
Uhfxuvlyh cwklfn* prgholqj ri h{fhvv uhwxuqv
dqg sruwirolr doorfdwlrq�

Dlro� P1/ F1D1Idyhur dqg J1Sulplfhul
Erffrql Xqlyhuvlw|/ Erffrql Xqlyhuvlw| dqg FHSU/ Sulqfhwrq Xqlyhuvlw|

Iheuxdu| 5334

Devwudfw

Wklv sdshu h{soruhv wkh h{whqw wr zklfk suhglfwdelolw| ri dvvhw uh0
wxuqv frxog eh h{sorlwhg iru g|qdplf sruwirolr doorfdwlrq dprqj vhy0
hudo +vhyhq, dvvhwv wdnlqj prgho xqfhuwdlqw| h{solflwo| lqwr dffrxqw1Zh
frqvlghu prgho xqfhuwdlqw| zkhq vroylqj wkh sureohp ri d uhsuhvhq0
wdwlyh ixqg pdqdjhu zkr doorfdwhv ixqgv ehwzhhq vwrfn dqg erqgv lq
wkuhh jhrjudsklfdo duhdv= Hxursh/ XVD dqg Mdsdq1 Zh frqvlghu h{0
solflwo| prgho xqfhuwdlqw| e| lpsohphqwlqj *wklfn prghoolqj* wr ghulyh
wkh dyhudjh sruwirolr doorfdwlrq jhqhudwhg e| wkh uhfxuvlyho| vhohfwhg
wrs �iw| shu fhqw ri prghov lq whup ri dgmxvwhg U2

= Wkh sruwirolr do0
orfdwlrq edvhg rq wklv vwudwhj| ohdgv wr v|vwhpdwlf ryhu0shuirupdqfh
zlwk uhvshfw wr rswlpdo sruwirolr doorfdwlrq dprqj vhyhudo dvvhwv lv
edvhg rq wkh suhglfwlrqv ri wkh ehvw prgho dv vhohfwhg e| wkh dgmxvwhg
U2 1 Vxfk ryhu shuirupdqfh lv pdlqo| dwwulexwdeoh wr d uhgxfwlrq lq
wkh yrodwlolw| ri wkh uhwxuqv rq wkh vhohfwhg sruwirolrv1 Wklfn prghoolqj
ohdgv dovr wr v|vwhpdwlf uhsolfdwlrq/ exw qrw wr ryhu0shuirupdqfh/ ri d
w|slfdo ehqfkpdun sruwirolr iru rxu dvvhw doorfdwlrq sureohp1

MHO Fodvvl�fdwlrq Qxpehuv= J44/ F86

�Dgguhv iru fruuhvsrqgdqfh= Fduor D1 Idyhur/ LJLHU0Xqlyhuvlwã Erffrql/ Yld Vdodvfr

8 53457 Plodq Lwdo| h0pdlo= fduor1idyhurCxql0erffrql1lw1 Zh duh lqghewhg wr Dohvvdqgur

Shqdwl/ Jxlgr Wdehoolql dqg Iudqfhvfr Frulhool dqg vhplqdu sduwlflsdqwv dw cHqwh Hlqdxgl
iru Prqhwdu| dqg Ilqdqfldo Vwxglhv* lq Urph iru frpphqwv dqg vxjjhvwlrqv1 Doo frp0
sxwdwlrqv kdyh ehhq shuiruphg e| xvlqj PDWODE/ frghv duh dydlodeoh iurp wkh dxwkruv
xsrq uhtxhvw1
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4 Lqwurgxfwlrq

Wklv sdshu h{soruhv wkh h{whqw wr zklfk suhglfwdelolw| ri dvvhw uhwxuqv frxog
eh h{sorlwhg iru g|qdplf sruwirolr doorfdwlrq dprqj vhyhudo +vhyhq, dvvhwv
wdnlqj prgho xqfhuwdlqw| h{solflwo| lqwr dffrxqw1

Uhfhqw �qdqfldo uhvhdufk kdv surylghg dpsoh hylghqfh rq wkh suhglfwdelo0
lw| ri dvvhw uhwxuqv +vhh/ iru h{dpsoh/ Nhlp dqg Vwdpedxjk/+4<;9,/ Fdps0
ehoo dqg Vkloohu+4<;;d/ 4<;;e, Shvdudq dqg Wlpphupdqq+4<<9,/ Odqghu dw
do1+4<<:, dqg/ iru d vxuyh|/ Frfkudqh+5333,,1 Vxfk hylghqfh kdv prwlydwhg
hpslulfdo zrun rq sruwirolr fkrlfh lq wkh suhvhqfh ri wlph0ydu|lqj/ suh0
glfwdeoh/ h{shfwhg uhwxuqv1

Wkh olwhudwxuh w|slfdoo| dqdo|}hv sruwirolr doorfdwlrq ehwzhhq wzr dvvhwv/
vwrfn dqg fdvk/ dqg lw lv glylghg lqwr wzr vwudqgv1 D pruh wkhruhwlfdo rul0
hqwhg vwudqg +Ndqgho dqg Vwdpedxjk/4<<9/ Eduehulv/ 5333, frqfhqwudwhv
rq yhu| vlpsoh suhglfwlyh prghov ri h{fhvv uhwxuqv wr dvvhvv wkh lpsdfw ri
hvwlpdwlrq ulvn/ d pruh hpslulfdoo| rulhqwhg vwudqg +Shvdudq dqg Wlpphu0
pdqq/4<<9/ 5333, frqvlghuv ulfkhu suhglfwlyh prghov wr hydoxdwh wkhlu sruw0
irolr doorfdwlrq shuirupdfh djdlqvw vlpsoh ex|0dqg0krog vwudwhjlhv1

Ndqgho dqg Vwdpedxjk+4<<9, hydoxdwh vdpsoh hylghqfh derxw wkh suh0
glfwdelolw| ri prqwko| vwrfn uhwxuqv iurp wkh shuvshfwlyh ri d ulvn0dyhuvh
Ed|hvldq lqyhvwru1 Wkh| vkrz wkdw wkh fxuuhqw ydoxh ri wkh suhglfwlyh ydul0
deohv fdq h{huw d vxevwdqwldo lq xhqfh rq wkh sruwirolr doorfdwlrq/ hyhq zkhq
lqyhvwru*v sulru eholhiv duh zhljkwhg djdlqvw suhglfwdelolw|1

Eduehulv+5333, sxuvxhv wkh Ed|hvldq olqh ri uhvhdufk ixuwkhu e| frqfhq0
wudwlqj rq wkh hvwlpdwlrq ulvn uhohydqw wr prghov xvhg wr suhglfw uhwxuqv1
Wkh hpslulfdo uhvxowv vkrz wkdw wkhuh lv hqrxjk suhglfwdelolw| ri uhwxuqv wr
djuhh zlwk wkh riwhq txrwhg vwdwhphqw e| G1Vlhjho+4<<7, exw wkh| dovr pdnh
fohdu wkdw ljqrulqj hvwlpdwlrq ulvnv pljkw lqgxfh d vl}hdeoh ryhudoorfdwlrq wr
vwrfnv1

Shvdudq dqg Wlpphupdqq+4<<9, frqvlghu d ulfkhu sdudphwhul}dwlrq iru
wkh iruhfdvwlqj prgho wr �qg wkdw wkh suhglfwlyh srzhu ri ydulrxv hfrqrplf
idfwruv ryhu vwrfn uhwxuqv fkdqjhv wkurxjk wlph dqg whqgv wr ydu| zlwk wkh
yrodwlolw| ri uhwxuqv1 Wkh| dsso| d *uhfxuvlyh prghoolqj* dssurdfk dffruglqj
wr zklfk dw hdfk srlqw lq wlph doo wkh srvvleoh iruhfdvwlqj prghov duh hvwl0
pdwhg dqg uhwxuqv duh suhglfwhg e| uho|lqj rq wkh ehvw prgho/ fkrvhq rq wkh
edvlv ri vrph jlyhq vwdwlvwlfdo fulwhulrq1 Wkh g|qdplf sruwirolr doorfdwlrq/
edvhg rq wkh vljqdo jhqhudwhg e| d wlph0ydu|lqj prgho iru dvvhw uhwxuqv/ lv
vkrzq wr ryhu0shuirup wkh ex|0dqg0krog vwudwhj|1 Wkh uhvxowv rewdlqhg iru
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wkh XV duh vxffhvvixoo| uhsolfdwhg lq d uhfhqw sdshu frqfhqwudwlqj rq wkh XN
hylghqfh/ Shvdudq dqg Wlpphupdqq+5333,1

Lq wklv sdshu zh frqvlghu prgho xqfhuwdlqw| zkhq xvlqj ulfk sdudphwhul0
}dwlrqv iru wkh suhglfwlyh prghov1 Pruhryhu/ zh h{whqg wkh suhylrxv hpslulfdo
zrun dorqj wkh glphqvlrq ri wkh sruwirolr doorfdwlrq e| frqvlghulqj wkh sure0
ohp ri d uhsuhvhqwdwlyh ixqg pdqdjhu zkr doorfdwhv ixqgv ehwzhhq vwrfn dqg
erqgv lq wkuhh jhrjudsklfdo duhdv= Hxursh/ XVD dqg Mdsdq1

Lq wkh �uvw vhfwlrq ri wkh sdshu zh rxwolqh wkh dvvhw doorfdwlrq sureohp
dqg wkh vwudwhj| xvhg wr jhqhudwh wkh vroxwlrq1 Lq wkh vhfrqg vhfwlrq zh
ghvfuleh wkh gdwd dqg wkh vshfl�fdwlrq ri wkh iruhfdvwlqj prghov1 Lq wkh
wklug vhfwlrq zh sursrvh d g|qdplf dvvhw doorfdwlrq/ zklfk lv hydoxdwhg lq
wkh irxuwk vhfwlrq ri wkh sdshu1 Wkh �iwk vhfwlrq frqfoxghv1

5 Wkh dvvhw doorfdwlrq sureohp

Zh frqvlghu wkh sureohp ri doorfdwlqj d sruwirolr dprqj vhyhq dvvhwv= zh
kdyh d vdih dvvhw dqg wzr dvvhw fodvvhv/ vwrfn dqg orqj0whup erqgv/ iru wkuhh
duhdv= XV/ Hxursh dqg Mdsdq1 Wkh sruwirolr lv uhedodqfhg hyhu| prqwk e|
rswlpl}lqj wkh iroorzlqj ixqfwlrq=

.| EZ|n���
S

2
T @o EZ|n�� +4,

zkhuh.| EZ|n�� lv wkh h{shfwhg uhwxuq ri wkh sruwirolr iru wkh iroorzlqj shulrg/
T @o EZ|n�� lv wkh yduldqfh ri wkh uhwxuq ri wkh sruwirolr iru wkh iroorzlqj
shulrg dqg S lv wkh frh!flhqw ri ulvn dyhuvlrq1 Jlyhq wkdw wkh uhwxuq iru wkh
vdih dvvhw lq shulrg |n�c o|n�c lv nqrzq dw wlph |c wkh dvvhw doorfdwlrq sureohp
lv vroyhg e| h{sorlwlqj suhglfwdelolw| ri dvvhw uhwxuqv wr ghulyh iurp vrph
hvwlpdwhg prgho wkh yhfwru .| E |n�� ri h{shfwhg ydoxhv ri h{fhvv uhwxuqv iru
doo ulvn| dvvhwv/ dorqj zlwk wkh yduldqfh0fryduldqfh pdwul{ ri wkh rqh0vwhs
dkhdg iruhfdvwlqj huuruv P|n� ' .| E |n� � .| E |n��� E |n� �.| E |n���

� �
Wkh dvvhw doorfdwlrq sureohp lv wkhq vroyhg e| rswlpl}lqj wkh iroorzlqj

ixqfwlrq=
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zkhuh %�c�|n� lv prqwko| uhwxuq rq dvvhw � lq duhd �/ zlwk � ' i7c�j dqg
� ' iL7c a�c.Lj1

Wkh dvvhw doorfdwlrq lv ylhzhg irup wkh srlqw ri ylhz ri dq lqyhvwru edvhg
lq Hxursh/ wkhuhiruh wkh vdih dvvhw lv d 60prqwk ghsrvlw lq Hxur0GP dqg
doo h{fhvv uhwxuqv duh ghqrplqdwhg lq GP1 Hxurshdq vkduhv duh wdnhq wr eh
Jhupdq vkduhv sulru wr Mdqxdu| 4<<< dqg wuxo| Hxurshdq vkduhv diwhuzdugv/
wkh Hxurshdq erqgv duh dozd|v ehqfkpdun Jhupdq erqgv1

Wkh fuxfldo txhvwlrq lv wkh fkrlfh ri wkh prghoolqj dssurdfk iru wkh suhglf0
wlrq ri h{fhvv uhwxuqv dqg wkh yduldqfh0fryduldqfh pdwul{ ri wkhlu iruhfdvwlqj
huuruv1

Lpsruwdqwo|/ rxu fkrlfh ri prgho irfxvhv rq prghoolqj wkh ghflvlrq lq uhdo0
wlph1 Wkhuhiruh/ dw dq| srlqw lq wlph zh plplf wkh ghflvlrq ri dq lqyhvwru
zkr ghflghv sruwirolr doorfdwlrq rq wkh edvlv ri wkh dydlodeoh gdwd1

Wr wklv hqg zh lpsohphqw wkh uhfxuvlyh prghoolqj dssurdfk/ dffruglqj
wr zklfk dw hdfk srlqw lq wlph/ |/ zh vhdufk ryhu d edvh vhw ri revhuydeoh &
uhjuhvvruv wr pdnh rqh0shulrg dkhdg iruhfdvw1 Lq hdfk shulrg zh hvwlpdwh d
vhw ri uhjuhvvlrq vsdqqhg e| doo wkh srvvleoh shupxwdwlrqv ri wkh & uhjuhvvruv1
Dv zh frqvlghu suhglfwlqj prghov/ vlpxowdqhlw| lv qrw dq lvvxh dqg zh hvwl0
pdwh rxu v|vwhp htxdwlrq e| htxdwlrq1 Pruhryhu wkh qxpehu ri uhjuhvvruv
& lv nhsw frqvwdqw iru doo htxdwlrqv1 Wklv jlyhv d wrwdo ri 2& gl�huhqw prghov
iru hdfk h{fhvv uhwxuq41 Zh nhhs wkh vdpsoh vl}h frqvwdqw dqg doo prghov

4Qrwh wkdw lq fdvh ri vlpxowdqhrxv hvwlpdwlrq ri doo vl{ htxdwlrqv wkh cfxuvh ri gl0
phqvlrqdolw|* zloo lpso| d yhu| udslgo| h{sorvlyh jurzwk ri wkh qxpehu ri prghov wr eh
hvwlpdwhg1
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uxq duh edvhg rq d vdpsoh ri vl{ |hduv ri prqwko| gdwd1 Vr lq hdfk shulrg
S � 2& prghov duh hvwlpdwhg rq wkh suhylrxv :5 revhuydwlrqv wr jhqhudwh
d sruwirolr doorfdwlrq1 Dv zh nhhs d �{hg zlqgrz ri :5 revhuydwlrqv/ rxu
phwkrgv dprxqwv wr uxqqlqj d qxpehu ri uroolqj uhjuhvvlrqv/ dq dowhuqdwlyh
frxog eh wr surfhhg wr d vhulhv ri uhfxuvlyh uhjuhvvlrqv5/ lq zklfk fdvh dw dq|
srlqw lq wlph wkh vl}h ri wkh vdpsoh xvhg iru hvwlpdwlrq lv lqfuhdvhg e| rqh
revhuydwlrq1

Lq sudfwlfh/ zh frqvlghu prqwko| gdwd ryhu wkh shulrg 4<;7=405333=43/
rxu �uvw vdpsoh iru hvwlpdwlrq lv 4<;7=4 04<;<=45 zklfk ghwhuplqhv sruwirolr
doorfdwlrq iru 4<<3=4/ wkh gdwd vsdqqlqj wkh shulrg 4<;7=504<<3=4 lqirup wkh
ghflvlrq rq sruwirolr doorfdwlrq iru 4<<3=5 dqg vr rq xs wr 5333=431 Rxu
h{huflvh lqyroyhv wkh hvwlpdwlrq ri �D�� S� 2& prghov/ zklfk/ zlwk & vhw wr
43/ dprxqwv wr <73365 prghov1

Zh hvwlpdwh doo wkh srvvleoh vshfl�fdwlrqv/ rq dq htxdwlrq e| htxdwlrq
edvlv/ ri wkh iroorzlqj v|vwhp=

E |n� � o|n�� ' ~�c|K�c| n ��c|n� +5,
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zkhuh ~�c&
�c| lv wkh vhw ri uhjuhvvruv/ revhuydeoh dw wlph |/ lqfoxghg lq wkh �0wk

vshfl�fdwlrq E� ' �c ���2&� iru wkh �0wk h{fhvv uhwxuq E� ' �c7� dqg wkh &0wk

5Wkh xvh Uroolqj uhjuhvvlrqv iru iruhfdvwlqj doorzv pruh sdudphwhuv*yduldelolw| ryhu
wlph wkdq uhfxuvlyh uhjuhvvlrqv 1
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frxqwu|E� ' L7c a�c.L�1 Jlyhq wkh hvwlpdwlrq ri E2� c wkh uhohydqw dvvhw
doorfdwlrq sureohp frxog/ lq sulqflsoh/ eh vroyhg e| vshfli|lqj d ydoxh iru S
dqg e| vhwwlqj

.�c| E |n� � o|c|n�� ' ~�c|K�c| +6,

T @o�c| E |n� � o|c|n�� ' ~�c|T @o EK�c|�~
�

�c| n T @oE��c|n�� +7,

Krzhyhu/ zkloh wkh frpsxwdwlrq ri .�c| E |n� � o|c|n�� c fdq eh lpsoh0
phqwhg hyhq li wkh v|vwhp lv hvwlpdwhg htxdwlrq e| htxdwlrq/ wkh frpsxwd0
wlrq ri T @o�c| E |n� � o|c|n�� yld irupxod Ee� uhtxluhv vlpxowdqhrxv hvwlpdwlrq
ri wkh vl{ htxdwlrqv iru h{fhvv uhwxuqv zklfk/ dv douhdg| srlqwhg rxw/ uxqv
yhu| udslgo| lqwr d fodvvlfdo cfxuvh ri glphqvlrqdolw|* sureohp1 Zh sursrvh
wr vroyh wklv sureohp e| xvlqj wkh hpslulfdo glvwulexwlrq ri wkh iruhfdvwlqj
huuruv1 Lq rwkhu zrugv/ jlyhq wkh hvwlpdwlrq ri wkh prgho ryhu wkh �uvw :5
revhuydwlrqv/ zh gr qrw jhqhudwh sruwirolr doorfdwlrq xqwlo wzr |hduv odwhu vr
wkdw zh dffxpxodwh dw ohdvw 57 revhuydwlrqv rq iruhfdvwlqj huuruv wr frpsxwh
hpslulfdoo| T @o�c| E |n� � o|c|n�� �

514 Prgho Xqfhuwdlqw|

Rxu hfrqrphwulf surfhgxuh gholyhuv 5& prghov wr suhglfw hdfk h{fhvv uhwxuqv
dqg wkhlu dvvrfldwhg yduldqfh0fryduldqfh pdwulfhv dw dq| srlqw lq wlph/ wkhuh0
iruh wkh ghflvlrq ri dvvhw doorfdwlrq uhtxluhv xv wr wdnh d vwdqg rq prgho/ ru
vshfl�fdwlrq/ xqfhuwdlqw|1

D wudglwlrqdo dssurdfk wdnhq lq wkh olwhudwxuh6 lv wr surfhhg wr cwklq*
prghoolqj e| vshfli|lqj d vhohfwlrq fulwhuld dqg wkhuhiruh e| vhohfwlqj wkh
ehvw prgho lq hdfk shulrg1 Zh iroorz Judqjhu +5333, dqg odeho wklv dssurdfk
cwklq* prghoolqj lq wkdw wkh shuirupdqfh ri wkh dvvhw doorfdwlrq lv ghvfulehg
ryhu wlph e| d wklq olqh1

Wklq prghoolqj qhhgv wr eh edvhg rq d vhohfwlrq fulwhulrq zklfk zhljkwv
jrrgqhvv ri �w djdlqvw sduvlprq| ri wkh vshfl�fdwlrq1 Wkh olwhudwxuh w|slfdoo|
frqvlghuv ELF/ DNDLNH/ Vfkzdu} dqg wkh dgmxvwhg -2 dv vhohfwlrq fulwhuld1

Wkh dgydqwdjh ri wklv dssurdfk lv wkdw d surfhvv srwhqwldoo| qrq0olqhdu lv
prghohg e| dsso|lqj uhfxuvlyho| d vhohfwlrq surfhgxuh dprqj olqhdu prghov1
Wkh vshfl�fdwlrq surfhgxuh plplfv d vlwxdwlrq lq zklfk yduldeohv iru suh0
glfwlqj uhwxuqv duh fkrvhq lq hdfk shulrg iurp d srro ri srwhqwldoo| uhohydqw

6Vhh/ iru h{dpsoh/ Shvdudq dqg Wlpphupdqq +4<<8/ 5333,1
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uhjuhvvruv1 Wklv fkrlfh �wv zhoo wkh ehkdylrxu riwhq revhuyhg lq �qdqfldo
pdunhwv ri dwwulexwlqj gl�huhqw hpskdvlv wr wkh vdph yduldeohv lq gl�huhqw
shulrgv1

Reylrxvo| nhhslqj wudfn ri wkh vhohfwhg yduldeohv khosv wkh uh hfwlrq rq
wkh hfrqrplf vljql�fdqfh ri wkh cehvw* uhjuhvvlrq1

Wkh pdlq olplw ri wklq prghoolqj lv wkdw prgho/ ru vshfl�fdwlrq/ xqfhu0
wdlqw| lv qrw frqvlghuhg1 Lq hdfk shulrg wkh lqirupdwlrq frplqj iurp wkh glv0
fdughg 2&�� lv ljqruhg iru wkh sruwirolr doorfdwlrq h{huflvh1 Wklv fkrlfh vhhpv
wr eh sduwlfxoduo| vwurqj lq wkh oljkw ri wkh uhvxowv rewdlqhg e| Ed|hvldq olqh
ri uhvhdufk/ zklfk/ dv zh kdyh vhhq/ vwuhvvhv wkh lpsruwdqfh ri wkh hvwlpdwlrq
ulvn iru sruwirolr doorfdwlrq1 D qdwxudo zd| wr lqwhusuhw prgho xqfhuwdlqw| lv
wr uhiudlq irup wkh dvvxpswlrq ri wkh h{lvwhqfh ri d �wuxh� prgho dqg dwwdfk
lqvwhdg suredelolwlhv wr gl�huhqw srvvleoh prghov1 Wklv dssurdfk kdv ehhq od0
ehoohg cEd|hvldq Prgho Dyhudjlqj*/ vhh/ iru h{dpsoh/ Krhwlqj M1hw do1+4<<<,/
dqg Udiwhu| hw do1+4<<:,1

Wkh pdlq gl!fxow| zlwk wkh dssolfdwlrq ri Ed|hvldq Prgho Dyhudjlqj wr
sureohpv olnh rxuv olhv zlwk wkh vshfl�fdwlrq ri sulru glvwulexwlrqv iru sdudp0
hwhuv lq doo 9-5& prghov ri rxu lqwhuhvw1 Uhfhqwo|/ Grsshokrihu hw do1+5333,
kdyh sursrvhg dq dssurdfk odehoohg cEd|hvldq Dyhudjlqj ri Fodvvlfdo Hvwl0
pdwhv*+EDFH, zklfk ryhufrphv wkh qhhg ri vshfli|lqj sulruv e| frpelqlqj
wkh dyhudjlqj ri hvwlpdwhv dfurvv prghov/ d Ed|hvldq frqfhsw/ zlwk fodvvl0
fdo ROV hvwlpdwlrq/ lqwhusuhwdeoh lq wkh Ed|hvldq fdps dv frplqj iurp wkh
dvvxpswlrq ri gl�xvh/ qrq0lqirupdwlyh/ sulruv1

Lq sudfwlfh EDFH dyhudjhv sdudphwhuv dfurvv doo prghov e| zhljwklqj
wkhp sursruwlrqdoo| wr wkh orjdulwkp ri wkh olnholkrrg ixqfwlrq fruuhfwhg iru
wkh ghjuhhv ri iuhhgrp/ xvlqj wkhq d fulwhulrq dqdorjrxv wr wkh Vfkzdu} prgho
vhohfwlrq fulwhulrq1 Lw lv lpsruwdqw wr qrwh wkdw wkh frqvlghudwlrq ri prgho
xqfhuwdlqw| lq rxu frqwh{w jhqhudwhv srwhqwldo iru dyhudjlqj dw wzr gl�huhqw
ohyhov= dyhudjlqj dfurvv wkh gl�huhqw suhglfwhg h{fhvv uhwxuqv dqg wkhlu ydul0
dqfh fryduldqfh pdwulfhv dqg dyhudjlqj dfurvv wkh gl�huhqw sruwirolr fkrlfhv
gulyhq e| wkh h{fhvv uhwxuqv dqg wkhl yduldqfh0fryduldqfh pdwulfhv1 Wkh h{0
solflw frqvlghudwlrq ri hvwlpdwlrq ulvnv qdwxudoo| jhqhudwhv cwklfn* prghoolqj/
zkhuh erwk wkh suhglfwlrq ri prghov dqg wkh shuirupdqfh ri wkh sruwirolr
doorfdwlrqv ryhu wlph gulyhq e| wkrvh suhglfwlrqv duh ghvfulehg e| d wklfn
olqh wr wdnh dffrxqw ri wkh pxowlsolflw| ri prghov hvwlpdwhg1 Wkh wklfnqhvv ri
wkh olqh lv d gluhfw uh hfwlrq ri wkh hvwlpdwlrq ulvn1 D �qglqj ri rxu hpslulfdo
zrun lv wkdw wkh udqnlqj ri prghov lq whupv ri wkhlu zlwklq vdpsoh shuiru0
pdqfh grhv qrw pdwfk dw doo wkh udqnlqj ri prghov lq whupv ri wkhlu h{0srvw
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sruwirolr doorfdwlrq1 Wklv hpslulfdo hylghqfh srlqwv fohduo| djdlqv EDFH xv0
lqj zlwklq vdpsoh fulwhuld wr zhljkw prghov1 Frqvlvwhqwo| zlwk wklv hylghqfh/
zh rswhg iru wkh vhohfwlrq phwkrg sursrvhg e| Judqjhu+5333, ri xvlqj d c111
surfhgxuh ^zklfk` hpskdvl}hv wkh sxusrvh ri wkh wdvn dw kdqg udwkhu wkdq mxvw
xvlqj d vlpsoh vwdwlvwlfdo srrolqj111*1

Zh lpsohphqwhg wklfn prghoolqj e| rewdlqlqj �uvw wkh sruwirolr zhljkwv
edvhg rq wkh pd{lpl}dwlrq ri wkh FDUD xwlolw| ixqfwlrqv lq zklfk phdq dqg
yduldqfh ri wkh xwlolw| ixqfwlrq duh ghulyhg iurp wkh ehvw 83 shu fhqw ri doo
rxu hvwlpdwhg prghov7/ e| frqvlghulqj lq wxuq wkh sruwirolr doorfdwlrq dvvrfl0
dwhg zlwk doo prghov iru wkh vl{ uhohydqw h{fhvv uhwxuqv rughuhg lq ghfuhdvlqj
rughu ri �w/ iru d wrwdo ri 2&*2 doorfdwlrqv lq hdfk prqwk/ dqg e| �qdoo|
ghulylqj dq dyhudjh sruwirolr doorfdwlrq e| dyhudjlqj wkh rswlpdo zhljkwv ri
hdfk doorfdwlrq1

6 Wkh gdwd dqg wkh hfrqrphwulf vshfl�fd0

wlrqv

Rxu dssolfdwlrq ri wkh uhfxuvlyh prgholqj vwudwhj| uhtxluhv rqh0vwhs dkhdg
iruhfdvwv iru wkh yhfwru ri vl{ h{fhvv uhwxuqv dqg wkh dvvrfldwhg yduldqfh0
fryduldqfh pdwulfhv ri wkh iruhfdvwlqj huuruv1

Iljxuh 4 glvsod|v wkh prqwko| h{fhvv uhwxuqv rq vwrfn dqg erqg pdunhwv
iru XV/ Mdsdq dqg HX8 ryhu wkh shulrg 4<;7=405333=43/ zkloh Wdeoh 4 uhsruwv
d udqjh ri ghvfulswlyh vwdwlvwlfv1

Lqvhuw khuh Iljxuh 4 dqg Wdeoh 4

Wkh prqwko| h{fhvv uhwxuqv iru doo yduldeohv vkrz yhu| olwwoh shuvlvwhqfh/
wkhlu glvwulexwlrq lv +prghudwho|, qrq0qrupdo gxh wr wkh suhvhqfh ri d qxpehu
ri rxwolhuv1 H{fhvv uhwxuqv iurp vwrfn pdunhwv duh kljkhu/ exw pruh yrodwloh/
wkdq wkrvh iurp wkh erqg pdunhwv1 Wkh kljkhu phdq h{fhvv uhwxuqv lv wkdw
ri wkh XV vwrfn pdunhw/ zklfk wdnhv d ydoxh ri d 31 3<58 rq dq dqqxdo edvlv1
Xqfrglwlrqdo fruuhodwlrqv ryhu wkh ixoo0vdpsoh duh doo srvlwlyh/ krzhyhu wkh
vxe0vdpsoh dqdo|vlv vkrz vrph lqvwdelolw|/ zklfk ehfrphv qrwdeoh iru wkh

7Wkh �iw| shu fhqw fxwr� srlqw kdv ehhq fkrvhq rq wkh edvlv ri wkh srvlwlylw| ri wkh

frqvlghuhg fulwhulrq
8Zh frqvlghu jhqxlqh HX gdwd iru wkh vwrfnpdunhwv dqg wkh pdfurhfrqrplf djjuhjdwh

iurp 4<<< rqzdugv1 Sulru wr wklv gdwh Jhupdq gdwd duh frqvlghuhg1
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fdvh ri wkh fruuhodwlrq ehwzhhq h{fhvv uhwxuqv ri XV erqgv dqg vwrfn dqg
Hxurshdq erqgv/ zkhuh wkh fruuhodwlrq frh!flhqw wdnhv d vpdoo qhjdwlyh ydoxh
lq wkh �uvw vxe0vdpsoh dqg dq kljk srvlwlyh ydoxh lq wkh vhfrqg vxe0vdpsoh1

Wr prgho wlph0yduldwlrq lq suhglfwhg h{fhvv uhwxuqv dqg wkhlu yduldqfh0
fryduldqfh pdwulfhv/ zh dsso| uhfxuvlyho| prghoolqj wr rewdlq wlph0ydu|lqj
vshfl�fdwlrqv dqg rqh0vwhs dkhdg suhglfwlrqv iru wkhvh vl{ yduldeohv1 Iroorz0
lqj Shvdudq dqg Wlpphupdqq+5333, zh glylgh yduldeohv lq irfdo/ odehoohg
�| dqg vhfrqgdu| irfdo/ odehoohg �|1 Irfdo yduldeohv duh dozd|v lqfoxghg lq
doo prghov1 Zh wdnh wkhvh yduldeohv dv wkrvh gh�qlqj wkh orqj0uxq htxloleuld
iru wkh vwrfn dqg erqg pdunhwv1 Iroorzlqj wkh ohdg ri wudglwlrqdo dqdo|vlv9

+Judkdp dqg Grgg Vhfxulw| Dqdo|vlv/ 7wk hglwlrq/ 4<95/ s1843, dqg uhfhqw
vwxglhv +Odqghu hw do1 +4<<:,, zh kdyh fkrvhq wr frqvwuxfw dq htxloleulxp iru
wkh vwrfn pdunhw e| frqfhqwudwlqj rq d olqhdu uhodwlrq ehwzhhq wkh orqj whup
lqwhuhvw udwhv/ -|c dqg wkh orjdulwkp ri wkh hduqlqj sulfh udwlr/ eR1 Vxfk dq
htxloleulxp fdq eh ghulyhg zlwklq wkh iudphzrun ri d iruzdug0orrnlqj htxl0
oleulxp prghov iru vkduh0sulfhv +vhh/ iru h{dpsoh/ Erq�jolrol0Idyhur+5333,,1

Iru wkh gh�qlwlrq ri wkh orqj uxq htxloleulxp ri erqg pdunhw zh xvh d
olqhdu uhodwlrq ehwzhhq orqj0whup lqwhuhvw udwhv/ -| dqg vkruw whup lqwhuhvw
udwhv/ o| / zklfk lv frpsdwleoh zlwk wkh h{shfwdwlrqdo prgho dqg lv dovr fdsd0
eoh ri doorzlqj iru d vwdwlrqdu| ulvn suhplxp +vhh Fdpsehoo dqg Vkloohu/4<;:,1

Vrph judsklfdo hylghqfh vxssruwlqj rxu fkrlfh iru wkh irfdo yduldeohv lv
surylghg lq �jxuh 506 zklfk surylghv d gluhfw dvvhvvphqw rq wkh shuirupdqfh
ri rxu vhohfwhg irfdo yduldeohv wr fdswxuh orqj0uxq wuhqgv lq erqgv dqg vkduh
sulfhv1

Lqvhuw khuh Iljxuh 506

Qrwh wkdw zh gr qrw lpsrvh dq| uhvwulfwlrqv rq wkh frh!flhqwv ri wkh
yduldeohv hqwhulqj wkh orqj0uxq htxloleuld/ wkxv doorzlqj htxloleuld wr fkdqjh

9

�111Wkhruhwlfdo dqdo|vlv vxjjhvwv wkdw erwk wkh glylghqg |lhog dqg wkh hduq0

lqjv |lhog rq frpprq vwrfnv vkrxog eh vwurqjo| d�hfwhg e| fkdqjhv lq wkh

orqj0whup lqwhuhvw udwhv1 Lw lv dvvxphg wkdw pdq| lqyhvwruv duh frqvwdqwo|

pdnlqj d fkrlfh ehwzhhq vwrfn dqg erqg sxufkdvhv> dv wkh |lhog rq erqgv

dgydqfhv/ wkh| zrxog eh h{shfwhg wr ghpdqg d fruuhvsrqglqjo| kljkhu uhwxuq

rq vwrfnv/ dqg frqyhuvho| dv erqg |lhogv ghfolqh111�

Wkh deryh vwdwhphqw vxjjhvwv wkdw hlwkhu wkh glylghqg |lhog ru wkh hduqlqjv |lhog rq

frpprq vwrfnv frxog eh xvhg
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ryhu wlph1 Pruhryhu/ lq wkh vshfl�fdwlrq ri irfdo yduldeohv iru h{fhvv uhwxuqv
lq wkh erqg pdunhwv zh frqvlghu wzr odjv ri wkh vkruw0whup udwh wr fdswxuh
erwk vkruw0uxq dqg orqj0uxq  xfwxdwlrqv lq wklv yduldeoh1

Wkh vhfrqg vhw ri uhjuhvvruv fdoohg *vhfrqgdu| irfdo*/ �|c lqfoxghv ydul0
deohv wkdw duh dozd|v frqvlghuhg lpsruwdqw lq fdswxulqj wkh vkruw0whup h�hfwv
olqnhg zlwk qhz gdwd uhohdvhv ru exvlqhvv f|foh  xfwxdwlrqv1 Zh frqvlghu dv
vhfrqgdu| irfdo yduldeohv rR|c wkh udwlr ri frusrudwh erqgv rq jryhuqphqw
erqgv/ re��c�

| c d phdvxuh ri wkh yrodwlolw| ri dvvhw � lq pdunhw �:/ {�2,�R|/
wkh dqqxdo udwh ri fkdqjh lq wkh lqgh{ ri lqgxvwuldo surgxfwlrq/ {,or|c wkh
prqwko| fkdqjh lq wkh lqgh{ ri uhwdlo vdohv/ {�26�|c wkh dqqxdo udwh ri fkdqjh
ri wkh prqh| vxsso|/ {�2SR�|/ wkh dqqxdo udwh ri fkdqjh ri uhwdlo sulfhv/
{�2SR6|c wkh udwh ri fkdqjh ri frpprglw| sulfh lqgh{/ {�2J�,|c wkh udwh ri
fkdqjh lq wkh vsrw sulfh ri rlo/ SS|c wkh ohyho ri frqvxphu frq�ghqfh lqgh{/
KS|c wkh ohyho ri exvlqhvv frq�ghqfh lqgh{/ _e6�r_|c wkh orj ri GHP2XVG h{0
fkdqjh udwh/ +e?_e6|c wkh orj ri \HQ2GHP h{fkdqjh udwh/ dqg +e?�r_|c wkh
orj ri \HQ2XVG h{fkdqjh udwh +vhh wkh Gdwd Dsshqgl{ iru pruh ghwdlov,1
Zh lqlwldoo| frqvlghuhg dovr wkh odjjhg ghshqghqw yduldeoh dv d srwhqwldo
vhpl0irfdo uhjuhvvruv iru doo h{fhvv uhwxuqv/ exw zh wkhq glvfdughg lw dv lw zdv
qhyhu irxqg vljql�fdqw;1

Qrwh wkdw vrph/ ru hyhq doo vhfrqgdu| irfdo yduldeohv/ frxog eh ohiw rxw
iurp wkh uhohydqw iruhfdvwlqj htxdwlrq1 Lq idfw/ jlyhq &@ irfdo yduldeohv dqg
&K vhfrqgdu| irfdo yduldeohv/ zh frqvwuxfw iru doo srvvleoh vdpsohv diwhu lq0
l}ldwlo}dwlrq 5&

K

prghov nhhslqj irfdo yduldeohv �{hg dqg frqvlghulqj doo wkh
srvvleoh frpelqdwlrqv ri vhfrqgdu| irfdo yduldeohv1 Zh udqn wkhq udqn prg0
hov dffruglqj rxu sursrvhg fulwhuld dqg surfhhg hlwkhu wr wklq prghoolqj/
fkrrvlqj rqo| wkh ehvw prgho/ ru wr wklfn prghoolqj/ fkrrvlqj d wklfn vxevhw
ri wkh 5&

K

hvwlpdwhg prghov1

7 Hvwlpdwlrq

Zh hvwlpdwh/ rq dq htxdwlrq e| htxdwlrq edvlv/ vl{ rqh0vwhs+prqwk, dkhdg
iruhfdvwlqj prghov iru wkh uhohydqw h{fhvv uhwxuqv1 Wkh ghwdlov ri wkhvh vshf0

:Wklv phdvxuh ri yrodwlolw| lv rewdlqhg e| frqvlghulqj wkh vtxduhg h{fhvv uhwxuqv/ lw fdq
wkhuhiruh eh lqwhusuhwhg dv d phdvxuh ri frqglwlrqdo yrodwlolw|1

;Wklv hpslulfdo uhvxowv ixo�oov rqh ri wkh qhfhvvdu| frqglwlrq iru wkh jhqhudol}dwlrq
wr orqjhu whup krul}rqv ri wkh rswlpdo vkruw0whup sruwirolr fkrlfh +vhh/ iru h{dpsoh/
Vdpxohvrq+4<9<,,1
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l�fdwlrqv duh uhsruwhg lq Wdeoh 51

Lqvhuw Wdeoh 5 khuh

Zkloh wkh qxpehu ri irfdo yduldeohv lv gl�huhqw iru h{fhvv uhwxuqv rq
vwrfn dqg erqgv/ zh kdyh whq vhfrqgdu| irfdo yduldeohv iru hdfk dvvhw dqg zh
hvwlpdwh wkh vdph qxpehu ri vshfl�fdwlrqv iru hdfk htxdwlrq dw hyhu| vdpsoh
vsolw1

Iljxuh 7 glvsod|v wkh wklfn olqh ri wkh dgmxvwhg U2 dvvrfldwhg wr wkh ehvw
�iw| shu fhqw prghov +845, iru hdfk vdpsoh srlqw diwhu lqlwldol}dwlrq1 Xvxdoo|
lq wkh olwhudwxuh wklv fulwhulrq lv xvhg dorqj zlwk rwkhu fulwhuld wr r�hu d zlgh
udqjh ri vhohfwlrq ri zhljkwv lq wkh shqdow| ixqfwlrq zklfk wudghv r� jrrgqhvv
ri �w zlwk sduvlprq|1 Zh frqfhqwudwh mxvw rq wkh U2 wr nhhs glphqvlrqdolw|
xqghu frqwuro zkhq hydoxdwlqj wklq djdlqvw wklfn prghoolqj1 Qrwh wkdw
zkhq wklfn prghoolqj lv frqvlghuhg wkh lpsruwdqfh ri wkh vhohfwlrq fulwhulrq
lv gudvwlfdoo| uhgxfhg1 Rxu v|psdwk| iru wkh dgmxvwhg -2 lv jhqhudwhg e| wkh
idfw wkdw d ydoxh ri }hur iru wklv fulwhulrq kdv dq lqwxlwlyh dsshdo iru wkh nlqg
ri suhglfwlyh uhjuhvvlrqv wkdw zh uxq1

Lqvhuw Iljxuh 7 khuh

Wkh ydoxh ri wkh fulwhulrq udqjhv iurp }hur wr 316 dqg  xfwxdwhv udwkhu
uhpdundeo| ryhu wlph dqg vr grhv wkh wklfnqhvv ri wkh sorw/ lqglfdwlqj wkh
suhvhqfh ri gl�huhqfhv ryhu wlph lq wkh uhodwlyh shuirupdqfh ri wkh hvwlpdwhg
prghov1 Wkh vwduw ri HPX lv dvvrfldwhg wr d vkdus gurs lq wkh suhglfwdelolw|
ri h{fhvv uhwxuqv rq wkh vwrfn pdunhw exw dovr zlwk d vkdus lqfuhdvh lq wkh
suhglfwdelolw| ri h{fhvv uhwxuqv lq wkh erqg pdunhw1

Wkh lpsruwdqfh ri uhfxuvlyh prghoolqj lv looxvwudwhg lq Iljxuhv 8043/ zkhuh
zh uhsruw wkh suredelolw| zlwk zklfk hdfk yduldeoh lv lqfoxghg lq wkh vhohfwhg
vshfl�fdwlrq/ e| frqvlghulqj lq wxuq wkh wrs �iw| shu fhqw prghov dqg wkh
wrs whq shu fhqw prgho rq wkh edvlv ri wkh dgmxvwhg U2�

Lqvhuw Iljxuhv 8043 khuh

Wkh sorwwhg suredelolw| lv frpsxwhg dv wkh udwlr ri wkh qxpehu ri prghov
lq wkh wrs whq +�iw|, shu fhqw lq zklfk wkh jlyhq yduldeoh lv vljql�fdqw wr wkh
wrwdo qxpehu ri prghov lq wkh wrs whq +�iw|, shu fhqw1 Wkh �jxuhv hpskdvl}h
wkh lpsruwdqfh ri qrq0olqhdulwlhv dqg vzlwfklqj h�hfwv iru doo yduldeohv/ fohduo|
vxfk lpsruwdqfh lqfuhdvhv zlwk wkh wklqqhvv ri wkh fkrvhq dssurdfk1
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8 Dvvhw Doorfdwlrq

Rq wkh edvlv ri wkh uhvxowv ri hvwlpdwlrq zh surfhhg wr dvvhw doorfdwlrq e|
pd{lpl}lqj wkh xwlolw| ixqfwlrq jlyhq wkh iruhfdvw iru wkh h{shfwhg uhwxuqv
dqg wkh hpslulfdo glvwulexwlrq ri wkh dvvrfldwhg iruhfdvwlqj huuruv1 Lq hdfk
shulrg zh frqvlghu 845 iruhfdvwv iru hdfk ri wkh vl{ h{fhvv uhwxuqv dvvrfldwhg
wr wkh ehvw �iw| shu fhqw ri wkh hvwlpdwhg prghov1 Zh wkhq frqvlghu 845 sruw0
irolr doorfdwlrqv dvvrfldwhg zlwk prghov lq ghfuhdvlqj rughu ri dgmxvwhg U2�
Dv zh kdyh d wrwdo ri 45< +wrwdo revhuydwlrqv xvhg iru hvwlpdwlrq/486/ plqxv
57 lqlwldo revhuydwlrqv qhhghg wr frpsxwh wkh hpslulfdo yduldqfh0fryduldqfh
pdwul{ ri iruhfdvwlqj huuruv, revhuydwlrqv rq zklfk wkh rswlpl}dwlrq h{huflvh
lv lpsohphqwhg/ rxu h{huflvh lqyroyhv �2b�D�2 ' SS feH sruwirolr doorfdwlrqv1
Zh wkhq surfhhg wr dqdo|}h wkh shuirupdqfh ri wklq prghoolqj e| frqfhq0
wudwlqj rq d vshfl�f sruwirolr doorfdwlrq/ xvxdoo| wkh sruwirolr doorfdwlrq dv0
vrfldwhg wr wkh kljkhvw U2� Zh fdq dovr frpsduh wklq prghoolqj zlwk wklfn
prghoolqj edvhg rq wkh dyhudjh sruwirolr doorfdwlrq/ ghulyhg e| dyhudjlqj wkh
rswlpdo zhljkwv ri wkh 845 sruwirolr doorfdwlrqv1

Iljxuhv 44045 looxvwudwh wkh rswlpdo zhljkwv ri wkh dyhudjh sruwirolr door0
fdwlrq e| djjuhjdwlqj dvvhwv iurp gl�huhqw duhdv lqwr erqgv dqg vwrfnv1

Lqvhuw Iljxuhv 44045 khuh

Wkh sruwirolrv fkrvhq e| wklfn prghoolqj whqg wr idyrxu vwrfnv yhuvxv
erqgv + wkh dyhudjh doorfdwlrq wr vwrfn lv 195 zkloh wkh dyhudjh doorfdwlrq
wr erqgv lv 163, dqg lw lpsolhv d udwkhu surdfwlyh doorfdwlrq vwudwhj| zlwk
iuhtxhqw dqg vl}hdeoh uh0edodqflqj1 Krzhyhu/dv fohduo| vkrzq e| Iljxuh 45/
wkh yrodwlolw| ri zhljwkv lq rswlpdo sruwirolr fkrvhq e| wklfn prghoolqj lv
pxfk orzhu wkdq wkdw jhqhudwhg e| wklq prghoolqj edvhg rq wkh ehvw U2�

9 Shuirupdqfh Hydoxdwlrq

Zh hydoxdwh wkh shuirupdqfh ri rxu dvvhw doorfdwlrq vwudwhjlhv e| xvlqj d
udqjh ri wrrov1

Iluvw/ zh dqdo|}h rqh0vwhs dkhdg suhglfwlrqv iru doo vl{ h{fhvv uhwxuqv
ri rxu lqwhuhvw e| xvlqj wkh vljq whvw sursrvhg e| Shvdudq dqg Wlpphu0
pdqq+4<<9,1 Wkh vljq whvw lv edvhg rq wkh sursruwlrq ri wlphv wkdw wkh vljq
ri d jlyhq yduldeoh +| lv fruuhfwo| suhglfwhg lq wkh vdpsoh e| wkh vljq ri wkh
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suhglfwru %| 1 Xqghu wkh qxoo k|srwkhvlv wkdw %| kdv qr srzhu lq suhglfwlqj
+| wkh sursruwlrq ri wlphv wkdw wkh vljq lv fruuhfwo| suhglfwhg kdv d elqrpldo
glvwulexwlrq zlwk nqrzq sdudphwhuv/ wkhuhiruh d whvw ri wkh qxoo ri suhglfwlyh
idloxuh lv frqvwuxfwhg e| frpsdulqj wkh revhuyhg sursruwlrq ri vljq fruuhfwo|
suhglfwhg zlwk wkh sursruwlrq ri vljq fruuhfwo| suhglfwhg xqghu wkh qxoo1 Gh0
wdlov rq wkh ghulydwlrq ri wkh vwdwlvwlfv dqg uhvxowv duh uhsruwhg lq Wdeoh 61

Lqvhuw Wdeoh 6 khuh

Zkhq whvwlqj zh kdyh frqvlghuhg wkh zkroh vdpsoh 4<<305333 dorqj zlwk
d vsolw lq wzr vxevdpsohv/ 4<<304<<8 dqg 4<<8053331 Zh kdyh dqdo|}hg wkuhh
suhglfwruv= wkh suhglfwlrq dvvrfldwhg zlwk wkh ehvw prgho lq whupv ri -2c wkh
suhglfwlrq dvvrfldwhg zlwk wkh zruvw prgho lq whupv ri -2c dqg wkh dyhudjh
suhglfwlrq ri wkh wrs �iw| shu fhqw prghov+845, lq whupv ri -2� Wkh qxoo ri
suhglfwlyh idloxuh lv frqvlvwhqwo| uhmhfwhg rqo| iru h{fhvv uhwxuqv iurp lqyhvwlqj
lq Hxurshdq vkduhv1 Wkh vljq whvw wdnhv srvlwlyh/ exw qrw vljql�fdqw/ ydoxhv
iru h{fhvv uhwxuqv rq Hxurshdq erqgv/ Mdsdqdhvh vkduhv dqg Mdsdqhvh erqgv/
zkloh ydoxhv duh frqvlvwhqwo| qhjdwlyh iru wkh XV pdunhwv1 Hylghqfh iurp
wkh zkroh vdpsoh grplqdwhv hylghqfh irup wkh wzr vxevdpsohv lq whupv ri
whqghqf| wr uhmhfw suhglfwlyh idloxuh1 Lqwhuhvwlqjo|/ qr fohdu sdwwhuq hphujhv
ehwzhhq wkh lq0vdpsoh shuirupdqfh ri wkh vhohfwhg prghov dv phdvxuhg e|
wkh U2 dqg wkhlu rqh0vwhs dkhdg suhglfwlyh delolw|1

Wkh vljq whvwv frqfhqwudwh rq d vshfl�f dvvhwv ri rxu h{huflvh lq wkdw
lw grhv qrw doorz wr phdvxuh shuirupdqfh dqg lw grhv qrw frqvlghu lvvxhv
uhodwhg wr wkh yduldqfh0fryduldqfh pdwul{ ri suhglfwlrq huuruv dqg wkhuhiruh
wr wkh xwlolw| ixqfwlrq1 Zh wkhq surfhhg ixuwkhu lq rxu hydoxdwlrq h{huflvh
e| dqdo|}lqj shuirupdqfh1 Iluvw zh orrn dw fxpxodwlyh shuirupdqfh/ e|
iroorzlqj ryhu wlph wkh ydoxh ri d zhdowk ri 433 lq 4<<5=41 Zh frqvlghu vl{
dowhuqdwlyh zhdowk sur�ohv jhqhudwhg uhvshfwlyho|/ e| wkh sruwirolr doorfdwlrq
edvhg rq wklq prghoolqj zlwk wkh ehvw U2c e| wkh sruwirolr doorfdwlrq edvhg
rq wklq prghoolqj zlwk wkh zruvw U2c e| wkh sruwirolr doorfdwlrq edvhg rq
wklfn prghoolqj/ l1h1 dyhudjh doorfdwlrq uhvxowlqj iurp wkh wrs 83 shu fhqw
prghov lq whupv ri U2ce| wkh ehvw shuirupdqfh/ e| wkh zruvw shuirupdqfh
dqg e| d w|slfdo ehqfkpdun iru ixqgv lqyhvwlqj lq rxu dvvhw fodvvhv/ l1h1 dq
dvvhw doorfdwlrq zlwk zhljkwv 3188 iru erqgv dqg 3178 iru vwrfnv dqg d frxqwu|
doorfdwlrq edvhg rq JGS zhljkwv1 Wkh uhvxowv/ uhsruwhg lq Iljxuh 46/ vkrz
wkdw wklfn prghoolqj uhsolfdwhv exw grhv qrw ryhu0shuirupv wkh ehqfkpdun/
dqg wkdw wkh udqnlqj lq whupv ri U2 duh qrw uh hfwhg dw doo lq wkh udqnlqj lq
whupv ri shuirupdqfh1
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Lqvhuw Iljxuh 46 khuh

Lq idfw/ wkh doorfdwlrq edvhg rq ehvw U2 grhv qrw fohduo| grplqdwh wkh
doorfdwlrq edvhg rq wkh zruvw U2 dqg wkh ehvw shuirupdqfh lv dvvrfldwhg
zlwk d prgho udwkhu orz +683, lq wkh U2 udqnlqj1 Wkh hylghqfh iurp wkh
vljq whvwv dqg wkh hydoxdwlrq ri wkh shuirupdqfh ri d udwkhu olplwhg qxpehu
ri prghov lv frq�uphg zkhq wkh shuirupdqfh ri doo 845 prghov lv dqdo|}hg=
Iljxuh 47 fohduo| vkrzv wkdw udqnlqj wkh prghov lq whupv ri ghfuhdvlqj U2

grhv qrw jhqhudwh d ghfuhdvlqj shuirupdqfh1

Lqvhuw Iljxuh 47 khuh

Wklv hpslulfdo uhvxowv khdylo| txhvwlrq wkh xvh ri zlwklq vdpsoh shuiru0
pdqfh fulwhuld wr surfhhg wr wklq prghoolqj dqg ghwhuplqh wkh ehvw prgho
iru suhglfwlqj uhwxuqv dqg wkhlu yduldqfh0fryduldqfh pdwulfhv dqg ghwhuplqh
sruwirolr doorfdwlrq1 Lq sulqflsoh prgho0vhohfwlrq edvhg rq wkh olplwhg lqiru0
pdwlrq fulwhuld/ vxfk dv wkh dgmxvwhg U2c lv grplqdwhg e| ixoo0lqirupdwlrq
fulwhuld/ hvshfldoo| lq wkh suhvhqfh ri vhyhudo ulvn| dvvhwv1 Wkh sureohp ri
ixoo lqirupdwlrq fulwhuld lv wkdw wkh| duh khdylo| d�hfwhg e| wkh fxuvh ri gl0
phqvlrqdolw| sureohp +wkh wrwdo qxpehu ri vshfl�fdwlrqv iru rxu vl{ htxdwlrq
prghov zrxog eh 22H ' 2SH e�D eDS dv rxu v|vwhp lqfoxghv 5; gl�huhqw vhpl0
irfdo yduldeohv,1 Pruhryhu/ wkh phdvxuh ri shuirupdqfh uhsruwhg lq Iljxuh 47
wdnhv rqo| rq dffrxqw fxpxodwhg uhwxuqv dqg qrw wkhlu yduldqfh0fryduldqfh
pdwul{1 Wkhuhiruh lw lv qrw d�hfwhg e| wkh idfw wkdw fkrrvlqj ehvw prghov rq
wkh edvlv ri wkh vlqjoh htxdwlrq U2 grhv qrw plqlpl}h wkh yduldqfh0fryduldqfh
ri wkh v|vwhp uhvlgxdov1

Odvwo|/ zh frqvlghu udwhv ri uhwxuqv dw krul}rqv ri/ uhvshfwlyho|/4/45/ dqg
57 prqwkv1 Wkh uhvxowv duh uhsruwhg lq Iljxuh 48 dqg Wdeoh 71

Lqvhuw Iljxuhv 48 dqg Wdeoh 7 khuh

Lq Wdeoh 7 zh uhsruw iru wkh wkuhh vhohfwhg krul}rqv wkh ydoxhv ri wkh dy0
hudjh h{0srvw uhwxuqv/ ri wkhlu yduldqfh/ dqg wkh lpsolflw ohyhov ri wkh FDUD
xwlolw| ixqfwlrq/ iru d frh!flhqw ri ulvn dyhuvlrq ri 91 Wkhvh txdqwlwlhv duh
ghulyhg iru sruwirolr doorfdwlrqv edvhg rq wklq prghoolqj zlwk wkh ehvw U2crq
wklq prghoolqj zlwk wkh zruvw U2crq wklfn prghoolqj+dyhudjh sruwirolr door0
fdwlrq ri wkh wrs �iw| shu fhqw prgho rq wkh edvlv ri wkhlu U2,/ rq wkh fkrvhq
ehqfkpdun dqg rq wklfn prghoolqj ri uhwxuqv jhqhudwhg e| wkh plqlpl}dwlrq
ri wkh FDUD xwlolw| ixqfwlrq 1 Wkh Wdeoh fohduo| vkrzv d ryhu0shuirupdqfh
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ri wklfn prghoolqj zlwk uhvshfw wr wklq prghoolqj/ exw qrw zlwk uhvshfw wr wkh
ehqfkpdun1 Odvwo|/ plqlpl}dwlrq lqgxfhv d vl}hdeoh lqfuhdvh lq wkh yduldqfh
ri uhwxuqv/ frq�uplqj wkdw uhfxuvlyh prghoolqj fdq eh xvhixo iru sruwirolr
doorfdwlrq ri d ulvn0dyhuvh djhqw hyhq li wkh vljq whvwv uhyhdo d yhu| olplwhg
suhglfwlyh dffxudf| iru h{fhvv uhwxuqv1 Wkh wlph0vhulhv xvhg wr frqvwuxfw
Wdeoh 7 duh uhsruwhg lq Iljxuh 481

: Frqfoxvlrqv

Wkh remhfwlyh ri wklv sdshu zdv wkh hydoxdwlrq ri wkh lpsdfw ri suhglfwdelolw|
ri dvvhw uhwxuqv lq g|qdplf sruwirolr doorfdwlrq zlwk vhyhudo dvvhwv lq suhv0
hqfh ri prgho xqfhuwdlqw|1 Zh kdyh frqvlghuhg wzr dvvhw fodvvhv/ vwrfn dqg
erqgv/ dqg wkuhh jhrjudsklf duhdv/ XV/ Mdsdq dqg Hxursh dorqj zlwk d vdih
uhwxuq/ Hxur0ghqrplqdwhg vkruw0whup lqwhuhvw udwhv1 Wklv jlyhv d w|slfdo dv0
vhw doorfdwlrq sureohp/ zklfk fdq eh hydoxdwhg xvlqj wkh w|slfdo ehqfkpdun
fkrvhq e| lqyhvwphqw ixqgv1 Rxu vwduwlqj srlqwv duh wkh uhvxowv rewdlqhg lq
wkh frqwh{w ri uhfxuvlyh prgholqj iru sruwirolr doorfdwlrq dprqj wzr dvvhwv
+vwrfn dqg fdvk iru d vlqjoh jhrjudsklf duhd, sursrvhg e| Shvdudq dqg Wlp0
phupdqq+5333,1 Zh frqvlghu h{solflwo| prgho xqfhuwdlqw| e| lpsohphqw0
lqj wklfn prghoolqj wr frqvlghu wkh dyhudjh sruwirolr doorfdwlrq jhqhudwhg
e| wkh uhfxuvlyho| vhohfwhg wrs �iw| shu fhqw ri prghov lq whup ri dgmxvwhg
U2� Wkh sruwirolr doorfdwlrq edvhg rq wklv vwudwhj| ohdgv wr v|vwhpdwlf ryhu0
shuirupdqfh zlwk uhvshfw wr rswlpdo sruwirolr doorfdwlrq dprqj vhyhudo dvvhwv
edvhg rq wkh suhglfwlrqv ri wkh ehvw prgho dv vhohfwhg e| wkh dgmxvwhg U2 1
Vxfk ryhu0shuirupdqfh lv pdlqo| dwwulexwdeoh wr d uhgxfwlrq lq wkh yrodwlolw|
ri wkh uhwxuqv rq wkh vhohfwhg sruwirolrv1 Krzhyhu/ wklfn prghoolqj grhv qrw
ohdg wr ryhu0shuirupdqfh zlwk uhvshfw wr d w|slfdo ehqfkpdun iru rxu dvvhw
doorfdwlrq sureohp1
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D Gdwd Dsshqgl{

Doo wkh gdwd duh dw prqwko| iuhtxhqflhv +hqg ri shulrg revhuydwlrq, dqg duh
wdnhq iurp GDWDVWUHDP=

� r|JS&c.L
| WRWPNEG�GP� Jhupdq| 0GV pdunhw0 Sulfh Lqgh{ GP

� r|JS&cL7
| WRWPNXV�GP XV 0GV pdunhw0 Sulfh Lqgh{ GP

� r|JS&ca�
| WRWPNMS�GP Mdsdq 0GV pdunhw0 Sulfh Lqgh{ GP

� r|JS&c.L
| WRWPNHP�GP HPX 0GV pdunhw0 Sulfh Lqgh{ GP

_+L7| WRWPNXV+G\, XV 0GV pdunhw0 Glylghqg |lhog

_+a�| WRWPNMS+G\, Mdsdq 0GV pdunhw0 Glylghqg |lhog

_+.L| WRWPNEG+G\, Jhupdq| 0GV pdunhw0 Glylghqg |lhog

_+.L| WRWPNHX+G\, HX 0GV pdunhw0 Glylghqg |lhog

ReL7| WRWPNXV+SH, XV0GV PDUNHW 0 SHU

Rea�| WRWPNMS+SH, MDSDQ0GV PDUNHW 0 SHU

Re.L| WRWPNHX+SH, HX0GV PDUNHW 0 SHU

Re.L| WRWPNEG+SH, JHUPDQ\0GV PDUNHW 0 SHU

� KJ?_cL7
| EPXV3:\+UL, XV EHQFKPDUN :0\ GV JRYW1 LQGH[

� KJ?_c.L
| EPEG3:\+UL, EG EHQFKPDUN :0\ GV JRYW1 LQGH[

� KJ?_ca�
| DMSJYJ7+UL, MS WRWDO :043 \ GV JRYW1 LQGH[

-L7cS
| OKLEDDO+U\, OHKPDQQ ORQJ EDD FRUS1 LQGH[

-L7
| EPXV43\+U\, XV EHQFKPDUN 43 \ GV JRYW1 LQGH[

-a�cS
| MS\LE43\ MS JRYHUQPHQW ERQG \LHOG

-.L
| EPEG43\+U\, EG EHQFKPDUN 43 \ GV JRYW1 LQGH[

-a�
| MSQNEQGOI MS QLNNHL ERQG LQGH[ \LHOG 0 ORQJ0WHUP +HS,

-.LcS
| EGZ]<;59 EG ORQJ FRUSRUDWH LQGH[

oL7| HFXVG6P XV HXUR0' 6 PRQWK

oa�| HFMDS6P MDSDQ HXUR0\HQ 6 PRQWK

o.L| HFZJP6P JHUPDQ\ HXUR0PDUN 6 PWK

KSL7| XVQDSPSU XV QDSP PDQ1 VXUYH\= VDGM

KSa�| MSOHDGLQ MS OHDGLQJ GLIIXVLRQ LQGH[

KS.L
| EGLIRPWKI EG PDQ1 WUDGH= SURGQ1 H[S1 0 QH[W 6 PRQWKV QDG

KS.L
| HPHXVLSDT HP LQG1 VXUYH\= SURG1H[S1 IRU PWK1DKHDG VDGM

�RL7| XVLQSURGJ XV LQGXVWULDO SURGXFWLRQ

�Ra�| MSL9911LI MS LQGXVWULDO SURGXFWLRQ

�R.L| EGLQSURGJ EG LQGXVWULDO SURGXFWLRQ

�R.L| HPHVLQSUJ HP LQGXVWULDO SURGXFWLRQ
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orL7| XVUHWWRWG XV UHWDLO VDOHV

ora�| MSRFUVDOJ MS UHWDLO VDOHV

or.L| EGRFUVDOJ EG UHWDLO VDOHV

or.L| HPHVUHWVJ HP UHWDLO VDOHV

SSL7| XVFQFRQI XV FRQVXPHU FRQILGHQFH LQGH[ VDGM

SSa�| MSHSDFRQT MS FRQVXPHU FRQILGHQFH

SS.L
| EGHXVFFLT EG FRQVXPHU FRQILGHQFH LQGH[ VDGM

SS.L
| HPHXVFFLT HP FRQVXPHU FRQILGHQFH LQGH[ VDGM

��L7| XVRFP6PQE XV PRQH\ VXSSO\ 0 P6

��a�| MSOHPTPSH MS PRQH\ VXSSO\ 0 P5.FG

��.L| HPHFEP61E HP PRQH\ VXSSO\= P6

��.L| EGRFP6PQE EG PRQH\ VXSSO\ 0 P6

SR6| HFLQID' HFRQRPLVW FRPPRGLW\ SULFH LQGH[

_e6�r_| XN[GPN112XN[XV'11 XV Groodu2Ghxwvfkhpdun h{1udwh1

+e?�r_| XN[\HQ112XN[XV'11

J�,| ZGL:9DD]D ZG PDUNHW SULFH0SHWUROHXP/VSRW
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Uhihuhqfhv

Eduehulv Q1+5333, cLqyhvwlqj iru wkh Orqj uxq zkhq Uhwxuqv duh Suhglfwdeoh*/
Mrxuqdo ri Ilqdqfh/ 88/ 4/ 5580597

Fdpsehoo M1\1 dqg U1Vkloohu +4<;:, cFrlqwhjudwlrq dqg whvwv ri suhvhqw ydoxh
prghov� Mrxuqdo ri Srolwlfdo Hfrqrp|/<8/ 4395043;;1

Fdpsehoo M1\1 dqg U1Vkloohu +4<;;d, cWkh glylghqg0sulfh udwlr dqg h{shf0
wdwlrqv ri ixwxuh glylghqgv dqg glvfrxqw idfwruv*/ Uhylhz ri Ilqdqfldo
Vwxglhv/ 4/ 4<8055:1

Fdpsehoo M1\1 dqg U1Vkloohu +4<;;e, cVwrfn sulfhv/ hduqlqjv/ dqg h{shfwhg
glylghqgv*/ Mrxuqdo ri Ilqdqfh/ 76/ 99409:91

Fdpsehoo/ M1 Or/ D1 dqg PfNlqod| +4<<:, Wkh Hfrqrphwulfv ri Ilqdqfldo
Pdunhwv Sulqfhwrq Xqlyhuvlw| Suhvv

Fdpsehoo M1\1 dqg O1Ylfhlud +4<<<, cFrqvxpswlrq dqg sruwirolr ghflvlrqv
zkhq h{shfwhg uhwxuqv duh wlph0ydu|lqj*/ Txduwhuo| Mrxuqdo ri Hfr0
qrplfv/ 447/ 76607<81

Frfkudqh M1+4<<<, cSruwirolr dgylfh iru d pxowlidfwru zruog*/ QEHU zs :4:3

Grsshokrihu J1/ Ploohu U1L1/Vdod0l0Pduwlq+5333, cGhwhuplqdqwv ri orqj0whup
jurzwk=d Ed|hvldq dyhudjlqj ri fodvvlfdo hvwlpdwhv+EDFH, dssurdfk*/
QEHU zs ::83

Judqjhu F1Z1M1+5333, cWklfn prghoolqj*/ XFVG/ plphr

Judqjhu F1Z1M1 dqg D1Wlpphupdqq +4<<<, cGdwd plqlqj zlwk orfdo prgho
vshfl�fdwlrq xqfhuwdlqw|= d glvfxvvlrq ri Krryhu dqg Shuh}*/ Wkh Hfrqr0
phwulfv Mrxuqdo/ 5/ 5530559

Krhwlqj M1/ G1Pdgljdq/ D1Udiwhu| dqg F1Yrolqvn| +4<<<, cEd|hvldq Prgho
Dyhudjlqj= d Wxwruldo* Whfkqlfdo Uhsruw <;47/ Ghsduwphqw ri Vwdwlv0
wlfv/ Frorudgr Vwdwh Xqlyhuvlw|

Ndqgho V1/ dqg U1V1 Vwdpedxjk +4<<9, cRq wkh Suhglfwdelolw| ri Vwrfn Uh0
wxuqv= Dq Dvvhw0Doorfdwlrq Shuvshfwlyh*/ Mrxuqdo ri Ilqdqfh/ 84/ 5/
6;80757
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Nhlp G1/ dqg U1Vwdpedxjk +4<;9, cSuhglfwlqj uhwxuqv lq wkh vwrfn dqg
erqg pdunhwv* Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4:/ 68:06<3

Odqghu M1/ Ruskdqlghv D1 dqg P1Grxyrjldqqlv +4<<:, �Hduqlqj iruhfdvwv
dqg wkh suhglfwdelolw| ri vwrfn uhwxuqv= hylghqfh iurp wudglqj wkh V)S�
Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ kwws=qqzzz1erj1iue1ihg1ruj

Odprqw R1+4<<;, cHduqlqjv dqg h{shfwhg uhwxuqv* Mrxuqdo ri Ilqdqfh/ 86/
8/ 4896048;:

Shvdudq P1K1 dqg D1Wlpphupdqq +5333, cD Uhfxuvlyh Prghoolqj Dssurdfk
wr Suhglfwlqj XN Vwrfn Uhwxuqv*/ Wkh Hfrqrplf Mrxuqdo/ iruwkfrplqj

Shvdudq P1K1 dqg D1Wlpphupdqq +4<<8, cSuhglfwdelolw| ri Vwrfn Uhwxuqv=
Urexvwqhvv dqg Hfrqrplf Vljql�fdqfh*/ Mrxuqdo ri Ilqdqfh/ 83/ 7/
45340455;

Shvdudq P1K1 dqg D1 Wlpphupdqq +4<<5, cD vlpsoh qrq0sdudphwulf whvw ri
suhglfwlyh shuirupdqfh*/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplfv Vwdwlvwlfv/
43/ 7940798

Udiwhu| D1/ Pdgljdq G1 dqg M1Krhwlqj+4<<:, cEd|hvldq prgho dyhudjlqj iru
olqhdu uhjuhvvlrq prghov* Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfld0
wlrq/ <5+76:,/ 4:<04<4

Vdpxhovrq S1D1+4<9<, cOlihwlph sruwirolr vhohfwlrq e| g|qdplf vwrfkdvwlf
surjudpplqj*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 84/ 56<05791

Vlhjho/ M1 +4<<7, Vwrfnv iru wkh Orqj Uxq/ Ulfkdug G1Luzlq/ Exuu Ulgjh/ LLL1

Vxoolydq U1/ D1Wlpphupdqq dqg K1Zklwh +4<<<, cGdwd0vqrrslqj/ whfkqlfdo
wudglqj uxohv shuirupdqfh dqg wkh errwvwuds*/ Mrxuqdo ri Ilqdqfh/ 87/
497:049<5
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Wdeoh 4= Gdwd ghvfulswlrq

.-r|JS&cL7
| .-r|JS&ca�

| .-r|JS&c.L
| .-KJ?_cL7

| .-KJ?_ca�
| .-KJ?_c.L

|

Phdq 31<<75<8 31866885 31;46738 3158;4;< 317;7;<4 314<9594

Phgldq 4153<448 317:;647 414399;4 314889<4 31644555 31743;;;

Pd{ 4716:343 5516563: 4615:73; 4415586; 471<<8;7 519445;3

Plq 59145:48 04;1:7:88 055137786 0<1437<8: 0:1;573;6 0714<499;

Vwg1 Ghy1 81:<:983 :15483;5 8165838: 6184756; 61958<44 41538;;6

Vnhzqhvv 031936463 3148:6:; 031:6;<3; 316;7334 317<556: 03193<876

Nxuwrvlv 71:56974 6157;;6< 815793:4 616:<87< 61;79935 61494544

Mdutxh0Ehud 6:15854< 41688347 931;754: 914:9;88 4714;<;: 451:5:67

Suredelolw| 31333333 3183:;;5 31333333 313788:7 31333;5< 31334:56

Revhuydwlrqv 535 535 535 535 535 535

Fruuhodwlrq pdwul{ ri h{fhvv uhwxuqv1

Vdpsoh= �bHe G �� 2fff G �f
E�bHeG�3�bb�G�2c�bb2G�32fffG�f�

.-r|JS&cL7
| .-r|JS&ca�

| .-r|JS&c.L
| .-KJ?_cL7

| .-KJ?_ca�
| .-KJ?_c.L

|

.-r|JS&cL7
| 4 f�ef

Ef��Hcf�ee�
f�D2

Ef�e2cf�SD�
f�.�

Ef�.2cf�SH�
f�2�

Ef��.cf��f�
f�fH

E3f�fbcf�2.�

.-r|JS&ca�
| 4 f��2

Ef���cf��2�
f�22

Ef�2�cf�22�
f�De

Ef�SScf�e2�
f��2

Ef�2�cf�fe�

.-r|JS&c.L
| 4 f�2H

Ef��Hcf�ef�
f�fD

E3f�ffecf����
f��b

Ef��bcf��H�

.-KJ?_cL7
| 4 f�2H

Ef�2�cf����
f��.

E3f�fHcf�eS�

.-KJ?_ca�
| 4 f���

Ef��2cf�2b�

.-KJ?_c.L
| 4
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Wdeoh 5= Wkh vshfl�fdwlrq ri iruhfdvwlqj htxdwlrqv iru h{fhvv uhwxuqv

Irfdo yduldeohv/ D|

Vkduhv Erqgv
XV

�
Sc ReL7

| c -L7
| c oL7

|c|n�

� �
Sc -L7

| c oL7
|c|n�c o

L7
|3�c|

�
MS

�
Sc Rea�| c -a�

| c oa�|c|n�

� �
Sc -a�

| c oa�|c|n�c o
a�
|3�c|

�
HX

�
Sc Re.L

| c -.L
| c o.L

|c|n�

� �
Sc -.L

| c o.L
|c|n�c o

.L
|3�c|

�

Vhpl0irfdo yduldeohv/ E|

Vkduhv Erqgv

XV

;?
=

oL7
|c|n�c _+

L7
| c re�L7

| c rRL7
| c

{�2,�R
L7
|3�c o

.L
|c|n�c{�26�L|3�c

{�2SR6|c _e6�r_|c{�2J�,|

<@
>

;?
=

o.L
|c|n�c re�

KcL7
| c re�rcL7

| c rRL7
| c

{�2,�R
L7
|3�c{,orL7

|3�c{�26�L7
|3�c

{�2SR6|c{�2J�,|c _e6�r_|

<@
>

MS

;?
=

oL7
|c|n�c o

.L
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Wdeoh 7= shuirupdqfh
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