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Devwudfw

Wklv sdshu lqyhvwljdwhv wkh srvvlelolw| ri xvlqj Mdyd dv d odqjxdjh iru Gljlwdo Vljqdo Surfhvvlqj1 Zh

frpsduh wkh shuirupdqfh ri wkh Idvw Irxulhu Wudqvirup xvlqj Mdyd lqwhusuhwhuv/ frpslohuv/ dqg qdwlyh
h{hfxwlrq1 Wr fkdudfwhul}h wkh Mdyd odqjxdjh dv d sodwirup iru vljqdo surfhvvlqj/ zh kdyh lpsohphqwhg

d wudglwlrqdo IIW dojrulwkp lq erwk F dqg Mdyd dqg frpsduhg wkhlu uhodwlyh shuirupdqfh1 Dgglwlrqdoo|/

zh kdyh ghyhorshg d Whqvru dojheud IIW oleudu| lq erwk Pdwode dqg Mdyd1 Hdfk ri wkh Whqvru oleudulhv
kdv ehhq frghg wr h{sorlw wkh fkdudfwhulvwlfv ri wkh vrxufh odqjxdjh1 Rxu uhvxowv lqglfdwh wkdw wkh odwhvw

Vxq Vrodulv 519 Mdyd sodwirup fdq surylgh shuirupdqfh zlwklq 53( wr 93( ri rswlpl}hg F frgh rq vkruw

IIW frpsxwdwlrqv1 Rq orqjhu IIW frpsxwdwlrqv/ Mdyd lv derxw d idfwru ri 5 wr 6 wlphv ohvv h!flhqw
wkdq rswlpl}hg F frgh1 Zh dqwlflsdwh wklv jds wr qduurz zlwk ehwwhu frpslohu whfkqrorj| dqg gluhfw

h{hfxwlrq rq Mdyd surfhvvruv vxfk dv wkh Ghoiw0Mdyd pxowlwkuhdghg surfhvvru1

4 Lqwurgxfwlrq

Mdyd lv d qhz F..0olnh surjudpplqj odqjxdjh ghvljqhg iru jhqhudo0sxusrvh/ frqfxuuhqw/ fodvv0edvhg remhfw0
rulhqwhg surjudpplqj^4`1 Wkh odqjxdjh lqfoxghv d qxpehu ri xvhixo surjudpplqj ihdwxuhv lqfoxglqj= 4,
surjudpphu gh�qhg sdudooholvp lq wkh irup ri v|qfkurql}hg wkuhdgv/ 5, vwurqj w|slqj/ 6, jduedjh froohfwlrq/
7, fodvvhv/ 8, lqkhulwdqfh/ dqg 9, g|qdplf olqnlqj1 Dq dsshdo ri wkh odqjxdjh lv d �zulwh rqfh/ uxq dq|zkhuh�
sklorvrsk|^5`1 Wklv lv dffrpsolvkhg e| surylglqj d Mdyd Yluwxdo Pdfklqh +MYP, lqwhusuhwhu dqg uxqwlph
iru hdfk sodwirup vxssruwhg ^6`1 Lq wkhru|/ dq| sodwirup wkdw vxssruwv wkh Mdyd uxqwlph hqylurqphqw zloo
surgxfh wkh vdph h{hfxwlrq uhvxowv lqghshqghqw ri wkh sodwirup1

Ehfdxvh ri Mdyd*v lqwhusuhwhg h{hfxwlrq/ lw kdv ehhq dvvhuwhg wkdw Mdyd lv lqdssursuldwh iru Vljqdo Sur0
fhvvlqj dssolfdwlrqv1 Zh lqyhvwljdwh wklv k|srwkhvlv e| frpsdulqj wkh shuirupdqfh ri d wudglwlrqdo Idvw
Irxulhu Wudqvirup +IIW, dojrulwkp ruljlqdoo| zulwwhq lq F dqg wudqvodwhg wr Mdyd1 Zh wkhq h{whqg rxu
dqdo|vlv wr d Whqvru dojheud IIW oleudu| frghg lq erwk Pdwode dqg Mdyd1

Zh kdyh dovr ghvljqhg wkh Ghoiw0Mdyd surfhvvru^7`1 Dq lpsruwdqw ihdwxuh ri wklv dufklwhfwxuh lv wkdw lw
kdv ehhq ghvljqhg wr h!flhqwo| h{hfxwh MYP e|whfrghv1 Wkh dufklwhfwxuh kdv wzr orjlfdo ylhzv= 4, d MYP
Lqvwuxfwlrq Vhw Dufklwhfwxuh+LVD, dqg 5, d ULVF0edvhg LVD1 Wkh MYP lv d vwdfn0edvhg LVD zlwk vxssruw
iru vwdqgdug gdwdw|shv/ v|qfkurql}dwlrq/ remhfw0rulhqwhg phwkrg lqyrfdwlrq/ duud|v/ dqg remhfw doorfdwlrq^6`1
Dq lpsruwdqw surshuw| ri Mdyd e|whfrghv lv wkdw vwdwlfdoo| ghwhuplqdeoh w|sh vwdwh hqdeohv vlpsoh rq0wkh0 |
wudqvodwlrq ri e|whfrghv lqwr h!flhqw pdfklqh frgh^8`1 Zh xwlol}h wklv surshuw| wr g|qdplfdoo| wudqvodwh
Mdyd e|whfrghv lqwr Ghoiw0Mdyd lqvwuxfwlrqv1 Ehfdxvh wkh e|whfrghv duh vwruhg dv sxuh Mdyd lqvwuxfwlrqv/
Mdyd surjudpv jhqhudwhg e| Mdyd frpslohuv h{hfxwh rq d Ghoiw0Mdyd surfhvvru zlwkrxw prgl�fdwlrq1

Zh kdyh suhylrxvo| ghyhorshg d Pdwode lpsohphqwdwlrq ri d Whqvru dojheud oleudu|^9`1 Iru wklv dqdo|vlv/
zh ghyhorshg dq htxlydohqw oleudu| lq Mdyd1 D nh| srlqw ri hdfk lpsohphqwdwlrq lv wkdw lw lv zulwwhq wr
xwlol}h lpsruwdqw ihdwxuhv ri wkh vrxufh odqjxdjh1 Wkh Pdwode lpsohphqwdwlrq xwlol}hv d yhfwru hqfrglqj
dqg wdnhv dgydqwdjh ri wkh exlow0lq Frpsoh{ gdwdw|sh1 Wkh Mdyd lpsohphqwdwlrq xvhv d Frpsoh{ fodvv wkdw
rshudwhv rq wkh Mdyd gdwdw|sh grxeoh1 Wklv doorzv xv wr wuhdw d frpsoh{ qxpehu dv dq| rwkhu qxpehu
wkhuhe| plplfnlqj wkh exlow0lq ihdwxuhv ri wkh Pdwode v|vwhp1 Lq dgglwlrq/ wkh Mdyd oleudu| lv uhhqwudqw wr
doorz iru pxowlwkuhdghg surjudpplqj1 Hdfk Whqvru dojheud lpsohphqwdwlrq lv exlow iurp edvlf ixqfwlrqv1
D vwdjh ri dq IIW lv exlow e| h{hfxwlqj d qxpehu ri sdudooho IIWv iroorzhg e| d Shupxwdwlrq skdvh1 Wkh
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pdwkhpdwlfdo ghvfulswlrq ri wkh dojrulwkp lv d sdudooho ghfrpsrvlwlrq edvhg rq Shdvh^:` dqg lv rqo| eulh |
vxppdul}hg dorqj zlwk rqh srvvleoh pdsslqj wr d pxowlwkuhdghg surfhvvru1 Pruh ghwdlohg gh�qlwlrqv ri wkh
Nurqhfnhu surgxfw +ghqrwhg e| 
, fdq eh irxqg lq ^;/ <`1

Lq Vhfwlrq 5 zh jlyh d eulhi lqwurgxfwlrq wr Whqvru dojheud dqg wkh Idvw Irxulhu Wudqvirup1 Lq Vhfwlrq
6 zh suhvhqw wkh uhvxowv ri wzr vwxglhv1 Wkh �uvw vwxg| frpsduhv rswlpl}hg F dqg Mdyd IIW urxwlqhv1 Wkh
vhfrqg vwxg| frpsduhv d Whqvru oleudu| lpsohphqwdwlrq lq erwk Pdwode dqg Mdyd1 Ilqdoo|/ lq Vhfwlrq 7 zh
vxppdul}h rxu �qglqjv dqg suhvhqw frqfoxvlrqv1

5 Whqvru Dojheud

Lq wklv vhfwlrq/ zh surylgh dq lqwurgxfwlrq wr wkh Idvw Irxulhu Wudqvirup dqg Whqvru dojheud1 Zh ehjlq
e| glvwlqjxlvklqj ehwzhhq vriwzduh wkuhdgv dqg kdugzduh wkuhdg xqlwv +uhihuuhg wr dv frqwh{wv,1 Li w lv wkh

qxpehu ri vriwzduh wkuhdgv dqg f lv wkh qxpehu ri kdugzduh frqwh{wv rq zklfk wkh wkuhdgv pd| h{hfxwh/ d

srvvleoh pdsslqj ri wkh wkuhdgv wr kdugzduh xqlwv lv jlyhq e| d whqvru ghfrpsrvlwlrq1

Gh�qlwlrq 4 Whqvru Surgxfw1 Wkh whqvru surgxfw ri wzr pdwulfhv D @ ^dw4>f4 ` ri rughu +w4 � f4, dqg

E @ ^ew4>f5 ` ri rughu +w5 � f5,/ ghqrwhg e| D
E/ lv
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Wkh uhvxowdqw pdwul{ lv ri rughu +w4w5 � f4f5, dqg hdfk vxepdwul{ ri wkh irup dwlfmE lv ri wkh rughu

+w5 � f5,1 Li Lq lv wkh lghqwlw| pdwul{ ri rughu q/ wklv fdq dovr eh h{suhvvhg dv

Dw4f4

Ew5f5 @ +Dw4f4 
 Lw5 ,+Lf4 
Ew5f5, @ +Lw4 
Ew5f5,+Dw4f4 
 Lf5 , +5,

Wkh whqvru surgxfw lv qrw frppxwdwlyh1 Krzhyhu/ zh fdq xvh d fodvv ri shupxwdwlrqv fdoohg vwulgh
shupxwdwlrqv zklfk zloo frppxwh wkh whqvru surgxfw1 Ixuwkhupruh/ wkhvh vwulgh shupxwdwlrqv jryhuq wkh
ordg dqg vwruh gdwd dgguhvvlqj ehwzhhq vwdjhv ri wkh whqvru surgxfw ghfrpsrvlwlrqv ri GVS dojrulwkpv^<`1
Wkh shupxwdwlrq pdwul{ sduwlwlrqv wkh frpsxwdwlrqv dqg frppxqlfdwlrqv e| fkdqjlqj wkh gdwd rzv iurp
yhfwru wr sdudooho ru iurp sdudooho wr yhfwru gdwd rzv1 Jlyhq d pxowlwkuhdghg surfhvvru zlwk pxowlsoh
frqwh{wv/ lw lv srvvleoh wr rswlpl}h wkh frpsxwdwlrqv vxfk wkdw wkh wkuhdg ohyho sdudooholvp dydlodeoh lq wkh
dojrulwkp fdq eh h{sorlwhg dv Lqvwuxfwlrq Ohyho Sdudooholvp +LOS, lq wkh surfhvvru1 Wkh whqvru shupxwdwlrq
pdwul{ S wf

w lv d +wf � wf, pdwul{ zkhuh wkh hohphqwv +S wf
w ,l>m duh htxdo wr 4 iru l @ m @ +wf � 4, dqg m @ lw

prg +wf � 4,/ 3 � l ! +wf � 4, dqg htxdo wr 3 iru doo rwkhu l> m hohphqwv1 Dv dq h{dpsoh/ S 7

5 lv jhqhudwhg e|
+S 7

5
,l>m @ 4 iru +l> m, @ +3> 3,> +4>5,> +5>4,> +6> 6,> +S 7

5
,l>m @ 3 iru rwkhu l> m hohphqwv1 Jlyhq wkdw S lv d whqvru

shupxwdwlrq pdwul{/ wkhq li D lv d +w � w, pdwul{ dqg E lv d +f � f, pdwul{/ zh fdq frppxwh wkh whqvru
htxdwlrq xvlqj Dw 
Ef @ S wf

w +Ef 
Dw,S
wf
f 1

Vrph dgglwlrqdo surshuwlhv ri whqvru dojheud lqfoxgh vfdodu pxowlsolfdwlrq D
�E @ �+D
E,/ glvwulexwlyh
odz +D . E, 
 F @ D 
 F . E 
 F/ dvvrfldwlyh odz D 
 +E 
 F, @ +D 
 E, 
 F/ lghqwlw| surgxfw
Lwf @ Lw
 Lf/ pdwul{ wudqvsrvh +DE,w @ EwDw/ whqvru wudqvsrvh +D
E,w @ Dw
Ew dqg pl{hg surgxfw uxoh
+D
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G, @ DF 
EG1

514 Irxulhu Wudqvirup

Wkh Q0srlqw Idvw Irxulhu Wudqvirup+IIW, lv jlyhq e| Htxdwlrq +6,1

Gh�qlwlrq 5 Idvw Irxulhu Wudqvirup1 Wkh Q0srlqw IIW lv jlyhq dv
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Wkh whqvru irup ri wkh Q0srlqw IIW lv jlyhq dv Iwf @ Sq
w +Lf 
 Iw,S

q
f W

q
f +Lw 
 If,S

q
w zkhuh I lv wkh

Irxulhu Pdwul{ Iq @ ^$mn`/ q lv htxdo wr wf/ S lv wkh whqvru shupxwdwlrq pdwul{/ dqg W lv d wzlggoh idfwru
pdwul{ zkrvh hohphqwv dorqj wkh gldjrqdo ri wkh pdwul{ duh jlyhq e| Wq

f @ gldj+Lf>Gf+q,> ===>Gf+q,
w�4,

dqg Gf+q, @ gldj+4> $> ===$f�4,1 Wklv kdv wkh lqwhusuhwdwlrq ri ghfrpsrvlqj wkh IIW lqwr dq lqlwldo gdwd
shupxwdwlrq Sq

w iroorzhg e| w sdudooho f0srlqw IIWv1 Wkh wzlggoh idfwru lv wkhq dssolhg iroorzhg e| d Sq
f

gdwd shupxwdwlrq1 Wkhq f lqghshqghqw w0srlqw IIWv duh shuiruphg1 Ilqdoo|/ wkh gdwd lv shupxwhg wr lwv
�qdo qrq0elw uhyhuvhg irup1 Zh fdq lqwhusuhw w dv wkh qxpehu ri vriwzduh wkuhdgv lq d v|vwhp dqg f dv wkh
qxpehu ri kdugzduh frqwh{wv +h1j1 wkuhdg xqlwv,1 Rq wkh Ghoiw0Mdyd surfhvvru/ zh wu| wr rswlpl}h wkh
qxpehu ri wkuhdgv w wr eh dq lqwhjhu pxowlsoh ri wkh qxpehu ri kdugzduh frqwh{wv f1 Zkhq wklv lv srvvleoh/
doo ri wkh kdugzduh wkuhdg xqlwv pdnh surjuhvv frpsxwlqj wkh IIW1 Ixuwkhupruh/ vlqfh doo lqwhu0wkuhdg
frppxqlfdwlrqv wdnh sodfh wkurxjk vkduhg phpru|/ wkh shupxwdwlrqv vhuyh dv d eduulhu v|qfkurql}dwlrq
srlqw1 Zh vxppdul}h wkh IIW htxdwlrqv xvhg lq wklv sdshu lq Htxdwlrqv +70;,1 Zh qrwh wkdw edvhg rq
lghqwlw| surgxfw/ lw lv srvvleoh wr ghfrpsrvh wkh �uvw vwdjh ri Htxdwlrqv +80;, lqwr pxowlsoh lwhudwlrqv ri
Lf 
 L w

f

vr wkdw hdfk wkuhdg xqlw lv dfwlyh iru doo frpsxwdwlrqv1 Lw lv dovr srvvleoh wr uhduudqjh wkh whqvru

irupxodwlrq vr wkdw frppxqlfdwlrq wkurxjk vkduhg phpru| lv plqlpl}hg^43`1 Iru wkh sxusrvhv ri wklv sdshu/
Htxdwlrqv +70;, surylgh dghtxdwh frpsdulvrq shuirupdqfh1
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6 Uhvxowv

Lq wklv vhfwlrq zh ghvfuleh wkh shuirupdqfh prghov dqg uhvxowv ri rxu h{shulphqwv1 Doo h{shulphqwv zhuh
frqgxfwhg xvlqj d 633PK} Vxq Xowud0Vsduf LL zlwk 45;PE ri phpru| uxqqlqj Vrodulv 5191 Iru doo h{shul0
phqwv/ pxowlsoh lwhudwlrqv zhuh shuiruphg wr plqlpl}h vwduw0xs h�hfwv1 Wkh dyhudjh wlph lv uhsruwhg edvhg
rq d wlph0ri0gd| ixqfwlrq lq d urrw zlqgrz dw pd{lpxp sulrulw| lq dq rwkhuzlvh qhduo| lgoh v|vwhp1 Zh
phdvxuh wkh h{hfxwlrq wlph ri wkh dojrulwkpv dqg qrw wkh wlph wr ordg wkh lqwhusuhwhuv ru wkh wlph wr frpsloh
wkh F frgh1

Wkh �uvw h{shulphqw lqyhvwljdwhv d wudglwlrqdo IIW dojrulwkp iurp Suhvv^44`1 Wkh F frgh lv frpslohg
xvlqj jff 51:151 Uhvxowv duh suhvhqwhg iru xqrswlpl}hg dqg 0R6 rswlpl}hg h{hfxwlrq1 Wkh F surjudp zdv
wkhq kdqg0wudqvodwhg lqwr dq htxlydohqw Mdyd surjudp1 Wkh uhvxowlqj frgh grhv qrw wdnh dgydqwdjh ri prvw
ri wkh Mdyd surjudpplqj frqvwuxfwv1 Lw lv hvvhqwldoo| wkh vdph F frgh zlwk d Mdyd fodvv zudsshu1 Uhvxowv
duh suhvhqwhg iru 0R rswlpl}hg Mdyd frgh1 Wkhuh zhuh qr sudfwlfdo gl�huhqfhv ehwzhhq xqrswlpl}hg dqg 0R
rswlpl}hg Mdyd uhvxowv1 Wkh Pdwode qxpehuv duh wkh wlphv iru wkh exlow0lq IIW urxwlqhv1 Wkh Vxq Vrodulv

519 uhvxowv duh iru wkh exlow0lq Mdyd lqwhusuhwhu zlwk MLW wkdw frphv vwdqgdug dv sduw ri wkh Vrodulv 519
lqvwdoodwlrq1 Wkh Vxq MGN 41417 uhvxowv duh uhsruwhg iru frpsdulvrq1 Wkh Nd�h 31<15 mxvw0lq0wlph frpslohu
uhvxowv duh dovr suhvhqwhg iru frpsdulvrq 1 Wkh Wred ^45` uhvxowv duh iru wkh 413e9 ehwd uhohdvh1 Wred r�0olqh

wudqvodwhv Mdyd e|whfrghv wr F frgh1 Wkh F frgh zdv wkhq frpslohg zlwk jff 51:15 zlwk 0R6 rswlpl}dwlrq1

Wdeoh 4 vkrzv wkdw wkh ehvw shuirupdqfh lq doo fdvhv zdv iru rswlpl}hg F frgh1 D qrwdeoh srlqw lv wkdw
wkh Vxq Vrodulv 519 sodwirup fdph zlwklq 53( ri wkh rswlpl}hg F frgh iru wkh vpdoohvw IIW exw glyhujhg wr
derxw 6 wlphv vorzhu iru odujhu IIWv1 Wklv lv d vljql�fdqw lpsuryhphqw ryhu wkh MGN 41417 sodwirup1 Wkh
qhz uhvxowv lpsuryh Mdyd*v shuirupdqfh xs wr 45 wlphv yhuvxv wkh MGN 414171 Lq dgglwlrq/ wkh Vrodulv 519
Mdyd sodwirup lv frpsdudeoh lq shuirupdqfh wr wkh Wred r�0olqh frpslohu zklfk surgxfhg yhu| lpsuhvvlyh
uhvxowv1 Pdwode*v exlow0lq IIW oleudulhv duh dovr yhu| frpshwlwlyh zlwk rswlpl}hg F 0 sduwlfxoduo| dv wkh IIW
vl}h lqfuhdvhv1 Wkh Nd�h MLW lv frpshwlwlyh zkhq frpsduhg wr wkh MGN 41417 exw grhv qrw shuirup dv zhoo
dv wkh Vxq Vrodulv 519 sodwirup1

Wkh vhfrqg h{shulphqw lqyhvwljdwhv wkh h�hfwv rq shuirupdqfh zkhq pdq| ri wkh ihdwxuhv ri wkh Mdyd
odqjxdjh duh lqyroyhg1 Xqolnh wkh frgh ri wkh �uvw h{shulphqw/ wkh Mdyd Whqvru oleudu| pdnhv xvh ri pdq|
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Wdeoh 4= Suhvv IIW Dqdo|vlv1

ri wkh Mdyd surjudpplqj frqvwuxfwv1 Lq sduwlfxodu/ lqkhulwhg fodvv remhfwv duh xvhg dqg wkh frgh lv uhhqwudqw
wr doorz iru pxowlwkuhdghg vxeurxwlqhv1 Ehfdxvh ri wklv/ pdq| remhfwv duh fuhdwhg zklfk uhtxluh jduedjh
froohfwlrq1

Wdeoh 5= Whqvru IIW Dqdo|vlv1

Wdeoh 5 vkrzv wkh uhvxowv ri wkh Whqvru dojheud oleudu| iru Pdwode dqg Mdyd1 Lq doo fdvhv/ wkh Wred
frpslohu shuirupv ehwwhu wkdq dq| rwkhu dowhuqdwlyh1 Prvw lqwhuhvwlqjo|/ wkh shuirupdqfh gl�huhqfh ehwzhhq
wkh Vrodulv 519 sodwirup dqg wkh MGN 41417 duh zlwklq 53( iru doo fdvhv1 Wklv lv vljql�fdqwo| gl�huhqw wkdq
wkh 45{ lpsuryhphqw qrwhg lq wkh �uvw h{shulphqw1 Zh srvwxodwh wkdw wkh MLW frpslohu pd| qrw kdyh
ehhq deoh wr shuirup dv pdq| rswlpl}dwlrqv gxh wr wkh odujh qxpehu ri remhfwv fuhdwhg1 D sur�oh ri hdfk
h{hfxwlrq vwuhdp vkrzhg frpsxwdwlrqv wr eh wkh suhgrplqdqw wlph idfwru lq wkh �uvw h{shulphqw zkloh
remhfw fuhdwlrq dqg phwkrg lqyrfdwlrq zhuh pxfk odujhu shufhqwdjhv ri wkh h{hfxwlrq wlph iru wkh vhfrqg
h{shulphqw1 Wred/ rq wkh rwkhu kdqg/ pd| wdnh dv orqj dv qhfhvvdu| wr frpsloh +dowkrxjk rxu h{shulhqfh lv
wkdw lw lv qrw pxfk pruh wkdq d ihz plqxwhv, dqg wkhuhiruh surgxfhv pruh rswlpl}hg frgh1 Dovr/ lw pd| qrw
eh idlu wr frpsduh wkhvh IIW uhvxowv zlwk wkh uhvxowv suhvhqwhg lq Wdeoh 41 Wkh whqvru oleudulhv zhuh zulwwhq
wr dvvlvw sduwlwlrqlqj ri sdudooho frgh rqwr pxowlsurfhvvruv dqg pxowlwkuhdghg surfhvvruv dqg qrw sduwlfxoduo|
iru devroxwh shuirupdqfh rq d xql0surfhvvru1

7 Frqfoxvlrqv

Zh kdyh frpsduhg IIW shuirupdqfh lq Mdyd/ Pdwode/ dqg F1 Zh kdyh irxqg wkdw Mdyd pd| r�hu vx!flhqw
shuirupdqfh iru IIWv1 Krzhyhu/ zkhq frpsduhg djdlqvw qdwlyh F frgh/ wkh ehvw Mdyd r�0olqh wudqvodwlrq
dqg MLW*v pd| vwloo h{hfxwh 5 wr 6 wlphv vorzhu wkdq dq htxlydohqw dojrulwkp zulwwhq lq F1 Krzhyhu/ Vxq*v
odwhvw MYPv kdyh vljql�fdqwo| forvhg wkh jds ehwzhhq qdwlyh F shuirupdqfh dqg Mdyd1 Wkh MYP vklsshg
dv sduw ri wkh Vrodulv 519 rshudwlqj v|vwhp lv qhduo| 43 wlphv pruh h!flhqw rq F0olnh Mdyd frgh wkdq wkh
MGN 41417 dqg surgxfhv uhvxowv zlwklq 53( wr 93( ri rswlpl}hg F iru vpdoo IIWv1 Wkh Nd�h MLW uxqv
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derxw 5 wr 8 wlphv vorzhu wkdq wkh lqwhusuhwhg frgh iru wkh whqvru prgho1 Zh dwwulexwh wklv wr wkh odujh
qxpehu ri remhfwv fuhdwhg dqg wkh uhtxluhphqw iru dq h!flhqw jduedjh froohfwru1 Zh dovr qrwh wkdw wkh
vwdwh ri Mdyd frpslodwlrq lv uhodwlyho| lppdwxuh frpsduhg wr F frpslohuv1 Dv Mdyd frpslohuv ehfrph pruh
vrsklvwlfdwhg/ wkh jds pd| qduurz ixuwkhu1 Ixuwkhupruh/ gluhfw frpslodwlrq ri Mdyd wr qdwlyh pdfklqh frgh
pd| surylgh shuirupdqfh forvho| ulydolqj F1 Lq dgglwlrq/ udz shuirupdqfh lv qrw wkh rqo| phwulf lq xhqflqj
wkh vxffhvv ri d surgxfw1 Iru h{dpsoh/ Pdwode kdv dq h{fhswlrqdoo| ulfk oleudu| ri h!flhqw vljqdo surfhvvlqj
urxwlqhv1 Wkh hdvh zlwk zklfk wkhvh duh lqwhjudwhg zlwk rwkhu Pdwode surjudpv pdnhv Pdwode dq h{fhoohqw
GVS ghyhorsphqw hqylurqphqw1 Lq dgglwlrq/ wkh qxpehu ri olqhv ri frgh zulwwhq iru wkh Pdwode surjudp zdv
ohvv wkdq iru Mdyd gxh wr wkh exlow0lq Frpsoh{ w|sh1 Ilqdoo|/ zh frqfoxgh wkdw iru dssolfdwlrqv wkdw pdnh
suhgrplqdqw xvh ri Mdyd/ dssolfdwlrq vshfl�f surfhvvruv pd| dffhohudwh Mdyd h{hfxwlrq wr eh dw ohdvw rq sdu
zlwk dqg srwhqwldoo| ehwwhu wkdq F frgh h{hfxwlrq rq d wudglwlrqdo surfhvvru1 Ghshqglqj xsrq sdudphwhuv
fkrvhq +h1j1 lvvxh udwhv/ forfn vshhg/ dqg ixqfwlrqdo xqlw odwhqflhv,/ zh kdyh hvwlpdwhg wkdw d Ghoiw0Mdyd

surfhvvru fdq dovr h{hfxwh lq frpsdudeoh wlph uhodwlyh wr qdwlyh F frgh1 Krzhyhu/ dw wklv srlqw rxu prghov
gr qrw wdnh lqwr dffrxqw L2R ru jduedjh froohfwlrq1 Rxu fxuuhqw zrun lv irfxvvlqj rq Mdyd pxowlwkuhdghg
shuirupdqfh zklfk pd| surylgh wkh srvvlelolw| ri vljql�fdqw jdlqv rq pxowlwkuhdghg surfhvvruv1
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