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wd{ exughq/ dqg ri wkh plggoh lqfrph zrunhuv/ zkr h{shfw wr uhwluh hduo|1

Zkdw lv wkh ixwxuh ri hduo| uhwluhphqwB Zh dujxh wkdw/ dv wkh surfhvv ri

srsxodwlrq djlqj uhgxfhv wkh shuirupdqfh ri wkh SD\J v|vwhp/ wkh qxp0

ehu ri hduo| uhwluhhv zloo glplqlvk xqwlo/ hyhqwxdoo|/ wkh srolwlfdo vxssruw lq

idyru ri wklv surylvlrq zloo glvdsshdu1
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41 Lqwurgxfwlrq

Vlqfh wkhlu dgrswlrq ehwzhhq wkh odwh 93v dqg wkh :3v/ hduo| uhwluhphqw suryl0
vlrqv kdyh ehhq vr zlgho| dqg shuvlvwhqwo| xvhg wr ehfrph d glvwlqfwlyh ihdwxuh
ri wkh vrfldo vhfxulw| v|vwhp lq doo lqgxvwuldol}hg frxqwulhv1 Hduo| uhwluhphqw lv
qrw lqqrfxrxv/ wrxjk1 Juxehu dqg Zlvh +4<<<, dqg Eorqgdo dqg Vfdushwwd +4<<;,
kdyh vkrzq wkdw wklv surylvlrq lv/ lq idfw/ uhvsrqvleoh iru wkh gudpdwlf ghfuhdvh
ri wkh oderu irufh sduwlflsdwlrq lq wkh odvw wkluw| |hduv dprqj plggoh djhg dqg
hoghuo| zrunhuv1 Iru lqvwdqfh/ lq wkh RHFG frxqwulhv/ wkh dyhudjh oderu irufh
sduwlflsdwlrq ri pdohv djhg ehwzhhq 88 dqg 97 kdv ghfuhdvhg iurp ;715( lq wkh
4<93099 shulrg wr 9615( lq 4<;90<3 shulrg +vhh wdeoh 4,1 Dklwxy dqg ]hlud +5333,
kdyh frpsohphqwhg wklv ylhz e| vxjjhvwlqj wkdw/ lq wkh suhvhqfh ri whfkqrorjlf
surjuhvv/ zrunhuv zlwk orzhu kxpdq fdslwdo/ ru zlwk pruh whfkqrorj|0vshfl�f kx0
pdq fdslwdo/ duh lqgxfhg wr wdnh dgydqwdjh ri wklv surylvlrq/ dqg wr uhwluh hduo|1
Lq d ghprjudsklf frqwh{w ri djlqj srsxodwlrq/ wklv h�hfw frqwulexwhv wr lqfuhdvh
wkh ghshqghqf| udwlr/ dqg wkhuhiruh h{dfhuedwhv wkh �qdqfldo xqedodqfh ri wkh
SD\J vrfldo vhfxulw| v|vwhpv1

Lq d frpsdqlrq sdshu/ Frqgh0Uxl} dqg Jdodvvr +5333,/ zh kdyh vxjjhvwhg
wkdw wkh lqlwldo dgrswlrq ri wklv surylvlrq frqvwlwxwhg d srolwlfdo uhvsrqvh wr wkh
dsshdudqfh ri d pdvv ri uhgxqgdqw hoghuo| zrunhuv/ zkr zhuh qrw hqwlwohg wr d
shqvlrq wudqvihu1 Hduo| uhwluhphqw dzdughg wkhp d shqvlrq1 Krzhyhu/ wr eh
srolwlfdoo| vxvwdlqdeoh � zh dovr dujxhg � hduo| uhwluhphqw kdg wr eh shuvlvwhqw4/
lq rughu wr dwwudfw wkh srolwlfdo vxssruw ri d uhohydqw iudfwlrq ri wkh fxuuhqw |rxqj
zrunhuv1 Ryhu wkhvh wkluw| |hduv/ wklv hohphqw ri shuvlvwhqfh kdv ehhq jxdudqwhhg
e| wkh vwurqj lqfhqwlyhv wkdw wklv jhqhurxv surylvlrq kdv fuhdwhg iru wkh orz0delolw|
|rxqj zrunhuv wr uhwluh hduo|1 Hduo| uhwluhphqw kdv wkhuhiruh ehhq deoh wr fuhdwh
lwv rzq ixwxuh srolwlfdo frqvwlwxhqf|1

Lq wklv sdshu/ zh irfxv rq wklv hohphqw ri shuvlvwhqf|1 Iluvw/ zh dujxh wkdw wkh
jhqhurxv lqfhqwlyhv wr uhwluh hduo| lqgxfh orz0delolw| zrunhuv wr dffxpxodwh ohvv
kxpdq fdslwdo1 Lq idfw/ hylghqfh vxjjhvw wkdw prvw hduo| uhwluhhv kdyh ehhq orz0
hgxfdwhg zrunhuv +vhh wdeoh 5,1 Wklv pd| uhgxfh wkh jurzwk udwh ri wkh hfrqrp|
dqg/ ehfdxvh ri lwv shuvlvwhqf|/ lw pd| lqwurgxfh orqj whup glvwruwlrqv1 Vhfrqg/
zh h{dplqh zkhwkhu dowhuqdwlyh qrq0shuvlvwhqw srolflhv frxog kdyh ehhq dgrswhg
dv d srolwlfdo uhvsrqvh wr wkh dsshdudqfh ri d odujh pdvv ri uhgxqgdqw hoghuo|
zrunhuv/ udwkhu wkdq hduo| uhwluhphqw1 Zh frqfhqwudwh rq rqh0wlph srolflhv/ zklfk
dzdug d wudqvihu wr wkhvh uhgxqgdqw hoghuo|/ dqg duh vxssruwhg e| d odujh vkduh ri
yrwhuv1 Zkhq zh frpsduh wkhp wr wkh hduo| uhwluhphqw surylvlrq/ d fohdu wudgh0
r� hphujhv1 Rqh0wlph srolflhv gr qrw fuhdwh orqj0whup glvwruwlrqv/ exw lpsrvh d

4Vhh dovr Frdwh dqg Pruulv +4<<<, rq wkh lpsruwdqfh ri shuvlvwhqfh iru wkh srolwlfdo vxvwdlq0
delolw| ri d srolf|1
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odujh frvw rq wkh fxuuhqw |rxqj jhqhudwlrq ri zrunhuv/ zkhuhdv hduo| uhwluhphqw kdv
qhjdwlyh/ orqj0odvwlqj h�hfwv rq wkh jurzwk ri wkh hfrqrp|/ exw lqgxfhv d orzhu
wd{ exughq rq wkh fxuuhqw |rxqj1 Lq d sdlu0zlvh frpsdulvrq/ hduo| uhwluhphqw
hqmr|v wkh vxssruw ri kljk lqfrph zrunhuv/ zkr gr qrw sodq wr uhwluh hduo|/ exw
vrxjkw wr uhgxfh wkh fxuuhqw wd{ exughq/ dqg ri wkh plggoh lqfrph zrunhuv/ zkr
h{shfw wr uhwluh hduo|1

Duh zh wkhq vwxfn zlwk wkh hduo| uhwluhphqwB Zloo wklv surylvlrq odvw dv orqj
dv wkh vrfldo vhfxulw| v|vwhp h{lvwvB Qrw qhfhvvdulo| � zh dujxh1 Hduo| uhwluhphqw
kdv wkh vdph h�hfw rq vrfldo vhfxulw| dv wkh ghprjudsklf surfhvv ri srsxodwlrq
djlqj1 Vlqfh wkh qxpehu ri uhflslhqwv iurp wkh v|vwhp � wkh uhwluhhv � lqfuhdvhv/
dqg wkh qxpehu ri frqwulexwruv � wkh zrunhuv � ghfuhdvhv/ wkh shuirupdqfh ri
wkh SD\J v|vwhp lv uhgxfhg1 Wkh hqwluh vrfldo vhfxulw| v|vwhp/ dqg dovr wkh
hduo| uhwluhphqw surylvlrq/ ehfrphv ohvv dwwudfwlyh1 Wkh pdvv ri hduo| uhwluhhv
glplqlvkhv/ vlqfh hyhq orz0vnloohg zrunhuv fkrrvh wr uho| pruh khdylo| rq wkhlu
oderu lqfrph/ xqwlo wkh srolwlfdo vxssruw ri wkh |rxqj lq idyru ri wklv surylvlrq
zloo hyhqwxdoo| eh orvw1

Zh dqdo|}h wkhvh lvvxhv lq dq ryhuodsslqj jhqhudwlrqv hfrqrp| zlwk kxpdq
fdslwdo dffxpxodwlrq dqg jurzwk1 \rxqj lqglylgxdov duh khwhurjhqhrxv lq wkhlu
lqqdwh delolw|/ zklfk ghshqgv rq wkhlu sduhqwv* kxpdq fdslwdo1 Wkh| fkrrvh krz
pxfk kxpdq fdslwdo wr dffxpxodwh wkurxjk dq hgxfdwlrq whfkqrorj|/ dqg zkhq wr
uhwluh1 Wkhvh ghflvlrqv ghwhuplqh wkhlu oderu lqfrph1 Wkh vrfldo vhfxulw| v|vwhp
frqvlvwv ri d SD\J vfkhph/ zlwk hduo| uhwluhphqw1 Rog djh uhwluhphqw lv pdqgd0
wru|1 \rxqj zrunhuv sd| d sursruwlrqdo oderu lqfrph wd{ dqg wkh surfhhglqjv duh
glylghg dprqj rog djh dqg hduo| uhwluhhv1 Zrunhuv zkr uhwluh hduo| duh dzdughg dq
hduo| uhwluhphqw shqvlrq/ zkloh wkrvh zkr uhwluh dw pdqgdwru| djh uhfhlyh wkh ixoo
shqvlrq1 Lq wklv vhwwlqj/ hduo| uhwluhphqw shuvlvwhqwo| glvwruwv wkh kxpdq fdslwdo
dffxpxodwlrq ghflvlrq ri wkh orz0delolw| w|shv/ dqg wkxv uhgxfhv hfrqrplf jurzwk1

Wkh dowhuqdwlyh qrq0shuvlvwhqw srolflhv duh ghvljqhg wr surylgh wkh hoghuo|
zrunhuv lqlwldoo| d�hfwhg e| wkh vkrfn zlwk wkh vdph wudqvihu dv wkh hduo| uh0
wluhphqw shqvlrq/ wr kdyh qr h�hfw rq wkh hoghuo| zkr duh hqwlwohg wr dq rog0djh
shqvlrq/ dqg wr eh vxssruwhg e| d uhohydqw iudfwlrq ri wkh |rxqj1 Vshfl�fdoo|/
zh frqvlghu d rqh0wlph wudqvihu wr wkh hoghuo| zrunhuv lqlwldoo| d�hfwhg e| wkh
vkrfn dqg wr wkh |rxqj1 Lq rxu vhwwlqj/ wklv srolf| lqgxfhv rqo| d whpsrudu| �
doehlw odujh � uhgxfwlrq lq wkh hfrqrplf jurzwk/ gxh wr wkh ghfuhdvh lq wkh kxpdq
fdslwdo dffxpxodwlrq ri wkh hyhu| |rxqj djhqw1

Wkh sdshu surfhhgv dv iroorzv= Vhfwlrq 5 lqwurgxfhv wkh hfrqrplf prgho dqg
wkh vrfldo vhfxulw| v|vwhp/ zkloh vhfwlrq 6 fkdudfwhul}hv dq dowhuqdwlyh srolf| uh0
vsrqvh dqg frpsduhv lw wr wkh hduo| uhwluhphqw surylvlrq1 Vhfwlrq 7 glvfxvvhv wkh
ixwxuh ri hduo| uhwluhphqw/ dqg vhfwlrq 8 frqfoxghv1 Doo surriv duh lq wkh dsshqgl{1
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51 Wkh Hfrqrplf Prgho

Zh lqwurgxfh d wzr vhfwru ryhuodsslqj jhqhudwlrqv prgho zlwk jurzwk1 Lq hyhu|
shulrg/ wkh hfrqrp| lv srsxodwhg e| |rxqj dqg rog lqglylgxdov1 Srsxodwlrq jurzv
dw d frqvwdqw udwh/ ? : f1 \rxqj djhqwv ghflgh krz pxfk kxpdq fdslwdo wr dffx0
pxodwh/ dqg zkhq wr uhwluh1 Rog djhqwv gr qrw zrun/ uhwluhphqw ehlqj pdqgdwru|1
Doo frqvxpswlrq wdnhv sodfh lq rog djh1

Hdfk jhqhudwlrq frqvlvwv ri d frqwlqxxp ri djhqwv/ zkr duh khwhurjhqrxv lq
wkhlu lqqdwh delolw|1 Dq djhqw*v lqqdwh delolw| lv htxdo wr wkh kxpdq fdslwdo ohyho
ri khu sduhqwv1 Dw dq| wlph |/ d |rxqj djhqw lv fkdudfwhul}hg e| dq lqqdwh delolw|
ohyho �|3�/ zklfk fdq eh frqyhuwhg lqwr khu rzq ohyho ri kxpdq fdslwdo/ �|/ wkurxjk
dq hgxfdwlrq whfkqrorj|1 Wklv dftxluhg ohyho ri kxpdq fdslwdo hqwluho| ghwhuplqhv
khu zrunlqj delolw|/ dqg frqvwlwxwhv khu ghvfhqgdqwv* lqqdwh delolw|1 Dw wlph | ' f/
wkhuh h{lvwv dq lqlwldo jhqhudwlrq ri |rxqj dqg rog djhqwv1 Hyhu| lqlwldo rog djhqw
lv fkdudfwhul}hg e| d ohyho ri kxpdq fdslwdo/ zklfk dovr uhsuhvhqwv wkh lqqdwh
delolw| ri khu |rxqj ghvfhqgdqwv1 Zh dvvxph wkdw wkhvh lqlwldo ohyhov ri kxpdq
fdslwdo +iru wkh rog, ru lqqdwh delolwlhv +iru wkh |rxqj, duh glvwulexwhg dffruglqj
wr d fxpxodwlyh glvwulexwlrq ixqfwlrq 8f E��/ zklfk kdv phdq >f/ dqg lv vnhzhg/
8fE>f� : �*21 Lq doo ixwxuh shulrgv/ wkh glvwulexwlrq ri lqqdwh delolwlhv/ 8|E��/ zloo
ghshqg rq wkh surfhvv ri kxpdq fdslwdo dffxpxodwlrq1

\rxqj lqglylgxdov ghflgh krz pxfk kxpdq fdslwdo wr dffxpxodwh1 Doo djhqwv
kdyh dffhvv wr wkh vdph Free Grxjodv hgxfdwlrq whfkqrorj|/ zklfk wudqvirupv lq0
yhvwphqw lq hgxfdwlrq lqwr kxpdq fdslwdo5/ dffruglqj wr wkh djhqw*v lqqdwh delolw|1
Wkxv/ dv lq Jorpp dqg Udylnxpdu +4<<5,/ wkh odz ri kxpdq fdslwdo dffxpxodwlrq
lv=

�| Ee|c �|3�� ' w Ee|�
� E�|3��

�3� zlwk f 	 � 	 � dqg w : f +514,

zkhuh �| Ee|c �|3�� lv wkh ohyho ri kxpdq fdslwdo wkdw dq lqqdwh delolw| w|sh �|3�

|rxqj lqglylgxdo rewdlqv dw wlph | e| lqyhvwlqj e| xqlwv ri frqvxpswlrq lq hgxfd0
wlrq/ w lv wkh surgxfwlylw| ri wkh kxpdq fdslwdo vhfwru/ dqg � � � uhsuhvhqwv wkh
uhodwlyh lpsruwdqfh ri wkh lqqdwh delolw| lq wkh dffxpxodwlrq ri kxpdq fdslwdo1

\rxqj djhqwv dovr ghflgh zkhq wr uhwluh1 Wkh| pd| uhwluh dw pdqgdwru| uhwluh0
phqw djh/ lq zklfk fdvh wkh| zrun gxulqj wkh hqwluh zrunlqj shulrg/ ru wkh| pd|
uhwluh hduo|1 Wr eh hqwlwohg wr d shqvlrq wudqvihu iru wkh uhpdlqlqj shulrg ri khu
olyh/ dq djhqw qhhgv wr zrun dw ohdvw xqwlo wkh plqlpxp uhwluhphqw djh/ X 	 �1
Wkh dprxqw ri wkh shqvlrq uhfhlyhg ghshqgv rq wkh ohqjwk ri khu dfwxdo zrun0
lqj shulrg1 Lqglylgxdov zkr uhwluh ehiruh wkh plqlpxp uhwluhphqw djh uhfhlyh qr
shqvlrqv> djhqwv zkr uhwluh hduo|/ l1h1/ ehwzhhq wkh plqlpxp dqg wkh pdqgdwru|

5Zh lqwhusuhw wkh lqyhvwphqw lq kxpdq fdslwdo dv d ohduqlqj surfhvv zklfk wdnhv sodfh rq
dqg r� wkh zrun sodfh/ udwkhu wkhq mxvw dv sulpdu| ru vhfrqgdu| hgxfdwlrq1 Dffruglqj wr Ehfnhu
+4<:8,/ wkh frvw ri wklv jhqhudo wudlqlqj surfhvv kdv wr eh ehduhg e| wkh zrunhuv1
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uhwluhphqw djh/ rewdlq d vkduh k ri wkh ixoo shqvlrq gxulqj wkh uhpdlqlqj ri wkhlu
|rxwk dqg lq wkhlu rog djh> zkhuhdv djhqwv uhwlulqj dw wkh pdqgdwru| uhwluhphqw
djh uhfhlyh wkh ixoo shqvlrq lq rog djh1 Dv Frqgh0Uxl} dqg Jdodvvr +5333,/ zh
fdoo �| wkh ixoo shqvlrq dzdughg dw wlph | wr dq rog djhqw zkr kdv zrunhg gxulqj
wkh hqwluh zrunlqj shulrg/ dqg K|

|n� wkh shufhqwdjh ri wkh ixoo shqvlrq dzdughg dw
wlph |n � wr dq rog djhqw eruq dw wlph |/ wkhq

K|
|n� E�|� ' K|

| E�|� '

;A?
A=

f li �| 	 X
k li X � �| 	 �
� li �| ' �

+515,

zkhuh vxevfulswv lqglfdwh wkh fdohqgdu wlph dqg vxshuvfulswv wkh shulrg lq zklfk
wkh djhqw zdv eruq/ �| 5 dfc �o uhsuhvhqwv wkh uhwluhphqw djh/ X lv wkh plqlpxp
uhwluhphqw djh wr eh holjleoh iru d shqvlrq/ dqg k lv wkh sursruwlrq ri wkh ixoo
shqvlrq sdlg wr dq hduo| uhwluhh1

D olqhdu surgxfwlrq ixqfwlrq fryhuwv wkh zrunhu*v kxpdq fdslwdo/ zhljkwhg e|
wkh gxudwlrq ri wkh zrunlqj shulrg/ �/ lqwr wkh rqo| frqvxpswlrq jrrg=

+| Ee|c �c �|3�� ' ��| Ee|c �|3�� +516,

Wkhuh h{lvwv d vwrudjh whfkqrorj| wkdw wudqvirupv d xqlw ri wrgd|*v frqvxps0
wlrq lqwr � n o xqlwv ri wrpruurz*v frqvxpswlrq= +|n� ' E� n o� +|1 Doo sulydwh
lqwhuwhpsrudo wudqvihuv ri uhvrxufhv lqwr wkh ixwxuh duh dvvxphg wr wdnh sodfh
wkurxjk wklv whfkqrorj|1

\rxqj djhqwv kdyh wr ghflgh zkhq wr uhwluh/ �/ dqg wkh dprxqw ri uhvrxufhv
wr lqyhvw lq kxpdq fdslwdo/ e1 Dgglwlrqdoo|/ wkh| sd| d sursruwlrqdo wd{ rq wkhlu
oderu lqfrph/ � / dqg vdyh doo wkhlu uhvrxufhv iru rog djh frqvxpswlrq wkurxjk wkh
vwrudjh whfkqrorj|1 Rog djhqwv wdnh qr uhohydqw hfrqrplf ghflvlrqv> wkh| vlpso|
frqvxph doo wkhlu zhdowk1 Wkh lqwhuwhpsrudo exgjhw frqvwudlqw ri dq djhqw eruq
dw wlph | zlwk lqqdwh delolw| �|3�lv wkxv=

S||n� '
�
�|�| Ee|c �|3�� E�� � |�� e| n E�� �|� K

|
| E�|��|

�
E� n o� n K|

|n� E�|��|n�

+517,
zkhuh � | lv wkh sd|uroo wd{ udwh zklfk �qdqfhv wkh shqvlrqv dw wlph |/ dqg �| dqg
�|n� duh uhvshfwlyho| wkh shqvlrqv dw wlph | dqg |n �1

Wkh xwlolw| ixqfwlrq lv dvvxphg wr ghshqg rqo| rq ixwxuh frqvxpswlrq6/ �
�
S||n�

�

dqg wkh lqglylgxdo glvfrxqw idfwru wr eh htxdo wr wkh lqyhuvh ri wkh uhdo lqwhuhvw

6E| glvuhjduglqj fxuuhqw frqvxpswlrq/ zh devwudfw iurp wkh vdylqj ghflvlrqv dqg iurp wkh
h�hfw ri vrfldo vhfxulw| ri wkhvh ghflvlrqv +vhh Ihogvwhlq +4<:7,,1 Wkh lqwurgxfwlrq ri wkh ohlvxuh
lq wkh xwlolw| ixqfwlrq/ dv lq Frqgh0Uxl} dqg Jdodvvr +5333, frpsolfdwhv wkh dojheud zlwkrxw
dgglqj dq| uhohydqw ihdwxuh1
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idfwru/ q ' �*E� n o�/ vr wkdw wkh |rxqj ghflvlrqv ryhu wkh ohqjwk ri wkh zrunlqj
shulrg/ dqg wkh kxpdq fdslwdo dffxpxodwlrq/ gr qrw ghshqg rq wkh h{rjhqrxv
lqwhuhvw udwh1

Wr vxppdul}h/ djhqwv ghflgh wkhlu uhwluhphqw djh dqg wkhlu kxpdq fdslwdo
dffxpxodwlrq lq rughu wr pd{lpl}h L

�
S||n�

�
/ vxemhfw wr wkh exgjhw frqvwudlqw dw

htxdwlrq 5171 Wkh iroorzlqj ohppd fkdudfwhul}hv wkhvh hfrqrplf ghflvlrqv1

Ohppd 5141 Iru d jlyhq wd{ udwh � |/ dqg jlyhq sursruwlrq k|/ k|n� ri wkh xqlwdu|

shqvlrqv �| dqg �|n�/ wkh hfrqrplf ghflvlrqv ri wkh djhqwv fdq eh vxppdul}hg dv

iroorzv=

�W| E�|3�� '

+
X li �|3� � �-|3�
� li �|3� : �-|3�

+518,

eW| E�|3�� '

;?= EwX� E�� � |��
�

�3� �|3� li �|3� � �-|3�
Ew� E� � � |��

�

�3� �|3� li �|3� : �-|3�
+519,

zkhuh

�-|3� '
E��X�k|�| �

�3k|n�
�no

�|n�

Ew E� � � |� ���
�

�3� E�� ��
�
� �X

�

�3�

� +51:,

Lq zrugv/ �-|3� uhsuhvhqwv wkh lqqdwh delolw| ohyho ri dq djhqw zkr lv lqgl�huhqw
ehwzhhq uhwlulqj hduo| ru dw wkh pdqgdwru| uhwluhphqw djh1 Fohduo|/ wkrvh zlwk
lqqdwh delolw| ohyhov ehorz wkh wkuhvkrog/ �|3� � �-|3�/ uhwluh hduo|/ dqg wkh rwkhuv
dw pdqgdwru| djh +vhh ht1 518,1 Wklv lqqdwh delolw| ohyho/ �-|3�/ fkdudfwhul}hv wkh
kxpdq fdslwdo dffxpxodwlrq ghflvlrqv dv zhoo +vhh ht1 519,1 Djhqwv zlwk lqqdwh
delolw| �|3� ehorz wkh wkuhvkrog �-|3� zloo dffxpxodwh ohvv kxpdq fdslwdo wkdq
djhqwv zlwk pruh lqqdwh delolw| �|3� : �-|3�1 Wkh lqwxlwlrq lv vwudljkwiruzdug1
Hduo| uhwluhphqw vkruwhqv wkh shulrg ri wlph ghyrwhg wr surgxfwlrq/ dqg wkxv
ghfuhdvhv wkh uhwxuq iurp lqyhvwlqj lq kxpdq fdslwdo> dv wkh orz delolw| w|shv uhwluh
hduo|/ wkh| zloo dovr dffxpxodwh ohvv kxpdq fdslwdo1 Qrwlfh wkdw wkh wkuhvkrog
lqqdwh delolw|/ �-|3�/ dqg wkhuhiruh wkh pdvv ri hduo| uhwluhhv/ lv hqgrjhqrxv1 Lw
ghshqgv srvlwlyho| rq wkh jhqhurvlw| ri wkh hduo| uhwluhphqw surylvlrq/ k| dqg
k|n�/ dqg ri wrgd|*v shqvlrq �|/ dqg rq wkh fxuuhqw wd{ exughq/ � |/ dqg qhjdwlyho|
rq wkh jhqhurvlw| ri wkh ixwxuh shqvlrq*v/ �|n� +vhh ht1 51:,1

5141 Wkh Hyroxwlrq ri wkh Kxpdq Fdslwdo Glvwulexwlrq

Lq wkh suhylrxv vhfwlrq/ zh dvvxphg wkdw wkh kxpdq fdslwdo ri wkh lqlwldo jhq0
hudwlrq ri rog dw wlph | ' f +dqg wkxv wkh lqqdwh delolwlhv ri wkhlu r�vsulqjv,/ lv
glvwulexwhg dffruglqj wr d fxpxodwlyh glvwulexwlrq ixqfwlrq 8f E��1 Lq wkh iroorzlqj
shulrgv/ wkh hyroxwlrq ri wkh kxpdq fdslwdo glvwulexwlrq zloo ghshqg rq wkh |rxqj

9



djhqwv* ghflvlrqv ri lqyhvwphqw lq hgxfdwlrq/ dv ghvfulehg dw ht1 519/ dqg rq wkh
hgxfdwlrq whfkqrorj| dw ht1 5141

Lq sduwlfxodu/ iru d jlyhq lqlwldo lqqdwh delolw| ohyho/ �|3�/ lw lv hdv| wr vkrz
wkdw wkh fruuhvsrqglqj kxpdq fdslwdo ohyho lv=

�| E�|3�� '

;?= EwX��� E� � � |�
��

�

�3� �|3� ' @�|3� li �|3� � �-|3�
Ew�� E� � � |�

��
�

�3� �|3� ' K�|3� li �|3� : �-|3�
+51;,

zkhuh �-|3� lv gh�qhg dw ht1 51:1
Wkhuhiruh/ vlqfh �| lv d olqhdu slhfh0zlvh wudqvirupdwlrq ri �|3�/ wkh hyroxwlrq

ryhu wlph ri wkh kxpdq fdslwdo glvwulexwlrq iru hyhu| | : f fdq eh ghvfulehg dv
iroorzv=

8| E�|� '

+
8|3� E�|*@� li �| � @�-|3�
8|3� E�|*K� li �| : K�-|3�

zkhuh @ dqg K duh gh�qhg dw ht1 51;1 Lq wklv vhwwlqj/ wkh glvwulexwlrq ri kxpdq
fdslwdo/ 8f E��/ ydulhv dorqj wkh surfhvv ri kxpdq fdslwdo dffxpxodwlrq1 Wkh lql0
wldo glvwulexwlrq lv lpphgldwho| vsolw lq wzr e| wkh h{lvwhqfh ri dq lqqdwh delolw|
wkuhvkrog/ �-f / zklfk vhsdudwhv wkh djhqwv zkr uhwluh hduo|/ dqg wkxv dffxpxodwh
ohvv kxpdq fdslwdo/ iurp wkrvh zkr uhwluh odwhu/ dqg lqyhvw pruh lq kxpdq fds0
lwdo1 Ryhu wlph/ wkh glvwulexwlrq ri kxpdq fdslwdo ehfrphv h{wuhpho| srodul}hg/
vlqfh doo wkh ghvfhqgdqwv ri wkh hduo| uhwluhhv dffxpxodwh ohvv kxpdq fdslwdo/ zkloh
wkh ghvfhqgdqwv ri wkh kljk kxpdq fdslwdo djhqwv frqwlqxh wr dffxpxodwh pruh
kxpdq fdslwdo1 Wklv ihdwxuh lv txlwh h{wuhph lq rxu vw|ol}hg iudphzrun � qrwlfh
wkdw dw wlph | wkhuh duh qr djhqwv zlwk lqwhuphgldwh lqqdwh delolwlhv/ l1h1/ ehwzhhq
@�-|3� dqg K�-|3�� ehfdxvh wkh elqdu| fkrlfh ehwzhhq uhwlulqj hduo| ru dw qrupdo
uhwluhphqw djh lqgxfhv d elqdu| ghflvlrq rq wkh kxpdq fdslwdo dffxpxodwlrq dv
zhoo/ vhh ht1 5191

5151 Wkh Vrfldo Vhfxulw| V|vwhp

Dv Frqgh0Uxl} dqg Jdodvvr +5333,/ zh lqwurgxfh d edodqfhg exgjhw sd| dv |rx jr
+SD\J, vrfldo vhfxulw| v|vwhp zlwk hduo| uhwluhphqw/ zklfk uhglvwulexwhv iurp wkh
ulfk wr wkh srru1 Wklv hohphqw ri zlwklq frkruw uhglvwulexwlrq lv fuxfldo/ ehfdxvh
lw lqgxfhv orz delolw| |rxqj wr vxssruw wkh vrfldo vhfxulw| v|vwhp7 +vhh Wdehoolql
+4<<3, dqg Frqgh0Uxl} dqg Jdodvvr +4<<<,,1 Hyhu| zrunhu sd|v d sursruwlrqdo
wd{ rq khu oderu lqfrph/ dqg wkh surfhhglqjv duh glylghg dprqj rog djh dqg hduo|
uhwluhhv1 Wkh shqvlrq wudqvihu pd| ghshqg rq wkh ohqjwk ri wkh zrunlqj shulrg
ri wkh uhflslhqw/ exw qrw rq khu oderu lqfrph1 Vlqfh wkh v|vwhp lv edodqfhg hyhu|

7Hylghqfh lq idyru ri wkh h{lvwhqfh ri wklv zlwklq frkruw uhglvwulexwlrq fdq eh irxqg lq Ervnlq
hw do1 +4<;:, dqg Jdodvvr +5333,1
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shulrg/ wkh vxp ri doo shqvlrq wudqvihuv lv htxdo wkh vxp ri doo frqwulexwlrqv1 Wkxv/
wkh ixoo shqvlrq wudqvihu zklfk edodqfhv wkh exgjhw frqvwudlqw lv htxdo wr=

�| '
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Hduo| Uhwluhhv

� |� +51<,

E| vxevwlwxwlqj lq ht1 51< wkh hfrqrplf ghflvlrqv ri wkh djhqwv dw Ohppd 514/ zh
rewdlq
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+5143,
zkhuh >|3� '

U
"

f �|3�_8|3� E�|3�� lv wkh phdq lqqdwh delolw| lq wkh hfrqrp|/

8|3�
�
�-|3�

�
lv wkh sursruwlrq ri |rxqj zkr ghflghv wr uhwluh hduo|/ dqg u8 E8|3�

�
�-|3�

�
� '�U �-|3�

f �|3�_8 E�|3��
�
*>|3� uhsuhvhqwv wkh sursruwlrq ri wrwdo lqqdwh delolw| rzqhg

e| wkh hduo| uhwluhhv/ dw wlph |1
Wkxv/ lq hyhu| shulrg/ wkh vrfldo vhfxulw| v|vwhp lv frpsohwho| fkdudfwhul}hg e|

wkh h{rjhqrxv plqlpxp uhwluhphqw djh/ wkh sd|uroo wd{ udwh/ wkh ixoo shqvlrq/ dqg
wkh shufhqwdjh ri wkh ixoo shqvlrq dzdughg wr wkh hduo| uhwluhhv/ EXc � c �ck�1 Dv
Frqgh0Uxl} dqg Jdodvvr +5333,/ zh dvvxph wkdw hduo| uhwluhhv duh hlwkhu dzdughg
wkh ixoo shqvlrq ru qr wudqvihu dw doo/ k 5 ifc �j1 Wkh qh{w ohppd vkrzv dq
lpsruwdqw lpsolfdwlrq ri wklv dvvxpswlrq1

Ohppd 5151 Iru d jlyhq � | ' � dqg k| ' � ;| wkh vhtxhqfh ri ixoo shqvlrqv zklfk
edodqfhv wkh vrfldo vhfxulw| exgjhw frqvwudlqw kdv wkh iroorzlqj edodqfh jurzwk
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5161 Wkh jurzwk udwhv ri wkh hfrqrp|

Dw vwhdg| vwdwh/ iru d frqvwdqw vhtxhqfh ri vrfldo vhfxulw| wd{ udwhv � / wkh edodqfh
jurzwk udwhv ri wkh hfrqrp|/ zlwk wkh hduo| uhwluhphqw surylvlrq/ }.- E� �/ dqg
zlwkrxw lw/ }�- E��/ duh uhvshfwlyho|/
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Fohduo|/ }.- E� � � }�- E��/ vlqfh hduo| uhwluhphqw uhgxfhv wkh dffxpxodwlrq ri
kxpdq fdslwdo e| wkh hduo| uhwluhhv1 Lq rughu wr kdyh d srvlwlyh jurzwk udwh lq
wkh wzr vfhqdulrv/ zh qhhg wr lpsrvh wkdw wkh lqyhvwphqw lq kxpdq fdslwdo lv
vx!flhqwo| surgxfwlyh=
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61 Hduo| Uhwluhphqw dqg dq Dowhuqdwlyh Srolf| Uhvsrqvh

Lq Frqgh0Uxl} dqg Jdodvvr +5333,/ zh vxjjhvwhg wkdw wkh lqlwldo lqwurgxfwlrq ri
wkh hduo| uhwluhphqw surylvlrq uhsuhvhqwv wkh srolwlfdo uhvsrqvh wr d qhjdwlyh vkrfn=
wkh dsshdudqfh ri d odujh pdvv ri uhgxqgdqw hoghuo| zrunhuv zlwk dq lqfrpsohwh
zrunlqj klvwru|/ zkr zhuh qrw hqwlwohg wr dq rog djh shqvlrq1 Zh dujxh wkdw wkh
dgrswlrq ri hduo| uhwluhphqw fdph wr wkhlu uhvfxh/ e| dzduglqj wkhp d shqvlrq1
Wkh orqj uxq srolwlfdo vxvwdlqdelolw| ri wkh v|vwhp/ krzhyhu/ uholhv rq wkh h{lvwhqfh
ri d odujh qxpehu ri +pdlqo|, orz0delolw| zrunhuv/ zkr/ diwhu wkh hduo| uhwluhphqw
lqvwlwxwlrq kdv ehhq lqwurgxfhg/ dqg wkdqnv wr wkh lqfhqwlyhv lw surgxfhv/ ghflgh wr
ehqh�w iurp wklv surylvlrq/ dqg wkxv wr uhwluh hduo|1 Wkh iruphu ihdwxuh lv fuxfldo/
vlqfh lw lqwurgxfhv d vwurqj hohphqw ri shuvlvwhqf| lq wklv srolf| uhvsrqvh/ dqg
doorzv wkh hduo| uhwluhphqw surylvlrq wr fuhdwh lwv rzq ixwxuh srolwlfdo frqvwlwxhqf|1

Zh frqvlghu dq hfrqrp| lq zklfk wkhuh lqlwldoo| h{lvwv d vrfldo vhfxulw| v|vwhp1
Dw wlph A / d qhjdwlyh vkrfn wdnhv sodfh/ zklfk jlyhv ulvh wr wkh dsshdudqfh ri d
odujh pdvv ri uhgxqgdqw hoghuo| zrunhuv/ zkr duh qrw hqwlwohg wr dq rog djh shqvlrq1
Dv d srolwlfdo uhvsrqvh/ dq hduo| uhwluhphqw surylvlrq lv lqwurgxfhg1 Lq sduwlfxodu/
dw wlph A / wklv vrfldo vhfxulw| v|vwhp zlwk hduo| uhwluhphqw lv fkdudfwhul}hg e| d
wd{ udwh/ � / dq h{rjhqrxv uhwluhphqw djh/ X/ d uxoh wkdw dzdugv d jhqhurxv +ixoo,
shqvlrq wr wkh hduo| uhwluhhv/ k ' �/ dqg d shqvlrq wudqvihu/ �A E�c ��/ zklfk lv
gh�qhg dw ht1 5143 iru � ' � dqg k ' �1 Wkh fruuhvsrqglqj lqgluhfw xwlolw|
ixqfwlrq dw wlph A iru d |rxqj lqglylgxdo zlwk lqqdwh delolw| �A3� zkr uhwluhv
hduo| lv=

�.- E� c�c �A3�� ' Ew��XE� � ���
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zkhuhdv li vkh uhwluhv dw pdqgdwru| djh/ khu lqgluhfw xwlolw| ixqfwlrq lv=

��- E� c�c �A3�� ' Ew�� E� � ���
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Lq rxu hfrqrp| zlwk jurzwk/ zh fdq frpsohphqw wkh dqdo|vlv lq Frqgh0Uxl}
dqg Jdodvvr +5333,/ dqg hydoxdwh wkh qhjdwlyh/ orqj whup h�hfwv rq wkh jurzwk
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udwh ri wkh hfrqrp| ri wklv shuvlvwhqw srolwlfdo uhvsrqvh1 Lq idfw/ wkh lqvwlwxwlrq ri
hduo| uhwluhphqw ghfuhdvhv wkh fdslwdo dffxpxodwlrq e| wkh vxffhvvlyh jhqhudwlrqv
ri hduo| uhwluhhv/ dqg wkxv uhgxfhv wkh udwh ri jurzwk ri wkh hfrqrp|1 Lq sduwlfxodu/
ohw " 5 dfc �o eh wkh lqlwldo pdvv ri rog lqglylgxdov zlwk lqfrpsohwh zrunlqj klvwru|
dw wlph A / zkr kdg qrw pdwxuhg dq| uljkw wr d shqvlrq wudqvihu1 Dqg ohw �-A3�
eh wkh lqqdwh delolw| w|sh ri wkh lqglylgxdo zkr lv lqgl�huhqw ehwzhhq uhwlulqj
hduo| ru dw pdqgdwru| djh/ zkhq dq hduo| uhwluhphqw surylvlrq zlwk wd{ udwh � lv
lqwurgxfhg dw wlph A 1 Lq wklv fdvh/ wkh jurzwk udwh ri wkh hfrqrp| lv gh�qhg dw
ht1 5144/ dqg fdq hdvlo| eh frpsduhg zlwk wkh jurzwk udwh lq devhqfh ri hduo|
uhwluhphqw/ dw ht1 51451

Wkh dlp ri wklv vhfwlrq lv wr h{dplqh dq dowhuqdwlyh srolwlfdo uhvsrqvh wr wkh
dsshdudqfh ri d pdvv ri uhgxqgdqw hoghuo| zrunhuv/ zklfk lv qrw shuvlvwhqw/ dqg
wkhuhiruh grhv qrw lqwurgxfh orqj uxq glvwruwlrqv lq wkh hfrqrp|/ dqg wr frpsduh
lw wr wkh hduo| uhwluhphqw surylvlrq1 Zh zloo irfxv rq rqh0wlph srolflhv/ zklfk
zrxog eh vxssruwhg e| d odujh qxpehu ri yrwhuv/ dqg pd| wkxv uhsuhvhqw d srolw0
lfdo hfrqrplf htxloleulxp ri d pdmrulw| yrwlqj jdph1 Qrwlfh wkdw prvw rqh0wlph
srolflhv gr qrw frqvwlwxwh d srolwlfdo htxloleulxp1 Iru h{dpsoh/ d rqh0wlph dzdug
ri d shqvlrq wr wkh hoghuo| zrunhuv lqlwldoo| d�hfwhg e| wkh vkrfn/ zklfk zrxog
qrw glvfrxudjh wkh kxpdq fdslwdo dffxpxodwlrq e| wkh ixwxuh jhqhudwlrqv/ lv qrw
d srolwlfdo htxloleulxp/ vlqfh lw zrxog eh rssrvhg e| doo wkh |rxqj1

6141 Dq Dowhuqdwlyh Srolf| Uhvsrqvh

Rxu vwudwhj| lv wr ghvljq d qrq0shuvlvwhqw srolf| uhvsrqvh wkdw +l, surylghv wkh
hoghuo| zrunhuv lqlwldoo| d�hfwhg e| wkh vkrfn zlwk d rqh0wlph wudqvihu htxdo wr
wkh hduo| uhwluhphqw shqvlrq/ +ll, kdv qr lpsdfw rq wkh hoghuo| zkr duh hqwlwohg wr
wkh dq rog0djh shqvlrq/ dqg +lll, vxffhhgv lq pdnlqj d vx!flhqwo| odujh qxpehu ri
|rxqj djhqwv ehwwhu r�1 Vshfl�fdoo|/ wklv dowhuqdwlyh qrq0shuvlvwhqw srolf| frqvlvwv
ri d uhglvwulexwlyh surjudp/ zklfk surylghv d oxps0vxp wudqvihu/ �/ wr wkh |rxqj
dqg wr wkh lqlwldo pdvv/ "/ ri hoghuo| zkr duh qrw hqwlwohg wr d shqvlrq/ dqg lv
�qdqfhg e| d sursruwlrqdo wd{ r rq wkh oderu lqfrph1 Lq rughu wr frpsduh wklv
dowhuqdwlyh srolf| wr wkh hduo| uhwluhphqw surylvlrq/ zh uhtxluh +l, wkh wudqvihu
xqghu wklv dowhuqdwlyh srolf| wr eh htxdo wr wkh hduo| uhwluhphqw shqvlrq +srolf|
frqvwudlqw �, dqg +ll, wkh shqvlrq dzdughg wr wkh rog zlwk frpsohwh zrunlqj
klvwru| wr eh xqd�hfwhg e| wkh srolf| lq sodfh +srolf| frqvwudlqw 2,1 Wkxv/ wkhvh
frqvwudlqwv jxdudqwhh wkdw doo wkh hoghuo| uhfhlyh dq htxdo wuhdwphqw xqghu hduo|
uhwluhphqw dqg xqghu wkh dowhuqdwlyh srolf|1

Irupdoo|/ wkh dowhuqdwlyh srolf| dw wlph A frqvlvwv ri d txdguxsoh E� c rc �c��/
zkhuh � dqg r duh wkh wd{ udwhv rq wkh oderu lqfrph/ zklfk �qdqfh uhvshfwlyho|
wkh rog djh shqvlrq/ � / dqg wkh rqh0wlph wudqvihu/ �1 Wkh rog djh shqvlrq wudqvihu
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lv surylghg wr wkh pdvv ��" ri hoghuo| zlwk frpsohwh zrunlqj klvwru|/ dqg lv htxdo
wr

�A E�c fc r� '
E� n ?� Ew E� � � �� E�� r�� ���
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�3� >A3�
�� "

� � +616,

Wkh rqh0wlph wudqvihu jrhv wr wkh |rxqj dqg wr wkh pdvv/ "/ ri hoghuo| zrunhuv
zkr duh qrw hqwlwohg wr dq rog djh shqvlrq/ dqg lv htxdo wr
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r� +617,

Wkh wzr srolf| frqvwudlqwv jxdudqwhh wkdw/ uhjdugohvv ri wkhlu zrunlqj klvwru|/
doo wkh hoghuo| dw wlph A duh lqgl�huhqw ehwzhhq wkh wzr srolflhv= Wkh| fdq eh
vxppdul}hg dv iroorzv=

� ' �A E� c �� ' �A E� c fc r� +618,

Xqghu wklv dowhuqdwlyh srolf|/ dw wlph A / d |rxqj djhqw zlwk lqqdwh delolw|
�A3� ghwhuplqhv khu lqyhvwphqw lq kxpdq fdslwdo/ eA / lq rughu wr pd{lpl}h khu

xwlolw| ixqfwlrq/ �
�
SAAn�

�
/ vxemhfw wr wkh iroorzlqj exgjhw frqvwudlqw

SAAn� ' E�A�A EeA c �A3�� E� � � A � E�� rA �� e| n�� E� n o� n �An� E� An�c fcf� 1
+619,

Qrwlfh wkdw �An� E� An�c fcf� ' E� n ?� Ew E�� � An��
� ���

�

�3� >A � An� lv wkh rog djh
shqvlrq uhfhlyhg dw A n � lq devhqfh ri wkh dowhuqdwlyh srolf|1 Lq idfw/ uhfdoo
wkdw wklv dowhuqdwlyh srolf| uhsuhvhqwv d rqh0wlph uhvsrqvh/ dqg wkxv lq doo ixwxuh
shulrgv/ | : A / wkhuh zloo eh qr wudqvihu �/ exw rqo| d vrfldo vhfxulw| v|vwhp/
E� cfc �c f�1

Wkh dowhuqdwlyh srolf| kdv d qhjdwlyh h�hfw rq wkh kxpdq fdslwdo dffxpxodwlrq
dw wlph A / exw qr dgglwlrqdo lpsdfwv rq ixwxuh shulrgv* ghflvlrqv1 Wkxv/ wkh
jurzwk udwh ri wkh hfrqrp| dw wlph A lv

}� E� c r� ' Ew E�� � �� E� � r�� ���
�

�3� +61:,

zkhuhdv lw lv htxdo wr }�- E� ,� � vhh ht1 5145 � iru doo ixwxuh shulrgv , : A 1
Ilqdoo|/ lw lv hdv| wr vkrz wkdw/ xqghu wklv dowhuqdwlyh srolf|/ wkh lqgluhfw xwlolw|

ixqfwlrq dw wlph A iru d |rxqj lqglylgxdo zlwk lqqdwh delolw| �A3� lv

�� E�c rc �A3�� ' Ew��XE�� � � E�� r��
�

�3� E�� ���A n�n
�An� E�An�c fc f�

� n o
�

+61;,
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6151 Frpsdulqj Srolflhv

Wkurxjk wkh srolf| frqvwudlqwv dw ht1 618/ zh kdyh ghylvhg d srolf| uhvsrqvh
wkdw dzdugv wr wkh hoghuo| � erwk wr wkrvh zlwk dq hqwlwohphqw wr dq rog djh
shqvlrq dqg wr wkrvh zlwkrxw lw � wkh vdph wudqvihu dv xqghu wkh hduo| uhwluhphqw
surylvlrq/ dqg wkxv pdnhv wkhp lqgl�huhqw ehwzhhq wkhvh wzr srolflhv1 Wkh uhvxow
ri d sdluzlvh frpsdulvrq ehwzhhq wkhvh wzr srolflhv wkxv ghshqgv h{foxvlyho| rq
wkh suhihuhqfhv ri wkh |rxqj1

Zklfk srolf| zrxog wkh |rxqj vxssruwB Zrxog wkh| suhihu d shuvlvwhqw hduo|
uhwluhphqw surylvlrq ru d rqh0wlph uhglvwulexwlyh srolf|B Wr vlpsoli| wkh dqdo|vlv/
zh frqvlghu wkdw wkh wzr srolflhv sd| wkh vdph rog djh shqvlrq dw A n �/ l1h1/ wkh
shulrg diwhu wkh vkrfn kdv wdnhq sodfh= �An� E�An�c fc f� ' �An� E� c ��1 Ixwxuh
shqvlrqv duh uhohydqw lq fxuuhqw |rxqj yrwhuv* ghflvlrqv1 Zh dvvxph wkdw wkh wzr
dowhuqdwlyh srolflhv gr qrw gl�hu lq wkhlu rog djh shqvlrq wudqvihu/ dowkrxjk wkh|
pd| gl�hu lq wkh dvvrfldwh wd{ udwhv81

Zh h{dplqh vhsdudwho| wkh suhihuhqfhv ri wkrvh |rxqj djhqw zkr/ lq wkh suhv0
hqfh ri dq hduo| uhwluhphqw surylvlrq/ zrxog uhwluh dw pdqgdwru| djh dqg ri wkrvh
zkr zrxog uhwluh hduo|1 Wkh qh{w sursrvlwlrq vxjjhvwv wkdw/ li wkh dowhuqdwlyh
srolf| lpsrvhv d odujhu wd{ exughq wkdq wkh hduo| uhwluhphqw surylvlrq/ wkhuh zloo
h{lvw |rxqj djhqwv zkr vxssruw wkh dgrswlrq ri hduo| uhwluhphqw/ dowkrxjk wkh|
gr qrw h{shfw wr uhwluh hduo|1 Iru wkhvh uhodwlyho| ulfk djhqwv/ wkh dowhuqdwlyh sro0
lf| uhsuhvhqwv d pruh frvwo| uhvsrqvh wr wkh dsshdudqfh ri hoghuo| zrunhuv zlwk
lqfrpsohwh zrunlqj klvwru| wkdq hduo| uhwluhphqw1

Sursrvlwlrq 6141 Dw wlph A / li E� � � � : E�� r� E� � � �/ wkhuh h{lvwv dq lq0

qdwh delolw| w|sh h�/ vxfk wkdw doo |rxqj djhqwv zlwk kljkhu lqqdwh delolw| w|shv/

� : h�/ zkr zrxog fkrrvh qrw wr uhwluh hduo|/ � : �-A3�/ suhihu wkh dgrswlrq

ri wkh hduo| uhwluhphqw surylvlrq EXc � c �A E� c�� c k ' �� wr wkh dowhuqdwlyh srolf|

E� c rc �A E� c fc r� c��/ zkhuh

h� '
� n ?

� n ?n "

EE� � r� E�� � ��
�

�3� r

E� � ��
�
E�� � �

�

�3� � EE�� r� E� � � ��
�

�3�

�>A3�
Orz lqqdwh delolw| |rxqj djhqwv ehqh�w iurp erwk v|vwhpv1 Wkh| uhwluh hduo|

lq wkh suhvhqfh ri wklv surylvlrq/ dqg duh qhw uhflslhqwv iurp wkh dowhuqdwlyh uh0
glvwulexwlyh srolf|1 Wkh qh{w sursrvlwlrq vkrzv wkdw/ li wkh dowhuqdwlyh srolf|
lpsrvhv d odujhu wd{ exughq wkdq wkh hduo| uhwluhphqw surylvlrq/ zkhuh wkh odwwhu

8Qrwlfh wkdw wkuhh hohphqwv duh fuxfldo lq frpsdulqj SW.4 +�W.4>3> 3, dqg SW.4 +�> 4,= +l, wkh
qxpehu ri shqvlrqv uhflslhqwv/ zklfk lv kljkhu xqghu hduo| uhwluhphqw/ +ll, wkh dyhudjh lqfrph
lq wkh hfrqrp|/ zklfk ghshqgv rq wkh jurzwk udwh gl�huhqwldo ehwzhhq wkh wzr srolflhv dw W /
dqg +lll, wkh wd{ udwhv �W.4 dqg � 1
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wd{ exughq lv hydoxdwhg ryhu wkhlu uhgxfhg zrunlqj shulrg/ wkhuh zloo h{lvw |rxqj
djhqwv zlwk lqwhuphgldwh lqqdwh delolw|/ zkr vxssruw hduo| uhwluhphqw1 Orzhu lq0
qdwh delolw| w|shv zloo vxvwdlq wkh dowhuqdwlyh srolf|1 Wkh lqwxlwlrq uxqv dv iroorzv1
Dprqj wkh srwhqwldo hduo| uhwluhhv/ wkh iruphu lqglylgxdov duh uhodwlyho| ulfk/ dqg
wkxv fduh derxw wkh wd{ exughq wkdw wkh wzr srolflhv lpsrvh rq wkhlu oderu lq0
frph1 Wkh odwwhu djhqwv duh srruhu1 Wkh| suhihu wkh dowhuqdwlyh srolf|/ zklfk
uhglvwulexwhv lq wkhlu idyru gxulqj wkh hqwluh zrunlqj shulrg/ udwkhu wkdq wkh hduo|
uhwluhphqw/ zklfk rqo| sd|v d wudqvihu ryhu d uhgxfhg wlph krul}rq= iurp hduo| wr
pdqgdwru| uhwluhphqw djh1

Sursrvlwlrq 6151 Dw wlph A / liXE� � �� : E�� r� E� � ��/ wkhuh h{lvwv dq lqqdwh

delolw| w|sh e�/ vxfk wkdw doo |rxqj djhqwv zlwk kljkhu lqqdwh delolw| w|shv/ � : e�/
zkr zrxog uhwluh hduo| li wkh surylvlrq lv dydlodeoh/ � 	 �-A3�/ suhihu wkh dgrswlrq

ri wkh hduo| uhwluhphqw surylvlrq EXc � c �A E� c�� c k ' �� wr wkh dowhuqdwlyh srolf|

E� c rc �A E� c fc r� c��/ zkhuh

e� ' XE� n ?�
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�>A3�

Wkxv/ lq d sdluzlvh frpsdulvrq/ wkh dgrswlrq ri hduo| uhwluhphqw lv suhihuuhg
wr wkh dowhuqdwlyh qrq0shuvlvwhqw srolf| li wkhuh h{lvwv d vx!flhqwo| odujh pdvv ri
|rxqj djhqwv zlwk kljk lqqdwh delolw|/ dprqj wkrvh uhwlulqj dw pdqgdwru| djh/
� : h�/ dqg zlwk lqwhuphgldwh lqqdwh delolw|/ dprqj wkrvh zkr uhwluh hduo|/ e� 	

� 	 �-A3�1 Qrwlfh wkdw wklv frqglwlrq ghshqgv rq wkh udwh ri jurzwk ri wkh hfrqrp|
xqghu wkh wzr srolflhv1 Lq idfw/ wkh pdlq gl�huhqfh ehwzhhq wkhvh srolfhv lv wkdw
zkloh wkh hduo| uhwluhphqw surylvlrq uhgxfhv wkh lqfhqwlyhv wr dffxpxodwh kxpdq
fdslwdo iru orz delolw| zrunhuv lq doo fxuuhqw dqg ixwxuh shulrgv/ wkh dowhuqdwlyh
srolf| uhgxfhv wkh lqfhqwlyhv wr dffxpxodwh kxpdq fdslwdo iru doo zrunhuv/ exw rqo|
gxulqj wkh fxuuhqw shulrg1 Htxdwlrqv 5144/ 5145/ dqg 61:/ dqg wkh qh{w sursrvlwlrq
fkdudfwhul}h wkh gl�huhqw jurzwk udwhv1

Sursrvlwlrq 6161 }� E� c r� 	 }.- E� � li dqg rqo| li EE� � � � E� � r��
�

�3� 	 E� � ��
�

�3� E��

E��X
�

�3� �u8
�
8A3�

�
�-A3�

��
�1

Wdnhq wrjhwkhu/ wkhvh wkuhh sursrvlwlrqv vxjjhvw wkdw/ li wkh jurzwk udwh ri wkh
hfrqrp| dw wlph A lv kljkhu xqghu hduo| uhwluhphqw wkdq xqghu wkh dowhuqdwlyh
srolf|/ uhodwlyho| ulfk djhqwv pd| suhihu wr uhvsrqg wr wkh dsshdudqfh ri hoghuo|
zrunhuv zlwk lqfrpsohwh zrunlqj klvwru| e| lqvwlwxwlqj wkh hduo| uhwluhphqw suryl0
vlrq udwkhu wkdq zlwk wkh dowhuqdwlyh srolf|/ dowkrxjk wkh odwwhu srolf| pd| lqgxfh
orzhu orqj uxq glvwruwlrq lq wkh hfrqrp|1 Wklv lqwxlwlrq lv yhu| srzhuixo1 Hduo|
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uhwluhphqw surylvlrqv uhtxluh ohvv lqlwldo uhvrxufhv/ dqg wkhuhiruh duh suhihuuhg e|
uhodwlyho| kljk0lqfrph w|shv1 Rq wkh frqwudu|/ wkh dowhuqdwlyh srolf| lv ohvv glvwru0
wlrqdu| lq wkh orqj0uxq/ ehfdxvh lw fdxvhv rqo| d rqh0wlph glvwruwlrq ri wkh udwh ri
jurzwk ri wkh hfrqrp|/ exw lw frqfhqwudwhv wkh frvw ri �qdqflqj rq rqh jhqhudwlrq
rqo| � wrgd|*v |rxqj1

71 Wkh Ixwxuh ri Hduo| Uhwluhphqw

Rqh ri wkh nh| ihdwxuhv ri wkh srolwlfdo vxvwdlqdelolw| ri hduo| uhwluhphqw lv lwv
srolf| shuvlvwhqfh/ dfklhyhg e| surylglqj vwurqj lqfhqwlyhv wr wkh fxuuhqw |rxqj
zrunhuv zlwk orz lqqdwh delolw| wr uhwluh hduo|/ dqg wkxv wr ehfrph ihuyhqw vxssruw0
huv ri wklv surylvlrq1 Wklv vfhqdulr kdv ehhq frpprq wr yluwxdoo| doo lqgxvwuldol}hg
frxqwulhv lq wkh odvw wkluw| |hduv1 Diwhu lwv lqlwldo dgrswlrq/ hduo| uhwluhphqw kdv
ehhq zlgho| xvhg/ wkhuhe| jhqhudwlqj d gudpdwlf ghfuhdvh lq wkh oderu irufh sduwlf0
lsdwlrq ri wkh orz vnloohg hoghuo| zrunhuv1 Grhv wklv phdq wkdw wkh hduo| uhwluhphqw
surylvlrq kdv fuhdwhg lwv rzq ixwxuh srolwlfdo frqvwlwxhqf|/ dqg wkxv zloo qhyhu eh
glvpdqwohgB Zloo hduo| uhwluhphqw vxuylyh dv orqj dv wkh SD\J v|vwhpv h{lvwB
Qrw qhfhvvdulo| � zh zloo dujxh1

Wr vhh wklv/ frqvlghu dqrwkhu frpprq skhqrphqrq ri wkh odvw ihz ghfdghv=
wkh ghprjudsklf surfhvv ri srsxodwlrq djlqj/ gxh wr wkh frpelqhg h�hfw ri d ulvh
lq orqjhylw| dqg d ghfuhdvh lq wkh ihuwlolw| udwh1 Wklv ghprjudsklf surfhvv uhgxfhv
wkh shuirupdqfh ri d SD\J vrfldo vhfxulw| v|vwhp/ vlqfh wkh uhflslhqwv iurp wkh
v|vwhp � wkh uhwluhhv � ehfrph pruh qxphurxv/ zkloh wkh qxpehu ri frqwulexwruv
� wkh zrunhuv � lv uhgxfhg91 Wr irvwhu wkh lpsruwdqfh ri wklv skhqrphqrq/ Erogulq
dqg Uxvwlfklql +5333, kdyh vkrzq wkdw/ lq wkh frqwh{w ri d ghfuhdvlqj srsxodwlrq
jurzwk udwh/ d pdmrulw| ri yrwhuv pd| hyhqwxdoo| fkrrvh wr glvpdqwoh wkh h{lvwlqj
SD\J vrfldo vhfxulw| v|vwhp1

Hduo| uhwluhphqw jrhv lq wkh vdph gluhfwlrq dv srsxodwlrq djlqj1 Lw frqwulexwhv
wr uhgxfh wkh shuirupdqfh ri wkh v|vwhp e| ixuwkhu lqfuhdvlqj wkh ghshqghqf|
udwlr1 Wkh qh{w sursrvlwlrq vxjjhvwv wkdw wklv surylvlrq pd| eh dgrswhg dqg
odwhu � zkhq wkh srsxodwlrq kdv ehfrph vx!flhqwo| rog � lw pd| eh holplqdwhg/
dowkrxjk wkh SD\J vrfldo vhfxulw| v|vwhp uhpdlqv vwloo lq sodfh1

Sursrvlwlrq 7141 Li wkh srsxodwlrq jurzwk udwh/ ?/ ghfuhdvhv ryhu wlph/ wkh hduo|

uhwluhphqw surylvlrq zloo hyhqwxdoo| eh holplqdwhg1

Wkh phvvdjh ri wklv sursrvlwlrq lv wkdw dv wkh srsxodwlrq djhv/ wkh hduo| uhwluh0
phqw surylvlrq ehfrphv ohvv dwwudfwlyh/ dqg hyhqwxdoo| zloo qrw eh xvhg1 Qrwlfh/

9Wkh djlqj ri wkh srsxodwlrq pd| dovr lqfuhdvh wkh srolwlfdo uhsuhvhqwdwlrq ri wkh hoghuo|1
Vhh Jdodvvr +4<<<, iru dq dqdo|vlv ri wkh frpelqhg h�hfw1
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lq idfw/ wkdw/ iru d jlyhq wd{ udwh/ � / d ghfuhdvh lq wkh srsxodwlrq jurzwk udwh
uhgxfhv doo shqvlrq wudqvihuv1 \rxqj lqglylgxdov zloo uho| pruh khdylo| rq wkhlu
oderu lqfrph/ dqg wkxv wkh pdvv ri hduo| uhwluhhv zloo glplqlvk1 Wklv hohphqw lv
fuxfldo1 Lq idfw/ lq Frqgh0Uxl} dqg Jdodvvr +5333,/ zh vkrzhg wkdw wkh |rxqj
yrwhu zkr lv lqgl�huhqw ehwzhhq vxssruwlqj hduo| uhwluhphqw ru qrw lv dq hduo|
uhwluhh1 Wkxv/ vlqfh wkh pdvv ri hduo| uhwluhhv ghfuhdvhv/ wkh ghflvlyh +ru phgldq,
yrwhu zloo hyhqwxdoo| ehfrph dq djhqw zkr suhihuv wr uhwluh dw pdqgdwru| djh1 Dw
wklv srlqw/ vkh zloo fkrrvh wr holplqdwh hduo| uhwluhphqw1

Li wkh hduo| uhwluhphqw surylvlrq lv h{shfwhg wr eh holplqdwhg/ zk| lv lw vxs0
sruwhg lq wkh shulrg suhylrxv wr lwv holplqdwlrq/ dqg wkxv lq doo suhylrxv shulrgvB
W|slfdoo|/ lq wkhvh lqwhujhqhudwlrqdo wudqvihu vfkhphv/ wkh fxuuhqw vxvwdlqdelolw| ri
wkh v|vwhp lv edvhg rq wkh h{shfwdwlrq ri lwv ixwxuh vxvwdlqdelolw|:1 Wr ryhufrph
wklv sureohp lq d ghwhuplqlvwlf hqylurqphqw zlwk srsxodwlrq djlqj/ zh frqvlghu
wkdw/ li wkh surylvlrq lv lq sodfh dw wlph |/ dqg lv wkhq holplqdwhg dw | n �/ wkrvh
djhqwv zkr uhwluhg hduo| dw wlph | duh hqwlwohg wr dq rog djh shqvlrq dw | n �1
Wklv ihdwxuh pdnhv hduo| uhwluhphqw h{wuhpho| frqyhqlhqw lq wkh shulrg wkdw suh0
fhghv lwv holplqdwlrq1 Lq idfw/ lq wkhlu rog djh wkhvh hduo| uhwluhhv duh dzdughg d
odujhu wudqvihu wkdq wkh hduo| uhwluhphqw shqvlrq1 Dv d uhvxow/ zh dujxh wkdw wkhuh
lv dq lqfuhdvh lq wkh pdvv ri hduo| uhwluhhv lpphgldwho| ehiruh wkh surylvlrq lv
glvpdqwohg1

81 Frqfoxvlrqv

Lq Frqgh0Uxl} dqg Jdodvvr +5333,/ zh vxjjhvwhg wkdw wkh dgrswlrq ri wkh hduo|
uhwluhphqw surylvlrq/ zklfk lq prvw lqgxvwuldol}hg frxqwulhv wrrn sodfh ehwzhhq
wkh odwh 93v dqg wkh :3v/ kdv uhsuhvhqwhg d srolwlfdo uhvsrqvh wr wkh dsshdudqfh ri
d odujh jurxs ri uhgxqgdqw hoghuo| zrunhuv zlwk lqfrpsohwh zrunlqj klvwru|/ zkr
zhuh qrw hqwlwohg wr d shqvlrq wudqvihu1 Wklv zdv qrw d rqh0wlph srolf|1 Vlqfh
wkhq/ lq idfw/ wklv surylvlrq kdv ehfrph d frpprq hduo| sdwkzd| rxw ri wkh oderu
pdunhw iru vhyhudo jhqhudwlrqv ri orz0delolw| zrunhuv1

Lq wklv sdshu/ zh dujxh wkdw/ ehfdxvh ri lwv shuvlvwhqf|/ wkh hduo| uhwluhphqw
surylvlrq lqwurgxfhv d orqj uxq glvwruwlrq lq wkh hfrqrp|1 Lq idfw/ gxulqj wkh wkuhh
ghfdghv iurp lwv lqlwldo dgrswlrq/ hduo| uhwluhphqw kdv uhgxfhg wkh lqfhqwlyhv wr
dffxpxodwh kxpdq fdslwdo iru wkh orz0delolw| zrunhuv/ dqg kdv wkhuhe| ghfuhdvhg
wkh hfrqrplf jurzwk1

Zdv wklv shuvlvwhqw/ glvwruwlrqdu| srolf| wkh rqo| srvvleoh uhvsrqvh wr wkh
dsshdudqfh ri uhgxqgdqw zrunhuv zlwk qr hqwlwohphqw wr d shqvlrqB Fhuwdlqo|
qrw1 D zlgh ydulhw| ri qrq0shuvlvwhqw srolflhv zhuh dydlodeoh wr wudqvihu uhvrxufhv

:Erogulq dqg Uxvwlfklql +5333,/ krzhyhu/ vkrz wkdw lq d vwrfkdvwlf hqylurqphqw/ fxuuhqw
vxvwdlqdelolw| ri wkh v|vwhp grhv qrw uhtxluh ixwxuh rqh1
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wr wkh hoghuo| zrunhuv lqlwldoo| klw e| wkh qhjdwlyh vkrfn1 Krzhyhu/ wkhvh rqh0wlph
srolflhv glg qrw w|slfdoo| hqmr| wkh vxssruw ri d odujh vkduh ri yrwhuv/ dqg wkxv
glg qrw frqvwlwxwh d srolwlfdo htxloleulxp1

Wr vhh wklv/ zh kdyh ghylvhg d qrq0shuvlvwhqfh uhglvwulexwlyh v|vwhp wkdw +l,
surylghv wkh lqlwldo uhgxqgdqw hoghuo| zrunhuv zlwk wkh vdph wudqvihu dv wkh hduo|
uhwluhphqw shqvlrq/ +ll, kdv qr lpsdfw rq wkh hoghuo| hqwlwohg wr dq rog0djh shqvlrq/
dqg +lll, lv vxssruwhg e| d uhohydqw iudfwlrq ri wkh |rxqj yrwhuv1 D fohdu wudgh0r�
hphujhv iurp frpsdulqj wklv srolf| wr wkh hduo| uhwluhphqw surylvlrq1 Xqolnh hduo|
uhwluhphqw/ wklv rqh0wlph srolf| grhv qrw uhgxfh wkh orqj0whup hfrqrplf jurzwk/
exw lpsrvhv d odujhu wd{ exughq rq wkh fxuuhqw |rxqj jhqhudwlrq ri zrunhuv1 Lq
d sdlu0zlvh frpsdulvrq/ hduo| uhwluhphqw zlqv wkh vxssruw ri wkh kljk lqfrph
zrunhuv/ zkr gr qrw sodq wr uhwluh hduo|/ exw suhihu wklv surylvlrq ehfdxvh ri lwv
orzhu fxuuhqw wd{ exughq/ dqg ri wkh plggoh lqfrph zrunhuv/ zkr h{shfw wr uhwluh
hduo|1

Zkdw lv wkh ixwxuh ri hduo| uhwluhphqwB Grhv lwv shuvlvwhqf| lpso| wkdw wklv
surylvlrq zloo odvw dv orqj dv wkh vrfldo vhfxulw| v|vwhpB Qrw qhfhvvdulo| � zh
dujxh1 Lq idfw/ wkh fxuuhqw ghprjudsklf g|qdplfv ri srsxodwlrq djlqj lv uhgxflqj
wkh shuirupdqfh ri wkh SD\J v|vwhp/ e| lqfuhdvlqj wkh ghshqghqf| udwlr1 Li wklv
surfhvv frqwlqxhv/ hduo| uhwluhphqw � dv zhoo dv wkh hqwluh vrfldo vhfxulw| vfkhph �
zloo ehfrphv ohvv dwwudfwlyh1 Lq wklv fdvh/ wkh pdvv ri hduo| uhwluhhv zloo glplqlvk
xqwlo hduo| uhwluhphqw zloo hyhqwxdoo| orvh wkh qhfhvvdu| srolwlfdo vxssruw1
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Pdohv Djhg 88097 Oderu Irufh Sduwlflsdwlrq

�bSf � SS �bbS
Fdqdgd H��b Db��
Iudqfh .H�. e2��
Jhupdq| ..�HE�� D2�.
Lwdo| .f�e DD�HE2�

Mdsdq H.�H He�b
Qhwkhuodqgv H.�. e���
Vsdlq b��b DS��
Vzhghq H.�D .2�2
XN b��� S2�b
XV H��S S.�f
RHFG Dyj He�2 S��2E��

Qrq RHFG Dyj He�D .f��E��

Gdwd Vrxufh= Zrug Edqn +4<<7,/ RHFG Oderu Irufh Vwdwlvwlfv +4<<9,
Qrwhv= � \hdu 4<:4/ 2 Gdwd iru 83097 djh jurxs/ � Gdwd iru 4<;90<3

Wdeoh 5=
Vkduh ri Uhwluhhv dprqj Pdoh Zrunhuv djhg 88097 e| Ohyho ri Hgxfdwlrq lq 4<<8

Qr ixuwkhu
Hgxfdwlrq

Yrfdwlrqdo
Hgxfdwlrq

Wklug Ohyho
Hgxfdwlrq

Ehojlxp D��eI D.�SI �S�bI
Iudqfh D���I e.�SI 2H�bI
Lwdo| ee�.I e.�eI 22�2I
Qhwkhuodqgv DS�HI eH�2I ef�HI
XN 2e��I 2f�SI 2��eI
Jhupdq| 2b�2I 2H�DI 2��SI
Vsdlq 2e�bI 2S�bI 2��SI

Vrxufh= Eoùqgdo dqg Vfdushwwd +4<<;,

4:



8141 Whfkqlfdo Dsshqgl{

814141 Surri ri Ohppd 514

Vlqfh wkh ixqfwlrq K|| E�|� ' K||n� E�|� lv glvfuhwh/ lqglylgxdov zloo hlwkhu uhwluh dw
wkh plqlpxp uhwluhphqw djh/ �| ' X/ ru dw pdqgdwru| djh/ �| ' �1 Li d w|sh �|3�
|rxqj lqglylgxdo ghflghv wr zrun gxulqj wkh hqwluh zrunlqj shulrg/ �| E�|3�� ' �/

khu kxpdq fdslwdo dffxpxodwlrq ghflvlrq zloo eh e| E%� ' Ew� E�� � |��
�

�3� �|3�/
dqg wkh fruuhvsrqglqj xwlolw| ohyho=

��-| E� |c �|n�c �|3�� ' E�|�| Ee|c �|3�� E� � � |�� e|� n K||n� E��
�|n�

� n o

zkhuh K||n� E�� ' �1
Zkhuhdv li vkh ghflghv wr uhwluh dw wkh plqlpxp uhwluhphqw djh/ �| E�|3�� ' X/

khu kxpdq fdslwdo ohyho zloo eh e| E�|3�� ' EX� E� � � |��
�

�3� �|3�/ dqg wkh fruuh0
vsrqglqj xwlolw|=

�`-
| E� |c �|n�c �|c k|c k|n�c �|3�� ' EwXE�� � |� �

��
�

�3� E�� ���|3� n

E��X�K|| EX��| n
K||n� EX��|n�

� n o

zkhuh K||EX� ' k| dqg K||n�EX� ' k|n�1
Wkhuhiruh/ wkh lqgluhfw xwlolw| ixqfwlrq lv

�| E� |c �|n�c �|c k|c k|n�c �|3�� ' 4@ 
q
��-| c �`-

|

r

Vlqfh ��-| E� |c �|n�c �|3��� �`-
| E� |c �|n�c �|c k|c k|n�c �|3�� lv prqrwrqlfdoo| lq0

fuhdvlqj lq wkh delolw| ohyho/ �|3�/ iru jlyhq sdudphwhuv ri wkh vrfldo vhfxulw| v|vwhp/
E� |c �|c �|n�c k|c k|n��/ wkh delolw| ohyho zklfk pdnh dq djhqw lqgl�huhqw ehwzhhq
uhwluh dw pdqgdwru| djh ru hduolhu lv=

�-|3� '
E� �X�k|�| �

�3k|n�
�no

�|n�

Ew E�� � |� ���
�

�3� E� � ��
�
� �X

�
�3�

�1

Wkxv/ |rxqj djhqwv zlwk delolw| w|sh �|3� � �-|3� zloo uhwluh hduo|/ dw �|E�|3�� ' X/
zkhuhdv djhqwv zlwk delolw| w|sh �|3� � �-|3�zloo zrun iru wkh hqwluh zrunlqj
shulrg;/ �| E�|3�� ' �/ zklfk suryhv wkh ohppd1

;Zh dvvxph wkdw lqglylgxdov zkr duh lqgl�huhqw ehwzhhq hduo| uhwluhphqw dqg uhwluhphqw dw

pdqgdwru| djh zloo uhwluh hduo|1
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814151 Surri ri Ohppd 515

Li � | ' � dqg k| ' � ;|/ iurp htxdwlrqv 5143 dqg 51:/ hydoxdwhg dw wlph | dqg
| n �/ zh kdyh �-| ' �|n�

�|
�-|3�1 Wkxv/ 8|

�
�-|

�
' 8|3�

�
�-| *

�|n�
�|

�
' 8|3�

�
�-|3�

�
/

u8
�
8|3|

�
�-|3�

��
' u8

�
8|

�
�-|

��
' u8

�
8f

�
�-f

��
dqg �|n� ' >|

>|3�
�|/ zkhuh

>| '
U
8| E�|� _�|/ >|3� '

U
8|3� E�|3�� _�|3� dqg �| E�|3�� lv gh�qhg dw ht1 51;1

Wkhuhiruh/

>| '
k
� �

�
� �X

�

�3�

�
u8

�
8|3�

�
�-|3�

��l
w

�

�3� EE�� � � ��
�

�3� >|3�

zklfk lpsolhv

�|n�*�| '
k
��

�
��X

�

�3�

�
u8

�
8|

�
�-|

��l
w

�

�3� EE� � �� ��
�

�3� �

814161 Surri ri Sursrvlwlrq 614

D qhfhvvdu| frqglwlrq iru dq lqglylgxdo zlwk lqqdwh delolw| �A3�/ zkr gr qrw uhwluh
hduo|/ �A3� : �-A3�/ wr suhihu wkh hduo| uhwluhphqw surylvlrqv wr wkh dowhuqdwlyh
srolf| � lv wkdw ��- E� c �c �A3�� � �� E� c rc �A3��1 Xvlqj htxdwlrqv 615/ 61;/ dqg
617/ dqg vlqfh �An� E�c fcf� ' �An� E�c ��/ zh kdyh

h� '
EE�� r� E� � � ��

�

�3� r>A3�

E� � ��
�
E� � ��

�

�3� � EE� � r� E�� � ��
�

�3�

� � n ?

� n ?n "

zkhuh wkh qxphudwru lv dozd|v srvlwlyh/ dqg wkh ghqrplqdwru lv srvlwlyh li E� � �� :
E�� r� E� � ��1

814171 Surri ri Sursrvlwlrq 615

D qhfhvvdu| frqglwlrq iru dq lqglylgxdo zlwk lqqdwh delolw| �A3�/ zkr uhwluhv hduo|/
�A3� 	 �-A3�/ wr suhihu wkh hduo| uhwluhphqw surylvlrqv wr wkh dowhuqdwlyh srolf| �
lv wkdw �.- E� c �c �A3�� � �� E�c rc �A3��1 Xvlqj htxdwlrqv 614/ 61;/ dqg 5143/ dqg
vlqfh �An� E�c fcf� ' �An� E� c��/ zh kdyh

e� '
XE� n ?�

k
��

�
��X

�

�3�

�
u8

�
8A3�

�
�-A3�

��l
E� � � �

�

�3� >A3���
� n E� n ?� E��X�8A3�

�
�-A3�

��
E�� ��

�
EX E� � ���

�

�3� � EE� � r� E�� � ��
�

�3�

�

zkhuh wkh qxphudwru lv dozd|v srvlwlyh/ dqg wkh ghqrplqdwru lv srvlwlyh liX E�� � � :
E�� r� E� � ��1

4<



814181 Surri ri Sursrvlwlrq 714

Zh suryh wklv sursrvlwlrq lq wkh vlpsol�hg hfrqrplf hqylurqphqw ri Frqgh0Uxl}
dqg Jdodvvr +5333,/ lq zklfk wkhuh lv qr kxpdq fdslwdo dffxpxodwlrq/ wkh zrunlqj
delolw| lv htxdo wkh lqqdwh delolw|/ dqg lwv glvwulexwlrq lv frqvwdqw ryhu wlph1 Lw
lv wkxv xvhixo wr lqwurgxfh vrph qqrwdwlrq= �| E� c �� dqg �| E�c f� duh wkh shqvlrq
wudqvihuv dw wlph |/ uhvshfwlyho| lq suhvhqfh dqg lq devhqfh ri hduo| uhwluhphqw/
zlwk �|n� E� c f� : �|n� E� c ��1 Dqg �XE� � � � ru � E�� � � duh uhvshfwlyho| wkh
oderu lqfrph ri d w|sh � djhqw zkhq vkh uhwluhv hduo| ru dw pdqgdwru| djh1 Zh
qhhg wr vkrz wkdw +l, dv wkh srsxodwlrq jurzwk udwh ghfuhdvhv/ wkh h{lvwlqj hduo|
uhwluhphqw surylvlrq lv holplqdwhg> dqg +ll, surylghg wkdw lw zloo hyhqwxdoo| eh
holplqdwhg/ hduo| uhwluhphqw lv lqlwldoo| lqwurgxfhg dqg vxvwdlqhg1

+l, Iurp Frqgh0Uxl} dqg Jdodvvr +5333,/ zh nqrz wkdw hduo| uhwluhphqw/ gh0
�qhg e| wkh txdguxsoh EXc � c �A E� c �� c k ' ��/ h{lvwv dw wlph | : A / li ��T

| 	 �|/
zkhuh ��T

| lv wkh phgldq yrwhu ryhu wkh hduo| uhwluhphqw surylvlrq dw wlph | dqg

�| '
E��X��| E�c ��� d�|n� E�c f�� �|n� E� c ��o * E� n o�

E��X� E� � � �

lv wkh wkuhvkrog lqqdwh delolw| ohyho ri d |rxqj djhqw/ zkr lv lqgl�huhqw ehwzhhq
yrwlqj lq idyru ru djdlqvw wkh hduo| uhwluhphqw surylvlrq1 Qrwlfh wkdw/ li wkh
surylvlrq h{lvwv/ wklv lqglylgxdo lv dq hduo| uhwluhh/ vlqfh

�| ' �-| �
�|n� E� c f�� �|n� E�c ��

E��X� E� � �� E� n o�
	 �-| '

�| E� c ��

E� � ��

zkhuh �-| lv wkh delolw| w|sh ri wkh lqglylgxdo/ zkr lv lqgl�huhqw ehwzhhq uhwlulqj
hduo| ru dw pdqgdwru| uhwluhphqw djh/ dw |1 E| wrwdo gl�huhqwldwlqj wkh suhylrxv
h{suhvvlrq/ zh rewdlq wkdw

_�-|
_?

'

:f} �� ~
Y�| E� c �� *Y?

� �X� Y�| E� c �� *Y�
-
|� ~} �

	f

: fc

wkdw lv/ dv wkh srsxodwlrq djhv/ wkh pdvv ri hduo| uhwluhhv ghfuhdvhv1
Vxssrvh wkdw dw vrph |� : A / ��T

|� 	 �|� 	 �-|� / dqg wkh hduo| uhwluhphqw
surylvlrq lv lq sodfh1 Dv ? ghfuhdvhv/ vr grhv �-| / xqwlo hyhqwxdoo| dw vrph wlph
|�� : |� zh kdyh wkdw �-|�� 	 ��T

|�� / zklfk lq wxuq lpsolhv wkdw �|�� 	 ��T
|�� / vlqfh

�| 	 �-| ;|1 Wkhuhiruh/ wkh phgldq yrwhu dw |�� zloo holplqdwh wkh hduo| uhwluhphqw
surylvlrq1

+ll, Li wkh surylvlrq lv holplqdwhg dw |��/ zloo wkh phgldq yrwhu dw |���� eh zloolqj
wr vxssruw hduo| uhwluhphqwB Wkh dqvzhu ghshqgv fuxfldoo| rq wkh wuhdwphqw wkdw
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hduo| uhwluhhv dw |�� � � rewdlq lq wkhlu rog djh/ dw |��1 Zh frqvlghu wkdw wkh djhqwv
zkr uhwluhg hduo| dw wlph |��� � duh hqwlwohg wr dq rog djh shqvlrq dw |��1 Vlqfh wkh
hduo| uhwluhphqw surylvlrq lv holplqdwhg lq |��/ wklv shqvlrq lv htxdo wr �|�� E� c f�/
zklfk lv juhdwhu wkdq �|�� E� c ��/ dqg wkxv/ fhwhulv sdulexv/ pdnhv hduo| uhwluhphqw lq
|���� hyhq pruh frqyhqlhqw1 Iru d frqvwdqw ?/ zh kdyh wkdw �|�� 	 �|��3� '

�|�� E� cf�
E�3��

/

dqg �-| 	 �-|��3� ' �|��E�cf�
E�3��

;| 	 |�� � �1 Wkhuhiruh/ qrw rqo| wkh phgldq yrwhu dw
|�� � � zloo eh zloolqj wr vxssruw hduo| uhwluhphqw/ exw wkhuh zloo eh dq lqfuhdvh ri
pdvv ri hduo| uhwluhhv1
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phqw� FHSU Glvfxvvlrq Sdshu 59471
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