Mdyd VljqdoSurfhvvlqj=I I Wvz lwk e| whfrghv

Mrkq J orvvqhu/^{�c2} Mhvvh Wklor/^{�c2} dqg Vwdp dwlv Ydvvloldglv^2 �Oxfhqw2 EhooOdev/ Doohqwrz q/ Sd 2GhoiwXqlyhuvlw| ri Whfkqrorj | / Ghoiw/ Wkh Qhwkhuodqgv ~j orvvqhu/mwklor/vwdp dwlv�Cfduglw1hw1wxghoiw1qo

P dufk 64/ 4<<;

Devwudfw

Wklv sdshu lqyhvwlj dwhv wkh srvvlelolw| ri xvlqj Mdyd dv d odqj xdj h iru Glj lwdoVlj qdoSurfhvvlqj 1 Z h frp sduh wkh s huirup dqfh ri wkh I dvwI rxulhu Wudqvirup xvlqj Mdyd lqwhusuhwhuv/ frp slohuv/ dqg qdwlyh h{hfxwlrq1 Wr fkdudfwhul}h wkh Mdyd odqj xdj h dv d sodwirup iru vlj qdosurfhvvlqj / z h kdyh lp sohp hqwhg d wudglwlrqdoI I Wdoj rulwkp lq erwk F dqg Mdyd dqg frp sduhg wkhlu uhodwlyh s huirup dqfh1 Dgglwlrqdoo| / z h kdyh ghyhors hg d Whqvru doj heud I I Woleudu| lq erwk P dwode dqg Mdyd1 Hdfk ri wkh Whqvru oleudulhv kdv ehhq frghg wr h{sorlwwkh fkdudfwhulvwlfv ri wkh vrxufh odqj xdj h1 Rxu uhvxowv lqglfdwh wkdwwkh odwhvw Vxq Vrodulv 519 Mdyd sodwirup fdq surylgh shuirup dqfh z lwklq 53( wr 93( ri rswlp l}hg F fr gh rq vkruw I I Wfrp sxwdwlrqv1 Rq orqj hu I I W frp sxwdwlrqv/ Mdyd lv derxwd idfwru ri 5 wr 6 wlp hv ohvv h! flhqw wkdq rswlp l}hg F frgh1 Z h dqwlflsdwh wklv j ds wr qduurz z lwk ehwwhu frp slohu whfkqrorj | dqg gluhfw h{hfxwlrq rq Mdyd surfhvvruv vxfk dv wkh Ghoi w0Mdyd p xowlwkuhdghg surfhvvru1

4 Lqwur gxfwlr q

Mdyd lvd qhz F. . 0olnh surj udp p lqj odqjxdj h ghvlj qhg iruj hqhudo0sxusrvh/ frqfxuuhqw/ fodvv0edvhg remhfw0 rulhqwhg surj udp p lqj ^4‘1 Wkh odqj xdj h lqfoxghv d qxp ehu ri xvhixosurj udp p lqj ihdwxuhv lqfoxglqj= 4, surj udp p hugh�qhg sdudooholvp lq wkh irup ri v| qfkurql}hg wkuhdgv/ 5, vwurqj w| slqj / 6, j duedj h froohfwlrq/ 7, fodvvhv/ 8, lqkhulwdqfh/ dqg 9, g| qdp lf olqnlqj1 Dq dsshdori wkh odqj xdjh lvd �z ulwh rqfh/ uxq dq| z khuh� sklorvrsk| ^5‘1 Wklv lv dffrp solvkhg e| surylglqj d Mdyd YluwxdoP dfklqh +MYP , lqwhusuhwhu dqg uxqwlp h iru hdfk sodwirup vxss ruwhg ^6‘1 Lq wkhru| / dq| sodwirup wkdwvxssruwv wkh Mdyd uxqwlp h hqylurqp hqwz loo surgxfh wkh vdp h h{hfxwlrq uhvxowv lqghshqghqwri wkh sodwirup 1

Ehfdxvh ri Mdyd*v lqwhusuhwhg h{hfxwlrq/ lwkdv ehhq dvvhuwhg wkdwMdyd lv lqdssursuldwh iru VljqdoSur0 fhvvlqj dssolfdwlrqv1 Z h lqyhvwlj dwh wklv k| srwkhvlv e| frp sdulqj wkh s huirup dqfh ri d wudglwlrqdo I dvw I rxulhu Wudqvirup +I I W, doj rulwkp rulj lqdoo| z ulwwhq lq F dqg wudqvodwhg wr Mdyd1 Z h wkhq h{whqg rxu dqdo| vlv wr d Whqvru doj heud I I Woleudu| frghg lq erwk P dwode dqg Mdyd1

Z h kdyh dovr ghvlj qhg wkh Ghoi w0Mdyd surfhvvru^7‘1 Dq lp s ruwdqwihdwxuh ri wklvdufklwhfwxuh lvwkdwlw kdv ehhq ghvljqhg wr h! flhqwo| h{hfxwh MYP e| whfrghv1 Wkh dufklwhfwxuh kdv wz r orj lfdoylhz v=4, d MYP Lqvwuxfwlrq VhwDufklwhfwxuh+LVD, dqg 5, d ULVF0edvhg LVD1Wkh MYP lv d vwdfn0edvhg LVD z lwk vxssruw iruvwdqgdug gdwdw| shv/ v| qfkurql}dwlrq/ remhfw0rulhqwhg p hwkrg lqyrfdwlrq/ duud| v/ dqg remhfwdoorfdwlrq^6‘1 Dq lp sruwdqwsurshuw| ri Mdyd e| whfrghvlvwkdwvwdwlfdoo| ghwhup lqdeoh w| sh vwdwh hqdeohvvlp soh rq0wkh0 | wudqvodwlrq ri e| whfrghv lqwr h! flhqwp dfklqh frgh^8‘1 Z h xwlol}h wklv surshuw| wr g| qdp lfdoo| wudqvodwh Mdyd e| whfrghv lqwr Ghoi w0Mdyd lqvwuxfwlrqv1 Ehfdxvh wkh e| whfrghv duh vwruhg dv sxuh Mdyd lqvwuxfwlrqv/ Mdyd surj udp v jhqhudwhg e| Mdyd frp slohuv h{hfxwh rq d Ghoi w0Mdyd surfhvvru z lwkrxwp rgl�fdwlrq1 Z h kdyh suhylrxvo| ghyhorshg d P dwode lp sohp hqwdwlrq ri d Whqvrudojheud oleudu| ^9‘1 I ruwklvdqdo| vlv/ z h ghyhors hg dq ht xlydohqwoleudu| lq Mdyd1 D nh| srlqwri hdfk lp sohp hqwdwlrq lv wkdwlwlv z ulwwhq wr xwlol}h lp sruwdqwihdwxuhv ri wkh vrxufh odqj xdj h1 Wkh P dwode lp sohp hqwdwlrq xwlol}hv d yhfwru hqfrglqj dqg wdnhv dgydqwdj h ri wkh exlow0lq Frp soh{ gdwdw| sh1Wkh Mdyd lp sohp hqwdwlrq xvhvd Frp soh{ fodvv wkdw rshudwhv rq wkh Mdyd gdwdw| sh grxeoh1 Wklv doorz v xv wr wuhdwd frp soh{ qxp ehu dv dq| rwkhu qxp ehu wkhuhe| p lp lfnlqj wkh exlow0lq ihdwxuhv ri wkh P dwode v| vwhp 1 Lq dgglwlrq/ wkh Mdyd oleudu| lv uhhqwudqwwr doorz iru p xowlwkuhdghg surj udp p lqj 1 Hdfk Whqvru dojheud lp sohp hqwdwlrq lv exlowiurp edvlf ixqfwlrqv1 D vwdj h ri dq I I Wlv exlowe| h{hfxwlqj d qxp ehu ri sdudoohoI I Wv iroorz hg e| d Shup xwdwlrq skdvh1 Wkh

p dwkhp dwlfdoghvfulswlrq ri wkh doj rulwkp lv d sdudoohoghfrp srvlwlrq edvhg rq Shdvh^: ‘ dqg lv rqo| eulh | vxp p dul}hg dorqj z lwk rqh srvvleoh p dsslqj wr d p xowlwkuhdghg surfhvvru1P ruh ghwdlohg gh�qlwlrqv ri wkh

Nurqhfnhu surgxfw+ghqrwhg e| ◯ , fdq eh irxqg lq ^; / <‘1

Lq Vhfwlrq 5 z h j lyh d eulhi lqwurgxfwlrq wr Whqvru doj heud dqg wkh I dvwI rxulhu Wudqvirup 1 Lq Vhfwlrq

6 z h suhvhqwwkh uhvxowv ri wz r vwxglhv1 Wkh �uvwvwxg| frp sduhv rswlp l}hg F dqg Mdyd I I Wurxwlqhv1 Wkh vhfrqg vwxg| frp sduhv d Whqvru oleudu| lp sohp hqwdwlrq lq erwk P dwode dqg Mdyd1 I lqdoo| / lq Vhfwlrq 7 z h vxp p dul}h rxu �qglqj v dqg suhvhqwfrqfoxvlrqv1

5 Whqvr u Doj heud

Lq wklv vhfwlrq/ z h surylgh dq lqwurgxfwlrq wr wkh I dvwI rxulhu Wudqvirup dqg Whqvru doj heud1 Z h ehjlq e| glvwlqj xlvklqj ehwz hhq vriwz duh wkuhdgv dqg kdugz duh wkuhdg xqlwv +uhihuuhg wr dv frqwh{wv,1 Li

wlv wkh qxp ehu ri vriwz duh wkuhdgv dqg f lv wkh qxp ehu ri kdugz duh frqwh{wv rq z klfk wkh wkuhdgv p d| h{hfxwh/ d srvvleoh p dsslqj ri wkh wkuhdgv wr kdugz duh xqlwv lv j lyhq e| d whqvru ghfrp srvlwlrq1

Ghfflqlwlrq 4 Whqvru Surgxfw1 Wkh whqvru surgxfwri wz r p dwulfhv D @ d̂_{w4 >f 4} ‘ ri rughu +w_4 ⋄ f_4, dqg E @ê_{w4 >f 5} ‘ ri rughu +w_5 ⋄ f_5,/ ghqrwhg e| D◯ E/ lv

D_{w4 >f 4} ◯ E_{w5 >f 5} @ d_{33}E ÷÷÷ ÷÷÷ d_{3+f4 ∗ 4,} E d_{43}E 111 d_{4+f4 ∗ 4,} E 1 1 111 1 1 d_{+w4 ∗ 4,3}E ÷÷÷ ÷÷÷ d_{+w4 ∗ 4,+f 4 ∗ 4,} E +4,

Wkh uhvxowdqwp dwul{ lv ri rughu +w_4w_5 ⋄ f_4f_5, dqg hdfk vxep dwul{ ri wkh irup d_{wl f m}E lv ri wkh rughu +w_5 ⋄ f_5,1 Li L_q lv wkh lghqwlw| p dwul{ ri rughu q/ wklv fdq dovr eh h{suhvvhg dv

D_{w4 f 4} ◯ E_{w5 f 5} @+D_{w4 f 4} ◯ L_{w5} ,+L_{f 4} ◯ E_{w5 f 5} , @+L_{w4} ◯ E_{w5 f 5} ,+D_{w4 f 4} ◯ L_{f 5} , +5,

Wkh whqvru surgxfwlv qrwfrp p xwdwlyh1 Krz hyhu/ z h fdq xvh d fodvv ri shup xwdwlrqv fdoohg vwulgh shup xwdwlrqv z klfk z loofrp p xwh wkh whqvru surgxfw1 I xuwkhup ruh/ wkhvh vwulgh shup xwdwlrqv j ryhuq wkh ordg dqg vwruh gdwd dgguhvvlqj ehwz hhq vwdj hv ri wkh whqvru surgxfwghfrp srvlwlrqv ri GVS doj rulwkp v^<‘1 Wkh shup xwdwlrq p dwul{ sduwlwlrqv wkh frp sxwdwlrqv dqg frp p xqlfdwlrqv e| fkdqj lqj wkh gdwd rz v iurp yhfwru wr sdudooho ru iurp sdudooho wr yhfwru gdwd rz v1 J lyhq d p xowlwkuhdghg surfhvvru z lwk p xowlsoh frqwh{wv/ lwlv s rvvleoh wr rswlp l}h wkh frp sxwdwlrqv vxfk wkdwwkh wkuhdg ohyhosdudooholvp dydlodeoh lq wkh doj rulwkp fdq eh h{sorlwhg dvLqvwuxfwlrq OhyhoSdudooholvp +LOS, lq wkh surfhvvru1 Wkh whqvrushup xwdwlrq p dwul{ S^{wf}_w lv d +wf ⋄ wf, p dwul{ z khuh wkh hohp hqwv +S^{wf}_w ,_{l>m} duh ht xdowr 4 iru l @m@+wf ∗ 4, dqg m@lw p rg +wf ∗ 4,/ 3 ⪰ l → +wf ∗ 4, dqg ht xdowr 3 iru doorwkhu l>mhohp hqwv1 Dv dq h{dp soh/ 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>mhohp hqwv1 J lyhq wkdwS lv d whqvru shup xwdwlrq p dwul{/ wkhq li D lv d +w⋄ w, p dwul{ dqg E lv d +f ⋄ f, p dwul{/ z h fdq frp p xwh wkh whqvru ht xdwlrq xvlqj D_w◯ E_f @S^{wf}_w +E_f ◯ D_w,S^{wf}_f 1

Vrp hdgglwlrqdosurshuwlhvri whqvrudojheud lqfoxghvfdodup xowlsolfdwlrq D◯ δE @δ+D◯ E,/ glvwulexwlyh odz +D . E, ◯ F @ D ◯ F . E ◯ F / dvvrfldwlyh odz D ◯ +E ◯ F , @ +D ◯ E, ◯ F / lghqwlw| surgxfw L_{wf} @L_w◯ L_f / p dwul{ wudqvsrvh +DE,^w@E^wD^w/ whqvruwudqvsrvh +D◯ E,^w@D^w◯ E^w dqg p l{hg surgxfwuxoh +D ◯ E,+F ◯ G, @DF ◯ EG1 514 I r xulhu Wudqvir up

Wkh Q0srlqwI dvwI rxulhu Wudqvirup +I I W, lv j lyhq e| Ht xdwlrq +6,1

Ghfflqlwlrq 5 I dvwI rxulhu Wudqvirup 1 Wkh Q0srlqwI I Wlv jlyhq dv

I I W+ı, @ȷ_n @ Q ∗ 4⋃

m@3 ϖ^{mn}ı_m iru 3 ⪰ n → Q z khuh ϖ @h^{∗ 5τ lQ} / l @ ∫ ∗ 4 +6,

Wkh whqvru irup ri wkh Q0s rlqwI I Wlv jlyhq dv I^{wf} @ S_q^w +L^f ◯ I^w,S_q^f W_q^f +L^w◯ I^f ,S_q^w z khuh I lv wkh

I rxulhu P dwul{ I^q @ϖ̂_{mn}‘/ q lv ht xdowr wf/ S lv wkh whqvru shup xwdwlrq p dwul{/ dqg Wlv d wz lggoh idfwru p dwul{ z krvh hohp hqwv dorqj wkh gldj rqdo ri wkh p dwul{ duh j lyhq e| W_q^f @ gldj +L^f >G^f +q,>///>G^f +q,_{w∗ 4}, dqg G^f +q, @gldj +4>ϖ>///ϖ_{f∗ 4},1 Wklv kdv wkh lqwhusuhwdwlrq ri ghfrp srvlqj wkh I I Wlqwr dq lqlwldogdwd shup xwdwlrq S_q^w iroorz hg e| wsdudoohof0srlqwI I Wv1 Wkh wz lggoh idfwru lv wkhq dssolhg iroorz hg e| d S_q^f gdwd shup xwdwlrq1 Wkhq f lqghshqghqww0s rlqwI I Wv duh shuirup hg1 I lqdoo| / wkh gdwd lv shup xwhg wr lwv

�qdoqrq0elwuhyhuvhg irup 1 Z h fdq lqwhusuhwwdv wkh qxp ehu ri vriwz duh wkuhdgv lq d v| vwhp dqg f dv wkh qxp ehu ri kdugz duh frqwh{wv +h1j 1 wkuhdg xqlwv,1 Rq wkh

Ghoi w0Mdyd surfhvvru/ z h wu| wr rswlp l}h wkh qxp ehu ri wkuhdgv wwr eh dq lqwhj hu p xowlsoh ri wkh qxp ehu ri kdugz duh frqwh{wv f1 Z khq wklv lv srvvleoh/ doo ri wkh kdugz duh wkuhdg xqlwv p dnh surj uhvv frp sxwlqj wkh I I W1 I xuwkhup ruh/ vlqfh doo lqwhu0wkuhdg frp p xqlfdwlrqv wdnh sodfh wkurxjk vkduhg p hp ru| / wkh s hup xwdwlrqv vhuyh dv d eduulhu v| qfkurql}dwlrq srlqw1 Z h vxp p dul}h wkh I I Wht xdwlrqv xvhg lq wklv sdshu lq Ht xdwlrqv +70; ,1 Z h qrwh wkdwedvhg rq lghqwlw| surgxfw/ lwlv srvvleoh wr ghfrp srvh wkh �uvwvwdj h ri Ht xdwlrqv +80; , lqwr p xowlsoh lwhudwlrqv ri L_f ◯ Lw_f vr wkdwhdfk wkuhdg xqlwlv dfwlyh iru doofrp sxwdwlrqv1 Lwlv dovr srvvleoh wr uhduudqjh wkh whqvru irup xodwlrq vr wkdwfrp p xqlfdwlrq wkurxj k vkduhg p hp ru| lvp lqlp l}hg^43‘1I ruwkhsxusrvhvri wklvsdshu/ Ht xdwlrqv +70; , surylgh dght xdwh frp sdulvrq shuirup dqfh1

I_7 @ gluhfwlp sohp hqwdwlrq +7, I_{49} @ S^{49}_7 +L_7 ◯ I_7,S^{49}_7 W^{49}_7 +L_7 ◯ I_7,S^{49}_7 +8, I_{97} @ S^{97}_{49} +L_7 ◯ I_{49},S^{97}_7 W^{97}_7 +L_{49} ◯ I_7,S^{97}_{49} +9, I_{589} @ S^{589}_{97} +L_7 ◯ I_{97},S^{589}_7 W^{589}_7 +L_{97} ◯ I_7,S^{589}_{97} +: , I_{4357} @ S^{4357}_{589} +L_7 ◯ I_{589},S^{4357}_7 W^{4357}_7 +L_{589} ◯ I_7,S^{4357}_{589} +; ,

6 Uhvxowv

Lq wklv vhfwlrq z h ghvfuleh wkh shuirup dqfh p rghov dqg uhvxowv ri rxu h{shulp hqwv1 Dooh{shulp hqwv z huh frqgxfwhg xvlqj d 633P K} Vxq Xowud0Vsduf LLz lwk 45; P E ri p hp ru| uxqqlqj Vrodulv 5191 I ru dooh{shul0 p hqwv/ p xowlsoh lwhudwlrqv z huh shuirup hg wr p lqlp l}h vwduw0xs h�hfwv1 Wkh dyhudj h wlp h lv uhsruwhg edvhg rq d wlp h0ri0gd| ixqfwlrq lq d urrwz lqgrz dwp d{lp xp sulrulw| lq dq rwkhuz lvh qhduo| lgoh v| vwhp 1 Z h p hdvxuh wkh h{hfxwlrq wlp h ri wkh doj rulwkp vdqg qrwwkh wlp h wr ordg wkh lqwhusuhwhuvruwkh wlp h wr frp sloh wkh F frgh1

Wkh �uvwh{shulp hqwlqyhvwlj dwhv d wudglwlrqdoI I Wdoj rulwkp iurp Suhvv^44‘1 Wkh F frgh lv frp slohg xvlqj jff 51: 151 Uhvxowv duh suhvhqwhg iru xqrswlp l}hg dqg 0R6 rswlp l}hg h{hfxwlrq1 Wkh F surj udp z dv wkhq kdqg0wudqvodwhg lqwr dq ht xlydohqwMdyd surj udp 1 Wkh uhvxowlqj frgh grhv qrwwdnh dgydqwdj h ri p rvw ri wkh Mdyd surj udp p lqj frqvwuxfwv1 Lwlv hvvhqwldoo| wkh vdp h F frgh z lwk d Mdyd fodvv z udsshu1 Uhvxowv duh suhvhqwhg iru 0R rswlp l}hg Mdyd frgh1 Wkhuh z huh qr sudfwlfdogl�huhqfhv ehwz hhq xqrswlp l}hg dqg 0R rswlp l}hg Mdyd uhvxowv1 Wkh P dwode qxp ehuv duh wkh wlp hv iru wkh exlow0lq I I Wurxwlqhv1 Wkh Vxq Vrodulv 519 uhvxowv duh iru wkh exlow0lq Mdyd lqwhusuhwhu z lwk MLWwkdwfrp hv vwdqgdug dv sduwri wkh Vrodulv 519 lqvwdoodwlrq1 Wkh Vxq MGN 41417 uhvxowv duh uhsruwhg irufrp sdulvrq1 Wkh Ndffih 31<15 mxvw0lq0wlp h frp slohu uhvxowvduh dovr suhvhqwhg irufrp sdulvrq 1 Wkh Wred^45‘ uhvxowv duh iru wkh 413e9 ehwd uhohdvh1Wred rffi0olqh wudqvodwhv Mdyd e| whfrghv wr F frgh1Wkh F frgh z dv wkhq frp slohg z lwk j ff 51: 15 z lwk 0R6 rswlp l}dwlrq1

Wdeoh 4 vkrz v wkdwwkh ehvwshuirup dqfh lq doofdvhv z dv iru rswlp l}hg F frgh1 D qrwdeoh srlqwlv wkdw wkh Vxq Vrodulv519 sodwirup fdp h z lwklq 53( ri wkh rswlp l}hg F frgh iruwkh vp doohvwI I Wexwglyhuj hg wr derxw6 wlp hv vorz hu iru oduj hu I I Wv1 Wklv lv d vlj ql�fdqwlp suryhp hqwryhu wkh MGN 41417 sodwirup 1 Wkh qhz uhvxowv lp suryh Mdyd*v shuirup dqfh xs wr 45 wlp hv yhuvxv wkh MGN 414171 Lq dgglwlrq/ wkh Vrodulv 519 Mdyd sodwirup lv frp sdudeoh lq shuirup dqfh wr wkh Wred r�0olqh frp slohu z klfk surgxfhg yhu| lp suhvvlyh uhvxowv1P dwode*vexlow0lq I I Woleudulhvduh dovr yhu| frp shwlwlyh z lwk rswlp l}hg F 0sduwlfxoduo| dvwkh I I W vl}h lqfuhdvhv1 Wkh Nd�h MLWlv frp shwlwlyh z khq frp sduhg wr wkh MGN 41417 exwgrhv qrwshuirup dv z hoo dv wkh Vxq Vrodulv 519 sodwirup 1

Wkh vhfrqg h{s hulp hqwlqyhvwlj dwhv wkh h�hfwv rq s huirup dqfh z khq p dq| ri wkh ihdwxuhv ri wkh Mdyd odqj xdj h duh lqyroyhg1 Xqolnh wkh frgh ri wkh �uvwh{shulp hqw/ wkh Mdyd Whqvru oleudu| p dnhv xvh ri p dq|

Wdeoh 4=Suhvv I I WDqdo| vlv1 ri wkh Mdyd surj udp p lqj frqvwuxfwv1Lq sduwlfxodu/ lqkhulwhg fodvvremhfwvduh xvhg dqg wkh frgh lvuhhqwudqw wr doorz iru p xowlwkuhdghg vxeurxwlqhv1 Ehfdxvh ri wklv/ p dq| remhfwv duh fuhdwhg z klfk uht xluh j duedj h froohfwlrq1

Wdeoh 5=Whqvru I I WDqdo| vlv1

Wdeoh 5 vkrz v wkh uhvxowv ri wkh Whqvru doj heud oleudu| iru P dwode dqg Mdyd1 Lq doo fdvhv/ wkh Wred frp slohushuirup vehwwhuwkdq dq| rwkhudowhuqdwlyh1P rvwlqwhuhvwlqj o| / wkh shuirup dqfh gl�huhqfh ehwz hhq wkh Vrodulv 519 sodwirup dqg wkh MGN 41417 duh z lwklq 53( iru doofdvhv1 Wklv lv vlj ql�fdqwo| gl�huhqwwkdq wkh 45{ lp suryhp hqwqrwhg lq wkh �uvwh{shulp hqw1 Z h srvwxodwh wkdwwkh MLW frp slohu p d| qrwkdyh ehhq deoh wr shuirup dv p dq| rswlp l}dwlrqv gxh wr wkh odujh qxp ehu ri remhfwv fuhdwhg1 D sur�oh ri hdfk h{hfxwlrq vwuhdp vkrz hg frp sxwdwlrqv wr eh wkh suhgrp lqdqwwlp h idfwru lq wkh �uvwh{shulp hqwz kloh remhfwfuhdwlrq dqg p hwkrg lqyrfdwlrq z huh p xfk oduj hu shufhqwdj hv ri wkh h{hfxwlrq wlp h iru wkh vhfrqg h{s hulp hqw1 Wred/ rq wkh rwkhu kdqg/ p d| wdnh dv orqj dv qhfhvvdu| wr frp sloh +dowkrxj k rxu h{shulhqfh lv wkdwlwlvqrwp xfk p ruh wkdq d ihz p lqxwhv, dqg wkhuhiruh surgxfhvp ruh rswlp l}hg frgh1 Dovr/ lwp d| qrw eh idluwr frp sduh wkhvh I I Wuhvxowvz lwk wkh uhvxowvsuhvhqwhg lq Wdeoh 41 Wkh whqvruoleudulhvz huh z ulwwhq wr dvvlvwsduwlwlrqlqj ri sdudoohofrgh rqwr p xowlsurfhvvruvdqg p xowlwkuhdghg surfhvvruvdqg qrwsduwlfxoduo| iru devroxwh s huirup dqfh rq d xql0surfhvvru1

7 F r qfoxvlr qv

Z h kdyh frp sduhg I I Wshuirup dqfh lq Mdyd/ P dwode/ dqg F1Z h kdyh irxqg wkdwMdyd p d| r�hu vx! flhqw shuirup dqfh iru I I Wv1 Krz hyhu/ z khq frp sduhg dj dlqvwqdwlyh F frgh/ wkh ehvwMdyd r�0olqh wudqvodwlrq dqg MLW*v p d| vwlooh{hfxwh 5 wr 6 wlp hv vorz hu wkdq dq ht xlydohqwdoj rulwkp z ulwwhq lq F1Krz hyhu/ Vxq*v odwhvwMYP v kdyh vljql�fdqwo| forvhg wkh j ds ehwz hhq qdwlyh F shuirup dqfh dqg Mdyd1 Wkh MYP vklsshg dv sduwri wkh Vrodulv 519 rshudwlqj v| vwhp lv qhduo| 43 wlp hv p ruh h! flhqwrq F0olnh Mdyd frgh wkdq wkh

MGN 41417 dqg surgxfhv uhvxowv z lwklq 53( wr 93( ri rswlp l}hg F iru vp dooI I Wv1 Wkh Nd�h MLWuxqv

derxw5 wr 8 wlp hv vorz hu wkdq wkh lqwhusuhwhg frgh iru wkh whqvru p rgho1 Z h dwwulexwh wklv wr wkh oduj h qxp ehu ri remhfwv fuhdwhg dqg wkh uht xluhp hqwiru dq h! flhqwj duedjh froohfwru1 Z h dovr qrwh wkdwwkh vwdwh ri Mdyd frp slodwlrq lv uhodwlyho| lp p dwxuh frp sduhg wr F frp slohuv1 Dv Mdyd frp slohuv ehfrp h p ruh vrsklvwlfdwhg/ wkh j ds p d| qduurz ixuwkhu1 I xuwkhup ruh/ gluhfwfrp slodwlrq ri Mdyd wr qdwlyh p dfklqh frgh p d| surylgh shuirup dqfh forvho| ulydolqj F1Lq dgglwlrq/ udz shuirup dqfh lvqrwwkh rqo| p hwulf lq xhqflqj wkh vxffhvvri d surgxfw1 I ruh{dp soh/ P dwode kdv dq h{fhswlrqdoo| ulfk oleudu| ri h! flhqwvlj qdosurfhvvlqj urxwlqhv1 Wkh hdvh z lwk z klfk wkhvh duh lqwhj udwhg z lwk rwkhu P dwode surjudp v p dnhv P dwode dq h{fhoohqw GVS ghyhorsp hqwhqylurqp hqw1Lq dgglwlrq/ wkh qxp ehuri olqhvri frgh z ulwwhq iruwkh P dwode surj udp z dv ohvv wkdq iru Mdyd gxh wr wkh exlow0lq Frp soh{ w| sh1 I lqdoo| / z h frqfoxgh wkdwiru dssolfdwlrqv wkdwp dnh suhgrp lqdqwxvh ri Mdyd/ dssolfdwlrq vshfl�f surfhvvruvp d| dffhohudwh Mdyd h{hfxwlrq wr eh dwohdvwrq sdu z lwk dqg srwhqwldoo| ehwwhu wkdq F frgh h{hfxwlrq rq d wudglwlrqdosurfhvvru1 Ghshqglqj xs rq sdudp hwhuv fkrvhq +h1j 1 lvvxh udwhv/ forfn vshhg/ dqg ixqfwlrqdoxqlwodwhqflhv,/ z h kdyh hvwlp dwhg wkdwd

Ghoi w0Mdyd surfhvvru fdq dovr h{hfxwh lq frp sdudeoh wlp h uhodwlyh wr qdwlyh F frgh1 Krz hyhu/ dwwklv srlqwrxu p rghov gr qrwwdnh lqwr dffrxqwL2R ru j duedj h froohfwlrq1 Rxu fxuuhqwz run lv irfxvvlqj rq Mdyd p xowlwkuhdghg shuirup dqfh z klfk p d| surylgh wkh srvvlelolw| ri vlj ql�fdqwjdlqv rq p xowlwkuhdghg surfhvvruv1

Uhihuhqfhv

^4‘ Mdp hv J rvolqj/ ElooMr| / dqg J x| Vwhhoh/ hglwruv1 Wkh Mdyd Odqjxdjh Vshflfflfdwlrq1 Wkh Mdyd Vhulhv1

Dgglvrq0Z hvoh| / Uhdglqj / P D/ XVD/ 4<<91

^5‘ Mdp hv J rvolqj dqg Khqu| P fJ lowrq1 Wkh Mdyd Odqj xdjh Hqylurqp hqw= D Z klwh Sdshu1 Whfk0 qlfdo uhsruw/ Vxq P lfurv| vwhp v/ P rxqwdlq Ylhz / Fdoliruqld/ Rfwrehu 4<<81 Dydlodeoh iurp iws1mdydvriw1frp 2grfv1

^6‘ Wlp Olqgkrop dqg I udqn \ hoolq1 Wkh Mdyd YluwxdoP dfklqh Vshflfflfdwlrq1 Wkh Mdyd Vhulhv1Dgglvrq0

Z hvoh| / Uhdglqj / P D/ XVD/ 4<<: 1

^7‘ F1Mrkq J orvvqhudqg Vwdp dwlvYdvvloldglv1WkhGhoiw0Mdyd Hqj lqh=Dq Lqwurgxfwlrq1Lq Ohfwxuh QrwhvLq

Frp sxwhu Vflhqfh1Wklug LqwhuqdwlrqdoHxur0Sdu Frqihuhqfh +Hxur0Sdu*<: SdudoohoSurfhvvlqj,/ sdj hv

: 99�: : 3/ Sdvvdx/ J hup dq| / Dxj 159 05< 4<<: 1Vsulqj hu0Yhuodj 1

^8‘ Mdp hv J rvolqj1 Mdyd Lqwhup hgldwh E| whfrghv1 Lq DFP VLJ SODQ Qrwlfhv/ sdj hv 444�44; / Qhz \ run/

Q\ / Mdqxdu| 4<<81Dvvrfldwlrq iru Frp sxwlqj P dfklqhu| 1DFP VLJ SODQ Z runvkrs rq Lqwhup hgldwh

Uhsuhvhqwdwlrqv +LU<8,1

^9‘ F1Mrkq J orvvqhu/ J hudog J 1Shfkdqhn/ Vwdp dwlvYdvvloldglv/ dqg MrhOdqgrq1Klj k0Shuirup dqfhSdudooho

I I WDoj rulwkp vrq P 1i1d1v1w1Xvlqj WhqvruDoj heud1Lq Surfhhglqjvri wkh VljqdoSurfhvvlqj Dssolfdwlrqv

Frqihuhqfh dwGVS{*<9/ sdjhv85<�869/ Vdq Mrvh Frqyhqwlrq Fhqwhu/ Vdq Mrvh/ Fd1/ P dufk 44047 4<<91

^: ‘ P duvkdooF1Shdvh1 Dq Dgdswdwlrq ri wkh I dvwI rxulhu Wudqvirup iru SdudoohoSurfhvvlqj 1 Mrxuqdori wkh DFP / 48+5,=585�597/ Dsulo4<9;1

^; ‘ M1U1Mrkqvrq/ U1Z 1Mrkqvrq/ G1Urguljxh}/ dqg U1Wrolp lhul1D P hwkrgrorj | iruGhvljqlqj / P rgli| lqj/ dqg Lp sohp hqwlqj I rxulhu Wudqvirup Dojrulwkp v rq Ydulrxv Dufklwhfwxuhv1 Flufxlwv V| vwhp v Vljqdo

Surfhvv/ <+7,=77<�833/ 4<<31

^<‘ U1Wrolp lhul/ P 1Dq/ dqg F1Ox1Dojrulwkp viru Glvfuhwh I rxulhuWudqvirup dqg Frqyroxwlrq1Vsulqjhu0

Yhuodj / Qhz \ run/ 4<<51

^43‘ V1N1V1J xswd1V| qwkhvl}lqj Frp p xqlfdwlrq0H! flhqwGlvwuxewhg0P hp ru| SdudoohoSurjudp v iru Eorfn

Uhfxuvlyh Dojrulwkp v1 SkG glvvhuwdwlrq/ Wkh Rklr Vwdwh Xqlyhuvlw| / Frp sxwhu Vflhqfh Ghsduwp hqw/

4<<81

^44‘ Z looldp K1Suhvv/ VdxoD1Whxnrovnh| / Z looldp W1Yhwwhuolqj / dqg Euldq S1I odqqhu| 1Qxp hulfdoUhflshv lq F=Wkh Duwri Vflhqwlfflf Frp sxwlqj1 Fdp eulgjh Xqlyhuvlw| Suhvv/ Fdp eulgjh/ XN/ 5 hglwlrq/ 4<<51

^45‘ Wrgg D1Surhevwlqj/ J uhjj Wrz qvhqg/ Sdwulfn Eulgj hv/ Mrkq K1Kduwp dq/ Wlp Qhz vkdp / dqg VfrwwD1

Z dwwhuvrq1 Wred= Mdyd I ru Dssolfdwlrqv 0 D Z d| Dkhdg ri Wlp h +Z DW, Frp slohu1 Lq Surfhhglqjv

Wklug Frqihuhqfh rq Remhfw0Rulhqwhg Whfkqrorjlhv dqg V| vwhp v +FRRWV*<: ,/ 4<<:1