vwdwh lv
qrw wkh vdph dv wkh kroh frxqw lq wkh �qdo vwdwh1 Lw lv uhpdundeoh wkdw wkh
surgxfwlrq ru ghvwuxfwlrq ri krohv fdq eh dffrpsolvkhg lq hlwkhu d frqwlqxrxv
ru d glvfrqwlqxrxv pdqqhu1 Iljxuh 8

9



lv d glvsod| ri d k|gurg|qdplf frqwlqxrxv surfhvv lq zklfk wkh %krohv% duh
uhsuhvhqwhg e| grpdlqv wkdw kdyh kholflw| ghqvlw| +dqg Sid� glphqvlrq 6 ,/ dqg
zklfk duh hpehgghg lq dq hqylurqphqwdo  rz zklfk kdv Sid� glphqvlrq 5 ru
ohvv1 Lw zdv wklv �jxuh wkdw ruljlqdoo| vwlpxodwhg wkh dxwkru wr lqyhvwljdwh wkh
wrsrorjlfdo ihdwxuhv ri wkh wudqvlwlrq wr wxuexohqfh lq whupv ri d wrsrorjlfdo
fkdqjh ri Iurehqlxv lqwhjudelolw| ^8`1 D 40irup lq dq| qxpehu ri glphqvlrqv
zklfk lv ri Sid� glphqvlrq 5 +DagD 9@ 3, ru ohvv kdv d qxoo vhw wkdw vdwlv�hv wkh
Iurehqlxv frqglwlrqv ri frpsohwh lqwhjudelolw|1

Sk|vlfdo h{klelwlrqv ri frqwlqxrxv dqg glvfrqwlqxrxv wudqvirupdwlrqv fdq
eh dfklhyhg wkurxjk wkh ghirupdwlrqv ri d vrds �op dwwdfkhg wr d zluh iudph
erxqgdu|1 Iljxuh 9
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ghprqvwudwhv wkh frqwlqxrxv ghirupdwlrq ri d vrds �op zklfk lqyroyhv d fkdqjh
ri wkh wrsrorjlfdo surshuw| ri rulhqwdelolw|1

Lq Iljxuh : wkh frqwlqxrxv hyroxwlrq ri wkh qxpehu ri kdqgohv +ru krohv, Lv
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Iljxuh 4=

dovr hpxodwhg e| d frqwlqxrxv ghirupdwlrq ri d zluh iudph vxssruwlqj d vrds
�op1

Lq Iljxuh ;/ wkh hyroxwlrq ri wkh qxpehu ri frpsrqhqwv lv vwxglhg lq whupv
ri wkh g|qdplfv ri d vrds �op vwuhwfkhg ehwzhhq wzr ulqjv1 Dv wkh ulqjv pryh
ixuwkhu dsduw/ wkh vrds �op vwuhwfkhv/ vwloo iruplqj d fdwhqrlg ri uhyroxwlrq1
Krzhyhu/ zkhq wkh vhsdudwlrq wr udglxv udwlr h{fhhgv d fulwlfdo ydoxh/ wkh wrsr0
orjlfdo v|vwhp ehfrphv xqvwdeoh/ dqg zlwkrxw ixuwkhu shuwxuedwlrq iurp wkh
hqylurqphqw/ wkh vrds �op glvwruwv xqwlo wkh ruljlqdo k|shuerod ri rqh vkhhw
irupv d frqlfdo vxuidfh +zlwk d fulwlfdo srlqw dw wkh frqlfdo dsh{, dqg wkhq vhs0
dudwhv wr irup d k|shuerod ri wzr vkhhwv zklfk xowlpdwho| frqwudfwv wr irup wzr
lvrodwhg glvfv1 Wkh ruljlqdoo| frqqhfwhg plqlpdo vxuidfh xqghujrhv d wrsrorjlfdo
fkdqjh wr zkhuh lw ehfrphv wzr glvfrqqhfwhg +plqlpdo, vxuidfhv1 Dq h{dpsoh
ri wklv wrsrorjlfdo wudqvlwlrq lq wkh vxuidfh ri qxoo kholflw| ghqvlw| zloo eh gh0
vfulehg ehorz/ lq frqmxqfwlrq zlwk wkh sdudphwulf vdggoh qrgh Krsi elixufdwlrq
ri d Qdylhu0Vwrnhv  rz1

418 Ghirupdwlrqv dqg hpehgglqjv

Lw lv srvvleoh wr ghprqvwudwh wkdw Kloo*v Vskhulfdo Yruwh{ pd| eh ghiruphg
krphrprusklfdoo| lqwr dq hoolsvrlg ri uhyroxwlrq dqg vwloo eh hpehgghg lq dq
hqylurqphqwdo  rz zklfk lv luurwdwlrqdo1 Krzhyhu li wkh Kloo Vskhulfdo yruwh{
lv ghiruphg frqwlqxrxvo|/ exw qrw xqlirupo|/ wkh hqylurqphqwdo  rz pd| qr
orqjhu eh ghvfulehg joredoo| dv d srwhqwldo  rz +zklfk surgxfhv qr oliw, exw
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lqvwhdg uhtxluhv wkh joredo prgl�fdwlrq ri wkh srwhqwldo  rz lqwr d srwhqwldo  rz
zlwk flufxodwlrq1 Wkh whupv wkdw lqgxfh wkh flufxodwlrq duh kduprqlf yhorflw|
vroxwlrqv +wr Odsodfh*v htxdwlrq, wkdw kdyh �qlwh phdqlqj rqo| lq qrq0vlpso|
frqqhfwhg wrsrorjlfdo grpdlqv1 Wkh wrwdo  rz derxw wkh %kroh% ru revwuxfwlrq lv
vwloo zlwkrxw yruwlflw|/ exw qrz wkh lqwhudfwlrq ehwzhhq wkh srwhqwldo  rz dqg wkh
kduprqlf flufxodwlrq lqgxfhv d gluhfwlrqdo irufh rq wkh hoolsvrlg zklfk lv fdoohg
dhurg|qdplf oliw1 Wklv luurwdwlrqdo  rz derxw wkh vlqjoh ghihfw hoolsvrlg grhv
QRW surgxfh dhurg|qdplf gudj$ Wkh ghihfw lq wkh hqylurqphqwdo luurwdwlrqdo
 rz h{shulhqfhv d irufh wkdw grhv qr zrun1 Wkh qhw irufh rq wkh ghihfw lv
shushqglfxodu wr wkh yhorflw| ri wkh ghihfw1 Wkh kduprqlf frqwulexwlrq/ zkrvh
v|qhujhwlf lqwhudfwlrq zlwk wkh srwhqwldo  rz surgxfhv oliw/ lv d shuihfw sk|vlfdo
h{dpsoh ri wkh wrsrorjlfdo wkhru| ri f|folf frkrprorj| dw zrun lq d sudfwlfdo
vhqvh1

419 Kduprqlf Yhfwru Ilhogv

Wkh lghd wkdw d  rz zlwkrxw yruwlflw| fdq kdyh �qlwh flufxodwlrq lv d wrsrorjlfdo
lghd wkdw fdqqrw h{lvw lq d grpdlq zlwk hxfolghdq wrsrorj| +zklfk lv vlpso| frq0
qhfwhg,1 Li wkh wrwdo  rz kdv d erxqghg lqwhulru ghihfw +ru odujh vfdoh vwuxfwxuh,/
wkhq wkh  rz wrsrorj| lv qr orqjhu hxfolghdq +lw lv qr orqjhu vlpso| frqqhfwhg,1
Wkh  rz lqwhulru wr wkh ghihfw fdq kdyh yruwlflw|/ zkloh wkh  rz rxwvlgh wkh
ghihfw pd| eh yruwlflw| iuhh1 Dq luurwdwlrqdo  rz yhfwru �hog uhsuhvhqwlqj wkh
hqylurqphqw h{whulru wr wkh hpehgghg  rz pxvw frqvlvw ri +rqo|, wzr sduwv/
wkh �uvw sduw lv d sxuh srwhqwldo  rz sduw dqg fdq eh joredoo| uhsuhvhqwhg e|
d judglhqw �hog1 Wkh vhfrqg sduw ri wkh  rz fdqqrw eh uhsuhvhqwhg e| d jud0
glhqw �hog/ exw kdv }hur fxuo1 Wklv frqwulexwlrq wr wkh yhfwru �hog zdv fdoohg
kduprqlf �hog e| ghUkdp ^9`1 D yhfwru �hog wkdw frqvlvwv ri d judglhqw �hog
dqg d kduprqlf yhfwru �hog lv dw prvw ri Sid� glphqvlrq 5/ dqg lv vdlg wr forvhg
zlwk uhvshfw wr h{whulru gl�huhqwldwlrq1

D vlpsoh h{dpsoh ri wkh kduprqlf yhfwru �hog frqwulexwlrq lv jlyhq e| wkh
suhvvlrq=

Y @ i|l� {mj@+{5 . |5,> +4,

zklfk lv d vshfldol}dwlrq ri wkh  rz/

Y @ i� judg��� judg�j@+�5 .�5,> +5,

zkhuh � dqg � duh duelwudu| ixqfwlrqv ri i{> |> }> wj1 Iru hdfk uhsuhvhqwdwlrq
zkhuh wkh lqwhjudwlrq f|foh/ F/ hqflufohv wkh 40glphqvlrqdo revwuxfwlrq ru zruog
olqh iruphg e| wkh lqwhuvhfwlrq ri wkh vxuidfhv � @ 3 dqg � @ 3 / wkh foufxodwlrq
lv �qlwh/ � @

U
F
Y � go / exw wkh yruwlflw| lv }hur/ fxuo Y @ 3 1

Lw lv wkh kduprqlf yhorflw| �hog frqwulexwlrq wr d forvhg  rz wkdw surgxfhv
dhurg|qdplf oliw1 Vxfk qrwlrqv duh dw wkh khduw ri wkh Mrxnrzvnl dluirlo wkhru|
dqg irfxv dwwhqwlrq rq f|folf frkrprorj| wkhru|1 Qrwh wkdw wkh erxqgdu|
frqglwlrqv iru forvhg yhorflw| �hogv gr qrw shuplw wkh vshfl�fdwlrq ri d frqvwdqw
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}hur ydoxh ri wkh yhorflw| �hog hyhu|zkhuh rq d erxqgdu|1 Wkh qr0vols erxqgdu|
frqglwlrq lv qrw frpsdwleoh zlwk forvhg yhorflw| �hogv1

Wkh lghd ri wrsrorjlfdo wruvlrq lv wr h{whqg wkhvh frqfhswv ri f|folf frkrpro0
rj| wr 61glphqvlrqdo revwuxfwlrqv dqg  rzv zklfk duh qrw luurwdwlrqdo/ dqg kdyh
Sid� glphqvlrq ri 6 ru juhdwhu1 Wkh  rz yhorflw| �hog pd| vwloo kdyh srwhqwldo
dqg kduprqlf frpsrqhqwv/ exw qrz d fxuo frpsrqhqw lv dovr dgplwwhg/ dqg lw
wklv fxuo �hog wkdw lv wkh xowlpdwh vrxufh ri glvvlsdwlrq dqg gudj1 Wkh txhvwlrq
qrz lv wr h{dplqh wkrvh vlwxdwlrqv zkhuh wkh yruwlflw| �hog/ fxuo Y/ h{lvwv/ exw
wkh yruwlflw| �hog lv hlwkhu kduprqlf ru lqwhjudeoh lq wkh vhqvh ri Iurehqlrxv1
Dv zloo eh h{sodlqhg ehorz/ vxfk yhorflw| �hogv duh xqlirupo| frqwlqxrxv1

Zkhq d kduprqlf �hog lv dgghg wr wkh srwhqwldo  rz ri wkh hqylurqphqw/
wkh Sid� glphqvlrq ri wkh hqylurqphqw grhv qrw fkdqjh/ exw wkh Ehwwl qxpehu
ri wkh hqylurqphqw fkdqjhv iru wkhuh lv qrz +dw ohdvw, rqh kroh wkdw fdqqrw
pdsshg dzd| lq d xqlirupo| frqwlqxrxv pdqqhu1 Wkh frqfhsw ri Sid� glphqvlrq
uhsuhvhqwv rqh wrsrorjlfdo surshuw|/ dqg wkh Ehwwl qxpehuv uhsuhvhqw d gl�huhqw
wrsrorjlfdo surshuw|1

Iru Vwrnhv  rzv + zkhuh wkh yruwlflw| �hog lv kduprqlf/ fxuofxuofxuo Y @ 3
, d qr0vols erxqgdu| frqglwlrq lv dgplvvleoh +wkh erxqgdu| fdq eh d grpdlq
zkhuh wkh yhorflw| yhfwru lv }hur dw doo srlqwv ri wkh erxqgdu|/ dqg qrw mxvw dw
lvrodwhg srlqwv,1 Iru wkh Qdylhu0Vwrnhv  xlg/ wkh lpsolfdwlrq lv wkdw wkh yhfwru
�hog uhsuhvhqwlqj wkh suhvvxuh dqg ylvfrxv irufhv +qrw wkh yhorflw| �hog, lv forvhg/
dqg wkhuhiruh +dffruglqj wr wkh GhUkdp ghfrpsrvlwlrq wkhruhp, frqvlvwv ri d
shuihfw judglhqw dqg d kduprqlf sduw1 Lq rwkhu zrugv/ wkh yhorflw| �hog lv ri
Sid� glphqvlrq 6 ru pruh/ exw wkh irufh �hog lv ri Sid� glphqvlrq 5 ru ohvv/ iru
Vwrnhv  rzv1L

Wkhvh Vwrnhv vroxwlrqv fdq kdyh gudj irufhv wkdw dfw rq wkh erxqglqj vxuidfh1
Wkh fodvvlfdo h{dpsoh lv wkdw jlyhq e| Vwrnhv lq zklfk wkh lqhuwldo whupv ri
wkh Qdylhu0Vwrnhv htxdwlrqv duh ljqruhg/ dqg wkh yhorflw| �hog lv dvvxphg wr
vdwlvi| Vwrnhv htxdwlrq/ vxfk wkdw wkh fxuo ri wkh yruwlflw| lv d judglhqw �hog1
Vxfk  rzv kdyh gudj1 D vrphzkdw ohvv vwulqjhqw frqglwlrq lv wkdw wkh yruwlflw|
�hog eh kduprqlf1 Dv phqwlrqhg deryh/ wkh f|folf zrun lv }hur li wkh ylvfrxv
frqwulexwlrq wr wkh irufh �hog lv d sxuh judglhqw/ dqg lv %txdqwl}hg% li wkh
ylvfrxv frqwulexwlrq wr wkh irufh �hog lv kduprqlf1 Wkh �uvw fdvh lpsolhv wkdw
wkh %urwdwlrqdo% hqhuj| lqgxfhg lq wkh  xlg lv uhfryhudeoh/ dqg wkh odwwhu fdvh
zloo eh ri lqwhuhvw wr wkh sureohp ri yruwh{ vkhgglqj1

5 ERXQGHGVROXWLRQV WRWKHQDYLHU1VWRNHV

HTXDWLRQV1

514 Whuwldu| Krsi Elixufdwlrqv

Wkh Vdggoh0Qrgh Krsi forvhg irup vroxwlrq wr wkh Qdylhu0Vwrnhv htxdwlrqv lq
urwdwlqj frruglqdwh v|vwhpv vxjjhvwv krz forvhg/ uhhqwudqw/ vhfrqgdu|  rzv zlwk
frkhuhqw wrsrorjlfdo vwuxfwxuhv pd| eh frqvwuxfwhg dqg hpehgghg lq hqylurq0
phqwdo vxuurxqglqjv ri gl�huhqw wrsrorj|1 Ri sduwlfxodu lqwhuhvw wr wklv dxwkru
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duh wkrvh  rzv zlwk frpsdfw erxqgdu| zklfk kdyh grpdlqv zlwk wrsrorjlfdo
wruvlrq dqg d Sid� glphqvlrq A 51 Wkhvh grpdlqv kdyh �qlwh kholflw| ghqvlw|/
dqg wkhlu vwuhdpolqhv kdyh Iuhqhw wruvlrq1 Wkh vwuhdpolqhv pd| eh hlwkhu hu0
jrglf ru forvhg zlwklq wkh erxqghg grpdlq1 Wkhvh vwuxfwxuhv kdyh uhfhlyhg
olwwoh h{sorlwdwlrq lq wkh k|gurg|qdplf olwhudwxuh1

D jhqhudol}dwlrq ri wkh Vdggoh Qrgh Krsi vroxwlrq wr wkh Qdylhu0Vwrnhv htxd0
wlrqv zklfk h{klelwv frpsdfw grpdlqv Lv jlyhq e| wkh yhfwru �hog Y @ ^x> y> z`/
zkhuh

x @ F { Ci+},@C} �
| +6,

y @ F | Ci+},@C} .
{

z @ .D i+},� W k+u5,=

Wkh frqvwudlqw ri lqfrpsuhvvlelolw| uhtxluhv wkdw 5F @ D1 Wkh sro|qrpldo
ixqfwlrqv/ i+}, dqg k+u,/ duh duelwudu|/ exw sro|qrpldo h{suhvvlrqv ri wkh txduwlf
ydulhw| duh ri lqwhuhvw wr wkh sureohp ri zdnhv1 Wkh uhsuhvhqwdwlrq wkdw �wv wkh
vlpsoh vdggoh0qrgh Krsi vroxwlrq/ dqg zklfk lv vwxglhg lq ghwdlo ehorz/ lv jlyhq
e| wkh txdgudwlf sro|qrpldo irupxodv=

Di+}, @ I �G }5 dqg k+u, @ u5 . 43= +7,

Wkh vlpsohu txdgudwlf sro|qrpldo vroxwlrqv duh ri lqwhuhvw wr vlqjoh ghihfw vwuxf
wxuhv/ dqg lw lv hdv| wr vkrz wkdw iru doo txdgudwlf  rzv wkh Qdylhu0Vwrnhv ylvfrxv
glvvlsdwlrq whup lv uhsuhvhqwdeoh +orfdoo|, e| d judglhqw �hog/

judg gly Y� fxuo fxuo Y , judg �= +8,

Lw iroorzv wkdw wkh suhvvxuh dqg ylvfrxv irufhv dvvrfldwhg zlwk vxfk  rzv qrw
surgxfh f|folf zrun/ khqfh wkh v|vwhpv duh frqvhuydwlyh1 Hqhuj| ri urwdwlrq
lqgxfhg e| ylvfrxv wrutxhv lv uhfryhudeoh$ Lw lv dovr wuxh wkdw wkh yruwlflw| ri d
txdgudwlf  rz lv joredoo| kduprqlf/

fxuo fxuo fxuo Y @ 3> gly fxuo fxuo Y @ 3= +9,

Uhfdoo wkdw kduprqlf yruwlflw| lpsolhv frqvhuydwlrq ri dqjxodu prphqwxp/ wkh
forvxuh fulwhuld uhtxluhg wr surgxfh kduprqlf yruwlflw| grhv qrw lpso| qhffhv0
vdulo| wkdw d judglhqw uhsuhvhqwdwlrq iru wkh ylvfrxv irufh whup lv joredoo| ydolg1

Lw lv lqwhuhvwlqj wr qrwh wkdw wkh ghjuhh ri wkh sro|qrpldov/ i dqg k/ lv wzlfh
qxpehu ri glvwlqfw ghihfwv wkdw wkh  rz uhsuhvhqwv1 Dv wkh txdgudwlf yhohorflw|
�hog grhv qrw surgxfh luuhyhuvleoh glvvlsdwlrq lq d Vwrnhv  xlg +wkh Vwrnhv whup
lv d judglhqw �hog, wkhq lw ehfrphv dssduhqw wkdw wkh qxpehu ri ghihfwv pxvw
h{fhhg wzr li hqwurs| lv wr lqfuhdvh1

515 Wkh Erxqglqj Vxuidfh

Lq doo fdvhv wkh erxqglqj %hoolsvrlgdo% vxuidfh wr wkh vhfrqgdu|  rz jhqhudwhg
e| htxdwlrqv +6, zloo eh jlyhq e| wkh }hur vhw ri wkh ixqfwlrq �+{/|/},/ vxfk wkdw
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Y� judg � @ � �+{> |> },= +:,

Qrwh wkdw wklv uhtxluhphqw irufhv wkh yhorflw| �hog wr eh %wdqjhqw% wr wkh erxqg0
lqj vxuidfh1 Wkh erxqglqj ixqfwlrq/ �/ lv d frqirupdo lqyduldqw ri wkh  rz/ Y/
zlwk frqirupdolw| idfwru/ �1 Zkhq wkh frqirupdolw| idfwru ydqlvkhv/ wkh/ erxqg0
lqj hoolsvrlg lv dq devroxwh lqyduldqw ri wkh  rz1 Wkhvh wzr fdvhv fruuhvsrqg wr
+dv|pswrwlf, frqwlqxlw| dqg xqlirup frqwlqxlw|/ uhvshfwlyho|1 Ixuwkhu qrwh wkdw
wkh %uhqrupdol}hg% yhorflw| �hog/ � Y/ vdwlv�hv wkh %qr0vols% frqglwlrq rq wkh
erxqglqj vxuidfh1 Wklv lpsruwdqw uhvxow vwdwhv wkdw wkh vwuhdpolqhv ri d qr0vols
 rz dqg wkh vwuhdpolqhv ri d  rz wkdw ohdyhv wkh erxqglqj vxuidfh d frqirupdo
lqyduldqw duh wkh vdph1 Wklv fruuhvsrqghqfh ehwzhhq Hxohuldq  rz dqg qr0vols
 rz durxqg revwdfohv lv d fxulrvlw| wkdw kdv dsshduhg lq wkh olwhudwxuh ehiruh/
exw wkh dvvrfldwlrq wr d frqirupdoo| lqyduldqw erxqglqj vxuidfh lv dssduhqwo|
qryho wr wklv duwlfoh1 Wkh uhsuhvhqwdwlrq ri d qr0vols vxuidfh e| wkh frqirupdo
frqvwudlqw pd| eh xwlol}hg wr vkrz wkdw wkh Hxohu fkdudfwhulvwlf ri wkh  rz
pdqlirog lv frpsohwho| ghwhuplqhg e| wkh }hurv ri Y wkdw duh vlpxowdqhrxvo|
%vlqjxodu% srlqwv ri wkh erxqglqj vxuidfh1

Lq wkh jhqhudo sro|qrpldo fdvh/ li wkh ixqfwlrq k+u, lv zulwwhq dv d sro|qrpldo

k+u, @
[

kqu
q> +;,

wkhq wkh erxqglqj %hoolsvrlg% pd| eh frqvwuxfwhg dv wkh }hur vhw ri

�+u> }, @ J+u, .G I +},> +<,

zkhuh

J+u, @
[

W G kqu
q@+G � qF,= +43,

Lw iroorzv wkdw

Y� judg � @ iG Ci+},@C} j �+{> |> },= +44,

Doo vxfk erxqghg frpsdfw  rzv duh vroxwlrqv wr wkh Qdylhu0Vwrnhv htxdwlrqv lq
d urwdwlqj iudph ri uhihuhqfh1

+Qrwh Ihe 59/ 5336= Wkh erxqglqj vxuidfh lv wkhuhiru d }hur0irup wkdw lv
krprjhqhrxv ri ghjuhh iG Ci+},@C} j= Wklv lpsolhv wkdw wkh erxqglqj vxuidfh
fdq eh iudfwdo1,

516 Wkh Vdggoh Qrgh Krsi Vroxwlrq1

Wkh vlpsoh Vdggoh Qrgh Krsi  rz �hog dv jlyhq e| +6, dqg +7, zloo eh vwxglhg
dv d ixqfwlrq ri wkh phdq  rz sdudphwhu/ I 1 Wkh vwxg| dv suhvhqwhg lq
Iljxuhv < wkurxjk 45 zloo ghprqvwudwh wkdw d wruvlrq exeeoh ghihfw/ frqwdlqlqj d
erxqghg vhfrqgdu| uhyhuvh  rz/ fdq eh surgxfhg dv d uhvxow ri d sdudphwulfdoo|
lqgxfhg Krsi elixufdwlrq1 Wkh wrsrorjlfdo fuhdwlrq dqg shuvlvwhqfh ri d odujh
vfdoh vwuxfwxuh lq d Qdylhu0Vwrnhv  rz lv wkhuhe| ghprqvwudwhg e| wklv h{dpsoh1
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Wkh erxqghg vhfrqgdu|  rz fdq eh hpehgghg lq d forvhg  rz uhsuhvhqwlqj wkh
hqylurqphqw1

D phqwlrqhg deryh/ d vshfldol}dwlrq ri wkh wzr sro|qrpldov wr wkh txdgudwlf
irupv jlyhq e| htxdwlrq +7, ohdgv wr d  rz zlwk wzr �{hg srlqwv ri wkh vdggoh
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qrgh Krsi ydulhw|1 Lq wkh ylflqlw| ri i}> uj @ i.++I � 43W ,@G,4@5> 3j wkh �{hg
srlqw kdv wzr srvlwlyh dqg rqh qhjdwlyh O|dsxqry h{srqhqwv ~./ . /0�1 zkloh
wkh �{hg srlqw dw i}> uj @ i�++I � 43W ,@G,4@5> 3j kdv wzr qhjdwlyh dqg rqh
srvlwlyh h{srqhqwv/ ~0/0/ .�1 Erwk uhjlrqv duh orfdoo| xqvwdeoh/ exw wkh  rz lq
wkh qhljkerukrrg ri rqh �{hg srlqw lv frxsohg wr wkh  rz lq wkh qhljkerukrrg
ri wkh vhfrqg �{hg srlqw wr surgxfh d joredoo| vwdeoh vwuxfwxuh1 Vhh Iljxuh 51

H{suhvvlrqv iru wkh yruwlflw| dqg wkh kholflw| ghqvlw| ri wkh VQK  rz pd|
eh dqdo|wlfdoo| frpsxwhg1 Lq sduwlfxodu lw lv wr eh qrwhg wkdw wkh yruwlflw| lv
lqghshqghqw ri wkh sdudphwhu I/ exw wkh kholflw| ghqvlw| ghshqgv rq I1 Iru orz
 rz udwhv + I @ 5 , wkh vwuhdpolqhv dsshdu dv lq Iljxuh </ dqg wkh vxuidfh ri
}hur kholflw| ghqvlw| lv d k|shuerod ri uhyroxwlrq frqvlvwlqj ri rqh vkhhw1 +Vhh
Iljxuh 451, Wkh uhjlrqv ri qhjdwlyh kholflw| ghqvlw| duh frqqhfwhg/ dv duh wkh
uhjlrqv ri srvlwlyh kholflw| ghqvlw|1

Iru wkh sdudphwhuv fkrvhq/ dqg vxfk wkdw glyY @ 3 +W @ 4> G @ F,/ zkhq
wkh  rz sdudphwhu I @ 43/ dqrwkhu fulwlfdo srlqw lv uhdfkhg/ iru qrz wkh sdluhg
O|dsxqry h{srqhqwv fdq ehfrph frpsoh{1 D orfxv ri Krsi srlqwv irupv d
flufoh ri udglxv/ u @ i.++I � 43W ,@W ,4@5j lq wkh } @ 3 sodqh1 Vhh Iljxuh 431
Dw wklv fulwlfdo sdudphwhu srlqw/ wkh vxuidfh ri }hur kholflw| ghqvlw| ehfrphv
d frqh1 H{fhsw iru wkrvh vwuhdpolqhv lq wkh ylflqlw| ri wkh ruljlq/ wkh vzluo
frpsrqhqw kdv ehhq vxssuhvvhg lq wkh �jxuhv= rqo| wkh hqyhorsh ri wkh vzluolqj
vwuhdpolqhv lv glvsod|hg/ iru uhdvrqv ri ylvxdo fodulw|1

Zkhq wkh  rz sdudphwhu I h{fhhgv 43/ d ghihfw wruvlrq exeeoh zloo irup
zlwk dq d{ldo glphqvlrq jlyhq e| } @ .^+I � 43W ,@G`4@5 dqg zlwk wkh udglxv
ri wkh erxqglqj vxuidfh jlyhq e| u @ i.+5+I � 43W ,@W ,4@51 Wkh Krsi flufoh
lv dozd|v frqwdlqhg e| wkh erxqglqj hoolsvrlg1 Qrwh krzhyhu wkdw wkh vxuidfh
ri qxoo kholflw| ghqvlw| ehfrphv d k|shuerod ri wzr vkhhwv/ dqg d %kholflw| jds%
ghyhorsv +dorqj zlwk wkh wruvlrq exeeoh, vhsdudwlqj grpdlqv ri qhjdwlyh kholflw|
ghqvlw|1 Iru I @ 4;/ wkh vwuhdpolqhv duh suhvhqwhg lq Iljxuh 441 Djdlq/ rqo|
wkh hqyhorsh ri wkh vwuhdpolqhv rxwvlgh wkh ghihfw duh sorwwhg/ zkloh wkh vzluo
lv ghwdlohg iru wudmhfwrulhv zlwklq wkh ghihfw exeeoh1 Qrwh wkdw wkh vhfrqgdu|
 rz kdv d uhyhuvh yhorflw| frpsrqhqw zlwklq wkh exeeoh ghihfw/ dqg wkdw doo
vwuhdpolqhv duh wdqjhqw wr wkh erxqglqj vxuidfh1 Wkh wrsrorjlfdo wudqvlwlrq ri
wkh vxuidfh ri qxoo kholflw| ghqvlw| lv ghvfulehg txdolwdwlyho| dv d ixqfwlrq ri wkh
 rz sdudphwhu/ I / lq Iljxuh 451
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Uhfdoo wkdw dowkrxjk wkh ylvxdo ghihfw dsshduv wr eh dvvrfldwhg zlwk d %yruwh{
exuvw%/ vxfk lv qrw wkh fdvh1 Gxulqj wklv sdudphwulf fuhdwlrq +rqo| wkh phdq
 rz sdudphwhu I kdv ehhq fkdqjhg, ri d odujh vfdoh vwuxfwxuh lq d ylvfrxv phgld/
wkh olqhv ri yruwlflw| duh wkh vdph iru doo Iljxuhv < wkurxjk 451 Wkh yruwlflw|
ri wkh vdggoh qrgh Krsi  rz lv dq devroxwh lqyduldqw ri wkh  rz lwvhoi/ dqg lwv
ydoxh lv lqghshqghqw ri wkh phdq  rz sdudphwhu/ I1 Lw lv vxjjhvwhg wkdw wklv
ylvxdo h�hfw lv ehwwhu ghvfulehg e| wkh zrugv/ %wruvlrq exuvw%/ wkdq e| wkh zrugv
%yruwh{ exuvw%1 Wr pdnh d pruh gluhfw frqwdfw zlwk wkh h{shulphqwdo h{srvhv
ri wkh %wruvlrq exuvwlqj% sureohp/ d voljkw prgl�fdwlrq wr wkh VQK vroxwlrq lv
suhvhqwhg ehorz1 D vpdoo fxelf dgglwlrq wr wkh i sro|qrpldo fkdqjhv wrsrorjlfdo
ihdwxuhv ri wkh vroxwlrq1

517 Wkh K|vwhuhwlf Krsi Vroxwlrq

Li wkh sro|qrpldo/ w/ lv prgl�hg iurp wkh VQK txdgudwlf wr lqfoxgh d whup fxelf
lq } + dgg 138 }6 wr wkh VQK iru0pxod iru wkh } frpsrqhqw ri yhorflw|, wkhq wkh
vwuhdpolqhv iru orz ydoxhv ri I zloo dsshdu dv jlyhq lq Iljxuh 461 Wkh qhdu fhqwudo
vwuhdpolqh  rzv lq wkh gluhfwlrq ri wkh vlqjoh uhdo �{hg srlqw/ dqg wkh glyhujhv lq
d vsludo idvklrq durxqg wkh vxuidfh jhqhudwhg e| wkh fxelf sro|qrpldo1 Li wkh
sdudphwhu I lv lqfuhdvhg wr 59/ wkhq djdlq d wruvlrq exeeoh lv iruphg xsvwuhdp
iurp dqg ehiruh wkh vsludo lqvwdelolw| lv hqfrxqwhuhg1 Vhh Iljxuh 471 Wkh
vwuhdpolqhv jlyh d ylvxdo dsshdudqfh wkdw pd| eh frpsduhg wr wkh h{shulphqwdo
gdwd suhvhqwhg iru wkh %yruwh{ exuvwlqj% sureohp ^:`1

Lq wkh qxphulfdo hydoxdwlrqv ri wkh vwuhdpolqhv/ li d vpdoo gly Y 9@ 3 whup
lv shuplwwhg/ wkhq wkh fhqwudo vwuhdpolqhv zloo hqwhu lqwr wkh wruvlrq exeeoh lq
wkh ylflqlw| ri wkh grzqvwuhdp %�{hg% srlqw1 Wkh vwuhdpolqh uhpdlqv wudsshg
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Iljxuh 5=

4:



zlwklq wkh %exeeoh% iru orqj shulrgv ri frpsxwlqj wlph1 Wklv uhvxow plplfv
wkh h{shulphqwdo g|h uhvxowv suhvhqwhg lq uhihuhqfh :/ dqg lv vxjjhvwlyh ri wkh
Duqrog gl�xvlrq surfhvv lq skdvh vsdfh zkhq wkh NDP +erxqglqj, vxuidfh
ehfrphv qrq0frpsdfw dqg kdv qrq0Lvrodwhg erxqgdu| srlqwv ru krohv wkurxjk
zklfk wkh skdvh vsdfh wudmhfwrulhv fdq %gl�xvh%1

6 WKH IDODFR YHUWH[ SDLU

Dqrwkhu h{shulphqwdo h{dpsoh ri d odujh vfdoh vwuxfwxuh lv jlyhq e| wkh %Idodfr%
h�hfw1 D orqj olyhg wruvlrqdo vrolwrq vwdwh fdq eh iruphg lq wkh iuhh vxuidfh ri
zdwhu/ dqg zdv 1eurxjkw wr wklv dxwkru*v dwwhqwlrq dfflghqwdoo| zkloh ylvlwlqj dq
rog iulhqg +khqfh wkh qdph 0wkh Idodfr h�hfw, lq Ulr gh Mdqhlur ^;`1 Vhh Iljxuh
481 Wkh surshuwlhv ri wklv joredoo| vwdelol}hg wruvlrqdo vwdwh kdyh wrsrorjlfdo
vlplodulwlhv wr wkh dqdo|wlf vroxwlrqv ghvfulehg deryh1

Eulh |/ d sdlu ri frqfdyh Udqnlqh yruwlfhv +jhqhudwhg lq wkh iuhh vxuidfh
ri d vzlpplqj srro e| vorzo| vzhhslqj d odujh kdoi0vxephujhg flufxodu glvn
shushqglfxodu wr lwv sodqirup, wr surgxfh d orqj0olyhg sdlu ri frq0uwlqj frqyh{
glpsohg vxuidfh vwdwhv ri qhjdwlyh Jdxvvldq fxuydwxuh1 Wkh ruljlqdo Udqnlqh
vxuidfh lv suhgrplqdqwo| ri srvlwlyh Jdxvvldq fxuydwxuh1 Hdfk frqyh{ vlqjxodu
vxuidf pd| eh revhuyhg hdvlo| e| phdqv ri wkh Vqhoo odz ri uhiudfwlrq wkdw
surgxfhv d eodfn glvf +ru devhqfhz ri oljkw, vxuurxqghg e| d euljkw ulqj +ru kdor,
rq wkh erwwrp ri wkh vzlpplqj srro1 Dv wkh frqyh{ vxuidfh lv qhdu d plqlpdo
vxuidfh/ wkh Vqhoo surmhfwlrq lv d frqirupdo pdsslqj vxfk wkdw wkh lpdjh rq wkh
erwwrp ri wkh srro lv flufxodu/ hyhq wkrxjk wkh vrxufh ri looxplqdwlrq +wkh vxq,
lv qrw gluhfwo| ryhukhdg1 Wkh Idodfr h�hfw eodfn vsrwv kdyh d vwulnlqj orqj
olihwlph +pdq| plqxwhv lq d vwloo srro, dqg h{klwllw pdq| ri wkh skdvh frkhuhqw
ihdwxuhv dvvrfldwhg zlwk qxphulfdo vroxwlrqv wr vrolwrq vfdwwhulqj sureohpv1 D
skrwrjudsk ri wkh %Idodfr Vsrwv% lv jlyhq lq Iljxuh 48 dqg wkh Vqhoo h{sodqdwlrq
ri wkh rswlfv lv jlyhq lq Iljxuh 491

Zkdw lv qrw reylrxv xqohvv g|h lv lqmhfwhg lqwr wkh zdwhu lv wkdw wkhuh h{0
lvwv d wrsrorjlfdo vlqjxodu %wkuhdg% Lq wkh irup ri d flufxodu duf wkdw frqqhfwv
rqh frqyh{ yhuwh{ wr wkh rwkhu/ dqg wudqvyhuvh wruvlrq zdyhv fdq sursdjdwh
iurp yhuwh{ wr wkh rwkhu jxlghg e| wklv fhqwudo wkuhdg1 Vhh Iljxuh 4:1 Li wkh
wkuhdg lv %vhyhuhg%/ wkh sdluhg vxuidfh ghihfwv gr qrw gl�xvh dzd|/ wkh| ds0
sduhqwo| h{sorgh dzd|1 Lw lv uhpdundeo| hdv| wr h{shulphqwdoo| fuhdwh vxfk
d sdlu ri 50glphqvlrqdo wrsrorjlfdo vxuidfh ghihfwv/ joredoo| frqqhfwhg dqg ds0
sduhqwo| joredoo| vwdelol}hg e| d 40glphqvlrqdo wrsrorjlfdo ghihfw1 Pruhryhu/
wkh v|vwhp vxssruwv wruvlrqdo zdyhv1 Zkdw pruh frxog vrphrqh lqwhuhvwhg lq
dssolhg wrrsrorj| dqg wrsrorjlfdo wruvlrq zdqwB Dowkrxjk h{dfw vroxwlrqv wr
wklv sureohp kdyh |hw wr eh irxqg/ wkh h{shulphqwv dvvrfldwhg zlwk wkh Idodfr
H�hfw vwlpxodwhg wkh zrun ghvfulehg lq wkh suhfhglqj vhfwlrqv1
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Iljxuh 6=
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Iljxuh 7=

7 SKDVHWUDQVLWLRQV LQG\QDPLFDO V\V0

WHPV

Dv vxjjhvwhg e| wklv dxwkru dw wkh LXWDP frqihuhqfh rq Wrsrorjlfdo K|gur
Phfkdqlfv/ d g|qdplfdo v|vwhp vkrxog eh h{shfwhg wr h{klelw wkhuprg|qdplf
skdvh wudqvlwlrqv lqgxfhg e| sdudphwulf yduldwlrqv1 Uhfdoo wkdw skdvh wudq0
vlwlrqv lpso| d fkdqjh lq wrsrorj|1 Li wkh Vdggoh Qrgh Krsi vroxwlrq wr wkh
Qdylhu0Vwrnhv htxdwlrqv lv prgl�hg voljkwo| wr lqfoxgh dq dqlvrwurslf shuwxued0
wlrq sdudphwhu/ U/ wkhq d vwxg| ri wkh sdudphwulf fkdqjh ri wrsrorj| lq wkh
erxqglqj vxuidfh ri wkh vhfrqgdu|  rz fdq eh pdgh dqdo|wlfdoo| ^<`1 Lq eulhi/
iru wkh h{dpsoh htxdwlrqv suhvhqwhg ehorz/ wkh hoolsvrlgdo erxqglqj vxuidfh ri
wkh prgl�hg VQK  rz dgplwv wzr lvrodwhg vlqjxodu srlqwv iru vpdoo ydoxhv ri wkh
dqlvrwurs| sdudphwhu +Iljxuh 4;,1 Wkh udgldo %vl}h% ri wkh erxqglqj hoolsvrlg
lv d phdvxuh ri wkh wrsrorjlfdo frkhuhqfh lq wkh ghihfw/ dqg zloo eh gh�qhg dv
dq rughu sdudphwhu iru wkh  rz1

Frq�qhg zlwklq wkh lqwhulru ri wkh erxqglqj hoolsvrlgdo vxuidfh lv d forvhg
fxuyh ri Krsi vlqjxodu srlqwv lq wkh irup ri dq hoolsvh1 Dv wkh shuwxuedwlrq sd0
udphwhu lv lqfuhdvhg/ wkh Krsi hoolsvh jurzv xqwlo wkh Krsi hoolsvh shqhwudwhv wkh
erxqglqj hoolsvrlgdo vxuidfh/ vxfk wkdw wkh erxqglqj vxuidfh qrz dgplwv 9 vlq0
jxodu srlqwv +Iljxuh 4<,1 Wkh udgldo vl}h ri wkh erxqglqj hoolsvrlg/ zklfk dfwv dv
dq %rughu% sdudphwhu/ ghfuhdvhv zlwk lqfuhdvlqj dqlvrwurslf shuwxuedwlrqv1 Wkh
lqwhulru vroxwlrq vwuhdpolqh1 wudmhfwrulhv duh dozd|v frq�qhg e| wkh erxqglqj
vxuidfh/ dulg duh urwdwlrqdoo| jxlghg e| %ru dwwudfwhg wr1 wkh Krsi hoolsvh1 Wkh
wudmhfwrulhv/ uhsuhvhqwlqj hyroylqj vwuhdpolqhv/ vzhhs rxw sdwkv wkdw duh frq0
�qhg zlwklq d wruxv iru vpdoo ydoxhv ri wkh shuwxuedwlrq sdudphwhu +Iljxuh 4;,1
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Iljxuh 8=

Dv wkh shuwxuedwlrq sdudphwhu lv fkdqjhg/ d wrsrorjlfdo skdvh wudqvlwlrq wdnhv
sodfh zkhq wkh Krsi hoolsvh shqhwudwhv wkh erxqglqj hoolsvrlg/ dqg wkhuhdiwhu
wkh vwuhdp olqhv duh frq�qhg wr d vxuidfh zlwk wkh dsshdudqfh ri d wrsrorjlfdo
exwwrq zlwk 5 kdqgohv +Iljxuh 53,1
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Dw d fhuwdlq srlqw/ ixuwkhu lqfuhdvh ri wkh shuwxuedwlrq sdudphwhu/ U/ gh0
vwur|v wkh g|qdplfdo vwdelolw| ri wkh v|vwhp/ dqg wkh rughu sdudphwhu jrhv wr
}hur +ru ehfrphv lpdjlqdu|,1 Wkh yduldwlrq ri wkh rughu sdudphwhu lv dvvrfldwhg
zlwk d fkdqjh ri wrsrorj|/ dqg d fruuhvsrqglqj fkdqjh ri skdvh +Iljxuh 54,1

Wkh vwuhdpolqhv lq wkh wruxv skdvh qxphulfdoo| vhhp wr eh qrq0fkdrwlf +lq
wkdw wkh wrsrorjlfdo kdqgoh dorqj wkh } d{lv pdlqwdlqv lwv %vl}h%,1 Krzhyhu/ wkh
vwuhdpolqhv lq wkh exwwrq skdvh h{klelw %Odjudqjldq% fkdrv1 Wkh wkurdw vl}h ri
hdfk ri wkh wzr Krsi lqgxfhg kdqgohv ydulhv lqwhuplwwhqwo|/ dqg wkh Srlqfduh
uhwxuq pds �oov odujh grpdlqv ri wkh vxuidfh ri vhfwlrq1 D sruwlrq ri d vlqjoh
vwuhdp olqh Lv suhvhqwhg lq Iljxuh 53/ ghprqvwudwlqj wkh wrsrorjlfdo vwuxfwxuhv
ri wkh  rz vroxwlrq lq wkh exwwrq skdvh1

Dv phqwlrqhg deryh/ dq h{dpsoh ri d sdudphwulfdoo| lqgxfhg skdvh wudqvl0
wlrq lq d g|qdplfdo v|vwhp zdv suhvhqwhg dw wkh Fdpeulgjh LXWDP frqihuhqfh
e| wkh suhvhqw dxwkru1 Dw wkh vdph frqihuhqfh wkh dxwkru zdv vwlpxodwhg e|
wkh qxphulfdo zrun ri Edmhu/ hw1 do1 43`/ zklfk zdv suhvhqwhg iru d sduwlfxodu
+dqg Lqjhqlrxvo| fkrvhq, vwuhwfk0wzlvw0irog yhfwru �hog1 Wkh suhvhqw dxwkru uh0
dol}hg wkdw wkh vwuhwfk0wzlvw0irog yhfwru �hog ri Pr�dww zdv d vshfldo fdvh ri wkh
uhfhqwo| glv0fryhuhg Vdggoh Qrgh Krsi vroxwlrq wr wkh Qdylhu0 Vwrnhv htxdwlrqv/
dqg vkrxog h{klelw d wrsrorjlfdo skdvh wudqvlwlrq1 Wkh sureohp zdv irupxodwhg
dqdo|wlfdoo| zlwk uhvxowv/ dv suhvhqwhg deryh dqg h{whqg wkh Ed|hu qxphulfdo
uhvxowv1 Wkh ghwdlohg htxdwlrqv iru wkh dqdo|wlfdo prgl�hg VQK  rz duh jlyhq
lq wkh qh{w vhfwlrq1
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714 Dqlvrwurslf Prgl�fdwlrqv ri wkh VQK  rz1

Lq wkh iroorzlqj h{dpsoh wkh ixqfwlrq i+}, zloo eh frqvwudlqhg wr wkh txdgudwlf
irup

D i+}, @ +I �G }5,> +45,

exw wkh sro|qrpldo k+u,/ dv zhoo dv wkh frh!flhqwv F zloo eh prgl�hg wr shuplw
dqlvrwurs| lq wkh {| sodqh=

k+u,, K+{> |, @ V {5 . W |5= +46,

Wkh prgl�hg vdggoh qrgh Krsi vroxwlrq ehfrphv wkh  rz Y @ ^x> y> z`/ zkhuh

x @ +F �U, { Ci+},@C} �
| +47,

y @ +F �U, | Ci+},@C} .
{

z @ .G i+}, . V {5 . W |5=

U lv d phdvxuh ri wkh %dv|pphwu|% ri wkh erxqglqj hoolsvrlg lq wkh } @ 3 sodqh
dqg zloo eh gh�qhg dv wkh %shuwxuedwlrq sdudphwhu%1 Wkh vroxwlrq kdv d{ldo
v|pphwu| zkhq U @ R1 Wkh %rughu sdudphwhu% lv gh�qhg dv wkh phdq udgldo
%vl}h% ri wkh erxqglqj hoolsvrlg1

Wkh erxqglqj hoolsvrlgdo vxuidfh lv jlyhq e| wkh h{suhvvlrq

�+{> |> }, @ G i+}, . iVG@+G� 5F � 5U,j{5 . iWG@+G � 5F,j|5= +48,

Lw lv srvvleoh wr fkrrvh U/ V/ dqg W vxfk wkdw wkh erxqglqj hoolsvrlg hoolsvrlg ri
uhyroxwlrq/ ru hyhq d vskhuh1

Wkh h{dpsoh  rz lv uhpdundeoh lq wkdw wkh wzr �{hg srlqwv dorqj wkh } d{lv
irup wkh srodu srlqwv ri wkh erxqglqj hoolsvrlg/ dqg duh dgmrlqhg e| d Krsi
hoolsvh Lq wkh } @ 3 sodqh1 Iru ydulrxv ydoxhv ri U ? 5G/ wkh Krsi hoolsvh lv
frq�qhg zlwklq wkh erxqglqj hoolsvrlg dqg wkh uhvxowlqj vwuhdpolqhv ri prwlrq
olh rq qhvwhg wrul zlwk d jxlglqj fhqwhu glfwdwhg e| wkh Krsi hoolsvh1 Wkh
vwuhdpolqhv duh frq�qhg wr wrurlgdo vxuidfhv ri Hxohu fkdudfwhulvwlf }hur +Iljxuh
4<,1 Dw odujhu ydoxhv ri U/ 53 ? U ? 73/ wkh Krsi hoolsvh shqhwudwhv wkh
erxqglqj hoolsvrlg/ dqg wkh uhvxowlqj vwuhdpolqhv duh frq�qhg wr d vxuidfh wkdw
L%$F4V d qrq0}hur Hxohu fkdudfwhulvwlf1 dqg wkh dsshdudqfh ri d wrsrorjlfdo
exwwrq +Iljxuh 53,1 D wrsrorjlfdo skdvh wudqvirupdwlrq wdnhv sodfh zkhq U @
5G1

Wkh vwuhdpolqhv ri wkh  rz lq wkh wruxv skdvh h{klelw Srlqfduh vhfwlrqv
wkdw duh lqglfdwlyh ri shulrglf +vhfwlrq glphqvlrq 3, ru grxeo| shulrglf +vhfwlrq
glphqvlrq 4, prwlrq1 Wkh vwuhdpolqhv ri wkh  rz lq wkh exuwrq skdvh h{klelw
Srlqfduh vhfwlrqv wkdw dsshdu wr eh fkdrwlf +vhfwlrq glphqvlrq A 4,1 Lw vkrxog
eh uhpdunhg wkdw +6, lv dq h{dfw vroxwlrq ri wkh Qdylhu0Vwrnhv htxdwlrqv lq d
urwdwlqj iudph ri uhihuhqfh/ zkhuh +47, uhtxluhv dq dqlvrwurslf h{whuqdo irufh1
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8 FRQWLQXRXV WRSRORJLFDO HYROXWLRQ

814 Lqwurgxfwru| uhpdunv

Lq wklv odvw vhfwlrq/ d uxglphqwdu| wkhru| ri wrsrorjlfdo hyroxwlrq lv frqvwuxfwhg1
Vxfk d wkhru| lv qhfhvvdu| wr h{sodlq wkh fuhdwlrq ri odujh vfdoh vwuxfwxuhv lq
frqwlqxrxv phgld/ iru vxfk fuhdwlrq surfhvvhv lqyroyh wrsrorjlfdo fkdqjh1 Uhfdoo
wkdw frqvhuydwlyh fodvvlfdo Kdplowrqldq phfkdqlfv lv qrw dssolfdeoh wr sureohpv
wkdw lqyroyh wrsrorjlfdo fkdqjh1 Wrsrorjlfdo hyroxwlrq lpsolhv wkdw wkh wudqvl0
wlrq iurp dq lqlwldo wr d �qdo vwdwh lv QRW d krphrprusklvp1 Lw iroorzv wkdw
wkh wudqvirupdwlrq uhsuhvhqwlqj wrsrorjlfdo fkdqjh lv hlwkhu 41, QRW frqwlq0
xrxv/ ru 51, luuhyhuvleoh/ ru erwk1 Rwkhuzlvh/ wrsrorjlfdo surshuwlhv zrxog eh
lqyduldqw/ dv d frqwlqxrxv uhyhuvleoh wudqvirupdwlrq lv d krphrprusklvp wkdw
suhvhuyhv doo wrsrorjlfdo surshuwlhv1

Lq wkh ghyhorsphqw wkdw iroorzv +zklfk zloo eh olplwhg wr frqwlqxrxv surfhvvhv,
wkh wklug rughu whqvru �hog ri wrsrorjlfdo wruvlrq zloo sod| d grplqdqw uroh1 Wkh
glyhujhqfh ri wklv whqvru �hog ohdgv wr d ixqgdphqwdo htxdwlrq ri frqwlqxlw|
zlwk vrxufh/ zkhuh wkh vrxufh whup lv wkh irxuwk udqn whqvru �hog ri wrsrorjlfdo
sdulw|1 Wkhvh wrsrorjlfdo frqfhswv duh lqghshqghqw iurp d phwulf ru rwkhu jhr0
phwulfdo frqvwudlqwv +vxfk dv d frqqhfwlrq, wkdw pd| eh lpsrvhg rq wkh ydulhw|/
~{/|/}/w�1 Wkh lqwxlwlyh lghd lv wkdw d odujh vfdoh vwuxfwxuh lv d wrsrorjlfdo ghihfw
lq dq rwkhuzlvh krprjhqhrxv grpdlq1

D ixqgdphqwdo wrsrorjlfdo lghd lv wkdw gxulqj d frqwlqxrxv surfhvv/ doo olplw
srlqwv ri d vhw uhpdlq zlwklq wkh forvxuh ri wkh vhw ^44`1 Wklv lghd lv pruh xvhixo
wkdq wkh xvxdo gh�qlwlrqv ri frqwlqxlw| zklfk lqyroyh wkh frqfhswv ri dq lqyhuvh
lpdjh1 D pruh uhvwulfwlyh yhuvlrq ri wkh frqwlqxlw| frqfhsw zrxog eh wkh vwxg|
ri wkrvh wudqvirupdwlrqv iru zklfk wkh olplw srlqwv qrw rqo| uhpdlq zlwklq wkh
forvxuh/ exw dovr duh lqyduldqwv ri wkh wudqvirupdwlrq1 Wklv lghd lv dw wkh khduw
ri wkh qrwlrq ri %xqlirup% frqwlqxlw|/ dqg zloo rffxs| prvw ri wkh glvfxvvlrq
wkdw iroorzv1

815 H{whulru Gl�huhqwldo V|vwhpv

Wr vwxg| frqwLqxrxv wrsrorjlfdo hyroxwlrq/ wkuhh edvlf frqfhswv duh uhtxluhg=

41 D phwkrg ri gh�qlqj wlph ghshqghqw wrsrorjlfdo surshuwlhv ryhu
d grpdlq ri lqwhuhvw kdv wr eh ghyhorshg1

51 Wkh olplw srlqwv uhodwlyh wr wklv wlph ghshqghqw wrsrorj| pxvw
eh frpsxwdeoh1

61 Wkh htxdwlrqv ghvfulelqj wkh hyroxwlrq ri wkhvh wrsrorjlfdo surs0
huwlhv pxvw eh vshfl�hg1

Wkhvh uhtxluhphqwv fdq eh vdwlv�hg e| phdqv ri Fduwdq*v wkhru| rigl�huhq0
wldo v|vwhpv ^45`1 Jlyhq d v|vwhp ri gl�huhqwldo irupv/ 	> wkh forvxuh pd| eh
frqvwuxfwhg e| dgmrlqlqj wr wkh ruljlqdo v|vwhp doo ri wkh h{whulru ghulydwlyhv/
g	> ri wkh lqlwldo v|vwhp1 Wkhvh dgglwlrqdo irupv pd| eh ylhzhg dv wkh %olplw
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vhwv% ri wkh gl�huhqwldo v|vwhp1 Wkh frpelqhg v|vwhp ri irupv/ ru i	> g	j/
irupv d wrsrorjlfdo vxeedvh rq wkh ydulhw| ryhu zklfk wkh v|vwhp lv gh�qhg1
E| iruplqj wkh lqwhuvhfwlrq ri doo hohphqwv ri wkh vxeedvh/ d wrsrorjlfdo ed0
vlv/ ru Sid� vhtxhqfh/ lv iruphg= i	> g	>	ag	> g	ag	j1 Wkh Fduwdq h{whulru
surgxfw/ a/ lv xvhg dv d frqyhqlhqw %lqwhuvhfwlrq% rshudwru1

Wr whvw iru wrsrorjlfdo hyroxwlrq +zlwk uhvshfw wr dq duelwudu| yhfwru �hog/
Y,/ hdfk hohphqw ri wkh wrsrorjlfdo edvh pd| eh whvwhg iru lqyduldqfh/ ru odfn ri
lqyduldqfh/ uhodwlyh wr wkh  rz gh�qhg e| Y1 Li doo hohphqwv ri wkh wkh edvh duh
lqyduldqw/ wkhq wkh vhohfwhg yhfwru �hog uhsuhvhqwv d krphrprusklvp/ dqg doo
wrsrorjlfdo surshuwlhv duh lqyduldqw uhodwlyh wr Y1 Li wkh olplw vhwv +wkh h{whulru
ghulydwlyhv ri wkh lqlwldo v|vwhp ri irupv, duh lqyduldqw/ wkhq wkh yhfwru �hog
lv xqlirupo| frqwlqxrxv/ uhodwlyh wr wkh Fduwdq wrsrorj|1 Wkh frqfhsw ri wkh
Olh ghulydwlyh/ O+Y,/ uhodwlyh wr wkh �hog Y dfwlqj rq wkh gl�huhqwldo irupv ^46`
wkdw pdnh xs wkh wrsrorjlfdo edvh zloo eh xvhg dv d phfkdqlvp iru whvwlqj iru
wrsrorjlfdo hyroxwlrq1 Wkdw lv/ iru dq| 40irup D ri wkh wrsrorjlfdo edvh/ wkh
dfwlrq ri wkh Olh ghulydwlyh rq D fuhdwhv d qhz 40irup T/

O+Y ,D @ T= +49,

Vlploduo| iru d 60irup/ K @ DagD/ wkh dfwlrq ri wkh Olh ghulydwlyh surgxfhv
dqrwkhu 60irup/ V=

O+Y ,K @ V +4:,

Li T ru V lv }hur wkhq wkh irup D ru K lv dq lqyduldqw ri wkh  rz jhqhudwuhg e|
Y1

Wkhvh duh wrsrorjlfdo lghdv derxw qhljkerukrrgv/ dqg gr qrw ghshqg xsrq
jhrphwulfdo frqvwudlqwv ri phwulf ru frqqhfwlrq1 Wkh edvlf odzv jryhuqlqj frq0
wlqxrxv hyroxwlrq kdyh wkh irupdw ri wkh htxdwlrqv +49, dqg +4:,1 Dv zloo
ehfrph hylghqw iurp wkh glvfxvvlrq ehorz/ htxdwlrq +49, ghvfulehv wkh hyrox0
wlrq ri hqhuj| dqg lv htxlydohqw wr Qhzwrq*v odz ri prwlrq1 Htxdwlrq +49, lv
wr eh uhdg dv %Wkh Olh ghulydwlyh ri D zlwk uhvshfw wr Y lv htxdo wr wkh 40irup
T/ ru ehwwhu/ %Wkh wrsrorjlfdo hyroxwlrq ri wkh dfwlrq/ D/ lv ghwhuplqhg e| wkh
lqh{dfw 40irup ri khdw/ T%1

Htxdwlrq +4:, ghvfulehv wkh hyroxwlrq ri wruvlrq ghihfwv +hqwurs|, dqg lv wkh
qryho frqwulexwlrq ri wkh wrsrorjlfdo phwkrg1 Iru v|vwhpv iru zklfk wkh yhorflw|
�hog lv frpsohwho| lqwhjudeoh +lq wkh vhqvh ri Iurehqlxv,/ htxdwlrq +4:, lv hpsw|>
exw rwkhuzlvh/ htxdwlrq +4:, lv wr eh lqwhusuhwhg dv wkh ixqgdphqwdo htxdwlrq
iru wkh hyroxwlrq ri ghihfwv1

816 Wkh Nlqhpdwlf Wrsrorjlfdo Edvh

Iru frqwlqxrxv phgld lq vsdfh0wlph/ wkh nh| lghd lv wkdw wkh h{whulru gl�huhqwldo
v|vwhp frqvlvwv ri d Sid� vhtxhqfh frqvwuxfwhg iurp d vlqjoh 40irup ri Dfwlrq D/
soxv +shukdsv, vrph dgglwlrqdo frqvwudlqwv1 Wkh zrun ri Duqrog +dqg rwkhuv,
^47` kdv hvwdeolvkhg wkdw wkh vlqjxodu srlqwv +}hur*v, ri d joredo 40irup fduu|
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wrsrorjlfdo lqirupdwlrq1 Wklv lghd lv wr eh h{whqghg wr wkh vlqjxodu srlqwv ri
doo hohphqwv ri wkh Sid� vhtxhqfh/ ru wrsrorjlfdo edvh1

Iroorzlqj wkh dujxphqwv jlyhq deryh iru d jhqhudo gl�huhqwldo v|vwhp/ wkh
frp0sohwh Sid� vhtxhqfh frqvwuxfwhg iurp d nlqhpdwlfdo 40irup ri dfwlrq/ D/
irupv d wrsrorjlfdo edvh1 H{solflwo|/ hdfk nlqhpdwlf vlwxdwlrq lv devwudfwo| gh0
vfuledeoh lq whupv ri d 40irup/ D @ D�g{�> ri dfwlrq1 Wkh h{whulru ghulydwlyh ri
D surgxfhv d 50irup ri forvxuh srlqwv/ I @ gD/ zkrvh frpsrqhqwv duh jlyhq e|
wkh h{0suhvvlrq/ I��g{

�g{� 1 Wkh frpelqhg vhw iD>Ij irupv wkh forvxuh ri wkh
vhw D/ dqg dfwv dv d sulplwlyh wrsrorjlfdo vxeedvh iru wkh grpdlq ~{/|/}/w�1 Doo
srvvleoh lqwhuvhfwlrqv ri wkh vxeedvh/ ~ D/ I/ DaI/ IaI �/ irup d +sulplwlyh,
wrsrorjlfdo edvlv iru wkh grpdlq1 Wkh wrsrorjlfdo edvlv lv gh�qhg dv d Sid�
vhtxhqfh=

WRSRORJLFDO DFWLRQ D @ D�g{�

WRSRORJLFDO YRUWLFLW\ I @ gD @ I��g{
�ag{�

WRSRORJLFDO WRUVLRQ K @ DagD @ K���g{
�ag{�ag{�

WRSRORJLFDO SDULW\ N @ gDagD @ N����g{
�ag{�ag{�ag{�

+4;,
Wkh %vlqjxodu% qxoo srlqwv ri hdfk ri wkhvh hohphqwv ri wkh wrsrorjlfdo edvh

ghwhuplqh wkh nlqhpdwlf wrsrorj| lqgxfhg rq wkh grpdlq/ ~{/|/}/w�1
Iru frqwlqxrxv phgld rq d ydulhw| ~{/|/}/w�/ wkh Fduwdq Dfwlrq/ D/ fdq eh

gh�qhg nlqhpdwlfdoo| dv=

D @ y=gu� iy=y@5jgw= +4<,

Wkh 50irup ri wrsrorjlfdo yruwlflw|/ I @ gD/ kdv vl{ frpsrqhqwv/

I @ gD @ $}g{ag|.${g|ag}.$|g}ag{.d{g{agw.d|g|agw.d}g}agw> +53,

zklfk fdq eh ghvljqdwhg dv rqh 90yhfwru ru wzr 60yhfwruv/

$ @ fxuo y dqg d @ �Cy@Cw� judgiy=y@5jj +54,

Wkhvh yhfwru �hogv dozd|v vdwlvi| wkh Srlqfduh0Idudgd| lqgxfwlrq htxdwlrqv/
gI @ ggD @ 3> ru>

fxuo d� C$@Cw @ 3> gly $ @ 3= +55,

Wkh 60irup ri Wrsrorjlfdo Wruvlrq/ K/ frqvwuxfwhg iurp wkh h{whulru surgxfw
ri D dqg gD/ kdv irxu frpsrqhqwv/ dqg fdq eh zulwwhq dv/

K @ DagD @ K���g{
�ag{�ag{� +56,

@ W{g|ag}agw� W|g{ag}agw. W}g{ag|agw� kg{ag|ag}> +57,

zkhuh W lv wkh Wrsrorjlfdo Wruvlrq d{ldo yhfwru fxuuhqw/
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W @ d� y. iy=y@5j fxuo y @ d� y. iy=y@5j $ +58,

dqg k lv wkh kholflw| ghqvlw|1

k @ y � fxuo y= +59,

Wkh wruvlrq yhfwru/ W/ frqvlvwv ri wzr sduwv1 Wkh �uvw whup uhsuhvhqwv wkh
vkhdu ri wudqvodwlrqdo dffhohudwlrqv/ dqg wkh vhfrqg sduw uhsuhvhqwv wkh vkhdu ri
urwdwlrqdo dffhohudwlrqv1 Wkh wrsrorjlfdo wruvlrq whqvru/ K��� / lv d wklug udqn/
frpsohwho| dqwl0v|pphwulf fryduldqw whqvru �hog/ zlwk irxu frpsrqhqwv rq wkh
ydulhw| ~{/|/}/w�1 Qrwh wkdw wkh kholflw| ghqvlw| lv wkh irxuwk frpsrqhqw ri d
wklug udqn whqvru �hog wkdw wudqvirupv fryduldqwo| xqghu doo gl�hrprusklvpv/
lqfoxglqj d Jdolohdq wudqvodwlrq1

Wkh Wrsrorjlfdo Sdulw| ehfrphv

N @ g+K, @ �5+d � $,g{ag|ag}agw= +5:,

Wkh ixqgdphqwdo odz iru wkh orfdo hyroxwlrq ri wklv vhw lv jlyhq e| wkh h{0
suhvvlrq

gly W. Ck@Cw @ N= +5;,

Wkh svhxgr vfdodu ixqfwlrq/ N/ dfwv dv wkh vrxufh iru wkh glyhujhqfh ri wkh
wruvlrq yhfwru/ W/ dqg wkh wruvlrq ru kholflw| ghqvlw|/ k1 Zkhq N @ 3> wkh
hyroxwlrqdu| %olqhv% dvvrfldwhg zlwk wkh wruvlrq whqvru qhyhu furvv/ lpso|lqj
wkdw wkh v|vwhp lv iuhh ri ghihfwv lq vsdfh wlph1 Li N lv srvlwlyh ru qhjdwlyh/
wkh ghihfwv lq wkh v|vwhp duh hlwkhu jurzlqj ru ghfd|lqj1 Htxdwlrq +59, lv wkh
ixqgdphqwdo qhz odz ri wrsrorjlfdo sk|vlfv wkdw jryhuqv wkh vshfl�f uhdol}dwlrqv
ri frqwuro0ohg surfhvvhv wkdw plqlpl}h ru pd{lpl}h ghihfw hyroxwlrq1

817 Wkh Qdyohu1Vwrnhv Ioxlg

Wkh nlqhpdwlf wrsrorj| lv wrr frxuvh iru gluhfw dssolfdwlrq wr d w|slfdo sk|vlfdo
v|vwhp1 Dgglwlrqdo wrsrorjlfdo frqvwudlqwv pxvw eh dssolhg1 Iru d Qdylhu0
Vwrnhv  xlg/ wkh dgglwlrqdo wrsrorjlfdo frqvwudlqwv rq wkh dgplvvleoh  rz �hogv/
Y @ iy> 4j wdnh wkh irup=

l+Y ,gD @ �i+judgS@�.  fxuo $,l+g{
l � ylgw,j= +5<,

Htxdwlrq +59, lv wkh gl�huhqwldo irup htxlydohqw wr wkh Qdylhu0Vwrnhv htxdwlrqv>
vxfk d frqvwudlqw olplwv wkh fodvv ri doo Y wr wkrvh Y wkdw duh vroxwlrqv wr wkh
Qdylhu0Vwrnhv sduwldo gl�huhqwldo htxdwlrqv1

Wkh frqvwudlqw jlyhq e| +5:, pd| eh xvhg hydoxdwh wkh ehkdylru ri wkh wrsr0
orjlfdo edvh zlwk uhvshfw wr wkh hyroxwlrq ghvfulehg e| Y1 Iru h{dpsoh/ wkh
hyroxwlrq ri wkh Dfwlrq lv jlyhq e| wkh h{suhvvlrq/
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O+Y ,D @ l+Y ,gD. gil+Y ,Dj +63,

@ �i+judgS@�.  fxuo $,l+g{
l � ylgw,j. giy � y@5j +64,

Wkh hyroxwlrq ri wkh olplw vhwv lv jlyhq e|

O+Y ,gD @ �gi+judgS@�.  fxuo $,l+g{
l � ylgw,j= +65,

Li wkh  rz Y lv xqlirupo| frqwlqxrxv/ wkhq wkh UKV ri +5<, pxvw ydqlvk/ pdnlqj
I @ gD d  rz lqyduldqw1 Wklv uhvxow lv dq h{whqvlrq ri wkh Khopkrow} wkhruhprq
wkh frqvhuydwlrq ri yruwlflw|1 Lw zrxog iroorz wkdw wkh 70irup/ N @ gDagD lv
dovr d  rz lqyduldqw/ iru xqlirupo| frqwlqxrxv  rzv1

Wkh frqfoxvlrq lv uhdfkhg wkdw wkh hyhq glphqvlrqdo wrsrorjlfdo surshuwlhv
iI>Njduh lqyduldqwv ri d xqlirupo| frqwlqxrxv  rz1 Li wrsrorj| lv wr fkdqjh xql0
irupo| frqwlqxrxv pdqqhu/ wkh rqo| srvvlelolwlhv iru wrsrorjlfdo fkdqjh lv wr eh
dvvrfldwhg zlwk wkh 40 glphqvlrqdo flufxodwlrq/ D/ dqg wkh 60glphqvlrqhvlrqdo
wruvlrq/ K1 Iru lqfrpsuhvvleoh  rzv +glyy @ 3,/ flufxodwlrq ghihfwv pxvw eh
dvvrfldwhg zlwk erxqgdulhv> krzhyhu/ li N&3/ wkhq dffruglqj wr +59, wruvlrq
ghihfwv fdq rffxu zlwklq wkh exon phgld1 w lv wkh dxwkru*v shufhswlrq wkh sur0
gxfwlrq ri wruvlrq ghihfwv lv wkh nh| wr wkh xqghuvwdqglqj ri odujh vfdohvwuxfwxuhv
lq frqwlqxrxv phgld1

Lq jhqhudo/ li wkh  rz lv frqwlqxrxv/ wkhq wkh olplw vhwv gu pxvw uhpdlq zlwk
forvxuh ri 	/ khqfh

O+Y ,g	 @ 3= +66,

Wkhvh frqfhswv zloo eh h{sorlwhg lq d odwhu duwlfoh1

818 Wkh Wruvlrq Fxuuhqw

Lq forvlqj/ lw lv wr eh qrwhg wkdw wkh Qdylhu0Vwrnhv frqvwudlqw +5:, pd| eh wr
h{suhvv wkh dffhohudwlrq whup/ d/ g|qdplfdoo|> l1h1/

d @ �^judgiy=y@5j.Cy@Cw` @ �y� fxuo y. judgS@�. yifxuo fxuo yj= +67,

E| vxevwlwxwlqj wklv h{suhvvlrq iru d lqwr wkh irupxod iru wkh wruvlrq yhfwru
fxuuhqw/ d vlpsoh hqjlqhhulqj uhsuhvhqwdwlrq lv rewdlqhg iru d Qdylhu0Vwrnhv
 xlg=

W @ iky� iy � y@5jfxuo yj � y� judgS o�� yiy� +fxuo fxuo y,j +68,

Qrwh wkdw wkh wruvlrq d{ldo yhfwru fxuuhqw shuvlvwv hyhq iru Hxohu  rzv zlwk }hur
yruwlflw|/ $ @ 3= Wkh phdvxuhphqw ri wkh frpsrqhqwv ri wkh Wruvlrq yhfwru kdyh
frpsohwho| ljqruhg e| h{shulphqwdolvwv +dqg wkhrulvwv, lq k|gurg|qdplfv1
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E| d vlplodu vxevwlwxwlrq/ wkh wrsrorjlfdo sdulw| svhxgr0vfdodu ehfrphv h{0
suhvvleoh lq whupv ri hqjlqhhulqj txdqwlwlhv dv/

N @ �5judgS@� � fxuo y� 5yifxuo y=+fxuo fxuo y,j= +69,

Iurp wklv h{suhvvlrq lw lv dssduhqw wkdw hyhq lq wkh olplw ri }hur ylvfrvlw| +kljk
Uh|qrogv qxpehu,/ lw lv vwloo srvvleoh wr surgxfh wruvlrq ghihfwv zkhq wkh suhv0
vxuh judglhqw dqg wkh yruwlflw|/ $/ duh qrw ruwkrjrqdo1 Pruhryhu/ Li wkh yruwlflw|
�hog lv lqwhjud eoh lq wkh vhqvh ri Iurehqlxv/ wkhq ylvfrvlw| grhv QRW frqwulexwh
wr wkh fuhdwlrq ri wruvlrq ghihfwv1 Wkh lqwhjudo ri N ryhu ~{/|/}/w� jlyhv wkh Hxohu
Lqgh{ ri wkh  rz1

9 DFNQRZOHGJPHQWV

Wkh dxwkru zlvkhv wr h{suhvv klv judwlwxgh wr X1 Iulvfk zkr fdoohg wklv dxwkru*v
dwwhqwlrq wr wkh Mxqh 4<<3 XVVU frqihuhqfh rq Odujh Vfdoh Vwuxfwxuhv lq Frq0
wlqxrxv Phgld/ dqg wr D1 Wxu/ qrw rqo| iru wkh lqylwdwlrq wr dwwhqg/ exw dovr
iru klv frqwlqxhg lqwhuhvw lq wkh dssolfdwlrq ri gl�huhqwldo irupv wr wkh sureohpv
ri  xlg phfkdqlfv1 Wklv zrun zdv vxssruwhg lq sduw e| wkh Hqhuj| Ode dw wkh
Xqlyhuvlw| ri Krxvwrq1

: UHIHUHQFHV

^4` U1 P1 Nlhkq %Wrsrorjlfdo Wruvlrq/ Sid� Glphqvlrq dqg Frkhuhqw Vwuxf0
wxuhv% lq Wrsrorjlfdo Ioxlg PhfkdqLfv/ K1 N1 Pr�dww dqg D1 Wvlqrehu/ hglwruv/
+Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<3, s1 5581

^5` K1 Odpe/ K|gurg|qdplfv/ +Gryhu/ Qhz \run /4<78, s15781
^6` U1 P1 Nlhkq +4<<3, %Forvhg Irup vroxwlrqv wr wkh Qdylhu0Vwrnhv htxd0

wlrqv% vxeplwwhg iru sxeolfdwlrq
^7` V1 Olsvkxw}/ Jhqhudo Wrsrorj|/ +Vfkdxp/ Q1\1/ 4<98, s1 433
^8` U1 P1 Nlhkq Lqwulqvlf k|gurg|qdplfv zlwk dssolfdwlrqv wr vsdfh wlph

 xlgv1 Lqw1 M1 Hqjqj Vfl1 46 +4<:8, <740<7<1 Wkh h{solflw yduldwlrq ri wkh
kholflw| ghqvlw| zdv uhsruwhg e| U1P1Nlhkq dv d uhdvrq wru wkh wudqvlwlrq iurp
odplqdu wr qrq0odplqdu  rz lq wkh QDVD0DPHV uhvhdufk grfxphqw QFD050
3U05<80835 +4<:9,1 Dovr vhh U1 P1 Nlhkq/ M/ Pdwk Sk|1 4; +4<::, 947

^9, J1 GhUkdp/ Ydulhwhv Gl�huhqwdeohv/ +Khupdqq/ Sdulv/ 4<93,
^:` K1 M1 Oxjw/ Yruwh{ Iorz Lq Qdwxuh dqg Whfkqrorj|/ +Zloh|/ Q1/ \1 /4<;6,

s1;<1
^;` U1 P1 Nlhkq/ Xqsxeolvkhg wdon suhvhqwhg dw wkh Mdqxdu| 4<;: G|qh Gd|v

frqihuhqfh lq Dxvwlq/ Wh{dv1 Wkh orqj olihwlph dqg wkh Vqhoo uhiudfworq wruvlrq
vxuidfh ri qhjdwlyh fxuydwxuh zdv �uvw dssuhfldwhg e| wklv dxwkru rq Pdufk 5:/
4<;9 zkloh lq wkh vzlpplqj srro ri dq rog PLW iulhqg lq Ulr gh Mdqhlur1

^<` U1 P1 Nlhkq/ Iluvw suhvhqwhg dw wkh Mdqxdu| 4<<3 G|qdplfv Gd|v/ ihuhqfh
dw Dxvwlq/ Wh{dv1 Vxeplwwhg iru sxeolfdwlrq

64



^43` N1 Edlhu/ K1 N1 Pr�dww/ dqg I1 Qh{/ %Vwhdg| frq�qhg Vwrnhv  rzv
fkdrwlf vwuhdpolqhv1% lq Wrsrorjlfdo Ioxlg Phfkdqlfv/ K1 N1 Pr�dww1du Wvlqrehu/
hglwruv/ +Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<3,1 Dovr vhh N1 Edmhu do N1 Pr�dww/
M1 Ioxlg Phfk1 545 +4<<3, 66:1

^44` M1 J1 Krfnlqj/ Wrsrorj|/ +Dgglvrq Zhvoh|/ Q1 \1 / 4<94, s15
^45` H1 Fduwdq/ V|vwhpv Gl�huhqwldov H{whulhxuv hw ohxuv Dssolfdwlrqv Jhro

txhv/ +Khupdqq1 Sdulv/ 4<55,1 Dovr vhh U1 O1 Elvkrs dqg V1 L1 Jrogehuj/ Whqvru
Dqdo|vlv rq Pdqlirogv/ +Gryhu/ Q1 \1/ 4<9;, s1 4<<1

^46` V1 L1 Jrogehuj/ Fxuydwxuh dqg Krprorj|/ +Gryhu1 Q1 \11 4<;5,
^47` Y1 L1 Duqrog/ Orqgrq Pdwk1 Vrf1 Ohfw1 Qrwh Vhulhv 86/ +Fdpeulgjh X

vlwy Suhvv1 4<;4, G1 5581

65


