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Phwhrurorjlfdo Frpsxwhu Prghov duh w|slfdoo| frqvwuxfwhg dv �qlwh gl�huhqfh

dssur{lpdwlrqv wr gl�huhqwldo htxdwlrqv1 Wkhvh �qlwh gl�huhqfh htxdwlrqv duh

jhqhudoo| edvhg rq d vtxduh phvk julg lpsrvhg rq d �dw pds ri wkh Hduwk lq

vrph vhohfwhg surmhfwlrq/ xvxdoo| frqirupdo1

Wr uhodwh prgho uhvxowv wr wkh zhdwkhu rq wkh Hduwk/ wkh prghohu uhtxluhv

vxeurxwlqhv wr wudqvodwh wkh {0| frruglqdwhv ri wkh julg wr wkh odwlwxgh0orqjlwxgh

frruglqdwhv ri wkh Hduwk1 Vhyhudo vriwzduh sdfndjhv surylgh wklv fdsdelolw|/

dprqj wkhp fhuwdlq ri wkh Z6OLE urxwlqhv/ Vwdfnsroh/ +4<;;, pdlqwdlqhg e|

wkh Qdwlrqdo Zhdwkhu Vhuylfh dqg fhuwdlq urxwlqhv +H]PDS, ri wkh qfdujudsklfv

sdfndjh +Plggohwrq0Olqn/ 4<<6/ ss 96049<,1

Krzhyhu/ wkh prghohu qhhgv pruh wkdq frruglqdwh wudqvirupdwlrq1 Wkh

prgho zlqgv duh uhsuhvhqwhg e| yhfwru frpsrqhqwv doljqhg zlwk wkh julg> frq0

yhuvlrq wr phwhrurorjlfdo vwdqgdugv uhtxluhv urwdwlrq e| dq dprxqw ghshqghqw
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rq srvlwlrq dqg surmhfwlrq1 Wkh jryhuqlqj htxdwlrqv lqfoxgh whupv zklfk duh

ghwhuplqhg e| wkh pdwkhpdwlfdo surshuwlhv ri wkh pds surmhfwlrq/ dqg zklfk

zrxog qrw eh suhvhqw li wkh Hduwk zhuh �dw1

Wkhvh fdsdelolwlhv duh gluhfwo| uhodwhg wr wkh vdph pds surmhfwlrq wkdw gh0

�qhv wkh wdvn ri frruglqdwh wudqvirupdwlrq/ dqg lghdoo| zrxog eh surylghg e|

wkh vdph vriwzduh sdfndjh1 Wklv sdshu ghvvfulehv dq hqvhpeoh ri vxeurxwlqhv

wkdw surylgh wkhvh vhuylfhv iru wkh prvw frpprq frqirupdo surmhfwlrqv +srodu

fhqwhuhg Odpehuw Frqirupdo/ Phufdwru/ dqg Vwhuhrjudsklf surmhfwlrqv,1 Vrxufh

frgh iru wkhvh Frqirupdo PDS Ixqfwlrq +FPDSI, urxwlqhv lv dydlodeoh dw XUO

kwws=22zzz1duo1qrdd1jry2vv2prghov2fpdsi1kwpo/ ru e| dqrq|prxv IWS iurp

wkh vhuyhu LDPJ1RUJ1

Rxu urxwlqhv duh pruh xvhu0iulhqgo| wkdq wkh hduolhu flwhg vriwzduh1 Lqlwldo0

l}dwlrq urxwlqhv duh surylghg wr doorz wkh xvhu wr ghvfuleh wkh pds surmhfwlrq

dqg dvvrfldwhg julg lq hdvlo| xqghuvwrrg whupv1 Wkh xvhu*v lqirupdwlrq lv frp0

slohg lq rqh ru pruh sdudphwhu eorfnv zklfk fdq wkhq eh sdvvhg wr wkh rwkhu

urxwlqhv1 Lq wklv zd|/ wkh xvhu fdq zrun zlwk pruh wkdq rqh julg dw d wlph/ dqg

h{fkdqjh gdwd ehwzhhq julgv1

E| frqwudvw/ wkh Z6OLE urxwlqhv uhtxluh hdfk vhsdudwh sdudphwhu wr eh

sdvvhg lqglylgxdoo| lq hyhu| fdoo/ zklfk fdq pdnh frgh kdughu wr pdlqwdlq dqg

uhtxluhv wkh xvhu wr gh�qh wkh julg lq wkh whupv glfwdwhg e| wkh urxwlqh1 Ixuwkhu/

wkh delolw| wr rulhqw wkh julg dw dq dqjoh wr Qruwk rq wkh pds lv uhvwulfwhg

lq wkh Odpehuw Frqirupdo vlwxdwlrq dqg suhyhqwhg lq wkh Phufdwru vlwxdwlrq1

Wkh qfdujudsklfv H]PDS urxwlqhv surylgh rqo| wkh iruzdug +Odw0Orq wr {0|,

wudqvirupdwlrq/ zkloh uhvwulfwlqj urwdwlrq lq wkh Odpehuw Frqirupdo vlwxdwlrq/

dv zhoo dv wkh julgvl}h lq wkh {0| sodqh1 Lqlwldol}dwlrq vhwv lqwhuqdo sdudphwhuv/

suhfoxglqj zrunlqj zlwk pruh wkdq rqh julg dw d wlph1

Wudglwlrqdoo|/ Phwhrurorjlfdo Prghov kdyh ehhq suhvhqwhg rq pdsv fuhdwhg

iurp dq dvvxphg vskhulfdo Hduwk/ udwkhu wkdq wkh pruh h{dfw �dwwhqhg hools0

vrlg/ dqg rxu urxwlqhv duh qrw dq h{fhswlrq lq wklv uhjdug1 Dffrxqwlqj iru wkh

�dwwhqlqj dffruglqj wr wkh Hoolsvrlg ri wkh Lqwhuqdwlrqdo Xqlrq ri Jhrghv| dqg

Jhrsk|vlfv +Ulfkdugv ) Dgohu/ 4<:5/ ss 4056, zrxog dgmxvw wkh vfdoh ri rxu sur0

mhfwlrqv e| 	3=8( dqg wkh dvshfw udwlr +udwlr ri vfdoh lq Qruwk0Vrxwk gluhfwlrq

wr wkdw lq Hdvw0Zhvw gluhfwlrq, e| 	3=:(/ ghshqglqj rq odwlwxgh1

Vhfwlrq 5 suhvhqwv wkh vwdqgdug prgholqj htxdwlrqv dqg lqglfdwhv wkh whupv

zklfk zloo eh surylghg rq ghpdqg e| wkh vxeurxwlqhv1 Wkh qh{w wzr vhfwlrqv

suhvhqw lqvwuxfwlrqv rq krz wr lqlwldol}h +Vhfwlrq 6, dqg xvh +Vhfwlrq 7, rxu

vriwzduh1 Vhfwlrq 8 fryhuv wkh gl�huhqfhv ehwzhhq wkh IRUWUDQ dqg F yhu0

vlrqv1 Dsshqgl{ D suhvhqwv wkh pdwkhpdwlfdo edvlv iru wkh vxeurxwlqhv/ zkloh

Dsshqgl{ E rxwolqhv vshfldo frqvlghudwlrqv dw dqg durxqg wkh Qruwk dqg Vrxwk

srohv1

Phqwlrq ri d frpphufldo frpsdq| ru surgxfw lv grqh rqo| iru looxvwudwlyh

sxusrvhv dqg grhv qrw frqvwlwxwh dq hqgruvhphqw e| wkh dxwkru/ wkh Qdwlrqdo

Rfhdqrjudsklf dqg Dwprvskhulf Dgplqlvwudwlrq/ ru dq| djhqf| ri QRDD1
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Wkh v|vwhp ri urxwlqhv ghvfulehg lq wklv sdshu vxssruw d frqirupdo frruglqdwh

v|vwhp/ l1h1 dq ruwkrjrqdo frruglqdwh v|vwhp zlwk glvwdqfh vfdohv lvrwurslf lq

wkh krul}rqwdo1 Frpelqhg zlwk d yhuwlfdo glphqvlrq/ wkh| doorz iru d vshfldo fdvh

ri ruwkrjrqdo fxuylolqhdu frruglqdwhv1 Wkh irup ri wkh Phwhrurorjlfdo htxdwlrqv

ri prwlrq ghulyhg ehorz uholhv rqo| rq wkh lqwulqvlf glvwdqfh uhodwlrqv ri vxfk

frruglqdwhv/ dqg wkh judglhqwv ri wkhvh glvwdqfhv1 Wklv ihdwxuh ri wkh htxdwlrqv

phdqv wkdw wkh lqirupdwlrq surylghg e| wkh FJV]11 ixqfwlrqv dqg wkh FFUY11

urxwlqhv lv vx�flhqw wr frqvwuxfw phwhrurorjlfdo prghov rq wklv julg/ dv zhoo dv

vxjjhvwv krz wr h{whqg vxfk v|vwhpv wr pruh jhqhudo pds wudqvirupdwlrqv1

Lq d jhqhudo v|vwhp ri ruwkrjrqdo fxuylolqhdu frruglqdwhv/ zh zulwh {4 @ {/

{5 @ |/ {6 @ }/ dqg vxssrvh wkh glvwdqfhv jlyhq e| vpdoo fkdqjhv lq frruglqdwhv

duh jlyhq e| gv
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6 +f1i1/ +Kdowlqhu ) Zlooldpv/ 4<;3/

s774,,1 Zh ghvljqdwh yhorflw| frpsrqhqwv hlwkhu lq julg0xqlwv shu wlph xqlw

+ghqrwhg e| xl, ru lq sk|vlfdo xqlwv ri phwhuv shu vhfrqg +ghqrwhg dv frqyhqlhqw

e| Xl ru e| x/ y/ dqg z,1 Wkhq X4 @ x @ k4 x4/ X5 @ y @ k5 x5 dqg

X6 @ z @ k6 x61 Lq vxfk frruglqdwhv/ wkh yhfwru rshudwruv iru judglhqw/

glyhujhqfh dqg fxuo duh
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Li dq ruwkrjrqdo frruglqdwh v|vwhp lv frqirupdo/ zh kdyh k6 @ 4 zkloh

k4 @ k5 @ � +{> |> }, @ �3+{> |, u @ d/ zkhuh �3 uhsuhvhqwv wkh julgvl}h dw

vxuidfh ohyho +wkh ohqjwk lq np ri d xqlw glvwdqfh lq wkh {0| frruglqdwh v|vwhp,/

d uhsuhvhqwv wkh udglxv ri wkh Hduwk/ dqg wkh idfwru u@d @ 4 . }@d lv gxh wr

wkh idfw wkdw wkh ohqjwk ri dq duf lqfuhdvhv sursruwlrqdo wr glvwdqfh iurp wkh

Hduwk*v fhqwhu1 Wkhq judglhqw/ glyhujhqfh dqg fxuo ehfrph
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zkhuh J{ @ �

�5
3 C�3@C{ dqg J| @ �

�5
3 C�3@C| gh�qh wkh frpsrqhqwv ri wkh

lqwulqvlf fxuydwxuh yhfwru ri wkh pds surmhfwlrq dw wkh srlqw +{/|,1 Wklv yhfwru/

surmhfwhg qrupdo wr dq| dssduhqwo| vwudljkw olqh lq wkh {> | sodqh/ |lhogv wkh

pdjqlwxgh ri wkh dfwxdo fxuydwxuh ri wkdw olqh rq wkh Hduwk1

Wkh frqwlqxlw| htxdwlrq lv zulwwhq/ xvlqj wkh deryh h{suhvvlrqv/ dv
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zkhuh � ghqrwhv wkh dwprvskhulf ghqvlw|1 Wklv lv hvvhqwldoo| wkh vdph dv +Kdowlqhu

dqg Zlooldpv/ 4<;3/ s 46,/ zkr zulwh p lqvwhdg ri 4@�/ dqg gurs wkh }0

ghshqghqfh ri � dqg khqfh wkh odvw whup dv ehlqj qhjoljleo| vpdoo1

Wkh prphqwxp htxdwlrq lv zulwwhq dv

Gx

Gw

.
4

�

us .5hQ � x. jn @ 3 +8,

zkhuh s lv wkh suhvvxuh dqg hQ @ Q{ l . Q| m . Q} n lv d xqlw yhfwru

doljqhg zlwk wkh Hduwk*v d{lv lq wkh Qruwk gluhfwlrq1  lv wkh urwdwlrq udwh ri

wkh Hduwk/ dqg i @ 5Q} uhsuhvhqwv wkh Frulrolv sdudphwhu/ zkloh 5Q{ dqg

5Q| uhsuhvhqw frh�flhqwv ri frulrolv irufh h{fkdqjhv ehwzhhq wkh krul}rqwdo

dqg yhuwlfdo1 Gx@Gw lv wkh dffhohudwlrq/ h{suhvvhg lq whupv ri d _vxevwdqwlyh

ghulydwlyh_ rshudwruG@Gw zklfk |lhogv wkh udwh ri fkdqjh ri d txdqwlw| iroorzlqj

d zlqg wudmhfwru|/ dqg li wkh txdqwlw| lv d yhfwru/ doorzlqj iru wkh h�hfwv ri

sdudooho wudqvsruw rq lwv frpsrqhqwv1

Wkh dffhohudwlrq whup Gx@Gw kdv frpsrqhqwv Gxl@Gw jlyhq e|
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zkhuh wkh �uvw wzr whupv ri wkh uljkw kdqg vlgh uhsuhvhqw wkh wrwdo udwh ri

fkdqjh lq wkh frpsrqhqwv ri wkh yhorflw|/ dqg wkh �qdo whup uhsuhvhqwv wkh
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udwh ri fkdqjh ri wkh gluhfwlrq ri wkh edvlv yhfwruv zlwk prwlrq dorqj dq dlu

sdufho wudmhfwru|1 Wkh v|pero lq eudfhv +ij,/ dovr zulwwhq �lmn/ lv d Fkulvwr�ho

v|pero ri wkh vhfrqg nlqg/ gh�qhg lq +PfFrqqhoo/ 4<8:,/ dqg iru ruwkrjrqdo

fxuylolqhdu frruglqdwhv/ hydoxdwhg rq sdjh 489 ri wkdw uhihuhqfh1 Vxevwlwxwlqj

wkdw hydoxdwlrq/ zkloh frqyhuwlqj wr sk|vlfdo xqlwv/ zh �qg
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Xvlqj wkh deryh h{suhvvlrqv iru wkh zlqg dffhohudwlrq/ wkh prphqwxp htxd0

wlrq ehfrphv
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zkhuh i @ 5Q} ghqrwhv wkh Frulrolv sdudphwhu/ dv ehiruh1

+Kdowlqhu dqg Zlooldpv/ 4<;3/ ss 44046, suhvhqw prphqwxp htxdwlrqv iru

wkh fdvhv ri Srodu Vwhuhrjudsklf surmhfwlrq +ruljlq dw Qruwk Sroh/ julgvl}h@ 4

dw wkh htxdwru, dqg iru wkh Phufdwru surmhfwlrq +julgvl}h@ 4 dw wkh htxdwru/

zlwk wkh ruljlq dw wkh lqwhuvhfwlrq ri wkh htxdwru zlwk wkh sulph phulgldq,1

Frpsdulqj Htxdwlrq +;, zlwk wkhluv/ zh �qg wkdw wkh| duh htxlydohqw/ qrwlqj
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lq wkh Phufdwru vlwxdwlrq1 Lq wkh deryh htxdwlrqv/ ! uhsuhvhqwv wkh odwlwxgh1

wkurxjkrxw1 Zh dovr dvvxph/ zlwk +Kdowlqhu dqg Zlooldpv/ 4<;3,/ wkdw } lv

qhjoljleoh lq frpsdulvrq zlwk d/ dqg vr uhsodfh u zlwk d wkurxjkrxw1

Wkhvh htxdwlrqv duh uhdglo| jhqhudol}hg iru wkh Odpehuw Frqirupdo surmhf0

wlrq zklfk rxu vxeurxwlqhv vxssruw1 Wkh| fdq dovr eh jhqhudol}hg wr rwkhu

frqirupdo surmhfwlrqv vxfk dv Wudqvyhuvh Phufdwru dqg Reoltxh Vwhuhrjudsklf1

Wkh gl�huhqfhv ehwzhhq wkhvh htxdwlrqv dqg wkrvh wkdw zrxog dsso| li wkh

Hduwk zhuh �dw dqg frxog eh dvvxphg xqlirup/ duh pxowlsohv ri wkh whupv J{ @

�

�5
3 C�3@C{ dqg J| @ �

�5
3 C�3@C|1 Wkhvh whupv/ zkrvh xqlwv duh udgldqv shu

np/ gh�qh wkh lqwulqvlf fxuydwxuh ri wkh surmhfwlrq/ l1h1 wkh dfwxdo fxuydwxuh

rq wkh Hduwk ri d olqh zklfk dsshduv vwudljkw rq wkh julg1 D surmhfwlrq fdq

dozd|v eh vshfl�hg vr wklv fxuydwxuh ydqlvkhv dw dq| jlyhq srlqw1 Wkh h�hfwv

zloo eh plqxvfxoh qhdu wkdw srlqw exw judgxdoo| ehfrph pruh vljql�fdqw dzd|

iurp wkdw srlqw dqg fdq eh ryhuzkhoplqj lq wkh ylflqlw| ri wkh sroh +h{fhsw iru

wkh fdvh ri wkh Srodu Vwhuhrjudsklf surmhfwlrq,1

Wkxv/ iru d 43 p vhf�4 Hdvw zlqg rq d Phufdwru surmhfwlrq/ wkh yruwlflw|

gxh wr wkh whup xJ| dw odwlwxgh 78� +5=56 � 43�9 vhf�4, lv 5( ri wkh Frulrolv

sdudphwhu +4=36 � 43�7
vhf

�4,1 Dw :3� wkh udwlr lv 43(/ +4=5: 43�8
vhf

�4 yv

4=6: 43�7
vhf

�4,/ dqg dw ;8� lv 473( +5=3: 43�7
vhf

�4 yv 4=78 43�7
vhf

�4,1

Wr vxppdul}h/ wkh irup ri wkh htxdwlrqv ri prwlrq vkrzv wkdw wkh iroorzlqj

whupv ghshqg rq wkh pds surmhfwlrq/ dqg pd| frqyhqlhqwo| eh surylghg e| fdoov

wr dq| v|vwhp ri urxwlqhv uhvsrqvleoh iru kdqgolqj wkh surmhfwlrq= wkh julgvl}h

�3 +{> |, dv d ixqfwlrq ri { dqg |/ lwv judglhqw +J{>J|, @ �

�5
3 +C�3@C{> C�3@C|,/

dqg wkh gluhfwlrq frvlqhv ri wkh Srodu d{lv +Q{> Q|> Q},1 Wkhvh whupv duh

uhwxuqhg e| vrph ri wkh vxeurxwlqhv zh kdyh surylghg1

� W?�|�@*�3�?} |�i ����6 u�?U|�L?t

Wkh Frqirupdo PDS Ixqfwlrq +FPDSI, ixqfwlrqv dqg vxeurxwlqhv shuirup

frruglqdwh wudqvirupdwlrqv ehwzhhq srlqwv dqg yhfwruv rq wkh Hduwk*v vxuidfh

+jlyhq lq ghjuhhv ri odwlwxgh dqg orqjlwxgh/ zlwk Qruwk dqg Hdvw dv srvlwlyh,/

dqg wkhlu htxlydohqwv rq d fodvv ri [ � \ julgv ryhuod|lqj Frqirupdo pdsv1

Hdfk[�\ julg dqg lwv fruuhvsrqglqj pds lv gh�qhg wr wkh surjudp wkurxjk

d SDUPDS duud| ri < �rdwlqj srlqw yduldeohv1 Lw lv wkh xvhu*v uhvsrqvlelolw| wr

surylgh wklv duud| lq wkh fdoolqj urxwlqhv=

UHDO SDUPDS+<,1

Pruh wkdq rqh vxfk julg pd| eh gh�qhg/ doorzlqj frruglqdwh wudqvirupdwlrqv

ehwzhhq wzr ru pruh julgv1

Ehiruh frruglqdwh wudqvirupdwlrqv fdq eh shuiruphg/ wkh SDUPDS duud|v

pxvw eh lqlwldol}hg1 Wklv lv fduulhg rxw lq d wzr vwdjh surfhvv= �uvw wkh pds

surmhfwlrq lv vshfl�hg e| d fdoo wr VWOPEU> vxevhtxhqwo| wkh julg lv odlg rxw

rq wkh surmhfwlrq dqg gh�qhg e| d fdoo hlwkhu wr VWFP4S ru wr VWFP5S1

9



Iljxuh 4= Frqlf surmhfwlrq

��� W?�|�@*�3@|�L? 5|@}i �G 5TiU�u)�?} |�i �hL�iU|�L?

Lq wkh fodvv ri pdsv vxssruwhg e| wkh vriwzduh 0 Odpehuw Frqirupdo/ lqfoxglqj

Srodu Vwhuhrjudsklf dqg Phufdwru 0 wkh odwlwxghv dqg orqjlwxghv ri wkh Hduwk

duh surmhfwhg rqwr d frqh flufxpvfulehg rq wkh hduwk dw d vshfl�f odwlwxgh/ dv

lq Iljxuh 41 D pdwkhpdwlfdo ixqfwlrq pdsv d srlqw ri d jlyhq odwlwxgh ! dqg

orqjlwxgh � wr d srlqw dw d glvwdqfhU+!, iurp wkh dsh{ ri wkh frqh/ dorqj wkh olqh

iurp wkh dsh{ wdqjhqw wr wkh vskhuh dw orqjlwxgh �1 Wkh vshfldo lqvwdqfhv ri wkh

Srodu Vwhuhrjudsklf dqg wkh Phufdwru surmhfwlrq rffxu zkhq wkh frqh �dwwhqv

wr d sodqh wdqjhqw dw wkh sroh ru h{whqgv wr d f|olqghu wdqjhqw dw wkh htxdwru/

uhvshfwlyho|1 Lq wkh vshfldo lqvwdqfh ri wkh Srodu Vwhuhrjudsklf surmhfwlrq/ wkhuh

lv d irfdo srlqw +wkh rssrvlwh sroh, iurp zklfk ud|v pd| eh frqyhqlhqwo| gudzq

wkurxjk srlqwv rq wkh joreh wr fruuhvsrqglqj srlqwv rq wkh pds1

Diwhu surmhfwlrq/ hdfk phulgldq ehfrphv d olqh ri wkh frqh/ gudzq wkurxjk

wkh dsh{ dqg wdqjhqw wr wkh orqjlwxgh/ zkloh flufohv ri odwlwxgh pds lqwr flu0

:



Iljxuh 5= Frqlf surmhfwlrq dv xquroohg

fohv rq wkh frqh zkrvh vsdflqj lv ghwhuplqhg e| wkh frqirupdo frqglwlrq wkdw

wkh vfdoh lq wkh Qruwk0Vrxwk gluhfwlrq eh wkh vdph dv wkdw lq wkh Hdvw0Zhvw

gluhfwlrq1

Xquroohg dqg �dwwhqhg/ wkh surmhfwlrq dsshduv dv lq Iljxuh 51 Orqjlwxghv

dsshdu dv ud|v iurp d frpprq fhqwhu/ dqg flufohv ri odwlwxgh dsshdu dv dufv1

Wkh dufv gr qrw �oo frpsohwh flufohv/ exw d iudfwlrq � ri d flufoh zkhuh � lv wkh

vlqh ri wkh odwlwxgh dw zklfk wkh flufxpvfulehg frqh lv wdqjhqw wr wkh Hduwk1

Qhfhvvdulo|/ wkh uroohg rxw surmhfwlrq lv _fxw% dw vrph vshfl�f orqjlwxgh1 Wzr

sdudphwhuv glvwlqjxlvk hdfk surmhfwlrq iurp doo rwkhuv=

41 Wkh odwlwxgh/ WQJODW/ dw zklfk wkh vxshulpsrvhg frqh lv wdqjhqw wr wkh

Hduwk

51 D _uhihuhqfh orqjlwxgh_/ UHIORQ/ kdoizd| durxqg wkh zruog iurp zkhuh

wkh surmhfwlrq lv fxw +yhuwlfdo lq Iljxuh 5,1

Wkh �uvw vwhs lq lqlwldol}lqj wkh SDUPDS duud|v lv wr surylgh wklv lqirupd0

wlrq/ xvlqj wkh VWOPEU urxwlqh=

FDOO VWOPEU+SDUPDS/WQJODW/UHIORQ,

h1j1 FDOO VWOPEU+SDUPDS/ 681/ 0:81, 1

Iru Srodu Vwhuhrjudsklf pdsv/ WQJODW zloo eh <3=3 li fhqwhuhg derxw wkh

Qruwk Sroh/ �<3=3 li derxw wkh Vrxwk Sroh1 Iru Phufdwru pdsv/ WQJODW zloo

;



Iljxuh 6= Looxvwudwlrq ri wzr0srlqw julg vshfl�fdwlrq

eh 3=31 Doo rwkhu ydoxhv ri WQJODW/ iurp �<3� wr .<3�/ uhihu wr Odpehuw

Frqirupdo pdsv1

Lq prvw sxeolvkhg Odpehuw Frqirupdo pdsv/ wkh wdqjhqw odwlwxgh lv qrw

vshfl�hg1 Lqvwhdg/ wkh pds ohjhqg zloo vshfli| wkh vfdoh dw wzr _Uhihuhqfh

Odwlwxghv%/ h1j1 _Vfdoh 4 = 693> 333 dw 5;� dqg 74�7;3%1 Wkh wdqjhqw odwlwxgh

qhhghg wr vshfli| wkh surmhfwlrq olhv ehwzhhq wkh wzr uhihuhqfh odwlwxghv dqg

fdq eh fdofxodwhg iurp wkhp1 Zh kdyh lqfoxghg d ixqfwlrq/ HTYODW/ lq rxu

vriwzduh wr shuirup wklv fdofxodwlrq1 Wkh surmhfwlrq fdq eh vshfl�hg wr wkh

SDUPDS duud| wkurxjk wkh fdoo
FDOO VWOPEU+SDUPDS/ HTYODW+UHIOW4/ UHIOW5,/ UHIORQ,

h1j1 FDOO VWOPEU+SDUPDS/ HTYODW+5;13/ 741;,/ 0:81,1

��2 W?�|�@*�3@|�L? 5|@}i 2G 5TiU�u)�?} |�i Bh�_

61514 Wzr Srlqw Vshfl�fdwlrq

Rqfh wkh surmhfwlrq lv vshfl�hg/ dq [�\ frruglqdwh v|vwhp lv odlg grzq rq lw1

Jlyhq wkh frqirupdo frqglwlrq wkdw wkh vfdoh pxvw eh lvrwurslf/ dq ruwkrjrqdo

{� | frruglqdwh v|vwhp fdq eh frpsohwho| gh�qhg e| nqrzlqj wkh jhrjudsklf

orfdwlrq ri dq| wzr glvwlqfw srlqwv rq lw1 Lq 6/ wkh xvhu od|v rxw wkh julg zlwk

fruqhu srlqwv S4 +[4@4/\4@4, dqg S5 +[5@44/\5@9, orfdwhg dw odwlwxgh 43�Q /

<



Iljxuh 7= Looxvwudwlrq ri rqh0srlqw julg vshfl�fdwlrq

orqjlwxgh 43<�Z dqg 84�Q/ 7;�H/ uhvshfwlyho|1 Wr lqfoxgh wklv gh�qlwlrq lq

wkh SDUPDS duud|/ wkh VWFP5S wzr0srlqw julg gh�qlwlrq urxwlqh lv xvhg=
FDOO VWFP5S+SDUPDS/ [4/\4/ [ODW4/[ORQ4/ [5/\5/

F [ODW5/[ORQ5,

h1j1 FDOO VWFP5S+SDUPDS/ 41/41/ 431/043<1/ 441/91/

F 841/7;1, 1

Lq jhqhudo/ lw lv qrw qhfhvvdu| wkdw wkh wzr srlqwv eh fruqhu srlqwv/ ru wkdw

wkh| kdyh gl�huhqw [ ru gl�huhqw \ frruglqdwhv1 Lw lv rqo| qhfhvvdu| wkdw wkh|

eh gl�huhqw srlqwv> l1h1 wkdw hlwkhu wkh [0frruglqdwhv/ ru wkh \ 0frruglqdwhv/ ru

erwk/ gl�hu1

61515 Rqh0Srlqw Vshfl�fdwlrq

Lqirupdwlrq rq julg vl}h dqg julg rulhqwdwlrq pd| eh vxevwlwxwhg iru rqh ri wkh

srlqwv lq wkh wzr0srlqw vshfl�fdwlrq1 Dv vkrzq lq 7/ wkh rulhqwdwlrq ri wkh julg

frruglqdwh v|vwhp fdq eh hvwdeolvkhg e| wkh dqjoh dw zklfk wkh \ 0frruglqdwh

olqhv furvv wkh uhihuhqfh orqjlwxgh +lq ghjuhhv phdvxuhg forfnzlvh iurp wkh Qruwk

gluhfwlrq, zkloh wkh vfdoh ri wkh julg fdq eh jlyhq e| wkh julg vl}h lq np dw vrph

odwlwxgh1 Lqvwhdg ri xvlqj VWFP5S/ wklv irup ri vshfl�fdwlrq fdq eh sodfhg lq

SDUPDS e| VWFP4S=

43



FDOO VWFP4S+SDUPDS/ [4/\4/ [ODW4/[ORQ4/ JODW/JORQJ/

F JV]/ RULHQW,

h1j1 FDOO VWFP4S+SDUPDS/ 41/41/ 431/043<1/ 631/0:81/

F 5531/ 0461, 1

D idflolw| lv surylghg iru doorzlqj wkh julg wr eh wlowhg zlwk uhvshfw wr wkh

uhihuhqfh orqjlwxgh vlqfh phwhrurorjlfdo prghohuv pd| zhoo fkrrvh wr rulhqw wkhlu

julgv dorqj d ydooh|/ prxqwdlq udqjh/ ru lvodqg fkdlq/ zklfk pd| qrw eh vr

reoljlqj dv wr olh lq dq h{dfwo| Qruwk0Vrxwk ru Hdvw0Zhvw gluhfwlrq1

��� W?�|�@*�3@|�L? , @4T*it �t�?} 5|@?_@h_ Bh�_t

Wkh julg vshfl�fdwlrq v|vwhp ghvfulehg deryh fdq dffrpprgdwh pdq| julg ghi0

lqlwlrqv lq vwdqgdug xvdjh/ vhyhudo ri zklfk duh vshfl�hg lq Gh| +4<<9,1 Iru

h{dpsoh/ wkh Qdwlrqdo Fhqwhuv iru Hqylurqphqwdo Suhglfwlrq julg 5: +wkh 98{98

srlqw julg xvhg wr glvsod| iruhfdvw �hogv iurp pdq| QFHS prghov, lv gh�qhg

dv Srodu Vwhuhrjudsklf/ rulhqwhg dorqj wkh ;3�Z orqjlwxgh/ julg vl}h 6;4 np dw

93�Q / Qruwk Sroh dw +66=> 66=,1 Lw fdq eh vshfl�hg zlwk wkh frgh

UHDO FHS5:+<,

FDOO VWOPEU+FHS5:/ <31/ 0;31,

FDOO VWFP4S+FHS5:/ 661/661/ <31/31/ 931/0;31/

F 6;41/ 31,1

QRDD*v Dxwrpdwhg Zhdwkhu Lqwhudfwlyh Surfhvvlqj V|vwhp kdv gh�qhg vhy0

hudo pds julgv1 DZLSV julg 537 lv d Phufdwru surmhfwlrq fryhulqj Kdzdll1 Lw

kdv d julgvl}h ri 493 np dw odwlwxgh 53�Q / rulhqwhg zlwk wkh \0d{lv Qruwk1

Lwv orzhu ohiw srlqw +4/4, lv orfdwhg dw 5<=59�V/ 45<=7:�H/ dqg lw vwudggohv wkh

Lqwhuqdwlrqdo Gdwh Olqh1 Lw fdq eh vshfl�hg zlwk wkh frgh

UHDO DZS537+<,

FDOO VWOPEU+DZS537/ 31/ 4;31,

FDOO VWFP4S+DZS537/ 41/41/ 05<1596/45<17:3/

F 531/4;31/ 4931/ 31,1

Lw frxog dovr eh vshfl�hg zlwk wkh frgh

UHDO DZS537+<,

FDOO VWOPEU+DZS537/ 31/ 4;31,

FDOO VWFP5S+DZS537/ 41/41/ 05<1596/45<17:3/

F 41/:41/ 93187:/45<17:3,1

e Nt�?} |�i ����6 u�?U|�L?t

e�� �LLh_�?@|i Ah@?tuLh4@|�L?t

Rqfh wkh surmhfwlrq dqg julg vshfl�fdwlrqv kdyh ehhq vhw lq d SDUPDS duud|/

wkh FPDSI ixqfwlrqv fdq eh xvhg wr wudqvirup frruglqdwhv dqg yhfwruv1 Wr
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Iljxuh 8= Zlqg yhfwruv rq d julg

wudqvirup ehwzhhq jhrjudsklf frruglqdwhv +odw0orqj frruglqdwhv, dqg wkh [0\

frruglqdwhv ri wkh SDUPDS julg/ xvh

FDOO F[\5OO+SDUPDS/ [/\/ [ODW/[ORQJ,

dqg FDOO FOO5[\+SDUPDS/ [ODW/[ORQJ/ [/\,1

Wkh �uvw uhwxuqv/ dv [ODW dqg [ORQJ/ wkh odwlwxgh dqg orqjlwxgh ri wkh

[/\ srlqw rq wkh SDUPDS julg/ zkloh wkh vhfrqg uhwxuqv wkh +{/|, frruglqdwhv

rq wkdw julg ri wkh srlqw zkrvh odwlwxgh dqg orqjlwxgh duh [ODW/ [ORQJ1

Zkhq zrunlqj zlwk wzr julgv frqfxuuhqwo|/ lw zloo riwhq eh qhfhvvdu| wr uhodwh

wkh srvlwlrq ri srlqwv lq rqh julg uhodwlyh wr dqrwkhu1 Wr �qg wkh frruglqdwhv

rq wkh DZS537 julg ri wkh srlqw zkrvh frruglqdwhv rq wkh FHS5: julg duh

[Q/\Q/ wkhvh fdoov duh frpelqhg dv iroorzv=

FDOO F[\5OO+FHS5:/ [Q/\Q/ [ODW/[ORQJ,

FDOO FOO5[\+DZS537/ [ODW/[ORQJ/ [/\,

Wkh �uvw fdoo uhwxuqv wkh odwlwxgh dqg orqjlwxgh ri wkh srlqw/ dqg wkh vhfrqg

uhwxuqv wkh [/\ frruglqdwhv lq wkh DZS537 frruglqdwh v|vwhp1

e�2 ViU|Lh E`�?_� Ah@?tuLh4@|�L?t

Zlqgv duh qrupdoo| jlyhq zlwk uhihuhqfh wr wkh Qruwk0Vrxwk dqg Hdvw0Zhvw

gluhfwlrqv/ exw dv looxvwudwhg lq Iljxuh 8/ yhfwruv zlwk wkh vdph frpsrqhqwv

+Xj> Yj, uhodwlyh wr wkh julg/ wdnhq dw wzr gl�huhqw srlqwv ri wkh julg/ zloo
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jhqhudoo| qrw kdyh wkh vdph frpsdvv gluhfwlrq1 Wr uhodwh frpsdvv zlqg yhfwruv

wr wkh julg zlqg yhfwruv lv htxlydohqw wr urwdwlrq e| dq dprxqw ghshqglqj rq wkh

surmhfwlrq dqg rq wkh orfdwlrq ri wkh zlqg1 Wklv srvlwlrq pd| eh nqrzq hlwkhu

lq whupv ri odwlwxgh dqg orqjlwxgh ru ri julg frruglqdwhv> wr dyrlg frqixvlrq/ zh

kdyh vxssolhg d vxeurxwlqh iru hdfk frqwlqjhqf|1

Wr frqyhuw zlqg frpsrqhqwv iurp frpsdvv0rulhqwhg wr julg0rulhqwhg frrugl0

qdwhv ru ylfh0yhuvd/ xvh rqh ri wkh urxwlqhv

FDOO FF5J[\ +SDUPDS/ [/\/ XH/YQ/ XJ/YJ,

FDOO FF5JOO +SDUPDS/ [ODW/[ORQJ/ XH/YQ/ XJ/YJ,

FDOO FJ5F[\ +SDUPDS/ [/\/ XJ/YJ/ XH/YQ,

FDOO FJ5FOO +SDUPDS/ [ODW/[ORQJ/ XJ/YJ/ XH/YQ,1

Wkh FF5J11 urxwlqhv dffhsw Frpsdvv0rulhqwhg zlqg frpsrqhqwv +XH/YQ,

+XH lq wkh Hdvw gluhfwlrq/ YQ lq wkh Qruwk Gluhfwlrq,/ dqg uhwxuq Julg rulhqwhg

frpsrqhqwv +XJ/YJ, dffruglqj wr wkh julg vshfl�hg lq SDUPDS +XJ lq wkh

julg*v [�gluhfwlrq dqg YJ lq wkh julg*v \�gluhfwlrq,1 Wkh FJ5F11 urxwlqhv

uhyhuvh wkh wudqvirupdwlrq/ frqyhuwlqj iurp Julg0rulhqwhg wr Frpsdvv0rulhqwhg

frpsrqhqwv1 Wkh F111[\ urxwlqhv dffhsw srvlwlrq lqirupdwlrq lq Julg frrugl0

qdwhv [>\ / zkloh wkh F111OO urxwlqhv dffhsw srvlwlrq lqirupdwlrq lq jhrjudsklf

frruglqdwhv [ODW/[ORQJ1 Qrwh= zlwklq rqh ghjuhh ri hdfk sroh/ wkh Frpsdvv

rulhqwhg zlqg frpsrqhqwv duh rulhqwhg dffruglqj wr d _frpsdvv% rulhqwhg zlwk

wkh _Qruwk_ gluhfwlrq +wkh | ru y d{lv, lq wkh gluhfwlrq ri wkh sulph phulgldq

+orqjlwxgh 3�,1 Vhh Dsshqgl{ E1

e�� Bh�_t�3i

Wkh suhylrxvo| ghvfulehg urxwlqhv dffhsw zlqg frpsrqhqwv lq np shu krxu dqg

uhwxuq wkhp lq wkh vdph xqlwv1 Wkh pdjqlwxgh ri wkh zlqg grhv qrw fkdqjh1

Wr ghwhuplqh wkh glvwdqfh lq julg vwhsv pryhg e| pdwhuldo lq d xqlw ri wlph/

ru wkh ydoxh ri d suhvvxuh khljkw judglhqw ehwzhhq qhljkerulqj julg srlqwv/ rqh

pxvw glylgh ru pxowlso|/ dv dssursuldwh/ e| wkh vl}h ri d julg vwhs1 Wklv vl}h

fkdqjhv zlwk srvlwlrq1 Wr rewdlq wkh julgvl}h dw d jlyhq srlqw/ xvh

UHDO IXQFWLRQ FJV][\ +SDUPDS/ [/\,

ru UHDO IXQFWLRQ FJV]OO +SDUPDS/ [ODW/[ORQJ,/

ghshqglqj rq zkhwkhu wkh srvlwlrq ri wkh srlqw lv nqrzq lq { � | ru jh0

rjudsklf frruglqdwhv1 Hdfk ixqfwlrq uhwxuqv wkh julgvl}h lq np dw wkh jlyhq

orfdwlrq1

e�e ��h�@|�hi E5U@*i Bh@_�i?|�

Wkh gl�huhqfhv ehwzhhq wkh Prgholqj Htxdwlrqv ri Vhfwlrq 5 dqg wkrvh wkdw

zrxog krog li wkh Hduwk zhuh �dw dprxqw wr pxowlsohv ri wkh yhfwruJ @ �
�4
u�/

zkhuh � ghqrwhv wkh julgvl}h/ dqg wkh judglhqw rshudwru lv gh�qhg e| u @

�
�4 +C@C[> C@C\ ,1 Wklv yhfwru/ zkrvh xqlwv duh udgldqv shu np/ uhsuhvhqwv

wkh gl�huhqfh ehwzhhq d sdwk*v dssduhqw fxuydwxuh rq wkh pds dqg lwv dfwxdo
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Iljxuh 9= D vhulhv ri jhrghvlfv rq d frqirupdo pds1

fxuydwxuh rq wkh Hduwk1 Lwv dsshdudqfh lq wkh htxdwlrqv ri prwlrq lv gxh wr

wklv fxuydwxuh vkliw/ dqg wkh h{whqw ri lwv lq�xhqfh pd| eh hvwlpdwhg e| wkh

fxuydwxuh ri jhrghvlfv rq wkh pds1

Jhrghvlfv +Juhdw Flufohv, duh sdwkv zlwkrxw fxuydwxuh rq wkh Hduwk*v vxuidfh/

dqg lghdoo| vkrxog eh uhsuhvhqwhg e| vwudljkw olqhv rq wkh pds1 Wklv lv qrw

srvvleoh iru d frqirupdo pds/ dqg wkh surmhfwlrq surfhvv hqgrzv jhrghvlfv zlwk

d voljkw dssduhqw fxuydwxuh rq wkh pds1 Wklv _lqgxfhg fxuydwxuh% ri d jhrghvlf

dw d jlyhq srlqw lv olplwhg e| wkh pdjqlwxgh riJ1 Wkh yhfwru lv gluhfwhg wrzdug

wkh wdqjhqw odwlwxgh flufoh/ dqg rq wklv flufoh lw lv htxdo wr }hur1

Wkh lqgxfhg fxuydwxuh rq d jhrghvlf dwwdlqv wklv pd{lpxp rqo| zkhuh wkh

jhrghvlf lv shushqglfxodu wr wkh yhfwru J> rwkhuzlvh wkh dfwxdo fxuydwxuh yhfwru

lv wkh surmhfwlrq ri J qrupdo wr wkh jhrghvlf/ l1h1 � @J� +w �J, w zkhuh w lv

wkh xqlw yhfwru wdqjhqw wr wkh jhrghvlf1 Iljxuh 9 vkrzv d vhtxhqfh ri jhrghvlfv

rq d Odpehuw Frqirupdo surmhfwlrq zkrvh wdqjhqw odwlwxgh lv 68�Q 1

Wkh lqgxfhg fxuydwxuh lv d sulph vrxufh ri glvwruwlrq ri jhrjudsklf ihdwxuhv

rq wkh pds dqg pd| eh plqlpl}hg iru d sduwlfxodu duhd e| surshu vhohfwlrq ri

wkh wdqjhqw odwlwxgh1 Iljxuh : vkrzv wkh lqgxfhg fxuydwxuh dv d ixqfwlrq ri

odwlwxgh iru ydulrxv fkrlfhv ri wdqjhqw odwlwxgh1

Vxeurxwlqhv duh surylghg wr vxsso| wkh frpsrqhqwv ri wkh fxuydwxuh yhfwru

J1 Xvh
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Iljxuh := Pd{lpxp lqgxfhg fxuydwxuh iru ydulrxv wdqjhqw odwlwxghv1

FDOO FFUY[\ +SDUPDS/ [/\/ J[/ J\,

ru FDOO FFUYOO +SDUPDS/ [ODW/[ORQJ/ J[/ J\,

wr rewdlq wkh fxuydwxuh frpsrqhqwv jlyhq julg srvlwlrq +[/\, ru jhrjudsklf

orfdwlrq +[ODW/[ORQJ,/ uhvshfwlyho|1 Xqlwv ri J[/ J\ duh lq udgldqv shu np1

Wkh| duh julg0rulhqwhg +gluhfwhg dorqj wkh [0 dqg \0 d{hv ri wkh julg, udwkhu

wkdq frpsdvv rulhqwhg +gluhfwhg lq wkh Qruwk ru Hdvw gluhfwlrqv,/ vlqfh wkhvh

yhfwruv duh lq idfw gluhfwhg Qruwk0Vrxwk wrzdug wkh wdqjhqw odwlwxgh1 Li ghvluhg/

wkh frpsdvv frpsrqhqwv frxog eh rewdlqhg xvlqj FJ5F[\ ru FJ5FOO1

e�D �L*@h � �t

Wr hydoxdwh wkh h�hfwv ri wkh Frulrolv Irufh lq Phwhrurorjlfdo prghov/ lw lv

xvhixo wr nqrz wkh frpsrqhqwv ri d xqlw yhfwru dorqj wkh urwdwlrqdo d{lv ri wkh

Hduwk1 Wkh yhuwlfdo frpsrqhqw ri wklv yhfwru/ pxowlsolhg e| wzlfh wkh dqjxodu

yhorflw| ri wkh Hduwk*v urwdwlrq/ |lhogv wkh Frulrolv sdudphwhu i zklfk jryhuqv

wkh urwdwlrq ri prphqwxp lq wkh krul}rqwdo sodqh1 Li wkh ixoo Frulrolv irufh lv

lqfoxghg +Frulrolv h{fkdqjhv ehwzhhq wkh yhuwlfdo dqg krul}rqwdo yhorflwlhv,/ wkh

dssursuldwh whupv lqyroyh wkh vdph pxowlsoh ri wkh rwkhu wzr frpsrqhqwv ri wklv

yhfwru1 Wr hydoxdwh wkhvh frpsrqhqwv/ xvh
FDOO FSRO[\ +SDUPDS/ [/\/ HQ[/ HQ\/HQ],

ru FDOO FSROOO +SDUPDS/ [ODW/[ORQJ/ HQ[/ HQ\/HQ],1
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Hlwkhu vxeurxwlqh uhwxuqv/ dv HQ[/ HQ\ dqg HQ]/ wkh frpsrqhqwv ri wkh

xqlw Qruwk Srodu yhfwru lq wkh {0/ |0 dqg }0 gluhfwlrqv/ uhvshfwlyho|1

D Nt�?} |�i � UL_i �iht�L?

F vrxufh frgh lv dovr dydlodeoh1 Wkh v|qwd{ lv yluwxdoo| lghqwlfdo wr wkh IRU0

WUDQ yhuvlrq/ zlwk wkh iroorzlqj odqjxdjh0uhodwhg yduldwlrqv=

Surwrw|shv dqg w|sh gh�qlwlrqv duh frqwdlqhg lq wkh fpdsi1k khdghu �oh/

zklfk vkrxog eh &lqfoxghg lq dq| surjudp=

&lqfoxgh ccfpdsi1kcc

Vwrudjh iru wkh pds sdudphwhu eorfn pxvw eh uhvhuyhg e| d ghfodudwlrq

vwdwhphqw xvlqj w|shghi pdsdudp +gh�qhg lq fpdsi1k,=

pdsdudp sdupds>

Wkh ixqfwlrq dqg vxeurxwlqh qdphv dqg sdudphwhuv ri wkh IRUWUDQ yhu0

vlrq duh uhsolfdwhg lghqwlfdoo| lq w|sh dqg phdqlqj/ h{fhsw wkdw wkh pds sd0

udphwhu eorfnv/ dqg dq| sdudphwhuv zklfk duh wr eh uhwxuqhg/ duh sdvvhg e|

uhihuhqfh +), udwkhu wkdq e| ydoxh1 Iru h{dpsoh/ lq

f{|5oo+) sdupds/ {/|/ ) odwlw/ ) orqjlw,>

{ dqg | duh sdvvhg e| ydoxh/ exw sdupds/ odwlw dqg orqjlw duh sdvvhg e|

uhihuhqfh1

Wkh F frxqwhusduw ri d IRUWUDQ VXEURXWLQH lv d ixqfwlrq uhwxuqlqj

yrlg/ exw wkh F frxqwhusduw ri d IRUWUDQ ixqfwlrq lv d ixqfwlrq ri wkh vdph

w|sh1

Iru uhdvrqv ri frglqj frqyhqlhqfh/ doo sdudphwhuv dqg qrq0yrlg ixqfwlrqv lq

wkh F yhuvlrq ri FPDSI duh ri w|sh _grxeoh_ dv vshfl�hg lq wkh surwrw|shv lq

wkh fpdsi1k khdghu �oh1 Wkhuh lv olwwoh sudfwlfdo lpsdfw lq wklv fkrlfh= vlqjoh

suhflvlrq zrxog eh txlwh dghtxdwh iru phwhrurorjlfdo prgholqj vlqfh judqxodulw|

ri vlqjoh suhflvlrq odwlwxgh dqg orqjlwxgh frruglqdwhv dprxqwv rq prvw pdfklqhv

wr 508 phwhuv lq jurxqg srvlwlrq1

S +iuihi?Uit

Gh|/ F1K1 4<<9/ R�fh Qrwh 6;; +JULE, Wkh ZPR Irupdw iru wkh Vwrudjh

ri Zhdwkhu Surgxfw Lqirupdwlrq dqg wkh H{fkdqjh ri Zhdwkhu Surgxfw

Phvvdjhv lq Julgghg Elqdu| Irup= Qdwlrqdo Fhqwhuv iru Hqylurqphqwdo

Suhglfwlrq/ Vxlwodqg/ PG/ ;5 s1

Kdowlqhu/ J1M1 dqg Zlooldpv/ U1W1/ 4<;3/ Qxphulfdo Suhglfwlrq dqg G|qdplf

Phwhrurorj|/ 5qg hg1= Zloh|/ Qhz \run/ 7:: s1

PfFrqqhoo/ D1M1/ 4<8:/ Dssolfdwlrqv ri Whqvru Dqdo|vlv= Gryhu/ Qhz \run/

64; s1
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Plggohwrq0Olqn/ D1/ 4<<6/ QFDU Judsklfv Frqwrxulqj dqg Pdsslqj Wxwruldo=

Qdwlrqdo Fhqwhu iru Dwprvskhulf Uhvhdufk/ Erxoghu/ Frorudgr/ 75< s1

Ulfkdugxv/ S1 dqg Dgohu/ U1N1/ 4<:5/ Pds Surmhfwlrqv Iru Jhrghvlvwv/ Fduwrj0

udskhuv dqg Jhrjudskhuv= Qruwk0Kroodqg Dphulfdq Hovhylhu/ Qhz \run/

4:7 s1

Vwdfnsroh/ M1G1/ 4<;;/ Z6IE39/ Z6IE3:/ Z6IE3;/ Z6IE3</ Z6IE44/

Z6IE45/ vxeurxwlqhv dydlodeoh e| dqrq|prxv iws iurp XUO

iws=22qlf1ie71qrdd1jry2sxe2qzv2qpf2frghv2lmoo21

X1V1 Qdydo Zhdwkhu Vhuylfh Frppdqg/ 4<;</ Phwhrurorjlfdo Vwdwlrq Uhsruw/

Ghvfulswlrq dqg Lqvwuxphqwdwlrq/ XVDS Vrxwk Sroh Vwdwlrq/ Dqqxdo Uh0

sruw 424;2;<= Iohhw Qxphulfdo Phwhrurorj| dqg Rfhdqrjudsk| Ghwdfk0

phqw/ Dvkhylooh/ Qruwk Fdurolqd/ 5s1

Zruog Phwhrurorjlfdo Rujdql}dwlrq/ 4<;;/ Sxeolfdwlrq Qr1 639/ Pdqxdo rq

Frghv/ Yro1 4/ Sduw D= Vhfuhwduldw ri wkh ZPR/ Jhqhyd/ Vzlw}huodqg/

8<; s1

� ,^�@|�L?t Lu |�i �L?uLh4@* Ah@?tuLh4

Zh suhvhqw khuh d eulhi ryhuylhz ri wkh pdwkhpdwlfdo edvlv ri wkh FPDSI vxe0

urxwlqhv1 D pruh frpsohwh dqg ghwdlohg glvfxvvlrq ri wkh pdwkhpdwlfv ri pds

wudqvirupdwlrqv/ lqfoxglqj wkh h�hfwv ri wkh qrq0vskhulfdo Hduwk/ qrq0srodu pds

rulhqwdwlrqv/ dqg qrq0frqirupdo surmhfwlrqv/ fdq eh irxqg/ h1j1 lq Ulfkdugxv )

Dgohu +4<:5,1

D frqirupdo wudqvirup lv d pdsslqj iurp srlqwv rq wkh joreh wr srlqwv rq

d sodqh lq zklfk wkh vfdoh dw dq| srlqw lv lvrwurslf1 Dv vkrzq lq Iljxuhv 4 dqg

5/ d flufoh ri odwlwxgh dw odwlwxgh !/ zlwk d flufxpihuhqfh ri 5�d frv +!, +zkhuh

d lv wkh udglxv ri wkh Hduwk,/ lv pdsshg lqwr dq duf ri udglxv � +!,/ vd|/ zlwk d

ohqjwk ri 5���1 Wkhq wkh vfdoh lq wkh Hdvw0Zhvw gluhfwlrq lv

�H @
��

d frv +!,
1

Lq wkh Qruwk0Vrxwk gluhfwlrq/ wkh vfdoh lv

�Q @
4

d

C�

C!

1

Htxdwlqj wkh wzr vfdohv/ zh vhh wkdw �/ dv d ixqfwlrq ri odwlwxgh !/ lv jlyhq e|

wkh vroxwlrq ri
4

��

C�

C!

@
4

frv +!,

4:



Li zh gh�qh wkh Phufdwru frruglqdwh |p dv

|p +!, @

]
g!

frv +!,
@

4

5
oq

�
4 . vlq +!,

4� vlq +!,

�
/ +<,

zh kdyh

� +!, @
h{s +��|p,

�

+43,

fkrrvlqj wkh duelwudu| frqvwdqw vr wkdw wkh vfdoh dw wkh htxdwru zloo dozd|v eh

4@d1

Wkh vfdoh � / htxdo wr erwk �Q dqg �H / lv jlyhq e|

� +!, @
h{s +��|p,

d frv +!,
/ +44,

dqg wkh julgvl}h/ dv zh kdyh gh�qhg lw/ lv mxvw � @ 4@� 1

Zkhq d Odpehuw Frqirupdo surmhfwlrq lv vshfl�hg zlwk wzr uhihuhqfh odwl0

wxghv !4 dqg !5/ zh pxvw fkrrvh � dv wkh vroxwlrq ri � +!4, @ � +!5,/ ru

� @
oq +frv +!4,, � oq +frv +!5,,

|p +!5, � |p +!4,

@
oq
�
4�vlq+!4,

4�vlq+!5,

�
. oq

�
4.vlq+!4,

4.vlq+!5,

�

oq
�
4�vlq+!4,

4�vlq+!5,

�
� oq

�
4.vlq+!4,

4.vlq+!5,

� +45,

Wkh orjdulwkplf judglhqw ri wkh julgvl}h/ l1h1 wkh fxuydwxuh lqgxfhg rq jhrghvlfv

e| wkh pds wudqvirup/ lv jlyhq e|

�
4

d�

g�

g!

@
�

d

g|p

g!

@
� � vlq +!,

d frv +!,
+46,

dqg lv }hur zkhq vlq +!, @ � 1 Wklv odwlwxgh lv dovr wkh odwlwxgh dw zklfk wkh

frqh ri wkh surmhfwlrq/ �wwhg ryhu wkh joreh/ zrxog eh wdqjhqw wr wkh joreh +fi1

Iljxuh 41,

Wkh �uvw vwhs lq wkh wudqvirup iurp jhrjudsklf frruglqdwhv wr jhqhudo julg

frruglqdwhv lv wr pds lqwr Fduwhvldq frruglqdwhv ri d vwdqgdug/ ru fdqrqlfdo

w|sh +Iljxuh ;,1 Ohw � dqg � eh Fduwhvldq Frruglqdwhv1 Ohw �3 eh wkh uhihuhqfh

orqjlwxgh gh�qhg deryh1 Zh gh�qh rxu vwdqgdug uhsuhvhqwdwlrq lq wkh iroorzlqj

zd|= Wkh srlqw rq wkh htxdwru dw orqjlwxgh �3 pdsv lqwr wkh ruljlq ri wkh �> �

sodqh/ dqg wkh �3 phulgldq olhv dorqj wkh � d{lv/ zlwk ! lqfuhdvlqj lq wkh srvlwlyh

� gluhfwlrq1 Wklv lpsolhv wkh iroorzlqj frruglqdwh wudqvirupdwlrq=

� @
4� h{s +��|p, frv � +�� �3,

�

� @ h{s +��|p,
vlq � +� � �3,

�

+47,

4;



Iljxuh ;= Fdqrqlfdo Frruglqdwh v|vwhp iru Frqirupdo Pdsv

4<



dqg wkh lqyhuvh wudqvirupdwlrq=

|p @ �
4

5�
oq
k
+4� ��,

5
. +��,

5
l

� @ �3 .
4

�

wdq�4

�
��

4� ��

�
1 +48,

Ohwwlqj |p jr wr 	4 vkrzv wkdw rqh ri wkh srohv lv orfdwhg dw wkh srlqw

+�> �, @ +3>4@�,1 Zkhq � A 3/ wklv srlqw lv wkh Qruwk Sroh/ exw zkhq � ? 3/

lw lv wkh Vrxwk Sroh1 Wkh rwkhu Sroh grhv qrw pds lqwr d �qlwh srlqw lq wkh

+�> �, sodqh1 Ohwwlqj � whqg wr }hur +wkh wdqjhqw odwlwxgh whqgv wr wkh htxdwru/

uhvxowlqj lq d Phufdwru surmhfwlrq,/ wkh +�> �, frruglqdwhv whqg wr +�� �3> |p,/

l1h1 wkh � frruglqdwh lv wkh Phufdwru frruglqdwh gh�qhg deryh/ zkloh wkh �

frruglqdwh lv orqjlwxgh lq udgldqv/ dqg qhlwkhu Sroh pdsv lqwr d �qlwh srlqw lq

wkh +�> �, sodqh1

Wr frpsohwh wkh wudqvirupdwlrq wr wkh julg/ zh pdnh d jhqhudo ruwkrjrqdo

olqhdu wudqvirupdwlrq iurp +�> �, wr +{> |,1 Wkh jhqhudo irup iru vxfk d wudqv0

irupdwlrq lv

{ @ {3 .
d

J3

+f4� . f5�,

| @ |3 .
d

J3

+f4� � f5�, +49,

zkhuh J3 lv wkh julgvl}h dw wkh htxdwru/ {3 dqg |3 duh wkh julg frruglqdwhv ri wkh

ruljlq ri wkh +�> �, v|vwhp/ dqg +f4> f5, duh wkh frruglqdwhv lq wkh +�> �, sodqh

ri wkh xqlw yhfwru lq wkh {0 gluhfwlrq ri wkh julg1

Wkh lqyhuvh wudqvirupdwlrq lv

� @
J3

d

^f4 +{� {3,� f5 +| � |3,`

� @
J3

d

^f4 +| � |3, . f5 +{� {3,` +4:,

dqg wkh julgvl}h ri wkh frpelqhg wudqvirupdwlrq lv jlyhq e| J3 @ +d�+!,,1

Wr ghvfuleh frpsohwho| d jlyhq julg/ zh qhhg wr nqrz wkh vhyhq whupv �/ �3/

J3/ {3/ |3/ f4/ dqg f51 Wkh �uvw wzr duh surylghg e| wkh lqlwldo fdoo wr VWOPEU1

Wr �qg wkh uhpdlqlqj whupv iurp wkh lqirupdwlrq surylghg wr VWFP5S/ ohw

+�d> �d, dqg +�e> �e, eh wkh �> � frruglqdwhv ri wzr glvwlqfw srlqwv/ zkloh +{d> |d,

dqg +{e> |e, duh wkh {> | frruglqdwhv ri wkh vdph wzr srlqwv1 Wkhq zh pdnh wkh

iroorzlqj fdofxodwlrqv lq wkh rughu olvwhg=

g{ @

t
+{d � {e,

5
. +|d � |e,

5

g� @

t
+�d � �e,

5
. +�d � �e,

5

J3 @
dg{

g�
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f4 @
+{d � {e, +�d � �e, . +|d � |e, +�d � �e,

g{g�

f5 @
+{d � {e, +�d � �e, � +|d � |e, +�d � �e,

g{g�

{3 @ {d �
+f4�d . f5�d, g{

g�

|3 @ |d �
+f4�d � f5�d, g{

g�

+4;,

Xvlqj lqvwhdg wkh lqirupdwlrq surylghg wr VWFP4S/ ohw !J eh wkh odwlwxgh

dw zklfk wkh julg vkrxog kdyh vl}h J/ dqg ohw & eh wkh +forfnzlvh/ ru frpsdvv,

dqjoh wkh |0 d{lv pdnhv zlwk wkh uhihuhqfh phulgldq �31 Wkhq zh pdnh wkh

iroorzlqj fdofxodwlrqv=

J3 @ Jd� +!3,

f4 @ frv +&,

f5 @ vlq +&,

{3 @ {d �
d

J3

+f4�d . f5�d,

|3 @ |d �
d

J3

+f4�d � f5�d, +4<,

dqg rewdlq doo lqirupdwlrq qhhghg wr gh�qh wklv sduwlfxodu prghohu*v julg1

Wr frqyhuw zlqg frpsrqhqwv iurp Phwhrurorjlfdo +Qruwk0 dqg Hdvw0, wr

Julg0edvhg +{� dqg |� gluhfwlrq,/ doo wkdw lv qhhghg lv wkh Julg0edvhg frpsr0

qhqwv +Q{>Q|, ri wkh xqlw yhfwru lq wkh Qruwk0 gluhfwlrq1 Wkhq/ li +xj> yj, duh

wkh julg edvhg frpsrqhqwv/ zkloh +xH > yQ , duh wkh Phwhrurorjlfdo frpsrqhqwv/

zh kdyh

xH @ Q|xj �Q{yj

yQ @ Q{xj .Q|yj

dqg wkh lqyhuvh uhodwlrqvkls

xj @ Q|xH .Q{yQ

yj @ �Q{xH .Q|yQ

Wr rewdlq wkh Qruwk yhfwru frpsrqhqwv/ dw d orfdwlrq jlyhq e| julg frru0

glqdwhv +{/ |,/ zh qrwh wkdw wkh Sroh lv orfdwhg dw wkh srlqw +�> �, @ +3> 4@�,1

Frqyhuwlqj wr +{0/ |0, frruglqdwhv/ shuiruplqj d yhfwru vxewudfwlrq dqg pxowl0

so|lqj e| / zh �qg

Q{ @ f5 � �

J3

d

+{� {3,

Q| @ f4 � �

J3

d

+| � |3, +53,
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lv sursruwlrqdo wr wkh ghvluhg yhfwru> wr qrupdol}h/ zh glylgh e|
�
Q

5
{ .Q

5
|

�4@5
1

Qrwh wkdw/ iru � ? 3/ wkh pxowlsolfdwlrq e| � uhyhuvhv wkh gluhfwlrq ri wkh

yhfwru/ gluhfwlqj lw iurp sroh wr srlqw lqvwhdg ri srlqw wr sroh1 Vlqfh wkh sroh lv

qrz wkh Vrxwk sroh/ wkh uhvxowdqw yhfwru lv vwloo gluhfwhg Qruwk1

Jlyhq wkh orfdwlrq lq odwlwxgh dqg orqjlwxgh frruglqdwhv/ udwkhu wkdq +{> |,

frruglqdwhv/ lw lv qrw qhfhvvdu| wr frpsxwh wkh orfdwlrq lq +{> |, ru +�> �, frru0

glqdwhv1 Wkh phulgldq lv lqfolqhg dw dq dqjoh � +�� �3, frxqwhu0forfnzlvh wr

wkh d{lv1 Wkh qrupdol}hg +Q{> Q|, frruglqdwhv duh wkhq

Q{ @ �f4 vlq +� � �3, . f5 frv +� � �3,

Q| @ f4 frv +�� �3, . f5 vlq +�� �3, +54,

� �i�@��Lh @| |�i �L*i

Dv qrwhg lq Dsshqgl{ D/ wkh sroh lv orfdwhg/ lq +�> �, frruglqdwhv/ dw +3> 4@�,/

zkhuh wkh Qruwk Sroh lv phdqw iru � A 3/ wkh Vrxwk Sroh iru � ? 31 Wkh rwkhu

sroh/ dqg erwk srohv lq wkh Phufdwru fdvh +� @ 3,/ lv qrw dw dq| �qlwh orfdwlrq1

Rq wudqvirupdwlrq wr prgho julg frruglqdwhv/ wkh sroh lv vwloo sodfhg dw vrph

�qlwh orfdwlrq1

Krzhyhu/ h{fhsw iru wkh Srodu Vwhuhrjudsklf fdvhv/ � @ 	 4/ lw pdnhv

olwwoh vhqvh wr lqfoxgh wkh sroh lq wkh duhd ehlqj prghohg1 Lq wkh �uvw sodfh/ wkh

julgvl}h dw wkh sroh lv }hur h{fhsw iru wkh Srodu Vwhuhrjudsklf fdvhv1

Lqghhg/ zkhq �/ wkh qrq0glphqvlrqdo pds glvwdqfh iurp wkh sroh/ vdwlv�hv

� ?? m�m�4 ++4� �, +4 . �,,
�@5

/ � whqgv wr 3 olnh 5d +m��m,
4@m�m�4

dv � $ 31 Lq

wkh vdph uhjlrq/ wkh pdjqlwxgh ri wkh lqgxfhg fxuydwxuh yhfwru whqgv wr 4

olnh +4@ +5d,, +4� m�m, m��m�4@� dv � $ 311 Wkxv/ dv � $ 4 +l1h1 whqgv wr wkh

vwhuhrjudsklf fdvh,/ wkh udwh ri lqfuhdvh ri wkh fxuydwxuh yhfwru vwhhshqv/ zkloh

wkh uhjlrq lq zklfk wklv rffxuv vkulqnv wr d srlqw1

H{fhsw iru wkh Srodu Vwhuhrjudsklf fdvh/ zlqg gluhfwlrqv fdqqrw eh gh�qhg

dw wkh sroh1 E| wdnlqj d vhtxhqfh ri jhrghvlfv dssurdfklqj wkh sroh +fi1 Iljxuh

9,/ lw lv fohdu wkdw wkh olplwlqj jhrghvlf wkurxjk wkh sroh ehqgv wkurxjk dq dqjoh

ri 5� +4� �, udgldqv dv lw sdvvhv wkurxjk wkh sroh1 Wkxv/ xqohvv � @ 4/ wkh

gluhfwlrq ri wkdw jhrghvlf dw wkh sroh lv xqgh�qhg1

Lq wkh h{fhswlrqdo fdvh ri wkh Srodu Vwhuhrjudsklf surmhfwlrq/ lw lv srvvleoh/

dqg riwhq grqh/ wr lqfoxgh wkh Sroh lq wkh uhjlrq ehlqj prghohg1 Wkh julgvl}h

dw wkh Sroh lv wzlfh wkdw dw wkh htxdwru/ dqg wkh lqgxfhg fxuydwxuh yhfwru lv

}hur1 Wkhuh duh qr ehqgv lq wkh jhrghvlfv/ dqg lq wkh julg frruglqdwh v|vwhp/

yhfwru gluhfwlrqv duh zhoo gh�qhg1

Iru wklv surmhfwlrq/ wkh rqo| zd| lq zklfk wkh sroh lv wuhdwhg dv d vshfldo

fdvh lv wkh uhsruwlqj/ lq vwdqgdug phwhrurorjlfdo frruglqdwhv/ ri yhfwru txdqwl0

wlhv vxfk dv zlqg/ vlqfh frpsdvv gluhfwlrqv kdyh qr phdqlqj iru zlqgv wkhuh1

Lqwhuqdwlrqdo vwdqgdugv iru uhsruwlqj zlqg gluhfwlrq dw +ru zlwklq 4� ri, wkh

Qruwk Sroh duh jryhuqhg e| Frgh Wdeoh ;:; ri wkh ZPR Pdqxdo rq Frghv
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+ZPR 4<;;,1 Krzhyhu/ wkh Pdqxdo rq Frghv lv vlohqw rq vwdqgdugv iru wkh

Vrxwk Sroh1

Lq hvvhqfh/ wkh Qruwk Sroh frqyhqwlrq lv wr rulhqw d frpsdvv idfh vr wkdw

wkh 3� +ru Qruwk, lqgh{ lv doljqhg zlwk wkh sulph +3�, phulgldq1 Zlqgv duh

uhsruwhg dffruglqj wr wkdw frpsdvv idfh/ vr wkdw d zlqg eorzlqj iurp d jlyhq

phulgldq lv jlyhq d gluhfwlrq dffruglqj wr wkh orqjlwxgh ri wkdw phulgldq/ li d

zhvw orqjlwxgh/ ru 693� plqxv wkdw orqjlwxgh/ li hdvw1

Rqh zrxog h{shfw wkh Vrxwk Sroh wr eh wuhdwhg dqdorjrxvo|/ rulhqwlqj d

frpsdvv idfh zlwk wkh 3� +Qruwk, lqgh{ dorqj d vshfl�f phulgldq1 Wklv phulgldq

frxog eh +l, wkh sulph +3�, phulgldq/ +ll, wkh +4;3�H, phulgldq/ ru +lll, vrph

rwkhu phulgldq1 Revhuydwlrqv pdgh dw wkh Vrxwk Sroh Vwdwlrq kdyh ehhq pdgh

dffruglqj wr +l, +f1i1 +Qdydo Zhdwkhu Vhuylfh/ 4<;;/ Eorfn G,,1 Dqdo|vhv dqg

Iruhfdvwv lq wkh irup ri julgghg gdwd/ krzhyhu/ dv uhsruwhg lq julgghg elqdu|

+JULE, irup e| wkh Qdwlrqdo Zhdwkhu Vhuylfh/ dsshdu wr eh uhsruwhg dffruglqj

wr +ll, +Gh|/ 4<<9/ Vhfwlrq 4/ ss 45046,1 Dfwxdoo|/ wkh odwwhu uhihuhqfh frqwudglfwv

lwvhoi e| dvvhuwlqj erwk wkdw wkhlu sudfwlfh lv +l, dqg wkdw lw lv +ll,/ exw wkh

lpsohphqwdwlrq ghvfulehg/ wdnlqj wkh olplw dv wkh sroh lv dssurdfkhg dorqj wkh

4;3� phulgldq/ frqirupv zlwk +ll,1 Wkxv/ dw wkh Vrxwk Sroh/ julgghg gdwd zlqg

uhsruwv dqg revhuydwlrqv pd| eh urwdwhg 4;3� zlwk uhvshfw wr hdfk rwkhu1 Xvhuv

ri Vrxwk Sroh yhfwru gdwd pxvw h{huflvh fdxwlrq1

Lq rxu urxwlqhv/ zh dvvxph Phwhrurorjlfdo gdwd doljqhg dffruglqj wr +l,1

Krzhyhu doljqhg/ Phwhrurorjlfdo yhfwru frpsrqhqwv duh rewdlqhg iurp d uljkw

kdqg vhw ri {�| d{hv rulhqwhg zlwk wkh srvlwlyh |0d{lv lq wkh _Qruwk_ gluhfwlrq

ri wkh frpsdvv idfh/ dqg yhfwru frpsrqhqwv duh uhsruwhg dffruglqj wr wkhvh

d{hv/ l1h1 XH @ �X vlq +g,/ YQ @ �X frv +g,/ zkhuh X lv wkh pdjqlwxgh ri wkh

zlqg dqg g lv wkh gluhfwlrq gh�qhg deryh1

� 5N�+�NAW�, 5�44@h)

Lqlwldol}dwlrq fdoov wr hvwdeolvk d sduwlfxodu surmhfwlrq irup=

VXEURXWLQH VWOPEU +SDUPDS/WQJODW/UHIORQ,

UHDO IXQFWLRQ HTYODW +UHIOW4/ UHIOW5,

Lqlwldol}dwlrq fdoov wr hvwdeolvk d sduwlfxodu vfdoh dqg rulhqwdwlrq=

VXEURXWLQH VWFP5S +SDUPDS/ [4/\4/ [ODW4/[ORQ4/

F [5/\5/ [ODW5/[ORQ5,

VXEURXWLQH VWFP4S +SDUPDS/ [4/\4/ [ODW4/[ORQ4/

F JODW/JORQJ/ JV]/ RULHQW,

Frruglqdwh wudqvirupdwlrq fdoov=
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VXEURXWLQH F[\5OO +SDUPDS/ [/\/ [ODW/[ORQJ,

VXEURXWLQH FOO5[\ +SDUPDS/ [ODW/[ORQJ/ [/\,

Yhfwru zlqg wudqvirupdwlrq fdoov=

VXEURXWLQH FF5J[\ +SDUPDS/ [/\/ XH/YQ/ XJ/YJ,

VXEURXWLQH FF5JOO +SDUPDS/ [ODW/[ORQJ/ XH/YQ/ XJ/YJ,

VXEURXWLQH FJ5F[\ +SDUPDS/ [/\/ XJ/YJ/ XH/YQ,

VXEURXWLQH FJ5FOO +SDUPDS/ [ODW/[ORQJ/ XJ/YJ/ XH/YQ,

Julgvl}h hydoxdwlrq=

UHDO IXQFWLRQ FJV][\ +SDUPDS/ [/\,

UHDO IXQFWLRQ FJV]OO +SDUPDS/ [ODW/[ORQJ,

Fxuydwxuh yhfwru hydoxdwlrqv=

VXEURXWLQH FFUY[\ +SDUPDS/ [/\/ J[/ J\,

VXEURXWLQH FFUYOO +SDUPDS/ [ODW/[ORQJ/ J[/ J\,

Qruwk Srodu Yhfwru hydoxdwlrqv=

VXEURXWLQH FSRO[\ +SDUPDS/ [/\/ HQ[/ HQ\/HQ],

VXEURXWLQH FSROOO +SDUPDS/ [ODW/[ORQJ/ HQ[/ HQ\/HQ],

��� �@h@4i|iht �ti_G

UHDO SDUPDS+<, 0 d <0zrug duud| kroglqj sdudphwhuv fkdudfwhul}lqj d sdu0

wlfxodu pds1 Pxvw eh lqlwldol}hg e| d fdoo wr VWOPEU/ iroorzhg e| d fdoo

hlwkhu wr VWFP5S ru VWFP4S1

UHDO WQJODW 0 wdqjhqw odwlwxgh 0 wkh odwlwxgh dw zklfk wkh surmhfwlrq frqh

lv wdqjhqw wr wkh hduwk1

UHDO UHIORQ 0 wkh orqjlwxgh ixuwkhvw iurp wkh fxw lq wkh pds od|rxw1

UHDO UHIOW4/UHIOW5 0 uhihuhqfh odwlwxghv dv qrupdoo| jlyhq lq wkh ohjhqg

iru Odpehuw Frqirupdo pdsv1 HTYODW zloo uhwxuq wkh htxlydohqw wdqjhqw

odwlwxgh1

UHDO [4/\4/ [5/\5 0 {/| frruglqdwhv ri dqfkru srlqwv zklfk hvwdeolvk d

sduwlfxodu vfdoh dqg urwdwlrq1

UHDO [ODW4/[ORQ4/ [ODW5/[ORQ5 0 odwlwxgh/orqjlwxgh frruglqdwhv ri dq0

fkru srlqwv zklfk hvwdeolvk d sduwlfxodu vfdoh dqg rulhqwdwlrq1
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UHDO JV]/JODW 0 Julgvl}h lq np dqg wkh odwlwxgh dw zklfk wkh vfdohg pds

lv wr dwwdlq wkdw julgvl}h1

UHDO JORQJ/RULHQW 0 orqjlwxgh ri nh| phulgldq wr rulhqw pds/ dqg wkh

dqjoh ehwzhhq lw dqg wkh |0d{lv1

UHDO [/\ 0 {/| frruglqdwhv ri d jhqhulf orfdwlrq rq wkh pds1

UHDO [ODW/[ORQJ 0 odwlwxgh/orqjlwxgh frruglqdwhv ri d jhqhulf srlqw rq

wkh joreh1

UHDO XH/YQ 0 zlqg yhfwru frpsrqhqwv lq wkh Hdvw0 dqg Qruwk0 gluhfwlrqv

+Frpsdvv frpsrqhqwv,1

UHDO XJ/YJ 0 zlqg yhfwru frpsrqhqwv lq wkh {0 dqg |0 gluhfwlrqv +Julg

frpsrqhqwv,1

UHDO J[/J\ 0 wkh jhrghvlf fxuydwxuh yhfwru1 Xvhg wr ghwhuplqh udwhv ri

fkdqjh lq gluhfwlrq shu xqlw glvwdqfh1 Vhh wh{w1

UHDO HQ[/HQ\/HQ] 0 gluhfwlrq frvlqhv ri wkh Qruwk Srodu d{lv1 HQ[/HQ\

irup d frqyhqlhqw orfdwru ri Wuxh Qruwk lq julg frpsrqhqwv/ zkloh HQ]

pxowlsolhg e| 5 @ 7�@56=<6k |lhogv wkh orfdo Frulrolv idfwru1
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