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Wkh Pxowl0Glphqvlrqdo Qdwxuh ri Oderu

Ghpdqg dqg Vnloo0Eldvhg Whfkqlfdo Fkdqjh�

Huln Phoodqghu|

Dxjxvw 4</ 4<<<

Devwudfw

Lqyhvwljdwlqj wkh urexvwqhvv ri wkh vnloo0eldvhg whfkqlfdo fkdqjh k|srwkh0

vlv/ wklv dqdo|vlv lqfrusrudwhv wzr qryho ihdwxuhv1 Iluvw/ h�hfwlyh oderu lv

prghohg dv wkh surgxfw ri d txdqwlw| phdvxuh � qxpehu ri hpsor|hhv zlwk

d jlyhq ohyho ri hgxfdwlrq � dqg d txdolw| lqgh{/ ghshqglqj rq/ l1d1/ ghpr0

judsklf fkdudfwhulvwlfv dqg �hogv0ri0vwxg|1 Vhfrqg/ orz0vnloohg oderu lv pruh

glvdjjuhjdwhg wkdq lq hduolhu vwxglhv1 D ixoo| vshfl�hg vwuxfwxudo prgho lv

xvhg/ frqwdlqlqj ghpdqg htxdwlrqv iru irxu fdwhjrulhv ri oderu/ wzr w|shv

ri fdslwdo dqg lqwhuphgldwh jrrgv1 Wkh hpslulfdo dssolfdwlrq fryhuv 57 lq0

gxvwulhv lq wkh Vzhglvk pdqxidfwxulqj vhfwru 4<;8�4<<81 Wkh vnloo0eldv lv

ixuwkhu fruurerudwhg= lw lv frq�uphg dowkrxjk wkh vshfl�fdwlrq ri h�hfwlyh

oderu lv vxssruwhg1 Vxevwdqwldo gl�huhqfhv duh/ krzhyhu/ irxqg dprqj wkh

orz0vnloohg1

MHO Fodvvl�fdwlrq= M56/ R66/ G54/ M64/ O931

Nh|zrugv = Urexvwqhvv Whvw/ Oderu Txdolw|/ Khwhurjhqhrxv Orz0Vnloohg/

Pdqxidfwxulqj Dssolfdwlrq1

�Wklv zrun zdv fduulhg rxw zlwklq wkh surmhfw �Qhz Mre Vnloo Qhhgv dqg wkh Orz0Vnloohg�/ iru
zklfk �qdqfldo vxssruw iurp wkh HX Wdujhwhg Vrfldo dqg Hfrqrplf Uhvhdufk +WVHU, surjudp
lv judwhixoo| dfnqrzohgjhg1 Pdq| wkdqnv wr Hulnd Hnvwuùp iru h{fhoohqw uhvhdufk dvvlvwdqfh1
Frqvwuxfwlyh frpphqwv iurp Wkrpdv Olqgk dqg Vwhskhq Qlfnho zhuh yhu| khosixo lq eulqjlqj
wklv dqdo|vlv wrjhwkhu1 E| udlvlqj dq lpsruwdqw srlqw/ Sçu Kdqvvrq irufhg ph wr wklqn wzlfh
derxw lw1 Xoi Mdnrevvrq/ Dvvdu Olqgehfn/ Vwhskhq Pdfklq dqg Sdxo Vhjhuvwurp dovr surylghg
khosixo frpphqwv1

|Uhvhdufk Lqvwlwxwh ri Lqgxvwuldo Hfrqrplfv +LXL,/ Er{ 8834/ VH � 447 ;8 Vwrfnkrop/ Vzh0
ghq/ Id{= .79 0 ; 0 994 :< 9</ Hpdlo= hulnpClxl1vh ) R!fh ri Oderxu Pdunhw Srolf| Hydo0

xdwlrq +LIDX,/ Er{ 846/ VH � :84 53 Xssvdod/ Vzhghq/ Id{= .79 0 4; 0 7:4 :3 :8/ Hpdlo=
huln1phoodqghuClidx1xx1vh1



41 Lqwurgxfwlrq

Dv grfxphqwhg e| Qlfnhoo dqg Ehoo +4<<8,/ xqhpsor|phqw udwhv iru xqvnloohg

zrunhuv lq wkh RHFG kdyh ehhq lqfuhdvlqj vlqfh wkh ehjlqqlqj ri wkh 4<;3*v1

Dujxlqj wkdw wkh vxsso| ri orzhu hgxfdwhg zrunhuv kdv idoohq/ dv d frqvhtxhqfh

ri wkh h{sdqvlrq ri kljkhu dqg ixuwkhu hgxfdwlrq/ wkh| dwwulexwh wkh lqfuhdvhg

xqhpsor|phqw wr d vxevwdqwldo ghfuhdvh lq ghpdqg1

Ehupdq/ Erxqg dqg Julolfkhv +4<<7, frqvlghu wzr dowhuqdwlyh h{sodqdwlrqv wr

wklv ghyhorsphqw= vnloo0eldvhg whfkqlfdo fkdqjh lqfuhdvlqj wkh uhodwlyh ghpdqg

iru vnloohg zrunhuv/ dqg frpshwlwlrq iurp wkh Wklug Zruog14 Wr dvvhvv wkh uhod0

wlyh lpsruwdqfh ri wkhvh wzr gulylqj irufhv/ wkh| �uvw ghfrpsrvh wkh fkdqjhv lq

wkh hpsor|phqw vkduhv ri orz0 dqg kljk0vnloohg zrunhuv lqwr ehwzhhq0 dqg zlwklq0

lqgxvwu| frpsrqhqwv1 Wkh iruphu frpsrqhqw lv lghqwl�hg zlwk lqwhuqdwlrqdo frp0

shwlwlrq zkloh wkh odwwhu lv dvvrfldwhg zlwk vnloo0eldvhg whfkqlfdo fkdqjh1 Iru X1V1

pdqxidfwxulqj/ wkh| �qg wkdw zlwklq0lqgxvwu| fkdqjhv/ l1h1 whfkqlfdo fkdqjh/ lv

e| idu wkh prvw lpsruwdqw frpsrqhqw1

Lq d vhfrqg vwhs wkh| ghulyh d oderu ghpdqg htxdwlrq/ h{sodlqlqj fkdqjhv lq

vnloohg zrunhuv* vkduh lq wrwdo oderu frvw dv d ixqfwlrq ri wkh uhodwlyh zdjh iru

qrq0vnloohg yv vnloohg zrunhuv/ wkh fdslwdo2rxwsxw udwlr dqg d frqvwdqw/ phdvxulqj

wkh vnloo0eldv lq whfkqlfdo fkdqjh1 Lq wkh hpslulfdo lpsohphqwdwlrq wkh uhodwlyh

zdjh lv h{foxghg/ lq rughu wr dyrlg hqgrjhqhlw| sureohpv dqg d eldv dulvlqj iurp

wkh gh�qlwlrqdo uhodwlrqvkls ehwzhhq wkh ghshqghqw yduldeoh +l1h1 vnloohg zrunhuv

4Uhfhqwo|/ uhodwhg h{sodqdwlrqv kdyh ehhq sxw iruzdug e| Olqgehfn dqg Vqrzhu +4<<<, dqg

Glqrsrxorv dqg Vhjhuvwurp +4<<<,1 Wkh iruphu dqdo|vlv frqvlghuv wkh uhrujdql}dwlrq ri zrun

zlwklq �upv dqg �wv zlwk wkh vnloo0eldvhg whfkqlfdo fkdqjh h{sodqdwlrq> fkdqjhv lq zrun rujd0

ql}dwlrq fdq eh ylhzhg dv wkh rxwfrph ri +glvhperglhg, whfkqlfdo fkdqjh1 Wkh odwwhu vwxg|

uhodwhv wr wkh wudgh h{sodqdwlrq/ exw r�huv d Qruwk0Qruwk wudgh h{sodqdwlrq udwkhu wkdq wkh

Qruwk0Vrxwk h{sodqdwlrqv vxjjhvwhg lq hduolhu dqdo|vhv1
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vkduh lq wkh zdjh eloo, dqg wkh uhodwlyh zdjh1 Wkh hvwlpdwhg vnloo0eldv lv srvlwlyh

dqg vljql�fdqw/ vxssruwlqj wkh vnloo0eldv k|srwkhvlv1 Dgglqj h{solflw lqglfdwruv

ri whfkqlfdo fkdqjh � frpsxwhu lqyhvwphqwv dqg U)G h{shqglwxuhv � wkh| �qg

wkhvh dovr srvlwlyho| uhodwhg wr wkh vnloohg zrunhuv* vkduh lq wrwdo zdjhv1

Wkhvh uhvxowv duh frq�uphg e| Kdqvvrq +4<<9/ 4<<;, dqg Pdfklq +4<<9,/ zkr

dsso| wkh vdph iudphzrun wr Vzhglvk dqg X1N1 gdwd/ uhvshfwlyho|1 Xvlqj vlplodu

dssurdfkhv dqg lqwhuqdwlrqdoo| frpsdudeoh gdwd iru vhyhudo frxqwulhv/ Pdfklq dqg

Ydq Uhhqdq +4<<;, dqg Ehupdq/ Erxqg/ dqg Pdfklq +4<<;, ohqg ixuwkhu vxssruw

wr wkh vnloo0eldv k|srwkhvlv1 Lqghhg/ wkh odujh vlplodulwlhv dfurvv frxqwulhv revhuyhg

lq wkh odwwhu vwxg| kdyh ohg wkh dxwkruv wr odxqfk wkh h{whqghg k|srwkhvlv wkdw

vnloo eldvhg whfkqlfdo fkdqjh kdv ehhq shuydvlyh/ l1h1 wkdw wkh vdph nlqgv ri fkdqjhv

kdyh rffxuuhg lq pdq| frxqwulhv vlpxowdqhrxvo|1

D gudzedfn zlwk d pdmrulw| ri wkhvh vwxglhv lv wkdw wkh| xvh yhu| fuxgh oderu

gdwd= prvwo| rqo| surgxfwlrq yhuvxv qrq0surgxfwlrq zrunhuv duh frqvlghuhg/ dv

lq/ h1j1/ Ehupdq hw do1 +4<<7,1 Iru wkh X1V1 dqg wkh X1N1/ Pdfklq/ U|dq dqg Ydq

Uhhqdq +4<<9, glvdjjuhjdwhg hpsor|phqw lqwr wkuhh hgxfdwlrqdo fdwhjrulhv= l, dw

prvw kljk vfkrro/ ll, vrph froohjh/ dqg lll, froohjh ghjuhh1 Pruulvrq dqg Vlhjho

+4<<:, glvdjjuhjdwh oderu hyhq ixuwkhu/ e| vsolwwlqj wkh �uvw jurxs lqwr �qr kljk

vfkrro glsorpd� dqg �kljk vfkrro glsorpd�1 Vwloo/ hyhq lq wkhvh vwxglhv wkh prvw

orz0vnloohg fdwhjru| ri oderu lv odujh dqg/ suhvxpdeo|/ txlwh khwhurjhqrxv15 Ixu0

wkhupruh/ qr dffrxqw lv wdnhq ri wkh idfw wkdw wkhuh duh qxphurxv rwkhu glphqvlrqv

wr oderu ehvlgh wkh ohyho ri hgxfdwlrq/ vxfk dv/ h1j1/ ghprjudsklf fkdudfwhulvwlfv1

Dqrwkhu vrphzkdw xqvdwlvidfwru| ihdwxuh ri wkh diruhphqwlrqhg dqdo|vhv/ zlwk

wkh h{fhswlrq ri wkh Pruulvrq dqg Vlhjho +rs1flw1, vwxg|/ lv wkdw wkh| dwwhpsw wr

hvwlpdwh ghpdqg ixqfwlrqv � vxssrvhg wr ghvfuleh wkh uhodwlrq ehwzhhq sulfhv dqg

5Wkdw khwhurjhqhlw| dprqj wkh orz0vnloohg pljkw eh ri lpsruwdqfh lq dqdo|vhv ri oderu gh0

pdqg lv lqglfdwhg lq d vwxg| rq mre frpshwlwlrq e| ydq Rxuv dqg Ulgghu +4<<8,1 Wkh| �qg

vxevwdqwldo gl�huhqfhv lq wkh uhvxowv iru zrunhuv zlwk sulpdu| dqg vhfrqgdu| hgxfdwlrq/ uhvshf0

wlyho|1
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txdqwlwlhv � zlwkrxw xvlqj gdwd rq sulfhv/ l1h1 zdjhv1 Fhuwdlqo|/ wkh dujxphqw wkdw

zdjhv duh hqgrjhqrxv vkrxog eh wdnhq vhulrxvo|1 Krzhyhu/ wkh h{foxvlrq ri wkh uho0

dwlyh zdjh iurp wkh ghpdqg htxdwlrq h�hfwlyho| dprxqwv wr xvh d frqvwdqw dv dq

lqvwuxphqw1 Zkloh d frqvwdqw reylrxvo| ixo�oov rqh ri wkh wzr edvlf uhtxluhphqwv

ri d ydolg lqvwuxphqw/ qdpho| wkdw ri ehlqj xqfruuhodwhg wkh htxdwlrq*v uhvlgxdo/

lw idlov frpsohwho| zlwk uhvshfw wr wkh rwkhu fulwhulrq/ l1h1 wkdw lw eh kljko| fruuh0

odwhg zlwk wkh yduldeoh lw uhsodfhv1 Pruulvrq dqg Vlhjho +rs1flw1, lqvwhdg frqvwuxfw

lqvwuxphqwv xvlqj odjjhg ydoxhv ri wkh dujxphqwv lq wkh frvw ixqfwlrq iurp zklfk

oderu ghpdqg kdv ehhq ghulyhg1 Zkloh wkhvh lqvwuxphqwv duh jxdudqwhhg wr gr

zruvh zlwk uhvshfw wr wkh �uvw uhtxluhphqw/ wkh| duh dovr fhuwdlq wr gr pxfk ehwwhu

zlwk uhvshfw wr wkh vhfrqg uhtxluhphqw16

Pruhryhu/ wkh Pruulvrq dqg Vlhjho hvwlpdwh d frpsohwh v|vwhp ri lqsxw gh0

pdqg htxdwlrqv/ l1h1 qrw mxvw d oderu ghpdqg ixqfwlrq1 Wklv holplqdwhv wkh deryh

phqwlrqhg sureohp zlwk wkh gh�qlwlrqdo uhodwlrqvkls ehwzhhq wkh ghshqghqw ydul0

deoh dqg wkh uhodwlyh zdjh lq wkh vlqjoh0htxdwlrq frqwh{w1

Ghvslwh wkh phwkrgrorjlfdo gl�huhqfhv/ wkh uhvxowv rewdlqhg e| Pruulvrq dqg

Vlhjho duh qrw pxfk gl�huhqw iurp wkh �qglqjv glvfxvvhg deryh1 Lqfoxglqj h{whu0

qdo lqglfdwruv ri whfkqlfdo fkdqjh/ wudgh/ dqg rxwvrxuflqj wkh| �qg vnloo�eldvhg

whfkqlfdo fkdqjh wr kdyh vwurqj qhjdwlyh lpsdfwv rq wkh wzr ohdvw hgxfdwhg fdw0

hjrulhv ri oderu dqg doprvw htxdoo| vwurqj srvlwlyh lpsdfwv rq wkh ghpdqgv iru

zrunhuv zlwk dw ohdvw vrph froohjh1 Wudgh kdv vlplodu/ exw pxfk zhdnhu h�hfwv1

Rxwvrxuflqj grhv qrw vhhp wr d�hfw uhodwlyh oderu ghpdqgv1

Zkloh wkh uhfhqw olwhudwxuh mxvw frqvlghuhg hpskdvl}hv wkh lpsruwdqfh ri h{0

whuqdo idfwruv lq wkh h{sodqdwlrq ri uhodwlyh oderu ghpdqgv/ wkh hduolhu olwhudwxuh

vwuhvvhv lqwhuqdo/ hqgrjhqrxv/ idfwruv1 Lq sduwlfxodu/ d zhoo0nqrzq prwlydwlrq iru

hvwlpdwlqj oderu ghpdqg e| hgxfdwlrqdo dqg2ru vnloo fdwhjrulhv ruljlqdwhv iurp

wkh fdslwdo0vnloo frpsohphqwdulw| k|srwkhvlv sxw iruzdug e| Julolfkhv +4<9<,1 Lq

6
Xqiruwxqdwho|/ wkh uhvxowv uhsruwhg e| Pruulvrq dqg Vlhjho gr qrw pdnh lw srvvleoh wr mxgjh

wkh ydolglw| ri wkh lqvwuxphqwv wkh| xvh1
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wkh vw|ol}hg irup ri wklv k|srwkhvlv/ wkh �up*v fkrlfh ri fdslwdo d�hfwv uhodwlyh

oderu ghpdqgv ehfdxvh fdslwdo dqg zhoo hgxfdwhg +vnloohg, oderu duh frpsohphqwv

zkloh fdslwdo dqg oderu zlwk olwwoh hgxfdwlrq +xqvnloohg oderu, duh vxevwlwxwhv1

Wkhuh lv dovr d zhdnhu yhuvlrq/ dffruglqj wr zklfk vnloohg oderu dqg fdslwdo pd|

dovr eh vxevwlwxwhv exw zhdnhu vxevwlwxwhv wkdq fdslwdo dqg xqvnloohg oderu1 Pdq|

hpslulfdo whvwv vxssruw wkh fdslwdo0vnloo frpsohphqwdulw| k|srwkhvlv17

Wkh edvlf qrwlrq xqghuo|lqj wkh fdslwdo0vnloo frpsohphqwdulw| k|srwkhvlv fdq

hdvlo| eh h{whqghg1 Iru lqvwdqfh/ lw lv ri lqwhuhvw wr dqdo|}h krz ghpdqgv iru gli0

ihuhqw fdwhjrulhv ri oderu uhodwh wr wkh �up*v ghpdqg iru lqwhuphgldwh jrrgv1 Wklv

lv vr ehfdxvh dw wkh �up ohyho wudgh h�hfwv dqg rxwvrxuflqj zloo pdqlihvw wkhp0

vhoyhv lq dq lqfuhdvlqj ghpdqg iru lqwhuphgldwh jrrgv1 Zkhwkhu wklv zloo ghfuhdvh

ru lqfuhdvh wkh ghpdqg iru oderu zlwk d jlyhq vnloo ohyho ghshqgv rq zkhwkhu wklv

oderu fdwhjru| dqg lqwhuphgldwh jrrgv duh vxevwlwxwhv ru frpsohphqwv18

Ilqdoo|/ wkhuh duh/ ri frxuvh/ frqqhfwlrqv ehwzhhq h{whuqdo dqg lqwhuqdo idfwruv1

Iru h{dpsoh/ wkh h�hfwv ri vnloo0eldvhg whfkqlfdo fkdqjh pd| eh h{dfhuedwhg li

kljk0vnloohg dqg orz0vnloohg oderu duh vxevwlwxwhv1

Wkh pdlq frqwulexwlrq ri wklv sdshu lv wr +ixuwkhu, lqyhvwljdwh wkh urexvwqhvv ri

wkh vnloo0eldvhg whfkqlfdo fkdqjh k|srwkhvlv1 Wr wklv hqg/ wkh dqdo|vlv lqfrusrudwhv

wzr qryho ihdwxuhv1 Iluvw/ d pxowl0glphqvlrqdo vshfl�fdwlrq ri oderu lv ghyhorshg

zkhuh h�hfwlyh oderu lv jlyhq e| wkh surgxfw ri d txdqwlw| phdvxuh ri oderu �

7Qxphurxv vwxglhv kdyh irxqg fdslwdo0vnloo frpsohphqwdulw| lq wkh X1V1> vhh/ h1j1/ Julolfkhv

+4<9<,/ Idoorq dqg Od|dug +4<:8,/ Pruulvrq dqg Ehuqgw +4<;4,/ dqg Eduwho dqg Olfkwhqehuj

+4<;:,1 Lq frqwudvw/ Ehujhu +4<;6,/ J|dsrqj dqg Euhpsrqj +4<;;,1 Vhh Kdphuphvk +4<<6,

iru d uhylhz1 Pruulvrq dqg Vlhjho +4<<:, hvwlpdwh fdslwdo dqg vnloohg oderu wr eh vxevwlwxwhv1

Ehupdq hw do1 +rs1flw1, �qg frpsohphqwdulw| zlwk uhvshfw wr wkh djjuhjdwh fdslwdo vwrfn exw

qrw iru htxlsphqw fdslwdo1 Zlwk uhvshfw rwkhu frxqwulhv/ Pdfklq dqg Ydq Uhhqdq +4<<;, uhsruw

fdslwdo0vnloo frpsohphqwdulw| iru Ghqpdun/ Vzhghq/ dqg wkh XN exw qrw iru Mdsdq1
8Wkh wudgh dqg xwvrxuflqj h�hfwv uhsruwhg e| Pruulvrq dqg Vlhjho +4<<:, duh h{whuqdo h�hfwv

dqg phdvxuh wr zkdw h{whqw djjuhjdwh wudgh dqg rxwvrxuflqj +dw wkh 50gljlw lqgxvwuldo ohyho,

d�hfw oderu ghpdqgv dw wkh glvdjjuhjdwh +70gljlw, ohyho1 Wkdw wkhvh h�hfwv duh zhdn grhv qrw

suhfoxgh wkdw wudgh dqg rxwvrxuflqj dv lqwhuqdo skhqrphqd pljkw eh ri lpsruwdqfh1
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qxpehu ri hpsor|hhv zlwk d jlyhq ohyho ri hgxfdwlrq � dqg d txdolw| lqgh{/ zklfk

ghshqgv rq ghprjudsklf fkdudfwhulvwlfv/ lppljudqw vwdwxv/ zrun krxuv/ dqg �hogv0

ri0vwxg|1 Wkh odwwhu lqirupdwlrq pdnhv lw srvvleoh wr dffrxqw iru wkh qdwxuh/ dv

zhoo dv wkh ohyho/ ri hgxfdwlrq1 Xvlqj wkh idfw wkdw h�hfwlyh oderu fdq htxlydohqwo|

eh h{suhvvhg lq whupv ri �txdolw|0dgmxvwhg� zdjhv/ wklv vshfl�fdwlrq lv lqwhjudwhg

lqwr d  h{leoh frvw ixqfwlrq/ uhsuhvhqwlqj wkh �up*v surgxfwlrq whfkqrorj|1 Wkh

oderu txdolw| lqgh{hv pdnh lw srvvleoh wr fkhfn zkhwkhu suhylrxv hvwlpdwhv ri

vnloo0eldvhg whfkqlfdo fkdqjh kdyh slfnhg xs fkdqjhv lq rwkhu fkdudfwhulvwlfv ri

oderu/ dv phdvxuhg e| wkh txdolw| lqgh{hv1 Wkh vhfrqg qryho ihdwxuh lv wr xvh d

yhu| �qh glvdjjuhjdwlrq ri oderu dw wkh orzhu hqg ri wkh hgxfdwlrqdo vshfwuxp1

Lq frqwudvw wr suhfhglqj vwxglhv/ wzr fdwhjrulhv ri oderu duh glvwlqjxlvkhg zkrvh

ohyhov ri hgxfdwlrq duh ehorz xsshu vhfrqgdu| vfkrro1 Wklv pdnhv lw srvvleoh wr

lqyhvwljdwh srvvleoh djjuhjdwlrq eldv zlwk uhvshfw wr wkh orz0vnloohg1

Dv d e|0surgxfw ri wkh vshfl�fdwlrq ri h�hfwlyh oderu/ lpsuryhg lqvwuxphqwv

iru wkh srvvleo| hqgrjhqrxvo| ghwhuplqhg zdjhv duh ghulyhg1 Wkhvh lqvwuxphqwv

lqfoxgh doo ri wkh lqirupdwlrq lq wkh oderu txdolw| lqgh{hv dqg gr vr lq d zd| wkdw

lv frqvlvwhqw zlwk wkh �txdolw|0dgmxvwhg� zdjhv1

Olnh lq Pruulvrq dqg Vlhjho +rs1flw1, wkh dqdo|vlv lv edvhg rq d ixoo| vshfl�hg

vwuxfwxudo prgho/ vlplodu wr wkh rqh wkh| xvh1 Wkh ghpdqgv iru irxu w|shv ri

oderu/ fodvvl�hg e| hgxfdwlrqdo ohyhov/ duh prghohg wrjhwkhu zlwk wkh ghpdqgv iru

fdslwdo dqg lqwhuphgldwh jrrgv1 Dovr/ d glvwlqfwlrq lv pdgh ehwzhhq vkruw uxq

dqg orqj uxq h�hfwv e| doorzlqj iru wkh idfw wkdw +sduw ri, wkh fdslwdo vwrfn pd|

eh �{hg lq wkh vkruw uxq1

Wkh hpslulfdo dssolfdwlrq fryhuv 57 lqgxvwulhv lq wkh Vzhglvk pdqxidfwxulqj

vhfwru/ revhuyhg dqqxdoo| 4<;8�4<<819

Wkh sdshu xqirogv dv iroorzv1 D eulhi jhqhudo ghvfulswlrq ri wkh gdwd lv jlyhq

lq Vhfwlrq 51 Lq Vhfwlrq 6 wkh oderu gdwd duh h{dplqhg lq pruh ghwdlo1 Wkh prgho

9Odfn ri gdwd kdv klwkhuwr klqghuhg dssolfdwlrqv wr rwkhu frxqwulhv1 D vwxg| edvhg rq gdwd

iru Iudqfh lv fxuuhqwo| ehlqj xqghuwdnhq/ krzhyhu1

8



lv vshfl�hg lq Vhfwlrq 7/ zkloh Vhfwlrq 8 glvfxvvhv lwv hvwlpdwlrq1 Uhvxowv duh

surylghg lq Vhfwlrq 9 dqg frqfoxvlrqv lq Vhfwlrq :1

51 Wkh gdwd

Wkh gdwd vhw frqwdlqv dqqxdo revhuydwlrq rq 57 lqgxvwulhv lq wkh Vzhglvk pdqx0

idfwxulqj vhfwru 4<;8�4<<81 Lw kdv ehhq frqvwuxfwhg e| phujlqj Vzhglvk Qdwlrqdo

Dffrxqwv +VQD, gdwd zlwk gdwd iurp wkh Vzhglvk Uhjlvwhu ri Hpsor|phqw +VUH,1

Wkh VQD surylghv lqgxvwu| gdwd rq jurvv rxwsxw dqg irxu lqsxwv � oderu/

lqwhuphgldwh jrrgv/ dqg wzr w|shv ri fdslwdo> htxlsphqw dqg vwuxfwxuhv1 Wkh

VUH frqwdlqv gdwd rq doo hpsor|hg lqglylgxdov1: Iru wkhvh/ wkhuh lv lqirupdwlrq

derxw/ l1d1/ hgxfdwlrq/ zdjh lqfrph/ ghprjudsklf fkdudfwhulvwlfv/ dqg lqgxvwu|1

Wkh ohyho ri djjuhjdwlrq kdv ehhq ghwhuplqhg e| wkh VQD> lw lv wkh prvw

glvdjjuhjdwh ohyho iru zklfk frpsohwh surgxfwlrq gdwd duh surylghg1 Wkh vwduwlqj

srlqw/ 4<;8/ htxdov wkh �uvw |hdu ri wkh VUH1 Wkh hqgsrlqw lv gxh wr d pdmru fkdqjh

lq wkh lqgxvwuldo fodvvl�fdwlrq xvhg lq wkh VQD1 Xqghu wkh rog fodvvl�fdwlrq/ wkhuh

duh sxeolvkhg gdwd xs wr dqg lqfoxglqj 4<<7 dqg hvwlpdwhv fdq eh frqvwuxfwhg iru

4<<8 dv zhoo1 Hvwlpdwhv iru wkh shulrg diwhu 4<<8 zrxog eh xquholdeoh/ krzhyhu1

Lq wkh phujlqj ri wkh VQD dqg VUH gdwd vhwv/ wkh djjuhjdwh oderu gdwd lq wkh

VQD kdyh ehhq uhsodfhg e| wkh pruh ghwdlohg lqirupdwlrq lq wkh VUH1 Wkh oderu

gdwd zloo eh ixuwkhu glvfxvvhg lq wkh iroorzlqj vhfwlrq1

Wkh euhdn0grzq ri wkh pdqxidfwxulqj vhfwru lqwr wkh 57 lqgxvwulhv lv vshoohg

rxw lq Wdeoh 41 Wdeoh 4 dovr surylghv wkh lqgxvwu| vkduhv lq wrwdo pdqxidfwxulqj

hpsor|phqw lq 4<<41 Wkh |hdu 4<<4 lv fkrvhq iru wzr uhdvrq= lw lv orfdwhg ds0

sur{lpdwho| lq wkh plggoh ri wkh vdpsoh shulrg dqg/ iroorzlqj wkh VQD/ lw lv wkh

edvh0|hdu lq wkh hpslulfdo dqdo|vlv1

	Wdeoh 4= Wkh lqgxvwulhv frqvlghuhg dqg wkhlu vkduhv lq pdqxidfwxulqj hpsor|0

:Wr eh frxqwhg dv hpsor|hg wkh lqglylgxdov kdyh wr vdwlvi| d plqlpxp hduqlqjv fulwhulrq/

wkh h�hfw ri zklfk lv wr h{foxgh lqglylgxdov zlwk yhu| olplwhg sduw0wlph hpsor|phqw1

9



phqw lq 4<<4:

Yroxph phdvxuh iru rxwsxw dqg lqwhuphgldwh jrrgv duh jlyhq e| h{shqglwxuhv

lq 4<<4 |hdu sulfhv1 Fruuhvsrqglqj sulfh lqgh{hv duh rewdlqhg e| glylglqj h{shq0

glwxuhv lq fxuuhqw sulfhv e| h{shqglwxuhv lq 4<<4 |hdu sulfhv/ |lhoglqj Sddvfkh

sulfh lqgh{hv zlwk edvh0|hdu 4<<41

Wkh fdslwdo vwrfnv duh iurp wkh VQD1; Wkh phwkrg xvhg iru wkhlu frpsxwdwlrq

lv d yduldqw ri wkh shushwxdo lqyhqwru| phwkrg zklfk lpsolhv ghsuhfldwlrq udwhv

wkdw ydu| voljkwo| ryhu wlph1 Krzhyhu/ frpsduhg wr wkh yduldwlrq dfurvv lqgxvwulhv

dqg w|shv ri fdslwdo +htxlsphqw dqg vwuxfwxuhv, wkh wlph yduldwlrq lv qhjoljleoh1

Wkh fdslwdo vwrfnv fdq wkhuhiruh eh yhu| forvho| dssur{lpdwhg e| phdqv ri wkh

iroorzlqj dffxpxodwlrq irupxod

g��c| '

�
� � B��

�
g��c|3� n U��c|3� +514,

zkhuh g��| lv wkh fdslwdo vwrfn ri w|sh �/ lq lqgxvwu| �/ dw wkh ehjlqqlqj ri shulrg

|1 Wkh B�� lv wkh wlph0dyhudjh ri wkh VQD ghsuhfldwlrq udwh iru fdslwdo ri w|sh � lq

lqgxvwu| �/ ryhu wkh shulrg 4<;804<<81< Ilqdoo|/ U��c|3� ghqrwhv jurvv lqyhvwphqwv

lq fdslwdo ri w|sh � lq lqgxvwu| � gxulqj shulrg |� �1

Wkh uhqwdo sulfh iru fdslwdo fdq eh zulwwhq

�g��c|
' �U��c|3�

5
7o|3� n B��

�
�U��c|�|3�

�e

�U��c|3�

�

3
C
�
�U��c|�|3�

�e
� �U��c|3�

�U��c|3�

4
D
6
8 +515,

zkhuh �g��c|
ghqrwhv wkh uhqwdo sulfh iru w|sh � fdslwdo/ lq lqgxvwu| �/ dw wkh

ehjlqqlqj ri shulrg |/ �U��c|3�
lv wkh jurvv lqyhvwphqw sulfh lqgh{ iru shulrg |� �c

o|3� lv d orqj0whup lqwhuhvw udwh phdvxuhg dw wkh yhu| hqg ri shulrg | � �/ dqg

;Wkh VQD surylghv �jurvv� fdslwdo vwrfnv dqg �qhw� fdslwdo vwrfnv1 Wkh qhw vwrfnv duh xvhg

khuh1 Iru wkhvh wkh udwhv ri ghsuhfldwlrq duh frqvlvwhqwo| kljkhu wkdq iru wkh jurvv vwrfnv1
<Wkh �lm / ydu| ehwzhhq w|shv ri fdslwdo dqg dfurvv lqgxvwulhv1 Wkh ghsuhfldwlrq udwhv iru

htxlsphqw udqjh ehwzhhq :1: shufhqw +lq wkh Sdshu dqg Sdshuerdug lqgxvwu|, dqg 5417 shufhqw

+lq Hohfwulfdo Pdfklqhu|,1 Iru vwuxfwxuhv wkh vpdoohvw dqg odujhvw udwhv duh 61: shufhqw +lq Rwkhu

Zrrg Surgxfwv, dqg :19 shufhqw +lq Wh{wloh/ Dssduho ) Ohdwkhu,/ uhvshfwlyho|1

:



�
�U��c|�|3�

�
e

lv wkh h{shfwhg ydoxh ri wkh lqyhvwphqw sulfh lqgh{ iru shulrg |/ jlyhq

lqirupdwlrq derxw wklv lqgh{ xs wr shulrg |��1 Wkh gl�huhqfh
�
�U��c|�|3�

�
e

��U��c|3�

phdvxuhv wkh h{shfwhg zlqgidoo sur�w +orvv, wkdw dffuxhv wr wkh rzqhu ri wkh fdslwdo

dvvhw wkurxjk dq lqfuhdvh +ghfuhdvh, lq wkh uhqhzdo frvw143

Wkh �U duh rewdlqhg iurp wkh VQD1 Wkh lqwhuhvw udwh o lv phdvxuhg e| phdqv

ri wkh qrplqdo udwh rq Vzhglvk orqj0whup lqgxvwuldo erqgv1 Wkh h{shfwdwlrqdo

yduldeohv
�
�U��c|�|3�

�
e

duh lpsohphqwhg e| phdqv ri xqlyduldwh Ndopdq �owhu144

61 D �uvw orrn dw hpsor|phqw e| hgxfdwlrqdo ohyho

Iru hdfk lqgxvwu|/ oderu lv eurnhq grzq e| irxu vxffhvvlyho| kljkhu ohyhov ri hgx0

fdwlrq=

4 @ Hohphqwdu| vfkrro +frpsxovru| vkruwhu wkdq < |hduv,1

5 @ < |hdu frpsxovru| vfkrro1

6 @ Xsshu vhfrqgdu| vfkrro1

7 @ Whuwldu| dqg srvwjudgxdwh hgxfdwlrq145

Wklv fodvvl�fdwlrq lv fohduo| pruh glvdjjuhjdwhg dw wkh orzhu hqg ri wkh hgxfdwlrqdo

vshfwuxp wkdq dw wkh xsshu hqg1 Gxh wr wkh vpdoo qxpehuv ri kljko| hgxfdwhg

hpsor|hhv lq Vzhglvk pdqxidfwxulqj dq dwwhpsw wr/ h1j1/ vhsdudwh lqglylgxdov

43Dv glvfxvvhg lq Kdushu/ Ehuqgw dqg Zrrg +4<;<,/ +515, lv d glvfuhwh wlph dssur{lpdwlrq wr

wkh pruh zhoo�nqrzq frqwlqxrxv wlph irupxod SN @ SL ^u . � � +CSL@Cw, @SL ` =
44Wklv �owhu dprxqwv wr prgholqj wkh lqyhvwphqw sulfh lqgh{ e| phdqv ri d wudqvlwlrq htxdwlrq

dqg d phdvxuhphqw htxdwlrq1 Wkh iruphu prghov wkh �wuxh� lqyhvwphqw sulfh lqgh{ dv d udqgrp

zdon/ lqfrusrudwlqj d guliw lq wkh irup ri d txdgudwlf ghwhuplqlvwlf wlph wuhqg1 Wkh phdvxuhphqw

htxdwlrq prghov wkh revhuyhg sulfh lqgh{ dv wkh vxp ri wkh �wuxh� lqgh{ dqg d udqgrp huuru1
45Wkhvh fdwhjrulhv kdyh ehhq frqvwuxfwhg iurp wkh Vzhglvk Vwdqgdug Fodvvl�fdwlrq ri Hgx0

fdwlrq +VXQ,1 Wkh iroorzlqj htxdolwlhv gh�qh wkh fdwhjrulhv lq whupv ri wkh VXQ frghv/ dqg

wkh fruuhvsrqglqj XQHVFR Lqwhuqdwlrqdo Vwdqgdug Fodvvl�fdwlrq ri Hgxfdwlrq +LVFHG, frghv=

Ohyho 4 @ VXQ 4 @ LVFHG 3 . LVFHG 4/ Ohyho 5 @ VXQ 5 @ LVFHG 5> Ohyho 6 @ VXQ 6 .

VXQ 7 @ LVFHG 6> Ohyho 7 @ VXQ 8 . VXQ 9 . VXQ : @ LVFHG 8 . LVFHG 9 . LVFHG :1

;



kroglqj dw ohdvw d Edfkhoru*v ghjuhh iurp wkh fdwhjru| 7 hpsor|hhv zrxog iru pdq|

lqgxvwulhv uhvxow lq qxpehuv wrr vpdoo wr dgplw phdqlqjixo vwdwlvwlfdo dqdo|vhv1

Ohyho 4 gl�huv iurp wkh rwkhu ohyhov ehfdxvh wkhuh lv sudfwlfdoo| qr lq rz lqwr

ohyho 4 gxulqj wkh 4<;80<8 shulrg1 Wkh < |hdu frpsxovru| vfkrro zdv vxffhv0

vlyho| lqwurgxfhg lq wkh 4<93v dqg iurp 4<9; lw ehfdph wkh plqlpxp vfkrrolqj

uhtxluhphqw lq Vzhghq1 Wkh odvw vwxghqwv wr �qlvk wkhlu hgxfdwlrq lq Vzhghq zlwk

hohphqwdu| vfkrro rqo| zhuh eruq lq wkh hduo| 83v1 Wkxv/ dsduw iurp lppljudqwv

+dqg d vpdoo qxpehu ri gurs0rxwv iurp < |hdu frpsxovru| vfkrro, ohyho 4 zrunhuv

zhuh doo zhoo ryhu 73 |hduv rog gxulqj wkh shulrg vwxglhg1

Lq Gldjudp 4 wkh glvwulexwlrq ryhu wkh irxu fdwhjrulhv duh looxvwudwhg iru wkh

hqwluh pdqxidfwxulqj vhfwru +Lqgxvwu| 6333, dv zhoo dv iru wzr ri wkh 57 lqgxvwulhv

wkdw zh frqvlghu/ qdpho| wkh Sulqwlqj dqg Sxeolvklqj lqgxvwu| +Lqgxvwu| 6773,

dqg wkh Phwdo lqgxvwu| +Lqgxvwu| 6;43,1 Wkh iruphu lqgxvwu| kdv ehhq fkrvhq

ehfdxvh lw kdv xqghujrqh odujh fkdqjhv lq surgxfwlrq phwkrgv dqg whfkqrorj|

gxulqj wkh 4<;80<8 shulrg zkloh wkh odwwhu lv dq h{dpsoh ri d pruh �pdwxuh�

lqgxvwu| zkhuh fkdqjhv kdyh ehhq ohvv gudpdwlf146

	 Gldjudp 4= Hpsor|phqw e| hgxfdwlrqdo ohyho/ lq devroxwh dqg uhodwlyh whupv/

iru wkh zkroh pdqxidfwxulqj vhfwru dqg wzr vhohfwhg lqgxvwulhv :

Wkh fkduwv wr wkh ohiw/ vkrzlqj hpsor|phqw lq devroxwh whupv/ doo uh hfw wkh

xqghuo|lqj exvlqhvv f|foh> gxulqj wkh shulrg wkh wxuqlqj srlqwv zhuh 4<;8 +wurxjk,/

4<;; +shdn,/ 4<<6 +wurxjk,/ dqg 4<<7 +shdn,

Dv fdq eh vhhq iurp wkh xsshu ohiw fkduw/ zrunhuv zlwk dw prvw < |hduv ri

hgxfdwlrq +Ohyho 4 . Ohyho 5, dffrxqwhg iru d yhu| odujh/ doehlw udslgo| ghfuhdvlqj/

vkduh ri hpsor|phqw lq wkh pdqxidfwxulqj vhfwru1 Lq 4<;8/ wkh| pdgh xs qhduo|

783333 lqglylgxdov dqg dffrxqwhg iru doprvw 425 ri hpsor|phqw1 E| 4<<8 wkhlu

qxpehuv kdg vkuxqn gudpdwlfdoo| wr zhoo ehorz 583 333/ fruuhvsrqglqj wr ohvv

wkdq 426 ri hpsor|phqw1 Gxulqj wkh vdph shulrg/ wkh qxpehu ri zrunhuv lq wkh

46Lq wkh hfrqrphwulf dqdo|vlv gdwd iru doo ri wkh 57 lqgxvwulhv duh xvhg/ ri frxuvh1

<



prvw zhoo0hgxfdwhg fdwhjru|/ l1h1 Ohyho 7/ lqfuhdvhg iurp derxw ;8333 wr doprvw

458333/ zklfk phdqw wkdw wkhlu vkduh lq hpsor|phqw urvh iurp 43 shufhqw wr ryhu

48 shufhqw1 Wkh ghyhorsphqw ri uhodwlyh hpsor|phqw lv dovr looxvwudwhg lq wkh

xsshu uljkw fkduw1 Lw lv hylghqw wkdw hpsor|phqw lq wkh Ohyho 6 fdwhjru| dqg/ lq

sduwlfxodu/ Ohyho 7 kdv lqfuhdvhg gudpdwlfdoo| frpsduhg wr Ohyho 5/ zklfk lv wkh

uhihuhqfh fdwhjru| lq wkh gldjudp1 Dw wkh vdph wlph/ wkh uhodwlyh hpsor|phqw

ri Ohyho 4 zrunhuv kdv ghfuhdvhg pdunhgo|1 Wklv ghfuhdvh lv wr d odujh h{whqw

h{sodlqhg e| Ohyho 4 lqglylgxdov hqwhulqj uhwluhphqw> fi1 deryh1

Wkh yduldwlrq dfurvv lqgxvwulhv lv looxvwudwhg lq wkh plggoh dqg orzhu fkduwv1

Lq Sulqwlqj dqg Sxeolvklqj +Lqgxvwu| 6773, Ohyho 7 zrunhuv frqvwlwxwh d odujh dqg

udslgo| lqfuhdvlqj vkduh ri hpsor|phqw> wkhlu vkduh urvh iurp 45 shufhqw lq 4<;8

wr 54 shufhqw lq 4<<81 Hpsor|phqw urvh iurp durxqg ;333 wr derxw 45333/ l1h1

e| 83(1 Wdnhq wrjhwkhu/ Ohyho 4 dqg Ohyho 5 zrunhuv uhgxfhg wkhlu vkduh iurp 75

shufhqw wr 5; shufhqw1 Iurp wkh plggoh uljkw fkduw lw fdq eh vhhq wkdw wkh udwlr

ehwzhhq Ohyho 7 dqg Ohyho 5 zrunhuv doprvw wulsohg ryhu wkh shulrg1

Lq wkh Phwdo Surgxfwv lqgxvwu| +Lqgxvwu| 6;43,/ Ohyho 4 dqg Ohyho 5 zrunhuv

wrjhwkhu pdgh xs pruh wkdq 426 ri wkh zrunirufh hyhq lq 4<<81 Wkh qxpehu ri

Ohyho 7 hpsor|hhv lqfuhdvhg rqo| yhu| voljkwo|1 Qhyhuwkhohvv/ wkh| lqfuhdvhg wkhlu

vkduh iurp 8 wr < shufhqw/ gxh wr wkh ghfolqlqj qxpehu ri orz0hgxfdwhg zrunhuv1

Iru frpsdudwlyh sxusrvhv/ wkh Ehupdq hw do1 +4<<7, ghfrpsrvlwlrq ri fkdqjhv

lq hpsor|phqw vkduhv lqwr zlwklq0 dqg ehwzhhq0lqgxvwu| fkdqjhv lv surylghg lq

Dsshqgl{ D1 Mxvw olnh lq hduolhu vwxglhv/ wkh ehwzhhq0lqgxvwu| fkdqjhv duh frp0

sohwho| grplqdwhg e| wkh zlwklq0lqgxvwu| fkdqjhv1

Wkh hpsor|phqw gdwd duh qrw dgmxvwhg iru lqflghqfh ri sduw0wlph zrun1 Wklv

lv gxh wr zkdw lv suredeo| wkh rqo| gudzedfn zlwk wkh VUH= wkhuh duh qr gdwd

rq zrun krxuv1 Lq wkh hpslulfdo dqdo|vlv/ wklv vkruwfrplqj lv wdnhq lqwr dffrxqw

e| doorzlqj wkh oderu txdolw| lqgh{hv frqvlghuhg lq Vhfwlrq 714 wr ghshqg rq

lqgxvwu| ohyho gdwd rq zrun krxuv1 Wkhvh gdwd/ iurp wkh Vzhglvk Oderu Irufh

Vxuyh|/ surylgh lqirupdwlrq/ e| vh{/ derxw wkuhh fodvvhv ri zhhno| zrun krxuv=

43



3�4</ 53067/ dqg 67� krxuv1 Wkh 4<<4 glvwulexwlrqv duh jlyhq lq Wdeoh 5/ zklfk

dovr frqwdlqv glvwulexwlrqv ryhu djh/ vh{/ lppljudqw vwdwxv/ dqg �hogv0ri0vwxg|1

	 Wdeoh 5= Glvwulexwlrqv ryhu ghprjudsklf fkdudfwhulvwlfv/ �hogv0ri0vwxg|/ dqg

zhhno| zrun krxuv/ e| ohyho ri hgxfdwlrq/ lq 4<<4/ iru wkh zkroh pdqxidfwxulqj

vhfwru dqg wzr vhohfwhg lqgxvwulhv1 Vkduhv lq (1 :

Wr vdyh vsdfh/ Wdeoh 5/ olnh Gldjudp 4/ rqo| frqvlghuv wkh hqwluh pdqxidfwxu0

lqj vhfwru +Lqgxvwu| 6333,/ dqg wkh Sulqwlqj dqg Sxeolvklqj +6773, dqg Phwdo

Surgxfwv +6;43, lqgxvwulhv/ dqg/ pruhryhu/ rqo| iru 4<<41

Wkh wdeoh lqglfdwhv wkdw wkh djh glvwulexwlrqv ydu| vxevwdqwldoo| ehwzhhq gli0

ihuhqw ohyhov ri hgxfdwlrq/ exw qrw vr pxfk dfurvv lqgxvwulhv1 Irfxvlqj/ wkhuhiruh/

rq wkh pdqxidfwxulqj vhfwru dv d zkroh +Lqgxvwu| 6333,/ zh qrwh wkdw=

� iru ohyho 4/ doprvw <8( ri wkh lqglylgxdov duh dw ohdvw 73 |hduv rog1

� iru ohyho 5/ pruh wkdq :3( ri wkh lqglylgxdov duh ehorz 731

� iru ohyho 6/ wkh |rxqjhvw lqglylgxdov/ djhg 4905</ pdnh xs pruh wkdq 4261

� iru ohyho 7/ wkh pdmrulw| ri wkh lqglylgxdov duh 6307< |hdu rog1

Wkh kxjh gl�huhqfhv ehwzhhq ohyhov 4 dqg 5 duh hvshfldoo| qrwhzruwk|/ ri frxuvh1

Zlwk uhvshfw wr vh{ wkhuh duh odujh gl�huhqfhv/ erwk dfurvv hgxfdwlrqdo ohyhov

dqg/ lq sduwlfxodu/ ehwzhhq lqgxvwulhv1 Iru Sulqwlqj dqg Sxeolvklqj +6773, wkh

ihpdoh vkduh lv dw ohdvw 73( dqg ulvlqj zlwk hgxfdwlrq1 Lq Phwdo Surgxfwv +6;43,

wkh ihpdoh vkduh lv derxw 59( dw ohyhov 4 dqg 5 dqg pxfk orzhu dw ohyhov 6 dqg 71

Lppljudqwv frqvwlwxwh d plqru vkduh ri wkh zrunirufh/ dfurvv doo lqgxvwulhv1

Iru wkh pdqxidfwxulqj vhfwru dv d zkroh/ wkh| pdnh xs derxw 8( ri hpsor|phqw

dw hgxfdwlrqdo ohyhov 4 dqg 6 zlwk voljkwo| kljkhu sursruwlrqv dw ohyhov 5 dqg 7147

47Gxh wr gdwd frqvwudlqwv/ dq lqglylgxdo lv fodvvl�hg dv dq lppljudqw li kh2vkh lppljudwhg

wr Vzhghq dw prvw 4: |hduv ehiruh wkh |hdu ri revhuydwlrq1 Dffruglqjo|/ wkrvh fodvvl�hg dv

lppljudqwv lq Wdeoh 6 fdph wr Vzhghq lq 4<:7 ru odwhu1 Lq d gh�qlwlrqdo vhqvh/ wkh lppljudqw

vkduhv zloo wkxv eh xqghuvwdwhg1 Krzhyhu/ wkh lqglylgxdo*v ruljlq lv qrw ri sulpdu| lqwhuhvw lq

wkh suhvhqw frqwh{w/ exw udwkhu zkhwkhu kh2vkh fdq eh frqvlghuhg wr eh uhdvrqdeo| dvvlplodwhg

lq wkh Vzhglvk vrflhw|1 Iru wklv sxusrvh/ wkh �prylqj zlqgrz� gh�qlwlrq lv pruh dssursuldwh1
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Frqfhuqlqj �hogv0ri0vwxg| wkhuh duh +qrq0ghjhqhudwh, glvwulexwlrqv rqo| iru

hgxfdwlrqdo ohyhov 6 dqg 71 Iru wkhvh/ wkhuh duh qrwdeoh gl�huhqfhv ehwzhhq wkh

Sulqwlqj dqg Sxeolvklqj +6773, dqg wkh Phwdo Surgxfwv +6;43, lqgxvwulhv1 Lq 6;43

wkh wrwdoo| grplqdwlqj �hog0ri0vwxg| lv IrV6/ l1h1 hvvhqwldoo| hqjlqhhulqj1 Lq 6773/

IrV5/ fryhulqj ydulrxv glphqvlrqv ri exvlqhvv dgplqlvwudwlrq/ lv ri doprvw htxdo

lpsruwdqfh dw hgxfdwlrqdo ohyho 6 dqg pxfk pruh lpsruwdqw dw ohyho 71

Dv qrwhg deryh/ zrun krxuv duh qrw dydlodeoh e| ohyho ri hgxfdwlrq/ rqo| e|

vh{1 Wkh vpdoo gl�huhqfhv lq wkh zrun krxu glvwulexwlrqv dfurvv hgxfdwlrqdo ohyhov

wkdw fdq eh vhhq lq Wdeoh 5 duh wkxv gxh wr gl�huhqfhv lq jhqghu frpsrvlwlrqv1 D

frpsdulvrq ri lqgxvwulhv 6773 dqg 6;43 lqglfdwhv wkdw vh{ pd| lqghhg eh d yhu|

lpsruwdqw ghwhuplqdqw ri zrun krxuv= wkh frqvlghudeo| orzhu vkduh ri lqglylgxdov

zrunlqj ixoo wlph lq 6773 lv pluuruhg e| d pxfk kljkhu vkduh ri ihpdohv1

Wdeoh 6 vkrzv krz wkh ydulrxv zrunhu fkdudfwhulvwlfv lq Wdeoh 5 kdyh fkdqjhg

ehwzhhq 4<;8 dqg 4<<81

	 Wdeoh 6= Fkdqjhv lq wkh vkduhv fruuhvsrqglqj wr ghprjudsklf fkdudfwhulvwlfv/

�hogv0ri0vwxg|/ dqg zrun krxuv ehwzhhq 4<;8 dqg 4<<8/ e| ohyho ri hgxfdwlrq/ lq

( shu dqqxp/ iru wkh zkroh pdqxidfwxulqj vhfwru dqg wzr vhohfwhg lqgxvwulhv :

Uhjduglqj wkh djh vwuxfwxuh/ zh vhh wkdw iru pdqxidfwxulqj dv d zkroh wkh vkduhv

ri 4905< |hdu rogv kdyh ghfuhdvhg dw hdfk hgxfdwlrqdo ohyho/ zklfk lpsolhv wkdw wkh

ryhudoo vkduh ri wklv djh jurxs lq pdqxidfwxulqj hpsor|phqw pxvw kdyh ghfuhdvhg/

wrr1 Iru 830:7 |hdu rogv wkh rssrvlwh ghyhorsphqw kdv wdnhq sodfh1

Wkh fkdqjhv lq wkh jhqghu vwuxfwxuh kdyh kdg wkh h�hfw ri lqfuhdvlqj wkh ihpdoh

uhsuhvhqwdwlrq dw kljkhu hgxfdwlrqdo ohyhov +ohyhov 6 dqg 7, dqg ghfuhdvlqj lw dw

wkh orzhu ohyhov1 D vlplodu ghyhorsphqw fdq eh vhhq iru lppljudqwv1

Zlwk uhvshfw wr �hogv0ri0vwxg|/ wkh vkduh fkdqjhv duh qrw yhu| odujh iru pdq0

xidfwxulqj dv zkroh1 Krzhyhu/ lq 6773 dqg 6;43 vxevwdqwldo/ dqg txlwh gl�huhqw/

fkdqjhv kdyh rffxuuhg dw wkh kljkhvw ohyho ri hgxfdwlrq1 Frqfhuqlqj zrun krxuv/

lv fohdu wkdw wkrvh zrunlqj ixoo wlph/ l1h1 dw ohdvw 68 krxuv d zhhn/ kdyh lqfuhdvhg
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wkhlu vkduhv/ dw doo ohyhov ri hgxfdwlrq dqg dfurvv lqgxvwulhv1

Zh qrz wxuq iurp oderu txdqwlwlhv wr oderu frvwv1 Wr frpsxwh wkhvh/ sd|uroo

wd{ udwhv iru zklwh0froodu dqg eoxh0froodu zrunhuv kdyh ehhq dssolhg wr wkh VUH

gdwd148 Wkh eoxh0froodu udwhv kdyh ehhq dssolhg wr Ohyho 4 dqg Ohyho 5 zrunhuv/

zkloh wkh zklwh0froodu udwhv kdyh ehhq xvhg iru wkh Ohyho 7 hpsor|hhv1 Zlwk

uhvshfw wr Ohyho 6/ wkh eoxh0froodu udwhv kdyh ehhq dssolhg wr zrunhuv zlwk dw prvw

5 |hduv ri xsshu vhfrqgdu| hgxfdwlrq dqg wkh zklwh0froodu udwhv kdyh ehhq xvhg

iru wkrvh zlwk 6 |hduv ri xsshu vhfrqgdu| hgxfdwlrq1 Wklv sduwlwlrq lv prwlydwhg

e| wkh idfw wkdw wkh pdmrulw| ri wkh 5 |hdu surjudpv lqyroyh yrfdwlrqdo wudlqlqj

zkloh wkh 6 |hdu surjudpv duh pruh wkhruhwlfdoo| rulhqwhg1

Iurp Gldjudp 5 lw fdq eh vhhq wkdw wkh uhodwlyh fkdqjhv lq hpsor|phqw vkrzq

lq Gldjudp 4 duh pluuruhg e| fkdqjhv lq uhodwlyh oderu frvwv lq wkh rssrvlwh

gluhfwlrq1 Wkxv/ h1j1/ wkh hpsor|phqw lqfuhdvh iru Ohyho 7 oderu/ frpsduhg wr

Ohyho 5 oderu/ fruuhvsrqgv wr idoolqj oderu frvwv iru Ohyho 7/ uhodwlyh wr Ohyho 51

Dv fdq eh lqihuuhg iurp wkh fkduwv wr wkh uljkw/ wkh uhodwlyh ghfuhdvh kdv ehhq

txlwh vxevwdqwldo1 Iru wkh pdqxidfwxulqj vhfwru dv d zkroh +Lqgxvwu| 6333, wkh

idoo lv doprvw 53 shufhqw/ iru Sulqwlqj dqg Sxeolvklqj +6773, voljkwo| ohvv dqg lq

Phwdo Surgxfwv +6;43, hyhq pruh1 Wkh uhodwlyh frvwv iru Ohyhov 6 dqg 4 kdyh

ghfuhdvhg dv zhoo/ exw/ h{fhsw iru lqgxvwu| 6773/ ohvv gudpdwlfdoo|1

	 Gldjudp 5= Dyhudjh |hduo| oderu frvwv e| hgxfdwlrqdo ohyho/ lq devroxwh dqg

uhodwlyh whupv/ iru wkh zkroh pdqxidfwxulqj vhfwru dqg wzr vhohfwhg lqgxvwulhv:

Iurp d plfurhfrqrplf shuvshfwlyh/ wkh ghfolqlqj uhodwlyh oderu frvwv dqg wkh

lqfuhdvh lq uhodwlyh hpsor|phqw iru kljk�vnloohg zrunhuv lv yhu| qdwxudo1 Wklv gh0

yhorsphqw gl�huv/ krzhyhu/ iurpX1N1 dqg X1V1 h{shulhqfhv zkhuh wkh hpsor|phqw

48Wkh sd|uroo wd{hv duh iurp Qçulqjvolyhwv Hnrqrplidnwd/ d sulydwh vwdwlvwlfdo djhqf|/ dqg

lqfoxgh erwk frpsxovru| sd|uroo wd{hv dqg qrq0frpsxovru| sd|uroo ihhv djuhhg xsrq lq hp0

sor|hu2xqlrq qhjrwldwlrqv1 Gxulqj wkh vdpsoh shulrg wkh udwhv ydulhg ehwzhhq 6:133 ( dqg

7617: ( iru eoxh0froodu zrunhuv dqg ehwzhhq 6;188 ( dqg 7918: ( iru zklwh0froodu zrunhuv1

46



vkduhv ri wkh kljk0vnloohg kdyh ehhq frqvwdqw ru lqfuhdvlqj lq vslwh ri vxffhvvlyho|

kljkhu uhodwlyh zdjhv iru kljk0vnloohg oderu ^Pdfklq dqg Ydq Uhhqdq +4<<;,`1

Vlqfh wkh uhodwlyh oderu frvwv lq Gldjudp 5 duh vlpso| edvhg rq dyhudjh oderu

frvwv e| hgxfdwlrqdo ohyho/ wkh ghfuhdvlqj uhodwlyh zdjhv pljkw eh uh hfwlqj gl�hu0

hqfhv lq djh glvwulexwlrqv dfurvv ohyhov dqg rwkhu frpsrvlwlrqdo gl�huhqfhv zlwk

uhvshfw wr/ h1j1/ jhqghu dqg lppljudqw2qrq0lppljudqw vwdwxv1 Wr fkhfn Gldjudp

6 kdv ehhq frqvwuxfwhg olnh Gldjudp 5 exw iru Vzhglvk pdohv djhg 73�7< rqo|149

	 Gldjudp 6= Dyhudjh |hduo| oderu frvwv e| hgxfdwlrqdo ohyho/ lq devroxwh dqg

uhodwlyh whupv/ iru wkh zkroh pdqxidfwxulqj vhfwru dqg wzr vhohfwhg lqgxvwulhv/ iru

Vzhglvk pdohv/ djhg 73�7< :

Iru wkh pdqxidfwxulqj vhfwru dv d zkroh/ wkh uhodwlyh zdjh ri ohyho 7 zrunhuv

kdv ghfuhdvhg ryhu wlph/ hyhq iru Vzhglvk 73�7< |hdu rog phq1 Wkh ghfolqh lv

vpdoohu wkdq lq Gldjudp 5/ krzhyhu1 Dovr/ wkh fkduwv iru Sulqwlqj dqg Sxeolvklqj

+6773, dqg Phwdo Surgxfwv +6;43, lqglfdwh wkdw wkhuh duh odujh gl�huhqfhv dfurvv

lqgxvwulhv1 Lq 6773/ wkh uhodwlyh zdjh ri xqlyhuvlw| hgxfdwhg zrunhuv kdv ehhq

idluo| frqvwdqw zkloh lq 6;43 lw kdv ghfuhdvhg pdunhgo|1

Iru lqglylgxdov zlwk xsshu vhfrqgdu| vfkrro/ wkh grzqzdug wuhqglqj uhodwlyh

zdjhv lq Gldjudp 5 kdyh ehhq uhsodfhg e| frqvwdqw uhodwlyh zdjhv lq Gldjudp 61

Zlwk uhvshfw wr ohyho 4 zrunhuv/ dyhudjh oderu frvwv lqfuhdvh uhodwlyh wr wkh

kljkhu Ohyho 5 hgxfdwlrq/ zklfk lv lq frqwudvw wr Gldjudp 51 Lqvshfwlrq ri Wdeoh

7 lqglfdwhv/ krzhyhu/ wkdw wklv dssduhqw dqrpdo| fdq eh h{sodlqhg e| gl�huhqfhv

lq +dyhudjh, zrun h{shulhqfh1 Dw Ohyho 5/ wkh qxpehu ri lqglylgxdov djhg 73�7<

kdv ehhq lqfuhdvlqj udslgo|/ zkloh wkh rssrvlwh lv wuxh iru Ohyho 41 Dffruglqjo|/

dw Ohyho 4 wkh phdq djh ri wkh 73�7< |hdu rogv lv olnho| eh forvhu wr 7< wkdq wr 731

Dw Ohyho 5/ e| frqwudvw/ wkh phdq djh lv suredeo| forvh wr 731

49
Ri frxuvh/ gxh wr gl�huhqfhv lq ohqjwk ri hgxfdwlrq/ lqglylgxdov lq wkh 73�7< djh lqwhuydo fdq

gl�hu pdunhgo| zlwk uhvshfw wr zrun h{shulhqfh1 Lq frqwudvw wr |rxqjhu lqglylgxdov/ doo zrunhuv

djhg 73 ru deryh vkrxog kdyh dw ohdvw vrph zrun h{shulhqfh/ krzhyhu1
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Wkh frpsdulvrq ri Gldjudpv 5 dqg 6 vkrz wkh lpsruwdqfh ri oderu glphqvlrqv

ehvlgh wkh ohyho ri hgxfdwlrq1 D vlpsoh zd| wr dffrxqw iru wkhvh lv frqvlghuhg qh{w1

71 Wkh prgho

Wr dyrlg h{fhvvlyh qrwdwlrq/ wkh prgho glvfxvvlrq zloo eh fduulhg rxw lq whupv ri

d vlqjoh �up/ dw d vlqjoh srlqw lq wlph1

7141 Wkh vshfl�fdwlrq ri h�hfwlyh oderu lqsxw

Iru vlpsolflw|/ dvvxph wkdw/ dw d jlyhq ohyho ri hgxfdwlrq/ wkh qxpehu ri hpsor|hhv

lv pxowlsolfdwlyho| vhsdudeoh iurp wkh rwkhu surshuwlhv ri wkh zrunhuv14: 4; Ohw ��

eh wkh qxpehu ri hpsor|hhv zlwk hgxfdwlrqdo ohyho � dqg �� dq lqgh{ frqwuroolqj

iru wkh fkdudfwhulvwlfv lq Wdeoh 51 Wkh phdvxuh u� ri h�hfwlyh oderu lv

u� ' �� ���c � ' �c2c �c e� +714,

Fohduo|/ +714, vshfldol}hv wr d sxuho| txdqwlwdwlyh phdvxuh ri oderu zkhq �� ' �14<

Wr ghulyh wkh sulfh ri h�hfwlyh oderu/ �u�
/ frqvlghu oderu frvwv=

�u�
u� ' �u�

���� ' E�u�
����� ' ���

�� c � ' �c 2c �c e� +715,

zkhuh ���
lv gh�qhg dv wrwdo oderu frvwv iru oderu fdwhjru| �/ glylghg e| wkh

qxpehu ri hpsor|hhv lq wklv fdwhjru|1 Iurp +715, lw iroorzv wkdw wkh sulfh ri

4:Iru d glvfxvvlrq ri wkh qrwlrq ri vhsdudelolw|/ fi1 Eodfnrue|/ Sulprqw dqg Uxvvhoo +4<:;,1
4;Dowhuqdwlyho|/ oderu fdq eh glvdjjuhjdwhg e| erwk ohyho ri hgxfdwlrq dqg rwkhu glphqvlrqv>

vhh Ehujhu +4<;6, iru d vlpsoh h{dpsoh1 Wkh sureohp zlwk wklv dssurdfk lv wkdw wkh qxpehu

ri oderu fdwhjrulhv vrrq ehfrphv yhu| odujh1 Iru lqvwdqfh/ rxu irxu ohyhov ri hgxfdwlrq dqg wkh

fkdudfwhulvwlfv lq Wdeoh 5 zrxog |lhog 4:5; fdwhjrulhv ri oderu1
4<D vshfl�fdwlrq vlplodu wr +714, zdv xvhg e| Pruulvrq dqg Ehuqgw +4<;4, zkr pxowlsolhg zrun

krxuv e| dq h{rjhqrxvo| ghwhuplqhg lqgh{ ri hgxfdwlrqdo dwwdlqphqw/ wr dffrxqw iru txdolw|

fkdqjhv ryhu wlph1 Lq Nd}dpdnl Rwwhuvwhq/ Olqgk/ dqg Phoodqghu +4<<<, d oderu txdolw| lqgh{

lv lqvwhdg hvwlpdwhg dqg wklv dssurdfk zloo eh wdnhq khuh/ wrr1
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h�hfwlyh oderu/ �u�
/ fdq eh zulwwhq

�u�
' ���

�3�
�
c � ' �c 2c �c e� +716,

Wkxv/ wkh dgmxvwphqw e| �� d�hfwv wkh yroxph dqg wkh sulfh ri h!flhqw oderu

lqyhuvho|= li wkh fruuhfwlrq dprxqwv wr d txdqwlw| lqfuhdvh/ lw zloo kdyh d fruuh0

vsrqglqj ghfuhdvlqj h�hfw rq wkh sulfh ri h�hfwlyh oderu1

Wkh �� duh prghohg e| phdqv ri wkh glvwulexwlrqv lq Wdeoh 51 Wkh xqghuo|lqj

lghd lv ehvw frqyh|hg e| phdqv ri d vlpsoh h{dpsoh1 Dvvxph wkdw wkh rqo| glvwul0

exwlrq frqvlghuhg lv wkh zrunhuv* djh glvwulexwlrq1 Ghqrwh wkh vkduhv ri wkh irxu

djh fdwhjrulhv e|M��/M�2/M��/M�e1 Li wkh frqwulexwlrqv wr h�hfwlyh oderu iurp wkh

gl�huhqw djh jurxsv h{dfwo| pdwfkhv wkh fruuhvsrqglqj qxpehu ri zrunhuv wkhq

u� ' �� ��� ' �� � EM�� nM�2 nM�� nM�e� ' �� � �� +717,

Wklv lv wkh vwdqgdug dvvxpswlrq1 Wr dffrxqw iru srvvleoh gl�huhqfhv dfurvv djh

jurxsv zlwk uhvshfw wr wkhlu frqwulexwlrqv wr h�hfwlyh oderu/ zh fdq vshfli| wkdw

u� ' �� � dE� n w���M�� n E� n w�2�M�2 n E� n w���M�� n E� n w�e�M�eo 1 +718,

Vlqfh wkh frqwulexwlrq wr h�hfwlyh oderu iurp d jlyhq djh jurxs fdq eh erwk

odujhu dqg vpdoohu wkdq wkh fruuhvsrqglqj vkduh wkh w�& / & ' �c2c �c e/ fdq eh

hlwkhu srvlwlyh ru qhjdwlyh1 Wkh| vkrxog/ krzhyhu/ qrupdoo| eh odujhu wkdq ��/ wr

dvfhuwdlq wkdw wkh frqwulexwlrqv iurp doo djh jurxsv duh srvlwlyh1

Dv wkh vkduhv duh olqhduo| ghshqghqw/ lw qhfhvvdu| wr lpsrvh rqh frqvwudlqw rq

wkh w�& 1 Iru wklv sxusrvh/ zh qrupdol}h wkh h�hfw ri wkh djh glvwulexwlrq wr xqlw|

lq wkh edvh�|hdu +l1h1 lq 4<<4, vr wkdw

��f ' E� n w���M��f n E� n w�2�M�2f n E� n w���M��f n E� n w�e�M�ef ' �/ +719,

zkhuh vxelqgh{ 3 ghqrwhv edvh0|hdu ydoxhv1 Vroylqj iru/ h1j1/ w�ezh jhw

w�e '
��
S

�

&'�
E� n w�&�M�&f

M�ef

� �1 +71:,
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Wkh qrupdol}dwlrq phdqv wkdw oderu txdolw| lv phdvxuhg uhodwlyh wr wkh edvh�|hdu1

Wklv lv d pruh uhdolvwlf dpelwlrq wkdq wr wu| wr ghwhuplqh wkh ohyho ri h�hfwlyh

oderu1 Jlyhq wkh qrupdol}dwlrq/ wkh �� duh lpsolflwo| h{suhvvhg lq whupv ri zrunhuv

zlwk wkh edvh�|hdu djh glvwulexwlrq1

Lq wkh jhqhudo fdvh/ zlwk pdq| fkdudfwhulvwlfv/ wkhuh duh wzr dgglwlrqdo sure0

ohpv1 Wkh �uvw lv krz wr zhljk gl�huhqw glvwulexwlrqv wrjhwkhu1 Wkh vhfrqg uhodwhv

wr vxevwlwxwdelolw|= wr zkdw h{whqw duh/ h1j1/ jhqghu dqg djh fkdudfwhulvwlfv lqwhu0

fkdqjhdeohB D vlpsoh zd| wr dgguhvv wkhvh lvvxhv lv wr vshfli| �� dv d �.7

djjuhjdwru ixqfwlrq1 Ghqrwh gl�huhqw glvwulexwlrqv e| vxelqgh{ �/ � ' �c 2c ����c a�

dqg wkh qxpehu ri fdwhjrulhv dvvrfldwhg zlwk wkh �wk glvwulexwlrq e| g��1
53 Wkhq

�� '

5
97

a�[
�'�

D��

3
C

g��[

&'�

E� n w��&�M��&

4
D
34�
6
:8
3

�

4�

c +71;,

zkhuh wkh D�� duh wkh zhljkwv dwwdfkhg wr wkh gl�huhqw glvwulexwlrqv>
Sa�

�'� D�� ' �/

dqg 4� lv wkh vxevwlwxwlrq sdudphwhu1 Wkh hodvwlflw| ri vxevwlwxwlrq/ j�/ ehwzhhq

gl�huhqw fkdudfwhulvwlfv lq wkh txdolw| lqgh{ lv jlyhq e|

j� '
�

� n 4�
E4� : ��� � +71<,

D uhdvrqdeoh frqmhfwxuh zrxog eh wkdw f 	 j� 	 �/ l1h1 wkhuh duh vrph srvvlelolwlhv

ri vxevwlwxwlrq exw wkdw wkhvh duh udwkhu olplwhg1 Wklv lpsolhv wkdw f 	 4� 	41

Lw vkrxog eh qrwhg wkdw lq dgglwlrq wr wkh sdudphwhuv/ wkh w��&/ D ��/ dqg 4�/

wkh u� dqg wkh �u�
duh xqnqrzq dv zhoo1 Wr hvwlpdwh wkhvh/ wkh vshfl�fdwlrq ri

h�hfwlyh oderu kdv wr eh lqwhjudwhg lqwr d uhsuhvhqwdwlrq ri wkh �up*v whfkqrorj|1

53Wkh qxpehu ri fkdudfwhulvwlfv dffrxqwhg iru e| wkh El gl�hu e| ohyho ri hgxfdwlrq1 Dv �hogv0

ri0vwxg| glvwulexwlrqv duh dydlodeoh rqo| iru wkh wzr kljkhvw ohyhov ri hgxfdwlrq/ M4 @ M5 @ 7 dqg

M6 @ M7 @ 81 Pruhryhu/ zlwk uhvshfw wr �hogv0ri0vwxg|/ wkh qxpehu ri vkduhv dovr gl�hu ehwzhhq

wkhvh wzr ohyhov ri hgxfdwlrq> dv vhhq lq Wdeoh 5 wkh �hogv0ri0vwxg| glvwulexwlrq frqwdlqv irxu

fdwhjrulhv dw hgxfdwlrqdo ohyho 6 dqg wkuhh fdwhjrulhv dw ohyho 71 Wkxv/ ohwwlqj �hog0ri0vwxg| eh

wkh irxuwk fkdudfwhulvwlf vr wkdw m @ 7 zh kdyh N76 @ 7 dqg N77 @ 61
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7151 Uhsuhvhqwlqj wkh surgxfwlrq whfkqrorj|

Wkh uhvwulfwhg Jhqhudol}hg Ohrqwlhi +JO, frvw ixqfwlrq vxjjhvwhg e| Pruulvrq

+4<;;,/ lv d  h{leoh/ vhfrqg rughu/ uhsuhvhqwdwlrq ri wkh surgxfwlrq whfkqrorj|1

Olnh/ h1j1/ wkh wudqvorj frvw ixqfwlrq lw doorzv vrph lqsxwv wr eh vxevwlwxwhv dqg

rwkhuv wr eh frpsohphqwv/ lq dffrugdqfh zlwk wkh fdslwdo�vnloo frpsohphqwdulw|

k|srwkhvlv1 Lw dovr doorzv txdvl��{hg lqsxwv/ zklfk duh wkh vrxufh ri wkh glv0

wlqfwlrq ehwzhhq vkruw0uxq dqg orqj�uxq h�hfwv1 Xqolnh wkh wudqvorj/ Pruulvrq*v

ixqfwlrq surylghv dqdo|wlfdo vroxwlrqv iru wkh orqj uxq/ htxloleulxp/ ydoxhv ri wkh

txdvl0�{hg lqsxwv/ pdnlqj lw1hdv| wr frpsduh vkruw0uxq dqg orqj0uxq h�hfwv1

Vl{ yduldeoh lqsxwv duh frqvlghuhg= wkh irxu fdwhjrulhv ri oderu/ u�/ u2/ u�/

dqg ue/ htxlsphqw fdslwdo/ ./ dqg lqwhuphgldwh jrrgv/ � 1 Vwuxfwxuh fdslwdo/ 7/

lv wuhdwhg dv txdvl0�{hg/ l1h1 �{hg lq wkh vkruw uxq/ zklfk lv khuh rqh |hdu1

Yduldeoh frvwv duh ghwhuplqhg e| wkh ohyho ri rxwsxw/ t / wkh sulfhv ri wkh

yduldeoh lqsxwv/ ��/ vwuxfwxuh fdslwdo/ 7/ dqg d wlph lqgh{/ |/ uhsuhvhqwlqj wkh

vwdwh ri wkh whfkqrorj|1 Jlyhq orqj�uxq frqvwdqw uhwxuqv wr vfdoh/ wkh yduldeoh

frvw ixqfwlrq/ T �/ fdq eh zulwwhq=
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+7143,

zkhuh

k�� ' b�f n b�|| 1 +7144,

Wkh pdlq gl�huhqfh ehwzhhq +7143, dqg Pruulvrq*v +4<;;, orqj uxq frqvwdqw uh0

wxuqv wr vfdoh vshfl�fdwlrq olhv lq wkh vshfl�fdwlrq ri whfkqlfdo fkdqjh/ zkhuh

Sdunv* +4<:4, pruh hdvlo| lqwhusuhwdeoh irupxodwlrq +7144, kdv ehhq xvhg154

54
Dqrwkhu gl�huhqfh uhodwlyh wr Pruulvrq*v vshfl�fdwlrq lv wkdw wkh lqwhudfwlrq h�hfwv ehwzhhq

whfkqlfdo fkdqjh dqg vkruw0uxq uhwxuqv wr vfdoh duh glvuhjdughg1 Wklv lv wr ohvvhq wkh zhoo0nqrzq

sureohp ri vhsdudwlqj whfkqlfdo fkdqjh dqg uhwxuq wr vfdoh h�hfwv1
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Xvlqj d wlph lqgh{ pljkw vhhp d fuxgh zd| wr fdswxuh whfkqlfdo fkdqjh1 Krz0

hyhu/ sureohpv duh dvvrfldwhg zlwk xvlqj/ h1j1/ phdvxuhv lqirupdwlrq whfkqrorj|

+LW, xvh ru U)G h{shqglwxuhv lv 1 Iluvw/ e| frqvwuxfwlrq/ vxfk vshfl�f lqglfdwruv

rqo| frqvlghu fhuwdlq dvshfwv ri whfkqlfdo fkdqjh1 LW dqg U)G yduldeohv fdq0

qrw fdswxuh wkh h�hfwv ri fkdqjhv lq zrun rujdql}dwlrq/ zklfk pd| eh lpsruwdqw

vnloo0eldvhg whfkqlfdo fkdqjhv> fi1 Olqgehfn dqg Vqrzhu +4<<<,1 Vhfrqg/ wkhuh duh

hfrqrphwulf sureohpv1 Lpsolflwo|/ lw lv dvvxphg wkdw hpsor|phqw ri LW dqg vshqg0

lqjv rq U)G duh h{rjhqrxvo| ghwhuplqhg1 Krzhyhu/ frpsxwhuv duh sduw ri wkh

+htxlsphqw, fdslwdo vwrfn/ zklfk lv hqgrjhqrxv/ dqg U)G rxwod|v duh grplqdwhg

e| zdjhv wr kljk0vnloohg zrunhuv/ wkh ghpdqg iru zklfk lv hqgrjhqrxv/ wrr155

Ghyldwlrqv iurp frqvwdqw uhwxuqv wr vfdoh duh doorzhg lq wkh vkruw uxq/ dv d

frqvhtxhqfh ri qrq0rswlpdo ohyhov ri wkh txdvl0�{hg lqsxw1 Wkdw lv wr vd|/ qrq�

frqvwdqw uhwxuqv wr vfdoh duh qrw wdnhq wr eh dq lqwulqvlf ihdwxuh ri wkh whfkqrorj|

exw dulvh wkurxjk wkh frqvwudlqwv idflqj wkh �up lq wkh irup ri txdvl0�{hg lqsxwv1

Wr eh d surshu uhsuhvhqwdwlrq ri dq xqghuo|lqj surgxfwlrq whfkqrorj| +7143,

pxvw eh lqfuhdvlqj dqg frqfdyh lq wkh �� dqg ghfuhdvlqj dqg frqyh{ lq 7�

Wkh vkruw uxq ghpdqg htxdwlrqv iru wkh yduldeoh lqsxwv fdq eh ghulyhg iurp

T � e| dssolfdwlrq ri Vkhskdug*v ohppd wr +7143, dqg vxevhtxhqw dssolfdwlrq ri

wkh htxdolwlhv +7144,/ +714,/ dqg +716,1 Iru oderu wklv |lhogv
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+7145,

Wkhvh oderu ghpdqg htxdwlrqv lpso| wkdw wkh txdqwlwlhv ri oderu zlwk edvh0|hdu

fkdudfwhulvwlfv/ wkh ��/ duh hqgrjhqrxvo| ghwhuplqhg/ zkloh ghyldwlrqv lq oderu

fkdudfwhulvwlfv uhodwlyh wr wkh edvh0|hdu/ wkh �� duh wuhdwhg dv suhghwhuplqhg1

55Dffruglqjo|/ li rqh lv lqwhuhvwhg lq wkh h�hfwv ri LW vshfl�fdoo| wkh dssursuldwh zd| lv wr

euhdn grzq wkh htxlsphqw fdslwdo vwrfn lqwr frpsxwhuv dqg qrq0frpsxwhu htxlsphqw1 Olnhzlvh/

U)G zrunhuv vkrxog suhihudeo| eh vhsdudwhg iurp rwkhu +kljk0vnloohg, zrunhuv1
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Wkh ghpdqg htxdwlrqv iru htxlsphqw fdslwdo dqg lqwhuphgldwh jrrgv duh=
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+7147,

Ilqdoo|/ dvvxplqj shuihfw frpshwlwlrq rq wkh rxwsxw pdunhw zh fdq dsshqg

dq htxdwlrq iru wkh vkdgrz ydoxh ri wkh txdvl��{hg lqsxw wr wkh deryh v|vwhp1

Wkh vkdgrz ydoxh/ ~r lv jlyhq e| wkh sduwldo ghulydwlyh �YT �*Y71 Wkxv
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+7148,

Xqghu shuihfw frpshwlwlrq/ diwhu sd|phqwv wr doo yduldeoh lqsxwv kdyh ehhq pdgh/

uhwxuqv wr wkh �up fdq eh dwwulexwhg wr wkh �{hg lqsxw1 Lq wklv fdvh/ wkh vkdgrz

ydoxh fdq eh pdgh rshudwlrqdo e| phdqv ri wkh h{ srvw uhwxuq wr 7/ l1h1
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�e � �.. � ���

7
+7149,

zkhuh �t lv wkh sulfh ri rxwsxw1

Wkh orqj�uxq frvw ixqfwlrq fdq eh ghulyhg iurp wkh vkruw uxq wrwdo frvwv

A� ' T � n �77c +714:,

zkhuh �7 lv wkh uhqwdo sulfh iru vwuxfwxuhv/ e| uhfrjqlwlrq ri wkh idfw wkdw lq

htxloleulxp wkh txdvl��{hg idfwru pxvw eh hpsor|hg dw lwv rswlpdo ohyho1 E| wkh

hqyhorsh wkhruhp/ wkh rswlpdo ohyho/ 7W/ lv rewdlqhg e| plqlpl}lqj +7143, zlwk
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uhvshfw wr 71 Wkh �uvw�rughu frqglwlrq uhtxluhv wkdw wkh vkdgrz sulfh ~7 eh htxdo

wr wkh pdunhw sulfh �7 1 Xvlqj wklv frqglwlrq/ zh fdq vroyh iru 7 iurp +7148,=
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1 +714;,

Wkh orqj�uxq frvw ixqfwlrq/ A�W/ lv jlyhq e| +714:,/ hydoxdwhg dw 7 ' 7W/ l1h1

A�W ' T �W n �77
W� +714<,

Vlploduo|/ hydoxdwlqj +7145, � +7147, dw 7 ' 7W |lhogv orqj0uxq lqsxw ghpdqgv1

7161 Oderu ghpdqgv/ ghpdqg hodvwlflwlhv/ dqg vnloo eldvhv

Wkh hpslulfdo dqdo|vlv jhqhudwhv wzr nlqgv ri oderu ghpdqg hvwlpdwhv= wkh qxpehu

ri hpsor|hhv dqg wkh yroxphv ri h�hfwlyh oderu1 Iru erwk ri wkhvh/ vkruw0uxq dqg

orqj0uxq hvwlpdwhv duh rewdlqhg/ |lhoglqj irxu gl�huhqw ghpdqg hvwlpdwhv iru hdfk

ohyho ri hgxfdwlrq/ l1h1 49 hvwlpdwhv dowrjhwkhu156 Wr vlpsoli| wkh qrwdwlrq/ gh�qh
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+7153,

zkhuh vxshulqgh{ 7- ghqrwhv Vkruw Uxq1 Wkh orqj uxq/ htxloleulxp/ yduldeoh lv

fu-
� ' f7-

�

���
7'7W

/ � ' �c 2c �c e1 +7154,

Xvlqj +7153, dqg +7154,/ oderu ghpdqg lq qxpehu ri hpsor|hhv fdq eh zulwwhq

�x-
� ' t ��3�

� �fx-
� c x ' 7cuc � ' �c 2c �c e/ +7155,

dqg wkh ghpdqgv h{suhvvhg lq whupv ri h!flhqw oderu duh jlyhq e|

ux-
� ' t �fx-

� c x ' 7cuc � ' �c2c �c e� +7156,

56Wkhvh 49 hvwlpdwhv uhihu wr d jlyhq lqgxvwu|/ dw d jlyhq srlqw lq wlph1 Gl�huhqw hvwlpdwhv

duh jhqhudwhg iru hdfk ri wkh 57 lqgxvwulhv dqg iru hdfk |hdu1
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Wkh ghpdqg phdvxuhv +7155, duh hvshfldoo| lqwhuhvwlqj/ ehfdxvh wkh| fdq eh

xvhg wr hydoxdwh wkh h�hfwv ri fkdqjhv lq/ h1j1/ ghprjudsklf fkdudfwhulvwlfv ru

�hogv0ri0vwxg| glvwulexwlrqv rq wkh qxpehu ri lqglylgxdov ghpdqghg1 Wkh hydoxd0

wlrq ri vxfk fkdqjhv lv qrw hqwluho| vwudljkwiruzdug/ krzhyhu/ ehfdxvh wkh| lqyroyh

fkdqjhv lq glvwulexwlrqv1 Iru h{dpsoh/ d pdujlqdo fkdqjh lq wkh vkduh ri rqh djh

jurxs zloo lqyroyh fkdqjhv lq wkh vkduhv iru wkh rwkhu jurxsv/ wrr1 Pruhryhu/ li

wkh qxpehu ri lqglylgxdov lq rqh jurxs fkdqjhv/ fhwhulv sdulexv/ wklv lqyroyhv d

fkdqjh lq wkh vl}h ri wkh srsxodwlrq/ ri wkh vdph pdjqlwxgh1 Lq wkh suhvhqw frq0

wh{w lw lv lpsruwdqw wr vhsdudwh fkdqjhv lq wkh vl}h ri wkh srsxodwlrq/ zklfk duh

hqgrjhqrxvo| ghwhuplqhg/ iurp fkdqjhv lq wkh srsxodwlrq*v frpsrvlwlrq/ zklfk

duh suhghwhuplqhg1 Wkh sureohp lv frqvlghuhg lq ghwdlo lq Dsshqgl{ E1 Khuh/ d

vkruwkdqg qrwdwlrq lv xvhg zkhuh#
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������x-
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$
c x ' 7cu +7157,

ghqrwhv wkh h�hfw rq �� ri d pdujlqdo fkdqjh lq wkh �wk glvwulexwlrq/ uhsuhvhqwhg

e| wkh vkduhv M��&/ & ' �c ����cg��/ dw d jlyhq qxpehu ri hpsor|hhv/ �x-
� 1

Wkh vkruw uxq uhodwlyh h�hfw ri d pdujlqdo fkdqjh lq wkh �wk glvwulexwlrq rq

wkh qxpehu ghpdqghg zlwk hgxfdwlrqdo ohyho � fdq eh zulwwhq=
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Vlqfh �� vkrxog eh srvlwlyh dqg e7-���� vkrxog eh qhjdwlyh57 lw iroorzv wkdw

vljq
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57Qhjdwlyh rzq0sulfh hodvwlflwlhv duh qhfhvvdu| iru wkh frvw ixqfwlrq wr eh frqfdyh lq sulfhv1
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Orqj uxq h�hfwv duh rewdlqhg dv
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Zlwk uhvshfw wr fkdqjhv lq uhodwlyh sulfhv/ furvv0sulfh hodvwlflwlhv ri ghpdqg

duh ri lqwhuhvw/ wrr1 Wkh vkruw uxq sulfh hodvwlflw| ri �� zlwk uhvshfw wr ���
lv
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Li ku�u� dqg/ khqfh/ e7-����
/ lv srvlwlyh +qhjdwlyh, li ohyho � dqg ohyho � oderu duh

vxevwlwxwhv +frpsohphqwv,1 Wkh orqj uxq furvv�sulfh hodvwlflw| lv
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zkhuh e7-����
dqg #u-��7

W duh jlyhq e| +7167, dqg +7163,/ uhvshfwlyho|/ dqg eu-7W��
fdq

eh rewdlqhg iurp +7164, e| vxevwlwxwlqj � iru �1
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Wr frpsxwh wkh vnloo eldvhv lq whfkqlfdo fkdqjh/ zh �uvw qhhg wkh udwhv ri frvw

glplqxwlrq lqgxfhg e| whfkqlfdo fkdqjh1 Wkhvh duh gh�qhg dffruglqj wr
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dqg
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lq wkh vkruw uxq dqg orqj uxq uhvshfwlyho|158 Vhfrqgo|/ zh qhhg wkh fkdqjhv lq wkh

ghpdqg iru wkh ydulrxv fdwhjrulhv ri oderu/ lqgxfhg e| whfkqlfdo fkdqjh=
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Wkxv/ wkh hvwlpdwh ri bu�|
lqglfdwhv zkhwkhu whfkqlfdo fkdqjh kdv lqfuhdvhg ru

ghfuhdvhg wkh ghpdqg iru oderu lq fdwhjru| �1 Wkh vnloo eldvhv E7�� duh
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�
/ x ' 7cuc � ' �c 2c �ce1 +716<,

D qhjdwlyh vnloo eldv phdqv wkdw whfkqlfdo fkdqjh ghfuhdvhv wkh ghpdqg iru ohyho

� oderu dw d idvwhu udwh wkdq lw vdyhv rq frvwv1 Htxlydohqwo|/ whfkqlfdo fkdqjh

uhgxfhv wkh ghpdqg iru w|sh � oderu pruh wkdq lw uhgxfhv wkh ghpdqg iru doo

lqsxwv/ zhljkwhg e| wkhlu uhvshfwlyh frvw vkduhv1 D srvlwlyh eldv lpsolhv wkdw

whfkqlfdo fkdqjh lqfuhdvhv ghpdqg uhodwlyh wr d frvw0vkduh zhljkwhg dyhudjh ri doo

lqsxwv1 Qrwh wkdw wkh eldv pd| eh srvlwlyh hyhq li �x-
�

	 f1

58Wkh qhjdwlyhv ri +7169, dqg +716:, duh wkh vkruw uxq dqg orqj uxq gxdo udwhv ri whfkqlfdo

fkdqjh/ uhvshfwlyho|1 Wkhvh duh forvho| uhodwhg wr wkh vkruw dqg orqj uxq udwhv ri jurzwk lq wrwdo

idfwru surgxfwlylw|/ +WIS ,1 Lqghhg/ gxh wr wkh dvvxpswlrq ri orqj uxq uhwxuqv wr vfdoh/ wkh orqj

uxq udwh ri jurzwk lq WIS lv htxdo wr +716:,1 Wkh vkruw uxq udwh ri jurzwk lq WIS lv rewdlqhg

e| pxowlso|lqj +7169, zlwk wkh gxdo udwh ri uhwxuq wr vfdoh/ jlyhq e| wkh lqyhuvh ri wkh hodvwlflw|

ri yduldeoh frvw zlwk uhvshfw wr rxwsxw/ l1h1 ^+CY F@C\ , +\@Y F,`�41 Rq wkhvh htxdolwlhv/ vhh

Rkwd +4<:8,1
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81 Wkh hvwlpdwlrq surfhgxuh

Zkloh wkh wkhruhwlfdo prgho frqfhuqv d vlqjoh �up/ wkh dssolfdwlrq zloo eh wr djjuh0

jdwhv ri �upv/ ehorqjlqj wr gl�huhqw lqgxvwulhv1 Gxh wr wkh dvvxpswlrq ri orqj0uxq

frqvwdqw uhwxuqv wr vfdoh/ wklv lv qrw d sureohp zlwk uhvshfw wr djjuhjdwlrq frqgl0

wlrqv1 Vwloo/ lw zrxog eh ryhuo| uhvwulfwlyh wr lpsrvh d frpprq whfkqrorj| dfurvv

lqgxvwulhv1 Lqgxvwu|0vshfl�f fkdudfwhulvwlfv zloo wkxv eh doorzhg1

Wkh hvwlpdwlrq ri wkh prgho udlvhv wzr sureohpv1 Iluvw/ wkh dqdo|vlv lv sduwldo

lq qdwxuh/ lq wkdw rqo| wkh ghpdqg vlgh lv prghohg1 Wklv pdnhv wkh rffxuuhqfh

ri hqgrjhqhlw| sureohpv kljko| olnho|1 Lq sduwlfxodu/ wkh prgho*v dvvxpswlrq ri

h{rjhqrxvo| jlyhq lqsxw sulfhv dqg ohyho ri rxwsxw fdq eh txhvwlrqhg1 Vhfrqg/

wkh prgho frqwdlqv d odujh qxpehu ri sdudphwhuv � derxw 583 � dqg lv vwurqjo|

qrq0olqhdu lq wkh sdudphwhuv/ gxh wr wkh vshfl�fdwlrq ri h�hfwlyh oderu1

D wzr0vwdjh dssurdfk wkdw wdnhv fduh ri erwk ri wkhvh sureohpv lv vxjjhvwhg1 Lq

wkh �uvw vwhs/ lqvwuxphqwv duh frqvwuxfwhg dqg/ vlpxowdqhrxvo|/ wkh oderu txdolw|

lqgh{hv duh hvwlpdwhg1 Lq wklv zd|/ zh h{sorlw wkh idfw wkdw wkh oderu fkdudfwhu0

lvwlfv lq Wdeoh 5 duh xvhixo lqvwuxphqwdo yduldeohv dqg/ pruhryhu/ rewdlq vhfrqg

vwdjh lqsxw ghpdqg htxdwlrqv wkdw duh olqhdu lq wkh sdudphwhuv1

8141 Hvwlpdwlrq ri lqvwuxphqwv dqg txdolw| lqgh{hv

Lqvwuxphqwv duh frqvwuxfwhg iru rxwsxw dqg doo yduldeoh lqsxw sulfhv/ h{fhsw wkh

sulfh iru htxlsphqw fdslwdo1 E| frqvwuxfwlrq/ wkh fdslwdo sulfhv rqo| lqfrusrudwh

klvwrulfdo lqirupdwlrq/ fi1 +515,/ dqg fdq wkxv eh wuhdwhg dv suhghwhuplqhg159

H{sodqdwru| yduldeohv lq wkh lqvwuxphqw htxdwlrqv duh |/ 7/ �./ rqfh0odjjhg

ydoxhv ri wkh ���
/ �� dqg t / dqg wkh yduldeohv xvhg wr prgho wkh �� lqgh{hv1

Wkh odwwhu yduldeohv frxog/ lq sulqflsoh/ eh lqfoxghg olqhduo| lq wkh uhjuhvvlrqv1

59Uhjduglqj rxwsxw/ prvw Vzhglvk pdqxidfwxulqj �upv frpshwh lq zruog pdunhwv iru +uhod0

wlyho|, krprjhqrxv jrrgv/ zkhuh rxwsxw sulfhv fdq eh wdnhq dv h{rjhqrxvo| jlyhq1 Wkh �up*v

rxwsxw fkrlfh pxvw wkxv frqfhuq wkh yroxph ri rxwsxw zklfk/ khqfh/ ehfrphv hqgrjhqrxv1
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Krzhyhu/ wr dvfhuwdlq wkdw wkh htxdolw| +716, krogv/ wkh zdjh lqvwuxphqwv duh �uvw

vshfl�hg lq whupv ri h�hfwlyh oderu frvwv/ wkh �u�
/ dqg wkhq uhvshfl�hg lq whupv

ri wkh revhuyhg oderu frvwv/ wkh ���
1 Zh wkxv vwduw zlwk wkh iroorzlqj v|vwhp=
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+815,

zkhuh wkh �� duh jlyhq e| +71;, dqg @&� ghqrwhv wkh &wk urz ri wkh pdwul{ �1 Lq

frqwudvw wr +814, wklv v|vwhp lv h{suhvvhg lq whupv ri revhuydeoh yduldeohv rqo|1
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Wkh vxevwlwxwlrq ri ���
�3�

� iru �u�
� ' �c 2c �c e/ lpsrvhv furvv0htxdwlrq frq0

vwudlqwv rq wkh v|vwhp +815,/ wkurxjk wkh ��1 Wr wdnh wkhvh lqwr dffrxqw/ wkh hvwl0

pdwlrq lv fduulhg rxw e| phdqv ri ixoo lqirupdwlrq pd{lpxp olnholkrrg +ILPO,/

xqghu wkh dvvxpswlrq wkdw wkh glvwxuedqfhv duh mrlqw qrupdoo| glvwulexwhg15:

Wr dvfhuwdlq wkdw wkh�� lqgh{hv duh htxdo wr xqlw| lq wkh edvh0|hdu/ frqvwudlqwv

olnh +71:, duh lpsrvhg rq wkh sdudphwhuv ri hdfk ri wkh glvwulexwlrqv lqfoxghg lq

wkh lqgh{hv1 Wklv lqyroyhv d fkrlfh ri wkh vkduh zkrvh sdudphwhu lv wr eh vroyhg

iru1 Iru d jlyhq glvwulexwlrq/ wkh vkduh kdv ehhq fkrvhq vr dv wr plqlpl}h wkh

pxowlfroolqhdulw| dprqj wkh uhpdlqlqj vkduhv15;

Wkh sdudphwhuv ri wkh �� lqgh{hv duh doorzhg wr ydu| zlwk dfurvv hgxfdwlrqdo

ohyhov/ zlwk rqh h{fhswlrq/ wkh glvwulexwlrqv ryhu zrun krxuv1 Wkh uhdvrq lv wkdw

wkh rqo| yduldwlrq lq wkhvh glvwulexwlrqv ehwzhhq ohyhov ri hgxfdwlrq frph iurp

gl�huhqfhv lq jhqghu frpsrvlwlrq> fi1 Vhfwlrq 61

Wzr frqvwudlqwv kdyh dovr ehhq lpsrvhg rq wkh jhqhudo irup +71;, ri wkh ��/

lq rughu wr idflolwdwh wkh hvwlpdwlrq dqg wkh lqwhusuhwdwlrq ri wkh uhvxowv1 Iluvw/

iru d jlyhq ��/ wkh lqfoxghg glvwulexwlrqv kdyh doo ehhq jlyhq wkh vdph zhljkw/ l1h1

D�� '
�

a�

/ � ' �c ����c a�/ � ' �c2c �c e1 Dffruglqjo|/ iru �� dqg �e/ D�� ' De� '

�

D
' f�2 zkloh/ iru �� dqg �2/ D�� ' D2� '

�

e
' f�2D ehfdxvh wkh �hogv0ri0vwxg|

glvwulexwlrqv iru hgxfdwlrqdo ohyhov 4 dqg 5 duh ghjhqhudwh> fi1 Wdeoh 51 Vhfrqg/

wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq gl�huhqw fkdudfwhulvwlfv kdv ehhq vhw htxdo

dfurvv hgxfdwlrqdo ohyhov/ l1h1 4� ' 4/ � ' �c 2c�c e/ dqg 4 kdv ehhq hvwlpdwhg e|

5:Wkh wudqvirupdwlrq ri wkh v|vwhp +814, lqwr +815, dovr pdnhv wkh uhvlgxdov lq wkh odwwhu

v|vwhp khwhurvfhgdvwlf1 Wkh khwhurvfhgdvwlflw| zloo/ krzhyhu/ eh glvuhjdughg/ dv lw grhv qrw

d�hfw wkh frqvlvwhqf| ri wkh hvwlpdwhv/ exw rqo| wkhlu h!flhqf|1
5;Lq sudfwlfh/ iru d q0fdwhjru| glvwulexwlrq wkhuh duh

�
q

q�4

�
�

�
q�4

q�5

�
srvvleoh uhjuhvvlrq zkhuh

rqh ri q vkduhv fdq eh uhjuhvvhg rq q�5 ri wkh rwkhu vkduhv1 Iru lqvwdqfh/ iru wkh djh glvwulexwlrqv

wkhuh duh
�
7

6

�
�

�
6

5

�
@ 45 srvvleoh uhjuhvvlrqv zkhuh rqh vkduh fdq eh uhjuhvvhg rq wzr rwkhu vkduhv1

Jlyhq wkhvh uhjuhvvlrqv zh kdyh dssolhg d plqlpd{ fulwhulrq +plqlpl}h wkh pd{lpdo U5 dprqj

wkh rwkhu vkduhv, wr ghwhuplqh wkh vkduh zkrvh sdudphwhu lv wr eh frqvwudlqhg1

5:



phdqv ri d julg vhdufk surfhgxuh15<

Jlyhq wkhvh frqvwudlqwv/ wkh v|vwhp +815, frqwdlqv dowrjhwkhu ;: sdudphwhuv1

Wkh qxpehu ri ghjuhhv ri iuhhgrp dydlodeoh iru wkhlu hvwlpdwlrq lv jlyhq e|= &

htxdwlrqv � & lqgxvwulhv � & |hduv/ l1h1 S� 2e � �f ' �eef1

8151 Hvwlpdwlrq ri wkh frvw ixqfwlrq

Wr rewdlq wkh frvw ixqfwlrq*v sdudphwhuv/ wkh lqvwuxphqwv +l1h1 wkh suhglfwhg

ydoxhv, e���
/ � ' �c ����c e/ e�� / dqg et duh vxevwlwxwhg lq wkh htxdwlrqv +7145, �

+7148,/ wrjhwkhu zlwk wkh hvwlpdwhg �� lqgh{hv1

Wkh sdudphwhuv bu�f
/ � ' �c 2c �c e/ b.f / dqg b�f duh doorzhg wr ydu| dfurvv

lqgxvwulhv/ wr fdswxuh lqgxvwu|0vshfl�f �{hg h�hfwv1 Wkh vkdgrz sulfh htxdwlrq

frqwdlqv qr lqgxvwu|0vshfl�f sdudphwhuv1 Krzhyhu/ lw kdv ehhq qhfhvvdu| wr lq0

foxgh dq d sulrul lqwhufhsw lq wklv htxdwlrq163 Wklv lv vr ehfdxvh wkh h{ srvw uhwxuq

+7149, xvhg iru wkh vkdgrz sulfh lv vrphwlphv qhjdwlyh/ zklfk lv lqfrqvlvwhqw zlwk

wkh xqghuo|lqj wkhru|1 Suhvxpdeo|/ wklv lv gxh wr wkh frvwv iru lqwhuphgldwh jrrgv

ehlqj ryhuhvwlpdwhg lq wkh qdwlrqdo dffrxqwv164 Dvvxplqj wkdw wklv huuru rqo| kdv

d ohyho h�hfw rq wkh vkdgrz sulfh zh lpsrvh d qhjdwlyh lqwhufhsw +htxdo wr �f�f��

wkdw kdv wkh h�hfw ri pdnlqj wkh suhglfwhg vkdgrz sulfhv srvlwlyh1

Lqfoxglqj gxpp| yduldeohv lq oderu ghpdqg htxdwlrqv wr dgmxvw iru uhfodvvl�0

fdwlrqv wkdw kdyh wdnhq sodfh lq wkh oderu vwdwlvwlfv gxulqj wkh shulrg +lq 4<;< dqg

4<<3,/ wkh vhyhq htxdwlrq v|vwhp frqwdlqv derxw 4;3 sdudphwhuv wr hvwlpdwh1 Wkh

dydlodeoh ghjuhhv ri iuhhgrp/ frpsxwhg lq dqdorj| zlwk wkh suhylrxv vxevhfwlrq/

duh htxdo wr . � 2e � �f ' �SHf1 Wkh hvwlpdwlrq lv fduulhg rxw xvlqj 8U�u/

dvvxplqj wkh uhvlgxdov wr eh mrlqw qrupdoo| glvwulexwhg1

5<Wklv dprxqwv wr fduu|lqj rxw wkh hvwlpdwlrq ri wkh v|vwhp +815, zlwk � vhw wr gl�huhqw ydoxhv

dqg fkrrvlqj wkh ydoxh dw zklfk wkh olnholkrrg iru wkh hqwluh v|vwhp lv pd{lpl}hg1
63Qrwh wkdw/ dv vshfl�hg lq +7148, wkh vkdgrz sulfh htxdwlrq frqwdlqv qr lqwhufhsw1
64Glvfxvvlrqv zlwk Vwdwlvwlfv Vzhghq vxssruw wklv frqmhfwxuh1

5;



91 Uhvxowv

9141 Sdudphwhu hvwlpdwhv dqg jrrgqhvv0ri0�w phdvxuhv

Wkh uhvxowv iurp wkh hvwlpdwlrq ri wkh v|vwhp +815, duh surylghg lq Wdeohv 7d�e1

	 Wdeoh 7d= Uhvxowv iru wkh lqvwuxphqwv uhjuhvvlrqv> wkh frh!flhqwv ri wkh D

pdwul{ :

	 Wdeoh 7e= Uhvxowv iru wkh lqvwuxphqwv uhjuhvvlrqv> wkh frh!flhqwv ri wkh ��

lqgh{hv :

Zlwk uhvshfw wr Wdeoh 7d/ wzr wklqjv fdq eh qrwhg1 Iluvw/ wkh jrrgqhvv0ri0�w/

dv phdvxuhg e| Kdhvvho*v -2/ lv yhu| kljk/ lpso|lqj wkdw wkh lqvwuxphqwv ixo�oo

wkh uhtxluhphqw wkdw wkh| eh kljko| fruuhodwhg zlwk wkh yduldeohv wkh| duh wr

uhsodfh165 Vhfrqgo|/ wkh wdeoh dovr jlyhv vrph lqglfdwlrq derxw wkh ydolglw| ri

xvlqj odjjhg yduldeohv dv lqvwuxphqwv1 Iru d jlyhq htxdwlrq/ d frh!flhqw ri wkh

odjjhg hqgrjhqrxv yduldeoh forvh wr xqlw| vljqdov d kljk ghjuhh ri dxwrfruuhodwlrq

lq wkh yduldeoh lq txhvwlrq1 Wklv/ lq wxuq/ sxwv wkh ydolglw| ri xvlqj wkh odjjhg

yduldeoh dv dq lqvwuxphqw lqwr txhvwlrq1 Rqo| lq wkh htxdwlrqv iru ���
dqg t duh

wkh frh!flhqwv iru wkh odjjhg yduldeohv forvh wr 41 Dqg lq wkhvh htxdwlrqv wkhuh duh

vhyhudo rwkhu vljql�fdqw yduldeohv/ ehvlgh wkh odjjhg hqgrjhqrxv yduldeohv/ zklfk

vkrxog plwljdwh wkh sureohp lqglfdwhg1

Dffruglqj wr Wdeoh 7e/ wkh djh glvwulexwlrqv duh yhu| lpsruwdqw iru wkh txdolw|

lqgh{hv1 Wkh 73�7< |hdu rogv duh hvshfldoo| qrwhzruwk|= dw doo ohyhov ri hgxfdwlrq

wkhlu frqwulexwlrq wr h�hfwlyh oderu gl�huv vljql�fdqwo| iurp wkhlu zhljkw lq wkh

djh glvwulexwlrq1 Dw doo ohyhov exw ohyho 5 wkh| frqwulexwh pruh wkdq lqglfdwhg

e| wkhlu vkduh lq hpsor|phqw1 Wkh jhqghu dqg �hogv0ri0vwxg| glvwulexwlrqv dovr

d�hfw wkh lqgh{hv1 Wkh lppljudqw2qrq0lppljudqw dqg/ lq sduwlfxodu/ wkh zrun

krxu glvwulexwlrqv duh qrw lpsruwdqw iru wkh lqgh{hv/ krzhyhu1 Wkxv/ frqwuroolqj

65Xqolnh wkh frqyhqwlrqdo U5/ wkh U5 phdvxuh vxjjhvwhg e| Kdhvvho +4<:;, lv dssolfdeoh wr

qrq0olqhdu dv zhoo dv olqhdu prghov dqg kdv wkh dgydqwdjh ri dozd|v ehorqjlqj wr wkh ^3/4` lqwhuydo1

5<



iru wkh rwkhu fkdudfwhulvwlfv/ lw grhv qrw vhhp qhfhvvdu| wr dffrxqw iru sduw0wlph

zrun lq wkh vhqvh wkdw wkrvh zrunlqj sduw0wlph frqwulexwh wr h�hfwlyh oderu lq

dffrugdqfh zlwk wkhlu vkduh lq hpsor|phqw166

Wkh vxevwlwxwlrq sdudphwhu 4 lv irxqg wr eh f�eD1 E| +71<,/ wklv wudqvodwhv

lqwr dq hodvwlflw| ri vxevwlwxwlrq dssur{lpdwho| htxdo wr 319</ lpso|lqj wkdw wkhuh

lv d qrq0qhjoljleoh ghjuhh ri vxevwlwxwdelolw| ehwzhhq gl�huhqw fkdudfwhulvwlfv1

Wkh hvwlpdwhv ri wkh frvw ixqfwlrq*v sdudphwhuv duh surylghg lq Wdeoh 81

	 Wdeoh 8= Wkh frvw ixqfwlrq sdudphwhuv :

Prvw ri wkh sdudphwhuv duh suhflvho| hvwlpdwhg1 Kdhvvho*v -2 phdvxuhv lqglfdwh

wkdw wkh prgho �wv wkh gdwd yhu| zhoo/ hvshfldoo| zlwk uhvshfw wr wkh oderu ghpdqg

htxdwlrqv +wkh ��*t� htxdwlrqv, dqg wkh htxdwlrq iru htxlsphqw ghpdqg E.*t �1

Zlwk uhvshfw wr wkh lqwhuphgldwh jrrgv E�*t � dqg wkh vkdgrz sulfh htxdwlrqv

E~7� wkh -
2*v duh vrphzkdw ohvv lpsuhvvlyh exw/ qhyhuwkhohvv/ txlwh kljk frqvlg0

hulqj wkh idfw wkdw wkh prgholqj ri lqgxvwu|0vshfl�f h�hfwv lv olplwhg wr doorzlqj

wkh lqwhufhswv lq wkh �uvw vhyhq htxdwlrqv wr ydu| e| lqgxvwu|167

Wkh hvwlpdwhv ri wkh bu� |
/ zklfk ghwhuplqh wkh h�hfwv ri whfkqlfdo fkdqjh

rq oderu ghpdqgv/ duh doo vljql�fdqw1 Wkhlu vljqv lqglfdwh wkdw whfkqlfdo fkdqjh

lv uhgxflqj wkh ghpdqg iru zrunhuv zlwk wkh wkuhh orzhvw ohyhov ri hgxfdwlrq1

Rqo| iru lqglylgxdov zlwk vrph xqlyhuvlw| hgxfdwlrq grhv whfkqlfdo fkdqjh lqfuhdvh

ghpdqg1 Wkhvh uhvxowv vxssruw wkh vnloo0eldvhg whfkqlfdo fkdqjh k|srwkhvlv168

Wkh vkruw0uxq furvv0sulfh hodvwlflwlhv ri ghpdqg duh ghwhuplqhg e| wkh k� sd0

66Rqh wurxeohvrph ihdwxuh zlwk wkh uhvxowv lq Wdeoh 7e lv wkdw wkuhh hvwlpdwhv duh zhoo ehorz

�4> wkh frh!flhqw iru ihpdohv lq lqgh{ E6 dqg wkh frh!flhqwv iru 49�5< |hdu rogv dqg wkh �hogv0

ri0vwxg| fdwhjru| IrV7 lq lqgh{ E71 Dv qrwhg deryh/ wkh lpsolfdwlrq lv wkdw wkhvh fdwhjrulhv

frqwulexwh qhjdwlyho| wr h�hfwlyh oderu/ zklfk lv kdug wr eholhyh1 Suhvxpdeo|/ wkhvh frxqwhu0

lqwxlwlyh uhvxowv kdyh ehhq fdxvhg e| pxowlfroolqhdulw| dprqj wkh gl�huhqw fkdudfwhulvwlfv1
67Pruh suhflvho|/ wkh �Ol 3/ l @ 4> 5>6>7/ wkh �H 3/ dqg wkh �P 3 duh lqgxvwu|0vshfl�f1
68Ehorz/ lw zloo eh vkrzq wkdw whfkqlfdo fkdqjh uhgxfhv oderu ghpdqgv pruh wkh orzhu wkh

ohyho ri hgxfdwlrq1 Wklv fdqqrw eh ghgxfhg gluhfwo| iurp wkh sdudphwhu hvwlpdwhv1

63



udphwhuv> li k�� : f E	 f� iru � 9' � wkhq wkh lqsxwv � dqg � duh vkruw0uxq vxevwlwxwhv

+frpsohphqwv,> fi1 +7167,1 Wkh suhflvlrq lq wkh hvwlpdwhv ri wkhvh sdudphwhuv jlyh

d jrrg lqglfdwlrq ri wkh suhflvlrq lq wkh hvwlpdwhg vkruw0uxq furvv0sulfh hodvwlfl0

wlhv1 Uhjduglqj wkh ku�� / lw fdq eh vhhq wkdw ku2� 	 f dqg vljql�fdqw/ lqglfdwlqj

vkruw0uxq frpsohphqwdulw| ehwzhhq ohyho 5 zrunhuv dqg lqwhuphgldwh jrrgv1 Wr

wkh h{whqw wkdw lpsruwv iurp orz0zdjh frxqwulhv frqvwlwxwh d qrq0qhjoljleoh vkduh

ri lqwhuphgldwh jrrgv wklv uhvxow lv qrw lq olqh zlwk wkh wudgh k|srwkhvlv/ dffruglqj

wr zklfk orz0vnloohg zrunhuv dqg vxfk lpsruwv duh vxevwlwxwhv169

Lq rughu wr dvfhuwdlq wkdw wkh rzq0sulfh hodvwlflw| ri ghpdqg iru lqwhuphgldwh

jrrgv lv qhjdwlyh/ dv uhtxluhg e| wkh uhjxodulw| frqglwlrqv/ lw kdv ehhq qhfhvvdu|

wr lpsrvh frqvwudlqwv rq ku�� / ku�� / dqg k.� > fi1 Wdeoh 91 D u- whvw ri

wkhvh frqvwudlqwv lv uhmhfwhg dw wkh 8( ohyho ri vljql�fdqfh/ lpso|lqj wkdw/ wdnhq

wrjhwkhu/ wkh uhvwulfwlrqv duh qrw vxssruwhg e| wkh gdwd1 Iruwxqdwho|/ wkh| gr qrw

d�hfw lqglylgxdo hvwlpdwhv yhu| pxfk/ krzhyhu1 Ri doo wkh hvwlpdwhv lq Wdeoh 8

rqo| rqh/ wkdw ri k.� / lv vljql�fdqwo| gl�huhqw iurp wkh xquhvwulfwhg hvwlpdwhv16:

Wr eh zhoo0ehkdyhg/ wkh frvw ixqfwlrq vkrxog dovr eh ghfuhdvlqj dqg frqyh{ lq

wkh txdvl0�{hg idfwru/ l1h1 lq 71 Wkh qhfhvvdu| frqglwlrqv iru wkhvh surshuwlhv duh

wkdw �77 : f dqg dw ohdvw rqh ri wkh B�sdudphwhuv duh qhjdwlyh/ lqglfdwlqj wkdw wkh

fruuhvsrqglqj yduldeoh lqsxw dqg vwuxfwxuhv duh orqj0uxq vxevwlwxwhv1 Iurp Wdeoh

9 lw lv fohdu wkdw wkhvh frqglwlrqv duh vdwlv�hg dqg forvhu h{dplqdwlrq ri wkh uhvxowv

vkrz wkdw frvw ixqfwlrq lv lqghhg ghfuhdvlqj dqg frqyh{ lq 716; Wkh hvwlpdwhv ri

wkh Bu�7 surylgh vxssruw iru wkh fdslwdo2vnloo0frpsohphqwdulw| k|srwkhvlv> ohyho 4

zrunhuv dqg vwuxfwxuhv duh vxevwlwxwhv/ dw ohyho 5 wkh| duh qhlwkhu vxevwlwxwhv qru

frpsohphqwv/ dqg dw ohyhov 6 dqg 7 wkh| duh frpsohphqwv1

69
Xqiruwxqdwho|/ wkhuh lv qr lqirupdwlrq derxw wkh lpsruw frqwhqw ri lqwhuphgldwh jrrgv1

6:
Wkh xquhvwulfwhg hvwlpdwhv duh qrw uhsruwhg khuh exw duh dydlodeoh rq uhtxhvw1

6;
Wkh forvhu h{dplqdwlrq lqyroyhv hydoxdwlqj wkh hvwlpdwhg vkdgrz sulfhv iru vwuxfwxuhv dqg

wkh vhfrqg rughu ghulydwlyhv ri wkh yduldeoh frvw ixqfwlrq dw doo srlqwv lq wlph/ iru doo lqgxvwulhv1
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9151 H�hfwv ri oderu txdolw| fkdudfwhulvwlfv dqg uhodwlyh sulfhv

Wkh hvwlpdwhg txdolw| lqgh{hv duh sorwwhg lq Gldjudp 71

	 Gldjudp 7= Oderu h!flhqf| lqgh{hv e| hgxfdwlrqdo ohyho/ iru wkh zkroh pdq0

xidfwxulqj vhfwru dqg wzr vhohfwhg lqgxvwulhv :

Iru wkh pdqxidfwxulqj vhfwru dv d zkroh/ wkh lqgh{ iru ohyho 4 zrunhuv ghwhulrudwhv

vwhdglo| iurp 4138 lq 4<;8 wr 31<8 lq 4<<8/ l1h1 zlwk 4 shufhqwdjh srlqw shu |hdu1

Wklv ghyhorsphqw lv gxh wr wkh idfw wkdw wkh zrunhuv xqghu 83/ zklfk frqwulexwh

pruh wkdq sursruwlrqdoo| wr h�hfwlyh oderu/ kdyh ghfuhdvhg wkhlu vkduh zkloh wkh

rssrvlwh lv wuxh iru wkh roghvw hpsor|hhv/ wkh 83�:7 |hdu rogv/ zklfk frqwulexwh

ohvv wkdq sursruwlrqdoo| wr h�hfwlyh oderu> fi1 Wdeoh 7e dqg Wdeoh 61

Iru ohyho 5 zrunhuv wkh txdolw| lqgh{ kdv lqvwhdg lqfuhdvhg/ iurp derxw 31<7

wr durxqg 41351 Wdeohv 7e dqg 6 vkrz wkdw lq wklv fdwhjru|/ fkdqjhv lq wkh djh

glvwulexwlrq kdyh kdg wkh h�hfw ri lqfuhdvlqj h�hfwlyh oderu lqsxw1 Iru zrunhuv

zlwk xsshu vhfrqgdu| vfkrro +ohyho 6,/ wkh lqgh{  xfwxdwhv durxqg 4/ lpso|lqj

wkdw h�hfwlyh oderu kdv ehhq urxjko| frqvwdqw frpsduhg wr wkh edvh0|hdu/ 4<<4/

ohyho1 Wkh txdolw| lqgh{ iru hpsor|hhv zlwk vrph xqlyhuvlw| hgxfdwlrq/ �qdoo|/

kdv lqfuhdvhg voljkwo| ryhu wkh shulrg/ iurp durxqg 31<: wr 4135/ l1h1 e| 318

shufhqwdjh srlqwv shu |hdu1 Khuh/ idyrudeoh fkdqjhv lq wkh djh glvwulexwlrq kdyh

ehhq uhlqirufhg e| vkliwv lq wkh �hogv0ri0vwxg| glvwulexwlrq1

Wkh lpsruwdqfh ri wkh txdolw| lqgh{hv fdq eh whvwhg e| phdqv ri d olnholkrrg

udwlr Eu-� whvw ri wkh frqvwudlqw �� ' � ; �/ lpsrvhg rq wkh v|vwhp +815,1 Wklv

frqvwudlqw lv vwurqjo| uhmhfwhg> wkh u- vwdwlvwlf lv 2e�� dqg wkh qxpehu ri ghjuhhv

ri iuhhgrp lv htxdo wr 2./ lpso|lqj d vljql�fdqfh ohyho ehorz 318(1

Wr looxvwudwh wkh ghpdqg h�hfwv ri fkdqjhv lq oderu txdolw| fkdudfwhulvwlfv/

dvvxph wkdw phdvxuhv duh wdnhq wr frxqwhudfw wkh ghfuhdvlqj vkduhv ri 4905< |hdu

rogv dqg wkh lqfuhdvlqj vkduhv ri 830:7 |hdu rogv lq wkh pdqxidfwxulqj vhfwru dv d

zkroh1 Vshfl�fdoo|/ dvvxph wkdw lq wkh edvh0|hdu 4<<4 wkh qxpehu ri lqglylgxdov lq

wkh iruphu djh lqwhuydo lv lqfuhdvhg e| 5333 dqg wkdw wkh odwwhu jurxs lv uhgxfhg e|
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wkh vdph qxpehu1 Lq uhodwlyh whupv/ wkhvh fkdqjhv fruuhvsrqg wr dssur{lpdwho|

d 4( lqfuhdvh dqg d 4( ghfuhdvh/ uhvshfwlyho|1 Dvvxph/ ixuwkhu/ wkdw wkhvh

fkdqjhv duh hyhqo| vsuhdg dfurvv hgxfdwlrqdo ohyhov> dw hdfk ohyho wkh qxpehu ri

4905< |hdu rogv lv lqfuhdvhg e| 833 dqg wkh qxpehu ri 830:7 |hdu rogv uhgxfhg e|

8331 Dssolfdwlrq ri +7158,/ +715;,/ dqg Dsshqgl{ E |lhogv wkh iroorzlqj uhvxowv1

	 Wdeoh 9= Oderu ghpdqg h�hfwv lq 4<<4 ri uhsodflqj 833 lqglylgxdov djhg 830:7

zlwk 4905< |hdu rogv/ lq wkh pdqxidfwxulqj vhfwru dv d zkroh :

Wkh lqwxlwlrq lv surylghg e| wkh hvwlpdwhv lq Wdeoh 7e1 Iru ohyho 4/ wkh fkdqjh

phdqv uhgxflqj d fdwhjru| ri zrunhuv zklfk frqwulexwh ohvv wkdq sursruwlrqdoo| wr

h�hfwlyh oderu dqg lqfuhdvlqj d fdwhjru| frqwulexwlqj pruh wkdq sursruwlrqdoo|1

Lw vhhpv uhdvrqdeoh wkdw wklv vkrxog ghfuhdvh wkh wrwdo ghpdqg iru ohyho 4 zrunhuv

ghfuhdvhv/ zklfk lv mxvw zkdw kdsshqv1 Iru ohyhov 5/ 6/ dqg 7 wkh sdudphwhuv

kdyh wkh rssrvlwh vljqv/ zklfk ohdgv wr ghpdqg lqfuhdvhv1 Vxppdwlrq dfurvv

hgxfdwlrqdo ohyhov vkrzv wkdw wkh h�hfw rq wrwdo oderu ghpdqg lv srvlwlyh/ wrr1

Vkruw0uxq dqg orqj0uxq sulfh hodvwlflwlhv ri ghpdqg iru 4<;9/ 4<<4 dqg 4<<8

duh uhsruwhg lq Wdeohv :/ ;/ dqg </ uhvshfwlyho|/ iru wkh zkroh pdqxidfwxulqj vhfwru

+6333,/ Sulqwlqj dqg Sxeolvklqj +6773,/ dqg Phwdo Surgxfwv +6;43,16<

	 Wdeoh := Sulfh hodvwlflwlhv ri ghpdqg lq 4<;9 iru wkh zkroh pdqxidfwxulqj

vhfwru dqg wzr vhohfwhg lqgxvwulhv :

	 Wdeoh ;= Sulfh hodvwlflwlhv ri ghpdqg lq 4<<4 iru wkh zkroh pdqxidfwxulqj

vhfwru dqg wzr vhohfwhg lqgxvwulhv :

	 Wdeoh <= Sulfh hodvwlflwlhv ri ghpdqg lq 4<<8 iru wkh zkroh pdqxidfwxulqj

vhfwru dqg wzr vhohfwhg lqgxvwulhv :

Wkh rzq0sulfh hodvwlflwlhv duh rq wkh pdlq gldjrqdo ri wkh wdeohv1 Wkh orzhu

wkh ohyhov ri hgxfdwlrq/ wkh kljkhu duh wkh rzq0sulfh hodvwlflwlhv/ zklfk lv zkdw

6<Hodvwlflwlhv iru doo 57 lqgxvwulhv gxulqj 4<;9 � 4<<8 duh dydlodeoh rq uhtxhvw1
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rqh zrxog h{shfw173 Zkloh wkhuh duh frqvlghudeoh gl�huhqfhv dfurvv lqgxvwulhv/ d

frpprq ihdwxuh lv wkdw wkhuh duh wlph wuhqgv lq wkh hodvwlflwlhv> zlwk uhvshfw wr��/

�2/ dqg �� wkh| lqfuhdvh lq pdjqlwxgh ryhu wlph zkhuhdv wkh rssrvlwh lv wuxh iru

�e1 Dw wkh hqg ri wkh shulrg/ iru wkh pdqxidfwxulqj vhfwru dv d zkroh/ ghpdqg lv

hodvwlf iru oderu zlwk dw prvw xsshu vhfrqgdu| vfkrro/ l1h1 wkh rzq0sulfh hodvwlflwlhv

duh ehorz 04 iru wkhvh fdwhjrulhv1 H{fhsw iru ohyho 5 oderu/ wkh orqj0uxq rzq0sulfh

hodvwlflwlhv duh glvwlqfwo| odujhu lq pdjqlwxgh wkdq wkh vkruw0uxq hodvwlflwlhv1 Qrwh

wkdw wkh rzq0sulfh hodvwlflwlhv iru htxlsphqw +H, dqg lqwhuphgldwh jrrgv +P, duh

pxfk vpdoohu wkdq iru doo fdwhjrulhv ri oderu1

Wkh furvv0sulfh hodvwlflwlhv duh jlyhq e| wkh r�0gldjrqdo hohphqwv1 Wkhvh hodv0

wlflwlhv duh qrw v|pphwulf1 Frqvlghu/ h1j1/ wkh vkruw0uxq furvv0sulfh hodvwlflwlhv

ehwzhhq oderu zlwk hgxfdwlrqdo ohyhov 4 dqg 6 lq 4<<8/ iru wkh pdqxidfwxulqj vhf0

wru dv d zkroh1 Wkh hohphqw lq froxpq 4/ urz 6/ ri Wdeoh <d vd|v wkdw 4( lqfuhdvh

lq zdjh ri ohyho 4 oderu lqfuhdvhv ghpdqg iru ohyho 6 oderu e| 31<:(1 Wkh hohphqw

lq urz 4/ froxpq 6/ rq wkh rwkhu kdqg/ vd| wkdw d 4( lqfuhdvh lq wkh zdjh ri ohyho

6 oderu lqfuhdvhv ghpdqg iru ohyho 4 oderu e| 618:(1 Wkhvh qxpehuv vhhp yhu|

gl�huhqw/ exw wr d odujh h{whqw wkh| uh hfw gl�huhqfhv lq hpsor|phqw ohyhov174

Prvw sdluv ri oderu duh irxqg wr eh vxevwlwxwhv1 Wklv lv hvshfldoo| wuxh iru ohyho

4 dqg ohyho 5 oderu> iru wkh pdqxidfwxulqj vhfwru dv d zkroh erwk wkh vkruw0uxq

dqg wkh orqj0uxq furvv0sulfh hodvwlflwlhv duh odujhu wkdq 4 lq 4<<4 dqg lq 4<<81 Wkh

furvv0sulfh hodvwlflwlhv iru ohyho 4 dqg ohyho 6 oderu duh dovr txlwh kljk1 Lq frqwudvw/

oderu zlwk hgxfdwlrqdo ohyhov 4 dqg 7 duh irxqg wr eh frpsohphqwv1 Srvvleo|/ wklv

kdv wr gr zlwk uhvwuxfwxulqj1 Lw pljkw eh wkdw zkhq lqwurgxflqj qhz htxlsphqw/

wkh suhgrplqdqwo| |rxqj ohyho 7 zrunhuv qhhg wkh h{shulhqfh wkdw wkh prvwo| roghu

73Zlwk uhvshfw wr wkh orqj0uxq hodvwlflwlhv wkh uhodwlrqvkls lv qrw frpsohwho| prqrwrqlf/ krz0

hyhu1 Wkh hodvwlflwlhv iru ohyho 5 oderu duh vrphzkdw odujhu lq pdjqlwxgh wkdq iru ohyho 6 oderu1
74Wkh suhglfwhg hpsor|phqw lv 448/53; iru ohyho 4 oderu dqg 6<7/4<6 iru ohyho 6 oderu1 Df0

fruglqjo|/ d 4( lqfuhdvh lq wkh zdjh ri ohyho 6 oderu lqfuhdvhv ghpdqg iru ohyho 4 oderu e|

3=36:� 448>53; @ 7> 446 lqglylgxdov/ zkloh d 4( lqfuhdvh lq wkh ohyho 4 zdjh lqfuhdvhv ghpdqg

iru ohyho 6 oderu e| 3=33<:� 6<7>4<6 @ 6>;57 lqglylgxdov1
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ohyho 4 zrunhuv kdyh zlwk wkh revrohwh v|vwhpv wr eh uhsodfhg175

Wkh kljk rzq0sulfh dqg furvv0sulfh hodvwlflwlhv ri ghpdqg iru orz0vnloohg oderu

lqglfdwh wkdw vpdoo zdjh fkdqjhv iru wkhvh jurxsv zloo kdyh vxevwdqwldo h�hfwv

rq ghpdqg1 Wr looxvwudwh/ frqvlghu wkh iroorzlqj h{shulphqwv1 Wkh oderu frvw ri

hlwkhu ohyho 4 ru ohyho 5 oderu fdq eh fxw e| 4(/ lq 4<<81 Zlwk uhvshfw wr wkh

pdqxidfwxulqj vhfwru dv d zkroh/ zklfk ri wkhvh phdvxuhv kdv wkh prvw idyrudeoh

h�hfw rq wkh wrwdo ghpdqg iru wkhvh wzr fdwhjrulhv ri oderuB Wr frpsxwh wklv/ wkh

hodvwlflwlhv lq Wdeoh < kdyh wr eh dssolhg wr suhglfwhg hpsor|phqw iru ohyho 4 dqg

ohyho 5 zrunhuv1 Wkh wrwdo ghpdqg h�hfw rq ohyho 4 dqg ohyho 5 zrunhuv iurp d 4

shufhqw ghfuhdvh lq wkh zdjh ri ohyho � lv

ex-
����

��x-

�
� ex-

����
��x-

�
/ �c � ' �c 2/ x ' 7c-1

Iru 4<<8/ vkruw uxq suhglfwhg hpsor|phqw iru ohyho 4 dqg ohyho 5 zrunhuv duh

��Dc 2fH dqg ��bc H.2/ uhvshfwlyho|1 Wkxv/ e| Wdeoh <d wkh vkruw uxq ghpdqg h�hfw

ri d 4 shufhqw zdjh fxw iru ohyho 4 zrunhuv lv f�f�Sf���Dc 2fH�f�f�..���bc H.2 '

2c f2S zrunhuv1 Wkh h�hfw ri fxwwlqj wkh zdjh iru ohyho wzr zrunhuv/ rq wkh rwkhu

kdqg/ lv f�f�e.���bc H.2�f�f�H����Dc 2fH ' ��eS $ Wkxv/ wkh srvlwlyh h�hfw rq

wkh ghpdqg iru ohyho 5 zrunhuv lv pruh wkdq r�vhw e| d uhgxfhg ghpdqg iru ohyho

4 oderu1 Wkxv/ wzr yhu| vlplodu phdvxuhv wr lqfuhdvh wkh ghpdqg iru orz0vnloohg

oderu fdq |lhog yhu| gl�huhqw uhvxowv1 Wkh gl�huhqfh ehwzhhq wkh orqj uxq h�hfwv

lv hyhq pruh gudpdwlf= f�fSf� � �2fcfbD � f�f�bD � ��bc eSf ' eHHH dv rssrvhg

wr f�f�eH� ��bc eSf� 2�f� � �2fc fbD ' �SeS�

Frqfhuqlqj wkh fdslwdo2vnloo � frpsohphqwdulw| k|srwkhvlv lw kdv douhdg| ehhq

qrwhg wkdw wkh hvwlpdwhv ri wkh Bu�7
� sdudphwhuv vxssruw wkh k|srwkhvlv zlwk

uhvshfw wr vwuxfwxuh fdslwdo1 Iru htxlsphqw fdslwdo/ wkh furvv0sulfh hodvwlflwlhv

surylgh dq h{dpsoh ri wkh srvvlelolw| wkdw wkh vkruw0uxq dqg orqj0uxq hodvwlflwlhv

fodvvli| wkh uhodwlrqvkls ehwzhhq wzr idfwruv gl�huhqwo|1 Wklv fdq eh vhhq e| frp0

75Ri frxuvh/ wklv lv mxvw d wudqvlwlrqdo h�hfw1 Ixwxuh lqfuhdvhv lq wkh ghpdqg iru ohyho 7 zrunhuv

wkxv fdqqrw eh h{shfwhg wr eh dffrpsdqlhg e| lqfuhdvhg ghpdqgv iru ohyho 4 zrunhuv1
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sdulqj wkh H+txlsphqw, froxpqv lq wkh d dqg e fkduwv ri Wdeohv :/ ;/ dqg <1 Wkh

vkruw0uxq furvv0sulfh hodvwlflwlhv ehwzhhq ohyho 7 oderu dqg htxlsphqw/ jlyhq lq

wkh d fkduwv/ duh yhu| vpdoo exw qrq0qhjdwlyh/ lqglfdwlqj wkdw wkhvh wzr idfwruv

duh vkruw0uxq zhdn vxevwlwxwhv1 Wkh fruuhvsrqglqj orqj0uxq furvv0sulfh hodvwlf0

lwlhv/ jlyhq lq wkh e fkduwv/ duh qhjdwlyh/ lqglfdwlqj orqj0uxq frpsohphqwdulw|1

Rq wkh zkroh/ wkh orqj0uxq furvv0sulfh hodvwlflwlhv orrn mxvw olnh suhglfwhg e| wkh

fdslwdo2vnloo � frpsohphqwdulw| k|srwkhvlv= wkh hodvwlflwlhv duh kljkhvw iru ohyho 4

oderu/ orzhu iru ohyho 5 dqg ohyho 6 oderu dqg qhjdwlyh iru ohyho 7 oderu1 Lw vkrxog

eh hpskdvl}hg/ krzhyhu/ wkdw wkhvh hodvwlflwlhv duh qrw yhu| suhflvho| hvwlpdwhg1

9161 H�hfwv ri whfkqlfdo fkdqjh

Wdeoh 43 fohduo| vkrzv wkdw whfkqlfdo fkdqjh kxuwv wkh ghpdqg iru orz0vnloohg

oderu/ dqg wkdw lw kxuwv kdughu wkh orzhu wkh ohyho ri hgxfdwlrq1 Srvlwlyh ghpdqg

h�hfwv duh irxqg rqo| iru zrunhuv zlwk +vrph, xqlyhuvlw| hgxfdwlrq1 Pruhryhu/ lq

shufhqwdjh whupv/ wkh ghwulphqwdo h�hfwv rq wkh ghpdqg iru zrunhuv zlwk hgxfd0

wlrqdo ohyhov 4/ 5/ dqg 6 lqfuhdvh lq pdjqlwxgh ryhu wlph1 Wkh srvlwlyh ghpdqg

h�hfwv iru ohyho 7 zrunhuv idoo ryhu wlph/ exw yhu| voljkwo|11 Dv d frqvhtxhqfh/ wkh

jds ehwzhhq wkh kljk0vnloohg dqg wkh orz0vnloohg lqfuhdvh ryhu wlph1

Zkloh wkh vkruw0uxq dqg wkh orqj0uxq h�hfwv duh yhu| forvh/ wkhuh duh odujh gli0

ihuhqfhv dfurvv lqgxvwulhv1 Iru h{dpsoh/ lq wkh frpsdudwlyho| �kljk0whfk� Sulqwlqj

dqg Sxeolvklqj lqgxvwu| +6773, whfkqlfdo fkdqjhv uhgxfhv wkh ghpdqg iru ohyho 4

zrunhuv dw d pxfk idvwhu udwh wkdq lq wkh Phwdo Surgxfwv lqgxvwu| +6;43,1 Zlwk

uhvshfw wr kljk0vnloohg +ohyho 7, oderu/ rq wkh rwkhu kdqg/ wkh udwh ri ghpdqg

lqfuhdvh lq Phwdo Surgxfwv lv derxw wzlfh dv kljk dv lq Sulqwlqj dqg Sxeolvklqj176

76Sduwo|/ wkhvh gl�huhqfhv duh h{sodlqhg e| gl�huhqfhv lq hpsor|phqw ohyhov lq wkhvh wzr

lqgxvwulhv1 Dv vhhq lq Gldjudp 4/ wkh qxpehu ri lqglylgxdov zlwk hgxfdwlrqdo ohyho 4 lv pxfk

vpdoohu lq 6773 wkdq lq 6;431 Khqfh d uhgxfwlrq ri ghpdqg e|/ vd|/ 4/333 ohyho 4 lqglylgxdov zloo

dprxqw wr d pxfk odujhu uhodwlyh ghfuhdvh lq 6773 wkdq lq 6;431 Vlploduo|/ d ghpdqg lqfuhdvh

ri 4/333 ohyho 7 zrunhuv zloo eh pxfk odujhu lq uhodwlyh whupv lq 6;43 wkdq lq 67731
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Dq lqwhuhvwlqj ihdwxuh ri wkh whfkqlfdo fkdqjh h�hfwv duh wkhlu wlph sdwwhuqv1

Wkhvh fdq eh prvw fohduo| vhhq e| frqvlghulqj wkh devroxwh h�hfwv/ l1h1 Y��*Y|/

udwkhu wkdq wkh uhodwlyh h�hfwv surylghg lq Wdeoh 431 Vlqfh

Y��

Y|
' bu�

�

t

��

/ � ' �c 2c �c e1 +914,

wrwdo gl�huhqwldwlrq |lhogv

_

#
Y��

Y|

$
' bu�

�

#
�

��

� _t �

t

�2

�

� _��

$
/ � ' �c2c �c e1 +915,

Iurp +915, lw lv hylghqw zk|/ h1j1/ wkh qhjdwlyh h�hfw ri whfkqlfdo fkdqjh rq wkh

ghpdqg iru ohyho 4 zrunhuv lqfuhdvhv pxfk pruh udslgo| wkdq wkh qhjdwlyh h�hfw

ohyho 5 zrunhuv1 Zkloh bu�
dqg bu2

duh erwk qhjdwlyh wkh �� ghfuhdvh ryhu wlph/

pdnlqj wkh qhjdwlyh h�hfw ri whfkqlfdo fkdqjh odujhu lq pdjqlwxgh/ zkhuhdv wkh

rssrvlwh lv wuxh iru wkh �21 Vlploduo|/ wkh uhvxow wkdw wkh srvlwlyh h�hfw ri whfkqlfdo

fkdqjh rq wkh ghpdqg iru xqlyhuvlw| hgxfdwhg +ohyho 7, zrunhuv glplqlvkhv ryhu

wlph lv frphv iurp bue
ehlqj srvlwlyh dqg �e ghyhorslqj dorqj d srvlwlyh wuhqg177

Wkh lqwxlwlrq iru wkh wlph sur�ohv fdq eh jdlqhg iurp +914,/ qrwlqj wkdw wkh

h�hfw ri whfkqlfdo fkdqjh fdq eh h{suhvvhg dv wkh h�hfw rq h�hfwlyh oderu lqsxw/

bu�
� t / glylghg e| oderu txdolw|/ ��1 Li oderu txdolw| ghwhulrudwhv +lpsuryhv,

uhodwlyh wr wkh edvh0|hdu/ l1h1 li �� ehfrphv vpdoohu +odujhu, wkdq rqh/ wkh h�hfw ri

whfkqlfdo fkdqjh rq oderu ghpdqg pxvw h{fhhg +idoo vkruw ri, wkh h�hfw rq h�hfwlyh

oderu> lw wdnhv pruh +ohvv, wkdq rqh zrunhu wr surgxfh rqh xqlw ri h�hfwlyh oderu1

Wkh uhvxowv rq whfkqlfdo fkdqjh frpsduh zhoo zlwk wkh uhvxowv iru wkh X1V1

rewdlqhg e| Pruulvrq dqg Vlhjho +4<<:,178 Wkh| dovr �qg wkdw whfkqlfdo fkdqjh

77Hpslulfdoo|/ lw pljkw vhhp gl!fxow wr vhsdudwh wkh h�hfwv ri whfkqlfdo fkdqjh/ dv phdvxuhg

e| d wlph lqgh{/ dqg fkdqjhv lq wkh txdolw| lqgh{hv/ zklfk wr d odujh h{whqw duh gulyhq e|

ghprjudsklf ghyhorsphqwv wkdw dovr wdnh sodfh vprrwko| ryhu wlph1 Wkh hvwlpdwlrq surfhgxuh

xvhg khuh wdnhv fduh ri wklv sureohp/ krzhyhu> wkh h�hfwv ri wkh ghprjudsklf fkdqjhv duh

fdswxuhg lq wkh �uvw vwdjh uhjuhvvlrqv ri wkh lqvwuxphqwv dqg wkh El lqgh{hv/ zkloh wkh h�hfwv

ri whfkqlfdo fkdqjh duh hvwlpdwhg lq vhfrqg vwdjh uhjuhvvlrqv ri wkh frvw ixqfwlrq sdudphwhuv1
78Pdfklq/ U|dq dqg Ydq Uhhqdq +4<<9, uhsruw uhvxowv iru wkh X1V1 dqg wkh X1N1 Wkh iruphu
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uhgxfhv wkh ghpdqg iru zrunhuv zlwk dw prvw xsshu vhfrqgdu| vfkrro +kljk vfkrro,

dqg lqfuhdvhv wkh ghpdqg iru zrunhuv zlwk dw ohdvw vrph xqlyhuvlw| hgxfdwlrq

+froohjh,1 Dovr/ wkh ghpdqg0ghfuhdvlqj h�hfw iru zrunhuv zlwk dw prvw kljk vfkrro

lv irxqg wr lqfuhdvh ryhu wlph1

Wzr gl�huhqfhv uhodwlyh wr Pruulvrq dqg Vlhjho +rs1flw1, duh zruwk qrwlqj1

Iluvw/ wkhlu uhvxowv gr qrw lqglfdwh wkdw wkh udwh ri lqfuhdvh lq wkh ghpdqg iru kljk0

vnloohg +dw ohdvw vrph froohjh, idoov ryhu wlph179 Vhfrqgo|/ vxusulvlqjo|/ wkh| �qg

wkdw whfkqlfdo fkdqjh uhgxfhv wkh ghpdqg iru wkrvh zlwk d kljk0vfkrro glsorpd

pruh wkdq lw ghfuhdvhv wkh ghpdqg iru wkrvh zlwk qr kljk vfkrro glsorpd1

Wkhvh gl�huhqfhv gr qrw vhhp yhu| lpsruwdqw/ krzhyhu1 Rq wkh frqwudu|/

wdnlqj lqwr dffrxqw wkdw wklv vwxg| l, lv edvhg rq gdwd iru dqrwkhu frxqwu|/ dqg

ll, frqwurov iru wkh zrunhuv* djh/ vh{/ lppljudqw vwdwxv/ zrun krxuv dqg �hogv0

ri0vwxg|/ wkh vlplodulw| pxvw eh frqvlghuhg txlwh uhpdundeoh/ surylglqj vwurqj

dgglwlrqdo vxssruw iru wkh vnloo0eldvhg whfkqlfdo fkdqjh k|srwkhvlv1

Wkh eldvhv lq whfkqlfdo fkdqjh/ l1h1 wkh gl�huhqfhv ehwzhhq wkh ghpdqg h�hfwv

dqg wkh h�hfwv rq wkh frvw ri surgxfwlrq/ duh jlyhq lq Wdeoh 441 Frpsdulqj zlwk

Wdeoh 43 wzr txdolwdwlyh gl�huhqfhv fdq eh qrwhg= xqolnh wkh ghpdqg h�hfwv wkh

eldvhv iru htxlsphqw fdslwdo +H, dqg lqwhuphgldwh jrrgv +P, duh srvlwlyh1 Wkxv/

frpsduhg wr d frvw0vkduh zhljkwhg dyhudjh ri wkh h�hfwv ri whfkqlfdo fkdqjh rq

doo lqsxw ghpdqgv wkh h�hfwv rq ghpdqgv iru htxlsphqw dqg lqwhuphgldwh jrrgv

duh srvlwlyh1 Wklv phdqv wkdw lq dgglwlrq wr d vnloo0eldv lq whfkqlfdo fkdqjh wkhuh

lv dovr d �qrq0oderu eldv� zklfk ixuwkhu djjudydwhv wkh vlwxdwlrq iru wkh orz0

vnloohg/ e| sduwo| gluhfwlqj lqsxw ghpdqg dzd| iurp orz0vnloohg oderu dqg wrzdugv

htxlsphqw dqg lqwhuphgldwh jrrgv17: Dsduw iurp Pruulvrq dqg Vlhjho +4<<:,

duh lq olqh zlwk Pruulvrq dqg Vlhjho +4<<:,1 Wkh X1N1 uhvxowv duh voljkwo| gl�huhqw exw qrw

gluhfwo| frpsdudeoh1
79Srvvleo|/ wklv fdq eh sduwo| h{sodlqhg e| wkh idfw wkdw wkhlu gdwd hqg douhdg| lq 4<;<1
7:Lw vkrxog eh qrwhg wkdw wkh idfw wkdw wkh hvwlpdwh ri �Hw lv lqvljql�fdqw dqg/ khqfh/ fdq

eh uhsodfhg e| 3 vwuhqjwkhqv wklv frqfoxvlrq/ ehfdxvh vxfk d vxevwlwxwlrq zrxog |lhog d srvlwlyh

eldv odujhu wkdq wkh rqh lq Wdeoh 441
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hduolhu vwxglhv kdyh rqo| frqvlghuhg wkh ghpdqg iru gl�huhqw fdwhjrulhv ri oderu

dqg vr kdyh qrw ehhq deoh wr fdswxuh wklv irup ri whfkqlfdo fkdqjh eldv1

:1 Frqfoxvlrqv

Ilyh uhvxowv hphujh iurp wkh dqdo|vlv lq wklv sdshu1

Wkh �uvw uhvxow lv wkdw wkh vnloo0eldvhg whfkqlfdo fkdqjh k|srwkhvlv/ zklfk kdv

uhfhlyhg vwurqj vxssruw lq hduolhu dqdo|vhv/ lv ixuwkhu fruurerudwhg1 Wkh urexvwqhvv

h{huflvh fduulhg rxw lq wklv vwxg| dgguhvvhv wkh srvvlelolw| wkdw/ e| irfxvlqj rq

hgxfdwlrqdo +vnloo, ohyhov rqo|/ suhylrxv hvwlpdwhv ri vnloo0eldvhv pljkw eh pruh ru

ohvv vsxulrxv lq wkh vhqvh ri frqixvlqj wkh lq xhqfh ri whfkqrorjlfdo ghyhorsphqwv

zlwk h�hfwv ri fkdqjhv lq rwkhu fkdudfwhulvwlfv ri oderu1 Krzhyhu/ wkh frqglwlrqlqj

ri oderu ghpdqgv rq djh/ vh{/ lppljudqw vwdwxv/ zrun krxuv/ dqg �hogv0ri0vwxg|/

dv zhoo dv ohyho ri hgxfdwlrq/ grhv qrw txdolwdwlyho| fkdqjh wkh hduolhu frqfoxvlrqv1

Wkh h�hfwv ri whfkqlfdo fkdqjh rq oderu ghpdqg duh vwloo vljql�fdqwo| gl�huhqw

dfurvv jurxsv1 Dqg/ lq dffrugdqfh zlwk d sulrul h{shfwdwlrqv/ whfkqlfdo fkdqjh

kxuwv ghpdqg kdughu wkh orzhu wkh zrunhu*v ohyho ri hgxfdwlrq1 Srvlwlyh h�hfwv rq

ghpdqg duh irxqg rqo| iru zrunhuv zlwk xqlyhuvlw| hgxfdwlrq1

Lq 4<<8/ wkh djjuhjdwh/ hpsor|phqw0zhljkwhg/ orqj uxq udwhv ri ghpdqg fkdqjhv

lqgxfhg e| whfkqlfdo fkdqjh duh �4:18(/ �917(/ �613(/ dqg .517( shu |hdu/ iru

zrunhuv zlwk hohphqwdu| vfkrro/ < |hdu frpsxovru| vfkrro/ xsshu vhfrqgdu| vfkrro/

dqg dw ohdvw vrph xqlyhuvlw|/ uhvshfwlyho|1 Wkh fruuhvsrqglqj +suhglfwhg, ohyhov ri

hpsor|phqw duh/ lq wkrxvdqgv/ 453/333/ 44</333/ 6;</333/ dqg 45:/333/ lpso|lqj

ghpdqg fkdqjhv ri �54/333/ 0;/333/ 045/333 dqg .6/333/ uhvshfwlyho|1 Wrjhwkhu/

wkhvh h�hfwv uhgxfh oderu ghpdqg e| 77/333/ iurp :88/333 wr :44/3331

Lq dgglwlrq wr wkh vnloo eldv/ wkhuh lv dovr d �qrq0oderu eldv� lq whfkqlfdo fkdqjh/

zklfk kdv qrw ehhq uhfrjql}hg lq hduolhu vwxglhv1 E| vdylqj pruh rq orz0vnloohg

oderu wkdq rq htxlsphqw dqg lqwhuphgldwh jrrgv/ whfkqlfdo fkdqjh gluhfwv lqsxw

ghpdqg dzd| iurp orz0vnloohg oderu wrzdugv wkhvh qrq0oderu lqsxwv1
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Wkh vhfrqg uhvxow lv wkdw wkhuh lv d vxevwdqwldo gl�huhqfh ehwzhhq phdvxulqj

oderu lq sxuho| txdqwlwdwlyh whupv dqg e| phdqv ri wkh �txdolw|�dgmxvwhg� vshfl�fd0

wlrq ri h�hfwlyh oderu1 Glvuhjduglqj/ h1j1/ wkh zrunhuv* djh glvwulexwlrq lv mxvwl�hg

rqo| li wkh frqwulexwlrqv wr oderu lqsxw iurp zrunhuv lq gl�huhqw djh fdwhjrulhv

pdwfk wkhlu iuhtxhqflhv lq wkh djh glvwulexwlrq1 Zlwk uhvshfw wr wkh glvwulexwlrqv

ryhu djh/ vh{/ lppljudqw vwdwxv/ dqg �hogv0ri0vwxg| wklv lv qrw wkh fdvh1

Iru zrunhuv zlwk d jlyhq ohyho ri hgxfdwlrq/ wkh hvwlpdwhg �txdolw|� lqgh{hv

vxppdul}h wkh h�hfwv ri wkh rwkhu fkdudfwhulvwlfv rq h�hfwlyh oderu lqsxw1 Wkh

lqgh{hv duh qrupdol}hg wr xqlw| lq 4<<4 dqg wkxv phdvxuh oderu �txdolw|� uhod0

wlyh wr wkdw |hdu1 Wkh djjuhjdwh/ hpsor|phqw0zhljkwhg/ lqgh{ iru zrunhuv zlwk

hohphqwdu| vfkrro ghfuhdvhv vwhdglo| iurp 4138 lq 4<;8 wr 31<8 lq 4<<81 Iru zrun0

huv zlwk < |hdu frpsxovru| vfkrro wkh djjuhjdwh lqgh{ lqvwhdg lqfuhdvhv doprvw

prqrwrqlfdoo| iurp 31<7 wr 413581 Wkh lqgh{ iru xsshu vhfrqgdu| vfkrro  xfwxdwhv

durxqg 4131 Iru zrunhuv zlwk dw ohdvw vrph xqlyhuvlw| hgxfdwlrq/ wkh djjuhjdwh

lqgh{ lv 31<: lq 4<;8 dqg ulvhv wr 4136 lq 4<<81 Wkxv/ lq 4<<8 h�hfwlyh oderu lqsxwv/

phdvxuhg uhodwlyh wr oderu �txdolw|� lq 4<<4/ zhuh 8( orzhu/ 518( kljkhu/ derxw

wkh vdph/ dqg 6( kljkhu wkdq dfwxdo hpsor|phqw iru wkh irxu ohyhov ri hgxfdwlrq1

Wkhuh lv dq lpsruwdqw frqqhfwlrq ehwzhhq wkh ghyhorsphqwv ri wkh txdolw|

lqgh{hv dqg wkh h�hfwv ri vnloo0eldvhg whfkqlfdo fkdqjh1 Li oderu txdolw| ghwhulr0

udwhv +lpsuryhv, wklv lqfuhdvhv +ghfuhdvhv, wkh pdjqlwxgh ri wkh h�hfw ri whfkqlfdo

fkdqjh rq oderu ghpdqg1 Wkh lqgh{hv duh dovr xvhixo iru srolf| dqdo|vhv ri od0

eru ghpdqg h�hfwv iurp/ h1j1/ ghprjudsklf fkdqjhv ru fkdqjhv lq hgxfdwlrqdo

sulrulwlhv zlwk uhvshfw wr vxemhfwv ri vwxg|1

Wkh wklug uhvxow lv wkdw wkhuh duh odujh gl�huhqfhv ehwzhhq wkh wzr fdwhjrulhv

zlwk wkh orzhvw ohyhov ri hgxfdwlrq/ lpso|lqj wkdw wkh wuhdwphqw lq hduolhu vwxglhv

ri orz0vnloohg zrunhuv dv d krprjhqrxv jurxs fdq eh vhulrxvo| txhvwlrqhg1 Iurp

wkh deryh glvfxvvlrq lw lv fohdu wkdw wkhuh duh odujh gl�huhqfhv zlwk uhvshfw wr wkh

h�hfwv ri whfkqlfdo fkdqjh dqg lq whupv ri h�hfwlyh oderu lqsxw1 Wkh gl�huhqfhv

h{whqg wr sulfh hodvwlflwlhv dv zhoo1 Lq 4<<8/ wkh hvwlpdwhg djjuhjdwh rzq0sulfh
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hodvwlflwlhv duh �6193 +�9134, iru zrunhuv zlwk hohphqwdu| vfkrro lq wkh vkruw +orqj,

uxq1 Wkxv/ wkh ghpdqg iru wkhvh zrunhuv lv h{wuhpho| hodvwlf> d 4( lqfuhdvh lq

oderu frvwv uhgxfh ghpdqg e| 619( lq wkh vkruw uxq dqg 9( lq wkh orqj uxq1 Iru

zrunhuv zlwk < |hdu frpsxovru| vfkrro wkh fruuhvsrqglqj hodvwlflwlhv duh �417:

+�417;,/ l1h1 djjuhjdwh ghpdqg lv hodvwlf iru wklv fdwhjru|/ wrr/ exw pxfk ohvv vr1

Wr ixuwkhu looxvwudwh wkh gl�huhqfhv ehwzhhq wkh wzr orz0vnloohg jurxsv wkh

iroorzlqj wkrxjkw h{shulphqw fdq eh frqgxfwhg1 Dvvxph wkdw oderu frvwv lq 4<<8

duh fxw e| 4( hlwkhu iru zrunhuv zlwk hohphqwdu| hgxfdwlrq +ohyho 4, ru iru zrunhuv

zlwk < |hdu frpsxovru| vfkrro +ohyho 5,1 Zklfk ri wkhvh phdvxuhv duh pruh h!flhqw

lq lqfuhdvlqj ghpdqg iru wkh wzr orz0vnloohg jurxsv wrjhwkhuB Wkh dqvzhu/ zklfk

uhtxluhv dffrxqwlqj iru furvv0sulfh hodvwlflwlhv dv zhoo dv rzq0sulfh hodvwlflwlhv/

vkrzv wkdw d 4 shufhqw fxw lq wkh zdjh frvw ri ohyho 4 zrunhuv lqfuhdvhv wkh wrwdo

ghpdqg iru ohyho 4 dqg ohyho 5 zrunhuv e| dssur{lpdwho| 5/333 +7<33, lqglylgxdov

lq wkh vkruw +orqj, uxq1 Lq frqwudvw/ d 4 shufhqw zdjh ghfuhdvh iru ohyho 5 zrunhuv

uhvxowv lq vkruw +orqj, uxq ghpdqg uhgxfwlrq ri 633 +933, lqglylgxdov$ Lq wkh odwwhu

fdvh/ wkh srvlwlyh gluhfw h�hfw lv pruh wkdq r�vhw e| d furvv0sulfh h�hfw1

Wkh irxuwk uhvxow lv wkdw wkh fdslwdo0vnloo frpsohphqwdulw| k|srwkhvlv lv vxs0

sruwhg/ zklfk ixuwkhu dggv wr wkh jorrp| survshfwv iru wkh orz0vnloohg1 Iru wkh

zkroh pdqxidfwxulqj vhfwru lq 4<<8/ wkh orqj uxq furvv0sulfh hodvwlflwlhv ehwzhhq

htxlsphqw fdslwdo dqg wkh prvw kljko| hgxfdwhg zrunhuv +wkrvh zlwk dw ohdvw vrph

xqlyhuvlw| hgxfdwlrq,/ duh voljkwo| qhjdwlyh/ lqglfdwlqj frpsohphqwdulw|1 Iru zrun0

huv zlwk dw prvw xsshu vhfrqgdu| vfkrro wkh hodvwlflwlhv duh srvlwlyh/ lqglfdwlqj

vxevwlwxwhv1 Wkh uhvxowv duh vlplodu zlwk uhvshfw wr vwuxfwxuhv> wkh pdlq gl�hu0

hqfh lv wkdw lq dgglwlrq wr xqlyhuvlw| hgxfdwhg zrunhuv/ lqglylgxdov zlwk xsshu

vhfrqgdu| hgxfdwlrq dqg vwuxfwxuhv duh dovr frpsohphqwv1

Wkh �iwk uhvxow lv wkdw wkhuh lv qr hylghqfh/ dw wkh lqgxvwu| ohyho/ ri vxevwlwxwlrq

ri lqwhuphgldwh jrrgv iru orz0vnloohg oderu > erwk wkh vkruw uxq dqg wkh orqj uxq

hodvwlflwlhv duh hlwkhu qhjdwlyh/ lqglfdwlqj frpsohphqwdulw|/ ru }hur1 Lq dgglwlrq

wr ehlqj dq lpsruwdqw uhvxow lq lwvhoi/ lw pljkw kdyh ehdulqj rq wkh k|srwkhvlv
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wkdw frpshwlwlrq iurp wkh Wklug Zruog uhgxfhv wkh ghpdqg iru wkh orz0vnloohg1 Li

lpsruwv iurp wkh Wklug Zruog pdnh xs d vljql�fdqw sduw ri lqwhuphgldwh jrrgv/

wkhq wkh uhvxow lv qrw frqvlvwhqw zlwk wkh k|srwkhvlv* lpsolfdwlrq wkdw orz0vnloohg

oderu dqg lpsruwv iurp orz0zdjh frxqwulhv duh vxevwlwxwhv1 Lq wkdw fdvh wkh

uhvxow khuh lqvwhdg h{whqgv hduolhu uhvxowv vkrzlqj zhdn h�hfwv iurp wudgh dqg

rxwvrxuflqj dw kljk ohyhov ri djjuhjdwlrq rq oderu ghpdqg dw orzhu djjuhjdwlrq

ohyhov1
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^4:` Pdfklq/ V1 +4<<9, �Fkdqjhv lq wkh uhodwlyh ghpdqg iru vnloov�/ lq D1O1 Errwk

dqg G1M1 Vqrzhu +hgv1, Dftxlulqj vnloov= Pdunhw Idloxuhv/ Wkhlu V|pswrpv

dqg Srolf| Uhvsrqvhv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

^4;` Pdfklq/ V1/ D1 U|dq/ dqg M1 ydq Uhhqdq +4<<9, �Whfkqrorj| dqg Fkdqjhv

lq Vnloo Vwuxfwxuh= Hylghqfh iurp dq Lqwhuqdwlrqdo Sdqho ri Lqgxvwulhv�/ Glv0
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fxvvlrq Sdshu Qr 5<:/ Fhqwhu iru Hfrqrplf Shuirupdqfh/ Orqgrq Vfkrro ri

Hfrqrplfv dqg Srolwlfdo Vflhqfh1

^4<` Pdfklq/ V1 dqg M Ydq Uhhqdq +4<<;,/ �Whfkqrorj| dqg Fkdqjhv lq Vnloo

Vwuxfwxuh= Hylghqfh iurp Vhyhq RHFG Frxqwulhv�/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ Yro1 F[LLL/ ss1 4548�45771

^53` Pruulvrq/ F1M1 +4<;;, �Txdvl0Il{hg Lqsxwv lq X1V1 dqg Mdsdqhvh Pdqxidf0

wxulqj= D Jhqhudol}hg Ohrqwlhi Uhvwulfwhg Frvw Ixqfwlrq Dssurdfk�/ Uhylhz

ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro1 O[[LY/ ss1 5:805;:1

^54` Pruulvrq/ F1M1 dqg H1U1 Ehuqgw +4<;4, �Vkruw�Uxq Oderu Surgxfwlylw| lq d

G|qdplf Prgho�/ Mrxuqdo ri Hfrqrphwulfv/ Yro1 49/ ss1 66<�6981

^55` Pruulvrq/ F1M1 dqg G1 Vlhjho +4<<:, �Wkh Lpsdfwv ri Whfkqrorj|/ Wudgh dqg

Rxwvrxuflqj rq Hpsor|phqw dqg Oderu Frpsrvlwlrq�/ pdqxvfulsw1

^56` Qlfnhoo/ V1 dqg E1 Ehoo +4<<8, �Wkh Froodsvh lq Ghpdqg iru wkh Xqvnloohg

dqg Xqhpsor|phqw Dfurvv wkh RHFG�/ R{irug Uhylhz ri Hfrqrplf Srolf|/

Yro1 44/ ss1 730951

^57` Rkwd/ P1 +4<:8,/ �D Qrwh rq wkh Gxdolw| ehwzhhq Surgxfwlrq dqg Frvw Ixqf0

wlrqv= Udwh ri Uhwxuq wr Vfdoh dqg Udwh ri Whfkqlfdo Surjuhvv�/ Hfrqrplf

Vwxglhv Txduwhuo|/ Yro1 58/ ss1 960981

^58` ydq Rxuv/ M1F1 dqg J1 Ulgghu +4<<8, �Mre Pdwfklqj dqg Mre Frpshwlwlrq=

Duh Orzhu Hgxfdwhg Zrunhuv dw wkh Edfn ri Mre TxhxhvB�/ Hxurshdq Hfr0

qrplf Uhylhz/ Yro1 6</ ss1 4:4:04:641

^59` Sdunv/ U1Z1 +4<:4, �Sulfh Uhvsrqvlyhqhvv ri Idfwru Xwlol}dwlrq lq Vzhglvk

Pdqxidfwxulqj/ 4;:304<83�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro1 OLLL/

ss1 45<046<1
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D1 Ghfrpsrvlwlrq ri fkdqjhv lq hpsor|phqw vkduhv lqwr

ehwzhhq0 dqg zlwklq0lqgxvwu| fkdqjhv

Xvlqj wkh qrwdwlrq lq Ehupdq hw do1 +4<<7,/ wkh djjuhjdwh hpsor|phqw vkduh iru

fdwhjru| � oderu/ �.
� � / htxdov wkh vxp ri wkh fruuhvsrqglqj 57 lqgxvwu| vkduhv/ 7�/

zhljkwhg e| wkhlu vkduhv lq wrwdo hpsor|phqw=

�.
� � '

2e[
�'�

�.
�� 7� ( zkhuh �.

�� '
.��S
e

�'�.��

dqg 7� '

S
e

�'�.��S
2e

�'�

S
e

�'�.��

/ +D14,

iru � ' �c 2c �c e1 D glvfuhwh dssur{lpdwlrq ri wkh +dqqxdol}hg, fkdqjh lq �.
� �

ehwzhhq wzr srlqwv lq wlph/ | dqg |n � vd|/ lv jlyhq e|

{�.
� � '

2e[
�'�

{7��
.

��

� ~} �
n

2e[
�'�

{�.
�� 7�

� ~} �
ehwzhhq lqgxvwu| zlwklq lqgxvwu|

fkdqjhv fkdqjhv

+D15,

zkhuh wkh { ghqrwh dyhudjh dqqxdo fkdqjhv/ gh�qhg dffruglqj wr

{~|c|n� �
~|n� � ~|

�
/ ~ ' �.

� � c 7� c �
.
��

dqg wkh �frqvwdqwv� duh frpsxwhg dv vlpsoh dulwkphwlf dyhudjhv/ l1h1

� �
�| n �|n�

2
c � ' �.

�� c 7� 1

Wkh uhvxowv ri dsso|lqj wkh ghfrpsrvlwlrq wr wkh wzr exvlqhvv f|foh shdnv/ | '

�bHH dqg |n � ' �bbe/ dqg wr wkh hqgsrlqwv ri wkh shulrg duh jlyhq lq Wdeoh D41

	 Wdeoh D4= Ghfrpsrvlwlrq ri fkdqjhv lq hpsor|phqw vkduhv/ ( shu dqqxp :

Wkh fkdqjhv lq wkh hpsor|phqw vkduhv duh frpsohwho| grplqdwhg e| zlwklq lq0

gxvwu| fkdqjhv> fi1 wkh odvw froxpq1
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E1 Wkh h�hfw rq wkh txdolw| lqgh{ iurp d fkdqjh lq wkh

glvwulexwlrq ryhu d jlyhq fkdudfwhulvwlf

Wr hydoxdwh wkh h�hfw rq wkh txdolw| lqgh{ �� iurp d fkdqjh lq wkh glvwulexwlrq

ryhu wkh �wk fkdudfwhulvwlf/ �uvw frqvlghu wkh h�hfw iurp d fkdqjh lq wkh �wk

fkdudfwhulvwlf dw jlyhq vkduhv1 Gh�qlqj=

(�� �

g��[
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E� n w��&�M��& / +E14,

+71;, lpsolhv
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Wkh qh{w vwhs lv wr hydoxdwh

#
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YO��&

������x-
�

$
c x ' 7cu/ +E16,

zklfk ghqrwhv wkh fkdqjh lq (�� / uhsuhvhqwhg e| fkdqjhv lq wkh g�� vkduhv M��&

dw d jlyhq oderu ghpdqg/ �x-
� / x ' 7cu1 Gh�qh

�x-
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��� n�x-
��2 n ����n�x-

��g��
+E17,

dqg
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��& �

�x-
��&
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1 +E18,

Dvvxph wkdw wkh g�� vxejurxsv fkdqjh e| _�
x-
��& / & ' �c ����cg��1 Hdfk rqh ri wkh

fkdqjhv lqyroyh d fkdqjh lq oderu ghpdqg e| wkh vdph pdjqlwxgh/ dv zhoo dv d

fkdqjh lq wkh glvwulexwlrq ryhu wkh �wk fkdudfwhulvwlf1 Wr lvrodwh wkh odwwhu h�hfw/

gh�qh d vfdoh idfwru/ #/ vxfk wkdw
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Wkh
�
�
x-
��&

�
W

kdyh wzr surshuwlhv zklfk pdnh wkhp dssursuldwh iru wkh hydoxd0

wlrq ri fkdqjhv lq wkh vxejurxsv1 Iluvw/ iurp +E19, lw lv fohdu wkdw
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wkh vxp ryhu wkh ruljlqdo vxejurxsv1 Wkxv/ wkh
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l1h1 wkh vfdolqj suhvhuyhv wkh uhodwlrqv ehwzhhq wkh qhz vxejurxsv1

Wr pryh wr fkdqjhv lq vxejurxs vkduhv/ gh�qh
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fkdqjhv lq wkh vl}hv ri wkh vxesrsxodwlrqv=
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Lq dqdorj| zlwk +E143,/ qh{w gh�qh vkduh fkdqjhv fruuhvsrqglqj wr +E1<,/ l1h1

vkduh fkdqjhv wkdw gr qrw lqyroyh dq| fkdqjh lq wkh vl}h ri wkh wrwdo srsxodwlrq=
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zklfk lpsolhv wkdw +E144, fdq eh vlpsol�hg wr
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