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lq rughu wr hqfrxudjh d glvfxvvlrq surfhvv ehiruh vhqglqj wkhp wr vflhqwl�f mrxuqdov iru

wkhlu �qdo sxeolfdwlrq1

- Zh duh judwhixo wr Lôljr Lwxueh0Rupdhw{h/ Jxdgdoxsh Ydohud dqg Dqwrqlr Yloodu iru khosixo

frpphqwv1 Ilqdqfldo vxssruw iurp wkh GJLF\W/ Surmhfw SE<:03453/ dqg iurp wkh LYLH/ duh

judwhixoo| dfnqrzohgjhg1

-- F1 Khuuhur= LYLH dqg Xqlyhuvlw| ri Dolfdqwh> Dqd P1 Jxhuuhur= Xqlyhuvlw| ri Dolfdqwh1



WLPH SUHIHUHQFH DQG LQGLYLGXDO KHDOWK SURILOHV

Fduphq Khuuhur dqg Dqd P1 Jxhuuhur

DEVWUDFW

D jhqhudol}dwlrq ri wkh TDO\ prgho iru jhqhudo khdowk sur�ohv lv surylghg lq

wklv sdshu1 Wzr qdwxudo dvvxpswlrqv rq lqwhu0whpsrudo suhihuhqfhv sod| d nh| uroh

lq duulylqj dw rxu uhsuhvhqwdwlrq1 Wkh �uvw rqh/ Lqgl�huhqfh wr wkh ixwxuh diwhu

ghdwk/ lv xqfrqwhvwdeoh lq rxu iudphzrun/ dqg wkh vhfrqg rqh/ Suhihuhqfh Lqgh0

shqghqfh ri wkh ixwxuh zlwk uhjdug wr wkh sdvw/ lv zhdnhu wkdq wkh xvxdo Dgglwlyh

Lqghshqghqfh ru Pxwxdo Xwlolw| Lqghshqghqfh frqglwlrqv wudglwlrqdoo| hpsor|hg1

Wkh vhpl0vhsdudeoh vwuxfwxuh rewdlqhg iru wkh xwlolw| ixqfwlrq rq khdowk sur�ohv

lv yhu| vlplodu wr wkh glvfrxqwhg TDO\/ exw xqolnh lw/ hqgrjhqrxv glvfrxqw udwhv/

ghshqglqj rq sdvw vwdwhv ri khdowk/ qrz hphujh1

Nh| zrugv= Khdowk Sur�ohv> Wlph Suhihuhqfhv> Suhihuhqfh Lqghshqghqfh1
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41 Lqwurgxfwlrq

Wkh lpsruwdqfh ri frvw0xwlolw| dqdo|vlv lq wkh hfrqrplf hydoxdwlrq ri khdowk fduh
kdv lqfuhdvhg uhfhqwo| wkh olwhudwxuh rq xwlolw|0edvhg phdvxuhv ri khdowk ^Ylvfxvl
hw do1 +4<<4,/ Nuxsqlfn ) Fursshu +4<<5,/ Mrqhv0Ohh hw do1 +4<<8,/ Pdjdw hw
do1 +4<<9,`1 Wkh prvw srsxodu xwlolw|0edvhg prgho lq khdowk ghflvlrq pdnlqj lv d
vlpsoh dgglwlyh prgho= wkh txdolw|0dgmxvwhg olih0|hduv +TDO\, prgho1

Vwurqj fulwlflvpv ri wkh irxqgdwlrqv ri wkh TDO\prgho ^vhh Orrphv )PfNhq0
}lh +4<;<,/ ru Phkuh} ) Jdiql +4<;<,` lqgxfhg uhvhdufkhuv wr pdnh vrph h�ruwv
wr surylgh d edvlv ri TDO\*v lq xwlolw| wkhru|1 Vwduwlqj zlwk wkh frqwulexwlrqv
ri Solvnlq/ Vkhsdug ) Zhqvwhlq +4<;3,/ wzr pdlq eudqfkhv hphujh lq wkh olwhud0
wxuh1 Wkrvh sdshuv dqdo|}lqj fkurqlf khdowk vlwxdwlrqv ^Eohlfkurgw +4<<9,/ Ulhg
+4<<:,/ Pl|dprwr hw do1 +4<<;,`/ rq wkh rqh kdqg/ dqg wkrvh ghyrwhg wr jhqhudo
khdowk sur�ohv ^Eohlfkurgw +4<<9,`1 Wkh| doo xvh/ krzhyhu/ d vlplodu phwkrgrorj|=
d frpelqdwlrq ri yrq Qhxpdqq0Prujhqvwhuq*v h{shfwhg xwlolw| wkhru| +4<77,/ dqg
ri pxowl0dwwulexwh hydoxdwlrq wkhrulhv ^vhh Ilvkexuq/ +4<:7,/ Ilvkexuq ) Nhhqh|/
+4<:7,/ +4<:8,/ Nhhqh| ) Udl�d/ +4<:9,/ Pl|dprwr +4<;6,/ +4<;;,`1 Ixuwkhupruh/
lq pruh uhfhqw sdshuv ^vhh Eohlfkurgw ) Txljjlq +4<<:,` wkh Jhqhudo Udqn Gh0
shqghqw xwlolw| wkhru| lv dssolhg wr pxowl0dwwulexwh hydoxdwlrq wkhrulhv zlwkrxw
h{shfwhg xwlolw| irxqgdwlrqv ^vhh Pl|dprwr ) Zdnnhu +4<<9,`1

Suhylrxv olwhudwxuh surylghv d vrolg xwlolwduldq edvlv iru wkh xvh ri wkh TDO\
phwkrgrorj| lq wkh fdvh ri fkurqlf khdowk vlwxdwlrqv/ exw wkh wkhruhwlfdo dssurdfk
lv qrw txlwh vr vdwlvidfwru| lq wkh fdvh ri jhqhudo khdowk sur�ohv1 D sduwlfxodu sure0
ohp dulvhv zkhq khdowk sur�ohv ri d �{hg +pd{lpxp, gxudwlrq duh frqvlghuhg1 Wkh
xvh ri wkh xvxdo dvvxpswlrqv ri Dgglwlyh Lqghshqghqfh ru Pxwxdo Xwlolw| Lqghshq0
ghqfh/ ohdg wr d gl�huhqw hydoxdwlrq ri khdowk sur�ohv vxfk wkdw/ diwhu ghdwk/ wkh
lqglylgxdo �hqmr|v� gl�huhqw vwdwhv ri khdowk1 Dowhuqdwlyho|/ khdowk sur�ohv kdyh
dovr ehhq hydoxdwhg e| xvlqj lqwhu0whpsrudo suhihuhqfhv1 Lq sduwlfxodu/ frqvwdqw
udwh glvfrxqwhg xwlolw| prghov duh frpprqo| xvhg wr uhsuhvhqw lqwhu0whpsrudo
suhihuhqfhv lq wkh hydoxdwlrq ri khdowk fduh surjudpv1 Qhyhuwkhohvv/ wkhuh lv d
jhqhudo djuhhphqw rq wkh lghd wkdw wkh suhihuhqfh vwuxfwxuh uhtxluhg lq rughu wr
surshuo| gr vr lv qrw wkh prvw dsursuldwh lq wklv frqwh{w1 Eohlfkurgw +4<<9,/ dqg
Eohlfkurgw dqg Jdiql +4<<9, dqdo|}h wkh vxlwdelolw| ri wkh glvfrxqwhg xwlolw| prgho
dv d ghvfulswlrq ri dq lqglylgxdo lqwhu0whpsrudo suhihuhqfh iru khdowk rxwfrphv1
Wkh| frqfoxgh wkdw wkh d{lrpv xqghuo|lqj wkh lqglylgxdo suhihuhqfh vwuxfwxuh wr
�w vwdwlrqdulw| ^Nrrspdqv +4<93,/ Nrrspdqv hw do +4<97,/ Nrrspdqv +4<:5,/ dqg
Ilvkexuq ) Uxelqvwhlq +4<;5,` duh idu iurp ehlqj dghtxdwh lq wklv vhwwlqj1 Wkh|
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dovr uhmhfw wkh lghd wkdw xvlqj d yduldeoh udwh ri glvfrxqw zloo vroyh wkh sureohp/ dv
dujxhg e| vrph dxwkruv ^vhh Rovhq +4<<6,`1 Lqwurgxflqj yduldeoh glvfrxqw udwhv qrw
rqo| idlov wr vroyh suhylrxv sureohpv/ exw lqwurgxfhv dgglwlrqdo sureohpv dv zhoo/
e| pdnlqj lw srvvleoh iru wkh lqglylgxdo wr ehkdyh lq d g|qdplfdoo| lqfrqvlvwhqw
zd|1

Lq wklv sdshu zh dqdo|}h wkh sureohp ri surylglqj d xwlolw|0edvhg hydoxdwlrq
wkhru| iru khdowk sur�ohv wkdw zrxog dyrlg vrph ri wkh deryh0phqwlrqhg sureohpv1
Wkh �uvw vwhs frqvlvwv ri fkrrvlqj wkh vsdfh lq zklfk wr zrun1 Lq wklv uhvshfw/ wkhuh
duh wzr dowhuqdwlyhv rshq wr xv1 Wkh �uvw rqh lv wkdw ri frqvlghulqj d Fduwhvldq
vsdfh/ e| dvvxplqj wkdw doo sur�ohv kdyh lghqwlfdo ohqjwk/ dqg wdnlqj �ghdwk� dv
d ihdvleoh khdowk vwdwh dw dq| srlqw lq wlph1 Wkh vhfrqg rqh dvvxphv d pruh
frpsolfdwhg vhwwlqj/ zlwk sur�ohv ri yduldeoh gxudwlrq/ lqwhusuhwhg dv �vwdwhv ri
khdowk ehiruh ghdwk�1 Lq wklv fdvh/ dq dgglwlrqdo dwwulexwh ri d sur�oh lv lwv ohqjwk/
dqg �ghdwk� lv qrw d ihdvleoh khdowk vwdwh1

Zh iroorz khuh wkh �uvw dssurdfk/ zklfk lv wr frqvlghu sur�ohv ri d �{hg krul0
}rq/ � / lqwhusuhwhg dv wkh pd{lpxp olih krul}rq iru wkh lqglylgxdo1 Zh frqvlghu
wzr vshfldo �khdowk vwdwhv� lq dq| jlyhq shulrg= ghdwk/ dqg wkh �shuihfw� khdowk
vwdwh1 Ixuwkhupruh/ zh dvvxph wkdw rxu djhqw kdv suhihuhqfhv rq vlpsoh suredelo0
lw| glvwulexwlrqv +orwwhulhv, rq sur�ohv ri khdowk/ dqg wkdw vxfk suhihuhqfhv vdwlvi|
wkh xvxdo yrq Qhxpdqq dqg Prujhqvwhuq dvvxpswlrqv ^Dvvxpswlrq 4`1

Lq rxu prgho/ krzhyhu/ wkh uroh sod|hg e| wlph lv txlwh gl�huhqw iurp wkdw ri
suhylrxv prghov1 Dw dq| jlyhq srlqw lq wlph/ zh glvwlqjxlvk ehwzhhq �ixwxuh� dqg
�sdvw�1 E| grlqj vr/ zh duh deoh wr lqwurgxfh wzr qhz dvvxpswlrqv= lqgl�huhqfh ri
wkh ixwxuh diwhu ghdwk ^Dvvxpswlrq 5`/ dqg suhihuhqfh lqghshqghqfh ri wkh ixwxuh
zlwk uhjdug wr wkh sdvw ^Dvvxpswlrq 6`1 Dvvxpswlrq 5 suhyhqwv lqfrqvlvwhqflhv
uhodwhg wr srvlwlyh hydoxdwlrqv ri khdowk vwdwhv diwhu ghdwk1 Dvvxpswlrq 6 uhtxluhv
d zhdn frqfhsw ri lqghshqghqfh/ qdwxudo lq rxu frqwh{w1 Suhylrxv dvvxpswlrqv
duh vx!flhqw wr rewdlq d pruh jhqhudo uhvxow rq wkh uhsuhvhqwdwlrq ri suhihuhqfhv
wkdq wkh dgglwlyh ru pxowlsolfdwlyh vwuxfwxuhv lq Eohlfkurgw +4<<9,1 Rxu uhsuh0
vhqwdwlrq lv txlwh vlplodu wr wkh glvfrxqwhg TDO\/ exw/ xqolnh lw/ �hqgrjhqrxv�
glvfrxqw udwhv/ ghshqglqj rq sdvw khdowk vwdwhv/ pruh sdodwdeoh wkdq glvfrxqw
idfwruv r�huhg lq suhylrxv prghov/ qrz hphujh1

Rxu dssurdfk lv forvho| uhodwhg wr wkdw suhvhqwhg lq Nhhqh| ) Udl�d +4<:9/
Fk1<,/ rq wkh whpsrudu| hydoxdwlrq ri ulvn| dvvhwv1 Rxu dvvxpswlrq wkdw wkh
�ixwxuh� lv lqghshqghqw ri wkh �sdvw�/ �wv wkh lghd ri �sdvw� dqg �ixwxuh� ehlqj
jhqhudol}hg suhihuhqfh lqghshqghqw1 Lqwhuhvwlqjo| hqrxjk/ wkh edvlf dvvxpswlrq
lq Ulhg +4<<:, lv wkdw ri uhod{lqj xwlolw| lqghshqghqfh wr jhqhudol}hg xwlolw| lq0

7



ghshqghqfh ehwzhhq khdowk vwdwhv dqg wlph/ lq wkh fdvh ri fkurqlf vlwxdwlrqv1
Qhyhuwkhohvv/ lq rxu prgho/ zh gr qrw frqvlghu wkh srvvlelolw| ri kdylqj vwdwhv ri
khdowk wkdw duh zruvh wkdq ghdwk1

Lq Vhfwlrq 5 zh lqwurgxfh wkh edvlf prgho dqg rxu pdlq dvvxpswlrqv1 Lq
Vhfwlrq 6 zh suhvhqw wkh uhsuhvhqwdwlrq uhvxowv1 Vhfwlrq 7 surylghv srvvleoh lqwhu0
suhwdwlrqv ri rxu prgho1 Lq Vhfwlrq 8/ zh frqfoxgh zlwk frpphqwv/ uhpdunv dqg
rshq sureohpv1

51 Wkh Prgho

Zh idfh wkh sureohp ri hydoxdwlqj/ khdowk sur�ohv iurp dq lqglylgxdo srlqw ri
ylhz1 Frqvlghulqj glvfuhwh wlph shulrgv +|hduv/ prqwkv/111,/ dqg dvvxplqj wkdw
wkh lqglylgxdo idfhv d pd{lpxp qxpehu ri shulrgv/ � / d khdowk sur�oh fdq eh

uhsuhvhqwhg e| d wxsoh E%�c %2c � � � c %� �c zkhuh %| lqglfdwhv wkh lqglylgxdo*v khdowk

vwdwh dw shulrg |1 Lq rughu wr ghdo zlwk khdowk sur�ohv ri gl�huhqw gxudwlrqv/ zh

dvvxph wkdw/ dw hdfk shulrg |/ d srvvleoh khdowk vwdwh lv ghdwk/ %f
|
1 Qrwh wkdw

wkh suhylrxv qrwdwlrq lv  h{leoh hqrxjk wr doorz iru erwk fkurqlf dqg qrq0fkurqlf

khdowk sur�ohv1 D khdowk sur�oh E%�c %2c � � � c %� �c vxfk wkdw %| ' @ 9' %
f

|
lv frqvwdqw

iru � � | � 6c dqg %
6n� ' %

f
6n�c lv qrwklqj exw d fkurqlf khdowk sur�oh/ vxfk wkdw

wkh lqglylgxdo olyhv 6 shulrgv dw vwdwh @/ dqg wkhq glhv1 Li wkh vwdwhv ri khdowk duh

gl�huhqw lq gl�huhqw shulrgv ehiruh ghdwk/ zh kdyh d qrq0fkurqlf khdowk sur�oh1

D qdwxudo zd| ri hydoxdwlqj khdowk sur�ohv/ iurp dq lqglylgxdo srlqw ri ylhz

wkhuhiruh/ lv wr frqvlghu lqglylgxdo lqwhu0whpsrudo suhihuhqfhv1 Ixuwkhupruh/ dqg

wdnlqj lqwr dffrxqw wkdw lqglylgxdo*v hydoxdwlrq ri khdowk sur�ohv lv shuiruphg

gxulqj wkh lqglylgxdo*v fxuuhqw shulrg ri olih/ xqfhuwdlqw| dsshduv dv d qdwxudo

lqjuhglhqw ri wkh sureohp= wkh djhqw idfhv xqfhuwdlqw| derxw klv ixwxuh khdowk

vwdwhv/ dqg derxw klv gdwh ri ghdwk dv zhoo1 Zh lqwurgxfh xqfhuwdlqw| e| frqvlg0

hulqj orwwhulhv rq khdowk sur�ohv1

Wkh prvw frpprq lqvwuxphqw iru hydoxdwlqj xqfhuwdlq khdowk sur�ohv lv wkh

h{shfwhg xwlolw| wkhru|1 Lw jlyhv xv dq dgglwlrqdo sd|r�= lw surylghv xv zlwk fduglqdo

xwlolw| phdvxuhv rq khdowk sur�ohv1

5141 Lqwhuwhpsrudo Suhihuhqfhv xqghu Xqfhuwdlqw|

Wkh pd{lpxp olih krul}rq iru dq lqglylgxdo/ �c lv dq h{rjhqrxv yduldeoh lq rxu

prgho1 D khdowk sur�oh lv/ wkhuhiruh/ d yhfwru % ' E%�c %2c � � � c %� �/ vxfk wkdw/ iru

doo | 5 i�c2c � � � c �jc %| 5 f|c zkhuh f| vwdqgv iru wkh vhw ri srvvleoh vwdwhv ri
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khdowk lq wkh |0wk shulrg ri olih1

Ohwf ' i% ' E%�c %2c ����c %� � G iru doo | 5 i�c 2c � � � c �jc %| 5 f|j wkh vhw ri doo
khdowk sur�ohv1

Zh dvvxph wkdw iru doo | 5 i�c 2c � � � c �jc wkhuh duh wzr vshfldo vwdwhv ri khdowk

lq f|/ qdpho|/ %f
|
c wkh �vwdwh ri khdowk� fruuhvsrqglqj wr ghdwk/ dqg %

W

|
/ wkh vwdwh

ri �shuihfw� khdowk1

Frqvhtxhqwo|/ wkh vhw ri khdowk sur�ohv lv vlpso| wkh Fduwhvldq surgxfw ri wkh

vhwv ri khdowk vwdwhv gxulqj wkh gl�huhqw shulrgv/ qdpho|/

f ' f� �f2 � ������f�

Wkh jhqhulf sureohp ri dq djhqw lv wr hydoxdwh xqfhuwdlq khdowk sur�ohv/ dw
gl�huhqw prphqwv ri klv olih1 Ohw O eh wkh vhw ri vlpsoh suredelolw| glvwulexwlrqv
+orwwhulhv, rq wkh vhw f� Hohphqwv lq O duh ghvljqhg e| uc�c � � � Dq hohphqw
u 5 O lv d pdsslqj u G f $ dfc �oc zlwk �qlwh vxssruw +l1h1/ wdnlqj ydoxhv wkdw duh
gl�huhqw iurp f rqo| rq d �qlwh vhw ri khdowk sur�ohv,/ vxfk wkdw

S
f
uE%� ' ��

Wkdw lv/ iru dq| khdowk sur�oh % 5 fc uE%� fdq eh lqwhusuhwhg dv wkh suredelolw|

ri sur�oh % lq orwwhu| u1 D orwwhu| u rqo| wdnhv d qrq0}hur ydoxh rq d �qlwh vhw ri

khdowk sur�ohv/ dqg wkh diruh0phqwlrqhg sur�ohv duh lqghshqghqw1

Ohw xv dvvxph wkdw wkh djhqw kdv suhihuhqfhv gh�qhg rq O/ dqg ohw xv ghqrwh

wkrvh suhihuhqfhv e| wkh elqdu| uhodwlrq (c lqwhusuhwhg dv d �zhdn suhihuhqfh�=

iru dq| sdlu ri orwwhulhv uc� 5 O/ u ( � lv uhdg dv �u lv dw ohdvw dv jrrg dv

��1 Wkh dvvrfldwhg vwulfw suhihuhqfh uhodwlrq/ "/ dqg lqgl�huhqfh uhodwlrq/ qc duh

gh�qhg dv iroorzv=

Iru doo uc� 5 Oc u q� +, u (� dqg � ( u

Iru doo uc� 5 Oc u "� +, u (�c dqg qrw � ( u

Zh qrz frqvlghu wkh iroorzlqj dvvxpswlrq rq wkh djhqw*v suhihuhqfhv=

Dvvxpswlrq 4= Wkh suhihuhqfh uhodwlrq ( rq O vdwlv�hv wkh d{lrpv ri yrq Qhx0

pdqq dqg Prujhqvwhuq=

+4, � lv d zhdn rughu/ wudqvlwlyh dqg frpsohwh1

+5, Lqghshqghqfh= Iru doo uc�cM 5 O/ u � � / E�
2
u n �

2
M� (

E�
2
� n �

2
M��
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+6, Frqwlqxlw|= Iru doo uc�cM 5 O/ li u " � " Mc wkhuh h{lvwv d

uhdo qxpehu >c f 	 > 	 �c vxfk wkdw >u n E� � >�M q��

Dvvxpswlrq 4 vwdwhv wkdw +4, rxu djhqw lv deoh wr frpsduh dq| sdlu ri orwwhulhv
rq khdowk sur�ohv/ lq vxfk d zd| wkdw li d orwwhu| u lv dw ohdvw dv jrrg dv d orwwhu|
�c dqg wkdw li� lv dw ohdvw dv jrrg dvMc wkhq u wxuqv rxw wr eh dw ohdvw dv jrrg dv
M( +5, frpprq fkdqfhv duh ljqruhg/ dqg +6, kh fdq �oo lq dq| hydoxdwlrq jdsv e|
dgmxvwlqj suredelolwlhv1 Lq ghdolqj zlwk ghjhqhudwhg orwwhulhv +khdowk sur�ohv,/ lwv
vljql�fdqfh lv hdvlhu wr xqghuvwdqg= +4, vd|v wkdw klv ydoxdwlrq ri khdowk sur�ohv
lv frqvlvwhqw dqg frpsohwh= idfhg zlwk wzr khdowk sur�ohv kh lv dozd|v deoh wr
frpsduh wkhp/ dqg li d sur�oh % lv shufhlyhg dv ehwwhu wkdq dqrwkhu sur�oh +c dqg
+ dv ehwwhu wkdq 5/ wkhq % lv ehwwhu wkdq 5( +5, d sur�oh % lv frqvlghuhg ehwwhu
wkdq + l� dq| orwwhu| lq zklfk % dqg vrph 5 duh htxdoo| olnho| wr eh ehwwhu wkdq
wkh orwwhu| lq zklfk + dqg 5 duh htxdoo| olnho|/ dqg +6, li d sur�oh % lv frqvlghuhg
ehwwhu wkdq +c dqg + ehwwhu wkdq 5c zh fdq �qg zhljkwv >c E� � >� vxfk wkdw + lv

lqgl�huhqw wr wkh orwwhu| lq zklfk % kdv d suredelolw| > dqg 5 kdv d suredelolw|

E� � >��
Dvvxpswlrq 4 kdv d vwurqj frqvhtxhqfh= lw lpsolhv wkh h{lvwhqfh ri d fduglqdo

ixqfwlrq L G f $ U vxfk wkdw iru doo uc� 5 O

u "� / PfuE%�LE%� : Pf� E%�L E%�

lq zrugv/ dq hydoxdwlrq ri orwwhulhv rq khdowk sur�ohv fdq eh pdgh dffruglqj wr

wkhlu h{shfwhg xwlolw|/ xvlqj xwlolw| ixqfwlrq L� Ixqfwlrq L fdq eh lqwhusuhwhg dv

d xwlolw| ixqfwlrq iru ( rq fc dqg lv xqltxh xs wr d!qh wudqvirupdwlrqv1 Qdpho|/

dqrwkhu ixqfwlrq L �
G f $ U dovr uhsuhvhqwv ( rq f li dqg rqo| li wkhuh h{lvw

uhdo qxpehuv/ @c Kc zlwk K : fc vxfk wkdw/ iru doo % 5 fc L �E%� ' @n KLE%��

5151 Frqglwlrqdo Suhihuhqfhv

Frqvlghu qrz dq lqglylgxdo lq d sduwlfxodu shulrg ri klv olih/ |� Kh idfhv wkh
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glvfrxqw idfwru ghshqgv rq sdvw vwdwhv ri khdowk1
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Wkh suhylrxv fdvhv duh wkh rqo| rqhv lq zklfk xqfrqglwlrqdo vlqjoh0shulrg
xwlolwlhv h{lvw1 Lq dq| rwkhu fdvh/ irupxod +6, vwdwhv wkdw xwlolwlhv lq dq| shulrg
ghshqg rq wkh ixwxuh khdowk vwdwhv/ surylghg wkdw lq wkh sdvw/ shuihfw khdowk vwdwhv
krog1

81 Ilqdo Uhpdunv

Wkh vhpl0vhsdudeoh vwuxfwxuh iru wkh xwlolw| ixqfwlrq rq khdowk sur�ohv zh rewdlq
lq wklv sdshu lv/ lq sulqflsoh/ pruh jhqhudo wkdq wkh dgglwlyh dqg pxowlsolfdwlyh
vwuxfwxuhv dqdo|}hg vr idu ^Eohlfkurgw +4<<9,`1 Rxu vwuxfwxuh lv ghulyhg iurp
vxevwlwxwlqj wkh pxwxdo xwlolw| lqghshqghqfh ehwzhhq vwdwhv ri khdowk ri gl�huhqw
shulrgv dvvxpswlrq/ zlwk wzr dvvxpswlrqv= lqgl�huhqfh ri wkh ixwxuh diwhu ghdwk/

h{wuhpho| qdwxudo lq rxu frqwh{w/ dqg suhihuhqfh lqghshqghqfh ri wkh ixwxuh rq

wkh sdvw/ zklfk lv zhdnhu wkdq pxwxdo xwlolw| lqghshqghqfh1
Rxu irupxodwlrq dyrlgv vrph wkhruhwlfdo lqfrqvlvwhqflhv iurp suhylrxv sdshuv1

Wkh vlpxowdqhrxv xvh ri rxu vshfl�f dvvxpswlrqv suhyhqwv wkh srvvlelolw| ri jly0
lqj srvlwlyh pdujlqdo xwlolwlhv iru khdowk vwdwhv diwhu ghdwk1 Ixuwkhupruh/ wkh
vhpl0vhsdudeoh vwuxfwxuh doorzv xv wr hqgrjhqrxvo| glvfrxqw wkh ixwxuh/ e| xvlqj
glvfrxqw idfwruv ghshqglqj rq wkh lpphgldwh sdvw mxvw hqmr|hg1

Wkh ixqfwlrqdo irup ri rxu xwlolw| ixqfwlrq lv vlplodu wr wkdw ri wkh glvfrxqwhg

TDO\/ exw lq lwv ghulydwlrq wkhuh duh qr dpeljxlwlhv1 Xqolnh wkh glvfrxqwhg
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TDO\/ wkh uhvxowlqj xwlolw| ixqfwlrq kdv d vhpl0vhsdudeoh vwuxfwxuh edvhg rq ydo0
xdwlrqv ri vkruwhu khdowk sur�ohv +dqg qrw mxvw rqh,/ zhljkwhg e| wkh sdvw khdowk
vwdwhv lqvwhdg ri e| ydoxdwlrqv ri vhsdudwh khdowk vwdwhv lq hdfk wlph shulrg1 Wklv
ixqfwlrq doorzv iru wkh hydoxdwlrq ri d �frpsohwh� khdowk sur�oh/ li zh dsso| d
edfnzdug0lqgxfwlrq surfhgxuh xs wr wkh �uvw shulrg ri olih/ dv zhoo dv iru wkh hydo0
xdwlrq ri �ixwxuh� khdowk sur�ohv rqo|/ lq wkh fdvh ri wkh hydoxdwlrqv ri �jdlqv� lq
khdowk ehlqj rxu rqo| lqwhuhvw1

Zh kdyh qrw frqvlghuhg wkh h{lvwhqfh ri khdowk vwdwhv wkdw duh �zruvh wkdq�
ghdwk1 Wkhuh duh vrph whfkqlfdo gl!fxowlhv lq dwwhpswlqj wr gr vr/ vlqfh wkh
suhvhqfh ri vxfk vwdwhv lpsolhv d uhgxfwlrq lq wkh ryhudoo hydoxdwlrq1 Wkh gl!fxow|
dulvhv ehfdxvh ri wkh lqwhufrqqhfwlrq ehwzhhq gl�huhqw shulrgv jlyhq e| Irupxod
+6,1 Vroylqj wklv sureohp lv ohiw iru ixwxuh uhvhdufk1

Dq dowhuqdwlyh zd| ri irupxodwlqj wkh sureohp lv wr frqvlghu sur�ohv ri gl�huhqw
vl}hv1 Wr d fhuwdlq h{whqw/ vxfk dq dssurdfk zrxog eh forvhu wr wkdw lq Ulhg +4<<:,
iru wkh hydoxdwlrq ri fkurqlf vlwxdwlrqv1 Wkhuh duh wzr w|shv ri gl!fxowlhv lq
grlqj vr= rq wkh rqh kdqg/ zh zrxog kdyh wr pryh wr d gl�huhqw vsdfh ri sur�ohv/
wkxv orvlqj wkh frpiruwdeoh �Fduwhvldq� vwuxfwxuh1 Rq wkh rwkhu kdqg/ zh zrxog
kdyh wr frqvlghu dq dgglwlrqdo dwwulexwh/ qdpho| wkh olih krul}rq1 Zh ohdyh wklv
dssurdfk iru ixwxuh uhvhdufk1
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