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Devwudfw

Zh xvh d fdnh0hdwlqj prgho zlwk d qrq0uhqhzdeoh uhvrxufh dqg d
edfnvwrs whfkqrorj| wr ghvfuleh wkh h�hfw ri pljudwlrq ri srru zrunhuv
lqwr d ulfk frxqwu| zlwk vxusoxv oderu1 Pljudqwv uhfhlyh d odujh wudqvihu
iurp qdwlyhv1 Li ixwxuh pljudwlrq lv dqwlflsdwhg/ qdwlyhv*  rz ri xwlolw|
lqfuhdvhv glvfrqwlqxrxvo| dw wkh wlph ri pljudwlrq1 Pljudwlrq dw wlph
3 pd| fdxvh wkh lqlwldo  rz ri qdwlyhv* xwlolw| wr eh kljkhu1 Krzhyhu/
wkh suhvhqw glvfrxqwhg ydoxh ri wkh vwuhdp ri shu fdslwd xwlolw| idoov1
Wkxv/ zkhq pljudwlrq rffxuv/ lw pd| ehqh�w wkh fxuuhqw jhqhudwlrq ri
qdwlyhv/ dowkrxjk lw kdupv rwkhu jhqhudwlrqv1

Nh| zrugv= pljudwlrq/ qrquhqhzdeoh uhvrxufhv/ fdnh0hdwlqj

MHO Fodvvl�fdwlrq qxpehuv= I55/ T6

�OHHUQD dqg Xqlyhuvlwì gh Wrxorxvh 4/ 54 dooìh gh Eulhqqh/ 64333 Wrxorxvh Fhgh{ 0
Iudqfh1 hpdlo= sidydugCflfw1iu1 Sdvfdo Idydug wkdqnv wkh Ghsduwphqw ri Djulfxowxudo dqg
Uhvrxufh Hfrqrplfv dw Ehunhoh| iru lwv krvslwdolw| gxulqj klv ylvlw1

|Ghsduwphqw ri Djulfxowxudo dqg Uhvrxufh Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Ehunh0
oh| FD <7:531 hpdlo ndusCduh1ehunhoh|1hgx
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4 Lqwurgxfwlrq
Wkh odwh 53*wk fhqwxu| kdv vhhq vhyhudo hslvrghv ri odujh srsxodwlrq pryh0
phqwv iurp srru wr ulfk uhjlrqv1 Wkhuh kdyh dovr ehhq vhyhudo fdvhv ri wkh
lqwhjudwlrq ri oderu pdunhwv lq frxqwulhv zlwk gl�huhqw ohyhov ri ghyhors0
phqw1 Dowkrxjk pljudwlrq dqg wkh lqwhjudwlrq ri oderu pdunhwv kdyh pdq|
glvwlqfwlyh ihdwxuhv/ wkh| kdyh lq frpprq wkdw uhodwlyho| srru zrunhuv mrlq d
ulfkhu srsxodwlrq1 Wklv ihdwxuh kdv ohg wr vhulrxv srolwlfdo ghedwhv zlwklq wkh
ulfkhu2krvw frxqwu|/ sduwlfxoduo| zkhq pljudqwv uhfhlyh wudqvihuv iurp wkhlu
krvwv1

Zh vwxg| wkh h�hfwv/ rq wkh shu fdslwd xwlolw| lq wkh krvw frxqwu|/ ri d
frpelqhg h{rjhqrxv lqfuhdvh lq srsxodwlrq dqg d wudqvihu wr wkh qhzfrphuv1
Iru euhylw| zh uhihu wr wkh dgglwlrqdo zrunhuv dv pljudqwv/ dowkrxjk zh fdq
dovr wklqn ri wkhp dv ehlqj wkh zrunhuv lq wkh srru lqwhjudwlrq sduwqhu1 Lq
rxu prgho/ pljudwlrq +frpelqhg zlwk wkh wudqvihu, uhgxfhv wkh vwhdg| vwdwh
ohyho dqg wkh suhvhqw glvfrxqwhg vwuhdp ri qdwlyhv* zhoiduh1 Lq wkdw vhqvh/ wkh
prgho frq�upv wkh ylhz wkdw pljudwlrq kdupv qdwlyhv1 Krzhyhu/ pljudwlrq
lv olnho| wr ehqh�w wkh jhqhudwlrq dolyh dw wkh wlph wkdw lw rffxuv1 Wklv
uhvxow lv frxqwhu0lqwxlwlyh/ vlqfh lw pljkw vhhp wkdw wkh jhqhudwlrq dolyh zkhq
pljudwlrq rffxuv zrxog ehdu wkh euxqw ri wkh fkdqjh1

Lpsruwdqw h{dpsohv ri pljudwlrqv lqfoxgh wkh  rzv iurp Qruwk Diulfd
dqg wkh Plghdvw lqwr Hxursh/ dqg iurp Odwlq Dphulfd lqwr Qruwk Dphu0
lfd1 Pljudwlrq vrphwlphv fdxvhv dq deuxsw lqfuhdvh lq wkh oderu srro1 Iru
h{dpsoh/ lq 4<95 qhduo| d ploolrq Iuhqfk frorqlvwv uhwxuqhg iurp Dojhuld/
lqfuhdvlqj wkh Iuhqfk oderu irufh e| 5 shufhqw +Kxqw ^47`,1 Lq wkh plg 4<:3v/
uhixjhhv iurp Pr}dpeltxh dqg Dqjrod lqfuhdvhg wkh Sruwxjxhvh srsxodwlrq
e| qhduo| : shufhqw +Fduulqjwrq dqg gh Olpd ^;`,1 Wkh 4<;3 Fxedq h{rgxv
iurp wkh sruw ri Pdulho lqfuhdvhg Pldpl*v oderu irufh e| : shufhqw +Fdug ^:`,1
Lq vrph fdvhv rqh frxqwu| devruev wkh srsxodwlrq ri dqrwkhu/ hyhq wkrxjk
wkh dprxqw ri sk|vlfdo pryhphqw ri oderu lv vpdoo1 Wkh Jhupdq xql�fdwlrq
lv wkh prvw h{wuhph uhfhqw h{dpsoh ri wklv nlqg ri lqwhjudwlrq1 Wkh dgkhvlrq
ri Vrxwk Hxurshdq frxqwulhv wr wkh Hxurshdq Xqlrq zhuh vlplodu exw ohvv
h{wuhph hyhqwv1

Zh dvvxph wkdw doo djhqwv kdyh wkh vdph surgxfwlylw|/ dqg wkdw pljudqwv
duh hqgrzhg rqo| zlwk oderu0srzhu1 Wkhvh vlpsoli|lqj dvvxpswlrqv duh qrw
hvvhqwldo/ exw wkh| hqdeoh xv wr dqdo|}h wkh lqwhuwhpsrudo h�hfwv ri pljud0
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wlrq41 Zh dovr dvvxph wkdw sulru wr pljudwlrq/ wkh krph frxqwu| kdv dq
h{fhvv vxsso| ri oderu/ lq d vhqvh zklfk zh pdnh suhflvh ehorz1 Wkxv/ pl0
judqwv eulqj d idfwru ri surgxfwlrq zklfk lv lq h{fhvv vxsso|1

Wkh htxloleulxp zh vwxg| lv ghwhuplqhg e| d vrfldo sodqqhu zkr pd{l0
pl}hv wkh suhvhqw glvfrxqwhg vwuhdp ri wkh vxp ri shu fdslwd xwlolwlhv/ lqfoxg0
lqj wkh xwlolw| ri pljudqwv1 Htxlydohqwo|/ wkh htxloleulxp lv ghwhuplqhg e|
d frpshwlwlyh pdunhw/ dqg pljudqwv uhfhlyh dq htxdo vkduh ri vrflhw|*v wrwdo
fdslwdo1 Vlqfh wklv dvvxpswlrq lv lpsruwdqw wr rxu uhvxowv/ dqg lv qrw olwhudoo|
wuxh/ lw uhtxluhv glvfxvvlrq1

Lq vrph fdvhv pljudqwv uhfhlyh d sruwlrq ri vrfldo fdslwdo lq wkh irup
ri wudqvihuv1 Iru h{dpsoh/ wkh Iuhqfk frorqlvwv uhwxuqlqj iurp Dojhuld zhuh
hqwlwohg wr wkh vdph vrfldo ehqh�wv dv rwkhu Iuhqfk flwl}hqv1 Wkh lqwhjudwlrq
ri Hdvw dqg Zhvw Jhupdq|/ dqg wkh dgkhvlrq ri Vrxwkhuq Hxurshdq frxqwulhv
wr wkh Hxurshdq Xqlrq lqyroyhg vpdoohu  rzv ri oderu/ exw odujh wudqvihuv1

Uhjdugohvv ri wkh dfwxdo vl}h ri wkh wudqvihuv/ wkhuh lv zlghvsuhdg srsxodu
eholhi wkdw wkh| kdyh ehhq dqg zloo frqwlqxh wr eh odujh1 Lq fdpsdljqlqj
iru uh0hohfwlrq gxulqj wkh hduo| 4<<3*v/ Fkdqfhooru Nrko yrzhg wkdw lqwhjud0
wlrq zrxog qrw uhtxluh kljkhu wd{hv1 Wklv surplvh uh hfwhg wkh ihdu wkdw
lqwhjudwlrq zrxog uhtxluh odujh wudqvihuv/ zklfk zrxog orzhu zhoiduh lq Zhvw
Jhupdq|1 Vlploduo|/ wkh +shufhlyhg, qhhg wr pdnh odujh wudqvihuv kdv ehhq
rqh lpshglphqw wr hqodujhphqw ri wkh Hxurshdq Xqlrq1 Lq vrph fdvhv wkh
dfwxdo wudqvihu pd| eh vpdoo ru hyhq qhjdwlyh/ exw wkh qdwlyh srsxodwlrq
eholhyhv lw lv odujh1 Lq Fdoliruqld/ wkh srsxodu eholhi wkdw lppljudwlrq kdv
uhvxowhg lq d odujh gudlq rq wkh sxeolf sxuvh ixhohg Vwdwh Sursrvlwlrq 4;:/
zklfk vrxjkw wr holplqdwh wklv wudqvihu iru loohjdo lppljudqwv51

4Lq pdq| fdvhv/ pljudqwv kdyh uhodwlyho| orz ohyhov ri hgxfdwlrq dqg frpshwh zlwk
srruo| hgxfdwhg qdwlyhv1 D odujh hpslulfdo olwhudwxuh +h1j1 Erumdv hw do1 ^8`, phdvxuhv wkh
gl�huhqwldo h�hfwv ri pljudqwv rq gl�huhqw vhjphqwv ri wkh qdwlyh srsxodwlrq1 Pljudqwv
dovr eulqj fxowxudo ydulhw| +duw/ pxvlf/ fxlvlqh, wkdw fdq lqfuhdvh qdwlyhv* xwlolw|1

5D vwxg| e| Kxggoh ^46` hvwlpdwhv wkdw wkh qhw vrfldo frvw ri lppljudqwv +wkh ydoxh ri
wudqvihuv dqg lppljudqwv* frqvxpswlrq ri sxeolf vhuylfhv plqxv wkhlu wd{ sd|phqwv, zdv
'98 eloolrq lq 4<<91 Il{ dqg Sdvvho ^45` fdofxodwh wkdw pljudqwv* qhw vrfldo frvw lv qhjdwlyh1
Yhuqh} dqg PfFduwk|*v uhylhz ri wkh olwhudwxuh ^4<` uhsruwv wkdw wkh hvwlpdwhv ri qhw vrfldo
frvw shu lppljudqw udqjh iurp '4/933 wr �'4/7331 Vplwk dqg Hgprqvwrq ^4:`/ xvlqj Qhz
Mhuvh| dqg Fdoliruqld gdwd/ hvwlpdwh wkdw wkh vrfldo frvw ri lppljudqwv kdv ehhq ehwzhhq
'48 dqg '53 eloolrq shu |hdu1 Erumdv ^7` surylghv d xvhixo uhylhz ri wklv dqg rwkhu hpslulfdo
lvvxhv uhodwhg wr pljudwlrq1
Wkhuh kdyh dovr ehhq dwwhpswv wr ghwhuplqh wkh vrfldo frvw ri lppljudqwv lq frxqwulhv

rwkhu wkdq wkh X1V11 Vwudxekddu ^4;` hvwlpdwhv wkdw lq 4<<3 lppljudqwv pdgh qhw frqwul0
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Rxu pdlq dvvxpswlrqv ^+l, djhqwv duh krprjhqhrxv/ +ll, pljudqwv duh
hqgrzhg rqo| zlwk wkhlu oderu srzhu/ +lll, wkhuh lv dexqgdqfh ri oderu lq
wkh krvw hfrqrp| sulru wr pljudwlrq/ dqg +ly, pljudqwv uhfhlyh vxevwdqwldo
wudqvihuv iurp wkh krvw frxqwu|` fruuhvsrqg wr d vlpsoh exw zlgho| khog ylhz1
Wklv ylhz lv reylrxvo| qrw idyrudeoh wr wkh fdvh iru pljudwlrq1 Lw lv qr vxusulvh
wkdw wkh prgho lpsolhv wkdw pljudwlrq ghfuhdvhv wkh suhvhqw ydoxh ri wkh
vwuhdp ri qdwlyhv* glvfrxqwhg shu fdslwd xwlolw|/ dqg wkh vwhdg| vwdwh  rz ri
shu fdslwd xwlolw|1 Lq wklv vhqvh/ pljudwlrq lv frvwo| wr qdwlyhv1

Wkh prgho grhv/ krzhyhu/ kdyh d vxusulvlqj lpsolfdwlrq derxw wkh lq0
whuwhpsrudo glvwulexwlrq ri xwlolw|1 Zh dqwlflsdwhg wkdw +lq wkh vrfldo rs0
wlpxp, wkh frvw zrxog eh glvwulexwhg ryhu wlph/ uhgxflqj wkh shu fdslwd
xwlolw| ri hdfk �jhqhudwlrq� ri qdwlyh1 Lqvwhdg/ zh �qg wkdw wkhuh lv d whq0
ghqf| iru pljudwlrq wr lqfuhdvh wkh  rz ri shu fdslwd xwlolw| lpphgldwho|
diwhu lw rffxuv1 Wkh ghprqvwudwlrq dqg h{sodqdwlrq ri wklv uhvxow duh wkh
fklhi frqwulexwlrqv ri wklv sdshu1

Wklv uhvxow lv lpsruwdqw iru wzr uhdvrqv1 Iluvw/ pxfk ri rxu lqwxlwlrq
derxw qrq0uhqhzdeoh uhvrxufh hfrqrplhv lv edvhg rq vlpsoh fdnh0hdwlqj prg0
hov1 Zh surylgh d txdolwdwlyh h{whqvlrq ri wklv lqwxlwlrq1 Vhfrqg/ wkh uhvxow
fkdoohqjhv wkh srsxodu ylhz wkdw wkh jhqhudwlrq ri qdwlyhv dolyh dw wkh wlph ri
pljudwlrq ehduv prvw ri wkh frvw ri wkh wudqvihu ri vrfldo fdslwdo1 Lq idfw/ wkdw
jhqhudwlrq lv olnho| wr ehqh�w iurp pljudwlrq/ hyhq wkrxjk rwkhu jhqhudwlrqv
gr ehdu frvwv1

Rxu yhuvlrq ri wkh fdnh0hdwlqj prgho exlogv rq wkh zrun ri Nhps dqg
Orqj ^48` dqg Dpljxhv hw do1 ^4`/ exw wkhvh sdshuv gr qrw lqyhvwljdwh wkh
h�hfwv ri srsxodwlrq jurzwk1 Wkhuh lv d odujh wkhruhwlfdo olwhudwxuh rq pl0
judwlrq/ uhfhqwo| vxuyh|hg e| Zrqj ^53`/ Fkdswhu 471 Prvw ri wklv olwhudwxuh
dvvxphv wkdw pljudqwv uhfhlyh qr wudqvihuv/ dqg wkdw wkh krvw frxqwu| zhoiduh
grhv qrw lqfoxgh pljudqwv* zhoiduh1 Lq wklv fdvh/ iru d vpdoo rshq hfrqrp|/
pljudwlrq w|slfdoo| lqfuhdvhv zhoiduh lq wkh krvw frxqwu|/ dqg +lq wkh suhv0
hqfh ri qrq0wudghg jrrgv, ghfuhdvhv wkh zhoiduh ri wkh djhqwv zkr uhpdlq
lq wkh vrxufh frxqwu|1 Pxfk ri wkh wkhruhwlfdo olwhudwxuh wkhuhiruh irfxvhv
rq hpljudwlrq srolflhv1 Wkh wkhruhwlfdo olwhudwxuh rq loohjdo lppljudwlrq +h1j1
Erqg dqg Fkhq ^6`/ Gmdmlf ^<`/ dqg Hwklhu ^43`, frpsduhv wkh zhoiduh h�hfwv
ri gl�huhqw phwkrgv ri frqwuroolqj lppljudwlrq1

Wkh qh{w vhfwlrq ghvfulehv wkh prgho1 Wkh iroorzlqj wzr vhfwlrqv suhvhqw

exwlrqv wr wkh Vzlvv �vfdo exgjhw1 Ednhu dqg Ehqmdplq ^5` �qg wkdw lq Fdqdgd lppljudqwv
duh ohvv olnho| wkdq qdwlyhv wr uhfhlyh zhoiduh ehqh�wv1
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wkh uhvxowv1

5 Wkh prgho
Zh �uvw ghvfuleh wkh whfkqrorj|/ dqg wkhq wkh hfrqrplf remhfwlyh1

514 Wkh whfkqrorj|

Wkh hfrqrp| frqvlvwv ri � lghqwlfdo djhqwv zkr rewdlq xwlolw| iurp frqvxps0
wlrq ri d krprjhqrxv jrrg dqg iurp ohlvxuh1 Hdfk djhqw lv hqgrzhg zlwk
rqh xqlw ri ohlvxuh1 Wkh hfrqrp| rzqv d vwrfn ri d qrquhqhzdeoh uhvrxufh/
t E|� dqg d �{hg qrqghsuhfldeoh vwrfn ri fdslwdo 7%1

Wkhuh duh wzr zd|v ri dftxlulqj wkh frqvxpswlrq jrrg1 Oderu fdq eh
frpelqhg zlwk d qrq0uhqhzdeoh qdwxudo uhvrxufh ru zlwk fdslwdo xvlqj Ohrq0
wlhi whfkqrorjlhv61 Wr glvwlqjxlvk wkhvh wzr dfwlylwlhv/ zh uhihu wr wkh �uvw dv
h{wudfwlrq dqg wkh vhfrqg dv surgxfwlrq1 Zh fkrrvh xqlwv vr wkdw rqh xqlw ri
wkh frqvxpswlrq jrrg rewdlqhg e| surgxfwlrq uhtxluhv rqh xqlw ri fdslwdo/
dqg rqh xqlw ri wkh jrrg rewdlqhg e| h{wudfwlrq uhtxluhv rqh xqlw ri wkh qrq0
uhqhzdeoh uhvrxufh1 Gh�qh +E|� dv wkh udwh ri h{wudfwlrq ri wkh uhvrxufh/ dqg
%E|� � 7% dv wkh dprxqw ri fdslwdo xvhg1 Wkh h{wudfwlrq whfkqrorj| uhtxluhv
> xqlwv ri oderu shu xqlw ri rxwsxw/ dqg wkh surgxfwlrq dfwlylw| uhtxluhv #
xqlwv ri oderu shu xqlw ri rxwsxw1 Zkhq vrflhw| h{wudfwv dw udwh +E|� dqg
xvhv %E|� xqlwv ri fdslwdo/ djjuhjdwh frqvxpswlrq lv +E|�n%E|� dqg djjuhjdwh
hpsor|phqw lv >+E|� n #%E|�1 Shu fdslwd frqvxpswlrq lv SE|� ' +E|�n%E|�

�
dqg

shu fdslwd ohlvxuh lv ,E|� ' �� >+E|�n#%E|�
�

1
H{wudfwlrq uhtxluhv ohvv oderu wr fuhdwh d xqlw ri wkh frqvxpswlrq jrrg/

uhodwlyh wr surgxfwlrq/ vr > 	 #1 Zh fdq wklqn ri wkh frqvxpswlrq jrrg
dv uhsuhvhqwlqj �hperglhg hqhuj|�/ zklfk fdq eh surgxfhg hlwkhu iurp h{0
kdxvwleoh qdwxudo uhvrxufhv +h1j1 rlo, ru e| xvlqj dq xqolplwhg uhvrxufh vxfk
dv vxqoljkw wrjhwkhu zlwk d �{hg vwrfn ri fdslwdo1 Lw lv fkhdshu wr rewdlq
hqhuj| xvlqj rlo udwkhu wkdq vxqoljkw1

6Wkh Ohrqwlhi dvvxpswlrq lpsolhv wkdw xqlw oderu frvwv lq surgxfwlrq duh frqvwdqw iru
udwhv ri surgxfwlrq {+w, � �{/ dqg lq�qlwh rwkhuzlvh1 Zh frxog kdyh xvhg d pruh jhqhudo
frqyh{ whfkqrorj|/ exw wklv zrxog kdyh dgghg frpsolfdwlrqv zlwkrxw lqvljkwv1 D pruh
lqwhuhvwlqj h{whqvlrq doorzv wkh fdsdflw| frqvwudlqw wr eh hqgrjhqrxv1 Zh glvfxvv wklv
h{whqvlrq eulh | lq wkh Dsshqgl{1
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Wkh vwrfn ri wkh qrquhqhzdeoh uhvrxufh lv hyhqwxdoo| h{kdxvwhg/ exw zkloh
d srvlwlyh dprxqw uhpdlqv/ wkh  rz ri h{wudfwlrq lv xqerxqghg1 Krzhyhu/ wkh
 rz ri surgxfwlrq lv erxqghg dw hyhu| srlqw lq wlph vlqfh lw uhtxluhv fdslwdo/
zklfk lv lq �{hg vxsso|1 Dw d srlqw lq wlph vrflhw|*v delolw| wr h{wudfw rlo lv
� iru doo sudfwlfdo sxusrvhv � xqerxqghg/ exw lw*v delolw| wr xvh vrodu srzhu
lv frqvwudlqhg e| olplwhg fdslwdo1

515 Wkh hfrqrplf sureohp

Shu fdslwd xwlolw| lv L
�
+E|�n%E|�

�
c �� >+E|�n#%E|�

�

�
' LESE|�c ,E|��1 Xwlolw| lv lq0

fuhdvlqj dqg frqfdyh lq frqvxpswlrq dqg ohlvxuh/ zlwk LS, � f1 Frqvxpswlrq
dqg ohlvxuh duh �hvvhqwldo jrrgv�= wkhlu pdujlqdo xwlolwlhv ehfrph lq�qlwh dw
ohyhov qhdu f1

Zh dvvxph wkdw wkh lqlwldo uhvrxufh vwrfn t Ef� dqg wkh fdslwdo vwrfn 7% duh
vpdoo hqrxjk wkdw wkh frqvwudlqw %E|� � 7% lv elqglqj rq wkh hqwluh rswlpdo
wudmhfwru|1 Wklv dvvxpswlrq phdqv wkdw wkh hfrqrp| zrxog eh zloolqj wr
vdful�fh ohlvxuh wr rewdlq pruh ri wkh frqvxpswlrq jrrg/ exw lv frqvwudlqhg
iurp grlqj vr ehfdxvh lw fdqqrw lqfuhdvh surgxfwlrq/ dqg fdq lqfuhdvh fxuuhqw
h{wudfwlrq rqo| dw wkh frvw ri uhgxflqj ixwxuh h{wudfwlrq1 Oderu lv qrw d
frqvwudlqlqj idfwru> lq wklv vhqvh/ oderu lv lq h{fhvv vxsso|1 Gh�qh kE|� dv
wkh vkdgrz ydoxh ri wkh frqvwudlqw %E|� � 7% +l1h1/ wkh uhqwdo udwh ri fdslwdo rq
wkh rswlpdo wudmhfwru|,= L W

S � #LW
, � kE|�/ zkhuh d ��� lqglfdwhv rswlpdolw|1

Zh uhvwdwh wkh dvvxpswlrq dv7

Dvvxpswlrq 4= kE|� � L W
S � #L W

, : fc ; | � f�
Jlyhq wkdw wkh lqlwldo uhvrxufh vwrfn lv �qlwh/ wkhuh zloo eh d �qlwh wlph

A dw zklfk lw lv h{kdxvwhg1 Wkhuhdiwhu wkh hfrqrp| uholhv h{foxvlyho| rq
surgxfwlrq1 Lq ylhz ri Dvvxpswlrq 4/ 7% lv wkh rswlpdo ohyho ri surgxfwlrq
diwhu A 1 Iru d glvfrxqw udwh ri o/ wkh suhvhqw glvfrxqwhg ydoxh ri vrfldo zhoiduh
dw A lv 7L � �

o
LE 7%

�
c �� #7%

�
�1

Dw wlph | ' f/ jlyhq d uhvrxufh vwrfn t Ef�/ wkh sodqqhu zdqwv wr pd{lpl}h
wkh suhvhqw glvfrxqwhg ydoxh ri wkh wrwdo shu fdslwd xwlolw| ri wkh � djhqwv1
Khuh zh zulwh � dv d frqvwdqw sdudphwhu/ exw odwhu zh wuhdw lw dv d ixqfwlrq
ri wlph1 Xvlqj Dvvxpswlrq 4 wr holplqdwh wkh frqvwudlqw %E|� � 7%/ zh zulwh

7Dpljxhv hw do ^4` vkrz wkdw d qhfhvvdu| dqg vx!flhqw frqglwlrq iru Dvvxpswlrq 4 lv
wkdw wkh lqlwldo uhvrxufh vwrfn/ \ +3,/ dqg wkh ohyho ri �{ duh vx!flhqwo| vpdoo1

9
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dqg wkh qrq0qhjdwlylw| frqvwudlqw +E|� A f1
Wkh �uvw rughu frqglwlrq lv=

LSES
WE|�c ,WE|��� >L,ES

WE|�c ,WE|�� ' beo| +5,

zkhuh +wkh hqgrjhqrxv frqvwdqw, b lv wkh vkdgrz ydoxh dw wlph f ri wkh
uhvrxufh vwrfn1

Zh duh sulqflsdoo| lqwhuhvwhg lq wkh h�hfwv ri pljudwlrq rq wkh lqwhuwhp0
srudo xwlolw| ri qdwlyhv* zhoiduh1 Iru euhylw|/ zh uhihu wr wkh  rz ri xwlolw|
dw wlph | dv wkh xwlolw| uhfhlyhg e| wkh �jhqhudwlrq� olylqj dw wlph |1

6 Dq dqwlflsdwhg ixwxuh lqfuhdvh lq srsxod0
wlrq

Zh ehjlq e| vkrzlqj wkdw dq lqfuhdvh lq srsxodwlrq orzhuv erwk wkh suhvhqw
glvfrxqwhg ixwxuh vwuhdp ri shu fdslwd xwlolw| dqg wkh vwhdg| vwdwh shu fdslwd
xwlolw|1 Dq dgglwlrqdo zrunhu rewdlqv dq htxdo vkduh ri vrflhw|*v zhdowk dqg
frqwulexwhv klv oderu srzhu1 Vlqfh oderu lv qrw wkh frqvwudlqlqj idfwru ri
surgxfwlrq/ qdwlyhv +wkh lqiudpdujlqdo djhqwv, orvh pruh wkdq wkh| jdlq1
Wklv uhvxow vhwv wkh vwdjh iru d glvfxvvlrq ri wkh lqwhuwhpsrudo  rz h�hfwv ri
d srsxodwlrq lqfuhdvh1

Wkh suhvhqw glvfrxqwhg ydoxh ri vrfldo zhoiduh lv aEt (��/ dqg wkh suhvhqw
glvfrxqwhg ydoxh ri wkh vwuhdp ri shu fdslwd xwlolw| lv aEt (��

�
1 Lq wkh dsshqgl{

zh hvwdeolvk8

8Wklv surri xvhv wkh �g|qdplf hqyhorsh wkhruhp�1 Iru d jhqhudo glvfxvvlrq ri wklv
wkhruhp/ vhh Fdsxwr ^9` dqg OdIudqfh dqg Eduqh| ^49`1
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Sursrvlwlrq 4 aEt (��
�

lv d ghfuhdvlqj ixqfwlrq ri � 1

Sursrvlwlrq 4 vd|v wkdw iru d jlyhq vwrfn ri wkh uhvrxufh/ pljudwlrq gh0
fuhdvhv wkh vwuhdp ri shu fdslwd xwlolw|1 Krzhyhu/ li wkh vrfldo sodqqhu nqrzv
wkdw pljudwlrq zloo rffxu lq wkh ixwxuh/ wkhuh zloo eh d fkdqjh lq wkh h{0
wudfwlrq wudmhfwru| dqg d fkdqjh lq wkh uhvrxufh vwrfn dw wkh wlph pljudwlrq
rffxuv1 Iru wklv fdvh/ zh kdyh wkh iroorzlqj fruroodu|1

Fruroodu| 4 Vxssrvh wkdw dw wlph f wkh vrfldo sodqqhu dqwlflsdwhv wkdw pl0
judwlrq zloo rffxu dw wlph � : f1 Wklv dqwlflsdwlrq fdxvhv dq dgmxvwphqw ri
wkh h{wudfwlrq wudmhfwru| wkdw orzhuv wkh suhvhqw glvfrxqwhg ydoxh ri wkh ixwxuh
vwuhdp ri shu fdslwd xwlolw| ri djhqwv dolyh dw wlph f +wkh qdwlyhv,1

Lw lv dovr reylrxv wkdw wkh vwhdg| vwdwh shu fdslwd xwlolw|/ LE 7%
�
c �� #7%

�
�/ lv

d ghfuhdvlqj ixqfwlrq ri � 1 Dowkrxjk wkh prgho frqwdlqv qr vxusulvhv zlwk
uhvshfw wr hlwkhu wkh vwhdg| vwdwh ohyho ri/ ru wkh ydoxh ri wkh vwuhdp ri shu
fdslwd xwlolw|/ wkh h�hfwv rq xwlolw| dw d srlqw lq wlph duh xqh{shfwhg1 Khuh
zh frqvlghu wkh vlwxdwlrq zkhuh wkh vrfldo sodqqhu nqrzv dw wlph f wkdw wkhuh
zloo eh d glvfuhwh lqfuhdvh lq srsxodwlrq dw dq h{rjhqrxv wlph � : f1 Zh
vkrz wkdw wkh  rz ri shu fdslwd xwlolw| lqfuhdvhv glvfrqwlqxrxvo| dw | ' � 1
Wklv uhvxow lpsuryhv rxu lqwxlwlrq derxw wkh fdnh0hdwlqj sureohp dqg dovr
ohdgv wr d frqmhfwxuh wkdw zh yhuli| lq d vlpsohu vhwwlqj1

Zh uhihu wr wkh vlwxdwlrq zkhuh � lv frqvwdqw dv wkh �uhihuhqfh fdvh�1
Vlqfh wkh ixwxuh srsxodwlrq fkdqjh uhgxfhv wkh ydoxh ri wkh vwuhdp ri zhoiduh/
dqg vlqfh wkh vrfldo sodqqhu zdqwv wr vprrwk xwlolw|/ kh dgmxvwv wkh surjudp
vr wkdw jhqhudwlrqv ryhu dfc �� ehdu vrph ri wkh frvw1 Wklv dgmxvwphqw ghod|v
h{wudfwlrq/ uhodwlyh wr wkh uhihuhqfh fdvh1 Wklv ghod| uhtxluhv dq lqfuhdvh lq
wkh vkdgrz ydoxh ri wkh uhvrxufh dqg d fruuhvsrqglqj ghfuhdvh lq +E|�91 Ryhu
dfc � � wkh rqo| fkdqjh/ uhodwlyh wr wkh uhihuhqfh fdvh/ lv wkdw wkh h{wudfwlrq
sur�oh +E|� vkliwv grzq1 Frqvhtxhqwo|/ wkh  rz ri xwlolw| ryhu dfc �� lv ohvv
wkdq lq wkh uhihuhqfh fdvh1

Frqwlqxlw| ri b dw � dqg htxdwlrq E2� lpso| wkdw wkh pdujlqdo xwlolw| ri
h{wudfwlrq/ LS � >L, lv dovr frqwlqxrxv dw � :1 Lq wkh vwdqgdug fdnh0hdwlqj
sureohp zlwkrxw ohlvxuh/ frqwlqxlw| ri pdujlqdo xwlolw| lpsolhv wkdw shu fdslwd
frqvxpswlrq/ dqg wkhuhiruh shu fdslwd xwlolw|/ duh dovr frqwlqxrxv dw � 1 Wkh

9Wkh surri ri Sursrvlwlrq 4 vkrzv irupdoo| wkdw g�

gQ
A 31

:Li pdujlqdo xwlolw| zhuh glvfrqwlqxrxv dw � lw zrxog eh srvvleoh wr uhdoorfdwh h{wudfwlrq
ehwzhhq �� dqg �. lq vxfk d zd| dv wr lqfuhdvh shu fdslwd xwlolw|1

;



+c  = c −
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Iljxuh 4= H{wudfwlrq zkhq wkh srsxodwlrq lqfuhdvhv

lqwurgxfwlrq ri ohlvxuh lpsolhv wkdw shu fdslwd xwlolw| fdqqrw eh frqwlqxrxv
dw � 1

Gh�qh wkh lqglfdwru ixqfwlrq UE|� '

�
f iru | 	 �
� iru | � �

�
dqg ohw �| ' 7� n

UE|�{/ zkhuh 7� dqg { duh srvlwlyh frqvwdqwv1 Wkh srsxodwlrq mxpsv e|
wkh dprxqw { dw wlph � dqg lv rwkhuzlvh frqvwdqw;1 Ghqrwh wkh rswlpdo
h{wudfwlrq d prphqw ehiruh dqg d prphqw diwhu � dv +3 dqg +n1

Lq wkh dsshqgl{ zh hvwdeolvk wkh iroorzlqj

Sursrvlwlrq 5 Dw wlph � wkhuh lv d glvfrqwlqxrxv lqfuhdvh lq shu fdslwd
frqvxpswlrq dqg2ru lq shu fdslwd ohlvxuh> qhlwkhu yduldeoh idoov1 Wkhuh lv dovr
d glvfrqwlqxrxv lqfuhdvh lq shu fdslwd xwlolw|1 Wkdw lv/ Sn � S3/ dqg ,n � ,3

zlwk dw ohdvw rqh lqhtxdolw| kroglqj vwulfwo|> dqg LESnc ,n� : LES3c ,3�1

;Wkh lqfuhdvh lq srsxodwlrq/ �/ fdq eh odujh1 Krzhyhu/ zh dvvxph wkdw lw lv qrw vr
odujh wkdw lw fdxvhv d uhjlph fkdqjh1 Vshfl�fdoo|/ wkh frqvwudlqw | � 3 lv qrw elqglqj ryhu
^3> �,> h{wudfwlrq uhpdlqv srvlwlyh ryhu wklv lqwhuydo1 Vhh Idydug ^44` iru ghwdlov1

<



Khuh zh vnhwfk d jhrphwulf surri iru Sursrvlwlrq 5/ xvlqj Iljxuh 4<1
Wklv �jxuh vkrzv wkh h{wudfwlrq ohyhov wkdw zrxog pdlqwdlq frqwlqxlw| lq shu
fdslwd frqvxpswlrq +wkh judsk Sn ' S3, dqg wkh h{wudfwlrq ohyhov wkdw zrxog
pdlqwdlq frqwlqxlw| lq shu fdslwd ohlvxuh +wkh judsk ,n ' ,3,1 Wkh vkdghg
duhd vkrzv wkh h{wudfwlrq ohyhov iru zklfk Sn � S3 dqg ,n � ,3� Deryh wkh
olqh ,n ' ,3 frqvxpswlrq lqfuhdvhv dqg ohlvxuh idoov dw � 1 Ehorz wkh olqh
Sn ' S3 ohlvxuh lqfuhdvhv dqg frqvxpswlrq idoov1

Lq rughu wr pdlqwdlq frqwlqxlw| ri wkh pdujlqdo xwlolw| ri h{wudfwlrq/ h{0
wudfwlrq pxvw lqfuhdvh dw � 1 Wr vkrz wklv/ gh�qh �E+c�� � LESc ,�/ vr wkh
�uvw rughu frqglwlrq lv �+E+c�� ' b1 Vlqfh �+� : f dqg �++ 	 f/ + pxvw
lqfuhdvh zkhq� lqfuhdvhv/ l1h1/ +n : +31 Wkhuhiruh/ zh fdq uhvwulfw dwwhqwlrq
wr wkh uhjlrq deryh wkh 78f olqh lq Iljxuh 41

Frqvlghu d ydoxh ri +n wkdw vdwlv�hv Sn � S3> dw wklv ydoxh ,n � 	, ' ��
>dSnE�n{�37%o3#7%

7�n{
: ,31 Khuh/ wkh pdujlqdo xwlolw| ri h{wudfwlrq lv LSES

nc 	,��
>L,ES

nc 	,� : LSES
3c ,3�� >L,ES

3c ,3� ' b1 Wkh lqhtxdolw| xvhv wkh idfwv wkdw
YELS3>L,�

Y,
: f dqg YELS3>L,�

YS
	 f1 Khqfh/ wr pdlqwdlq frqwlqxlw| ri pdujlqdo

xwlolw| zh pxvw lqfuhdvh +n +vlqfh �++ 	 f,1 Frqvhtxhqwo|/ lw pxvw eh wkh
fdvh wkdw Sn : S31 D sdudooho dujxphqw hvwdeolvkhv wkdw ,n : ,31

Wkh vxusulvlqj uhvxow lv wkdw zkhq wkh srsxodwlrq lqfuhdvhv/ erwk shu
fdslwd frqvxpswlrq dqg ohlvxuh lqfuhdvh431 Wkh vrfldo sodqqhu vprrwkv wkh
pdujlqdo xwlolw| ri frqvxpswlrq e| ghfuhdvlqj h{wudfwlrq +uhodwlyh wr wkh
uhihuhqfh fdvh, sulru wr wlph � 1 Wklv ghfuhdvh uhtxluhv dq lqfuhdvh lq wkh
dvvhw sulfh/ b1 Vlqfh wklv dvvhw sulfh dqwlflsdwhv wkh lqfuhdvh lq srsxodwlrq
dw wlph � / lw pxvw eh frqwlqxrxv dw � 1 Krzhyhu/ wkh srsxodwlrq lqfuhdvhv
glvfrqwlqxrxvo| dw � 1 Wkxv/ dw � vrflhw| kdv pruh zrunhuv wkdq lw kdg d
prphqw ehiruh/ exw idfhv wkh vdph sulfh ri wkh uhvrxufh1 Vlqfh h{wudfwlrq
uhtxluhv ohvv oderu wkdq surgxfwlrq +> 	 #,/ qdwlyhv vkliw vrph ri wkhlu oderu
iurp surgxfwlrq lqwr h{wudfwlrq1 Wkh| frqvxph pruh wkdq ehiruh � / zkloh
zrunlqj ohvv441

Iljxuh 5 vkrzv wzr wudmhfwrulhv ri shu fdslwd xwlolw| lq wkh uhihuhqfh fdvh

<Lq wklv vnhwfk +xqolnh lq wkh irupdo surri, zh dvvxph wkdw X lv vwulfwo| frqfdyh lq f
dqg o1 Wkhuhiruh wkh zhdn lqhtxdolwlhv lq wkh sursrvlwlrq duh uhsodfhg e| vwulfw lqhtxdolwlhv1
Doorzlqj zhdn frqfdylw| phuho| frpsolfdwhv wkh h{srvlwlrq1

43Pruh suhflvho|/ qhlwkhu ghfuhdvhv dqg dw ohdvw rqh lqfuhdvhv1 Li X lv vwulfwo| frqfdyh lq
erwk f dqg o/ wkhq erwk vwulfwo| lqfuhdvh1

44Li � A � Sursrvlwlrq 4 lv uhyhuvhg= wkhuh lv d glvfrqwlqxrxv gurs lq shu fdslwd frqvxps0
wlrq/ ohlvxuh dqg xwlolw| dw � 1 Zh gr qrw frqvlghu wklv fdvh/ ehfdxvh lw vhhpv hpslulfdoo|
ohvv lqwhuhvwlqj1
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per capita utility

t τ

per capita utility

t

(a) (b)

Iljxuh 5= Wudmhfwrulhv ri shu fdslwd xwlolw|

+wkh vrolg olqhv,/ zkhuh � lv frqvwdqw/ dqg wudmhfwrulhv lq fdvhv zkhuh wkh
srsxodwlrq mxpsv dw wlph � +wkh gdvkhg olqhv,1 Sursrvlwlrq 5 dvvxuhv xv wkdw
shu fdslwd xwlolw| mxpsv xs dw wlph � 1 Iljxuh 5d looxvwudwhv wkh fdvh zkhuh wklv
mxps lv odujh hqrxjk wkdw shu fdslwd xwlolw| lv kljkhu wkdq lq wkh uhihuhqfh
fdvh +gxulqj dq lqwhuydo diwhu �, � d srvvlelolw| zh kdyh qrw |hw frq�uphg1
Iljxuh 5e vkrzv wkh rwkhu srvvlelolw|/ zkhuh wkh wudmhfwru| ri shu fdslwd
xwlolw| uhpdlqv ehorz wkh uhihuhqfh wudmhfwru|1 Li wkh fdvh looxvwudwhg lq Iljxuh
5d rffxuv/ lw phdqv wkdw wkh srsxodwlrq lqfuhdvh kdv gl�huhqw txdolwdwlyh
h�hfwv rq gl�huhqw jhqhudwlrqv1 Wkh jhqhudwlrq dolyh mxvw diwhu wkh lqfuhdvh
lq srsxodwlrq kdv d kljkhu  rz ri xwlolw| +uhodwlyh wr wkh uhihuhqfh fdvh,1 Wkh
dqwlflsdwlrq ri wkh srsxodwlrq lqfuhdvh fdxvhv hduolhu jhqhudwlrqv wr ghfuhdvh
wkhlu h{wudfwlrq ri wkh uhvrxufh/ ohdglqj wr d odujhu vwrfn dw wlph � 1

7 D srsxodwlrq lqfuhdvh dw wkh lqlwldo wlph
Sursrvlwlrq 5 ohg wr wkh frqmhfwxuh wkdw wkh jhqhudwlrq dolyh dw wkh wlph ri dq
h{rjhqrxv srsxodwlrq lqfuhdvh pd| ehqh�w iurp wkh fkdqjh1 Khuh zh frq�up
wkdw srvvlelolw| e| frqvlghulqj dq lqfuhdvh lq srsxodwlrq dw wkh lqlwldo wlph=
� ' f1 Zkhq � : f/ jhqhudwlrqv sulru wr � ehdu vrph ri wkh frvwv ri wkh
srsxodwlrq lqfuhdvh/ dqg ehtxhdwk d odujhu uhvrxufh vwrfn wr jhqhudwlrq �
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+uhodwlyh wr wkh uhihuhqfh fdvh,1 Wklv odujhu vwrfn pdnhv lw pruh olnho| wkdw
shu fdslwd xwlolw| dw � lv kljkhu wkdq lq wkh uhihuhqfh fdvh1 Zkhq � ' f lw lv
reylrxvo| qrw srvvleoh wr vkliw wkh frvw wr suhylrxv jhqhudwlrqv1 Wkh vshfldo
fdvh � ' f wkhuhiruh surylghv d fkdoohqjlqj whvw iru rxu frqmhfwxuh/ ehfdxvh
lw holplqdwhv rqh phfkdqlvp wkdw whqgv wr pdnh xwlolw| kljkhu dw wkh wlph ri
wkh srsxodwlrq lqfuhdvh1

Uhjdugohvv ri zkhq wkh srsxodwlrq lqfuhdvhv +� ' f ru � : f, wkh vkdgrz
ydoxh ri wkh uhvrxufh/ b/ pxvw lqfuhdvh1 Wklv lqfuhdvh whqgv wr uhgxfh h{0
wudfwlrq/ dqg wkhuhiruh wr uhgxfh wkh fxuuhqw  rz ri zhoiduh1 Zkhq � : f/
wkh kljkhu ydoxh ri b lqgxfhg e| wkh srsxodwlrq lqfuhdvh lv qrw r�vhw e| dq|
rwkhu fkdqjh ryhu dfc � �/ vr wkh  rz ri zhoiduh ryhu wkdw lqwhuydo xqdpeljx0
rxvo| ghfuhdvhv +uhodwlyh wr wkh uhihuhqfh fdvh,1 Zh vdz iurp Sursrvlwlrq 5
wkdw dw wlph � wkh kljkhu srsxodwlrq surylghv dq r�vhwwlqj h�hfw= wkh odujhu
vwrfn ri oderu fdxvhv qdwlyhv wr vkliw iurp surgxfwlrq wr h{wudfwlrq/ doorzlqj
wkhp wr lqfuhdvh erwk frqvxpswlrq dqg ohlvxuh1

Zkhq wkh srsxodwlrq lqfuhdvhv dw � ' f/ wkh wzr frxqwhudfwlqj irufhv
rffxu dw wkh vdph wlph1 Wkh srsxodwlrq lqfuhdvh fdxvhv b wr ulvh/ zklfk
surprwhv d uhgxfwlrq lq h{wudfwlrq dqg d orvv lq wkh  rz ri xwlolw|1 Krzhyhu/
wkh lqfuhdvhg vwrfn ri oderu fdxvhv hdfk zrunhu wr vshqg uhodwlyho| pruh wlph
rq h{wudfwlrq1 Vlqfh h{wudfwlrq +frpsduhg wr surgxfwlrq, uhtxluhv ohvv oderu
shu xqlw ri frqvxpswlrq/ wklv vkliw lqfuhdvhv ohlvxuh/ surprwlqj dq lqfuhdvh
lq xwlolw|1 Hlwkhu ri wkhvh wzr h�hfwv pljkw grplqdwh/ vr wkh  rz ri zhoiduh
dw wlph f pljkw lqfuhdvh ru ghfuhdvh1

Gh�qh +WE|� � +E|c bc�� dv wkh rswlpdo h{wudfwlrq srolf| ^wkh vroxwlrq wr
htxdwlrqv E�� dqg E2�`1 Zh kdyh

Sursrvlwlrq 6 D qhfhvvdu| dqg vx!flhqw frqglwlrq iru d srsxodwlrq lq0
fuhdvh dw wlph f wr lqfuhdvh wkh  rz ri xwlolw| dw wlph | � f lv
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Uhduudqjlqj wkh odvw lqhtxdolw| lpsolhv htxdwlrq E�� �
Wkh ohiw vlgh ri htxdwlrq E�� lv d wrwdo ghulydwlyh> lw lqfoxghv wkh gluhfw

h�hfw +rq htxloleulxp h{wudfwlrq, ri d fkdqjh lq � dv zhoo dv wkh lqgluhfw
h�hfw/ yld wkh fkdqjh lq b1 Wkh dsshqgl{ surylghv wkh irupxod iru _+W

_�
1 Vlqfh

wklv irupxod lqyroyhv wkh hqwluh wudmhfwru| ri wkh rswlpdo sdwk/ lw fdqqrw eh
hdvlo| lqwhusuhwhg1 Krzhyhu/ iru d sduwlfxodu h{dpsoh/ lw lv hdv| wr ghwhuplqh
zkhwkhu htxdwlrq E�� lv vdwlv�hg1

Lq rughu wr looxvwudwh wkdw pljudwlrq dw | ' f pljkw lqfuhdvh wkh lqlwldo
 rz ri zhoiduh/ zh xvh wkh vhsdudeoh xwlolw| ixqfwlrq LESc ,� ' qSn2

s
,/ zkhuh

q : f lv d frqvwdqw451 Udwkhu wkdq fkrrvlqj dq lqlwldo vwrfn t Ef�/ zh fkrrvh
b ' � dqg dgmxvw wkh lqlwldo vwrfn lq rewdlq d �{hg vkdgrz ydoxh/ b ' �1 Zh
fdq wkhq hdvlo| hydoxdwh htxdwlrq E�� dqg dovr fkhfn wkdw Dvvxpswlrq 4 lv
vdwlv�hg1

Iru wkh sdudphwhuv o ' 7% ' > ' f�D dqg # ' � ' �/ lw lv vwudljkwiruzdug
wr vkrz wkdw k : f dqg A : f li dqg rqo| li q lv lq wkh ihdvleoh udqjh
� �.� 	 q 	 2461 Dv zh lqfuhdvh q/ zh lqfuhdvh wkh lqlwldo vwrfn wr pdlqwdlq
wkh htxdolw| b ' �1 Iru q lq wkh ihdvleoh udqjh/ htxdwlrq E�� lv vdwlv�hg
+l1h1 pljudwlrq lqfuhdvhv wkh lqlwldo  rz ri shu fdslwd xwlolw|, li dqg rqo| li
��H � q 	 21 Pljudwlrq dozd|v orzhuv shu fdslwd frqvxpswlrq dqg lqfuhdvhv
ohlvxuh lq rxu h{dpsoh1 Iru kljk ydoxhv ri q +dqg fruuhvsrqglqjo| kljk vwrfnv/
wr lqvxuh b ' �, pljudwlrq lqfuhdvhv ohlvxuh e| hqrxjk wr lqfuhdvh wkh lqlwldo
 rz ri xwlolw|1 Iru ��.� 	 q 	 ��H/ pljudwlrq dw wlph 3 orzhuv wkh lqlwldo
 rz ri shu fdslwd xwlolw|1

8 Frqfoxvlrq
Zh kdyh vwxglhg d fdnh0hdwlqj sureohp wkdw lqfoxghv ohlvxuh dqg d edfnvwrs
whfkqrorj|/ zklfk lq htxloleulxp lv xvhg wr fdsdflw|1 Dw vrph wlph � � f
wkhuh lv dq dqwlflsdwhg lqfuhdvh lq wkh srsxodwlrq1 Zh xvhg wklv prgho wr
dqdo|}h wkh h�hfwv ri pljudwlrq lqwr d ulfk oderu0vxusoxv hfrqrp| +ru wkh

45Iru wklv h{dpsoh/ Xf � �/ frqwudu| wr rxu hduolhu dvvxpswlrq wkdw wkh pdujlqdo xwlolw|
ri frqvxpswlrq lv lq�qlwh qhdu 31 Khuh zh qhhg uhvwulfwlrqv rq wkh ydoxh ri � wr lqvxuh
wkdw frqvxpswlrq dqg h{wudfwlrq uhpdlq srvlwlyh1

46Wkh fkrlfh u @ 3=8 lv frqvlvwhqw zlwk d 8( glvfrxqw udwh li zh fkrrvh rqh xqlw ri wlph
wr htxdo dssur{lpdwho| 43 |hduv1
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h�hfwv ri wkh lqwhjudwlrq ri oderu pdunhwv,1 Zh dvvxphg wkdw wkh qhz zrunhuv
uhfhlyh dq htxdo vkduh ri vrfldo fdslwdo1

Pljudwlrq orzhuv wkh suhvhqw glvfrxqwhg vwuhdp ri shu fdslwd xwlolw| �
dqg wkh vwhdg| vwdwh shu fdslwd xwlolw| � exw kdv xqh{shfwhg lqwhuwhpsrudo
h�hfwv1 Zkhq pljudwlrq rffxuv lq wkh ixwxuh/ wkhuh lv d srvlwlyh mxps lq shu
fdslwd xwlolw| dw wkh wlph wkh zrunhuv hqwhu1 Wkh jhqhudwlrq wkdw suhfhghv
wkh pljudwlrq vxevlgl}hv wkh jhqhudwlrq wkdw iroorzv lw1 Zkhq pljudwlrq
rffxuv dw wkh lqlwldo wlph/ lw pd| lqfuhdvh wkh lqlwldo shu fdslwd  rz ri xwlolw|1
Pljudwlrq lqfuhdvhv wkh uhvrxufh sulfh dqg uhgxfhv shu fdslwd frqvxpswlrq1
Krzhyhu/ wkh qdwlyhv vshqg uhodwlyho| pruh wlph zrunlqj lq wkh �h{wudfwlrq
dfwlylw|�/ dqg ohvv wlph lq wkh �surgxfwlrq dfwlylw|�1 Li wkh uhvxowlqj lqfuhdvh
lq ohlvxuh pruh wkdq r�vhwv wkh orzhu frqvxpswlrq/ wkhlu xwlolw| ulvhv1 Xvlqj
d qxphulfdo h{dpsoh/ zh vkrzhg wkdw wklv fdvh fdq fhuwdlqo| rffxu1

D srsxodu ylhz krogv wkdw hyhq li pljudwlrq kdv orqj uxq ehqh�wv/ lw
lpsrvhv vkruw uxq frvwv rq wkh fxuuhqw jhqhudwlrq ri qdwlyhv/ zklfk pdnhv
wudqvihuv wr wkh pljudqwv147 Rzlqj wr wkh sduwlfxodu dvvxpswlrqv ri rxu
prgho/ pljudwlrq qhyhu kdv orqj uxq ehqh�wv/ hlwkhu lq wkh vwhdg| vwdwh ru
zlwk uhvshfw wr wkh suhvhqw ydoxh ri wkh vwuhdp ri shu fdslwd xwlolw|1 Krzhyhu/
frqwudu| wr wkh srsxodu ylhz/ pljudwlrq pljkw ehqh�w wkh jhqhudwlrq dolyh
dw wkh wlph lw rffxuv1

Dv zh hpskdvl}hg lq wkh Lqwurgxfwlrq/ wklv prgho kdv d exlow0lq eldv
djdlqvw pljudwlrq/ vlqfh lw ylhzv pljudqwv dv eulqjlqj rqo| wkhlu dsshwlwhv
dqg oderu srzhu wr d oderu vxusoxv hfrqrp|> lw ljqruhv wkhlu rwkhu frqwul0
exwlrqv wr vrflhw|1 Lw lv zruwk uhshdwlqj wkdw wkh dqwl0pljudqw lpsolfdwlrq
+Sursrvlwlrq 4, lv dq reylrxv duwlidfw ri rxu uhvwulfwlyh dvvxpswlrqv/ dqg
lv wkhuhiruh qrw sduwlfxoduo| xvhixo1 Rq wkh rwkhu kdqg/ zh wklqn wkdw wkh
juhdwhu xqghuvwdqglqj ri wkh lqwhuwhpsrudo h�hfwv ri pljudwlrq +vxppdul}hg
lq Sursrvlwlrqv 5 dqg 6, lv xvhixo1

47Wkh hpslulfdo olwhudwxuh +h1j1 Vplwk dqg Hgprqvwrq ^4:`, vwuhvvhv wkh srvvlelolw| wkdw
wkh vkruw uxq frvw ri hgxfdwlqj pljudqwv* fkloguhq pd| eh r�vhw e| orqj uxq ehqh�wv dv
wkhvh fkloguhq ehfrph surgxfwlyh1 Rxu wkhruhwlfdo prgho grhv qrw dgguhvv � dqg wkhuhiruh
grhv qrw frqwudglfw � wklv srvvlelolw|1 Lqvwhdg/ zh irfxv rq d ohvv reylrxv phfkdqlvp
wkurxjk zklfk pljudwlrq kdv gl�huhqw vkruw dqg orqj uxq h�hfwv1
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9 Dsshqgl{
Wkh dsshqgl{ frqvlvwv ri wkuhh sduwv= surriv ri Sursrvlwlrqv 4 dqg 5 dqg
Fruroodu| 4/ ghwdlov iru wkh h{dpsoh lq Vhfwlrq 7/ dqg d glvfxvvlrq ri wkh
pruh jhqhudo prgho zlwk hqgrjhqrxv fdslwdo1

914 Wkh surriv

Surri1 +Sursrvlwlrq 4, Zh zulwh wkh vroxwlrq wr htxdwlrqv E�� dqg E2� dv
wkh ixqfwlrq +E|c bc��1 Wdnlqj sduwldo ghulydwlyhv ri htxdwlrq E2� lpsolhv
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boeo|
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LSS n >2L,, � 2>LS,

: f� +9,

Zh wdnh wkh gl�huhqwldo ri htxdwlrq E��/ xvlqj wkh rswlpdolw| frqglwlrq +EAc bc�� '
f/ wr rewdlq

_b

] A Ebc��

f
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Y+E|c bc��

Yb
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A f� +:,

Zh zulwh wkh g|qdplf surjudpplqj htxdwlrq iru wkh vrfldo sodqqhu*v
sureohp dqg glylgh e| � wr rewdlq
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Wkh ixqfwlrq aEt (��
�

lv wkh suhvhqw glvfrxqwhg ydoxh ri wkh shu fdslwd xwlolw|
ri d vlqjoh djhqw/ zkhq wkh vl}h ri wkh srsxodwlrq lv � 1 Gl�huhqwldwlqj erwk
vlghv e| � / xvlqj wkh hqyhorsh wkhruhp/ lpsolhv
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' atc� � Xvlqj htxdwlrq E2�/ zh
uhzulwh wklv htxdolw| dv

Y
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Wkh odvw lqhtxdolw| iroorzv iurp htxdwlrq E.� dqg Dvvxpswlrq 41
Zh qrz suryh Fruroodu| 4
Surri1 +Fruroodu| 4, Vxssrvh wkdw wkh vrfldo sodqqhu dqwlflsdwhv wkdw

dw wlph � / { : f pljudqwv zloo duulyh1 Wkh suhvhqw glvfrxqwhg ydoxh ri shu
fdslwd xwlolw| lq wkh devhqfh ri pljudwlrq +� lv frqvwdqw, vdwlv�hv

aEtf(��
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' 4@ 
qU �

f
e3orL ESrc ,r� _rn e3o� aEt� (��
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r
:

4@ 
qU �

f
e3orL ESrc ,r� _rn e3o� aEt� (�n{�

�n{

r +;,

Wkh htxdolw| lq EH� lv rewdlqhg e| glylglqj wkh vrfldo sodqqhu*v pd{lpl}dwlrq
sureohp e| wkh frqvwdqw � +zklfk grhv qrw fkdqjh wkh rswlpdo wudmhfwru|,>
wkh lqhtxdolw| iroorzv iurp Sursrvlwlrq 41

Qrz frqvlghu wkh fdvh zkhuh wkh sodqqhu dqwlflsdwhv wkdw pljudwlrq zloo
rffxu dw � 1 Glylglqj wklv sodqqhu*v remhfwlyh e| wkh frqvwdqw � / zh rewdlq
dq htxlydohqw remhfwlyh +l1h1/ rqh wkdw ohdgv wr wkh vdph rswlpdo h{wudfwlrq
wudmhfwru|,=

4@ 

�] �

f

e3orL ESrc ,r� _rn e3o�
a Et� (� n{�

�

�
� +<,
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Ghqrwh wkh vroxwlrq wr wkh sureohp lq Eb� dv SWWr c ,WWr c t WW
� 1 Ghqrwh wkh suhvhqw

glvfrxqwhg vwuhdp ri shu fdslwd xwlolw| ri qdwlyhv lq wkh uhjlph zkhuh wkh
dqwlflsdwhg pljudwlrq rffxuv dv T Et (�c{�1 Zh kdyh

T Et (�c{� � U �

f
e3orL ESWWr c ,WWr � _r n e3o� aEt WW� (�n{�

�n{

	 4@ 
qU �

f
e3orL ESrc ,r� _rn e3o� aEt� (�n{�

�n{

r +43,

Wkh lqhtxdolw| lq E�f� iroorzv iurp wkh idfw wkdw wkh wulsoh SWWr c ,WWr c t WW
� lv wkh

vroxwlrq wr Eb�1 Wklv wulsoh grhv qrw pd{lpl}h h{suhvvlrq lq eudfnhwv lq E�f�/
vlqfh wkh ghqrplqdwru ri wkh vhfrqg whup ri wkh pd{lpdqg lv � n{ udwkhu
wkdq � ^dv lq htxdwlrq Eb�`1

Htxdwlrqv EH� dqg E�f� lpso|

aEtf(��

�
:

] �

f

e3orL ESWWr c ,WWr � _rn e3o� a Et WW
� (� n{�

� n{
' T Et (�c{�c

l1h1/ wkh suhvhqw glvfrxqwhg ydoxh ri shu fdslwd xwlolw| lq wkh devhqfh ri pl0
judwlrq lv kljkhu wkdq wkh suhvhqw glvfrxqwhg ydoxh ri wkh shu fdslwd xwlolw|
ri qdwlyhv zkhq wkh srsxodwlrq lqfuhdvhv e| { dw wlph � 1

Wr suryh Sursrvlwlrq 5 zh xvh wkh iroorzlqj ohppd1

Ohppd 4

{
7�

�
#7%

>
n +3

�
� +n � +3 � {

7�

�
7%n +3

�
�

Surri1 Zh djdlq xvh wkh ixqfwlrq +E|c bc�|�/ wkh vroxwlrq wr htxdwlrq
E2�/ zkhuh �| ' 7� n UE|�{1 Zh vlpsoli| qrwdwlrq e| zulwlqj �| dv � 1 Zh
uhzulwh wkh sduwldo ghulydwlyh Y+

Y�
jlyhq lq htxdwlrq ES� dv

Y+

Y�
'

E%n +�

�
n

# � >

>

%

�
>�E+�c zlwk �E+� � >L,, � LS,

LSS n >2L,, � 2>LS,

c f � >� � �c

+44,

zklfk lpsolhv
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�
� Y+

Y�
� #%n >+

>�
� +45,
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Dw wlph | ' � / | dqg b duh �{hg/ exw � fkdqjhv/ vr zh fdq zulwh

+n � +3 '

] 7�n{

7�

Y+E|c bc��

Y�
_��

Xvlqj htxdwlrq E�2� zh kdyh
] 7�n{

7�

%n +E��

�
_� � +n � +3 �

] 7�n{

7�

#%n >+E��

>�
_� +46,

zkhuh zh deeuhyldwh +E|c bc�� dv +E��1
Gh�qh

5E 7� n{� � +3 n

] 7�n{

7�

#%n >5E��

>�
_��

Wkxv/ 5E�� lv wkh vroxwlrq wr wkh gl�huhqwldo htxdwlrq

_5

_{
'

#%n >5

>
�
7� n{

� c +47,

zlwk wkh erxqgdu| frqglwlrq 5E 7�� ' +31 Zh fdq vroyh wkh gl�huhqwldo htxd0
wlrq E�e� wr rewdlq 5E 7� n{� '

7�n{
7�

+3 n {#7%
7�>

1
Lq ylhz ri wkh vhfrqg lqhtxdolw| lq htxdwlrq E���/ zh kdyh +n � 5E 7�n{�

iru { : f1 Wklv lqhtxdolw| dqg wkh vroxwlrq wr htxdwlrq E�e� lpso|

+n � +3 � 5E 7� n{�� 5E�� '
{
7�

�
#7%

>
n +3

�

zklfk hvwdeolvkhv wkh �uvw lqhtxdolw| lq wkh vwdwhphqw ri Ohppd 41 Wkh surri
ri wkh vhfrqg lqhtxdolw| lv sdudooho/ vr zh rplw wkh ghwdlov1

Zh qrz suryh Sursrvlwlrq 51
Surri1 +Sursrvlwlrq 5, Shu fdslwd frqvxpswlrq dqg ohlvxuh ghshqg rq

djjuhjdwh h{wudfwlrq/ +E|�/ dqg wkh srsxodwlrq/ �E|�1 Xvlqj wkh gh�qlwlrq ri
frqvxpswlrq/ zh kdyh

+n � +3 � {
7�

�
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Xvlqj wkh gh�qlwlrq ri ohlvxuh/ zh kdyh
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Lq ylhz ri Ohppd 4/ zh frqfoxgh wkdw Sn � S3 dqg wkdw ,n � ,31 Vlqfh
wkhvh wzr lqhtxdolwlhv fdqqrw erwk krog dv htxdolwlhv/ hlwkhu frqvxpswlrq ru
ohlvxuh pxvw eh vwulfwo| kljkhu dw �n1 Vlqfh xwlolw| lv lqfuhdvlqj lq erwk lwv
dujxphqwv/ zh rewdlq wkh wklug lqhtxdolw| lq wkh Sursrvlwlrq1

915 Wkh H{dpsoh

� Ghulydwlrq ri _+W

_�
1 Zh vxevwlwxwh htxdwlrqv ED� dqg E��� lqwr E.� wr

rewdlq

_b
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'

tf n %A Ebc��

�
n E# � >�
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�

U A Ebc��

f
� E+WE|�� _|

�

bo
+Efc bc ��

� +48,

Wkh wrwdo h�hfw ri d pdujlqdo fkdqjh lq srsxodwlrq rq wkh lqvwdqwdqhrxv
h{wudfwlrq uxoh lv

_+

_�
'

Y+E|c bc��

Yb

_b

_�
n

Y+E|c bc��

Y�
� +49,

Zh fdq xvh htxdwlrqv ED�/ E��� dqg E.� wr vlpsoli| htxdwlrq E�S�1

� Vlpsoli|lqj wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru d zhoiduh lq0
fuhdvh1 Xvlqj htxdwlrqv ED�/ E���/ E.� dqg E�S�/ zh fdq uhzulwh E��
dv

� E|� � 7%

�

�
�� kE|�

b
n E# � >� �E+WE|�
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boeo|

d2>LS, � LSS � >2L,,o +WEf�

�
t Ef� n 7%A n E# � >� 7%
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�E+WE|��_|
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+4:,

� Wkh htxdwlrq iru A 1 Lq rughu wr hydoxdwh frqglwlrq E�.� zh qhhg wkh
htxdwlrq iru A Ebc��1 Rswlpdolw| uhtxluhv wkdw +EAc bc�� ' f1 Wklv
frqglwlrq dqg htxdwlrq E2� lpso|

A Ebc�� '
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Wdeoh 4= Hqgrjhqrxv ydoxhv iru h{dpsoh

� Fdofxodwlrqv1 Iru wkh xwlolw| ixqfwlrq LESc ,� ' qS n 2
s
,/ zh kdyh

LSS ' LS, ' f/ L, ' ,3f�D/ L,, ' � ,3��D

2
/ dqg �E+WE|�� ' �

>
1 Zh qrupdol}h

e| vhwwlqj � ' � dqg zh fkrrvh b ' �/ vr wkdw wkh lqlwldo vwrfn t Ef� lv
ghwhuplqhg e| wkh sdudphwhuv1 Zh vhw # ' �/ 7% ' o ' > ' f�D1 Lq rughu
iru htxdwlrq E�H� wr kdyh d srvlwlyh vroxwlrq/ dqg iru Dvvxpswlrq 4 wr
eh vdwlv�hg/ zh uhtxluh wkdw q 5 E��.�c 2�1 Wkh iroorzlqj wdeoh suhvhqwv
wkh hqgrjhqrxv ydoxhv ri vhyhudo yduldeohv +dw | ' f, iru gl�huhqw ydoxhv
ri q1

D odujhu ydoxh ri q uhtxluhv d kljkhu lqlwldo vwrfn/ lq rughu wr pdlqwdlq
b ' �1 Wkh wlph wr h{kdxvwlrq/ A / lv fruuhvsrqglqjo| kljkhu/ dqg wkh uhqwdo
udwh rq fdslwdo/ k/ lv orzhu1

916 Hqgrjhqrxv fdslwdo

Khuh zh eulh | frqvlghu wkh fdvh zkhuh fdslwdo lv hqgrjhqrxv1 Zh gr qrw
dwwhpsw wr vkrz irupdoo| wkdw Sursrvlwlrqv 4 0 6 krog lq wklv pruh jhqhudo
vhwwlqj/ exw zh h{sodlq zk| wkh lqwxlwlrq ehklqg wkrvh sursrvlwlrqv uhpdlqv
ydolg1

Vxssrvh wkdw vrflhw| fdq lqfuhdvh wkh vwrfn ri fdslwdo/ 7%1 Dv lq wkh wh{w/
zh vxssrvh wkdw surgxfwlrq ri rqh xqlw ri wkh frqvxpswlrq jrrg uhtxluhv
rqh xqlw ri fdslwdo dqg # xqlwv ri oderu= wkh  rz ri surgxfwlrq lv % E|� zkhq
vrflhw| xvhv %E|� xqlwv ri fdslwdo dqg #%E|� xqlwv ri oderu1 Dv ehiruh/ zh kdyh
wkh frqvwudlqw zklfk lv lpsolhg e| wkh �qlwh vwrfn ri fdslwdo dqg wkh Ohrqwlhi
surgxfwlrq ixqfwlrq=

%E|� � 7%E|�� +4<,

Wkh lqfuhdvh lq wkh vwrfn ri fdslwdo htxdov lqyhvwphqw/ zklfk lv sursruwlrqdo
wr surgxfwlrq soxv h{wudfwlrq plqxv frqvxpswlrq +fdslwdo grhv qrw ghsuhfl0
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dwh,

_7%

_|
' 4 E%E|� n +E|���SE|�� +53,

zkhuh �
4
htxdov wkh qxpehu ri xqlwv ri wkh frqvxpswlrq jrrg qhhghg wr rewdlq

dq dgglwlrqdo xqlw ri fdslwdo/ 7%1 Zh rewdlq rxu prgho lq wkh wh{w e| vhwwlqj
4 ' f1 Li wkh htxloleulxp frpsdudwlyh vwdwlfv duh frqwlqxrxv lq 4 +dv zh
h{shfw lq d prgho ri wklv vruw,/ wkhq doo ri rxu uhvxowv zrxog fduu| ryhu wr
wkh fdvh zkhuh 4 lv vpdoo1

Zh vxssrvh wkdw lqyhvwphqw pxvw eh qrq0qhjdwlyh/ l1h1 lw lv qrw srvvleoh
wr hdw fdslwdo=

%E|� n +E|���SE|� � f� +54,

Fdslwdo lv xvhixo dv d idfwru ri surgxfwlrq/ qrw dv d phdqv ri vwrulqj ydoxh1
Wkh vrfldo sodqqhu*v frqwuro sureohp qrz frqwdlqv wzr vwdwh yduldeohv/

t E|� dqg 7%E|�/ zlwk wkh dvvrfldwhg frvwdwh yduldeohv bE|� dqg kE|�1 Wkh
Kdplowrqldq ri wkh sodqqhu*v sureohp lv

M ' �L

�
Sc �� >+ n #%

�

�
� b+ n k E%n + ��S� n w� E7%� %� n w2 E%n + ��S�

+55,

zkhuh w� dqg w2 duh wkh frqvwudlqw pxowlsolhuv dvvrfldwhg zlwk wkh frqvwudlqwv
E�b� dqg E2��1 Wkh �uvw rughu frqglwlrqv lqfoxgh E2� dqg

#L, n w� � w2 ' k� +56,

Wkh lqdelolw| wr hdw fdslwdo uhgxfhv wkh vkdgrz ydoxh ri fdslwdo/ vlqfh w2E|� �
f1

Wkh lqwurgxfwlrq ri hqgrjhqrxv fdslwdo ohdgv wr vhyhudo qhz srvvlelolwlhv1
Iru h{dpsoh/ kE|� : f qrz uhtxluhv rqo| wkdw wkh frqvwudlqw E�b� lv elqglqj
dw vrph wlph lq wkh ixwxuh/ qrw qhfhvvdulo| dw wkh fxuuhqw wlph1 Zh wkhuhiruh
uhsodfh Dvvxpswlrq 4 zlwk

Dvvxpswlrq 4W� Fdslwdo lv dozd|v ixoo| hpsor|hg/ l1h1 w�E|� : f iru doo |1
Wkh hqgrjhqhlw| ri fdslwdo surylghv dq dgglwlrqdo phwkrg ri vprrwklqj

frqvxpswlrq1 Wkh shu fdslwd frvw ri d kljkhu srsxodwlrq lv wkhuhiruh vpdoohu
+uhodwlyh wr wkh fdvh ri �{hg fdslwdo, exw lv vwloo srvlwlyh1 Zkhq pljudwlrq
rffxuv dw � : f/ wkh vkdgrz ydoxh ri wkh uhvrxufh ulvhv dqg frqvxpswlrq ryhu
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dfc � � idoov dv ehiruh1 Krzhyhu/ vlqfh lw lv srvvleoh wr frqyhuw h{wudfwlrq wr
fdslwdo/ ohlvxuh grhv qrw qhfhvvdulo| ulvh +ru grhv qrw ulvh e| dv pxfk dv lq wkh
fdvh zlwk �{hg fdslwdo,1 Xwlolw| ryhu dfc � � vwloo idoov +uhodwlyh wr wkh uhihuhqfh
fdvh,1

Lq wkh vlpsohvw fdvh/ lqhtxdolw| E2�� lv elqglqj diwhu wkh mxps dw � 1 Lq
wklv fdvh/ wkh lqwxlwlrq iru Sursrvlwlrq 5 vwloo krogv1 Zkhq E�b� dqg E2�� duh
elqglqj/ wkhuh lv d vlqjoh iuhh yduldeoh1 Frqwlqxlw| ri b dqg htxdwlrq E2� vwloo
lpso| wkdw shu fdslwd xwlolw| mxpsv xs dw � 1 Wklv h{dpsoh looxvwudwhv wkh
lpsruwdqfh ri wkh dvvxpswlrq wkdw fdslwdo surylghv d phdqv ri surgxfwlrq/
qrw d vwruh ri ydoxh1 Li lw zhuh srvvleoh wr hdw fdslwdo +l1h1 li zh uhpryhg
frqvwudlqw E2��, wkhq dw wlph � wkhuh zrxog eh wzr iuhh yduldeohv1 Lq wkdw
fdvh/ frqwlqxlw| ri wkh pdujlqdo xwlolw| ri h{wudfwlrq zrxog uhtxluh frqwlqxlw|
ri wkh pdujlqdo xwlolwlhv ri erwk frqvxpswlrq dqg ohlvxuh1

Zkhq wkh srsxodwlrq lqfuhdvhv dw wlph f djhqwv uhdoorfdwh oderu wlph
iurp surgxfwlrq wr h{wudfwlrq/ vr wkhlu ohlvxuh whqgv wr lqfuhdvh1 Krzhyhu/
wkh srvvlelolw| ri lqyhvwlqj lqfuhdvhv wkh lqfhqwlyh wr ghihu frqvxpswlrq1 Wkh
lqyhvwphqw rssruwxqlw| dovr pdnhv ohlvxuh ohvv dwwudfwlyh1 Wkxv/ zh frqmhf0
wxuh wkdw li lw lv hdv| wr frqyhuw wkh frqvxpswlrq jrrg wr fdslwdo +l1h1 li 4 lv
odujh, wkh lqfuhdvh lq srsxodwlrq dw wlph f lv ohvv olnho| wr lqfuhdvh wkh  rz
ri xwlolw| dw wlph f1
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