D orqj p hp ru| sdqhoxqlwurrwwhvw=SSS uhylvlwhg1

Mrqdv Dqghuvvrq^±dqg Mrkdq O| kdj hq^♣

Z runlqj Sdshu Vhulhv lq Hfrqrp lfv dqg I lqdqfh/ Qr1 636 Vwrfnkrop Vfkrrori Hfrqrp lfv

I heuxdu| 45/ 4<<<

Devwudfw

Lq wklvsdshuwz r whfkqlt xhv/ orqj p hp ru| dqg sdqhogdwd p rghov/ duh frp elqhg lq rughu wr lqfuhdvh wkh srz hu ri xqlwurrwwhvwv1 Wkh srz hulvvkrz q wr eh doz d| vehwwhudj dlqvwiudfwlrqdodowhuqdwlyhvdqg xvxdoo| dj dlqvwdxwruhj uhvvlyh dowhuqdwlyhv1Wkh whvwlv wkhq xvhg wr uhdqdo| }h gdwd vhwvlqyhvwlj dwhg e| Fkhxqj dqg Odl +4<<6,/ Rk +4<<9, dqg Sdshoo+4<<: , z kr vwxglhg wkh sxufkdvlqj srz hu sdulw| 1 Lq vrp h fdvhv/ wkh whvwuhmhfwhg wkh k| srwkhvlv ri qr frlqwhj udwlrq ehwz hhq iruhlj q dqg grp hvwlf sulfhv z khuh wkh rwkhu dxwkruv whvwv glg qrw1 Nh| z r ugv= Xqlwurrw>Orqj p hp ru| >Sxufkdvlqj srz hu sdulw| MHO=F45>F47>F55>F56

±Ghsduwp hqwri Vwdwlvwlfv/ Xssvdod Xqlyhuvlw| / S1R1Er{ 846/ VH0: 84 53 Xssvdod/ Vz h0 ghq1 H0p dlo=mrqdv1dqghuvvrqCvwdwlvwln1xx1vh

♣ Ghsduwp hqwri Hfrqrp lf Vwdwlvwlfv/ Vwrfnkrop Vfkrrori Hfrqrp lfv/ S1R1Er{ 9834/ VH0446 ; 6 Vwrfnkrop / Vz hghq1 H0p dlo= vwmoCkkv1vh1 I lqdqfldo vxssruwiurp wkh Wruh Eurz dogkv I rxqgdwlrq iru Vflhqwl�f Uhvhdufk dqg Hgxfdwlrq lv j uhdwixoo| dfnqrz ohgj hg1

4 Lqwur gxfwlr q

G| qdp lf p rghov lv dq lp sruwdqwfodvv ri p rghov iru p rgholqj hfrqrp lf uh0 odwlrqv1 Ehiruh rqh ehj lqv wr ghvfuleh wkh xqghuo| lqj surfhvv z lwk d p rgho/ vrp h surshuwlhvri wkh lqfoxghg yduldeohvp xvweh hvwdeolvkhg1Lq wkh fdvh ri g| qdp lf p rghov/ wkh h{lvwhqfh ri xqlwurrwv lv suredeo| wkh p rvwlp sruwdqw rqh/ d ylhz z klfk lv vxssruwhg e| wkh oduj h dp rxqwri olwhudwxuh sxeolvkhg lq wklvduhd1 Hyhq li wkh lp sruwdqfh ri xqlwurrwvz dvz hoohvwdeolvkhg lwz dv

�uvwz khq Glfnh| dqg I xoohu+4<: <, surylghg wkh p rvwxvhg xqlwurrwwhvwvr idu/ wkdwwhvwlqj iru xqlwurrwv ehfrp h vwdqgdug1 Odwhu/ wkh| h{whqghg wkhlu whvwlq rughuwr dgmxvwiru wkh h�hfwvri odj v ri – ϱ^ȷ dqg ghwhup lqlvwlf wuhqgv

+Glfnh| dqg I xoohu/ 4<; 4,1 Wklv whvwlv frp p rqo| deeuhyldwhg dv DGI 1D qlfh wuhdwp hqwri xqlwurrwv lv lq Fdp sehoodqg Shuurq +4<<4,1

P rvwriwhq hfrqrp lf sureohp v/ wkdwp d| ehp rghohg lq d g| qdp lf iudp h0 z run/ lv dqdo| }hg lq wkh frqwh{wri rqh lwhp / z khuh dq lwhp riwhq lv d frxq0 wu| 1 Lq rwkhuduhdvri hfrqrp lfvwkh xvh ri sdqhovri gdwd duh riwhq xvhg/ h1j 1 xqhp sor| p hqwdqdo| vlv ru rwkhu p lfur hfrqrp lf duhdv1 Dowkrxj k wkh lqwur0 gxfwlrq ri g| qdp lf sdqhop rghov/ Edohvwud dqg Qhuoryh +4<99,/ duh ri vrp h dj h lwlv rqo| uhfhqwo| wkdwxqlwurrwwhvwlqj lq sdqhov kdv ehhq frqvlghuhg1

Txdk +4<<7, lv e| rxu nqrz ohgj h wkh �uvwsxeolvkhg z run dqg d ihz dssolhg sdshuv kdyh ehhq sxeolvkhg diwhu wkdw/ h1j 1 P fGrqdog +4<<9,/ Rk +4<<9,/

Frdnoh| dqg I xhuwhv+4<<: ,/ Fxoyhu dqg Sdshoo+4<<: , dqg Sdshoo+4<<: ,1

Uhfhqwvwxglhv/ +h1j 1/ Glherog dqg Uxghexvfk/ 4<<4> Fkhxqj dqg Odl/

4<<6, lqglfdwhv wkdwd whvwedvhg rq d orqj p hp ru| p rgholqvwhdg ri d whvw ri Glfnh| 0I xoohu w| sh j lyhv klj khu srz hu dj dlqvworqj p hp ru| dowhuqdwlyhv1

Vxusulvlqj o| / wklv lv vrp hwlp hv dovr wuxh z khq wkh gdwd j hqhudwlqj surfhvv lv dq DU surfhvv1 Lq wklv sdshu z h z looiroorz xs wklv lghd wr lqfuhdvh wkh srz hu frp sduhg wr DGI 1P ruh suhflvho| / d sdqhoirup ri wkh J SK whvw/ vhh

J hz hnh dqg Sruwhu0Kxgdn +4<; 6,/ lv sursrvhg/ deeuhyldwhg dv SJ SK/ dqg frp sduhg wr wkh sdqhoDGI +SDGI , xvhg h1j 1 e| Fxoyhu dqg Sdshoo+4<<: , dqg Sdshoo+4<<: ,1

Z hlqyhvwlj dwhwkhsxufkdvlqj srz husdulw| +SSS, uhodwlrq lq dq hp slulfdo sduwri wklvsdshu1Wkh fdvhvz h lqyhvwlj dwhlvz khq rwkhudxwkruvkdyhidlohg wr uhmhfwwkh qxoori d vwdwlrqdu| uhodwlrqvkls1 Wkh gdwd lv dqqxdo/ t xduwhuo| dqg p rqwko| suhylrxvo| xvhg e| Fkhxqj dqg Odl +4<<6,/ Rk +4<<9, dqg

Sdshoo+4<<: ,1

Lq wkh qh{wvhfwlrq/ wkh sdqhoJ SK whvwlv suhvhqwhg dqg lq Vhfwlrq 6 wkh srz hu ri lwlv frp sduhg z lwk wkh sdqhoDGI whvw1 Vhfwlrq 7 suhvhqwv d

uhylvlrq ri wkh whvwv ri wkh SSS lq Fkhxqj dqg Odl +4<<6,/ Rk +4<<9, dqg Sdshoo+4<<: , z khuh wkh qhz whvwlv xvhg1 D frqfoxvlrq forvhv wkh sdshu1

5 Wkh or qj p hp r u| s dqhogdwd whvw

Wkh srz hu ri wkh DGI whvwkdv ehhq vkrz q wr eh udwkhu orz dj dlqvworqj p hp ru| dowhuqdwlyhv/ vhh Fkhxqj dqg Odl +4<<6,1 Wklv nlqg ri p hp ru| lv lqwhuhvwlqj ehfdxvh ri dwohdvwwz r uhdvrqv1 I luvwo| / lwlv srvvleoh wr whvw xqlwurrwv dj dlqvwp hdq uhyhuvlrq lqvwhdg ri lqwhj udwlrq ri rughu }hur1 Wklv p hdqv wkdwwkh dowhuqdwlyh lq vrp h vhqvh lv eurdghu wkdq lq wkh DGI whvw1 Vhfrqgo| / li d orqj p hp ru| p rgholvxvhg wkhoduj hqxp ehuri sdudp hwhuvfdq eh dyrlghg/ dwwkh frvwri d vxemhfwlyh fkrlfh ri rqh wuxqfdwlrq sdudp hwhu1 Wkh sdqhoDGI 0whvwlv edvhg rq wkh uhj uhvvlrq

– ϱ_{ρȷ} ’ >_ρ n kϱ_{ρȷ∋ �} n ς⋃ ζ’ �

S_ζ– ϱ_{ȷ∋ ζ} n 0_ȷ +4,

dqg wkh k| srwkhvlv ri d xqlwurrwlv ht xlydohqwwr k ’ f1 Wkh odj v ri – ϱ_ȷ lv suhvhqwwr z klwhqlqj wkhuhvlgxdovdqg lvqrwri lp sruwdqfhe| wkhp vhoyhv1Lq rughuwr ghflgh wkh qxp ehuri odj v/ ς/ Fdp sehoodqg Shuurq +4<<4, sursrvhg d uhfxuvlyh gdwd ghshqghqwp hwkrg1 E| fkrrvlqj d p d{lp xp ydoxh/ ς_{4 @} / hvwlp dwlqj wkh p rghodqg wkhq uhp ryh wkh odvwodj li lwvuhj uhvvlrq frh! flhqw lv qrwvlj ql�fdqw/ ςfdq eh ghwhup lqhg1

D sdqhoxqlwurrwwhvwfdq eh frqvwuxfwhg e| hvwlp dwlqj wkh ht xdwlrqv ρ ’ �c2cνννcΥ z khuh Υ lv wkh qxp ehu ri wlp h vhulhv1 Lwfdq eh hvwlp dwhg e| J OVz lwk wkh uhvwulfwlrq wkdwk lv ht xdoiru dooρ dv grqh e| Fxoyhu dqg Sdshoo+4<<: , dqg Sdshoo+4<<: ,1 Wkh qxook| srwkhvlv lv wkdwdoowlp h vhulhv frqwdlqvd xqlwurrwdqg wkh qxooglvwulexwlrq fdq eh rewdlqhg e| vlp xodwlrq1 Wkh orqj p hp ru| dssurdfk wr wkh xqlwurrwsureohp z dv sursrvhg e| Fkhxqj dqg Odl +4<<6,1Wkhluwhvwlvedvhg rq wkh hvwlp dwruri orqj p hp ru| sursrvhg e| J hz hnh dqg Sruwhu0Kxgdn +4<; 6,1 Wkh dsshdori wklv p hwkrg lv wkdwlwfdq hvwlp dwh wkh orqj p hp ru| sdudp hwhu z lwkrxwvshfli| lqj wkh vkruwwhup vwuxfwxuh ri wkh surfhvv1 Lqvwhdg d wuxqfdwlrq sdudp hwhu k qhhg wr eh fkrvhq wr ghflgh krz p dq| iuht xhqflhv/ 6 cwkdwduh j rlqj wr eh xvhg lq wkh uhj uhvvlrq/ l1h1 6 ’ A^k 1 Wklv fkrlfh ri 6 z looj lyh frqvlvwhqf| ri wkh hvwlp dwru/ li dgglwlrqdoo| wkh vp doohvwiuht xhqflhvduh h{foxghg qrup dolw| lv j dlqhg +h1j 1/ J hz hnh dqg Sruwhu0Kxgdn/ 4<; 6>Urelqvrq/ 4<<8,1 D frq0 vht xhqfh lv wkdwz h dyrlg wkh gdwd ghshqghqwsurfhgxuh wr ghwhup lqh wkh

qxp ehu ri odj v wkdwz h kdyh wr gr xvlqj wkh DGI whvwdwwkh frvwri rqh wuxqfdwlrq sdudp hwhu1 Wkh J SK hvwlp dwru lv edvhg rq wkh uhj uhvvlrq ri wkh

6 orz hvwiuht xhqflhv lq

*? UE◁ ø’ τ ∗ 2⌢*? \ \�∗ e_{∋ ζ◁} \ \n *? 1^◁ +5,

Wkh xqlwurrwwhvwlvp dgh e| xvlqj wkh ȷ∗ vwdwlvwlf rq gl�huhqfhg gdwd ri wkh k| srwkhvlv ⌢ ’ f dj dlqvw⌢ Ψ fνWkh sursrvhg sdqhogdwd whvwlv vlp so| wkh p hdq ri wkh lqglylgxdoȷ∗ whvw1

Riwhq wkh A_k vp doohvwiuht xhqflhv lv xvhg z khuh k lv vhwwr fνD∗ fνS exw

Dqghuvvrq dqg O| kdj hq +4<<: , vkrz wkdwfkrrvlqj dq k j uhdwhu wkhq 319 lp suryhv wkh srz hu vxevwdqwldoo| lq wkh fdvh z khq Υ ’ �νQrwh wkdwwkh ixoo| sdudp hwulf DUI LP DERc⌢c⌣ø p rghop d| eh xvhg lq d sdqhoxqlwurrw whvwlqvwhdg iruwkh DGI uhj uhvvlrqv1

6 Srz hu fr p s dulvr q

Wkh qxoosurfhvv lv d sxuh udqgrp z don z lwk qr vkruwru orqj p hp ru| / l1h1

E�∗ uøϱ^ȷ ’ e^ȷ ν

Wkh vdp soh vl}hv frqvlghuhg duh A ’ Df dqg A ’ �ff dqg wkh qxp ehu ri uhsolfdwhv lv 833331 Z h xvh wkh SDGI whvwz klfk lp solhv wkdwd surfhgxuh ri fkrrvlqj wkh odj rughu p xvweh ghflghg xsrq1 D p d{lp xp odj rughu ri

43 lv ghflghg dqg d j hqhudowr vshfl�f surfhgxuh lv fduulhg rxwe| wkh xvh ri d ȷ∗ whvw1 Wkh fulwlfdoydoxhv iru whvwv rq wkh 8( 0ohyhori wkh SDGI whvw vwdwlvwlf dqg wkh SJ SK whvwvwdwlvwlf duh vkrz q lq Wdeoh 41 A∂Ke 408 ζ⋆ Πeoe Lq wkh srz hu frp sdulvrq wz r gdwd j hqhudwlqj surfhvvhv duh frqvlghuhg xqghu wkh dowhuqdwlyh k| srwkhvlv1 Wkh �uvwlv wkh DUE�ø surfhvv dqg wkh vhfrqg lvwkh iudfwlrqdoqrlvh surfhvv/ z klfk lvd vshfldofdvh ri wkh DUI LP D fodvv ri surfhvvhv/ vhh J udqj hu dqg Mr| hx{ +4<; 3, ru Krvnlqj +4<; 4,1 Wkh vkruwp hp ru| sdudp hwhu dqg wkh orqj p hp ru| sdudp hwhu duh hdfk ydulhg iurp 314 wr 31< lq vwhsvri 3141Wkh uhvxowvri wkh P rqwh Fduor vlp xodwlrq duh vkrz q lq Wdeohv 5081 Wkh sdqhoJ SK whvwkdg doz d| v ehwwhu srz hu dj dlqvw iudfwlrqdodowhuqdwlyhv1 Wkh vdp h z dv wuxh dovr dj dlqvwwkh DU+4, dowhuqd0 wlyhv/ h{fhswz khq wkh dxwruhj uhvvlyh sdudp hwhu k z dv 31<1 Wkh gl�huhqfh

lq srz hu ghfuhdvh dv Υ lqfuhdvhv iru erwk dowhuqdwlyhv1 Wkh uhdvrq iru wklv lv wkdwwkh dv| p swrwlf srz hu lv rqh dqg wkdwwklv olp lwlv j dlqhg iru vp doo ydoxhv ri Υ νWkh gl�huhqfh p d| vwlooeh oduj h/ h1j 1 iru Υ ’ 2 dqg ⌢ ’ fνD wkh srz hu iru SDGI lv durxqg 47( exw<9( iru wkh SJ SK EA ’ Dfø1 Wkh srz hu �j xuhv iru wkh DU dowhuqdwlyh z lwk wkh vdp h ydoxh +k ’ fνD, lv wkh vdp h iru SJ SK exw6<( iru SDGI 1D frqfoxvlrq iurp wklv uhvxowlv wkdw SDGI lv p xfk p ruh vhqvlwlyh dj dlqvwz klfk dowhuqdwlyh wkdwj hqhudwhv gdwd wkdq SJ SK1D vp doolqfuhdvh ri A iurp 83 wr 433 p d| kdyh d vxevwdqwldo h�hfwrq wkh srz hu/ h1j 1 iru Υ ’ 2 dqg k ’ fν�cd yhu| glvwdqwdowhuqdwlyh/ wkh srz hu lqfuhdvhv iurp 7<( wr <7( 1 iru wkh SDGI 1

7 SSS uhylvlwhg

Lq wklvsduwri wkh sdshuz h lqyhvwlj dwh vrp h fdvhvz khuh rwkhudxwkruvkdyh idlohg wr uhmhfwwkh qxoori xqlwurrw2qr frlqwhj udwlrq lq SSS gdwd1 Wkh SSS uhodwlrqvkls lv vlp so| vwdwhg lq Fkhxqj dqg Odl +4<<6, dv

rR_ȷ ’ k_f n k_�R_ȷ n e_ȷ

z khuh k_f lvvrp h frqvwdqw/ rR_ȷ lvwkh iruhlj q sulfh lqgh{ frqyhuwhg wr grp hv0 wlf fxuuhqf| xqlwv/ R_ȷ lvwkh grp hvwlf sulfh lqgh{/ dqg e_ȷ lvdq huuruwhup 1Doo yduldeohvduh lq orj dulwkp v1I ruwkh SSS wr krog e_ȷ vkrxog eh p hdq0uhyhuwlqj +vhh Fkhxqj dqg Odl +4<<6, iru d irup dogh�qlwlrq ri d p hdq0uhyhuwlqj sur0 fhvv,1Lq Rk +4<<9, dqg lq Sdshoo+4<<: , k_f dqg k_� duh dvvxp hg wr wdnh wkhlu wkhruhwlfdoydoxhv +3 dqg 4,1 Fkhxqj dqg Odl +4<<6, �{hg wkh dxj p hqwdwlrq wr 7 odj v/ Rk +4<<9, xvhvodj v4 wr 7 z kloh Sdshoo+4<<: , xvhvwkh rqhvj dlqhg lq wkh xqlyduldwh dqdo| vlv1

Wkh �uvwsdshu ri wkh wkuhh frqvlghuhg lv Fkhxqj dqg Odl +4<<6, z kr xvh wkh J SK whvwdvd whvwiru+iudfwlrqdo, frlqwhj udwlrq1Wkh gdwd lvdqqxdo iru wkh shulrg 4<4704<; < iru Xqlwhg Vwdwhv/ Xqlwhg Nlqj grp / I udqfh/ Lwdo| / Fdqdgd/ dqg Mdsdq dqg wkh XV0groodu lv wkh edvh fxuuhqf| 1 Wkh gdwd lv fro0 ohfwhg iurp Ohh +4<: 9, dqg wkh LqwhuqdwlrqdoP rqhwdu| I xqg*vLqwhuqdwlrqdo I lqdqfldoVwdwlvwlfv gdwd wdsh1 Wkh qxoolv rqo| uhmhfwhg iru Lwdo| 1 Khuh/ wkh sdqhoJ SK whvwz looeh xvhg rq wkh �yh frxqwu| j urxs1

Rk +4<<9, xvhv | hduo| gdwd ehwz hhq 4<93 dqg 4<; < wdnhq iurp wkh Shqq Z ruog Wdeohv +SZ W,/ P dun 8181 Wkh gdwd lv dqdo| }hg erwk iru doowkh 444 frxqwulhv dqg vhsdudwho| iru ghyhorsp hqwdqg RHFG frxqwulhv uhvshfwlyho| 1 I ru d orqj hu shulrg vwduwlqj 4<83 d j urxs ri 84 frxqwulhv duh vwxglhg1 Wklv

wlp h shulrg lvdovr glylghg lqwr vxe shulrgv1I lqdoo| / wkh whvwvduh dssolhg wr wkh J 09_4 frxqwulhv1 Wkh qxoolv qrwuhmhfwhg z khq wkh RHFG dqg J 09 duh dqdo| }hg iru wkh shulrgv 4<8304<: 5 dqg 4<8304<<31 Wkhvh duh wkh fdvhv iru z klfk wkh SJ SK lv wr eh xvhg1

Lqvwhdg ri dqqxdogdwd/ dv lq wkh wz r sdshuv deryh/ Sdshoo+4<<: , xvhv t xduwhuo| dqg p rqwko| gdwd1 Lwlv wdnhq iurp wkh LqwhuqdwlrqdoP rqhwdu|

I xqg*v Lqwhuqdwlrqdo I lqdqfldo Vwdwlvwlfv gdwd wdsh1 Wkh lqwhqwlrq z dv wr lqyhvwlj dwhSSS iruRHFG frxqwulhvexwgxhwr odfn ri revhuydwlrqvdqg rwkhu frqvlghudwlrqv d uhgxfhg qxp ehu ri frxqwulhv z dv xvhg1 Ox{hp erxuj kdv d fxuuhqf| xqlrq z lwk Ehoj lxp dqg Lfhodqg kdv odfn ri gdwd vr iru t xduwhuo| gdwd wkh qxp ehu ri frxqwulhv lv 541 Wkuhh frxqwulhv kdg qrwp rqwko| gdwd/

Dxvwudold/ Luhodqg dqg Qhz ] hdodqg/ z klfk j lyhv 4; frxqwulhv1 Wkh vhulhv vwduwv lq Mdqxdu| 4<: 6 dqg hqgv lq Vhswhp ehu 4<<7/ l1h1 ; : t xduwhuo| dqg

594 p rqwko| revhuydwlrqv1 Z khq xvlqj XVdv edvh fxuuhqf| dqg t xduwhuo| gdwd wkh xqlwurrwk| srwkhvlv lv qhyhu uhmhfwhg dqg iru p rqwko| gdwd wkh

HP Vdqg wkh J 09 gr qrwuhmhfwwkh qxook| srwkhvlv1 I ru wkh J hup dq edvh wkh uhvxowlv vlp lodu h{fhswwkdwwkh Doo53 j urxs uhmhfwv wkh qxoo/ dqg iru p rqwko| gdwd wkh uhvxowlv wkh vdp h dv z khq xvlqj XV dv edvh1 I ru wkhvh qrq0uhmhfwlqj fdvhv wkh SJ SK whvwz looeh xvhg1

Wkhgl�huhqfhvehwz hhq wkhluuhvxowvdqg wkh uhvxowvz hrewdlqhg e| xvlqj wkhSJ SK whvwfdq ehvhhq lq Wdeoh91Wkhqxook| srwkhvlvri qr frlqwhj udwlrq lv uhmhfwhg iru wkh �yh frxqwulhv j urxs lq Fkhxqj dqg Odl +4<<6,1 Lq wkhlu vwxg| / wkh qxoolv rqo| uhmhfwhg iru rqh ri wkhp / Lwdo| 1 I ru wkh gdwd xvhg e|

Rk +4<<9,/ wkh qxook| srwkhvlv lv qrwuhmhfwhg z khq z h xvh wkh SJ SK whvw1

Wkh qxoolv rqo| uhmhfwhg iru wkh HF0frxqwulhv/ z khq J hup dq| lv wkh edvlv fxuuhqf| / iruwkh gdwd frqvlghuhg lq Sdshoo+4<<: , 1 A∂Ke 9 ζ⋆ Πeoe 8 F r qfoxvlr qv

D orqj p hp ru| sdqhoxqlwurrwwhvwkdv ehhq vxj j hvwhg dqg frp sduhg wr wkh sdqhoGlfnh| 0I xoohuwhvw1Wkh srz hulvoduj hudj dlqvwerwk iudfwlrqdodqg

�uvwrughudxwruhj uhvvlyh dowhuqdwlyhvh{fhswiruwkh dxwruhj uhvvlyh fdvh z lwk sdudp hwhu 31</ wkh ydoxh forvhvwwr wkh qxook| srwkhvlv1

4Wkh J 9 frxqwulhv duh Fdqdgd/ I udqfh/ J hup dq| / Lwdo| / Mdsdq dqg Xqlwhg Nlqj grp 1

Wkh whvwz dv wkhq xvhg wr uhdqdo| }h vrp h suhylrxv hp slulfdovwxglhv ri wkh srz husxufkdvh sdulw| e| Fkhxqj dqg Odl +4<<6,/ Rk +4<<9, dqg Sdshoo +4<<: ,1 Wkh j hqhudofrqfoxvlrq lq wkhvh sdshuv z dv wkdwwkh qxook| srwkhvlv ri qr frlqwhj udwlrq ehwz hhq iruhlj q dqg grp hvwlf sulfhv frxog vhogrp eh uhmhfwhg1Wz r gl�huhqfhvehwz hhq wkhvh uhvxowvdqg rxuvz dvrevhuyhg lq wkh vwxg| 1 Wkh qxook| srwkhvlv z dv uhmhfwhg e| wkh SJ SK whvwiru wkh sdqhori frxqwulhv lq Fkhxqj dqg Odl +4<<6,1 Lq wkhlu vwxg| / lwz dv mxvwiru rqh ri wkh �yh frxqwulhv/ Lwdo| / wkdwlwz dv uhmhfwhg1 Wkh rwkhu gl�huhqfh z dv rxu uhmhfwlrq iruJ hup dq| z khq z h dssolhg wkh SJ SK whvwwr Sdshoovgdwd1Rqh srvvleoh uhdvrq iru wkh gl�huhqfh lq uhvxowv ehwz hhq wkh gdwd iurp Fkhxqj dqg Odl +4<<6, dqg wkh rwkhu lv wkdwFkhxqj dqg Odl +4<<6, hvwlp dwhg wkh frlqwhj udwlqj uhodwlrq z kloh Rk +4<<9, dqg Sdshoo+4<<: , glg qrw1 Hyhq wkrxj k wkh gl�huhqfhv wr wkh rwkhu vwxglhv duh qrwvwulnlqj / z h eholhyh wkdwd orqj p hp ru| dssurdfk fdq eh xvhixovlqfh lwdoorz v d vorz hu frqyhuj hqfh ri wkh sulfhv1

Uhihuhqfhv

Dqghuvvr q/ M1dqg O| kdj hq/ M1+4<<: , D qrwhrq wkhsrz huri wkhJ SK whvwiru frlqwhj udwlrq Uhvhdufk Uhsruw<: =:/ Ghsduwp hqwri Vwdwlvwlfv/ Xssvdod Xqlyhuvlw| 1

Edohvwud/ S1dqg Qhuor yh/ P 1+4<99, Srrolqj furvv0vhfwlrq dqg wlp h0 vhulhv gdwd lq wkh hvwlp dwlrq ri d g| qdp lf p rgho= wkh ghp dqg iru qdwxudoj dv1 Hfrqrp hwulfd 67/ 8; 809451

Fdp sehoo/ M1\ 1dqg Shuur q/ S1+4<<4, Slwidoovdqg rssruxqlwlhv=z kdw p dfurhfrqrp lvwv vkrxog nqrz derxwxqlwurrwv1 QdwlrqdoExuhdx ri Hfrqrp lf Uhvhdufk P dfurhfrqrp lfv Dqqxdo47405341

Fkhxqj / \ 1Z 1dqg Odl/ N1+4<<6, D iudfwlrqdofrlqwhj udwlrq dqdo| vlv ri sxufkdvlqj srz husdulw| 1Mrxuqdori Exvlqhvv) Hfrqrp lf Vwdwlvwlfv 44/ 43604451

Fr dnoh| / M1dqg I xhuwhv/ D1P 1+4<<: , Qhz sdqhoxqlwurrwwhvwv ri SSS1Hfrqrp lfv Ohwwhuv 8: / 4: 0551

Fxoyhu/ V1H1dqg Sdshoo/ G1K1+4<<: , Lv wkhuh d xqlwurrwlq wkh lq0 dwlrq udwhB Hylghqfh iurp vht xhqwldoeuhdn dqg sdqhogdwd p rgho1 :

Mrxuqdori Dssolhg Hfrqrp hwulfv68/ 48804931

Glf nh| / G1D1dqg I xoohu/ Z 1D1+4<: <, Glvwulexwlrq ri wkh hvwlp dwru irudxwruhj uhvvlyhwlp hvhulhvz lwk d xqlwurrw1Mrxuqdori wkh Dp hulfdq

VwdwlvwlfdoDvvrfldwlrq : 7/ 75: 07641

Glf nh| / G1D1dqg I xoohu/ Z 1D1+4<; 4, Olnholkrrg udwlr vwdwlvwlfv iru dxwruhj uhvvlyh wlp h vhulhv z lwk d xqlwurrw1 Hfrqrp hwulfd 7</ 438: 0

43: 51

Glher og/ I 1dqg Uxghexvf k/ J 1+4<<4, Rq wkh srz huri Glfnh| 0I xoohu whvwv dj dlqvwiudfwlrqdodowhuqdwlyhv1 Hfrqrp lfv Ohwwhuv68/ 48804931

J hz hnh/ M1dqg Sr uwhu0Kxgdn/ V1+4<; 6, Wkh hvwlp dwlrq dqg dsol0 fdwlrq ri orqj p hp ru| wlp h vhulhv p rghov1 Mrxuqdo ri Wlp h Vhulhv

Dqdo| vlv7/ 554056; 1

J udqj hu/ F1Z 1dqg Mr | hx{/ U1+4<; 3, Dq lqwurgxfwlrq wr orqj p hp 0 ru| wlp h vhulhv p rghov dqg iudfwlrqdo gl�huhqflqj 1 Mrxuqdori Wlp h

Vhulhv Dqdo| vlv 4/ 4805<1

Kr vnlqj / M1U1P 1 +4<; 4, I udfwlrqdogl�huhqflqj 1 Elrp hwulNd 9; / 4980

4: 91

P f Gr qdog/ U1 +4<<9, Sdqho xqlwurrwwhvwv dqg uhdo h{fkdqj h udwhv1

Hfrqrp lfv Ohwwhuv83/ : 0441

Ohh/ P 1N1+4<: ; , Sxufkdvlqj srzhu sdulw| P dufhoGhnnhu/ Qhz \ run1

Rk/ N0\ 1+4<<9, Sxufkdvlqj srz husdulw| dqg xqlwurrwvwhvwvxvlqj sdqho gdwdw1 Mrxuqdori LqwhuqdwlrqdoP rqh| dqg I lqdqfh 48/ 738074; 1

Sdshoo/ G1+4<<: , Vhdufklqj iru vwdwlrqdulw| =Sxufkdvklqj srz hu sdulw| xqghu wkh fxuuhqw rdw1 Mrxuqdori LqwhuqdwlrqdoHfrqrp lfv 76/ 6460

6561

Txdk/ G1+4<<7, H{sorlwlqj furvv vhfwlrqdoyduldwlrq iru xqlwurrwlqihu0 hqfh lq g| qdp lf gdwd1 Hfrqrp lfv Ohwwhuv77/ <04<1

Ur elqvr q/ S1P 1+4<<8, Orj 0shulrgrj udp uhj uhvvlrq iruwlp h vhulhv z lwk orqj 0udqj h ghshqghqfh1 Wkh Dqqdov ri Vwdwlvwlfv56/ 437; 043: 51

;

Wdeoh5=Vl}hdgmxvwhg srz huz khq wkhdowhuqdwlyhlviudfwlrqdoqrlvh1Qxp ehu ri revhuydwlrqv lv W@83/ qxp ehu ri uhsolfdwhv lv 433331

Υ ’ � 2 ⌢ σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M fν� 15879 1<: ; 5 173: < 1<<<< fν2 15346 1<947 164; 8 1<<<4 fνfi 14959 1<596 157; < 1<<: 5 fνe 145<9 1; 988 157; < 1<; ; 5 fνD 1433; 1: 8: 6 146; 5 1<8; < fνS 13; 8< 18<; : 143: < 1; 9: 4 fν. 13: 4< 174: 7 13: <7 19: 46 fνH 1394< 15764 139: 7 17364 fνb 13889 14547 13885 149: 5

Υ ’ D �f 2f ⌢ σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M fν� 1: 677 413333 1<68: 413333 1<<78 413333 fν2 193; 4 413333 1; 8<; 413333 1<: 97 413333 fνfi 17; 86 413333 1: 85; 413333 1<56< 413333 fνe 16935 413333 18<66 413333 1: <4< 413333 fνD 15838 1<<<: 175: 4 413333 193<6 413333 fνS 149; 7 1<<: < 15987 413333 17354 413333 fν. 1453< 1<937 14: 48 1<<<3 15637 413333 fνH 13; 64 1: 738 14396 1<845 146; ; 1<<; 8 fνb 13954 1634< 139<; 17<77 13; 38 1: 8; 4

Wdeoh6=Vl}hdgmxvwhg srz huz khq wkhdowhuqdwlyhlviudfwlrqdoqrlvh1Qxp ehu ri revhuydwlrqv lv W@433/ qxp ehu ri uhsolfdwhv lv 433331 Υ ’ � 2 ⌢ σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M fν� 18: ; 5 413333 1; <3: 413333 fν2 183<: 1<<<< 1; 4<7 413333 fνfi 1799: 1<<<6 1: 698 413333 fνe 16; ; 3 1<<: 4 196<3 413333 fνD 163: ; 1<; 87 17<: 7 413333 fνS 14; : 7 1<634 16447 1<<; 6 fν. 1445: 1: 8: ; 14: 79 1<964 fνH 13: ; : 17: 33 13<<3 1: 5<6 fνb 139: 4 14<; 6 13: 68 16363

Υ ’ D �f 2f ⌢ σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M fν� 1<<<; 413333 413333 413333 413333 413333 fν2 1<<9; 413333 413333 413333 413333 413333 fνfi 1<; 75 413333 413333 413333 413333 413333 fνe 1<7<5 413333 1<<; 7 413333 413333 413333 fνD 1; 7: ; 413333 1<; 7; 413333 1<<<; 413333 fνS 1963< 413333 1; <87 413333 1<<58 413333 fν. 16875 413333 18; 8< 413333 1; 864 413333 fνH 14988 1<: ; 5 158: 5 413333 17657 413333 fνb 13; 65 18: 47 143; 3 1; 655 147; : 1<; 3;

Wdeoh 7= Vl}h dgmxvwhg srz hu z khq wkh dowhuqdwlyh lv dq DU+4, surfhvv1

Qxp ehu ri revhuydwlrqv lv W@83/ qxp ehu ri uhsolfdwhv lv 433331

Υ ’ � 2 k σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M fν� 164: 4 1<: 88 17<38 1<<<;

fν2 1633; 1<8: : 17989 1<<; 8 fνfi 15; 67 1<55< 17833 1<<98 fνe 15: ; 7 1; 875 17575 1<; 9:

fνD 1588: 1: 676 16; : 5 1<834 fνS 15636 18: 33 1673; 1; 674 fν. 14<4< 16: 74 15: 8< 18<: 5 fνH 1466; 14; <8 14<86 164<9 fνb 13<53 13; <7 14485 14458

Υ ’ D �f 2f k σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M fν� 1; 496 413333 1<: 67 413333 1<<<4 413333 fν2 1; 3; < 413333 1<9; 9 413333 1<<; < 413333 fνfi 1: ; 9< 413333 1<947 413333 1<<: < 413333 fνe 1: 7<5 413333 1<7<3 413333 1<<99 413333 fνD 1: 475 1<<<; 1<533 413333 1<<49 413333 fνS 196; ; 1<<89 1; ; 54 413333 1<; 64 413333 fν. 18766 1<664 1; 398 1<<9; 1<7: 8 413333 fνH 16; 78 193; 4 19667 1; 987 1; 5; 6 1<; ; 6 fνb 14<9< 14; 38 1663; 15: 8: 17995 17766

Wdeoh 8= Vl}h dgmxvwhg srz hu z khq wkh dowhuqdwlyh lv dq DU+4, surfhvv1 Qxp ehuri revhuydwlrqv lv W@433/ qxp ehuri uhsolfdwhv lv 433331 Υ ’ � 2 k σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M fν� 1987; 413333 1<6; 3 413333 fν2 19767 1<<<; 1<633 413333 fνfi 1946: 1<<<9 1<537 413333 fνe 18<: ; 1<<9< 1; <98 413333 fνD 18947 1<; ; 3 1; : 96 1<<<; fνS 1853: 1<7<8 1; 6; 9 1<<; 7 fν. 17845 1; 463 1: 8: 3 1<: : 9 fνH 16868 18368 1947< 1: : 49 fνb 14<59 14: <6 16637 15: 45

Υ ’ D �f 2f k σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M σ Φ ↼ 8 σ Cσ M fν� 413333 413333 413333 413333 413333 413333 fν2 413333 413333 413333 413333 413333 413333 fνfi 1<<<; 413333 413333 413333 413333 413333 fνe 1<<<8 413333 413333 413333 413333 413333 fνD 1<<<9 413333 413333 413333 413333 413333 fνS 1<<: 6 413333 413333 413333 413333 413333 fν. 1<<64 413333 413333 413333 413333 413333 fνH 1<8: ; 1<; ; 8 1<<<3 413333 413333 413333 fνb 1: 333 1854; 1<767 1: <; 6 1<<; 5 1<: 35

Wdeoh 9=WkhsdqhoJ SK whvwdssolhg wr wkh gdwd lqyhvwlj dwhg lq Fkhxqj dqg

Odl +4<<6,/ Rk +4<<9, dqg Sdshoo+4<<: ,1

Duwlfoh J urxs Edvh Shulrg Υ A I uht 1 SJ SK Fulw1

F) O +4<<6, Doo�yh XV 4<4704<; < 8 : 9 \ 0616<98 01: : 3:

Rk +4<<9, RHFG XV 4<8304<<3 55 74 \ 415; 46 01594<

Rk +4<<9, RHFG XV 4<8304<: 5 55 56 \ 414548 01564<

Rk +4<<9, J 9 XV 4<8304<<3 9 74 \ 31<<8< 0193<4

Rk +4<<9, J 9 XV 4<8304<: 5 9 56 \ 415<; : 01934:

Sdshoo+4<<: , Doo53 XV 4<: 604<<7 53 ; : T 317: 4< 0163; ;

Sdshoo+4<<: , HF_2 XV 4<: 604<<7 44 ; : T 3135677 017753

Sdshoo+4<<: , HP V_fi XV 4<: 604<<7 : ; : T 318593 018: 74

Sdshoo+4<<: , HP V XV 4<: 604<<7 9 594 P 419545 0197: 6

Sdshoo+4<<: , J 9 XV 4<: 604<<7 9 ; : T 3194<8 01959<

Sdshoo+4<<: , J 9 XV 4<: 604<<7 9 594 P 41779< 0197: 6

Sdshoo+4<<: , J 43_e XV 4<: 604<<7 43 ; : T 31; 6<; 017987

Sdshoo+4<<: , HF J hup dq| 4<: 604<<7 43 ; : T 031: 884 017987

Sdshoo+4<<: , HP V J hup dq| 4<: 604<<7 9 ; : T 0314; ; 8 01959<

Sdshoo+4<<: , HP V J hup dq| 4<: 604<<7 8 594 P 31875< 01: 468

Sdshoo+4<<: , J 9 J hup dq| 4<: 604<<7 8 ; : T 31353< 019<55

Sdshoo+4<<: , J 9 J hup dq| 4<: 604<<7 8 594 P 31: : ; 7 01: 468

Sdshoo+4<<: , J 43 J hup dq| 4<: 604<<7 < ; : T 314; 4: 017<; 3

2HF frqvlvwv ri Ehoj lxp / Ghqp dun/ I udqfh/ J hup dq| / J uhhfh/ Luhodqg/ Lwdo| /

Qhwkhuodqgv/ Sruwxj do/ Vsdlq dqg wkh Xqlwhg Nlqj grp 1 fiHP Vfrqvlvwv ri Ehoj lxp / Ghqp dun/ I udqfh/ J hup dq| / Luhodqg/ Lwdo| dqg wkh

Qhwkhuodqgv1 eWkh J 43 j urxs frqvlvwv ri Ehoj lxp / Fdqdgd/ I udqfh/ J hup dq| / Lwdo| / Mdsdq/

Qhwkhuodqgv/ Vz hghq/ Vz lw}huodqg dqg wkh Xqlwhg Nlqj grp 1