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DEVWUDFW

Wklv sdshu h{dplqhv hqwuhsuhqhxuvkls lq rughu wr dqdo|}h/ �uvw/ wkh ghjuhh wr zklfk wkh rssru0
wxqlw| wr vwduw ru rzq d exvlqhvv d�hfwv wkh krxvhkrog*v vdylqj ehkdylru dqg wkh lpsolfdwlrq ri
wklv ehkdylru iru wkh glvwulexwlrq ri zhdowk dqg/ vhfrqg/ wkh uhodwlrqvkls ehwzhhq wkh h{whqw ri
hqwuhsuhqhxuvkls lq wkh hfrqrp| dqg vrflrhfrqrplf prelolw|/ wkdw lv/ wkh pryhphqw ri idplolhv
dfurvv zhdowk fodvvhv ryhu wlph1
Iluvw/ d qxpehu ri vw|ol}hg idfwv edvhg rq gdwd iurp wkh Sdqho Vwxg| ri Lqfrph G|qdplfv +SVLG,
dqg wkh Vxuyh| ri Frqvxphu Ilqdqfhv +VFI, duh rxwolqhg1 Wkh| vkrz uhohydqw gl�huhqfhv lq dvvhw
kroglqjv dqg zhdowk prelolw| ehwzhhq hqwuhsuhqhxuv�hfrqrplf djhqwv wkdw rzq d exvlqhvv�dqg
zrunhuv1 Vhfrqg/ d g|qdplf jhqhudo htxloleulxp prgho ri lqfrph dqg zhdowk glvwulexwlrq zlwk dq
h{solflw hqwuhsuhqhxuldo fkrlfh lv ghyhorshg1 Wkh prgho lv fdoleudwhg wr pdwfk wkh nh| ihdwxuhv ri
wkh gdwd/ dqg lw lv wkhq xvhg wr rewdlq dq hvwlpdwh ri wkh txdqwlwdwlyh lpsruwdqfh iru fdslwdo df0
fxpxodwlrq dqg zhdowk frqfhqwudwlrq ri krxvhkrogv wkdw xqghuwdnh hqwuhsuhqhxuldo dfwlylwlhv/ yld
wkhlu gl�huhqw plfurhfrqrplf ehkdylru1 Wkurxjk wkh prgholqj ri wkh hqwuhsuhqhxuldo dfwlylwlhv/
wkh prgho hfrqrp| ghyhorshg lq wklv vwxg| jhqhudwhv d vwdwlrqdu| glvwulexwlrq ri zhdowk zlwk d
ghjuhh ri frqfhqwudwlrq wkdw dffrxqwv iru wkh lqhtxdolw| revhuyhg lq wkh X1 V1 hfrqrp|1 Wkh prgho
dovr vxffhvvixoo| uhsolfdwhv wkh pdlq sdwwhuqv ri vrflrhfrqrplf prelolw| lq zklfk hqwuhsuhqhxuv
h{shulhqfh kljkhu xszdug prelolw| wkdq zrunhuv1
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Hqwuhsuhqhxuvkls kdv orqj ehhq d fhqwudo remhfw ri vwxg| gxh wr lwv srvlwlyh lpsolfdwlrqv

iru hfrqrplf ghyhorsphqw1 Wklv wudglwlrq/ zklfk zdv vwduwhg e| Vfkxpshwhu +4<67,/ kdv ehhq

ixuwkhu ghyhorshg dqg irupdol}hg lq uhfhqw wlphv lq wkh zrun ri Vfkplw} +4<;<, dqg Nlqj )

Ohylqh +4<<6,/ dprqj rwkhuv1 Wklv vwxg|/ krzhyhu/ h{dplqhv wkh lpsruwdqfh ri hqwuhsuhqhxuvkls

iru gl�huhqw sxusrvhv= �uvw/ wr xqghuvwdqg wkh lq�xhqfh ri hqwuhsuhqhxuvkls rq wkh krxvhkrogv*

vdylqj ehkdylru dqg wkh lpsolfdwlrq ri wklv ehkdylru iru wkh glvwulexwlrq ri zhdowk lq wkh hfrqrp|

dqg/ vhfrqg/ wr dqdo|}h wkh lpsruwdqfh ri hqwuhsuhqhxuvkls iru vrflrhfrqrplf prelolw|/ wkdw lv/

wkh pryhphqw ri idplolhv dfurvv zhdowk fodvvhv ryhu wlph1

Vhyhudo hpslulfdo vwxglhv ri lqfrph dqg zhdowk glvwulexwlrq vkrz wkdw krxvhkrog zhdowk lv

kljko| frqfhqwudwhg dqg vxevwdqwldoo| pruh frqfhqwudwhg wkdq wkh glvwulexwlrq ri lqfrph1 +Vhh/

iru h{dpsoh/ Zro� +4<<8,,1 Krzhyhu/ vwloo xqnqrzq duh wkh uhdvrqv zk| vrph idplolhv�qrwdeo|

wkrvh dw wkh wrs ri wkh zhdowk glvwulexwlrq�dffxpxodwh vxfk d kljk ohyho ri zhdowk1 Wkh sxusrvh ri

wklv sdshu lv wr h{soruh wkh uroh ri hqwuhsuhqhxuvkls zlwk uhihuhqfh wr wklv lvvxh e| dgguhvvlqj wzr

txhvwlrqv1 Iluvw/ lv hqwuhsuhqhxuvkls uhohydqw lq fkdudfwhul}lqj wkh gl�huhqw dffxpxodwlrq ehkdylru

ri djhqwv wkdw duh orfdwhg dw wkh wrs ri wkh zhdowk glvwulexwlrqB Vhfrqg/ li hqwuhsuhqhxuvkls lv

uhohydqw lq gl�huhqwldwlqj wkh dffxpxodwlrq ehkdylru ri wkhvh djhqwv/ lv wklv gl�huhqw ehkdylru

txdqwlwdwlyho| lpsruwdqw wr jhqhudwh kljkhu zhdowk frqfhqwudwlrqB

Wkh dqdo|vlv ehjlqv zlwk wkh ghvfulswlrq ri wkh pdlq hpslulfdo gl�huhqfhv lq dvvhw kroglqjv

ehwzhhq hqwuhsuhqhxuv dqg zrunhuv/ zkhuh hqwuhsuhqhxuv duh gh�qhg dv idplolhv rzqlqj wkhlu rzq

exvlqhvv/ dqg zrunhuv duh gh�qhg dv doo rwkhu idplolhv1 Xvlqj gdwd iurp wkh Sdqho Vwxg| ri Lqfrph

G|qdplfv +SVLG, dqg wkh Vxuyh| ri Frqvxphu Ilqdqfhv +VFI,/ wkh �uvw vhfwlrq ri wkh sdshu

vkrzv wkdw wkhuh lv d pdunhg frqfhqwudwlrq ri zhdowk wkdw lv khog e| hqwuhsuhqhxuv1 Pruhryhu/

wklv frqfhqwudwlrq ri zhdowk lv qrw vlpso| gxh wr wkh kljkhu lqfrphv hduqhg e| hqwuhsuhqhxuv/

vlqfh lw lv dovr wuxh wkdw wkh| kdyh d kljkhu zhdowk0wr0lqfrph udwlr wkdq zrunhuv1 Wklv �qglqj

vxjjhvwv wkdw qrw rqo| lv wkh kljkhu dvvhw kroglqjv ri hqwuhsuhqhxuv d frqvhtxhqfh ri wkh vhohfwlrq

ri hqwuhsuhqhxuv dprqj ulfkhu idplolhv gxh wr wkh suhvhqfh ri eruurzlqj frqvwudlqwv +dv lq Hydqv

) Mrydqrylf +4<;<,,/ exw lw fdq dovr eh lqwhusuhwhg dv hylghqfh ri wkhlu kljkhu vdylqj udwhv1

Wkh k|srwkhvlv wkdw wkh kljkhu dvvhw kroglqjv ri hqwuhsuhqhxuv pd| eh d frqvhtxhqfh ri

kljkhu hqwuhsuhqhxuldo vdylqj/ lpsolhv wkdw lq rughu wr xqghuvwdqg wkh phfkdqlvpv xqghuo|lqj

wkh frqfhqwudwlrq ri zhdowk/ lw lv qhfhvvdu| wr dqdo|}h wkh gl�huhqw dffxpxodwlrq ehkdylru ri
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wkhvh wzr vshfl�f fdwhjrulhv ri djhqwv= hqwuhsuhqhxuv dqg zrunhuv1 Wklv revhuydwlrq prwlydwhv

wkh frqvwuxfwlrq/ lq vhfwlrq 5/ ri d jhqhudo htxloleulxp prgho ri lqfrph dqg zhdowk glvwulexwlrq

wkdw h{solflwo| irupdol}hv wkh djhqwv* fkrlfh ri xqghuwdnlqj dq hqwuhsuhqhxuldo hqghdyru1 Wzr nh|

hohphqwv ghwhuplqh wklv fkrlfh= wkh vhoi0shufhlyhg delolw| ri wkh djhqwv wr pdqdjh d exvlqhvv dqg

wkhlu dvvhw kroglqjv1 Wkh delolw| wr pdqdjh d exvlqhvv lv prghohg dv d vwrfkdvwlf surfhvv wkdw

lpsolflwo| lqfrusrudwhv d ohduqlqj surfhvv wkurxjk zklfk djhqwv dftxluh wkh delolw| wr uxq odujhu

exvlqhvvhv e| pdqdjlqj vpdoohu rqhv1 Wkh ohyho ri dvvhw kroglqjv lv lpsruwdqw lq wkh djhqwv*

ghflvlrq wr xqghuwdnh dq hqwuhsuhqhxuldo dfwlylw| gxh wr wkh suhvhqfh ri eruurzlqj frqvwudlqwv

dqg �qdqfldo lqwhuphgldwlrq frvwv1

Zkhq wkh gl�huhqw urohv sod|hg e| hqwuhsuhqhxuv dqg zrunhuv duh frqvlghuhg/ wkh prgho

hfrqrp| lv deoh/ �uvw/ wr jhqhudwh wkh gl�huhqw dffxpxodwlrq sdwwhuqv revhuyhg iru wkhvh wzr

w|shv ri djhqwv dqg/ vhfrqg/ wr uhsurgxfh wkh lqhtxdolw| lq wkh glvwulexwlrq ri zhdowk revhuyhg lq

wkh X1 V1 hfrqrp|1 Wklv lv dq lpsruwdqw uhvxow ri wkh prgho wkdw lv ghyhorshg lq wklv vwxg|/ jlyhq

wkh lqdelolw| ri d odujh fodvv ri fdoleudwhg prghov wr uhsurgxfh wklv lqhtxdolw|1 +Vhh wkh duwlfoh

e| Txdgulql ) U��rv0Uxoo +4<<:,1, Lq sduwlfxodu/ d vwdqgdug prgho zlwk xqlqvxudeoh lglrv|qfudwlf

vkrfnv wr oderu hduqlqjv dqg eruurzlqj frqvwudlqwv/ dv wkh rqh xvhg lq Dl|djdul +4<<7,/ vhyhuho|

xqghu0suhglfwv wkh ghjuhh ri zhdowk lqhtxdolw|/ dqg wklv xqghu0suhglfwlrq lv hvshfldoo| dfxwh lq wkh

xsshu wdlo ri wkh glvwulexwlrq1 Lq wkh vwdqgdug prgho zlwk lglrv|qfudwlf vkrfnv/ wkh lpsrvlwlrq

ri d eruurzlqj olplw lqgxfhv djhqwv wr dffxpxodwh zhdowk lq rughu wr vprrwk frqvxpswlrq/ wkdw

lv/ suhfdxwlrqdu| vdylqjv1 Ehfdxvh hdfk djhqw kdv d gl�huhqw klvwru| ri hduqlqjv dqg wkhuhiruh d

gl�huhqw klvwru| ri zhdowk dffxpxodwlrq/ wkh ohyho ri dvvhw kroglqjv ydulhv dprqj djhqwv1 Wklv lv

wkh phfkdqlvp wkurxjk zklfk wkh vwdqgdug prgho jhqhudwhv zhdowk lqhtxdolw|1 Krzhyhu/ rqfh wkh

ohyho ri dvvhw kroglqjv kdv uhdfkhg d fhuwdlq ohyho/ djhqwv qr orqjhu kdyh lqfhqwlyhv wr dffxpxodwh

zhdowk/ dqg dv d uhvxow/ wkh prgho grhv qrw jhqhudwh wkh kljk ohyhov ri dvvhw kroglqjv wkdw duh

revhuyhg lq wkh gdwd1 Wklv lpsolhv wkdw vrph rwkhu phfkdqlvp wkurxjk zklfk vpdoo jurxsv ri

djhqwv dffxpxodwh kljkhu ohyhov ri zhdowk/ uhodwlyh wr wkhlu lqfrph/ pxvw eh dw zrun1 Wkh vwudwhj|

iroorzhg lq wklv vwxg|/ dqg vxjjhvwhg e| wkh hpslulfdo dqdo|vlv/ lv wr lqwurgxfh dq dgglwlrqdo

lqfhqwlyh wr vdyh iru d vxejurxs ri djhqwv/ wkdw lv/ iru wkh vxejurxs ri djhqwv zkr kdyh wkh

rssruwxqlw| wr xqghuwdnh dq hqwuhsuhqhxuldo dfwlylw|1

Wkuhh nh| idfwruv h{sodlq wkh fkdqjh lq vdylqj ehkdylru diwhu ru uljkw ehiruh dq hqwuhsuhqhxuldo

dfwlylw| lv xqghuwdnhq1 Wkh �uvw idfwru lv wkh lqfhqwlyh ri d krxvhkrog wr dffxpxodwh wkh plql0
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pdo fdslwdo uhtxluhphqwv qhhghg wr hqjdjh lq hqwuhsuhqhxuvkls ru wr lpsohphqw odujhu surmhfwv1

Wkh vhfrqg idfwru vwhpv iurp wkh xqlqvxudeoh hqwuhsuhqhxuldo ulvn hqfrxqwhuhg e| hqwhusulvlqj

krxvhkrogv1 Ehfdxvh hqwuhsuhqhxuv idfh juhdwhu �qdqfldo ulvnv wkdq ghshqghqw zrunhuv dqg duh

ulvn dyhuvh/ wkhlu sdwwhuqv ri vdylqj duh pruh frqvhuydwlyh1 Wkh wklug idfwru wkdw xqghuolhv wkh

gl�huhqfh ru fkdqjh lq vdylqj ehkdylru uhvxowv iurp wkh frvw ri h{whuqdo �qdqflqj dydlodeoh wr wkh

srwhqwldo hqwuhsuhqhxu1 Wkh kljk lqwhuhvw udwh sdlg rq eruurzlqj lqfuhdvhv wkh pdujlqdo uhwxuq

rq vdylqj iru wkrvh hqwuhsuhqhxuv zkrvh ohyho ri zhdowk lv orzhu wkdq wkh ohyho ri fdslwdo lqyhvwhg

lq wkhlu exvlqhvv1 Lq wkh prgho hfrqrp|/ wkh kljkhu frvw ri h{whuqdo �qdqflqj uhvxowv iurp dq

lqwhuphgldwlrq frvw wkdw lv h{rjhqrxvo| lpsrvhg1 Dq dowhuqdwlyh dssurdfk zrxog eh wr prgho

wklv frvw h{solflwo| dv wkh uhvxow ri rswlpdo frqwudfwv ehwzhhq hqwuhsuhqhxuv dqg ohqghuv lq wkh

suhvhqfh ri djhqf| frvwv ru prudo kd}dug/ d vwudwhj| wdnhq e| Ehuqdqnh ) Jhuwohu +4<;<, lq wkh

vwxg| ri wkh exvlqhvv f|foh1 Wklv dowhuqdwlyh dssurdfk zrxog kljkoljkw wkh lpsruwdqfh ri djhqf|

frvwv dqg prudo kd}dug sureohpv qrw rqo| iru exvlqhvv f|foh �xfwxdwlrqv exw dovr iru zhdowk

frqfhqwudwlrq dqg lqhtxdolw|1

Lq dgglwlrq wr dqdo|}lqj wkh fdxvhv ri zhdowk frqfhqwudwlrq rxwolqhg deryh/ wklv vwxg| dovr

irfxvhv rq wkh g|qdplf dvshfwv ri zhdowk glvwulexwlrq/ wkdw lv/ rq wkh pryhphqw ri krxvhkrogv

dprqj zhdowk fodvvhv ru vrflrhfrqrplf prelolw|1 Vhyhudo hpslulfdo dqg wkhruhwlfdo vwxglhv dqdo|}h

lqfrph dqg zhdowk prelolw|1 Vrph hpslulfdo vwxglhv grfxphqw lqwhujhqhudwlrqdo prelolw|/ +vhh

Ehkupdq ) Wdxepdq +4<<3,/ Vrorq +4<<5,/ dqg ]lpphupdq +4<<5,, zkloh rwkhuv frqfhqwudwh rq

wkh prelolw| ri wkh vdph lqglylgxdo +vhh Gxqfdq ) Prujdq +4<;7,/ Vdzkloo ) Frqgrq +4<<5, dqg

Kxqjhuirug +4<<6,,1 Wkhruhwlfdo dssurdfkhv w|slfdoo| h{dplqh lqwhujhqhudwlrqdo prelolw| +vhh iru

h{dpsoh Edqhumhh ) Qhzpdq +4<<4,/ Edqhumhh ) Qhzpdq +4<<6, dqg Djklrq ) Erowrq +4<<6,,1

Lq frqwudvw/ wklv vwxg| lv sulpdulo| lqwhuhvwhg lq dqdo|}lqj wkh prelolw| surshuwlhv h{shulhqfhg

e| gl�huhqw hfrqrplf djhqwv/ qdpho|/ hqwhusulvlqj krxvhkrogv dv frpsduhg wr rwkhu krxvhkrogv

zlwklq rqh jhqhudwlrq1

Lq wkh gdwd dqdo|vlv ehorz/ L vkrz wkdw hqwuhsuhqhxuv h{shulhqfh juhdwhu xszdug zhdowk prelo0

lw| wkdq rwkhu djhqwv1 Lw vkrxog eh vwuhvvhg wkdw�vlplodu wr wkh kljkhu ohyhov ri dvvhw kroglqjv�wkh

kljkhu xszdug prelolw| lv qrw phuho| d frqvhtxhqfh ri wkhlu kljkhu lqfrphv/ vlqfh hqwuhsuhqhxuv

h{shulhqfh juhdwhu xszdug prelolw| lq wkh udwlr ri zhdowk wr lqfrph dv zhoo1 Wkhvh prelolw|

ihdwxuhv duh uhsolfdwhg e| wkh prgho hfrqrp| ghyhorshg lq wklv sdshu/ lq dgglwlrq wr wkh jhqhu0
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dwlrq ri kljkhu hqwuhsuhqhxuldo dvvhwv1 Wkh dqdo|vlv ri vrfldo prelolw| lv frpsohphqwdu| wr wkh

dqdo|vlv ri wkh gl�huhqw dffxpxodwlrq sdwwhuqv ri zrunhuv dqg hqwuhsuhqhxuv= wkdw lv/ wkh vdph

idfwruv zklfk h{sodlq wkh kljkhu dvvhw kroglqjv ri hqwuhsuhqhxuv dovr h{sodlq wkhlu xszdug zhdowk

prelolw|1

Ilqdqfldo hohphqwv duh hvshfldoo| lpsruwdqw lq wklv vwxg| ri vrfldo prelolw|1 Wkh suhvhqfh

ri eruurzlqj frqvwudlqwv dqg wkh kljkhu frvw ri h{whuqdo �qdqflqj pdnh wkh xqghuwdnlqj ri dq

hqwuhsuhqhxuldo dfwlylw| ohvv olnho| iru wkrvh krxvhkrogv orfdwhg lq wkh orzhu sruwlrq ri wkh zhdowk

glvwulexwlrq= ehfdxvh wkh xqghuwdnlqj ri dq hqwuhsuhqhxuldo dfwlylw| lqfuhdvhv d krxvhkrog*v sure0

delolw| ri prylqj wr kljkhu zhdowk fodvvhv/ wkrvh krxvhkrogv zlwk orzhu ohyhov ri zhdowk�gxh wr

�qdqfldo frqvwudlqwv dqg2ru wr wkh kljkhu frvw ri h{whuqdo �qdqfh�kdyh ihzhu rssruwxqlwlhv wr

udlvh wkhlu fodvv ri zhdowk1 Wklv revhuydwlrq pd| kdyh uhohydqw srolf| lpsolfdwlrqv iru d jryhuq0

phqw zlvklqj wr dowhu h{lvwlqj sdwwhuqv ri vrflrhfrqrplf prelolw|1

Wkh rujdql}dwlrq ri wkh sdshu lv dv iroorzv1 Vhfwlrq 4 suhvhqwv vrph vw|ol}hg idfwv ri zhdowk glv0

wulexwlrq dqg prelolw| xvlqj gdwd iurp wkh SVLG dqg wkh VFI1 Vhfwlrq 5 ghyhorsv d jhqhudo htxl0

oleulxp prgho ri lqfrph dqg zhdowk glvwulexwlrq zlwk dq h{solflw irupdol}dwlrq ri hqwuhsuhqhxuldo

dfwlylwlhv1 Vhfwlrq 6 ghvfulehv wkh fdoleudwlrq surfhgxuh/ dqg Vhfwlrq 7 xvhv wkh fdoleudwhg prgho

wr rewdlq dq hvwlpdwh ri wkh txdqwlwdwlyh lpsruwdqfh ri wkh dffxpxodwlrq sdwwhuq ri hqwhusulvlqj

krxvhkrogv lq jhqhudwlqj zhdowk frqfhqwudwlrq dqg lqhtxdolw|1 D vhqvlwlylw| dqdo|vlv zlwk uhvshfw

wr vrph nh| sdudphwhuv lv dovr shuiruphg lq rughu wr hydoxdwh wkh ghshqghqfh ri wkh rewdlqhg

uhvxowv iurp wkhvh sdudphwhuv1 Ilqdoo|/ Vhfwlrq 8 vxppdul}hv wkh uhvxowv dqg sursrvhv dyhqxhv

iru ixwxuh uhvhdufk1

4 Vrph hpslulfdo idfwv rq zhdowk frqfhqwudwlrq dqg prelolw|

Wklv vhfwlrq ri wkh sdshu kljkoljkwv vrph ri wkh pdlq gl�huhqfhv lq dvvhw kroglqjv dqg zhdowk

prelolw| ehwzhhq zrunhuv dqg hqwuhsuhqhxuv uhvxowlqj iurp wkh dqdo|vlv ri wzr vhwv ri vxuyh| gdwd=

wkh SVLG/ zklfk lv d qdwlrqdo vxuyh| wkdw kdv ehhq frqgxfwhg dqqxdoo| lq wkh Xqlwhg Vwdwhv/ vlqfh

4<9;/ rq d vdpsoh ri dssur{lpdwho| 8/333 idplolhv/ dqg wkh VFI/ zklfk kdv ehhq frqgxfwhg lq

wkh Xqlwhg Vwdwhv lq vhyhudo |hduv rq dssur{lpdwho| 6/333 idplolhv1 Dowkrxjk wkh SVLG vxuyh| lv

frqgxfwhg dqqxdoo|/ wkh pdlq yduldeoh ri lqwhuhvw iru wklv vwxg|�idplo| zhdowk�lv dydlodeoh iru

rqo| wzr |hduv= 4<;7 dqg 4<;<1 Wkhuhiruh/ wkh pdlq gdwd dqdo|vlv lv edvhg rq wkhvh wzr |hduv1
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Zlwk uhjdug wr wkh VFI/ wkh dqdo|vlv lv edvhg rq wkh wzr prvw uhfhqw gdwd vdpsohv/ wkdw lv/ gdwd

iurp wkh 4<;< dqg 4<<5 vxuyh|v1

Wzr gh�qlwlrqv ri hqwuhsuhqhxuv fdq eh dgrswhg1 Dffruglqj wr wkh �uvw gh�qlwlrq/ hq0

wuhsuhqhxuv duh idplolhv wkdw rzq d exvlqhvv ru kdyh d �qdqfldo lqwhuhvw lq vrph exvlqhvv hq0

whusulvh/ dqg zrunhuv duh lghqwl�hg dv doo rwkhu idplolhv1 Dffruglqj wr wkh vhfrqg gh�qlwlrq/

hqwuhsuhqhxuv duh idplolhv lq zklfk wkh khdg ri wkh krxvhkrog lv vhoi0hpsor|hg lq klv ru khu pdlq

mre/ zkloh zrunhuv duh idplolhv lq zklfk wkh khdg ri wkh krxvhkrog lv d ghshqghqw zrunhu1 Jlyhq

wkh vlplodulw| ri wkh uhvxowv rewdlqhg xvlqj wkh wzr gh�qlwlrqv/ wkh pdlq vwdwlvwlfv uhsruwhg lq

wklv vhfwlrq duh edvhg rq wkh �uvw gh�qlwlrq ri hqwuhsuhqhxuv1 D ghvfulswlrq ri wkh pdlq yduldeohv

xvhg lq wklv vwxg| lv surylghg lq Vhfwlrq D ri wkh Dsshqgl{1 D pruh h{whqvlyh dqdo|vlv ri wkh

gdwd lv shuiruphg lq Txdgulql +4<<9,1

414 Hqwuhsuhqhxuvkls dqg zhdowk frqfhqwudwlrq

D zhoo0nqrzq hpslulfdo idfw lv wkdw zhdowk lv kljko| frqfhqwudwhg dqg pxfk pruh frqfhqwudwhg

wkdq lqfrph/ dv grfxphqwhg lq Wdeoh 41 Wklv wdeoh uhsruwv wkh shufhqwlohv dqg Jlql lqglfhv iru

idplo| zhdowk dqg lqfrph lq wkh |hduv 4<;7 dqg 4<;< wkdw duh frpsxwhg iurp wkh SVLG vdpsoh

dqg lq wkh |hduv 4<;< dqg 4<<5 wkdw duh frpsxwhg iurp wkh VFI vdpsoh1

Wkh vwurqj frqfhqwudwlrq ri zhdowk fdq eh vxppdul}hg e| wkh shufhqwdjh ri wrwdo zhdowk

rzqhg e| wkh wrs 4 shufhqw ri dvvhw kroghuv1 Iru h{dpsoh/ dffruglqj wr wkh SVLG gdwd/ wkh

wrs 4 shufhqw ri idplolhv rzqhg 57 shufhqw ri wrwdo krxvhkrog zhdowk lq 4<;7 dqg 5< shufhqw lq

4<;<1 Zkhq wkh VFI gdwd duh xvhg/ wkh shufhqwdjh ri wrwdo zhdowk rzqhg e| wkh wrs 4 shufhqw ri

idplolhv zdv 681: shufhqw lq 4<;< dqg 5<18 shufhqw lq 4<<51 Wkh glvwulexwlrq ri lqfrph dsshduv ohvv

frqfhqwudwhg= wkh wrs 4 shufhqw ri idplolhv hduqhg :18 dqg :1< shufhqw ri wrwdo lqfrph dffruglqj

wr wkh wzr SVLG vxuyh|v dqg 491< dqg 4;18 shufhqw ri wrwdo lqfrph dffruglqj wr wkh wzr VFI

vxuyh|v1

Wkh sxusrvh ri wklv sdshu/ krzhyhu/ lv qrw wr surylgh d ghwdlohg grfxphqwdwlrq ri wkh kljk

vnhzqhvv lq wkh glvwulexwlrq ri zhdowk/ dv wklv kdv douhdg| ehhq grfxphqwhg e| rwkhuv1 +Vhh/ iru

h{dpsoh/ Zro� +4<<8,1, Wkh sxusrvh lv wr dgguhvv wkh lvvxh ri zkhwkhu hqwuhsuhqhxuvkls kdv dq

lpsruwdqw uroh lq jhqhudwlqj wklv kljk frqfhqwudwlrq ri zhdowk1 Lqirupdwlrq lq wklv gluhfwlrq lv

surylghg e| Iljxuh 4/ zklfk uhsruwv wkh sursruwlrq ri hqwuhsuhqhxuv lq gl�huhqw zhdowk fodvvhv/

zkhuh hdfk fodvv lqfoxghv 8 shufhqw ri wkh idplolhv1 Wkh wrs sruwlrq ri wkh �jxuh +judsk D, lv

8



Wdeoh 4= Glvwulexwlrq ri X1 V1 krxvhkrog zhdowk dqg lqfrph1

Wrs shufhqwlohv Jlql ]hur dqg
4( 8( 43( 53( 63( Lqgh{ )Qhjdwlyh

Zhdowk
0 SVLG 4<;7 5713 7618 8:15 :619 ;61< 31:6 4319
0 SVLG 4<;< 5<15 7<18 951; :;16 ;:1: 31:: 451:
0 VFI 4<;< 681: 8;13 :314 ;61: <41; 31;9 441:
0 VFI 4<<5 5<18 8618 9914 :<18 ;:19 31:; 91<

Lqfrph
0 SVLG 4<;7 :18 4<15 5<1: 7914 8<15 3176 318
0 SVLG 4<;< :1< 5317 6418 7;14 9414 3178 318
0 VFI 4<;< 491< 641: 7516 8:15 9;1; 3187 31:
0 VFI 4<<5 4;18 6717 7814 8<1< :31< 318: 415

frqvwuxfwhg xvlqj SVLG gdwd dqg wkh erwwrp sruwlrq +judsk E, lv frqvwuxfwhg xvlqj VFI gdwd1

Jlyhq wkh vlplodulw| ri wkh 4<;7 dqg 4<;< SVLG gdwd dqg wkh vlplodulw| ri wkh 4<;< dqg 4<<5

VFI gdwd/ wkh �jxuh uhsruwv wkh dyhudjhv ryhu wkh wzr |hduv1 Dv fdq ehhq vhhq iurp wkh �jxuh/

wkh shufhqwdjh ri exvlqhvv idplolhv lqfuhdvhv dv zh pryh wr kljkhu zhdowk fodvvhv/ dqg derxw kdoi

ri wkh idplolhv orfdwhg lq wkh wrs fodvv duh exvlqhvv idplolhv1�

Wkh idfw wkdw exvlqhvv idplolhv whqg wr eh orfdwhg lq kljkhu zhdowk fodvvhv dqg/ wkhuhiruh/ rzq

pruh zhdowk wkdq zrunhu idplolhv zrxog qrw eh ri sduwlfxodu lqwhuhvw li exvlqhvv idplolhv dovr hduqhg

pruh lqfrph +lq sursruwlrq wr wkh rzqhuvkls ri zhdowk,1 Wr ehwwhu hydoxdwh wkh lpsruwdqfh ri

hqwuhsuhqhxuvkls iru zhdowk frqfhqwudwlrq/ lw lv wkhq qhfhvvdu| wr dqdo|}h wkh mrlqw glvwulexwlrq ri

lqfrph dqg zhdowk ehwzhhq wkhvh wzr fdwhjrulhv ri idplolhv/ wkdw lv/ exvlqhvv idplolhv dqg zrunhu

idplolhv1

Iljxuh 5 uhsruwv wkh dyhudjh shu0idplo| zhdowk ri exvlqhvv dqg zrunhu idplolhv orfdwhg lq hdfk

lqfrph ghfloh dv d sursruwlrq ri wrwdo shu0idplo| zhdowk= wkh wrs judsk xvhv SVLG gdwd dqg wkh

erwwrp judsk xvhv VFI gdwd1 Lq frqvwuxfwlqj wkhvh judskv/ L kdyh ghwhuplqhg wkh lqfrph ghfloh

zlwk uhvshfw wr wkh wrwdo vdpsoh/ dqg wkhuhiruh/ zrunhu dqg exvlqhvv idplolhv orfdwhg lq wkh vdph

lqfrph ghfloh glvsrvh ri wkh vdph lqfrph1 +Dssur{lpdwho| dqg zlwk wkh h{fhswlrq ri wkh �uvw

�Oi?UiuLh|� W ��** �ti |�i |ih4t i?|hiThi?i�hc M�t�?itt u@4�*) Lh i?|ihTh�t�?} u@4�*) �?|ihU�@?}i@M*)�
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Iljxuh 4= Shufhqwdjh ri exvlqhvv idplolhv ryhu zhdowk fodvvhv1 Hdfk fodvv lqfoxghv 8 shufhqw ri doo
idplolhv1

ì@*|� �*@tt E,@U� ' DI�

E 0 Dyhudjh 4<;< dqg 4<<5 VFI gdwd

f�ff

2D�f

Df�f

.D�f

�ff�f

ì@*|� �*@tt E,@U� ' DI�

D 0 Dyhudjh 4<;7 dqg 4<;< SVLG gdwd

f�f

2D�f

Df�f

.D�f

�ff�f

dqg odvw ghfloh1,

Iljxuh 5 fohduo| vkrzv wkdw exvlqhvv idplolhv rzq/ rq dyhudjh/ kljkhu ohyhov ri zhdowk uhodwlyh

wr wkhlu lqfrph wkdq gr zrunhu idplolhv1 Li zh frqvlghu wkh wrwdo vdpsoh ri exvlqhvv dqg zrunhu

idplolhv/ wkh udwlr ri zhdowk wr lqfrph lv derxw wzlfh dv odujh iru exvlqhvv idplolhv1 Lq whupv ri

wrwdo glvwulexwlrq/ zh revhuyh wkdw dssur{lpdwho| 47 shufhqw ri doo idplolhv duh exvlqhvv idplolhv

lq wkh SVLG vdpsoh> wkh| hduq 55 shufhqw ri wkh wrwdo lqfrph dqg wkh| rzq 73 shufhqw ri wkh

wrwdo zhdowk1 Vlplodu vwdwlvwlfv duh irxqg lq wkh VFI vdpsoh1 Wkhuhiruh/ wkhuh lv d frqfhqwudwlrq

ri zhdowk dprqj exvlqhvv idplolhv zklfk lv qrw sxuho| h{sodlqhg e| wkh frqfhqwudwlrq ri lqfrph

dprqj wkhvh idplolhv1 2

2#i4L}h@T��U ui@|�hit @?_c �? T@h|�U�*@hc |�i @}i Lu |�i UL4TL?i?|t Lu |�i u@4�*) 4�}�| Mi �4TLh|@?| �?
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Iljxuh 5= Zhdowk kroglqjv ri zrunhuv dqg hqwuhsuhqhxuv ryhu lqfrph ghfloh dv iudfwlrq ri dyhudjh
zhdowk1 Hdfk ghfloh lqfoxghv 43 shufhqw ri doo idplolhv1

E 0 Dyhudjh 4<;< dqg 4<<5 VFI gdwd

W?UL4i #iU�*i

D 0 Dyhudjh 4<;7 dqg 4<;< SVLG gdwd

f�f

2�D

D�f

.�D

�f�f

L̀h!iht

,?|hiThi?i�ht

� 2 � e D S . H b �f

W?UL4i #iU�*i
f�f

2�D

D�f

.�D

�f�f

L̀h!iht

,?|hiThi?i�ht

� 2 � e D S . H b �f

Dqrwkhu zd| ri orrnlqj dw wkh lpsruwdqfh ri hqwuhsuhqhxuvkls iru zhdowk frqfhqwudwlrq lv

wr frpsxwh/ iru gl�huhqw zhdowk fodvvhv/ wkh sursruwlrq ri wrwdo zhdowk uhsuhvhqwhg e| exvlqhvv

dvvhwv1 Wklv lqirupdwlrq lv surylghg lq Iljxuh 6/ zklfk uhsruwv/ iru gl�huhqw zhdowk fodvvhv/

exvlqhvv zhdowk dv d shufhqwdjh ri wrwdo krxvhkrog zhdowk1 Hdfk fodvv lqfoxghv 8 shufhqw ri wkh

krxvhkrogv1 Wkh �jxuh uhsruwv rqo| gdwd iurp wkh VFI ehfdxvh gdwd rq wkh ydoxh ri wkh exvlqhvvhv

duh qrw dydlodeoh lq wkh SVLG1 Lw lv lqwhuhvwlqj wr qrwh wkdw wkh shufhqwdjh ri exvlqhvv zhdowk lq
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wkh krxvhkrog*v sruwirolr lqfuhdvhv dv zh pryh wr kljkhu zhdowk fodvvhv/ dqg wkh shufhqwdjh lv

sduwlfxoduo| kljk lq wkh wrs fodvv1

Iljxuh 6= Exvlqhvv zhdowk lq hdfk zhdowk fodvvhv dv d shufhqwdjh ri wrwdo zhdowk1 Hdfk fodvv
lqfoxghv 8 shufhqw ri doo idplolhv1 Dyhudjh 4<;< dqg 4<<5 VFI gdwd1

ì@*|� �*@tt E,@U� ' DI�

Shufhqwdjh ri exvlqhvv zhdowk

f�f

�2�D

2D�f

2.�D

Df�f

Vhyhudo k|srwkhvhv fdq eh irupxodwhg wr h{sodlq wkh idfw wkdw exvlqhvv idplolhv rzq pruh

zhdowk1 Rqh ri wkrvh k|srwkhvhv lv uhodwhg wr wkh h{lvwhqfh ri eruurzlqj frqvwudlqwv= wkdw lv/

wkh rzqhuvkls ri d exvlqhvv fdq rqo| lq sduw eh �qdqfhg zlwk h{whuqdo ixqgv/ dqg wkhuhiruh/ rqo|

wkrvh kdylqj hqrxjk zhdowk duh lq d srvlwlrq wr vwduw d sur�wdeoh exvlqhvv1 � Dffruglqj wr

wklv k|srwkhvlv/ wkhuh lv d fdxvdo olqn ehwzhhq wkh hqgrzphqw ri zhdowk dqg wkh hqwuhsuhqhxuldo

fkrlfh1 Krzhyhu/ dq lqyhuvh fdxvdwlrq fdq dovr eh k|srwkhvl}hg= exvlqhvv idplolhv rzq pruh

zhdowk ehfdxvh wkh| vdyh pruh1 Vhyhudo idfwruv pd| dffrxqw iru wklv1 Iru lqvwdqfh/ wkh suhvhqfh

ri oltxlglw| frqvwudlqwv pd| lqgxfh wkrvh idplolhv zlwk kljkhu hqwuhsuhqhxuldo delolw| wr dffxpxodwh

wkh fdslwdo uhtxluhg wr vwduw d exvlqhvv1 e Dqrwkhu uhdvrq pd| vwhp iurp wkh idfw wkdw djhqwv

duh ulvn dyhuvh/ dqg lq rughu wr idfh wkh kljk hqwuhsuhqhxuldo ulvn/ wkh| dffxpxodwh pruh dvvhwv1
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Ilqdoo|/ wkh kljkhu vdylqj udwh ri exvlqhvv idplolhv pd| eh wkh frqvhtxhqfh ri lqwhuphgldwlrq frvwv

wkdw pdnh h{whuqdo �qdqflqj pruh h{shqvlyh/ wkhuhe| lpso|lqj wkdw hqwuhsuhqhxuv zlwk d orzhu

ohyho ri zhdowk kdyh d kljkhu pdujlqdo uhwxuq iurp vdylqj1 Lq rwkhu zrugv/ zkloh wkh suhvhqfh ri

oltxlglw| frqvwudlqwv pd| kdyh wkh h�hfw ri vhohfwlqj hqwuhsuhqhxuv dprqj ulfkhu idplolhv/ wkhvh

idplolhv pd| dovr kdyh kljkhu ohyhov ri zhdowk uhodwlyh wr lqfrph ehfdxvh wkhlu phpehuv vdyh

pruh1

Wkhvh ihdwxuhv ri wkh hqwuhsuhqhxuldo dfwlylw| zloo irupdol}hg lq wkh jhqhudo htxloleulxp prgho

ghyhorshg lq Vhfwlrq 51

415 Hqwuhsuhqhxuvkls dqg vrfldo prelolw|

Riwhq wkh prwlydwlrq ehklqg vwxg|lqj lqfrph dqg zhdowk glvwulexwlrq lv uhodwhg wr zhoiduh frq0

fhuqv= kljk lqhtxdolw| lv xvxdoo| dvvrfldwhg zlwk d odujh qxpehu ri shrsoh zlwk orz ohyhov ri

zhoiduh1 Zkhq zhoiduh frqfhuqv duh wkh prwlydwlqj lvvxh/ lw lv ohvv lqirupdwlyh wr irfxv h{fox0

vlyho| rq wkh glvwulexwlrq dw d jlyhq srlqw lq wlph dqg wr frpsduh lw zlwk wkh glvwulexwlrq dw

odwhu wlphv/ dv lv xvxdoo| grqh1 Wklv dssurdfk zrxog rqo| eh xvhixo li wkh uhodwlyh srvlwlrqv ri wkh

lqglylgxdov lqvlgh wkh glvwulexwlrq gr qrw fkdqjh1 Krzhyhu/ wklv vwxg| exlogv xsrq wkh k|srwkhvlv

wkdw lqglylgxdov gr h{shulhqfh vrfldo prelolw| zlwklq dq rwkhuzlvh vwdwlf glvwulexwlrq/ dqg wkhuh0

iruh/ lw lv lpsruwdqw wr h{dplqh wkh nh| phfkdqlvpv xqghuo|lqj wkh pryhphqw ri idplolhv iurp

rqh srvlwlrq ri zhdowk wr dqrwkhu1 Wklv vhfwlrq dqdo|}hv rqh ri wkhvh phfkdqlvpv/ wkdw lv/ krz

wkh xqghuwdnlqj ri dq hqwuhsuhqhxuldo dfwlylw| d�hfwv wkh idplo|*v delolw| wr pryh dfurvv gl�huhqw

zhdowk fodvvhv/ e| frpsdulqj wkh gl�huhqw prelolw| surshuwlhv h{shulhqfhg e| wzr fdwhjrulhv ri

idplolhv= hqwuhsuhqhxuv dqg zrunhuv1

Wdeoh 5 uhsruwv wkh qhw zhdowk wudqvlwlrq pdwulfhv ri irxu vxevdpsohv ri idplolhv lq wkh shulrg

4<;70;< xvlqj SVLG gdwd1D

Wkh �uvw vxevdpsoh lv frpsrvhg ri vwd|lqj zrunhuv/ wkdw lv/ idplolhv wkdw glg qrw rzq d

exvlqhvv lq hlwkhu 4<;7 ru 4<;<1 Wkh vhfrqg vxevdpsoh lv frpsrvhg ri vzlwfklqj zrunhuv/ wkdw

lv/ idplolhv wkdw rzqhg d exvlqhvv lq 4<;< exw qrw lq 4<;71 Wkh wklug vxevdpsoh lv frpsrvhg ri
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vzlwfklqj hqwuhsuhqhxuv/ wkdw lv/ idplolhv wkdw rzqhg d exvlqhvv lq 4<;7 exw qrw lq 4<;<1 Wkh

irxuwk vxevdpsoh lv frpsrvhg ri vwd|lqj hqwuhsuhqhxuv/ wkdw lv/ idplolhv wkdw rzqhg d exvlqhvv lq

erwk 4<;7 dqg 4<;<1 Wkh vhohfwhg vxevdpsohv kdyh ehhq glylghg lqwr wkuhh fodvvhv dffruglqj wr

wkh 4<;7 dqg 4<;< qhw idplo| zhdowk/ zkhuh wkh fodvv wkuhvkrogv duh ghwhuplqhg e| glylglqj wkh

wrwdo vdpsoh lqwr wkuhh zhdowk jurxsv1 Hdfk jurxs lqfoxghv rqh0wklug ri wkh idplolhv1S

Hdfk urz ri wkh pdwulfhv vshfl�hv wkh fodvv srvlwlrq lq 4<;< ri idplolhv wkdw zhuh orfdwhg lq

d sduwlfxodu 4<;7 fodvv ri zhdowk1

Wdeoh 5= Ilyh0|hdu wudqvlwlrq pdwulfhv iru qhw idplo| zhdowk1 Vdpsoh shulrg 4<;70;<1

Fodvv L Fodvv LL Fodvv LLL Fodvv L Fodvv LL Fodvv LLL

Vwd|lqj Zrunhuv Vzlwfklqj Zrunhuv

Fodvv L 31;4 314; 3134 3187 3163 3149

Fodvv LL 315: 3198 3147 3145 3186 3168

Fodvv LLL 3135 3154 31:: 3133 3148 31;8

Vzlwfklqj Hqwuhsuhqhxuv Vwd|lqj Hqwuhsuhqhxuv

Fodvv L 31;9 3144 3136 3157 3184 3158

Fodvv LL 3156 3193 314; 3153 316; 3175

Fodvv LLL 3135 3155 31:9 3135 313< 31;<

Orrnlqj dw wkh wudqvlwlrq pdwulfhv iru idplolhv wkdw dw wkh ehjlqqlqj ri wkh shulrg +wkdw lv/ lq

4<;7,/ glg qrw rzq d exvlqhvv +wrs vhfwlrq ri wkh wdeoh,/ zh revhuyh wkh iroorzlqj=

� Lq wkh orzhu fodvv/ wkh shufhqwdjh ri idplolhv wkdw pryh wr d kljkhu fodvv lv juhdwhu iru wkh

vxevdpsoh ri zrunhuv zkr dftxluh d exvlqhvv wkdq iru wkh vxe0vdpsoh ri vwd|lqj zrunhuv1
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� Lq wkh plggoh fodvv/ iru wkh vxevdpsoh ri zrunhuv zkr ehfrph hqwuhsuhqhxuv/ wkh shufhqwdjh

ri xszdugo| preloh idplolhv lv kljkhu wkdq wkh shufhqwdjh ri grzqzdugo| preloh idplolhv1

Wkh uhyhuvh lv revhuyhg iru vwd|lqj zrunhuv/ zlwk pruh idplolhv idoolqj wr wkh orzhu fodvv

wkdq ulvlqj wr wkh xsshu fodvv1

� Lq wkh xsshu fodvv/ wkh shufhqwdjh ri idplolhv wkdw idoo wr orzhu fodvvhv lv vpdoohu iru vzlwfklqj

zrunhuv wkdq iru vwd|lqj zrunhuv1

Orrnlqj dw wkh erwwrp vhfwlrq ri Wdeoh 5/ zklfk uhsruwv gdwd iru idplolhv wkdw dw wkh ehjlqqlqj

ri wkh shulrg rzqhg d exvlqhvv +hqwuhsuhqhxuv,/ zh revhuyh wkh iroorzlqj=

� Lq wkh orzhu fodvv/ wkh shufhqwdjh ri idplolhv wkdw pryh wr d kljkhu fodvv lv juhdwhu iru wkh

vxevdpsoh ri vwd|lqj hqwuhsuhqhxuv1

� Lq wkh plggoh fodvv/ iru wkh vxevdpsoh ri vwd|lqj hqwuhsuhqhxuv/ wkh shufhqwdjh ri xszdugo|

preloh idplolhv lv kljkhu wkdq wkh shufhqwdjh ri grzqzdugo| preloh idplolhv1 Wkh uhyhuvh

lv revhuyhg iru vzlwfklqj idplolhv/ zlwk pruh idplolhv idoolqj wr wkh orzhu fodvv wkdq ulvlqj

wr wkh xsshu fodvv1

� Lq wkh xsshu fodvv/ wkh shufhqwdjh ri idplolhv wkdw idoo wr d orzhu fodvv lv vpdoohu iru qrq0

vzlwfklqj idplolhv wkdq iru wkh rwkhu idplolhv1

Wkh revhuydwlrqv olvwhg deryh srlqw rxw vxevwdqwldo gl�huhqfhv lq wkh prelolw| sdwwhuqv ri

hqwuhsuhqhxuv dqg zrunhuv1 Zkloh zrunhu idplolhv +erwk qhz dqg rog, whqg wr vwd| lq ru pryh wr

orzhu srvlwlrqv ri zhdowk/ erwk qhz dqg rog exvlqhvv idplolhv whqg wr vwd| lq ru pryh wr kljkhu

srvlwlrqv1 Wkhuhiruh/ wkh xqghuwdnlqj ri dq hqwuhsuhqhxuldo dfwlylw| lv dq lpsruwdqw zd| iru

idplolhv wr vzlwfk wr kljkhu zhdowk fodvvhv1

Wkh gl�huhqw zhdowk prelolw| sdwwhuqv pd| uh�hfw gl�huhqfhv lq hduqhg lqfrph1 Lq idfw/ lw fdq

eh dujxhg wkdw wkh xszdug prelolw| h{shulhqfhg e| hqwuhsuhqhxuv/ dv rssrvhg wr wkh grzqzdug

prelolw| h{shulhqfhg e| zrunhuv/ lv d frqvhtxhqfh ri kljkhu lqfrphv hduqhg e| hqwuhsuhqhxuv1

Krzhyhu/ Wdeoh 6 vkrzv wkdw wkh vdph prelolw| sdwwhuq fdq eh irxqg iru wkh udwlr ri zhdowk wr

lqfrph dv zhoo1

Wkh prelolw| surshuwlhv vkrzq e| Wdeohv 5 dqg 6 duh frqvlvwhqw zlwk wkh revhuydwlrq ri

kljkhu dvvhw kroglqjv ri hqwuhsuhqhxuv1 Pruh vshfl�fdoo|/ li hqwuhsuhqhxuv rzq pruh zhdowk/ lw lv
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Wdeoh 6= Ilyh0|hdu wudqvlwlrq pdwulfhv iru idplo| zhdowk0wr0lqfrph udwlr1 Vdpsoh shulrg 4<;70;<1

Fodvv L Fodvv LL Fodvv LLL Fodvv L Fodvv LL Fodvv LLL

Vwd|lqj Zrunhuv Vzlwfklqj Zrunhuv

Fodvv L 31:< 314< 3135 3189 315; 3149

Fodvv LL 3153 3195 314; 3149 317< 3168

Fodvv LLL 3138 3154 31:7 3133 3154 31:<

Vzlwfklqj Hqwuhsuhqhxuv Vwd|lqj Hqwuhsuhqhxuv

Fodvv L 31:9 3155 3135 3174 3174 314;

Fodvv LL 3154 3186 3159 314; 317: 3169

Fodvv LLL 313: 3155 31:4 3135 3149 31;5

ehfdxvh wkh| whqg wr pryh wr kljkhu zhdowk fodvvhv1 Dw wkh vdph wlph/ wkh xszdug prelolw| ri

hqwuhsuhqhxuv fdq eh lqwhusuhwhg dv hylghqfh ri wkh k|srwkhvlv wkdw wkh dffxpxodwlrq ehkdylru ri

hqwuhsuhqhxuv gl�huv iurp wkh dffxpxodwlrq ehkdylru ri zrunhuv/ zlwk wkh iruphu dffxpxodwlqj

d kljkhu ohyho ri zhdowk uhodwlyh wr lqfrph1 Dffruglqj wr wklv k|srwkhvlv/ li zh frpsduh zrunhuv

dqg exvlqhvv idplolhv wkdw hduq wkh vdph ohyho ri lqfrph dqg rzq wkh vdph ohyho ri zhdowk/ wkh

odwwhu vkrxog vdyh pruh rq dyhudjh1 Wklv gl�huhqfh lq vdylqj ehkdylru frqwulexwhv wr jhqhudwh d

kljkhu frqfhqwudwlrq ri zhdowk1

416 Hqwuhsuhqhxuldo shuvlvwhqfh dqg wxuqryhu

Rqh ri wkh k|srwkhvhv xqghuo|lqj wkh kljkhu dvvhw kroglqjv ri hqwuhsuhqhxuv lv wkdw wkh krxvhkrog*v

vdylqj ehkdylru fkdqjhv zlwk wkh xqghuwdnlqj ri dq hqwuhsuhqhxuldo dfwlylw|1 Dv d frqvhtxhqfh ri

wklv fkdqjh lq wkh vdylqj ehkdylru/ exvlqhvv idplolhv dffxpxodwh pruh zhdowk wkdq zrunhuv dqg

udslgo| pryh wr kljkhu zhdowk fodvvhv +xszdug prelolw|,1 Lw lv wklv phfkdqlvp wkdw frqwulexwhv

wr wkh jhqhudwlrq ri kljkhu zhdowk frqfhqwudwlrq1 Lq wklv g|qdplf/ dq lpsruwdqw uroh lv sod|hg

e| hqwuhsuhqhxuldo shuvlvwhqfh ru gxudwlrq= wkh orqjhu wkh exvlqhvv olih/ wkh kljkhu wkh zhdowk
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dffxpxodwhg e| exvlqhvv idplolhv1 Rqh zd| ri orrnlqj dw hqwuhsuhqhxuldo shuvlvwhqfh lv wr orrn

dw wkh h{lw dqg hqwudqfh udwhv iurp exvlqhvv dfwlylwlhv iru djhqwv zlwk gl�huhqw ohyhov ri exvlqhvv

h{shulhqfh1

H{shulhqfh lv fhuwdlqo| dq lpsruwdqw dvshfw ri hqwuhsuhqhxuvkls/ gxh wr wkh h{lvwhqfh ri ohduq0

lqj surfhvvhv wkurxjk zklfk vxffhvvixo hqwuhsuhqhxuv lpsuryh wkhlu delolw|/ dv wkhrul}hg lq Krshq0

kd|q +4<<5, dqg Krshqkd|q ) Urjhuvrq +4<<6,/ ru lpsuryh wkh nqrzohgjh ri wkhlu delolw|/ dv lq

Mrydqrylf +4<;5,1 Wklv lpsolhv wkdw wkh orqjhu wkh olih ri wkh hqwuhsuhqhxu/ wkh orzhu wkh sured0

elolw| ri h{lwlqj iurp hqwuhsuhqhxuvkls/ ru lq rwkhu zrugv/ wkh orqjhu wkh hqwuhsuhqhxuldo whqxuh/

wkh kljkhu wkh h{shfwhg gxudwlrq1 Hqwuhsuhqhxuldo shuvlvwhqfh dqg wxuqryhu kdyh lpsruwdqw lp0

solfdwlrqv iru zhdowk frqfhqwudwlrq dqg lqhtxdolw|1 Zkhq wkh shuvlvwhqfh lv kljk dqg wkh wxuqryhu

lv orz/ ihz idplolhv duh deoh wr h{shulhqfh orqj shulrgv ri hqwuhsuhqhxuldo whqxuh gxulqj zklfk

wkh| dffxpxodwh zhdowk dw kljkhu udwhv1 Wkhuhiruh/ d uhvwulfwhg qxpehu ri idplolhv dffxpxodwh

ohyhov ri dvvhwv idu deryh wkh ohyhov dffxpxodwhg e| rwkhu idplolhv/ dqg wklv phfkdqlvp jhqhudwhv d

glvwulexwlrq ri zhdowk zklfk lv pxfk pruh frqfhqwudwhg wkdq wkh uhvxowlqj glvwulexwlrq ri zhdowk

lq wkh devhqfh ri hqwuhsuhqhxuldo dfwlylwlhv1

Wdeoh 7 uhsruwv wkh dyhudjh h{lw udwhv iurp hqwuhsuhqhxuvkls iru wkh zkroh vdpsoh ri exvlqhvv

idplolhv dqg iru wkuhh vxevdpsohv= idplolhv zlwk rqh |hdu ri exvlqhvv whqxuh/ idplolhv zlwk wzr

|hduv ri exvlqhvv whqxuh/ dqg idplolhv zlwk wkuhh ru pruh |hduv ri exvlqhvv whqxuh1 Wkh wdeoh

glvwlqjxlvkhv ehwzhhq wzr gh�qlwlrqv ri hqwuhsuhqhxuv�exvlqhvv rzqhuv dqg vhoi0hpsor|hg�dqg

wkh qxpehuv uhsruwhg duh dyhudjhv ryhu wkh vdpsoh shulrg 4<:60<51.

Dv fdq eh vhhq iurp wkh wdeoh/ wkh h{lw udwh lv kljk iru qhz hqwudqwv +wkrvh zlwk rqh |hdu ri

exvlqhvv whqxuh, exw ghfolqhv txlfno| iru vxuylylqj hqwuhsuhqhxuv1 Wklv lv hylghqfh lq vxssruw ri

wkh k|srwkhvlv wkdw wkhuh lv d ohduqlqj surfhvv dvvrfldwhg zlwk wkh hqwuhsuhqhxuldo dfwlylw| wkurxjk

zklfk vxffhvvixo hqwuhsuhqhxuv pdlqwdlq dqg frqvrolgdwh wkhlu exvlqhvvhv= vxuylylqj hqwuhsuhqhxuv

.A�i ThLUi_�hi W uL**L� |L UL4T�|i |�iti h@|it �t @t uL**L�t� 5�TTLti |�@| W �@?| |L _i|ih4�?i |�i i �| h@|i
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M�t�?itt |i?�hic |�i?c �t |�i t�M}hL�T Lu u@4�*�it |�@| �@t ?L| �? |�i M�t�?itt }hL�T �? �b.�� A�i t�Mt@4T*i Lu
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Wdeoh 7= Dyhudjh h{lw udwhv iurp hqwuhsuhqhxuvkls lq wkh SVLG gdwd1 Vdpsoh shulrg 4<:60<51

H{lw udwhv & Idplolhv

Iluvw gh�qlwlrq ri hqwuhsuhqhxuv= exvlqhvv rzqhuv
0 Wrwdo vdpsoh 437/;;3
0 Doo exvlqhvv idplolhv 5715 43/773
0 Zlwk rqh |hdu ri hqwuhsuhqhxuldo whqxuh 771: 6/353
0 Zlwk wzr |hduv ri hqwuhsuhqhxuldo whqxuh 631; 4/933
0 Zlwk wkuhh ru pruh |hduv ri whqxuh 4617 8/;53

Vhfrqg gh�qlwlrq ri hqwuhsuhqhxuv= vhoi0hpsor|hg
0 Wrwdo vdpsoh 97/753
0 Doo exvlqhvv idplolhv 4619 :/9;3
0 Zlwk rqh |hdu ri hqwuhsuhqhxuldo whqxuh 6815 4/833
0 Zlwk wzr |hduv ri hqwuhsuhqhxuldo whqxuh 4<14 <93
0 Zlwk wkuhh ru pruh |hduv ri whqxuh :15 8/553

uxq ehwwhu exvlqhvvhv dqg/ frqvhtxhqwo|/ idfh orzhu suredelolwlhv ri h{lwlqj1

Wdeoh 8 uhsruwv wkh hqwudqfh udwhv lqwr hqwuhsuhqhxuvkls iru wkh vdpsoh ri doo zrunhu idplolhv

dqg iru wzr vxevdpsohv= zrunhu idplolhv zlwkrxw exvlqhvv h{shulhqfh lq doo wkuhh |hduv sulru wr

lqlwldwlqj dq hqwuhsuhqhxuldo dfwlylw| dqg zrunhu idplolhv zklfk hqjdjhg lq dq hqwuhsuhqhxuldo

dfwlylw| gxulqj dw ohdvw rqh ri wkhvh |hduv1 Wkh qxpehuv uhsruwhg duh dyhudjhv ryhu wkh vdpsoh

shulrg 4<:60<51H

Wkh wdeoh uhyhdov vxevwdqwldo gl�huhqfhv ehwzhhq wkh hqwudqfh udwhv ri h{shulhqfhg dqg lqh{0

shulhqfhg idplolhv1 Zkloh wkh hqwudqfh udwh iru h{shulhqfhg idplolhv lv juhdwhu wkdq 53 shufhqw/

wkh hqwudqfh udwh iru lqh{shulhqfhg idplolhv lv orzhu wkdq 6 shufhqw1

Wkh frpelqdwlrq ri orz h{lw udwhv dqg kljk hqwudqfh udwhv ri h{shulhqfhg idplolhv lpsolhv

wkdw iru wklv uhvwulfwhg jurxs ri idplolhv/ wkh wxuqryhu udwh lq wkh exvlqhvv jurxs lv orz/ dqg

wkh hqwuhsuhqhxuldo shuvlvwhqfh lv kljk1 Lw lv wklv shuvlvwhqfh wkdw doorzv wklv uhvwulfwhg jurxs ri

exvlqhvv idplolhv wr dffxpxodwh kljkhu ohyhov ri zhdowk uhodwlyh wr zrunhuv zklfk/ lq wxuq/ jhqhudwhv

HA�i ThLUi_�hi W uL**L� |L _i|ih4�?i |�iti h@|it �t @t uL**L�t� 5�TTLti |�@| W �@?| |L _i|ih4�?i |�i i?|h@?Ui

h@|i �? �b.�� 6�ht|c W ti*iU| u@4�*�it |�@| �ihi ?L| M�t�?itt u@4�*�it �? �b.2� A�i t�Mt@4T*i Lu �?i Tih�i?Ui_
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Wdeoh 8= Dyhudjh hqwudqfh udwhv wr hqwuhsuhqhxuvkls lq wkh SVLG gdwd1 Vdpsoh shulrg 4<:60<51

Hqwudqfh udwhv & Idplolhv

Iluvw gh�qlwlrq ri hqwuhsuhqhxuv= exvlqhvv rzqhuv
0 Wrwdo vdpsoh 437/;;3
0 Doo zrunhu idplolhv 61: <8/773
0 Zlwkrxw hqwuhsuhqhxuldo h{shulhqfh 519 <3/453
0 Zlwk hqwuhsuhqhxuldo h{shulhqfh 5614 7/653

Vhfrqg gh�qlwlrq ri hqwuhsuhqhxuv= vhoi0hpsor|hg
0 Wrwdo vdpsoh 97/753
0 Doo zrunhu idplolhv 51< :/9;3
0 Zlwkrxw hqwuhsuhqhxuldo h{shulhqfh 513 6/353
0 Zlwk hqwuhsuhqhxuldo h{shulhqfh 5:15 4/933

d kljkhu frqfhqwudwlrq ri zhdowk1

5 D prgho zlwk hqwuhsuhqhxuv

Wklv vhfwlrq ri wkh sdshu ghvfulehv d jhqhudo htxloleulxp prgho zlwk dq h{solflw irupdol}dwlrq ri

wkh hqwuhsuhqhxuldo fkrlfh1 Wkh hfrqrp| lv srsxodwhg e| d frqwlqxxp ri lq�qlwho| olyhg krxvh0

krogv/ ri wrwdo phdvxuh 4/ wkdw lq hdfk shulrg ghflgh zkhwkhu wr uxq dq hqwuhsuhqhxuldo dfwlylw| lq

dgglwlrq wr ru dv dq dowhuqdwlyh wr vxsso|lqj wkhlu oderu vhuylfhv wr wkh pdunhw1 Lq wkh ghvfulswlrq

ri wkh prgho/ L glvwlqjxlvk wkuhh vhfwruv= wkh krxvhkrog vhfwru/ wkh surgxfwlrq vhfwru/ dqg wkh

lqwhuphgldwlrq vhfwru1 L vwduw zlwk wkh ghvfulswlrq ri wkh krxvhkrog vhfwru1

514 Krxvhkrog vhfwru

Suhihuhqfhv

Krxvhkrogv pd{lpl}h wkh h{shfwhg olihwlph xwlolw|=

H
f
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|'f

�|x+f
|

,

,
+4,

zkhuh � lv wkh lqwhuwhpsrudo glvfrxqw udwh dqg x+f
|

, lv d frqwlqxrxv dqg vwulfwo| frqfdyh xwlo0

lw| ixqfwlrq wkdw ghshqgv rq frqvxpswlrq f
|

1 Lw lv dovr dvvxphg wkdw olp
S<f

x+f, @ �4 dqg
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olp
S<"

x�+f, @ 3

Oderu delolw|

Krxvhkrogv duh hqgrzhg zlwk % 5 H @ i%
�
> ===> %

?0
j xqlwv ri oderu h�flhqflhv1 Wkhvh xqlwv fdq

eh gluhfwo| hpsor|hg lq rqh*v rzq exvlqhvv dv vshfl�hg ehorz/ ru wkh| fdq eh vxssolhg wr wkh

pdunhw lq uhwxuq ri wkh zdjh udwh z1 L dvvxph wkdw iru d krxvhkrog uxqqlqj lwv rzq exvlqhvv

lw lv lqgl�huhqw zkhwkhu wr hpsor| lwv oderu vhuylfhv gluhfwo| lqwr wkh exvlqhvv lq vxevwlwxwlrq ri

kluhg oderu ru wr vxsso| wkhp wr wkh pdunhw1 Wkhuhiruh/ lq rughu wr pdnh wkh ghvfulswlrq ri wkh

prgho vlpsohu/ lq wkh iroorzlqj L dvvxph wkdw wkh krxvhkrog vxssolhv doo wkh vhuylfhv ri oderu wr

wkh pdunhw1 Wkh yduldeoh % lv revhuyhg dw wkh hqg ri wkh shulrg dqg iroorzv d �uvw rughu Pdunry

surfhvv zlwk wudqvlwlrq suredelolw| �+%�@%,1

Hqwuhsuhqhxuldo rssruwxqlw|

Lq dgglwlrq wr vxsso|lqj oderu vhuylfhv wr wkh pdunhw/ wkh krxvhkrog fdq uxq d exvlqhvv surmhfw

e| lpsohphqwlqj dq hqwuhsuhqhxuldo lghd " gudzq lq hdfk shulrg iurp wkh vhw N @ i3> n
�
> ===> n

?

&
j1

Wkh �uvw hohphqw ri wklv vhw fruuhvsrqgv wr wkh fdvh lq zklfk wkhuh lv qr hqwuhsuhqhxuldo lghd

dqg/ wkxv/ kdv ehhq vhw wr }hur1 Wklv lghd/ wrjhwkhu zlwk wkh surmhfw lpsohphqwhg lq wkh fxuuhqw

shulrg/ irup wkh vhw ri surmhfwv zlwk zklfk wkh krxvhkrog fdq uxq d exvlqhvv lq wkh iroorzlqj

shulrg1 Wklv yduldeoh/ zklfk lv revhuyhg dw wkh hqg ri wkh shulrg/ lv d vwrfkdvwlf frqwuro surfhvv

zlwk d suredelolw| glvwulexwlrq ghqrwhg e| S
&

+",/ zkhuh wkh vxevfulsw n ghqrwhv wkh surmhfw

lpsohphqwhg lq wkh fxuuhqw shulrg1 Wkh ghshqghqfh ri wklv suredelolw| rq n irupdol}hv wkh

k|srwkhvlv wkdw dvvrfldwhg zlwk wkh exvlqhvv dfwlylw|/ wkhuh lv d ohduqlqj surfhvv wkurxjk zklfk

wkh suredelolw| ri jhwwlqj ehwwhu hqwuhsuhqhxuldo lghdv lqfuhdvhv li wkh djhqw lv uxqqlqj ehwwhu

surmhfwv1 Wkh frqwhqw ri dq hqwuhsuhqhxuldo surmhfw zloo eh vshfl�hg ehorz lq wkh ghvfulswlrq ri

wkh surgxfwlrq whfkqrorj|1

515 Surgxfwlrq vhfwru

Wkhuh duh wzr vhfwruv ri surgxfwlrq1 Wkh �uvw vhfwru lv fkdudfwhul}hg e| vpdoo xqlwv ri surgxfwlrq

+vpdoo �upv,/ zkloh wkh vhfrqg lv grplqdwhg e| odujh xqlwv ri surgxfwlrq +odujh �upv,1 Hq0

wuhsuhqhxuvkls lv sxuvxhg e| uxqqlqj exvlqhvv surmhfwv +�upv, lq wkh vpdoo vhfwru ri surgxfwlrq1

Wkh pdlq uhdvrq wr vhsdudwh d vpdoo vhfwru ri surgxfwlrq iurp wkh uhvw ri wkh hfrqrp| lv wr lvrodwh

wkrvh exvlqhvv dfwlylwlhv wkdw duh forvho| uhodwhg wr rqh ru ihz vshfl�f krxvhkrogv dv rssrvhg wr
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wkh lpshuvrqdolw| ri elj frusrudwh rujdql}dwlrqv1 Iru wkh suhvhqw vwxg|/ wkhuh duh wzr lpsruwdqw

ihdwxuhv wkdw fkdudfwhul}h dqg gl�huhqwldwh d vpdoo exvlqhvv dv frpsduhg wr d elj frusrudwlrq=

wkh xqlqvxudeoh hqwuhsuhqhxuldo ulvn dqg wkh vwulfwqhvv ri wkh �qdqfldo frqvwudlqwv1 Rq rqh kdqg/

wkh juhdwhu gl�fxowlhv ri lqvxulqj dqg glyhuvli|lqj wkh ulvn ri vpdoo hqwuhsuhqhxuldo dfwlylwlhv +iru

h{dpsoh/ e| wudqvihuulqj sduw ri wkh rzqhuvkls, pdnh wkh zkroh krxvhkrog zhdowk lqyroyhg lq

wkh uhvxow ri wkh exvlqhvv1 Rq wkh rwkhu kdqg/ wkh vwulfwqhvv ri �qdqfldo frqvwudlqwv iru vpdoo

�upv pdnhv wkh fdslwdo hqgrzphqw ri wkhvh �upv forvho| ghshqghqw rq wkh dvvhw kroglqjv ri wkh

rzqhuv1 Wklv ylhz lv frkhuhqw zlwk wkh rqh h{suhvvhg e| Id}}dul/ Kxeedug/ ) Shwhuvhq +4<;;,/

Jhuwohu ) Jlofkulvw +4<<7, dqg Jlofkulvw ) Klpphoehuj +4<<8,1

Ehfdxvh prvw vpdoo dfwlylwlhv duh uxq lq wkh irup ri qrqfrusrudwh rujdql}dwlrqv/ zkloh elj

�upv duh jhqhudoo| rujdql}hg dv frusrudwlrqv/ lq wkh uhvw ri wklv sdshu/ L xvh wkh odeho qrqfrusrudwh

vhfwru ri surgxfwlrq iru wkh djjuhjdwlrq ri doo dfwlylwlhv uxq e| hqwuhsuhqhxuv dqg L odeho frusrudwh

vhfwru ri surgxfwlrq wkh rwkhu surgxfwlrq dfwlylwlhv1 Wkhvh wzr vhfwruv gl�hu lq wkh whfkqrorjlhv

hpsor|hg wr surgxfh d krprjhqhrxv jrrg wkdw fdq eh xvhg iru frqvxpswlrq dqg lqyhvwphqw

sxusrvhv1 L ghvfuleh �uvw wkh qrqfrusrudwh vhfwru1

Qrqfrusrudwh vhfwru

Wkh qrqfrusrudwh vhfwru ri surgxfwlrq lv jhqhudwhg e| wkh djjuhjdwlrq ri doo surgxfwlrq whfk0

qrorjlhv uxq e| krxvhkrogv hqjdjlqj lq hqwuhsuhqhxuldo dfwlylwlhv1 Dv vshfl�hg deryh/ lq hdfk

shulrg/ wkh krxvhkrogv rewdlq dq hqwuhsuhqhxuldo lghd " iurp wkh vhw N @ i3> n
�
> ===> n

�

&
j iru wkh

uhdol}dwlrq ri dq hqwuhsuhqhxuldo surmhfw1 Wkh dprxqw ri fdslwdo uhtxluhg iru wkh uhdol}dwlrq ri

dq hqwuhsuhqhxuldo surmhfw lv lqglylvleoh1 Li wkh hqwuhsuhqhxu zdqwv wr uxq d exvlqhvv e| lpsoh0

phqwlqj d vshfl�f surmhfw/ wkhq kh ru vkh kdv wr lqyhvw wkh �{hg dprxqw ri fdslwdo uhtxluhg e|

wkdw surmhfw1 Jlyhq wklv dvvxpswlrq/ wkh hqwuhsuhqhxuldo lghd lv fkdudfwhul}hg e| wkh dprxqw ri

fdslwdo uhtxluhg iru lwv lpsohphqwdwlrq/ dqg dw wkh vdph wlph/ " lghqwl�hv wkh hqwuhsuhqhxuldo

lghd dqg wkh dprxqw ri fdslwdo wr eh lqyhvwhg1

Wkh surgxfwlrq whfkqrorj| dvvrfldwhg zlwk wkh surmhfw n lv jlyhq e|=

| @ j+�> n> q, @ �DnDq�3D 3 ? � ? 4 +5,

zkhuh q lv wkh qxpehu ri h�flhqf| xqlwv ri oderu hpsor|hg lq surgxfwlrq dqg � 5 Q
&

@

i�
�
> ===> �

�#
j lv dq lglrv|qfudwlf whfkqrorj| vkrfn revhuyhg dw wkh ehjlqqlqj ri wkh fxuuhqw sh0
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ulrg wkdw iroorzv d �uvw rughu Pdunry surfhvv zlwk wudqvlwlrq suredelolw| T
&

+��@�,1 Wkh vhw iurp

zklfk wkh vkrfn � wdnhv ydoxhv/ dv zhoo dv lwv suredelolw| glvwulexwlrq/ ghshqg rq wkh surmhfw n

lpsohphqwhg1

Wkh n xqlwv ri fdslwdo kdg wr eh lqyhvwhg lq wkh suhylrxv shulrg/ zkloh wkh hpsor|phqw ghflvlrq

q lv pdgh diwhu wkh revhuydwlrq ri wkh vkrfn �1 Wkhuhiruh/ wkh surgxfwlrq sodq lv ghwhuplqhg lq wzr

vhtxhqwldo vwhsv= dw wkh hqg ri wkh shulrg/ wkh hqwuhsuhqhxu ghflghv zklfk surmhfw wr lpsohphqw

dprqj wkh dydlodeoh lghdv/ dqg dw wkh ehjlqqlqj ri qh{w shulrg/ diwhu revhuylqj �/ kh ru vkh ghflghv

krz pxfk oderu wr kluh1 L dvvxph wkdw wkh hqwuhsuhqhxu fdq dozd|v uxq wkh surmhfw lpsohphqwhg

lq wkh fxuuhqw shulrg1 Wkhuhiruh/ wkh vhw ri lpsohphqwdeoh surmhfwv lv jlyhq e| wkh fxuuhqw surmhfw

+li wkh djhqw lv douhdg| dq hqwuhsuhqhxu, dqg wkh rewdlqhg lghd1 Wkh dprxqw ri fdslwdo lqyhvwhg lv

vxemhfw wr vwrfkdvwlf ghsuhfldwlrq1 Wkh dvvxpswlrq lv wkdw/ dw wkh hqg ri wkh shulrg/ wkh ydoxh ri

wkh fdslwdo lqyhvwhg ghshqgv rq wkh uhvxow ri wkh hqwuhsuhqhxuldo dfwlylw|1 Li wkh uhvxow lv srvlwlyh/

wkhq wkh ydoxh ri wkh lqyhvwhg fdslwdo lv kljk> li wkh uhvxow lv qhjdwlyh/ wkhq wkh ydoxh ri wkh

lqyhvwhg fdslwdo lv orz1 Wkh ghsuhfldwlrq udwh lv ghqrwhg e| �
#

/ dqg lw lv d ixqfwlrq ri wkh vkrfn

�1b

Frusrudwh vhfwru

Wkh whfkqrorj| hpsor|hg lq wkh frusrudwh vhfwru lv jlyhq e| wkh frqvwdqw uhwxuq wr vfdoh surgxf0

wlrq ixqfwlrq

\
S

@ I +N
S

>Q
S

, @ Nw

S

Q�3w

S

+6,

zkhuh \
S

lv rxwsxw/ N
S

lv wkh lqsxw ri fdslwdo/ dqg Q
S

lv wkh lqsxw ri h�flhqf| xqlwv ri oderu1

Fdslwdo ghsuhfldwhv dw udwh �
S

1

516 Lqwhuphgldwlrq vhfwru dqg eruurzlqj frqvwudlqwv

Lq wklv hfrqrp|/ wkhuh lv dq lqwhuphgldwlrq vhfwru zklfk froohfwv ghsrvlwv iurp krxvhkrogv zlwk

srvlwlyh edodqfhv e| sd|lqj wkh lqwhuhvw udwh u
(

dqg pdnhv ordqv wr krxvhkrogv dvnlqj iru ixqgv

dqg wr wkh frusrudwh vhfwru1 Wkh ohqglqj dfwlylw| lv edvhg rq d frqvwdqw uhwxuq wr vfdoh whfkqrorj|

b5|LU�@t|�U _iThiU�@|�L? �t �?|hL_�Ui_ �? Lh_ih |L @**L� uLh |�i TLtt�M�*�|) Lu *@h}i *Lttit �? |�i M�t�?itt @U|���|)�
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4<



zlwk d sursruwlrqdo frvw shu xqlw ri ixqgv lqwhuphgldwhg1 Zkloh wklv frvw lv }hur iru ixqgv lqwhu0

phgldwhg wr wkh frusrudwh vhfwru/ wkh ohqglqj dfwlylw| wr krxvhkrogv hqjdjlqj lq hqwuhsuhqhxuldo

dfwlylwlhv lpsolhv d sursruwlrqdo frvw ! shu hdfk xqlw ri ixqgv lqwhuphgldwhg1 Frpshwlwlrq dprqj

edqnv pdnhv lqwhuphgldwlrq sur�wv }hur dqg wkh ohqglqj udwhv htxdo u
(

iru ordqv wr wkh frusrudwh

vhfwru dqg u
u

@ u
(

. ! iru ordqv wr wkh krxvhkrog vhfwru1

Krxvhkrogv fdq eruurz rqo| xs wr d pd{lpxp dprxqw/ wkh vl}h ri zklfk ghshqgv rq wkh

ohqglqj srolf| ri wkh lqwhuphgldulhv1 Wklv srolf| frqvlvwv ri ohqglqj xs wr wkh dprxqw wkdw wkh

eruurzhu zloo eh deoh wr uhsd| zlwk fhuwdlqw| dw wkh hqg ri wkh iroorzlqj shulrg1 Wkhuhiruh/ lq

wklv hfrqrp|/ edqnuxswf| lv qrw doorzhg1 Iru dq djhqw zkr ghflghv wr eh d zrunhu/ wkh pd{lpxp

dprxqw wkdw wkh edqn lv zloolqj wr ohqg lv jlyhq e| klv ru khu glvsrvdeoh lqfrph lq wkh qh{w shulrg/

glvfrxqwhg dw wkh ohqglqj udwh u
u

1 Wklv olplw lpsrvhv wkh iroorzlqj uhvwulfwlrq rq wkh djhqw*v qhw

dvvhw kroglqjv=

d � � +%z,

4 . u
u

+7,

zkhuh d lv wkh qhw ydoxh ri dvvhwv1

Iru dq djhqw zkr ghflghv wr lqyhvw lq wkh exvlqhvv dfwlylw|/ wkh ghwhuplqdwlrq ri wkh eruurzlqj

olplw lv pruh frpsoh{1 Ehfdxvh xqghuwdnlqj d exvlqhvv dfwlylw| lv ulvn| +wkh hqwuhsuhqhxuldo

dfwlylw| lv vxemhfw wr wkh whfkqrorj| vkrfn,/ lq fdvh ri d qhjdwlyh uhvxow/ wkh krxvhkrog pd| qrw

eh deoh wr ixoo| sd| edfn wkh dprxqw eruurzhg dqg wkh lqwhuhvw1 Frjql}dqw ri wklv/ edqnv uhtxluh

froodwhudo1 Ohw �
6�?

eh wkh plqlpxp srvvleoh ydoxh ri wkh vkrfn dvvrfldwhg zlwk wkh surmhfw n1 Li

wkh hqwuhsuhqhxu lqyhvwv n xqlwv ri fdslwdo lq wkh exvlqhvv/ wkhq wkh plqlpxp dprxqw ri uhvrxufhv

wkdw fdq eh glvsrvhg ri dw wkh hqg ri wkh shulrg dqg ehiruh uhsd|lqj wkh ghew/ lv jlyhq e|

GU
6�?

@ pd{
?

i�D
6�?

nDq�3D � qzj � +4� �
#6�?

,n . %z +8,

zkhuh GU
6�?

vwdqgv iru glvsrvdeoh uhvrxufhv zkhq wkh vkrfn wdnhv wkh plqlpxp srvvleoh ydoxh1

Lq wkh deryh htxdwlrq/ lw lv lpsolflwo| dvvxphg wkdw n A d1 Wklv phdqv wkdw wkh hqwuhsuhqhxu

lv d qhw eruurzhu/ dqg wkhuhiruh/ wkh uhohydqw lqwhuhvw udwh lv wkh ohqglqj udwh u
u

1 Wkh dprxqw

ri ixqgv wkdw wkh hqwuhsuhqhxu kdv wr sd| edfn wr wkh edqn +wkdw lv/ sulqflsoh dqg lqwhuhvw, lv

jlyhq e| +n�d,+4. u
u

,1 Dffruglqj wr wkh ohqglqj srolf| ri wkh edqn/ wklv kdv wr eh vpdoohu wkdq

GU
6�?

1 Wkhuhiruh/ diwhu zh vroyh wkh hqwuhsuhqhxu rswlpl}dwlrq sureohp dqg gr vrph dojheudlf
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pdqlsxodwlrqv/ wkh uhvwulfwlrq lpsrvhg rq wkh qhw dvvhw kroglqjv lv jlyhq e| wkh lqhtxdolw|

d � �
%z. � �

6�?

n
�
�3D

�

��3D

D � +u
u
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#6�?

,n

4 . u
u

+9,

Jlyhq wkh dvvxpswlrq wkdw wkh krxvhkrog*v xwlolw| ixqfwlrq whqgv wr �4 dv frqvxpswlrq whqgv

wr }hur/ wkh eruurzlqj olplw lv qhyhu elqglqj1 Lq idfw/ li wkh djhqw fkrrvhv wr eruurz xs wr wkh

olplw/ wkhuh lv d srvlwlyh suredelolw| ri }hur frqvxpswlrq/ zklfk lpsolhv d ydoxh iru wkh xwlolw| ri

�41 Wkhuhiruh/ lw lv qhyhu rswlpdo wr eruurz xs wr wkh olplw1

517 Wkh frvw ri fdslwdo dqg exvlqhvv sur�wv

Li d krxvhkrog ghflghg dw wkh hqg ri wkh suhylrxv shulrg wr uxq d exvlqhvv zlwk wkh surmhfw n/

wkhq dw wkh ehjlqqlqj ri wkh fxuuhqw shulrg/ diwhu revhuylqj wkh whfkqrorj| vkrfn �/ wkh krxvh0

krog ghflghv wkh txdqwlw| ri oderu vhuylfhv wr kluh e| vroylqj wkh iroorzlqj +sur�w, pd{lpl}dwlrq

sureohp

�+d> n> �, @ pd{
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q
�DnDq�3D � qz � �
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n � un
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+:,

zlwk

u @
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u
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> li n � d

u
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�
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�
> li n A d

Wkh yduldeoh u lv wkh frvw ri fdslwdo iurp lqwhuqdo dqg h{whuqdo vrxufhv ri �qdqflqj dqg wkh

gh�qlwlrq ri sur�w lv qhw ri wkh rssruwxqlw| frvw ri fdslwdo1 Li n � d/ wkhq wkh surmhfw lv hqwluho|

�qdqfhg zlwk lqwhuqdo vrxufhv/ dqg wkh frvw ri fdslwdo lv jlyhq e| wkh rssruwxqlw| frvw u
(

1 Li

n A d/ wkhq sduw ri wkh fdslwdo wkdw lv lqyhvwhg lq wkh exvlqhvv lv �qdqfhg zlwk ghew/ dqg wkh frvw

ri fdslwdo lv dq lqfuhdvlqj ixqfwlrq ri wkh udwlr ri ghew wr fdslwdo1 Wkh krxvhkrog wdnhv u
(

/ u
u

/

dqg z dv jlyhq/ dqg wkh vroxwlrq lv jlyhq e|

q+n> �, @ �n

�
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z

� �

D
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Vxevwlwxwlqj htxdwlrq +;, lq +:, dqg uhduudqjlqj/ zh rewdlq wkh h{ srvw hqwuhsuhqhxu*v sur�w=

�+d> n> �, @ ��n

�
4� �

z

��3D

D � �
#

n � un +<,

Jlyhq wkh ghshqghqfh ri wkh frvw ri fdslwdo iurp wkh iudfwlrq �qdqfhg zlwk ghew/ sur�wv duh dq

lqfuhdvlqj ixqfwlrq ri wkh udwlr ehwzhhq wkh hqwuhsuhqhxu*v qhw dvvhwv dqg wkh fdslwdo lqyhvwhg

lq wkh exvlqhvv1 Wkh h{shfwhg sur�wv shu xqlw ri lqyhvwhg fdslwdo/ dorqj zlwk wkh dyhudjh dqg

pdujlqdo frvwv ri fdslwdo/ duh sorwwhg lq Iljxuh 71

Iljxuh 7= Frvw ri fdslwdo dqg sur�wv dv ixqfwlrqv ri lqwhuqdo vrxufhv ri �qdqflqj
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Jlyhq wkh kljkhu frvw ri h{whuqdo �qdqflqj/ exvlqhvv sur�wv duh qhjdwlyho| uhodwhg wr wkh dvvhw

kroglqjv ri wkh hqwuhsuhqhxu1 Iru orz ydoxhv ri wkh hqwuhsuhqhxu*v qhw dvvhwv/ exvlqhvv sur�wv

duh qhjdwlyh/ dqg wklv pljkw suhyhqw wkh hqwuhsuhqhxu iurp xqghuwdnlqj wkh exvlqhvv dfwlylw| ru

lqyhvwlqj lq odujhu vfdoh surmhfwv1 Rqo| wkrvh djhqwv zlwk dvvhw kroglqjv juhdwhu wkdq d plqlpxp

wkuhvkrog/ zklfk ghshqgv rq wkh sduwlfxodu surmhfw/ xqghuwdnh wkh surmhfw/ dqg wkhuhiruh/ wkh

kljkhu frvw ri h{whuqdo �qdqflqj pd| kdyh wkh vdph h�hfw ri wkh lpsrvlwlrq ri d eruurzlqj olplw1

Wkh pdujlqdo frvw ri fdslwdo/ zklfk ghwhuplqhv wkh pdujlqdo uhwxuq rq vdylqjv/ lv qhjdwlyh dqg

htxdo wr �! li d ? n dqg }hur rwkhuzlvh1 Wklv vwuxfwxuh ri wkh frvw ri fdslwdo sod|v dq lpsruwdqw
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uroh lq ghwhuplqlqj gl�huhqw dffxpxodwlrq ehkdylruv ri zrunhuv dqg hqwuhsuhqhxuv1

518 Krxvhkrog*v sureohp dqg gh�qlwlrq ri htxloleulxp

Wkh krxvhkrog*v remhfw lv wkh pd{lpl}dwlrq ri wkh h{shfwhg olihwlph xwlolw|/ dqg lq hdfk shulrg/

lw pdnhv d vhw ri ghflvlrqv iru zklfk wkh wlplqj lv gh�qhg dv iroorzv1

� Ehjlqqlqj ri wkh shulrg ~ Dw wkh ehjlqqlqj ri shulrg/ li wkh krxvhkrog uxq d exvlqhvv/

wkhq lw revhuyhv wkh whfkqrorj| vkrfn �/ dqg jlyhq wkh lqyhvwhg fdslwdo n/ lw ghflghv krz

pxfk oderu wr kluh1

� Hqg ri wkh shulrg ~ Dw wkh hqg ri wkh shulrg/ wkh krxvhkrog revhuyhv wkh hqwuhsuhqhxuldo

lghd " dqg wkh oderu delolw| %�1 Wkhq/ nqrzlqj wkh lpsohphqwdeoh surmhfwv +n>", dqg wkh

oderu delolw| %�/ wkh krxvhkrog ghflghv/ �uvw/ zkhwkhu wr lqyhvw lq wkh exvlqhvv dfwlylw| jlyhq

wkh dydlodeoh surmhfwv dqg/ vhfrqg/ krz pxfk wr vdyh dqg krz pxfk wr frqvxph1

Dw wkh ehjlqqlqj ri wkh shulrg/ djhqwv gl�hu ryhu vhyhudo glphqvlrqv ru vwdwhv1 Wkh �uvw

vwdwh yduldeoh/ zklfk lv qrw xqghu wkh frqwuro ri wkh djhqw/ lv uhsuhvhqwhg e| wkh oderu delolw| %1

Wkh rwkhu vwdwh yduldeohv duh jlyhq e| wkh qhw ydoxh ri wkh dvvhw d/ wkh lpsohphqwhg surmhfw n

+ghflghg dw wkh hqg ri wkh suhylrxv shulrg, dqg wkh whfkqrorj| vkrfn � revhuyhg dw wkh ehjlqqlqj

ri wkh fxuuhqw shulrg1 Li n @ 3/ wkhq wkh djhqw lv d zrunhu> lq wkh rwkhu fdvhv/ wkh djhqw lv dq

hqwuhsuhqhxu1 Wkhuhiruh/ wkh ixoo vhw ri lqglylgxdo vwdwh yduldeohv dw wkh ehjlqqlqj ri wkh shulrg

lv jlyhq e| +%> d> n> �,/ zkloh wkh djjuhjdwh vwdwhv ri wkh hfrqrp| duh jlyhq e| wkh glvwulexwlrq

ri djhqwv ryhu lqglylgxdo vwdwhv uhsuhvhqwhg e| wkh phdvxuh �+%> d> n> �,1 Lq wklv vwxg|/ krzhyhu/

L frqvlghu rqo| vwdwlrqdu| htxloleuld/ wkdw lv/ htxloleuld lq zklfk wkh glvwulexwlrq ri djhqwv ryhu

lqglylgxdo vwdwhv lv frqvwdqw ryhu wlph1 Frqvhtxhqwo|/ doo wkh djjuhjdwh yduldeohv +olnh wkh sulfhv

ri fdslwdo dqg oderu, duh frqvwdqw ryhu wlph/ dqg wkh| fdq eh wuhdwhg sdudphwulfdoo| lq wkh

rswlpl}dwlrq sureohp ri wkh djhqw1

Gh�qh y+%> d> n> �, wr eh wkh ehjlqqlqj0ri0shulrg ydoxh ixqfwlrq ri dq djhqw wkdw dw wkh hqg

ri wkh suhylrxv shulrg ghflghg wr uxq +dqg lqyhvwhg lq, wkh hqwuhsuhqhxuldo surmhfw n/ dqg

�y+%> d> n> �>"> %�, wkh hqg0ri0shulrg ydoxh ixqfwlrq diwhu wkh uhdol}dwlrqv ri " dqg %�1�f
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Ohw*v frqvlghu �uvw wkh djhqw*v sureohp dw wkh hqg ri wkh shulrg/ diwhu wkh revhuydwlrq ri wkh

yduldeohv " dqg %�1 Wkh djhqw*v sureohp uhdgv
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Wkh frqglwlrqv frqvwudlqlqj wkh djhqw*v sureohp duh wkh exgjhw frqvwudlqw dqg wkh eruurzlqj

frqvwudlqw1 Wkh ixqfwlrq � lq wkh exgjhw frqvwudlqw lv wkh qhw lqfrph iurp wkh exvlqhvv +qhw ri

wkh rssruwxqlw| frvw ri fdslwdo,/ dqg lw lv gh�qhg lq +<,1 Lq vroylqj wklv sureohp/ wkh djhqw wdnhv

dv jlyhq wkh zdjh udwh z dqg wkh lqwhuhvw udwhv u
(

dqg u
u

/ zklfk duh frqvwdqw lq wkh vwdwlrqdu|

htxloleulxp/ dqg wkh vroxwlrq lv jlyhq e| wkh vwdwh frqwlqjhqw ixqfwlrqv d�+%> d> n> �>"> %�, dqg

n�+%> d> n> �>"> %�,1

Wkh ehjlqqlqj0ri0shulrg ydoxh ixqfwlrq fdq qrz eh gh�qhg dv wkh h{shfwhg ydoxh ri wkh hqg0

ri0shulrg ydoxh ixqfwlrq �y/ frqglwlrqdo rq wkh lqirupdwlrq dydlodeoh dw wkh ehjlqqlqj ri wkh fxuuhqw

shulrg/ wkdw lv/

y+%> d> n> �, @
[
"c0

�

�y+%> d> n> �>"> %�,S
&

+", �+%�@%, +44,

Gh�qlwlrq 514 +Vwdwlrqdu| htxloleulxp, D vwdwlrqdu| uhfxuvlyh frpshwlwlyh htxloleulxp iru

wklv hfrqrp| lv=

� Ydoxh ixqfwlrqv y+%> d> n> �, dqg �y+%> d> n> �>"> %�,1

� Ghflvlrq ixqfwlrqv q+n> �,/ d�+%> d> n> �>"> %�,/ dqg n�+%> d> n> �>"> %�,1

�?U*�_i > @t @? i T*�U�| @h}�4i?|�
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� Lqwhuhvw udwhv u
(

dqg u
u

dqg zdjh udwh z1

� Fdslwdo dqg oderu ghpdqgv N
?

dqg Q
?

iurp wkh qrqfrusrudwh vhfwru> fdslwdo dqg oderu

ghpdqgv N
S

dqg Q
S

iurp wkh frusrudwh vhfwru1

� D ixqfwlrq �+�, wkdw pdsv wkh vsdfh ri krxvhkrogv* glvwulexwlrq � lqwr wkh qh{w shulrg

glvwulexwlrq1

vdwlvi|lqj wkh frqglwlrqv

� Wkh ghflvlrq uxohv d�+=, dqg n�+=, vroyh wkh djhqw*v sureohp ghvfulehg lq +43,/ dqg wkh ixqf0

wlrqv �y+=, dqg y+=, duh wkh dvvrfldwhg ydoxh ixqfwlrqv +dw wkh hqg dqg dw wkh ehjlqqlqj ri

wkh shulrg,> wkh hpsor|phqw ghflvlrq q+=,/ iru krxvhkrogv xqghuwdnlqj dq hqwuhsuhqhxuldo

dfwlylwlhv lv sur�w pd{lpl}lqj/ dqg wkhuhiruh/ lw vroyhv sureohp +:,1

� Sulfhv duh frpshwlwlyh1 Wkh zdjh udwh z dqg lqwhuhvw udwh u
(

htxdo wkh pdujlqdo surgxfwlylw|

ri oderu dqg fdslwdo +qhw ri ghsuhfldwlrq, lq wkh frusrudwh vhfwru1 Wkh lqwhuhvw udwh rq ordqv

u
u

htxdov wkh lqwhuhvw udwh rq ghsrvlwv soxv wkh lqwhuphgldwlrq frvw !1 Wkhvh frqglwlrqv duh

vxppdul}hg e| wkh iroorzlqj htxdwlrqv=

z @ I
2
+N

S

>Q
S

, +45,

u
(

@ I
�
+N

S

>Q
S

,� �
S

+46,

u
u

@ u
(

. ! +47,

� Fdslwdo dqg oderu pdunhwv fohdu/ wkdw lv

[
0c&c#

�]
@

n �+%> d> n> �,gd

�
.N

S

@
[
0c&c#

�]
@

d�+%> d> n> �,gd

�
+48,

[
0c&c#

�]
@

q+n> �,�+%> d> n> �,gd

�
.Q

S

@
[
0c&c#

�]
@

% �+%> d> n> �,gd

�
+49,

� Wkh glvwulexwlrq ri wkh krxvhkrogv � lv wkh �{hg srlqw ri wkh odz ri prwlrq �1 Wklv odz ri

prwlrq lv frqvlvwhqw zlwk lqglylgxdo ghflvlrq uxohv dqg jlyhq wkh vxevhwv V
0

/ V
@

/ V
&

/ V
#

/ lv
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gh�qhg e| wkh ixqfwlrqdo htxdwlrq

��+V
0

> V
@

> V
&

> V
#

, @ �+V
0

> V
@

> V
&

> V
#

,+�, @
S

"

S
0

�

M70

S
&

�

M7&

S
#

�

M7#

+4:,qU
@

�

M7@

S
0c&c#

iU
@

L+%> d> n> �>"> %�,S
&

+", �+%�@%,T
&

+��@�,�+%> d> n> �, gdj gd�
r

zkhuh L+%> d> n> �>"> %�, lv dq lqglfdwru ixqfwlrq gh�qhg dv

L+%> d> n> �>"> %�, @

;A?
A=

4> li d�+%> d> n> �>"> %�, 5 V
@

> dqg n�+%> d> n> �>"> %�, 5 V
&

3> rwkhuzlvh

6 Fdoleudwlrq

Irxu vhwv ri sdudphwhuv duh fdoleudwhg1 Wkhvh sdudphwhuv uhodwh wr l, krxvhkrog*v suhihuhqfhv> ll,

krxvhkrog*v surfhvv iru oderu delolw|> lll, surgxfwlrq whfkqrorj| lq wkh frusrudwh dqg qrqfrusrudwh

vhfwruv> dqg ly, surgxfwlrq whfkqrorj| lq wkh lqwhuphgldwlrq vhfwru1 Wkh fdoleudwlrq shulrg lv rqh

|hdu1

Dv vkrzq ehorz/ vrph sdudphwhuv duh fdoleudwhg xvlqj htxloleulxp frqglwlrqv wkdw fdq eh

yhul�hg rqo| e| vroylqj wkh prgho1 Wkh frpsoh{lw| ri wkh prgho hfrqrp|/ krzhyhu/ grhv qrw

doorz iru wkh ghulydwlrq ri dqdo|wlfdo vroxwlrqv/ dqg frqvhtxhqwo|/ vrph qxphulfdo phwkrgv duh

dssolhg1 Wkhvh phwkrgv duh ghvfulehg lq Vhfwlrq E ri wkh Dsshqgl{1

614 Krxvhkrog*v suhihuhqfhv

Wkh krxvhkrog pd{lpl}hv wkh h{shfwhg olihwlph xwlolw|=

H
f

+
"[
|'f

�|
f�3j
|

4� �

,
+4;,

Wkh ulvn dyhuvlrq frh�flhqw � lv dvvxphg wr eh 513 dqg wkh glvfrxqw idfwru � lv fdoleudwhg vxfk

wkdw lq htxloleulxp/ wkh dqqxdo lqwhuhvw udwh rq ghsrvlwv u
(

htxdov wkh ydoxh uhsuhvhqwdwlyh ri

doo �qdqfldo lqyhvwphqwv1 Phkud ) Suhvfrww +4<;8, uhsruw wkdw wkh uhwxuq rq jryhuqphqw erqgv/

uhsuhvhqwdwlyh ri ulvn0iuhh dvvhwv/ lq wkh srvwzdu shulrg/ dyhudjhg 318 shufhqw zkloh iru wkh vdph

shulrg wkh uhwxuq rq ulvn| �qdqfldo dvvhwv dyhudjhg 918 shufhqw1 Lq wkh prgho hfrqrp| ghyhorshg
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lq wklv vwxg|/ ghsrvlwv duh uhsuhvhqwdwlyh ri erwk ulvn| dqg ulvn0iuhh �qdqfldo lqyhvwphqwv1 Ehfdxvh

wkh dyhudjh uhwxuq rq wkhvh ghsrvlwv vkrxog eh ehwzhhq 318 shufhqw dqg 918 shufhqw/ L xvh wkh

phdq ydoxh/ dqg L vhw u
(

@ 3=3681

615 Oderu delolw|

Hdfk krxvhkrog lv wkrxjkw ri dv d vhtxhqfh ri �qlwho| olyhg jhqhudwlrqv1 Lq hdfk shulrg/ wkhuh lv

d srvlwlyh suredelolw| s wkdw wkh fxuuhqw jhqhudwlrq lv uhsodfhg e| d qhz jhqhudwlrq1 Gl�huhqw

jhqhudwlrqv duh fkdudfwhul}hg e| gl�huhqw hduqlqj surfhvvhv1 Zkhq dq rog jhqhudwlrq lv uhsodfhg

e| d qhz rqh/ wkh hduqlqj w|sh dvvxphg e| wkh qhz jhqhudwlrq lv edvhg rq d vwrfkdvwlf surfhvv wkdw

ghshqgv rq wkh hduqlqj w|sh ri wkh jhqhudwlrq iurp zklfk lw ghvfhqghg1 Wkhuhiruh/ hdfk krxvhkrog

idfhv d srvlwlyh suredelolw| ri vzlwfklqj wr d qhz hduqlqj w|sh zkhq d qhz jhqhudwlrq uhsodfhv wkh

rog rqh/ dqg wklv uhsodfhphqw kdsshqv zlwk suredelolw| s1 Wklv suredelolw| lv fdoleudwhg dvvxplqj

dq dyhudjh jhqhudwlrq gxudwlrq ri 68 |hduv1 ��

Iru hdfk jhqhudwlrq/ wkh orjdulwkp ri wkh krxvhkrog*v oderu delolw| % lv dvvxphg wr iroorz wkh

dxwruhjuhvvlyh surfhvv=

oq+%
�c|n�

, @ �
�

. � oq+%
�c|

, .  
|n�

 
|n�

� Q+3> �2
v

, +4<,

zkhuh l lv wkh lqgh{ iru wkh jhqhudwlrq w|sh dqg wkh sdudphwhu �
�

lv wkh jhqhudwlrq0vshfl�f hduqlqj

sdudphwhu fkdudfwhul}lqj wkh phdq ri wkh hduqlqj surfhvv1 Wkhuhiruh/ wkh orj0hduqlqj surfhvv ri

gl�huhqw jhqhudwlrq w|shv kdv wkh vdph yduldqfh exw gl�huhqw phdqv1

Wkh dxwrfruuhodwlrq frh�flhqw � dqg wkh vwdqgdug ghyldwlrq �
v

ri wkh hduqlqj surfhvv +4<,

duh hvwlpdwhg xvlqj SVLG gdwd iru wkh shulrg 4<:30<51 Krxvhkrog hduqlqjv duh gh�qhg dv wkh

vxp ri wkuhh frpsrqhqwv= d, wkh zdjhv dqg vdodulhv ri wkh krxvhkrog khdg dqg vsrxvh> e, wkh

lpsxwhg oderu lqfrph sruwlrq ri rwkhu lqfrphv ri wkh krxvhkrog khdg dqg vsrxvh +olnh exvlqhvv

lqfrphv,> f, wkh prqhwdu| wudqvihuv ri wkh krxvhkrog khdg dqg vsrxvh1 Wkh lpsxwdwlrq ri wkh
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oderu sruwlrq ri rwkhu lqfrphv +wkh vhfrqg frpsrqhqw ri hduqlqjv, dqg/ lq sduwlfxodu/ ri exvlqhvv

lqfrph/ lv uhtxluhg e| wkh k|srwkhvl}hg hduqlqj surfhvv wkdw lv dvvxphg lq wkh prgho hfrqrp|1 �2

Wkh dgglwlrq ri prqhwdu| wudqvihuv +wkh wklug frpsrqhqw ri hduqlqjv, lv mxvwl�hg e| wkh devhqfh

ri d jryhuqphqw1 �� Diwhu vhohfwlqj wkrvh idplolhv wkdw zhuh lqwhuylhzhg lq wkh |hduv iurp 4<:3

wr 4<<5 dqg wkdw uhsruwhg srvlwlyh hduqlqjv �e/ L hvwlpdwh wkh iroorzlqj htxdwlrq=

oq+H
�c|n�

, @ �
�

. *
�
D
�c|

. *
2
D2

�c|

. *
�
D�

�c|

. � oq+H
�c|

, .  
�c|n�

+53,

zkhuh H
�c|

lv wkh hduqlqjv ri idplo| l dw wlph w/ �
�

lv wkh krxvhkrog0vshfl�f hduqlqj sdudphwhu/

dqg D
�c|

lv lwv djh1 Rq wkh uljkw vlgh ri wkh uhjuhvvlrq/ wkh fxelf sro|qrpldo lq djh lv lqfoxghg

lq rughu wr ghwhfw srvvleoh olih0f|foh sdwwhuqv ri hduqlqjv1 Wkh hvwlpdwlrq uhvxowv duh uhsruwhg lq

Wdeoh 91 �D

Diwhu hvwlpdwlqj wkh wzr sdudphwhuv � dqg �
v

/ L dssur{lpdwh wkh oderu delolw| % ri d jhqhudwlrq

zlwk d vshfl�f hduqlqj sdudphwhu �
�

e| xvlqj d wzr0vwdwh Pdunry surfhvv zlwk d v|pphwulf

wudqvlwlrq suredelolw| pdwul{ �
�

+%@%,1 Wkh wkuhh prphqwv xvhg wr slq grzq wkh sdudphwhuv

ri wklv surfhvv duh= +l, wkh xqfrqglwlrqdo phdq ri oq+%,/ zklfk lv htxdo wr �
�

@+4 � �,> +ll, wkh

dxwrfruuhodwlrq �> dqg +lll, wkh vwdqgdug ghyldwlrq �
v

@
s
4� �21

Uhjduglqj wkh qxpehu ri krxvhkrog ru jhqhudwlrq w|shv/ L dvvxph wkdw lq wkh hfrqrp|/ wkhuh

duh rqo| wzr krxvhkrog w|shv ri htxdo phdvxuh/ dqg wkh sdudphwhuv �
�

duh slqqhg grzq vxfk wkdw

wkh Jlql lqgh{ iru hduqlqjv lq wkh prgho hfrqrp| htxdov 316;/ zklfk lv wkh dyhudjh ri wkh Jlql
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Wdeoh 9= Hvwlpdwlrq ri wkh hduqlqj htxdwlrq1 Ghshqghqw yduldeoh oq+H
�c|n�

,1

D
�c|

2�ff D2

�c|

2�fff D�

�c|

2�ffff oq+H
�c|

,

Frh�flhqwv <1769 041975 313;3 317<9
Vwdqgdug huuruv +31744, +313;3, +31338, +31338,
w0Vwdwlvwlf 551<7 053176 4913: 43:19:

Vwdqgdug huuru �
v

@ 31665
Qxpehu ri furvv vhfwlrqdo xqlwv @ 4:4:
Qxpehu ri shulrgv @ 55
U2 @ 3167<

lqgh{ irxqg lq wkh SVLG gdwd iru wkh shulrg 4<:30<51 Wkh wudqvlwlrq suredelolw| iru jhqhudwlrq

w|shv lv dvvxphg wr eh v|pphwulf dqg lv ghwhuplqhg wr pdwfk wkh lqwhujhqhudwlrqdo fruuhodwlrq

lq hduqlqjv1 Ehkupdq ) Wdxepdq +4<<3, xvh SVLG gdwd wr hvwlpdwh wkh lqwhujhqhudwlrqdo fru0

uhodwlrq ehwzhhq orqj0uxq phdvxuhv ri sduhqwdo lqfrph dqg fklog hduqlqjv1 Wkhlu hvwlpdwlrqv

vxjjhvw dq lqwhujhqhudwlrqdo fruuhodwlrq ri ryhu 31831 Vrorq +4<<5, dovr xvhv SVLG gdwd wr hvwl0

pdwh wkh lqwhujhqhudwlrqdo hduqlqj fruuhodwlrqv> kh �qgv hvwlpdwlrq ydoxhv lq wkh qhljkerukrrg

ri 3171 D gl�huhqw vhw ri gdwd�vshfl�fdoo|/ gdwd iurp wkh Qdwlrqdo Orqjlwxglqdo Vxuyh|�lv xvhg

e| ]lpphupdq +4<<5, wr hvwlpdwh wkh lqwhujhqhudwlrqdo fruuhodwlrq lq lqfrph1 Wkh ydoxhv irxqg

e| ]lpphupdq duh rq wkh rughu ri 3171 Edvhg rq wkh uhvxowv ri wkh deryh vwxglhv/ L vhw wkh ydoxh

ri wkh lqwhujhqhudwlrqdo fruuhodwlrq wr 3181 Wklv ydoxh lpsolhv d :8 shufhqw suredelolw| iru d qhz

jhqhudwlrq wr eh ri wkh vdph hduqlqj w|sh dv wkh jhqhudwlrq lw ghvfhqghg iurp1

Lq vxppdu|/ wkh zkroh krxvhkrog hduqlqj surfhvv lv v|qwkhvl}hg e| d irxu0vwdwh Pdunry surfhvv

zlwk fdoleudwlrq ydoxhv jlyhq e|
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616 Surgxfwlrq whfkqrorj|

Lq wkh hfrqrp|/ wkhuh duh wzr vhfwruv ri surgxfwlrq= wkh frusrudwh vhfwru dqg wkh qrqfrusrudwh

vhfwru1 Wkh frusrudwh whfkqrorj| lv uhsuhvhqwhg e| d Free0Grxjodv surgxfwlrq ixqfwlrq/ zlwk

dq lqfrph vkduh sdudphwhu �/ dqg fdslwdo ghsuhfldwhv dw udwh �
S

1 Wkh qrqfrusrudwh vhfwru ri wkh

hfrqrp| lv jhqhudwhg e| wkh djjuhjdwlrq ri doo hqwuhsuhqhxuldo dfwlylwlhv/ zkhuh dq hqwuhsuhqhxuldo

dfwlylw| lv edvhg rq wkh iroorzlqj surgxfwlrq whfkqrorj|=

| @ �DnDq�3D +54,

Khuh/ � lv dq lglrv|qfudwlf whfkqrorj| vkrfn revhuyhg diwhu wkh lqyhvwphqw ri n xqlwv ri fdslwdo/

dqg q lv wkh dprxqw ri h�flhqf| xqlwv ri oderu hpsor|hg lq surgxfwlrq diwhu wkh revhuydwlrq ri

wkh vkrfn1 Wkh vwrfn ri fdslwdo ghsuhfldwhv dw wkh vwrfkdvwlf udwh �
#

1

Wkh �uvw vwhs lq wkh fdoleudwlrq ri wkh surgxfwlrq vhfwru lv wr vshfli| d frqvlvwhqw phdvxuhphqw

ri djjuhjdwh fdslwdo wkdw ehvw �wv wkh qrwlrq ri fdslwdo dgrswhg lq wkh prgho hfrqrp| dqg wr

ghwhuplqh wkh shufhqwdjh ri wkdw fdslwdo hpsor|hg lq wkh wzr vhfwruv ri surgxfwlrq/ wkdw lv/ wkh

frusrudwh dqg wkh qrqfrusrudwh vhfwruv1

Jlyhq wkh devhqfh ri d jryhuqphqw/ L devwudfw iurp sxeolf fdslwdo/ dqg L frqvlghu rqo| sulydwh

wdqjleoh dvvhwv1 Dq hvwlpdwh ri wkh vwrfn ri wdqjleoh dvvhwv sulydwho| rzqhg lv surylghg e| wkh

Ihghudo Uhvhuyh Erdug zlwk wkh �rz ri ixqgv lq Wkh Edodqfh Vkhhw iru Wkh X1V1 Hfrqrp| +4<<3,1

Wkh �rz ri ixqgv dffrxqw glvwlqjxlvk �yh w|shv ri dvvhwv�sodqw dqg htxlsphqw/ lqyhqwrulhv/ odqg

dw wkh pdunhw ydoxh/ uhvlghqwldo vwuxfwxuhv/ dqg frqvxphu gxudeohv�dqg uhsruw wkh glvwulexwlrq

ri wkhp dprqj �yh vhfwruv ri wkh hfrqrp|�krxvhkrogv dqg qrqsur�w lqvwlwxwlrqv/ idup exvlqhvv/

qrqidup qrqfrusrudwh exvlqhvv/ qrqidup qrq�qdqfldo frusrudwlrqv/ dqg �qdqfldo lqvwlwxwlrqv1

Dprqj wkh �yh w|shv ri wdqjleoh dvvhwv sulydwho| rzqhg/ d sduwlfxodu uroh lv sod|hg e| frq0

vxphu gxudeohv1 Jlyhq wkh gl�fxow| ri txdqwli|lqj wkh pdunhw ydoxh iru wkhvh dvvhwv dqg wkh

ydoxhv ri wkhlu vhuylfhv/ L h{foxgh frqvxphu gxudeohv iurp wkh phdvxuhphqw ri djjuhjdwh fdslwdo1

Frqvhtxhqwo|/ wkh dgrswhg qrwlrq ri djjuhjdwh fdslwdo uhvxowv iurp wkh djjuhjdwlrq ri wkh iroorz0

lqj frpsrqhqwv ri sulydwh wdqjleoh dvvhwv= sodqw dqg htxlsphqw/ lqyhqwrulhv/ odqg dw pdunhw ydoxh/

dqg uhvlghqwldo vwuxfwxuhv1�S Wklv lv d qrwlrq ri fdslwdo wkdw lv frqvlvwhqw zlwk d phdvxuhphqw ri

�S�? @*|ih?@|��i �L�*_ �@�i Mii? |L �?U*�_i |�i tih��Uit uhL4 UL?t�4ih _�h@M*it @t @? i |h@ @h}�4i?| �? |�i
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rxwsxw jlyhq e| wkh jurvv grphvwlf surgxfw +JGS,1�. Xvlqj wklv qrwlrq ri fdslwdo dqg phdvxulqj

rxwsxw zlwk JGS/ wkh dyhudjh fdslwdo0wr0rxwsxw udwlr lq wkh shulrg 4<8:0<3 lv 51981 Wkhuhiruh/

wklv lv wkh ydoxh wkdw wkh fdslwdo0wr0rxwsxw udwlr lq wkh duwl�fldo hfrqrp| kdv wr pdwfk1

Diwhu gh�qlqj wkh hpslulfdo frxqwhusduw ri wkh dgrswhg qrwlrq ri djjuhjdwh fdslwdo/ L kdyh wr

ghwhuplqh wkh iudfwlrq ri wklv fdslwdo hpsor|hg lq wkh wzr vhfwruv ri surgxfwlrq1 Lq wkh prgho

hfrqrp|/ wkh qrqfrusrudwh vhfwru lqfoxghv doo exvlqhvv dfwlylwlhv wkdw duh forvho| uhodwhg wr rqh

ru ihz vshfl�f krxvhkrogv dv rssrvhg wr wkh lpshuvrqdolw| ri elj frusrudwlrqv wkdw/ lqvwhdg/ duh

sduw ri wkh frusrudwh vhfwru ri surgxfwlrq1 Dv d �uvw dssur{lpdwlrq/ wkh fdslwdo hpsor|hg lq wkh

vpdoo vhfwru ri wkh hfrqrp| fdq eh lghqwl�hg zlwk wkh dvvhwv rzqhg e| idupv dqg xqlqfrusrudwhg

exvlqhvvhv/ zkloh wkh vwrfn ri fdslwdo hpsor|hg lq wkh frusrudwh vhfwru jdwkhuv wkh dvvhwv rzqhg

e| wkh rwkhu vhfwruv ri wkh hfrqrp|/ wkdw lv/ qrqsur�w lqvwlwxwlrqv dqg krxvhkrogv/ qrq�qdqfldo

frusrudwlrqv/ dqg �qdqfldo lqvwlwxwlrqv1 Xvlqj wklv fulwhulrq/ L hvwlpdwh wkh dyhudjh iudfwlrq

ri fdslwdo hpsor|hg lq wkh qrqfrusrudwh vhfwru lq wkh shulrg 4<8:0<3 dv rq wkh rughu ri 31631

Wklv qxpehu/ krzhyhu/ xqghuhvwlpdwhv wkh vl}h ri wkh qrqfrusrudwh vhfwru ri wkh hfrqrp|/ dv

wkrxjkw lq wkh wkhruhwlfdo prgho1 Lq idfw/ wkhuh duh vhyhudo �upv wkdw duh rujdql}hg lq wkh irup

ri d frusrudwlrq/ exw wkh htxlwlhv ri wkhvh �upv duh rzqhg e| d olplwhg qxpehu ri vkduhkroghuv

+vrphwlphv rqo| rqh idplo|,1 Wkh glphqvlrqv ri wkhvh �upv duh w|slfdoo| vpdoo uhodwlyh wr rwkhu

frusrudwh rujdql}dwlrqv/ dqg wkh| duh forvhu wr wkh qrwlrq ri hqwuhsuhqhxuldo exvlqhvvhv/ dv wkrxjkw

lq wkh prgho1 Frqvhtxhqwo|/ wkh| vkrxog eh lqfoxghg lq wkh qrqfrusrudwh vhfwru ri wkh hfrqrp|/

dqg wkh shufhqwdjh ri wrwdo fdslwdo hpsor|hg lq wklv vhfwru vkrxog eh odujhu wkdq 63 shufhqw1 Dv

d frpsurplvh/ L dvvxph wkdw 73 shufhqw ri djjuhjdwh fdslwdo lv hpsor|hg lq wkh qrqfrusrudwh

vhfwru ri wkh hfrqrp|1

Dw wklv vwdjh ri wkh fdoleudwlrq/ L lpsrvh wzr uhvwulfwlrqv wkdw vlpsoli| wkh dvvljqphqw ri wkh
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sdudphwhu ydoxhv ri wkh surgxfwlrq whfkqrorjlhv1 Iluvw/ L dvvxph wkdw erwk wkh frusrudwh dqg wkh

qrqfrusrudwh vhfwruv ri surgxfwlrq kdyh wkh vdph fdslwdo lqfrph vkduhv/ wkdw lv/ � @ �1 Vhfrqg/

L dvvxph wkdw wkh vwrfnv ri djjuhjdwh fdslwdo hpsor|hg lq wkh wzr vhfwruv ghsuhfldwh dw wkh vdph

udwh �1 Edvhg rq wkhvh dvvxpswlrqv/ wkh fdslwdo lqfrph vkduh lv ghwhuplqhg dffruglqj wr wkh

htxdwlrq

� @ +u. �,+v
S

. ��v
?

,
N

\
+55,

zkhuh N@\ lv wkh djjuhjdwh fdslwdo0wr0rxwsxw udwlr/ v
S

lv wkh iudfwlrq ri fdslwdo hpsor|hg lq wkh

frusrudwh vhfwru/ v
?

lv wkh iudfwlrq ri fdslwdo hpsor|hg lq wkh qrqfrusrudwh vhfwru/ dqg �� lv wkh

dyhudjh surgxfwlylw| sdudphwhu lq wkh qrqfrusrudwh vhfwru1 L dvvxph wkdw wkh phdq ri wkh vkrfn wr

hqwuhsuhqhxuldo dfwlylwlhv lv wkh vdph iru doo hqwuhsuhqhxuv/ dqg wkhuhiruh/ wkh dyhudjh surgxfwlylw|

sdudphwhu �� lv jlyhq e| wkh phdq ri wkh whfkqrorj| vkrfn �1 Jlyhq wkh sdudphwhul}dwlrq ri ��

vshfl�hg ehorz/ � wdnhv wkh ydoxh ri 31661

Wkh fdoleudwlrq ri wkh ghsuhfldwlrq udwh lv edvhg rq wkh djjuhjdwh fdslwdo dffxpxodwlrq htxd0

wlrq N
|n�

@ +4 � �,N
|

. L
|

/ zkhuh N
|

lv wkh djjuhjdwh vwrfn ri fdslwdo/ dqg L
|

lv wkh djjuhjdwh

lqyhvwphqw dw wlph w1 Diwhu lpsrvlqj wkh vwhdg| vwdwh frqglwlrqv/ zh jhw

� . � @
+L@\ ,

+N@\ ,
+56,

zkhuh � lv wkh vwhdg| vwdwh jurzwk udwh ri wkh hfrqrp| dqg \ lv wkh djjuhjdwh rxwsxw1 Wkh fdslwdo0

wr0rxwsxw udwlr kdv ehhq vhw deryh wr 5198/ dqg wkh lqyhvwphqw0wr0rxwsxw udwlr lv ghwhuplqhg xvlqj

gdwd iurp wkh qdwlrqdo lqfrph dqg surgxfw dffrxqw +QLSD,1 Djjuhjdwh lqyhvwphqw lv phdvxuhg

dv wkh vxp ri h{shqglwxuhv rq surgxfhu gxudeohv/ uhvlghqwldo vwuxfwxuhv/ dqg fkdqjhv lq wkh ydoxh

ri lqyhqwrulhv> rxwsxw lv phdvxuhg zlwk JGS1 Ehfdxvh wkh duwl�fldo hfrqrp| lv qrupdol}hg vxfk

wkdw lq htxloleulxp qr jurzwk lv glvsod|hg/ wkh ydoxh dvvljqhg wr wkh ghsuhfldwlrq udwh lv jlyhq

e| � . �1 Lq wkh fdoleudwlrq shulrg 4<8:0<3/ wkh dyhudjh ydoxh ri � . � lv 313951 Jlyhq wkh

ydoxh ri 31368 dvvljqhg wr wkh lqwhuhvw udwh u
(

/ wkh fdoleudwlrq ri wkh ghsuhfldwlrq udwh lpsolhv d

fdslwdo0wr0rxwsxw udwlr ri 3167 lq wkh frusrudwh vhfwru1 Jlyhq wkh fdoleudwlrq ri �� vshfl�hg ehorz/

wkh fdslwdo0wr0rxwsxw udwlr lq wkh qrqfrusrudwh vhfwru htxdov 5131

Qrqfrusrudwh whfkqrorj|

Wkh fdslwdo lqfrph vkduh sdudphwhu � dqg wkh dyhudjh ghsuhfldwlrq udwh ri fdslwdo � htxdo
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wkh ydoxhv iru wkh djjuhjdwh hfrqrp|/ dqg wkh| kdyh ehhq fdoleudwhg deryh wr 3166 dqg 31395/

uhvshfwlyho|1

Uhjduglqj wkh qxpehu ri hqwuhsuhqhxuldo surmhfwv/ L dvvxph wkdw rqo| wkuhh surmhfwv�lghqwl�hg

e| wkh fdslwdo lqsxwv n
�
/ n

2
/ dqg n

�
�duh lpsohphqwdeoh1 Wkh fdoleudwlrq ri wkh fdslwdo uhtxluhg

iru wkh lpsohphqwdwlrq ri hdfk surmhfw lv edvhg rq wkh krxvhkrogv* glvwulexwlrq ri exvlqhvv zhdowk1

Wdeoh : uhsruwv wkh ghfloh glvwulexwlrq ri exvlqhvv zhdowk dprqj idplolhv uhsruwlqj d qhw ydoxh

ri wkh exvlqhvv juhdwhu wkdq }hur/ xvlqj gdwd iurp wkh 4<;< dqg 4<<5 VFI1 �H Wkh wdeoh vkrzv d

yhu| frqfhqwudwhg glvwulexwlrq ri exvlqhvv zhdowk1 Lq rughu wr ehwwhu dssur{lpdwh wkh vnhzqhvv

ri wkh glvwulexwlrq ri wklv fdslwdo/ L dvvljq vpdoohu shufhqwdjhv ri hqwuhsuhqhxuv wr odujhu surmhfwv/

zlwk 93 shufhqw uxqqlqj wkh vpdoohvw surmhfw/ 63 shufhqw wkh plg0vl}hg surmhfw/ dqg 43 shufhqw wkh

odujhvw surmhfw1 Diwhu vhohfwlqj idplolhv zlwk d qhw ydoxh ri wkh exvlqhvv juhdwhu wkdq }hur/ L glylgh

wkhvh idplolhv lqwr wkuhh jurxsv dffruglqj wr wkhlu exvlqhvv zhdowk/ zlwk hdfk jurxs frxqwlqj 93/

63 dqg 43 shufhqw/ uhvshfwlyho|1 Wkh udwlrv dprqj wkh dyhudjh ydoxhv ri exvlqhvv zhdowk lq hdfk

jurxs gh�qh wkh uhodwlyh glvwulexwlrq ri exvlqhvv fdslwdo1 Frpelqlqj 4<;< dqg 4<<5 gdwd/ L vhw

n
2
@n

�
@ 43 dqg n

�
@n

�
@ 4331

Wdeoh := Shufhqwdjh ri exvlqhvv zhdowk rzqhg e| jurxs shufhqwlohv lq wkh VFI1

Exvlqhvv zhdowk ghfloh
4vw 5qg 6ug 7wk 8wk 9wk :wk ;wk <wk 43wk

4<;< VFI 3135 3145 3166 31:8 4163 41<4 613; 8168 43186 :9194
4<<5 VFI 313; 315; 3185 31<4 4178 5167 6198 9155 441:4 :51;7

Wkh hqwuhsuhqhxuldo lghd "/ wkdw lv/ wkh surmhfw wkdw wkh hqwuhsuhqhxu lv deoh wr lpsohphqw

lq wkh iroorzlqj shulrg/ lv prghohg dv d vwrfkdvwlf surfhvv zlwk irxu srvvleoh vwdwhv1 Wkh �uvw

vwdwh fruuhvsrqgv wr wkh hyhqw lq zklfk wkhuh lv qr hqwuhsuhqhxuldo lghd/ zkloh wkh vhfrqg wkurxjk

wkh irxuwk vwdwhv fruuhvsrqg wr wkh hqwuhsuhqhxuldo surmhfwv n�/ n2/ dqg n
�
1 Wkh suredelolw|

glvwulexwlrq ri " ghshqgv rqo| rq wkh surmhfw lpsohphqwhg lq wkh fxuuhqw shulrg/ dqg lw lv ghqrwhg

e| S
&

+",1 L dvvxph wkdw wkh suredelolwlhv ri qhz lghdv duh srvlwlyh rqo| iru wkh surmhfwv forvhu
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wr wkh rqhv fxuuhqwo| ehlqj uxq1 Wklv lpsolhv wkdw lq rughu wr uxq d odujh0vfdoh surmhfw/ lw lv �uvw

qhfhvvdu| wr uxq d vpdoohu rqh1 Wkh dvvxpswlrq lv d vlpsoh zd| wr irupdol}h wkh k|srwkhvlv ri wkh

h{lvwhqfh ri d ohduqlqj surfhvv wkurxjk zklfk wkh sur�wdelolw| ri wkh exvlqhvv dfwlylw| lqfuhdvhv

zlwk hqwuhsuhqhxuldo whqxuh1 Wklv dvvxpswlrq/ wrjhwkhu zlwk wkh dvvxpswlrq wkdw dq hqwuhsuhqhxu

fdq dozd|v uxq wkh surmhfw lpsohphqwhg lq wkh suhylrxv shulrg/ vlpsol�hv wkh fdoleudwlrq ri wkh

yhfwruv S
&

/ iru n 5 i3> n
�
> n

2
> n

�
j1 Zkdw lv uhohydqw lv rqo| wkh suredelolw| ri jhwwlqj wkh kljkhu

+dqg forvhu, lghd> wkhuhiruh/ rqo| rqh frpsrqhqw ri hdfk yhfwru S
&

qhhgv wr eh fdoleudwhg1 Dw

wkh vdph wlph/ wkh suredelolw| glvwulexwlrq iru dq hqwuhsuhqhxu uxqqlqj wkh odujhvw surmhfw lv

luuhohydqw ehfdxvh d odujh0vfdoh hqwuhsuhqhxu qhyhu fkrrvhv wr uhgxfh wkh vfdoh ri klv ru khu

dfwlylw|/ li kh ru vkh uhdol}hv d srvlwlyh ydoxh ri wkh vkrfn1 Wkhuhiruh/ rqo| wkuhh sdudphwhuv

qhhg wr eh fdoleudwhg/ dqg wkh| duh ghwhuplqhg vxfk wkdw lq htxloleulxp/ wkh glvwulexwlrq ri

hqwuhsuhqhxuv htxdov wkh lpsrvhg glvwulexwlrq ri hqwuhsuhqhxuv dprqj wkh irxu surmhfwv�93/ 63/

dqg 43 shufhqw/ uhvshfwlyho|�dqg wkh wrwdo iudfwlrq ri hqwuhsuhqhxuv htxdov 31451 Wklv iudfwlrq ri

hqwuhsuhqhxuv lv wkh dyhudjh ydoxh irxqg lq wkh SVLG gdwd iru wkh shulrg 4<:30<5 dqg lq wkh VFI

gdwd iru wkh |hduv 4<;<0<51 Wkh ydoxhv ri wkhvh suredelolwlhv duh ghwhuplqhg lwhudwlyho| lq wkh

frpsxwdwlrqdo surfhgxuh ghvfulehg lq Vhfwlrq E ri wkh Dsshqgl{/ zklfk iru wkh edvholqh prgho

duh S
f
+n

�
, @ 3=357</ S

&

�

+n
2
, @ 3=3;44/ dqg S

&

2

+n
�
, @ 3=368;1

Wkh whfkqrorj| vkrfn wdnhv rqo| wzr ydoxhv/ � 5 i�
�
> �

2
j/ dqg lw iroorzv d �uvw rughu Pdunry

surfhvv zlwk d wudqvlwlrq suredelolw| T
&

+��@�,1 L dvvxph wkdw wkh �uvw frpsrqhqw ri wkh whfk0

qrorj| vkrfn htxdov }hur dqg lw lv kljko| shuvlvwhqw zlwk T
&

+��
�
@�

�
, @ 41 Wklv lpsolhv wkdw wkh

hqwuhsuhqhxu zloo dedqgrq klv ru khu exvlqhvv zkhq d orz ydoxh ri wkh vkrfn lv uhdol}hg1 Jlyhq

wkhvh dvvxpswlrqv/ rqo| rqh frpsrqhqw iru hdfk ri wkh irxu wudqvlwlrq suredelolw| pdwulfhv T
&

/

iru n 5 i3> n
�
> n

2
> n

�
j/ qhhgv wr eh ghwhuplqhg1 Wkh fdoleudwlrq ri wkhvh frpsrqhqwv lv edvhg rq

wkh h{lw udwhv iurp hqwuhsuhqhxuvkls dffruglqj wr wkh iroorzlqj sulqflsohv1 Iluvw/ dv vkrzq e|

Wdeoh 7 lq Vhfwlrq 416 ri wklv sdshu/ wkh h{lw udwh iurp hqwuhsuhqhxuvkls lv yhu| kljk iru qhz

hqwudqwv/ dqg wkhq lw txlfno| ghfolqhv zlwk hqwuhsuhqhxuldo whqxuh1 Dffruglqj wr wkh surfhvv iru

wkh hqwuhsuhqhxuldo lghd ghvfulehg deryh/ krxvhkrogv uxqqlqj odujhu surmhfwv duh krxvhkrogv zlwk

kljkhu hqwuhsuhqhxuldo whqxuh/ dqg wkhuhiruh/ vpdoohu suredelolwlhv ri wkh orz vkrfn vkrxog eh

dvvljqhg wr odujhu surmhfwv1 Vhfrqg/ dv revhuyhg lq Vhfwlrq 4/ wkh h{lw udwhv iurp hqwuhsuhqhxu0

vkls xqghuhvwlpdwh exvlqhvv shuvlvwhqfh ehfdxvh wkh hqwudqfh udwh ri krxvhkrogv zlwk exvlqhvv
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h{shulhqfh lv kljkhu1 Wkhuhiruh/ lq rughu wr wdnh lqwr dffrxqw wkh kljkhu suredelolw| ri uhhqwhulqj

hqwuhsuhqhxuvkls iru h{shulhqfhg djhqwv/ wkh ydoxhv dvvljqhg wr wkh suredelolwlhv ri wkh orz vkrfn

iru djhqwv uxqqlqj odujhu surmhfwv vkrxog eh vpdoohu1 Wdnlqj lqwr frqvlghudwlrq wkhvh sulqflsohv/

L dvvljq wkh ydoxh ri 3158 wr wkh vpdoohvw surmhfw/ 313; wr wkh plg0vl}hg surmhfw/ dqg 3136 wr wkh

odujhvw surmhfw1 Wklv lpsolhv dq dyhudjh h{lw udwh iurp hqwuhsuhqhxuvkls ri 4; shufhqw/ zklfk

lv ehwzhhq wkh dyhudjh h{lw udwhv uhvxowlqj iurp wkh wzr gh�qlwlrqv ri hqwuhsuhqhxuv= exvlqhvv

rzqhuv dqg vhoi0hpsor|hg1

Lq rughu wr ghwhuplqh wkh vhfrqg frpsrqhqw ri wkh whfkqrorj| vkrfn �2/ L dvvxph wkdw wkh

phdq ydoxh ri wkdw vkrfn +frqglwlrqdo rq wkh uhdol}dwlrq ri � @ �
2
lq wkh suhylrxv shulrg, lv

wkh vdph iru doo surmhfwv1 Jlyhq wkh wudqvlwlrq suredelolwlhv dqg wkh phdq ydoxh ri wkh vkrfn/ L

fdq ghwhuplqh �
2
iru doo exvlqhvv surmhfwv1 Ilqdoo|/ wkh phdq ri � lv ghwhuplqhg vxfk wkdw wkh

shufhqwdjh ri wrwdo lqfrph hduqhg e| hqwuhsuhqhxuv lv 54 shufhqw/ zklfk lv wkh dyhudjh shufhqwdjh

irxqg lq wkh SVLG gdwd1 Wkh ydoxh dvvljqhg lv 41:1

Zkdw vwloo kdyh wr eh fdoleudwhg duh wkh ghsuhfldwlrq udwhv dvvrfldwhg zlwk wkh kljk dqg

orz ydoxhv ri wkh whfkqrorj| vkrfn1 Wkh dyhudjh ghsuhfldwlrq udwh iru doo surmhfwv htxdov wkh

djjuhjdwh ghsuhfldwlrq udwh/ zklfk kdv ehhq vhw wr 313951 Wkh ydoxhv dvvljqhg wr wkh vkrfn0vshfl�f

ghsuhfldwlrq udwhv ghwhuplqh wkh ulvnlqhvv ri wkh exvlqhvv dfwlylw|/ wkdw lv/ wkh yrodwlolw| ri exvlqhvv

lqfrph/ dqg wkh eruurzlqj olplwv1 Lq wkh edvholqh prgho/ L vhw �
#

�

@ �1 Zlwk wkh dvvljqphqw ri

wklv ydoxh/ wkh frqglwlrqdo vwdqgdug ghyldwlrq ri exvlqhvv lqfrph lv 4167 iru wkh vpdoohvw surmhfw/

31;6 iru wkh plg0vl}hg surmhfw/ dqg 3175 iru wkh odujhvw surmhfw1 Wklv fdq eh frpsduhg zlwk wkh

frqglwlrqdo vwdqgdug ghyldwlrq iru wkh hduqlqj surfhvv/ zklfk lv 3=661 Wkhuhiruh/ h{shulhqfhg

hqwuhsuhqhxuv whqg wr uxq odujhu dqg ohvv ulvn| surmhfwv1

617 Lqwhuphgldwlrq whfkqrorj|

Wkh edqnlqj vhfwru lqwhuphgldwhv ixqgv wr qrqfrusrudwh exvlqhvvhv dw wkh sursruwlrqdo frvw !1

Wklv frvw ghwhuplqhv wkh gl�huhqfh ehwzhhq wkh lqwhuhvw udwh rq ordqv u
u

dqg wkh lqwhuhvw udwh rq

ghsrvlwv u
(

1 Gld}0Jlphqh}/ Suhvfrww/ Ilw}jhudog/ ) Doyduh} +4<<5, uhsruw wkh dyhudjh lqwhuhvw

udwhv sdlg rq ydulrxv fdwhjrulhv ri krxvhkrog eruurzlqj dqg ohqglqj wr edqnv dqg rwkhu lqwhu0

phgldulhv iru vhohfwhg |hduv1 Edvhg rq wkhvh gdwd/ wkh| fdoleudwh wkh qrplqdo lqwhuhvw vsuhdg

dw 818 shufhqw zklfk lv dovr wkh ydoxh xvhg lq Suhvfrww +4<<8,1 Lq wkh edvholqh prgho/ L vhw
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@ ! @ 3=3781 D vhqvlwlylw| dqdo|vlv zloo eh frqgxfwhg lq rughu wr dqdo|}h wkh lpsruwdqfh

ri wklv sdudphwhu iru wkh rewdlqhg uhvxowv1

7 Uhvxowv

Lq wklv vhfwlrq/ wkh prgho hfrqrp| ghvfulehg lq Vhfwlrq 5 dqg fdoleudwhg lq Vhfwlrq 6 lv dssolhg wr

hydoxdwh txdqwlwdwlyho| wkh lpsruwdqfh ri hqwuhsuhqhxuvkls iru zhdowk frqfhqwudwlrq dqg prelolw|1

Iluvw/ L hydoxdwh wkh prgho*v delolw| wr uhsolfdwh wkh pdlq gl�huhqfhv lq dvvhw kroglqjv dqg zhdowk

prelolw| ehwzhhq zrunhuv dqg hqwuhsuhqhxuv dv zhoo dv lwv delolw| wr jhqhudwh wkh vdph frqfhqwud0

wlrq ri zhdowk dv revhuyhg lq wkh gdwd1 Wkhq/ L h{dplqh wkh lpsruwdqfh ri hqwuhsuhqhxuvkls iru

zhdowk frqfhqwudwlrq e| frpsdulqj wkh glvwulexwlrq ri zhdowk jhqhudwhg e| wkh prgho hfrqrp|

zlwk wkh glvwulexwlrq jhqhudwhg e| dq dowhuqdwlyh prgho wkdw devwudfwv iurp hqwuhsuhqhxuldo df0

wlylwlhv1 Ilqdoo|/ L shuirup d vhqvlwlylw| dqdo|vlv lq rughu wr h{dplqh wkh lpsruwdqfh ri vrph ri

wkh prgho sdudphwhuv iru wkh rewdlqhg uhvxowv1

714 Dvvhw kroglqjv dqg zhdowk prelolw| ri zrunhuv dqg hqwuhsuhqhxuv

Wkh wrs vhfwlrq ri Wdeoh ; uhsruwv wkh dyhudjh zhdowk0wr0lqfrph udwlr ri zrunhuv dqg hqwuhsuhqhxuv

irxqg lq wkh vwdwlrqdu| htxloleulxp ri wkh prgho hfrqrp| ghvfulehg lq Vhfwlrq 51 Djhqwv duh

jurxshg lqwr wkuhh lqfrph fodvvhv/ zkhuh hdfk fodvv lqfoxghv rqh0wklug ri wkh srsxodwlrq1 Lq rughu

wr frpsduh wklv udwlr zlwk wkdw iru wkh X1 V1 hfrqrp|/ wkh erwwrp vhfwlrq ri wkh wdeoh uhsruwv

wkh vdph vwdwlvwlfv frpsxwhg iurp wkh SVLG gdwd dv dyhudjhv ri wkh 4<;7 dqg 4<;< vdpsohv1

Rqh lpsruwdqw uhvxow lv wkh vl}deoh gl�huhqfhv lq wkh udwlr ri zhdowk wr lqfrph ehwzhhq zrunhuv

dqg hqwuhsuhqhxuv lq doo lqfrph jurxsv1 Wkh orzhu vhfwlrq ri Wdeoh ; vkrzv wkdw wklv �qglqj lv

frqvlvwhqw zlwk wkh hpslulfdo hylghqfh iru wkh X1 V1 hfrqrp|1 Qrwh wkdw gxh wr gl�huhqw gdwd

xvhg wr fdoleudwh wkh fdslwdo0wr0rxwsxw udwlr/ wkh zhdowk0wr0lqfrph udwlrv lq wkh prgho hfrqrp|

duh vpdoohu wkdq wkh zhdowk0wr0lqfrph udwlrv irxqg lq wkh SVLG gdwd1 Wkhuhiruh/ wkh uljkw zd|

wr hydoxdwh wkh shuirupdqfh ri wkh prgho lv wr frpsduh wkh gl�huhqfhv lq wkh udwlrv ri zhdowk

wr lqfrph ehwzhhq zrunhuv dqg hqwuhsuhqhxuv jhqhudwhg e| wkh prgho/ zlwk wkh vdph gl�huhqfhv

irxqg lq wkh gdwd/ udwkhu wkdq frpsdulqj wkh devroxwh ydoxhv ri wkhvh udwlrv1 Lq wkh duwl�fldo

hfrqrp|/ wkh udwlr ri zhdowk wr lqfrph iru wkh wrwdo srsxodwlrq ri hqwuhsuhqhxuv lv doprvw wzlfh

dv odujh dv wkh udwlr iru wkh wrwdo srsxodwlrq ri zrunhuv> lq wkh SVLG gdwd/ lw lv pruh wkdq wzlfh
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Wdeoh ;= Zhdowk0wr0lqfrph udwlr ri zrunhuv dqg hqwuhsuhqhxuv1 Prgho hfrqrp| dqg dyhudjh 4<;7
dqg 4<;< SVLG gdwd1

Zrunhuv Hqwuhsuhqhxuv
( ri Zhd0Lqf ( ri Zhd0Lqf

Krxvhk1 Udwlr Krxvhk1 Udwlr

Prgho hfrqrp|
0 Lqfrph Fodvv L 6413 4165 516 45184
0 Lqfrph Fodvv LL 6314 5174 616 517;
0 Lqfrph Fodvv LLL 591< 6137 917 8169
0 Wrwdo ;;13 519; 4513 8148

SVLG gdwd
0 Lqfrph Fodvv L 6416 614: 513 44189
0 Lqfrph Fodvv LL 5<19 613: 61; 7194
0 Lqfrph Fodvv LLL 5817 51;4 :1< :136
0 Wrwdo ;916 51<7 461: 91::

dv odujh iru exvlqhvv idplolhv1

Dqrwkhu zd| wr hydoxdwh wkh shuirupdqfh ri wkh prgho hfrqrp| lv wr orrn dw wkh glvwulexwlrq

ri zrunhuv dqg hqwuhsuhqhxuv ryhu zhdowk fodvvhv1 Wdeoh < uhsruwv wkh shufhqwdjh ri zrunhuv

dqg hqwuhsuhqhxuv lq hdfk zhdowk fodvv iru wkh prgho hfrqrp| dqg iru wkh SVLG gdwd1 Hdfk

fodvv lqfoxghv rqh0wklug ri wkh djhqwv1 Dv lq wkh SVLG gdwd/ lq wkh vwdwlrqdu| htxloleulxp ri wkh

fdoleudwhg hfrqrp|/ hqwuhsuhqhxuv whqg wr eh frqfhqwudwhg lq wkh xsshu zhdowk fodvv1 Wkh prgho

dovr shuirupv zhoo lq uhsolfdwlqj wkh sursruwlrq ri zrunhuv dqg hqwuhsuhqhxuv zlwk qhjdwlyh ru

}hur zhdowk1 +Vhh wkh odvw urz ri Wdeoh <1, Lq wkh prgho hfrqrp|/ dv lq wkh gdwd/ wkh iudfwlrq

ri djhqwv zlwk qhjdwlyh ru }hur zhdowk xqghuwdnlqj dq hqwuhsuhqhxuldo dfwlylw| lv doprvw }hur1 Dw

wkh vdph wlph/ wkh shufhqwdjh ri zrunhuv zlwk qhjdwlyh zhdowk lv qrw yhu| gl�huhqw iurp wkh gdwd1

Lq rughu wr hydoxdwh wkh shuirupdqfh ri wkh prgho hfrqrp| lq uhsolfdwlqj wkh pdlq surshuwlhv

ri zhdowk prelolw| revhuyhg lq wkh gdwd/ Wdeoh 43 uhsruwv �yh0|hdu zhdowk wudqvlwlrq pdwulfhv ri

irxu vxejurxsv ri djhqwv= +d, vwd|lqj zrunhuv/ wkdw lv/ djhqwv wkdw gr qrw rzq d exvlqhvv erwk dw

wkh ehjlqqlqj dqg dw wkh hqg ri wkh �yh0|hdu shulrg> +e, vzlwfklqj zrunhuv/ wkdw lv/ djhqwv wkdw

gr qrw rzq d exvlqhvv dw wkh ehjlqqlqj ri wkh shulrg exw dftxluh rqh e| wkh hqg ri wkh shulrg>

+f, vzlwfklqj hqwuhsuhqhxuv/ wkdw lv/ djhqwv wkdw rzq d exvlqhvv dw wkh ehjlqqlqj ri wkh shulrg

exw orvh wkh exvlqhvv e| wkh hqg ri wkh shulrg> dqg +g, vwd|lqj hqwuhsuhqhxuv/ wkdw lv/ djhqwv wkdw
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Wdeoh <= Glvwulexwlrq ri djhqwv dprqj zhdowk fodvvhv1 Prgho hfrqrp| dqg dyhudjh 4<;7 dqg 4<;<
SVLG gdwd1

Prgho hfrqrp| SVLG gdwd
( ri ( ri ( ri ( ri

Zrunhuv1 Hqwuhsu Zrunhuv Hqwuhsu

Zhdowk Fodvv L 6419 41: 641: 41:
Zhdowk Fodvv LL 5<17 61< 5<1; 618
Zhdowk Fodvv LLL 5:13 917 571< ;17
Wrwdo ;;13 4513 ;917 4619

Qhj ) ]hur 4818 319 4414 318

rzq d exvlqhvv erwk dw wkh ehjlqqlqj dqg dw wkh hqg ri wkh �yh0|hdu shulrg1 Wdeoh 43/ zklfk lv

wkh dqdorj ri Wdeoh 5 ri Vhfwlrq 415/ lv frqvwuxfwhg e| vlpxodwlqj wkh duwl�fldo hfrqrp| iru �yh

shulrgv/ zkhuh d shulrg lv fdoleudwhg wr eh rqh |hdu1

Wkh wudqvlwlrq pdwulfhv jhqhudwhg e| wkh vlpxodwlrq ri wkh fdoleudwhg prgho duh/ lq jhqhudo/

frqvlvwhqw zlwk wkh hpslulfdo pdwulfhv frqvwuxfwhg lq Vhfwlrq 4151 Pruh vshfl�fdoo|/ orrnlqj dw

djhqwv wkdw dw wkh ehjlqqlqj ri wkh vlpxodwlrq shulrg duh zrunhuv +lq wkh wrs vhfwlrq ri wkh wdeoh,/

zh revhuyh wkh iroorzlqj1

� Lq wkh orzhu fodvv/ wkh shufhqwdjh ri djhqwv prylqj wr kljkhu fodvvhv lv juhdwhu iru vzlwfklqj

zrunhuv wkdq iru vwd|lqj zrunhuv1

� Lq wkh plggoh fodvv/ wkh shufhqwdjh ri xszdugo| preloh djhqwv dprqj vzlwfklqj zrunhuv

lv kljkhu wkdq wkh shufhqwdjh ri grzqzdugo| preloh djhqwv1 Wkh uhyhuvh lv revhuyhg iru

vwd|lqj zrunhuv/ zlwk pruh djhqwv idoolqj wr wkh orzhu fodvv wkdq ulvlqj wr wkh xsshu fodvv1

� Lq wkh xsshu fodvv/ wkh shufhqwdjh ri djhqwv idoolqj wr d orzhu fodvv lv vpdoohu iru vzlwfklqj

zrunhuv wkdq iru wkh rwkhu zrunhuv1

Orrnlqj dw djhqwv wkdw dw wkh ehjlqqlqj ri wkh vlpxodwlrq shulrg zhuh hqwuhsuhqhxuv +lq wkh

erwwrp vhfwlrq ri Wdeoh 43,/ zh revhuyh wkh iroorzlqj prelolw| sdwwhuqv1

� Lq wkh orzhu fodvv/ wkh shufhqwdjh ri djhqwv prylqj wr kljkhu fodvvhv lv juhdwhu iru vwd|lqj

hqwuhsuhqhxuv1
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Wdeoh 43= Wudqvlwlrq pdwulfhv iru qhw idplo| zhdowk1 Ilyh0shulrg vlpxodwlrq1

Fodvv L Fodvv LL Fodvv LLL Fodvv L Fodvv LL Fodvv LLL

Vwd|lqj Zrunhuv Vzlwfklqj Zrunhuv

Fodvv L 31;4 314< 3133 3194 316; 3134

Fodvv LL 3155 3197 3147 3146 31:4 3149

Fodvv LLL 3133 314; 31;5 3133 3148 31;8

Vzlwfklqj Hqwuhsuhqhxuv Vwd|lqj Hqwuhsuhqhxuv

Fodvv L 31:: 3156 3133 3173 318; 3135

Fodvv LL 3156 3199 3144 3136 3197 3166

Fodvv LLL 3133 3148 31;8 3133 3135 31<;

� Lq wkh plggoh fodvv/ wkh shufhqwdjh ri xszdugo| preloh djhqwv dprqj wkh vwd|lqj hq0

wuhsuhqhxuv/ lv kljkhu wkdq wkh shufhqwdjh ri grzqzdugo| preloh djhqwv1 Wkh uhyhuvh lv

revhuyhg iru vzlwfklqj hqwuhsuhqhxuv/ zlwk pruh djhqwv idoolqj wr wkh orzhu fodvv wkdq ulvlqj

wr wkh xsshu fodvv1

� Lq wkh xsshu fodvv/ wkh shufhqwdjh ri djhqwv idoolqj wr d orzhu fodvv lv vpdoohu iru vwd|lqj

hqwuhsuhqhxuv wkdq iru wkh rwkhu djhqwv1

Lq vxppdu|/ wkh jhqhudo prelolw| sdwwhuqv wkdw duh jhqhudwhg lq wkh prgho hfrqrp| uhvhpeoh

wkh hpslulfdo prelolw| surshuwlhv ghvfulehg lq vhfwlrq 4 ri wklv sdshu dqg duh fkdudfwhul}hg e|

hqwuhsuhqhxuv zkr whqg wr vwd| lq ru pryh wr kljkhu zhdowk fodvvhv dqg e| zrunhuv zkr whqg

wr vwd| lq ru pryh wr orzhu zhdowk fodvvhv1 Wkhvh gl�huhqw prelolw| surshuwlhv ri zrunhuv dqg

hqwuhsuhqhxuv duh frqvhtxhqfhv ri wkh kljkhu vdylqj ehkdylru ri hqwuhsuhqhxuv/ dqg wkh| prwlydwh/

iurp d g|qdplf srlqw ri ylhz/ wkh hqwuhsuhqhxuv* kljkhu dvvhw kroglqjv1
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715 Hqwuhsuhqhxuvkls dqg frqfhqwudwlrq ri zhdowk

Diwhu vkrzlqj wkh shuirupdqfh ri wkh prgho hfrqrp| lq jhqhudwlqj wkh pdlq gl�huhqfhv lq dvvhw

kroglqjv dqg zhdowk prelolw| ehwzhhq zrunhuv dqg hqwuhsuhqhxuv/ L dp lqwhuhvwhg lq lwv delolw|

wr jhqhudwh d glvwulexwlrq ri zhdowk zlwk d ghjuhh ri frqfhqwudwlrq vlplodu wr wkh rqh revhuyhg

lq wkh gdwd1 Wkh �uvw urz ri Wdeoh 44 uhsruwv wkh wrs shufhqwlohv dqg wkh Jlql lqgh{ iru wkh

glvwulexwlrq ri zhdowk jhqhudwhg lq wkh vwdwlrqdu| htxloleulxp ri wkh prgho hfrqrp|1 Wkhvh

vwdwlvwlfv duh frpsduhg zlwk wkh hpslulfdo rqhv uhsruwhg lq wkh vhfrqg urz ri wkh wdeoh wkdw duh

edvhg rq SVLG gdwd1 Wkh zhdowk frqfhqwudwlrq jhqhudwhg e| wkh prgho hfrqrp| lv uhpdundeoh=

wkh Jlql lqgh{ wdnhv wkh ydoxh ri 31:7/ dqg wkh wrs 4 dqg 8 shufhqw ri djhqwv krog/ uhvshfwlyho|/

571< dqg 781; shufhqw ri wrwdo zhdowk/ doprvw h{dfwo| wkrvh lq wkh SVLG gdwd1 Wkh vhfrqg vhfwlrq

ri Wdeoh 44 uhsruwv glvwulexwlrqdo vwdwlvwlfv iru lqfrph1 Wkh frqfhqwudwlrq ri lqfrph lq wkh prgho

hfrqrp| lv vlplodu wr wkh hpslulfdo rqh1 Wklv lv d frqvhtxhqfh ri wkh h{rjhqrxv fdoleudwlrq ri

prvw frpsrqhqwv ri lqfrph +olnh oderu hduqlqjv,/ dqg wkhuhiruh/ lw lv qrw d glphqvlrq dorqj zklfk

wkh shuirupdqfh ri wkh prgho fdq eh hydoxdwhg1

Wdeoh 44= Shufhqwdjh ri wrwdo zhdowk dqg lqfrph khog e| shufhqwloh jurxsv dqg jlql Lqgh{hv1
Prgho hfrqrp| dqg dyhudjh 4<;7 dqg 4<;< SVLG gdwd1

Wrs shufhqwlohv Jlql ]hur
4( 8( 43( 53( 63( Lqgh{ )Qhj

Zhdowk
0 Prgho hfrqrp| 571< 781; 8:14 :615 ;713 31:7 481<
0 SVLG gdwd 5919 7918 9313 :81< ;81; 31:8 4419
0 Rqo| zrunhuv 715 4816 5915 7718 8;16 3188 4314

Lqfrph
0 Prgho hfrqrp| :1< 4;15 5;18 791; 9713 3178 314
0 SVLG gdwd :1: 4<1; 6319 7:13 9314 3177 318
0 Rqo| zrunhuv 61; 4617 5717 781: 9315 3175 313

Wkh idfw wkdw wkh prgho hfrqrp| lv deoh wr jhqhudwh d kljk ghjuhh ri lqhtxdolw| lq wkh glv0

wulexwlrq ri zhdowk grhv qrw qhfhvvdulo| lpso| wkdw hqwuhsuhqhxuvkls sod|v dq lpsruwdqw uroh lq

jhqhudwlqj wkdw lqhtxdolw|1 Wkhuhiruh/ wkh qh{w txhvwlrq dgguhvvhg lv zkhwkhu wkh prgholqj ri

wkh hqwuhsuhqhxuldo dfwlylwlhv lv uhohydqw lq jhqhudwlqj wklv frqfhqwudwlrq ri zhdowk1 Wkh vwudwhj|
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iroorzhg wr dqvzhu wklv txhvwlrq lv wr frpsduh wkh prgho hfrqrp| ghyhorshg lq wklv vwxg| zlwk

dq dowhuqdwlyh hfrqrp| zklfk devwudfwv iurp wkh hqwuhsuhqhxuldo dfwlylwlhv1 Lq wklv dowhuqdwlyh

prgho/ doo djhqwv duh zrunhuv idflqj wkh vdph hduqlqj xqfhuwdlqw| dqg oltxlglw| frqvwudlqwv idfhg

e| wkh zrunhuv lq wkh prgho zlwk hqwuhsuhqhxuv1 Oderu vhuylfhv duh vxssolhg wr wkh surgxfwlrq

vhfwru uhsuhvhqwhg e| d Free0Grxjodv surgxfwlrq ixqfwlrq/ zlwk oderu dqg fdslwdo lqsxwv/ fdo0

leudwhg wr pdwfk djjuhjdwh vwdwlvwlfv1 Wklv prgho lv vlplodu wr wkh prgho wkdw lv dqdo|}hg lq

Dl|djdul +4<<7,/ h{fhsw wkdw wkh fdoleudwlrq ri wkh hduqlqj surfhvv kdv ehhq prgl�hg lq rughu wr

jhqhudwh d ghjuhh ri hduqlqj lqhtxdolw| vlplodu wr wkh rqh revhuyhg lq wkh gdwd1 �b

Wkh Jlql lqgh{hv dqg wkh wrs shufhqwlohv ri zhdowk dqg lqfrph jhqhudwhg e| wklv prgho duh

uhsruwhg lq Wdeoh 44 xqghu wkh khdglqj Rqo| zrunhuv1 Lw lv fohduo| hylghqw wkdw wklv prgho

jhqhudwhv d pxfk orzhu frqfhqwudwlrq ri zhdowk wkdq wkh prgho zlwk hqwuhsuhqhxuv1 Wkh Jlql

lqgh{ lv 3188/ dqg wkh wrs 4 shufhqw ri djhqwv rzq rqo| 715 shufhqw ri wrwdo zhdowk1 Li zh txdqwli|

wkh lpsruwdqfh ri hqwuhsuhqhxuv lq jhqhudwlqj zhdowk lqhtxdolwlhv e| wkh lqfuhdvh ri wkh Jlql

lqgh{/ wkhq zh fdq vwdwh wkdw 67 shufhqw ri zhdowk frqfhqwudwlrq lv dwwulexwdeoh wr wkh h{lvwhqfh

ri wkh exvlqhvv vhfwru1 Krzhyhu/ wkh Jlql lqgh{ lv rqo| d vxppdu| phdvxuh ri lqhtxdolw|/ dqg

d pruh ghwdlohg ghvfulswlrq ri zhdowk frqfhqwudwlrq lv jlyhq e| wkh shufhqwdjhv ri wrwdo zhdowk

rzqhg e| wrs zhdowk kroghuv1 Lw lv lq wklv uhvshfw wkdw wkh prgholqj ri wkh hqwuhsuhqhxuldo

dfwlylwlhv ehfrphv fuxfldo1 Lq wkh prgho zlwk rqo| zrunhuv/ wkh wrs 4 shufhqw ri djhqwv krog rqo|

715 shufhqw ri wrwdo zhdowk/ exw rqfh hqwuhsuhqhxuv duh lqfoxghg lq wkh prgho/ wklv shufhqwdjh

mxpsv wr 571< shufhqw1 Wkhuhiruh/ wkh prgho zlwk hqwuhsuhqhxuv jhqhudwhv d kljkhu frqfhqwudwlrq

ri zhdowk dw wkh xsshu wdlo ri wkh glvwulexwlrq/ zlwk glvwulexwlrqdo vwdwlvwlfv forvhu wr wkh rqhv

irxqg lq wkh gdwd1
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716 Glvfxvvlrq

Diwhu vkrzlqj wkh lpsruwdqfh ri hqwuhsuhqhxuvkls lq jhqhudwlqj d kljkhu frqfhqwudwlrq ri zhdowk/

rqh pd| zrqghu zk| wkh prgho zlwkrxw hqwuhsuhqhxuv grhv qrw jhqhudwh vxfk d frqfhqwudwlrq/

zkloh wkh prgho zlwk hqwuhsuhqhxuv grhv1 Wkh sureohp lv wkdw lq wkh vwdqgdug prgho zlwk

xqlqvxudeoh ulvnv wr oderu hduqlqjv/ wkh rqo| prwlyh wr vdyh lv suhfdxwlrqdu|= lq rughu wr vprrwk

frqvxpswlrq/ djhqwv exlog d ex�hu ri zhdowk1 Krzhyhu/ rqfh wkh ex�hu kdv uhdfkhg d jlyhq ohyho/

wkh lqfhqwlyh wr vdyh glvdsshduv1 2f Wkhuhiruh/ wkhuh pxvw eh rwkhu phfkdqlvpv lqgxflqj vrph

djhqwv wr dffxpxodwh dqg pdlqwdlq yhu| kljk ohyhov ri zhdowk1 Wkh k|srwkhvlv ghyhorshg lq wklv

sdshu lv wkdw rssruwxqlwlhv duh uhodwhg wr zhdowk1 Rq rqh kdqg/ gxh wr eruurzlqj frqvwudlqwv dqg

wkh kljkhu frvw ri h{whuqdo �qdqflqj/ rqo| djhqwv hqgrzhg zlwk hqrxjk zhdowk duh deoh wr hqwhu

hqwuhsuhqhxuvkls ru wr wdnh dgydqwdjh ri ehwwhu exvlqhvvhv1 Rq wkh rwkhu kdqg/ wkh dffxpxodwlrq

ri pruh zhdowk doorzv hqwuhsuhqhxuv wr vdyh wkh kljkhu frvw ri h{whuqdo �qdqflqj +ghew,/ wkhuhe|

wr lqfuhdvh sur�wv1 Dw wkh vdph wlph/ wkh kljkhu ulvn dvvrfldwhg zlwk hqwuhsuhqhxuldo dfwlylwlhv

ixuwkhu lqfuhdvhv wkh frqvhuydwlyh vdylqj ri wkhvh djhqwv1

Lq vxppdu|/ wkuhh pdlq idfwruv frqwulexwh wr jhqhudwh wkh kljkhu dffxpxodwlrq sdwwhuq ri

hqwuhsuhqhxuv1 Wkh �uvw idfwru lv wkh lqfhqwlyh wr vdyh lq rughu wr xqghuwdnh dq hqwuhsuhqhxuldo

dfwlylw| ru wr lpsohphqw odujhu surmhfwv lq wkh suhvhqfh ri eruurzlqj frqvwudlqwv1 Wkh vhfrqg

idfwru lv wkh frvw ri h{whuqdo �qdqflqj1 Lq wklv hfrqrp|/ wkhuh duh �qdqfldo lqwhuphgldwlrq frvwv

wkdw pdnh h{whuqdo �qdqflqj pruh h{shqvlyh1 Wklv lpsolhv wkdw iru wkrvh hqwuhsuhqhxuv zlwk d

ohyho ri zhdowk orzhu wkdq wkh fdslwdo lqyhvwhg lq wkh exvlqhvv/ wkh pdujlqdo uhwxuq rq vdylqj dqg/

wkhuhiruh/ wkh lqfhqwlyh wr vdyh duh kljkhu1 Wkh wklug idfwru lv wkh xqlqvxudeoh hqwuhsuhqhxuldo

ulvn= zkhq wkh djhqw pdnhv wkh rffxsdwlrqdo fkrlfh/ wkh djhqw nqrzv zlwk fhuwdlqw| wkh dprxqw

lqfrph kh ru vkh zloo hduq li zrunhu1 Krzhyhu/ li kh ru vkh ghflghv wr ehfrph dq hqwuhsuhqhxu/

wkhq wkh djhqw*v lqfrph ghshqgv rq wkh uhdol}dwlrq ri wkh vkrfn/ zklfk lv xqnqrzq zkhq wkh

ghflvlrq lv pdgh1 Wkhuhiruh/ e| xqghuwdnlqj dq hqwuhsuhqhxuldo dfwlylw|/ wkh djhqw idfhv d kljkhu

lqfrph xqfhuwdlqw| wkdw lqgxfhv klp ru khu wr vdyh pruh iru suhfdxwlrqdu| prwlyhv1
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Dorqj zlwk wkhvh wkuhh idfwruv wkdw gluhfwo| lq�xhqfh wkh hqwuhsuhqhxu*v vdylqj ehkdylru/ wkh

kljkhu dvvhw kroglqjv jhqhudwhg e| wkh prgho hfrqrp| duh dovr d frqvhtxhqfh ri d vhohfwlrq

phfkdqlvp1 Rq rqh kdqg/ wkh h{lvwhqfh ri eruurzlqj frqvwudlqwv kdyh wkh h�hfw ri vhohfwlqj

hqwuhsuhqhxuv dprqj ulfkhu zrunhuv1 Rq wkh rwkhu kdqg/ rqo| vxffhvvixo hqwuhsuhqhxuv duh deoh wr

nhhs wkhlu exvlqhvv/ dqg ehfdxvh wkh| duh vxffhvvixo/ wkh| duh dovr deoh wr dffxpxodwh pruh zhdowk1

Dq lpsruwdqw uroh lq frqfhqwudwlqj zhdowk lq wkh kdqgv ri hqwuhsuhqhxuv lv sod|hg e| exvlqhvv

shuvlvwhqfh dqg wxuqryhu1 Wkh prgholqj ri d ohduqlqj surfhvv lq wkh exvlqhvv delolw| lv vxfk wkdw

h{shulhqfhg krxvhkrogv idfh orzhu suredelolwlhv ri h{lwlqj hqwuhsuhqhxuvkls1 Wklv lpsolhv wkdw d

uhvwulfwhg shufhqwdjh ri idplolhv +wkrvh zlwk exvlqhvv h{shulhqfh, vshqg/ rq dyhudjh/ d juhdw ghdo

ri wlph lq wkh exvlqhvv jurxs/ dqg jlyhq wkhlu kljkhu vdylqj udwhv/ wklv doorzv wkhp wr dffxpxodwh

d frqvlvwhqw dprxqw ri zhdowk1

Wkh dqdo|vlv frqgxfwhg lq wklv vwxg|/ zkloh hvvhqwldoo| srvlwlyh lq vxevwdqfh/ krogv lqwhuhvwlqj

qrupdwlyh lpsolfdwlrqv iru srolf| ghvljq1 Li hqwuhsuhqhxuvkls idflolwdwhv wkh prelolw| ri djhqwv lq

vrflhw|/ wkhq dq| srolf| wkdw pdnhv hqwuhsuhqhxuldo rssruwxqlwlhv pruh dffhvvleoh kdv wkh h�hfw

ri lqfuhdvlqj wkh vrflrhfrqrplf prelolw| lq wkh hfrqrp|1 D zd| wr fkdqjh wkh dffhvvlelolw| ri wkh

hqwuhsuhqhxuldo rssruwxqlw| lv wr lpsohphqw srolflhv wkdw kdyh wkh h�hfw ri dowhulqj wkh lqfhqwlyhv

wr vdyh ri wkrvh idplolhv zlwk orzhu ohyhov ri zhdowk1 Wkurxjk lqfhqwlyhv wr vdyh/ wkhvh idplolhv

pd| dffxpxodwh kljkhu ohyhov ri zhdowk/ zklfk pd| doorz wkhp wr ryhufrph wkh revwdfohv ri

hqwhulqj hqwuhsuhqhxuvkls wkdw uhvxow iurp wkh h{lvwhqfh ri eruurzlqj olplwv dqg wkh h{fhvvlyh

frvw ri h{whuqdo �qdqflqj1 Vrph ri wkhvh srolflhv duh dqdo|}hg lq Kxeedug/ Vnlqqhu/ ) ]hoghv

+4<<8,1

717 Vhqvlwlylw| Dqdo|vlv

Lq rughu wr dqdo|}h wkh lpsruwdqfh ri vrph nh| sdudphwhuv iru wkh shuirupdqfh ri wkh prgho

hfrqrp|/ lq wklv vhfwlrq L frqgxfw d vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wzr pdlq sdudphwhuv=

wkh lqwhuphgldwlrq frvw ! dqg wkh ghsuhfldwlrq ri exvlqhvv fdslwdo1 Wkh dqdo|vlv hydoxdwhv wkh

lpsruwdqfh ri wkh sdudphwhuv xqghuo|lqj wzr ri wkh pdlq phfkdqlvpv wkdw lq wkh prgho hfrqrp|

jhqhudwh wkh frqfhqwudwlrq ri zhdowk1 Wkh �uvw phfkdqlvp lv ghulyhg iurp wkh dffxpxodwlrq ri

dvvhwv wkdw duh lqgxfhg e| wkh kljkhu pdujlqdo uhwxuq rq vdylqjv dv d frqvhtxhqfh ri wkh kljkhu

frvw ri h{whuqdo �qdqflqj1 Wkh vhfrqg phfkdqlvp lv ghulyhg iurp wkh kljkhu vdylqjv wkdw duh
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lqgxfhg e| wkh ulvnlqhvv ri wkh exvlqhvv dfwlylw| +suhfdxwlrqdu| prwlyhv, dqg iurp wkh lqfhqwlyh

wr ryhufrph wkh eruurzlqj olplwv1 Ehfdxvh wkh vwrfkdvwlf surshuwlhv ri wkh vkrfn ghwhuplqh wkh

plqlpxp ydoxh ri dvvhwv wkdw duh qhfhvvdu| wr vwduw d exvlqhvv ru wr lpsohphqw odujhu surmhfwv/

wkdw lv/ wkh eruurzlqj olplwv/ wkh vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wklv sdudphwhu surylghv d

mrlqw hydoxdwlrq ri wkh lpsruwdqfh ri wkh ulvnlqhvv ri wkh exvlqhvv dqg wkh eruurzlqj olplwv1

Wkh �uvw olqh ri Wdeoh 45 uhsruwv glvwulexwlrqdo vwdwlvwlfv iru wkh hfrqrp| zlwkrxw lqwhu0

phgldwlrq frvw !/ dqg wkhuhiruh/ wkh pdujlqdo uhwxuq rq vdylqjv lv wkh vdph iru zrunhuv dqg

hqwuhsuhqhxuv1 Wkhvh vwdwlvwlfv fdq eh frpsduhg zlwk wkh vdph vwdwlvwlfv iru wkh edvholqh prgho

wkdw duh uhsruwhg dw wkh erwwrp ri wkh wdeoh1 Dv fdq eh vhhq/ wkh ghjuhh ri lqhtxdolw| ghfuhdvhv

diwhu wkh holplqdwlrq ri wkh lqwhuphgldwlrq frvw1

Wdeoh 45= Vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wkh frvw ri fdslwdo dqg wkh hqwuhsuhqhxuldo ulvn1
Qxpehuv duh lq shufhqwdjh whup1

Wrs shufhqwlohv Jlql ]hur
4( 8( 43( 53( 63( Lqgh{ )Qhj

]hur lqwhuphgldwlrq frvw 4<14 6<15 8419 9;16 ;415 319< 4715

Orz hqwuhsuhqhxuldo ulvn 4<1: 73131 8514 9<15 ;513 31:3 471<
Kljk hqwuhsuhqhxuldo ulvn 5914 7:15 8;17 :716 ;818 31:8 4:14

Zlwkrxw frvw dqg orz ulvn 471< 6715 781: 971; ::19 3199 4614

Edvholqh hfrqrp| 571< 781; 8:14 :615 ;713 31:7 481<

Wkh ulvnlqhvv ri wkh exvlqhvv dqg wkh eruurzlqj olplwv dovr kdyh glvwulexwlrqdo frqvhtxhqfhv/

dv fdq eh vhhq lq wkh plggoh vhfwlrq ri Wdeoh 45 zklfk uhsruwv glvwulexwlrqdo vwdwlvwlfv zkhq wkh

lglrv|qfudwlf whfkqrorjlfdo vkrfn wdnhv wkh phdq ydoxh �� +orz ulvn, dqg zkhq wkh ghsuhfldwlrq

udwh dvvrfldwhg zlwk d orz ydoxh ri wkh vkrfn lv grxeohg +kljk ulvn,1 Qrwh wkdw zkhq �
�
@ �

2
@ ��/

hqwuhsuhqhxuv vwloo idfh wkh ulvn ri orrvlqj wkh exvlqhvv/ hyhq wkrxjk zlwkrxw orvvhv1

Ilqdoo|/ wkh wklug vhfwlrq ri wkh wdeoh suhvhqwv wkh fdvh lq zklfk erwk wkh lqwhuphgldwlrq

frvw dqg wkh whfkqrorj| vkrfn duh holplqdwhg1 Wklv yhuvlrq ri wkh hfrqrp| lv vlplodu wr wkh

hfrqrp| zlwkrxw hqwuhsuhqhxuv/ exw zlwk d prgl�hg oderu hduqlqj surfhvv wkdw lqfoxghv wkh

sur�wv iurp exvlqhvv dfwlylwlhv1 Orrnlqj dw wkhvh glvwulexwlrqdo vwdwlvwlfv/ zh vhh wkh lpsruwdqfh

77



ri wkh lqwhuphgldwlrq frvw dqg wkh ulvnlqhvv ri wkh exvlqhvv lq jhqhudwlqj zhdowk frqfhqwudwlrq1

Li zh uhlqwhusuhw wkh lqwhuphgldwlrq frvw dv d uhvxow ri rswlpdo frqwudfwv ehwzhhq ohqghuv dqg

eruurzhuv lq wkh suhvhqfh ri djhqf| frvwv ru prudo kd}dug sureohpv dqg wkh eruurzlqj olplwv dv

wkh plqlpxp ydoxh ri froodwhudo vxfk wkdw wkhvh frqwudfwv duh rswlpdo iru wkh ohqghuv/ wkhq wkh

�qglqjv ri wklv vwxg| vkrz wkdw wkhvh frvwv kdyh lpsruwdqw frqvhtxhqfhv iru zhdowk frqfhqwudwlrq

dqg lqhtxdolw|/ lq dgglwlrq wr wkh lpsruwdqfh iru exvlqhvv �xfwxdwlrqv dv hpskdvl}hg e| Ehuqdqnh

) Jhuwohu +4<;<,1

Lw lv lpsruwdqw wr srlqw rxw wkdw wkh yhuvlrq ri wkh prgho zlwkrxw lqwhuphgldwlrq frvw dqg orz

hqwuhsuhqhxuldo ulvn lv qrw deoh wr jhqhudwh vxevwdqwldo gl�huhqfhv lq dvvhw kroglqjv dqg zhdowk

prelolw| ehwzhhq zrunhuv dqg hqwuhsuhqhxuv1 2� Wklv uhvxow vkrzv wkdw wkh gl�huhqw vdylqj

ehkdylru ri zrunhuv dqg hqwuhsuhqhxuv lv wkh nh| hohphqw xqghuo|lqj wkh gl�huhqw dvvhw kroglqjv

dqg prelolw| ehwzhhq wkhvh wzr fdwhjrulhv ri djhqwv1 Rqfh wkh nh| idfwruv gulylqj wkh gl�huhqw

vdylqj ehkdylruv duh holplqdwhg +frvw ri h{whuqdo �qdqflqj dqg ulvnlqhvv ri wkh exvlqhvv,/ wkh prgho

grhv qrw jhqhudwh wkh gl�huhqfhv lq dvvhw kroglqjv dqg prelolw| ehwzhhq wkhvh wzr fdwhjrulhv ri

djhqwv revhuyhg lq wkh gdwd1

8 Frqfoxvlrq

Wkh remhfw ri wklv sdshu lv wr vwxg| wkh lpsruwdqfh ri hqwuhsuhqhxuvkls iru zhdowk frqfhqwud0

wlrq dqg prelolw|1 Wkh vwxg| ehjlqv zlwk wkh dqdo|vlv ri gdwd iurp wkh SVLG dqg wkh VFI/

zklfk uhyhdov vxevwdqwldo gl�huhqfhv lq dvvhw kroglqjv dqg zhdowk prelolw| ehwzhhq zrunhuv dqg

hqwuhsuhqhxuv1 Lq sduwlfxodu/ wkh hpslulfdo dqdo|vlv vkrzv d vljql�fdqw frqfhqwudwlrq ri zhdowk

dprqj exvlqhvv idplolhv zklfk/ dw ohdvw lq sduw/ lv uhvsrqvleoh iru wkh kljk frqfhqwudwlrq ri zhdowk

revhuyhg lq wkh gdwd1 Frqvhtxhqwo|/ wkh vwxg| ri wkh dffxpxodwlrq ehkdylru ri hqwuhsuhqhxuv uhs0

uhvhqwv dq lpsruwdqw vwhs wrzdug xqghuvwdqglqj zhdowk frqfhqwudwlrq dqg lqhtxdolw|1

Wkh nh| surshuwlhv ri zhdowk frqfhqwudwlrq dqg prelolw| duh ixuwkhu dqdo|}hg wkurxjk wkh

frqvwuxfwlrq ri d jhqhudo htxloleulxpprgho ri lqfrph dqg zhdowk glvwulexwlrq zklfk irupdol}hv wkh

djhqwv* fkrlfh ri hqjdjlqj lq hqwuhsuhqhxuldo dfwlylwlhv1 E| h{solflwo| prgholqj wkh hqwuhsuhqhxuldo

fkrlfh/ wkh prgho hfrqrp| ghyhorshg lq wklv vwxg| lv deoh/ �uvw/ wr jhqhudwh wkh kljkhu dvvhw
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kroglqjv ri hqwuhsuhqhxuv revhuyhg lq wkh gdwd dqg/ vhfrqg/ wr uhsurgxfh wkh zkroh lqhtxdolw|

lq wkh glvwulexwlrq ri zhdowk1 Wklv lv dq lpsruwdqw uhvxow ri wklv vwxg| zkhq zh frqvlghu wkdw

wkh vwdqgdug prgho zlwk khwhurjhqhrxv djhqwv d�hfwhg e| lglrv|qfudwlf vkrfnv wr oderu hduqlqjv

dqg vxemhfw wr oltxlglw| frqvwudlqwv�exw zklfk devwudfwv iurp hqwuhsuhqhxuldo dfwlylwlhv�idlov wr

dffrxqw iru vxfk d frqfhqwudwlrq1 Wkhuhiruh/ wkh prgholqj ri hqwuhsuhqhxuldo dfwlylwlhv lv hvvhqwldo

lq rughu wr h{sodlq wkh kljk frqfhqwudwlrq ri zhdowk revhuyhg lq wkh X1 V1 hfrqrp|1

Wkuhh pdlq hohphqwv lq wkh prgho hfrqrp| jhqhudwh kljkhu dvvhw kroglqjv iru hqwuhsuhqhxuv1

Iluvw/ wkh suhvhqfh ri eruurzlqj frqvwudlqwv lqgxfhv vrph djhqwv�wkrvh zlwk hqwuhsuhqhxuldo

lghdv�wr dffxpxodwh pruh zhdowk lq rughu wr uhdfk plqlpdo fdslwdo uhtxluhphqwv1 Vhfrqg/ wkh

suhvhqfh ri �qdqfldo lqwhuphgldwlrq frvwv pdnhv wkh pdujlqdo uhwxuq iurp vdylqj kljkhu iru dq

djhqw zlwk d ohyho ri zhdowk orzhu wkdq wkh dprxqw ri fdslwdo lqyhvwhg lq wkh exvlqhvv1 Wkhuhiruh/

iru wkhvh djhqwv/ wkh lqfhqwlyh wr vdyh lv juhdwhu1 Wklug/ wkh ulvn dvvrfldwhg zlwk dq hqwuhsuhqhxuldo

dfwlylw| ohdgv hqwuhsuhqhxuv wr wdnh suhfdxwlrqdu| phdvxuhv1 Ehfdxvh djhqwv duh ulvn dyhuvh/ wkh|

vdyh pruh wr frxqwhu wkhlu dvvxphg ulvn1 Dorqj zlwk wkhvh wzr idfwruv/ wkhuh duh dovr wzr vhohfwlrq

phfkdqlvpv wkdw sod| d uroh lq jhqhudwlqj wkh frqfhqwudwlrq ri zhdowk dprqj hqwuhsuhqhxuv1

Rqh vhohfwlrq phfkdqlvp lv gxh wr wkh h{lvwhqfh ri eruurzlqj frqvwudlqwv dqg wkh kljkhu frvw

ri h{whuqdo �qdqfh/ zklfk erwk uhvxow lq vhohfwlqj hqwuhsuhqhxuv dprqj ulfkhu zrunhuv1 Wkh

rwkhu vhohfwlrq phfkdqlvp vwhpv iurp wkh idfw wkdw rqo| vxffhvvixo hqwuhsuhqhxuv uhpdlq lq wkh

exvlqhvv= vlqfh wkh| duh uxqqlqj vxffhvvixo dfwlylwlhv/ wkh| kdyh kljkhu lqfrphv dqg/ wkhuhiruh/

juhdwhu rssruwxqlw| wr dffxpxodwh pruh zhdowk1

Wkh gl�huhqw dffxpxodwlrq sdwwhuqv ri zrunhuv dqg hqwuhsuhqhxuv dovr kdyh lpsruwdqw lp0

solfdwlrqv iru vkdslqj wkh gl�huhqw zhdowk prelolw| sdwwhuqv wkdw fkdudfwhul}h wkh wzr w|shv ri

djhqwv1 Lq idfw/ dv d frqvhtxhqfh ri wkh kljkhu vdylqj ehkdylru ri hqwuhsuhqhxuv uhodwlyh wr zrun0

huv/ wkh prgho hfrqrp| lv deoh wr uhsolfdwh wkh xszdug zhdowk prelolw| h{shulhqfhg e| wkh iruphu

dqg wkh grzqzdug zhdowk prelolw| h{shulhqfhg e| wkh odwwhu1 Wkh dqdo|vlv ri vrfldo prelolw|

udlvhv vrph lpsruwdqw srolf| txhvwlrqv= fdq wkh prelolw| surshuwlhv ri wkh zkroh vrflhw| eh do0

whuhg e| lpsohphqwlqj srolflhv zklfk lqfuhdvh wkh h{whqw ri hqwuhsuhqhxuvkls lq wkh hfrqrp|B

Pruhryhu/ zkdw duh wkh lqgluhfw h�hfwv rq vrflrhfrqrplf prelolw| ri wkrvh jryhuqphqw srolflhv

zklfk uhgxfh wkh vdylqj lqfhqwlyh iru djhqwv orfdwhg dw wkh orzhu hqg ri wkh glvwulexwlrqB Dv

frqvwuxfwhg/ wkh prgho hfrqrp| doorzv iru wkh dqdo|vlv ri vhyhudo rwkhu lvvxhv vxfk dv wkh h�hfw ri

hqwuhsuhqhxu0gluhfwhg lqfhqwlyhv rq djjuhjdwh vdylqjv dqg prelolw|1 Wkhvh dqg rwkhu lpsruwdqw
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lvvxhv duh srwhqwldo duhdv ri ixwxuh uhvhdufk1

7:



D Gdwd dsshqgl{

SVLG gdwd

Lq wkh Sdqho Vwxg| ri Lqfrph G|qdplfv +SVLG, idplo| zhdowk lv gh�qhg dv wkh vxp ri wkh qhw

zruwk ri doo idplo| phpehuv wkdw uhvxowv iurp wkh djjuhjdwlrq ri wkh iroorzlqj frpsrqhqwv= krxvh

+pdlq krph,/ rwkhu uhdo hvwdwh/ yhklfohv/ idupv dqg exvlqhvvhv/ vwrfnv/ fdvk dffrxqwv/ dqg rwkhu

dvvhwv1 Idplo| lqfrph lv gh�qhg dv wkh vxp ri lqfrph frplqj iurp doo vrxufhv soxv wudqvihuv ri

doo idplo| phpehuv1

Dffruglqj wr wkh �uvw gh�qlwlrq ri hqwuhsuhqhxuv/ hqwuhsuhqhxuv duh idplolhv wkdw rzq d exvl0

qhvv1 Wklv gh�qlwlrq lv edvhg rq wkh SVLG yduldeoh Zkhwkhu Exvlqhvv zklfk lv edvhg rq wkh

iroorzlqj lqwhuylhz txhvwlrq= %Glg |rx +Khdg, ru dq|rqh hovh lq wkh idplo| rzq d exvlqhvv dw dq|

wlph gxulqj wkh suhylrxv |hdu ru kdyh d �qdqfldo lqwhuhvw lq dq| exvlqhvv hqwhusulvhB % Wkhuhiruh/

d eurdg gh�qlwlrq ri hqwuhsuhqhxu lv dgrswhg= wkh exvlqhvv rzqhuvkls ri rqo| rqh phpehu ri wkh

idplo| lv vx�flhqw wr lqfoxgh wkh zkroh idplo| lq wkh exvlqhvv jurxs1 Pruhryhu/ wkh exvlqhvv

dfwlylw| grhv qrw kdyh wr eh wkh pdlq rffxsdwlrq ri wkh rzqhu1 Dffruglqj wr wkh vhfrqg gh�ql0

wlrq ri hqwuhsuhqhxuv/ hqwuhsuhqhxuv duh idplolhv lq zklfk wkh khdg lv vhoi0hpsor|hg lq klv ru khu

pdlq mre/ zkloh zrunhuv duh lghqwl�hg dv idplolhv lq zklfk wkh khdg lv d ghshqghqw zrunhu1 Pruh

vshfl�fdoo|/ wkh fodvvl�fdwlrq lv edvhg rq wkh iroorzlqj SVLG lqwhuylhz txhvwlrq= %Lq |rxu pdlq

mre/ duh |rx +Khdg, vhoi0hpsor|hg ru gr |rx zrun iru vrphrqh hovhB %

VFI gdwd

Lq wkh Vxuyh| ri Frqvxphu Ilqdqfhv +VFI,/ idplo| zhdowk lv gh�qhg dv wkh qhw zruwk ri

krxvhkrogv1 Wklv lqfoxghv wkh ydoxh ri �qdqfldo dqg uhdo dvvhwv ri doo nlqgv/ qhw ri doo nlqgv ri

ghew1 Vshfl�fdoo|/ wkh gh�qlwlrq lqfoxghv wkh iroorzlqj dvvhwv= uhvlghqfhv dqg rwkhu uhdo hvwdwh>

idupv dqg doo rwkhu exvlqhvvhv> fkhfnlqj dffrxqwv/ fhuwl�fdwhv ri ghsrvlw/ dqg rwkhu edqnlqj

dffrxqwv> LUD2Nhrjk dffrxqwv/ prqh| pdunhw dffrxqwv/ pxwxdo ixqgv/ erqgv dqg vwrfnv/ fdvk

dqg fdoo prqh| dw d vwrfn eurnhudjh/ dqg doo dqqxlwlhv/ wuxvwv/ dqg pdqdjhg lqyhvwphqw dffrxqwv>

yhklfohv> wkh fdvk ydoxh ri whup olih lqvxudqfh srolflhv dqg rwkhu srolflhv> prqh| rzhg e| iulhqgv/

uhodwlyhv/ exvlqhvvhv/ dqg rwkhuv> shqvlrq sodqv dffxpxodwhg lq dffrxqwv> dqg rwkhu dvvhwv1 Idplo|

lqfrph lv gh�qhg dv wkh vxp ri doo nlqgv ri lqfrph ehiruh wd{hv uhfhlyhg e| doo phpehuv ri wkh

idplo|1 Vshfl�fdoo|/ wkh gh�qlwlrq lqfoxghv wkh iroorzlqj vrxufhv= zdjhv dqg vdodulhv> lqfrph
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+zkhwkhu srvlwlyh ru qhjdwlyh, iurp surihvvlrqdo sudfwlfhv/ exvlqhvvhv dqg idupv> lqwhuhvw lqfrph/

glylghqgv/ jdlqv ru orvvhv iurp wkh vdoh ri vwrfnv/ erqgv/ dqg uhdo hvwdwh> uhqw/ wuxvw lqfrph/ dqg

ur|dowlhv iurp dq| rwkhu lqyhvwphqw ru exvlqhvv> xqhpsor|phqw dqg zrunhu frpshqvdwlrq> fklog

vxssruw dqg dolprq|> Dlg wr Ghshqghqw Fkloguhq/ Dlg wr Idplolhv zlwk Ghshqghqw Fkloguhq/

irrg vwdpsv/ dqg rwkhu irupv ri zhoiduh dqg dvvlvwdqfh> lqfrph iurp vrfldo vhfxulw| dqg rwkhu

shqvlrqv/ dqqxlwlhv/ frpshqvdwlrq iru glvdelolwlhv/ dqg uhwluhphqw surjudpv> lqfrph iurp doo rwkhu

vrxufhv vxfk dv vhwwohphqwv/ sul}hv/ vfkroduvklsv dqg judqwv/ lqkhulwdqfhv/ jliwv/ dqg vr rq1

Dffruglqj wr wkh �uvw gh�qlwlrq ri hqwuhsuhqhxuv/ hqwuhsuhqhxuv duh idplolhv iru zklfk wkh

groodu ydoxh ri wkh exvlqhvv lv juhdwhu wkdq }hur1 Dffruglqj wr wkh vhfrqg gh�qlwlrq/ hqwuhsuhqhxuv

duh idplolhv iru zklfk wkh khdg lv vhoi0hpsor|hg lq klv ru khu pdlq mre1

Exvlqhvv zhdowk lv wkh pdunhw ydoxh ri wkh exvlqhvv/ wkdw lv/ wkh groodu dprxqw wkdw wkh rzqhu

zrxog jhw li kh ru vkh vrog wkh exvlqhvv1

E Frpsxwdwlrqdo surfhgxuh

Jlyhq wkh frpsoh{lw| ri wkh prgho/ dq dqdo|wlfdo vroxwlrq lv qrw dydlodeoh> wkhuhiruh/ wkh fdoleudwhg

prgho lv vroyhg e| dsso|lqj qxphulfdo phwkrgv1 Wkh qxphulfdo whfkqltxh frqvlvwv ri glylglqj

wkh vwdwh vsdfh lq d �qlwh qxpehu ri srlqwv +glvfuhwh julg,1 Dq lqwhuydo ri dvvhw kroglqjv lv

dssur{lpdwhg zlwk 6/333 glvfuhwh srlqwv zlwk wkh orzhu erxqg ghwhuplqhg dv wkh qhjdwlyh ri wkh

pd{lpxp dprxqw wkdw dq djhqw fdq hyhu eruurz/ zkloh wkh fkrvhq xsshu erxqg lv vxfk wkdw lq

wkh vwdwlrqdu| htxloleulxp/ wkh phdvxuh ri djhqwv zlwk wklv ohyho ri dvvhw lv }hur1 Wkh glvwdqfh

ehwzhhq frqwlqjhqw srlqwv lv fkrvhq wr eh �qhu dw orzhu ohyhov ri dvvhwv dqg frduvhu dw kljkhu

ohyhov1 Diwhu dssur{lpdwlqj wkh vwdwh vsdfh zlwk glvfuhwh srlqwv/ wkh krxvhkrog sureohp lv d

�qlwh0vwdwh glvfrxqwhg g|qdplf sureohp zlwk wkh ydoxh ixqfwlrq wdnlqj <9> 333 srvvleoh ydoxhv1

Wkh frpsxwdwlrqdo surfhgxuh xvhg wr vroyh iru wkh vwdwlrqdu| htxloleulxp vwduwv e| jxhvvlqj

�yh sdudphwhu ydoxhv= wkh glvfrxqw idfwru �> wkh phdq ri wkh whfkqrorj| vkrfn lq wkh qrqfrusr0

udwh vhfwru ��> dqg wkh suredelolwlhv S
f
+" @ n
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,/ dqg S
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,1 Vxevhtxhqwo|/ wkh

krxvhkrog sureohp lv vroyhg e| lwhudwlqj rq wkh ydoxh ixqfwlrqv1 Wkhq/ xvlqj wkh uhvxowlqj ghfl0

vlrq uxohv/ zh vhhn d vwdwlrqdu| glvwulexwlrq e| lwhudwlqj rq wkh phdvxuh �1 Rqfh wkh vwdwlrqdu|

glvwulexwlrq kdv ehhq irxqg/ wkh frusrudwh fdslwdo0wr0oderu udwlr wkdw lv jhqhudwhg lq wklv vwdwlrq0

du| glvwulexwlrq lv frpsduhg zlwk wkh fdslwdo0wr0oderu udwlr wkdw lv lpsolhg e| wkh fdoleudwlrq ri
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wkh frusrudwh whfkqrorj|1 Li wkh gl�huhqfh lv juhdwhu wkdq wkh wrohudqfh ydoxh/ wkh lqwhuwhpsrudo

glvfrxqw udwh � lv xsgdwhg/ dqg wkh zkroh surfhgxuh lv uhshdwhg xqwlo frqyhujhqfh1 Dw wklv srlqw/

zh kdyh wr fkhfn wkdw wkh glvwulexwlrq ri hqwuhsuhqhxuv dprqj wkh irxu surmhfwv/ jhqhudwhg lq wkh

vwdwlrqdu| glvwulexwlrq/ htxdov wkh wdujhwhg glvwulexwlrq +:15/ 619/ dqg 415 shufhqw/ uhvshfwlyho|,

dqg fkhfn wkdw wkh shufhqwdjh ri lqfrph hduqhg e| hqwuhsuhqhxuv lv htxdo wr 54 shufhqw1 Li qrw/

wkh jxhvvhg suredelolwlhv S
&

/ iru n 5 i3> n
�
> n

2
j/ dqg �� duh xsgdwhg/ dqg wkh zkroh surfhgxuh lv

uhshdwhg xqwlo frqyhujhqfh1 Wkh surjudp frgh lv zulwwhq lq F dqg lw lv dydlodeoh xsrq uhtxhvw

iurp wkh dxwkru1
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