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Devwudfw

Olih0f|foh sdwwhuqv ri lqfrph/ hduqlqjv/ frqvxpswlrq/ oderxu vxs0
so|/ dqg zhdowk ydu| v|vwhpdwlfdoo| dfurvv hgxfdwlrqdo jurxsv1 Kxpdq
fdslwdo wkhru| h{sodlqv gl�huhqw hgxfdwlrqdo fkrlfhv lq whupv ri sdud0
phwhuv ghvfulelqj wdvwhv dqg whfkqrorj|1 Zh dvn zkhwkhu gl�huhqfhv lq
wkhvh sdudphwhuv duh dovr frqvlvwhqw zlwk rwkhu sdwwhuqv ri ehkdylrxu1
Rxu suholplqdu| �qglqjv vxjjhvw wkdw qr vlqjoh irup ri sdudphwhu khw0
hurjhqhlw| zloo eh deoh wr dffrxqw iru wkh mrlqw ehkdylrxu ri olih0f|foh
fkrlfhv1

4 Lqwurgxfwlrq

Lqglylgxdov zlwk gl�huhqw hgxfdwlrqdo edfnjurxqgv gl�hu vljql�fdqwo| dqg
v|vwhpdwlfdoo| lq wkhlu hfrqrplf ehkdylrxu ryhu wkh olih0f|foh1 Lw lv zhoo0
nqrzq/ iru h{dpsoh/ wkdw zhoo0hgxfdwhg lqglylgxdov whqg wr kdyh kljkhu lq0
frph dqg hduqlqjv wkurxjkrxw prvw ri wkh olih0f|foh1 Prvw ri wkhlu kljkhu
hduqlqjv duh lq wkh irup ri kljkhu zdjhv/ exw wkh| dovr whqg wr zrun pruh1
Lq dgglwlrq/ wkh| whqg frqvxph pruh dqg dffxpxodwh �qdqfldo zhdowk dw d
idvwhu udwh1 Zkdw dffrxqwv iru wkhvh gl�huhqfhvB
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Xqolnh ghprjudsklf yduldeohv vxfk dv djh/ vh{/ dqg udfh/ hgxfdwlrqdo dw0
wdlqphqw +ru kxpdq fdslwdo dffxpxodwlrq lq jhqhudo, lv odujho| d fkrlfh ydul0
deoh1 Iurp dq hduo| djh/ lqglylgxdov duh wdxjkw derxw wkh ehqh�wv ri vfkrro0
lqj1 Whhqdjhuv duh zduqhg derxw wkh frqvhtxhqfhv ri idlolqj wr frpsohwh
wkhlu kljk0vfkrro hgxfdwlrq dqg wkh| duh jhqhudoo| pdgh dzduh ri wkh kljk
uhwxuqv dvvrfldwhg zlwk d froohjh ghjuhh1 \hw/ lqglylgxdov txlwh fohduo| pdnh
gl�huhqw fkrlfhv frqfhuqlqj hgxfdwlrqdo dwwdlqphqw> wr d �uvw dssur{lpdwlrq/
urxjko| 2DI ri wkh srsxodwlrq grhv qrw frpsohwh kljk0vfkrro/ DfI frpsohwh
kljk0vfkrro/ dqg 2DI dwwdlq d froohjh ghjuhh1 Fdvxdo hpslulflvp vxjjhvwv
wkdw olihwlph ohduqlqj h{shqglwxuhv dqg ohduqlqj h�ruwv ghyrwhg wr pruh jhq0
hudo kxpdq fdslwdo dffxpxodwlrq dfwlylwlhv duh kljko| fruuhodwhg zlwk wkh
vfkrrolqj ghflvlrq1 Zkdw ghwhuplqhv wkhvh fkrlfhvB

Rqh zd| wr xqghuvwdqg wkh kxpdq fdslwdo fkrlfh lv lq whupv ri dq rswl0
pdo lqyhvwphqw ghflvlrq> vhh Ehq0Srudwk +4<9:,1 Lq wkh Ehq0Srudwk prgho/
lqglylgxdov vhhn wr pd{lpl}h wkh suhvhqw ydoxh ri wkhlu olihwlph hduqlqjv e|
doorfdwlqj wkhlu wlph ehwzhhq zrun dqg ohduqlqj dfwlylwlhv/ dqg e| fkrrvlqj
dq dssursuldwh h{shqglwxuh sdwk iru hgxfdwlrqdo jrrgv dqg vhuylfhv1 D nh|
sdudphwhu lq wklv prgho lv wkh cdelolw| wr ohduq*/ prghoohg dv wkh whfkqrorjlfdo
h!flhqf| zlwk zklfk ohduqlqj h�ruw dqg uhvrxufhv dxjphqw wkh ydoxh ri kx0
pdq fdslwdo14 Qrw vxusulvlqjo|/ wkh prgho suhglfwv wkdw pruh deoh lqglylgxdov
fkrrvh wr xqghuwdnh juhdwhu kxpdq fdslwdo lqyhvwphqwv/ hvshfldoo| hduo| rq lq
wkh olih0f|foh/ dqg wkdw ohduqlqj h�ruw ghfolqhv ryhu wlph1 Gxulqj |rxwk/ ohvv
deoh lqglylgxdov whqg wr hduq pruh +dv wkh| ghyrwh pruh wlph wr zrun udwkhu
wkdq ohduqlqj,/ exw pruh deoh lqglylgxdov kdyh udslgo| ulvlqj hduqlqj sur�ohv
wkdw vrrq ryhuwdnh wkrvh ri wkh ohvv deoh1 Lq dgglwlrq/ glvshuvlrq lq hduqlqjv
dfurvv hgxfdwlrqdo jurxsv whqgv wr jurz ryhu wlph1 Wkhvh suhglfwlrqv duh
eurdgo| frqvlvwhqw zlwk wkh hylghqfh> h1j1/ vhh Oloodug +4<::,1

Zh wklqn wkdw wkh edvlf Ehq0Srudwk prgho ihdwxulqj gl�huhqfhv lq ohduq0
lqj delolw| surylghv d sodxvleoh lqwhusuhwdwlrq ri zk| hgxfdwlrqdo dwwdlqphqw
gl�huv dfurvv lqglylgxdov dv zhoo dv h{sodlqlqj krz wkhvh gl�huhqw kxpdq
fdslwdo dffxpxodwlrq sdwwhuqv wudqvodwh lqwr gl�huhqw hduqlqjv sur�ohv1 Krz0
hyhu/ ehiruh rqh fdq eh frq�ghqw wkdw delolw| gl�huhqfhv duh dw wkh urrw ri
lqhtxdolw|/ lw zrxog eh suxghqw wr h{dplqh zkhwkhu wkh kxpdq fdslwdo prgho
lv frqvlvwhqw zlwk wkh revhuyhg olihwlph sur�ohv ri rwkhu lpsruwdqw hfrqrplf
yduldeohv/ vxfk dv frqvxpswlrq/ ohlvxuh +oderxu,/ dqg �qdqfldo dvvhw dffx0

4Dqrwkhu zd| wr prgho ohduqlqj delolw| lv lq whupv ri lqlwldo hqgrzphqwv ri kxpdq
fdslwdo1
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pxodwlrq +fdslwdo lqfrph,1 Lq rughu wr dgguhvv wklv txhvwlrq/ zh dxjphqw
wkh edvlf kxpdq fdslwdo prgho dorqj wkh olqhv ri Eolqghu dqg Zhlvv +4<:9,/
Khfnpdq +4<:9,/ dqg U|ghu/ Vwd�rug dqg Vwhskdq +4<:9,/ zkr h{solflwo|
prgho wkh oderxu0ohlvxuh fkrlfh1 Mxgjlqj e| zkdw lv uhsruwhg lq wkh uhfhqw
vxuyh| e| Qhdo dqg Urvhq +4<<;,/ wkhvh yhuvlrqv ri wkh kxpdq fdslwdo prgho
uhsuhvhqw wkh h{whqw wr zklfk wkhru| kdv fxuuhqwo| ehhq ghyhorshg1

Eolqghu dqg Zhlvv +4<:9, duh sulpdulo| frqfhuqhg zlwk ghwhuplqlqj wkh
frqglwlrqv xqghu zklfk wkh djh sur�ohv ri kxpdq fdslwdo/ zdjhv/ ohlvxuh/
dqg ohduqlqj ehkdyh lq d cqrupdo* pdqqhu> vhh wkhlu Iljxuh 81 Wkhlu pdlq
�qglqj lv wkdw cqrupdo* ehkdylrxu dulvhv zkhq wkh udwh ri wlph suhihuhqfh lv
vx!flhqwo| cvpdoo*15 Wkh| gr qrw dvn krz rwkhu sdudphwhuv +lq sduwlfxodu/
ohduqlqj delolw|, d�hfw olih0f|foh ehkdylrxu/ qru gr wkh| frpphqw rq frq0
vxpswlrq dqg dvvhw dffxpxodwlrq1 U|ghu/ Vwd�rug dqg Vwhskdq +4<:9, dovr
ghprqvwudwh wkdw pdq| txdolwdwlyho| gl�huhqw olih0f|foh sdwwhuqv duh srvvleoh
dqg/ lq sduwlfxodu/ wkhuh duh fdvhv lq zklfk vpdoo gl�huhqfhv lq lqlwldo hq0
grzphqwv fdq uhvxow lq gudpdwlfdoo| gl�huhqw ehkdylrxu1 Khfnpdq +4<:9,
uhsruwv wkh uhvxowv ri vhyhudo frpsdudwlyh g|qdplfv h{huflvhv/ exw grhv qrw
dozd|v surylgh d ixoo ghvfulswlrq ri ehkdylrxu1 Iru h{dpsoh/ kh �qgv wkdw
lqglylgxdov zlwk juhdwhu ohduqlqj delolw| kdyh shdnv lq wkhlu krxuv ri zrun
sur�ohv dw roghu djhv/ exw zh duh qrw wrog zkhwkhu wkhvh sur�ohv duh jhqhudoo|
kljkhu ru orzhu1 Vlploduo|/ kh grhv qrw dvn krz gl�huhqfhv lq delolw| d�hfw
�qdqfldo dvvhw dffxpxodwlrq1

Wkh sxusrvh ri wklv sdshu lv wr h{soruh wkh h{whqw wr zklfk d prgl0
�hg Ehq0Srudwk prgho fdq dffrxqw iru wkh mrlqw ehkdylrxu ri frqvxpswlrq/
ohlvxuh/ wudlqlqj/ hduqlqjv/ lqfrph dqg zhdowk dfurvv gl�huhqw hgxfdwlrqdo
jurxsv1 Zh frqvlghu d ghwhuplqlvwlf jhqhudo htxloleulxp prgho ri ryhuods0
slqj jhqhudwlrqv lq zklfk shrsoh gl�hu dffruglqj wr sdudphwhuv wkdw ghvfuleh
wkhlu wdvwhv iru ohlvxuh dqg wlph0gdwhg frqvxpswlrq/ dv zhoo dv sdudphwhuv
wkdw ghvfuleh gl�huhqw dvshfwv ri delolw|1 Wkh prgho ihdwxuhv dq hqgrjhqrxv
oderxu vxsso| ghflvlrq dqg d qrq0qhjdwlyh qhw zruwk uhvwulfwlrq1 Zh ehjlq
e| dvnlqj zkhwkhu dq| gl�huhqfhv lq dq| vlqjoh sdudphwhu ghvfulelqj delo0
lw|/ hqgrzphqwv/ ru wdvwhv/ fdq dffrxqw iru revhuyhg sdwwhuqv ri ehkdylrxu16

Wkh dqvzhu wr wklv txhvwlrq dsshduv wr eh d txdol�hg cqr*1 Sdudphwhu khw0

5Wr wkh h{whqw wkdw vfkrrolqj hqwdlov iruhjrqh ohlvxuh/ yhu| lpsdwlhqw lqglylgxdov pd|
suhihu wr srvwsrqh wkhlu vfkrrolqj dqg zrun h�ruw wr odwhu vwdjhv ri wkh olih0f|foh1

6Wkh dqdo|vlv zh sursrvh khuh lv yhu| vlplodu wr wkh rqh xqghuwdnhq e| Eolqghu +4<:7,/
zkr frqvlghuv d prgho zlwk h{rjhqrxv zdjhv dqg shuihfw fdslwdo pdunhwv1
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hurjhqhlw| wkdw fdq h{sodlq vrph glphqvlrqv ri wkh gdwd uhdvrqdeo| zhoo lv
jhqhudoo| irxqg wr eh lqfrqvlvwhqw zlwk revhuydwlrq dorqj rwkhu glphqvlrqv1
D txhvwlrq wkdw zh sodq wr sxuvxh lv zkhwkhu dq| frpelqdwlrq ri sdudphwhuv
pljkw eh deoh wr dffrxqw iru wkh gdwd1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5/ zh suhvhqw vrph vw|o0
l}hg idfwv frqfhuqlqj wkh olih0f|foh ehkdylrxu ri lqfrph/ frqvxpswlrq/ vdy0
lqjv/ dqg oderxu vxsso| dfurvv gl�huhqw hgxfdwlrqdo jurxsv1 Lq Vhfwlrq 6/ zh
suhvhqw wkh prgho> wkh prgho lv fdoleudwhg lq Vhfwlrq 71 Vhfwlrq 8 frqvlghuv
wkh fdvh ri dq k|srwkhwlfdo cuhsuhvhqwdwlyh* lqglylgxdo1 Gl�huhqw irupv ri sd0
udphwhu khwhurjhqhlw| lv wkhq lqwurgxfhg dqg h{dplqhg lq Vhfwlrq 91 Vhfwlrq
: r�huv vrph suholplqdu| frqfoxvlrqv1

5 Vrph Vw|ol}hg Idfwv

Lq wklv vhfwlrq/ zh ghvfuleh zkdw cw|slfdo* +phgldq, olih0f|foh sur�ohv orrn
olnh dfurvv wkuhh hgxfdwlrqdo jurxsv +gursrxwv/ kljk0vfkrro/ dqg froohjh, iru
d qxpehu ri hfrqrplf yduldeohv1 Xqiruwxqdwho|/ wkhuh lv qr vlqjoh gdwd vhw
wkdw phdvxuhv doo wkdw rqh zrxog olnh/ vr zh uho| rq d qxpehu ri gl�huhqw
vwxglhv wr khos xv jhw d jhqhudo ihho iru wkh idfwv1 Wkh uhdghu vkrxog nhhs
lq plqg wkdw wkhuh duh vhyhudo sudfwlfdo dqg +xquhvroyhg, frqfhswxdo lvvxhv
uhodwlqj wr wkh phdvxuhphqw ri wkhvh yduldeohv> vhh Eurzqlqj dqg Oxvdugl
+4<<9, iru ghwdlov1

514 Glvsrvdeoh Lqfrph

Lq Iljxuh 4/ zh sorw phgldq glvsrvdeoh lqfrph dfurvv wkuhh hgxfdwlrqdo
jurxsv lq wkh Xqlwhg Vwdwhv iru wkh |hdu 4<<317 Qrw vxusulvlqjo|/ pruh kljko|
hgxfdwhg lqglylgxdov kdyh vljql�fdqwo| pruh lqfrph dw hdfk djh1 Wkh djh0
lqfrph sur�oh iru gursrxwv lv hvvhqwldoo|  dw1 Lqglylgxdov zlwk kljk0vfkrro
glvsod| d prghudwh kxps0vkdshg djh0lqfrph sur�oh/ zkloh wkrvh zlwk froohjh
kdyh d vljql�fdqw kxps0vkdshg sdwwhuq18 Frqvhtxhqwo|/ lqfrph lqhtxdolw|

7Wklv gdwd lv iurp Dwwdqdvlr +4<<7, dqg lv edvhg rq wkh 4<<3 Frqvxphu H{shqglwxuh
Vxuyh|1

8 Lw lv lpsruwdqw wr nhhs lq plqg wkdw wklv gdwd uhsuhvhqwv d furvv0vhfwlrq1 Wkdw lv/
jlyhq jhqhudo surgxfwlylw| jurzwk/wkh djh0lqfrph sur�ohv uhsruwhg khuh gr qrw uhsuhvhqw
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dfurvv hgxfdwlrqdo jurxsv lv wkh juhdwhvw gxulqj wkh shdn lqfrph djhv ri 74�
881 Phgldq lqfrph iru froohjh judgxdwhv lq wkh 84�88 djh jurxs lv 419: wlphv
wkdw ri kljk0vfkrro judgxdwhv lq wkh vdph djh jurxs dqg 51;7 wlphv wkdw ri
kljk0vfkrro gursrxwv1

515 Frqvxpswlrq

Lq Iljxuh 5/ zh sorw phgldq frqvxpswlrq h{shqglwxuh dfurvv hgxfdwlrqdo
jurxsv> wklv gdwd lv iurp wkh vdph vxuyh| lq zklfk wkh lqfrph gdwd lv
uhfrughg1 Txdolwdwlyho|/ lw dsshduv wkdw frqvxpswlrq wudfnv glvsrvdeoh lq0
frph idluo| forvho| lq wkh vhqvh ri vkdulqj wkh vdph kxps0vkdshg sdwwhuq1
Wklv idfw wkdw kdv ehhq uhihuuhg wr dv wkh cfrqvxpswlrq0lqfrph sdudooho* +vhh
Fduuroo dqg Vxpphuv/ 4<<4, dqg lv vrphwlphv xvhg dv dq dujxphqw wr uh0
mhfw wkh edvlf olih0f|foh prgho/ zklfk suhglfwv d  dw djh0frqvxpswlrq sur�oh1
Dwwdqdvlr dqg Eurzqlqj +4<<8, dujxh wkdw wkh frqvxpswlrq0lqfrph sdudooho
odujho| uh hfwv idplo|0vl}h h�hfwv1 Xvlqj vhyhudo |hduv ri X1N1 IHV gdwd wr iro0
orz frkruwv wkurxjk wlph/ wkh| uhsurgxfh wkh �qglqj wkdw frqvxpswlrq dqg
lqfrph pryh wrjhwkhu ryhu wkh olih0f|foh1 Krzhyhu/ gh dwlqj frqvxpswlrq e|
dq dgxow0htxlydohqw vfdoh uhqghuv d frpsohwho|  dw olih0f|foh sdwk iru dgmxvwhg
frqvxpswlrq1 Rq wkh rwkhu kdqg/ Jrxulqfkdv dqg Sdunhu +4<<<, dujxh wkdw
zlwk wkhlu dgmxvwphqwv/ frqvxpswlrq frqwlqxhv wr glvsod| d kxps0vkdsh1

516 Vdylqj

Iljxuh 6 sorwv cvdylqj*/ gh�qhg khuh dv wkh gl�huhqfh ehwzhhq phgldq glv0
srvdeoh lqfrph dqg frqvxpswlrq phdvxuhv uhsruwhg deryh1 Wkh �jxuh khuh
lv frqvlvwhqw zlwk wkh zhoo0nqrzq idfw wkdw prvw krxvhkrogv vdyh yhu| olwwoh>
l1h1/ wkh ydvw exon ri wkh hfrqrp|*v fdslwdo vwrfn lv jhqhudwhg e| d yhu| vpdoo
sursruwlrq ri krxvhkrogv1 Dffruglqj wr wklv gdwd/ kljk0vfkrro gursrxwv kdyh
rq dyhudjh }hur vdylqjv1 E| wkhlu odwh 53v/ lqglylgxdov zlwk d kljk0vfkrro
glsorpd dsshdu wr exlog xs wkhlu dvvhwv dw d prghvw udwh xqwlo uhwluhphqw/
exw wkhuh lv olwwoh hylghqfh ri glvvdylqj gxulqj uhwluhphqw1 Froohjh judgxdwhv/
rq wkh rwkhu kdqg/ dsshdu wr exlog xs wkhlu dvvhwv dw uhodwlyho| udslg udwh
dqg pdlqwdlq uhodwlyho| kljk vdylqjv ohyhov xqwlo uhwluhphqw1 Wklv lv wkh rqo|
jurxs wkdw dsshduv wr xqghuwdnh dq| vljql�fdqw glvvdylqj gxulqj uhwluhphqw1

wkh dfwxdo lqfrph sur�ohv h{shfwhg e| dq| jlyhq lqglylgxdo1
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Krzhyhu/ wkh dprxqw ri glvvdylqj gxulqj uhwluhphqw lv qrw hqrxjk wr ghsohwh
wkh dffxpxodwhg vwrfn ri zhdowk/ d idfw wkdw vxjjhvwv wkdw wklv jurxs lv olnho|
wr ohdyh uhodwlyho| odujh ehtxhvwv1

Wkh vdylqj ehkdylrxu uhsruwhg lq Iljxuh 6 lv eurdgo| frqvlvwhqw zlwk
VFI dqg SVLG gdwd rq zhdowk dffxpxodwlrq sdwwhuqv dfurvv hgxfdwlrqdo
jurxsv1 Dffruglqj wr Fdjhwwl +4<<<,/ phgldq qhw zruwk srvlwlrqv +lqfoxglqj
krxvlqj exw devwudfwlqj iurp shqvlrq hqwlwohphqwv, duh yhu| orz dqg vlpl0
odu dfurvv lqglylgxdov dw djh 631 Zkloh doo wkuhh hgxfdwlrqdo jurxsv whqg wr
vdyh ryhu wkh hqwluh olih0f|foh/ wkh udwh ri dvvhw dffxpxodwlrq lv pxfk kljkhu
iru zhoo0hgxfdwhg lqglylgxdov1 E| djh 93/ wkh phgldq gursrxw kdv dffxpx0
odwhg urxjko| ehwzhhq '93/333�<3/333> wkh phgldq kljk0vfkrro judgxdwh kdv
ehwzhhq '458/333�4;3/333> dqg wkh phgldq froohjh judgxdwh kdv ehwzhhq
'583/333�633/33319 Lq rwkhu zrugv/ wr d �uvw dssur{lpdwlrq/ hdfk ohyho ri
hgxfdwlrq lv dvvrfldwhg zlwk d grxeolqj ri qhw zruwk lq rog djh1

517 Oderxu Vxsso|

Wkh Frqvxphu H{shqglwxuh Vxuyh| h{dplqhg e| Dwwdqdvlr +4<<7, dovr kdv
gdwd rq oderxu vxsso| dfurvv hgxfdwlrq jurxsv dv zhoo dv dfurvv ydulrxv gh0
prjudsklf fkdudfwhulvwlfv1 Lq Iljxuh 7/ zh uhsruw urxjko| zkdw wkh olih0f|foh
oderxu vxsso| sur�oh orrnv olnh iru pdohv> wkh fruuhvsrqglqj gldjudp iru ih0
pdohv orrnv txdolwdwlyho| vlplodu/ exw vfdohg grzq vxfk dqqxdo krxuv dyhudjh
durxqg 4833 gxulqj wkh shdn hduqlqj |hduv1:

Wkh edvlf txdolwdwlyh sdwwhuqv ri wkh djh0zrun sur�oh duh dv iroorzv= +4,
Wkh| duh edvlfdoo|  dw wkurxjkrxw pxfk ri wkh olih0f|foh> +5, ehwwhu hgxfdwhg
lqglylgxdov whqg wr zrun pruh dqg kdyh d pruh kxps0vkdshg djh0zrun sur0
�oh> dqg +6, oderxu vxsso| ehjlqv wr gurs udslgo| diwhu djh 93 iru doo jurxsv1

9Wkh �jxuhv duh lq 4<<5 grooduv1 Wkh orzhu erxqg lv iurp wkh VFI> wkh xsshu erxqg
lv iurp wkh SVLG1

:Zh wkdqn Rud}lr Dwwdqdvlr iru surylglqj xv zlwk wklv gdwd1
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518 Hduqlqjv dqg Zdjhv

51814 Wkh Uhwxuq wr Hgxfdwlrq

Wkhuh lv d odujh hpslulfdo olwhudwxuh frqfhuqhg zlwk phdvxulqj wkh cuhwxuq*
wr hgxfdwlrq> wklv olwhudwxuh kdv uhfhqwo| ehhq vxuyh|hg e| Fdug +4<<;,1 Wkh
vwdqgdug hfrqrphwulf prgho wdnhq wr wkh gdwd lv xvxdoo| vrph yduldqw ri
Plqfhu*v +4<:7, ckxpdq fdslwdo hduqlqjv ixqfwlrq* wkdw uhodwhv vrph phdvxuh
ri orj hduqlqjv E*L} +� wr vrph phdvxuhv ri hgxfdwlrqdo dwwdlqphqw E7� dqg
zrun h{shulhqfh Ef�c wrjhwkhu zlwk d vwdwlvwlfdo uhvlgxdo E0�> h1j1/

*L} + ' @ n K7 n }Ef� n 0� +4,

Dssduhqwo|/ lw lv qrz frqyhqwlrqdo wr uhihu wr wkh hvwlpdwhg sdudphwhu K dv
wkh cuhwxuq wr hgxfdwlrq*1 W|slfdoo|/ wkh uhwxuq wr hgxfdwlrq lv irxqg wr ydu|
zlwk fhuwdlq fkdudfwhulvwlfv ri lqglylgxdov/ vxfk dv cdelolw|* dqg cidplo| edfn0
jurxqg*1 Fdug dujxhv wkdw wkh hpslulfdo vshfl�fdwlrq deryh/ zlwk } prghoohg
dv d wklug ru irxuwk ghjuhh sro|qrpldo/ surylghv d uhdvrqdeo| jrrg �w zlwk
wkh gdwd/ dowkrxjk/ frqwudu| wr wkh vshfl�fdwlrq lq +4,/ wkhuh grhv dsshdu wr
eh vrph hylghqfh ri dq lqwhudfwlrq ehwzhhq hgxfdwlrq dqg h{shulhqfh1

Zkhq orj dqqxdo hduqlqjv duh uhjuhvvhg rq hgxfdwlrq dqg rwkhu frqwurov/
wkh hvwlpdwhg uhwxuq wr hgxfdwlrq lv wkh vxp ri wkh K frh!flhqwv iru sdudooho
prghov �w wr wkh orj ri zdjhv E*L}�� dqg wkh orj ri dqqxdo krxuv E*L} ��� Khuh/
zh uhsurgxfh Fdug*v +4<<;, Wdeoh 4/ zklfk uhsruwv wkh hvwlpdwhg uhwxuqv wr
hgxfdwlrq xvlqj +4, �w wr wkh 4<<7�<9 FSV1

Ghshqghqw Yduldeoh
*L}� *L} � *L} +

Phq
K 31433 31375 31475
-2 3165; 31555 31736

Zrphq
K 3143< 31389 31498
-2 3157: 31438 3157:

Wkxv/ Fdug frqfoxghv wkdw lq wkh X1V1 oderxu pdunhw lq wkh plg04<<3v/ derxw
wzr0wklugv ri wkh phdvxuhg uhwxuq wr hgxfdwlrq lq dqqxdo hduqlqjv gdwd lv
dwwulexwdeoh wr wkh h�hfw ri hgxfdwlrq rq wkh zdjh udwh/ zlwk wkh uhpdlqghu
dwwulexwdeoh wr wkh h�hfw rq dqqxdo krxuv zrunhg1
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6 Wkh Prgho

Frqvlghu dq hfrqrp| srsxodwhg e| ryhuodsslqj jhqhudwlrqv ri lqglylgxdov
zkr olyh iru a shulrgv/ lqgh{hg e| � ' �c 2c ���c a� Wkh srsxodwlrq lv dvvxphg
wr jurz dw d frqvwdqw udwh ? shu shulrg/ dqg zh ghqrwh wkh vkduh ri djh0
� lqglylgxdov lq wkh srsxodwlrq e| >� c zklfk lv wlph0lqyduldqw dqg vdwlv�hv

>� ' E� n ?�>�3� iru � ' 2c ���c a dqg
Sa

�'� >� ' ��

Lqglylgxdov kdyh suhihuhqfhv gh�qhg ryhu ghwhuplqlvwlf wlph0sur�ohv ri
frqvxpswlrq S� / txdolw|0dgmxvwhg ohlvxuh 5� / dv zhoo dv d �qdo qhw zruwk sr0
vlwlrq @an� +ehtxhdwkhg wr wkh ixwxuh jhqhudwlrq,> ohw suhihuhqfhv eh uhsuh0
vhqwhg e| wkh xwlolw| ixqfwlrq=

a[

�'�

B�3�dL ES�� n bT E5��o n w�E@an���

Dvvxph wkdw wkh ixqfwlrqv Lc T dqg � duh doo vwulfwo| frqfdyh dqg wkdw wkh|
vdwlvi| vwdqgdug Lqdgd frqglwlrqv> zh zloo wuhdw wkhvh ixqfwlrqv dv frpprq
dfurvv lqglylgxdov1 Suhihuhqfhv duh sdudphwhul}hg e| wkh glvfrxqw idfwru Bc
wkh wdvwh iru ohlvxuh bc dqg wkh vwuhqjwk ri wkh ehtxhvw prwlyh w( lqglylgxdov
pd| ru pd| qrw gl�hu dorqj wkhvh glphqvlrqv1

Wkhuh duh wkuhh xvhv iru wlph= pdunhw zrun ?( ohduqlqj h�ruw e( dqg ohlvxuh
,( zkhuh ?nen, ' � +dqg wkh xvxdo qrq0qhjdwlylw| frqvwudlqwv,1 Ohw � ghqrwh
kxpdq fdslwdo1 Shrsoh pljkw gl�hu lq wkhlu lqlwldo hqgrzphqw ri kxpdq
fdslwdo +rqh phdvxuh ri gl�huhqfhv lq delolw|,1 D shuvrq*v kxpdq fdslwdo lv
dvvxphg wr dxjphqw wlph0xvh lq hdfk ri wkh wkuhh dfwlylwlhv> phdvxuhg lq
ch!flhqf| xqlwv*/ zrun h�ruw htxdo �?c ohduqlqj h�ruw htxdov �ec dqg ohlvxuh
rxwsxw 5 htxdov �,�

Iroorzlqj Khfnpdq +4<:9,/ wkh kxpdq fdslwdo dffxpxodwlrq whfkqrorj|
lv jlyhq e|=

��n� ' E�� j��� n kCE��e��c

zkhuh C lv vwulfwo| lqfuhdvlqj dqg frqfdyh/ j lv wkh ghsuhfldwlrq udwh rq
kxpdq fdslwdo/ dqg k lv d sdudphwhu wkdw lqgh{hv cohduqlqj delolw|*1 Zh zloo
dvvxph wkdw C dqg j duh frpprq dfurvv krxvhkrogv> krzhyhu/ k pd| gl�hu1
Ohw � ghqrwh wkh yhfwru ri sdudphwhuv ghvfulelqj d sduwlfxodu lqglylgxdo1

Wkhuh duh wzr sulfhv lq wkh prgho1 Ohw / ghqrwh wkh sulfh ri dq h!flhqf|
xqlw ri oderu dqg ohw - ghqrwh wkh +jurvv, uhdo udwh ri lqwhuhvw1 Erwk ri
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wkhvh sulfhv zloo eh ghwhuplqhg e| pdunhw fohdulqj frqglwlrqv lq wkh jhqhudo
htxloleulxp1 Qrwh wkdw oderu hduqlqjv duh jlyhq e| /�?c vr wkdw � ' /� fdq
eh lqwhusuhwhg dv wkh uhdo zdjh1

Lqglylgxdov fdq vdyh exw fdqqrw eruurz djdlqvw ixwxuh hduqlqjv ru eh0
txhvwv> frqvhtxhqwo|/ doo vdylqj lv xvhg wr �qdqfh wkh frqvwuxfwlrq ri qhz
fdslwdo1 Iru vlpsolflw|/ zh dvvxph wkdw doo ehtxhvwv dffuxh dw vrph djh
� 5 i�c 2c ���c aj lq d shuvrq*v olihwlph1 Zh dovr dvvxph wkdw w|sh0� sduhqwv
sdvv rq wkhlu sdudphwhu yhfwru � shuihfwo| wr wkhlu fkloguhq +frqvhtxhqwo|/
wkh ehtxhvw pdgh e| hdfk w|sh0� lqglylgxdo @an� zloo eh h{dfwo| htxdo wr wkh
ehtxhvw uhfhlyhg K dw gdwh �1 Qrwh wkdw lq wkh devhqfh ri shuihfw fdslwdo pdu0
nhwv/ wkh wlplqj ri wkh ehtxhvw zloo pdwwhu1 Wkh dvvhw dffxpxodwlrq htxdwlrq
lv jlyhq dv iroorzv=

@�n� ' -@� n ��K n ��?� � S� c

zkhuh �� ' � lq shulrg � ' � +wkh shulrg ri wkh ehtxhvw,/ dqg �� ' f rwkhu0
zlvh1 Rswlpdo ghflvlrq0pdnlqj uhvxowv lq d ghvluhg sur�oh iS� c ?� c e� c ,� c @�n�c ��n� m
Kc /c-( �ja�'��

Frqmhfwxuh 4 Wkhuh h{lvwv dq xqltxh K vxfk wkdw @an� ' K�

Li wkh frqmhfwxuh deryh lv wuxh/ wkhq rswlpdo ghflvlrq0pdnlqj fdq eh frq0
glwlrqhg vroho| rq E/c-( ��� Lq wkh vshfldo fdvh ri }hur ehtxhvwv +l1h1/ w ' f�c
zh kdyh @an� ' K ' f dqg doo lqglylgxdov ehjlq olih zlwk }hur qhw zruwk +wklv
lv wkh fdvh zh frqvlghu ehorz,1 Zkdw uhpdlqv qrz lv wkh ghwhuplqdwlrq ri
sulfhv1

Lq d vwhdg|0vwdwh/ wkh shu fdslwd fdslwdo vwrfn lv jlyhq e|=

g ' E� n ?�3�

a[

�'�

>�

[

�

@�E��\E��c

zkhuh \E�� uhsuhvhqwv wkh iudfwlrq ri wkh srsxodwlrq zlwk sdudphwhu yhfwru
�� Wkh shu fdslwd ohyho ri krxuv +phdvxuhg lq h!flhqf| xqlwv, lv jlyhq e|=

M '
a[

�'�

>�

[

�

��E��?�E��\E��

<



Rxwsxw lv surgxfhg e| d frqvwdqw uhwxuqv wr vfdoh surgxfwlrq whfkqrorj|
' ' 8 EgcM�� Htxloleulxp sulfhv duh ghwhuplqhg e| wkh xvxdo pdujlqdo
frqglwlrqv=

/ ' 8M EgcM�

- ' 8gEgcM� n �� �c

zkhuh � lv wkh ghsuhfldwlrq udwh ri sk|vlfdo fdslwdo1 Ilqdoo|/ jrrgv0pdunhw
fohdulqj uhtxluhv=

� n E?n ��g ' 'c

zkhuh/

� '
a[

�'�

>�

[

�

S�E��\E���

614 Sdudphwhul}dwlrq

Ixqfwlrqdo irupv duh uhtxluhg iru Lc Tc �cC dqg 8�

L ES� ' E�� ��3�dS�3� � �o

T E5� ' E�� #�3�d5�3# � �o

�E@� ' E�� 4�3�d@�34 � �o

CE%� ' %l

8 EgcM� ' gZM�3Z �

7 Fdoleudwlrq

Dw wklv vwdjh/ zh gr qrw kdyh wkh wlph wr fdoleudwh ru hvwlpdwh wkh prgho
dv suhflvho| dv zh zrxog olnh1 Vr/ zh zloo frqwhqw rxuvhoyhv zlwk d urxjk
fdoleudwlrq1 Zh fdoleudwh �uvw wr d cuhsuhvhqwdwlyh* lqglylgxdo> wkh sdudphwhuv
duh fkrvhq dv iroorzv1
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714 Ghprjudsklfv

Ohw wkh qxpehu ri shulrgv eh a ' ��( wkh ohqjwk ri d shulrg lv �yh |hduv
+wklqn ri shrsoh ehjlqqlqj wkhlu hfrqrplf olih dw djh 53 dqg olylqj wr :3,1
Wkh srsxodwlrq jurzwk udwh lv vhw wr ? ' fc vr wkdw >� ' �*a iru doo ��

715 Suhihuhqfhv

Wkh fxuydwxuh sdudphwhu rq L lv fkrvhq wr eh � ' ��D +d vwdqgdug fkrlfh,1
Wkh fxuydwxuh iru T lv dovr fkrvhq wr eh # ' ��D� Zh zloo devwudfw iurp
wkh ehtxhvw prwlyh> l1h1/ w ' f +vr wkh fxuydwxuh sdudphwhu iru � grhv qrw
pdwwhu,1 Wkh zhljkwlqj idfwru iru ohlvxuh lv fkrvhq wr eh b ' ��fS.( wklv
jhqhudwhv wkh uhvxow wkdw urxjko| �*� ri dydlodeoh wlph lv ghyrwhg wr wkh
oderxu pdunhw1 Wkh glvfrxqw idfwru lv fkrvhq wr eh B ' f�HSc zklfk lpsolhv
dq dqqxdo glvfrxqw udwh ri �I�

716 Whfkqrorj|

Wkh ohduqlqj delolw| sdudphwhu lv vhw wr k ' f�2D( wklv lpsolhv wkdw |rxqj
shrsoh vshqg durxqg 43( ri wkhlu dydlodeoh wlph lq ohduqlqj dfwlylwlhv1 Wkh
fxuydwxuh ri wkh ohduqlqj whfkqrorj| lv wdnhq iurp Khfnpdq +4<:9,> l ' f�.f�
Wkh vkduh ri sk|vlfdo fdslwdo lq wrwdo rxwsxw lv vhw wr Z ' f��D� Sk|vlfdo
fdslwdo ghsuhfldwhv dw dq dqqxdo udwh ri �2I( vhw � ' f�eH� Dvvxph wkdw
kxpdq fdslwdo grhv qrw ghsuhfldwh> j ' f�

717 Hqgrzphqwv

Wkh kxpdq fdslwdo hqgrzphqw lv qrupdol}hg wr �� ' ��

8 Uhsuhvhqwdwlyh Lqglylgxdo

Lq Iljxuh 8 zh sorw wkh olih0f|foh ehkdylrxu ri wkh uhsuhvhqwdwlyh lqglylgxdo>
l1h1/ wkh htxloleulxp edvhg rq wkh sdudphwhul}dwlrq deryh1
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Dv Iljxuh 8 uhyhdov/ wkh prgho grhv d yhu| qlfh mre ri uhsolfdwlqj cw|slfdo*
olih0f|foh ehkdylrxu/ zlwk wkh srvvleoh h{fhswlrq ri wkh yhu| djhg1 Lq sdu0
wlfxodu/ wkh prgho suhglfwv wkdw frqvxpswlrq frqwlqxhv wr ulvh wkurxjkrxw
wkh olih0f|foh> wkh gdwd vxjjhvwv rwkhuzlvh1 Dv zhoo/ lq wkh prgho/ lqglylgxdov
glvvdyh lq rog djh pxfk pruh udslgo| wkdq lq wkh gdwd1 Wklv odvw ihdwxuh
frxog suhvxpdeo| eh uhfwl�hg e| lqfrusrudwlqj wkh ehtxhvw prwlyh1

9 Hydoxdwlqj Dowhuqdwlyh Vrxufhv ri Khwhur0

jhqhlw|

Lq wklv vhfwlrq/ zh vkdoo frqvlghu irxu vhsdudwh vrxufhv ri khwhurjhqhlw| dqg
hydoxdwh krz hdfk/ lq lvrodwlrq/ lv suhglfwhg wr d�hfw olih0f|foh ehkdylrxu1 Wkh
irxu sdudphwhuv zh frqvlghu duh= +4, wkh delolw| wr ohduq/ k( +5, wkh lqlwldo
hqgrzphqw ri kxpdq fdslwdo/ ��( +6, wkh glvfrxqw idfwru/ B( dqg +7, wkh wdvwh
iru ohlvxuh/ b� Iru hdfk fdvh/ zh zloo prgho wkuhh w|shv/ uhsuhvhqwlqj kljk/
phglxp/ dqg orz ydoxhv/ zlwk DfI ri wkh srsxodwlrq wdnlqj rq wkh phglxp
ydoxh/ dqg wkh rwkhu DfI hyhqo| glylghg dfurvv wkh wzr h{wuhph ydoxhv1

914 Khwhurjhqhrxv Ohduqlqj Delolw|

Vxssrvh wkdw lqglylgxdov gl�hu rqo| lq wkhlu delolw| wr ohduq> h1j1/ k '
f�2fc f�2Dc f��f� Wkh uhvxowv duh sorwwhg lq Iljxuh 9 +kljk delolw| w|shv duh
dvvrfldwhg zlwk froohjh judgxdwhv dqg orz delolw| w|shv duh dvvrfldwhg zlwk
gursrxwv,1

Revhuyh wkdw wkh hduqlqjv sur�ohv wdnh wkh h{shfwhg vkdsh lq wkh vhqvh
wkdw wkrvh zlwk orz ohduqlqj delolw| kdyh kljkhu hduqlqjv zkhq |rxqj +uhodwlyh
wr kljk ohduqlqj delolw| w|shv,/ dqg uhodwlyho| orzhu hduqlqjv zkhq rog1 Wklv
edvlf txdolwdwlyh sdwwhuq lv dovr kljkoljkwhg lq Qhdo dqg Urvhq +4<<;/ Iljxuh
715,/ zkr uhpdun wkdw wklv X0vkdshg uhodwlrqvkls ehwzhhq frkruw hduqlqjv
yduldqfh dqg frkruw djh lv dq lpsruwdqw wkhph lq wkh olwhudwxuh rq kxpdq
fdslwdo1

Exw dv Iljxuh 9 uhyhdov/ gl�huhqfhv lq ohduqlqj delolw| dorqh fdqqrw df0
frxqw iru olih0f|foh ehkdylrxu1 Lq sduwlfxodu/ wkh prgho kdv zlogo| lqdffxudwh
suhglfwlrqv frqfhuqlqj wkh udwh dw zklfk �qdqfldo dvvhwv duh dffxpxodwhg
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dfurvv hgxfdwlrq jurxsv1 Dffruglqj wr wkh prgho/ lqglylgxdov zlwk orz ohduq0
lqj delolw| +gursrxwv, zloo dffxpxodwh �qdqfldo dvvhwv udslgo|/ zkloh wkrvh
zlwk kljk ohduqlqj delolw| +froohjh, zloo qrw hyhq ehjlq dffxpxodwlqj dvvhwv
xqwlo djh 73 +li wkh| frxog/ wkhvh lqglylgxdov zrxog dfwxdoo| ghvluh d qhjdwlyh
qhw zruwk srvlwlrq hduo| lq wkh olih0f|foh,1

Wkh prgho*v orjlf lv shuihfwo| fohdu1 Zhdowk wdnhv wzr irupv lq wklv prgho=
kxpdq zhdowk dqg �qdqfldo zhdowk1 Orz delolw| lqglylgxdov qdwxudoo| zlvk
wr vxevwlwxwh lqwr wkh dffxpxodwlrq ri �qdqfldo zhdowk/ zkloh kljk delolw| lq0
glylgxdov doorfdwh wkhlu uhvrxufhv wrzdug dffxpxodwlqj kxpdq fdslwdo1 Odwhu
rq lq wkh olih0f|foh/ wkrvh zkr duh ulfk lq kxpdq fdslwdo zrun kdughu wr h{0
sorlw wkhlu uhodwlyho| kljk vnloo ohyhov/ zkloh wkrvh zkr duh ulfk lq �qdqfldo
zhdowk fdq d�rug wr frqvxph pruh ohlvxuh1

915 Khwhurjhqhrxv Kxpdq Fdslwdo Hqgrzphqw

Dq dowhuqdwlyh qrwlrq ri delolw| lv lq whupv ri d shuvrq*v hqgrzhg kxpdq
fdslwdo vwrfn/ srvvleo| lqkhulwhg dw dq hduo| djh e| sduhqwdo whdfklqjv1 Xqolnh
ohduqlqj delolw|/ zklfk lv vshfl�f wr dffxpxodwlrq ri kxpdq fdslwdo/ wkh delolw|
uhsuhvhqwhg lq wkh hqgrzhg kxpdq fdslwdo vwrfn pdnhv wkh lqglylgxdo pruh
vnlooixo lq doo wkuhh wlph xvhv= zrun/ ohduqlqj/ dqg ohlvxuh1 Iljxuh : sorwv wkh
prgho*v suhglfwlrq zlwk gl�huhqfhv lq wklv w|sh ri delolw|1

Dffruglqj wr wkh prgho/ shrsoh zkr duh eruq zlwk kljk vnloo ohyhov gr qrw
vshqg pxfk wlph ohduqlqj +wkh prgho zrxog dvvrfldwh wkhvh lqglylgxdov zlwk
gursrxwv,1 Wkh dprxqw ri wlph vshqw ohduqlqj phdvxuhg lq h!flhqf| xqlwv

+l1h1/ e�� lv yhu| vlplodu dfurvv gl�huhqw w|shv/ exw wkh dprxqw ri udz wlph
vshqw ohduqlqj lv qrw1;

Wkh glvshuvlrq lq frkruw hduqlqjv lv suhglfwhg wr eh juhdwhvw gxulqj |rxwk/
zklfk lv frxqwhuidfwxdo1 Ixuwkhupruh/ wkh kljko|0vnloohg lqglylgxdov zrun
uhodwlyho| kdug lq |rxwk dqg glvsod| d vwhhso| ghfolqlqj krxuv0djh sur�oh>
wklv wrr lv frxqwhuidfwxdo1 Rq wkh srvlwlyh vlgh/ wkh prgho grhv idluo| zhoo
dw uhsolfdwlqj frqvxpswlrq dqg dvvhw dffxpxodwlrq sdwwhuqv +h{fhsw iru wkh
idfw wkdw cgursrxwv* kdyh wkh kljkhu sur�ohv,1

;Qrwh wkdw lq wkh devhqfh ri ghew frqvwudlqwv/ wkh dprxqw ri wlph vshqw lq ohduqlqj
dfwlylwlhv phdvxuhg lq h!flhqf| xqlwv zrxog eh htxdo dfurvv w|shv1
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916 Khwhurjhqhrxv Glvfrxqw Udwh

Wkh lghd wkdw shrsoh gl�hu lq wkhlu ghjuhh ri csdwlhqfh*/ dqg wkdw wklv pljkw
h{sodlq pxfk hfrqrplf ehkdylrxu/ lv dq rog rqh> vhh Udh +4;67,1 Khuh zh
frqvlghu wkh wkuhh +dqqxdol}hg, glvfrxqw udwhv htxdo wr f�ffDc f�f� dqg f�fec
fruuhvsrqglqj wr wkh cYhu| Sdwlhqw*/ wkh cSdwlhqw*/ dqg wkh cLpsdwlhqw*/ uh0
vshfwlyho|1 Wkh uhvxowv duh sorwwhg lq Iljxuh ;1

Zlwk shuihfw fdslwdo pdunhwv/ gl�huhqfhv lq wkh udwh ri sxuh wlph suhihu0
hqfh zrxog kdyh qr lpsdfw rq wkh vfkrrolqj ghflvlrq1 Krzhyhu/ zkhq ghew
frqvwudlqwv elqg +dv wkh| gr lq rxu prgho,/ wkh lpsdwlhqw zloo xqghuwdnh ohvv
vfkrrolqj wkdq wkh sdwlhqw1 Frqvhtxhqwo|/ xqghu wklv lqwhusuhwdwlrq/ zkdw
glvwlqjxlvkhv froohjh judgxdwhv iurp kljk vfkrro gursrxwv lv/ lq wkh odqjxdjh
ri sv|fkrorjlvwv/ gl�huhqfhv lq wkh czloolqjqhvv wr ghihu judwl�fdwlrq1*

Dffruglqj wr Iljxuh ;/ wklv k|srwkhvlv dfwxdoo| vkrzv vrph surplvh lq
uhsolfdwlqj revhuyhg olih0f|foh sdwwhuqv/ hvshfldoo| lq uhjdug wr zhdowk dffx0
pxodwlrq1 Exw wkhuh duh vrph sureohpv khuh dv zhoo1 Lq sduwlfxodu/ dv frkruwv
dssurdfk plg0olih/ wkh hduqlqjv ri wkh zhoo0hgxfdwhg ehjlq wr gurs r� vwhhso|
dv wkh| frph wr uho| pruh rq wkhlu fdslwdo lqfrph1 Hduqlqjv gurs r� eh0
fdxvh ri oderxu vxsso| ehkdylrxu> wkh sdwlhqw kdyh vdful�fhg frqvxpswlrq
dqg ohlvxuh zkhq |rxqj iru kljkhu ohyhov ri frqvxpswlrq dqg ohlvxuh lq wkh ix0
wxuh1 Wkh vkdus gurs r� lq krxuv zrunhg uh hfwv wkh idfw wkdw wkhvh suxghqw
dqg +qrz, zhdowk| lqglylgxdov fdq d�rug wr frqvxph pruh ohlvxuh1 Lq wkh
gdwd/ krzhyhu/ wkh zhoo0hgxfdwhg whqg wr zrun kdughu wkurxjkrxw wkh hqwluh
olih0f|foh1

917 Khwhurjhqhrxv Wdvwh iru Ohlvxuh

Khuh zh frqvlghu wkh k|srwkhvlv wkdw shrsoh gl�hu lq wkh uhodwlyh zhljkwv
wkh| sodfh rq cpdunhw0edvhg* frqvxpswlrq yhuvxv ckrph0edvhg* frqvxpswlrq1
Ehiruh surfhhglqj/ zh vkrxog hpskdvl}h wkdw wkh iudphzrun zh kdyh dgrswhg
khuh lv iurp Khfnpdq +4<:9,/ zkhuh kxpdq fdslwdo lv dvvxphg wr eh htxdoo|
surgxfwlyh lq surgxflqj hlwkhu rxwsxw ru ohlvxuh1 Dq dowhuqdwlyh vshfl�fdwlrq
+rqh zklfk zh zloo h{soruh, zrxog kdyh kxpdq fdslwdo lpsurylqj surgxfwlylw|
rqo| lq wkh pdunhw vhfwru1

Wkh wkuhh sdudphwhu ydoxhv zh xvh duh b ' 2�fSc ��fSc e�fSc zklfk fruuh0
vsrqg wr cZrundkrolfv*/ cQrupdo*/ dqg cOhlvxuh0Oryhuv*/ uhvshfwlyho|/ lq Ilj0
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xuh <1

Wklv k|srwkhvlv dovr vkrzv vrph surplvh lq h{sodlqlqj vrph sdwwhuqv
ri ehkdylrxu1 Lq sduwlfxodu/ wkh txdolwdwlyh srvlwlrqlqj ri wkh sur�ohv iru
hduqlqjv/ lqfrph/ krxuv dqg frqvxpswlrq orrn qrw wrr edg/ h{fhsw srvvleo|
iru yhu| hduo| rq lq wkh olih f|foh1 Krzhyhu/ xqghu wkh vshfl�fdwlrq frqvlg0
huhg khuh/ wklv k|srwkhvlv suhglfwv lghqwlfdo vfkrrolqj dqg vdylqj ehkdylrxu
dfurvv wkh wkuhh jurxsv ri lqglylgxdov1 Xqghu wkh fxuuhqw vshfl�fdwlrq/ cod}|*
lqglylgxdov duh prwlyhg wr dffxpxodwh kxpdq fdslwdo dv udslgo| dv dq|rqh
hovh> wkh uhdvrq ehlqj wkdw kxpdq fdslwdo dxjphqwv wkh surgxfwlrq ri ohlvxuh
+phdvxuhg lq h!flhqf| xqlwv,1 Djdlq/ zh frqmhfwxuh wkdw e| dowhulqj wkh
Khfnpdq vshfl�fdwlrq wr wkh pruh wudglwlrqdo rqh lq zklfk kxpdq fdslwdo
dxjphqwv rqo| pdunhw0edvhg dfwlylw| +dqg vfkrrolqj,/ wkh k|srwkhvlv ri khw0
hurjhqhrxv wdvwhv iru ohlvxuh pljkw gr yhu| zhoo lq uhsolfdwlqj doo sdwwhuqv ri
olih0f|foh ehkdylrxu uhdvrqdeo| zhoo1

: Suholplqdu| Frqfoxvlrqv

Lq wklv sdshu zh kdyh uhylhzhg vrph vw|ol}hg idfwv frqfhuqlqj wkh olih0f|foh
ehkdylrxu ri lqglylgxdov glvwlqjxlvkhg e| wkhlu kxpdq fdslwdo lqyhvwphqwv1
Zh kdyh dwwhpswhg wr lqwhusuhw wkhvh gl�huhqfhv lq wkh frqwh{w ri d prgl�hg
Ehq0Srudwk kxpdq fdslwdo prgho wkdw ihdwxuhg lqglylgxdov zkr gl�huhg lq
wkh sdudphwhuv wkdw ghvfuleh wdvwhv/ delolw| dqg hqgrzphqwv1 Zh glvfryhuhg
wkdw qr vlqjoh sdudphwhu vhhpv fdsdeoh ri ghvfulelqj wkh khwhurjhqhrxv sdw0
whuqv ri hfrqrplf ehkdylrxu wkdw dulvh lq wkh gdwd +dq h{fhswlrq pd| wxuq
rxw wr eh wkh wdvwh iru ohlvxuh sdudphwhu lq d vxlwdeo| prgl�hg hqylurqphqw,1
Krzhyhu/ wkhuh lv d srvvlelolw| wkdw vrph frpelqdwlrq ri sdudphwhuv pd| gr
wkh wulfn dqg zh sodq dq hvwlpdwlrq h{huflvh lq rughu wr glvfryhu zkhwkhu wklv
pljkw eh wkh fdvh1

Rqh ri wzr wklqjv zloo frph rxw ri wklv h{huflvh1 Hlwkhu zh zloo glvfryhu
wkdw d vxlwdeo| sdudphwhul}hg yhuvlrq ri wkh kxpdq fdslwdo wkhru| fdq df0
frxqw uhdvrqdeo| zhoo iru wkh idfwv/ ru zh zloo glvfryhu rwkhuzlvh1 Lq hlwkhu
fdvh/ zh zloo kdyh d ydoxdeoh uhvxow1 Lq wkh odwwhu fdvh/ zh zloo kdyh surylghg
d fkdoohqjh iru wkh kxpdq fdslwdo wkhrulvwv/ zklfk zloo suhvxpdeo| vhqg wkhp
edfn wr wkh gudzlqj erdug1 Lq wkh iruphu fdvh/ zh fdq ehjlq wr xvh wkh prgho
wr h{soruh lwv lpsolfdwlrqv iru srolf|1 Wkh vrxufh ri sdudphwhu khwhurjhqhlw|
fdq pdwwhu iru wkh rswlpdo ghvljq ri srolf|> vhh Eodfnrue| dqg Grqdogvrq
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+4<;;, dqg Dqgroidwwr +5333,1 Dw wklv vwdjh/ lw zrxog dovr eh dssursuldwh wr
dvn wkh ghhshu txhvwlrqv ri zkdw h{dfwo| lv lw wkdw ghwhuplqhv gl�huhqfhv lq
wdvwhv dqg delolw|1
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Uhihuhqfhv

41 Dqgroidwwr/ Gdylg +5333,1 �D Wkhru| ri Lqdolhqdeoh Surshuw| Uljkwv/�
Pdqxvfulsw= Xqlyhuvlw| ri Zdwhuorr1

51 Dwwdqdvlr/ Rud}lr S1 +4<<7,1 �Shuvrqdo Vdylqj lq wkh Xqlwhg Vwdwhv/�
lq Lqwhuqdwlrqdo Frpsdulvrqv ri Krxvhkrog Vdylqj/ hglwhg e| Mdphv
P1 Srwhued/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Wkh Xqlyhuvlw| ri
Fklfdjr Suhvv1

61 Dwwdqdvlr/ Rud}lr S1 dqg Pduwlq Eurzqlqj +4<<8,1 �Frqvxpswlrq ryhu
wkh Olih F|foh dqg ryhu wkh Exvlqhvv F|foh/� Dphulfdq Hfrqrplf Uh0

ylhz/ ;8+8,= 44;:�456:1

71 Eodfnrue|/ Fkduohv dqg Gdylg Grqdogvrq +4<;;,1 �Fdvk Yhuvxv Nlqg/
Vhoi0Vhohfwlrq/ dqg H!flhqw Wudqvihuv/� Dphulfdq Hfrqrplf Uhylhz/
:;+7,= 9<4�:331

81 Eolqghu/ Dodq V1 +4<:7,1 Wrzdug dq Hfrqrplf Wkhru| ri Lqfrph Glv0

wulexwlrq/ Wkh PLW Suhvv1

91 Eolqghu/ Dodq V1 dqg \rudp Zhlvv +4<:9,1 �Kxpdq Fdslwdo dqg Oderu
Vxsso|= D V|qwkhvlv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;7+6,= 77<�7:51

:1 Eurzqlqj/ Pduwlq dqg Dqqdpduld Oxvdugl +4<<9,1 �Krxvhkrog Vdy0
lqj= Plfur Wkhrulhv dqg Plfur Idfwv/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/
[[[LY+7,= 4:<:�4;881

;1 Fdjhwwl/ Pdufr +4<<<,1 �Zhdowk Dffxpxodwlrq Ryhu wkh Olih F|foh
dqg Suhfdxwlrqdu| Vdylqjv/� Pdqxvfulsw suhvhqwhg dw wkh 4<<< QEHU
Vxpphu Lqvwlwxwh1

<1 Fdug/ Gdylg +4<<;,1 �Wkh Fdxvdo H�hfw ri Hgxfdwlrq rq Hduqlqjv/�
iruwkfrplqj lq wkh Kdqgerrn ri Oderu Hfrqrplfv1

431 Fduuroo/ Fkulvwrskhu G1 dqg Odzuhqfh K1 Vxpphuv +4<<4,1 �Frqvxps0
wlrq Jurzwk Sdudoohov Lqfrph Jurzwk= Vrph Qhz Hylghqfh/� lq Qd0

wlrqdo Vdylqj dqg Hfrqrplf Shuirupdqfh/ hglwhg e| E1 Grxjodv Ehuq0
khlp dqg Mrkq E1 Vkryhq/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ Wkh
Xqlyhuvlw| ri Fklfdjr Suhvv1
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441 Jrxulqfkdv/ Slhuuh0Rolylhu dqg Mrqdwkdq D1 Sdunhu +4<<<,1 �Frqvxps0
wlrq Ryhu wkh Olih F|foh/� Pdqxvfulsw suhvhqwhg dw wkh 4<<< QEHU
Vxpphu Lqvwlwxwh1

451 Khfnpdq/ Mdphv M1 +4<:9,1 �D Olih0F|foh Prgho ri Hduqlqjv/ Ohduqlqj/
dqg Frqvxpswlrq/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;7+7, Sduw 5= V44�
V6<1

461 Oloodug/ Ohh D1 +4<::,1 �Lqhtxdolw|= Hduqlqjv yv1 Kxpdq Zhdowk/�
Dphulfdq Hfrqrplf Uhylhz/ 9:= 75�861

471 Plqfhu/ Mdfre +4<:7,1 Vfkrrolqj/ H{shulhqfh dqg Hduqlqjv/ Froxpeld
Xqlyhuvlw| Suhvv1

481 Qhdo/ Ghuhn dqg Vkhuzlq Urvhq +4<<;,1 �Wkhrulhv ri wkh Glvwulexwlrq ri
Oderu Hduqlqjv/� QEHUzrunlqj sdshu 96:;= zzz1qehu1ruj2sdshuv2z96:;1

491 Udh/ Mrkq +4;67,1 Vwdwhphqw ri Vrph Qhz Sulqflsohv rq wkh Vxemhfw

rq wkh Vxemhfw ri Srolwlfdo Hfrqrp|/ Ervwrq= Klooldug/ Jud| dqg Fr1/
uhsulqwhg e| Dxjxvwxv P1 Nhooh|/ Errnvhoohu/ Qhz \run +4<97,1

4:1 U|ghu/ Kduo H1/ Vwd�rug/ Iudqn S1 dqg Sdxod H1 Vwhskdq +4<:9,1 �Od0
eru/ Ohlvxuh dqg Wudlqlqj Ryhu wkh Olih F|foh/� Lqwhuqdwlrqdo Hfrqrplf

Uhylhz/ 4:+6,= 984�9:71
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