Wkh vhdvrqdoNSVVvwdwlvwlf

Mrkdq O| kdj hq^W Ghsduwp hqwri Hfrqrp lf Vwdwlvwlfv

Vwrfnkrop Vfkrrori Hfrqrp lfv S1R1Er{ 9834 VH0446 ; 6 Vwrfnkrop / Vz hghq

H0p dlo=VWMOCKKV1VH Vwrfnkrop Vfkrrori Hfrqrp lfv Z runlqj Sdshu Vhulhv lq Hfrqrp lfv dqg I lqdqfh/ Qr1 687

I heuxdu| 4/ 5333

De vwudfw

Lq wklv sds hu d vhdvrqdo yhuvlrq ri wkh NSVV whvwiru xqlwur rwv duh surs rvhg dqg lwvdv| p swrwlf glvwulexwlrq lvvwdwhg1 I xuwkhu/ d vp dooP rqwh Fduor vlp xodwlrq lv xvhg wr dqdo| vh vrp h vl}h dqg s rz hu surs huwlhv1

4 Lqwur gxfwlr q

Wkh p rvwfrp p rq xqlwurrwwhvwlv ri wkh Glfnh| 0I xoohu w| sh/ vhh I xoohu +4<: 9, dqg Glfnh| dqg I xoohu +4<: <,/ z klfk kdv d qxoo ri d xqlwurrw1 I ru h{dp soh Qhovrq dqg Sorvvhu+4<; 5, xvhwklvnlqg ri whvwvrq 47 dqqxdoX1V1hfrqrp lf wlp h vhulhv qrwuhmhfwlqj wkh qxooiru dooh{hfswrqh vhulhv1 Rqh srvvleoh h{sodqdwlrq iru wklv lv wkdwxqlwurrwwhvwv riwhq kdyh orz srz hu dj dlqvwdowhuqdwlyhv forvh wr wkh qxoo/ vhh h1j 1 Glherog dqg Uxghexvfk +4<<4,/ GhMrqj hw1 do1 +4<<5, dqg Uxghexvfk +4<<5,1 Wklv lp solhv wkdwwkhuh z rxog eh dq lqwhuhvwlq xqlwurrw whvwv z klfk kdv wkh qxoo ri qr xqlwurrw1 D srsxodu whvwz lwk wklv ihdwxuh lv wkh NSVVwhvwri Nz dlwnrz vnl hw1 do1 +4<<5,1 Wkh sxusrvh ri wklv sdshu lv wr j hqhudolvh wkh NSVVvwdwlvwlf wr vhdvrqdoxqlwurrwv1 Wkh qh{wvhfwlrq suhvhqwv wkh vhdvrqdo NSVV whvwdqg lwv dv| p swrwlf glvwulexwlrq z kloh wkh sdshu hqgv z lwk d P rqwh Fduor vlp xodwlrq lqyhvwlj dwlqj vp doovdp soh surshuwlhv ri wkh vl}h dqg srz hu1

WI lqdqfldovxss ruwiurp Wkh Vz hglvk I r xqgdwlrq ir uLqwhuqdwlr qdoF r rs hudwlr q lq Uhvhdufk dqg Klj khu Hgxfdwlr q +VWLQW, lv j udwhixoo| dfnqrz ohgj hg1

5 Wkh vhdvr qdoNSVV

Frqvlghu wkh iroorz lqj surfhvv

D+O, ȷ^w@h^w +4, z khuh D+O, lvd sro| qrp ldolq wkh odj rshudwruO/Rxulqwhuhvwlvwr whvwli D+O, frqwdlqv d xqlwurrwdwiuht xhqf| λ^p /I luvw/ gl�huhqfh wkh vhulhv vr wkdwwkhuh duh qr rwkhu xqlwurrwv/ l1h1 iru t xduwhuo| gdwd dqg z h z dqwwr whvwiru wkh xqlw urrw∗ 4 wkhq xvh wkh �owhu +4∗ O, +4. lO, +4∗ lO, j lylqj wkh uhvlgxdov ϱ^w/

OhwV_{+p ,}^w @ ⋃^w m@4 ℘_m^p ϱ^m z khuh ℘^p @h_{lλp} wkhq wkh vhdvrqdoNSVVvwdwlvwlf lv κ_{+p ,} @ ⋃^W w@4 V_{+p ,}^w ßV_{+p ,}^w

W_5ϕ_5^ϱ +5, z khuh ßV_{+p ,}^w lv wkh frp soh{ frqmxj dwh ri V_{+p ,}^w /I xuwkhu ϕ_5^ϱ qhhg wr eh uhsodfhg z lwk dq hvwlp dwh/ h1j 1 d frqvlvwhqwrqh dv lq Qhz h| dqg Z hvw+4<; : ,/ l1h1 v_5 +o, @W_{∗ 4} W⋃ w@4 ϱ_5^w. 5W_{∗ 4} o⋃ v@4 ] 4∗ v o. 4 ⌊^W⋃ w@v. 4 ϱ^wϱ^{w∗ v}/ +6, Wkh dv| p swrwlf glvwulexwlrq ri κ_{+p ,} lv hdvlo| irxqg e| xvlqj wkh frqwlqrxv p dsslqj wkhruhp dqg Ohp p d 8 lq Mrkdqvhq dqg Vfkdxp exuj +4<<; ,1 I ru xqlw urrwv dwiuht xhqflhv 3 dqg τ wkh glvwulexwlrq lv wkh vdp h dv lq Nz dlwnrz vnl hw1 do1 +4<<5,=

⊎^4 3 Z +u,_5 gu +7, z khuh Z +u, lvd vwdqgduglvhg Eurz qldq p rwlrq I ruwkh iuht xhqflhv3 ⋆ λ^p ⋆ τ wkh glvwulexwlrq lv

⊎^4

3 Z^U +u,_5 gu. ⊎^4

3 Z^L +u,_5 gu 5 +8, z khuh Z^U +u, dqg Z^L +u, duh lqghshqghqwvwdqgduglvhg Eurz qldq p rwlrqv1 E| uhj uhvvlqj wkh �owhuhg vhulhv rq dq lqwhufhswru dq lqwhufhswdqg d wuhqg wkh

Eurz qldq p rwlrqvduhuhsodfhg e| d Eurz qldq eulgj hrud vhfrqg rughuEurz qldq eulgj h uhvshfwlyho| 1 Qrwh wkdwwkh frp soh{ urrwv frp h lq sdluv z klfk j lyhv wkh vdp h whvwvwdwlvwlf/ khqfh wkh whvwfdq qrwglvwlqj xlvk ehwz hhq wkhp 1

6 D vp dooP r qwh F duor vlp xodwlr q

Wr lqyhvwlj dwh wkh vl}h surshuwlhv ri wkh vhdvrqdoNSVVvwdwlvwlf d vp dooP rqwh

Fduor vlp xodwlrq lv fduulhg rxwz lwk wkh vhdvrqdourrwv ri d t xduwhuo| surfhvv1

I ru wkh urrw∗ 4 wkh gdwd j hqhudwlqj surfhvv lv ȷ^w. υȷ^{w∗ 4} @h^w +9,

κ^{+∗ 4,} κ^{+l>∗ l,} υ W o3 o7 o45 o3 o7 o45 ∗ 3/; 83 31333 31333 31333 31333 31333 31333 433 31333 31333 31333 31333 31333 31333 ∗ 3/5 83 31349 31346 31357 31344 31349 3135;

433 3134: 31343 31347 31344 3133< 31347 3 83 31383 3139; 313<6 3137; 313: < 31449 433 31385 31394 313: : 31384 3139: 313<8 3/5 83 31446 314<< 3157; 31468 31576 3165:

433 31448 314<; 3155< 31476 3157; 31647 3/; 83 3193; 31<66 31<8: 31: <5 31<: 9 31<; 8 433 3195< 31<87 31<; 3 31; 59 31<; ; 31<<9 4/3 83 31<9< 31<<< 41333 31<<5 41333 41333 433 31<<3 41333 41333 31<<; 41333 41333

Wdeoh 4= Vl}h dqg srz hu ri wkh vhdvrqdoNSVVwhvwiru wkh vhdvrqdourrwv ri d t xduwhuo| surfhvv1 Wkh 8( dv| p swrwlfdofulwlfdoydoxhv duh 41983 dqg 41645 iru wkh urrwv 04 dqg wkh frp soh{ urrwv +l/0l, uhvshfwlyho| 1

z kloh iru wkh frp soh{ sdluv ri urrwv +l>∗ l, lwlv

ȷ_w. υȷ_{w∗ 5} @h_w +: ,

iru υ ▽ ∗ 3/; >∗ 3/5>3>3/5>3/; >4 dqg vdp soh vl}hv W ▽ 83>433/Wkh qxp ehu ri uhsolfdwhv lv 533331 Wkuhh fkrlfhv ri edqgz lwk duh xvhg/ o3 @ 3>o7 @ lqwhjhu ⌋ 7+W∂433,^{4∂7} ⌈ dqg o45 @ lqwhj hu ⌋ 45+W∂433,^{4∂7} ⌈ 1 Wklv lv d vxevhwri wkh P rqwh Fduor vhwxs lq Nz dlwnrz vnl hw1 do1 +4<<5,1

Wkh uhvxowv lq Wdeoh 4 vkrz v wkdwghfuhdvlqj υ ghfuhdvhv wkh vl}h dqg wkdw lqfuhdvlqj wkh vdp soh vl}h kdyh vp dooh�hfwv/ uhvxowvdovr irxqg iruwkh ruglqdu| NSVV whvw1 D vxsulvlqj uhvxowlv wkdw/ frqwudu| wr wkh ruglqdu| NSVV whvw/ o7 dqg o45 gr qrwkdyh ehwwhu vl}h surshuwlhv wkdq o3 dqg vrp hwlp hv hyhq p xfk z ruvh1 Wkh sureohp iru wkh urglqdu| NSVV whvwlv wkdwe| fruuhfwlqj wkh vl}h p rvwsrz hu lv orvw/ d sureohp qrwvkduhg e| wkh vhdvrqdoNSVVwhvwz khuh wkh edg vl}h surshuwlhv lqgxfhv vxevwdqwldosrz hu1

Uhihuhqfhv

GhMrqj / G1Q1/ Qdqnhuylv/ M1F/ Vdylq/ Q1H1dqg Z klwhp dq/ F1K1+4<<5, Lq0 whj udwlrq yhuvxv Wuhqg Vwdwlrqdulw| lq Wlp h Vhulhv1 Hfrqrp hwulfd 93/ 75607661 Glfnh| dqg I xoohu/ Z 1D1 +4<: <, Glvwulexwlrq ri wkh hvwlp dwruv iru dxwruh0 j uhvvlyh wlp h vhulhv z lwk d xqlwurrw1 Mrxuqdori wkh Dp hulfdq Vwdwlvwlfdo Dvvrfldwlrq : 7/ 75: 07641

Glherog/ I 1[ 1dqg Uxghexvfk/ J 1G1+4<<4, Rq wkh srz hu ri Glfnh| 0I xoohu whvwv dj dlqvwiudfwlrqdodowhuqdwlyhv1 Hfrqrp lfv Ohwwhuv 68/ 48804931

I xoohu/ Z 1D1+4<: 9, Wkh vwdwlvwlfdodqdo| vlvri wlp h vhulhv/ Z loh| / Qhz \ run1

Mrkdqvhq/ V1 dqg Vfkdxp exuj / H1 +4<<; , Olnholkrrg dqdo| vlv ri vhdvrqdo frlqwhj udwlrq1 Mrxuqdori Hfrqrp hwulfv ; ; / 634066<1

Nz ldwnrz vnl/ G1/ Skloolsv/ S1F1E1/ Vfkp lgw/ S1dqg Vklq/ \ 1+4<<5, Whvwlqj wkh qxoori ri vwdwlrqdulw| dj dlqvwwkh dowhuqdwlyh ri d xqlwurrw=Krz vxuh duhz hwkdwhfrqrp lf wlp hvhulhvkdyhd xqlwurrwB Mrxuqdori Hfrqrp hwulfv

87/ 48<04: ; 1

Qhovrq/ F1U1dqg Sorvvhu/ F1L1+4<; 5, Wuhqgv yhuvxv udqgrp z donv lq hfr0 qrp lf wlp h vhulhv=Vrp h hylghqfh dqg lp solfdwlrqv/ Mrxuqdori P rqhwdu|

Hfrqrp lfv 43/ 46<04951

Qhz h| / Z 1N1 dqg Z hvw/ N1G1 +4<; : , D vlp soh srvlwlyh vhp l0gh�qlwh/ khw0 hurvfhgdvwlflw| dqg dxwrfruuhodwlrq frqvlvwhqwfryduldqfh p dwul{/ Hfrqr0 p hwulfd 88/ : 360: 3; 1

Uxghexvfk/ J 1G1+4<<5, Wuhqgv dqg udqgrp z donv lq p dfurhfrqrp lf Wlp h

Vhulhv=D uh0h{dp lqdwlrq1 LqwhuqdwlrqdoHfrqrp lf Uhylhz 66/ 99409; 31