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D Uhfrqvlghudwlrq ri wkh Rswlpdo Lqfrph Wd{4

Nhylq Urehuwv
Qx!hog Froohjh/ R{irug

Pdufk 5333

DEVWUDFW

Wklv sdshu ghyhorsv d irupxod iru wkh rswlpdo qrqolqhdu lqfrph wd{/ wkh whupv ri
zklfk duh idploldu iurp wkh wkhru| ri olqhdu lqfrph wd{dwlrq1 Wkh ghyhorsphqw xvhv
wkh lghd ri d shuwxuedwlrq ri wkh rswlpdo vfkhgxoh dqg lv edvhg xsrq dq dvvxpswlrq ri
gl�huhqwldelolw|1 Lw lv dovr vkrzq wkdw wkh lqwurgxfwlrq ri qrq0gl�huhqwldelolw|/ lpso|lqj
exqfklqj ri wd{sd|huv/ pd| eh ghvludeoh dqg/ lq wklv fdvh/ wkh rswlpdo vfkhgxoh pd|
eh gl!fxow wr ghwhuplqh1 Wkh dqdo|vlv fdq eh dssolhg wr qrqolqhdu wd{ uhirup=

Nh|zrugv= qrqolqhdu wd{dwlrq/ lqfrph wd{dwlrq/ exqfklqj/ wd{ uhirup1

MHO Qr= K54/ K64

4Wklv sdshu kdv ehhq suhsduhg dv d frqwulexwlrq iru Lqfhqwlyhv dqg Rujdql}dwlrqv= Hvvd|v lq
Krqrxu ri Vlu Mdphv Pluuohhv/ hglwhg e| S1 Kdpprqg dqg J1 P|ohv1 Sduw ri wkh sdshu gudzv rq d
sdshu flufxodwhg lq Rfwrehu 4<;5 hqwlwohg �D Qhz Orrn dw Rswlpdo Lqfrph Wd{dwlrq�1 Wkh dqdo|vlv
ri Vhfwlrq 7 kdv ehhq frpsohwho| uhylvhg lq wkh suhvhqw yhuvlrq1 L dp judwhixo wr Wrq| Dwnlqvrq/ Mlp
Pluuohhv dqg Hppdqxho Vdh} iru wkhlu vxjjhvwhg frpphqwv rq yhuvlrqv ri wklv sdshu1
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Lqwurgxfwlrq

Iroorzlqj rq iurp wkh vhplqdo zrun ri Pluuohhv +4<:4,/ dq h{whqvlyh olwhudwxuh

rq wkh ghvljq ri rswlpdo qrqolqhdu wd{ vfkhgxohv kdv ghyhorshg1 Zklovw vrph ri wklv

olwhudwxuh +h1j1 Vdgnd +4<:9,, kdv ghdow zlwk hdvlo| xqghuvwdqgdeoh surshuwlhv srvvhvvhg

e| vxfk vfkhgxohv/ d pdmru gudzedfn ri wkh �vwdwh0ri0wkh0duw� lv wkdw irupxodh xvhg wr

fkdudfwhul}h rswlpdo vfkhgxohv duh gh�qhg lq whupv ri ixqfwlrqv wkdw/ zklovw rshq wr

olplwhg lqwhusuhwdwlrq +Dwnlqvrq dqg Vwljolw} +4<:<,,/ odfn wkh vwudljkwiruzdugqhvv ri

gluhfw vxsso| hodvwlflwlhv/ hwf1/ wkdw kdyh ehfrph d frpprqsodfh ri olqhdu wd{ irupxodh1

Wkhuh lv qr jxdudqwhh wkdw wkh sduwlfxodu yduldwlrqdo dssurdfk wr rswlpl}dwlrq

wkdw kdv ehhq dgrswhg lq wkh olwhudwxuh surgxfhv wkh prvw dsshdolqj wd{ irupxodh1

Dssurdfkhv wkdw ghshqg xsrq gl�huhqw shuwxuedwlrqv ri wkh wd{ vfkhgxoh zloo surgxfh

irupxodh wkdw fdq orrn yhu| gl�huhqw1 Rqh sxusrvh ri wklv sdshu lv wr suhvhqw dq

dssurdfk zklfk lv wudqvsduhqw dqg zklfk surgxfhv wd{ irupxodh zlwk doo ri wkh dsshdo

ri wkh qhdwhvw olqhdu wd{ irupxodh +Gldprqg +4<:8,/ Gl{lw dqg Vdqgpr +4<::,,1 L

frqvlghu d sduwlfxodu hdvlo| xqghuvwdqgdeoh shuwxuedwlrq lq wkh wd{ vfkhgxoh zklfk/

zkhq eurnhq grzq e| d Wd|oru h{sdqvlrq/ surgxfhv wkh rswlpdo wd{ irupxod1 Dv

vrph vhhp wr orrn xsrq qrqolqhdu wd{ wkhru| dv dq xqidwkrpdeoh duhd/ L krsh wkdw

wkh suhvhqw ghulydwlrq zloo eh irxqg xvhixo1 Khuh/ wkh dlp lv wr suhvhqw dq dssurdfk

wr qrqolqhdu wd{ wkhru| wkdw lv dnlq wr wkh ghulydwlrq ri wkh Nh|qhv0Udpvh| uxoh lq

jurzwk wkhru|1 Wkh dsshqgl{ vkrzv krz wkh vdph irupxod fdq eh ghulyhg xvlqj d

frqwuro wkhruhwlf dssurdfk xvlqj wkh gxdo dssurdfk wr qrqolqhdu wd{dwlrq lqwurgxfhg

lq Urehuwv +4<:<,1

Wkhuh kdv ehhq olwwoh zrun orrnlqj dw dowhuqdwlyh ghulydwlrqv dqg irupxodh iru qrq0

olqhdu wd{ vfkhgxohv dqg wkh frqwudvw zlwk olqhdu wd{dwlrq lv vwulnlqj1 Vdh} +4<<<,

kdv uhfhqwo| orrnhg dw qrqolqhdu wd{dwlrq xvlqj wkh lghd ri d shuwxuedwlrq ri wkh wd{

vfkhgxoh1 Wkh shuwxuedwlrq xvhg dqg suhvhqwdwlrq ri irupxodh lv gl�huhqw wr wkdw lq

wklv sdshu wkrxjk/ dv lq wkh suhvhqw dqdo|vlv/ kh uhfrjqlvhv wkdw rqh grhv qrw qhhg wr

edvh irupxodh rq wkh glvwulexwlrq lq wkh srsxodwlrq ri vrph xqrevhuydeoh sdudphwhu

olnh delolw|/ dv lq wkh ruljlqdo Pluuohhv zrun1 Lqvwhdg/ wkh pruh qdwxudo glvwulexwlrq

ri lqfrph pd| eh xvhg1 Vdh} ghulyhv qxphulfdo wd{ irupxodh xvlqj wkh dfwxdo lqfrph

glvwulexwlrq ghulyhg iurp XV wd{ uhwxuqv dqg wklv r�huv d juhdw lpsuryhphqw xsrq

wkh qxphulfdo vroxwlrqv lq Pluuohhv +4<:4, dqg Wxrpdod +4<<3,1 Wkh rwkhu zrun wkdw

kdv lqyhvwljdwhg dowhuqdwlyh irupxodh lv wkdw ri Uhyhv} +4<;<,1 Kh xvhv d fdofxoxv ri
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yduldwlrqv dssurdfk edvhg xsrq fkrrvlqj pdujlqdo sulfhv dv lq wkh gxdo dssurdfk ri

Urehuwv +4<:<,1 Kh ghulyhv d irupxod zklfk lqfrusrudwhv dq lqyhuvh hodvwlflw| uxoh dv

lq wklv sdshu/ exw lq rwkhu uhvshfwv/ lw uhwdlqv wkh vwuxfwxuh ri wkh ruljlqdo Pluuohhv

dssurdfk1

Doo suhylrxv ghulydwlrqv ri wd{ irupxodh ghshqg xsrq wkh vhhplqjo| lqqrfxrxv dv0

vxpswlrq wkdw wkh wd{ vfkhgxoh lv gl�huhqwldeoh vr wkdw wd{sd|huv zlwk gl�huhqw suhihu0

hqfhv duh qrw cexqfkhg* wrjhwkhu dw wkh vdph lqfrph ohyho1 Krzhyhu/ wkh shuwxuedwlrq

whfkqltxh ghyhorshg lq wkh �uvw sduw ri wklv sdshu fdq eh dphqghg wr h{dplqh wkh

lvvxh ri zkhwkhu rswlpdo vfkhgxohv duh gl�huhqwldeoh dqg lw lv vkrzq wkdw cexqfklqj*

pd| eh rswlpdo1 Lq hduolhu zrun +Hehuw +4<<5,/ Oroolylhu dqg Urfkhw +4<;6,,/ wkh h{lv0

whqfh ri exqfklqj lv uhodwhg wr wkh idloxuh ri wd{sd|hu �uvw0rughu frqglwlrqv wr gh�qh d

srlqw ri pd{lpxp xwlolw| dorqj wkh wd{ vfkhgxoh1 Lq wklv sdshu/ wkh gl�huhqwldeoh wd{

vfkhgxohv wkdw duh fdqglgdwhv iru rswlpdo wd{ vfkhgxohv fdq srvvhvv wkh ihdwxuh wkdw

lqglylgxdo wd{sd|huv duh pd{lpl}lqj wkhlu rzq xwlolw|1 Rxu dqdo|vlv xqfryhuv vrph

vwudqjh srvvlelolwlhv1 Iru lqvwdqfh/ lw fdq eh vkrzq wkdw zkhq wkh lqfrph glvwulexwlrq

lv xqerxqghg/ wkh qxpehu ri cexqfk* srlqwv pd| eh lq�qlwh1 Wklv fdvwv grxew rq wkh

whfkqltxh ri orrnlqj dw olplwlqj wd{ udwhv lq vxfk flufxpvwdqfhv +Pluuohhv +4<:4,/ Vdh}

+4<<<,,1 D vhfrqg sxusrvh ri wklv sdshu lv wr h{srvh wkhvh ch{rwlf* srvvlelolwlhv1

Lq wkh qh{w vhfwlrq/ wkh qhz irupxod lv ghulyhg dqg lqwhusuhwhg1 Lq Vhfwlrq 6/

sureohpv frqfhuqhg zlwk wkh pdujlqdo udwh dw wkh xsshu0hqg ri wkh wd{ vfkhgxoh duh

frqvlghuhg1 Zkhq wkh kljkhvw lqfrph lv nqrzq dw wkh rxwvhw/ wkh idprxv +ru lqidprxv,

uhvxow lv rewdlqhg wkdw wkh pdujlqdo wd{ udwh vkrxog/ rq h!flhqf| jurxqgv/ eh }hur1

Zkhq wklv lv qrw wkh fdvh/ wkh olplwlqj udwh pd| vwloo eh rewdlqdeoh iurp d vlpsoh

irupxod1 Wkh wd{ irupxod lv ghulyhg xqghu wkh dvvxpswlrq wkdw wkh rswlpdo wd{

vfkhgxoh lv wzlfh gl�huhqwldeoh1 Krzhyhu/ lq Vhfwlrq 7/ d shuwxuedwlrq whfkqltxh lv

xvhg wr vkrz wkdw cexqfklqj* pd| eh rswlpdo1 Wkh dqdo|vlv vxjjhvwv wkdw wkh vwuxfwxuh

ri rswlpdo wd{ vfkhgxohv pd| eh pxfk pruh frpsolfdwhg wkdq hduolhu dqdo|vlv kdyh

vxjjhvwhg1

Vhfwlrq 8 frqvlghuv krz ydulrxv shuwxuedwlrqv fdq eh sxw wrjhwkhu wr surgxfh d

joredo uhvxow olnh dq ryhudoo lqfuhdvh lq surjuhvvlylw|1 Zkhq wkh whfkqltxh lv xvhg wr

ghulyh wkh rswlpdo olqhdu lqfrph wd{/ wkh cvlpsol�hg irupxod* ri Gl{lw dqg Vdqgpr

+4<::, lv uhsurgxfhg1 Rqh fdq dovr rewdlq dq lqvljkw lqwr wkh vwuxfwxuh ri rswlpdo

sro|qrpldo wd{ vfkhgxohv1

Frqfoxglqj uhpdunv duh frqwdlqhg lq Vhfwlrq 91
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51 Wkh Qhz Wd{ Irupxod

Wkh qhw h�hfw ri dq lqfrph wd{dwlrq vfkhph lv wkdw srvw0wd{ lqfrph/ zklfk pd|

eh wkrxjkw ri dv frqvxpswlrq/5 lv pdgh vrph ixqfwlrq ri suh0wd{ lqfrph/ wkh odwwhu

ehlqj xqghu dq lqglylgxdo*v frqwuro e| ydu|lqj h�ruw/ krxuv ri zrun/ hwf1 Lq Iljxuh

4/ wkh vfkhgxoh SE+� jlyhv wkh frqvxpswlrq0lqfrph uhodwlrqvkls lpsolhg e| wkh rswlpdo

wd{ vfkhgxoh A WE+�/ l1h1

SE+� ' + � A WE+� +4,

Iru wkh prphqw/ L zloo dvvxph wkdw S lv wzlfh0gl�huhqwldeoh/ zklfk iroorzv li dqg

rqo| li A W lv wzlfh gl�huhqwldeoh1 Lq Vhfwlrq 7/ wkh uhohydqfh ri wklv dvvxpswlrq zloo

eh frqvlghuhg lq pruh ghwdlo1

Gl�huhqw wd{sd|huv zloo fkrrvh wr rewdlq gl�huhqw suh0wd{ lqfrphv1 Dq dgydqwdjh

ri wkh suhvhqw dssurdfk lv wkdw wkh uhdvrqv iru wklv gl�huhqfh gr qrw qhhg wr eh frq0

vlghuhg1 Exw iru vlpsolflw|/ L zloo dvvxph wkdw wkrvh zkr fkrrvh wr rewdlq wkh vdph

lqfrph kdyh lghqwlfdo wdvwhv dqg duh htxdoo| ydoxhg lq vrflhw|*v remhfwlyh ixqfwlrq +d

uhprydo ri wklv dvvxpswlrq grhv qrw vhhp wr surgxfh dq| xqh{shfwhg fkdqjhv lq uh0

vxowv,1 Djdlq/ lq Iljxuh 4/ �E+� vkrzv wkh lqgl�huhqfh fxuyh ri wd{sd|huv zkr/ xqghu

S/ fkrrvh wr rewdlq dq lqfrph +W1 � lv dovr dvvxphg wr eh wzlfh0gl�huhqwldeoh1 Wd{0

sd|huv zkr fkrrvh wr rewdlq gl�huhqw lqfrphv zloo kdyh gl�huhqw lqgl�huhqfh fxuyhv

wkdw duh wdqjhqwldo wr wkh wd{ vfkhgxoh1 Wkxv/ pruh jhqhudoo|/ zh fdq zulwh �E+c +W�

dqg wklv lv dvvxphg wr eh wzlfh gl�huhqwldeoh1 Lwv surshuwlhv zloo eh lqyhvwljdwhg lq

pruh ghwdlo lq Vhfwlrq 71

Dv � lv d fxuyh ri frqvwdqw xwlolw|/ lw vhhpv fohdu wkdw lwv fxuydwxuh lv uhodwhg wr

wkh frpshqvdwhg hodvwlflw| ri vxsso| ri oderxu/ 01 Li � lv wkh udwh dw zklfk h�ruw +suh0

wd{ lqfrph, fdq eh wxuqhg lqwr frqvxpswlrq +srvw0wd{ lqfrph, wkhq/ kroglqj xwlolw|

frqvwdqw/ wkh wd{sd|hu zloo fkrrvh d vxsso| ri h�ruw + zkhuh

� �E+� ' � +5,

+zkhuh d sulph ghqrwhv ghulydwlyhv,1

5D wlphohvv zruog lv ehlqj h{dplqhg exw frqvxpswlrq khuh frxog eh wkrxjkw ri dv wkdw zklfk lv
dydlodeoh iru vshqglqj ryhu vrph gh�qhg wlph shulrg/ h1j1 d |hdu/ dqg wd{dwlrq lv edvhg xsrq |hduo|
lqfrph1 Zlwk udwlrqdo djhqwv/ lw zrxog eh pruh uhdvrqdeoh wr uhodwh wkh suhvhqw ydoxh ri olihwlph
frqvxpswlrq wr wkh suhvhqw ydoxh ri lqfrph1
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Qrz/

0 '
_+

_�

�

+
+6,

vr wkdw/ dw +W/

� ��E+W� '
E�� |�

0+W
+7,

zkhuh | lv wkh pdujlqdo wd{ udwh dw +W=

| ' �� S�E+� ' �� � �E+�1 +8,

Lw pd| dovr eh qrwhg wkdw vhfrqg0rughu frqglwlrqv ri rswlpl}dwlrq jlyh

� ��E+W� � S��E+W, / +9,

zklfk/ dv

S��E+W� ' �|� / +:,

ehfrphv/

E�� |�

0+W
� � |� 1 +;,

Wklv vd|v wkdw li wkh pdujlqdo wd{ udwh idoov wrr udslgo|/ wd{sd|huv zloo qrw fkrrvh wr

eh dw wkdw sduw ri wkh lqfrph wd{ vfkhgxoh16

Dv S ghulyhv iurp wkh rswlpdo wd{ vfkhgxoh/ dq| shuwxuedwlrq lq wkh vfkhgxoh pxvw

orzhu zhoiduh1 Vrph shuwxuedwlrqv lqgxfh lqh!flhqflhv dqg wr d �uvw0rughu/ fdxvh

d vwulfw uhgxfwlrq lq zhoiduh1 Wkh wulfn wkdw shuplwv �uvw0rughu frqglwlrqv wr eh

xvhg wr fkdudfwhul}h rswlpdolw| ghshqgv rq �qglqj shuwxuedwlrqv wkdw fdq eh rshudwhg

lq d cuhyhuvh* gluhfwlrq= li d shuwxuedwlrq uhgxfhv zhoiduh wr d �uvw0rughu wkhq wkh

cuhyhuvh* srolf| pxvw udlvh zhoiduh +dvvxplqj dssursuldwh gl�huhqwldelolw|, dqg/ dv wklv

lv uxohg rxw dw wkh rswlpxp/ wkhuh fdq eh qr zhoiduh fkdqjh wr d �uvw0rughu iurp vxfk

shuwxuedwlrqv1

Frqvlghu d shuwxuedwlrq zklfk/ lq Iljxuh 4/ fkdqjhv wkh frqvxpswlrq vfkhgxoh iurp

d/ e/ g/ h wr d/ e/ i/ j1 Xs wr e wkh vfkhgxoh lv xqd�hfwhg/ diwhu g wkh qhz vfkhgxoh lv

d frqvwdqw glvwdqfh deryh wkh rog rqh1 Wkh h�hfw ri vxfk d fkdqjh lv wkdw wd{sd|huv

ehwzhhq + dqg + n{+ duh hqfrxudjhg wr zrun kdughu/ vr wkdw wkh glvlqfhqwlyh h�hfw

ri wkh wd{ lv glplqlvkhg/ exw wklv lv dfklhyhg dw wkh cfrvw* ri wudqvihuulqj uhvrxufhv wr

hyhu|erg| zlwk dq lqfrph h{fhhglqj + n{+1

6Lq wkh ruljlqdo dqdo|vhv ri Pluuohhv +4<:4, lw lv vkrzq wkdw wkhuh duh qr ckrohv* zkhuh qr wd{sd|huv
fkrrvh wr orfdwh zkhq wkh vfkhgxoh lv rswlpdoo| fkrvhq dqg wkhuh lv d ghvluh iru uhglvwulexwlrq1
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^Iljxuh 4 derxw khuh`

Wr hydoxdwh wkh h�hfwv ri vxfk d shuwxuedwlrq/ lw lv qhfhvvdu| wr gh�qh vrph pruh

whupv1 Iluvw/ wkh qxpehu ri wd{sd|huv lqyroyhg lv lpsruwdqw1 Ohw 8 eh wkh fxpxodwlyh

glvwulexwlrq ri lqfrph zkhq wkh rswlpdo lqfrph wd{ lv lq rshudwlrq dqg ohw s eh wkh

dvvrfldwhg ghqvlw| ixqfwlrq1 Vhfrqg/ wr hydoxdwh wkh zhoiduh h�hfw ri d fkdqjh/ lw lv

qhfhvvdu| wr srvlw vrflhw|*v wudgh0r� ehwzhhq jdlqv wr vrph dqg orvvhv wr rwkhuv1 Iru

wklv sxusrvh/ ohw kE+� eh wkh vrfldo pdujlqdo xwlolw| ri frqvxpswlrq dw wkh rswlpxp iru

wd{sd|huv zkr fkrrvh wr hduq lqfrph +1 Ohw b eh wkh pdujlqdo ydoxh ri wd{hv wr wkh

jryhuqphqw 0 wklv lv wkh orzhvw vrfldo frvw zklfk fdq eh lqfxuuhg wr udlvh uhyhqxh1 Li d

srxqg lv jlyhq wr d wd{sd|hu zlwk lqfrph + wkhq wkh qhw jdlq wr vrflhw|/ zkdw Gldprqg

+4<:8, kdv whuphg wkh vrfldo pdujlqdo xwlolw| ri lqfrph qE+�/ zloo ghshqg xsrq wkh

fkdqjh lq wd{ uhyhqxh iurp wkh wd{sd|hu wkdw rffxuv ehfdxvh ri wkh oderxu vxsso|

uhvsrqvh wr dq lqfuhdvh lq oxps0vxp lqfrph1 Zlwk d qrqolqhdu exgjhw frqvwudlqw/

frpsdudwlyh vwdwlf h�hfwv gl�hu iurp wkrvh xqghu olqhdulw|1 Li +E�c6� lv wkh suh0wd{

zrun lqfrph wkdw vrpherg| fkrrvhv wr rewdlq zkhq � lv wkh udwh dw zklfk suh0wd{

lqfrph fdq eh frqyhuwhg lqwr srvw0wd{ lqfrph dqg 6 lv oxps0vxp lqfrph wkhq li wkh

lqfrph + lv fkrvhq xqghu SE�� lw pxvw vdwlvi|7

+ ' +ES�E+�c SE+�� +S�E+�� +<,

Wkh wrwdo h�hfw rq + ri dq lqfuhdvh lq oxps0vxp lqfrph lv jlyhq e|

_+

_6
'

+6
�� S�� � E+� � ++6�

+43,

Lqyrnlqj Voxwnv|*v htxdwlrq doorzv wklv wr eh uhgxfhg wr

_+

_6
@

+6

� n |�+0

�3|

+44,

Xvlqj b wr ydoxh wkh fkdqjh lq wd{ uhyhqxh/ q lv jlyhq e|

qE+� ' kE+� n
b|+6

� n |�+0

�3|

+45,

Dv ohlvxuh fdq eh h{shfwhg wr eh qrupdo/ +6 zloo eh qhjdwlyh dqg/ dv wkh ghqrplqdwru

ri wkh vhfrqg whup lq +45, lv srvlwlyh +vhh +;,,/ q zloo eh ohvv wkdq k1

7Wklv whfkqltxh pd| eh xvhg wr qhdwo| iroorz wkurxjk wkh frpsdudwlyh vwdwlfv h{huflvh iru d
frqvxphu idfhg e| d qrqolqhdu exgjhw frqvwudlqw1 Vhh Qhdu| dqg Urehuwv +4<;3,1
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Ilqdoo|/ iroorzlqj Pluuohhv +4<:9,/ zh fdq gh�qh wkh vrfldo pdujlqdo xwlolw| ri wudqv0

ihu � wr eh wkh qhw jdlq ri wudqvihuulqj rqh srxqg iurp wkh jryhuqphqw wr dq lqglylgxdo=

�E+� ' qE+�� b ' kE+�� b E�� |+6

� n |�+0

�3|

, +46,

Dv wkh wd{ vfkhgxoh fdq eh vkliwhg erwk yhuwlfdoo| xszdugv dqg yhuwlfdoo| grzqzdugv/

lw lv fohdu wkdw zlwk rswlpdo wd{dwlrq/

f '

]
"

f

�E+�sE+�_+� +47,

Uhwxuqlqj wr wkh hydoxdwlrq ri wkh shuwxuedwlrq/ wkh h!flhqf| h�hfw zklfk uhgxfhv

wkh glvlqfhqwlyh iru d vpdoo qxpehu pxvw eh frpsduhg zlwk wkh glvwulexwlrqdo h�hfw

iru d odujh qxpehu1 Frqvlghu wkh h!flhqf| h�hfw �uvw1 Dv d sduwlfxodu lqfrph lv

ehlqj glvfxvvhg/ ohw h+ eh xvhg dv wkh dssursuldwh fduulhu yduldeoh1 Iru vpdoo fkdqjhv/

wkh fkdqjh lq wd{ uhyhqxh lv

{A '

+n{+]
+

E+ n {+ � h+ � �E+ n {+� n SEh+��sEh+� _h+ 1 +48,

Iru wkh glvwulexwlrqdo h�hfw/ wkh glvwdqfh ehwzhhq g dqg i lq Iljxuh 4 lv lpsruwdqw1

Wklv lv jlyhq e| �E+n{+�� SE+n {+� dqg/ li wklv lv vpdoo/ wkh h�hfw lq zhoiduh whupv

lv jlyhq e|

{ ` '

�]
"

+n{+

�Eh+�sEh+�_Eh+�� d�E+ n {+�� SE+ n {+�o +49,

Wr vlpsoli| wklv h{suhvvlrq/ dvvxph wkdw {+ lv vpdoo vr wkdw +45, dqg +46, fdq eh

dssur{lpdwhg e| Wd|oru h{sdqvlrqv1 Xvlqj +8,/ +48, ehfrphv

{A '
|sE+�E{+�2

2
n JE{+2� 1 +4:,

dqg xvlqj +7,/ +8, dqg +:,/ +49, ehfrphv

{` '

�]
"

+

�Eh+�sEh+�_Eh+�� �
�� |

0+
n |�

�
E{+�2

2
n JE{+2� +4;,

Lw pd| eh qrwhg wkdw zh kdyh ljqruhg wkh zhoiduh h�hfw ri wd{sd|huv ehwzhhq +

dqg +n {+ ehlqj pdgh ehwwhu r�1 Wklv lv d wklug0rughu h�hfw dqg/ iru vpdoo {|/ lv

grplqdwhg e| +4;,18

Wkh qhw zhoiduh jdlq iurp wkh shuwxuedwlrq lv wkhuhiruh jlyhq e| {` n b{A 1 Wr

vkrz wkdw wklv pxvw eh }hur dw wkh rswlpxp/ lw lv qhfhvvdu| wr vkrz wkdw wkh cuhyhuvh*
8Vhh Vhfwlrq 7 ehorz1

:



shuwxuedwlrq lv srvvleoh1 Lq d v|pphwulfdo idvklrq/ rqh fdq frqvlghu lqfuhdvlqj wkh

surjuhvvlylw| ri wkh wd{ idfhg e| wd{sd|huv zkr hduq lqfrph + dqg wklv lv dffrpsolvkhg

e| ehqh�wwlqj doo wkrvh zkr hduq orzhu lqfrphv1 Xvlqj +47,/ rqh rewdlqv wkh uhvxow

wkdw wkh zhoiduh h�hfw ri vxfk d shuwxuedwlrq lv wkh qhjdwlrq ri wkh h�hfw wkdw kdv ehhq

ghulyhg1 Dv erwk fkdqjhv duh ihdvleoh/ lw pxvw eh wuxh wkdw wkh qhw zhoiduh h�hfw lv

}hur1 Wkxv/ ohwwlqj {+ whqg wr }hur jlyhv +xvlqj +47,,

b|s '

�
�� |

0+
n |�

�
KE+� +4<,

zkhuh

KE+� '

]
+

J

�Eh+�sEh+� _h+� +53,

Ehiruh frqvlghulqj wkh hfrqrplf lpsolfdwlrqv ri +4<, wzr srlqwv pd| eh phqwlrqhg1

Iluvw/ +4<, kdv ehhq ghulyhg xqghu wkh dvvxpswlrq wkdw wkh wd{ vfkhgxoh lv wzlfh0

gl�huhqwldeoh dqg wkdw wd{sd|huv* lqgl�huhqfhv fxuyhv duh vprrwko| wdqjhqwldo wr wkh

fxuyh SE+�1 Dq h{dpsoh ri zkhuh wklv zloo qrw eh vdwlv�hg rffxuv zkhq vrph wd{sd|huv

fkrrvh qrw wr zrun dqg lqglylgxdo rswlpl}dwlrq ohdgv wr d fruqhu vroxwlrq1 Wkh

dssurdfk wdnhq khuh fdq eh dphqghg wr frsh zlwk wklv vlwxdwlrq dqg wkh srvvleoh

rswlpdolw| ri d qrq0gl�huhqwldeoh vfkhgxoh zloo eh lqyhvwljdwhg lq Vhfwlrq 71

Wkh vhfrqg srlqw ghdov zlwk wkh frqwhqw ri +4<,1 Dv lw vwdqgv/ lw vhhpv wr gh�qh

d gl�huhqwldo htxdwlrq lq wkh pdujlqdo wd{ udwh dqg lwv vroxwlrq zloo ghshqg xsrq

vrph lqlwldo frqglwlrq +wkh ohyho ri wd{dwlrq lv ghwhuplqhg e| wkh jryhuqphqw uhyhqxh

uhtxluhphqw,1 Krzhyhu/ qrwlfh wkdw dv K zloo eh }hur dw wkh hqg0srlqwv ri wkh lqfrph

glvwulexwlrq/ li s lv erxqghg dzd| iurp }hur wkhq | zloo kdyh wr eh }hur +vhh +56,

ehorz,1 Xvlqj wklv/ gl�huhqwldwlrq ri +4<, dw wkh xsshu0hqg srlqw +/ vd|/ jlyhv

|� '

�
�E+�

b � �E+�

�
�

0+
+54,

dqg wklv vhuyhv dv d ixuwkhu frqglwlrq wr slq grzq wkh pdujlqdo wd{ vfkhgxoh1

Orrnlqj dw +4<,/ wkh �uvw srlqw wr eh pdgh lv wkdw/ dv surplvhg/ lw surylghv d

irupxod iru wkh rswlpdo qrqolqhdu lqfrph wd{ zklfk lv gh�qhg vroho| e| wkh hdvlo|

lqwhusuhwdeoh ixqfwlrqv wkdw duh idploldu iurp olqhdu wd{ wkhru|1 Lq sduwlfxodu/ hfkrlqj

Gldprqg*v +4<:8, uhpdunv/ glvwulexwlrqdo mxgjhphqwv duh frpsohwho| fdswxuhg e| wkh

vrfldo pdujlqdo xwlolwlhv ri lqfrph +ru wudqvihu,1 Wkh qh{w uhpdundeoh ihdwxuh frqfhuqv

wkh vwuxfwxuh ri wkh irupxod1 Li wkh qrqolqhdulw| ihdwxuh +fdswxuhg e| |�, lv vpdoo wkhq

+4<, ehfrphv d wd{ irupxod zklfk lqfrusrudwhv dq lqyhuvh hodvwlflw| uxoh 0 ylhzlqj wkh

;



wd{ udwh dv d wd{ rq jhqhudo frqvxpswlrq/ wkh wd{ udwh vkrxog eh lqyhuvho| sursruwlrqdo

wr wkh frpshqvdwhg hodvwlflw| ri oderxu vxsso|19 Ixuwkhupruh/ h!flhqf| frqvlghudwlrqv

+fdswxuhg e| wkh hodvwlflw|, dqg glvwulexwlrqdo frqvlghudwlrqv +fdswxuhg e| wkh vrfldo

pdujlqdo xwlolwlhv ri wudqvihu, hqwhu lqwr wkh wd{ uxoh pxowlsolfdwlyho|1 Zlwk uhjdug

wr wkh jhqhudo vkdsh ri wkh wd{ vfkhgxoh/ lw kdv douhdg| ehhq phqwlrqhg wkdw K lv

}hur dw wkh orzhvw dqg kljkhvw lqfrph +uhfdoo +47,,1 Zlwk s erxqghg dzd| iurp

}hur dw wkhvh hqg0srlqwv/ +4<, vd|v wkdw wkh pdujlqdo wd{ udwh pxvw eh }hur dw wkhvh

hqg0srlqwv +vhh Vdgnd +4<:9, iru wkh xsshu0hqg uhvxow/ Vhdgh +4<::, iru wkh orzhu0hqg

uhvxow,1 Ixuwkhupruh/ li wkh jryhuqphqw zrxog/ rq zhoiduh jurxqgv/ eh lq idyrxu ri

uhglvwulexwlqj lqfrph iurp kljk0lqfrph wd{sd|huv vr wkdw � ghfolqhv zlwk + wkhq K

zloo eh srvlwlyh ehwzhhq wkh hqg0srlqwv dqg/ xvlqj +;,/ wkh rswlpdo pdujlqdo wd{ udwh

zloo eh srvlwlyh1 Wkxv zkhq wkh rswlpdo vfkhgxoh lv gl�huhqwldeoh dqg wkhuh duh qr

fruqhu vroxwlrqv iru wd{sd|huv/ wkh pdujlqdo wd{ udwh vwduwv dw }hur/ ehfrphv srvlwlyh/

dqg idoov djdlq wr }hur dw wkh wrs ri wkh lqfrph glvwulexwlrq1 Wklv ihdwxuh dw wkh

xsshu0hqg zloo eh lqyhvwljdwhg lq juhdwhu ghwdlo lq wkh qh{w vhfwlrq1

Lq vlpsoh fdvhv/ +4<, fdq eh xvhg wr rewdlq dq h{solflw irupxod iru wkh rswlpdo wd{

vfkhgxoh1 Dvvxph/ iroorzlqj Skhosv +4<:6,/ wkdw wkh jryhuqphqw lv Udzovldq lq wkh

vhqvh wkdw k lv qrq0}hur rqo| iru wd{sd|huv zlwk wkh orzhvw lqfrph/ dqg wkdw wkhuh lv d

}hur lqfrph h�hfw ri oderxu vxsso|1 Iru doprvw hyhu|erg| � zloo wkhq eh jlyhq e| �b1

Li rqh ixuwkhu dvvxphv wkdw ��8 ' &E+0+�j dqg wkdw hyhu|erg|*v frpshqvdwhg oderxu

vxsso| fxuyh srvvhvvhv wkh vdph vorsh r +wklv vhhpv wr eh wkh vlpsohvw dvvxpswlrq

srvvleoh, wkhq wkh rqo| ihdvleoh vroxwlrq wr +4<, lv jlyhq e|

| '
�

Ej n ��r
E+ � +� +55,

zklfk lpsolhv wkdw d txdgudwlf wd{ vfkhgxoh zlwk d ghfolqlqj pdujlqdo wd{ udwh lv rs0

wlpdo1 Exw qrwlfh wkdw li & lv vpdoo wkhq orz lqfrphv zloo dulvh dqg | zloo h{fhhg

xqlw| dw orz lqfrphv> wklv zloo eh lqfrpsdwleoh zlwk d vprrwk wdqjhqf| zlwk wkh wd{

vfkhgxoh iru orz lqfrph wd{sd|huv1 Lq wklv fdvh wkh rswlpxp zloo lqyroyh vrph qrq0

gl�huhqwldelolwlhv1

61 Wkh Olplwlqj Wd{ Udwh

9Li � lv wkh frqvxpswlrq wd{ wkhq zlwk lqfrph |/ frqvxpswlrq f lv jlyhq e| f @ |

+4.�, 1 Iru wklv
wr eh wkh htxlydohqw wr dq lqfrph wd{ w vr wkdw f @ +4� w,|/ � pxvw eh jlyhq e| w@+4� w,1

<



Shukdsv wkh vwurqjhvw uhvxow wr frph rxw ri rswlpdo qrqolqhdu wd{ wkhru| lv wkdw/

rq h!flhqf| jurxqgv/ wkh wd{sd|hu zkr hduqv wkh kljkhvw lqfrph vkrxog idfh d }hur

pdujlqdo wd{ udwh +Skhosv +4<:6,/ Vdgnd +4<:9,,1 Xvlqj +4<,/ li + lv wkh kljkhvw lqfrph

wkhq/ forvh wr +/ K lv dssur{lpdwhg e| �E+�E+ � +�sE+� dqg/ orfdoo|/ +4<, orrnv olnh

|� '
|

E+ 0 +�
b

0+�
+56,

zklfk vroyhv wr jlyh |E+� ' f1

Wkh sureohp zlwk wklv ghulydwlrq lv wkdw lw ghshqgv xsrq wkhuh ehlqj d kljkhvw

lqfrph1 Zklovw d kljkhvw lqfrph zloo dozd|v h{lvw/ lw lv qrw qhfhvvdulo| wkh fdvh

wkdw d jryhuqphqw zloo kdyh nqrzohgjh ri zkdw lw zloo eh lq wkh h{ dqwh vwdwh zkhq

wkh wd{ vwuxfwxuh lv ehlqj ghwhuplqhg1 Li wkh jryhuqphqw eholhyhv wkdw wkh lqfrph

glvwulexwlrq zloo eh sE+c o� zlwk suredelolw| }Eo� wkhq wkh pd{lpl}dwlrq ri h{shfwhg

zhoiduh lv vlplodu wr wkh fhuwdlqw| sureohp zlwk lqfrph glvwulexwlrq � zkhuh �E+� 'U
sE+c o�}Eo�_o1 Wkhq/ zlwk d kljk suredelolw|/ wkh kljkhvw lqfrph revhuyhg zloo idoo

vkruw ri wkh xsshu0erxqg rq wkh vxssruw ri � 0 wkh vlpsoh }hur udwh dw wkh wrs uhvxow

zloo qrw xvxdoo| eh dssolfdeoh1:

Zh duh wkxv lqwhuhvwhg lq wd{ udwhv iru kljk lqfrphv exw rqhv ehorz zkdw frxog/

lq vrph flufxpvwdqfhv/ eh frqvlghuhg srvvleoh1 Iru vlpsolflw|/ dvvxph wkdw � kdv qr

xsshu erxqg dqg ohw xv lqyhvwljdwh wkh olplwlqj pdujlqdo wd{ udwh1 Li wkh dssursuldwh

ixqfwlrqv whqg wr d olplw wkhq +4<, jlyhv

,�6| '
�

�� b" E,�6 +s

�38
�

�

+57,

zkhuh " dqg � duh olplwlqj ydoxhv ri " dqg �1

Qrwlfh wkdw wkh lqfrph glvwulexwlrq hqwhuv wkurxjk *�4 +s

�38
1 Li s lv erxqghg ehorz

dw wkh xsshu erxqg ri lwv vxssruw wkhq wkh olplw zloo eh lq�qlwh dqg wklv wdnhv xv

edfn wr wkh }hur pdujlqdo wd{ udwh1 Krzhyhu/ +s

�38
lv wkh frqvwdqw Sduhwr sdudphwhu

ri wkh Sduhwr glvwulexwlrq vr wkdw wkh zlgho| revhuyhg skhqrphqrq wkdw wkh wdlo ri

wkh lqfrph glvwulexwlrq dsshduv wr eh Sduhwr lq irup lv htxlydohqw wr dq revhuydwlrq

:Pdq| rwkhu dujxphqwv djdlqvw wkh }hur udwh dw wkh wrs fdq eh jlyhq1 Iru lqvwdqfh/ dvvxph wkdw
zdjhv duh pdujlqdo surgxfwv soxv dq huuru whup1 Wkhq wkh kljkhvw lqfrph hduqhu zloo doprvw fhuwdlqo|
uhfhlyh d zdjh juhdwhu wkdq klv pdujlqdo surgxfw dqg/ rq h!flhqf| jurxqgv/ lw zloo eh ghvludeoh iru
klp wr idfh d vwulfwo| srvlwlyh pdujlqdo wd{ udwh1 Ri juhdwhu lpsruwdqfh lv wkh idfw wkdw lqfrph zloo
eh vwrfkdvwlf iru �{hg h�ruw rq wkh sduw ri d wd{sd|hu1 Wd{dwlrq zloo wkhq kdyh dq lqvxudqfh uroh
+Yduldq +4<;3,, dqg wkrvh zlwk wkh kljkhvw lqfrphv zloo eh wkrvh zkr kdyh kdg wkh juhdwhvw oxfn1 Lq
wklv fdvh/ wkh lqvxudqfh dvshfw ri wd{dwlrq zloo eh grplqdqw1

43



wkdw > ' ,�6 +s

�38
lv erxqghg dzd| iurp }hur dqg/ ehlqj pruh vshfl�f/ hpslulfdo zrun

vxjjhvwv wkdw lw olhv ehwzhhq 418 dqg 61; Xqiruwxqdwho|/ dv dq rswlpdo wd{ irupxod

+57, kdv d vhulrxv ghihfw1 Wr xqfryhu wklv/ lw lv qhfhvvdu| wr orrn pruh fduhixoo| dw

wkh uroh sod|hg e| gl�huhqwldelolw|1

71 Gl�huhqwldeoh Vfkhgxohv dqg Rswlpdolw|

Wkh ghulydwlrq ri wkh rswlpdo wd{ vfkhgxoh dvvxphg lpsolflwo| wkdw wkh vfkhgxoh

zdv wzlfh0gl�huhqwldeoh dqg wkdw wd{sd|huv* lqgl�huhqfh fxuyhv zhuh wdqjhqwldo wr wkh

vfkhgxoh dw wkh lqfrph wkdw wkh| zlvkhg wr hduq1 Wkh srvvlelolw| ri d fruqhu vroxwlrq

dw }hur lqfrph kdv douhdg| ehhq phqwlrqhg1 Khuh/ wkh remhfw lv wr vhh zkhwkhu lw lv

ghvludeoh iru wkh jryhuqphqw wr lqwurgxfh nlqnv lqwr wkh wd{ vfkhgxoh/ wkh lpsolfdwlrq

ri wkhvh nlqnv ehlqj wkdw wd{sd|huv zlwk gl�huhqw suhihuhqfhv ehwzhhq ohlvxuh dqg

frqvxpswlrq zloo fkrrvh wr rewdlq wkh vdph lqfrph1

Wr lqyhvwljdwh wklv sureohp/ zh zloo wdnh wkh vfkhgxoh gh�qhg e| +4<,/ lqwurgxfh d

shuwxuedwlrq wkdw surgxfhv d nlqn/ dqg vhh zkdw h�hfw lv surgxfhg1 Iljxuh 5 vkrzv

wkh h�hfw ri r�hulqj wkh frqvxpswlrq2lqfrph srlqw g dv zhoo dv wkh vfkhgxoh SE+�1

Wkh h�hfw ri wklv lv htxlydohqw wr lqwurgxflqj d vpdoo nlqn lq wkh vfkhgxoh dw g dqg

doo wd{sd|huv zkr fkrvh wr rewdlq lqfrph ehwzhhq +� %� dqg +n %2 zloo qrz pryh wr

g1 Wkh fkdqjh lq wd{ uhyhqxh wr wkh jryhuqphqw lv jlyhq e|

{A '

+n%2]
+3%�

E+ � h+ � SE+�� _n SEh+��sEh+� _h+ +58,

^Iljxuh 5 derxw khuh`

Wr hydoxdwh wklv/ zh qrwh �uvw wkdw/ li �E�c h+� lv wkh lqgl�huhqfh fxuyh ri d wd{sd|hu

zklfk lv wdqjhqwldo wr SE�� dw h+/ wkhq %� dqg %2 duh gh�qhg e|

�E+c + � %�� ' SE+� n _ +59d,

�E+c + n %2� ' SE+� n _ +59e,

;Xvlqj wd{ uhwxuq gdwd/ Vdh} +4<<<, hvwlpdwhv � wr ydu| ehwzhhq 41; dqg 515 ryhu wlph1
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zkhuh/ iru doo %/

�E+ n %c + n %� ' SE+ n %� +5:,

dqg

��E+ n %c + n %� ' S�E+ n %� +5;,

Gl�huhqwldwlqj +5:, dqg dsso|lqj +5;, jlyhv

�2E+ n %c + n %� ' f +5<,

Wzlfh0gl�huhqwldwlrq ri +5:, jlyhv

��� n 2��2 n �22 ' S�� +63,

dqg gl�huhqwldwlrq ri wklv jlyhv

���� n ����2 n ���22 n �222 ' S���� +64,

Pxowlsoh gl�huhqwldwlrq ri +5<, jlyhv

�2� n �22 ' f +65,

dqg

���2 n 2��22 n �222 ' f +66,

Holplqdwlqj _ iurp +59d/e, jlyhv %2 dv d ixqfwlrq ri %��

Ehfdxvh ri wkh ghjhqhudf|

lqgxfhg e| +5<,/ wkh ghulydwlyh ri %2 zlwk uhvshfw wr %� ghshqgv xsrq wkh vhfrqg

ghulydwlyh ri � +wkurxjk o*KeJslwdo*v uxoh, dqg zh rewdlq

%2Ef� ' f

_%2
_%�

Ef� ' � +67,

_2%2
_%2

�

Ef� ' �2

�

�222

�22

vr wkdw/ xvlqj +63, dqg +65, wr vroyh iru �22c dqg +64, dqg +66, wr vroyh iru �222c zh

rewdlq

_2%2
_%�

' �
�
2

�

�
2���� n ����2 � 2S���

��� � S��
� +68,
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Wkh ghqrplqdwru lv uhodwhg wr wkh frpshqvdwhg hodvwlflw| ri oderxu vxsso| dqg wkh

fxuydwxuh ri wkh wd{ ixqfwlrq zklovw wkh qxphudwru lv uhodwhg wr krz dq lqglylgxdo*v

hodvwlflw| fkdujhv zlwk lqfrph/ krz hodvwlflw| ydulhv dfurvv lqglylgxdov/ dqg fkdqjhv wr

wkh fxuydwxuh ri wkh wd{ ixqfwlrq1

Wxuqlqj wr +58,/ d Wd|oru h{sdqvlrq fdq eh wdnhq durxqg %� ' %2 ' f1 Gl�huhqwl0

dwlrq zlwk uhvshfw wr %� zlwk _ dqg %2 ylhzhg dv ixqfwlrqv ri {� jlyhv

Y{A

Y%�
' E�%2 � SE+�� _n SE+ n %2��sE+ n %2�

_%2
_%�

n E%� � SE+�� _n SE+ � %���sE+ � %�� +69,

�
+n%2]
+3%�

_�E%��sEh+�_h+

Y2{A

Y%2�
' dE�� n S�E+ n %2��sE+ n %2� n E�%2 � SE+�� _n SE+ n %2��s

�E+ n %2�o

�
Y%2
Y%�

�2

n dE�%2 � SE+�� _n SE+ n %2��sE+ n %2�o
_2%2
_%2�

n E�� S�E+ � %���sE+ � %��� E%� � SE+�� _n SE+ � %���s
�E+ � %��

� 2_�EsE+ n %2�
_%2
_%�

n sE+ n %����
] +n%2

+3%�

_��E%��sEh+�_h+ +6:,

Gl�huhqwldwlrq rqfh djdlq dqg ohwwlqj %� whqg wr }hur jlyhv

Y�{A

Y%��
' 2sE+�S��E+�� S_��Ef�sE+�� E�� S�E+��Ees �E+� n �sE+�

_2%2
_%2�

� +6;,

zkhuh zh kdyh pdgh xvh ri wkh idfw wkdw _Ef� ' _�Ef� ' f +xvlqj +59, dqg +5<,,1 Qrz/

_��Ef� ' �22 ' ��� � S�� +6<,

+xvlqj +63, dqg +65,,1 Dw %� ' fc +69, dqg +6:, erwk ehfrph }hur vr +6;, ehfrphv

wkh grplqdqw h�hfw1 Xvlqj +7,/ +8,/ +6;, dqg +6<, zh kdyh {A dv d wklug rughu Wd|oru

h{sdqvlrq lq %�

{A ' ��

�
des|� n

�sE�� |�

0+
n 2|s � n

�

2
|s

_2%2
_%2�

o%�� n JE%��� +73,

Wklv h{suhvvlrq dssolhv iru dq| gl�huhqwldeoh wd{ vfkhgxoh1 Li zh devwudfw iurp

wkh fkdqjh lq fxuydwxuh whup _2%2
_%2

�

c dv wkh vhfrqg whup lq vtxduh eudfnhwv lv srvlwlyh/

{A zloo eh srvlwlyh rqo| zkhq wkh sursruwlrqdo ulvh lq wkh pdujlqdo wd{ udwh lv vpdoo

uhodwlyh wr wkh sursruwlrqdo idoo lq wkh lqfrph glvwulexwlrq ghqvlw|1 Dowhuqdwlyho|/
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zkhq wkh wd{ vfkhgxoh lv dssur{lpdwho| olqhdu vr wkdw |� ' f/ {A zloo eh srvlwlyh rqo|

zkhq wkh pdujlqdo wd{ udwh lv odujh dqg wkh ghqvlw| ri wkh lqfrph glvwulexwlrq lv idoolqj

vx!flhqwo| udslgo|1 Wklv vxjjhvwv wkdw {A zloo eh qhjdwlyh dw orz lqfrph ohyhov exw

pd| eh srvlwlyh dw kljk lqfrph ohyhov xqghu wd{ vfkhgxohv revhuyhg lq sudfwlfh1

Zh qrz lqyhvwljdwh zkhwkhu wkh crswlpdo* wd{ vfkhgxoh ghulyhg lq Vhfwlrq 5 lv lq

idfw rswlpdo e| frqvlghulqj wkh lqwurgxfwlrq ri d nlqg1 Dsso|lqj +4<, wr +73, jlyhv

wkh wd{ h�hfw

{A '
�

�

�
s

"+
� |E2s � n

es 2b

K
n

s

"+
n

�

2
s
_2%2
_%2

�

�

�
%�
�
n JE%�

�
� +74,

Dv zhoo dv wkh wd{ uhyhqxh fkdqjh/ dqrwkhu wklug0rughu h�hfw zloo eh wkh zhoiduh lp0

suryhphqw eurxjkw wr wkrvh zlwk lqfrphv ehwzhhq +�%� dqg +n%21 Hyhq li kE+� ' f/

krzhyhu/ +74, ehlqj srvlwlyh lv srvvleoh1

Wr lqyhvwljdwh wklv ixuwkhu/ zh frqfhqwudwh rq wkh rswlpdolw| ri wkh olplwlqj wd{

udwhv ghulyhg lq wkh odvw vhfwlrq1 Li *�4 +s

�38
' > wkhq *�4 +s �

s
' �E>n��� Wxuqlqj wr

wkh fkdqjh lq fxuydwxuh h�hfw/ li wklv lv vpdoo wkhq +74, zloo eh srvlwlyh li

| :
�

� n 20
�
E>n ��

� +75,

Iru lqvwdqfh/ zlwk d Sduhwr sdudphwhu > ri 5 dqg dq hodvwlflw| ri �

e
wkhq +77, lv vdwlv�hg

li | lv deryh 2

D
1 D pruh uhdvrqdeoh dvvxpswlrq zrxog eh wr dvvxph wkdw/ lq wkh olplw/

wkh frpshqvdwhg hodvwlflw| ri d wd{sd|hu lv orfdoo| frqvwdqw/ dqg dssurdfkhv d olplw

zkhq ylhzhg dfurvv wd{sd|huv1 Xvlqj +7,/ � zloo wdnh wkh irup

���E+c h+� ' ��E+c h+�
0+

+76,

Xvlqj +76, dqg +68, jlyhv

_2%2
_%2

�

'

�
2

�

�
2 n �*0

+
+77,

Htxdwlrq +73, zloo wkhq eh srvlwlyh li

| :
�

� n 2>0
� +78,

Wdnlqj > ' 2 dqg 0 ' �

e
c wklv zloo eh vdwlv�hg li | lv deryh �

e
� Li wkh olplwlqj wd{ udwh

lv vhw rswlpdoo| wkhq frpelqlqj +57, dqg +78, jlyhv {A : f li

�

>0
	 � n

�b

2�
� +79,
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Zkhq kljk lqfrph hduqhuv duh qrw jlyhq srvlwlyh zhoiduh zhljkw +k ' f�/ vr wkdw wkhuh

lv qr gluhfw zhoiduh jdlq iurp wkh lqwurgxfwlrq ri d nlqn/ zh kdyh �� � b� Li �� lv

forvh wr b wkhq +79, lv qhyhu vdwlv�hg iru srvlwlyh > dqg 01 Exw/ uhfdoolqj +46,/ li wkh

lqfrph h�hfw ri oderxu vxsso| lv odujh/ wkhq vdwlvidfwlrq ri +79, lv pdgh pruh olnho|1

Li doo wd{sd|huv duh dw nlqn srlqwv dw wkh xsshu hqg ri wkh rswlpdo wd{ ixqfwlrq/

wkhq lw lv qrw gl!fxow wr ghwhuplqh vrphwklqj ri wkh vwuxfwxuh ri wkhvh nlqn srlqwv1

Dvvxph wkdw wkhuh lv dq xsshu nlqn srlqw +D lq Iljxuh 6, dqg wkdw wkh wd{sd|hu zlwk

suhihuhqfhv EDG dqg hyhu|erg| zlwk d juhdwhu suhihuhqfh iru zrun +ohvv vorshg lqgli0

ihuhqfh fxuyhv, duh exqfkhg dw D1 Li E lv d srlqw rq wkh wd{ ixqfwlrq wkdw wd{sd|huv

zloo pryh wr li D lv zlwkgudzq wkhq lw lv fohdu wkdw wkh jryhuqphqw lv iuhh wr fkrrvh D

dq|zkhuh rq wkh lqgl�huhqfh fxuyh wr wkh uljkw ri E zlwkrxw fkdqjlqj wkh frpsrvlwlrq

ri wkh exqfkhg jurxs ru d�hfwlqj hyhu|erg| hovh lq wkh srsxodwlrq1 Dv lw lv ehlqj

dvvxphg wkdw k ' f iru wkh exqfkhg jurxs/ wkh qhw h�hfw ri d pryhphqw durxqg wkh

lqgl�huhqfh fxuyh lv wkh wd{ fkdqjh ri wkh exqfkhg jurxs 0 fohduo|/ wd{hv lqfuhdvh e| d

pryhphqw wr wkh uljkw zkhqhyhu wkh vorsh ri wkh lqgl�huhqfh fxuyh lv ohvv wkdq xqlw|1

Wkhuhiruh/ wkh vorsh ri wkh lqgl�huhqfh fxuyh dw wkh nlqn srlqw pxvw eh dw ohdvw xqlw|1

Exw qrz frqvlghu r�hulqj d qhz srlqw H zlwk wkh surshuw| wkdw wkh vorsh ehwzhhq D

dqg H lv/ iru lqvwdqfh/ rqh0kdoi1 H zloo eh fkrvhq lq suhihuhqfh wr D e| wkrvh zlwk wkh

juhdwhvw suhihuhqfh iru zrun dqg/ dv lv reylrxv/ wkh qhw h�hfw zloo eh wr lqfuhdvh wd{

uhyhqxh zlwkrxw surgxflqj dq| zhoiduh h�hfw1 Wkxv zh kdyh vkrzq wkdw wkhuh fdq

eh qr xsshu nlqn srlqw 0 lq wkh rswlpxp/ wkhuh duh dq lq�qlwh qxpehu ri nlqn srlqwv

r�huhg dw wkh wdlo0hqg ri wkh wd{ ixqfwlrq1

^Iljxuh 6 derxw khuh`

Ilqdoo|/ zkhq k lv qrq0}hur/ d gl�huhqw slfwxuh fdq hphujh1 Wkh gluhfw zhoiduh

h�hfw ri wkh nlqn shuwxuedwlrq lv dssur{lpdwhg e|

{` '
b|s2k

�
%�
�

+7:,

dqg li wklv lv frpelqhg zlwk +74, wkhq/ dv � pxvw lqfrusrudwh k/ wkh qhw h�hfw ri wkh

nlqn shuwxuedwlrq lv pdgh pruh dpeljxrxv1 Krzhyhu/ +7:, pd| eh frpelqhg zlwk

+74, wr jlyh d phdvxuh ri wkh qhw h�hfw ri wkh shuwxuedwlrq1 Li k lv odujh uhodwlyh

wr wkh zhljkw jlyhq wr prvw wd{sd|huv +vr wkdw b lv qrw fruuhvsrqglqjo| odujh, wkhq
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+7:, zloo grplqdwh +74, dqg djdlq wkh lqwurgxfwlrq ri d nlqn fdq eh ghvludeoh1 Wkxv

li wkh jryhuqphqw zhljkwv orz0lqfrph wd{sd|huv pxfk pruh kljko| wkdq kljk0lqfrph

wd{sd|huv wkhq rqh pd| h{shfw wr revhuyh d nlqn dw wkh erwwrp ri wkh wd{ vfkhgxoh

zlwk d jurxs ri orz lqfrph wd{sd|huv ehlqj exqfkhg dw wkh nlqn1 Lq wklv fdvh/ wkh

uhvxow wkdw wkh rswlpdo wd{ udwh dw wkh orzhvw lqfrph lv }hur +Vhdgh +4<::,, zloo qrw

krog1<

Wkhvh uhvxowv srlqw wr wkh frpsoh{ qdwxuh ri wkh qrqolqhdu wd{dwlrq sureohp1 Jlyhq

wkh vwuxfwxuh ri wkh sureohp/ rqh fdq h{shfw wr eh deoh wr surylgh wkh vwurqjhvw uhvxowv

derxw wd{dwlrq dw wkh wzr hqgv ri wkh wd{ vfkhgxoh1 Wkh dqdo|vlv ri wklv vhfwlrq vxj0

jhvwv wkdw wkhuh fdq eh qrq0gl�huhqwldelolwlhv dw erwk hqgv ri wkh vfkhgxoh dqg uhvxowv

derxw pdujlqdo wd{ udwhv zloo idlo wr eh phdqlqjixo1

81 Joredo Shuwxuedwlrqv dqg Wd{ Uhirup

Lq Vhfwlrq 5/ wkh idfw wkdw shuwxuedwlrqv lq d wd{ vfkhgxoh dw d sduwlfxodu srlqw

duh shuplvvleoh zdv xvhg wr ghwhuplqh d vhw ri �uvw0rughu frqglwlrqv ri rswlpdolw| iru

qrqolqhdu lqfrph wd{ vfkhgxohv dqg/ vxemhfw wr wkh fdyhdw glvfxvvhg lq wkh odvw vhfwlrq/

wkhvh frqglwlrqv pd| eh xvhg wr ghwhuplqh wkh rswlpdo vfkhgxoh1 Krzhyhu/ wkh dqdo|vlv

frqgxfwhg lv gluhfwo| dssolfdeoh wr wkh vlwxdwlrq zkhuh wkh wd{ vfkhgxoh lv vxe0rswlpdo

dqg rqh zlvkhv wr dvn zkhwkhu wkh pdujlqdo wd{ udwh vkrxog eh udlvhg ru orzhuhg dw

d sduwlfxodu lqfrph ohyho1 Xvlqj b/ +4:, dqg +4;, pd| eh frpelqhg wr jlyh wkh qhw

zhoiduh h�hfw ri d vpdoo shuwxuedwlrq1 Iljxuh 4 pdnhv fohdu wkdw wkh shuwxuedwlrq lv/ lq

hvvhqfh/ d uhgxfwlrq lq wkh pdujlqdo wd{ udwh iurp ��S�E+� ' ��� �E+�|J��� �E+n{+��

Wkhuhiruh/ wkh fkdqjh lq wkh pdujlqdo wd{ udwh lv jlyhq e|

{| ' �� ��
E{+�2

2
n JE{+2� +7;,

Wkxv/ iru vpdoo {|/ wkh qhw zhoiduh fkdqjh lv jlyhq e| +xvlqj +4:, dqg +4;,,=

{T '

�
KE+�E

|�0+

�� |
n ��� b|s0+

�� |

�
{| +7<,

zkhuh lw lv khuh dvvxphg wkdw/ dw wkh pdujlq/ wd{ uhyhqxh lv udlvhg lq d oxps0vxp

pdqqhu1
<Wkh srvvleoh rswlpdolw| ri d nlqn vkrxog qrw eh wrr vxusulvlqj1 Rq zhoiduh jurxqgv lw pd| eh

ghvludeoh wr irufh wkrvh zkr fkrrvh wr rewdlq kljkhu lqfrphv wr rewdlq d orzhu lqfrph +zrun ohvv,1
Wkh idfw wkdw fkrlfhv duh ghfhqwudol}hg wkurxjk d vlqjoh exgjhw frqvwudlqw lpsolhv wkdw wkh ehvw wkdw
wkh jryhuqphqw fdq gr lv wr exqfk d jurxs ri wd{sd|huv dw d sduwlfxodu lqfrph1
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Htxdwlrq +7<, fdq eh xvhg wr frpsxwh wkh h�hfw ri d vpdoo shuwxuedwlrq lq wkh zkroh

vfkhgxoh1 Dvvxph wkdw wkh jryhuqphqw lv frqwhpsodwlqj d fkdqjh lq wkh surjuhvvlylw|

ri wkh wd{ vwuxfwxuh zklfk lqyroyhv wkh pdujlqdo wd{ dw +c |E+�/ fkdqjlqj dw udwh RE+�1

Wkh fkdqjh lq zhoiduh zloo eh jlyhq e|

{T '

]
+

�
KE+�E

|�0+

�� |
n ��� b|s0+

�� |

�
RE+�_+ +83,

Dv dq h{dpsoh/ dvvxph wkdw wkh wd{ lv lqlwldoo| olqhdu E|� ' f� dqg wkdw wkh jryhuqphqw

lv frqwhpsodwlqj d fkdqjh wr d olqhdu wd{ zlwk kljkhu udwh1 Wkhq RE+� zrxog htxdo

vrph frqvwdqw R dqg +83, zloo ehfrph +lqwhjudwlqj K e| sduwv,=

{T '

]
+

E� � b|0

�� |
�+Rs_+ +84,

Htxdwlqj wklv wr }hur jlyhv wkh rswlpdo olqhdu wd{ udwh=

|

�� |
'

U
�+s_+

b
U

0+s_+
+85,

zklfk lv h{dfwo| wkh �vlpsol�hg� irupxod ri olqhdu wd{dwlrq ghulyhg e| Gl{lw dqg

Vdqgpr +4<::,1

Htxdwlrq +83, fdq dovr eh xvhg dovr wr ghulyh �uvw0rughu frqglwlrqv iru rswlpdo

sro|qrpldo wd{ vfkhgxohv/ h1j1

A ' @J n @� + n
@2+

2

2
n ����

@o+
o

o
+86,

Li d fkdqjh lq d& lv frqwhpsodwhg wkhq RE+� lv jlyhq e| @&+
&3� dqg lqvhuwlqj wklv lq

+83, jlyhv/ rq htxdwlqj wkh uhvxow wr }hur/ d frqglwlrq iru wkh rswlpdo d&1

Wzr �qdo srlqwv frqfhuqlqj +83, duh zruwk phqwlrqlqj1 Iluvw/ li +83, lv xvhg wr

hydoxdwh d wd{ uhirup wkhq wkh ixqfwlrqv lq wkh irupxod zloo eh hydoxdwhg dw wkh lqlwldo

srlqw1 Iru lqvwdqfh/ s zloo eh wkh suhvhqw revhuyhg glvwulexwlrq ri lqfrph1 Vhfrqg/ d

sduwlfxodu h{dpsoh ri +83, jlyhv wkh fkdqjh lq wd{ uhyhqxh dv wkh uhvxow ri d fkdqjh lq

wd{ vwuxfwxuh1 Iru zlwk k ' f/ +83, ehfrphv/ dsduw iurp d pxowlsolhu b/ wkh fkdqjh lq

wd{ uhyhqxh1 Wkhuhiruh/ d fkdqjh lq wkh wd{ vwuxfwxuh R zloo ohdg wr d fkdqjh lq wd{

uhyhqxh ri

{A ' �
] 573C"]

+

E�� |+6

� n |�h+0

�3|

sEh+��_h+
4D E

|�0+s

�� |
n �� n

|0+s

�� |

68 RE+�_+ +87,

Hyhq li R lv frqvwdqw/ +87, uhtxluhv frqvlghudeoh fdofxodwlrq1 Krzhyhu/ lq hpslulfdo

dqdo|vlv ri exgjhw fkdqjhv/ qxphulfdo fdofxodwlrq vkrxog eh vwudljkwiruzdug1
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91 Frqfoxglqj Uhpdunv

Wkh sxusrvh ri wklv sdshu kdv ehhq wr dgrsw d qrq vwdqgdug dssurdfk wr wkh

vroxwlrq ri wkh rswlpdo qrqolqhdu wd{ sureohp1 Wklv dssurdfk vhhpv wr kdyh irxu

dgydqwdjhv1 Iluvw/ wkh dssurdfk lwvhoi lv hdvlo| xqghuvwrrg/ ehlqj erwk gluhfw dqg

vlpsoh1 Vhfrqg/ wkh irupxod surgxfhg iru wkh rswlpdo wd{ udwh lv hdvlo| lqwhusuhwdeoh

dv lw lv gh�qhg lq whupv ri ixqfwlrqv wkdw duh hdvlo| lqwhusuhwdeoh1 Wklv irupxod

kdv forvh frqqhfwlrqv wr irupxodh lq olqhdu wd{ wkhru|1 Wklug/ dq lghqwlfdo dssurdfk

fdq eh xvhg wr hydoxdwh lqfrph wd{ uhirup dqg/ dv zdv vkrzq lq wkh odvw vhfwlrq/ lw

lv srvvleoh wr hydoxdwh gl�huhqw w|shv ri pdujlqdo uhirup wkdw pd| eh hqylvdjhg lq

d qrqolqhdu iudphzrun1 Ilqdoo|/ lw kdv ehhq srvvleoh wr ghprqvwudwh vrph ri wkh

lqkhuhqw frpsoh{lw| ri wkh vhw ri sureohpv wr zklfk wkh rswlpdo lqfrph wd{ sureohp

ehorqjv1 Lq sduwlfxodu/ lw kdv ehhq vkrzq wkdw dowkrxjk d zhoo0ehkdyhg gl�huhqwldeoh

wd{ ixqfwlrq wkdw vdwlv�hv rswlpdolw| zlwk uhvshfw wr zhoo0ehkdyhg shuwxuedwlrqv fdq

eh irxqg/ lw lv vrphwlphv wkh fdvh wkdw wkh sureohp zloo lqyroyh qrq0gl�huhqwldelolwlhv

dw wkh rswlpxp1 Wkh sureohp udlvhg e| wklv lv wkdw lw zloo qrw dozd|v eh fohdu wkdw

zhoo0ehkdyhg vroxwlrqv duh qrw rswlpdo 0 lq qxphulfdo zrun/ wkh vhdufk iru wkh rswlpxp

frxog eh txlwh gl!fxow1
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DSSHQGL[

Wkh sxusrvh ri wklv dsshqgl{ lv wr vkrz krz wkh rswlpdo wd{ uxoh +4<, fdq eh

ghulyhg xvlqj vwdqgdug frqwuro phwkrgv1 Wr gr wklv/ dvvxph wkdw lqglylgxdov duh

lqgh{hg e| d sdudphwhu 5 zklfk ghwhuplqhv wdvwhv dqg vrfldo ghvhuylqjqhvv1 Wkh

sdudphwhu 5 zloo eh gh�qhg vr wkdw/ dw wkh rswlpxp/ wkh vxsso| ri h�ruw/ l1h1 suh0wd{

lqfrph +/ zloo eh 5 iru d 5�w|sh lqglylgxdo1

Li �E6c�5� lv wkh lqgluhfw xwlolw| ixqfwlrq ri d 5 w|sh lqglylgxdo zkhuh 6 lv +oxps0

vxp, lqfrph dqg � lv wkh udwh dw zklfk suh0wd{ lqfrph fdq eh frqyhuwhg lqwr srvw0wd{

lqfrph/ l1h1 wkh zdjh/ wkhq Ur|*v Lghqwlw| jlyhv

�
�
E6c�c 5� ' +E6c�c 5��

6
E6c�c 5� +D14,

zkhuh +E6c�c 5� lv wkh +xqfrpshqvdwhg, vxsso| htxdwlrq + +<, lq wkh wh{w,1 Zkhq

dq lqglylgxdo fkrrvhv wr eh dw d srlqw rq d qrqolqhdu wd{ vfkhgxoh/ kh pdnhv wkh vdph

fkrlfh dv kh zrxog xqghu d olqhdu wd{ vfkhgxoh sdvvlqj wkurxjk wkdw srlqw zlwk wkh

vdph vorsh dv wkh qrqolqhdu vfkhgxoh dw wkdw srlqw +vhh Iljxuh 7,143 Wkxv d qrqolqhdu

vfkhgxoh lv htxlydohqw wr d vlwxdwlrq zkhuh lqglylgxdov idfh olqhdu wd{ vfkhgxohv wkrxjk

wkh lpsolhg 6 dqg � zloo ghshqg xsrq wkh wdvwhv ri wkh lqglylgxdo 51 Iru d qrqolqhdu

vfkhgxoh SE��/ 6E5� dqg �E5� zloo eh gh�qhg e|

6E5� ' SE+E5��� S�E+E5��+E5� +D15,

�E5� ' S�E+E5�� +D16,

zkhuh +E5� lv wkh suh0wd{ lqfrph fkrlfh ri dq lqglylgxdo1 Gl�huhqwldwlqj +D15, dqg

+D16, jlyhv

_6

_5
n +E5�

_�

_5
' f +D17,

zklfk lv wkh frqvwudlqw lpsrvhg e| wkh idfw wkdw 6E�� dqg �E�� duh iruphg iurp d

qrqolqhdu wd{ vfkhgxoh1

Orfdoo| durxqg wkh rswlpxp/ wkh jryhuqphqw*v remhfwlyh fdq eh ylhzhg dv ehlqj

olqhdu lq xwlolwlhv=

` '

"]
f

BE5��E6E5�c �E5�c 5�sE5�_5 +D18,

43Wklv lv glvfxvvhg ixuwkhu lq Urehuwv +4<:<,1
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zkhuh sE5� lv wkh ghqvlw| ri 5 0 wklv zloo/ e| dvvxpswlrq/ ghvfuleh wkh lqfrph glvwulex0

wlrq dw wkh rswlpxp1

Ilqdoo|/ wkhuh lv d uhvrxufh frqvwudlqw idfhg e| wkh jryhuqphqw 0 djjuhjdwh lqfrph

pxvw eh dw ohdvw dv juhdw dv djjuhjdwh frqvxpswlrq soxv uhtxluhg jryhuqphqw uhyhqxh

-=
"]
f

d+E5�� SE+E5��o sE5�_5 � - +D19,

zklfk/ xvlqj +D15, dqg +D16,/ ehfrphv
"]
3

d6E5� n E�E5�� ��+E5�o sE5�_5 n- � f +D1:,

Lqvwhdg ri fkrrvlqj d wd{ vfkhgxoh/ wkh jryhuqphqw pd| eh ylhzhg dv fkrrvlqj

ixqfwlrqv 6E�� dqg �E�� wr pd{lpl}h +D18, vxemhfw wr +D17,/ +D1:, dqg +D1;,=

+E5� ' +E6E5�c �E5�c 5�1 +D1;,

Dv b lv wkh ydoxh ri d fkdqjh lq wd{ uhyhqxh/ b zloo eh wkh pxowlsolhu dvvrfldwhg zlwk

+D1:, lq wkh rswlpl}dwlrq sureohp1 Ohwwlqj >� dqg >2 eh wkh pxowlsolhuv dvvrfldwhg

zlwk +D17, dqg +D1;,/ vwdqgdug frqwuro wkhru| jlyhv �uvw0rughu frqglwlrqv=

B�6s � bs � _>�

_5
� >2 +6 ' f +D1<,

B��s � b+s � +
_>�

_5
0 >�

_+

_5
� >2+� ' f +D143,

�bE� � ��s n >�
_�

_5
n >2 ' f +D144,

>�EJ� ' >�E4� ' f+wudqvyhuvdolw|, +D145,

Qrz/ e| gh�qlwlrq/ B�6 ' k dqg +D14, jlyhv B�� ' k+1 Frpelqlqj +D1<, dqg +D143,

jlyhv

>�
_+

_5
' �>2E+� � ++6� ' � >2+0

�
/ +D146,

wkh vhfrqg htxdolw| iroorzlqj iurp Voxwvn|*v htxdwlrq +vhh +45, lq wkh wh{w,1 Qrz/ dw

wkh rswlpxp_+

_5
' � vr wkdw vroylqj iru >2 iurp +D144, dqg +D146, dqg uhsodflqj >2 lq

+D1<, jlyhv

_>�

_+
'

%
k� b n

b|+6

� n |�+0

E�3|�

&
sE+� ' �E+�sE+� +D147,
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iurp +46, lq wkh wh{w E+E5� ' 5c | ' �� �c |� ' �_�

_5
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Uhihuhqfhv

Dwnlqvrq/ D1E dqg M1H1 Vwljolw}/ +4<:<,/ Ohfwxuhv rq Sxeolf Hfrqrplfv/ PfJudz Kloo/

Pdlghqkhdg/ Hqjodqg1

Gldprqg/ S1D1/ +4<:8,/ cD Pdq|0Shuvrq Udpvh| Wd{ Uxoh*/ Mrxuqdo ri Sxeolf Hfr0

qrplfv/ 7/ 66806751

Gl{lw/ D1N1 dqg D1 Vdqgpr/ +4<::,/ cVrph Vlpsol�hg Irupxodh iru Rswlpdo Lqfrph

Wd{dwlrq*/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ :</ 74:07561

Hehuw/ X1/ +4<<5,/ cD Uhh{dplqdwlrq ri wkh Rswlpdo Qrqolqhdu Lqfrph Wd{*/ Mrxuqdo

ri Sxeolf Hfrqrplfv/ 7</ 7:0:61

Oroolylhu/ V1 dqg M0F1 Urfkhw/ +4<;6,/ cExqfklqj dqg Vhfrqg0Rughu Frqglwlrqv= D Qrwh

rq Rswlpdo Wd{ Wkhru|*/ Mrxuqdo ri Hfrqrplf Wkhru|/ 64/ 6<507331

Pluuohhv/ M1D1/ +4<:4,/ cDq H{sorudwlrq ri wkh Wkhru| ri wkh Rswlpxp Lqfrph Wd{*/

Uhylhz ri Hfrqrplf Vwxglhv/ 6;/ 4:8053;1

Pluuohhv/ M1D1/ +4<:9,/ cRswlpdo Wd{ Wkhru|= D V|qwkhvlv*/ Mrxuqdo ri Sxeolf Hfr0

qrplfv/ 9/ 65:068;1

Qhdu|/ M1S1 dqg N1Z1V1 Urehuwv/ +4<;3,/ cWkh Wkhru| ri Krxvhkrog Ehkdylrxu xqghu

Udwlrqlqj*/ Hxurshdq Hfrqrplf Uhylhz/ 46/ 580751

Skhosv/ H1V1/ +4<:6,/ cWkh Wd{dwlrq ri Zdjh Lqfrph iru Hfrqrplf Mxvwlfh*/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ ;:/ 66406871

Uhyhv}/ M1W1/ +4<;<,/ cWkh Rswlpdo Wd{dwlrq ri Oderxu Lqfrph*/ Sxeolf Ilqdqfh/ 77/

78607:81

Urehuwv/ N1Z1V1/ +4<:<,/ cZhoiduh Frqvlghudwlrqv ri Qrqolqhdu Sulflqj*/ Hfrqrplf

Mrxuqdo/ ;</ 990;61
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Vdgnd/ H1/ +4<:9,/ cRq Lqfrph Glvwulexwlrq/ Lqfhqwlyh H�hfwv dqg Rswlpdo Lqfrph

Wd{dwlrq*/ Uhylhz ri Hfrqrplf Vwxglhv/ 76/ 594059;1

Vdh}/ H1/ +4<<<,/ cXvlqj Hodvwlflwlhv wr Ghulyh Rswlpdo Lqfrph Wd{ Udwhv*/ Pdv0

vdfkxvhwwv Lqvwlwxwh ri Whfkqrorj|/ plphr1

Vhdgh/ M1N1 +4<::,/ cRq wkh Vkdsh ri Rswlpdo Wd{ Vfkhgxohv*/ Mrxuqdo ri Sxeolf Hfr0

qrplfv/ :/ 53605691

Wxrpdod/ P1/ +4<<3,/ Rswlpdo Lqfrph Wd{ dqg Uhglvwulexwlrq/ R{irug Xqlyhuvlw|

Suhvv/ R{irug1

Yduldq/ K1U1/ +4<;3,/ cUhglvwulexwlrq Wd{dwlrq dv Vrfldo Lqvxudqfh*/ Mrxuqdo ri Sxeolf

Hfrqrplfv/ 47/ 7<09;1
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