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Devwudfw

Zh vwxg| wkh uroh ri wkh sk|vlfldq lq wkh fkrlfh ri guxjv iru sdwlhqwv
zlwk kljk eorrg suhvvxuh +k|shuwhqvlrq, dqg xofhuv1 D suhvfulswlrq
plfur gdwdvhw iurp d vpdoo Vzhglvk pxqlflsdolw| zkhuh erwk sdwlhqwv
dqg sk|vlfldqv fdq eh iroorzhg ryhu wlph lv xvhg1 Zh whvw li wkh fkrlfh
ri guxj lv lqghshqghqw ri wkh sk|vlfldq xvlqj d pl{hg orjlw hvwlpdwru
wkdw doorzv xv wr frqwuro iru wkh guxj wkh sdwlhqw kdv uhfhlyhg lq wkh
sdvw1 Wkh suredelolw| ri suhvfulelqj d sduwlfxodu guxj ydulhv ehwzhhq
sk|vlfldqv1 Vhhlqj d sk|vlfldq wkdw kdv suhvfulehg 43 shufhqwdjh xqlwv
pruh ri d vshfl�f guxj lq wkh sdvw/ lqfuhdvhv wkh suredelolw| ri uhfhly0
lqj wkdw guxj e| 6 shufhqwdjh xqlwv iru d qhz k|shuwhqvlrq sdwlhqw
dqg 918 shufhqwdjh xqlwv iru d qhz xofhu sdwlhqw1 Ihpdoh sk|vlfldqv
duh ohvv olnho| wr suhvfuleh qhz guxjv wkdq pdoh sk|vlfldqv1 Wkh orzhu
erxqg ri wkh zhoiduh orvv ri sk|vlfldq lqgxfhg yduldwlrqv lq guxj suh0
vfulswlrqv iru qhz sdwlhqwv lv 4( ri guxj h{shqglwxuhv iru k|shuwhqvlrq
dqg 44( ri guxj h{shqglwxuhv iru xofhuv1

Nh|zrugv= skdupdfhxwlfdov/ sk|vlfldq ehkdylru/ phglfdo sudf0
wlfh yduldwlrqv/ sudfwlfh vw|oh/ pl{hg orjlw hvwlpdwru1

MHO= F58/ L44/ O43/ R661

�Fruuhvsrqglqj dxwkru= Grxjodv Oxqglq/ Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro
ri Hfrqrplfv/ Er{ 9834/ V0446 ;6 Vwrfnkrop/ Vzhghq> h0pdlo= grxjodv1oxqglqCkkv1vh1

|Dfnqrzohgjhphqwv= Zh wkdqn Johqq F1 Eorptxlvw dqg dq dqrq|prxv uhihuhh iru
khosixo frpphqwv dqg vxjjhvwlrqv1
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4 Lqwurgxfwlrq

Wkh h{shqglwxuh rq skdupdfhxwlfdov lv lqfuhdvlqj udslgo| lq pdq| frxqwulhv1

Dq lpsruwdqw h{sodqdwlrq iru wkh lqfuhdvhg h{shqglwxuh lv wkh vzlwfk iurp rog

wr qhz guxjv +Jhugwkdp hw do1 4<<;,1 Dffruglqj wr d vwxg| e| Jhugwkdp hw

do1 +4<<;, uhdo skdupdfhxwlfdo h{shqglwxuh lq Vzhghq zrxog kdyh lqfuhdvhg

e| rqo| 48( udwkhu wkdq wkh revhuyhg 83( ehwzhhq 4<<3 dqg 4<<8/ zlwkrxw

wklv vkliw1 Dq lqwhuhvwlqj txhvwlrq lv zkhwkhu wkh lqfuhdvhg h{shqglwxuhv duh

zhoo prwlydwhg1 Grhv wkh vzlwfk iurp rog dqg ohvv h{shqvlyh guxjv wr qhz

dqg pruh h{shqvlyh guxjv uhsuhvhqw jhqxlqh zhoiduh lpsuryhphqwvB Wkh uhd0

vrq wkh dqvzhu wr wklv txhvwlrq lv qrw reylrxv olhv lq wkh vshfldo lqvwlwxwlrqdo

duudqjhphqwv rq wkh pdunhw iru skdupdfhxwlfdov= Lq wklv pdunhw wkh frq0

vxphu lv qhlwkhu wkh vroh ghflvlrq pdnhu qru uhvsrqvleoh iru d odujh vkduh ri

wkh frvwv1 Wr hydoxdwh wkh zhoiduh h�hfwv ri skdupdfhxwlfdo lqqrydwlrq lw lv

fuxfldo wr xqghuvwdqg krz sk|vlfldq suhvfulswlrq ghflvlrqv duh pdgh1

\hw olwwoh lv nqrzq derxw sk|vlfldq suhvfulswlrq ehkdylru/ zlwk wkh h{0

fhswlrq ri vrph uhfhqw vwxglhv1 Khoohuvwhlq +4<<;, dqg Frvfhool +5333, irxqg

h�hfwv ri kdelw shuvlvwhqfh ri sk|vlfldqv lq wkh fkrlfh ehwzhhq suhvfulelqj

jhqhulf dqg eudqghg guxj yhuvlrqv1 Oxqglq +5333, irxqg wkdw wkh sk|vlfldqv

wdnh lqwr dffrxqw frvwv eruqh e| wkh sdwlhqwv wr d odujhu h{whqw wkdq frvwv

uhlpexuvhg e| wkh vwdwh/ dqg Vwhuq dqg Wudmwhqehuj +4<<;, irxqg wkdw pruh

frqfhqwudwhg suhvfulehuv duh pruh olnho| wr suhvfuleh guxjv zlwk kljk ohyhov

ri dgyhuwlvlqj/ orz sulfhv dqg kljk +odjjhg, pdunhw vkduhv1

Iurp d zhoiduh shuvshfwlyh lw lv lpsruwdqw wr glvhqwdqjoh wkh h�hfw ri wkh

sk|vlfldq iurp wkh h�hfw ri wkh sdwlhqw lq wkh suhvfulswlrq ghflvlrqv1 Li zh/

iru lqvwdqfh/ revhuyh d yduldwlrq lq wkh suhvfulswlrq sdwwhuq ehwzhhq sk|vl0

fldqv/ wkh zhoiduh lpsolfdwlrqv ri wkhvh yduldwlrqv ghshqg rq li wkh sdwlhqwv

ru wkh sk|vlfldqv fdxvh wkhp1 Li wkh sdwlhqwv fdxvh wkhp wkh| pd| uhsuhvhqw
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ohjlwlpdwh yduldwlrqv gxh wr yduldwlrqv lq sdwlhqw suhihuhqfhv ru sdwlhqw pl{

ehwzhhq sk|vlfldqv1 Li wkh sk|vlfldqv/ rq wkh rwkhu kdqg/ fdxvh wkhp/ wkh

yduldwlrqv ohdg wr zhoiduh orvvhv1 Ehfdxvh/ li wkh olnholkrrg ri uhfhlylqj d

sduwlfxodu guxj iru d sdwlhqw ydulhv ehwzhhq sk|vlfldqv/ qrw doo sk|vlfldqv duh

dgrswlqj dq rswlpdo suhvfulswlrq sdwwhuq1 Wkh odujhu wkh sk|vlfldq lqgxfhg

yduldwlrqv/ wkh odujhu wkh zhoiduh orvvhv1 Lq wkh khdowk vhuylfhv uhvhdufk �hog

wkhuh lv d odujh olwhudwxuh rq wkh yduldwlrq lq wkh xvh ri ydulrxv phglfdo lq0

whuyhqwlrqv dfurvv jhrjudsklfdo duhdv +Zhqqehuj dqg Jlwwhovrkq 4<:6/ 4<;5>

Skhosv dqg Sduhqwh 4<<3> Skhosv dqg Prrqh| 4<<5,1 Rqh ri wkh pdlq k|0

srwkhvhv wr h{sodlq wkhvh vpdoo duhd yduldwlrqv/ wkh sk|vlfldq sudfwlfh vw|oh

k|srwkhvlv/ dujxhv wkdw wkh yduldwlrqv duh fdxvhg e| sk|vlfldq xqfhuwdlqw|

derxw wkh h�hfwv ri phglfdo lqwhuyhqwlrqv +Zhqqehuj 4<;7,1 Wklv h{sodqd0

wlrq kdv dovr ehhq xvhg wr jhqhudwh hvwlpdwhv ri zhoiduh orvvhv ri vpdoo duhd

yduldwlrqv +Skhosv dqg Sduhqwh 4<<3> Skhosv dqg Prrqh| 4<<5,1 D olplwdwlrq

ri wklv olwhudwxuh/ krzhyhu/ lv wkdw lw lv edvhg rq djjuhjdwh gdwd/ pdnlqj lw

gl!fxow wr whvw li wkh yduldwlrqv duh dfwxdoo| fdxvhg e| wkh sk|vlfldqv1

Wkh dlp ri wklv vwxg| lv wr whvw wkh lpsruwdqfh ri wkh sk|vlfldq lq fkrlfh

ri suhvfulswlrq guxjv1 Zh xvh lqglylgxdo ohyho gdwd iru wzr frpprq glvhdvhv=

xofhuv dqg kljk eorrg suhvvxuh +k|shuwhqvlrq,1 Wkh gdwd vhw lv edvhg rq doo

guxjv glvshqvhg iurp wkh wzr skdupdflhv lq d vpdoo Vzhglvk pxqlflsdolw|

gxulqj 4<;;04<<81 Lq wkh gdwd vhw zh fdq wudfn erwk sk|vlfldqv dqg sdwlhqwv

ryhu wlph1 Wkh delolw| wr iroorz erwk lv ri fuxfldo lpsruwdqfh wr eh deoh wr

ixoo| frqwuro iru sdwlhqw khwhurjhqhlw|1 Zklfk guxj lv suhvfulehg wrgd| iru d

sdwlhqw lv olnho| wr ghshqg rq zklfk guxj wkh sdwlhqw kdv uhfhlyhg lq wkh sdvw/

dqg wklv whpsrudo shuvlvwhqfh lq guxj fkrlfh fdq eh frqwuroohg iru e| iroorz0

lqj sdwlhqwv ryhu wlph1 Zh xvh wkh pl{hg orjlw hvwlpdwru +vhh PfIdgghq dqg

Wudlq +4<<:,/ Eurzqvwrqh dqg Wudlq +4<<<, dqg Uhyhow dqg Wudlq +4<<;,,/ d
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vr0fdoohg vlpxodwlrq hvwlpdwru/ wr hvwlpdwh d g|qdplf glvfuhwh fkrlfh prgho1

Wklv hvwlpdwru doorzv xv wr lqfoxgh d odjjhg ghshqghqw yduldeoh lq rxu prgho

dqg wr gurs wkh uhvwulfwlyh dvvxpswlrq ri lqghshqghqfh ri luuhohydqw dowhuqd0

wlyhv lq wkh vwdqgdug pxowlqrpldo orjlw prgho1

Zh whvw li wkh fkrlfh ri guxj lv lqghshqghqw ri wkh sk|vlfldq1 Dv d phdvxuh

ri sk|vlfldq suhihuhqfhv zh xvh wkh iudfwlrq ri wkh gl�huhqw guxjv suhvfulehg

e| wkh sk|vlfldq lq wkh sdvw +frqwuroolqj iru gl�huhqfhv lq sdwlhqw pl{ eh0

wzhhq sk|vlfldqv,1 Iru erwk k|shuwhqvlrq dqg xofhuv zh fdq uhmhfw wkh qxoo

k|srwkhvlv wkdw wkh fkrlfh ri guxj lv lqghshqghqw ri wkh sk|vlfldq1 Vhhlqj

d sk|vlfldq wkdw kdv suhvfulehg 43 shufhqwdjh xqlwv pruh ri d vshfl�f guxj

lq wkh sdvw/ lqfuhdvhv wkh suredelolw| ri uhfhlylqj wkdw guxj e| 6 shufhqw0

djh xqlwv iru d qhz k|shuwhqvlrq sdwlhqw dqg 918 shufhqwdjh xqlwv iru d qhz

xofhu sdwlhqw1 Iru uhshdwhg suhvfulswlrqv wr wkh vdph sdwlhqw wkh h�hfw ri

wkh sk|vlfldq lv vwdwlvwlfdoo| vljql�fdqw exw pxfk vpdoohu/ ehfdxvh wkh sd0

wlhqw w|slfdoo| uhfhlyhv wkh vdph guxj dv suhvfulehg odvw wlph1 Zh dovr whvw

li sk|vlfldq suhvfulswlrq ehkdylru ydulhv zlwk revhuydeoh sk|vlfldq fkdudf0

whulvwlfv +jhqghu ri wkh sk|vlfldq/ |hdu ri judgxdwlrq iurp phglfdo vfkrro/

dqg suhvfulswlrq yroxph,1 Wkh rqo| vljql�fdqw sk|vlfldq fkdudfwhulvwlf lv wkh

jhqghu ri wkh sk|vlfldq1 Ihpdoh sk|vlfldqv duh ohvv olnho| wr suhvfuleh qhz

guxjv wkdq pdoh sk|vlfldqv1

Wr dvvhvv wkh srolf| lpsruwdqfh ri wkh yduldwlrqv lq guxj suhvfulswlrqv/

zh gr vrph whqwdwlyh hvwlpdwlrqv ri wkh zhoiduh orvvhv dvvrfldwhg zlwk sk|vl0

fldq lqgxfhg yduldwlrqv lq guxj suhvfulswlrqv zlwklq d vpdoo jhrjudsklfdo duhd

+Skhosv dqg Sduhqwh 4<<3,1 Wkh orzhu erxqg ri wkh zhoiduh orvv iru k|shuwhq0

vlrq lv hvwlpdwhg wr 413( ri guxj h{shqglwxuh iru qhz sdwlhqwv dqg 315( iru

uhshdwhg suhvfulswlrqv1 Iru xofhuv wkh orzhu erxqg ri wkh zhoiduh orvv lv 4417(

ri guxj h{shqglwxuh iru qhz sdwlhqwv dqg 31<( iru uhshdwhg suhvfulswlrqv1
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Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh jlyh d eulhi edfnjurxqg

wr wkh sureohp dw kdqg1 Wkh prgho xvhg lv vshfl�hg lq Vhfwlrq 6 dqg wkh

gdwd dqg yduldeohv xvhg duh ghvfulehg lq Vhfwlrq 71 Lq Vhfwlrq 8 wkh uhvxowv

duh suhvhqwhg/ iroorzhg e| vrph frqfoxglqj uhpdunv lq Vhfwlrq 91

5 Edfnjurxqg

514 Wkh Vzhglvk skdupdfhxwlfdo pdunhw

Ehiruh surfhhglqj/ lw lv lpsruwdqw wr jlyh d eulhi ghvfulswlrq ri wkh lqvwlwx0

wlrqdo duudqjhphqwv rq wkh pdunhw iru skdupdfhxwlfdov lq Vzhghq1 Sulfhv

ri suhvfulswlrq guxjv duh uhjxodwhg lq Vzhghq1 Xqwlo 4<<6/ skdupdfhxwlfdo

sulfhv zhuh ghwhuplqhg lq qhjrwldwlrqv ehwzhhq wkh surgxfhuv dqg wkh Qd0

wlrqdo Frusrudwlrq ri Vzhglvk Skdupdflhv +d jryhuqphqw rzqhg frpsdq|

wkdw kdv d prqrsro| rq doo uhwdlolqj ri skdupdfhxwlfdov,1 Iurp 4<<6 d jry0

huqphqw djhqf|/ wkh Qdwlrqdo Vrfldo Lqvxudqfh Erdug/ kdv ehhq uhvsrqvleoh

iru wkh sulfh uhjxodwlrq dqg qhjrwldwhv zlwk wkh surgxfhuv1 Skdupdfhxwlfdo

sulfhv duh vhw dqqxdoo| dqg duh wkh vdph iru doo sxufkdvhuv1

Dqrwkhu lpsruwdqw fkdudfwhulvwlf lv wkh kljk ghjuhh ri wklug sduw| �qdqf0

lqj ri suhvfulswlrq guxjv1 Wkh exon ri wkh frvw ri suhvfulswlrq guxjv +derxw

;3(, lv uhlpexuvhg e| wkh jryhuqphqw/ dqg �qdqfhg iurp jhqhudo wd{hv1 Dw

wkh wlph ri rxu vwxg| sdwlhqwv sdlg d �{hg xvhu fkdujh shu suhvfulswlrq +iru 6

prqwkv* xvh ri wkh guxj, dqg wkh uhpdlqlqj sduw ri wkh guxj frvw zdv sdlg e|

wkh Qdwlrqdo Vrfldo Lqvxudqfh Erdug +wkh xvhu fkdujh shu suhvfulswlrq lq 4<;;

zdv VHN +Vzhglvk Nurqru, 98> h{fkdqjh udwh 4<;; '4@VHN 9146,14 Gxh wr

wkh frqvwuxfwlrq ri wkh uhlpexuvhphqw v|vwhp/ wkh sulfh idfhg e| wkh sdwlhqw

4Wkh uhlpexuvhphqw v|vwhp kdv vxevhtxhqwo| ehhq fkdqjhg dqg vlqfh 4<<: wkh frsd|0

phqw ghshqgv rq wkh frvw ri wkh guxj xs wr d vshfl�f dqqxdo frvw1
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grhv qrw ydu| ehwzhhq guxjv/ jlylqj wkhp olwwoh lqfhqwlyh wr wdnh lqwr dffrxqw

dq| sulfh gl�huhqfhv1 Vlploduo|/ sk|vlfldqv gr qrw kdyh dq| shfxqldu| lqfhq0

wlyhv wr lqfrusrudwh wkh sulfh ri guxjv lqwr suhvfulswlrq ghflvlrqv1 Sk|vlfldqv

xvxdoo| zrun zlwklq wkh Frxqw| Frxqflo v|vwhp/ dqg duh rq vdodu|1 Khqfh

wkh fkrlfh ri guxjv kdv qr h�hfw rq wkh sk|vlfldq*v lqfrph1

515 Wkh pdunhw iru k|shuwhqvlrq guxjv

K|shuwhqvlrq lv d vlohqw nloohu1 Lqglylgxdov w|slfdoo| gr qrw h{shulhqfh dq|

v|pswrpv ri hohydwhg eorrg suhvvxuh/ hyhq wkrxjk wkh suhvvxuh lv gdpdjlqj

duwhuldo zdoov lq wkh khduw/ eudlq dqg rwkhu rujdqv ohdglqj wr dq lqfuhdvhg

ulvn ri frurqdu| khduw glvhdvh dqg vwurnh1 K|shuwhqvlrq d�hfwv d odujh sduw

ri wkh dgxow srsxodwlrq dqg lw kdv ehhq hvwlpdwhg wkdw derxw :( ri wkh dgxow

srsxodwlrq lq Vzhghq uhfhlyh guxj wuhdwphqw iru k|shuwhqvlrq +Wkh Vzhglvk

Frxqflo rq Whfkqrorj| Dvvhvvphqw lq Khdowk Fduh 4<<8,1 Lq Vzhghq irxu

pdmru fodvvhv ri guxjv duh xvhg lq wkh wuhdwphqw ri k|shuwhqvlrq= glxuhwlfv/

ehwd0eorfnhuv/ DFH0lqklelwruv dqg fdoflxp dqwdjrqlvwv1 Wkhuh kdv ehhq d

frqwlqxrxv vkliw wrzdugv wuhdwphqw zlwk DFH0lqklelwruv dqg fdoflxp dqwdj0

rqlvwv vlqfh wkhvh guxjv zhuh lqwurgxfhg lq wkh plg 4<;3v1 Lq Iljxuh 4 zh

vkrz wkh pdunhw vkduhv ri wkh irxu gl�huhqw fodvvhv ri k|shuwhqvlrq guxjv

ehwzhhq 4<;; dqg 4<<7 edvhg rq rxu gdwd vhw1 Wkh pdunhw vkduh ri glxuhwlfv

ghfuhdvhg iurp 8:16( wr 791;( dqg wkh pdunhw vkduh ri ehwd0eorfnhuv gh0

fuhdvhg iurp 6717( wr 5813(1 Lq wkh vdph wlph shulrg wkh pdunhw vkduh ri

fdoflxp dqwdjrqlvwv lqfuhdvhg pruh wkdq wkuhhirog iurp 813( wr 4917( dqg

wkh pdunhw vkduh ri DFH0lqklelwruv lqfuhdvhg derxw irxuirog iurp 615( wr

441<(1

Wkh vkliw wr DFH0lqklelwruv dqg fdoflxp dqwdjrqlvwv rffxuuhg hyhq wkrxjk
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wkhvh guxjv zhuh pxfk pruh h{shqvlyh1 Lq Wdeoh 4 zh vkrz wkh gdlo| frvw

ri wuhdwphqw zlwk wkh irxu fodvvhv ri guxjv lq rxu gdwd1 Wkh fkhdshvw guxjv

duh glxuhwlfv/ zklfk kdg d gdlo| frvw ri VHN 413: lq 4<;;1 Wklv fdq eh frp0

sduhg wr wkh gdlo| frvw ri VHN 6136 iru ehwd0eorfnhuv/ VHN 61;3 iru fdoflxp

dqwdjrqlvwv dqg VHN 71<< iru DFH0lqklelwruv lq 4<;;1 Lq vslwh ri wkh vkliw

iurp fkhdshu wr pruh h{shqvlyh guxjv/ wkh uhdo phdq gdlo| frvw ri k|shu0

whqvlrq wuhdwphqw ghfuhdvhg e| derxw :( iurp 4<;; wr 4<<71 Wklv ghfuhdvh

lv ehfdxvh wkh frvw shu gd| ri wuhdwphqw ghfuhdvhg lq uhdo whupv ryhu wlph

zlwklq hdfk guxj fodvv1 Wkdw wkh sulfhv ri h{lvwlqj guxjv lqfuhdvh ohvv wkdq

wkh jhqhudo lq dwlrq lv frpprqo| revhuyhg rq wkh Vzhglvk skdupdfhxwlfdo

pdunhw +Jhugwkdp hw do1 4<<;,/ dqg lv suredeo| gxh wr wkh sulfh uhjxodwlrq1

Zlwkrxw dq| vkliw lq wuhdwphqw ehwzhhq wkh gl�huhqw guxj jurxsv wkh frvw

shu gd| ri wuhdwphqw zrxog kdyh ghfuhdvhg e| 65( ehwzhhq 4<;; dqg 4<<7

udwkhu wkdq wkh revhuyhg :(1 Wkh vkliw iurp wkh rog guxjv wr wkh qhz guxjv

+DFH0lqklelwruv dqg fdoflxp dqwdjrqlvwv, lq k|shuwhqvlrq/ wkxv fohduo| kdv

kdg d pdmru lpsdfw rq guxj vshqglqj1

516 Wkh pdunhw iru xofhu guxjv

Wkh pdunhw iru xofhu guxjv lv dqrwkhu pdmru pdunhw iru suhvfulswlrq guxjv1

Xofhuv fdq eh glylghg lqwr jdvwulf dqg gxrghqdo xofhuv/ dqg duh fkdudfwhul}hg

e| vwrpdfk sdlq dqg uhgxfhg txdolw| ri olih1 Li ohiw xqwuhdwhg xofhuv fdq ohdg

wr olih0wkuhdwhqlqj eohhglqjv1 Lw kdv ehhq hvwlpdwhg wkdw derxw 5( ri wkh

srsxodwlrq lq Vzhghq vx�hu iurp xofhuv lq d |hdu dqg wkdw 43( duh d�hfwhg

lq wkhlu olihwlph +Dsrwhnhw DE 4<<<,1 Xofhu guxjv duh dovr xvhg wr wuhdw wzr

uhodwhg gldjqrvhv= g|vshsvld +vwrpdfk sdlq zlwkrxw d yhul�hg gldjqrvlv ri

xofhu, dqg jdvwurhvrskdjhdo uh x{ glvhdvh +JHUG> khduwexuq,1 Lq wklv sdshu

zh frqvlghu doo irxu gldjqrvhv wr eh sduw ri wkh pdunhw iru xofhu guxjv +exw
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zh frqwuro iru wkh gldjqrvlv lq wkh hvwlpdwlrqv,1

Lq Vzhghq wzr pdmru fodvvhv ri guxjv duh xvhg lq wkh wuhdwphqw ri xofhuv=

K20dqwdjrqlvwv dqg surwrq sxps lqklelwruv1
5 Wkh �uvw surwrq sxps lqklelwru

+rphsud}roh, zdv lqwurgxfhg lq 4<;; lq Vzhghq/ wkh �uvw |hdu ri rxu gdwd1

Dv fdq eh vhhq lq Iljxuh 5/ zkhuh zh vkrz wkh pdunhw vkduh ri wkh surwrqh

sxps lqklelwruv/ wkh| kdyh wdnhq ryhu wkh pdunhw iurp wkh K20dqwdjrqlvwv lq

rxu revhuydwlrq shulrg1 Lq 4<;; wkh pdunhw vkduh ri surwrq sxps lqklelwruv

zdv ;1<( dqg lq 4<<8 wklv pdunhw vkduh kdg lqfuhdvhg wr :413(1 Dv iru

wkh k|shuwhqvlrq pdunhw wklv vkliw rffxuuhg lq vslwh ri wkdw wkh surwrq0sxps

lqklelwruv zhuh vxevwdqwldoo| pruh h{shqvlyh wkdq wkh K20dqwdjrqlvwv1 Lq

Wdeoh 4 zh vkrz wkh gdlo| frvw ri wuhdwphqw zlwk wkh wzr fodvvhv ri guxjv

edvhg rq wkh suhvfulswlrqv lq rxu gdwd vhw dqg wkh r!fldo uhwdlo sulfhv1 Lq

4<;; wkh gdlo| frvw ri K20dqwdjrqlvwv zdv VHN 43199 dqg wkh gdlo| frvw

ri surwrq sxps lqklelwruv zdv VHN 5;1831 Wkh phdq gdlo| frvw ri xofhu

wuhdwphqw lqfuhdvhg lq uhdo whupv e| derxw 7<( iurp 4<;; wr 4<<81 Zlwkrxw

dq| vkliw lq guxj wuhdwphqw ehwzhhq 4<;; dqg 4<<8 wkh phdq gdlo| frvw ri

xofhu zrxog lqvwhdg kdyh ghfuhdvhg e| 4(1 Wkh lqfuhdvh lq guxj vshqglqj

gxh wr wkh vkliw iurp rog guxjv wr qhz guxjv lv wkxv hyhq pruh surqrxqfhg

rq wkh xofhu pdunhw wkdq wkh k|shuwhqvlrq pdunhw1

5Vxfudoidwh +d phpeudqh surwhfwlyh vxevwdqfh, lv d wklug xofhu guxj wkdw lv xvhg lq

Vzhghq1 Krzhyhu/ ehfdxvh lw zdv uduho| suhvfulehg lq rxu gdwd vhw +<1:( ri suhvfulswlrqv,

zh phujhg wkhvh revhuydwlrqv zlwk wkh K50dqwdjrqlvwv wr fuhdwh d glvwlqfwlrq ehwzhhq rog

guxjv +K50dqwdjrqlvwv dqg vxfudoidwh, dqg qhz guxjv +surwrq sxps lqklelwruv,1 Wkh �rog

guxjv� duh uhihuuhg wr dv K50dqwdjrqlvwv lq wkh sdshu1

;



6 Prgho

Dvvxph wkdw lq hdfk wlph shulrg sdwlhqwv jhw rqh guxj suhvfulehg1 Ohw L�&|

ghqrwh wkh xwlolw| wr sdwlhqw � ri kdylqj guxj & suhvfulehg rq rffdvlrq |/ dqg

vshfli| xwlolw| dv=

L�&| ' f�|w& n >�� +4,

Khuh/ f�| lv d yhfwru ri revhuyhg fkdudfwhulvwlfv ri sdwlhqw � dw wlph |/ dqg w& lv

d fruuhvsrqglqj yhfwru ri frh!flhqwv fdswxulqj krz wkhvh sdwlhqw dwwulexwhv

d�hfw wkh sdwlhqw*v xwlolw| iurp guxj &1 Djh/ vh{ dqg gxpp| yduldeohv iru

frqfrplwdqw glvhdvhv duh lqfoxghg lq f1 Ehvlgh wkhvh revhuydeohv/ krz zhoo

d guxj zrunv iru d sduwlfxodu sdwlhqw dovr ghshqgv rq xqrevhuydeoh idfwruv/

fdswxuhg e| >� lq wkh prgho +h1j1 wkh whqghqf| iru d sdwlhqw wr vx�hu vlgh0

h�hfwv iurp d sduwlfxodu guxj,1 Vlqfh wklv xqrevhuyhg khwhurjhqhlw| fdq sod|

d ghflvlyh uroh/ lw lv lpsruwdqw wr dffrxqw iru lw fruuhfwo| lq wkh hvwlpdwlrqv1

Li erwk sk|vlfldqv dqg sdwlhqwv zhuh shuihfwo| lqiruphg dqg hfrqrplf

frqvlghudwlrqv +l1h1 sulfhv, sod|hg qr uroh/ suhvfulswlrq ghflvlrqv zrxog eh

edvhg rq frpsdulvrqv ri xwlolwlhv dv vshfl�hg lq h{suhvvlrq +4,1 D pruh

frpsohwh prgho/ krzhyhu/ lqfrusrudwhv wkuhh pruh ihdwxuhv ri wkh fkrlfh ri

guxj= Iluvw/ lw lv qrw wkh sdwlhqw dorqh zkr pdnhv wkh ghflvlrq/ exw d sk|vlfldq

zkr pdnhv wkh ghflvlrq rq ehkdoi ri wkh sdwlhqw1 Sk|vlfldqv prvw suredeo|

gl�hu lq wkhlu eholhiv derxw wkh uhodwlyh phulwv ri gl�huhqw guxjv/ eholhiv wkdw

zloo lq xhqfh wkh ghflvlrq1 Vhfrqg/ wkh sulfh ri guxjv pd| dovr pdwwhu1 Wklug/

wkhuh lv olnho| wr eh whpsrudo shuvlvwhqfh lq wkh fkrlfh ri guxjv ryhu wlph iru d

sdwlhqw1 Shuvlvwhqfh lq guxj fkrlfh ryhu wlph lv frqvlvwhqw zlwk wzr gl�huhqw

sdwwhuqv ri sdwlhqw ehkdylru1 Lw frxog eh gxh wr vwdwh ghshqghqfh= wkdw kdylqj

d sduwlfxodu guxj suhvfulehg dw | � � e| lwvhoi pdnhv wkh sdwlhqw pruh olnho| wr

kdyh wkdw guxj suhvfulehg djdlq dw |1 Wklv lv d kdelw h�hfw1 Lw frxog dovr eh
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gxh wr khwhurjhqhlw|= wkdw sdwlhqwv gl�hu dv wr zkdw guxj lv prvw phglfdoo|

dssursuldwh iru wkhp1 Kdylqj wkh vdph guxj suhvfulehg dv lq wkh suhylrxv

shulrg/ pd| vlpso| uh hfw wkdw wkh sdwlhqw kdv douhdg| ehhq pdwfkhg zlwk

wkh ehvw guxj1 Wr glvwlqjxlvk ehwzhhq vwdwh ghshqghqfh dqg khwhurjhqhlw|

hpslulfdoo| lv yhu| gl!fxow/ exw e| lqfoxglqj d odjjhg ghshqghqw yduldeoh dqg

dovr doorzlqj iru xqrevhuyhg khwhurjhqhlw|/ lw lv srvvleoh wr frqwuro iru erwk16

D pruh frpsohwh prgho wkdw lqfrusrudwhv wkhvh ihdwxuhv fdq eh vshfl0

�hg dv iroorzv1 Ohw L��&| ghqrwh sk|vlfldq �*v dvvhvvphqw ri wkh xwlolw| wr

lqglylgxdo � ri kdylqj guxj & suhvfulehg rq rffdvlrq |/ dqg vshfli| wklv dv

L��&| ' 4L��&|3� n BR&| nf�|w& n ��&| n >� n "��&|� +5,

Zkhuh ��&| lv sk|vlfldq �*v dvvhvvphqw dw wlph | ri guxj &*v dyhudjh wkhud0

shxwlfdo txdolwlhv/ R&| lv wkh sulfh ri guxj & rq rffdvlrq |/ dqg zkhuh odjjhg

xwlolw| L��&|3� lv lqfoxghg wr doorz iru whpsrudo shuvlvwhqfh1 Wkh odvw whup/

"��&|/ lv wkh udqgrp glvwxuedqfh/ uh hfwlqj lpshuihfw shufhswlrqv dqg rswl0

pl}dwlrq/ dv zhoo dv wkh lqdelolw| ri wkh dqdo|vw wr phdvxuh h{dfwo| doo wkh

uhohydqw yduldeohv1 Wkh lqfoxvlrq ri wklv whup sxwv rxu prgho lq d udqgrp

xwlolw| iudphzrun +PfIdgghq/ 4<:6,1

Wr ghwhuplqh zklfk guxj wr suhvfuleh wkh sk|vlfldq zloo frpsduh wkh

dvvhvvhg xwlolw| +L��&|, ri doo guxjv wr wuhdw d vshfl�f glvhdvh dqg suhvfuleh wkh

guxj zlwk wkh kljkhvw dvvhvvhg xwlolw|1 Wkh prgho vxjjhvwv wkdw wkh olnholkrrg

ri uhfhlylqj d vshfl�f guxj iru d sdwlhqw zloo ghshqg rq wkh iroorzlqj irxu

idfwruv1

41 Wkh dvvhvvphqw ri wkh sk|vlfldq ri wkh dyhudjh wkhudshxwlfdo txdolw|

ri wkh guxjv wr wuhdw wkdw glvhdvh1

6Khfnpdq +4<;4, kdv vkrzq wkdw lw fdq eh yhu| kdug wr glvwlqjxlvk hpslulfdoo| eh0

wzhhq xqrevhuyhg khwhurjhqhlw| dqg vwdwh ghshqghqfh1 Vhh Nhdqh +4<<:, iru dq dpelwlrxv

dwwhpsw1 Vhh Pdggdod +4<;:, iru d jhqhudo glvfxvvlrq ri g|qdplf glvfuhwh fkrlfh prghov1
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51 Wkh revhuydeoh sdwlhqw fkdudfwhulvwlfv1

61 Wkh sulfh ri wkh guxjv wr wuhdw wkdw glvhdvh1

71 Wkh guxj suhvfulehg wr wkh sdwlhqw lq wkh suhylrxv shulrg1

Ehorz zh zloo whvw wkh lpsruwdqfh ri wkhvh irxu idfwruv1 Rxu sulpdu|

k|srwkhvlv lv wr whvw li wkh suredelolw| ri uhfhlylqj d guxj ydulhv ehwzhhq

sk|vlfldqv ghshqglqj rq wkh sk|vlfldqv* shufhlyhg txdolw| ri wkh guxj +idfwru

4 deryh,1 Wklv fdq eh ylhzhg dv d whvw ri wkh vr0fdoohg sudfwlfh vw|oh k|srwkh0

vlv lq wkh olwhudwxuh rq vpdoo duhd yduldwlrqv lq wkh xvh ri phglfdo surfhgxuhv/

l1h1 wkdw wkh yduldwlrqv duh fdxvhg e| sk|vlfldq xqfhuwdlqw| derxw wkh h�hfwv

ri phglfdo lqwhuyhqwlrqv +Zhqqehuj 4<;7> Skhosv dqg Sduhqwh 4<<3,1 Zh zloo

uhihu wr wklv dv d whvw ri sk|vlfldq suhihuhqfhv1 Idfwru 5 +sdwlhqw fkdudfwhulv0

wlfv, dqg 7 +wkh guxj suhvfulehg lq wkh suhylrxv shulrg,/ duh pdlqo| frqwuro

yduldeohv lq rxu dqdo|vlv1 Dv d vhfrqgdu| k|srwkhvlv zh zloo whvw li wkh fkrlfh

ri guxj ghshqgv rq sulfh1 Gxh wr wkh wklug sduw| sd|phqw v|vwhp iru guxjv

lq Vzhghq +vhh deryh,/ wkh sulfh sdlg e| wkh sdwlhqw zloo qrw ydu| ehwzhhq

guxjv lq rxu dqdo|vlv/ vxjjhvwlqj wkdw wkhuh zloo eh d prudo kd}dug sureohp1

Ehorz zh ghvfuleh wkh gdwd dqg yduldeohv xvhg wr hvwlpdwh htxdwlrq +5,1

7 Gdwd/ yduldeohv dqg hvwlpdwlrq

Wkh gdwd vhw zh xvh lv dgplqlvwhuhg e| wkh Ghsduwphqw ri Sxeolf Khdowk dqg

Fdulqj Vflhqfhv dw Xssvdod Xqlyhuvlw|1 Lw frqwdlqv uhfrugv ri doo skdupdfhx0

wlfdov glvshqvhg iurp wzr skdupdflhv lq wkh Vzhglvk pxqlflsdolw| ri Wlhus

+zlwk 53 333 lqkdelwdqwv,1 Wkh gdwd vhw kdv ehhq xvhg wr dgguhvv d krvw ri

lvvxhv lq wkh sxeolf khdowk �hog1 Krzhyhu/ zlwk wkh h{fhswlrq ri wkh uhfhqw

vwxg| e| Oxqglq +5333, lw kdv qrw suhylrxvo| ehhq xvhg lq hfrqrplfv1 Lq

wklv sdshu zh xvh gdwd iurp wkh wlph shulrg 4<;;04<<7 rq doo suhvfulswlrqv
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iru wkh wuhdwphqw ri k|shuwhqvlrq dqg wkh wlph shulrg 4<;;04<<8 rq doo suh0

vfulswlrqv zlwk xofhu guxjv17 Sdwlhqwv vrphwlphv uhfhlyh pruh wkdq rqh guxj

iru k|shuwhqvlrq/ exw wkhvh suhvfulswlrqv duh h{foxghg iurp rxu gdwd vhw/ l1h1

zh vwxg| rqo| prqrwkhuds|1

Dprqj rwkhu wklqjv/ dq revhuydwlrq uhfrugv wkh lghqwlw| ri wkh suhvfulelqj

sk|vlfldq/ wkh lghqwlw| ri wkh sdwlhqw dqg wkh gdwh zkhq wkh guxj zdv suh0

vfulehg1 Wklv doorzv erwk sk|vlfldqv dqg sdwlhqwv wr eh iroorzhg ryhu wlph1

Wkh qxpehu ri sk|vlfldqv lq wkh k|shuwhqvlrq vdpsoh lv 9: dqg rq dyhudjh

wkh| pdnh 44<15 suhvfulswlrqv1 Wkh qxpehu ri sdwlhqwv lv 4938/ uhfhlylqj rq

dyhudjh 813 suhvfulswlrqv1 Lq wkh xofhuv vdpsoh wkh qxpehu ri sk|vlfldqv lv

5:6 dqg rq dyhudjh wkh| pdnh 4913 suhvfulswlrqv18 Wkh qxpehu ri sdwlhqwv

lv 4569/ uhfhlylqj rq dyhudjh 618 suhvfulswlrqv1

Wkh prgho vshfl�hg lq wkh suhylrxv vhfwlrq +htxdwlrq 5, irfxvhv rq wkh

fdvh ri uhshdwhg suhvfulswlrqv iru h{lvwlqj sdwlhqwv1 Krzhyhu/ vrph suhvfuls0

wlrqv lq rxu gdwd vhw zloo dovr eh iru qhz sdwlhqwv/ l1h1 wkh �uvw suhvfulswlrq

iru sdwlhqwv zkr kdyh qrw suhylrxvo| ehhq wuhdwhg iru k|shuwhqvlrq ru xo0

fhuv19 Ehfdxvh wkhuh lv uhdvrq wr eholhyh wkdw wkh h�hfw ri gl�huhqw yduldeohv

7Wkh uhdvrq wkdw wkh wlph shulrg gl�huv iru xofhuv dqg k|shuwhqvlrq lv wkdw zkhq zh

rughuhg wkh k|shuwhqvlrq gdwd vhw/ gdwd iru 4<<8 zdv qrw |hw dydlodeoh1
8Wkh uhdvrq wkdw wkh qxpehu ri sk|vlfldqv lv pxfk odujhu iru wkh xofhuv vdpsoh/ lv wkdw

suhvfulswlrqv e| vshfldolvwv iurp wkh qhdue| Xqlyhuvlw| krvslwdo lq Xssvdod duh lqfoxghg lq

wkh xofhuv vdpsoh1 Vrph ri wkhvh vshfldolvwv vkrz xs yhu| ihz wlphv lq wkh gdwd vhw +iru

459 sk|vlfldqv zh rqo| kdyh rqh revhuydwlrq dqg wkh qxpehu ri sk|vlfldqv zlwk dw ohdvw

43 suhvfulswlrqv lv 83,1
9Qhz sdwlhqwv duh gh�qhg dv sdwlhqwv zkr glg qrw uhfhlyh dq| suhvfulswlrq iru k|shu0

whqvlrq2xofhu lq wkh �uvw |hdu ri rxu gdwd vhw +4<;;,1 D suhvfulswlrq surylghv d 60prqwk

vxsso| ri wkh guxj/ dqg lw lv wkhuhiruh kljko| xqolnho| wkdw d sdwlhqw zkr glg qrw uhfhlyh

d suhvfulswlrq lq d sduwlfxodu |hdu zdv rq phglfdwlrq gxulqj wkdw |hdu1 Lw lv/ krzhyhu/

srvvleoh wkdw wkhvh sdwlhqwv frxog kdyh ehhq wuhdwhg lq suhylrxv |hduv +dowkrxjk lq wkdw

fdvh lw vhhp uhdvrqdeoh wr wuhdw wkhp dv qhz sdwlhqwv,1
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gl�hu ehwzhhq qhz dqg h{lvwlqj sdwlhqwv/ zh hvwlpdwh vhsdudwh prghov iru

wkhvh jurxsv1 Li iru lqvwdqfh sk|vlfldqv xvh d sdwlhqw fkdudfwhulvwlf vxfk dv

jhqghu wr pdwfk sdwlhqwv wr vshfl�f guxjv/ wklv fkdudfwhulvwlf zrxog kdyh dq

h�hfw iru qhz sdwlhqwv exw qrw iru h{lvwlqj sdwlhqwv +li wkh pdwfklqj rffxuv

shuihfwo| dw wkh �uvw suhvfulswlrq,1 Pruhryhu/ wkh odjjhg ghshqghqw yduldeoh

fdq ri frxuvh rqo| eh lqfoxghg lq wkh prgho iru uhshdwhg suhvfulswlrqv1 Lq

Wdeohv 5 +k|shuwhqvlrq, dqg 6 +xofhuv, ghvfulswlyh vwdwlvwlfv iru wkh yduldeohv

lqfoxghg duh vkrzq1

714 Ghshqghqw yduldeoh

Wkh ghshqghqw yduldeoh iru k|shuwhqvlrq lv wkh fkrlfh ehwzhhq wkh irxu guxj

fodvvhv iru wkh wuhdwphqw ri k|shuwhqvlrq= glxuhwlfv/ ehwd0eorfnhuv/ fdoflxp

dqwdjrqlvwv dqg DFH0lqklelwruv1 Iru xofhuv/ wkh ghshqghqw yduldeoh lv wkh

fkrlfh ehwzhhq K20dqwdjrqlvwv dqg surwrq sxps lqklelwruv1 Lq wkh prgho iru

uhshdwhg suhvfulswlrqv zh dovr lqfoxgh wkh odjjhg ghshqghqw yduldeoh +L��&|3�,

dv dq lqghshqghqw yduldeoh wr dffrxqw iru whpsrudo shuvlvwhqfh1

715 Lqghshqghqw yduldeohv

71514 Sk|vlfldq suhvfulswlrq klvwru| dqg sk|vlfldq fkdudfwhulvwlfv

Wr whvw li wkh fkrlfh ri guxj lv lqghshqghqw ri wkh sk|vlfldq zh lqfoxgh d

yduldeoh iru wkh sdvw suhvfulswlrq ehkdylru ri wkh sk|vlfldq +wr whvw wkh h�hfw

ri ��&| lq wkh prgho deryh,1 Wklv yduldeoh lv phdvxuhg dv wkh suhvfulswlrq

klvwru| ri wkh sk|vlfldq dgmxvwhg iru sdwlhqw pl{1 Rxu vwduwlqj srlqw lv wkh

sursruwlrq ri wkh gl�huhqw guxj fodvvhv suhvfulehg e| wkh sk|vlfldq lq wkh

sdvw1 Iru k|shuwhqvlrq +zlwk 7 guxj fodvvhv, zh xvh wkh 53 odvw suhvfulswlrqv
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e| wkh sk|vlfldq/ zkloh iru xofhuv +zlwk wzr guxj fodvvhv, zh xvh wkh 43 odvw

suhvfulswlrqv ri wkh sk|vlfldq1:; Wkh suhvfulswlrq sdwwhuq pd| gl�hu ehwzhhq

sk|vlfldqv gxh wr wkdw wkh sdwlhqw pl{ gl�huv ehwzhhq sk|vlfldqv1 Wr frqwuro

iru wklv zh phdvxuh wkh suhylrxv suhvfulswlrq ehkdylru ri wkh sk|vlfldq dv wkh

gl�huhqfh ehwzhhq wkh dfwxdo iudfwlrqv ri wkh guxjv suhvfulehg lq wkh odvw 53

suhvfulswlrqv +43 iru xofhuv, dqg wkh suhglfwhg iudfwlrqv1 Wkh suhglfwlrqv duh

edvhg rq wkh prghov ehorz wkdw lqfoxgh doo sdwlhqw fkdudfwhulvwlfv1< Wklv lp0

solhv wkdw wkh suhvfulswlrq klvwru| yduldeoh phdvxuhv krz pxfk wkh sk|vlfldq

kdv ghyldwhg iurp wkh dyhudjh suhvfulswlrq sdwwhuq iru d fhuwdlq jurxs ri sd0

wlhqwv1 Wkh yduldeoh hvvhqwldoo| phdvxuhv krz pxfk wkh suhvfulswlrq sdwwhuq

ydulhv ehwzhhq sk|vlfldqv/ zkloh frqwuroolqj iru sdwlhqw pl{1 Wklv yduldwlrq

fdq eh fdxvhg e| hlwkhu sdwlhqw suhihuhqfhv ru sk|vlfldq suhihuhqfhv +ru udq0

grp suhvfulswlrq ehkdylru,1 Whvwlqj li wkh suhvfulswlrq klvwru| yduldeoh kdv

dq| h�hfw rq wkh suhvfulehg guxj fdq wkhuhiruh eh ylhzhg dv d whvw ri li

sk|vlfldq suhihuhqfhv pdwwhu/ dqg wkh vl}h ri wkh hvwlpdwhg frh!flhqw fdq eh

xvhg wr ghwhuplqh krz pxfk ri wkh yduldwlrq wkdw lv fdxvhg e| gl�huhqfhv lq

sk|vlfldq suhihuhqfhv1

:Iru vrph revhuydwlrqv ohvv wkdq 53 suhylrxv suhvfulswlrqv +43 iru xofhuv, fdq eh re0

vhuyhg lq wkh gdwd vhw1 Wkhvh revhuydwlrqv duh gursshg iurp wkh dqdo|vlv +;98 revhuydwlrqv

iru k|shuwhqvlrq dqg ;58 revhuydwlrqv iru xofhuv,/ wr dyrlg wkdw wkh sk|vlfldq suhihuhqfh

yduldeoh lv phdvxuhg wrr lpsuhflvho|1
;Lq d vhqvlwlylw| dqdo|vlv zh whvwhg li wkh uhvxowv zhuh vhqvlwlyh wrzdugv edvlqj sk|vlfldq

suhihuhqfhv rq d vkruwhu ru orqjhu suhvfulswlrq klvwru| wkdq wkh odvw 53 suhvfulswlrqv +43

iru xofhuv,1 Ghfuhdvlqj wkh suhvfulswlrq klvwru| wr wkh odvw 43 suhvfulswlrqv +8 iru xofhuv,

ghfuhdvhg wkh frh!flhqw rq sk|vlfldq suhihuhqfhv/ vxjjhvwlqj wkdw wklv ohdgv wr ghfuhdvhg

suhflvlrq lq wkh phdvxuhphqw ri wkh yduldeoh1 Lqfuhdvlqj wkh suhvfulswlrq klvwru| wr wkh

odvw 63 suhvfulswlrqv +48 iru xofhuv, kdg olwwoh h�hfw1
<Lq wkhvh suhglfwlrqv zh lqfoxgh d yduldeoh iru wkh sk|vlfldq suhvfulswlrq klvwru|/ exw

zh vhw wklv yduldeoh wr wkh phdq ydoxh iru wkdw |hdu iru doo suhglfwlrqv1
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Dv zh zloo vhh ehorz sk|vlfldq suhihuhqfhv kdyh dq h�hfw rq wkh fkrlfh

ri guxj1 Lw lv wkhuhiruh dovr lqwhuhvwlqj wr whvw zk| sk|vlfldqv gl�hu lq wkhlu

suhvfulswlrq ehkdylru1 Zh wkhuhiruh dovr whvw li wkh fkrlfh ri guxj lv d�hfwhg

e| ydulrxv sk|vlfldq fkdudfwhulvwlfv +lq wkhvh hvwlpdwlrqv wkh suhvfulswlrq

klvwru| yduldeoh lv qrw lqfoxghg vlqfh lw lv d ixqfwlrq ri wkh sk|vlfldq fkdudf0

whulvwlfv,143 Wkh jhqghu ri wkh sk|vlfldq lv lqfoxghg wr whvw li wkh suhvfulswlrq

sdwwhuq gl�huv ehwzhhq pdoh dqg ihpdoh sk|vlfldqv1 Wkh |hdu ri judgxdwlrq

iurp phglfdo vfkrro lv lqfoxghg wr whvw li wkh suhvfulswlrq sdwwhuq gl�huv eh0

wzhhq sk|vlfldqv zlwk pruh uhfhqw wudlqlqj dqg sk|vlfldqv zlwk qrw vr uhfhqw

wudlqlqj +wkh iruphu jurxs pd| iru lqvwdqfh kdyh pruh xsgdwhg lqirupdwlrq

rq wkh h�hfwv ri gl�huhqw guxjv ehfdxvh lqirupdwlrq lv dydlodeoh pruh fkhdso|

lq wkhlu pruh uhfhqw wudlqlqj,1 Ixuwkhupruh d yduldeoh iru wkh qxpehu ri suh0

vfulswlrqv lq wkh suhylrxv |hdu lq rxu gdwd vhw lv lqfoxghg1 Wklv yduldeoh lv

lqfoxghg wr whvw li wkh suhvfulswlrq sdwwhuq gl�huv ehwzhhq orz dqg kljk yro0

xph grfwruv +wkh surprwlrq ri guxj frpsdqlhv pd| iru lqvwdqfh eh wdujhwhg

wrzdugv kljk yroxph suhvfulehuv,1 Iru xofhuv lw lv dovr uhodwlyho| frpprq iru

wkh sdwlhqw wr vhh d vshfldolvw grfwru dw wkh Xqlyhuvlw| krvslwdo lq Xssvdod

+orfdwhg derxw 93 nlorphwhuv iurp Wlhus, udwkhu wkdq d jhqhudo sudfwlwlrqhu

lq Wlhus1 Wkh sdwlhqwv pd| iru lqvwdqfh eh uhihuuhg wr d vshfldolvw wr fduu|

rxw dq hqgrvfrs| +wkdw lv xvhg dv d gldjqrvwlf whvw wr frq�up dq xofhu,1 Iru

xofhuv zh wkhuhiruh dovr lqfoxgh d gxpp| yduldeoh iru suhvfulswlrqv e| vsh0

fldolvwv +gh�qhg dv d suhvfulswlrq e| d grfwru dw wkh ghsduwphqw ri phglflqh

ru wkh ghsduwphqw ri vxujhu| dw wkh Xqlyhuvlw| krvslwdo lq Xssvdod,1

71515 Guxj sulfhv

43Lq wkhvh hvwlpdwlrqv doo revhuydwlrqv duh lqfoxghg/ l1h1 zh gr qrw gurs revhuydwlrqv

zkhuh wkh revhuydeoh sk|vlfldq suhvfulswlrq klvwru| lv ohvv wkdq 53 suhvfulswlrqv +43 iru

xofhuv,1

48



Zh lqfoxgh d yduldeoh iru wkh sulfh ri wkh gl�huhqw guxjv1 Dv phqwlrqhg

hduolhu/ guxj sulfhv duh uhjxodwhg lq Vzhghq/ zlwk wkh vdph sulfh doo ryhu

wkh frxqwu|1 Sulfhv duh vhw dqqxdoo|1 Lq wkh gdwd vhw zh kdyh lqirupdwlrq

derxw wkh wudgh qdph ri hdfk guxj suhvfulehg1 Edvhg rq wklv lqirupdwlrq dqg

wkh r!fldo uhwdlo sulfhv zh hvwlpdwhg wkh dyhudjh frvw shu gh�qhg gdlo| grvh

+GGG, ri hdfk guxj fodvv dqqxdoo| iru wkh |hduv 4<;;04<<8 +vhh Wdeoh 4,1 Wkh

Zruog Khdowk Rujdql}dwlrq +ZKR, uhfrpphqgv wkh GGG v|vwhp iru vwxglhv

ri guxj xvh +ZKR Frooderudwlqj Fhqwuh iru Guxj Vwdwlvwlfv Phwkrgrorj|

4<<:,1 D GGG lv gh�qhg dv wkh dyhudjh gdlo| grvh ri d guxj xvhg e| dq

dgxow iru wuhdwphqw ri wkh pdlq phglfdo lqglfdwlrq ri wkh guxj1 Wkh frvw

shu GGG ri hdfk guxj fodvv lv xvhg dv rxu sulfh yduldeoh1 Dv fdq eh vhhq lq

Wdeoh 4 lq Vhfwlrq 5/ wkh uhodwlyh sulfhv ri wkh gl�huhqw guxjv ydu| ryhu wlph/

zklfk jlyhv xv wkh qhfhvvdu| sulfh yduldwlrq wr whvw li wkh fkrlfh ri guxj lv

lqghshqghqw ri sulfh1 Dv wkh sulfh sdlg e| wkh sdwlhqw grhv qrw ydu| ehwzhhq

guxj fodvvhv/ uhodwlyh sulfhv zloo kdyh qr h�hfw rq guxj suhvfulswlrqv li wkh

sk|vlfldq lv d shuihfw djhqw iru wkh sdwlhqw +l1h1 wkhuh zloo eh d prudo kd}dug

sureohp,1

71516 Sdwlhqw fkdudfwhulvwlfv

Zh dovr lqfoxgh d qxpehu ri sdwlhqw fkdudfwhulvwlfv wkdw pd| eh lpsruwdqw

iru wkh fkrlfh ri guxj1 Djh dqg jhqghu duh lqfoxghg1 Iru k|shuwhqvlrq zh

dovr lqfoxgh wkuhh yduldeohv iru frqfrplwdqw glvhdvhv wkdw fdq eh h{shfwhg wr

eh lpsruwdqw iru wkh fkrlfh ri guxj= frurqdu| khduw glvhdvh +dqjlqd shfwrulv

ru d suhylrxv p|rfdugldo lqidufwlrq,/ gldehwhv dqg frqjhvwlyh khduw idloxuh1

DFH0lqklelwruv duh riwhq uhfrpphqghg iru sdwlhqwv zlwk gldehwhv dqg ehwd0

eorfnhuv duh riwhq xvhg lq sdwlhqwv zlwk frurqdu| khduw glvhdvh +Dsrwhnhw DE

4<<<,1 Iru sdwlhqwv zlwk frqjhvwlyh khduw idloxuh glxuhwlfv dqg DFH0lqklelwruv
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duh vwdqgdug wkhuds| +Dsrwhnhw DE 4<<<,144 Iru xofhuv lw lv lpsruwdqw wr

frqwuro iru wkh gldjqrvlv ri wkh sdwlhqw dqg zh glylgh wkh sdwlhqwv lqwr wkh

iroorzlqj irxu gldjqrvhv= jdvwulf xofhuv +edvholqh fdwhjru| lq wkh hvwlpdwlrqv,/

gxrghqdo xofhuv/ g|vshsvld +vwrpdfk sdlq zlwkrxw d yhul�hg gldjqrvlv ri

xofhuv, dqg jdvwurhvrskdjhdo uh x{ glvhdvh +JHUG> khduwexuq,1

71517 Wlph wuhqg

Zh dovr lqfoxgh d wlph wuhqg/ wr frqwuro iru wkh wuhqg lq suhvfulswlrq ehkdylru

wkdw lv qrw fdswxuhg e| rxu h{sodqdwru| yduldeohv1 Wkh wlph wuhqg lv phdvxuhg

dv wkh qxpehu ri gd|v hodsvhg vlqfh Mdqxdu| 4/ 4<;;1

716 Hvwlpdwlrq

Wkh prgho vshfl�hg lq +5, lv d g|qdplf glvfuhwh fkrlfh prgho1 Wkhuh duh

vrph idfwruv wkdw zloo frpsolfdwh hvwlpdwlrq ri wklv prgho1 D �uvw sure0

ohp lv wkdw wkh lqfoxvlrq ri d odjjhg ghshqghqw yduldeoh dv d uhjuhvvru zloo

lqgxfh fruuhodwlrq ehwzhhq wkh huuru whup dqg wkh odjjhg ghshqghqw ydul0

deoh1 Wr jhw xqeldvhg hvwlpdwhv wklv fruuhodwlrq qhhgv wr eh prghoohg1 Wkh

zd| zh ghdo zlwk wklv sureohp lv wr dgdsw wkh pl{hg orjlw hvwlpdwru +vhh

PfIdgghq dqg Wudlq +4<<:,/ Eurzqvwrqh dqg Wudlq +4<<<, dqg Uhyhow dqg

Wudlq +4<<;,,/ d vr0fdoohg vlpxodwlrq hvwlpdwru +vhh Vwhuq +4<<:, iru dq lqwur0

gxfwlrq,1 Wkh pl{hg orjlw hvwlpdwru jhqhudol}hv vwdqgdug orjlw e| doorzlqj

frh!flhqwv wr ydu| udqgrpo| dfurvv sdwlhqwv +pl{hg orjlw lv vrphwlphv fdoohg

udqgrp sdudphwhuv orjlw1, Lq jhqhudo/ wkh frh!flhqw yhfwru fdq eh h{suhvvhg

dv q� ' q n #�/ zkhuh q lv wkh srsxodwlrq phdq dqg #� lv wkh vwrfkdvwlf

44Wkh frqjhvwlyh khduw idloxuh yduldeoh lv qrw lqfoxghg lq wkh prgho iru �uvw suhvfulswlrqv/

ehfdxvh rqo| 47 ri wkh vxemhfwv lq wklv vdpsoh kdg frqjhvwlyh khduw idloxuh +ohdglqj wr

gl!fxowlhv lq hvwlpdwlqj wkh frh!flhqw iru frqjhvwlyh khduw idloxuh,1
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ghyldwlrq wkdw uhsuhvhqwv wkh shuvrq*v wdvwhv uhodwlyh wr wkh dyhudjh wdvwhv lq

wkh srsxodwlrq1 Wkh vwrfkdvwlf sruwlrq ri xwlolw|/ #�~��&| n "��&|/ +zkhuh ~��&|

uhsuhvhqwv doo yduldeohv zkrvh frh!flhqwv duh doorzhg wr ydu| lq wkh srsxod0

wlrq, lv lq jhqhudo fruuhodwhg ryhu dowhuqdwlyhv dqg wlph gxh wr wkh frpprq

lq xhqfh ri #�1 Wklv phdqv wkdw pl{hg orjlw grhv qrw h{klelw wkh uhvwulfwlyh

dvvxpswlrq ri lqghshqghqfh iurp luuhohydqw dowhuqdwlyhv1 Wkh pl{hg orjlw hv0

wlpdwru wkhq hvwlpdwhv wkh dyhudjh h�hfw ri d yduldeoh/ dv zhoo dv wkh vwdqgdug

ghyldwlrq ri wkh yduldwlrq ehwzhhq shuvrqv/ l1h1 lw hvwlpdwhv wkh sdudphwhuv

ri wkh glvwulexwlrq ri q�= wkh phdq/ q/ dqg wkh vwdqgdug ghyldwlrq/ j1

Li wkh frh!flhqw iru odjjhg xwlolw| lv rqh ri wkh yduldeohv zkhuh wkh sdud0

phwhu lv doorzhg wr ydu| lq wkh srsxodwlrq/ l1h1 4� ' 4nv�/ zh kdyh prghoohg

wkh fruuhodwlrq ehwzhhq wkh huuru whup dqg wkh odjjhg ghshqghqw yduldeoh1

Qrz/ frqglwlrqdo rq wkh frh!flhqw/ 4�/ wkh odjjhg ghshqghqw yduldeoh lv xq0

fruuhodwhg zlwk wkh huuru whup1 Wkh frqglwlrqdo suredelolw| lv wkhuhiruh qrw

frqwdplqdwhg e| hqgrjhqhlw| eldv1 Wkh xqfrqglwlrqdo suredelolw| lv vlpso|

wkh lqwhjudo ri wkh frqglwlrqdo suredelolw|> wdnlqj wklv lqwhjudo grhv qrw lqgxfh

dq| fruuhodwlrq1 Vr/ wkh idfw wkdw zh wu| wr slfn xs xqrevhuyhg khwhurjhqhlw|

e| hvwlpdwlqj d udqgrp0frh!flhqwv prgho phdqv wkdw >� lq h{suhvvlrq +5, lv

uhsodfhg e| #�~��&|1 Zkdw lv lpsruwdqw lv wr pdnh vxuh wkdw rqh sduw ri wkh

frpelqhg huuru whup lv wuxo| llg h{wuhph ydoxh/ lqghshqghqw ri q� dqg ~��&|1

Lq wklv vshfl�fdwlrq wkdw zrxog eh "��&|1 Iru vshfl�fdwlrq ri wkh olnholkrrg

ixqfwlrq zh uhihu wr Uhyhow dqg Wudlq +4<<;,1

Lq wkh hvwlpdwlrqv zh doorz wkh frh!flhqwv ri wkh wkuhh fkrlfh vshfl�f

yduldeohv wr ydu| udqgrpo| lq wkh srsxodwlrq= wkh sk|vlfldq suhvfulswlrq

klvwru|/ wkh sulfh +wkh frvw shu gd|,/ dqg wkh odjjhg ghshqghqw yduldeoh145 Lq

45Doorzlqj doo frh!flhqwv wr ydu| pdnhv lghqwl�fdwlrq gl!fxow +Uxxg/ 4<<9,1 Lq wkh

xofhuv vdpsoh iru �uvw suhvfulswlrqv zh fdqqrw ohw dq| frh!flhqwv ydu| ehfdxvh zh rqo|
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dgglwlrq/ zh dovr doorz wkh dowhuqdwlyh vshfl�f lqwhufhswv wr ydu|1 Wklv lv olnh

doorzlqj iru �wudglwlrqdo� lqglylgxdo vshfl�f h�hfwv +vlqfh wkh| hqg xs lq wkh

huuru whup wkh| duh wuhdwhg dv udqgrp h�hfwv udwkhu wkdq dv �{hg h�hfwv,1

Lqwurgxflqj lqglylgxdo vshfl�f h�hfwv lv grqh lq rughu wr slfn xs h�hfwv iurp

xqrevhuydeohv wkdw pd| lq xhqfh wkh fkrlfh146

D vhfrqg sureohp lq d g|qdplf prgho lv wkh vr0fdoohg lqlwldo frqglwlrqv

sureohp1 Li |rx gr qrw revhuyh wkh surfhvv iurp wkh ehjlqqlqj +l1h1 iurp wkh

�uvw suhvfulswlrq ri d qhzo| gldjqrvhg sdwlhqw,/ wkhq wkh frqglwlrqdo sured0

elolw| ri wkh �uvw revhuyhg fkrlfh ghshqgv rq wkh suhylrxv fkrlfh/ zklfk lv qrw

revhuyhg1 Wr ghdo zlwk wklv sureohp zh xvh d phwkrg vxjjhvwhg e| Khfnpdq

+4<;4,1 Wkh edvlf lghd lv wr dssur{lpdwh wkh pdujlqdo suredelolw| ri wkh lql0

wldo vwdwh e| d vwdqgdug orjlw prgho lqfoxglqj h{rjhqrxv yduldeohv rqo|/ dqg

xvlqj doo revhuydwlrqv dydlodeoh +wkh hqwluh vhtxhqfh iru doo sdwlhqwv,1 Wkhq

wkrvh dssur{lpdwlrqv duh xvhg dv wkh �uvw ydoxh iru wkh odjjhg ghshqghqw

yduldeoh lqvwhdg ri wkh dfwxdo odjjhg ydoxh +exw rqo| iru wkrvh lqglylgxdov

zkhuh wkh surfhvv fdqqrw eh revhuyhg iurp wkh ehjlqqlqj,1

8 Uhvxowv

814 Wkh pdunhw iru k|shuwhqvlrq guxjv

Lq Wdeoh 7 zh vkrz wkh hvwlpdwlrq uhvxowv iru wkh pdunhw iru k|shuwhqvlrq

guxjv1 Dprqj wkh h{sodqdwru| yduldeohv/ lq dgglwlrq wr yduldeohv wkdw ydu|

dfurvv fkrlfhv/ zh dovr kdyh vrph yduldeohv wkdw ydu| dfurvv sdwlhqwv1 Wr eh

kdyh wzr fkrlfh dowhuqdwlyhv +surwrqh sxps lqklelwru ru K50dqwdjrqlvwv,/ dqg rqo| rqh

htxdwlrq lv hvwlpdwhg iru hdfk sdwlhqw/ l1h1 d orjlw udwkhu wkdq d pxowlqrpldo orjlw1
46Wkh dowhuqdwlyh vshfl�f lqwhufhswv duh rqo| doorzhg wr ydu| lq wkh hvwlpdwlrq iru uh0

shdwhg suhvfulswlrqv 0 iru �uvw suhvfulswlrqv lw lv qrw srvvleoh ehfdxvh zh rqo| kdyh rqh

revhuydwlrq shu sdwlhqw1
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deoh wr hvwlpdwh wkh h�hfwv iurp wkhvh wkh| duh lqwhudfwhg zlwk fkrlfh vshfl�f

gxpp| yduldeohv1 Wklv h{sodlqv zk| zh kdyh wkuhh froxpqv iru hdfk prgho1

Wkh sk|vlfldq suhvfulswlrq klvwru| yduldeoh kdv d srvlwlyh vljq dqg lv vlj0

ql�fdqw dw wkh 43( ohyho iru �uvw suhvfulswlrqv dqg dw wkh 4( ohyho iru uhshdwhg

suhvfulswlrqv1 Lqfuhdvlqj wkh suhvfulswlrq klvwru| yduldeoh e| 43 shufhqwdjh

xqlwv rq dyhudjh lqfuhdvhv wkh suredelolw| ri uhfhlylqj wkh guxj e| 613 shu0

fhqwdjh xqlwv iru �uvw suhvfulswlrqv dqg 31; shufhqwdjh xqlwv iru uhshdwhg

suhvfulswlrqv147 Wkh uhdvrq iru wkh orzhu lpsdfw rq uhshdwhg suhvfulswlrqv lv

wkdw wkhuh lv d vwurqj whpsrudo shuvlvwhqfh lq wkh guxj fkrlfh +lqglfdwhg e|

wkh kljko| vljql�fdqw odjjhg ghshqghqw yduldeoh= �suhvfulehg odvw wlph�,148

Wkh suredelolw| ri uhfhlylqj wkh vdph guxj dv odvw wlph ydulhv ehwzhhq 99(

iru DFH0lqklelwruv dqg <:( iru glxuhwlfv/ ohdylqj olwwoh vfrsh iru wkh rwkhu

yduldeohv wr d�hfw wkh fkrlfh ri guxj1

Zh fdqqrw uhmhfw wkh qxoo k|srwkhvlv wkdw wkh fkrlfh ri guxj lv xqd�hfwhg

e| uhodwlyh sulfhv iru hlwkhu �uvw suhvfulswlrqv ru uhshdwhg suhvfulswlrqv/ frq0

vlvwhqw zlwk prudo kd}dug1 Ri wkh lqglylgxdo fkdudfwhulvwlfv djh dqg vh{ duh

prvw lpsruwdqw1 Roghu djh lqfuhdvhv wkh suredelolw| ri uhfhlylqj glxuhwlfv dqg

zrphq duh pruh olnho| wr uhfhlyh glxuhwlfv wkdq phq1 Wkh vwdqgdug ghyldwlrq

lv kljko| vljql�fdqw iru wkh odjjhg ghshqghqw yduldeoh/ lqglfdwlqj wkdw wkhvh

sdudphwhuv gr lqghhg ydu| lq wkh srsxodwlrq1 Wklv frxog hlwkhu eh ehfdxvh

vrph sdwlhqwv kdyh ghyhorshg vwurqjhu kdelwv iru d guxj ru ehfdxvh wkh| duh

47Wkh h�hfw ri wkh sk|vlfldq suhvfulswlrq klvwru| yduldeoh lv hvwlpdwhg e| lqfuhdvlqj wkh

sk|vlfldq suhvfulswlrq klvwru| e| 43 shufhqwdjh xqlwv iru doo revhuydwlrqv lq rxu gdwd dqg

wdnlqj wkh phdq ri wkh lqfuhdvhg suredelolw|1
48Wkh suhglfwhg h�hfw ri wkh suhvfulswlrq klvwru| yduldeoh lv vpdoohu iru uhshdwhg suh0

vfulswlrqv wkdq �uvw suhvfulswlrqv hyhq wkrxjk wkh frh!flhqw lv juhdwhu1 Wklv lv ehfdxvh

rq dyhudjh wkh h�hfw ri wkh frh!flhqw lv hydoxdwhg dw yhu| kljk ru yhu| orz suredelolwlhv

gxh wr wkh vwurqj whpsrudo shuvlvwhqfh1 Wkh pdujlqdo h�hfw lq d orjlw prgho lv qrq0olqhdu

dqg lv vpdoohvw dw kljk dqg orz suredelolwlhv1
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ehwwhu pdwfkhg zlwk wkhlu guxj wkdq rwkhu sdwlhqwv duh1 Wkh vwdqgdug ghyld0

wlrq iru wkh sk|vlfldq suhvfulswlrq klvwru| yduldeoh lv vljql�fdqw iru uhshdwhg

suhvfulswlrqv/ vxjjhvwlqj wkdw doorzlqj iru khwhurjhqhlw| lv lpsruwdqw iru wklv

yduldeoh dv zhoo1 Wkh vwdqgdug ghyldwlrq iru wkh sulfh yduldeoh lv qrw vljqli0

lfdqw/ zkhuhdv wkh vwdqgdug ghyldwlrqv iru wkh dowhuqdwlyh vshfl�f lqwhufhswv

duh vljql�fdqw iru doo wkuhh guxjv/ zklfk lqglfdwhv wkh h{lvwhqfh ri lqglylg0

xdo vshfl�f h�hfwv/ l1h1/ wkdw xqrevhuyhg yduldeohv wkdw duh lpsruwdqw iru wkh

fkrlfh ri guxj kdyh ehhq h{foxghg lq wkh prgho1 Wklv frxog/ iru lqvwdqfh/

eh vrph xqrevhuyhg phglfdo idfwru/ pdnlqj d fhuwdlq guxj sduwlfxoduo| zhoo

vxlwhg iru d sdwlhqw1

Lw lv dovr lqwhuhvwlqj wr whvw li wkh fkrlfh ri guxj ydulhv zlwk revhuydeoh

sk|vlfldq fkdudfwhulvwlfv1 Wkh uhvxow ri wklv whvw lv uhsruwhg lq Wdeoh 81 Wkhuh

lv qr vljql�fdqw h�hfw ri wkh |hdu ri judgxdwlrq ru wkh yroxph ri suhvfulswlrqv1

Wkh jhqghu ri wkh sk|vlfldq lv/ krzhyhu/ vljql�fdqw iru uhshdwhg suhvfulswlrqv

iru DFH0lqklelwruv1 Ihpdoh sk|vlfldqv duh vljql�fdqwo| ohvv olnho| wr vzlwfk

sdwlhqwv iurp glxuhwlfv wr DFH0lqklelwruv wkdq pdoh sk|vlfldqv1 Wkh sure0

delolw| ri vzlwfklqj d sdwlhqw iurp glxuhwlfv wr DFH0lqklelwruv lv 417( iru

pdoh sk|vlfldqv dqg 31<( iru ihpdoh sk|vlfldqv1

815 Wkh pdunhw iru xofhu guxjv

Wkh hvwlpdwlrq uhvxowv iru wkh pdunhw iru xofhu guxjv duh vkrzq lq Wdeoh 91

Wkh sk|vlfldq suhvfulswlrq klvwru| yduldeoh kdv d srvlwlyh vljq dqg lv vljqli0

lfdqw dw wkh 4( ohyho iru erwk �uvw suhvfulswlrqv dqg uhshdwhg suhvfulswlrqv1

Dq lqfuhdvh e| 43 shufhqwdjh xqlwv lq wkh suhvfulswlrq klvwru| yduldeoh lq0

fuhdvhv wkh suredelolw| ri uhfhlylqj d surwrq sxps lqklelwru e| 918 shufhqwdjh

xqlwv iru �uvw suhvfulswlrqv dqg 41; shufhqwdjh xqlwv iru uhshdwhg suhvfuls0
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wlrqv1 Dv iru k|shuwhqvlrq wkhuh lv d vwurqj whpsrudo shuvlvwhqfh lq wkh guxj

fkrlfh1 Wkh suredelolw| ri uhfhlylqj d surwrq sxps lqklelwru li lw zdv suh0

vfulehg odvw wlph lv ;5( dqg wkh fruuhvsrqglqj suredelolw| ri uhfhlylqj d

K20dqwdjrqlvw li lw zdv suhvfulehg odvw wlph lv :6(1

Frqvlvwhqw zlwk prudo kd}dug/ wkh sulfh yduldeoh lv qrw vljql�fdqw iru �uvw

suhvfulswlrqv ru uhshdwhg suhvfulswlrqv1 Djh lv wkh rqo| vljql�fdqw sdwlhqw

fkdudfwhulvwlf iru �uvw suhvfulswlrqv/ dqg roghu djh lqfuhdvhv wkh olnholkrrg ri

uhfhlylqj d surwrq sxps lqklelwru1 Iru uhshdwhg suhvfulswlrqv wkh gldjqrvlv

lv lpsruwdqw dqg wkh olnholkrrg ri ehlqj vzlwfkhg iurp dq K20dqwdjrqlvw wr

d surwrq sxps lqklelwru lv juhdwhvw iru sdwlhqwv zlwk jdvwurhvrskdjhdo uh x{

glvhdvh1 Dv iru k|shuwhqvlrq wkh vwdqgdug ghyldwlrq lv kljko| vljql�fdqw iru

wkh odjjhg ghshqghqw yduldeoh dqg wkh lqwhufhsw/ vxjjhvwlqj khwhurjhqhlw|

lq whpsrudo shuvlvwhqfh dqg wkh h{lvwhqfh ri xqrevhuyhg yduldeohv wkdw duh

lpsruwdqw iru wkh fkrlfh ri guxjv1 Iru wkh sk|vlfldq suhvfulswlrq klvwru|

yduldeoh dqg wkh sulfh yduldeoh wkh vwdqgdug ghyldwlrq lv qrw vljql�fdqw1

Lq wdeoh 9 zh dovr whvw li revhuydeoh sk|vlfldq fkdudfwhulvwlfv fdq h{sodlq

wkh yduldwlrq lq sk|vlfldq suhvfulswlrq ehkdylru1 Wkh |hdu ri judgxdwlrq iurp

phglfdo vfkrro dqg wkh yroxph ri suhvfulswlrqv iru xofhu duh qrw vljql�fdqw1

Wkh yduldeoh iru vhhlqj d vshfldolvw grfwru lv vljql�fdqw iru erwk �uvw dqg

uhshdwhg suhvfulswlrqv1 Vshfldolvwv duh pruh olnho| wr suhvfuleh surwrq sxps

lqklelwruv iru qhz sdwlhqwv dqg wr vkliw sdwlhqwv iurp K20dqwdjrqlvwv wr surwrq

sxps lqklelwruv1 Wkh jhqghu ri wkh sk|vlfldq lv vljql�fdqw dw wkh 43( ohyho

iru erwk �uvw dqg uhshdwhg suhvfulswlrqv1 Ihpdoh sk|vlfldqv duh ohvv olnho| wr

suhvfuleh surwrq sxps lqklelwruv wr qhz sdwlhqwv dqg duh ohvv olnho| wr vzlwfk

sdwlhqwv iurp K20dqwdjrqlvwv wr surwrq sxps lqklelwruv1 Wkh suredelolw| ri

suhvfulelqj d surwrq sxps lqklelwru iru d qhz sdwlhqw lv 7917( iru pdoh

sk|vlfldqv dqg 74( iru ihpdoh sk|vlfldqv/ dqg wkh suredelolw| ri vzlwfklqj
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d sdwlhqw iurp dq K20dqwdjrqlvw wr d surwrq sxps lqklelwru lv 64( iru pdoh

sk|vlfldqv dqg 59( iru ihpdoh sk|vlfldqv1

816 Zhoiduh orvvhv= k|shuwhqvlrq

Wr hydoxdwh wkh zhoiduh frqvhtxhqfhv ri wkh yduldwlrq lq suhvfulswlrq sdwwhuq

ehwzhhq sk|vlfldqv zlwklq d vpdoo jhrjudsklfdo duhd zh dgrsw wkh dssurdfk

ghyhorshg e| Skhosv dqg Prrqh| +4<<3, wr hvwlpdwh wkh zhoiduh orvvhv ri

phglfdo sudfwlfh yduldwlrqv1 Wkh| ghulyh d irupxod iru wkh zhoiduh orvv ri

phglfdo sudfwlfh yduldwlrqv li wkh dyhudjh xvh udwh lv wkh fruuhfw rqh149 Lq

wkdw fdvh wkh zhoiduh orvv lv htxdo wr=

`u '
�

2

[

�'�c�

Ef� � >�2_�*_f +6,

Lq htxdwlrq +6,/ f� lv wkh udwh ri xvh ri sk|vlfldq �/ > lv wkh phdq udwh

ri xvh dqg _�*_f lv wkh vorsh ri wkh ghpdqg fxuyh14: Wr fduu| rxw dq

looxvwudwlyh hvwlpdwlrq ri wkh zhoiduh orvv zlwk wklv dssurdfk zh xvh wkh vdph

ghpdqg hodvwlflw| +03148, dv xvhg e| Skhosv dqg Sduhqwh +4<<3, dqg Skhosv

dqg Prrqh| +4<<5,14; Ehfdxvh wklv �jxuh lv kljko| xqfhuwdlq zh dovr ydu|

lw ehwzhhq 03138 dqg 03183 lq d vhqvlwlylw| dqdo|vlv/ wr whvw krz vhqvlwlyh

wkh uhvxowv duh wr wkh ghpdqg hodvwlflw|1 Htxdwlrq +6, jlyhv wkh zhoiduh orvv

dvvrfldwhg zlwk wkh xvh ri rqh phglfdo surfhgxuh/ dqg lpsolflwo| dvvxphv

wkdw wkh dowhuqdwlyh wr xvlqj wkh surfhgxuh lv qr wuhdwphqw1 Rxu fdvh gl�huv

49Wkhlu dssurdfk lv edvhg rq wkh rqh slrqhhuhg e| Show}pdq +4<:6, lq klv vwxg| ri wkh

zhoiduh h�hfwv ri wkh 4<95 guxj dphqgphqwv1
4:Skhosv dqg Sduhqwh +4<<3, xvhg wkh prgho wr hvwlpdwh zhoiduh orvvhv dfurvv jhrjudsk0

lfdo uhjlrqv udwkhu wkdq sk|vlfldqv +vr wkdw wkh irupxod zdv lqgh{hg +l, ryhu jhrjudsklfdo

duhdv udwkhu wkdq sk|vlfldqv lq wkhlu hvwlpdwlrqv,1
4;Wklv ghpdqg hodvwlflw| lv xvhg wr hvwlpdwh wkh vorsh ri wkh ghpdqg fxuyh +gS@g[, dw

wkh phdq sulfh lq rxu gdwd1
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ehfdxvh zh vwxg| zklfk rqh ri gl�huhqw dowhuqdwlyh vxevwlwxwh guxjv wkdw zloo

eh xvhg1 Wklv lpsolhv wkdw zh qhhg wr vxp wkh zhoiduh orvv hvwlpdwhg zlwk

htxdwlrq +6, dfurvv doo wkh irxu gl�huhqw guxjv +wkh irxu w|shv ri k|shuwhqvlrq

guxjv,/ dqg wkhq glylgh wklv vxp e| wzr1 Wkh uhdvrq wkdw zh qhhg wr glylgh

e| wzr lv wkdw hdfk zhoiduh orvv zloo eh frxqwhg wzlfh +h1j1 d 43 shufhqwdjh

xqlw kljkhu udwh ri xvh ri glxuhwlfv/ lpsolhv d 43 shufhqwdjh xqlw orzhu udwh

ri xvh iru rqh ri wkh rwkhu guxjv,14< Doo hvwlpdwlrqv vkrxog eh ylhzhg dv

orzhu erxqg hvwlpdwhv/ ehfdxvh wkh| dvvxph wkdw wkh dyhudjh xvh udwh +>

lq htxdwlrq +6,, lv wkh fruuhfw rqh +ehfdxvh uhodwlyh sulfhv vhhp wr kdyh qr

h�hfw rq suhvfulswlrq fkrlfhv/ lw vhhp sodxvleoh wkdw wkh dyhudjh xvh udwh lv

wrr kljk ri wkh qhzhu dqg pruh h{shqvlyh guxjv,1

Zh �uvw hvwlpdwh wkh zhoiduh orvv edvhg rq wkh wrwdo yduldwlrq lq wkh

suhvfulswlrq udwh1 Dv d phdvxuh ri wkh udwh ri xvh ri gl�huhqw sk|vlfldqv zh

xvh wkh suhvfulswlrq klvwru| yduldeoh zlwkrxw dq| dgmxvwphqw iru sdwlhqw pl{

+wklv yduldeoh vkrzv wkh suhvfulswlrq udwh ri wkh sk|vlfldq dw wkh wlph ri wkh

suhvfulswlrq,153 Wkh yduldwlrq lv phdvxuhg dv wkh suhvfulswlrq udwh ri wkh

sk|vlfldq plqxv wkh phdq suhvfulswlrq udwh iru doo sk|vlfldqv lq wkdw |hdu1

Wkh uhvxowv duh vkrzq lq Wdeoh :1 Wkh frh!flhqw ri yduldwlrq lv 3174 +wkh

vwdqgdug ghyldwlrq lq wkh udwh ri xvh glylghg e| wkh phdq udwh ri xvh, dqg

wkh hvwlpdwhg zhoiduh orvv lv 5;17( ri guxj h{shqglwxuh iru k|shuwhqvlrq154

Sduw ri wkh ryhudoo yduldwlrq zloo eh gxh wr sdwlhqw pl{1 Lq wkh qh{w vwhs

zh wkhuhiruh dgmxvw wkh yduldwlrq ehwzhhq sk|vlfldqv iru sdwlhqw pl{1 Zh

4<Wklv lv fruuhfw dv orqj dv lw lv dvvxphg wkdw doo sdwlhqwv dozd|v uhfhlyh vrph guxj

wuhdwphqw +dqg qr wuhdwphqw lv qrw dq rswlrq,1
53Zh rqo| lqfoxgh wkh revhuydwlrqv iru zklfk wkh sk|vlfldq suhvfulswlrq klvwru| yduldeoh

lv edvhg rq dw ohdvw 53 revhuydwlrqv +l1h1 wkh vdph fulwhulrq dv lq wkh uhjuhvvlrq dqdo|vlv lq

Wdeoh 7,1
54Wkh frh!flhqw ri yduldwrq lv hvwlpdwhg dv wkh zhljkwhg dyhudjh iru wkh irxu guxj

fodvvhv1
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xvh wkh sk|vlfldq suhvfulswlrq klvwru| yduldeoh�exw wklv wlph dgmxvwhg iru

sdwlhqw pl{�dv wkh phdvxuh ri yduldwlrq dgmxvwhg iru sdwlhqw pl{1 Wklv

ghfuhdvhv wkh frh!flhqw ri yduldwlrq wr 3159 dqg wkh zhoiduh orvv wr 4419(1

Dowkrxjk zh dgmxvw iru sdwlhqw pl{ vrph ri wkh uhpdlqlqj yduldwlrq pd|

eh fdxvhg e| sdwlhqw suhihuhqfhv udwkhu wkdq sk|vlfldq suhihuhqfhv1 Dv d

�qdo vwhs zh wkhuhiruh xvh wkh hvwlpdwhg h�hfwv ri wkh suhvfulswlrq klvwru|

yduldeoh lq wkh prghov lq Wdeoh 7 wr hvwlpdwh krz pxfk ri wkh yduldwlrq wkdw

lv fdxvhg e| wkh sk|vlfldq1 Zh suhglfw wkh suredelolw| ri uhfhlylqj hdfk guxj

edvhg rq wkh dfwxdo ydoxh ri wkh suhvfulswlrq klvwru| yduldeoh dqg wkh phdq

ydoxh ri wkh suhvfulswlrq klvwru| yduldeoh dqg phdvxuh wkh yduldwlrq dv wkh

gl�huhqfh ehwzhhq wkhvh suhglfwlrqv +wklv lv grqh iru hyhu| suhvfulswlrq,1 Zh

gr wklv iru doo suhvfulswlrqv dv zhoo dv vhsdudwho| iru �uvw dqg uhshdwhg suh0

vfulswlrqv1 Dv fdq eh vhhq lq Wdeoh : wklv vxevwdqwldoo| uhgxfhv wkh yduldwlrq1

Wkh frh!flhqw ri yduldwlrq lv 3136 iru uhshdwhg suhvfulswlrqv dqg 313; iru

�uvw suhvfulswlrqv +3137 ryhudoo,/ dqg wkh uhvxowlqj zhoiduh orvvhv duh 315( iru

uhshdwhg suhvfulswlrqv dqg 413( iru �uvw suhvfulswlrqv +316( ryhudoo,1 Zlwk

d vpdoohu ghpdqg hodvwlflw| +03138, wkh zhoiduh orvvhv lqfuhdvhv wr 319( iru

uhshdwhg suhvfulswlrqv dqg 51<( iru �uvw suhvfulswlrqv +31;( ryhudoo,/ dqg

zlwk d juhdwhu ghpdqg hodvwlflw| +0318, wkh zhoiduh orvvhv ghfuhdvhv wr 3139(

iru uhshdwhg suhvfulswlrqv dqg 316( iru �uvw suhvfulswlrqv +313;( ryhudoo,1

817 Zhoiduh orvvhv= xofhuv

Zh fduu| rxw wkh vdph hvwlpdwlrqv iru xofhuv dv iru k|shuwhqvlrq/ dovr suh0

vhqwhg lq Wdeoh :155 Iru wkh ryhudoo yduldwlrq/ wkh frh!flhqw ri yduldwlrq lv

55Zh rqo| lqfoxgh wkh revhuydwlrqv zkhq wkh sk|vlfldq suhvfulswlrq klvwru| yduldeoh lv

edvhg rq dw ohdvw 43 revhuydwlrqv +l1h1 wkh vdph fulwhulrq dv lq wkh uhjuhvvlrq dqdo|vlv lq

Wdeoh 9,1
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316; dqg wkh zhoiduh orvv lv 551:( ri guxj h{shqglwxuh iru xofhuv1 Dgmxvwlqj

iru sdwlhqw pl{ ghfuhdvhv wkh frh!flhqw ri yduldwlrq wr 3169 dqg wkh zhoiduh

orvv wr 5417(1 Xvlqj wkh hvwlpdwhg frh!flhqw iru wkh suhvfulswlrq klvwru|

yduldeoh uhgxfhv wkh yduldwlrq ixuwkhu1 Wkh frh!flhqw ri yduldwlrq lv qrz

313: iru uhshdwhg suhvfulswlrqv dqg 315; iru �uvw suhvfulswlrqv +3147 ryhudoo,/

dqg wkh uhvxowlqj zhoiduh orvvhv duh 31<( iru uhshdwhg suhvfulswlrqv dqg 4417(

iru �uvw suhvfulswlrqv +616( ryhudoo,1 Zlwk d vpdoohu ghpdqg hodvwlflw| +03138,

wkh zhoiduh orvvhv lqfuhdvhv wr 519( iru uhshdwhg suhvfulswlrqv dqg 6715( iru

�uvw suhvfulswlrqv +<1<( ryhudoo,/ dqg zlwk d juhdwhu ghpdqg hodvwlflw| +0318,

wkh zhoiduh orvvhv ghfuhdvhv wr 316( iru uhshdwhg suhvfulswlrqv dqg 617( iru

�uvw suhvfulswlrqv +413( ryhudoo,1

9 Frqfoxglqj uhpdunv

Dffruglqj wr rxu uhvxowv wkh fkrlfh ri guxj lv qrw lqghshqghqw ri wkh sk|vl0

fldq1 Wkh yduldeoh iru sk|vlfldq suhvfulswlrq klvwru| zdv vljql�fdqw zlwk wkh

h{shfwhg srvlwlyh vljq lq erwk wkh prgho iru lqlwldo suhvfulswlrqv dqg wkh

prgho iru uhshdwhg suhvfulswlrqv lq erwk pdunhwv +k|shuwhqvlrq dqg xofhu,1

Wkh vl}h ri wkh sk|vlfldq h�hfw ydulhg ehwzhhq qhz suhvfulswlrqv dqg uh0

shdwhg suhvfulswlrqv dqg ehwzhhq wkh glvhdvhv1 Vhhlqj d sk|vlfldq wkdw kdv

suhvfulehg 43 shufhqwdjh xqlwv pruh ri d vshfl�f guxj lq wkh sdvw lqfuhdvhg

wkh suredelolw| ri uhfhlylqj wkdw guxj e| 6 shufhqwdjh xqlwv iru d qhz k|shu0

whqvlrq sdwlhqw dqg 918 shufhqwdjh xqlwv iru d qhz xofhu sdwlhqw1 Iru uhshdwhg

suhvfulswlrqv wkh h�hfw zdv ohvv vwurqj +31; shufhqwdjh xqlwv iru k|shuwhqvlrq

dqg 41; shufhqwdjh xqlwv iru xofhu,/ gxh wr wkh vwurqj whpsrudo shuvlvwhqfh

lq wkh suhvfulswlrq sdwwhuq +l1h1 d sdwlhqw lv olnho| wr uhfhlyh wkh vdph guxj

dv suhvfulehg suhylrxvo| wr wkh sdwlhqw,1
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Rxu zrun lv uhodwhg wr wkh olwhudwxuh rq phglfdo sudfwlfh yduldwlrqv +Zhqqehuj

dqg Jlwwhovrkq 4<:6/ 4<;5> Skhosv dqg Sduhqwh 4<<3> Skhosv dqg Prrqh|

4<<5,1 Lw kdv ehhq dujxhg wkdw wkhvh yduldwlrqv duh fdxvhg e| sk|vlfldq xq0

fhuwdlqw| derxw wkh h�hfwv ri phglfdo lqwhuyhqwlrqv/ ohdglqj wr gl�huhqfhv lq

sk|vlfldq suhihuhqfhv +Zhqqehuj 4<;7,1 Wklv kdv ehhq gl!fxow wr whvw xv0

lqj djjuhjdwh gdwd/ exw rxu uhvxowv surylgh d whvw ri wklv vr0fdoohg sudfwlfh

vw|oh k|srwkhvlv xvlqj lqglylgxdo ohyho gdwd1 Rxu uhvxowv duh frqvlvwhqw zlwk

wkh sudfwlfh vw|oh k|srwkhvlv dqg frq�up wkh lpsruwdqfh ri sk|vlfldq suhi0

huhqfhv dv d vrxufh ri phglfdo sudfwlfh yduldwlrqv1 Qrw doo wkh yduldwlrq lq

wkh suhvfulswlrq sdwwhuq lq rxu gdwd zdv h{sodlqhg e| sk|vlfldq suhihuhqfhv/

krzhyhu1 Lq whupv ri wkh frh!flhqwv ri yduldwlrq lq Wdeoh :/ 4819( ri wkh

yduldwlrq lq k|shuwhqvlrq suhvfulswlrqv dqg 6<17( ri wkh yduldwlrq lq xofhu

suhvfulswlrqv zdv fdxvhg e| wkh sk|vlfldq +hvwlpdwhg dv wkh shufhqwdjh ri wkh

yduldwlrq diwhu frqwuroolqj iru sdwlhqw pl{,1 Iru qhz sdwlhqwv wkhvh iudfwlrqv

duh kljkhu1 Wklv vxjjhvwv wkdw sduw ri wkh yduldwlrq pd| dovr eh h{sodlqhg

e| rwkhu idfwruv vxfk dv sdwlhqw suhihuhqfhv dqg xqrevhuyhg sdwlhqw fkdudf0

whulvwlfv1 Wr vrph h{whqw wkh suhvfulswlrq ehkdylru ri wkh sk|vlfldq pd| dovr

eh udqgrp/ lq zklfk fdvh wkdw yduldwlrq lv dovr fdxvhg e| wkh sk|vlfldq1 Rxu

hvwlpdwhv ri wkh sk|vlfldq0lqgxfhg yduldwlrqv pd| wkhuhiruh eh dq xqghuhvwl0

pdwh1 Rxu hvwlpdwh ri wkh iudfwlrq ri yduldwlrq wkdw lv sk|vlfldq vshfl�f fdq

dovr eh frpsduhg wr wkh hvwlpdwh ri Khoohuvwhlq +4<<;,/ zkr hvwlpdwhg wkdw

63( ri wkh xqh{sodlqhg yduldwlrq lq jhqhulf yhuvxv wudgh0qdph suhvfulswlrqv

zdv sk|vlfldq0vshfl�f udwkhu wkdq sdwlhqw0vshfl�f1

Dq lpsruwdqw glvwlqfwlrq ri rxu zrun frpsduhg wr wkh suhylrxv zrun rq

phglfdo sudfwlfh yduldwlrqv lv wkdw zh vwxglhg wkh yduldwlrqv zlwklq d vpdoo

jhrjudsklfdo duhd udwkhu wkdq wkh yduldwlrq ehwzhhq gl�huhqw jhrjudsklfdo

duhdv1 Rxu vwxg| vkrzv wkdw hyhq zlwklq d vpdoo jhrjudsklfdo duhd wkhuh lv
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frqvlghudeoh yduldwlrq lq sudfwlfh vw|oh ehwzhhq sk|vlfldqv/ dqg wkhvh yduld0

wlrqv kdyh qrw ehhq wdnhq lqwr dffrxqw lq suhylrxv zrun rq phglfdo sudfwlfh

yduldwlrqv156 Wkh frh!flhqwv ri yduldwlrq lq rxu gdwd +iru wkh ryhudoo yduld0

wlrq, duh rq wkh vdph ohyho dv iru pdq| ri wkh surfhgxuhv lq wkh hvwlpdwlrqv

e| Skhosv dqg Prrqh| +4<<5, iru wkh yduldwlrqv lq phglfdo dgplvvlrqv dqg

vxujlfdo surfhgxuhv dfurvv duhdv lq Qhz \run vwdwh +wkh frh!flhqw ri ydul0

dwlrq udqjhg ehwzhhq 313<8; dqg 319385 lq wkhlu vwxg|,1 D sureohp lq wkh

hvwlpdwhv e| Skhosv dqg Prrqh| +4<<5, lv wkdw wkh sk|vlfldqv pd| qrw fdxvh

doo ri wkh yduldwlrqv lq phglfdo surfhgxuhv1

Rxu whvw ri li wkh fkrlfh ri guxj lv lqghshqghqw ri wkh sk|vlfldq fdq eh

ylhzhg dv d whvw li guxj suhvfulswlrqv duh rswlpdo1 Wkh odujhu wkh sk|vlfldq

lqgxfhg yduldwlrqv/ wkh odujhu wkh zhoiduh orvvhv1 Rxu hvwlpdwhg zhoiduh orvvhv

iru k|shuwhqvlrq zhuh orz1 Iru xofhuv wkh zhoiduh orvvhv zhuh odujhu/ hvshfldoo|

iru qhz sdwlhqwv +44( ri guxj h{shqglwxuhv,1 Exw wkh hvwlpdwhv duh orzhu

erxqg hvwlpdwhv/ ehfdxvh wkh| dvvxph wkdw wkh phdq udwh ri xvh lv wkh fruuhfw

rqh +zklfk lv suredeo| qrw wuxh/ hvshfldoo| ehfdxvh wkhuh vhhp wr eh d prudo

kd}dug sureohp> vhh ehorz,1 Wkh hvwlpdwhg zhoiduh orvvhv zhuh dovr vhqvlwlyh

wr wkh dvvxphg ghpdqg hodvwlflw|/ dqg vkrxog wkhuhiruh eh lqwhusuhwhg zlwk

fdxwlrq1 Wkh uhdvrq iru wkh vpdoohu zhoiduh orvvhv iru uhshdwhg suhvfulswlrqv

lv wkdw wkhuh lv d vwurqj whpsrudo shuvlvwhqfh lq sdwlhqw guxj fkrlfh/ l1h1 wkh

sdwlhqw lv olnho| wr uhfhlyh wkh vdph guxj dv dw wkh odvw suhvfulswlrq1 Wkhuh

lv wkxv olwwoh vfrsh iru rwkhu idfwruv wr d�hfw wkh fkrlfh ri guxj1 Wklv vwurqj

whpsrudo shuvlvwhqfh frxog hlwkhu eh gxh wr d kdelw h�hfw +l1h1 vwdwh ghshq0

ghqfh,/ ru lw frxog eh gxh wr sdwlhqwv kdylqj ehhq shuihfwo| pdwfkhg douhdg|

56Rqh frxog dovr dujxh wkdw zh xqghuhvwlpdwh wkh yduldwlrq lq guxj suhvfulswlrqv lq rxu

gdwd/ ehfdxvh zh gr qrw lqyhvwljdwh wkh yduldwlrq ehwzhhq gl�huhqw guxjv zlwklq d fodvv ri

guxjv +h1j1 wkh yduldwlrq dprqj wkh xvh ri gl�huhqw ehwd0eorfnhuv,1
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zlwk wkh ehvw guxj iru wkhp +l1h1 khwhurjhqhlw|,1 Zh frxog qrw glvwlqjxlvk

ehwzhhq wkhvh h�hfwv lq rxu dqdo|vlv/ exw iurp d zhoiduh shuvshfwlyh wkh glv0

wlqfwlrq lv lpsruwdqw1 Li sdwlhqwv duh hyhqwxdoo| pdwfkhg zlwk wkh ehvw guxj/

wklv vxjjhvwv wkdw sdwlhqwv wkdw lqlwldoo| jhw wkh zurqj guxj zloo eh vzlwfkhg

wr d ehwwhu pdwfk1 Wkh zhoiduh orvv ri lqlwldoo| suhvfulelqj wkh zurqj guxj

zloo wkhq rqo| fduu| ryhu wr ixwxuh shulrgv xqwlo wkh guxj lv vzlwfkhg1 Li rq

wkh rwkhu kdqg wkhuh lv d vwurqj kdelw h�hfw d sdwlhqw pd| eh vwxfn zlwk wkh

zurqj guxj iru d orqj wlph +dqg rqfh wkh sdwlhqw kdv ehhq vwduwhg rq wkh

zurqj guxj lw pd| qrw hyhq eh rswlpdo wr vzlwfk wr d pruh dssursuldwh guxj

li wkh frvw ri euhdnlqj wkh kdelw lv kljk,1

Sk|vlfldq lqgxfhg yduldwlrqv lq guxj suhvfulswlrqv pd| surylgh d udwlr0

qdoh iru uhjxodwlqj wkh suhvfulswlrq ehkdylru ri sk|vlfldqv1 Li uhjxodwlrqv fdq

uhgxfh wkh yduldwlrq lq suhvfulswlrq ehkdylru wkh| pd| eh zhoiduh hqkdqf0

lqj1 Vhyhudo uhjxodwlrqv kdyh dovr ehhq lpsohphqwhg wr frqvwudlq sk|vlfldq

suhvfulswlrq ehkdylru1 Lq wkh XV lw lv frpprq zlwk guxj irupxodulhv lq

vwdwh Phglfdlg surjudpv dqg lq KPRv wkdw uhvwulfwv wkh grfwru*v fkrlfh ri

guxjv wr wkrvh rq d olvw +d �srvlwlyh irupxodu|�, ru wr wkrvh qrw rq d olvw ri

h{foxghg guxjv +d �qhjdwlyh� irupxodu|, +Gudqryh 4<;<> Vfkzhlw}hu 4<<:,1

Vrph pdqdjhg fduh sodqv dovr xvh sk|vlfldq sudfwlfh sur�olqj lq zklfk suh0

vfulswlrq sdwwhuqv ri lqglylgxdo sk|vlfldqv duh wudfnhg wr lghqwli| kljk0frvw

suhvfulehuv dqg wkhq fkdqjh wkhlu suhvfulswlrq ehkdylru +Vfkzhlw}hu 4<<:,1

Lq Vzhghq wkh frxqw| frxqflov +wkdw duh uhvsrqvleoh iru wkh khdowk fduh lq

Vzhghq, kdyh guxj irupxodu| frpplwwhhv wkdw lvvxh uhfrpphqgdwlrqv ri wkh

dssursuldwh guxjv wr eh suhvfulehg iru ydulrxv glvhdvhv +dowkrxjk wkh frxqw|

frxqflov fdqqrw irufh wkh sk|vlfldqv wr iroorz wkhvh uhfrpphqgdwlrqv/ dqg

wkh| fdqqrw olplw uhlpexuvhphqw rq guxjv ghhphg qrw wr eh dssursuldwh,1

Dowkrxjk wkhuh lv d srwhqwldo iru uhjxodwlrqv wr frqvwudlq sk|vlfldq suhvfuls0
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wlrq ehkdylru wr uhgxfh xqqhfhvvdu| yduldwlrqv/ wkh frvwv ri wkhvh uhjxodwlrqv

dovr qhhgv wr eh wdnhq lqwr dffrxqw wr dvvhvv wkhlu ryhudoo zhoiduh lpsolfdwlrqv

+vhh Show}pdq +4<:6, dqg Gudqryh +4<;<, iru vxfk hydoxdwlrqv,1

Wkh uhvxowv suhvhqwhg khuh vxjjhvw wkdw wkh srwhqwldo zhoiduh jdlqv ri uhj0

xodwlrqv duh juhdwhvw iru qhz sdwlhqwv dqg pd| ydu| ehwzhhq glvhdvhv1 Wkdw

wkh srwhqwldo zhoiduh jdlqv duh odujhvw iru qhz sdwlhqwv lv orjlfdo/ ehfdxvh wkh|

fdq eh h{shfwhg wr kdyh ohvv lqirupdwlrq derxw gl�huhqw wuhdwphqw rswlrqv

wkdq pruh h{shulhqfhg sdwlhqwv/ ohdglqj wr d odujhu lqirupdwlrqdo dv|pphwu|

ehwzhhq wkh sdwlhqw dqg wkh sk|vlfldq1 Wklv dovr lqglfdwhv wkdw wkh srwhqwldo

jdlqv iurp uhjxodwlrqv duh juhdwhu iru pruh dfxwh frqglwlrqv +l1h1 frqglwlrqv

zlwk ohvv uhshdw suhvfulswlrqv,1 Lq rxu fdvh k|shuwhqvlrq lv d pruh fkurqlf glv0

hdvh wkdq xofhu zlwk pruh uhshdw suhvfulswlrqv/ dqg lw lv dovr dvvrfldwhg zlwk

orzhu zhoiduh orvvhv1 Wkh pruh fkurqlf wkh glvhdvh wkh juhdwhu zloo dovr wkh

lqfhqwlyh eh iru sdwlhqwv wr lqyhvw lq lqirupdwlrq dqg nqrzohgjh derxw wuhdw0

phqw rswlrqv1 Wklv lv d srwhqwldo h{sodqdwlrq iru zk| wkh sk|vlfldq0lqgxfhg

yduldwlrq +dqg zhoiduh orvvhv, zdv vpdoohu iru k|shuwhqvlrq wkdq xofhuv dovr

iru qhz sdwlhqwv1

Zh dovr whvwhg li wkh yduldwlrq lq sk|vlfldq suhvfulswlrq ehkdylru frxog

eh h{sodlqhg e| revhuydeoh sk|vlfldq fkdudfwhulvwlf +judgxdwlrq |hdu iurp

phglfdo vfkrro/ jhqghu/ dqg yroxph ri suhvfulswlrqv,1 Wkh rqo| vljql�fdqw

sk|vlfldq fkdudfwhulvwlf zdv wkh jhqghu ri wkh sk|vlfldq +wkdw zdv vljqli0

lfdqw iru �uvw dqg uhshdwhg xofhu suhvfulswlrqv dqg uhshdwhg k|shuwhqvlrq

suhvfulswlrqv,1 Ihpdoh sk|vlfldqv zhuh ohvv olnho| wr suhvfuleh qhz guxjv dqg

wr vzlwfk sdwlhqwv iurp rog guxjv wr qhz guxjv wkdq pdoh sk|vlfldqv1 Iru

xofhuv wkh suredelolw| ri suhvfulelqj d surwrq sxps lqklelwru iru d qhz sd0

wlhqw zdv 79( iru pdoh sk|vlfldqv dqg 74( iru ihpdoh sk|vlfldqv/ dqg wkh

suredelolw| ri vzlwfklqj d sdwlhqw iurp dq K20dqwdjrqlvw wr d surwrq sxps
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lqklelwru zdv 64( iru pdoh sk|vlfldqv dqg 59( iru ihpdoh sk|vlfldqv1 Ihpdoh

sk|vlfldqv wkxv vhhp pruh frqvhuydwlyh frqfhuqlqj wkh h�hfwv ri qhz guxjv

frpsduhg wr pdoh sk|vlfldqv1 Iru xofhuv zh dovr whvwhg li wkh suhvfulswlrq

sdwwhuq gl�huhg ehwzhhq vshfldolvw dqg qrq0vshfldolvw grfwruv dqg irxqg wkdw

vshfldolvwv zhuh pruh olnho| wr suhvfuleh surwrq sxps lqklelwruv iru qhz sd0

wlhqwv dqg wr vkliw sdwlhqwv iurp K20dqwdjrqlvwv wr surwrq sxps lqklelwruv1

D gl!fxow| lq lqwhusuhwlqj wklv uhvxow lv wkdw vshfldolvwv pd| vhh sdwlhqwv zlwk

pruh vhyhuh xofhu sureohpv/ l1h1 li wkh xofhu lv vhyhuh ru zruvhqlqj d sdwlhqw

pd| eh uhihuuhg wr d vshfldolvw1

Zh dovr whvwhg zkhwkhu wkh fkrlfh ri guxj wkhuds| lv lqghshqghqw ri sulfh1

Zh irxqg qr vljql�fdqw h�hfw ri sulfh iru hlwkhu wkh pdunhw iru k|shuwhqvlrq

guxjv ru wkh pdunhw iru xofhu guxjv1 Wkh odfn ri sulfh vhqvlwlylw| lv qrw

vxusulvlqj jlyhq wkdw qhlwkhu sdwlhqwv qru sk|vlfldqv kdyh dq| shfxqldu| lq0

fhqwlyh wr wdnh sulfh lqwr dffrxqw rq wkh Vzhglvk skdupdfhxwlfdo pdunhw1

Li sk|vlfldqv dfwhg dv shuihfw djhqwv iru vrflhw| wkh| zrxog lqfrusrudwh wkh

frvw ri guxjv lqwr suhvfulswlrq ghflvlrqv1 Rxu uhvxowv vxjjhvw wkdw wklv lv

qrw wkh fdvh1 Ryhudoo zh �qg wkdw wkh uroh ri wkh sk|vlfldq lv lpsruwdqw lq

suhvfulswlrq ghflvlrqv/ hvshfldoo| iru qhz sdwlhqwv1 Krzhyhu/ ixuwkhu zrun lv

fohduo| qhhghg wr ehwwhu xqghuvwdqg wkh vrxufhv ri zk| sk|vlfldqv gl�hu lq

wkhlu suhvfulswlrq ehkdylru dqg wr ixuwkhu hydoxdwh wkh zhoiduh frqvhtxhqfhv

ri wkhvh gl�huhqfhv1

Uhihuhqfhv

Dsrwhnhw DE +4<<<,/ Oçnhphghovernhq 4<<<25333/ Vwrfnkrop= Dsrwhnhw DE1

Eurzqvwrqh/ G1 dqg Wudlq/ N1 +4<<<,/ Iruhfdvwlqj qhz surgxfw shqhwudwlrq zlwk  h{leoh

vxevwlwxwlrq sdwwhuqv/ Mrxuqdo ri Hfrqrphwulfv/ yro1 ;</ ss1 43<045<1
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Frvfhool/ D1 +5333,/ Wkh lpsruwdqfh ri grfwruv* dqg sdwlhqwv* suhihuhqfhv lq wkh suhvfuls0

wlrq ghflvlrq/ Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ yro1 7;/ ss1 67<069<1

Gudqryh/ G1 +4<;<,/ Phglfdlg guxj irupxodu| uhvwulfwlrqv/ Mrxuqdo ri Odz dqg Hfrqrplfv/

yro1 65/ ss1 476�4951

Jhugwkdp/ X0J1/ Mrkdqqhvvrq/ P1/ Jxqqduvvrq/ E1/ Pdufxvvrq/ P1 dqg Khqulnvvrq I

+4<<;,/ Wkh h�hfw ri fkdqjhv lq wuhdwphqw sdwwhuqv rq guxj h{shqglwxuh/ Skdupd0

frHfrqrplfv/ yro146 / ss1 45:04671

Khfnpdq/ M1 +4<;4,/ Wkh lqflghqwdo sdudphwhuv sureohp dqg wkh sureohp ri lqlwldo frq0

glwlrqv lq hvwlpdwlqj d glvfuhwh wlph0glvfuhwh gdwd vwrfkdvwlf surfhvv/ Lq= Vwuxfwxudo

Dqdo|vlv ri Glvfuhwh gdwd zlwk Hfrqrphwulf Dssolfdwlrqv/ hg1 Pdqvnl/ F1 dqg Pf0

Idgghq/ G1/ PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv1

Khoohuvwhlq M1+4<<;,/ Wkh lpsruwdqfh ri wkh sk|vlfldq lq wkh jhqhulf yhuvxv wudgh0qdph

suhvfulswlrq ghflvlrq/ UDQG Mrxuqdo ri Hfrqrplfv yro1 5</ ss1 43;04691

Nhdqh P1 +4<<:,/ Prgholqj khwhurjhqhlw| dqg vwdwh ghshqghqfh lq frqvxphu fkrlfh eh0

kdylru/ Mrxuqdo ri Exvlqhvv ) Hfrqrplf Vwdwlvwlfv/ yro1 48/ ss1 643065:1

Oxqglq G1 +5333,/ Prudo kd}dug lq sk|vlfldq suhvfulswlrq ehkdylru/ Mrxuqdo ri Khdowk

Hfrqrplfv/ yro1 4</ ss1 96<09951

PfIdgghq/ G1 +4<:6,/ Frqglwlrqdo orjlw dqdo|vlv ri txdolwdwlyh fkrlfh ehkdylru/ lq S1

]duhpend/ hg1 Iurqwlhuv lq Hfrqrphwulfv/ Qhz \run/ Dfdghplf Suhvv1

PfIdgghq/ G1 dqg Wudlq/ N1 +4<<:,/ Pl{hg pxowlqrpldo orjlw prgho iru glvfuhwh uhvsrqvh/

Zrunlqj Sdshu/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Ehunoh|1

Pdggdod/ J1V1 +4<;:,/ Olplwhg ghshqghqw yduldeoh prghov xvlqj sdqho gdwd/ Mrxuqdo ri

Kxpdq Uhvrxufhv/ yro1 55/ ss1 63:066;1
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Pruwlphu U1 R1/ +4<<:,/ Ghpdqg iru suhvfulswlrq guxjv= wkh h�hfwv ri pdqdjhg fduh

skdupdf| ehqh�wv1 Plphr/ Vwdqirug Xqlyhuvlw|1

Show}pdq/ V1 +4<:6,/ Dq hydoxdwlrq ri frqvxphu surwhfwlrq ohjlvodwlrq= wkh 4<95 guxj

dphqgphqwv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 ;4/ ss1 437<043<41

Skhosv/ F1H1 dqg Prrqh|/ F1 +4<<5,/ Fruuhfwlrq dqg xsgdwh rq *sulrulw| vhwwlqj lq phg0

lfdo whfkqrorj| dvvhvvphqw*/ Phglfdo Fduh/ yro1 63/ ss1 :770:841

Skhosv/ F1H1 dqg Sduhqwh/ V1W1 +4<<3,/ Sulrulw| vhwwlqj lq phglfdo whfkqrorj| dqg phglfdo

sudfwlfh dvvhvvphqw/ Phglfdo Fduh/ yro1 5;/ ss1 :360:561

Uhyhow/ G1 dqg Wudlq/ N1 +4<<;,/ Pl{hg orjlw zlwk uhshdwhg fkrlfhv= krxvhkrogv* fkrlfhv ri

dssoldqfh h!flhqf| ohyho/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ yro1 ;3/ ss1 97:098:1

Uxxg/ S1 +4<<9,/ Dssur{lpdwlrq dqg vlpxodwlrq ri wkh pxowlqrpldo surelw prgho= Dq

dqdo|vlv ri fryduldqfh pdwul{ hvwlpdwlrq/ Zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| ri Fdoliruqld/ Ehunoh|1

Vfkzhlw}hu/ V1R1 +4<<:,/ Skdupdfhxwlfdo hfrqrplfv dqg srolf|/ R{irug Xqlyhuvlw| Suhvv/

Qhz \run1

Vwhuq/ V1 dqg Wudmwhqehuj/ P1 +4<<;,/ Hpslulfdo lpsolfdwlrqv ri sk|vlfldq dxwkrulw| lq

skdupdfhxwlfdo ghflvlrqpdnlqj1 Zrunlqj Sdshu 9;84/ Qdwlrqdo Exuhdx ri Hfrqrplf

Uhvhdufk1

Vwhuq/ V1 +4<<:,/ Vlpxodwlrq0Edvhg Hvwlpdwlrq/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ yro1 68/

ss1 53390536<1

Wkh Vzhglvk Frxqflo rq Whfkqrorj| Dvvhvvphqw lq Khdowk Fduh +4<<8,/ Prghudwho| ho0

hydwhg eorrg suhvvxuh/ Mrxuqdo ri Lqwhuqdo Phglflqh/ yro1 56;+vxssohphqw :6:,=

405581

66



Zhqqehuj/ M1H1 +4<;7,/ Ghdolqj zlwk phglfdo sudfwlfh yduldwlrqv= d sursrvdo iru dfwlrq/

Khdowk D�dluv/ yro1 6/ ss1 90651

Zhqqehuj/ M1H1 dqg Jlwwhovrkq/ D1 +4<:6,/ Vpdoo duhd yduldwlrqv lq khdowk fduh gholyhu|/

Vflhqfh/ yro1 4;5/ ss1 44350443;1

Zhqqehuj/ M1H1 dqg Jlwwhovrkq/ D1 +4<;5,/ Yduldwlrqv lq phglfdo fduh dprqj vpdoo duhdv/

Vflhqwl�f Dphulfdq/ yro1 579/ ss1 45304671

ZKR +4<<:,/ Frooderudwlqj Fhqwuh iru Guxj Vwdwlvwlfv Phwkrgrorj|/ DWF lqgh{ zlwk

GGGv 4<<:/ Rvor1
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Wdeoh 4= Phdq frvw shu gd| +Gh�qhg Gdlo| Grvh, ri k|shuwhqvlrq wuhdwphqw

dqg xofhu wuhdwphqw lq 4<;; Vzhglvk Nurqru1
K|shuwhqvlrq Xofhuv

\hdu Glxuhwlfv Ehwd0 Fd0 DFH0 Zhljkwhg Surwrqh K50 Zhljkwhg

eorfn1 dqwdj1 lqkle1 phdq sxps lqkle1 lqkle1 phdq

4<;; 413: 6136 61;3 71<< 5133 5;183 43199 45158
4<;< 4135 613< 7143 71;< 514< 5:146 44154 47154

4<<3 31<: 51;< 7144 7193 5145 58185 431<4 49146

4<<4 31<7 51;3 7155 716; 5145 58166 431<9 491;4
4<<5 31<5 51:7 7157 7157 515: 57177 44157 4:14:

4<<6 31;6 5186 61<5 7166 5149 5519: 4414< 4:1<6
4<<7 31:7 41;6 61:9 619; 41;9 5416< 44148 4:198

4<<8 � � � � � 54148 44156 4;155

Wdeoh 5= Ghvfulswlyh vwdwlvwlfv 0 K|shuwhqvlrq1
Uhshdwhg suhvfulswlrqv Iluvw suhvfulswlrqv

Yduldeoh Glxuh0 Ehwd0 Fd0 DFH0 Glxuh0 Ehwd0 Fd0 DFH0
wlfv eorfn1 dqwdj1 lqkle1 wlfv eorfn1 dqwdj1 lqkle1

Pdunhw vkduh +dv qxpehu ri suhvfu1, 3186 315; 3143 313< 315: 316< 3155 3145

Frvw shu gd| +VHN, 413; 614: 71:: 8155 413; 6155 71<3 8159
Sk|vlfldq suhvfulswlrq yroxph 4451; 431;

Sk|vlfldq jhqghu +4 @ ihpdoh, 3166 3163

Sk|vlfldq judgxdwlrq |hdu 4<;817 4<;81;
Jhqghu +sdwlhqw> 4 @ ihpdoh, 3198 3193

Djh +sdwlhqw, :3 96
Gldehwhv 3147 313:

Frurqdu| khduw glvhdvh 313< 3139

Frqjhvwlyh khduw idloxuh 313< 3136

Qxpehu ri rev1 :779 86;
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Wdeoh 6= Ghvfulswlyh vwdwlvwlfv 0 Xofhuv1
Yduldeoh Uhshdwhg suhvfulswlrqv Iluvw suhvfulswlrqv

Pdunhw vkduh=surwrq sxps lqklelwruv +dv qxpehu ri suhvfu1, 3186 3178

Frvw shu gd| +VHN, 4:16 4918
Sk|vlfldq suhvfulswlrq yroxph 4618 ;1<

Sk|vlfldq jhqghu +4@ihpdoh, 3155 3157

Sk|vlfldq judgxdwlrq |hdu 4<;813 4<;819
Vshfldolvw 313;8 313;8

Jhqghu +sdwlhqw> 4@ihpdoh, 3189 318:

Djh +sdwlhqw, 941: 861;
Jdvwulf xofhu 313: 3138

Gxrghqdo xofhu 3153 3146
Jdwurhvrskdjhdo uh x{ glvhdvh +JHUG, 315: 3153

G|vshsvld 3179 3195

Qxpehu ri rev 6635 43;4
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Iljxuh 4= Pdunhw0vkduhv/ dv phdvxuhg e| qxpehu ri suhvfulswlrqv �oohg rxw/ iurp 4<;;

wr 4<<7 ri wkh irxu gl�huhqw w|shv ri k|shuwhqvlyh djhqwv1
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Wdeoh 7= Sdudphwhu hvwlpdwhv 0 K|shuwhqvlrq1 Prgho zlwk sk|vlfldq suhihu0

hqfhv +sk|vlfldq suhvfulswlrq klvwru|,1 Ghshqghqw yduldeoh lv w|sh ri guxj1

Uhshdwhg suhvfu1 Iluvw suhvfu1

Frvw shu gd| Phdq 0314: 3196
+031;8, +4175,

Vw1ghy1 3139 3147

+3166, +3189,
Suhvfulehg odvw Phdq 6163

wlph +63144,---

Vw1ghy1 41:4
+451<<,---

Sk|vlfldq suhvfu1 Phdq 41:4 416:
klvwru| +714:,--- +41<7,-

Vw1ghy1 5195 41;7

+5189,-- +3164,
Ehwd0eorfn1 Fd0dqwdj1 DFH0lqkle1 Ehwd0eorfn1 Fd0dqwdj1 DFH0lqkle

Lqwhufhsw Phdq 7165 616: 8183 81:9 414; 6194
+81<9,--- +61:8,--- +8145,--- +619<, +3195, +4194,

Vw1ghy1 3198 31<< 4138

+6183,--- +8138,--- +71<;,---
Jhqghu 03143 0316: 03184 031<6 031<: 0415<

+0318<, +0513<,-- +0517;,-- +0613;,--- +051;9,--- +06164,---
Djh 031395 03138; 0313<; 03144 0313; 03143

+0:1;5,--- +09187,--- +0<184,--- +0:146,--- +061<4,--- +08196,---

Gldehwhv 031348 0314:; 313<5 31;8 03144 4188
+0313:, +031:7, +3165, +4188, +03149, +5186,--

Frurqdu| khduw 3159 3178 03186 3154 3154 0313;
glvhdvh +4136, +419:,- +04167, +3174, +316:, +03144,

Frqjhvwlyh khduw 04138 031:3 0314<

idloxuh +051<8,--- +0513<,-- +03176,
Wlph wuhqg 03133347 3133385 313339: 3133377 31333;< 3133368

+04167, +6164,--- +71<9,--- +41;5,- +51:9,--- +4146,

Revhuydwlrqv 9965 7;:
Orj olnholkrrg 06458 0897

Svhxgr U5 318< 3153

Qrwhv= Qxpehuv lq sduhqwkhvhv duh }0ydoxhv1

- Vljql�fdqw dw wkh 43 ( ohyho1 -- Vljql�fdqw dw wkh 8( ohyho1 ---Vljql�fdqw dw wkh 4(

ohyho1
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Wdeoh 8= Sdudphwhu hvwlpdwhv 0 K|shuwhqvlrq1 Prgho zlwk sk|vlfldq fkdudf0

whulvwlfv1 Ghshqghqw yduldeoh lv w|sh ri guxj1
Uhshdwhg suhvfu1 Iluvw suhvfu1

Frvw shu gd| Phdq 03146 3198

+0319<, +4185,

Vw1ghy 3137 3146
+316:, +3183,

Suhvfulehg odvw Phdq 6153

wlph +66194,---
Vw1ghy 419:

+47194,---
Ehwd0eorfn1 Fd0dqwdj1 DFH0lqkle1 Ehwd0eorfn1 Fd0dqwdj1 DFH0lqkle1

Lqwhufhsw Phdq 5183 415< 7186 :163 7158 7149

+5176,-- +61:8,--- +8145,--- +613;, +4189, +415;,
Vw1ghy 3198 31;5 4139

+7153,--- +8164,--- +9166,---
Sk|vlfldq 031393 031566 031797 3164 3175 3184

jhqghu +03175, +04178, +0517:,-- +4138, +4159, +4164,

Sk|vlfldq 3134: 31348 3133; 03134: 031366 03134;
judgxdwlrq |hdu +41:;, +4167, +3199, +0313;5, +04177, +03189,

Sk|vlfldq 031334: 313347 0313356 0313347 031337; 313384
suhvfulswlrq yro1 +0419:, +31:;, +0414<, +03174, +04157, +4146,

Jhqghu 03147 03186 03187 031;6 031;: 04149

+031<8, +06156,--- +051:<,--- +06139,--- +051;3,--- +06158,---
Djh 031388 03137: 0313;; 03143: 031399 031435

+0:1;9,--- +0916<,--- +0<1;8,--- +0;135,--- +07153,--- +081<7,---
Gldehwhv 0314;8 31357 313:5 318; 03186 414<

+031<4, +3144, +315:, +4154, +031;5, +5147,--

Frurqdu| khduw 314< 317: 03179 316: 3166 03144
glvhdvh +313;4, +41<8,-- +0415:, +31:9, +3195, +03147,

Frqjhvwlyh khduw 0414: 03193 03144
idloxuh +06175,--- +05133,-- +0315;,

Wlph wuhqg 03133345 3133385 313338< 313337: 31333;4 3133364

+04155, +6188,--- +71;5,--- +513;,-- +51:4,--- +413;,

Revhuydwlrqv :779 86;
Orj olnholkrrg 06869 094:

Svhxgr U5 318< 3137

Qrwhv= Vhh Wdeoh 71

6;



Wdeoh 9= Sdudphwhu hvwlpdwhv 0 Xofhuv1 Ghshqghqw yduldeoh lv w|sh ri guxj

+4@surwrq sxps lqklelwruv,1

Uhshdwhg suhvfu1 Iluvw suhvfu1
Prgho zlwk Prgho zlwk Prgho zlwk Prgho zlwk

sk|v1 suhi1 sk|v1 fkdudf1 sk|v1 suhi1 sk|v1 fkdudf1

Frvw shu gd| +VHN, Phdq 3199 03138 05199 0414;

+3184, +03138, +04189, +031;4,
Vw1ghy1 31334 3148

31334 +31;9,
Suhvfulehg odvw wlph Phdq 5165 513<

+461:8,--- +47153,---

Vw1ghy1 415; 415:
+8189,--- +:155,---

Sk|vlfldq suhvfulswlrq Phdq 415; 6158
klvwru| +61;6,--- +:196,---

Vw1ghy1 3173

+3165,
Frqvwdqw Phdq 0714< 04147 716; 4167

+04155, +316<, +31<<, +3167,
Vw1ghy1 413< 4133

+:1<5,--- +81;;,---

Sk|vlfldq jhqghu +4@ihpdoh, 03156 03154
+041<6,- +041<3,-

Sk|vlfldq judg1 |hdu 031345 3133:7

+0416;, +319;,
Sk|vlfldq suhvfulswlrq 031333;6 313376

yroxph +03174, +4194,
Vshfldolvw 3199 3196

+7143,--- +518<,---

Jhqghu +4@ihpdoh, 03145 031365 0314; 03157
+031::, +03155, +0414;, +041:<,

Djh 0313365 031336< 31349 31349
+03198, +031;:, +61<4,--- +7175,---

Gxrghqdo xofhu 03146 031437 3175 3174

+0314:, +0316;, +31<9, +4149,
JHUG 31:3 3179 0316< 0314;

+5148,-- +419<,- +031<8, +03188,
G|vshsvld 03146 03154 0318: 03178

+03177, +031;7, +04179, +04175,

Wlph wuhqg 313344 31333<< 313336: 3133394
+6133,--- +6146,--- +31:<, +4185,

Revhuydwlrqv 5:39 6635 ;85 43;4

Orj olnholkrrg 045;7 04938 083; 0999
Svhxgr U5 3164 3163 3148 3143

Qrwhv= Vhh Wdeoh 71

6<



Wdeoh := Zhoiduh orvvhv ri yduldwlrqv lq suhvfulswlrq sdwwhuqv ehwzhhq sk|vl0

fldqv1
Phdq Frh!flhqw Zhoiduh orvv

frvw2GGG ri yduldwlrq +dv ( ri

h{shqglwxuh,

K\SHUWHQVLRQ

41 Wrwdo yduldwlrq 517< 3173; 5;17

51 Yduldwlrq frqwuroolqj 517< 31589 4419
iru sdwlhqw pl{

61 Yduldwlrq lqgxfhg 517< 31373 316
e| sk|vlfldq

71 Yduldwlrq lqgxfhg 5176 31367 315

e| sk|vlfldq 0 Uhshdw1 suhv1
81 Yduldwlrq lqgxfhg 614: 313;5 413

e| sk|vlfldq 0 Iluvw suhv1

XOFHUV
41 Wrwdo yduldwlrq 4:194 316:8 551:

51 Yduldwlrq frqwuroolqj 4:194 31696 5417

iru sdwlhqw pl{
61 Yduldwlrq lqgxfhg 4:194 31476 616

e| sk|vlfldq
71 Yduldwlrq lqgxfhg 4:1;9 313:5 31<

e| sk|vlfldq 0 Uhshdw1 suhv1

81 Yduldwlrq lqgxfhg 4:144 315;3 4417
e| sk|vlfldq 0 Iluvw suhv1
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Protone pump inhib.

Iljxuh 5= Pdunhw0vkduh/ dv phdvxuhg e| qxpehu ri suhvfulswlrqv �oohg rxw/ iru surwrqh

sxps lqklelwruv 4<;;04<<81
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