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Ohvwhu Kloo lqwurgxfhg klv frglqj2ghfrglqj surfhvv lq 4<5< lq wkh mrxuqdo ri
pdwkhpdwlfv/ wkh surfhvv ehfdph nqrzq Kloo0flskhuv1 Wkh surfhvv ri hqfu|s0
wlrq lv fdoohg fu|swrjudsk|1 Lq fu|swrjudsk| d phvvdjh wkdw kdv qrw |hw ehhq
hqfu|swhg lv fdoohg sodlqwh{w/ diwhu wkh hqfu|swlrq surfhvv wkh hqfu|swhg phv0
vdjh lv fdoohg flskhuwh{w1 Wkh surfhvv ri frqyhuwlqj wkh sodlqwh{w wr flskhuwh{w lv
fdoohg hqflskhulqj dqg wkh uhyhuvh surfhvv zkhuh wkh flskhuwh{w lv frqyhuwhg wr
sodlqwh{w lv fdoohg ghflskhulqj1 Ohvwhu*v phwkrg lqyroyhv glylglqj wkh sodlqwh{w
phvvdjh lqwr vhwv ri q ohwwhuv/ hdfk ri zklfk lv uhsodfhg e| q flskhu ohwwhuv/ wklv
lv nqrzq dv d sro|judsklf v|vwhp1 Kloo0flskhuv uhtxluh d pdwul{ edvhg sro|0
judsklf v|vwhp1 Iru h{dpsoh idefghi = = = j @ de ef gh = = = ru def ghi = = = dqg vr
rq1
Iru wkh sxusrvh ri rxu glvfxvvlrq zh zloo vkrz wkh fodvvlf sodlqwh{w dqg

flskhuwh{w frqyhuvlrq

D E F G H I J K L M N O P
4 5 6 7 8 9 : ; < 43 44 45 46

Q R S T U V W X Y Z [ \ ]
47 48 49 4: 4; 4< 53 54 55 56 57 58 3

î Vwhs 41 Fkrrvh dq lqyhuwleoh prgxor 59 q { q pdwul{ zlwk lqwhjhu hqwulhv59997
d44 d45 ü ü ü d4q
d54 d55 ü ü ü d5q
111

111
1 1 1

111
dq4 dq5 ü ü ü dqq

6:::8
wr shuirup wkh hqfrglqj1 +Fhuwdlq frqglwlrqv rq d zloo eh lpsrvhg odwhu1,

î Vwhs 51 Jurxs vxffhvvlyh sodlqwh{w ohwwhuv lqwr vhwv ri q ohwwhuv/ dgglqj
dq duelwudu| %gxpp|% ohwwhu wr ñoo rxw wkh odvw vhw li wkh sodlqwh{w grhv
qrw kdyh wkh vdph jurxslqj qxpehu ri ohwwhuv/ wkhq uhsodfh hdfk sodlqwh{w
ohwwhu e| lwv qxphulfdo ydoxh1
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î Vwhs 61 Vxffhvvlyho| frqyhuw hdfk sodlqwh{w sdlu s4>s5> = = = > sq lqwr d fro0
xpq yhfwru

s @

597 s4
111
sq

6:8
dqg irup wkh surgxfw Ds @ f1 Zh zloo fdoo s d sodlqwh{w yhfwru dqg Ds wkh

fruuhvsrqglqj flskhuwh{w yhfwru1

î Vwhs 71 Frqyhuw hdfk flskhuwh{w yhfwru lqwr lwv doskdehwlf htxlydohqw xvlqj
wkh frqyhuvlrq wdeoh1

�ë� , @4T*i

Zh zloo hqflskhu/ %GDYH%/ iru wklv h{dpsoh1 Wkh ñuvw vwhs lqfoxghv wkh fkrlfh
ri dq lqyhuwleoh prgxor 59 q { q pdwul{/ iru d kloo 50flskhu zh xvh wkh 5 { 5
pdwul{

D @

é
4 5
3 6

è
Qh{w jurxs sodlqwh{w ohwwhuv lqwr sdluv dqg uhsodfh zlwk wkh fruuhvsrqglqj

qxphulfdo ydoxh iurp wkh fodvvlf frqyhuvlrq wdeoh1
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dqg
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è
xvh wkhvh wr irup wkh surgxfw

Ds @ fé
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3 6

è
ú
é
7 55
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è
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é
9 65
6 48

è
Qrz

f @

é
f4
f5

è
vr/

f4 @

é
9
6

è
dqg f5 @

é
65
48

è
Wklv lv zkhuh zh uxq lqwr wurxeoh/ 65 lv odujhu wkdq rxu 59 ohwwhu doskdehw vr/

wr dffrxqw iru wklv zh uhsodfh lqwhjhuv wkdw duh odujhu wkdq 58 e| wkh uhpdlqghu
wkdw uhvxowv iurp glylglqj e| 591 65@59 @ 4 uhpdlqghu 9>vr/

f5 @

é
9
6

è
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f4 @

é
9
6

è
@ ^IF`3 dqg f5 @

é
57
:

è
@ ^IR`3

vr/ wkh hqfu|swhg phvvdjh lv %IFIR%1

�ë2 �L_ý*@h úhð|ü4i|ðU

Lq wkh odvw h{dpsoh zh glvfryhuhg wkdw lqwhjhuv juhdwhu wkdq 58 duh uhsodfhg
e| wkhlu uhpdlqghuv diwhu glylglqj e| 591 Zrunlqj zlwk uhpdlqghuv lv dw wkh
fruh ri d erg| ri pdwkhpdwlfv nqrzq dv prgxodu dulwkphwlf1 Ehfdxvh ri lwv
lpsruwdqfh lq fu|swrjudsk| zh zloo gljuhvv iru d prphqw dqg irfxv rq vrph
lpsruwdqw srlqwv/ li zh zhuh wr h{sodlq prgxodu dulwkphwlf dw dq| ohqjwk wkh
ruljlqdo wrslf/ Kloo Flskhuv/ zrxog eh wdnhq wr idu dñhog1

î Ghñqlwlrq= Li P lv d srvlwlyh lqwhjhu dqg d dqg e duh dq| lqwhjhuv wkhq
zh vd| wkdw d lv frqjuxhqw wr e prgxor p/ zulwwhq

d ì e+prgp,
li dý e lv dq lqwhjhu pxowlsoh ri p/ ru

d ì e+prgp,/pm+eý d,

Iru h{dpsoh=

65 ì 5+prg9, ehfdxvh 9m+65ý 5,
7; ì 6+prg8, ehfdxvh 8m+7;ý 6,

î Wkhruhp 4= Iru dq| lqwhjhu d dqg prgxoxv p/ ohw U@uhpdlqghu ri mdmp 1
Wkhq/ wkh uhvlgxh u ri d prgxor p lv

;?= U li d è 3
pý u li d ? 3 dqg U 9@ 3
3 li d ? 3 dqg U @ 3

Lq prgxodu dulwkphwlf zh kdyh wkh iroorzlqj fruuhvsrqglqj frqfhsw=

î Ghñqlwlrq= Li d lv d qxpehu lq ]p wkhq d qxpehu dý4 lq ]p lv fdoohg
d uhflsurfdo ru pxowlsolfdwlyh lqyhuvh ri d prgxor p li ddý4 @ dý4d @
4+prgp,

h{dpsoh=

6{ @ 4+prg59,

6 ú < @ 5: @ 4

6ý4 @ <+prg69,
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î Wkhruhp 5= D vtxduh pdwul{ D zlwk hqwulhv lq ]p lv lqyhuwleoh prgxor p
li dqg rqo| li wkh uhvlgxh ri ghw+D, d prgxor p kdv d uhflsurfdo prgxor
p1

î Fruroodu| 4= D vtxduh pdwul{ D zlwk hqwulhv lq ]p lv lqyhuwleoh prgxor
p li dqg rqo| li p dqg wkh uhvlgxh ri ghw+D, prgxor p kdyh qr frpprq
sulph idfwruv1

î Wkhruhp 6= ohw d dqg e eh srvlwlyh lqwhjhuv dqg ohw { dqg | eh d vfdohuv>
wkhq wkh juhdwhvw frpprq glylvru ri d dqg e lv f1 f fdq eh zulwwhq dv d
olqhdu frpelqdwlrq ri d dqg e

f @ {d. |e

î Wkhruhp 7= Li wkh vtxduh pdwul{ D vdwlvñhv fruroodu| 4/ wkhq wkh juhdwhvw
frpprq glylvru ri ghw+D, zlwk p lv 41 Qrz dsso|lqj wkhruhp 6/ zkhuh
d @ ghw +D,/ e @ p dqg f @ 4=

4 @ {ghw+D, . |p

wkhq wkh prgxodu lqyhuvh ri ghw+D, lv {=
Qrwh= { fdq eh irxqg xvlqj vrph whfkqltxhv ri qxpehu wkhru|1

�ëô #iUðTüihð?}

Ghflskhulqj wkh flskhuwh{w ri d kloo flskhu uhtxluhv wkh lqyhuvh prgxor p ri wkh
hqflskhulqj pdwul{1 Vxssrvh59997

d44 d45 ü ü ü d4q
d54 d55 ü ü ü d5q
111

111
1 1 1

111
dq4 dq5 ü ü ü dqq

6:::8
lv lqyhuwleoh prgxor 59 dqg wklv pdwul{ lv xvhg lq kloo 50flskhu li

s @

597 s4
111
sq

6:8
lv d sodlqwh{w yhfwru/ wkhq

f @ Ds

lv wkh fruuhvsrqglqj flskhuwh{w yhfwru dqg

S @ Dý4f
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Wkxv/ sodlqwh{w fdq eh uhfryhuhg iurp wkh fruuhvsrqglqj flskhuwh{w yhfwru e|
pxowlso|lqj lw rq wkh ohiw e|

Dý4+prgp,

41614 H{dpsoh=

Wklv lv wkh wdeoh ri uhflsurfdov prgxor59

d
dý4 @

4 6 8 : < 44 48 4: 4< 54 56 58
4 < 54 48 6 4< : 56 44 8 4: 58

Vwduwlqj zlwk wkh ruljlqdo hqfrglqj pdwul{

D @

é
4 5
3 6

è
wdnh wkh lqyhuvh

Dý4 @ 6ý4
é
6 ý5
3 4

è
iurp wkh wdeoh ri uhflsurfdov zh ñqg wkh lqyhuvh ri 6 lv </ dqg dsso| prgxodu
dulwkphwlf1

Dý4 @ <
é
6 57
3 4

è
+prg59,

pxowlso|/ dqg zh jhw

Dý4 @
é
5: 549
3 <

è
rqfh djdlq dsso| prgxodu dulwkphwlf dqg

Dý4 @
é
4 ;
3 <

è
@, Wklv lv rxu hqflsklulqj pdwul{

vr é
4 ;
3 <

è é
9 9
6 48

è
@

é
63 459
5: 468

è
dsso| prgxodu dulwkphwlf rqfh djdlq/ dqg xvh wkh sodlqwh{w frqyhuvlrq wdeoh wr
ghfrgh wkh pdwul{1 é

7 55
4 8

è
@ GDYH

Wkh iroorzlqj frgh zdv xvhg iru d surjudp wkdw zdv sduw ri d suhvhqwdwlrq
jlyhq iru d olqhdu dojheud fodvv/ wkh surjudp lv xvhg iru hqfu|swlrq dqg ghfu|sw0
lqj lq DVFLL fkdudfwhuv/ zkhuh prgxor 589 lv xvhg1 wkhvh ñohv fdq srvvleo| eh
vhqw wkurxjk H0pdlo dqg xvhg e| wzr sduwlhv wr vhqg frghg phvvdjhv li wkh qhhg
dulvhv1 Wkhvh duh wkh P0ñohv iru wkh surjudp1
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î ,?Uh)T|

ixqfwlrq ^flskhuwh{w` @ hqfu|sw+sodlqwh{wiloh/flskhuwh{wiloh/glp,

(HQFU\SW hqfu|swv d wh{w iloh1

( HQFU\SW+SODLQWH[WILOH/FLSKHUWH[WILOH/GLP, rshqv d sodlqwh{w iloh zlwk wkh vshflilhg

( qdph/ fuhdwhv d flskhuwh{w iloh xvlqj wkh vshflilhg qdph dqg fuhdwhv d vtxduh

( hqfrghlqj pdwul{ ri glphqvlrq GLP zhuh GLP lv qr juhdwhu wkdq 91 Li qr glphqvlrq

( lv vshflilhg wkh ghidxow hqfrghlqj pdwul{ ^438 4;>5: 4:4` lv xvhg1

(

( D frs| ri wkh hqfrghlqj pdwul{ lv vdyhg lq d iloh hqfrghpdwul{1|sw wklv iloh zloo

( fkdqjh hyhu| wlph HQFUSW lv xvhg xqohvv wkh ghidxow pdwul{ lv xvhg iru hqfrghlqj1

(

( Vhh dovr GHFU\SW/ =1

( 41Hlwkhu fuhdwhv d udqgrp hqfrghlqj pdwul{ ru xvhv wkh ghidxow pdwul{1

li qdujlq?6 hqfrghpdwul{@^438 4;>5: 4:4`>glp@ohqjwk+hqfrghpdwul{,>

hovh

j@5-glp>

zkloh j�@4

hqfrghpdwul{@prg+udqglqw+glp/glp/588,/589,>

^j f g`@jfg+prg+ghw+hqfrghpdwul{,/589,/589,>

hqg

hqg

hqfrghpdwul{

(51Fuhdwhv d iloh zlwk wkh hqfrghlqj pdwul{1

}@irshq+*hqfrghpdwul{1|sw*/*z*,>

|@izulwh+}/hqfrghpdwul{/*fkdu*,>

(61Rshqv wkh sodlqwh{w iloh1

d@irshq+sodlqwh{wiloh/*u*,>

e@iuhdg+d/lqi/*fkdu*,>

(71Uhvkdshv wkh sodlqwh{w iloh iru ohiw pxowlsolfdwlrq e| wkh hqfrghlqj pdwul{1

R@ohqjwk+e,>

li prg+ohqjwk+e,/ohqjwk+hqfrghpdwul{,,@@3

hovh

iru U@4=+ohqjwk+e,0prg+ohqjwk+e,/ohqjwk+hqfrghpdwul{,,.glp,0ohqjwk+e,

e+R.U/4,@65>

hqg

hqg

(81Hqfrghv wkh sodlqwh{w iloh e| ohiw pxowlso|lqj lw zlwk wkh hqfrghlqj pdwul{1

sodlqwh{w@fkdu+e,*>

hqfrghpdwul{pdwul{@uhvkdsh+e/ohqjwk+hqfrghpdwul{,/ohqjwk+e,2ohqjwk+hqfrghpdwul{,,>
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frghgpdwul{@hqfrghpdwul{-hqfrghpdwul{pdwul{>

f@prg+urxqg+uhvkdsh+frghgpdwul{/glp-vl}h+frghgpdwul{/5,/4,,/589,>

flskhuwh{w@fkdu+f,*>

(91Fuhdwhv d iloh frqwdlqlqj wkh flskhuwh{w1

i@irshq+flskhuwh{wiloh/*z*,>

j@izulwh+i/flskhuwh{w/*fkdu*,>

k@irshq+flskhuwh{wiloh/*u*,>

l@iuhdg+k/lqi/*fkdu*,>

iforvh+*doo*,>

î #iUh)T|

ixqfwlrq ^sodlqwh{w` @ ghfu|sw+flskhuwh{wiloh/sodlqwh{wiloh,

(GHFU\SW Ghfu|swv d wh{wiloh1

( GHFU\SW+FLSKHUWH[WILOH/SODLQWH[WILOH, rshqv wkh vshflilhg flskhuwh{w

( iloh wkhq ghfu|swv wkh flskhwh{w dqg fuhdwhv d sodlqwh{wiloh zlwk wkh vshflilhg qdph1

(

( Wkh iloh *hqfrghpdwul{1|sw* fuhdwhg zlwk wkh ruljlqdo flskhuwh{w iloh

( pxvw eh lqfoxghg1

(

( Vhh dovr HQFU\SW/ =1

(41Rshqv wkh iloh *hqfrghpdwul{1|sw* zklfk lv wkh hqfrghlqj pdwul{1

}@irshq+*hqfrghpdwul{1|sw*/*u*,>

w@iuhdg+}/lqi/*fkdu*,>

hqfrgh@uhvkdsh+w/vtuw+ohqjwk+w,,/vtuw+ohqjwk+w,,,>

(51Rshqv flskhuwh{w iloh wr eh ghfu|swhg1

k@irshq+flskhuwh{wiloh/*u*,>

l@iuhdg+k/lqi/*fkdu*,>

(61Uhvkdshv wkh flskhuwh{wiloh +vwloo lq DVFLL frgh, iru ohiw pxowlsolfdwlrq e|

(wkh ghfrghlqj pdwul{1

ghfrghpdwul{@uhvkdsh+l/ohqjwk+hqfrgh,/ohqjwk+l,2ohqjwk+hqfrgh,,>

(71Fuhdwhv wkh ghfrghlqj pdwul{ e| wdnhlqj wkh prgxodu lqyhuvh ri wkh hqfrghlqj pdwul{1

^j f g`@jfg+prg+ghw+hqfrgh,/589,/589,>

li j�@4/glvs+*lqydolg hqfrghlqj pdwul{*,/uhwxuq

hqg

hqfrgh>

fridfwru+hqfrgh,>

ghfrgh@prg+f-dqv*/589,

(81Ohiw pxowlsolhv wkh0qrz uhvkdshg0fklskhuwh{wiloh e| wkh ghfrghlqj pdwul{1

ghfrghg@prg+ghfrgh-ghfrghpdwul{/589,>

:



(91Uhvkdshv wkh yduldeoh/ *ghfrghg* lqwr d yhfwru dqg frqyhuwv lw iurp DVFLL frgh wr

(DVFLL fkdudfwhuv1

h@uhvkdsh+ghfrghg/ohqjwk+ghfrgh,-ohqjwk+ghfrghg,/4,>

sodlqwh{w@fkdu+h,*>

(:1Fuhdwhv d iloh frqwdlqlqj wkh sodlqwh{w1

i@irshq+sodlqwh{wiloh/*z*,>

izulwh+i/sodlqwh{w/*fkdu*,>

iforvh+*doo*,>

î çLu@U|Lh

Wkh iroorzlqj surjudp Fuhdwhg e| Jloehuw Vwudqj ri PLW lv xvhg e| wkh
wzr surjudpv olvwhg deryh1

ixqfwlrq F @ fridfwru+D/l/m,

(FRIDFWRU Fridfwruv dqg wkh fridfwru pdwul{1

( FRIDFWRU+D/l/m, uhwxuqv wkh fridfwru ri urz l/ froxpq m1

( FRIDFWRU+D, uhwxuqv wkh pdwul{ F ri fridfwruv1

li qdujlq @@ 6

( Uhpryh urz l dqg froxpq m wr surgxfh wkh plqru1

P @ D>

P+l/=, @ ^`>

P+=/m, @ ^`>

F @ +04,a+l.m,-ghw+P,>

hovh

^q/q` @ vl}h+D,>

iru l @ 4=q

iru m @ 4=q

F+l/m, @ prg+fridfwru+D/l/m,/59,>

hqg

hqg

hqg

�ëe +iuihi?Uit

41 Deudkdp Vlqnry/ Hohphqwdu| Fu|swdqdo|vlv/ d Pdwkhpdwlfdo Dssurdfk
+Pdwkhpdwlfdo Dvvrfldwlrq ri Dphulfd/ Pdwkhpdwlfdo Oleudu|/ 4<99,1
51 Dodq J1 Nrqkhlp/ Fu|swrjudsk|/ d sulphu +Qhz \run= Zloh|0Lqwhuvflhqfh/

4<;4,
61 Jloehuw Vwudqj> P0ñoh= PLW
71 Gdylg Duqrog/ Prgxodu Dulwkphwlf/ Lqyhuvh Pxowlsolfdwlrq/ Kloo flskhuv=

Froodjh ri wkh Uhgzrrgv Pdwkhpdwlfv Ghsduwphqw1

;



81 Krzdug Dqwrq dqg Fkulv Uruuhv/ Hohphqwv ri Olqhdu Dojheud/ +Guh{ho
Xqlyhuvlw|/ Qhz \run Mrkq Zloh| ) vrqv/ Lqf4<:6,1
9 Gdylg F1 Od|/ Olqhdu Dojheud dqg lwv Dssolfdwlrqv> vhfrqg dgglwlrq

+xqlyhuvlw| ri Pdu|odqg/ Dgglvrq0 Zhvoh| Orqjpdq/ Lqf1/4<<:,

Ixuwkhu Uhdglqjv 41 Ohvwhu V1 Kloo/ Fu|swrjudsk| lq dq Dojheudlf Doskdehw/
+Wkh Dphulfdq Pdwkhpdwlfdo Prqwko|/ 69,/ Mxqh0Mxo| 4<5</ ss1 63906451
51 Ohvwhu V1 Kloo/ Frqfhuqlqj Fhuwdlq Olqhdu Wudqvirupdwlrq Dssdudwxv

ri Fu|swrjudsk|/ +Wkh Dphulfdq Pdwkhpdwlfdo Prqwko|/ 6;,/ Pdufk 4<64/
ss14680487,1

<


