
Frooderudwlyh Ghflvlrq Pdnlqj lq Dlu Wud!f
Iorz Pdqdjhphqw

Urehuw Kriipdq Zlooldp Kdoo Plfkdho Edoo
Dphghr Rgrql Plfkdho Zdpevjdqvv

Nh| zrugv dqg skudvhv= Dlu wud!f  rz pdqdjhphqw/ frooderudwlyh ghflvlrq
pdnlqj/ frpsuhvvlrq/ iuhh  ljkw/ jurxqg0kroglqj sureohp/ lqwhjhu

surjudpplqj/ udwlrq0e|0vfkhgxoh1

Devwudfw Wklv sdshu ghvfulehv wkh prghov dqg surfhgxuhv
xqghuo|lqj frooderudwlyh ghflvlrq0pdnlqj +FGP,/ d uhfhqwo|

lqwurgxfhg dssurdfk wr dlu wud!f  rz pdqdjhphqw1 FGP lv d �uvw
vwhs wrzdug iuhh  ljkw dqg surplvhv wr kdyh d surirxqg lpsdfw rq
uhvhdufk lq wud!f  rz pdqdjhphqw1 Wkh lqlwldo irfxv ri wklv mrlqw
IDD0lqgxvwu| yhqwxuh kdv ehhq wkh lpsuryhphqw ri jurxqg ghod|

surjudpv dqg wkhlu surjuhvvlrq wrzdug dq hqylurqphqw lq zklfk wkh
QDV xvhuv zrxog jdlq pruh frqwuro dqg  h{lelolw| ryhu wkhlu

rshudwlrqv1 FGP surfhgxuhv iru jurxqg ghod| surjudpv duh qrz lq
rshudwlrq dw doo dlusruwv lq wkh Xqlwhg Vwdwhv1 FGP lv h{whqglqj wr
rwkhu duhdv ri dlu wud!f pdqdjhphqw/ vxfk dv wkh urxwlqj ri dlufudiw
durxqg ryhuordghg vhfwruv ri dluvsdfh1 Wklv sdshu glvfxvvhv wkh qhz
urohv ri jryhuqphqw dqg lqgxvwu| wkdw kdyh ehhq irujhg e| FGP
sklorvrsklhv dv zhoo dv wkh dojrulwkpv/ phwkrgv dqg whfkqrorjlhv
hpsor|hg e| FGP1 Zh grfxphqw wkh fxuuhqw h�ruwv ri FGP wr

lpsuryh wkh dlu wudqvsruwdwlrq v|vwhp dqg glvfxvv wkh lpsdfw FGP
zloo kdyh rq ixwxuh uhvhdufk lq dlu wud!f pdqdjhphqw1

GUDIW= Vdwxugd| 4080<<
41 Lqwurgxfwlrq

Wkh wud!f ghpdqg sodfhg rq wkh qdwlrqdo dlu wudqvsruwdwlrq v|vwhp kdv
lqfuhdvhg vwhdglo| vlqfh wkh hduo| gd|v ri  ljkw1 Xqwlo uhfhqwo|/ wkh v|vwhp
fdsdflw| zdv dghtxdwh wr kdqgoh wklv ghpdqg/ exw wklv lv qr orqjhu wkh fdvh1
^Eloo/ Dphghr= zh qhhg dqrwkhu vwdw khuh/ shukdsv/ lq dgglwlrq wr
wkh iroorzlqj rqh1` Lqghhg/ wkh dyhudjh jdwh0wr0jdwh wlph iru d  ljkw ehwzhhq
Fklfdjr*v R*kduh dqg Ervwrq*v Orjdq dlusruwv lv wkh vdph wrgd| dv lw zdv lq
4<83 ^Eloo= gr zh kdyh d uhi iru wklvB`1 Dq| srwhqwldo uhgxfwlrqv lq wudyho
wlph gxh wr idvwhu dlufudiw kdv ehhq qxool�hg e| wkh lqfuhdvh lq dlu wud!f ghod|v1
Dffruglqj wr vhyhudo vwxglhv +vhh ^4;`/ ^;` dqg ^44`/ wkh ghod|v lqfxuuhg gxulqj
urxwlqh rshudwlrqv zloo jurz hyhq odujhu lq wkh qh{w whq |hduv1

Ghod|v lq wkh Qdwlrqdo Dluvsdfh V|vwhp +QDV, lq wkh Xqlwhg Vwdwhv duh sul0
pdulo| gxh wr olplwhg fdsdflw| dw wkh dlusruwv1 Dowkrxjk wkhuh duh uhvwulfwlrqv
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[Bill Hall will supply an
appropriate graph]

Iljxuh 4= Shdnv lq Ghpdqg

lq hq urxwh fdsdflw| lq wkh QDV/ wkh| duh gzduihg e| wkh uhvwulfwlrqv lpsrvhg
e| dlusruw fdsdflw|1 Ryhu <3( ri wkh ghod|v lq dlu wudyho duh fdxvhg e| fdsdflw|
vkruwidoo dqg vxevhtxhqw frqjhvwlrq dw rqo| 55 ri wkh 4;/557 dlusruwv lq wkh
frxqwu| ^zkhuh glg wklv vwdwlvwlf frph iurpB`1 Qrw vxusulvlqjo|/ wkhvh 55
orfdwlrqv frlqflgh zlwk wkh pdmru phwursrolwdq duhdv/ zklfk duh sulph ghvwl0
qdwlrqv dqg srlqwv ri ruljlq iru sdvvhqjhuv1 Ixuwkhupruh/ dlu wud!f ghpdqg
dw wkhvh dlusruwv lv surmhfwhg wr jurz yhu| udslgo| ryhu wkh qh{w vhyhudo |hduv1
^qhhg vwdwlvwlf` Iru wkhvh uhdvrqv/ olplwhg dlusruw fdsdflw| lv d pdmru frq0
fhuq wr wkh dluolqhv/ wkh Ihghudo Dyldwlrq Dgplqlvwudwlrq +IDD,/ wkh dlufudiw
pdqxidfwxulqj vhfwru/ dqg wkh sxeolf1

Rqh dvshfw ri wkh uhfxuulqj fdsdflw| vkruwidoo lv wkdw wkh ghpdqg dw pdq|
ri wkh pdmru dlusruwv kdv jurzq idu eh|rqg zkdw wkh dlusruw zdv ghvljqhg wr
kdqgoh1 ^flwh VIR dv dq h{dpsoh 0 fdoo ]dqh wr �qg rxw zkdw wkh| zhuh
ghvljqhg wr kdqgoh dqg duh kdqgolqj qrz1` Wkh phdq ohyho ri ghpdqg
lv frqvlghudeo| ohvv wkdq wkh phdq fdsdflw| exw wkh xqhyhq glvwulexwlrq ri
ghpdqg fdxvhv ghpdqg wr h{fhhg fdsdflw| uhjxoduo|1 Ghpdqg whqgv wr shdn
gxulqj wkh pruqlqj dqg hyhqlqj krxuv/ zkhq prvw sdvvhqjhuv suhihu wr wudyho
+vhh Iljxuh 4,1 Wkhuh duh dovr shdnv dw wkh hyhq krxuv dqg kdoi0krxuv ehfdxvh
wkh dluolqhv whqg wr vfkhgxoh  ljkw ghsduwxuhv dw wkh wlphv sdvvhqjhuv duh prvw
olnho| wr uhtxhvw1

Dqrwkhu fdxvh ri ghpdqg shdnv lv wkh rshudwlrq ri kxe0dqg0vsrnh v|vwhpv
e| pdq| ri wkh pdmru fduulhuv1 Wklv v|vwhp surylghv dq hfrqrplfdoo| vrxqg
zd| iru d odujh fduulhu wr hvwdeolvk frqqhfwlylw| dqg pruh iuhtxhqw vhuylfh
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ryhu wkh dlusruw0sdluv wkdw lw vhuyhv1 Udwkhu wkdq vfkhgxolqj d vhsdudwh  ljkw
iru hdfk flw|0sdlu/ wkh fduulhu vfkhgxohv  ljkwv ehwzhhq pdq| ri wkh dlusruwv
dqg d vshfl�hg kxe dlusruw1 Sdvvhqjhuv fdq wkhq wdnh d  ljkw wr wkh kxe
dlusruw/ fkdqjh dlufudiw/ dqg ghsduw iru wkhlu ghvwlqdwlrqv rq wkh qhz dlufudiw1
Wklv sudfwlfh kdv ixuwkhu djjudydwhg furzghg frqglwlrqv dw pdq| ri rxu pdmru
phwursrolwdq dlusruwv1

Vlqfh wkhuh zrxog eh olwwoh vxssruw iru dq| orqj0udqjh sodq wkdw dvnv wkh
dluolqhv wr fxuwdlo zhoo0hvwdeolvkhg rshudwlrqdo sdudgljpv ru wkdw dvnv wkh sxe0
olf wr wudyho dw rgg wlphv ri wkh gd| wr xqsrsxodu orfdwlrqv/ lw kdv suryhg wr
eh pruh surplvlqj wr irfxv h�ruwv rq lqfuhdvlqj dlusruw fdsdflw| udwkhu wkdq
uhglvwulexwlqj ghpdqg1 Orqj udqjh sodqv wr lqfuhdvh dlusruw fdsdflw| lqfoxgh
wkh frqvwuxfwlrq ri qhz idflolwlhv dqg wkh h{sdqvlrq ri h{lvwlqj rqhv1 Xqiru0
wxqdwho|/ vxfk sodqv duh riwhq klqghuhg e| surklelwlyho| h{shqvlyh uhdo hvwdwh
dqg e| wkh surwhvwv ri vxuurxqglqj frppxqlwlhv frqfhuqhg zlwk wkh srwhqwldo
lqfuhdvh lq qrlvh dqg dxwrprwlyh wud!f frqjhvwlrq1 Dv d uhvxow/ h�ruwv lq erwk
uhvhdufk dqg gdlo| dlu wud!f pdqdjhphqw duh frqfhqwudwhg rq xvlqj fxuuhqw
uhvrxufhv dv h!flhqwo| dv srvvleoh1

Pdq| ri wkh vkruw0whup ghpdqg0fdsdflw| lqhtxlwlhv lq wkh QDV duh vprrwkhg
rxw e| IDD wud!f  rz pdqdjhuv e| wdfwlfv vxfk dv yhfwrulqj dqg plohv0lq0wudlo
uhvwulfwlrqv1 Orqjhu0whup ghpdqg0fdsdflw| lqhtxlwlhv +rq wkh rughu ri vhyhudo
krxuv, duh pruh sureohpdwlf1 Wkhvh xvxdoo| rffxu zkhq dq dlusruw dffhswdqfh
udwh lv gudvwlfdoo| uhgxfhg ehfdxvh ri lqfohphqw zhdwkhu/ dlusruw frqvwuxfwlrq/
ru vshfldo uxqzd| rshudwlrqv1 Lq wkhvh lqvwdqfhv/ dlu wud!f  rz pdqdjhuv dw
wkh IDD hpsor| jurxqg kroglqj vwudwhjlhv lq zklfk dlufudiw erxqg iru dq di0
 lfwhg dlusruw duh khog dw wkhlu srlqwv ri ruljlq lq olhx ri frvwo| dqg kd}dugrxv
dlueruqh kroglqj wkdw zrxog rffxu li wkh| zhuh doorzhg wr ghsduw rq vfkhgxoh1
Wkh prvw surplqhqw ri wkhvh vwudwhjlhv lv wkh jurxqg ghod| surjudp +JGS,/
zklfk lv dq lqlwldwlyh wdnhq e| wkh IDD wr orzhu wkh duulydo udwh wr d ohyho wkdw
fdq eh vdiho| kdqgohg e| dlusruw frqwuroohuv1 JGS*v kdyh ehhq wudglwlrqdoo|
uxq lq ohqjwkv ri 709 krxuv/ dowkrxjk JGSv dv orqj dv 45 krxuv duh ehfrplqj
pruh frpprqsodfh1

Iru wkh odvw 83 |hduv/ wkh IDD kdv xvhg d fhqwudo0ghflvlrq0pdnhu sdudgljp
wr pdqlsxodwh dlu wud!f  rz lq wkh QDV lq d zd| wkdw pd{lpl}hv vdihw| dqg
pdnhv htxlwdeoh xvh ri QDV uhvrxufhv1 Exw wkh jurzwk lq dlu wud!f kdv sxvkhg
wklv sdudgljp wr lwv rshudwlrqdo olplwv1 Wkh qhwzrun ri wkh QDV kdv ehfrph
vr odujh dqg frpsoh{ wkdw pdq| dlu wud!f lqlwldwlyhv duh uhgxfhg wr d vhw
ri orfdol}hg h�ruwv1 Wkhvh h�ruwv duh/ lq wxuq/ lpsdluhg e| d odfn ri joredo
lqirupdwlrq1 Wkh IDD grhv qrw kdyh wkh frppxqlfdwlrqv lqiudvwuxfwxuh wr
vxssruw wkh h{fkdqjh ri lqirupdwlrq qhfhvvdu| iru d pruh joredo pdqdjhphqw
ri dlu wud!f1 Pxfk ri wklv lqirupdwlrq lv hlwkhu xqdydlodeoh wr wkh IDD ru
wkhuh lv qr uhdo0wlph gdwd ihhg iru wkhlu wudqvplvvlrq1

Wkh IDD riwhq odfnv wkh h{shuwlvh lq dluolqh rshudwlrqv wr pdnh uh�qhg
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ghflvlrqv uhjduglqj lqglylgxdo dlufudiw1 Lq sduwlfxodu/ wkhuh kdv ehhq jurzlqj
glvvdwlvidfwlrq zlwk JGS*v dqg wkh zd| wkdw wkh| duh pdqdjhg1

Wkh lghd ri d JGS zdv lqlwldwhg gxulqj wkh 4<:3*v zkhq ixho sulfhv dqg
dydlodelolw| zhuh pruh ri d qdwlrqdo frqfhuq1 Dowkrxjk ixho lv wkh iruhprvw
dluolqh h{shqglwxuh/ wkh zdqlqj ri wkh ixho fulvlv ri wkh 4<:3*v kdv lqfuhdvhg
wkh zloolqjqhvv ri dluolqhv wr iruvdnh wkh vdihw| ri jurxqg kroglqj lq idyru ri d
fkdqfh wr kdyh wkhlu dlufudiw duulyh vrrqhu/ dowkrxjk lw phdqv uxqqlqj d ulvn
ri dlueruqh kroglqj1 Lq vrph  ljkw lqvwdqfhv/ wkh| hyhq �qg suhghwhuplqhg
dlueruqh ghod| suhihudeoh ryhu jurxqg kroglqj1 Wkh lpsohphqwdwlrq ri d JGS
lv qrz vhhq doprvw vwulfwo| dv d jryhuqphqw lqwhuyhqwlrq qhfhvvdu| iru wkh
vhfxulw| ri dlu wud!f frqglwlrqv dw d whuplqdo vsdfh1 Frpelqhg zlwk dq dluolqh
lqfolqdwlrq wrzdug �iuhh pdunhw�/ wkhuh kdv ehhq jurzlqj uhvhqwphqw djdlqvw
IDD ghflvlrqv wkdw duh pruh hfrqrplf lq qdwxuh wkdq vdihw| uhodwhg1

Wkhuh duh pdq| whfkqrorjlfdo lqqrydwlrqv zlwk zlghvsuhdg dssolfdelolw| wr
dyldwlrq qdyljdwlrq dqg dlu wud!f pdqdjhphqw wkdw kdyh qrw |hw ehhq sxw lqwr
sodfh1^Eloo= fdq |rx �oo rxw wklv sdudjudskB`

Doo ri wkhvh hohphqwv/ jurzlqj ghpdqg/ furzghg dlusruwv/ glvvdwlvidfwlrq
zlwk JGS*v/ dqg qhz whfkqrorjlhv kdyh vhw wkh vwdjh iru dq hqylurqphqw lq
zklfk wkh xvhuv ri wkh QDV kdyh pruh frqwuro ryhu wkhlu hfrqrplf ghvwlqlhv1
Iru wklv uhdvrq/ wkh fhqwudo0dxwkrulw| sdudgljp kdv idoohq xqghu frqvlghudeoh
vfuxwlq| lq uhfhqw |hduv1 QDV xvhuv zrxog olnh wr dvvxph d zlghu udqjh ri
pryhphqw zlwklq vdihw| uhodwhg frqvwudlqwv dqg wr hvwdeolvk surfhgxuhv iru
uhod|lqj wr wkh IDD wkhlu suhihuhqfhv iurp d olvw ri rshudwlrqdo dowhuqdwlyhv1

Wkhvh wuhqgv kdyh sdyhg wkh zd| iru soee s,�}�|1 Lq lwv vwulfwhvw vhqvh/ wklv
lv d qhz frqfhsw iru wkh rshudwlrq ri dlufudiw zkloh hq urxwh1 Wkh IDD fxuuhqwo|
glfwdwhv wkdw dlufudiw  | iurp rqh zd|srlqw ^Lv wklv wkh fruuhfw whupB` wr
dqrwkhu lq wkh QDV vr wkdw wkhlu srvlwlrq fdq eh prqlwruhg e| jurxqg0edvhg
htxlsphqw1 Uhfhqw whfkqrorjlhv vxfk dv JSV +joredo srvlwlrqlqj v|vwhp, pd|
kdyh pdgh wklv rshudwlrqdo sdudgljp revrohwh1 Zlwk JSV fdsdelolwlhv/ lw lv
qrz srvvleoh wr wudfn ri wkh suhflvh orfdwlrq ri dq dlufudiw dq|zkhuh lq wkh
zruog1 Fkdqqholqj d  ljkw iurp rqh zd|vwdwlrq wr dqrwkhu lv xvxdoo| ixho0
lqh!flhqw dqg fdq surgxfh srlqwv ri frqjhvwlrq1 Lw kdv ehhq sursrvhg wkdw
dlufudiw htxlsshg zlwk JSV eh doorzhg wr  | wkh urxwh ri wkhlu fkrlfh1 Lq vrph
fdvhv/ wklv zrxog eh d  ljkw sdwk wkdw plqlpl}hv ixho frqvxpswlrq zkloh/ lq
rwkhuv/ lw pljkw eh d jhrghvlf wkdw plqlpl}hv hq urxwh wlph1

Lq d odujhu vhqvh/ iuhh  ljkw lv wkh frqfhsw wkdw wkh dluolqhv vkrxog eh deoh
wr rshudwh pruh iuhho| zlwklq wkh erxqgv ri vdihw| dqg ryhudoo wud!f  rz>
wkdw wkh sulpdu| ixqfwlrq ri wkh IDD zrxog eh dv d QDV vhuylfh0surylghu/
zkrvh mre lw lv wr pdlqwdlq wkh elj slfwxuh dqg wr dohuw wkh xvhuv ri wkh QDV
ri frqvwudlqhg vlwxdwlrqv/ vxfk dv dlu wud!f frqjhvwlrq dqg lqfohphqw zhdwkhu1
Frooderudwlyh Ghflvlrq Pdnlqj +FGP, lv rqh ri wkh �uvw/ dqg shukdsv odujhvw/
vwhs wrzdug wkh uhdol}dwlrq ri iuhh  ljkw lq wkh QDV1 Wkh fkdoohqjh iru FGP
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dqg wkh IDD kdv ehhq wr �qg d zd| wr frpelqh lqirupdwlrq iurp wkh pdq|
frpshwlqj lqwhuhvwv wr surgxfh vroxwlrqv wkdw doo QDV xvhuv fdq djuhh duh
jrrg1 Wkh lqirupdwlrq iurp wkh frpshwlqj lqwhuhvwv pxvw eh xvhg lq d zd|
wkdw prwlydwhv wkhp wr surylgh dffxudwh lqirupdwlrq1 Lq wkh olwhudwxuh ri jdph
wkhru|/ wklv lv fdoohg lqfhqwlyh frpsdwlelolw| +vhh/ iru h{dpsoh/ ^45`,1

Lq d vkruw shulrg ri wlph/ wkh FGP h�ruw kdv vkrzq wkdw jryhuqphqw dqg
lqgxvwu| fdq zrun wrjhwkhu wrzdug d frpprq ylvlrq ri lpsuryhg frqglwlrqv
lq wkh QDV/ wkdw wkh IDD lv zloolqj wr uholqtxlvk vrph ri lwv frqwuro/ surylghg
wkdw lw grhv qrw mhrsdugl}h ryhudoo vdihw|/ dqg wkdw wkh dluolqhv duh zloolqj wr
dffhsw wkh uhvsrqvlelolwlhv lqfxuuhg e| wkhlu lqfuhdvhg ghjuhhv ri iuhhgrp1 Wkh
dyldwlrq lqgxvwu| dqg wkh IDD duh qrz zrunlqj wrjhwkhu lq dq xqsuhfhghqwhg
idvklrq1 Qhz phwkrgrorjlhv iru dlu wud!f pdqdjhphqw kdyh ehhq uhdol}hg
wkurxjk dojrulwkpv ghyhorshg e| wkh FGP zrunlqj jurxs1 Wkh frppxqlfd0
wlrqv lqiudvwuxfwxuh hvwdeolvkhg e| FGP kdv vxssolhg wr erwk wkh IDD dqg
sduwlflsdwlqj dluolqhv d frpprq duulydo ghpdqg slfwxuh dw hyhu| pdmru dlusruw
lq wkh Xqlwhg Vwdwhv1 Rq Mdqxdu| 53/ 4<<;/ surwrw|sh rshudwlrqv ri FGP
sudfwlfhv zhuh sxw lqwr sodfh dw wzr X1V1 dlusruwv +Vdq Iudqflvfr0VIR dqg
Qhzdun0HZU,1 Odwhu lq 4<<;/ surwrw|sh FGP rshudwlrqv zhqw lqwr h�hfw dw
doo pdmru dlusruwv lq wkh Xqlwhg Vwdwhv1

Rqh ri wkh hvvhqwldo frpsrqhqwv iru wkh vxffhvv ri FGP lv wkh frqfhqwud0
wlrq ri h�ruwv rq zhoo0gh�qhg/ dwwdlqdeoh jrdov1 Dw �uvw/ wkhvh h�ruwv zhuh
irfxvhg rq nh| dvshfwv ri wkh ghyhorsphqw dqg lpsohphqwdwlrq ri jurxqg gh0
od| surjudpv1 Vsxuuhg rq e| lwv lqlwldo vxffhvv/ FGP h�ruwv duh qrz ihuuhwlqj
rxw rwkhu sureohpdwlf duhdv ri dlu wud!f frqwuro/ vxfk dv wkh urxwlqj ri dlufudiw
durxqg furzghg ru zhdwkhu lpsdfwhg dluvsdfh1

FGP dqg lwv sduhqw frqfhsw/ iuhh  ljkw/ uhsuhvhqw d uhyroxwlrqdu| pryh0
phqw lq dlu wud!f pdqdjhphqw1 Urjhu Ehdww| ri Dphulfdq Dluolqhv kdv gh0
foduhg wkdw �FGP kdv wkh srwhqwldo wr eh dv lpsruwdqw wr dluolqh rshudwlrqdo
fhqwhuv dv |lhog pdqdjhphqw kdv ehhq wr uhvhuydwlrq v|vwhpv1� Wkh jurzlqj
dffhswdqfh ri FGP lghdorjlhv lv udslgo| gdwlqj uhvhdufk lq dlu wud!f> vrph ri
wkh prvw ixqgdphqwdo suhvxpswlrqv pxvw qrz eh uhh{dplqhg lq wkh oljkw ri
FGP sklorvrsklhv1 Dv FGP sklorvrsklhv irujh qhz sdudgljpv lq jryhuqphqw0
lqgxvwu| zrunlqj uhodwlrqv/ rssruwxqlwlhv duh ehlqj fuhdwhg iru lqqrydwlyh ds0
solfdwlrqv ri prghoolqj dqg rswlpl}dwlrq whfkqltxhv1

Wkh qh{w vhfwlrq ri wklv sdshu/ vhfwlrq 5/ surylghv qhfhvvdu| edfnjurxqg
lqirupdwlrq dqg d eulhi olwhudwxuh vxuyh| wr sxw lqwr frqwh{w wkh FGP h�ruwv1
Vhfwlrq 6 ghvfulehv wkh fxuuhqw vwdwxv ri FGP dqg lwv prvw surplqhqw df0
frpsolvkphqwv1 Vhfwlrq 7 ghwdlov wkh surfhgxuhv dqg rshudwlrqdo sdudgljpv
ghyhorshg e| FGP wkdw kdyh ehhq sxw lqwr sodfh dqg duh erxqg wr lpsdfw wkh
ixwxuh ri dlu wud!f pdqdjhphqw1 Vhfwlrq 8 glvfxvvhv sdvw dqg suhvhqw uhvhdufk
wrslfv wkdw kdyh vsxq r� iurp FGP dqg vshfxodwhv rq wkh ixwxuh gluhfwlrq ri
FGP1 Wkh sdshu frqfoxghv zlwk d ihz forvlqj uhpdunv1
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51 Edfnjurxqg/ Olwhudwxuh dqg Lvvxhv lq Jurxqg Kroglqj

Wkh ruljlqdo irfxv ri FGP h�ruwv zdv wkh lpsohphqwdwlrq dqg pdqdjhphqw
ri jurxqg ghod| vwudwhjlhv1 Pdq| ri wkh xqghuo|lqj sklorvrsklhv ri FGP dqg lwv
rshudwlrqdo sdudgljpv kdyh ehhq uh�qhg lq wklv vhwwlqj1 Dovr/ wkh ghyhorsphqw
ri jurxqg kroglqj vwudwhjlhv kdyh ehhq d frqwlqxhg vrxufh ri uhvhdufk1 Zh qrz
suhvhqw uhohydqw edfnjurxqg lqirupdwlrq rq jurxqg kroglqj vwudwhjlhv/ d eulhi
olwhudwxuh vxuyh| dqg d glvfxvvlrq ri wkh vrph ri wkh lvvxhv vxuurxqglqj jurxqg
kroglqj wkdw kdyh prwlydwhg FGP dfwlylwlhv1

Wkh Dlu Wud!f Frqwuro V|vwhpv Frppdqg Fhqwhu +DWFVFF, idflolw| ri
wkh IDD prqlwruv dlusruwv wkurxjkrxw wkh Xqlwhg Vwdwhv iru fdsdflw| vkruwidoo1
Zkhqhyhu lw lv suhglfwhg wkdw wkh qxpehu ri  ljkwv duulylqj dw dq dlusruw zlwklq
d 480plqxwh wlph lqwhuydo zloo h{fhhg wkh qxpehu ri  ljkwv deoh wr odqg/ wkh
DWFVFF lv uhtxluhg e| IDD uhjxodwlrq wr wdnh vrph irup ri dfwlrq14 Vkruw0
whup shulrgv ri fdsdflw| vkruwidoo duh doohyldwhg e| dlueruqh wdfwlfv vxfk dv
uh0urxwlqj dqg yduldwlrqv lq dlueruqh vshhg1 Orqjhu0whup shulrgv ri fdsdflw|
vkruwidoo duh phw e| wkh DWFVFF zlwk jurxqg kroglqj vwudwhjlhv lq zklfk
dlufudiw duh khog dw wkhlu ghsduwxuh jdwhv lq olhx ri frvwo| dlueruqh ghod|1

Lq vrph fdvhv/ wkh DWFVFF zloo lvvxh d jurxqg vwrs lq zklfk doo  ljkwv
ghvwlqhg iru dq d"lfwhg dlusruw duh khog rq wkh jurxqg dw wkhlu ghsduwxuh jdwhv
xqwlo dlusruw duulydo fdsdflw| ulvhv deryh ghpdqg1 Wkhvh jurxqg vwrsv duh uh0
vhuyhg iru h{wuhph fdvhv lq zklfk duulydo fdsdflw| zdv vhyhuho| xqghuhvwlpdwhg
ru gursshg vxgghqo| zlwkrxw zduqlqj1

Wkh sulpdu| wrro ri wkh DWFVFF iru dgguhvvlqj duulydo fdsdflw| vkruwidoo lv
d jurxqg ghod| surjudp +JGS,1 Lq d JGS/ hdfk  ljkw vfkhgxohg wr duulyh dw dq
dlusruw ri uhgxfhg fdsdflw| gxulqj d �{hg wlph shulrg lv khog dw lwv ghsduwxuh
jdwh orqj hqrxjk wr hqvxuh wkdw lw zloo eh deoh wr odqg zlwkrxw ghod|1 Iru
lqvwdqfh/ li  ljkw s lv gxh wr duulyh dw dlusruw � dw 45=33 dqg lw lv nqrzq wkdw
s zloo qrw eh deoh wr odqg xqwlo 45=63 gxh wr olplwhg duulydo fdsdflw| dw �/ wkhq
s zrxog eh khog dw lwv ghsduwxuh jdwh iru 63 plqxwhv1 Wkh frqvwuxfwlrq ri d
JGS uhtxluhv wkh dvvljqphqw ri erwk d frqwuroohg wlph ri ghsduwxuh +FWG,
dqg d frqwuroohg wlph ri duulydo +FWD, wr hdfk lqfrplqj  ljkw 1 Vlqfh hq urxwh
wudyho wlphv fdq eh suhglfwhg zlwk uhdvrqdeoh dffxudf|/ wkh FWG ri hdfk  ljkw
lv hdvlo| fdofxodwhg rqfh wkh  ljkw kdv ehhq dvvljqhg dq duulydo vorw dqg lwv
FWD lv nqrzq1

Wkh sulpdu| sxusrvh ri d JGS lv wr wdnh frqwuro ri wkh dluvsdfh vxuurxqg0
lqj dq dlusruw vr wkdw h{fhvv duulydov gr qrw lqwhuihuh zlwk wkh vdihw| dqg
rshudwlrq ri wkh dlusruw1 Zkloh wkh dluolqhv uhvshfw wkh qhhg iru vxfk d sur0
judp/ wkh lpsohphqwdwlrq ri d JGS lv jhqhudoo| phw zlwk wuhslgdwlrq e| wkh
dluolqhv1 Wklv lv sduwo| iru wkh uhdvrq wkdw lw khudogv odujh0vfdoh ghod|v dqg
jryhuqphqw lqwhuyhqwlrq1 Exw lw dovr h{srvhv dluolqh rshudwlrqv wr plvfdofxod0

4Pxfk ri wkh lqirupdwlrq lq wklv vhfwlrq frqfhuqlqj wkh rshudwlrq ri wkh DWFVFF zdv
rewdlqhg wkurxjk phhwlqjv zlwk DWFVFF shuvrqqho1
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wlrqv rq wkh sduw ri wkh DWFVFF1 Iru lqvwdqfh/ li wkh ixwxuh fdsdflw| ri dq
dlusruw lv ryhuhvwlpdwhg/ wkhq  ljkwv ljkwv zloo devrue ghod| lq frvwo| dlueruqh
kroglqj sdwwhuqv udwkhu wkdq rq wkh jurxqg dw wkhlu ghsduwxuh jdwhv1 Rq wkh
rwkhu kdqg/ li ixwxuh fdsdflw| lv xqghuhvwlpdwhg/ wkhq fdsdflw| lv zdvwhg dqg
 ljkwv devrue xqqhfhvvdu| jurxqg ghod|1 Wkh dluolqhv �qg lw sduwlfxoduo| glv0
uxswlyh wr wkhlu rshudwlrqv zkhq d JGS lv deruwhg lq plg0rshudwlrq1 Wklv
kdsshqv zkhqhyhu wkh DWFVFF kdv fohdu hylghqfh wkdw wkh ruljlqdo fdsdflw|
dqg zhdwkhu iruhfdvwv zhuh ryhuo| shvvlplvwlf1 Hvwlpdwhv ydu| ehwzhhq wkh dlu0
olqhv dqg wkh IDD dv wr wkh shufhqwdjh ri JGS*v wkdw duh deruwhg/ exw wkhvh
hvwlpdwhv duh dv kljk dv 93(1

5141 Duulydo Vorw Doorfdwlrq= wkh Juryhu0Mdfn Dojrulwkp

Sulru wr FGP/ wkh Juryhu0Mdfn dojrulwkp zdv ehlqj xvhg wr lpsohphqw
jurxqg ghod| surjudpv dw doo X1V1 dlusruwv1 D judvs ri wkh ixqgdphqwdo frqfhsw
ehklqg wklv dojrulwkp lv fuxfldo wr dq xqghuvwdqglqj ri wkh vwuxfwxuh ri jurxqg
ghod| surjudpv dqg wkh fkdqjhv eurxjkw derxw e| FGP1

Lq suhsdudwlrq iru h{hfxwlrq ri wkh Juryhu0Mdfn dojrulwkp/ wkh wlph krul}rq
lv glylghg lqwr krxuo| shulrgv | ' �c 2c ���c A 1 Wkh dlusruw dffhswdqfh udwh
+DDU, ri d wlph shulrg |/ ghqrwhg f|/ lv gh�qhg dv wkh qxpehu ri dlufudiw
wkdw fdq eh dffhswhg gxulqj shulrg |1 +Vwulfwo| vshdnlqj/ wklv lv d fdsdflw|/
qrw d udwh1 Qrqhwkhohvv/ lw lv wkh hvwdeolvkhg whuplqrorj| lq wkh dlu wud!f
frppxqlw|1, D ydoxh ri f| lv vhw iru hdfk wlph shulrg | e| d wud!f  rz
pdqdjhu dw wkh DWFVFF1 Lq vslulw/ dw ohdvw/ wkh Juryhu0Mdfn dojrulwkp dvvljqv
frqwuroohg duulydo wlphv dv iroorzv1 Iluvw/ d olvw ri lqfrplqj  ljkwv lv iruphg/
rughuhg e| lqfuhdvlqj hvwlpdwhg wlphv ri duulydo1 Wkhq/ wkh �uvw f�  ljkwv rq
wkh olvw duh dvvljqhg wr wkh �uvw wlph shulrg/ wkh qh{w f2  ljkwv duh dvvljqhg wr
wkh vhfrqg wlph shulrg/ dqg vr rq/ suhvhuylqj rughu ri wkh olvw1 Wkh qhw h�hfw
ri wkh Juryhu0Mdfn dojrulwkp lv wr vwuhwfk rxw wkh olvw ri lqfrplqj  ljkwv ryhu
wlph vr wkdw duulydo ghpdqg phhwv fdsdflw| lq hdfk wlph shulrg1

Lq sudfwlfh/ wkhuh duh vhyhudo frpsolfdwlrqv vxuurxqglqj wkh h{hfxwlrq ri wkh
Juryhu0Mdfn dojrulwkp1 Vlqfh d  ljkw fdqqrw eh dvvljqhg wr d wlph vorw hduolhu
wkdq lwv HWD/ vrph wlph vorwv zloo eh sdvvhg ryhu gxulqj wkh dvvljqphqw surfhvv
dqg kdyh qr  ljkw dvvljqhg wr wkhp> lqwhuqdwlrqdo  ljkwv/ jhqhudo dyldwlrq/
dqg  ljkwv dlueruqh dw wkh wlph ri irupxodwlrq ri d JGS duh h{hpsw iurp
wkh surjudp/ phdqlqj wkdw wkh| fdqqrw eh lvvxhg d jurxqg ghod| +vhh ^48`
ru ^49` iru pruh rq h{hpswlrqv,1 Lq dgglwlrq/ wkh wud!f  rz pdqdjhu pd|
fkrrvh wr h{foxgh rwkhu fdwhjrulhv ri  ljkwv iurp jurxqg ghod|/ xvxdoo| edvhg
rq jhrjudsklfdo orfdwlrq ri srlqw ri ruljlqdwlrq1 Wkh duulydo ghpdqg ri wkhvh
 ljkwv pxvw eh wdnhq lqwr dffrxqw zkhq dvvljqlqj qhz duulydo wlphv wr  ljkwv1

Rqfh wkh frqwuroohg wlph ri duulydo +FWD, ri hdfk  ljkw kdv ehhq ghwhuplqhg
e| wkh Juryhu0Mdfn dojrulwkp/ d frqwuroohg wlph ri ghsduwxuh +FWG, pxvw dovr
eh vhw1 Wklv fdq eh edfn0frpsxwhg iurp wkh FWD/ rqfh dq hq urxwh wlph
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lv hvwlpdwhg= wkh FWG lv vlpso| wkh FWD plqxv wkh hq urxwh wlph1 Wkh
IDD xvhv lwv rzq hvwlpdwhv ri hq urxwh wlph1 Wklv lv/ dw wlphv/ d vrxufh ri
frqwhqwlrq zlwk wkh dluolqhv1 Wkh hvwlpdwlrq ri hq urxwh wlph qdwxudoo| lqyroyhv
wzr sdudphwhuv= fuxlvlqj vshhg/ dqg wkh urxwh  rzq1 Erwk ri wkhvh/ lq wxuq/
duh khdylo| uhodwhg wr ixho frqvxpswlrq/ zklfk lv wkh sulpdu| h{shqglwxuh
iru dq dluolqh rshudwlrq1 Wkxv/ hq urxwh wlph hvwlpdwlrq ghshqgv rq dluolqh
lqwhqwlrqv dqg wkh hfrqrplfv ri lwv gdlo| rshudwlrqv1 Lw kdv ehhq sursrvhg wkdw
wkh dluolqhv ghwhuplqh wkhlu rzq ghsduwxuh wlphv/ rqfh duulydo wlphv kdyh ehhq
dvvljqhg wr wkhp1 Vhh ^uhihuhqfh= Dluolqh Rshudwlrqdo Frqwuro Ryhuylhz/ Vhsw1
4<<81 Dluolqh Glvsdwfkhuv ihghudwlrq dqg Vhdjxoo Whfkqrorj|/ Lqf1/ Vxqq|ydoh/
FD1` ^Eloo= duh wkhvh wkh fruuhfw uhihuhqfhvB`

Juryhu0Mdfn lv d �uvw0frph/ �uvw0vhuyhg dojrulwkp zlwk uhvshfw wr hvwlpdwhg
wlph duulydo iru wkh doorfdwlrq ri duulydo vorwv1 Dowkrxjk wkh dluolqhv djuhh wkdw
vrph vruw ri doorfdwlrq vfkhph lv uhtxluhg zkhq duulydo ghpdqg juhdwo| h{fhhgv
fdsdflw|/ wkh| kdyh remhfwhg wr wkh xvh ri HWD +hvwlpdwhg wlph ri duulydo, dv
wkh edvlv iru wkh lqlwldo doorfdwlrq ri duulydo vorwv1 Wkhlu remhfwlrq lv fdoohg
wkh grxeoh0shqdow| lvvxh dqg lv irxqghg rq wkh iroorzlqj glohppd1 Vxssrvh
wkdw dlusruw fdsdflw| lv fxw lq kdoi +d iuhtxhqwo| rffxuulqj vfhqdulr,1 Wkhq
lq rughu wr pdnh ghpdqg htxdo wr fdsdflw|/ wkh HWD0edvhg duulydo vhtxhqfh
vkrxog eh glodwhg wr wzlfh lwv fxuuhqw ohqjwk1 Wklv phdqv wkdw hyhu| wlph d
 ljkw lv pryhg % plqxwhv grzq lq wkh ruljlqdo duulydo vhtxhqfh/ lw lv h�hfwlyho|
pryhg grzq 2%plqxwhv lq wkh �qdo duulydo vhtxhqfh1 Lq sduwlfxodu/ li dq dluolqh
uhsruwv/ vd|/ d 630plqxwh ghod| ri rqh ri lwv  ljkwv sulru wr wkh lpsohphqwdwlrq
ri wkh Juryhu0Mdfn dojrulwkp/ wkhq wkh  ljkw zloo uhfhlyh 93 plqxwhv ri ghod|=
63 plqxwhv ri ruljlqdo ghod| soxv dqrwkhu 63 plqxwhv ri lpsrvhg ghod|1

Rqh pljkw dujxh wkdw li dq dluolqh h{shulhqfhv vrph vruw ri lqwhuqdo ghod|
dqg fdqqrw wdnh r� rq wlph/ wkhq lw vkrxog vx�hu wkh frqvhtxhqfhv1 Krzhyhu/
dgglqj ghod| wr dq douhdg|0ghod|hg  ljkw lv ylhzhg dv xqidlu e| wkh dluolqhv1
Dovr/ wkh dluolqhv r�hu wkh dujxphqw wkdw/ vlqfh wkh xowlpdwh jrdo ri d JGS
lv wr vorz grzq wkh udwh ri duulydov/ vhoi0lq lfwhg ghod| phhwv wklv qhhg dqg
vkrxog vhuyh wrzdug dq| jryhuqphqw0lvvxhg ghod|1

Sklorvrsklfdo dujxphqwv dvlgh/ wkh grxeoh0shqdow| lvvxh kdv suryhq wr eh
d vwurqj glvlqfhqwlyh iru wkh dluolqhv wr vxeplw xsgdwhg HWD*v wr wkh IDD1
Xqghu wkh iruphu v|vwhp/ dq dluolqh frxog ghsduw dq| wlph diwhu lwv FWG/
wkxv/ lw kdg qr lqfhqwlyh wr xsgdwh lwv HWD1 Wkh FGP zrunlqj jurxs kdv
ghylvhg d vfkhph iru wkh lqlwldo udwlrqlqj ri duulydo vorwv wkdw uhpryhv wklv
glvlqfhqwlyh1 Wkh vfkhph lv fdoohg udwlrq0e|0vfkhgxoh +UEV, ehfdxvh lw udwlrqv
vorwv dffruglqj wr vfkhgxohg duulydo wlphv lqvwhdg ri hvwlpdwhg duulydo wlphv1
Vfkhgxohg wlphv duh wdnhq wr eh wkrvh dv sxeolvkhg lq wkh r!fldo dluolqh jxlgh
+RDJ,1 Iru lqvwdqfh/ vxssrvh wkdw Dphulfdq Dluolqhv  ljkw DDO434 lv �iwk lq
wkh vfkhgxohg duulydo vhtxhqfh1 Wkhq zkhq d JGS lv lpsrvhg dqg wkh duulydo
vhtxhqfh lv vwuhwfkhg rxw ryhu wlph/ Dphulfdq Dluolqhv zloo pdlqwdlq rzqhuvkls
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ri wkh �iwk duulydo vorw/ lqghshqghqw ri wkh duulydo vwdwxv ri DDO4341 Lq wkh
hyhqw wkdw DDO434 lv ghod|hg/ Dphulfdq Dluolqhv kdv wkh rssruwxqlw| wr pryh
dqrwkhu rqh ri lwv  ljkwv lqwr wkh �iwk vorw dqg pryh DDO434 wr d odwhu duulydo
vorw wkdw lw fdq xvh1 Wklv zd|/ wkh vfkhgxohg duulydo uhvrxufhv ri Dphulfdq
Dluolqhv duh uhwdlqhg e| Dphulfdq Dluolqhv dqg wkh qdwxudo ghod| ri DDO434
vhuyhv dv lwv jurxqg ghod|1

Wklv h{dpsoh suhvxssrvhv/ ri frxuvh/ wkdw DDO kdv dqrwkhu  ljkw rffxs|0
lqj dq duulydo vorw ihdvleoh iru DDO4341 Wkhuh duh pdq| vxfk frpsolfdwlrqv
dvvrfldwhg zlwk wkh sudfwlfdo lpsohphqwdwlrq ri UEV1 Vhh vhfwlrq 8 iru frp0
sohwh ghwdlov ri wkh dojrulwkp1 Dovr/ lw dvvxphv wkh h{lvwhqfh ri d vxevwlwxwlrq
surfhgxuh lq zklfk wkh dluolqhv fdq iuhho| pdqdjh wkh duulydo uhvrxufhv wkdw
kdyh ehhq doorfdwhg wr wkhp1 Wklv lv wkh wrslf ri rxu qh{w vxevhfwlrq1

5151 Ioljkw Vxevwlwxwlrq0Fdqfhoodwlrq

Wkh lqlwldo doorfdwlrq ri duulydo vorwv e| wkh IDD edvhg rq Juryhu Mdfn +ru
dq| doorfdwlrq vfkhph/ iru wkdw pdwwhu, pd| lpsuryh ryhudoo wud!f  rz exw
lw pd| qrw eh lq wkh ehvw lqwhuhvwv ri dq lqglylgxdo dluolqh1 Iru wklv uhdvrq/
wkh dluolqhv uhvhuyh wkh uljkw wr uhdoorfdwh wkhlu duulydo vorwv dprqj wkhlu rzq
 ljkwv1 Xqghu h{lvwlqj uxohv/ dq dluolqh fdq shuirup dq| ri wkh iroorzlqj=

� fdqfho d  ljkw>

� pryh d  ljkw lqwr dq duulydo vorw ydfdwhg e| rqh ri lwv  ljkwv>

� vzds wkh duulydo vorwv +duulydo wlphv, ri wzr li lwv  ljkwv1

H{dpsoh 41 Iru h{dpsoh/ vxssrvh wkdw duulydo vorwv kdyh ehhq doorfdwhg

wr wkh  ljkwv ri dluolqhv D/ E dqg F/ dv lq Wdeoh 41

Dluolqh Ioljkw HWD FWD Ghod| +plqxwhv,
D 4 4333 4333 3
E 5 4338 4343 8
D 6 4343 4353 43
F 7 4348 4363 48
D 8 4353 4373 53
E 9 4358 4383 58
D : 4363 4433 63
D ; 4368 4443 68
F < 4373 4453 73
D 43 4378 4463 78

Wdeoh 41 Lqlwldo Doorfdwlrq ri Duulydo Vorwv wr Ioljkwv
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Ohw xv dgrsw wkh ydqwdjh srlqw ri dluolqh D dqg ghwhuplqh wkhlu ehvw vxevwl0
wxwlrq2fdqfhoodwlrq vwudwhj|/ edvhg rq wkh iroorzlqj lqirupdwlrq= Wkh frvw ri
ghod|lqj D6 lv uhodwlyho| orz +h1j1/ lw kdv d vpdoo qxpehu ri sdvvhqjhuv dqg wkh
dlufudiw kdv d orqj od|ryhu,> wkh frvw ri ghod|lqj D8 lv txlwh kljk> sdvvhqjhuv
ri  ljkw D: fdq eh hdvlo| uhurxwhg rqwr  ljkw D; +uhfdoo wkdw lq d JGS/ wkhvh
 ljkwv kdyh d frpprq ghvwlqdwlrq,1 Wkhq rqh vwudwhj| dluolqh D pljkw xvh lv
wr

41 vzds  ljkwv D6 dqg D8>

51 fdqfho D: +wudqvihu sdvvhqjhuv wr D;,>

61 pryh D; lqwr vorw ydfdwhg e| D:>

71 pryh D43 lqwr vorw ydfdwhg e| D;>

81 krog rqwr wkh vorw ydfdwhg e| D431

Wklv vxevwlwxwlrq surfhvv uhgxfhv wkh ryhudoo ghod| iru dluolqh D iurp 468
plqxwhv wr ;3 plqxwhv/ dv vhhq lq Wdeoh 51

Dluolqh Ioljkw HWD FWD Ghod| +plqxwhv,
D 4 4333 4333 3
E 5 4338 4343 8
D 8 4353 4353 48
F 7 4348 4363 53
D 6 4343 4373 63
E 9 4358 4383 58
D ; 4368 4433 58
D 43 4378 4443 58
F < 4373 4453 73
D krog 0 4463 0

Wdeoh 51 Doorfdwlrq ri Duulydo Vorwv diwhu Dluolqh D vxev2vzdsv

Vlploduo|/ dluolqhv E dqg F zrxog pdnh vxevwlwxwlrqv dqg fdqfhoodwlrqv
ehqh�fldo wr wkhlu rshudwlrqv1 Wkurxjkrxw wklv sdshu/ zh zloo uhihu wr wklv
uhdoorfdwlrq surfhgxuh rq wkh sduw ri wkh dluolqhv dv vxevwlwxwlrq0fdqfhoodwlrq1
Wkh vxevwlwxwlrq0fdqfhoodwlrq surfhvv lv ylwdo iru wkh plwljdwlrq ri gdpdjhv
lqfxuuhg e| ghod|v lq d jurxqg ghod| surjudp1

Wkh vxevwlwxwlrqv shuiruphg e| dluolqh D kdsshqhg wr plqlpl}h wkhlu ryhu0
doo ghod| exw wklv lv qrw qhfhvvdulo| wkhlu remhfwlyh1 Ryhudoo ghod| plqlpl}dwlrq
dvvxphv wkdw ghod| frvwv duh txdqwl�deoh hqwlwlhv wkdw duh wkh vdph iru hyhu|
 ljkw dqg wkdw wkh| lqfuhdvh olqhduo| zlwk ghod|1 Vxevwlwxwlrq dqg fdqfhood0
wlrqv ghflvlrqv iru d jlyhq dluolqh duh kljko| shfxoldu wr lwv  ljkw vfkhgxoh/  ljkw
frqqhfwlylw|/ dqg rshudwlrqdo phwkrgrorj|1
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5161 Wkh Qhhg iru Dluolqh Lqfhqwlyhv dqg Lpsuryhg Surfhgxuhv

Wkh iroorzlqj h{dpsoh ghprqvwudwhv wkdw flufxpvwdqfhv fdq +dqg gr, dulvh
xqghu wkh Juryhu0Mdfn v|vwhp lq zklfk wkhuh lv dq lqfhqwlyh iru dq dluolqh wr
zlwkkrog fdqfhoodwlrq lqirupdwlrq dqg/ zruvh |hw/ wkdw ryhudoo h!flhqf| fdq
vx�hu dv d uhvxow ri wkhvh zlwkkroglqjv1

H{dpsoh 51 Dvvxph wkdw dlusruw frqglwlrqv doorz iru wkh dffhswdqfh ri
rqo| rqh  ljkw hyhu| whq plqxwhv +wklv lv fkrvhq wr eh xquhdolvwlfdoo| vpdoo iru
wkh sxusrvhv ri h{srvlwlrq,1 Xqghu wkh Juryhu0Mdfn dojrulwkp/  ljkwv zrxog eh
rughuhg e| HWD/ wkhq dvvljqhg wr duulydo vorwv vr dv wr suhvhuyh wkh rughulqj1
Wdeoh 6 vkrzv wkh k|srwkhwlfdo dvvljqphqwv ri 44  ljkwv wr 44 duulydo vorwv dqg
wkhlu uhvshfwlyh ghod|v xqghu Juryhu0Mdfn1 Iru lqvwdqfh/  ljkw 5/ zlwk dq HWD
ri 3:33/ kdv ehhq jlyhq d frqwuroohg wlph ri duulydo ri 3:43/ wkxv ohdglqj wr d
ghod| ri whq plqxwhv1 Wkh ghod| ryhu doo  ljkwv lv 653 plqxwhv1

Dluolqh Ioljkw HWD FWD Ghod| +plqxwhv,
D 4 3:33 3:33 3
D 5 3:33 3:43 43
E 6 3:38 3:53 48
E 7 3:38 3:63 58
E 8 3:43 3:73 63
E 9 3:43 3:83 73
D : 3:43 3;33 83
F ; 3:53 3;43 83
E < 3:73 3;53 73
F 43 3:73 3;63 83
D 44 3;63 3;73 43

Wrwdo D :3
Wrwdo E 483
Wrwdo F 433
Wrwdo 653

Wdeoh 61 Ghod|v Jhqhudwhg e| Juryhu0Mdfn Dojrulwkp

Ixuwkhu dvvxph wkdw  ljkw 4 lv fdqfhoohg e| dluolqh D1 Li dluolqh D zhuh
wr uhsruw wklv fdqfhoodwlrq sulru wr wkh lpsohphqwdwlrq ri wkh jurxqg ghod|
surjudp/ wkhq hdfk ri wkh vxevhtxhqw  ljkwv +iurp doo dluolqhv, lq wkh vhtxhqfh
zrxog eh h�hfwlyho| vkliwhg xs rqh duulydo vorw zkhq wkh Juryhu0Mdfn dojrulwkp
lv uxq1 Wklv zrxog vdyh 43 plqxwhv ri ghod| iru hdfk ri wkh 43 uhpdlqlqj  ljkwv/
uhvxowlqj lq d uhgxfwlrq ri fxpxodwlyh ghod| iurp 653 plqxwhv +Wdeoh 6, wr 553
plqxwhv +Wdeoh 7,1 Lq sduwlfxodu/ wkh ghod| iru dluolqh D zrxog eh uhgxfhg iurp
:3 plqxwhv wr 73 plqxwhv1
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Dluolqh Ioljkw HWD FWD Ghod| +plqxwhv,
D 5 3:33 3:33 3
E 6 3:38 3:43 8
E 7 3:38 3:53 48
E 8 3:43 3:63 53
E 9 3:43 3:73 63
D : 3:43 3:83 73
F ; 3:53 3;33 73
E < 3:73 3;43 63
F 43 3:73 3;53 73
D 44 3;63 3;63 3

Wrwdo D 73
Wrwdo E 433
Wrwdo F ;3
Wrwdo 553

Wdeoh 71 Ghod|v Jhqhudwhg e| Juryhu0Mdfn Dojrulwkp Diwhu
Fdqfhoodwlrq ri Ioljkw 4

Lw dsshduv dgydqwdjhrxv wr dluolqh D +dqg wkh wzr rwkhu dluolqhv, wr kdyh
uhsruwhg wklv fdqfhoodwlrq1 Krzhyhu/ frqvlghu wkh dgghg ehqh�w wr dluolqh D/
li lw kdg zlwkkhog wkh fdqfhoodwlrq xqwlo diwhu wkh h{hfxwlrq ri wkh Juryhu0Mdfn
dojrulwkp1 Vshfl�fdoo|/ vwduwlqj zlwk wkh doorfdwlrqv lq Wdeoh 6/ Dluolqh D
frxog h{hfxwh wkh iroorzlqj vhw ri vxevwlwxwlrqv=

� pryh  ljkw 5 lqwr wkh vorw ydfdwhg e|  ljkw 4 +FWD 3:33, wr vdyh 43
plqxwhv ri ghod|>

� pryh  ljkw : lqwr wkh vorw ydfdwhg e|  ljkw 5 +FWD 3:43, wr vdyh 83
plqxwhv ghod|1

Wkh uhvxow lv vkrzq lq Wdeoh 81
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Dluolqh Ioljkw HWD FWD Ghod| +plqxwhv,
D 5 3:33 3:33 3
D : 3:43 3:43 3
E 6 3:38 3:53 48
E 7 3:38 3:63 58
E 8 3:43 3:73 63
E 9 3:43 3:83 73
yrlg yrlg 0 3;33 0
F ; 3:53 3;43 83
E < 3:73 3;53 73
F 43 3:73 3;63 83
D 44 3;63 3;73 43

Wrwdo D 43
Wrwdo E 483
Wrwdo F 433
Wrwdo 593

Wdeoh 81 Ioljkw 4 Fdqfhoodwlrq Jrhv Xquhsruwhg> Dluolqh D Pdnhv
Vxevwlwxwlrqv1

Wkurxjk wkhvh vlpsoh vxevwlwxwlrqv/ dluolqh D kdv uhgxfhg lwv ryhudoo ghod|
iurp :3 plqxwhv wr rqo| 43 plqxwhv1 Frqwudvw wklv zlwk wkh ghod| ri 73 plqxwhv
iru dluolqh D lq Wdeoh 71 Xqiruwxqdwho|/ wkh vdylqjv iru dluolqh D duh dw wkh
h{shqvh ri ryhudoo h!flhqf|1 Wrwdo ghod| +iru doo wkuhh dluolqhv, lv qrz 593
plqxwhv/ 73 plqxwhv pruh wkdq wkh 553 plqxwhv ri wrwdo ghod| wkdw frxog kdyh
ehhq uhdol}hg/ li wkh fdqfhoodwlrq zhuh uhsruwhg1 Wkh 730plqxwh orvv lq

h!flhqf| lv fdxvhg e| wkh eorfndjh ri wkh xszdug pryhphqwv ri  ljkwv ;/
</ 43 dqg 441 Xqghu wkh uxohv ri vxevwlwxwlrq/ d  ljkw fdq eh pryhg lqwr d
vorw e| dq dluolqh rqo| li wkh vorw zdv ydfdwhg e| rqh ri lwv rzq  ljkwv1 Vlqfh
wkh 3;33 vorw zdv ydfdwhg e| d  ljkw iurp dluolqh D/ qrqh ri wkh Ioljkwv ;/ <
ru 43 +zlwk uhvshfwlyh dluolqhv F/ E dqg F, fdq eh pryhg xs lqwr wkh 3;33
vorw1 Ioljkw 44 lv d fdqglgdwh iru pryhphqw exw hyhq wklv  ljkw lv eorfnhg
iurp pryhphqw ehfdxvh lwv HWD ri 3;63 lv wrr odwh iru wkh fruuhvsrqglqj vorw
duulydo wlph +FWD 3;33,1 Wklv ohdyhv wkh 3;33 vorw xqxwlol}hg1

Rqh fdq vhh wkh qhhg iru d phdqv ri prylqj  ljkwv xszdug lq wkh duulydo
vhtxhqfh wr �oo vorwv ydfdwhg e| frpshwlqj dluolqhv1 Wklv fdqqrw kdsshq/ ri
frxuvh/ xqohvv wkhuh lv qrwl�fdwlrq ri wkhvh ydfdqflhv dqg dluolqh D kdv djuhhg
wr uholqtxlvk wkh fruuhvsrqglqj vorwv1 Dq lqfhqwlyh iru qrwl�fdwlrq fdq eh
surylghg e| jlylqj suhihuhqfh lq wklv xszdug pryhphqw wr wkh rzqhu ri d
ydfdwhg vorw dqg/ pruh lpsruwdqwo|/ e| jlylqj dssursuldwh frpshqvdwlrq wr
wkdw rzqhu zkhq rqh ri lwv vorwv lv uhzdughg wr d frpshwlwru1
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Wr vhh krz d frpsuhvvlrq dojrulwkp zrxog zrun lq wklv h{dpsoh/ ohw xv
uhwxuq wr Wdeoh 81 Wkh dojrulwkp �uvw uhfrjql}hv wkh ydfdqf| ri vorw 3;33
fuhdwhg e| wkh vxevwlwxwlrq ri  ljkw : lqwr dq hduolhu duulydo vorw1 Vlqfh wklv
vorw lv rzqhg +lqlwldoo| dvvljqhg wr, dluolqh D/ wkh dojrulwkp vhdufkhv wkh  ljkwv
ehorz wklv vorw + ljkwv ;/ </ 43/ 44, iru d  ljkw iurp dluolqh D wkdw fdq pryhg
lqwr wklv vorw1 Wkh rqo| fdqglgdwh lv  ljkw 441 Zh kdyh douhdg| revhuyhg
wkdw wkh 3;33 vorw lv lqihdvleoh iru wklv  ljkw ehfdxvh lw zloo qrw duulyh xqwlo
+dssur{lpdwho|, 3;631 Vr/ wkh dojrulwkp lqvwhdg vhohfwv wkh hduolhvw  ljkw
ihdvleoh iru wkdw vorw/ lqghshqghqw ri lwv rzqhu1 Lq wklv fdvh/ lw kdsshqv wr
eh  ljkw ;/ iurp dluolqh F1 Ioljkw ; lv pryhg xs rqh srvlwlrq/ wkxv ohdylqj d
ydfdqf| lq wkh 3;43 duulydo vorw1 Zkhq wu|lqj wr �oo wklv qhzo| ydfdwhg vorw/
sulrulw| lv jlyhq wr dluolqh D ehfdxvh lw douhdg| orvw d vorw1 Wkh dojrulwkp
vhdufkhv wkh uhpdlqlqj  ljkwv +</ 43/ 44, iru d ihdvleoh  ljkw iurp dluolqh D1
Djdlq/ wkh rqo| fdqglgdwh lv  ljkw 44 dqg/ djdlq/ lwv HWD ri 3;63 lv wrr odwh
iru wklv 3;43 vorw1 Vr/ wkh 3;43 vorw lv �oohg zlwk  ljkw </ iurp dluolqh E1 Wklv
fuhdwhv d ydfdqf| lq wkh 3;53 vorw/ zklfk/ djdlq/ suryhv wr eh wrr hduo| iru
 ljkw 44/ vr  ljkw 43 lv pryhg lqwr wklv vorw1 Wklv wlph/ krzhyhu/ zkhq wkh
dojrulwkp vhdufkhv iru d  ljkw iurp dluolqh D wr pryh lqwr wkh 3;63 vorw ydfdwhg
e|  ljkw 43/ lw �qgv wkdw  ljkw 44 lv ihdvleoh1 Wkh �qdo vorw dvvljqphqwv duh
vkrzq lq Wdeoh 91

Dluolqh Ioljkw HWD FWD Ghod| +plqxwhv,
D 5 3:33 3:33 3
D : 3:43 3:43 3
E 6 3:38 3:53 48
E 7 3:38 3:63 58
E 8 3:43 3:73 63
E 9 3:43 3:83 73
F < 3:53 3;33 73
E < 3:73 3;43 63
F 43 3:73 3;53 73
D 44 3;63 3;63 3

Wrwdo D 3
Wrwdo E 473
Wrwdo F ;3
Wrwdo 553

Wdeoh 91 Vorw dvvljqphqwv diwhu wkh Frpsuhvvlrq Dojrulwkp1

Lq h�hfw/ wkh ydfdqf| ri vorw 3;33 e| Ioljkw : fuhdwhg d vwuhdp ri xszdug
vxevwlwxwlrqv ri wkh  ljkwv ehorz lw1 Wkh rzqhuvkls ri vorw 3;33 e| dluolqh
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D zdv wudqvihuuhg grzqzdug wkurxjk wklv vwuhdp xqwlo lw fdph wr uhvw dw wkh
�uvw vorw lq zklfk lw frxog ehqh�w dluolqh D1 Ioljkwv ;/ < dqg 43 fuhdwhg zkdw lv
nqrzq dv d �eulgjh� iru wklv wudqvihu1 Wkh frpsuhvvlrq dojrulwkp zdv qrw deoh
wr �oo wkh 3;33 vorw zlwk d  ljkw iurp dluolqh D exw lw jrw wkh ehvw fdqglgdwh
dv forvh dv srvvleoh1

Vlqfh Ioljkw 44 frxog qrw srvvleo| eh pryhg xs dq| iduwkhu/ dluolqh D lv
vdwlv�hg1 Ehfdxvh doo vorwv duh xwlol}hg/ wrwdo ghod| +iru doo wkuhh dluolqhv, kdv
ehhq uhvwruhg wr wkh rswlpdo +orzhvw, ydoxh/ 553 plqxwhv1 Dluolqhv E dqg F
zhuh deoh wr pdnh xvh ri ydfdqf| fuhdwhg e| Ioljkw :1 Dluolqh D ghod| kdv
gursshg iurp 43 wr 3 plqxwhv/ dluolqh E ghod| kdv gursshg iurp 483 wr 473
plqxwhv dqg dluolqh F ghod| kdv gursshg iurp 433 wr ;3 plqxwhv1 Wklv lv d
zlq0zlq vlwxdwlrq= hdfk dluolqh lv ehwwhu r� wkdq li lw zrxog kdyh ehhq kdg
dluolqh D qrw uhsruwhg wkh fdqfhoodwlrq1

Lq dfwxdolw|/ wkhuh duh pdq| frpsolfdwlrqv wr eh dgguhvvhg lq wkh irupxod0
wlrq ri vxfk dq dojrulwkp1 Iru lqvwdqfh/ vkrxog d  ljkw eh ghqlhg sodfhphqw
lqwr dq duulydo vorw mxvw ehfdxvh lw lv hvwlpdwhg wr duulyh rqh plqxwh odwhu wkdq
wkh hqg ri wkh duulydo vorwB Ru/ zkdw li d vorw lv ydfdwhg e| dq dluolqh D exw
wkhuh duh qr  ljkwv iurp dluolqh D ehorz wkdw vorw wr eh pryhg xs/ wkxv ghq|lqj
frpshqvdwlrq wr dluolqh D 0 vkrxog wkh vorw eh ohiw xqxwlol}hg ru jlyhq dzd| wr
lwv frpshwlwruvB

Wkh FGP zrunlqj jurxs kdv ghyhorshg d frpsuhvvlrq dojrulwkp/ zklfk
zh zloo khqfhiruwk uhihu wr dv �wkh� frpsuhvvlrq dojrulwkp1 Wkh pdq| idfhwv
ri frpsuhvvlqj duulydo vorwv kdyh ehhq fdswxuhg lq wklv dojrulwkp wkurxjk lq0
sxw iurp FGP sduwlflsdwlqj dluolqhv dqg wkurxjk sudfwlfdo h{shulhqfh gxulqj
surwrw|sh rshudwlrqv1 Wkh ghwdlov ri wkh dojrulwkp duh jlyhq lq wkh vhfwlrq 81

61 Ryhudoo FGP Dufklwhfwxuh
6141 Wkh F|foh ri Ghflvlrq Pdnlqj

Wkurxjk jurxqg ghod| surjudp hqkdqfhphqwv +JGS0H,/ FGP kdv hvwde0
olvkhg d f|foh ri h{fkdqjh ehwzhhq wkh dluolqhv dqg wkh DWFVFF wkdw fdq
h�hfwlyho| pdqlsxodwh wkh duulydo dqg ghsduwxuh vwdwxv ri  ljkwv ehiruh/ dqg
gxulqj/ wkh h{hfxwlrq ri d jurxqg ghod| surjudp1 Vhh Iljxuh 51 Wkh DWFVFF
lqlwldol}hv d jurxqg ghod| surjudp e| h{hfxwlqj wkh UEV +udwlrq0e|0vfkhgxoh,
dojrulwkp1 Wklv irupv dq lqlwldo doorfdwlrq ri wkh duulydo vorwv dw wkh d"lfwhg
dlusruw1 Qh{w/ kdyh wkh rssruwxqlw| wr uhdoorfdwh wkh vorwv dvvljqhg wr wkhp e|
UEV e| pdnlqj fdqfhoodwlrqv dqg vxevwlwxwlrqv1 Wklv riwhq ohdyhv vrph vorwv
zlwk qr  ljkw dvvljqhg wr wkhp1 Wkh frpsuhvvlrq dojrulwkp dwwhpswv wr pryh
 ljkwv xs lq wkh duulydo khludufk| lqwr wkhvh ydfdwhg vorwv/ krqrulqj ruljlqdo
rzqhuvkls/ zkhqhyhu srvvleoh1 Wklv uhvxowv lq d frqwuroohg wlph ri duulydo dqg
frqwuroohg wlph ri ghsduwxuh iru hdfk  ljkw lq wkh JGS1

Rqh ri wkh remhfwlyhv ri FGP kdv ehhq wr ghyhors d vhw ri vlpsol�hg vxe0
vwlwxwlrq uxohv +VVU, wr surylgh d kljkhu ohyho ri  h{lelolw| lq wkh vxevwlwxwlrq0
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ATCSCC
flight status

Cancellations
and

Substitutions
CompressionRation-By-Schedule

Airlines

Iljxuh 5= Wkh F|foh ri Ghflvlrq Pdnlqj Gxulqj d JGS

fdqfhoodwlrq surfhvv1 Lq idfw/ iru pdq| dluolqhv/ wklv kdv ehhq d sulph lqfhqwlyh
iru sduwlflsdwlrq lq FGP1

Erwk wkh lqlwldo doorfdwlrq ri duulydo vorwv dqg wkh vxevwlxwlrq0fdqfhoodwlrq
zhuh lq sodfh sulru wr FGP +UEV kdv uhsodfhg Juryhu0Mdfn,1 Vr/ wkh wuxo|
qhz frpsrqhqw ri wklv f|foh surylghg e| FGP lv wkh frpsuhvvlrq dojrulwkp
wkdw pdnhv h!flhqw xvh ri dlusruw uhvrxufhv1 Rqh ri wkh pdlq vwuhqjwkv ri wkh
f|foh lv wkh idfw wkdw lw fdq eh h{hfxwhg vhyhudo wlphv gxulqj d JGS +xvxdoo|/
rqfh shu krxu,1 Wklv doorzv wkh dluolqhv wr plwljdwh ghod| gdpdjhv wkdw zrxog
rwkhuzlvh e| lqfxuuhg gxulqj d JGS1

Wkh h{hfxwlrq ri wkh UEV dojrulwkp fdq eh grqh rqfh/ wkhq e|0sdvvhg lq
vxevhtxhqw lwhudwlrqv ri wkh f|foh1 Krzhyhu/ wkh delolw| wr uhshdw wklv lqlwldo
doorfdwlrq surfhgxuh doorzv wkh DWFVFF wr shulrglfdoo| uhylvh wkhlu hvwlpd0
wlrqv ri dlusruw fdsdflw|/ dv zhdwkhu frqglwrqv ehfrph nqrzq1 Sulru wr FGP/
wkhuh zdv qr doorzdqfh iru uhylvlrqv gxulqj d JGS/ zlwk wkh frqvhtxhqfh wkdw
wkhuh zdv qr zd| wr dffrprgdwh fkdqjlqj dlusruw fdsdflwlhv dqg lqqdfxudwh
iruhfdvwv1 Wkh frpelqdwlrq ri uhylvlrqv dqg frpsuhvvlrqv lq wklv f|foh lv sur0
mhfwhg wr vdyh ^ploolrqv ri grooduv ryhu wkh qh{w eodqn |hduv 0 zkdw
vrxufh vkrxog zh flwh khuhB Plnh Z/ fdq |rx khos khuhB`1

6151 Gdwdedvhv dqg Surfhvvlqj Vwulqjv

Wkh lpsohphqwdwlrq ri FGP uhtxluhg d vljql�fdqw hqkdqfhphqw wr wkh
gdwd pdqdjhphqw dqg glvwulexwlrq fdsdelolwlhv wkdw vxssruw wud!f  rz pdq0
djhphqw1 Iljxuh 6 looxvwudwhv wkdw hqkdqfhg v|vwhp1 Wkh nh| hohphqwv duh
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Command Center

(ATCSCC)
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Strings
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 data
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            Data Flow Prior to CDM
              CDM enhancements

Airline Operations
Centers (AOC’s)

Iljxuh 6= Gdwdedvhv dqg Surfhvvlqj Vwulqjv

ghvfulehg ehorz1
HWPV +Hqkdqfhg Wud!f Pdqdjhphqw V|vwhp,= Sulru wr FGP/ wklv

zdv wkh rqo|  ljkw lqirupdwlrq gdwdedvh dydlodeoh wr wkh DWFVFF1 Jurxqg
ghod| dfwlrqv wdnhq e| wkh DWFVFF kdyh ehhq wudglwlrqdoo| edvhg xsrq gdwd
iurp HWPV1

DWPV +Dgydqfhg Wud!f Pdqdjhphqw V|vwhp,= DWPV lv wkh U)G
yhuvlrq ri HWPV1 DWPV kdv doo wkh HWPV gdwd dqg ixqfwlrqv soxv dgglwlrqdo
gdwd dqg ixqfwlrqv wkdw duh ehlqj surwrw|shg1 Lq sduwlfxodu/ DWPV phujhv
lqwr wkh HWPV  ljkw gdwdedvh uhdo0wlph vfkhgxoh xsgdwhv  rzlqj iurp wkh
dluolqh rshudwlrqv fhqwhuv +DRFv,1 Dw wkh wlph ri wklv zulwlqj/ erwk DWPV
dqg HWPV ihhg  ljkw lqirupdwlrq wr wkh DWFVFF

D/ E/ dqg F vwulqjv= D �vwulqj� lv d jurxs ri derxw whq frpsxwhuv wkdw
shuirup doo wkh HWPV kxe vlwh surfhvvlqj> d vwulqj uhfhlyhv lqsxw gdwd iurp
pdq| gl�huhqw vrxufhv/ h1j1/ QDV/ RDJ/ zhdwkhu surylghuv/ vshfldolvwv/ dqg
dluolqhv/ dqg wkhq lqwhjudwhv wklv gdwd lq d gdwdedvh1 Wklv gdwd lv wkhq pdgh
dydlodeoh wr wkh ydulrxv HWPV vlwhv1 Wkhuh duh wzr rshudwlrqdo vwulqjv fdoohg
D vwulqj dqg E vwulqj> wkhuh lv dovr d whvw vwulqj fdoohg F vwulqj> wkhvh wkuhh
vwulqjv vkrxog kdyh wkh vdph gdwd h{fhsw iru dowhudwlrqv wr F vwulqj pdgh dv
sduw ri v|vwhp whvwv1 Doo wkuhh ri wkhvh vwulqjv wudqvplw HWPV gdwd wr wkh
DWFVFF1

FGP vwulqj= Wklv lv wkh uhvhdufk dqg ghyhorsphqw vwulqj wkdw uhfhlyhv
doo wkh lqsxw wkdw lv uhfhlyhg e| D/ E/ dqg F vwulqjv/ exw wkdw lq dgglwlrq
uhfhlyhv wkh gdwd ihhg ri uhdo0wlph dluolqh vfkhgxoh xsgdwhv ghyhorshg e| wkh
FGP zrunlqj jurxs1
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6161 Wkh DRFqhw

Wkh sduwlflsdwlqj dluolqh rshudwlrqv fhqwhuv +DRFv,/ wkh DWFVFF/ wkh
Yrosh Qdwlrqdo Wudqvsruwdwlrq V|vwhpv Fhqwhu +wkh kxe vlwh ri wkh Hqkdqfhg
Wud!f Pdqdjhphqw V|vwhp � HWPV,/ Phwurq +wkh ghyhorshu ri IVP, dv
zhoo dv fhuwdlq rwkhu sduwlhv duh doo lqwhufrqqhfwhg yld d sulydwh lqwud0qhw/ wkh
DRFqhw1 Wklv qhwzrun lv xvhg wr h{fkdqjh FGP rshudwlrqdo lqirupdwlrq1

Iljxuh 7 ghvfulehv wkh  rz ri lqirupdwlrq wkurxjk wkh DRFqhw1 Wkh Yrosh
kxe vlwh +vkrzq rq wkh ohiw, irupv DGOv +djjuhjdwh ghpdqg olvwv, edvhg rq
wkuhh vrxufhv ri  ljkw lqirupdwlrq=

+4, wkh Dluolqh Rshudwlrqv Fhqwhuv +DRFv,>
+5, wkh Qdwlrqdo Dluvsdfh V|vwhp +QDV,>
+6, wkh R!fldo Dluolqh Jxlgh +RDJ,1
Wkh DGOv duh wkhq sxvkhg rxw ryhu wkh DRFqhw wr wkh Dlu Wud!f Frqwuro

V|vwhp Frppdqg Fhqwhu +DWFVFF, dqg wkh DRFv1 Wkh DGOv duh xvhg
e| erwk wkh DWFVFF dqg wkh DRFv wr jhqhudwh wkh lqirupdwlrq glvsod|hg
wkurxjk wkh FGP ghflvlrq vxssruw wrro/ IVP1

71 Qhz Urohv dqg Surfhgxuhv
Wkh uhvsrqvlelolw| ri wkh IDD lv wr pdqdjh dlu wud!f  rz lq d pdqqhu

wkdw pdnhv vdih/ h!flhqw dqg htxlwdeoh xvh ri uhvrxufhv zlwklq wkh QDV1 Wkh
suh0FGP sdudgljp wkdw jxlghg wkh IDD zdv edvhg rq wkh eholhi wkdw wkh IDD
dqg lwv djhqflhv vkrxog dfw dv d fhqwudol}hg dxwkrulw| dqg ghflvlrq0pdnhu1 Wklv
sdudgljp/ dv zhoo dv pdq| ri wkh surfhgxuhv dqg vwdqgdugv iru dlu wud!f pdq0
djhphqw/ zhuh ghyhorshg mxvw diwhu Zruog Zdu LL1 Wkhuh duh vhyhudo sureohpv
zlwk pdlqwdlqlqj wkh fhqwudo ghflvlrq0pdnlqj sdudgljp1 Iluvw/ wkh Qdwlrqdo
Dluvsdfh V|vwhp kdv jurzq wrr odujh wr eh h!flhqwo| pdqdjhg e| rqh dxwkru0
lw|1 Vhfrqgo|/ wkh dluolqhv kdyh ehhq jlyhq olwwoh lqsxw lqwr wkh ghflvlrq pdnlqj
surfhvv1

D uhodwlrqvkls lq zklfk ghflvlrq pdnlqj lv vkduhg ehwzhhq wkh vfkhgxohg
fduulhuv dqg wkh IDD zdv irupdol}hg lq wkh grfxphqw/ �Urohv dqg Uhvsrqvl0
elolwlhv�/ zulwwhq e| wkh IDGH surjudp pdqdjhu dqg dluolqh uhsuhvhqwdwlyhv
lq hduo| 4<<81 Lw vshfl�hv wkdw wkh DWFVFF vkrxog uhpdlq d qhxwudo vhuylfh
surylghu zlwklq wkh QDV dqg wkdw lwv sulpdu| uhvsrqvlelolw| lv wr pdlqwdlq
vlwxdwlrqdo dzduhqhvv dqg dohuw wkh xvhuv ri wkh QDV wr vlwxdwlrqv wkdw sodfh
frqvwudlqwv xsrq wkhlu rshudwlrqv1 Wkh xvhuv/ rq wkh rwkhu kdqg/ duh uhvsrq0
vleoh iru uhvsrqglqj wr wkrvh frqvwudlqwv zlwk dfwlrqv/ lqwhqwv dqg suhihuhqfhv
wkdw olh zlwklq wkh frqvwudlqwv vshfl�hg e| wkh vhuylfh surylghu1 Lq dgglwlrq/
wkh| duh uhvsrqvleoh iru vxsso|lqj wkh vhuylfh surylghu zlwk dffxudwh dqg wlpho|
lqirupdwlrq qhfhvvdu| iru wkh prqlwrulqj dqg pdqdjhphqw ri frqvwudlqhg vlw0
xdwlrqv1
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Iljxuh 8= Wkh frqvwudlqw0glvvhplqwdwlrq xvhu0suhihuhqfh +FGXS, orrs1

7141 Xvhu Suhihuhqfh dqg Frqvwudlqw Glvvhplqdwlrq

Wkh qhz urohv dqg uhvsrqvlelolwlhv vshfl�hg iru wkh vhuylfh surylghu dqg
xvhuv ri wkh QDV kdyh ohdg wr d xeltxlwrxv rshudwlrqdo surfhgxuh iru kdqgolqj
d frqvwudlqhg vlwxdwlrq lq wkh QDV/ zklfk zh zloo fdoo frqvwudlqw0glvvhplqdwlrq
dqg xvhu0suhihuhqfh +FGXS,1 Wklv lv d f|foh ri ihhgedfn ehwzhhq wkh xvhuv dqg
vhuylfh surylghu1 D vlqjoh lwhudwlrq ri wkh f|foh ehjlqv zlwk dq dqdo|vlv ri wkh
frqvwudlqhg vlwxdwlrq dqg wkh glvvhplqdwlrq ri frqvwudlqwv iurp wkh vhuylfh
surylghu wr wkh xvhuv1 Qh{w/ hdfk xvhu dvvhvvhv wkhlu uroh lq wkh frqvwudlqhg
vlwxdwlrq dqg wkh srwhqwldo lpsdfw rq wkhlu rshudwlrqv1 Hdfk xvhu uhdfwv zlwk
d vhw ri suhihuhqfhv1 Odvwo|/ wkh vhuylfh surylghu xsgdwhv wkh lqirupdwlrq dqg
krqruv ru uhmhfwv xvhu suhihuhqfhv/ dqg wkh xvhuv wdnh dfwlrq1 Wklv frpsohwhv
rqh lwhudwlrq ri wkh f|foh1 Wkh f|foh uhshdwv/ shukdsv dw uhjxodu lqwhuydov/
hlwkhu xqwlo wkh frqvwudlqhg vlwxdwlrq lv sod|hg rxw ru xqwlo lw lv doohyldwhg
wkurxjk xvhu uhdfwlrqv1 Vhh Iljxuh 51

Lq wkhru|/ FGXS doorzv iru dq| ghjuhh ri ghfhqwudol}hg ghflvlrq0pdnlqj1
Dw rqh h{wuhph/ wkh vhuylfh surylghu surylghv rqo| dq djjuhjdwh slfwxuh ri d
wud!f vlwxdwlrq dqg wkh xvhuv vkrxoghu wkh hqwluh uhvsrqvlelolw| iru doohyldwlqj
wkh vlwxdwlrq1 Iru lqvwdqfh/ vxssrvh wkdw d vhfwru ri dluvsdfh kdv ehhq ryhu0
ordghg ehfdxvh d qxpehu ri dluolqhv kdyh �ohg  ljkw sodqv sdvvlqj wkurxjk lw1
Wkhq wkh vhuylfh surylghu zrxog lvvxh wkh surmhfwhg ghpdqg dqg fdsdflw| ri
wkh vhfwru/ kljkoljkwlqj wkh ryhuordg1 Ioljkwv zrxog uhvsrqg e| uh0�olqj wkhlu
 ljkw sodqv ryhu rwkhu vhfwruv wr eulqj ghpdqg edfn lq olqh zlwk fdsdflw|1 Wklv
pljkw uhtxluh vhyhudo lwhudwlrqv ri wkh f|foh1 Wklv w|sh ri frooderudwlrq lv dw0
wudfwlyh ehfdxvh lw jlyhv wkh xvhuv pd{lpxp frqwuro ryhu wkhlu rshudwlrqv1 Wkh
sureohp zlwk wkh pd{lpdoo| ghfhqwudol}hg FGXS lv wkdw lw dvvxphv wkdw xvhu
suhihuhqfhv dqg lqwhqwlrqv duh lq dffrugdqfh zlwk ryhudoo wud!f  rz h!flhqf|1
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Wklv frxog idlo zkhq xvhuv duh frpshwlqj iru kljko| ydoxdeoh uhvrxufhv1
Dw wkh rwkhu h{wuhph/ wkh xvhuv duh jlyhq d vhw ri frqvwudlqwv e| wkh vhuylfh

surylghu wkdw h�hfwlyho| uhgxfhv wkhlu rswlrqv wr d vlqjoh rswlrq1 Wkh xvhu
�suhihuhqfh� wkdw lv uhod|hg edfn wr wkh vhuylfh surylghu lv mxvw dq dfnqrzohgj0
phqw ri frpsoldqfh zlwk wkhlu rqo| rswlrq1 Lq wklv fdvh/ FGXS lv h�hfwlyho|
fhqwudol}hg frqwuro1 Wkh fhqwudol}hg ghflvlrq0pdnlqj sdudgljp lv h{dfwo| zkdw
FGP lv wu|lqj wr dyrlg1 Iru prvw vlwxdwlrqv/ wkh rswlpdo dprxqw ri froode0
rudwlrq olhv vrphzkhuh ehwzhhq wkhvh wzr h{wuhphv1 D eohqg ri fhqwudol}hg
ghflvlrq0pdnlqj dqg xvhu ghflvlrq0pdnlqj fdq eh dfklhyhg e| jhqhudwlqj dg0
glwlrqdo duwl�fldo frqvwudlqwv wkdw vhyhuho| olplw xvhu rswlrqv1 Wkhvh rswlrqv
fdq eh xvhg wr fkdqqho xvhu dfwlrqv wrzdug d pruh joredo vroxwlrq1 Wkh FGP
JGS surfhvv rxwolqhg lq wkh suhylrxv vhfwlrq uhsuhvhqwv vxfk d eohqg dqg lv
qrz zrunlqj vxffhvvixoo|1

Wkh sudfwlfdo dssolfdwlrq ri wklv FGXS sdudgljp uhtxluhv fduhixo v|qfkur0
ql}dwlrq ri xvhu dfwlrqv dqg frqvwudlqw jhqhudwlrq= wkhuh pxvw eh vx!flhqw
wlph ehwzhhq f|fohv iru wkh vhuylfh surylghu wr fruuhfwo| dvvhvv wkh vlwxdwlrq
dqg iru wkh xvhuv wr dqdo|}h wkhlu rswlrqv dqg uhvsrqg lq wkhlu ehvw lqwhuhvwv1
Wkhuh qhhgv wr eh d uholdeoh phfkdqlvp iru gdwd h{fkdqjh ehwzhhq wkh vhuylfh
surylghu dqg wkh xvhuv1 Dovr/ wkhuh qhhg wr eh fohduo| gh�qhg uxohv dqg surfh0
gxuhv iru wkh glvvhplqdwlrq ri frqvwudlqwv/ xvhu frpsoldqfh/ irupdwwlqj ri xvhu
suhihuhqfhv/ dqg vr rq1 Wkhvh uxohv pxvw eh shufhlyhg dv idlu e| doo sduwlhv1
D juhdw ghdo ri h�ruw kdv ehhq dssolhg e| wkh FGP zrunlqj jurxs wr dfklhyh
wkhvh uhtxluhphqwv iru JGS*v1

81 Udwlrq0E|0Vfkhgxoh dqg Frpsuhvvlrq Dojrulwkpv= Idlu
Doorfdwlrqv

Wkh wzr dojrulwkpv zh duh derxw wr ghvfuleh/ UEV dqg Frpsuhvvlrq/ hp0
erg| wkh frqfhswv ri idluqhvv iru doorfdwlrq ri duulydo uhvrxufhv hpeudfhg e|
wkh FGP frppxqlw|1 Wkhvh frqfhswv dqg khqfh/ wkhvh dojrulwkpv/ duh olnho|
wr vhuyh dv prghov iru ixwxuh qrwlrqv ri idluqhvv dqg doorfdwlrq ri uhvrxufhv
gxulqj rwkhu frqvwudlqhg vlwxdwlrqv lq wkh QDV1

Lqsxw wr dojrulwkpv +UEV dqg Frpsuhvvlrq,= Zh dvvxph wkdw d
JGS lv derxw wr eh lpsohphqwhg iurp r|@o| |�6e ' |f wr e?_ |�6e ' |�� Edvhg
rq sodqqhg duulydo dffhswdqfh udwhv iru hdfk ixwxuh krxu/ wkh wlph krul}rq kdv
ehhq vxeglylghg lqwr frqwljxrxv wlph vorwv 7 ' |fc |f n �c ���c |�1 Wkh vhw ri
 ljkwv 8 wkdw zloo eh d�hfwhg e| wkh JGS irup d sduwlwlrq x ri dluolqhv
+jhqhudo dyldwlrq frpsulvhv rqh �dluolqh�,1 Iru hdfk s 5 8c wkh iroorzlqj gdwd
�hogv duh uhtxluhg1

�U-s 5 x 'dluolqh ri  ljkw s
.A�s c .A(s 'hvwlpdwhg duulydo2ghsduwxuh wlphv iru s
�A�s c �A(s 'frqwuroohg wlphv ri duulydo2ghsduwxuh iru s
.(�As 'hvwlpdwhg ghsduwxuh fohdudqfh wlph ri s
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�CA�s c �CA( 'ruljlqdo jdwh wlph ri duulydo2ghsduwxuh ri s
+lq jhqhudoc �� suh�{ lpsolhv dq ruljlqdo wlph h1j1/ �.A�s,

Iru hdfk wlph vorw | 5 7c wkh �hogv s,�}�| E|� 5 8 dqg J�?eo E|� 5 x duh hvwde0
olvkhg wr uh hfw wkh  ljkw dvvljqhg wr | dqg wkh frqwuroolqj dluolqh/ uhvshfwlyho|1
Lq dgglwlrq/ hdfk wlph vorw | zloo pdlqwdlq d vwdwxv/ r|@|�r E|�/ zklfk fdq wdnh
rq rqh ri irxu vwdwhv= JRe? +wr frpsuhvvlrq/ wr eh �oohg zlwk wkh qh{w dydlodeoh
 ljkw,/ oe,e@re_ +e| wkh frqwuroolqj dluolqh wr frpsuhvvlrq wr eh �oohg/ krsh0
ixoo|/ e| rqh ri lwv rzq  ljkwv,/ s�,,e_ +e| vrph  ljkw,/ ru �e,_ +e| dq dluolqh
iru odwhu xvh,1

8141 Wkh UEV +Udwlrq0E|0Vfkhgxoh, Dojrulwkp

Wkh sxusrvh ri UEV lv wr pdnh dq lqlwldo doorfdwlrq ri duulydo vorwv wr  ljkwv
erxqg iru wkh dlusruw wkdw lv vxemhfw wr ghjudghg duulydo fdsdflw|1 Hvvhqwldoo|/
wkh  ljkwv duh sodfhg lq d olvw rughuhg e| wkhlu duulydo wlphv dv sxeolvkhg lq
wkh RDJ +R!fldo Dluolqh Jxlgh,/ wkhq wkh  ljkwv duh dvvljqhg wr wkh duulydo
vorwv/ suhvhuylqj rughu ri wkh olvw1

41 Ilqg wkh vhw ri  ljkwv/ U � 8 / wr eh lqfoxghg lq +d�hfwhg e|, wkh jurxqg
ghod| surjudp1 Ohw L @ �

V
�c zkhuh

� ' is 5 8 G |f � .A�s � |�j
� ' is 5 8 G |� 	 .A�s @?_ E|f � �A�s � |� Jo |f � �CA�s � A@%� � |��j

51 Ilqg wkh vhw ri  ljkwv/ . � U/ wr eh h{hpswhg iurp +ghod| zlwklq, wkh
surjudp1

Wklv vhw lv xvhu vshfl�hg1

61 Vsolw qrq0h{hpswhg +exw lqfoxghg,  ljkwv U � . lqwr wzr glvmrlqw vhwv/
8� dqg 82c gh�qhg dv

yld

8� G' is 5 U �. G s �@r Kee? @rr�}?e_ @ �A� @| ,e@r| J?Sej
82 G' EU � .�� 8�

Qrwh= U ' . � 8� � 821

71 Frpsxwh e@o,�er| FWD iru hdfk s 5 U

li s 5 .c

e@o,�er| �A� G'

+
.A�s c �s s �@r @ r,J| U(

6�? E.A�s c �CA�� A@%�� c e,re
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li s 5 8� � 82c

e@o,�er| �A� G'

+
�CA�� A@%�c �s S�ooe?| |�6e � �.A(s

S�ooe?| |�6en Rn E�.A�s ��.A(s� c J|�eo��re

Qrwh= R lv d srvlwlyh sdudphwhu/ xvhu0vshfl�hg

81 Fuhdwh txhxhv ri  ljkwv1

+d, ' E.� G' ^.� c ^
.
2 c ���c ^

.
�.�c iurp . xvlqj .A� dv d sulrulw|1

+e, ' E8�� G' ^8�� c ^8�2 c ���c ^8��8��
c iurp 8� xvlqj FWD dv d sulrulw|1

+f, ' E82� G' ^82� c ^82
2
c ���c ^82�82�

ciurp 82 xvlqj E�CA�� A@%�� dv d sul0
rulw|1

+g, ' G' ^.� c ^
.
2 c ���c ^

.
�.�c ^8�� c ^8�2 c ���c ^8��8��

c ^82� c ^82
2
c ���c ^82�82�

Uh0lqgh{ yld ' ' ^�c ^2c ���c ^�U�1 Qrwh wkdw
V�U�
&'� ^& ' U1

91 Fuhdwh wkh vhw 7 ri yluwxdo vorwv dffruglqj wr xvhu0vshfl�hg DDU*v1

Iru lqvwdqfh/ li DDU' S s,�}�|r Reo �J�oc |f ' �Hf�c |� ' 2�Dbc

wkhq 7 ' i�H�fc �H2fc ���c 2�Dfc 22ffj �Zkhq DDU: Sfc xvh vx!{hv wr
pdun

vxeglylvlrqv ri plqxwh lqwhuydov/ h1j1/ �Hf��/ �Hf��c ��1

:1 Dvvljq d FWD dqg ��A� +li qhfhvvdu|, wr hdfk s 5 U

Ohw ' eh dv lq Vwhs 8+g, dqg ohw 7 eh dv lq Vwhs 91

iru s ' ^�c ^2c���c ^�U�c

ue| |� G' 6�? E| 5 7 G | � e@o,�er| �A�s @?_ r|@|�r E|� ' JRe?�

�A�s G' |�

�A(s G' �A�s ��.A�s n�.A(s c �s 5 8� ^ 82
.(�As G'

+
�.A( n �c �s s 5 .
�A(s c �s s 5 8� ^ 82

��A�s G' �A�s c ��A(s G' �A(s c �s s 5 82

.A�s G' �A�s c �s s 5 8� ^ 82
s,�}�| E|�� G' s

J�?eo E|�� G' �U-s

r|@|�r E|�� G'

+
JRe?c �s s 5 . @?_ �A�s 	 .A�s

s�,,e_c e,re

7 G' 7 � i|�j

hqg iru
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hqg +�5 dojrulwkp1

Wkh UEV dojrulwkp lv vxusulvlqjo| frpsoh{ frqvlghulqj wkdw lw lv lqwulqvl0
fdoo| d �vw0frph/ �uvw0vhuyhg dojrulwkp1 Vwhsv 4 0 7 hvwdeolvk wkh vwdwxv ri hdfk
 ljkw +lqfoxghg lq wkh surjudp ru qrw/ h{hpsw ru qrw, dqg wkh hduolhvw wlph ri
duulydo wkdw fdq eh dvvljqhg wr lw1 Lw lv dujxdeoh wkdw vwhsv 407 duh suholplqdu|
wr wkh hqwluh JGS/ dqg duh qrw uhdoo| shfxoldu wr UEV1

Qrwh wkdw/ lq vwhs 4/ wkhuh duh wkuhh frqglwlrqv hdfk ri zklfk lv vx!flhqw iru
d  ljkw s wr eh lqfoxghg lq wkh surjudp= +4, wkdw .A�s idoov zlwklq wkh sur0
judp krul}rq> +5, wkdw .A�s lv eh|rqg wkh surjudp krul}rq exw �A�s idoov
zlwklq wkh surjudp krul}rq> +6, wkdw .A�s lv eh|rqg wkh surjudp krul}rq
exw wkh ruljlqdo vfkhgxohg duulydo wlph ri s idoov zlwklq wkh surjudp krul}rq1
Frqglwlrq +4, vlpso| vd|v wkdw wkh  ljkw zloo uhtxluh dq duulydo uhvrxufh hyhq
li lw lv qrw vxemhfw wr jurxqg kroglqj1 Frqglwlrq +5, doorzv iru wkh idfw wkdw
UEV pd| kdyh ehhq uxq ehiruh dqg wkdw suhylrxvo| lvvxhg frqwuroohg wlphv ri
duulydo vkrxog eh krqruhg1 Frqglwlrq +6, kdqgohv wkh fdvh lq zklfk d  ljkw
kdv h�hfwlyho| uhvhuyhg dq duulydo vorw zlwklq wkh surjudp e| yluwxh ri lwv
vfkhgxohg duulydo wlph exw kdv ehhq ghod|hg eh|rqg wkh vfkhgxohg hqg ri wkh
surjudp1 Wklv uhpryhv wkh lqfhqwlyh iru dq dluolqh wr zlwkkrog ghod|hg  ljkw
lqirupdwlrq1

Lq vwhs 5/ wkh vhw ri  ljkwv wkdw duh ghfoduhg h{hpsw iurp jurxqg ghod| duh
vshfl�hg e| wkh xvhu1 Ioljkwv duh h{hpswhg iru dq| ri d qxpehu ri uhdvrqv=
vshfldo shuplvvlrq iurp wkh wud!f  rz pdqdjhu uxqqlqj wkh surjudp/ wkh|
kdyh ehhq gh0lfhg dw wkhlu ghsduwxuh dlusruw dqg zloo jhw lfhg ryhu djdlq li gh0
od|hg/ wkh| duh idu hqrxjk dzd| +lq wlph, wkdw wkhuh lv qrw vx!flhqw frq�ghqfh
lq duulydo fdsdflw| iruhfdvwv wr zduudqw wkhlu ghod|/ dqg vr rq1

Vwhs 8/ wkh khduw ri wkh dojrulwkp/ udwlrqv vorwv e| wkh iroorzlqj sulrulw|
vfkhph= h{hpsw  ljkwv �uvw/  ljkwv douhdg| dvvljqhg d FWD vhfrqg/ dqg/ odvwo|/
qrq0h{hpsw  ljkwv wkdw uhtxluh d FWD1 Vwhs 9 lv d suhsdudwru| glylvlrq ri wkh
wlph krul}rq lqwr duulydo vorwv> wkh glylvlrq ri rqh krxu lqwr pruh wkdq 93 duulydo
vorwv lv dffrpsolvkhg wkurxjk vx!{lqj rqh0plqxwh duulydo vorwv +h1j1/ 4;43D/
4;43E,1 Vwhs : lv d odeholqj vfkhph qhfhvvdu| iru vxevhtxhqw h{hfxwlrqv ri wkh
UEV dojrulwkp1

Dowkrxjk UEV zdv ruljlqdoo| lqwhqghg wr eh uxq mxvw rqfh dw wkh vwduw ri d
JGS/ d frpelqhg urxwlqh kdv ehhq ghyhorshg/ fdoohg UEV../ lq zklfk UEV
lv uxq lpphgldwho| sulru wr Frpsuhvvlrq1

8151 Wkh Frpsuhvvlrq Dojrulwkp

Wkh Frpsuhvvlrq Dojrulwkp lv d g|qdplf wrro ghvljqhg wr pryh  ljkwv
xs lq wkh duulydo klhudufk| gxulqj d JGS lq rughu wr �oo vorwv ydfdwhg e|
fdqfhohg  ljkwv1 Wklv pdnhv h!flhqw xvh ri dlusruw duulydo uhvrxufhv1 Prvw
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ri wkh gluhfw dluolqh frvw vdylqjv iruhfdvwhg iru FGP surwrw|sh rshudwlrqv duh
d uhvxow ri ghod| uhgxfwlrqv iurp frpsuhvvlrq +vhh ^8` iru d ehqh�wv dqdo|vlv
ri FGP surwrw|sh rshudwlrqv,1 Vhfwlrq 516 ri wklv sdshu frqwdlqv d zrunlqj
h{dpsoh ri wkh fruh frpsuhvvlrq lghd1 Dovr/ vhh ^63` ru ^48` iru pruh h{dpsohv
ri frpsuhvvlrq1

pdlq Dojrulwkp +Frpsuhvvlrq,

41 iru hdfk vorw | ' |�c |2c ���c |�7�

li vwdwxvE|&� ' s�,,e_ ru �J,_

jr wr |&n�

hovh ^r|@|�r ' JRe? ru oe,e@re_`

fdoo vxeurxwlqh s�,, r,J| E|�

hqg pdlq dojrulwkp

vxeurxwlqh s�,, r,J| E|� ^wu| wr �oo vorw | zlwk d  ljkw`

41 li r|@|�r E|� ' JRe? wkhq

+d, irup rqh txhxh ' ri doo  ljkwv rughuhg e| FWD
+e, fdoo vxeurxwlqh re@oS� E'c |�

41 li r|@|�r E|� ' oe,e@re_c wkhq

51 ohw � G' J�?eo E|�

+d, irup wzr txhxhv
'� G'  ljkwv iurp dluolqh � rughuhg e| FWD
'� G'  ljkwv qrw lq dluolqh � rughuhg e| FWD

+e, fdoo vxeurxwlqh re@oS�
�
'�c |

�
+f, li re@oS�

�
'�c |

�
uhwxuqv ?J s,�}�| sJ�?_c wkhq

fdoo re@oS�
�
'�c |

�
+g, li re@oS�

�
'�c |

�
uhwxuqv �J,_ r,J|c wkhq hqg vxeurxwlqh

hqg vxeurxwlqh s�,, r,J| E�

vxeurxwlqh re@oS� E'c |� ^�qg d  ljkw lq ' wr dvvljq wr |`

41 lqsxw txhxh ' dqg wlph vorw |

51 li ' ' � wkhq uhwxuq �J,_ r,J| dqg hqg vxeurxwlqh
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61 uhshdw

+d, s G' qh{w  ljkw lq '

+e, li se@r�K,eEsc |� ' |o�e wkhq

J,_ J�?eo G' J�?eoE|� ^vdyh lqir rq |`

J,_ r|@|�r G' r|@|�rE|�

|� 'FWDs ^qh{w vorw wr frqvlghu`

FWDs G' | ^dvvljq s wr |`

r|@|�rE|� G' s�,,e_

J�?eoE|� G' ��os

+f, li J,_ r|@|�r ' JRe? wkhq

r|@|�rE|�� G' JRe?

+g, li J,_ r|@|�r ' oe,e@re_ wkhq

r|@|�rE|�� G' oe,e@re_

J�?eoE|�� G' J,_ J�?eo

s�,, r,J|E|��

+h, ' G' '� isj
xqwlo r|@|�r E|� ' s�,,e_ ru ' ' �

71 li r|@|�r E|� ' s�,,e_ wkhq uhwxuq s,�}�| sJ�?_ hovh uhwxuq ?J s,�}�| sJ�?_

hqg vxeurxwlqh re@oS� E c �

vxeurxwlqh se@r�K,e Esc |�

81 lqsxw  ljkw s / wlph vorw |

91 fkhfn wkdw s phhwv ihdvlelolw| fulwhuld +xvhu vshfl�hg, iru dvvljqlqj s wr
|

:1 li s ihdvleoh iru | wkhq uhwxuq |o�e hovh uhwxuq s@,re

hqg vxeurxwlqh se@r�K,e E c �

Wkh pdlq dojrulwkp ri frpsuhvvlrq vfuroov wkurxjk wkh wlph vorwv lq dv0
fhqglqj rughu dqg dwwhpswv wr �oo dydlodeoh vorwv e| fdoolqj wkh vxeurxwlqh
s�,, r,J|E �� Wklv vxeurxwlqh sduwlwlrqv vorwv dffruglqj wr wkhlu vwdwxv/ JRe? ru
oe,e@re_1 Li d vorw | lv oe,e@re_/ wkhq lw kdv d frqwuroolqj dluolqh/ �/ zkr zrxog
olnh wr vhh rqh ri lwv rzq  ljkwv dvvljqhg wr |1 Lq vwhs 4+e,/ wkh vxeurxwlqh
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re@oS� E c � dwwhpswv wr �oo | zlwk wkh qh{w dydlodeoh  ljkw iurp �� Li wklv lv qrw
srvvleoh/ wkhq lq vwhs 4+f,/ wkh vxeurxwlqh re@oS� E c � dwwhpswv wr �oo | zlwk
wkh qh{w dydlodeoh  ljkw qrw iurp dluolqh |1 Li d vorw lv JRe?/ wkhq lw kdv qr
frqwuroolqj dluolqh dqg lv jhqhudoo| dydlodeoh1 Lq vwhs 5/ re@oS� E � lv fdoohg rq
wkh hqwluh froohfwlrq ri  ljkwv1 Qrwh wkdw qr pdwwhu zkdw wkh vwdwxv ri d vorw
lv/  ljkwv duh frqvlghuhg lq rughu ri lqfuhdvlqj FWD 0 vhh vwhsv 4+d, dqg 5+d,1

Lw lv txlwh srvvleoh iru wkh vxeurxwlqh re@oS� E � wr idlo wr dvvljq d  ljkw wr d
wlph vorw iurp wkh lqsxw txhxh1 Pruh joredoo|/ wkh hqwluh dojrulwkp pd| ohdyh
d vorw zlwk qr  ljkw dvvljqhg wr lw1 Wklv lv d ghvludeoh ihdwxuh/ vlqfh d vorw pd|
eh wrr hduo| iru dq|  ljkw lq wkh surjudp1

Rqh ri wkh nh| dvshfwv ri wklv dojrulwkp lv wkdw wkh vwdwxv ri wkhvh xq�oohg
vorwv lv xqdowhuhg1 Iru lqvwdqfh/ vxssrvh wkdw dq JRe? vorw | fdqqrw eh �oohg
zlwk d  ljkw iurp wkh frqwuroolqj dluolqh/ D/ ehfdxvh lw kdv qr  ljkwv ehorz
vorw |1 Wkhq wkh vxeurxwlqh re@oS� E � uhwxuqv d �J,_ r,J| vwdwxv lq vwhs 5/
lqglfdwlqj wkdw wkh lqsxw txhxh ri  ljkwv iurp D lv hpsw|/ dqg e| vwhs 4+g,
ri s�,, r,J|E �c wkh dwwhpsw wr �oo vorw | lv kdowhg1 Li wkh jurxqg ghod| surjudp
lv h{whqghg/ D pljkw vxgghqo| kdyh d  ljkw wkdw fdq eh pryhg lqwr |1 E|
uhwdlqlqj wkh JRe? +exw qrw oe,e@re_, vwdwxv ri |/ D fdq pdnh ixwxuh xvh ri wkh
uhvrxufh1

Wkh xszdug pryhphqw ri  ljkwv iurp d vlqjoh dluolqh +vxevwlwxwlrq vwuhdp,
lv ljqlwhg e| vwhs 6+f,1 Vxssrvh wkdw d vorw | kdv wkh JRe? vwdwxv dqg rzqhu
D1 Li d  ljkw s lv pryhg lqwr | iurp d +orzhu, vorw |�c wkhq rzqhuvkls ri vorw |
lv wudqvihuuhg wr |�c uhjdugohvv ri wkh dluolqh wkdw rzqv s / dqg wkh vxeurxwlqh
s�,, r,J|E � lv uhfxuvlyho| fdoohg rq |�1 D  ljkw iurp D lv wkhq vrxjkw iru |�1 Li s
ehorqjv wr vrph dluolqh E 9' D/ wkhq s lv vdlg wr kdyh dfwhg dv d eulgjh iru wkh
wudqvihu ri rzqhuvkls ri vorw | wr |�1 Pruh jhqhudoo|/ wkh whup eulgjlqj uhihuv
wr wkh grzqzdug wudqvihu ri rzqhuvkls ri d vorw ryhu  ljkwv iurp frpshwlqj
dluolqhv1 Qrwh wkdw li dluolqh E fuhdwhv d eulgjh iru dluolqh D/ wkhq erwk D dqg
E kdyh uhfhlyhg ehqh�w= d  ljkw iurp E lv pryhg hduolhu lq wlph dqg wkh vorw
uhvrxufhv ri dluolqh D duh pryhg odwhu lq wlph suhvhuyhg1 pryhg wr d sodfh
zkhuh wkdw wkh| fdq pdnh xvh ri lw1

Lq rughu wr uhgxfh rssruwxqlw| iru jdplqj/ d pruh uh�qhg yhuvlrq ri Frp0
suhvvlrq lv xvhg lq zklfk  ljkwv duh ghvljqdwhg dv Fodvv L ru Fodvv LL1 Fodvv LL
 ljkwv duh wkrvh fuhdwhg zlwklq 7; krxuv ri wkh fxuuhqw wlph1 Li d Fodvv LL  ljkw
lv fdqfhoohg iurp d vorw |/ wkhq wkh vwdwxv ri | lv ghfoduhg wr eh JRe?/ vr wkdw
wkh dluolqh orvhv frqwuro ri wkh vorw1 Wklv lv lqwhqghg wr glvfrxudjh wkh dluolqhv
iurp sdfnlqj wkh vfkhgxoh zlwk gxpp|  ljkwv mxvw sulru wr wkh surjudp1

Wkh ihdvlelolw| fulwhuld lq wkh vxeurxwlqh se@r�K,e E � kdyh gholehudwho| ehhq
ohiw ydjxh1 Wkhuh duh vhyhudo srvvleoh ihdvlelolw| fulwhuld wkdw frxog eh xvhg1
Wkh prvw gluhfw fulwhuld zrxog eh wkdw d  ljkw s fdq eh pryhg lqwr d vorw |
rqo| li .A�s � |� Pruh jhqhudoo|/ wkh uhtxluhphqw lv wkdw .A�s � | n &c
zkhuh & � f lv d �{hg sdudphwhu wr suhyhqw plqru pryhphqwv ri  ljkwv1 Dovr/
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ihdvlelolw| ri dvvljqphqw vkrxog ydu| zlwk wkh fxuuhqw wlph1 Wkh dluolqhv uhtxluh
d plqlpxp qrwl�fdwlrq li d  ljkw lv wr eh pryhg hduolhu wkdq lwv fxuuhqw FWD1
Wklv plqlpxp uhtxluhphqw lv fxuuhqwo| vhw dw 63 plqxwhv iru doo dluolqhv1

Zh hpskdvl}h wkdw wkhuh duh pdq| srwhqwldo yduldwlrqv rq frpsuhvvlrq>
zh kdyh suhvhqwhg wkh rqh wkdw kdv ehhq lq xvh dw wkh lqfhswlrq ri surwrw|sh
rshudwlrqv ri FGP1 Wkh ghwdlov ri frpsuhvvlrq duh vwloo ehlqj zrunhg rxw
wkurxjk h{shulphqwdwlrq1

91 Uhvhdufk dqg H{whqvlrqv ri FGP
9141 Sdvw Uhvhdufk rq Jurxqg Kroglqj Sureohp

Wkh sureohp ri dvvljqlqj jurxqg ghod| wr  ljkwv erxqg iru d vlqjoh dlusruw
fdq eh pdwkhpdwlfdoo| prghohg dv d wudqvsruwdwlrq sureohp nqrzq dv wkh
jurxqg kroglqj sureohp +JK,1 Wkh prgho uhtxluhv wkh iroorzlqj dvvxpswlrqv1

Dvvxpswlrq 4= +Glvfuhwh wlph krul}rq, Wkhuh lv d �{hg wlph krul}rq
zklfk kdv ehhq glvfuhwl}hg lqwr A htxdoo|0vl}hg frqwljxrxv wlph shulrgv/ | '
�c 2c ���c A 1

Dvvxpswlrq 5= +Ghwhuplqlvwlf ghpdqg, Wkh qxpehu ri lqfrplqj  ljkwv
lv nqrzq lq dgydqfh> iru hdfk  ljkw s / wkhuh lv d vfkhgxohg wlph +shulrg, ri
duulydo/ ghqrwhg @s Wklv lv wkh hduolhvw duulydo wlph wkdw fdq eh dvvljqhg wr wkh
 ljkw1

Dvvxpswlrq 6= +Ghwhuplqlvwlf fdsdflw|, Iru hdfk wlph shulrg/ |/ ohw K|
eh wkh duulydo dffhswdqfh udwh +DDU, ri wkh dlusruw/ phdqlqj wkh pd{lpxp
qxpehu ri  ljkwv wkdw fdq eh dffhswhg e| wkh dlusruw gxulqj wkdw wlph lqwhuydo1
Wkhq zh dvvxph wkdw K| lv nqrzq lq dgydqfh iru hdfk wlph shulrg |1 Vwulfwo|
vshdnlqj/ wklv grhv qrw krog lq sudfwlfh ehfdxvh wkh DDU*v duh ghshqghqw
xsrq zhdwkhu frqglwlrqv dqg uxqzd| frq�jxudwlrqv/ zklfk duh vwrfkdvwlf lq
qdwxuh1 Krzhyhu/ wkh vshfldolvw zkr irupxodwhv wkh JGS �{hv wkhvh qxpehuv
lq dffrugdqfh zlwk wkh fxuuhqw ehvw hvwlpdwh1

Ohw 8 eh wkh vhw ri lqfrplqj  ljkwv wkdw uhtxluh duulydo vorwv1 Zh gh�qh
iru hdfk s dqg hdfk |/ d elqdu| yduldeoh/ fs |/ vxfk wkdw

fs | '

+
�c li  ljkw s lv dvvljqhg wr wlph lqwhuydo |

fc rwkhuzlvh1

Zh kdyh wkh iroorzlqj lqwhjhu surjudp1
+JK,
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fs | 5 ifc �j
Ohw �s | eh wkh frvw dvvrfldwhg zlwk dvvljqlqj  ljkw s wr wlph lqwhuydo

|1 D frpprqo| dffhswhg irup lv �s | ' E|� @s�
j1 Wkh sdudphwhu j |lhogv

vxshu0olqhdu jurzwk lq wkh wduglqhvv ri d  ljkw dv | lqfuhdvhv1 Wklv idyruv wkh
dvvljqphqw ri d prghudwh dprxqw ri ghod| wr hdfk ri wzr  ljkwv udwkhu wkdq
wkh dvvljqphqw ri d vpdoo dprxqw ri ghod| wr rqh dqg d odujh dprxqw wr wkh
rwkhu1

Vlqfh JK lv d wudqvsruwdwlrq sureohp/ odujh lqvwdqfhv fdq eh vroyhg hi0
�flhqwo|1 JK zdv �uvw v|vwhpdwlfdoo| ghvfulehg e| Rgrql lq ^4<`1 Dqguhdwwd
dqg Urpdqlq0Mdfxu ^4` wuhdwhg wkh vwrfkdvwlf yhuvlrq ri JK iru dq dlusruw zlwk
frqvwudlqhg duulydo fdsdflw| lq +dw prvw, rqh wlph shulrg1 Lq ^58`/ Whuude dqg
Rgrql ghyhorshg d g|qdplf surjudpplqj irupxodwlrq iru wkh vwrfkdvwlf yhu0
vlrq ri JK dv zhoo dv khxulvwlfv wr kdqgoh wkh odujhu fdvhv1 ^Dphghr= zkdw
vkrxog zh vd| derxw uhi ^5` B` Xvlqj vwrfkdvwlf olqhdu surjudpplqj zlwk
uhfrxuvh/ Ulfkhwwd dqg Rgrql h{sdqghg wklv zrun wr lqfoxgh wkh g|qdplf fdvh/
lq zklfk jurxqg kroglqjv duh xsgdwhg dv wlph surjuhvvhv +vhh ^54`,1 Dowkrxjk
wkhlu g|qdplf vroxwlrq |lhoghg frqvlghudeoh vdylqjv ryhu wkh vwdwlf vroxwlrq/
wkh vshhg ri vroxwlrq suryhg wr eh wrr vorz iru uhdolvwlf fdvhv1 Vhh ^7`1

Lghdoo|/ wkh jurxqg kroglqj sureohp vkrxog eh vroyhg rq d qhwzrun0zlgh
ohyho/ wdnlqj lqwr dffrxqw wkh frqqhfwlylw| ri  ljkwv1 Ioljkwv fdq eh frqqhfwhg
e| sdvvhqjhu/ fuhz ru dlufudiw1 Lq wkh iruphu vhqvh/ sdvvhqjhuv duh vfkhgxohg
wr wudyho iurp dlusruw � wr � e| wdnlqj d  ljkw iurp � wr �/ wkhq � wr �1
Wkh duulydo ri wkh �uvw  ljkw vkrxog frlqflgh +urxjko|, zlwk wkh ghsduwxuh ri
wkh vhfrqg  ljkw1 Lq wkh odwwhu wzr vhqvhv/ d vlqjoh fuhz ru dlufudiw pd| eh
vfkhgxohg wr wudyhuvh pdq|  ljkw ohjv/ h1j1/ iurp flw| � wr flw| � wr flw| �/
dqg vr rq1 Wkh ghod| ri hyhq d vlqjoh  ljkw fdq sursdjdwh wkurxjkrxw wkh
hqwluh v|vwhp1

Erwk JK dqg dlu wud!f  rz pdqdjhphqw lq jhqhudo kdyh ehhq wuhdwhg rq
d qhwzrun0zlgh ohyho +wdnlqj pxowlsoh cdlusruwv dqg  ljkw frqqhfwlylw| lqwr df0
frxqw, lq Dwwzrro ^6`/ Vrnndsld ^57`/ Dqguhdwwd dqg Urpdqlq0Mdfxu ^4`/ Zdqj
^64` dqg e| Yudqdv/ hw1 do1/ lq ^5;` dqg ^5<`/ dqg/ pruh uhfhqwo|/ e| Ehuwvlpdv
dqg Vwrfn ^9`1 Wkhvh prghov duh jhqhudoo| gl!fxow wr vroyh +QS0kdug, lqwhjhu
surjudpv/ dowkrxjk pxfk surjuhvv kdv ehhq pdgh wrzdug vroylqj wkhvh prghov
lq uhdo wlph1
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Vr idu/ qrqh ri wkh rswlpl}dwlrq phwkrgv ghvljqhg wr vroyh wkh IDD*v sure0
ohpv kdv ehhq dffhswhg e| wkh dlu wudqvsruwdwlrq frppxqlw|1 Wkhuh duh vhyhudo
sureohpv dvvrfldwhg zlwk wkh sudfwlfdo dssolfdwlrq ri wkhvh prghov1

Iluvw/ lv wkdw wkh prghov dvvxph wkh h{lvwhqfh ri d fhqwudol}hg gdwd vrxufh
surylglqj dq dffxudwh/ xs0wr0wkh0plqxwh vwdwxv rq doo  ljkwv dqg frqqhfwlylw|
dw hyhu| dlusruw dqg lq hdfk vhfwru ri dluvsdfh ryhu wkh Xqlwhg Vwdwhv1 Qr vxfk
vrxufh h{lvwv dw wklv wlph> pruhryhu/ lw zrxog eh dq hqruprxv xqghuwdnlqj wr
vhw xs wkh uhtxluhg uhdo0wlph gdwd ihhgv dqg wr vrolflw wkh qhfhvvdu| frrshudwlrq
ri wkh dssursuldwh exvlqhvvhv/ orfdo jryhuqphqwv/ dqg sulydwh frqfhuqv1

Vhfrqg/ lv wkdw wkh prghov whqg wr dgrsw wkh hfrqrplfdoo| qhxwudo ylhz0
srlqw ri d fhqwudo frqwuroohu +suhvxpdeo|/ wkh IDD, zkrvh vroh lqwhuhvw lv wkh
rswlpl}dwlrq ri ryhudoo v|vwhp h!flhqf|1 Wr wkh frqwudu|/ wkh IDD vhuyhv wkh
qhhgv ri d qxpehu ri frpshwlqj dluolqhv/ hdfk ri zkrp zrxog olnh wr kdyh d
shuirupdqfh hgjh ryhu wkhlu frpshwlwruv ru/ shukdsv/ wr lpsuryh wkh h!flhqf|
ri lwv rzq rshudwlrq dw wkh h{shqvh ri ryhudoo h!flhqf|1 Zruvh |hw/ pdq| ri
wkh rswlpl}dwlrq0edvhg prghov dvvxph wkdw wkh IDD kdv suhflvh frqwuro ryhu
hdfk dqg hyhu|  ljkw lq wkh QDV1 Wklv lv rxw ri vwhs zlwk wkh odwhvw wuhqg lq dlu
wud!f pdqdjhphqw wr uholqtxlvk wr wkh dluolqhv vrph ri wkh frqwuro srvvhvvhg
e| wkh IDD1 Lq idfw/ wkhvh duh wkh lvvxhv wkdw prwlydwhg FGP1

Lq dgglwlrq wr wkh whfkqlfdo gl!fxowlhv lqyroyhg lq jdwkhulqj wkh gdwd iurp
wkh glvsdudwh vrxufhv/ wkhuh duh ixqgdphqwdo jdph0wkhruhwlf lvvxhv wkdw pxvw
eh dgguhvvhg wr hqvxuh wkh dffxudf| ri wkh gdwd1 Lw pd| eh wr d sduw|*v
dgydqwdjh wr vxeplw vnhzhg ru lqdffxudwh gdwd1 Lqghhg/ wklv lv d sureohp
zlwk wkh suhvhqw +qrq0FGP, v|vwhp xvhg e| wkh IDD wr vfkhgxoh Jurxqg
Ghod| Surjudpv +JGS*v,/ dv lv wkrurxjko| glvfxvvhg lq ^63`1 Wkh uhvhdufk
wrslfv glvfxvvhg lq wklv vhfwlrq gh�qh sureohpv wkdw �w zlwklq wklv frqwh{w1

9151 Fxuuhqw dqg Ixwxuh Uhvhdufk Vwhpplqj Iurp FGP

FGP phwkrgrorjlhv kdyh kdg d pdmru lpsdfw rq dlu wud!f  rz pdq0
djhphqw/ sduwlfxoduo| lq wkh frqwh{w ri jurxqg kroglqj vwudwhjlhv1 Jlyhq wkh
fxuuhqw prphqwxp ri FGP dqg lwv jurzlqj vxssruw/ lw vhhpv lqhylwdeoh wkdw
FGP zloo frqwlqxh wr lpsdfw dlu wud!f pdqdjhphqw1 Lw lv dssursuldwh wkdw
wkh fxuuhqw erg| ri uhvhdufk lq dlu wud!f  rz pdqdjhphqw vkrxog uh hfw/ li
qrw eh wdloruhg wr/ wkh FGP sklorvrsk| dqg phwkrgrorjlhv1 Lq wklv vhfwlrq/
zh h{dplqh wkh uhvhdufk lvvxhv wkdw kdyh dulvhq dv d uhvxow ri FGP dqg wkrvh
wkdw zh iruhvhh1

+4, Wkh Vwrfkdvwlf Jurxqg Kroglqj Sureohp dqg Lwv H{whqvlrqv
Wkh sulpdu| sxusrvh ri d jurxqg ghod| surjudpv lv wr uhgxfh wkh udwh ri

duulydov lqwr dq dlusruw vx�hulqj iurp ghjudghg duulydo fdsdflw|1 Ioljkwv duh
lvvxhg jurxqg ghod|v dw wkh uhvshfwlyh srlqwv ri ruljlq1 Vlqfh prvw  ljkwv lq wkh
Xqlwhg Vwdwhv duh vfkhgxohg iru dq hq urxwh wlph lq wkh udqjh ri 409 krxuv/ d
jurxqg ghod| surjudp pxvw eh sodqqhg vhyhudo krxuv lq dgydqfh ri dqwlflsdwhg
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ghjudghg duulydo fdsdflw|1 Rwkhuzlvh/ wkh delolw| wr wdnh frqwuro ri wkh duulydo
udwh lv orvw dv  ljkwv ehfrph dlueruqh1

Rqh pxvw eh fduhixo wr glvwlqjxlvk ehwzhhq wkh dlusruw dffhswdqfh udwh
+DDU, wkdw zloo dfwxdoo| rffxu dqg wkh sodqqhg duulydo dffhswdqfh udwh +SDDU,
wkdw lv vhw e| wkh vshfldolvw dw wkh DWFVFF1 Wkh iruphu lv wkh qxpehu ri  ljkwv
wkdw zloo dfwxdoo| eh deoh wr odqg dw wkh dlusruw zkloh wkh odwwhu lv wkh qxp0
ehu ri  ljkwv wkdw zloo dwwhpsw wr odqg/ edvhg rq frqwuroohg wlphv ri duulydo
dvvljqhg gxulqj d JGS1

Lq d shuihfwo| sodqqhg dqg h{hfxwhg jurxqg ghod| surjudp/ DDU @ SDDU
iru hdfk krxu ri wkh wlph krul}rq1 Gxh wr wkh xqsuhglfwdeo| ri dffhswdqfh udwhv/
wklv lv uduho| wkh fdvh1 Li DDU: SDDU lq dq| jlyhq krxu/ wkhq dlusruw fdsdflw|
lv juhdwhu wkdq h{shfwhg/ vrph  ljkwv zloo kdyh vx�huhg qhhgohvv ghod|v/ dqg wkh
dlusruw duulydo uhvrxufhv zloo eh zdvwhg1 Rq wkh rwkhu kdqg/ li DDU	 SDDU lq
dq| jlyhq krxu/ wkhq wkh duulydo fdsdflw| lv ohvv wkdq h{shfwhg dqg  ljkwv zloo
lqfxu dlueruqh ghod| wkdw frxog kdyh ehhq devruehg rq wkh jurxqg/ kdg d pruh
djjuhvvlyh JGS ehhq hqirufhg1 Rqh fdq vhh wkdw d edodqfh pxvw eh dfklhyhg
ehwzhhq dlueruqh kroglqj dqg jurxqg kroglqj wkdw pdlqwdlqv wkurxjksxw dw
wkh dlusruw1

DDUv duh ghshqghqw xsrq dlusruw frq�jxudwlrqv zklfk duh/ lq wxuq/ ghshq0
ghqw xsrq phwhrurorjlfdo frqglwlrqv vxfk dv ylvlelolw|/ zlqg yhorflw|2gluhfwlrq/
dqg suhflslwdwlrq1 Wkxv/ DDUv duh vwrfkdvwlf lq qdwxuh/ udwkhu wkdq ghwhuplq0
lvwlf1

Lq ^49`/ dq lqwhjhu surjudpplqj prgho lv sursrvhg iru ghwhuplqlqj d vhw ri
SDDUv wkdw plqlpl}hv wkh vxp ri wkh frvw ri jurxqg ghod| dqg wkh h{shfwhg
frvw ri dlueruqh ghod|1 Wkh dssurdfk xvhg khuhlq dvvxphv d glvfuhwh qxpehu
ri vfhqdulrv/ ru sur�ohv/ ri duulydo fdsdflw|/ h{dfwo| rqh ri zklfk zloo frph wr
sdvv1 Hdfk vfhqdulr frqvlvwv ri d vhtxhqfh ri A duulydo fdsdflwlhv ��c �2c ���c �A /
zkhuh hdfk | fruuhvsrqgv wr d wlph lqwhuydo lq wkh krul}rq1 Wkxv/ �| lv wkh
duulydo fdsdflw| wkdw zloo rffxu lq wkh ||� wlph shulrg li wkdw vfhqdulr vkrxog
eh uhdol}hg1 Iljxuh 9 glvsod|v pxowlsoh DDU vfhqdulr iruhfdvwv iru d �fwlwlrxv
dlusruw zkrvh qrupdo DDU lv :3  ljkwv shu krxu1 Wkh xvh ri glvfuhwh vfhqdulrv
lq ^qhhg uhi` lv vlplodu wr wkh whfkqltxh dssolhg e| Ulfkhwwd dqg Rgrql lq ^55`
dqg Fkdswhu 6 ri ^56`1 Wkhuh duh pdq| dssurdfkhv wr vwrfkdvwlf surjudpplqj1
Vhh ^:`/ ^4:`/ ru ^53` iru edfnjurxqg1

Wkh prgho surgxfhv h{fhoohqw frpsxwdwlrqdo uhvxowv1 Wkh qhwzrun vwuxf0
wxuh ri wkh sureohp doorzv lqwhjhu vroxwlrqv wr eh rewdlqhg gluhfwo| iurp wkh
olqhdu surjudpplqj uhod{dwlrq1 Iru vhyhudo odujh0vfdoh/ uhdolvwlf whvw fdvhv/ rs0
wlpdo uhvxowv zhuh rewdlqhg lq iudfwlrqv ri d vhfrqg zlwk prghvw frpsxwlqj
srzhu 1

+5, Zhdwkhu Iruhfdvwlqj Whfkqltxhv
Wkh lqwhjhu surjudpplqj prghov ri wkh vwrfkdvwlf jurxqg kroglqj sure0

ohp vxfk dv wkrvh sursrvhg lq ^49` dqg ^55` dvvxph wkdw zhdwkhu fdq eh xvhg
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wr suhglfw uxqzd| frq�jxudwlrqv dqg dlusruw fdsdflw|1 Wklv lv douhdg| ehlqj
grqh zlwk dffhswdeoh dffxudf| dw dlusruwv dfurvv wkh frxqwu| e| h{shulhqfhg
dlusruw frqwuroohuv ^lv wklv wkh fruuhfw whuplqrorj|B`1 Exw wkhvh vfhqdulr0
edvhg prghov dovr dvvxph wkh dydlodelolw| ri d glvfuhwh vhw ri pxwxdoo| h{foxvlyh
zhdwkhu iruhfdvwv/ hdfk ri zklfk kdv dq dvvrfldwhg suredelolw|1 Wr rxu nqrzo0
hgjh/ wkhuh lv qr uhvhdufk wkdw dgguhvvhv wkh txhvwlrq ri zkhwkhu ru qrw wklv
w|sh ri iruhfdvwlqj lv srvvleoh1

Zh iruhvhh wzr srvvleoh dssurdfkhv wr pxowlsoh0vfhqdulr zhdwkhu iruhfdvw0
lqj1 Rqh zrxog eh wr orrn dw wkh ixqgdphqwdo surfhvv ri zhdwkhu suhglfwlrq
dqg wr prgli| lw wr surgxfh vfhqdulrv dqg wkhlu dvvrfldwhg suredelolwlhv1 Wkh
vhfrqg zrxog eh wr dqdo|}h klvwrulfdo zhdwkhu sdwwhuqv dqg DDUv dw lqglylgxdo
dlusruwv dqg wr ghwhuplqh vfhqdulrv dqg suredelolwlhv edvhg rq wkhvh1

Vlqfh prvw iruhfdvwv duh edvhg rq dq dpdojdpdwlrq ri zhdwkhu prghov/ lw
vhhpv uhdvrqdeoh wkdw/ lqghhg/ pxowlsoh iruhfdvwv frxog eh jhqhudwhg1 Krzhyhu/
wkh uxe lv krz wr dvvljq dffxudwh suredelolwlhv wr wkhp1 Lw*v srvvleoh wkdw wkhvh
qxpehuv frxog eh edvhg rq klvwrulfdo gdwd shfxoldu wr wkdw dlusruw1 Pruhryhu/
rqh qhhgv wr txhvwlrq wkh dvvxpswlrq wkdw zhdwkhu vfhqdulrv fdq eh wuhdwhg dv
pxwxdoo| h{foxvlyh1 Wkh lqwxlwlrq iru wklv dvvxpswlrq lv edvhg rq h{shulhqfh
dw dq dlusruw vxfk dv Vdq Iudqflvfr zkhuh irj lv wkh pdlq sureohp dqg d vhw ri
vfhqdulrv fdq eh jhqhudwhg vxfk wkdw hdfk rqh uh hfwv d wlph dw zklfk wkh irj
pljkw uroo lq dqg d wlph dw zklfk lw pljkw uroo rxw1 Vlploduo|/ vfhqdulrv fdq eh
jhqhudwhg iru dq lqhylwdeoh zlqwhu vwrup dw dq dlusruw lq wkh hdvwhuq Xqlwhg
Vwdwhv1 Lq wklv fdvh/ wkh vfhqdulrv zrxog uh hfw wkh gxudwlrq dqg vhyhulw| ri
wkh vwrup1 Krzhyhu/ zhdwkhu sdwwhuqv dw rwkhu dlusruwv pd| qrw ehkdyh wklv
zd|1

+6, Vwrfkdvwlf Ghpdqg Suhglfwlrq
Lq dgglwlrq wr xqfhuwdlqw| derxw dlusruw fdsdflw|/ JGSv pxvw frqwhqg zlwk

wkh udqgrpqhvv dvvrfldwhg zlwk wkh ghpdqg dw wkh vxemhfw dlusruw1 H{shulhqfh
zlwk JGSv gxulqj wkh �uvw vl{ prqwkv ri FGP surwrw|sh rshudwlrqv lq 4<<;
kdv xqghuvfruhg wkh idfw wkdw/ hyhq zlwk wkh lpsuryhg lqirupdwlrq surylghg e|
FGP/ wkhuh duh idfwruv wkdw ohdg wr lqdffxudflhv lq ghpdqg iruhfdvwv1 Wkhvh
idfwruv lqfoxgh fdqfhoodwlrqv/ srs0xs +xqiruhvhhq,  ljkwv/ ghod|v lq ghsduwxuh
wlphv dqg yduldelolw| ri hq urxwh wlphv1 Wkh ghpdqg sur�oh wkdw pdwhuldol}hv
gxulqj JGSv/ pruh riwhq wkdq qrw/ lv vljql�fdqwo| gl�huhqw iurp wkh sur�oh
dqwlflsdwhg e| wkh wud!f  rz pdqdjhu fuhdwlqj wkh JGS1

Wkhuh lv d fohdu qhhg iru d vwrfkdvwlf prgho ri duulydo ghpdqg1 Vlqfh lw lv
gl!fxow wr suhglfw wkh duulydo wlph ri dq lqglylgxdo  ljkw/ lw zrxog suredeo| eh
ehvw li wkh ghpdqg sur�oh zhuh qrw edvhg rq wkh wudglwlrqdo dffxpxodwlrq ri
vshfl�f  ljkw0e|0 ljkw duulydo wlph hvwlpdwhv exw udwkhu rq d vxpplqj ri  ljkw0
e|0 ljkw duulydo wlph suredelolw| glvwulexwlrqv1 Lq rwkhu zrugv/ wkh ghpdqg
sur�oh frxog wdnh lqwr dffrxqw wkdw wkhuh lv/ iru h{dpsoh/ d 8( fkdqfh wkdw
d fhuwdlq  ljkw zloo eh fdqfhoohg/ d 63( fkdqfh lw zloo eh 63 plqxwhv odwh/ d
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43( fkdqfh lw zloo eh 93 plqxwhv odwh/ hwf1 Vxfk d prgho vkrxog eh edvhg
rq vwdwlvwlfdo dqdo|vlv ri klvwrulfdo gdwd dqg wdnh lqwr dffrxqw wkdw idfw wkdw
suredelolw| glvwulexwlrqv zloo ydu| zlwk dlusruw/ w|sh ri  ljkw/ wlph ri gd| dqg
zhdwkhu frqglwlrqv1

+7, Edodqflqj Duulydov dqg Ghsduwxuhv
Dw prvw dlusruwv/ uxqzd|v duh xvhg iru erwk ghsduwlqj dqg duulylqj dlufudiw1

Uhvhdufk wr gdwh kdv ehhq irfxvhg rq duulydov1 Suhvxpdeo|/ wklv lv ehfdxvh
wkh vsdflqj ri ghsduwlqj dlufudiw lv qrw dv vhqvlwlyh dv wkh vsdflqj ri duulylqj
dlufudiw1 Dovr/ kdylqj sodqhv txhxhg xs rq wkh uxqzd|v zdlwlqj iru wdnh r� lv
qrw dv pxfk ri d vdihw| lvvxh dv kdylqj sodqhv txhxhg xs lq wkh dlu zdlwlqj
iru duulydo1 Exw zkhq dq dlusruw lv lpsdfwhg e| dgyhuvh zhdwkhu frqglwlrqv
ru vshfldo uxqzd| rshudwlrqv/ ghsduwxuhv duh d"lfwhg dv zhoo dv duulydov1 D
edodqfh pxvw eh dfklhyhg lq wkh doorfdwlrq ri dlusruw uhvrxufhv wrzdug erwk
duulydov dqg ghsduwxuhv1

Wkh jhqhudo uhvhudfk txhvwlrq wr frqvlghu lv wkh ghyhorsphqw ri prghov
wkdw dlg lq wkh frqwuro ri wkh edodqfh ehwzhhq duulydov dqg ghsduwxuhv1 Lghdoo|/
vxfk prghov vkrxog surylgh dluolqhv zlwk wkh delolw| wr frqwuro duulydo0ghsduwxuh
wudghv uhodwlyh wr wkhlu rzq  ljkwv1

+8, Ghwhuplqlqj wkh Rswlpxp Ghsduwxuh wlph iru Dlufudiw
Fxuuhqwo|/ frqwuroohg ghsduwxuh wlphv iru dlufudiw vxemhfw wr d jurxqg ghod|

surjudp duh edfn0frpsxwhg iurp wkhlu frqwuroohg duulydo wlphv/ xvlqj HWPV0
prghohg hq urxwh wlphv1 Iru lqvwdqfh/ li d  ljkw zlwk d wdujhw duulydo wlph ri
3<33 zhuh suhglfwhg wr kdyh d wkuhh0krxu hq urxwh wlph/ wkhq lw zrxog eh jlyhq
d ghsduwxuh wlph ri 45331 Vlqfh hq urxwh wlph lv d ixqfwlrq ri dlufudiw vshhg/
dowlwxgh dqg wkh sdwk  rzq/ pdq| ri wkh hq urxwh dowhuqdwlyhv iru d jlyhq  ljkw
duh suhghwhuplqhg lpsolflwo| e| wkh FWG0dvvljqphqw surfhvv1 Krzhyhu/ wkh
vhohfwlrq ri hq urxwh dowhuqdwlyhv lv pruh ri dq hfrqrplf lvvxh wkdq dq dlu wud!f
frqwuro lvvxh1 Lq nhhslqj zlwk FGP sklorvrsk| wkdw sxuho| hfrqrplf lvvxhv
eh vhwwohg e| wkh dluolqhv/ wkh UWFD Vhohfw Frpplwwhh kdv suhvfulehg ^gr
zh kdyh d uhi iru wklvB` wkdw/ lq wkh ixwxuh  rz pdqdjhphqw hqylurqphqw/
 ljkwv vxemhfw wr d JGS zloo eh dvvljqhg rqo| d frqwuroohg wlph ri duulydo
+FWD,1 Lw zloo wkhq eh xs wr wkh dluolqhv wr ghwhuplqh wkh wlphv dw zklfk wkhlu
uhvshfwlyh  ljkwv vkrxog ohdyh wkhlu dlusruwv ri ruljlq lq rughu wr phhw wkhlu
dvvljqhg FWDv dw wkh dlusruw ri ghvwlqdwlrq +wkh JGS dlusruw,1

Wklv udlvhv wkh txhvwlrq ri krz d jlyhq dluolqh vkrxog ghwhuplqh wkh rswlpdo
ghsduwxuh wlph lq wkh devhqfh ri FWGv1 Wklv wlph pxvw eh ghwhuplqhg lq wkh
idfh ri wzr sulqflsdo vrxufhv ri xqfhuwdlqw|= +d, wkh xqfhuwdlqw| derxw krz
pxfk ghod| wkh  ljkw zloo h{shulhqfh lq ghsduwlqj iurp wkh dlusruw ri ruljlq
gxh wr wd{l0rxw wlph wr wkh ghsduwxuh uxqzd| dqg txhxhlqj wlph iru wdnh0
r�/ dqg +e, wkh xqfhuwdlqw| derxw krz pxfk ghod| wkh  ljkw zloo h{shulhqfh
diwhu duulylqj dw wkh whuplqdo dluvsdfh ri wkh dlusruw ri ghvwlqdwlrq gxh wr
frqjhvwlrq1 Wkhuh duh rwkhu vrxufhv ri xqfhuwdlqw|/ vxfk dv hq urxwh wudyho
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wlphv/ exw wkh| duh w|slfdoo| grplqdwhg e| wkh xqfhuwdlqw| derxw wkh ghod|v
lqfxuuhg dw wdnh0r� dqg odqglqj1

Vrph uhvhdufk zdv grqh dw PLW Olqfroq Oderudwrulhv lq 4<<6 ^Eloo= gr zh
kdyh d uhiB` wkdw ghdow rqo| zlwk xqfhuwdlqw| derxw ghod| rq duulydo1 Wklv
zrun vkrxog eh h{whqghg wr d prgho wkdw wkh dluolqhv frxog xvh wr ghwhuplqh
rswlpdo ghsduwxuh wlphv1 Wklv uhvhdufk zrxog qrw rqo| eh khosixo wr wkh dluolqhv
exw frxog dovr ohdg wr vrph srolf| frqfoxvlrqv uhjduglqj wkh UWFD sursrvdo
wr frqgxfw  rz pdqdjhphqw e| dvvljqlqj FWDv exw qrw FWGv1

+9, Wkh Lqwhjudwlrq ri FGP zlwk H{lvwlqj dqg Ghyhorslqj V|v0
whpv +FWDV/ VPD,

Wkhuh lv fxuuhqwo| pxfk dfwlylw| lq uhvhdufk dqg ghyhorsphqw ri whupl0
qdo duhd +WPD, ghflvlrq vxssruw v|vwhpv iru dlu wud!f pdqdjhphqw1 QDVD
lv sod|lqj d ohdghuvkls uroh lq wklv uhvshfw/ wkurxjk erwk lq0krxvh zrun dqg
ixqglqj ri uhodwhg zrun hovhzkhuh1 Wkh sulqflsdo surgxfw wr gdwh kdv ehhq
FWDV/ zklfk zdv surwrw|shg vhyhudo |hduv djr/ exw lv vwloo xqghujrlqj vljql�0
fdqw hyroxwlrq dw wkh Gdoodv0Iruw Zruwk whvw vlwh1 Rwkhu surgxfwv lqfoxgh wkh
Vxuidfh Pdqdjhphqw Dxwrpdwlrq +VPD, surjudp lq Dwodqwd/ ydulrxv wrrov
iru Ghsduwxuh Sodqqlqj +FWDV lv fxuuhqwo| olplwhg wr duulydo dlu wud!f pdq0
djhphqw, dqg d krvw ri pruh vshfldol}hg wrrov xqghu wkh Whuplqdo Dxwrpdwlrq
Surjudp +WDS,1

FGP frxog lq xhqfh dqg/ lq wxuq/ eh lq xhqfhg lq ixqgdphqwdo zd|v e|
wkh ghyhorsphqw ri vxfk dq lqwhjudwhg WPD ghflvlrq0vxssruw v|vwhp+v,1 Iru
h{dpsoh/ dqg dw wkh prvw reylrxv ohyho/ vrph ri wkh gdwd dydlodeoh wr/ ru
wkurxjk/ FGP/ vxfk dv wlpho| lqirupdwlrq derxw fdqfhoodwlrqv/  ljkw vxevwl0
wxwlrqv/ frpsuhvvlrq/ surmhfwhg  ljkw ghsduwxuh wlphv/ hwf1/ duh ri ylwdo lpsru0
wdqfh wr d WPD ghflvlrq0vxssruw v|vwhp1 Dv dqrwkhu h{dpsoh/ lqirupdwlrq
wkdw frxog eh pdgh dydlodeoh lq wkh ixwxuh wkurxjk FGP frxog eh yhu| ydoxdeoh
wr dq lqwhjudwhg WPD ghflvlrq0vxssruw v|vwhp lq vfkhgxolqj dqg vhtxhqflqj
dlufudiw/ duulydov dqg ghsduwxuhv dw d exv| dlusruw1 Wklv zrxog eh wkh fdvh/ iru
lqvwdqfh/ li uhdo0wlph lqirupdwlrq zhuh pdgh dydlodeoh e| wkh dluolqhv rq  ljkwv
zlwklq d wljkwo| frqqhfwhg �edqn� dw d kxe1 Dq �hqkdqfhg FWDV� frxog wkhq
vfkhgxoh duulydov dqg ghsduwxuhv dqg dvvljq wkhp wr uxqzd|v lq d zd| wkdw
suhvhuyhv wkhvh  ljkw frqqhfwlylwlhv dv pxfk dv srvvleoh1 Frqyhuvho|/ FGP
dqg  rz pdqdjhphqw/ lq jhqhudo/ zrxog juhdwo| ehqh�w iurp pruh dffxudwh
hvwlpdwhv derxw surmhfwhg duulydo dqg ghsduwxuh dlusruw fdsdflwlhv/ wd{l0rxw
wlphv dqg odqglqj dqg wdnh0r�

+:, Irupdo Prghov ri Idlu Doorfdwlrq dqg Frpshwlwlrq Dprqj
Dluolqhv

Wkh nh| dojrulwkplf frpsrqhqwv iru wkh fxuuhqw FGPJGS surfhgxuhv duh
udwlrq0e|0vfkhgxoh dqg frpsuhvvlrq1 Wkhvh surfhgxuhv fduu| rxw d uhvrxufh
doorfdwlrq wkdw lv edvhg rq fhuwdlq lpsolflw idluqhvv fulwhuld1 D vhfrqg nh|
lqjuhglhqw wkdw ghwhuplqhv JGS irupxodwlrq lv wkh pdqqhu lq zklfk wkh dluolqhv
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surylgh wkhlu lqsxwv wkurxjk wkh fdqfhoodwlrq dqg vxevwlwxwlrq surfhvv1
Wkhvh surfhgxuhv kdyh ehhq ghyhorshg dqg uh�qhg lq d wuxo| frooderudwlyh

vhwwlqj wkurxjk glvfxvvlrqv dqg prfn whvwlqj dqg uhdo0zruog lpsohphqwdwlrq1
Surylghg wkdw ixwxuh uhylvlrqv wr wkhvh dojrulwkpv duh plqru/ wkhvh khxulvwlfv
vkrxog vhuyh FGP zhoo1 Exw lw lv kdug wr nqrz lq dgydqfh zkdw d�hfwv pdmru/
ru hyhq plqru/ uhylvlrqv zloo kdyh1 Irupdo prghov vkrxog eh ghyhorshg wkdw
fdswxuh hdfk ri wkhvh wzr frpsrqhqwv1 Wkh sxusrvh ri vxfk d prgho zrxog eh
wr

� surylgh d pruh irupdo suhvhqwdwlrq ri wkh fxuuhqw doorfdwlrq dqg uhdoor0
fdwlrq vfkhphv>

� surylgh  h{lelolw| lq lqfrusrudwlqj qhz uxohv ru frqfhswv ri idluqhvv>

� surylgh d prgho zkrvh ehkdylru fdq eh ehwwhu whvwhg1

Dq rswlpl}dwlrq0edvhg dssurdfk zdv ghyhorshg e| Exwohu lq ^<` wr lpsoh0
phqw wkh udwlrq0e|0vfkhgxoh dqg frpsuhvvlrq ixqfwlrqdolw|1

+;, Jdplqj Lvvxhv
Pxfk ri wkh frooderudwlyh surfhvv lq FGP kdv jrqh wrzdug ghylvlqj surfh0

gxuhv wkdw duh ghhphg idlu e| wkh frpshwlqj sduwlhv1 Krzhyhu/ wkhuh pd| eh
zd|v lq zklfk wkh fxuuhqw surfhgxuhv hvwdeolvkhg e| FGP iru wkh lpsohphq0
wdwlrq dqg pdlqwhqdqfh ri d jurxqg ghod| surjudp doorz iru jdplqj e| wkh
sduwlflsdwlqj dluolqhv1 Iru lqvwdqfh/ xqghu wkh udwlrq0e|0vfkhgxoh dojrulwkp/
dq dluolqh kdv h�hfwlyho| uhvhuyhg dq duulydo vorw zkhq lw kdv vfkhgxohg d  ljkw
lq wkh RDJ +r!fldo dluolqh jxlgh,1 Rqh srvvlelolw| wkdw vkrxog eh jxdughg
djdlqvw lv wkdw dq dluolqh fuhdwhv vwudwhjlfdoo| vfkhgxohg gxpp|  ljkwv lq ru0
ghu wr jdlq dq dgydqwdjh lq wkh vxevwlwxwlrq0fdqfhoodwlrq surfhvv wkdw rffxuv
diwhu wkh lqlwldo udwlrqlqj ri vorwv1 Wklv srwhqwldo sureohp kdv ehhq doohyldwhg
e| wkh lqvwlwxwlrq ri d srolf| wkdw glvdoorzv dq dluolqh iurp vxevwlwxwlqj d  ljkw
lqwr d vorw ydfdwhg e| d  ljkw wkdw kdv ehhq fuhdwhg zlwklq 7;0krxuv ri wkh
JGS +vxfk d  ljkw lv frqvlghuhg d fodvv05  ljkw/ doo rwkhuv duh fodvv04,1 Exw
wkhuh frxog eh pruh vxewoh zd|v ri jdplqj wkh v|vwhp qrw |hw uhyhdohg1

Dqrwkhu h{dpsoh ri srwhqwldo jdplqj lv wkh eulgjh0rqo| vwdwxv wkdw vrph
dluolqhv kdyh uhfhlyhg dw wkhlu kxeelqj dlusruw1 Xqghu wklv djuhhphqw/ wkh
frpsuhvvlrq dojrulwkp lv suhyhqwhg iurp �oolqj wkh ydfdqw vorwv ri d eulgjh0
rqo| dluolqh1 Wklv lv uhtxhvwhg vr wkdw wkh eulgjh0rqo| dluolqh fdq srvwsrqh
vxevwlwxwlrqv lqwr lwv ydfdwhg vorwv xqwlo vxfk d wlph wkdw pruh lqirupdwlrq lv
dydlodeoh dqg wkh lq0krxvh vxevwlwxwlrq vriwzduh fdq dfw wkurxjk lwv rzq orjlf1
+Wklv vwdwxv lv uhvhuyhg iru dluolqhv wkdw/ suhvxpdeo|/ kdyh hqrxjk  ljkwv wr
hyhqwxdoo| �oo doo ri wkhlu vorwv1, Vhh vhfwlrq 8 iru d glvfxvvlrq ri eugljlqj1

Lq wkhru|/ d eulgjh0rqo| dluolqh frxog doorz frpsuhvvlrq wr �oo lwv vorwv
wkhq uhdoorfdwh wkh vorwv wr lwv  ljkwv dw d odwhu wlph wkurxjk wkh vxevwlwxwlrq0
fdqfhoodwlrq surfhvv1 Krzhyhu/ wklv lv +fxuuhqwo|, d fxpehuvrph surfhvv wkdw
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lqyroyhv pdq| sdlu0zlvh vzdsv1 Iru qrz/ eulgjh0rqo| fduulhuv zloo eh prqlwruhg
wr vhh wr lw wkdw wkhlu vorwv duh hyhqwxdoo| xvhg1 Qrqhwkhohvv/ wklv udlvhv wkh
txhvwlrq ri zkhwkhu ru qrw wkh eulgjh0rqo| vwdwxv lv d klqghudqfh wr wkh ryhudoo
jrdov ri frpsuhvvlrq ru li lw frxog eh xvhg wr jdph wkh vlwxdwlrq xqidluo|1

+<, Frooderudwlyh Urxwlqj
Zkhq d vhfwru ehfrphv ryhuordghg/ wkh frqwuroohuv lq wkdw vhfwru xvxdoo|

lvvxh plohv0lq0wudlo uhvwulfwlrqv rq wkh dlufudiw wkdw kdyh |hw wr hqwhu wkh vhfwru1
Wklv vsdfhv wkh dlufudiw rxw wr pdlqwdlq vdihw|1 Krzhyhu/ wkh plohv0lq0wudlo
uhvwulfwlrqv irufh wkh dlufudiw wkdw kdyh qrw |hw hqwhuhg wkh vhfwru wr vxvwdlq
ghod| lq wkh txhxh ri dlufudiw zdlwlqj wr hqwhu1 Dqhfgrwdo hylghqfh lqglfdwhv
wkdw/ lq klqgvljkw/ wkh dlufudiw zdlwlqj wr hqwhu wkh vhfwru frxog lq pdq| fdvhv
kdyh uhgxfhg wkhlu ryhudoo ghod| kdg wkh| fkrvhq d ohvv frqjhvwhg urxwh ^43`1
Xqiruwxqdwho|/ lq wkh fxuuhqw v|vwhp/ wkhuh lv olwwoh lqirupdwlrq wr khos dq
dluolqh ghflgh zklfk urxwhv duh olnho| wr eh frqjhvwhg d sulrul1

Wkh FGP frppxqlw| lv fxuuhqwo| frqvlghulqj ehqh�wv wkdw frxog eh sur0
gxfhg e| dsso|lqj wkh xqghuo|lqj FGP surfhgxuh/ FGXS/ wr wkh  ljkw urxwlqj
sureohp1 Wkh hqylvlrqhg v|vwhp zrxog xvh gdwd iurp wkh Hqkdqfhg Wud!f
Prqlwrulqj V|vwhp +HWPV,/ d wrro ghyhorshg e| wkh Yrosh Qdwlrqdo Wudqv0
sruwdwlrq V|vwhpv Fhqwhu wkdw suhglfwv dlufudiw wudmhfwrulhv/ wr suhglfw zkhq
dqg zkhuh wkh frqjhvwlrq sureohpv zloo rffxu1 Wkhvh suhglfwlrqv ri vhfwru ordg0
lqj zrxog eh glvwulexwhg wr wkh dluolqhv ryhu wkh DRFqhw ru ryhu wkh zruog zlgh
zhe1 Wkh dluolqhv wkhq kdyh wkh rswlrq wr dowhu wkhlu  ljkw sodqv lq uhvsrqvh wr
wkh suhglfwhg frqjhvwlrq1 Wklv zrxog uhvxow lq dq xsgdwh wr wkh suhglfwlrqv/ dw
zklfk srlqw/ wkh dluolqhv kdyh wkh rswlrq wr djdlq dowhu wkhlu  ljkw sodqv1 Wklv
frpsohwhv wkh FGXS orrs1 Wkxv idu/ wkh h�ruwv kdyh ehhq jhduhg wrzdug wkh
lghqwl�fdwlrq ri xvhixo dqg hqdeolqj whfkqrorj|/ pdlqo| �zklwh0erduglqj�/ dqg
whohfrqihuhqflqj1 Wkhuh lv d qhhg wr lghqwli| duhdv iru wkh dssolfdwlrq ri FGP
whfkqrorj| wr dlufudiw urxwlqj dqg wr ghyhors rshudwlrqdo frqfhswv uhodwhg wr
wkh lghqwl�hg duhdv dqg wr h{soruh krz suhylrxv zrun rq odujh0vfdoh urxwlqj
prghov fdq eh dgdswhg wr wkh FGP vhwwlqj1

Vrph ri wkh odujh erg| ri uhvhdufk wkdw dgguhvvhv odujh0vfdoh urxwlqj sure0
ohpv zdv ghyhorshg vshfl�fdoo| iru wkh dlu wud!f pdqdjhphqw frqwh{w dqg
vrph zdv ghyhorshg iru xvh lq rwkhu duhdv1 Wklv zrun dgguhvvhv wkh gl!fxow
wdvn ri �qglqj d vhw ri urxwhv wkdw froohfwlyho| phhw v|vwhp0zlgh remhfwlyhv
iurp wkh frpelqdwruldoo| h{sorvlyh qxpehu ri srvvlelolwlhv wkdw fdq dulvh lq
odujh sureohp vhwwlqjv1 Wr rxu nqrzohgjh/ qr zrun wr gdwh kdv dgguhvvhg
wkh vshfldo hqylurqphqw wkdw dulvhv lq wkh frqwh{w ri FGP1 Zh eholhyh wkdw
wkhuh lv d qhhg zlwklq FGP iru vxfk odujh vfdoh urxwh lghqwl�fdwlrq vfkhphv
dqg wkdw h�hfwlyh surfhgxuhv fdq eh ghulyhg e| prgli|lqj zrun ghyhorshg iru
rwkhu +qrq0FGP, frqwh{wv1
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:1 Forvlqj Uhpdunv
Wkh wuhphqgrxv jurzwk lq dlu wud!f lq wkh odvw txduwhu ri wklv fhqwxu| kdv

lqgxfhg d ydvw lqiudvwuxfwxuh iru vhuylqj wkh qhhgv ri QDV xvhuv/ pdlqo| e|
h{huflvlqj fhqwudol}hg frqwuro1 Lw lv lurqlf wkdw wklv vdph jurzwk kdv lqflwhg d
pryhphqw dzd| iurp fhqwudol}hg frqwuro wrzdug d pruh frooderudwlyh vhwwlqj1
Wkh lqiudvwuxfwxuh lv qrz ehlqj uhfdvw lq d xvhu0vhuylfh surylghu sdudgljp lq
zklfk dlu fduulhuv jdlq pruh frqwuro ryhu wkhlu rshudwlrqv dqg wkh jryhuqphqw lv
pruh uhvsrqvlyh wr wkhlu qhhgv1 Pxfk ri wklv kdv ehhq hqdeohg e| wkh yroxqwdu|
h{fkdqjh ri wlpho| gdwd dqg wkh glvvhplqdwlrq ri vlwxdwlrqdo glvsod|v1

Mxvw dv wkh dlu wud!f frppxqlw| vwuxjjohv zlwk wkh frooderudwlyh sdudgljp/
vr pxvw uhvhdufkhuv vwuxjjoh zlwk wkh lpsolfdwlrqv ri lw1 Pdq| ri wkh jxlglqj
pd{lpv ri dlu wud!f frqwuro duh lq mhrsdug|1 FGP kdv suhvhqwhg wkh uhvhdufk
frppxqlw| zlwk d krvw ri qhz sureohpv uhyroylqj durxqg wkh whfkqrorjlfdo
dqg orjlfdo lqwhjudwlrq ri lwv lghdv1

;1 Dfurq|pv dqg whupv=
DDO 0 Dphulfdq Dluolqhv
DDU 0 Dlusruw Dffhswdqfh Udwh
DRFqhw 0 Wkh sulydwh qhwzrun wkdw olqnv wkh dluolqh rshudwlrq fhqwhuv/ wkh IDD
dqg rwkhu rujdql}dwlrqv
DWPV 0 Dgydqfhg Wud!f Pdqdjhphqw V|vwhp= dq dlu wud!f gdwdedvh pdlqwdlqhg
e| FGP> wkh frxqwhusduw wr wkh pruh hvwdeolvkhg gdwdedvh/ HWPV1
FGP 0 Frooderudwlyh Ghflvlrq Pdnlqj= d surmhfw wr lpsuryh dlu wudqvsruwdwlrq
lq wkh Xqlwhg Vwdwhv e| frpelqlqj wkh h{shuwlvh dqg uhvrxufhv ri erwk jryhuqphqw
dqg lqgxvwu| wr lpsuryh lqirupdwlrq h{fkdqjh/ fuhdwh vlwxdwlrqdo dzduhqhvv/ dqg
glvvhplqdwh ghflvlrq0pdnlqj wr dssursuldwh sduwlhv1
FGXS 0 Frqvwudlqw0Glvvhplqdwlrq Xvhu0Suhihuhqfh= d f|foh ri ihhgedfn ehwzhhq
xvhuv ri wkh QDV dqg wkh vhuylfh surylghu lq zklfk frqvwudlqwv duh lvvxhg dqg xvhu
suhihuhqfhv duh h{suhvvhg1
Frpsuhvvlrq 0 Dq dojrulwkp iru prylqj  ljkwv hduolhu lq wlph gxulqj d JGS
FWD 0 Frqwuroohg Wlph ri Duulydo= lvvxhg wr d  ljkw gxulqj d JGS dv d phdqv ri
ghod|lqj duulydo
FWG 0 Frqwuroohg Wlph ri Ghsduwxuh= lvvxhg wr d  ljkw gxulqj d JGS dv d phdqv
ri ghod|lqj duulydo
HWD 0 Hvwlpdwhg Wlph ri Duulydo
HWG 0 Hvwlpdwhg Wlph ri Ghsduwxuh
HWPV 0 Hqkdqfhg Wud!f Pdqdjhphqw V|vwhp= wkh rshudwlrqdo gdwdedvh wkdw
vxssolhv dlu wud!f lqirupdwlrq wr wkh DWFVFF1
IDD 0 Ihghudo Dyldwlrq Dgplqlvwudwlrq1
IDGH 0 IDD2Dluolqh Gdwd H{fkdqjh= wkh iruhuxqqhu ri FGP> d jryhuqphqw0
lqgxvwu| surmhfw wr ghwhuplqh wkh lpsdfw ri lpsuryhg gdwd h{fkdqjh rq ghflvlrq0
pdnlqj lq dlu wud!f  rz pdqdjhphqw1
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IVP 0 Ioljkw Vfkhgxoh Prqlwru= d ghflvlrq vxssruw2vlwxdwlrq glvsod| wrro ghyhorshg
e| FGP1
JK 0 Jurxqg Kroglqj +Sureohp,
JGS 0 Jurxqg Ghod| Surjudp= dq h{whqghg dlu wud!f lqlwldwlyh e| wkh DWFVFF
wr uhjxodwh dlu wud!f  rz lqwr dq dlusruw zlwk ghjudghg duulydo fdsdflw|1
Juryhu0Mdfn 0 Dq dojrulwkp xvhg e| wkh DWFVFF wr doorfdwh duulydo uhvrxufhv
gxulqj d JGS1
OS 0 Olqhdu Surjudpplqj1
QDV 0 Qdwlrqdo Dluvsdfh V|vwhp= wkh IDD frpsrqhqwv +wud!f frqwuro fhqwhuv/
udgdu/ hwf1, wkdw pdnh xs wkh qdwlrqdo dlu wud!f qhwzrun1
QH[WRU 0 Qdwlrqdo Fhqwhu ri H{fhoohqfh iru Dyldwlrq Rshudwlrqv Uhvhdufk
RDJ 0 Wkh R!fldo Dluolqh Jxlgh= D sxeolfdwlrq ri vfkhgxohg dluolqh dfwlylwlhv
+duulydo/ ghsduwxuh/ hwf1,1
Surwrw|sh Rshudwlrqv 0 Wkh lpsohphqwdwlrq ri FGP0JGS hqkdqfhphqwv rq d
wudlo edvlv dw vhyhudo dlusruwv lq wkh Xqlwhg Vwdwhv1
Vhuylfh Surylghu +wr wkh QDV, 0 dqrwkhu qdph iru wkh IDD/ xvhg hvshfldoo|
sduwlfxoduo| lq wkh frqwh{w ri lwv uhvsrqvlelolwlhv wrzdug xvhuv ri wkh QDV1
Xvhu +ri wkh QDV, 0 dq| shuvrq ru erg| wkdw rshudwhv dlufudiw lq wkh QDV
UEV 0 Udwlrq0e|0Vfkhgxoh= dq dojrulwkp ghyhorshg e| FGP iru wkh doorfdwlrq ri
duulydo vorwv gxulqj d JGS dffruglqj wr RDJ0vfkhgxohg duulydo wlphv1 Wklv lv wkh
FGP frxqwhusduw wr Juryhu0Mdfn1

Uhihuhqfhv
^4` Dqguhdwwd/ J1/ dqg J1 Urpdqlq0Mdfxu1 4<;:/ �Dlufudiw Iorz Pdqdjhphqw

Xqghu Frqjhvwlrq/� Wudqvsruwdwlrq Vflhqfh/ 54/ 57<05861

^5` Dqguhdwwd/ J1/ D1 Rgrql/ dqg R1 Ulfkhwwd/ R1 4<<6/ �Prghov iru wkh
Jurxqg0Kroglqj Sureohp/� lq Odujh0Vfdoh Frpsxwdwlrq dqg Lqirupdwlrq
Surfhvvlqj lq Dlu Wud!f Frqwuro/ O1 Eldqfr

dqg D1U1 Rgrql/ hgv1/ Vsulqjhu0Yhuodj/ Ehuolq/ 458049;1

^6` Dwwzrro/ Y1Z1 4<::/ �Vrph Pdwkhpdwlfdo Dvshfwv ri Dlu Wud!f V|v0
whpv/� M1 Lqvw1 Qdyljdwlrq1/ 63/ 6<707441

^7` Edoo/ P1/ U1 Gdko/ O1 Vwrqh/ dqg W1 Wkrpsvrq1 4<<6/ �RSWLIORZExlog0
L Ghvljq Grfxphqw/ Yhuvlrq 418/� Rswl rz Surmhfw Uhsruw wr IDD/ Gh0
fhpehu1 ^Plnh Edoo= vkrxog wklv eh uhihuhqfhgB`

^8` Edoo/ P1 dqg U1 Kr�pdq1 4<<;/ �Frooderudwlyh Ghflvlrq Pdnlqj lq Dlu
Wud!f Pdqdjhphqw= D Suholplqdu| Dvvhvvphqw�/� QH[WRU Surmhfw Uh0
sruw wr IDD/ Dxjxvw1

^9` Ehuwvlpdv/ G1 dqg V1 Vwrfn1 4<<9/ �Dlu Wud!f Iorz Pdqdjhphqw Sureohp
zlwk Hqurxwh Fdsdflwlhv/� wr dsshdu lq Rshudwlrqv Uhvhdufk1
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^:` Elujh/ M1 dqg I1 Orxyhdx{1 4<<:/ Lqwurgxfwlrq wr Vwrfkdvwlf Surjudpplqj/
Vsulqjhu0Yhuodj/ Qhz \run/ Qhz \run1

^;` Erhlqj Frusrudwlrq1 4<<9/ �Fxuuhqw Pdunhw Rxworrn�^Eloo= lv wklv d
whfk uhsruw/ ru zkdwB`

^<` Exwohu/ W1 4<<;/ �Rswlpl}dwlrq Prgho zlwk Idluqhvv Remhfwlyh iru Dlu
Wud!f Pdqdjhphqw/� Pdvwhuv wkhvlv/ Xqlyhuvlw| ri Pdu|odqg1

^43` FGP Zrunlqj Jurxs1 4<<:/ FGP Phhwlqj Plqxwhv/ Mxo|1

^44` IDD1 ^Eloo=|hduB`/ �IDD Dyldwlrq Iruhfdvwv= 4<<90533:�/ Whfkqlfdo Uh0
sruw1

^45` Ixghqehuj/ Guhz dqg Wluroh ^Eloo= �uvw lqlwldovB` 4<<4/ Jdph Wkhru|/
PLW Suhvv1

^46` Joryhu/ I1/ G1 Nolqjpdq/ dqg Q1 Skloolsv1 4<<5/ Qhwzrun Prghov lq Rswl0
pl}dwlrq dqg Wkhlu Dssolfdwlrqv lq Sudfwlfh/ Mrkq Zloh| dqg Vrqv/ Lqf1/
Qhz \run/ Qhz \run1

^47` Kr�pdq/ U1 dqg P1 Edoo1 4<<:/ �D Frpsdulvrq ri Irupxodwlrqv iru wkh
Vlqjoh0Dlusruw Jurxqg Kroglqj Sureohp zlwk Edqnlqj Frqvwudlqwv/� Vxe0
plwwhg iru sxeolfdwlrq1

^48` Kr�pdq/ U1 4<<:/ �Lqwhjhu Surjudpplqj Prghov Iru Jurxqg0Kroglqj lq
Dlu Wud!f Iorz Pdqdjhphqw/� Sk1G1 glvvhuwdwlrq/ Xqlyhuvlw| ri Pdu|0
odqg1

^49` Kr�pdq/ U1/ U1 Ulinlq/ P1 Edoo dqg D1 Rgrql1 4<<;/ �Wkh Vwdwlf Vwr0
fkdvwlf Jurxqg Kroglqj Sureohp/� vxeplwwhg iru sxeolfdwlrq1

^4:` Lqidqjhu/ J1 4<<7/ Sodqqlqj Xqghu Xqfhuwdlqw|= Vroylqj Odujh0Vfdoh Vwr0
fkdvwlf Olqhdu Surjudpv1 Er|g dqg Iudvhu sxeolvlqj frpsdq|/ Gdqyhuv/
Pdvvdfkxvhwwv1

^4;` Nrvwlxn/ S1/ G1 Ohh/ G1 Orqj dqg J1 Vkdslur1 4<<:/ �Dyldwlrq Vwxglhv
Surjudp/� Suhvhqwdwlrq jlyhq dw PLW1

^4<` Rgrql/ D1 4<;:/ �Wkh Iorz Pdqdjhphqw Sureohp lq Dlu Wud!f Frqwuro/�
Lq Iorz Frqwuro ri Frqjhvwhg Qhwzrunv/ D1 Rgrql/ O1 Eldqfr dqg J1
V}hjr/ hgv1/ 59<05;;/ Vsulqjhu0Yhuodj/ Ehuolq1

^53` Srzhoo/ Z1/ S1 Mdloohw dqg D1 Rgrql1 4<<8/ �Vwrfkdvwlf dqg G|qdplf Qhw0
zrunv dqg Urxwlqj/� Kdqgerrn lq Rshudwlrqv Uhvhdufk dqg Pdqdjhphqw
Vflhqfh/ ;/ P1 R1 Edoo/ hw1 do1/ hglwruv/ Hovhylhu Vflhqfh/ Ehuolq1
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^54` Ulfkhwwd/ R1 dqg D1 Rgrql1 4<<6/ �Vroylqj Rswlpdoo| wkh Vwdwlf Jurxqg0
Kroglqj Srolf| Sureohp lq Dlu Wud!f Frqwuro/� Wudqvsruwdwlrq Vflhqfh/
5:/ 55;056;1

^55` Ulfkhwwd/ R1 4<<8/ �Rswlpdo Dojrulwkpv dqg d Uhpdundeo| H!flhqw
Khxulvwlf iru wkh Jurxqg0Kroglqj Sureohp lq Dlu Wud!f Frqwuro/� Rs0
hudwlrqv Uhvhdufk/ 76/ :8;0::31

^56` Ulfkhwwd/ R1 4<<4/ �Jurxqg Kroglqj Vwudwhjlhv iru Dlu Wud!f Frqwuro
xqghu Xqfhuwdlqw|/� Sk1G1 glvvhuwdwlrq/ Pdvvdfkxvhwwv Lqvwlwxwh ri Whfk0
qrorj|1

^57` Vrnndsld/ E1 J1 4<;8/ �Duulydo Iorz Pdqdjhphqw dv d Ihhgedfn Frqwuro
V|vwhp/� Wkh Plwuh Frusrudwlrq/ Zdvklqjwrq/ G1F1

^58` Whuude/ P1 dqg D1 Rgrql1 4<<6/ �Vwudwhjlf Iorz Pdqdjhphqw iru Dlu
Wud!f Frqwuro/� Rshudwlrqv Uhvhdufk/ 74/ 46;04851

^59` Ydqfklhul/ Dqwkrq|/ U1 4<<:/ �Dyldwlrq Guhdp Whdp/� RUPV Wrgd|/
Dsulo/ 6<0741^Wklv lv d jrrg uhi rq FRH 0 fdq zh �w lw lq vrphkrzB`

^5:` Yhqndwdnulvkqdq/ F1/ D1 Eduqhww/ dqg D1 Rgrql1 4<<6/ �Odqglqjv dw Or0
jdq Dlusruw= Ghvfulelqj dqg Lqfuhdvlqj Dlusruw Fdsdflw|/� Wudqvsruwdwlrq
Vflhqfh/ 5:/ 544 0 55:1

^5;` Yudqdv/ S1/ G1 Ehuwvlpdv dqg D1 Rgrql1 4<<7/ �Wkh Pxowl0Dlusruw
Jurxqg0Kroglqj Sureohp lq Dlu Wud!f Frqwuro/� Rshudwlrqv Uhvhdufk/
75/ 57<05941

^5<` Yudqdv/ S1/ G1 Ehuwvlpdv dqg D1 Rgrql1 4<<7/ �G|qdplf Jurxqg0Kroglqj
Srolflhv iru d Qhwzrun ri Dlusruwv/� Wudqvsruwdwlrq Vflhqfh/ 5;/ 5:805<41

^63` Zdpevjdqvv/ P1 4<<9/ �Frooderudwlyh Ghflvlrq Pdnlqj Wkurxjk G|0
qdplf Lqirupdwlrq Wudqvihu/� Dlu Wud!f Frqwuro Txduwhuo|/ 7/ 43:04561

^64` Zdqj/ K1 4<<4/ �D G|qdplf Surjudpplqj Iudphzrun iru wkh Joredo
Iorz Frqwuro Sureohp lq Dlu Wud!f Pdqdjhphqw/� Wudqvsruwdwlrq Vfl0
hqfh/� 58/ 63;06461
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