H�hfwlyh Qhljkerukrrg Ixqfwlrqviruwkh I oh{leoh Mre Vkrs Sureohp =Dsshqgl{^±

P rqdogr P dvwurolool ÷Oxfd P duld J dp edughood

LGVLD 0Lvwlwxwr Gdooh P rooh gl Vwxgl vxoo*Lqwhoolj hq}d Duwl�fldoh F1vr Hoyh}ld 69/ 9<33 Oxj dqr/ Vz lw}huodqg

~p rqdogr/oxfd�Clgvld1fk/ kwws=22z z z 1lgvld1fk

Rfwrehu 9/ 4<<<

4 P ryhv Hydoxdwlr q

Z h fdoowkh n0lqvhuwlrq ri y iru z klfk wkh hvwlp dwhg orqj hvwsdwk lv p lqlp l}hg/ dssur{lp dwh rswlp don0lqvhuwlrq1Ryhu4: ⋄ 43^9 wuldovdqg 4: 5 gl�huhqwsureohp v/ z h h{shulp hqwdoo| irxqg rxwwkdwdq dssur{lp dwh rswlp don0lqvhuwlrq lvdovr dq rswlp don0lqvhuwlrq lqvhuwlrq ri y lq <<( ri wkh fdvhv z lwk d p d{lp doghyldwlrq ri 4( 1 Wdeoh 4 vkrz v wkh dyhudj h huuru iru gdwd vhwvgdwd/ hgdwd/ ugdwd dqg ygdwd1

Gdwd Dy+huuru, vgdwd 3/36 ( ugdwd 3/3: ( hgdwd 3/43 ( ygdwd 3/3; (

Wdeoh 4=P hdq uhodwlyh rswlp dolqvhuwlrq huuru rq gl�huhqwgdwd vhwv1

5 F r p s xwdwlr qdouhvxowv

Wkh Qrsw40yhuvlrq ri wkh vhdufk surfhgxuh ghvfulehg lq Vhfwlrq : z dv lp soh0 p hqwhg lq F. . rq d 599 P K} Shqwlxp 1 Wkh qrq0ghwhup lqlvwlf qdwxuh ri wkh doj rulwkp p dnhv lwqhfhvvdu| wr fduu| rxwp xowlsoh uxqv rq wkh vdp h sureohp lqvwdqfh lq rughuwr rewdlq p hdqlqj ixouhvxowv1 Z h udq rxu doj rulwkp �yh wlp hv iurp gl�huhqwvwduwlqj vroxwlrqvdqg whvwhg lwrq d oduj h qxp ehuri whvwsureohp v

WVxss r uwhg e| Vz lvv QdwlrqdoVflhqfh I rxqgdwlrq sur mhfw54088: : ; 1<; / �Uhvr xufh Door fd0 wlrq dqg Vfkhgxolqj lq I oh{leoh P dqxidfwxulqj V| vwhp v�1

iurp wkh olwhudwxuh1 Wkh uhvxowv rewdlqhg z lwk rxu surfhgxuh z huh wkhq frp 0 sduhg z lwk uhvxowv rewdlqhg z lwk doosurfhgxuhv iru z klfk z h frxog �qg uhvxowv +lq whup v ri p dnhvsdq dqg FSX wlp h, lq wkh olwhudwxuh1

I lyh gl�huhqwvhwv ri h{shulp hqwv z huh frqgxfwhg1 Wkh gdwd duh wdnhq iurp Eudqglp duwh ^7‘/ Gdx}ºuh0S�uºv dqg Sdxool ^9‘/ Fkdp ehuv dqg Eduqhv ^6‘ dqg iurp Kxulqn hwdo1 ^43‘/ uhvshfwlyho| 1 Wkh surfhgxuh z dv dovr whvwhg rq d qxp ehu ri fodvvlfdomre vkrs vfkhgxolqj sureohp v ^4/ <‘1

Wkh iroorz lqj qrwdwlrqv duh xvhg1

⊆ +OE/XE, ghqrwhv wkh rswlp xp ydoxh li nqrz q/ rwkhuz lvh/ wkh ehvworz hu dqg xsshu erxqg irxqg wr gdwh>

⊆ Dy+F_3, vwdqgv iru wkh dyhudj h vwduwlqj vroxwlrq ydoxh rxwri �yh uxqv>

⊆ F_{ehvw} lv wkh ydoxh ri wkh ehvwvroxwlrq irxqg xvlqj rxu surfhgxuh rxwri 8 uxqv>

⊆ Dy+F, lv wkh dyhudj h vroxwlrq ydoxh ryhu 8 uxqv>

⊆ GhyVwg+F, lv wkh vwdqgdug ghyldwlrq ri wkh 8 vroxwlrq ydoxhv>

⊆ Dy+FSX, lv wkh dyhudj h frp sxwlqj wlp h lq vhfrqgv1

Z khq d vroxwlrq lv ht xdowr wkh uhodwhg orz hu erxqg/ lwlv rswlp dodqg lv p dunhg z lwk dq dvwhulvn1 FSX lv wkh dp rxqwri FSX vhfrqgv xvhg e| wkh sur0 fhgxuh dqg wkh dfurq| p FL0FSX vwdqgv iru frp sxwhu0lqghshqghqwFSX wlp hv1 Wkhvhydoxhvz huhfrp sxwhg xvlqj wkhqrup dol}dwlrq frh! flhqwvri Grqj duud ^; ‘/ dv lqwhusuhwhg e| Ydhvvhqv hwdo1 ^47‘ dqg xvhg dovr lq Edodv dqg Yd}dfrsrxorv ^5‘ dqg p xvweh lqwhusuhwhg z lwk fduh1

Lq wkh uhp dlqghu/ wkh dfurq| p WVrsw4 ghqrwhv rxu surfhgxuh1

514 Whvwvdp s oh 4

Wkh �uvwwhvwvdp soh frp hv iurp Eudqglp duwh ^7‘1 Wkh gdwd z huh udqgrp o| j hqhudwhg xvlqj d xqlirup glvwulexwlrq ehwz hhq j lyhq olp lwv1 Wkh| frqvlvwri whq sureohp vp n4043 z khuhwkhqxp ehuri mrevudqj hviurp 43 wr 53/ wkhqxp ehu ri p dfklqhvudqj hviurp 9 wr 48/ rshudwlrqviruhdfk mre udqj h iurp 8 wr 48 dqg wkh p d{lp xp qxp ehu ri ht xlydohqwp dfklqhv shurshudwlrq udqj hviurp 6 wr 91 Z h olp lwhg wkh qxp ehu ri lwhudwlrqv wr 43^81 Wdeoh 6 frp sduhv wkh shuirup dqfh ri WVrsw4 z lwk wkh ehvwwdex vhdufk surfhgxuh ri Eudqglp duwh1 Rxu surfhgxuh lp suryhg xsrq wkhehvwnqrz q uhvxowv1D frp sdulvrq ri wkhfrp sxwdwlrqdoh�ruw iruwkhvhuxqvlvqrwsrvvleohvlqfhEudqglp duwhgrhvqrwuhsruwfrp sxwlqj wlp hv ^7‘1

Wkh uhvxowv vhhp wr vxssruwwkh k| srwkhvlv wkdwvlp xowdqhrxv dssurdfkhv/ olnh rxuv/ shuirup ehwwhu wkdq klhudufklfdorqhv1

515 Whvwvdp s oh 5

Wkh vhfrqg whvwvdp soh frp hv iurp Gdx}ºuh0S�uºv dqg Sdxool ^9‘1 Wkh gdwd frqvlvwri �yh vhwv ri 4; whvwsureohp v z khuh wkh qxp ehu ri mrev udqj hv iurp 43 wr 53/ p dfklqhv udqj h iurp 8 wr 43/ rshudwlrqv iru hdfk mre udqj h iurp 8 wr 581 Wkh vhwri p dfklqhv fdsdeoh ri shuirup lqj dq rshudwlrq z dv frqvwuxfwhg e| ohwwlqj d p dfklqh eh lq wkdwvhwz lwk d suredelolw| wkdwudqj hv iurp 314 wr 318 ^9‘1 Wdeoh 7 vkrz v wkh frp sxwdwlrqdouhvxowvrq wkh �uvwvhwri 4; sureohp v1 Wkh orz hu erxqg ydoxhv z huh frp sxwhg lq d vlp soh z d| dqg khqfh wkh| duh j hqhudoo| qrwyhu| forvh wr wkh rswlp xp 1 Wkh ehvwnqrz q xsshu erxqgv irxqg xs wr qrz duh uhsruwhg e| ^9‘1 Z h olp lwhg wkh qxp ehu ri lwhudwlrqv wr 7⋄ 43^81 Wdeoh 7 vkrz v wkdwrxu surfhgxuh lp suryhv wkh ehvwnqrz q xsshu erxqg lq 4; fdvhv1 Dowkrxj k wkh t xdolw| ri wkh vwduwlqj vroxwlrq lv orz hu wkdq wkh rqh uhsruwhg e| ^9‘/ rxu wdex vhdufk surfhgxuh ohdgv wr vxevwdqwldolp suryhp hqwv1 Frp sdulqj rxu dyhudj h vroxwlrq ydoxhv dqg rxu dyhudj h FL0FSX z lwk wkh ehvw nqrz q vroxwlrqv4: whvwsureohp v| lhog ehwwhuuhvxowv/ z klohlq 4 fdvhrxudyhudj h ydoxhlvz ruvh1I lj xuh4 p dnhvd frp sdulvrq ehwz hhq wkhFL0FSX wlp hvuht xluhg e| surfhgxuh GS ^9‘ dqg WVrsw4 dyhudj h FL0FSX1Qrwh wkdwwkh FL0FSX d{lv kdv d orj dulwkp lf vfdoh1 Rq dyhudj h/ WVrsw4 lv 819 wlp hv idvwhu wkdq GS1

1 10 100 1000

10000

100000 01 a 03 a 05 a 07 a 09 a 1 a 13 a 15 a 17 a

Problem

C I- C P U FJSP DP

I lj xuh 4=Frp sdulvrq ehwz hhq I MVS dqg GS FL0FSX1

516 Whvwvdp s oh 6

Wkhwklug whvwvdp soh frp hviurp Fkdp ehuvdqg Eduqhv^6‘1Wkhgdwd z huh frq0 vwuxfwhg iurp wkuhh ri wkh p rvwfkdoohqj lqj fodvvlfdomre vkrs sureohp v +p w43/ od57/ od73, e| uhsolfdwlqj p dfklqhv vhohfwhg dffruglqj wr wz r vlp soh fulwhuld= wkh wrwdosurfhvvlqj wlp h uht xluhg e| d p dfklqh dqg wkh fduglqdolw| ri fulwlfdo rshudwlrqv rq d p dfklqh1 Wkh vhwfrqvlvwv ri 54 whvwsureohp v dqg wkh surfhvv0 lqj wlp hv iru rshudwlrqv rq uhsolfdwhg p dfklqhv duh dvvxp hg wr eh lghqwlfdowr wkh rulj lqdo1 Wdeoh 8 vkrz vwkh frp sxwdwlrqdouhvxowv1 +Dj dlq/ wkh orz huerxqg ydoxhv z huh frp sxwhg lq d yhu| vlp soh z d| dqg vr wkh| duh j hqhudoo| qrwyhu| forvh wr wkh rswlp xp ,1

Z h olp lwhg wkh qxp ehu ri lwhudwlrqv wr 7 ⋄ 43^81 WVrsw4 lp suryhv wkh ehvw nqrz q xsshu erxqgv lq 4: fdvhv1 Frp sdulqj rxu dyhudj h vroxwlrq ydoxhv z lwk wkh ehvwnqrz q xsshuerxqgvz h �qg wkdwlq 49 whvwsureohp vz h rewdlq ehwwhu uhvxowv/ z kloh lq 7 fdvhv rxu dyhudj h vroxwlrq ydoxhv duh z ruvh1 I lj xuh 5 p dnhv d frp sdulvrq ehwz hhq wkh uht xluhg FL0FSX wlp hv e| surfhgxuh EF ^6‘ dqg surfhgxuh WVrsw4 dyhudj h FL0FSX1Rq dyhudj h WVrsw4 lv 54 wlp hv idvwhu wkdq EF1

1 10 100 1000

10000

100000 m t1 0x m t1 0x x m t1 0x yz m t1 0c c se tb 4x x se tb 4x y se tb 4c 9 se ti5 x se ti5 x x se ti5 xy z se ti5 c

Problem

C I- C P U FJSP BC

I lj xuh 5=Frp sdulvrq ehwz hhq I MVS dqg EF FL0FSX1

517 Whvwvdp s oh 7

Wkh irxuwk whvwvdp soh frp hv iurp Kxulqn hwdo1 ^43‘1 Wkh sureohp v duh j hqhu0 dwhg e| p rgli| lqj ehqfkp dun sureohp viruwkhfodvvlfdomre vkrs sureohp 1P ruh vshfl�fdoo| / wkh| z huhrewdlqhg iurp wkuhhsureohp ve| I lvkhudqg Wkrp svrq ^<‘ +p w39/ p w43/ p w53, dqg 73 sureohp v iurp Dgdp v hwdo1 ^45‘ +od34�od73,1 Hdfk vhwP_l lv ht xdowr wkh p dfklqh wr z klfk rshudwlrq l lv dvvlj qhg lq wkh rulj lqdo sureohp / soxv dq| ri wkh rwkhu p dfklqhv z lwk d j lyhq suredelolw| 1 Ghshqglqj rq wklv suredelolw| / Kxulqn hwdo1 j hqhudwhg wkuhh vhwv ri whvwsureohp v=hgdwd/ ugdwd dqg ygdwd1 Wkh �uvwvhwfrqwdlqv wkh sureohp v z lwk wkh ohdvwdp rxqwri h{lelolw| / z khuhdvwkhdyhudj hvl}hri P_l lvht xdowr 5 lq ugdwd dqg p ∂5 lq ygdwd ^43‘1 Z h olp lwhg wkh qxp ehu ri lwhudwlrqv wr 43^81 Wdeohv 9/ : dqg ; vkrz v wkdw WVrsw4 rxwshuirup v wkh frp elqhg h�ruwri doowkh rwkhu nqrz q surfhgxuhv lq : : fdvhv dqg lwlv qhyhu rxwshuirup hg1 Frp sdulqj rxu dyhudj h vroxwlrq ydoxhv z lwk wkh ehvwnqrz q xsshu erxqgv/ lq 45< whvwsureohp v z h rewdlq : 7 ehwwhu uhvxowv/ z kloh lq 7 fdvhv rxu dyhudj h vroxwlrq ydoxhv duh z ruvh1

Z h frp sduhg WVrsw4 z lwk 6 dssur{lp dwlrq doj rulwkp v= P SP MVS ^43‘/ P P MVS ^8‘ dqg GS ^9‘1 D frp sdudwlyh ryhuylhz ri WVrsw4 dyhudj h vroxwlrq dqg P SP MVS/ P P MVS dqg GS/ lvj lyhq lq Wdeoh 5 +E=H=Z uhsuhvhqwvwkh qxp 0 ehu ri h{dp sohv iru z klfk WVrsw4 dyhudj h p dnhvsdq lv ehwwhu +E,/ ht xdo+H, ru z ruvh +Z , wkdq wkh ehvwp dnhvsdq irxqg e| P SP MVS/ P P MVS dqg GS uhvshfwlyho| >WrwdoFL0FSX lv wkh vxp ri wkh FL0FSX xvhg wr frp sxwh doowkh vroxwlrqv h{fhswiru surfhgxuh WVrsw4 z khuh lwlv wkh vxp ri wkh dyhudj h FL0 FSX,1Rq dyhudj h/ rxu Dy+FL0FSX, lv 48/ 65 dqg 58 wlp hv vp doohu wkdq wkh fruuhvsrqglqj FL0FSX ri P SP MVS/ P P MVS dqg GS uhvshfwlyho| 1 I lj xuh 6 frp sduhv wkh uht xluhg FL0FSX wlp hv wr vroyh sureohp vhwygdwd xvlqj wkh surfhgxuhv P SP MVS/ P P MVS dqg GS dqg wkh dyhudj h FL0FSX iru rxusurfhgxuh +d vlp loduj udsk frxog eh rewdlqhg irugdwd vhwhgdwd dqg ugdwd,1

0.001

0.01 0.1 1 10 100 1000

10000

100000 m t0 6 la 02 la 06 la 10 la 14 la 18 la 2 la 26 la 30 la 34 la 38

Problem (vdata)

C I- C P U FJSP MPMJSP MMJSP DP

I lj xuh 6=Frp sdulvrqv ehwz hhq I MVS/ P SP MVS/ P P MVS dqg GS FL0FSX1

518 Whvwvdp s oh 8

Wkh whvwsureohp vlq wklvvdp soh duh doofodvvlfdomre vkrs vfkhgxolqj sureohp v1 Vlqfh wkh fodvvlfdo mre0vkrs vfkhgxolqj sureohp lv d vshfldo fdvh ri wkh I MV sureohp / rxu wdex vhdufk surfhgxuh fdq dovr eh xvhg wr vroyh wkhvh sureohp v1 Z h whvwhg rxu surfhgxuh rq wkh rulj lqdo76 whvwsureohp v +vgdwd, ^B/ <‘ xvhg wr j hqhudwh whvwvdp soh 6 dqg 71 I ru wklv vhwri sureohp z h udq WVrsw4 43 wlp hv iurp gl�huhqwvwduwlqj vroxwlrqv dqg olp lwhg wkh qxp ehu ri lwhudwlrqv wr 43^91 Wdeoh < vkrz v wkdwrxu wdex0vhdufk doj rulwkp �qgv dq rswlp dovroxwlrq iru 6;

ri 76 sureohp v1Z lwk uhj dug wr wkh 8 uhp dlqlqj sureohp v/ wkh glvwdqfh iurp wkh ehvworz huerxqg +rurswlp xp / li nqrz q, lvvp doohuwkdq 314( 1Lwlvz ruwk qrwlqj wkdwrxu surfhgxuh lv deoh wr �qg wkh rswlp dovroxwlrq wr wkh qrwrulrxv 43⋄ 43 sureohp +p w43, e| I lvkhu dqg Wkrp svrq lq mxvw3134 vhfrqgv vwduwlqj iurp d vroxwlrq z lwk p dnhvsdq ht xdowr 49; 91Wkhvhdufk surfhgxuhiruwkhfodvvlfdomre vkrs vfkhgxolqj sureohp ghvfulehg e| Edodvdqg Yd}dfrsrxorv^5‘ lvfrp sdudeoh wr +exwfrqvlghudeo| idvwhu wkdq, WVrsw41 Krz hyhu/ rxu wdex vhdufk surfhgxuh lvt xlwh vlp soh dqg lwlvdq reylrxvwrslf iruixuwkhufrp sxwdwlrqdoh{shulp hqwv wr dqdo| }h krz p ruh vrsklvwlfdwhg vhdufk vwudwhj lhv frxog lp suryh wkh vroxwlrq t xdolw| +dqg shukdsv dovr wkh frp sxwdwlrqdowlp h,1

Lq rughu wr p dnh d p ruh ghwdlohg frp sdulvrq rq sureohp v iru z klfk lwlv p hdqlqj ixo/ z h vhohfwhg wkh 46 p rvwgl! fxowlqvwdqfhv/ dffruglqj wr Edodv dqg Yd}dfrsrxorv^5‘/ dp rqj wkh 76 sureohp v1 Wdeoh 43 frqwdlqvfrp sdulvrq uhodwhg wr wkhehvwp dnhvsdqvirxqg e| WVrsw4/ dj dlqvwwkrvhiurp GW+wkhwdex vhdufk surfhgxuh ri Ghoo*Dp lfr dqg Wuxeldq ^: ‘,/ QV +wkh wdex vhdufk surfhgxuh ri Qrz lfnl dqg Vp xwqlfnl ^46‘, dqg EY +wkh surfhgxuh VE0J OV5 ri Edodv dqg Yd}dfrsrxorv^5‘,1 Rxuuhvxowvduh forvh wr wkh rqhvrewdlqhg e| wkh ehvwvhdufk surfhgxuhv wr vroyh wkh mre vkrs sureohp v/ dowkrxj k wkh frp sxwdwlrqdo wlp h xvhg e| WVrsw4 lv frqvlghudeo| j uhdwhu1 I lj xuh 7 vkrz v d frp sdulvrq ehwz hhq wkh FL0FSX ri WVrsw4/ GWdqg EY1Lq wklvfdvh wkh FL0FSX iruWVrsw4 lv wkh wrwdodp rxqwri FL0FSX wr frp sxwh 43 uxqv +iru QV dqg EF wkh wrwdowlp hv duh qrwuhsruwhg,1

1

10

100

1000

10000

100000

m t1 0 la 02 la 19 la 21 la 24 la 25 la 27 la 29 la 36 la 37 la 38 la 39 la 40 Problem

C I- C P U FJSP DT BV

I lj xuh 7=FL0FSX wlp h iru 46 kdug sureohp v1

Uhihuhqfhv

^4‘ Dssohj dwh/ G1/ dqg Frrn/ Z 1+4<<4, �D frp sxwdwlrqdovwxg| ri wkh mre vkrs vfkhgxolqj sureohp �/ RUVD Mrxuqdorq Frp sxwlqj / 6/ Qr15/ Vsulqj 4<<41

^5‘ EdodvH1/ Yd}dfrsrxorvD1+4<<; ,/ �J xlghg OrfdoVhdufk z lwk Vkliwlqj Erw0 wohqhfn iru Mre Vkrs Vfkhgxolqj �/ P dqdj hp hqwVflhqfh 77/ 59505: 81

^6‘ Eduqhv/ M1Z 1dqg Fkdp ehuv M1E1+4<<9,/ �I oh{leoh Mre Vkrs Vfkhgxolqj e| Wdex Vhdufk�/ J udgxdwhSurj udp lq RshudwlrqvUhvhdufk dqg Lqgxvwuldo Hqj lqhhulqj / Wkh Xqlyhuvlw| ri Wh{dv dwDxvwlq/ WhfkqlfdoUhsruwVhulhv/ RUS<903</ kwws=22z z z 1fv1xwh{dv1hgx2xvhuv2mef21

^7‘ Eudqglp duwh/ S1/ +4<<6,/�Urxwlqj dqg vfkhgxolqj lq d h{leoh mre vkrs e| wdex vhdufk�/ Dqqdov ri Rshudwlrqv Uhvhdufk 55/ ss 48; 04; 61

^8‘ Euxfnhu/ S1/ Qh| hu/ M1+4<<; ,= �Wdex0vhdufk iru wkh p xowl0p rgh mre0vkrs sureohp � RvqdeuxhfnhuVfkuliwhq }xuP dwkhp dwln S 4; 8>Xqlyhuvlw| ri Rv0 qdeu fn/ RU Vshnwuxp 53/ 5405; 1

^9‘ Gdx}ºuh0S�uºv V1/ Sdxool/ M1+4<<: ,=�Dq lqwhj udwhg dssurdfk iru p rgholqj dqg vroylqj wkh j hqhudop xowlsurfhvvru mre0vkrs vfkhgxolqj sureohp xvlqj wdex vhdufk�/ Dqqdov ri Rshudwlrqv Uhvhdufk : 3/ 5; 406391

^: ‘ Ghoo*Dp lfr P 1/ Wuxeldq P 1+4<<6,/ �Dsso| lqj wdex0vhdufk wr wkh mre vkrs vfkhgxolqj sureohp �/ Dqqdov ri Rshudwlrqv Uhvhdufk 55/ 480571

^; ‘ Grqj duud/ m1m1+4<<; ,/ Shuirup dqfh ri ydulrxvfrp sxwhuvxvlqj vwdqgdug olq0 hdu ht xdwlrqv vriwz duh/ Frp sxwhu Vflhqfh Ghsduwp hqw/ Xqlyhuvlw| ri Whq0 qhvvhh/ Nqr{ylooh/ Whqqhvvhh1

^<‘ K1I lvkhudqg J 1O1Wkrp svrq +4<96,/ �Suredelolvwlf ohduqlqj frp elqdwlrqv ri orfdomre vkrs vfkhgxolqj uxohv�/ lq= LqgxvwuldoVfkhgxolqj / M1I 1P xwk dqg J 1O1Wkrp svrq/ hgv1/ Suhqwlfh Kdoo/ Hqj ohz rrg Fol�v/ ss155805841

^43‘ Kxulqn/H1/ Mxulvfk/ E1/ Wkroh/ P 1 +4<<7,/ �Wdex vhdufk iru wkh mre vkrs vfkhgxolqj sureohp z lwk p xowl0sxusrvh p dfklqh�/ Rshudwlrqv Uhvhdufk Vshnwuxp 48/ 53805481

^44‘ Ydq Oddukryhq S1M1P 1/ Dduwv H1K1O1/ Ohqvwud M1N1 +4<<5,/�Mre Vkrs Vfkhgxolqj e| vlp xodwhg dqqhdolqj �/ Rshudwlrqv Uhvhdufk 73/ 44604581

^45‘ Odz uhqfhV1+4<; 7,/ Vxssohp hqwwr �UhvrxufhFrqvwudlqhg Sur mhfwVfkhgxo0 lqj = Dq H{shulp hqwdoLqyhvwlj dwlrq ri Khxulvwlf Vfkhgxolqj Whfkqlt xhv�/ J VLD/ Fduqhj lh P hoorq Xqlyhuvlw| / Slwwvexuj k/ SD1

:

^46‘ Qrz lfnl/ H1/ Vp xwqlfnl/ F1+4<<9,/ �D idvwwderr vhdufk doj rulwkp iru wkh mre vkrs sureohp �/ P dqdj hp hqwVflhqfh 75/ : <: 0; 461

^47‘ Ydhvvhqv/ Dduwv/ Ohqvwud +4<<9,/ �Mre vkrs vfkhgxolqj e| orfdo vhdufk�/ LQI RUP VMrxuqdorq frp sxwlqj / yro1; q161

;

6 Wdeohv

Doj rulwkp WrwdoFL0FSX E=H=Z P SP MVS 58; : 83 435=5: =3 P P MVS 864389 43: =55=3 GS 75; 73<19 : : =7: =8 WVrsw4 4989; 169

Wdeoh 5=Vxp p du| uhvxowv iru wkh Kxulqn hwdo1 gdwd1

Sureohp +OE/XE, F_{ehvw} Dy+F, GhyVwg+F, Dy+FSX, Dy+F_3, P n34 +69/75, 73 73133 3133 3134 435173 P n35 +57/65, 59 59133 3133 31: 6 <6153 P n36 +537/544, - 537 537133 3133 3134 844193 P n37 +7; /; 4, 93 93133 3133 313; 47: 153 P n38 +49; /4; 9, 4: 6 4: 6133 3133 31<9 6431; 3 P n39 +66/; 9, 8; 8; 173 3188 6159 588173 P n3: +466/48: , 477 47: 133 6133 ; 1<4 6941; 3 P n3; 856 -856 856133 3133 3135 ; 9: 173 P n3< +5<</69<, 63: 63: 133 3133 3148 ; 3: 1; 3 P n43 +498/5<9, 4<; 4<<153 31; 7 : 19< : 63193

Wdeoh 6=Uhvxowv rq Eudqglp duwh*v gdwd1

<

Sureohp +OE/XE, F_{ehvw} Dy+F, GhyVwg+F, Dy+FSX, Dy+F_3, 34d +5838/ 5863, 584; 585; 133 91; < 5; 14: 7937133 35d +555; / 5577, 5564 5567133 5178 7517; 7: 95173 36d +555; / 5568, 555< 555<193 3188 97177 7; 88173 37d +5836/ 5898, -5836 5849153 4316; 5: 199 7; 671; 3 38d +54; </ 555<, 5549 5553133 51: 7 78185 7836173 39d +5495/ 5549, 5536 5539173 5174 8713; 78: 5193 3: d +54; : / 573; , 55; 6 55<: 193 431: 7 9; 156 7<681; 3 3; d +5394/ 53<6, 539< 53: 4173 4185 86165 7: <51; 3 3<d +5394/ 53: 7, 5399 539: 173 31; < ; 414< 7<941; 3 43d +54: ; / 5695, 55<4 5638193 45147 89144 8544153 44d +534: / 53: ; , 5396 5398193 51; ; 9417; 7<93193 45d +4<9</ 537: , 5367 536; 133 61<7 ; 41<6 7; ; 7173 46d +5494/ 5635, 5593 5599153 7165 7; 187 8897193 47d +5494/ 54; 6, 549: 549; 133 4133 44319; 8<34153 48d +5494/ 54: 4, 549: 549: 153 3178 46: 186 8: 99133 49d +547; / 5634, 5588 558; 1; 3 8159 : 7199 88; 9153 4: d +53; ; / 549<, 5474 5477133 5188 4531; 6 878; 173 4; d +538: / 546<, 546: 5473153 51: : 47<17< 8; 69173

Wdeoh 7=Uhvxowv rq wkh gdwd iurp Gdx}huh0Shuhv dqg Sdxool1

Sureohp +OE/XE, F_{ehvw} Dy+F, GhyVwg+F, Dy+FSX, Dy+F_3, p w43{ +988/ <5<, <4; <4; 133 3133 7164 4; 55193 p w43{{ +988/<5<, <4; <4; 133 3133 41: 6 4975193 p w43{{{ +988/<69, <4; <4; 133 3133 4143 4: 56193 p w43{| +988/<46, <39 <39133 3133 7135 4<48133 p w43{| } +988/; 7<, ; 7: ; 831; 3 517< 8183 49<: 193 p w43f4 +988/<5: , <5; <5; 133 3133 5166 4: <8193 p w43ff +988/<47, <43 <43133 3133 43137 49; : 153 vhwe7{ +; 79/<6: , <58 <58133 3133 : 178 53: <133 vhwe7{{ +; 79/<63, <58 <59173 514< 471; : 53641; 3 vhwe7{{{ +; 79/<58, <58 <58133 3133 : 1<< 54; 9133 vhwe7{| +; 78/<57, <49 <49133 3133 6148 4<86153 vhwe7{| } +; 6; /<47, <38 <3; 153 41: < : 168 53561; 3 vhwe7f< +; 8: /<57, <4< <4<153 3178 47135 54441; 3 vhwe7ff +; 8: /<3<, <3< <44193 81; 4 451<8 53851; 3 vhwl8{ +<88/454; , 4534 4536193 4185 481; 8 5: 431; 3 vhwl8{{ +<88/4537, 44<< 4533193 5163 56197 5: 5; 173 vhwl8{{{ +<88/4546, 44<: 44<; 173 31; < 56184 5: ; : 153 vhwl8{| +<88/447; , 4469 4469173 3188 441<4 5: 381; 3 vhwl8{| } +<88/445: , 4458 4459193 4147 4: 146 56<41; 3 vhwl8f45 +435: /44; 8, 44: 7 44: 7153 3178 4<17< 5: : 7153 vhwl8ff +<88/4469, 4469 4469173 3188 441<4 5: 381; 3

Wdeoh 8=Uhvxowv rq wkh gdwd iurp Eduqhv dqg Fkdp ehu

Sureohp +OE/XE, F_{ehvw} Dy+F, GhyVwg+F, Dy+FSX, Dy+F_3, p 39 88 -88 88133 3133 3133 434173 p 43 +; : 4/ ; : 6, - ; : 4 ; : 6133 4174 4194 4; 45133 p 53 +43; ; / 4439, -43; ; 43; ; 1; 3 31; 7 6185 5367153 od34 93< -93< 93<133 3133 3134 4443153 od35 988 -988 988133 3133 3137 44; 4173 od36 +883/ 887, -883 883133 3133 4133 43; 91; 3 od37 89; -89; 89; 133 3133 3169 4464133 od38 836 -836 836133 3133 3134 <<71; 3 od39 ; 66 -; 66 ; 66133 3133 3133 4873173 od3: +: 95/ : 98, -: 95 : 95133 3133 3168 476; 173 od3; ; 78 -; 78 ; 78133 3133 3135 4764173 od3< ; : ; -; : ; ; : ; 133 3133 3137 47<6153 od43 ; 99 -; 99 ; 99133 3133 3134 47: ; 173 od44 +43; : / 4436, 4436 4436133 3133 41<4 4<68133 od45 <93 -<93 <93133 3133 3135 4: : 61; 3 od46 4386 -4386 4386133 3133 3135 4<<: 153 od47 4456 -4456 4456133 3133 3136 4<48133 od48 4444 -4444 4444133 3133 3163 534; 193 od49 +; <5/ <48, -; <5 ; <5133 3133 3158 4: 5; 1; 3 od4: : 3: -: 3: : 3: 133 3133 318; 48: 3133 od4; +; 75/ ; 76, -; 75 ; 75133 3133 31: < 4957193 od4< : <9 -: <9 : <9133 3133 4186 49571; 3 od53 +; 8: / ; 97, -; 8: ; 8: 133 3133 31; ; 4: : : 1; 3 od54 +; <8/ 4379, 434: 4356153 8159 51; 6 5553193 od55 +; 65/ ; <3, ; ; 5 ; ; 6133 4174 715< 5456173 od56 +<83/ <86, -<83 <83133 3133 51<: 5489193 od57 +; ; 4/ <4; , <3< <44193 5194 61; ; 5446153 od58 +; <7/ <88, <74 <78133 51; 6 41: 9 554: 193 od59 +43; </ 446; , 4458 445: 133 616< 817; 5869193 od5: +44; 4/ 4548, 44; 9 44; ; 1; 3 615: <158 5: 931; 3 od5; +4449/ 4498, 447< 447<133 3133 6177 5987133 od5< +438; / 448: , 444; 4453193 51; ; 817: 5897153 od63 +447: / 4558, 4537 4546153 9179 <155 5; ; 5193 od64 +4856/ 4889, 486< 4873193 31; < <18; 66<3193 od65 49<; -49<; 49<; 133 3133 41; 8 67<: 153 od66 487: -487: 487: 133 3133 4173 6973153 od67 +48<5/ 4946, 48<< 48<<153 3178 <168 68: 3173 od68 4: 69 -4: 69 4: 69133 3133 3174 678: 153 od69 +4339/ 44: 4, 4495 4496153 41: < ; 13; 5; <4173 od6: +4688/ 474; , 46<: 46<: 133 3133 617; 6336133 od6; +434</ 44: 5, 4477 4479193 5194 91<3 5: 4<153 od6< +4484/ 453: , 44; 7 44; 8193 4167 ; 19; 5; 441; 3 od73 +4367/ 4483, 4483 4484193 5194 : 1: ; 58<: 193

Wdeoh 9=Uhvxowv rq wkh vhwhgdwd iurp Kxulqn hwdo1

Sureohp +OE/XE, F_{ehvw} Dy+F, GhyVwg+F, Dy+FSX, Dy+F_3, p 39 7: -7: 7: 133 3133 3133 ; 51; 3 p 43 +9: </ 9; 9, 9; 9 9; 9133 3133 51: 4 48: 5173 p 53 +4355/ 4357, -4355 4355193 3188 6186 4<3: 173 od34 +8: 3/ 8: 7, 8: 4 8: 41; 3 31; 7 41<: 4565173 od35 +85</ 865, 863 863193 3188 4164 44661; 3 od36 +7: : / 7: <, 7: ; 7: ; 153 3178 4169 444; 193 od37 +835/ 837, -835 836133 31: 4 3195 4346133 od38 +78: / 78; , -78: 78: 193 3188 41: ; ; ; <133 od39 +: <</ ; 33, -: << : <<173 3188 51<< 48; ; 193 od3: +: 7</ : 83, : 83 : 83133 3133 4146 47341; 3 od3; +: 98/ : 9: , -: 98 : 981; 3 3178 3168 47<7133 od3< +; 86/ ; 87, -; 86 ; 86173 3188 515< 4859133 od43 +; 37/ ; 38, -; 37 ; 37193 3188 4165 49: <193 od44 +43: 4/ 43: 5, -43: 4 43: 4133 3133 5189 4; 961; 3 od45 <69 -<69 <69133 3133 313; 496; 173 od46 436; -436; 436; 133 3133 31<3 4<<; 193 od47 43: 3 -43: 3 43: 3133 3133 315; 4<7<193 od48 +43; </ 43<3, 43<3 43<3133 3133 41: 9 4; 8; 133 od49 : 4: -: 4: : 4: 133 3133 313: 4: ; 31; 3 od4: 979 -979 979133 3133 3136 46; 7173 od4; +999/ 99<, -999 999133 3133 41: < 4958193 od4< +97: / : 36, : 33 : 34153 4197 41<3 4: 65173 od53 : 89 -: 89 : 89133 3133 3136 4: : <133 od54 +; 3; / ; 79, ; 68 ; 74133 7157 : 1; 4 5769193 od55 +: 6: / : : 5, : 93 : 96193 513: 8147 538: 153 od56 +; 49/ ; 86, ; 75 ; 78153 51<8 9183 5563153 od57 +: : 8/ ; 53, ; 3; ; 461; 3 6168 7139 53; 7193 od58 +: 85/ ; 35, : <4 : <7173 514< 616; 53: 71; 3 od59 +4389/ 43: 3, 4394 43961; 3 4197 : 19< 5: 7: 133 od5: +43; 8/ 4433, 43<4 43<5193 4167 : 17: 594<153 od5; +43: 8/ 43; 8, 43; 3 43; 4193 4147 : 187 59; <193 od5< +<<6/ 4337, <<; <<; 193 4167 7136 5: 49133 od63 +439; / 43; <, 43: ; 43; 31; 3 41: < : 1: ; 59: <1; 3 od64 +4853/ 485; , 4854 4855133 4133 ; 194 6787153 od65 +498: / 4993, 498< 498<1; 3 4143 4519: 6: : 61; 3 od66 +47<: / 4834, 47<< 4833133 4133 4417; 6769173 od67 +4868/ 486<, 4869 4869153 3178 : 15; 6689133 od68 +487</ 4888, 4883 4883193 3188 4815; 68891; 3 od69 +4349/ 4363, 4363 4364153 4143 71<3 5; 4; 133 od6: +<; </ 43; 5, 43: : 43; 3193 51: 3 <185 5; 93193 od6; +<76/ <; <, <95 <9; 133 619: <165 5; 6<193 od6< +<99/ 4357, 4357 4366153 4615< 51: ; 596<133 od73 +<88/ <; 3, <: 3 <: 7133 616< 9144 5; 69133

Wdeoh : =Uhvxowv rq wkh vhwugdwd iurp Kxulqn hwdo1

Sureohp +OE/XE, F_{ehvw} Dy+F, GhyVwg+F, Dy+FSX, Dy+F_3, p w39 7: -7: 7: 133 3133 3133 <; 133 p w43 988 -988 988133 3133 3135 48<6133 p w53 4355 -4355 4355133 3133 61: < 4: 99193 od34 +8: 3/ 8: 5, -8: 3 8: 31; 3 3178 413; 43: 5133 od35 85< -85< 85<173 3188 515< 448; 133 od36 +7: : / 7: <, -7: : 7: : 193 3188 318; 43<<193 od37 +835/ 836, -835 835133 3133 4148 43<6193 od38 +78: / 793, -78: 78; 133 31: 4 4173 <: : 153 od39 : << -: << : <<133 3133 31<: 484<133 od3: +: 7</ : 83, -: 7< : 7<1; 3 31; 7 6188 4799193 od3; +: 98/ : 99, -: 98 : 98153 3178 41; 4 484; 153 od3< ; 86 -; 86 ; 86133 3133 518< 4878173 od43 +; 37/ ; 38, -; 37 ; 37133 3133 4199 47<6153 od44 43: 4 -43: 4 43: 4133 3133 319; 4: <3173 od45 <69 -<69 <69133 3133 318< 49<: 193 od46 436; -436; 436; 133 3133 3198 4<741; 3 od47 43: 3 -43: 3 43: 3133 3133 3186 4<93133 od48 43; < -43; < 43; <173 3188 4188 5386133 od49 : 4: -: 4: : 4: 133 3133 3134 4: 63153 od4: 979 -979 979133 3133 3134 488: 173 od4; 996 -996 996133 3133 3134 48<3173 od4< 94: -94: 94: 133 3133 3145 4993133 od53 : 89 -: 89 : 89133 3133 3134 4: 7: 153 od54 +; 33/ ; 47, ; 39 ; 3: 193 4185 7199 5469173 od55 +: 66/ : 77, : 6< : 6<1; 3 31; 7 9175 54361; 3 od56 +; 3</ ; 4; , ; 48 ; 49133 4155 8199 54: 3173 od57 +: : 6/ : ; 7, : : : : : <133 418; 91: < 5436153 od58 +: 84/ : 8: , : 89 : 89173 3188 915: 53; 7133 od59 +4385/ 4389, 4387 4387193 3188 ; 188 5: 79193 od5: +43; 7/ 43; : , 43; 8 43; 81; 3 3178 9177 5: 76173 od5; +439</ 43: 5, 43: 3 43: 3173 3188 451: 6 5: <71; 3 od5< +<<6/ <<8, <<7 <<7193 3188 46139 5875133 od63 +439; / 43: 3, 439< 43: 3133 31: 4 <193 599; 133 od64 +4853/ 4854, -4853 4853133 3133 491<5 6976153 od65 +498: / 498; , 498; 498; 133 3133 46133 6: 39133 od66 +47<: / 47<; , -47<: 47<: 1; 3 3178 4: 147 66451; 3 od67 +4868/ 4869, -4868 4868153 3178 46183 6787193 od68 +487</ 4883, -487< 487<133 3133 5319< 6966153 od69 <7; -<7; <7; 133 3133 315; 5: 66133 od6: <; 9 -<; 9 <; 9133 3133 3177 5; 67133 od6; <76 -<76 <76133 3133 313< 59: 4153 od6< <55 -<55 <55133 3133 3155 5: <; 193 od73 <88 -<88 <88133 3133 3159 5; 43193

Wdeoh ; =Uhvxowv rq wkh vhwygdwd iurp Kxulqn hwdo1

Sureohp +OE/XE, F_{ehvw} Dy+F, GhyVwg+F, Dy+FSX, Dy+F_3, p w39 88 -88 88133 3133 3133 <<1; 3 p w43 <63 -<63 <65183 51: 9 5: 19< 4<6; 1: 3 p w53 4498 -4498 44991: 3 816; 5134 5368163 od34 999 -999 99: 153 61: < 3134 44<6173 od35 988 -988 989143 617; 3138 44; <163 od36 8<: -8<: 8<: 193 41<3 316< 43: 6153 od37 8<3 -8<3 8<3133 3133 3138 445: 163 od38 8<6 -8<6 8<6133 3133 3133 <; 4153 od39 <59 -<59 <59133 3133 3133 4874173 od3: ; <3 -; <3 ; <3133 3133 3135 47: 8173 od3; ; 96 -; 96 ; 96133 3133 3133 46<81: 3 od3< <84 -<84 <84133 3133 3133 4953163 od43 <8; -<8; <8; 133 3133 3133 48: 91<3 od44 4555 -4555 4555133 3133 3133 4<4; 163 od45 436< -436< 436<133 3133 3133 4: 74153 od46 4483 -4483 4483133 3133 3133 4<75193 od47 45<5 -45<5 45<5133 3133 3133 4<9; 1; 3 od48 453: -453: 453: 133 3133 3137 4<; 51: 3 od49 <78 -<78 <78133 3133 7134 4: 78173 od4: : ; 7 -: ; 7 : ; 7133 3133 314< 4853153 od4; ; 7; -; 7; ; 7; 133 3133 3178 49: 4173 od4< ; 75 -; 75 ; 75133 3133 415< 4: 88133 od53 <35 -<35 <35133 3133 317< 4: 94193 od54 4379 -4379 437: 163 4149 66196 55<51<3 od55 <5: -<5: <5<193 51: 9 5: 1<6 54; 5193 od56 4365 -4365 4365133 3133 313< 54: 71<3 od57 <68 -<68 <6; 133 4174 5918< 53; 3163 od58 <: : -<: : <: : 193 31<: 47143 5456153 od59 454; -454; 454; 133 3133 31<4 59; : 133 od5: 4568 -4568 457<163 <198 ; 14; 5: 54133 od5; 4549 -4549 45491: 3 5154 617; 58<4193 od5< +4453/ 448: , 4493 449: 163 6153 6816; 5787163 od63 4688 -4688 4688133 3133 319; 5: 9<193 od64 4: ; 7 -4: ; 7 4: ; 7133 3133 3147 6789173 od65 4; 83 -4; 83 4; 83133 3133 3144 69: 8153 od66 4: 4< -4: 4< 4: 4<133 3133 314: 6686173 od67 4: 54 -4: 54 4: 54133 3133 3183 6866173 od68 4; ; ; -4; ; ; 4; ; <133 6149 314: 6975173 od69 459; 459< 45: 51: 3 613< 8; 146 5; 46163 od6: 46<: -46<: 46<<1<3 6193 931: 3 5<44183 od6; +44; 7/ 44<9, 44<9 4534193 5165 74186 5894193 od6< 4566 -4566 456: 183 5165 8613< 5: 7<1<3 od73 4555 455; 455<1: 3 41: 3 : 7194 5: 971: 3

Wdeoh <=Uhvxowv rq wkh gdwd e| Odz uhqfh/ I lvkhu dqg Wkrp svrq1

Sureohp EY WVrsw4 QV GW EF p w43 <63 <63 <63 <68 <68 od35 988 988 988 988 988 od4< ; 75 ; 75 ; 75 ; 75 ; 76 od54 4379 4379 437: 437; 4386 od57 <68 <68 <6< <74 <79 od58 <: : <: : <: : <: < <; ; od5: 4568 4568 4569 4575 4589 od5< 4497 4493 4493 44; 5 44<7 od69 459; 459< 459; 45: ; 45: ; od6: 46<: 46<: 473: 473< 474; od6; 44<9 44<9 44<9 4536 4544 od6< 4566 4566 4566 4575 456: od73 4557 455; 455< 4566 456<

Wdeoh 43=P dnhvsdq iru 46 kdug sureohp v1