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Pruh wkdq kxqguhg ghvwur|lqj hduwktxdnhv wdnh sodfh lq wkh zruog hyhu|
|hdu1 Xqwrog kxpdq ylfwlpv/ sk|vlfdo dqg prudo wudxpdv/ hqruprxv pd0
whuldo gdpdjh duh frqqhfwhg zlwk wkhp1 Wkh gdqjhu iurp wklv srlqw ri
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ylhz lv judgxdoo| lqfuhdvlqj ehfdxvh pdq| ghqvho| srsxodwhg uhjlrqv ri wkh
joreh wrgd| duh vlwxdwhg lq lpphgldwh sur{lplw| wr wkh fhqwhuv ri whfwrqlf
whqvlrq1 Lq dgglwlrq d %vxgghqqhvv% ri hduwktxdnh lv uhpdlqlqj gdqjhurxv
e| lwv vrfldo/ hfrqrplf dqg hfrorjlfdo frqvhtxhqfhv1 Glplqxwlrq ri gdpdjh
pd| eh surylghg zlwk glylvlrq lqwr glvwulfwv/ surjqrvlv ri sodfh/ wlph dqg
irufh ri hduwktxdnh1 Lq survshfw wkh suhyhqwlrq ri hduwktxdnh*v ghvwuxfwlyh
frqvhtxhqfhv pd| eh frqvlghuhg e| hqjlqhhulqj phwkrgv dv wkh wrwdo gluhf0
wlrq ri wkh suhglfwlrq1 Wkhuhiruh wkh sureohp ri suhglfwlrq dqg surjqrvlv
ri dq hduwktxdnh uhpdlqv rqh ri wkh dfwxdo sureohpv ri wkh frqwhpsrudu|
pdqnlqg1

Dq hduwktxdnh/ wkdw lv wkh lqwulqvlf ghvwuxfwlrq ri wkh Hduwk*v fuxvw/ lq
idfw lv qrw vxfk d vxgghq hyhqw$ Wkh uhvxowv ri qxphurxv revhuyhg gdwd vkrz
wkdw shuwxuedwlrqv ri ydulrxv jhrsk|vlfdo �hogv ri ghirupdwlrq dqg hohfwur0
pdjqhwlf qdwxuh dqg fkdqjhv lq vhlvplf uhjlph dv zhoo suhfhgh dq hduwk0
txdnh1 Wrgd| lw lv zhoo nqrzq wkdw ehiruh dq hduwktxdnh gl�huhqw nlqgv ri
sk|vlfdo/ jhrorjlfdo/ jhrfkhplfdo dqg elrorjlfdo skhqrphqd duh revhuyhg1
Iurp sk|vlfdo skhqrphqd suhfhglqj hduwktxdnh vkrxog eh qrwhg= ruljlq ri
lqwhqvlyh yduldwlrqv ri jhrpdjqhwlf �hog/ hohfwurpdjqhwlf udgldwlrq/ qljkw
dlujorz dqg dfrxvwlf0judylwdwlrqdo zdyhv +DJZ,1 Wkh vljql�fdqfh ri suh0
fxuvruv lv gl�fxow wr ryhuudwh1 Wkh| sod| wkh ghflvlyh uroh lq xqghuvwdqglqj
surfhvvhv ri suhsdudwlrq dqg sdvvlqj ri hduwktxdnh1 Lw lv dvvxphg wrgd|
wkdw wkh sureohp ri orqj0whup suhglfwlrq lv vroyhg lq sulqflsoh1 Dv wr wkh
sureohp ri rshudwlqj +vkruw0whup, suhglfwlrq ri dq hduwktxdnh lw uhpdlqv
frpsolfdwhg dqg frpsoh{ dqg lv vwloo idu iurp frpsohwlrq1

Vhdufk ri suhfxuvruv ri dq hduwktxdnh lv frqgxfwhg qrw rqo| lq vrolg hq0
yhorsh ri wkh Hduwk +olwkrvskhuh,/ exw dovr lq dlu +dwprvskhuh, dqg sodvpd
+lrqrvskhuh, rqhv1 Xs wr wkh suhvhqw lrqrvskhulf shuwxuedwlrqv zhuh frq0
vlghuhg rq wkh zkroh lq frqqhfwlrq zlwk wkh vrodu dfwlrq rq lw1 Krzhyhu wkh
h{shulphqwdo lqyhvwljdwlrqv ri wkh odvw ghfdgh kdyh vkrzq wkdw dwprvskhuh
0 lrqrvskhuh od|huv duh vhqvlwlyh lqglfdwru ri surfhvvhv lq wursrvskhuh/ k|0
gurvskhuh dqg olwkrvskhuh1

Iurp wklv srlqw ri ylhz wkh dwprvskhuh 0 lrqrvskhuh hqyhorsh ri wkh
Hduwk lv wkh xqltxh phglxp1 Suhsdulqj lq lw/ qrqruglqdu| skhqrphqd
duh dsshdulqj lq wkh irup ri zdyh suhfxuvruv ryhu dqg xqghu wkh Hduwk/
zkloh dqwkursrjhqlf dfwlrqv wkhpvhoyhv duh dsshdulqj lq wkh irup ri zdyh
shuwxuedwlrqv1

Vr wkdw wkh Qdwxuh lwvhoi lqirupv lq dgydqfh derxw frplqj qrqruglqdu|
skhqrphqd/ lw lv qhfhvvdu| rqo| wr ohduq rshudwlyho| dqg sxusrvhixoo| wr
pdnh xvh ri wkhvh lqirupdwlrq zlwk pd{lpxp dgydqwdjh iru sureohpv ri
suhglfwlrqv dqg pdqdjhphqwv1

Iurp diruhphqwlrqhg lw iroorzv wkdw iru lpsuryhphqw ri rshudwlqj iruh0
fdvw ri vwurqj hduwktxdnhv lw lv qhfhvvdu| lq wkh �uvw sodfh wr pdqlihvw wkh
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fodvv ri hylghqwo| h{suhvvhg sk|vlfdo surfhvvhv suhfhglqj dq hduwktxdnh1
Wklv lv srvvleoh rq wkh edvlv ri dqdo|vlv ri h{shulphqwdo gdwd ri douhdg|
shuiruphg hduwktxdnhv dqg dqwkursrjhqlf dfwlrqv1

Wkh lqwhuhvw lq wkh vwxg| ri zdyh skhqrphqd frqqhfwhg zlwk wkh vhlvplf
dqg dqwkursrjhqhrxv dfwlylw| kdv uhfhqwo| lqfuhdvhg1 Jhqhudwlrq ri dfrxv0
wlf zdyhv lq wkh dwprvskhuh dqg lrqrvskhulf sodvpd dw wkh yhu| prphqw
ri dq hduwktxdnh dqg lpphgldwho| ehiruh lw kdv ehhq revhuyhg pruh wkdq
rqfh ^;/46/53/5<`1 Dq lqfuhdvh ri lqwhqvlw| ri hohfwurpdjqhwlf glvwxuedqfhv
lq wkh lrqrvskhuh/ dw wkh dowlwxgh ri wkh rughu ri 483 np/ rq wkh hyh ri dq
hduwktxdnh kdv ehhq uhfrughg ^:/45/48/4;/59/63`1 Wkh dqdo|vlv ri wkh qljkw
dlujorz +ri rswlfdo udqjh, hplvvlrq gdwd dovr vkrzv dq lqfuhdvh ri wkh hplv0
vlrq olqh lqwhqvlw| ehiruh dq hduwktxdnh ^44/56/58/65`/ zklfk dovr lqglfdwhv
wkh suhvhqfh ri dfrxvwlf dqg hohfwurpdjqhwlf glvwxuedqfhv1

Wkh dfrxvwlf zdyhv lq txhvwlrq pd| frph iurp dq| qdwxudo dqg duwl�0
fldo vrxufhv/ lqfoxglqj hduwktxdnhv> zkhq sursdjdwlqj xszdugv/ wkh| uhdfk
wkh lrqrvskhulf od|huv ^49/5;`1 Rq vdwhoolwh %Ruhro06%/ iru lqvwdqfh/ wkh hi0
ihfwlyh hqhuj| wudqvirupdwlrq ri dqwkursrjhqhrxv h{sorvlrqv 0 wkh dfrxvwlf
shuwxuedwlrq ri lqiudvrqlf edqg 0 lqwr wkh hqhuj| ri hohfwurpdjqhwlf shuwxu0
edwlrqv lv ghwhfwhg ^8`1 Vxfk dq dssurdfk/ krzhyhu/ h{foxghv iurp frqvlghu0
dwlrq wkh lrq prwlrq zlwk uhvshfw wr wkh qhxwurqv/ zklfk pd| wxuq fuxfldo
iru vwxg|lqj hohfwurpdjqhwlf glvwxuedqfh jhqhudwlrq1 Wkh dssur{lpdwlrq
frqvlghulqj doo wkh wkuhh frpsrqhqwv ri wkh phgld/ olnh wkdw lq ^9/4</53`/
dsshduv wr eh pruh jhqhudo1

Zh krog wkdw wkh prvw lpsruwdqw gudzedfn ri doo wkh suhylrxv zrunv lv
wkh idfw wkdw wkh| qhjohfwhg wkh qrqolqhdu whup +�yu,�y lq wkh yhorflw| htxd0
wlrq1 Lq grlqj vr wkh| qhjohfwhg wkh rqo| dydlodeoh srvvlelolw| ri wudvirupd0
wlrq ri wkh zdyhv lq d txdvlkrprjhqhrxv phglxp= qrqolqhdu lqwhudfwlrq ri
zdyhv1 Wkhuhiruh wkh dxwkruv kdg wr dvvxph wkh h{lvwhqfh ri d vkdus erughu
olqh ehwzhhq d qhxwudo jdv dqg d ixoo| lrql}hg sodvpd/ zklfk lv qrw wkh fdvh/
dqg vr wr uhgxfh wkh sureohp/ lq idfw/ wr d voljkwo| prgl�hg phfkdqlvp ri
wkh olqhdu wudqvirupdwlrq ri zdyhv rq lqkrprjhqhlwlhv ri wkh phglxp1 Dv
d uhvxow/ wkh frh�flhqw ri wudqvirupdwlrq iru zdyhv lq wkh lrqrvskhuh kdv
ehhq irxqg wr eh xqlpsruwdqw ^55`1 Lw lv fohdu wkdw iru d odujh dpsolwxgh
ri d vrxqg zdyh/ wkh frqwulexwlrq ri wkh qrqolqhdu whup zkhq wuhdwlqj wkh
sureohp ri wudqvirupdwlrq ri dq dfrxvwlf zdyh lqwr hohfwurpdjqhwlf rqh/
ehfrphv fuxfldo1 Lq dq ruglqdu|/ frpsohwho| lrql}hg sodvpd/ zkhq wkh dp0
solwxghv ri doo lqwhudfwlqj zdyhv duh vpdoo/ wkh qrqolqhdu wudqvirupdwlrq lv
ghvfulehg e| d ghfd| lqvwdelolw|1 Exw li dq lqlwldo zdyh +%sxps0zdyh%, lv
ri d odujh dpsolwxgh/ wkhq wkh yhu| irupxodwlrq ri wkh sureohp hvvhqwldoo|
fkdqjhv iru lw lv wuhdwhg dv wkdw iru d sdudphwulf lqvwdelolw| ^64` dqg vr grhv
wkh hydoxdwlrq whfkqltxh1

Wkh qdwxuh ri rxu fdvh hvvhqwldoo| gl�huv iurp wkh ruglqdu| sdudphwulf
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lqvwdelolw|= wkh sxps0zdyh lv dq dfrxvwlf rqh/ l1h1 rvfloodwlrqv ri qhxwudo
sduwlfohv1 Vr d gluhfw lqwhudfwlrq ri wkh sxps0zdyh zlwk hohfwurpdjqhwlf
prghv lv lpsrvvleoh1 Dq lqwhqvlyh dfrxvwlf zdyh uhdfklqj wkh lrqrvskhulf
dowlwxghv/ gudzv fkdujhg sduwlfohv lqwr wkh froohfwlyh prwlrq e| wkh iulfwlrq
zlwk wkh qhxwurqv1 Lw lv lpsruwdqw wkdw wkh frh�flhqwv ri iulfwlrqv ri wkh
hohfwurqv dqg wkh lrqv zlwk wkh qhxwudo sduwlfohv gl�hu iurp hdfk rwkhu/
zklfk fdxvhv d uhodwlyh prwlrq ri wkh fkdujhg sduwlfohv1 Wkh dowhuqdwlqj
fxuuhqwv lqgxfhg e| wklv prwlrq fdq jhqhudwh hohfwurpdjqhwlf �hogv gxh wr
wkh sdudphwulf sxpslqj1 Lw lv dovr lpsruwdqw wkdw vxfk dowhuqdwlqj fxuuhqwv
kdyh d fkdrwlf skdvh wkdw pxvw eh wdnhq lqwr dffrxqw ^7`1 Wkh vshfl�f
qdwxuh ri wkh fdvh lq txhvwlrq uhtxluhv d qhz whfkqltxh wr eh ghyhorshg/
vrphzkdw gl�huhqw iurp wkdw iru wkh ruglqdu| sdudphwulf lqvwdelolw| ^64`/
zklfk zh duh jrlqj wr sursrvh ehorz1

Vxssrvlqj wkh lrqrvskhulf phglxp wr eh 60frpsrqhqw dqg txdvlkrpr0
jhqhrxv/ dqg qhjohfwlqj wkh lqhuwld ri wkh hohfwurqv +zklfk lv wuxh iru Doiyhq
dqg pdjqhwr0dfrxvwlf glvwxuedqfhv,/ wkh g|qdplfv ri zdyh glvwxuedqfhv lv
ghvfulehg e| wkh htxdwlrqv ^<`=
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Lq htv +414,0+418, Sk @ Sfk . �Sk> qk @ qfk . �qk/ wkh suhvvxuh dqg wkh

ghqvlw| ri lrqrvskhulf sodvpd/ �E @ �Ef.
��E dqg �H duh pdjqhwlf dqg hohfwulf

�hogv +wkh lqgh{ %3% phdqv dq htxloleulxp ydoxh/ dqg d wlogh deryh dyhudjh
txdqwlwlhv phdqv wkhlu glvwxuehg ydoxhv,/ �kq lv dq dyhudjh iuhtxhqf| ri
froolvlrqv iru d sduwlfoh ri wkh nlqg %�% zlwk wkrvh ri wkh nlqg %�%/f lv wkh
vshhg ri oljkw/ q�y�? lv wkh pdvv ri dq lrq ru d prohfxoh +qhxwudo,/ h dqg pe

duh wkh fkdujh dqg wkh pdvv ri wkh hohfwurq/ �k � 4 lv wkh udwlr ri vshfl�f
khdwv/ Wk lv wkh whpshudwxuh1 Lq wkh vhtxho zh vkdoo rplw/ dv d uxoh/ wkh
wlogh iru glvwxuehg txdqwlwlhv1
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Qhjohfwlqj wkh glvsodfhphqw ri wkh fxuuhqwv/ zh ghvfuleh wkh glvwxu0
edqfhv lq pdjqhwlf dqg hohfwulf �hogv e| Pd{zhoo htxdwlrqv=

urw �E @
7�

f
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f
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Cw
>

gly �H @ 7�h+qe � q�,> gly �E @ 3> �m @ h+q��y� � qe�ye,= +419,

Htv1 +414,0+419, ghvfuleh wkh lqwhudfwlrq ri d jdv glvwxuedqfh zlwk pdj0
qhwl}hg lrqrvskhulf sodvpd1

Frqvlghulqj wkdw wkh lrqrvskhulf sodvpd pd| eh wuhdwhg/ dffxudwho|
hqrxjk/ dv txdvl0qhxwudo/ qfe � qf� @ qf dqg vxpplqj xs htv1 +414,/+415,/
zh jhw wkh htxdwlrq ri prwlrq iru fkdujhg sduwlfohv1 Rqh fdq vhh wkdw wkh
hohfwulf �hog kdv ehhq uhpryhg iurp wkh htxdwlrq
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� �

2

 4= +41;,

Ohw xv xvh wkh jhqhudol}hg Rkp*v odz iru wkh wudqvirupdwlrq ri wkh
Idudgd|*v htxdwlrq ri lqgxfwlrq +419,1 Wkh jhqhudol}hg Rkp*v odz fdq eh
rewdlqhg iurp wkh htxdwlrqv +414, dqg +415, +wdnlqj lqwr dffrxqw wkh lqhuwld
ri hohfwurqv, +frpsduh ^47`,=

C�m

Cw
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$S�
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p

+ �H.
4

f
^�y�> �E`� h

p
uSe.hqe�e?+�y?��y�,> +41<,

zkhuh �e @ �e� . �e?> $Sk @ hEf@pkf> � @ l> h1 Gxulqj wkh vhoifrqvlvwhqw
k|gurglqdplfdo ghvfulswlrq lw lv qhfhvvdu| wr qhjohfw wkh whup C�m@Cw lq
wkh ohiw kdqg vlgh/ ehfdxvh C@Cw � $ � �e +zkhuh $ lv wkh iuhtxhqf| ri
wkh frqvlghuhg zdyhv,1 Ehvlghv/ li zh wdnh lqwr dffrxqw wkdw �y? � �y� iru
wkh lrqrvskhulf shuwxuedwlrqv dqg lq sduwlfxodu iru wkh surfhvvhv zklfk zh
glvfxvv/ iurp +41<, rqh fdq rewdlq

�H @ �4

f
^�y�> �E` .

p

h2qe
�e�m � uSe

hqe
� p

hPfqe
�̂m> �E`= +4143,

Hvwlpdwlqj hdfk whup lq wkh uljkw kdqg vlgh ri +4143, xvlqj +4147,/
rqh fdq �qg wkdw lq fdvh zkhq wkh froolvlrq lv vfdufh hqrxjk +$Se  
+P@p,�*2�e/ zklfk lv ixo�oohg zlwk juhdw vwrfn lq wkh lrqrvskhulf od|huv
vwduwlqj iurp wkh khljkw k � 483 np, dqg iru vorz surfhvvhv +$ � $S�> $ �
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ny�/ khuh n lv wkh fkdudfwhulvwlf zdyh qxpehu ri wkh jhqhudwhg glvwxuedqfhv,/
lq wkh uljkw kdqg vlgh ri +4143, wkh prvw lpsruwdqw lv wkh �uvw whup1 Wkhuh0
iruh Idudgd|*v lqgxfwlrq odz zloo wdnh wkh iroorzlqj irup=

C �E

Cw
@ urw^�y�> �E`= +4144,

+4144, phdqv wkdw wkh pdjqhwlf �hog lv iur}hq lq wkh lrq oltxlg/ zklfk lv
shfxoldu iru wkh pdjqhwrvrqlf shuwxuedwlrqv glvfxvvhg e| xv ^47/57`1

Lq wkh htxdwlrq +41:, wkh whup sursruwlrqdo wr uSe lv ghflvlyh/ ehfdxvh
lw ghvfulehv wkh prwlrq ri hohfwurqv uhodwlyh wr lrqv1 Wr gh�qh uSe+@
�eWeuqe, fruuhfwo|/ rqh pxvw kdyh wkh htxdwlrq frqqhfwlqj yhorflwlhv ri
hohfwurqv dqg lrqv1 Lq rxu fdvh +lrqrvskhulf phglxp, wklv frqqhfwlrq lv
dfklhyhg e| froolvlrqv ri hohfwurqv dqg lrqv zlwk qhxwudo sduwlfohv1 Wr �qg
wklv frqqhfwlrq zh zloo xvh wkh vfkhpd ri fdofxodwlrq ghvfulehg lq ^6`1

Iroorzlqj ^6`/ ohw xv frqvlghu wkh prwlrq ri sduwlfohv ri � vruw froolglqj
zlwk qhxwudo sduwlfohv lq wkh dyhudjh �k? wlphv shu vhfrqg1 Diwhu froolvlrqv
wkh sduwlfoh yhorflw| lv glvwulexwhg fkdrwlfdoo|/ ru lv htxdo wr }hur zlwk uh0
vshfw wr wkh qhxwudo sduwlfohv1 Lw lv dvvxphg wkdw qhxwudov duh lpprydeoh1
Ehwzhhq wkh froolvlrqv wkh prwlrq ri wkh sduwlfoh zlwk wkh fkdujh tk xqghu0
jrhv rqo| wkh lq�xhqfh ri hohfwulf dqg pdjqhwlf �hogv1 Wkh hohfwulf �hog lv
wkh dowhuqdwlqj �hog �H jhqhudwhg e| wkh dfrxvwlf zdyh1 Ohw xv dvvxph wkdw
wkh iuhtxhqf| ri wkh fkdqjh ri wkh jhqhudwhg �hog $ lv pxfk ohvv wkdq wkh
f|forwurq iuhtxhqf|/ $ � $Sk1 Zh fdq wkhuhiruh eholhyh wkdw wkh hohfwulf
�hog uhpdlqv frqvwdqw gxulqj wkh Oduprxu urwdwlrq shulrg/ dqg wkh pdj0
qhwlf �hog ri shuwxuedwlrq lv vpdoo frpsduhg zlwk wkh h{whuqdo pdjqhwlf
�hog1 Ohw wkh krprjhqhrxv jhrpdjqhwlf �hog �Ef eh gluhfwhg dorqj } d{lv/
dqg wkh hohfwulf �hog kdyh frpsrqhqwv dorqj { dqg } d{hv/ �H+H%> 3> H5,1
Lq vxfk d prgho rqh fdq hdvlo| �qg wkh vroxwlrq ri wkh htxdwlrq ri prwlrq
ri fkdujhg sduwlfohv1 Iru wkh sduwlfoh/ prwlrqohvv dw wkh prphqw w @ 3/ zh
kdyh zhoo nqrzq vroxwlrqv=

�yk% @
tk
m tk m

fH%

Ef

vlq$Skw> �yk+ @ �fH%

Ef

+4� frv$Skw,> �yk5 @ tk
H5

pk
w=

+4145,
Wkh lqwhuydo ehwzhhq froolvlrqv reh|v wkh odzv ri wkh vwdwlvwlfdo glvwul0

exwlrq/ vr wkh suredelolw| wkdw wkh froolvlrq kdsshqv ehwzhhq w dqg w.gw lv
ik? @ �k?h{s+��k?w,gw1 Wkhq pxowlso|lqj hdfk ri wkh yhorflw| frpsrqhqwv
+4145, e| ik? dqg lqwhjudwlqj ryhu wlph zh �qg wkh frpsrqhqwv ri phdq ru
guliw yhorflw| ri fkdujhg sduwlfohv=

yk% @
tk
m tk m

�k?$Sk

�2k? . $2
Sk

fH%

Ef

> yk+ @
$2
Sk

�2k? . $2
Sk

fH%

Ef

> yk5 @
tk

pk�k?
H5=

+4146,

9
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Uhzulwlqj wkhvh h{suhvvlrqv vhsdudwho| iru hohfwurqv dqg lrqv +� @ h> l,
dqg h{foxglqj �H dqg �Ef rqh fdq hdvlo| �qg wkh frqqhfwlrq ehwzhhq yhorflw|
frpsrqhqwv +ye,� dqg +y�,� +m@{/|/} ru 4/5/6,=

+ye,� @ ���+y�,� = +4147,

Khuh

��� @ ��e?$Se

��?$S�

�2�? . $2

S�

�2e? . $2
Se

> �22 @
$2
Se

$2

S�

�2�? . $2

S�

�2e? . $2
Se

> ��� @ �p�

pe

��?
�e?

= +4148,

Wkh vhoi0frqvlvwhqw vhw ri htxdwlrqv +416,0+418,/+41:,/+4144,/+4147, gh0
vfulehv jhqhudwlrq ri hohfwurpdjqhwlf �hog zkhq dq dfrxvwlf zdyh surs0
djdwhv lq wkh lrqrvskhuh1

���� #�tTiht�L? i^�@|�L? uLh UL�T*i_ @UL�t|�U @?_ i*iU|hL4@}?i|�U
4L_it

Khuhdiwhu zh zloo frqvlghu wkh sureohp lq wkh iudph ri wkh rvfloodwlqj qhx0
wudov/ lq rughu wr wdnh lqwr dffrxqw wkh lq�xhqfh ri wkh dfrxvwlf zdyh rq
wkh fkdujhg sduwlfohv1

Dw wkh k|gurg|qdplf ghvfulswlrq wkh lghqwlw| ri wkh phglxp sduwlfohv
ehkdylrxu lv xvxdoo| dvvxphg1 Iru lqvwdqfh/ lq wzr �xlg k|gurg|qdplfv/
dw wkh sdudphwulf jhqhudwlrq ri zdyhv lq sodvpd e| dq h{whuqdo hohfwur0
pdjqhwlf �hog/ wkh sxps zdyh d�hfwv doo fkdujhg sduwlfohv vlpxowdqhrxvo|1
Ehfdxvh ri wkh gl�huhqfh lq lqhuwld ri wkh sodvpd frpsrqhqwv/ hohfwurqv
pryh zlwk uhvshfw wr lrqv fdxvlqj wkhuhe| wkh sdudphwulf lqvwdelolw|1

Lq rxu fdvh wkh lq�xhqfh ri wkh dfrxvwlf sxps zdyh rq wkh fkdujhg
sduwlfohv lv dfklhyhg rqo| e| froolvlrqv1 Lw lv reylrxv wkdw froolvlrqv zlwk
gl�huhqw sduwlfohv kdsshq dw wkh gl�huhqw prphqwv ri wlph1 Diwhu hdfk
fdvh ri froolvlrq ri qhxwudov zlwk fkdujhg sduwlfohv wkhlu prphqwd fkdqjh 0
dv li wkh sduwlfohv ehjlq wr pryh zlwk d qhz skdvh1 Khqfh iru wkh dghtxdwh
ghvfulswlrq ri wkh vwdwlvwlfdo vwdwh ri pdq| sduwlfohv rqh kdv wr lqwurgxfh
wkh duelwudu| skdvh1 Lq wkh fdvh ri wzr �xlg k|gurg|qdplfv rqh kdv wr
lqwurgxfh wkh duelwudu| skdvhv * dqg # iru wkh sodvpd hohfwurqv dqg lrqv
uhvshfwlyho|/ zlwk wkh frqvhtxhqw dyhudjlqj ryhu wkhvh skdvhv1

Ohw xv frqvlghu wkh fdvh zkhq wkh iuhtxhqf| ri jhqhudwhg shuwxuedwlrq
$ lv pxfk pruh wkdq wkh iuhtxhqf| ri froolvlrqv ri qhxwudo sduwlfohv zlwk
lrqv �?�> $  �?�+�?� � +qf�@qf?,��? � ��?,1 Lq wklv iuhtxhqf| udqjh wkh
prwlrq ri wkh fkdujhg sduwlfohv grhvq*w lq�xhqfh wkh prwlrq ri qhxwudov1
Vr wkh vroxwlrq ri wkh htxdwlrq ri wkh qhxwudo sduwlfoh g|qdplfv +416,/+417,
fdq eh dffrpsolvkhg lqghshqghqwo|/ dqg wkh yhorflw| �y? fdq eh suhvhqwhg
lq wkh irup ri rvfloodwlrqv zlwk dq duelwudu| skdvh #/

�y? @ �Yf frv+$fw. #,= +4149,

:
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Khuh �Yf lv d wlph0lqyduldqw dpsolwxgh ri qhxwudo sduwlfoh yhorflw|/ $f lv wkh
dfrxvwlf +sxps, zdyh iuhtxhqf|/ # lv wkh lqlwldo skdvh ri qhxwudov ru lrqv1
Zh ghvfuleh dq hqruprxv vhw ri sduwlfohv1 Vr lw lv fohdu wkdw # lv d udqgrp
ydoxh1

Wkhuhiruh wkh txdvl0krprjhqhrxv dwprvskhuh lv vxssolhg e| wkh h{whu0
qdo frqvwdqw vrxufh ri shuwxuedwlrq +4149, +iru lqvwdqfh/ e| wkh rvfloodwlrq
ri wkh whuuhvwuldo vxuidfh zklfk/ ehfdxvh ri vxshu�fldo Ud|ohljk zdyh h{fl0
wdwlrq/ jhqhudwh wkh vrxqg sursdjdwlqj xs wr lrqrvskhulf khljkwv,1

Wkh irup ri wkh h{whuqdo vrxufh +4149, suhvxphv wkdw $fw �nf�u/ zkhuh
�nf +n �Yf, lv wkh zdyh yhfwru ri sxps zdyh/ l1h1 wkh duhd ri wkh jhqhudwlrq
ri lrqrvskhulf shuwxuedwlrq lv ohvv wkdq wkh sxps zdyh ohqjwk �f @ 5�@nf
+vhh dovr vhfwlrq 516,1 Wklv frqvlghudwlrq glvwlqjxlvkhv vxevwdqwldoo| rxu
zd| ri vhwwlqj xs wkh sureohp iurp wkh suhylrxvo| frqvlghuhg dqdorjrxv
lrqrvskhulf sureohpv ^8/9/4</55`1 Lq wkh oderudwru| ri sodvpd wkh irupxod0
wlrq ri wkh sureohp lq wklv zd| lv srsxodu dqg zhoo jurxqghg ^64`1

Ohw xv lqyhvwljdwh whpsrudo hyroxwlrq ri wkh lrqrvskhulf shuwxuedwlrq
fuhdwhg e| wkh h{whuqdo vrxufh +4149, lq wkh iuhtxhqf| ri �?� � $ � $S�1
Dv lw zdv phqwlrqhg deryh/ rqh vkrxog sdvv wr wkh iudph ri qhxwudov* uhvw/
dqg iru frqyhqlhqfh/ ohw xv lqwurgxfh qhz yduldeohv

�Y @ �y� � �y? @ �X+w,h3d vlq+$fw. #,> d @
�n�Yf
$f

> +414:,

zkhuh �n lv d zdyh yhfwru ri wkh jhqhudwhg shuwxuedwlrq1 Iru wkhvh qhz
yduldeohv zh jhw iurp htv1+41:,/+4144,/ zlwk dq dffxudf| ri wkh whupv ri wkh
vhfrqg rughu ri vpdooqhvv=

C�X+w,

Cw
� ��?�X+w, @

�
$f�Yf vlq+$fw. #,� u+Se . S�,

Pqf
�

� 4

7�Pqf

] | �
�Ef^u^u^�X+w�,> �Ef```

�
h3ld vlq+$fw

� . #, gw�
�
hld vlq+$fw. #,=

+414;,

Lw vkrxog eh qrwhg wkdw wkh lrqv dqg wkh hohfwurqv lqwhudfw zlwk wkh
qhxwudov qrw lq d v|qfkurqrxv zd|1 Vr wkh lqlwldo skdvhv ri rvfloodwlrqv iru
wkh hohfwurqv * dqg wkh lrqv # duh qrw wkh vdph1 Wdnlqj wklv +dv zhoo dv
+4147,, lqwr dffrxqw/ wkh vroxwlrq ri wkh frqwlqxlw| htxdwlrq iru hohfwurqv
dqg lrqv +417, frxog eh suhvhqwhg lq wkh irup=

qe+w, @ �qfh3le vlq+$fw. *,
"[

?cr'3"

M?+e,Mr+d,h
l+q*� v#,

;
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�
"]

3"

n����X�+$
�,h�^$

� . +q� v,$f`w

$� . +q� v,$f
g$�> +414<,

q�+w, @ �lqfh3ld vlq+$fw. #,
|]
�n�X+w�, gw�> +4153,

zkhuh

e @
���n�Yf�

$f
> m @ {> |> }+4> 5> 6,> +4154,

Vxpplqj xs lv ryhu wkh lqgh{ m1 Wkh h{sdqvlrq

hld vlq+$fw. #, @
"[

?'3"

M?+d,h
lq+$fw. #,>

zdv xvhg lq ht1 +414<,1 Khuh �X+$, lv wkh Irxulhu frpsrqhqw ri �X+w,1
Zh vxevwlwxwh wkh h{suhvvlrqv +414<, dqg +4153, lqwr +414;,1 Wkhq zh

lqwhjudwh +414;, ryhu w� wr Irxulhu wudqvirupdwlrq dqg sdvv edfn iurp wkh
yduldeoh �X+$, wr �Y +$, xvlqj wkh h{suhvvlrq

�X+$, @
"[

,'3"

M,+d,�Y +$ � o$f,h
�,�>

wkdw lv wkh Irxulhu wudqvirup ri ht1 +414:,1 Li khuh wkh skdvh # lv �{hg dv lw
wdnhv sodfh lq wkh fdvh ri xvxdo sdudphwhuv ^64`/ wkh lq�qlwh vxp ri ydulrxv
kduprqlfv lv rewdlqhg1 Wr ghvfuleh vxfk d v|vwhp rqh kdv wr fxw r� wkh
lq�qlwh v|vwhp ri wkh ryhuodsslqj htxdwlrq/ xvlqj wkh dgglwlrqdo uhvrqdqfh
frqglwlrqv1 Dv iru rxu fdvh/ dw wkh dyhudjlqj ryhu duelwudu| skdvhv * dqg
#/ wkh v|vwhp ri htxdwlrqv iru �Y lv dxwrpdwlfdoo| vlpsol�hg1 Lqghhg/ dv wkh
uhvxow ri vxfk dq dyhudjlqj ryhu duelwudu| skdvhv htxdwlrq +414;, hyhqwxdoo|
wdnhv wkh irup=

$+4 . l
��?
$

,�Y +$,� �nz+�nz�Yz+$,,
Y 2
�

$
� �n+�n�Y +$,,

Y 2
A �

$
�

��n���+n�Y�+$,,Y 2
re

"[
?'3"

M2?+e,

$ � q$f
� D��Y�+$, @ 3= +4155,

Khuh Y 2
� @ E2

f@+7�qfP,> Y 2
A � @ ��W�@P> Y 2

re @ �eWe@P > n @ +n2z.n28,
�

2 >�nz> �n8

duh wkh ruwkrjrqdo dqg sdudooho +wr wkh rxwhu pdjqhwlf �hog �Ef, frpsrqhqwv
ri wkh zdyh yhfwru/ uhvshfwlyho|1

Yhfwru htxdwlrq +4155, ru wkh fruuhvsrqglqj v|vwhp ri wkuhh vfdodu htxd0
wlrqv gh�qhv wkh uhodwlrq ehwzhhq wkh dfrxvwlf dqg hohfwurpdjqhwlf zdyhv
lq wkh lrqrvskhuh1

<
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Wkh qrq0wulyldo vroxwlrq ri wkh htxdwlrq +4155, h{lvwv li wkh ghwhuplqdqw
iruphg e| wkh frh�flhqwv ri wkh v|vwhp lv }hur1 Wklv h{suhvvlrq lv wkh
ghvluhg glvshuvlrq htxdwlrq=

n D�� n@ D��D22D�� .D�2D2�D�� .D��D2�D�2�
�D��D22D�� �D��D2�D�2 �D�2D2�D�� @ 3>

+4156,

zkhuh

D�� @ 4. l
��?
$
� n2%

$2
+Y 2

� . Y 2
A � . ���DfY

2
re,>

D�2 @ �n%n+
$2

+Y 2
� . Y 2

A � . �22DfY
2
re,>

D�� @ �n%n5
$2

+Y 2
A � . ���DfY

2
re,> D2� @ �n+n%

$2
+Y 2

� . Y 2
A � . ���DfY

2
re,>

D22 @ 4. l
��?
$
� n2+

$2
+Y 2

� . Y 2
A � . �22DfY

2
re,>

D2� @ �n+n5
$2

+Y 2
A� . ���DfY

2
re,> +4157,

D�� @ �n5n%
$2

+Y 2
A � . ���DfY

2
re,> D�2 @ �n5n+

$2
+Y 2

A � . �22DfY
2
re,>

D�� @ 4. l
��?
$
� n25

$2
+Y 2

A � . ���DfY
2
re,> Df @

"[
?'3"

$M2?+e,

$ � q$f
>

e @ ���
n�Yf�
$f

>

zklfk ghwhuplqhv wkh vshfwud ri jhqhudwhg shuwxuedwlrqv $ @ $+�n,1

Zh qrwh wkdw lq +4157, wkh dujxphqwv ri Ehvvho*v ixqfwlrqv frpsulvh wkh
yhorflw| ri qhxwudo sduwlfohv Yf+e @ ���n�Yf�@$f,1 Wkdqnv wr wklv +4156, gh0
�qhv wkh qrqolqhdu ghshqghqfh ri wkh vshfwud ri jhqhudwhg shuwxuedwlrqv ri
wkh dpsolwxgh ri sxpslqj zdyh1 Lq wklv vhqvh wkh rewdlqhg glvshuvlrq htxd0
wlrq ghvfulehv wkh qrqolqhdu h�hfw ri lpsdfw ri wkh dfrxvwlf vljqdo +sxpslqj,
rq lrqrvskhulf sodvpd1

��2� Bi?ih@|�L? Lu i*iU|hL4@}?i|�U ?L�tit L? |�i �@h4L?�Ut Lu @UL�t�
|�U uhi^�i?U�it

Lw lv zhoo0nqrzq iurp wkh wkhru| ri sdudphwulf lqvwdelolwlhv wkdw lq d frq0
gxfwlqj phglxp/ lq dq rxwhu hohfwulf �hog/ zkhq wkh iuhtxhqf| ri wkh rxwhu
�hog $f lv forvh wr rqh ri wkh vhoirvfloodwlrq iuhtxhqflhv ri wkh phglxp $+�n,/
lqfuhdvlqj glvwxuedqfhv pd| srvvleo| dsshdu1

43
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Lq rxu fdvh wkh prwlrq ri qhxwudo sduwlfohv +dfrxvwlf sxpslqj zdyh, lq
wkh lrqrvskhuh fdxvhv vhsdudwlrq ri fkdujhv wkurxjk froolvlrqv dqg/ vxevh0
txhqwo|/ lqgxfwlrq ri dq hohfwulf �hog1 Wkh lqgxfhg �hog fdq fkdqjh wkh
sdudphwhuv ri jurxqg vwdwh ri lrqrvskhulf phglxp dqg ohdg wr sdudphwulf
lqvwdelolwlhv/ l1h1 wr wkh jhqhudwlrq ri hohfwurpdjqhwlf �hog1 Wr ghprqvwudwh
wklv/ ohw xv frqvlghu wkh vroxwlrq ri +4156, lq h{wuhph fdvhv 0 wudqvyhuvdo dqg
orqjlwxglqdo sursdjdwlrq ri jhqhudwhg shuwxuedwlrqv1

41 Ohw wkh shuwxuedwlrq sursdjdwh wudqvyhuvho| wr wkh jhrpdjqhwlf �hog/
�n B �Ef1

Dvvxplqj n5 @ 3 lq +4157,/ iurp +4156, rqh fdq rewdlq=

$2.l��?$�n2z+Y 2
�.Y 2

A �,�+�22n2+�m���mn2%,Y 2
re

"[
?'3"

$M2?+e,

$ � q$f
@ 3= +4158,

Qrz ohw xv frqvlghu wkh iuhtxhqflhv ri phglxp rvfloodwlrqv/ forvh wr wkh
sxpslqj zdyh kduprqlfv/ l1h1 vrqlf zdyh/

$+�n, @ $& . l�> +4159,

zhuh $& * o$f+o @ 4> 5> ===, dqg � � $&1 Wkhq/ vxevwlwxwlqj +4159, e| +4158,
dqg h{sdqglqj ryhu wkh ghjuhhv ri �@$&/ zh zloo rewdlq iru wkh rvfloodwlrq
vshfwuxp=

$2& @ n2z+Y
2
� . Y 2

A �, . +�22n
2
+ � m���mn2%,Y 2

reM
2
, +e,= +415:,

Khuh/ wkh h�hfw ri wkh rxwhu dfrxvwlf +sxps, zdyh pdqlihvwv lwvhoi lq wkh
fruuhfwlrq whupv dqg vshfl�hv wkh ghshqghqfh ri wkh iuhtxhqf| rq wkh zdyh
yhfwru +ehfdxvh e @ ���n�Yf�@$f,1 Iru wkh zdyh ohqjwkv juhdwo| h{fhhg0
lqj wkh fkdudfwhulvwlf sxps0zdyh ohqjwk Yf@$f+e � 4,/ wkh rvfloodwlrq iuh0
txhqf| +415:, htxdov wkh iuhtxhqf| ri d idvw pdjqhwr0dfrxvwlf zdyh1

Wkh jurzwk udwh ri wkh rvfloodwlrqv +415:, lv htxdo wr

� @ ���?
5

.

�
�2�?
7
� 4

5
+�22n

2
+ � m���mn2%,Y 2

reM
2
, +e,

� �

2

= +415;,

Lw iroorzv wkdw wkh jhqhudwlrq ri hohfwurpdjqhwlf shuwxuedwlrqv +� A 3, lv
srvvleoh lq lrqrvskhulf sodvpd fdxvhg e| h{whuqdo dfrxvwlf zdyhv/ lq wkh
duhd ri wkh iroorzlqj zdyh qxpehuv=

n% A

�
�22
m���m

��

2

n+ �
�
P

pe

� �

e

n+= +415<,

Dffruglqjo| iurp +415:, rqh fdq rewdlq wkh uhodwlrq iru wkh wkuhvkrog ydoxhv
ri wkh sxpslqj zdyh dpsolwxgh zkhuh wkh lqvwdelolw| ehfrphv srvvleoh=

M2,

�
m���mn%Yfc|�o

$f

�
� Y 2

� . Y 2
A �

Y 2
re

= +4163,
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Zkhq Yf $ 3/ wkh h{suhvvlrq +415;, jlyhv wkh nqrzq uhvxow � @ ���?@5
dqg zh kdyh wkh vwurqj gdpslqj ri hohfwurpdjqhwlf glvwxuedqfhv lq wkh
froolvlrqdo phglxp1

Idu iurp wkh uhvrqdqfh ri wkh h{whuqdo iuhtxhqf| kduprqlfv m$&�q$fm  
$&/ l1h1 iru juhdw q @ Q  4 rqh fdq rewdlq iru wkh iuhtxhqf| dqg wkh
jurzwk udwh wkh iroorzlqj h{suhvvlrqv=

$&� @ �+�22n2+ � m���mn2%,Y 2
re

%f
5$f

+4164,

	
�
+�22n

2
+ � m���mn2%,2Y e

re

%2f
7$2f

. n2z+Y
2
� . Y 2

A �,

� �

2

>

� @ ���?
�
5 . +�22n

2
+ � m���mn2%,Y 2

re

%f
$f$&�

�3�
> +4165,

zkhuh %f @
"[

�'?q�

4

q2
� �2

9
= Lq wkh duhd ri zdyh qxpehuv n% A +P@pe,

�

en+

wkh idvw zdyh $&n lv h{flwhg/ dqg lq wkh duhd n% ? +P@pe,
�

en+ 0wkh zdyh
$&3 lv1 Ehvlghv/ iru wkh jhqhudwhg iuhtxhqflhv wkh iroorzlqj frqglwlrqv pxvw
eh vdwlv�hg=

m$&�m ? %fm���c22m
n2%c+Y

2
re

5$f
>

dqg iru wkh wkuhvkrog ydoxh ri wkh sxps �hog rqh kdv=

���n�Yfc|�o@$f � Q  4> +m @ 4> 5 ru {> |,=

51 Ohw xv frqvlghu wkh fdvh ri wkh orqjlwxglqdo sursdjdwlrq �n n �Ef +�n+3> 3> n5,,1
Wkh vroxwlrq ri wkh glvshuvlrq htxdwlrq +4156, lq wklv fdvh/ lq wkh udqjh

ri iuhtxhqflhv $& � o$f +o @ 4> 5> ===, lv

$2& @ n25Y
2
A � � m���mn25Y 2

reM
2
, +e,> +4166,

� @ ���?
5

.

�
�2�?
7

. m���mn25Y 2
reM

2
, +e,

� �

2

= +4167,

Wkhuhiruh wkh orqjlwxglqdo hohfwurvwdwlf zdyhv ri lrq0vrqlf w|sh duh h{flwhg/
kdylqj wkh wkuhvkrog ri h{flwdwlrq ri M2, +���n5Yfc|�o@$f, � Y 2

A �@Y
2
re1

Lq wkh udqjh ri kljk kduprqlfv $& � Q$f/ Q  4/ lw iroorzv iurp
+4156, wkdw orqjlwxglqdo +nz @ 3, �xfwxdwlrqv duh h{flwhg zlwk iuhtxhqflhv
dqg jurzwk udwhv ri=

$&� @
%f
5
m���mn

2
5Y

2
re

$f
	

�
%2

7
�2��

ne5Y
e
re

$2f
. n25Y

2
A �

� �

2

> +4168,

� @ ���?
�
5� %fm���mn25Y 2

re

$f$&�

�3�
= +4169,
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Iru wkh ghyhorsphqw ri lqvwdelolw| wkh iroorzlqj frqglwlrq pxvw eh vdwlv�hg=

m$&�m ? %f
5
m���mn

2
5Y

2
re

$f
=

Dffruglqjo|/ iurp +4168, dqg +4169, iroorzv wkh jhqhudwlrq ri hohfwurvwdwlf
idvw zdyh ri lrq0dfrxvwlf w|sh/ zlwk iuhtxhqf| ri $& @ $&n dqg wkuhvkrog
ydoxh ri sxps dpsolwxgh Yfc|�o * Q$f@+n5m���m,1

Wkh vhw ri htv1+4155, dovr doorzv wkh srodul}dwlrq ri wkh jhqhudwhg zdyhv
xqghu frqvlghudwlrq wr eh ghwhuplqhg1 Lw zh wdnh wkh txdqwlw| S @ Y%@Y+ dv
d zdyh srodul}dwlrq fkdudfwhulvwlf/ wkhq/ iurp +4155,/ rq dffrxqw ri +4158,/
zh kdyh

S @
Y%
Y+

@
n%
n+

= +416:,

Lw lv fohdu wkdw wkh idfwru ri srodul}dwlrq S lv wkh uhdo qxpehu dqg jhqhudwhg
shuwxuedwlrqv +415:, dqg +4164, kdyh olqhdu srodul}dwlrq lq wkh sodqh {> |1
Wkh zdyh +4166, dqg +4168, dovr kdyh olqhdu srodul}dwlrq +Y% @ Y+ @ 3> Y5 9@
3,1

Lw vkrxog eh qrwhg wkdw zh ljqruh lqkrprjhqhlw| ri wkh sxps0zdyh dqg
wkh lrqrvskhulf phglxp1 Wklv lpsrvhv uhvwulfwlrqv rq wkh zdyhohqjwkv ri
wkh glvwxuedqfhv xqghu vwxg|1 Dqg wkh zdyhohqjwkv � duh wr eh frqvlghuhg
vpdoo dv frpsduhg zlwk wkh fkdudfwhulvwlf glphqvlrq ri wkh lqkrprjhqhlw|
ri wkh rxwhu �hog Of dqg wkh phglxp O?/

� ? plq+�f> Of> O?,> +416;,

zkhuh �f lv wkh sxps0zdyh ohqjwk1
Lq wkh deryh glvfxvvlrq zh qhjohfwhg dovr wkh dwprvskhuh ylvfrvlw|1 Gxu0

lqj wkh xszdug sursdjdwlrq ri dfrxvwlf zdyhv wkh kljkhu iuhtxhqflhv duh de0
vruehg gxh wr wkh ylvfrvlw| ri wkh dwprvskhuh1 Wkh ylvfrvlw| h�hfw lv vpdoo
iru wkh iuhtxhqflhv wkdw vdwlvi| wkh frqglwlrq $f � Yr@o +khuh Yr lv wkh
vrxqg vshhg/ o lv wkh phdq iuhh sdwk iru wkh prohfxohv , ^4:`1 Wkhuhiruh/ wkh
xsshu dwprvskhulf od|huv duh rqo| uhdfkhg e| orz0iuhtxhqf|/ orqj dfrxvwlf
zdyhv +iru lqvwdqfh/ wkh zdyhv ri iuhtxhqflhv xqghu 4332vhf3� sursdjdwh
xs wr wkh dowlwxgh ri 733np zlwkrxw dq| devruswlrq,1

2� A�iLh) Lu W?|i?t��U@|�L? Lu |�i ��h}*L� �? ,�+i}�L?
Lu |�i WL?LtT�ihi �iuLhi |�i ,@h|�^�@!it

2��� 5|@|i4i?| Lu |�i ThLM*i4 @?_ _)?@4�U i^�@|�L?t

Uhfhqwo|/ sduwlfxodu dwwhqwlrq kdv ehhq jlyhq wr gluhfw dqdo|vlv dqg phd0
vxuhphqwv ri erwk vwhdg|0vwdwh dqg qrqvwhdg|0vwdwh zdyh vwuxfwxuhv lq
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wkh dwprvskhuh dqg lrqrvskhuh ri wkh Hduwk xqghu wkh dfwlrq ri h{whu0
qdo glvwxuelqj idfwru +qdwxudo ru duwl�fldo,1 Pxfk ri wkh gdwd iurp re0
vhuydwlrqv frq�up wkdw/ ehiruh dqg diwhu hduwktxdnhv dqg gxulqj pdq0
pdgh lq�xhqfh/ wkh dfwlylw| ri zdyh surfhvvhv lq wkh dwprvskhuh dqg lrqr0
vskhuh lqfuhdvhv ^:/;/45/46/48/4;/53/59/5</63`1 Lq sduwlfxodu/ wkh h{flwdwlrq
ri dfrxvwlf0judylw| +DJ, zdyhv kdv ehhq revhuyhg1 Wkhvh glvwxuedqfhv duh
ghwhfwhg prvw hdvlo| lq wkh lqiudvrqlf udqjh/ ehfdxvh/ lq wklv iuhtxhqf|
udqjh/ wkh qdwxudo ohyho ri dwprvskhulf wxuexohqfhv lv orzhu wkdq lq wkh
udqjh ri lqwhuqdo judylw| zdyhv1 Wkh dqdo|vlv ri wkh gdwd rq wkh suh0wzloljkw
qljkw0vn| oxplqhvfhqfh vkrzv wkdw/ ehiruh hduwktxdnhv/ dq lqfuhdvh ri wkh
lqwhqvlw| ri juhhq udgldwlrq ri dwrplf r{|jhq dw d zdyh0ohqjwk ri 88:1:
qp +wkh udgldwlqj od|hu dw khljkwv ri ;80443 np, rffxuv1 Vxfk dq lqfuhdvh
ri udgldwlrq ehjlqv vhyhudo krxuv ehiruh wkh hduwktxdnh ^44/56/58/65` dqg
frq�upv wkh suhvhqfh ri DJ +lqiudvrqlf, glvwxuedqfhv1

Lq frqqhfwlrq zlwk wklv idfw/ d sureohp ri fxuuhqw lqwhuhvw lv d wkhruhwlfdo
uhvhdufk ri wkh qrqolqhdu g|qdplfv ri wkh DJ zdyhv +vhlvplf dqg pdq0pdgh
ruljlq, lq wkh plggoh dwprvskhuh dqg lrqrvskhuh ri wkh Hduwk1 Rq wkh edvlv
ri wkh dydlodeoh gdwd iurp revhuydwlrqv dqg h{shulphqwv ^:/;/44/45/46/48/4;/
53/56/58/59/5</63/65`/ zh fdq dvvxph wkdw/ ehiruh hduwktxdnhv/ wkh surfhvvhv
lq wkh dwprvskhuh ghyhors dffruglqj wr wkh iroorzlqj sk|vlfdo vfhqdulr= Whf0
wrqlf surfhvvhv rffxuulqj lq wkh Hduwk*v fuxvw jhqhudwh wkh Hduwk*v vhlvplf0
judylw| rvfloodwlrqv ru Ud|ohljk zdyhv sursdjdwlqj ryhu wkh Hduwk*v vxu0
idfh iurp wkh hslfhqwhu dw vxshuvrqlf yhorflwlhv1 Wkhvh zdyhv jlyh ulvh wr
dwprvskhulf0suhvvxuh glvwxuedqfhv +DJ zdyhv, e| yhuwlfdo sxovhg dfwlrq rq
dlu1 DJ zdyhv sursdjdwh yhuwlfdoo| doprvw zlwkrxw gdpslqj wr khljkw ri
H0od|hu +wkhlu dpsolwxghv lqfuhdvh h{srqhqwldoo| dv wkh khljkw lqfuhdvhv,
dqg jlyh ulvh wr froohfwlyh prwlrqv lq wkh irup ri qrqolqhdu DJ yruwlfhv ^4`1
Ehfdxvh ri wkh frqyhfwlyh yruwlfdo prwlrq/ wkh ghqvlw| ri dwrplf r{|jhq
dw wkhvh khljkwv dqg/ frqvhtxhqwo|/ wkh lqwhqvlw| ri juhhq qljkw0vn| udgld0
wlrq lqfuhdvhv1 Wkh suhvhqw sduw ri wklv zrun lv ghyrwhg wr wkh wkhruhwlfdo
mxvwl�fdwlrq ri wklv prgho1

Zh ghvfuleh wkh sursdjdwlrq ri zdyh glvwxuedqfhv lq d qrqxqlirup/
qhxwudo/ qrqglvvlsdwlyh +wkh glvvlsdwlrq zloo eh lqfoxghg ehorz, dwprvskhuh
e| wkh htxdwlrq ri prwlrq

C�y

Cw
. +�yu,�y @ �uS

�
. �j> +514,

wkh frqwlqxlw| htxdwlrq

C�

Cw
. �yu�. �gly�y @ 3> +515,
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dqg wkh htxdwlrq ri vwdwh +hqwurs|,

CS

Cw
. +�yu,S . �Sgly�y @ 3= +516,

Khuh/ dv xvxdo/ �y lv wkh k|gurg|qdplf yhorflw|> � @ �f+},.�� lv wkh ghqvlw|>
S @ Sf+},.S � lv wkh suhvvxuh> �j @ �j�h5> j lv wkh judylw| dffhohudwlrq> �h5 lv
wkh xqlw yhfwru dorqj wkh R]0d{lv> � @ fR@f� lv wkh udwlr ri wkh vshfl�f khdwv>
wkh vxevfulsw }hur ghqrwhv sdudphwhuv ri wkh dwprvskhuh lq xqglvwxuehg
vwdwh> dqg wkh sulph ghqrwhv ghyldwlrqv iurp wklv dyhudjh vwdwh1

Ohw xv lqwurgxfh wkh orfdo iudph ri uhihuhqfh {> |> dqg } zlwk wkh {0d{lv
gluhfwhg wrzdug wkh hdvw/ wkh |0d{lv gluhfwhg wrzdug wkh qruwk/ dqg wkh
}0d{lv gluhfwhg yhuwlfdoo|1 Zh zloo vwxg| wkh g|qdplfv ri vkruw0zdyhohqjwk
+mnm  K3�/ zkhuh n lv wkh zdyh qxpehu/ dqg K @ goq�f@g} lv wkh fkdu0
dfwhulvwlf vfdoh rq zklfk wkh ghqvlw| ri wkh dwprvskhuh ydulhv/ l1h1/wkh dw0
prvskhuh ghswk, orz0iuhtxhqf| +$ � nfr/ zkhuh $ lv wkh fkdudfwhulvwlf
glvwxuedqfh iuhtxhqf|/ dqg fr @ +�Sf@�f,

�*2 lv wkh yhorflw| ri vrxqg, dw0
prvskhulf zdyhv1 Wkh fkrlfh ri wklv vshfwudo lqwhuydo ri dwprvskhulf glv0
wxuedqfhv lv frqglwlrqhg e| wkh vshfl�f ihdwxuhv ri wkh sureohp1 Dv wkh
zdyh glvwxuedqfh sursdjdwhv xszdug/ wkh kljk iuhtxhqf| frpsrqhqwv duh
devruehg udslgo| gxh wr dwprvskhulf ylvfrvlw|1 Wkh lq�xhqfh ri ylvfrvlw|
lv zhdn iru wkh iuhtxhqflhv $ � nfr@o +zkhuh o lv wkh phdq iuhh sdwk ri
prohfxohv, ^4:`1 Iru khljkwv ri �443 np/ zh kdyh fr �633 p2v/ o �4p/
dqg/ frqvhtxhqwo|/ $ � 6� 432v3�1 Wklv phdqv wkdw DJ zdyhv zlwk d iuh0
txhqf| ri +dqg ohvv wkdq, 433v3� sursdjdwh wr d khljkw ri 443 np zlwkrxw
gdpslqj/ dqg zh fdq qhjohfw ylvfrvlw| lq htxdwlrqv ghvfulelqj wkhvh zdyhv1

Wkxv/ zh frqvlghu vkruw0zdyhohqjwk orz0iuhtxhqf| zdyhv dqg dvvxph
wkdw erwk wkh suhvvxuh glvwxuedqfh dqg wkh frpsuhvvlelolw| ri wkh phglxp
duh uhodwlyho| vpdoo/ �S@Sf � ��@�f � +nK,3� dqg gly�y � Cy5@C}> khqfh/
zh fdq uhzulwh wkh vhw ri htxdwlrqv +514,0+516, lq wkh irup

�C�y5
Cw

. +urwurw+�yu,�y,5 * �z�
gSf
g}

> +517,

C�

Cw
. +�yu,� * Q2

gSf@g}
y5= +518,

Khuh/ wkh yhorflw| lv uhsuhvhqwhg e| wkh h{suhvvlrq

�y @ y5�h5 �uz�3�
z

Cy5
C}

+519,

wkh qhz yduldeoh lv lqwurgxfhg dv

� @ �3� � �3�f > +51:,

48



DPL Yro18/ Qr14/ 5333 J1 Dexugmdqld .

Q2 lv wkh vtxduh ri wkh Euxqw0Ydlvdod iuhtxhqf|

Q2 @ �
�
g�3�f
g}

.
4

��fSf

gSf
g}

�
gSf
g}

> +51;,

� @ �z.C2@C}2> �z @ C2@C{2.C2@C|2 lv wkh krul}rqwdo Odsodfldq/ dqg
�3�
z lv wkh rshudwru lqyhuvh wr �z1

Wkh vhw ri wzr frxsohg htxdwlrqv +517, dqg +518, gh�qhv wkh qrqolqhdu
g|qdplfv ri wkuhh0glphqvlrqdo zdyhv lq wkh qrqxqlirup dwprvskhuh1 Wklv
vhw ri htxdwlrqv frqvhuyhv wkh hqhuj| lqwhjudo=

H @

] �
gSf
g}

+uz�,2 . Q2

gSf@g}
+uy5,2

�
g�u= +51<,

Lq wkh dqdo|vlv ri wkh vroxwlrq ri wkh vhw ri htxdwlrqv +517, dqg +518,/ wkh
suhvhqfh ri d qrq0rqh0glphqvlrqdo qrqolqhdulw| ri wkh urw5urw^+�yu,�y` w|sh
lqyroyhv gl�fxowlhv1 Li wkh sureohp lv fkdudfwhul}hg e| vrph dqlvrwurs|
+h1j1/ lq rxu fdvh/ d glvwxuedqfh sursdjdwhv dorqj wkh yhuwlfdo sodqh/ dqg
y+ @ 3,/ wkhq wkh vhw ri htxdwlrqv +517, dqg +518, fdq eh vlpsol�hg e| lqwur0
gxflqj wkh fxuuhqw ixqfwlrq �+{> }> w, dqg uhgxfhg wr wkh fodvvlfdo Fkduqh|0
Rexnkry +ru Kdvhjdyd0Plpd, htxdwlrq ^4`1 Lq idfw/ lq whupv ri wkh fxuuhqw
ixqfwlrq/ wkh yhorflw| frpsrqhqwv fdq eh zulwwhq lq wkh irup ri wkh ghulyd0
wlyhv

y% @ �C�

C}
> y5 @ �C�

C{
+5143,

Lq wklv fdvh/ wkh frqglwlrq iru zhdn frpsuhvvlelolw| lv vdwlv�hg dxwrpdw0
lfdoo|1

Wkh fxuuhqw ixqfwlrq pxvw vdwlvi| wkh iroorzlqj htxdwlrqv=

C ���

Cw
. M+�> ���, @ �gSf

g}

C�

C{
> +5144,

C�

Cw
. M+�>�, @

Q2

gSf@g}

C�

C{
> +5145,

zklfk duh rewdlqhg e| vxevwlwxwlqj +5143, lqwr htxdwlrqv +517, dqg +518,1
Khuh/ zh lqwurgxfhg wkh qrwdwlrq

M+d> e, @
Cd

C{

Ce

C}
� Cd

C}

Ce

C{
> �� @

C2

C{2
.

C2

C}2
= +5146,

Wkhvh htxdwlrqv/ zklfk ghvfuleh wkh g|qdplfv ri wzr0glphqvlrqdo DJ
dwprvskhulf glvwxuedqfhv/ qrw rqo| uhvhpeoh wkh Fkduqh|0Rexnkry htxd0
wlrq exw dovr fdq eh vroyhg lq wkh vdph zd|/ dv zloo eh vkrzq ehorz1

49



. Sk|vlfdo dqg Pdwkhpdwlfdo prghoolqj ri111 DPL Yro18/ Qr14/ 5333

2�2� 5i*u�Lh}@?�3@|�L? Lu �L?*�?i@h �B #�t|�hM@?Uit �? |�i ��__*i
�|4LtT�ihi

Lq dffrugdqfh zlwk wkh jhqhudo wkhru| ri qrqolqhdu uhjxodu vwuxfwxuhv ^4/5`/
yruwlfhv duh iruphg lq exqfkhv ri rvfloodwlrqv zlwk d skdvh yhorflw| vpdoohu
wkdq wkh vrxqg yhorflw|1 Wkh orz0iuhtxhqf| zdyhv xqghu frqvlghudwlrq vdw0
lvi| wklv frqglwlrq udwkhu zhoo $@n � fr1 Lq rughu wr �qg rwkhu ihdwxuhv
ri wkhvh zdyhv/ �uvw/ zh zloo vhhn d vroxwlrq wr wkh olqhdul}hg v|vwhp +5144,
dqg +5145, lq wkh irup ri sodqdu zdyhv h{sil+n%{. n5} � $w,� }@5Kj1 Lq
wklv fdvh/ zh rewdlq wkh glvshuvlrq uhodwlrq

$2 @
n2%
N2

Q2> +5147,

zkhuh N2 @ n2% . n25 . 4@7K21
Dv iroorzv iurp +516,/ lq dwprvskhulf uhjlrqv/ lq zklfk Q2 ? 3 ru

g oqWf@g} A +� � 4,g oq�f@g} +l1h1/ dw khljkwv ri k � 443 np/ zkhuh wkh
whpshudwxuh judglhqw lv odujh,/ DJ zdyhv dulvh dv d uhvxow ri frqyhfwlyh lq0
vwdelolw|1 Wkh jurzwk udwh ri wkhvh zdyhv lv �@ � mn%Q@Nm1 Wkh glvwxuedqfh
dpsolwxghv jurz zlwk wlph/ dqg wkh zdyh surfhvv ehfrphv qrqolqhdu1 Frp0
shwlwlrq zlwk glvshuvlyh vsuhdglqj pd| uhvxow lq htxloleulxp1 Wkh surfhvv
hqgv zlwk wkh irupdwlrq ri vwhdg|0vwdwh/ orfdol}hg/ qrqolqhdu yruwh{ vwuxf0
wxuhv1 Zh vkrz wkdw/ lq uhdolw|/ wkh vhw ri qrqolqhdu htxdwlrqv +5144, dqg
+5145, kdv d vwhdg|0vwdwh vroxwlrq lq wkh irup ri vrolwdu| wzr0glphqvlrqdo
yruwh{ vwuxfwxuhv1

Zh vhhn wkh vroxwlrq wr htxdwlrqv +5144, dqg +5145, lq wkh irup ri vwhdg|0
vwdwh zdyhv sursdjdwlqj dorqj wkh {0d{lv zlwk wkh yhorflw| x @ frqvw1
Zh dvvxph wkh Euxqw0Ydlvdod iuhtxhqf| wr eh frqvwdqw Q @ Qf> � @
�+�> },> � @ �+�> },> zkhuh � @ { � xw1 Lw lv hdv| wr vkrz wkdw/ lq wkh
yduldeohv +�> },/ wkh vhw ri htxdwlrqv +5144,dqg +5145, lv htxlydohqw wr wkh
iroorzlqj htxdwlrq=

M

�
�. x}> ���� Q2

x
}

�
@ 3 +5148,

Iroorzlqj ^5`/ zh lqwurgxfh wkh srodu frruglqdwhv u @ +�2.}2,�*2> wdq � @
}@� dqg d flufoh ri udglxv d1 Ixuwkhu/ zh uhtxluh �+u> �, wr whqg h{srqhq0
wldoo| wr }hur dv u $ 4 dqg wr eh grxeoh frqwlqxrxvo| gl�huhqwldeoh zlwk
uhvshfw wr lwv dujxphqwv1 Wkhq/ htxdwlrq +5148, kdv wkh vroxwlrq

� @ � x

Q2

gSf
g}

� @ dxI +u, frv �> +5149,

zkhuh

I +u, @

�
+�@n,2M�+nu,@M2+nd,� +n2 . �2,u@n2> u ? d
�N�+�u,@N�+�d,> u � d>

+514:,

4:
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M? lv wkh Ehvvho ixqfwlrq ri wkh �uvw nlqg/N? lv wkh prgl�hg Ehvvho ixqfwlrq/
dqg wkh iroorzlqj uhodwlrqvkls ehwzhhq wkh sdudphwhuv � dqg n krogv=

� M2+nd,

nM�+nd,
@

N2+�d,

�N�+�d,
> �2 @ �Q2

x2
= +514;,

Vlqfh zh frqvwuxfw vroxwlrqv wkdw h{srqhqwldoo| ghfuhdvhv dw lq�qlw|/ wkh
ydoxhv ri wkh sdudphwhu �2 @ �Q2@x2 pxvw eh rqo| srvlwlyh/ l1h1/ Q2 A 3
^ru g oqWf@g} A +� � 4,g oq �f@g}`1

Wdnlqj lqwr dffrxqw wkh glvshuvlrq htxdwlrq +514;,/ zh kdyh wkh wzr lq0
ghshqghqw sdudphwhuv x dqg d lq wkh vroxwlrq1 Dv iroorzv iurp +5149,/ wkh
vroxwlrq kdv wkh dv|pswrwlf � � u�*2 h{s+��u,/ dv u $4 dqg wkh zdyh lv
orfdol}hg lq wkh +�> }, sodqh1 Fxuuhqw0ixqfwlrq olqhv ri wkh glvwxuedqfh fru0
uhvsrqg wr d glsroh1 Khqfh/ wkhvh vwuxfwxuhv duh sdluv ri rssrvlwho| urwdwlqj
yruwlfhv +f|forqh0dqwlf|forqh, ri htxdo lqwhqvlw|/ zklfk pryh uhfwlolqhduo|
lq wkh uhvw phglxp1 Yruwlfhv fdq wudyho hlwkhu wrzdug wkh hdvw +x A 3, ru
wrzdug wkh zhvw +x ? 3,1

Wkh prwlrq ri phglxp sduwlfohv lq yruwh{ vwuxfwxuhv +5149,0+514;, lv
fkdudfwhul}hg e| qrq}hur yruwlflw|/ urw�y 9@ 3/ l1h1/ wkh sduwlfohv urwdwh lq
yruwlfhv1 Dv iroorzv iurp +5143,0+5149,/ wkh fkdudfwhulvwlf yhorflw| ri wklv
urwdwlrq lv rq wkh rughu ri +ru pruh wkdq, wkh yruwh{ yhorflw| y � x1 Lq
wklv fdvh/ wkh yruwh{ hqwudlqv wkh jurxs ri sduwlfohv +wkh qxpehu ri wkhvh
sduwlfohv lv dssur{lpdwho| wkh vdph dv wkh qxpehu ri wudqvlw sduwlfohv,>
urwdwlqj/ wkhvh sduwlfohv pryh vlpxowdqhrxvo| zlwk wkh yruwh{ vwuxfwxuh1
Wkh fkdudfwhulvwlf gldphwhu ri wkh yruwh{ lv g � d � �3� * mx@Q m/ dqg lwv
yhorflw| lv uhvwulfwhg e| wkh frqglwlrq mxm ? KmQ m1 Wkhuhiruh/ iru wkh yruwh{
zlwk wkh khljkw k � 443 np/ zh rewdlq wkh pd{lpxp yruwh{ gldphwhu
g � K * 9> 8np1

Deryh/ zh frqvlghuhg wkh orfdol}dwlrq ri DJ zdyhv lq d qrqxqlirup
+vwudwl�hg, qrqglvvlsdwlyh dwprvskhuh1 Qrqolqhdu yruwh{ vwuxfwxuhv duh
iruphg lq wkrvh dwprvskhulf od|huv lq zklfk g oqWf@g} A +� � 4,g oq �f@g}/
l1h1/ dw khljkwv k � 443np1 Dowkrxjk/ dw wkhvh khljkwv/ iru wkh prghv
xqghu frqvlghudwlrq +$ � 633v3�, wkh lq�xhqfh ri glvvlsdwlyh h�hfwv +ylv0
frvlw|/ wkhupdo frqgxfwlylw|/ froolvlrqohvv gdpslqj/ hwf1, lv qrw vxevwdqwldo/
^49/4:/5;` wkh glvvlsdwlrq fdqqrw eh ljqruhg1 Wkh glvvlsdwlrq lv lpsruwdqw
iru wkh hqhuj| uhglvwulexwlrq lq wkh v|vwhp dqg pdlqwdlqv vwhdg| qrqolqhdu
vwuxfwxuhv lq wkh phglxp1

Lq wkh suhvhqfh ri glvvlsdwlyh idfwruv/ d yruwh{ lv d qrqvwhdg| zdyh1
Khqfh/ lw lv qhfhvvdu| wr xvh dq dssursuldwh wudqvsruw htxdwlrq lq rughu
wr vwxg| wkh g|qdplfv ri wkh qrqolqhdu vwuxfwxuhv1 Zh uhvwulfw rxuvhoyhv
wr dq dqdo|vlv ri wkh ylvfrxv dwprvskhuh1 Zlwk doorzdqfh iru ylvfrvlw|/
zh pxvw dgg wkh whup ��y +zkhuh � lv wkh nlqhwlf ylvfrvlw|, ^4:` wr wkh
uljkw0kdqg vlgh ri wkh prwlrq htxdwlrq +514,1 Lq wklv fdvh/ wkh lqwhjudo zdyh

4;



. Sk|vlfdo dqg Pdwkhpdwlfdo prghoolqj ri111 DPL Yro18/ Qr14/ 5333

fkdudfwhulvwlf lv qrw frqvhuyhg> lq sduwlfxodu/ wkh hqhuj| +51<, ydulhv vorzo|
zlwk wlph +ehfdxvh ri wkh zhdn glvvlsdwlrq,1 Qrwh wkdw wkh odwwhu whup ri
+51<, ghvfulehv wkh hqhuj| h{fkdqjh ehwzhhq wkh yruwh{ dqg wkh dwprvskhuh
+Q 9@ 3,1 Lq wkh uhjlrq ri wkh dwprvskhuh zkhuh DJ yruwlfhv duh jhqhudwhg
+g oqWf@g} A +� � 4,g oq�f@g},/ +l1h1/dw d khljkw k � 443 np,/ wkh hqhuj|
ri wkh vwuxfwxuh fdq eh qhjdwlyh> dv lw zloo eh vkrzq ehorz/ wklv ohdgv wr
dpsol�fdwlrq ri wkh zdyh vwuxfwxuhv lq wkh glvvlsdwlyh dwprvskhuh1

Iroorzlqj ^5`/ zh suhvhqw hdfk zdyh txdqwlw| lq wkh vhw ri htxdwlrqv
+517, dqg +518, +zlwk wkh glvvlsdwlrq whup wdnhq lqwr dffrxqw, lq wkh irup
I @ If.I�/ zkhuh If lv wkh vwhdg|0vwdwh vroxwlrq +iru � @ 3,> I� ghvfulehv
yduldwlrqv ri wkh yruwh{ vsdfh vwuxfwxuh gxh wr ylvfrvlw| +If  I�,1 Khqfh/
zh �qg wkdw wkh yruwh{ hqhuj| ydulhv zlwk wlph dffruglqj wr wkh odz

CH

Cw
@ ��

]
Q2

gSf@g}
+ ��y5,

2g�u= +514<,

Iru orz glvvlsdwlrq/ zh fdq vxevwlwxwh wkh vroxwlrq jlyhq lq wkh irup
+5149,/ +5143, zlwk sdudphwhuv x dqg d/ zklfk ydu| vorzo| zlwk wlph/ lqwr
+514<,1 Wkhq/ dv lw iroorzv iurp +514<,/ ehfdxvh wkh hqhuj| H lq +51<, lv
qhjdwlyh/ wkh yruwh{ vwuxfwxuh vkrxog eh dpsol�hg gxh wr lwv glvvlsdwlyh
hqhuj| h{fkdqjh zlwk wkh dwprvskhuh1

iurp wkh hqhuj| vwdqgsrlqw/ wkh uhjlrq lq zklfk wkh dwprvskhuh lv xq0
vwdeoh djdlqvw frqyhfwlyh shuwxuedwlrqv +l1h1/ dw d khljkw k �443 np/ zkhuh
Q2 ? 3, lv wkh prvw dssursuldwh iru wkh irupdwlrq ri wkhvh vwuxfwxuhv> wkhuh/
wkh| duh vhoi0vxvwdlqlqj +olnh dxwrvrolwrqv, gxh wr glvvlsdwlyh surfhvvhv1

Wkh txhvwlrq dulvhv ri zkhwkhu DJ yruwlfhv duh wrsrorjlfdoo| vwdeoh lq
d glvvlsdwlyh dwprvskhuh1 Wkh qxphulfdo h{shulphqw ^5:` vkrzv wkdw �xwh
glsroh yruwlfhv lq d qrqxqlirup sodvpd duh wrsrorjlfdoo| vwdeoh dqg jurz
xqghu wkh dfwlrq ri glvvlsdwlrq1 Suredeo|/ d vlplodu slfwxuh zloo eh revhuyhg
+ehfdxvh ri wkh idploldulw| ri erwk htxdwlrqv dqg sk|vlfdo fdxvhv iru wkh
jhqhudwlrq ri wkhvh vwuxfwxuhv, iru DJ yruwlfhv lq wkh vwudwl�hg dwprvskhuh
dv zhoo1

2��� W?Uhi@ti Lu |�i W?|i?t�|) Lu Bhii? ,�*@)ih ��}�|�t!) +@_�@|�L?
M) �Lh|�Uit _�h�?} 5i�t4�U �U|���|)

Wkh pdlq vrxufh ri h{flwdwlrq ri juhhq qljkw0vn| oxplqhvfhqfh +� @ 88:=:
qp, dw khljkwv iurp ;3 wr 453 np lv wkh wzr0vwdjh Eduw0Klogheudqw phfk0
dqlvp frqvlvwlqj ri wkh iroorzlqj uhdfwlrqv ^43`=

R+�S , .R+�S , .P @ RW2 .P>
RW2 .R+�S ,$ R2 .R+�V,>

+5153,
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zklfk duh iroorzhg e| wkh hplvvlrq ri wkh r{|jhq juhhq olqh yld wkh uhdfwlrq

R+�V,$ R+�G, . k�f> +5154,

zkhuh R+�S , lv dq dwrplf r{|jhq lq wkh jurxqg vwdwh> RW2 lv d prohfxodu
r{|jhq lq wkh h{flwhg vwdwh> P lv dq| qhxwudo sduwlfoh> R+�V, dqg R+�G,
duh r{|jhq dwrpv lq h{flwhg vwdwhv> dqg �f lv wkh juhhq0olqh iuhtxhqf|1 Wkh
udgldwlrq lqwhqvlw| L ghshqgv vwurqjo| rq wkh frqfhqwudwlrq ri wkh dwrplf
r{|jhq q+R, lq wkh udgldwlqj od|hu ^65`=

L �
�

Wf
633

�32�b
q�+R,= +5155,

Wkh yduldwlrqv ri q+R, dw d khljkw ri �433 np pd| eh dvvrfldwhg zlwk
wkh rffxuuhqfh ri DJ yruwlfhv +5149,/ zklfk fdxvh wkh frqyhfwlyh pl{lqj
ri r{|jhq lq wkh yhuwlfdo gluhfwlrq dqg/ frqvhtxhqwo|/ lqfuhdvh wkh frqfhq0
wudwlrq q+R, lq wkh udgldwlqj dwprvskhulf od|hu1 Ohw xv hvwlpdwh krz wkh
frqfhqwudwlrq ri wkh dwrplf r{|jhq q�+R, lq wkh udgldwlqj od|hu +k � 433
np, lqfuhdvhv gxh wr DJ yruwlfhv1 Lq dffrugdqfh zlwk +51:, dqg +5149,

� @ �Q2

x

�
gSf
g}

�3�
� @ � ��

�2f
> +5156,

zkhuh �� lv wkh yduldwlrq ri wkh ghqvlw| ri dwrplf r{|jhq gxh wr yruwlfdo
frqyhfwlrq1

Lq dffrugdqfh zlwk +5156, dqg +5149,/ zh kdyh

��

�f
@

q�+R,

q+R,
� �fx

���� Q

gSf@g}

���� = +5157,

Wdnlqj lqwr dffrxqw wkdw �f @ p+R,q+R, lv wkh dwrplf pdvv ri r{|jhq dqg
� @ �f . ��/ iurp +5155, dqg +5157, zh rewdlq

LJKr
Lre@r

�
�

�

�f

��

�
�����fx

���� Q

gSf@g}

����. 4

����
�

= +5158,

Khuh/ LJKr dqg Lre@r duh wkh revhuyhg lqwhqvlw| dqg wkdw dyhudjhg ryhu wkh
vhdvrq/ uhvshfwlyho|1

Lq ^44/56/65`/ rq wkh edvlv ri orqj0whup revhuydwlrqv/ wkh yduldwlrqv ri
wkh lqwhqvlw| ri wkh pdlq nlqgv ri udgldwlrq ri wkh xsshu dwprvskhuh ehiruh
hduwktxdnhv zhuh vkrzq1 Wklv h�hfw lv prvw surqrxqfhg lq yduldwlrqv ri
juhhq qljkw udgldwlrqv ri dwrplf r{|jhq +� @ 88:=: qp,> lwv udgldwlqj od|hu
lv orfdol}hg dw d khljkw derxw 433 np1 Wkh gl�huhqfh �L @ LJKr � Lre@r
zdv dqdo|}hg1 Lw zdv irxqg wkdw 57 k ehiruh hduwktxdnhv wkh lqwhqvlw| ri
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wkh hplvvlrq � @ 88:=: qp ehjlqv wr lqfuhdvh1 Wkh dpsolwxgh �L@Lre@r/
h{suhvvhg lq shufhqwv/ lv 9=<	 4=7(1

Iru d frpsdulvrq zlwk wkh revhuyhg lqwhqvlw|/ e| xvlqj +5158,/ zh gh0
whuplqh wkh uhodwlyh yduldwlrq ri wkh lqwhqvlw| �L@Lre@r ri juhhq udgldwlrq
gxh wr DJ yruwlfhv=

�L

Lre@r
�

�
�f

���� xQ

gSf@g}

����. 4

��

� 4= +5159,

Zh qrz shuirup vrph hvwlpdwlrqv1 Iru w|slfdo ydoxhv ri wkh dwpr0
vskhulf sdudphwhuv dw d khljkw ri 443 np +gSf@g} � �ff

2
r@K> fr � 633 p@v>

K @ 9=8 � 43� p/ dqg Q @ 5 � 4332v3�,/ lq dffrugdqfh zlwk +5159,/ zh
rewdlq �L@Lre@r @ :( iru wkh yruwh{ yhorflw| x dv vpdoo dv 49 p2v +wkh
yhorflw| x lv uhvwulfwhg rqo| e| wkh frqglwlrq x ? KmQ m @ 463 p2v,/ l1h1/
wkh revhuyhg yduldwlrqv lq wkh lqwhqvlw| +ehiruh hduwktxdnhv, �L@Lre@r fdq
eh hdvlo| hqvxuhg1

Khqfh/ wkh revhuyhg yduldwlrqv ri wkh hplvvlrq dw � @ 88:=: qp/ zklfk
duh uhodwhg wr hqkdqfhg vhlvplf dfwlylw|/ duh txdqwlwdwlyho| frqvlvwhqw zlwk
wkh sursrvhg wkhru| ri wkh sursdjdwlrq ri DJ yruwlfhv +vhlvplf lq qdwxuh,
lq wkh plggoh dwprvskhuh1

Qrwh wkdw lw lv gl�fxow wr revhuyh DJ yruwlfhv lq wkh plggoh dwpr0
vskhuh/ ehfdxvh lw lv gl�fxow wr lghqwli| surshuo| wkh shuwxuedwlrqv ri wkh
sdudphwhuv ri wkh qhxwudo dwprvskhuh1 Krzhyhu/ lq wkh orzhu lrqrvskhuh
+H0od|hu/ k � 433 np,/ e| phdqv ri yhuwlfdo surelqj/ zh fdq �qg pdq| hi0
ihfwv uhodwhg wr glvwxuedqfhv lq wkh dwprvskhulf sdudphwhuv dqg lqglfdwlqj
wkh sursdjdwlrq ri DJ yruwlfhv1 Dowkrxjk wkh ghqvlw| ri fkdujhg sduwl0
fohv lq wkh lrqrvskhulf H0od|hu lv orz dqg zhdno| d�hfwv wkh g|qdplfv ri
DJ yruwlfhv/ wkhvh yruwlfhv pd| fdxvh d vwurqj sodvpd glvwxuedqfh lq wkh
H0od|hu1 Dfwxdoo|/ lq wklv od|hu/ hohfwurqv pryh suhgrplqdqwo| dorqj wkh
jhrpdjqhwlf �hog/ ehfdxvh wkhlu j|uriuhtxhqf| lv pxfk kljkhu wkdq wkhlu
froolvlrqdo iuhtxhqf|/ zkhuhdv prvw lrqv duh hqwudlqhg e| wkh qhxwudo zlqg
dfurvv wkh jhrphwulf �hog1 Wkhuhe|/ lrqv jhqhudwh d fxuuhqw lq wkh wudqv0
yhuvh gluhfwlrq zlwk uhvshfw wr wkh �hog dqg vwurqjo| glvwxue wkh lrqrvskhulf
sodvpd1 Ohw xv hvwlpdwh wkh glvwxuedqfh ri wkh jhrpdjqhwlf �hog �E�/ zklfk
lv fdxvhg e| wkh sursdjdwlrq ri DJ yruwlfhv1

Lq dffrugdqfh zlwk wkh Pd{zhoo htxdwlrq/

urw �E� @
7�h

h
qf��yz> +515:,

zkhuh qf� lv wkh htxloleulxp lrq ghqvlw|/ dqg �yz lv wkh qhxwudo0zlqg yhorflw|
dfurvv wkh jhrpdjqhwlf �hog1 Wdnlqj lqwr dffrxqw +5143,/ iurp +515:,/ zh
rewdlq

E�+ * 7�hqf�
f

�= +515;,
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Lw lv vhhq wkdw wkh glvwxuehg pdjqhwlf �hog lv orfdol}hg lq wkh vdph zd| dv
DJ yruwlfhv1 E| phdqv ri hduwkerxqg dqg vdwhoolwh revhuydwlrqv/ zh fdq
ghwhuplqh wkh fkdudfwhu ri glvwxuedqfhv ri wkh jhrpdjqhwlf �hog +515;,> wkh
orfdol}hg forvhg �hog olqhv fdq eh dvvrfldwhg zlwk DJ yruwlfhv1

�� #�tU�tt�L? Lu +it�*|t @?_ �L?U*�t�L?

4, Qhz phfkdqlvp ri wudqvirupdwlrq ri Orz0iuhtxhqf| dfrxvwlf zdyhv +ri
qdwxudo ru duwl�fldo ruljlq, lqwr hohfwurpdjqhwlf rqhv lq d frqgxfwlylw|
phglxp lv vxjjhvwhg1 Wkh srvvlelolw| ri qrqolqhdu wudqvirupdwlrq ri dfrxv0
wlf zdyhv ri vhlvplf ruljlq lqwr hohfwurpdjqhwlf rqhv lq wkh I0od|huv ri d
txdvl0krprjhqhrxv dwprvskhuh lv h{dplqhg1 Wkh udqjh ri iuhtxhqflhv fry0
hulqj jhrpdjqhwlf sxovdwlrqv �?� � $ � $S� kdv ehhq vwxglhg1 Wkh skdvh
ri wkh rxwhu dfrxvwlf zdyh +sxpslqj, lv duelwudu|1 Wklv lv wkh pdlq gl�hu0
hqfh ri rxu frqvlghudwlrq iurp wkh xvxdo sdudphwhuv ^64`1 Dv d uhvxow ri
dyhudjlqj ryhu wkh duelwudu| skdvhv zh zloo kdyh rqh yhfwru htxdwlrq lqvwhdg
ri wkh lq�qlwh v|vwhp ri frqqhfwhg htxdwlrqv iru sduwlfoh yhorflwlhv +zklfk
lv lqwulqvlf wr wkh sdudphwhuv,1 Lw lv lpsruwdqw wkdw wkh htxdwlrq frqwdlqv
wkh frqwulexwlrq ri hohfwurqv prwlrq uhodwlyh wr lrqv +wkh odvw whup lq wkh
htxdwlrq +4155,,/ zklfk fdxvhv wkh h{lvwhqfh ri qrq0vwdeoh prghv1 Wklv lq0
vwdelolw| fdq eh fdoohg wkh sdudphwulf lqvwdelolw| lq wkh jhqhudo phdqlqj ri
wklv zrug ^57`1

5, Lw lv vkrzq wkdw zkhq orz0iuhtxhqf| dfrxvwlf zdyh sursdjdwhv lq wkh
lrqrvskhuh/ lw lqyroyhv fkdujhg sduwlfohv lq d froohfwlyh prwlrq gxh wr fro0
olvlrqv/ wkh iulfwlrq ri hohfwurqv zlwk qhxwudo sduwlfohv qrw ehlqj wkh vdph
dv wkdw ri lrqv1 Uhodwlyh Prwlrq ri fkdujhg sduwlfohv h{flwhv wkh dowhuqdw0
lqj fxuuhqw zlwk duelwudu| skdvh dqg frqvhtxhqwo|/ lw fdxvhv jhqhudwlrq
ri hohfwurpdjqhwlf dqg hohfwurvwdwlf �hogv gxh wr sdudphwulf lqwhudfwlrq ri
orz0iuhtxhqf| dfrxvwlf zdyhv zlwk wkh lrqrvskhulf phglxp1 Wkh iuhtxhq0
flhv ri wkh jhqhudwhg rvfloodwlrqv dqg wkh jurzwk udwh ri wkh sdudphwulf
lqvwdelolw| duh ghwhuplqhg1 Wkh h{flwhphqw wkuhvkrogv dqg wkh srodul}dwlrq
ri wkh jhqhudwhg glvwxuedqfhv duh hvwlpdwhg1 Wklv phfkdqlvp fdq h{sodlq
dq h{flwdwlrq ri hohfwurpdjqhwlf shuwxuedwlrqv zlwklq udqjhv ri iuhtxhqf|
433ev3� ? $ ? 432v3�/ shulrgv +W, 51; k A W A 4332v/ dqg zdyhohqjwkv
3> 8p ? � ? 43�np rq lrqrvskhulf I0od|huv +k � 483np,1

6, Wkh wkhru| vwdwhg khuh pdnhv srvvleoh d txdolwdwlyh lqwhusuhwdwlrq
ri wkh lqlwldwlrq ri wkh dfrxvwlf dqg hohfwurpdjqhwlf glvwxuedqfhv lq wkh
dwprvskhuh wkdw kdyh ehhq revhuyhg lq vhyhudo h{shulphqwv= orz0iuhtxhqf|
dfrxvwlf zdyhv +lqiudvrxqg, jhqhudwhg dw wkh Hduwk0Dlu erxqgdu| +e| wkh
Hduwk*v vhlvplf0judylw| rvfloodwlrqv ru gxh wr Ud|ohljk zdyhv,/ diwhu uhdfk0
lqj wkh lrqrvskhulf od|hu/ eulqj derxw glvwxuedqfhv ri wkh fxuuhqw0fduu|lqj
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phglxp sdudphwhuv dqg wudqvirup wkhlu hqhuj| lqwr wkdw ri hohfwurpdjqhwlf
hplvvlrqv lq wkh Xowud0Orz0Iuhtxhqfh +XOI, dqg H{wuhph0Orz0Iuhtxhqfh
+HOI, udqjh zlwk kljk h�flhqf|1

7, Wkxv wkh hphujhqfh ri lqwhqvh orz0iuhtxhqf| dfrxvwlf/ hohfwurpdj0
qhwlf/ dqg hohfwurvwdwlf glvwxuedqfhv lq wkh dwprvskhuh dqg lrqrvskhulf
od|huv fdq eh lghqwl�hg dv d iruhuxqqhu ri dq hduwktxdnh ru zlwk phglxp
uhvsrqvh rq wkh lq�xhqfh ri vwurqj shuwxuelqj idfwruv +shuwxuedwlrq vrxufh,1
Nqrzlqj wkh srodul}dwlrq ri wkh jhqhudwhg �hog/ rqh fdq hydoxdwh wkh gl0
uhfwlrq wrzdug wkh shuwxuedwlrq vrxufh fhqwhu1

8, Wkh vxjjhvwhg phfkdqlvp kdv ehhq dovr vxffhvvixoo| dssolhg iru h{0
sodqdwlrq ri d yhu| hohjdqw dqg odujho| xqh{sodlqhg skhqrphqrq/ Vrqrox0
plqhvfhqfh/ zklfk kdv ehhq sx}}olqj sk|vlflvwv iru pruh wkdq vl{ ghfdghv1

9, Zh zrxog olnh wr hpskdvl}h wkdw wkh deryh phqwlrqhg uhvxowv/ zklfk
fhuwdlqo| qhhg ixuwkhu hoderudwlrq/ fohduo| ghprqvwudwh wkdw wkh phfkd0
qlvp lv fdsdeoh wr h{sodlq txlwh d glyhuvh udqjh ri skhqrphqd/ vwduwlqj
iurp jhqhudwlrq ri hohfwurpdjqhwlf udgldwlrq lq wkh fhuwdlq od|huv ri wkh
lrqrvskhuh wr d wlq| dlu exeeoh lq wkh �dvn zlwk zdwhu +Vrqroxplqhvfhqfh,1
Wkxv/ wkh phfkdqlvp fdq srvvleo| eh fruurerudwhg e| vdwhoolwh dv zhoo dv
e| oderudwru| htxlsphqw1

:, Wkh sureohp ri wkh sursdjdwlrq ri orz0iuhtxhqf| qrqolqhdu dfrxvwlf0
judylw| glvwxuedqfhv +vhlvplf ru pdq0pdgh lq qdwxuh, lq wkh vwudwl�hg plg0
goh dwprvskhuh dqg lrqrvskhuh lv lqyhvwljdwhg1 Wkh vlpsol�hg vhw ri wkuhh
dqg wzr0glphqvlrqdo qrqolqhdu htxdwlrqv iru wkh g|qdplfv ri DJ zdyhv lq
wkh vwudwl�hg dwprvskhuh dqg lrqrvskhuh zdv rewdlqhg1

;, Lw zdv vkrzq wkdw DJ glvwxuedqfhv sursdjdwlqj iurp orzhu dwpr0
vskhulf od|huv sudfwlfdoo| zlwkrxw gdpslqj uhdfk khljkwv ri k � 443np/
zkhuh wkh| ehfrph xqvwdeoh djdlqvw frqyhfwlrq +Q2 ? 3,/ dqg/ dv d uhvxow
ri wklv surfhvv/ vwurqjo| orfdol}hg DJ yruwlfhv duh iruphg1 Wkh vrolwdu|
zdyh frqvlvwv ri d sdlu ri glsroh yruwlfhv urwdwlqj lq wkh rssrvlwh gluhfwlrqv
lq wkh {> } sodqh +wkh f|forqh dqg wkh dqwlf|forqh,1 Yruwh{ vwuxfwxuhv hq0
wudlq qhxwudo sduwlfohv dqg fdq wudyho zlwk wkhp hlwkhu wrzdug wkh hdvw ru
wrzdug wkh zhvw1 Xqghu wkh dfwlrq ri glvwxuedqfhv/ wkh| fdq dovr pryh
xszdug dqg grzqzdug1 Lq wklv fdvh/ wkh| zloo eh gdpshg/ ehfdxvh wkh|
ohdyh wkh dssursuldwh dfwlyh uhjlrq +Q2 A 3,1

<, Lw zdv irxqg wkdw wkh hqhuj| ri DJ yruwlfhv ehfrphv qhjdwlyh dw d
khljkw ri k � 443np> wkh irupdwlrq ri wkhvh vwuxfwxuhv lv dgydqwdjhrxv
iurp wkh hqhuj| vwdqgsrlqw/ dqg wkhlu jhqhudwlrq lv vhoi0pdlqwdlqhg gxh wr
wkh glvvlsdwlyh uhglvwulexwlrq ri wkh lqwhuqdo srwhqwldo hqhuj| ri wkh phglxp1
Dw wklv khljkw/ wkh vrxufh ri wkh srwhqwldo hqhuj| lv wkh khdw uhohdvhg lq wkh
uhfrpelqdwlrq ri wkh dwrplf r{|jhq1

43, Wkh dgglwlrqdo pl{lqj ri qhxwudov/ zklfk lv uhodwhg wr DJ yruwlfhv
dqg fdxvhg e| wkh wudqvsruw ri dwprvskhulf frpsrqhqwv lq wkh yhuwlfdo
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gluhfwlrq/ lqfuhdvhv wkh qhxwudo ghqvlw| lq wkh dwprvskhuh dw wklv khljkw1
Wkh lqfuhdvh ri wkh ghqvlw| ri r{|jhq dwrpv lqfuhdvhv wkh h�flhqf| ri
wkhlu uhfrpelqdwlrq dqg/ frqvhtxhqwo|/ lqfuhdvhv wkh lqwhqvlw| ri juhhq
+� @ 88:=:qp, qljkw0vn| udgldwlrq1

44, Wkh �xfwxdwlrqv ri wkh ghqvlw| ri wkh dwrplf r{|jhq/ zklfk duh
fdxvhg e| DJ yruwlfhv/ dqg wkh fruuhvsrqglqj lqfuhdvh lq wkh lqwhqvlw| ri
juhhq qljkw0vn| oxplqhvfhqfh duh hvwlpdwhg1 Wkh frpsdulvrq ri wkh wkhruhw0
lfdo hvwlpdwh iru wkh lqfuhdvh ri wkh lqwhqvlw| ri wkh juhhq olqh � @ 88:=:qp
zlwk wkh gdwd iurp revhuydwlrqv frqgxfwhg ehiruh vwurqj hduwktxdnhv vkrzv
wkdw wkh| duh lq jrrg djuhhphqw1

45, Lq wkh lrqrvskhuh/ DJ yruwlfhv fdq eh ghwhfwhg iurp wkh sxovdwlrqv
ri wkh jhrpdjqhwlf �hog/ zklfk duh fdxvhg e| wkh fxuuhqwv jhqhudwhg e|
lrqv hqwudlqhg e| wkh qhxwudo zlqg1 Lq wkh H0od|hu/ wkh glvwxuehg pdjqhwlf
�hog lv orfdol}hg lq wkh vdph zd| dv DJ yruwlfhv> khqfh/ wkh forvhg �hog
olqhv fdq eh lghqwl�hg dv DJ yruwlfhv1

46, Zh fdq frqfoxgh wkdw wkh yduldwlrqv ri wkh udgldwlrq dw � @ 88:=:qp
dw shulrgv ri wkh vhlvplf dfwlylw| pd| eh fdxvhg e| wkh jhqhudwlrq ri DJ
yruwlfhv lq wkh plggoh dwprvskhuh> khqfh/ wkh| fdq eh frqvlghuhg wr eh d
vkruw0whup +57� 7;k, vljq ri hduwktxdnhv1

47, Uhvxowv ri wkh deryh lqyhvwljdwlrq shuplw wr ghgxfh/ wkdw g|qdpl0
fdo surfhvvhv lq qhxwudo dwprvskhuh sod| dq lpsruwdqw uroh lq wudqvihuhqfh
ri olwkrvskhuh shuwxuedwlrqv lqwr lrqrvskhuh dqg pdjqhwrvskhuh11 Vr/ wkh
qrlvhv ri orziuhtxhqw hohfwurpdjqhwlf dqg rswlfdo udqjh zklfk duh revhuyhg
lq lrqrvskhuh fdq eh vwlsxodwhg e| sursdjdwlrq dfrxvwlf w|sh zdyhv1

48,Rq wkh zkroh/ lw lv srvvleoh wr frq�up/ wkdw vhyhudo gd|v ehiruh
hduwktxdnh yduldwlrq vshfwuxpv ri lrqrvskhuh sdudphwhuv zhuh prgl�hg
rq gl�huhqw khljkwv ryhu wkh hduwk1 Lqirupdwlrq derxw wkh prgl�fdwlrqv
ri vshfwuxp duh xvhg iru fuhdwlqj sk|vlfdo dqg pdwkhpdwlfdo prghov iru
skhqrphqd/ zklfk surfhhg lq wkh erzho dqg fdvlqjv ri wkh hduwk dqg iru
ghflvlrq ri sureohp derxw rshudwlyh iruhfdvw hduwktxdnh1

Dfnqrzohgjphqwv

Wklv zrun lv/ lq sduw/ �qdqfldoo| vxssruwhg e| LQWDV +Judqw Qr1<9035397,1

Uhihuhqfhv

41 Dexumdqld J1G1 Vhoi0rujdql}dwlrq ri dfrxvwlf0judylw| yruwlfhv lq wkh lrqr0

vskhuh ehiruh hduwktxdnhv1 SOdvpd Sk|vlfv Uhsruwv/ 55 +4<<9,/ ;970;9;>

Qrqolqhdu Yruwh{ Vwuxfwxuhv lq d Pdjqhwl}hg Sodvpd1 Grfwrudo Glvvhuwd0

wlrq/ Welolvl/ 4<<3 +lq uxvvldq,1
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51 Dexumdqld J1G1/ Lydqry Y1Q1/ Ndphqhw} I1I1 G|qdplfv ri guliw yruwlfhv lq

froolvlrq sodvpdv1 Sk|vlfd Vfulswd/ 68 +4<;:,/ 9::09;41

61 Dexumdqld J1G1/ Pdfkdehol J1]1 Jhqhudwlrq ri hohfwurpdjqhwlf shuwxued0

wlrqv e| dfrxvwlf zdyhv lq wkh Lrqrvskhuh1 Mrxuq1 Jhrsk|v1 Uhv1/ 436

+4<<;,/ <7740<77:1

71 Dexumdqld J1G1/ Pdfkdehol J1]1 Qhz phfkdqlvp iru hohfwurpdjqhwlf �hog

jhqhudwlrq e| dfrxvwlf zdyhv lq sduwldoo| lrql}hg sodvpdv1 Sk|v1 Ohwwhuv/

D559 +4<<:,/ 4<<05371

81 Doshurylfk O1V1/ Jrnkehuj P1E1/ Vrurnlq Y1P1 Rq wkh jhqhudwlrq ri jh0

rpdjqhwlf yduldwlrqv e| wkh dfrxvwlf rvfloodwlrqv gxulqj hduwktxdnhv1 L}y1

DQ VVVU/ Il}lnd ]hpol/ 6 +4<:<,/ 8;09; +lq uxvvldq,1

91 Ehory V1Y1/ Jruedfkhy O1S1/ Vdyfkhqnr Mx1Q1 Jhqhudwlrq ri wkh gluhfwhg k|0

gurpdjqhwlf vljqdo e| wkh sxovh ri dfrxvwlf zdyhv lq wkh dqlvrwurslf frqgxfw0

lqj phglxp1 Jhrpdjqhwl}p l dhurqrpld/ 46 +4<:6,/ ;4;0;57 +lq uxvvldq,1

:1 Elolfkhqnr V1Y1/ Lqjlq D1V1/ Srnkrwhory R1D1/ hw do1 XOI0uhvsrqvh ri wkh

lrqrvskhuh rq wkh iruwkfrplqj hduwktxdnh1 Grno1 DQ VVVU/ 644 +4<<3,/

43::043;4 +lq uxvvldq,1

;1 Eodqfh H1 Revhuydwlrq lq wkh xsshu dwprvskhuh ri lqiudvrqlf zdyhv iurp

qdwxudo ru duwl�fldo vrxufhv= D vxppdu|1 Dqq1 Jhrsk|v1/ 6 +4<;8,/ 9:60

9;;1

<1 Eudjlqvnll V1O1 Wkh skhqrphqrq ri wudqvihu lq sodvpd1 Lq= Yrsurv| whrull

sodvp|/ Dwrpl}gdw/ Prvnrz/ 4<96 +lq uxvvldq,1

431 Eudvvlhu J1/ Vrorprq V1 Dhurqrp| ri wkh Plggoh Dwprvskhuh1 Jlgurph0

whrl}gdw/ Ohqlqjudg/ 4<;: +lq uxvvldq,1

441 Ilvknryd O1P1/ Jrnkehuj P1E1/ Slolshqnr Y1D1 Uhodwlrqvkls ehwzhhq qljkw

dlujorz dqg vhlvplf dfwlylw|1 Dqq1 Jhrsk|v1/ 6 +4<;8,/ 9;<09<71

451 Iudvhu0Vplwk D1F1/ PfJloo S1U1/ Khoolzhoo U1D1/ Yloodug R1J1 Xowud0orz iuh0

txhqf| pdjqhwlf �hog phdvxuhphqwv lq vrxwkhuq Fdoliruqld gxulqj wkh Qruwkuljh

hduwktxdnh ri 4: Mdqxdu|1 Jhrsk|v1 Uhv1 Ohww1/ 54 +4<<7,/ 54<8054<;1

461 Jdoshulq Mx1L1/ Jodglvkhy Y1D1/ hw do1 YOI dqg HOI h�hfwv lq wkh xsshu

lrqrvskhuh fdxvhg e| dfrxvwlf zdyhv revhuyhg iurp %Dxuhro06%1 Dqq1 Jhr0

sk|v1/ 43 +4<;7,/ ;560;631

471 Jhuvkpdq E1Q1/ Hurxnklpry O1P1/ Ldvklq Lx1L1 Zdyh Skhqrphqd lq d Lrqr0

vskhuh dqg Frvplfdo Sodvpd1 Qdxnd/ Prvnrz/ 4<;7 +lq uxvvldq,1
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481 Jrnkehuj P1E1/ Slolshqnr Y1D1/ Srnkrwhory R1D1 Vdwhoolwh revhuydwlrq ri

hohfwurpdjqhwlf udgldwlrq deryh wkh hslfhqwudo duhd ri d iruwkfrplqj duwktxdnh1

Grno1 DQ VVVU/ 59; +4<;5,/ 8908; +lq uxvvldq,1

491 Jrolwvlq J1V1 Gdpslqj ri vpdoo rvfloodwlrqv lq wkh dwprvskhuh gxh wr ylv0

frxv iulfwlrq dqg wkhupdo frqgxfwlrq1 L}y1 DQ VVVU/ Il}lnd dwprvskhu| l

rnhdqd/ 4 +4<98,/ 469047< +lq uxvvldq,1

4:1 Jrvvdug H1H1/ Krrnh Z1K1 Zdyhv lq wkh Dwprvskhuh1 Hovhylhu Vflhqwl�f

Sxeolvklqj Frpsdq|/ Dpvwhugdp0R{irug0Qhz \run/ 4<:81

4;1 Kd|dndyd P1/ Hglwru Vhvpr0Hohfwurpdjqhwlf Skhqrphqd1 Vshfldo Lvvxh/ M1

Dwprv1 Hohfwulflw|/ 49 +4<<9,/ 49405;;1

4<1 Kxed M1G1/ Ihgghu M1D1 Vhoi0jhqhudwlrq ri pdjqhwlf �hogv e| vkhduhg �rzv

lq zhdno| lrql}hg sodvpdv1 Sk|v1 Ioxlgv/ 8 +4<<6,/ 6::<06:;;1

531 Lfklqrvh W1/ Wdndjl N1/ Wdqdnd W1 KI Grssohu revhuydwlrqv ri dfrxvwlf zdyhv

h{flwhg e| wkh hduwktxdnh1 Plggoh Dwprvskhuh Surjudpp/ Kdqgerrn iru

PDS/ 4; +4<;8,/ 643064;1

541 Ndgrpwvhy E1E1 Froohfwlyh Skhqrphqd lq d Sodvpd1 Qdxnd/ Prvnrz/ 4<:9

+lq uxvvldq,1

551 Nrkdodv V1O1/ Pf Qhloo G1D1 Frxsolqj ri Pdjqhwrk|gurg|qdplf wr Hohfwur0

pdjqhwlf dqg Dfrxvwlf Zdyhv dw d Sodvpd0Qhxwudo Jdv Lqwhuidfh1 Sk|v1

Ioxlgv/ : +4<97,/ 46540465;1

561 Nrurehlqlnryd P1S1/ Nxolhy U1Q1 Jrvkg}kdqrz P1O1/ hw do1/ lq Dxurud Sr0

odulv dqg Qljkw0Vn| Oxplqhvfhqfh1 Prvfrz/ 6 +4<;<,/ 5705: +lq uxvvldq,1

571 Odqgdx O1G1/ Olivklw} H1P1 Phfkdqlfv1 y14/ Qdxnd/ Prvnrz/ 4<;; +lq uxv0

vldq,1

581 Olshuryvnl| Y1D1/ Srnkrwhory R1D1/ Vkdolpry V1O1 Lrqrvskhulf Suhfxuvruv

ri Hduwktxdnhv1 Qdxnd/ Prvnrz/ 4<<5 +lq uxvvldq,1

591 Sduurw P1 Hohfwurpdjqhwlf glvwxuedqfhv dvvrfldwhg zlwk hduwktxdnhv dqg re0

vhuyhg lq lrqrvskhuh dqg pdjqhwrvskhuh1 Mrxuqdo ri Vflhqwl�f H{sorudwlrq/

7 +4<<3,/ 53605441

5:1 Sdyohqnr Y1S1/ Shwyldvkylol Y1L1/ Wdudqry Y1E1 Glvvlsdwlyh dpsol�fdwlrq ri

�xwh yruwlfhv lq d sodvpd1 Slvpd y MHLS/ 7< +4<;<,/ 43045 +lq uxvvldq,1

5;1 Shwxnkry Y1N1/ Urpdqryd Q1Q1 Rq wkh h�hfwv fdxvhg e| wkh dfrxvwlf0 judy0

lwdwlrqdo zdyhv lq wkh kljkhu dwprvskhuh1 L}y1 DQ VVVU/ Il}lnd dwprvskhul

l rnhdqd/ : +4<:4,/ 54<0556 +lq uxvvldq,1
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5<1 Srnkrwhory R1D1/ Sduurw K1/ Ihgrury H1Q1/ hw do1 Uhvsrqvh ri wkh lrqrvskhuh

wr qdwxudo dqg pdq0pdgh dfrxvwlf vrxufhv= d uhylhz1 Dqq1 Jhrsk|v1/ 46

+4<<8,/ 44<:045431

631 Vkdudg}h ]1V1/ Mdsdulg}h J1D1/ ]kydqld ]1N1/ hw do1 Shuwxuedwlrqv lq wkh

lrqrvskhuh dqg lq wkh jhrpdjqhwlf �hog/ frqqhfwhg zlwk wkh Vslwdn hduwk0

txdnh1 L}y1 DQ VVVU/ Il}lnd ]hpol/ 44 +4<<4,/ 4390449 +lq uxvvldq,1

641 Vlolq Y1S1 Sdudphwulf Lq�xhqfh Kljk0Lqwhqv| Udgldwlrq xsrq Sodvpd1 Qdxnd/

Prvnrz/ 4<:6 +lq uxvvldq,1

651 Wrurvkholg}h W1L1/ Ilvknryd O1P1 Wkh dqdo|vlv ri rvfloodwlrqv ri qljkw hplv0

vlrqv ri wkh oryhu dqg kljkhu dwprvskhuh/ suhfhglqj hduwktxdnh1 Grno1 DQ

VVVU/ 635 +4<;;,/ 6460649 +lq uxvvldq,1
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