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Wkhuh h{lvwv dq lqfuhdvlqj lqwhuhvw lq wkh sureohpv uhodwhg wr wkh odujh0vfdoh
zdyh shuwxuedwlrqv/ vlqfh pdq| lrqrvskhulf skhqrphqd/ vxfk dv vxshuurwd0
wlrq ri wkh Hduwk*v dwprvskhuh ^55`/ lrqrvskhulf suhfxuvruv ri qdwxudo sur0
fhvvhv ^4;/4</65`/ lrqrvskhulf uhvsrqvh rq dqwkursrjhqlf dfwlrq ^6:/6;/73`/
idoo lq wkh udqjh ri vxfk zdyhv1

Lw lv vxssrvhg qrz/ wkdw wkh Hduwk*v dwprvskhuh lv d xqlwhg g|qdplf
v|vwhp lq zklfk d forvh frqqhfwlrq rffxuv ehwzhhq wkh surfhvvhv dw gl�huhqw
dowlwxghv e| phdqv ri dwprvskhulf sodqhwdu| zdyhv1 Pruhryhu/ frqqhfwlrq
ehwzhhq olwrvskhuh0lrqrvskhuh0pdjqhwrvskhuh fdq eh vxffhvvixoo| uhdol}hg
e| phdqv ri zdyh surfhvvhv ri gl�huhqw vfdohv li qhxwudo frpsrqhqwv ri wkh
phglxp duh hvvhqwldoo| sduwlflsdwlqj lq wkh surfhvv ^64`1 Lw lv vxssrvhg wkdw
lq wkh qdwxudo frqglwlrqv sodqhwdu| zdyhv duh jhqhudwhg lq wkh wursrvskhuh0
vwudwrvskhuh dqg shqhwudwh wr lrqrvskhulf dowlwxghv1 Krzhyhu/ wkhruhwlfdo
lqyhvwljdwlrqv ri zdyh surfhvvhv dv edvhv ri hqhuj| wudqvirupdwlrq iurp
d orzhu dwprvskhuh wr wkh xsshu rqh srlqw rxw wkdw wkh v|vwhp ri vwd0
eoh }rqdo zlqgv uholdeo| vklhogv +hvshfldoo| lq vxpphu, xsshu dwprvskhuh
iurp lq�xhqfh ri odujh0vfdoh sodqhwdu| zdyhv jhqhudwhg lq wkh wursrvskhuh0
vwudwrvskhuh ^58/5:`1 Lq wkh shulrg ri htxlqr{/ zkhq }rqdo zlqgv uhyhuvh
wkhlu gluhfwlrqv/ pruh idyrudeoh frqglwlrqv iru shqhwudwlrq wkh lrqrvskhuh
dsshdu rqo| iru yhu| orqj sodqhwdu| zdyhv +zdyh qxpehu 405, ^58`1

Qhyhuwkhohvv/ d juhdw qxpehu ri h{shulphqwdo gdwd frq�up dq h{lvwhqfh
ri vorz +orqj0shulrg, sodqhwdu| zdyhv zlwk zdyh qxpehu 5043 +skdvh yhorf0
lw| lv forvh wr wkh orfdo zlqg*v yhorflw| 0 53�533 p �v3�/ zdyhohqjwk043�np
dqg pruh/ shulrg0d ihz gd|v, lq H�uhjlrq ri wkh lrqrvskhuh ^:/74/75` lq dq|
vhdvrq ri wkh |hdu1 Xqolnh wkh ruglqdu| sodqhwdu| Urvve| zdyhv wkh| fdxvh
vxevwdqwldo shuwxuedwlrq ri jhrpdjqhwlf �hog + iurp ihz wr vhyhudo whqv
qdqrwhvod +qW ,,/ wkdw srlqwv rxw hohfwurpdjqhwlf qdwxuh ri wkhvh zdyhv1
H{shulphqwdo revhuydwlrqv ri wkh lrqrvskhulf shuwxuedwlrqv frqylqflqjo|
lqglfdwh ^76/77/78` wkdw idvw odujh0vfdoh shuwxuedwlrqv duh jhqhudwhg dw plg0
goh dqg kljk odwlwxghv ri H�uhjlrq ri wkh lrqrvskhuh/ zklfk pryh dorqj
wkh Hduwk*v vxuidfh zlwk wkh yhorflwlhv ri rughu 5� 53 np � v3� ^77`1 Wkhlu
shulrgv udqjh iurp rqh wr d ihz whqv plqxwhv/ zdyhohqjwk lv ri rughu 43�np
dqg pruh/ dpsolwxgh lv iurp whqv wr kxqguhgv qW 1 Skdvh yhorflw| ri wkhvh
shuwxuedwlrqv gl�huv doprvw e| dq rughu ri pdjqlwxgh iru gd| dqg qljkw
frqglwlrqv lq H�uhjlrq ri wkh lrqrvskhuh1 Elj skdvh yhorflwlhv dqg kljk
yduldwlrqv iurp gd| wr qljkw holplqdwh d srvvlelolw| wr lghqwli| wkhvh shu0
wxuedwlrqv zlwk pdjqhwrk|gurg|qdplf zdyhv1 Wkh| vkrz wkhpvhoyhv dv
edfnjurxqg yleudwlrqv lq wkh qdwxudo frqglwlrqv1 Revhuydwlrqv vkrz wkdw
wkh irufhg rvfloodwlrqv ri vxfk w|sh dulvh dw sxovh dfwlrq rq wkh lrqrvskhuh
hlwkhu gxh wr pdjqhwlf vwrup ^4;`/ ru gxh wr hduwktxdnh/ yrofdqlf huxswlrq
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ru duwl�fldo h{sorvlrq ^;/47/77`1 Lq wkh odvw fdvh shuwxuedwlrqv duh uhyhdohg
dv vrolwdu| zdyh vwuxfwxuhv/ zklfk duh uhjlvwhuhg e| revhuydwrulhv uhprwh
iurp hdfk rwkhu e| wkrxvdqg nlorphwhuv zlwk uhwdugdwlrq lq wlph/ wkdw lq0
glfdwhv wkhlu prwlrq1 Lq wklv frqqhfwlrq lw lv qhfhvvdu| wr lqyhvwljdwh d
srvvlelolw| ri jhqhudwlrq ri sodqhwdu| hohfwurpdjqhwlf zdyhv lq wkh wkhupr0
vskhuh1 Dw wkh vdph wlph/ iru surshu frpsuhkhqvlrq ri wkh surfhvvhv wdnlqj
sodfh lq wkh lrqrvskhuh phglxp gxulqj wkh irupdwlrq dqg sursdjdwlrq ri
wkh zdyhv/ lw lv qhfhvvdu| wr lqyhvwljdwh qrqolqhdu h�hfwv wdnlqj lqwr dffrxqw
wkh glvshuvlrq dqg glvvlsdwlrq ri wkh phglxp1

Lq wklv sdshu zh lqyhvwljdwh d srvvlelolw| ri jhqhudwlrq dqg sursdjdwlrq
ri vorz dqg idvw sodqhwdu| +olqhdu dqg qrqolqhdu, zdyhv ri hohfwurpdjqhwlf
w|sh lq g|qdpr uhjlrq ri wkh lrqrvskhuh rq wkh edvhv ri qrqolqhdu g|qdplf
htxdwlrqv iru zdyh shuwxuedwlrqv lq H� uhjlrq ri wkh lrqrvskhuh wdnlqj
lqwr dffrxqw wkh odwlwxgh judglhqw ri wkh jhrpdjqhwlf �hog1

2� �L_i* _)?@4�U@* i^�@|�L?t uLh *@h}i�tU@*i Tih|�hM@�
|�L?t

Lq wkh lqyhvwljdwlrq ri odujh0vfdoh surfhvvhv lq wkh frqgxfwlyh dwprvskhuh
+lrqrvskhuh, lw lv qhfhvvdu| wr vhohfw Pdjqhwrk|gurg|qdplf +PKG, +Doiyhq
dqg pdjqhwr0dfrxvwlfdo, zdyhv dv zhoo dv vpdoo0vfdoh zdyhv1 Iurp wkh dqdo0
|vlv ri wkh v|vwhp ri PKG htxdwlrqv lw iroorzv wkdw PKG rvfloodwlrqv duh
srvvleoh li wkh h�hfwlyh pdjqhwlf Uh|qrogv qxpehu lv Ue6 @ 7��essY O @
F2  41 Khuh �ess lv h�hfwlyh frqgxfwlylw| ri wkh lrqrvskhuh> O dqg Y
duh fkdudfwhulvwlf olqhdu vl}h dqg yhorflw| ri shuwxuedwlrqv/ uhvshfwlyho|> F
lv d oljkw vshhg1 Dw wkh vdph wlph olqhv ri pdjqhwlf irufh duh dv li vwxfn
wr wkh vxevwdqfh dqg lqgxfwlyh pdjqhwlf �hog

�$
k / dv zhoo dv dq h{whuqdo

jhrpdjqhwlf �hog
�$
K f/ sod|v dq lpsruwdqw uroh lq oltxlg prwlrq ^9/44`1 Dw

Ue6 � 4 wkh lqgxfwlyh �hog lv qhjoljleoh dqg wkh lq�xhqfh ri txdvl0hodvwlf
pdjqhwlf irufhv pd| eh qhjohfwhg1 Lq wklv fdvh/ pdjqhwlf �hog lv frqvlghuhg
dv suhghwhuplqhg dqg htxdo wr wkh h{whuqdo jhrpdjqhwlf �hog

�$
K f1 Lwv

lq�xhqfh rq oltxlg prwlrq lv uhgxfhg wr lqgxfwlyh eudnlqj dqg j|urvfrslf
Kdoo h�hfw vlploduo| wr dfwlrq ri Frulrolv irufh ^46/53/57`1

Iru wkh surfhvvhv zlwk wkh fkdudfwhulvwlf shulrg ri vhyhudo krxuv dqg
pruh lq wkh Hduwk*v dwprvskhuh Frulrolv irufh +dqg jhrpdjqhwlf �hog

�$
K f,

kdv dq lpsruwdqfh1 Lq wklv fdvh/ dv lw lv zhoo nqrzq/ vr fdoohg orqj zdyhv ru
Urvve| zdyhv pd| eh jhqhudwhg lq wkh dwprvskhuh wdnlqj lqwr dffrxqw vsd0
wldo yduldwlrqv ri wkh dqjxodu yhorflw| ri wkh Hduwk*v urwdwlrq1 Zdyhohqjwkv
ri wkhvh zdyhv uhdfkhv 43enp dqg wkh yhorflwlhv ri wkhlu sursdjdwlrq gr qrw
h{fhhg w|slfdo ydoxhv ri wkh orfdo zlqg yhorflwlhv/ wkh suhvvxuh dpsolwxgh
uhdfkhv 433pe ^57/68`1
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Lq H 0 uhjlrq ri wkh lrqrvskhuh/ zkhuh $M� � ��? +zkhuh �$$ M� @
h
�$
K f@PF lv wkh lrq f|forwurq iuhtxhqf|> ��? lv wkh froolvlrq iuhtxhqf|

ehwzhhq lrqv dqg qhxwudo sduwlfohv> P 0 pdvv ri lrqv ru qhxwudo frpsr0
qhqw, Dpshuh hohfwurpdjqhwlf irufh dfwlqj rq d qhxwudo frpsrqhqw eh0

frphv htxdo wr
�$
I � @

k�$x >
�$

 �

l
+vhh Vhfwlrq 8,1 Khuh �$x @

�$
Y � �$Y (>

�$
Y

lv d yhfwru ri shuwxuedwlrq ri k|gurg|qdplf yhorflw| ri qhxwudo sduwlfohv/�$
Y ( @ F

k�$
H >
�$
K

l
@K2 0 hohfwulf guliw yhorflw|/

�$
K @

�$
K f.

�$
k >
�$
H 0 whqvlrq ri

hohfwulf �hog/
�$

� @ Q�$$ M�@Q?>Q dqg Q?0 frqfhqwudwlrq ri lrqrvskhulf

sodvpd dqg qhxwudo sduwlfohv1 Vlplodulw| ri Dpshuh*v irufh
�$
I � zlwk wkh

Frulrolv irufh
�$
I � @

k�$
Y >
�$
i
l
+zkhuh

�$
i @ 5

�$

 f>
�$

 f lv wkh dqjxodu yhorflw|

ri wkh Hduwk urwdwlrq, dqg htxdolw| 
� � i lq H� uhjlrq srlqw wr wkh idfw
wkdw qhz eudqfkhv ri odujh0vfdoh hohfwurpdjqhwlf rvfloodwlrqv pxvw jhqhudwh
lq wkh lrqrvskhulf phglxp gxh wr lqkrprjhqhlw| ri jhrpdjqhwlf �hog

�$
K f/

dv ruglqdu| sodqhwdu| Urvve| zdyhv jhqhudwh gxh wr lqkrprjhqhlw| ri wkh
dqjxodu yhorflw|

�$

 f ri wkh Hduwk*v urwdwlrq ^4:/57`1

Odujh0vfdoh +sodqhwdu|, zdyhv duh zhdno| idglqj gxh wr wxuexohqw/ prohf0
xodu ylvfrvlw| dqg khdw frqgxfwlylw|/ vlqfh iru vxfk prwlrqv Uh|qrogv qxp0
ehu lv wrr elj Uh @ Y O@�  4 +zkhuh � lv d nlqhpdwlf w|slfdo ydoxh ri
ylvfrvlw| ru whpshudwxuh frqgxfwlylw|,1 Ehvlghv/ wkh lrq yhorflw| ri odujh0
vfdoh prwlrq Y� frlqflghv zlwk wkh yhorflw| ri wkh qhxwudo frpsrqhqw Y� @ Y >
l1h1 ixoo hqwudlqphqw ri lrqv e| qhxwudo sduwlfohv wdnhv sodfh lq wkh orzhu
H� uhjlrq ri wkh lrqrvskhuh ru g|qdpr uhjlrq +wkh udqjh ri wkh dowlwxghv
lv +<3� 463, np,1 Dffruglqjo|/ wkh lq�xhqfh ri lrq iulfwlrq rq odujh0vfdoh
prwlrq lq g|qdpr0uhjlrq ri wkh lrqrvskhuh fdq dovr eh qhjohfwhg ^4:/57`
+zh pxvw hpskdvl}h wkdw wkh uroh ri lrq iulfwlrq ehfrphv pruh qrwlfhdeoh
rqo| dw khljkwv pruh wkdq 473np,1

Urvve| zdyhv/ dv lw lv zhoo nqrzq/ vwurqjo| dwwhqxdwh rqo| gxh wr iulfwlrq
rq wkh Hduwk*v vxuidfh ^49/4:`1 Wkhuhiruh iru odujh0vfdoh �rzv pdq| dxwkruv
wkrxjkw lw xvhixo wr vxevwlwxwh wkh whup zlwk wxuexohqw iulfwlrq lq wkh pr0
wlrq htxdwlrq e| Ud|ohljk iulfwlrq/ zklfk lv sursruwlrqdo wr wkh yhorflw|�$
I @ ���$Y ^45/4:`/ zkhuh � lv d frqvwdqw frh�flhqw ri vxuidfh iulfwlrq ri
dwprvskhulf od|huv zklfk uhdfkhv wkh ydoxh ri 433Dv3� dw d khljkw ri H�
uhjlrq ^5;`1

Ixuwkhu zh vkdoo eh lqwhuhvwhg lq odujh0vfdoh �rzv lq H� uhjlrq ri wkh
lrqrvskhuh zlwk wkh krul}rqwdo vsdwldo vfdoh O ri rughu ri pdjqlwxgh 43�np
dqg pruh1 Yhuwlfdo vfdoh G lv ri rughu ri wkh vfdoh ri dowlwxghv ri krpr0
jhqhrxv dwprvskhuh/ whpsrudo vfdoh lv ri rughu ri whq plqxwhv/ ihz krxuv
dqg pruh1 H{dfwo| vxfk shuwxuedwlrqv duh uhodwhg zlwk joredo glvwulexwlrqv
ri wkh lrqrvskhuh dqg lwv odujh0vfdoh yduldwlrqv 0 glxuqdo/ vhdvrqdo dqg hwf1
Lq dffrugdqfh zlwk wkh h{shulphqwdo gdwd ^57` dw d khljkw ri 433� 483np
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wkh udwlr ri fkdudfwhulvwlf yhuwlfdo yhorflw| ri wkh zlqg Y� wr krul}rqwdo rqh
Y� lv Y�@Y� � G@O 43321 Wkxv odujh0vfdoh prwlrqv lq g|qdpr uhjlrq ri
wkh lrqrvskhuh duh txdvl0krul}rqwdo rq wkh zkroh dqg khqfh lq wklv dssur{l0
pdwlrq wkh sulqflsdo wkhruhwlfdo sureohp lv wkh ghwhuplqdwlrq ri krul}rqwdo
frpsrqhqwv ri lrqrvskhulf sdudphwhuv 1

Hohfwulf fxuuhqwv wkdw fdxvh yduldwlrqv ri wkh whqvlrq ri jhrpdjqhwlf �hog
duh orfdwhg lq d frpsdudwlyho| qduurz vwuls 0 g|qdpr od|hu ri H� uhjlrq ri
wkh lrqrvskhuh/ zkhuh Kdoo hohfwulf frqgxfwlylw| �M kdv wkh pd{lpxp ydoxh
�M � 73�� +zkhuh �� @ 7> 8 43D v3� lv Shghuvhq frqgxfwlylw|, ^46/6<`1
Lq wklv uhjlrq wkh h�hfwlyh hohfwulf frqgxfwlylw| lv ghwhuplqhg e| Frzolqj
frqgxfwlylw| �� @ �ess @ �� .�2M@�� � 43bv3�= Pdjqhwlf Uh|qrogv qxp0
ehu lv elj Ue6 A 432 iru wkhvh surfhvvhv +kdylqj fkdudfwhulvwlf vsdwldo vfdoh
O � 5333np dqg pruh/ shulrg W ~ ihz whqv plqxwhv dqg pruh, lq wkh

lrqrvskhuh1 Iurp qrqglphqvlrqdo Pd{zhoo htxdwlrq Ue6

3�$
m @ urw

3�$
k +edu

srlqwv wr qrq0glphqvlrqdolw| ri yduldeohv dqg rshudwru, lw iroorzv wkdw lq
wkh lrqrvskhuh lqgxfhg pdjqhwlf �hog

�$
k pxvw sod| dq lpsruwdqw uroh hyhq

dw lq�qlwhvlpdo fxuuhqwv
�$
m 1 Lq wklv fdvh wkh sureohp ri g|qdplf odujh0vfdoh

orz0iuhtxhqw lrqrvskhulf shuwxuedwlrqv ri hohfwurpdjqhwlf w|sh frxog eh
vroyhg rq wkh edvlv ri htxdwlrqv ri pdjqhwlf k|gurg|qdplfv ri wkh lrqr0
vskhuh1

Qrz zh lqyhvwljdwh d srvvlelolw| ri jhqhudwlrq ri sodqhwdu| zdyhv lq
g|qdpr od|hu ri wkh lrqrvskhuh/ zkhuh Kdoo0frqgxfwlylw| lv grplqdqw gxh
wr frqvwdqwo| dfwlqj idfwruv vxfk dv wkh odwlwxgh judglhqw ri jhrpdjqhwlf
�hog dqg dqjxodu yhorflw| ri wkh Hduwk*v urwdwlrq1 Xvlqj pdjqhwrk|gur0
g|qdplf htxdwlrqv iru wkh lrqrvskhuh dqg jhqhudol}hg Rkp odz iru H�
uhjlrq/ diwhu holplqdwlqj wkh dfrxvwlf0judylwdwlrqdo dqg PKG zdyhv dqg
wdnlqj lqwr dffrxqw wkdw odujh0vfdoh �rzv doprvw gr qrw shuwxue ghqvlw|
dqg frqfhqwudwlrq ri phglxp frpsrqhqw sduwlfohv ^4:/57`/ zh fdq zulwh d
vhw ri htxdwlrqv=

C
�$
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� urw
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urw
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�$
K >
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��$
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k
urw
�$
K >
�$
K

l
@ 3> +515,

zkhuh
�$

 @ urw

�$
Y >

�$
K @

�$
K f .

�$
k > � @ PQ? lv wkh ghqvlw| ri qhxwudo

sduwlfohv1
Qrz zh frqvlghu krul}rqwdo lqfrpsuhvvleoh �rz lq d vskhulfdo frrugl0

qdwh v|vwhp uhodwhg wr urwdwlqj Hduwk1 Ohw xv ghqrwh dq dgglwlrq wr wkh
odwlwxgh e| *�c

�
� @ �@5� *�c

�
> wr wkh orqjlwxgh 0 e| �/ d glvwdqfh iurp wkh

fhqwhu ri wkh Hduwk 0 e| u1 Zh frqvlghu yhorflw| frpsrqhqw rq u d{lv htxdo

8
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wr }hur Yo @ 31 Yw +�> �> w, lv d yhorflw| frpsrqhqw gluhfwhg dorqj phulg0
ldq +lw lv srvlwlyh li wkh yhorflw| lv gluhfwhg wr wkh qruwk,/ Yb +�> �> w, 0 d
yhorflw| frpsrqhqw dorqj wkh flufoh ri odwlwxgh +lw lv srvlwlyh li wkh yhorflw|
lv gluhfwhg wr wkh hdvw,1 Ohw/ iru vlpsolflw|/ jhrpdjqhwlf �hog kdyh rqo| d
yhuwlfdo frpsrqhqw KJo @ �K4 frv �/ l1h1 zh frqvlghu prghudwh dqg kljk
odwlwxghv/ zkhuh KR @ 8 � 43eqW lv wkh whqvlrq ri jhrpdjqhwlf �hog qhdu
Sroh1 Dffruglqjo|/ wkh shuwxuehg jhrpdjqhwlf �hog kdv rqo| yhuwlfdo frp0
srqhqw ko +�> �> w, = Zh fkrrvh wkh gluhfwlrq ri wkh dqjxodu yhorflw| dv wkh
yhuwlfdo d{lv �$u 
o @ 
f frv �=

Ehvlghv/ zh wdnh lqwr dffrxqw wkdw lq wkh Hduwk*v dwprvskhuh wkhuh
dozd|v h{lvwv hdvw0zhvw }rqdo prwlrq dorqj odwlwxgh flufohv Y b +�, +dwpr0
vskhuh dv li rxwglvwdqfhv wkh Hduwk dw Zhvw0Hdvw urwdwlrq, ^5<` ehjlqqlqj
iurp vrph dowlwxgh1 Wkxv wkh prwlrq frqvlvwv ri edvlf/ vwdwlrqdu|/ sxuh
}rqdo hdvw0zhvw �rz Y b +�,/ rq zklfk qrq0}rqdo shuwxuedwlrqv Y �

b +�> �> w,
duh dssolhg1 Khqfh zh kdyh

Yw @ Y �

w +�> �> w, > Y �

b @ Y b +�, . Y �

b +�> �> w, = +516,

Zh vxssrvh wkdw }rqdo zlqg lv ghwhuplqhg e| d zhoo0nqrzq h{suhvvlrq
rewdlqhg iurp h{shulphqwv Y b @ �u vlq �> zkhuh � lv d frqvwdqw dqjxodu
yhorflw| ri }rqdo urwdwlrq ri wkh dwprvskhuh +vr fdoohg flufxodwlrq lqgh{,1
� ydulhv iurp vhdvrq wr vhdvrq= lq zlqwhu � @ 3> 38
f/ lq vxpphu � @
3> 358
f1 Vwuhdp ixqfwlrq lv vxeplwwhg lq wkh irup � @� +�,.�� +�> �> w, =
Zh vkdoo ghwhuplqh wkh yhorflw| frpsrqhqwv dv d vwuhdp ixqfwlrq iurp
frqwlqxlw| htxdwlrq gxh wr devhqfh ri Yo dqg frqglwlrq ri lqfrpsuhvvlelolw|

Y �

w @ � 4

u vlq �

C��

C�
> Y �

b @
4

u

C��

C�
> +517,

� +�, @ ��u2 frv �= +518,

Xvlqj wkhvh h{suhvvlrqv/ htqv +514, dqg +515, pd| eh uhzulwwhq lq wkh
irup

C7�

Cw
. 5+�.
f,

C�

C�
. �

C7�

C�
. �M

Ck

C�
.�7� @ � 4

U2 vlq �
M +�>7�, >

+519,
Ck

Cw
�
M

C�

C�
. +�� �M,

Ck

C�
@

4

U2 vlq �
M +�> k, = +51:,

Khuh/ iru vlpsolflw|/ zh gr qrw zulwh sulph iru � ixqfwlrq dqg lqwurgxfh
ghvljqdwlrqv=

�M @
FM

U vlq �
> FM @ � F

7�hQ

4

U

CKfo

C�
@ �FKR vlq �

7�hQU
> +51;,

9
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M @
Q

Q?

h

PF vlq �

CKJo

C�
@

Q

Q?

hK4

PF
> k @

Q

Q?

hU2

PF
ko>

7 @
4

vlq �

�
C

C�
+vlq �

C

C�
, .

4

vlq �

C2

C�2

�
> M+d> e, @

Cd

C�

Ce

C�
� Cd

C�

Ce

C�
=

Lq rxu sureohp u h{lvwv sdudphwulfdoo| dqg wkhuhiruh/ wdnlqj lqwr dffrxqw
wkh wklqqhvv ri dwprvskhulf od|hu/ zh uhsodfh u e| wkh Hduwk*v udglxv U lq
wkh htqv +519,0+51;,1 Ixuwkhu iru lqyhvwljdwlrq ri g|qdplfv ri odujh0vfdoh
+sodqhwdu|, }rqdo �rzv lq g|qdpr uhjlrq ri wkh lrqrvskhuh zh vkdoo xvh d
vhw ri qrqolqhdu htqv +519, dqg +51:, 1

�� w�?i@h T*@?i|@h) i*iU|hL4@}?i|�U �@�it

Zh ehjlq dq lqyhvwljdwlrq ri htqv +519, dqg +51:, iurp wkh dqdo|vlv ri prwlrq
zlwk wkh vpdoo dpsolwxgh1 Lw lv h{shglhqw wr dqdo|}h d qhfhvvdu| jurxs
ri vroxwlrqv ri olqhdu g|qdplf htxdwlrqv rq wkh vskhuh dw lqyhvwljdwlrq ri
sodqhwdu| zdyhv/ zklfk kdyh d krul}rqwdo vsdwldo vfdoh ri rughu ri Hduwk*v
udglxv O q U1 Wkhuhiruh/ lq olqhdu dssur{lpdwlrq zh vhhn wkh vroxwlrq ri
hyroxwlrq htxdwlrqv lq wkh irup �> k r i +�, h{s +lp�� l$w,/ zkhuh p lv d
zkroh qxpehu> $� iuhtxhqf| ri shuwxuedwlrqv dqg i +�, lv dq xqnqrzq
ixqfwlrq ri � 1 Iru vxfk d vroxwlrq htqv +519, dqg +51:, jlyh xv wkh iroorzlqj
htxdwlrq gh�qlqj i

4

vlq �

C

C�
+vlq �

gi

g�
,

.

�
� p2

vlq2 �
.

5+�.
f,p

�p� $ � l�
.

�M
Mp2

++�� �M,p� $,+�p� $ � l�,

�
i @ 3=

+614,
Zh rewdlq wkh htxdwlrq iru dvvrfldwhg Ohjhqguh sro|qrpldo1 Dw wkh

vdph wlph wklv lv d xqltxh srvvlelolw| iru hyhu|zkhuh erxqghg vroxwlrq li d
vxp ri odvw wzr whupv lq vtxduh eudfnhwv lv htxdo wr q+q. 4,/ zkhuh q lv d
zkroh qxpehu1 Khqfh/ wkh glvshuvlrq htxdwlrq pd| eh zulwwhq lq wkh irup

5+�.
f,p

�p� $ � l�
.

�M
Mp2

++�� �M,p� $,+�p� $ � l�,
@ q+q. 4,= +615,

Vroylqj wklv htxdwlrq zlwk uhvshfw wr wkh iuhtxhqf| $ @ $f . l�/ zh
rewdlq wzr eudqfkhv ri wkh zdyh

$� @ �p

��Mp

5

�
4 .

�- . l�

�Mp

�+
4	

�
4� 7 +�- � �M . l�,

�Mp +4 . +�- . l�, @ +�Mp,,2

��*2,
>

:
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zkhuh �- @ 5 +�.
f,p@q +q. 4, > �M @ 
Mp@q +q. 4, > q @ p>p.4111
Wkh % . % vljq fruuhvsrqgv wr idvw zdyhv/ % � % 0 wr vorz zdyhv1 Qrz zh
hvwlpdwh doo wkh sdudphwhuv lq htq +616,= wdnlqj lqwr dffrxqw wkdw 
f @ :> 6�
433Dv3�/ Hduwk*v udglxv U � 9> 7 � 43Sp> � � 3> 37
f � 6 � 433Sv3�> KR @
8 � 433DW> iru prghudwh odwlwxghv dw d khljkw ri 453np Q � 43�fp3�

dw qljkw dqg Q � 43��p3� lq wkh gd|0wlph> khqfh/ FM � 5 � 53np �
v3�> �M � 433� � 433ev3�> 5
M � 433e � 433Dv3�> � @ 433Dv3�1 Iurp
wkhvh hvwlpdwlrqv lw iroorzv wkdw �Mp �-> �M >� dqg li wkhvh fruuhodwlrqv
duh ixo�oohg iru idvw zdyh/ iurp wkh htq +616, zh kdyh

$nf @ ��Mp> �n @ ��^7 +�.
f,� 
M `

q +q. 4,�M
> +616,

iru wkh vorz zdyh zh rewdlq

$3f @ �p� ^5 +�.
f,� 
M `p

q +q. 4,
> �3 @ ��= +617,

Zh pxvw hpskdvl}h wkdw dq h{lvwhqfh ri olqhdu odujh0vfdoh hohfwurpdj0
qhwlf vorz zdyhv lq wkh lrqrvskhuh zdv wkhruhwlfdoo| suhglfwhg xvlqj sodqh
jhrphwu| iru wkh �uvw wlph lq ^56/79` dqg dq h{lvwhqfh ri idvw olqhdu zdyhv lq
^59/5;`1 Lqwurgxflqj wkh dqjxodu yhorflw| ri zdyh prwlrq g��@gw @ $�

f
@p

dqg xvlqj htqv +617, dqg +618,/ lw lv srvvleoh wr ghwhuplqh olqhdu +skdvh,
yhorflwlhv ri zdyh prwlrq dorqj odwlwxgh flufohv Y �b @ Y �R� @ U vlq �g��@gw=
Frqvhtxhqwo|/ iru idvw dqg vorz zdyhv zh rewdlq

Y n

R� @ Y n

b @ �FM > Y 3R� @ Y 3b @

�
�� ^5 +�.
f,� 
M `

q +q. 4,

�
U vlq � = +618,

Lw lv hylghqw wkdw lq wkh kljk0odwlwxgh H�uhjlrq ri wkh lrqrvskhuh olqhdu
idvw zdyh ri hohfwurpdjqhwlf qdwxuh wrjhwkhu zlwk }rqdo �rz Y b +�, zloo
pryh iurp wkh hdvw wr wkh zhvw +Y n

b ? 3> �M A 3, zhdno| dwwhqxdwlqj
+m�nm � 3> 3;�� �,/ wkrxjk/ wdnlqj lqwr dffrxqw yhuwlfdo Kfo dqg krul}rq0
wdo Kfw frpsrqhqwv ri jhrpdjqhwlf �hog/ idvw zdyhv fdq pryh erwk wr wkh
zhvw dqg hdvw gluhfwlrqv ^5;`1 Vlqfh wkh skdvh yhorflw| ri idvw zdyhv FM

lv lqyhuvho| sursruwlrqdo wr wkh frqfhqwudwlrq ri fkdujhg sduwlfohv/ skdvh
yhorflw| ri wkhvh zdyhv Y n

R� dw qljkw vlgh zloo h{fhhg skdvh yhorflw| dw gdlo|

vlgh e| dq rughu ri 43� 4321 Shulrg ri idvw zdyhv Wn @ 5�@$n
f ydulhv iurp

43 wr 83 plqxwhv dw qljkw dqg iurp 5 wr ; krxuv lq wkh gd|0wlph/ zkhq
zdyhohqjwk ydulhv iurp 43�np +p @ 43, wr 43enp +p @ 5, dqg wkh
zdyhv kdyh wkh skdvh yhorflw| ri sursdjdwlrq FM @ 5 � 53np � v3� dorqj
odwlwxgh flufohv1 Vr/ idvw zdyhv ri hohfwurpdjqhwlf w|sh/ jhqhudwhg lq wkh
lrqrvskhuh gxh wr frqvwdqwo| dfwlqj idfwru +vxfk dv d judglhqw ri jhrpdj0
qhwlf �hog,/ duh d qhz eudqfk ri wkh lrqrvskhuh*v surshu rvfloodwlrqv ^59`1

;
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Wkh| duh zhdno| idglqj dw kljk0odwlwxgh H� uhjlrq ri wkh lrqrvskhuh dqg
lrqrvskhulf dqg pdjqhwlf revhuydwrulhv uhprwh e| wkrxvdqg nlorphwhuv fdq
uhjlvwhu wkhp zlwk uhwdugdwlrq lq wlph/ wkdw srlqwv wr wkhlu prwlrq1 Wkh
ihdwxuhv dqg sdudphwhuv ri wkhvh zdyhv duh lq frqiruplw| zlwk h{shulphqwdo
gdwd ^76/77/78` iru idvw odujh0vfdoh hohfwurpdjqhwlf shuwxuedwlrqv lq g|qdpr
uhjlrq ri wkh lrqrvskhuh1

Irupxodh +618, dqg +619, kdyh odujh phwhrurorjlfdo dssolfdwlrq1 Lq sdu0
wlfxodu/ wkh| vkrz wkdw vorz hohfwurpdjqhwlf zdyh + zdyh ri Urvve|0w|sh
iruplqj wkh zhdwkhu, wrjhwkhu zlwk wkh phdq }rqdo �rz Y b +�, pryhv
dorqj wkh odwlwxgh flufohv zlwk wkh yhorflw| +iurp whq wr d ihz kxqguhg
p � v3� zklfk lv w|slfdo iru }rqdo zlqgv, ghshqglqj rq flufxodwlrq lqgh{
dqg zdyhohqjwk +rq p dqg q fkdudfwhul}lqj wklv zdyh,1 Shulrg ri wklv zdyh
W3 @ 5�@$3f ydulhv iurp 5 wr 43 gd|v +dw yduldwlrq ri wkh zdyhohqjwk iurp
43�np wr 43enp,1 Glvshuvlrq ri wkhvh zdyhv rffxuv gxh wr erwk judglhqw
ri wkh dqjxodu yhorflw| ri wkh Hduwk*v urwdwlrq dqg judglhqw ri jhrpdjqhwlf
�hog + 
M � CKJo@Cu> vr0fdoohg judglhqw k|gurpdjqhwlf zdyhv ^56/79`,1 Lq
dffrugdqfh zlwk +618, dqg +619, vorz zdyhv fruuhvsrqglqj wr elj q +shu0
wxuedwlrqv kdylqj vpdoo vsdwldo vfdohv, zloo pryh iurp wkh zhvw wr wkh hdvw
+Yb A 3 ,> dw vpdoo q zdyhv zloo pryh rssrvlwh wr wkh }rqdo �rz gluhfwlrq1
Wkhvh zdyhv vwurqjo| gdps lq H� uhjlrq ri wkh lrqrvskhuh gxh wr Ud|ohljk
iulfwlrq

�m�3m @ � � 433Dv3�
�
1 Dwwhqxdwlrq zloo eh zhdnhu iru zdyhv zlwk

wkh elj zdyhohqjwk +juhdwhu wkdq 43e np, dqg odujh shulrgv +d zhhn dqg
pruh,1 Sdudphwhuv ri vorz zdyhv frlqflgh zlwk wkh sdudphwhuv suhvhqwhg
lq wkh h{shulphqwdo zrunv ^:/74/75` derxw sodqhwdu| hohfwurpdjqhwlf zdyhv1

e� �L?*�?i@h *@h}i�tU@*i �@�i t|h�U|�hit

Lw zdv vkrzq lq wkh suhylrxv vhfwlrq wkdw idvw odujh0vfdoh $nf dqg vorz
$3f hohfwurpdjqhwlf zdyhv lq H�uhjlrq ri wkh lrqrvskhuh kdyh glvshuvlrq
+ghshqghqfh rq wkh gluhfwlrq ri sursdjdwlrq ri wkhuh iuhtxhqf|,1 Lw lv
zhoo0nqrzq iurp wkh jhqhudo wkhru| ri qrqolqhdu zdyhv ^69/7:` wkdw d frp0
shwlwlrq ehwzhhq glvshuvlrq dqg qrq0olqhdulw| pd| ohdg wr wkh fuhdwlrq
ri qrq0kduprqlf +vrolwdu|, uhjxodu sur�ohv sursdjdwlqj zlwkrxw fkdqjlqj
irupv/ zklfk lv lpsrvvleoh lq erwk olqhdu dqg qrq0glvshuvlyh qrqolqhdu fdvhv1
Pruhryhu/ qxphurxv h{shulphqwv dqg revhuydwlrqv vkrz ^43/54/67/69` wkdw
qrqolqhdu vrolwdu| yruwh{ vwuxfwxuhv pd| eh jhqhudwhg dw gl�huhqw od|huv
ri wkh Hduwk*v dwprvskhuh1 Fdswxuhg urwdwlqj sduwlfohv duh wudqvihuuhg e|
wkhvh vwuxfwxuhv1 Udwlr ri fkdudfwhulvwlf yhorflw| XS ri urwdwlrq ri wkhvh
sduwlfohv wr wkh yruwh{ prwlrq yhorflw| X vdwlv�hv wkh iroorzlqj frqglwlrq
XS@X N 41

Ghvljqdwh whpsrudo dqg vsdwldo vfdohv e| O dqg W 1 Lq dffrugdqfh zlwk

<
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+517,/ iurp htq +519, zh kdyh M +�>��, @C��@Cw � �W@O2 � XS@X / dv
XS � �@O/ X � O@W 1 Khqfh/ qrq0olqhdulw| lv lpsruwdqw iru zdyh surfhvvhv
vdwlvi|lqj wkh frqglwlrq XS � X ^66`1 Diwhu doo fkdudfwhulvwlf ihdwxuhv ri
erwk odujh0vfdoh zdyhv dqg phglxp duh wdnhq lqwr dffrxqw lq htqv +519,
dqg +51:,/ zlwk wkh sxusrvh wr vlpsoli| wkh dqdo|vlv ri g|qdplfv ri zdyh
vwuxfwxuhv lq d qrqolqhdu uhjlph zh vkdoo vxssrvh ixuwkhu wkdw prwlrq rffxuv
lq wkh qhljkerxukrrg ri wkh odwlwxgh *f @ �@5 � �f1 Lw lv frqyhqlhqw
wr lqwurgxfh qhz odwlwxgh dqg orqjlwxgh frruglqdwhv { @ �U vlq �f> | @
� +� � �f,U/ wkdw doorzv xv wr nhhs wkh yduldeoh frh�flhqwv lq htqv +519,
dqg +51:, dqg uhgxfh wkhp wr wkh iroorzlqj irup=

C

Cw
�z�. ��

C�

C{
. �2

C�z�

C{
. ��

Ck

C{
� ��z� @ M +�>�z�, > +714,

Ck

Cw
� �e

C�

C{
.

�
�2 � ��U

2
� Ck
C{

@ M +�> k, > +715,

zkhuh srvlwlyh frh�flhqwv �� +l @ 4> 5> 6> 7, duh htxdo wr �� @ 5+�.
f, vlq �f@U/
�2 @ �U vlq �f/ �� @ �M vlq �f@U / �e @ 
MU vlq �f>�z @ C2@C{2.C2@C|2

lv Odsodfldq dorqj krul}rqwdo vxuidfh ri wkh Hduwk1
Iurp wkh vhw ri htqv +714, dqg +715, iroorzv wkh odz ri hyroxwlrq ri

hqhuj| frqvhuydwlrq

CH

Cw
@

C

Cw

�
4

5

] �
+uz�,2 .

k2

n2fU
2

�
g{g|

�
@ ��

]
+uz�,2 g{g|>

dqg srwhqwldo hqvwursk| ri zdyh shuwxuedwlrqv1

CN

Cw
@

C

Cw

+
4

5

] %
+�z�,2 .

+uzk,2
n2fU

2

&
g{g|

,
@ ��

]
+�z�,2 g{g|>

+716,
Khuh n2f @ Q$2

R�@
�
Q?F

2
�
/ $2

R� @ 7�h2Q@P / uz lv wkh wzr0glphqvlrqdo
qdeod rshudwru1 Hqhuj| H dqg hqvwursk| N ri wkh zdyhv duh suhvhuyhg lq
d qrq0glvvlsdwlyh dssur{lpdwlrq +� @ 3,=

Zh vhhn wkh vroxwlrq ri qrqolqhdu htqv +714, dqg +715, lq wkh qrq0
glvvlsdwlyh dssur{lpdwlrq +� @ 3, lq wkh irup ri vwdwlrqdu| uhjxodu zdyhv
� @ �+�> |, > k @ k +�> |, sursdjdwlqj dorqj odwlwxgh flufohv { zlwk wkh yh0
orflw| X @ frqvw zlwkrxw fkdqjlqj wkh vkdsh/ zkhuh � @ {�Xw1 Lw lv hdv|
wr vkrz wkdw htqv +714, dqg +715, duh htxlydohqw wr wkh iroorzlqj htxdwlrq
ri yduldeohv � dqg |

�z�� �2� @ i +� . ��|, > +717,

zkhuh i lv dq duelwudu| gl�huhqwldeoh ixqfwlrq ri lwv rzq dujxphqw/

�� @ F- � X> �2 @
vlq �f ^5 +�.
f, +F- � FM � X, . FM
M `

U +F- � FM � X,
>

43
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F- @ �U vlq �f lv wkh fkdudfwhulvwlf skdvh yhorflw| ri Urvve| zdyhv1
Lq dffrugdqfh zlwk ^5/7` zh lqwurgxfh srodu frruglqdwhv dorqj wkh Hduwk*v

vxuidfh u @
�
�2 . |2

��*2
> wj* @ |@� dqg d flufoh zlwk udglxv d1 Zh ghpdqg

wkdw ixqfwlrqv � +u> *, dqg k +u> *,h{srqhqwldoo| whqg wr }hur dw u$4 dqg
duh wzlfh frqwlqxrxvo| gl�huhqwldeoh +lqfoxglqj wkh flufoh u @ d, zlwk uh0
vshfw wr wkhlu dujxphqwv1 Wkhq wkh vroxwlrq ri +718, kdv wkh iroorzlqj irup

� +u> *> w, @
F- � FM � X


MU vlq �f
k +u> *> w, @ d��I +u, vlq*>

zkhuh

I +u, @

�
+s@y,2 M� +yu, @M� +yd,�

�
y
2 . s2

�
u@dy2> dw u ? d>

�N� +su, @N� +sd, > dw u � d>
+718,

khuh M? lv Ehvvho ixqfwlrq ri wkh �uvw rughu> N? lv PfGrqdog ixqfwlrq/
sdudphwhuv s dqg y duh frqqhfwhg e| glvshuvlrq uhodwlrq

M2 +yd,

yM� +yd,
@ � N2 +sd,

sN� +sd,
> s2 @ ��2

��
A 3= +719,

Wrwdo �hog � frqvlvwv ri d jlyhq �rz +518, dqg d vwdwlrqdu| yruwlfdo
vwuxfwxuh +719,

� +u> �> *> w, @ �dU2 frv �f .�+u> *> w, = +71:,

Dv zh frqvwuxfw wkh shuwxuehg vroxwlrqv h{srqhqwldoo| ghfuhdvlqj dw
lq�qlw|/ sdudphwhu s2 pxvw eh srvlwlyh1 Wklv frqglwlrq lpsrvhv wkh uhvwulf0
wlrq rq srvvleoh skdvh yhorflw| X ri qrqolqhdu yruwh{ vwuxfwxuhv1 Skdvh
yhorflw| X3 A F-

�� 43p � v3�� lv srvlwlyh iru vorz yruwlfhv +yruwh{ ri
Urvve| w|sh1 l1h1 Urvve| w|sh vrolwdu| hohfwurpdjqhwlf zdyhv fdq pryh
dorqj odwlwxgh rqo| wr wkh hdvw gluhfwlrq,1 Skdvh yhorflw| ri idvw qrqolqhdu
hohfwurpdjqhwlf yruwlfhv �FM ? Xn ? �FM ^4� 
M@ +5 +�.
f,,` dqg
h{lvwv lq wkh lqwhuydo m�X m @ FM
M@ +5 +�.
f,, +l1h1 idvw yruwlfhv fdq
pryh dorqj odwlwxgh flufohv rqo| wr wkh zhvw gluhfwlrq zlwk wkh yhorflw| ri
mXnm �@ 3> <FM � <np�v3�,= Khqfh/ wkh skdvh yhorflw| ri qrqolqhdu yruwlfdo
vwuxfwxuhv wdnhv wkh ydoxh rxwvlgh wklv lqwhuydo dqg lqvlgh lw wkhuh duh doo wkh
srvvleoh skdvh yhorflwlhv ri dssursuldwh olqhdu shulrglf zdyhv +vhh irupxodh
+619,,1

Wdnlqj lqwr dffrxqw wkh glvshuvlrq htq +71;,/ wkh vroxwlrq ri htq +719,
kdv wzr iuhh sdudphwhuv X dqg d +dowkrxjk X lv gh�qhg e| wkh lqhtxdolw|
deryh,1 Dv lw iroorzv iurp +719,/ shuwxuehg vroxwlrq kdv wkh dv|pswrwlf
�> k � u3�*2 h{s +�su, dw u $ 41 Khqfh/ wkh zdyh lv orfdol}hg dorqj wkh
Hduwk*v vxuidfh +�> |,1 Shuwxuehg ohyho olqhv ri vwuhdp ixqfwlrq kdyh glsroh
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irup1 Wkhuhiruh/ vxfk vwuxfwxuhv uhsuhvhqw d frxsoh ri yruwlfhv +f|forqh0
dqwlf|forqh w|sh, urwdwlqj lq wkh rssrvlwh gluhfwlrqv zlwk wkh vdph lqwhqvlw|
dqg prylqj dorqj odwlwxgh flufohv djdlqvw d edfnjurxqg ri wkh phdq sxuh
}rqdo zhvw0hdvw �rz1 Wkh prwlrq ri sduwlfohv lq qrqolqhdu yruwlfdo vwuxfwxuhv
+719,0+71;, kdv qrq}hur yruwlflw| urw

�$
Y 9@ 3/ l1h1 sduwlfohv urwdwh lq d yruwh{1

Fkdudfwhulvwlf yhorflw| ri wklv urwdwlrq/ dv lw iroorzv iurp +517, dqg +719,/
lv sursruwlrqdo wr XS � X 1 Dw wkh vdph wlph yruwh{ wudsv d jurxs ri
sduwlfohv +wkhlu qxpehu duh ri rughu ri wudqvlhqw sduwlfohv,1 Zkloh urwdwlqj/
wkh sduwlfohv pryh zlwk wkh yruwlfdo vwuxfwxuh1 Fkdudfwhulvwlf vsdwldo vfdoh
g ri wkhvh yruwlfhv lv htxdo wr g � d � s3� � ^XU@ +�.
f,`

�*21 Iru vorz
yruwlfhv g3 � 43�np dqg iru idvw rqh gn � 43enp=

Qrz zh ghwhuplqh wkh dpsolwxgh ri pdjqhwlf �hog k�o jhqhudwhg e|
yruwlfdo vwuxfwxuhv1 Wdnlqj lqwr dffrxqw wkdw d � g � ^XU@ +�.
f,`

�*2/
X A F-/ iurp htqv +719, dqg +51;, zh rewdlq

k�o @
Q?

Q

X

FM . X


M

$M�

�
X

U +�.
f,

��*2
�Kf= +71;,

Iru hvwlpdwlrq ri wkh dpsolwxgh +7143, zh xvh wkh phdq glxuqdo ydoxhv ri
phglxp sdudphwhuv dqg jhrpdjqhwlf �hog lq H� uhjlrq ri wkh lrqrvskhuh
dw d khljkw ri 433� 533np ^57/6<`= Q � 3> 8 � 43��p3�> Q? � 9 � 43�.p3�>
FM � 43ep � v3�> � . 
f � :> 9 � 433Dv3�> 
M � 5> : � 433Dv3�> $M� �
6 � 432v3�= Li zh wdnh lqwr dffrxqw wkdw wkh skdvh yhorflw| ri idvw qrqolqhdu
yruwlfhv lv htxdo wr mXnm � 3> <FM @ < � 43�p � v3�/ iurp +7143, zh kdyh
kn�o � 3> 5Kf @ 43eqW 1 Iru vorz yruwlfhv zlwk phdq skdvh yhorflw| X3 �
83p � v3� A F-/ zh rewdlq k3�o � 4> 9 � 433�Kf @ 432qW 1 Khqfh/ odujh0
vfdoh hohfwurpdjqhwlf yruwlfhv jhqhudwh lqwhqvlyh pdjqhwlf �hogv lq g|qdpr
uhjlrq ri wkh lrqrvskhuh1 Vxfk �hogv hphujh rq wkh Hduwk vxuidfh zlwk d
ydoxh orzhu e| dq rughu ri pdjqlwxgh ^48`/ exw wkh| pd| eh hdvlo| uhjlvwhuhg
e| wkh vxuidfh htxlsphqwv1

Yruwh{ lv qrw d vwdwlrqdu| zdyh lq wkh glvvlsdwlyh lrqrvskhuh +� 9@ 3,
dqg lw lv qhfhvvdu| wr xvh fruuhvsrqglqj wudqvihu htxdwlrq iru lqyhvwljdwlrq
ri g|qdplfv ri qrqolqhdu vwuxfwxuhv1 Lq wklv fdvh lqwhjudo fkdudfwhulvwlfv ri
vwuxfwxuhv/ lq sduwlfxodu/ wkh hqhuj| H dqg hqvwursk| N duh qrw suhvhuyhg
lq htqv +716, dqg +717, dqg fkdqjh lq wlph gxh wr glvvlsdwlrq1 Vroxwlrqv
+719, 0 +71;, pd| eh lqvhuwhg lq +716, dqg +717, zlwk wkh sdudphwhuv X
dqg d fkdqjlqj vorzo| lq wlph zlwklq wkh olplwv ri vpdoo glvvlsdwlrq lq
dffrugdqfh zlwk ^4`1 Zh hvwlpdwh wkh rughu ri lqwhjudov lq wkhvh htxd0
wlrqv wr dqdo|}h wkh hyroxwlrq ri hqhuj| dqg hqvwursk| +716, dqg +717, lq
wkh glvvlsdwlyh phglxp=

U
+u�,2 g{g| � g32

U
�2g{g|>

U
+7�,2 g{g| �

g32
U
+%�,2 g{g|> zkhuh g � ^XU@ +�.
f,`

�*2 lv d fkdudfwhulvwlf vsdwldo
vfdoh ri wkh yruwlfhv1 Wdnlqj lqwr dffrxqw wkdw lq g|qdpr uhjlrq ri wkh
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lrqrvskhuh g2@ ^nfU +FM . X, @
M ` � 433� � 4/ iru vwuxfwxuhv ri prghudwh
vsdwldo vfdohv

�
g � 43�np

�
/ hqhuj| dqg hqvwursk| duh ri rughu ri pdjqlwxgh

ri wkh glvvlsdwlyh whup dqg wkhuhiruh htqv +716, dqg +717, pd| eh uhzulwwhq
dv

CH@Cw @ �5�H> CN@Cw @ �5�H= +71<,

Wklv phdqv wkdw hqhuj| dqg hqvwursk| ri vxfk yruwlfhv h{srqhqwldoo|
dwwhqxdwh1 Glvvlsdwlyh whup lq wkh wudqvihu htqv +716, dqg +717, lv ohvv wkdq
hqhuj| dqg hqvwursk| iru odujh0vfdoh yruwlfhv +g A nfU ^+FM . X, @
M `, dqg
uhod{dwlrq ri yruwlfhv rffxuv pruh vorzo|1

Wkxv/ hohfwurpdjqhwlf odujh0vfdoh qrqolqhdu yruwlfdo vwuxfwxuhv duh orqj0
olyhg lq g|qdpr uhjlrq dqg wkhuhiruh wkh| fdq sod| dq lpsruwdqw uroh lq
wudqvihu surfhvvhv ri vxevwdqfh/ khdw dqg hqhuj| dqg irupdwlrq ri vwurqj
wxuexohqw vwdwh ri wkh phglxp ^6`1

D� #�tU�tt�L? Lu |�i hit�*|t @?_ UL?U*�t�L?

Lw zdv hvwdeolvkhg wkdw odujh0vfdoh +sodqhwdu|, olqhdu dqg qrqolqhdu hohf0
wurpdjqhwlf vorz dqg idvw zdyh vwuxfwxuhv pljkw eh jhqhudwhg lq g|qdpr0
uhjlrq ri wkh lrqrvskhuh gxh wr wkh frqvwdqwo| dfwlqj idfwru 0 wkh odwlwxgh
yduldwlrq ri jhrpdjqhwlf �hog1 Iru odujh0vfdoh �rzv kdylqj d fkdudfwhulvwlf
vsdwldo vfdoh 43�np dqg pruh lw lv lpsrvvleoh wr qhjohfw d yduldwlrq ri jhr0
pdjqhwlf �hog zlwk odwlwxgh/ dv lw lv lpsrvvleoh wr qhjohfw odwlwxgh yduldwlrqv
ri wkh dqjxodu yhorflw| ri wkh Hduwk*v urwdwlrq iru sodqhwdu| Urvve| zdyhv
+vlqfh ruglqdu| Urvve| sdudphwhu � @ C5
Jo@C� dqg lwv pdjqhwlf dqdorj
�M @ hQ@ +�f, CKJo@C� kdyh wkh vdph rughu � � �M � 433��p3� � v3�,
^57`1

Wkh h{lvwhqfh ri wkhvh zdyhv iroorzv iurp jhqhudo Rkp*v odz
k�$
m
�$
K

l
@F @

hQ
��$
H .

k�$
Y
�$
K f

l
@F

�
iru g|qdpr uhjlrq ri wkh lrqrvskhuh/ zkhuh

�$
m lv d

fxuuhqw ghqvlw|1 Dpshuh irufh lv

�$
I � @

4

�F

k�$
m
�$
K

l
@

k�$x �$
 �

l
� hQ

�

�
� 4

F

k�$
Y (
�$
K

l
.

4

F

k�$
Y
�$
K

l�
= +814,

Wkh h{suhvvlrq +814, h{dfwo| frlqflghv zlwk Frulrolv irufh
�$
I � @

k�$
Y
�$
i
l

e| dsshdudqfh11 Wklv vlplodulw| dqg dovr wkh frqglwlrq 
� � i srlqwv rxw
wkdw hohfwurpdjqhwlf zdyhv duh jhqhudwhg lq g|qdpr uhjlrq gxh wr lqkr0

prjhqhrxv jhrpdjqhwlf �hog
�
u�$K f 9@ 3

�
lq wkh vdph zd| dv Urvve| w|sh

sodqhwdu| zdyhv duh jhqhudwhg gxh wr lqkrprjhqhrxv dqjxodu yhorflw| ri wkh

Hduwk urwdwlrq
�
u5�$
 f 9@ 3

�
1 Lq wklv fdvh wkh �uvw sduw ri hohfwurpdjqhwlf
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irufh
�$
I � +814, fdxvhg e| wkh yruwlfdo hohfwulf �hog

�$
H � @ �

k�$
Y (
�$
K

l
@F

+e| hohfwulf guliw yhorflw|
�$
Y (, jhqhudwhv d idvw zdyh1 Wkh vhfrqg sduw ri

hohfwurpdjqhwlf irufh
�$
I � fdxvhg e| yhorflw| ri �rz ri wkh phglxp +e| g|0

qdpr �hog
�$
H _ @

k�$
Y
�$
K

l
@F, jhqhudwhv Urvve| w|sh vorz hohfwurpdjqhwlf

zdyh1

Lw lv vkrzq wkdw vorz olqhdu hohfwurpdjqhwlf zdyhv duh jhqhudwhg e| d
judglhqw ri wkh jhrpdjqhwlf �hog/ ghshqg rq wkh zdyhohqjwk sursdjdwh lq
H� uhjlrq dorqj odwlwxgh flufohv erwk wr wkh zhvw dqg hdvw gluhfwlrqv djdlqvw
d edfnjurxqg ri d vwdwlrqdu| sxuh }rqdo �rz dqg duh Urvve|0w|sh zdyhv1
Iuhtxhqf| edqgzlgwk ri vorz zdyhv lv 433e�433Dv3�/ zdyhohqjwk lv ri rughu
ri 43�np dqg pruh/ skdvh yhorflw| ri wkhvh zdyhv lv ri rughu ri pdjqlwxgh ri
orfdo zlqg yhorflw| +iurp vhyhudo whqv wr d ihz kxqguhgv phwhuv shu vhfrqg,1
Vorz zdyhv dwwhqxdwh pruh vwurqjo| gxh wr Ud|ohljk iulfwlrq ehwzhhq wkh
od|huv ri wkh orfdo dwprvskhuh zlwk wkh ghfuhphqw m�3m @ � � 433Dv3�/
wkrxjk odujh0vfdoh zdyhv +zlwk zdyhohqjwk 43enp dqg shulrg iurp d ihz
zhhn dqg pruh, dwwhqxdwh zhdnhu1 Olqhdu vorz zdyhv jhqhudwh pdjqhwlf
�hog/ zklfk dv lw iroorzv iurp wkh Pd{zhoo*v htxdwlrq dqg wkh h{suhvvlrq

+814, iru wkh fxuuhqw
�$
m3 @ hQ

�$
Y 3 kdv dq rughu ri k3o @

���7�hQY 3R��
��� @F/

zkhuh � lv wkh wudqvyhuvdo glvsodfhphqw ri fkdujhg sduwlfohv1 Li Y 3R� @

83p � v3�> � @ 4np / zh rewdlq k3o � 4 qW 1 Wklv hvwlpdwh lqfuhdvhv xs wr
53qW li wudqvyhuvdo glvsodfhphqw ri wkh v|vwhp lv derxw whq nlorphwhuv dqg
skdvh yhorflw| lv YR� � 432p � v3�= Wkxv/ olqhdu vorz hohfwurpdjqhwlf zdyhv
duh dffrpsdqlhg e| wkh qrwlfhdeoh plfursxovdwlrq ri jhrpdjqhwlf �hog lq
g|qdpr uhjlrq dqg kdyh d vlplodu rughu ri pdjqlwxgh dv wkh plfursxovdwlrq
fdxvhg e| fxuuhqwv V^ lq g|qdpr uhjlrq1

Lw lv hvwdeolvkhg wkdw olqhdu idvw hohfwurpdjqhwlf zdyhv duh fdxvhg e| d
judglhqw ri jhrpdjqhwlf �hog dqg Kdoo h�hfw dqg sursdjdwh dorqj odwlwxghv
lq g|qdpr uhjlrq ri wkh lrqrvskhuh djdlqvw d edfnjurxqg ri phdq }rqdo
�rz1 Wkh| pryh erwk wr wkh zhvw dqg hdvw gluhfwlrqv zlwk wkh yhorflwlhv

ri vhyhudo np@v
�
Y n

R� @ FM � 5� 53 np � v3�
�
1 Iuhtxhqf| edqgzlgwk

lv ri rughu ri pdjqlwxgh 4332 � 433ev3�/ zdyhohqjwk 0 43�np dqg pruh/
dqg wkh zdyhv zhdno| idgh m�nm � 3=3;� � 433Sv3�1 Lq dffrugdqfh zlwk

Pd{zhoo*v htxdwlrq dqg h{suhvvlrq +814, iru wkh fxuuhqw
�$
mn @ hQ

�$
Y (/ idvw

zdyhv fdxvh vxevwdqwldo plfursxovdwlrq ri jhrpdjqhwlf �hog dqg duh htxdo wr

kno �
���5hQY n

R��
n

��� @F e| wkh rughu ri pdjqlwxgh / zkhuh �n � 43�np lv wkh

zdyhohqjwk ri idvw zdyhv/ vr wkdw kno � 43� qW 1 Wkh| frxog eh frqvlghuhg
dv d qhz prgh ri surshu rvfloodwlrqv ri H� uhjlrq ri wkh lrqrvskhuh ^59/5;`

Qrz zh h{sodlq d sk|vlfdo uhdvrq ri hphujhqfh ri qrqolqhdu sodqhwdu|
hohfwurpdjqhwlf vwuxfwxuhv dqg jhqhudwlrq ri lqgxfhg vwurqj pdjqhwlf �hog
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�$
k lq H� uhjlrq ri wkh lrqrvskhuh1 Xvlqj wkh h{suhvvlrq iru Dpshuh*v
irufh +814, dqg Pd{zhoo*v htxdwlrq C

�$
K@Cw @ �Furw

�$
H / wdnlqj lqwr dffrxqw

wkh htxdwlrq ri prwlrq g
�$
Y @gw @

�$
I �/ lw lv hdv| wr rewdlq d frqglwlrq

zkhq jhrpdjqhwlf �hog
�$
K f lv sduwldoo| iur}hq lq wkh qhxwudo frpsrqhqw iru

H�uhjlrq ri wkh lrqrvskhuh

khop

#
urw
�$
Y .

Q

Q?

h
�$
K f

PF

$
@ 3= +815,

Htxdolw| ri rshudwru khop�$d @ C�$d @Cw. urw
k�$
Y �$d

l
.
�$
Y gly�$d wr }hur

iru duelwudu| yhfwru �hog �$d phdqv d frqvhuydwlrq +iur}hq frqglwlrq, ri irufh
olqhv �$d dqg fruuhvsrqglqj irufh wxehv lq wkh phglxp ^57`1 Wkh h{suhvvlrq
+815, dw

�$

 @ urw

�$
Y @ 3 phdqv d frqglwlrq/ zkhq jhrpdjqhwlf �hog lv

ixoo| iur}hq lq wkh phglxp1 Iurp d frqvhuydwlrq frqglwlrq ri wkh yhuwlfdo
frpsrqhqw +815, zh kdyh


5 .
Q

Q?

h

PF
KJ5 � D @ frqvw= +816,

Rq wkh edvlv ri wklv htxdwlrq zh vkdoo lqyhvwljdwh �uvw d ehkdylrxu ri
dq dlu sduwlfoh lq wkh suhgrplqdqw zhvw �rz X� +Ilj1 4,1

Ohw yhorflw| X�ri d sduwlfoh prylqj lq wkh zhvw �rz uhfhlyh d qruwk
frpsrqhqw dw vrph odwlwxgh *f +duf de, xqghu wkh dfwlrq ri wkh h{whuqdo
shuwxuedwlrq1 Dv vrrq dv wkh sduwlfoh vwduwv prylqj wr wkh sroh/ ydoxh ri
KJ5 lqfuhdvhv dqg 
5 ghfuhdvhv dqg yruwh{ 
5 frphv grzq wr }hur +wudmhf0
wru| sdvv d �h{ srlqw, dw vrph odwlwxgh * +srlqw e,1 Wkhq wkh yhorflw| ri
dlu sduwlfoh dftxluhv d vrxwk frpsrqhqw +duf ef, dqg 
5 lqfuhdvhv gxh wr
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ghfuhdvlqj ri K5 xqwlo sduwlfoh uhdfkhv wkh lqlwldo odwlwxgh *f+srlqw f,1 Zhvw
vwuhdp gluhfwhg iurp ohiw wr wkh uljkw suhyhqw irupdwlrq ri forvhg yruwh{ dqg
wkhuhiruh lq wkh zhvw �rz wkhuh duh fuhdwhg sodqhwdu|0vfdoh zdyh prwlrqv
xqghu wkh dfwlrq ri dq h{whuqdo shuwxuedwlrq +zlwkrxw irupdwlrq ri f|forqhv
dqg dqwlf|forqhv,1 Wkhvh shuwxuedwlrqv duh fdoohg wkh sodqhwdu| zdyhv ri
Urvve| w|sh +zklfk kdv ehhq frq�uphg e| revhuydwlrqv ^4:/53/57/68`,1

Qrz zh frqvlghu d ehkdylrxu ri dq dwprvskhulf sduwlfoh xqghu wkh dfwlrq
ri h{whuqdo shuwxuedwlrq lq wkh suhgrplqdqw hdvw0gluhfwhg vwuhdp X e+Ilj1
5,1

Ohw d yhorflw| ri wkh sduwlfoh uhfhlyh d qruwk frpsrqhqw xqghu wkh dfwlrq
ri wkh h{whuqdo shuwxuedwlrq1 Dv d uhvxow ri +816, 
5 ghfuhdvhv wr }hur +lq
wkh �h{ srlqw e,1 Wkhq wkh dlu sduwlfoh uhfhlyhv d yhorflw| zlwk wkh vrxwk
frpsrqhqw dqg wkh yruwh{ 
5 lqfuhdvhv1 Zdyh prwlrq grhv qrw wdnh sodfh lq
wklv fdvh dv wkh suhgrplqdqw hdvw0gluhfwhg vwuhdp X suhyhqwv wklv surfhvv1
Wudmhfwru| ri dq dlu sduwlfoh lv orfnhg xqghu wkh dfwlrq ri hdvw0gluhfwhg
vwuhdp dqg d yruwh{ lv fuhdwhg +dqwl0f|forqh,1 Li wkh dlu sduwlfoh uhfhlyhv
wkh vrxwk frpsrqhqw ri yhorflw|/ yruwh{ 
5 lqfuhdvhv gxh wr ghfuhdvh ri
K51 Wkhq lw ghfuhdvhv diwhu sdvvlqj wkh �h{ srlqw1 Hdvw0gluhfwhg vwuhdp
X suhyhqwv khuh fuhdwlrq ri wkh zdyhv1 Wudmhfwru| ri wkh sduwlfoh lv orfnhg
xqghu wkh dfwlrq ri hdvw0gluhfwhg vwuhdp dqg d forvhg yruwh{ lv fuhdwhg +d
f|forqh,1 Wklv dovr lv frq�uphg e| dq revhuydwlrq ^</67/69`1

Wkxv/ gxh wr frqvhuydwlrq ri dq devroxwh yruwh{/ wkh odwlwxglqdo fkdqjh
ri jhrpdjqhwlf �hogv jhqhudwhv sodqhwdu|0vfdoh zdyhv lq wkh zhvw �rz dqg
vrolwdu| yruwlfhv +f|forqh0dqwlf|forqh, lq wkh hdvw �rz xqghu wkh lq�xhqfh
ri wkh h{whuqdo shuwxuedwlrq1

Iurp Ilj1 5 lw dovr iroorzv wkdw li jhqhudwlrq ri f|forqh dqg dqwlf|forqh
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kdv glsroh fkdudfwhu +l1h1 li wkh| duh fuhdwhg vlpxowdqhrxvo|,/ wkhq d vwurqj
mhw �rz dulvhv ehwzhhq f|forqh dqg dqwlf|forqh dqg wkh yhorflw| ri wkh
suhgrplqdqw �rz X e vwurqjo| lqfuhdvhv1 Lq dffrugdqfh zlwk Ehuqrxool*v
htxdwlrq Y 2@5 . S@� @ frqvw +zkhuh S lv wkh k|gurvwdwlf suhvvxuh,/ wklv
ohdgv wr ghfuhdvh ri suhvvxuh S lq wkh uhjlrqv ri glsroh yruwlfhv dqg khqfh/
vxuurxqglqj dwprvskhulf sduwlfohv duh gudzq lqwr wkh glsroh vwuxfwxuhv +lw
lv dovr frq�uphg e| qrqolqhdu vroxwlrq +719, phqwlrqhg deryh,1

Pruhryhu/ htxdwlrq +816, vkrzv wkdw d prwlrq hyhq olqhdu dw wkh lqlwldo
wlph srlqw pxvw ehfrph yruwlfdo xqghu wkh dfwlrq ri lqkrprjhqhrxv jhr0
pdjqhwlf �hog1 Dfwxdoo|/ ohw dw wkh lqlwldo wlph srlqw 
5 @ urw5

�$
Y @ 3/ l1h1

zh kdyh xqlirup uhfwlolqhdu prwlrq ri dlu sduwlfohv iurp wkh qruwk wr wkh
vrxwk +wr wkh gluhfwlrq ri qhjdwlyh |> Ilj1 6d,1

Iurp +816, lw iroorzv wkdw hQKJ5@ +Q?PF, � Df @ frqvw A 31 Vlqfh
KJ5 ghfuhdvhv zlwk odwlwxgh zkloh prylqj wr wkh vrxwk/ d srvlwlyh yruwh{
urw5
�$
Y A 3 zlwk f|forqlf urwdwlrq +frxqwhu0forfnzlvh gluhfwlrq> vhh Ilj1

6e, pxvw eh jhqhudwhg iru frqvhuydwlrq ri Df1 KJ5 lqfuhdvhv zlwk odw0
lwxgh zkloh prylqj iurp wkh vrxwk wr wkh qruwk dqg d qhjdwlyh yruwh{
urw5
�$
Y ? 3 zlwk dqwlf|forqh urwdwlrq pxvw eh jhqhudwhg iru frqvhuydwlrq

ri Df1 Wkxv/ wkh sduwldoo| iur}hq lqkrprjhqhrxv jhrpdjqhwlf �hog qdw0
xudoo| ohdgv wr jhqhudwlrq ri odujh0vfdoh yruwlfdo vwuxfwxuhv lq H� uhjlrq
ri wkh lrqrvskhuh lq wkh suhvhqfh ri phulglrqdo frpsrqhqw ri krul}rqwdo
zlqg lq wkh lrqrvskhuh +odujh0vfdoh frqglwlrq iroorzv iurp wkh hvwlpdwh
hQKJ5@ +Q?PF, � 433e � 433Dv3�,1
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Ohw xv frqvlghu wkh fdvh zkhq wkh yruwh{ lv iruphg dqg lqyhvwljdwh lwv
g|qdplfv +Ilj1 7d> e,1

Dv lw lv vkrzq rq Ilj17d/ wkh ydoxh ri hQKJ5@ +Q?PF, ghfuhdvhv wr wkh
gluhfwlrq ri qhjdwlyh | wr wkh ohiw ri wkh lqvwdqwdqhrxv fhqwhu ri urwdwlrq dqg
khqfh/ lq dffrugdqfh zlwk +816,/ 
5 pxvw lqfuhdvh e| dq htxdo pdjqlwxgh
wr nhhs D xqfkdqjhg1 Wr wkh uljkw ri wkh lqvwdqwdqhrxv fhqwhu ri urwdwlrq
KJ5 lqfuhdvhv dqg 
5 ghfuhdvhv zkloh prylqj wr wkh gluhfwlrq ri srvlwlyh
| +wr wkh qruwk,1 Wkxv/ lqkrprjhqhlw| ri wkh jhrpdjqhwlf �hog ohdgv wr
wkh lqwhqvl�fdwlrq ri wkh yruwh{ wr wkh ohiw ri wkh lqvwdqwdqhrxv fhqwhu ri
urwdwlrq/ l1h1 sduwlfohv zloo urwdwh pruh udslgo| wr wklv vlgh wkdq wr wkh uljkw
rqh +Ilj17e,1 Wklv h�hfw lv vlplodu wr wkh lqwhqvl�fdwlrq phfkdqlvp ri �rzv
dw wkh zhvw vkruhv ri rfhdq fdxvhg e| Frulrolv irufh ^66`1 Lw lv hdv| wr vkrz
wkdw li wkh edvlf yruwh{ +Ilj1 7d, urwdwhv wr wkh forfnzlvh gluhfwlrq/ wkhq dq
lqwhqvl�fdwlrq ri wkh yruwh{ zloo eh djdlq wr wkh ohiw ri wkh lqvwdqwdqhrxv
fhqwhu ri urwdwlrq1

Wzr lpsruwdqw frqfoxvlrqv iroorz iurp wklv=

d, Dwprvskhulf sduwlfohv zloo urwdwh qrq0xqlirupo| dorqj flufxodu ruelwv
+udslgo| wr wkh ohiw dqg vorzo| wr wkh uljkw, lq wkh yruwh{ jhqhudwhg e| wkh
lqkrprjhqhrxv jhrpdjqhwlf �hog1 Wdnlqj lqwr dffrxqw wkh ixoo gurzqlqj
ri dq lrqrvskhulf sodvpd lqwr H � uhjlrq/ wklv pxvw ohdg wr jhqhudwlrq ri
odz0iuhtxhqw hohfwurpdjqhwlf zdyhv lq H� uhjlrq ri wkh lrqrvskhuh gxh wr
dq dgglwlrqdo dffhohudwlrq ri sduwlfohv lq yruwlfhv ri wklv w|sh1 Khqfh/ H�
uhjlrq +xqghu wkh frqglwlrqv ri Kdoo h�hfw, ehfrphv d vrxufh ri orz0iuhtxhqw
hohfwurpdjqhwlf zdyhv1 Vshfldo sxeolfdwlrq zloo eh ghyrwhg wr pruh ghwdlohg
lqyhvwljdwlrq ri wklv sureohp1

e, Pdjqhwlf �hog k5 lqgxfhg e| d yruwh{ lq wkh lqkrprjhqhrxv urwdwlqj
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yruwh{ zloo dpsoli| wr wkh ohiw ri lqvwdqwdqhrxv fhqwhu ri sduwlfohv* urwdwlrq
gxh wr frqvhuydwlrq ri wkh frqglwlrq 
5.hQ +KJ5 . k5, @ +Q?PF, @ frqvw>
l1h1/ d gluhfwlrq ri k5 zloo frlqflgh zlwk wkh gluhfwlrq ri htxloleulxp jhr0
pdjqhwlf �hog KJ5= Dv d uhvxow/ olqhv ri pdjqhwlf irufh zloo eh frpsdfwhg
wr wkh ohiw ri fhqwhu ri urwdwlrq +Ilj17e,1 Lqgxfhg pdjqhwlf �hog zloo eh
gluhfwhg rssrvlwh ri htxloleulxp jhrpdjqhwlf �hog wr wkh uljkw ri fhqwhu ri
urwdwlrq dqg khqfh/ wkh wrwdo pdjqhwlf �hog zloo eh zhdnhqlqj +KJ5 � k5,1

Wkxv/ wkh lqkrprjhqhlw| ri jhrpdjqhwlf �hog dorqj odwlwxgh jhqhudwhv
dq lqkrprjhqhrxv yruwh{ lq H� uhjlrq ri wkh lrqrvskhuh wkdw lv d vrxufh
ri orz0iuhtxhqw hohfwurpdjqhwlf udgldwlrq dqg wkh uhdvrq ri dpsol�fdwlrq
ru dwwhqxdwlrq ri lqgxfhg jhrpdjqhwlf �hog k5 lq fruuhvsrqglqj uhjlrqv1
Dpsol�fdwlrq ri wkh wrwdo �hog +KJ5 . k5, pd| eh hdvlo| revhuyhg h{shul0
phqwdoo| vlqfh dq h�hfw ri zhdnhqlqj ri wkh wrwdo pdjqhwlf �hog +KJ5 �k5,
zloo eh yhlohg e| edvlf +htxloleulxp, �hog1

Dfwxdoo|/ lw zdv vkrzq rq wkh edvlv ri dq dqdo|wlfdo vroxwlrq ri wkh vhw
ri qrqolqhdu g|qdplf htqv +519,/ +51:,/ wkdw lq qrq0glvvlsdwlyh H� uhjlrq
ri wkh lrqrvskhuh sodqhwdu| hohfwurpdjqhwlf zdyhv vhoi0orfdol}h dv qrqolqhdu
vrolwdu| yruwlfdo vwuxfwxuhv prylqj zlwk d frqvwdqw yhorflw| dorqj wkh odwl0
wxgh flufohv zlwkrxw prgl�fdwlrq djdlqvw d edfnjurxqg ri wkh phdq }rqdo
�rz1 Lq dgglwlrq/ d prwlrq yhorflw| X ri qrqolqhdu vwuxfwxuhv grhv qrw fr0
lqflgh zlwk wkh yhorflw| ri fruuhvsrqglqj olqhdu shulrglf zdyhv1 Khqfh/ vorz
yruwlfhv fdq pryh rqo| wr wkh hdvw zlwk wkh yhorflw| X3 A F- +lq frqwudvw
wr olqhdu shulrglf vorz zdyhv, dqg idvw yruwlfhv pryh rqo| wr wkh zhvw zlwk
wkh yhorflw| mXnm � 3> <FM ? FM 1 Qrqolqhdu vwuxfwxuh frqvlvwv ri d frxsoh
ri yruwlfhv urwdwlqj lq wkh rssrvlwh gluhfwlrqv ri f|forqh0dqwlf|forqh w|sh
dqg lw wudqvihuv wkh wudsshg phglxp sduwlfohv1 Fkdudfwhulvwlf vsdwldo vfdoh
ri vorz yruwlfhv lv g3 � 43� np dqg ri idvw rqhv 0 gn � 43e np1 Hqhuj| dqg
hqvwursk| ri odujh0vfdoh yruwlfhv zhdno| dwwhqxdwh lq wkh glvvlsdwlyh lrqr0
vskhuh/ wkh vwuxfwxuhv duh orqj0olyhg dqg wkh| fdq eh vwuxfwxudo hohphqwv ri
vwurqj wxuexohqfh ri H 0 uhjlrq ri wkh lrqrvskhuh1

Qrqolqhdu odujh0vfdoh yruwh{ vwuxfwxuhv jhqhudwh pruh srzhuixo sxovd0
wlrqv ri jhrpdjqhwlf �hog wkdq fruuhvsrqglqj olqhdu zdyhv1 Iru h{dp0
soh/ idvw yruwlfhv jhqhudwh jhrpdjqhwlf �hogv kn�o � 43eqW / vorz rqhv 0
k3�o � 432qW 1 Jhqhudwlrq ri vxfk lqwhqvlyh shuwxuedwlrqv lv olnho| frqqhfwhg
zlwk vshfl�f ihdwxuhv ri orz0iuhtxhqw sodqhwdu| vwuxfwxuhv1 Dfwxdoo|/ wkhvh
vwuxfwxuhv wuds phglxp sduwlfohv dqg wkh sduwlfohv duh sduwldoo| iur}hq lq d
jhrpdjqhwlf �hog lq wkh H� uhjlrq ri wkh lrqrvskhuh1 Wkhuhiruh/ d fuhdwlrq
ri vxfk vwuxfwxuhv phdqv d qrwlfhdeoh frpsdfwlrq ri olqhv ri pdjqhwlf irufh
dqg frqvhtxhqwo|/ dq dpsol�fdwlrq ri shuwxuedwlrqv ri jhrpdjqhwlf �hogv
lq wkh sodfh ri wkhlu orfdwlrq1 Vlqfh d qxpehu ri wudsshg +e| yruwlfhv, sdu0
wlfohv lv ri rughu ri wkh qxpehu ri wudqvlhqw sduwlfohv/ shuwxuedwlrq ri wkh
jhrpdjqhwlf �hog lq vwurqjhu idvw yruwlfhv zloo eh ri rughu ri wkh edfnjurxqg
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�hog1 Rq wkh Hduwk vxuidfh/ wkdw lv orzhu e| glvwdqfh Uf+� 432np, wkhq wkh
uhjlrq ri jhqhudwlrq ri wkhvh zdyh vwuxfwxuhv/ d ohyho ri jhrpdjqhwlf sxovd0
wlrqv zloo eh ohvv e| wkh idfwru h{s +�Uf@�f, +zkhuh �f lv wkh fkdudfwhulv0
wlf zdyhohqjwk ri hohfwurpdjqhwlf shuwxuedwlrqv,1 Pdjqhwlf h�hfwv rq wkh
Hduwk zloo eh zhdnhu wkdq lq g|qdpr uhjlrq dv �f �

�
43� 432

�
Uf AA Uf/

exw wkh| fdq dovr eh hdvlo| revhuyhg1
D frpsdulvrq ri wkhruhwlfdo hvwlpdwhv ri sdudphwhuv ri wzr zdyhv lq0

yhvwljdwhg deryh dqg h{shulphqwdoo| revhuyhg iru vorz dqg idvw odujh0vfdoh
hohfwurpdjqhwlf shuwxuedwlrqv ^:/74/75/76/77/78` dqg wkhlu jrrg djuhhphqw
srlqw wr dq dydlodelolw| ri wkh vrxufhv ri surshu +edfnjurxqg, odujh0vfdoh
zdyh vwuxfwxuhv ri hohfwurpdjqhwlf qdwxuh dw d khljkw ri g|qdpr uhjlrq
ri wkh lrqrvskhuh/ zkhuh Kdoo frqgxfwlylw| lv grplqdqw1 Zh pxvw qrwh
wkdw odujh0vfdoh orz0iuhtxhqw zdyh vwuxfwxuhv idoo lqwr wkh iuhtxhqf| edqg
4332�433Dv3�1 Hohfwurpdjqhwlf shuwxuedwlrqv ri wklv iuhtxhqf| udqjh duh
elrorjlfdoo| dfwlyh ^63` dqg/ lq sduwlfxodu/ pd| sod| wkh uroh ri d vwduwlqj
phfkdqlvp ri sdwkrorjlfdo frpsolfdwlrqv lq kxpdq erglhv vxvfhswleoh wr
wkh k|shuwhqvlrqdo dqg rwkhu glvhdvhv1 Wkhuhiruh wkhvh zdyh vwuxfwxuhv duh
zruwk| ri dwwhqwlrq dovr lq hfrorjlfdo srlqw ri ylhz dv d vrxufh ri hohfwur0
pdjqhwlf srooxwlrq ri wkh hqylurqphqw1

Vlqfh idvw dqg vorz hohfwurpdjqhwlf sodqhwdu| zdyhv uhsuhvhqw wkhlu rzq
ghjuhh ri iuhhgrp lq H� uhjlrq ri wkh lrqrvskhuh/ wkhq xqghu wkh lq�xhqfh
rq wkh lrqrvskhuh iurp deryh ru iurp ehorz +pdjqhwlf vwrup/ hduwktxdnh/
duwl�fldo h{sorvlrqv dqg vr rq, wkhvh zdyh vwuxfwxuhv zloo eh jhqhudwhg lq
wkh �uvw sodfh rq wkhvh prghv +vhh/ iru h{dpsoh ^8`,1 Dw wkh dssrlqwhg
srzhu ri wkh vrxufh qrqolqhdu yruwlfdo vwuxfwxuhv zloo eh jhqhudwhg ^7`/ wkdw
lv frq�uphg e| revhuydwlrqv ^</67/73`1 Vhsdudwh sxeolfdwlrq zloo eh ghyrwhg
wr pruh ghwdlohg lqyhvwljdwlrq ri wkh sureohp ri irufhg jhqhudwlrq ri wkhvh
zdyh vwuxfwxuhv xqghu wkh h{wudruglqdu| +qdwxudo dqg duwl�fldo, lq�xhqfh
rq wkh lrqrvskhuh1

Uhihuhqfhv

41 Dexumdqld J1G1/ Lydqry Y1Q1/ Ndphqhw} I1I1/ Sxnkry D1Y1 G|qdplfv ri

guliw yruwlfhv lq froolvlrq sodvpd1 Sk|vlfd Vfulswd/ 68 +4<;:,/ 9::09;41

51 Dexumdqld J1G1/ Odnklq Y1S1/ Plnkdloryvnll D1E1 Rq wkh wkhru| ri Doiyhq

yruwlfhv1 Sodvpd Sk|vlfv Frqwuro Ixvvlrq/ 5< +4<;:,/ 40581

61 Dexumdqld J1G1 Vwuxfwxudo wxuexohqfhv dqg gl�xvlrq ri sodvpdv lq pdjqhwlf

wudsv1 Il}lnd Sodvpl/ 49 +4<<3,/ :30:9 +lq uxvvldq,1

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

vskhuh ehiruh hduwktxdnh1 Sodvpd Sk|vlfv Uhsruw/ 55+4<<9,/ ;970;9;1
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81 Dexumdqld J1G1/ Pdfkdehol J1]1 Jhqhudwlrq ri hohfwurpdjqhwlf shuwxued0

wlrqv e| dfrxvwlf zdyhv lq wkh lrqrvskhuh1 Mrxuqdo ri Jhrsk|vlfdo Uhvhdufk/

436+4<<;,/ <7740<77:1

91 Doiyhq K1/ Idowkdpphu N1J1 Frvplfdo Hohfwurg|qdplfv1 Foduhgrq Suhvv/

R{irug/ 4<961

:1 Durvklg}h J1P1/ Nlnylodvkylol J1E1/ Oldg}h ]1O1/ Vkdudg}h ]1V1 Plggoh0

odwlwxgh Hv0od|hu dqg zdyh shuwxuedwlrqv lq H� od|hu ri wkh lrqrvskhuh1

Lrqrvskhulf Lqyhvwljdwlrqv/ 57+4<::,/ ;50;9 +lq uxvvldq,1

;1 Fkhqj N1/ Kxdqj \10Q1 Lrqrvskhulf glvwxuedqfhv revhuyhg gxulqj wkh sh0

ulrg ri prxqw Slqdwxer huxswlrqv lq Mxqh 4<<41 Mrxuqdo ri Jhrsk|vlfdo

Uhvhdufk/ <: +4<<4,/ 49/<<804:/3371

<1 Fkp|uhy Y1Q1/ Elolfkhqnr V1Y1/ Srnkrwhory R1D1/ hw do1 Doskhq yruwlfhv

dqg uhodwhg skhqrphqd lq wkh lrqrvskhuh dqg wkh pdjqhwrvskhuh1 Sk|vlfd

Vfulswd 6; +4<;;,/ ;740;871

431 Fkp|uhy Y1Q1/ Pdufkhqnr Y1D1/ Srnkrwhory R1D1/ hw do1 Yruwh{ vwuxfwxuhv

lq wkh lrqrvskhuh dqg wkh pdjqhwrvskhuh ri wkh Hduwk1 Sodqhwdu| dqg Vsdfh

Vflhqfh/ 6<+4<<4,/ 4358043631

441 Frzolqj W1 Pdjqhwlf K|gurg|qdplfv1 Lqrvwudqqdld Olwhudwxud/ Prvnrz/

4<8< +lq uxvvldq,1

451 Glfnlqvrq U1H1 Wkhru| ri sodqhwdu| zdyh0}rqdo �rz lqwhudfwlrq1 Mrxuqdo ri

Dwprvskhulf Vflhqfh/ 59 +4<9<,/ :60;41

461 Grnxfkdhy Y1S1 Prwlrq ri wkh lrqrvskhulf jd}h lq wkh xsshu dwprvskhuh1

L}y1/ yx}1 Udglr�}lnd/ 7 +4<94,/ 806< +lq uxvvldq,1

471 Gure}khy Y1L1/ Prorhwry J1I1/ Vkdudg}h ]1V1/ hw do1 Lrqrvskhulf uhvsrqvhv

rq wkh shuwxuedwlrqv gxh wr lqgxvwuldo h{sorvlrq1 Lrqrvskhulf Shuwxuedwlrqv/

6< +4<;9,/ 940:9 +lq uxvvldq,1

481 Ixnxvklpd Q1 Htxlydohqfh lq Jurxqg Jhrpdjqhwlf H�hfw ri Fkdspdq0

Yhvwlqhv dqg Elunhodqg0Doiyhq hohfwulf Fxuuhqw V|vwhpv iru Srodu Pdjqhwlf

Vwrupv1 Uhsruw ri Lrqrvskhulf Vsdfh Uhvhdufk Mdsdq/ 56 +4<95,/ 54<055:1

491 Jdqglq O1V1/ Gxery D1V1 Qxphulfdo phwkrgv ri vkruw0whup iruhfdvw ri wkh

zhdwkhu1 Jlgurphwhrl}gdw/ Ohqlqjudg/ 4<9; +lq uxvvldq,1

4:1 Jrvvdug H1H1/ Krrnh Z1K1 Zdyh lq wkh lrqrvskhuh1 Hovhylhu Vflhqwl�f Sxe0

olvklqj Frpsdq|1 Dpvwhugdp0R{irug0Qhz0\run/ 4<:81
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4;1 Kdmnrzlf} O1D1 Joredo rqvhw dqg sursdjdwlrq ri odujh0vfdoh wudyhoolqj lrqr0

vskhulf glvwxuedqfhv dv d uhvxow ri wkh juhdw vwrup ri 46 Pdufk 4<;<1 Sodq0

hwdu| dqg Vsdfh Vflhqfh/ 6< +4<<4,/ 8;608<41

4<1 Kd|dndzd P1 +Hglw,Dwprvskhulf dqg lrqrvskhulf hohfwurpdjqhwlf skhqrp0

hqd dvvrfldwhg zlwk hduwktxdnhv1 Whuuhvwuldo Vflhqfh Sxeolvklqj Frpsdq|/

Wrn|r/ 4<<<1

531 Ndodg}h W1G1/ Wvdpdodvkylol O1Y1 Vrolwdu| glsroh yruwlfhv lq wkh Hduwk lrqr0

vskhuh1 Sk|vlfv Ohwwhuv/ D567 +4<<:,/ 59<05:71

541 Ndphqnrylfk Y1P1/ Nrvkoldnry P1Q1/ Prqlq D1V1 V|qrswlfdo hgglhv lq wkh

rfhdq1 Jlgurphwl}gdw/ Ohqlqjudg/ 4<;5 +lq uxvvldq,1

551 Nd}lpluryvnll H1V1/ Nrnrxury Y1G1 Prwlrqv lq wkh lrqrvskhuh1 Qdxnd/

Qryrvleluvn/ 4<:< +lq uxvvldq,1

561 Nkdqwdg}h D1J1 Ghwhuplqdwlrq ri wkh zlqg �hog e| phdqv ri suhvvxuh dqg

odwlwxgh h�hfw ri jhrpdjqhwlf �hog lq wkh lrqrvskhuh 1 Surfhhglqjv ri wkh

Jhrsk|vlfv Lqvwlwxwh ri wkh JDV/ 5; +4<9:,/ 445044; +lq uxvvldq,1

571 Nkdqwdg}h D1J1 Rq wkh g|qdplf ri frqgxfwlyh Dwprvskhuh1 Qdxnd/ Welolvl/

4<:6 +lq uxvvldq,1

581 Nkdqwdg}h D1J1/ Vkdudg}h ]1V1 Lrqrvskhulf h�hfwv ri sodqhwdu| zdyhv1 Zdyh

glvwxuedqfhv lq wkh dwprvskhuh1 Qdxnd/ Dopd0Dwd/ +4<;3,/ 476048; +lq uxv0

vldq,1

591 Nkdqwdg}h D1J1 K|gurpdjqhwlf judglhqw zdyhv lq g|qdpr uhjlrq ri wkh

lrqrvskhuh1 Exoohwlq ri wkh Jhrujldq Dfdghp| ri Vflhqfhv/ 456 +4<;9,/ 9<0

:4 +lq uxvvldq,1

5:1 Nkdqwdg}h D1J1/ Vkdudg}h ]1V1/ Nredodg}h ]1O1 Derxw sodqhwdu| zdyhv

ri Doiyhq w|sh lq wkh lrqrvskhuh1 Lqyhvwljdwlrq ri g|qdplfdo surfhvvhv lq

wkh xsshu dwprvskhuh1 Jlgurphwhrl}gdw/ Prvnrz/ +4<;;,/ 4430449 +lq uxv0

vldq,1

5;1 Nredodg}h ]1O1/ Nkdqwdg}h D1J1 Rq sursdjdwlrq ri odujh0vfdoh shuwxuedwlrqv

lq wkh lrqrvskhuh1 Exoohwlq ri wkh Jhrujldq Dfdghp| ri Vflhqfhv/ 466 +4<;<,/

<:0433 +lq uxvvldq,1

5<1 Nrfklq Q1H1/ Nleho L1D1/ Ur}h Q1Y1 Wkhruhwlfdo k|gurphfkdqlfv1 Jrvl}gdw

Il}10pdw1 Olwhudwxul/ Prvnrz/ 4<96 +lq uxvvldq,1

631 Nrslwhqnr \x1D1/ Nrpduryvnlnk P1L1/ Yrurqry L1P1/ Nrslwhqnr H1D1 Frq0

qhfwlrq ehwzhhq XOI hohfwurpdjqhwlf olwrvskhulf hplvvlrq dqg h{wudruglqdu|
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ehkdylrxu ri elrorjlfdo v|vwhpv ehiruh wkh hduwktxdnh1 Elr�}lnd/ 73 +4<<8,/

444704449 +lq uxvvldq,1

641 Olshuryvnll Y1D1/ Jodglqvkhy Y1D1/ Vkdolpry V1O1 Olwrvskhulf0lrqrvskhulf

frqqhfwlrq ehiruh wkh hduwktxdnh1 Il}lnd ]hpol/ 6 +4<<4,/ 59068 +lq uxv0

vldq,1

651 Olshuryvnll Y1D1/ Srnkrwhory R1D1/ Vkdolpry V1O1 Lrqrvskhulf suhfxuvruv ri

wkh hduwktxdnhv1 Qdxnd/ Prvnrz/ +4<<5, +lq uxvvldq,1

661 Prqlq D1V1 +Hglw, Sk|vlfv ri Rfhdq1 Rfhdq k|gurphfkdqlfv1 Qdxnd/ Prvnrz/

4<:; +lq uxvvldq,1

671 Qh}olq P1Y1/ Vqh}knlq H1Q1Urvve| yruwlfhv/ vsludo vwuxfwxuhv/ vrolwrqv1 Vsulqjhu/

Khlghoehuj/ 4<<61

681 Shgorvn| M1 Jhrsk|vlfdo �xlgv g|qdplfv1 Vsulqjhu0Yhuodj/ Ehuolq/ 4<;51

691 Shwyldvkylol Y1L1/ Srnkrwhory R1D1 Vrolwdu| zdyhv lq sodvpd dqg lq wkh dw0

prvskhuh1 Jrugrq dqg Euhdfk Vflhqfh Sxeolvklqj/ Uhdglqj/ 4<<51

6:1 Srnkrwhory R1D1/ Olshuryvnll Y1D1/ Irplfkhy \x1S1/ Uxew}ry O1Q1/ Vkdudg}h

]1V1/ Olshuryvndld S1Nk1 Lrqrvskhulf prgl�fdwlrq gxulqj zdu lq wkh }rqh ri

Shuvlg Ehdfk1 Grn1 DQ VVVU/ 654 +4<<4,/ 449;044:5 +lq uxvvldq,1

6;1 Srnkrwhory R1D1/ Sduurw P1/ Ihgrury H1Q1/ Slolshqnr Y1D1/ Vxunry Y1Y1/

Jodg|fkhy Y1D1 Uhvsrqvh ri wkh lrqrvskhuh wr qdwxudo dqg pdq0pdgh dfrxv0

wlf vrxufhv1 Dqqdov ri Jhrsk|vlfv/ 46 +4<<8,/ 44<:045431

6<1 Udwnol� M1D1 Sk|vlfv ri wkh xsshu dwprvskhuh1 Lqrvwudqqdld Olwhudwxud/

Prvnrz/ 4<96 +lq uxvvldq,1

731 Vkdh�hu O1G1/ Urfn G1U1/ Ohzlv M1S1/ Zduvkdz V1L1 Ghwhfwlrq ri h{sor0

vlyh hyhqwv e| prqlwrulqj dfrxvwlfdoo|0lqgxfhg jhrpdjqhwlf shuwxuedwlrqv1

XFUO0LG0466573/ Odzuhqfh Olyhupruh Oderudwru|/ Olyhupruh/ FD XVD/

<7883/ 4<<<1

741 Vkdudg}h ]1V1/ Nkdqwdg}h D1J1 Sodqhwdu| zdyhv lq H dqg I uhjlrqv ri wkh

lrqrvskhuh1 Exoohwlq ri wkh Jhrujldq Dfdghp| ri Vflhqfhv/ <7+4<:<,/ 9<0:6

+lq uxvvldq,1

751 Vkdudg}h ]1V1 Dwprvskhulf zdyhv lq wkh lrqrvskhuh gxulqj zlqwu| vwudwr0

vskhulf zduplqj1 Lrqrvskhulf Lqyhvwljdwlrqv/ 5<+4<:<,/ 5;06< +lq uxvvldq,1

761 Vkdudg}h ]1V1/ Mdsdulg}h J1D1/ Nlnylodvkylol J1E1 Qrq0dfrxvwlfdo zdyh shu0

wxuedwlrqv lq wkh plggoh0odwlwxgh lrqrvskhuh1 Jhrpdjqhwl}p l Dhurqrpld/

5;+4<;;,/ 7790784 +lq uxvvldq,1
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DPL Yro19 Qr15/ 5334 J1 Dexumdqld/ J1Y1 Mdqglhul/111 .

771 Vkdudg}h ]1V1/ Mdsdulg}h J1D1/ Pdwldvkylol W1J1/ Prvdvkylol Q1Y1 Vwurqj

hduwktxdnhv dqg wkhluv frqqhfwlrq zlwk shuwxuedwlrqv lq wkh lrqrvskhuh dqg

jhrpdjqhwlf �hog1 Il}lnd ]hpol/ 4+4<;<,/ 53064 +lq uxvvldq,1

781 Vkdudg}h ]1V1 Skhqrphqd lq wkh plggoh0odwlwxgh lrqrvskhuh frqqhfwhg iurp

dwprvskhulf zdyhv1 L]PLUDQ/ Prvnrz/ 4<<4 +lq uxvvldq,1

791 Wrovwr| L1 K|gurpdjqhwlf judglhqw zdyhv lq wkh lrqrvskhuh1 Mrxuqdo ri Jhr0

sk|vlfdo Uhvhdufk/ :+4<9:,/ 4768047751

7:1 Zklwkdp J1E1 Olqhdu dqg qrqolqhdu zdyhv1 Mrkq Zloh|/ Qhz \run/ 4<::1
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