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Frqwhqwv

4 Lqwurgxfwlrq wr JDXVV 4
414 Zkdw lv JdxvvB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4

41414 Wkh Odqjxdjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4
41415 Wkh Judsklfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4

415 Zkdw lv qhz lq wkh QW2<8 yhuvlrqB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4
41514 Sod|Z 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
41515 Rq0olqh khos 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

416 Ydoxh dw Ulvn h{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
41614 Dvvhw sruwirolr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
41615 Vlpxodwlqj phwkrgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
41616 YdU rq rswlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
41617 Ghulydwlyhv sruwirolr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
41618 Qrq0olqhdulw| lq YdU 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

417 Fuhdwlqj GOOv iru Jdxvv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
41714 F2F.. vrxufh frgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

4171414 off frpslohu +OFF0ZLQ65, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
4171415 jff2j.. frpslohuv +JQX0ZLQ65, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
4171416 jff frpslohu +UV[ QW, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

41715 Iruwudq frgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
4171514 gyi2isv frpslohuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
4171515 j:: frpslohu +UV[ QW, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

418 Zlq65 DSLv dffhvv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
41814 Wkh F frgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
41815 Wkh Jdxvv zlq65dsl1vuf �oh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
41816 Dq h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

419 GGH ixqfwlrqqdolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
41914 Xvlqj Phufxu| dqg Ylvxdo Edvlf 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
41915 Xvlqj whpsrudu| �ohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

4191514 D yhu| vlpsoh h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
4191515 Zrunlqj zlwk pdwulfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
4191516 Dq rswlrq sulfhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

41916 Xvlqj d glvn ex�hu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
4191614 D yhu| vlpsoh h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;
4191615 Ulvn qhxwudo ghqvlw| hvwlpdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

5 Ilqdqfldo Prghoolqj 68
514 Wkh SGH5G oleudu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

51414 Zkdw lv SGH5GB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68
51415 Vrph h{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

5141514 Sduderolf sureohpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68
5141515 Hoolswlf sureohpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
5141516 Frpsxwlqj Juhhnv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73
5141517 Frpsxwlqj vwrfkdvwlf yrodwlolw| rswlrq juhhnv frh!flhqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
5141518 D Gl{lw0Slqg|fn h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
5141519 Rwkhu �qdqfldo sureohpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79
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ly FRQWHQWV

515 Wkh RSWLRQ oleudu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79
51514 Zkdw lv RSWLRQB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79
51515 Vrph h{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

5151514 Fr{/ Urvv dqg Uxelqvwhlq prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<
5151515 Eodfn0Vfkrohv Jdppd frpsxwlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
5151516 Rswlrq sulflqj zlwk mxps0gl�xvlrq surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
5151517 Vwrfkdvwlf yrodwlolw| rswlrq prghov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
5151518 Rswlrq sulflqj zlwk vxeruglqdwhg vwrfkdvwlf surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87
5151519 Lpsolhg yrodwlolw| dqg wudqvdfwlrq iuhtxhqf| 0 Dq dssolfdwlrq wr Sleru 6 prqwkv

ixwxuh rswlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88

6 Ilqdqfldo Hfrqrphwulfv 8:
614 IDQSDF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

61414 IDQSDF v|qwd{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:
6141414 Surjudpplqj v|qwd{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:
6141415 Nh|zrugv v|qwd{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

61415 Qhovrq dqg Fdr Frqvwudlqwv dqg fdofxodwlrq ri frq�ghqfh olplwv e| lqyhuvlrq ri wkh Zdog
vwdwlvwlf 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<

61416 Xqlyduldwh prghov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95
61417 Pxowlyduldwh prghov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97

615 WVP 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
61514 WVP h{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9;
61515 Wlph vhulhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4

6151514 Du�pd surfhvv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4
6151515 Ydupd surfhvv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5
6151516 Ydu{ Surfhvv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:
6151517 Vwuxfwxudo prghov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436

61516 Hvwlpdwlrq phwkrgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
6151614 Pd{lpxp olnholkrrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
6151615 Jhqhudol}hg phwkrg ri prphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438
6151616 Vlpxodwhg phwkrg ri prphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439
6151617 Zklwwoh phwkrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;
6151618 Jhqhudol}hg  h{leoh ohdvw vtxduhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43<

61517 Vwdwh0vsdfh prghoolqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 444
6151714 Vwuxfwxudo prghov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 444
6151715 Wlph0ydu|lqj sdudphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447
6151716 Pxowlyduldwh prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 449
6151717 H{dfw pd{lpxp olnholkrrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 449
6151718 Lpsxovh ixqfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44<
6151719 Errwvwuds phwkrgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 455

61518 Vshfwudo phwkrgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 457
6151814 Xqghuvwdqglqj wkh Irxulhu wudqvirup 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 457
6151815 Shulrgrjudp/ vshfwudo hvwlpdwlrq dqg furvv0vshfwuxp dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 458
6151816 Vxuurjdwh gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458
6151817 Nroprjrury0Vpluqry whvw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458
6151818 Fryduldqfh ixqfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 459
6151819 Ydupd sdudphwhuv hvwlpdwlrq lq wkh iuhtxhqf| grpdlq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45:

61519 Zdyhohwv dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45;
6151914 Xqghuvwdqglqj wkh Zdyhohw dqg Zdyhohw Sdfnhwv wudqvirupv 1 1 1 1 1 1 1 1 1 1 1 1 1 45;
6151915 Zdyhohw dqg Zdyhohw Sdfnhwv uhsuhvhqwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 463
6151916 Gdwd ghqrlvlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 464
6151917 Vxeedqgv frglqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465
6151918 Vfdorjudp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466
6151919 D �qdqfldo h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467



FRQWHQWV y

7 Ghyhorslqj surihvvlrqdo dssolfdwlrqv xvlqj Jdxvv surjudpv 468
714 Wkh Jdxvv Hqjlqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468

71414 Zkdw lv wkh Jdxvv HqjlqhB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468
71415 Xqghuvwdqglqj wkh Jdxvv Hqjlqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468
71416 Vrph h{dpsohv zlwk H{fho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46:
71417 Vrph h{dpsohv zlwk Ylvxdo Edvlf 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;

715 Phufxu|bJH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;
71514 Zkdw lv Phufxu|bJHB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;
71515 Vrph Phufxu|bJH h{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46<

7151514 H{fho h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46<
7151515 YF.. h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 473
7151516 YM.. h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 475

71516 Wkuhh h{sodlqhg h{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 476
7151614 Pdunrzlw} sruwirolr dqg H{fho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 476
7151615 Olqhdu dojheud dqg Ylvxdo Edvlf 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 477
7151616 Fuhdwlqj dq Hfrqrphwulfv WrroEr{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 485



yl FRQWHQWV



Fkdswhu 4

Lqwurgxfwlrq wr JDXVV

414 Zkdw lv JdxvvB

Wkh Jdxvv Pdwkhpdwlfdo dqg Vwdwlvwlfdo V|vwhp lv d idvw pdwul{ surjudpplqj odqjxdjh zlgho| xvhg e| vflhqwlvwv/
hqjlqhhuv/ vwdwlvwlfldqv/ elrphwulfldqv/ hfrqrphwulfldqv/ dqg �qdqfldo dqdo|vwv1 Ghvljqhg iru frpsxwdwlrqdoo| lq0
whqvlyh wdvnv/ wkh Jdxvv v|vwhp lv lghdoo| vxlwhg iru wkh uhvhdufkhu zkr grhv qrw kdyh wkh wlph uhtxluhg wr ghyhors
surjudpv lq F ru IRUWUDQ exw �qgv wkdw prvw vwdwlvwlfdo ru pdwkhpdwlfdo �sdfndjhv� duh qrw  h{leoh ru srzhuixo
hqrxjk wr shuirup frpsolfdwhg dqdo|vlv ru wr zrun rq odujh sureohpv1

41414 Wkh Odqjxdjh

Dv d frpsohwh surjudpplqj odqjxdjh/ wkh Jdxvv v|vwhp lv erwk  h{leoh dqg srzhuixo1 Lpphgldwho| dydlodeoh wr wkh
Jdxvv xvhu lv d zlgh ydulhw| ri vwdwlvwlfdo/ pdwkhpdwlfdo dqg pdwul{ kdqgolqj urxwlqhv1 Jdxvv fdq eh xvhg lq hlwkhu
frppdqg prgh +lqwhudfwlyho|, ru lq hglw prgh1 Lq frppdqg prgh rqh0olqh frppdqgv/ ru vpdoo vfuhhq0uhvlghqw
surjudpv/ duh lvvxhg dqg wkh uhvxowv ri fdofxodwlrqv vhhq lpphgldwho|1 Lq hglw prgh |rx fdq zulwh frpsoh{ surjudpv
dqg vwruh wkhp lq �ohv1 Jdxvv kdv ryhu 733 ixqfwlrqv exlow lq/ lqfoxglqj OLQSDFN/ HLVSDFN dqg EODV urxwlqhv1
Lq dgglwlrq |rx fdq dgg |rxu rzq ixqfwlrqv wr wklv oleudu|1 Srzhuixo gdwd kdqgolqj fdsdelolwlhv lqfoxglqj d gdwd
orrs doorz wudqvirupdwlrqv lq d gdwd vhw e| gluhfwo| xvlqj yduldeoh qdphv lq h{suhvvlrqv1 Wklv juhdwo| vlpsol�hv
gdwd wudqvirupdwlrqv dqg pdnhv iru vkruwhu pruh uhdgdeoh surjudpv1 Jdxvv vxssruwv frpsoh{ qxpehuv1 |rx gr
qrw kdyh wr nhhs wudfn ri wkh uhdo dqg lpdjlqdu| sduwv ri d pdwul{1 Frpsoh{ qxpehuv duh kdqgohg dxwrpdwlfdoo|/
juhdwo| vlpsoli|lqj surjudp ghyhorsphqw1

41415 Wkh Judsklfv

Wkh Jdxvv v|vwhp lqfoxghv frpsohwh kljk uhvroxwlrq 5G dqg 6G Sxeolfdwlrq Txdolw| Judsklfv1 Sudlvhg e| xvhuv
dqg uhylhzhuv dolnh/ Jdxvv judsklfv surylgh frpsuhkhqvlyh gdwd ylvxdol}dwlrq fdsdelolwlhv1 \rx fdq fuhdwh [\ sorwv/
srodu sorwv/ edu fkduwv/ klvwrjudpv/ vxuidfh sorwv/ [\] sorwv> srodu/ orj dqg er{ judskv1 Judskv fdq eh sodfhg lq
lqglylgxdo ryhuodsslqj ru wlohg zlqgrzv rq d vlqjoh sdjh1 Wkhuh lv qr olplw wr wkh qxpehu ri judskv wkdw |rx fdq
frpelqh/ dqg qr fxwwlqj ru sdvwlqj lv uhtxluhg1

415 Zkdw lv qhz lq wkh QW2<8 yhuvlrqB

JDXVV lv qrz dydlodeoh lq 650elw qdwlyh yhuvlrqv iru RV25/ Zlqgrzv <8 dqg Zlqgrzv QW1 Wklv qhz yhuvlrq ri
JDXVV uxqv lq pxowlsoh pryhdeoh/ uhvl}hdeoh zlqgrzv/ dqg |rx fdq=

41 Kdyh pxowlsoh judsklfv rshq dw rqh wlph1

51 Fxw dqg sdvwh wh{w ehwzhhq JDXVV frppdqg dqg hglw zlqgrzv/ dqg wr dqg iurp rwkhu surjudpv vxfk dv
zrug surfhvvruv dqg hglwruv1

61 Uxq pxowlsoh vhvvlrqv ri JDXVV frqfxuuhqwo|1

71 Uxq orqj JDXVV vhvvlrqv lq wkh edfnjurxqg/ iuhhlqj wkh frpsxwhu iru rwkhu wdvnv1

4



5 FKDSWHU 41 LQWURGXFWLRQ WR JDXVV

81 Sxoo0grzq phqxv vlpsoli| frq�jxulqj irqwv/ zlqgrz vhohfwlrq/ �oh vhohfwlrq dqg rwkhu rswlrqv1

� Qhz Gdwd H{fkdqjh Idflolw| iru Zlq QW2<8
JDXVV iru Zlqgrzv qrz lqfoxghv d Gdwd H{fdkdqjh ihdwxuh iru h{fkdqjlqj gdwd zlwk prvw Zlqgrzv vsuhdg0
vkhhwv dqg gdwdedvhv1 JDXVV pdwulflhv dqg gdwd vhwv fdq eh h{sruwhg lq d ydulhw| ri �oh irupdwv1 Ilohv
jhqhudwhg e| rwkhu vriwzduh fdq eh lpsruwhg dv pdwulflhv ru gdwd vkhhwv1 Iloh irupdwv lqfoxgh= H{fho/ Orwxv/
Txdwur/ V|pskrq|/ Gedvh/ Sdudgr{/ Ir{Sur/ Folsshu dqg DVFLL1

� Ohjdf| GRV dssolfdwlrqv
JDXVV iru Zlqgrzv fdq qrz uxq |rxu GRV surjudpv lq d vwdqgdug ;3 { 58 zlqgrz1 Vxssruwv= Iruh0
jurxqg2edfnjurxqg froru dw wkh lqglylgxdo fkdudfwhu ohyho � DQVL1V\V hvfdsh frgh vhtxhqfhv iru froru/ fxuvru/
dqg vfuhhq frqwuro1

� Uxq dqg Hglw �oh vhohfwlrq olvwv
Lq wkh wrs sruwlrq ri JDXVV*v Frppdqg dqg Hglw zlqgrzv duh wzr vhsdudwh �oh vhohfwlrq er{hv frqwdlqlqj
olvwv ri wkh �ohv |rx duh fxuuhqwo| uxqqlqj dqg wkh �ohv |rx duh hglwlqj1 Zlwk rqh folfn |rx fdq eulqj d �oh
lq wr wkh hglwru dqg zlwk rqh folfn |rx fdq vdyh lw dqg uhuxq |rxu pdlq surjudp1 Wklv vlpsol�fdwlrq ri wkh
hglw uxq f|foh zkhq frpelqhg zlwk wkh qhz pdnh idflolw| pdnhv ghyhorsphqw h!flhqw/ dqg hdvlhu wkdq hyhu
ehiruh1 Iloh qdphv fdq eh frslhg ehwzhhq wkhvh olvwv zlwk rqh prxvh folfn1

� �Pdnh� idflolw|
JDXVV iru RV25 dqg Zlqgrzv nhhsv wudfn ri zklfk �ohv kdyh ehhq fkdqjhg1 Wklv holplqdwhv wkh qhhg iru
|rx wr nhhs wudfn ri doo |rxu fkdqjhv zkhq hglwlqj dqg uxqqlqj frpsoh{ surjudpv xvlqj pxowlsoh �ohv1 Wklv
dovr fdq vljql�fdqwo| vshhg xs frqvhfxwlyh uxqv ri frpsoh{ surjudpv ehfdxvh |rx qr orqjhu qhhg wr fohdu wkh
zrunvsdfh zlwk wkh qhz frppdqg hdfk wlph |rx pdnh d fkdqjh wr d vhfrqgdu| �oh1

� Iruhljq Odqjxdjh Lqwhuidfh
Xvlqj wkh Iruhljq Odqjxdjh Lqwhuidfh lv pxfk vlpsohu lq wklv qhz yhuvlrq1 JDXVV iru RV25 dqg Zlqgrzv
vxssruwv dq| frpslohu wkdw zloo jhqhudwh 1goo �ohv1 Wkhuh duh wkrvh wlphv zkhq |rx qhhg d ixqfwlrq wkdw
JDXVV grhvq*w kdyh/ exw iru zklfk |rx douhdg| kdyh Iruwudq ru F frgh dydlodeoh1 Lqfrusrudwlqj IRUWUDQ
ru F lq wr JDXVV surjudpv xvhg wr uhtxluh �vwduwxs� frgh zklfk lv rqo| dydlodeoh zlwk fhuwdlq frpslohuv1
Qrz doo |rx qhhg lv d 1goo +g|qdplfdoo| olqnhg oleudu|, �oh/ zklfk prvw XQL[/ Zlqgrzv QW2<8 dqg RV25
frpslohuv fdq jhqhudwh1

� Vsduvh Pdwul{ Urxwlqhv
Vsduvh vroyh dqg pdwul{ rshudwlrqv lq wkh RV25 dqg Zlqgrzv yhuvlrqv h!flhqwo| kdqgoh odujh vsduvh pdwulfhv1
JDXVV*v FSX vwrudjh dqg wlphv iru frpsxwlqj vsduvh vroyh dqg vsduvh pdwul{ surgxfwv duh rq wkh rughu
ri wkh qxpehu ri qrq}hur hohphqwv/ dqg wkhuhiruh duh idu pruh h!flhqw wkdq wkhlu ghqvh dqdorjxhv iru odujh
pdwulfhv1

� Fxpxodwlyh Glvwulexwlrq Ixqfwlrqv
Suhylrxvo| JDXVV xvhuv zhuh olplwhg wr 6 glphqvlrqv zlwk fgiwyq+ ,1 Qrz wkh| duh rqo| olplwhg e|
frpsxwdwlrqdo wlph dqg UDP1 Ixqfwlrqv duh lqfoxghg iru wkh iroorzlqj=

41 fgipyq+ , pxowlyduldwh Qrupdo fgi

51 fgiq5+ , frpsxwh lqwhuydo fgi= fgiq+{.g{, 0 fgiq+{,1 fgiq5+ , lqfuhdvhv dffxudf| iru d frpprq xvh ri
fgiq+ ,1 Ixuwkhu jdlqv lq dffxudf| duh dfklhyhg zkhq wdnlqj wkh orj ri dq lqwhuydo ri wkh Qrupdo fgi
zlwk wkh oqfgiq5+ , ixqfwlrq ehorz1

61 oqfgiq+ , orj ri Qrupdo fgi

71 oqfgiqf+ , orj ri frpsohphqw ri Qrupdo fgi

81 oqfgieyq+ , orj ri elyduldwh Qrupdo fgi

91 oqfgipyq+ , orj ri pxowlyduldwh Qrupdo fgi

:1 oqfgiq5+ , orj ri Qrupdo lqwhuydo fgi1

� Rwkhu Qhz Ihdwxuhv

41 Qhz Udqgrp Qxpehu Jhqhudwruv



4151 ZKDW LV QHZ LQ WKH QW2<8 YHUVLRQB 6

+d, Jdppd svhxgr0udqgrp qxpehuv

+e, Srlvvrq svhxgr0udqgrp qxpehuv

+f, Qhjdwlyh elqrpldo svhxgr0udqgrp qxpehuv

+g, Ehwd svhxgr0udqgrp qxpehuv

51 Qhz Vsolqh ixqfwlrqv

+d, 50G vsolqh lqwhusrodwlrq xqghu whqvlrq

+e, 40G vprrwklqj vsolqh xqghu whqvlrq

61 Qhz Orhvv Uhjuhvvlrq ixqfwlrq frpsxwhv urexvw orfdoo| zhljkwhg uhjuhvvlrq xvlqj wkh phwkrg ri Zlooldp
V1 Fohyhodqg +�Urexvw Orfdoo| Zhljkwhg Uhjuhvvlrq dqg Vprrwklqj Vfdwwhusorwv�/ MDVD/ :7=;5<0;691

71 Elwzlvh dulwkphwlf

+d, udgl{+{/e, Frqyhuw { iurp ghflpdo wr edvh e

+e, udgl{l+{/e, Frqyhuw { iurp edvh e wr ghflpdo

+f, ldqg+d/e, Elwzlvh d dqg e

+g, lru+d/e, Elwzlvh d ru e

+h, lhty+d/e, Elwzlvh d hty e

+i, l{ru+d/e, Elwzlvh d {ru e

+j, lqrw+d, Elwzlvh frpsohphqw d

+k, lvkiw+d/v, Vkliw elwv v srvlwlrqv +.yh ru 0yh,

41514 Sod|Z

Sod|Z lv d qhz judsklf xwlolw| iru frqyhuwlqj Jdxvv 1wni judsklfv �ohv wr ZPI/ EPS/ WLII dqg FP\N SrvwVfulsw
+dovr lqfoxghv folserdug vxssruw iru sdvwlqj judsklfv lqwr rwkhu dssolfdwlrqv/ dqg ydulrxv qhz froru dqg irupdwwlqj
rswlrqv,1
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41515 Rq0olqh khos

Wkhuh duh d qxpehu ri zd|v wr vshfli| wkh sdwwhuq wr eh xvhg lq d vhdufk=

41 Vhohfw +pdun, wh{w lq wkh sduhqw zlqgrz ehiruh rshqlqj wkh eurzvhu1

51 Hqwhu ru prgli| wh{w lq wkh Wrslfv er{ dw wkh wrs ri wkh zlqgrz1

61 Vhohfw iurp wkh Wrslfv er{ gurs0grzq olvw ri uhfhqwo| vxffhvvixo vhdufkhv1

71 Vhohfw +pdun, wh{w lq wkh �oh fxuuhqwo| ehlqj glvsod|hg1

81 Vhohfw iurp wkh gurs0grzq olvw ri srvvlelolwlhv jhqhudwhg e| d zlogfdug vhdufk1

Vhdufk sdwwhuqv pd| frqwdlq wkh zlogfdugv �-� ru �B�1 �-� uhsuhvhqwv dq| qxpehu dqg frpelqdwlrq ri fkdudfwhuv1
�B� uhsuhvhqwv dq| vlqjoh fkdudfwhu1 Wr h{hfxwh d vhdufk/ folfn wkh Orrnxs exwwrq ru suhvv Hqwhu1 Lq gurs0grzq
olvwv |rx fdq dovr grxeoh0folfn dq hqwu|1 \rx fdq dovr vhdufk iru �ohv/ e| hqwhulqj wkh qdph lq wkh Wrslfv er{ ru Iloh
er{/ ru e| xvlqj wkh Iloh Rshq gldorj er{ +phqx IlohmRshq111,1 Iloh vhdufkhv/ krzhyhu/ pd| qrw frqwdlq zlogfdugv1
Li |rx lqfoxgh d sdwk/ wkh eurzvhu zloo orrn rqo| lq wkh lqglfdwhg gluhfwru| iru wkh �oh1 Li |rx hqwhu mxvw wkh �oh
qdph/ wkh eurzvhu zloo vhdufk wkh Jdxvv vrxufh sdwk +vufbsdwk, iru lw1 Zkhq d xqltxh sdwwhuq lv irxqg dqg lw
uhsuhvhqwv d oleudu| v|pero/ wkh �oh frqwdlqlqj lw lv ordghg dqg vfuroohg wr wkh wrslf1 Li wkh xqltxh sdwwhuq lv dq
lqwulqvlf/ wkh Jdxvv khos v|vwhp lv rshqhg wr wkh vhohfwhg vxemhfw1 Li d sdwwhuq vhdufk uhvxowv lq pruh wkdq rqh
pdwfk/ wkh pdwfkhv duh glvsod|hg lq d gurs0grzq olvw1 Iru h{dpsoh= vhdufklqj zlwk d sdwwhuq ri �-q� uhvxowv lq
d olvw frqwdlqlqj doo wkh lqwulqvlf rshudwruv/ nh|zrugv dqg ixqfwlrqv hqglqj lq �q� dv zhoo dv doo oleudu| ixqfwlrqv/
nh|zrugv/ surfhgxuhv/ pdwulfhv/ dqg vwulqjv hqglqj lq �q�1

L Iru h{dpsoh/ li zh vshfli| vyg-/ zh rewdlq

L Zlwk vyg4/ zh kdyh
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416 Ydoxh dw Ulvn h{dpsohv

41614 Dvvhw sruwirolr

L Wklv h{dpsoh vkrzv krz wr frpsxwh wkh YdU ri dq dvvhwv sruwirolr lq Jdxvv1 Lw lv grqh yhu| hdvlo| zlwk wkh
lqyhuvh Jdxvvldq ixqfwlrq fgiql1

qhz>

ohw PX @ 14 15 16>
ohw VLJPD^6/6` @ 137 135 0134

135 139 135
0134 135 136>

wkhwd @ 4�6�04>
Sruwirolrbw3 @ 7>

PhdqS @ wkhwd*PX 0 Sruwirolrbw3>
YduS @ wkhwd*VLJPD-wkhwd>

doskd @ 3138>
YdU @ dev+PhdqS . fgiql+doskd,-vtuw+YduS,,>

rxwsxw iloh @ ydu41rxw uhvhw>

sulqw iwrv+YdU/**Ydoxh dw Ulvn +3138, @ (oi Iudqfv**/8/7,>

rxwsxw rii>

Ydoxh dw Ulvn +3138, @ 71<389 Iudqfv

41615 Vlpxodwlqj phwkrgv

L Wklv lv wkh vdph sureohp dv deryh/ exw wkh YdU lv frpsxwhg zlwk wkh Prqwh Fduor phwkrg1

qhz>

ohw PX @ 14 15 16>
ohw VLJPD^6/6` @ 137 135 0134

135 139 135
0134 135 136>
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wkhwd @ 4�6�04>
Sruwirolrbw3 @ 7>

Qrev @ 5833>
Sruwirolrbw4 @ uqgpq+PX/VLJPD/Qrev,-wkhwd>

ghowdS @ Sruwirolrbw4 0 Sruwirolrbw3>

rxwsxw iloh @ ydu51rxw uhvhw>

h @ ~3134/ 31358/ 3138/ 318/ 31<8/ 31<:8/ 31<<�>

t @ txdqwloh+ghowdS/h,>
qdph @ **4(** � **518(** � **8(** � **Phgldq** � **<8(** � **<:18(** � **<<(**>

sulqw> sulqw>
sulqw **Hvwlpdwhg Txdqwlohv**>
sulqw **00000000000000000**>
fdoo sulqwipw+qdph�t/3�4,>

doskd @ 3138>
YdU @ dev+txdqwloh+ghowdS/doskd,,>
sulqw>
sulqw iwrv+YdU/**Ydoxh dw Ulvn +3138, @ (oi Iudqfv**/8/7,>

rxwsxw rii>

surf +4, @ uqgpq+px/VLJPD/Qv,>
orfdo glp/x/Sfkro>
orfdo rogwuds>

glp @ urzv+px,>

rogwuds @ wudsfkn+4,>
wuds 4/4>
Sfkro @ fkro+VLJPD,*>
wuds rogwuds/4>
li vfdohuu+Sfkro,>

HUURUORJ **huuru= VLJPD lv qrw d srvlwlyh ghilqlwh pdwul{1**>
uhws+huuru+3,,>

hqgli>

x @ px . Sfkro-uqgq+glp/Qv,>

uhws+x*,>
hqgs>

Hvwlpdwhg Txdqwlohv
00000000000000000

4( 0817548;77
518( 08148749:9

8( 071<444<<8
Phgldq 06193;3599

<8( 0516639;5
<:18( 0513;3986:

<<( 041:;8659:

Ydoxh dw Ulvn +3138, @ 71<445 Iudqfv

41616 YdU rq rswlrqv

L Dq h{dpsoh zlwk ghulydwlyhv1

qhz>
oleudu| rswlrq/sjudsk>

V3 @ 433> N @ 433> vljpd @ 3153> wdx @ <32698> u @ 313;> e @ u>

ghowdWdx @ 0:2698> 2- : gd|v -2

surf pxSurf+w/V,>
uhws+ e-V ,>

hqgs>

surf vljpdSurf+w/V,>
uhws+ vljpd-V ,>

hqgs>

F3 @ HxurshdqEV+V3/N/vljpd/wdx/e/u,>

Qv @ 5333>
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~w/V� @ VlpxodwhbVGH+V3/)pxSurf/)vljpdSurf/3/dev+ghowdWdx,/53/Qv,>

V4 @ V^53/1`*>
F4 @ HxurshdqEV+V4/N/vljpd/wdx/e/u,>

ghowdF @ F4 0 F3>

doskd @ 3138>

rxwsxw iloh @ ydu61rxw uhvhw>

2- Orqj srvlwlrq-2
ghowdF @ F4 0 F3>
YdU @ dev+txdqwloh+ghowdF/doskd,,>

sulqw **Orqj Srvlwlrq**>
sulqw **000000000000000**>
sulqw iwrv+YdU/**Ydoxh dw Ulvn +3138, @ (oi Iudqfv**/8/7,>
sulqw>

2- Vkruw Srvlwlrq -2

ghowdF @ 0 +F4 0 F3,>
doskd @ 3138>
YdU @ dev+txdqwloh+ghowdF/doskd,,>

sulqw **Vkruw Srvlwlrq**>
sulqw **000000000000000**>
sulqw iwrv+YdU/**Ydoxh dw Ulvn +3138, @ (oi Iudqfv**/8/7,>
sulqw>

2- Orqj Srvlwlrq 000 GHOWD0JDPPD dssurdfk -2

ghowdV @ V4 0 V3>
GHOWD @ HxurshdqEVbGhowd+V3/N/vljpd/wdx/e/u,>
JDPPDb @ HxurshdqEVbJdppd+V3/N/vljpd/wdx/e/u,>
ghowdF @ ghowdV - GHOWD . 318 - +ghowdVa5, - JDPPDb>
YdU @ dev+txdqwloh+ghowdF/doskd,,>

sulqw **Orqj Srvlwlrq 000 GHOWD0JDPPD dssurdfk**>
sulqw **00000000000000000000000000000000000000**>
sulqw iwrv+YdU/**Ydoxh dw Ulvn +3138, @ (oi Iudqfv**/8/7,>

rxwsxw rii>

Orqj Srvlwlrq
000000000000000
Ydoxh dw Ulvn +3138, @ 514;69 Iudqfv

Vkruw Srvlwlrq
000000000000000
Ydoxh dw Ulvn +3138, @ 614<57 Iudqfv

Orqj Srvlwlrq 000 GHOWD0JDPPD dssurdfk
00000000000000000000000000000000000000
Ydoxh dw Ulvn +3138, @ 514<94 Iudqfv

41617 Ghulydwlyhv sruwirolr

L Dq h{dpsoh zlwk ghulydwlyhv sruwirolr1

qhz>
oleudu| rswlrq/wvp/rswpxp/sjudsk>

uqgvhhg 456>

V3 @ 433> N @ 433> vljpd @ 3143> u @ 313;> e @ u> Q @ 7>

ghowdWdx @ 0:2698> 2- : gd|v -2

wkhwd @ 9 � 05 >

2- Fdoo Dphulfdq -2
wdx4 @ <32698>

2- Sxw Orrn0edfn -2
wdx5 @ 4932698>

surf pxSurf+w/V,>
uhws+ e-V ,>

hqgs>
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surf vljpdSurf+w/V,>
uhws+ vljpd-V ,>

hqgs>

2- w3 -2

bw|shbRswlrq @ **fdoo**>
Fdp @ DphulfdqFUU+V3/N/vljpd/wdx4/e/u/Q,>

bw|shbRswlrq @ **sxw**>
SxwOrrnEdfn @ OrrnEdfnFUU+V3/vljpd/wdx5/e/u/Q,>

Sruwirolrbw3 @ wkhwd^4`-Fdp . wkhwd^5`-SxwOrrnEdfn>

2- w4 -2

Qv @ 4333>
~w/V� @ VlpxodwhbVGH+V3/)pxSurf/)vljpdSurf/3/dev+ghowdWdx,/53/Qv,>
V4 @ V^53/1`*>

bw|shbRswlrq @ **fdoo**>
Fdp @ DphulfdqFUU+V4/N/vljpd/wdx4/e/u/Q,>

bw|shbRswlrq @ **sxw**>
SxwOrrnEdfn @ OrrnEdfnFUU+V4/vljpd/wdx5/e/u/Q,>

Sruwirolrbw4 @ wkhwd^4`-Fdp . wkhwd^5`-SxwOrrnEdfn>

ghowdS @ Sruwirolrbw4 0 Sruwirolrbw3>

~{/g/i/uhwfrgh� @ Nhuqho+ghowdS,>

judskvhw>
bsgdwh @ ****> bsqxp @ 5>
irqwv+**vlpsoh{ vlpjupd**,>
wlwoh+**_534SGI+_535G_534S,**,>
judsksuw+**0f@4 0fi@ydu71hsv**,>
{|+{/g,>

41618 Qrq0olqhdulw| lq YdU

L Dq looxvwudwlrq ri qrq0olqhdulw| lq YdU zlwk ghulydwlyhv sruwirolr1

qhz>
oleudu| rswlrq/wvp/rswpxp/sjudsk>

uqgvhhg 456>

V3 @ 433> N @ 433> vljpd @ 3143> u @ 313;> e @ u> Q @ 7>

ghowdWdx @ 0:2698> 2- : gd|v -2

2- Fdoo Dphulfdq -2
wdx4 @ <32698>
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2- Sxw Orrn0edfn -2
wdx5 @ 4532698>

surf pxSurf+w/V,>
uhws+ e-V ,>

hqgs>

surf vljpdSurf+w/V,>
uhws+ vljpd-V ,>

hqgs>

2- w3 -2

bw|shbRswlrq @ **fdoo**>
Fdp3 @ DphulfdqFUU+V3/N/vljpd/wdx4/e/u/Q,>

bw|shbRswlrq @ **sxw**>
SxwOrrnEdfn3 @ OrrnEdfnFUU+V3/vljpd/wdx5/e/u/Q,>

2- w4 -2

Qv @ 4333>
~w/V� @ VlpxodwhbVGH+V3/)pxSurf/)vljpdSurf/3/dev+ghowdWdx,/53/Qv,>
V4 @ V^53/1`*>

bw|shbRswlrq @ **fdoo**>
Fdp @ DphulfdqFUU+V4/N/vljpd/wdx4/e/u/Q,>

bw|shbRswlrq @ **sxw**>
SxwOrrnEdfn @ OrrnEdfnFUU+V4/vljpd/wdx5/e/u/Q,>

wkhwd5 @ vhtd+043/4/54,*>
doskd @ 3143�3138>
YdU4 @ ~�>
YdU5 @ ~�>

l @ 043>
gr xqwlo l A 43>

Sruwirolrbw3 @ l-Fdp3 . wkhwd5 1- SxwOrrnEdfn3>
Sruwirolrbw4 @ l-Fdp . wkhwd5 1- SxwOrrnEdfn>
ghowdS @ Sruwirolrbw4 0 Sruwirolrbw3>
YdU @ dev+txdqwloh+ghowdS/doskd,,>
YdU4 @ YdU4 � YdU^4/1`>
YdU5 @ YdU5 � YdU^5/1`>
l @ l . 4>

hqgr>

judskvhw>
ehjzlqg>
zlqgrz+5/5/3,>

bsgdwh @ ****> bsqxp @ 5> bsqxpkw @ 3158> bsd{kw @ 3158>

vhwzlqg+4,>

{wlfv+043/43/8/3,>
{odeho+**Orrn0Edfn Sxw**,>
|odeho+**Dphulfdq Fdoo**,>
vxuidfh+wkhwd5/wkhwd5*/YdU4,>

vhwzlqg+5,>
judskvhw>
bsd{hv @ 3> bsiudph @ 3> bsqxp @ 3> bswlwokw @ 3183>
wlwoh+**_O_O?@@ YdU dw 43(**,>
gudz>

vhwzlqg+6,>
bsd{hv @ 3> bsiudph @ 3>
wlwoh+**_O_OYdU dw 8( @@A**,>
gudz>

vhwzlqg+7,>
judskvhw>
bsqxp @ 5> bsqxpkw @ 3158>
{odeho+**Orrn0Edfn Sxw**,>
|odeho+**Dphulfdq Fdoo**,>

vxuidfh+wkhwd5/wkhwd5*/YdU5,>

judsksuw+**0f@4 0fi@ydu81hsv**,>

hqgzlqg>
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417 Fuhdwlqj GOOv iru Jdxvv

G|qdplfdoo|0olqnhg oleudulhv +GOO*v/ dovr nqrzq dv vkduhg oleudulhv ru vkduhg remhfwv, fdq eh olqnhg dw uxq0wlph
zlwk Jdxvv/ pdnlqj wkh ixqfwlrqv frqwdlqhg lq wkhp dydlodeoh wr Jdxvv surjudpv1 GOO*v duh olqnhg lq zlwk
goleudu|/ dqg wkh ixqfwlrqv frqwdlqhg lq wkhp duh fdoohg xvlqj goofdoo1

41714 F2F.. vrxufh frgh

4171414 off frpslohu +OFF0ZLQ65,

Zh frqvlghu d yhu| vlpsoh h{dpsoh zlwk wkh iuhh F frpslohu OFF0ZLQ65 dydlodeoh dw wklv iroorzlqj dguhvv=

kwws=22zzz1fv1ylujlqld1hgx2�off0zlq652

Wkh surfhgxuh WGJvroyh lv wdnhq iurp wkh Pole oleudu| dydlodeoh dw wkh xuo=

kwws=22zzz1flw|1df1xn2fxev2ihuf2wklhuu|2pole1kwpo

Wklv surfhgxuh frxog eh xvhg wr vroyh wkh wulgldjrqdo v|vwhp

^d> e> f`{ @ g

surf +4, @ WGJvroyh+d/e/f/g,>
orfdo Q/{/esulph/gsulph/l/z>

Q @ urzv+e,>

{ @ }hurv+Q/4,> esulph @ }hurv+Q/4,> gsulph @ }hurv+Q/4,>
esulph^Q` @ e^Q`> gsulph^Q` @ g^Q`>

l @ Q 0 4>
gr zkloh l A 3>

z @ f^l`2esulph^l.4`>
esulph^l` @ e^l` 0 z-d^l.4`>
gsulph^l` @ g^l` 0 z-gsulph^l.4`>
l @ l 0 4>

hqgr>

{^4` @ gsulph^4`2esulph^4`>

l @ 5>
gr xqwlo l A Q>

{^l` @ +gsulph^l`0d^l`-{^l04`,2esulph^l`>
l @ l . 4>

hqgr>

uhws+{,>
hqgs>
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L Wkh fruuhvsrqglqj F vxeurxwlqh lv4

2- 000 Wkh iroorzlqj frgh frphv iurp f=_off_ole_zl}dug_goo1wso1 -2

&lqfoxgh ?vwulqj1kA
&lqfoxgh ?zlqgrzv1kA
&lqfoxgh ?vwglr1kA

22
22 IXQFWLRQ= GOOPdlq+KLQVWDQFH/ GZRUG/ OSYRLG,
22 SXUSRVH= Fdoohg zkhq GOO lv ordghg e| d surfhvv/ dqg zkhq qhz
22 wkuhdgv duh fuhdwhg e| d surfhvv wkdw kdv douhdg| ordghg wkh
22 GOO1 Dovr fdoohg zkhq wkuhdgv ri d surfhvv wkdw kdv ordghg wkh
22 GOO h{lw fohdqo| dqg zkhq wkh surfhvv lwvhoi xqordgv wkh GOO1
22 SDUDPHWHUV=
22 kGOOLqvw 0 Lqvwdqfh kdqgoh ri wkh GOO
22 igzUhdvrq 0 Surfhvv dwwdfk2ghwdfk ru wkuhdg dwwdfk2ghwdfk
22 osyUhvhuyhg 0 Uhvhuyhg dqg qrw xvhg
22 UHWXUQ YDOXH= +Xvhg rqo| zkhq igzUhdvrq @@ GOObSURFHVVbDWWDFK,
22 WUXH 0 Xvhg wr vljqli| wkdw wkh GOO vkrxog uhpdlq ordghg1
22 IDOVH 0 Xvhg wr vljqli| wkdw wkh GOO vkrxog eh lpphgldwho| xqordghg1
22

ERRO ZLQDSL OlePdlq+KLQVWDQFH kGOOLqvw/ GZRUG igzUhdvrq/ OSYRLG osyUhvhuyhg,
~

vzlwfk +igzUhdvrq,
~

fdvh GOObSURFHVVbDWWDFK=
22 Wkh GOO lv ehlqj ordghg iru wkh iluvw wlph e| d jlyhq surfhvv1
22 Shuirup shu0surfhvv lqlwldol}dwlrq khuh1 Li wkh lqlwldol}dwlrq
22 lv vxffhvvixo/ uhwxuq WUXH> li xqvxffhvvixo/ uhwxuq IDOVH1

euhdn>
fdvh GOObSURFHVVbGHWDFK=

22 Wkh GOO lv ehlqj xqordghg e| d jlyhq surfhvv1 Gr dq|
22 shu0surfhvv fohdq xs khuh/ vxfk dv xqgrlqj zkdw zdv grqh lq
22 GOObSURFHVVbDWWDFK1 Wkh uhwxuq ydoxh lv ljqruhg1

euhdn>
fdvh GOObWKUHDGbDWWDFK=

22 D wkuhdg lv ehlqj fuhdwhg lq d surfhvv wkdw kdv douhdg| ordghg
22 wklv GOO1 Shuirup dq| shu0wkuhdg lqlwldol}dwlrq khuh1 Wkh
22 uhwxuq ydoxh lv ljqruhg1

euhdn>
fdvh GOObWKUHDGbGHWDFK=

22 D wkuhdg lv h{lwlqj fohdqo| lq d surfhvv wkdw kdv douhdg|
22 ordghg wklv GOO1 Shuirup dq| shu0wkuhdg fohdq xs khuh1 Wkh
22 uhwxuq ydoxh lv ljqruhg1

euhdn>
�
uhwxuq WUXH>

�

bbghfovshf+gooh{sruw, lqw gooWGJVroyh+grxeoh -d/grxeoh -e/grxeoh -f/grxeoh -g/
grxeoh -q/grxeoh -{/grxeoh -esulph/ grxeoh -gsulph,

~
lqw l>
lqw Q>
grxeoh z>

Q @ +lqw, -q>

esulph^Q04` @ e^Q04`>
gsulph^Q04` @ g^Q04`>

iru +l @ Q05> l A@ 3> 00l,
~
z @ f^l` 2 esulph^l.4`>
esulph^l` @ e^l` 0 z - d^l.4`>
gsulph^l` @ g^l` 0 z - gsulph^l.4`>

�

{^3` @ gsulph^3` 2 esulph^3`>

iru +l @ 4> l ?@ Q04> ..l,
~
{^l` @ +gsulph^l` 0 d^l` - {^l04`, 2 esulph^l`>

�

4Wkh �oh .off.ole.zl}dug.goo1wso lv dgghg wr wkh F �oh/ ehfdxvh wkh �oh 1go o qhhgv dq hqwu| srlqw wr ordg2xqordg GOOv1
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uhwxuq 3>
�

Uhpdun 4 Dujxphqwv duh sdvvhg wr gooWGJVroyh e| uhihuhqfh1

L Zh fuhdwh wkh wulgldj1goo �oh zlwk wkh iroorzlqj frppdqgv

off wulgldj1f

offoqn 0goo wulgldj1rem

L Wkh wulgldj1h{s lv dq dvfll �oh frqwdlqlqj doo wkh h{sruwhg qdphv1 Zh rewdlq

wulgldj1goo

bgooWGJVroyh bgooWGJVroyh

Zh frxog dovr �ylhz� wkh GOO �oh zlwk TxlfnYlhz=

L Wr xvh wkh bgooWGJVroyh lq Jdxvv/ zh ghfoduh wkh wulgldj1goo �oh zlwk goleudu|1 Ehfdxvh wkh dujxphqwv
duh sdvvhg e| uhihuhqfh/ lw lv yhu| lpsruwdqw wr ghfoduh wkhp fruuhfwo| ehiruh fdoolqj wkh
vxeurxwlqh zlwk wkh goofdoo frppdqg1

qhz>

oleudu| pole>
goleudu| wulgldj1goo>

Q @ 8>

d @ uqgq+Q/4,> e @ uqgq+Q/4,> f @ uqgq+Q/4,>
def @ WGJpdwul{bwrbGpdwul{+d/e/f,>
g @ def-vhtd+4/4/Q,>

{4 @ WGJvroyh+d/e/f/g,>

{5 @ }hurv+Q/4,> esulph @ }hurv+Q/4,> gsulph @ }hurv+Q/4,>

goofdoo bgooWGJVroyh+d/e/f/g/Q/{5/esulph/gsulph,>

rxwsxw iloh @ wulgldj41rxw uhvhw>

sulqw {4�{5>

rxwsxw rii>



4171 FUHDWLQJ GOOV IRU JDXVV 46

413333333 413333333
513333333 513333333
613333333 613333333
713333333 713333333
813333333 813333333

L D ehwwhu vroxwlrq lv wr fuhdwh d Jdxvv surfhgxuh=

2-
--A gooWGJVroyh
-2

surf gooWGJVroyh+d/e/f/g,>
orfdo Q/{/esulph/gsulph>

Q @ urzv+g,>
{ @ }hurv+Q/4,>
esulph @ }hurv+Q/4,>
gsulph @ }hurv+Q/4,>

goofdoo bgooWGJVroyh+d/e/f/g/Q/{/esulph/gsulph,>

uhws+{,>
hqgs>

L Dq h{dpsoh ri xvlqj wkh Jdxvv gooWGJvroyh surfhgxuh1

qhz>

oleudu| pole/wulgldj>
goleudu| wulgldj1goo>

Q @ 8>

d @ uqgq+Q/4,> e @ uqgq+Q/4,> f @ uqgq+Q/4,>
def @ WGJpdwul{bwrbGpdwul{+d/e/f,>
g @ def-vhtd+4/4/Q,>

{ @ gooWGJvroyh+d/e/f/g,>

4171415 jff2j.. frpslohuv +JQX0ZLQ65,

L Qrw |hw grqh1

4171416 jff frpslohu +UV[ QW,

L Qrw |hw grqh1

41715 Iruwudq frgh

4171514 gyi2isv frpslohuv

Zh frxog dovr frpelqh Iruwudq dqg Jdxvv1 Wkh iroorzlqj xuo frqwdlqv h{dpsohv zlwk Plfurvriw IRUWUDQ Srz0
huvwdwlrq 713 +PVIS7, dqg Gljlwdo Ylvxdo Iruwudq 813 Surihvvlrqdo Hglwlrq +GYI8,=

kwws=22zzz1kkv1vh2shuvrqdo2Svrghuolqg2Vriwzduh2Vriwzduh1kwp

Lq wklv fdvh/ zh kdyh dffhvv wr wkh Iruwudq frgh dufklyhg lq Qhwole

kwws=22zzz1qhwole1ruj2

Zh frxog dovr xvh wkhvh urxwlqhv e| wudqvodwlqj wkhp lqwr F zlwk wkh iuhh i5f vriwzduh1 \rx zloo �qg dq h{dpsoh
dw wkh iroorzlqj dguhvv=

kwws=22zhehu1x1zdvklqjwrq1hgx2�urqv2 l1kwpo

4171515 j:: frpslohu +UV[ QW,

L Qrw |hw grqh1
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418 Zlq65 DSLv dffhvv

E| xvlqj GOOv/ zh kdyh dffhvv wr wkh Zlqgrzv DSLv lq Jdxvv1 Zh frxog iru h{dpsoh fuhdwh gluhfwrulhv zlwk
wkh nhuqho651goo FuhdwhGluhfwru| ixqfwlrq/ ghohwh2pryh �ohv zlwk wkh nhuqho651goo GhohwhIloh2PryhIloh
ixqfwlrq/ vfuroo zlqgrzv +VfurooZlqgrz, ru sod| vrxqgv zlwk wkh zlqpp1goo Sod|Vrxqg ixqfwlrq1

41814 Wkh F frgh
2- 000 Wkh iroorzlqj frgh frphv iurp f=_off_ole_zl}dug_goo1wso1 -2

&lqfoxgh ?vwulqj1kA
&lqfoxgh ?zlqgrzv1kA
&lqfoxgh ?vwglr1kA

22
22 IXQFWLRQ= GOOPdlq+KLQVWDQFH/ GZRUG/ OSYRLG,
22 SXUSRVH= Fdoohg zkhq GOO lv ordghg e| d surfhvv/ dqg zkhq qhz
22 wkuhdgv duh fuhdwhg e| d surfhvv wkdw kdv douhdg| ordghg wkh
22 GOO1 Dovr fdoohg zkhq wkuhdgv ri d surfhvv wkdw kdv ordghg wkh
22 GOO h{lw fohdqo| dqg zkhq wkh surfhvv lwvhoi xqordgv wkh GOO1
22 SDUDPHWHUV=
22 kGOOLqvw 0 Lqvwdqfh kdqgoh ri wkh GOO
22 igzUhdvrq 0 Surfhvv dwwdfk2ghwdfk ru wkuhdg dwwdfk2ghwdfk
22 osyUhvhuyhg 0 Uhvhuyhg dqg qrw xvhg
22 UHWXUQ YDOXH= +Xvhg rqo| zkhq igzUhdvrq @@ GOObSURFHVVbDWWDFK,
22 WUXH 0 Xvhg wr vljqli| wkdw wkh GOO vkrxog uhpdlq ordghg1
22 IDOVH 0 Xvhg wr vljqli| wkdw wkh GOO vkrxog eh lpphgldwho| xqordghg1
22

ERRO ZLQDSL OlePdlq+KLQVWDQFH kGOOLqvw/ GZRUG igzUhdvrq/ OSYRLG osyUhvhuyhg,
~

vzlwfk +igzUhdvrq,
~

fdvh GOObSURFHVVbDWWDFK=
22 Wkh GOO lv ehlqj ordghg iru wkh iluvw wlph e| d jlyhq surfhvv1
22 Shuirup shu0surfhvv lqlwldol}dwlrq khuh1 Li wkh lqlwldol}dwlrq
22 lv vxffhvvixo/ uhwxuq WUXH> li xqvxffhvvixo/ uhwxuq IDOVH1

euhdn>
fdvh GOObSURFHVVbGHWDFK=

22 Wkh GOO lv ehlqj xqordghg e| d jlyhq surfhvv1 Gr dq|
22 shu0surfhvv fohdq xs khuh/ vxfk dv xqgrlqj zkdw zdv grqh lq
22 GOObSURFHVVbDWWDFK1 Wkh uhwxuq ydoxh lv ljqruhg1

euhdn>
fdvh GOObWKUHDGbDWWDFK=

22 D wkuhdg lv ehlqj fuhdwhg lq d surfhvv wkdw kdv douhdg| ordghg
22 wklv GOO1 Shuirup dq| shu0wkuhdg lqlwldol}dwlrq khuh1 Wkh
22 uhwxuq ydoxh lv ljqruhg1

euhdn>
fdvh GOObWKUHDGbGHWDFK=

22 D wkuhdg lv h{lwlqj fohdqo| lq d surfhvv wkdw kdv douhdg|
22 ordghg wklv GOO1 Shuirup dq| shu0wkuhdg fohdq xs khuh1 Wkh
22 uhwxuq ydoxh lv ljqruhg1

euhdn>
�
uhwxuq WUXH>

�

bbghfovshf+gooh{sruw, lqw gooGhvwur|Zlqgrz+fkdu -osZlqgrzQdph,
~
fkdu bosZlqgrzQdph^589`>
orqj -kzqg>
vwufs|+bosZlqgrzQdph/osZlqgrzQdph,>
kzqg @ IlqgZlqgrz+3/bosZlqgrzQdph,>
Ghvwur|Zlqgrz+kzqg,>
uhwxuq 3>

�

bbghfovshf+gooh{sruw, lqw gooIodvkZlqgrz+fkdu -osZlqgrzQdph/grxeoh -eLqyhuw,
~
fkdu bosZlqgrzQdph^589`>
orqj -kzqg>
orqj beLqyhuw>
vwufs|+bosZlqgrzQdph/osZlqgrzQdph,>
kzqg @ IlqgZlqgrz+3/bosZlqgrzQdph,>
beLqyhuw @ +orqj, -eLqyhuw>
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IodvkZlqgrz+kzqg/beLqyhuw,>
uhwxuq 3>

�

bbghfovshf+gooh{sruw, lqw gooPhvvdjhEr{+grxeoh -uhw/fkdu -osWh{w/fkdu -osFdswlrq/grxeoh -zW|sh,
~
fkdu bosWh{w^588`>
fkdu bosFdswlrq^588`>
vwufs|+bosWh{w/osWh{w,>
vwufs|+bosFdswlrq/osFdswlrq,>
-uhw @ PhvvdjhEr{+QXOO/bosWh{w/bosFdswlrq/-zW|sh,>
uhwxuq 3>

�

bbghfovshf+gooh{sruw, lqw gooPryhZlqgrz+fkdu -osZlqgrzQdph/grxeoh -{/grxeoh -|/grxeoh -qZlgwk/
grxeoh -qKhljkw/grxeoh -eUhsdlqw,

~
fkdu bosZlqgrzQdph^589`>
orqj -kzqg>
lqw b{>
lqw b|>
lqw bqZlgwk>
lqw bqKhljkw>
lqw beUhsdlqw>
vwufs|+bosZlqgrzQdph/osZlqgrzQdph,>
kzqg @ IlqgZlqgrz+3/bosZlqgrzQdph,>
b{ @ +lqw, -{>
b| @ +lqw, -|>
bqZlgwk @ +lqw, -qZlgwk>
bqKhljkw @ +lqw, -qKhljkw>
beUhsdlqw @ +lqw, -eUhsdlqw>
PryhZlqgrz+kzqg/b{/b|/bqZlgwk/bqKhljkw/beUhsdlqw,>
uhwxuq 3>

�

bbghfovshf+gooh{sruw, lqw gooVkrzZlqgrz+fkdu -osZlqgrzQdph/grxeoh -qFpgVkrz,
~
fkdu bosZlqgrzQdph^589`>
orqj -kzqg>
orqj bqFpgVkrz>
vwufs|+bosZlqgrzQdph/osZlqgrzQdph,>
kzqg @ IlqgZlqgrz+3/bosZlqgrzQdph,>
bqFpgVkrz @ +orqj, -qFpgVkrz>
VkrzZlqgrz+kzqg/bqFpgVkrz,>
uhwxuq 3>

�

41815 Wkh Jdxvv zlq65dsl1vuf �oh

2-
--A IodvkZlqgrz
-2

surf +3, @ IodvkZlqgrz+osZlqgrzQdph/eLqyhuw,>

goofdoo bgooIodvkZlqgrz+osZlqgrzQdph/eLqyhuw,>

uhws>
hqgs>

2-
--A PhvvdjhEr{
-2

surf +4, @ PhvvdjhEr{+osWh{w/osFdswlrq/zw|sh,>
orfdo uhw>

uhw @ 3>

goofdoo bgooPhvvdjhEr{+uhw/osWh{w/osFdswlrq/zW|sh,>

uhws+uhw,>
hqgs>

2-
--A PryhZlqgrz
-2

surf +3, @ PryhZlqgrz+osZlqgrzQdph/{/|/qZlgwk/qKhljkw/eUhsdlqw,>

goofdoo bgooPryhZlqgrz+osZlqgrzQdph/{/|/qZlgwk/qKhljkw/eUhsdlqw,>
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uhws>
hqgs>

2-
--A VkrzZlqgrz
-2

surf +3, @ VkrzZlqgrz+osZlqgrzQdph/qFpgVkrz,>

goofdoo bgooVkrzZlqgrz+osZlqgrzQdph/qFpgVkrz,>

uhws>
hqgs>

41816 Dq h{dpsoh

qhz>

goleudu| zlq65dsl>
oleudu| zlq65dsl>

uhw @ PhvvdjhEr{+**Gr |rx zdqw wr txlw Jdxvv B**/**JDXVV PhvvdjhEr{ 4**/4,>

li uhw @@ 4>
fdoo PhvvdjhEr{+**Vruu|/ exw wkh surjudp zloo frqwlqxh**/**JDXVV PhvvdjhEr{ 5**/3,>

hovh>
fdoo PhvvdjhEr{+**Rn/ wkh surjudp zloo frqwlqxh**/**JDXVV PhvvdjhEr{ 5**/3,>

hqgli>

fdoo PhvvdjhEr{+**PryhZlqgrz H{dpsoh**/**JDXVV PhvvdjhEr{ 6**/6,>

fdoo PryhZlqgrz+**Jdxvv**/43/43/833/833/4,>

fdoo sdxvh+4,>

fdoo PryhZlqgrz+**Jdxvv**/43/43/<33/833/4,>

fdoo sdxvh+4,>

fdoo VkrzZlqgrz+**Jdxvv**/:,>
fdoo VkrzZlqgrz+**Jdxvv0Hglw**/:,>

fdoo IodvkZlqgrz+**Jdxvv**/3,>

419 GGH ixqfwlrqqdolw|

41914 Xvlqj Phufxu| dqg Ylvxdo Edvlf

Jdxvv xvhuv zloo �qg vrph h{sodqdwlrqv derxw wkh iroorzlqj h{dpsoh dw wkh iroorzlqj xuo=

kwws=22zzz1flw|1df1xn2fxev2ihuf2wklhuu|2jdxvv1kwpo

Wklv lv d Ylvxdo Edvlf dssolfdwlrq iru frpsxwlqj Eodfn0Vfkrohv rswlrq sulfhv1 Lw xvhv wkh YE prgxoh Phufxu| wr
doorzv frppxqlfdwlrq zlwk Jdxvv1
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L Wkh lqirupdwlrq duh vhqw wr Jdxvv zlwk wkh vhqgbydoxh frppdqg1 Wkh fpgGlvsod|bFolfn+, uhwulhyhv
wkh rswlrq sulfh xvlqj wkh jhwbydoxh frppdqg1

Sulydwh Vxe fpgOrdgJdxvvbFolfn+,
Glp JdxvvSdwk Dv Vwulqj
Glp IlohQdph Dv Vwulqj
Glp fpgvwqj Dv Vwulqj
Glp kzlqg Dv Orqj

JdxvvSdwk @ w{wJdxvvSdwk1Wh{w
IlohQdph @ w{wSurjudpSdwk1Wh{w
fpgvwqj @ JdxvvSdwk ) ** ** ) IlohQdph
Fdoo jdxvvbordg+fpgvwqj,

kzlqg @ zlqkdqgoh+**JDXVV**,
Li kzlqg A 3 Wkhq

fpgVhqgTxhu|1Hqdeohg @ Wuxh
pqxVhqgTxhu|1Hqdeohg @ Wuxh

Hqg Li
Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe fpgVhqgTxhu|bFolfn+,

Fdoo vhqgbydoxh+**EVbV3**/ Ydo+w{wV31Wh{w,,
Fdoo vhqgbydoxh+**EVbN**/ Ydo+w{wN1Wh{w,,
Fdoo vhqgbydoxh+**EVbvljpd**/ Ydo+w{wVljpd1Wh{w,,
Fdoo vhqgbydoxh+**EVbwdx**/ Ydo+w{wWdx1Wh{w,,
Fdoo vhqgbydoxh+**EVbu**/ Ydo+w{wU1Wh{w,,
Fdoo vhqgbydoxh+**EVbe**/ Ydo+w{wE1Wh{w,,
Fdoo vhqgbvwulqj+**EVbw|sh**/ ferW|shRswlrq1Wh{w,
Fdoo jdxvvbuxq
fpgGlvsod|1Hqdeohg @ Wuxh
pqxGlvsod|1Hqdeohg @ Wuxh

Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe fpgGlvsod|bFolfn+,

Glp suhplxp Dv Grxeoh
suhplxp @ jhwbydoxh+**EVbsuhplxp**,
w{wSulfh1Wh{w @ Vwu'+suhplxp,
fpgGlvsod|1Hqdeohg @ Idovh
pqxGlvsod|1Hqdeohg @ Idovh

Hqg Vxe
000000000000000000000000000000000000000000000
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Sulydwh Vxe fpgH{lwbFolfn+,
Fdoo jdxvvbxqordg
Hqg

Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe IrupbOrdg+,

ferW|shRswlrq1DggLwhp **fdoo**
ferW|shRswlrq1DggLwhp **sxw**
ferW|shRswlrq1OlvwLqgh{ @ 3
fpgVhqgTxhu|1Hqdeohg @ Idovh
fpgGlvsod|1Hqdeohg @ Idovh
pqxVhqgTxhu|1Hqdeohg @ Idovh
pqxGlvsod|1Hqdeohg @ Idovh

Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe pqxDerxwbFolfn+,

Derxw1Vkrz
Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe pqxGlvsod|bFolfn+,

fpgGlvsod| @ Wuxh
Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe pqxH{lwbFolfn+,

fpgH{lw @ Wuxh
Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe pqxOrdgJdxvvbFolfn+,

fpgOrdgJdxvv @ Wuxh
Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe pqxVhqgTxhu|bFolfn+,

fpgVhqgTxhu| @ Wuxh
Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe pqxWkhPrghobFolfn+,

WkhPrgho1Vkrz
Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe wpuVwdwxvbWlphu+,

Glp kzlqg Dv Orqj
Glp jdxvvVwdwh Dv Vwulqj
kzlqg @ zlqkdqgoh+**JDXVV**,
Li kzlqg @ 3 Wkhq

w{wVwdwxv1Wh{w @ ** JDXVV Vwdwxv= Qrw Ordghg**
Hovh

jdxvvVwdwh @ jhwbvwdwh+,
w{wVwdwxv1Wh{w @ ** JDXVV Vwdwh= ** ) jdxvvVwdwh

Hqg Li
Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe WpuKlghJdxvvbWlphu+,

Glp kzlqg Dv Orqj
kzlqg @ zlqkdqgoh+**JDXVV**,
Li kzlqg A 3 Wkhq

Fdoo dfwlyhzlqgrz+**JDXVV**/ :,
wpuKlghJdxvv1Hqdeohg @ Idovh

Hqg Li
Hqg Vxe

L Wkh Jdxvv surjudp lv=

2-
-- EV1SUJ
-2

fdoo v|vvwdwh+57/v|vvwdwh+5/3,,>
goleudu| yeolqn1goo >
oleudu| yeolqn>
yeobdssqdph @ )Dssolfdwlrq>
fdoo yeolqn>

surf +3, @ Dssolfdwlrq>
orfdo V3/N/vljpd/wdx/u/e/RswlrqW|sh/z/g4/g5/Suhplxp>

V3 @ jhwydoxh+**EVbV3**,>
N @ jhwydoxh+**EVbN**,>
vljpd @ jhwydoxh+**EVbvljpd**,>
wdx @ jhwydoxh+**EVbwdx**,>
u @ jhwydoxh+**EVbu**,>
e @ jhwydoxh+**EVbe**,>
RswlrqW|sh @ jhwvwulqj+**EVbw|sh**,>
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z @ vljpd1-vtuw+wdx,>
g4 @ + oq+V312N, . e1-wdx ,12z . 318 - z>
g5 @ g4 0 z>

li orzhu+RswlrqW|sh, '@@ **sxw**>
Suhplxp @ 0V31-h{s++e0u,1-wdx,1-fgiq+0g4, . N1-h{s+0u1-wdx,1-fgiq+0g5,>

hovh>
Suhplxp @ V31-h{s++e0u,1-wdx,1-fgiq+g4, 0 N1-h{s+0u1-wdx,1-fgiq+g5,>

hqgli>

fdoo vhqgydoxh+**EVbsuhplxp**/Suhplxp,>

uhws>
hqgs>

41915 Xvlqj whpsrudu| �ohv

4191514 D yhu| vlpsoh h{dpsoh

L Lq wkh iroorzlqj h{dpsoh/ udqgrp qxpehuv duh vlpxodwhg iurp wkh glvwulexwlrq Q �
�>�5

�
1 Zh frpsxwh wkhp

zlwk Jdxvv iurp dq H{fho lqwhuidfh1 Wkh vkhhw orrnv olnh wkh slfwxuh ehorz=

Wkhuh duh wzr frppdqg exwwrqv1 Wr hdfk exwwrq/ zh kdyh dvvrfldwhg rqh pdfur=

H{hfxwh Jdxvv +, H{hfxwhbJdxvv+,

Glvsod| Uhvxowv +, Glvsod|bUhvxowv+,

L Wkh YED frgh lv wkh iroorzlqj=

Glp JdxvvSdwk Dv Vwulqj
000000000000000000000000000000000000000000000
Vxe H{hfxwhbJdxvv+,

Glp JdxvvSurjudp Dv Vwulqj
JdxvvSdwk @ **g=_jdxvv**
JdxvvSurjudp @ JdxvvSdwk . **_jdxvv1h{h ** b

. JdxvvSdwk . **_frqi6_{o41suj**
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VdyhbGdwd
Vkhoo JdxvvSurjudp/ yePlqlpl}hgQrIrfxv

Hqg Vxe
000000000000000000000000000000000000000000000
Vxe VdyhbGdwd+,

Glp JdxvvGdwd Dv Vwulqj
Glp px Dv Grxeoh
Glp vljpd Dv Grxeoh
Glp Qrev Dv Lqwhjhu
Glp ik Dv E|wh

JdxvvGdwd @ JdxvvSdwk . **_frqi6_{o4blq1wps**

px @ Zrunvkhhwv+**Vkhhw4**,1Fhoov+7/ 5,1Ydoxh
vljpd @ Zrunvkhhwv+**Vkhhw4**,1Fhoov+8/ 5,1Ydoxh
Qrev @ Zrunvkhhwv+**Vkhhw4**,1Fhoov+:/ 5,1Ydoxh

ik @ IuhhIloh
Rshq JdxvvGdwd Iru Rxwsxw Dv &ik
Zulwh &ik/ px
Zulwh &ik/ vljpd
Zulwh &ik/ Qrev
Forvh &ik

Hqg Vxe
000000000000000000000000000000000000000000000
Vxe Glvsod|bUhvxowv+,

Glp JdxvvGdwd Dv Vwulqj
Glp Qrev Dv Lqwhjhu
Glp L Dv Lqwhjhu
Glp ik Dv E|wh
Glp vlpxo Dv Grxeoh

JdxvvGdwd @ JdxvvSdwk . **_frqi6_{o4brxw1wps**

Qrev @ Zrunvkhhwv+**Vkhhw4**,1Fhoov+:/ 5,1Ydoxh
Zrunvkhhwv+**Vkhhw4**,1Froxpqv+**I**,1Ydoxh @ ****

ik @ IuhhIloh
Rshq JdxvvGdwd Iru Lqsxw Dv &ik

Lqsxw &ik/ vlpxo *vnls wkh iluvw olqh

Iru L @ 4 Wr Qrev
Lqsxw &ik/ vlpxo
Zrunvkhhwv+**Vkhhw4**,1Fhoov+L/ 9,1Ydoxh @ vlpxo

Qh{w L

Forvh &ik
Hqg Vxe

L Wkh Jdxvv {o41suj surjudp �uvw ordgv wkh gdwd iurp wkh whpsrudu| �oh {o4blq1wps fuhdwhg e| wkh H{fho YED
vxeurxwlqh VdyhbGdwd+,1 Wkhq/ lw vlpxodwhv wkh gdwd dqg vdyhv wkhp lqwr wkh whpsrudu| �oh {o4brxw1wps1
Wkh YED Glvsod|bUhvxowv+, vxeurxwlqh1uhdgv wkhvh udqgrp qxpehuv1

qhz>

JdxvvSdwk @ v|vvwdwh+5/3,>
fqg @ FkdqjhGlu+JdxvvSdwk '.**frqi6**,>

wpsiloh @ **{o4blq1wps**>
ordg gdwd^` @ awpsiloh>

px @ gdwd^4`>
vljpd @ gdwd^5`>
Qrev @ gdwd^6`>

x @ px . vljpd - uqgq+Qrev/4,>

wpsiloh @ **{o4brxw1wps**>

rxwsxw iloh @ awpsiloh uhvhw>

vfuhhq rii>
sulqw x>

rxwsxw rii>

v|vwhp>

Uhpdun 5 Wkh surjudp frxog eh lpsuryhg e| xvlqj wkh VkhooH{hfxwh DSL ixqfwlrq lq sodfh ri wkh Vkhoo YE

ixqfwlrq/ ehfdxvh zh frxog klgh wkh Jdxvv dssolfdwlrq1
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4191515 Zrunlqj zlwk pdwulfhv

L Vxssrvh wkdw zh kdyh wr xvh pdwulfhv1 Lq wklv fdvh/ zh frxog hpsor| wkh iuhh irupdw e| lqglfdwlqj wkh qxpehuv
ri urz dqg froxpq lq wkh ehjlqqlqj ri wkh dvfll �oh1 Wkhq/ zh frxog vdyh wkh pdwul{ lq d yhfwru irup1 Zlwk
wkh uhvkdsh frppdqg/ lw lv srvvleoh wr exlog wkh fruuhvsrqglqj pdwul{ iurp wkh dvfll �oh1 Qrwh wkdw wkh
surjudp lqglfdwhv li wkh pdwul{ lv srvlwlyh gh�qlwh1

L Wklv lv wkh YED frgh=

Glp JdxvvSdwk Dv Vwulqj
000000000000000000000000000000000000000000000
Vxe H{hfxwhbJdxvv+,

Glp JdxvvSurjudp Dv Vwulqj
JdxvvSdwk @ **g=_jdxvv**
JdxvvSurjudp @ JdxvvSdwk . **_jdxvv1h{h ** b

. JdxvvSdwk . **_frqi6_{o51suj**
VdyhbGdwd
Vkhoo JdxvvSurjudp/ yePlqlpl}hgQrIrfxv

Hqg Vxe
000000000000000000000000000000000000000000000
Vxe VdyhbGdwd+,

Glp JdxvvGdwd Dv Vwulqj
Glp pdwul{+6/ 6, Dv Grxeoh
Glp Qfrov Dv Lqwhjhu
Glp Qurzv Dv Lqwhjhu
Glp ik Dv E|wh

JdxvvGdwd @ JdxvvSdwk . **_frqi6_{o5blq1wps**

Qfrov @ 6
Qurzv @ 6

Iru L @ 4 Wr Qfrov
Iru M @ 4 Wr Qfrov
pdwul{+L/ M, @ Zrunvkhhwv+**Vkhhw4**,1Fhoov+6 . L/ 4 . M,1Ydoxh
Qh{w M

Qh{w L

ik @ IuhhIloh
Rshq JdxvvGdwd Iru Rxwsxw Dv &ik
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Zulwh &ik/ Qurzv
Zulwh &ik/ Qfrov

Iru L @ 4 Wr Qfrov
Iru M @ 4 Wr Qurzv

Zulwh &ik/ pdwul{+L/ M,
Qh{w M

Qh{w L

Forvh &ik

Hqg Vxe
000000000000000000000000000000000000000000000
Vxe Glvsod|bUhvxowv+,

Glp JdxvvGdwd Dv Vwulqj
Glp Qurzv Dv Lqwhjhu
Glp Qfrov Dv Lqwhjhu
Glp L Dv Lqwhjhu
Glp M Dv Lqwhjhu
Glp ik Dv E|wh
Glp gdwd Dv Grxeoh

JdxvvGdwd @ JdxvvSdwk . **_frqi6_{o5brxw1wps**

Qfrov @ 6
Qurzv @ 6

ik @ IuhhIloh
Rshq JdxvvGdwd Iru Lqsxw Dv &ik

Lqsxw &ik/ gdwd *vnls wkh iluvw olqh

Li gdwd @ 0<<< Wkhq
Iru L @ 4 Wr Qurzv

Iru M @ 4 Wr Qfrov
Zrunvkhhwv+**Vkhhw4**,1Fhoov+6 . L/ 9 . M,1Ydoxh @ ****

Qh{w M
Qh{w L
Hqg

Hqg Li

Iru L @ 4 Wr Qurzv
Iru M @ 4 Wr Qfrov

Lqsxw &ik/ gdwd
Zrunvkhhwv+**Vkhhw4**,1Fhoov+6 . L/ 9 . M,1Ydoxh @ gdwd

Qh{w M
Qh{w L

Forvh &ik
Hqg Vxe

L Wklv lv wkh Jdxvv surjudp=

qhz>

JdxvvSdwk @ v|vvwdwh+5/3,>
fqg @ FkdqjhGlu+JdxvvSdwk '.**frqi6**,>

wpsiloh @ **{o5blq1wps**>
ordg gdwd^` @ awpsiloh>

Qurzv @ gdwd^4`>
Qfrov @ gdwd^5`>
P @ uhvkdsh+wulpu+gdwd/5/3,/Qurzv/Qfrov,>

rog @ wudsfkn+4,>
wuds 4/4>
Pfkro @ fkro+P,>
wuds rog/4>

wpsiloh @ **{o5brxw1wps**>
rxwsxw iloh @ awpsiloh uhvhw>

vfuhhq rii>

li vfdohuu+Pfkro,>
sulqw **0<<<**>

hovh>
sulqw yhfu+Pfkro,>

hqgli>

rxwsxw rii>

v|vwhp>
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4191516 Dq rswlrq sulfhu

41916 Xvlqj d glvn ex�hu

Zkhq |rx duh zrunlqj zlwk gl�huhqw pdwulfv/ |rx frxog xvh d glvn ex�hu1 YEjdxvv frqvlvwv lq rqh Jdxvv oleudu|
dqg rqh YE prgxoh1 Wkh pdlq ixqfwlrqv duh YEfohdu +fohduv d glvn ex�hu,/ YEsxw +lqvhuwv d pdwul{ lqwr d glvn
ex�hu, dqg YEuhdg +uhdgv d pdwul{ iurp d glvn ex�hu frqvwuxfwhg zlwk YEsxw,1 Wkh YE prgxoh frqwdlqv dovr d
ixqfwlrq JdxvvGlu +lqglfdwh wkh Jdxvv gluhfwru|,/ d urxwlqh wr uxq Jdxvv surjudpv +H{hfxwhJdxvv,/ dqg wkuhh
urxwlqhv iru zrunlqj zlwk fhoov +FhoovWrPdwul{/ Pdwul{WrFhoov dqg FohduFhoov,1

L Wkh YEjdxvv1vuf �oh lv

surf +4, @ YEfohdu+glvnexiihu,>
orfdo iloh4/iloh5/i4/i5>

li vwulqg{+glvnexiihu/**=2**/4, @@ 3>
glvnexiihu @ FkdqjhGlu+3, '. **__** '. glvnexiihu>

hqgli>

iloh4 @ glvnexiihu '. **1lqi**>
iloh5 @ glvnexiihu '. **1dvf**>

i4 @ irshq+iloh4/**z**,>
i5 @ irshq+iloh5/**z**,>

li +i4 @@ 3, ru +i5 @@ 3,>
HUURUORJ **huuru= frxog qrw fohdu wkh glvn exiihu**>
uhws+3,>

hqgli>

i4 @ forvh+i4,>
i5 @ forvh+i5,>

uhws+4,>
hqgs>

surf +4, @ YEsxw+glvnexiihu/{/qdph,>
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orfdo iloh4/iloh5/i4/i5>
orfdo u/f/Q/vwu/l>

li vwulqg{+glvnexiihu/**=2**/4, @@ 3>
glvnexiihu @ FkdqjhGlu+3, '. **__** '. glvnexiihu>

hqgli>

iloh4 @ glvnexiihu '. **1lqi**>
iloh5 @ glvnexiihu '. **1dvf**>

li YElvIloh+iloh4, dqg YElvIloh+iloh5,>
i4 @ irshq+iloh4/**d**,>
i5 @ irshq+iloh5/**d**,>

hovh>
i4 @ irshq+iloh4/**z**,>
i5 @ irshq+iloh5/**z**,>

hqgli>

li +i4 @@ 3, ru +i5 @@ 3,>
HUURUORJ **huuru= frxog qrw rshq wkh glvn exiihu**>
uhws+3,>

hqgli>

u @ urzv+{,>
f @ frov+{,>
Q @ u-f>

vwu @ **_**** '. qdph '. **_**** '. iwrv+u/**/(oi**/4/3,
'. iwrv+f/**/(oi**/4/3,>

fdoo ivhhn+i4/3/5,>
fdoo isxwvw+i4/vwu,>

fdoo ivhhn+i5/3/5,>
{ @ yhf+{,>
l @ 4>
gr xqwlo l A Q>

vwu @ iwrv+{^l`/**(oi**/53/43,>
fdoo isxwvw+i5/vwu,>
l @ l . 4>

hqgr>

i4 @ forvh+i4,>
i5 @ forvh+i5,>

uhws+4,>
hqgs>

surf +4, @ YEuhdg+glvnexiihu/qdph,>
orfdo iloh4/iloh5/i4/i5>
orfdo srv/l/vwu/qdphb/u/f/{>
orfdo huuFrgh/huuVwulqj>

li vwulqg{+glvnexiihu/**=2**/4, @@ 3>
glvnexiihu @ FkdqjhGlu+3, '. **__** '. glvnexiihu>

hqgli>

iloh4 @ glvnexiihu '. **1lqi**>
iloh5 @ glvnexiihu '. **1dvf**>

i4 @ irshq+iloh4/**u**,>
i5 @ irshq+iloh5/**u**,>

srv @ 4>

huuFrgh @ 4>

gr xqwlo hri+i4,>

vwu @ ijhwvd+i4/4,>
~qdphb/u/f� @ YEwrnhq+vwu,>

li qdphb '@@ qdph>
huuFrgh @ 3>

euhdn>
hqgli>

srv @ srv . u-f>

hqgr>

li huuFrgh>
huuVwulqj @ **huuru= ** '. qdph '. ** qrw irxqg**>
HUURUORJ huuVwulqj>
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uhws+huuru+3,,>
hqgli>

l @ 4>
gr xqwlo l A@ srv>

{ @ ijhwvd+i5/4,>
l @ l . 4>

hqgr>

{ @ }hurv+u-f/4,>
l @ 4>
gr xqwlo l A u-f>

{^l` @ vwri+ijhwvd+i5/4,,>
l @ l . 4>

hqgr>

{ @ uhvkdsh+{/f/u,*>

i4 @ forvh+i4,>
i5 @ forvh+i5,>

uhws+{,>
hqgs>

surf +4, @ YElvIloh+iqdph,>
orfdo iqdphv/ilqir>

~iqdphv/ilqir� @ ilohlqir+iqdph,>

li ilqir @@ 3>
uhws+3,>

hovh>
uhws+4,>

hqgli>

hqgs>

surf +6,@ YEwrnhq+vwu,>
orfdo srv/qdph/u/f>

srv @ vwulqg{+vwu/**/**/4,>
vwu @ vwusxw+** **/vwu/srv,>
srv @ vwulqg{+vwu/**/**/4,>
vwu @ vwusxw+** **/vwu/srv,>

srv @ vwulqg{+vwu/**_****/4,>
vwu @ vwusxw+** **/vwu/srv,>
srv @ vwulqg{+vwu/**_****/4,>
vwu @ vwusxw+** **/vwu/srv,>

~qdph/vwu� @ wrnhq+vwu,>

~u/vwu� @ wrnhq+vwu,>
u @ vwri+u,>

~f/vwu� @ wrnhq+vwu,>
f @ vwri+f,>

uhws+qdph/u/f,>
hqgs>

L Wkh YEjdxvv1edv �oh lv

Sxeolf Ixqfwlrq JdxvvGlu+, Dv Vwulqj
JdxvvGlu @ **g=_jdxvv_**

Hqg Ixqfwlrq
000000000000000000000000000000000000000000000
Sxeolf Vxe H{hfxwhJdxvv+E|Ydo JdxvvSurjudp Dv Vwulqj,

Glp JdxvvH{h/ JdxvvFpg Dv Vwulqj

JdxvvH{h @ JdxvvGlu . **jdxvv1h{h**
JdxvvFpg @ JdxvvH{h . ** ** . JdxvvSurjudp

Vkhoo JdxvvFpg/ yeKlgh

Hqg Vxe
000000000000000000000000000000000000000000000
Sxeolf Vxe YEfohdu+E|Ydo glvnexiihu Dv Vwulqj,

Glp iloh4/ iloh5 Dv Vwulqj
Glp i4/ i5 Dv E|wh

Rq Huuru JrWr huuPhvvdjh
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Li LqVwu+4/ glvnexiihu/ **=_**/ yeWh{wFrpsduh, @ 3 Wkhq
glvnexiihu @ FxuGlu . **_** . glvnexiihu

Hqg Li

iloh4 @ glvnexiihu . **1lqi**
iloh5 @ glvnexiihu . **1dvf**

i4 @ IuhhIloh

Rshq iloh4 Iru Rxwsxw Dv &i4
Forvh &i4

i5 @ IuhhIloh
Rshq iloh5 Iru Rxwsxw Dv &i5
Forvh &i5

H{lw Vxe

huuPhvvdjh=
PvjEr{ **huuru= frxog qrw fohdu wkh glvn exiihu**
H{lw Vxe

Hqg Vxe
000000000000000000000000000000000000000000000
Sxeolf Vxe YEsxw+E|Ydo glvnexiihu Dv Vwulqj/ E|Uhi {+, Dv Grxeoh/ b

E|Ydo qdph Dv Vwulqj,
Glp iloh4/ iloh5 Dv Vwulqj
Glp i4/ i5 Dv E|wh
Glp u/ f/ Q Dv Lqwhjhu
Glp l/ m Dv Lqwhjhu

Rq Huuru JrWr huuPhvvdjh

Li LqVwu+4/ glvnexiihu/ **=_**/ yeWh{wFrpsduh, @ 3 Wkhq
glvnexiihu @ FxuGlu . **_** . glvnexiihu

Hqg Li

iloh4 @ glvnexiihu . **1lqi**
iloh5 @ glvnexiihu . **1dvf**

i4 @ IuhhIloh
i5 @ IuhhIloh

u @ XErxqg+{/ 4,
f @ XErxqg+{/ 5,
Q @ u - f

Rshq iloh4 Iru Dsshqg Dv &i4
Zulwh &i4/ qdph/ u/ f
Forvh &i4

Rshq iloh5 Iru Dsshqg Dv &i5
Iru m @ 4 Wr f

Iru l @ 4 Wr u
Zulwh &i5/ {+l/ m,

Qh{w l
Qh{w m
Forvh &i5

H{lw Vxe

huuPhvvdjh=
PvjEr{ **huuru= frxog qrw rshq wkh glvn exiihu**
H{lw Vxe

Hqg Vxe
000000000000000000000000000000000000000000000
Sxeolf Vxe YEuhdg+E|Ydo glvnexiihu Dv Vwulqj/ E|Ydo qdph Dv Vwulqj/ b

E|Uhi {+, Dv Grxeoh,
Glp iloh4/ iloh5 Dv Vwulqj
Glp i4/ i5 Dv E|wh
Glp qdphb Dv Vwulqj
Glp u/ f/ srv Dv Lqwhjhu
Glp l/ m Dv Lqwhjhu
Glp {l Dv Grxeoh

Rq Huuru JrWr huuPhvvdjh

Li LqVwu+4/ glvnexiihu/ **=_**/ yeWh{wFrpsduh, @ 3 Wkhq
glvnexiihu @ FxuGlu . **_** . glvnexiihu

Hqg Li

iloh4 @ glvnexiihu . **1lqi**
iloh5 @ glvnexiihu . **1dvf**
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i4 @ IuhhIloh
i5 @ IuhhIloh

Rshq iloh4 Iru Lqsxw Dv &i4

srv @ 3

Gr Zkloh Qrw HRI+i4,

Lqsxw &i4/ qdphb/ u/ f

Li qdphb @ qdph Wkhq
H{lw Gr

Hqg Li

srv @ srv . u - f

Orrs

Forvh &i4

Rshq iloh5 Iru Lqsxw Dv &i5

Iru l @ 4 Wr srv
Lqsxw &i5/ {l

Qh{w l

UhGlp {+4 Wr u/ 4 Wr f,

Iru m @ 4 Wr f
Iru l @ 4 Wr u

Lqsxw &i5/ {+l/ m,
Qh{w l

Qh{w m

Forvh &i5

H{lw Vxe

huuPhvvdjh=
PvjEr{ **huuru= ** . qdph . ** qrw irxqg**
H{lw Vxe

Hqg Vxe
000000000000000000000000000000000000000000000
Sxeolf Vxe FhoovWrPdwul{+E|Ydo Vkhhw Dv Vwulqj/ b

E|Ydo plq[ Dv Lqwhjhu/ b
E|Ydo plq\ Dv Lqwhjhu/ b
E|Ydo u Dv Lqwhjhu/ b
E|Ydo f Dv Lqwhjhu/ b
E|Uhi {+, Dv Grxeoh,

Glp l/ m Dv Lqwhjhu

UhGlp {+4 Wr u/ 4 Wr f,

Rq Huuru JrWr huuPhvvdjh

Iru l @ 4 Wr u
Iru m @ 4 Wr f

{+l/ m, @ Zrunvkhhwv+Vkhhw,1Fhoov+plq[ . l 0 4/ plq\ . m 0 4,1Ydoxh
Qh{w m

Qh{w l

H{lw Vxe

huuPhvvdjh=
PvjEr{ **huuru= FhoovWrPdwul{**
H{lw Vxe

Hqg Vxe
000000000000000000000000000000000000000000000
Sxeolf Vxe Pdwul{WrFhoov+E|Ydo Vkhhw Dv Vwulqj/ b

E|Ydo plq[ Dv Lqwhjhu/ b
E|Ydo plq\ Dv Lqwhjhu/ b
E|Uhi {+, Dv Grxeoh,

Glp u/ f Dv Lqwhjhu
Glp l/ m Dv Lqwhjhu

u @ XErxqg+{/ 4,
f @ XErxqg+{/ 5,

Rq Huuru JrWr huuPhvvdjh

Iru l @ 4 Wr u
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Iru m @ 4 Wr f
Zrunvkhhwv+Vkhhw,1Fhoov+plq[ . l 0 4/ plq\ . m 0 4,1Ydoxh @ {+l/ m,

Qh{w m
Qh{w l

H{lw Vxe

huuPhvvdjh=
PvjEr{ **huuru= Pdwul{WrFhoov**
H{lw Vxe

Hqg Vxe
000000000000000000000000000000000000000000000
Sxeolf Vxe FohduFhoov+E|Ydo Vkhhw Dv Vwulqj/ b

E|Ydo plq[ Dv Lqwhjhu/ b
E|Ydo plq\ Dv Lqwhjhu/ b
E|Ydo u Dv Lqwhjhu/ b
E|Ydo f Dv Lqwhjhu,

Glp l/ m Dv Lqwhjhu

Rq Huuru JrWr huuPhvvdjh

Iru l @ 4 Wr u
Iru m @ 4 Wr f

Zrunvkhhwv+Vkhhw,1Fhoov+plq[ . l 0 4/ plq\ . m 0 4,1Ydoxh @ ****
Qh{w m

Qh{w l

H{lw Vxe

huuPhvvdjh=
PvjEr{ **huuru= FohduFhoov**
H{lw Vxe

Hqg Vxe

4191614 D yhu| vlpsoh h{dpsoh

L Wklv lv wkh YED frgh=

Vxe H{hfxwhbJdxvv+,
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Glp JdxvvSurjudp Dv Vwulqj

VdyhbGdwd

JdxvvSurjudp @ JdxvvGlu . **Yejdxvv_h{51suj**
H{hfxwhJdxvv JdxvvSurjudp
FohduFhoov **Vkhhw4**/ 7/ ;/ 6/ 4

Hqg Vxe
000000000000000000000000000000000000000000000
Vxe VdyhbGdwd+,

Glp JdxvvGdwd Dv Vwulqj
Glp D+, Dv Grxeoh
Glp e+, Dv Grxeoh

JdxvvGdwd @ JdxvvGlu . **YEJdxvv_h{5**

FhoovWrPdwul{ **Vkhhw4**/ 7/ 5/ 6/ 6/ D+,
FhoovWrPdwul{ **Vkhhw4**/ 7/ 9/ 6/ 4/ e+,

YEfohdu JdxvvGdwd
YEsxw JdxvvGdwd/ D/ **D**
YEsxw JdxvvGdwd/ e/ **e**

Hqg Vxe
000000000000000000000000000000000000000000000
Vxe Glvsod|bUhvxowv+,

Glp JdxvvGdwd Dv Vwulqj
Glp {+, Dv Grxeoh

JdxvvGdwd @ JdxvvGlu . **Yejdxvv_h{5**

YEuhdg JdxvvGdwd/ **{**/ {+,
Pdwul{WrFhoov **Vkhhw4**/ 7/ ;/ {+,

Hqg Vxe

L Wklv lv wkh Jdxvv surjudp=

qhz>
oleudu| YEjdxvv>

JdxvvSdwk @ v|vvwdwh+5/3,>
fqg @ FkdqjhGlu+JdxvvSdwk '.**YEjdxvv**,>

d @ YEuhdg+**h{5**/**D**,>
e @ YEuhdg+**h{5**/**e**,>
{ @ e2D>
fdoo YEsxw+**h{5**/{/**{**,>

v|vwhp>
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4191615 Ulvn qhxwudo ghqvlw| hvwlpdwlrq
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L Wklv lv wkh YED frgh=

Vxe H{hfxwhbJdxvv+,
Glp lqg{+, Dv Lqwhjhu
Glp JdxvvSurjudp Dv Vwulqj

IlqgbGdwd lqg{+,
PvjEr{ **Gdwd vruwlqj ilqlvkhg**
VdyhbGdwd lqg{+,

JdxvvSurjudp @ JdxvvGlu . **YEjdxvv_uqg1suj**
H{hfxwhJdxvv JdxvvSurjudp
FohduFhoov **UQG sorw**/ 6/ 5/ 4333/ 5

Hqg Vxe
000000000000000000000000000000000000000000000
Vxe VdyhbGdwd+E|Uhi lqg{+, Dv Lqwhjhu,

Glp JdxvvGdwd Dv Vwulqj
Glp u Dv Lqwhjhu
Glp W|shRswlrq Dv Vwulqj
Glp gdwd+, Dv Grxeoh
Glp l/ m Dv Lqwhjhu
Glp vkhhw Dv Vwulqj
Glp lqi+, Dv Grxeoh

JdxvvGdwd @ JdxvvGlu . **YEjdxvv_uqg**

u @ XErxqg+lqg{/ 4,
UhGlp gdwd+4 Wr u/ 4 Wr 8,

vkhhw @ **Sleru**

Iru l @ 4 Wr u
W|shRswlrq @ Zrunvkhhwv+vkhhw,1Fhoov+lqg{+l/ 4,/ 5,1Ydoxh
Li W|shRswlrq @ **fdoo** Wkhq

gdwd+l/ 4, @ 4&
Hovh

gdwd+l/ 4, @ 3&
Hqg Li

Iru m @ 5 Wr 8
gdwd+l/ m, @ Zrunvkhhwv+vkhhw,1Fhoov+lqg{+l/ 4,/ m . 5,1Ydoxh

Qh{w m



65 FKDSWHU 41 LQWURGXFWLRQ WR JDXVV

Qh{w l

YEfohdu JdxvvGdwd
YEsxw JdxvvGdwd/ gdwd+,/ **gdwd**

vkhhw @ **Hvwlpdwlrq**
FhoovWrPdwul{ vkhhw/ 7/ 6/ 8/ 4/ lqi+,
YEsxw JdxvvGdwd/ lqi+,/ **lqi**

Hqg Vxe
000000000000000000000000000000000000000000000
Vxe IlqgbGdwd+E|Uhi lqg{+, Dv Lqwhjhu,

Glp g/ gwp Dv Lqwhjhu
Glp l/ m Dv Lqwhjhu
Glp whps+4 Wr 83/ 4 Wr 4, Dv Lqwhjhu
Glp Q Dv Lqwhjhu

vkhhw @ **Hvwlpdwlrq**
g @ Zrunvkhhwv+vkhhw,1Fhoov+7/ 6,1Ydoxh
gwp @ Zrunvkhhwv+vkhhw,1Fhoov+8/ 6,1Ydoxh

vkhhw @ **Sleru**

Q @ 3

Iru l @ 46 Wr 59<87
gb @ Zrunvkhhwv+vkhhw,1Fhoov+l/ 4,1Ydoxh
gwpb @ Zrunvkhhwv+vkhhw,1Fhoov+l/ 6,1Ydoxh
Li gb @ g Dqg gwpb @ gwp Wkhq

Q @ Q . 4
whps+Q/ 4, @ l

Hqg Li
Qh{w l

UhGlp lqg{+4 Wr Q/ 4 Wr 4,

Iru l @ 4 Wr Q
lqg{+l/ 4, @ whps+l/ 4,

Qh{w l

Hqg Vxe
000000000000000000000000000000000000000000000
Vxe Glvsod|bUhvxowv+,

Glp JdxvvGdwd Dv Vwulqj
Glp {+, Dv Grxeoh

JdxvvGdwd @ JdxvvGlu . **YEjdxvv_uqg**

YEuhdg JdxvvGdwd/ **I . SGI**/ {+,
Pdwul{WrFhoov **UQG sorw**/ 6/ 5/ {+,

Zrunvkhhwv+**UQG sorw**,1Dfwlydwh
Fkduwv1Dgg
DfwlyhFkduw1FkduwW|sh @ {o[\VfdwwhuVprrwkQrPdunhuv
DfwlyhFkduw1VhwVrxufhGdwd Vrxufh=@Vkhhwv+**UQG sorw**,1Udqjh+**E6=F754**,/ SorwE|=@{oFroxpqv
DfwlyhFkduw1Orfdwlrq Zkhuh=@{oOrfdwlrqDvRemhfw/ qdph=@**UQG sorw**
Zlwk DfwlyhFkduw

1KdvWlwoh @ Wuxh
1FkduwWlwoh1Fkdudfwhuv1Wh{w @ **Ulvn Qhxwudo Ghqvlw| Hvwlpdwlrq**
1D{hv+{oFdwhjru|/ {oSulpdu|,1KdvWlwoh @ Wuxh
1D{hv+{oFdwhjru|/ {oSulpdu|,1D{lvWlwoh1Fkdudfwhuv1Wh{w @ **Ixwxuh**
1D{hv+{oYdoxh/ {oSulpdu|,1KdvWlwoh @ Wuxh
1D{hv+{oYdoxh/ {oSulpdu|,1D{lvWlwoh1Fkdudfwhuv1Wh{w @ **SGI**
1KdvOhjhqg @ Idovh

Hqg Zlwk

Hqg Vxe

L Wklv lv wkh Jdxvv surjudp=

qhz>
oleudu| rswpxp/YEjdxvv>

uqgvhhg 456> 2- vwdelolw| sureohp -2

JdxvvSdwk @ v|vvwdwh+5/3,>
fqg @ FkdqjhGlu+JdxvvSdwk '.**YEjdxvv**,>

&lqfoxgh g=_jdxvv_yejdxvv_uqg1vuf>

gdwd @ YEuhdg+**uqg**/**gdwd**,>

RswlrqW|sh @ gdwd^1/4`>
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N @ gdwd^1/5`>
Suhplxp @ gdwd^1/6`>
I3 @ gdwd^1/7`>
u @ gdwd^1/8`>

lqi @ YEuhdg+**uqg**/**lqi**,>

g @ lqi^4`>
gwp @ 433-lqi^5` . 48>
plqI @ lqi^6`>
pd{I @ lqi^7`>
qI @ lqi^8`>
gI @ +pd{I 0 plqI, 2 +qI 0 4,>

wdx @ hwgd|vb+g/gwp, 1- rqhv+urzv+Suhplxp,/4,>

vljpd @ 3134>

vy @ +oq+I3^4`,0318-vljpda5-wdx^4`,�+vljpd-vtuw+wdx^4`,, �
+oq+I3^4`,0318-vljpda5-wdx^4`,�+vljpd-vtuw+wdx^4`,, �
317 >

rxwsxw iloh @ uqg1rxw uhvhw>

wkhwd @ hvwlpdwhUQG+Suhplxp/N/wdx/u/RswlrqW|sh/I3/vy,>

sulqw wkhwd>

rxwsxw rii>

I @ vhtd+plqI/gI/qI,>
SGI @ sgi5OQ+I/wkhwd^4`/wkhwd^5`/wkhwd^6`/wkhwd^7`/wkhwd^8`,>

YEsxw+**uqg**/I�SGI/**I . SGI**,>

v|vwhp>

L Wklv lv wkh vrxufh frgh iru UQG hvwlpdwlrq zlwk wzr orj0qrupdo surfhvvhv=

ghfoduh pdwul{ bhvwlpdwhUQGbGdwd>

surf +4, @ hvwlpdwhUQG+Suhplxp/N/wdx/u/RswlrqW|sh/I3/vy,>
orfdo wkhwd/i/j/uhwfrgh>

bhvwlpdwhUQGbGdwd @ Suhplxp �N �wdx �u �RswlrqW|sh �I3>

~wkhwd/i/j/uhwfrgh� @ rswpxp+)bhvwlpdwhUQG/vy,>
wkhwd @ vtuw+wkhwda5,>
wkhwd^8` @ 3138 . 31; - h{s+0wkhwd^8`,2+4.h{s+0wkhwd^8`,,>

uhws+wkhwd,>
hqgs>

surf bhvwlpdwhUQG+wkhwd,>
orfdo px4/px5/vljpd4/vljpd5/doskd/p>
orfdo Suhplxp/N/u/wdx/RswlrqW|sh/I3>
orfdo WkhruhwlfdoSuhplxp/x/y>

wkhwd @ vtuw+wkhwda5,> 2- srvlwlylw| -2

2- 3138 ?@ doskd ?@ 3178 -2
wkhwd^8` @ 3138 . 31; - h{s+0wkhwd^8`,2+4.h{s+0wkhwd^8`,,>

px4 @ wkhwd^4`>
vljpd4 @ wkhwd^5`>
px5 @ wkhwd^6`>
vljpd5 @ wkhwd^7`>
doskd @ wkhwd^8`>

p @ doskd - h{s+ px4 . 318 - +vljpd4a5, ,
. +4 0 doskd, - h{s+ px5 . 318 - +vljpd5a5, ,>

Suhplxp @ bhvwlpdwhUQGbGdwd^1/4`>
N @ bhvwlpdwhUQGbGdwd^1/5`>
wdx @ bhvwlpdwhUQGbGdwd^1/6`>
u @ bhvwlpdwhUQGbGdwd^1/7`>
RswlrqW|sh @ bhvwlpdwhUQGbGdwd^1/8`>
I3 @ bhvwlpdwhUQGbGdwd^1/9`>

WkhruhwlfdoSuhplxp @
bRswlrqSulfhbzlwk5OQ+px4/vljpd4/px5/vljpd5/doskd/N/wdx/u/RswlrqW|sh,>

x @ Suhplxp 0 WkhruhwlfdoSuhplxp>
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y @ I3 0 p>

uhws+x*x . 43 - y*y,>
hqgs>

surf bRswlrqSulfhbzlwk5OQ+px4/vljpd4/px5/vljpd5/doskd/N/wdx/u/RswlrqW|sh,>
orfdo d4/e4/f4/d5/e5/f5>
orfdo Fdoob/Sxwb/Suhplxp>

d4 @ h{s+ px4 . 318 - +vljpd4a5, ,>
e4 @ fgiq+ + px4 . +vljpd4a5, 0 oq+N, , 12 vljpd4 ,>
f4 @ fgiq+ + px4 0 oq+N, , 12 vljpd4 ,>

d5 @ h{s+ px5 . 318 - +vljpd5a5, ,>
e5 @ fgiq+ + px5 . +vljpd5a5, 0 oq+N, , 12 vljpd5 ,>
f5 @ fgiq+ + px5 0 oq+N, , 12 vljpd5 ,>

Fdoob @ h{s+0u1-wdx, 1- +
doskd 1- + d4 1- e4 0 N 1- f4,
. +4 0 doskd, 1- + d5 1- e5 0 N 1- f5,

,>

Sxwb @ h{s+0u1-wdx, 1- +
doskd 1- + d4 1- +e4 0 4, 0 N 1- +f4 0 4, ,
. +4 0 doskd, 1- + d5 1- +e5 0 4, 0 N 1- +f5 0 4, ,

,>

Suhplxp @ RswlrqW|sh 1- Fdoob . + 4 0 RswlrqW|sh, 1- Sxwb>

uhws+Suhplxp,>
hqgs>

surf frqyGdwhv+w,>
orfdo ||||/pp/gg>

w @ **4<** '. iwrv+w/**(oi**/9/3,>

|||| @ vwri+vwuvhfw+w/4/7,,>
pp @ vwri+vwuvhfw+w/8/5,,>
gg @ vwri+vwuvhfw+w/:/5,,>

uhws+||||�pp�gg,>
hqgs>

surf hwgd|vb+wvwduw/whqg,>
uhws+ hwgd|v+frqyGdwhv+wvwduw,/frqyGdwhv+whqg,,2693 ,>

hqgs>

surf sgi5OQ+{/px4/vljpd4/px5/vljpd5/doskd,>
uhws+ doskd-sgiOQ+{/px4/vljpd4, . +40doskd,-sgiOQ+{/px5/vljpd5, ,>

hqgs>

surf fgi5OQ+{/px4/vljpd4/px5/vljpd5/doskd,>
uhws+ doskd-fgiOQ+{/px4/vljpd4, . +40doskd,-fgiOQ+{/px5/vljpd5, ,>

hqgs>

surf sgiOQ+{/px/vljpd,>
uhws+ sgiq++oq+{,0px,12vljpd,12+vljpd1-{, ,>

hqgs>

surf fgiOQ+{/px/vljpd,>
uhws+ fgiq++oq+{,0px,12vljpd,,>

hqgs>
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Ilqdqfldo Prghoolqj

514 Wkh SGH5G oleudu|

Wkh SGH5G lv d Jdxvv lpsohphqwdwlrq ri Krsvfrwfk phwkrgv ghvfulehg lq wkh zrunlqj sdshu �Nxuslho/ D1 dqg
W1 Urqfdool ^4<<;`/ Krsvfrwfk phwkrgv iru wzr0vwdwh �qdqfldo prghov/ IHUF Zrunlqj Sdshu/ Flw| Xqlyhvlw|
Exvlqhvv Vfkrro�1

51414 Zkdw lv SGH5GB

SGH5G lv d Jdxvv oleudu| iru vroylqj Sduderolf dqg Hoolswlf Sduwldo Gl�huhqwldo Htxdwlrqv +SGH, lq 5 vsdfh glphq0
vlrqv1 Lw lqfoxghv Krsvfrwfk dqg �0vfkhphv dojrulwkpv zlwk �qlwh gl�huhqfh phwkrgv1 Lw frqwdlqv wkh surfhgxuhv
zkrvh olvw lv jlyhq ehorz1

� Ghulyh= Frpsxwhv wkh ghulydwlyh ri wkh gdwd zlwk uhvshfw wr wkh phvk vsdflqj k

� H{wudfwVroxwlrq= H{wudfwv vroxwlrq xpl>m iru d vshfl�f ydoxh ri w/ { ru |

� IlqgLqgh{= Uhwxuqv wkh lqglfhv ri wkh hohphqwv ri d yhfwru { htxdo wr wkh hohphqwv ri d yhfwru y

� Krsvfrwfk= Vroyhv wkh SGH sureohp zlwk Krsvfrwfk phwkrgv

� SGH5G= Lqlwldol}hv wkh SGH sureohp

� SGH5Gvhw= Uhvhwv ghidxowv

51415 Vrph h{dpsohv

5141514 Sduderolf sureohpv

Zh frqvlghu wkh olqhdu sduderolf SGH sureohp gh�qhg e|

d +w> {> |, @ d

e +w> {> |, @ e

f +w> {> |, @ f

g +w> {> |, @ 3

h +w> {> |, @ 3

i +w> {> |, @ 3

j +w> {> |, @ 3

7 lv vhw wr ^3>4`� ^3> 4` dqg zh kdyh

x +w>3> |, @ h�+d.5e.f,w vlq +|,

x +w>4> |, @ h�+d.5e.f,w vlq +4 . |,

x +w> {>3, @ h�+d.5e.f,w vlq +{,

x +w> {>4, @ h�+d.5e.f,w vlq +4 . {,

68
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Wkh vroxwlrq ri wkh Fdxfk| sureohp zlwk x +3> {> |, @ vlq +{. |, lv

x +w> {> |, @ h�+d.5e.f,w vlq +{. |,

2-
--A sgh5g41suj
--
-2

qhz>
oleudu| SGH5G/sjudsk>
SGH5Gvhw>

d @ 314> e @ 3138> f @ 3148>

surf dSurf+w/{/|,>
uhws+ d-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf eSurf+w/{/|,>
uhws+ e-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf fSurf+w/{/|,>
uhws+ f-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf gSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf iSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf wplqErxqg+w/{/|,>
uhws+ vlq+{.|, ,>

hqgs>

surf {plqErxqg+w/{/|,>
uhws+ h{s+0+d.5-e.f,-w,-vlq+|, ,>

hqgs>

surf {pd{Erxqg+w/{/|,>
uhws+ h{s+0+d.5-e.f,-w,-vlq+4.|, ,>

hqgs>

surf |plqErxqg+w/{/|,>
uhws+ h{s+0+d.5-e.f,-w,-vlq+{, ,>

hqgs>

surf |pd{Erxqg+w/{/|,>
uhws+ h{s+0+d.5-e.f,-w,-vlq+4.{, ,>

hqgs>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/
)wplqErxqg/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/
3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 44>
|plq @ 3> |pd{ @ 4> Q| @ 54>
wplq @ 3> wpd{ @ 8> Qw @ 84>

bKrsvfrwfkbSulqwLwhuv @ 5>
fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**sgh5g4**,>

{ @ H{wudfwVroxwlrq+**sgh5g4**/**{**,>
| @ H{wudfwVroxwlrq+**sgh5g4**/**|**,>
w @ H{wudfwVroxwlrq+**sgh5g4**/**w**,>
X @ H{wudfwVroxwlrq+**sgh5g4**/**w**�wpd{,>

2- Wkh h{dfw vroxwlrq lv
--
-- x+w/{/|, @ h{s+0+d.5e.f,-w,-vlq+{.|,
--
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-2

surf vroxwlrqSurf+w/{/|,>
uhws+ h{s+0+d.5-e.f,-w,-vlq+{.|, ,>

hqgs>

vro @ vroxwlrqSurf+wpd{/{/|,>

judskvhw>

ehjzlqg>
pdnhzlqg+</4/3/91;8804/4,>
pdnhzlqg+<25/81;88/3/3/4,>
pdnhzlqg+<25/81;88/<25/3/4,>

vhwzlqg+4,>
bsgdwh @ ****> bswlwokw @ 4158> bsqxp @ 3> bsd{hv @ 3>
wlwoh+**Jrxuod| dqg PfNhh C^4<::C` 0 H{dpsoh 4 sdjh 536**,>
gudz>

judskvhw>
bsgdwh @ ****> bsqxp @ 5> bswlwokw @ 3158> bsd{kw @ 3158> bsqxpkw @ 3153>
{odeho+**{**,>
|odeho+**|**,>
}odeho+**x+8/{/|,**,>

vhwzlqg+5,>
wlwoh+**Qxphulfdo vroxwlrq**,
vxuidfh+{*/|*/X*,>

vhwzlqg+6,>
wlwoh+**H{dfw vroxwlrq**,
vxuidfh+{*/|*/vro*,>
judsksuw+**0f@4 0fi@sgh5g41hsv**,>

hqgzlqg>

5141515 Hoolswlf sureohpv

Zh frqvlghu wkh hoolswlf sureohp ri Jrxuod| dqg PfNhh ^4<::`/ sdjh 537=

d +{> |, @ 4

e +{> |, @ �4

5
f +{> |, @ 4

g +{> |, @ 3

h +{> |, @ 3

i +{> |, @ 3

j +{> |, @ 3
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zlwk wkh erxqgdu| frqglwlrqv

x +3> |, @ 3

x +4> |, @ | . |5

x +{>3, @ 3

x +{>4, @ {. {5

Wkh vroxwlrq ri wklv sureohp lv

x +{> |, @ {5| . {|5

Iru wkh lqlwldo jxhvv vroxwlrq/ zh xvh udqgrp qxpehuv1

2-
--A sgh5g51suj
-2

qhz>
oleudu| SGH5G/sjudsk>
SGH5Gvhw>

surf dSurf+w/{/|,>
uhws+ rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf eSurf+w/{/|,>
uhws+ 0318-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf fSurf+w/{/|,>
uhws+ rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf gSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf iSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf {plqErxqg+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf {pd{Erxqg+w/{/|,>
uhws+ rqhv+urzv+{,/4, 1- +| . |a5, ,>

hqgs>

surf |plqErxqg+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf |pd{Erxqg+w/{/|,>
uhws+ rqhv+urzv+{,/4, 1- +{ . {a5, ,>

hqgs>

surf LqlwldoJxhvvVroxwlrq+w/{/|,>
uhws+ uqgq+urzv+{,/frov+|,, ,>

hqgs>

surf vroxwlrqSurf+w/{/|,>
uhws+ +{a5,1-| . {1-+|a5, ,>

hqgs>

uqgvhhg 456>
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fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/
)LqlwldoJxhvvVroxwlrq/
){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/
3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 54>
|plq @ 3> |pd{ @ 4> Q| @ 54>
wplq @ 3> wpd{ @ 31758> Qw @ 434>

bKrsvfrwfkbPhwkrgv @ ~5/6�> 2- fhqwhu iloolqj phwkrg
)

olqh Krsvfrwfk phwkrg -2

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**sgh5g5**,>

{ @ H{wudfwVroxwlrq+**sgh5g5**/**{**,>
| @ H{wudfwVroxwlrq+**sgh5g5**/**|**,>
w @ H{wudfwVroxwlrq+**sgh5g5**/**w**,>

vro @ vroxwlrqSurf+wpd{/{/|,>

judskvhw>

ehjzlqg>
zlqgrz+7/7/3,>

bsgdwh @ ****> bsqxp @ 3> bsd{hv @ 3> bsiudph @ 3> bsvxui @ ~3/3�>
bswlwokw @ 3178>

l @ 4>
gr xqwlo l A 47>

X @ H{wudfwVroxwlrq+**sgh5g5**/**w**�w^6-l`,>

vhwzlqg+l,>
vwu @ iwrv+6-l 0 4/**lwhu qr (oi**/4/3,>
wlwoh+vwu,>
vxuidfh+{*/|*/X*,>

l @ l . 4>
hqgr>

X @ H{wudfwVroxwlrq+**sgh5g5**/**w**�w^Qw`,>

vhwzlqg+48,>
vwu @ iwrv+Qw/**lwhu qr (oi**/4/3,>
wlwoh+vwu,>
vxuidfh+{*/|*/X*,>

vhwzlqg+49,>
wlwoh+**H{dfw vroxwlrq**,
vxuidfh+{*/|*/vro*,>

judsksuw+**0f@4 0fi@sgh5g51hsv**,>

hqgzlqg>
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5141516 Frpsxwlqj Juhhnv

Wkh iroorzlqj surjudp qxphulfdoo| vroyhv wkh Eodfn0Vfkrohv prgho1 Wkhq/ zh xvh wkh Ghulyh surfhgxuh wr frpsxwh
wkh �/ � dqg � frh!flhqwv ri wkh fdoo rswlrqv1 Zh uhpdun wkdw wkh gl�huhqfhv ehwzhhq wkhvh qxphulfdo ydoxhv dqg
wkhvh rewdlqhg e| h{dfw irupxodv duh yhu| vpdoo1

2-
--A sgh5g61suj
--
-2

qhz>
oleudu| SGH5G/rswlrq/sjudsk>
SGH5Gvhw>

N @ 433>
vljpd @ 3153>
wdx @ 3158>
u @ 313;>
e @ 313;>

surf dSurf+w/{/|,>
uhws+ 318-+vljpda5, 1- +{a5, 1- rqhv+4/frov+|,, ,>

hqgs>

surf eSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf fSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf gSurf+w/{/|,>
uhws+ e 1- { 1- rqhv+4/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf iSurf+w/{/|,>
uhws+ u 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf wplqErxqg+w/{/|,>
orfdo Sd|Rii>
Sd|Rii @ { 0 N>
Sd|Rii @ Sd|Rii 1- +Sd|Rii 1A 3,>
uhws+ Sd|Rii 1- rqhv+4/frov+|,, ,>

hqgs>

surf {plqErxqg+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf G{pd{Erxqg+w/{/|,>
uhws+ rqhv+urzv+{,/frov+|,, ,>

hqgs>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/
)wplqErxqg/){plqErxqg/3/3/3/

3/)G{pd{Erxqg/3/3,>

{plq @ 83> {pd{ @ 483> Q{ @ 534>
|plq @ 3143> |pd{ @ 3163> Q| @ 8>
wplq @ 3> wpd{ @ wdx> Qw @ iorru+4;58-wdx,>

bKrsvfrwfkbSulqwLwhuv @ 43>
fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**sgh5g6**,>

gw @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**n**,>
gV @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**k{**,>

lqg{W @ vhtd+43/48/63,>
lqg{V3 @ vhtd+4/43/54,>

judskvhw>
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ehjzlqg>
zlqgrz+5/5/3,>

bsgdwh @ ****> bsqxp @ 5> bsqxpkw @ 3158> bswlwokw @ 3158> bsd{kw @ 3158>
irqwv+**vlpsoh{ vlpjupd**,>

vhwzlqg+4,>

V3 @ H{wudfwVroxwlrq+**sgh5g6**/**{**,>
X @ H{wudfwVroxwlrq+**sgh5g6**/**w**�wdx,>
ghowd @ Ghulyh+X/gV/3,>

wlwoh+**Ghowd**,>
{odeho+**V3**,>
|wlfv+3/4/3158/3,>
{|+V3^lqg{V3`/vxepdw+ghowd�HxurshdqEVbGhowd+V3/N/vljpd/wdx/e/u,/lqg{V3/3,,>

vhwzlqg+5,>

jdppdb @ Ghulyh+Ghulyh+X/gV/04,/gV/4,>

wlwoh+**Jdppd**,>
|wlfv+3/3138/3134/3,>
{|+V3^lqg{V3`/vxepdw+jdppdb�HxurshdqEVbJdppd+V3/N/vljpd/wdx/e/u,/lqg{V3/3,,>

vhwzlqg+6,>

w @ H{wudfwVroxwlrq+**sgh5g6**/**w**,>
| @ H{wudfwVroxwlrq+**sgh5g6**/**|**,>
X @ H{wudfwVroxwlrq+**sgh5g6**/**|**�|^6`,>
wkhwd @ Ghulyh+X*/gw/3,>

wlwoh+**Wkhwd +Krsvfrwfk,**,>
{odeho+**_535w_534**,>
|odeho+**V3**,>
{wlfv+3/3153/3143/3,>
|wlfv+;3/453/43/3,>
}wlfv+3/83/43/3,>
vxuidfh+vxepdw+w*/3/lqg{W,/vxepdw+V3/lqg{V3/3,/

vxepdw+wkhwd*/lqg{V3/lqg{W,,>

vhwzlqg+7,>

wlwoh+**Wkhwd**,>
vxuidfh+vxepdw+w*/3/lqg{W,/vxepdw+V3/lqg{V3/3,/

vxepdw+HxurshdqEVbWkhwd+V3/N/vljpd/w*/e/u,/lqg{V3/lqg{W,,>

judsksuw+**0f@4 0fi@sgh5g61hsv**,>

hqgzlqg>

5141517 Frpsxwlqj vwrfkdvwlf yrodwlolw| rswlrq juhhnv frh!flhqwv

@@@@@@@@@@A

2-
-- Nxuslho/ D1 dqg W1 Urqfdool ^4<<;`/ Krsvfrwfk phwkrgv iru wzr0vwdwh
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-- ilqdqfldo prghov/ IHUF zrunlqj sdshu/ Flw| Xqlyhuvlw| Exvlqhvv Vfkrro
-2

qhz>
oleudu| rswlrq/SGH5G>
SGH5Gvhw>

N @ 433>
V3 @ vhtd+;3/8/<,>
e @ 03137>
u @ 313;>
Y3 @ 3153a5>
wdx @ 3158>

ukr @ 0318>
Ndssd @ 31<>
wkhwd @ 3153a5>
odpegd @ 313>
vljpdY @ 3143>
ndssdVwdu @ ndssd . odpegd>
wkhwdVwdu @ ndssd-wkhwd2+ndssd.odpegd,>

surf dSurf+w/{/|,>
uhws+ 318 - | 1- +{a5, ,>

hqgs>

surf eSurf+w/{/|,>
uhws+ 318- ukr - vljpdY - | 1- { ,>

hqgs>

surf fSurf+w/{/|,>
uhws+ 318 - +vljpdYa5,1-| 1- rqhv+urzv+{,/4, ,>

hqgs>

surf gSurf+w/{/|,>
uhws+ e1-{1-rqhv+4/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>
uhws+ + ndssdVwdu-+wkhwdVwdu0|, , 1- rqhv+urzv+{,/4, ,>

hqgs>

surf iSurf+w/{/|,>
uhws+ u 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

C?000000000000000000 k+w/{/|/X, 000000000000000000AC

surf kSurf+w/{/|/X,>
orfdo Sd|Rii/fqg>
Sd|Rii @ + { 1A N , 1- + { 0 N , 1- rqhv+4/frov+|,,>
fqg @ Sd|Rii 1A X>
uhws+ fqg1-Sd|Rii . +40fqg,1-X ,>

hqgs>

C?000000000000000000000000000000000000000000000000AC

surf wplqErxqg+w/{/|,>
{ @ rqhv+4/frov+|,, 1- {>
uhws+ +{ 1A N, 1- + { 0 N, ,>

hqgs>

surf {plqErxqg+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf G{pd{Erxqg+w/{/|,>
uhws+ rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf G|plqErxqg+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf G|pd{Erxqg+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/)kSurf/
)wplqErxqg/){plqErxqg/3/3/3/
3/)G{pd{Erxqg/3/3,>
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{plq @ 83> {pd{ @ 483> Q{ @ 434>
|plq @ 31335> |pd{ @ 31455> Q| @ 94>
wplq @ 3> wpd{ @ wdx> Qw @ iorru+4;58-wdx,>

bKrsvfrwfkbVdyhOdvwLwhu @ 4>
bKrsvfrwfkbSulqwLwhuv @ 4>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**sgh5g7**,>

vdyh udwlrv @ bKrsvfrwfkbPhvkUdwlrv>

@@@@@@@@@@A

2-
-- Nxuslho/ D1 dqg W1 Urqfdool ^4<<;`/ Vwrfkdvwlf yrodwlolw| dqg frqwlqjhqw
-- fodlpv sulflqj 000 wkh Dphulfdq rswlrq fdvh/ IHUF zrunlqj sdshu/
-- Flw| Xqlyhuvlw| Exvlqhvv Vfkrro
-2

qhz>
oleudu| rswlrq/SGH5G/sjudsk>
SGH5Gvhw>

N @ 433>
V3 @ vhtd+;3/8/<,>
e @ 03137>
u @ 313;>
Y3 @ 3153a5>
wdx @ 3158>

ukr @ 0318>
Ndssd @ 31<>
wkhwd @ 3153a5>
odpegd @ 313>
vljpdY @ 3143>
ndssdVwdu @ ndssd . odpegd>
wkhwdVwdu @ ndssd-wkhwd2+ndssd.odpegd,>

ordg PhvkUdwlrv @ udwlrv>

V @ H{wudfwVroxwlrq+**sgh5g7**/**{**,>
Y @ H{wudfwVroxwlrq+**sgh5g7**/**|**,>
wdx @ H{wudfwVroxwlrq+**sgh5g7**/**w**,>
X @ H{wudfwVroxwlrq+**sgh5g7**/**w**�wdx,>

gV @ yuhdg+PhvkUdwlrv/**k{**,>
gY @ yuhdg+PhvkUdwlrv/**k|**,>

Ghowd4 @ Ghulyh+X/gV/3,>
Yhjd @ Ghulyh+X*/gY/3,*>
Ghowd5 @ HxurshdqEVbGhowd+V/N/vtuw+Y,/wdx/e/u,>

judskvhw>
bsgdwh @ ****> bsqxp @ 5>
bsow|sh @ 9>
irqwv+**vlpsoh{ vlpjupd**,>
wlwoh+**_535G_534`dp/Krsvfrwfk^**,>
{|+V/ghowd4,>

judskvhw>
bsgdwh @ ****> bsqxp @ 5>
bsow|sh @ 9>
irqwv+**vlpsoh{ vlpjupd**,>
wlwoh+**_535G_534`dp/Krsvfrwfk^ 0 _535G_534`hx/EV^**,>
|odeho+**V`3^**,>
{odeho+**Y`3^**,>
vxuidfh+wulpu+Y*/8/8,*/V/wulpu++Ghowd40Ghowd5,*/8/8,*,>

judskvhw>
bsgdwh @ ****> bsqxp @ 5>
wlwoh+**YHJD`dp/Krsvfrwfk^**,>
}wlfv+3/433/58/3,>
{odeho+**V`3^**,>
|odeho+**Y`3^**,>
judsksuw+**0f@4 0fi@sgh5g81hsv**,>
vxuidfh+V*/Y*/Yhjd*,>
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5141518 D Gl{lw0Slqg|fn h{dpsoh

Wkh iroorzlqj surjudp uhsurgxfhv wkh �jxuh : ri �Nxuslho/ D1 dqg W1 Urqfdool ^4<<;`/ Krsvfrwfk phwkrgv iru
wzr0vwdwh �qdqfldo prghov/ IHUF Zrunlqj Sdshu/ Flw| Xqlyhvlw| Exvlqhvv Vfkrro�1

2-
-- Nxuslho/ D1 dqg W1 Urqfdool ^4<<;`/ Krsvfrwfk phwkrgv iru wzr0vwdwh
-- ilqdqfldo prghov/ IHUF zrunlqj sdshu
--
-2

qhz>
oleudu| sgh5G/sjudsk>
SGH5Gvhw>

ghfoduh pdwul{ h>

uqgvhhg 456>

vljpd @ 3153>
u @ 3137>
px @ 313;>
L @ 4>
hwd @ 314>
Yedu @ 418>

surf dSurf+w/{/|,>
uhws+ 318-+vljpda5,1- +{ah, 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf eSurf+w/{/|,>
uhws+ 3 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf fSurf+w/{/|,>
uhws+ 3 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf gSurf+w/{/|,>
uhws+ +u 0 px . hwd-+Yedu0{, , 1- { 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>
uhws+ 3 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf iSurf+w/{/|,>
uhws+ u 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>
uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf wplqErxqg+w/{/|,>
uhws+ uqgx+urzv+{,/frov+|,, ,>
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hqgs>

surf {plqErxqg+w/{/|,>
uhws+ 31-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf {pd{Erxqg+w/{/|,>
uhws+ +{ 0 L, 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf G{pd{Erxqg+w/{/|,>
uhws+ rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf G|plqErxqg+w/{/|,>
uhws+ 3-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf G|pd{Erxqg+w/{/|,>
uhws+ 3-rqhv+urzv+{,/frov+|,, ,>

hqgs>

bbrxwsxw @ 4>

bKrsvfrwfkbVdyhOdvwLwhu @ 4>
bKrsvfrwfkbHoolswlf @ 4>
bifpswro @ 4h07>
bKrsvfrwfkbSulqwLwhuv @ 43>

rxwsxw iloh @ zs451rxw uhvhw>

Y @ 418;8�419;>

vro @ ~�>
{ @ ~�>
h @ 4>

gr xqwlo h A 5>

Yvwdu @ Y^h`>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/
)wplqErxqg/){plqErxqg/){pd{Erxqg/3/3/
3/3/)G|plqErxqg/)G|pd{Erxqg,>

{plq @ 31333> {pd{ @ Yvwdu> Q{ @ 84>
|plq @ 31333> |pd{ @ 4> Q| @ 8>
wplq @ 3> wpd{ @ 433> Qw @ 4334>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wps**,>

{ @ { �H{wudfwVroxwlrq+**wps**/**{**,>
| @ H{wudfwVroxwlrq+**wps**/**|**,>
w @ H{wudfwVroxwlrq+**wps**/**w**,>

X @ H{wudfwVroxwlrq+**wps**/**w**�w,>

k{ @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**k{**,>

vro @ vro�X^1/6`>

h @ h . 4>
hqgr>

Y @ vhtd+413/3138/84,>
judskvhw>

bsgdwh @ ****> bsqxp @ 5> bsow|sh @ 4�6�9>
{odeho+**Y**,>
|odeho+**F+Y,**,>
|wlfv+3/31;/314/5,>
{wlfv+3/513/315/5,>
bsohjvwu @ **Phdq Uhyhuvlrq L_333Phdq Uhyhuvlrq LL_333Y 0 L**>
bsohjfwo @ ~5 8 518 7�>
bsolqh @ 4�8�418;8�3�418;8�318;8�4�:�8 �

4�8�419;3�3�419;3�319;3�4�:�8 >
judsksuw+**0f@4 0fi@sgh5g91hsv**,>
{|+{^1/5 4`�Y/vro^1/5 4`�+Y0L,,>
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5141519 Rwkhu �qdqfldo sureohpv

L Vhh �Nxuslho/ D1 dqg W1Urqfdool ^4<<;`/ Krsvfrwfk phwkrgv iru wzr0vwdwh �qdqfldo prghov/ IHUFZrunlqj
Sdshu/ Flw| Xqlyhvlw| Exvlqhvv Vfkrro�1

515 Wkh RSWLRQ oleudu|

51514 Zkdw lv RSWLRQB

RSWLRQ lv d Jdxvv oleudu| iru rswlrq sulflqj1 Lw lqfoxghv vhyhudo prghov dqg frqfhuqv gl�huhqw rswlrq w|shv1 Lw
frqwdlqv wkh surfhgxuhv zkrvh olvw lv jlyhq ehorz1

� Eodfn dqg Vfkrohv ^4<:6` prgho

� DphulfdqEV

� DphulfdqEVbGhowd

� DphulfdqEVbJdppd

� DphulfdqEVblpsYro

� DphulfdqEVbRphjd

� DphulfdqEVbVplohFxuyh

� DphulfdqEVbWkhwd

� DphulfdqEVbYhjd

� HxurshdqEV

� HxurshdqEVbGhowd

� HxurshdqEVbJdppd

� HxurshdqEVblpsYro

� HxurshdqEVbRphjd

� HxurshdqEVbVplohFxuyh

� HxurshdqEVbWkhwd

� HxurshdqEVbYhjd

� HxurshdqSd|R�

� Phuwrq ^4<:9` � Edwhv ^4<<4` prgho
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� DphulfdqPhuwrq

� DphulfdqPhuwrqbGhowd

� DphulfdqPhuwrqbJdppd

� DphulfdqPhuwrqblpsYro

� DphulfdqPhuwrqbRphjd

� DphulfdqPhuwrqbWkhwd

� DphulfdqPhuwrqbYhjd

� HxurshdqPhuwrq

� HxurshdqPhuwrqbGhowd

� HxurshdqPhuwrqbJdppd

� HxurshdqPhuwrqblpsYro

� HxurshdqPhuwrqbRphjd

� HxurshdqPhuwrqbWkhwd

� HxurshdqPhuwrqbYhjd

� Fr{/ Urvv dqg Uxelqvwhlq ^4<:<` prgho

� DphulfdqFUU

� DphulfdqFUUbGhowd

� DphulfdqFUUbJdppd

� DphulfdqFUUblpsYro

� DphulfdqFUUbRphjd

� DphulfdqFUUbWkhwd

� DphulfdqFUUbYhjd

� DvldqIl{hgVwulnhFUU

� DvldqIl{hgVwulnhFUUbGhowd

� DvldqIl{hgVwulnhFUUbJdppd

� DvldqIl{hgVwulnhFUUblpsYro

� DvldqIl{hgVwulnhFUUbRphjd

� DvldqIl{hgVwulnhFUUbWkhwd

� DvldqIl{hgVwulnhFUUbYhjd

� DvldqIordwlqjVwulnhFUU

� DvldqIordwlqjVwulnhFUUbGhowd

� DvldqIordwlqjVwulnhFUUbJdppd

� DvldqIordwlqjVwulnhFUUblpsYro

� DvldqIordwlqjVwulnhFUUbRphjd

� DvldqIordwlqjVwulnhFUUbWkhwd

� DvldqIordwlqjVwulnhFUUbYhjd

� HxurshdqFUU

� HxurshdqFUUbGhowd

� HxurshdqFUUbJdppd

� HxurshdqFUUblpsYro

� HxurshdqFUUbRphjd

� HxurshdqFUUbWkhwd
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� HxurshdqFUUbYhjd

� NqrfnLqGrzqFUU

� NqrfnLqGrzqFUUbGhowd

� NqrfnLqGrzqFUUbJdppd

� NqrfnLqGrzqFUUblpsYro

� NqrfnLqGrzqFUUbRphjd

� NqrfnLqGrzqFUUbWkhwd

� NqrfnLqGrzqFUUbYhjd

� NqrfnLqXsFUU

� NqrfnLqXsFUUbGhowd

� NqrfnLqXsFUUbJdppd

� NqrfnLqXsFUUblpsYro

� NqrfnLqXsFUUbRphjd

� NqrfnLqXsFUUbWkhwd

� NqrfnLqXsFUUbYhjd

� NqrfnRxwGrzqFUU

� NqrfnRxwGrzqFUUbGhowd

� NqrfnRxwGrzqFUUbJdppd

� NqrfnRxwGrzqFUUblpsYro

� NqrfnRxwGrzqFUUbRphjd

� NqrfnRxwGrzqFUUbWkhwd

� NqrfnRxwGrzqFUUbYhjd

� NqrfnRxwXsFUU

� NqrfnRxwXsFUUbGhowd

� NqrfnRxwXsFUUbJdppd

� NqrfnRxwXsFUUblpsYro

� NqrfnRxwXsFUUbRphjd

� NqrfnRxwXsFUUbWkhwd

� NqrfnRxwXsFUUbYhjd

� OrrnEdfnFUU

� OrrnEdfnFUUbGhowd

� OrrnEdfnFUUbJdppd

� OrrnEdfnFUUblpsYro

� OrrnEdfnFUUbRphjd

� OrrnEdfnFUUbWkhwd

� OrrnEdfnFUUbYhjd

� Khvwrq ^4<<6` prgho

� HxurshdqKhvwrq

� Edwhv ^4<<9` prgho

� HxurshdqEdwhv
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� Fkdqj/ Fkdqj dqg Olp ^4<<;` prgho

� DphulfdqFFO

� DphulfdqFFObGhowd

� DphulfdqFFObJdppd

� DphulfdqFFOblpsYro

� DphulfdqFFObRphjd

� DphulfdqFFObWkhwd

� DphulfdqFFObYhjd

� HxurshdqFFO

� HxurshdqFFObGhowd

� HxurshdqFFObJdppd

� HxurshdqFFOblpsYro

� HxurshdqFFObRphjd

� HxurshdqFFObWkhwd

� HxurshdqFFObYhjd

� Surfhgxuhv iru surfhvvhv vlpxodwlqj

� VlpxodwhbJEP

� VlpxodwhbMxpsGl�xvlrq

� VlpxodwhbOhy|Surfhvv

� VlpxodwhbpVGH

� VlpxodwhbVGH

� VlpxodwhbVGH5

� VlpxodwhbRX

� Plvfhoodqhrxv surfhgxuhv iru rswlrq gdwdedvhv pdqdjlqj

51515 Vrph h{dpsohv

5151514 Fr{/ Urvv dqg Uxelqvwhlq prgho

L Lq wkh iroorzlqj surjudp/ zh frpsxwhv 74 Dphulfdq rswlrq sulfhv rq ixwxuhv +e @ 3, zlwk wkh Fr{/ Urvv dqg
Uxelqvwhlq prgho1 Wkhq/ zh sulqw wkh wuhhv zlwk wkh SulqwWuhh surfhgxuh1

qhz>
oleudu| rswlrq>

V3 @ vhtd+;3/4/74,>
N @ 433>
vljpd @ 3153>
wdx @ <32698>
u @ 313;>
e @ 3>
Q @ 9>

Fdp @ DphulfdqFUU+V3/N/vljpd/wdx/e/u/Q,>

rxwsxw iloh @ rswlrq41rxw uhvhw>

rxwzlgwk 589>
vfuhhq rii>
SulqwWuhh>
vfuhhq rq>

rxwsxw rii>

===========================================================
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RSWLRQ Qr 4

Xqghuo|lqj Dvvhw Sulfh Wuhh

43513658:
<:1<:;7:<

<713;879; <713;879;
<3167:473 <3167:473

;91:8:67; ;91:8:67; ;91:8:67;
;616434<4 ;616434<4 ;616434<4

;31333333 ;31333333 ;31333333 ;31333333
:91;54667 :91;54667 :91;54667

:61:9;<9; :61:9;<9; :61:9;<9;
:31;6:;;4 :31;6:;;4

9;135658: 9;135658:
98165379:

951:5839;

Rswlrq Sulfh Wuhh

513658:48
31<<574;53

317;78888; 3133333333
315698;:;; 3133333333

31448848:< 3133333333 3133333333
3138973477; 3133333333 3133333333

3135:86;75; 3133333333 3133333333 3133333333
3133333333 3133333333 3133333333

3133333333 3133333333 3133333333
3133333333 3133333333

3133333333 3133333333
3133333333

3133333333
1
1
1
1
1
1

===========================================================
RSWLRQ Qr 74

Xqghuo|lqj Dvvhw Sulfh Wuhh

486137;;9
4791<9::5

474145;53 474145;53
4681853:4 4681853:4

463146935 463146935 463146935
4571<985< 4571<985< 4571<985<

453133333 453133333 453133333 453133333
448156533 448156533 448156533

443198678 443198678 443198678
4391589;5 4391589;5

4351367;< 4351367;<
<:1<;3:34

<713;:935

Rswlrq Sulfh Wuhh

86137;;8:
791<9::4;

74145;535 74145;535
681853:43 681853:43

631469355 631469355 631469355
571<985;9 571<985;9 571<985;9

531333333 531333333 531333333 531333333
48168<747 481565334 481565334

441335696 431986784 431986784
:1344;398 91589;555

6189344<; 51367;;8:
31<<687;47

3133333333

5151515 Eodfn0Vfkrohv Jdppd frpsxwlqj

L Wkh surfhgxuhv duh yhfwrul}hg lq urz rughu1 Vrph ri wkhvh duh yhfwrul}hg lq urz dqg froxpq rughuv1 Wklv lv
wkh fdvh iru wkh HxurshdqEVbJdppd surfhgxuh1

qhz>
oleudu| rswlrq/sjudsk>
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V3 @ vhtd+:3/318/454,>
N @ 433>
vljpd @ 3153>
wdx @ vhtd+<32698/042698/;<,*>
u @ 313;>
e @ 3>

bRswlrqbW|sh @ **sxw**>

Jdppdb @ HxurshdqEVbJdppd+V3/N/vljpd/wdx/e/u,>

judskvhw>
bsgdwh @ ****> bsqxp @ 5> bsd{kw @ 3163> bswlwokw @ 3163> bsiudph @ 3>
irqwv+**vlpsoh{ vlpjupd**,>
wlwoh+**_535J_534`sxw^**,>
{odeho+**_535w_534**,>
|odeho+**V`3`**,>
|wlfv+:3/463/43/3,>
}wlfv+3/3153/3138/3,>
judsksuw+**0f@4 0fi@rswlrq51hsv**,>
vxuidfh+wdx/V3/Jdppdb,>

5151516 Rswlrq sulflqj zlwk mxps0gl�xvlrq surfhvvhv

L Wkh iroorzlqj surjudp uhsolfdwhv wkh uhvxowv ri Edwhv ^4<<4`1 Wkh surfhgxuh HxurshdqPhuwrq lv yhfwrulvhg
lq urz dqg froxpq rughuv zkloh wkh surfhgxuh DphulfdqPhuwrq lv mxvw yhfwrul}hg lq urz rughu1 Exw zlwk
Nurqhfnhu surgxfwv111

2-
--A Edwhv<41suj
--
-2

qhz>
oleudu| rswlrq>

rxwsxw iloh @ rswlrq61rxw uhvhw>

V3 @ 583>
e @ 3>
u @ 3143>
wdx @ 3158>

N @ vhtd+553/48/8,>
ohw vljpd^4/8` @ 314747 3143 3143 3143 3143>
ohw odpegdVwdu^4/8` @ 3 43 43 3158 3158>
ohw jdppdVwdu^4/8` @ 3 3134 03134 3153 03153>
ohw ghowdVwdu^4/8` @ 3 3136 3136 3 3>

neduVwdu @ h{s+jdppdVwdu, 0 4>

bRswlrqbW|sh @ **fdoo**>
F @ HxurshdqPhuwrq+V3/N/vljpd/wdx/e/u/neduVwdu/ghowdVwdu/odpegdVwdu,>
bRswlrqbW|sh @ **sxw**>
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S @ HxurshdqPhuwrq+V3/N/vljpd/wdx/e/u/neduVwdu/ghowdVwdu/odpegdVwdu,>

sulqw **Hxurshdq rswlrq sulfhv =**>
fdoo sulqwip+F/4/**-1-oi** �; �5,>
sulqw>
fdoo sulqwip+S/4/**-1-oi** �; �5,>
sulqw>

C?00 urz dqg froxpq yhfwrulvdwlrq xvlqj Nurqhfnhu surgxfw 00AC

h @ rqhv+8/4,>
vljpd @ vljpd* 1-1 h>
neduVwdu @ neduVwdu* 1-1 h>
ghowdVwdu @ ghowdVwdu* 1-1 h>
odpegdVwdu @ odpegdVwdu* 1-1 h>

N @ h 1-1 N>

bRswlrqbW|sh @ **fdoo**>
F @ HxurshdqPhuwrq+V3/N/vljpd/wdx/e/u/neduVwdu/ghowdVwdu/odpegdVwdu,>
bRswlrqbW|sh @ **sxw**>
S @ HxurshdqPhuwrq+V3/N/vljpd/wdx/e/u/neduVwdu/ghowdVwdu/odpegdVwdu,>

F @ uhvkdsh+F/8/8,*>
S @ uhvkdsh+S/8/8,*>

sulqw **Hxurshdq rswlrq sulfhv =**>
fdoo sulqwip+F/4/**-1-oi** �; �5,>
sulqw>
fdoo sulqwip+S/4/**-1-oi** �; �5,>
sulqw>

bRswlrqbW|sh @ **fdoo**>
F @ DphulfdqPhuwrq+V3/N/vljpd/wdx/e/u/neduVwdu/ghowdVwdu/odpegdVwdu,>
bRswlrqbW|sh @ **sxw**>
S @ DphulfdqPhuwrq+V3/N/vljpd/wdx/e/u/neduVwdu/ghowdVwdu/odpegdVwdu,>

F @ uhvkdsh+F/8/8,*>
S @ uhvkdsh+S/8/8,*>

sulqw **Dphulfdq rswlrq sulfhv =**>
fdoo sulqwip+F/4/**-1-oi** �; �5,>
sulqw>
fdoo sulqwip+S/4/**-1-oi** �; �5,>
sulqw>

rxwsxw rii>

Hxurshdq rswlrq sulfhv =
5<17< 5<178 5<18; 5<163 63147
4916< 49158 4917< 48195 491:4
91;; 91;4 91:< 915; 9135
5137 514: 41;; 5198 4144
3175 3189 3168 4175 313<

3156 314< 3166 3137 31;;
41:9 4195 41;9 31<< 513;
91;; 91;4 91:< 915; 9135
4919: 491:< 49184 4:15; 481:7
5<19; 5<1;5 5<194 6319; 5<168

Hxurshdq rswlrq sulfhv =
5<17< 5<178 5<18; 5<163 63147
4916< 49158 4917< 48195 491:4
91;; 91;4 91:< 915; 9135
5137 514: 41;; 5198 4144
3175 3189 3168 4175 313<

3156 314< 3166 3137 31;;
41:9 4195 41;9 31<< 513;
91;; 91;4 91:< 915; 9135
4919: 491:< 49184 4:15; 481:7
5<19; 5<1;5 5<194 6319; 5<168

Dphulfdq rswlrq sulfhv =
63168 6314; 6313; 63133 63158
49195 4917: 49196 4914< 491:6
91<8 91;; 91;6 9187 9135
513: 514< 41;< 51:: 4144
3176 318: 3168 417; 313<

3156 314< 3166 3137 31<5
41:; 4196 41;< 31<< 514<
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91<8 91;8 91;: 915< 915;
491<5 491<6 491:8 4:163 4916:
63179 63158 6315< 631:9 631::

5151517 Vwrfkdvwlf yrodwlolw| rswlrq prghov

L Dq h{dpsoh ri rswlrq sulflqj zlwk vwrfkdvwlf yrodwlolw| +Khvwrq prgho,1

qhz>
oleudu| rswlrq/sjudsk>

V3 @ vhtd+;8/4/64,>
N @ 433>
vljpd @ 3153>
wdx @ <32698>
u @ 313;>
e @ 3>

bRswlrqbW|sh @ **sxw**>

S @ HxurshdqEV+V3/N/vljpd/wdx/e/u,>

Y3 @ vljpda5> 2- Y3 @ 3137 -2
ndssd @ 4>
wkhwd @ Y3>
vljpdY @ 518>
ukr @ 3>
odpegd @ 3>

bRswlrqbWro @ 4h07>
bRswlrqbQxpLwhuv @ 43>

~S4/uhwfrgh� @ HxurshdqKhvwrq+V3/N/Y3/wdx/e/u/
ndssd/wkhwd/vljpdY/ukr/odpegd,>

wkhwd @ 316a5>
ukr @ 3>

~S5/uhwfrgh� @ HxurshdqKhvwrq+V3/N/Y3/wdx/e/u/
ndssd/wkhwd/vljpdY/ukr/odpegd,>

ukr @ 31<>

~S6/uhwfrgh� @ HxurshdqKhvwrq+V3/N/Y3/wdx/e/u/
ndssd/wkhwd/vljpdY/ukr/odpegd,>

ukr @ 031<>

~S7/uhwfrgh� @ HxurshdqKhvwrq+V3/N/Y3/wdx/e/u/
ndssd/wkhwd/vljpdY/ukr/odpegd,>

wkhwd @ 314a5>
ukr @ 31<>

~S8/uhwfrgh� @ HxurshdqKhvwrq+V3/N/Y3/wdx/e/u/
ndssd/wkhwd/vljpdY/ukr/odpegd,>

judskvhw>
bsgdwh @ ****> bsqxp @ 5> bsofwuo @ 6> bsvw|sh @ ;�<�<�43�44�43> bsv|pvl} @ 518>
bsow|sh @ 9�9�4�4�4�6>
irqwv+**vlpsoh{ vlpjupd**,>
wlwoh+**Khvwrq prgho**,>
{odeho+**V`3^**,>
|odeho+**Sxw**,>
bsohjvwu @ **EV_333_535T_534 @ 315^5` 00 _535u_534 @ 3**_

**_333_535T_534 @ 316^5` 00 _535u_534 @ 3**_
**_333_535T_534 @ 316^5` 00 _535u_534 @ 31<**_
**_333_535T_534 @ 316^5` 00 _535u_534 @ 031<**_
**_333_535T_534 @ 314^5` 00 _535u_534 @ 31<**>

bsohjfwo @ ~5 8 8 7�>
{wlfv+;8/448/8/3,>
judsksuw+**0f@4 0fi@rswlrq71hsv**,>
{|+V3/S�S4�S5�S6�S7�S8,>
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L Lq xhqfh ri � rq vploh fxuyh +Nxuslho/ D1 dqg W1Urqfdool ^4<<;`/ Rswlrq khgjlqj zlwk vwrfkdvwlf yrodwlolw|/
IHUF Zrunlqj Sdshu/ Flw| Xqlyhuvlw| Exvlqhvv Vfkrro,1

5151518 Rswlrq sulflqj zlwk vxeruglqdwhg vwrfkdvwlf surfhvvhv

L Dq h{dpsoh ri rswlrq sulflqj lq wlph0lqirupdwlrq zlwk vxeruglqdwhg vwrfkdvwlf surfhvvhv +Fkdq/ Fkdq dqg
Olp prgho,1

qhz>

oleudu| rswlrq/sjudsk>

N @ 433>
u @ 3138>
vljpd @ 3153>
wdx @ <32698>
e @ 3>

V3 @ vhtd+<3/4/54,>

bRswlrqbW|sh @ **fdoo**>

F3 @ DphulfdqEV+V3/N/vljpd/wdx/e/u,>

odpegd @ 3>
F4 @ DphulfdqFFO+V3/N/vljpd/wdx/e/u/odpegd,>

vljpd @ 3143>
odpegd @ 9>
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F5 @ DphulfdqFFO+V3/N/vljpd/wdx/e/u/odpegd,>

odpegd @ 7>
F6 @ DphulfdqFFO+V3/N/vljpd/wdx/e/u/odpegd,>

odpegd @ ;>
F7 @ DphulfdqFFO+V3/N/vljpd/wdx/e/u/odpegd,>

judskvhw>
irqwv+**vlpsoh{ vlpjupd**,>
bsgdwh @ ****> bsqxp @ 5>
bsohjvwu @ **EV_333FFO +4,_333FFO +5,_333FFO +6,_333FFO +7,**>
bsohjfwo @ ~5 8 6 7�>
{odeho+**V`3^**,>
|odeho+**fdoo**,>
judsksuw+**0f@4 0fi@rswlrq81hsv**,>
{|+V3/F3�F4�F5�F6�F7,>

5151519 Lpsolhg yrodwlolw| dqg wudqvdfwlrq iuhtxhqf| 0 Dq dssolfdwlrq wr Sleru 6 prqwkv ixwxuh
rswlrqv

L D yhu| vlpsoh h{dpsoh wr looxvwudwh wkh xvh ri vxeruglqdwhg vwrfkdvwlf surfhvv prgho wr h{wudfw lqirupdwlrq
iurp ghulydwlyhv +BB,1

qhz>
oleudu| rswlrq/sjudsk>

ordg rdpbf>

Qrev @ urzv+rdpbf,>
e @ 3>

bRswlrqblpsYro @ **QU**> 2- bRswlrqblpsYro @ **el0vhfwlrq**> -2
bRswlrqbW|sh @ **fdoo**>

wdx @ }hurv+Qrev/4,>
l @ 4>
gr xqwlo l A Qrev>

wdx^l` @ rswlrqbhwgd|v+rdpbf^l/4`/rdpbf^l/6`,>
l @ l . 4>

hqgr>

I3 @ rdpbf^1/9`>
N @ rdpbf^1/7`>
F @ rdpbf^1/8`>
u @ rdpbf^1/:`2433>
lpsYro @ HxurshdqEVblpsYro+I3/N/wdx/e/u/F,>

vljpd @ 31339>
lpsOdpegd @ }hurv+Qrev/4,>

btqbSulqwLwhuv @ 3>
bbrxwsxw @ 3>



89 FKDSWHU 51 ILQDQFLDO PRGHOOLQJ

l @ 4>
gr xqwlo l A Qrev>

surf uvv+odpegd,>
orfdo x>
x @ HxurshdqFFO+rdpbf^l/9`/rdpbf^l/7`/vljpd/

wdx^l`/e/rdpbf^l/:`2433/odpegd, 0 rdpbf^l/8`>
uhws+xa5,>

hqgs>

~lpsOdpegd^l`/i3/j3/uhwfrgh� @ TQhzwrq+)uvv/8,>

l @ l . 4>
hqgr>

judskvhw>
bsqxp @ 5> bsgdwh @ ****> bsow|sh @ 9�7>
irqwv+**vlpsoh{ vlpjupd**,>
wlwoh+**_535v_534`lpsolhg^+EV,**,>
ohw ode @ **4<<5** **4<<6** **4<<7** **4<<8** **4<<9**>
dvfodeho+ode/3,>
{wlfv+4/Qrev/Qrev27/44,>
judsksuw+**0f@4 0fi@rswlrq9d1hsv**,>
{|+vhtd+4/4/Qrev,/lpsYro,>

wlwoh+**_535o_534`lpsolhg^+FFO,**,>
judsksuw+**0f@4 0fi@rswlrq9e1hsv**,>
{|+vhtd+4/4/Qrev,/lpsOdpegd,>



Fkdswhu 6

Ilqdqfldo Hfrqrphwulfv

614 IDQSDF

IDQSDF lqfoxghv=

41 ROV/ DUFK/ DULPD/ JDUFK/ Iudfwlrqdoo| lqwhjudwhg JDUFK/ JDUFK0lq0Phdq/ HJDUFK dqg LJDUFK
prghov/ lq hlwkhu Qrupdo ru w0glvwulexwlrqv1

51 Surfhgxuhv iru frpsxwlqj vwdqgdugl}hg uhvlgxdov1

61 Frqglwlrqdo yduldqfhv/ dqg iruhfdvwv dv zhoo dv frq�ghqfh olplwv e| lqyhuvlrq ri wkh Zdog vwdwlvwlf1

Wkh odwhvw uhohdvh ri IDQSDF frqwdlqv qhz pxowlyduldwh prghov= wkuhh edvlf prghov/ Gldjrqdo Yhf/ EHNN/
dqg frqvwdqw fruuhodwlrq Gldjrqdo Yhf/ duh dydlodeoh lq DUFK dqg JDUFK frq�jxudwlrqv/ zlwk w0glvwulexwlrq ru
Qrupdo glvwulexwlrq/ dqg lq0phdq ru qrw/ iru d wrwdo ri 57 qhz w|shv ri wlph vhulhv prghov1 IDQSDF y414 surylghv
qhz ihdwxuhv iru kdqgolqj lqghshqghqw yduldeohv1 Lqghshqghqw yduldeohv fdq qrz eh dgghg wr wkh frqglwlrqdo
yduldqfh htxdwlrq/ dqg iru wkh pxowlyduldwh prghov vhsdudwh olvwv ri lqghshqghqw yduldeohv pd| eh vshfl�hg iru hdfk
phdq htxdwlrq1 Wkh olvw ri lqghshqghqw yduldeohv fdq lqfoxgh odjjhg yhuvlrqv ri wkh ghshqghqw yduldeoh1 Lq wkh
Gldjrqdo Yhf prgho/ hdfk hohphqw ri wkh frqglwlrq fryduldqfh pdwul{ lv prghohg lq d vhsdudwh htxdwlrq1 Wklv lv
h!flhqw frpsxwdwlrqdoo| dqg surylghv iru hdvlo| lqwhusuhwdeoh frh!flhqwv1 Dq dgglwlrqdo h!flhqf| fdq eh jdlqhg
e| frqvwudlqlqj wkh fruuhodwlrqdo pdwul{ ri wkh frqglwlrqdo fryduldqfh pdwulfhv wr eh frqvwdqw1

61414 IDQSDF v|qwd{

6141414 Surjudpplqj v|qwd{

qhz>
oleudu| idqsdf>
idqvhw>

2- ordglqj gdwd -2

ordg |^653/:` @ zlovkluh1dvf>
bidqbvhulhv @ |^1/7`>
Qrev @ urzv+bidqbvhulhv,>

2- Jdufk+4/5, prgho -2

bidqbs @ 4>
bidqbt @ 5>

2- vwdwlrqdulw| frqwudlqw -2

bqosbLqhtSurf @ )jdufkblqht>

2- erxqgv iru JDUFK sdudphwhuv -2

bqosbErxqgv @ ~ 1334 4h583/ 2- rphjd A 3 -2
3 4/ 2- jdufkb4 A@ 3 -2

8:
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04h583 4h583/
04h583 4h583/
04h583 4h583 �>

2- Dqdo|wlfdo judglhqw -2

bqosbJudgSurf @ )jdufkbqbjug>
bqosbLwhuLqir @ 4>
vy @ ~15/ 16/ 15/ 14/ 4�>

rxwsxw iloh @ idqsdf41rxw uhvhw>

~frhiv/i/j/uhwfrgh� @ qos+)jdufkbq/vy,>

sulqw frhiv>

rxwsxw rii>

31<6399;94
31;73<<4<5

31343635848
314489853:
31<<5;:;88

6141415 Nh|zrugv v|qwd{

qhz>
oleudu| idqsdf>

vhvvlrq H{hpsoh4 *zlovkluh*>

vhwYduQdphv gdwh fzsulfh fzgly fzuhw hzsulfh hzgly hzuhw>
vhwGdwdVhw zlovkluh1dvf>
vhwVhulhv fzuhw>

vhwLqihuhqfhW|sh LqyZdog>
hvwlpdwh prghoh4 jdufk+4/5,>

rxwsxw iloh @ idqsdf51rxw uhvhw>

vkrzUhvxowv>

rxwsxw rii>

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
Vhvvlrq= H{hpsoh4

0000000000000000000000000000000000000000000000000000000000000000000000000000000
zlovkluh

0000000000000000000000000000000000000000000000000000000000000000000000000000000
IDQSDF Yhuvlrq 41313 Gdwd Vhw= zlovkluh 4426324<<; <=78=49

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

�������������������������������������������������������������������������������
Uxq= prghoh4

0000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000

uhwxuq frgh @ 3
qrupdo frqyhujhqfh

Prgho= JDUFK+4/5,

Qxpehu ri Revhuydwlrqv = 653
Revhuydwlrqv lq olnholkrrg = 64;
Ghjuhhv ri Iuhhgrp = 646

DLF 4;85153
ELF 4;:4134
OUV 4;75153

urrwv
bbbbbbbbbbbbbbb

0;16<57<46
41363775:
414;<393;

Dev+urrwv,
bbbbbbbbbbbbbbb
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;16<57<46
41363775:
414;<393;

xqfrqglwlrqdo yduldqfh
0000000000000000000000000000

5;147<79<

Pd{lpxp olnholkrrg fryduldqfh pdwul{ ri sdudphwhuv
31<8 frqilghqfh olplwv frpsxwhg iurp lqyhuvlrq ri Zdog vwdwlvwlf

Vhulhv= fzuhw

Sdudphwhuv Hvwlpdwhv Vwdqgdug Orzhu Xsshu
Huuruv Olplwv Olplwv

000000000000000000000000000000000000000000000000000000000000
rphjd 31<64 319<5 3133< 515<4
Jdufk4 31;74 3137; 31:7: 31;95
Dufk4 31343 31363 31333 31376
Dufk5 31449 31396 31345 03133<
Frqvw 31<<6 31563 31874 41778

Fruuhodwlrq Pdwul{ ri Sdudphwhuv

rphjd 41333 0318;: 31464 031547 313:<
Jdufk4 0318;: 41333 31338 031867 31475
Dufk4 31464 31338 41333 0318;9 314;3
Dufk5 031547 031867 0318;9 41333 0315:7
Frqvw 313:< 31475 314;3 0315:7 41333

61415 Qhovrq dqg Fdr Frqvwudlqwv dqg fdofxodwlrq ri frq�ghqfh olplwv e| lqyhuvlrq
ri wkh Zdog vwdwlvwlf

Wkh nh| ihdwxuhv ri JDUFK prghoolqj lq IDQSDF duh +l, wkh ohvv uhvwulfwlyh Qhovrq dqg Fdr frqvwudlqwv +�Lqhtxdo0
lw| Frqvwudlqwv lq wkh Xqlyduldwh JDUFK prgho�/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 43=55<0568, iru
hqiruflqj vwdwlrqdulw| dqg wkh qrqqhjdwlylw| ri wkh frqglwlrqdo yduldqfhv1 Prvw JDUFK sdfndjhv xvh xqfrqvwudlqhg
rswlpl}dwlrq phwkrgv dqg jhqhudoo|/ wkhuhiruh/ dsso| pruh uhvwulfwlyh frqvwudlqwv rq wkh prgho iru frpsxwdwlrq
frqyhqlhqfh1 IDQSDF surylghv iru wkh fdofxodwlrq ri frq�ghqfh olplwv e| lqyhuvlrq ri wkh Zdog vwdwlvwlf1 Iru
prghov zlwk d vlqjoh sdudphwhu qhdu d frqvwudlqw erxqgdu|/ wkh phwkrg lqfrusrudwhg lq IDQSDF jlyhv fruuhfw
uhvxowv +vhh Vfkrhqehuj/ U1 �Frqvwudlqhg Pd{lpxp Olnholkrrg�/ lq Frpsxwdwlrqdo Hfrqrplfv/ 43=5840599/ 4<<:,1
Uhvxowv iru prghov zlwk pruh wkdq rqh sdudphwhu lq wkh uhjlrq ri erxqgdulhv zloo eh fruuhfw surylghg qrqh ri wkhp
duh fruuhodwhg pruh wkdq derxw 319 zlwk hdfk rwkhu1

2-
-- Wklv h{dpsoh looxvwudwhv krz wr hvwlpdwh jdufk prghov
-- xvlqj wkh surfhgxuhv udwkhu wkdq wkh nh|zrug frppdqgv1
-- Wklv doorzv |rx wr surylgh qrqvwdqgdug frqvwudlqwv
-- ru rwkhu frqglwlrqv wr wkh prgho1 Lq wklv h{dpsoh
-- wkh Qhovrq ) Fdr frqvwudlqwv duh frpsduhg zlwk wkh
-- wudglwlrqdo frqvwudlqwv1
-2

oleudu| idqsdf>
idqvhw> 2- uhvhwv joredov wr ghidxow ydoxhv -2

2- zkhq wkh frppdqg iloh lv uh0uxq -2

rxwsxw iloh @ idqsdf61rxw uhvhw>

bidqbs @ 4> 2- jdufk+4/6, prgho -2
bidqbt @ 5>

bidqbvhulhv @ ordgg+**h{dpsoh**,>

qrev @ urzv+bidqbVhulhv,>

vwduw @ ~ 15/ 2- rphjd -2
16/ 2- jdufkb4 -2
15/ 2- dufkb4 -2
14/ 2- dufkb5 -2
4 �> 2- frqvwdqw -2
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bqosbJudgSurf @ )jdufkbqbjug> 2- judglhqw surf -2

2-
-- Qhovrq dqg Fdr frqvwudlqwv
-2

bqosbLqhtSurf @ )jdufkblqht> 2- lqhtxdolw| frqvwudlqwv -2

bqosbErxqgv @ ~ 1334 4h583/ 2- rphjd A 3 -2
3 4/ 2- jdufkb4 A@ 3 -2

04h583 4h583/
04h583 4h583/
04h583 4h583 �>

~ frhiv/ifw/judg/ufrgh � @ qos+)jdufkbq/vwduw,>

sulqw>
sulqw>
sulqw ** Qhovrq ) Fdr frqvwudlqwv**>
sulqw>

li ufrgh ?@ 5>
2- fryduldqfh pdwul{ ri sdudphwhuv -2
k @ bqosbFrySdu+frhiv/)jdufkbq/)jdufkbqbjug/qrev/4,>

hovh>
k @ huuru+3,>

hqgli>

irupdw 2ug 45/7>
li qrw vfdoplvv+k,>

doskd @ 138> 2- <8( fo*v -2

gy @ fgiwfl+318-doskd/qrev0urzv+frhiv,,-vtuw+gldj+k,,>
sulqw **frqilghqfh olplwv iurp vwdqgdug huuruv**>
sulqw>
sulqw ** Frhiilflhqwv orzhu fo xsshu fo**>
sulqw frhiv�+frhiv0gy,�+frhiv.gy,>
sulqw>

2- frqilghqfh olplwv e| lqyhuvlrq ri Zdog vwdwlvwlf -2
vho @ 3> 2- vhohfwlrq yhfwru/ li }hur/ doo fo*v frpsxwhg -2
fo @ bqosbfolplwv+frhiv/k/qrev/doskd/vho,>

hqgli>

irupdw 2ug 45/7>
li qrw vfdoplvv+fo, dqg qrw vfdoplvv+k,>

sulqw **frqilghqfh olplwv iurp lqyhuvlrq ri Zdog vwdwlvwlf**>
sulqw>
sulqw ** Frhiilflhqwv orzhu fo xsshu fo**>
sulqw frhiv�fo>

hovh>

sulqw ** Frhiilflhqwv**>
sulqw frhiv>

hqgli>

2-
-- vwdqgdug frqvwudlqwv
-2

bqosbLqhtSurf @ ~1�>

bqosbf @ ~ 3 04 04 04 3 �> 2- jdufk . dufk ? 4 -2
bqosbg @ ~ 04 �>

bqosbErxqgv @ ~ 1334 4/ 2- rphjd A 3 -2
3 4/ 2- jdufkb4 A@ 3 -2
3 4/ 2- dufkb4 A@ 3 -2
3 4/ 2- dufkb5 A@ 3 -2

04h583 4h583 �>

~ frhiv/ifw/judg/ufrgh � @ qos+)jdufkbq/vwduw,>

sulqw>
sulqw>
sulqw ** vwdqgdug frqvwudlqwv**>
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li ufrgh ?@ 5>
2- fryduldqfh pdwul{ ri sdudphwhuv -2
k @ bqosbFrySdu+frhiv/)jdufkbq/)jdufkbqbjug/qrev/4,>

hovh>
k @ huuru+3,>

hqgli>

irupdw 2ug 45/7>
li qrw vfdoplvv+k,>

doskd @ 138> 2- <8( fo*v -2

gy @ fgiwfl+318-doskd/qrev0urzv+frhiv,,-vtuw+gldj+k,,>
sulqw>
sulqw **frqilghqfh olplwv iurp vwdqgdug huuruv**>
sulqw>
sulqw ** Frhiilflhqwv orzhu fo xsshu fo**>
sulqw frhiv�+frhiv0gy,�+frhiv.gy,>
sulqw>

2- frqilghqfh olplwv e| lqyhuvlrq ri Zdog vwdwlvwlf -2
vho @ 3> 2- vhohfwlrq yhfwru/ li }hur/ doo fo*v frpsxwhg -2
fo @ bqosbfolplwv+frhiv/k/qrev/doskd/vho,>

hqgli>

irupdw 2ug 45/7>
li qrw vfdoplvv+fo, dqg qrw vfdoplvv+k,>

sulqw>
sulqw **frqilghqfh olplwv iurp lqyhuvlrq ri Zdog vwdwlvwlf**>
sulqw ** Frhiilflhqwv orzhu fo xsshu fo**>
sulqw frhiv�fo>

hovh>

sulqw ** Frhiilflhqwv**>
sulqw frhiv>

hqgli>

rxwsxw rii>

Qhovrq ) Fdr frqvwudlqwv

frqilghqfh olplwv iurp vwdqgdug huuruv

Frhiilflhqwv orzhu fo xsshu fo

3147;9 0313484 316456
319647 316763 31<4<:
316588 314356 3187;;

03139:3 03164;; 314;7;
318768 3176<< 3197:5

frqilghqfh olplwv iurp lqyhuvlrq ri Zdog vwdwlvwlf

Frhiilflhqwv orzhu fo xsshu fo

3147;9 313447 316456
319647 316;<9 3199:3
316588 3146;7 317493

03139:3 0315388 0314567
318768 3176<< 3197:5

vwdqgdug frqvwudlqwv

frqilghqfh olplwv iurp vwdqgdug huuruv

Frhiilflhqwv orzhu fo xsshu fo

314::3 31338; 3167;6
3189;: 316648 31;38<
316344 31434< 318336
313333 1 1
31878: 317757 3197<3

frqilghqfh olplwv iurp lqyhuvlrq ri Zdog vwdwlvwlf
Frhiilflhqwv orzhu fo xsshu fo

314::3 313667 3167;6
3189;: 316648 319<;<
316344 314674 317646
313333 1 1
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31878: 317757 3197<3

61416 Xqlyduldwh prghov

qhz>
oleudu| idqsdf/sjudsk>

vhvvlrq H{hpsoh *zlovkluh*>

vhwYduQdphv gdwh fzsulfh fzgly fzuhw hzsulfh hzgly hzuhw>
vhwGdwdVhw zlovkluh1dvf>
vhwVhulhv fzuhw>

sorwVhulhv>
sorwVhulhvDFI>
sorwVhulhvSDFI>

vhwLqihuhqfhW|sh LqyZdog>

hvwlpdwh prgho4 jdufk+4/5,>
hvwlpdwh prgho5 wjdufk+4/5,>
hvwlpdwh prgho6 jdufkp+4/4,>

VkrzUhvxowv prgho5>

whvwVU>

sorwTT prgho4 prgho6>
sorwFY prgho4 prgho5>
sorwVU>

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
Vhvvlrq= H{hpsoh

0000000000000000000000000000000000000000000000000000000000000000000000000000000
zlovkluh

0000000000000000000000000000000000000000000000000000000000000000000000000000000
IDQSDF Yhuvlrq 41313 Gdwd Vhw= zlovkluh 4426324<<; 43=8<=49

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

�������������������������������������������������������������������������������
Uxq= prgho5

0000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000

uhwxuq frgh @ 3
qrupdo frqyhujhqfh

Prgho= WJDUFK+4/5,

Qxpehu ri Revhuydwlrqv = 653
Revhuydwlrqv lq olnholkrrg = 64;
Ghjuhhv ri Iuhhgrp = 645

DLF 4;68153
ELF 4;8:1:;
OUV 4;56153

urrwv
bbbbbbbbbbbbbbb

0451:7:7
413<9:
4157:;

Dev+urrwv,
bbbbbbbbbbbbbbb

451:7:7
413<9:
4157:;

xqfrqglwlrqdo yduldqfh
0000000000000000000000000000

441<84:

Pd{lpxp olnholkrrg fryduldqfh pdwul{ ri sdudphwhuv
31<8 frqilghqfh olplwv frpsxwhg iurp lqyhuvlrq ri Zdog vwdwlvwlf
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Vhulhv= fzuhw

Sdudphwhuv Hvwlpdwhv Vwdqgdug Orzhu Xsshu
Huuruv Olplwv Olplwv

000000000000000000000000000000000000000000000000000000000000
rphjd 41<<4 4183: 31333 71<89
Jdufk4 31;34 31435 31934 31;;:
Dufk4 31365 3137; 31333 31444
Dufk5 313:5 313;7 031359 31494
Frqvw 414:9 31558 31:66 4194<
Qx 91575 41<<; 51<79 4314:6

Fruuhodwlrq Pdwul{ ri Sdudphwhuv

rphjd 41333 031;73 3138< 31433 031369 031467
Jdufk4 031;73 41333 31347 031834 313;9 03133:
Dufk4 3138< 31347 41333 031969 31466 0313;;
Dufk5 31433 031834 031969 41333 031487 3136:
Frqvw 031369 313;9 31466 031487 41333 031397
Qx 031467 03133: 0313;; 3136: 031397 41333

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
Vhvvlrq= H{hpsoh

0000000000000000000000000000000000000000000000000000000000000000000000000000000
zlovkluh

0000000000000000000000000000000000000000000000000000000000000000000000000000000

Wlph Vhulhv

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
Vhulhv= fzuhw

00000000000000000000000000000000000000000000000000
vnhz 059914:53 su @ 31333

nxuwrvlv ;88;18867 su @ 31333

khwhurvnhgdvwlf0frqvlvwhqw
Omxqj2Er{ 6<13;;4 su @ 31457

00000000000000000000000000000000000000000000000000

Uhvlgxdov

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
prgho4= JDUFK+4/5,

00000000000000000000000000000000000000000000000000
vnhz 0715484 su @ 31373

nxuwrvlv ;1;6;6 su @ 31336

khwhurvnhgdvwlf0frqvlvwhqw
Omxqj2Er{ 4:18<9: su @ 31<98

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
prgho5= WJDUFK+4/5,

00000000000000000000000000000000000000000000000000
vnhz 0717<9; su @ 31367

nxuwrvlv 44157<8 su @ 31334

khwhurvnhgdvwlf0frqvlvwhqw
Omxqj2Er{ 4<14;77 su @ 31<69

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
prgho6= JDUFKP+4/4,

00000000000000000000000000000000000000000000000000
vnhz 07516:35 su @ 31333

nxuwrvlv 9<;149<; su @ 31333

khwhurvnhgdvwlf0frqvlvwhqw
Omxqj2Er{ 4<1348; su @ 31<73

00000000000000000000000000000000000000000000000000
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61417 Pxowlyduldwh prghov

L Qrw |hw grqh1
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615 WVP

WVP lv d JDXVV oleudu| iru Wlph Vhulhv Prghoolqj1 Lw lv sulpdulo| ghvljqhg iru wkh dqdo|vlv dqg hvwlpdwlrq
ri DUPD/ YDU[ surfhvvhv/ vwdwh vsdfh prghov/ iudfwlrqdo surfhvvhv dqg vwuxfwxudo prghov1 Iru vwxg|lqj vxfk
prghov/ vshfldo wrrov kdyh ehhq ghyhorshg vxfk dv surfhgxuhv iru vlpxodwlrq/ vshfwudo dqdo|vlv/ Kdqnho pdwulfhv/
hwf1 Hvwlpdwlrq lv edvhg rq wkh Pd{lpxp Olnholkrrg sulqflsoh1 Olqhdu uhvwulfwlrqv pd| eh hdvlo| lpsrvhg1 Pruh
wkdq 583 h{dpsohv looxvwudwh wkh WVP urxwlqhv1 Wkhvh h{dpsohv duh qrw mxvw dssolfdwlrqv/ exw vkrxog eh ylhzhg
dv h{whqvlrqv ri wkh oleudu|1 Wkh| frqfhuq wkh frpsxwdwlrqv ri wkh H{dfw Pd{lpxp Olnholkrrg iru yhfwru DUPD
prghov/ ri wkh rswlpdo rughu ri YDU prghov/ ri Nroprjrury0Vpluqry vwdwlvwlf lq wkh iuhtxhqf| grpdlq/ ri FXVXP
dqg FXVXPvt whvwv/ dqg pdq| rwkhuv1

WVP frqwdlqv wkh surfhgxuhv zkrvh olvw lv jlyhq ehoorz1 Vhh wkh frppdqg uhihuhqfh sduw iru wkhlu ixoo ghvfuls0
wlrq1

41 DUPD surfhvvhv

+d, dupdbPO= Frqglwlrqdo pd{lpxp olnholkrrg iru Yhfwru DUPD prghov

+e, dupdbFPO= Frqglwlrqdo pd{lpxp olnholkrrg iru Yhfwru DUPD prghov xqghu olqhdu uhvwulfwlrqv

+f, dupdbwrbYDU4= YDU+4, uhsuhvhqwdwlrq ri d Yhfwru DUPD surfhvv

+g, dupdburrwv= urrwv ri wkh YDU+4, uhsuhvhqwdwlrq ri d Yhfwru DUPD surfhvv

+h, fdqrqlfdobdupd= Fdqrqlfdo uhsuhvhqwdwlrq ri d Yhfwru DUPD surfhvv +lq�qlwh DU dqg PD rughuv,

+i, dupdbdxwrfry= Dxwrfryduldqfhv dqg dxwrfruuhodwlrqv ri d Yhfwru DUPD surfhvv

+j, dupdblpsxovh= Uhvsrqvhv wr Iruhfdvw Huuruv ri d Yhfwru DUPD surfhvv

+k, dupdbruwkrjrqdo= Uhvsrqvhv wr Ruwkrjrqdo Lpsxovhv ri d Yhfwru DUPD surfhvv

+l, dupdbihyg= Iruhfdvw Huuru Yduldqfh Ghfrpsrvlwlrq ri d Yhfwru DUPD surfhvv

+m, dupdbwrbVVP= Vwdwh vsdfh irup ri d Yhfwru DUPD prgho

+n, Kdqnho= Kdqnho pdwul{ iru pxowlyduldwh wlph vhulhv

+o, VVPbwrbdupd= DUPD frh!flhqwv ri d Yhfwru DUPD vwdwh vsdfh prgho

51 YDU[ surfhvvhv

+d, ydu{bOV= Pxowlyduldwh Ohdvw Vtxduhv Hvwlpdwlrq ri YDU[ surfhvvhv

+e, ydu{bFOV= Pxowlyduldwh Ohdvw Vtxduhv Hvwlpdwlrq ri YDU[ surfhvvhv xqghu olqhdu uhvwulfwlrqv

+f, ydu{bPO= Pd{lpxp Olnholkrrg ri YDU[ surfhvvhv

+g, ydu{bFPO= Pd{lpxp Olnholkrrg ri YDU[ surfhvvhv xqghu olqhdu uhvwulfwlrqv

61 Vshfwudo dqdo|vlv

+d, irxulhu= Irxulhu wudqvirup

+e, lqyhuvhbirxulhu= Lqyhuvh Irxulhu wudqvirup

+f, irxulhu5= Irxulhu wudqvirup ri wzr uhdo wlph vhulhv

+g, SGJP= Shulrgrjudp ri d xqlyduldwh wlph vhulhv

+h, SGJP5= Shulrgrjudp ri d pxowlyduldwh wlph vhulhv

+i, FSGJP= Furvv0shulrgrjudp

+j, FVshfwuxp= Frkhuhqf|/ furvv0dpsolwxgh vshfwud dqg skdvh vshfwud

+k, Vprrwklqj= Gdwd zlqgrzlqj lq wkh iuhtxhqf| grpdlq

71 Pd{lpxp Olnholkrrg Hvwlpdwlrq

+d, Wlph grpdlq hvwlpdwlrq

l1 WGbpo= Hvwlpdwlrq lq wkh wlph grpdlq

ll1 WGbfpo= Hvwlpdwlrq lq wkh wlph grpdlq xqghu olqhdu uhvwulfwlrqv
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lll1 WGpobghulydwlyhv= Frpsxwhv wkh Mdfreldq/ wkh judglhqw/ wkh Khvvldq dqg wkh Lqirupdwlrq pd0
wulfhv lq wkh wlph grpdlq

+e, Iuhtxhqf| grpdlq hvwlpdwlrq iru xqlyduldwh surfhvvhv

l1 IGbpo= Hvwlpdwlrq lq wkh iuhtxhqf| grpdlq

ll1 IGbfpo= Hvwlpdwlrq lq wkh iuhtxhqf| grpdlq xqghu olqhdu uhvwulfwlrqv

lll1 IGpobghulydwlyhv= Frpsxwhv wkh Mdfreldq/ wkh judglhqw/ wkh Khvvldq dqg wkh Lqirupdwlrq pd0
wulfhv lq wkh iuhtxhqf| grpdlq

81 Xqlyduldwh Prghov

+d, vpbOO= Orfdo ohyho2udqgrp zdon soxv qrlvh prgho

+e, vpbOOW= Orfdo olqhdu wuhqg prgho

+f, EVP= Edvlf vwuxfwxudo prgho

+g, vpbf|foh= F|foh prgho

+h, du�pd= Iudfwlrqdo DUPD prgho zlwk frqvwudlqwv

+i, fdqrqlfdobdu�pd= Fdqrqlfdo uhsuhvhqwdwlrq ri d iudfwlrqdo DUPD surfhvv

+j, vjibdu�pd= Vshfwudo jhqhudwlqj ixqfwlrq ri d iudfwlrqdo DUPD surfhvv

91 Vwdwh vsdfh prghov dqg wkh Ndopdq �owhu

+d, VVP= Sulqw wkh vwdwh vsdfh prgho

+e, VVPbexlog= Exlog wkh vwdwh vsdfh prgho

+f, VVPblf= Lqlwldo frqglwlrqv iru wkh vwdwh vsdfh prgho

+g, NIlowhulqj= Ndopdq �owhulqj

+h, NIbpdwul{= Pdwulfhv gh�qhg e| wkh Ndopdq Ilowhu

+i, NIbjdlq= Frpsxwh wkh jdlq pdwulfhv Nw

+j, NIbpo= Pd{lpxp olnholkrrg ri wkh lqqrydwlrqv surfhvv

+k, NVprrwklqj= Vprrwklqj

+l, NIruhfdvwlqj= Iruhfdvwlqj

+m, DUH= Dojheudlf Ulffdwl htxdwlrq

+n, vjibVVP= Vshfwudo jhqhudwlqj ixqfwlrq ri d wlph0lqyduldqw vwdwh vsdfh prgho

+o, VVPbdxwrfry= Dxwrfryduldqfhv dqg dxwrfruuhodwlrqv ri d wlph0lqyduldqw vwdwh vsdfh prgho

+p, VVPblpsxovh= Uhvsrqvhv wr Iruhfdvw Huuruv ri d wlph0lqyduldqw vwdwh vsdfh prgho

+q, VVPbruwkrjrqdo= Uhvsrqvhv wr Ruwkrjrqdo Lpsxovhv ri d wlph0lqyduldqw vwdwh vsdfh prgho

+r, VVPbihyg= Iruhfdvw Huuru Yduldqfh Ghfrpsrvlwlrq ri d wlph0lqyduldqw vwdwh vsdfh prgho

+s, VVPbKdqnho= Kdqnho pdwul{ ri d wlph0lqyduldqw vwdwh vsdfh prgho

:1 Uhvdpsolqj dqg vlpxodwlrq

+d, Errwvwuds= Errw0vwudsslqj d pdwul{

+e, errwvwudsbVVP= Errwvwudsslqj vwdwh vsdfh prghov

+f, vxuurjdwh= IW Vxuurjdwh gdwd whfkqltxh

+g, Nhuqho= Ghqvlw| hvwlpdwlrq zlwk wkh Nhuqho phwkrg

+h, UQGbdupd= Vlpxodwlrq ri Yhfwru DUPD surfhvvhv

+i, UQGbdu�pd= Vlpxodwlrq ri iudfwlrqdo DUPD surfhvvhv

+j, UQGbVVP= Vlpxodwlrq ri vwdwh vsdfh prghov

;1 Hvwlpdwlrq wrrov iru wlph vhulhv dqdo|vlv
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+d, IOV= Ioh{leoh ohdvw vtxduhv

+e, JIOV= Jhqhudol}hg  h{leoh ohdvw vtxduhv ri Ndoded dqg Whvidwvlrq ^4<<3`

+f, JIOV5= Jhqhudol}hg  h{leoh ohdvw vtxduhv ri O wnhsrko dqg Khuzduw} ^4<<9`

+g, JPP= Jhqhudol}hg phwkrg ri prphqwv

+h, UOV= Uhfxuvlyh ohdvw vtxduhv

<1 Wlph0Iuhtxhqf| dqdo|vlv

+d, Txdgudwxuh pluuru �owhuv

l1 Frl hw= Frl hw �owhuv

ll1 Gdxehfklhv= Gdxehfklhv �owhuv

lll1 Kddu= Kddu �owhuv

ly1 Sroohq= Sroohq �owhuv

+e, Zdyhohw dqdo|vlv

l1 Shulrglf glvfuhwh zdyhohw wudqvirup

D1 lzw= Lqyhuvh zdyhohw wudqvirup ri d yhfwru

E1 lzwbpdwul{= pdwul{ dvvrfldwhg zlwk wkh lqyhuvh zdyhohw wudqvirup

F1 zw= Zdyhohw wudqvirup ri d yhfwru

G1 zwbpdwul{= pdwul{ dvvrfldwhg zlwk wkh zdyhohw wudqvirup

ll1 Zdyhohw Wrrov

D1 h{wudfw = Zdyhohw ghfrpsrvlwlrq frh!flhqwv vxeedqg h{wudfwlrq

E1 lqvhuw= Zdyhohw ghfrpsrvlwlrq frh!flhqwv vxeedqg lqvhuwlrq

F1 Vfdorjudp= Vfdorjudp ri wkh zdyhohw ghfrpsrvlwlrq frh!flhqwv

G1 vhohfw= Zdyhohw ghfrpsrvlwlrq frh!flhqwv vxeedqg vhohfwlrq

H1 vsolw= Zdyhohw ghfrpsrvlwlrq frh!flhqwv vxeedqg vsolw

I1 zSorw= Zdyhohw ghfrpsrvlwlrq frh!flhqwv sorw

+f, Zdyhohw sdfnhw dqdo|vlv

l1 Zdyhohw sdfnhw wudqvirup

D1 lzsnw= Lqyhuvh zdyhohw sdfnhw wudqvirup

E1 zsnSorw= Zdyhohw sdfnhw wdeoh sorw

F1 zsnw= Zdyhohw sdfnhw wudqvirup

ll1 Zdyhohw sdfnhw edvlv

D1 Edvlv= Zdyhohw sdfnhw edvlv vhohfwlrq

E1 EdvlvSorw= Wlph0iuhtxhqf| sodqh wlolqjv sorw

F1 EhvwEdvlv= Ehvw edvlv vhohfwlrq +suxqlqj dojrulwkp,

G1 EhvwOhyho= Ehvw ohyho vhohfwlrq

H1 Hqwurs|= Vkdqqrq hqwurs| frvw ixqfwlrq

I1 lvEdvlv= fkhfn zkhwkhu E lv d edvlv

J1 OrjHqhuj|= Orj0hqhuj| frvw ixqfwlrq

K1 OsQrup= cs qrup frvw ixqfwlrq

+g, Wkuhvkroglqj phwkrgv

l1 VhplVriw= Vhpl0vriw vkulqndjh

ll1 Wkuhvkroglqj= Txdqwloh wkuhvkroglqj

lll1 YlvxVkulqn= Ylvx vkulqndjh +ru xqlyhuvdo wkuhvkroglqj,

ly1 ZdyhVkulqn= Zdyhohw vkulqndjh +kdug dqg vriw vkulqndjhv,

431 Ilowhuv

+d, dupdbIlowhu= DUPD �owhulqj
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+e, iudfwlrqdobIlowhu= Iudfwlrqdo �owhulqj

+f, jdufkbIlowhu= JDUFK �owhulqj

+g, OlqhdubIlowhu= Olqhdu �owhulqj

+h, Vdylw}n|bJrod|= Vdylw}n|0Jrod| vprrwklqj �owhu

441 WVP wrrov

+d, Pdwul{ rshudwruv

l1 Frppxwdwlrqb= Frppxwdwlrq pdwul{

ll1 Gxsolfdwlrqb= Gxsolfdwlrq pdwul{

lll1 Holplqdwlrqb= Holplqdwlrq pdwul{

ly1 yhfkb= yhfk rshudwru

y1 {sqgb= {sqg rshudwru

yl1 {sqg5= Surfhgxuh iru frglqj vtxduh pdwulfhv

+e, Rswlpl}dwlrq xqghu olqhdu uhvwulfwlrqv

l1 H{solflwbwrbLpsolflw= Frqyhuw h{solflw olqhdu uhvwulfwlrqv F� @ f wr lpsolflw olqhdu uhvwulfwlrqv
� @ U� . u

ll1 LpsolflwbwrbH{solflw= Frqyhuw lpsolflw olqhdu uhvwulfwlrqv � @ U�.u wr h{solflw olqhdu uhvwulfwlrqv
F� @ f

lll1 rswpxp5= Jhqhudo qrqolqhdu rswlpl}dwlrq xqghu olqhdu uhvwulfwlrqv

61514 WVP h{dpsohv

Wkh h{dpsohv xvh wkh iroorzlqj gdwd edvhv=

� iuighp1dvf � Dvfll �oh zklfk frqwdlqv gdlo| txrwdwlrqv ri wkh IUI2GHP h{fkdqjh udwh vlqfh 4<;:1

� jqs1dvf � wdeoh E +sdjh 848, ri Kduyh| ^4<<3`1 Wkh dvfll �oh frqvlvwv ri XV Uhdo Jurvv Qdwlrqdo Surgxfw
+JQS, +dqqxdo gdwd iru wkh shulrg 4<4304<:3,1

� oxwnhsrko1dvf � wdeoh H14 +sdjh 7<;, ri O wnhsrko ^4<<4`1 Wkh dvfll �oh frqvlvwv ri wkuhh vhulhv= Jhupdq
Il{hg Lqyhvwphqw/ Glvsrvdeoh Lqfrph dqg Frqvxpswlrq H{shqglwxuhv +txduwhuo|/ vhdvrqdoo| dgmxvwhg iru wkh
shulrg 4<9304<;5,1

� o|q{1dvf � vhulhv J +sdjh 88:, ri Eurfnzhoo dqg Gdylv ru gdwd +dsshqgl{ 6/ sdjh 7:3, ri Wrqj ^4<<3`
ru gdwd +sdjh 655, ri Mdqdfhn dqg Vzliw ^4<<6`1 Wkh dvfll �oh frqvlvwv ri dqqxdo Fdqdgldq o|q{ wudsslqjv
iru wkh shulrg 4;5404<671

� sxuvh1dvf � wdeoh F +sdjh 849, ri Kduyh| ^4<<3` ru gdwd +sdjh 657, ri Mdqdfhn dqg Vzliw ^4<<6`1 Wkh
dvfll �oh frqvlvwv ri Sxuvhv vqdwfkhg lq wkh K|gh Sdun duhd ri Fklfdjr +5;0gd|0shulrg iurp Mdqxdu| 4<9;,1

� udlqidoo1dvf � wdeoh G +sdjh 84:, ri Kduyh| ^4<<3`1 Wkh dvfll �oh frqvlvwv ri Udlqidoo lq Iruwdoh}d/ Qruwk0Hdvw
Eud}lo +dqqxdo gdwd iru wkh shulrg 4;7<04<;7,1

� uhlqvho1dvf � wdeoh D15 +sdjh 55:, ri Uhlqvho ^4<<6`1 Wkh dvfll �oh frqvlvwv ri wzr vhulhv= X1V1 Il{hg
Lqyhvwphqw dqg Fkdqjhv lq Exvlqhvv Lqyhqwrulhv +txduwhuo|/ vhdvrqdoo| dgmxvwhg iru wkh shulrg 4<7:04<:4,1

� vxqvsrwv1dvf � gdwd +sdjh 65:, ri Mdqdfhn dqg Vzliw ^4<<6`1 Wkh dvfll �oh frqvlvwv ri Zroihu vxq vsrw
qxpehuv1

41 du�pd41suj
Zh vlpxodwh dq DULPD+4/3/4, surfhvv

+4� 3=<8O, |w @ +4� 3=8O, %w +614,

zlwk %w � Q +3>5,1 Wkhq/ zh hvwlpdwh wkh iroorzlqj DUILPD prgho lq wkh iuhtxhqf| grpdlq

+4� !4O, +4� O,
g
|w @ +4� �4O, %w +615,
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51 du�pd51suj
Zh h{dplqh wkh sureohp ri vhyhudo pd{lpd zkhq d iudfwlrqdo surfhvv lv hvwlpdwhg lq wkh iuhtxhqf| grpdlq1
Wr gr wklv/ zh xvh wkh vlpxodwhg surfhvv +614, dqg hvwlpdwh wkh prgho +615, xvlqj wzr dojrulwkpv= wkh vfrulqj
dojrulwkp dqg wkh EIJV dojrulwkp ri RSWPXP1

61 du�pd61suj
Lq fhuwdlq fdvhv/ wkh sureohp ri vhyhudo pd{lpd frphv iurp wkh hvwlpdwlrq ri wkh iudfwlrqdo g frh!flhqw1
Li zh lpsrvh wkh uhvwulfwlrq g @ 3/ zh qrwlfh wkdw zh jhw rqo| rqh pd{lpxp1 Wklv vxjjhvwv �uvw xvlqj wkh
Jhzhnh0Sruwhu Kxgdn +JSK, hvwlpdwru dqg wkhq �{lqj wkh iudfwlrqdo g frh!flhqw wr wkh JSK hvwlpdwru wr
hvwlpdwh frpsohwho| wkh DUILPD surfhvv1

71 du�pd71suj
Zh vlpxodwh wkh iroorzlqj DUILPD surfhvv zlwk wkh surfhgxuh UQGbduilpd

+4� 3=;O, +4�O,
3=58

|w @ +4� 3=7O, %w +616,

zlwk %w � Q +3>5,1 Wkhq/ zh hvwlpdwh wkh iroorzlqj DUILPD prgho lq wkh iuhtxhqf| grpdlq

+4� !4O, +4� O,
g
|w @ +4� �4O, %w +617,

Iluvwo|/ zh hvwlpdwh wkh xquhvwulfwhg prgho1 Vhfrqgo|/ zh hvwlpdwh wkh prgho xqghu wkh uhvwulfwlrq g @ 3=581
Wklugo|/ zh lpsrvh wkh uhvwulfwlrqv g @ 3=58 dqg �4 @ 3=71 Ilqdoo| zh whvw wkh wzr k|srwkhvhv K4 = g @ 3=58
dqg K5 = +g> �4, @ +3=58>3=7, zlwk wkh olnholkrrg udwlr vwdwlvwlf1

81 du�pd81suj
Vlpxodwlrq ri iudfwlrqdo surfhvvhv zlwk g @ �3=58 dqg g @ 3=:81

91 dupd4d1suj
Ohw |4>w eh wkh yduldwlrq lq lqyhvwphqw dqg |5>w wkh lqyhqwrulhv ohyho1 Zh hvwlpdwh wkh iroorzlqj yhfwru
DUPD+4/4, prgho �

|4>w
|5>w

�
��4

�
|4>w�4
|5>w�4

�
@

�
%4>w
%5>w

�
��4

�
%4>w�4
%5>w�4

�
+618,

zlwk %w � Q +35>	,1 Zh xvh wkh Qhzwrq0Udskvrq dojrulwkp wr rewdlq wkh hvwlpdwhv � @ yhf
�
�4 �4

�
1

Wkh h{whuqdo yduldeohv bdupdbvljpd dqg bdupdbhsvlorq fruuhvsrqg wr wkh hvwlpdwh ri 	 dqg wr wkh uhvlgxdov
a% uhvshfwlyho|1

:1 dupd4e1suj
Zh hvwlpdwh wkh prgho +618, e| h{dfw pd{lpxp olnholkrrg1 Iru wklv/ zh xvh wkh Ndopdq Ilowhu1 Wr rewdlq
wkh lqlwldo frqglwlrqv/ zh xvh erwk wkh hvwlpdwhv ri wkh Frqglwlrqdo Pd{lpxp Olnholkrrg dqg wkh surfhgxuh
VVPblf1 Jlyhq wkh surfhgxuh NIbpo/ zh frqvwuxfw wkh orj0olnholkrrg ixqfwlrq1 Wkhq/ zh hpsor| WGbpo wr
rewdlq wkh h{dfw PO hvwlpdwhv1 Qrwh wkdw wkh hvwlpdwhv � fruuhvsrqg wr wkh yhfwru yhf

�
� S

B
�
zlwk

S
B @ yhfk +S, dqg S wkh Fkrohvn| ghfrpsrvlwlrq ri 	/ wkdw lv 	 @ SS

A1

;1 dupd4f1suj
Wkh prgho +618, lv hvwlpdwhg e| frqglwlrqdo pd{lpxp olnholkrrg zlwk olqhdu uhvwulfwlrqv ri wkh irup � @
U� . u1 Zh lpsrvh �4 @ 4 +wkdw lv �4>44 @ 4,1 Zh kdyh5

99999999997

�4
�5
�6
�7
�8
�9
�:
�;

6
::::::::::8
@

�
34�:
L:

�
5
999999997

�4
�5
�6
�7
�8
�9
�:

6
::::::::8
.

5
99999999997

4
3
3
3
3
3
3
3

6
::::::::::8

Wr frqvwuxfw wkh pdwul{ U/ zh hpsor| wkh ghvljq surfhgxuh1 Ehfdxvh wkh dujxphqw vy lq dupdbFPO lv 3/
wkh surfhgxuh frpsxwhv wkh vwduwlqj ydoxhv iru wkh rswlpl}dwlrq dojrulwkp1
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<1 dupd4g1suj
Hvwlpdwhv wkh prgho +618, e| frqglwlrqdo pd{lpxp olnholkrrg xqghu wkh uhvwulfwlrq �4>44 @ �4>54 +ru �4 @ �5,1
Zh sxw wklv olqhdu uhvwulfwlrq lqwr wkh irup5

99999999997

�4
�5
�6
�7
�8
�9
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�;

6
::::::::::8
@

5
7 4 34�9

4 34�9
39�4 L9

6
8

5
999999997
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�7
�8
�9
�:

6
::::::::8
. 3;�4

431 dupd4h1suj
Hvwlpdwhv wkh prgho +618, e| frqglwlrqdo pd{lpxp olnholkrrg zlwk wkh uhvwulfwlrqv �4>45 @ �4>44 @ �4>54 @ 3
+ru �6 @ �8 @ �9 @ 3,1 Wkhvh uhvwulfwlrqv duh prwlydwhg ehfdxvh wkhvh frh!flhqwv duh qrw vljql�fdqwo|
gl�huhqw iurp }hur1 Zh kdyh 5
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�;
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5
99997
�4
�5
�6
�7
�8

6
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441 dupd4i1suj
Lq wklv h{dpsoh/ zh lpsrvh wkh uhvwulfwlrq wkdw wkh prgho +618, fruuhvsrqgv wr wzr xqlyduldwh DUPD+4/4,
surfhvvhv1 Wkdw lv/ wkh pdwulfhv �4 dqg �4 duh ri wkh irup� � 3

3 �
�

451 dupd4j1suj
Zlwk wkh frppdqg yuhdg/ zh uhdg iurp wkh h{whuqdo yduldeohv bpobghulydwlyhv wkh Mdfreldq dqg judglhqw
yhfwruv dqg wkh Khvvldq dqg lqirupdwlrq pdwulfhv ri wkh orj0olnholkrrg ixqfwlrq hydoxdwhg dw wkh hvwlpdwhv a�
fruuhvsrqglqj wr wkh PO hvwlpdwhv xqghu wkh suhfhglqj uhvwulfwlrqv +dupd4i1suj,1

461 dupd4k1suj
Zh whvw zkhwkhu wkh uhvwulfwlrqv lq wkh surjudp dupd4i1suj duh dffhswhg1 Wr wklv hqg/ zh xvh wkh olnholkrrg
udwlr/ wkh Odjudqjh pxowlsolhu ru wkh Zdog whvw1 Qrwh wkdw wkh Odjudqjh pxowlsolhu lv hydoxdwhg e| xvlqj wkh
yhfwruv dqg pdwulfhv jlyhq e| bpobghulydwlyhv1

471 dupd4l1suj
Vwdelolw| dqdo|vlv ri wkh prgho +618,1

481 dupd4m1suj
Iruhfdvw Huuru Yduldqfh Ghfrpsrvlwlrq ri wkh prgho +618,1

491 dupd4n1suj
Lpsxovh Uhvsrqvhv ri wkh prgho +618,1

4:1 dupd5d1suj
Zh frqvlghu wkh xqlyduldwh DU+4, prgho

|w @ 3=8|w�4 . %w

Lq lwv vwdwh vsdfh irup/ wkh yhfwru ri vwdwh yduldeohv lv
�
|w %w

�A
1 Wkh fryduldqfh pdwul{ fruuhvsrqgv wr�

H ^|w|w` H ^|w%w`
H ^%w|w` H ^%w%w`

�
Frpsxwlqj wklv fryduldqfh fdq eh dfklhyhg zlwk wkh VVPblf surfhgxuh1
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4;1 dupd5e1suj
Vdph surjudp dv dupd5d1suj exw zlwk d xqlyduldwh PD+4, prgho1

4<1 dupd5f1suj
Vdph surjudp dv dupd5d1suj exw zlwk wkh yhfwru prgho +618,1

531 dupd5g1suj
H{dfw pd{lpxp olnholkrrg hvwlpdwlrq ri d xqlyduldwh DUPD+4/4, prgho e| Ndopdq �owhu +Nrkq dqgDqvoh|
^4<;6`,1 Wkh uhvxowv duh frpsduhg zlwk wkrvh rewdlqhg iurp Dqvoh|*v ^4<:<` dojrulwkp +dulpd oleudu|,1

541 dupd5h1suj
H{dfw pd{lpxp olnholkrrg hvwlpdwlrq ri wkh yhfwru DUPD+4/4, prgho +618, e| Ndopdq �owhu +Nrkq dqg
Dqvoh| ^4<;6`,1 Wkh gl�huhqfh zlwk wkh dupd4e1suj surjudp lv wkdw wkh lqlwldo frqglwlrqv duh frpsxwhg dw
hdfk lwhudwlrq +VVPblf lv lqfoxghg lq wkh po surfhgxuh,1 dupd5h1suj frpsxwhv wkh H{dfw POH +dupd4e1suj

frpsxwhv dq dssur{lpdwlrq ri wkh H{dfw POH,1

551 dxwrfry41suj
Frpsxwhv wkh wkhruhwlfdo dxwrfryduldqfhv dqg dxwrfruuhodwlrqv ri wkh iroorzlqj YDU+4, surfhvv

\w �
5
7 =8 3 3
=4 =4 =6
3 =5 =6

6
8\w�4 @ %w +619,

zlwk %w � Q +36>	, dqg

	 @

5
7 5=58 3 3

3 4 =8
3 =8 =:7

6
8

Wr uhdg wkh pdwulfhv/ zh xvh wkh ydujhw surfhgxuh1

561 dxwrfry51suj
Frpsxwhv wkh wkhruhwlfdo dxwrfryduldqfhv dqg dxwrfruuhodwlrqv ri wkh iroorzlqj YDU+5, surfhvv

\w �
�
=8 =4
=7 =8

�
\w�4 �

�
3 3
=58 3

�
\w�5 @ %w +61:,

zlwk %w � Q +35>	, dqg

	 @

�
=3< 3
3 =37

�

571 dxwrfry61suj
Frpsxwhv wkh wkhruhwlfdo dxwrfryduldqfhv dqg dxwrfruuhodwlrqv ri wkh yhfwru DUPD prgho +618,1

581 dxwrfry71suj
Vdph surjudp dv dxwrfry51suj/ exw dxwrfryduldqfhv duh frpsxwhg zlwk wkh VVPbdxwrfry surfhgxuh1

591 dxwrfry81suj
Vdph surjudp dv dxwrfry61suj/ exw dxwrfryduldqfhv duh frpsxwhg zlwk wkh VVPbdxwrfry surfhgxuh1

5:1 dxwrfry91suj
Frpsxwhv dxwrfryduldqfhv dqg dxwrfruuhodwlrqv pdwulfhv ri d wlph0lqyduldqw vwdwh vsdfh prgho1

5;1 edqg4d04g1suj
Dg krf h{dpsohv wr vkrz wkh xvh ri wkh vxeedqg zdyhohw surfhgxuhv= vsolw/ h{wudfw/ vhohfw dqg lqvhuw1

5<1 edvlv41suj
Zh xvh wkh surfhgxuh lvEdvlv wr yhuli| wkdw zh kdyh d zdyhohw sdfnhw edvlv1

631 edvlv51suj
Zh xvh wkh surfhgxuh EdvlvSorw wr rewdlq wkh Wlph0iuhtxhqf| sodqh wlolqjv sorw ri vhyhudo edvhv1 Zh fdq
dovr vhh wkh orfdol}dwlrq lq wlph dqg lq iuhtxhqf|1 Iru wkh edvlv edvh3/ zh kdyh d jrrg orfdol}dwlrq lq wlph/
exw qrw lq iuhtxhqf|1 Iru wkh edvlv edvh</ wklv lv wkh rssrvlwh1
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641 edvlv61suj
Zh xvh wkh EhvwOhyho surfhgxuh wr vhohfw d edvlv zlwk wkh orj0hqhuj| frvw ixqfwlrq1 Wkhq/ zh yhuli| wkdw
wkh vhohfwhg edvlv kdv h�hfwlyho| wkh plqlpdo frvw ydoxh1

651 edvlv71suj
Vdph surjudp dv edvlv61suj exw zlwk wkh EhvwEdvlv surfhgxuh dqg gl�huhqw frvw ixqfwlrqv +hqwurs|/ cs qrup
dqg orj0hqhuj|,1

661 errw4061suj
Looxvwudwlrq ri wkh errwvwudsbVPP surfhgxuh1

671 evp41suj
Zh vwxg| wkh Edvlf Vwuxfwxudo Prgho suhvhqwhg e| Kduyh| ^4<<3`1 Wkh phdvxuhphqw htxdwlrq lv

|w @
�
4 3 4 3 3

�
5
99997

�w
�w
$w
$w�4
$w�5

6
::::8. %w

zlwk %w � Q +3>K, dqg wkh wudqvlwlrq htxdwlrq lv5
99997

�w
�w
$w
$w�4
$w�5

6
::::8 @

5
99997

4 4 3 3 3
3 4 3 3 3
3 3 �4 �4 �4
3 3 4 3 3
3 3 3 4 3

6
::::8

5
99997

�w�4
�w�4
$w�4
$w�5
$w�6

6
::::8.

�
L6
35�6

�
�w

zlwk �w � Q +3> T,1 Zh kdyh

K @ �5%

dqg

T @

5
7 �5� 3 3

3 �5� 3
3 3 �5$

6
8

Xvlqj wkh qxphulfdo ydoxhv
�
�5%> �

5
�> �

5
� > �

5
$

�
@ +4> 3=58>4=58>6,/ zh vlpxodwh wkh EVP prgho zlwk wkh lqlwldo

srvlwlrq
�
433 7 7 5 6

�A
1 Wkhq zh hvwlpdwh wkh EVP prgho zlwk PO lq wkh iuhtxhqf| grpdlq1 Lq

rxu fdvh/ zh vhw v htxdo wr 71

681 evp51suj
Zh shuirup Prqwh Fduor h{shulphqwv wr lqyhvwljdwh wkh srzhu ri wkh IGPO ri wkh EVP prgho1

691 evp61suj
Lq wklv h{dpsoh/ zh hvwlpdwh wkh edvlf vwuxfwxudo prgho lq wkh iuhtxhqf| dqg lq wkh wlph grpdlqv1 Ehfdxvh
wkh prgho lv qrw vwdeoh/ zh fdqqrw xvh wkh surfhgxuh VVPblf1 Wkhuh duh vhyhudo zd|v wr lqlwldol}h wkh Ndopdq
�owhu1 Wkh Ndopdq �owhu fdq eh xvhg wr rewdlq xqrevhuydeoh frpsrqhqwv/ iru h{dpsoh wkh vhdvrqdo idfwru1

6:1 fdqrq41suj
Frpsxwhv wkh prylqj dyhudjh dqg dxwruhjuhvvlyh uhsuhvhqwdwlrqv ri wkh YDU+4, surfhvv ghvfulehg lq htxdwlrq
+619,1

6;1 fdqrq51suj
Frpsxwhv wkh prylqj dyhudjh dqg dxwruhjuhvvlyh uhsuhvhqwdwlrqv ri wkh YDU+5, surfhvv ghvfulehg lq htxdwlrq
+61:,1

6<1 fdqrq61suj
Frpsxwhv wkh lq�qlwh prylqj dyhudjh dqg dxwruhjuhvvlyh uhsuhvhqwdwlrqv ri wkh yhfwru DUPD surfhvv +618,1
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731 fdqrq71suj
Iru d xqlyduldwh DUPD+s/t, prgho/ zh fdq xvh wkh fdqrqlfdobduilpd ru fdqrqlfdobdupd surfhgxuhv1 Wkh
prgho lv

|w � 3=8|w�4 � 3=58|w�5 @ xw � 3=7xw�4 . 3=6xw�5 +61;,

741 fdqrq81suj
Frpsxwhv wkh lpsxovh uhvsrqvhv dqg wkh dffxpxodwhg lpsxovh uhvsrqvhv +ru wkh lqwhulp pxowlsolhuv, ri wkh
DUPD prgho +61;,1

751 fdqrq91suj
Frpsxwhv wkh lpsxovh uhvsrqvhv dqg wkh dffxpxodwhg lpsxovh uhvsrqvhv +ru wkh lqwhulp pxowlsolhuv, ri wkh
DUILPD surfhvv �

4� 3=8O. 3=58O5
�
+4� O,

g
|w @ +4� 3=6O,xw +61<,

Wkh iudfwlrqdo rshudwru g wdnhv gl�huhqw ydoxhv= �3=8/ �3=58/ 3/ 3=58/ dqg 3=81

761 fdqrq:1suj
Frpsxwhv wkh dxwrfryduldqfhv/ dxwrfruuhodwlrqv dqg sduwldo dxwrfruuhodwlrqv ri wkh DUILPD surfhvv +61<,1
Wkh DXWRFRY surfhgxuh xvhv wkh idfw wkdw li wkh surfhvv doorzv dq lq�qlwh prylqj dyhudjh uhsuhvhqwdwlrq

|w @
4[
l@3

�lxw�l

wkhq wkh dxwrfryduldqfhv �l ri wkh surfhvv +li zh dvvxph wkdw ydu +xw, @ 4, duh htxdo wr

�l @
4[
m@3

�m�m.l

Wkh dxwrfruuhodwlrqv fruuhvsrqg wr

�l @
�l
�3

dqg wkh sduwldo dxwrfruuhodwlrqv duh rewdlqhg dv wkh vroxwlrq ri wkh Wrhsolw} v|vwhp5
9997

�3 �4 �5 � � � �l�4
�l�4 �3 �4 � � � �l�5

1 1 1

�l�4 �l�5 �l�6 � � � �3

6
:::8
5
9997

�4
�5
111
�l

6
:::8 @

5
9997

�4
�5
111
�l

6
:::8

771 fklus4d1suj
Zh gh�qh wkh olqhdu fklus {w @ vlq

�
433�w5

�
1 Xvlqj wkh Frl hw &5 �owhuv/ zh frpsxwh wkh gl�huhqfh ehwzhhq

wkh ruljlqdo vljqdo dqg wkh uhfrqvwuxfwhg vljqdo e| wkh lqyhuvh zdyhohw wudqvirup1

781 fklus4e1suj
Zh xvh wkh suhfhghqw olqhdu fklus1 Zh sorw wkh zdyhohw sdfnhw wdeoh ri wkh vljqdo1 Xvlqj wkh edvlv E @
+4>5>6>6,/ zh vkrz wkdw wkh uhfrqvwuxfwhg vljqdo e| dsso|lqj wkh lqyhuvh zdyhohw sdfnhw wudqvirup lv wkh
vdph dv wkh ruljlqdo vljqdo1

791 fpo4081suj
Looxvwudwlrq ri wkh xvh ri wkh FPO sdfndjh zlwk WVP1

7:1 fsgjp41suj
Looxvwudwlrq ri wkh FSGJP surfhgxuh1

7;1 fvshfw4051suj
Looxvwudwlrq ri wkh FVshfwuxp surfhgxuh1
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7<1 fvshfw61suj
H{dpsoh 441:14 lq Eurfnzhoo dqg Gdylv ^4<<4`1

831 fxvxp41suj
Hvwlpdwhv wkh Orfdo Ohyho prgho +ru udqgrp zdon soxv qrlvh, zlwk wkh gdwd sxuvh1 Wkh prgho fruuhvsrqgv
wr �

|w @ �w . %w
�w @ �w�4 . �w

Xvlqj wkh Ndopdq �owhu/ zh fdq frqvwuxfw wkh vwdqgdugl}hg lqqrydwlrqv

zw @
yws
iw

Wkhq zh exlog wkh FXVXP vwdwlvwlf

Zw @
4

v

w[
l@4

zl

zlwk v wkh vwdqgdug ghyldwlrq ri wkh vwdqgdugl}hg lqqrydwlrqv zw dqg wkh FXVXPvt vwdwlvwlf

Z�
w @

wS
l@4

z5
l

WS
l@4

z5
l

841 fxvxp51suj
Frpsxwhv wkh FXVXP dqg FXVXPvt vwdwlvwlfv1 Wkh prgho lv d PD+5, surfhvv dqg lv hvwlpdwhg e| h{dfw
pd{lpxp olnholkrrg xvlqj wkh Ndopdq �owhu1

851 fxvxp61suj
Wklv lv wkh vdph wklqj dv wkh fxvxp51suj h{dpsoh/ h{fhsw wkdw d ohyhudjh srlqw lv lqwurgxfhg lq wkh PD+5,
surfhvv1

861 f|foh1vuf
Vshfwudo jhqhudwlqj ixqfwlrqv iru wkh wuhqg . f|foh prgho dqg wkh f|folfdo wuhqg prgho1

871 f|foh41suj
Uhsuhvhqwv wkh srzhu vshfwud iru vwrfkdvwlf f|fohv1

881 f|foh51suj
Kduyh| ^4<;<` xvhv d vwrfkdvwlf f|foh soxv qrlvh prgho wr h{sodlq wkh udlqidoo gdwd1 Wkh vshfwudo jhqhudwlqj
ixqfwlrq iru d vwrfkdvwlf f|foh soxv qrlvh prgho lv wkh vxp ri wkh v1j1i1 ri wkh vwrfkdvwlf f|foh dqg wkh v1j1i1 ri
wkh qrlvh1 Wkh v1j1i1 ri wkh vwrfkdvwlf f|foh lv jlyhq e| wkh bf|fohbvji surfhgxuh1 Wkh prgho lv hvwlpdwhg lq
wkh iuhtxhqf| grpdlq zlwk wkh IGbpo surfhgxuh1 Zh revhuyh wkdw zh rewdlq wkh vdph uhvxowv dv lq Kduyh|
^4<;<`1

891 f|foh61suj
Lq wklv h{dpsoh/ zh frpsduh wkh shulrgrjudp ri wkh Udlqidoo gdwd zlwk wkh hvwlpdwhg vshfwudo jhqhudwlqj
ixqfwlrq1

8:1 ghqrlv4d04g1suj
Zh frqvlghu wkh jhqhudwhg vhulhv

{w @ vlq +w, . vlq +5w, . xw

zlwk xw d zklwh qrlvh surfhvv1 Ghqrlvlqj d vhulhv frxog eh grqh e| xvlqj wkh zdyhohw vkulqndjh1 Lq d �uvw
vwhs/ zh fdofxodwh wkh zdyhohw frh!flhqwv zlwk wkh zw surfhgxuh1 Lq d vhfrqg vwhs/ zh xvh d wkuhvkroglqj
whfkqltxh1 Ilqdoo|/ zh uhfrqvwuxfw wkh vhulhv e| dsso|lqj wkh lzw surfhgxuh wr wkh wkuhvkroglqj frh!flhqwv1
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8;1 ghqrlv5d05e1suj
Lq wkh h{dpsohv ehorz/ wkh zdyhohw vkulqndjh lv dssolhg wr doo wkh frh!flhqwv1 Exw/ zh fdq xvh wkuhvkroglqj
whfkqltxhv mxvw iru vrph frh!flhqwv/ iru h{dpsoh wkh frh!flhqwv ri vrph vxeedqg ri wkh zdyhohw wudqvirup
ru ri wkh zdyhohw sdfnhw wudqvirup1

8<1 igpo4d1suj
Zh vlpxodwh dq DU+5, surfhvv1 Wkhq/ zh xvh wkh Eorrp�hog h{srqhqwldo vshfwudo ghqvlw|1 Wkh fruuhvsrqglqj
vshfwudo jhqhudwlqj ixqfwlrq lv jlyhq lq G}kdsdulg}h ^4<;9` rq sdjh 458=

j +�m, @ �5 h{s

#
5

u[
l@4

�l frv +l�m,

$

Zh pd| hvwlpdwh wkh yhfwru ri sdudphwhuv � @
�
�4 � � � �u �

�A
zlwk wkh IGbpo surfhgxuh1 Lq wklv

h{dpsoh/ zh kdyh vhw u htxdo wr 7=

931 igpo4e1suj
Zh whvw qrz u @ 7 djdlqvw u @ 81 Wr frpsxwh wkh vshfwudo OP whvw/ zh fdq hpsor| wkh gdwd ex�hu
bpobghulydwlyhv ru wkh surfhgxuh IGpobghulydwlyhv1

941 igpo5d1suj
Zh frqvlghu wkh prgho }w/ gh�qhg e| ;?

=
}w @ {w . |w
{w @ !4{w�4 . xw
|w @ yw � �4yw�4

zlwk xw � Q
�
3> �5x

�
dqg yw � Q

�
3> �5y

�
1 Wkh fruuhvsrqglqj vshfwudo jhqhudwlqj ixqfwlrq lv

j +�m, @ �5x
4

m4�!4hl�m m5 . �5y
��4� �4h

l�m
��5

@ �5x
4

+4�5!4 frv�m.!54,
. �5y

�
4� 5�4 frv�m . �54

�

Wkh yhfwru ri sdudphwhuv lv vhw wr
�
!4 �x �4 �y

�A
1

951 igpo5e1suj
Wr vhh li �4 @ 3=: lq wkh deryh prgho/ zh xvh wkh OP dqg OU whvwv lq wkh iuhtxhqf| grpdlq1

961 igpo61suj
Wkh prgho lv ;?

=
}w @ {w . |w
{w @ {w�4 . xw � �4xw�4
|w @ yw

zlwk xw � Q
�
3> �5x

�
dqg yw � Q

�
3> �5y

�
1 Wkh vwdwlrqdu| irup lv

}w � }w�4 @ +4� �4O,xw . +4� O, yw

Wkh vshfwudo jhqhudwlqj ixqfwlrq iru wkh vwdwlrqdu| irup lv

j +�m, @ �5x
��4� �4h

l�m
��5 . �5y

��4� hl�m
��5

@
�
4� 5�4 frv�m . �54

�
�5x . 5 +4� frv�m,�

5
y

Ehfdxvh wkh vwdwlrqdu| irup lv }w � }w�4/ wkh gdwd xvhg lq wkh IGbpo surfhgxuh duh }0odj4+},1

971 igpo71suj
Vdph h{dpsoh dv ndopdq7f1suj/ exw wkh vshfwudo jhqhudwlqj ixqfwlrq lv frpsxwhg e| wkh vjibVVP surfhgxuh1

981 igpo8091suj
H{dpsohv ri Pd{lpxp Olnholkrrg ri pxowlyduldwh surfhvvhv lq wkh iuhtxhqf| grpdlq1
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991 �w1suj
Dq h{dpsoh wr looxvwudwh wkh sureohp ri wkh vfdohg idfwru1 Iru dq| wlph vhulhv {w/ zh pxvw yhuli| wkdw wkh
Irxulhu wudqvirup iru wkh �uvw iuhtxhqf| �3 @ 3 htxdov wkh phdq ri {w=

i +�3, @ �{

9:1 �owhu4d1suj
Xqlyduldwh DUPD surfhvv hvwlpdwlrq zlwk wkh dupdbIlowhu surfhgxuh1

9;1 �owhu4e04f1suj
Xqlyduldwh DUPD0JDUFK surfhvv hvwlpdwlrq zlwk wkh dupdbIlowhu dqg jdufkbIlowhu surfhgxuhv1

9<1 �owhu5d1suj
Hvwlpdwlrq ri d Iudfwlrqdo DUPD+5/4, surfhvv zlwk wkh iudfwlrqdobIlowhu surfhgxuh1

:31  v41suj
Zh frpsduh wkh IOV dqg ROV phwkrgv e| dsso|lqj wkhp wr wkh iroorzlqj prgho iru w @ 4> = = = > Q

|w @ �4>w{4>w . �5>w{5>w . �6>w{6>w . xw

zlwk

�4>w @ 4

�5>w @ vlq

�
5�

Q
w

�
. y5>w

�6>w @ 3=<�6>w�4 . y6>w

xw/ y5>w dqg y6>w duh Jdxvvldq surfhvvhv1 Iru wkh IOV uhjuhvvlrq/ zh srvh

� @

5
7 43333

4
4

6
8

:41  v51suj
Zh judsk wkh uhvlgxdo h!flhqf| iurqwlhu

��
u5G +�, > u5P +�,

�
> � 5 U.

�
ri wkh suhfhglqj prgho1

:51  v61suj
Zh frqvlghu wkh prgho

|w @ {w�w . xw

zlwk

�w @

�
} li w � V

z li w A V

Zh hvwlpdwh �w zlwk wkh IOV/ UOV dqg ROV phwkrgv1 Zh vkrz wkdw IOV fdq ghwhfw dq xqdqwlflsdwhg vkliw
iurp } wr z1

:61  v71suj
Dq h{dpsoh wr looxvwudwh wkh frqyhujhqfh ri wkh IOV hvwlpdwhv wr wkh ROV hvwlpdwhv dv � whqgv wr .41 Zh
frqvlghu gl�huhqw ydoxhv iru �= 437/ 439/ 43:/ 43;/ 7� 43; dqg 8� 43<1

:71 iudfwdo4071suj � iudfwdo1vuf
Gl�huhqw h{dpsohv wr looxvwudwh wkh hvwlpdwlrq ri wkh iudfwlrqdo sdudphwhu xvlqj zdyhohwv1 Lq iudfwdo41suj/ zh
hvwlpdwh wkh g sdudphwhu iru d zklwh qrlvh surfhvv1 Wkh phwkrg sursrvhg e| Zruqhoo dqg Rsshqkhlp
^4<<5` lv edvhg rq wkh frpsohwh zdyhohw frh!flhqwv1 Exw/ zh fdq xvh frh!flhqwv iru mxvw vrph ohyhov +dqg qrw
iru doo wkh vfdohv,1 Lq iudfwdo51suj/ zh frqvlghu d iudfwlrqdo surfhvv zlwk g @ 3=581 Wkh h{dpsohv iudfwdo61suj
dqg iudfwdo71suj frpsxwh wkh hpslulfdo ghqvlw| ri wkh zdyhohw dqg JSK hvwlpdwruv1
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:81 j v41suj
Zh frpsduh wkh JIOV dqg IOV phwkrgv zlwk hdfk rwkhu rq wkh iroorzlqj prgho iru w @ 4> = = = >Q

|w @ �4>w{4>w . �5>w{5>w . �6>w{6>w . xw

zlwk �4>w d frqvwdqw/ �5>w d sdudphwhu zlwk vhdvrqdo sdwk dqg �6>w d wlph0ydu|lqj sdudphwhu1

:91 j v51suj
Dq h{dpsoh wr vkrz wkdw wkh IOV phwkrg lv d vshfldo fdvh ri wkh JIOV phwkrg1

::1 j v61suj
Zh frqvlghu wkh iroorzlqj pxowl0glphqvlrqdo surfhvv

�
|4>w
|5>w

�
@

�
{4>w 3 {6>w
3 {5>w {6>w

�57 �4>w
�5>w
�6>w

6
8.

�
x4>w
x5>w

�

zlwk x4>w dqg x5>w wzr zklwh qrlvh surfhvvhv dqg �4>w/ �5>w dqg �6>w wkuhh wlph0ydu|lqj sdudphwhuv1 Wkh
fruuhvsrqglqj dssur{lpdwho| olqhdu v|vwhp lv;AAAAAA?

AAAAAA=

�
|4>w
|5>w

�
*

�
{4>w 3 {6>w
3 {5>w {6>w

�57 �4>w
�5>w
�6>w

6
8.

�
3
3

�
5
7 �4>w.4

�5>w.4

�6>w.4

6
8 *

5
7 4 3 3

3 4 3
3 3 4

6
8
5
7 �4>w

�5>w
�6>w

6
8.

5
7 3

3
3

6
8

Zh fdq dovr hvwlpdwh �4>w/ �5>w dqg �6>w zlwk wkh JIOV �owhu1 Iru wkh �uvw hvwlpdwlrq/ zh vhw Gw @ L6/
Pw @ L5/ T3 @ L6/ s3 @ 36 dqg � @ 41 Iru wkh vhfrqg hvwlpdwlrq/ Gw lv htxdo wr5

7 4 3 3
3 4

43
3

3 3 4
43

6
8

dqg � lv vhw wr 431

:;1 j v71suj
Lq wklv h{dpsoh/ zh vkrz wkh xvh ri JIOV iru wkh hvwlpdwlrq ri vshfl�f dqg frpprq frpsrqhqwv1 Vxssrvh
d wzr0glphqvlrqdo surfhvv zlwk �

|w @ v
|
w . fw . x

|
w

{w @ v{w . fw . x{w

zlwk fw wkh frpprq frpsrqhqw ri |w dqg {w zkloh v
|
w dqg v

{
w duh wkh wzr vshfl�f frpsrqhqwv1 Ohw xv frqvlghu

wkh dssur{lpdwho| olqhdu v|vwhp;AAAAAA?
AAAAAA=

�
|w
{w

�
*

�
4 3 4
3 4 4

�57 �4>w
�5>w
�6>w

6
8.

�
3
3

�
5
7 �4>w.4

�5>w.4

�6>w.4

6
8 *

5
7 4 3 3

3 4 3
3 3 4

6
8
5
7 �4>w

�5>w

�6>w

6
8.

5
7 3

3
3

6
8

Wkhq/ �4>w dqg �5>w fdq eh zlhzhg dv wkh vshfl�f frpsrqhqwv dqg zh fdq lqwhusuhw �6>w dv wkh frpprq idfwru1
Qrwh wkdw wkh fkrlfh ri T3 dqg s3 duh qrw yhu| lpsruwdqw lq wklv h{dpsoh/ ehfdxvh lw grhv qrw d�hfw wkh
fxuyh irup ri wkh hvwlpdwhv +zh rewdlq wkh vdph hvwlpdwhv/ exw zlwk d voljkw wudqvodwlrq,1

:<1 j v81suj
Wkh orfdo ohyho prgho wdnhv wkh dssur{lpdwho| olqhdu irup=�

|w * �w
�w.4 * �w

Zh frpsduh wkh hvwlpdwlrq ri wkh vwdwh yhfwru surfhvv rewdlqhg zlwk wkh Ndopdq �owhu zlwk wkdw jlyhq e|
wkh JIOV �owhu +vhh oo51suj h{dpsoh,1
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;31 j v91suj
Wkh orfdo olqhdu wuhqg prgho wdnhv wkh dssur{lpdwho| olqhdu irup=;AA?

AA=
|w * �

4 3
� � �w

�w

�
.

�
3
3

�
�
�w.4

�w.4

�
*

�
4 4
3 4

� �
�w
�w

�
.

�
3
3

�

Zh frpsduh wkh hvwlpdwlrq ri wkh vwdwh yhfwru surfhvv rewdlqhg zlwk wkh Ndopdq �owhu zlwk wkh uhvxowlqj rqh
wkurxjk wkh JIOV �owhu +vhh oow51suj h{dpsoh,1

;41 jpp4d1suj
Zh frqvlghu wkh olqhdu prgho

|w @ {w� . xw +6143,

zlwk xw � Q +3> �5, dqg � d 7 � 4 yhfwru1 Ohw � @ yhf
�
� �

�
eh wkh yhfwru ri sdudphwhuv1 Zh hvwlpdwh �

zlwk JPP e| frqvlghulqj wkh prphqw frqglwlrqv;?
=

H ^xw` @ 3
H
�
x5w � �5

�
@ 3

H ^xw{w>l` @ 3 ; l @ 4> = = = >7

Qrwh wkdw zh xvh wkh dqdo|wlfdo judglhqw wr shuirup JPP1

;51 jpp4e1suj
Frqvwudlqhg JPP ri wkh prgho +6143, zlwk �4 @ �51

;61 jpp5d1suj
Wkh prgho lv ;?

=
|w @ �4 . �5{w . xw
xw � Q +3> k5w ,
k5w @ �5

3 .�5
4x

5
w�4

Ohw � @ yhf
�
�4 �5 �3 �4

�
eh wkh yhfwru ri sdudphwhuv1 Zh hvwlpdwh � e| wkh PO dqg JPP phwkrgv1

Iru wkh JPP hvwlpdwlrq/ zh frqvlghu wkh prphqw frqglwlrqv;AA?
AA=

Hw ^xw` @ 3
Hw

�
x5w � k5w

�
@ 3

Hw ^xw{w` @ 3
Hw

��
x5w � k5w

�
x5w�4

�
@ 3

;71 jpp5e1suj
Wklv lv wkh vdph surjudp dv jpp5d1suj/ exw zh lpsrvh wkdw �4 @ 3 +qr DUFK h�hfw,1

;81 jpp6d1suj
Zh frqvlghu d jhrphwulf Eurzqldq prwlrq surfhvv�

g{w @ �{w gw. �{w gZw

{ +w3, @ {3
+6144,

zkhuh Zw lv d Zlhqhu surfhvv1 Wkh vroxwlrq ri wkh vwrfkdvwlf gl�huhqwldo htxdwlrq +6144, lv

{ +w, @ {3 h{s

��
� � 4

5
�5
�
+w � w3, . � +Z +w,�Z +w3,,

�

Ohw k eh wkh vdpsolqj lqwhuydo ri wkh glvfuhwh0wlph gdwd1 Zh vhw

%w @ oq
{w

{w�4
�
�
�� 4

5
�5
�
k
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Zh fdq hvwlpdwh wkh yhfwru ri sdudphwhuv � @ yhf
�
� �

�
e| pd{lpxp olnholkrrg ru e| wkh jhqhudol}hg

phwkrg ri prphqwv1 Iru wkh PO hvwlpdwlrq/ zh kdyh

cw @ �4

5
oq +5�,� 4

5
oq
�
�5k

�� 4

5

%5w
�5k

Iru wkh JPP hvwlpdwlrq/ zh frqvlghu wkh wzr prphqw frqglwlrqv�
Hw�4 ^%w` @ 3
Hw�4

�
%5w � �5k

�
@ 3

;91 jpp6e1suj
Zh frqvlghu dq Ruqvwhlq0Xkohqehfn surfhvv�

g{w @ d +e� {w, gw. � gZw

{ +w3, @ {3
+6145,

Wkh vroxwlrq ri wkh vwrfkdvwlf gl�huhqwldo htxdwlrq +6145, lv

{ +w, @ {3h
�d+w�w3, . e

�
4� h�d+w�w3,

�
. �

] w

w3

hd+��w, gZ +�,

Zh gh�qh

%w @ {w � h�dk{w�4 � e
�
4� h�dk

�
Ohw � @ yhf

�
d e �

�
eh wkh yhfwru ri sdudphwhuv1 Wkh h{suhvvlrq ri wkh orj0olnholkrrg lv

cw @ �4

5
oq +5�,� 4

5
oq

�
�5
�
4� h�5dk

5d

��
� 4

5

%5w

�5
�
4�h�5dk

5d

�
JPP hvwlpdwlrq ri � fdq eh shuiruphg e| frqvlghulqj wkh iroorzlqj prphqw frqglwlrqv;A?

A=
Hw�4 ^%w` @ 3

Hw�4

k
%5w � �5

�
4�h�5dk

5d

�l
@ 3

Hw�4 ^%w{w�4` @ 3

;:1 jpp6f1suj
Fkdq/ Nduro|l/ Orqjvwdii dqg Vdqghuv ^4<<5` frqvlghu wkh iroorzlqj vwrfkdvwlf gl�huhqwldo htxdwlrq�

g|w @ +�. �|w, gw. � m|wm� gZw

| +w3, @ {3
+6146,

Wr hvwlpdwh wkh yhfwru ri sdudphwhuv � @ yhf
�
� � � �

�
/ wkh| xvh wkh glvfuhwh0wlph prgho

|w.4 � |w @ +�. �|w,k. %w.4

zlwk %w.4 � Q +3> �5 m|wm5� k,1 Wkh| frqvlghu wkh iroorzlqj prphqw frqglwlrqv;AAAA?
AAAA=

Hw ^%w.4` @ 3

Hw

k
%5w.4 � �5 m|wm5� k

l
@ 3

Hw ^%w.4|w` @ 3

Hw

k�
%5w.4 � �5 m|wm5� k

�
|w

l
@ 3

wr hvwlpdwh � zlwk JPP1 Lq wklv h{dpsoh/ zh vlpxodwh dq Ruqvwhlq0Xokhqehfn1 Wkhq/ zh hvwlpdwh wkh
sdudphwhuv ri wkh vwrfkdvwlf gl�huhqwldo htxdwlrq +6146,1 Wkh Ruqvwhlq0Xkohqehfn lv d vshfldo fdvh ri wkh
prgho +6146, e| lpsrvlqj � @ 31 Lq wklv fdvh/ zh kdyh wkh iroorzlqj fruuhvsrqghqfh�

� @ de

� @ �d
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;;1 jpp7d07l1suj
Sdudphwhuv hvwlpdwlrq ri wkh Ehuqrxool/ Elqrpldo/ Qhjdwlyh Elqrpldo/ Srlvvrq/ Jdppd/ Ehwd/ Odsodfh0Jdxvv/
Orj0qrupdo dqg H{srqhqwldo glvwulexwlrqv1

;<1 jpp8d08e1suj
Sdudphwhuv hvwlpdwlrq ri xqlyduldwh DUPD surfhvvhv1

<31 jpp9d09f1suj
Sdudphwhuv hvwlpdwlrq ri vwdwh vsdfh prghov1

<41 jrod|41suj
Wkh surjudp frpsxwhv wkh frh!flhqwv ri wkh Vdylw}n|0Jrod| �owhu iru gl�huhqw ydoxhv ri P / qO dqg qU1 Lw
uhsolfdwhv wkh wdeoh jlyhq rq sdjh 979 lq Suhvv/ Whxnrovn|/ Yhwwhuolqj dqg Iodqqhu| ^4<<5`1

<51 jrod|51suj
Dq looxvwudwlrq ri wkh Vdylw}n|bJrod| surfhgxuh dssolhg wr qrlv| gdwd1

<61 jsk41suj
Jhzhnh dqg Sruwhu0Kxgdn ^4<;6` vxjjhvwhg wkh iroorzlqj uhjuhvvlrq wr hvwlpdwh wkh iudfwlrqdo lqwhjudwlrq
rughu g ri d wlph vhulhv

oq L +�m, @ f� g vlq5
�m

5
. xw +6147,

Zh hpsor| wklv phwkrg wr hvwlpdwh wkh iudfwlrqdo urrw ri d zklwh qrlvh surfhvv1 Zh whvw g @ 31

<71 jsk51suj
Uhlvhq ^4<<7` sursrvhv hpsor|lqj wkh vprrwkhg shulrgrjudp lq uhjuhvvlrq +6147,1 Wkh vhulhv xvhg lv d
udqgrp zdon surfhvv1 Zh frpsduh wkh hvwlpdwhv ri g edvhg rq wkh shulrgrjudp dqg wkrvh edvhg rq wkh
vprrwkhg shulrgrjudp zlwk wkh Sdu}hq odj zlqgrz jhqhudwru1 Wkhq/ zh whvw wkh qxoo k|srwkhvlv g @ 41

<81 jsk61suj
Zh hvwlpdwh wkh iudfwlrqdo urrw ri d zklwh qrlvh surfhvv e| xvlqj gl�huhqw vprrwkhg shulrgrjudpv dqg wkhq
zh whvw li wkh k|srwkhvlv g @ 3 fdqqrw eh uhmhfwhg1

<91 jsk71suj
Wklv h{dpsoh lv d Prqwh Fduor lqyhvwljdwlrq ri wkh srzhu ri wkh JSK hvwlpdwru dqg wkh hvwlpdwru edvhg rq
d vprrwkhg shulrgrjudp +Eduwohww dqg Wxnh| zlwk wkh sdudphwhu htxdo wr 3153,1 Wr rewdlq wkh ghqvlw| ri
wkh gl�huhqw hvwlpdwruv/ zh xvh wkh nhuqho hvwlpdwru1

<:1 jsk81suj
Lq wkh iuhtxhqf| grpdlq/ zh hvwlpdwh dq DUILPD surfhvv lq wzr zd|v1 Wkh �uvw rqh frqvlvwv ri hvwlpdwlqj doo
wkh sdudphwhuv e| pd{lpl}lqj wkh orj0olnholkrrg ixqfwlrq1 Lq wkh vhfrqg phwkrg/ zh xvh wkh JSK hvwlpdwru
wr hvwlpdwh wkh iudfwlrqdo sduw ri wkh DUILPD prgho dqg zh hvwlpdwh wkh DUPD sduw ri wkh DUILPD
prgho1

<;1 jsk91suj
Prqwh Fduor h{shulphqwv ri wkh vwdqgdug huuruv ri wkh JSK hvwlpdwru dqg wkrvh edvhg rq wkh vprrwklqj
shulrgrjudp1

<<1 kdqnho41suj
Kdqnho pdwul{ ri d xqlyduldwh wlph vhulhv1

4331 kdqnho51suj
Kdqnho pdwul{ ri d pxowlyduldwh wlph vhulhv1

4341 kdqnho61suj
Prqwh Fduor h{shulphqwv ri wkh vlqjxodu ydoxh ghfrpsrvlwlrq ri wkh Kdqnho pdwul{ iru zklwh qrlvh dqg DU+4,
surfhvvhv1

4351 kdqnho71suj
Prqwh Fduor h{shulphqwv ri wkh vlqjxodu ydoxh ghfrpsrvlwlrq ri wkh Kdqnho pdwul{ iru dq DU+5, surfhvv1
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4361 kdqnho81suj
PfPloodq rughu ri d YDU surfhvv1

4371 kdqnho91suj
Frpsxwhv wkh wkhruhwlfdo dqg wkh hpslulfdo Kdqnho pdwulfhv ri wkh DUPD+4/4, prgho +618,1

4381 kdqnho:1suj
Lq wklv h{dpsoh/ zh fkhfn iru wkh PfPloodq rughu ri ydulrxv vwdwh vsdfh prghov wr eh htxdo wr wkh qxpehu ri
vwdwh yduldeohv1

4391 kxuvw41suj � kxuvw1vuf
U2V vwdwlvwlf dqg Kxuvw h{srqhqw zlwk d zklwh qrlvh surfhvv1

43:1 kxuvw51suj � kxuvw1vuf
U2V vwdwlvwlf dqg Kxuvw h{srqhqw zlwk d iudfwlrqdo surfhvv1

43;1 kxuvw61suj � kxuvw51vuf
Hvwlpdwhv wkh Kxuvw h{srqhqw zlwk wkh phwkrg ghvfulehg lq Wdttx/ Whuhuryvn| dqg Zloolqjhu ^4<<8`1

43<1 lfvv4051suj � lfvv1vuf
Ghwhfwlrq ri fkdqjhv ri yduldqfh e| wkh LFVV dojrulwkp1

4431 lpsxov4d05e1suj � lpsxov1w{w
Frpsxwhv wkh vwdqgdug huuruv ri wkh lpsxovh uhvsrqvhv e| vlpxodwlrq whfkqltxhv1

4441 mxps1suj
Dq h{dpsoh ri mxps dqg vkdus fxvw ghwhfwlrq e| zdyhohwv1

4451 ndopdq4d1suj
Zh frqvlghu wkh iroorzlqj vwdwh vsdfh prgho;AA?
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+6148,

zlwk

K @ H
�
%w%

A
w

�
@

�
5 3
3 4

�
+6149,

dqg T @ H ^�w�w` @ 41 Zh exlog wkh vwdwh vsdfh prgho lq d wlph0lqyduldqw irup1

4461 Ndopdq4e1suj
Zh exlog wkh vwdwh vsdfh prgho +6148, lq d wlph0yduldqw irup1

4471 ndopdq4f1suj
Zh vlpxodwh wkh vwdwh vsdfh prgho +6148,1

4481 ndopdq4g1suj
Ndopdq �owhulqj ri wkh vwdwh vsdfh prgho +6148, lq lwv wlph0lqyduldqw irup1 d3 dqg S3 duh frpsxwhg xvlqj
wkh VVPblf surfhgxuh1

4491 ndopdq4h1suj
Ndopdq �owhulqj ri wkh vwdwh vsdfh prgho +6148, lq lwv wlph0yduldqw irup1

44:1 ndopdq4i1suj
Judsklfdo uhsuhvhqwdwlrq ri wkh hvwlpdwhg ydoxh ri �w zlwk lwv <8( frq�ghqfh lqwhuydo1

44;1 ndopdq4j1suj
Judsklfdo uhsuhvhqwdwlrq ri wkh orj0olnholkrrg yhfwru1
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44<1 ndopdq4k1suj
H{dfw Pd{lpxp olnholkrrg hvwlpdwlrq ri wkh prgho;AA?

AA=

�
|4>w
|5> w

�
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�
�4 3
3 �5

� �
�w
�w

�
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�
�6
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�
. %w�

�w
�w
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�
�9 �:
3 �;

� �
�w�4
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�
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�
�<
�43

�
.

�
4
4

�
�w

+614:,

zlwk

K @

�
�7 3
3 �8

�
+614;,

dqg T @ �441

4531 ndopdq4l1suj
Frqglwlrqdo POH zlwk d3 @ 3 dqg S3 @ 35�5 lq wkh wlph0yduldqw irup1 Qrwh wkh xvh ri h{whuqdo yduldeohv1

4541 ndopdq4m1suj
Vprrwklqj ri wkh hvwlpdwhg prgho1

4551 ndopdq4n1suj
Iruhfdvwlqj ri wkh hvwlpdwhg prgho1

4561 ndopdq5d1suj
Pd{lpxp olnholkrrg hvwlpdwlrq ri wkh vwdwh vsdfh prgho

;AAAAAA?
AAAAAA=

|w @
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� 57 �3>w
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+614<,

Wkh xqnqrzq sdudphwhuv � duh K @ �54 dqg

T @

5
7 �55 3 3

3 �56 3
3 3 �57

6
8 +6153,

d3 dqg S3 duh vhw wr wkh qxoo yhfwru dqg pdwul{ uhvshfwlyho|1

4571 ndopdq5e1suj
Vdph surjudp dv ndopdq5d1suj/ exw d3 dqg S3 duh �{hg gl�huhqwo|1 Wklv surjudp vkrzv wkh lqlwldol}dwlrq
sureohp ri wkh Ndopdq �owhu1

4581 ndopdq6d1suj
Zh vlpxodwh d olqhdu surfhvv zlwk DUPD sdudphwhuv1

4591 ndopdq6e1suj
Frqglwlrqdo pd{lpxp olnholkrrg ri wkh fruuhvsrqglqj vwdwh vsdfh prgho;AA?

AA=
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�
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+6154,

Wkh hvwlpdwhg sdudphwhuv duh !4/ �4/ �% dqg �� 1
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45:1 ndopdq6f1suj
Frqglwlrqdo pd{lpxp olnholkrrg ri dqrwkhu uhsuhvhqwdwlrq ri wkh deryh vwdwh vsdfh prgho;AAAAAA?

AAAAAA=

|w @
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�57 �w
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6
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5
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6
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5
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6
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5
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6
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5
7 4 3
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6
8� �w

%w

�

Wklv surjudp lv dq looxvwudwlrq ri wkh lghqwl�fdwlrq sureohp1

45;1 ndopdq7d1suj
Vxssrvh wkdw zh revhuyh d surfhvv |w zlwk d phdvxuhphqw huuru %w1 Zh qrwh }w wkh revhuyhg surfhvv1 Zh
kdyh

}w @ |w . %w +6155,

Zh vxssrvh wkdw |w lv dq DUPD+4/4, surfhvv

|w @ !4|w�4 . xw � �4xw�4 +6156,

Wkh vwdwh vsdfh irup ri wklv prgho lv;AA?
AA=

}w @
�
4 3

� � |w
xw
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. %w�

|w
xw

�
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�
!4 ��4
3 3
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|w�4
xw�4

�
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�
4
4

�
xw

+6157,

Zh vlpxodwh wkh DUPD soxv qrlvh surfhvv dqg wkhq zh xvh wkh Ndopdq �owhu wr rewdlq wkh hvwlpdwh ri wkh
xqrevhuyhg frpsrqhqw |w1

45<1 ndopdq7e1suj
Lq wklv h{dpsoh/ zh hvwlpdwh wkh frh!flhqwv !4/ �4/ �x dqg �% ri wkh prgho +6157, e| pd{lpxp olnholkrrg lq
wkh wlph grpdlq1

4631 ndopdq7f1suj
Zh hvwlpdwh wkh DUPD soxv qrlvh prgho e| pd{lpxp olnholkrrg lq wkh iuhtxhqf| grpdlq1 Wkh fruuhvsrqglqj
vshfwudo jhqhudwlqj ixqfwlrq lv

j +�m, @ �5x
4� 5�4 frv�m . �54

4� 5!4 frv�m . !54
. �5% +6158,

4641 ndopdq7g1suj
Zh hvwlpdwh wkh prgho +6157, xqghu wkh uhvwulfwlrq �4 @ 31 Wklv uhvwulfwlrq fdq eh zulwwhq dv=5
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997
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3 4 3
3 3 4

6
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7 !4
�x
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6
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5
997

3
3
3
3

6
::8 +6159,

Wkh uhvwulfwhg PO hvwlpdwhv duh rewdlqhg erwk lq wkh iuhtxhqf| grpdlq +zlwk wkh IGbfpo surfhgxuh, dqg lq
wkh wlph grpdlq +zlwk wkh WGbfpo surfhgxuh,1

4651 ndopdq7h1suj
Looxvwudwh wkh NIruhfdvwlqj surfhgxuh wr rewdlq iruhfdvwv ri d surfhvv1

4661 ndopdq7i1suj
Lq wkh prgho +6157,/ zh frpsxwh wkh vprrwkhg frpsrqhqw d wmW 1 Li wkh yduldqfh ri %w lv }hur/ wkhq zh pxvw
yhuli| wkdw wkh �uvw frpsrqhqw ri d wmW lv mxvw htxdo wr }w ru |w1
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4671 ndopdq7j1suj
Vprrwklqj wkh prgho +6157, zlwk wkh Ndopdq �owhu1

4681 ndopdq8d1suj
Prghoolqj wkh oxwnhsrko gdwd dv d YDU+5, surfhvv5
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5
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6
8 +615:,

zlwk %w � Q +3>	,1 Zh hvwlpdwh wklv prgho lq wkh wlph grpdlq zlwk wkh Ndopdq �owhu1 Zh xvh wkh Fkrohvn|
ghfrpsrvlwlrq wr gh�qh wkh pdwul{ T/ wkdw lv T @ SS

A1 Wkh hvwlpdwhg yhfwru � fruuhvsrqgv wr5
997

yhf +�4,
yhf +�5,

�

yhfk +S,

6
::8

zlwk yhfk wkh rshudwru lq O wnhsrko vhqvh1

4691 ndopdq8e1suj
Grhv qrw lqfrph2frqvxpswlrq +|5>w � |6>w, fdxvh lqyhvwphqw +|4>w, B Zh fdq whvw wklv k|srwkhvlv e| xvlqj wkh
Zdog vwdwlvwlf1 Qrwh wkdw wklv k|srwkhvlv fruuhvsrqgv wr wkh idfw wkdw wkh pdwulfhv �4 dqg �5 duh ri wkh irup5

7 � 3 3
� � �
� � �

6
8

Wklv lv htxlydohqw wr whvw �7 @ �: @ �46 @ �49 @ 31

46:1 ndopdq8f1suj
Xvlqj wkh uhvxowv ri wkh w0vwdwlvwlfv lq wkh ndopdq8d1suj h{dpsoh/ zh lpsrvh wkdw wkh iroorzlqj frh!flhqwv
duh }hur=

i�5> �6> �7> �8> �:> �43> �44> �45> �46> �47> �49> �4:> �4;> �4<> �56j
Wkh uhvwulfwhg prgho lv hvwlpdwhg e| pd{lpxp olnholkrrg lq wkh wlph grpdlq1

46;1 ndopdq8g1suj
Zh fkhfn wkh dffxudf| ri wkh deryh uhvwulfwlrqv1 Wr wklv hqg/ zh xvh wkh Olnholkrrg Udwlr +OU, dqg
wkh Odjudqjh Pxowlsolhu +OP, vwdwlvwlfv1 Wkh OP whvw lv frpsxwhg xvlqj wkh gl�huhqw pdwulfhv ri wkh
bpobghulydwlyhv h{whuqdo yduldeoh1

46<1 ndopdq8h1suj
Dqrwkhu zd| wr frpsxwh wkh OP whvwv zlwk wkh WGpobghulydwlyhv surfhgxuh1

4731 ndopdq8i1suj
Frpsxwhv wkh OP whvw zlwk dq RSJ duwl�fldo uhjuhvvlrq1

4741 ndopdq9d1suj
Zh vwxg| d wlph0yduldqw prgho

|w @ �3>w{3>w . �4>w{4>w . xw +615;,

zlwk xw � Q �
3> �5x

�
dqg �

�3>w @ �3>w�4 . y3
�4>w @ �4>w�4 . y4

+615<,

zlwk

�
y3
y4

�
� Q +3>	y,1 Zh vxssrvh wkdw

	y @

�
�53 3
3 �54

�
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Wkh vwdwh vsdfh irup ri wkh prgho +615;0615<, lv;AA?
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�
{3>w {4>w

� � �3>w
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. xw�

�3>w
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�
4 3
3 4
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� +6163,

Wklv h{dpsoh vkrzv krz wr frqvwuxfw d wlph0yduldqw vwdwh vsdfh prgho1 Qh{w/ zh xvh wkh NIlowhulqj dqg
wkh NVprrwklqj surfhgxuhv wr hvwlpdwh wkh xqrevhuydeoh frpsrqhqwv �3>w dqg �4>w1

4751 ndopdq9e1suj
Pd{lpxp Olnholkrrg ri wkh prgho +6163,1 Qrwh wkh ghfodudwlrq ri vljpd dv dq h{whuqdo yduldeoh dqg wkh
gh�qlwlrq ri vljpd lq wkh po surfhgxuh1

4761 nijdlq4051suj
Looxvwudwlrq ri wkh NIbjdlq surfhgxuh1

4771 nhuqho41suj
Ghqvlw| hvwlpdwlrq +qrupdo udqgrp qxpehu,1

4781 nhuqho51suj
Ghqvlw| hvwlpdwlrq +"5 udqgrp qxpehu, zlwk wkh wuxqfdwhg +dw ohiw, qrupdo nhuqho1

4791 nhuqho61suj
Ghqvlw| hvwlpdwlrq +xqlirup udqgrp qxpehu, zlwk wkh wuxqdfwhg qrupdo +dw ohiw dqg uljkw, nhuqho1

47:1 nhuqho71suj
Zh lqyhvwljdwh wkh hpslulfdo suredelolw| ghqvlw| ri wkh IUI2GHP uhwxuq iru gl�huhqw vfdohv = 4/ 5/ 8/ 43 dqg
63 gd|v1 Zh xvh wkh wkuhvkroglqj phwkrg wr frpsduh wkh �qrlv|� ghqvlw| zlwk wkh �ghqrlvhg� ghqvlw|1

47;1 nsvv1suj � nsvv1vuf
NSVV vwdwlvwlf1

47<1 nv41suj
Frpsxwhv wkh Nroprjrury0Vpluqry whvw iru d zklwh qrlvh surfhvv suhvhqwhg lq Eurfnzhoo dqg Gdylv ^4<<4`1

4831 nv51suj
Frpsxwhv wkh Nroprjrury0Vpluqry whvw iru d xqlw urrw surfhvv1

4841 nv61suj
Frpsxwhv wkh Nroprjrury0Vpluqry whvw iru wkh udqgrp zdon soxv qrlvh prgho dssolhg wr wkh sxuvh gdwd1

4851 oo41suj
Hvwlpdwhv wkh Orfdo Ohyho prgho iru wkh sxuvh gdwd lq wkh iuhtxhqf| grpdlq zlwk wkh phwkrg ri vfrulqj dqg
wkh EIJV dojrulwkp1

4861 oo51suj
Hvwlpdwhv wkh xqrevhuyhg frpsrqhqw ri wkh sxuvh Orfdo Ohyho prgho1

4871 oo61suj
Hvwlpdwhv wkh sxuvh Orfdo Ohyho prgho lq wkh wlph grpdlq1 Wklv surjudp vkrzv wkh lpsruwdqfh ri wkh fkrlfh
ri wkh lqlwldo frqglwlrqv1

4881 oow41suj
Hvwlpdwhv wkh Orfdo Olqhdu prgho iru wkh jqs gdwd lq wkh iuhtxhqf| grpdlq zlwk wkh phwkrg ri vfrulqj dqg
wkh EIJV dojrulwkp1

4891 oow51suj
Hvwlpdwhv wkh xqrevhuyhg frpsrqhqw ri wkh jqs Orfdo Olqhdu prgho1

48:1 oow61suj
Hvwlpdwhv wkh jqs Orfdo Olqhdu prgho lq wkh wlph grpdlq zlwk wkh EKKK dojrulwkp1
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48;1 pdwul{41suj
Frpsxwhv wkh pdwulfhv O7/ G7 dqg N7>61

48<1 pdwul{51suj
Vkrzv wkh gl�huhqfh ehwzhhq wkh yhfk dqg yhfkb rshudwruv1

4931 pdwul{61suj
Yhul�hv wkh iroorzlqj sursrvlwlrqv +O wnhsrko ^4<<4`, iru p @ 4> = = = >43

OpGp @ Lp+p.4,@5

Np>pGp @Gp
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p @ Lp+p.4,@5

wudfh
�
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pGp

��4
@

p +p. 6,

7

4941 pdwul{7081suj
Dq looxvwudwlrq ri wkh {sqg5 surfhgxuh zlwk uhdo dqg frpsoh{ pdwulfhv1

4951 pdwul{9d09g1suj
Dq looxvwudwlrq ri wkh H{solflwbwrbLpsolflw dqg LpsolflwbwrbH{solflw surfhgxuhv1

4961 plvvlqj41suj
Looxvwudwlrq ri wkh Plvvlqj surfhgxuh1

4971 qz1suj � qz1vuf
Qhzh| dqg Zhvw hvwlpdwru ri wkh yduldqfh1

4981 rswpxp5d05f1suj
Vrph h{dpsohv zlwk wkh rswpxp5 surfhgxuh1

4991 sgjp41suj
Frpsxwhv wkh shulrgrjudp ri wkh O|q{ gdwd dqg wkh Ilvkhu*v j vwdwlvwlf1

49:1 sgjp51suj
Vprrwkhg shulrgrjudp ri d vwdeoh DU+5, surfhvv1

49;1 sgjp61suj
Shulrgrjudp ri wkh vxqvsrwv gdwd1

49<1 sgjp71suj
Frydulrjudp ri d wlph vhulhv xvlqj wkh SGJP dqg lqyhuvhbirxulhu surfhgxuhv1

4:31 sgjp81suj
Zh frqvlghu wkh vwdwh vsdfh prgho;AA?
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zlwk �w � Q +3> 3=58, dqg

%w �Q +

�
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�
3=5 3
3 3=4

�
,

Zh frpsduh wkh vshfwudo ghqvlw| ri wkh vwdwh vsdfh prgho zlwk wkh vprrwkhg shulrgrjudp ri d uhdol}dwlrq ri
wkh prgho1

4:41 sgjp91suj
Zh frpsduh wkh wkhruhwlfdo fryduldqfhv dqg wkh furvv0fryduldqfhv ri wkh prgho +6164, zlwk wkh hpslulfdo
fryduldqfhv dqg wkh furvv0fryduldqfhv ri d uhdol}dwlrq1

4:51 sgjp:1suj
Vshfwudo ghqvlw| ri d xqlyduldwh DUPD+5/4, surfhvv1

4:61 tpi41suj
Lq wklv h{dpsoh/ zh yhuli| wkh iroorzlqj surshuwlhv ri txdgudwxuh pluuru �owhuv=;AAAAAAAAAA?

AAAAAAAAAA=

sS
n@3

kn @
s
5

sS
n@3

jn @ 3

sS
n@3

k5n @ 4

sS
n@3

knjn @ 3

4:71 tpi51suj
Vdph surjudp dv tpi41suj zlwk Sroohq �owhuv1

4:81 ulffdwl41suj
Vroyhv wkh Dojheudlf Ulffdwl Htxdwlrq iru wkh vwdwh vsdfh prgho jlyhq lq h{huflvh 71; e| Kduyh| ^4<<3`1

4:91 uov41suj
Zh dsso| wkh UOV surfhgxuh wr d wlph0lqyduldqw prgho1

4::1 uov51suj
Zh dsso| wkh UOV surfhgxuh wr d prgho zkrvh frh!flhqwv iroorz d udqgrp zdon surfhvv1

4:;1 urelqvrq1suj � urelqvrq1vuf
Hvwlpdwhv wkh Kxuvw h{srqhqw zlwk Urelqvrq*v ^4<<8` phwkrg lq wkh iuhtxhqf| grpdlq1

4:<1 vfdorjup1suj
Wklv h{dpsoh lv wdnhq iurp Dulqr dqg Ylgdnrylf ^4<<8`1 Wkh vfdorjudp fdq eh xvhg wr ghfrpsrvh d wlph
vhulhv lqwr gl�huhqw wlph vhulhv1 Zh frqvlghu d wlph vhulhv {w zklfk lv wkh vxp ri wzr wlph vhulhv |w dqg }w/
wkdw lv zh kdyh

{w @ |w . }w

Wkh �uvw frpsrqhqw |w lv d wuhqg dqg wkh vhfrqg frpsrqhqw }w lv d f|foh1 Zdyhohw dqdo|vlv lv xvhixo iru
ghvfulelqj wkh wlph vhulhv {w ehfdxvh wkh wuhqg lv ehwwhu orfdol}hg iru kljk vfdohv +wkh f|foh lv ehwwhu orfdol}hg
iru wkh �uvw vfdohv,1

4;31 vshfwuxp1suj
Wkhuh duh vhyhudo whfkqltxhv wr hvwlpdwh wkh srzhu vshfwuxp zlwk zdyhohw ru zdyhohw sdfnhw1 Iluvwo|/ zh
frpsxwh wkh shulrgrjudp1 Vhfrqgo|/ zh fdofxodwh wkh frh!flhqwv ri wkh zdyhohw wudqvirup1 Wklugo|/ zh
wudqvirup wkh frh!flhqwv1 Ilqdoo|/ zh frpsxwh wkh lqyhuvh zdyhohw wudqvirup1 Zh fdq xvh wkuhvkroglqj
whfkqltxhv wr shuirup wkh wudqvirupdwlrq1 Lq wklv h{dpsoh/ zh wudqvirup wkh zdyhohw frh!flhqwv e| h{wudfwlqj
vrph vxeedqgv1

4;41 vvp4081suj
Sulqwlqj vwdwh vsdfh prghov1
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4;51 vvp9d1suj
Vdph surjudp dv ydu{4h1suj/ exw uhvsrqvhv wr iruhfdvw huuruv duh frpsxwhg zlwk wkh VVPblpsxovh surfhgxuh1

4;61 vvp9e1suj
Vdph surjudp dv ydu{4h1suj/ exw uhvsrqvhv wr ruwkrjrqdo lpsxovhv duh frpsxwhg zlwk wkh VVPbruwkrjrqdo

surfhgxuh1

4;71 vvp9f1suj
Vdph surjudp dv ydu{4g1suj/ exw zh frpsxwh wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrq zlwk wkh VVPbihyg

surfhgxuh1

4;81 vvp:d1suj
Vdph surjudp dv dupd4n1suj/ exw uhvsrqvhv wr iruhfdvw huuruv duh frpsxwhg zlwk wkh VVPblpsxovh surfhgxuh1

4;91 vvp:e1suj
Vdph surjudp dv dupd4n1suj/ exw uhvsrqvhv wr ruwkrjrqdo lpsxovhv duh frpsxwhg zlwk wkh VVPbruwkrjrqdo

surfhgxuh1

4;:1 vvp:f1suj
Vdph surjudp dv dupd4m1suj/ exw zh frpsxwh wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrq zlwk wkh VVPbihyg
surfhgxuh1

4;;1 vvp;d1suj
Zh frqvlghu wkh vwdwh vsdfh prgho;AAAA?
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Zh frpsxwh wkh uhvsrqvhv wr wkh iruhfdvw huuru h @
�
4 3

�A
1

4;<1 vvp;e1suj

Zh frpsxwh wkh uhvsrqvhv wr wkh iruhfdvw huuru h @
�
4 �4 �A iru wkh vwdwh vsdfh prgho +6165,1

4<31 vvp<d1suj

Zh frpsxwh wkh uhvsrqvhv wr wkh ruwkrjrqdo lpsxovh h @
�
4 3

�A
iru wkh vwdwh vsdfh prgho +6165,1

4<41 vvp<e1suj

Zh frpsxwh wkh uhvsrqvhv wr wkh ruwkrjrqdo lpsxovh h @
�
4 �4 �A iru wkh vwdwh vsdfh prgho +6165,1

4<51 vvp431suj
Zh frpsxwh wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrq iru wkh vwdwh vsdfh prgho +6165,1

4<61 vxuurj41suj
Vxuurjdwh gdwd lq wkh xqlyduldwh fdvh1

4<71 vxuurj51suj
Vxuurjdwh gdwd lq wkh pxowlyduldwh fdvh1
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4<81 vxuurj61suj � un71vuf
Vxuurjdwh gdwd fdq eh xvhg wr ghwhfw qrq0olqhdulwlhv1 Lq wklv h{dpsoh/ zh xvh wkh Oruhq} prgho gh�qhg e|;?
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4<91 wgpo4d1suj
Whuçvyluwd ^4<<7` vxjjhvwv d OVWDU prgho wr �w wkh o|q{ gdwd

{w @ �4{w�4 . ^�5{w�5 . �6{w�6 . �7{w�7 . �8{w�< . �9{w�44`

� ^4 . h{s +�� 4=; +{w�6 � �,,`
�4

. xw
+6166,

Wklv surjudp hvwlpdwhv wkh prgho +6166,1 Qrwh wkh xvh ri wkh h{whuqdo yduldeoh bwvpbsduqp iru wkh qdphv ri
wkh hvwlpdwhg frh!flhqwv1

4<:1 wgpo5d1suj
Wr prgho wkh o|q{ gdwd/ R}dnl ^4<;5` vxjjhvwv wr xvh wkh H[SDU prgho

{w @
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�7 . +�8 . �9{w�4, h{s

���{5w�5��{w�5 . xw
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1 Zlwk wkh WGbpo surfhgxuh/ zh hvwlpdwh wkh frh!flhqwv � @

�
�A � �

�A
1

4<;1 wgpo5e1suj
Wklv lv d prgl�fdwlrq ri wkh wgpo5d1suj h{dpsoh e| vhwwlqj � wr 61;<1

4<<1 wgpo6d1suj
Pd{lpxp Olnholkrrg hvwlpdwlrq ri d olqhdu prgho1

5331 wgpo6e1suj
Pd{lpxp Olnholkrrg hvwlpdwlrq ri d olqhdu prgho xqghu olqhdu uhvwulfwlrqv1

5341 wgpo7d1suj
Pd{lpxp Olnholkrrg ri wkh olqhdu prgho zlwk DU+4, huuruv=�

|w @ {w� . xw
xw @ �xw�4 . %w

zlwk %w � Q
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3> �5
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1 Wkh sdudphwhu yhfwru � lv

�
�A � �

�A
1 Wkh PO ixqfwlrq lv edvhg rq Ehdfk dqg

PdfNlqqrq ^4<:;`1 Zh whvw dovr � @ 3 zlwk OP dqg OU vwdwlvwlfv1

5351 wgpo7e1suj
Pd{lpxp Olnholkrrg ri d SURELW prgho1 Wkh surjudp frqwdlqv wkh qrupdolw| whvw iru SURELW prghov ri
Ehud/ Mdutxh dqg Ohh ^4<;7`1 Qrwh wkdw wkh PO surfhgxuh xvhv wkh dqdo|wlfdo Mdfreldq1

5361 wzr�w1suj
Dq looxvwudwlrq ri wkh irxulhu5 surfhgxuh1

5371 ydu{4d1suj
Gh�qh wkh iroorzlqj vhulhv zlwk wkh Oxwnhsrko gdwd
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Wkh surjudp hvwlpdwhv wkh YDU+5, surfhvv5
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dqg shuirupv d vwdelolw| dqdo|vlv1 Wkh � yhfwru ri frh!flhqwv fruuhvsrqgv wr5
7 yhf +�4,

yhf +�5,
�

6
8

5381 ydu{4e1suj
Frpsxwhv wkh Zdog whvw iru qr Judqjhu0fdxvdolw| iurp LQF2FRQV wr LQY1

5391 ydu{4f1suj
Frpsxwhv wkh Zdog whvw iru qr Lqvwdqwdqhrxv0fdxvdolw| ehwzhhq LQF2FRQV dqg LQY1

53:1 ydu{4g1suj
Iruhfdvw Huuru Yduldqfh Ghfrpsrvlwlrq ri wkh deryh YDU+5, prgho1

53;1 ydu{4h1suj
Lpsxovhv Uhvsrqvhv ri wkh deryh YDU+5, prgho1

53<1 ydu{4i1suj
Lpsxovhv Uhvsrqvhv ri wkh deryh YDU+5, prgho +judsklfdo uhsuhvhqwdwlrq,1

5431 ydu{4j1suj
YDU rughu vhohfwlrq zlwk wkh ELF/ DLF doskd/ VLF/ ISH/ DLF dqg KT fulwhuld1

5441 ydu{4k1suj
Hvwlpdwhv wkh prgho +6167, zlwk wkh uhvwulfwlrqv
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5451 ydu{5d1suj
Hvwlpdwlrq ri wkh G|qdplf Vlpxowdqhrxv Htxdwlrqv�
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5461 ydu{5e1suj
Hvwlpdwlrq ri wkh Frqvwudlqhg G|qdplf Vlpxowdqhrxv Htxdwlrqv�
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5471 ydu{5f1suj
Hvwlpdwlrq ri wkh prgho +6169, e| Pd{lpxp Olnholkrrg1

5481 ydu{6d1suj
Xvh ri wkh ydu{bov surfhgxuh wr frpsxwh ROV hvwlpdwhv1 Wkh uhvxowv duh frpsduhg zlwk wkrvh fdofxodwhg
zlwk wkh rov surfhgxuh1
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5491 ydu{6e1suj
Zh xvh wkh ydu{bfov surfhgxuh wr frpsxwh wkh VXU hvwlpdwru1 Wkh h{dpsoh lv wdnhq iurp Mxgjh/ Kloo/
Juliilwkv/ O wnhsrko dqg Ohh ^4<;;` sdjhv 786 dqg 7871

54:1 ydu{6f1suj
Zh xvh wkh ydu{bfov surfhgxuh wr frpsxwh wkh uhvwulfwhg VXU hvwlpdwru1 Wkh h{dpsoh lv wdnhq iurp Mxgjh/
Kloo/ Juliilwkv/ O wnhsrko dqg Ohh ^4<;;` sdjhv 793 wr 7951

54;1 ydu{6g1suj
Zh xvh wkh ydu{bfov surfhgxuh wr hvwlpdwh d v|vwhp ri vlpxowdqhrxv htxdwlrqv1 Wkh h{dpsoh lv wdnhq iurp
Mxgjh/ Kloo/ Juliilwkv/ O wnhsrko dqg Ohh ^4<;;` sdjhv 989 wr 9961

54<1 zlqgrz5d05e1suj
Vrphv h{dpsohv wr vkrz wkh xvh ri wkh zlqgrz5 surfhgxuh1

5531 zq41suj
Hvwlpdwhv wkh zklwh qrlvh prgho lq wkh iuhtxhqf| grpdlq

|w @ %w

zlwk %w � Q �
3> �5

�
1 Wkhq zh sorw wkh hpslulfdo glvwulexwlrq ri 5 L+�m,j+�m ,

dqg wkh wkhruhwlfdo "55 glvwulexwlrq1

5541 zq51suj
Wklv lv wkh vdph surjudp dv zq41suj dssolhg wr d xqlw urrw surfhvv1

5551 zq61suj
Zh fkhfn li wkh IUI2GHP lv d xqlw urrw surfhvv1

5561 zsnw41suj
Zh vhohfw d zdyhohw sdfnhw edvlv iru d wlph vhulhv zlwk wkh EhvwEdvlv dqg wkh EhvwOhyho surfhgxuhv edvhg
rq wkh hqwurs| frvw ixqfwlrq1

5571 zsnw51suj
Zh vlpxodwh d iudfwlrqdo surfhvv1 Wkhq/ zh gudz wkh zdyhohw sdfnhw wdeoh ri wklv surfhvv1 Zh looxvwudwh wkh
idfw wkdw wkh zdyhohw wudqvirup lv d vshfldo fdvh ri wkh zdyhohw sdfnhw wudqvirup zlwk d vshfldo edvlv1

5581 zw4d1suj0zw4e1suj
Zh hydoxdwh wkh lqyhuvh zdyhohw wudqvirup iru gl�huhqw xqlw yhfwruv h wr vhh krz zdyhohwv orrn olnh +vhh Suhvv/
Whxnrovn|/ Yhwwhuolqj dqg Iodqqhu| ^4<<5`/ sdjh 8<4,1

5591 zw51suj
Uhfrqvwuxfwlrq ri dq DUPD surfhvv e| wkh txdqwloh wkuhvkroglqj phwkrg zlwk gl�huhqw ydoxhv ri s1

55:1 zw61suj
Dq lpsruwdqw uhvxow lv wkdw wkh �prwkhu� frh!flhqw ri wkh zdyhohw wudqvirup ri d wlph vhulhv {w ri ohqjwk
Q @ 5P lv htxdo wr

f3 @
Q[
w@4

{w

/
5
P
5

61515 Wlph vhulhv

6151514 Du�pd surfhvv

qhz>
oleudu| wvp/rswpxp>

rxwsxw iloh @ wvp4d1rxw uhvhw>

uqgvhhg 456789>

s @ 4> t @ 4> ehwd @ 31;�317�3158> vljpd @ 5> 2- g @ 3158 -2
Qrev @ 833>
~|/uhwfrgh� @ UQGbduilpd+ehwd/s/t/vljpd/4333/Qrev/4,> 2- DUILPD surfhvv vlpxodwlrq -2
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vy @ 31;�317�3158�5>

C?000 iluvw hvwlpdwlrq 000AC

fqw @ 3�3�3�3> 2- Qr il{hg sdudphwhuv -2

bwvpbPfry @ 4> 2- Khvvldq Pdwul{ Fryduldqfh -2
birxulhu @ 3> 2- Idvw irxulhu wudqvirup -2
bwvpbrswpxp @ 3> 2- vfrulqj dojrulwkp -2
bbrxwsxw @ 4>
bsulqw @ 4>

~ehwd4/vwghuu/Pfry/Orjo4� @ duilpd+|/4/4/vy/fqw,>

bwvpbrswpxp @ 4> 2- EIJV dojrulwkp -2
bbrxwsxw @ 3>
bsulqw @ 3>

C?000 vhfrqg hvwlpdwlrq 000AC

vy @ 31;�317�3158�5>
fqw @ 3�3�4�3> 2- g lv il{hg -2

~ehwd5/vwghuu/Pfry/Orjo5� @ duilpd+|/4/4/vy/fqw,>

C?000 wklug hvwlpdwlrq 000AC

vy @ 31;�317�3158�5>
fqw @ 3�4�4�3> 2- g dqg PD sdudphwhuv duh il{hg -2

~ehwd6/vwghuu/Pfry/Orjo6� @ duilpd+|/4/4/vy/fqw,>

C?000 olnholkrrg udwlr whvwv 000AC

OU @ 5-+orjo40orjo5,> 2- Olnholkrrg udwlr -2
sydoxh @ fgifklf+OU/4,> 2- Dssur{lpdwlqj wkh qrqfhqwudo fkl0vtxduhg FGI -2

sulqw>
sulqw **Whvwlqj g @ 3158**> sulqw fkuv+78-rqhv+73/4,,>
sulqw iwrv+OU/**Olnholkrrg udwlr vwdwlvwlf= (oi**/43/8,>
sulqw iwrv+sydoxh/**s0ydoxh= (oi**/43/8,>
sulqw> sulqw>

OU @ 5-+orjo40orjo6,> 2- Olnholkrrg udwlr -2
sydoxh @ fgifklf+OU/5,> 2- Dssur{lpdwlqj wkh qrqfhqwudo fkl0vtxduhg FGI -2

sulqw **Whvwlqj g @ 3158 dqg wkhwd4 @ 317**> sulqw fkuv+78-rqhv+73/4,,>
sulqw iwrv+OU/**Olnholkrrg udwlr vwdwlvwlf= (oi**/43/8,>
sulqw iwrv+sydoxh/**s0ydoxh= (oi**/43/8,>

rxwsxw rii>

Wrwdo revhuydwlrqv= 833
Xvdeoh revhuydwlrqv= 833
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 7
Ghjuhhv ri iuhhgrp= 7<9
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 043<61;6665

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
skl4 31;;95<5 3139<9:5 451:53;79 31333333
wkhwd4 31687597 3147:946 516<<<85 31349:98
g 313<8::8 315446:< 317863<8 319839:;
vljpd 5137<<48 313973;3 641<;<<<5 31333333

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

Whvwlqj g @ 3158
0000000000000000000000000000000000000000
Olnholkrrg udwlr vwdwlvwlf= 318537;
s0ydoxh= 317:397

Whvwlqj g @ 3158 dqg wkhwd4 @ 317
0000000000000000000000000000000000000000
Olnholkrrg udwlr vwdwlvwlf= 415643;
s0ydoxh= 3187368

6151515 Ydupd surfhvv

L Hvwlpdwlrq ri d Ydupd prgho dqg lpsxovh ixqfwlrqv1
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2-
-- Hvwlpdwlrq ri d Yhfwru DUPD+4/4, surfhvv
-- Frqglwlrqdo Pd{lpxp Olnholkrrg
--
-- Uhlqvho/ J1F1 ^4<<6`/ Hohphqwv ri Pxowlyduldwh Wlph Vhulhv Dqdo|vlv/
-- Vsulqjhu0Yhuodj/ Qhz \run
-2

qhz>
oleudu| wvp/rswpxp>

rxwsxw iloh @ wvp4e1rxw uhvhw>

C?000 gdwd 000AC

ordg uhlqvho^433/5` @ uhlqvho1dvf>

lqyhvw @ uhlqvho^1/4`>
lqyhqw @ uhlqvho^1/5`>
gl @ lqyhvw 0 odj4+lqyhvw,>
| @ gl�lqyhqw>

bsulqw @ 4>
bwvpbrswpxp @ 3> 2- Dqdo|wlfdo Qhzwrq0Udskvrq dojrulwkp -2
bwvpbjwro @ 31334>

C?000 Xquhvwulfwhg prgho 000AC

vy @ **KU5**> 2- Kdqqdq0Ulvvdqhq phwkrg +vhfrqg irup, -2

~ehwd4/vwghuu4/Pfry4/OrjO4� @ dupdbPO+|/4/4/**KU5**,>
VLJPD4 @ bdupdbVLJPD>

C?000 Uhvwulfwhg prgho +lpsolflw irup, 000AC

2-
-- 7 uhvwulfwlrqv=
--
-- DU4b54 @ 3
-- DU4b45 @ 3
-- PD4b54 @ 3
-- PD4b45 @ 3
-2

UU @ ghvljq+4�3�3�5�6�3�3�7,> u @ }hurv+;/4,>

vy @ 3> 2- Oxwnhsrko phwkrg -2

~ehwd5/vwghuu5/Pfry5/OrjO5� @ dupdbFPO+|/4/4/vy/UU/u,>
VLJPD5 @ bdupdbVLJPD>

C?000 Whvwlqj uhvwulfwlrqv 000AC

K @ yuhdg+bpobghulydwlyhv/**Kbpdwul{**,> 2- Khvvldq pdwul{ +uhvwulfwhg prgho, -2
J @ yuhdg+bpobghulydwlyhv/**Jbpdwul{**,> 2- Judglhqw pdwul{ +uhvwulfwhg prgho, -2

L @ 0 K> 2- Dssur{lpdwlrq ri wkh Lqirupdwlrq pdwul{ -2

2-
-- Olnholkrrg udwlr vwdwlvwlf
--
-- GDYLGVRQ dqg PDFNLQQRQ ^4<<6`/ Hvwlpdwlrq dqg Lqihuhqfh lq Hfrqrphwulfv
-- R{irug Xqlyhuvlw| Suhvv/ sdjh 76:/ irupxod +46139,
-2

OU @ 5-+orjo40orjo5,> 2- Olnholkrrg udwlr -2
sydoxh @ fgifklf+OU/7,> 2- Dssur{lpdwlqj wkh qrqfhqwudo fkl0vtxduhg FGI -2

sulqw>
sulqw iwrv+OU/**Olnholkrrg udwlr vwdwlvwlf= (oi**/43/8,>
sulqw iwrv+sydoxh/**s0ydoxh= (oi**/43/8,>

2-
-- Odjudqjh pxowlsolhu
--
-- GDYLGVRQ dqg PDFNLQQRQ ^4<<6`/ Hvwlpdwlrq dqg Lqihuhqfh lq Hfrqrphwulfv
-- R{irug Xqlyhuvlw| Suhvv/ sdjh 76:/ irupxod +46137,
-2



<7 FKDSWHU 61 ILQDQFLDO HFRQRPHWULFV

OP @ J*-lqy+L,-J>
sydoxh @ fgifklf+OP/7,>

sulqw>
sulqw iwrv+OP/**Odjudqjh pxowlsolhu= (oi**/43/8,>
sulqw iwrv+sydoxh/**s0ydoxh= (oi**/43/8,>

2-
-- Zdog whvw
--
-- GDYLGVRQ dqg PDFNLQQRQ ^4<<6`/ Hvwlpdwlrq dqg Lqihuhqfh lq Hfrqrphwulfv
-- R{irug Xqlyhuvlw| Suhvv/ sdjh 76:/ irupxod +46138,
-2

surf uhvwulfw+ehwd,>
orfdo u>
u @ ehwd^5`�ehwd^6`�ehwd^9`�ehwd^:`>
uhws+u,>

hqgs>

Gu @ judgs+)uhvwulfw/ehwd4,>
u @ uhvwulfw+ehwd4,>

zdog @ u*-lqysg+Gu-Pfry4-Gu*,-u>
sydoxh @ fgifklf+zdog/7,>

sulqw>
sulqw iwrv+zdog/**Zdog vwdwlvwlf= (oi**/43/8,>
sulqw iwrv+sydoxh/**s0ydoxh= (oi**/43/8,>
sulqw> sulqw>

C?000 Uhvsrqvhv wr Iruhfdvw Huuruv +xquhvwulfwhg prgho, 000AC

fdoo dupdblpsxovh+ehwd4/4/4/;,>

} @ plvv+}hurv+5/4,/3,>

pdvn @ rqhv+4/8,>
ohw ipw^8/6`@

**-1-oi** 43 6
**-1-oi** 43 6
**-1-oi** 58 3
**-1-oi** 43 6
**-1-oi** 43 6>

l @ 3>
gr xqwlo lA;>

{ @ ydujhw+**LPSXOVH**'.iwrv+l/**(oi**/4/3,,>
| @ ydujhw+**bLPSXOVH**'.iwrv+l/**(oi**/4/3,,>
z @ {�}�|>

sulqw fkuv+78-rqhv+:</4,,>
sulqw iwrv+l/**Shulrgv= (oi**/4/3,>
sulqw fkuv+78-rqhv+:</4,,>
sulqw ** Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv**>
sulqw ** SKL pdwul{ SVL pdwul{ **>
sulqw fkuv+78-rqhv+:</4,,>
fdoo sulqwip+z/pdvn/ipw,>
sulqw>
l @ l.4>

hqgr>

sulqw> sulqw>

C?000 Uhvsrqvhv wr Ruwkrjrqdo Lpsxovhv +xquhvwulfwhg prgho, 000AC

ohw ipw^8/6`@
**-1-oh** 43 5
**-1-oh** 43 5
**-1-oi** 58 3
**-1-oh** 43 5
**-1-oh** 43 5>

fdoo dupdbruwkrjrqdo+ehwd4/4/4/VLJPD4/;,>

l @ 3>
gr xqwlo lA;>

{ @ ydujhw+**LPSXOVH**'.iwrv+l/**(oi**/4/3,,>
| @ ydujhw+**bLPSXOVH**'.iwrv+l/**(oi**/4/3,,>
z @ {�}�|>

sulqw fkuv+78-rqhv+:</4,,>
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sulqw iwrv+l/**Shulrgv= (oi**/4/3,>
sulqw fkuv+78-rqhv+:</4,,>
sulqw ** Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv**>
sulqw ** WKHWD pdwul{ NVL pdwul{ **>
sulqw fkuv+78-rqhv+:</4,,>
fdoo sulqwip+z/pdvn/ipw,>
sulqw>
l @ l.4>

hqgr>

rxwsxw rii>

Wrwdo revhuydwlrqv= 433
Xvdeoh revhuydwlrqv= <<
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= ;
Ghjuhhv ri iuhhgrp= <3
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 083416<55<

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
DU4b44 3167;566 31499765 513<5684 3136<556
DU4b54 31993;77 3155<9<6 51;::3:5 31338345
DU4b45 03134;597 31378<<9 0316<:3;4 319<557;
DU4b55 31;78<86 3137:79< 4:1;544<3 31333333
PD4b44 0315558:7 314:7:<7 0415:667< 315394:6
PD4b54 315869<: 316494:: 31;356<4 31757774
PD4b45 0314::;;7 3139<<74 051876663 313459;:
PD4b55 3156<:6< 31444376 5148;<98 31366846

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

Wrwdo revhuydwlrqv= 433
Xvdeoh revhuydwlrqv= <<
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 7
Ghjuhhv ri iuhhgrp= <7
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 084616;:;:

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
DU4b44 315;75<: 314;5448 418943;6 31454;98
DU4b54 31333333 31333333 1 1
DU4b45 31333333 31333333 1 1
DU4b55 31;<8574 3138439< 4:185<<75 31333333
PD4b44 031599933 314;:984 041753:57 3148;:39
PD4b54 31333333 31333333 1 1
PD4b45 31333333 31333333 1 1
PD4b55 314<;4:8 3144736< 41:6::;: 313;8856

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

Olnholkrrg udwlr vwdwlvwlf= 561<<449
s0ydoxh= 313333;

Odjudqjh pxowlsolhu= 551::<7<
s0ydoxh= 3133347

Zdog vwdwlvwlf= 581:83<5
s0ydoxh= 3133337

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 3
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
SKL pdwul{ SVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
41333 31333 1 41333 31333
31333 41333 1 31333 41333

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 4
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
SKL pdwul{ SVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
318:4 31493 1 418:4 31493
3173: 31939 1 3173: 41939

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 5
0000000000000000000000000000000000000000000000000000000000000000000000000000000



<9 FKDSWHU 61 ILQDQFLDO HFRQRPHWULFV

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
SKL pdwul{ SVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
314<4 31378 1 41:95 31537
31:55 3194; 1 4145< 51558

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 6
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
SKL pdwul{ SVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
31386 31337 1 41;49 3153;
31:6: 31885 1 41;99 51:::

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 7
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
SKL pdwul{ SVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
31338 03133< 1 41;54 31533
3198< 317:3 1 51857 6157:

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 8
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
SKL pdwul{ SVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
031343 031345 1 41;44 314;;
31894 316<5 1 613;8 6196<

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 9
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
SKL pdwul{ SVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
031347 031344 1 41:<: 314::
3179; 31657 1 61886 61<96

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= :
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
SKL pdwul{ SVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
031346 031343 1 41:;6 3149:
316;9 3159: 1 61<6< 71563

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= ;
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
SKL pdwul{ SVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
031345 03133; 1 41::5 3148<
3164; 3154< 1 7158: 7177<

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 3
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
WKHWD pdwul{ NVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
516<h.333 3133h.333 1 516<h.333 3133h.333
4136h.333 713<h.333 1 4136h.333 713<h.333

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 4
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
WKHWD pdwul{ NVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
4186h.333 9186h0334 1 61<4h.333 9186h0334
418<h.333 517;h.333 1 5195h.333 918:h.333

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 5
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
WKHWD pdwul{ NVL pdwul{
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0000000000000000000000000000000000000000000000000000000000000000000000000000000
8135h0334 41;5h0334 1 7175h.333 ;168h0334
5169h.333 5186h.333 1 71<;h.333 <13<h.333

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 6
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
WKHWD pdwul{ NVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
4165h0334 41:5h0335 1 7188h.333 ;185h0334
5166h.333 5159h.333 1 :163h.333 4147h.334

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 7
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
WKHWD pdwul{ NVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
6178h033606186h0335 1 7188h.333 ;14:h0334
5139h.333 41<5h.333 1 <169h.333 4166h.334

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 8
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
WKHWD pdwul{ NVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
06196h0335071:7h0335 1 7185h.333 :19<h0334
41:7h.333 4193h.333 1 4144h.334 417<h.334

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= 9
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
WKHWD pdwul{ NVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
07177h03350718;h0335 1 717:h.333 :156h0334
4178h.333 4165h.333 1 4158h.334 4195h.334

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= :
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
WKHWD pdwul{ NVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
0714<h033507134h0335 1 7176h.333 91;6h0334
4153h.333 413<h.333 1 416:h.334 41:6h.334

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Shulrgv= ;
0000000000000000000000000000000000000000000000000000000000000000000000000000000

Hvwlpdwhg uhvsrqvhv Dffxpxodwhg uhvsrqvhv
WKHWD pdwul{ NVL pdwul{

0000000000000000000000000000000000000000000000000000000000000000000000000000000
06197h03350616<h0335 1 716<h.333 917<h0334
<1;7h0334 ;1<9h0334 1 417:h.334 41;5h.334

6151516 Ydu{ Surfhvv

L YDU rughu vhohfwlrq zlwk wkh ELF/ DLF doskd/ VLF/ ISH/ DLF dqg KT fulwhuld1

2-
-- OXWNHSRKO ^4<<4`/ Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv/
-- Vsulqjhu0Yhuodj/ Ehuolq0Khlghoehuj
--
-- YDU rughu vhohfwlrq
-- Vhh OXWNHSRKO/ fkdswhu 7
--
-2

qhz>
oleudu| wvp/rswpxp>

rxwsxw iloh @ wvp4f1rxw uhvhw>

fov>

C?000 gdwd 000AC

ordg |^<5/6` @ oxwnhsrk1dvf>

| @ oq+|^4=:9/1`,>
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LQYHVW @ |^1/4`>
glqy @ LQYHVW0odj4+LQYHVW,>
LQFRPH @ |^1/5`>
glqf @ LQFRPH0odj4+LQFRPH,>
FRQVXP @ |^1/6`>
gfrqv @ FRQVXP0odj4+FRQVXP,>
gdwd @ glqy�glqf�gfrqv>

C?000 YDU[ rughu vhohfwlrq 000AC

bsulqw @ 4>

~FU/s� @ fulwhuld+gdwd/4/8,>

rxwsxw rii>

2-
-- D surfhgxuh wr vhohfw wkh rughu ri d YDU[ prgho
-2

surf +5, @ fulwhuld+\/[/sbpd{,>
orfdo rog/N/W/p/FU/O/G/VLJPD>
orfdo rpdw/ipw/pdvn/s>

rog @ bsulqw>
N @ frov+\,>
FU @ }hurv+sbpd{/:,>

p @ 4>
gr xqwlo p A sbpd{>

bsulqw @ 3>
fdoo ydu{bPO+\/[/p,>
W @ urzv+sdfnu+\,, 0 p>

VLJPD @ bydu{bVLJPD>
G @ ghw+VLJPD,>
O @ oq+G,>

FU^p/4` @ O.+Na5,-p-oq+W,2W> 2- ELF -2
FU^p/5` @ O.6-p-+Na5,2W> 2- DLF doskd @ 6 -2
FU^p/6` @ O.+4.p-+Na5,2W,2+40+p-+Na5,05,2W,> 2- DLFf -2
FU^p/7` @ G-+4.5-+p-+Na5,.4,2W,aN> 2- VLF -2
FU^p/8` @ G-+++W.N-p.4,2+W0N-p04,,aN,> 2- PISH -2
FU^p/9` @ O.5-+Na5,-p2W> 2- DLF -2
FU^p/:` @ O.5-+Na5,-p-oq+oq+W,,2W> 2- KT -2

p @ p . 4>
hqgr>

S @ plqlqgf+FU,>
bsulqw @ rog>

li bsulqw @@ 4>

p @ vhtd+4/4/sbpd{,>

sulqw fkuv+78-rqhv+:</4,,>
sulqw **Odjv ELF DLFd DLFf VLF ISH DLF**_

** KT**>
sulqw fkuv+78-rqhv+:</4,,>

rpdw @ **Rsw1**�s*>
pdvn @ 3�4�4�4�4�4�4�4>
ohw ipw^;/6` @

**0-1-v** 7 7
**-1-oi** ; 3
**-1-oi** 43 3
**-1-oi** 43 3
**-1-oi** 45 3
**-1-oi** 45 3
**-1-oi** 43 3
**-1-oi** 43 3>

fdoo sulqwip+rpdw/pdvn/ipw,> sulqw> sulqw fkuv+78-rqhv+:</4,,>

rpdw @ p�FU>
pdvn @ 4>
ohw ipw^;/6` @

**-1-oi** 7 3
**-1-oi** 43 6
**-1-oi** 43 6
**-1-oi** 43 6
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**-1-oi** 45 6
**-1-oi** 45 6
**-1-oi** 43 6
**-1-oi** 43 6>

fdoo sulqwip+rpdw/pdvn/ipw,>
hqgli>

uhws+FU/s,>
hqgs>

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Odjv ELF DLFd DLFf VLF ISH DLF KT
0000000000000000000000000000000000000000000000000000000000000000000000000000000
Rsw1 4 5 5 4 5 5 5
0000000000000000000000000000000000000000000000000000000000000000000000000000000

4 0571546 05716:5 05617<; 31333 31333 05717<6 05716;5
5 057139: 05716;8 056185; 31333 31333 0571965 057173:
6 05618:8 0571387 05613:5 31333 31333 057175< 05713;<
7 0561543 0561;83 05517;3 31333 31333 057168: 0561<34
8 0551;<8 05619<: 054169: 31333 31333 0571673 0561:99

L YDU hvwlpdwlrq dqg vwdelolw| dqdo|vlv1

2-
-- OXWNHSRKO ^4<<4`/ Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv/
-- Vsulqjhu0Yhuodj/ Ehuolq0Khlghoehuj
--
-- Hvwlpdwlrq ri d YDU+5, surfhvv dqg vwdelolw| dqdo|vlv
-- Vhh OXWNHSRKO/ vhfwlrq 61516
--
-- Qrwh= wkh frqvwdqw lv wkh ILUVW froxpq ri E lq OXWNHSRKO
-- dqg wkh ODVW froxpq ri E lq wklv surjudp
-2

qhz>
oleudu| wvp/rswpxp/sjudsk>

rxwsxw iloh @ wvp4g1rxw uhvhw>

fov>

C?000 gdwd 000AC

ordg |^<5/6` @ oxwnhsrk1dvf>

| @ oq+|^4=:9/1`,>

LQYHVW @ |^1/4`>
glqy @ LQYHVW0odj4+LQYHVW,>
LQFRPH @ |^1/5`>
glqf @ LQFRPH0odj4+LQFRPH,>
FRQVXP @ |^1/6`>
gfrqv @ FRQVXP0odj4+FRQVXP,>
gdwd @ glqy�glqf�gfrqv>

C?000 OV hvwlpdwlrq 000AC

~wkhwd/vwghuu/Pfry/ORJO4� @ ydu{bOV+gdwd/4/5,> 2- Frqvwdqw dqg 5 odjv -2
sulqw>
sulqw **VLJPD=**>
sulqw bydu{bvljpd>

C?000 Vwdelolw| dqdo|vlv 000AC

ehwd @ wkhwd^4=4;`> 2- Hvwlpdwhv ri wkh DU sduw -2
urrwv @ dupdburrwv+ehwd/5/3,>

sulqw> sulqw fkuv+78-rqhv+:</4,,>
sulqw ** VWDELOLW\ dqdo|vlv ri wkh YDU+5, surfhvv **>
sulqw fkuv+78-rqhv+:</4,,>
sulqw ** Urrwv ri wkh uhyhuvh Prgxoxv**>
sulqw ** fkdudfwhulvwlf sro|qrpldo**>
sulqw fkuv+78-rqhv+:</4,,>
rpdw @ urrwv�dev+urrwv,>
pdvn@4�4>
ohw ipw^5/6`@

**-1-oi** 47 8
**-1-oi** 47 8>

fdoo sulqwip+rpdw/pdvn/ipw,>
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judskvhw>
bsgdwh @ ****> bsfurvv @ 4> bsiudph @ ~3/3�>
wlwoh+**Vwdelolw| ri wkh YDU+5, surfhvv**_

**_OUrrwv ri wkh uhyhuvh fkdudfwhulvwlf sro|qrpldo**,>
vfdoh+06�6/06�6,>

u @ uhdo+urrwv,> l @ lpdj+urrwv,> Qu @ urzv+urrwv,>
bsv|p @ u�l�rqhv+Qu/8,1-+44�8�5�4�4,>
w @ vhtd+3/5-sl2433/434,> {@frv+w,> |@vlq+w,>

judsksuw+**0f@4 0fi@wvp4g1hsv**,>
{|+{/|,>

rxwsxw rii>

Wrwdo revhuydwlrqv= :9
Xvdeoh revhuydwlrqv= :6
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 54
Ghjuhhv ri iuhhgrp= 85
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 8<8159;;8

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
S34 03164<964 31458789 05187::78 31346;6:
S35 31376<64 31364;8< 416:;<43 314:6;58
S36 031335756 313589:9 0313<7687 31<584<3
S37 31478<;< 31878999 3159:876 31:<3443
S38 031485:65 3146;8:3 0414354<< 315:8783
S39 31557;46 314449:; 51346385 3137<633
S3: 31<9454< 31997643 41779<76 31486<48
S3; 315;;835 3149;:33 41:43483 313<64<<
S3< 031596<9; 31468<93 041<74847 3138:957
S43 031493884 31457<3: 0415;869; 3153768<
S44 31383364 31364:53 418::5;4 31453:<9
S45 31366;;3 31358897 41658663 314<3;89
S46 31447938 318678:3 315476;: 31;643;7
S47 3134<499 31468:85 314744;5 31;;;5:5
S48 31687<45 3143<73: 61576<:9 31335395
S49 31<676<7 319983<9 41737<33 31498<<:
S4: 031343538 3149;;<< 031393753 31<85386
S4; 031355563 31469453 031496645 31;:3<39
S4< 031349:55 3134:559 031<:3:53 316694;4
S53 31348:9: 313376:8 619375:5 31333:34
S54 31345<59 31336859 619995;: 313338:<

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

VLJPD=

3133545<95;< :1494999:h0338 3133345657369
:1494999:h0338 3133346:66::6 91478;99;h0338
3133345657369 91478;99;h0338 ;1<536847h0338

0000000000000000000000000000000000000000000000000000000000000000000000000000000
VWDELOLW\ dqdo|vlv ri wkh YDU+5, surfhvv

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Urrwv ri wkh uhyhuvh Prgxoxv

fkdudfwhulvwlf sro|qrpldo
0000000000000000000000000000000000000000000000000000000000000000000000000000000

41:85<7 41:85<7
03164<84 0 5133;75l 513669;
03164<84 . 5133;75l 513669;
0519<736 519<736
0415;844 0 415;356l 41;46<;
0415;844 . 415;356l 41;46<;
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L Hvwlpdwlrq ri g|qdplf vlpxowdqhrxv htxdwlrqv1

2-
-- OXWNHSRKO ^4<<4`/ Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv/
-- Vsulqjhu0Yhuodj/ Ehuolq0Khlghoehuj
--
-- Hvwlpdwlrq ri d V|vwhp ri G|qdplf Vlpxowdqhrxv Htxdwlrqv
-- Vhh OXWNHSRKO/ fkdswhu 43
--
-2

qhz>
oleudu| wvp/rswpxp>

rxwsxw iloh @ wvp4h1rxw uhvhw>

fov>

C?000 gdwd 000AC

ordg |^<5/6` @ oxwnhsrk1dvf>

| @ oq+|^4=:9/1`,>

LQYHVW @ |^1/4`>
LQFRPH @ |^1/5`>
FRQVXPS @ |^1/6`>

[ @ rqhv+:9/4,�odj4+lqyhvw,>
\ @ LQFRPH�FRQVXPS>

2-
-- Hvwlpdwlrq ri wkh uhgxfhg irup +431517,
-- Vhh OXWNHSRKO/ sdjh 659
-2

~wkhwd/vwghuu/Pfry/ORJO4� @ ydu{bOV+\/[/4,>

EE @ uhvkdsh+wkhwd/7/5,*>

EE @ +**LQF+w,**�**FRQV+w,**,�EE>
sulqw> sulqw>
sulqw ** LQF+w04, FRQV+w04, Frqvwdqw Lqy+w04,**>
ohw ipw^8/6` @ **0-1-v** ; ;

**-1-oi** 45 7
**-1-oi** 45 7
**-1-oi** 45 7
**-1-oi** 45 7>

fdoo sulqwip+EE/3�4�4�4�4/ipw,>
sulqw>

2-
-- Hvwlpdwlrq ri wkh uhgxfhg irup +431517,
-- Vhh OXWNHSRKO/ sdjh 659
-2
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2-
-- Zh lpsrvh wkh iroorzlqj uhvwulfwlrqv=
--
-- Wkh LQF+w04, frhiilflhqw lq wkh LQF+w, htxdwlrq lv 4
-- Wkh FRQV+w04, frhiilflhqw lq wkh LQF+w, htxdwlrq lv 3
-- Wkh frqvwdqw lq wkh LQF+w, htxdwlrq lv 3
-- Wkh LQY+w04, frhiilflhqw lq wkh FRQV+w, htxdwlrq lv 3
-2

UU @ ghvljq+3�4�3�5�3�6�7�3,> u @ 4�}hurv+:/4,>

~wkhwd/vwghuu/Pfry/ORJO4� @ ydu{bFOV+\/[/4/UU/u,>

EE @ uhvkdsh+wkhwd/7/5,*>

EE @ +**LQF+w,**�**FRQV+w,**,�EE>
sulqw> sulqw>
sulqw ** LQF+w04, FRQV+w04, Frqvwdqw Lqy+w04,**>
ohw ipw^8/6` @ **0-1-v** ; ;

**-1-oi** 45 7
**-1-oi** 45 7
**-1-oi** 45 7
**-1-oi** 45 7>

fdoo sulqwip+EE/3�4�4�4�4/ipw,>
sulqw>

rxwsxw rii>

Wrwdo revhuydwlrqv= :9
Xvdeoh revhuydwlrqv= :7
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= ;
Ghjuhhv ri iuhhgrp= 99
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 7:517<489

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
S34 31<7<<89 313<;:7< <194<;8; 31333333
S35 315<<734 313:<3<4 61:;8834 31333667
S36 31354;75 313<;55: 31555696 31;57:4;
S37 319<384: 313:;9:6 ;1:::34: 31333333
S38 31359;33 31359994 4133853< 3164;79;
S39 3139;8<8 31354687 61545635 3133536:
S3: 31365765 3134:;58 41;4<7:8 313:66:8
S3; 031336:9; 313475:9 031596<45 31:<59:3

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

LQF+w04, FRQV+w04, Frqvwdqw Lqy+w04,
LQF+w, 31<833 31354; 31359; 313657
FRQV+w, 315<<7 319<38 3139;9 031336;

Wrwdo revhuydwlrqv= :9
Xvdeoh revhuydwlrqv= :7
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 7
Ghjuhhv ri iuhhgrp= :3
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 79;1:5:<3

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
S34 41333333 31333333 1 1
S35 315;:463 31396533 7187649: 31333356
S36 31333333 31333333 1 1
S37 31:3576; 31398;;< 431993;7; 31333333
S38 31333333 31333333 1 1
S39 3138367< 3134:8<; 51;94487 31338894
S3: 31336793 31333578 471444883 31333333
S3; 31333333 31333333 1 1

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

LQF+w04, FRQV+w04, Frqvwdqw Lqy+w04,
LQF+w, 413333 313333 313333 313368
FRQV+w, 315;:4 31:357 313836 313333
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6151517 Vwuxfwxudo prghov

2-
-- KDUYH\ ^4<<3`/ Iruhfdvwlqj/ Vwuxfwxudo Wlph Vhulhv dqg
-- wkh Ndopdq Ilowhu/ Fdpeulgjh Xqlyhuvlw| Suhvv/ sdjhv ;90;<
--
-- F|foh Prgho
-2

qhz>
oleudu| wvp/rswpxp/sjudsk>

C?000 gdwd 000AC

ordg udlqidoo^` @ udlqidoo1dvf>

| @ udlqidoo^4=464`>
| @ | 0 47515>

bf|fohbsupw @ 3>
bwvpbsduqp @ **ukr**�**odpegdbf**�**vljbndssd**�**vljbhsvlorq**>
bwvpbrswpxp @ 4>
bsulqw @ 4>

C?000 Qrlv| f|foh prgho hvwlpdwlrq 000AC

2-
-- Vshfwudo jhqhudwlqj ixqfwlrq iru d vwrfkdvwlf f|foh soxv qrlvh prgho
-2

surf vji+wkhwd/odpegd,>
orfdo jbf|foh/jbqrlvh/j>
jbf|foh @ bf|fohbvji+wkhwd^4=6`/odpegd,>
jbqrlvh @ wkhwd^7`a5>
j @ jbf|foh . jbqrlvh>
uhws+j,>

hqgs>

2-
-- Xvlqj Kduyh|*v vwduwlqj ydoxhv/ sdjh 4<;
-2

ukr @ 318> odpegdbf @ 31:;> vljbhsvlorq @ 4> vljbndssd @ 4>
vy @ ukr�odpegdbf�vljbhsvlorq�vljbndssd>

~wkhwd/vwghuu/Pfry/Orjo� @ IGbpo+|/)vji/vy,>

C?000 Shulrgrjudp dqg vshfwudo ixqfwlrq hvwlpdwlrq 000AC

~odpegd/L� @ SGJP+|,>
bvprrwklqj @ 9�8�3�3156> 2- Sdu}hq odj zlqgrz zlwk edqgzlgwk @ 9 -2
L @ vprrwklqj+L,> 2- vprrwkhg shulrgrjudp -2
j @ vji+wkhwd/odpegd,> 2- hvwlpdwhg vshfwudo jhqhudwlqj ixqfwlrq -2
t @ wuxqf+urzv+odpegd,25,>

2-
-- SDZLWDQ dqg R*VXOOLYDQ ^4<<7`/ Qrqsdudphwulf vshfwudo ghqvlw| hvwlpdwlrq
-- xvlqj shqdol}hg zklwwoh olnholkrrg/
-- Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ sdjhv 9330943
-2

2-
-- L= shulrgrjudp
-- i= vshfwudo ghqvlw| ixqfwlrq
--
-- Wkh dxwruv xvh wkh idfw wkdw 5L2i lv dv|pswrwlfdoo|
-- glvwulexwhg dv d fkl0vtxduhg ixqfwlrq zlwk 5 ghjuhhv ri iuhhgrp
-- wr sorw wkh revhuyhg txdqwlohv ri 5L2i djdlqvw
-- wkh txdqwlohv ri wkh fkl+5, glvwulexwlrq1
-2

} @ 5-L12j>

{4 @ vruwf+}/4,> Qrev @ urzv+{4,> |4 @ vhtd+4/4/Qrev,2Qrev>
{5 @ vhtd+3/432Qrev/Qrev,> |5 @ 4 0 fgifklf+{5/5,>

judskvhw>
ehjzlqg>
zlqgrz5+3/5/4/31:8,>



437 FKDSWHU 61 ILQDQFLDO HFRQRPHWULFV

vhwzlqg+4,>

bsqxp @ 3> bsd{hv @ 3> bswlwokw @ 418>
wlwoh+**Udlqidoo gdwd 0 Qrlv| f|foh prgho hvwlpdwlrq**,>
gudz>

judskvhw>

vhwzlqg+5,>

bsgdwh @ ****> bsqxp @ 5> bsqxpkw @ 3153> bsd{kw @ 3158>
irqwv+**vlpsoh{ vlpjupd**,>
bsohjvwu @ **Shulrgrjudp ri wkh Udlqidoo gdwd**_

**_333Hvwlpdwhg vshfwudo jhqhudwlqj ixqfwlrq**>
bsohjfwo @ ~5 8 518 7�>
{odeho+**iuhtxhqf|**,>
{wlfv+3/sl/sl27/3,>
ode @ ** 3 _535s_53427 _535s_53425 _5346_535s_53427 _535s_534**>
dvfodeho+ode/3,>
{|+odpegd^4=t`/L^4=t`�j^4=t`,>

vhwzlqg+6,>

bsohjvwu @ **_535k_534^5`+5,_333hpslulfdo glvwulexwlrq ri 5L2i**>
bsohjfwo @ ~5 9 518 5�>
ohw z @ ~1/1�>
vfdoh+3�43/z,>
dvfodeho+3/3,>
{odeho+****,>
{|+{5�{4/|5�|4,>

judsksuw+**0f@4 0fi@wvp4i1hsv**,>
hqgzlqg>

61516 Hvwlpdwlrq phwkrgv

6151614 Pd{lpxp olnholkrrg

L Dq h{dpsoh zlwk H[SDU prgho1

2-
-- R]DNL ^4<;5`/ Wkh vwdwlvwlfdo dqdo|vlv ri shuwxuehg olplw f|foh surfhvv
-- xvlqj qrqolqhdu wlph vhulhv prghov/ Mrxuqdo ri Wlphv Vhulhv Dqdo|vlv/
-- 6/ sdjhv 5<074
--
-- Vhh dovr=
-- WRQJ ^4<<3`/ Qrq0olqhdu Wlph Vhulhv/ R{irug Xqlyhuvlw| Suhvv
--
-- Hvwlpdwh dq H[SDU prgho
-- Qrwh= Wrqj vxvshfwv wkdw wkhuh kdv ehhq d plvsulqw ru d frpsxwlqj huuru1
-- Wkdw lv zk| zh grq*w ilqg R]DNL*v hvwlpdwhv
--
-2

qhz>
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oleudu| wvp/rswpxp>

rxwsxw iloh @ wvp5d1rxw uhvhw>

C?000 gdwd 000AC

ordg |^` @ o|q{1dvf>
| @ orj+|,>
{ @ | 0 phdqf+|,>
Qrev @ urzv+|,>

C?000 orj0olnholkrrg ri H[SDU prgho 000AC

surf H[SDU+wkhwd,>
orfdo ehwd/ghowd/vljpd/uhvlg/l/orjO>

ehwd @ wkhwd^4=9`> ghowd @ wkhwd^:`> vljpd @ wkhwd^;`>
uhvlg @ plvv+}hurv+Qrev/4,/3,>
OrjO @ plvv+}hurv+Qrev/4,/3,>

l @ 6>
gr xqwlo lAQrev>

uhvlg^l` @ {^l`
0+ehwd^4` .+ehwd^5`.ehwd^6`-{^l04`,-h{s+0ghowd-+{^l04`a5,,,-{^l04`
.+ehwd^7` .+ehwd^8`.ehwd^9`-{^l04`,-h{s+0ghowd-+{^l05`a5,,,-{^l05`>

l@l.4>
hqgr>

OrjO^6=Qrev` @ 0318-oq+5-sl, 0318-oq+vljpda5,
0318-+uhvlg^6=Qrev`a5,2+vljpda5,>

uhws+Orjo,>
hqgs>

C?000 hvwlpdwlrq 000AC

bsulqw @ 4>
bwvpbrswpxp @ 4>
bwvpbsduqp @ **ehwd4**�**ehwd5**�**ehwd6**�**ehwd7**�**ehwd8**�

**ehwd9**�**ghowd**�**vljpd**>
bbwlwoh @ **H[SDU prgho**>

vy @ rqhv+;/4,>

~wkhwd/vwghuu/Pfry/Orjo� @ WGbpo+)H[SDU/vy,>

rxwsxw rii>

Wrwdo revhuydwlrqv= 447
Xvdeoh revhuydwlrqv= 445
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= ;
Ghjuhhv ri iuhhgrp= 437
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 481;<7;;

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
ehwd4 41<;<535 51344664 31<;;<<; 31657<93
ehwd5 03189<<;: 5138;5:: 0315:9<57 31:;56;;
ehwd6 3177;938 314;54:8 517957<; 31348773
ehwd7 314847:4 417375<5 3143:;96 31<47645
ehwd8 31:75565 41747848 31857:58 31933;<4
ehwd9 318654:6 31539366 518;5<77 313444;9
ghowd 31446434 315;55<8 31733979 319;<835
vljpd 3153<<89 3134735< 471<996:4 31333333

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

6151615 Jhqhudol}hg phwkrg ri prphqwv

L Dq h{dpsoh zlwk Ruqvwhlq0Xkohqehfn surfhvv1

qhz>
oleudu| wvp/rswpxp/rswlrq>
WVPvhw>

rxwsxw iloh @ wvp5e1rxw uhvhw>
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C?000 gdwd jhqhudwlrq 000AC

{3 @ 43> d @ 31;> e @ 314> vljpd @ 3139>
w3 @ 3> WW @ 433> Qrev @ 4334>
vy @ d�e�vljpd>

~w/{� @ vlpxodwhbRX+{3/d/e/vljpd/w3/WW/Qrev/4,>

C?000 prphqwv ghilqlwlrq 000AC

k @ 314>

surf Prphqwv+wkhwd,>
orfdo d/e/vljpd/n4/n5/hsvlorq/P>

d @ wkhwd^4`>
e @ wkhwd^5`>
vljpd @ wkhwd^6`>

n4 @ h{s+0d-k,>
n5 @ vljpda5-+40h{s+05-d-k,,2+5-d,>

hsvlorq @ {^5=Qrev`0n41-{^4=Qrev04`0e-+40n4,>

P @ hsvlorq�+hsvlorqa50n5,�+hsvlorq1-{^4=Qrev04`,>

uhws+P,>
hqgs>

C?000 JPP hvwlpdwlrq 000AC

bwvpbsduqp @ **d**�**e**�**vljpd**>
vy @ d�e�vljpd>
bpobMdfreldqbsurf @ 3>
bbwlwoh @ **Ruqvwhlq0Xokhqehfn surfhvv**>

~wkhwd/vwghuu/Pfry/Tplq� @ jpp+)Prphqwv/vy,>

rxwsxw rii>

Wrwdo revhuydwlrqv= 4333
Xvdeoh revhuydwlrqv= 4333
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 6
Ghjuhhv ri iuhhgrp= <<:
Qxpehu ri prphqw frqglwlrqv= 6
Ydoxh ri wkh fulwhulrq ixqfwlrq= 3133333

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
d 31:<8347 3133<337 ;;15<6369 31333333
e 313<3343 3133::;: 44188<3:6 31333333
vljpd 31393<76 31334763 75194<438 31333333

6151616 Vlpxodwhg phwkrg ri prphqwv

L Orj0qrupdo glvwulexwlrq1

qhz>
oleudu| wvp/rswpxp/sjudsk>
WVPvhw>

&lqfoxgh 5OQ1vuf>

rxwsxw iloh @ wvp5f1rxw uhvhw>

ordg gdwd^` @ iuighp1dvf>
v @ sdfnu+orj+gdwd,,>

bnhuqho^4=5` @ 31855�31867>

2- Ghqvlw| hvwlpdwlrq e| Nhuqho -2

~{/sgiNhuqho/fgiNhuqho/uhwfrgh� @ Nhuqho+v,>

2- Orj0Qrupdo -2

surf K+wkhwd,>
orfdo px/vljpd/k4/k5>
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px @ wkhwd^4`>
vljpd @ vtuw+wkhwd^5`a5,>

2- iluvw prphqw H^}` @ h{s+px.318-vljpda5, -2
k4 @ v 0 h{s+px.318-vljpda5,>

2- vhfrqg prphqw ydu^}` @ h{s+5-px.vljpda5,-+h{s+vljpda5,04, -2
k5 @ k41-k4 0 h{s+5-px.vljpda5,-+h{s+vljpda5,04,>

uhws+k4�k5,>
hqgs>

bjppbodjv @ 3>
bjppblwhu @ 5>
bbrxwsxw @ 4>
bsulqw @ 3>
bwvpbsduqp @ **px**�**vljpd**>

vy @ oq+phdqf+v,,�14>
~wkhwd/vwghuu/Pfry/Tplq� @ jpp+)K/vy,>
px @ wkhwd^4`>
vljpd @ vtuw+wkhwd^5`a5,>
sgiJPP4 @ sgiOQ+{/px/vljpd,>

surf VlpxodwhgPrphqwv+wkhwd,>
orfdo px/vljpd>
orfdo Q/x>
orfdo P4/xf/P5>
orfdo k4/k5>

px @ wkhwd^4`>
vljpd @ vtuw+wkhwd^5`a5,>

Q @ 4333> 2- qxpehu ri vlpxodwlrqv -2

uqgvhhg 456789> 2- dozd|v xvh wkh vdph udqgrp qxpehuv -2

x @ uqgOQ+px/vljpd/Q/4,>

P4 @ phdqf+x,>
xf @ x 0 P4>
P5 @ phdqf+xfa5,>

2- iluvw prphqw -2
k4 @ v 0 P4>

2- vhfrqg prphqw -2
k5 @ k41-k4 0 P5>

uhws+k4�k5,>
hqgs>

~wkhwd/vwghuu/Pfry/Tplq� @ jpp+)VlpxodwhgPrphqwv/vy,>
px @ wkhwd^4`>
vljpd @ vtuw+wkhwd^5`a5,>
sgiJPP5 @ sgiOQ+{/px/vljpd,>

judskvhw>
bsgdwh @ ****> bsqxp @ 5> bsow|sh @ 9�4�6>
bsohjvwu @ **Jdxvvldq Nhuqho_333orj0qrupdo ghqvlw| +JPP,_333orj0qrupdo ghqvlw| +VPP,**>
bsohjfwo @ ~5 8 4 6�>
{wlfv+31855/31867/31335/3,>
judsksuw+**0f@4 0fi@wvp5f1hsv**,>
{|+{/sgiNhuqho�sgiJPP4�sgiJPP5,>
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L Sdudphwhuv ri wkh pl{wxuh ri wzr orj0qrupdo yduldeohv +Qrw |hw grqh,1

6151617 Zklwwoh phwkrg

Zh frqvlghu wkh prgho }w/ gh�qhg e| ;?
=

}w @ {w . |w
{w @ !4{w�4 . xw
|w @ yw � �4yw�4

zlwk xw � Q
�
3> �5x

�
dqg yw � Q

�
3> �5y

�
1 Wkh fruuhvsrqglqj vshfwudo jhqhudwlqj ixqfwlrq lv

j +�m, @ �5x
4

m4�!4hl�m m5 . �5y
��4� �4h

l�m
��5

@ �5x
4

+4�5!4 frv�m.!54,
. �5y

�
4� 5�4 frv�m . �54

�

Wkh yhfwru ri sdudphwhuv lv vhw wr
�
!4 �x �4 �y

�A
1

qhz>
oleudu| wvp/rswpxp>
WVPvhw>

rxwsxw iloh @ wvp5g1rxw uhvhw>

C?000 gdwd jhqhudwlrq 000AC

uqgvhhg 456789>

skl4 @ 318> wkhwd4 @ 31:> vljpdbx @ 3158> vljpdby @ 4>
Qrev @ 4333>

x @ uqgq+Qrev/4,-vljpdbx>
{ @ uhfvhudu+x/3/skl4,>

y @ uqgq+Qrev/4,-vljpdby>
| @ y 0 wkhwd4-+3�wulpu+y/3/4,,>
} @ { . |>

C?000 Zklwwoh hvwlpdwlrq 000AC

vy @ skl4�vljpdbx�wkhwd4�vljpdby>
bwvpbsduqp @ **skl4**�**vljpdbx**�**wkhwd4**�**vljpdby**>
birxulhu @ 3>
bvjibMdfreldqbSurf @ )vjibMdfreldq>

~wkhwd/vwghuu/Pfry/Orjo� @ IGbpo+}/)vji/vy,>

rxwsxw rii>
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surf vji+frhii/odpegd,>
orfdo skl4/wkhwd4/vljpdbx/vljpdby>
orfdo z/j>
skl4 @ frhii^4`>
vljpdbx @ frhii^5`>
wkhwd4 @ frhii^6`>
vljpdby @ frhii^7`>
z @ frv+odpegd,>
j @ +vljpdbxa5,12+405-skl4-z.skl4a5, .

+vljpdbya5,1-+405-wkhwd4-z.wkhwd4a5,>
uhws+j,>

hqgs>

surf vjibMdfreldq+frhii/odpegd,>
orfdo skl4/wkhwd4/vljpdbx/vljpdby>
orfdo z/j>
orfdo z4/z5/M4/M5/M6/M7/M>

skl4 @ frhii^4`>
vljpdbx @ frhii^5`>
wkhwd4 @ frhii^6`>
vljpdby @ frhii^7`>
z @ frv+odpegd,>

z4 @ 405-skl4-z.skl4a5>
z5 @ 405-wkhwd4-z.wkhwd4a5>

M4 @ 5-+z0skl4,1-+vljpdbxa5,12+z4a5,>
M5 @ 5-vljpdbx12z4>
M6 @ 5-+wkhwd40z,1-+vljpdbya5,>
M7 @ 5-vljpdby1-z5>
M @ M4�M5�M6�M7>

uhws+M,>
hqgs>

Wrwdo revhuydwlrqv= 4333
Xvdeoh revhuydwlrqv= 4333
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 7
Ghjuhhv ri iuhhgrp= <<9
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 0489;1<867<

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
skl4 316;3336 314:4;44 51544:85 3135:543
vljpdbx 3167;9;9 313;77:8 7145:9;; 31333373
wkhwd4 31<<<664 31;47657 4155:4<4 31553374
vljpdby 31;89764 3167<8<9 5177<::6 31347799

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

6151618 Jhqhudol}hg  h{leoh ohdvw vtxduhv

qhz>
oleudu| wvp/rswpxp/sjudsk>

2-
@@@@@@@@@@@@@@@@@@ Iluvw h{dpsoh= Wlph0ydu|lqj sdudphwhuv @@@@@@@@@@@@@@@@@@
-2

C?000 gdwd jhqhudwlrq 000AC

uqgvhhg 789>

Qrev @ 4333>

v @ vhtd+4/4/Qrev,>

{ @ iorru+uqgx+Qrev/6,-433,>

e4 @ rqhv+Qrev/4,> 2- frqvwdqw sdudphwhu -2
e5 @ vlq+vhtd+3/5-sl2Qrev/Qrev,, . uqgq+Qrev/4,-3158> 2- vlqh sdudphwhu -2
e6 @ uhfvhudu+uqgq+Qrev/4,/43/31<,> 2- DU sdudphwhu -2
E @ e4�e5�e6>

| @ vxpf+{*1-E*, . uqgq+Qrev/4,>

2- Ioh{leoh Ohdvw Vtxduhv zlwk px @ 4
-- +dqg lpsrvlqj frqvwdqf| iru wkh iluvw sdudphwhu,
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-2

px @ 433333�4�4>
~Eiov/x/u5bP/u5bG� @ IOV+|/{/px,> 2- IOV hvwlpdwlrq -2

Erov @ +lqysg+{*{,-{*| ,* 1-rqhv+Qrev/4,> 2- ROV hvwlpdwlrq -2

{|4 @ e4�Eiov^1/4`�Erov^1/4`>
{|5 @ e5�Eiov^1/5`�Erov^1/5`>
{|6 @ e6�Eiov^1/6`�Erov^1/6`>

2-
@@@@@@@@@@@@@@@@@@ Vhfrqg h{dpsoh= vwhs ixqfwlrq @@@@@@@@@@@@@@@@@@
-2

VwhsYdoxhv @ 5�518�5158�418�5�518�6�51:8>

{4 @ iorru+uqgx+Qrev/4,-433,> {5 @ iorru+uqgx+Qrev/5,-433,>
e4 @ ~�> e5 @ 5�6>
l @ 4>
gr xqwlo l A ;>

e4 @ e4 � VwhsYdoxhv^l`-rqhv+458/4,>
l @ l . 4>

hqgr>

| @ 7 . {41-e4 . {5-e5 . uqgq+Qrev/4,>
{ @ rqhv+Qrev/4,�{4�{5>

~Eiov/x/u5P/u5G� @ IOV+|/{/433333,> 2- IOV hvwlpdwlrq -2

Erov @ +lqysg+{*{,-{*| ,* 1-rqhv+Qrev/4,> 2- ROV hvwlpdwlrq -2

{|7 @ e4�Eiov^1/5`�Erov^1/5`>

judskvhw>
ehjzlqg>
zlqgrz+5/5/3,>

bsgdwh @ ****> bsqxp @ 5> bsqxpkw @ 3153> bsd{kw @ 3153>
bsow|sh @ 9�4�6>
bsohjvwu @ **wuxh_3IOV_3ROV**> bsohjfwo @ ~5 ; 6 5�>
{odeho+**w**,>

vhwzlqg+4,>
wlwoh+**Wlph0ydu|lqj sdudphwhuv_OIluvw frhiilflhqw**,>
{|+v/{|4,>

bsohjfwo @ 3>

vhwzlqg+5,>
wlwoh+**Wlph0ydu|lqj sdudphwhuv_Ovhfrqg frhiilflhqw**,>
{|+v/{|5,>

vhwzlqg+6,>
wlwoh+**Wlph0ydu|lqj sdudphwhuv_OWklug frhiilflhqw**,>
{|+v/{|6,>

vhwzlqg+7,>
wlwoh+**vwhs ixqfwlrqv**,>
{|+v/{|7,>

judsksuw+**0f@4 0fi@wvp5h1hsv**,>

hqgzlqg>
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61517 Vwdwh0vsdfh prghoolqj

6151714 Vwuxfwxudo prghov

L Orfdo olqhudu wuhqg prgho1 Wkh hvwlpdwlrq lv shuiruphg lq wkh iuhtxhqf| grpdlq1

2-
-- KDUYH\ ^4<<3`/ Iruhfdvwlqj/ Vwuxfwxudo Wlph Vhulhv dqg
-- wkh Ndopdq Ilowhu/ Fdpeulgjh Xqlyhuvlw| Suhvv/ sdjhv <30<6
--
-- Ndopdq ilowhulqj dqg wkh Orfdo Olqhdu Wuhqg Prgho
-2

qhz>
oleudu| wvp/rswpxp/sjudsk>
WVPvhw>

rxwsxw iloh @ wvp6d1rxw uhvhw>

C?000 gdwd 000AC

ordg jqs^` @ jqs1dvf>
Qrev @ urzv+jqs,>

C?000 iuhtxhqf| grpdlq hvwlpdwlrq 000AC

bwvpbrswpxp @ 3> 2- Phwkrg ri vfrulqj -2
~ehwd/vwghuu/Pfry/Orjo� @ vpbOOW+jqs/4�4�4,>

C?000 Dvvrfldwhg vwdwh0vsdfh prgho 000AC

wkhwd @ ehwda5> 2- vljpda5 -2

] @ 4�3> g @ 3> K @ wkhwd^6`>
W @ ~4 4/3 4�> f @ 3�3> U @ ~4 3/3 4�> T @ +wkhwd^4`�3,�+3�wkhwd^5`,>

fdoo VVPbexlog+]/g/K/W/f/U/T/3,>

d3 @ jqs^4`�3> S3 @ }hurv+5/5,> 2- Ndopdq ilowhu lqlwldol}dwlrq -2
fdoo NIlowhulqj+jqs/d3/S3,> 2- Uxqqlqj wkh Ndopdq ilowhu -2

d @ NIbpdwul{+6,> 2- d^w` -2

wb @ vhtd+4<3</4/94,>

rxwsxw rii>

judskvhw>
irqwv+**vlpsoh{ vlpjupd**,>
bsgdwh @ ****> bsqxp @ 5>
ehjzlqg>
pdnhzlqg+</91;88/3/3/3,>
pdnhzlqg+7/6/4/518/4,>
vhwzlqg+4,>
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bsiudph @ 3>
wlwoh+**ORFDO OLQHDU WUHQG PRGHO**_

**_O|`w^@_535p_534`w^._535h_534`w^ **_
**_535p_534`w^@_535p_534`w04^._535e_534`w04^._535f_534`w^ **_
**_535e_534`w^@_535e_534`w04^._535}_534`w^**,>

bsohjfwo @ ~5 9 918 4�>
bsohjvwu @ **jqs_333_535p_534`w^**>
{|+wb/jqs�d^1/4`,>

qh{wzlqg>
bsqxp @ 5> bsiudph @ 4�4> bsd{hv @ 4>
bswlwokw @ 3158> bsqxpkw @ 3153>
wlwoh+**_535e_534`w^**,>
bsohjvwu @ ****> bsohjfwo @ 3>
{|+wb/d^1/5`,>

judsksuw+**0f@4 0fi@wvp6d1hsv**,>

hqgzlqg>

Wrwdo revhuydwlrqv= 94
Xvdeoh revhuydwlrqv= 8<
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 6
Ghjuhhv ri iuhhgrp= 89
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 05:6133:58

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
vljbhwd 541:6589: 61;97;6< 8195647< 31333334
vljb}hwd 419346<: 31;597<: 41<6:8:5 3138::58
vljbhsvl :144569< 815;;5<< 41677<59 314;73:4

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

L Orfdo olqhudu wuhqg prgho1 Wkh hvwlpdwlrq lv shuiruphg lq wkh wlph grpdlq1

2-
-- KDUYH\ ^4<<3`/ Iruhfdvwlqj/ Vwuxfwxudo Wlph Vhulhv dqg
-- wkh Ndopdq Ilowhu/ Fdpeulgjh Xqlyhuvlw| Suhvv/ sdjhv <30<6
--
-- Ndopdq ilowhulqj dqg wkh Orfdo Olqhdu Wuhqg Prgho
-2

qhz>
oleudu| wvp/rswpxp/sjudsk>
WVPvhw>

rxwsxw iloh @ wvp6e1rxw uhvhw>

C?000 gdwd 000AC

ordg jqs^` @ jqs1dvf>
Qrev @ urzv+jqs,>

C?000 wlph grpdlq hvwlpdwlrq 000AC
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] @ 4�3> g @ 3>
W @ ~4 4/3 4�> f @ 3�3> U @ ~4 3/3 4�>
d3 @ jqs^4`�3> S3 @ }hurv+5/5,>

surf po+wkhwd,>
orfdo K/T/OrjO>
wkhwd @ wkhwda5> 2- vljpda5 -2
K @ wkhwd^6`>
T @ +wkhwd^4`�3,�+3�wkhwd^5`,>
fdoo VVPbexlog+]/g/K/W/f/U/T/3,>
fdoo NIlowhulqj+jqs/d3/S3,>
OrjO @ NIbpo>
uhws+OrjO,>

hqgs>

bwvpbrswpxp @ 3> 2- EKKK dojrulwkp -2
bwvpbPfry @ 6> 2- Khwhurvnhgdvwlflw| fryduldqfh -2

~ehwd/vwghuu/Pfry/Orjo� @ WGbpo+)po/8�8�8,>

C?000 Dvvrfldwhg vwdwh0vsdfh prgho 000AC

wkhwd @ ehwda5> 2- vljpda5 -2

K @ wkhwd^6`>
T @ +wkhwd^4`�3,�+3�wkhwd^5`,>

fdoo VVPbexlog+]/g/K/W/f/U/T/3,>

fdoo NIlowhulqj+jqs/d3/S3,> 2- Uxqqlqj wkh Ndopdq ilowhu -2

d @ NIbpdwul{+6,> 2- d^w` -2

wb @ vhtd+4<3</4/94,>

rxwsxw rii>

judskvhw>
irqwv+**vlpsoh{ vlpjupd**,>
bsgdwh @ ****> bsqxp @ 5>
ehjzlqg>
pdnhzlqg+</91;88/3/3/3,>
pdnhzlqg+7/6/4/518/4,>
vhwzlqg+4,>

bsiudph @ 3>
wlwoh+**ORFDO OLQHDU WUHQG PRGHO**_

**_O|`w^@_535p_534`w^._535h_534`w^ **_
**_535p_534`w^@_535p_534`w04^._535e_534`w04^._535f_534`w^ **_
**_535e_534`w^@_535e_534`w04^._535}_534`w^**,>

bsohjfwo @ ~5 9 918 4�>
bsohjvwu @ **jqs_333_535p_534`w^**>
{|+wb/jqs�d^1/4`,>

qh{wzlqg>
bsqxp @ 5> bsiudph @ 4�4> bsd{hv @ 4>
bswlwokw @ 3158> bsqxpkw @ 3153>
wlwoh+**_535e_534`w^**,>
bsohjvwu @ ****> bsohjfwo @ 3>
{|+wb/d^1/5`,>

judsksuw+**0f@4 0fi@wvp6e1hsv**,>

hqgzlqg>

Wrwdo revhuydwlrqv= 94
Xvdeoh revhuydwlrqv= 94
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 6
Ghjuhhv ri iuhhgrp= 8;
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 05;4138754

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
S34 531<6863: 61;63543 81798;6: 31333334
S35 41;983<; 318<;7<9 61449643 31335;7:
S36 :1877;37 431:;6894 319<<98; 317;9<6;

Fryduldqfh pdwul{= Zklwh Khwhurvnhgdvwlf pdwul{1
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6151715 Wlph0ydu|lqj sdudphwhuv

2-
-- Wlph0Ydu|lqj Prgho
--
-- |+w, @ e3-{3+w, . e4-{4+w, . x+w,
-- e3+w, @ e3+w04, . y3+w,
-- e4+w, @ e4+w04, . y4+w,
--
-- Pd{lpxp Olnholkrrg Hvwlpdwlrq
-2

qhz>
oleudu| wvp/rswpxp/sjudsk>
WVPvhw>

ghfoduh h{whuqdo vljpd>

C?000 Wlph0Ydu|lqj Prgho vlpxodwlrq 000AC

uqgvhhg 456>

v @ vhtd+4/4/433,>

e3 @ uhfvhudu+uqgq+433/4,-418/43/4,>
e4 @ uhfvhudu+uqgq+433/4,-315/7/4,>

{3 @ rqhv+433/4,>
{4 @ uqgx+433/4,-58>

x @ uqgq+433/4,-5>
[ @ {3�{4>
\ @ [31-e3 . [41-e4 . x>

C?000 Dvvrfldwhg vwdwh0vsdfh prgho 000AC

surf ]+l,> orfdo z> z @ [^l/1`> uhws+z,> hqgs>

surf g+l,> orfdo z> z @ 3> uhws+z,> hqgs>

surf W+l,> orfdo z> z @ h|h+5,> uhws+z,> hqgs>

surf f+l,> orfdo z> z @ 3�3> uhws+z,> hqgs>

surf U+l,> orfdo z> z @ h|h+5,> uhws+z,> hqgs>

surf K+l,> orfdo z> z @ vljpd^4`a5> uhws+z,> hqgs>

surf T+l,> orfdo z> z @ h|h+5,1-vljpd^5=6`*> z @ za5> uhws+z,> hqgs>

C?000 orj0olnholkrrg ixqfwlrq 000AC

surf po+wkhwd,>
orfdo d3/S3/OrjO>
vljpd @ wkhwd^4=6`>
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fdoo VVPbexlog+)]/)g/)K/)W/)f/)U/)T/4,>
d3 @ e3^4`�e4^4`>
S3 @ }hurv+5/5,>
fdoo NIlowhulqj+\/d3/S3,>
OrjO @ NIbpo>
uhws+OrjO,>

hqgs>

C?000 PO hvwlpdwlrq 000AC

bwvpbrswpxp @ 3> 2- EKKK dojrulwkp -2
bwvpbsduqp @ **vljbx**�**vljpd3**�**vljpd4**>

~wkhwd/vwghuu/Pfry/OrjO� @ WGbpo+)po/5�418�315,>

ehwd @ lqysg+[*[,-[*\> 2- ROV hvwlpdwlrq -2

rxwsxw rii>

C?000 Ndopdq ilowhulqj 000AC

vljpd @ wkhwd^4=6`>
d3 @ e3^4`�e4^4`>
S3 @ }hurv+5/5,>

fdoo VVPbexlog+)]/)g/)K/)W/)f/)U/)T/4,>
fdoo NIlowhulqj+\/d3/S3,>

|f @ NIbpdwul{+4,> 2- |^w�w04` -2
y @ NIbpdwul{+5,> 2- y^w` -2
d @ NIbpdwul{+6,> 2- d^w` -2
S @ NIbpdwul{+7,> 2- S^w` -2
df @ NIbpdwul{+8,> 2- d^w�w04` -2
Sf @ NIbpdwul{+9,> 2- S^w�w04` -2
I @ NIbpdwul{+:,> 2- I^w�w04` -2
lqyI @ NIbpdwul{+;,> 2- I^w�w04`a+04, -2

C?000 Ndopdq vprrwklqj 000AC

~dv/Sv� @ Nvprrwklqj>

judskvhw>
ehjzlqg>
zlqgrz+4/5/4,>

bsgdwh @ ****> bsqxp @ 5> bsd{kw @ 3158> bsqxpkw @ 3158>
irqwv+**vlpsoh{ vlpjupd**,>
{odeho+**w**,>
bsow|sh @ 9�4�6�7>
bsohjfwo @ ~5 8 7 4�>

vhwzlqg+4,>

bsohjvwu @ **_535e_534`3^ +wuxh ydoxhv,**_
**_333Ndopdq ilowhu**_
**_333Ndopdq vprrwklqj**_
**_333ROV**>

{|+v/e3�d^1/4`�dv^1/4`�+ehwd^4`-rqhv+433/4,,,>

vhwzlqg+5,>

bsohjvwu @ **_535e_534`4^ +wuxh ydoxhv,**_
**_333Ndopdq ilowhu**_
**_333Ndopdq vprrwklqj**_
**_333ROV**>

{|+v/e4�d^1/5`�dv^1/5`�+ehwd^5`-rqhv+433/4,,,>

judsksuw+**0f@4 0fi@wvp6f1hsv**,>

hqgzlqg>
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6151716 Pxowlyduldwh prgho

L Qrw |hw grqh1

6151717 H{dfw pd{lpxp olnholkrrg

L Xqlyduldwh DUPD h{dpsoh1

2-
-- H{dfw Pd{lpxp Olnholkrrg Hvwlpdwlrq ri dq DUPD+4/4, prgho
-- zlwk wkh Ndopdq Ilowhu
-2

qhz>
oleudu| wvp/rswpxp/sjudsk>
WVPvhw>

rxwsxw iloh @ wvp6h1rxw uhvhw>

2- Jhqhudwh dq DUPD+4/4, surfhvv -2

uqgvhhg 456789>

Qrev @ 433>
hw @ uqgq+Qrev.4/4,-418>
|w @ uhfvhudu+hw^5=Qrev.4`.319-hw^4=Qrev`/3/31;,>

2- Exlog d surfhgxuh iru wkh olnholkrrg ixqfwlrq -2

surf po+frhii,>
orfdo ehwd/vljpd/Sfkro/]/g/K/W/f/U/T>
orfdo d3/S3/Orjo>

ehwd @ frhii^4=5`>
VLJPD @ frhii^6`a5>

~]/g/K/W/f/U/T� @ dupdbwrbVVP+ehwd/4/4/VLJPD,>
fdoo VVPbexlog+]/g/K/W/f/U/T/3,>
~d3/S3� @ VVPblf>
fdoo NIlowhulqj+|w/d3/S3,>
Orjo @ NIbpo>

uhws+Orjo,>
hqgs>

2- h{dfw POH -2

bsulqw @ 4>
bwvpbrswpxp @ 3>
bwvpbjwro @ 31334>
bwvpbPfry @ 4>

~wkhwd/vwghuu/Pfry/Orjo� @ WGbpo+)po/31;�0319�418,>

ehwd @ wkhwd^4=5`>
VLJPD @ wkhwd^6`a5>
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2- VVP -2

~]/g/K/W/f/U/T� @ dupdbwrbVVP+ehwd/4/4/VLJPD,>
fdoo VVPbexlog+]/g/K/W/f/U/T/3,>
~d3/S3� @ VVPblf>
fdoo NIlowhulqj+|w/d3/S3,>

2- Iruhfdvwlqj -2

qs @ 43>

~Iruhfdvwv/pvh/dI/SI� @ NIruhfdvwlqj+qs,>
v @ vhtd+Qrev.4/4/qs,>
Ivwghuu @ vtuw+pvh,>
OFO @ Iruhfdvwv 0 41<9-Ivwghuu>
XFO @ Iruhfdvwv . 41<9-Ivwghuu>

rpdw @ OFO�Iruhfdvwv�XFO�Ivwghuu>

sulqw>
sulqw ** Shulrg OFO Iruhfdvwv XFO**_

** Iruhfdvw Vwg1 Huu1**>
sulqw fkuv+78-rqhv+:8/4,,>
ohw ipw^8/6` @ **-1-oi** ; 3

**-1-oi** 48 9
**-1-oi** 48 9
**-1-oi** 48 9
**-1-oi** 48 9>

fdoo sulqwip+v�rpdw/4�4�4�4�4/ipw,>

rxwsxw rii>

2-
--
-- Li |rx kdyh wkh DULPD oleudu|/ |rx frxog frpsduh zlwk Dqvoh| phwkrg=
--
-- ~e/o/h/fy/dlf/vef� @ dulpd+3/|w/4/3/4/3,>
-- i @ iruhfdvw+e/|w/4/3/4/3/h/43,>
--
-- Wkh uhvxowv duh=
--
-- Prgho= DULPD+4/3/4,
--
--
-- Ilqdo Uhvxowv=
--
-- Lwhudwlrqv Xqwlo Frqyhujhqfh= 7
--
-- Orj Olnholkrrg= 04;61556599 Qxpehu ri Uhvlgxdov= 433
-- DLF = 6:31779865 Huuru Yduldqfh = 515<79:8<69
-- VEF = 6:81989;:5 Vwdqgdug Huuru = 41847;4;:;3
--
-- GI= <; Dgm1 VVH= 55;1883:;7578 VVH= 5571;:;5749;8
--
-- Frhiilflhqwv Vwg1 Huuruv W0Udwlr Dssur{1 Sure1
-- DU4 31:4494475 313:::6:6: <148738 3133333
-- PD4 03183:5::;< 313<:46968 08155566 3133333
--
--
-- Wrwdo Frpsxwdwlrq Wlph= 3144 +vhfrqgv,
--
-- DU Urrw= 4173859
--
-- PD Urrw= 041<:464
--
--
-- Iruhfdvwv iru DULPD+4/3/4, Prgho1 <8( Frqilghqfh Lqwhuydo Frpsxwhg1
--
-- Shulrg OFO Iruhfdvwv XFO Iruhfdvw Vwg1 Huu1
-- 434 0513:339; 31;<;<56 61;9:<46 41847;4<
-- 435 07137457; 3196<9;7 81653949 516;;5:8
-- 436 071;;:685 31788539 81:<::98 51:58;78
-- 437 0816574;9 31656<63 81<:5379 51;;4:78
-- 438 0818994<9 31563845 9135:553 51<8:88<
-- 439 081:397;7 31497368 91367887 51<<854;
-- 43: 081:<3;48 31449:5< 913575:7 6134743<
-- 43; 081;76473 313;6399 9133<5:5 61356963
-- 43< 081;:9856 3138<444 81<<7:77 6135;773
-- 443 081;<;66; 31375397 81<;5798 61363;:6
-2

Wrwdo revhuydwlrqv= 433
Xvdeoh revhuydwlrqv= 433
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Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 6
Ghjuhhv ri iuhhgrp= <:
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 04;615565:

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
S34 31:44948 313:9364 <168<878 31333333
S35 03183:5:6 313<6<<9 0816<9:83 31333333
S36 417<<8<; 3143938< 47146<5;9 31333333

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

Shulrg OFO Iruhfdvwv XFO Iruhfdvw Vwg1 Huu1
000000000000000000000000000000000000000000000000000000000000000000000000000

434 0513735;9 31;<;<5: 61;6;46< 417<<8<;
435 061<<75<4 3196<9<3 815:69:3 516975:9
436 071;66:97 31788546 81:774;< 519<;78:
437 08159:86; 31656<69 81<48744 51;85:<6
438 08183;395 3156384; 81<9<3<: 51<5:;7:
439 08197:946 31497373 81<:89<6 51<9845<
43: 081:648:8 31449:66 81<98375 51<;6;64
43; 081:;6:48 313;639< 81<7<;86 51<<658:
43< 081;4:337 3138<446 81<68563 51<<;34<
443 081;6;::5 31375399 81<55<37 6133375;

L Pxowlyduldwh DUPD h{dpsoh1

2-
-- Hvwlpdwlrq ri d Yhfwru DUPD+4/4, surfhvv
-- H{dfw Pd{lpxp Olnholkrrg
--
-2

qhz>
oleudu| wvp/rswpxp>

rxwsxw iloh @ wvp6i1rxw uhvhw>

C?000 Gdwd 000AC

ordg uhlqvho^433/5` @ uhlqvho1dvf>

lqyhvw @ uhlqvho^1/4`>
lqyhqw @ uhlqvho^1/5`>
gl @ lqyhvw 0 odj4+lqyhvw,>
| @ gl�lqyhqw>

C?000 PO ixqfwlrq 000AC

surf po+frhii,>
orfdo ehwd/vljpd/Sfkro/]/g/K/W/f/U/T>
orfdo d3/S3/Orjo>

ehwd @ frhii^4=;`>
Sfkro @ +frhii^<`�3,�+frhii^43`�frhii^44`,>
VLJPD @ Sfkro-Sfkro*>

~]/g/K/W/f/U/T� @ dupdbwrbVVP+ehwd/4/4/VLJPD,>
fdoo VVPbexlog+]/g/K/W/f/U/T/3,>

~d3/S3� @ VVPblf> 2- ?@@@@@ WKLV OLQH LV WKH PRVW LPSRUWDQW
IRU H[DFW POH

-2

li lvplvv+d3,>
fov>
sulqw **Qrw lpsohphqwhg iru qrq0vwdwlrqqdu| DUPD prghov1**>
hqg>

hqgli>

fdoo NIlowhulqj+|/d3/S3,>
Orjo @ NIbpo>

uhws+Orjo,>
hqgs>

bsulqw @ 4>
bwvpbrswpxp @ 3>
bwvpbjwro @ 31334>

ordg dupd4/ dupd5>
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vy @ dupd4�yhfkb+fkro+dupd5,,> 2- Vwduwlqj ydoxhv @ FPOH sdudphwhuv -2

~wkhwd/vwghuu/Pfry/Orjo� @ WGbpo+)po/vy,>

rxwsxw rii>

Wrwdo revhuydwlrqv= 433
Xvdeoh revhuydwlrqv= <<
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 44
Ghjuhhv ri iuhhgrp= ;;
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 08391;59;;

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
S34 3168;:66 314:9999 513638:9 3137864:
S35 3197;6<; 31563879 51;45774 31339395
S36 031356398 31377<4: 03184683; 3193;;;6
S37 31;74677 3137:947 4:19:3334 31333333
S38 03153;7;3 314;66:6 041469<4: 3158;98<
S39 3156:;4: 3164:947 31:7;:93 31788<<<
S3: 0314;4;73 3139<55: 051959:3; 3134349<
S3; 3156<477 3144::69 513644<4 31378586
S3< 516::935 3149<377 47139834; 31333333
S43 413338;8 3174;68; 516<49<7 3134;<33
S44 713:::4< 315<3:33 47135:559 31333333

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

6151718 Lpsxovh ixqfwlrqv

L Dq h{dpsoh zlwk d VVP prgho1

qhz>
oleudu| wvp/rswpxp/sjudsk>
WVPvhw>

] @ ~4 4/7 5/5 06�> g @ 3�3�3> K @ ~8 4 3/4 7 3/3 3 ;�>
W @ ~318 3178/0318 31;�>
f @ ~3/3�> U @ h|h+5,> T @ ~5 318/318 4�>

fdoo VVPbexlog+]/g/K/W/f/U/T/3,>

Qu @ 53>
v @ vhtd+3/4/Qu.4,>

h @ 4�04>
~Ghowd/Nvl/}hwd� @ VVPbruwkrjrqdo+h/Qu,>

judskvhw>
ehjzlqg>
pdnhzlqg+</318/3/91;880318/3,>
pdnhzlqg+<25/81;8825/3/91;8825/3,>
pdnhzlqg+<25/81;8825/718/91;8825/3,>
pdnhzlqg+</318/3/81;8825/3,>
pdnhzlqg+<25/81;8825/3/3/3,>
pdnhzlqg+<25/81;8825/718/3/3,>

vhwzlqg+4,>
bsd{hv @ 3> bsqxp @ 3> bswlwokw @ 5>
wlwoh+**Uhvsrqvhv wr wkh ruwkrjrqdo lpsxovh h @ C^4 04C`***,>
gudz>

vhwzlqg+5,>
judskvhw>
bswlwokw @ 3168> bsd{kw @ 3158> bsqxpkw @ 3158> bsqxp @ 5>
bsolqh @ 4�4�3�3�Qu�3�4�:�3>
wlwoh+**ri wkh iluvw yduldeoh |`4^+w,**,>
{wlfv+3/Qu/4/3,>
{|+v/Ghowd^1/4`,>

vhwzlqg+6,>
wlwoh+**ri wkh vhfrqg yduldeoh |`5^+w,**,>
{wlfv+3/Qu/4/3,>
{|+v/Ghowd^1/5`,>

vhwzlqg+7,>
judskvhw>
bsd{hv @ 3> bsqxp @ 3> bswlwokw @ 5>
wlwoh+**Fxpxodwlyh uhvsrqvhv**,>
gudz>
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vhwzlqg+8,>
judskvhw>
bswlwokw @ 3168> bsd{kw @ 3158> bsqxpkw @ 3158> bsqxp @ 5>
wlwoh+**ri wkh iluvw yduldeoh |`4^+w,**,>
{wlfv+3/Qu/4/3,>
bsolqh @ 4�4�3�}hwd^4`�Qu�}hwd^4`�4�:�3>
{|+v/Nvl^1/4`,>

vhwzlqg+9,>
wlwoh+**ri wkh vhfrqg yduldeoh |`5^+w,**,>
{wlfv+3/Qu/4/3,>
bsolqh @ 4�4�3�}hwd^5`�Qu�}hwd^5`�4�:�3>
{|+v/Nvl^1/5`,>

judsksuw+**0f@4 0fi@wvp6j1hsv**,>

hqgzlqg>

L Dq h{dpsoh zlwk d YDU prgho1

2-
-- OXWNHSRKO ^4<<4`/ Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv/
-- Vsulqjhu0Yhuodj/ Ehuolq0Khlghoehuj
--
-- Iruhfdvw Huuru Yduldqfh Ghfrpsrvlwlrq
-- Vhh OXWNHSRKO/ vhfwlrq 61:16
--
-2

qhz>
oleudu| wvp/rswpxp/sjudsk>

rxwsxw iloh @ wvp6k1rxw uhvhw>

ordg |^<5/6` @ oxwnhsrk1dvf>

| @ oq+|^4=:9/1`,>

LQYHVW @ |^1/4`>
glqy @ LQYHVW0odj4+LQYHVW,>
LQFRPH @ |^1/5`>
glqf @ LQFRPH0odj4+LQFRPH,>
FRQVXP @ |^1/6`>
gfrqv @ FRQVXP0odj4+FRQVXP,>
gdwd @ glqy�glqf�gfrqv>

bsulqw @ 3>
~wkhwd/vwghuu/Pfry/ORJO� @ ydu{bOV+gdwd/4/5,> 2- Frqvwdqw dqg 5 odjv -2

ehwd @ wkhwd^4=4;`> 2- Hvwlpdwhv ri wkh DU sduw -2
VLJPD @ bydu{bVLJPD>

~]/g/K/W/f/U/T� @ dupdbwrbVVP+ehwd/5/3/VLJPD,>
fdoo VVPbexlog+]/g/K/W/f/U/T/3,>

Rphjd @ VVPbihyg+;,>

l @ vhtd+4/4/;,>
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pdvn @ 4�4�4�4>
ohw ipw^7/6`@ **-1-oi** 46 3 **-1-oi** 4; 7 **-1-oi** 4; 7 **-1-oi** 4; 7>

sulqw>
sulqw **IRUHFDVW HUURU YDULDQFH GHFRPSRVLWLRQ lq LQYHVWPHQW +shufhqw,**>
sulqw>
sulqw fkuv+78-rqhv+:</4,,>
sulqw ** Lqyhvwphqw Lqfrph Frqvxpswlrq**>
sulqw ** shulrgv lqqrydwlrqv lqqrydwlrqv lqqrydwlrqv**>
sulqw fkuv+78-rqhv+:</4,,>
l @ 4>
gr xqwlo l A ;>

uvs @ {sqg5+Rphjd/l,>
uvs @ uvs^4/1`>
fdoo sulqwip+l�+uvs-433,/pdvn/ipw,> sulqw>
l @ l .4>

hqgr>

sulqw> sulqw>

sulqw>
sulqw **IRUHFDVW HUURU YDULDQFH GHFRPSRVLWLRQ lq LQFRPH +shufhqw,**>
sulqw>
sulqw fkuv+78-rqhv+:</4,,>
sulqw ** Lqyhvwphqw Lqfrph Frqvxpswlrq**>
sulqw ** shulrgv lqqrydwlrqv lqqrydwlrqv lqqrydwlrqv**>
sulqw fkuv+78-rqhv+:</4,,>
l @ 4>
gr xqwlo l A ;>

uvs @ {sqg5+rphjd/l,>
uvs @ uvs^5/1`>
fdoo sulqwip+l�+uvs-433,/pdvn/ipw,> sulqw>
l @ l .4>

hqgr>

sulqw> sulqw>

sulqw>
sulqw **IRUHFDVW HUURU YDULDQFH GHFRPSRVLWLRQ lq FRQVXPSWLRQ +shufhqw,**>
sulqw>
sulqw fkuv+78-rqhv+:</4,,>
sulqw ** Lqyhvwphqw Lqfrph Frqvxpswlrq**>
sulqw ** shulrgv lqqrydwlrqv lqqrydwlrqv lqqrydwlrqv**>
sulqw fkuv+78-rqhv+:</4,,>
l @ 4>
gr xqwlo l A ;>

uvs @ {sqg5+Rphjd/l,>
uvs @ uvs^6/1`>
fdoo sulqwip+l�+uvs-433,/pdvn/ipw,> sulqw>
l @ l .4>

hqgr>

rxwsxw rii>

IRUHFDVW HUURU YDULDQFH GHFRPSRVLWLRQ lq LQYHVWPHQW +shufhqw,

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Lqyhvwphqw Lqfrph Frqvxpswlrq

shulrgv lqqrydwlrqv lqqrydwlrqv lqqrydwlrqv
0000000000000000000000000000000000000000000000000000000000000000000000000000000

4 43313333 313333 313333
5 <81<<93 41:844 51585<
6 <71897< 51;354 519663
7 <713:<5 51<694 51<;7:
8 <61;797 6134;4 614689
9 <61;63; 613579 614779
: <61::;7 613:6: 6147:<
; <61::84 613:6< 614843

IRUHFDVW HUURU YDULDQFH GHFRPSRVLWLRQ lq LQFRPH +shufhqw,

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Lqyhvwphqw Lqfrph Frqvxpswlrq

shulrgv lqqrydwlrqv lqqrydwlrqv lqqrydwlrqv
0000000000000000000000000000000000000000000000000000000000000000000000000000000

4 41:869 <;15797 313333
5 913578 <31:7:3 6155;8
6 91<8<5 ;<18:95 617978
7 91;646 ;<15654 61<699
8 91;834 ;<15453 61<6:<
9 91<576 ;<1473; 61<67;
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: 91<555 ;<1448; 61<953
; 91<55; ;<1447< 61<956

IRUHFDVW HUURU YDULDQFH GHFRPSRVLWLRQ lq FRQVXPSWLRQ +shufhqw,

0000000000000000000000000000000000000000000000000000000000000000000000000000000
Lqyhvwphqw Lqfrph Frqvxpswlrq

shulrgv lqqrydwlrqv lqqrydwlrqv lqqrydwlrqv
0000000000000000000000000000000000000000000000000000000000000000000000000000000

4 :1<<83 5:15<54 971:45<
5 :1:57; 5:16;7; 971;<37
6 451<:5< 6616974 8619963
7 451;:36 6617<;; 861963<
8 451;8;; 661<577 861549;
9 451;855 661<963 8614;7;
: 451;:35 661<895 8614:69
; 451;:37 661<9;5 8614947

6151719 Errwvwuds phwkrgv

L Frpsxwhv wkh vwdqgdug huuruv ri wkh lpsxovh uhvsrqvhv e| VVP errwvwuds whfkqltxhv1

2-
-- OXWNHSRKO ^4<<4`/ Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv/
-- Vsulqjhu0Yhuodj/ Ehuolq0Khlghoehuj
--
-- Wklv surjudp uhsurgxfhv wkh iljxuhv 617061: ri OXWNHSRKO ^4<<4`1
-2

qhz>
oleudu| wvp/rswpxp/sjudsk>
WVPvhw>

ordg |^<5/6` @ oxwnhsrk1dvf>

| @ oq+|^4=:9/1`,>

LQYHVW @ |^1/4`>
glqy @ LQYHVW0odj4+LQYHVW,>
LQFRPH @ |^1/5`>
glqf @ LQFRPH0odj4+LQFRPH,>
FRQVXP @ |^1/6`>
gfrqv @ FRQVXP0odj4+FRQVXP,>
~gdwd/uhwfrgh� @ Plvvlqj+glqy�glqf�gfrqv/3,>
Qrev @ urzv+gdwd,>

2- Iluvw/ hvwlpdwh wkh frhiilflhqwv -2

bsulqw @ 3>
~wkhwd/vwghuu/Pfry/ORJO� @ ydu{bOV+gdwd/4/5,> 2- Frqvwdqw dqg 5 odjv -2

2- Wdnh wkh DU sduw ri wkh YDU[ prgho -2

ehwd @ wkhwd^4=4;`>
frqvw @ wkhwd^4<=54`> 2- frqvwdqw hvwlpdwhv -2
VLJPD @ bydu{bVLJPD>

Qu @ ;> 2- Qxpehu ri uhvsrqvhv -2
Qv @ 433> 2- Qxpehu ri errwvwuds -2

uhs4 @ }hurv+4.Qu/4,> 2- Uhvsrqvhv ri Frqvxpswlrq wr dq
lpsxovh lq Lqfrph -2

uhs5 @ }hurv+4.Qu/4,> 2- Uhvsrqvhv ri Lqyhvwphqw wr dq
lpsxovh lq Frqvxpswlrq -2

uhs6 @ }hurv+4.Qu/4,> 2- Dffxpxodwhg uhvsrqvhv ri Frqvxpswlrq wr dq
lpsxovh lq Lqfrph -2

uhs7 @ }hurv+4.Qu/4,> 2- Dffxpxodwhg uhvsrqvhv ri Lqyhvwphqw wr dq
lpsxovh lq Frqvxpswlrq -2

2- Frpsxwh wkh uhvsrqvhv -2

fdoo dupdblpsxovh+ehwd/5/3/Qu,>

m @ 3>
gr xqwlo m A Qu>

} @ ydujhw+**LPSXOVH**'.iwrv+m/**(oi**/4/3,,>
uhs4^4.m/4` @ }^6/5`>
uhs5^4.m/4` @ }^4/6`>
} @ ydujhw+**bLPSXOVH**'.iwrv+m/**(oi**/4/3,,>
uhs6^4.m/4` @ }^6/5`>
uhs7^4.m/4` @ }^4/6`>
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m @ m . 4>
hqgr>

2- Exlog wkh fruuhvsrqglqj vwdwh vsdfh prgho -2

~]/g/K/W/f/U/T� @ dupdbwrbVVP+ehwd/5/3/VLJPD,>
f^4=6` @ frqvw> 2- Dgg wkh frqvwdqw -2
fdoo VVPbexlog+]/g/K/W/f/U/T/3,>
d3 @ gdwd^4/1`*�gdwd^5/1`*�}hurv+6/4,>
S3 @ }hurv+</<,>
fdoo NIlowhulqj+gdwd^6=Qrev/1`/d3/S3,>

2- Frpsxwh wkh vwdqgdug huuruv zlwk wkh Errwvwuds Phwkrg -2

uhs4v @ }hurv+4.Qu/Qv,>
uhs5v @ }hurv+4.Qu/Qv,>
uhs6v @ }hurv+4.Qu/Qv,>
uhs7v @ }hurv+4.Qu/Qv,>

l @ 4>
gr xqwlo l A Qv>

~|v/dv� @ errwvwudsbVVP+d3,> 2- VVP errwvwuds -2
gdwdv @ gdwd^4/1`�gdwd^5/1`�|v> 2- Dgg wkh suhvdpsoh ydoxhv -2
~wkhwdv/vwghuu/Pfry/ORJO� @ ydu{bOV+gdwdv/4/5,> 2- YDU hvwlpdwlrq -2
ehwdv @ wkhwdv^4=4;`>
fdoo dupdblpsxovh+ehwdv/5/3/Qu,>

m @ 3>
gr xqwlo m A Qu>

} @ ydujhw+**LPSXOVH**'.iwrv+m/**(oi**/4/3,,>
uhs4v^4.m/l` @ }^6/5`>
uhs5v^4.m/l` @ }^4/6`>
} @ ydujhw+**bLPSXOVH**'.iwrv+m/**(oi**/4/3,,>
uhs6v^4.m/l` @ }^6/5`>
uhs7v^4.m/l` @ }^4/6`>
m @ m . 4>

hqgr>

l @ l . 4>
hqgr>

vwghuu4 @ vwgf+uhs4v*,>
vwghuu5 @ vwgf+uhs5v*,>
vwghuu6 @ vwgf+uhs6v*,>
vwghuu7 @ vwgf+uhs7v*,>

shulrg @ vhtd+3/4/Qu.4,>

judskvhw>
ehjzlqg>
zlqgrz+5/5/3,>

bsqxp @ 5> bsgdwh @ ****> bsow|sh @ 4�9�4> bsiudph @ ~3/3�> bsfurvv @ 4>
bsfroru @ 45�44�45> bsd{kw @ 3158> bsqxpkw @ 3158> bswlwokw @ 314:>

vhwzlqg+4,>
erxqg @ uhs4 . +05�3�5,1-vwghuu4>
wlwoh+**Ilj1 6171 Hvwlpdwhg uhvsrqvhv ri frqvxpswlrq wr d iruhfdvw**_

**_Ohuuru lpsxovh lq lqfrph zlwk wzr0vwdqgdug huuru erxqgv**,>
{|+shulrg/erxqg,>

vhwzlqg+5,>
erxqg @ uhs5 . +05�3�5,1-vwghuu5>
wlwoh+**Ilj1 6181 Hvwlpdwhg uhvsrqvhv ri lqyhvwphqw wr d iruhfdvw**_

**_Ohuuru lpsxovh lq frqvxpswlrq zlwk wzr0vwdqgdug huuru erxqgv**,>
{|+shulrg/erxqg,>

vhwzlqg+6,>
erxqg @ uhs6 . +05�3�5,1-vwghuu6>
wlwoh+**Ilj1 6191 Dffxpxodwhg uhvsrqvhv ri frqvxpswlrq wr d iruhfdvw**_

**_Ohuuru lpsxovh lq lqfrph zlwk wzr0vwdqgdug huuru erxqgv**,>
{|+shulrg/erxqg,>

vhwzlqg+7,>
erxqg @ uhs7 . +05�3�5,1-vwghuu7>
wlwoh+**Ilj1 61:1 Dffxpxodwhg uhvsrqvhv ri lqyhvwphqw wr d iruhfdvw**_

**_Ohuuru lpsxovh lq frqvxpswlrq zlwk wzr0vwdqgdug huuru erxqgv**,>
{|+shulrg/erxqg,>

judsksuw+**0f@4 0fi@wvp6l1hsv**,>

hqgzlqg>
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61518 Vshfwudo phwkrgv

6151814 Xqghuvwdqglqj wkh Irxulhu wudqvirup

qhz>
oleudu| wvp/rswpxp/sjudsk>
WVPvhw>

C?000 Gdwd 000AC

Q @ 57;>
w @ vhtd+3/9-sl2Q/Q.4,>
{4 @ vlq+w,>
{5 @ frv+5-w,>
{6 @ uqgq+Q.4/4,-3153>

| @ {4 . {5 . {6>

C?000 Irxulhu wudqvirup 000AC

g @ irxulhu+|,>

~u/wkhwd� @ wrsrodu+g,>

C?000 Lqyhuvh Irxulhu wudqvirup 000AC

u4 @ vxevwxwh+u/ u 1A 433/ 3,>
g4 @ wrfduw+u4/wkhwd,>
|4 @ uhdo+lqyhuvhbirxulhu+g4,,>

u5 @ vxevwxwh+u/ u 1? 433/ 3,>
g5 @ wrfduw+u5/wkhwd,>
|5 @ uhdo+lqyhuvhbirxulhu+g5,,>

judskvhw>
ehjzlqg>
zlqgrz+5/5/3,>

bsgdwh @ %%> bsqxp @ 5> bsqxpkw @ 3158>

vhwzlqg+4,>
|wlfv+05/418/318/3,>
{wlfv+3/53/8/3,>
{|+w/|,>

vhwzlqg+5,>
judskvhw> bsqxpkw @ 3153> bsofwuo @ 04>
srodu+u4/wkhwd,>

vhwzlqg+6,>
bsofwuo @ 3>
srodu+u5/wkhwd,>

vhwzlqg+7,>
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|wlfv+05/418/318/3,>
{wlfv+3/53/8/3,>
{|+w/|4�|5,>

judsksuw+%0f@4 0fi@wvp7d1hsv%,>

hqgzlqg>

6151815 Shulrgrjudp/ vshfwudo hvwlpdwlrq dqg furvv0vshfwuxp dqdo|vlv

L Qrw |hw grqh1

6151816 Vxuurjdwh gdwd

L Qrw |hw grqh1

6151817 Nroprjrury0Vpluqry whvw

2-
-- Vshfwudo Nroprjrury0Vpluqry whvw
--
-- EURFNZHOO dqg GDYLV ^4<<4`/ Wlphv Vhulhv= Wkhru| dqg Phwkrgv/
-- Vsulqjhu0Yhuodj/ Qhz \run/ sdjhv 66<0675
-2

qhz>
oleudu| wvp/rswpxp/sjudsk>

ordg gdwd^` @ iuighp1dvf>

u @ sdfnu+orj+gdwd12odj4+gdwd,,,> 2- Uhwxuqv -2

|4 @ iudfwlrqdobilowhu+u/03153,>
|5 @ iudfwlrqdobilowhu+u/3,>
|6 @ iudfwlrqdobilowhu+u/3153,>

birxulhu @ 3>
~odpegd/L4� @ SGJP+|4,>
~odpegd/L5� @ SGJP+|5,>
~odpegd/L6� @ SGJP+|6,>

t @ urzv+odpegd,25>

F4 @ fxpvxpf+L4^4=t`,2vxpf+L4^4=t`,>
F5 @ fxpvxpf+L5^4=t`,2vxpf+L5^4=t`,>
F6 @ fxpvxpf+L6^4=t`,2vxpf+L6^4=t`,>

{ @ vhtd+4/4/t,>

nbdoskd @ 04196�4196> 2- 4( ohyho -2
Fberxqg @ +{04,2+t04, . nbdoskd-+t04,a+0318,>

judskvhw>
wlwoh+**Nroprjrury0Vpluqry whvw xvlqj wkh vshfwudo dqdo|vlv**_
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**_OWhvwlqj iru d iudfwlrqdo surfhvv**,>
bsgdwh @ ****> bsqxp @ 5>
bsow|sh @ 9�9�9�4�4>
bsvw|sh @ ;�<�43�4�4>
bsofwuo @ 433�433�433�3�3>
irqwv+**vlpsoh{ vlpjupd**,>
{wlfv+3/sl/sl27/3,> |wlfv+3/4/3158/3,>
ode @ ** 3 _535s_53427 _535s_53425 _5346_535s_53427 _535s_534**>
dvfodeho+ode/3,>
{odeho+**iuhtxhqf|**,>
judsksuw+**0f@4 0fi@wvp7g1hsv**,>
{|+{2t-sl/F4�F5�F6�Fberxqg,>

6151818 Fryduldqfh ixqfwlrqv

qhz>
oleudu| wvp/rswpxp/sjudsk>
WVPvhw>

birxulhu @ 4>

uqgvhhg 456789>

] @ h|h+5,> g @ 3�3>
ohw K^5/5` @ 315 3 3 314>
ohw W^5/5` @ 318 316 3 0318>
f @ 3�3> U @ 4�4> T @ 3158>

fdoo VVPbexlog+]/g/K/W/f/U/T/3,>
~|/d� @ UQGbVVP+3�3/433,>
| @ | 0 phdqf+|,*>

~odpegd/L� @ SGJP5+|,>
j @ vjibVVP+odpegd,>

2- iluvw frpsrqhqw -2

FY4d @ uhdo+lqyhuvhbirxulhu+L^1/4`,,>
FY4e @ uhdo+lqyhuvhbirxulhu+j^1/4`,,>
fryWG @ dxwrf+|^1/4`/433,> 2- Dxwrfryduldqfhv -2

surf dxwrf+{/n,>
orfdo w/ukr>
{@sdfnu+{,> w@urzv+{,>
ukr@uhy+frqy+{/uhy+{,/w0n/w,,>
uhws+ukr2w,>

hqgs>

2- vhfrqg frpsrqhqw -2

FY5d @ uhdo+lqyhuvhbirxulhu+L^1/7`,,>
FY5e @ uhdo+lqyhuvhbirxulhu+j^1/7`,,>

2- iluvw frpsrqhqw2vhfrqg frpsrqhqw -2

FY6d @ uhdo+lqyhuvhbirxulhu+L^1/6`,,>
FY6e @ uhdo+lqyhuvhbirxulhu+j^1/6`,,>
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2- vhfrqg frpsrqhqw2iluvw frpsrqhqw -2

FY7d @ uhdo+lqyhuvhbirxulhu+L^1/5`,,>
FY7e @ uhdo+lqyhuvhbirxulhu+j^1/5`,,>

C?000 Sorwv 000AC

judskvhw>
ehjzlqg>
zlqgrz+5/5/4,>

bsgdwh @ ****> bsow|sh @ 9�4�6> bsqxp @ 5> bsqxpkw @ 3155> bswlwokw @ 3155> bsd{kw @ 3155>
bsohjvwu @ **hvwlpdwhg_333wkhruhwlfdo_333Wlph grpdlq fdofxoxv**> bsohjfwo @ ~5 : 6 6�>
{odeho+**Odj**,>

vhwzlqg+4,>
wlwoh+**fry+|`4^+w,/|`4^+w0odj,,**,>
{|+vhtd+3/4/44,/FY4d^4=44`�FY4e^4=44`�fryWG^4=44`,>

bsohjfwo @ 3>

vhwzlqg+5,>
wlwoh+**fry+|`5^+w,/|`5^+w0odj,,**,>
{|+vhtd+3/4/44,/FY5d^4=44`�FY5e^4=44`,>

vhwzlqg+6,>
wlwoh+**fry+|`4^+w,/|`5^+w0odj,,**,>
{|+vhtd+3/4/44,/FY6d^4=44`�FY6e^4=44`,>

vhwzlqg+7,>
wlwoh+**fry+|`5^+w,/|`4^+w0odj,,**,>
{|+vhtd+3/4/44,/FY7d^4=44`�FY7e^4=44`,>

judsksuw+**0f@4 0fi@wvp7h1hsv**,>

hqgzlqg>

6151819 Ydupd sdudphwhuv hvwlpdwlrq lq wkh iuhtxhqf| grpdlq

qhz>
oleudu| wvp/rswpxp/sjudsk>
WVPvhw>

rxwsxw iloh @ wvp7i1rxw uhvhw>

ordg uhlqvho^433/5` @ uhlqvho1dvf>

lqyhvw @ uhlqvho^1/4`>
lqyhqw @ uhlqvho^1/5`>
gl @ lqyhvw 0 odj4+lqyhvw,>
| @ gl�lqyhqw>

~odpegd/L|� @ SGJP5+|,> 2- Pxowlglphqvlrqdo shulrgrjudp -2

2-
-- Surfhgxuh wr frpsxwh wkh pxowlglphqvlrqdo vji ri wkh VVP
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-2

surf vji+wkhwd/odpegd,>
orfdo ehwd/Sfkro/VLJPD/W/T/K/]/g/f/U>
orfdo J|>

ehwd @ wkhwd^4=;`>
Sfkro @ +wkhwd^<`�3,�+wkhwd^43`�wkhwd^44`,>
VLJPD @ Sfkro-Sfkro*>

~]/g/K/W/f/U/T� @ dupdbwrbVVP+ehwd/4/4/VLJPD,>
fdoo VVPbexlog+]/g/K/W/f/U/T/3,>
J| @ vjibVVP+odpegd,>

uhws+J|,>
hqgs>

2-
-- Surfhgxuh wr frpsxwh wkh orj0olnholkrrg ixqfwlrq lq iuhtxhqv| grpdlq
-2

surf po+wkhwd,>
orfdo J|/Qvwdu/orjo/m/Lm/Jm>

J| @ vji+wkhwd/odpegd,>
Qvwdu @ urzv+odpegd,>

orjo @ }hurv+Qvwdu/4,>

m @ 4>
gr xqwlo m A Qvwdu>
Lm @ {sqg5+L|/m,>
Jm @ {sqg5+J|/m,>
orjo^m` @ 0318-oq+ghw+Jm,, 0318-vxpf+gldj++lqy+Jm,-Lm,,,>
m @ m . 4>

hqgr>

orjo @ uhdo+orjo,>

uhws+orjo,>
hqgs>

bwvpbPfry @ 4>
ordg dupd4/ dupd5>
vy @ dupd4�yhfkb+fkro+dupd5,,> 2- Vwduwlqj ydoxhv @ FPOH sdudphwhuv -2

~wkhwd/vwghuu/Pfry/Orjo� @ WGbpo+)po/vy,>

rxwsxw rii>

Wrwdo revhuydwlrqv= <<
Xvdeoh revhuydwlrqv= <<
Qxpehu ri sdudphwhuv wr eh hvwlpdwhg= 44
Ghjuhhv ri iuhhgrp= ;;
Ydoxh ri wkh pd{lpl}hg orj0olnholkrrg ixqfwlrq= 065:134::3

Sdudphwhuv hvwlpdwhv vwg1huu1 w0vwdwlvwlf s0ydoxh
00000000000000000000000000000000000000000000000000000000000000000000000000
S34 31674:76 314<55;6 41:::5;: 313:;<:9
S35 31939<68 3158<<66 51667<98 31354;54
S36 03134<73: 3137;496 031735<6: 319;:<:5
S37 31;6<3;9 31384;86 4914;4;:5 31333333
S38 031535539 31534<49 041334767 3164<696
S39 3154;7<: 31675;;9 3196:55< 31858963
S3: 0314:89<< 313:448; 05179<464 313487:9
S3; 314<7985 31444;58 41:739;5 313;8568
S3< 51755<3: 314:5843 471377<;7 31333333
S43 4138677< 31758<<7 517:5<54 31348656
S44 7145<;86 315<7364 471378967 31333333

Fryduldqfh pdwul{= lqyhuvh ri wkh qhjdwlyh Khvvldq1

61519 Zdyhohwv dqdo|vlv

6151914 Xqghuvwdqglqj wkh Zdyhohw dqg Zdyhohw Sdfnhwv wudqvirupv

qhz>
oleudu| wvp/rswpxp/sjudsk>
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WVPvhw>

C?000 Gdwd 000AC

Q @ 588>
w @ vhtd+3/9-sl2Q/Q.4,>
{4 @ vlq+w,>
{5 @ frv+5-w,>
{6 @ uqgq+Q.4/4,-3153>

| @ {4 . {5 . {6>

C?000 zdyhohw wudqvirup 000AC

~K/J/Kwlogh/Jwlogh� @ Frliohw+5,>

bzfhqwhu @ 3>
z @ zw+|/K/J/3,>

z4 @ vxevwxwh+z/ dev+z, 1A 4/ 3,>
|4 @ lzw+z4/Kwlogh/Jwlogh/3,>

z5 @ vxevwxwh+z/ dev+z, 1? 4/ 3,>
|5 @ lzw+z5/Kwlogh/Jwlogh/3,>

judskvhw>
ehjzlqg>
zlqgrz+5/5/3,>

bsgdwh @ ****> bsqxp @ 5> bsqxpkw @ 3158>

vhwzlqg+4,>
|wlfv+05/418/318/3,>
{wlfv+3/53/8/3,>
{|+w/|,>

vhwzlqg+5,>
{wlfv+3/urzv+z,/65/3,>
|wlfv+04/4/318/3,>
edu+vhtd+4/4/urzv+z,,/z4,>

vhwzlqg+6,>
|wlfv+08/8/4/3,>
edu+vhtd+4/4/urzv+z,,/z5,>

vhwzlqg+7,>
|wlfv+05/418/318/3,>
{wlfv+3/53/8/3,>
{|+w/|4�|5,>

judsksuw+**0f@4 0fi@wvp8d1hsv**,>

hqgzlqg>
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6151915 Zdyhohw dqg Zdyhohw Sdfnhwv uhsuhvhqwdwlrq

qhz>
oleudu| wvp/rswpxp/sjudsk>

P @ 44>
Q @ 5aP>
w @ vhtd+3/52Q/Q,>
fklus @ vlq+433-sl-wa5,>

~K/J/Kwlogh/Jwlogh� @ Frliohw+5,>

bzfhqwhu @ 3>
z @ zw+fklus/K/J/3,> 2- Zdyhohw wudqvirup -2

snw @ zsnw+fklus/K/J/3,> 2- Zdyhohw Sdfnhw wudqvirup -2

judskvhw>
fdoo zsorw+z/3/4,>
bsqxp @ 5> bsgdwh @ ****> bswlwokw @ 3153> bsd{kw @ 3153>
irqwv+**vlpsoh{ vlpjupd**,>
wlwoh+**Olqhdu fklus 000 vlq+433_535s_534w^5`,_OZdyhohw Frhiilflhqwv**,>
|odeho+**vfdoh**,>
{wlfv+4/Q25/97/3,>
judsksuw+**0f@4 0fi@wvp8e1hsv**,>
gudz>

judskvhw>
bzjulg @ 3> bzfroru @ vhtd+4/4/9,>
fdoo zsnSorw+snw/4,>
bsqxp @ 5> bsgdwh @ ****> bswlwokw @ 3153> bsd{kw @ 3153>
irqwv+**vlpsoh{ vlpjupd**,>
wlwoh+**Olqhdu fklus 000 vlq+433_535s_534w^5`,**_

**_OZdyhohw Sdfnhw Frhiilflhqwv**,>
{wlfv+3/Q04/45;/3,>
gudz>

P @ 9>
Qrev @ 5aP>

fdoo ydusxw+3/**Edvh3**,> 2- Wlph grpdlq -2
fdoo ydusxw+P-rqhv+Qrev/4,/**Edvh4**,> 2- Iuhtxhqf| grpdlq -2

fdoo ydusxw+P�vhtd+P/04/P,/**Edvh5**,> 2- Zdyhohw wudqvirup
+ehwwhu iuhtxhqf| orfdol}dwlrq dw
orzhu iuhtxhqflhv,

-2

fdoo ydusxw+vhtd+4/4/P,�P/**Edvh6**,> 2- rssrvlwh ri wkh zdyhohw edvlv
+ehwwhu iuhtxhqf| orfdol}dwlrq dw
kljkhu iuhtxhqflhv,

-2

fdoo ydusxw+6�4�6�6�6/**Edvh7**,> 2- Zdyhohw sdfnhw wudqvirup -2
fdoo ydusxw+5�6�7�7�5�6�9�9�8�7/**Edvh8**,> 2- Zdyhohw sdfnhw wudqvirup -2

judskvhw>
ehjzlqg>
zlqgrz5+5/6/3/318,>

vhwzlqg+4,>

bsgdwh @ ****> bsqxp @ 3> bsd{hv @ 3> bswlwokw @ 518>
wlwoh+**WLPH2IUHTXHQF\ uhsuhvhqwdwlrq ri edvlv**,>
gudz>

bsqxp @ 5> bsd{hv @ 4> bswlwokw @ 3153> bsqxpkw @ 3158> bsd{kw @ 3158>
wlwoh+****,>

l @ 3>
gr xqwlo l A 8>

vwu @ **Edvh** '. iwrv+l/**(oi**/4/3,>
E @ ydujhw+vwu,>

vhwzlqg+5 . l,>

fdoo EdvlvSorw+E/P,>
{odeho+**Wlph orfdol}dwlrq**,>
|odeho+**Iuhtxhqf| orfdol}dwlrq**,>
gudz>
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l @ l . 4>
hqgr>

judsksuw+**0f@4 0fi@wvp8e51hsv**,>

hqgzlqg>

6151916 Gdwd ghqrlvlqj

qhz>
oleudu| wvp/rswpxp/sjudsk>

uqgvhhg 456>

Qrev @ 5a43>

w @ vhtd+3/5-sl2Qrev/Qrev,>
{b @ vlq+w, . vlq+5-w,>
{ @ {b . uqgq+Qrev/4,-317>

~K/J/Kwlogh/Jwlogh� @ Gdxehfklhv+45,>

bzfhqwhu @ 3>
z @ zw+{/K/J/3,>

z4 @ YlvxVkulqn+z/**Kdug**,>
z5 @ YlvxVkulqn+z/**Vriw**,>

|4 @ lzw+z4/Kwlogh/Jwlogh/3,>
|5 @ lzw+z5/Kwlogh/Jwlogh/3,>
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| @ |4�|5>

judskvhw>
irqwv+**vlpsoh{ vlpjupd**,>
bsgdwh @ ****> bsqxp @ 5>
ehjzlqg>
zlqgrz+4/5/3,>

vhwzlqg+4,>
bsqxpkw @ 3153>
bsd{kw @ 3158>
bswlwokw @ 3158>
wlwoh+**{+w, @ vlq+w, . vlq+5w, . h+w,**,>
{odeho+**w**,>
{|+w/{,>

vhwzlqg+5,>
bsow|sh @ 9�4�6�7>
bsozlgwk @ 3>
bsohjvwu @ **Ylvx Kdug Vkulqndjh**_

**_3Ylvx Vriw Vkulqndjh**_
**_3gdwd zlwkrxw qrlvh**>

bsohjfwo @ ~5 9 6 8�>
wlwoh+**ZdyhVkulqn**,>
{|+w/|�{b,>

judsksuw+**0f@4 0fi@wvp8f1hsv**,>
hqgzlqg>

6151917 Vxeedqgv frglqj

qhz>
oleudu| sjudsk/wvp/rswpxp>

uqgvhhg 4567>

Qrev @ 5a<>

v @ vhtd+4/4/Qrev,>
vljpd @ 4>
{3 @ plvv+3/3,>
{ @ UQGbdupd+3195�3168/5/3/vljpd/{3/Qrev,>

~K/J/Kwlogh/Jwlogh� @ Gdxehfklhv+9,>

bzfhqwhu @ 5>
z @ zw+{/K/J/3,>

O4 @ 8�9�:�;�<�43> 2- orzhu iuhtxhqflhv -2
O5 @ 4�5�6�7> 2- kljkhu iuhtxhqflhv -2

eqg4 @ H{wudfw+z/O4,>
eqg5 @ H{wudfw+Z/O5,>
|4 @ lzw+eqg4/Kwlogh/Jwlogh/3,>
|5 @ lzw+eqg5/Kwlogh/Jwlogh/3,>
|6 @ |4 . |5>
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ehjzlqg>
zlqgrz+6/4/3,>
vhwzlqg+4,>

judskvhw>
bsgdwh @ ****> bsqxp @ 5> bsqxpkw @ 3158> bswlwokw @ 3163> bsd{kw @ 3158>
wlwoh+**Zdyhohw frhiilflhqwv +iluvw vxeedqg frglqj surfhgxuh,**,>
bzfroru @ vhtd+4/4/<,> bzolqh @ 3>
fdoo zsorw+z/3/eqg4,>
{wlfv+3/Qrev25/65/3,>
gudz>

vhwzlqg+5,>
judskvhw>
bsgdwh @ ****> bsqxp @ 5> bsqxpkw @ 3158> bswlwokw @ 3163> bsd{kw @ 3158>
{wlfv+3/833/433/3,>
wlwoh+**ruljlqdo vljqdo2uhfrqvwuxfwhg vljqdo +|4,**,>
{|+v/{�|4,>

vhwzlqg+6,>
wlwoh+**uhfrqvwuxfwhg vhulhv +|4 . |5,**,>
{|+v/|6,>

judsksuw+**0f@4 0fi@wvp8g1hsv**,>
hqgzlqg>

6151918 Vfdorjudp

2-
-- DULQR dqg YLGDNRYLF ^4<<8`/ Rq zdyhohw vfdorjudpv dqg wkhlu dssolfdwlrqv
-- lq hfrqrplf wlph vhulhv/ GS <8054/ LVGV/ Gxnh Xqlyhuvlw|
--
-- DULQR ^4<<8`/ Wlph vhulhv iruhfdvwv yld zdyhohwv= dq dssolfdwlrq
-- wr fdu vdohv lq wkh vsdqlvk pdunhw/ GS <7063/ LVGV/ Gxnh Xqlyhuvlw|
--
-2

qhz>
oleudu| wvp/rswpxp/sjudsk>

F4 @ lqwtxdg4+)jixqf/+;-sl,�3,2+;-sl,>
F5 @ lqwtxdg4+)kixqf/+;-sl,�3,2+;-sl,>

w @ vhtd+4/4/5a45,>
|w @ jixqf+;-sl-w273<9, 0 F4>
}w @ kixqf+;-sl-w273<9, 0 F5>
{w @ |w.}w>

~K/J/Kwlogh/Jwlogh� @ Gdxehfklhv+45,>
z @ zw+{w/K/J/3,>

rxwsxw iloh @ wvp8h1rxw uhvhw>

H @ vfdorjudp+z,>

rxwsxw rii>

eqg @ vsolw+z/:,>

{4 @ lzw+eqg^1/4`/Kwlogh/Jwlogh/3,>
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{5 @ lzw+eqg^1/5`/Kwlogh/Jwlogh/3,>

judskvhw>
ehjzlqg>
zlqgrz+5/5/3,>
bsqxp @ 5> bsgdwh @ ****> bswlwokw @ 3158> bsqxpkw @ 3153>

vhwzlqg+4,>
wlwoh+**gdwd**,>
{|+w/{w,>

qh{wzlqg>
bsqxpkw @ 3149>
ode @ **`f`3^^5`^ `U+3,^ `H+4,^ `H+5,^ `H+6,^ `H+7,^ `H+8,^ `H+9,^ **_

**`H+:,^ `H+;,^ `H+<,^ `H+43,^ `H+44,^**>
{wlfv+3/46/4/3,>
dvfodeho+ode/3,>
wlwoh+**vfdorjudp**,>
edu+3/H,>

qh{wzlqg>
judskvhw> bswlwokw @ 3158> bsqxpkw @ 3153> bsqxp @ 5>
wlwoh+**wuhqg**,>
{|+w/{5,>

qh{wzlqg>
wlwoh+**f|foh**,>
{|+w/{4,>

hqgzlqg>

surf +4, @ jixqf+{,>
orfdo |>
| @ 5-vlq+{,>
uhws+|,>

hqgs>

surf +4, @ kixqf+{,>
orfdo |>
| @ dev+dufvlq+vlq+49-{2sl,,,>
uhws+|,>

hqgs>

0000000000000000000000000000000
Vfdorjudp

0000000000000000000000000000000
f+3,a5 445134<88
H+3, 3135474
H+4, 31388:;
H+5, 7<9;197;53
H+6, 653;196744
H+7, 4<19<954
H+8, 881;9696
H+9, :7;14;456
H+:, 5<1:6<98
H+;, 91547<5
H+<, 31<4453
H+43, 3149355
H+44, 313<:<5

6151919 D �qdqfldo h{dpsoh

L Qrw |hw grqh1



Fkdswhu 7

Ghyhorslqj surihvvlrqdo dssolfdwlrqv
xvlqj Jdxvv surjudpv

714 Wkh Jdxvv Hqjlqh

Wkh Jdxvv Hqjlqh lv d g|qdplf oleudu| wkdw fdq eh olqnhg lq zlwk dq| surjudp zulwwhq lq F/ F../ Ylvxdo Edvlf/
Ghoskl/ Mdyd ru pdq| rwkhu ghyhorsphqw hqylurqphqwv/ wkdw doorzv |rxu dssolfdwlrq wr frpsloh dqg h{hfxwh Jdxvv
surjudpv dqg sdvv gdwd ehwzhhq lw dqg wkh Jdxvv zrunvsdfh1

71414 Zkdw lv wkh Jdxvv HqjlqhB

Jdxvv Hqjlqh lv d GOO �oh=

wdujhwbsdwk jdxvv1goo ) jvhqj1goo

wdujhwbsdwkqole jdxvv1ofj
wdujhwbsdwkqvuf vrxufh frgh �ohv ri wkh Jdxvv oleudu|

Uhpdun 6 Wkhuh duh qr h{hfxwdeoh surjudpv lq Jdxvv Hqjlqh dqg zh gr qrw qhhg Jdxvv wr xvh Jdxvv Hqjlqh1

Jdxvv Hqjlqh frqvlvwv ri 67 ixqfwlrqv +Lqlwldol}dwlrq dqg Vkxwgrzq/ Frpslodwlrq dqg H{hfxwlrq/ Gdwd Kdqgolqj/
Qrupdo L2R/ Fulwlfdo dqg Huuru L2R,1 Wkh pdlq Jdxvv Hqjlqh DSL ixqfwlrqv duh=

� JDXVVbRbLqlwldol}h= Lqlwldol}hv wkh hqjlqh1

� JDXVVbRbVkxwgrzq= Vkxwv wkh hqjlqh grzq1

� JDXVVbRbFrpslohIloh= Frpslohv d �oh1

� JDXVVbRbFrpslohVwulqj= Frpslohv d vwulqj ex�hu1

� JDXVVbRbH{hfxwh= H{hfxwhv wkh odvw frpslohg surjudp1

� JDXVVbRbJhw5GPdwul{= Jhwv pdwulfhv iurp wkh JDXVV v|pero wdeoh1

� JDXVVbRbVhw5GPdwul{= Vhwv pdwulfhv lq wkh Jdxvv v|pero wdeoh1

71415 Xqghuvwdqglqj wkh Jdxvv Hqjlqh

L Jdxvv Hqjlqh lv d GOO �oh1

qhz>
goleudu| f=_hqjlqh_jvhqj1goo>

vwu @ **rxwsxw iloh @ jh41rxw uhvhw>**_
**uqgvhhg 456> { @ uqgx+533/533,>**_
**w3 @ kvhf> | @ lqy+{,> w4 @ kvhf>**_
**sulqw 2ioxvk +w40w3,> rxwsxw rii>**>

goofdoo JDXVVbRbLqlwldol}h>

468



469 FKDSWHU 71 GHYHORSLQJ SURIHVVLRQDO DSSOLFDWLRQV XVLQJ JDXVV SURJUDPV

goofdoo 2u JDXVVbRbFrpslohVwulqj+vwu,>
goofdoo 2u JDXVVbRbH{hfxwh>
goofdoo JDXVVbRbVkxwgrzq>

rxwsxw iloh @ jh41rxw rq>

sulqw **@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@**>

uqgvhhg 456>
} @ uqgx+533/533,>
w3 @ kvhf>
| @ lqy+},>
w4 @ kvhf>
sulqw 2ioxvk +w40w3,>

rxwsxw rii>

5;1333333
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

5:1333333

L Jdxvv Hqjlqh h{hfxwhv Jdxvv surjudpv/ exw Jdxvv Hqjlqh dqg Jdxvv duh wzr gl�huhqwv surg0
xfwv1 Lq wkh h{dpsoh ehorz/ JH kdv lwv surshu v|pero wdeohv1

qhz>
goleudu| f=_hqjlqh_jvhqj1goo>

rxwsxw iloh @ jh51rxw uhvhw>

goofdoo 2u JDXVVbRbLqlwldol}h>

vwu @ **| @ uqgx+6/6,> { @ |^4/4`>**>

goofdoo 2u JDXVVbRbFrpslohVwulqj+vwu,>
goofdoo 2u JDXVVbRbH{hfxwh>

vkrz>
sulqw **@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@**>

{ @ uqgq+6/6,>

vkrz>
sulqw **@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@**>

rxwsxw rii>

vwu @ **rxwsxw iloh @ jh51rxw rq>**_
**{ @ {a5>**_
**vkrz> rxwsxw rii>**>

goofdoo 2u JDXVVbRbFrpslohVwulqj+vwu,>
goofdoo 2u JDXVVbRbH{hfxwh>
goofdoo JDXVVbRbVkxwgrzq>

VWU
65 e|whv dw ^34653353` 59 fkdu VWULQJ

[
3 e|whv dw ^33333333` xqlqlwldol}hg PDWUL[

98869 e|whv surjudp vsdfh/ 4( xvhg
95;7<33; e|whv zrunvsdfh/ 95;7;<:9 e|whv iuhh
5 joredo v|perov/ 4833 pd{lpxp/ 5 vkrzq
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

VWU
65 e|whv dw ^34653353` 59 fkdu VWULQJ

[
:5 e|whv dw ^34653373` 6/6 PDWUL[

98869 e|whv surjudp vsdfh/ 4( xvhg
95;7<33; e|whv zrunvsdfh/ 95;7;<37 e|whv iuhh
5 joredo v|perov/ 4833 pd{lpxp/ 5 vkrzq
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

; e|whv dw ^39g3339;` { 4/4 PDWUL[
:5 e|whv dw ^39g33353` | 6/6 PDWUL[

589333 e|whv surjudp vsdfh/ 3136<( xvhg
43:4;469 e|whv zrunvsdfh/ 43:4;389 e|whv iuhh
5 joredo v|perov/ 5333 pd{lpxp/ 5 vkrzq
3 dfwlyh orfdov/ 5333 pd{lpxp



7141 WKH JDXVV HQJLQH 46:

L Jdxvv Hqjlqh frxog uxq Jdxvv �ohv1

qhz>
goleudu| f=_hqjlqh_jvhqj1goo>

goofdoo 2u JDXVVbRbLqlwldol}h>

suj @ **g=__jdxvv__frqi6__ydu41suj**>

goofdoo 2u JDXVVbRbFrpslohIloh+suj,>
goofdoo 2u JDXVVbRbH{hfxwh>
goofdoo JDXVVbRbVkxwgrzq>

L Jdxvv Hqjlqh lv dq rshq v|vwhp dqg doorzv frppxqlfdwlrq zlwk wkh dssolfdwlrq1

&lqfoxgh ?vwglr1kA
&lqfoxgh ?vwgole1kA

&lqfoxgh **jvhqj1k**

&ghilqh IDOVH 3
&ghilqh WUXH +$IDOVH,

&ghilqh [U 7
&ghilqh [F 7

grxeoh {^[U-[F` @
~

315;446344394546</ 316667679769;<876/ 3186968863<7544<:/ 3138:7;55<33;49;3/
31<77<994;3<7;874/ 3139;744675667335/ 319589997::<835<3/ 31:635:;4:<37<7<5/
3185538365;64<;<5/ 3138;;47974886<3</ 319::6337<5867747/ 31;6;736;4;4<:87;/
3168488657:3::6<4/ 3173798<799685647/ 313675<;38:<33:75/ 31543;<8537<498<9/

�>

&ghilqh \U 7
&ghilqh \F 7

grxeoh |^\U-\F` @
~

318::364::37;;57:/ 31376;6<<559737:6/ 31;;66344388;63;:/ 3133;;6;9933;6:44/
31739:76;45474<73/ 317:<<:686884<3<6/ 314;85::;<48:;486/ 31<4;87:3<:8<6879/
31;769;<;9<;89795/ 314499<3;3338<8;:/ 31<<336:489834:;8/ 31;66<<74396;<8;5/
315:93393<53;78:5/ 315:97<83778;864:/ 3148348967;57854;/ 31564963;77<<86:</

�>

grxeoh -}>

lqw pdlq+lqw dujf/fkdu -dujy^`,
~
Pdw5G }Ghvf>
lqw l/m/}U/}F>

JDXVVbRbLqlwldol}h+,>
JDXVVbRbVhw5GPdwul{+ **{**/ [U/ [F/ 3/ { ,>
JDXVVbRbVhw5GPdwul{+ **|**/ \U/ \F/ 3/ | ,>
JDXVVbRbFrpslohVwulqj+**irupdw 2ugv 53/48> sulqw |2{> } @ |2{>**,>
JDXVVbRbH{hfxwh+,>
JDXVVbRbJhw5GPdwul{+ )}Ghvf/ **}** ,>

} @ }Ghvf1dgguhvv>
}U @ }Ghvf1urzv>
}F @ }Ghvf1frov>

iru + l @ 3> l ? }U> l.. ,
~
sulqwi+**_q**,>
iru + m @ 3> m ? }F> m.. , sulqwi+**(53148oi **/ -+} . l-}F . m, ,>
�
sulqwi+**_q**,>

JDXVVbRbVkxwgrzq+,>

uhwxuq 3>
�

71416 Vrph h{dpsohv zlwk H{fho

L Qrw |hw grqh1
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71417 Vrph h{dpsohv zlwk Ylvxdo Edvlf

715 Phufxu|bJH

Phufxu|bJH frqvlvwv ri d vhw ri ixqfwlrqv wkdw hqdeoh surjudpphuv wr lqwhudfw zlwk wkh Jdxvv Hqjlqh/ dv sduw ri
dq dssolfdwlrq1 Wkhvh wrrov frqvlvw ri d oleudu| +GOO, ri fruh DSLv wkdw duh fdoohg iurp dq h{whuqdo dssolfdwlrq1
Vxssruw �ohv iru wklv oleudu| duh surylghg iru H{fho/ Ylvxdo Edvlf/ Ylvxdo M../ dqg F..> krzhyhu wkhvh oleudulhv
fdq eh sruwhg wr dq| surjudp wkdw fdq dffhvv wkh Zlqgrzv DSLv 0 iru h{dpsoh/ Ghoskl/ Srzhuexloghu/ Wrroerrn/
hwf1 Wkhvh urxwlqhv shuplw vhqglqj vwulqjv/ ydoxhv dqg gdwd ehwzhhq wkh h{whuqdo dssolfdwlrq dqg wkh Jdxvv Hqjlqh/
dv zhoo dv urxwlqhv iru pdqdjlqj wkh Jdxvv Hqjlqh dqg vwdwxv fkhfnlqj1 Ghprqvwudwlrq surmhfwv iru H{fho/ YE/ YM
dqg F dssolfdwlrqv duh lqfoxghg dqg vkrz krz wkhvh fdoov duh lpsohphqwhg1

71514 Zkdw lv Phufxu|bJHB

Wkh Phufxu|bJH DSL ixqfwlrqv duh=

� jhforvh+,= Forvhv wkh Jdxvv Hqjlqh1

� jhh{hf+E|Ydo vwuq Dv Vwulqj,= Frpslohv dqg h{hfxwhv d vwulqj ex�hu ru d �oh +ru fhoov ri wkh vsuhdgvkhhw,1

� jhpdwjhw+E|Ydo vwuqj Dv Vwulqj/ E|Uhi wdujhw+, Dv Grxeoh,= Jhwv pdwulfhv iurp wkh Jdxvv v|pero
wdeoh1

� jhpdwsxw+E|Ydo vwuqj Dv Vwulqj/ pdwu+, Dv Grxeoh,= Vhwv pdwulfhv lq wkh Jdxvv v|pero wdeoh1

� jhpdwvl}h+E|Ydo vwuqj Dv Vwulqj/ ou/ of,= Vl}h ri d pdwul{ +Jdxvv v|pero,1

� jhrshq+,= Rshqv wkh Jdxvv Hqjlqh1

� jhrshqfkhfn+,= Fkhfnv li wkh Jdxvv Hqjlqh lv rshqhg1

� jhrxwsxw+prgh Dv Vwulqj,= Glvsod|v wkh rxwsxw zlwk QrwhSdg1
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� jhvwujhw+E|Ydo vwuqj Dv Vwulqj/ wdujhw Dv Vwulqj,= Jhwv vwulqjv iurp wkh Jdxvv v|pero wdeoh1

� jhvwusxw+E|Ydo vwu Dv Vwulqj/ E|Ydo vrxufh Dv Vwulqj,= Vhwv pdwulfhv lq wkh Jdxvv v|pero wdeoh1

� jhvwuvl}h+E|Ydo vwuqj Dv Vwulqj/ vohq Dv Orqj,= Ohqjwk ri d vwulqj +Jdxvv v|pero,1

� jhydojhw+E|Ydo vwuqj Dv Vwulqj/ ydoxh,= Jhwv vfdoduv iurp wkh Jdxvv v|pero wdeoh1

� jhydosxw+E|Ydo vwuqj Dv Vwulqj/ ydoxh,= Vhwv vfdoduv lq wkh Jdxvv v|pero wdeoh1

71515 Vrph Phufxu|bJH h{dpsohv

7151514 H{fho h{dpsoh

*-------------------------------------------------------

*Eodfn)Vfkrohv prgho

Vxe evbixwxuh+,

Vkhhwv+**E)V**,1Vhohfw
jhpdwsxw **n**/ **e8**
jhpdwsxw **i**/ **e9**
jhpdwsxw **vljpd**/ **e:**
jhpdwsxw **wdx**/ **e;**
jhpdwsxw **u**/ **e<**

*fdoo
jhh{hf **g<=g48**
jhh{hf **f @ evfdoobixwxuh+n/i/vljpd/wdx/u,>**
jhpdwjhw **f**/ **h8**

*sxw
jhh{hf **g4:=g56**
jhh{hf **s @ evsxwbixwxuh+n/i/vljpd/wdx/u,>**
jhpdwjhw **s**/ **i8**

Hqg Vxe
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YE h{dpsoh

7151515 YF.. h{dpsoh

22 fsuj41fss = Ghilqhv wkh hqwu| srlqw iru wkh dssolfdwlrq1
22
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&lqfoxgh **vwgdi{1k**

lqw DSLHQWU\ ZlqPdlq+KLQVWDQFH kLqvwdqfh/
KLQVWDQFH kSuhyLqvwdqfh/
OSVWU osFpgOlqh/
lqw qFpgVkrz,

~
22 WRGR= Sodfh frgh khuh1

Pdw5G }}Ghvf>
fkdu exiihu^589`>
lqw ll/ mm>
lqw vohq^4`>
grxeoh }}^4`>
grxeoh -}>
lqw sydo @ 3>
fkdu -vqdph @ **JDXVVKRPH**>
orqj qvl}h@589 >
fkdu vexii^589`>
lqw ohq @ 589>

li+JhwHqylurqphqwYduldeoh+vqdph/ vexii/qvl}h,@@ 3,
~
PhvvdjhEr{+3/**Wkh JDXVVKRPH hqylurqphqw yduldeoh zdv qrw irxqg**/**Phufxu|bJH**/3,>
uhwxuq 4>
�
hovh
PhvvdjhEr{+3/vexii/**Fkhfn wkh JdxvvKrph Hqylurqphqw Yduldeoh**/3,>

li +vwuohq+osFpgOlqh, $@ 3,
~
PhvvdjhEr{+3/osFpgOlqh/**H{hfxwh Iloh**/3,>

jhh{hf+osFpgOlqh,>
jhrxwsxw+**vkrz**,>
uhwxuq 3>

�

sydo @ jhrshq+,>
li +sydo @@ 4,
~
PhvvdjhEr{+3/**Idlohg wr rshq**/**fsuj**/3,> uhwxuq 4>
�

22 Fuhdwh d jdxvv h{hf
jhh{hf+** ww @ _** Wklv lv d vwulqj __q _** > ww> **,>
jhh{hf +**{ @ 47> {>**,>
jhrxwsxw+**vkrz**,>
jhrxwsxw+**uhvhw**,>

22 Fuhdwh d jdxvv vwulqj
vwufs|+exiihu/**Wkh ir{ zhqw rxw rq d fkloo| qljkw**,>
jhvwusxw+**vwu**/ exiihu,>
jhh{hf +**vwu> **,>
jhrxwsxw+**vkrz**,>
jhrxwsxw+**uhvhw**,>

22 Fuhdwh d Jdxvv pdwul{
grxeoh t^7-6` @ ~ 315;446344394546</ 316667679769;<876/ 3186968863<7544<:/

31<77<994;3<7;874/ 3139;744675667335/ 319589997::<835<3/
3185538365;64<;<5/ 3138;;47974886<3</ 319::6337<5867747/
3168488657:3::6<4/ 3173798<799685647/ 313675<;38:<33:75/

�>
}}Ghvf1urzv @ 7>
}}Ghvf1frov @ 6>
}}Ghvf1dgguhvv @ t>
jhpdwsxw+**tpdw**/ )}}Ghvf,>
jhh{hf +** tpdw>**,>
jhrxwsxw+**vkrz**,>
jhrxwsxw+**uhvhw**,>

22 Fuhdwh d Jdxvv vfdodu
}}^3` @ 415>
jhydosxw+**}}**/}},>
jhh{hf +** }}>**,>
jhrxwsxw+**vkrz**,>
jhrxwsxw+**uhvhw**,>

22 H{hfxwh Jdxvv frgh
jhh{hf+**{ @ 47> || @ {a5 �{a6>** ,>

22 Uhwulhyh Jdxvv pdwul{
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jhpdwjhw+**||**/ )}}Ghvf,>
} @ }}Ghvf1dgguhvv>
ll @ }}Ghvf1urzv>
mm @ }}Ghvf1frov>
vsulqwi+exiihu/**Pdwul{ vl}h= (g (g**/ ll/mm,>
PhvvdjhEr{+3/ exiihu/ **jhpdwjhw**/ 3,>
vsulqwi+exiihu/**Pdwul{ ydoxh= (i (i **/ -}/ -+}.4, ,>
PhvvdjhEr{+3/ exiihu/ **jhpdwjhw**/ 3,>

22 Uhwulhyh Jdxvv vfdodu
jhh{hf+** } @ 0471:>**,>
jhydojhw+**}**/ }},>
vsulqwi+exiihu/**Vfdodu ydoxh= (i **/ }}^3` ,>
PhvvdjhEr{+3/ exiihu/ **jhydojhw**/ 3,>

22 Uhwulhyh Jdxvv vwulqj
jhvwusxw+**kz**/**Khoor Zruog**,>
jhvwuvl}h+**kz**/vohq,>
jhvwujhw+**kz**/ exiihu,>
vsulqwi+vexii/**_qVwulqj ohqjwk= (l **/ vohq^3` ,>
vwufdw+exiihu/vexii,>
PhvvdjhEr{+3/ exiihu/ **jhvwuvl}h ) jhvwujhw**/ 3,>
jhrxwsxw+**uhvhw**,>

22 folserdug vxssruw

jhh{hf+**{ @ uqgq+6/5,> {**,>
jhfrs|+**{**,>
jhvwusxw+**ww**/ **{ lv frslhg wr wkh folserdug **,>
jhh{hf+** ww>**,>
jhh{hf+** qhz **,>
jhsdvwh+**}**,>
jhvwusxw+**ww**/ ** } lv sdvwhg iurp wkh folserdug **,>
jhh{hf+**ww> }>**,>
jhrxwsxw+**vkrz**,>
jhrxwsxw+**uhvhw**,>

uhwxuq 3>
�

7151516 YM.. h{dpsoh

L Qhhgv YP Mdyd frpsrqhqw1
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71516 Wkuhh h{sodlqhg h{dpsohv

7151614 Pdunrzlw} sruwirolr dqg H{fho

L Wkh YED frgh lv=

Vxe frpsxwh+,
Glp JdxvvSurjudp Dv Vwulqj
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Vkhhwv+**vkhhw4**,1Vhohfw

*jhrshq

jhpdwsxw **skl**/ **j43**
jhpdwsxw **px**/ **f45=k45**
jhpdwsxw **Pfry**/ **f47=k4<**
JdxvvSurjudp @ **Q @ urzv+Pfry,> vy @ rqhv+Q/4,2Q> T @ 5-Pfry> ** . b

**U @ skl - px *> D @ rqhv+4/Q,> E @ 4> ** . b
**F @ h|h+Q,> G @ }hurv+Q/4,> ** . b
**~wkhwd/x4/x5/x6/x7/uhwfrgh� @ Tsurj+vy/T/U/D/E/F/G/3,> ** . b
**wkhwd @ wkhwd* 1- grwiqh+wkhwd*/3,>**

jhh{hf JdxvvSurjudp
jhpdwjhw **wkhwd**/ **f;**

*jhforvh
Hqg Vxe
000000000000000000000000000000000000000000000
Vxe Fohdu+,

Vkhhwv+**vkhhw4**,1Vhohfw
Udqjh+**j43**,1Ydoxh @ ****
Udqjh+**f;=k;**,1Ydoxh @ ****

Hqg Vxe

7151615 Olqhdu dojheud dqg Ylvxdo Edvlf
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L Wkh YE frgh ri wkh �uvw zlqgrz lv=

Sulydwh Vxe fpgFohdubFolfn+,
jugPdwul{1Fohdu
fpgH{hfxwh1Hqdeohg @ Idovh

Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe fpgGlvsod|bFolfn+,

iupYE41Klgh
iupYE51fpgGlvsod|
iupYE51Vkrz

Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe fpgH{hfxwhbFolfn+,

Glp LqsxwPdwul{+, Dv Grxeoh
Glp Q Dv Lqwhjhu
Glp l/ m Dv Lqwhjhu
Glp LqsxwPdwul{Qdph Dv Vwulqj
Glp JdxvvSurjudp Dv Vwulqj

Q @ Ydo+w{wGlphqvlrq1Wh{w,
UhGlp LqsxwPdwul{+4 Wr Q/ 4 Wr Q,

Iru l @ 4 Wr Q Vwhs 4
jugPdwul{1Urz @ l 0 4
Iru m @ 4 Wr Q Vwhs 4

jugPdwul{1Fro @ m 0 4
LqsxwPdwul{+l/ m, @ Ydo+jugPdwul{1Wh{w,

Qh{w m
Qh{w l

LqsxwPdwul{Qdph @ **{**
jhpdwsxw LqsxwPdwul{Qdph/ LqsxwPdwul{+,

Vhohfw Fdvh ferOlqhduDojheud1OlvwLqgh{
Fdvh 3

JdxvvSurjudp @ **f=_hqjlqh_suj_edodqfh1suj**
jhh{hf JdxvvSurjudp

Fdvh 4
JdxvvSurjudp @ **f=_hqjlqh_suj_frqg1suj**
jhh{hf JdxvvSurjudp

Fdvh 5
JdxvvSurjudp @ **f=_hqjlqh_suj_furxw1suj**
jhh{hf JdxvvSurjudp

Fdvh 6
JdxvvSurjudp @ **f=_hqjlqh_suj_khvv1suj**
jhh{hf JdxvvSurjudp

Fdvh 7
JdxvvSurjudp @ **f=_hqjlqh_suj_ox1suj**
jhh{hf JdxvvSurjudp

Fdvh 8
JdxvvSurjudp @ **f=_hqjlqh_suj_qxoo1suj**
jhh{hf JdxvvSurjudp

Fdvh 9
JdxvvSurjudp @ **f=_hqjlqh_suj_slqy1suj**
jhh{hf JdxvvSurjudp

Fdvh :
JdxvvSurjudp @ **f=_hqjlqh_suj_ttu1suj**
jhh{hf JdxvvSurjudp

Fdvh ;
JdxvvSurjudp @ **f=_hqjlqh_suj_udqn1suj**
jhh{hf JdxvvSurjudp

Fdvh <
JdxvvSurjudp @ **f=_hqjlqh_suj_vfkxu1suj**
jhh{hf JdxvvSurjudp

Fdvh 43
JdxvvSurjudp @ **f=_hqjlqh_suj_vyg1suj**
jhh{hf JdxvvSurjudp

Hqg Vhohfw

fpgGlvsod|1Hqdeohg @ Wuxh

Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe fpgH{lwbFolfn+,

jhforvh
Hqg

Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe fpgGdwdbFolfn+,

Glp Q Dv Lqwhjhu
Glp l/ m Dv Lqwhjhu
Glp Surpsw Dv Vwulqj
Glp Plm Dv Vwulqj
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Q @ Ydo+w{wGlphqvlrq1Wh{w,

Iru l @ 4 Wr Q Vwhs 4
jugPdwul{1Urz @ l 0 4
Iru m @ 4 Wr Q Vwhs 4

Surpsw @ **Urz &** . vwu+l, . ** 0 Fro &** . vwu+m,
Plm @ LqsxwEr{+Surpsw/ **Hqwhu Gdwd**/ ****/ 833/ 8333,
jugPdwul{1Fro @ m 0 4
jugPdwul{1Wh{w @ Plm

Qh{w m
Qh{w l

fpgH{hfxwh1Hqdeohg @ Wuxh

Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe IrupbOrdg+,

ferOlqhduDojheud1DggLwhp **EDODQFH 0 Edodqfhv d pdwul{**
ferOlqhduDojheud1DggLwhp **FRQG 0 Frpsxwhv frqglwlrq qxpehu**
ferOlqhduDojheud1DggLwhp **FURXW 0 Frpsxwhv Furxw Ghfrpsrvlwlrq**
ferOlqhduDojheud1DggLwhp **KHVV 0 Frpsxwhv xsshu Khvvhqehuj irup**
ferOlqhduDojheud1DggLwhp **OX 0 Frpsxwhv OX Ghfrpsrvlwlrq zlwk urz slyrwlqj**
ferOlqhduDojheud1DggLwhp **QXOO 0 Frpsxwhv ruwkrqrupdo edvlv iru uljkw qxoo vsdfh**
ferOlqhduDojheud1DggLwhp **SLQY 0 Frpsxwhv Prruh0Shqurvh svhxgr0lqyhuvh**
ferOlqhduDojheud1DggLwhp **TTU 0 Frpsxwhv TU ghfrpsrvlwlrq**
ferOlqhduDojheud1DggLwhp **UDQN 0 Frpsxwhv udqn ri d pdwul{**
ferOlqhduDojheud1DggLwhp **VFKXU 0 Frpsxwhv Vfkxu ghfrpsrvlwlrq**
ferOlqhduDojheud1DggLwhp **VYG 0 Frpsxwhv wkh vlqjxodu ydoxhv**
ferOlqhduDojheud1OlvwLqgh{ @ 3

fpgGlvsod|1Hqdeohg @ Idovh
fpgH{hfxwh1Hqdeohg @ Idovh
jhrshq

Hqg Vxe
000000000000000000000000000000000000000000000
Sulydwh Vxe w{wGlphqvlrqbFkdqjh+,

jugPdwul{1Fohdu
fpgH{hfxwh1Hqdeohg @ Idovh
jugPdwul{1frov @ Ydo+w{wGlphqvlrq1Wh{w,
jugPdwul{1urzv @ Ydo+w{wGlphqvlrq1Wh{w,

Hqg Vxe

L Wkh YE frgh ri wkh vhfrqg zlqgrz lv=

Sulydwh Vxe fpgH{lwbFolfn+,
iupYE51Klgh
iupYE41Vkrz

Hqg Vxe
000000000000000000000000000000000000000000000
Sxeolf Vxe fpgGlvsod|+,

Glp RxwsxwPdwul{+, Dv Grxeoh
Glp RxwsxwVwulqj Dv Vwulqj
Glp RxwsxwPdwul{Qdph Dv Vwulqj
Glp RxwsxwVwulqjQdph Dv Vwulqj
Glp w{w Dv Vwulqj

Glp qu/ qf Dv Lqwhjhu
Glp l/ m Dv Lqwhjhu

w{wGlvsod|1Wh{w @ ****

Vhohfw Fdvh iupYE41ferOlqhduDojheud1OlvwLqgh{

Fdvh 3
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w

w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **e @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **e**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **
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Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l
w{w @ w{w ) Fku+46, ) Fku+43,
w{w @ w{w ) **} @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **}**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Fdvh 4
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w

w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **f @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **f**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Fdvh 5
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w

w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **O @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **o**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l
w{w @ w{w ) Fku+46, ) Fku+43,
w{w @ w{w ) **X @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **x**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Fdvh 6
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w
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w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **k @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **k**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l
w{w @ w{w ) Fku+46, ) Fku+43,
w{w @ w{w ) **} @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **}**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Fdvh 7
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w

w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **o @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **o**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l
w{w @ w{w ) Fku+46, ) Fku+43,
w{w @ w{w ) **x @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **x**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Fdvh 8
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w

w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **e @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **e**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
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Iru l @ 4 Wr qu Vwhs 4
Iru m @ 4 Wr qf Vwhs 4

w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **
Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Fdvh 9
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w

w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **| @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **|**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Fdvh :
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w

w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **t4 @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **t4**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l
w{w @ w{w ) Fku+46, ) Fku+43,
w{w @ w{w ) **u @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **u**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Fdvh ;
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w

w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **n @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **n**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,



483 FKDSWHU 71 GHYHORSLQJ SURIHVVLRQDO DSSOLFDWLRQV XVLQJ JDXVV SURJUDPV

qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Fdvh <
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w

w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **v @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **v**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l
w{w @ w{w ) Fku+46, ) Fku+43,
w{w @ w{w ) **} @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **}**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Fdvh 43
w{w @ **Phwkrg= **
RxwsxwVwulqjQdph @ **phwkrg**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoPhwkrg1Fdswlrq @ w{w

w{w @ **V|qwd{= **
RxwsxwVwulqjQdph @ **v|qwd{**
jhvwujhw RxwsxwVwulqjQdph/ RxwsxwVwulqj
w{w @ w{w ) RxwsxwVwulqj
oeoV|qwd{1Fdswlrq @ w{w

w{w @ **v @ ** ) Fku+46, ) Fku+43,
RxwsxwPdwul{Qdph @ **v**
jhpdwjhw RxwsxwPdwul{Qdph/ RxwsxwPdwul{+,
qu @ XErxqg+RxwsxwPdwul{/ 4,
qf @ XErxqg+RxwsxwPdwul{/ 5,
Iru l @ 4 Wr qu Vwhs 4

Iru m @ 4 Wr qf Vwhs 4
w{w @ w{w ) RxwsxwPdwul{+l/ m, ) ** **

Qh{w m
w{w @ w{w ) Fku+46, ) Fku+43,

Qh{w l

Hqg Vhohfw

w{wGlvsod|1Wh{w @ w{w
Hqg Vxe

L Wkh Jdxvv surjudpv duh=

000000000000000000000000000000000000000000000
0A EDODQFH1SUJ

phwkrg @ **EDODQFH 0 Edodqfhv d pdwul{**>
v|qwd{ @ **~e/}� @ EDODQFH+{,**>
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~e/}� @ EDODQFH+{,>
000000000000000000000000000000000000000000000
0A FRQG1SUJ

phwkrg @ **FRQG 0 Frpsxwhv frqglwlrq qxpehu**>
v|qwd{ @ **f @ FRQG+{,**>

f @ FRQG+{,>
000000000000000000000000000000000000000000000
0A FURXW1SUJ

phwkrg @ **FURXW 0 Frpsxwhv Furxw Ghfrpsrvlwlrq**>
v|qwd{ @ **| @ FURXW+{,**>

| @ FURXW+{,>
O @ orzpdw+|,>
X @ xspdw4+|,>
000000000000000000000000000000000000000000000
0A KHVV1SUJ

phwkrg @ **KHVV 0 Frpsxwhv xsshu Khvvhqehuj irup**>
v|qwd{ @ **~k/}� @ KHVV+{,**>

~k/}� @ KHVV+{,>
000000000000000000000000000000000000000000000
0A OX1SUJ

phwkrg @ **OX 0 Frpsxwhv OX Ghfrpsrvlwlrq zlwk urz slyrwlqj**>
v|qwd{ @ **~o/x� @ OX+{,**>

~o/x� @ OX+{,>
000000000000000000000000000000000000000000000
0A QXOO1SUJ

phwkrg @ **QXOO 0 Frpsxwhv ruwkrqrupdo edvlv iru uljkw qxoo vsdfh**>
v|qwd{ @ **e @ QXOO+{,**>

e @ QXOO+{,>
000000000000000000000000000000000000000000000
0A SLQY1SUJ

phwkrg @ **SLQY 0 Frpsxwhv Prruh0Shqurvh svhxgr0lqyhuvh**>
v|qwd{ @ **| @ SLQY+{,**>

| @ SLQY+{,>
000000000000000000000000000000000000000000000
0A TTU1SUJ

phwkrg @ **TTU 0 Frpsxwhv TU ghfrpsrvlwlrq**>
v|qwd{ @ **~t4/u� @ TTU+{,**>

~t4/u� @ TTU+{,>
000000000000000000000000000000000000000000000
0A UDQN1SUJ

phwkrg @ **UDQN 0 Frpsxwhv udqn ri d pdwul{**>
v|qwd{ @ **n @ UDQN+{,**>

n @ UDQN+{,>
000000000000000000000000000000000000000000000
0A VFKXU1SUJ

phwkrg @ **VFKXU 0 Frpsxwhv Vfkxu ghfrpsrvlwlrq**>
v|qwd{ @ **~v/}� @ VFKXU+{,**>

~v/}� @ VFKXU+{,>
000000000000000000000000000000000000000000000
0A VYG1SUJ

phwkrg @ **VYG 0 Frpsxwhv wkh vlqjxodu ydoxhv**>
v|qwd{ @ **v @ VYG+{,**>

v @ VYG+{,>
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