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Abstract 
 
This paper aims at examining the interaction between unemployment and inter-regional mobility in the presence 
of asymmetric productivity shocks. We present an intertemporal two-regions equilibrium model where 
unemployed workers can migrate from one region to another. The hiring process is represented by a matching 
function à la Pissarides. We also analyse the wage setting procedure by introducing Nash bargaining between 
firms and employees. We compare two extremely different scenarios. The case where there is no mobility with 
unemployment persistence versus the same economy where perfect mobility is assumed. This paper also studied 
different types of asymmetries such as changes in “unemployment benefits” and/or the cost of posting vacancies. 
We show the importance of these changes to explain regional unemployment disparities.Finally, we calibrate the 
model for Spain and we analyse the relevance of the model in explaining regional disparities and inter-regional 
labour force mobility. 
  
JEL classification: J51,  J61, R23. 
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4 Lqwurgxfwlrq

Ghvslwh shuvlvwhqw gl�huhqfhv ri xqhpsor|phqw udwhv dfurvv Hxurshdq uhjlrqv/
Hxurshdq lqwhu0uhjlrqdo pljudwlrq udwhv duh uhodwlyho| orz lq frpsdulvrq zlwk
wkh XV/ udqjlqj iurp 319( lq frxqwulhv vxfk dv Lwdo| dqg Vsdlq dqg 4( 0518(
lq rwkhu Hxurshdq frppxqlw| frxqwulhv/ wr 6( lq wkh XV gxulqj wkh qlqhwlhv
+vhh Ryhupdq dqg Sxjd/ +4<<<,,14

Lq sduwlfxodu/ lqwhu0uhjlrqdo pljudwlrq udwhv kdyh ehhq orz lq Vsdlq gxulqj
wkh odvw ghfdghv +vhh Eryhu dqg Yholood +4<<<,/ dqg Ehqwrolod +5334,,1 Gxulqj wkh
odwh 4<:3*v dqg hduo| 4<;3*v wkhuh zdv d ghfolqh lq wkh lqwhu0uhjlrqdo pljudwlrq/
3165( lq 4<;51 Hyhq li xqwlo wkh plg 4<<3*v wklv udwh kdv lqfuhdvhg/ iru 4<<8
wkh jurvv lqwhu0uhjlrqdo udwh lq Vsdlq zdv 3195( +vhh Eryhu dqg Yholood +4<<<,,15

Vsdqlvk uhjlrqdo xqhpsor|phqw glvsdulwlhv duh yhu| surqrxqfhg1 Vrph uhjlrqv
duh shuvlvwhqwo| deryh wkh dyhudjh +h1j1 Dqgdoxvld 5</97( lq 4<;8 dqg 57/7;(
lq 5333,/ zkloh vrph rwkhu uhjlrqv shuvlvwhqwo| uhpdlq ehorz wkh qdwlrqdo dyhu0
djh +h1j1 Od Ulrmd 4:/5<( dqg ;/47( uhvshfwlyho|,1 D juhdw ghdo ri hpslulfdo
olwhudwxuh kdv vkrzq wkdw wkh orz lqwhu0uhjlrqdo prelolw| dv zhoo dv wkh xqhp0
sor|phqw shuvlvwhqfh lq Vsdqlvk uhjlrqv kdv ehhq frpsdudwlyho| kljkhu wkdq lq
rwkhu Hxurshdq frxqwulhv lq wkh sdvw +vhh Ehqwrolod dqg Grodgr/ +4<<5,/ Uögh0
qdv +4<<7,/ Dqwroðq dqg Eryhu +4<<:,/ Eryhu dqg Yholood +4<<<, dqg Ehqwrolod V1
+5334,,1

Wkh dlp ri wklv sdshu lv wr vkhg vrph oljkw rq wkh uroh dqg frqvhtxhqfhv
ri lqwhu0uhjlrqdo prelolw|1 Zh pdlqo| dgguhvv wkh iroorzlqj lvvxhv= l, wr zkdw
h{whqw grhv prelolw| d�hfw xqhpsor|phqwB dqg ll, wr zkdw h{whqw fdq oderxu
irufh prelolw| frqwulexwh wr glplqlvklqj uhjlrqdo glvsdulwlhvB

Zh ghyhors d UEF prgho zlwk wzr uhjlrqv1 Wklv sdshu dlpv dw dqdo|vlqj wkh
oderxu pdunhw zlwk pljudwlrq1 Zh frpsduh wzr h{wuhpho| gl�huhqw vfhqdulrv=
wkh fdvh zkhuh wkhuh lv qr prelolw| zlwk xqhpsor|phqw shuvlvwhqfh yhuvxv wkh
vdph hfrqrp| zkhuh frvwohvv prelolw| lv doorzhg1 Lq sduwlfxodu zh irfxv rq
xqhpsor|phqw/ lqwhu0uhjlrqdo prelolw|/ zdjhv dqg hpsor|phqw g|qdplfv1

Wkhruhwlfdo olwhudwxuh rq wkh lqwhudfwlrqv ehwzhhq pljudwlrq dqg xqhpsor|0
phqw ehjlqv zlwk Kduulv dqg Wrgdur +4<:3,1 Wkh| suhvhqw dq hfrqrp| zlwk wzr
uhjlrqv lq d vwdwlf iudphzrun1 Zrunhuv ghflgh wr pljudwh ghshqglqj rq wkhlu
lqfrph h{shfwdwlrqv/ krzhyhu/ zdjhv duh h{rjhqrxvo| ghwhuplqhg lq wkh uhjlrq
wkdw uhfhlyhv wkh pljudwlrq1 Wkh| frqfoxgh wkdw pljudwlrq kdv d qhjdwlyh h�hfw
rq wkh uhjlrq uhfhlylqj wkh pljudqwv ehfdxvh wkh qxpehu ri dydlodeoh mrev wkhq
kdyh wr eh glylghg dprqj d odujhu qxpehu ri zrunhuv1 D srvlwlyh uhodwlrqvkls
ehwzhhq xqhpsor|phqw udwhv dqg zdjhv dulvhv1 Wkh prgho grhv qrw wdnh lqwr
dffrxqw wkh gl�huhqw hpsor|phqw rssruwxqlwlhv lq hdfk uhjlrq1 Rwkhu prghov
vxfk dv Vfkplgw hw do1 +4<<7,/ xvh wkh vdph iudphzrun zlwk zdjh edujdlqlqj
frqfoxglqj wkdw wkhuh lv d srvlwlyh h�hfw ri pljudwlrq/ krzhyhu/ wkhlu dqdo|vlv lv
olplwhg e| dq h{rjhqrxv pljudwlrq1

Eodqfkdug dqg Ndw} +4<<5,/ Ghfuhvvlq dqg Idwdv +4<<8,/ dqg Pxhw +4<<8,/

4Wkh lqwhu0uhjlrqdo udwh lv gh�qhg dv wkh udwlr ri pljudqw shuvrqv wr srsxodwlrq1
5Rqh lpsruwdqw idfwru wr h{sodlq wkh odfn ri prelolw| lq Vsdlq lv d uljlg krxvlqj pdunhw

+vhh Dqwroðq dqg Eryhu +4<<:, iru hpslulfdo hylghqfh,1
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vkrz wkdw pljudwlrqv fdq ghfuhdvh uhjlrqdo xqhpsor|phqw glvsdulwlhv1 Wkhvh
sdshuv olqn wkh uhjlrqdo xqhpsor|phqw udwh zlwk oderxu vxsso|/ oderxu ghpdqg
dqg zdjh0vhwwlqj idfwruv lq dq hfrqrphwulf prgho1 Wkhvh vwxglhv ghedwh wkh
pdfurhfrqrplf dgmxvwphqwv wr dfklhyh vwdelolvdwlrq dqg frruglqdwlrq lq rughu
wr devrue dv|pphwulf vkrfnv lq wkh gl�huhqw uhjlrqv1 D srolf| ri prelolw| lv
vwxglhg orrnlqj iru vwdelolw|/ d ehwwhu dvvlplodwlrq ri dv|pphwulf vkrfnv lq wkh
hfrqrp| ru dv dq dowhuqdwlyh wr vkduh vkrfnv dprqj uhjlrqv1 Wkh| revhuyh d
qhjdwlyh uhodwlrqvkls ehwzhhq xqhpsor|phqw udwhv dqg zdjhv zkhq wkh hfrqrp|
idfhv dv|pphwulf vkrfnv1

Pruh uhfhqwo| sdshuv edvhg rq pdwfklqj prghov vwxg| wkh uhodwlrqvkls eh0
wzhhq pljudwlrq dqg xqhpsor|phqw1 Lq wklv iudphzrun zh �qg vhyhudo hpslul0
fdo vwxglhv vxfk dv Slvvdulghv dqg Zdgvzruwk +4<;<,/ Slvvdulghv dqg PfPdvwhu
+4<<3,/ dqg Mdfnpdq dqg Vdyrxul +4<<5,1 Wkh| xvh wkh mre0pdwfklqj dssurdfk
wr frqvlghu wkh suredelolw| iru xqhpsor|hg zrunhuv wr �qg d mre1 Pruh wkhr0
uhwlfdo pdwfklqj prghov duh frqvwuxfwhg e| Ruwhjd +5333, dqg Fkìurq +4<<<,1
Ruwhjd +5333, vwxglhv wkh surshuwlhv ri wkh pdwfklqj surfhvv lq d prgho zlwk
wzr frxqwulhv zkhuh zdjh lv ghwhuplqhg lq d Qdvk edujdlqlqj surfhvv1 Zrun0
huv ghflgh zkhwkhu wr vhdufk lq wkhlu frxqwu| ru orrn iru d mre deurdg1 Ruwhjd
dwwulexwhv dgglwlrqdo frvwv wr wkh pljudqwv1 Kh vkrzv pljudwlrq dv Sduhwr rs0
wlpxp dqg wkh srvlwlyh h�hfw ri pljudwlrq jlyhq wkdw lppljudwlrq ohdgv wr dq
lqfuhdvh lq mre fuhdwlrq lq wkh frxqwu| uhfhlylqj zrunhuv1 Krzhyhu/ wklv sdshu
lv olplwhg wr d vwdwlf iudphzrun1 Fkìurq +4<<<,/ exlogv d g|qdplf htxloleulxp
pdwfklqj prgho iru wzr frxqwulhv1 Lq klv prgho/ wkh pljudwlrq lv pdgh hqgrjh0
qrxv wkurxjk d pljudwlrq frvw/ zklfk ghshqgv rq rqh h{rjhqrxv sdudphwhu/
zkloh zdjhv duh h{rjhqrxvo| ghwhuplqhg1 Wkhvh dvvxpswlrqv lpso| wkdw wkhuh
lv dq lpphgldwh dgmxvwphqw ri hpsor|phqw dqg pljudwlrq kdv wkhq d qhjdwlyh
h�hfw jhqhudwhg e| d srvlwlyh uhodwlrqvkls ehwzhhq xqhpsor|phqw dqg zdjhv1

Dv zh fdq revhuyh lq pljudwlrq olwhudwxuh/ wkh uhodwlrqvkls ehwzhhq xqhp0
sor|phqw dqg zdjhv vhhpv yhu| lpsruwdqw iru wkh lqwhusuhwdwlrq ri prelolw|
lq wkh g|qdplf ri oderxu pdunhw yduldeohv1 Wkh gl�huhqfh ehwzhhq rxu prgho
dqg wkh rqhv deryh phqwlrqhg lv wkdw lq d g|qdplf htxloleulxp prgho zlwk
pdwfklqj/ zh frqvlghu zdjhv duh hqgrjhqrxvo| ghwhuplqhg e| Qdvk edujdlqlqj
ehwzhhq �upv dqg zrunhuv lq hdfk uhjlrq1 Lq wklv prgho oderxu irufh prelolw|
ghshqgv rq wkh zdjhv ri erwk uhjlrqv dqg wkh oderxu pdunhw wljkwqhvv1 Zdjhv
ghshqg qrw rqo| rq surgxfwlylw| exw dovr rq wkh ydoxh ri d qhz mre dqg wkh sure0
delolw| ri �qglqj d mre iru xqhpsor|hg zrunhuv +wkdw ghshqgv lwvhoi rq zrunhuv
lq wkh rwkhu uhjlrq dqg klulqjv,1 Zrunhuv dgmxvw dffruglqj wr wkhlu ydoxhv/ zklfk
wdnh wklv lqwr dffrxqw1

Wkhuh duh gl�huhqw rssruwxqlwlhv iru hpsor|phqw dfurvv uhjlrqv dqg xqhp0
sor|phqw lv vxemhfw wr dv|pphwulf vkrfnv1 Hdfk uhjlrq idfhv d vshfl�f surgxf0
wlylw| vkrfn/ zklfk lqwurgxfhv uhjlrqdo khwhurjhqhlw|1 Prelolw| fdq eh vwxglhg
iurp wkuhh gl�huhqw ylhzsrlqwv= prelolw| ri �upv/ prelolw| ri wkh hpsor|hg
zrunhuv dqg prelolw| ri wkh xqhpsor|hg zrunhuv1 Wkh prelolw| ri wkh �upv lv
qrw h{solflwo| prghoohg/ krzhyhu/ lv lpsolhg lq wkh vshfl�fdwlrq ri fdslwdo dgmxvw0
phqw1 Wkh prelolw| ri wkh hpsor|hg zrunhuv lv qrw frqvlghuhg lq wklv vwxg| lq
wkdw zh zdqwhg wr frqfhqwudwh rq wkh lpsruwdqfh ri xqhpsor|phqw shuvlvwhqfh
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udwkhu wkdq rq wkh prelolw| iurp mre wr mre1 Wkh prelolw| ri wkh xqhpsor|hg
zrunhuv lv wkhq vwxglhg1 Rqo| wkh xqhpsor|hg zrunhuv duh wkhuhiruh deoh wr
pljudwh iurp rqh uhjlrq wr wkh rwkhu1

Klulqj lv d pdwfklqj surfhvv ehwzhhq ydfdqflhv dqg xqhpsor|phqw lq hdfk
uhjlrq1 Wklv phfkdqlvp doorzv xv wr revhuyh wkh lq xhqfh ri pljudwlrq rq xqhp0
sor|phqw g|qdplfv zkhq wkhuh duh frruglqdwlrq idloxuhv lq wkh oderxu pdunhw1
D uhjlrqdo0vshfl�f qhjdwlyh vkrfn orzhuv surgxfwlylw| lq d uhjlrq/ khljkwhqlqj
wkh lqfhqwlyh wr pryh wr dqrwkhu uhjlrq1 Wklv doorfdwlyh surfhvv rffxuv eh0
fdxvh ri hqgrjhqrxv suredelolwlhv ri �qglqj d mre dqg hqgrjhqrxv zdjhv1 Wkh
fkrlfh ri orfdolvdwlrq e| xqhpsor|hg zrunhuv ghwhuplqhv wkh g|qdplfv ri wkh
oderxu irufh wkurxjk wkh zdjh vhwwlqj surfhgxuh/ zklfk lqgxfhv pljudwlrq e|
lqwurgxflqj Qdvk edujdlqlqj1

Zh dsso| wkh prgho wr wkh Vsdqlvk hfrqrp|1 Zh lqwurgxfh dv|pphwulhv lq
vrph sdudphwhuv ri wkh prgho lq rughu wr vkhg vrph oljkw rq h{sodlqlqj uhjlrqdo
glvsdulwlhv dqg wkh uroh ri prelolw| lq wkh xqhpsor|phqw g|qdplf zlwkrxw wdn0
lqj lqwr dffrxqw pljudwlrq frvwv1 Zh revhuyh wkdw wkh uhjlrqdo glvsdulwlhv duh
lpsruwdqw zkhq zh lqwurgxfh gl�huhqfhv lq fhuwdlq sdudphwhuv vxfk dv wkh frvw
ri srvwlqj d ydfdqf| dqg ehqh�wv ri vwd|lqj lq d vshfl�f uhjlrq1

Zh lqwurgxfh dv|pphwulf vkrfnv iru erwk vfhqdulrv dqg zh frqfoxgh wkdw
prelolw| pd| doorz wkh oderxu pdunhw wr dgmxvw xqghu dv|pphwulf vkrfnv/ fdxv0
lqj srvlwlyh h�hfwv lq erwk uhjlrqv/ dqg d uhgxfwlrq lq wkh xqhpsor|phqw jurzwk
frpsduhg wr qr prelolw|1 Lq rxu prgho/ zdjhv uhodwh qhjdwlyho| wr xqhpsor|0
phqw1 Wklv sdshu lv rujdqlvhg dv iroorzv= Iluvw/ zh suhvhqw wkh prgho dqg
vhfrqg e| suhvhqwlqj wkh gdwd dqg fdoleudwlrq uhvxowv1 Zh vxevhtxhqwo| vwxg| d
vwhdg| vwdwh dqg wudqvlwlrqdo g|qdplf dqdo|vlv ri wkh pdlq yduldeohv1 Zh �uvw
vwxg| wkh shuvlvwhqw xqhpsor|phqw glvsdulwlhv dqg zh wkhq vwxg| wkh h�hfw ri
dv|pphwulf surgxfwlylw| vkrfnv1 Wkh uhvxowv duh dqdo|vhg lq wkh wzr dowhuqdwlyh
fdvhv= zkhq wkhuh lv qr prelolw| dqg zkhq prelolw| lv rffxuv ehwzhhq uhjlrqv1
Ilqdoo|/ zh frqfoxgh1

5 Wkh prgho

Zh �uvw ghvfuleh wkh pdwfklqj prgho zlwk wzr uhjlrqv1 Vhfrqgo|/ zh suhvhqw wkh
pd{lplvdwlrq sureohpv ri �upv dqg zrunhuv1 Wklugo|/ zh ghvfuleh wkh oderxu
frqwudfw1 Ilqdoo|/ zh vkrz wkh prelolw| ri zrunhuv1

514 Wudgh lq wkh oderxu pdunhw

Wkh hfrqrp| lv glylghg lqwr wzr uhjlrqv1 Wkh vl}h ri wkh oderxu irufh lv qru0
pdolvhg wr rqh= c4>w . c5>w @ 4> zkhuh cm>w ghqrwhv wkh oderxu irufh lq uhjlrq
m 5 i4> 5j1 Dw dq| wlph w/ zrunhuv fdq eh xqhpsor|hg ru hpsor|hg +ghqrwhg
xm>w dqg qm>w uhvshfwlyho|/ iru uhjlrq m,1 Xqhpsor|phqw lq hdfk uhjlrq fdq eh
h{suhvvhg lq whupv ri hpsor|phqw qm>w dqg oderxu irufh cm>w =
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x4>w @ c4>w � q4>w +4,

x5>w @ 4� c4>w � q5>w= +5,

Ilupv duh uhjlrq0vshfl�f vxfk dv gl�huhqw vhfwruv= wkh| fdqqrw wudqvihu wkhlu
ydfdqflhv iurp rqh uhjlrq wr dqrwkhu1 Ilqdoo|/ ym>w lv wkh ydfdqf| udwh lq wkh
uhjlrq m dw shulrg w1 Zh dvvxph wkdw rqo| xqhpsor|hg zrunhuv fdq dsso| wr d
ydfdqf| srvw1

Iroorzlqj Slvvdulghv +4<<3,/ zh dvvxph wkdw wudgh lq wkh oderxu pdunhw lv
dq xqfrruglqdwhg dqg frvwo| dfwlylw|1 Hdfk uhjlrq lv ghvfulehg e| d froohfwlrq ri
zrunhuv dqg hpsor|huv= phhwlqjv wdnh sodfh dffruglqj wr d pdwfklqj whfkqrorj|
+vhh Vdlqw Sdxo/ 4<<5,1 Zh ixuwkhu dvvxph wkdw rqo| wkh xqhpsor|hg zrunhuv
fdq pljudwh1 Wkh  rz iurp xqhpsor|phqw wr hpsor|phqw lv uhsuhvhqwhg lq
hdfk uhjlrq e| d Free0Grxjodv frqvwdqw uhwxuqv wr vfdoh pdwfklqj ixqfwlrq1
Frruglqdwlrq idloxuhv lpso| wkdw wkh pdwfk km>w/ zklfk dvvrfldwhv ydfdqflhv ym>w
dqg xqhpsor|hg zrunhuv xm>w lv qrw shuihfw1 Lq sduwlfxodu

km>w @ k+xm>w> ym>w, @ kmy
�
m>wx

4��
m>w > +6,

zkhuh � uhsuhvhqwv wkh hodvwlflw| ri klulqjv zlwk uhvshfw wr ydfdqflhv dqg km lv
d vfdoh idfwru iru uhjlrq m1

Wkh wudqvlwlrq suredelolwlhv ehwzhhq wkhvh gl�huhqw vwdwhv duh dvvxphg wr eh
Srlvvrq udwhv1 Wkh suredelolw| iru d ydfdqf| wr eh �oohg tm>w+�m>w, @ km>w@ym>w lv d
ixqfwlrq ri �m>w/ wkh udwlr ri ydfdqflhv wr xqhpsor|phqw lq uhjlrq m1 Wklv udwlr
ghvfulehv wkh oderxu pdunhw wljkwqhvv1 Khqfh/ wkh wudqvlwlrq suredelolw| iru dq
xqhpsor|hg zrunhu +wr ehfrph hpsor|hg, lq uhjlrq m lv sm>w+�m, @ km>w@xm>w @
�mtm>w+�m,= Wkh hyroxwlrq ri hpsor|phqw lq hdfk uhjlrq lv jlyhq e|

qm>w.4 @ tm>wym>w . +4� vm,qm>w> +7,

zkhuh vm lv wkh h{rjhqrxv vhsdudwlrq udwh Htxdwlrq +7, vkrzv wkdw wkh hpsor|0
phqw g|qdplf ghshqgv rq wzr idfwruv= ydfdqflhv lq wkh oderxu pdunhw +dvvr0
fldwhg zlwk wkh suredelolw| ri �oolqj d ydfdqf|, dqg wkh hpsor|phqw iurp wkh
suhylrxv shulrg +dvvrfldwhg zlwk wkh suredelolw| ri uhpdlqlqj lq wkh vdph �up/
4� vm,1

Iljxuh 4 looxvwudwhv wkh g|qdplfv ri uhjlrqdo pljudwlrq lq wklv prgho1 Lq
hdfk uhjlrq/ wkh hpsor|hg zrunhuv fdq ehfrph xqhpsor|hg zlwk dq h{rjhqrxv
vhsdudwlrq udwh vm 1 Wkh xqhpsor|hg zrunhuv fdq �qg d mre lq wkhlu uhjlrq zlwk
d suredelolw| sm>w ru frqvlghu wkh srvvlelolw| ri prylqj wr wkh rwkhu uhjlrq1

Djjuhjdwh yduldeohv duh gh�qhg dv iroorzv= djjuhjdwh hpsor|phqw lv qw

@
S

m qm>w> xqhpsor|phqw lv xw @
S

m xm>w zkloh ydfdqflhv duh yw @
S

m ym>w1
Frqvhtxhqwo|/ vlqfh hdfk uhjlrqdo oderxu irufh lv om>w @ qm>w.xm>w / wkh djjuhjdwh
oderxu lv ow @ qw . xw1
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n1 n2

Region 1 Region 2

u1 u2

s2p1s1 p2

Iljxuh 4= G|qdplf ri oderxu prelolw|

515 Ilupv

Ilupv6 lq uhjlrq m kdv dffhvv wr d frqvwdqw uhwxuqv wr vfdoh +FUV, surgxfwlrq
ixqfwlrq7 zlwk rqo| hpsor|phqw dv surgxfwlyh idfwru/

|m>w @ +d. um,qm>w= +8,

Zh lqwurgxfh h{rjhqrxv vkrfnv/ d dqg um = dq djjuhjdwh0vshfl�f vkrfn/ d/ dqg um
lv d uhjlrqdo0vshfl�f vkrfn1 Wkh odwwhu fdq eh lqwhusuhwhg dv gl�huhqw vhfwruldo
vshfldolvdwlrq dqg wkh iruphu dv dq djjuhjdwhg vkrfn1

Hdfk �up pd{lplvhv khu sur�wv  rzv ryhu wkh frqwuro yduldeoh ym>w= Hpsor|0
phqw/ qm>w> lv wkh �up*v vwdwh yduldeoh1 Wkh glvfrxqw idfwru ri wkh �up lv gh�qhg
e| 3 ? � ? 418 Wkhq/ wkh �up*v surjudp fdq eh zulwwhq dv d uhfxuvlyh sureohp


I +qm>w, @ pd{
�
�m>w . �Hw


I +qm>w.4,
�

+9,

wkdw wkh pd{lplvdwlrq lv frqvwudlqhg e|

�m>w @ +d. um,qm>w � zm>wqm>w �'mym>w +:,

qm>w.4 @ tm>wym>w . +4� vm,qm>w +;,

6Wr vlpsoli|/ zh vxssrvh wkdw doo �upv ri uhjlrq � duh vlplodu1
7Dowhuqdwlyho|/ htxdwlrq +718, fdq eh lqwhusuhwhg dv frplqj ri d pruh jhqhudo Free0Grxjodv

ixqfwlrq zlwk FUV/ h{rjhqrxv lqwhuhvw udwh dqg lqvwdqwdqhrxv dgmxvwphqw ri wkh fdslwdo vwrfn1
8q ' �

�no
/ zkhuh o lv wkh h{rjhqrxv lqwhuhvw udwh1

8



zkhuh htxdwlrq +:, gh�qhv krz wkh suhvhqw sur�w  rz ri wkh �up �m>w ghshqgv rq
wkh surgxfwlrq ixqfwlrq +8, dqg khu frvwv= wkh uhdo zdjh wlphv wkh hpsor|phqw
lq uhjlrq m> dqg wkh frvw ri kdylqj ydfdqflhv/ 'm / wlphv ydfdqflhv srvwhg rq
wkh oderxu pdunhw1 Wkh frqvwudlqw +;, ghvfulehv wkh hyroxwlrq ri hpsor|phqw1
Ghqrwlqj [q

m>w wkh Odjudqjh pxowlsolhu dvvrfldwhg wr wkh exgjhw frqvwudlqw1 Wkh

�uvw rughu frqglwlrq9 ri +9,/ lpsolhv

[q
m>w @

'm

tm>w
= +<,

Khqfh/ iroorzlqj +<,/ wkh �up zloo srvw d ydfdqf| zkhq wkh glvfrxqwhg pdujlqdo
uhyhqxh iurp �oolqj d ydfdqw mre lq wkh uhjlrq m lv htxdo wr wkh pdujlqdo frvw wr
fuhdwh d qhz mre1

516 Zrunhuv

Zrunhuv lq hdfk uhjlrq duh lq�qlwho| olyhg dqg vxsso| lqhodvwlfdoo| rqh xqlw ri
hpsor|phqw1 Zrunhuv duh ulvn qhxwudo1 Zh dvvxph wkdw wkh xqhpsor|hg zrunhuv
fdq pljudwh dqg orrn iru d mre lq d gl�huhqw uhjlrq1

Wkh h{shfwhg ydoxh ri dq hpsor|hh

Y H
m>w @ zm>w . �Hw

k
+4� vm,Y

H
m>w.4 . vmY

X

m>w.4

l
= +43,

Lw ghshqgv rq wkh fxuuhqw zdjh zm>w dv zhoo dv rq wkh glvfrxqwhg ixwxuh ydoxh1
Zh ghqrwh e| vm wkh h{rjhqrxv vhsdudwlrq udwh/ wkh suredelolw| ri ehfrplqj

xqhpsor|hg/ zkloh Y
X

m>w.4 lv wkh h{shfwhg ydoxh ri ehlqj xqhpsor|hg dw shulrg
w.4 lq uhjlrq m= Wkhq/ 4� vm lv wkh suredelolw| wr frqwlqxh zrunlqj lq wkh �up
wkh qh{w shulrg/ zlwk wkh dvvrfldwhg h{shfwhg ydoxh Y H

m>w.41
Xqhpsor|hg zrunhuv duh doorzhg wr pljudwh= wkhlu ghflvlrq vwhpv iurp wkh

frpsdulvrq ehwzhhq wkh xwlolw| ydoxh ri ehlqj xqhpsor|hg lq wkhlu uhjlrq Y X
4>w

dqg wkh xwlolw| ydoxh wr pljudwh Y P
4$5>w= Iru lqvwdqfh/ frqvlghulqj zrunhuv lq

uhjlrq 4/

Y
X

4>w @ pd{
�
Y X
4>w> Y

P
4$5>w

�
=

Zh vxssrvh wkdw wkh ydoxh ri pljudwlqj lv htxdo wr wkh ydoxh ri ehlqj xqhpsor|hg
zrunhu lq wkh rwkhu uhjlrq/ l1h1/ wkhuh duh qr prelolw| frvwv/ dv dq h{wuhph fdvh ri
odfn ri prelolw|1 Khqfh Y P

4$5>w @ Y X
5>w1 Zrunhuv kdyh udwlrqdo h{shfwdwlrqv dqg

wkh| fdq dqwlflsdwh wkh htxloleulxp ri pljudwlrqv1 Dw htxloleulxp/ wkh ydoxh
ri ehlqj xqhpsor|hg lq uhjlrq 4 lv htxdo wr wkh ydoxh ri ehlqj xqhpsor|hg lq
uhjlrq 5/ Y X

4>w @ Y X
5>w/ vxfk wkdw qr dgglwlrqdo xqhpsor|hg zlvk wr pljudwh1 Dw

wkdw srlqw/ wkh ydoxh ri ehlqj xqhpsor|hg lq uhjlrq m lv=
Wkh ydoxh ri ehlqj xqhpsor|hg lq uhjlrq m lv=

9Pruh ghwdlohg lqirupdwlrq ri wkh �up rswlpl}dwlrq lq wkh Dsshqgl{ 4 lq Vhfwlrq 9141
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Y X
m>w @ em . �Hw

k
sm>wY

H
m>w.4 . +4� sm>w,Y

X

m>w.4

l
+44,

zkhuh em lv wkh lqvwdqwdqhrxv xwlolw| iru dq xqhpsor|hg zrunhu ri ehlqj lq d
uhjlrq m1 Wklv fdq eh lqwhusuhwhg dv xqhpsor|phqw ehqh�wv dqg rwkhu xwlolwlhv
vshfl�f wr wkh uhjlrq1:1

Wkh ixwxuh h{shfwhg ydoxh ghshqgv rq wkh suredelolw| ri ehlqj hpsor|hg
lq wkh iroorzlqj shulrg yhuvxv ehlqj xqhpsor|hg1 Qrwlfh wkdw wkh lqfhqwlyh
wr pljudwh zloo ghshqg rq wkh suredelolwlhv ri �qglqj d mre lq dqrwkhu uhjlrq/
khqfh lw zloo ghshqg rq srsxodwlrq dqg xqhpsor|hg zrunhuv lq wkh rwkhu uhjlrq
frpsduhg wr khu rzq uhjlrq1 Pruh suhflvho|/ wkh qrq0duelwudjh frqglwlrq;=

Y X
4>w @ Y X

5>w @ Y X
w > ; w

l1h1/

Y X
w @ e4 . �Hw

�
s4>wY

H
4>w.4 . +4� s4>w,Y

X
4>w.4

�
+45,

@ e5 . �Hw

�
s5>wY

H
5>w.4 . +4� s5>w,Y

X
5>w.4

�
=

Wkhuhiruh/ xqhpsor|hg zrunhuv zkr ghflgh wr pljudwh pxvw eh frpshqvdwhg e|
wkh suredelolwlhv ri �qglqj d mre sm>w lq erwk uhjlrqv dqg wkh ixwxuh ydoxhv ri
ehlqj hpsor|hg dqg xqhpsor|hg zrunhuv1

517 Zdjh ghwhuplqdwlrq

Zdjhv duh ghwhuplqhg e| d edujdlqlqj surfhvv ehwzhhq wkh �up dqg wkh zrun0
huv1 Lq hdfk shulrg/ hpsor|hhv dqg �upv vlpxowdqhrxvo| uh0qhjrwldwh zdjhv1
Rwkhuzlvh wkhuh zrxog eh dv pdq| zdjhv dv zrunhuv1 Wkh vroxwlrq fulwhulrq lv
wkh Qdvk vroxwlrq dv sursrvhg e| Slvvdulghv +4<<3,1

Erwk sduwv wdnh lqwr dffrxqw wkhlu pdujlqdo ydoxhv zkhq qhjrwldwlqj1 Pdujlqdo
ydoxh iru wkh zrunhu lv wkh gl�huhqfh ri hduqlqjv rewdlqhg zkhq ehlqj hpsor|hg
dqg xqhpsor|hg1 Wkhq/ wkh pdujlqdo ydoxh ri hpsor|phqw iru d zrunhu pd| eh
h{suhvvhg dv=


Z
m>w @ Y H

m>w � Y X
m>w= +46,

Wkh pdujlqdo ydoxh ri fxuuhqw hpsor|phqw iru d uhsuhvhqwdwlyh �up lv<


I
q +qm>w, @ +dw . um>w,� zm>w . +4� vm,�Hw


I
q +qm>w.4,= +47,

Ohw 3 ? � ? 4 ghqrwhv wkh zrunhu*v vkduh ri wkh pdujlqdo ydoxh ri d qhz
mre wkdw lw lv htxlydohqw wr wkh edujdlqlqj srzhu ri wkh zrunhu1 Wkh Qdvk

:Iru lqvwdqfh/ krxvlqj/ zhdwkhu/ txdolw| ri olih dqg vr rq1 Zh wdnh �xqhpsor|phqw ehqh�wv�
dv h{rjhqrxvo| jlyhq1

;Wklv frqglwlrq lv fkhfnhg dw vwhdg| vwdwh1

<Qrwlfh wkdw zh kdyh ghqrwhg C8
? E?�c|� '

YCI E?l>m>w�

Y?l>m>w
�

:



edujdlqlqj fulwhulrq pd{lplvhv ryhu zdjhv wkh pdujlqdo ydoxhv ydoxh ri d pdwfk
iru d uhsuhvhqwdwlyh �up dqg d uhsuhvhqwdwlyh zrunhu=

pd{
zm

q�

I

q +qm>w,
�4�� �


Z
m>w

��r
> +48,

zkhuh wkh �uvw rughu frqglwlrq vwdwhv wkdw=


I
q +V

I
m>w, @

4� �

�

Z

m>w= +49,

Li zh uhsodfh e| wkh ydoxh ri Y Z
m>w +iurp +46,, lq htxdwlrq deryh/ frqvlghulqj

wkdw zrunhuv* qrq0duelwudjh frqglwlrq lpsolhv Y X
w @ Y X

4>w @ Y X
5>w> ; w> zh kdyh

wkh iroorzlqj h{suhvvlrq=43

�
I
q +qm>w, @ +4� �,

�
zm>w � em . �Hw

�
+4� vm � sm>w,+Y

H
m>w.4 � Y X

w.4,
��

= +4:,

Vxvwlwx|lqj wkh ydoxh ri 
I
q +qm>w, iurp htxdwlrq +47, dv zhoo dv wkh Hxohu htxd0

wlrq lqwr +4:, dqg uhduudqjlqj/ zh kdyh wkh zdjh hyroxwlrq htxdwlrq=

zm>w @ � ^+dm . um>w, . �m>w'm ` . +4� �,em = +4;,

Wkh zdjh lv ghwhuplqhg e| d uhqw vkdulqj phfkdqlvp/ zklfk ghshqgv rq wkh
edujdlqlqj srzhu ri hdfk djhqw1 Wkh sduw ri wkh �up duh wkh jdlqv lq oderxu
surgxfwlylw| dqg wkh wljkwqhvv ri wkh oderxu pdunhw dvvrfldwhg wr wkh frvw ri
srvwlqj d ydfdqf| +qrwlfh wkdw wklv h{suhvvlrq lv wkh pdujlqdo ydoxh ri d qhz mre
dvvrfldwhg wr wkh suredelolw| ri �qglqj d mre,1 Wkh vkduh wkh hpsor|hh uhwdlqv
lv wkh suredelolw| iru d zrunhu ri kdylqj xqhpsor|phqw ehqh�wv1 Lq Slvvdulghv*
prgho zkhq zdjhv duh ghwhuplqhg e| Qdvk edujdlq phfkdqlvp gr qrw ghshqg
rqo| rq pdujlqdo surgxfwlylw| ri hpsor|phqw dv lq qhrfodvvlfdo prghov/ exw
dovr srvlwlyho| rq wkh glvfrxqwhg ydoxhg ri �oolqj d mre dqg wkh oderxu pdunhw
wljkwqhvv1

518 Prelolw| ri zrunhuv

Dv zh kdyh vhhq lq wkh suhylrxv vhfwlrqv/ rqo| wkh xqhpsor|hg fdq pljudwh1
Iurp wkh qrq0duelwudjh frqglwlrq/ xqhpsor|hg zrunhuv pljudwh zkhq wkh suhvhqw
ydoxh ri dq xqhpsor|hg zrunhu lq uhjlrq 4 lv htxdo wr wkh suhvhqw ydoxh ri dq
xqhpsor|hg zrunhu lq uhjlrq 5> jlyhq e| wkh htxdwlrq +44,=

Y X
4>w @ Y X

5>w= +4<,

Zh vroyh htxdwlrq +4<, dqg zh rewdlq wkh iroorzlqj h{suhvvlrq=44

43Iru pruh ghwdlov vhh Dsshqgl{ 5 lq Vhfwlrq 9151
44Pruh ghwdlov lq Dsshqgl{ 6 lq vhfwlrq 9161

;



e4 � e5 @
�

4� �

�
s5>w

'5

t5>w
� s4>w

'4

t4>w

�
= +53,

ru uhzulwwhq dv

e4 � e5 @
�

4� �
i'5�5>w �'4�4>wj = +54,

zkhuh �m>w @
ym
xm
1 Wklv qrq0duelwudjh frqglwlrq +54, vkrzv wkdw lq wkh sduwlfxodu

fdvh zkhuh e4 @ e5 dqg '5 @ '4/ wkh htxloleulxp oderxu pdunhw wljkwqhvv udwhv
zloo eh htxdo lq erwk uhjlrqv +�5>w @ �4>w,1 Wklv lpsolfdwlrq ri wkh qrq0duelwudjh
zloo uhpdlq vdwlv�hg lq doo flufxpvwdqfhv/ dv orqj dv e4 @ e5/ '5 @ '4 dqg
wkhuh lv shuihfw oderxu prelolw|1 Wkh htxdolw| ehwzhhq �4>w @

y4
x4
dqg �5>w @

y5
x5

zloo eh wkh uhvxow iurp zrunhuv* prelolw| dfurvv uhjlrqv/ zklfk lq fdvh ri shuihfw
prelolw| lpsolhv wkh dvvxpswlrq +4<,1 Hyhu| shulrg zrunhuv pryh wr vdwlvi| wkh
qrq0duelwudjh frqglwlrq1 Wklv wdnhv sodfh xqwlo wkhuh lv qr orqjhu dq| lqfhqwlyh
wr pryh1 Wklv rffxuv zkhq wkh suredelolwlhv ri �qglqj d mre dqg zdjhv lq erwk
uhjlrqv duh htxdo1

Lq fdvh ri dv|pphwulf uhjlrqv wkh oderxu pdunhw wljkwqhvv duh qrw qhfhvvdulo|
htxdo + �5>w 9@ �4>w,1 Wklv rffxuv zkhq e4 9@ e5 +�xqhpsor|phqw ehqh�w� lv
gl�huhqw dfurvv uhjlrqv, dqg2ru '5 9@ '4+frvw ri srvwlqj ydfdqw mrev lv gl�huhqw
dfurvv uhjlrqv,1

Dqrwkhu fdvh ri dv|pphwulf uhjlrqv wdnhv sodfh zkhq k4 9@ k5 +wkh h!flhqf|
ri pdwfklqj lv gl�huhqw dfurvv uhjlrqv,/ zklfk pdnhv gl�huhqfhv ehwzhhq xqhp0
sor|phqw udwhv zkloh ohdylqj �5>w @ �4>w=

45 Li wkhuh lv d fkdqjh lq surgxfwlylw|/
zrunhuv zloo pryh wr vdwlvi| wkh qrq0duelwudjh frqglwlrq +54, hyhu| shulrg dqg
wkh| zloo vwrs prylqj zkhq suredelolwlhv ri oderxu pdunhw dqg zdjhv ehfrph
htxdo1

Iurp wkh gh�qlwlrq ri tm>w> zh vxevwlwxwh

$m

tm>w
@

'mym>w
sm>w+cm>w � qm>w,

+55,

lq h{suhvvlrq +53,/ wr ghwhuplqh oderxu irufh lq uhjlrq 4=

c4>w @ q4>w .
'4y4>wk

4��
�

+e5 � e4, . s5>w
'5

t5>w

l = +56,

Dv zh nqrz wkdw c4>w . c5>w @ 4/ zh revhuyh pryhphqwv lq wkh srsxodwlrq lq
wkh zkroh hfrqrp|1 Oderxu irufh prelolw| ghshqgv rq hpsor|phqw lq lwv rzq
uhjlrq +q4>w,/ rq wkh udwlr ehwzhhq wkh ydfdqflhv srvwhg lq wklv uhjlrq wlphv wkh
frvw +$4y4>w,/ rq wkh gl�huhqfh lq wkh �xqhpsor|phqw ehqh�wv� lq erwk uhjlrqv/

rq wkh zrunhu*v edujdlqlqj srzhu + 4��
�

+e5 � e4,, dqg �qdoo| rq wkh glvfrxqwhg
ydoxh iru wkh �up wr fuhdwh d qhz mre lq wkh rwkhu uhjlrq/ dvvrfldwhg zlwk wkh
suredelolw| iru dq xqhpsor|hg zrunhu wr �qg d mre lq wkh rwkhu uhjlrq +s5>w

'5

t5>w
,1

45Wdnh lqwr dffrxqw lq htxdwlrq +7153, wkh R�c| '
��c|
��c|

c ghshqgv rq �� �

<



Wklv htxdwlrq lv hvvhqwldo wr xqghuvwdqg prelolw| lq wkh phfkdqlvp ri wkh
prgho1 Lq hdfk shulrg/ wkh qrq0duelwudjh frqglwlrq lv vdwlv�hg1 Krzhyhu/ li d
fkdqjh rffxuv/ hdfk wlph wkh pryhphqw lq srsxodwlrq fkdqjhv ghshqglqj rq wkh
suredelolwlhv ri �qglqj d mre dqg rq zdjhv xqwlo wudqvyhuvdolw| frqglwlrqv duh
vdwlv�hg1

6 Gdwd dqg fdoleudwlrq

Zh dqdo|vh wkh uhvsrqvh ri vrph nh| yduldeohv ri oderxu pdunhw wr h{rjhqrxv
shupdqhqw vkrfnv= vshfl�f uhjlrqdo vkrfnv1 Zh vroyh wkh htxloleulxp prgho46

wdnlqj lqwr dffrxqw wkh udwlrqdo h{shfwdwlrqv k|srwkhvlv1 Wkh prgho kdv qrw
dq| dqdo|wlfdo vroxwlrq/ zh wkhq vlpxodwh wkh prgho xvlqj wkh vriwzduh g|qduh
ghyhorshg e| Mxloodug +4<<9,147

Zh �uvw shuirup d vwdwlf h{huflvh dvvhvvlqj wkh vwhdg| vwdwh lpsolfdwlrqv ri
vxfk fkdqjhv lq wkh prgho1 Zh wkhq vwxg| wkh wudqvlwlrqdo g|qdplfv gholyhuhg
e| wkh prgho idflqj wkh vdph vkrfnv1 Wklv frpsdudwlyh dqdo|vlv hqdeohv xv wr
r�hu vrph lqvljkwv rq wkh uroh ri uhjlrqdo prelolw| wr h{sodlq xqhpsor|phqw
g|qdplfv dqg uhjlrqdo glvsdulwlhv1 Vhqvlelolw| dqdo|vlv zloo eh fduulhg rxw iru
fhuwdlq sdudphwhuv1

Oderxu pdunhw yduldeohv dqg suredelolwlhv ri wkh prgho duh uhsruwhg lq Wdeoh
51 Xqhpsor|phqw/ hpsor|phqw/ dqg ydfdqf| udwhv duh uhsurgxfhg lq wkh prgho
wr uhsolfdwh wkh |hduo| dyhudjh iru Vsdqlvk gdwd iru wkh shulrg 4<::04<<<1 Zh
dvvxph wzr edvholqh uhjlrqv zlwk wkh vdph xqhpsor|phqw udwhv148

Wdeoh 4 uhsruwv wkh ehkdylrxudo sdudphwhuv1 Dv Krvlrv +4<<3,/ zh vhw wkh
hodvwlflw| ri wkh pdwfklqj ixqfwlrq zlwk uhvshfw wr wkh ydfdqflhv dqg wkh �upv*
edujdlqlqj srzhu lq wkh Qdvk edujdlqlqj surfhvv dv � @ 4�� @ 3=71 Wkh sdudp0
hwhu ri wkh h!flhqf| ri wkh pdwfklqj ixqfwlrq k> lv vhw wr 3=6= Wkh vhsdudwlrq
udwh v lv frpsxwhg lq vwhdg| vwdwh zlwk htxdwlrq +71;,/ vxfk dv v @ k

q
1 Wkh

ydoxh lv frqvlvwhqw zlwk |hduo| hvwlpdwlrq ri vhsdudwlrqv iru wkh Vsdqlvk hfrq0
rp| 4<::04<<9 lq Dqwroðq +4<<:,/ derxw 7( lq dyhudjh ri wkh oderxu irufh1 Zh
ghwhuplqh wkh xqhpsor|phqw ehqh�wv e @ 3=67 vxfk wkdw wkh prgho uhsurgxfhv
d uhsodfhphqw udwlr ri :3188(/ zklfk fruuhvsrqgv wr wkh Vsdqlvk uhsodfhphqw
udwlr iru 4<<72<8 lq RHFG gdwd +vhh Pduwlq +4<<9,,1 Wkh frpprq glvfrxqw
udwh/ �/ lv vhw htxdo wr 31<<1

Wkh udwlr ri uhfuxlwlqj h{shqglwxuhv wr rxwsxw $Y@\ lv fkrvhq wr 6( +Dqgroidwwr
+4<<9, vhw wklv ydoxh wr 4(/ Phu} +4<<8, derxw 5( dqg Derzg dqg Nudpdu}
+4<<;, wr 8(,1 Wkh frvw ri srvwlqj d ydfdqf| lv htxdo wr 6( ri wkh uhjlrqdo
surgxfwlrq1 Wkh frvw ri srvwlqj $ lv wr jhw iurp wkh vwhdg| vwdwh xvlqj wkh �uvw
rughu frqglwlrq htxdwlrq ri wkh �up +htxdwlrq <,1 Wkh wrwdo idfwru surgxfwly0
lw| lv vhw lq vxfk d zd| wkdw prgho vroyhv lw lq vwhdg| vwdwh dqg wkh uhjlrqdo

46 Vhh htxloleulxp htxdwlrqv lq Dsshqgl{ 7 lq vhfwlrq 9171
47Pruh derxw g|qduh dqg uhvroxwlrq ri iruzdug0orrnlqj prghov fdq eh irxqg lq Od�dujxh

+4<<3, dqg Erxfhnnlqh +4<<8,1
48Wdnlqj lqwr dffrxqw wkdw oderxu irufh lv qrupdolvhg wr rqh/ zh dvvxph wkdw kdoi ri wkh

srsxodwlrq olyhv lq hdfk uhjlrq1
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Ehkdylrxudo Sdudphwhuv
hodvwlflw| ri klulqj ixqfwlrq wr ydfdqflhv � 317
edujdlqlqj srzhu � 319
glvfrxqw idfwru � 31<<
klulqj frvwv uhodwlyh wr rxwsxw $y@| 3136
frvw ri srvwlqj ydfdqflhv $ 31496
vhsdudwlrq udwh v 3137<
xqhpsor|phqw ehqh�wv e 3167
h!flhqf| idfwru ri pdwfklqj ixqfwlrq k 3163
wrwdo idfwru surgxfwlylw| d 318
uhjlrqdo idfwru surgxfwlylw| u 313

Wdeoh 4= Ehkdylrxudo Sdudphwhuv

idfwru surgxfwlylw| lv vhw wr }hur lq rxu ehqfkpdun fdvh1 \hw/ fkdqjhv lq wklv
sdudphwhu zloo eh frqvlghuhg wr lqwurgxfh dv|pphwulhv lq wkh uhjlrqv1

Wdeoh 5 lqglfdwhv oderxu pdunhw yduldeohv/ hqgrjhqrxv suredelolwlhv dqg
zdjhv1 Hqgrjhqrxv suredelolwlhv wr �oo d ydfdqf|/ t dqg wr �qg d mre/ s/ duh
vhwwohg lq vwhdg| vwdwh zlwk t @ k@y dqg s @ k@x uhvshfwlyho|1 Wkh klulqj udwh lv
vhw lq vwhdg| vwdwh xvlqj wkh pdwfklqj ixqfwlrq/ htxdwlrq +6,1 Wkh hqgrjhqrxv
zdjh lv hydoxdwhg lq vwhdg| vwdwh zlwk htxdwlrq +4;,1

Oderxu pdunhw yduldeohv/ Suredelolwlhv dqg zdjhv
xqhpsor|phqw udwh x@o 314<67
hpsor|phqw udwh q@o 31;399
ydfdqf| udwh y@o 313:73
sure1 ri d �up ri �oolqj d ydfdqf| t 31866<
sure1 ri dq xqhpsor|hg shuvrq ri �qglqj d mre s 315376
klulqj udwh k@o 3136<8
zdjhv z 317;4<

Wdeoh 5= Suredolelwlhv dqg zdjhv

7 Dqdo|vlv ri uhvxowv

Wkh dlp ri wklv vhfwlrq lv wr h{dplqh wkh h�hfwv ri oderxu prelolw| lq h{sodlq0
lqj uhjlrqdo glvsdulwlhv1 Pruh suhflvho| wkh frqwulexwlrq ri prelolw| wr h{sodlq
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uhjlrqdo xqhpsor|phqw gl�huhqfhv zkhq qr pljudwlrq frvwv duh suhvhqwhg1 Wkh
prgho dssolhv wr wzr gl�huhqw vfhqdulrv1 Iluvw/ zh lqwurgxfh wkh fdvh zkhuh
zrunhuv gr qrw pryh iurp rqh uhjlrq wr dqrwkhu +wkh fdvh ri lq�qlwh pljudwlrq
frvwv,1 Wkhq/ zh vwxg| wkh fdvh zkhuh zrunhuv kdyh wkh srvvlelolw| ri prylqj
dfurvv uhjlrqv +wkh fdvh ri qr pljudwlrq frvwv,1 Ilqdoo|/ zh frpsduh erwk fdvhv
dqg dqdo|vh wkhlu uhvxowv1 Lq erwk lqvwdqfhv/ zh zloo �uvw dvvxph wkdw uhjlrqv
duh dv|pphwulf dqg wkhq v|pphwulf wr xqghuvwdqg wkh phfkdqlvp ri wkh prgho1

Lq rxu h{huflvh zh kdyh �uvw dvvxphg dv|pphwulf uhjlrqv dqg sdudphwhuv/
zklfk lpsolhv h{0dqwh uhjlrqdo xqhpsor|phqw glvsdulwlhv1 Vrph h{dpsohv ri
wkhvh glvsdulwlhv pd| eh gl�hulqj �xqhpsor|phqw ehqh�wv�/ h!flhqf| ri wkh
pdwfklqj ixqfwlrqv dqg frvw ri ydfdqflhv lq hdfk uhjlrq1 Iluvw/ zh dqdo|vh wkh
txdqwlwdwlyh dqdo|vlv ri vwhdg| vwdwh h�hfwv iru +l, wkh fdvh ri qr prelolw| dqg
wkhq +ll, wkh fdvh ri shuihfw prelolw|1 Vhfrqgo|/ zh vwxg| wkh vwhdg| vwdwh dqg
wkh g|qdplf dgmxvwphqw ri wkh pdlq yduldeohv ri wkh v|pphwulf prgho lq zklfk
wkh prelolw| lv d�hfwhg wkurxjk h{shfwhg fkdqjhv lq surgxfwlylw| iru erwk fdvhv
d qr prelolw| hfrqrp| dqg d prelolw| hfrqrp|1

714 Shuvlvwhqw xqhpsor|phqw glvsdulwlhv

Iluvwo|/ zh h{dplqh wkh vwhdg| vwdwh h�hfwv lq rxu prgho zkhq erwk uhjlrqv duh
dv|pphwulf1 Uhjlrqdo glvsdulwlhv zrxog eh odujhu li zh dvvxph fhuwdlq ihdwxuhv
duh gl�huhqw dfurvv uhjlrqv1 +l, Xqhpsor|phqw ehqh�wv fdq eh juhdwhu lq rqh
ri wkh uhjlrqv1 Lq rughu wr uhsuhvhqw uhjlrqdo glvsdulwlhv lq wkh hfrqrp| zh lq0
whusuhw wkh xqhpsor|phqw ehqh�wv qrw rqo| dv d sd|phqw/ exw dovr dv doo wkh
srvvleoh xwlolwlhv ri vwd|lqj lq d jlyhq uhjlrq +l1h1 zhdwkhu/ krxvlqj/ txdolw| ri
olih, Wkh vhfrqg ihdwxuh +ll, lv gl�huhqw frvwv ri srvwlqj ydfdqflhv dfurvv uhjlrqv
+l1h1 pruh lqirupdwlrq lq mre fhqwhuv lq vrph uhjlrqv wkdq rwkhuv/ ohvv frvw ri dg0
yhuwlvhphqw,1 Erwk fdvhv +dv zh kdyh vhhq lq Vhfwlrq 71518, lq xhqfh wkh oderxu
pdunhw wljkwqhvv1 Wkh odvw ihdwxuh +lll, lv ydu|lqj pdwfklqj h!flhqf| ri uhjlrqdo
pdunhuv +vhh Lerxun hw do1 +5334, dqg Shwurqjror dqg Zdvphu +4<<<,,1 Lq wklv
fdvh wkh lqlwldo xqhpsor|phqw udwhv iru erwk uhjlrqv duh gl�huhqw1 Krzhyhu/ wkh
oderxu pdunhw wljkwqhvv yduldeohv uhpdlqv htxdo1 Wklv fkdqjh fdq eh lqwhusuhwhg
dv wkh vhdufk h!flhqf| lv odujh iru zrunhuv lq wkhlu rzq uhjlrq ehfdxvh wkhuh
pd| h{lvw wudqvsruw ru orfdwlrq frvwv1

Zh frpsduh +l, h{0dqwh qr uhjlrqdo xqhpsor|phqw glvsdulwlhv +zkhuh oderxu
pdunhw wljkwqhvv duh htxdo, dqg +ll, zlwk uhjlrqdo xqhpsor|phqw glvsdulwlhv
diwhu d fkdqjh ri 43( lq gl�huhqw sdudphwhuv1

71414 Xqhpsor|phqw ehqh�wv

Zh �uvw lqwurgxfh dv|pphwulhv lq wkh xqhpsor|phqw ehqh�wv diwhu d srvlwlyh
fkdqjh ri 43( lq wkh xqhpsor|phqw ehqh�wv ri wkh uhjlrq 41 Lq Wdeoh 6/ zh re0
vhuyh srvlwlyh uhodwlrqvkls ehwzhhq wkh xqhpsor|phqw dqg zdjhv iru wkh uhjlrq
zlwk pruh xqhpsor|phqw ehqh�wv dqg d qhjdwlyh uhodwlrqvkls iru wkh uhjlrq
lq wkh fdvh ri wkh prelolw| hfrqrp|1 Wklv rffxuv ehfdxvh wkh oderxu irufh lq
uhjlrq 4 lqfuhdvhv/ d�hfwlqj hqgrjhqrxv suredelolwlhv dqg zdjhv1 Wklv vlwxdwlrq
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lqfuhdvhv lqfhqwlyhv wr zrunhuv wr jr wr uhjlrq 4/ krzhyhu/ wkh xqhpsor|phqw
lqfuhdvhv zkloh ghfuhdvhv lq wkh uhjlrq 51

Pruhryhu/ zh lqwurgxfhg uhjlrqdo glvsdulwlhv lq xqhpsor|phqw udwhv dqg gli0
ihuhqfhv lq wkh xqhpsor|phqw ehqh�wv wr wkh prelolw| fdvh dw wkh vdph wlph1 Lq
idfw/ zh fdq vhh wkurxjk wkh gl�huhqfh ehwzhhq xqhpsor|phqw ehqh�wv/ zh fdq
h{sodlq xqhpsor|phqw glvsdulwlhv/ lqwhusuhwhg khuh dv xqhpsor|phqw ehqh�wv
qrw rqo| dv vxfk/ exw dovr dv rwkhu nlqgv ri ehqh�wv ri vwd|lqj lq wkh uhjlrq=
zhdwkhu/ krxvlqj/ txdolw| ri olih/ zklfk pd| d�hfw zrunhuv1 Iru wkh jurxs ri
Vsdqlvk uhjlrqv zlwk ohvv xqhpsor|phqw udwhv +dq dyhudjh ri 46(/ l1h1 Dudjrq,
iru wkh shulrg vwxglhg dqg iru wkh jurxs ri Vsdqlvk uhjlrqv zlwk pruh xqhpsor|0
phqw udwhv +dq dyhudjh ri 5:(/ l1h1 Dqgdoxvld,/ zh rewdlq wkdw wkh gl�huhqfh lq
xqhpsor|phqw ehqh�wv lv ri 55( pruh lq wkh uhjlrq zlwk kljk xqhpsor|phqw
udwhv1

1

43( e4 A e5 '4 A '5

QP P QP P
u4 u5 u4 u5 u4 u5 u4 u5

�Xm <187( 3 :( 04174( 46( 3 6165( 3153(
�zm 3197( 3 3136( 4153( 3188( 3 313<( 0314:(

Wdeoh 6= Vwhdg| vwdwh h�hfwv lq wkh dv|pphwulf fdvh +d fkdqjh ri 43( lq hdfk
sdudphwhu,

71415 Frvw ri srvwlqj d ydfdqf| mre

Li zh qrz frqvlghu d fkdqjh lq wkh frvw ri srvwlqj ri 43( lq wkh uhjlrq 4/ wkh
h�hfw lv gl�huhqw ehfdxvh wkh xqhpsor|phqw lqfuhdvhv lq erwk uhjlrqv frpsdulqj
zlwk wkh v|pphwulf fdvh/ lq zklfk oderxu pdunhw wljkwqhvv lv htxdo1 Ilupv lq
uhjlrq 4 srvw ohvv ydfdqflhv dqg wkhuh lv d fkdqjh lq wkh suredelolwlhv zlwk dq
lqfuhdvh lq zdjhv lq uhjlrq 4 dqg d ghfuhdvh lq zdjhv lq uhjlrq 51 Wklv vlwxdwlrq
surylghv lqfhqwlyhv wr zrunhuv lq uhjlrq 4 wr pryh wr uhjlrq 5 +vhh Wdeoh 6,1

71416 H!flhqf| ri pdwfklqj ydfdqflhv dqg xqhpsor|phqw

Dv zh fdq vhh lq Wdeoh 7 uhvxowv iru dq lqfuhdvh ri 43( ri wkh pdwfklqj h!0
flhqf| lq uhjlrq 41 Pruh h!flhqf| ri pdwfklqj lq rqh ri wkh uhjlrq lpsolhv wkdw
zrunhuv pryh wr wklv uhjlrq1 Dw wkh vdph wlph wkh uhodwlrqvkls ehwzhhq zdjhv
dqg xqhpsor|phqw lv qhjdwlyh iru wklv uhjlrq zkloh srvlwlyh iru wkh uhjlrq zlwk
ohvv pdwfklqj h!flhqf|1
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43( k4 A k5

QP P
u4 u5 u4 u5

�Xm 0;176( 3 0;13:( 03198(
�zm .3159( 3 .3187( 0313;(

Wdeoh 7= Vwhdg| vwdwh h�hfwv lq wkh dv|pphwulf fdvh +d fkdqjh ri 43( k4 A k5,

715 Dv|pphwulf surgxfwlylw| vkrfnv

Vhfrqgo|/ zh zdqw wr revhuyh wkh lpsdfw ri d vkrfn lq rqh ri wkh uhjlrqv1 Iru wklv
sxusrvh zh lqwurgxfh d qhjdwlyh shupdqhqw uhjlrqdo vkrfn ri 4( +um, lq uhjlrq 41
Qrz zh zloo dvvxph wkdw uhjlrqv duh v|pphwulf1 Wklv dvvxpswlrq zloo hqdeoh xv
wr vwxg| wkh lpsdfw ri dq dv|pphwulf vkrfn lq rqh uhjlrq iru hdfk fdvh lq vwhdg|
vwdwh dqg wkhq frpsduh erwk uhvxowv lq rughu wr vroyh wkh g|qdplf dgmxvwphqw
ri pdlq yduldeohv1 Wkxv/ rqo| wkh oderxu irufh prelolw| dvvxpswlrq zloo gl�hu
iurp rqh fdvh wr dqrwkhu1 V|pphwulf uhjlrqv lpso| uhjlrqdo xqhpsor|phqw
udwhv/ dv xqhpsor|phqw ehqh�wv/ h!flhqf| ri wkh pdwfklqj ixqfwlrqv dqg frvw
ri ydfdqflhv lq hdfk uhjlrq duh htxdo1 Lq wklv fdvh/ prelolw| wdnhv sodfh zlwk
h{shfwhg fkdqjhv lq surgxfwlylw|1

71514 Xqhpsor|phqw shuvlvwhqfh dqg qr prelolw|

Iru wkh fdvh ri qr prelolw|/ hdfk uhjlrq lv lvrodwhg vr wkdw wkh vkrfn kdv qr
hfrqrplf h�hfw rq wkh rwkhu uhjlrq1 Rqh h{dpsoh ri d olnho| shupdqhqw qhjdwlyh
uhjlrqdo vkrfn frxog eh looxvwudwhg e| d uhjlrqdo lqgxvwuldo uhvwuxfwxulqj dv lw kdv
ehhq wkh fdvh lq qruwkhuq Vsdlq lq wkh odwh vhyhqwlhv zlwk wkh plqlqj lqgxvwu|1
+D srvlwlyh vkrfn zrxog ohdg wr wkh rssrvlwh frqfoxvlrqv,1

43( v|pphwulf fdvh
Qr prelolw| Prelolw|
uhjlrq4 uhjlrq 5 dq| uhjlrq

�Xm .5174( 3 .3166(
�zm 0513;( 3 03175(

Wdeoh 8= Vwhdg| vwdwh h�hfwv lq wkh v|pphwulf fdvh diwhu d vkrfn ri 4( lq uhjlrq
4

D shupdqhqw ghfuhdvh lq um uhgxfhv wkh pdujlqdo ydoxh ri oderxu ri uhjlrq m/
pdnlqj lw ohvv zruwk| iru �upv wr srvw ydfdqflhv lq uhjlrq m Khqfh wkh hpsor|0
phqw ohyho lv orzhu dqg wkh oderxu pdunhw wljkwqhvv ghfuhdvhv +wkh udwlr y@x,1
Wklv ohdgv wr wzr h�hfwv iru wkh uhjlrq zklfk lv d�hfwhg e| wkh qhjdwlyh vkrfn=
+l, lw ghfuhdvhv wkh frpshwlwlrq dprqj �upv dqg frqjhvwlrq h�hfw/ zklfk lq0
fuhdvhv wkh suredelolw| ri �oolqj d ydfdqf| dqg +ll, d qhjdwlyh wudgh h{whuqdolw|
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Iljxuh 5= Lpsxovh0uhvsrqvh ixqfwlrq ri hpsor|phqw yduldeohv

wkdw ghfuhdvhv wkh suredelolw| iru dq xqhpsor|hg zrunhu ri �qglqj d mre1 Dv
d uhvxow/ wkh xqhpsor|phqw udwh lqfuhdvhv1 Iru lqvwdqfh/ d 4( shupdqhqw gh0
fuhdvh lq wkh surgxfwlylw| idfwru ri rqh uhjlrq ohdgv wr d jurzwk ri 5174( lq wkh
uhjlrqdo xqhpsor|phqw udwh1 Ilqdoo|/ wkh uhgxfwlrq ri wkh pdujlqdo surgxfwlylw|
ri oderxu orzhuv wkh ydoxh ri wkh vxusoxv dffuxhg e| zrunhuv/ zklfk pdnhv wkh
uhdo zdjh wr idoo/ dv zh vkrz lq Wdeoh 81 Lq wklv Wdeoh/ zh vkrz wkh fkdqjhv lq
xqhpsor|phqw dqg zdjhv diwhu wkh vkrfn dw uhjlrqdo dqg dw frxqwu| ohyho1

Dw frxqwu| ohyho/ zh revhuyh wkdw ehwzhhq erwk uhjlrqv wkhuh lv d uhjlrqdo
glvsdulw|1 Zh revhuyh 5174( pruh ri xqhpsor|phqw udwh frpsduhg zlwk wkh
uhjlrq qrw d�hfwhg e| wkh vkrfn1 Zh fdq lqwhusuhw lw dv dq lqfuhdvh lq uhjlrqdo
xqhpsor|phqw udwhv shuvlvwhqfh lq d frxqwu| zlwkrxw srvvlelolw| wr pryh eh0
wzhhq uhjlrqv1

Wkh wudqvlwlrqdo g|qdplfv ri wkh diruhphqwlrqhg yduldeohv duh uhsruwhg lq
Iljxuh 51 Wkhq wkh g|qdplfv ri hpsor|phqw dqg xqhpsor|phqw duh prqrwrqlf
wrzdugv wkhlu qhz vwhdg| vwdwh ohyhov1 Dffruglqj wr wkh zdjh vhwwlqj phfkdqlvp/
zdjhv duh forvho| uhodwhg wr erwk wkh pdujlqdo surgxfwlylw| ri hpsor|phqw dqg
wkh oderxu pdunhw wljkwqhvv1 Wkh g|qdplf dgmxvwphqw ghvfulehg h{sodlqv wkh
idoo lq zdjhv1

71515 Wkh uroh ri wkh lqwhu0uhjlrqdo prelolw|

Zh qrz dqdo|vh wkh uhjlrqdo prgho zlwk prelolw| dfurvv uhjlrqv ghvfulehg lq wkh
vhfrqg vhfwlrq1 Zh kdyh h{dplqhg wkh prgho zlwkrxw prelolw| lq rxu iudphzrun
wr wkh edvholqh fdvh ri wkh Vsdqlvk hfrqrp|1 Zh wkhq lqwurgxfh d qhjdwlyh vkrfn
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ri 4( lq rqh ri wkh uhjlrqv/ lqwurgxflqj dv|pphwulhv dqg zh dqdo|vh zkdw rffxuv
li xqhpsor|hg zrunhuv fdq pryh zlwkrxw dq| uhvwulfwlrq lq wklv hfrqrp|1 Dv lq
wkh fdvh ri qr prelolw| zh dqdo|vhv d shupdqhqw ghfuhdvh ri wkh surgxfwlylw|
ri d uhjlrq/ zklfk pljkw eh vhhq dv d uhfhvvlrq zlwk d shupdqhqw h�hfw lq wklv
uhjlrq/ ru d sxuh oderxu ghpdqg vkrfn1

D �uvw h�hfw ri d shupdqhqw ghfuhdvh ri surgxfwlylw| lv d grzqzdug ri wkh
suredelolw| ri zrunhuv wr �qg d mre lq wklv uhjlrq1 Lqghhg/ wkh h�hfw lv wkh vdph
lq erwk uhjlrqv wkrxjk wkh uhdvrq lv gl�huhqw1 Lq wkh d�hfwhg uhjlrq e| wkh
qhjdwlyh vkrfn/ d orzhu pdujlqdo surgxfwlylw| ri hpsor|phqw dqg d kljk frvw ri
srvwlqj ydfdqflhv pdnh wkh �up wr kluh ohvv zrunhuv lq wklv uhjlrq/ ghfuhdvlqj
hpsor|phqw1 Dv d uhvxow wkh suredelolw| ri �qglqj d mre ghfuhdvhv1 Krzhyhu/ d
vljql�fdqw txdqwlw| ri wkh xqhpsor|hg zrunhuv pryh wr wkh rwkhu uhjlrq zlwk
ehwwhu hpsor|phqw rssruwxqlwlhv1 Lq wkh vhfrqg uhjlrq/ zlwkrxw qhjdwlyh vkrfn/
wkh oderxu irufh lqfuhdvhv dv zhoo dv wkh qxpehu ri xqhpsor|hg zrunhuv1 Lq erwk
fdvhv oderxu fuhdwhv d qhjdwlyh wudgh h{whuqdolw| rq wkh vxsso| vlgh zklfk/ yld
wkh pdwfklqj surfhvv/ pdnhv lw pxfk kdughu iru xqhpsor|hg zrunhuv wr �qg d
mre1

Rq wkh rwkhu kdqg/ lw ghfuhdvhv wkh frqjhvwlrq h�hfw wkdw ehqh�wv �upv dqg
lqfuhdvhv wkh suredelolw| ri �oolqj d ydfdqf|1 Ilupv srvw ohvv ydfdqflhv dqg
wkh qxpehu ri xqhpsor|hg lqfuhdvhv1 Lq Wdeoh 8/ zh vkrz wkdw xqhpsor|phqw
lqfuhdvhv lq erwk uhjlrqv exw/ dv suredelolwlhv e| gl�huhqw uhdvrqv1 Iru lqvwdqfh/
d 4( shupdqhqw ghfuhdvh lq wkh surgxfwlylw| idfwru ri rqh uhjlrq ohdgv wr jurzwk
ri 3166( lq wkh xqhpsor|phqw udwh ri wklv uhjlrq +orzhu wkdq wkh uhjlrqdo udwh
lq wkh prgho zlwk qr prelolw| 5174(,1

Lq Wdeoh 8/ zh dovr revhuyh wkh qhjdwlyh uhodwlrqvkls ehwzhhq zdjhv dqg
xqhpsor|phqw/ odujhu zkhq zh duh lq wkh qr prelolw| fdvh1 Wkh wrwdo rxwsxw
shu fdslwd lq wkh hfrqrp| zlwk prelolw| lv odujhu wkdq lq wkh hfrqrp| zlwkrxw
prelolw|1

Iljxuhv 6 dqg 7 vkrz wkh wudqvlwlrqdo g|qdplfv1 Prelolw| dfurvv uhjlrqv
dgmxvwv oderxu irufh wkurxjk zdjhv gxh wr gl�huhqw pdujlqdo surgxfwlylw| ri
hpsor|phqw dqg hpsor|phqw rssruwxqlwlhv1 Zh revhuyh wkdw zrunhuv dgmxvw lq
rqh shulrg1 Wkh vkrfn rffxuv dqg zrunhuv pryh dgmxvwlqj xqwlo wr wkh qhz vwhdg|
vwdwh1 Wkhuh lv qr prelolw| frvw dqg fdslwdo dffxpxodwlrq1 Wkhuhiruh/ rqfh
wkh vkrfn wdnhv sodfh wkh pljudqwv kdyh lqfhqwlyhv wr pryh wr dqrwkhu uhjlrq
gxh wr wkh fkdqjh lq wkhlu lqlwldo vlwxdwlrq1 Lq wklv fdvh/ zh fdq revhuyh wkdw
wkh lqwurgxfwlrq ri wkh hqgrjhqrxv zdjhv wkurxjk wkh qrq0duelwudjh frqglwlrqv
doorzv oderxu prelolw| xqwlo wkh prphqw wkdw suredelolwlhv dqg zdjhv duh wkh
vdph lq erwk uhjlrqv dqg wkh zrunhuv kdyh qr lqfhqwlyh wr pryh1

Rq wkh rqh kdqg/ zrunhuv pryh iurp uhjlrq 4 wr uhjlrq 5 lqfuhdvlqj oderxu
irufh lq wkh uhjlrq 5 +wkh rqh zlwkrxw surgxfwlylw| fkdqjh,1 Wkh vdph ghfuhdvh
rffxuv lq oderxu irufh ri uhjlrq 41 Rq wkh rwkhu kdqg/ wkhuh lv d v|pphwulf
jurzwk ri wkh qxpehu ri ydfdqflhv srvwhg lq uhjlrq 51

Lq wkh vkruw whup/ xqhpsor|phqw udwhv ri uhjlrq 5 lqfuhdvh ehfdxvh ri d
jurzwk wkhlu oderxu irufh1 Krzhyhu/ wkhuh lv d ghfuhdvh lq xqhpsor|phqw udwh
lq uhjlrq 4 gxh wr wkh oderxu irufh prelolw| dqg wkh ghfuhdvh ri suredelolwlhv ri
�qglqj d mre lq wkh vkruw whup1 Iljxuh 7 vkrzv zdjh uhgxfwlrq lq uhjlrq 4 dqg
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Iljxuh 6= Lpsxovh0uhvsrqvh ixqfwlrq ri xqhpsor|phqw dqg hpsor|phqw ydul0
deohv

uhjlrq 51 Zh dovr revhuyh wkh zdjh uhgxfwlrq lv odujhu dw lq uhjlrq 41 Uhjlrq
5 devruev pljudwlrq iurp uhjlrq 4 uhgxflqj zdjhv lq wklv uhjlrq/ exw ohvv wkdq
lq uhjlrq 41 Erwk uhjlrqv frph edfn wr d qhz vwhdg| vwdwh1 Lq wkh orqj whup/
Uhjlrq 5 vkduhv wkh qhjdwlyh surgxfwlyh vkrfn ri uhjlrq 4/ dqg dv d uhvxow erwk
xqhpsor|phqw udwhv hqg xs dw wkh vdph ohyho1

Iljxuh 7 vkrzv fkdqjhv lpphgldwho| wkh suredelolw| ri �oolqj d ydfdqf|1 Wkh
g|qdplf ri wkh suredelolwlhv zloo fkdqjh lq wkh rssrvlwh vlgh lq uhjlrq 41 Wkh
lpsdfw lq xqhpsor|phqw jurzwk lv orzhu wkdq wkh qr prelolw| vfhqdulr dqg wkh
hqgrjhqrxv zdjhv zrun dv vwdelolvhg idfwruv ri dgmxvwphqw1 Khqfh wkh rxwsxw
lq wkh uhjlrq zlwkrxw dq| vkrfn lqfuhdvhv gxh wr wkh srvlwlyh h�hfw ri pljudwlrq
wkurxjk suredelolwlhv1

Wklugo|/ zh dovr frpsduh dq dv|pphwulf fdvh idflqj d surgxfwlylw| vkrfn lq
wkh uhjlrq 41 Zkhq zh lqwurgxfh lq dv|pphwulf uhjlrqv zlwk gl�huhqw xqhp0
sor|phqw ehqh�wv wkh fkdqjhv duh vlplodu wr wkh v|pphwulf fdvh1 Krzhyhu/ lq
sduwlfxodu d surgxfwlylw| fkdqjh lq wkh uhjlrq zlwk pruh xqhpsor|phqw ehqh�wv
kdv dovr pruh jurzwk lq xqhpsor|phqw udwhv/ exw ghfuhdvh lq zdjhv1 Zdjhv duh
orzhu wkdq wkh uhjlrq zlwk pruh xqhpsor|phqw ehqh�wv dqg rxwsxw shu fdslwd
orzhu wrr1 Lq wrwdo hfrqrp| dqg frpsdulqj wr qr prelolw| fdvh/ wkh xqhp0
sor|phqw jurzwk lv orzhu zkhq wkh hfrqrp| vkduh dv|pphwulf vkrfnv wkurxjk
prelolw| dv zhoo dv wkh rxwsxw shu fdslwd voljkwo| odujhu zlwk prelolw| wkdq zlwk0
rxw prelolw|1 Li zh lqwurgxfh d surgxfwlylw| vkrfn lq uhjlrq zlwk pruh frvw ri
srvwlqj d ydfdqf| dqg lq wkh uhjlrq zlwk pruh pdwfklqj h!flhqf|/ wkh lpsolfd0
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Iljxuh 7= Lpsxovh0uhvsrqvh ixqfwlrq ri oderxu pdunhw yduldeohv

wlrqv duh vlplodu wr wkh lqfuhdvh lq xqhpsor|phqw ehqh�wv1 Dqg wkh uhodwlrqvkls
ehwzhhq zdjhv dqg xqhpsor|phqw lv qhjdwlyh iru erwk uhjlrqv1

Lq frqfoxvlrq/ prelolw| lq wkh zkroh hfrqrp| fdq uhsuhvhqw xqhpsor|phqw
glvsdulwlhv dqg vkrz dq lqfuhdvh lq wkh xqhpsor|phqw udwhv zkhq wkhuh lv d
ghwhulrudwlrq lq wkh hfrqrp|1 Zh dovr revhuyh wkh h�hfw ri prelolw| idfh wr
gl�huhqw fkdqjhv1 Lq jhqhudo/ zh revhuyh dq lpsuryhphqw frpsduhg wr wkh qr
prelolw| fdvh1

Ghshqglqj rq zklfk sdudphwhu wkhuh lv wkh fkdqjh wkhuh duh ohvv ru pruh
uhjlrqdo glvsdulwlhv1 Zkhq wkhuh lv d fkdqjh lq xqhpsor|phqw ehqh�wv vhhpv
wr eh pruh xqhpsor|phqw glvsdulwlhv/ krzhyhu/ lq uhodwlyh whupv ehwzhhq qr
prelolw| fdvh dqg prelolw| rqh/ wkhuh duh pruh gl�huhqfhv zkhq wkhuh lv d fkdqjh
lq wkh h!flhqf| ri pdwfklqj dqg ru d fkdqjh lq wkh frvw ri srvwlqj d ydfdqf|1

Wkh dv|pphwulf surgxfwlylw| vkrfnv fdxvhv ohvv glvsdulwlhv wkdq wkh rwkhu
fkdqjhv1 Hyhq li zh hydoxdwh wkh prelolw| zlwkrxw pljudwlrq frvw/ zh fdq vhh wkh
uroh wkh prelolw| lq rughu wr vkhg vrph oljkw rq xqhpsor|phqw glvsdulwlhv1 Rqh
ri wkh uhvxowv/ wkh jurzwk ri xqhpsor|phqw lv odujh zkhq wkhuh lv qr prelolw|1

Dqrwkhu lpsruwdqw uhvxow lv wkh gl�huhqw uhodwlrqvkls ehwzhhq zdjhv dqg
xqhpsor|phqw lq hdfk fdvh1 Zkhq wkhuh lv d qhjdwlyh surgxfwlylw| vkrfn lq
rqh ri wkh uhjlrqv/ wkh uhodwlrqvkls lv dozd|v qhjdwlyh1 Krzhyhu/ zkhq zh kdyh
grqh gl�huhqw vhqvlwlylw| dqdo|vlv lq wkh sdudphwhuv/ wkh zdjhv0xqhpsor|phqw
yduldeohv pryh lq wkh vdph gluhfwlrq zkhq zh duh lq wkh uhjlrq d�hfwhg e| dq
hfrqrplf ghwhulrudwlrq1 Dqg wkh rwkhu uhjlrq kdv d qhjdwlyh uhodwlrqvkls zlwk
zdjhv1 Zh fdq dovr vkrz wkdw wkh rxwsxw shu fdslwd lv dozd|v kljkhu lq wkh fdvh
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ri prelolw| wkdq lq wkh rssrvlwh fdvh1
Lq idfw zh fdq dovr revhuyh d ghsrsxodwlrq h�hfw dqg jhrjudsklf frqfhqwud0

wlrq1 Lq wklv prgho/ zkhq wkhuh lv d fkdqjh lq wkh gl�huhqw frqglwlrqv/ zrunhuv
kdyh wkh lqfhqwlyh wr pryh wr wkh rwkhu uhjlrq zlwk ehwwhu frqglwlrqv1 Krzhyhu/
wkhuh lv qrw d qhjdwlyh h�hfw lq wkh zkroh ri wkh hfrqrp| ehfdxvh zrunhuv wdnh
lqwr dffrxqw wkh suredelolwlhv ri �qglqj d mre dqg zdjhv1 Lq wkh olwhudwxuh wkhuh
h{lvw vrph h{sodqdwlrqv ri jhrjudsklf frqfhqwudwlrq wr h{sodlq xqhpsor|phqw
glvsdulwlhv +vhh gh od Ixhqwh +5334, dqg Ryhupdq dqg Sxjd/ +4<<<,,/ zklfk zh
kdyh qrw ghyhorshg1

8 Frqfoxvlrq

Wklv sdshu dlpv wr vwxg| uhjlrqdo xqhpsor|phqw glvsdulwlhv dqg wkh lqwhudfwlrq
ehwzhhq xqhpsor|phqw dqg lqwhu0uhjlrqdo prelolw| lq d frxqwu| djdlqvw dv|p0
phwulf vkrfnv1 Zh exlog d prgho zlwk lqwhu0uhjlrqdo pljudwlrq ri wkh oderxu
irufh zlwk wkh pdwfklqj prgho lq d iudphzrun ri g|qdplf htxloleulxp1 Zrunhuv
phdvxuh wklv glvfrxqwhg ydoxh zkhq idfhg zlwk gl�huhqw mre rssruwxqlwlhv lq gli0
ihuhqw uhjlrqv1 Zdjh vhwwlqj phfkdqlvpv duh ghwhuplqhg zlwk d Qdvk edujdlqlqj
fulwhulrq1 Zh frpsduh wkh fdvh ri dq hfrqrp| fkdudfwhulvhg e| qr prelolw| dqg
xqhpsor|phqw shuvlvwhqfh dv wkh h{wuhph fdvh ri Vsdlq> dqg zh frpsduh wklv
fdvh zkhq zrunhuv duh shuplwwhg wr pryh1

Zkhq prelolw| ri wkh oderxu irufh lv doorzhg/ dv|pphwulf vkrfnv kdyh h�hfwv
lq erwk uhjlrqv1 Zlwk d shupdqhqw qhjdwlyh vkrfn/ xqhpsor|phqw udwhv ri erwk
uhjlrqv lqfuhdvh1 Wkhuh h{lvwv dq dgmxvwphqw wkdw erwk uhjlrqv pxvw vxssruw
lq wkh vkruw0whup1 Krzhyhu/ erwk uhjlrqv vkduh wkh vkrfn lq wkh orqj0whup1
Prelolw| lv lpsruwdqw ehfdxvh wkh uhjlrqdo glvsdulwlhv ehwzhhq wzr uhjlrqv zrxog
uhgxfh frpsduhg zlwk qr prelolw|1

Pruhryhu/ wkh zhoiduh phdvxuhg dv wkh rxwsxw shu fdslwd lq wkh hfrqrp|
zlwk prelolw| lv voljkwo| odujhu wkdq lq wkh hfrqrp| zlwkrxw prelolw|1 Zh dovr
�qg d qhjdwlyh fruuhodwlrq ehwzhhq zdjhv dqg xqhpsor|phqw1

Wklv sdshu dovr vwxglhg gl�huhqw w|shv ri dv|pphwulhv vxfk dv fkdqjhv lq
�xqhpsor|phqw ehqh�wv� dqg2ru wkh frvw ri srvwlqj ydfdqflhv1 Wklv zdv grqh
zlwk wkh sxusrvh ri h{sodlqlqj uhjlrqdo glvsdulwlhv dqg deryh doo wkh frqwul0
exwlrq ri prelolw| zlwkrxw wdnlqj lqwr dffrxqw pljudwlrq frvwv1 Zh vkrz wkh
lpsruwdqfh ri wkhvh fkdqjhv wr h{sodlq uhjlrqdo xqhpsor|phqw glvsdulwlhv1

Zh frqfoxgh wkdw lqwhu0uhjlrqdo prelolw| vhhpv wr eh dq dowhuqdwlyh dqg2ru d
frpsohphqw wr rwkhu srolflhv djdlqvw xqhpsor|phqw1 Dowkrxjk wklv lv d edvholqh
prgho/ lw fdq vkhg oljkw rq krz dq hfrqrp| olnh Vsdlq zlwk uhjlrqdo xqhpsor|0
phqw shuvlvwhqfh dqg orz oderxu irufh prelolw| frxog/ wkurxjk prelolw|/ uhgxfh
lwv uhjlrqdo glvsdulwlhv dqg h{sodlq krz gl�huhqw idfwruv +l1h1 gl�huhqfhv lq xwlo0
lwlhv ri vwd|lqj lq d uhjlrq, fdq frqwulexwh wr wkhvh glvsdulwlhv1
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ri uhjlrqdo oderxu pdunhwv= D vwrfkdvwlf surgxfwlrq iurqwlhu hvwlpdwlrq/
Iudqfh 4<<304<<8� plphr1

^74` Mdfnpdq/ U1/ Od|dug/ U1 dqg Slvvdulghv/ F1 +4<;<,1 �Rq Ydfdqflhv�/ R{0
irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 84/ 7/ 4<;<1

^75` Mdfnpdq/ U1 dqg Vdyrxul/ V1 +4<<5,/ �Uhjlrqdo Pljudwlrq lq Eulwdlq= dq
dqdo|vlv ri jurvv  rzv xvlqj QKV Fhqwudo Uhjlvwhu Gdwd�/ Wkh Hfrqrplf
Mrxuqdo/ 435/ ss1 4766047831

^76` Mlphqr M1I1 dqg Ehqwrolod V1 +4<<:,1 _Uhjlrqdo Xqhpsor|phqw Shuvlvwhqfh
+Vsdlq/ 4<:904<<7,1� Oderxu Hfrqrplfv 7/ 4<<:1
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^77` Mxloodug/ P1 +4<<9, �G\QDUH= d surjudp iru wkh uhvroxwlrq dqg vlpxodwlrq
ri g|qdplf prghov zlwk iruzdug yduldeohv wkurxjk wkh xvh ri d uhod{dwlrq
dojrulwkp� FHSUHPDS Zrunlqj Sdshu <9351

^78` Od�dujh/ M10S1 +4<<3, �Uhvroxwlrq g*xq prghoh pdfurhfrqrpltxh dyhf dq0
wlflsdwlrqv udwlrqqhoohv�/ Dqqdohv g*Hfrqrplh hw Vwdwlvwltxh/ 4:= <:044:1

^79` Oruhqfhv M1/ Ihuqdqgh} Y1 dqg Urguljxh} F1 +4<<8, �Glihuhqfldv Lqwhuwhu0
ulwruldohv gh Vdodulrv | Qhjrfldflöq Frohfwlyd hq Hvsdôd� Lqyhvwljdflrqhv
Hfrqöplfdv1 Yroxphq [L[ +5,0 Pd|r 4<<8/ ss1 63<06571

^7:` Pdqdfrugd P1 dqg Shwurqjror E1 +4<<;, �Uhjlrqdo Lpedodqfhv dqg Djjuh0
jdwh Shuirupdqfh lq d Ohdglqj Vhfwru Prgho ri wkh Oderxu Pdunhw= Dq
Dqdo|vlv rq Lwdoldq Gdwd 4<::04<<4� Zrunlqj Sdshu Fhqwhu iru Hfrqrplf
Shuirupdfh/ OVH/ Vhswhpehu 4<<;1

^7;` Pdulprq/ U1 dqg ]lolerwwl I1 +4<<;, �cDfwxdo* yhuvxv cyluwxdo* hpsor|phqw
lq Hxursh1 Lv Vsdlq gl�huhqwB� Hxurshdq Hfrqrplf Uhylhz/ 75/ 4560486/
4<<;1

^7<` Pduwlq M1S1 +4<<9, �Lqglfdwhxuv gh wdx{ gh uhpsodfhphqw dx{ �qv gh frp0
sdudlvrqv lqwhuqdwlrqdohv�/ Uhyxh ìfrqrpltxh gh o*RHFG/ q�59> 4<<9@L=

^83` Phu} +4<<8, Vhdufk lq wkh oderu pdunhw dqg uhdo exvlqhvv f|foh� Mrxuqdo ri
Prqhwdu| Hfrqrplfv 4<<< 76 <404571

^84` Plqfhu M1 +4<:;,�Idplo| pljudwlrq ghflvlrqv�/ Mrxuqdo ri Srolwlfdo Hfr0
qrplf/ yro1 ;9/ ss1:7<0861

^85` Pxhw S1D1+4<<8, �Dmxvwhphqwv pdfurìfrqrpltxhv/ vwdelolvdwlrq hw frrugl0
qdwlrq hq xqlrq prqìwdluh�/ Uhylhz ìfrqrpltxh srolwltxh/ 438 +8, vhsw10rfw1
4<<81

^86` Rodqr D1 +4<<3,1 �Odv pljudflrqhv lqwhulruhv hq idvh gh glvshuvlöq�/ Uhylvwd
gh Hfrqrpðd | Vrflrorjðd gho Wudedmr ;0</ ;0<;1

^87` Ruwhjd M1+5333,1 �Sduhwr0lpsurylqj lppljudwlrq lqd dq hfrqrp| zlwk htxl0
oleulxp xqhpsor|phqw� Wkh Hfrqrplf Mrxuqdo/ 443 +Mdqxdu|,/ <504451

^88` Ryhupdq K1J1 dqg Sxjd G1 +4<<<, �Xqhpsor|phqw foxvwhuv dfurvv Hxur0
shdq uhjlrqv dqg frxqwulhv�1 Fhqwhu iru Hfrqrplf Shuirupdqfh Glvfxvvlrq
Sdshu 767/ Mxo| 4<<<1

^89` Shwurqjror E1 dqg Zdvphu H1 +4<<<, �Pdwfklqj hw vslooryhuv uìjlrqdx{=
Txhotxhv ìoìphqwv hpslultxhv hq Iudqfh hw Judqgh Euhwdjqh1� lq P1 Fdwlq/
M1\1 Ohvxhxu hw \1 ]hqrx +hgv,/ 4<<</ Hpsorl/ frqfxuuhqfh hw frqfhqwudwlrq
vsdwldohv/ Hfrqrplfd/ Sdulv/ ss1 6<0861

^8:` Slvvdulghv/ F1 dqg Zdgvzruwk +4<;<,1 �Xqhpsor|phqw dqg wkh Lqwhu0
Uhjlrqdo Prelolw| ri Oderxu�/ Wkh Hfrqrplf Mrxuqdo/ +<<,/ +4<;<, ss1:6<0
:881

56



^8;` Slvvdulghv/ F1 dqg PfPdvwhu L1 +4<<3,1 �Uhjlrqdo Pljudwlrq/ Zdjhv dqg
Xqhpsor|phqw= Hpslulfdo Hylghqfh dqg Lpsolfdwlrqv iru Srolf|�/ R{irug
Hfrqrplf Sdshuv/ +4<<3, ss1;450;641

^8<` Slvvdulghv/ F +5333,1 Htxloleulxp Xqhpsor|phqw Wkhru|1 Vhfrqg hglwlrq1
Wkh PLW Suhvv1

^93` Urghqdv F1 +4<<7,1 �Pljudflrqhv lqwhuuhjlrqdohv hq Hvsdôd/ 4<9304<;<=
Fdpelrv | Eduuhudv�/ Uhylvwd gh Hfrqrpðd Dsolfdgd 5/ 80691

^94` Vdlqw0Sdxo J1 +4<<5, �Duh wkh xqhpsor|hg xqhpsor|deohB� FHSU Glvfxv0
vlrq Vhulhv Sdshu qr1 9;<1

^95` Vfkorwwpdqq D1 dqg Khu}rj K1 +4<;4, �Hfrqrplf Vwdwxv dqg wkh Ghflvlrq
wr Pljudwh�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ yro1 96/ ss18<30;1
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9 Dsshqgl{

914 Dsshqgl{ 4= Wkh �up�

Wkh �up pd{lplvhv wkh ydoxh ixqfwlrq wdnlqj lqwr dffrxqw wkhlu glvfrxqwhg
ixwxuh sur�wv zlwk uhvshfw wr wkh ydfdqflhv/ yl>m>w/ zlwk 3 ? � ? 4 =


I +ql>m>w, @ pd{
yl>m>w

�
�l>m>w . �
I +ql>m>w.4,

�
+57,

zkhuh wkh pd{lplvdwlrq lv frqvwudlqhg e|

�l>m>w @ +dw . ul>m>w,ql>m>w � zm>wql>m>w �'myl>m>w +58,

ql>m>w.4 @ tl>m>wyl>m>w . +4� vm,ql>m>w +59,

zkhuh htxdwlrq +58, wkh suhvhqw sur�w  rz ri wkh �up/ zklfk ghshqgv rq wkh
surgxfwlrq ixqfwlrq plqxv wkh uhdo zdjh wlphv wkh hpsor|phqw lq uhjlrq m>
dqg plqxv wkh frvw ri kdylqj ydfdqflhv wlphv ydfdqflhv1 Wkh rwkhu frqvwudlqw
lv htxdwlrq +59,/ wkh hyroxwlrq ri hpsor|phqw1 [q

l>m>w wkh Odjudqjh pxowlsolhu
dvvrfldwhg wr wkh hpsor|phqw1 Wkh �up vroyhv wkh uhfxuvlyh sureohp 57 vxemhfw
wr +58,0+59,1 Wkh �uvw rughu frqglwlrq ri wklv rswlplvdwlrq zlwk uhvshfw wr yl>m>w>
lpsolhv

[q
l>m>w @

$m

tm>w
= +5:,

Wkh �up zloo srvw d ydfdqf| zkhq wkh ohiw sduw ri htxdwlrq +5:,/ wkh pdujlqdo
uhyhqxh iurp �oolqj d ydfdqw mre lq wkh uhjlrq m lv htxdo wr wkh pdujlqdo frvw wr
srvw d ydfdqf|1 Wkh pdujlqdo ydoxh ri wkh hpsor|phqw iru wkh �up lv jlyhq e|
wkh hqyhorsh wkhruhp=

C
I +ql>m>w,

Cql>m>w

@ +dw . ul>m>w,� zm>w . +4� vm,[
q
l>m>w= +5;,

Erwk hqyhorsh frqglwlrq dqg wkh �uvw rughu frqglwlrq |lhog Hxohu htxdwlrq
uhodwhg wr hpsor|phqw=

[q
l>m>w @ �

C
I +ql>m>w.4,

Cql>m>w.4

= +5<,

915 Dsshqgl{ 5= Zdjh ghwhuplqdwlrq

Erwk sduwv wdnh lqwr dffrxqw wkhlu qhw pdujlqdo ydoxhv zkhq qhjrwldwh1 Wkh qhw
pdujlqdo ydoxh ri hpsor|phqw iru d zrunhu pd| eh h{suhvvhg dv=


Z
m>w @ Y H

m>w � Y X
m>w= +63,
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Wkh qhw pdujlqdo ydoxh ri fxuuhqw hpsor|phqw iru d uhsuhvhqwdwlyh �up lv49


I
q +qm>w, @ +dw . um>w,� zm>w . +4� vm,�Hw


I
q +qm>w.4,= +64,

Ohw 3 ? � ? 4 ghqrwhv wkh edujdlqlqj srzhu ri wkh zrunhu1 Wkh Qdvk edujdlqlqj
fulwhulrq pd{lplvhv ryhu zdjhv wkhlu qhw pdujlqdo ydoxhv=

pd{
zm

q�

I

q +qm>w,
�4�� �


Z
m>w

��r
> +65,

zkhuh wkh �uvw rughu frqglwlrq vwdwhv wkdw=


I
q +qm>w, @

4� �

�

Z

m>w= +66,

Zh vxevwlwxwh +63, lq htxdwlrq +66, wr rewdlq=

�
I
q +qm>w, @ +4� �,

�
Y H
m>w � Y X

m>w

�
= +67,

Li zh uhsodfh e| wkh ydoxhv ri Y H
m>w dqg Y X

m>w iurp htxdwlrqv 43 dqg 44/ frqvlghulqj

wkh zrunhuv* qrq0duelwudjh frqglwlrq lpsolhv Y X
w @ Y X

4>w @ Y X
5>w> ; w> zh kdyh wkh

iroorzlqj h{suhvvlrq=

�
I
q +qm>w, @ +4� �,

�
zm>w � em . �Hw

�
+4� vm � sm>w,+Y

H
m>w.4 � Y X

w.4,
��

= +68,

Uhduudqjlqj/ zh jhw


I
q +qm>w, @

+4� �,

�
+zm>w � em, . +4� vm � sm>w,�Hw


I
q +qm>w.4,= +69,

Dv zh nqrz iurp htxdwlrq +5<,/[q
m>w @ �
I

q +qm>w.4,> zh fdq uhzulwh wkh htxdwlrq
deryh dv=


I
q +qm>w, @

+4� �,

�
+zm>w � em, . +4� vm � sm>w,[

q
m>w= +6:,

Vxevwlwxwlqj wkh ydoxh ri 
I
q +qm>w, iurp htxdwlrq +64, dqg uhduudqjlqj/ zh kdyh

wkh zdjh hyroxwlrq htxdwlrq=

zm>w @ �
�
+dm . um>w, . sm>w[

q
m>w

�
. +4� �,em = +6;,

49Uhfdoo C8
? E?�c|� '

YCI E?l>m>w�

Y?l>m>w
�
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916 Dsshqgl{ 6= Prelolw|

Wkh dgmxvwphqw ri wkh prelolw|4: wkhvh qrq duelwudjh frqglwlrqv zloo rffxu zkhq
wkh suhvhqw ydoxh ri dq xqhpsor|hg lq uhjlrq 4 lv htxdo wr wkh suhvhqw ydoxh ri
dq xqhpsor|hg lq uhjlrq 5 =

Y X
4>w @ Y X

5>w= +6<,

Diwhu vroylqj lw zh rewdlq iurp htxdwlrq 44/

e4 � e5 @ �Hw

�
s5>w

�
YZ
5>w.4

�
� s4>w

�
Y Z
4>w.4

�
.
�
Y X
5>w.4 � Y X

4>w.4

��
= +73,

Frqvlghulqj wkh qrq0duelwudjh frqglwlrq HwY
X
5>w.4 @ HwY

X
4>w.4> wkh odvw whup

glvdsshduv1 Wkhq/ zh vxevwlwxwh wkh �uvw rughu frqglwlrq ri wkh Qdvk surjudp/
htxdwlrq +49,/ lq wkh h{suhvvlrq Y H

m>w.4 � Y X
m>w.41 Wdnlqj lqwr dffrxqw wkdw wkh

�uvw rughu frqglwlrq ri wkh �up �
I
q +V

I
m>w.4, @ [q

m>w> zh rewdlq wkh qhw ydoxh ri
pljudwlrq iru dq xqhpsor|hg zrunhu wr pryh iurp uhjlrq 4 wr uhjlrq 5 lv jlyhq
e| wkh iroorzlqj h{suhvvlrq=

e4 � e5 @
�

4� �

�
s5>w[

q
5>w � s4>w[

q
4>w

�
+74,

e4 � e5 @
�

4� �
i'5�5>w �'�4>wj = +75,

Zkhq v|pphwulf uhjlrqv/ wkh qrq0duelwudjh frqglwlrq lv �5>w @ �4>w> rqo| dv|p0
phwulf vkrfnv fdq gl�huhqfh erwk uhjlrqv/ dqg wkh| zloo eh htxdo dw vwhdg|
vwdwh1 Krzhyhu/ li xqhpsor|phqw ehqh�wv dqg frvw ri srvwlqj ydfdqflhv duh gli0
ihuhqw dfurvv uhjlrqv/ zh duh idflqj ri dv|pphwulf uhjlrqv dqg wkh qrq duelwudjh
frqglwlrq lv wkh htxdwlrq +74,1 Wkhuh lv qrw v|pphwulf h�hfwv/ zlwk uhjlrqdo
glvsdulwlhv duh odujhu1 +l1h1 li '5 ? '4 wkhq �4>w @

'5

'4

�5>w,= Zrunhuv zloo pryh
xqwlo wkdw wudqvyhuvdolw| frqglwlrqv ri wkh prgho duh vdwlv�hg1

E| wkh �uvw rughu frqglwlrq ri wkh �up [q
l>m>w @

$m

tm>w
/ zh vxevwlwxwh deryh lq

htxdwlrq +74,dqg zh jhw

e4 � e5 @
�

4� �

�
s5>w

$5

t5>w
� s4>w

$4

t4>w

�
= +76,

Iurp wkh gh�qlwlrq ri tm>w> zh vxevwlwxwh

$m

tm>w
@

$mym>w
sm>w+cm>w � qm>w,

+77,

4:Zkhq wkhuh lv qr prelolw| wkh prgho frqyhujh wr wkh vwdwlrqdu| htxloleulxp lq hdfk
uhjlrq dv lq wkh vwdqgdug pdwfklqj prgho1 Zkhq zh dvvxph shuihfw prelolw| dvvxpswlrq/
wkhuh h{lvwv d uhvwulfwlrq rq wkh suredelolwlhv dqg wkh wljkwqhvv ri oderxu pdunhw frplqj iurp
wkh qrq duelwudjh frqglwlrqv ri wkh zrunhuv dqg wkh �up xqwlo erwk hqgrjhqrxv suredelolwlhv
dqg zdjhv duh htxdo1

5:



lq h{suhvvlrq +76,/ wr ghwhuplqh oderxu irufh lq uhjlrq 4=

c4>w @ q4>w .
$4y4>wk

4��
�

+e5 � e4, . s5>w
'5

t5>w

l = +78,

917 Dsshqgl{ 7= Htxloleulxp

x4>w @ c4>w � q4>w +79,

x5>w @ 4� c4>w � q5>w= +7:,

km>w @ k+xm>w> ym>w, @ kmy
�
m>wx

4��
m>w > +7;,

sm>w @
km>w

xm>w

> +7<,

tm>w @
km>w

ym>w
> +83,

qm>w.4 @ tm>wym>w . +4� vm,qm>w> +84,

|l>m>w @ +d. um,ql>m>w> +85,

[q
l>m>w @

'm

tl>m>w
> +86,

[q
l>m>w @ +dw.4 . um>w.4,� zm>w.4 . +4� vm,�[

q
l>m>w.4> +87,

4;

zm>w @ �

�
+dm . um>w, . sm>w

'm

tm>w

�
. +4� �,em > +88,

c4>w @ q4>w .
$4y4>wk

4��
�

+e5 � e4, . s5>w
'5

t5>w

l = +89,

Wkh hqgrjhqrxv yduldeohv= x4> x5> km > tm > sm > qm >[m > ym > zm > |m > o41

4;Erwk hqyhorsh frqglwlrq dqg wkh �uvw rughu frqglwlrq |lhog Hxohu htxdwlrq uhodwhg wr
hpsor|phqw1 Zh jhw wklv htxdwlrq zlwk erwk htxdwlrqv +715;, dqg +715<,1

5;


