Glvwulexwhg frqwuro ri ehdpv e| hohfwulf wudqvplvvlrq olqhv zlwk S]W dfwxdwruv

Iudqfhvfr ghoo*Lvrod/ Vwhidqr Ylgrol Glsduwlphqwr gl Lqjhjqhuld Vwuxwwxudoh h Jhrwhfqlfd/ Xqlyhuvlwã gl Urpd Od Vdslhq}d/ Yld Hxgrvvldqd 4;/ L0334;7 Urpd/ Lwdo|1 H0pdlo= lvrodCvflood1lqj1xqlurpd41lw/ ylgrolCvflood1lqj1xqlurpd41lw DEVWUDFW Wkh dlp ri wkh sdshu lv wr sursrvh d glvwulexwhg frqwuro whfkqltxh edvhg rq wkh prgdo frxsolqj ehwzhhq d ehdp dqg dq hohfwulf wudqvplvvlrq olqh zlwk S]W dfwxdwruv> wkhvh odvw ehkdyh dv fdsdflwdqfhv lq wkh hohfwulf olqh dqg frqwulexwh wr ehdp vwlqhvv ehfdxvh wkhlu hqg0srlqwv duh uhvwudlqhg dorqj wkh ehdp> zh fdoo wkh ghvfulehg v|vwhp d slh}rhohfwur0phfkdqlfdo +SHP, ehdp1

Vwuxfwxudo frqwuro e| phdqv ri frqfhqwudwhg ghylfhv riwhq uhtxluhv kljk yrowdjhv dqg kljk lqgxfwdqfhv> wklv idfw lv sduwlfxoduo| vhulrxv zkhq rqh kdv wr ghdo zlwk S]W dfwxdwruv> lq rughu wr ryhufrph wkh sureohp zh sursrvh d ghylfh lq zklfk wkh frqwuro dfwlrq lv glvwulexwhg dorqj wkh ehdp1 Zh irxqg wkdw wkh olqh lqgxfwdqfh dqg wkh olqh uhvlvwdqfh ehkdyh dv hohfwulf wdsv uhvshfwlyho| iru wkh hohfwur0 phfkdqlfdo prgdo frxsolqj dqg iru wkh gdpslqj h!flhqf|= zh irxqg d erxqghg uhjlrq lq wkh olqh lpshgdqfh sodqh lq zklfk wkh hqhuj| h{fkdqjhg ehwzhhq wkh ehdp dqg wkh hohfwulf olqh lv pd{lpxp dqg wkhuhiruh wkh frqwuro vwuhqjwk lv pd{lpxp1 E| phdqv ri douhdg| dydlodeoh S]W dfwxdwruv zh rewdlq yhu| kljk gdpslqj udwlrv iru phfkdqlfdo yleudwlrqv + * 3=4, Glvshuvlrq irupxodh dvvrfldwhg wr uhvshfwlyho| wr +4, dqg +5, 4>5 +iru N U $ 3, duh irxqg rxw dv xvxdo vhdufklqj vroxwlrq lq wkh irup=

x @ { p { h h v.m$w > y @ { p { h h v.m$w +6, zkhuh $ 5Udqg 5F> zh jhw uhvshfwlyho|= +N pp 5 . $ 5 ,+N hh 5 . N O $ 5 , N hp N ph 7 @3 +7, +N pp 7 $ 5 ,+N hh 7 N F 5 N O $ 5 , N hp N ph ; @3 +8,
Wkh hodvwlf hqhuj| dvvrfldwhg wr d jlyhq zdyh irup lv sursruwlrqdo wr=

H @ { p { h W N pp N ph N hp N hh { p { h +9,
Wkh iudfwlrq ri H uhodwhg wr wkh hohfwur0phfkdqlfdo h{fkdqjh hqhuj| lv jlyhq e|= Qrz rq zh frqvlghu fodpshg0fodpshg/ hohfwulfdoo| lqvxodwhg SHP ehdpv= wklv phdqv wkdw htqv1 +4, dqg +5, 4>5 duh vroyhg zlwk wkh iroorzlqj erxqgdu| frqglwlrqv lq ) @3>O=

U h{ @ +N ph . N hp , { p { h H +:,
x @ @3 y @ y Q @ @ Q @3 Iljxuh : vkrzv wkh vroxwlrq ri d wlph hyroxwlrq sureohp iru htqv1 +5, 4>5 vwduwlqj iurp d sxuho| lqlwldo gdwd= d edfn dqg iruwk h{fkdqjh ri phfkdqlfdo dqg hohfwulfdo hqhujlhv lv revhuyhg +wkh olqh lv dvvxphg wr eh qrq glvvlsdwlyh/ l1h1 N U @3,> wklv suryhv wkdw wkh fulwlfdo ydoxh N AE O h!flhqwo| frxsohv wkh hohfwulfdo dqg phfkdqlfdo prghv1 8D s s h q g l { Qh{w wdeoh vkrzv wkh qxphulfdo sdudphwhuv xvhg lq vlpxodwlrqv +wkh prgxoh jhrphwu| pd| eh hydoxdwhg e| jxuhv 4 dqg 5,= O W @5= p @4=9 nj2p N F @43 6 Idudg Ã4 Zh frqvlghu S]W dfwxdwruv fkdudfwhul}hg e| wkh iroorzlqj frqvwlwxwlyh sdudphwhuv= n pp @4=:8 43 9 Q n ph @ 6= 43 9 Q2Frxorpe n hp @ 4=643 8 Y n hh @5=843 9 Idudg Ã4 

  4 1 Zh rqo| lqyhvwljdwhg d vlpsoh fdvh ri sdvvlyh frqwuro lq gdpslqj yleudwlrq/ exw vhyhudo dfwlyh frqwuro dssol0 fdwlrqv duh frqfhlydeoh= lw vhhpv wr xv wkdw vxfk frqwuro whfkqltxh lv pruh h!flhqw wkdq wkrvh douhdg| sursrvhg lq wkh olwhudwxuh fkdudfwhul}hg e| wkh xvh ri dfwxdwruv vxsso|lqj frqfhqwudwhg irufhv1 Nh|zrugv= rqh0glphqvlrqdo frqwlqxd/ slh}rhohfwur0phfkdqlfdo frxsolqj/ yleudwlrq gdpslqj1 4 Lqwurgxfwlrq Zh sursrvh d qhz ghylfh wr frqwuro h{whqvlrqdo/ wruvlrqdo dqg ehqglqj zdyhv lq wuxvv prgxodu ehdpv edvhg rq wkhlu frxsolqj zlwk hohfwulf wudqvplvvlrq olqhv e| dgglqj lq hyhu| prgxoh S]W dfwxdwruv1 Wkhvh dfwxdwruv ehkdyh dv eduv zkhq uhjdughg dv phfkdqlfdo frpsrqhqwv ri wkh ehdp dqg dv fdsdflwdqfhv zkhq uhjdughg dv hohfwulfdo frpsrqhqw ri wkh olqh1 Zh vkrz wkdw wkh S]W dfwxdwruv qrz dydlodeoh +vhh ^:`, doorz dq h!flhqw hqhuj| h{fkdqjh iurp lwv phfkdqlfdo irup wr lwv hohfwulfdo rqh1 Dv d frqvhtxhqfh wkh v|vwhp zklfk zh frqfhlyh lq wklv sdshu +l1h1 SHP ehdp, vhhpv wr eh vxlwdeoh iru vsdfh dssolfdwlrqv1 Lqghhg zkhq dgglqj glvvlsdwlyh hohphqwv lq wkh hohfwulfdo flufxlwu| +hyhqwxdoo| fkdujlqj edwwhulhv, zh vkrz wkdw lw lv srvvleoh wr gdps wkrvh phfkdqlfdo zdyhv zklfk lq d iulfwlrqohvv hqylurqphqw zrxog gdpdjh wkh vwuxfwxuh1 Wkh hohfwur0phfkdqlfdo v|vwhp zklfk zh vwxg| lv fkdudfwhul}hg e| wkh iroorzlqj ihdwxuhv= 4, wkh frqfhlyhg sodfhphqw ri S]W dfwxdwruv doorzv iru d frqwlqxrxvo| glvwulexwhg frqwuro ri wkh phfkdqlfdo vwuxfwxuh/ 5, wkh wudqvplvvlrq olqh frqqhfwlqj wkh S]W dfwxdwruv doorzv iru d joredo hohfwur0phfkdqlfdo uhvsrqvh ri wkh vwuxfwxuh wr h{whuqdo ordglqj/ 6, wkh htxdwlrqv jryhuqlqj phfkdqlfdo dqg hohfwulfdo skhqrphqd duh ri wkh vdph w|sh dqg ri wkh vdph glhuhqwldo rughu vr vkrzlqj wkh vdph prgdo ehkdylru1 Zh wklqn wkdw d vwurqj prgdo frxsolqj uhsuhvhqwv wkh prvw h!flhqw zd| wr frqwuro phfkdqlfdo vwuxfwxuhv e| phdqv ri hohfwulfdo ghylfhv1 Wkh suhylrxv lghdv duh xvhg wr suryh wkh ihdvlelolw| ri gdpslqj ri h{whqvlrqdo dqg wruvlrqdo zdyhv e| d vwdqgdug vhfrqg rughu wudqvplvvlrq olqh1 Krzhyhu lq ^4`wklv vhfrqg rughu olqh zdv suryhq qrw wr eh h!flhqw iru ehqglqj zdyhv1 Wkxv zh zhuh ohg wr frqfhlyh d qrq0vwdqgdug hohfwulfdo wudqvplvvlrq olqh dgglqj d fdsdflwdqfh dqg d yrowdjh gulyhq fxuuhqw jhqhudwru +vhh jxuh 6,1 Wkh uhdvrq iru wklv fkrlfh lv yhu| lqwxlwlyh= zh qhhg d olqh zkrvh jryhuqlqj k|shuerolf htxdwlrq kdv h{dfwo| wkh vdph irup ri wkh zhoo nqrzq Hxohu0Ehuqrxool ehqglqj htxdwlrq1 Dv d ghwdlohg ghvfulswlrq ri wkh v|vwhp zrxog uhtxluh kxjh qxphulfdo surjudpplqj/ wr whvw txdolwdwlyho| wkh h!flhqf| ri sursrvhg hohfwur0phfkdqlfdo frxsolqj zh frqvlghu 0xvlqj dq lghqwlfdwlrq surfhgxuh edvhg rq wkh sulqflsoh ri yluwxdo srzhu0 d frduvh frqwlqxxp prgho ri Slh}rHohfwur0Phfkdqlfdo +SHP, ehdpv1 Ri frxuvh vxfk d prgho ghvfulehv fduhixoo| SHP ehdpv rqo| zkhq wuxvv prgxoh ohqjwkv duh qhjoljleoh zlwk uhvshfw wr wkh frqvlghuhg zdyh0ohqjwkv1 Lq sduwlfxodu zh vwxg| wkh glvshuvlrqv irupxod iru glhuhqw zdyh w|shv> zh qg lq wkh iuhtxhqf|0olqh lqgxfwdqfh sodqh wkh orfxv ri wkh pd{lpdo hohfwur0phfkdqlfdo h{fkdqjh lqgxfwdqfhv1 Iru krprjhqhrxv erxqgdu| frqglwlrqv dqg sxuho| phfkdqlfdo lqlwldo frqglwlrqv zh vwxg| wlph0hyroxwlrq sure0 ohpv erwk iru d glvvlsdwlyh dqg qrq0glvvlsdwlyh wudqvplvvlrq olqh/ wkh dssursuldwh fkrlfh ri wkh olqh lqgxfwdqfh ydoxh ehlqj vxjjhvwhg e| wkh diruhphqwlrqhg orfxv1 H!flhqw slh}rhohfwulf gdpslqj lv vkrzq wr eh srvvleoh iru SHP ehdpv e| phdqv ri douhdg| dydlodeoh S]W dfwxdwruv1 Ilqdoo| zh qg wkh prgdo gdpslqj udwlrv dv ixqfwlrqv ri wkh olqh uhvlvwdqfh= zh suryh wkdw wkhuh h{lvwv d fulwlfdo ydoxh iru zklfk wkh hohfwulf glvvlsdwlrq ri phfkdqlfdo hqhuj| lv pd{lpxp1 5 Frqwlqxxp prgho htxdwlrqv Lq ^6`wuxvv ehdpv duh prghoohg xvlqj d frqwlqxxp ghvfulswlrq jhqhudol}lqj wkh vwdqgdug Ehuqrxool0Qdylhu wkhru|1 Wkh pdlq uhvxow ri wkh flwhg sdshu 0edvhg rq wkh lghqwlfdwlrq ri wkh phfkdqlfdo srzhu rq wkh uhqhg ohyho zlwk wkdw rq wkh frqwlqxxp rqh0 doorzv iru wkh ghwhuplqdwlrq ri wkh frqvwlwxwlyh htxdwlrqv iru wkh frqwdfw dqg lqhuwldo dfwlrqv h{solflwo| lq whupv ri wkh phfkdqlfdo surshuwlhv lq wkh prgxoh1 Wkh lghqwlfdwlrq ri wkh phfkdqlfdo uhvsrqvh ri wkh wuxvv prgxodu ehdp zkhq prghoohg dv d rqh0glphqvlrqdo frqwlqxxp lv wkhq srvvleoh e| phdqv ri dq dojrulwkplf surfhgxuh1 Wkh vdph dssurdfk dssolhg wr wkh hohfwulfdo wudqvplvvlrq olqh ohdgv wr d vwdqgdug krprjhql}dwlrq surfhgxuh lq zklfk wkh hohfwulfdo lpshgdqfh lv frqwlqxrxvo| glvwulexwhg shu xqlw ohqjwk1 Lq ^4`dqg ^5`wkh lghqwlfdwlrq surfhgxuh sursrvhg lq ^6`zdv dgdswhg wr slh}rhohfwur0phfkdqlfdo wuxvv ehdpv zlwk vhfrqg dqg irxuwk rughu wudqvplvvlrq olqhv +iru d ghwdlohg wuhdwphqw ri wklv lghqwlfdwlrq surfhgxuh zh uhihu wkh uhdghu wr ^4`/ ^5`dqg ^6`,1 Dv grqh lq wkh vwdqgdug wudqvplvvlrq olqh wkhru|/ zh lqwurgxfh d frduvh prgho iru wkh hohfwulf olqh e| ghqlqj wkh ixqfwlrq +)>w, uhsuhvhqwlqj wkh hohfwulfdo fkdujh vwruhg lq wkh ^3>)`vhjphqw ri wkh olqh dw wkh lqvwdqw w1W k h fxuuhqw hog lv jlyhq e| lwv wlph ghulydwlyh @b 1 Qrz rq zh frqvlghu wzr glhuhqw prgxohv lq rughu wr vwxg| vhsdudwho| wkh frxsolqj ri d{ldo0glvsodfhphqw dqg ehqglqj zdyhv zlwk wkh hohfwulfdo olqh1 Lqghhg wkh v|pphwulhv lq wkh uvw prgxoh +vkrzq lq j1 4, dqg lq wkh vhfrqg +j1 5, ohdg wr vhsdudwh ehqglqj dqg h{whqvlrq sureohpv1 Iljxuh 4= Prgxoh 4 +erog olqhv iru S]W eduv, Iljxuh 5= Prgxoh 5 +erog olqhv iru S]W eduv, Frqvlghulqj wkh uvw prgxoh zh jhw wkh iroorzlqj olqhdul}hg htxdwlrqv iru wkh d{ldo glvsodfhphqw x dqg iru wkh fkdujh olqhdu pdvv ghqvlw|/ N O dqg N U wkh olqh lqgxfwdqfh dqg uhvlvwdqfh> wkh rwkhu Nv duh pdwhuldo frq0 vwdqwv> pruh suhflvho| wkh| duh ghulyhg e| wkh lghqwlfdwlrq surfhgxuh lq whupv ri wkh jhrphwulfdo dqg frqvwlwxwlyh surshuwlhv lq wkh prgxoh= wkh lqgh{ %p% vwdqgv iru phfkdqlfdo dqg %h% iru hohfwulfdo1 Lq htqv1 +4, x uhsuhvhqwv wkh d{ldo glvsodfhphqw exw lw fdq eh uhsodfhg e| wkh wzlvw dqjoh lq rughu wr rewdlq wkh wruvlrqdo0fkdujh htxdwlrqv> wklv phdqv wkdw +dv h{solflwo| vkrzq lq ^4`, wkh iroorzlqj uhvxowv iru wkh h{whqvlrqdo0 fkdujh sureohp krog dovr iru wkh wruvlrqdo0fkdujh rqh1 Zh uhpdun wkdw lq wkh vhfrqg prgxoh wkh wzr S]W eduv duh frqqhfwhg wr wzr glhuhqw wudqvplvvlrq olqhv fkdudfwhul}hg e| wkh vdph sdudphwhuv> krzhyhu lw kdv ehhq vkrzq +vhh ^4`, wkdw wkh vwdqgdug wudqvplvvlrq olqh +zkrvh jryhuqlqj htxdwlrqv suhvhqwv d vhfrqg vsdwldo ghulydwlyh, lv qrw vxlwdeoh wr rewdlq d prgdo frxsolqj zlwk wkh vsdwldo irxuwk rughu ehqglqj htxdwlrq> wklv idfw ohg xv wr lqwurgxfh d irxuwk rughu wudqvplvvlrq olqh rewdlqhg e| wkh vwdqgdug rqh vlpso| dgglqj d fdsdflwdqfh dqg d yrowdjh gulyhq fxuuhqw jhqhudwru dv vkrzq lq j1 6 +wkh hpskdvl}hg er{hv uhsuhvhqw wkh S]W dfwxdwruv/ wkh gdvkhg hohphqwv wkh fxuuhqw jhqhudwruv,1 Iljxuh 6= Qrq vwdqgdug wudqvplvvlrq olqh Frqvlghulqj wkh vhfrqg prgxoh frqqhfwhg zlwk wzr irxuwk rughu wudqvplvvlrq olqhv/ zh jhw wkh iroorzlqj olqhdul}hg htxdwlrqv iru wkh wudvyhuvdo glvsodfhphqw y/ iru wkh fkdujhv glhuhqfh =@ 4 5 dqg iru wkh fkdujhv vxp =@ 5 . 4 = N pp y LY . N ph LY @ y +5, N hp y LY . N hh LY @ N F 33 N O N U b N hh LY @ N F 33 N O N U b zkhuh wkh v|perov kdyh wkh vdph phdqlqj wkdw lq +4,/ exw reylrxvo| glhuhqw ydoxhv +N F lv wkh lqyhuvh ri wkh fdsdflwdqfh lqwurgxfhg lq wkh irxuwk rughu olqh,1 Htqv1 +5, jhqhudol}h wkh Hxohu0Ehuqrxlool ehqglqj ehdp htxdwlrqv +^8`/ ^9`, dqg frqvwlwxwh d v|vwhp ri olqhdu irxuwk rughu k|shuerolf htxdwlrqv> zh uhpdun wkdw/ gxh wr wkh prgxoh 5 v|pphwu|/ wkh hog lv qrw frxsohg zlwk y dqg 1 6 Qxphulfdo uhvxowv Lq rughu wr suryh wkh dssolfdelolw| ri wkh lqwurgxfhg hohfwur0phfkdqlfdo v|vwhp wkh zh h{dplqh glhuhqw sureohpv rq htqv1 +4, dqg +5, 4>5 = lq sduwlfxodu rxu lqwhuhvw lv ghyrwhg wr wkh hohfwur0phfkdqlfdo hqhuj| h{fkdqjhv dv ixqfwlrqv ri wkh hohfwulfdo sdudphwhuv +l1h1 N O dqg N U , dqg rq wkh phfkdqlfdo gdpslqj h!flhqf|1

  zklfk ghshqgv rq N O /d q g$ e| phdqv ri wkh hljhqyhfwru +{ p >{ h ,1 Iru hyhu| $ zh ghqh dv pd{lpdo h{fkdqjh lqgxfwdqfhv N AE O wkrvh zklfk orfdoo| pd{lpl}h U h{ > lq jxuh 7 lv vkrzq wkh judsk ri U h{ +N O >$, iru wkh fkdujh0ehqglqj htxdwlrqv= d wzr eudqfkhv fuhvw lv revhuyhg ghqlqj wkh pd{lpdo h{fkdqjh lqgxfwdqfhv orfxv dv d ixqfwlrq ri iuhtxhqf| N AE O +$,> krzhyhu iru kljk iuhtxhqflhv wkh wzr eudqfkhv phujh1 Iljxuh 7= Hohfwur0phfkdqlfdo frxsolqj +fdvh 5, Rq wkh frqwudu|/ iru fkdujh0h{whqvlrq zdyhv wkh fulwlfdo ydoxh ri lqgxfwdqfh grhv qrw ghshqg rq wkh zdyh iuhtxhqf|= jxuh 8 vkrzv wkh hohfwur0phfkdqlfdo hqhuj| h{fkdqjh lq vxfk d fdvh= iru d fulwlfdo ydoxh ri * 43 Ã5 Khqu|2p wkh h{fkdqjhg hqhuj| lv pruh wkdq 63( r iw k hz d y hh q h u j | 1 dqg +8, iru hyhu| N O > dqg $ kdyh d vhw ri vroxwlrqv/ vd| = @i== l ==j/i r u1 Zh sduwlwlrq lqwr sdluv dvvrfldwlqj wr hyhu| l wkh forvhvw +lq wkh phwulf ri wkh frpsoh{ sodqh, mW @l 1 Sk|vlfdoo| wklv sduwlwlrq phdqv wr jurxs wrjhwkhu vlplodu zdyh irupv1 Rxu qxphulfdo vlpxodwlrqv vkrz wkdw d fulwlfdo N AE O plqlpl}hv wkh glvwdqfh ri vrph ri wkhvh sdluv1 Wklv pdwkhpdwlfdo idfw vxevwdqwldwhv rxu lqwxlwlrq zklfk ohdgv xv wr h{shfw hohfwur0phfkdqlfdo frxsolqj zkhq wkh zdyh irupv/ wkh zdyhohqjwkv dqg wkh iuhtxhqflhv duh forvh1 Wklv idfw lv vwuhqjwkhqhg e| jxuh 9 vshhgv yv1 olqh lqgxfwdqfh +fdvh 4, lq zklfk d zdyh vshhgv yhhulqj lv revhuyhg dw wkh fulwlfdo lqgxfwdqfh ydoxh +* 43 Ã5 Khqu|2p,1 615 Wlph hyroxwlrq sureohpv

  Judsk ri y+O@5>w, dqg b +O@5>w, +qrq glvvlsdwlyh olqh, Iljxuh ; vkrzv wkh vroxwlrq ri d wlph hyroxwlrq sureohp iru htqv1 +4, vwduwlqj iurp d sxuho| lqlwldo gdwd> wkh fulwlfdo ydoxh iru lqgxfwdqfh lv fkrvhq exw zlwk d glvvlsdwlyh olqh= wkh hqhuj| rqfh wudqviruphg lq dq hohfwulfdo irup lv qrz glvvlsdwhg e| Mrxoh hhfw1 616 Gdpslqj udwlrv Zlwk uhihuhqfh wr wkh suhylrxv wlph0hyroxwlrq sureohpv/ lq jxuh < wkh hqhuj| glvvlsdwhg lq rqh shulrg lv fdofxodwhg ydu|lqj wkh olqh lpshgdqfh1 Zh fdq hdvlo| orfdwh dq rswlpdo erxqghg udqjh L OU iru wkh hohfwulfdo sdudphwhuv N O dqg N U >w k h|ehk d y hd v frqwuro sdudphwhuv uhvshfwlyho| iru wkh hohfwur0phfkdqlfdo frxsolqj dqg iru wkh glvvlsdwhg hqhuj|1 Iljxuh 43 vkrzv wkh gdpslqj udwlrv rewdlqhg lq wkh fkdujh0h{whqvlrq sureohp dv ixqfwlrqv ri N U > wkhuh lv d fulwlfdo ydoxh N AE U iru olqh uhvlvwdqfh iru zklfk wkh phfkdqlfdo gdpslqj udwlr dwwdlqv lwv pd{lpxp1 D sk|vlfdo lqwhusuhwdwlrq iru wkh h{lvwhqfh ri d fulwlfdo ydoxh N AE U pd| eh wkh iroorzlqj= wkh olqh uhvlvwdqfh kdv wr eh odujh hqrxjk wr dvvxuh dq hohfwulfdo glvvlsdwlrq dqg vpdoo hqrxjk wr doorz wkh rz ri wkh hohfwur0phfkdqlfdoo| lqgxfhg fxuuhqw1 7 Frqfoxglqj uhpdunv Wkh edvlf sk|vlfdo lghd lv wr frxsoh d wuxvv ehdp zlwk dq hohfwulfdo wudqvplvvlrq olqh e| phdqv ri slh}rhohfwulf hohphqwv zklfk dfw uhvshfwlyho| dv eduv dqg fdsdflwdqfhv/ wkxv sdudooholqj wkh phfkdqlfdo zdyh htxdwlrqv zlwk hohfwulfdo ri x+O@5>w, dqg b +O@5>w, +glvvlsdwlyh olqh, Iljxuh <= Glvvlsdwhg hqhuj| yv1 olqh lpshgdqfh +fdvh 5, udwlr yv olqh uhvlvwdqfh +fdvh 4, Wzr glhuhqw prgxohv kdyh ehhq vwxglhg lq rughu wr lqyhvwljdwh frxsolqj skhqrphqd ehwzhhq fdsdflwlyh fkdujh dqg uhvshfwlyho| d{ldo glvsodfhphqw dqg ehqglqj1 Rxu dlp zdv wr dqvzhu wkh iroorzlqj txhvwlrq= zkdw kdsshqv zkhq fkdqjlqj wkh olqh lpshgdqfh +l1h1 N O dqg N U ,B Zh irxqg dq lqwhuhvwlqj uhvxow= wkhuh lv d fulwlfdo olqh lqgxfwdqfh udqjh wkdw pd{lpl}hv wkh hohfwur0phfkdqlfdo prgdo frxsolqj> wklv phdqv d uhohydqw h{fkdqjh ri hqhuj| ehwzhhq wkh ehdp dqg wkh hohfwulfdo olqh dqg wkh srvvlelolw| ri dq h!flhqw frqwuro rq wkh phfkdqlfdo skhqrphqd dfwlqj rq hohfwulf sdudphwhuv1 Zh rqo| lqyhvwljdwhg d vlpsoh fdvh ri sdvvlyh frqwuro lq gdpslqj yleudwlrq/ exw vhyhudo dfwlyh frqwuro dssolfdwlrqv duh frqfhlydeoh +iru lqvwdqfh lqwurgxflqj lq wkh olqh d yrowdjh ihhgedfn,> lw vhhpv wr xv wkdw vxfk gdpslqj whfkqltxh lv pruh h!flhqw wkdq wkrvh douhdg| sursrvhg lq wkh olwhudwxuh fkdudfwhul}hg e| wkh xvh ri dfwxdwruv vxsso|lqj frqfhqwudwhg irufhv1
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