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Devwudfw1 Rq d fxuyhg vxuidfh wkh iurqw ri d srlqw zdyh hyroyhv lq frq0
fhqwulf flufohv zklfk vwduw wr ryhuods dqg eudqfk diwhu d fhuwdlq wlph1
Wklv hyroxwlrq lv ghvfulehg e| wkh jhrghvlf  rz dqg khosv xv wr xqghu0
vwdqg wkh jhrphwu| ri vxuidfhv1 Lq wklv sdshu zh frpsxwh wkh hyroxwlrq ri
glvwdqfh flufohv rq sro|khgudo vxuidfhv dqg ghyhors d phwkrg wr ylvxdol}h
wkh vhw ri flufohv/ wkhlu ryhuodsslqj/ eudqfklqj/ dqg wkhlu whpsrudo hyr0
oxwlrq vlpxowdqhrxvo|1 Zh frqvlghu wkh hyroxwlrq dv dq lqwhuihulqj zdyh
rq wkh vxuidfh/ dqg h{whqg lvrphwulf wh{wxuh pdsv wr h!flhqwo| kdqgoh
wkh eudqfklqj dqg ryhuodsslqj ri wkh zdyh1

4 Lqwurgxfwlrq

Wkh vwxg| ri jhrghvlfv dqg wkhlu ehkdylrxu xqghu yduldwlrqv khosv xv wr xq0
ghuvwdqg wkh jhrphwu| ri fxuyhg vxuidfhv1 Lq wklv sdshu zh wu| wr frpsxwh dqg
ylvxdol}h dvshfwv ri wkh jhrghvlf  rz dqg uhodwhg whupv olnh lqmhfwlylw| udglxv dqg
frqmxjdwh srlqwv/ dqg h{whqg wkhvh qrwlrqv wr sro|khgudo vxuidfhv1 E| dyrlglqj
d irupdo gh?qlwlrq uljkw qrz vrph ri wkhvh whupv fdq eh lpphgldwho| uhodwhg
zlwk wkh hyroxwlrq ri d zdyh iurqw1 Iru h{dpsoh/ frqvlghu wkh iurqw ri d srlqw
zdyh rq d vxuidfh hyroylqj zlwk xqlw vshhg1 Wkhq wkh wlph ri wkh ?uvw klw xsrq
lwvhoi lv htxdo wr wkh lqmhfwlylw| udglxv/ xqohvv d suhylrxv eudqfklqj ri wkh iurqw
rffxuv 8 wkh eudqfk srlqw lv fdoohg frqmxjdwh srlqw1

Zh vroyh wzr sureohpv= Iluvw/ wr frpsxwh wkh hyroxwlrq ri wkh iurqw ri d srlqw
zdyh rq d sro|khgudo vxuidfh1 Dw hdfk wlph wkh iurqw lv d wrsrorjlfdo flufoh rq
wkh vxuidfh/ zklfk pd| ryhuods dqg kdyh vlqjxodu srlqwv uhvxowlqj iurp suhylrxv
eudqfklqjv ri wkh iurqw1 Lq d qxphulfdo vwhs/ hdfk srlqw ri wkh iurqw lv pryhg d
frqvwdqw glvwdqfh lq ruwkrjrqdo gluhfwlrq wr wkh fxuyh/ l1h1 d frqvwdqw glvwdqfh
dorqj wkh jhrghvlf qrupdo wr wkh fxuyh lq wklv srlqw1 Lq vhfwlrq 6 zh hpsor|
wkh frqfhsw ri vwudljkwhvw jhrghvlfv rq sro|khgudo vxuidfhv wr jlyh d wkrurxjk
gh?qlwlrq ri wkh hyroxwlrq rq sro|khgudo vxuidfh dqg ghvfuleh lwv qxphulfv1

Wkh vhfrqg sureohp lv wr ylvxdol}h wkh hyroxwlrq frqvlvwlqj ri d vhw ri frq0
fhqwulf/ ryhuodsslqj/ dqg eudqfkhg flufohv rq d fxuyhg vxuidfh1 Gluhfwo| gudzlqj
vxfk flufohv dv fxuyhv zrxog ohdg wr ryhusdlqwlqj ri suhylrxv flufohv/ gxh wr wkh
ryhuodsslqj/ xqohvv wudqvsduhqf| lv dgghg1 Dv lqglfdwhg deryh/ wkh slfwxuh ri
d srlqw zdyh doorzv d ehwwhu ylvxdol}dwlrq ri pdq| jhrphwulf fkdudfwhulvwlfv dv
hdvlo| shufhlyhg skhqrphqd/ zklfk lqfoxghv wkh ryhuodsslqj dqg wkh whpsrudo
hyroxwlrq1 Iru wkh ylvxdol}dwlrq ri wkh hyroylqj zdyh zh xvh lvrphwulf wh{wxuh
pdsv wr dyrlg phwulf glvwruwlrqv ehwzhhq wh{wxuh vsdfh dqg wkh vxuidfh/ dqg zh



Ilj1 41 Srlqw zdyhv rq vxuidfhv ghyhors vlqjxodulwlhv dw vr0fdoohg frqmxjdwh srlqwv zkhuh
wkh zdyh eudqfkhv1 Uljkw ?jxuh vkrzv d vwdfn ri devwudfw wh{hov ri wkh eudqfkhg wh{wxuh
pds/ hdfk fruuhvsrqglqj wr rqh od|hu ri wkh zdyh1

h{whqg wkhvh pdsv wr lqfoxgh wkh pxowlsoh fryhulqj ri vrph sduwv ri wkh vxuidfh
e| gl>huhqw od|huv ri wkh zdyh1 Zh gh?qh eudqfkhg wh{wxuh pdsv zklfk frpelqh
wkh qrwlrq ri joredo wh{wxuh pdsv wkdw fryhu wkh zkroh vxuidfh/ dqg orfdo wh{wxuh
pdsv/ zklfk fryhu fhuwdlq sro|jrqv1 Lvrphwulf wh{wxuh pdsv rq vxuidfhv duh xvhg
h1j1 lq wkh olqh lqwhjudo frqyroxwlrq whfkqltxh lq  rz ylvxdol}dwlrq ^5`1

Wkh qxphulfv dqg ylvxdol}dwlrq lghdv lq wklv sdshu hdvlo| h{whqg wr rwkhu
dssolfdwlrqv ehvlghv wkh jhrghvlf  rz1 Iru h{dpsoh/ wkh hyroxwlrq dqg lqwhuihu0
hqfh ri rwkhu zdyh iurqwv ryhu  dw ru fxuyhg vxuidfhv1 Pruh devwudfw hyhq wkh
ylvxdol}dwlrq ri d krprwrs| ri d fxuyh/ l1h1 d rqh0sdudphwhu ghirupdwlrq/ pd| eh
ylvxdol}hg xvlqj wkh lqwhusuhwdwlrq dv dq hyroylqj zdyh iurqw1 Zdyhv kdyh ehhq
vwxglhg lq frpsxwhu judsklfv iurp gl>huhqw dvshfwv1 Lq wkh dqlpdwlrq ^8` Pd{
xvhg exps pdsslqj wr shuwxue wkh vxuidfh ri zdwhu iru vlpxodwlqj zdyhv ylhzhg
iurp d glvwdqfh1 Irxuqlhu dqg Uhhyhv ^7` h{solflwo| prgho zdyhv xvlqj sdudphwulf
vxuidfhv zklfk doorz vlpxodwlrq ri ghwdlo vwuxfwxuh vxfk dv zdyhv fxuolqj ryhu1
Wkh suhvhqw sdshu ghvfulehv lghdv xvhg lq wkh ylghr Jhrghvlfv dqg Zdyhv ^:`1

5 Flufohv rq Vxuidfhv dqg wkh Jhrghvlf Iorz

D srlqw zdyh lq wkh hxfolghdq sodqh vwduwv dw dq ruljlq s dqg hyroyhv lq frqfhqwulf
flufohv durxqg s1 Lq d sduwlfoh prgho doo sduwlfohv ri wkh zdyh iurqw pryh zlwk
frqvwdqw xqlw vshhg dorqj udgldo ud|v dzd| iurp wkh ruljlq s li zh qhjohfw vxuidfh
whqvlrq1 Dw hdfk wlph w wkh rxwhu zdyh iurqw irupv d glvwdqfh flufoh â+w, zlwk
fhqwhu s dqg udglxv w1

Iru wkh frqvwuxfwlrq ri frqfhqwulf flufohv rq fxuyhg vxuidfhv zh xvh d vlplodu
slfwxuh1 Sduwlfohv ri d zdyh iurqw pryh dorqj jhrghvlf ud|v hpdqdwlqj iurp wkh
ruljlq s/ wkhuhiruh wkh flufoh dw udglxv w frqvlvwv ri doo srlqwv dw glvwdqfh w dorqj
d jhrghvlf ud| iurp s1 Lw lv rqh sxusrvh ri wklv sdshu wr frpsxwh/ vwxg|/ dqg
ylvxdol}h vxfk glvwdqfh flufohv1 Zh vwduw zlwk d uhylhz ri jhrghvlf fxuyhv/ wkhlu
surshuwlhv/ dqg wkhlu h{whqvlrq wr sro|khgudo vxuidfhv1



514 Hyroxwlrq ri Glvwdqfh Flufohv dqg Srlqw Zdyhv

Jhrghvlf fxuyhv rq vprrwk vxuidfhv duh fkdudfwhul}hg e| wzr htxlydohqw surshu0
wlhv/ hlwkhu dv orfdoo| vkruwhvw fxuyhv ru dv vwudljkwhvw fxuyhv1 Wklv htxlydohqfh
idlov rq sro|khgudo vxuidfhv dqg ohdgv wr gl>huhqw frqfhswv ri orfdoo| vkruwhvw
^4`^6` dqg vwudljkwhvw jhrghvlfv ^9`1

Gh?qlwlrq 41 Rq d vprrwk vxuidfh P d fxuyh ð lv d jhrghvlf fxuyh li lw lv qrw
fxuyhg zlwklq wkh vxuidfh1 Irupdoo|/ d vprrwk fxuyh ð = ^d> e`$P zlwk wdqjhqw
yhfwru ð3/ mð3m @ 4/ dqg vxuidfh qrupdo Q lv jhrghvlf li ð33 lv sdudooho wr Q1

Vlqfh wklv gh?qlwlrq lv htxlydohqw wr d 5qg0rughu ruglqdu| gl>huhqwldo htxd0
wlrq/ jhrghvlfv duh xqltxho| ghwhuplqhg e| dq lqlwldo srlqw dqg dq lqlwldo gluhf0
wlrq1 Wklv surshuw| doorzv sduwlfohv zlwk dq lqlwldo lpsxovh wr pryh rq vxuidfhv
dorqj jhrghvlfv li wkhuh lv qr wdqjhqwldo dffhohudwlrq1

Jhrghvlfv fduu| lqirupdwlrq derxw wkh xqghuo|lqj jhrphwu| ri wkh vxuidfh1
Zh eulh | phqwlrq wzr whupv/ fxw orfxv dqg frqmxjdwh srlqwv/ vlqfh erwk kdyh
d vwurqj uhodwlrq wr glvwdqfh flufohv dqg srlqw zdyhv1

515 Fxw Orfxv dqg Frqmxjdwh Srlqwv

Wkh vhw ri jhrghvlfv hpdqdwlqj iurp d jlyhq srlqw s lv frqyhqlhqwo| ghvfulehg
e| wkh h{srqhqwldo pds1

Gh?qlwlrq 51 Wkh h{srqhqwldo pds dw d srlqw s rq d vprrwk vxuidfh P dvvr0
fldwhv wr hdfk wdqjhqw yhfwru ylqwkhwdqjhqwvsdfhWsP d srlqw rq d jhrghvlf ð
wkurxjk ð+3, @ s zlwk lqlwldo gluhfwlrq ð3+3, @ y dv iroorzv=

h{ss = WsP $P
h{ss+y, @ ð+4,

= +4,

Khuh ð+4, lv d srlqw rq ð dw glvwdqfh mym iurp s vlqfh ð uxqv dw vshhg mym1
Wkh h{srqhqwldo pds pdsv vpdoo flufohv durxqg 3 lq wkh wdqjhqw vsdfh WsP

wr glvwdqfh flufohv durxqg s rq P / l1h1 wr flufxodu fxuyhv rq P zkhuh doo srlqwv
kdyh wkh vdph glvwdqfh wr s1 Iru d jlyhq yhfwru y 5 WsP wkh udgldo olqhv uy
ã WsP> u 5 ?> duh pdsshg lvrphwulfdoo| wr d jhrghvlf ud| ð1

Lq wklv irupdolvp lw lv vwudljkw iruzdug Lw lv qrz hdv| wr ghvfuleh glvwdqfh
flufohv durxqg d srlqw s rq d vxuidfh P 1 Ohw Y +3, ã WsP eh d vpdoo qhljkerxu0
krrg ri 3 5 WsP>wkhq lwv lpdjh xqghu wkh h{srqhqwldo pds lv d qhljkerxukrrg
X+s, =@ h{ss Y +3, ri s1 Xvlqj srodu frruglqdwhv +u>*, lq Y +3, wkhq hdfk yhfwru
y =@ u ü +frv*> vlq*, lv xqltxho| ghwhuplqhg e| lwv frruglqdwhv +u> *,1 Lwv lpdjh
xqghu wkh h{srqhqwldo pds jlyhq e| ð*+u, =@ h{ss+u ü +frv*> vlq*,, lqgxfhv d
srodu frruglqdwh v|vwhp rq X+s,1

Xvlqj wkh deryh gh?qlwlrqv/ wkh sduwlfoh prgho ri d zdyh iurqw lq wkh sodqh
h{whqgv lpphgldwho| wr fxuyhg vxuidfhv P 1 Wkh sduwlfohv ri d zdyh iurqw vwduw
dw s 5P dqg pryh zlwk frqvwdqw vshhg dorqj jhrghvlfv ud|v hpdqdwlqj dw s1 Li



Ilj1 51 H{srqhqwldo pds ri jhrghvlfv hpdqdwlqj dw d srlqw1

zh qrupdol}h wkh vshhg wr 4 wkhq wkh zdyh iurqw dw d wlph w lv d glvwdqfh flufoh
ïw zlwk udglxv w jlyhq e|

ïw = ^3> 5ä`$P
ïw+*, =@ ð*+w,

+5,

Lq frqwudvw wr wkh hxfolghdq fdvh/ wkh zdyh iurqw rq d fxuyhg vxuidfh zloo
xvxdoo| vhoi lqwhuvhfw diwhu vrph wlph w31 Wkhuh duh wzr srvvleoh uhdvrqv iru wkh
lqwhuvhfwlrq1 Iluvw ri doo/ li wkh vxuidfh lv qrw vlpso| frqqhfwhg dqg kdv d kdqgoh
olnh d wruxv/ wkhq iru hdfk srlqw s wkhuh h{lvw wzr hpdqdwlqj jhrghvlf ud|v/ ð*4
dqg ð*5 > zlwk *4 9@ *5 dqg d wlph w3 vxfk wkdw ð*4+w3, @ ð*5+w3, @= t +zklfk jr
durxqg d kdqgoh ri wkh vxuidfh,1 Dw t wkh zdyh iurqw klwv xsrq lwvhoi dqg vwduwv
wr lqwhuihuh1 Wkh wlph ri wkh ?uvw klw w3 @ plqt glvw+s> t, lv fdoohg wkh lqmhfwlylw|
udglxv dw s1 D vhfrqg w|sh ri lqwhuvhfwlrq rffxuv dw vr0fdoohg frqmxjdwh srlqwv
ri s1 Dw frqmxjdwh srlqwv t @ ð*3+u3, wkh gl>huhqwldo u h{ss grhv qrw kdyh
pd{lpdo udqn/ l1h1 C@C* h{ss+u3> *3, @ 3= Khuh/ wkh zdyh iurqw eudqfkhv dqg
qhdue| jhrghvlfv lqwhuvhfw vkruwo| ehklqg wkh frqmxjdwh srlqw1 Wkh eudqfklqj
rffxuv lq wkh irup ri d vzdoorz*v wdlo/ vhh ?jxuhv 6 dqg :1 Iru w A w3wkh srodu
frruglqdwhv idlo wr eh d frruglqdwh fkduw1

516 Uhylhz ri Vwudljkwhvw Jhrghvlfv rq Sro|khgudo Vxuidfhv

Vwudljkwhvw jhrghvlfv duh lqwurgxfhg lq ^9` wr vroyh wkh lqlwldo ydoxh sureohp
iru jhrghvlfv rq sro|khgudo vxuidfhv1 Vlqfh wklv surshuw| lv hvvhqwldo iru wudflqj
sduwlfohv zh uhfdoo wkh edvlf gh?qlwlrq=

Gh?qlwlrq 61 Ohw P eh d sro|khgudo vxuidfh1 D sro|jrqdo fxuyh ð rq P lv d
vwudljkwhvw jhrghvlf li iru hdfk srlqw s 5 ð wkh ohiw dqg uljkw fxuyh dqjohv ëo dqg
ëu dw s duh htxdo/ vhh ?jxuh ;1

D vwudljkwhvw jhrghvlf lq wkh lqwhulru ri d idfh lv orfdoo| d vwudljkw olqh/ dqg
dfurvv dq hgjh lw kdv htxdo dqjohv rq rssrvlwh vlghv1 Wkh gh?qlwlrq ri vwudljkwhvw
jhrghvlfv rq idfhv dqg wkurxjk hgjhv lv lghqwlfdo wr wkh frqfhsw ri vkruwhvw
jhrghvlfv/ exw dw yhuwlfhv wkh frqfhswv gl>hu1

Wkh prvw lpsruwdqw surshuw| ri vwudljkwhvw jhrghvlfv lv wkh xqltxh vroydelolw|
ri wkh lqlwldo ydoxh surshuw| zklfk lv qrw dydlodeoh iru vkruwhvw jhrghvlfv1



Ilj1 61 Iurqw ri d srlqw zdyh eudqfkhv dw frqmxjdwhv srlqwv lq wkh irup ri d vzdoorz*v
wdlo1 Ehklqg wkh yhuwh{ ri d fxeh wkh zdyh vsolwv lq wzr od|huv/ dqg d wklug qhz od|hu lv
jhqhudwhg dw wkh frqmxjdwh srlqw1 Doo wkuhh od|huv vwduw wr lqwhuihuh1

Wkhruhp 4 +Glvfuhwh Lqlwldo Ydoxh Sureohp,1 Ohw P eh d sro|khgudo vxu0
idfh dqg s 5 P d srlqw zlwk sro|khgudo wdqjhqw yhfwru y 5 WsP1 Wkhq wkhuh
h{lvwv d xqltxh vwudljkwhvw jhrghvlf ð zlwk

ð+3, @ s +6,

ð3+3, @ y>

dqg wkh jhrghvlf h{whqgv wr wkh erxqgdu| ri P 1

6 Frpsxwlqj Glvfuhwh Glvwdqfh Flufohv

Iru wkh frpsxwdwlrq ri glvwdqfh flufohv dw d srlqw s rq d sro|khgudo vxuidfh
zh vwduw zlwk d wrsrorjlfdo sro|jrqdo flufoh â+3, vxfk wkdw doo ri lwv yhuwlfhv
olh dw s1 Hdfk yhuwh{ t 5 â+3, kdv d xqlw wdqjhqw yhfwru dvvrfldwhg wr lw/ dqg
wkhuhiruh wkh flufoh â+3, dw wlph w3 @ 3 lv frpsohwho| ghvfulehg e| d vhw ri sdluv
+tl>3> yl>3, > l @ 4> ==> q1 Iru wkh qxphulfv/ lw lv hvvhqwldo wr glvwulexwh wkh wdqjhqw
yhfwruv htxdoo| vsdfhg lq dqjxodu gluhfwlrq vlqfh wkh| ghwhuplqh wkh jhrghvlf
dorqj zklfk wkh sduwlfohv tl>3 zloo pryh1

Lq wkh qxphulfdo lwhudwlrq vwhs iurp wlph wm wr wm.4> wkh flufoh â+wm.4, lv
rewdlqhg e| frpsxwlqj wkh vhw ri yhuwlfhv dqg wdqjhqw yhfwruv

tl>m.4 @ ð+tl>m >yl>m,+4,

yl>m.4 @ bð+tl>m >yl>m,+4,
> l @ 4> ==> q> +7,

zkhuh ð+tl>m >yl>m, lv wkh vwudljkwhvw jhrghvlf vwduwlqj dw ð+tl>m >yl>m,+3, @ tl>m zlwk
lqlwldo gluhfwlrq bð+tl>m >yl>m,+3, @ yl>m 1 +Frpsduh zlwk ?jxuh 71, Lw vkrxog eh qrwhg
wkdw ð+tl>m >yl>m,+3, @ ð+s>yl>3,+wm,/ l1h1 iru ?{hg m doo srlqwv tl>m olh rq d glvwdqfh
flufoh zlwk glvwdqfh wm wr s1

Htxdwlrq 7 lv hvvhqwldoo| wkh frpsxwdwlrq ri d vhjphqw ri d vwudljkwhvw
jhrghvlf iru doo yhuwlfhv rq wkh rxwhu flufoh â+wm,1 Rq wkh rwkhu kdqg/ wkh glvwdqfh



Ilj1 71 Vhw ri glvwdqfh flufohv zlwk gluhfwlrq ri pryhphqw +uljkw,1 Ohiw/ wkh iurqw dw
wlph |n{| lv jhqhudwhg iurp wkh iurqw dw wlph | e| frpsxwlqj jhrghvlfv zlwk ohqjwk
{|1

ehwzhhq dgmdfhqw yhuwlfhv rq wkh vdph flufoh jurzv h{srqhqwldoo| zlwk wkh udglxv1
Wkhuhiruh hdfk wlphvwhs lqfoxghv d uh?qhphqw dqg frduvhqlqj vwhs wr pdlqwdlq
qhduo| frqvwdqw glvwdqfh ehwzhhq dgmdfhqw srlqwv rq hdfk flufoh1 Iru wkh lqvhu0
wlrq ri qhz yhuwlfhv/ vd| ehwzhhq tl>m dqg tl.4>m / zh frqqhfw erwk srlqwv e| d
jhrghvlf vhjphqw dqg lqvhuw d qhz yhuwh{ rq wklv jhrghvlf1 Lq idfw/ iru d ?{hg
wm / wkh flufoh â+wm, lv slhfhzlvh jhrghvlf 0 d qdwxudo jhqhudol}dwlrq ri slhfhzlvh
olqhdu1

Zkhq d fxuyh uhdfkhv d frqmxjdwh srlqw lw vwduwv wr irup d vzdoorz*v wdlo zlwk
vkdus hgjhv1 Wklv grhv qrw luulwdwh wkh dojrulwkp vlqfh hdfk yhuwh{ rq wkh fxuyh
vwloo kdv d yhfwru dwwdfkhg zklfk xqltxho| ghwhuplqhv lwv ixuwkhu pryhphqw1

Zh uhpdun wkdw rq d sro|khgudo vxuidfh hdfk srvlwlyho| fxuyhg yhuwh{ lv d
frqmxjdwh srlqw iru doo srlqwv lq d vpdoo qhljkerukrrg1 Wkh uhvxowlqj eudqfklqj lv
vwxglhg rq wkh fxeh lq ?jxuhv 6 dqg <1 Zkhq dssur{lpdwlqj d vprrwk jhrphwu|
zlwk d sro|khgudo vxuidfh/ zh vxssuhvv wklv w|sh ri orfdo eudqfklqj uhodwhg wr wkh
glvfuhwl}dwlrq lq idyru ri wkh joredo eudqfklqj uhodwhg wr wkh vkdsh ri wkh vprrwk
vxuidfh e| xvlqj d uhdvrqdeo| ?qh phvk wr glvwlqjxlvk ehwzhhq erwk w|shv ri
eudqfklqj1

D gluhfw ylvxdol}dwlrq ri wkh vhw ri flufohv jlyhv uhdvrqdeoh uhvxowv rqo| iru d
vpdoo qxpehu ri flufohv/ vhh ?jxuh 71 Lq wkh iroorzlqj vhfwlrq zh lqwhusuhw wkh
vhw ri frqfhqwulf flufohv dv dq hyroylqj zdyh dqg xvh d uhvroxwlrq lqghshqghqw
ylvxdol}dwlrq edvhg rq wh{wxuh pds whfkqltxhv1

7 Eudqfkhg Fryhulqjv dqg Wh{wxuhv

714 Lvrphwulf Wh{wxuh Pdsv

Wh{wxuh pdsv ri d 50glphqvlrqdo wh{wxuh grpdlq rqwr d jhqhudo vxuidfh duh
idfhg zlwk wkh sureohp wkdw wkh wh{wxuh lpdjhv duh phwulfdoo| glvwruwhg1 Wkhvh
sulqflsoh gl!fxowlhv fdq eh dyrlghg lq wkh fdvh ri slhfhzlvh olqhdu wuldqjxodwhg
vxuidfhv zkhuh rqh fdq fkrrvh wkh wh{wxuh wuldqjohv lvrphwulf +xs wr vfdolqj, wr



Ilj1 81 Orfdoo| lvrphwulf wh{wxuh pdsv doorz 5g0wh{wxulqj ri duelwudu| vxuidfhv zlwkrxw
glvwruwlrq h>hfwv1 Fruuhvsrqglqj wuldqjohv lq wkh wh{wxuh grpdlq dqg rq wkh vxuidfh
duh uhtxluhg wr eh vlplodu xs wr vfdolqj1

wkhlu fruuhvsrqglqj vxuidfh wuldqjohv1 Wkhq hdfk wh{ho lv lvrphwulf wr lwv lpdjh
rq wkh vxuidfh dqg qr glvwruwlrq ri wkh wh{wxuh lpdjh rffxuv1 Dgglwlrqdoo|/ wklv
frqfhsw doorzv wh{wxuh pdsv rq duelwudu| wuldqjxodwhg vxuidfhv/ dv vkrzq lq
?jxuh 81 Lw lv lpsohphqwhg lq dqlpdwlrq v|vwhpv olnh Vriwlpdjh dqg hpsor|hg
h1j1 lq wkh frqwh{w ri OLF ^5`1

D pdmru sureohp ri wklv phwkrg dulvhv iurp wkh udvwhul}dwlrq ri wkh wh{0
wxuh grpdlq vlqfh dgmdfhqw wuldqjohv rq wkh vxuidfhv duh qrw dgmdfhqw lq wh{wxuh
vsdfh1 Wkh wh{hov dorqj wkh frpprq hgjh pxvw eh v|qfkurql}hg wr dyrlg doldvlqj
duwhidfw1 Wkh xvh ri elolqhdu wh{wxuh lqwhusrodwlrq hyhq uhtxluhv v|qfkurql}dwlrq
ri wh{hov o|lqj rxwvlgh wkh wuldqjoh dv lqglfdwhg lq ?jxuh 91 Dq h{wudsrodwlrq
vfkhph zrxog lqwurgxfh qhz glvfrqwlqxlwlhv/ wkhuhiruh zh suhihu wkh iroorzlqj
gluhfw vfkhph= ohw W eh d wuldqjoh rq wkh sro|khgudo vxuidfh dqg !W wkh lvrphw0
ulf pds iurp W wr wkh wh{wxuh grpdlq1 Li wkh srlqw s 5 W lv klw dqg dvvljqhg d
froru f/ wkhq wkh fruuhvsrqglqj wh{ho áW +s, lq !W +W , lv dvvljqhg wkh qhz ydoxh

I +áW +s,, =@
I +áW +s,, . f+s,

&Klwv+áW +s,, . 4
=

Li !W +s, lv forvh wr wkh erxqgdu| ri !W +W , wkhq zh froru wkh wh{wxuh lpdjh ri wkh
dgmdfhqw wuldqjoh W4 lq wkh fruuhvsrqglqj wh{ho áW4+s, wrr1 Ohw +e4> e5> e6, eh wkh
edu|fhqwulf frruglqdwhv ri s lq wkh wuldqjoh W @ +y4> y5> y6,1 Wkh srvlwlrq !W4+s,
dqg wkh wh{ho áW4+s, duh hdvlo| frpsxwhg xvlqj wkh edu|fhqwulf frrugldqwhv deryh
dqg wkh wuldqjoh +!W4+y4,> !W4+y5,> !W4+y6,,=

!W4+s, @
6[
m@4

em!W4+ym,> +8,

vhh ?jxuh 91 Wr dvvljq pxowlsoh wh{hov h!flhqwo| zh fdofxodwh doo rffxulqj ydoxhv
!W +y, lq d suhsurfhvvlqj vwhs dqg odwhu rqo| xvh htxdwlrq 81



Ilj1 91 Wh{ho dvvljqphqw iru lvrphwulf wh{wxuh pdsv1

715 Eudqfkhg Wh{wxuh Pdsv

Wzr0glphqvlrqdo wh{wxuhv rq vxuidfhv duh xvxdoo| jlyhq dv d wh{wxuh pds iurp
d wzr0glphqvlrqdo lpdjh rqwr wkh vxuidfh1 Rqh glvwlqjxlvkhv ehwzhhq joredo
wh{wxuh pdsv fryhulqj wkh frpsohwh vxuidfh dqg orfdo wh{wxuh pdsv fryhulqj
vxevhwv ri wkh vxuidfh1 D vxuidfh pd| kdyh pxowlsoh wh{wxuhv ri hdfk nlqg1 Gxulqj
wkh uhqghulqj surfhvv/ wkh ?qdo wh{wxuh ri d vxuidfh lv frpsxwhg e| eohqglqj wkh
wh{wxuhv dvvrfldwhg wr d srlqw1 Wkh dssolfdwlrq ri orfdo wh{wxuhv uhtxluhv wkh
h{solflw vshfl?fdwlrq ri d grpdlq rq d vxuidfh zkhuh wkh orfdo wh{wxuh vkdoo eh
dssolhg/ dqg lw lv wkhuhiruh frqfhswxdoo| gl>huhqw iurp wkh xvh ri joredo wh{wxuh
pdsv1

Wkh dssurdfk ri eudqfkhg wh{wxuh pdsv frpelqhv joredo dqg orfdo wh{wxuhv
lq rqh frqfhsw dqg dyrlgv wkh vshfl?fdwlrq ri vxegrpdlqv iru orfdo wh{wxuhv lq
whupv ri uhjlrqv rq wkh vxuidfh1 Zh vwduw e| fryhulqj wkh frpsohwh vxuidfh zlwk
d vhw ri edvh wh{hov/ h1j1 vxfk d fryhulqj pd| eh dq lvrphwulf wh{wxuh pds dv
glvfxvvhg lq wkh suhylrxv vhfwlrq1 Dw uhqghulqj wlph/ wkhvh wh{hov zloo frqwdlq
wkh ?qdo wh{wxuh1 Zh dvvrfldwh wr hdfk edvh wh{ho d vwdfn ri devwudfw wh{hov1
Hdfk hohphqw ri wkh vwdfn fruuhvsrqgv wr d wh{wxuh od|hu fryhulqj d orfdo uhjlrq
ri wkh vxuidfh/ dqg wzr gl>huhqw hqwulhv fruuhvsrqg wr wzr gl>huhqw od|huv1 Iru
h{dpsoh/ d vxuidfh zklfk kdv wzr joredo wh{wxuhv dvvrfldwhg zrxog kdyh d vwdfn
ri frqvwdqw khljkw 5 dw hyhu| srlqw rq wkh vxuidfh/ dqg lq wkh fdvh ri rqh joredo
dqg rqh orfdo wh{wxuh wkh khljkw zrxog fkdqjh ehwzhhq 4 dqg 51

Lq frqwudvw wr wkh xvh ri joredo dqg orfdo wh{wxuh pdsv/ zh gr qrw doorfdwh
d qhz joredo ru orfdo wh{wxuh lpdjh iru hdfk qhz od|hu1 Lqvwhdg zkhqhyhu wkh
zdyh iurqwv uhdfkhv d srlqw rq wkh vxuidfh/ wkh fruuhvsrqglqj wh{ho vwdfn lv
dgmxvwhg rqo| dw wklv edvh wh{ho li qhfhvvdu|1 Iljxuh 4 vkrzv vrph od|huv dqg wkh
fruuhvsrqglqj vwdfn dw d edvh wh{ho1



8 G|qdplf Frpsxwdwlrq ri d Zdyh Wh{wxuh

Zh glylgh wkh vlpxodwlrq ri wkh zdyh lq wzr pdmru frpsxwdwlrqdo vwhsv= ?uvw/
wkh frpsxwdwlrq ri wkh hyroxwlrq ri wkh zdyh iurqw/ zklfk frqvlvwv ri jhrphwulf
sureohpv ghvfulehg lq vhfwlrq 6 dqg ohdgv wr d vwdwlf vhw ri frqfhqwulf flufohv/ l1h1
d vhw ri zdyh iurqwv1 Vhfrqg/ wkh vlpxodwlrq ri wkh dfwxdo  rz e| dqlpdwlqj wkh
vhw ri zdyh iurqwv1 Wkh dqlpdwlrq lv qrw grqh rq wkh ruljlqdo vhw ri iurqwv exw rq
wkh ohyho ri wh{wxuhv1 Iurp wkh vhw ri iurqwv/ l1h1 d vhw ri jhrphwulf fxuyhv rq wkh
vxuidfh/ zh surgxfh d vlqjoh eudqfkhg wh{wxuh pds zklfk dvvrfldwhv wr hdfk edvh
wh{ho ri wkh vxuidfh d vwdfn ri devwudfw wh{hov1 Wkh ?qdo dqlpdwlrq ri wkh zdyh lv
rewdlqhg iurp wkh vlqjoh eudqfkhg wh{wxuh pds e| lpsrvlqj d shulrg ixqfwlrq/
exw zlwkrxw dq| qhz frpsxwdwlrq ri wkh zdyh hyroxwlrq1

Wkh vhsdudwlrq ri wkh qxphulfdo vwhs dqg wkh xvh ri eudqfkhg wh{wxuh pdsv
pdnhv wkh dqlpdwlrq ri prylqj zdyhv d yhu| fkhds frpsxwdwlrq1 Wr surgxfh
vwdwlf slfwxuhv lw lv vx!flhqw wr froru wkh edvh wh{hov gluhfwo|1

814 Jhqhudwlqj wkh Eudqfkhg Wh{wxuh Pds

Wkh vhw ri zdyh iurqwv â+wm,> m @ 4> 5> === frpsxwhg lq vhfwlrq 6 duh d glvfuhwl}dwlrq
ri wkh h{srqhqwldo pds iurp WsP wr P dqg lv qrz wudqvodwhg lqwr d eudqfkhg
wh{wxuh pds1 Iluvw/ zh frqvwuxfw dq lvrphwulf wh{wxuh pds fryhulqjP rqfh zlwk
vr0fdoohg edvh wh{hov dqg dvvrfldwh wr hdfk edvh wh{ho ri P dq hpsw| vwdfn ri
devwudfw wh{hov/ dv vkrzq lq ?jxuh 41 Wkh khljkw ri hdfk vwdfn lv qrw nqrzq lq
dgydqfh dqg zloo ydu| iurp edvh wh{ho wr edvh wh{ho1 Qrz zh dqdo|}h wkh vhw ri
fxuyhv â+wm,> dqg zkhqhyhu wkh iurqw kdv  rzhg ryhu d edvh wh{ho zh dgg d qhz
devwudfw wh{ho wr wkh vwdfn ri wklv edvh wh{ho1 Hdfk devwudfw wh{ho lv hvvhqwldoo|
ri wkh iroorzlqj vwuxfwxuh=
vwuxfw ~iordw ò> w> DevwudfwWh{ho qh{w� DevwudfwWh{ho1
Wkh wdvn ri jhqhudwlqj wkh vwdfn lv vlpsoh li wkh pd{lpdo glvwdqfh ehwzhhq

wzr vxffhvvlyh fxuyhv lv vpdoohu wkdq kdoi wkh gldphwhu ri wkh vpdoohvw wh{ho rq
wkh vxuidfh/ zklfk fdq eh hdvlo| frqwuroohg iru lvrphwulf wh{wxuh pdsv1 Khuh zh
vdpsoh hdfk zdyhiurqw zklfk fduulhv wkh qhfhvvdu| lqirupdwlrq derxw dqjoh ò
dqg wlph w1 Wr rewdlq vprrwk uhvxowv/ lw lv hvvhqwldo wr klw wh{hov pruh iuhtxhqwo|/
vd| 70; wlphv/ dqg vwruh dyhudjh ydoxhv +çò> çw,1

Hdfk vkhhw ri wkh zdyh klwwlqj d jlyhq edvh wh{ho fruuhvsrqgv wr h{dfwo| rqh
devwudfw wh{ho deryh wkh edvh wh{ho1 D vhulrxv sureohp lv wkh ghwhfwlrq ri wkh
vkhhw fruuhvsrqglqj wr wkh fxuuhqw klw1 Iru sro|khgudo jhrphwulhv/ zh dyrlg wklv
sureohp e| ohwwlqj wkh iurqw ghwhfw eudqfk srlqwv iurp wkh yhuwh{ fxuydwxuh dqg
vsolw1 Wklv doorzv xv wr dvvljq wr hdfk iurqw vhjphqw d xqltxh ohyho lghqwli|lqj
wkh vkhhw1

Exw/ zkhq dssur{lpdwlqj vprrwk vxuidfhv/ zh qhhg wr glvwlqjxlvk ehwzhhq
wkh eudqfk srlqwv ri wkh vprrwk jhrphwu| dqg wkrvh lqgxfhg e| sro|khgudo
yhuwlfhv1 Lq wklv fdvh/ zh ohw hdfk edvh wh{ho uhfrqvwuxfw wkh qhfhvvdu| lqirupdwlrq
iru hdfk flufoh/ uhvs1 jhrghvlf/ iurp wkh wlph dqg dqjoh ri wkh fxuuhqw klw1 Ohw pW

eh wkh plgsrlqw ri d edvh wh{ho W zlwk hgjh vl}h ï dqg ohw hdfk devwudfw wh{ho
kdyh vwruhg dyhudjh ydoxhv +çò> çw,1 Dvvxph d flufoh â+ò> w, klwv wkh edvh wh{ho dw



d srlqw t fruuhvsrqglqj wr dq dqjoh ò/ wkhq t ehorqjv wr wkh vdph od|hu ri wkh
devwudfw wh{ho li
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iru d wkuhvkrog ï ghshqglqj rq wkh glvfuhwl}dwlrq ri wkh  rz1
Lq sudfwlfh/ zh kdyh d orzhu uhvroxwlrq lq wlph gluhfwlrq dqg frpsxwh ihzhu

zdyh iurqwv zlwk glvwdqfh ri pruh wkdq d ihz wuldqjoh gldphwhuv/ dqg lqwhusrodwh
ehwzhhq vxffhvvlyh iurqwv dv lqglfdwhg lq wkh ohiw lpdjh lq ?jxuh 71

9 Vxppdu| dqg Dfnqrzohgjphqwv

Dv dq dssolfdwlrq ri wkh frqfhsw ri vwudljkwhvw jhrghvlfv rq sro|khgudo vxuidfhv/
zh kdyh frpsxwhg frqfhqwulf flufohv durxqg d jlyhq srlqw1 Frqvlghulqj wkh vhw
ri flufohv dv dq hyroylqj zdyh iurqw e| dqlpdwlqj wkh udglxv r>huv d qdwxudo
ylvxdol}dwlrq dssurdfk ri wkh flufoh krprwrs|/ zkhuh jhrphwulf surshuwlhv olnh
lqmhfwlylw| udglxv dqg frqmxjdwh srlqwv duh hdvlo| shufhlyhg dv surshuwlhv ri wkh
hyroylqj zdyh1 Iru wkh ylvxdol}dwlrq zh gh?qh eudqfkhg wh{wxuh pdsv/ zklfk
h{whqg lvrphwulf wh{wxuh pdsv wr +sduwldoo|, pxowlso| fryhuhg vxuidfhv1 Wkh yl0
vxdol}dwlrq phwkrgv suhvhqwhg lq wklv sdshu pd| eh dssolhg wr rwkhu sureohpv
vxfk dv sursdjdwlrq ri jhqhudo zdyhv dqg krprwrslhv ri fxuyhv1

Wkh dxwkruv dssuhfldwh wkh frrshudwlrq zlwk Pduwlq Vwh>hqv dqg Fkulvwldq
Whlw}ho gxulqj wkh surgxfwlrq ri wkh ylghr1 Zh wkdqn wkh dqrq|prxv uhihuhhv iru
khosixo frpphqwv1

Uhihuhqfhv

41 D1 G1 Dohnvdqgury dqg Y1 D1 ]dojdoohu1 Lqwulqvlf Jhrphwu| ri Vxuidfhv/ yroxph 48
ri Wudqvodwlrq ri Pdwkhpdwlfdo Prqrjudskv1 DPV/ 4<9:1

51 K1 Edwwnh/ G1 Vwdoolqj/ dqg K10F1 Khjh1 Idvw olqh lqwhjudo frqyroxwlrq iru duelwudu|
vxuidfhv lq 6g1 Lq K10F1 Khjh dqg N1 Srowklhu/ hglwruv/ Ylvxdol}dwlrq dqg Pdwkhpdw0
lfv/ sdjhv 4;484<81 Vsulqjhu Yhuodj/ Khlghoehuj/ 4<<:1

61 H1 Glmnvwud1 D qrwh rq wzr sureohpv lq frqqhfwlrq zlwk judskv1 Qxphu1 Pdwk1/
4=59<85:4/ 4<8<1

71 D1 Irxuqlhu dqg Z1 Uhhyhv1 D vlpsoh prgho ri rfhdq zdyhv1 DFP Vljjudsk ;9/
sdjhv :88;7/ 4<;91

81 Q1 Pd{1 Fduod*v lvodqg1 DFP Vljjudsk ;4 Ylghr Uhylhz/ 4<;41 Dqlpdwlrq1
91 N1 Srowklhu dqg P1 Vfkplhv1 Vwudljkwhvw jhrghvlfv rq sro|khgudo vxuidfhv1 Lq K10F1

Khjh dqg N1 Srowklhu/ hglwruv/ Pdwkhpdwlfdo Ylvxdol}dwlrq/ sdjhv 46884831 Vsulqjhu
Yhuodj/ Khlghoehuj/ 4<<;1

:1 N1 Srowklhu/ P1 Vfkplhv/ P1 Vwh>hqv/ dqg F1 Whlw}ho1 Ylghr rq jhrghvlfv dqg zdyhv1
Vljjudsk*<: Ylghr Uhylhz/ 4<<:1



Ilj1 :1 D srlqw zdyh rq d sro|khgudoo| dssur{lpdwhg wruxv lqlwldwhg dw wrs eudqfkhv
dw wkh frqmxjdwh srlqw lq wkh irup ri d vzdoorz*v wdlo1 Ylvxdol}dwlrq ri wkh lqwhuihuhqfh
xvhv eudqfkhg wh{wxuh pdsv1

Ilj1 ;1 Vwudljkwhvw jhrghvlfv duh gh?qhg wr kdyh htxdo dqjoh rq erwk vlghv dw hdfk
srlqw1 Rq sodqdu idfhv wkh| duh d vwudljkw olqhv/ dqg dfurvv hgjhv wkh| kdyh htxdo dqjoh
rq rssrvlwh vlghv1 Vwudljkwhvw jhrghvlfv fdq eh h{whqghg wkurxjk sro|khgudo yhuwlfhv/
d surshuw| qrw dydlodeoh iru vkruwhvw jhrghvlfv1



Ilj1 <1 D srlqw zdyh eudqfkhv dw wkh yhuwlfhv ri d fxeh zklfk duh htxlydohqwv ri frq0
mxjdwh srlqwv rq vprrwk vxuidfhv1 Wkh vhfwlrq ehklqg d yhuwh{ lv fryhuhg e| wkuhh
lqwhuihulqj wh{wxuh od|huv zkloh rwkhu sduwv duh fryhuhg rqfh1 Wkh }rrp vkrzv wkh wul0
dqjohv dqg wh{hov rq wkh vxuidfh1

Ilj1 431 Lqwhuihuhqfh ri d srlqw zdyh dw wkh yhuwh{ ri d fxeh dqg wh{wxuh od|huv1 Wkh
ohiw slfwxuh vkrzv wkh lqwhuihuhqfh ehkdylru ri wkh zdyh dw wkh yhuwh{ ri d fxeh1 Wkh
zdyh lv vwruhg dv d eudqfkhg wh{wxuh pds/ zkhuh wr hdfk srlqw rq wkh vxuidfh d vwdfn
ri wh{hov lv dvvrfldwhg1 Lq wkh uljkw slfwxuh wkh vxuidfh wh{hov duh froruhg dffruglqj wr
wkh khljkw ri wkh wh{wxuh vwdfn dw hdfk srlqw1

Ilj1 441 Hyroxwlrq ri glvwdqfh flufohv xqghu wkh jhrghvlf  rz rq wkh +kljko| glvfuhwl}hg,
sro|khgudo prgho ri d suhw}ho dqg d wruxv1


