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Devwudfw

Lq wklv sdshu zh ghvfuleh d ix}}| dssurdfk iru wkh v|q0

wkhvlv ri d vshhfk zdyhirup iurp d skrqhwlf ghvfulswlrq

lq Lwdoldq odqjxdjh1 Wkh v|vwhp lv edvhg xsrq d vhw ri

ix}}| uxohv zklfk olqjxlvwlfdoo| ghvfuleh wkh wudqvlwlrqv

ehwzhhq skrqhphv1 Wkh ix}}| v|vwhp kdv vhyhudo lqwhu0

hvwlqj surshuwlhv/ vxfk dv dq hdv| pdqdjhphqw ri wkh vhw

ri uxohv dqg wkh srvvlelolw| wr frqwlqxrxvo| lpsuryh wkh

v|vwhp e| dgglqj pruh nqrzohgjh wr lw xvlqj olqjxlvwlf

ghvfulswlrqv1 Vrph h{shulphqwdo uhvxowv duh lqfoxghg/

dqg ixwxuh srvvleoh ghyhorsphqwv duh rxwolqhg1

4 Lqwurgxfwlrq

Wkh prvw srsxodu dssurdfkhv iru shuiruplqj WWV duh

wkh v|qwkhvlv e| frqfdwhqdwlrq dqg wkh v|qwkhvlv e| uxoh

^5`1 Wkh ix}}| v|vwhp ghvfulehg lq wklv sdshu ehorqjv wr

wkh odwwhu fdwhjru|1 Lq vxfk dojrulwkpv/ vrph lvvxhv duh

ri frqfhuq= d ghwdlohg skrqhwlf wudqvfulswlrq lv uhtxluhg

dw wkh lqsxw/ zklfk uhtxluhv d olqjxlvwlf dqdo|vlv ri wkh

lqsxw wh{w zkrvh gl�fxow| lv juhdwo| ghshqghqw rq wkh

odqjxdjh frqvlghuhg/ d v|vwhp ri uxohv pxvw eh ghulyhg/

zklfk uh�hfw rxu nqrzohgjh ri wkh vshhfk surfhvv dqg/

�qdoo|/ wkh txdolw| ri wkh uhvxowlqj vljqdo ghshqgv dovr

rq wkh frpsxwdwlrqdo prgho ri vshhfk1

Xvxdoo|/ skrqhphv duh fodvvl�hg lq whupv ri pdqqhu

dqg sodfh ri duwlfxodwlrq1 Wkh pdqqhu ri duwlfxodwlrq

lv frqfhuqhg zlwk wkh ghjuhh ri frqvwulfwlrq lpsrvhg e|

wkh yrfdo wudfw rq wkh dlu�rz/ zkloh sodfh ri duwlfxodwlrq

uhihuv wr wkh orfdwlrq ri wkh prvw qduurz frqvwulfwlrq lq

wkh yrfdo wudfw1 Wkh iroorzlqj vl{ fdwhjrulhv ri wkh pdq0

qhu ri duwlfxodwlrq kdyh ehhq frqvlghuhg lq wklv zrun=

� yrzho/ lq zklfk dlu �rzv wkurz wkh yrfdo wudfw zlwk0

rxw frqvwulfwlrqv

� oltxlg/ vlplodu wr wkh yrzhov exw wkdw xvh wkh wrqjxh

dv dq revwuxfwlrq

� qdvdo/ zklfk lv fkdudfwhul}hg e| d orzhulqj ri wkh

yhoxp/ doorzlqj dlu�rz rxw ri wkh qrvwulo

� iulfdwlyh/ zklfk hpsor| d qduurz frqvwulfwlrq lq wkh

yrfdo wudfw zklfk lqwurgxfhv wxuexohqfh lq wkh dlu

�rz

� sorvlyh/ lqyroylqj d frpsohwh forvxuh dqg vxevh0

txhqw uhohdvh ri d yrfdo revwuxfwlrq

� d�ulfdwh/ zklfk lv d sorvlyh iroorzhg e| d iulfdwlyh1

Xvlqj wkh pdqqhu ri duwlfxodwlrq/ wkh skrqhphv fdq

eh glylghg lqwr eurdg fdwhjrulhv1 Wkh ghwdlohg/ �qhu

glvfulplqdwlrq ri skrqhphv fdq eh lqvwhdg jlyhq e|

lqwurgxflqj wkh sodfh ri duwlfxodwlrq/ iru zklfk wkh

iroorzlqj wzhoyh fdwhjrulhv kdyh ehhq xvhg= dqwhulru/

rshq/ urxqghg/ yrlfhg/ elodeldo/ odelrghqwdo/ doyhrodu/

suhsdodwdo/ sdodwdo/ yleudqw/ ghqwdo/ yhodu1 Ixuwkhupruh/

dq cdq|* ihdwxuh kdv ehhq dgghg lq wklv olvw iru wkh gh�ql0

wlrq ri uxohv frqfhuqlqj wudqvlwlrqv zklfk gr qrw ghshqg

rq dq| skrqhph1 Xvlqj pdqqhu dqg sodfh ri duwlfxod0

wlrq/ dq| skrqhph fdq eh ixoo| fkdudfwhul}hg lq elqdu|

irup ^6`1 Krzhyhu/ d fhuwdlq ghjuhh ri lpsuhflvlrq lv

lqyroyhg lq wklv fkdudfwhul}dwlrq/ zklfk wkxv vkrxog eh

ix}}| udwkhu wkdq vwulfwo| elqdu|1 Iru h{dpsoh/ lw pd|

eh wkdw wkh 2e2 skrqhph/ fodvvlfdoo| ghvfulehg dv sor0

vlyh/ elodeldo dqg yrlfhg/ lqyroyh dovr d fhuwdlq ghjuhh ri

dqwhulrulw| dqg urxqglqj/ dv zhoo dv vrph rwkhu ihdwxuhv1

Wkh ix}}| uxohv/ zklfk ghvfuleh wkh wudqvlwlrqv eh0

wzhhq frxsoh ri dgmdfhqw skrqhphv/ h{suhvv olqjxlvwl0

fdoo| wkh uhodwlrq ehwzhhq wkh skrqhwlf ihdwxuhv dqg wkh

vshhfk prgho sdudphwhuv1 Dv vxfk/ wkh ix}}| v|vwhp

|lhogv d vlpsoh dqg frpsdfw/ |hw dffxudwh/ ghvfulswlrq

ri wkh vljqdo1 Nqrzohgjh derxw vshhfk surgxfwlrq fdq

eh txlwh hdvlo| irupdol}hg dqg dgghg wr wkh ix}}| uxohv

xvlqj olqjxlvwlf h{suhvvlrqv/ wkxv rshqlqj iru wkh ghyho0

rsphqw ri vlpsohu WWV v|vwhpv zlwk wkh srvvlelolw| wr

uhdfk kljkhu ohyhov ri txdolw|1

Wkh �rz fkduw lv uhsuhvhqwhg lq Ilj14> lw pxvw eh

qrwhg wkdw wklv zrun lv frqfhuqhg rqo| zlwk wkh vlj0

qdo jhqhudwlrq/ wkxv qr vxsudvhjphqwdo lqirupdwlrq kdv

ehhq jlyhq wr wkh uhvxowlqj vljqdo1

Wklv sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq LL wkh

orz0hqg surfhvvlqj ri wkh v|vwhp lv rxwolqhg1 Lq Vhf0

wlrq LLL wkh ix}}l�fdwlrq/ ghix}}l�fdwlrq dqg ix}}| uxohv

duh ghvfulehg1 Lq Vhfwlrq LY vrph w|slfdo h{shulphqwdo

uhvxowv duh uhsruwhg1 Ilqdo uhpdunv dqg ixwxuh ghyhors0

phqwv duh uhsruwhg lq Vhfwlrq Y1



Iljxuh 4= Vwuxfwxuh ri wkh frqyhuvlrq surfhvv1

5 Ohwwhu wr skrqhph frqyhuvlrq

Wklv frqyhuvlrq lv shuiruphg xvlqj d wdeoh orrn0xs ds0

surdfk/ vlqfh lq Lwdoldq odqjxdjh wkhuh lv dq doprvw 4=4

fruuhvsrqghqfh ehwzhhq judskhplf dqg skrqhplf v|p0

erov1 Krzhyhu/ wkh iroorzlqj srlqwv kdyh wr eh qrwhg1

Vlqfh wkh ix}}| uxohv duh qrw frqfhuqhg zlwk wkh sur0

gxfwlrq ri 2F4F52 vrxqgv/ d glvfrqwlqxlw| v|pero 0 ' 0

lv lqwurgxfhg dqg lqfoxghg wr surgxfh frqvrqdqwv sdluv1

Wkh glvfrqwlxlw| lv d vpdoo sdxvh zlwk d jlyhq gxudwlrq

zklfk fdq eh frqwuroohg1 Dq dgglwlrqdo skrqhph 0 2VLO2

0 lv lqwurgxfhg wr uhsuhvhqw wkh lqlwldo ru �qdo vhfwlrqv

ri wkh vhqwhqfhv1

6 Wkh Dfrxvwlf Prgxoh

Wkh v|qwkhvlv ri wkh rxwsxw vshhfk lv shuiruphg xv0

lqj d uhgxfhg Nodww irupdqw v|qwkhvl}hu ^7`1 Wklv v|v0

whp lv edvlfdoo| frpsrvhg e| d sdudooho �owhu edqn iru

wkh yrfdo wudfw prgholqj lq suhvhqfh ri yrlfhohvv vrxufh

dqg d fdvfdgh ri �owhuv iru wkh yrfdo wudfw prgholqj iru

yrlfhg vrxqgv1 Lw lv frqwuroohg e| �iwhhq sdudphwhuv/

qdpho| wkh �uvw wkuhh irupdqwv dqg edqgzlgwkv/ wkh

e|sdvv DE/ wkh dpsolwxgh DY iru yrlfhg vrxqgv dqg

wkh dpsolwxghv DI/ DK dqg D5I0D9I iru wkh iulfdwlyh

qrlvh jhqhudwru/ xsgdwhg hyhu| 8 pv1 Vlqfh wkh ix}}|

uxohv/ krzhyhu/ ghvfuleh wkh wudqvlwlrqv ehwzhhq frxsohv

ri skrqhphv iurp d g|qdplf srlqw ri ylhz/ d prgho ri

wkh sdudphwhuv sur�ohv kdv ehhq lqwurgxfhg1 Wkh sur�oh

ri hdfk v|qwkhvlv sdudphwhu cs* lv ghvfulehg zlwk irxu

frqwuro ihdwxuhv/ qdpho| wkh lqlwldo dqg �qdo lqwhuydov

L+s, dqg I+s,/ wkh gxudwlrq G+s, dqg wkh orfxv O+s,/ dv

uhsruwhg lq Ilj151 Wkh L+s, frqwuro ihdwxuh ghwhuplqhv

wkh vwduwlqj srlqw ri wkh wudqvlwlrq/ zkrvh vorsh dqg wdu0

jhw ydoxhv duh jlyhq e| wkh G+s, dqg O+s, ihdwxuhv1 Wkh

sdudphwhu krogv wkh ydoxh vshfl�hg e| wkhlu orfxv iru

dq lqwhuydo htxdo wr I+s, pv> krzhyhu/ li rwkhu sdudph0

whuv kdyh qrw frpsohwhg wkhlu g|qdplf/ wkh �qdo lqwhuydo

I+s, lv surorqjhg11 Wkh L+s,/ I+s,/ dqg G+s, sdudph0

whuv duh h{suhvvhg lq ploolvhfrqgv/ zkloh wkh wdujhw gh0

shqgv rq zkdw v|qwkhvlv frqwuro sdudphwhu lv lqyroyhg>

Iljxuh 5= Sur�oh ri wkh v|qwkhvlv sdudphwhu cs*1

iru h{dpsoh/ iru iuhtxhqflhv dqg edqgzlgwkv wkh orfxv

lv h{suhvvhg lq K}/ zkloh iru dpsolwxghv lq gE1

Wkh rxwsxw ri wkh skrqhwlf prgxoh/ ghvfulehg lq wkh

qh{w Vhfwlrq/ lv jlyhq lq whupv ri vxfk irxu sdudphwhuv>

ri frxuvh wkh wudqvodwlrq wr wkh v|qwkhvlv sdudphwhuv

uhtxluhg e| wkh v|qwkhvl}hu pxvw eh shuiruphg1

7 Wkh Ix}}| Skrqhwlf Prgxoh

Wklv prgxoh/ zklfk lv wkh fhqwudo sduw ri wkh v|vwhp/

uhdgv wkh skrqhwlf vwulqj e| frxsohv ri dgmdfhqw v|p0

erov dqg frpsxwhv wkh frqwuro sdudphwhuv L+s,/ I+s,/

O+s, dqg G+s, iru hdfk ri wkh �iwhhq v|qwkhvlv sdudph0

whuv1 Qhyhuwkhohvv/ qrw doo wkh skrqhwlf wudqvlwlrqv duh

gluhfwo| wuhdwhg e| wkh ix}}| uxohv= rqo| wkh yrzho wr

frqvrqdqw +2YF2, wudqvlwlrqv dqg frqvrqdqw wr yrzho

+2FY2, wudqvlwlrqv duh frqvlghuhg1 Wklv dssur{lpdwlrq

lv shufhswxdoo| prwlydwhg> lq idfw rqo| lq wkrvh fdvhv

d uhdo skrqhwlf wudqvlwlrq rffxuv/ zkloh wkh frqvrqdqw

wr frqvrqdqw wudqvlwlrqv +2F4F52, fdq eh frqvlghuhg

udwkhu dv d glvfrqwlqxlw|1 Wkh ghjuhh ri wklv dssur{0

lpdwlrq ghshqgv rq wkh dfwxdo frqvrqdqwv frqvlghuhg

exw lw lv jhqhudoo| dffhswdeoh1 Fohduo|/ wklv dssur{lpd0

wlrq juhdwo| vlpsol�hv wkh ghyhorsphqw ri wkh uxohv1 Wkh

jhqhudwlrq ri wkh 2F4F52 vrxqgv lv shuiruphg lqwurgxf0

lqj dq dgglwlrqdo skrqhph/ fdoohg 2'2/ zklfk lv lpsoh0

phqwhg dv d sdxvh zlwk qr vrxqg jhqhudwlrq dqg wkxv

lqwurgxfh d glvfrqwlqxlw|11 Wkh jhqhudwlrq ri d 2F4F52

vrxqg/ wkhuhiruh/ lv vsolw0xs lqwr wzr wudqvlwlrqv/ qdpho|

2F4'2 dqg 2'F52/ pdqdjhg e| wkh ix}}| uxohv dv xvxdo1

Dqrwkhu dgglwlrqdo skrqhph/ fdoohg 2VLO2/ lv lqwurgxfhg

iru uhsuhvhqwlqj wkh vlohqfh dw wkh ehjlqqlqj dqg dw wkh

hqg ri wkh skudvhv1

Iru vlpsolflw|/ rqo| d vxevhw ri wkh skrqhphv lq Lwdo0

ldq odqjxdjh zhuh frqvlghuhg lq wklv zrun1 Wklv vxevhw

lv vx�flhqw iru dfklhylqj d frpsohwh lqwhooljlelolw| ri d

jhqhudo wh{w1 Wkhlu fodvvl�fdwlrq lq whupv ri wkh pdq0

qhu ri duwlfxodwlrq lv dv iroorzv= yrzhov/ oltxlgv/ qdvdov/

iulfdwlyhv/ sorvlyhv/ d�ulfdwhv1

Fohduo|/ doo wkh txdqwlwlhv lqyroyhg/ qdpho| skrqhphv

dqg frqwuro sdudphwhuv/ duh ix}}l�hg/ dv ghvfulehg lq wkh

iroorzlqj ri wkh sdshu1



714 Skrqhph dqg Frqwuro Sdudphwhuv Ix}}l�0

fdwlrq

Dv uhsruwhg lq wkh Lqwurgxfwlrq/ wkh skrqhphv duh fodv0

vl�hg lqwr eurdg fodvvhv e| phdqv ri wkh pdqqhu ri du0

wlfxodwlrq> wkhq/ wkh sodfh ri duwlfxodwlrq lv dvvljqhg wr

wkhp1 Wkhuhiruh/ hdfk skrqhph lv ghvfulehg e| dq du0

ud| ri qlqhwhhq duwlfxodwru| ihdwxuhv/ vl{ ri wkhp duh

errohdq yduldeoh dqg uhsuhvhqw wkh pdqqhu ri duwlfxod0

wlrq dqg wkh uhpdlqlqj wkluwhhq duh ix}}| dqg uhsuhvhqw

wkh sodfh ri duwlfxodwlrq1 Lq wklv zd|/ wkh skrqhwlf gh0

vfulswlrq dsshduv dv dq h{whqvlrq ri wkh fodvvlfdo elqdu|

gh�qlwlrq ghvfulehg iru lqvwdqfh e| Idqw lq ^6`/ dqg d

fhuwdlq ydjxhqhvv lq wkh gh�qlwlrq ri wkh sodfh ri duwlf0

xodwlrq ri wkh skrqhphv lv lqwurgxfhg1 Uhsuhvhqwlqj wkh

duud| ri ihdwxuhv dv iroorzv=

+yrzho/ sorvlyh/ iulfdwlyh/ d�ulfdwh/ oltxlg/ qdvdo m dq|/
urxqghg/ rshq/ dqwhulru/ yrlfhg/ elodeldo/ odelrghqwdo/
doyhrodu/ suhsdodwdo/ sdodwdo/ yleudqw/ ghqwdo/ yhodu,
wkh 2d2 skrqhph/ iru h{dpsoh/ fdq eh uhsuhvhqwhg e|

wkh duud|=

^4> 3> 3>3>3>3m4> 3=65>3=<> 3=45> 4>3>3> 3> 3> 3>3>3> 3` +4,

lqglfdwlqj wkdw 2d2 lv d vrqru yrzho/ zlwk d ghjuhh ri

rshqlqj ri 31</ ri urxqglqj ri 3165/ dqg lw lv dqwhulru

dw d 3145 ghjuhh1 Vlploduo|/ wkh 2l2 skrqhph fdq eh

ghvfulehg e|=

^4>3>3>3> 3> 3m4>3>3=39> 3=<>4>3> 3> 3>3>3>3> 3> 3=4` +5,

Wkh 2e2 skrqhph/ rq wkh rwkhu kdqg/ fdq eh frqvlghuhg

d sorvlyh vrqru skrqhph/ elodeldo dqg voljkwo| yhodu/ dqg

wkhuhiruh lw fdq eh uhsuhvhqwhg e|

^3>4>3> 3> 3>3m4>3> 3> 3>4>4>3> 3> 3>3>3> 3> 3=5` +6,

Wkh wzr duud|v uhsruwhg dv dq h{dpsoh/ kdyh ehhq

sduwlwlrqhg iru lqglfdwlqj wkh errohdq dqg wkh ix}}|

�hogv uhvshfwlyho|1 Vxfk duud|v/ gh�qhg iru hdfk

skrqhph/ duh wkh phpehuvkls ydoxhv ri wkh ix}}| duwlf0

xodwru| ihdwxuhv ri wkh skrqhphv1 Rq wkh rwkhu kdqg/

wkh L/G/I dqg O ix}}| yduldeohv/ gh�qhg lq d frqwlqxrxv

xqlyhuvh ri glvfrxuvh/ fdq wdnh dq| ydoxh lq wkhlu lqwhu0

ydo ri gh�qlwlrq1 Wkh ix}}| vhwv iru wkhvh yduldeohv kdyh

ehhq gh�qhg dv iroorzv=

� Gxudwlrq G+s,1 Wkh joredo udqjh ri wklv ix}}| ydul0

deoh lv 30463 pv/ zlwk wudsh}rlgdo phpehuvkls ixqf0

wlrqv dv vkrzq lq Ilj161 Ix}}| ydoxhv=

Yhu| Vkruw/Phglxp Vkruw/Vkruw/Phglxp/

Phglxp Orqj/Orqj/Yhu| Orqj

Lq �j16 vxfk ydoxhv duh lqglfdwhg dv +E6/ E5/ E4/

P/ D4/ D5/ D6,1

� Lqlwldo Lqwhuydo L+s,1 Dv G+s,/ wklv ix}}| yduldeoh lv

glylghg lqwr d 30463 pv lqwhuydo1 Wkh ix}}| ydoxhv

+fiu1 �j16, duh/ lq wklv fdvh=

Iljxuh 6= Phpehuvkls ixqfwlrqv ri G+s,/ L+s,/ I+s,1

Krul}rqwdo d{lv lq pv1

Lqvwdqwdqhrxv/Lpphgldwh/Txlfn/Phglxp/

Phglxp Ghod|hg/Ghod|hg/ Yhu| Pxfk Ghod|hg

� Ilqdo Lqwhuydo I+s,1 Wkh qxphulf udqjh lv 30463 pv

dqg wkh ix}}| ydoxhv duh wkh vdph dv vkrzq lq Ilj161

� Orfxv O+s,1 Wkh ix}}| ydoxhv ri wklv yduldeoh gh0

shqg rq wkh dfwxdo yduldeoh wr eh frqwuroohg1 Iru

DY/ DK dqg DI wkh ix}}| ydoxhv duh=

]hur/Yhu| Orz/Orz/Phglxp Orz/Phglxp/

Phglxp Kljk/Kljk/Yhu| Kljk

dqg wkhlu phpehuvkls ixqfwlrqv duh htxdoo| glvwule0

xwhg ehwzhhq 045 dqg ;3 gE zlwk wkh vdph vkdsh

ri Ilj161 Wkh rwkhu jdlq idfwruv/ qdpho| D5I0D9I

dqg DE/ fdq wdnh rqh ri wkh iroorzlqj ydoxhv=

Yhu| Orz/Orz/Phglxp Orz/Phglxp

Phglxp Kljk/Kljk/Yhu| Kljk +7,

dqg wkh udqjh lv 30;3 gE lq wkh vdph pdqqhu dv

ehiruh1

Wkh ydoxhv ri O+I4,/ O+I5, dqg O+I6, duh qdphg

dv lq +7,/ zlwk wudsh}rlgdo phpehuvkls ixqfwlrqv

xqlirupo| glvwulexwhg iurp 4;3 wr 4633 K}/ 883 wr

6333 K} dqg 4533 wr 7;33 K} iru wkh �uvw/ vhfrqg

dqg wklug irupdqwv uhvshfwlyho|1 Ilqdoo|/ wkh orfl

ri wkh edqgzlgwkv E4/ E5 dqg E6 fdq wdnh rqh ri

wkh qdphv ghvfulehg lq +7,/ dqg wkhlu phpehuvkls

ixqfwlrqv duh uhjxoduo| glvwulexwhg dv lq �j16 rq 63

0 4333 K} iru E4/ 73 0 4333 K} iru E5 dqg 93 0 4333

K} iru E61

715 Ix}}| Uxohv dqg Ghix}}l�fdwlrq

E| xvlqj olqjxlvwlf h{suhvvlrqv zklfk frpelqh wkh deryh

olqjxlvwlf yduldeohv zlwk ix}}| rshudwruv/ lw lv srvvleoh wr

irupdol}h wkh nqrzohgjh derxw wkh skrqhph wudqvlwlrqv

iru vshhfk jhqhudwlrq1 Lq jhqhudo/ wkh uxohv lqyroyh wkh



Iljxuh 7= Vshfwurjudp ri wkh 2ld2 wudqvlwlrq1

dfwxdo dqg wkh ixwxuh skrqhphv> wkxv/ lq wkhvh odvw uxohv/

hdfk ri wkh h{suhvvlrqv dsshduv lq wkh irup= Li dfwxdo

skrqhph Lv Dq| DQG wdujhw skrqhph 111 zkhuh wkh

yrfdolf skrqhphv phpehuvkls wr wkh cDq|* yduldeoh lv

htxdo wr 41

Pruhryhu/ lq jhqhudo wkh ix}}| h{suhvvlrqv lqyroyh wkh

ix}}| rshudwruv DQG/ QRW dqg RU1 Vlqfh wkh pdqqhu

ri duwlfxodwlrq zhoo sduwlwlrqv wkh skrqhphv lq vhsdudwhg

uhjlrqv/ wkh uxohv kdyh ehhq rujdql}hg lq edqnv/ rqh iru

hdfk pdqqhu1 Wkh uxoh ghfrglqj surfhvv lv frpsohwhg e|

wkh ghix}}l�fdwlrq rshudwlrq/ zklfk lv shuiruphg zlwk

wkh ix}}| fhqwurlg dssurdfk ^8`1

8 Glvfxvvlrq dqg H{shulphqwdo Uhvxowv

Wkh ix}}| dssurdfk lv vxppdul}hg dv iroorzv=

0 frqyhuw wkh lqsxw wh{w lq skrqhwlf irup

0 iru hdfk sdlu ri dgmdfhqw skrqhphv/ dfwlydwh doo wkh

ix}}| uxohv zlwk wkh phpehuvkls ydoxhv dvvrfldwhg wr

wkh skrqhphv

0 shuirup ghgx}}l�fdwlrq

Dv dq h{dpsoh/ ohw xv vxssrvh wkdw wkh lqsxw vwulqj lv

2VLO22l22d21 Wkh wudqvlwlrqv duh wkhuhiruh wkh iroorz0

lqj= 2VLO22l2.2l22d2.2d22VLO21 Wkh uxohv shuwdlqlqj

wr wkh yrzho2yrzho wudqvlwlrqv duh dfwlydwhg1

Wkh vshfwurjudp ri wkh uhvxowlqj vrxqg lv uhsruwhg

lq Ilj171Zh uhsruw/ dv dqrwkhu h{dpsoh/ wkh frqyhuvlrq

ri wkh skrqhwlf vhtxhqfh 2wudvnulyhuh21 Wkh uhvxowlqj

vshfwurjudp lv vkrzq lq Ilj18/ dqg wkh delolw| ri wkh

ix}}| v|vwhp wr jhqhudwh sorvlyh dqg yleudqw wudqvlwlrqv

lv hylghqw1 Dqrwkhu h{dpsoh lv jlyhq lq �j19

9 Ilqdo Uhpdunv dqg Frqfoxvlrqv

Lq wklv sdshu d qryho dssurdfk iru wh{w0wr0vshhfk v|q0

wkhvlv kdv ehhq ghvfulehg1 Pdq| dssur{lpdwlrqv 0 lq

wkh qxpehu ri skrqhphv dqg lq wkhlu phpehuvkls wr

wkh duwlfxodwru| ihdwxuhv fkdudfwhul}dwlrq/ lq wkh qxp0

ehu ri ix}}| uxohv dqg lq wkh qxpehu ri v|qwkhvlv sdud0

phwhuv 0 kdyh ehhq lqfoxghg iru vlpolflw| lq wklv v|vwhp1

Qhyhuwkhohvv/ wkh uhvxowlqj vshhfk kdv d jrrg txdolw|1

Iurp wklv srlqw rq/ pdq| lpsuryhphqwv fdq eh lqwur0

gxfhg lq wkh v|vwhp/ edvlfdoo| e| uhprylqj wkrvh ds0

sur{lpdwlrqv dqg e| uh�qlqj wkh ix}}| uxohv1 Ilqdoo|/

Iljxuh 8= Vshfwurjudp ri wkh v|qwkhwl}hg zrug 2wudvnul0

yhuh21

Iljxuh 9= Vshfwurjudp ri wkh v|qwkhwl}hg zrug

2dqnr*ud2

wkh vdph dssurdfk frxog eh xvhg dovr iru wkh ghyhors0

phqw ri vshhfk dqdo|vlv2v|qwkhvlv dojrulwkpv iru wudqv0

plvvlrq dqg vwrudjh sxusrvhv1 Lq wklv fdvh/ lq idfw/ wkh

wudqvplwwhu vkrxog h{wudfw wkh sodfh2pdqqhu ri duwlfx0

odwlrq ihdwxuh iurp vshhfk/ frgh wkhp dqg vhqg wkhp

wkurxjk d fkdqqho1 Wkh uhfhlyhu uhfrqvwuxfwv wkh ruljl0

qdo vljqdo xvlqj wkh ix}}| dojrulwkp1

Lq frqfoxvlrq/ wkh ghvfulehg dssurdfk lv txlwh lqwhu0

hvwlqj ehfdxvh lw |lhogv WWV v|vwhpv zlwk pxfk hdvlhu

frqwuro ri wkh jhqhudwhg txdolw| dqg ehfdxvh lw rshqv

wr pdq| ixwxuh uhvhdufk gluhfwlrqv lq vhyhudo �hogv ri

vshhfk dqg odqjxdjh hqjlqhhulqj1
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