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Devwudfw

Fduwdq*v phwkrgv ri h{whulru gl�huhqwldo irupv duh xwlol}hg wr ghulyh

frqirupdo dqg devroxwh frqvhuydwlrq htxdwlrqv iru ydulrxv �hog txdqwl0

wlhv lq uhodwlylvwlf k|gurphfkdqlfv Lq sduwlfxodu/ Iulgpdq*v uhvxowv iru wkh

frqvhuydwlrq ri yhfwru olqhv duh h{whqghg wr vsdfh wlph vlwxdwlrqv1 Wkh lq0

yduldqfh frqfhswv ri Kfopkrow} dqg Ehuqrxool duh irupxodwhg iru duelwudu|

iudphv ri uhihuhqfh/ dqg wkh vhsdudwh frqvfuydwlrq frqfhswv ri wrwdo pdvv

dqg wrwdo qxpehu lq vsdfh wlph duh glvwlqjxlvkhg dqg dvvrfldwhg zlwk wkh

frqfhsw ri wxuexohqfh1

4 LQWURGXFWLRQ

Khopkrow}/ lq klv vwxg| ri yruwlfhv/ hvwdeolvkhg wzr ixqgdphqwdo wkhruhpv rq
wkh frqvhuydwlrq ri yruwh{ %olqhv% dqg wkh frqvhuydwlrq ri yruwh{ wxehv/ Wkhvh
qrwlrqv kdyh ehhq dssolhg wr duelwudu| yhfwru olqhv lq Hxfolghdq wkuhh0vsdfh
e| Nrfklq hw1 do1/ iroorzlqj wkh ghyhorsphqw ri Iulgpdq dqg rwkhuv ^4`1 Wkh
ghulydwlrqv ri wkh wkhruhpv/ dv jlyhq e| Nrfklq/ duh vrphzkdw dznzdug/ dqg
gr qrw gluhfwo| h{whqg wr yhfwru �hogv lq vsdfh0wlph ru rq duelwudu| pdqlirogv1

Dq lqlwldo prwlydwlrq ri wklv qrwh zdv wr suhvhqw wkh frqfhswv ri lqyduldqfh
ri yhfwru olqhv dqg lqwhqvlwlhv ri yhfwru wxehv lq d frruglqdwh iuhh pdqqhu/ ydolg
rq duelwudu| pdqlirogv ri dq| glphqvlrq/ hvshfldoo| vsdfh0wlph1 Wklv jrdo lv
dffrpsolvkhg/ dqg Iulgpdq*v uhvxowv duh uhsurgxfhg dv d vshfldo fdvh/ zlwk d
grpdlq ri ydolglw| uhvwulfwhg e| wkh frqvwudlqw wkdw hlwkhu wkh  rz lv vwhdg|/
ru wkh yhfwru �hog ri lqwhuhvw lv hqwluho| vsdfh0olnh1 Wkhvh uhvwulfwlrqv zhuh qrw
suhvhqwhg e| Nrfklq1 Krzhyhu/ rqfh wkh pdwkhpdwlfdo wrrov ri Fduwdq duh ds0
solhg wr wkh Iulgpdq sureohp/ wkh lq yduldqfh frqfhswv/ lqwulqvlfdoo| irupxodwhg/
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duh hdvlo| h{whqghg wr rwkhu w|shv ri whqvru �hogv ri xvh lq k|gurg|qdplfv1 Lq
sduwlfxodu/ e| phdqv ri wkh Fduw dq irupdolvp/ wkh Khopkrow} dqg Ehuqrxool
lqyduldqfh frqfhswv duh gluhfwo| h{whqgdeoh wr wkh vsdfh wlph vlwxdwlrq/ exw wkh
lqyduldqfh ri pdvv frqfhsw uhtxluhv ixuwkhu h{dplqdwlrq1 Lq wkh �uvw vhfwlrq/ d
vxppdu| ri wkh ydulrxv w|shv ri lqyduldqfh qrwlrqv zklfk dsshdu lq wkh olwhud0
wxuh lv pdgh/ exw khuhlq wkh lghdv duh uhgh�qhg dqg frqvwuxfwhg lq wkh Fduwdq
odqjxdjh ri irupv> lq wkh vhfrqg vhfwlrq/ d qxpehu ri dssolfdwlrqv duh pdgh wr
k|gurg|qdplf v|vwhpv ri wkh uhodwlylvwlf dqg qrq0uhodwlylvwlf ydulhwlhv1

5 LQYDULDQFH RI IRUPV

514 Wkh Olh ghulydwlyh

Wkh pdwkhpdwlfdo qrwlrqv wr eh xvhg khuhlq duh ghyhorshg lq wkh odqjxdjh ri
gl�huhqwldo irupv/ dqg lqwulqvlf rshudwruv rq irupv/ vxfk dv wkh Olh ghulydwlyh1
Wkhvh frqfhswv/ ghyhorshg e| Fduwdq/ duh zhoo h{srvhg lq d vw|oh sdodwdeoh wr
hqjlqhhuv dqg sk|vlflvwv lq wkh wh{werrnv e| Orrplv dqg Vwhuqehuj/ Iodqghuv ru
Elvkrs dqg Jrogehuj ^5`1

Wkh whfkqltxh lv vwudljkw iruzdug iru k|gurg|qdplf  rzv uhsuhvhqwhg e| wkh
frqwudyduldqw yhfwru �hog Y lq Q0glphqvlrqv1 Wkh lqwhuhvwlqj sk|vlfdo �hogv ru
ixqfwlrqv duh fdvw lqwr frruglqdwh iuhh gl�huhqwldo irup odqjxdjh/ dqg wkhq dv
pdwkhpdwlfdo remhfwv/ $/ wkh| duh sursdjdwhg grzq wkh  rz yhfwru olqhv jlyhq
e| Y1 Wkh txhvwlrq lv dvnhg= Krz grhv wkh remhfw/ $/ fkdqjh dv lw sursdjdwhv
zlwk wkh  rz YB

Iru d gl�huhqwldo irup/ $/ wkh Olh ghulydwlyh pd| eh ylhzhg/ hvvhqwldoo|/ dv
wkh sursdjdwru ri wkh irup/ $/ grzq wkh wudmhfwrulhv ri wkh yhfwru �hog/ Y1 Li
wkh Olh ghulydwlyh ri d irup/ $/ zlwk uhvshfw wr d yhfwru �hog/ Y/ ydqlvkhv/ wkhq
wkh irup $ lv vdlg wr eh lqyduldqw zlwk uhvshfw wr wkh  rz/ Y1 Lw lv lpsruwdqw
wr qrwh wkdw wkh Olh ghulydwlyh lv d vrphzkdw eurdghu lghd wkdq wkh fryduldqw
ghulydwlyh/ iru wkh Olh ghulydwlyh uhtxluhv qhlwkhu d phwulf qru d frqqhfwlrq1

Lq whupv ri rshudwruv rq irupv/ d sduwlfxoduo| xvhixo irupxodwlrq ri wkh Olh
ghulydwlyh lv dydlodeoh4 > qdpho|/ lq whupv ri wkh lqwhulru surgxfw rshudwru/ l+Y,/
z1u1w1 d yhfwru �hogY/ dqg wkh h{whulru gl�huhqwldo rshudwru/ g/ wkh Olh ghulydwlyh
rq d irup/ $/ fdq eh zulwwhq dv=

O+Y,$ @ il+Y,g. gl+Y,j$= +4,

Wklv frqfhsw lv frruglqdwh iuhh/ lw lv phwulf iuhh/ lw lv frqqhfwlrq iuhh/ lw lv
phdvxuh iuhh> lw lv xvhixo lq dq| uhihuhqfh v|vwhp zkhwkhu lw eh lqhuwldo/ qrq0
lqhuwldo/ Oruhqw}ldq/ qrq0Oruhqw}ldq/ ghiruphg/ qrq0ghiruphg/ 60glphqvlrqdo ru
4357 glphqvlrqdo1 Pruh lpsruwdqwo|/ wkh Olh ghulydwlyh lv zhoo ehkdyhg zlwk
uhvshfw wr d vxephuvlrq iurp lqhuwldo wr qrq0lqhuwldo iudphv ri uhihuhqfh1

4Wkh Olh ghulydwlyh zdv lqwurgxfhg lqwr wkh Vfkrxwhq vfkrro e| Voherg}lqvnl/ dqg fkdpsl0
rqhg wkhuh e| Ydq Gdqw}lj lq wkh hduo| wkluwlhv/ dqg odwhu/ e| Srvw1 Fduwdq kdg wkh frqfhsw
hvvhqwldoo| gh�qhg +iru irupv, lq klv 4<55 wh{w +vhh Uhi1 7 ehorz,1 Iru dq htxlydohqw irupxod0
wlrq lq wkh vrphzkdw srqghurxv nhuqho0lqgh{ phwkrg/ vhh Uhi1 ^6`1
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515 Lqyduldqfh

Iru vrph pdwkhpdwlfdo remhfw/ $/ sursdjdwhg grzq wkh wudmhfwrulhv ri Y e|
phdqv ri wkh Olh ghulydwlyh/ wkhuh h{lvw vhyhudo glvwlqfw qrwlrqv ri wkh lqyduldqfh
frqfhsw= lw lv srvvleoh wr glvwlqjxlvk ehwzhhq lqyduldqfh/ devroxwh lqyduldqfh/
frqirupdo lqyduldqfh/ lqwhjudo lqyduldqfh/ dqg uhodwlyh lqwhjudo lqyduldqfh zlwk
uhvshfw wr wkh �hog Y1

Wkh �uvw frqfhsw/ ri lqyduldqfh/ lv lqwhusuhwhg dv wkh lghd wkdw wkh remhfw/ $/
grhv qrw fkdqjh dv lw sursdjdwhv grzq wkh wudmhfwrulhv ri Y1 Wkh frh!flhqwv ri
wkh lqyduldqw irup/ $/ wudqvirup dv whqvru lqyduldqwv +suhvhuydwlrq ri ixqfwlrqdo
irup, z1u1w1 wkh yhfwru �hog Y1 Wkh uhtxluhphqw wkdw wkh irup/ $/ eh lqyduldqw
z1u1w1 wkh  rz/ Y/ lv uhdol}hg e| wkh vwdwhphqw wkdw wkh Olh ghulydwlyh ri wkh
irup ydqlvkhv=

O+Y,$ @ 3= +5,

516 Devroxwh lqyduldqfh

Wkh vhfrqg frqfhsw/ ri devroxwh lqyduldqfh5 / lv wkh lghd wkdw $ grhv qrw fkdqjh
dv lw sursdjdwhv grzq wkh vroxwlrq fxuyhv ri Y/ lqghshqghqw ri krz udslgo| wkh
wudqvsruw lv dffrpsolvkhg> l1h1 wkh qrwlrq ri devroxwh lqyduldqfh ghshqgv rqo|
rq wkh vroxwlrq fxuyhv wr wkh yhfwru �hog/ Y/ dqg qrw rq wkh sdudphwhul}dwlrq ri
wkh vroxwlrq fxuyhv1 Wkh uhtxluhphqw wkdw d irup/ $/ eh dq devroxwh lqyduldqw
z1u1w1 wkh yhfwru �hog/ Y/ lv uhdolvhg e| wkh vwdwhphqw wkdw wkh Olh ghulydwlyh ri
wkh irup zlwk uhvshfw wr �Y ydqlvk iru doo �=

O+�Y,$ @ 3 doo �= +6,

517 Frqirupdo lqyduldqfh

Wkh wklug frqfhsw/ ri frqirupdo lqyduldqfh/ lpsolhv wkdw wkh fkdqjh ri $ zkhq
sursdjdwhg grzq wkh wudmhfwrulhv riY lv sursruwlrqdo wr lwvhoi yld d frqirupdolw|
ixqfwlrq/ �1 Wkh uhtxluhphqw wkdw d irup/ $/ eh d frqirupdo lqyduldqw z1u1w1
wkh yhfwru �hog/ Y/ lv uhdol}hg e| wkh vwdwhphqw=

O+Y,$ @ �$= +7,

Lq wkh frqirupdo fdvh6 / wkh irup/ $/ lv qrw h{solflwo| dq lqyduldqw z1u1w1 Y/
exw lw lv srvvleoh wr glvwruw wkh irup $ e| pxowlso|lqj e| d ixqfwlrq/ �/ dqg
wkh ixqfwlrq � pd| eh fkrvhq vxfk wkdw wkh glvwruwhg irup/ �$/ lv dq lqyduldqw
z1u1w1 Y1 Khqfh/ xvlqj +7,/

5Khuhlq/ devroxwh lqyduldqfh lv glvwlqjxlvkhg iurp lqyduldqfh lq rughu wr �w Fduwdq*v frq0
fhswv +Uhi1 7,> frpsduh wr wkh gh�qlwlrqv ri Vfkrxwhq +Uhi1 6, zkhuh wkh zrugv/ devroxwh
lqyduldqfh/ duh xvhg lq wkh vhqvh ri htxdwlrq +5, dqg/ devroxwh lqyduldqfh z1u 1w1 vwuhdpolqhv/
duh xvhg lq wkh vhqvh ri htxdwlrq +6,1 Qrwh wkdw +6, lv htxlydohqw wr lEV�g$ ' f dqg lEV�$ ' f1

6Qrwh dgghg 3625:25336= Frqirupdo lqyduldqfh dovr lpsolhv wkdw wkh irup $ lv krprjh0
qhrxv ri ghjuhh K> dqg K qhhg qrw eh dq lqwhjhu1
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O+Y,�$ @ iO+Y,� . �j$= +8,

dqg li � lv fkrvhq vxfk wkdw wkh eudfnhw idfwru lq +8, ydqlvkhv/ wkhq �$ lv
lqyduldqw z1u1w1 Y1 Qrwh wkdw Lq � lv qrw xqltxh dv lwv qrq0sulqflsoh sduwv pd|
eh duelwudu| �uvw lqwhjudov ri Y1

Wkh frqirupdo fdvh/ h{klelwhg e| +7,/ lv wkh edvlv ri wkhruhpv rq frqvhu0
ydwlrq ri yhfwru olqhv/ dqg wkh qrwlrqv ri %iur}hq lq% �hog olqhv1 Lq d sk|vlfdo/
k|gurg|qdplf lqwhusuhwdwlrq/ rqh vwdwhv wkdw li wkh srlqwv dorqj d vroxwlrq fxuyh
ri dq duelwudu| yhfwru �hog/ ]/ duh frpsrvhg ri  xlg sduwlfohv zkrvh wudmhfwrulhv
duh jryhuqhg e| wkh vroxwlrq fxuyhv wr wkh  rz �hog/ Y/ wkhq wkh vdph  xlg
sduwlfohv zklfk pdnh xs rqh vroxwlrq fxuyh ri ] dw w @ w4 zloo pdnh xs dqrwkhu
vroxwlrq fxuyh ri ] dw w @ w51 Krzhyhu/ vroxwlrq fxuyhv wr d yhfwru �hog/ ]/ dqg
d yhfwru �hog/ �]/ duh wkh vdph1 Khqfh/ lqyduldqfh ri yhfwru olqhv ri ] z1u1w1
Y grhv qrw uhtxluh lqyduldqfh ri ]/ exw grhv uhtxluh frqirupdo lqyduldqfh ri ]
z1u1w1 Y1

Qrwh wkh gl�huhqfh ehwzhhq wkh frqfhswv ri devroxwh lqyduldqfh dqg frqiru0
pdo lqyduldqfh1 Iru wkh devroxwh lqyduldqfh +krprorjlfdo, fdvh wkh  rz yhfwru
�hog +fkdlq, lv ghiruphg e| � dqg wkh irup lv ohiw xqfkdqjhg1 Lq wkh frqirupdo
+fr0krprorjlfdo, fdvh/ wkh irup lv ghiruphg e| �/ exw wkh yhfwru �hog +fkdlq, lv
ohiw xqglvwxuehg1 Wkh wzr qrwlrqv duh qrw htxlydohqw1 Vxssrvh $ lv d frqirupdo
lqyduldqw z1u1w1 Y1 Wkhq/ zkloh lw lv dozd|v srvvleoh wr �qg d � zklfk zloo ohdyh
�$ lqyduldqw z1u1w1 Y/ lw lv qrw dozd|v srvvleoh wr �qg d � zklfk zloo ohdyh $
lqyduldqw z1u1w1 �Y1

Wkh zrug frqirupdo dssolhg wr wkh lqyduldqfh frqfhsw jlyhq e| +7, lv dq
h{whqvlrq ri wkh zrug phdqlqj klvwrulfdoo| dvvrfldwhg zlwk wkrvh fdvhv zkhuh
wkh remhfw/ $/ lv uhvwulfwhg wr eh wkh olqh hohphqw/ $ @ j��g{

�g{�

518 Lqwhjudo lqyduldqfh

Wkh irxuwk frqfhsw/ ri lqwhjudo lqyduldqfh/ frqvlghuv wkh lqyduldqfh surshuwlhv
ri wkh lqwhjudo ri wkh irup/ $/ ryhu dq rshq lqwhjudwlrq fkdlq/ f/ zlwk uhvshfw wr
d yhfwru �hog/ Y1 Wkh frqfhsw lv uhdol}hg e| wkh vwdwhphqw wkdw

O+Y,

]
f

$ @

]
f

O+Y,$ @ 3= +9,

zklfk lpsolhv wkdw lqwhjudo lqyduldqfh iru rshq fkdlqv/ f/ uhtxluhv gl�huhqwldo
lqyduldqfh/ O+Y,

U
f
$ @ 31 Li wkh lqwhjudo lv lqyduldqw iru doo sdudphwhul}dwlrqv ri

Y/ wkhq O+�Y,

U
f
$ @ 3 dqg

U
f
$ lv vdlg wr eh dq devroxwh lqwhjudo lqyduldqw z1u1w1

Y> dq devroxwh lqwhjudo lqyduldqw uhwdlqv lwv ydoxh iru duelwudu| ghirupdwlrqv ri
wkh fkdlq f vr orqj dv wkh srlqwv zklfk pdnh xs wkh fkdlq duh frq�qhg wr
wkh vdph v|vwhp ri wudmhfwrulhv ri Y1 Iru dq devroxwh lqwhjudo lqyduldqw/ qrwh
wkdw wkh lqwhjudwlrq fkdlq qhhg qrw eh d froohfwlrq ri htxdo wlph srlqwv> lq wklv
vhqvh/ Fduwdq*v frqfhsw ri devroxwh lqwhjudo lqyduldqfh lv vrphzkdw eurdghu wkdq
Srlqfduh*v frqfhsw/ zklfk zdv frq�qhg wr htxdo wlph srlqw vhwv1 Iru dq devroxwh
lqwhjudo lqyduldqw/ wkh lqwhjudwlrq fkdlq pd| eh jurvvo| ghiruphg/ dv orqj dv wkh
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srlqwv zklfk pdnh xs wkh lqwhjudwlrq fkdlq duh frq�qhg wr wkh vdph v|vwhp ri
wudmhfwrulhv ri Y> wkdw lv/ d srlqw s ri wkh lqwhjudwlrq fkdlq rq d jlyhq vroxwlrq
wudmhfwru| pd| eh glvsodfhg dorqj wkh jlyhq vroxwlrq wudmhfwru| ri Y wr dqrwkhu
srlqw/ s3*/ dqg li wkh qhz lqwhjudwlrq fkdlq f3 frqvlvwv ri doo ri wkhvh srlqwv/
s3*/ vr glvsodfhg e| d uhsdudphwhul}dwlrq ri Y/ wkhq wkh lqwhjudo ri dq devroxwh
lqwhjudo lqyduldqw/ $/ ryhu f3 lv wkh vdph dv wkh lqwhjudo ri $ ryhu f1 Qrwh wkdw
wkh hqg srlqwv ri wkh lqwhjudwlrq fkdlq +erxqgdulhv, duh qrw qhfhvvdulo| �{hg1
Yhfwru �hogv wkdw ohdyh wkh rshq lqwhjudo ri wkh remhfw $ dq devroxwh lqwhjudo
lqyduldqw duh yhfwru �hogv zklfk duh vdlg wr eh h{wuhpdo dqg dvvrfldwhg wr $1
Li wkh lqwhjudwlrq hqg srlqwv duh �{hg/ exw wkh uhvw ri wkh lqwhjudwlrq fkdlq lv
ghiruphg/ wkhq wkh yhfwru �hog wkdw ohdyhv wkh lqwhjudo lqyduldqw lv vdlg wr eh
dq h{wuhpdo yhfwru �hog/ dqg d vhdufk iru vxfk �hogv lv htxlydohqw wr wkh fodvvlf
sureohp lq yduldwlrqdo fdofxoxv1

519 Uhodwlyh lqwhjudo lqyduldqfh

Wkh �iwk frqfhsw/ ri uhodwlyh lqwhjudo lqyduldqfh/ frqvlghuv wkh lqyduldqfh ri
forvhg lqwhjudov ryhu irupv zlwk uhvshfw wr yhfwru �hogv/ Y1 Wkh lqwhjudwlrq
fkdlq lv d f|foh/ }/ dqg wkh frqfhsw lv uhdol}hg e| wkh vwdwhphqw=

O+Y,

]
}

$ @
K
O+Y,$ @ 3= +:,

Xvh ri +4, lpsolhv wkdw d uhodwlyh lqwhjudo lqyduldqw uhtxluhv wkh frqvwudlqw
O+Y,

K
g$ @ 3/ ru htxlydohqwo|/ wkh lghd wkdw l+Y,g$ eh h{dfw1 Li wkh forvhg

lqwhjudo lv dq devroxwh uhodwlyh lqwhjudo lqyduldqw zlwk uhvshfw wr �Y iru doo �/
wkhq lw pxvw eh wuxh wkdw l+Y,g$ @ 3> Y lv wkhq fdoohg dq h{wuhpdo yhfwru �hog
iru $1

51: H{whqvlrqv dqg lqwhusuhwdwlrqv

Lw vkrxog eh qrwhg wkdw lqwhusuhwdwlrq ri wkh sureohppd| eh uhyhuvhg> l1h1 udwkhu
wkdq ehlqj jlyhq wkh yhfwru �hog dqg vhdufklqj iru wkrvh lqyduldqw remhfwv/ $/
lw lv srvvleoh wr vroyh iru wkrvh yhfwru �hogv wkdw ohdyh dq remhfw/ $/ lqyduldqw1
Wklv surfhgxuh lv wkh edvlv ri Fduwdq*v dqdo|vlv ri Kdplowrqldq g|qdplfv ^7`7 >
kh dvvxphv wkdw wkh forvhg lqwhjudo ri dfwlrq lv dq devroxwh lqyduldqw ri vrph
yhfwru �hog/ Y/ lq vwdwh vsdfh/ dqg vroyhv iru wklv yhfwru �hog1 Wkh yhfwru �hog
wxuqv rxw wr eh xqltxh/ dqg lwv frpsrqhqwv duh jlyhq e| Kdplowrq*v htxdwlrqv1

Wkh htxdwlrqv glvfxvvhg deryh fryhu wkh edvlf frqvhuydwlrq wkhruhpv xvxdoo|
h{sorlwhg lq k|gurg|qdplfv/ dqg |lhog frqvwudlqwv rq yhfwru �hogv ] vxfk wkdw
+d, wkh yhfwru olqhv/ ru vroxwlrq fxuyhv/ ri ] duh lqyduldqwv z1u1w1 Y/ dqg +e,
wkh fxuuhqwv +ru  x{ lqwhjudov, ri yhfwru olqhv ri ] duh lqyduldqwv z1u1w1 Y1 Iru
fdvh +d, htxdwlrq +7, pxvw eh wuxh> iru fdvh +e, htxdwlrq +5, pxvw eh wuxh1
Wkh lghdv h{suhvvhg lq wkhvh frqvwudlqw uhodwlrqv ri lqyduldqfh duh qrw olplwhg

7 Lqwulqvlf phwkrgv kdyh ehhq xwlol}hg lq hohfwurpdjqhwlf wkhrulhv e| d qxpehu ri dxwkruv
+Edwhpdq/ Zh|L/ Ydq Gdqw}lj/ Srvw,/ exw yhu| plqlpdo h�ruwv kdyh ehhq ghyrwhg wr k|gur0
g|qdplfv1
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wr wkuhh glphqvlrqv/ qru wr Hxfolghdq pdqlirogv/ qru wr Q0L irupv exlow iurp
yhfwru �hogv +frqwud0whqvru ghqvlwlhv ri udqn L,1

Lw vkrxog eh qrwhg wkdw rqfh vrph lqyduldqwv duh nqrzq/ rwkhu lqyduldqwv
pd| eh frpsxwhg wkurxjk hlwkhu h{whulru gl�huhqwldwlrq/ ru e| iruplqj lqwhulru
surgxfwv1 Wkh dowhuqdwlqj dssolfdwlrqv ri wkhvh rshudwruv zloo ohdg wr odgghuv
ri lqyduldqwv/ xqohvv wkh dssolfdwlrq ri wkh rshudwru dqqlklodwhv wkh remhfw xsrq
zklfk lw lv rshudwlqj1 Wkhvh vwdwhphqwv duh mxvwl�hg e| wkh iroorzlqj dujxphqw=
Dv wkh Olh ghulydwlyh frppxwhv zlwk l+Y, dqg g/ dqg li $ lv dq lqyduldqw z1u1w1
Y vxfk wkdw O+Y,$ @ 3/ wkhq lw lv dovr wuxh wkdw g$ lv dq lqyduldqw dqg l+Y,$
lv dq lqyduldqw/ iru O+Y,g$ @ g+O+Y,$, @ 3 dqg O+Y,l+Y,$ @ l+Y,+O+Y,$, @ 3

Vrph dssolfdwlrqv duh suhvhqwhg ehorz1

6 DSSOLFDWLRQV

614 Frqwudyduldqw yhfwru �hogv dqg fxuuhqwv

Wkh �uvw dssolfdwlrq zloo eh wr wkh Iulgpdq sureohp zklfk lv frqfhuqhg zlwk wkh
suhvhuydwlrq ri yhfwru olqhv lq d  rz Y1 Frqvlghu wkh yhfwru �hog +ri  rz, Y @
iY �+{�,j ri frqwudyduldqw frpsrqhqwv rq d ydulhw| zlwk vrph orfdo frruglqdwh
fkduw/ {� 1 Lq d uhodwlylvwlf k|gurg|qdplf vhqvh/ Y+{> |> }> w, lv wdnhq wr eh wkh
 rz �hog ri d  xlg lq vsdfh0wlph1

Frqvlghu dqrwkhu yhfwru �hog ] @ i]�+{�,j/ dqg d yroxph hohphqw zlwk
phdvxuh ixqfwlrq M+{�, uhsuhvhqwhg dv dq +rgg, q0irup/ 
>


 @ M+{�,g{4a===ag{Q = +;,

Frqvwuxfw iurp wkh yhfwru �hog/ ] / dqg wkh yroxph hohphqw/ 
/ wkh +rgg,
Q0L irup/ }/ e| frqwudfwlrq=

} @ l+],
 @ M]�ig{4a===agg{�a===ag{Q
@ Mi]4g{5a===ag{Q � ]5g{4ag{6===ag{Q . ===j= +<,

Qrz dvn wkh txhvwlrq= Duh wkh yhfwru olqhv ri ] lqyduldqwv ri wkh  rz �hogYB
Wkh dqvzhu lv |hv e| wkh dujxphqw ri wkh suhfhglqj vhfwlrq/ li } lv d frqirupdo
lqyduldqw ri wkh  rz1 Khqfh/ iru lqyduldqfh ri yhfwru olqhv ri ] z1u1w1 Y/

O+Y,} @ �}= +43,

Xvlqj +4, wkh frqvwudlqw uhodwlrq iru lqyduldqfh ohdgv wr wkh uhodwlrq il+Y,g} .
gl+Y,}j @ �}/ zklfk kdv d frruglqdwh h{suhvvlrq lq whupv ri wkh htxdwlrqv=

Y � C]�@C{� � ]� CY  @C{� . ]�+ C+MY  ,@MC{�,� �]� @ 3= +44,

Iru irxu glphqvlrqdo vsdfh wlph zlwk Y @ iy>Y 7j> ] @ i}>]7j> M @ 4=3/ wkh
irxu frqvwudlqw uhodwlrqv jlyhq e| +44, ehfrph

9



3 @ Y 7C}@Cw.y�judg}�}�judgy�]7Cy@Cw.+iglyy.CY 7@Cwj�i,} @ 3> +45,

dqg

3 @ Y 7 �C]7@Cw.y �judg]7�} �judgY 7�]7CY 7@Cw.+glyy.CY 7@Cw�i,]7=
+46,

Li rqh dvvxphv Y 7 @ 4=3 dqg hlwkhu ]7 @ 3/ ru Cy@Cw @ 3/ wkhq +45, uhgxfhv
wr Iulgpdq*v uhtxluhphqw iru lqyduldqfh ri yhfwru olqhv ri ] z1u1w1 Y +gh�qh
g}@gw @ C}@Cw. y � judg}/ dqg frpsduh wr htxdwlrq +81814, ri Uhi1 ^4`,=

g}@gw� +} � judg,y . }+glyy� i, @ 3= +47,

Wkh irupxodv +45, dqg +46, h{whqg Iulgpdq*v uhvxow wr uhodwlylvwlf  xlgv zlwkrxw
wkh frqvwudlqwv ri frqvwdqw wlph olnh frpsrqhqwv/ ru vwhdg|  rz1

Iru lqyduldqfh ri fxuuhqwv ri yhfwru olqhv +lqwhjudo lqyduldqfh,/ htxdwlrq +5,
uhtxluhv wkdw wkh ixqfwlrq i pxvw ydqlvk lq wkh suhfhglqj htxdwlrqv1 Djdlq/ wklv
uhvxow djuhhv zlwk Iulgpdq*v dqdo|vlv lq wkh vshfldo fdvh wkdw wkh  rz �hogv kdyh
frqvwdqw wlph olnh frpsrqhqwv1

Qrwh wkdw lqwhjudov zklfk |lhog fxuuhqwv ri yhfwru olqhv kdyh dv lqwhjudwlrq
fkdlqv Q 04 glphqvlrqdo srlqw vhwv1 Rqo| iru wkuhh glphqvlrqdo vsdfh lv wkh
Q 04 fkdlq d wzr glphqvlrqdo vxuidfh/ vxfk wkdw qrwlrqv ri  x{ +lqwhqvlw|, dqg
qrwlrqv ri fxuuhqwv +txdqwlw|, pd| eh frpsduhg1 Wkh qrwlrq ri  x{ lv dvvrfldwhg
zlwk d fryduldqw whqvru ri udqn wzr lqwhjudwhg ryhu d wzr glphqvlrqdo srlqw vhw1
Klvwrulfdoo|/ lqwhqvlwlhv zhuh dvvrfldwhg zlwk wkh fryduldqw �hogv ri yruwlflw|/
zklfk fdq eh sxw lqwr fruuhvsrqghqfh zlwk 50irupv1 Lq wkuhh glphqvlrqv/ wkh
qdwxudo fruuhvsrqghqfh ehwzhhq 50irupv dqg Q 04 irupv ohdgv wr d ghjhqhudf|
ri wkh glvwlqfw frqfhswv ri  x{ +remhfwv ri lqwhqvlw|, dqg fxuuhqwv +remhfwv ri
txdqwlw|,1 Lw lv surshu wr vshdn derxw lqwhqvlwlhv ri yruwh{ wxehv dqg wkh fxuuhqwv
ri frqwudyduldqw yhfwru ghqvlwlhv lq dq| glphqvlrq/ exw wkh qrwlrq ri %yruwh{
olqhv% ru lqwhqvlwlhv ri yhfwru ghqvlwlhv rqo| pdnhv vhqvh lq wkuhh glphqvlrqv1

Iru h{dpsoh/ iurp wkh fryduldqw yhorflw| �hog/ Y� d 40irup/ D @ Y�g{
� pd|

eh frqvwuxfwhg1 Wkh h{whulru ghulydwlyh ri wklv rqh irup ohdgv wr d 50irup zkrvh
frpsrqhqwv duh wkh frpsrqhqwv ri yruwlflw|/ Z =

Z @ gD @ 4@5+CY�@C{
� � CY�@C{

�, g{�ag{�= +48,

Lq wkuhh glphqvlrqv/ wklv remhfw lv gxdo wr d Q 04 @ 5 irup/ d frqwudyduldqw yhfwru
ghqvlw| ri wkuhh frpsrqhqwv/ dqg wklv fruuhvsrqghqfh0d  xnh ri 60glphqvlrqv0
dgplwv ri d %yhfwru% lqwhusuhwdwlrq1 Lq vsdfh wlph/ krzhyhu/ wkh gxdo wr Z kdv
9 frpsrqhqwv> lw lv qrw dw doo htxlydohqw wr d Q 04 irup exlow iurp d yhfwru
ghqvlw| zlwk irxu frpsrqhqwv1 Wkh htxdwlrqv iru lqyduldqfh ri lqwhqvlwlhv dqg
lqwhjudov ri lqwhqvlwlhv + x{hv, duh qrw wkh vdph dv wkh uhodwlrqvklsv +45, dqg
+46, ghyhorshg iru yhfwru olqhv dqg fxuuhqwv1

:



615 Fryduldqw whqvru �hogv> yruwlflw|

Wkh frqfhsw ri yruwlflw|/ Z / lv exlow rq d fryduldqw wzr irup/ zklfk lv wkh irup
ghulyhg e| h{whulru gl�huhqwldwlrq ri d rqh irup/ D/ fdoohg wkh dfwlrq shu xqlw
pdvv +vhh +48,,1 Lw lv srvvleoh wr h{dplqh wkh lqyduldqfh txhvwlrqv iru yruwlflw|
e| xvh ri htxdwlrqv +50:,1 Wkh lqwhqvlw| ri yruwlflw| zloo eh dq devroxwh lqyduldqw
z1u1w1 wkh  rz Y li

O+�Y,Z @ 3 doo � +49,

Lq frruglqdwh odqjxdjh +49, ehfrphv d v|vwhp ri frqvwudlqw uhodwlrqv rq wkh
fryduldqw frpsrqhqwv ri wkh yhorflw| ri wkh irup/

l+Y ,gD @ 3> +4:,

zklfk lq frruglqdwh odqjxdjh ehfrphv

Y �+CY�@C{
� � CY�@C{

�, . C+Y �Yy,oC{
� @ r= +4;,

Wkhvh htxdwlrqv ri frqvwudlqw duh qrw dw doo htxlydohqw wr +44,1

616 Khopkrow} dqg Ehuqrxool lqyduldqwv

Wkh sk|vlfdo frqvwudlqwv iru lqyduldqfh ri yruwh{ lqwhqvlwlhv lq vsdfh0wlph pd| eh
uhwulhyhg iurp d frruglqdwh iuhh uhsuhvhqwdwlrq ri wkh Qdylhu0Vwrnhv htxdwlrqv=
Frqvlghu d 40irup ri dfwlrq shu xqlw pdvv/ D @ yng{

n�+�.ynyn@5,gw/ exlow rq
wkh fryduldqw frpsrqhqwv ri wkh yhorflw| �hog dqg wkh vfdodu srwhqwldo �1 Wkh
Kdplowrqldq shu xqlw pdvv lv gh�qhg dv wkh vxp ri wkh srwhqwldo dqg nlqhwlf
hqhujlhv shu xqlw pdvv/ K @ +�.ynyn@5,1 Wkh Qdylhu0Vwrnhv htxdwlrqv duh dq
lpdjh ri wkh frruglqdwh iuhh irup vwdwhphqw + � lv wkh vkhdu ylvfrvlw|/ � lv wkh
exon glvvlsdwlrq,/

O+Y,D @ �4@� gS . y�D� +�. y,g�D. gO> +4<,

zkhuh � lv wkh Odsodfldq +�g . g�,/ � lv wkh fr0ghulydwlyh rshudwru/ dqg O lv
wkh Odjudqjh ixqfwlrq +��. y

n
yn@5,1 Iru d Hxfolghdq phwulf/ wkh �uvw wkuhh

frpsrqhqwv ri +4<, |lhog/

Cy@Cw.judg+y � y@5,�y� fxuo y @ �judg��+4@�, judgS.y�D�+�.y, judg glyy>
+53,

zklfk lv wkh fodvvlfdo irupdw ri wkh Qdylhu0Vwrnhv htxdwlrq1 Wkh h{whulru ghuly0
dwlyh ri +4<, |lhogv d iudph lqghshqghqw h{suhvvlrq iru wkh Olh ghulydwlyh ri wkh
yruwlflw|> l1h1

gO+Y,D @ O+Y,gD @ O+Y,Z @ +4@�5,g�a gS . yg�Z= +54,

Li wkh u1k1v1 ri +54, ydqlvkhv/ wkhq wkh yruwh{ lqwhqvlw| dqg wkh  x{ ri yruwh{
wxehv/

UU
Z / ryhu dq| wzr0glphqvlrqdo fkdlq/ duh lqyduldqwv ri wkh  rz1 Iru wkh

;



lghdo qrq0ylvfrxv  xlg +y @ 3,/ zlwk d edurwurslf htxdwlrq ri vwdwh +gsagS @ 3,/
wkh u1k1v1 ri +54, grhv lqghhg ydqlvk/ dqg wkh Khopkrow} wkhruhp lv uhwulhyhg/ lq
vsdfh wlph1 Htxdwlrq +54, lqglfdwhv wkdw yruwlflw| fdq eh fuhdwhg dqg ghvwur|hg/
hyhq lq qrq0ylvfrxv  xlgv/ li wkh  xlg lv qrw edurwurslf1 Wkh xvxdo h{dpsoh lv
wkh dwprvskhuh1

Qrwh wkdw li wkh Khopkrow} wkhruhp lv wuxh lq wkh lqwhjudo vhqvh/ wkhq wkh
Nhoylq flufxodwlrq wkhruhp lv dovr wuxh> l1h1/ lq vsdfh wlph/ e| Vwrnhv wkhruhp
zklfk uhtxluhv wkdw wkh forvhg lqwhjudwlrq fkdlq/ }/ eh d erxqgdu|/ e>

O+Y,

UU
gD @ 3 @ O+Y,

K
e
D= +55,

Lqyduldqfh ri wkh lqwhqvlw| ri yruwh{ wxehv lpsolhv lqyduldqfh ri wkh flufxodwlrq1
Lw lv ri vrph lqwhuhvw wr qrwh wkdw kduprqlf frpsrqhqwv ri yruwlflw| +yruwh{

zdyh vroxwlrqv ri wkh htxdwlrq �Z @ +�g . g�,Z @ 3,/ gr qrw frqwulexwh wr
wkh fkdqjh lq yruwh{ lqwhqvlwlhv/ hyhq lq ylvfrxv  xlgv1

Wkh Ehuqrxool lqyduldqw pd| eh rewdlqhg e| frqwudfwlqj +4<, zlwk wkh
yhfwru �hog Y =

l+Y,+O+Y,D, @ O+Y,l+Y,D @ O+Y,O @l+Y,i +56,

zkhuh i lv gh�qhg wr eh wkh u1k1v1 ri +4<,1 Li wkh  xlg lv lvhqwurslf +4@�gS @
g�,/ dqg li wkh vkhdu ylvfrvlw| lv qhjoljleoh +y @ 3,/ wkhq +56, uhgxfhv wr wkh
htxdwlrq

O+Y,L @ l+Y,giK .�. ��Dj

@ l+Y,gi+� . y
n
yn@5, . �. ��Dj @ 3 +57,

Wkh yduldeoh/ L @ i� . y
n
yn@5 . � . ��Dj/ gh�qhv wkh vshfl�f hqwkdos| dqg

dffruglqj wr +57, lv dq lqyduldqw +wkh Ehuqrxool lqyduldqw, ri wkh  rz1 Djdlq/
wklv uhvxow lv frruglqdwh iuhh dqg lv ydolg lq vsdfh0wlph1

Wkh irupxodwlrqv ri wkh Khopkrow} dqg Ehuqrxool wkhruhpv jlyhq e| +4<,0
+55, jlyh wkh lpsuhvvlrq wkdw wkhvh lghdv duh lqwulqvlf frqfhswv/ lqghshqghqw
iurp wkh qrwlrqv ri frruglqdwhv dqg glphqvlrqv ri wkh pdqlirog ryhu zklfk wkh|
duh frqvwuxfwhg1 Lqghhg/ lw lv srvvleoh wr devwudfw wkh v|vwhp lq whupv ri wkh
lghd=

Iru d sdudphwhul}dwlrq � ri d yhfwru �hog Y/ zkdw htxdwlrqv pxvw eh qhfhv0
vdulo| vdwlv�hg li wkh forvhg lqwhjudo ri dfwlrq shu xqlw pdvv lv wr eh d frqirupdo
lqyduldqw ri wkh  rzB

Wkh qhfhvvdu| frqglwlrqv wkdw pxvw eh vdwlv�hg duh jlyhq hvvhqwldoo| e| htxd0
wlrq +4<, zlwk wkh frqirupdolw| idfwru/ �/ uhodwhg wr wkh ylvfrvlw| frh!flhqw/ �1
Wkhvh qhfhvvdu| frqglwlrqv ehfrph wkh ixqgdphqwdo htxdwlrq ri prwlrq/ ydolg
lq dq| uhihuhqfh v|vwhp/ lqhuwldo ru qrw> wkh ixqgdphqwdo htxdwlrq lv ri wkh irup

+O+Y,D, @ i= +58,

Wkh Khopkrow} wkhruhpv dqg Ehuqrxool wkhruhpv duh uhvxowv ri dsso|lqj wkh
odgghu rshudwlrqv wr +56,1

<



617 Lqyduldqfh ri pdvv

Frqvlghu wkh wkuhh irup/ p/ ri gl�huhqwldo pdvv lq vsdfh wlph=

p @ �+{> |> }> w,g{ag|ag}= +59,

Lv p dq lqyduldqw ri wkh  rz YB Wkh dqvzhu lv jlyhq djdlq e| +5,> l1h1 li

+O+Y,p, @ iY 7C�@Cw.C+�yn,@C{njg{ag|ag}��C+y{,@Cw gwag|ag}.�C+y|,@Cw gwag{ag}��C+y},@Cw gwag
+5:,

wkhq p lv dq lqyduldqw ri wkh  rz1 Li lw lv dvvxphg wkdw Y 7 @ 4=3/ wkhq wkh
ydqlvklqj ri wkh �uvw eudfnhw |lhogv wkh xvxdo htxdwlrq ri frqwlqxlw|1 Krzhyhu/
iru lqyduldqfh ri p lq vsdfh wlph/ lw pxvw dovr eh wuxh wkdw wkh  rz lv vwhdg|/
C+y,@Cw @ 31

Lq vsdfh0wlph/ wzr uhtxluhphqwv duh qhfhvvdu| li p lv wr eh dq lqyduldqw ri
wkh  rz=

+L, Wkh htxdwlrq ri frqwlqxlw| pxvw eh vdwlv�hg/ dqg
+5, Wkh  rz pxvw eh vwhdg|1

Li wkh wrwdo pdvv lv frqvwuxfwhg e| lqwhjudwlqj p ryhu dq rshq 60fkdlq/
wkh vdph wzr uhtxluhphqwv duh qhfhvvdu| iru P @

UUU
f
p wr eh d  rz lqyduldqw

� xqohvv wkh lqwhjudwlrq fkdlq lv qrw duelwudu| dqg lv uhvwulfwhg wr dq htxdo
wlph srlqw vhw +gw @ 3,1 Ri frxuvh/ wklv uhvwulfwlrq lv wkh xvxdo dvvxpswlrq ri
Jdolohdq phfkdqlfv/ exw lq vsdfh0wlph/ lw lv qrw dozd|v wuxh wkdw vxfk htxdo
wlph lqwhjudwlrq fkdlqv duh dssolfdeoh1 Iru dq rswlfdo revhuyhu xvlqj hqhuj|
udwh ghwhfwruv/ wkh lqwhjudwlrq fkdlq lv jlyhq e| d srlqw vhw frqvwuxfwhg iurp
skrwrqv zklfk duh vlpxowdqhrxvo| uhfhlyhg1 Wkhvh srlqwv duh qrw qhfhvvdulo|
d vhw ri htxdo wlph hplvvlrq srlqwv/ khqfh/ gw 9@ 3/ dqg wrwdo pdvv lqyduldqfh/
lqghhg/ uhtxluhv vwhdg|  rz1

Li wkh lqwhjudwlrq 60fkdlq lv forvhg +lq 70glphqvlrqv, d voljkwo| ohvv uh0
vwulfwlyh lqyduldqfh frqfhsw fdq eh hvwdeolvkhg1 Wkh fulwhuld iru uhodwlyh lqwhjudo
lqyduldqfh/ +:,/ uhtxluhv wkdw g+l+Y,gp, @ 3/ ru

Ci+C�@Cw,Y �j@C{� @ 3= +5;,

Khqfh/
UUU

}
p lv dq lqyduldqw ri wkh  rz li +C�@Cw, lv dq lqwhjudwlqj idfwru iru

Y1 Li +C�@Cw, ydqlvkhv/ wkhq doo forvhg lqwhjudov ri p duh lqyduldqw/ exw rshq
lqwhjudov duh qrw qhfhvvdulo| lqyduldqw1 Htxdwlrq +59, lv dq htxdwlrq ri frqwlqxlw|
lq whupv ri wkh ixqfwlrq +C�@Cw,/ dqg suhvhqwv d uhtxluhphqw iru lqyduldqfh zklfk
gl�huv iurp +58, dqg lv qrw htxlydohqw wr wkh uhvxowv rewdlqhg iurp wkh fodvvlfdo
Uh|qrog*v wudqvsruw wkhruhp ^8`1 Wkh fodvvlfdo ghyhorsphqw suhvxphv wkdw wkh
lqwhjudwlrq fkdlq lv ryhu d vhw ri htxdo wlph srlqwv/ dqg ghvwur|v wkh jhqhudolw|
ri wkh wkhruhp lq uhodwlylvwlf vsdfh0wlph1

Li wkh lqwhjudov ri p ryhu forvhg fkdlqv duh gh�qhg wr eh wrwdo %sduwlfohv/%
ru wrwdo qxpehu/ dqg li wkh rshq lqwhjudov ri p duh gh�qhg wr eh wrwdo pdvv/
wkhq wkh deryh qrwlrqv lqglfdwh wkdw d  rz pd| suhvhuyh wrwdo sduwlfohv zlwkrxw
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suhvhuylqj wrwdo pdvv/ exw li wrwdo pdvv lv suhvhuyhg/ lw iroorzv wkdw wrwdo qxpehu
lv frqvhuyhg dv zhoo1

618 Frpphqwv rq  xlgv lq vsdfh wlph

Wkh frqvhuydwlrq ri wrwdo pdvv lq vsdfh0wlph uhtxluhv wzr frqvwudlqwv rq wkh  rz
�hog/ Y/ dqg pdvv ghqvlw|/ �1 Lw lv srvvleoh wr lqtxluh li d uhsdudphwhul}dwlrq
ri wkh  rz wr wkh irup �Y pljkw vdwlvi| wkhvh uhtxluhphqwv/ hyhq wkrxjk wkh
ruljlqdo  rz Y glg qrw1 H�hfwlyho|/ wkh sureohp ehfrphv d vhdufk iru d idfwru
� vxfk wkdw wkh vhfrqg frqvwudlqw lv vdwlv�hg lq wkh irup/

C+�Y,@Cw @ 3= +5<,

Wklv uhtxluhphqw vd|v wkdw wkh  rz lv uhgxfleoh wr d vwhdg|  rz e| phdqv
ri wkh uhsdudphwhul}dwlrq idfwru �/ dqg lpsolhv wkdw Y lv idfwrudeoh lqwr ixqf0
wlrqv ri vsdfh pxowlsolhg e| ixqfwlrqv ri wlph dorqh1 Vxfk d idfwrul}dwlrq lv/ e|
Olh*v wkhruhp/ wkh qhfhvvdu| dqg vx!flhqw frqglwlrq wkdw wkh  rz �hog eh wkh
jhqhudwru ri d vhpl0jurxs zlwk wlph dv wkh jurxs sdudphwhu1 Lw iroorzv wkdw wkh
frqvhuydwlrq ri wrwdo pdvv lv dvvrfldwhg zlwk wkh jurxs vwuxfwxuh ri wkh  rz/
dqg dowhuqdwlyho|/ li wkh wrwdo pdvv lv qrw frqvhuyhg iru d frqwlqxrxv  rz/ wkh
 rz grhv qrw dgplw jurxs vwuxfwxuh1 Wkh revhuydwlrq wkdw wxuexohqw  rzv duh
qrw dxwrqrprxv/ qru uhgxfleoh wr dxwrqrprxv  rzv +e| d uhsdudphwhul}dwlrq/
�,/ lpsolhv wkdw wxuexohqw  rzv gr qrw frqvhuyh wrwdo pdvv lq d uhodwlylvwlf vhqvh
dqg gr qrw dgplw d jurxs vwuxfwxuh lq vsdfh0wlph1 Qrwh wkdw d wxuexohqw  rz
pd| suhvhuyh wrwdo qxpehu/ exw qrw wrwdo pdvv1

Dqrwkhu srlqw ri wkh vsdfh0wlph dqdo|vlv wkdw uhtxluhv frpphqw lv wkh dv0
vxpswlrq wkdw dulvhv erwk lq wkh Iulgpdq htxdwlrqv +47, dqg lq wkh htxdwlrq ri
frqwlqxlw|1 Wkh dvvxpswlrq lq txhvwlrq lv wkh vwdwhphqw wkdw Y 7 @ 4=3 hyhu|0
zkhuh ryhu wkh pdqlirog1 Vxfk dq dvvxpswlrq lpsolhv wkdw 70glphqvlrqdo vsdfh
wlph lv uhgxfleoh wr d 6 .4L vxepdqlirog vwuxfwxuh1 Lq jhqhudo uhodwlylw| vxfk d
vwuxfwxuh lv fdoohg d wlph ruwkrjrqdo uhihuhqfh v|vwhp1 Lw lv qrw reylrxv wkdw doo
sk|vlfdo v|vwhpv dgplw d uhgxfwlrq wr wlph ruwkrjrqdo iudphv ri uhihuhqfh +e|
phdqv ri d vxlwdeoh vxephuvlrq,1 Jdolohdq phfkdqlfv qrw rqo| dvvxphv vxfk d
uhgxfwlrq fdsdelolw|/ exw dovr lw dvvxphv wkdw w lv d frqvwdqw rq vxfk vxepdql0
irogv1 Vshfldo uhodwlylw| dvvxphv d wlph ruwkrjrqdo uhgxfwlrq fdsdelolw|/ exw wkh
vxepdqlirogv qhhg qrw eh w @ frqvwdqw k|shuvxuidfhv1 D jhqhudo uhodwlylvwlf/ df0
fhohudwlqj/ udgldwlqj v|vwhp pd| qrw dgplw d 6 . 4vxepdqlirog uhsuhvhqwdwlrq>
wkhuh pd| qrw h{lvw d xqltxh sdudphwhul}dwlrq ri wkh  rz Y vxfk wkdw Y 7 @ 4=3
hyhu|zkhuh lq wkh pdqlirog1 D pdwkhpdwlfdo h{dpsoh ri vxfk d v|vwhp lv d
pdqlirog hqgrzhg zlwk d Jrgho phwulf ^9`1

Vr olwwoh lv nqrzq derxw vxfk v|vwhpv wkdw sk|vlfdo h{dpsohv duh kdug wr
frqvwuxfw/ exw wkh qrwlrq wkdw Y 7 lv lqwlpdwho| frqqhfwhg zlwk wkh frqwlqxlw|
frqvwudlqw htxdwlrq/ dqg qrw zlwk wkh dxwrqrplflw| sruwlrq ri wkh wzr frq0
vwudlqwv rq wrwdo pdvv lqyduldqfh/ ohdgv wr wkh frqmhfwxuh wkdw d fdylwdwlqj  xlg
pd| eh d sk|vlfdo frxqwhu h{dpsoh wr wkh dvvxpswlrq wkdw Y 7 @ 4=3 hyhu|zkhuh1
Wkh frqmhfwxuh lv ixuwkhu vwuhqjwkhqhg e| wkh revhuydwlrq wkdw wkh frqvwudlqw
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+59,/ zklfk lv wkh uhtxluhphqw iru wrwdo qxpehu lqyduldqfh/ pd| qrw eh vdwlv�hg
e| wkh k|srwkhvlv wkdw Y 7 @ 4=3 iru duelwudu| �1 Lq sduwlfxodu/ dw d vsdwldo vwdj0
qdwlrq srlqw/ y @ 3> wkh frqglwlrqv iru frqvhuydwlrq ri wrwdo qxpehu zloo qrw eh
vdwlv�hg iru Y 7 @ 4=3/ li wkh ghqvlw| ixqfwlrq/ � lv qrq0olqhdu lq wlph1 Rq wkh
rwkhu kdqg/ dw d vwdjqdwlrq srlqw lw lv dozd|v srvvleoh wr fkrrvh d Y 7 9@ 4=3 vxfk
wkdw wkh frqvwudlqw lv vdwlv�hg> ixuwkhupruh/ li wkh sduwldo wlph ghulydwlyh ri wkh
pdvv ghqvlw| pd| eh idfwruhg lqwr d surgxfw ri vsdwldo ixqfwlrqv dqg d ixqfwlrq
ri wlph/ Y 7+w, pd| eh fkrvhq vxfk wkdw wkh frqvhuydwlrq ri qxpehu frqvwudlqw
lv vdwlv�hg e| phuho| uhjudgxdwlqj forfnv1 Krzhyhu/ wkh uhodwlrqvkls ehwzhhq
fdylwdwlrq dqg frqvhuydwlrq ri wrwdo qxpehu lv vwloo vrphzkdw lqglvwlqfw/ vr wkdw
wklv lqwhuhvwlqj lghd pxvw dw wklv wlph uhpdlq dv d sk|vlfdo frqmhfwxuh1

Dfnqrzohgjphqw= Wklv zrun zdv vxssruwhg lq sduw e| d QDVD0Dphv Uh0
vhdufk Fhqwhu Judqw QFD 503U05<808351

7 UHIHUHQFHV

^L` Q1 H1 NRFKLQ/ L1 D1 NLEHO dqg Q1 Q1 UR]H> Wkhruhwlfdo K|gurphfkdqlfv/
s1 48:1 Lqwhuvflhqfh/ Qhz \run +4<97,1

^5` O1 K1 ORRPLV dqg V1 VWHUQEHUJ/ Dgydoofhg Fdofxoxv1 Dgglvrq0
Zhvoh|/ Qhz \run +4<9;,>

K1 IODQGHUV/ Gl�huhqwldo Irupv zlwk Dssolfdwlrqv wr Sk|vlfdo Vflhqfhv1
Dfdghplf Suhvv/ Qhz \run +4<96,>

U1 O1 ELVKRS dqg V1 L1 JROGEHUJ/ Whoovru Dqdo\/olv rq Pdqlirogv1
Pdfploodq/ Qhz \run +4<9;,1

^6` M1 D1 VFKRXWHQ dqg Z1 y1g1 NXON/ Sid�*v Sureohp/ s1 :31 R{irug
+4<8<,1

^7` H1 FDUWDQ/ Ohfrqv vxu ohv Lqyduldqw Lqwhjudx{1 Khupdqq/ Sdulv +4<55,1
^8` U1 DULV/ Yhfwruv/ Whqvruv/ dqg wkh Edvlf Htxdwlrqv ri Ioxlg Phfkdqlf1i/

s1 ;71 Suhqwlfh0Kdoo/ Hqjohzrrg Fol�v/ Qhz
Mhuvh| +4<95,1
^9` N1 JRGHO/ Uhy1 Prg1 Sk|v1 53/ 77: 3<7<,1
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