
Qxphulfdo Phwkrgv

Gdylg Duqrog
Froohjh ri wkh Uhgzrrgv

Iheuxdu| 57/ 4<<;

Devwudfw

Wklv dfwlylw| lqwurgxfhv vwxghqwv wr vroxwlrq whfkqltxh dydlodeoh iru
wkh qxphulfdo vroxwlrq ri ?uvw rughu ruglqdu| lqlwldo ydoxh sureohpv1 Lq
sduwlfxodu/ hxohu*v phwkrg/ un5/ dqg un7 duh frpsduhg dqg frqwudvwhg1
Ehfdxvh wkh dssurdfk lv frpsohwho| ylvxdo/ vwxghqwv zloo qhhg olwwoh/ li
dq|/ suhuhtxlvlwh pdwhuldo ehiruh dwwhpswlqj wklv dfwlylw|1 Suhuhtxlvlwhv1
Vrph idploldulw| zlwk Pdwode*v sorw frppdqg1 Dovr/ |rx zloo qhhg wr
grzqordg hxo1p/ un51p/ dqg un71p1 Wkh dfwlylw| dovr xvhv Yhuvlrq 5 ri
wkh V|perolf Wrroer{/ d Pdwode lqwhuidfh wr Pdsoh1 Krzhyhu/ li |rx gr
qrw kdyh wkh V|perolf Wrroer{/ |rx fdq ?qg h{dfw vroxwlrqv ri wkh LYSv
e| kdqg/ wkhq xvh Pdwode wr gudz wkhlu judskv1

4 Iluvw Rughu Ruglqdu| Gl>huhqwldo Htxdwlrqv
D ?uvw rughu ruglqdu| gl>huhqwldo htxdwlrq +RGH, kdv wkh iroorzlqj irup=

g|

gw
@ i+w> |, +4,

Iru h{dpsoh/ hdfk ri wkh iroorzlqj lv d ?uvw rughu RGH=

g|

gw
@ | +5,

g|

gw
@ w. | +6,

Htxdwlrq +5, lv dxwrqrprxv ehfdxvh wkh uljkw vlgh ri wkh RGH lq +5, grhv qrw
lqyroyh wkh lqghshqghqw yduldeoh +w lq wklv fdvh,1 Htxdwlrq +6, lv qrw dxwrqrprxv
ehfdxvh wkh uljkw kdqg vlgh grhv lqyroyh wkh lqghshqghqw yduldeoh w1 Htxdwlrqv
+5, dqg +6, duh ?uvw rughu RGHv ehfdxvh wkh ghulydwlyhv lq hdfk htxdwlrq lv d
?uvw ghulydwlyh1 Wkhuh duh qr vhfrqg/ wklug/ ru kljkhu ghulydwlyhv lq dq| ri wkhvh
htxdwlrqv1
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5 Lqlwldo Ydoxh Sureohpv

Li htxdwlrqv +5, dqg +6, duh hdfk jlyhq dq lqlwldo frqglwlrq/ wkhq hdfk htxdwlrq
ehfrphv dq lqlwldo ydoxh sureohp +LYS,1

g|

gw
@ |> |+3, @ 6 +7,

g|

gw
@ w. |> |+3, @ 4 +8,

Lq wklv dfwlylw| |rx zloo zrun zlwk vhyhudo idprxv qxphulfdo urxwlqhv wkdw sur0
ylgh dssur{lpdwh vroxwlrqv iru LYSv1

6 H{dfw Vroxwlrqv ri LYSv
H{dpsoh 4 Frqvlghu wkh iroorzlqj LYS1

g|

gw
@ 5| . 4> |+3, @ 6 +9,

Vnhwfk wkh h{dfw vroxwlrq rq wkh lqwhuydo ^3> 5`1

\rx fdq xvh wkh gvroyh frppdqg4 iurp wkh V|perolf Wrroer{ +Yhuvlrq 5,
wr ?qg dq h{dfw vroxwlrq ri LYS +9, dv iroorzv=

AA |@gvroyh+*G|@5-|.4*/*|+3,@6*,

| @

0425.:25-h{s+5-w,

Li |rx w|sh zkrv dw wkh Pdwode surpsw/ Pdwode uhvsrqgv zlwk d ghvfulswlrq
ri wkh yduldeohv lq |rxu zrunvsdfh1 Qrwh wkdw | lv d v|perolf remhfw1 Xvh wkh
V|perolf Wrroer{*v h}sorw frppdqg wr vnhwfk wkh judsk ri wklv vroxwlrq ryhu
wkh lqwhuydo

AA h}sorw+|/^3/5`,

Hqwhu wkh frppdqg

AA krog rq

Iurp qrz rq/ dq| wlph zh lqyrnh wkh sorw frppdqg/ wkh uhvxowlqj sorw zloo
eh vxshulpsrvhg rq wkh h{lvwlqj ?jxuh zlqgrz1

4W|sh khos gvroyh wr uhdg wkh khos?oh iru wkh frppdqg gvroyh1
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7 Hxohu*v Phwkrg

Hxohu*v phwkrg lv d qxphulfdo urxwlqh iru frpsxwlqj vroxwlrqv ri LYSv1 Gu1
Sronlqj ri Ulfh Xqlyhuvlw| kdv zulwwhq d urxwlqh/ hxo1p/ zklfk zloo surgxfh d
qxphulfdo vroxwlrq ri dq LYS xvlqj Hxohu*v phwkrg1 \rx zloo qhhg wr gr wzr
wklqjv wr vroyh LYS +9,=

î Fuhdwh d ixqfwlrq P0?oh gh?qlqj wkh uljkw vlgh ri wkh LYS1
î Xvh Gu1 Sronlqj*v hxo1p urxwlqh wr ?qg dq dssur{lpdwh vroxwlrq1

H{dpsoh 5 Xvh Gu1 Sronlqj*v hxo urxwlqh wr sorw wkh vroxwlrq ri wkh LYS

g|

gw
@ 5| . 4> |+3, @ 6 +:,

rq wkh lqwhuydo ^3> 5`1 Xvh vwhs vl}hv k @ 3=8> 3=358> dqg 3=34581

Wkh htxdwlrq g|@gw @ 5| . 4 kdv wkh irup g|@gw @ i+w> |,/ zkhuh i+w> |, @
5| . 41 Zh qhhg wr exlog d ixqfwlrq P0?oh iru wkh uljkw vlgh ri LYS +:,1 Wkdw
lv/ d ?oh wkdw hydoxdwhv i+w> |, @ 5| . 41 1
Rshq wkh P0Iloh Hglwru2Ghexjjhu surylghg zlwk Pdwode 851 Hqwhu wkh iro0

orzlqj olqhv lq wkh hglwru dqg vdyh wkh ?oh dv i1p1

ixqfwlrq |sulph@i+w/|,
|sulph@5-|.4>

Wkh ?uvw vwhs lq fuhdwlqj d ixqfwlrq P0?oh lv wr w|sh wkh zrug ixqfwlrq1
\rx pxvw wkhq fkrrvh qdphv iru wkh ghshqghqw dqg lqghshqghqw yduldeohv1 Lq
wklv fdvh/ L kdyh fkrvhq |sulph iru wkh ghshqghqw yduldeoh +|sulph vhhpv d
ghvfulswlyh qdph vlqfh wkh ixqfwlrq i+w> |, @ 5|.4 lv hydoxdwlqj wkh ghulydwlyh,1
Wkh lqghshqghqw yduldeohv6 duh w dqg |1 Wkh odvw olqh ri dq| ixqfwlrq P0?oh
dvvljqv ydoxhv wr wkh ghshqghqw yduldeoh+v,1 Lq wklv fdvh/ |sulph lv dvvljqhg wkh
ydoxh 5-|.41 Wkh vhplfrorq vxssuhvvhv wkh rxwsxw1
\rx pxvw dozd|v vdyh wkh ?oh zlwk wkh vdph qdph dv wkh ixqfwlrq1 Lq wklv

fdvh/ vdyh wkh ?oh dv i1p1 Li wkh ?uvw olqh ri wkh ixqfwlrq P0?oh kdg ehhq
|sulph@gdylg+w/|,/ |rx zrxog vdyh wkh ?oh dv gdylg1p1
\rx zloo qrz xvh hxo1p wr ?qg d qxphulfdo vroxwlrq ri +:, rq wkh lqwhuydo

^3> 5`1 Iluvw/ w|sh khos hxo dqg uhdg wkh uhvxowlqj khos?oh1 Qrwh wkdw zh qhhg
wr sdvv wklv urxwlqh vhyhudo sdudphwhuv1

*I* D vwulqj frqwdlqlqj wkh qdph ri wkh ixqfwlrq P0?oh
wvsdq Wkh wlph lqwhuydo lq wkh irup ^w3/wilqdo`
|3 Wkh lqlwldo |0ydoxh
vvl}h Wkh vwhs vl}h

5\rx fdq dfwxdoo| xvh dq| hglwru |rx zlvk/ exw wkh rqh surylghg e| Pdwode lv txlwh qlfh1
6Dfwxdoo|/ |/ uhsuhvhqwlqj wkh vroxwlrq ri wkh LYS/ ghshqgv rq wkh yduldeoh w1 Wkdw lv/ |

lv d ixqfwlrq ri w1 Krzhyhu/ lq wkh ixqfwlrq P0?oh |rx duh zulwlqj/ erwk | dqg w vhuyh dv
lqghshqghqw yduldeohv iru wkh ixqfwlrq i1
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Wkh ixqfwlrq vwulqj qdph lv *i*/ wkh qdph ri wkh ixqfwlrq P0?oh zh fuhdwhg
wr hydoxdwh wkh uljkw vlgh ri LYS +:, Wvsdq lv wkh lqwhuydo ^3> 5` dqg wkh lqlwldo
|0ydoxh lv 61 Xvh wkh ?uvw vwhs vl}h +vvl}h, uhtxhvwhg lq wkh gluhfwlrqv= k @ 3=81

AA ^whxo/|hxo`@hxo+*i*/^3/5`/6/318,

whxo @

3
318333
413333
418333
513333

|hxo @

613333
918333
4618333
5:18333
8818333

Dgg wklv qxphulfdo vroxwlrq wr |rxu sorw ri wkh h{dfw vroxwlrq dv iroorzv1

AA sorw+whxo/|hxo/*ur0*,

\rx*oo qrwh wkdw wklv qxphulfdo vroxwlrq lv qrw sduwlfxoduo| dffxudwh1 \rx fdq
lpsuryh wkh dffxudf| ri Hxohu*v phwkrg e| ghfuhdvlqj wkh vwhs vl}h wr k @ 3=581

AA ^whxo5/|hxo5`@hxo+*i*/^3/5`/6/3158,

whxo5 @

3
315833
318333
31:833
413333
415833
418333
41:833
513333

|hxo5 @

613333
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71:833
:16:83
4416458
4:154;;
5913:;4
6<169:5
8<1633;
;<15345

Dgg wklv odvw vroxwlrq wr |rxu sorw1

AA sorw+whxo5/|hxo5/*j-0*,/ vkj

Qrwh wkdw wklv odvw vroxwlrq/ ehfdxvh ri wkh vpdoohu vwhs vl}h/ lv d ehwwhu
dssur{lpdwlrq ri wkh h{dfw vroxwlrq1 Ghfuhdvh wkh vwhs vl}h wr k @ 3=458 dqg
sorw wkh uhvxow1 Li |rx zlvk/ uhpryh wkh vxssuhvvlqj vhplfrorq lq wkh iroorzlqj
frppdqg wr ylhz wkh uhvxowv1

AA ^whxo6/|hxo6`@hxo+*i*/^3/5`/6/31458,>
AA sorw+whxo6/|hxo6/*|v0*,/ vkj

Qrwh wkdw wklv odvw vroxwlrq lv wkh ehvw dssur{lpdwlrq ri wkh h{dfw vroxwlrq
wkxv idu1
H{shulphqw1 Wdnh vrph wlph wr h{shulphqw zlwk vpdoohu vwhs vl}hv1 Gh0

fuhdvh wkh vwhs vl}h ixuwkhu dqg dgg wkh uhvxowlqj qxphulfdo vroxwlrq wr |rxu
sorw1 Qrwh wkdw ghfuhdvlqj wkh vwhs vl}h fdq pdnh iru d ehwwhu vroxwlrq/ exw wkh
frvw lq frpsxwhu wlph jrhv xs hdfk wlph |rx ghfuhdvh wkh vwhs vl}h1 Li |rx duh
zrunlqj rq d uhdoo| idvw frpsxwhu/ wu| d vwhs vl}h ri 3133341 Wlph |rxu uhvxow
e| zudsslqj wkh frppdqg ehwzhhq wlf dqg wrf1

AA wlf/^w/|`@hxo+*i*/^3/5`/6/313334,>wrf

8 Ehwwhu Qxphulfdo Vroyhuv
Dv |rx vdz lq wkh odvw h{dpsoh/ \rx fdq lpsuryh wkh dffxudf| ri Hxohu*v phwkrg
e| ghfuhdvlqj wkh vwhs vl}h1 Krzhyhu/ hdfk wlph |rx ghfuhdvh wkh vwhs vl}h/ wkh
frpsxwhu pxvw pdnh pruh fdofxodwlrqv1 Wklv fdq eh yhu| lqh!flhqw1 Ohw*v orrn
dw vrph rwkhu vroyhuv wkdw fdq lpsuryh wkh dffxudf| ri wkh vroxwlrq zlwkrxw
ghfuhdvlqj wkh vwhs vl}h1

814 UN5

Wkh P0?oh un51p/ d vhfrqg rughu Uxqjh0Nxwwd phwkrg/ zdv dovr zulwwhq e| Gu1
Sronlqj1 W|sh khos un5 dqg uhdg wkh uhvxowlqj khos?oh1 Qrwh wkdw wkh fdoolqj
vhtxhqfh dqg wkh sdudphwhuv duh lghqwlfdo wr wkrvh ri hxo1p1 Zh surfhhg h{dfwo|
dv ehiruh/ rqo| zh w|sh un5 lqvwhdg ri hxo1 Ohw*v xvh d vwhs vl}h ri 3181
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AA forvh doo
AA h}sorw+|/^3/5`,
AA krog rq
AA ^whxo/|hxo`@hxo+*i*/^3/5`/6/318,>
AA ^wun5/|un5`@un5+*i*/^3/5`/6/318,>
AA sorw+whxo/|hxo/*ur0*/wun5/|un5/*jr0*,/vkj

Qrwh wkdw wkh un5 vroxwlrq lv d ehwwhu dssur{lpdwlrq wkdq wkh hxo vroxwlrq1
Uhshdw wklv vdph vhw ri frppdqgv/ exw xvh d vwhsvl}h k @ 3=581 Uhshdw djdlq
zlwk d vwhsvl}h k @ 3=4581

815 UN7

Wkh P0?oh un71p lv d irxuwk rughu Uxqjh0Nxwwd phwkrg zkrvh xvh lv lghqwlfdo
wr wkh urxwlqhv hxo1p dqg un51p1

AA forvh doo
AA h}sorw+|/^3/5`,
AA krog rq
AA ^whxo/|hxo`@hxo+*i*/^3/5`/6/318,>
AA ^wun5/|un5`@un5+*i*/^3/5`/6/318,>
AA ^wun7/|un7`@un7+*i*/^3/5`/6/318,>
AA sorw+whxo/|hxo/*ur0*/wun5/|un5/*jr0*/wun7/|un7/*|r0*,/vkj

Qrwh wkdw wkh un7 vroxwlrq surylghv wkh ehvw dssur{lpdwlrq ri doo1 Uhshdw
wklv vdph vhw ri frppdqgv/ exw xvh d vwhsvl}h k @ 3=581 Uhshdw djdlq zlwk d
vwhsvl}h k @ 3=4581

9 Krphzrun

41 Frqvlghu wkh iroorzlqj LYS=

g|

gw
@ 5ý |> |+3, @ 4 +;,

+d, Xvh hxo1p/ un51p/ dqg un71p wr ?qg qxphulfdo vroxwlrqv ri LYS +;,
rq wkh lqwhuydo ^3> 5`1 Xvh d vwhs vl}h ri k @ 3=581

+e, Xvh gvroyh ri wkh V|perolf Wrroer{ wr ?qg wkh h{dfw vroxwlrq1

+f, Sorw wkh h{dfw vroxwlrq/ wkh hxo1p vroxwlrq/ wkh un51p vroxwlrq/ dqg
wkh un71p vroxwlrq/ doo rq wkh vdph d{lv1

+g, Xvh wlwoh/ {odeho/ dqg |odeho wr surylgh d wlwoh dqg odehov iru wkh
d{hv1

+h, Xvh jwh{w wr odeho hdfk vroxwlrq1

+i, Rewdlq d sulqwrxw dqg kdqg lq1

51 Uhshdw wkh deryh h{huflvh zlwk d vwhsvl}h ri k @ 3=4581 Rewdlq d sulqwrxw
dqg kdqg lq1
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