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. = data not available 
* = provisional figure 
x = publication prohibited (confidential figure) 
– = nil or less than half of unit concerned 
– = (between two figures) inclusive 
0 (0,0) = less than half of unit concerned 
blank = not applicable 
2003–2004 = 2003 to 2004 inclusive 
2003/2004 = average of 2003 up to and including 2004 
2003/’04 = crop year, financial year, school year etc. beginning in 2003 and ending in 2004 
 
Due to rounding, some totals may not correspond with the sum of the separate figures. 
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D vlpxodwlrq vwxg| ri uhshdwhg zhljkwlqj hvwlpdwlrq

D vlpxodwlrq vwxg| lv fduulhg rxw wr lqyhvwljdwh wkh shuirupdqfh ri uhshdwhg zhljkwlqj hvwl0

pdwruv dqg fruuhvsrqglqj yduldqfh hvwlpdwruv1 Wkh vwxg| frqfhuqv wzr wkuhh0zd| iuhtxhqf|

wdeohv iru d srsxodwlrq ri shuvrqv wr eh hvwlpdwhg iurp d vdpsoh pdwfkhg wr d uhjlvwhu1 Uh0

shdwhg zhljkwlqj hvwlpdwhv duh jhqhudo uhjuhvvlrq hvwlpdwhv dgmxvwhg wr fhuwdlq pdujlqdo wrwdov

lq rughu wr dfklhyh qxphulfdo frqvlvwhqf|/ lq wklv fdvh zlwk uhjlvwhu frxqwv1 Iru wkh sduwlfxodu

iuhtxhqf| wdeohv vwxglhg/ uhshdwhg zhljkwlqj dqg fruuhvsrqglqj yduldqfh hvwlpdwlrq shuirup

zhoo1 Hyhq iru prghudwho| vpdoo vdpsohv/ phdq vtxduhg huuruv duh frpsdudeoh wr wkrvh iru

wkh jhqhudo uhjuhvvlrq hvwlpdwru wkdw vhuyhv dv vwduwlqj srlqw iru wkh uhshdwhg zhljkwlqj hv0

wlpdwru1 Iru wkh vhfrqg iuhtxhqf| wdeoh vlpxodwhg/ d vlpsol�hg yduldqfh hvwlpdwru iru wkh

uhshdwhg zhljkwlqj hvwlpdwru lv frpsxwhg/ zklfk shuirupv qhduo| dv zhoo dv wkh ruljlqdo uh0

shdwhg zhljkwlqj yduldqfh hvwlpdwru1

Nh|zrugv= Frqvlvwhqf|/ Jhqhudo uhjuhvvlrq hvwlpdwru/ Uhshdwhg zhljkwlqj/ Vlpxodwlrq/ Ydul0

dqfh hvwlpdwlrq

4 Lqwurgxfwlrq

Zhljkwlqj lv d whfkqltxh riwhq xvhg e| vwdwlvwlfdo r!fhv wr uhgxfh qrq0uhvsrqvh eldv dqg vdpsolqj

huuru lq vdpsoh vxuyh|v1 Zhljkwlqj xvxdoo| hpsor|v srsxodwlrq lqirupdwlrq dydlodeoh iurp d

uhjlvwhu wr dffrpsolvk wklv1 Krzhyhu/ lw lv d zhoo0nqrzq sureohp wkdw wkh dprxqw ri vxfk

lqirupdwlrq wkdw fdq eh hpsor|hg lq d vlqjoh zhljkwlqj vfkhph lv olplwhg wr dq h{whqw ghshqghqw

rq wkh vdpsoh vl}h1 Xvlqj wrr pxfk dx{loldu| lqirupdwlrq uhvxowv lq xqvwdeoh hvwlpdwhv gxh wr

wkh odujh qxpehu ri uhjuhvvlrq frh!flhqwv wkdw kdyh wr eh hvwlpdwhg iurp wkh vdpsoh gdwd dw

kdqg1

Wkh sureohp mxvw vnhwfkhg lv hqfrxqwhuhg zkhq rqh dwwhpswv wr hvwlpdwh d odujh vhw ri wdeohv

iurp vhyhudo gdwd vrxufhv lq vxfk d zd| wkdw doo hvwlpdwhv duh pxwxdoo| frqvlvwhqw/ l1h1 vxfk wkdw

frpprq pdujlqv ri dq| wzr hvwlpdwhg wdeohv duh shuihfwo| htxdo1 Lq rughu wr rewdlq frqvlvwhqw

hvwlpdwhv/ d surfhgxuh ri uhshdwhg zhljkwlqj zdv lqwurgxfhg lq Uhqvvhq hw do1 +5334,1 Wkhuh

lw lv sursrvhg wr �uvw zhljkw wkh vdpsoh xvlqj dq ryhudoo zhljkwlqj vfkhph dqg wkhq yhuli| iru

hdfk sduwlfxodu wdujhw wdeoh wr eh hvwlpdwhg zkhwkhu lw lv frqvlvwhqw zlwk doo uhjlvwhu frxqwv dqg

suhylrxvo| hvwlpdwhg wdeohv1 Li lw lv qrw/ d vhfrqg zhljkwlqj ru dgmxvwphqw vwhs lv shuiruphg

zklfk fruuhfwv wklv1 Wkh ryhudoo zhljkwlqj vfkhph vhuyhv wkh sxusrvh ri qrq0uhvsrqvh eldv dqg

vdpsolqj yduldqfh uhgxfwlrq/ dqg xvlqj wkh uhvxowlqj zhljkwv vrph vxevhw ri wdeohv fdq xvxdoo|

douhdg| eh hvwlpdwhg frqvlvwhqwo|1 Uh0zhljkwlqj zkhuh qhfhvvdu|/ rqh rewdlqv frqvlvwhqf| ri wkh

frpsohwh vhw ri hvwlpdwhg wdeohv1

Uhshdwhg zhljkwlqj surfhgxuhv dqg yduldqfh hvwlpdwlrq iru wkh fruuhvsrqglqj hvwlpdwruv

kdyh ehhq ixuwkhu glvfxvvhg lq Krxelhuv hw do1 +5336, dqg Errqvwud hw do1 +5336,1 Khuh zh

frqwlqxh wkh glvfxvvlrq ri wkh odwwhu sdshu e| fduu|lqj rxw d vlpxodwlrq vwxg| wr lqyhvwljdwh

wkh shuirupdqfh ri wkh uhshdwhg zhljkwlqj hvwlpdwruv dqg wkhlu yduldqfh hvwlpdwruv1 Zh irfxv

dwwhqwlrq rq wkh fdvh zkhuh frqvlvwhqf| pxvw eh rewdlqhg iru hvwlpdwhv edvhg rq d vlqjoh vxuyh|

pdwfkhg wr d shuihfw uhjlvwhu1

Hvwlpdwhv dqg yduldqfh hvwlpdwhv iru wzr wkuhh0zd| iuhtxhqf| wdeohv duh vlpxodwhg xqghu
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vlpsoh udqgrp vdpsolqj iru vdpsoh vl}hv q @ 833 dqg q @ 83331 Zh xvh wzr vdpsoh vl}hv lq rxu

vlpxodwlrqv vlqfh uhshdwhg zhljkwlqj hvwlpdwruv/ dv zhoo dv fruuhvsrqglqj yduldqfh hvwlpdwruv/

duh olnho| wr eh pruh yxoqhudeoh wr vpdoohu vdpsohv1 Wklv h{shfwdwlrq lv edvhg rq wkh idfw wkdw

uhshdwhg zhljkwlqj hvwlpdwhv xvxdoo| lqyroyh pdq| hvwlpdwhg uhjuhvvlrq frh!flhqwv dqg srvvleo|

dovr hvwlpdwhg srsxodwlrq wrwdov1 Iru uhihuhqfh/ zh dovr vlpxodwh gluhfw hvwlpdwhv dqg jhqhudo

uhjuhvvlrq hvwlpdwhv edvhg rq wkh ryhudoo zhljkwlqj vfkhph1

Wkh h{dpsohv vwxglhg duh vrphzkdw frqwulyhg lq wkh vhqvh wkdw/ dw ohdvw iru q @ 8333/ erwk

ryhudoo zhljkwlqj vfkhph dqg uhshdwhg zhljkwlqj vfkhph frxog kdyh ehhq dssolhg vlpxowdqhrxvo|

xvlqj d vlqjoh zhljkwlqj vfkhph/ suhvxpdeo| jlylqj ehwwhu uhvxowv1 Krzhyhu/ zh vkrxog nhhs lq

plqg wkdw uhshdwhg zhljkwlqj lv holjleoh iru sudfwlfdo vlwxdwlrqv zkhuh wkhuh duh pdq| wdeohv wr

eh hvwlpdwhg/ srvvleo| qrw doo nqrzq lq dgydqfh/ dqg lq zklfk frqvlvwhqf| ehwzhhq uhjlvwhuv dqg

vxuyh|v fdqqrw ruglqdulo| eh lpsrvhg e| d vlqjoh zhljkwlqj vfkhph shu vxuyh|1

Wkh qh{w vhfwlrq ghvfulehv wkh vlpxodwlrq vhwxs1 Vhfwlrqv 6 dqg 7 ghvfuleh wkh vlpxodwlrqv

fduulhg rxw rq wzr gl�huhqw wdujhw wdeohv1 Vhfwlrq 8 frqwdlqv frqfoxvlrqv1 Wdeohv ri vlpxodwlrq

uhvxowv duh froohfwhg lq Dsshqgl{ D1 Lq Dsshqgl{ E vrph dvshfwv ri wkh phwkrg ri frpsxwdwlrq

duh h{sodlqhg/ dqg Dsshqgl{ F olvwv vrph V0Soxv frgh xvhg iru wkh frpsxwdwlrq ri wkh uhshdwhg

zhljkwlqj hvwlpdwhv dqg wkhlu yduldqfh hvwlpdwhv1

5 Vlpxodwlrq vhwxs

Wkh srsxodwlrq xvhg lv edvhg rq gdwd ri wkh surylqfh Qrrug0Eudedqw wdnhq iurp wkh Gxwfk

svhxgr0xqlyhuvh fuhdwhg iru wkh GDFVHLV surmhfw/ vhh P qqlfk dqg Vfk uoh +5336,1 Lw frqvlvwv

ri Q @ 4;;549 shuvrqv1 Wkh iroorzlqj fkdudfwhulvwlfv ri wkhvh shuvrqv duh dydlodeoh=

41 PXQ = pxqlflsdolw| lq :3 fdwhjrulhv

51 PXQ43= pxqlflsdolw| lq 43 fdwhjrulhv

61 VH[= vh{ lq 5 fdwhjrulhv

71 DJH= djh lq 9 fdwhjrulhv

81 PVW = pdulwdo vwdwxv lq 6 fdwhjrulhv

91 HWKQ = hwkqlflw| lq 6 fdwhjrulhv

:1 HPSO= hpsor|phqw lq 6 fdwhjrulhv

Iru wkh vlpxodwlrqv/ HWKQ dqg HPSO duh frqvlghuhg wr eh wkh yduldeohv revhuyhg rqo| lq

wkh vdpsoh/ wkh uhpdlqlqj yduldeohv duh uhjlvwhu yduldeohv1 Uhjlvwhu yduldeohv dsshdu dv fodvvl�0

fdwlrq yduldeohv lq wkh wdujhw wdeohv1 Vrph ri wkhp duh dovr xvhg lq dq lqlwldo ryhudoo zhljkwlqj=

wkh ryhudoo zhljkwlqj vfkhph dgrswhg lv VH[ �PXQ43 .DJH1

Vlpsoh udqgrp vdpsohv ri vl}hv q @ 833 dqg q @ 8333 duh wdnhq iurp wklv srsxodwlrq1

Dyhudjhv iru srlqw hvwlpdwhv duh frpsxwhg iru 48333 vlpxodwlrq uxqv1 Iru 6333 ri wkh 48333

vlpxodwlrq uxqv vhyhudo yduldqfh hvwlpdwhv duh frpsxwhg dorqj zlwk wkh srlqw hvwlpdwhv1 Wkh

48333 vlpxodwlrq uxqv duh dovr xvhg wr rewdlq dq dssur{lpdwlrq wr wkh vdpsolqj yduldqfh iru
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wkhvh srlqw hvwlpdwhv1 Wkh yduldqfh dssur{lpdwlrqv wkxv rewdlqhg duh wkhq xvhg dv li wkh| zhuh

wkh wuxh yduldqfhv lq wkh frpsxwdwlrq ri eldv dqg phdq vtxduhg huuru iru wkh yduldqfh hvwlpdwruv1

Shuirupdqfh fulwhuld wkdw zh frpsxwhg duh uhodwlyh eldv +UE, dqg uhodwlyh urrw phdq vtxduhg

huuru +UUPVH,1 Iru wkh srlqw hvwlpdwhv wkhvh duh gh�qhg dv

UE+a�, @
a� � �

�
> UUPVH+a�, @

u

�

a� � �
�

�

�
> +4,

zkhuh d edu ghqrwhv wkh dyhudjh ryhu wkh vlpxodwlrq uxqv1 Iru wkh yduldqfh hvwlpdwhv UE dqg

UUPVH duh gh�qhg vlploduo| dv

UE+y+a�,, @
y+a�,� �+a�,

�+a�,
> UUPVH+y+a�,, @

u

�

y+a�,� �+a�,
�

�

�+a�,
> +5,

zkhuh y+a�, lv d yduldqfh hvwlpdwru iru a�/ dqg �+a�, lv lwv wuxh vdpsolqj yduldqfh1 Zh dovr jlyh

wkh fryhudjh F+a�> y+a�,, iru vhyhudo frpelqdwlrqv ri srlqw dqg yduldqfh hvwlpdwruv/ gh�qhg dv

wkh shufhqwdjhv ri vlpxodwhg lqwhuydov

�

a� � } ������� �
t

y+a�, > a� . } ������� �
t

y+a�,

�

frqwdlqlqj wkh wuxh

sdudphwhu �/ zkhuh } ������� � lv d vwdqgdug qrupdo txdqwloh/ zklfk zh wdnh dw � @ 3=381

Doo yduldeohv xvhg lq wkh vlpxodwlrq vwxg| duh fdwhjrulfdo1 Wklv phdqv wkdw zh rqo| vlpxodwh

wdeohv ri frxqwv1 Wkh uhvxowv duh uhsruwhg lq zkdw lq V0Soxv lv fdoohg wuhdwphqw frqwudvw sdudph0

wul}dwlrq= iurp hdfk fdwhjrulfdo yduldeoh wkh �uvw fdwhjru| lv glvfdughg dqg uhsodfhg e| wkh lqwhu0

fhsw/ l1h1 wkh yduldeoh wkdw wdnhv wkh ydoxh 4 iru hdfk srsxodwlrq xqlw1 Vr/ iru h{dpsoh/ wkh wdeoh

VH[�HPSO frqvlvwlqj ri wkh fhoov +VH[3.VH[4,+HPSO3.HPSO4.HPSO5, lv uhsdud0

phwul}hg lqwr wkh fhoov rewdlqhg e| h{sdqglqj wkh surgxfw +4.VH[4,+4.HPSO4.HPSO5,1

Wklv sdudphwul}dwlrq vhuyhv wzr sxusrvhv1 Iluvw/ lw dyrlgv uhgxqgdqf| lq wkh uh0zhljkwlqj

vfkhphv frqvlvwlqj ri wzr ru pruh zhljkwlqj whupv1 Vhfrqg/ lw doorzv hdv| lqvshfwlrq ri wkh

frqvlvwhqf| ri uhshdwhgo| zhljkwhg wdeohv1

6 Wdeoh 7.f ��C. � .AM�

Wkh �uvw vlpxodwlrq lv fduulhg rxw rq wkh wdujhw wdeoh ri frxqwv VH[ �DJH�HWKQ +deeuh0

yldwhg dv VDH,/ lq zklfk HWKQ lv frqvlghuhg dv wkh yduldeoh revhuyhg rqo| lq wkh vdpsoh/ dqg

wkh rwkhu yduldeohv duh uhjlvwhuhg iru wkh zkroh srsxodwlrq1 Wkh ryhudoo zhljkwlqj vfkhph xvhg

lv VH[ �PXQ43 .DJH1

Wkh gluhfw ru Kruylw}0Wkrpsvrq +KW, hvwlpdwru ri wkh yhfwru ri srsxodwlrq frxqwv w �
	�� lv

jlyhq e|

aw 
 ��	�� @
[

��� �
g � | � @ Q �| � > +6,

zkhuh | lv d yhfwru ri gxpp| yduldeohv uhsuhvhqwlqj wkh wdujhw wdeoh*v fhoov/ g � duh ghvljq zhljkwv
zklfk htxdo Q@q iru vlpsoh udqgrp vdpsolqj/ dqg �| � lv wkh vdpsoh phdq ri |1

Wkh KW hvwlpdwru vhuyhv dv vwduwlqj srlqw iru wkh jhqhudo uhjuhvvlrq hvwlpdwru zklfk xvhv

dq ryhudoo zhljkwlqj vfkhph wr lpsuryh rq lw1 Wkh jhqhudo uhjuhvvlrq hvwlpdwru fdq eh zulwwhq

dv d zhljkwhg vxp

aw � �
	�� @
[

��� �
z � | � +7,
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zlwk uhjuhvvlrq zhljkwv z � fdoleudwhg wr wkh nqrzq srsxodwlrq wrwdov ri wkh ryhudoo zhljkwlqj

vfkhph1

Wkh jhqhudo uhjuhvvlrq hvwlpdwru rq lwv wxuq lv wkh vwduwlqj srlqw iru wkh uhshdwhg zhljkwlqj

+UZ, hvwlpdwru/ zklfk dffruglqj wr wkh vsolwwlqj0xs surfhgxuh +vhh Krxelhuv hw do1 +5336, dqg

Errqvwud hw do1 +5336,, lv jlyhq e|

aw
���
�
	�� @ aw � ��	�� . + aE ��
	���� ��	�� �
��� 	�� ,

�

3

E

E

C

w �
	 � aw � �
	
3

3

4

F

F

D

> +8,

zkhuh aw � ��	 lv wkh VH[ �DJH pdujlq ri aw � �
	�� / dqg w ��	 uhsuhvhqwv wkh uhjlvwhu wrwdov ri VH[ �
DJH1 Wkh }hurhv ehwzhhq wkh eudfnhwv lq +8, duh gxh wr wkh idfw wkdw wkh fruuhvsrqglqj pdujlqv

iru VH[ � HWKQ dqg DJH � HWKQ hvwlpdwhg xvlqj wkh ryhudoo zhljkwlqj vfkhph zhljkwv

duh douhdg| frqvlvwhqw zlwk wkh uhjlvwhu1

Dq dowhuqdwlyh uhshdwhg zhljkwlqj hvwlpdwru xvlqj rqo| d plqlpdo zhljkwlqj vfkhph/ l1h1 wkh

plqlpdo uh0zhljkwlqj vfkhph vxfk wkdw frqvlvwhqf| zlwk wkh uhjlvwhu lv rewdlqhg/ lv

aw
�	�
�
	�� @ aw � �
	�� . + aE ��
	���� �
	 ,

�
+w �
	 � aw � ��	 , = +9,

Wklv hvwlpdwru rqo| fdoleudwhv aw � ��	�� wr VH[ � DJH uhjlvwhu wrwdov dqg xqolnh +8, grhv qrw

suhvhuyh wkh VH[ �HWKQ dqg DJH �HWKQ pdujlqv ri aw � �
	�� 1
Zh fduulhg rxw wzr vlpxodwlrqv/ zlwk 48333 vlpxodwlrq uxqv hdfk/ wkh �uvw zlwk vdpsoh vl}h

q @ 833 dqg wkh vhfrqg zlwk vdpsoh vl}h q @ 83331 Lq Wdeoh 4 lq Dsshqgl{ D vlpxodwlrq

dyhudjhv edvhg rq 48333 vlpxodwlrq uxqv zlwk q @ 833 duh glvsod|hg iru wkh hvwlpdwruv +6, wr

+9,1 Wkh �uvw froxpq krogv wkh qdphv ri d frpsohwh vhw ri wkh wdeoh*v fhoov1 Lq wkh vhfrqg froxpq

wkh wuxh srsxodwlrq frxqwv duh jlyhq1 Wkh uhpdlqlqj froxpqv olvw erwk vlpxodwlrq phdq dqg

vlpxodwlrq uhodwlyh urrw phdq vtxduhg huuru +UUPVH,1 Wdeoh 5 frqwdlqv vlplodu uhvxowv iru wkh

fdvh ri q @ 83331

Wkh iroorzlqj revhuydwlrqv fdq eh pdgh iurp Wdeohv 4 dqg 51

� Wkh phdq vtxduhg huuru ri wkh uhjuhvvlrq hvwlpdwru ydqlvkhv iru wkh VH[ dqg DJH

pdujlqv gxh wr wkhlu suhvhqfh lq wkh ryhudoo zhljkwlqj vfkhph1 E| frpsdulqj wkh UUPVH

ri wkh KW hvwlpdwru aw 
 �
	�� dqg wkh uhjuhvvlrq hvwlpdwru aw � ��	�� / zh revhuyh wkdw wkh dx{loldu|
lqirupdwlrq xvhg lq wkh ryhudoo zhljkwlqj vfkhph VH[ �PXQ43 . DJH lpsuryhv wkh

VH[ �DJH pdujlq dv h{shfwhg1 Krzhyhu/ lw grhv qrw lpsuryh rwkhu fhoov vkrzq lq wkh

wdeoh1

� Wkh uhshdwhg zhljkwlqj hvwlpdwruv aw
�
�
��	�� dqg aw

�	�
�
	�� duh fdoleudwhg iru frqvlvwhqf| zlwk wkh

uhjlvwhu wr VH[ � DJH/ zklfk h{sodlqv zk| wkh fruuhvsrqglqj pdujlqdo fhoov kdyh }hur

UUPVH1

� Wkh uhshdwhg zhljkwlqj hvwlpdwru aw
�
�
��	�� lv wkh vdph dv wkh uhjuhvvlrq hvwlpdwru iru doo

rqh dqg wzr0glphqvlrqdo pdujlqv frqwdlqlqj HWKQ 1 Wklv lv gxh wr wkh suhvhqfh ri

VH[ �HWKQ dqg DJH �HWKQ lq wkh uh0zhljkwlqj vfkhph1

7



� H{fhsw iru pdujlqv wkdw duh fdoleudwhg iru vrph hvwlpdwruv/ gl�huhqfhv ehwzhhq wkh hvwl0

pdwruv duh yhu| vpdoo1 Lq sduwlfxodu/ wkh gl�huhqfh lq shuirupdqfh ri wkh wzr uhshdwhg

zhljkwlqj hvwlpdwruv aw
�
�
��	�� dqg aw

�	�
��	�� vhhpv qhjoljleoh1

Gl�huhqfhv ehwzhhq Wdeoh 4 +q @ 833, dqg Wdeoh 5 +q @ 8333, rwkhu wkdq d uhgxfwlrq

ri wkh UUPVH e| derxw d idfwru ri
s
43 duh vpdoo1 Zkhuhdv iru q @ 833 wkh KW hvwlpdwru

vhhpv wr kdyh voljkwo| vpdoohu PVH wkdq wkh rwkhu hvwlpdwruv/ iru q @ 8333 lw lv wkh rwkhu zd|

durxqg1 Wklv lv qrw vxusulvlqj dv iru vpdoo vdpsoh vl}hv wkh xvh ri dx{loldu| lqirupdwlrq fdq

d�hfw hvwlpdwhv dgyhuvho|1 Wkh gl�huhqfhv khuh duh yhu| vpdoo/ krzhyhu1

Vr douhdg| iru d vdpsoh vl}h ri q @ 833 wkh uhshdwhg zhljkwlqj hvwlpdwruv iru wkh wdeoh

VH[ � DJH � HWKQ gr qrw shuirup vljql�fdqwo| zruvh dffruglqj wr wkh phdq vtxduhg

huuru fulwhulrq wkdq wkh wudglwlrqdo hvwlpdwruv aw 
 �
	�� dqg aw � �
	�� / zkloh kdylqj wkh dgydqwdjh ri

ehlqj frqvlvwhqw zlwk uhjlvwhu frxqwv1 Wklv revhuydwlrq lv hyhq pruh hqfrxudjlqj zkhq zh qrwh

wkdw vrph ri wkh fhoov ri wkh wdujhw wdeoh kdyh h{shfwhg fhoo vl}hv ohvv wkdq rqh xqghu vlpsoh

udqgrp vdpsolqj zlwk q @ 8331 Pruhryhu/ vhyhudo fhoov lq wkh uh0zhljkwlqj vfkhph kdyh yhu|

ihz revhuydwlrqv ru qrqh dw doo lq vrph vlpxodwlrq uxqv1 Wr rewdlq frqvlvwhqf| lq wkh suhvhqfh

ri hpsw| fhoov lq wkh uh0zhljkwlqj vfkhph/ zh kdyh xvhg voljkwo| dgmxvwhg uhjuhvvlrq frh!flhqwv1

Wklv lv h{sodlqhg lq Dsshqgl{ E1 Wkh dgmxvwhg uhjuhvvlrq frh!flhqwv duh pruh vwdeoh djdlqvw

 xfwxdwlrqv lq vpdoo vdpsohv dqg wklv dsshduv wr zrun txlwh zhoo khuh1

Dssur{lpdwh vdpsolqj yduldqfhv fdq eh frpsxwhg iurp wkh 48333 srlqw hvwlpdwhv1 Wkh| duh

xvhg wr hydoxdwh wkh shuirupdqfh ri wkh iroorzlqj yduldqfh hvwlpdwruv1 Wkh yduldqfh hvwlpdwhv

iru wkh KW hvwlpdwhv aw 
 �
	�� duh jlyhq e| wkh gldjrqdo hohphqwv ri wkh hvwlpdwhg fryduldqfh pdwul{

y
�


�
@
Q+Q � q,

q
v
�
� > +:,

zkhuh v
�
� � �

� � �
S ��� � +| � � �|,+| � � �|,

�
ghqrwhv wkh vdpsoh fryduldqfh pdwul{ ri |1

Iru wkh uhjuhvvlrq hvwlpdwru/ wkh xvxdo olqhdul}dwlrq yduldqfh hvwlpdwhv zlwk dqg zlwkrxw

j0zhljkwv duh frpsxwhg1 Wkh| duh jlyhq e| wkh gldjrqdo hohphqwv ri

y
�
�
�
@
Q+Q � q,

q
v
�
� > +;,

dqg

y
�
�
�

� @
Q+Q � q,

q
v
�
��� > +<,

zkhuh v
�
� lv wkh vdpsoh fryduldqfh pdwul{ ri wkh uhvlgxdov h � ri wkh wdujhw yhfwru0yduldeoh | zlwk

uhvshfw wr wkh ryhudoo zhljkwlqj vfkhph dqg v
�
��� lv wkh vdpsoh fryduldqfh pdwul{ ri wkh surgxfwv

j � h � / zkhuh j � duh wkh j0zhljkwv fruuhvsrqglqj wr wkh ryhudoo zhljkwlqj vfkhph1

Iru wkh uhshdwhg zhljkwlqj hvwlpdwru aw
�
�
��	�� / wkh olqhdul}dwlrq yduldqfh hvwlpdwhv duh wkh gl0

djrqdo hohphqwv ri

y
���

@
Q+Q � q,

q
v
�
�	��
 > +43,

zkhuh

h
�
�
� @ h � . + aE ��
	���� �
	
� �
��� 	�� ,

�

3

E

E

C

�h �
	 � �
3

3

4

F

F

D

> +44,
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zlwk h ��	�� � wkh VH[�DJH pdujlqv ri h � 1 Iru aw
�	�
�
	�� qr vshfl�f yduldqfh hvwlpdwhv duh frpsxwhg1

Wkh yduldqfh hvwlpdwhv duh frpsxwhg lq 6333 ri wkh 48333 vlpxodwlrq uxqv1 Lq Wdeoh 6 uhodwlyh

eldv dqg uhodwlyh urrw phdq vtxduhg huuru duh olvwhg iru wkh yduldqfh hvwlpdwhv iru wkh vlpxodwlrqv

zlwk q @ 8331 Wkh uhvxowv iru q @ 8333 fdq eh irxqg lq Wdeoh 71

Wkh iroorzlqj revhuydwlrqv duh pdgh iurp Wdeohv 6 dqg 71

� Iru rqh dqg wzr0glphqvlrqdo pdujlqv lqyroylqj HWKQ y
�
�
�
dqg y

�
�
duh htxdo dv duh wkh

srlqw hvwlpdwhv aw � �
	�� dqg aw
���
�
	�� zkrvh yduldqfh wkh| hvwlpdwh1 Wklv frqvlvwhqf| surshuw|

grhv qrw krog zkhq zh wdnh y
�
�
�

� dv d yduldqfh hvwlpdwru iru aw � �
	�� 1 Shukdsv lw lv srvvleoh
wr lqfrusrudwh j0zhljkwv lq wkh yduldqfh hvwlpdwru iru aw

���
�
	�� vxfk wkdw lw lv frqvlvwhqw zlwk

y
�
�
�

� 1

� Doo yduldqfh hvwlpdwruv frqvlghuhg duh fohduo| grzqzdug eldvhg/ h{fhsw ri frxuvh y
�


�
zklfk

lv nqrzq wr eh xqeldvhg1 Wkh ohdvw eldvhg lv y
�
�
�

� / wkh yduldqfh hvwlpdwru lqfoxglqj wkh j0

idfwruv1 Wkh yduldqfh hvwlpdwruv y
�
�
�
dqg y

���
kdyh qhduo| htxdo grzqzdug eldv zlwk y

�
�

rqo| voljkwo| pruh eldvhg1 Wkh eldvhv ri y
�
�
�
/ y

�
�
�

� dqg y
�
�

duh vljql�fdqwo| vpdoohu iru

q @ 8333 wkdq wkh| duh iru q @ 8331 Lqghhg/ wkhvh yduldqfh hvwlpdwruv duh dv|pswrwlfdoo|

xqeldvhg1

� Dowkrxjk y
�
�
�

� lv ohvv eldvhg wkdq y
�
�
�
/ lwv PVH lv vrphzkdw kljkhu/ zlwk wkh qrwdeoh

h{fhswlrq ri pdujlq VH[ �DJH1 Iru wklv pdujlq zh kdyh vhhq iurp wdeohv 4 dqg 5 wkdw

wkh xvh ri dx{loldu| lqirupdwlrq lpsuryhv wkh srlqw hvwlpdwhv dqg dssduhqwo| wkh xvh ri wkh

vdph dx{loldu| lqirupdwlrq lq wkh yduldqfh hvwlpdwhv e| phdqv ri lqfrusrudwlqj j0zhljkwv

lpsuryhv wkh fruuhvsrqglqj yduldqfh hvwlpdwhv dv zhoo1

� Ghvslwh wkhlu qhjdwlyh eldv/ yduldqfh hvwlpdwruv y
�
�
�
dqg y

���
kdyh vpdoohu UUPVH wkdq

y
�


�
iru wkh KW hvwlpdwru/ iru doprvw doo fhoov ri wkh wdujhw wdeoh1 Wkh UUPVH ri y

���
vhhpv

voljkwo| vpdoohu wkdq wkh UUPVH ri y
�
�
�
1 Vr wkhuh duh qr vljqv wkdw yduldqfh hvwlpdwlrq

lv ohvv vwdeoh iru uhshdwhg zhljkwlqj hvwlpdwlrq/ hyhq qrw iru wkh udwkhu vpdoo vdpsoh vl}h

ri q @ 8331

� Wkh rughuv ri pdjqlwxgh ri wkh UUPVH ri wkh yduldqfh hvwlpdwruv duh wkh vdph dv wkrvh

ri wkh fruuhvsrqglqj srlqw hvwlpdwruv +iru wkh vdph vdpsoh vl}h,/ hvshfldoo| iru wkh KW

hvwlpdwru1

Wkh pdlq gl�huhqfh ehwzhhq q @ 833 dqg q @ 8333 lv wkdw wkh PVHv iru wkh odwwhu duh derxw

d idfwru
s
43 vpdoohu1 Zkdw pljkw eh vxusulvlqj lv wkdw wkh vlpxodwlrq eldv ri wkh KW yduldqfh

hvwlpdwru lv qrw qrwlfhdeo| vpdoohu iru q @ 8333 wkdq iru q @ 8331 Krzhyhu/ wklv lv ehfdxvh y
�


�

lv xqeldvhg dqg wkh glvsod|hg eldv lv gxh rqo| wr wkh vlpxodwlrq huuru uhvxowlqj iurp wkh �qlwh

qxpehu +48333, ri vlpxodwlrq uxqv xvhg wr dssur{lpdwh wkh wuxh vdpsolqj yduldqfhv dqg wkh

�qlwh qxpehu +6333, ri vlpxodwlrq uxqv xvhg iru yduldqfh hvwlpdwlrq1

Lq Wdeoh 8 fryhudjh udwhv duh glvsod|hg iru wkh dssur{lpdwh <8( frq�ghqfh lqwhuydov iruphg

e| wkh srlqw hvwlpdwruv dqg fruuhvsrqglqj yduldqfh hvwlpdwruv1 Erwk q @ 833 dqg q @ 8333

udwhv duh glvsod|hg dqg wkh| duh edvhg rq wkh 6333 vlpxodwlrq uxqv lq zklfk erwk srlqw dqg

yduldqfh hvwlpdwruv zhuh frpsxwhg1

9



Dv h{shfwhg/ wkh fryhudjh lv ehwwhu iru wkh odujhu vdpsoh vl}h vlpxodwlrq1 E| frpsdulqj

zlwk wkh fhoo frxqwv glvsod|hg lq wkh vhfrqg froxpq ri Wdeoh 4 zh vhh wkdw wkh fryhudjh ghshqgv

pdlqo| rq wkh h{shfwhg vdpsoh vl}h ri d fhoo1 Wkhuh lv kdugo| dq| gl�huhqfh ehwzhhq wkh fryhudjh

ri wkh gl�huhqw hvwlpdwru yduldqfh hvwlpdwru frpelqdwlrqv1 Iru q @ 833 wkh fryhudjh ri wkh KW

hvwlpdwru dqg yduldqfh hvwlpdwru lv voljkwo| ehwwhu wkdq iru wkh rwkhu frpelqdwlrqv/ suhvxpdeo|

gxh wr wkh qhjdwlyh eldv ri wkh yduldqfh hvwlpdwruv wkdw uho| rq olqhdul}dwlrq1

7 Wdeoh 7.f ��7A � .��u

Wkh vhfrqg vlpxodwlrq lv fduulhg rxw rq wkh wdujhw wdeoh VH[�PVW �HPSO +deeuhyldwhg e|

VPH,/ zkhuh HPSO lv frqvlghuhg dv wkh yduldeoh revhuyhg rqo| lq wkh vdpsoh/ dqg wkh rwkhu

yduldeohv duh uhjlvwhu yduldeohv1 Wkh ryhudoo zhljkwlqj vfkhph lv djdlq VH[ �PXQ43.DJH1

Wkh uhshdwhg zhljkwlqj hvwlpdwru ri wkh wrwdov w � � � lv

aw
�
�
� � � @ aw � � � � . + aE �� � ��� � � � �
��� � � ,

�

3

E

E

C

w � � � aw � � �
3

aw
�
�
� � � aw � � �

4

F

F

D

> +45,

zkhuh aw � � � � lv wkh uhjuhvvlrq hvwlpdwru ri w � � � edvhg rq wkh ryhudoo zhljkwlqj vfkhph/ w � � duh

wkh uhjlvwhu wrwdov ri VH[ �PVW / dqg

aw
�
�
� � @ aw � � � . + aE �� ��� � � � ,

�
#

w � � aw � �
3

$

= +46,

Dv fdq eh vhhq iurp +45, dqg +46,/ wklv h{dpsoh lqyroyhv d uhfxuvlyh xvh ri wkh uhshdwhg zhljkwlqj

hvwlpdwru/ l1h1 rqh ri wkh pdujlqv lv fdoleudwhg rq wrwdov hvwlpdwhg wkhpvhoyhv e| d uhshdwhg

zhljkwlqj hvwlpdwru1 Lq pruh frpsolfdwhg fdvhv wklv uhfxuvlrq fdq eh ghhshu wkdq mxvw rqh ohyho1

Lq Vhfwlrq 9 ri Errqvwud hw do1 +5336, d qrq0uhfxuvlyh dssur{lpdwlrq wr wkh UZ hvwlpdwru

zdv sursrvhg1 Lq jhqhudo/ wklv dssur{lpdwlrq grhv qrw qhfhvvdulo| vdwlvi| doo frqvlvwhqf| uh0

txluhphqwv1 Krzhyhu/ lwv pdlq ixqfwlrq lv wr surylgh d vlpsohu yduldqfh hvwlpdwru iru wkh UZ

hvwlpdwru/ dv zh vkdoo vhh ehorz1 Khuh wkh dssur{lpdwlrq ri wkh UZ hvwlpdwru wdnhv wkh irup

aw
� ���� � � @ aw � � � � . + aE �� � ��� � � � �
� ,

�
#

w � � � aw � � �
3

$

> +47,

wkh uh0zhljkwlqj ehlqj rqo| zlwk uhvshfw wr wkh pdujlqv VH[ �PVW dqg VH[ �HPSO/ l1h1

wkrvh pdujlqv wkdw gr qrw qhhg uh0zhljkwlqj wkhpvhoyhv1 Zh vkdoo uhihu wr wklv hvwlpdwru dv wkh

vlpsol�hg UZ hvwlpdwru1

Ilqdoo|/ wkh plqlpdo zhljkwlqj vfkhph wr dgmxvw aw � � � � wr wkh uhjlvwhu lv VH[ �PVW 1 Wkh

fruuhvsrqglqj hvwlpdwhv duh jlyhq e|

aw
�	�
� � � @ aw � � � � . + aE �� � � � � � ,

�
+w � � � aw � � � , = +48,

Wkh wkuhh uhshdwhg zhljkwlqj hvwlpdwruv ghvfulehg deryh dv zhoo dv wkh KW hvwlpdwru dqg

uhjuhvvlrq hvwlpdwru edvhg rq wkh ryhudoo zhljkwlqj vfkhph duh djdlq frpsxwhg iru vlpsoh udqgrp

vdpsohv ri vl}hv q @ 833 dqg q @ 8333 iru hdfk ri 48333 vlpxodwlrq uxqv1 Wkh uhvxowv duh

glvsod|hg lq Wdeohv 9 dqg : iru q @ 833 dqg q @ 8333/ uhvshfwlyho|1 Uhodwlyh eldvhv duh irxqg

:



wr eh vpdoo zlwk qr juhdw gl�huhqfhv ehwzhhq wkh gl�huhqw hvwlpdwruv dqg wkhuhiruh duh qrw

glvsod|hg1 Rqo| UUPVHv duh olvwhg ehvlghv d froxpq zlwk wkh vl}hv ri wkh wdujhw wdeoh*v fhoov1

Iurp Wdeohv 9 dqg : lw lv fohdu wkdw wkh phdq vtxduhg huuruv ri doo wkuhh uhshdwhg zhljkwlqj

hvwlpdwruv aw
���
� � � / aw �

�
�
� � � dqg aw

� �
� � � duh qhduo| wkh vdph1 Dq reylrxv gl�huhqfh zlwk wkh uhjuhvvlrq

hvwlpdwru aw � � � � lv wkdw iru +VH[,PVW pdujlqv doo wkuhh uhshdwhg zhljkwlqj hvwlpdwruv kdyh

}hur PVH vlqfh wkh| duh fdoleudwhg zlwk uhvshfw wr wkh fruuhvsrqglqj pdujlqdo uhjlvwhu frxqwv1

Dovr/ fhoov lqyroylqj PVW4HPSO5/ l1h1 PVW4HPSO5 dqg VH[PVW4HPSO5/ duh fohduo|

lpsuryhg e| uhshdwhg zhljkwlqj1 Fhoov lqyroylqj PVW5HPSO5 duh voljkwo| lpsuryhg1 Vpdoohu

fhoov/ lqyroylqj HPSO4/ gr qrw ehqh�w vljql�fdqwo| iurp wkh uhshdwhg zhljkwlqj1 Wkh xvh ri

dx{loldu| lqirupdwlrq lv pruh h�hfwlyh iru wkh odujhu fhoov wkdq lw lv iru wkh vpdoohu fhoov/ zklfk

lv qrw uhdoo| vxusulvlqj1

Ilyh gl�huhqw yduldqfh hvwlpdwruv kdyh ehhq frpsxwhg iru d vxevhw ri 6333 vlpxodwlrq uxqv/

rqh iru wkh KW hvwlpdwru/ wzr iru wkh uhjuhvvlrq hvwlpdwru aw � � � � dqg wzr iru wkh uhshdwhg zhljkw0

lqj hvwlpdwru aw
���
� � � 1 Iru wkh KW dqg uhjuhvvlrq hvwlpdwruv wkh yduldqfh hvwlpdwhv frpsxwhg duh

ri wkh vdph irup dv jlyhq lq +:,/ +;, dqg +<,1

Iru wkh uhshdwhg zhljkwlqj hvwlpdwru aw
�
�
� � � / wkh olqhdul}dwlrq yduldqfh hvwlpdwhv duh wkh

gldjrqdo hohphqwv ri

y
���

@
Q+Q � q,

q
v
�
�	��
 > +49,

zkhuh

h
�
�
� @ h � . + aE �� � ��� � � � �
��� � � ,

�

3

E

E

C

�h � � � �
3

h
���
� � � � � h � � � �

4

F

F

D

> +4:,

h � � � � duh wkh VH[�PVW pdujlqv ri wkh ryhudoo zhljkwlqj vfkhph uhjuhvvlrq uhvlgxdov h � / dqg

h
���
� ��� � @ h � ��� � . + aE �� ��� � � � ,

�
#

�h � � �
3

$

= +4;,

D vlpsol�hg yduldqfh hvwlpdwru fdq eh edvhg rq wkh hvwlpdwru aw
� �
�� � � 1 Wkh olqhdul}dwlrq yduldqfh

hvwlpdwhv iru wkh odwwhu duh wkh gldjrqdo hohphqwv ri

y
� ���

@
Q+Q � q,

q
v
�
� � ��
 > +4<,

zkhuh

h
� ���
� @ h � . + aE �� � � � � � � ��� ,

�
#

�h � � � �
3

$

= +53,

Zh frqvlghu y
� ���

dv d yduldqfh hvwlpdwru iru wkh ruljlqdo uhshdwhg zhljkwlqj hvwlpdwru aw
���
� � � 1

Yduldqfh hvwlpdwlrq iru aw
� ���� � � dqg aw

�	�
� � � kdv qrw ehhq vlpxodwhg1

Wdeohv ; dqg < frqwdlq vlpxodwlrq uhvxowv ri wkh yduldqfh hvwlpdwruv/ zkhuh vdpsolqj yduldqfhv

kdyh ehhq dssur{lpdwhg dv wkh yduldqfhv ri wkh 48333 vhwv ri srlqw hvwlpdwhv1 Iurp wkhvh wdeohv

lw fdq eh vhhq wkdw yduldqfh hvwlpdwruv iru uhshdwhg zhljkwlqj hvwlpdwruv kdyh fohduo| juhdwhu

qhjdwlyh eldv wkdq grhv wkh uhjuhvvlrq hvwlpdwru1 Joredoo| vshdnlqj/ wkh klhudufk| ri uhodwlyh

eldv dsshduv wr eh mUE+y �
�
�

,m A mUE+y
�
�

,m A mUE+y
�
�
�
,m A mUE+y

�
�
�

� ,m1
Qrwh wkdw wkh uhshdwhg zhljkwlqj yduldqfh hvwlpdwruv shuirup +voljkwo|, ehwwhu/ lq PVH

vhqvh/ wkdq KW dqg uhjuhvvlrq yduldqfh hvwlpdwruv iru wkh vpdoohvw fhoov +VH[,PVW4HPSO4

;



dqg +VH[,PVW5HPSO41 Lw pljkw wkhq frph dv d vxusulvh wkdw iru wkh pxfk odujhu fhoo

+VH[,PVW4HPSO5/ uhshdwhg zhljkwlqj yduldqfh hvwlpdwruv kdyh derxw wzlfh dv kljk d uho0

dwlyh UPVH wkdq KW dqg uhjuhvvlrq yduldqfh hvwlpdwruv1 Krzhyhu/ wklv vxusulvh zloo qrw eh vr

juhdw diwhu qrwlqj iurp Wdeohv 9 dqg : wkdw wkh uhshdwhg zhljkwlqj srlqw hvwlpdwruv iru wklv fhoo

shuirup fohduo| ehwwhu wkdq KW dqg uhjuhvvlrq hvwlpdwruv/ wkh odwwhu kdylqj derxw wzlfh dv odujh

urrw phdq vtxduhg huuruv1 Wkhuhiruh/ wkh ghfuhdvh lq dffxudf| lv rqo| uhodwlyh> wkh devroxwh phdq

vtxduhg huuruv ri uhjuhvvlrq/ KW dqg uhshdwhg zhljkwlqj yduldqfh hvwlpdwruv duh dssduhqwo| qrw

yhu| gl�huhqw1

Wkh gl�huhqfhv ehwzhhq wkh ixoo olqhdul}dwlrq yduldqfh hvwlpdwru y
���

dqg lwv vlpsol�hg

yhuvlrq y
� �
�

duh vpdoo/ h{fhsw wkdw y
� ���

vhhpv wr shuirup vrphzkdw zruvh iru wkh fhoo

+VH[,PVW4HPSO51 Vr zh fdq fdxwlrxvo| frqfoxgh wkdw y
� ���

lv d uhdvrqdeoh vlpsoh do0

whuqdwlyh iru y
�
�

1

Wkh fryhudjh +qrplqdo ydoxh <8(, ri wkh ydulrxv hvwlpdwru2yduldqfh hvwlpdwru sdluv lv olvwhg

lq Wdeoh 43 iru q @ 833 dqg q @ 83331 Qr juhdw gl�huhqfhv duh glvfhuqleoh rwkhu wkdq wkh

lpsuryhg fryhudjh udwhv iru vpdoo fhoov zkhq q @ 83331

8 Frqfoxvlrqv

Iru wkh vlpxodwlrqv fduulhg rxw zh kdyh vhhq wkdw gl�huhqfhv ehwzhhq vhyhudo uhshdwhg zhljkwlqjv

+frpsohwh/ plqlpdo/ vlpsol�hg, duh vpdoo1 Lq doprvw doo fdvhv wkh uhshdwhg zhljkwlqj hvwlpdwhv

shuirup dv zhoo dv ru +voljkwo|, ehwwhu wkdq wkh uhjuhvvlrq hvwlpdwru edvhg rq wkh ryhudoo zhljkw0

lqj vfkhph/ hyhq iru dv vpdoo d vdpsoh vl}h dv q @ 8331 Wkh pdlq dgydqwdjh ri uhshdwhg

zhljkwlqj hvwlpdwruv lv wkhlu qxphulfdo frqvlvwhqf|/ lq rxu fdvh qxphulfdo frqvlvwhqf| zlwk doo

uhjlvwhu frxqwv1 Zh irxqg qr vljqv iru dq| vwdelolw| sureohpv ri uhshdwhg zhljkwlqj srlqw dqg

yduldqfh hvwlpdwruv/ zklfk rqh pljkw kdyh h{shfwhg rq wkh jurxqgv wkdw uhshdwhg zhljkwlqj

hvwlpdwruv lqyroyh pruh hvwlpdwhg uhjuhvvlrq frh!flhqwv dqg dovr hvwlpdwhg fdoleudwlrq wrwdov1

Rxu frqfoxvlrqv dovr eurdgo| djuhh zlwk �qglqjv ri d suhylrxv vlpxodwlrq vwxg| ri uhshdwhg

zhljkwlqj +ydq Gxlq dqg Vqlmghuv +5336, dqg Krxelhuv hw do1 +5336,,1 Lq dgglwlrq/ zh irxqg

wkdw dowkrxjk yduldqfh hvwlpdwruv iru uhshdwhg zhljkwlqj pd| eh vrphzkdw pruh qhjdwlyho|

eldvhg wkdq iru wkh uhjuhvvlrq hvwlpdwru/ wklv lv frpshqvdwhg e| vpdoohu yduldqfhv/ uhvxowlqj lq

phdq vtxduhg huuruv wkdw duh frpsdudeoh wr wkrvh ri wkh yduldqfh hvwlpdwruv ri wkh uhjuhvvlrq

hvwlpdwru1 Ilqdoo|/ wkh vlpsol�hg yduldqfh hvwlpdwru frpsxwhg lq wkh vhfrqg vlpxodwlrq vwxg|

vhhpv d uhdvrqdeoh dqg vlpsoh dowhuqdwlyh iru wkh ixoo olqhdul}dwlrq yduldqfh hvwlpdwru ri wkh

uhshdwhg zhljkwlqj hvwlpdwru1

Uhihuhqfhv

Errqvwud/ K1M1K1 +5336,/ Fdoleudwlrq ri wdeohv ri hvwlpdwhv/ Vwdwlvwlfv Qhwkhuodqgv/ lq suhsdud0

wlrq1

Errqvwud/ K1M1K1/ M1D1 ydq ghq Eudnho/ S1 Nqrwwqhuxv/ Q1M1 Qlhxzhqeurhn/ dqg U1K1 Uhqvvhq

+5336,/ D vwudwhj| wr rewdlq frqvlvwhqf| dprqj wdeohv ri vxuyh| hvwlpdwhv/ GDFVHLV uhsruw

G:151

<



Gxlq/ F1 ydq dqg Y1 Vqlmghuv +5336,/ Vlpxodwlrq vwxglhv ri uhshdwhg zhljkwlqj/ Glvfxvvlrq sdshu/

Vwdwlvwlfv Qhwkhuodqgv/ lq suhsdudwlrq1

Krxelhuv/ P1/ S1 Nqrwwqhuxv/ D1K1 Nurhvh/ U1K1 Uhqvvhq/ dqg Y1 Vqlmghuv +5336,/ Hvwlpdw0

lqj frqvlvwhqw wdeoh vhwv= srvlwlrq sdshu rq uhshdwhg zhljkwlqj/ Glvfxvvlrq sdshu 36338/

Vwdwlvwlfv Qhwkhuodqgv1

P qqlfk/ U1 dqg M1 Vfk uoh +5336,/ Prqwh0Fduor vlpxodwlrq vwxg| ri Hxurshdq vxuyh|v/ GDF0

VHLV gholyhudeohv 614 dqg 6151

Uhqvvhq/ U1K1/ D1K1 Nurhvh/ dqg D1M1 Zlooherrugvh +5334,/ Doljqlqj hvwlpdwhv e| uhshdwhg

zhljkwlqj/ Uhvhdufk sdshu/ ESD 7<40340WPR/ Vwdwlvwlfv Qhwkhuodqgv1
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Dsshqgl{ D Vlpxodwlrq uhvxowv

Wdeoh 41 Dyhudjh srlqw hvwlpdwhv dqg UUPVH +lq (, ryhu 48333 uxqv iru wdeoh VH[�DJH�
HWKQ xqghu vlpsoh udqgrp vdpsolqj zlwk q @ 8331 Wkh vhfrqg froxpq frqwdlqv srsxodwlrq

wrwdov1
Fhoo qdph w ��	�� aw 
 ��	�� aw � �
	�� aw

���
�
	�� aw

�	�
�
	��

Lqwhufhsw 4;;549 4;;549 2 3 4;;549 2 3 4;;549 2 3 4;;549 2 3

VH[ <:7<6 <:83< 2 7165 <:7<6 2 3 <:7<6 2 3 <:7<6 2 3

DJH4 67<68 67<93 2 <179 67<68 2 3 67<68 2 3 67<68 2 3

DJH5 68484 6845; 2 <163 68484 2 3 68484 2 3 68484 2 3

DJH6 5;:;4 5;:95 2 4318 5;:;4 2 3 5;:;4 2 3 5;:;4 2 3

DJH7 5;;;7 5;;89 2 4317 5;;;7 2 3 5;;;7 2 3 5;;;7 2 3

DJH8 668<4 66967 2 <194 668<4 2 3 668<4 2 3 668<4 2 3

HWKQ4 7758 775914 2 5;1; 775:1; 2 5<19 775:1; 2 5<19 77831; 2 5<1:

HWKQ5 <568 <54714 2 4<1: <54414 2 5314 <54414 2 5314 <55<1: 2 5315

VH[DJH4 4:8<5 4:965 2 4713 4:94; 2 <193 4:8<5 2 3 4:8<5 2 3

VH[DJH5 4::98 4::78 2 461< 4::84 2 <18< 4::98 2 3 4::98 2 3

VH[DJH6 4756< 47565 2 4818 4756; 2 431< 4756< 2 3 4756< 2 3

VH[DJH7 477<6 47797 2 4817 477:5 2 431; 477<6 2 3 477<6 2 3

VH[DJH8 537;9 53845 2 451; 537<9 2 :1;: 537;9 2 3 537;9 2 3

VH[HWKQ4 5:4< 5:4813 2 691< 5:4713 2 6:18 5:4713 2 6:18 5:5715 2 6:1:

VH[HWKQ5 773; 76<;16 2 5;1; 76<91; 2 5<14 76<91; 2 5<14 77371; 2 5<15

DJH4HWKQ4 439< 439;14 2 8<14 439:15 2 8<1; 439:15 2 8<1; 43:31< 2 9313

DJH5HWKQ4 <3< <3;16 2 961; <3;19 2 9718 <3;19 2 9718 <4416 2 971:

DJH6HWKQ4 89: 8991< 2 ;41: 89;19 2 ;617 89;19 2 ;617 8:518 2 ;61:

DJH7HWKQ4 95< 9661; 2 :;15 96716 2 :<1: 96716 2 :<1: 96;19 2 ;313

DJH8HWKQ4 ;7: ;7815 2 9819 ;7716 2 9919 ;7716 2 9919 ;7:19 2 991:

DJH4HWKQ5 549< 54861< 2 7419 547<1< 2 7417 547<1< 2 7417 54851: 2 7419

DJH5HWKQ5 5558 555816 2 731: 555:18 2 731: 555:18 2 7314 556315 2 731<

DJH6HWKQ5 4554 454;18 2 8814 455315 2 8819 455315 2 8819 45561: 2 881<

DJH7HWKQ5 44:; 44:914 2 8917 44:91< 2 891< 44:91< 2 891< 44:<1; 2 8:13

DJH8HWKQ5 <:8 <:419 2 9513 <:317 2 9519 <:317 2 9519 <:716 2 951<

VH[DJH4HWKQ4 9<; 9<<1: 2 :619 9<:1< 2 :718 9<:17 2 :715 9<;1: 2 :717

VH[DJH5HWKQ4 857 8541; 2 ;61< 8541; 2 ;818 85519 2 ;813 85619 2 ;814

VH[DJH6HWKQ4 654 64<15 2 43< 64<1< 2 444 65315 2 444 65513 2 444

VH[DJH7HWKQ4 5:3 5:418 2 44: 5:419 2 44< 5:516 2 44< 5:716 2 453

VH[DJH8HWKQ4 997 9941< 2 :716 99417 2 :816 99314 2 :71< 9941< 2 :813

VH[DJH4HWKQ5 4476 446319 2 8919 445;18 2 8:13 445:1< 2 8918 445;16 2 8918

VH[DJH5HWKQ5 4333 433614 2 9415 433616 2 941: 43361; 2 9415 433815 2 9416

VH[DJH6HWKQ5 957 9571: 2 ::1; 95819 2 :<14 95917 2 :;1: 95:18 2 :;1<

VH[DJH7HWKQ5 893 88:1; 2 ;515 88:1< 2 ;619 88;17 2 ;613 88<1< 2 ;613

VH[DJH8HWKQ5 83; 83:19 2 ;817 83;17 2 ;:16 8391< 2 ;:14 83<13 2 ;:13
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Wdeoh 51 Dyhudjh srlqw hvwlpdwhv dqg UUPVH +lq (, ryhu 48333 uxqv iru wdeoh VH[ �
DJH � HWKQ xqghu vlpsoh udqgrp vdpsolqj zlwk q @ 83331 Wkh vhfrqg froxpq frqwdlqv

srsxodwlrq wrwdov1

Fhoo qdph w ��	�� aw 
 ��	�� aw � �
	�� aw
���
�
	�� aw

�	�
�
	��

Lqwhufhsw 4;;549 4;;549 2 3 4;;549 2 3 4;;549 2 3 4;;549 2 3

VH[ <:7<6 <:836 2 4169 <:7<6 2 3 <:7<6 2 3 <:7<6 2 3

DJH4 67<68 67<69 2 51<8 67<68 2 3 67<68 2 3 67<68 2 3

DJH5 68484 68474 2 51<4 68484 2 3 68484 2 3 68484 2 3

DJH6 5;:;4 5;::8 2 6163 5;:;4 2 3 5;:;4 2 3 5;:;4 2 3

DJH7 5;;;7 5;;;8 2 615< 5;;;7 2 3 5;;;7 2 3 5;;;7 2 3

DJH8 668<4 66934 2 6134 668<4 2 3 668<4 2 3 668<4 2 3

HWKQ4 7758 775:1; 2 ;1<7 775;14 2 ;1<8 775;14 2 ;1<8 775;17 2 ;1<8

HWKQ5 <568 <5631; 2 9145 <56416 2 9146 <56416 2 9146 <56418 2 9146

VH[DJH4 4:8<5 4:933 2 716< 4:8<; 2 51<5 4:8<5 2 3 4:8<5 2 3

VH[DJH5 4::98 4::94 2 7167 4::96 2 51<4 4::98 2 3 4::98 2 3

VH[DJH6 4756< 4755; 2 71;: 4755< 2 6167 4756< 2 3 4756< 2 3

VH[DJH7 477<6 477<8 2 71;4 477<7 2 6158 477<6 2 3 477<6 2 3

VH[DJH8 537;9 537<3 2 61<< 537;6 2 5173 537;9 2 3 537;9 2 3

VH[HWKQ4 5:4< 5:5314 2 4418 5:4<1< 2 4417 5:4<1< 2 4417 5:5314 2 4417

VH[HWKQ5 773; 773914 2 ;1<< 77381: 2 ;1<3 77381: 2 ;1<3 773819 2 ;1;<

DJH4HWKQ4 439< 439;1; 2 4;19 439;19 2 4;17 439;19 2 4;17 439;19 2 4;17

DJH5HWKQ4 <3< <4313 2 4<1< <3<17 2 4<1; <3<17 2 4<1; <3<18 2 4<1;

DJH6HWKQ4 89: 89;15 2 5816 89;17 2 5814 89;17 2 5814 89;18 2 5814

DJH7HWKQ4 95< 95;18 2 5714 95;1: 2 5713 95;1: 2 5713 95;1: 2 5713

DJH8HWKQ4 ;7: ;7<16 2 531: ;7<14 2 5319 ;7<14 2 5319 ;7<16 2 5319

DJH4HWKQ5 549< 549:1< 2 451< 549:1; 2 4519 549:1; 2 4519 549:1; 2 4519

DJH5HWKQ5 5558 555919 2 451; 555:17 2 4518 555:17 2 4518 555:18 2 4518

DJH6HWKQ5 4554 455314 2 4:15 455317 2 4:13 455317 2 4:13 455317 2 4:13

DJH7HWKQ5 44:; 44:71< 2 4:19 44:71; 2 4:16 44:71; 2 4:16 44:71; 2 4:16

DJH8HWKQ5 <:8 <:913 2 4<15 <:81< 2 4<13 <:81< 2 4<13 <:81< 2 4<13

VH[DJH4HWKQ4 9<; 9<:18 2 551; 9<:16 2 5519 9<:14 2 5517 9<:14 2 5517

VH[DJH5HWKQ4 857 85519 2 5917 8551< 2 5916 85613 2 5915 85613 2 5915

VH[DJH6HWKQ4 654 65418 2 661; 65418 2 661: 6541; 2 6619 6541; 2 6619

VH[DJH7HWKQ4 5:3 5:315 2 691; 5:315 2 691; 5:314 2 6919 5:315 2 6919

VH[DJH8HWKQ4 997 99913 2 5617 9981< 2 5615 99913 2 5615 99914 2 5615

VH[DJH4HWKQ5 4476 44741< 2 4:1; 44741; 2 4:19 44741: 2 4:17 447418 2 4:17

VH[DJH5HWKQ5 4333 43331< 2 4<15 43331< 2 4<13 433414 2 4;1; 433414 2 4;1;

VH[DJH6HWKQ5 957 9561; 2 5717 9561; 2 5715 95716 2 5713 95715 2 5713

VH[DJH7HWKQ5 893 88;13 2 5816 88:1< 2 5815 88:1; 2 5813 88:1; 2 5813

VH[DJH8HWKQ5 83; 83<15 2 591: 83<14 2 5919 83<15 2 5919 83<15 2 5918
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Wdeoh 61 Uhodwlyh eldv +lq (, dqg UUPVH +lq (, ri yduldqfh hvwlpdwhv ryhu 6333 vlpxodwlrq

uxqv xqghu vlpsoh udqgrp vdpsolqj zlwk q @ 8331 D *-* lqglfdwhv wkdw eldv dqg phdq vtxduhg

huuru ydqlvk1
Fhoo qdph y

�


�
+aw 
 ��	�� , y

�
�
�
+aw � ��	�� , y

�
�
�

� +aw � �
	�� , y
���

+aw
���
�
	�� ,

Lqwhufhsw - - - -

VH[ 03175 2 318< - - -

DJH4 0517 2 :18 - - -

DJH5 316: 2 :15 - - -

DJH6 03144 2 ;19 - - -

DJH7 41; 2 ;1< - - -

DJH8 031:8 2 :17 - - -

HWKQ4 0413 2 5;17 043 2 5:1; 0914 2 6318 043 2 5:1;

HWKQ5 0313; 2 4;19 0<16 2 4<16 0813 2 5318 0<16 2 4<16

VH[DJH4 0415 2 4517 044 2 4613 0813 2 ;17 -

VH[DJH5 0418 2 4517 045 2 461; 0917 2 <15 -

VH[DJH6 418 2 4716 043 2 4613 0715 2 ;1; -

VH[DJH7 419 2 4718 043 2 4615 071< 2 <16 -

VH[DJH8 031:< 2 4416 0<14 2 4513 0614 2 ;1; -

VH[HWKQ4 0415 2 6914 043 2 661< 0917 2 6:1; 043 2 661<

VH[HWKQ5 3154 2 5;13 0<13 2 5917 0719 2 5<19 0<13 2 5917

DJH4HWKQ4 3139 2 8;18 0<16 2 8519 071< 2 8;18 0<16 2 8519

DJH5HWKQ4 03157 2 9817 0<13 2 8<14 0813 2 9919 0<13 2 8<14

DJH6HWKQ4 03144 2 ;319 04318 2 :41< 071: 2 ;718 04318 2 :41<

DJH7HWKQ4 051: 2 :915 04519 2 9;16 0<1: 2 :91: 04519 2 9;16

DJH8HWKQ4 3183 2 9919 0;19 2 9313 0713 2 9;1: 0;19 2 9313

DJH4HWKQ5 0514 2 7313 04318 2 6916 0915 2 7318 04318 2 6916

DJH5HWKQ5 413 2 6<1; 0;1: 2 6815 0713 2 6<15 0;1: 2 6815

DJH6HWKQ5 31:6 2 8816 0<18 2 7;1< 0718 2 8914 0<18 2 7;1<

DJH7HWKQ5 031;: 2 881; 04318 2 7<1; 0:17 2 8816 04318 2 7<1;

DJH8HWKQ5 041: 2 941< 04317 2 8914 081< 2 9713 04317 2 8914

VH[DJH4HWKQ4 03196 2 :514 0<17 2 9815 0819 2 :614 04314 2 9715

VH[DJH5HWKQ4 0418 2 ;719 0431: 2 :917 0:1; 2 ;81< 04413 2 :818

VH[DJH6HWKQ4 0317: 2 439 04319 2 <814 0814 2 445 04416 2 <618

VH[DJH7HWKQ4 031<3 2 44: 04315 2 438 0:16 2 44; 0431; 2 437

VH[DJH8HWKQ4 03188 2 :81; 0<15 2 9;1: 071< 2 ::1; 0<16 2 9;15

VH[DJH4HWKQ5 3168 2 8919 0;19 2 831: 0713 2 8;17 0<1: 2 7<16

VH[DJH5HWKQ5 3166 2 9413 0;1; 2 8719 0713 2 9517 0<17 2 8616

VH[DJH6HWKQ5 03137 2 ::18 04317 2 9;1; 071; 2 :<1< 04418 2 9:14

VH[DJH7HWKQ5 0519 2 :;16 0441< 2 :318 0<17 2 :<1< 04515 2 9<15

VH[DJH8HWKQ5 03179 2 ;818 04314 2 :91< 0717 2 <414 04318 2 :81;
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Wdeoh 71 Uhodwlyh eldv +lq (, dqg UUPVH +lq (, ri yduldqfh hvwlpdwhv ryhu 6333 vlpxodwlrq

uxqv xqghu vlpsoh udqgrp vdpsolqj zlwk q @ 83331 D *-* lqglfdwhv wkdw eldv dqg phdq vtxduhg

huuru ydqlvk1
Fhoo qdph y

�


�

y
�
�
�

y
�
�
�

� y
���

Lqwhufhsw - - - -

VH[ 041: 2 41: - - -

DJH4 0419 2 51; - - -

DJH5 3164 2 516 - - -

DJH6 031<: 2 51< - - -

DJH7 0413 2 51< - - -

DJH8 031;; 2 518 - - -

HWKQ4 416 2 <13 3175 2 ;1; 031;: 2 ;1< 3175 2 ;1;

HWKQ5 318< 2 81; 0316: 2 81: 3145 2 81; 0316: 2 81:

VH[DJH4 041< 2 716 0513 2 613 0418 2 51: -

VH[DJH5 0319; 2 713 0518 2 616 041; 2 51< -

VH[DJH6 3153 2 718 041< 2 615 0415 2 51< -

VH[DJH7 31<: 2 719 3159 2 51; 31<3 2 51< -

VH[DJH8 313; 2 618 03189 2 51; 313; 2 519 -

VH[HWKQ4 3188 2 4418 0316< 2 4415 03133 2 4416 0316< 2 4415

VH[HWKQ5 3179 2 ;1; 0317; 2 ;18 03138 2 ;19 0317; 2 ;18

DJH4HWKQ4 0415 2 4;19 0515 2 4;14 0513 2 4;14 0515 2 4;14

DJH5HWKQ4 414 2 5317 03166 2 4<1: 3155 2 4<1< 03166 2 4<1:

DJH6HWKQ4 414 2 5819 3153 2 571< 31<3 2 5816 3153 2 571<

DJH7HWKQ4 03158 2 5714 0417 2 5617 031;; 2 561; 0417 2 5617

DJH8HWKQ4 03153 2 531< 0414 2 5316 031:4 2 5317 0414 2 5316

DJH4HWKQ5 031;: 2 451< 041; 2 4515 0419 2 4517 041; 2 4515

DJH5HWKQ5 3145 2 451; 0414 2 4514 03188 2 4514 0414 2 4514

DJH6HWKQ5 318; 2 4:15 03198 2 4917 03137 2 4919 03198 2 4917

DJH7HWKQ5 0314< 2 4:16 031:8 2 4919 03159 2 491< 031:8 2 4919

DJH8HWKQ5 417 2 4<17 31:5 2 4;1: 415 2 4<13 31:5 2 4;1:

VH[DJH4HWKQ4 3157 2 5617 03169 2 551; 0314< 2 551< 0315: 2 551:

VH[DJH5HWKQ4 3158 2 591< 0416 2 5914 031:< 2 5919 0419 2 581;

VH[DJH6HWKQ4 03177 2 6714 0417 2 6617 031;9 2 661; 041< 2 6614

VH[DJH7HWKQ4 31;; 2 6:15 0318< 2 6917 0313: 2 6:14 03183 2 6914

VH[DJH8HWKQ4 3149 2 5617 031<6 2 551; 0318: 2 5614 0415 2 551:

VH[DJH4HWKQ5 0317; 2 4:1; 0416 2 4:14 0414 2 4:17 0419 2 491:

VH[DJH5HWKQ5 0313< 2 4<13 0416 2 4;16 031;4 2 4;18 0419 2 4:1;

VH[DJH6HWKQ5 0415 2 561; 0518 2 5614 0513 2 5618 0519 2 551:

VH[DJH7HWKQ5 3195 2 5817 03174 2 571: 03136 2 5814 0316< 2 5716

VH[DJH8HWKQ5 31;6 2 591; 0313: 2 5915 3174 2 5919 0317: 2 581;

47



Wdeoh 81 Fryhudjh udwhv iru vrph hvwlpdwru yduldqfh hvwlpdwru frpelqdwlrqv iru vdpsoh

vl}hv q @ 833 dqg q @ 83331
Fhoo qdph F+aw 
 �
	�� > y

�


�
, F+aw � �
	�� > y

�
�
�
, F+aw � �
	�� > y

�
�
�

� , F+aw
���
�
	�� > y

�
�
,

Lqwhufhsw - - - -

VH[ <71; 2 <716 - - -

DJH4 <817 2 <716 - - -

DJH5 <71< 2 <813 - - -

DJH6 <718 2 <71: - - -

DJH7 <716 2 <716 - - -

DJH8 <818 2 <71; - - -

HWKQ4 <619 2 <814 <415 2 <813 <41: 2 <814 <415 2 <813

HWKQ5 <718 2 <815 <614 2 <816 <619 2 <817 <614 2 <816

VH[DJH4 <71< 2 <71: <51< 2 <71; <716 2 <71; -

VH[DJH5 <718 2 <71; <51: 2 <717 <714 2 <718 -

VH[DJH6 <913 2 <815 <61< 2 <71; <71: 2 <71< -

VH[DJH7 <714 2 <71: <616 2 <719 <713 2 <719 -

VH[DJH8 <715 2 <818 <713 2 <813 <71: 2 <815 -

VH[HWKQ4 <518 2 <719 <418 2 <719 <413 2 <718 <418 2 <719

VH[HWKQ5 <714 2 <71: <513 2 <813 <519 2 <813 <513 2 <813

DJH4HWKQ4 <714 2 <61< ;;13 2 <616 ;91: 2 <617 ;;13 2 <616

DJH5HWKQ4 <313 2 <617 ;<1< 2 <617 ;915 2 <616 ;<1< 2 <617

DJH6HWKQ4 :;14 2 <519 ::18 2 <615 ::1< 2 <617 ::18 2 <615

DJH7HWKQ4 ;413 2 <618 ;318 2 <619 ;31; 2 <61; ;318 2 <619

DJH8HWKQ4 ;<14 2 <514 ;;19 2 <61; ;917 2 <714 ;;19 2 <61;

DJH4HWKQ5 <517 2 <71< <31< 2 <717 <316 2 <718 <31< 2 <717

DJH5HWKQ5 <618 2 <613 <514 2 <719 <41: 2 <71: <514 2 <719

DJH6HWKQ5 ;61; 2 <715 ;715 2 <713 ;:17 2 <715 ;715 2 <713

DJH7HWKQ5 ;41: 2 <714 ;619 2 <715 ;916 2 <61< ;619 2 <715

DJH8HWKQ5 <418 2 <71: <314 2 <715 ;913 2 <714 <314 2 <715

VH[DJH4HWKQ4 ;71< 2 <716 ;717 2 <618 ;715 2 <618 ;716 2 <614

VH[DJH5HWKQ4 :61; 2 <513 :61: 2 <41; :61; 2 <514 :61: 2 <513

VH[DJH6HWKQ4 8:1; 2 <418 8:16 2 <417 8:1: 2 <418 8:16 2 <417

VH[DJH7HWKQ4 8413 2 <518 831< 2 <518 8413 2 <518 831; 2 <518

VH[DJH8HWKQ4 ;513 2 <41< ;41; 2 <51< ;41: 2 <615 ;41: 2 <51<

VH[DJH4HWKQ5 ;314 2 <618 ;61: 2 <619 ;916 2 <619 ;815 2 <616

VH[DJH5HWKQ5 <51; 2 <615 <414 2 <714 ;:19 2 <716 ;<1< 2 <717

VH[DJH6HWKQ5 ;31; 2 <615 ;316 2 <619 ;317 2 <618 ;316 2 <61;

VH[DJH7HWKQ5 ::1< 2 <516 ::1: 2 <61: ::1; 2 <61: ::18 2 <61<

VH[DJH8HWKQ5 :617 2 <513 :613 2 <61: :616 2 <61: :51< 2 <61;
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Wdeoh 91 UUPVH +lq (, ryhu 48333 uxqv iru wdeoh VH[ �PVW � HPSO xqghu vlpsoh

udqgrp vdpsolqj zlwk q @ 8331 Wkh vhfrqg froxpq frqwdlqv srsxodwlrq wrwdov1

Fhoo qdph w � � � aw 
 � � � aw � � � � aw
�
�
� � � aw

� �
�� � � aw
� �
� � �

Lqwhufhsw 4;;549 3 3 3 3 3

VH[ <:7<6 716 3 3 3 3

PVW4 57655 4419 431< 3 3 3

PVW5 85;43 :14 814 3 3 3

HPSO4 75<: 5<15 5<1; 5<1; 5<1; 5<1<

HPSO5 ;<5:; 71: 61: 61: 61: 61:

VH[PVW4 4:7<; 4713 451: 3 3 3

VH[PVW5 5643< 441< <1< 3 3 3

VH[HPSO4 5883 6;18 6<13 6<13 6<13 6<14

VH[HPSO5 8;8<9 919 71: 71: 71: 71:

PVW4HPSO4 85; ;714 ;916 ;816 ;819 ;914

PVW5HPSO4 47;8 8313 8414 831; 831< 831;

PVW4HPSO5 4;79< 4618 4515 91; 91: 91;

PVW5HPSO5 4;45: 4619 4619 4414 4415 4413

VH[PVW4HPSO4 655 43; 443 443 443 443

VH[PVW5HPSO4 945 :;15 :<1; :<17 :<17 :<17

VH[PVW4HPSO5 47755 4818 461< :13 91; 91;

VH[PVW5HPSO5 <63< 4<17 4:1; 481: 481: 4818

Wdeoh :1 UUPVH +lq (, ryhu 48333 uxqv iru wdeoh VH[ �PVW � HPSO xqghu vlpsoh

udqgrp vdpsolqj zlwk q @ 83331 Wkh vhfrqg froxpq frqwdlqv srsxodwlrq wrwdov1

Fhoo qdph w � � � aw 
 � � � aw � � � � aw
�
�
� � � aw

� �
�� � � aw
� �
� � �

Lqwhufhsw 4;;549 3 3 3 3 3

VH[ <:7<6 417 3 3 3 3

PVW4 57655 619 616 3 3 3

PVW5 85;43 515 419 3 3 3

HPSO4 75<: <14 <14 <14 <14 <14

HPSO5 ;<5:; 418 414 414 414 415

VH[PVW4 4:7<; 717 61< 3 3 3

VH[PVW5 5643< 61: 613 3 3 3

VH[HPSO4 5883 4513 441< 441< 441< 441<

VH[HPSO5 8;8<9 514 417 417 417 417

PVW4HPSO4 85; 5915 5915 5913 5913 5913

PVW5HPSO4 47;8 4819 4819 4818 4818 4818

PVW4HPSO5 4;79< 715 61: 514 513 513

PVW5HPSO5 4;45: 716 618 617 617 617

VH[PVW4HPSO4 655 6619 661: 6617 6617 6617

VH[PVW5HPSO4 945 5719 5719 5718 5718 5718

VH[PVW4HPSO5 47755 71; 716 514 514 514

VH[PVW5HPSO5 <63< 914 818 71; 71; 71:
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Wdeoh ;1 Uhodwlyh eldv +lq (, dqg UUPVH +lq (, ri yduldqfh hvwlpdwhv ryhu 6333 vlpxodwlrq

uxqv xqghu vuv zlwk q @ 8331 D *-* lqglfdwhv wkdw eldv dqg phdq vtxduhg huuru ydqlvk1

Fhoo qdph y
�


�
+aw 
 � � � , y

�
�
�
+aw � � � � , y

�
�
�

� +aw � � � � , y
�
�

+aw
���
� � � , y

� ���
+aw
���
� � � ,

Lqwhufhsw - - - - -

VH[ 03175 2 318< - - - -

PVW4 031:: 2 <1; 0<16 2 4519 0814 2 4414 - -

PVW5 3178 2 716 04315 2 4614 081; 2 4413 - -

HPSO4 3146 2 5;18 0<17 2 5:16 071; 2 6318 0<17 2 5:16 0<17 2 5:16

HPSO5 415 2 416 0<14 2 4318 071: 2 :1; 0<14 2 4318 0<14 2 4318

VH[PVW4 03135 2 4517 0:1< 2 4519 0619 2 441: - -

VH[PVW5 3148 2 4313 04317 2 451< 081: 2 4318 - -

VH[HPSO4 0417 2 691; 04317 2 6717 081< 2 6;19 04317 2 6717 04317 2 6717

VH[HPSO5 313: 2 619 0;1< 2 4314 0717 2 :14 0;1< 2 4314 0;1< 2 4314

PVW4HPSO4 03136 2 ;718 0<1< 2 :919 0815 2 ;;13 04416 2 :714 04515 2 :613

PVW5HPSO4 31;; 2 831< 0<13 2 7917 0719 2 851: 0<14 2 7913 0<15 2 7913

PVW4HPSO5 3154 2 441< 0;17 2 451; 0713 2 4419 04417 2 4<16 04919 2 551:

PVW5HPSO5 31:3 2 441< 0;16 2 4714 0713 2 4616 0;16 2 4419 0<14 2 4516

VH[PVW4HPSO4 318; 2 43: 0<13 2 <:15 0719 2 445 04413 2 <613 04418 2 <51<

VH[PVW5HPSO4 03158 2 :;15 0<17 2 :414 0717 2 ;41; 04315 2 9<1: 04317 2 9<17

VH[PVW4HPSO5 3166 2 4714 0;13 2 4619 0619 2 451: 0451; 2 5819 04918 2 5:1<

VH[PVW5HPSO5 418 2 4;18 0;1: 2 491: 0717 2 4918 0<1< 2 471< 0<18 2 471;

Wdeoh <1 Uhodwlyh eldv +lq (, dqg UUPVH +lq (, ri yduldqfh hvwlpdwhv ryhu 6333 vlpxodwlrq

uxqv xqghu vuv zlwk q @ 83331 D *-* lqglfdwhv wkdw eldv dqg phdq vtxduhg huuru ydqlvk1

Fhoo qdph y
�


�
+aw � � � � , y

�
�
�
+aw � � � � , y

�
�
�

� +aw � � � � , y
���

+aw
�
�
� � � , y

� �
�
+aw
���
� � � ,

Lqwhufhsw - - - - -

VH[ 041: 2 41: - - - -

PVW4 318< 2 614 03174 2 51< 313: 2 613 - -

PVW5 03188 2 418 0516 2 619 041< 2 617 - -

HPSO4 03144 2 ;1< 0413 2 ;1; 03189 2 ;1< 0413 2 ;1; 0413 2 ;1;

HPSO5 3178 2 317; 31<3 2 513 417 2 516 31<3 2 513 31<3 2 513

VH[PVW4 03164 2 61< 031:4 2 616 03158 2 616 - -

VH[PVW5 3158 2 615 0416 2 51< 031;5 2 51; - -

VH[HPSO4 0418 2 4513 051: 2 441; 0515 2 441< 051: 2 441; 051: 2 441;

VH[HPSO5 31:8 2 417 03153 2 419 3158 2 419 03153 2 419 03153 2 419

PVW4HPSO4 414 2 5918 03135 2 5914 318; 2 5919 031:3 2 5817 031<7 2 5816

PVW5HPSO4 414 2 4913 0314; 2 4819 3164 2 481< 03173 2 4817 03165 2 4817

PVW4HPSO5 3156 2 61: 031<8 2 618 0317; 2 617 0514 2 819 0918 2 ;16

PVW5HPSO5 3145 2 61; 031;< 2 713 0316; 2 61< 0414 2 613 0419 2 615

VH[PVW4HPSO4 3188 2 6617 03179 2 6613 3134 2 6619 0414 2 6515 0416 2 6515

VH[PVW5HPSO4 0514 2 571: 0616 2 5717 051< 2 571; 0618 2 5713 0618 2 5713

VH[PVW4HPSO5 03156 2 717 0415 2 61; 031:5 2 61; 041: 2 :1< 0815 2 <17

VH[PVW5HPSO5 31;9 2 81< 031<4 2 813 0316; 2 71< 03165 2 61< 316< 2 61<

4:



Wdeoh 431 Fryhudjh udwhv iru vrph hvwlpdwru yduldqfh hvwlpdwru frpelqdwlrqv iru vdpsoh

vl}hv q @ 833 dqg q @ 8333 dqg wdujhw wdeoh VH[ �PVW �HPSO1

Fhoo qdph F+aw 
 > y
�


�
, F+aw � > y

�
�
�
, F+aw � > y

�
�
�

� , F+aw
�
�

> y
���

, F+aw
���

> y
� �
�

,

Lqwhufhsw - - - - -

VH[ <71; 2 <716 - - - -

PVW4 <718 2 <813 <614 2 <71; <61; 2 <71; - -

PVW5 <815 2 <71; <61: 2 <719 <717 2 <71; - -

HPSO4 <616 2 <814 <41< 2 <71; <513 2 <71< <41< 2 <71; <41< 2 <71;

HPSO5 <817 2 <816 <719 2 <819 <71; 2 <819 <719 2 <819 <719 2 <819

VH[PVW4 <61: 2 <817 <616 2 <818 <61< 2 <818 - -

VH[PVW5 <813 2 <913 <61; 2 <81< <719 2 <81< - -

VH[HPSO4 <316 2 <713 <317 2 <619 <414 2 <61: <317 2 <619 <317 2 <619

VH[HPSO5 <717 2 <815 <713 2 <818 <719 2 <81: <713 2 <818 <713 2 <818

PVW4HPSO4 :814 2 <617 :71; 2 <616 :813 2 <618 :71: 2 <616 :71: 2 <616

PVW5HPSO4 <314 2 <618 ;<18 2 <713 ;;1: 2 <61< ;<19 2 <715 ;<19 2 <715

PVW4HPSO5 <718 2 <816 <619 2 <814 <713 2 <815 <514 2 <71; <414 2 <716

PVW5HPSO5 <81; 2 <815 <716 2 <813 <813 2 <71< <714 2 <815 <61; 2 <814

VH[PVW4HPSO4 8:1: 2 <517 8:18 2 <517 8:1: 2 <517 8:17 2 <515 8:17 2 <515

VH[PVW5HPSO4 ;313 2 <41< :<19 2 <516 :<1: 2 <518 :<19 2 <519 :<19 2 <519

VH[PVW4HPSO5 <714 2 <815 <61: 2 <814 <715 2 <816 <41: 2 <814 <31< 2 <717

VH[PVW5HPSO5 <914 2 <71; <61: 2 <71; <715 2 <71< <61< 2 <71< <61< 2 <813

4;



Dsshqgl{ E Phwkrg ri frpsxwdwlrq

Doo frpsxwdwlrqv kdyh ehhq shuiruphg lq V0Soxv1 Iru wkh jhqhudo uhjuhvvlrq hvwlpdwru zh kdyh

xvhg d jhqhulf ixqfwlrq wkdw wdnhv dv lqsxw d uhjuhvvlrq prgho/ suhsduhg wdeohv ri srsxodwlrq

wrwdov/ vdpsoh gdwd/ dqg d yhfwru ri wdujhw yduldeohv +gxpplhv ri d wdujhw wdeoh,/ dqg rxwsxwv

wkh uhjuhvvlrq wrwdo hvwlpdwru iru wkh wdujhw yduldeohv/ dqg rswlrqdoo| uhjuhvvlrq zhljkwv dqg

uhvlgxdov1 Wklv ixqfwlrq lv xvhg wr frpsxwh wkh ryhudoo zhljkwlqj vfkhph uhjuhvvlrq hvwlpdwhv

dqg fruuhvsrqglqj yduldqfh hvwlpdwhv1 Lw fdq dovr eh xvhg lq wkh uhshdwhg zhljkwlqj vwhs1 Wkh

uhshdwhg zhljkwlqj hvwlpdwruv dqg yduldqfh hvwlpdwruv kdyh ehhq frpsxwhg xvlqj V0Soxv vfulswv

vshfl�f wr wkh wdujhw wdeohv vlpxodwhg1

Lq rughu wr fduu| rxw wkh vlpxodwlrqv iru vpdoo vdpsoh vl}h +q @ 833 lq rxu fdvh, zh kdg wr

voljkwo| fkdqjh wkh uhshdwhg zhljkwlqj hvwlpdwru vr dv wr dyrlg wkh sureohp ri hpsw| fhoov lq wkh

uh0zhljkwlqj vfkhph1 Wkh xvxdo +zhljkwhg ohdvw vtxduhv, uhjuhvvlrq zhljkwlqj fdq qrw eh xvhg

wr lpsrvh doo frqvlvwhqf| frqvwudlqwv fruuhvsrqglqj wr wkh +uh0,zhljkwlqj vfkhph*v fhoov zkhq

vrph ri wkhvh fhoov frqwdlq qr revhuydwlrqv1 E| voljkwo| prgli|lqj wkh uhjuhvvlrq frh!flhqwv dv

ghvfulehg ehorz wklv sureohp lv flufxpyhqwhg1

Xvlqj wkh idfw wkdw uh0zhljkwlqj vfkhphv iru wkh iuhtxhqf| wdeohv frqvlghuhg frqvlvw ri pdu0

jlqv ri wkhvh wdeohv/ wkh uhshdwhg zhljkwlqj hvwlpdwru fdq eh zulwwhq dv

aw
�
�

@ aw � . aE
�
+u ��aw � ,> +E14,

zkhuh aw � lv wkh yhfwru ri ryhudoo zhljkwlqj vfkhph uhjuhvvlrq hvwlpdwhv ri wkh wdeoh ehlqj uh0

zhljkwhg/ u lv d yhfwru ri pdujlqdo wrwdov/ h{dfwo| nqrzq ru hvwlpdwhg/ dqg� lv wkh fruuhvsrqglqj

djjuhjdwlrq pdwul{ lqglfdwlqj zklfk pdujlqdo fhoov ri wkh wdujhw wdeoh duh lq wkh uh0zhljkwlqj

vfkhph1 Wkh zhljkwhg ohdvw vtxduhv uhjuhvvlrq frh!flhqwv wdnh wkh irup

aE
�
@ ��

�
+���

�
,
� �

+E15,

zkhuh � @ gldj+aw � ,1 E| fkdqjlqj wkh pdwul{ � lqwr �� @ gldj+aw � .�, zlwk � d yhfwru ri srvlwlyh

frqvwdqwv zh hqvxuh wkdw wkh uhshdwhg zhljkwlqj hvwlpdwru vdwlv�hv doo frqvlvwhqf| frqvwudlqwv

hyhq li vrph zhljkwlqj fhoov frqwdlq qr revhuydwlrqv1 Iru ghwdlov/ vhh Errqvwud +5336,1 Iru

wkh yhfwru � zh kdyh vlpso| wdnhq doo frpsrqhqwv htxdo wr
�� � / zklfk lv olnh dgglqj kdoi dq

revhuydwlrq wr hdfk fhoo1 Wkh hvwlpdwruv wkxv rewdlqhg duh iru doo sudfwlfdo sxusrvhv wkh vdph dv

wkh ruljlqdo uhshdwhg zhljkwlqj hvwlpdwru dqg rqo| gl�hu zkhq vrph zhljkwlqj fhoov kdyh }hur

ru qhduo| }hur vdpsoh frxqw1

Dsshqgl{ F V0Soxv frgh

Khuh zh olvw dq V0Soxv ixqfwlrq iru wkh jhqhudo uhjuhvvlrq hvwlpdwru dqg d ixqfwlrq wkdw frpsxwhv

wkh uhshdwhg zhljkwlqj hvwlpdwru iru wkh wdeoh VH[ �PVW �HPSO1 Wkh odwwhu ixqfwlrq lv

jlyhq dv dq h{dpsoh ri krz uhshdwhg zhljkwlqj hvwlpdwlrq dqg yduldqfh hvwlpdwlrq fdq eh grqh

lq V0Soxv1

& Ixqfwlrq wkdw frpsxwhv uhjuhvvlrq hvwlpdwhv iru ilqlwh srsxodwlrq wrwdov

4<



& Lqsxw=

& 0 irupxod= irupxod remhfw frqwdlqlqj erwk wkh uhvsrqvh/ zklfk pd|

& frqvlvw ri pxowlsoh froxpqv/ dqg wkh uhjuhvvlrq prgho

& Li wkh uhvsrqvh frqvlvwv ri idfwru yduldeohv wkhvh pxvw kdyh ehhq

& gxpplilhg/ h1j1 xvlqj prgho1pdwul{+,1

& 0 zhljkwv= wkh zhljkwv xvhg lq wkh uhjuhvvlrq

& 0 srswdeohv= d olvw ri wdeoh duud| remhfwv zlwk qdphv+glpqdphv+,,

& vhw wr wkh dssursuldwh wdeoh qdphv

& Wkh srsxodwlrq wdeohv pxvw eh qdphg diwhu wkh yduldeohv/ vhsdudwhg

& e| frorqv iru pxowlzd| wdeohv/ lq wkh vwdqgdug V0Soxv qdplqj

& frqyhqwlrq iru lqwhudfwlrq hiihfwv1

& Dq lqwhufhsw pxvw eh suhvhqw zlwk fruuhvsrqglqj srsxodwlrq wrwdo

& qdphg %+Lqwhufhsw,%1

& Rxwsxw=

& 0 wU= +yhfwru ri, uhjuhvvlrq hvwlpdwh+v,

& 0 frhiilflhqwv= +pdwul{ ri, uhjuhvvlrq frhiilflhqwv

& 0 zU= uhjuhvvlrq zhljkwv/ rswlrqdo

& 0 uhvlgxdov= +pdwul{ ri, uhvlgxdov/ rswlrqdo

UhjuHvw ?0 ixqfwlrq+irupxod/ zhljkwv/ srswdeohv/ Uzhljkwv @ I/ Uhvlgxdov @ I, ~

& xvh wuhdwphqw frqwudvwv +V0Soxv ghidxow lv Khophuw,

rswlrqv1rog ?0 rswlrqv+frqwudvwv @ f+idfwru @ %frqwu1wuhdwphqw%/

rughuhg @ %frqwu1sro|%,,

rq1h{lw+rswlrqv+rswlrqv1rog,, & uhvwruh ruljlqdo frqwudvw vhwwlqjv

Uhj ?0 op+irupxod/ zhljkwv@zhljkwv/ {@Uzhljkwv, & op ru pop remhfw

& prgho pdwul{ Uhj'{ qhhghg iru frpsxwdwlrq ri uhjuhvvlrq zhljkwv

& Frqvwuxfw yhfwru ri srsxodwlrq wrwdov lq sdudphwulvdwlrq ri Uhj

SrsYhfwru ?0 yhfwru+prgh @ %qxphulf%/ ohqjwk @ Uhj'udqn,

& Surmhfwhg irup ri uhjuhvvlrq hvwlpdwru lv xvhg/ vr pdnh vxuh wkdw

& dq lqwhufhsw lv suhvhqw1

li +lv1qxoo+Uhj'dvvljq'%+Lqwhufhsw,%,, vwrs+%Lqwhufhsw lv uhtxluhg%,

iru +l lq 4=ohqjwk+Uhj'dvvljq,, ~

SrsWdeoh ?0 srswdeohv^^qdphv+Uhj'dvvljq,^^l````

li +lv1qxoo+SrsWdeoh,, vwrs+sdvwh+%Srsxodwlrq wdeoh%/

qdphv+Uhj'dvvljq,^^l``/ %lv plvvlqj%,,

SrsYhfwru^Uhj'dvvljq^^l``` ?0 SrsWdeoh

�
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& Qrz zh kdyh wkh uhtxluhg SrsYhfwru lq wkh dssursuldwh sdudphwul}dwlrq

& Wkh uhjuhvvlrq hvwlpdwh lv vlpso| wkh lqqhu surgxfw Eaw [=

wU ?0 dv1yhfwru+w+frhi+Uhj,, (-( SrsYhfwru, & Qrwh wkh surmhfwlrq irup

& Frpsxwh uhjuhvvlrq zhljkwv> qrwh djdlq wkh surmhfwlrq irup

li +Uzhljkwv,

zU ?0 zhljkwv - dv1yhfwru+Uhj'{ (-( edfnvroyh+Uhj'U/

vroyh+w+Uhj'U,/ SrsYhfwru,,,

hovh

zU ?0 QXOO

li +Uhvlgxdov,

glpqdphv+Uhj'uhvlgxdov, ?0 QXOO & gurs glpqdphv dwwulexwh

hovh

Uhj'uhvlgxdov ?0 QXOO

& rxwsxw

olvw+wU @ wU/ zU @ zU/ frhiilflhqwv @ frhi+Uhj,/ uhvlgxdov @ Uhj'uhvlgxdov,

� & hqg ixqfwlrq UhjuHvw

000000000000000000000000000000000000000000000000000000000000000000000000000000

000000000000000000000000000000000000000000000000000000000000000000000000000000

& Ixqfwlrq wr frpsxwh uhshdwhg zhljkwlqj hvwlpdwru iru VH[ { PVW { HPSO

& dv zhoo dv +vxshu0,uhvlgxdov1

& Xvhv ixqfwlrq UhjuHvw+, zklfk frpsxwhv d uhjuhvvlrq hvwlpdwru lqfoxglqj

& uhvlgxdov1

& Qrwh= wklv ixqfwlrq lv qrw jhqhulf1 Lw lv vshflilfdoo| zulwwhq iru wklv

& sduwlfxodu wdujhw wdeoh1

& Wkh h{lvwhqfh ri wkh iroorzlqj +joredo, yduldeohv lv dvvxphg=

& 0 VH[/ PVW/ HPSO= idfwru yduldeohv

& 0 \= gxpplilhg wdeoh VH[ { PVW { HPSO

& 0 op remhfw Uhj frqwdlqlqj wkh lqirupdwlrq rq wkh ryhudoo zhljkwlqj vfkhph

& uhjuhvvlrq hvwlpdwhv=

& 0 Uhj'wU= wdeoh ri uhjuhvvlrq hvwlpdwhv

& 0 Uhj'zU= zhljkwv fruuhvsrqglqj wr ryhudoo zhljkwlqj vfkhph

& 0 Uhj'uhvlgxdov= uhjuhvvlrq uhvlgxdov ri wdujhw yduldeohv

& 0 srswdeohv frqwdlqlqj doo uhjlvwhu wrwdov uhtxluhg iru wkh uhzhljkwlqjv

& Rxwsxw=

& 0 wUZ= +yhfwru ri, uhshdwhg zhljkwlqj hvwlpdwh+v,
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& 0 uhvlgxdov= +pdwul{ ri, vxshuuhvlgxdov iurp zklfk yduldqfh hvwlpdwhv

& fdq eh frpsxwhg

VH[1PVW1HPSO ?0 ixqfwlrq+, ~

& Uhzhljkwlqj dffruglqj wr frpsohwh vsolwwlqj0xs zhljkwlqj vfkhph

& Uhzhljkwlqj vfkhph VH[ { PVW . VH[ { HPSO . PVW { HPSO

& VH[ { PVW lq uhjlvwhu/ VH[ { HPSO iurp vdpsoh/

& PVW { HPSO qhhgv uhzhljkwlqj

& Dgg hvwlpdwhg srsxodwlrq wdeohv VH[ { HPSO wr srswdeohv

srswdeohv'%VH[=HPSO% ?0 Uhj'wU^dwwu+\/ %dvvljq%,'%VH[=HPSO%`

srswdeohv'HPSO ?0 Uhj'wU^dwwu+\/ %dvvljq%,'HPSO`

& Iluvw frpsxwh PVW { HPSO uhshdwhg zhljkwlqj hvwlpdwh

UhjUhs ?0 UhjuHvw+\^/ dwwu+\/ %dvvljq%,'%PVW=HPSO%` � PVW . HPSO/ Uhj'zU/

srswdeohv/ Uzhljkwv@IDOVH/ Uhvlgxdov@WUXH,

srswdeohv'%PVW=HPSO% ?0 UhjUhs'wU & dgg wr froohfwlrq ri srswdeohv

& Frpsxwh frqwulexwlrq wr vxshuuhvlgxdov iurp PVW { HPSO pdujlq

hnPH ?0 Uhj'uhvlgxdov^/ dwwu+\/ %dvvljq%,'PVW`

hnPH ?0 0+hnPH (-( UhjUhs'frhiilflhqwv^dwwu+UhjUhs'frhiilflhqwv/

%dvvljq%,'PVW/`,

& Qrz frpsxwh wkh uhshdwhg zhljkwlqj hvwlpdwhv ri VH[ { PVW { HPSO

UhjUhs ?0 UhjuHvw+\ � VH[ - PVW . VH[ - HPSO . PVW - HPSO/ Uhj'zU/

srswdeohv/ Uzhljkwv@IDOVH/ Uhvlgxdov@WUXH,

& Frpsxwh vxshuuhvlgxdov iru uhshdwhg zhljkwlqj hvwlpdwhv UhjUhs'wU

hn ?0 Uhj'uhvlgxdov

hn ?0 hn 0 +Uhj'uhvlgxdov^/ dwwu+\/ %dvvljq%,'PVW` (-(

UhjUhs'frhiilflhqwv^dwwu+UhjUhs'frhiilflhqwv/ %dvvljq%,'PVW/`,

hn ?0 hn 0 +Uhj'uhvlgxdov^/ dwwu+\/ %dvvljq%,'%VH[=PVW%` (-(

UhjUhs'frhiilflhqwv^dwwu+UhjUhs'frhiilflhqwv/ %dvvljq%,'%VH[=PVW%/`,

hn ?0 hn . +hnPH (-( UhjUhs'frhiilflhqwv^dwwu+UhjUhs'frhiilflhqwv/

%dvvljq%,'%PVW=HPSO%/`,

�

hovh

hn ?0 QXOO

olvw+wUZ @ UhjUhs'wU/ uhvlgxdov @ hn,

� & hqg ixqfwlrq VH[1PVW1HPSO
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