H! flhqwhvwlp dwlrq ri sulfh dgmxvwp hqw frh! flhqwv

Mrkdq O| kdj hq^W Ghsduwp hqwri Hfrqrp lf Vwdwlvwlfv Vwrfnkrop Vfkrrori Hfrqrp lfv Z runlqj Sdshu Vhulhv lq Hfrqrp lfv dqg I lqdqfh Qr1 665 Vwrfnkrop Vfkrrori Hfrqrp lfv

Vhswhp ehu 54/ 4<<<

De vwudfw

Wkh sulfh dgmxvwp hqw fr h! flhqwp r gho ri Dp lkxg dqg P hqghovrq +4<; : , lv vkrz q wr eh vxlwdeoh iru hvwlp dwlrq e| wkh Ndop dq �owhu1 D whfklt xh wkdw/ xqghu vrp h frp p rqo| xvhg frqglwlrqv/ lv dv| p swrwlfdoo| h! flhqw1 E| P rqwh Fduor vlp xodwlrqv lwlv vkrz q wkdwerwk eldv dqg p hdq vt xduhg huuru duh p xfk vp dohu frp sduhg wr wkh hvwlp dwru surs rvhg e| Gdp r gdudq dqg Olp +4<<4, dqg Gdp r gdudq +4<<6,1 D whvwiru wkh dght df| ri wkh p r gholv dovr surs rvhg1 Xvlqj gdwd iurp irxu p lqru/ wkh qruglf frxqwulhv h{fhswLfhodqg/ dqg rqh p dmru/ XV/ vwr fn p dunhwv wkh uhvxowvduh wkdwwkh p dunhwv xqghu0uhdfwwr qhz lqirup dwlrq/ exwiru p rvw ri wkh qruglf frxqwulhv/ wkh p r gholv qrwdght xdwh1

Nh| z r ugv= Hvwlp dwlrq>h! flhqf| >sulfh dgmxvwp hqw MHO=F55>F85>J 43

4 Lqwur gxfwlr q

Wkh p rgholqj ri uhwxuqv/ ri d ydulhw| ri dvvhwv/ lv d j urz lqj duhd ri hfrqrp lfv1 P rvwp rghov uho| rq h! flhqwp dunhw/ l1h1 d p dunhwwkdwixoo| uh hfwv doolqiru0 p dwlrq/ wkhuh lv qr wudqvdfwlrq frvwv dqg vr rq1 Lq wkh uhdoz ruog/ p dunhwv duh qrwixoo| h! flhqwdqg wkh p rghov duh dgmxvwhg dffruglqj o| 1 Lq wklv sdshu z h wuhdwwkh sulfh dgmxvwp hqwp rghori Dp lkxg dqg P hqghovrq +4<; : ,/ hvshfldoo| z h duhlqwhuhvwhg lq hvwlp dwlrq dqg whvwlqj wkhydolglw| ri wkh p rgho1Hvwlp dwlrq lvsursrvhg wr ehfduulhg rxwe| Ndop dq �owhuwhfkqlt xhvz klfk kdyh dgydqwdj hv frp sduhg wr suhylrxv hvwlp dwruv +sursrvhg e| Gdp rgdudq dqg Olp / 4<<4/ dqg Gdp rgdudq/ 4<<6,/ l1h1 l, h! flhqwhvwlp dwlrq/ ll, ohvvdvvxp swlrqv/ lll, ydolg dqg hdv| lqihuhqfh iroorz v/ llll, dq hvwlp dwh ri wkh xqghuo| lqj sulfh lv j dlqhg1 Wkh

WH0p dlo=vwmoCkkv1vh

hvwlp dwruvlv frp sduhg e| d P rqwh Fduor vlp xodwlrq/ vkrz lqj wkdwwkh Ndop dq

�owhu lv p xfk p ruh h! flhqw1 I xuwkhu z h ghyhorsh d whvw0vwdwlvwlf wr xvhg wr whvwli wkh sulfh dgmxvwp hqwp rgholv d ydolg dssur{lp dwlrq ri wkh gdwd j hqhu0 dwlqj surfhvv/ l1h1 wkh/ xqnqrz q/ surfhvv z klfk j hqhudwhvwkh gdwd dqg d p rgho vkrxog/ dv idu dv srvvleoh/ p lp lf1

Wkh sursrvhg hvwlp dwrudqg whvwvwdwlvwlf duh h{hp sol�hg rq irxup lqru/ wkh

Qruglf h{fhswLfhodqg/ dqg rqh p dmru/ XV/ p rqwko| vwrfn lqgh{hv1 Wkh uhvxowv duh wkdwwkh sulfh dgmxvwp hqwfrh! flhqwduh vrp hz kdwohvv wkdq rqh iru doo frxqwulhvh{fhswGhqp dun z klfk lvp xfk orz hu/ dowkrxj k lwlvrqo| Qruz d| dqg

Vz hghq wkdwduh qrwvlj ql�fdqwo| gl�huhqwiurp rqh1 D p ruh z ruu| lqj uhvxow lv wkdwiru I lqodqg/ Qruz d| dqg Vz hghq wkh whvwuhvxowlqglfdwhv wkdwwkh sulfh dgmxvwp hqwp rgholv qrwd ydolg p rgho1

Lq z kdwiroorz v/ Vhfwlrq 5 glvfxvv wkh sulfh dgmxvwp hqwp rghodqg Vhfwlrq 6 hvwlp dwlrq1 Whvwv ri wkh ydolglw| ri wkh p rgholv ghulyhg lq Vhfwlrq 7 z kloh wkh hp slulfdoh{dp soh lv lq Vhfwlrq 81 D frqfoxvlrq hqgv wkh sdshu

5 Sulfh dgmxvwp hqwfr h! flhqwv

Ohwwkh wuxh sulfh +ydoxh, dqg wkh revhuyhg sulfh eh ghqrwhg e| Y^w dqg S^w uhvshfwlyho| 1 Wkh revhuyhg uhwxuqv lv U^w @ S^w∗ S^{w∗ 4}1 Lwlv riwhq dvvxp hg wkdwwkh wuxh sulfh iroorz v dq udqgrp z don/ Y^w @ Y^{w∗ 4} . y^w1 Wkhq wkh sulfh dgmxvwp hqwp rghori Dp lkxg dqg P hqghovrq +4<; : , lv

U^w @ S^w∗ S^{w∗ 4} @j^4 +Y^w∗ S^{w∗ 4}, . x^w +4,

Y^w @ Y^{w∗ 4} . y^w +5,

E| wkh frqvwudlqw3 ⋆ j^4 ⋆ 5>vwdwlrqdulw| ri U^w lv lp srvhg/ vhh Dp lkxg dqg

P hqghovrq +4<; : , ru Olx hwdo+4<<5,1 D ixoodgmxvwp hqwwr qhz v lv uhsuhvhqwhg e| j^4 @4>dowkrxj k wkhwuxhsulfhlvrevhuyhg z lwk huuru1Li dovr ϕ_5^x @3>wkhwuxh dqg wkh revhuyhg sulfh frlqflgh/ d p rghoriwhq xvhg iruwhvwlqj wkh udqgrp z don k| srwkhvlv1 Wkh fdvh j^4 @3 j lyhv qr dgmxvwp hqwdwdoo1 Wkh uhj lrq 3 ⋆ j^4 ⋆ 4 uhsuhvhqwv xqghu0uhdfwlrq dqg 4 ⋆ j^4 ⋆ 5 ryhu0uhdfwlrq1

Li q shulrgv uhwxuqv lv frqvlghuhg/ wkh p rgholv

U^{w>q} @ S^w∗ S^{w∗ q} @j^q +Y^w∗ S^{w∗ q} , . x^{w>q} +6,

Y^w @ Y^{w∗ q} . y^{w>q} +7, z khuh wkh uhodwlrq ehwz hhq j^4 dqg j^q lv/ vhh Wkhredog dqg \ dooxs +4<<; ,/ j^q @qj^4 ^4. +q ∗ 4, j^4‘_{∗ 4} +8,

I urp wklv lwlv hdvlo| vhhq wkdwj^q ↔ 4 z khq q ↔ △ >l1h1 hyhqwxdoo| wkhuh lv d ixoodgmxvwp hqwwr wkh xqghuo| lqj sulfh1 Wkh frp srqhqwv ri wkh yduldqfh ri wkh uhwxuqv/ Y +U^w,/ p d| eh j lyhq hfrqrp lf lqwhusuhwdwlrqv/ vhh Dp lkxg dqg

P hqghovrq +4<; : ,/ Gdp rgdudq dqg Olp +4<<4, dqg Gdp rgdudq +4<<6,1

6 Hvwlp dwlr q

D vlp soh hvwlp dwru ri wkh sulfh dgmxvwp hqwp rghori Dp lkxg dqg P hqghovrq +4<; : , z huh suhvhqwhg e| Gdp rgdudq dqg Olp +4<<4, dqg Gdp rgdudq +4<<6,1 OdwhuEulvoh| dqg Wkhredog +4<<9, fruuhfwhg d p lqruhuuru1Lwz dvdvvxp hg wkdw l, wkh wuxh sulfh iroorz v dq udqgrp z don/ ll, wkh qrlvh whup v ri wkh xqghuo| lqj sulfh surfhvv dqg wkh revhuyhg sulfh surfhvv lv lqghshqghqw/ lll, j_q ↔ 4 dv q ↔ △ 1 Dv qrwhg deryh/ wkh wklug rqh lv qrwuho| dq dvvxp swlrq/ exwp huho| dq frqvht xhqfh ri wkh p rgho1 E| wdnlqj d forvhu orrn dwwkh yduldqfh ri wkh q dqg wkh n +A q, shulrg uhwxuqvdqg dvvxp lqj wkdwj_n @4/ j_q p d| eh vroyhg iru/

j_q @ 5Y +U_{w>q} , ∂q . 5Fry+U_{w>n}>U_{w>n∗ 4}, ∂q Y +U_{w>q} , ∂q . Y +U_{w>n}, ∂n . 5F ry+U_{w>n}>U_{w>n∗ 4}, ∂n +9, Frp p rq fkrlfhv ri n lv 8>43 dqg 53/Reylrxvo| / wkh qhhg iru d fkrlfh ri n lv d gudz edfn ri wklv hvwlp dwru1 Wkh yduldqfh dqg wkh fryduldqfh duh hvwlp dwhg e| wkh qrq0ryhuodsslqj hvwlp dwruv Y+U_{w>q} , @ 4 +W∂q ∗ 4, W∂q⋃ w@4 ] U_{w>q} ∗ ßU_q ⌊_5 +: ,

Fry+U_{w>n}>U_{w>n∗ 4}, @ 4 +w∂n ∗ 5, W∂n⋃ w@5 ] U_{w>n} ∗ ßU_n ⌊] U_{w>n∗ 4} ∗ ßU_n ⌊ +; ,

z khuh ßU_q dqg ßU_n duh wkh p hdqv ri q dqg n shulrgv uhwxuqv uhvshfwlyho| 1 Uhfrj ql}lqj wkdw+5, dqg +7, lv d vwdwh vsdfh irup / hvwlp dwlrq lv hdvlo| grqh z lwk Ndop dq �owhu/ vhh Kduyh| +4<; <,1 Rqh ri wkh dvvxp swlrqv ri hvwlp dwlrq z lwk Ndop dq �owhuvlvwkdwwkhglvwxuedqfhvduhp xowlyduldwhqrup doglvwulexwhg1 Li wklv lv wuxh wkhq wkh Ndop dq �owhu lv dv| p swrwlf h! flhqw/ lwdfklhyhv wkh Fudp �u0Udr orz hu erxqg z khq wkh vdp soh vl}h j urz v wr lq�qlw| / l1h1 qr rwkhu hvwlp dwrufrxog kdyhorz huyduldqfh/ vhhh1j 1Kduyh| +4<; <,1Hyhq z khq wkhqru0 p dolw| frqglwlrqvidlov/ vrp h rswlp dolw| surshuwlhvvwlookrogv/ vhh Z klwh +4<; 5,1 Rwkhu dgydqwdj hv duh wkdwdq hvwlp dwh ri Y_whyroyhv dqg wkdwx_wdqg y_wp d| eh ghshqghqw1

Wdeoh 4 lq khuh Lq Wdeoh 4/ d vlp xodwlrq vwxg| lv glvsod| hg1 Wz r vdp soh vl}hv +W@ 833> 4333, duh xvhg1 Z khq j hqhudwlqj gdwd/ W. 433 revhuydwlrqv duh j hqhudwhg dqg wkh �uvw433 lv glvfdughg wr j dlq vwdwlrqdulw| ri wkh gdwd1 Wr lqyhvwlj dwh li wkh shuirup dqfh ri wkh hvwlp dwruv duh vhqvlwlyh wr j_4>d j ulg ri ydoxhv lv xvhg/ j_4 @ +3/83>3/: 8>///>4/83,/Wkh qxp ehu ri uhsolfdwhv lv 4333 dqg wkh hydoxd0 wlrq fulwhuld duh eldv dqg p hdq vt xduhg huuru +P VH,1 Wkh surj udp xvhg lv J dxvv1 Wkh uhvxowvduh wkdw/ iruwkh Ndop dq �owhu/ wkh eldvdqg P VH ghfuhdvhv vlj ql�fdqwo| z lwk j_4 dqg vdp soh vl}h1 I ru doon frqvlghuhg duh eldv dqg P VH p xfk oduj hu dqg lqfuhdvh/ lq devroxwh ydoxh/ z lwk n1 H1j 1 frqvlghu j_4 @4 dqg

W@833>wkh eldv ri wkh Ndop dq �owhu lv 3136 z kloh iru wkh rwkhu hvwlp dwruv lw lv 3147/ 4147 dqg 4518 iru n @8>43>53/ lqghhg d oduj h gl�huhqfh1

Rqh uhdvrq iru wkh klj k P VH ri wkh Gdp rgdudq hvwlp dwru lv wkdwlwlv d ixqfwlrq ri vhfrqg rughu p rp hqwv/ khqfh wkh yduldqfh lv d ixqfwlrq ri irxuwk rughu p rp hqwv1 Wklv klj k yduldelolw| dovr dssolhv rwkhu hvwlp dwruv ri wklv w| sh/ h1j 1 wkh yduldqfh udwlr1

Wdeoh 5 lq khuh Wkh vl}h dqg srz hu ri wkh w∗ whvwri wkh k| srwkhvlv j^4 @4 kdyh dovr ehhq lqyhvwlj dwhg/ vhh Wdeoh 51 Wkh P rqwh Fduor vhwxs lv dv deryh1 Wkh whvwlv ryhuvl}hg exwrqo| p duj lqdoo| iru wkh oduj hu vdp soh vl}h1 Wkh srz hu lqfuhdvh z lwk vdp soh vl}h exwrqo| volj kwo| dqg wkh srz hu lv p xfk ehwwhu iru wkh klj khu ydoxhv ri j^4 wkdq iru wkh orz hu1

Lwvkrxog ehqrwhg wkdwOlx hwdo+4<<5, xvhdq DUP D+4/4, p rghowr hvwlp dwh j^4/Xvlqj dq DUP D+4/4, z rxog j lyh uhvxowv forvh wr Ndop dq �owhu/ ghshqglqj rq wkh fkrlfh ri hvwlp dwlrq p hwkrg1 Wkh J P P hvwlp dwru ghulyhg e| V�iyhq0 eodg +4<<: , dovr vx�huv iurp d fkrlfh ri d wuxqfdwlrq sdudp hwhu n1 Kh uhsruwv uhvxowv iru wkh J P P hvwlp dwru wkdwolh ehwz hhq wkh Ndop dq �owhu dqg wkh e|

Gdp rgdudq dqg Olp +4<<4, dqg Gdp rgdudq +4<<6, sursrvhg rqh1

7 Whvwlqj wkh dght xdf| r i wkh p r gho

Li wkh Dp lkxg dqg P hqghovrq*v +4<; : , p rgho lv fruuhfwwkhq wkh uhodwlrq lq ht xdwlrq +8, z rxog krog1 Whvwlqj wklv z lwk wkh uhvxowwkdwwkh qxoolv uhmhfwhg p xvweh lqwhusuhwhg lq wkh vhqvh wkdwwkh gdwd j hqhudwlqj surfhvviruwkh uhwxuqv lv qrwz hoo dssur{lp dwhg e| wklv p rgho1 Lwlv srvvleoh wr ghulyh d whvwxvlqj vwdqgdug dv| p swrwlf wkhru| / vhh h1j 1 Fdvhood dqg Ehuj hu +4<<3, ss1 65; 06641

Ohwwkh ixqfwlrq ri lqwhuhvweh i +aj^4>aj^q , @aj^q ∗ qaj^4 ^4. +q ∗ 4, aj^4‘_{∗ 4} +<,

D �uvwrughu Wd| oru h{sdqvlrq | lhogv i +aj^4>aj^q , @ i +j^4>j^q , . i_∋^4 +j^4>j^q , +aj^4 ∗ j^4,

. i_∋^q +j^4>j^q , +aj^q ∗ j^q , . Uhp dlqghu +43, z khuhi_∋+j^4>j^q , lvwkhghudwlyhri i +j^4>j^q ,1Wdnlqj h{shfwdwlrqv/ z klohlj qrulqj wkh uhp dlqghu/ j lyhv

Hi +aj^4>aj^q , ≪ i +j^4>j^q , . Hi_∋^4 +j^4>j^q , +aj^4 ∗ j^4,

. Hi_∋^q +j^4>j^q , +aj^q ∗ j^q , +44,

@ i +j^4>j^q , +45,

z khuh H ghqrwhvwkh h{shfwdwlrqvrshudwru1Wkh yduldqfh p d| eh dssur{lp dwhg e| Y+i +aj_4>aj_q ,, ≪ H+i +aj_4>aj_q , ∗ i +j_4>j_q ,,^5 ≪ +i^∋_4 +j_4>j_q , +aj_4 ∗ j_4, . i^∋_q +j_4>j_q , +aj_q ∗ j_q ,,^5 @ i^∋_4 +j_4>j_q ,^5 Y +aj_4, . i^∋_q +j_4>j_q ,^5 Y+aj_q ,

. 5i^∋_4 +j_4>j_q , i^∋_q +j_4>j_q , Fry+aj_4>aj_q , +46,

Vxevwlwxwlqj lq wkh ghudwlyhv | lhogv

Y +i +aj_4>aj_q ,, @ ⌋ q +4. j_4q ∗ j_4,^5

⌈_5

Y +aj_4,

. Y +aj_q , ∗ 5 q +4. j_4q ∗ j_4,^5

Fry+aj_4>aj_q , +47,

Wkh whvwvwdwlvwlf lv wkh xvxdo

℘_q @ i +aj_4>aj_q , √ Y+i +aj_4>aj_q ,,

+48,

z klfk lv dv| p swrwlfdoo| vwdqgdug J dxvvldq glvwulexwhg xqghu wkh qxoo1 Dv| p swrwlf hvwlp dwhv ri Y +aj_4, dqg Y +aj_q , p d| eh j dlqhg e| hvwlp dwlqj ht xdwlrqv+5, dqg +7,1Lwuhp dlqvwr hvwlp dwh Fry+aj_4>aj_q , /E| xvlqj d errwvwuds dssurdfk lwlvsrvvleohwr hvwlp dwhY +aj_4, >Y +aj_q , dqg Fry+aj_4>aj_q , >vhhHiurq dqg Wlevkludql +4<<6, iru d glvfxvvlrq ri errwvwuds lq j hqhudo1 Wkh errwvwudsslqj vfkhp h lv

41 Hvwlp dwh ht xdwlrq +5, rq wkh gdwd ri ohqj wk W/ 51 Z lwk wkh sdudp hwhu hvwlp dwhv iurp 4/ j hqhudwh E qxp ehu ri wlp h vhulhv ri ohqj wk W1 61 I ru hdfk ri wkh E wlp h vhulhv hvwlp dwh erwk +5, dqg +7, dqg vdyh aj_4 dqg aj_q / 71 Xvlqj wkh E aj_4 dqg aj_q / hvwlp dwh Y +aj_4, >Y +aj_q , dqg F ry+aj_4>aj_q , / 81 Hvwlp dwh wkh whvwvwdwlvwlf/ a℘_q >xvlqj +48, / 91 Li wkh devroxwh ydoxh ri a℘_q lvj uhdwhuwkdq 41<9 +irud whvwrq wkh 8( ohyho,/ uhmhfwwkh qxoo1

D fkrlfh ri q lv qhhghg1 D wr oduj h qxp ehu ri q uhgxfhv wkh vdp soh vl}h wr p xfk z lwk lqfuhdvhg xqfhuwdlqw| ri aj_q dv d frqvht xhqfh/ vr q @5 lv fkrvhq1

8 Hp s lulfdoh{dp s oh

Gdwd duh p rqwko| vwrfn lqgh{ iruGhqp dun +Frs1VH,/ I lqodqg +KH[ ,/ Qruz d|

+Qruz d| Vkduh Sulfhv2Wrwdolqgh{,/ Vz hghq +DI J [ , dqg XV+V) S833, udqj lqj iurp Mdqxdu| 4<8: wr Vhswhp ehu 4<<9/ l1h1 wkhuh duh 7: : revhuydwlrqv rq hdfk lqgh{1 Wkh gdwd vrxufh lv wkh gdwdedvh HfrZ lq1 Wkh gdwd lv wudqvirup hg e|

�uvwwdnlqj wkh orj dulwkp dqg wkhq wkh �uvwgl�huhqfh1 Dvwkh sulfh dgmxvwp hqw p rgho grhv qrwdoorz iru guliw/ wkh uhwxuqv duh p hdq dgmxvwhg1 D qhz sulfh lqgh{ vhulhv lv ghulyhg e| wkh fxp xodwlyh vxp ri wkh p hdq dgmxvwhg uhwxuqv1

Wdeoh 6 lq khuh Lq Wdeoh+6, wkhuhvxowvri wkhhp slulfdodqdo| vlvduhglvsod| hg1Errwvwudsshg ydoxhv ri Y+aj^4, >Y +aj^5, dqg Fry+aj^4>aj^5, duh j dlqhg e| wkh dssurdfk ghvfulehg deryh xvlqj 833 errwvwuds uhsolfdwhv1 Wkh errwvwudsshg ydoxhv p d| eh vhhq dv vp doovdp soh hvwlp dwhv1 Wkh dv| p swrwlf vwdqgdug huuruvgr qrw/ iruwklvvdp soh vl}h dqg p rvwfrxqwulhv/ fruuhvsrqgv z hoo wr wkh vp doo vdp soh1 Wklv lp solhv wkdwiru ydolg lqihuhqfh rqh vkrxog qrwxvh wkh dv| p swrwlf vwdqgdug huuruv hyhq iru vxfk oduj h vdp sohv dv lq wklv fdvh1 Qrwh wkdwwkh fryduldqfhv duh uhodwlyho| vp doo1 I ru hyhu| frxqwu| / h{fhswQruz d| / wkh k| srwkhvlv j^4 @ 4 lv uhmhfwhg1

Wklv lqglfdwh wkdwwkh p dunhwgr qrwlp p hgldwho| dgmxvwwr qhz lqirup dwlrq1

D p ruh vwulnlqj ihdwxuh lv wkdwdowkrxj k wkh p rghosuhglfwv wkdwj^5 A j^4>wklv lv rqo| wuxh iru Ghqp dun1 Z lwk wklv uhvxowlq p lqg lwlv qrwvxusulvlqj wkdwwkh

℘^5 whvwlqglfdwhv wkdwwkh sulfh dgmxvwp hqwp rgholv qrwydolg iru wkuhh rxwri wkh �yh vhulhv lqyhvwlj dwhg/ khqfh/ rwkhu p rghov vkrxog eh vhdufk iru1

9 F r qfoxvlr q

Wkh sulfh dgmxvwp hqwp rghori Dp lkxg dqg P hqghovrq +4<; : , kdv suhylrxvo| ehhq hvwlp dwhg e| lqh! flhqwp hwkrgv1 Lq wklv sdshu dq h! flhqwhvwlp dwru lv sursrvhg e| xvlqj wkh Ndop dq �owhu1 D p rqwh Fduor vlp xodwlrq lqglfdwhv wkdw wkh Ndop dq �owhu lv p xfk ehwwhu/ lq whup v ri eldv dqg P VH/ wkdq suhylrxv p hwkrgv1 I xuwkhu/ d whvwiru wkh ydolglw| ri wkh p rgho lv sursrvhg dqg lwv dv| p swrwlf glvwulexwlrq lv ghulyhg1 Xvlqj gdwd iurp irxu p lqru dqg rqh p d0 mru vwrfn p dunhwwkh uhvxowv duh wkdwwkh p dunhwhlwkhu lv qrwixoo| h! flhqwru wkdwwkh sulfh dgmxvwp hqwp rgholv qrwd ydolg p rghowr dssur{lp dwh wkh gdwd j hqhudwlqj surfhvv1

Dfnqrz ohgj hp hqwv

Frp p hqwviurp MrqdvDqghuvvrq dqg �qdqfldovxssruwiurp wkhWruhEurz dogkv

I rxqgdwlrq iru Vflhqwl�f Uhvhdufk dqg Hgxfdwlrq lv j udwhixoo| dfnqrz ohgj hg1

Uhihuhqfhv

Dp lkxg/ \ 1dqg K1P hqghovrq/ 4<; : / Wudglqj p hfkdqlvp dqg vwr fn uhwxuqv= Dq hp slulfdolqyhvwlj dwlrq/ Mrxuqdori I lqdqfh 75/ 86608861 Eulvoh| / Q1dqg P 1Wkhredog/ 4<<9/ D vlp soh p hdvxuh ri sulfh dgmxvwp hqwfr h! 0 flhqwv=D fruuhfwlrq/ Mrxuqdori I lqdqfh 84/ 6; 406; 51 Fdvhood/ J 1dqg U1O1Ehuj hu/ 4<<3/ Vwdwlvwlfdolqihuhqfh/ Gx{exu| Suhvv/ Ehop rqw/ Fdoliruqld1 Gdp r gdudq/ D1/ 4<<6/ D vlp soh p hdvxuh ri sulfh dgmxvwp hqwfr h! flhqwv/ Mrxuqdo ri I lqdqfh 7; / 6; : 07331 Gdp r gdudq/ D1dqg M1Olp / 4<<4/ Wkh h�hfwri rswlrq olvwlqj rq wkh xqghuo| lqj vwr fnv*uhwxuq sur fhvvhv/ Mrxuqdori Edqnlqj dqg I lqdqfh 48/ 97: 09971 Hiurq/ E1dqg U1M1Wlevkludql/ 4<<6/ Dq lqwur gxfwlrq wr wkh er rwvwuds1 Fkdsp dq ) Kdoo/ Qhz \ run1 Kduyh| / D1F1/ 4<; </ I ruhfdvwlqj/ vwuxfwxudo wlp h vhulhv p rghov dqg wkh Ndop dq fflowhu/ Fdp eulgj h Xqlyhuvlw| Suhvv/ Fdp eulgj h1 Olx/ V0P 1/ V1Wkrp svrq/ dqg S1Qhz erog/ 4<<5/ Lp sdfwri wkh sulfh dgmxvwp hqw sur fhvvdqg wudglqj qrlvh rq uhwxuq sdwwhuqvri j udlq ixwxuhv/ Mrxuqdori I xwxuhv P dunhwv 45/ 8: 808; 81 V�iyhqeodg/ S1/ 4<<: / Rq wkh Gdp r gdudq hvwlp dwruri sulfh dgxvwp hqwfr h! flhqwv/ Z runlqj Sdshu lq Hfrqrp lfv dqg I lqdqfh/ Vwrfnkrop Vfkrrori Hfrqrp lfv53; 1 Wkhredog/ P 1dqg S1\ dooxs/ 4<<; / P hdvxulqj fdvk0ixwxuhv whp s rudoh�hfwv lq wkh XN xvlqj sduwldodgmxvwp hqwidfwruv/ Mrxuqdori Edqnlqj dqg I lqdqfh 55/ 5540 5761 Z klwh/ K1/ 4<; 5/ P d{lp xp olnholkr r g hvwlp dwlrq ri p lvvs hfl�hg p r ghov/ Hfrqr0 p hwulfd 83/ 40581

:

Wdeoh 4=Eldv dqg p hdq vt xduhg huuru ri j^4 j_{N I} j_G^{n@8} j_G^{n@43} j_G^{n@53} W j^4 Eldv P VH Eldv P VH Eldv P VH Eldv P VH 833 3/83 031364< 31458 31753 316: < 31464 514; 04173 651:

3/:8 03137<4 313; ; 7 3145: 314<9 0313<95 4197 04157 5413

4/33 03134<3 3135; ; 0313869 3146; 031548 4147 04136 4518

4/58 03133<; ; 313434 0314<3 3145: 031633 31: 8: 031; 84 91<8

4/83 03133: 3< 3133746 03165< 31499 0316: 6 317<4 031: 44 6177

4333 3/83 03137; 5 31454 31789 315<: 315; 3 413: 0316: < 4314

3/:8 0313559 313889 3148; 31438 3134; : 31: 94 0317; 7 : 14:

4/33 03133; <6 313483 03135; 8 313946 031464 31876 0317<9 719;

4/58 031337: 8 3133877 0314: 5 313: 43 031573 316; 6 0317<4 51: ;

4/83 031335; 8 3133547 03164; 3145; 031666 315; 5 0317<3 4178

Wdeoh 5=Vl}h dqg srz hu ir wkh whvwj^4 @4 j^4

W 3/83 3/: 8 4/33 4/58 4/83

833 317; : 3167: 313<58 31979 31<<4

4333 317<< 31688 313: 58 31<34 31<<;

Wdeoh 6=Hp slulfdouhvxowvxvlqj p rqwko| vwrfn sulfh lqgh{hviruwkh shulrg 8: 340

<93<1 lqgh{ aj^4 aj^5 Fry+aj^4>aj^5, ℘^5 Ghqp dun 3/487_± +3/3889,

^3/485‘ 3/657_±

+3/448,

^3/4;8‘ 3/3479 3/5: :

I lqodqg 3/:57_± +3/3779,

^3/3¡77‘ 3/53:_±

+3/3¡; ;,

^3/4;5‘ 3/334: 3 ∗ 6/6;_±

Qruz dȷ 3/;89 +3/3793,

^3/4¡6‘ 3/567_±

+3/585,

^3/5¡8‘ 3/33669 ∗ 5/55_±

Vz hghq 3/;6; +3/3788,

^3/489‘ 3/33¡9¡_±

+3/3449,

^3/594‘ ∗ 3/333;3¡ ∗ 6/56_±

XV 3/:548_± +3/3775,

^3/3¡¡3‘ 3/988_±

+3/595,

^3/4:; ‘ 3/336565 ∗ 4/36

Vwdqgdug huuruv ehorz / +, ghqrwhv dv| p swrwlf rqhv dqg

^‘ errwvwudsshg1 D_± ghqrwhv vlj ql�fdqwuhvxow/ dwwkh 8( ohyho/ z khq xvlqj errwvwudsshg ydoxhv1

;