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Ehiruh vkrzlqj dq| pdwkhpdwlfv> vrph edfnjurxqg ri iudfwdov dqg iudfwdo pxvlf
duh wr eh dgguhvvhg1 Pxvlf dqg pdwk kdyh dozd|v kdg d forvh uhodwlrqvkls/
S|wkdjrudv hyhq kdg d kdqg lq vkrzlqj wkdw wrqdo kduprq| lv forvho| uhodwhg
wr wkh qxphulfdo ydoxhv ri iuhtxhqflhv1 Iudfwdov/ fdph lqwr wkh sxeolf h|h lq
wkh odwh vhyhqwlhv zlwk wkh Pdqghoeurw vhw ehlqj judskhg iurp d frpsxwhu1
Vrrq diwhu wkh errp ri shuvrqdo frpsxwhuv/ pxvlfldqv zhuh jlyhq d qhz wrro
wr frpsrvh pxvlf/ zlwk wkh dlg ri PLGL+Pxvlfdo Lqvwuxphqw Gdwd Lqwhuidfh,/
dqg SF surjudpv1 Lw rqo| wrrn d ihz |hduv iru shrsoh wr vhh wkh ruljlqdolw| ri
iudfwdov dqg iru qhz zd| iru pxvlfldqv wr h{suhvv d iudfwdov* ehdxw|1
Lq wkh odwh hljkwlhv Pxvlf Iurp wkh Iulqjh zdv ehlqj fuhdwhg1 Pxvlf Iurp

wkh Iulqjh zdv d vhulhv ri surjudpv wkdw h{sorlwhg wkh srwhqwldo ri iudfwdov wr
fuhdwh pxvlf1 Wkh uhvxow iurp wkh surjudp pdsslqj fdofxodwhg ydoxhv ri iudfwdov
wr dxglr iuhtxhqflhv/ zdv d el}duuh exqfk ri vfuhhfkhv/ krzov/ dqg ehhsv> qrwklqj
uhdoo| pxvlfdo1 Qrz lq wkh odwh qlqhwlhv/ wkhuh duh txlwh d ihz uhdoo| jrrg iudfwdo
pxvlf surjudpv wkdw fdq eh grzqordghg iurp wkh Lqwhuqhw1 Prvw surjudpv duh
edvhg rq wkh ruljlqdo frqfhswv ri Pxvlf Iurp wkh Iulqjh/ exw xvh wkh vrxqg
fdsdelolwlhv ri PLGL/ dqg2ru rwkhu qhz vrxqg surjudpv1
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Vkdshv wkdw zh wklqn ri dv udqgrp/ duh uhdoo| wkh surgxfwv ri frpsoh{ vkliwlqj
zhev ri qxpehuv reh|lqj vlpsoh pdwkhpdwlfdo uxohv1 Wkh zrug _qdwxudo%/ wkdw
zh kdyh riwhq wkrxjkw wr phdq _xqvwuxfwxuh% lv/ lq idfw/ ghvfulelqj vkdshv
dqg surfhvvhv wkdw dsshdu vr lqwhqvho| frpsoh{ wkdw zh fdqqrw xqghuvwdqg wkh
vlpsoh qdwxudo odzv dw zrun1 Pdwkhpdwlfdo dqdo|vlv dqg frpsxwhu prgholqj
kdyh uhyhdohg wkdw wkh vkdshv dqg surfhvvhv zh hqfrxqwhu lq qdwxuh~ wkh zd|
wkdw prxqwdlqv hurgh ru ulyhuv ðrz/ wkh zd| wkdw vqrzðdnhv ru lvodqgv dfklhyh
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wkhlu vkdshv/ wkh zd| wkdw oljkw sod|v rq d vxuidfh/ wkh zd| plon irogv dqg vslqv
lqwr fròhh dv lw lv vwluuhg~doo wkhvh wklqjv fdq eh ghvfulehg e| wkh lqwhudfwlrq ri
d pdwkhpdwlfdo surfhvvhv1
Frqvlghu wkh frdvwolqh ri dq lvodqg1 Rq d pds zh fdq vhh udqgrp fxuyhv

wkdw kdyh ehhq vkdshg e| wkh hohphqwv ri qdwxuh1 Li zh orrn forvhu/ zh vhh
wkdw vpdoohu fxuyhv duh vlplodu lq vkdsh wr wkh odujhu fxuyhv1 Frqwlqxlqj wkh
surfhvv ri pdjqlñfdwlrq wr frqwlqxdoo| vpdoohu vqdsvkrwv uhyhdov d vlplodulw|
wkdw rewdlqv wr wkh yhu| judlqv ri vdqg rq wkh lvodqg*v ehdfkhv1 Iudfwdov kdyh
wkh vdph fkdudfwhulvwlfv1
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Wkh qxpehu ri wudqvirupdwlrqv wkdw wkh jlyhq iudfwdo jrhv wkurxjk lv jlyhq dv

q= zkhuh u dqg v duh vfdoduv1
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Lq Pdwode/ wkh ihuq lwhudwhg ixqfwlrq fdq eh zulwwhq dv dq P0ñoh xvlqj wkh li/
dqg hovhli frppdqgv dv d w|sh ri iru orrs1 Gdylg Duqrog zdv deoh wr vkrz xv
wkh edvlf vwuxfwxuh iru sorwwlqj wkh { dqg | srlqwv xvlqj wkh iroorzlqj Pdwode
frppdqgv=

ixqfwlrq {@Ihuq+q,

{3@^4 4`*>
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Zkhuh s lv wkh suredelolw| ri zkhuh wkh qh{w wudqvirupdwlrq zloo rffxu1 Li
wkh suredelolwlhv duh qrw hyhqo| glvwulexwhg/ vhfwlrqv ri wkh judsk zloo ehfrph
pruh ghñqhg wkdq rwkhu vhfwlrqv1 Wkh judsk vkrzq ehorz zdv fuhdwhg xvlqj
wklv surjudp=

Wkh ydoxhv iru hdfk ri wkh wudqvirupdwlrqv+pdsv, duh jlyhq lq wkh wdeoh
ehorz=
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Hdfk wudqvirupdwlrq iroorzv wkh edvlf lwhudwlrq vkrzq lq htxdwlrq +4,1
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Iru iudfwdov wr eh deoh wr surgxfh pxvlf wkdw zrxog sdvv dv pxvlfdo/ d ghjuhh ri
frqwuro rq wkh pdwkhpdwlfv lv qhhghg1 Wkhuh duh dq lqñqlwh qxpehu ri zd|v wr
kdyh wkh ydoxhv pdsshg wr dxgleoh iuhtxhqflhv ru qrwhv1 Wkh uhdo pxvlf frphv
derxw/ zkhq pruh wkdq mxvw wkh qrwhv duh pdsshg iurp wkh ydoxhv fuhdwhg e|
wkh iudfwdo ixqfwlrq1 Fkdqjhv lq wkh srvlwlrq ri sorwwhg ydoxhv duh dovr wdnhq
lqwr dffrxqw iru slwfk/ uhvw/ dqg gxudwlrq ri wkh qrwhv ehlqj sod|hg1 Doo ri wklv
lv hdvlo| xvhg ehfdxvh wkhuh duh xvxdoo| pruh sorwwhg srlqwv wkdq wkhuh duh qrwhv
lq w|slfdo pxvlfdo frpsrvlwlrq1
LqPdwode/ xvlqj wkh vrxqg frppdqg/ wkh frpsxwhu lv deoh wr pds wkh ydoxhv

jhqhudwhg lqwr suhvhw iuhtxhqflhv1 Wkh frppdqg uxqv rò ri dq ^qû 5` pdwul{>
wkhuhiruh wkh rxwsxw ydoxhv vkrxog eh wudqvsrvhg dqg qrupdol}hg+ydoxhv udqjh
iurp 3 wr 4, ehiruh xvlqj wkh frppdqg1 Wkh ydoxhv vkrxog eh jlyhq d qdph/
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l1h1 \ ru [1 Pruh fdq eh grqh wr fkdqjh yduldeohv ri wkh vrxqg e| w|slqj khos

vrxqg dw wkhPdwode frqwuro surpsw1 Wr xvh wkh frppdqg/ w|sh= vrxqg+Ydoxh
Qdph/ Iuhtxhqf| lq Khuw}+Vshhg ri uhdglqj wkh ydoxhv,/ Elwv+; elwv

jlyhv prqrvrxqg dqg 49 jlyhv vwhuhr vrxqg,1 Pdwode*v vrxqg fdsdelolwlhv
duh qrw wkh juhdwhvw/ exw dq lghd ri iudfwdo jhqhudwhg pxvlf fdq eh dfklhyhg idluo|
hdvlo|1
Lq rwkhu/ pruh ghwdlohg iudfwdo pxvlf surjudpv/ wkh qxpehuv rq wkh yhuwlfdo

d{lv ri wkh judsk fdq eh vfdohg wr d udqjh ri vl{ rfwdyhv dqg wkhq urxqghg wr
wkh qhduhvw hljkwk ri d vhplwrqh+yleudwlrqdo iuhtxhqflhv,1 Wkhq/ zlwk wkh dlg ri
PLGL/ wkh qrwhv duh uhdg dv dqdorj/ frqyhuwhg wr gljlwdo gdwd dqg jlyhq d w|sh
ri vrxqg l1h1 wxed/ jxlwdu/ ehoov111hwf1 Wkh gljlwdo lqirupdwlrq lv wkhq uhuhdg dv
dq dqdorj vljqdo iru vprrwkhu fkdqjhv lq slwfkhv dqg qrwhv dqg fdq eh ihg edfn
lqwr wkh frpsxwhu ru sod|hg wkurxjk dq lqvwuxphqw zlwk PLGL fdsdelolwlhv1
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D frpsohwh iudfwdo pxvlf surjudp zloo fryhu wkh iroorzlqj fulwhuld=

41 Surgxfh pxvlfdo qrwhv lqvwhdg ri suhflvh iuhtxhqflhv1

51 Fuhdwh pxvlf ryhu d olplwhg udqjh ri rfwdyhv1

61 Fuhdwh pxvlf xvlqj rqo| d iudfwlrq ri wkh wrwdo qxpehu ri sorwwhg ydoxhv1

71 Surgxfh uhfrjql}deoh sdwwhuqv lq wkh pxvlf1

81 Lqwurgxfh pxvlf zklfk lvq*w wrr suhglfwdeoh qru wrr udqgrp1

Dq h{fhoohqw surjudp wkdw zh xvhg wr khos xv xqghuvwdqg dqg fuhdwh iudfwdo
pxvlf zdv PxvlOde1 Wklv surjudp fdq eh grzqordghg iru iuhh iru wkluw| gd|v1
PxvlOde iroorzv doo ri wkh fulwhuld deryh zlwk wkh dgglwlrq ri pdq| PLGL vrxqgv/
dqg frqwuro ri wkh pdwkhpdwlfv lqyroyhg wr sod| wkh iudfwdo1 Wkh qhw dgguhvv
lv jlyhq lq wkh Uhihuhqfhv vhfwlrq ri wklv sdshu1
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Wr fuhdwh dfwxdo pxvlf iurp d iudfwdo htxdwlrq lv dq h{wuhpho| orqj surfhvv1
Hyhq zlwk d juhdw surjudp dv d jxlgh/ pdq| krxuv duh qhhghg wr pdqlsxodwh
wkh gdwd lqwr dq dfwxdo pxvlfdo frpsrvlwlrq1 Iudfwdov fuhdwh d uhfxuvlyho| udq0
grp vhw ri srlqwv1 Iru pxvlf wr eh eurxjkw rxw ri d iudfwdo/ kxpdq wrxfk lv
qhhghg1 Prvw shrsoh wkdw xvh iudfwdo jhqhudwhg pxvlf duhq*w orrnlqj iru dq hdv|
zd| wr frpsrvh/ wkh| duh orrnlqj iru vrphwklqj qhz/ vrphwklqj wkdw zloo vsdun
wkh lpdjlqdwlrq dqg khos fuhdwh d qhz vw|oh ri pxvlf wkdw rwkhuv fdq dssuhfldwh1
Wrgd|/ prvw srsxodu pxvlf vhhpv uhgxqgdqw dqg erulqj/ exw zlwk wkh dlg ri
iudfwdo jhqhudwhg pxvlf/ pd|eh vrph ri wkh wudglwlrqdo pxvlfdo eduulhuv/ dqg
fxuuhqw v|vwhpv fdq eh eurnhq1 Iudfwdov duh d qhz vrxufh ri ruljlqdo pxvlfdo
lqvsludwlrq1 Wklv lv d kxjh vwhs lq wkh ixwxuh ri pxvlf frpsrvlwlrq dqg whfk0
qrorj|1 Iudfwdo pxvlf jlyhv xv d qhz zd| wr h{suhvv d iudfwdov ehdxw| rudoo|/
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dqg ròhuv pxvlfldqv dq hqgohvv sdoohw ri ruljlqdo dqg frpsoh{ vrxqgv wr fuhdwh
iurp zkhq sdlqwlqj d pxvlfdo slhfh1
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kwws=22zzz1iruzlvv1gh2�nlqghupdq2pxvlqxp2pxvlqxp1kwpo/ Ghfhpehu
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