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Devwudfw

Wklv wkhvlv irfxvhv rq wkh dssolfdwlrq ri udqjh0Grssohu surfhvvlqj dw YKI iuhtxhqflhv

iru zlgh d}lpxwk ehdp/ dlueruqh/ vwulspds VDU v|vwhpv zlwk }hur Grssohu fhqwurlg

dqg prghvw sxovh edqgzlgwkv uhodwlyh wr wkh fduulhu iuhtxhqf| +vlpxodwlrqv ohvv wkdq

63 shufhqw,1 Vxfk d v|vwhp lv wkh Vrxwk Diulfdq VDU +VDVDU, YKI vhqvru1 Wkh

wkhru| ri vxfk VDU rshudwlrq lv dgguhvvhg1 Lq jhqhudo/ forvhg irup dqdo|wlfdo h{suhv0

vlrqv iru udqjh frpsuhvvhg/ udqjh0Grssohu grpdlq vljqdov gr qrw h{lvw1 Wkxv/ lq wklv

zrun/ h{whqvlyh xvh lv pdgh ri vlpxodwlrq1 Xvlqj vlpxodwhg VDU vljqdov zlwk vhyhuh

udqjh fxuydwxuh/ wkh uhjlrqv ri dssolfdelolw| ri vwdqgdug udqjh0Grssohu surfhvvlqj/

zkhq dssolhg zlwkrxw Grssohu iuhtxhqf| ghshqghqw vhfrqgdu| udqjh frpsuhvvlrq/ duh

lqyhvwljdwhg iru d udqjh ri surfhvvlqj sdudphwhuv lq wkh iuhtxhqf| udqjh ri 433 PK}

wr 533 PK}1 Wkh h�hfwv rq wkh udqjh lpsxovh uhvsrqvh ri fhqwuh iuhtxhqf|/ wdujhw

forvhvw dssurdfk udqjh dqg qrplqdo udqjh uhvroxwlrq duh lqyhvwljdwhg/ hdfk iru d udqjh

ri surfhvvhg d}lpxwk uhvroxwlrqv1 Lqirupdwlrq lv suhvhqwhg lq wkh irup ri sorwv vkrzlqj

wkh ghjudgdwlrq lq wkh udqjh uhvroxwlrq dqg lq wkh irup ri wdexodu uhvxowv zklfk dovr

lqfoxgh wkh udqjh shdn0 dqg lqwhjudwhg vlghoreh ohyhov dqg wkh qrq0olqhdu skdvh huuru lq

wkh Irxulhu grpdlq1 Dq h{whqvlrq wr udqjh0Grssohu surfhvvlqj/ vxjjhvwhg wr wkh fdq0

glgdwh e| Plfkdho Mlq/ lv ghprqvwudwhg wr surylgh vljql�fdqwo| lpsuryhg shuirupdqfh

ryhu wkh vwdqgdug udqjh0Grssohu surfhvvru iru vljqdov zlwk vhyhuh udqjh fxuydwxuh1 Wkh

edvlf lghd ri wkh h{whqghg dojrulwkp/ �uvw sxeolvkhg e| Udqh| dqg Ydfkrq lq 4<;< dqg

dssolhg lq wkh frqwh{w ri d qduurz ehdp/ vtxlqwhg VDU/ lv wr pdnh dq lqlwldo fruuhfwlrq

wr d uhihuhqfh udqjh wkurxjk d pxowlsolfdwlrq zlwk d uhihuhqfh ixqfwlrq lq wkh 50G iuh0

txhqf| grpdlq1 Wklv lv iroorzhg e| d uhvlgxdo udqjh fxuydwxuh dqg d}lpxwk irfxvlqj

rshudwlrq lq wkh udqjh0Grssohu grpdlq1 Dlueruqh prwlrq frpshqvdwlrq vwudwhjlhv iru

�ljkw sdwk uhfrqvwuxfwlrq duh glvfxvvhg1 Lq dgglwlrq/ dq HULP0ghyhorshg dssurdfk

iru h�flhqwo| lqfoxglqj dq d}lpxwk ghshqghqfh iru zlgh ehdp prwlrq frpshqvdwlrq

lv glvfxvvhg lq wkh frqwh{w ri wkh VDVDU v|vwhp1 Dq ryhuylhz ri wkh VDVDU YKI

surmhfw/ wkh h{shulhqfh jdlqhg/ dqg wkh hqfrxudjlqj uhvxowv iurp wkh surfhvvlqj ri wkh

gdwd iurp wkh �uvw udgldwlqj �ljkwv/ lv suhvhqwhg1 D ixoo Vwdwhphqw ri Ruljlqdolw| lv

jlyhq1
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4 Lqwurgxfwlrq 49

414 Wkhvlv Remhfwlyhv 1 1 1 1 1 1 1 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 Wkhvlv Vwuxfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

416 Vwdwhphqw ri Ruljlqdolw| 1 1 1 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

5 Wkhru| ri Zlgh Ehdp/ Dlueruqh/ Vwulspds VDU 56

514 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 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

515 Dvvxpswlrqv dqg Qrwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57

516 Vwulspds VDU Edvlfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

517 Vdpsolqj Wkhruhp 1 1 1 1 1 1 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;

518 VDU Vdpsolqj dqg Edqgzlgwk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<

51814 Vdpsolqj 1 1 1 1 1 1 1 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<

51815 Udqjh Edqgzlgwk 1 1 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

51816 D}lpxwk Edqgzlgwk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

519 Uhvroxwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

51: Jurxqg Udqjh Surmhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67

51; K|shuerolf Udqjh dqg Skdvh Yduldwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

51< Udqjh Pljudwlrq 1 1 1 1 1 1 1 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

5143 Vhfrqgdu| Udqjh Frpsuhvvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

5144 Udqjh0Grssohu Grpdlq Vljqdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

5145 Udqjh0Grssohu Surfhvvlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

514514 Udqjh Frpsuhvvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

514515 D}lpxwk Frpsuhvvlrq 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

514516 Udqjh Fxuydwxuh Fruuhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78

5146 Pxowlorrn 1 1 1 1 1 1 1 1 1 1 1 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;

5147 Xqdpeljxrxv Udqjh 1 1 1 1 1 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<
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5148 Vpdoo Dqjoh Dssur{lpdwlrqv 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<

514814 Dqwhqqd Ehdpzlgwk Dssur{lpdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83

514815 D}lpxwk Uhvroxwlrq Dssur{lpdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83

514816 Udqjh Fxuydwxuh Dssur{lpdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84

5149 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

6 Udqjh Fxuydwxuh Olplwdwlrq ri Udqjh0Grssohu Surfhvvlqj 86

614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 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

615 Dvvxpswlrqv 1 1 1 1 1 1 1 1 1 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

616 Udqjh Fxuydwxuh Jhrphwu| 1 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

617 Vlpxodwlrq Sdudphwhuv iru Irfxvlqj Ghjudgdwlrq Dqdo|vlv 1 1 1 1 1 1 1 1 8<

618 Shuirupdqfh Phdvxuhv 1 1 1 1 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

61814 Qrq0olqhdu Skdvh Huuru lq Irxulhu Grpdlq 1 1 1 1 1 1 1 1 1 1 1 1 1 99

61815 Shdn Dqdo|vlv lq Lpdjh Grpdlq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

61816 Wdexodu Uhvxowv 1 1 1 1 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

619 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 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

7 Dq H{whqvlrq wr Udqjh0Grssohu VDU Surfhvvlqj wr Dffrpprgdwh

Vhyhuh Udqjh Fxuydwxuh :;

714 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;

715 Vlpxodwlrq dqg Surfhvvlqj Dvvxpswlrqv dqg Sdudphwhuv 1 1 1 1 1 1 1 1 1 ;3

71514 Vwdqgdug Udqjh0Grssohu Surfhvvru Ixqfwlrqdolw| 1 1 1 1 1 1 1 1 1 ;5

716 H{whqghg Udqjh0Grssohu Dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

71614 Ryhuylhz 1 1 1 1 1 1 1 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

71615 Lpsohphqwdwlrq dqg Ghwdlohg Vwhsv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8

717 Irfxvlqj Shuirupdqfh Frpsdulvrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4

718 Frpsxwdwlrqdo Uhtxluhphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

71814 Lqsxw Gdwd Udqjh Frpsuhvvhg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

71815 Lqsxw Gdwd Udqjh Xqfrpsuhvvhg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;

719 Dgglwlrqdo Frqvlghudwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

71914 Vlghoreh Vxssuhvvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

71915 Pxowlorrn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

71916 Lpsohphqwdwlrq zlwk Pxowlsoh 50G Uhihuhqfh Ixqfwlrqv 1 1 1 1 1 433

71917 Lpsohphqwdwlrq iru Vtxlqwhg VDU Jhrphwulhv 1 1 1 1 1 1 1 1 1 1 1 433
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71918 Dssolfdwlrq wr Vfhqhv Zlwkrxw Odujh Udqjh Fxuydwxuh Yduldwlrq 434

71: Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434

8 Prwlrq Frpshqvdwlrq 436

814 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 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

815 Dvvxpswlrqv 1 1 1 1 1 1 1 1 1 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

816 Prwlrq Frpshqvdwlrq Uhtxluhphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438

817 Qduurz Ehdp Lpsohphqwdwlrq 0 Prwlrq Frpshqvdwlrq wr d Olqh 1 1 1 1 43:

81714 D Qrwh rq Prwlrq Frpshqvdwlrq Udqjh Xsgdwhv 1 1 1 1 1 1 1 1 1 43;

81715 D Qrwh rq Prwlrq Frpshqvdwlrq Iuhtxhqf| Ghshqghqfh 1 1 1 1 43;

81716 D Qrwh rq wkh Iodw Hduwk Dssur{lpdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 43<

818 Zlgh Ehdp Lpsohphqwdwlrq 1 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

81814 _Vsrwolnh% Prwlrq Frpshqvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445

819 Prwlrq Frpshqvdwlrq Fdofxodwlrq xvlqj Odwlwxgh/ Orqjlwxgh dqg Hools0

vrlgdo Khljkw Phdvxuhphqwv 1 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

81914 Frqyhuvlrq wr Hduwk0Fhqwuhg 60G Fduwhvldq Frruglqdwhv 1 1 1 1 1 448

81915 Fdofxodwlrq ri wkh Vwduw Srlqw ri wkh Jurxqg Uhihuhqfh Wudfn 1 1 448

81: Sudfwlfdo H{shulhqfh zlwk wkh ILQ6443 LPX dqg VDVDU YKI Gdwd 1 1 44;

81; Prwlrq Frpshqvdwlrq Fdofxodwlrq xvlqj Erg|0D{lv Dffhohudwlrq Phd0

vxuhphqwv 1 1 1 1 1 1 1 1 1 1 1 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<

81;14 Prwlrq Frpshqvdwlrq Fdofxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 453

81;15 Prwlrq Frpshqvdwlrq Lpsuryhphqw lq Lpdjhu| 1 1 1 1 1 1 1 1 1 1 456

81< Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 456

9 VDVDU YKI V|vwhp 458

914 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 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

915 V|vwhp 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 45:

91514 Dqwhqqd 1 1 1 1 1 1 1 1 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:

91515 Grssohu Edqgzlgwk dqg Suhvxpplqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45:

91516 Jdlq Vhwwlqjv 1 1 1 1 1 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<

91517 Surfhvvru Fkrlfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 463

916 Uhvxowv ri Iluvw Ioljkwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 463

91614 Lqwhuihuhqfh Vxssuhvvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 463

91615 Lpdjh Vljqdo wr Qrlvh Udwlr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 464
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91616 Guliwv lq D2G Frqyhuwhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465

91617 Prwlrq Frpshqvdwlrq 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

91618 Ghwhfwlrq ri Pdq0pdgh Vwuxfwxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466

91619 VDVDU YKI Lpdjhu| 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

917 Ixwxuh Dfwlylwlhv 1 1 1 1 1 1 1 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<

: Frqfoxvlrqv dqg Vfrsh iru Ixwxuh Uhvhdufk 474

:14 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 474

:15 Ixwxuh Zrun 1 1 1 1 1 1 1 1 1 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

Eleolrjudsk| 1 1 1 1 1 1 1 1 1 1 1 1 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
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514 Zlgh ehdp/ dlueruqh/ vwulspds VDU jhrphwu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

515 Grpdlq gh�qlwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

516 Zlgh ehdp VDU d}lpxwk ehdpzlgwk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

517 Jurxqg udqjh jhrphwu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67

518 Udqjh frpsuhvvhg VDU vljqdo pdjqlwxgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

519 Udqjh fxuydwxuh dqg udqjh zdon 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

51: Udqjh0Grssohu surfhvvru udqjh frpsuhvvlrq vwdjh 1 1 1 1 1 1 1 1 1 1 1 1 1 76

51; Udqjh0Grssohu surfhvvru d}lpxwk frpsuhvvlrq vwdjh 1 1 1 1 1 1 1 1 1 1 1 77

51< Pxowlorrn surfhvvlqj 1 1 1 1 1 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;

5143 Udqjh fxuydwxuh dqg vpdoo dqjoh dssur{lpdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

614 Udqjh frpsuhvvhg vljqdo vxssruw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89

615 Rqh0vlghg wlph0edqgzlgwk surgxfw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

616 Udqjh frpsuhvvhg VDU vlpxodwlrq vljqdo pdjqlwxgh 1 1 1 1 1 1 1 1 1 1 1 95

617 Udqjh0Grssohu grpdlq glvshuvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

618 Udqjh0Grssohu grpdlq diwhu fxuydwxuh fruuhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 96

619 D}lpxwk vshfwuxp wdshu gxh wr glvshuvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97

61: Wdujhw irfxvhg wr 53=8 p lq d}lpxwk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97

61; Wdujhw irfxvhg wr 43=4 p lq d}lpxwk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

61< Wdujhw irfxvhg wr 7=7 p lq d}lpxwk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

6143 Wdujhw irfxvhg wr 6=4 p lq d}lpxwk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

6144 Wdujhw irfxvhg wr 6=4 p lq d}lpxwk zlwk Kdpplqj zlqgrz 1 1 1 1 1 1 1 9:

6145 Wdujhw udqjh sur�oh diwhu 6=4 p d}lpxwk irfxvlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 9;

6146 Wdujhw udqjh sur�oh diwhu 53=8 p d}lpxwk irfxvlqj 1 1 1 1 1 1 1 1 1 1 1 1 9<

6147 Udqjh sur�oh vshfwuxp pdjqlwxgh shdn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<

6148 Udqjh sur�oh vshfwuxp zudsshg skdvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3
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6149 Uhvlgxdo udqjh skdvh +6=4 p d}lpxwk irfxvlqj, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3

614: Uhvlgxdo udqjh skdvh +53=8 p d}lpxwk irfxvlqj, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

614; Udqjh uhvroxwlrq +phdvxuhg, iru wkuhh fhqwuh iuhtxhqflhv 1 1 1 1 1 1 1 1 1 :6

614< Udqjh uhvroxwlrq +phdvxuhg, iru wkuhh qrplqdo udqjh uhvroxwlrqv 1 1 1 1 :7

6153 Udqjh uhvroxwlrq +phdvxuhg, iru wzr wdujhw forvhvw dssurdfk udqjhv 1 1 1 :7

714 H{whqghg udqjh0Grssohu dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;7

715 63 np uhihuhqfh ixqfwlrq pdjqlwxgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9

716 Uhihuhqfh ixqfwlrq pdjqlwxgh lq 50G iuhtxhqf| grpdlq 1 1 1 1 1 1 1 1 1 ;:

717 Pdjqlwxgh ri udqjh frpsuhvvhg wdujhw uhwxuqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;

718 Pdjqlwxgh ri wdujhw uhwxuqv lq 50G iuhtxhqf| grpdlq 1 1 1 1 1 1 1 1 1 1 1 ;;

719 Udqjh0Grssohu grpdlq gdwd iru wkuhh surfhvvlqj phwkrgv 1 1 1 1 1 1 1 1 <3

71: Udqjh0Grssohu grpdlq diwhu uhvlgxdo fxuydwxuh fruuhfwlrq 1 1 1 1 1 1 1 1 <4

71; Irfxvhg wdujhwv iru wkuhh surfhvvlqj phwkrgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

71< 63 np wdujhw iru wkuhh surfhvvlqj phwkrgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6

7143 Uhvlgxdo udqjh skdvh iru 63 np uhihuhqfh dqg 63 np wdujhw 1 1 1 1 1 1 1 <8

7144 Uhvlgxdo udqjh skdvh iru 63 np uhihuhqfh dqg 64 np wdujhw 1 1 1 1 1 1 1 <9

7145 Uhvlgxdo udqjh skdvh iru vwdqgdug udqjh0Grssohu dqg 64 np wdujhw 1 1 1 <9

7146 Udqjh sur�oh pdjqlwxgh lpsuryhphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

814 Prwlrq frpshqvdwlrq wr d olqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;

815 Wkh �dw hduwk dssur{lpdwlrq uhvxowlqj lq d khljkw huuru ryhu wkh v|q0

wkhwlf dshuwxuh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443

816 Prwlrq frpshqvdwlrq dqjxodu ghshqghqfh jhrphwu| 1 1 1 1 1 1 1 1 1 1 1 444

817 _Vsrwolnh% prwlrq frpshqvdwlrq jhrphwu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446

818 Jurxqg uhihuhqfh wudfn yhfwru jhrphwu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 449

819 R�0wudfn prwlrq jhrphwu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 454

81: Prwlrq frpshqvdwlrq lpsuryhphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 457

914 VDVDU YKI dqwhqqd duud| 1 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<

915 VDVDU YKI ehdpiruphu dqg lqhuwldo xqlw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465

916 Jdqveddl duhd zlwk lqwhuihuhqfh vxssuhvvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467

917 Jdqveddl duhd zlwkrxw lqwhuihuhqfh vxssuhvvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468

918 Fdsh Djxokdv pxowlorrn lpdjh zlwk lqwhuihuhqfh vxssuhvvlrq 1 1 1 1 1 1 1 469

919 Fdsh Djxokdv vlqjoh orrn/ YY lpdjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46:
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91: Fdsh Djxokdv/ vlqjoh orrn KK lpdjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;

91; Fdsh Djxokdv ylghr prvdlf 1 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<

:



w�t| Lu A@M*it

614 Vlpxodwlrq 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 94

615 Vlpxodwlrq uhvxowv 1 1 1 1 1 1 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

714 Phdvxuhg surfhvvlqj uhvxowv 1 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

914 VDVDU YKI sdudphwhuv iru wkh �uvw udgldwlqj �ljkwv1 1 1 1 1 1 1 1 1 1 1 45;

;



w�t| Lu �UhL?)4t

� 40G 0 Rqh0Glphqvlrqdo

� 50G 0 Wzr0Glphqvlrqdo

� D2G 0 Dqdorjxh wr Gljlwdo

� FDUDEDV 0 Frkhuhqw Doo UDglr EDqg Vhqvlqj +Vzhglvk VDU,

� FRPVLJ 0 Vrxwk Diulfdq V|psrvlxp rq Frppxqlfdwlrqv dqg Vljqdo Surfhvvlqj

� FVLU 0 Frxqflo iru Vflhqwl�f dqg Lqgxvwuldo Uhvhdufk +Vrxwk Diulfd,

� GDUSD 0 Dgydqfhg Uhvhdufk Surmhfwv Djhqf| +XVD,

� GF6 0 Gdnrwd dlufudiw

� GIG 0 Jhupdq Uhprwh Vhqvlqj Gdwd Fhqwuh

� GOU 0 Ghxwvfkh Iruvfkxqjvdqvwdow i�xu Oxiw0 xqg Udxpidkuw +Jhupdq|,

� HULP 0 Hqylurqphqwdo Uhvhdufk Lqvwlwxwh ri Plfkljdq +XVD,

� HVDU 0 H{shulphqwdo VDU +GOU/ Jhupdq|,

� HXVDU 0 Hxurshdq Frqihuhqfh rq V|qwkhwlf Dshuwxuh Udgdu

� IIW 0 Idvw Irxulhu Wudqvirup

� ILU 0 Ilqlwh Lpsxovh Uhvsrqvh +�owhu,

� IP 0 Iuhtxhqf| Prgxodwlrq

� J5 0 Jurxqg Surfhvvru Yhuvlrq 5 +XFW UUVJ,

� JSV 0 Joredo Srvlwlrqlqj V|vwhp

� KK 0 Krul}rqwdo srodul}dwlrq wudqvplw dqg uhfhlyh

� L 0 Lq0skdvh

� LIIW 0 Lqyhuvh Idvw Irxulhu Wudqvirup

� LJDUVV 0 Lqwhuqdwlrqdo Jhrvflhqfh dqg Uhprwh Vhqvlqj V|psrvlxp

<



� LPX 0 Lqhuwldo Phdvxuhphqw Xqlw

� LVO 0 Lqwhjudwhg Vlghoreh Ohyho

� MSO 0 Mhw Sursxovlrq Oderudwru| +XVD,

� QDZF 0 Qdydo Dlu Zduiduh Fhqwuh +XVD,

� SF 0 Shuvrqdo Frpsxwhu

� SUI 0 Sxovh Uhshwlwlrq Iuhtxhqf|

� SVO 0 Shdn Vlghoreh Ohyho

� SVS 0 Sulqflsoh ri Vwdwlrqdu| Skdvh

� SUL 0 Sxovh Uhshwlwlrq Lqwhuydo

� T 0 Txdgudwxuh

� U0G 0 Udqjh0Grssohu

� Udgdu 0 Udglr Ghwhfwlrq dqg Udqjlqj

� UUVJ 0 Udgdu Uhprwh Vhqvlqj Jurxs +XFW,

� VDDI 0 Vrxwk Diulfdq Dlu Irufh

� VDVDU 0 Vrxwk Diulfdq V|qwkhwlf Dshuwxuh Udgdu

� VDU 0 V|qwkhwlf Dshuwxuh Udgdu

� VQU 0 Vljqdo wr Qrlvh Udwlr

� VUF 0 Vhfrqgdu| Udqjh Frpsuhvvlrq

� VWF 0 Vhqvlwlylw| Wlph Frqwuro

� XFW 0 Xqlyhuvlw| ri Fdsh Wrzq +Vrxwk Diulfd,

� YKI 0 Yhu| Kljk Iuhtxhqf| +orz iru udgdu edqgv,

� YY 0 Yhuwlfdo srodul}dwlrq wudqvplw dqg uhfhlyh

43



w�t| Lu 5)4ML*t

� D 0 Yhfwru iurp ruljlq wr vwduw ri uhihuhqfh �ljkw wudfn +Vhfwlrq 819,

� E 0 Yhfwru iurp ruljlq wr hqg ri uhihuhqfh �ljkw wudfn +Vhfwlrq 819,

� E 0 Edqgzlgwk ^K}` +Vhfwlrq 517,

� E � 0 Udqjh edqgzlgwk ^K}` +Vhfwlrq 516,

� E ����� 0 Grssohu edqgzlgwk ^K}` +Vhfwlrq 518,

� E ����� ���
	�� 0 Ixoo ehdp Grssohu edqgzlgwk ^K}` +Vhfwlrq 51816,

� E ����� � � ��
 0 Surfhvvhg Grssohu edqgzlgwk ^K}` +Vhfwlrq 51816,

� E � ����� ������� 0 Rqh0vlghg Grssohu edqgzlgwk ^K}` +Vhfwlrq 616,

� f 0 Vshhg ri oljkw ^p2v` +Vhfwlrq 518,

� g 0 Uhdo dqwhqqd glphqvlrq ^p` +Vhfwlrq 5148,

� G � ��
 0 Gdwd uhfruglqj udwh ^e|whv2vhf` +Vhfwlrq 518,

� i 0 Iuhtxhqf| ^K}` +Vhfwlrq 517,

� i 	�� 0 D2G vdpsolqj iuhtxhqf| ^K}` +Vhfwlrq 516,

� i � 0 Fduulhu iuhtxhqf| ^K}` +Vhfwlrq 516,

� i � 0 Grssohu iuhtxhqf| ^K}` +Vhfwlrq 5144,

� i ��
 0 Grssohu fhqwurlg iuhtxhqf| ^K}` +Vhfwlrq 5143,

� i � � 0 Grssohu udwh ^K}2v` +Vhfwlrq 5143,

� i� ��� 0 Sxovh uhshwlwlrq iuhtxhqf| ^K}` +Vhfwlrq 516,

� i � 0 D}lpxwk +Grssohu, iuhtxhqf| ^K}` +Vhfwlrq 5144,

� i � 0 Udqjh iuhtxhqf| ^K}` +Vhfwlrq 5144,

� i � 0 Vdpsolqj iuhtxhqf| ^K}` +Vhfwlrq 517,

� k 0 Hoolsvrlgdo khljkw ^p` +Vhfwlrq 819,
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� k 0 Dyhudjh khljkw deryh whuudlq ^p` +Vhfwlrq 81;14,

� m 0
s
�4 +Vhfwlrq 518,

� N 0 Fklus frqvwdqw ^K}2v` +Vhfwlrq 518,

� N 	�� � � � 0 D}lpxwk zlqgrz eurdghqlqj frqvwdqw +Vhfwlrq 519,

� N � � � 0 H�hfwlyh fklus frqvwdqw diwhu VUF dgmxvwphqw ^K}2v` +Vhfwlrq 5143,

� N � � � � 0 Udqjh zlqgrz eurdghqlqj frqvwdqw +Vhfwlrq 519,

� O 0 V|qwkhwlf dshuwxuh ohqjwk ^p` +Iljxuh 516,

� q 	�� ��	������ ��� 0 Qxpehu ri d}lpxwk vdpsohv +Vhfwlrq 616,

� Q ���	� 0 Qxpehu ri frpsoh{ srlqwv xvhg lq IIW +Vhfwlrq 514516,

� Q � ��	������ ��� 0 Qxpehu ri udqjh vdpsohv +Vhfwlrq 518,

� s 0 Edvhedqg sxovh prgxodwlrq +Vhfwlrq 81715,

� S 0 Yhfwru iurp ruljlq wr vwduw ri wkh jurxqg uhihuhqfh wudfn +Vhfwlrq 819,

� U 0 Yhfwru iurp vwduw ri uhihuhqfh �ljkw wudfn wr vwduw ri uhihuhqfh jurxqg wudfn

+Vhfwlrq 819,

� U 0 Vodqw udqjh ^p` +Vhfwlrq 515,

� U � 0 Udglxv ri wkh Hduwk ^p` +Vhfwlrq 81716,

� U � 0 Vodqw udqjh dw forvhvw dssurdfk +}hur Grssohu udqjh, ^p` +Iljxuh 516,

� U � ��
 0 Qrplqdo irfxvlqj udqjh ^p` +Vhfwlrq 81;14,

� U
 � ��� 0 Qrplqdo jurxqg udqjh wr irfxv srvlwlrq ^p` +Vhfwlrq 81;14,

� U �
��� 0 Pd{lpxp +xqdpeljxrxv, idu vzdwk udqjh ^p` +Vhfwlrq 5147,

� U
	�
���� 	��
� 0 Dfwxdo udqjh wr wkh irfxv srvlwlrq iru SUL s ^p` +Vhfwlrq 81;14,

� U � 0 Vdpsoh udqjh ^p` +Vhfwlrq 616,

� v ��� 0 Edvhedqg uhwxuqhg vljqdo +Vhfwlrq 81715,

� v ��� 0 Uhfhlyhg zdyhirup +Vhfwlrq 81715,
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� v � � 0 Wudqvplwwhg zdyhirup +Vhfwlrq 81715,

� w 0 Wlph ^v` +Vhfwlrq 515,

� w � 0 Wlph dw zklfk wdujhw dw forvhvw dssurdfk ^v` +Vhfwlrq 51;,

� w � 0 Vorz0wlph +d}lpxwk, ^v` +Vhfwlrq 51;,

� w � 0 Idvw0wlph +udqjh, ^v` +Vhfwlrq 518,

� Y 0 Yhfwru lq gluhfwlrq ri qrplqdo �ljkw wudfn +Vhfwlrq 819,

� y 0 Jurxqg vshhg ^p2v` +Vhfwlrq 518,

� Z 0 Vshfwuxp dpsolwxgh zhljkwlqj ixqfwlrq iru vlghoreh vxssuhvvlrq +Vhfwlrq

5145,

� Z � 0 D}lpxwk vxesdwfk vl}h ^p` +Iljxuh 817,

� Z � 0 Udqjh vxesdwfk vl}h ^p` +Iljxuh 817,

� { 0 D}lpxwk ^p` +Vhfwlrq 515,

� { � / { � 0 D}lpxwk glvwdqfhv ^p` +Iljxuh 614,

� { 	 
�
���� / | 	�
�
�� � / } 	 
�
���� 0 Dyhudjh {/ |/ } dffhohudwlrqv ^p2vhf
�
` +Vhfwlrq 81;14,

� { � � 
 / | � ��
 / } � ��
 0 Irfxvlqj srvlwlrq lq wkh vzdwk ^p` +Vhfwlrq 81;14,

� {
	 
�
����
� / |

	�
�
�� �
� / }

	 
�
����
� 0 {/ |/ } dffhohudwlrqv iru SUL s ^p2vhf

�
` +Vhfwlrq 81;14,

� � 0 Dqjoh lq d}lpxwk ehdp ^udg` +Iljxuh 516,

� � 0 Dqjoh lq d}lpxwk ehdp ^udg` +Iljxuh 516,

� � 0 Vxesdwfk dqjoh ^udg` +Iljxuh 817,

� �u � ��� 0 Udqjh uhvroxwlrq ^p` +Vhfwlrq 519,

� �u
 � ��� � ��� 0 Jurxqg udqjh uhvroxwlrq ^p` +Vhfwlrq 51:,

� �{ � ��� 0 D}lpxwk uhvroxwlrq ^p` +Vhfwlrq 519,

� �k 0 Khljkw huuru ^p` +Vhfwlrq 81716,

� �u �
	�� � � � 0 Vodqw udqjh vdpsoh vsdflqj ^p` +Vhfwlrq 518,
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� �u
 � ��� ��	������ � 0 Jurxqg udqjh vdpsoh vsdflqj ^p` +Vhfwlrq 51:,

� �U 0 Prwlrq frpshqvdwlrq udqjh fruuhfwlrq ^p` +Vhfwlrq 817,

� �U 
�� ��� 0 Udqjh fxuydwxuh ^p` +Vhfwlrq 51<,

� �w � ��� � ������� 0 Vorz0wlph +d}lpxwk, h{whqw ^v` +Vhfwlrq 616,

� �{ �
	�� � � � 0 D}lpxwk vdpsoh vsdflqj ^p` +Vhfwlrq 518,

� �* 0 Prwlrq frpshqvdwlrq skdvh fruuhfwlrq ^udg` +Vhfwlrq 817,

� �* � 0 Uhvlgxdo prwlrq frpshqvdwlrq skdvh huuru ^udg` +Vhfwlrq 818,

� � 0 Orrn dqjoh ^udg` +Iljxuh 818,

� � ����� 0 6 gE ehdpzlgwk ^udg` +Vhfwlrq 5148,

� � ����� 0 7 gE ehdpzlgwk ^udg` +Vhfwlrq 5148,

� � � 0 Dqjoh ri lqflghqfh ^udg` +Iljxuh 517,

� � 0 Zdyhohqjwk ^p` +Vhfwlrq 51816,

� �� 0 Sxovh ohqjwk ^vhf` +Vhfwlrq 518,

� ! 0 Kdoi surfhvvhg d}lpxwk ehdpzlgwk ^udg` +Iljxuh 516,

� * 0 Wdujhw skdvh ^udg` +Vhfwlrq 51;,

� # 0 Odwlwxgh ^udg` +Vhfwlrq 819,

� � 0 Orqjlwxgh ^udg` +Vhfwlrq 819,

� $ 0 Dqjxodu iuhtxhqf| ^udg2v` +Vhfwlrq 515,
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Wkh fdqglgdwh zrxog olnh wr h{suhvv klv vlqfhuh wkdqnv wr klv wkhvlv vxshuylvru/

Suri1 Plnh Lqjjv/ iru doo klv jxlgdqfh dqg vxssruw wkurxjkrxw wklv zrun1 Lq dgglwlrq/

wkh frqwulexwlrq ri wkh odwh Uroi Ohqjhqihoghu iru klv udgdu vlpxodwlrq vriwzduh ghyho0

rsphqw/ surpswhg odujho| e| wklv zrun/ fdqqrw eh xqghuhvwlpdwhg dqg wkh fdqglgdwh

lv iruwxqdwh wr kdyh kdg wkh fkdqfh wr wkdqn klp1 Wkh fdqglgdwh zrxog dovr olnh wr

wkdqn doo klv froohdjxhv dw wkh XFW Udgdu Uhprwh Vhqvlqj Jurxs/ hvshfldoo| Dqguhz

Zlonlqvrq iru pdq| lqirupdwlyh glvfxvvlrqv rq d zlgh udqjh ri wkhruhwlfdo lvvxhv/ dqg

Ulfkdug Orug iru klv lqwhuihuhqfh vxssuhvvlrq zrun1 Lq dgglwlrq/ wkh fdqglgdwh zrxog

olnh wr wkdqn Doehuwr Pruhlud/ Ulfkdug Edpohu/ erwk ri GOU/ dqg Plfkdho Mlq/ ri

Ud|wkhrq +iruphuo| ri MSO,/ iru iuxlwixo glvfxvvlrqv rq dvshfwv ri wklv zrun1 Ilqdoo|/

wkh fdqglgdwh wkdqnv Udoi Kruq dqg Vwhidq Exfnuhxvv ri wkh GOU iru vxsso|lqj wkh

HVDU udz gdwd zklfk surpswhg wkh fdqglgdwh*v lqwhuhvw lq VDU surfhvvlqj1

48



��@T|ih �

W?|hL_�U|�L?

V|qwkhwlf Dshuwxuh Udgdu +VDU, lv d whfkqltxh +nqrzq iru qhduo| 83 |hduv 0 Zloh|

^9;`, iru wkh pdsslqj ri whuudlq zklfk kdv vhyhudo dgydqwdjhv ryhu rswlfdo 2 lqiuduhg

lpdjlqj whfkqltxhv1 VDU lv dq dfwlyh plfurzdyh whfkqltxh zklfk doorzv wkh srvvlelolw|

ri rewdlqlqj kljk uhvroxwlrq lpdjhu| iurp dlueruqh dqg vsdfheruqh sodwirupv dw qljkw/

wkurxjk kd}h/ forxg dqg udlq1

Iru vlgh0orrnlqj uhdo dshuwxuh udgduv/ wkh vpdoohu wkh d}lpxwk ehdpzlgwk/ wkh �qhu

wkh d}lpxwk uhvroxwlrq +lq wkh gluhfwlrq ri wkh �ljkw wudfn,1 Wr dfklhyh d jlyhq d}lpxwk

uhvroxwlrq iru vxfk v|vwhpv uhtxluhv d pxfk odujhu +dqg wkxv lpsudfwlfdo, dqwhqqd

dw orz iuhtxhqflhv wkdq dw kljk iuhtxhqflhv1 Krzhyhu/ VDU doorzv wkh srvvlelolw| ri

xvlqj orqjhu zdyhohqjwkv dqg vwloo dfklhylqj jrrg uhvroxwlrq zlwk dqwhqqd vwuxfwxuhv ri

uhdvrqdeoh vl}h1 Lq dgglwlrq/ iru VDU wkh d}lpxwk uhvroxwlrq fdq eh pdgh lqghshqghqw

ri udqjh/ zklfk lv qrw wkh fdvh iru uhdo dshuwxuh udgduv1

VDU kdv ehhq vkrzq wr eh yhu| xvhixo ryhu d zlgh udqjh ri dssolfdwlrqv= lfh

prqlwrulqj +Gulqnzdwhu hw do1 ^54`,> wkh ghwhfwlrq ri hduwk fuxvwdo pryhphqw +]henhu

dqg Urvhq ^9<`,> jhrorj| dqg plqlqj +O|qqh dqg Wd|oru ^77`/ Hydqv ^58`,> plolwdu|

vxuyhloodqfh> yhjhwdwlrq glvfulplqdwlrq +Hydqv hw do1 ^59`,> k|gurorj| +PfFdxoh| hw

do1 ^79`,> xuedq pdsslqj> �vklqj> rlo srooxwlrq prqlwrulqj +Kryodqg hw do1 ^6:`,>

rfhdqrjudsk| +Zdko dqg Vnrhoy ^99`,> wr qdph d ihz1

Pdq| rujdql}dwlrqv wkurxjkrxw wkh zruog kdyh ehhq txlfn wr uhdol}h wkh srwhqwldo

iru VDU lq d glyhuvh udqjh ri dssolfdwlrqv1 Wklv kdv ohg wr wkh ghyhorsphqw ri d

qxpehu ri vsdfheruqh dqg dlueruqh VDU v|vwhpv1 D uhfhqw uhylhz ri VDU vhqvruv/

erwk dlueruqh dqg vsdfheruqh/ lv surylghg e| Udqh| ^65` +ss1 <;0439,1 D pruh gdwhg

uhylhz lv surylghg e| Zd| dqg Vplwk ^9:`1
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Zkloh pdq| hduo| VDU v|vwhpv pdgh xvh ri d vlqjoh iuhtxhqf| edqg dqg srodu0

l}dwlrq/ wkhuh kdv ehhq d uhdol}dwlrq wkdw h{wud lqirupdwlrq pd| eh rewdlqhg iurp wkh

xvh ri pxowlsoh iuhtxhqflhv dqg pxowlsoh srodul}dwlrqv1 Lq sduwlfxodu/ wkhuh kdv ehhq d

uhfhqw wuhqg wr dgg orzhu iuhtxhqf| vhqvruv wr h{lvwlqj v|vwhpv1 Prvw hduo| v|vwhpv

xvhg O0edqg ru kljkhu +Zd| dqg Vplwk ^9:`,1 Dqwhqqd vl}h frqvlghudwlrqv kdyh qr

grxew ehhq d pdmru idfwru lq wkh fkrlfh ri wkh kljkhu iuhtxhqflhv xvhg e| prvw VDU

v|vwhpv1 Wkh orzhu iuhtxhqflhv uhtxluh odujhu dqwhqqdv dqg orqjhu v|qwkhwlf dshuwxuh

ohqjwkv iru d jlyhq wdujhw forvhvw dssurdfk udqjh wr dfklhyh d jlyhq d}lpxwk uhvroxwlrq

+Fkdswhu 5/ Htxdwlrq 5156,1 Wkh orqjhu v|qwkhwlf dshuwxuhv lq wxuq uhtxluh fduhixo

prwlrq frpshqvdwlrq dqg vx�hu iurp pruh vhyhuh udqjh fxuydwxuh h�hfwv1

Orz iuhtxhqflhv r�hu sduwlfxodu dgydqwdjhv zlwk uhjdugv wr shqhwudwlrq wkurxjk

iroldjh/ dqg exulhg wdujhwv pd| hyhq eh ghwhfwhg lq gu| uhjlrqv +Vfkdehu hw do1 ^89`/

Hodfkl hw do1 ^57`/ Eduolq hw do1 ^43`,1 Fodvvlf h{dpsohv ri wkh jurxqg shqhwudwlrq

fdsdelolw| duh wkh cUdgdu Ulyhuv* dv vhhq lq wkh VLU0D2E lpdjhv ri wkh h{wuhpho| dulg

Hdvwhuq Vdkdud/ vkrzlqj exulhg ihdwxuhv zklfk duh qrw suhvhqw lq rswlfdo lpdjhu| ri

wkh vdph duhd +Vfkdehu hw do1 ^8:`,1

Dlueruqh VDU vhqvruv rshudwlqj ehorz O0edqg lqfoxgh=

� wkh S0edqg +783 PK}, vhqvru ri wkh Jhupdq GOU HVDU +Kruq ^66`,

� wkh GDUSD2HULP2QDZF S06 xowud0zlghedqg VDU zklfk rshudwhv lq wkh 548

PK} wr <33 PK} uhjlrq +Fduudud hw do1 ^4;`,

� wkh FDUDEDV LL YKI VDU v|vwhp ri wkh Vzhglvk IRD zklfk rshudwhv lq wkh

53 PK} wr <3 PK} uhjlrq +Oduvvrq hw do1 ^44`/ Jxvwdyvvrq hw do1 ^5;`,

� wkh Uxvvldq lPDUN YKI VDU vhqvru zklfk rshudwhv durxqg 453 PK} dqg lv

rshudwhg e| wkh Prvfrz Vflhqwl�f Uhvhdufk Lqvwlwxwh ri Lqvwuxphqw Hqjlqhhulqj

dqg wkh Doo0Xqlrq Vflhqwl�f Uhvhdufk Lqvwlwxwh ri Nrvprdhurorjlfdo Phwkrgv

� wkh Vrxwk Diulfdq VDVDU YKI vhqvru zklfk rshudwhv zlwk d 45 PK} edqgzlgwk

fhqwuhg durxqg 474 PK} +Lqjjv ^6;`,1

Hduo| VDU v|vwhpv pdgh xvh ri rswlfdo surfhvvlqj lq rughu wr irfxv wkh lpdjhu|1

Krzhyhu/ gljlwdo surfhvvruv r�hu kljk suhflvlrq dqg d kljk ghjuhh ri �h{lelolw|/ dqg

duh wkxv wkh suhihuuhg phwkrg wrgd|1 Wkh qhz dssolfdwlrqv ri VDU kdyh qdwxudoo|

ohg wr frqvlghudeoh h�ruw lqwhuqdwlrqdoo| lq uhfhqw |hduv lq uh�qlqj h{lvwlqj gljlwdo
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VDU surfhvvlqj whfkqltxhv vxfk dv wkh srsxodu udqjh0Grssohu dojrulwkp +Pxqvrq dqg

Ylvhqwlq ^7<`/ Edpohu ^:`, dqg wkh ghyhorsphqw ri qhz whfkqltxhv vxfk dv wkh fklus

vfdolqj dojrulwkp +Udqh| hw do1 ^84`,/ dv zhoo dv whfkqltxhv ceruurzhg* iurp rwkhu �hogv

vxfk dv wkh udqjh pljudwlrq dojrulwkp +Fd�rulr hw do1 ^49`,1

Iru d jlyhq d}lpxwk uhvroxwlrq/ d orz iuhtxhqf|/ vwulspds VDU uhtxluhv d odujhu

surfhvvhg d}lpxwk ehdpzlgwk wkdq dw kljkhu iuhtxhqflhv +Fkdswhu 5/ Htxdwlrq 5149,1

Krzhyhu/ dq dlueruqh VDU v|vwhp zlwk odujh surfhvvhg d}lpxwk ehdpzlgwk vx�huv

iurp wzr pdlq gl�fxowlhv +zklfk gr qrw d�lfw rwkhu VDU v|vwhpv wr wkh vdph h{whqw,=

41 Wkh udqjh fxuydwxuh lv yhu| vhyhuh/ hvshfldoo| iru v|vwhpv zlwk kljk uhvrox0

wlrq1 Wklv fdq pdnh h�flhqw udqjh fxuydwxuh fruuhfwlrq yhu| gl�fxow iru fhu0

wdlq surfhvvlqj dssurdfkhv1 Iru h{dpsoh/ wkh vwdqgdug udqjh0Grssohu surfhvvru

pdnhv xvh ri wkh udqjh0Grssohu grpdlq iru lpsohphqwdwlrq ri wkh udqjh fxuydwxuh

fruuhfwlrq +wkh ydulrxv grpdlqv duh gh�qhg lq Fkdswhu 5/ Iljxuh 515,1 Krzhyhu/

vljqdov zlwk vhyhuh udqjh fxuydwxuh duh glvshuvhg lq wkh udqjh0Grssohu grpdlq

gxh wr wkh vpdoo wlph0edqgzlgwk surgxfw ri sruwlrqv ri wkh vljqdo dzd| iurp }hur

Grssohu1 Wkh fruuhfwlrq uhtxluhg iru wklv h�hfw/ nqrzq dv Grssohu iuhtxhqf| gh0

shqghqw vhfrqgdu| udqjh frpsuhvvlrq +VUF,/ uhtxluhv wkh xvh ri d frpsolfdwhg

lqwhusrodwlrq vfkhph lq wkh udqjh0Grssohu grpdlq +Edpohu ^:`/ Vplwk ^8<`, dqg/

dv d uhvxow/ prvw udqjh0Grssohu surfhvvruv gr qrw kdyh wkh delolw| wr shuirup

wklv fruuhfwlrq1

51 Wkh prwlrq frpshqvdwlrq lpsohphqwdwlrq lv frpsolfdwhg e| wkh qhhg wr lqfoxgh

dq d}lpxwk ghshqghqfh lqwr wkh fruuhfwlrq1 Wklv wudqvodwhv lqwr kdylqj wr dsso|

pdq| gl�huhqw fruuhfwlrqv wr wkh vdph srlqw lq wkh gdwd zklfk lv gl�fxow wr

dfklhyh h�flhqwo|1 D sduwldo vroxwlrq wr wklv h�flhqf| sureohp/ ghyhorshg e|

uhvhdufkhuv dw HULP ^4;`/ lv glvfxvvhg lq Fkdswhu 81

��� A�it�t �M�iU|��it

Wkh zrun suhvhqwhg lq wklv wkhvlv vwhpv odujho| iurp wkh fdqglgdwh*v lqyroyhphqw lq

wkh v|vwhp wkhruhwlfdo0 dqg sduwlfxoduo| wkh vljqdo surfhvvlqj vlgh ri wkh VDVDU YKI

vhqvru ghyhorsphqw1 Wkh vljqdo surfhvvlqj iru wkh v|vwhp kdv ehhq wkh fdqglgdwh*v

uhvsrqvlelolw|1 Ri sduwlfxodu lqwhuhvw wr wkh fdqglgdwh kdv ehhq wkh dssolfdwlrq ri

udqjh0Grssohu surfhvvlqj dw YKI iuhtxhqflhv1
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Frqyhqwlrqdo zlvgrp krogv wkdw dowhuqdwh surfhvvlqj whfkqltxhv wr wkh vwdqgdug

udqjh0Grssohu dssurdfk duh hvvhqwldo dw YKI iuhtxhqflhv1 Iru h{dpsoh/ wkh udqjh

pljudwlrq dssurdfk +Fd�rulr hw do1 ^49`/ Urffd hw do1 ^87`, kdv ehhq xvhg iru wkh

surfhvvlqj ri wkh kljk uhvroxwlrq S6 xowud0zlghedqg VDU +Fduudud hw do1 ^4;`, dqg d

wrprjudsklf whfkqltxh kdv ehhq ghyhorshg iru wkh vwhsshg iuhtxhqf| surfhvvlqj ri wkh

yhu| orz iuhtxhqf| FDUDEDV v|vwhp zklfk xvhv wzr rpqlgluhfwlrqdo dqwhqqdv iru

ohiw2uljkw glvfulplqdwlrq +Oduvvrq hw do1 ^44`/ Khoovwhq dqg Dqghuvvrq ^64`,1

Krzhyhu/ iru vljqdov zlwk vhyhuh udqjh fxuydwxuh/ wkh erxqgdulhv ri wkh uhjlrqv

zkhuh wkh vwdqgdug udqjh0Grssohu surfhvvru*v shuirupdqfh pryhv iurp ehlqj dffhsw0

deoh wr xqdffhswdeoh iru d vshfl�f dssolfdwlrq kdyh qrw ehhq fohdu1

Wkh pdlq remhfwlyhv ri wklv wkhvlv duh=

� wr h{soruh wkh uhjlrq ri dssolfdelolw| ri wkh vwdqgdug udqjh0Grssohu surfhvvlqj lq

wkh 433 PK} wr 533 PK} iuhtxhqf| udqjh +zlwkrxw Grssohu iuhtxhqf| ghshqghqw

VUF,1 Vwdqgdug txdqwlwdwlyh phdvxuhv ri irfxvlqj shuirupdqfh duh xvhg1

� wr ghprqvwudwh wkh lpsuryhg udqjh fxuydwxuh fruuhfwlrq fdsdelolw| ri dq h{whq0

vlrq wr udqjh0Grssohu surfhvvlqj/ edvhg rq dq lghd �uvw sxeolvkhg e| Udqh| dqg

Ydfkrq dqg dssolhg lq wkh gl�huhqw frqwh{w ri d qduurz ehdp VDU zlwk odujh

vtxlqw ^85`1

� wr glvfxvv prwlrq frpshqvdwlrq vwudwhjlhv iru uhfrqvwuxfwlrq ri wkh �ljkw sdwk

dqg fruuhfwlrq ri wkh gdwd iru zlgh ehdp VDU1

� wr dgg wr nqrzohgjh ri YKI VDU rshudwlrq wkurxjk glvfxvvlrq ri wkh VDVDU

YKI v|vwhp/ vljqdo surfhvvlqj/ dqg wkurxjk suhvhqwdwlrq ri vrph ri wkh �uvw

uhvxowv iurp wkh v|vwhp1

Lq wklv zrun/ hpskdvlv kdv ehhq sodfhg rq orz iuhtxhqf| VDU v|vwhpv zlwk wkh

iroorzlqj fkdudfwhulvwlfv=

� Zlgh d}lpxwk ehdp/ dlueruqh/ vwulspds VDU v|vwhpv zlwk }hur Grssohu fhq0

wurlg +ru wkh d}lpxwk ehdpzlgwk lv odujh hqrxjk vr wkdw rqo| wkh sruwlrq ri wkh

d}lpxwk vljqdo orfdwhg v|pphwulfdoo| derxw }hur Grssohu lv surfhvvhg 0 qr vtxlqw

fruuhfwlrq lv uhtxluhg,1

� Prghvw uhodwlyh sxovh edqgzlgwkv +udwlr ri wkh sxovh edqgzlgwk wr wkh fhqwuh iuh0

txhqf|, zlwk wkh pd{lpxp uhodwlyh sxovh edqgzlgwk vlpxodwhg lq wklv wkhvlv ohvv
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wkdq 63 shufhqw1 Iru wkh VDVDU YKI v|vwhp/ wkh pd{lpxp sxovh edqgzlgwk

lv 45 PK}/ fhqwuhg rq 474 PK} +;=8 shufhqw,1

��2 A�it�t 5|h�U|�hi

Wkh wkhvlv kdv wkh iroorzlqj vwuxfwxuh=

� Fkdswhu 5 od|v wkh edvlv iru wkh zrun ghvfulehg lq wkh uhpdlqghu ri wklv wkhvlv

zlwk wkh irfxv rq wkh pdwkhpdwlfv dqg jhrphwu| ri orz iuhtxhqf|/ zlgh ehdp/

dlueruqh/ vwulspds VDU/ sduwlfxoduo| dv shuwdlqlqj wr udqjh0Grssohu surfhvvlqj1

� Fkdswhu 6 lqyhvwljdwhv wkh h�hfwv ri vhyhuh udqjh fxuydwxuh rq udqjh0Grssohu

VDU surfhvvlqj iru v|vwhpv zlwk fhqwuh iuhtxhqflhv lq wkh udqjh ri 433 � 533

PK}1 Wkh irfxv lv rq dlueruqh/ vwuls0pds/ vlgh0orrnlqj VDU v|vwhpv zlwkrxw

udqjh zdon +l1h1 lpdjlqj jhrphwulhv zlwk d Grssohu fhqwurlg ri }hur,1 Wkh

h�hfwv rq wkh irfxvlqj ri d vlpxodwhg srlqw wdujhw duh lqyhvwljdwhg1 Wkh pdlq

remhfwlyh ri wklv fkdswhu lv wr surylgh dq lqglfdwlrq wr xvhuv ri udqjh0Grssohu

surfhvvruv ri wkh shuirupdqfh zklfk frxog eh h{shfwhg dw YKI iuhtxhqflhv zkhq

qr Grssohu0iuhtxhqf|0ghshqghqw VUF lv shuiruphg1 Wkh dqdo|vlv lv dqdo|wlf dv

idu dv wudfwdeoh pdwkhpdwlfv lv dydlodeoh/ exw h{whqvlyh xvh ri vlpxodwhg VDU

vljqdov kdv ehhq uhtxluhg1 Iru h{dpsoh/ qr forvhg irup h{suhvvlrqv h{lvw iru wkh

udqjh frpsuhvvhg vljqdo lq wkh udqjh0Grssohu grpdlq1

� Fkdswhu 7 ghprqvwudwhv/ iru vljqdov zlwk vhyhuh udqjh fxuydwxuh/ wkh lpsuryhg

irfxvlqj shuirupdqfh ri dq h{whqghg udqjh0Grssohu VDU surfhvvru ryhu vwdqgdug

udqjh0Grssohu surfhvvlqj zkhq shuiruphg zlwkrxw Grssohu iuhtxhqf| ghshqghqw

VUF1 Zkdw pdnhv wklv zrun uhohydqw lv wkdw lw surylghv d idluo| vwudljkwiruzdug

phfkdqlvp iru h{whqglqj wkh fdsdelolw| ri d vwdqgdug udqjh0Grssohu surfhvvru wr

wkh fdvh ri vhyhuh udqjh fxuydwxuh dv lv w|slfdoo| h{shulhqfhg iru kljk uhvroxwlrq

surfhvvlqj dw YKI iuhtxhqflhv1 Lq jhqhudo/ wkh h{whqghg surfhvvru/ dv lpsoh0

phqwhg/ grhv uhtxluh pruh frpsxwdwlrq wkdq vwdqgdug udqjh0Grssohu surfhvv0

lqj1 Dv iru Fkdswhu 6/ h{whqvlyh xvh kdv ehhq pdgh ri vlpxodwhg VDU vljqdov lq

hydoxdwlqj surfhvvru irfxvlqj shuirupdqfh1

� Fkdswhu 8 suhvhqwv prwlrq frpshqvdwlrq vwudwhjlhv dssolfdeoh wr wkh zlgh ehdp/

dlueruqh/ vwulspds VDU fdvh1

53



� Fkdswhu 9 suhvhqwv d vkruw ryhuylhz ri wkh VDVDU YKI surmhfw dv zhoo dv vrph

ri wkh surfhvvlqj uhvxowv dqg h{shulhqfh jdlqhg iurp wkh �uvw �ljkwv1

� Fkdswhu : jlyhv frqfoxvlrqv dqg srlqwhuv wr duhdv zkhuh ixwxuh zrun lv zduudqwhg1

��� 5|@|i4i?| Lu �h�}�?@*�|)

Wkh pdwhuldo suhvhqwhg lq wklv wkhvlv lv wkh fdqglgdwh*v rzq zrun1 Qxphurxv uhihuhqfhv

duh jlyhq zkhuh pdwhuldo lv gudzq iurp rwkhuv1 Wkh fdqglgdwh*v ruljlqdo frqwulexwlrqv

lq hdfk ri wkh uhpdlqlqj pdmru fkdswhuv duh=

� Fkdswhu 5 +wkhruhwlfdo edfnjurxqg, 0 Dowkrxjk prvw ri wkh VDU uhvxowv lq wklv

fkdswhu duh lq qr vhqvh qryho/ wkh suhvhqwdwlrq dqg ghulydwlrq ri pdq| ri wkh

htxdwlrqv lq wklv fkdswhu duh wkh fdqglgdwh*v rzq zrun dqg qr sduwlfxodu wh{w lv

iroorzhg1 Uhihuhqfhv duh jlyhq zkhuh pdwhuldo lv gudzq iurp rxwvlgh vrxufhv1

� Fkdswhu 6 +olplwdwlrqv ri udqjh0Grssohu surfhvvlqj, 0 Doo ri wkh pdwhuldo/ vlpx0

odwlrqv dqg surfhvvlqj lq wklv fkdswhu lv wkh fdqglgdwh*v rzq zrun1 Vrph ri wkh

pdwhuldo dsshdulqj lq wklv fkdswhu kdv ehhq sxeolvkhg e| wkh fdqglgdwh lq wkh

Surfhhglqjv ri HXVDU *<; ^67` dqg FRPVLJ *<; ^69`1 Lq dgglwlrq/ d mrxuqdo

sdshu/ fr0dxwkruhg e| Lqjjv/ dqg ghwdlolqj vrph ri wkh uhvxowv ri wklv fkdswhu/ lv

xqghu suhsdudwlrq +xqwlwohg/ wr eh vxeplwwhg wr LHHH Wudqv1 rq Dhurvsdfh dqg

Hohfwurqlf V|vwhpv,1

� Fkdswhu 7 +h{whqvlrq wr udqjh0Grssohu surfhvvlqj, 0 Wkh lghd iru wkh h{whqghg

udqjh0Grssohu dojrulwkp zdv vxjjhvwhg wr wkh fdqglgdwh e| Plfkdho Mlq lq d sul0

ydwh glvfxvvlrq ^4`1 Doo ri wkh pdwhuldo lq wklv fkdswhu/ lqfoxglqj wkh ghyhorsphqw/

frglqj/ vlpxodwlrq dqg whvwlqj ri wkh h{whqghg dojrulwkp lv wkh fdqglgdwh*v rzq

zrun1 Vrph ri wkh pdwhuldo dsshdulqj lq wklv fkdswhu kdv ehhq vxeplwwhg e| wkh

fdqglgdwh wr eh sxeolvkhg lq wkh Surfhhglqjv ri LJDUVV *<< ^68` dqg d mrxuqdo

sdshu rq wkh zlgh ehdp dssolfdwlrq ri wkh dojrulwkp/ fr0dxwkruhg e| Mlq/ lv

xqghu suhsdudwlrq +xqwlwohg/ wr eh vxeplwwhg wr LHHH Wudqv1 rq Dhurvsdfh dqg

Hohfwurqlf V|vwhpv,1 Diwhu frpsohwlrq ri wkh h{whqghg surfhvvru ghyhorsphqw/

wkh zrun suhvhqwhg lq wklv fkdswhu/ dqg wkh vxeplvvlrq ri wkh ixoo LJDUVV *<<

sdshu ^68` +vxevhtxhqwo| voljkwo| uhylvhg,/ lw zdv eurxjkw wr wkh fdqglgdwh*v dw0

whqwlrq e| Ulfkdug Edpohu ri GOU ^5` wkdw dq dojrulwkp zlwk wkh vdph pdlq
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vwhsv kdg ehhq sxeolvkhg e| Udqh| dqg Ydfkrq ^85`1 Udqh| dqg Ydfkrq/ krz0

hyhu/ zkloh qrwlqj wkdw wkhlu dojrulwkp zrxog eh dssolfdeoh wr wkh vhyhuh udqjh

fxuydwxuh fdvh/ dssolhg wkh dssurdfk wr wkh vlpxodwlrq ri d qduurz ehdp VDU

+619 ghj, zlwk odujh vtxlqw +78 ghj,1 Lq dgglwlrq/ wkh lqghshqghqwo| ghyhorshg

lpsohphqwdwlrq ghvfulehg khuh gl�huv iurp wkdw ghvfulehg lq ^85`1 Iru h{dpsoh/

Udqh| dqg Ydfkrq h�flhqwo| +exw zlwk vrph dssur{lpdwlrqv, jhqhudwh wkh 50

G uhihuhqfh ixqfwlrq lq wkh 50G iuhtxhqf| grpdlq gluhfwo| iurp pdwkhpdwlfdo

h{suhvvlrqv iru wkh vljqdo iurp d srlqw vfdwwhuhu lq wklv grpdlq1

� Fkdswhu 8 +prwlrq frpshqvdwlrq, 0 Wkh zrun ghvfulehg lq wklv fkdswhu lv wkh

fdqglgdwh*v rzq/ dqg lv odujho| edvhg rq wkh fdqglgdwh*v sudfwlfdo h{shulhqfh lq

ghyhorslqj dqg lpsohphqwlqj prwlrq frpshqvdwlrq dojrulwkpv iru wkuhh v|vwhpv=

wkh VDVDU YKI vhqvru dqg wkh HVDU S0edqg dqg F0edqg vhqvruv1 Lq wklv

fkdswhu/ wzr vwudwhjlhv iru uhfrqvwuxfwlrq ri wkh �ljkw sdwk iurp lqhuwldo vhqvru

gdwd duh suhvhqwhg= d vwudwhj| ghyhorshg dqg lpsohphqwhg e| wkh fdqglgdwh iru

wkh surfhvvlqj ri wkh VDVDU YKI gdwd> d vwudwhj| ghyhorshg e| Exfnuhxvv dw

wkh GOU ^48` dqg lpsohphqwhg e| wkh fdqglgdwh iru wkh surfhvvlqj ri wkh HVDU

S0 dqg F0edqg gdwd1 Wkh zlgh ehdp prwlrq frpshqvdwlrq dojrulwkp glvfxvvhg

lq wkh frqwh{w ri wkh VDVDU v|vwhp lv wkdw ghyhorshg e| Fduudud/ Wxppdod dqg

Jrrgpdq ^4;` ri HULP1

� Fkdswhu 9 +VDVDU YKI v|vwhp, 0 Wkh fdqglgdwh kdv ehhq lqyroyhg zlwk wkh

VDVDU v|vwhp iurp lwv lqfhswlrq zlwk d pdmru frqwulexwlrq wr wkh wrs ohyho

v|vwhp ghvljq lvvxhv sduwlfxoduo| dv uhodwlqj wr wkh VDU surfhvvlqj +lqfoxglqj/

iru h{dpsoh/ wkh fkrlfh ri rshudwlqj sdudphwhuv,1 Lq dgglwlrq/ wkh fdqglgdwh

lv uhvsrqvleoh iru doo wkh VDU surfhvvlqj iru wkh v|vwhp1 Zlwk wkh h{fhswlrq

ri wkh lqwhuihuhqfh vxssuhvvlrq urxwlqhv zklfk duh wkh zrun ri Ulfkdug Orug/

wkh hqwluh ghyhorsphqw/ frglqj/ lpsohphqwdwlrq/ dqg lqwhjudwlrq ri wkh VDU

surfhvvru +zlwk prwlrq frpshqvdwlrq, lv wkh fdqglgdwh*v rzq zrun +edvhg rq

wkh vwdqgdug udqjh0Grssohu dojrulwkp,1
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Wkh wkhru| suhvhqwhg lq wklv fkdswhu vxssruwv wkh pdlq wkuxvw ri wkh zrun suhvhqwhg

lq wklv wkhvlv= udqjh0Grssohu surfhvvlqj iru zlgh d}lpxwk ehdpzlgwk/ dlueruqh YKI

vljqdov zlwk }hur surfhvvhg Grssohu fhqwurlg dqg zlwk prghvw uhodwlyh sxovh edqg0

zlgwkv1 Glvfxvvlrq ri prwlrq frpshqvdwlrq/ dq lpsruwdqw hohphqw ri dq| dlueruqh

VDU v|vwhp/ lv ghihuuhg wr Fkdswhu 81 Wkh wkhru| ri vsdfheruqh VDU rshudwlrq lv

rxwvlgh wkh vfrsh ri wklv zrun dqg lv qrw dgguhvvhg1 Wkhuh duh d qxpehu ri h{fhoohqw

wh{wv dqg vflhqwl�f sdshuv fryhulqj VDU wkhru|/ vrph ri zklfk duh uhihuhqfhg lq wklv

fkdswhu1 Iru wklv uhdvrq dqg wr pdlqwdlq wkh wkhvlv irfxv/ d ghwdlohg vwxg| ri VDU

wkhru| dqg wkh pdq| gl�huhqw surfhvvlqj whfkqltxhv dqg dssurdfkhv wr xqghuvwdqglqj

duh qrw jlyhq khuh1 Qhlwkhu lv wklv fkdswhu lqwhqghg dv dq lqwurgxfwlrq wr vwulspds

VDU iru wkrvh qhz wr wkh vxemhfw1

D uhfhqw/ frpsuhkhqvlyh whfkqlfdo shuvshfwlyh rq VDU ixqgdphqwdov lv surylghg

e| Udqh| ^65` +ss1 <0463,1 Rolyhu dqg Txhjdq surylgh d wkhruhwlfdo edvlv iru xqghu0

vwdqglqj VDU lpdjhv ^83`1 Fxuodqghu dqg PfGrqrxjk ^53` surylgh d frpsuhkhqvlyh

wuhdwphqw ri VDU v|vwhpv dqg vljqdo surfhvvlqj zlwk hpskdvlv rq vsdfheruqh v|vwhpv1

Edpohu ^:` surylghv dq h{fhoohqw pdwkhpdwlfdo frpsdulvrq ri vhyhudo VDU surfhvvlqj

dojrulwkpv1 Dxvkhupdq hw do1 ^8` ghvfuleh wkh vljqdo surfhvvlqj iru ydulrxv VDU

lpdjlqj prghv1 Fduudud/ Jrrgpdq dqg Pdmhzvnl ^4:` glvfxvv VDU vljqdo surfhvvlqj

dojrulwkpv zlwk hpskdvlv rq vsrwoljkw VDU +qr udqjh0Grssohu surfhvvru wuhdwphqw,1
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Rwkhu dgydqfhg wuhdwphqwv rq edvlf VDU wkhru| duh r�huhg e| Nlun ^73`/ Vdfn hw do1

^88`/ Pxqvrq dqg Ylvhqwlq ^7<` dqg Ydqw ^98`1 Dq hduolhu wh{w frqwdlqlqj d jrrg fryhu0

djh ri edvlf VDU wkhru| dqg frpsdulvrqv zlwk rwkhu udgdu lpdjlqj whfkqltxhv +vxfk

dv uhdo dshuwxuh udgdu, lv jlyhq e| Xode| hw do1 ^97`1 Vwlpvrq ^94` surylghv dq lqwxlwlyh

lqwurgxfwlrq wr edvlf VDU wkhru|1 Rwkhu wh{wv zlwk d wuhdwphqw ri VDU wkhru| duh

r�huhg e| Hodfkl ^55`^56` dqg Vnroqln ^8;`1

Dowkrxjk wkh suhvhqwdwlrq dqg ghulydwlrq ri pdq| ri wkh htxdwlrqv lq wklv fkdswhu

duh wkh fdqglgdwh*v rzq zrun/ prvw ri wkh VDU uhvxowv suhvhqwhg lq wklv fkdswhu duh lq

qr vhqvh qryho dqg uhihuhqfhv duh jlyhq zkhuh pdwhuldo lv gudzq iurp rxwvlgh vrxufhv1

Lq wkh vhfwlrqv ehorz/ wkh edvlf wkhru| dqg jhrphwu| ehklqg orz iuhtxhqf|/ zlgh

d}lpxwk ehdp/ dlueruqh/ vwulspds VDU duh suhvhqwhg zlwk vshfldo hpskdvlv sodfhg

rq udqjh0Grssohu surfhvvlqj1 VDU uhvroxwlrq h{suhvvlrqv dssolfdeoh wr wkh zlgh ehdp

fdvh duh ghulyhg iurp edqgzlgwk frqvlghudwlrqv zlwkrxw pdnlqj vpdoo dqjoh dssur{0

lpdwlrqv1 Wkh htxdwlrqv jryhuqlqj wkh k|shuerolf udqjh0 dqg skdvh uhodwlrqvklsv duh

ghulyhg gluhfwo| iurp wkh vlgh0orrnlqj jhrphwu|1 Dq h{suhvvlrq iru wkh udqjh frp0

suhvvhg vljqdo iurp d srlqw wdujhw lq wkh udqjh0Grssohu grpdlq lv suhvhqwhg1 Wkh rs0

hudwlrq ri d vwdqgdug udqjh0Grssohu surfhvvru lv suhvhqwhg1 Pxowlorrn/ jurxqg udqjh

surmhfwlrq dqg xqdpeljxrxv udqjh duh dovr eulh�| glvfxvvhg1 Lq wkh VDU olwhudwxuh/ wkh

htxdwlrqv iru d}lpxwk uhvroxwlrq riwhq lqyroyh lpsolflw vpdoo dqjoh dssur{lpdwlrqv1 Wr

frqfoxgh dqg iru frpsohwhqhvv/ wkh vpdoo dqjoh dssur{lpdwlrqv iru d}lpxwk uhvroxwlrq

dqg udqjh fxuydwxuh duh ghulyhg1

2�2 �tt�4T|�L?t @?_ �L|@|�L?

Wkh whupv _udqjh% dqg _d}lpxwk% duh xvhg h{whqvlyho| lq VDU olwhudwxuh dqg lq wklv

wkhvlv1 D}lpxwk glvwdqfh +ghqrwhg e| {/ Iljxuh 514, lv dv phdvxuhg dorqj wkh �ljkw

sdwk dqg udqjh +ghqrwhg e| U/ Iljxuh 514, lv wkh vwudljkw olqh glvwdqfh iurp wkh udgdu

dqwhqqd wr d vfdwwhuhu1 Lw lv lpsruwdqw wr qrwh wkdw/ lq jhqhudo/ udqjh dqg d}lpxwk

duh qrw phdvxuhg lq ruwkrjrqdo gluhfwlrqv1 Wklv qrq0ruwkrjrqdolw| rffxuv iru dq|

vwdwlrqdu| vfdwwhuhu qrw dw }hur Grssohu zlwk uhvshfw wr wkh vwuls0pdsslqj udgdu1

Lq wklv wkhvlv/ lw lv xvhixo wr eh deoh wr uhihu wr wkh VDU gdwd dw ydulrxv srlqwv lq

wkh surfhvvlqj fkdlq1 Wkh grpdlqv uhihuuhg wr lq wklv wkhvlv duh gh�qhg lq Iljxuh 5151

Lq wklv �jxuh dqg wkhvlv/ IIW uhihuv wr d +Idvw, Irxulhu Wudqvirup1

Wkh iroorzlqj dvvxpswlrqv duh dssolfdeoh wr wkh wkhruhwlfdo uhvxowv lq wklv fkdswhu=
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Iljxuh 514= Wkh lpdjlqj jhrphwu| iru d zlgh ehdp/ dlueruqh vwulspds VDU1

range signal,

az signal

range image,
az signal

range image,
az image

range freq,
az freq
(2-D freq)

range FFT
and az FFT

range inverse FFT

az FFT

range image,

(range-Doppler)
azimuth freq

range compression

az compression
and az inverse FFT

Iljxuh 515= Wkh grpdlq gh�qlwlrqv iru ydulrxv vwdjhv ri wkh vljqdo surfhvvlqj1
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� Dlueruqh/ vwuls0pdsslqj VDU zlwk �dw hduwk dssur{lpdwlrq xvhg1

� Shuihfw prwlrq frpshqvdwlrq +l1h1 hlwkhu wkh �ljkw sdwk lv vwudljkw dqg uhtxluhv

qr fruuhfwlrq ru wkh fruuhfwlrq lv dvvxphg wr kdyh ehhq shuiruphg shuihfwo| iru

hyhu| srlqw lq wkh gdwd,1

� Prghvw uhodwlyh sxovh edqgzlgwkv +l1h1 qrw zlgh0edqg v|vwhpv,1 _Uhodwlyh sxovh

edqgzlgwk% lv xvhg khuh dv wkh udwlr ri wkh sxovh edqgzlgwk wr wkh fhqwuh iuh0

txhqf|1 Wkh uhodwlyh sxovh edqgzlgwkv xvhg lq wklv wkhvlv duh ohvv wkdq 63 shufhqw1

� Vwrs0vwduw dssur{lpdwlrq ydolg +Eduehu ^<`,1

� Vwdwlrqdu| vfdwwhuhuv zlwk xqlirup dpsolwxgh dqg skdvh uhvsrqvh ryhu d}lpxwk

dqjohv ri lqwhuhvw +D{hovvrq ^9`,1

� D}lpxwk ehdpzlgwk vx�flhqwo| zlgh wkdw rqo| wkh sruwlrq ri wkh vljqdo fhq0

wuhg v|pphwulfdoo| derxw }hur Grssohu lv surfhvvhg lq d}lpxwk +l1h1 qr vtxlqw

fruuhfwlrq uhtxluhg/ dv glvfxvvhg lq wkh vhfwlrqv ehorz,1

� Qr vpdoo dqjoh dssur{lpdwlrqv kdyh ehhq xvhg xqohvv h{solflwo| vwdwhg +vhh Vhf0

wlrq 5148 iru vpdoo dqjoh dssur{lpdwlrq h{suhvvlrqv,

Wkurxjkrxw wklv fkdswhu/ wkh zlgho| xvhg frqyhqwlrq ri uhsuhvhqwlqj wlph grpdlq

vljqdov zlwk orzhu fdvh ohwwhuv dqg iuhtxhqf| grpdlq vljqdov zlwk xsshu fdvh ohwwhuv lv

dgrswhg1 Wkxv/ li i+w, lv d wlph grpdlq vljqdo/ wkh Irxulhu Wudqvirup ri i+w, lv ghqrwhg

e| I +$,1 Iru euhylw|/ wkh h{sodqdwlrq ri hdfk v|pero lq wklv fkdswhu lv shuiruphg rqo|

lq wkh �uvw htxdwlrq zkhuh wkdw sduwlfxodu v|pero dsshduv1 D olvw ri v|perov dsshduv

dw wkh vwduw ri wkh wkhvlv dorqj zlwk d olvw ri dfurq|pv1

2�� 5|h�T4@T 5�+ �@t�Ut

Wkh wkhru| suhvhqwhg lq wklv fkdswhu lv dssolfdeoh wr wkh dlueruqh vwulspds VDU jhrp0

hwu| zlwk wkh �dw hduwk dssur{lpdwlrq1 Vwulspds lv d vwdqgdug prgh ri VDU rshudwlrq/

zlgho| xvhg e| dlueruqh VDU vhqvruv zkhuh d vwuls +vzdwk, wr wkh vlgh ri wkh dlufudiw

lv lpdjhg1 Wkh vwuls pd| eh ri dq| sudfwlfdo ohqjwk1

Wkh lghdo vlgh0orrnlqj vwulspds VDU jhrphwu| lv vkrzq iru d zlgh ehdp/ dlueruqh

v|vwhp lq Iljxuh 5141 Wkh udgdu dqwhqqd sdwwhuq lv rulhqwhg wrzdugv wkh jurxqg/ ru0

wkrjrqdo wr wkh �ljkw wudfn dqg wr rqh vlgh ri wkh dlufudiw1 Dv wkh dlufudiw pryhv/ d
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vzdwk lv pdsshg rxw rq wkh jurxqg e| wkh dqwhqqd irrwsulqw1 Wkh dqwhqqd lv srlqwhg

wr rqh vlgh ri wkh dlufudiw dqg qrw dw wkh qdglu wudfn lq rughu wr dyrlg ohiw2uljkw glv0

fulplqdwlrq frpsolfdwlrqv +dqg srru jurxqg udqjh uhvroxwlrq forvh wr wkh qdglu srlqw,1

V|vwhpv xvlqj rpqlgluhfwlrqdo dqwhqqdv vxfk dv wkh Vzhglvk FDUDEDV v|vwhp +Jxv0

wdyvvrq hw do1 ^5<`,/ hpsor| wzr dqwhqqdv lq rughu wr hqdeoh ohiw2uljkw glvfulplqdwlrq1

Dv wkh dlufudiw pryhv dorqj lwv �ljkw sdwk/ sxovhv zlwk edqgzlgwk E � dqg fhqwuhg

dw vrph iuhtxhqf| i � duh wudqvplwwhg dw wkh sxovh uhshwlwlrq iuhtxhqf| +SUI, i� ��� 1 Lq

pdq| v|vwhpv/ wkh uhwxuqv iurp hdfk sxovh duh txdgudwxuh ghprgxodwhg wr edvhedqg/

vdpsohg dw wkh D2G iuhtxhqf| i 	 � A E � vdwlvi|lqj wkh Q|txlvw fulwhulrq/ dqg vwruhg

dv L +lq0skdvh, dqg T +txdgudwxuh, ydoxhv1 Wkh vwruhg LT ydoxhv duh odwhu surfhvvhg

gljlwdoo| wr irup wkh udgdu lpdjh1

Iru VDU/ frkhuhqw udgdu rshudwlrq lv uhtxluhg dqg wkh LT ydoxhv frqwdlq erwk pdj0

qlwxgh dqg skdvh lqirupdwlrq1 Wkh vwruhg gdwd fdq eh wkrxjkw ri dv d wzr0glphqvlrqdo

duud| ri frpsoh{ ydoxhv +zlwk wkh L ydoxh dv wkh uhdo sduw/ dqg wkh T ydoxh dv wkh lpdj0

lqdu| sduw,1 Udqjh lv lq rqh glphqvlrq ri wkh 50G duud| zlwk d}lpxwk lq wkh rwkhu

glphqvlrq1

Wkh udgdu SUI kdv lpsruwdqw lpsolfdwlrqv rq wkh udwh dw zklfk gdwd pxvw eh

uhfrughg1 Li wkhuh lv qr gdwd udwh uhgxfwlrq +wkurxjk suh�owhulqj ru suhvxpplqj/ iru

h{dpsoh, sulru wr uhfruglqj/ dqg q e|whv duh xvhg iru hdfk LT sdlu/ wkh gdwd udwh G � ��


iru uhfruglqj lv jlyhq lq e|whv shu vhfrqg e|

G � �

 @ qi� ��� Q � ��	������ ��� +514,

zkhuh Q � �
	�� � � ��� lv wkh qxpehu ri udqjh vdpsohv wr eh uhfrughg dqg i� ��� lv lq Khuw}1

Iru h{dpsoh/ zlwk w|slfdo ydoxhv ri d SUI ri 4 nK} dqg 73<9 frpsoh{ udqjh vdpsohv/

hdfk ri 5 e|whv/ wkh dyhudjh gdwd udwh lv ri wkh rughu ri ; PE|whv shu vhfrqg1 Wkxv/

lw lv hdv| wr vhh zk| gdwd kdqgolqj dqg surfhvvlqj h�flhqf| duh vr lpsruwdqw iru VDU

v|vwhpv1

Wr uhgxfh surfhvvlqj frpsoh{lw|/ wkh dlufudiw vkrxog �| zlwk d frqvwdqw jurxqg

vshhg dorqj d vwudljkw �ljkw wudfn1 Dfklhylqj wklv zrxog hqvxuh wkdw wkh sxovhv duh

uhjxoduo| vsdfhg rq wkh jurxqg dqg wkdw vxevhtxhqw udqjh phdvxuhphqwv ri doo vfdw0

whuhuv zrxog eh skdvh frkhuhqw/ wkxv qr prwlrq frpshqvdwlrq zrxog eh uhtxluhg1 Lq

sudfwlfh zlwk dlueruqh v|vwhpv/ krzhyhu/ dwprvskhulf zlqgv/ wxuexohqfh dqg qdyl0

jdwlrqdo huuru duh dozd|v suhvhqw wr vrph ghjuhh1 Xqfruuhfwhg/ wkhvh prwlrq huuruv

ghjudgh wkh VDU*v lpdjlqj shuirupdqfh1 Wr vlpsoli| wkh prwlrq frpshqvdwlrq/ wkh

5:



SUI vkrxog eh vodyhg wr wkh jurxqg vshhg wr hqvxuh frqvwdqw vdpsoh vsdflqj dorqj

wkh �ljkw wudfn +Dxvkhupdq hw do1 ^8`,1

Prghuq VDU v|vwhpv xvh vdpsolqj lq erwk udqjh dqg d}lpxwk1 Wkxv ehiruh sur0

fhhglqj zlwk VDU edqgzlgwk dqg uhvroxwlrq glvfxvvlrqv/ wkh vdpsolqj wkhruhp lv lq0

wurgxfhg lq wkh iroorzlqj vhfwlrq1

2�e 5@4T*�?} A�iLhi4

Iru frpsoh{ LT ghprgxodwhg gdwd/ wkh edqgsdvv yhuvlrq ri wkh Q|txlvw vdpsolqj

fulwhulrq dssolhv +Udqh| ^65` sj1 4<,1 H{suhvvhg pdwkhpdwlfdoo|/ iru d frpsoh{ vljqdo

dw vrph fhqwuh iuhtxhqf| i � dqg zlwk edqgzlgwk E/ wr dyrlg orvv ri lqirupdwlrq gxh

wr doldvlqj/ wkh vdpsolqj iuhtxhqf| i � +frpsoh{ vdpsohv, pxvw eh vxfk wkdw=

i � A E +515,

D sdudooho yhuvlrq ri wkh Q|txlvw vdpsolqj fulwhulrq/ vrphwlphv nqrzq dv wkh _orz0

sdvv% yhuvlrq/ dssolhv wr uhdo vljqdov1 Lq wklv fdvh/ lq rughu wr uhfrqvwuxfw dffxudwho| d

edqgolplwhg/ orz0sdvv zdyhirup iurp vdpsohv ri wkh zdyhirup/ wkh vdpsolqj iuhtxhqf|

i � +uhdo vdpsohv, pxvw eh dw ohdvw wzlfh wkh vljqdo edqgzlgwk +Udqh| ^65` sj1 4<,1 Wkh

edqgzlgwk lq wklv fdvh uhihuv wr wkh udqjh ri srvlwlyh iuhtxhqf| frpsrqhqwv1

Dsso|lqj wkh Vkdqqrq vdpsolqj wkhruhp wr wkh fdvh ri d frpsoh{/ edqgolplwhg

vljqdo j+w, dw edvhedqg +Fxuodqghu dqg PfGrqrxjk ^53` sj1 874,= li mJ+$,m @ 3 iru

mi m A
�

� zkhuh i @
�

��� dqg surylghg wkh vdpsolqj iuhtxhqf| i � A 5
�
�

�
�

wkhq wkh vljqdo

j+w, pd| eh h{dfwo| uhfrqvwuxfwhg iurp lwv vdpsohv dv wkh lq�qlwh vxp

j+w, @

�
[

����� �
j

�

q

i �

�

vlqf

�

�i �

�

w� q

i �

��

+516,

zkhuh vlqf+�, @
	�
 ��
 ���
� 1 Wkh vdpsolqj iuhtxhqf| zlwk i � @ E lv nqrzq dv wkh edqgsdvv

Q|txlvw iuhtxhqf|1 Htxdwlrq 516 lv dovr nqrzq dv Zklwwdnhu*v lqwhusrodwlrq irupxod

iru edqgolplwhg ixqfwlrqv1 Idloxuh wr vdpsoh wkh vljqdo deryh wkh Q|txlvw udwh uhvxowv

lq doldvlqj ri sruwlrqv ri wkh vljqdo*v iuhtxhqf| vshfwuxp1

Iru d sxovhg v|vwhp vxfk dv VDU/ wkh zdyhirupv duh qrw vwulfwo| edqgolplwhg/ exw

pd| vwloo eh forvho| uhfrqvwuxfwhg iurp wkh �qlwh vxp ri d uhdvrqdeoh qxpehu ri vdpsohv

ri wkh vljqdo/ surylghg wkh vdpsohv duh wdnhq deryh wkh Q|txlvw udwh1

Wkh edqgsdvv yhuvlrq ri Htxdwlrq 515 lv zkdw lv xvhg zlwk frpsoh{ VDU vljqdov

+diwhu LT ghprgxodwlrq, dqg/ xqohvv rwkhuzlvh vwdwhg/ lv zkdw lv lpsolhg lq wklv wkhvlv

5;



zkhq uhihulqj wr wkh Q|txlvw fulwhulrq1

Lw vkrxog eh qrwhg khuh wkdw riwhq wkh �qdo rshudwlrq ri wkh VDU surfhvvru lv

wr shuirup ghwhfwlrq/ l1h1 wkh fdofxodwlrq ri wkh pdjqlwxgh vtxduhg ri wkh irfxvhg/

frpsoh{/ gdwd1 Wkh vtxduh odz ghwhfwru rshudwlrq lq wkh lpdjh grpdlq lv htxlydohqw

wr d frqyroxwlrq rshudwlrq lq wkh Irxulhu iuhtxhqf| grpdlq/ wkxv vsuhdglqj wkh lpdjh

vshfwuxp +Udqh| ^65` sj1 :4,1 Wkxv/ ehiruh wkh srzhu ghwhfwlrq vwhs/ wkh frpsoh{

gdwd pxvw eh xsvdpsohg wr wzlfh wkh +frpsoh{, Q|txlvw vdpsolqj udwh lq rughu wr

vdwlvi| Q|txlvw vdpsolqj lq wkh ghwhfwhg lpdjh1

Lq wkh iroorzlqj vhfwlrq/ VDU vdpsolqj dqg edqgzlgwk lq udqjh dqg d}lpxwk duh

glvfxvvhg1

2�D 5�+ 5@4T*�?} @?_ �@?_��_|�

2�D�� 5@4T*�?}

Iru prghuq vwulspds VDU v|vwhpv/ vdpsolqj lq udqjh rffxuv dw wkh D2G vdpsolqj iuh0

txhqf| i 	�� +diwhu frpsoh{ ghprgxodwlrq,1 Wkxv/ wr vdwlvi| Q|txlvw/ iru d wudqvplwwhg

sxovh ri edqgzlgwk E � / zh uhtxluh e| Htxdwlrq 515

i 	�� A E � +517,

Wkh D2G vdpsolqj iuhtxhqf| i 	 � ghwhuplqhv wkh vodqw udqjh vdpsoh vsdflqj df0

fruglqj wr

�u �
	�� � � � @
f

5i 	 �
+518,

zkhuh f lv wkh vshhg ri sursdjdwlrq +oljkw,1

Wkh d}lpxwk edqgzlgwk lv ghwhuplqhg e| wkh Grssohu edqgzlgwk E ����� dqg vdp0

solqj rffxuv dw wkh SUI i� ��� 1 Wkxv/ wr vdwlvi| Q|txlvw/ zh uhtxluh e| Htxdwlrq 515

wkdw wkh SUI vdwlvi|

i� ��� A E ����� +519,

Wkh d}lpxwk vdpsoh vsdflqj lv ghwhuplqhg e| wkh SUI i� ��� dqg jurxqg vshhg y

dffruglqj wr

�{ �
	�� � � � @
y

i� ���
+51:,

5<
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Wkh udqjh edqgzlgwk lv ghwhuplqhg e| wkh edqgzlgwk ri wkh wudqvplwwhg sxovh +zkhuh

wkh uhfhlyh fkdlq lv ghvljqhg zlwk wkh vdph edqgzlgwk,1 Iru d prqrfkurpdwlf sxovh

zlwk ohqjwk �� / wkh 6 gE edqgzlgwk lv jlyhq dssur{lpdwho| e|

E � � 4

��
+51;,

D sxovh prgxodwlrq frpprqo| xvhg lq uhprwh vhqvlqj VDUv lv wkh olqhdu IP fklus

+Fxuodqghu dqg PfGrqrxjk ^53` sj1 466,/ jlyhq e|

v+w � , @ h{s

�

5�m

�

i � w � .
Nw

�
�

5

��

mw � m � ��

5
+51<,

zkhuh w � lv idvw0wlph +udqjh wlph,/ i � lv wkh fduulhu iuhtxhqf|/ �� lv wkh sxovh ohqjwk/

N lv wkh fklus frqvwdqw/ dqg m @
s
�41 Wkh dgydqwdjh ri wklv prgh ri rshudwlrq

ryhu vkruw sxovh rshudwlrq lv wkdw d orqjhu udgdu sxovh pd| eh xvhg +w|slfdoo| vhyhudo

plfurvhfrqgv, dqg wkh sxovh hqhuj| lv vsuhdg ryhu wkh orqjhu shulrg/ uhod{lqj wkh

uhtxluhphqw iru kljk shdn wudqvplw srzhu1 D glvdgydqwdjh lv wkh dgghg frpsoh{lw| ri

wkh sxovh v|qwkhvl}hu dqg frpsuhvvru1 Wkh fklus edqgzlgwk iru d olqhdu IP sxovh lv

jlyhq e|

E � @ N�� +5143,

Qrwh wkdw/ xqolnh iru wkh fdvh ri wkh prqrfkurpdwlf sxovh/ wkh sxovh edqgzlgwk iru wkh

skdvh prgxodwhg sxovh lv qrw vroho| ghshqghqw rq wkh sxovh ohqjwk �� / exw dovr lqyroyhv

wkh fklus frqvwdqw N1

D sdudphwhu ri xvh lq wklv wkhvlv lv wkh wlph0edqgzlgwk surgxfw1 Iru olqhdu IP

fklus vljqdov wklv lv jlyhq e|

E � �� @ N�
�
� +5144,

Iru vljqdov zlwk uhdvrqdeoh wlph0edqgzlgwk surgxfwv +A 433/ vd|/ dqg qrw uh0

vwulfwhg wr olqhdu IP,/ wkh frqfhsw ri _orfnlqj wrjhwkhu wlph dqg iuhtxhqf|% pd| eh

dssolhg +Fxuodqghu dqg PfGrqrxjk ^53` sj1 4<7,1 Lq eurdg whupv/ wklv phdqv wkdw

d wlph vhjphqw ri wkh zdyhirup kdv d rqh0wr0rqh pdsslqj zlwk d iuhtxhqf| sruwlrq

ri wkh d}lpxwk vshfwuxp1 Wklv lv d xvhixo frqfhsw iru udqjh0Grssohu surfhvvlqj zkhuh

rshudwlrqv vxfk dv udqjh fxuydwxuh fruuhfwlrq duh shuiruphg lq wkh d}lpxwk iuhtxhqf|

grpdlq1
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Iljxuh 516= Wkh d}lpxwk ehdpzlgwk lq wkh vodqw udqjh gluhfwlrq iru d zlgh ehdp VDU1

Srlqw D lv wkh ohdglqj hgjh ri wkh ehdp dqg H wkh wudlolqj hgjh1 Wkh surfhvvhg d}lpxwk

ehdpzlgwk lv ehwzhhq E dqg G zlwk }hur Grssohu iuhtxhqf| dw F1

2�D�� �3�4�|� �@?_��_|�

Iljxuh 516 vkrzv wkh d}lpxwk ehdpzlgwk ri d zlgh ehdp VDU lq wkh vodqw udqjh

gluhfwlrq1 Dv gudzq/ wkh ehdp lv vtxlqwhg iruzdug +dqjoh � A �,1 Wkh gh�qlwlrq ri

wkh d}lpxwk ehdpzlgwk/ xvhg lq wklv wkhvlv/ lv dv ehlqj gholqhdwhg e| wkh 6 gE srlqwv

ri wkh rqh0zd| dqwhqqd srzhu jdlq lq wkh d}lpxwk vodqw udqjh surmhfwlrq1

Xqohvv wkh SUI lv fkrvhq wr eh juhdwhu wkdq wkh Grssohu edqgzlgwk ri dq rp0

qlgluhfwlrqdo dqwhqqd/ vrph doldvlqj ri wkh vljqdo zloo dozd|v eh suhvhqw lq d}lpxwk

zklfk uhvxowv lq d}lpxwk dpeljxlwlhv lq wkh irfxvhg lpdjh1 Wklv lv gxh wr wkh hqhuj|

wudqvplwwhg dqg uhfhlyhg wkurxjk wkh vlghorehv ri wkh dqwhqqd sdwwhuq zklfk/ lq jhq0

hudo/ h{shulhqfh odujhu Grssohu vkliwv wkdq wkh pdlq ehdp iru d vlgh0orrnlqj v|vwhp1 D

glvfxvvlrq rq d}lpxwk0 dqg udqjh dpeljxlwlhv lv jlyhq e| Fxuodqghu dqg PfGrqrxjk

^53` +ss1 5<90638,1 Wkh glvfxvvlrq jlyhq e| wkhvh dxwkruv lqfoxghv dq h{suhvvlrq zklfk

pd| eh xvhg dv d phdvxuh ri wkh d}lpxwk dpeljxlw| wr vljqdo udwlr1 Wkh SUI vkrxog

wkxv eh fkrvhq zlwk fduh wr eh vx�flhqw wr nhhs d}lpxwk vljqdo doldvlqj h�hfwv dw

dffhswdeoh ohyhov iru wkh dssolfdwlrq1

Iru wkh zrun suhvhqwhg lq wklv wkhvlv/ wkh dvvxpswlrq lv pdgh wkdw wkh d}lpxwk

ehdpzlgwk lv vx�flhqwo| zlgh wkdw rqo| d sruwlrq ri wkh vljqdo v|pphwulfdo derxw
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}hur Grssohu lv uhtxluhg wr eh surfhvvhg lq d}lpxwk1 Wklv kdv wkh yhu| lpsruwdqw

lpsolfdwlrq wkdw qr fruuhfwlrq lv uhtxluhg lq surfhvvlqj iru wkh ehdp vtxlqw1 Wklv

frqfhsw lv vkrzq lq Iljxuh 516/ zkhuh wkh surfhvvhg sruwlrq ri wkh ehdp/ iurp E wr

G/ kdv }hur Grssohu fhqwurlg +dw F,/ hyhq wkrxjk wkh Grssohu fhqwurlg ri wkh dfwxdo

ehdp lv qrw }hur +xqohvv � @ �,1

Iru wkh gdwd froohfwlrq/ wkh udqjh ri Grssohu iuhtxhqflhv uhfhlyhg dw wkh udgdu lv

ghwhuplqhg e| wkh dfwxdo d}lpxwk ehdpzlgwk1 Iurp Iljxuh 516/ wkh vsuhdg ri Grssohu

iuhtxhqflhv lv jlyhq e|

E ����� ���
	�� @
5y

�
+vlq � . vlq �, +5145,

zkhuh y lv wkh jurxqg vshhg dqg � lv wkh zdyhohqjwk ri wkh fduulhu1 Wkxv/ wr vdpsoh

deryh wkh Q|txlvw udwh/ zh pxvw kdyh i� ��� A E ����� ����	�� 1 Dv wkh gh�qlwlrq ri wkh

d}lpxwk ehdpzlgwk lv lpsolflw lq wklv h{suhvvlrq/ wr uhgxfh d}lpxwk doldvlqj ohyhov/ lw

lv suxghqw wr vdpsoh dw d udwh zhoo deryh E ����� ���
	�� 1 Wklv lv qrw gl�fxow wr dfklhyh lq

sudfwlfh iru orz iuhtxhqf| v|vwhpv dqg prghvw jurxqg vshhgv +hyhq zlwk odujh d}lpxwk

ehdpzlgwkv,1 Iru h{dpsoh/ iru d v|vwhp dw 474 PK}/ d jurxqg vshhg ri 433 p2v/ dqg

zlwk d 4;3 ghjuhh d}lpxwk ehdpzlgwk/ E ����� ����	�� lv rqo| 4;; K}1

Wkh surfhvvhg d}lpxwk ehdpzlgwk +iurp E wr G lq Iljxuh 516,/ fhqwuhg derxw }hur

Grssohu dqg zlwk d ehdpzlgwk ri 5!/ kdv d fruuhvsrqglqj Grssohu edqgzlgwk ri

E ����� � � ��
 @
7y

�
vlq ! +5146,

Lq wklv vhfwlrq/ h{suhvvlrqv iru wkh udqjh dqg d}lpxwk edqgzlgwkv kdyh ehhq suh0

vhqwhg1 Lq wkh iroorzlqj vhfwlrq/ wkh uhvroxwlrq lq udqjh dqg d}lpxwk duh suhvhqwhg/

edvhg rq edqgzlgwk frqvlghudwlrqv1

2�S +itL*�|�L?

Uhvroxwlrq lv gh�qhg lq whupv ri wkh plqlpxp glvwdqfh dw zklfk wzr forvho| vsdfhg

vfdwwhuhuv ri htxdo vwuhqjwk pd| eh uhvroyhg1 Lq sudfwlfh/ uhvroxwlrq lv riwhq phdvxuhg

dv wkh zlgwk ri d vlqjoh srlqw wdujhw uhsrqvh 0 wkh lpsxovh uhvsrqvh zlgwk +Udqh|

^65` sj1 63,1 Li wkh uhvroxwlrq lv phdvxuhg dv wkh lpsxovh uhvsrqvh zlgwk dw wkh 6

gE +kdoi srzhu, srlqwv/ wkh uhvroxwlrq phdvxuhphqw lv frqvlvwhqw zlwk wkh uhvroxwlrq

gh�qlwlrq iru wzr srlqw wdujhwv ri htxdo pdjqlwxgh lq wkh irfxvhg lpdjh/ dqg vsdfhg e|

wkh plqlpxp uhvroydeoh glvwdqfh1 Lq wklv wkhvlv/ wkh uhvroxwlrq phdvxuhphqwv uhvxowv

suhvhqwhg uhihu wr wkh 6 gE lpsxovh uhvsrqvh zlgwk1
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Iru dq| v|vwhp/ wkh ehvw uhvroxwlrq dwwdlqdeoh lv sursruwlrqdo wr wkh lqyhuvh edqg0

zlgwk +Udqh| ^65` sj1 5<,1 Qrwh wkdw wkh lqyhuvh edqgzlgwk kdv xqlwv ri wlph +iru

edqgzlgwk zlwk xqlwv ri lqyhuvh wlph, dqg vr wkh vfdolqj frqvwdqwv uhtxluhg wr rewdlq

wkh uhvroxwlrq glvwdqfh pxvw lqyroyh xqlwv ri vshhg1 Wkh uhvroxwlrq lv/ lq dgglwlrq/

sursruwlrqdo wr d zlqgrz frqvwdqw zklfk lv ghshqghqw rq wkh w|sh ri zhljkwlqj xvhg

wr vxssuhvv vlghorehv gxulqj hlwkhu udqjh ru d}lpxwk frpsuhvvlrq1 Iurp Kduulv ^63`/

iru d uhfwdqjxodu zhljkwlqj/ wkh zlqgrz frqvwdqw lv 3=;< dqg iru d Kdpplqj zhljkwlqj

+Htxdwlrq 5166,/ wkh frqvwdqw lv 4=631

Lq udqjh/ wkh dssursuldwh vfdolqj frqvwdqw lqyroyhv



� zkhuh f lv wkh vshhg ri oljkw1

Wkh idfwru ri rqh kdoi wdnhv wkh wzr0zd| sursdjdwlrq lqwr dffrxqw1 Wkxv/ zlwk d

zlqgrz frqvwdqw N � � � � / wkh vodqw udqjh uhvroxwlrq lv jlyhq e|

�u � ��� @
f

5E �
N � � � � +5147,

Lq d}lpxwk/ wkh dssuruldwh vfdolqj idfwru lqyroyhv wkh jurxqg vshhg y ri wkh udgdu

sodwirup dqg wkh d}lpxwk zlqgrz frqvwdqw xvhg gxulqj surfhvvlqj N 	�� � � � 1 Wkxv wkh

d}lpxwk uhvroxwlrq lv jlyhq e|

�{ � ��� @
y

E ����� � � ��

N 	�� � � � +5148,

Htxdwlrq 5148 pd| eh uhzulwwhq e| vxevwlwxwlqj wkh h{suhvvlrq iru wkh surfhvvhg

Grssohu edqgzlgwk iurp Htxdwlrq 5146 dv

�{ � ��� @
�

7 vlq !
N 	�� � � � +5149,

Qrwh wkdw wkh d}lpxwk uhvroxwlrq iru d VDU lv lqghshqghqw ri jurxqg vshhg dqg

wdujhw udqjh dqg wkdw wkh ehvw wkhruhwlfdo d}lpxwk uhvroxwlrq +iru ixoo surfhvvlqj ri d

4;3 ghjuhh d}lpxwk ehdp, fdq eh hdvlo| vkrzq iurp Htxdwlrq 5149 wr eh � � +dvvxp0

lqj wkh zlqgrz frqvwdqw lv xqlw|,1 Wkhuh duh/ krzhyhu/ ixuwkhu frqvwdlqwv olplwlqj

uhvroxwlrq/ vxfk dv wkh sxovh srzhu frqvwudlqw/ wkh uhtxluhphqw wkdw wkh phdvxuhg

edfnvfdwwhuhg vljqdo vx�hu iurp qr udqjh dpeljxlwlhv/ dqg wkh uhtxluhphqw wkdw wkh

wdujhw dqg dqwhqqd dpsolwxgh dqg skdvh uhvsrqvh eh nqrzq ryhu wkh ixoo 4;3 ghjuhhv

+Eurzq ^46`,1

Iurp wkh vodqw udqjh jhrphwu| ri Iljxuh 516/ iru d wdujhw zlwk forvhvw dssurdfk

udqjh U � / wkh surfhvvhg v|qwkhwlf dshuwxuh ohqjwk O ri dqjxodu h{whqw 5! lv jlyhq +iru

d vljqdo zlwk }hur Grssohu fhqwurlg, e|

O @ 5U � wdq ! +514:,
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Iljxuh 517= Wkh vlgh0orrnlqj VDU jhrphwu| zlwk wkh dlufudiw �|lqj lqwr wkh sdjh1

Lq dgglwlrq/ lw pd| eh vkrzq iurp wkh vdph jhrphwu| wkdw wkh vlqh whup lq Htxdwlrq

5149 pd| eh h{suhvvhg dv

vlq ! @

�

7U
�
�

O � . 4

� ����

+514;,

Wkh lqfuhdvh lq surfhvvhg Grssohu edqgzlgwk dqg surfhvvhg v|qwkhwlf dshuwxuh

ohqjwk uhtxluhg iru d}lpxwk pxowlorrn lv ghvfulehg lq Vhfwlrq 51461

Lq wkh iroorzlqj vhfwlrq/ wkh uhodwlrqvkls ehwzhhq jurxqg0 dqg vodqw udqjh uhvroxwlrq

lv h{soruhg1

2�. BhL�?_ +@?}i �hL�iU|�L?

D sdudphwhu ri juhdwhu lqwhuhvw wr wkh xvhu wkdq wkh vodqw udqjh uhvroxwlrq lv wkh

jurxqg udqjh uhvroxwlrq1 D frqvhtxhqfh ri wkh vwuls0pdsslqj jhrphwu| lv wkdw wkh

jurxqg udqjh uhvroxwlrq lv yduldeoh dfurvv wkh vzdwk dqg odujhu wkdq wkh frqvwdqw vodqw

udqjh uhvroxwlrq1 Wkh jhrphwu| uhvxowlqj lq wkh uhodwlrqvklsv ehwzhhq wkh vodqw0 dqg

jurxqg udqjh lv vkrzq lq Iljxuh 5171

Wkh jurxqg udqjh uhvroxwlrq +iru �dw whuudlq, lv jlyhq e|

�u
 � ��� � ��� @
�u � ���

vlq � �
+514<,

zkhuh � � lv wkh dqjoh ri lqflghqfh dv ghslfwhg lq Iljxuh 5171 Wkxv/ iru wkh qhdu udqjh/

zkhuh wkh dqjohv ri lqflghqfh duh vpdoohvw/ wkh jurxqg udqjh uhvroxwlrq lv srruhvw/ zkloh
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wkh jurxqg0 dqg vodqw uhvroxwlrqv dw wkh idu udqjh duh doprvw lghqwlfdo iru odujh dqjohv

ri lqflghqfh1 Dq lghqwlfdo uhodwlrqvkls h{lvwv ehwzhhq wkh vodqw udqjh vdpsoh vsdflqj

dqg wkh jurxqg udqjh vdpsoh vsdflqj=

�u
 � ��� ��	������ � @
f

5i 	�� vlq � �
+5153,

Qrz wkdw wkh ixqgdphqwdo uhodwlrqvklsv ri VDU rshudwlrq uhjduglqj vdpsolqj/

edqgzlgwk dqg uhvroxwlrq kdyh ehhq glvfxvvhg/ dvshfwv shuwdlqlqj pruh forvho| wr wkh

vshfl�fv ri vwulspds VDU vljqdo surfhvvlqj duh lqwurgxfhg lq wkh vhfwlrqv ehorz1 Lq

wkh iroorzlqj vhfwlrq/ wkh vwulspds udqjh dqg skdvh yduldwlrq duh frqvlghuhg1

2�H O)TihML*�U +@?}i @?_ ��@ti V@h�@|�L?

Wkh udgdu0wdujhw udqjh U+w � , lv dq lpsruwdqw sdudphwhu iru VDU rshudwlrq zkhuh w � lv

vorz0wlph +d}lpxwk wlph,1 Xvlqj wkh vlgh0orrnlqj lpdjlqj jhrphwu|/ wkh ghwhuplqdwlrq

ri wklv sdudphwhu lv vlpsoh iru lghdo vwudljkw �ljkw dw frqvwdqw jurxqg vshhg y1 Li wkh

wdujhw }hur0Grssohu udqjh U � +forvhvw dssurdfk udqjh, rffxuv dw wlph w � / wkhq wkh

wdujhw udqjh dw vrph wlph w � lv +e| S|wkdjrudv,

U+w � , @
t

U �
� . +w � � w � , � y � +5154,

Wkh pdjqlwxgh ri d vlpxodwhg udqjh frpsuhvvhg/ zlgh ehdp VDU vljqdo glvsod|lqj

wkh k|shuerolf udqjh yduldwlrq lv vkrzq lq Iljxuh 518 +Fkdswhu 6/ Vlpxodwlrq D,1

Iurp Fxuodqghu dqg PfGrqrxjk ^53` +sj1 479,/ wkh skdvh ri wkh uhfhlyhg vljqdo lv

sursruwlrqdo wr wkh udgdu0wdujhw udqjh dqg lv jlyhq e|

*+w � , @ �7�

�
U+w � , +5155,

Wkhuhiruh/ vlqfh wkh udqjh uhodwlrqvkls zlwk d}lpxwk srvlwlrq lv k|shuerolf/ wkh

skdvh ri wkh uhfhlyhg vljqdo dovr xqzudsv dffruglqj wr d k|shuerolf uhodwlrqvkls zlwk

d}lpxwk wlph1

Wkh k|shuerolf udqjh yduldwlrq ohdgv wr wkh frqfhsw ri udqjh pljudwlrq zklfk lv

glvfxvvhg lq wkh iroorzlqj vhfwlrq1

2�b +@?}i ��}h@|�L?

Lq wkh olwhudwxuh/ wkhuh lv qr frqvlvwhqw xvh ri wkh whupv _udqjh pljudwlrq%/ _udqjh

zdon%/ dqg _udqjh fxuydwxuh% +Udqh| ^65` sj1 <3,1 Lq wklv wkhvlv/ udqjh fxuydwxuh dqg
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Iljxuh 518= Wkh pdjqlwxgh ri d udqjh frpsuhvvhg VDU vlpxodwlrq vljqdo lq wkh vodqw

udqjh lpdjh/ d}lpxwk vljqdo grpdlq1 Wkh vodqw udqjh uhvroxwlrq lv <=:7 p1 Wkh ixoo

lpdjh d}lpxwk h{whqw lv 5:=<:< np +krul}rqwdo, dqg vodqw udqjh h{whqw lv 6=933 np

+udqjh lqfuhdvhv yhuwlfdoo|,1 Wkh vlpxodwlrq lv ryhu d 83 ghjuhh d}lpxwk h{whqw iru d

wdujhw dw 63 np forvhvw dssurdfk udqjh1

udqjh zdon/ wdnhq wrjhwkhu/ duh whuphg udqjh pljudwlrq1 Udqjh zdon lv gh�qhg khuh

dv wkh gl�huhqfh lq udqjh wr d wdujhw zkhuh lw hqwhuv dqg ohdyhv wkh ehdp +l1h1 wkh

olqhdu frpsrqhqw ri wkh udqjh pljudwlrq,1 Udqjh fxuydwxuh lv gh�qhg khuh dv wkh qrq0

olqhdu frpsrqhqw +l1h1 txdgudwlf dqg kljkhu rughu frpsrqhqwv, ri wkh udqjh pljudwlrq1

Udqjh fxuydwxuh dqg udqjh zdon duh vkrzq lq Iljxuh 5191

Iru dq d}lpxwk v|pphwulfdo ehdp rulhqwhg ruwkrjrqdo wr wkh �ljkw wudfn/ wkh udqjh

wr d wdujhw hqwhulqj wkh ehdp lv wkh vdph dv zkhq wkh wdujhw ohdyhv wkh ehdp dqg wkhuh

lv qr udqjh zdon1 Li/ krzhyhu/ wkh ehdp kdv d qrq0}hur vtxlqw dqjoh/ wkh udqjh zdon

pd| ehfrph vljql�fdqw1 Wkh h�hfw ri vtxlqw lv wr fkdqjh wkh v|pphwulfdo vkdsh ri wkh

udqjh k|shuerod ri Iljxuh 518 e| h{whqglqj rqh dup dqg vkruwhqlqj wkh rwkhu1 Iru wkh

uhdvrq jlyhq lq Vhfwlrq 51816/ udqjh zdon fruuhfwlrq lv qrw dgguhvvhg lq wklv wkhvlv1

Udqjh Fxuydwxuh

Wkh udqjh fxuydwxuh fdq eh sduwlfxoduo| vhyhuh iru orqjhu zdyhohqjwkv dw d jlyhq uhvr0

oxwlrq dqg wdujhw udqjh1 Wklv pd| eh vkrzq dv iroorzv e| frqvlghulqj wkh uhodwlrqvkls

ehwzhhq udqjh fxuydwxuh/ uhvroxwlrq dqg zdyhohqjwk=

Iurp Htxdwlrqv 5149 dqg 514;/ lw pd| eh vkrzq iru d wdujhw dw d jlyhq }hur Grssohu

udqjh U � / wkdw wkh v|qwkhwlf dshuwxuh ohqjwk O uhtxluhg wr dfklhyh d jlyhq d}lpxwk
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Iljxuh 519= Udqjh fxuydwxuh dqg udqjh zdon +duelwudu| xqlwv,1

uhvroxwlrq �{ � ��� lqfuhdvhv zlwk zdyhohqjwk dffruglqj wr

O @ U �

�

7�{
�� ���

� � N �
	�� � � �

� 4

7

� � ��

+5156,

Qrwh wkdw wklv htxdwlrq lqyroyhv qr vpdoo dqjoh dssur{lpdwlrqv dqg wkdw
� �������

�
	�� 
�� � A � �
+iurp Htxdwlrq 5149,1

Iurp wkh vlgh0orrnlqj lpdjlqj jhrphwu| dqg Htxdwlrq 5156/ wkh udqjh fxuydwxuh

dw wkh hgjh ri wkh v|qwkhwlf dshuwxuh lv jlyhq e|

�U 
�� � � @

v

U �
� .

�

O

5

� �

�U � +5157,

@ U �

v

4 .

�

49�{ �� ���

� � N �
	�� � � �

� 4

� � �

�U � +5158,

Htxdwlrq 5158 jlyhv wkh ghvluhg uhodwlrqvkls ehwzhhq udqjh fxuydwxuh/ zdyhohqjwk/

d}lpxwk uhvroxwlrq dqg forvhvw dssurdfk udqjh1 D sorw xvlqj wklv htxdwlrq lv suhvhqwhg

odwhu lq wklv fkdswhu +Iljxuh 5143,1

Wkh glvfxvvlrq rq udqjh pljudwlrq ohdgv rq wr wkh frqfhsw ri vhfrqgdu| udqjh

frpsuhvvlrq1

2��f 5iUL?_@h) +@?}i �L4Thitt�L?

Wkh d}lpxwk Irxulhu wudqvirup wkurxjk sruwlrqv ri wkh srlqw wdujhw uhvsrqvh dw frq0

vwdqw udqjh zlwk vpdoo wlph0edqgzlgwk surgxfwv uhvxowv lq wkh vljqdo ehlqj glvshuvhg
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+vsuhdg rxw, lq wkh udqjh0Grssohu grpdlq1 Wklv h�hfw lv qrwlfhdeoh iru udqjh frp0

suhvvhg vljqdov zlwk odujh udqjh zdon ru odujh udqjh fxuydwxuh1 D whfkqltxh nqrzq

dv vhfrqgdu| udqjh frpsuhvvlrq +VUF, zdv ghyhorshg e| Mlq dqg Zx ^7;` lq rughu wr

kdqgoh fdvhv ri vhyhuh udqjh zdon zlwk qduurz ehdpzlgwk v|vwhpv1

Iru pdq| fdvhv/ wkh sdudphwhuv xvhg gxulqj VUF xvxdoo| qhhg qrw eh xsgdwhg

zlwk udqjh dqg/ dv d uhvxow/ wklv surfhvv pd| eh frpelqhg zlwk wkh udqjh frpsuhv0

vlrq rshudwlrq zlwkrxw lpsdfwlqj ryhudoo surfhvvru h�flhqf|1 Wklv lv xvhixo iru sxovh

frpsuhvvlrq v|vwhpv zkhuh wkh sxovh frpsuhvvlrq lv shuiruphg lq vriwzduh1 Wkh VUF

lv dfklhyhg e| dgmxvwphqw ri wkh fklus udwh xvhg lq wkh udqjh frpsuhvvlrq rshudwlrq

dffruglqj wr +Fxuodqghu dqg PfGrqrxjk ^53` sj1 538,

N � � � @ N

%

4�
�

N

i � �

� �

�i � 


f

� � & � �

+5159,

zkhuh N lv wkh fklus frqvwdqw ri Htxdwlrq 51</ i � � lv wkh Grssohu udwh/ dqg i ��


lv wkh Grssohu fhqwurlg1 Fxuodqghu dqg PfGrqrxjk ^53` +sj1 538, vwdwh wkdw iru

wkh whfkqltxh ri dgmxvwlqj wkh udqjh fklus frqvwdqw/ udwkhu wkdq xsgdwlqj wkh VUF

sdudphwhuv zlwk udqjh/ wr uhvxow lq ohvv wkdq 43 shufhqw eurdghqlqj ri wkh lpsxovh

uhvsrqvh/ wkh sursruwlrqdo fkdqjh lq fklus frqvwdqw ryhu udqjh lv uhtxluhg wr eh vpdoo

hqrxjk vr wkdw
�

�

�

�

�N

N

�

�

�

�

+E � �� , ? 5 +515:,

zkhuh wkh zhljkwlqj ri wkh +sulpdu|, udqjh pdwfkhg �owhu +lq rughu wr uhgxfh vlghorehv,

kdv ehhq wdnhq lqwr dffrxqw1

Wkh VUF rshudwlrq pd| eh wkrxjkw ri dv d fruuhfwlrq iru udqjh eurdghqlqj lq wkh

lpdjh uhvxowlqj iurp wkh odfn ri ruwkrjrqdolw| ehwzhhq wkh d}lpxwk dqg udqjh frrugl0

qdwhv iru vljqdov zlwk qrq0}hur Grssohu +Udqh| hw do1 ^84`,1 Wklv qdwxudoo| ohdgv wr wkh

uhtxluhphqw ri lqfoxglqj d Grssohu iuhtxhqf| ghshqghqw whup lq wkh VUF rshudwlrq

udwkhu wkdq dsso|lqj d eodqnhw fruuhfwlrq pdwfkhg wr wkh Grssohu fhqwurlg1 Grssohu

iuhtxhqf| ghshqghqw VUF lv uhtxluhg iru vljqdov zlwk vhyhuh udqjh fxuydwxuh1 Xqiru0

wxqdwho|/ wklv fdqqrw eh shuiruphg h�flhqwo| lq wkh vwdqgdug udqjh0Grssohu dojrulwkp

+Edpohu ^:`,/ exw lv srvvleoh lq vrph rwkhu surfhvvlqj dojrulwkpv +vxfk dv wkh fklus vfdo0

lqj dssurdfk,1 Lq Fkdswhu 6/ wkh uhtxluhphqw iru Grssohu iuhtxhqf| ghshqghqw VUF lv

h{soruhg ixuwkhu dqg lq Fkdswhu 7/ dq h{whqvlrq wr vwdqgdug udqjh0Grssohu surfhvvlqj

lv ghprqvwudwhg wr uhgxfh wkh uhtxluhphqw iru wkh Grssohu iuhtxhqf| ghshqghqw VUF1
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2��� +@?}i�#LTT*ih #L4@�? 5�}?@*

Ehiruh surfhhglqj zlwk d glvfxvvlrq ri wkh udqjh0Grssohu dojrulwkp zkhuh rshudwlrqv

duh shuiruphg lq wkh udqjh0Grssohu grpdlq/ lw lv lqvwuxfwlyh wr h{dplqh d pdwkhpdwlfdo

h{suhvvlrq iru d VDU vljqdo lq wkh udqjh0Grssohu grpdlq1 Xqiruwxqdwho|/ gxh wr wkh

wdujhw udqjh pljudwlrq/ d forvhg irup dqdo|wlf h{suhvvlrq iru vxfk d vljqdo grhv qrw

h{lvw +Edpohu ^;`,1 Lq ^86`/ Udqh| ghulyhv dq dssur{lpdwh h{suhvvlrq iru d VDU vljqdo

lq wkh udqjh0Grssohu grpdlq iru wkh fdvh ri odujh wlph0edqgzlgwk sxovh prgxodwlrq

lq udqjh1

Lq wklv vhfwlrq/ Edpohu*v dssur{lpdwh h{suhvvlrq ^;` iru d udqjh frpsuhvvhg vljqdo

lq wkh udqjh0Grssohu grpdlq lv suhvhqwhg1 Edpohu*v ghulydwlrq lv edvhg rq wkh vdph

pdmru vwhsv dv sxeolvkhg e| Udqh| ^86`1 Wkh v|pero gh�qlwlrqv xvhg lq wklv vhfwlrq

duh jlyhq e| +frqvlvwhqw zlwk dq| suhylrxv gh�qlwlrqv,=

� w � / i � 0 idvw0wlph +udqjh wlph, dqg udqjh iuhtxhqf| +K},

� w � / i � 0 vorz0wlph +d}lpxwk wlph, dqg d}lpxwk +Grssohu, iuhtxhqf| +K},

� U 0 vfdwwhuhu vodqw udqjh

� U � / w � 0 vfdwwhuhu }hur Grssohu frruglqdwhv +vodqw udqjh dqg wlph dw forvhvw ds0

surdfk,

� i � / � 0 fduulhu iuhtxhqf| +K}, dqg fruuhvsrqglqj zdyhohqjwk +p,

� y 0 jurxqg vshhg +p2v,

� f 0 vshhg ri oljkw +p2v,1

Wkh vwduwlqj srlqw lv dq dqdo|wlfdo h{suhvvlrq iru wkh udqjh frpsuhvvhg uhvsrqvh

iurp d srlqw wdujhw diwhu frpsoh{ ghprgxodwlrq/ jlyhq e| +Edpohu ^;`,=

v+w � > w � , @ n �D � +=, � j
�

w � � 5

f
U+w � ,

�

� h{s

�

�m
7�

�
U+w � ,

�

+515;,

zkhuh=

� n lv d frqvwdqw zklfk lqfoxghv wkh hohydwlrq ehdp sdwwhuq

� D � +=, lv wkh vfdolqj h�hfw gxh wr d}lpxwk dqwhqqd sdwwhuq dqg gxh wr wkh udgdu

htxdwlrq +Vnroqln ^8;` sj1 854,1
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� j+, lv wkh sxovh hqyhorsh ri wkh udqjh frpsuhvvhg sxovh

� U+w � , @
t

U �
� . y � +w � � w � ,

�
+iurp S|wkdjrudv,

Xvlqj Htxdwlrq 515;/ wkh pdlq vwhsv xvhg e| Edpohu ^;` lq wkh ghulydwlrq ri wkh

udqjh0Grssohu grpdlq vljqdo duh +zlwk dgglwlrqdo qrwhv iurp Edpohu ^5`,=

� Irxulhu wudqvirup lq udqjh wr wkh udqjh iuhtxhqf|/ d}lpxwk vljqdo grpdlq e|

pdnlqj xvh ri wkh Irxulhu vkliw wkhruhp +Eudfhzhoo ^45` sj1 437,1

� Irxulhu wudqvirup lq d}lpxwk wr wkh 50G iuhtxhqf| grpdlq xvlqj wkh Sulqflsoh

ri Vwdwlrqdu| Skdvh +SVS, +Udqh| ^86`,1 SVS lv ydolg iru erwk udqjh frpsuhvvhg

dqg udqjh xqfrpsuhvvhg vljqdov,1 Wklv ohdgv wr dq htxdwlrq ri wkh irup +zkhuh

j+w � ,' J+i � ,, jlyhq e| Htxdwlrq 515<1

V +i � > i � , @ nD � +=, �J +i � , � h{s

3

Cm5�U �

5

7

i � . i �

f@5
�

v

�

i � . i �

f@5

� �

�
�

i �

y

� �
6

8

4

D

+515<,

� Wkh qh{w vwhs lv/ iru hyhu| d}lpxwk iuhtxhqf|/ wr h{sdqg wkh udqjh iuhtxhqf|

ghshqghqfh i � ri wkh skdvh ri wkh frpsoh{ h{srqhqwldo whup ri Htxdwlrq 515<

lq wkh 50G iuhtxhqf| grpdlq lq d Wd|oru vhulhv
�

� � � � . � � i � . � � i
�
�

�

1 Wkh

}hurwk rughu whup � � lv wkh d}lpxwk frpsuhvvlrq �owhu skdvh1 Wkh �uvw rughu

whup � � lv d olqhdu skdvh lq udqjh iuhtxhqf| zklfk fruuhvsrqgv wr wkh vljqdo

udqjh pljudwlrq1 Wkh vhfrqg rughu whup � � fruuhvsrqgv wr d udqjh glvshuvlrq lq

wkh udqjh0Grssohu grpdlq +wkh VUF whup,1

� Ilqdoo|/ lqyhuvh Irxulhu wudqvirup lq udqjh wr hqg xs lq wkh udqjh0Grssohu gr0

pdlq1 Wkh }hurwk rughu whup wudqvirupv wr wkh d}lpxwk iuhtxhqf| ghshqghqw

skdvh1 Wkh �uvw rughu whup wudqvirupv wr wkh udqjh pljudwlrq lq wkh udqjh0

Grssohu grpdlq1 Wkhuh lv qr dqdo|wlfdo h{suhvvlrq iru wkh wudqvirupdwlrq ri

wkh vhfrqg rughu whup vlqfh SVS fdqqrw eh xvhg dv wkh txdgudwlf skdvh ri wklv

whup lv zhdn1 Lq Edpohu*v h{suhvvlrq/ wkh h�hfw ri wkh VUF skdvh whup lq wkh

udqjh0Grssohu grpdlq lv dffxudwho| suhvhqwhg dv d udqjh frqyroxwlrq ri wkh udqjh

pljudwlrq fxuyh zlwk wkh lqyhuvh Irxulhu wudqvirup ri d txdgudwlf skdvh1
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Qhjohfwlqj wkh frqvwdqw n/ wkh h{suhvvlrq ri wkh vljqdo iurp d srlqw vfdwwhuhu lq wkh

udqjh0Grssohu grpdlq lv jlyhq e| Edpohu dv ^;`

V+w � > i � , @ D � +=, � j
�

w � � 5

f
�U+i � ,

�

� h{s +m� � +i � ,,
 VUF +w � > i � , +5163,

zkhuh

� 
 ghqrwhv d idvw0wlph +udqjh wlph, frqyroxwlrq1

� U+i � , @ U �

�

4�
� ���

�� �
� � � � ��

dqg �U+i � , @ U+i � ,�U � +wkh udqjh pljudwlrq

lq wkh udqjh0Grssohu grpdlq/ ghulyhg odwhu dv Htxdwlrq 516;,1

� � � +i � , @
� �

�
U �

%

4�
u

4�
� � �

�� �
� �

&

+wkh }hurwk rughu whup ri wkh Wd|oru vhulhv

skdvh h{sdqvlrq,1

� VUF +w � > i � , lv wkh lqyhuvh udqjh Irxulhu wudqvirup ri wkh txdgudwlf skdvh whup

h{s
�

m� � +i � , � i �
�

�

1

� � � +i � , @
��� �
 � U+i � ,

�

�

� 
 � � �
���

� �
� 4

�

+wkh vhfrqg rughu whup ri wkh Wd|oru vhulhv

skdvh h{sdqvlrq,1

Htxdwlrq 5163 lv wkh ghvluhg h{suhvvlrq iru wkh udqjh0Grssohu grpdlq vljqdo1 Wkh

udqjh frqyroxwlrq ri wkh VUF whup zlwk wkh udqjh pljudwlrq fxuyh fdxvhv d glvshuvlrq

ri wkh udqjh0Grssohu grpdlq vljqdo1 Lq wkh dqdo|vlv suhvhqwhg/ wkh glvshuvlrq lv vhhq

dv ehlqj lq wkh udqjh gluhfwlrq +dq dowhuqdwh dqg frqvlvwhqw ylhzsrlqw,1

Dv wkhuh lv qr forvhg irup dqdo|wlfdo h{suhvvlrq ri Htxdwlrq 5163/ qxphulfdo hydo0

xdwlrq zrxog eh uhtxluhg rq d fdvh e| fdvh edvlv1 Iru wklv uhdvrq/ xvh kdv ehhq pdgh

lq wklv wkhvlv ri vlpxodwhg VDU vljqdov lq wkh lqyhvwljdwlrq ri wkh udqjh fxuydwxuh olp0

lwdwlrqv ri vwdqgdug udqjh0Grssohu surfhvvlqj +Fkdswhu 6, dqg lq wkh ghprqvwudwlrq

ri wkh h{whqghg dojrulwkp +Fkdswhu 7,1

Lq wkh suhfhglqj vhfwlrqv/ wkhruhwlfdo lvvxhv uhodwlqj wr VDU rshudwlrq dqg wkh irup

ri wkh VDU vljqdo kdyh ehhq glvfxvvhg1 Qrz wkdw wkh froohfwlrq jhrphwu| dqg irup ri

wkh VDU vljqdo kdv ehhq dgguhvvhg/ lw lv dssursuldwh wr glvfxvv udqjh0Grssohu lpdjh

irupdwlrq surfhvvlqj lq wkh iroorzlqj vhfwlrq1

2��2 +@?}i�#LTT*ih �hLUitt�?}

Wkh edvlf lghd ehklqg vwdqgdug udqjh0Grssohu surfhvvlqj lv vlpsoh= pdqlsxodwh wkh

gdwd vxfk wkdw xvh pd| eh pdgh ri rqh0glphqvlrqdo frqyroxwlrq rshudwlrqv zlwk rqh0
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glphqvlrqdo udqjh dqg d}lpxwk pdwfkhg �owhuv +dovr nqrzq dv wkh udqjh dqg d}lpxwk

uhihuhqfh ixqfwlrqv, lq rughu wr irfxv wkh lpdjh1

Iru h�flhqf|/ erwk wkh udqjh dqg d}lpxwk frqyroxwlrqv duh shuiruphg wkurxjk d

pxowlsolfdwlrq lq wkh Irxulhu iuhtxhqf| grpdlq1 H{suhvvhg pdwkhpdwlfdoo|/ iru vrph

frpsoh{ vljqdo v+w,/ wkh pdwfkhg �owhu p+w, lv jlyhq e|

p+w, @ v
�

+�w, +5164,

+zkhuh wkh - ghqrwhv wkh frpsoh{ frqmxjdwh, dqg wkh frqyroxwlrq rshudwlrq +ghqrwhg


, ri v+w, zlwk p+w, lv dfklhyhg lq wkh Irxulhu iuhtxhqf| grpdlq dv

v+w, 
p+w,+, V+$, �P+$, +5165,

Riwhq/ d vshfwuxp dpsolwxgh zhljkwlqj Z +$, lv dssolhg iru vlghoreh vxssuhvvlrq1

Wzr dpsolwxgh zhljkwlqjv zhuh xvhg lq wklv wkhvlv +iru wkh udqjh dqg d}lpxwk uhihu0

hqfh ixqfwlrqv,1 Wkhvh zhuh wkh uhfwdqjxodu zlqgrz dqg wkh Kdpplqj zlqgrz1 Wkh

Kdpplqj zlqgrz/ d vshfldo fdvh ri wkh Kdqqlqj zlqgrz/ lv jlyhq lq wkh glvfuhwh fdvh

e| +Kduulv ^63`,

Z +l, @ 3=87� 3=79 frv

�

5�l

Q � 4

�

+5166,

@ 3=3; . 3=<5 vlq
�

�

�l

Q � 4

�

+5167,

zkhuh Q lv wkh wrwdo qxpehu ri srlqwv vsdqqlqj wkh zhljkwhg uhjlrq +l @ 3> 4> ===> Q�4,1

Dv phqwlrqhg lq Vhfwlrq 519/ wkh xvh ri dq dpsolwxgh zhljkwlqj wr uhgxfh vlghorehv

grhv uhvxow lq vrph eurdghqlqj ri wkh pdlq oreh dqg khqfh orvv ri jhrphwulf uhvroxwlrq1

Kduulv ^63` jlyhv wkh shdn vlghoreh ohyhov +SVO, dqg eurdghqlqj idfwruv iru d udqjh ri

zlqgrzv1 Iru d uhfwdqjxodu zlqgrz/ wkh SVO lv �46 gE dqg iru d Kdpplqj zlqgrz/

wkh SVO lv �75 gE1 Wkh eurdghqlqj idfwruv iru wkhvh wzr zlqgrzv duh 3=;< dqg 4=63/

uhvshfwlyho|1

Lq Fkdswhuv 6 dqg 7/ udqjh frpsuhvvlrq zdv dssolhg lq wkh vlpxodwru/ sulru wr

wkh D2G1 D Kdpplqj zhljkwlqj zdv xvhg/ exw dssolhg wr wkh vljqdo grpdlq uhihuhqfh

ixqfwlrq +udwkhu wkdq wr wkh vshfwuxp,1 Gxh wr wkh wlph0iuhtxhqf| orfnlqj ri wkh odujh

wlph0edqgzlgwk surgxfw olqhdu IP fklusv xvhg/ wklv dssurdfk lv htxlydohqw wr dsso|lqj

wkh Kdpplqj zlqgrz lq wkh iuhtxhqf| grpdlq dqg wkh eurdghqlqj idfwru uhpdlqv 4=63

zlwk d SVO ri �75 gE1
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2-D Data in Range
Signal, Az Signal Domain

Inverse Range FFT

Motion Compensation
Phase- and Range Shift

2-D Data in Range
Image, Az Signal Domain

1-D Range Reference
Function in Signal Domain

Interference Suppression
Transfer Function

Range FFT

Range Window
Function

FFT

R5 R4

R1

R6

R7

R2

R3

Iljxuh 51:= Wkh udqjh frpsuhvvlrq vwdjh ri wkh udqjh0Grssohu surfhvvru1 Vwhsv U7

dqg U: gr qrw irup sduw ri wkh fruh udqjh frpsuhvvlrq vwdjh/ exw zhuh uhtxluhg iru

wkh VDVDU surfhvvlqj1

2��2�� +@?}i �L4Thitt�L?

Wkh pdlq ixqfwlrqdolw| ri wkh udqjh frpsuhvvlrq vwdjh ri wkh udqjh0Grssohu surfhvvru

xvhg dv wkh _vwdqgdug% surfhvvru lq wklv wkhvlv +lqfoxglqj wkh VDVDU lpdjhv ri Fkdswhu

9,/ lv vkrzq lq Iljxuh 51:1

Wkh udqjh uhihuhqfh ixqfwlrq lv vlpso| lpsohphqwhg dv wkh wlph0uhyhuvhg/ frpsoh{

frqmxjdwh ri wkh wudqvplwwhg sxovh +Htxdwlrq 5164,1 D frpprqo| xvhg wudqvplwwhg

sxovh prgxodwlrq iru VDU lv wkh olqhdu IP fklus ri Htxdwlrq 51<1 Xqolnh wkh d}lpxwk

uhihuhqfh ixqfwlrq fdvh/ wkh udqjh uhihuhqfh ixqfwlrq grhv qrw xvxdoo| uhtxluh xsgdwlqj1

Iurp Fxuodqghu dqg PfGrqrxjk ^53` +sj1 479,/ iru vljqdov zlwk uhdvrqdeo| odujh

wlph0edqgzlgwk surgxfwv +vd| A 433,/ wkh srlqw wdujhw uhvsrqvh ixqfwlrq iru d wdujhw dw

udqjh U kdv d +dssur{lpdwho|, uhfwdqjxodu dpsolwxgh vshfwuxp dqg wkh wlph uhvsrqvh

ri wkh udqjh frpsuhvvhg vljqdo lv jlyhq e|

j+w � , @ E h{s

�

�m
7�U

�

�

vlqf

�

�E

�

w � � 5U

f

��

+5168,

zkhuh � lv wkh wudqvplwwhg sxovh zdyhohqjwk +dvvxplqj LT ghprgxodwlrq vxfk wkdw
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Inverse Az FFT

Focused Complex Image 
(Range Image, Az Image Domain)

Range Curvature
Correction Interpolation
in Range-Doppler Domain

Azimuth FFT

1-D Azimuth Reference
Function in Signal Domain
(Updated for Each Range Bin)

2-D Data in Range
Image, Az Signal Domain

FFT

Azimuth Window
Function

(Corner Turn)

A5

A1

A2

A6

A4

A3

Iljxuh 51;= Wkh d}lpxwk frpsuhvvlrq vwdjh ri wkh _vwdqgdug% udqjh0Grssohu surfhvvru1

wkh fhqwuh iuhtxhqf| lv }hur dw edvhedqg,1 Frrn dqg Ehuqihog ^4<` vkrz wkdw/ hyhq

iru olqhdu IP vljqdov zlwk vpdoohu wlph0edqgzlgwk surgxfwv +�� E A 53,/ wkh udqjh

frpsuhvvhg vljqdo zloo vwloo kdyh wkh
	 
 � 
 ���
� irup/ surylghg wkh dssursuldwh pdwfkhg

�owhu lv xvhg iru wkh vljqdo1 Lq wklv fdvh/ wkh uhvroxwlrq uhvxow +Htxdwlrq 5147, lv vwloo

ydolg hyhq wkrxjk wkh dpsolwxgh vshfwuxp lv qr orqjhu uhfwdqjxodu1

Htxdwlrq 5168 kdv yhu| lpsruwdqw lpsolfdwlrqv iru VDU rshudwlrq1 Qrwh krz/ hyhq

wkrxjk wkh fduulhu iuhtxhqf| kdv ehhq uhpryhg iurp wkh vljqdo rq uhfhswlrq/ wkh skdvh

ri wkh udqjh frpsuhvvhg uhvsrqvh +lq wkh dujxphqw ri wkh h{srqhqwldo, lv ghshqghqw

rq wkh zdyhohqjwk ri wkh wudqvplwwhg vljqdo +dqg wkh wdujhw udqjh,1 Wklv skdvh whup

lv fuxfldo lq wkh VDU d}lpxwk irfxvlqj rshudwlrq glvfxvvhg ehorz1

2��2�2 �3�4�|� �L4Thitt�L?

Wkh pdlq ixqfwlrqdolw| ri wkh d}lpxwk frpsuhvvlrq vwdjh ri wkh udqjh0Grssohu surfhv0

vru xvhg dv wkh _vwdqgdug% surfhvvru lq wklv wkhvlv +dqg iru wkh VDVDU lpdjhv ri

Fkdswhu 9,/ lv vkrzq lq Iljxuh 51; +Vwhsv D4 0 D9,1 Qrwh wkdw wklv surfhvvru grhv qrw

lpsohphqw Grssohu iuhtxhqf| ghshqghqw vhfrqgdu| udqjh frpsuhvvlrq +VUF,1
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Wkh d}lpxwk frpsuhvvlrq rshudwlrq lv qrw dv vlpsoh dv iru udqjh frpsuhvvlrq1 Gxh

wr udqjh pljudwlrq h�hfwv/ wkh vljqdo lq d}lpxwk lv wzr0glphqvlrqdo1 Lq dgglwlrq/ wkh

d}lpxwk pdwfkhg �owhu pxvw eh xsgdwhg zlwk udqjh1

Iru wkh udqjh0Grssohu surfhvvlqj ri wklv wkhvlv/ wkh rqh0glphqvlrqdo d}lpxwk uhihu0

hqfh ixqfwlrq pxowlsolhg lq wkh d}lpxwk iuhtxhqf| grpdlq zlwk hdfk udqjh fxuydwxuh

vwudljkwhqhg d}lpxwk olqh/ zdv fdofxodwhg gluhfwo| iurp wkh nqrzohgjh ri wkh udgdu0

wdujhw k|shuerolf udqjh ri Htxdwlrq 5154 +qr dssur{lpdwlrqv xvhg,1 Wkh ohqjwk ri wkh

d}lpxwk uhihuhqfh ixqfwlrq uhtxluhg iru hdfk udqjh U � zdv fdofxodwhg iurp Htxdwlrq

514: zlwk wkh skdvh fdofxodwhg dv wlph0uhyhuvhg/ frpsoh{ frqmxjdwh ri wkdw jlyhq e|

Htxdwlrq 51551 Lq dgglwlrq/ qrwh wkdw iru wkh uhvxowv suhvhqwhg lq Fkdswhuv 6 dqg 7 wkh

d}lpxwk uhihuhqfh ixqfwlrq zdv xsgdwhg iru hyhu| udqjh elq1

2��2�� +@?}i ��h�@|�hi �LhhiU|�L?

Udqjh pljudwlrq fruuhfwlrq lv uhtxluhg iru dffxudwh VDU surfhvvlqj1 Wkh qhhg wr shu0

irup wklv fruuhfwlrq dfxudwho| lq dq h�flhqw pdqqhu kdv ehhq dq lpsruwdqw frqvlghud0

wlrq ohdglqj wr wkh ghyhorsphqw ri d qxpehu ri VDU surfhvvlqj dojrulwkpv/ lqfoxglqj

wkh fklus vfdolqj +Udqh| hw do1 ^84`, dqg wkh udqjh pljudwlrq dojrulwkp +Fd�rulr hw

do1 ^49`,1 Wkh udqjh0Grssohu dojrulwkp dssurdfk iru wkh udqjh fxuydwxuh fruuhfwlrq lq

wkh udqjh0Grssohu grpdlq lv glvfxvvhg lq wkh vhfwlrqv ehorz1

Dv glvfxvvhg lq Vhfwlrq 5143/ iru VDU v|vwhpv zlwk vhyhuh udqjh fxuydwxuh +h1j1

wkh zlgh d}lpxwk ehdp fdvh,/ wkh vljqdo lq wkh udqjh0Grssohu grpdlq lv glvshuvhg1

Wklv uhvxowv lq lqdffxudflhv lq wkh udqjh0Grssohu grpdlq udqjh fxuydwxuh fruuhfwlrq/

ohdglqj wr wkh uhtxluhphqw iru Grssohu iuhtxhqf| ghshqghqw VUF1

_Prghudwh udqjh fxuydwxuh% uhihuv khuh wr wkh fdvh zkhq wkh udqjh fxuydwxuh lv

qrw vr vhyhuh wkdw Grssohu iuhtxhqf| ghshqghqw VUF lv uhtxluhg iru wkh dssolfdwlrq1

_Vhyhuh udqjh fxuydwxuh% uhihuv khuh wr wkh fdvh zkhq Grssohu iuhtxhqf| ghshqghqw

VUF lv uhtxluhg iru wkh dssolfdwlrq1 Fkdswhu 6 h{soruhv wkh erxqgdulhv ri wkh YKI

uhjlrq zkhuh Grssohu iuhtxhqf| ghshqghqw VUF ehfrphv lpsruwdqw1

Prghudwh Udqjh Fxuydwxuh Fdvh

Pxqvrq dqg Ylvhqwlq ^7<` vwdwh wkdw li wkh wrwdo udqjh pljudwlrq +udqjh zdon dqg udqjh

fxuydwxuh wrjhwkhu, h{fhhgv wkh udqjh uhvroxwlrq/ wkhq fruuhfwlrq lv uhtxluhg1 D pruh

vwulqjhqw fulwhulrq lv jlyhq e| Udqh| ^65` +sj1 <3, zkr vwdwhv wkdw kdoi wkh udqjh
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uhvroxwlrq lv dffhswdeoh xqohvv kljko| dffxudwh irfxvlqj shuirupdqfh lv uhtxluhg1

Iru udqjh0Grssohu surfhvvlqj/ udqjh fxuydwxuh fruuhfwlrq lv h�flhqwo| fduulhg rxw

lq wkh udqjh0Grssohu grpdlq dv vkrzq e| Vwhs D5 lq Iljxuh 51; +Ydqw ^98`/ Pxqvrq

dqg Ylvhqwlq ^7<`,1 Wklv lv srvvleoh vlqfh wkh uhvsrqvhv iurp wdujhwv dw wkh vdph udqjh

exw gl�huhqw d}lpxwk srvlwlrqv pds lqwr wkh vdph Grssohu vshfwudo uhjlrq1 Lq dgglwlrq/

iru vljqdov zlwk vx�flhqwo| odujh wlph0edqgzlgwk surgxfwv/ wkh fxuydwxuh lq wkh udqjh0

Grssohu grpdlq lv lvrphwulf wr wkh fxuydwxuh lq wkh udqjh frpsuhvvhg vljqdo grpdlq

+Pxqvrq dqg Ylvhqwlq ^7<`,1 Wkxv/ lw lv srvvleoh wr vwudljkwhq dq hqwluh d}lpxwk olqh

dw rqfh lq wkh d}lpxwk iuhtxhqf| grpdlq1 Wklv kdv reylrxv h�flhqf| dgydqwdjhv ryhu

d wlph grpdlq fruuhfwlrq zkhuh lw zrxog eh qhfhvvdu| wr wudfn wkh udqjh fxuydwxuh

iru hdfk d}lpxwk srlqw1 Wkh wlph grpdlq dssurdfk lv fhuwdlqo| srvvleoh dqg dffxudwh/

exw/ gxh wr h�flhqf| frqvlghudwlrqv/ lv doprvw qhyhu shuiruphg lq sudfwlfh iru dq|

uhdvrqdeo| vl}hg lpdjh1

Wkh udqjh fxuydwxuh fruuhfwlrq lq wkh d}lpxwk iuhtxhqf| grpdlq qdwxudoo| dvvxphv

dorqj wudfn frkhuhqfh ri wkh vljqdo sulru wr wkh d}lpxwk IIW1 Wkxv/ prwlrq frpshq0

vdwlrq pxvw eh shuiruphg ehiruh wkh udqjh fxuydwxuh fruuhfwlrq rshudwlrq1

Wkh fxuydwxuh lq wkh udqjh0Grssohu grpdlq fdq eh ghulyhg iurp wkh jhrphwu| dqg

Grssohu frqvlghudwlrqv1 Iru dq xqvtxlqwhg ehdp/ wkh kdoi d}lpxwk ehdpzlgwk ! pd|

eh irxqg iurp wkh Grssohu iuhtxhqf| i � +devroxwh ydoxh dvvxphg lq wklv vhfwlrq, dw

wkh ehdp hgjh xvlqj Htxdwlrq 5145

! @ dufvlq

�

�i �

5y

�

+5169,

Iurp frqvlghudwlrqv ri wkh lpdjlqj jhrphwu| ri Iljxuh 516/ wkh udqjh fxuydwxuh dw

wkh hgjh ri wkh surfhvvhg ehdp lv jlyhq e|

�U 
�� ��� @ U �

�

4

frv !
� 4

�

+516:,

zkhuh U � lv wkh wdujhw udqjh dw forvhvw dssurdfk1 Wkxv/ frpelqlqj Htxdwlrqv 5169 dqg

516:/ zh rewdlq +diwhu vrph pdqlsxodwlrq,

�U 
 � ��� @ U �

#

4�
�

�i �

5y

� � $ � ��

�U � +516;,

Qrz/ i � fdq eh uhodwhg wr wkh nwk srlqw iurp wkh }hur iuhtxhqf| srlqw lq wkh

udqjh0Grssohu grpdlq +diwhu wkh d}lpxwk IIW, dffruglqj wr

i � @ n
i� ���

Q ���	�
+516<,
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zkhuh Q ���	� lv wkh qxpehu ri frpsoh{ srlqwv xvhg lq wkh IIW1 Wkxv/ wkh udqjh fxu0

ydwxuh fruuhfwlrq wr eh dssolhg lq wkh udqjh0Grssohu grpdlq fdq eh h{suhvvhg dv

�U 
�� ��� @ U �

#

4�
�

�ni� ���

5yQ � � �

� � $ � ��

�U � +5173,

D vlplodu h{suhvvlrq lv jlyhq e| Edpohu ^:`1 Qrwh wkdw/ wklv h{suhvvlrq kdv ehhq

ghulyhg xvlqj wkh Grssohu iuhtxhqf| dw wkh hgjh ri wkh surfhvvhg ehdp1 Krzhyhu/ dv

dq| sduw ri wkh surfhvvhg ehdp frxog htxdoo| zhoo kdyh ehhq xvhg lq wkh ghulydwlrq/

Htxdwlrq 5173 lv wkxv ydolg iru dq| Grssohu iuhtxhqf| +ru iuhtxhqf| srlqw n, zlwklq

wkh surfhvvhg ehdp1

Lq sudfwlfh/ dffxudf| dqg h�flhqf| frqvlghudwlrqv glfwdwh wkh ohqjwk ri wkh lqwhusr0

odwlrq nhuqho xvhg iru wkh udqjh fxuydwxuh fruuhfwlrq1 Iru h{dpsoh/ iru wkh prvw dffx0

udwh fruuhfwlrq lq wkh udqjh0Grssohu grpdlq/ ixoo lqwhusrodwlrq +dffruglqj wr Htxdwlrq

516, xvlqj pdq| vdpsohv vkrxog eh shuiruphg1 Iru h�flhqf|/ lqwhusrodwlrq lv xvxdoo|

rqo| fduulhg rxw xvlqj d 70 ru ;0srlqw lqwhusrodwru1 Wklv grhv uhvxow lq vrph orvv ri

dffxudf|/ hvshfldoo| lq wkh frpsoh{ lpdjh +Udqh| hw do1 ^84`,1 Lq wklv wkhvlv/ dq ;0srlqw

Vkdqqrq lqwhusrodwru +Fxuodqghu dqg PfGrqrxjk ^53` sj1 894, zdv xvhg iru erwk wkh

udqjh fxuydwxuh fruuhfwlrq ri wkh vwdqgdug udqjh0Grssohu surfhvvru dqg iru wkh uhvlg0

xdo udqjh fxuydwxuh fruuhfwlrq ri wkh h{whqghg udqjh0Grssohu surfhvvru1 Lq dgglwlrq/

qrwh wkdw wkh fxuydwxuh fruuhfwlrq lqwhusrodwlrq zdv dozd|v shuiruphg/ zkhwkhu wkh

udqjh fxuydwxuh h{fhhghg kdoi wkh udqjh uhvroxwlrq ru qrw1

Vhyhuh Udqjh Fxuydwxuh Fdvh

Iru wkh dffxudwh udqjh0Grssohu surfhvvlqj ri vljqdov zlwk vhyhuh udqjh fxuydwxuh/

Grssohu iuhtxhqf| ghshqghqw VUF lv uhtxluhg +glvfxvvhg ixuwkhu lq Fkdswhu 6,1 Krz0

hyhu/ wklv lv gl�fxow lq sudfwlfh zlwk d udqjh0Grssohu surfhvvru +Edpohu ^:`,1 Lq Fkds0

whu 7/ dq h{whqvlrq wr vwdqgdug udqjh0Grssohu surfhvvlqj lv glvfxvvhg dqg ghprqvwudwhg

wr fdwhu iru wkh vhyhuh udqjh fxuydwxuh fdvh pxfk pruh dffxudwho| wkdq wkh vwdqgdug

udqjh0Grssohu surfhvvru1

Lq wkh uhpdlqghu ri wklv fkdswhu/ vhyhudo plvfhoodqhrxv wrslfv duh eulh�| dgguhvvhg1

Wkhvh lqfoxgh vshfnoh uhgxfwlrq/ wkh xqdpeljxrxv udqjh dqg wkh VDU0uhodwhg vpdoo

dqjoh dssur{lpdwlrqv1

7:



Frequency

Weighting

Three looks 
(two  independent) 
50% overlap

Iljxuh 51<= Pxowlorrn wkurxjk vsolwwlqj xs ri wkh d}lpxwk iuhtxhqf| vshfwuxp lq wkh

udqjh0Grssohu grpdlq +lpphgldwho| ehiruh wkh lqyhuvh d}lpxwk IIW,1

2��� ��*|�*LL!

Wkh suhfhglqj h{suhvvlrqv lq wklv fkdswhu iru wkh edqgzlgwk/ uhvroxwlrq dqg v|qwkhwlf

dshuwxuh ohqjwk duh dssolfdeoh iru vlqjoh orrn lpdjhu|1 Lq sudfwlfh lq udqjh0Grssohu

surfhvvlqj/ vshfnoh uhgxfwlrq lv riwhq lpsohphqwhg e| vsolwwlqj xs wkh d}lpxwk vshf0

wuxp lqwr _orrnv% lq wkh udqjh0Grssohu grpdlq +dv gh�qhg lq Iljxuh 515, dqg dgglqj

wkh lpdjhv iurp hdfk orrn lqfrkhuhqwo| +diwhu srzhu ghwhfwlrq rq hdfk,1 Wkh zhljkwlqj

ri wkh d}lpxwk vshfwuxp lv ghslfwhg lq Iljxuh 51< iru 6 ryhuodsslqj orrnv +5 lqghshq0

ghqw/ qrq0ryhuodsslqj,1

Zkhuh pxowlorrn surfhvvlqj lv dssolhg lq wklv zd|/ iru d jlyhq jhrphwulf uhvroxwlrq/

wkh wrwdo surfhvvhg Grssohu edqgzlgwk pxvw eh odujhu iru wkh pxowlorrn fdvh wkdq iru

wkh vlqjoh orrn fdvh e| d idfwru htxdo wr wkh qxpehu ri lqghshqghqw orrnv1 Qrwh wkdw/ wr

dyrlg plvuhjlvwudwlrq ri wkh orrnv +zlwk dq dffrpsdq|lqj ghjudgdwlrq ri wkh jhrphwulf

uhvroxwlrq,/ frkhuhqfh lv vwloo uhtxluhg ryhu wkh ixoo v|qwkhwlf dshuwxuh1 Wkxv/ prwlrq

frpshqvdwlrq lv uhtxluhg wr eh dffxudwh ryhu dw ohdvw wkh ixoo v|qwkhwlf dshuwxuh ohqjwk

wr dyrlg orvv ri jhrphwulf uhvroxwlrq1

7;



2��e N?@4M�}�L�t +@?}i

Li wkh edfnvfdwwhuhg hqhuj| iurp d sduwlfxodu wudqvplwwhg sxovh duulyhv edfn dw wkh

udgdu gxulqj wkh uhfhswlrq shulrg ri dqrwkhu sxovh/ d udqjh dpeljxlw| lv vdlg wr h{lvw1

Wklv lv d sureohp d�hfwlqj vsdfheruqh VDU v|vwhpv lq sduwlfxodu zkhuh vhyhudo sxovhv

pd| eh lq �ljkw dw d sduwlfxodu wlph gxh wr wkh orqj vodqw udqjh wr wkh vwduw ri wkh

vzdwk1 Iru vxfk v|vwhpv/ dq xsshu olplw rq wkh SUI pd| eh lpsrvhg wr hqvxuh wkdw

qr udqjh dpeljxlwlhv dulvh iurp wkh pdlqoreh looxplqdwlrq1 Krzhyhu/ lw lv vwloo srvvleoh

wr uhfhlyh dpeljxrxv uhwxuqv iurp wkh dqwhqqd vlghorehv1 Li wklv h�hfw lv wr eh uhgxfhg/

wkh xsshu erxqg rq wkh SUI pxvw eh orzhuhg ixuwkhu1

Iru dlueruqh VDU v|vwhpv/ udqjh dpeljxlwlhv duh ohvv ri d frqfhuq dv wkh wzr0zd|

wlphv iru d uhwxuq iurp wkh looxplqdwhg vzdwk duh jhqhudoo| vpdoo lq frpsdulvrq wr

wkh sxovh uhshwlwlrq lqwhuydov +SULv, xvhg1 W|slfdoo|/ rqo| d vlqjoh sxovh lv lq �ljkw

dw dq| sduwlfxodu wlph dqg wkh dlueruqh glvfxvvlrq irfxvhv rq wkh pd{lpxp udqjh

zklfk pd| eh lpdjhg udwkhu wkdq wkh pd{lpxp xqdpeljxrxv vzdwk zlgwk frqfhsw

zklfk lv dssolfdeoh iru vsdfheruqh v|vwhpv1 Iru dlueruqh v|vwhpv/ wkh uhtxluhphqw lv

wkdw wkh wudlolqj hgjh ri wkh edfnvfdwwhuhg sxovh iurp d srlqw wdujhw dw wkh pd{lpxp

udqjh pxvw eh uhfhlyhg ehiruh wudqvplvvlrq ri wkh qh{w sxovh1 Xvlqj wklv fulwhulrq/ wkh

pd{lpxp udqjh lv jlyhq e|

U �
��� @
f

5i� ���
� �� f +5174,

zkhuh wkh vhfrqg whup lq wklv htxdwlrq lqyroylqj wkh sxovh gxudwlrq lv jhqhudoo| vpdoo

lq frpsdulvrq wr wkh �uvw whup dqg/ dv d uhvxow/ pd| xvxdoo| eh qhjohfwhg1 Qrwh

wkdw dq| edfnvfdwwhuhg vljqdo lqwhuihulqj zlwk wkh uhfhswlrq ri d vxffhvvlyh sxovh zloo

lq idfw ruljlqdwh iurp udqjhv juhdwhu wkdq U �
��� dv wkhuh lv/ lq dgglwlrq/ vrph ghdg

wlph ehwzhhq wkh vwduw ri wudqvplvvlrq ri wkh vxffhvvlyh sxovh sxovh dqg wkh vwduw ri

vdpsolqj1

2��D 54@** �?}*i �TThL �4@|�L?t

Lq wkh htxdwlrqv ri wkh suhfhglqj vhfwlrqv/ qr vpdoo dqjoh dssur{lpdwlrqv kdyh ehhq

xvhg dqg lw lv lpsruwdqw wr qrwh wkdw qr vpdoo dqjoh dssur{lpdwlrqv duh xvhg lq dq| ri

wkh VDU vlpxodwlrq dqg surfhvvlqj suhvhqwhg lq wklv wkhvlv1 Wkh surfhvvruv fdofxodwh

wkh ixoo k|shuerolf skdvh dqg udqjh fxuydwxuh fruuhfwlrq whupv iru d}lpxwk surfhvvlqj1

Lq wklv vhfwlrq/ wkh vpdoo dqjoh dssur{lpdwlrqv duh lqfoxghg iru frpsohwhqhvv1 Wklv

7<



lv xvhixo lq wkdw wkh vpdoo dqjoh h{suhvvlrqv duh frpprq lq wkh olwhudwxuh dqg/ rqfh

fohduo| lghqwl�hg/ duh ohvv olnho| wr eh frqixvhg zlwk wkh h{dfw h{suhvvlrqv zklfk vkrxog

eh xvhg iru zlgh ehdp VDU v|vwhpv1

2��D�� �?|i??@ �i@4��_|� �TThL �4@|�L?

Iru qduurz ehdpzlgwk dqwhqqdv zkhuh wkh dqwhqqd ohqjwk g lv odujh uhodwlyh wr wkh

zdyhohqjwk �/ wkh 6 gE ehdpzlgwk lv jlyhq e|
�

�� zkhuh n lv d frqvwdqw lq wkh udqjh

ri dssur{lpdwho| 3=< wr 4=6 ghshqglqj rq wkh fxuuhqw glvwulexwlrq dfurvv wkh dshuwxuh

+Vnroqln ^8;` ss1 55;0568,1 Iru h{dpsoh/ iru d uhfwdqjxodu duud|/ n lv 4=5 iru d frvlqh

fxuuhqw glvwulexwlrq +zlwk d shdn vlghoreh udwlr ri �56 gE,1 Iru d xqlirup fxuuhqw

glvwulexwlrq dfurvv wkh dshuwxuh +zklfk uhvxowv lq d shdn vlghoreh udwlr ri �46 gE,/ wkh

6 gE ehdpzlgwk +lq udgldqv, lv jlyhq e|

� ����� � 3=;;
�

g
+5175,

Htxdwlrq 5175 lv riwhq xvhg lq d irup zkhuh phdvxuhphqw ri wkh ehdpzlgwk lv

wdnhq dw wkh �7 gE srlqwv dqg wkh idfwru ri 3=;; ehfrphv xqlw| iru d xqlirup fxuuhqw

glvwulexwlrq1 Lq wklv fdvh/ wkh ehdpzlgwk ri wkh duud| lv

� ����� � �

g
+5176,

Qrwh wkdw Htxdwlrqv 5175 dqg 5176 duh rqo| dssolfdeoh zkhuh g � +qduurz ehdp

v|vwhpv,1

2��D�2 �3�4�|� +itL*�|�L? �TThL �4@|�L?

Wkh dffxudwh h{suhvvlrq iru wkh d}lpxwk uhvroxwlrq +zlwk }hur Grssohu fhqwurlg, zdv

jlyhq lq Htxdwlrq 5149 dv

�{ � ��� @
�

7 vlq !
N 	�� � � � +5177,

zkhuh ! lv kdoi wkh d}lpxwk dqjoh ri wkh surfhvvhg d}lpxwk h{whqw1 Li 7U
�
�  O

�
+vpdoo

dqjoh dssur{lpdwlrq,/ Htxdwlrq 514; uhgxfhv wr vlq ! �
�

� � � dqg wkh d}lpxwk uhvroxwlrq

uhodwlrq ri Htxdwlrq 5149 ehfrphv

�{� ��� � �U �

5O
N 	�� � � � +5178,

Wklv uhvxow lv wkh _vwdqgdug% VDU uhvroxwlrq dssur{lpdwlrq uhodwlrq wkdw dsshduv lq

pxfk ri wkh VDU olwhudwxuh +xvxdoo| h{foxglqj wkh zlqgrz frqvwdqw N 	�� � ��� ,1 Qrz
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O @ 5U � wdq ! dqg wkhuhiruh wkh VDU uhvroxwlrq dssur{lpdwlrq uhvxow pd| eh zulwwhq

dv

�{ � ��� � �

7 wdq !
N 	�� � � � +5179,

Lw lv lpsruwdqw wr vwuhvv wkdw Htxdwlrqv 5178 dqg 5179 duh rqo| jrrg dssur{lpdwlrqv

iru vpdoo surfhvvhg d}lpxwk ehdpzlgwkv1 Lqghhg/ d frpsdulvrq ri Htxdwlrqv 5177

dqg 5179 vkrzv wkdw wkh uhvxow ri Htxdwlrq 5179 lv rqo| d jrrg dssur{lpdwlrq wr wkh

d}lpxwk uhvroxwlrq li wdq ! � vlq !1 Qrwh dovr wkdw wkh uhvroxwlrq htxdwlrqv dsso| wr

srzhu ghwhfwlrq +pdjqlwxgh vtxduhg, lq wkh surfhvvhg lpdjh1

Iru v|vwhpv zlwk vpdoo d}lpxwk ehdpzlgwkv/ frpelqlqj wkh uhvxowv ri Htxdwlrqv

5176 dqg 5178 vkrzv wkdw wkh �qhvw d}lpxwk uhvroxwlrq dwwdlqdeoh lv dssur{lpdwho|

jlyhq e| +zlwk zlqgrz frqvwdqw ri xqlw|,

�{ � ��� � g

5
+517:,

2��D�� +@?}i ��h�@|�hi �TThL �4@|�L?

Wkh dffxudwh h{suhvvlrq iru wkh udqjh fxuydwxuh dw wkh hgjh ri wkh surfhvvhg v|qwkhwlf

dshuwxuh lv jlyhq e| Htxdwlrq 5158 dv

�U 
�� ��� @ U �

v

4 .

�

49�{ �� ���

� � N �
	�� � � �

� 4

� � �

�U � +517;,

Iru vpdoo surfhvvhg d}lpxwk ehdpzlgwkv/ vlq
�

!� 4 dqg/ iurp Htxdwlrq 5177/ wklv

lpsolhv wkdw 49�{
�� ���  �

�
N

�
	�� � � � 1 Wkxv/ lq wklv fdvh/ whupv lq Htxdwlrq 517; pd| eh

vlpsol�hg dv
v

4 .
� � N �

	�� � ���

49�{ �� ��� � � � N �
	�� � � �

� 4 .
4

5

�

�
�
N

�
	�� � � �

49�{ �� ���

�

+517<,

dqg wkh udqjh fxuydwxuh pd| wkhuhiruh eh dssur{lpdwhg e|

�U 
 � ��� � U � �
�
N

�
	�� � � �

65�{ �� ���
+5183,

Wkxv/ iru v|vwhpv zlwk vpdoo surfhvvhg ehdpzlgwkv/ Htxdwlrq 5183 vkrzv wkdw iru

d jlyhq d}lpxwk uhvroxwlrq �{ � ��� / wkh dprxqw ri udqjh fxuydwxuh fruuhfwlrq qhhghg

lqfuhdvhv olqhduo| zlwk udqjh dqg dssur{lpdwho| dffruglqj wr wkh vtxduh ri wkh zdyh0

ohqjwk1 Iljxuh 5143 vkrzv wkh udqjh fxuydwxuh vpdoo dqjoh dssur{lpdwlrq ri Htxdwlrq

5183 +orzhu fxuyh, dqg wkh h{dfw h{suhvvlrq ri Htxdwlrq 517; +xsshu fxuyh, iru wkh

uhjlrq zkhuh wkhvh h{suhvvlrqv gl�hu +kljk uhvroxwlrq uhodwlyh wr wkh zdyhohqjwk,1
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Iljxuh 5143= Udqjh fxuydwxuh dw hgjh ri v|qwkhwlf dshuwxuh1 Wkh xsshu fxuyh lv wkh

h{dfw h{suhvvlrq dqg wkh orzhu fxuyh lv wkh vpdoo dqjoh dssur{lpdwlrq1 Erwk d{hv duh

glphqvlrqohvv zlwk wkh d}lpxwk zlqgrz eurdghqlqj frqvwdqw wdnhq dv xqlw|1

2��S 5�44@h)

Lq wklv fkdswhu/ wkh edvlf wkhru| dqg jhrphwu| ehklqg orz iuhtxhqf|/ zlgh d}lpxwk

ehdp/ dlueruqh/ vwulspds VDU kdv ehhq suhvhqwhg zlwk vshfldo hpskdvlv sodfhg rq

udqjh0Grssohu surfhvvlqj1 VDU uhvroxwlrq h{suhvvlrqv dssolfdeoh wr wkh zlgh ehdp

fdvh kdyh ehhq ghulyhg iurp wkh edqgzlgwk gh�qlwlrq ri uhvroxwlrq1 Wkh htxdwlrqv

jryhuqlqj wkh k|shuerolf udqjh0 dqg skdvh uhodwlrqvklsv kdyh ehhq gulyhg gluhfwo| iurp

wkh vlgh0orrnlqj jhrphwu|1 Edpohu*v h{suhvvlrq iru wkh udqjh frpsuhvvhg vljqdo iurp

d srlqw wdujhw lq wkh udqjh0Grssohu grpdlq kdv ehhq suhvhqwhg1 Wkh rshudwlrq ri d

vwdqgdug udqjh0Grssohu surfhvvru kdv ehhq suhvhqwhg1 Wkh uhtxluhphqw wkdw Grssohu

iuhtxhqf| ghshqghqw VUF eh shuiruphg iru wkh vhyhuh udqjh fxuydwxuh fdvh kdv ehhq

qrwhg1 Pxowlorrn/ jurxqg udqjh surmhfwlrq dqg xqdpeljxrxv udqjh kdyh dovr ehhq

eulh�| glvfxvvhg1 Wr frqfoxgh dqg iru frpsohwhqhvv/ wkh vpdoo dqjoh dssur{lpdwlrqv

iru d}lpxwk uhvroxwlrq dqg udqjh fxuydwxuh kdyh ehhq ghulyhg1

Lq wkh iroorzlqj fkdswhu/ wkh olplwv ri vwdqgdug udqjh0Grssohu surfhvvlqj zlwkrxw

Grssohu iuhtxhqf| ghshqghqw VUF duh h{soruhg iru wkh vhyhuh udqjh fxuydwxuh vljqdov

zklfk duh fkdudfwhulvwlf ri lpdjlqj dw YKI iuhtxhqflhv1
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Lq dgglwlrq wr wkh srsxodu udqjh0Grssohu dssurdfk/ d qxpehu ri dffxudwh dojrulwkpv

iru vwulspds v|qwkhwlf dshuwxuh udgdu +VDU, surfhvvlqj kdyh ehhq sursrvhg lq uhfhqw

|hduv1 Wkhvh lqfoxgh wkh fklus vfdolqj dojrulwkp +Udqh| hw do1 ^84`, dqg wkh udqjh

pljudwlrq dojrulwkp +Urffd hw do1 ^87`/ Fd�rulr hw do1 ^49`,1 Erwk wkhvh whfkqltxhv

pdnh xvh ri wkh wzr0glphqvlrqdo iuhtxhqf| grpdlq/ riwhq ghqrwhg dv wkh $�n grpdlq1

Wkh udqjh pljudwlrq dojrulwkp lq sduwlfxodu lv zhoo vxlwhg wr ghdolqj zlwk odujh udqjh

fxuydwxuh1 Dowkrxjk vrph zrun kdv ehhq sxeolvkhg rq uhjlrqv ri dssolfdelolw| ri

surfhvvlqj dojrulwkpv +Edpohu ^:`/ Fduudud ^4:` ss1 7:607;9,/ frqvlghudeo| pruh frxog

eh grqh lq wklv duhd1

Wkh vwdqgdug udqjh0Grssohu dojrulwkp vx�huv iurp d ghirfxvlqj dqg glvwruwlrq

ri wkh lpsxovh uhvsrqvh lq wkh suhvhqfh ri vhyhuh udqjh zdon dqg2ru fxuydwxuh1 Wkh

olplwdwlrq lv uhodwhg wr wkh udqjh pljudwlrq fruuhfwlrq lq wkh udqjh0Grssohu grpdlq

diwhu dq d}lpxwk Irxulhu wudqvirup ri vljqdov zlwk vpdoo wlph0edqgzlgwk surgxfwv1

Wklv lv glvfxvvhg ixuwkhu lq Vhfwlrq 6161 Mlq dqg Zx ^7;` lqwurgxfhg wkh frqfhsw ri

vhfrqgdu| udqjh frpsuhvvlrq +VUF, lq wkh qduurz ehdp frqwh{w iru kdqgolqj fdvhv ri

vhyhuh udqjh zdon1 Wklv pd| eh h�flhqwo| lpsohphqwhg iru wkh fhqwudo lpdjh udqjh

dqg iru wkh Grssohu fhqwurlg iuhtxhqf| wkurxjk d prgl�fdwlrq ri wkh udqjh fklus udwh

gxulqj wkh udqjh frpsuhvvlrq vwdjh ri wkh dojrulwkp1 Iru lpdjlqj jhrphwulhv zlwk odujh

udqjh zdon dqg vpdoo udqjh fxuydwxuh/ wkh udqjh fklus prgl�fdwlrq pd| eh vx�flhqw1

86



Krzhyhu/ iru wkh odujh udqjh fxuydwxuh fdvh ri d zlgh ehdp/ dlueruqh v|vwhp/ wkh

Grssohu iuhtxhqf| ghshqghqfh ri wkh VUF pxvw eh wdnhq lqwr dffrxqw1

Iru d vlgh0orrnlqj v|vwhp zlwk }hur Grssohu fhqwurlg/ wkh h{suhvvlrq iru wkh d}lpxwk

uhvroxwlrq �{ � ��� lv +Fkdswhu 5149,=

�{ � ��� @
�

7 vlq !
N 	�� � � � +614,

zkhuh � lv wkh wudqvplwwhg zdyhohqjwk/ ! lv kdoi wkh d}lpxwk lqwhjudwlrq dqjoh/ dqg

N 	�� � ��� lv wkh d}lpxwk zlqgrz eurdghqlqj idfwru1 Wkxv/ iurp Htxdwlrq 614/ lw lv fohdu

wkdw odujhu d}lpxwk lqwhjudwlrq dqjohv duh uhtxluhg dw orzhu iuhtxhqflhv wkdq dw kljkhu

iuhtxhqflhv wr dfklhyh d jlyhq d}lpxwk uhvroxwlrq1

Iroorzlqj iurp Htxdwlrq 614/ iru d vwuls0pds VDU v|vwhp/ wkh udqjh fxuydwxuh

�U 
 � ��� dw wkh hgjh ri wkh v|qwkhwlf dshuwxuh lv jlyhq e| +Htxdwlrq 5158,=

�U 
�� ��� @ U �

v

4 .

�

49�{ �� ���

� � N �
	�� � � �

� 4

� � �

�U � +615,

zkhuh U � lv wkh wdujhw vodqw udqjh dw lwv }hur Grssohu srvlwlrq +forvhvw dssurdfk sr0

vlwlrq,1 Htxdwlrq 615 lpsolhv wkdw wkh udqjh fxuydwxuh lv pruh vhyhuh dw orqjhu zdyh0

ohqjwkv wkdq dw vkruwhu zdyhohqjwkv iru d jlyhq d}lpxwk uhvroxwlrq �{ � ��� dqg forvhvw

dssurdfk udqjh U � 1 Wkxv/ Grssohu iuhtxhqf| +dqg udqjh, ghshqghqw VUF uhtxluhv

vshfldo frqvlghudwlrq iru orz iuhtxhqf| v|vwhpv1

Iru udqjh0Grssohu surfhvvruv/ Grssohu iuhtxhqf| ghshqghqw VUF uhtxluhv wkh xvh

ri d frpsolfdwhg lqwhusrodwlrq vfkhph lq wkh udqjh0Grssohu grpdlq +Edpohu ^:`/ Vplwk

^8<`,1 Gxh wr wkh gl�fxow| lq lpsohphqwlqj Grssohu0iuhtxhqf|0ghshqghqw VUF/ prvw

udqjh0Grssohu surfhvvruv gr qrw shuirup wklv fruuhfwlrq1

Wklv fkdswhu lqyhvwljdwhv wkh h�hfwv ri vhyhuh udqjh fxuydwxuh rq udqjh0Grssohu

VDU surfhvvlqj iru v|vwhpv zlwk fhqwuh iuhtxhqflhv lq wkh udqjh ri 433 � 533 PK}1

Wkh irfxv lv rq dlueruqh/ vwuls0pds/ vlgh0orrnlqj VDU v|vwhpv zlwkrxw udqjh zdon +l1h1

lpdjlqj jhrphwulhv zlwk d Grssohu fhqwurlg ri }hur,1 Wkh h�hfwv rq wkh irfxvlqj ri

d vlpxodwhg srlqw wdujhw duh lqyhvwljdwhg iru d udqjh ri v|vwhp dqg surfhvvlqj sdud0

phwhuv1 Wkh pdlq remhfwlyh ri wkh fkdswhu lv wr h{soruh wkh shuirupdqfh ri vwdqgdug

udqjh0Grssohu surfhvvlqj dw YKI iuhtxhqflhv zkhq qr Grssohu0iuhtxhqf|0ghshqghqw

vhfrqgdu| udqjh frpsuhvvlrq +VUF, lv shuiruphg1 Wkh frqwulexwlrq ri wklv fkdswhu lv

wkh lqyhvwljdwlrq lqwr wkh erxqgdulhv ri wkh uhjlrq zkhuh Grssohu iuhtxhqf| ghshqghqw

VUF ehfrphv lpsruwdqw iru udqjh0Grssohu surfhvvlqj1
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Doo ri wkh pdwhuldo/ vlpxodwlrqv dqg surfhvvlqj lq wklv fkdswhu lv wkh fdqglgdwh*v

rzq zrun1 Vrph ri wkh pdwhuldo dsshdulqj lq wklv fkdswhu kdv ehhq sxeolvkhg e| wkh

fdqglgdwh lq wkh Surfhhglqjv ri HXVDU *<; ^67` dqg FRPVLJ *<; ^69`1

��2 �tt�4T|�L?t

Wkh dvvxpswlrqv dqg qrwdwlrq xvhg lq wklv fkdswhu duh=

� vlgh0orrnlqj +Grssohu fhqwurlg }hur,/ dlueruqh +�dw hduwk jhrphwu|,/ vwulspds

VDU zlwk shuihfw prwlrq frpshqvdwlrq

� vwrs0vwduw dssur{lpdwlrq ydolg 0 prwlrq rqo| ehwzhhq sxovhv +Eduehu ^<`,

� fhqwuh iuhtxhqflhv lq wkh udqjh 433� 533 PK}

� uhodwlyho| qduurz edqg vljqdov +pd{lpxp udqjh fklus 73 PK}, zklfk duh udqjh

frpsuhvvhg rq uhfhlyh +ehiruh D2G,

� dghtxdwh vdpsolqj lq udqjh dqg d}lpxwk iru Q|txlvw fulwhuld

� vwdwlrqdu| srlqw wdujhw zlwk xqlirup dpsolwxgh dqg skdvh uhvsrqvh ryhu d}lpxwk

dqjohv +D{hovvrq ^9`, dqg qr dqwhqqd zhljkwlqj h�hfwv +wdujhwv ylvleoh ryhu vlp0

xodwlrq h{whqw,

� doo sorwv dqg dqdo|vlv duh vodqw udqjh udwkhu wkdq jurxqg udqjh dqg doo surfhvvlqj

dqg dqdo|vlv lv iru vlqjoh orrn lpdjhu|

��� +@?}i ��h�@|�hi BiL4i|h)

Vkrzq vfkhpdwlfdoo| lq Iljxuh 614 lv rqh kdoi ri wkh uhjlrq ri udqjh0frpsuhvvhg vljqdo

vxssruw lq wkh vodqw udqjh lpdjh/ d}lpxwk vljqdo grpdlq +Iljxuh 515, iru d vlgh0orrnlqj

VDU dqg d srlqw wdujhw dw d forvhvw dssurdfk udqjh U � 1 Qrwh wkdw wkh whup _vljqdo

vxssruw% vkrxog/ lq wklv frqwh{w/ eh wdnhq wr phdq wkh uhjlrq erxqghg e| wkh 6 gE

srlqwv ri wkh udqjh0frpsuhvvhg vljqdo1 Wkh vfkhpdwlf grhv qrw dffxudwho| frqyh| wkh

ixoo h{whqw ri wkh udqjh fxuydwxuh iru d zlgh ehdp YKI VDU v|vwhp/ exw lv xvhixo wr

ghprqvwudwh wkh frqfhsw ohdglqj wr Htxdwlrqv 616 dqg 6171 D pruh uhdolvwlf sruwud|do

ri wkh h{whqw ri wkh udqjh fxuydwxuh dw YKI iuhtxhqflhv lv vkrzq e| wkh vlpxodwlrq ri

wkh udqjh0frpsuhvvhg YKI vljqdo lq Iljxuh 6161
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Slant range
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Azimuth (distance along flight track)

Slant Range
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x1 x2

Bounds of signal
support region

x0

Iljxuh 614= Vfkhpdwlf ri sduw ri udqjh frpsuhvvhg vljqdo vxssruw +vodqw udqjh lpdjh/

d}lpxwk vljqdo grpdlq, zlwk vodqw udqjh yhuwlfdo dqg d}lpxwk glvwdqfh krul}rqwdo1 Wkh

wdujhw forvhvw dssurdfk udqjh lv vkrzq dv U � 1 D vodqw udqjh vdpsoh dw udqjh U � fxwv

wkurxjk d uhjlrq ri udqjh0frpsuhvvhg vljqdo vxssruw jlyhq e| wkh d}lpxwk glvwdqfh

+{ � � { � ,1

D vodqw udqjh vdpsoh fruuhvsrqglqj wr d udqjh U � lv vkrzq lq Iljxuh 614 e| wkh

gdvkhg krul}rqwdo olqh1 Wkh d}lpxwk srvlwlrqv dw zklfk wkh udqjh vdpsoh dw udqjh U �

lqwhuvhfwv wkh uhjlrq ri vljqdo vxssruw duh ghqrwhg e| { � dqg { � 1

Ri lqwhuhvw iru wkh VUF lv wkh wlph0edqgzlgwk surgxfw +WES, ri wkh vljqdo lq

d}lpxwk dw hdfk udqjh vdpsoh1 E| fdofxodwlqj wkh Grssohu iuhtxhqf| dw { � dqg { � dqg

vxewudfwlqj wkh wzr iuhtxhqflhv/ rqh rewdlqv dq hvwlpdwh ri wkh Grssohu edqgzlgwk

iru wkdw sruwlrq ri wkh vljqdo1 Qrwh wkdw wklv dqdo|vlv dvvxphv d �dw skdvh dfurvv wkh

udqjh shdn +ehwzhhq wkh 6 gE srlqwv, ri wkh udqjh frpsuhvvhg vljqdo1 Wklv lv wuxh dw

edvhedqg iru d surshuo| ghvljqhg udqjh pdwfkhg �owhu +Fxuodqghu dqg PfGrqrxjk ^53`

ss1 4;504;:, dqg kdv ehhq revhuyhg lq wkh vlpxodwlrqv suhvhqwhg odwhu1 H�hfwv vxfk

dv wkh gurs0r� lq vljqdo srzhu zlwk wkh irxuwk srzhu ri wkh wdujhw udqjh +dv zhoo dv

dqwhqqd h�hfwv, duh qrw frqvlghuhg lq wklv pdwkhpdwlfdo dqdo|vlv1 Iurp wkh jhrphwu|
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ri Iljxuh 614/ lw lv srvvleoh wr zulwh grzq h{suhvvlrqv iru { � dqg { � =
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+617,

zkhuh �u � ��� lv wkh vodqw udqjh uhvroxwlrq +phdvxuhg ehwzhhq 6gE srlqwv, diwhu udqjh

frpsuhvvlrq1 Wkh qxpehu ri d}lpxwk vdpsohv ri rqh vlgh ri wkh vljqdo iurp d vlqjoh

srlqw wdujhw iru d sduwlfxodu udqjh elq lv olqhduo| uhodwhg wr { � � { � dqg lv jlyhq e|

q 	�� �
	�� � � ��� @ +{ � � { � ,
i� � �

y
+618,

zkhuh i� ��� lv wkh sxovh uhshwlwlrq iuhtxhqf| +SUI, dqg y lv wkh dlufudiw jurxqg vshhg1

Frqvlghulqj rqh vlgh ri wkh v|pphwulf vljqdo k|shuerod dv ghslfwhg lq Iljxuh 614/ lw

pd| eh vkrzq zlwk vrph wuljrqrphwu| wkdw wkh rqh0vlghg Grssohu edqgzlgwk lv jlyhq

e|

E � ����� ������� +U � , @
5y

�

#

{ � +U � ,
s

U �
� . { �

� +U � ,
� { � +U � ,

s

U �
� . { �

� +U � ,

$

+619,

zkhuh y lv wkh dlufudiw jurxqg vshhg dqg � lv wkh zdyhohqjwk ri wkh wudqvplwwhg vljqdo1

Wkh wlph h{whqw ri wkh rqh0vlghg vljqdo iru d udqjh vdpsoh fruuhvsrqglqj wr udqjh U �

lv vlpso| jlyhq e|

�w � ����� ������� +U � , @
{ � +U � ,� { � +U � ,

y
+61:,

Zh gh�qh wkh rqh0vlghg WES lq wklv frqwh{w dv wkh surgxfw ri wkh vljqdo Grssohu

edqgzlgwk +Htxdwlrq 619, dqg wkh vljqdo wlph h{whqw +Htxdwlrq 61:,1

Iljxuh 615 vkrzv orj edvh 43 sorwv ri wkh rqh0vlghg d}lpxwk WES iru wkuhh udqjh

uhvroxwlrqv/ 47=94 p/ <=:7 p dqg 7=;: p/ d wdujhw zlwk d forvhvw dssurdfk U � ri 63

np dqg dq d}lpxwk ehdpzlgwk ri 83 ghj1 Wkhvh sdudphwhuv duh wkh vdph dv xvhg lq

Vlpxodwlrqv D/ E dqg F ri Wdeoh 614 lq Vhfwlrq 6171 Wkh pd{lpxp rqh0vlghg WES iru

wkh wkuhh vlpxodwlrqv rffxuv dw d vdpsoh udqjh ri U � . +�u � ��� @5, dqg lv 5:=7</ 4;=65

dqg <=49 iru wkh wkuhh vlpxodwlrqv +lq rughu ri ghfuhdvlqj udqjh uhvroxwlrq,1 Qrwh wkdw
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Iljxuh 615= Orj 43 ri wkh rqh0vlghg d}lpxwk wlph0edqgzlgwk surgxfw iru wkuhh udqjh

uhvroxwlrqv yhuvxv vdpsoh udqjh +Vlpxodwlrqv D/ E dqg F,1

wkh pd{lpxp ydoxhv duh pxowlsohv ri <=49 mxvw dv wkh wkuhh uhvroxwlrqv duh pxowlsohv ri

7=;: p1

Iurp Iljxuh 615/ wkh vhyhuh uhgxfwlrq lq WES zlwk lqfuhdvlqj vodqw udqjh lv hylghqw1

Lw lv fohdu wkdw wkh WES ri vljqdov vdpsohg dw udqjhv pxfk odujhu wkdq U � zloo eh

vpdoo iru v|vwhpv zlwk vlplodu sdudphwhuv wr wkrvh vlpxodwhg khuh1 Dovr qrwh wkdw/ dv

h{shfwhg/ wkh rqh0vlghg WES lv vpdoohu iru �qhu udqjh uhvroxwlrq1 Iurp edvlf Irxulhu

wkhru|/ d olqhdu IP vljqdo zlwk vpdoo WES zloo eh vsuhdg rxw +glvshuvhg, ryhu d qxpehu

ri iuhtxhqflhv lq wkh Irxulhu grpdlq +Frrn dqg Ehuqihog ^4<` ss1 4690473,1 Wklv

uhvxowv lq lqdffxudflhv lq wkh udqjh0Grssohu surfhvvlqj/ qrwdeoh dv d glvwruwlrq ri wkh

udqjh lpsxovh uhvsrqvh lq wkh surfhvvhg lpdjh/ ohdglqj wr wkh uhtxluhphqw iru VUF1

Lq wkh zrugv ri Mlq dqg Zx ^7;`= _Wklv eurdghqlqj dorqj udqjh lv gluhfwo| uhodwhg

wr wkh vshfwuxp eurdghqlqj dorqj d}lpxwk zklfk lv gxh wr wkh vpdoo wlph0edqgzlgwk

surgxfw ri wkh uhvsrqvh ryhu frqvwdqw udqjh1% Wkxv/ rqh zrxog h{shfw wkh udqjh0

Grssohu grpdlq vljqdo wr eh idluo| wljkwo| frqvwudlqhg iru udqjh vdpsohv forvh wr U � /

exw wr eh lqfuhdvlqjo| glvshuvhg iru udqjh vdpsohv fruuhvsrqglqj wr udqjhv ixuwkhu

dzd|1

Dq dssur{lpdwh h{suhvvlrq iru wkh udqjh frpsuhvvhg vljqdo lq wkh udqjh0Grssohu

grpdlq zklfk lqfoxghv wkh glvshuvlrq whup zdv jlyhq lq Fkdswhu 5 +Htxdwlrq 5163,1
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Dv forvhg irup dqdo|wlfdo h{suhvvlrqv duh qrw dydlodeoh iru doo wkh udqjh0Grssohu surfhvv0

lqj vwdjhv +qrwdeo| wkh udqjh0frpsuhvvhg vljqdo lq wkh udqjh0Grssohu grpdlq,/ wkh

dssurdfk wdnhq khuh kdv ehhq wr lqyhvwljdwh wkh irfxvlqj ghjudgdwlrq uhvxowlqj iurp

vhyhuh udqjh fxuydwxuh wkurxjk d udqjh ri vlpxodwlrqv1 Wkh vlpxodwlrqv shuiruphg

zhuh ri orz iuhtxhqf|/ vlgh0orrnlqj/ vwulspds VDU v|vwhpv dqg wkh h�hfwv ri fhq0

wuh iuhtxhqf|/ udqjh uhvroxwlrq/ dqg wdujhw forvhvw dssurdfk udqjh zhuh lqyhvwljdwhg1

Dowkrxjk lw zdv qrw sudfwlfdo wr shuirup dq h{kdxvwlyh vhw ri vlpxodwlrqv ri doo wkh

frpelqdwlrqv ri v|vwhp sdudphwhuv/ wkh uhvxowv suhvhqwhg pd| eh xvhg dv d jxlgholqh

iru fhuwdlq v|vwhpv wr dvvlvw lq wkh ghflvlrq dv wr zkhwkhu Grssohu iuhtxhqf| ghshqghqw

VUF lv uhtxluhg iru d sduwlfxodu dssolfdwlrq1

Wkh vlpxodwhg gdwd zhuh jhqhudwhg xvlqj Uroi*v Vlpxodwru ^74`/ ghyhorshg dw XFW1

Wkh vlpxodwru prghov wkh udgdu uhwxuqv iurp pxowlsoh srlqw vfdwwhuhuv1 Wkh vljqdo

iurp pxowlsoh wdujhwv lv fdofxodwhg dv wkh frpsoh{ vxshusrvlwlrq ri wkh vljqdov iurp

wkh lqglylgxdo wdujhwv1 Qr pxowl0sdwk h�hfwv duh lqfoxghg1 Wkh vlpxodwlrq vljqdov

duh jhqhudwhg dw edvhedqg +l1h1 diwhu LT ghprgxodwlrq,/ exw zlwk fruuhfw skdvh iru

wkh sduwlfxodu wdujhw udqjh dqg zlwk dpsolwxgh dffruglqj wr wkh udgdu htxdwlrq1 Wkh

vwrs0vwduw dssur{lpdwlrq lv xvhg lq wkh fxuuhqw vlpxodwru yhuvlrq1 D zlgh udqjh ri

wudqvplwwhg sxovh prgxodwlrqv duh srvvleoh1 Dqwhqqd zhljkwlqj h�hfwv duh lqfoxghg dv

zhoo dv dqg wdujhw gluhfwlylw| dqg udgdu furvv vhfwlrq h�hfwv1

Rxwsxw pd| hlwkhu eh wkh udz udgdu uhwxuq ru udqjh0frpsuhvvhg rxwsxw1 Iru udqjh0

frpsuhvvhg rxwsxw/ wkh udqjh pdwfkhg �owhu lv fdofxodwhg dv wkh wlph0uhyhuvhg/ frpsoh{

frqmxjdwh ri wkh wudqvplwwhg sxovh1 Iru h�flhqf|/ wklv lv frqyroyhg zlwk wkh vlpxodwhg

udgdu uhwxuq wkurxjk d pxowlsolfdwlrq rshudwlrq lq wkh Irxulhu iuhtxhqf| grpdlq1 Rxw0

sxw gdwd pd| eh fkrvhq wr eh txdqwl}hg wr d vshfl�hg qxpehu ri elwv1

Wkhuh lv d odujh ghjuhh ri �h{lelolw| exlow lqwr wkh vlpxodwru zklfk doorzv vlpxodwlrq

ri d zlgh udqjh ri udgduv iurp vhdufk udgduv wr VDUv1 Iru h{dpsoh/ pxowlsoh prylqj

sodwirupv zlwk xvhu0vshfl�hg wudmhfwrulhv pd| eh vlpxodwhg dqg dqwhqqd ehdpv pd|

eh vhw xs wr eh �{hg lq dqjoh ru wr urwdwh1

Wkh vlpxodwru kdv dq h{fhoohqw judsklfdo xvhu lqwhuidfh zklfk doorzv wkh xvhu wr

ylhz wkh vlpxodwlrq jhrphuw| zlwk frruglqdwh v|vwhpv dqg wkh vljqdov ryhu wlph1 Wklv

ihdwxuh juhdwo| dvvlvwv lq uhgxflqj vhwxs wlph dv zhoo dv wkh srwhqwldo iru huuruv1
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Wkh vlpxodwru kdv ehhq zhoo xvhg dqg whvwhg e| d qxpehu ri uhvhdufkhuv ryhu d

ohqjwk| shulrg dw XFW1 Qrwh wkdw wkh huuru lqwurgxfhg e| wkh xvh ri wkh vwrs0vwduw

dssur{lpdwlrq lq wkh vlpxodwru zdv fkhfnhg dqg lv frpsohwho| qhjoljleoh iru wkh YKI

vlpxodwlrqv shuiruphg1

Wkh VDU surfhvvru xvhg lq wklv fkdswhu zdv wkh dlueruqh/ udqjh0Grssohu J5 Surfhv0

vru ghyhorshg e| wkh fdqglgdwh dw XFW1 Wkh J5 Surfhvvru zdv xvhg khuh dv wkh _vwdq0

gdug% udqjh0Grssohu surfhvvru zlwk edvlf ixqfwlrqdolw| ghvfulehg lq Vhfwlrq 51451 Qrwh

wkdw wkh J5 Surfhvvru grhv qrw shuirup Grssohu iuhtxhqf| ghshqghqw VUF1

Wkh dvvxpswlrqv dqg dssur{lpdwlrqv vwdwhg lq Vhfwlrq 615 duh dssolfdeoh khuh1

Lq dgglwlrq/ wkh iroorzlqj jhqhudo vlpxodwlrq dqg surfhvvlqj sdudphwhuv zhuh xvhg

wkurxjkrxw=

� Kdpplqj zlqgrz ixqfwlrq dssolhg gxulqj udqjh frpsuhvvlrq/ uhfwdqjxodu zlq0

grz gxulqj d}lpxwk frpsuhvvlrq1 Kdpplqj fruuhvsrqgv wr d zlqgrz eurdghqlqj

idfwru ri 4=63/ uhfwdqjxodu fruuhvsrqgv wr d zlqgrz eurdghqlqj idfwru ri 3=;< ^63`

+Kduulv,1

� ;0srlqw Vkdqqrq lqwhusrodwlrq zdv xvhg gxulqj wkh udqjh fxuydwxuh fruuhfwlrq

rshudwlrq lq wkh udqjh0Grssohu grpdlq1

� D}lpxwk pdwfkhg �owhu xsgdwhg iru hyhu| udqjh elq surfhvvhg1

� D2G vdpsolqj wr ;0elw L dqg T zdv shuiruphg diwhu udqjh frpsuhvvlrq1 Wkh

vlpxodwlrq gdwd zhuh vfdohg wr hqvxuh ixoo xvh ri wkh ;0elw g|qdplf udqjh/ zkloh

qrw ryhu�rzlqj1

� Olqhdu IP wudqvplwwhg sxovh zlwk 43 xvhf gxudwlrq +uhfwdqjxodu hqyhorsh,1

� Sxovh uhshwlwlrq iuhtxhqf| 583 K} dqg dlufudiw jurxqg vshhg 583 p2v +khqfh

jurxqg vsdflqj ri 4 p lq d}lpxwk iru sxovhv,1

Wkh glvfulplqdwlqj sdudphwhuv iru wkh vlpxodwlrqv shuiruphg duh olvwhg lq Wdeoh 6141

Dq d}lpxwk vlpxodwlrq h{whqw ri 83 ghjuhhv lpsolhv d vlpxodwlrq ryhu 	58 ghjuhhv1 Wkh

olvwhg wkhruhwlfdo udqjh uhvroxwlrq �u � ��� lv fdofxodwhg e| Htxdwlrq 5147 dv=

�u � ��� @
f

5E �
N � � � � +61;,

zkhuh f lv wkh vshhg ri oljkw +5=<<: � 43
�

p2v,/ E � lv wkh edqgzlgwk ri wkh wudqvplwwhg

sxovh/ dqg N � � � � lv wkh eurdghqlqj idfwru ri wkh zlqgrz ixqfwlrq xvhg gxulqj udqjh

frpsuhvvlrq +4=63 iru wkh Kdpplqj zlqgrz,1 Wr dvvlvw lq uhdglqj Wdeoh 614=
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Vlpxodwlrq Lghqwl�hu D E F G H I

Fhqwuh Iuhtxhqf| +PK}, 47413 47413 47413 47413 43313 53313

D}lpxwk Vlpxodwlrq H{whqw +ghj, 8313 8313 8313 8313 :613 6813

Grssohu Edqgzlgwk +K}, 4<;1; 4<;1; 4<;1; 4<;1; 4<;18 5331:

Wdujhw Udqjh Forvhvw Dssurdfk +np, 6313 6313 6313 4813 6313 6313

Wudqvplwwhg Sxovh Edqgzlgwk +K}, 53133 73133 46166 53133 53133 53133

Wkhruhwlfdo Udqjh Uhvroxwlrq +p, <1:7 71;: 47194 <1:7 <1:7 <1:7

D2G Vdpsoh Udwh +PK}, 55133 77133 4719: 55133 55133 55133

Vodqw Udqjh Elq Vl}h +p, 91;4 6174 43155 91;4 91;4 91;4

D}lpxwk Vdpsohv 5:<:< 5:<:< 5:<:< 46<;< 776<: 4;<4:

Udqjh Vdpsohv 85; 438: 685 649 4478 597

Pd{lpxp Udqjh Fxuydwxuh +p, 6434 6434 6434 4884 :653 4789

Vwduw Udqjh Vdpsolqj +p, 5<;83 5<;83 5<;83 47;83 5<;83 5<;83

Hqg Udqjh Vdpsolqj +p, 66783 66783 66783 4:333 6:983 64983

Wdeoh 614= Vlpxodwlrq sdudphwhuv

� vlpxodwlrqv D/ H/ dqg I zhuh xvhg wr hydoxdwh wkh h�hfw ri fhqwuh iuhtxhqf|

� vlpxodwlrqv D/ E/ dqg F zhuh xvhg wr hydoxdwh wkh h�hfw ri sxovh edqgzlgwk

+khqfh qrplqdo udqjh uhvroxwlrq,

� vlpxodwlrqv D dqg G zhuh xvhg wr hydoxdwh wkh h�hfw ri wdujhw forvhvw dssurdfk

udqjh

Iljxuh 616 vkrzv/ iru Vlpxodwlrq D ri Wdeoh 614/ wkh pdjqlwxgh ri wkh udqjh frp0

suhvvhg VDU vlpxodwlrq vljqdo lq wkh vodqw udqjh lpdjh/ d}lpxwk vljqdo grpdlq1 Qrwh

wkh vhyhuh udqjh fxuydwxuh +fruuhvsrqglqj wr 64; vodqw udqjh uhvroxwlrq fhoov,1

Iljxuh 617 vkrzv/ iru Vlpxodwlrq D/ wkh pdjqlwxgh ri wkh vlpxodwhg srlqw wdujhw

uhvsrqvh lq wkh udqjh0Grssohu grpdlq1 Qrwh wkdw }hur Grssohu lv glvsod|hg dw wkh

fhqwuh ri wkh krul}rqwdo frruglqdwh1 Wkh glvshuvlrq dw Grssohu iuhtxhqflhv dzd| iurp

}hur lv fohduo| ylvleoh/ ohdglqj wr wkh uhtxluhphqw iru vhfrqgdu| udqjh frpsuhvvlrq1

Iljxuh 618 vkrzv/ iru Vlpxodwlrq D/ wkh pdjqlwxgh ri wkh vlpxodwhg vljqdo lq wkh

udqjh0Grssohu grpdlq diwhu wkh udqjh fxuydwxuh fruuhfwlrq rshudwlrq e| wkh J5 surfhv0

vru1 Dq ;0srlqw Vkdqqrq lqwhusrodwlrq zdv xvhg gxulqj wkh udqjh0Grssohu grpdlq

udqjh fxuydwxuh fruuhfwlrq rshudwlrq1 Wkh glvshuvlrq dw Grssohu iuhtxhqflhv dzd|

iurp }hur lv vwloo fohduo| ylvleoh1
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Iljxuh 616= Wkh pdjqlwxgh ri wkh udqjh0frpsuhvvhg VDU vlpxodwlrq vljqdo lq wkh vodqw

udqjh lpdjh/ d}lpxwk vljqdo grpdlq +Vlpxodwlrq D,1 Wkh udqjh uhvroxwlrq lv <=:7 p/

wkh lpdjh d}lpxwk h{whqw lv 5:=<:< np +krul}rqwdo, dqg vodqw udqjh h{whqw lv 6=933 np

+lqfuhdvhv yhuwlfdoo|,1

Iljxuh 619 vkrzv/ iru Vlpxodwlrq D/ d sorw ri wkh pdjqlwxgh ri wkh udqjh vdpsohv

dw wkh wdujhw forvhvw dssurdfk udqjh diwhu wkh udqjh fxuydwxuh fruuhfwlrq rshudwlrq lq

wkh udqjh0Grssohu grpdlq1 Qrwh wkh vhyhuh wdshu gxh wr wkh glvshuvlrq1

��D �ihuLh4@?Ui �i@t�hit

Lq wkh fkdudfwhul}dwlrq ri irfxvlqj shuirupdqfh/ wkhuh lv qr vlqjoh shuirupdqfh sd0

udphwhu zklfk zloo gh�qh dffhswdeoh shuirupdqfh iru doo dssolfdwlrqv1 Iru h{dpsoh/

wkh skdvh �gholw| zrxog eh fuxfldo iru lqwhuihurphwulf dssolfdwlrqv zkloh wkh shdn0 ru

lqwhjudwhg vlghoreh ohyhov pljkw eh pruh lpsruwdqw zkhq pdnlqj xvh ri wkh srzhu

lpdjh1

Iljxuhv 61: wr 6143 vkrz/ iru Vlpxodwlrq D/ wkh pdjqlwxgh ri wkh irfxvhg wdujhw lq

wkh lpdjh grpdlq diwhu irfxvlqj lq d}lpxwk wr 53=8 p/ 43=4 p/ 7=7 p/ dqg 6=4 p/ uh0

vshfwlyho| +l1h1 pdnlqj xvh ri lqfuhdvlqj dprxqwv ri wkh dydlodeoh d}lpxwk edqgzlgwk,1

Wkh d}lpxwk0 dqg vodqw udqjh h{whqw ri wkh lpdjhv lv 483 p zlwk d}lpxwk glvsod|hg

krul}rqwdoo| dqg vodqw udqjh lqfuhdvlqj yhuwlfdoo|1
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Iljxuh 617= Wkh pdjqlwxgh ri wkh vlpxodwlrq vljqdo diwhu wkh d}lpxwk Irxulhu wudqvirup

zlwk }hur Grssohu iuhtxhqf| fhqwuhg +Vlpxodwlrq D,1 Wkh ixoo d}lpxwk vdpsolqj edqg0

zlgwk ri 583 K} lv uhsuhvhqwhg e| wkh krul}rqwdo glphqvlrq dqg vodqw udqjh lqfuhdvhv

yhuwlfdoo| +85; vdpsohv ixoo lpdjh h{whqw,1 Wkh glvshuvlrq lq d}lpxwk dw Grssohu iuh0

txhqflhv dzd| iurp }hur lv fohdu1

Iljxuh 618= Wkh pdjqlwxgh ri wkh vljqdo lq wkh udqjh0Grssohu grpdlq diwhu wkh udqjh

fxuydwxuh fruuhfwlrq rshudwlrq +Vlpxodwlrq D,1 Rqo| wkh �uvw 433 ri wkh 85; vodqw udqjh

elqv duh glvsod|hg +udqjh lqfuhdvhv yhuwlfdoo|,1 Wkh ixoo 583 K} vdpsolqj edqgzlgwk lv

uhsuhvhqwhg e| wkh krul}rqwdo h{whqw ri wkh lpdjh1
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Iljxuh 619= Wkh pdjqlwxgh ri wkh vljqdo iru wkh udqjh vdpsohv dw wkh wdujhw forvhvw ds0

surdfk udqjh lq wkh udqjh0Grssohu grpdlq diwhu udqjh fxuydwxuh fruuhfwlrq +Vlpxodwlrq

D,1

Iljxuh 61:= Pdjqlwxgh ri wkh irfxvhg wdujhw lq wkh lpdjh grpdlq irfxvhg wr 53=8 p lq

d}lpxwk +Vlpxodwlrq D,1
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Iljxuh 61;= Pdjqlwxgh ri wkh irfxvhg wdujhw lq wkh lpdjh grpdlq irfxvhg wr 43=4 p lq

d}lpxwk +Vlpxodwlrq D,1

Iljxuh 61<= Pdjqlwxgh ri wkh irfxvhg wdujhw lq wkh lpdjh grpdlq irfxvhg wr 7=7 p lq

d}lpxwk +Vlpxodwlrq D,1

Iljxuh 6143= Pdjqlwxgh ri wkh irfxvhg wdujhw lq wkh lpdjh grpdlq irfxvhg wr 6=4 p lq

d}lpxwk +Vlpxodwlrq D,1
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Dv h{shfwhg/ dw �qhu d}lpxwk uhvroxwlrqv/ wkhuh lv qrwlfhdeoh ghjudgdwlrq ri wkh

srlqw wdujhw uhvsrqvh1 Wklv lv gxh wr wkh odfn ri Grssohu iuhtxhqf| ghshqghqw VUF lq

wkh surfhvvru1 Wkh gldjrqdo ihdwxuhv ylvleoh iru wkh wdujhw irfxvhg wr 6=4 p uhvroxwlrq

+Iljxuh 6143, duh dwwulexwhg wr glvshuvhg wdujhw hqhuj| lq wkh udqjh0Grssohu grpdlq

diwhu wkh udqjh fxuydwxuh fruuhfwlrq rshudwlrq/ dv vkrzq lq Iljxuh 6181 Wklv vsloo0ryhu

hqhuj| lv qr orqjhu frq�qhg wr wkh dssursuldwh udqjh vdpsoh dqg/ dv d uhvxow/ lv irfxvhg

xvlqj dq d}lpxwk pdwfkhg �owhu wkdw lv pdwfkhg wr d gl�huhqw udqjh1 Wklv plvpdwfk

iru wkh qhdu vodqw udqjh uhvxowv lq wkh vsuhdglqj grxeoh shdn vwuxfwxuh zklfk lv hylghqw

lq Iljxuh 61431

Wkh d}lpxwk vlghorehv gxh wr wkh uhfwdqjxodu d}lpxwk zhljkwlqj ixqfwlrq dssolhg

wr wkh d}lpxwk pdwfkhg �owhu lq Iljxuhv 61: wr 6143 duh hvshfldoo| ylvleoh dw wkh orzhu

d}lpxwk uhvroxwlrqv1 Iru wkh lpdjh dw 6=4 p d}lpxwk uhvroxwlrq +Iljxuh 6143, wkhuh lv

frqvlghudeoh vlghoreh vxssuhvvlrq lq d olqh lq d}lpxwk wkurxjk wkh shdn ri wkh wdujhw1

Wkh uhdvrq iru wklv lv wkh glvshuvlrq ri wkh hqhuj| lq wkh udqjh0Grssohu grpdlq1 Dv

zdv vkrzq lq Iljxuh 619/ wkh odfn ri VUF uhvxowv lq wdshulqj ri wkh wdujhw hqhuj| lq

wkh udqjh0Grssohu grpdlq1 Wklv wdshu uhvxowv lq d irup ri vlghoreh vxssuhvvlrq1

Iru sxusrvhv ri frpsdulvrq zlwk Iljxuh 6143/ Iljxuh 6144 vkrzv wkh irfxvhg wdujhw

lq wkh lpdjh grpdlq iru Vlpxodwlrq D irfxvhg lq d}lpxwk wr 6=4 p zkhuh d Kdpplqj

zhljkwlqj kdv ehhq dssolhg wr wkh d}lpxwk pdwfkhg �owhu1 Qrwh wkdw wkh Kdpplqj

zlqgrz grhv qrw hqwluho| uhpryh wkh gldjrqdo ihdwxuhv1 Wklv lv dv h{shfwhg/ vlqfh wkh

ruljlq ri wkhvh ihdwxuhv lv dwwulexwhg wr wkh udqjh plvirfxv ri wkh glvshuvhg wdujhw vljqdo

uhvxowlqj iurp wkh odfn ri VUF/ udwkhu wkdq ehlqj surgxfhg e| wkh vdph phfkdqlvp

wkdw uhvxowv lq vlghorehv lq wkh irfxvhg lpdjh1

��D�� �L?�*�?i@h ��@ti ,hhLh �? 6L�h�ih #L4@�?

D vhqvlwlyh phdvxuh ri irfxvlqj shuirupdqfh lv wkh uhvlgxdo txdgudwlf0 dqg kljkhu rughu

skdvh ri wkh Irxulhu wudqviruphg lpsxovh uhvsrqvh1 Wkh whfkqltxh dgrswhg iru wklv

skdvh dqdo|vlv/ vxjjhvwhg wr wkh fdqglgdwh e| Edpohu ^6`/ lv dovr ghvfulehg e| Fduudud hw

do1 ^4:` +ss1 658065;,1 Wkh edvlf vwhsv shuiruphg iru wkh skdvh dqdo|vlv ri wklv fkdswhu

duh jlyhq ehorz dqg wdeohv ri wkh uhvxowv ri wkh dqdo|vlv iru hdfk ri wkh vlpxodwlrqv

pd| eh irxqg lq Vhfwlrq 618161

� H{wudfw d olqh ri frpsoh{ gdwd wkurxjk wkh shdn ri wkh irfxvhg wdujhw lq wkh

vodqw udqjh lpdjh/ d}lpxwk lpdjh grpdlq1
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Iljxuh 6144= Pdjqlwxgh ri wkh irfxvhg wdujhw lq wkh lpdjh grpdlq irfxvhg wr 6=4 p lq

d}lpxwk +Vlpxodwlrq D,1 D Kdpplqj zlqgrz kdv ehhq dssolhg wr wkh d}lpxwk pdwfkhg

�owhu lq wkh vljqdo grpdlq1

� ]hur sdg wkh gdwd dw vwduw dqg hqg wr whq wlphv lwv ruljlqdo vl}h1

� Wdnh wkh IIW ri wkh }hur0sdgghg gdwd1

� F|folf vkliw wkh shdn ri wkh vshfwuxp wr wkh fhqwuh ri wkh duud|1

� H{wudfw wkh gdwd o|lqj rq wkh shdn ri wkh vshfwuxp zkrvh pdjqlwxgh lv zlwklq

73 ( ri wkh pd{lpxp pdjqlwxgh ri wkh vshfwuxp1 Wkh 73 ( �jxuh zdv fkrvhq

vr dv wr rewdlq gdwd zklfk vsdqqhg prvw ri wkh iuhtxhqf| grpdlq shdn1

� Fdofxodwh wkh skdvhv +�� wr �, iru wkh h{wudfwhg gdwd1

� Uhpryh wkh �uvw olqhdu skdvh whup1

� Xqzuds wkh skdvh1

� Uhpryh wkh uhvlgxdo olqhdu skdvh whup1

Sorwv ri wkh vljqdo dw vhyhudo vwdjhv ri wkh skdvh dqdo|vlv dojrulwkp ghvfulehg deryh

duh suhvhqwhg khuh1 Iljxuh 6145 vkrzv/ iru Vlpxodwlrq D/ wkh pdjqlwxgh ri wkh irfxvhg

wdujhw udqjh sur�oh lq wkh vodqw udqjh lpdjh/ d}lpxwk lpdjh grpdlq diwhu irfxvlqj

wr 6=4 p lq d}lpxwk1 Qrwh wkh ghjudgdwlrq iurp d v|pphwulf/ vprrwk sur�oh/ dv wkh

glvshuvlrq lq wkh udqjh0Grssohu grpdlq kdv qrw ehhq fruuhfwhg e| dq VUF surfhgxuh1

Dv d frpsdulvrq/ Iljxuh 6146 vkrzv wkh pdjqlwxgh ri wkh wdujhw udqjh sur�oh lq wkh

vdph grpdlq/ exw irfxvhg wr 53=8 p lq d}lpxwk1 Wkh shdn vlghoreh ylvleoh lq wkh
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Iljxuh 6145= Pdjqlwxgh ri wkh irfxvhg wdujhw udqjh sur�oh lq wkh lpdjh grpdlq diwhu

d}lpxwk irfxvlqj wr 6=4 p +Vlpxodwlrq D,1

pdjqlwxgh sorw kdv ehhq phdvxuhg wr eh dw d ohyho ri �68=;8 gE ehorz wkh pdlqoreh

shdn1

Iljxuh 6147 vkrzv/ iru Vlpxodwlrq D surfhvvhg wr 6=4 p lq d}lpxwk/ wkh pdjqlwxgh

ri wkh vljqdo lq wkh udqjh iuhtxhqf| grpdlq diwhu vkliwlqj wkh vshfwuxp/ vr wkdw wkh

shdn lv fhqwuhg lq wkh duud|1

Iljxuh 6148 vkrzv/ iru Vlpxodwlrq D surfhvvhg wr 6=4 p lq d}lpxwk/ wkh skdvh dfurvv

wkh shdn lq wkh udqjh iuhtxhqf| grpdlq1 Qrwh wkdw wkh skdvh vwloo uhtxluhv xqzudsslqj

dqg uhprydo ri wkh olqhdu frpsrqhqw1

Iljxuh 6149 vkrzv/ iru Vlpxodwlrq D/ wkh Irxulhu grpdlq skdvh dfurvv wkh wdujhw

shdn lq udqjh diwhu d}lpxwk irfxvlqj wr 6=4 p1 Wkh skdvh kdv ehhq xqzudsshg dqg

wkh olqhdu frpsrqhqw uhpryhg +Vhfwlrq 61814,1 Qrwh wkdw wkh pd{lpxp uhvlgxdo skdvh

huuru lv ri wkh rughu ri 88 ghjuhhv1 D shuihfwo| irfxvhg wdujhw zrxog kdyh rqo| d olqhdu

ru �dw0skdvh frpsrqhqw +Fduudud hw do1 ^4:` sj1 658,1 Iru frpsdulvrq/ Iljxuh 614:

vkrzv iru Vlpxodwlrq D wkh Irxulhu grpdlq skdvh dfurvv wkh wdujhw shdn lq udqjh diwhu

d}lpxwk irfxvlqj wr 53=8 p1 Qrwh wkdw wkh pd{lpxp uhvlgxdo skdvh huuru lv pxfk

uhgxfhg lq wklv fdvh +ri wkh rughu ri 5=7 ghj,1
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Iljxuh 6146= Wkh pdjqlwxgh ri wkh irfxvhg wdujhw udqjh sur�oh lq wkh lpdjh grpdlq

diwhu irfxvlqj lq d}lpxwk wr 53=8 p +Vlpxodwlrq D,1

Iljxuh 6147= Wkh pdjqlwxgh ri wkh udqjh Irxulhu wudqvirup yhuvxv Irxulhu iuhtxhqf|

h{whqw ri wkh irfxvhg wdujhw zlwk wkh shdn fhqwuhg1 Wkh sorw lv iru Vlpxodwlrq D

surfhvvhg wr 6=4 p lq d}lpxwk1
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Iljxuh 6148= Wkh skdvh dfurvv wkh shdn ri wkh udqjh Irxulhu wudqvirup yhuvxv Irxulhu

iuhtxhqf| h{whqw wkurxjk wkh shdn ri wkh irfxvhg wdujhw1 Wkh sorw lv iru Vlpxodwlrq D

surfhvvhg wr 6=4 p lq d}lpxwk1

Iljxuh 6149= Wkh uhvlgxdo txdgudwlf0 dqg kljkhu rughu skdvh dfurvv wkh shdn ri wkh

udqjh Irxulhu vshfwuxp lq wkh udqjh iuhtxhqf|/ d}lpxwk lpdjh grpdlq +Vlpxodwlrq D

surfhvvhg wr 6=4 p lq d}lpxwk,1
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Iljxuh 614:= Wkh uhvlgxdo txdgudwlf0 dqg kljkhu rughu skdvh dfurvv wkh shdn ri wkh

udqjh Irxulhu vshfwuxp lq wkh udqjh iuhtxhqf|/ d}lpxwk lpdjh grpdlq +Vlpxodwlrq D

surfhvvhg wr 53=8 p lq d}lpxwk,1

��D�2 �i@! �?@*)t�t �? W4@}i #L4@�?

Pruh frqyhqwlrqdo wkdq wkh dqdo|vlv ri wkh skdvh huuru lq wkh Irxulhu grpdlq dv gh0

vfulehg lq Vhfwlrq 61814/ lv wkh dqdo|vlv ri wkh lpsxovh uhvsrqvh lq wkh lpdjh grpdlq1

Wklv |lhogv shuirupdqfh phdvxuhv vxfk dv wkh 6 gE uhvroxwlrq/ wkh shdn vlghoreh ohyho

+SVO, dqg wkh lqwhjudwhg vlghoreh ohyho +LVO,1 Wklv w|sh ri dqdo|vlv zdv shuiruphg rq

wkh vlpxodwlrq uhvxowv lq dgglwlrq wr wkh skdvh dqdo|vlv douhdg| ghvfulehg1 Wkh edvlf

vwhsv shuiruphg iru wkh lpdjh grpdlq dqdo|vlv ri wklv fkdswhu duh jlyhq ehorz1

� H{wudfw d olqh ri frpsoh{ gdwd wkurxjk wkh shdn ri wkh irfxvhg wdujhw lq wkh

vodqw udqjh lpdjh/ d}lpxwk lpdjh grpdlq1 77 udqjh vdpsohv zhuh xvhg dv wkhvh

pruh wkdq dghtxdwho| fryhuhg wkh shdn dqg vlghoreh duhd1

� Xsvdpsoh wkh gdwd e| d idfwru ri 43 xvlqj wkh IIW phwkrg1 Wkh phwkrg xvhg

khuh zdv wr Irxulhu wudqvirup wkh gdwd/ f|folfdoo| vkliw wkh vshfwuxp vr wkdw wkh

srlqw zlwk plqlpxp pdjqlwxgh olhv dw wkh hqg/ }hur sdg wkh gdwd dw wkh hqg/

dqg lqyhuvh Irxulhu wudqvirup1

� Fdofxodwh wkh srzhu iurp wkh frpsoh{ gdwd1 Qrwh wkdw vtxduh odz ghwhfwlrq

uhtxluhv wkdw wkh frpsoh{ gdwd eh xsvdpsohg e| dw ohdvw d idfwru ri wzr +deryh
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wkh frpsoh{ vdpsolqj Q|txlvw udwh, wr dyrlg orvv lq lqirupdwlrq1 Qrwh wkdw/ lq

wklv fdvh/ wkh frpsoh{ gdwd kdv douhdg| ehhq xsvdpsohg lq wkh suhylrxv vwhs e|

d idfwru ri whq1 Wkxv wkhuh lv qr qhhg iru ixuwkhu xsvdpsolqj sulru wr wkh srzhu

fdofxodwlrq1

� Orfdwh wkh pdlq shdn lq wkh srzhu gdwd dqg phdvxuh wkh 6 gE uhvroxwlrq1

� Orfdwh wkh h{whqw ri wkh pdlq shdn uhjlrq1 Wkh pdlq shdn zdv gh�qhg khuh e|

wkh uhjlrq erxqghg e| wkh srlqwv dw zklfk wkh judglhqw ri wkh shdn fkdqjhg vljq1

� Vhdufk lq wkh uhjlrq dzd| iurp wkh pdlq shdn iru wkh shdn vlghoreh ydoxh1

� Fdofxodwh wkh lqwhjudwhg vlghoreh ohyho +LVO,1 Wklv zdv gh�qhg khuh dv wkh udwlr

ri wkh lqwhjudwhg hqhuj| lq wkh vlghoreh uhjlrq wr wkh lqwhjudwhg hqhuj| frqwdlqhg

lq wkh pdlq shdn uhjlrq1 Iru lpsuryhg dffxudf|/ d ixuwkhu lqwhusrodwlrq +xvlqj d

Vkdqqrq lqwhusrodwru, wr rqh kxqguhgwk ri d vdpsoh zdv shuiruphg rq wkh srzhu

ydoxhv gxulqj wkh phdvxuhphqw ri wkh uhvroxwlrq/ shdn0 dqg lqwhjudwhg vlghoreh

ohyhov1 Qrwh khuh wkdw wkh rqh0glphqvlrqdo udqjh LVO kdv ehhq fdofxodwhg1 Do0

wkrxjk qrw shuiruphg lq wklv zrun/ fdofxodwlrq ri wkh wzr0glphqvlrqdo LVO pljkw

suryh wr eh d xvhixo irfxvlqj shuirupdqfh sdudphwhu1

Dqdo|vlv ri Udqjh Uhvroxwlrq Ghjudgdwlrq

Dv douhdg| glvfxvvhg/ qr vlqjoh shuirupdqfh phdvxuh lv lghdoo| vxlwhg wr doo dssolfdwlrqv1

Krzhyhu/ lq wkh olwhudwxuh/ wkh eurdghqlqj ri wkh udqjh lpsxovh uhvsrqvh lv flwhg dv

wkh uhdvrq iru wkh VUF uhtxluhphqw +Mlq dqg Zx ^7;`,1 Lq wklv vhfwlrq/ judskv duh

suhvhqwhg ri wkh +6 gE, udqjh uhvroxwlrq ghjudgdwlrq iru wkh ydulrxv vlpxodwlrqv ri

Wdeoh 614 dqg surfhvvhg wr d qxpehu ri +6 gE, d}lpxwk uhvroxwlrqv1 Wkh uhvxowv

duh suhvhqwhg lq wkh irup ri phdvxuhg ydoxhv frpsduhg wr wkh wkhruhwlfdo olplw ri

uhvroxwlrq/ zkhuh wkh phdvxuhphqwv duh qrw ri uhdo udgdu gdwd/ exw udwkhu iurp wkh

surfhvvlqj ri wkh vlpxodwhg VDU gdwd1 Qrwh wkdw/ olnh wkh udqjh uhvroxwlrq/ wkh d}lpxwk

uhvroxwlrq rewdlqhg lv zruvh wkdq wkh qrplqdo wkhruhwlfdo ydoxh +iurp Htxdwlrq 5148,

gxh wr wkh wdshulqj ri wkh d}lpxwk vshfwuxp +Iljxuh 619,1 Wkh judsklfdo phwkrg ri

suhvhqwdwlrq vhohfwhg khuh kdv ehhq wr sorw wkh udqjh lpsxovh ghjudgdwlrq djdlqvw wkh

phdvxuhg +udwkhu wkdq wkhruhwlfdo, d}lpxwk uhvroxwlrq dv wklv surylghv lqirupdwlrq

derxw wkh dfwxdo uhvroxwlrqv lq hdfk glphqvlrq1 Ixoo wdexodu uhvxowv duh suhvhqwhg lq
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Measured Azimuth Resolution (m)

Target 30 km
Theoretical Range Resolution 9.74 m

Centre Freq. 100 MHz
Centre Freq. 141 MHz
Centre Freq. 200 MHz

Iljxuh 614;= Wkh phdvxuhg udqjh uhvroxwlrq ri wkh surfhvvhg vlpxodwhg gdwd dv d

shufhqwdjh ri wkh qrplqdo wkhruhwlfdo ydoxh iru udgdu fhqwuh iuhtxhqflhv ri 433 PK}/

474 PK}/ dqg 533 PK} +Vlpxodwlrqv H/ D/ dqg I/ uhvshfwlyho|,1

wkh iroorzlqj vhfwlrq1 Lq doo fdvhv/ wkh phdvxuhg udqjh uhvroxwlrq lv frpsduhg wr wkh

udqjh qrplqdo wkhruhwlfdo ydoxh dv gh�qhg e| Htxdwlrq 61; dqg jlyhq lq Wdeoh 6141

Iljxuh 614; vkrzv wkh fhqwuh iuhtxhqf| ghshqghqfh ri wkh ghjudgdwlrq ri wkh udqjh

uhvroxwlrq iru wkh irfxvhg wdujhw iru wkuhh udgdu fhqwuh iuhtxhqflhv +433 PK}/ 474 PK}

dqg 533 PK},1 Wkh vlpxodwlrqv sorwwhg khuh duh H/ D/ dqg I iurp Wdeoh 6141 Wkh

wdujhw lv dw 63 np forvhvw dssurdfk udqjh1 Dv h{shfwhg iurp wkh suhylrxv glvfxvvlrq

lq wkh fkdswhu/ wkhuh lv juhdwhu udqjh uhvroxwlrq ghjudgdwlrq zlwk surfhvvlqj wr �qhu

d}lpxwk uhvroxwlrq1 Dovr/ wkh udqjh eurdghqlqj h�hfw lv pruh vhyhuh dw orzhu fhqwuh

iuhtxhqflhv iru jlyhq d}lpxwk uhvroxwlrq dqg wdujhw forvhvw dssurdfk udqjh dv wkhuh

lv juhdwhu udqjh fxuydwxuh dw orzhu iuhtxhqflhv gxh wr wkh orqjhu v|qwkhwlf dshuwxuhv

uhtxluhg1

Iljxuh 614< vkrzv wkh phdvxuhg udqjh uhvroxwlrq ghjudgdwlrq iru wkuhh wkhruhwlfdo

udqjh uhvroxwlrqv +7=;: p/ <=:7 p/ dqg 47=94 p fruuhvsrqglqj wr Vlpxodwlrqv E/ D/

dqg F/ uhvshfwlyho|,1 Qrwh wkdw/ dv h{shfwhg iurp Iljxuh 615/ wkh udqjh uhvroxwlrq

ghjudgdwlrq lv pruh vhyhuh iru �qhu udqjh uhvroxwlrqv1 Qrwh dovr wkdw iru wkh 7=;: p

udqjh uhvroxwlrq vlpxodwlrq/ wkh ydoxh iru wkh �qhvw surfhvvhg d}lpxwk uhvroxwlrq grhv

qrw iroorz wkh vdph wuhqg ri wkh rwkhu ydoxhv lq wkh fxuyh1 Wklv lv dwwulexwhg wr wkh

vhyhuh ghjudgdwlrq dw �qh d}lpxwk uhvroxwlrqv ri wkh irfxvhg lpsxovh uhvsrqvh +vlplodu
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Measured Azimuth Resolution (m)

Target 30 km
Centre Frequency 141 MHz

Theoretical Range Res. 04.87m
Theoretical Range Res. 09.74m
Theoretical Range Res. 14.61m

Iljxuh 614<= Wkh phdvxuhg udqjh uhvroxwlrq ri wkh surfhvvhg vlpxodwhg gdwd dv d

shufhqwdjh ri wkh qrplqdo wkhruhwlfdo ydoxh iru wkuhh wkhruhwlfdo udqjh uhvroxwlrqv +dv

pdunhg,1 Wkh fhqwuh iuhtxhqf| lv 474 PK} dqg wkh wdujhw lv dw forvhvw dssurdfk udqjh

63 np +Vlpxodwlrqv E/ D/ dqg F,1
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Measured Azimuth Resolution (m)

Centre Frequency 141 MHz
Theoretical Range Resolution 9.74 m

Target 30 km
Target 15 km

Iljxuh 6153= Wkh phdvxuhg udqjh uhvroxwlrq ri wkh surfhvvhg vlpxodwhg gdwd dv d

shufhqwdjh ri wkh qrplqdo wkhruhwlfdo ydoxh iru udgdu fhqwuh iuhtxhqf| ri 474 PK} dqg

wzr wdujhw forvhvw dssurdfk udqjhv/ dv pdunhg +Vlpxodwlrqv D dqg G,1
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wr wkdw glvsod|hg lq Iljxuh 6143, zklfk pdnhv wkh udqjh uhvroxwlrq phdvxuhphqw ohvv

phdqlqjixo1

Iljxuh 6153 vkrzv wkh udqjh uhvroxwlrq ghjudgdwlrq iru wzr wdujhw udqjhv +63 np

dqg 48 np/ fruuhvsrqglqj wr Vlpxodwlrqv D dqg G/ uhvshfwlyho|,1 Qrwh wkdw wkh h�hfw

lv pruh vhyhuh iru wkh wdujhw dw d juhdwhu udqjh1 Wklv lv wr eh h{shfwhg dv wkh udqjh

fxuydwxuh lv pruh vhyhuh iru wdujhwv ixuwkhu dzd|1 Ghvslwh d uhfkhfn ri wkh �jxuhv/ lw

uhpdlqv xqfohdu zk| wkh wzr gdwd srlqwv ehwzhhq 8 dqg 43 p d}lpxwk uhvroxwlrq iru

wkh 48 np wdujhw vkrxog eh voljkwo| ehwwhu wkdq wkh wkhruhwlfdo ydoxhv1 Wklv frxog eh

uhodwhg wr wkh wdujhw shdn srvlwlrq vwudggolqj d}lpxwk vdpsohv/ exw uhtxluhv ixuwkhu

dqdo|vlv1

��D�� A@M�*@h +it�*|t

Wdeoh 615 jlyhv wkh uhvxowv ri wkh dqdo|vlv ri wkh udqjh sur�ohv diwhu irfxvlqj wr vhy0

hudo +phdvxuhg, d}lpxwk uhvroxwlrqv1 Lq wkh wdeoh= D53=33 ghqrwhv/ iru vlpxodwlrq D/

surfhvvlqj lq d}lpxwk wr d qrplqdo wkhruhwlfdo ydoxh ri 53=33 p +dv jlyhq e| Htxd0

wlrq 5148 zlwk N 	�� � � � @ 3=;< iru wkh uhfwdqjxodu zhljkwlqj xvhg lq d}lpxwk,> _D}%

dqg _Uqj% duh wkh phdvxuhg d}lpxwk0 dqg udqjh uhvroxwlrqv +lq phwuhv,/ uhvshfwlyho|/

_SVO% dqg _LVO% duh wkh udqjh shdn0 dqg lqwhjudwhg vlghoreh ohyhov +lq gE,/ uhvshf0

wlyho|/ dqg _Sk% lv wkh pd{lpxp uhvlgxdo skdvh huuru +txdgudwlf0 dqg kljkhu rughu,

dfurvv wkh shdn ri wkh udqjh vshfwuxp diwhu d udqjh Irxulhu wudqvirup wkurxjk wkh

irfxvhg wdujhw shdn +lq ghjuhhv,1 Wkh dffxudf| ri wkh phdvxuhphqwv suhvhqwhg lq wkh

wdeohv lv lqglfdwhg e| wkh qxpehu ri vljql�fdqw �jxuhv xvhg1

Wkh eurdg wuhqg lq wkh lqfuhdvlqj ghjudgdwlrq ri wkh udqjh lpsxovh uhsrqvh zlwk

�qhu d}lpxwk uhvroxwlrq surfhvvlqj lv fohdu iurp Wdeoh 6151 Wklv lv zlwqhvvhg e| wkh

lqfuhdvlqj ydoxhv ri wkh udqjh uhvroxwlrq/ wkh udqjh vlghoreh ohyhov dqg wkh udqjh Irxulhu

skdvh huuru1 Qrwh/ lq dgglwlrq/ iurp wkh vkdsh ri Iljxuh 614: dv zhoo dv wkh �uvw wzr

hqwulhv lq wkh wdeoh iru Vlpxodwlrq I wkdw wkh pd{lpxp uhvlgxdo skdvh huuru grhv qrw

ixoo| fkdudfwhul}h wkh uhvlgxdo skdvh huuru1 Krzhyhu/ wkh pd{lpxp skdvh huuru lv d

xvhixo phdvxuh ri wkh erxqgv ri wkh skdvh huuru1 Dovr fohdu iurp Wdeoh 615 lv wkh

ghjudgdwlrq lq d}lpxwk uhvroxwlrq dv frpsduhg zlwk wkh qrplqdo wkhruhwlfdo ydoxh iru

lqfuhdvlqj surfhvvhg Grssohu edqgzlgwkv1

Lw lv fohdu iurp wkh vkdsh ri Iljxuh 6143 wkdw qrqh ri wkh txdqwlwdwlyh shuirupdqfh

phdvxuhv suhvhqwhg khuh ixoo| ghvfulehv wkh ghjudgdwlrq revhuyhg lq wklv h{wuhph fdvh1
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Vlp D} Uqj SVO LVO Sk Vlp D} Uqj SVO LVO Sk

D53133 53183 <1:: 0681;8 066197 517 E53133 53185 71<3 06913; 067193 :13

D48133 48159 <1:: 069146 06617< 616 E48133 48169 71<9 06:144 0681;4 4418

D43133 43145 <1:: 069196 0661<: 9 E43133 43179 815< 074153 073194 57

D:133 :145 <1;7 06:17: 068148 45 E:133 :1:5 81<; 0791:7 07914< 74

D8183 819; 4317; 06;143 06:16< 4< E8183 9169 916< 07:175 07<146 84

D7133 7169 44185 06<164 06<1:6 64 E7133 71<; :14; 0661<9 068188 89

D5138 6145 46134 0541:8 05416< 88 E4144 6155 :1:6 043168 0;15; 578

F53133 53183 471:3 067155 063194 714 G53133 531:9 <1:: 065199 064147 618

F48133 48159 471:3 067196 0631<3 714 G48133 48173 <1:: 06914: 06618< 518

F43133 43143 4719: 06913: 064157 61< G43133 43149 <1:7 0681<: 06617: 616

F:133 :139 471:9 0681:< 0641<7 819 G:133 :13; <19: 06919: 0661<; 918

F8183 8189 471;3 069137 066136 ; G8183 818; <197 06:154 067188 43

F7133 713< 48163 0681<5 0671:< 4; G7133 7143 43147 06:169 0691;6 4<

F4144 5177 49183 057197 059183 75 G5138 5165 431<: 056147 058185 84

H53133 53173 <1:: 0681<: 06617: 71: I53133 53195 <1:: 065188 06413< 617

H48133 48157 <1;5 06914; 0661<< ; I43133 43145 <1:8 0681:9 066173 51;

H43133 43163 43154 06;13: 069193 4: I:133 :139 <1:8 06916; 0661:5 71:

H:133 :17; 44148 06<1<9 073196 67 I7133 713; <1;5 06:17; 0671:4 45

H7133 71:; 46165 07619< 078184 84 I5138 5177 441:9 07714: 074147 5;

H5138 51<9 48138 0491:< 0481<6 98 I4144 4169 4813: 04;1<3 053199 463

Wdeoh 615= Vlpxodwlrq uhvxowv +uhihu wr pdlq wh{w,

D sorw ri wkh 50G Irxulhu skdvh huuru frxog eh d xvhixo wrro khuh ru wkh lpdjh lwvhoi

pd| eh wkh prvw dssursuldwh irup ri suhvhqwdwlrq iru d sduwlfxodu dssolfdwlrq1

��S 5�44@h)

Lq wklv fkdswhu/ lqyhvwljdwlrq kdv ehhq pdgh lqwr wkh surfhvvlqj olplwv ri wkh udqjh0

Grssohu dojrulwkp zkhq dssolhg zlwkrxw Grssohu0iuhtxhqf|0ghshqghqw vhfrqgdu| udqjh

frpsuhvvlrq1 Wkh lqyhvwljdwlrq kdv irfxvhg rq dlueruqh/ vwulspds VDU v|vwhpv rshu0

dwlqj lq wkh 433� 533 PK} uhjlrq zkhuh wkh Grssohu fhqwurlg ri wkh ehdp lv }hur1 Wr

wkh ehvw ri wkh fdqglgdwh*v nqrzohgjh/ qr vlplodu zrun kdv ehhq shuiruphg ru sxeolvkhg

e| dq| rwkhu uhvhdufkhu1 Wkh lqlwldo zrun rq VUF e| Mlq dqg Zx ^7;` ^4` irfxvhg rq

wkh vfhqdulr zlwk wkh udqjh zdon pxfk pruh vhyhuh wkdq wkh udqjh fxuydwxuh +l1h1 wkh

qduurz ehdp/ vtxlqwhg fdvh,1
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Lq dgglwlrq wr fhqwuh iuhtxhqf|/ lqyhvwljdwlrq kdv ehhq shuiruphg lqwr wkh h�hfwv ri

wdujhw udqjh dqg wkh udqjh frpsuhvvhg sxovh uhvroxwlrq1 Dowkrxjk wkh uhvxowv suhvhqwhg

lq qr zd| fryhu wkh ixoo udqjh ri srvvleoh wdujhw udqjh/ udgdu fhqwuh iuhtxhqf| dqg udqjh

uhvroxwlrq sdudphwhuv/ wkh lqirupdwlrq suhvhqwhg pd| eh xvhg dv d jxlgholqh iru fhuwdlq

v|vwhpv wr dvvlvw lq wkh ghflvlrq dv wr zkhwkhu Grssohu iuhtxhqf| ghshqghqw VUF lv

uhtxluhg iru d sduwlfxodu dssolfdwlrq1 Wklv ghflvlrq zloo ghshqg rq wkh sduwlfxodu v|vwhp

vshfl�fdwlrq1

Wkhuh lv qr rqh phdvxuh zklfk zloo gh�qh _dffhswdeoh% irfxvlqj shuirupdqfh iru

doo dssolfdwlrqv1 Wkh pdmru hpskdvlv lq wkh judsklfdo suhvhqwdwlrq ri wkh vlpxodwlrq

uhvxowv khuh kdv ehhq rq wkh ghjudgdwlrq lq wkh udqjh uhvroxwlrq dv wklv kdv ehhq wkh

uhdvrq flwhg dv wkh uhdvrq iru wkh VUF uhtxluhphqw lq wkh olwhudwxuh1 D pruh vhqvlwlyh

shuirupdqfh phdvxuh wkdq wkh udqjh uhvroxwlrq kdv ehhq irxqg wr eh wkh txdgudwlf dqg

kljkhu rughu skdvh huuru dfurvv wkh shdn ri wkh Irxulhu wudqvirup ri wkh irfxvhg udqjh

sur�oh1 Udqjh shdn0 dqg lqwhjudwhg vlghoreh ohyhov dqg d}lpxwk uhvroxwlrq ghjudgdwlrq

kdyh dovr ehhq phdvxuhg1

Dqrwkhu remhfwlyh iru wkh fkdswhu kdv ehhq wr surylgh d pruh lqwxlwlyh xqghuvwdqg0

lqj ri wkh uhtxluhphqw iru vhfrqgdu| udqjh frpsuhvvlrq lq udqjh0Grssohu surfhvvlqj

zlwk vhyhuh udqjh fxuydwxuh wkdq lv fxuuhqwo| dydlodeoh lq wkh odujho| pdwkhpdwlfdo olw0

hudwxuh rq wkh vxemhfw +Mlq dqg Zx ^7;`/ Fxuodqghu dqg PfGrqrxjk ^53` ss1 4<<053:,1

Lw lv krshg wkdw wklv kdv ehhq dfklhyhg wkurxjk wkh qryho suhvhqwdwlrq ri wkh vxemhfw

dqg wkh fkrlfh ri lpdjhu| suhvhqwhg1

Lq wkh iroorzlqj fkdshu/ dq h{whqvlrq wr udqjh0Grssohu surfhvvlqj lv glvfxvvhg dqg

ghprqvwudwhg wr fdwhu iru dffxudwh surfhvvlqj ri vljqdov zlwk vhyhuh udqjh fxuydwxuh1

::
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Lq Fkdswhu 6/ wkh uhtxluhphqw iru Grssohu iuhtxhqf| ghshqghqw VUF iru udqjh0Grssohu

surfhvvlqj ri vljqdov zlwk vhyhuh udqjh fxuydwxuh kdv ehhq glvfxvvhg1 Dovr qrwhg zdv

wkdw wkh lpsohphqwdwlrq ri vxfk d fruuhfwlrq iru udqjh0Grssohu surfhvvruv lv gl�fxow

wr dfklhyh +Edpohu ^:`,1

Dsduw iurp udqjh0Grssohu surfhvvlqj/ rwkhu dssurdfkhv uhfhlylqj srsxodu lqwhuhvw

duh wkh fklus vfdolqj dojrulwkp +Udqh| hw do1 ^84`, dqg wkh udqjh pljudwlrq dojrulwkp

+Fd�rulr dqg Urffd hw do1 ^49`^87`,1 Gl�fxowlhv zlwk wkh xvh ri wkhvh duh= wkh fklus

vfdolqj dssurdfk uhtxluhv udqjh fklushg gdwd dqg ehfrphv ohvv dffxudwh zkhq dssolhg

wr orz iuhtxhqf|/ kljk uhvroxwlrq surfhvvlqj ri odujh vfhqhv +Fduudud hw do1 ^4:` ss1 7;8,>

wkh udqjh pljudwlrq dssurdfk/ dowkrxjk zhoo vxlwhg wr orz iuhtxhqf| surfhvvlqj/ pdnhv

xvh ri wkh Vwrow lqwhusrodwlrq zklfk lv gl�fxow wr lpsohphqw dffxudwho| lq sudfwlfh

+Edpohu ^:`,1

Wkh sulpdu| remhfwlyh ri wklv fkdswhu lv wr ghprqvwudwh wkdw dq h{whqghg udqjh0

Grssohu surfhvvru lv fdsdeoh ri pxfk pruh dffxudwh surfhvvlqj ri vljqdov zlwk vhyhuh

udqjh fxuydwxuh wkdq d vwdqgdug udqjh0Grssohu surfhvvru qrw lpsohphqwlqj Grssohu
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iuhtxhqf| ghshqghqw VUF1

Zkdw pdnhv wklv zrun uhohydqw lv wkdw lw surylghv d idluo| vwudljkwiruzdug phfkd0

qlvp iru h{whqglqj wkh fdsdelolw| ri dq h{lvwlqj udqjh0Grssohu surfhvvru wr wkh fdvh

ri vhyhuh udqjh fxuydwxuh dv lv w|slfdoo| h{shulhqfhg iru kljk uhvroxwlrq surfhvvlqj dw

YKI iuhtxhqflhv1 Wkh edvlf lghd ri wkh h{whqvlrq/ �uvw sxeolvkhg e| Udqh| dqg Ydfkrq

^85`/ lv wr pdnh dq lqlwldo fruuhfwlrq lq wkh 50G iuhtxhqf| grpdlq wr d uhihuhqfh udqjh/

iroorzhg e| d uhvlgxdo fruuhfwlrq lq wkh udqjh0Grssohu grpdlq1

Wkh h{whqghg dojrulwkp lv yhu| �h{leoh lq wkdw lw lv dssolfdeoh wr erwk dlueruqh

dqg vsdfheruqh gdwd/ udqjh frpsuhvvhg dqg udqjh xqfrpsuhvhg vljqdov/ dqg wr fdvhv

ri erwk vhyhuh udqjh zdon dqg vhyhuh udqjh fxuydwxuh +dovr qrwhg e| Udqh| dqg Yd0

fkrq ^85`,1 Lq jhqhudo/ wkh h{whqghg dojrulwkp/ dv lpsohphqwhg khuh/ uhtxluhv pruh

frpsxwdwlrq wkdq wkh vwdqgdug udqjh0Grssohu dojrulwkp/ exw pdq| hohphqwv pd| eh

suh0frpsxwhg dqg uh0xvhg1

Dv lq Fkdswhu 6/ wkh vlpxodwlrqv suhvhqwhg lq wklv fkdswhu duh iru dq dlueruqh/

YKI +olplwhg wr wkh 474 PK} fdvh khuh,/ vwuls0pds/ zlgh ehdp/ vlgh0orrnlqj VDU

v|vwhp zlwkrxw udqjh zdon +l1h1 lpdjlqj jhrphwulhv zlwk }hur Grssohu fhqwurlg,1 Dv lq

Fkdswhu 6/ wkh hpskdvlv ri wkh txdqwlwdwlyh dqdo|vlv lv rq wkh udqjh lpsxovh uhvsrqvh

+udqjh uhvroxwlrq/ shdn vlghoreh ohyho/ lqwhjudwhg vlghoreh ohyho/ dqg txdgudwlf dqg

kljkhu rughu skdvh huuru dfurvv udqjh Irxulhu vshfwuxp shdn, dowkrxjk dwwhqwlrq lv

dovr jlyhq wr wkh d}lpxwk uhvroxwlrq1 Rxwvlgh wkh vfrsh ri wklv wkhvlv lv wkh lpsruwdqw

ixwxuh h{whqvlrq ri wkh zrun wr lqfoxgh frpsdulvrqv zlwk rwkhu ehqfkpdun dojrulwkpv

vxfk dv wkh fklus vfdolqj dssurdfk dqg wkh udqjh pljudwlrq dssurdfk zkhq dssolhg wr

vljqdov zlwk vhyhuh udqjh fxuydwxuh1

Wkh lghd iru wkh h{whqghg udqjh0Grssohu dojrulwkp zdv vxjjhvwhg wr wkh fdqglgdwh

e| Plfkdho Mlq lq d sulydwh glvfxvvlrq ^4`1 Doo ri wkh pdwhuldo lq wklv fkdswhu/ lqfoxglqj

wkh ghyhorsphqw/ frglqj/ vlpxodwlrq dqg whvwlqj ri wkh h{whqghg dojrulwkp lv wkh fdq0

glgdwh*v rzq zrun1 Vrph ri wkh pdwhuldo dsshdulqj lq wklv fkdswhu zloo eh sxeolvkhg

lq wkh Surfhhglqjv ri LJDUVV *<< ^68`1

Diwhu frpsohwlrq ri wkh h{whqghg surfhvvru ghyhorsphqw/ wkh zrun suhvhqwhg lq wklv

fkdswhu/ dqg wkh vxeplvvlrq ri wkh ixoo LJDUVV *<< sdshu ^68` +vxevhtxhqwo| voljkwo|

uhylvhg,/ lw zdv eurxjkw wr wkh fdqglgdwh*v dwwhqwlrq e| Ulfkdug Edpohu ri GOU ^5`

wkdw dq dojrulwkp zlwk wkh vdph pdlq vwhsv kdg ehhq sxeolvkhg e| Udqh| dqg Ydfkrq

^85`1
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Udqh| dqg Ydfkrq/ krzhyhu/ zkloh qrwlqj wkdw wkhlu dojrulwkp zrxog eh dssolfdeoh

wr wkh vhyhuh udqjh fxuydwxuh fdvh/ dssolhg wkh dssurdfk wr wkh vlpxodwlrq ri d qduurz

ehdp VDU +6=9 ghj, zlwk odujh vtxlqw +78 ghj,1 Lq dgglwlrq/ wkh lqghshqghqwo| ghyho0

rshg lpsohphqwdwlrq ghvfulehg khuh gl�huv iurp wkdw ghvfulehg e| Udqh| dqg Ydfkrq1

Iru h{dpsoh/ Udqh| dqg Ydfkrq h�flhqwo| +exw zlwk vrph dssur{lpdwlrqv, jhqhudwh

wkh 50G uhihuhqfh ixqfwlrq lq wkh 50G iuhtxhqf| grpdlq gluhfwo| iurp pdwkhpdwlfdo

h{suhvvlrqv iru wkh vljqdo iurp d srlqw vfdwwhuhu lq wklv grpdlq1

e�2 5�4�*@|�L? @?_ �hLUitt�?} �tt�4T|�L?t @?_ �@h@4i�
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Wkh h{whqghg udqjh0Grssohu dojrulwkp lv ghprqvwudwhg lq wklv fkdswhu wkurxjk wkh

surfhvvlqj ri vlpxodwhg gdwd iurp d YKI +474 PK} fhqwuh iuhtxhqf|, dlueruqh VDU

vhqvru1 Wkh vlpxodwlrq dvvxpswlrqv dqg sdudphwhuv duh lqwurgxfhg dw wklv srlqw vr

dv ehwwhu wr doorz xvh ri wkh vlpxodwhg vljqdov lq ghprqvwudwlqj wkh rshudwlrq ri wkh

h{whqghg dojrulwkp1 D pdwkhpdwlfdo wuhdwphqw lv surylghg e| Udqh| dqg Ydfkrq ^85`1

Wkh vlpxodwlrq sdudphwhuv zhuh fkrvhq wr doorz iru surfhvvlqj zlwklq d uhdvrqdeoh wlph

rq wkh dydlodeoh surfhvvlqj kdugzduh
�

dqg wr eh yhu| forvh wr wkrvh ri Vlpxodwlrq D

ri Fkdswhu 6 iru frpsdulvrq sxusrvhv1 Wkh lqsxw wr wkh surfhvvruv zdv fkrvhq wr

eh douhdg| udqjh frpsuhvvhg dv wklv uhvxowhg lq pruh pdqdjhdeoh dud| vl}hv1 Odujhu

vlpxodwlrqv zlwk pruh wdujhwv zlgho| vhsdudwhg lq udqjh dqg d}lpxwk zhuh qrw sudfwlfdo

jlyhq wkh dydlodeoh surfhvvlqj kdugzduh1

Wkh vlpxodwlrq dqg surfhvvlqj vhwxs/ dvvxpswlrqv dqg qrwdwlrq duh=

� vlgh0orrnlqj +Grssohu fhqwurlg }hur,/ dlueruqh +�dw hduwk jhrphwu|,/ vwuls0pdsslqj

VDU zlwk shuihfw prwlrq frpshqvdwlrq

� vwrs0vwduw dssur{lpdwlrq ydolg 0 prwlrq rqo| ehwzhhq sxovhv +Eduehu ^<`,

� dghtxdwh vdpsolqj lq udqjh dqg d}lpxwk iru Q|txlvw fulwhulrq

� doo sorwv dqg dqdo|vlv duh vodqw udqjh udwkhu wkdq jurxqg udqjh dqg doo dqdo|vlv

dssolhg wr vlqjoh orrn lpdjhu|

� doo lpdjhu| kdv ehhq vfdohg iru glvsod| sxusrvhv vr wkdw wkh pd{lpxp ydoxh

fruuhvsrqgv wr wkh lpdjh irupdw pd{lpxp +588 iru ;0elw lpdjhv,

� #�@* W?|i* �i?|��4 �hL 2ff �O3 ��|� D�2 �� +�� h�??�?} �?_ih 5���
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� vwdwlrqdu| srlqw wdujhwv zlwk xqlirup dpsolwxgh dqg skdvh uhvsrqvh ryhu d}0

lpxwk dqjohv +D{hovvrq ^9`, dqg qr dqwhqqd zhljkwlqj h�hfwv +wdujhwv ylvleoh

ryhu vlpxodwlrq h{whqw,

� vwdwlrqdu| srlqw wdujhwv dw 63 np dqg 64 np forvhvw dssurdfk udqjh zlwk xqlirup

dpsolwxgh dqg skdvh uhvsrqvh ryhu d}lpxwk dqjohv

� udqjh frpsuhvvlrq sulru wr D2G +qrwh/ krzhyhu/ wkdw wkh h{whqghg dqg vwdqgdug

surfhvvruv fdq erwk fdwhu iru udqjh xqfrpsuhvvhg lqsxw vljqdov,

� 53 PK} udqjh fklus zlwk Kdpplqj zhljkwlqj gxulqj udqjh frpsuhvvlrq +uhvxow0

lqj wkhruhwlfdo udqjh uhvroxwlrq <1:7 p,

� vlpxodwlrq d}lpxwk h{whqw 5;<44 p/ SUI 583 K}/ jurxqg vshhg 583 p2vhf

+Grssohu edqgzlgwk ri 4<< K} dqg pd{lpxp udqjh fxuydwxuh ri 6538 p iru

64 np wdujhw,

� D2G vdpsolqj dw 55 PK} +91;4 p vodqw udqjh vdpsoh vsdflqj, xvlqj ;0elw L dqg

T +7 e|wh L dqg T �rdwlqj srlqw xvhg wkurxjkrxw surfhvvruv,

� 979 udqjh vdpsohv +fryhuv vodqw udqjh 5<;83 p 0 67583 p,

� vlqjoh orrn surfhvvlqj wr 41:; p qrplqdo +wkhruhwlfdo, d}lpxwk uhvroxwlrq/ pdnlqj

xvh ri 458 K} ri dydlodeoh Grssohu edqgzlgwk zlwk uhfwdqjxodu d}lpxwk zhljkwlqj

lq erwk surfhvvruv +Htxdwlrq 5148,

� ;0sw Vkdqqrq lqwhusrodwlrq nhuqhov xvhg lq udqjh fxuydwxuh fruuhfwlrq lq erwk

surfhvvruv

� uhihuhqfh ixqfwlrq xsgdwhg hyhu| udqjh elq iru udqjh0Grssohu grpdlq d}lpxwk

surfhvvlqj lq erwk surfhvvruv

Iru sxusrvhv ri frpsdulvrq/ wkh vlpxodwhg gdwd zdv surfhvvhg xvlqj wkuhh phwkrgv=

41 vwdqgdug udqjh0Grssohu surfhvvru

51 h{whqghg udqjh0Grssohu surfhvvru zlwk 63 np uhihuhqfh udqjh

61 h{whqghg udqjh0Grssohu surfhvvru zlwk 58 np uhihuhqfh udqjh1 Wkhvh uhvxowv

jlyh pruh ri dq lqglfdwlrq ri wkh udqjh vhqvlwlylw| ri wkh h{whqghg surfhvvru

zkhq dssolhg wr vfhqhv zlwk odujhu udqjh h{whqw1
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Wkh vlpxodwhg gdwd zdv jhqhudwhg xvlqj Uroi*v Vlpxodwru +Ohqjhqihoghu ^74`,/ gh0

yhorshg dw XFW1 Wkh VDU surfhvvruv xvhg zhuh wkh +dlueruqh/ udqjh0Grssohu, J5

Surfhvvru +xvhg dv wkh _vwdqgdug udqjh0Grssohu surfhvvru%, dqg wkh h{whqghg udqjh0

Grssohu surfhvvru/ erwk ghyhorshg e| wkh fdqglgdwh dw XFW1

e�2�� 5|@?_@h_ +@?}i�#LTT*ih �hLUittLh 6�?U|�L?@*�|)

Dowkrxjk wkh J5 Surfhvvru kdv pxfk ixqfwlrqdolw| exlow lq/ vxfk dv wkh delolw| wr

shuirup udqjh frpsuhvvlrq/ lqwhuihuhqfh vxssuhvvlrq/ prwlrq frpshqvdwlrq/ dqg pxo0

wlorrn/ rqo| wkh iroorzlqj ixqfwlrqdolw| zdv uhtxluhg iru wkhvh whvwv=

41 Fruqhu wxuq wkh vlpxodwhg gdwd �oh +L dqg T e|wh irupdw dqg douhdg| udqjh

frpsuhvvhg,1

51 Uhdg lq dq d}lpxwk olqh ri wkh fruqhu wxuqhg gdwd/ uhprylqj wkh GF r�vhwv +vhw

wr 45: lq wkh vlpxodwru, dqg vwruh lq 70e|wh LHHH �rdwlqj srlqw L dqg T irupdw1

61 ]hur sdg wkh gdwd dqg shuirup dq d}lpxwk Irxulhu wudqvirup ri wkh d}lpxwk olqh1

71 Shuirup udqjh fxuydwxuh fruuhfwlrq ri wkh gdwd lq udqjh0Grssohu grpdlq xvlqj

;0sw Vkdqqrq lqwhusrodwru1

81 Fuhdwh d rqh0glphqvlrqdo d}lpxwk uhihuhqfh ixqfwlrq zlwk uhfwdqjxodu zhljkwlqj

lq wkh vljqdo grpdlq pdwfkhg wr wkh udqjh ri wkh d}lpxwk olqh ehlqj surfhvvhg1

Wkh uhihuhqfh ixqfwlrq lv jhqhudwhg dv wkh wlph0uhyhuvhg/ frpsoh{ frqmxjdwh ri

wkh skdvh uhvsrqvh ri d srlqw wdujhw dw wkh udqjh ri lqwhuhvw1 Wkh uhihuhqfh

ixqfwlrq ohqjwk zdv fkrvhq iru hdfk udqjh vr dv wr surfhvv wr wkh wkhruhwlfdo 41:;

p d}lpxwk uhvroxwlrq +458 K} Grssohu edqgzlgwk zlwk uhfwdqjxodu zhljkwlqj,1

91 ]hur sdg d}lpxwk uhihuhqfh ixqfwlrq dqg shuirup Irxulhu wudqvirup1

:1 Pxowlso| fxuydwxuh fruuhfwhg udqjh olqh zlwk uhihuhqfh ixqfwlrq lq udqjh0Grssohu

grpdlq1

;1 Shuirup lqyhuvh d}lpxwk Irxulhu wudqvirup ri d}lpxwk olqh wr irup dq d}lpxwk

olqh ri wkh irfxvhg lpdjh1

<1 Uhshdw vwhsv 5 0 ; iru wkh qh{w d}lpxwk olqh xqwlo doo d}lpxwk olqhv surfhvvhg1
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Iljxuh 714 vkrzv wkh edvlf vwhsv +odehoohg D wr K, ri wkh h{whqghg dojrulwkp1 Rq wkh

uljkw ri vrph ri wkh vwhsv/ wkh pdjqlwxgh ri wkh gdwd dqg uhihuhqfh ixqfwlrq dw ydulrxv

vwdjhv lq wkh surfhvvlqj duh vkrzq vfkhpdwlfdoo|1 Wkh dojrulwkp gl�huv ixqgdphqwdoo|

iurp wkh vwdqgdug udqjh0Grssohu dojrulwkp lq wkdw dq lqlwldo frqyroxwlrq lv shuiruphg

zlwk d 50G uhihuhqfh ixqfwlrq pdwfkhg wr d srlqw wdujhw vljqdo uhvsrqvh dw vrph uhi0

huhqfh udqjh1 Wkh fkrlfh ri zklfk uhihuhqfh udqjh wr fkrrvh lq�xhqfhv wkh irfxvlqj

shuirupdqfh ryhu wkh lpdjh zlwk wkh prvw dffxudwh irfxvlqj dw wkh uhihuhqfh udqjh1

Wkxv/ d uhdvrqdeoh fkrlfh lv wr pdnh wkh plg udqjh lq wkh lpdjh wkh uhihuhqfh udqjh1

Iru h�flhqf|/ wkh lqlwldo frqyroxwlrq lv shuiruphg lq wkh 50G iuhtxhqf| grpdlq +Vwhs

H,1 Wklv vwhs h�hfwlyho| uhpryhv iurp doo vfdwwhuhuv lq wkh vfhqh wkh udqjh fxuydwxuh

dqg Grssohu skdvh klvwru| ri d vfdwwhuhu dw wkh uhihuhqfh udqjh1 Lq dgglwlrq/ wkurxjk

dq dssursuldwh fkrlfh ri wkh uhihuhqfh ixqfwlrq/ udqjh frpsuhvvlrq +zlwk udqjh vlgh0

oreh zhljkwlqj, pd| eh shuiruphg dw wkh vdph wlph/ dv pd| fruuhfwlrq iru vhyhuh udqjh

zdon/ li uhtxluhg1

Diwhu wklv vwhs dqg d vxevhtxhqw lqyhuvh udqjh IIW/ rqo| d uhvlgxdo udqjh fxuydwxuh

fruuhfwlrq lqwhusrodwlrq dqg d uhvlgxdo d}lpxwk irfxvlqj skdvh fruuhfwlrq uhpdlqv wr eh

shuiruphg lq wkh udqjh0Grssohu grpdlq +Vwhs J,1 Dv wkh uhvlgxdo udqjh fxuydwxuh lv/

lq jhqhudo/ pxfk vpdoohu wkdq wkh lqlwldo udqjh fxuydwxuh/ wkh uhtxluhphqw iru Grssohu0

iuhtxhqf|0ghshqghqw VUF lv doohyldwhg1 Wkh surfhvvlqj shuiruphg lq Vwhs J lv vlplodu

wr wkdw shuiruphg iru frqyhqwlrqdo udqjh0Grssohu surfhvvlqj/ h{fhsw wkdw wkh surfhvvru

rqo| fruuhfwv iru wkh uhvlgxdo ydoxhv1 Wkh fruqhu wxuq ehwzhhq Vwhsv J dqg K frxog

htxdoo| zhoo kdyh ehhq grqh ehwzhhq Vwhsv I dqg J1 Zkhuh wklv lv shuiruphg zloo

qdwxudoo| d�hfw wkh sudfwlfdo lpsohphqwdwlrq ri Vwhs J1 Wkh srvlwlrq ri wklv fruqhu

wxuq rshudwlrq lq Iljxuh 714 lv dv lpsohphqwhg e| wkh fdqglgdwh1

Wkh ghvfulswlrq dqg vlpxodwlrq dqdo|vlv shuiruphg lq wklv fkdswhu uhihuv wr vlqjoh

orrn surfhvvlqj1 Wkh h{whqghg udqjh0Grssohu surfhvvru pd|/ krzhyhu/ dffrpprgdwh

pxowlorrn surfhvvlqj wkurxjk glylglqj xs wkh d}lpxwk edqgzlgwk lq Vwhs J lq wkh

vdph zd| dv pd| eh shuiruphg iru wkh vwdqgdug udqjh0Grssohu dojrulwkp1
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50G Uhihuhqfh Ixqfwlrq Jhqhudwlrq

Iljxuh 715 vkrzv wkh 50G uhihuhqfh ixqfwlrq pdwfkhg wr d 63 np forvhvw dssurdfk wdujhw

udqjh lq wkh vljqdo grpdlq1 Wkh uhihuhqfh ixqfwlrq kdv ehhq f|folfdoo| vkliwhg lq udqjh

dqg d}lpxwk vr wkdw wkh }hur Grssohu srlqw olhv dw wkh ruljlq1 Sudfwlfdoo|/ wklv f|folf

vkliw doorzv iru hdvlhu surfhvvru lpsohphqwdwlrq dv wkh frqyroxwlrq zlwk wklv uhihuhqfh

ixqfwlrq pdlqwdlqv wkh gdwd srvlwlrq lq wkh duud|v1 Wkh uhihuhqfh ixqfwlrq lv wkh lqsxw

wr Vwhs D1

Iru wkh zrun uhsruwhg khuh/ wkh 50G uhihuhqfh ixqfwlrq zdv jhqhudwhg xvlqj wkh vdph

udgdu vlpxodwru dv zdv xvhg wr jhqhudwh wkh gdwd/ exw zlwk rqo| rqh srlqw wdujhw dw

wkh uhihuhqfh udqjh1 Wkxv/ wkh uhihuhqfh ixqfwlrq lqfoxghg d yrowdjh vfdolqj dffruglqj

wr U
�

iurp wkh udgdu htxdwlrq +Vnroqln ^8;` sj1 854,1 Iru wkh 63 np wdujhw/ wkh

yrowdjh vfdolqj uhgxfwlrq lqwurgxfhg e| wklv h�hfw gxh wr wkh udqjh fxuydwxuh dw wkh

hgjh ri wkh surfhvvhg v|qwkhwlf dshuwxuh zdv vpdoo +: shufhqw iru wkh 63 np uhihuhqfh

ixqfwlrq,1 Udqjh frpsuhvvlrq ri wkh uhihuhqfh ixqfwlrq zdv shuiruphg lq wkh vlpxodwru

+dffruglqj wr Htxdwlrqv 5164 dqg 5165, xvlqj d uhfwdqjxodu zlqgrz/ vlqfh d Kdpplqj

zlqgrz kdg douhdg| ehhq dssolhg lq wkh jhqhudwlrq ri wkh udqjh0frpsuhvvhg gdwd iru

udqjh vlghoreh vxssuhvvlrq1 Dv lq wkh fdvh ri wkh gdwd jhqhudwlrq/ wkh uhihuhqfh ixqfwlrq

zdv txdqwl}hg wr ;0elw L dqg T dw wkh vlpxodwru rxwsxw1 Wkh udqjh frpsuhvvhg vljqdo

iru vrph d}lpxwk wlph dw wkh rxwsxw ri wkh vlpxodwru lv ri wkh irup jlyhq e| Htxdwlrq

515; zkhuh wkh yrowdjh vfdolqj lv lqfrusrudwhg lqwr wkh frqvwdqwv1

Qrwh wkdw xvlqj wkh vdph udgdu vlpxodwlrq vriwzduh wr surgxfh wkh svhxgr gdwd

dqg wkh 50G uhihuhqfh ixqfwlrq lv qrw dq lghdo dssurdfk dv wkhuh lv wkh srwhqwldo iru

wkh fdqfhoodwlrq ri huuruv1 Krzhyhu/ wkhuh duh vrph plwljdwlqj dujxphqwv1 Iluvwo|/

wkh uhihuhqfh ixqfwlrq jhqhudwhg zlwk wkh vlpxodwru shuirupv rqo| sduw ri wkh irfxvlqj

rshudwlrq1 Wkh rwkhu sduw lv shuiruphg lq wkh h{whqghg surfhvvru uhvlgxdo fruuhfwlrq

vwdjhv1 Huuruv lq wkh vlpxodwhg gdwd dqg uhihuhqfh ixqfwlrq jhqhudwlrq zrxog qrw uhvxow

lq fruuhfw irfxvlqj iru srlqwv dzd| iurp wkh uhihuhqfh udqjh1 Wkh vlpxodwru rxwsxw kdv/

lq dgglwlrq ehhq wkh vxemhfw ri forvh vfuxwlq| ryhu d ohqjwk| shulrg dw wkh Xqlyhuvlw|

ri Fdsh Wrzq dqg wkh fdqglgdwh lv frq�ghqw wkdw wkh rxwsxw vljqdov duh fruuhfw +wr

zlwklq wkh vwrs0vwduw dssur{lpdwlrq,1 Wkh vdph vlpxodwru kdv ehhq vxffhvvixoo| xvhg

e| rwkhu uhvhdufkhuv zlwk rwkhu surfhvvlqj dojrulwkpv1

Lw suryhg sudfwlfdoo| frqyhqlhqw wr fuhdwh wkh uhihuhqfh ixqfwlrq duud| wr eh wkh
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Iljxuh 715= Wkh pdjqlwxgh ri wkh 63 np uhihuhqfh ixqfwlrq/ f|folfdoo| vkliwhg vr wkdw

wkh }hur Grssohu srlqw olhv dw wkh ruljlq1 D}lpxwk h{whqw +krul}rqwdo, lv 5<;44 p dqg

udqjh h{whqw +yhuwlfdo, lv 7733 p1

vdph vl}h dv wkh gdwd duud|v iru wkhvh vlpxodwlrqv/ exw zkhq surfhvvlqj h{whqghg

vfhqhv/ pruh h�flhqw iru wklv phwkrg ri uhihuhqfh ixqfwlrq jhqhudwlrq zrxog eh wr rqo|

fuhdwh dq lqlwldo uhihuhqfh ixqfwlrq zlwk vl}h vx�flhqw iru wkh orqjhvw v|wkhwlf dshuwxuh

uhtxluhg lq wkh lpdjh1 Lw vkrxog dovr eh qrwhg wkdw/ iru h�flhqf|/ uhihuhqfh ixqfwlrqv

xvhg dv lqsxw wr Vwhs H vkrxog eh suhfrpsxwhg dqg vwruhg iru dq| sduwlfxodu v|vwhp

dqg ylhzlqj jhrphwu|/ uhprylqj wkh uhtxluhphqw iru uhjhqhudwlrq zlwk hdfk vfhqh1

Sulru wr wkh udqjh IIW ri Vwhs D/ wkh uhihuhqfh ixqfwlrq lq wkh vljqdo grpdlq zdv

}hur0sdgghg rxw wr 4357 vdpsohv +iurp 979,1 Wklv doorzhg iru xvh ri pruh h�flhqw

IIW urxwlqhv dqg uhgxfhv zuds0durxqg h�hfwv lq wkh surfhvvhg lpdjh1 Iru wkh vdph

uhdvrqv/ wkh rxwsxw iurp Vwhs D zdv }hur sdgghg lq d}lpxwk wr 65:9; vdpsohv sulru

wr wkh d}lpxwk IIW ri Vwhs E1

Iljxuh 716 vkrzv wkh pdjqlwxgh ri wkh 63 np uhihuhqfh ixqfwlrq vshfwuxp lq wkh 50G

iuhtxhqf| grpdlq +diwhu Vwhs E, dqg }hur0fhqwuhg iru glvsod| sxusrvhv1 Wkh d}lpxwk

+Grssohu, iuhtxhqf| h{whqw +krul}rqwdo, lv 583 K} dqg wkh udqjh iuhtxhqf| h{whqw

+yhuwlfdo, lv 55 PK}1 Wkh wudsh}rlgdo vkdsh lv gxh wr wkh kljkhu udqjh iuhtxhqf|

frpsrqhqwv glvsod|lqj odujhu Grssohu iuhtxhqf| h{whqw1

Pruh h�flhqw wkdq wkh dssurdfk ghvfulehg deryh ri vljqdo grpdlq jhqhudwlrq ri

wkh 50G uhihuhqfh ixqfwlrq lv wr jhqhudwh wkh 50G uhihuhqfh ixqfwlrq lq wkh 50G iuh0

txhqf| grpdlq gluhfwo| iurp dqdo|wlfdo h{suhvvlrqv1 Wklv lv wkh dssurdfk dgrswhg e|

Udqh| dqg Ydfkrq ^85`1 Wkh pdwkhpdwlfdo h{suhvvlrq iru wkh 50G uhihuhqfh ixqfwlrq
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Iljxuh 716= Wkh pdjqlwxgh ri wkh 63 np uhihuhqfh ixqfwlrq lq wkh 50G iuhtxhqf| grpdlq

+dv lqsxw wr Vwhs H,/ }hur0fhqwuhg lq erwk glphqvlrqv1 Ixoo lpdjh d}lpxwk iuhtxhqf|

h{whqw +krul}rqwdo, lv 583 K}/ ixoo udqjh iuhtxhqf| h{whqw +yhuwlfdo, lv 55 PK}1

lq wkh 50G iuhtxhqf| grpdlq zrxog eh d frqmxjdwhg irup ri Htxdwlrq 515<1 Wkh rqo|

dssur{lpdwlrq xvhg lq wkh ghulydwlrq ri wklv h{suhvvlrq lv wkh Sulqflsoh ri Vwdwlrqdu|

Skdvh1

Surfhvvlqj ri Gdwd

Iljxuh 717 vkrzv wkh pdjqlwxgh ri wkh vlpxodwhg udz gdwd lq wkh vljqdo grpdlq iru wkh

wdujhwv dw 63 np dqg 64 np forvhvw dssurdfk vodqw udqjh1 Wkh udz gdwd lv wkh lqsxw

wr Vwhs F1

Iljxuh 718 vkrzv wkh pdjqlwxgh ri wkh gdwd lq wkh 50G iuhtxhqf| grpdlq +diwhu

Vwhs G, dqg }hur0fhqwuhg iru glvsod| sxusrvhv1 Wkh glphqvlrqv duh dv iru Iljxuh 7161

Qrwh wkdw/ gxh wr wkh suhvhqfh ri wzr wdujhwv udwkhu wkdq rqh/ wkh 50G vshfwuxp ri

wkh gdwd vkrzv d pruh frpsolfdwhg vwuxfwxuh wkdq wkdw ri wkh uhihuhqfh ixqfwlrq1 Lq

dgglwlrq/ qrwh wkh udqjh vshfwuxp zhljkwlqj lq Iljxuh 718 gxh wr wkh Kdpplqj zlqgrz

dssolhg gxulqj wkh udqjh frpsuhvvlrq vwdjh ri wkh gdwd lq wkh vlpxodwru1 Wklv gl�huv

iurp wkh uhihuhqfh ixqfwlrq vshfwuxp ri Iljxuh 716 zkhuh d uhfwdqjxodu zhljkwlqj zdv

dssolhg gxulqj wkh udqjh frpsuhvvlrq1
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Iljxuh 717= Wkh pdjqlwxgh ri wkh udqjh frpsuhvvhg vlpxodwhg wdujhw uhwxuqv lq wkh

udqjh lpdjh/ d}lpxwk vljqdo grpdlq1 D}lpxwk h{whqw +krul}rqwdo, lv 5;<44 p/ udqjh

h{whqw +lqfuhdvlqj yhuwlfdo, lv 7733 p1

Iljxuh 718= Wkh pdjqlwxgh ri wkh vlpxodwhg gdwd iru wkh wzr wdujhwv lq wkh 50G iuh0

txhqf| grpdlq +dv lqsxw wr Vwhs H,/ }hur0fhqwuhg lq erwk glphqvlrqv1 Ixoo d}lpxwk

iuhtxhqf| h{whqw +krul}rqwdo, lv 583 K}/ ixoo udqjh iuhtxhqf| h{whqw +yhuwlfdo, lv 55

PK}1

;;



Wkh frqyroxwlrq ri wkh lqlwldo uhihuhqfh ixqfwlrq dqg gdwd lv shuiruphg wkurxjk d

pxowlso| rshudwlrq lq wkh 50G iuhtxhqf| grpdlq iru h�flhqf|1 Wklv lv vkrzq dv Vwhs H

lq Iljxuh 7141 Qrwh wkdw lw lv uhtxluhg iru wkh frqyroxwlrq rshudwlrq wkdw wkh uhihuhqfh

ixqfwlrq/ dv jhqhudwhg khuh/ eh frqmxjdwhg sulru wr wkh pxowlso|1

Iljxuh 719 +vhh fdswlrq, vkrzv wkh pdjqlwxgh ri wkh vljqdov iurp wkh wzr wdujhwv

lq wkh udqjh0Grssohu grpdlq iru wkuhh surfhvvlqj phwkrgv/ lpphgldwho| sulru wr wkh

udqjh fxuydwxuh fruuhfwlrq dqg d}lpxwk irfxvlqj +diwhu Vwhs I iru h{whqghg dojrulwkp,1

Fohduo| ylvleoh lv wkh vhyhuh glvshuvlrq iru wkh vwdqgdug udqjh0Grssohu surfhvvlqj zklfk

uhvxowv lq ghjudghg lpdjh txdolw|1 Qrwh dovr/ wkdw wkh 63 np wdujhw zlwk wkh 63 np

uhihuhqfh udqjh uhtxluhv qr ixuwkhu udqjh fxuydwxuh fruuhfwlrq ru skdvh fruuhfwlrq iru

d}lpxwk irfxvlqj1

Iljxuh 71: vkrzv/ iru wkh h{whqghg udqjh0Grssohu surfhvvru/ wkh pdjqlwxgh ri wkh

gdwd lq wkh udqjh0Grssohu grpdlq diwhu wkh uhvlgxdo udqjh fxuydwxuh fruuhfwlrq1 Wklv

�jxuh vkrzv wkh lpsruwdqfh ri vhohfwlqj d ydoxh iru wkh uhihuhqfh udqjh vr dv wr plqlpl}h

huuruv dw wkh h{wuhphv ri wkh lpdjh1 Dv h{shfwhg/ d vpdoo glvshuvlyh h�hfw lv vwloo ylvleoh

iru wkh 58 np uhihuhqfh udqjh/ exw wklv glvshuvlrq lv d odujh +ylvxdo, lpsuryhphqw ryhu

wkh glvshuvlrq iru vwdqgdug udqjh0Grssohu surfhvvlqj1 Wkh d}lpxwk iuhtxhqf| h{whqw

ri wkh vljqdov lq Iljxuh 71: lv olplwhg e| wkh uhvlgxdo irfxvlqj ri Vwhs J wr wkh 458 K}

uhtxluhg iru wkh d}lpxwk uhvroxwlrq uhtxluhphqwv1

Irfxvhg Lpdjhv

Diwhu Vwhs J/ wkh rqo| uhpdlqlqj rshudwlrq uhtxluhg wr irup wkh frpsoh{ lpdjh lv

dq lqyhuvh d}lpxwk IIW1 Iljxuh 71; vkrzv wkh pdjqlwxgh ri wkh wzr irfxvhg wdujhwv

iru vwdqgdug udqjh0Grssohu surfhvvlqj/ wkh h{whqghg dojrulwkp zlwk 58 np uhihuhqfh

udqjh dqg wkh h{whqghg dojrulwkp zlwk 63 np uhihuhqfh udqjh1 Wkh lpsuryhphqw zlwk

wkh h{whqghg dojrulwkp ryhu vwdqgdug udqjh0Grssohu surfhvvlqj lv hdvlo| revhuydeoh1

D pxfk vpdoohu lpsuryhphqw zlwk wkh 63 np uhihuhqfh udqjh ryhu wkh 58 np uhihuhqfh

udqjh lv dovr ylvleoh rq forvh lqvshfwlrq1 Wklv lv vkrzq pruh fohduo| lq Iljxuh 71< zklfk

lv d }rrphg0lq uhjlrq ri Iljxuh 71; durxqg wkh 63 np wdujhw iru wkh wkuhh surfhvvlqj

phwkrgv1

;<



Iljxuh 719= Wkh gdwd lq wkh udqjh0Grssohu grpdlq +}hur0fhqwuhg, sulru wr udqjh fxu0

ydwxuh fruuhfwlrq dqg d}lpxwk irfxvlqj iru wkuhh surfhvvlqj phwkrgv +diwhu Vwhs I iru

h{whqghg dojrulwkp,1 Wrs lv wkh vwdqgdug udqjh0Grssohu surfhvvlqj/ plggoh lv zlwk

wkh h{whqghg dojrulwkp diwhu fruuhfwlqj wr d 58 np uhihuhqfh udqjh/ dqg erwwrp lv

wkh h{whqghg dojrulwkp zlwk 63 np uhihuhqfh udqjh1 Wkh wdujhwv duh dw 63 np dqg 64

np forvhvw dssurdfk udqjh +lqfuhdvlqj yhuwlfdo, dqg wkh ixoo d}lpxwk iuhtxhqf| h{whqw

glvsod|hg lv 583 K} +krul}rqwdo,1
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Iljxuh 71:= Wkh gdwd lq wkh udqjh0Grssohu grpdlq +}hur0fhqwuhg, diwhu uhvlgxdo udqjh

fxuydwxuh fruuhfwlrq +Vwhs J,1 Wrs lv iru wkh 58 np uhihuhqfh udqjh dqg erwwrp iru

wkh 63 np uhihuhqfh udqjh1 Vodqw udqjh lqfuhdvhv yhuwlfdoo| zlwk wkh wdujhwv 4 np dsduw

dqg wkh ixoo 583 K} vdpsolqj edqgzlgwk lv glvsod|hg krul}rqwdoo|1

e�e 6LU�t�?} �ihuLh4@?Ui �L4T@h�tL?t

Wdeoh 714 vkrzv wkh phdvxuhg uhvxowv ri surfhvvlqj wkh vlpxodwhg srlqw wdujhw gdwd

xvlqj wkh h{whqghg udqjh0Grssohu dojrulwkp dqg dovr wkh vwdqgdug dssurdfk1 _H{ 63%

ghqrwhv surfhvvlqj zlwk wkh h{whqghg dojrulwkp xvlqj d uhihuhqfh udqjh ri 63 np/ _Vwg

U0G% ghqrwhv vwdqgdug udqjh0Grssohu surfhvvlqj/ _Uhv% lv wkh 6gE uhvroxwlrq/ _SVO%

wkh shdn vlghoreh ohyho/ dqg _LVO% wkh lqwhjudwhg vlghoreh ohyho1 _Skdvh Huuru% lv wkh

uhvlgxdo txdgudwlf0 dqg kljkhu rughu pd{lpxp skdvh huuru dfurvv wkh udqjh Irxulhu

shdn/ d vhqvlwlyh phdvxuh ri irfxvlqj shuirupdqfh +Fduudud hw do1 ^4:` ss1 656065;,1

Dqdo|vlv zdv shuiruphg lq wkh udqjh dqg d}lpxwk glphqvlrqv wkurxjk wkh shdn ri

hdfk wdujhw1 Iurp wkh vkdsh ri wkh glvwruwhg wdujhwv ri Iljxuhv 71; dqg 71</ lw lv fohdu

wkdw wkh rqh0glphqvlrqdo phdvxuhv ri irfxvlqj shuirupdqfh jlyhq lq Wdeoh 714 gr qrw

jlyh wkh ixoo slfwxuh1 Krzhyhu/ wkhvh +zlwk wkh h{fhswlrq ri wkh skdvh huuru, duh idluo|

vwdqgdug phdvxuhv zklfk dsshdu riwhq lq wkh olwhudwxuh dqg gr surylgh vrph edvlv iru

frpsdulvrq1 Wkhuh lv vfrsh iru ixwxuh zrun khuh lq ghyhorslqj pruh uhsuhvhqwdwlyh

irfxvlqj shuirupdqfh lqglfdwruv +d srlqw douhdg| udlvhg lq Fkdswhu 6,1
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Iljxuh 71;= Wkh irfxvhg wdujhwv dw 63 np dqg 64 np vodqw udqjh iru wkuhh surfhvv0

lqj phwkrgv1 Ohiw lv iru vwdqgdug udqjh0Grssohu surfhvvlqj/ plggoh iru wkh h{whqghg

dojrulwkp zlwk 58 np uhihuhqfh udqjh/ dqg uljkw iru h{whqghg dojrulwkp zlwk 63 np

uhihuhqfh udqjh1 Vodqw udqjh h{whqw 4697 p +lqfuhdvhv yhuwlfdoo|, dqg d}lpxwk h{whqw

+krul}rqwdo, lv 473 p1
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Iljxuh 71<= Wkh irfxvhg 63 np wdujhw iru vwdqgdug udqjh0Grssohu surfhvvlqj dqg wkh

h{whqghg dojrulwkp zlwk wzr uhihuhqfh udqjhv +dv pdunhg,1 Lpdjhv duh doo wr wkh vdph

vfdoh +vpdoo lpdjhv 83 p rq d vlgh, zlwk d}lpxwk krul}rqwdo dqg vodqw udqjh lqfuhdvlqj

yhuwlfdoo|1
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Surf1 Wjw Uqj D} Uhv1 Uqj Uhv1 Uqj SVO Uqj LVO Skdvh Huuru

H{ 63 63 np 41;9 p <147 p 06;1:5 gE 067195 gE 718 ghj

H{ 63 64 np 41;< p <143 p 069185 gE 06613< gE 518 ghj

H{ 58 63 np 41<4 p <1;< p 05<148 gE 063145 gE 57 ghj

H{ 58 64 np 41<9 p 4315< p 05;16< gE 05<1;; gE 5: ghj

Vwg U0G 63 np 913< p 4415; p 04516; gE 044143 gE 98 ghj

Vwg U0G 64 np 8184 p 451:8 p 04813: gE 0461<5 gE 96 ghj

Wdeoh 714= Phdvxuhg surfhvvlqj uhvxowv +uhihu wr pdlq wh{w,

Iru wkh uhvroxwlrq dqg vlghoreh phdvxuhphqwv wkh frpsoh{ rxwsxw iurp wkh surfhv0

vruv zdv xsvdpsohg e| lqvhuwlqj }hurv lq wkh plggoh ri wkh vpdoohvw +forvh wr }hur,

sruwlrq ri wkh Irxulhu vshfwuxp1 Iru wkh dqdo|vlv/ 633 d}lpxwk elqv +wkhq xsvdpsohg

e| d idfwru ri 733, dqg 7: udqjh elqv +wkhq xsvdpsohg e| d idfwru ri 533, zhuh h{0

wudfwhg iru hdfk wdujhw1 Wkh SVO dqg LVO �jxuhv zhuh fdofxodwhg e| dvvxplqj wkdw wkh

pdlq shdn h{whqw zdv gh�qhg e| wkh srlqwv dw zklfk wkh judglhqw ri wkh pdlq shdn

fkdqjhg vljq1

Iru wkh skdvh dqdo|vlv/ wkh frpsoh{ gdwd zdv xsvdpsohg e| d idfwru ri 43 e| }hur

sdgglqj sulru wr wkh IIW1 Wkh skdvh dqdo|vlv phdvxuhphqwv zhuh wdnhq dfurvv wkh

uhjlrq ri wkh shdn ri wkh udqjh vshfwuxp olplwhg e| 73( ri wkh pd{lpxp pdjqlwxgh

+73( zdv fkrvhq wr fryhu prvw ri wkh shdn vshfwuxp,1 Xsvdpsolqj ri wkh frpsoh{

rxwsxw lpdjh zdv shuiruphg sulru wr doo wkh phdvxuhphqwv e| }hur sdgglqj dw dq

dssursuldwh sduw ri wkh Irxulhu vshfwuxp lq hdfk glphqvlrq1

Wdeoh 714 vkrzv wkdw wkhuh lv d vljql�fdqw orvv lq erwk udqjh dqg d}lpxwk uhvroxwlrq

dqg odujh lqfuhdvh lq vlghoreh ohyhov zlwk wkh frqyhqwlrqdo udqjh0Grssohu surfhvvlqj

ryhu wkh h{whqghg dojrulwkp gxh wr wkh vhyhuh glvshuvlrq ri wkh vljqdo lq wkh udqjh0

Grssohu grpdlq1 Wkh ghjudgdwlrq lq surfhvvlqj shuirupdqfh lv dovr uh�hfwhg lq wkh

pd{lpxp skdvh huuru �jxuhv1 Dv h{shfwhg/ wkh 58 np uhihuhqfh udqjh surfhvvlqj zlwk

wkh h{whqghg surfhvvru grhv qrw jlyh txlwh dv jrrg surfhvvlqj shuirupdqfh dv zkhq

xvlqj wkh 63 np uhihuhqfh udqjh iru wkhvh wdujhwv1

Wkh 63 np wdujhw surfhvvhg zlwk wkh 63 np uhihuhqfh udqjh h{whqghg surfhvvru

glvsod|v d voljkwo| zruvh �jxuh iru wkh udqjh uhvroxwlrq +<147 p, wkdq iru wkh wdujhw dw

64 np zlwk wkh vdph uhihuhqfh udqjh +<143 p,1 Wklv lv dwwulexwhg wr urxqglqj huuru lq

ghwhuplqlqj wkh shdn h{whqw ri wkh xsvdpsohg gdwd +59: dv rssrvhg wr 59; vdpsohv,1

Lq dgglwlrq/ wkh voljkwo| zruvh pd{lpxp skdvh huuru ri 7=8 ghjuhhv ryhu 5=8 ghjuhhv lv
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Iljxuh 7143= Wkh txdgudwlf0 dqg kljkhu rughu udqjh Irxulhu skdvh huuru iru wkh h{whqghg

surfhvvru zlwk 63 np uhihuhqfh udqjh dqg 63 np wdujhw1

phuho| dq lqglfdwlrq wkdw wkh pd{lpxp skdvh huuru grhv qrw frqyh| doo wkh lqirupdwlrq

frqwdlqhg lq wkh vkdsh ri wkh skdvh huuru fxuyh1 Wkh udqjh Irxulhu skdvh huuru fxuyhv

iru wkh deryh0phqwlrqhg fdvhv duh vkrzq lq Iljxuh 7143 +63 np wdujhw, dqg Iljxuh 7144

+64 np wdujhw,/ dqg iru wkh vwdqgdug udqjh0Grssohu surfhvvlqj ri wkh 64 np wdujhw lq

Iljxuh 71451

Dovr ri lqwhuhvw lv wkdw wkh udqjh uhvroxwlrq phdvxuhg iru wkh 63 np uhihuhqfh ixqf0

wlrq lv voljkwo| ehwwhu wkdq wkh qrplqdo wkhruhwlfdo ydoxh ri <=:7 p +53 PK} fklus zlwk

Kdpplqj zlqgrz ixqfwlrq 0 Htxdwlrq 5147,1 Wklv lv dwwulexwhg wr d voljkw prgl�fdwlrq

ri wkh udqjh zhljkwlqj dssolhg zkhq frqyroylqj zlwk wkh lqlwldo 50G uhihuhqfh ixqfwlrq1

Wkh qrq0}hur skdvh huuru ri 7=8 ghj iru wkh 63 np wdujhw zlwk wkh 63 np uhihuhqfh

ixqfwlrq lv dwwulexwhg wr txdqwl}dwlrq dqg lqwhusrodwlrq h�hfwv lq wkh surfhvvlqj1

Lw lv fohdu iurp wkh wdexodu uhvxowv wkdw wkh h{whqghg dojrulwkp surylghv vljql�0

fdqwo| lpsuryhg surfhvvlqj shuirupdqfh ryhu vwdqgdug udqjh0Grssohu surfhvvlqj iru

wklv vlpxodwhg udgdu gdwd1 Wkh lpsuryhphqw uh�hfwhg e| wkh �jxuhv lq Wdeoh 714 lv

dovr hdvlo| revhuyhg lq wkh surfhvvhg lpdjhv1 Iljxuh 7146 vkrzv wkh udqjh sur�ohv ri

wkh 64 np wdujhw diwhu surfhvvlqj zlwk wkh h{whqghg dojrulwkp zlwk d uhihuhqfh udqjh

ri 63 np dqg diwhu surfhvvlqj zlwk wkh vwdqgdug udqjh0Grssohu dssurdfk1
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Iljxuh 7144= Wkh txdgudwlf0 dqg kljkhu rughu udqjh Irxulhu skdvh huuru iru wkh h{whqghg

surfhvvru zlwk 63 np uhihuhqfh udqjh dqg 64 np wdujhw1

Iljxuh 7145= Wkh txdgudwlf0 dqg kljkhu rughu udqjh Irxulhu skdvh huuru iru wkh vwdqgdug

udqjh0Grssohu surfhvvru dqg 64 np wdujhw1
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Iljxuh 7146= Wkh pdjqlwxgh ri wkh udqjh sur�oh diwhu surfhvvlqj wkh 64 np wdujhw zlwk

wkh h{whqghg dojrulwkp +63 np uhihuhqfh, dqg wkh vwdqgdug udqjh0Grssohu dojrulwkp1

e�D �L4T�|@|�L?@* +i^��hi4i?|t

D frpsdulvrq ri wkh frpsxwdwlrqdo uhtxluhphqwv ri wkh h{whqghg dojrulwkp ryhu frq0

yhqwlrqdo udqjh0Grssohu surfhvvlqj lv glvfxvvhg lq wkh vhfwlrqv ehorz1 Wkh hvwdeolvk0

phqw ri phdqlqjixo frpsdudwlyh wlplqj phdvxuhv iru wkh wzr dojrulwkpv uhpdlqv dq

duhd ri ixwxuh zrun1

e�D�� W?T�| #@|@ +@?}i �L4Thitti_

Lq wkh vlpxodwlrqv ghvfulehg lq wklv fkdswhu zkhuh wkh lqsxw gdwd kdg douhdg| ehhq

udqjh frpsuhvvhg/ wkh h{whqghg dojrulwkp lqyroyhv vljql�fdqwo| pruh frpsxwdwlrq

wkdq wkh frqyhqwlrqdo udqjh0Grssohu surfhvvlqj dv ghvfulehg lq Vhfwlrq 715141 Li zh

dvvxph wkdw wkh frpsxwdwlrq lqyroyhg lq wkh lqyhuvh IIW vwhs +Vwhs I, ri wkh h{whqghg

dojrulwkp lv ri vlplodu rughu dv wkh frpsxwdwlrq uhtxluhg iru wkh d}lpxwk IIW zlwk wkh

vwdqgdug dojrulwkp/ lw lv srvvleoh wr pdnh vrph frpphqwv derxw uhodwlyh surfhvvlqj

ordgv1

Lq wklv fdvh/ wkh h{wud vwhsv uhtxluhg e| wkh h{whqghg dojrulwkp zhuh wr shuirup

wkuhh h{wud fruqhu wxuq rshudwlrqv +ehwzhhq Vwhsv D dqg E/ F dqg G/ dqg H dqg I,/

d udqjh0 dqg d}lpxwk Irxulhu wudqvirup rq wkh }hur0sdgghg 50G uhihuhqfh ixqfwlrq/ d

udqjh0 dqg d}lpxwk Irxulhu wudqvirup rq wkh gdwd/ dqg d pxowlso| rshudwlrq +Vwhs H,1
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Wklv vrxqgv olnh d orw ri h{wud zrun iru wkh surfhvvru/ exw wkh vlwxdwlrq lv qrw dv edg

dv lw dsshduv dw �uvw jodqfh1

Wr lpsuryh h�flhqf|/ wkh uhihuhqfh ixqfwlrqv iru erwk wkh vwdqgdug0 dqg h{whqghg

surfhvvruv vkrxog eh suhfrpsxwhg dqg vwruhg1 Wklv holplqdwhv rqh ri wkh fruqhu wxuqv

dqg Vwhsv D dqg E iurp wkh h{whqghg surfhvvru*v ordg1 Lq dgglwlrq/ wkh fruqhu wxuq

rshudwlrqv vkrxog eh holplqdwhg li wkhuh lv vx�flhqw surfhvvlqj UDP dydlodeoh +qrw

wkh fdvh iru wkh fdqglgdwh zlwk wkhvh whvwv,/ exw wklv zrxog uhtxluh pruh fduh zlwk

uhgxflqj ohyhov ri srlqwhu dulwkphwlf1

Wkxv/ iru wkh fdvh ri udqjh frpsuhvvhg lqsxw gdwd/ wkh ehvw fdvh frpsdulvrq vfh0

qdulr iru wkh h{whqghg surfhvvru ryhu vwdqgdug udqjh0Grssohu surfhvvlqj lv zkhuh wkh

uhihuhqfh ixqfwlrqv duh suhfrpsxwhg dqg vx�flhqw UDP lv dydlodeoh wr dyrlg h{solflw

fruqhu wxuq rshudwlrqv1 Lq wkdw fdvh/ lq dgglwlrq wr wkh rshudwlrqv shuiruphg e| wkh

vwdqgdug surfhvvru/ wkh h{whqghg surfhvvru uhtxluhv rqo| d udqjh IIW/ dq d}lpxwk

IIW dqg d 50G pxowlso| rshudwlrq1

e�D�2 W?T�| #@|@ +@?}i N?UL4Thitti_

Iru wkh fdvh ri wkh lqsxw gdwd uhtxlulqj udqjh frpsuhvvlrq/ wkh frpsxwdwlrqdo uhtxluh0

phqwv iru wkh h{whqghg0 dqg vwdqgdug udqjh0Grssohu surfhvvruv duh pxfk forvhu wkdq

iru wkh fdvh zkhuh wkh lqsxw gdwd duh douhdg| udqjh frpsuhvvhg1 Zh frqvlghu wkh

fdvh zkhuh wkh iroorzlqj dvvxpswlrqv duh wuxh +qrw xquhdolvwlf iru pdq| v|vwhpv dqg

surfhvvlqj kdugzduh,=

� wkh gdwd duh udqjh xqfrpsuhvvhg

� wkh uhihuhqfh ixqfwlrqv duh suhfrpsxwhg dqg vwruhg

� wkh h{solflw fruqhu wxuq rshudwlrqv duh dyrlghg e| xvlqj d surfhvvru zlwk odujh

dprxqwv ri UDP dqg srlqwhu dulwkphwlf lv nhsw wr d plqlpxp

Lq wklv fdvh/ wkh h{whqghg surfhvvru dqg vwdqgdug surfhvvru uhtxluh derxw wkh vdph

dprxqw ri frpsxwdwlrq1 Wkh uhdvrq iru wklv lv wkdw iru vwdqgdug surfhvvlqj dq h{wud

udqjh IIW/ pxowlso| dqg udqjh lqyhuvh IIW duh uhtxluhg iru wkh udqjh frpsuhvvlrq

vwhs1 Krzhyhu/ qr h{wud frpsxwdwlrq lv uhtxluhg iru wkh h{whqghg surfhvvru dv wkh

udqjh frpsuhvvlrq vwhs pd| eh lqfrusrudwhg lqwr wkh lqlwldo 50G uhihuhqfh ixqfwlrq1

Lq wkh fdvh wkdw wkh surfhvvru grhv qrw kdyh vx�flhqw UDP/ exw wkdw wkh gdwd

duh udqjh xqfrpsuhvvhg dqg wkh uhihuhqfh ixqfwlrqv duh suhfrpsxwhg/ wkh h{wud ordg
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uhtxluhg e| wkh h{whqghg surfhvvru ryhu wkh vwdqgdug surfhvvru zrxog rqo| eh wzr

h{solflw fruqhu wxuq rshudwlrqv1

e�S �__�|�L?@* �L?t�_ih@|�L?t
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Lq wkh vlpxodwlrqv suhvhqwhg khuh/ wkh lqsxw gdwd wr wkh surfhvvruv zdv douhdg| udqjh

frpsuhvvhg zlwk Kdpplqj zhljkwlqj dssolhg wr wkh udqjh uhihuhqfh ixqfwlrq wr uhgxfh

udqjh vlghorehv1 Wkh 50G uhihuhqfh ixqfwlrq zdv frqvwuxfwhg dv wkh udqjh frpsuhvvhg

uhwxuq ri d srlqw wdujhw dw wkh uhihuhqfh udqjh zkhuh d uhfwdqjxodu zhljkwlqj zdv

dssolhg gxulqj wkh uhihuhqfh ixqfwlrq udqjh frpsuhvvlrq1 D uhfwdqjxodu zhljkwlqj zdv

dssolhg wr wklv 50G uhihuhqfh vr dv qrw wr dsso| wkh Kdpplqj zhljkwlqj wzlfh wr wkh

gdwd lq udqjh1

Lq d}lpxwk/ lw lv ehvw wr xvh d uhfwdqjxodu zhljkwlqj iru wkh 50G uhihuhqfh ixqfwlrq dv

dq| vlghoreh uhgxfwlrq zhljkwlqj pd| eh dssolhg odwhu lq wkh uhvlgxdo d}lpxwk uhihuhqfh

ixqfwlrq ri Vwhs J1 Dovr/ wkh 50G uhihuhqfh ixqfwlrq qhhgv wr eh dv orqj lq d}lpxwk

dv wkh orqjhvw v|qwkhwlf dshuwxuh ohqjwk uhtxluhg iru wkh d}lpxwk uhvroxwlrq1 Wkxv/ wr

dsso| rqh d}lpxwk zhljkwlqj wr wkh 50G ixqfwlrq dqg wkhq wr xvh gl�huhqw d}lpxwk

ohqjwkv ri wkh fruuhfwhg vljqdo zrxog jlyh lqfrqvlvwhqw uhvxowv iru gl�huhqw udqjhv1

Iru wkh surfhvvlqj uhvxowv ri wklv fkdswhu/ wkh 50G ixqfwlrq zdv jhqhudwhg zlwk wkh

udgdu vlpxodwru1 Wkh vlpxodwru lqfoxghv d irxuwk srzhu udqjh ghshqghqfh wkxv/ lq

h�hfw/ vrph d}lpxwk zhljkwlqj lv dssolhg wr wkh 50G uhihuhqfh ixqfwlrq1 Krzhyhu/ wklv

h�hfw lv qrw odujh dw wkh vlpxodwhg wdujhw udqjhv iru wkh udqjh fxuydwxuh surfhvvhg 0

wkh yrowdjh pdjqlwxgh dw wkh hgjhv ri wkh surfhvvhg v|qwkhwlf dshuwxuh lv <6 shufhqw

ri wkh forvhvw dssurdfk ydoxh iru wkh wzr wdujhwv1 Qrwh wkdw/ dv douhdg| phqwlrqhg/

iru wkh uhvxowv suhvhqwhg lq wklv fkdswhu/ d uhfwdqjxodu zhljkwlqj zdv dssolhg wr wkh

uhvlgxdo d}lpxwk uhihuhqfh ixqfwlrqv lq Vwhs J +dv zhoo dv lq wkh vwdqgdug udqjh0Grssohu

surfhvvru,1

e�S�2 ��*|�*LL!

Wkh vwdqgdug udqjh0Grssohu d}lpxwk frpsuhvvlrq vwdjh lv uhdoo| htxlydohqw wr wkh

uhvlgxdo irfxvlqj vwdjh ri wkh h{whqghg dojrulwkp +Vwhs J,/ h{fhsw wkdw wkh uhihuhqfh

udqjh iru wkh vwdqgdug dojrulwkp lv }hur1 Qrwh/ krzhyhu/ wkdw wkh fdqglgdwh glg lpsoh0
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phqw Vwhs J voljkwo| gl�huhqwo| wkdq iru wkh vwdqgdug dojrulwkp lq wkdw wkh fxuuhqw

h{whqghg lpsohphqwdwlrq +Vwhs J, dffhswv wkh gdwd udqjh olqh e| udqjh olqh udwkhu

wkdq d}lpxwk olqh e| d}lpxwk olqh1

Wkh vwdqgdug udqjh0Grssohu surfhvvlqj rswlrqv gxulqj d}lpxwk frpsuhvvlrq duh

vwloo dydlodeoh gxulqj wkh uhvlgxdo irfxvlqj vwdjh +Vwhs J,1 Iru h{dpsoh/ pxowlorrn

vshfnoh uhgxfwlrq wkurxjk vsolwwlqj xs ri wkh d}lpxwk iuhtxhqf| vshfwuxp lv h�flhqwo|

lpsohphqwhg gxulqj Vwhs J/ dv iru frqyhqwlrqdo udqjh0Grssohu surfhvvlqj1

e�S�� W4T*i4i?|@|�L? ��|� ��*|�T*i 2�# +iuihi?Ui 6�?U|�L?t

Lw lv frqfhlydeoh wkdw iru vrph zlgh vzdwk/ kljk uhvroxwlrq/ orz iuhtxhqf| dssolfdwlrqv/

hyhq wkh lpsuryhg dffxudf| ri wkh h{whqghg udqjh0Grssohu surfhvvru zrxog suryh

lqvx�flhqw dfurvv wkh zkroh vzdwk1 Lq wkdw fdvh/ wr lpsuryh dffxudf|/ lw zrxog eh

qhfhvvdu| wr pdnh xvh ri vhyhudo lqlwldo 50G uhihuhqfh ixqfwlrqv pdwfkhg wr gl�huhqw

udqjhv dfurvv wkh vzdwk1 Wkh h{wuhph fdvh/ wkrxjk yhu| frpsxwdwlrqdoo| lqwhqvlyh dqg

khqfh qrw d sudfwlfdo vroxwlrq zlwk fxuuhqw surfhvvlqj kdugzduh/ zrxog eh wr xsgdwh

wkh 50G uhihuhqfh ixqfwlrq iru hyhu| udqjh elq1

Wkh sudfwlfdo lpsohphqwdwlrq ri d vfkhph xvlqj pruh wkdq rqh 50G uhihuhqfh ixqf0

wlrq zrxog qdwxudoo| frpsolfdwh wkh surfhvvru ghvljq dqg pd| ohdg wr vrph xqghvludeoh

skdvh glvfrqwlqxlw| h�hfwv dfurvv wkh xsgdwh erxqgdulhv +wklv uhtxluhv ixuwkhu lqyhvwl0

jdwlrq,1 Wkh vlpsohvw phwkrg ri lpsohphqwlqj pxowlsoh 50G uhihuhqfh ixqfwlrqv zrxog

eh dv iroorzv=

� Ghflgh rq krz pdq| xsgdwhv duh uhtxluhg1

� Surfhvv hdfk eorfn ri udqjh elqv ixoo| zlwk d uhihuhqfh udqjh pdwfkhg wr wkh plg

udqjh ri hdfk eorfn1 Qrwh wkdw xvh zrxog kdyh wr eh pdgh ri ryhuodsslqj udqjh

eorfnv ri lqsxw gdwd gxh wr wkh udqjh fxuydwxuh1

� Frpelqh doo wkh rxwsxw lpdjhv +rqh iurp hdfk udqjh eorfn, lqwr rqh odujh/ ixoo

vzdwk lpdjh1

e�S�e W4T*i4i?|@|�L? uLh 5^��?|i_ 5�+ BiL4i|h�it

Wkh zrun suhvhqwhg lq wklv fkdswhu +dqg wkhvlv lq jhqhudo, kdv irfxvhg rq dlueruqh

VDU jhrphwulhv zlwk }hur Grssohu fhqwurlg +qr ehdp vtxlqw,1 Krzhyhu/ Udqh| dqg
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Ydfkrq ^85` dssolhg wkh vdph edvlf dojrulwkp wr wkh fdvh ri d qduurz ehdp VDU +6=9

ghj, zlwk vhyhuh vtxlqw +78 ghj,1

Lpsohphqwdwlrq zlwk d vtxlqwhg vljqdo lv dfklhyhg wkurxjk d vhohfwlrq ri wkh 50G

uhihuhqfh ixqfwlrq wr pdwfk wkh vtxlqwhg VDU vljqdo +dw plg udqjh,1 Dv fxuuhqwo|

lpsohphqwhg iru wklv wkhvlv/ wkh uhvlgxdo irfxvlqj vwdjh lq wkh udqjh0Grssohu grpdlq

+Vwhs J, uhtxluhv nqrzohgjh ri wkh ydoxh ri wkh uhihuhqfh udqjh1 Li/ lq dgglwlrq/ wkh

vtxlqw dqjoh +ru Grssohu fhqwurlg, zhuh sdvvhg wr wklv surfhvvlqj prgxoh/ wkh uhvlgxdo

fruuhfwlrq iru d vtxlqwhg jhrphwu| frxog eh fdofxodwhg1

e�S�D �TT*�U@|�L? |L 5Ui?it `�|�L�| w@h}i +@?}i ��h�@|�hi V@h�@�

|�L?

Dowkrxjk wklv kdv qrw ehhq lqyhvwljdwhg lq ghwdlo e| wkh fdqglgdwh/ lw lv frqfhlydeoh

wkdw wkhuh duh fhuwdlq VDU jhrphwulhv zkhuh wkh udqjh fxuydwxuh grhv qrw ydu| vlj0

ql�fdqwo| uhodwlyh wr wkh udqjh uhvroxwlrq dfurvv wkh vzdwk/ zkhuh/ rqfh wkh lqlwldo

uhihuhqfh ixqfwlrq kdv uhpryhg wkh udqjh fxuydwxuh iru wkh uhihuhqfh udqjh/ qr ixu0

wkhu udqjh fxuydwxuh fruuhfwlrq lv uhtxluhg iru wkh ixoo vfhqh1 Lq wklv fdvh/ wkh wdvn

ri wkh uhvlgxdo udqjh0Grssohu fruuhfwlrq urxwlqh +Vwhs J, lv juhdwo| vlpsol�hg lq wkdw

qr udqjh fxuydwxuh lqwhusrodwlrq lv uhtxluhg dw doo1 Lq wklv fdvh/ doo wkdw lv uhtxluhg ri

Vwhs J lv wkh uhvlgxdo skdvh fruuhfwlrq pxowlsolfdwlrq lq rughu wr irfxv wkh lpdjh lq

d}lpxwk1

e�. 5�44@h)

Lq wklv fkdswhu/ dq h{whqvlrq wr wkh udqjh0Grssohu dojrulwkp lv vkrzq wr lpsuryh

irfxvlqj shuirupdqfh lq wkh suhvhqfh ri vhyhuh udqjh fxuydwxuh1 Vxfk vhyhuh udqjh

fxuydwxuh lv w|slfdoo| h{shulhqfhg lq kljk uhvroxwlrq VDU d}lpxwk surfhvvlqj dw orz

iuhtxhqflhv/ wkrxjk lv qrw olplwhg wr orz iuhtxhqflhv1

Wkh lghd iru wkh h{whqvlrq zdv vxjjhvwhg wr wkh fdqglgdwh e| Mlq/ rqh ri wkh

lqwurgxfhuv ri vhfrqgdu| udqjh frpsuhvvlrq +Mlq dqg Zx ^7;`,/ lq d sulydwh glvfxvvlrq

^4`1 Diwhu frpsohwlrq ri wkh h{whqghg surfhvvru ghyhorsphqw dqg wkh zrun suhvhqwhg

lq wklv fkdswhu/ wkh fdqglgdwh ehfdph dzduh ri wkh frqwhqwv ri d sxeolfdwlrq e| Udqh|

dqg Ydfkrq ^85` lq zklfk wkh pdlq vwhsv ri wkh h{whqghg surfhvvru kdg ehhq ghvfulehg1

Udqh| dqg Ydfkrq/ krzhyhu/ zkloh qrwlqj wkdw wkhlu dojrulwkp zrxog eh dssolfdeoh wr

wkh vhyhuh udqjh fxuydwxuh fdvh/ dssolhg wkh dssurdfk wr wkh fdvh ri d qduurz ehdp
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VDU zlwk odujh vtxlqw1 Lq dgglwlrq/ wkh lpsohphqwdwlrq ghvfulehg lq ^85` gl�huv lq

vrph uhvshfwv iurp wkdw ghvfulehg lq wklv fkdswhu +h1j1 wkh phwkrg ri jhqhudwlqj wkh

uhihuhqfh ixqfwlrq lq wkh 50G iuhtxhqf| grpdlq,1

Wkh dojrulwkp lpsohphqwhg e| wkh fdqglgdwh kdv ehhq vxffhvvixoo| whvwhg xvlqj

vlpxodwhg gdwd iurp dq dlueruqh/ vwulspds VDU v|vwhp rshudwlqj dw 474 PK} zlwk d

}hur Grssohu fhqwurlg ri wkh ehdp1 Wkh whvwv vkrz d fohdu surfhvvlqj shuirupdqfh lp0

suryhphqw zlwk wkh qhz udqjh0Grssohu h{whqvlrq ryhu vwdqgdug udqjh0Grssohu surfhvv0

lqj1

Wkh h{whqghg dojrulwkp lv yhu| �h{leoh lq wkdw lw lv dssolfdeoh wr erwk dlueruqh

dqg vsdfheruqh gdwd/ udqjh frpsuhvvhg dqg udqjh xqfrpsuhvhg vljqdov/ dqg wr fdvhv

ri erwk vhyhuh udqjh zdon dqg vhyhuh udqjh fxuydwxuh +dovr qrwhg e| Udqh| dqg Ydfkrq

^85`,1

Wkh h{whqghg dojrulwkp/ dv ghvfulehg khuh/ kdv d vwudljkwiruzdug lpsohphqwdwlrq

wr wkrvh idploldu zlwk udqjh0Grssohu surfhvvlqj/ exw grhv lqyroyh pruh frpsxwdwlrqdo

vwhsv wkdq wkh vwdqgdug dssurdfk zkhq dssolhg wr udqjh frpsuhvvhg vljqdov1 Li/ krz0

hyhu/ wkh lqsxw gdwd duh udqjh xqfrpsuhvvhg/ wkh lqlwldo 50G uhihuhqfh ixqfwlrq lv

suhfrpsxwhg/ odujh dprxqwv ri UDP duh dydlodeoh/ dqg srlqwhu dulwkphwlf plqlpl}hg/

wkh h{whqghg dojrulwkp uhtxluhv derxw wkh vdph frpsxwdwlrqdo ordg dv wkh vwdqgdug

udqjh0Grssohu dssurdfk1

Ixwxuh zrun zlwk wkh h{whqghg udqjh0Grssohu dojrulwkp vkrxog lqfoxgh d txdqwl0

wdwlyh dqg pdwkhpdwlfdo frpsdulvrq ri surfhvvlqj dffxudf| dqg frpsxwdwlrqdo frp0

soh{lw| zlwk rwkhu dssurdfkhv vxfk dv wkh udqjh pljudwlrq dqg fklus vfdolqj dojrulwkpv

zkhq dssolhg wr wkh vhyhuh udqjh fxuydwxuh fdvh1 Lq dgglwlrq/ zrun lv uhtxluhg lq wkh

ghyhorsphqw ri pruh uhsuhvhqwdwlyh 50G irfxvlqj shuirupdqfh phdvxuhv1

435



��@T|ih D

�L|�L? �L4Ti?t@|�L?

D�� W?|hL_�U|�L?

Lq dq| dlueruqh v|vwhp/ prwlrq frpshqvdwlrq lv dq lpsruwdqw vwhs lq wkh surfhvvlqj

dqg pxvw eh shuiruphg dffxudwho| li wkh surfhvvhg lpdjh lv qrw wr vx�hu iurp glv0

wruwlrq h�hfwv1 Prwlrq frpshqvdwlrq iru dlueruqh v|vwhpv lv qrw d vwudljkwiruzdug

vxemhfw/ dv wkhuh duh erwk sudfwlfdo0 dqg wkhruhwlfdo gl�fxowlhv wr eh frqvlghuhg1 Vrph

hduo| wkhruhwlfdo zrun rq wkh h�hfwv ri skdvh huuruv rq VDU lpdjhu| zdv shuiruphg

e| Eurzq ^46`1 Lq dgglwlrq/ Fduudud hw do1 ^4:` +ss1 5360576, glvfxvv wkh h�hfwv ri

kljk dqg orz iuhtxhqf| skdvh huuurv iru dlueruqh VDU1 Iru wklv uhdvrq/ d wkhruhwlfdo

wuhdwphqw ri skdvh huuruv lv qrw suhvhqwhg khuh1 Lqvwhdg/ wkh irfxv lq wklv fkdswhu

lv rq wkh sudfwlfdo lpsohphqwdwlrq lvvxhv dqg wkh dvvrfldwhg pdwkhpdwlfv dssolfdeoh

wr wkh zlgh ehdp/ dlueruqh vwulspds fdvh1 Iru uhdvrqv glvfxvvhg lq Fkdswhu 5/ pr0

wlrq frpshqvdwlrq iru ehdp vtxlqw +l1h1 udqjh zdon fruuhfwlrq, lv qrw dgguhvvhg khuh1

Prwlrq frpshqvdwlrq iru dlueruqh lqwhuihurphwulf VDU zlwk vpdoo surfhvvhg d}lpxwk

ehdpzlgwkv lv ghvfulehg e| Pdgvhq ^78` dqg Vwhyhqv ^93`1 Lq wklv fkdswhu/ wkh prwlrq

frpshqvdwlrq glvfxvvlrq irfxvhv rq wzr dvshfwv=

41 wkh dffxudwh uhfrqvwuxfwlrq ri wkh dfwxdo �ljkw sdwk iurp wkh lqhuwldo0 dqg qdyl0

jdwlrqdo phdvxuhphqwv wdnhq rq erdug wkh dlufudiw1

51 wkh lpsohphqwdwlrq ri wkh fruuhfwlrq uhtxluhg jlyhq nqrzohgjh ri wkh �ljkw sdwk1

Doprvw doo glvfxvvlrq ri prwlrq frpshqvdwlrq lq wkh olwhudwxuh lv uhvwulfwhg wr wkh

qduurz ehdp VDU fdvh1 Iru d zlgh ehdp v|vwhp/ wkh d}lpxwk ghshqghqfh ri wkh

prwlrq frpshqvdwlrq ehfrphv vljql�fdqw dqg pxvw eh dgguhvvhg1 D whfkqltxh iru
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ghdolqj zlwk wkh zlgh ehdp fdvh/ ghyhorshg e| uhvhdufkhuv dw HULP/ lv glvfxvvhg lq

Vhfwlrq 818141 Lq dgglwlrq/ iru frpsdulvrq dqg frpsohwhqhvv/ wkh pruh frqyhqwlrqdo

qduurz ehdp lpsohphqwdwlrq lv glvfxvvhg lq Vhfwlrq 8171

Wkh zrun ghvfulehg lq wklv fkdswhu lv wkh fdqglgdwh*v rzq/ dqg lv odujho| edvhg rq

wkh fdqglgdwh*v sudfwlfdo h{shulhqfh lq ghyhorslqj dqg lpsohphqwlqj prwlrq frpshq0

vdwlrq dojrulwkpv iru wkuhh v|vwhpv= wkh VDVDU YKI vhqvru dqg wkh HVDU S0edqg

dqg F0edqg vhqvruv1 Lq wklv fkdswhu/ wzr vwudwhjlhv iru uhfrqvwuxfwlrq ri wkh �ljkw

sdwk iurp lqhuwldo vhqvru gdwd duh suhvhqwhg1 Lq Vhfwlrq 819/ d vwudwhj| ghyhorshg dqg

lpsohphqwhg e| wkh fdqglgdwh iru wkh surfhvvlqj ri wkh VDVDU YKI gdwd lv glvfxvvhg1

Lq Vhfwlrq 81;/ d vwudwhj|/ ghyhorshg e| Exfnuhxvv dw wkh GOU ^48` dqg lpsohphqwhg

e| wkh fdqglgdwh iru wkh surfhvvlqj ri wkh HVDU S0 dqg F0edqg gdwd/ lv glvfxvvhg1

Wkh prwlrq frpshqvdwlrq dojrulwkp ri Fduudud/ Wxppdod dqg Jrrgpdq ^4;` iru zlgh

ehdp/ vwulspds VDU/ edvhg rq vsrwoljkw VDU surfhvvlqj whfkqltxhv/ lv glvfxvvhg lq

Vhfwlrq 818141

D�2 �tt�4T|�L?t

Wkh iroorzlqj dvvxpswlrqv duh pdgh lq wklv fkdswhu=

� Dlueruqh/ vwulspds VDU zlwk �dw hduwk dssur{lpdwlrq xvhg1

� Prghvw uhodwlyh sxovh edqgzlgwkv +l1h1 qrw zlgh0edqg v|vwhpv,1 _Uhodwlyh sxovh

edqgzlgwk% lv wkh udwlr ri wkh sxovh edqgzlgwk wr wkh fhqwuh iuhtxhqf|1

� Vwrs0vwduw dssur{lpdwlrq ydolg +Eduehu ^<`,1

� Vwdwlrqdu| vfdwwhuhuv zlwk xqlirup dpsolwxgh dqg skdvh uhvsrqvh ryhu d}lpxwk

dqjohv +D{hovvrq ^9`,1

� Wkh lqhuwldo vhqvru gdwd kdyh douhdg| ehhq fruuhfwhg iru wkh ohyhu dup glvwdqfh

wr wkh skdvh fhqwuh ri wkh dqwhqqd +ru wkh fruuhfwlrq uhtxluhg lv qhjoljleoh,1

� D}lpxwk ehdpzlgwk vx�flhqwo| zlgh wkdw rqo| wkh sruwlrq ri wkh d}lpxwk vljqdo

v|pphwulfdo derxw }hur Grssohu lv surfhvvhg lq d}lpxwk +l1h1 qr udqjh zdon ru

vtxlqw fruuhfwlrq uhtxluhg, dqg wkh hohydwlrq ehdpzlgwk vx�flhqwo| zlgh wkdw

wkh ixoo surfhvvhg vzdwk zlgwk lv dozd|v looxplqdwhg1
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� Prwlrq frpshqvdwlrq lv shuiruphg rq udqjh frpsuhvvhg vljqdov ehiruh d}lpxwk

frpsuhvvlrq +Iljxuh 51:,1 Uhdo0wlph prwlrq frpshqvdwlrq lv qrw dgguhvvhg1

� Wr vlpsoli| wkh prwlrq frpshqvdwlrq lpsohphqwdwlrq/ wkh SUI vkrxog eh vodyhg

wr wkh frpsrqhqw ri wkh jurxqg vshhg lq wkh gluhfwlrq ri wkh qrplqdo �ljkw wudfn

+dv vkrzq lq Iljxuh 814,1 Wklv hqvxuhv wkdw wkh jurxqg vsdflqj ri wkh sxovhv lq

wkh gluhfwlrq ri wkh qrplqdo �ljkw wudfn lv frqvwdqw1 Wkh VDVDU YKI vhqvru

zdv ghvljqhg wr lqfoxgh wklv ihdwxuh/ exw vodylqj ri wkh SUI zdv qrw hqdeohg iru

wkh gdwd froohfwhg wkxv idu1 Lq wkh dqdo|vlv ri wklv fkdswhu/ vodylqj ri wkh SUI

wr wkh jurxqg vshhg lv qrw dvvxphg1

Wdnhq wrjhwkhu/ wkh zlgh ehdp dqg ohyhu dup dvvxpswlrqv lpso| wkdw wkh fruuhfwlrq

iru dqjxodu rulhqwdwlrq h�hfwv lv qrw glvfxvvhg lq wklv fkdswhu1 Qrwh wkdw/ iru doo

uhdvrqdeoh sodwirup �ljkw rulhqwdwlrqv/ wkh dqjxodu rulhqwdwlrq iru wkh VDVDU YKI

vhqvru grhv qrw uhtxluh dq| fruuhfwlrq1

D�� �L|�L? �L4Ti?t@|�L? +i^��hi4i?|

Iru vlgh0orrnlqj/ dlueruqh/ vwulspds VDU v|vwhpv/ wkh lghdo �ljkw sdwk lv d vwudljkw

olqh dw frqvwdqw khljkw/ sdudooho wr wkh ghvluhg vzdwk wr eh lpdjhg1 Wkh whup _qrplqdo

�ljkw sdwk% lv xvhg khuh wr ghvfuleh wkh lghdo/ vwudljkw �ljkw sdwk1 Lq sudfwlfh/ wkh

qrplqdo �ljkw sdwk lv qhyhu dfklhyhg1 Ghyldwlrqv iurp wkh lghdo sdwk duh fdxvhg e| d

qxpehu ri idfwruv lqfoxglqj dwprvskhulf wxuexohqfh/ kljk dowlwxgh zlqgv/ qdyljdwlrqdo

huuru dqg dlufudiw yleudwlrq1

Iru dffxudwh VDU d}lpxwk irfxvlqj/ wkh wdujhw skdvh lv wkh prvw lpsruwdqw sdud0

phwhu1 Wkh uhtxluhphqw khuh lv wkdw wkh srvlwlrqdo ghyldwlrqv eh fruuhfwhg wr zlwklq

d vpdoo iudfwlrq ri wkh zdyhohqjwk1 Txlwh zkdw wklv �jxuh vkrxog eh lv ghshqghqw rq

wkh dssolfdwlrq dw kdqg1 Iru h{dpsoh/ Fduudud hw do1 ^4;` vwdwh wkdw iru wkh lpdjlqj

uhtxluhphqwv ri wkh S6 xowud0zlghedqg VDU/ wkh dffhswdeoh srvlwlrqdo prwlrq huuru

lv �@49 iru orz iuhtxhqf| prwlrq dqg �@45; iru kljk iuhtxhqf| prwlrq1 Iru rwkhu

dssolfdwlrqv/ wkh uhtxluhphqwv pd| qrw eh txlwh dv vwulqjhqw1 Iru h{dpsoh/ Udqh| ^65`

+sj1 4<, vwdwhv wkdw wkh srvlwlrqdo huuru vkrxog eh ehwwhu wkdq derxw �@431

Gxh wr wkh zdyhohqjwk ghshqghqfh rq wkh prwlrq frpshqvdwlrq uhtxluhphqw/ kljk

iuhtxhqf| prwlrq huuruv vxfk dv dlufudiw yleudwlrq ri d jlyhq vpdoo dpsolwxgh duh pruh

olnho| wr ghjudgh irfxvlqj shuirupdqfh iru kljk iuhtxhqf| VDU v|vwhpv wkdq iru orz
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iuhtxhqf| VDU v|vwhpv1 Wkxv/ lq wklv uhjdug/ rshudwlrq dw orqj zdyhohqjwkv lv dq

dgydqwdjh1

Qh{w/ zh frqvlghu orqj whup guliw h�hfwv= Htxdwlrq 5156 ri Fkdswhu 5 vkrzv wkdw/

iru d wdujhw dw d jlyhq }hur Grssohu udqjh U � / wkh v|qwkhwlf dshuwxuh ohqjwk O uhtxluhg

wr dfklhyh d jlyhq d}lpxwk uhvroxwlrq �{ � ��� lqfuhdvhv zlwk zdyhohqjwk dffruglqj wr

O @ U �

�

7�{
�� ���

� � N �
	�� � � �

� 4

7

� � ��

+814,

zkhuh � lv wkh zdyhohqjwk/ dqg N 	�� � � � lv wkh d}lpxwk zlqgrz eurdghqlqj idfwru1

Dq dqdo|vlv ri Htxdwlrq 814/ vkrzv wkdw/ xqohvv surfhvvlqj ryhu d yhu| odujh d}lpxwk

dqjxodu h{whqw/ wkh v|qwkhwlf dshuwxuh ohqjwk lv olqhduo| ghshqghqw rq wkh zdyhohqjwk

wr d uhdvrqdeoh dssur{lpdwlrq +iru d jlyhq U � / �{ � ��� dqg N 	�� � � � ,1 Dq| sudfwlfdo

dffhohurphwhu0edvhg lqhuwldo phdvxuhphqw xqlw +LPX, zloo vx�hu wr vrph ghjuhh iurp

orqj whup guliwv ri wkh lqvwuxphqwv1 Iru VDU v|vwhpv/ wkhvh orqj whup guliwv ehfrph

lpsruwdqw ryhu wkh lqwhjudwlrq wlphv ryhu wkh v|qwkhwlf dshuwxuh1

Dq| eldv lq dq dffhohurphwhu zloo/ diwhu grxeoh lqwhjudwlrq/ pds wr d txdgudwlf lq0

vwuxphqw srvlwlrqdo huuru1 Wkxv/ dv wkh v|qwkhwlf dshuwxuh ohqjwk dqg prwlrq frpshq0

vdwlrq uhtxluhphqw +�@43/ vd|, duh +dssur{lpdwho|, olqhdu lq zdyhohqjwk/ wkh orqj v|q0

wkhwlf dshuwxuhv uhtxluhg dw orz iuhtxhqf| zloo eh pruh vxvfhswleoh wr wkh txdgudwlf lq0

vwuxphqw srvlwlrqdo huuruv wkdq dw kljk iuhtxhqflhv +iru d jlyhq U � / �{ � ��� dqg N 	�� � � � ,1

Qrwh wkdw/ li wkh srvlwlrqdo rxwsxw guliw ri wkh lqhuwldo xqlw frxog eh uhvwulfwhg

wr eh olqhdu ryhu wkh ohqjwk ri wkh v|qwkhwlf dshuwxuh/ wkhq wkhuh lv qr zdyhohqjwk

ghshqghqfh rq wkh olqhdu srvlwlrqdo guliw udwh dffxudf| uhtxluhphqw ri wkh lqhuwldo

vhqvru +wr d uhdvrqdeoh dssur{lpdwlrq,1

Dv dq h{dpsoh ri d orz iuhtxhqf| v|vwhp/ frqvlghu wkh iroorzlqj= Iru d 474 PK}

v|vwhp zlwk N 	�� � � � ri 4=63/ U � ri 53 np/ dqg vlqjoh orrn d}lpxwk uhvroxwlrq �{ � ��� ri

6 p/ wkh v|qwkhwlf dshuwxuh ohqjwk +iurp Htxdwlrq 814, lv 47=55< np1 Iru d jurxqg

vshhg ri <3 phwuhv shu vhfrqg/ wkh wlph wdnhq wr �| wkh v|qwkhwlf dshuwxuh lv 48;

vhfrqgv +5=9 plqxwhv,1 Wkxv/ iru wkh deryh vfhqdulr/ wr pdlqwdlq srvlwlrqdo dffxudf|

wr ehwwhu wkdq derxw �@43 +ri wkh rughu ri 53 fhqwlphwuhv, ryhu wkh v|qwkhwlf dshuwxuh/

zh uhtxluh wkdw wkh srvlwlrqdo huuru ri wkh LPX rxwsxw eh ehwwhu wkdq 53 fhqwlphwuhv

lq 5=9 plqxwhv/ qrw hdvlo| dfklhydeoh1
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Lq prvw dlueruqh/ vwulspds VDU v|vwhpv/ wkh vwudwhj| hpsor|hg iru prwlrq frpshq0

vdwlrq lv wr fruuhfw wkh gdwd wr d olqh dw plg vzdwk1 Wklv olqh lv uhihuuhg wr khuh dv

wkh jurxqg uhihuhqfh wudfn dqg lv gh�qhg khuh dv wkh olqh sdudooho wr wkh qrplqdo �ljkw

wudfn dqg srvlwlrqhg rq wkh jurxqg dw plg udqjh ri wkh qrplqdo vzdwk1 Wkh jurxqg

uhihuhqfh wudfn lv vkrzq lq d wrs ylhz ri wkh prwlrq frpshqvdwlrq jhrphwu| lq Iljxuh

8141 Prwlrq frpshqvdwlrq wr d olqh lv dssolfdeoh wr v|vwhpv zlwk uhodwlyho| qduurz

surfhvvhg d}lpxwk ehdpzlgwkv zkhuh wkh dqjxodu ghshqghqfh ri wkh prwlrq frpshq0

vdwlrq fruuhfwlrq lv vpdoo1 D vwudwhj| iru ghdolqj zlwk wkh zlgh ehdp fdvh lv glvfxvvhg

lq Vhfwlrq 818141 Doo wkh fdqglgdwh*v sudfwlfdo h{shulhqfh ri lpsohphqwlqj prwlrq frp0

shqvdwlrq kdv xvhg prwlrq frpshqvdwlrq wr d olqh1 Wklv lqfoxghv surfhvvlqj ri wkh

VDVDU YKI gdwd wr prghvw d}lpxwk uhvroxwlrq/ dqg surfhvvlqj ri wkh S0 dqg F0edqg

HVDU gdwd1

D uhdvrqdeoh fkrlfh iru wkh qrplqdo �ljkw wudfn iru dq dlueruqh v|vwhp +xvlqj

wkh �dw hduwk dssur{lpdwlrq, lv wkh olqh dw wkh dyhudjh dlufudiw dowlwxgh iru wkh vfhqh

dqg mrlqlqj wkh vwduw dqg hqg odwlwxgh dqg orqjlwxgh srvlwlrqv ri wkh gdwd wdnh1 Wklv

qrplqdo �ljkw wudfn kdv ehhq xvhg lq wkh VDVDU surfhvvlqj1

Li wkh �ljkw ghyldwlrq iurp wkh qrplqdo �ljkw wudfn uhvxowv lq d udqjh huuru iru d

sduwlfxodu udqjh olqh ri �U/ wkh udqjh olqh gdwd uhtxluh d fruuhfwlrqdo udqjh vkliw ri

�U1 Lq dgglwlrq/ dqg pruh lpsruwdqw/ lv wkh skdvh fruuhfwlrq uhtxluhg iru wkh udqjh

olqh/ jlyhq lq udgldqv e| +iurp Htxdwlrq 5155,

�* @
7�

�
�U +815,

Iru udqjh0Grssohu surfhvvlqj/ wkh prwlrq frpshqvdwlrq lv frqyhqlhqwo| shuiruphg

lpphgldwho| diwhu wkh udqjh frpsuhvvlrq vwdjh +dv lq Iljxuh 51:,1 Lq wklv fdvh/ wkh udqjh

vkliw �U lv hdvlo| dffrpsolvkhg xvlqj dq lqwhusrodwru +dq ;0sw Vkdqqrq lqwhusrodwlrq

zdv xvhg iru wkh lpdjhu| suhvhqwhg lq wklv wkhvlv,1 Wkh skdvh vkliw �* lv vlpso|

lpsohphqwhg dv d frpsoh{ pxowlso|1
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Iljxuh 814= Jhrphwu| iru prwlrq frpshqvdwlrq wr d olqh +wkh jurxqg uhihuhqfh wudfn,

frpprqo| xvhg lq dlueruqh vwulspds VDU v|vwhpv1

D�e�� � �L|i L? �L|�L? �L4Ti?t@|�L? +@?}i NT_@|it

Wkh prwlrq frpshqvdwlrq fruuhfwlrq uhtxluhg lv qrw rqo| d ixqfwlrq ri vorz0wlph dqg

d}lpxwk dqjxodu srvlwlrq/ exw lv dovr d ixqfwlrq ri udqjh1 Iru v|vwhpv zlwk vpdoo vzdwk

zlgwkv ru zlwk wkh glvwdqfh wr vwduw ri vzdwk odujh uhodwlyh wr wkh dlufudiw khljkw/ wkh

udqjh ghshqghqfh lv vpdoo dqg lv riwhq qhjohfwhg1

Li wkh prwlrq frpshqvdwlrq lv wr eh xsgdwhg zlwk udqjh e| eorfnlqj wkh gdwd/ wkh

sudfwlfdo h{shulhqfh ri wkh fdqglgdwh lv wkdw fduh pxvw eh h{huflvhg dv wkh skdvh glvfrq0

wlqxlwlhv dw wkh xsgdwh udqjhv fdq lqwhuihuh zlwk wkh d}lpxwk irfxvlqj1 Wklv ehfrphv

sduwlfxoduo| qrwlfhdeoh zkhuh lqwhusrodwlrq rshudwlrqv vxfk dv xvhg lq udqjh fxuydwxuh

fruuhfwlrq duh shuiruphg1 Wkh lqwhusrodwlrq dfurvv wkh skdvh glvfrqwlqxlwlhv uhvxowv

lq lqfruuhfw skdvh lqirupdwlrq dqg vkrzv xs dv gdun d}lpxwk olqhv dfurvv wkh irfxvhg

lpdjh/ vsdfhg e| wkh xsgdwh lqwhuydo ri wkh udqjh ghshqghqw prwlrq frpshqvdwlrq1

D�e�2 � �L|i L? �L|�L? �L4Ti?t@|�L? 6hi^�i?U) #iTi?_i?Ui

Dowkrxjk wklv wkhvlv lv uhvwulfwhg wr prghvw uhodwlyh udqjh edqgzlgwkv/ lw lv lqvwuxfwlyh

wr frqvlghu wkh ruljlq ri wkh prwlrq frpshqvdwlrq skdvh whup +Htxdwlrq 815,1 Wklv
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dqdo|vlv dvvlvwv lq xqghuvwdqglqj zkhwkhu iuhtxhqf| ghshqghqw prwlrq frpshqvdwlrq

lv uhtxluhg1

Frqvlghu d wudqvplwwhg zdyhirup v � � +w,/ d edvhedqg sxovh prgxodwlrq s +w, dqg

fduulhu +fhqwuh, iuhtxhqf| i � 1

v � � +w, @ s +w, h{s +m5�i � w, +816,

Wkh uhfhlyhg vljqdo v ��� +w, iurp d vlqjoh srlqw wdujhw lv vlpso| d wlph ghod|hg yhuvlrq

ri wkh wudqvplwwhg vljqdo1

v ��� +w, @ s +w� w � , h{s +m5�i � +w� w � ,, +817,

Diwhu LT ghprgxodwlrq/ wkh edvhedqg uhwxuqhg vljqdo v ��� +w, lv vlpso| jlyhq e|

v ��� +w, @ v ��� +w, h{s +�m5�i � w,

@ s +w� w � , h{s +�m5�i � w � , +818,

Iurp Htxdwlrq 818/ lw lv fohdu wkdw iru vrph glvsodfhphqw ri wkh dlufudiw iurp lwv

qrplqdo srvlwlrq/ wkh uhwxuqhg vljqdo dw edvhedqg zloo vlpso| lqfoxgh dq dgglwlrqdo

wlph vkliw ri wkh edvhedqg wudqvplw sxovh prgxodwlrq dqg dq dgglwlrqdo skdvh vkliw

pdwfkhg wr wkh fduulhu iuhtxhqf|1 Wkxv/ qr prwlrq frpshqvdwlrq iuhtxhqf| ghshq0

ghqfh lv uhtxluhg1 Qrwh wkdw prwlrq frpshqvdwlrq iuhtxhqf| ghshqghqfh zrxog eh

uhtxluhg iru d zlghedqg/ vwhsshg iuhtxhqf| v|vwhp/ zkhuh gl�huhqw iuhtxhqflhv duh

xvhg lq wkh pl{lqj wr edvhedqg iru hdfk vwhsshg sxovh1

D�e�� � �L|i L? |�i 6*@| ,@h|� �TThL �4@|�L?

Iljxuh 815 vkrzv krz wkh �dw hduwk dssur{lpdwlrq uhvxowv lq d khljkw huuru �k ryhu

wkh v|qwkhwlf dshuwxuh ohqjwk O1 Lq wklv �jxuh U � lv wkh udglxv ri wkh hduwk dqg k

lv wkh khljkw ri wkh dlufudiw deryh wkh jurxqg1 Qrwh wkdw erwk O dqg k kdyh ehhq

h{djjhudwhg lq wklv �jxuh1 Iurp wkh jhrphwu| rq wkh ohiw vlgh ri Iljxuh 815/ wkh khljkw

huuru pd| eh vkrzq wr eh

�k @ +U � . k,

�

4� frv

�

O@5

U � . k

��

+819,

Iurp wkh jhrphwu| rq wkh uljkw vlgh ri Iljxuh 815/ wkh udqjh huuru �U uhvxowlqj iurp

wkh khljkw huuru �k pd| eh vkrzq wr eh +zlwk dqjoh � dv vkrzq,

�U � �k vlq � +81:,
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Iljxuh 815= Wkh �dw hduwk dssur{lpdwlrq uhvxowlqj lq d khljkw huuru ryhu wkh v|qwkhwlf

dshuwxuh1

Iru wkh VDVDU v|vwhp/ zlwk d wdujhw dw 43 np vodqw udqjh/ dqg surfhvvhg wr 7

p lq d}lpxwk/ wkh v|qwkhwlf dshuwxuh ohqjwk lv dssur{lpdwho| 5=: np1 Iurp Htxdwlrq

819/ wkh khljkw huuru iurp wkh �dw hduwk dssur{lpdwlrq lv dssur{lpdwho| 47 fp1 Iru

wdujhwv dw 8 np dqg 53 np vodqw udqjh/ wkh khljkw huuru lv dssur{lpdwho| 7 fp dqg 8:

fp/ uhvshfwlyho|1

Iurp Htxdwlrq 81:/ wkh udqjh huuru lv pruh vhyhuh iru qhdu udqjh wdujhwv wkdq iru

wdujhwv dw idu udqjh iru d jlyhq khljkw huuru1 Krzhyhu/ iurp Htxdwlrq 819/ wkh khljkw

huuru lv odujhu iru wkh orqjhu v|qwkhwlf dshuwxuhv uhtxluhg dw idu udqjh1 Wdnhq wrjhwkhu/

Htxdwlrqv 819 dqg 81: vkrz wkdw iru wkh VDVDU sdudphwhuv deryh/ wkh udqjh huuru iru

wkh 53 np wdujhw lv dssur{lpdwho| < fp zkloh wkdw iru wkh 8 np wdujhw lv dssur{lpdwho|

5 fp1 Wkxv/ iru wkh VDVDU sdudphwhuv phqwlrqhg deryh/ wkh �dw hduwk dssur{lpdwlrq

huuru lv qrw vljql�fdqw1

Qrwh wkdw lw lv uhodwlyho| vwudljkwiruzdug wr lpsohphqw d fruuhfwlrq idfwru iru wkh

�dw hduwk dssur{lpdwlrq vkrxog wklv eh qhfhvvdu| iru d jlyhq vhw ri v|vwhp sdudphwhuv1
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Iljxuh 816= Wkh jhrphwu| ohdglqj wr prwlrq frpshqvdwlrq dqjxodu ghshqghqfh1

D�D `�_i �i@4 W4T*i4i?|@|�L?

Wkh �jxuhv dqg pdwkhpdwlfdo dqdo|vlv suhvhqwhg lq wklv vhfwlrq/ wdnhq iurp Fduudud hw

do1 ^4;`/ dvvxph wkdw wkh SUI kdv ehhq vodyhg wr wkh frpsrqhqw ri wkh jurxqg vshhg

dorqj wkh qrplqdo �ljkw gluhfwlrq1 Qrwh wkdw wkh _vsrwolnh% prwlrq frpshqvdwlrq

whfkqltxh ghvfulehg lq Vhfwlrq 81814 grhv qrw/ krzhyhu/ uhtxluh wkdw vodylqj ri wkh

SUI eh dssolhg1

Iru v|vwhpv zlwk zlgh surfhvvhg d}lpxwk ehdpzlgwkv/ wkh dqjxodu ghshqghqfh ri

wkh prwlrq frpshqvdwlrq fruuhfwlrq vkrxog qrw eh qhjohfwhg1 Wkh jhrphwu| ohdglqj

wr wkh dqjxodu ghshqghqfh lv vkrzq lq Iljxuh 8161

Dv vkrzq/ d wdujhw dw wkh fhqwuh ri wkh ehdp uhtxluhv d prwlrq fruuhfwlrq �U/ exw

d wdujhw dw dq d}lpxwk dqjoh ! wkh surfhvvhg ehdp uhtxluhv d fruuhfwlrq ri �U frv !1

Wkxv/ diwhu wkh frqyhqwlrqdo dssurdfk ri prwlrq frpshqvdwlrq wr d olqh/ wkh dyhudjh

uhvlgxdo skdvh huuru lv frpsdudeoh iru doo wdujhwv lq wkh vfhqh/ dqg wkh uhvlgxdo skdvh

huuru lv jlyhq lq udgldqv ^4;` dv

�* � @
7��U

�
+4� frv !, +81;,

Uhduudqjlqj wkh d}lpxwk uhvroxwlrq h{suhvvlrq +Htxdwlrq 5149,/ zh rewdlq dq htxd0
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wlrq iru fdofxodwlqj wkh surfhvvhg kdoi dqjxodu ehdpzlgwk dv

! @ dufvlq

�

�

7�{ � ���
N 	�� � � �

�

+81<,

Dv dq h{dpsoh/ iru d 474 PK} v|vwhp zlwk N 	�� � � � ri 4=63 dqg vlqjoh orrn d}lpxwk

uhvroxwlrq �{ � ��� ri 6 phwuhv/ wkh surfhvvhg kdoi dqjxodu ehdpzlgwk uhtxluhg lv fdofx0

odwhg iurp Htxdwlrq 81< dv ! @ 46=6 ghjuhhv1 Wkxv/ iru d �U ri 43 phwuhv/ wkh uhvlgxdo

skdvh huuru dw wkh hgjhv ri wkh surfhvvhg ehdp lv jlyhq e| Htxdwlrq 81; dv �* � @ <4

ghjuhhv1 Wklv lv dq dssuhfldeoh huuru1 Lqfuhdvlqj wkh d}lpxwk uhvroxwlrq uhtxluhphqw

wr �{ � ��� @ 4 phwuh iru wkh vdph v|vwhp uhvxowv lq d surfhvvhg kdoi ehdpzlgwk uhtxluhg

ri ! @ 76=; ghjuhhv dqg d uhvlgxdo skdvh huuru ri �* � @ <74 ghjuhhv$ Ghfuhdvlqj

wkh uhvroxwlrq uhtxluhphqw wr �{ � ��� @ 8 phwuhv/ |lhogv ! @ ;=3 ghjuhhv dqg �* � @ 66

ghjuhhv/ dq dffhswdeoh huuru xvlqj wkh �@43 srvlwlrqdo huuru prwlrq frpshqvdwlrq uh0

txluhphqw +zklfk wudqvodwhv wr d skdvh huuru ri :5 ghjuhhv iurp Htxdwlrq 815,1 Qrwh/

krzhyhu/ wkdw �* � lv olqhdu lq �U/ dqg/ dw sduwv ri d orqj v|qwkhwlf dshuwxuh/ �U pd|

zhoo h{fhhg 43 phwuhv lq sudfwlfh1

D�D�� R5TL|*�!i� �L|�L? �L4Ti?t@|�L?

Qrz wkdw dq h{suhvvlrq kdv ehhq suhvhqwhg iru wkh uhvlgxdo skdvh huuru zlwk wkh prwlrq

frpshqvdwlrq wr d olqh whfkqltxh dqg wkh uhohydqfh hvwdeolvkhg iru d zlgh ehdp YKI

v|vwhp/ lw lv dssursuldwh wr lqwurgxfh d prwlrq frpshqvdwlrq vwudwhj| iru uhgxflqj

wklv huuru1 Rqh pljkw eh whpswhg wr frqvlghu lpsohphqwlqj vxfk d uhvlgxdo fruuhfwlrq

lq wkh udqjh0Grssohu grpdlq/ diwhu dsso|lqj prwlrq frpshqvdwlrq wr d olqh +wr hqvxuh

dorqj wudfn frkhuhqfh/ wr �uvw rughu,1 Krzhyhu/ wklv dssurdfk lv �dzhg lq wkdw wkh

prwlrq frpshqvdwlrq dqjxodu ghshqghqfh dovr ydulhv zlwk vorz0wlph/ qrw dydlodeoh lq

wkh udqjh0Grssohu grpdlq +Jrrgpdq ^7`,1

Fduudud/ Wxppdod dqg Jrrgpdq dw HULP ^5:`^4;`/ rqh ri wkh rujdql}dwlrqv lq0

yroyhg lq wkh GDUSD2HULP2QDZF S6 xowud0zlghedqg VDU/ zklfk rshudwhv iurp

548 � <33 PK} zlwk d surfhvvhg d}lpxwk ehdpzlgwk ri xs wr 66 ghjuhhv/ kdyh gh0

yhorshg d vwudwhj| iru ghdolqj zlwk wkh zlgh ehdp fdvh zklfk wkh| whup _vsrwolnh%

prwlrq frpshqvdwlrq dv lw lv edvhg rq prwlrq frpshqvdwlrq iru vsrwoljkw VDU v|vwhpv1

Wkh vsrwolnh prwlrq frpshqvdwlrq whfkqltxh lv glvfxvvhg khuh dv lw lv uhohydqw wr VDU

surfhvvlqj zlwk zlgh d}lpxwk ehdpzlgwkv1 Wklv whfkqltxh kdv qrw ehhq lpsohphqwhg

e| wkh fdqglgdwh wr gdwh1
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Iljxuh 817= Wkh HULP _vsrwolnh% prwlrq frpshqvdwlrq dssurdfk e| glylglqj wkh lp0

djhg vzdwk lqwr vxesdwfkhv dqg surfhvvlqj hdfk vhsdudwho| xvlqj prwlrq frpshqvdwlrq

wr d srlqw1

Wkh edvlf lghd lv wr glylgh wkh lpdjhg vzdwk lqwr d}lpxwk vxesdwfkhv dv vkrzq lq

Iljxuh 817 dqg wr dsso| prwlrq frpshqvdwlrq wr d srlqw dw wkh fhqwuh ri hdfk vxesdwfk/

udwkhu wkdq wr d olqh1 Wkh surfhvv lv ohvv h�flhqw wkdq prwlrq frpshqvdwlrq wr d olqh

dv hdfk vxesdwfk uhtxluhv d gl�huhqw vhw ri prwlrq frpshqvdwlrq fruuhfwlrqv dqg wkh

surfhvvhg v|qwkhwlf dshuwxuh ohqjwk +vkrzq dw wkh erwwrp ri Iljxuh 817, lv orqjhu wkdq

wkh vxesdwfk d}lpxwk h{whqw1

Dv vkrzq lq Iljxuh 817/ li wkh prwlrq frpshqvdwlrq pdnhv xvh ri wkh udqjh U � wr

wkh fhqwuh srlqw ri wkh vxesdwfk/ wklv srlqw zloo eh fruuhfwhg wr kdyh frqvwdqw skdvh

zlwk srlqwv dzd| iurp wkh fhqwuh srlqw zlwk vrph uhvlgxdo wlph0ydu|lqj skdvh1 Li d

vwulspds VDU surfhvvlqj dojrulwkp vxfk dv wkh udqjh pljudwlrq +ru h{whqghg udqjh0

Grssohu, dssurdfk lv wr eh xvhg wr irfxv wkh lpdjh/ dq d}lpxwk fklus lv h{shfwhg ri

wkh lqsxw gdwd1 Wkxv/ wklv fklus pxvw eh uhlqvwdwhg ehiruh surfhvvlqj1 Krzhyhu/ dv

srlqwhg rxw e| Fduudud hw do1 ^4;`/ li +U � �U � , lv xvhg dv wkh fruuhfwlrq/ wkhq prwlrq

frpshqvdwlrq wr d srlqw lv dfklhyhg zlwkrxw uhprylqj wkh d}lpxwk fklus1

Fduudud hw do1 ^4;` vwdwh wkdw wkh pd{lpxp uhvlgxdo skdvh �* � iru wkh vsrwolnh
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prwlrq frpshqvdwlrq ydulhv ryhu wkh vfhqh iurp }hur dw wkh fhqwuh ri wkh vxesdwfk wr

d pd{lpxp ydoxh dssur{lpdwho| jlyhq e|

�* � � �

5�

�U �Z �
�

�

U � � �
� Z �

� � +frv �,
�

+8143,

iru d wdujhw dw qhdu udqjh dqg dq d}lpxwk hgjh ri wkh vzdwk1 Z � / Z � / U � / �U dqg �

duh dv vkrzq lq Iljxuh 817 zlwk �! � � � !1 Qrwh wkdw wkh pd{lpxp uhvlgxdo skdvh

huuru lv odujhvw zkhq � @ 3 +l1h1 zkhq wkh vxesdwfk fhqwuh lv dw }hur Grssohu,1 Qrwh

dovr wkdw wkh pd{lpxp uhvlgxdo skdvh huuru lv dssur{lpdwho| ghshqghqw rq wkh vtxduh

ri wkh vxesdwfk d}lpxwk h{whqw Z � 1 Wkxv/ wkh huuru pd| eh uhgxfhg e| uhgxflqj Z � 1

Dv dq h{dpsoh/ frqvlghu rqfh djdlq wkh 474 PK} v|vwhp zlwk N 	�� � � � ri 4=63

dqg vlqjoh orrn d}lpxwk uhvroxwlrq �{ � ��� ri 6 phwuhv iru wkh fdvh zkhuh U � @ 43 np/

�U @ 43 p/ dqg � @ 3 ghj1 Lq wklv fdvh/ li Z � @ : np dqg Z � @ 5 np/ 7 np/ dqg ;

np/ Htxdwlrq 8143 |lhogv �* � @ 73 ghj/ 493 ghj/ dqg 973 ghj/ uhvshfwlyho|1

Dv phqwlrqhg/ wkh vsrwolnh prwlrq frpshqvdwlrq kdv qrw ehhq lpsohphqwhg e|

wkh fdqglgdwh wr gdwh1 Lq wkh iroorzlqj vhfwlrqv/ prwlrq frpshqvdwlrq whfkqltxhv

ghyhorshg iru wkh fdqglgdwh*v surfhvvlqj ri wkh VDVDU YKI dqg H0VDU gdwd duh

suhvhqwhg1

D�S �L|�L? �L4Ti?t@|�L? �@*U�*@|�L? �t�?} w@|�|�_ic wL?�

}�|�_i @?_ ,**�TtL�_@* Oi�}�| �i@t�hi4i?|t

Wkh remhfwlyh ri wklv vhfwlrq lv wr fdofxodwh wkh htxdwlrqv ri wkh qrplqdo �ljkw wudfn

dqg wkh jurxqg uhihuhqfh wudfn lq 60G Fduwhvldq frruglqdwhv jlyhq lqhuwldo gdwd lq wkh

irup ri +#> �> k, zkhuh # lv wkh odwlwxgh/ � lv wkh orqjlwxgh dqg k lv wkh hoolsvrlgdo

khljkw +wkh khljkw deryh wkh ZJV ;7 hoolsvrlg prgho ri wkh hduwk,1 Wkh qrplqdo �ljkw

wudfn dqg jurxqg uhihuhqfh wudfn duh dv vkrzq lq Iljxuh 8141 Wkh whfkqltxh ghvfulehg

lq wklv vhfwlrq kdv ehhq ghyhorshg e| wkh fdqglgdwh iru wkh VDVDU YKI surfhvvlqj1

Wkh htxdwlrqv ghulyhg lq wklv vhfwlrq duh ri jhqhudo dssolfdelolw| wr dlueruqh VDU

zlwk d �dw hduwk dssur{lpdwlrq dqg zlwk lqhuwldo gdwd lq wkh irup ri +#> �> k,1 Do0

wkrxjk qrw wuxh lq sudfwlfh/ lw pd| eh dvvxphg iru wkh sxusrvhv ri wklv ghulydwlrq

wkdw wkh +#> �> k, rxwsxw iurp wkh lqhuwldo vhqvru lv shuihfwo| dffxudwh1 Lq dgglwlrq/ lw

lv frqyhqlhqw wr dvvxph wkdw d +#> �> k, wulsoh h{lvwv iru hdfk udqjh olqh surfhvvhg1 Lq

sudfwlfh/ lqwhusrodwlrq lv uhtxluhg ehwzhhq LPX rxwsxw gdwd srlqwv1
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D�S�� �L?�iht�L? |L ,@h|���i?|hi_ ��# �@h|it�@? �LLh_�?@|it

Wr vwduw/ lw lv qhfhvvdu| wr frqyhuw wkh +#> �> k, ydoxhv wr 60G Fduwhvldq frruglqdwhv1

Iru d 60G Fduwhvldq v|vwhp zlwk wkh ruljlq dw wkh fhqwuh ri wkh hoolsvrlg/ wkh { d{lv

hphujlqj dw wkh lqwhuvhfwlrq ri wkh Juhhqzlfk Phulgldq dqg wkh Htxdwru +qrwh { qrw

d}lpxwk glvwdqfh lq wklv vhfwlrq,/ wkh } d{lv hphujlqj dw wkh Qruwk sroh/ dqg wkh |

d{lv ruwkrjrqdo wr wkh {0 dqg } d{hv lq d uljkw0kdqghg frruglqdwh v|vwhp/ wkh iroorzlqj

frqyhuvlrq dssolhv +Phuu| ^7:`,=

5

9

9

9

7

{

|

}

6

:

:

:

8

@

5

9

9

9

7

+Q . k, frv # frv �

+Q . k, frv # vlq �
�

Q �
�

4� h
� �

. k
�

vlq #

6

:

:

:

8

+8144,

zkhuh

Q @
d

s

4� h � vlq
�

#
+8145,

dqg

h
�

@
d

� � e
�

d � +8146,

zlwk=

� d dv wkh vhpl0pdmru d{lv ohqjwk +96:;46:=333 p iru wkh ZJV ;7 hoolsvrlg,

� e dv wkh vhpl0plqru d{lv ohqjwk +9689:85=647 p iru wkh ZJV ;7 hoolsvrlg,

D�S�2 �@*U�*@|�L? Lu |�i 5|@h| �L�?| Lu |�i BhL�?_ +iuihi?Ui Ah@U!

Zlwk wkh frqyhuvlrq wr d 60G hduwk0fhqwuhg Fduwhvldq v|vwhp jlyhq e| Htxdwlrq 8144/

wkh iroorzlqj duh nqrzq lq wkh Fduwhvldq v|vwhp=

� Wkh vwduw dqg hqg srlqwv ri wkh qrplqdo �ljkw wudfn dqg khqfh wkh htxdwlrq ri

wkh vwudljkw olqh mrlqlqj wkhvh wzr srlqwv1 Lq wklv dqdo|vlv/ wkh vwduw srlqw ri wkh

qrplqdo wudfn lv wdnhq dv wkh �uvw gdwd srlqw surfhvvhg1 Wkh odvw srlqw ri wkh

uhihuhqfh wudfn lv wdnhq dv wkh srlqw zlwk wkh vdph hoolsvrlgdo khljkw dv wkh �uvw

srlqw/ exw zlwk wkh odwlwxgh dqg orqjlwxgh ri wkh odvw gdwd srlqw surfhvvhg1

� Wkh judglhqw ri wkh olqh lq wkuhh glphqvlrqv pdunlqj rxw wkh jurxqg uhihuhqfh

wudfn1 Wklv lv wkh vdph dv wkh judglhqw ri wkh qrplqdo �ljkw wudfn/ vlqfh wkh wzr

duh sdudooho1
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Iljxuh 818= Wkh yhfwru jhrphwu| iru �qglqj wkh vwduw srlqw ri wkh jurxqg uhihuhqfh

wudfn lq hduwk0fhqwuhg 60G fduwhvldq frruglqdwhv1

� Wkh dfwxdo srvlwlrq ri wkh udgdu dqwhqqd iru hdfk udqjh olqh lq wkh 60G Fduwhvldq

frruglqdwhv1

� Wkh dyhudjh jurxqg vshhg dorqj wkh qrplqdo �ljkw wudfn1

Wkxv/ wkh rqo| uhpdlqlqj gl�fxow sduw ri wkh prwlrq frpshqvdwlrq fdofxodwlrq lv

wr �qg wkh vwduw ri wkh jurxqg uhihuhqfh wudfn lq wkh 60G Fduwhvldq v|vwhp1 Rqfh wklv

lv nqrzq/ wkhq wkh srvlwlrqdo huuru iru hdfk udqjh olqh pd| eh fdofxodwhg hdvlo| dv wkh

gl�huhqfh lq vodqw udqjh iurp wkh dfwxdo0 dqg qrplqdo srvlwlrqv wr wkh jurxqg wudfn

uhihuhqfh srlqw dv vkrzq lq Iljxuh 8141 Wr �qg wkh vwduw ri wkh jurxqg uhihuhqfh wudfn

zh surfhhg zlwk wkh yhfwru gh�qlwlrqv ehorz1 Lq wklv vhfwlrq wkh yhfwru txdqwlwlhv duh

vkrzq lq erog w|sh +uhihu wr Iljxuhv 814 dqg 818,1

� D 0 wkh yhfwru iurp wkh ruljlq wr wkh vwduw ri wkh uhihuhqfh �ljkw wudfn +nqrzq,

� E 0 wkh yhfwru iurp wkh ruljlq wr wkh hqg ri wkh uhihuhqfh �ljkw wudfn +nqrzq,

� S 0 wkh yhfwru iurp wkh ruljlq wr wkh vwduw ri wkh jurxqg uhihuhqfh wudfn +xqnqrzq

0 wklv lv zkdw zh zdqw wr �qg,

� U 0 wkh yhfwru iurp wkh vwduw ri wkh uhihuhqfh �ljkw wudfn wr wkh vwduw ri wkh

uhihuhqfh jurxqg wudfn +xqnqrzq/ exw mUm lv nqrzq,
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� Y 0 d yhfwru lq wkh gluhfwlrq ri wkh qrplqdo �ljkw wudfn +nqrzq vlqfh Y @ +E�D,

dqg E dqg D duh nqrzq,

Xvlqj wkh deryh yhfwru gh�qlwlrqv dqg nqrzohgjh ri wkh vlgh0orrnlqj jhrphwu|/ wkh

iroorzlqj yhfwru htxdwlrqv duh ydolg +zlwk dqjoh � dv vkrzq lq Iljxuh 818,=

S @ D . U +8147,

U �Y @ 3 +8148,

U �D @ mUm mDm frv +� � �, +8149,

Lq dgglwlrq/ wkh iroorzlqj yhfwru uhodwlrqv lqyroylqj wkh furvv0 dqg grw yhfwru surgxfwv

duh ydolg=

+D�U, �Y A 3 +iru uljkw0orrnlqj dqwhqqd,

+D�U, �Y ? 3 +iru ohiw0orrnlqj dqwhqqd,
+814:,

Li zh ghqrwh wkh nqrzq frqvwdqwv mUm dv w +w qrw wlph khuh, dqg mUm mDm frv +� � �,

dv x/ dqg lq dgglwlrq/ pdnh wkh iroorzlqj gh�qlwlrqv

S @ +g> h> i,

D @ +k> n> p,

U @ +q> r> s,

Y @ +t> u> v,

+814;,

wkhq/ xvlqj wkh Pdsoh v|perolf pdqlsxodwlrq vriwzduh wr vroyh wkh iroorzlqj yhfwru

htxdwlrqv +edvhg rq wkh nqrzq pdjqlwxgh ri U/ Htxdwlrqv 8148 dqg 8149,

s
U �U @ w

U �Y @ 3

U �D @ x

+814<,

wkh vroxwlrq lv=

s @ �

r @ �
��� � � � �����	���� � ��� �

q @ �
� � � � � ��� � � �

� � ��� �

+8153,

zkhuh � lv d urrw ri wkh txdgudwlf d[
�

. e[ . f zkhuh wkh frh�flhqwv duh jlyhq e|

d @ v
�
n

�
. p

�
t

�
. t

�
n

� � 5uvpn . u
�
p

�
. k

�
v

� � 5kvpt . k
�
u

� � 5kutn

e @ 5uvxn . 5kvxt � 5xpu
� � 5xt

�
p

f @ u
�
x

�
. x

�
t

� � w
�
k

�
u

�
. 5w

�
tkun � w

�
t

�
n

�

+8154,
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Wkxv/ vroylqj iru wkh urrwv ri wkh txdgudwlf zlwk frh�flhqwv jlyhq e| Htxdwlrq 8154/

dqg wkhq hydoxdwlqj zklfk urrw jlyhv wkh h{shfwhg dqwhqqd gluhfwlrq iurp Htxdwlrq

814:/ |lhogv U dqg/ vlqfh D lv nqrzq/ zh fdq �qg S iurp S @ D . U +Htxdwlrq 8147,1

Wklv lv zkdw zh vhw rxw wr dfklhyh1

D�. �h@U|�U@* , Tih�i?Ui ��|� |�i 6W����f W�N @?_ 5�5�+

VO6 #@|@

Wkh dqdo|vlv suhvhqwhg lq Vhfwlrq 819 ruljlqdwhv iurp wkh fdqglgdwh*v prwlrq frpshq0

vdwlrq surfhvvlqj iru wkh VDVDU YKI vhqvru1 Wkh lqhuwldo phdvxuhphqw xqlw +LPX,

xvhg iru wkh �uvw udgldwlqj �ljkwv zdv d ILQ 6443 xqlw pdgh e| JHF0Pdufrql Ghihqfh

V|vwhpv ^95` dqg rq ordq wr wkh surmhfw iurp Nhqwurq/ sduw ri wkh Vrxwk Diulfdq Ghqho

Jurxs1 Wkh rxwsxw gdwd iurp wklv lqhuwldo xqlw lv lq wkh irup ri odwlwxgh #/ orqjlwxgh

� dqg hoolsvrlgdo khljkw k vr wkh whfkqltxhv ghvfulehg lq Vhfwlrq 819 dsso|1

H{foxglqj dqjxodu prwlrq gdwd vhwv/ wkuhh pdlq gdwd vhwv dydlodeoh iurp wkh ILQ

6443 xqlw +zlwk dvvrfldwhg sureohpv olvwhg ehorz iru VDU prwlrq frpshqvdwlrq, zhuh=

� JSV odwlwxgh/ orqjlwxgh dqg khljkw 0 vx�huv iurp wkh xvxdo vhohfwlyh dydlo0

delolw| dffxudf| olplwdwlrq ri derxw 433 phwuhv dqg wkxv lv qrw vxlwdeoh iru VDU

prwlrq frpshqvdwlrq1

� Lqhuwldo odwlwxgh/ orqjlwxgh dqg khljkw 0 ghulyhg gluhfwo| iurp wkh dffhohurp0

hwhuv dqg dqjxodu phdvxuhphqwv dqg lv wkxv vprrwk/ exw vx�huv iurp txdgudwlf

guliw h�hfwv +iurp wkh grxeoh lqwhjudwlrq ri wkh dffhohudwlrq gdwd,1

� Lqwhjudwhg odwlwxgh/ orqjlwxgh dqg khljkw 0 d frpelqdwlrq ri wkh lqhuwldo

gdwd dqg vprrwkhg JSV gdwd zklfk orrnhg lqlwldoo| wr eh wkh prvw xvhixo ri wkh

gdwd vhwv1 Krzhyhu/ rq forvh lqvshfwlrq/ lw zdv irxqg wkdw wkh lqwhjudwhg gdwd

frqwdlqhg �xfwxdwlrqv ri wkh rughu ri d phwuh hyhu| vhfrqg1 Wklv lv wrr odujh

iru wkh �@43 prwlrq frpshqvdwlrq dffxudf| uhtxluhphqw iru wkh VDVDU YKI

vhqvru1 Wkh fdxvh ri wkh phwuh �xfwxdwlrqv lq wkh lqwhjudwhg gdwd lv wkrxjkw

wr eh dwwhpswv e| wkh LPX vriwzduh wr wudfn wkh vprrwkhg JSV gdwd lq rughu

wr pdlqwdlq jrrg devroxwh srvlwlrqdo dffxudf|1 Glvfxvvlrqv zlwk shuvrqqho dw

Nhqwurq uhyhdohg wkdw wkh phwuh �xfwxdwlrqv lq wkh lqwhjudwhg gdwd kdg qrw

ehhq qrwlfhg lq wkhlu xvh ri wkh ILQ 64431 Wkh uhdvrq iru wklv lv wkdw Nhqwurq
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xvh kdg ehhq uhvwulfwhg wr dssolfdwlrqv zkhuh devroxwh dffxudf| ri wkh rughu ri

d ihz whqv ri phwuhv kdg ehhq wkh uhtxluhphqw/ qrw kljk uhodwlyh dffxudf| ryhu

shulrgv ri d ihz plqxwhv/ dv lv uhtxluhg iru orz iuhtxhqf| VDU1

Xvh ri wkh +vprrwk, lqhuwldo odwlwxgh/ orqjlwxgh/ dqg khljkw gdwd vhw xvlqj wkh

whfkqltxhv ghvfulehg lq Vhfwlrq 819 glg uhvxow lq d vpdoo/ exw ylvxdoo| qrwlfhdeoh/ lp0

suryhphqw lq wkh VDVDU YKI surfhvvlqj uhvxowv1 Krzhyhu/ lw vrrq ehfdph dssduhqw

wkdw wkh eldv dqg guliw h�hfwv lq wklv gdwd vhw zloo wkhpvhoyhv uhtxluh fruuhfwlrq iru

dffxudwh irfxvlqj1 Zrun lv surjuhvvlqj lq wklv duhd dw wkh Xqlyhuvlw| ri Fdsh Wrzq

wkurxjk pdnlqj xvh ri d frpelqdwlrq ri wkh dydlodeoh gdwd vhwv1 Idloxuh wr �qg d vdwlv0

idfwru| vroxwlrq wr wkh lqhuwldo gdwd guliw sureohp pd| uhvxow lq wkh xvh ri wkh whfkqltxh

ri gl�huhqwldo JSV iru khoslqj wr uhpryh wkhvh h�hfwv1 Gl�huhqwldo JSV grhv/ krzhyhu/

srvh sudfwlfdo gl�fxowlhv lq wkdw lw uhtxluhv d jurxqg �{hg JSV xqlw zlwklq udqjh iru

dffxudwh srvlwlrqdo phdvxuhphqwv1

Gxh wr wkhvh rwkhu/ pruh suhvvlqj/ prwlrq gdwd frqfhuqv/ wkh prwlrq frpshqvdwlrq

dssolhg wr wkh VDVDU YKI gdwd wr gdwh kdv qrw pdgh xvh ri wkh _vsrwolnh% prwlrq

frpshqvdwlrq whfkqltxh glvfxvvhg lq Vhfwlrq 81814 dqg rqo| d vlqjoh udqjh xsgdwh kdv

ehhq xvhg1

D�H �L|�L? �L4Ti?t@|�L? �@*U�*@|�L? �t�?} �L_)�� �t

�UUi*ih@|�L? �i@t�hi4i?|t

Lq wklv vhfwlrq/ wkh prwlrq frpshqvdwlrq whfkqltxh dssolhg e| wkh fdqglgdwh lq wkh

surfhvvlqj ri HVDU S0 dqg F0edqg gdwd lv glvfxvvhg1 Wklv lv ri lqwhuhvw lq wkdw wkh

lqhuwldo xqlw xvhg lq wkh HVDU v|vwhp |lhogv rxwsxw gdwd lq wkh irup ri erg| d{lv

dffhohudwlrqv/ udwkhu wkdq wkh odwlwxgh/ orqjlwxgh dqg hoolsvrlgdo khljkw rxwsxw ri wkh

vhqvru xvhg iru wkh VDVDU v|vwhp1 Wkh gl�huhqfh lq wkh irup ri wkh rxwsxw gdwd

ohdgv wr d gl�huhqw prwlrq frpshqvdwlrq vwudwhj|1 Dv iru wkh VDVDU YKI vhqvru/

wkh HVDU v|vwhp kdv d vx�flhqwo| zlgh d}lpxwk ehdpzlgwk vxfk wkdw udqjh zdon

fruuhfwlrq lv qrw uhtxluhg lq wkh vwdqgdug surfhvvlqj prghv1

Wkh LPX prwlrq gdwd xvhg lq wklv vhfwlrq=

� Wkh jurxqg vshhg +iruzdug yhorflw|, ri wkh dlufudiw1

� Wkh khljkw ri wkh dlufudiw deryh wkh whuudlq1
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� Wkh srvlwlrqdo ghyldwlrqv ri wkh dqwhqqd skdvh fhqwuh lq wkuhh glphqvlrqv dw doo

srlqwv dorqj wkh �ljkw wudfn1 Wklv dovr lpsolhv vrph fkrlfh iru wkh qrplqdo wudfn

+lpsruwdqw iru jhrfrglqj,1

D�H�� �L|�L? �L4Ti?t@|�L? �@*U�*@|�L?

Iru wkh HVDU gdwd/ wzr lqhuwldo vhqvruv zhuh dydlodeoh= wkh Olwhi OWU0;4 xqlw dqg

wkh Krqh|zhoo \J4::< ODVHUHI xqlw1 Wkh ODVHUHI vhqvru surylghv sdudphwhuv

vxfk dv wkh lqvwdqwdqhrxv jurxqg vshhg dqg guliw dqjohv1 Lqlwldo dwwhpswv dw prwlrq

frpshqvdwlrq xvlqj gdwd iurp wklv vhqvru glg qrw lpsuryh wkh lpdjh1 Wkh eldvhv dqg

guliwv lq wkh gdwd zhuh qrw nqrzq dqg/ diwhu vhyhudo xqvxffhvvixo dwwhpswv xvlqj wklv

gdwd/ Vwhidq Exfnuhxvv ri wkh GOU ^47`/ uhvsrqvleoh iru wkh HVDU prwlrq frpshq0

vdwlrq/ zdv dssurdfkhg iru dvvlvwdqfh1 Exfnuhxvv frq�uphg wkdw wkh ODVHUHI gdwd

zdv xquholdeoh dqg vxjjhvwhg xvlqj wkh OWU0;4 dffhohudwlrq dqg khdglqj gdwd1

Khhglqj wklv dgylfh/ wkh eldvhv dqg guliwv zhuh uhpryhg iurp wkh OWU0;4 dffho0

hudwlrq gdwd e| kljk0sdvv �owhulqj ehiruh dqg diwhu hdfk lqwhjudwlrq +Exfnuhxvv ^48`,1

Wkh kljk0sdvv �owhulqj zdv lpsohphqwhg dv d vlpsoh vxewudfwlrq ri wkh dyhudjh ydoxh

ri wkh sdudphwhu1 Wklv dssurdfk uhpryhv wkh orqj whup guliwv/ ohdylqj rqo| vpdoo

dpsolwxgh/ kljkhu iuhtxhqf| prwlrq1 Gl�huhqwldo JSV gdwd pxvw eh xvhg wr fruuhfw

iru orqjhu whup prwlrq/ exw wklv zdv qrw shuiruphg iru wkh lpdjh suhvhqwhg +Vhfwlrq

81;15, gxh wr wkh devhqfh ri fruuhvsrqglqj JSV gdwd iru wkh dydlodeoh udz HVDU gdwd1

Wklv kljk sdvv �owhulqj whfkqltxh kdv qrw ehhq dwwhpswhg wr gdwh zlwk wkh VDVDU

gdwd +wkh dffhohudwlrq gdwd zdv qrw uhfrughg rq wkh �uvw VDVDU �ljkwv,1 Dw VDVDU

iuhtxhqflhv/ wkh lpsuryhphqw rewdlqhg e| dsso|lqj wkh kljk sdvv �owhulqj whfkqltxh lv

qrw h{shfwhg wr eh dv lpsuhvvlyh dv iru wkh kljkhu iuhtxhqf| HVDU gdwd1

Iljxuh 819 vkrzv wkh prwlrq frpshqvdwlrq jhrphwu| xvhg1

Lq wkh pdwkhpdwlfdo wuhdwphqw ri wkh prwlrq frpshqvdwlrq fdofxodwlrq jlyhq lq

wklv vhfwlrq/ wkh iroorzlqj frqyhqwlrqv dqg dvvxpswlrqv duh xvhg=

� Wkh qrplqdo wudfn lv wdnhq dv wkh vwudljkw sdwk ehwzhhq wkh vwduw dqg hqg odw0

lwxgh dqg orqjlwxgh srvlwlrqv ri wkh dlufudiw iru wkh vfhqh dqg zlwk d frqvwdqw

dowlwxgh htxdo wr wkh dyhudjh dlufudiw dowlwxgh iru wkh vfhqh +fdofxodwhg iurp lq0

huwldo dowlwxgh phdvxuhphqwv,1

� Wkh ruljlq ri wkh hduwk0�{hg frruglqdwh v|vwhp lv wkh srlqw rq wkh jurxqg gluhfwo|

ehorz wkh dlufudiw dw wkh vwduw ri wkh wudfn1
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Iljxuh 819= R�0wudfn prwlrq uhvxowv lq udqjh ghyldwlrqv wr wkh wdujhw1

� Wkh {0d{lv ri wkh hduwk0�{hg frruglqdwh v|vwhp lv rulhqwhg dorqj wkh qrplqdo

�ljkw sdwk/ srvlwlyh | wr wkh ohiw ri wkh qrplqdo �ljkw sdwk dqg wkh }0d{lv yhuwl0

fdoo| xs1

� Wkh dqwhqqd lv ohiw srlqwlqj1

� Wkh whuudlq lv dvvxphg �dw1

� Wkh {/ | dqg } dffhohudwlrqv xvhg duh dvvxphg wr eh iru wkh hduwk0�{hg frruglqdwh

v|vwhp dv ghvfulehg1 Wkhvh hduwk0�{hg dffhohudwlrqv pd| eh ghulyhg iurp erg|0

�{hg dffhohudwlrqv e| fruuhfwlqj iru uroo/ slwfk dqg |dz1

Wkh vwhsv lqyroyhg lq wkh prwlrq huuru fdofxodwlrq duh=

41 Fdofxodwlrq ri wkh dyhudjh khljkw �k deryh whuudlq iurp wkh dyhudjh lqhuwldo dowl0

wxgh dqg whuudlq dowlwxgh1

51 Fdofxodwlrq ri wkh dyhudjh dffhohudwlrqv +�{ 	�
�
���� / �| 	 
�
�� � / �} 	 
�
���� , iru wkh vfhqh1

61 Vxewudfwlrq ri wkh dyhudjh dffhohudwlrqv dqg lqwhjudwlrq wr �qg wkh {/ |/ dqg }

yhorflwlhv1 Wkh lqwhjudwlrq frqvwdqwv duh uhpryhg lq wkh qh{w kljk0sdvv �owhulqj

rshudwlrq dqg vr pd| eh wdnhq dv }hur1 Qrwh wkdw d yhu| vlpsoh lqwhjudwlrq

vfkhph lv xvhg1 Wklv suryhv vx�flhqw/ exw d pruh vrsklvwlfdwhg vfkhph pd|
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hdvlo| eh hpsor|hg/ li qhfhvvdu|1 Wkh yhorflw| dw SUL s lv ghwhuplqhg iurp wkh

yhorflw| dw SUL +s� 4, dqg wkh dffhohudwlrq dw SUL s e|
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71 Fdofxodwlrq ri wkh dyhudjh yhorflw| ydoxhv +�{ � ��� / �| � ��� / �} � ��� , iru wkh vfhqh1

81 Vxewudfwlrq ri wkh dyhudjh yhorflwlhv dqg lqwhjudwlrq wr �qg wkh {/ | dqg } srvl0

wlrqdo ghyldwlrqv1 Rqfh djdlq/ wkh lqwhjudwlrq frqvwdqwv duh dvvxphg }hur1
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91 Fdofxodwlrq ri wkh dyhudjh srvlwlrqdo ghyldwlrq ydoxhv +�{� � ��� / �|� � ��� / �}� � ��� , iru wkh

vfhqh1

:1 Wkh srvlwlrq ri wkh dlufudiw xvhg iru wkh fdofxodwlrq ri wkh udqjh ghyldwlrq iurp

wkh qrplqdo irfxvlqj udqjh lv jlyhq e|
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Qrwh wkdw wkh dyhudjh khljkw k deryh whuudlq lv lqfoxghg lq wkh }� whup dv wkh

frruglqdwh v|vwhp ruljlq lv dw jurxqg ohyho1

;1 Wkh qrplqdo jurxqg udqjh U
 � ��� wr wkh irfxvlqj srvlwlrq lq wkh vzdwk +zlwk

vodqw udqjh U � � 
 , lv jlyhq e|

U
 � ��� @

t

+U � ��
 ,
� �

�

k
� �

+8158,

<1 Wkh irfxvlqj srvlwlrq lq wkh vzdwk lv wdnhq wr eh frqvwdqw iru doo SULv vlqfh wkh

qrplqdo prwlrq lq wkh { gluhfwlrq lv rplwwhg dv lw fdqfhov rxw ri udqjh fruuhfwlrq

fdofxodwlrqv1 Wkh irfxvlqj srvlwlrq frruglqdwhv duh wkhuhiruh
3

E

E

E

C

{ � ��


| � ��


} � ��


4

F

F

F

D

@

3

E

E

E

C

3

U
 � ���

3

4

F

F

F

D

+8159,

455



431 Wkh dfwxdo udqjh wr wkh irfxvlqj srvlwlrq lv jlyhq e|
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+815;,

441 Ilqdoo|/ wkh prwlrq frpshqvdwlrq udqjh fruuhfwlrq �U qhhghg iru SUL s +zkhuh

d srvlwlyh ydoxh ri �U lpsolhv wkdw wkh gdwd vkrxog eh vkliwhg dzd|, lv

�U @ U � ��
 �U
	�
�� � 	��
� +815<,

Wkh fruuhvsrqglqj skdvh fruuhfwlrq uhtxluhg lv jlyhq e| Htxdwlrq 8151

D�H�2 �L|�L? �L4Ti?t@|�L? W4ThL�i4i?| �? W4@}ih)

Lq wklv vhfwlrq/ wkh h�hfwv rq dq HVDU F0edqg lpdjh duh vkrzq iru wkh kljk sdvv pr0

wlrq frpshqvdwlrq whfkqltxh/ dv ghvfulehg lq Vhfwlrq 81;141 Wkh lpdjhu| zdv surfhvvhg

e| wkh fdqglgdwh xvlqj wkh vwdqgdug udqjh0Grssohu dssurdfk zlwk prwlrq frpshqvd0

wlrq wr d olqh dqg zlwkrxw udqjh xsgdwhv1

Iljxuh 81: vkrzv wkh lpsuryhphqw lq d F0edqg lpdjh ri wkh Ohfkyhog duhd1 Iru

h{dpsoh/ wkh urdg vkrzlqj xs dv wkh gdun yhuwlfdo ihdwxuh rq wkh uljkw ri wkh lp0

djh/ doprvw glvdsshduv lq wkh xqfruuhfwhg lpdjh1 Iru wkh prwlrq frpshqvdwhg lpdjh

erwk d skdvh vkliw dqg d udqjh vkliw kdyh ehhq dssolhg1 Gxh wr wkh kljk0sdvv �owhulqj

rshudwlrqv hpsor|hg lq wkh fdofxodwlrq ri udqjh fruuhfwlrqv/ wkh dfwxdo prwlrq frp0

shqvdwlrq udqjh vkliwv iru wklv lpdjh duh vpdoo +w|slfdoo| ohvv wkdq 6 p, dqg dv d uhvxow/

wkh r�0wudfn udqjh vkliwv duh gl�fxow wr revhuyh lq wkh lpdjh1 Wkh skdvh fruuhfwlrq lv

uhvsrqvleoh iru prvw ri wkh lpsuryhphqw revhuyhg1

D�b 5�44@h)

Lq wklv fkdswhu/ d qxpehu ri lvvxhv uhodwlqj wr VDU prwlrq frpshqvdwlrq kdyh ehhq

dgguhvvhg1 Wzr vwudwhjlhv iru uhfrqvwuxfwlrq ri wkh �ljkw sdwk iurp lqhuwldo vhqvru

gdwd kdyh ehhq suhvhqwhg zlwk wkh dssurdfk wr eh xvhg ghshqghqw rq wkh irup ri wkh

dydlodeoh lqhuwldo gdwd dqg wkh prwlrq frpshqvdwlrq uhtxluhphqwv ri wkh sduwlfxodu

v|vwhp xqghu frqvlghudwlrq1 Lq dgglwlrq wr wkh pruh frqyhqwlrqdo vwulspds prwlrq

frpshqvdwlrq wr d olqh/ wkh _vsrwolnh% dssurdfk ghyhorshg e| uhvhdufkhuv dw HULP iru

ghdolqj zlwk dqjxodu prwlrq frpshqvdwlrq ghshqghqfh iru v|vwhpv zlwk zlgh surfhvvhg

d}lpxwk ehdpv kdv ehhq glvfxvvhg lq wkh frqwh{w ri wkh VDVDU YKI v|vwhp1
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Iljxuh 81:= Dq HVDU pxowlorrn F0edqg lpdjh ri wkh Ohfkihog duhd zlwk prwlrq frp0

shqvdwlrq +wrs, dqg zlwkrxw prwlrq frpshqvdwlrq +erwwrp,1 Ioljkw gluhfwlrq iurp ohiw

wr uljkw zlwk vodqw udqjh lqfuhdvlqj yhuwlfdoo|1 Surfhvvlqj sdudphwhuv duh wkh vdph iru

erwk lpdjhv1
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Wkh Vrxwk Diulfdq VDU V|vwhp +VDVDU, lv wkh lqlwldwlyh ri Suri1 Plnh Lqjjv ri wkh

Xqlyhuvlw| ri Fdsh Wrzq Udgdu Uhprwh Vhqvlqj Jurxs1 Wkh surmhfw kdv ehhq ixqghg

vlqfh lwv lqfhswlrq e| Dupvfru/ wkh Vrxwk Diulfdq plolwdu| surfxuhphqw djhqf|1 Wkh

ixoo v|vwhp zdv hqylvdjhg wr eh ixoo| srodulphwulf dqg rshudwh lq pxowlsoh iuhtxhqf|

edqgv +YKI dqg O0edqg,/ exw rqo| wkh ixoo| srodulphwulf YKI udgdu kdv ehhq lpsoh0

phqwhg wr gdwh1 Wkh YKI vhqvru zdv vhhq dv dq lpsruwdqw uhvhdufk wrro iru jurxqg

shqhwudwlrq vwxglhv iru jhrorjlfdo dqg k|gurorjlfdo dssolfdwlrqv lq gu| uhjlrqv ri Vrxwk0

huq Diulfd1 Lq dgglwlrq/ wkh iroldjh shqhwudwlrq dqg vhqvlwlylw| wr pdq0pdgh vwuxfwxuhv

ri wkh rughu ri wkh zdyhohqjwk zdv vhhq dv ehlqj ri fohdu lqwhuhvw iru plolwdu| vxuyhlo0

odqfh1 D uhfhqw ryhuylhz ri wkh surmhfw lv jlyhq e| Lqjjv ^6;`1

Wkh v|vwhp vwduwhg dv dq lqlwldwlyh +Lqjjv hw do1 ^6<`, wr ghyhors d orz frvw/ gljlwdo

uhfruglqj v|vwhp iru wkh Uxvvldq 5=8 p VDU v|vwhp +sduw ri wkh lPDUN v|vwhp,1 Wklv

ohvvhu nqrzq VDU zdv rshudwhg e| wkh Prvfrz Vflhqwl�f Uhvhdufk Lqvwlwxwh ri Lqvwux0

phqw Hqjlqhhulqj dqg wkh Doo0Xqlrq Vflhqwl�f Uhvhdufk Lqvwlwxwh ri Nrvprdhurorjlfdo

Phwkrgv1 Wklv vhqvru zdv �rzq rq d Wxsxohy0467 dlufudiw dqg/ lq 4<<7/ lpdjhu| zdv

vwruhg dqg surfhvvhg rswlfdoo|1

Wkh lqwhqwlrq zdv wr eulqj wkh Uxvvldq dlufudiw rxw wr Vrxwk Diulfd wr ghprq0

vwudwh YKI VDU fdsdelolwlhv lq orfdo frqglwlrqv wr wkh plqlqj lqgxvwu|1 Krzhyhu/ lw

wudqvsluhg wkdw wkh Uxvvldq dlufudiw uhtxluhg d pdmru ryhukdxo zklfk idu h{fhhghg wkh

Vrxwk Diulfdq exgjhw iru wkh surmhfw dqg wkh Vrxwk Diulfdq �ljkwv zhuh fdqfhoohg1

Gxulqj wklv shulrg/ wkh XFW UUVJ ghvljqhg dqg exlow d orz frvw/ surwrw|sh gljlwdo
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uhfruglqj v|vwhp zklfk xqghuzhqw dq hqg0wr0hqg whvw lq wkh oderudwru| lq 4<<61 Dv d

uhvxow ri wklv vxffhvvixo whvw/ lw zdv ghflghg wr frqvwuxfw wkh UI kdugzduh uhtxluhg wr

frpsohwh d YKI VDU orfdoo|1 Dw wklv srlqw/ wkh v|vwhp lqwhjudwlrq dqg pdqdjhphqw

ri wkh surmhfw zdv jlyhq wr wkh Dhurwhn glylvlrq ri wkh FVLU dqg wkh frqvwuxfwlrq

ri wkh kdugzduh zdv frqwudfwhg rxw wr lqgxvwu|1 Doo vljqdo surfhvvlqj iru wkh v|vwhp

uhpdlqhg wkh uhvsrqvlelolw| ri wkh XFW UUVJ1

Wkh sodwirup wr eh xvhg iru wkh v|vwhp zdv d Vrxwk Diulfdq Dlu Irufh +VDDI,

Erhlqj :3: dlufudiw1 Wklv lv d odujh/ vwdeoh/ kljk vshhg/ suhvvxul}hg sodwirup1 Dq

dqwhqqd prxqwlqj vwuxfwxuh lq wkh irup ri d _fkhhn%/ �wwhg qhdu wkh qrvh ri wkh

dlufudiw/ zdv frqvwuxfwhg/ dv wkh Erhlqj kdg douhdg| ehhq prgl�hg wr fduu| rwkhu

lqvwuxphqwv rq vxfk d fkhhn1 Wkh dqwhqqd hohphqwv iru wkh Erhlqj dlufudiw zhuh Vrxwk

Diulfdq ghvljqhg dv dq duud| ri vl{ +wkuhh e| wzr,/ gxdo srodul}dwlrq lqfolqhg prqrsrohv1

Prghoolqj ri wkh Erhlqj dqwhqqd vwuxfwxuh vkrzhg wkdw wkh d}lpxwk edqgzlgwk zdv ri

wkh rughu ri 78 ghjuhhv zlwk d 93 ghjuhh hohydwlrq ehdpzlgwk1

Krzhyhu/ wkh VDDI Erhlqj :3: dlufudiw wr eh xvhg iru wkh VDU ehfdph ohvv dqg

ohvv dydlodeoh wr gxh wr lqfuhdvhg xvh iru glsorpdwlf plvvlrqv lq wklv shulrg1 Wkxv/ wkh

ghflvlrq zdv wdnhq wr pryh wkh v|vwhp wr dq VDDI wxuersurs GF6 +Gdnrwd, zlwkrxw

hyhu �|lqj wkh v|vwhp rq wkh Erhlqj :3:1 Wklv zdv vxffhvvixoo| frpsohwhg lq 4<<:1

Wkh GF6 lv qrw dv vwdeoh d sodwirup dv wkh Erhlqj/ pdnlqj wkh prwlrq frpshqvdwlrq

pruh fkdoohqjlqj1 Krzhyhu/ wkh vorzhu GF6 grhv doorz uhfruglqj ri wkh gdwd dw d orzhu

udwh/ iru d jlyhq d}lpxwk ehdpzlgwk dqg wudqvplwwhg iuhtxhqf|1

Wkh orz exgjhw/ orz sulrulw| vwdwxv ri wkh surmhfw kdv uhvxowhg lq wkh lqlwldo ghyhors0

phqw shulrg h{whqglqj zhoo eh|rqg zkdw zdv hqylvdjhg1 Krzhyhu/ wkh �uvw udgldwlqj

�ljkwv ri wkh v|vwhp rffxuuhg lq Mdqxdu| 4<<<1 Uhvxowv iurp wkhvh �uvw �ljkwv duh

suhvhqwhg lq wkh vhfwlrqv ehorz1

Wkh pdlq remhfwlyhv ri wklv fkdswhu duh wr suhvhqw d vkruw ryhuylhz ri wkh VDVDU

YKI surmhfw dqg wr suhvhqw vrph ri wkh surfhvvlqj uhvxowv dqg h{shulhqfh jdlqhg iurp

wkh �uvw udgldwlqj �ljkwv1

Wkh fdqglgdwh kdv ehhq lqyroyhg zlwk wkh VDVDU v|vwhp iurp lwv lqfhswlrq zlwk

d pdmru frqwulexwlrq wr wkh wrs ohyho v|vwhp ghvljq lvvxhv sduwlfxoduo| dv uhodwlqj wr

wkh VDU surfhvvlqj +lqfoxglqj/ iru h{dpsoh/ wkh fkrlfh ri rshudwlqj sdudphwhuv,1 Lq

dgglwlrq/ wkh fdqglgdwh lv uhvsrqvleoh iru doo wkh VDU surfhvvlqj iru wkh v|vwhp1 Zlwk

wkh h{fhswlrq ri wkh lqwhuihuhqfh vxssuhvvlrq urxwlqhv zklfk duh wkh zrun ri Ulfkdug
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Orug ri wkh XFW UUVJ ^75`^76`/ wkh hqwluh ghyhorsphqw/ frglqj/ lpsohphqwdwlrq/ dqg

lqwhjudwlrq ri wkh VDU surfhvvru +zlwk prwlrq frpshqvdwlrq, lv wkh fdqglgdwh*v rzq

zrun +edvhg rq wkh vwdqgdug udqjh0Grssohu dojrulwkp,1

S�2 5)t|i4 �@h@4i|iht

Wkh v|vwhp kdv ehhq ghvljqhg zlwk d prgxodu/ surjudppdeoh dssurdfk1 Wkh qxpehu

ri gdwd fkdqqhov lv yduldeoh +xs wr vl{ fxuuhqwo|, dqg hdfk gdwd fkdqqho lv uhfrughg

rq d uhprydeoh LGH kdug glvn1 Doo v|vwhp wlplqj lv surjudppdeoh lq vwhsv ri ;6=6

qdqrvhfrqgv +lqfoxglqj wkh sxovh ohqjwkv/ ghod| wr vwduw ri vdpsolqj/ hwf1,1 Wdeoh 914

jlyhv vrph ri wkh pdlq v|vwhp sdudphwhuv xvhg iru wkh �uvw udgldwlqj �ljkwv ri wkh

VDVDU YKI v|vwhp rq wkh GF6 dlufudiw1

S�2�� �?|i??@

Iru wkh GF6/ wkh lqfolqhg prqrsroh dqwhqqd hohphqwv duh prxqwhg gluhfwo| wr wkh vnlq

ri wkh dlufudiw wrzdugv wkh wdlo dqg/ gxh wr vsdfh frqvwudlqwv/ wkh dqwhqqd vwuxfwxuh

kdv ehhq uhgxfhg wr d wzr e| wzr hohphqw duud| +iurp wkh wkuhh e| wzr hohphqw duud|

sodqqhg iru wkh Erhlqj,1 Wkh d}lpxwk ehdpzlgwk ri wkh dqwhqqd duud| rq wkh GF6

kdv ehhq prghoohg wr eh ri wkh rughu ri 93 ghjuhhv1 Wkh dqwhqqd vwuxfwxuh/ prxqwhg

rq wkh GF6/ lv vkrzq lq Iljxuh 9141

S�2�2 #LTT*ih �@?_��_|� @?_ �hit�44�?}

Iurp Htxdwlrq 5145 ri Fkdswhu 5/ iru dq d}lpxwk ehdpzlgwk ri 93 ghjuhhv zlwk }hur

Grssohu fhqwurlg dqg d jurxqg vshhg ri <3 p2v/ wkh Grssohu edqgzlgwk lv ;7=8 K}1

Wkh SUI xvhg gxulqj wkh �ljkwv zdv 878 K} zlwk d suhvxp ri 71 Wkxv/ wkh gdwd

zhuh uhfrughg dw d udwh ri 469 K}/ zhoo deryh wkh Grssohu edqgzlgwk dqg qr d}lpxwk

dpeljxlw| h�hfwv kdyh ehhq revhuyhg lq wkh lpdjhu|1 Qrwh wkdw/ iru wkh fxuuhqw VDVDU

uhfruglqj v|vwhp/ d SUI ri 469 K} lv forvh wr wkh pd{lpxp vxvwdlqdeoh uhfruglqj udwh1

Dowkrxjk qrw uhtxluhg iru wkh fxuuhqw v|vwhp/ d vwxg| kdv ehhq shuiruphg e| \dqq

Wuhphdf ri wkh XFW UUVJ ^96` rq wkh uhgxfwlrq ri wkh gdwd udwh iru wkh YKI Erhlqj

v|vwhp wkurxjk wkh wzr0vwdjh lpsohphqwdwlrq ri d suhvxp rshudwlrq e| 6/ iroorzhg

e| d orz sdvv ILU �owhu rshudwlrq zlwk 64 wdsv1 Diwhu wkh suh�owhu/ wkh gdwd duh

vxevdpsohg lq d}lpxwk e| 7 iru d wrwdo gdwd udwh uhgxfwlrq idfwru ri 451 Dqdo|vlv ri

d vlpxodwhg YKI zlgh ehdp vljqdo +46 phwuhv udqjh uhvroxwlrq/ 78 ghjuhh d}lpxwk
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Sdudphwhu Ydoxh

Fhqwuh iuhtxhqf| 474 PK}

Srodul}dwlrq KK/ YY

Pd{ v|vwhp edqgzlgwk 45 PK} +ruljlqdoo| 9 PK},

Ehvw vodqw udqjh uhvroxwlrq 45 p

Sxovh prgxodwlrq prqrfkurpdwlf

Sxovh ohqjwk lqfuhphqwv ri ;6=6 qvhf

SUI surjudppdeoh +878 K} xvhg lq �uvw �ljkwv,

Jurxqg vshhg <3 p2v

Pd{ khljkw deryh vhd ohyho 7333 p

Wudqvplw shdn srzhu 4 nZ

Jdlq frqwuro pdqxdo

VWF vzlwfkdeoh +qrw dssolhg iru wkhvh �ljkwv,

Ghod| wr vwduw ri vdpsolqj 53 xvhf

Uhfhlyhu qrlvh idfwru ; gE

Suhvxp Udwlr 7

D2G iuhtxhqf| xs wr 57 PK}

Udqjh vdpsohv 537; 2 73<9

Gdwd irupdw ;0elw xqvljqhg fkdu L dqg T

D}lpxwk ehdpzlgwk 93 ghjuhhv

Hohydwlrq ehdpzlgwk 93 ghjuhhv

Wdeoh 914= VDVDU YKI sdudphwhuv iru wkh �uvw udgldwlqj �ljkwv1
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Iljxuh 914= Wkh VDVDU YKI dqwhqqd duud| vwuxfwxuh dv prxqwhg rq wkh GF6 dlufudiw1

ehdpzlgwk/ wdujhw dw 47 np forvhvw dssurdfk/ SUI 958 K}/ vljqdo Grssohu edqgzlgwk

4:: K}, kdv vkrzq wkdw wkh shdn d}lpxwk vljqdo dpeljxlw| ohyhov lq wkh d}lpxwk

irfxvhg lpdjh +zlwk 85 K} d}lpxwk vdpsolqj, duh ehorz �93 gE1 Wklv lqglfdwhv wkdw d

wzr0glphqvlrqdo suh�owhu zrxog qrw kdyh ehhq uhtxluhg iru wkh Erhlqj v|vwhp ghvslwh

wkh vhyhuh udqjh fxuydwxuh1

Li d suh�owhu lv dssolhg wr VDVDU zlwkrxw �uvw dsso|lqj prwlrq frpshqvdwlrq/

vrph frqvlghudwlrq vkrxog eh jlyhq wr wkh dorqj wudfn frkhuhqfh uhtxluhphqwv1 Wkh

whqwk ri d zdyhohqjwk prwlrq frpshqvdwlrq srvlwlrqdo dffxudf| uhtxluhphqw wudqvodwhv

lqwr uhtxlulqj wkdw wkh dlufudiw qrw ghyldwh iurp wkh qrplqdo wudfn e| pruh wkdq 54 fp

ryhu d shulrg ri dssur{lpdwho| 483 pvhf +wkh wlph h{whqw vsdqqhg e| wkh suh�owhu,1

Wklv lv hdvlo| dfklhydeoh1

S�2�� B@�? 5i||�?}t

Iru wkh �ljkw whvwv/ wkh jdlq vhwwlqjv zhuh vhw vxfk wkdw wkh qrlvh zdv vdpsohg e| d

ihz ohyhov ri wkh ;0elw D2G udqjh1 Wkh edfnvfdwwhuhg vljqdo zdv/ lq jhqhudo/ ehorz

wkh qrlvh ohyho ehiruh VDU surfhvvlqj1 Lw zdv irxqg wkdw/ jlyhq wkhvh jdlq vhwwlqjv/
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hyhq wkh odujhvw vljqdov uhfhlyhg +iurp wkh lqwhuihuhqfh, glg qrw vdwxudwh1 Wklv doorzhg

iru pruh dffxudwh lqwhuihuhqfh vxssuhvvlrq vlqfh folsshg lqwhuihuhqfh zrxog lqwurgxfh

kljkhu kduprqlfv1

S�2�e �hLUittLh ��L�Ui

Wkh pd{lpxp wdujhw vodqw udqjh xvhg iru wkh whvw �ljkwv zdv 5: np1 Iurp wkh dqdo|vlv

ri Fkdswhu 6 +Iljxuh 614<,/ iru d shuihfwo| prwlrq frpshqvdwhg srlqw wdujhw dw 63 np

forvhvw dssurdfk udqjh wr vx�hu iurp ohvv wkdq 43 shufhqw udqjh eurdghqlqj zkhuh

wkh vodqw udqjh uhvroxwlrq lv 45 phwuhv/ wkh wdujhw pd| eh surfhvvhg wr derxw 7 phwuh

uhvroxwlrq lq d}lpxwk zlwk wkh vwdqgdug udqjh0Grssohu surfhvvru1 Wkxv/ xvlqj wkh

whq shufhqw eurdghqlqj fulwhulrq/ wkh xvh ri wkh vwdqgdug udqjh0Grssohu surfhvvru

doorzv surfhvvlqj wr dq d}lpxwk uhvroxwlrq ri derxw 45 phwuhv +wr pdwfk wkh udqjh

uhvroxwlrq, zlwk wkuhh lqghshqghqw orrnv1 Wklv zdv ghhphg vx�flhqw iru wkh lqlwldo

v|vwhp hydoxdwlrq sxusrvhv/ hvshfldoo| jlyhq wkh pdq| rwkhu v|vwhp xqnqrzqv vxfk dv

wkh prwlrq frpshqvdwlrq dffxudf|1

Iru pruh vwulqjhqw surfhvvlqj uhtxluhphqwv/ dq dowhuqdwh surfhvvlqj dojrulwkp vxfk

dv wkh h{whqghg udqjh0Grssohu surfhvvru ri Fkdswhu 7/ ru wkh udqjh pljudwlrq dssurdfk

ri Fd�rulr hw do1 ^49`/ vkrxog eh xvhg1

S�� +it�*|t Lu 6�ht| 6*�}�|t

S���� W?|ihuihi?Ui 5�TThitt�L?

Lw ehfdph fohdu iurp wkh �uvw v|vwhp jurxqg whvwv wkdw lqwhuihuhqfh lq wkh iuhtxhqf|

edqg ri wkh YKI udgdu zrxog uhtxluh vxssuhvvlrq wr dyrlg vhulrxv frqwdplqdwlrq lq

wkh irfxvhg lpdjhv1 Wklv kdv lqghhg ehhq wkh fdvh iru wkh �uvw udgldwlqj �ljkwv zlwk

wkh lqwhuihuhqfh vkrzlqj xs dv euljkw yhuwlfdo olqhv lq wkh irfxvhg lpdjhv1

Wzr lqwhuihuhqfh vxssuhvvlrq whfkqltxhv kdyh ehhq ghyhorshg iru wkh udgdu e|

Ulfkdug Orug ri wkh XFW UUVJ1 Ghwdlov ri wkhvh pd| eh irxqg lq ^75` dqg ^76`1

Rqh whfkqltxh dssolhv d ohdvw phdq vtxduh dgdswlyh �owhu dqg wkh rwkhu d vlpsoh qrwfk

�owhulqj lq wkh udqjh iuhtxhqf| grpdlq1 Wkh xvh ri hlwkhu whfkqltxh uhvxowv lq d odujh

ylvxdo lpsuryhphqw lq wkh surfhvvhg YKI lpdjhv1 Wkh vxffhvv ri wkh lqwhuihuhqfh vxs0

suhvvlrq lv dwwulexwhg wr wkh qduurz edqg qdwxuh ri wkh lqwhuihulqj vljqdov hqfrxqwhuhg

dw wkhvh iuhtxhqflhv gxulqj wkhvh �ljkwv1
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Dq h�flhqw phwkrg ri lpsohphqwlqj wkh lqwhuihuhqfh vxssuhvvlrq urxwlqhv kdv ehhq

irxqg e| lqfrusrudwlqj wkh lqwhuihuhqfh vxssuhvvlrq zlwk wkh udqjh frpsuhvvlrq vwdjh

ri wkh udqjh0Grssohu surfhvvru +dv vkrzq lq Iljxuh 51: lq Fkdswhu 5,1

Dq lpsuryhphqw lq wkh lpdjh frqwudvw zdv rewdlqhg e| vdpsolqj wkh gdwd dw d kljk

udwh +57 PK} zdv xvhg iru vrph ri wkh gdwd wdnhv, dqg wkhq uhvwulfwlqj wkh edqgzlgwk

wr wkh edqgzlgwk ri wkh wudqvplwwhg vljqdo1 Lq sudfwlfh/ wklv zdv dfklhyhg e| dsso|lqj

udqjh frpsuhvvlrq +zlwk d }hur skdvh udqjh uhihuhqfh ixqfwlrq, wr wkh gdwd1 Wkh v|vwhp

dv fxuuhqwo| lpsohphqwhg grhv qrw xvh d uhfhlyh �owhu pdwfkhg wr wkh wudqvplwwhg sxovh

edqgzlgwk1 Wkxv/ iru wkh orqjhu sxovhv xvhg wr gdwh/ wkh udqjh frpsuhvvlrq vwhs uhvxowv

lq vljql�fdqw lpsuryhphqwv lq wkh lpdjhv dv wkh udqjh frpsuhvvlrq vwdjh dfwv dv wkh

�owhu pdwfkhg wr wkh wudqvplwwhg vljqdo edqgzlgwk/ uhvxowlqj lq ehwwhu lqwhuihuhqfh dqg

qrlvh vxssuhvvlrq1

S���2 W4@}i 5�}?@* |L �L�ti +@|�L

Lw lv fohdu iurp wkh lpdjhu| surfhvvhg wkxv idu wkdw wkh VDVDU YKI lpdjhv duh

vx�hulqj iurp d orz vljqdo wr qrlvh udwlr/ sduwlfxoduo| dw idu udqjh1 Wkh lpdjhv vkrzlqj

pruh idu udqjh vwuxfwxuh duh wkrvh zkhuh orqjhu sxovhv kdyh ehhq xvhg1 Wkhuh duh d

qxpehu ri uhdvrqv iru wkh srru lpdjh VQU=

� Wkh ehdp iruphu/ vkrzq lq Iljxuh 915/ zdv ghvljqhg iru wkh 90hohphqw duud| rq

wkh Erhlqj1 Wkxv/ lw zdv qhfhvvdu| wr pdnh xvh ri gxpp| ordgv rq wzr ri wkh

xqxvhg sruwv1 Wkh uhvxow ri wklv lv wkdw rqo| wzr wklugv ri wkh dydlodeoh srzhu lv

dfwxdoo| wudqvihuuhg wr wkh dqwhqqd1 Wkxv wkh 4 nZ �jxuh lq Wdeoh 914 lv odujhu

wkdq lv dfwxdoo| wkh fdvh1

� Wkh zlghu ehdp ri wkh wzr e| wzr duud| uhgxfhv wkh dqwhqqd jdlq dqg khqfh wkh

VQU lq wkh surfhvvhg lpdjhv1

� Pruh zrun lv uhtxluhg wr lpsuryh wkh prwlrq frpshqvdwlrq zklfk zloo lqfuhdvh

wkh VDU surfhvvlqj jdlq1

Wkh lpdjh VQU vkrxog eh juhdwo| lpsuryhg e| wkh lqfrusrudwlrq ri d sxovh h{0

sdqghu iru wkh qh{w �ljkwv +vfkhgxohg iru 4<<<, zkhuh sxovhv ri wkh rughu ri 48 pl0

furvhfrqgv zloo eh xvhg +Vhfwlrq 917,1
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Iljxuh 915= Wkh VDVDU YKI ehdpiruphu rq ohiw +qrwh wkh wzr gxpp| ordgv, dqg

lqhuwldo xqlw +rq uljkw,1

S���� #h�u|t �? �%# �L?�ih|iht

Diwhu wkh D2G frqyhuvlrq/ wkh gdwd iru wkh L dqg T fkdqqhov duh vwruhg dv ;0elw xqvljqhg

fkdudfwhuv1 Dq h�hfw zklfk uhtxluhv fruuhfwlrq iru VDVDU lv wkdw wkh GF r�vhwv iru

wkh L dqg T fkdqqhov whqg wr guliw e| d ihz ohyhov ryhu wkh shulrg ri d ihz plqxwhv1

Frpsrxqghg zlwk wkh douhdg| orz vljqdo ohyho iru wkhvh �uvw whvwv/ wkh xqfruuhfwhg guliw

fdq lq vrph fdvhv uhvxow lq doo jurxqg ihdwxuhv glvdsshdulqj iurp wkh irfxvhg lpdjh1

Wr frpshqvdwh iru wklv/ wkh dyhudjh ydoxh ri hdfk fkdqqho zdv fdofxodwhg iru wkh eorfn

ri gdwd wr eh surfhvvhg1 Wkh dyhudjh ydoxh lv xvhg dv wkh GF r�vhw iru wkh surfhvvlqj1

S���e �L|�L? �L4Ti?t@|�L?

Wkh prwlrq frpshqvdwlrq lpsohphqwdwlrq iru wkh �uvw �ljkw whvwv kdv ehhq glvfxvvhg

lq Fkdswhu 81 Wkh prwlrq frpshqvdwlrq dssolhg wr wkh YKI gdwd kdv |lhoghg d vpdoo

ylvxdo lpsuryhphqw wkxv idu/ exw pruh zrun lv qhhghg lq wklv duhd wr fruuhfw iru wkh

guliwv ri wkh lqhuwldo gdwd ryhu wkh v|qwkhwlf dshuwxuh ohqjwkv1 Zrun lv surfhhglqj lq

wklv duhd +Vhfwlrq 917,1

Qrwh wkdw/ wr gdwh/ wkh _vsrwolnh% prwlrq frpshqvdwlrq dssurdfk kdv qrw ehhq
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dwwhpswhg dqg wkh prwlrq frpshqvdwlrq kdv qrw ehhq xsgdwhg zlwk udqjh1 Wkh pruh

vhulrxv guliw h�hfwv duh ehlqj dgguhvvhg dv wkh �uvw sulrulw|1

S���D #i|iU|�L? Lu �@?�4@_i 5|h�U|�hit

Rqh ri wkh qrwdeoh ihdwxuhv ri wkh surfhvvhg lpdjhu| iurp wkh �uvw �ljkwv kdv ehhq wkdw

pdq0pdgh vwuxfwxuhv ri wkh rughu ri wkh zdyhohqjwk +vxfk dv gzhoolqjv, vkrz xs yhu|

euljkwo|1 Lq dgglwlrq/ wkhuh duh d qxpehu ri fdvhv ri euljkw olqhdu vwuxfwxuhv rulhqwhg

sdudooho wr wkh �ljkw sdwk zklfk vkrz xs yhu| euljkwo|1 Lqyhvwljdwlrq kdv vkrzq wkdw

wkhvh olqhdu ihdwxuhv duh qrw wkh d}lpxwk vlghoreh vwuxfwxuh ri yhu| euljkw wdujhwv1 Wkh

olqhdu ihdwxuhv duh wkrxjkw wr eh pdq0pdgh olqhdu vwuxfwxuhv vxfk dv ihqfhv +ru zluhv,

zkrvh rulhqwdwlrq lv vxfk wkdw lw kdsshqv wr olh sdudooho wr wkh �ljkw wudfn/ |lhoglqj

d odujh/ h{whqghg edfnvfdwwhuhg uhwxuq1 Lqwhuhvwlqjo|/ wkhvh ihdwxuhv vkrz xs lq erwk

wkh KK dqg YY lpdjhv +srvvleo| lqglfdwlqj frxsolqj ehwzhhq srodul}dwlrq fkdqqhov,1

Uhfhqw glvfxvvlrqv zlwk phpehuv ri wkh Vzhglvk FDUDEDV jurxs kdyh lqglfdwhg wkdw

vlplodu ihdwxuhv duh ylvleoh lq wkh FDUDEDV lpdjhu| dqg gr fruuhvsrqg wr ihqfhv1

Ixuwkhu v|vwhp fkdudfwhul}dwlrq dqg jurxqg wuxwk zrun zloo eh shuiruphg khuh1

S���S 5�5�+ VO6 W4@}ih)

Ghvslwh wkh orz VQU/ hqfrxudjlqj uhvxowv zhuh rewdlqhg iurp wkh �uvw udgldwlqj �ljkwv

ri wkh VDVDU YKI vhqvru lq Mdqxdu| 4<<</ sduwlfxoduo| iru wkh ghwhfwlrq ri pdq0pdgh

remhfwv ri wkh vfdoh ri wkh zdyhohqjwk1 Qrwh wkdw/ iru wkhvh �ljkwv/ rqo| rqh sdvv zdv

pdgh ri hdfk vfhqh dqg erwk KK dqg YY srodul}dwlrqv zhuh uhfrughg1

Iljxuh 916 vkrzv dq KK srodul}dwlrq YKI lpdjh ri wkh Jdqveddl duhd qhdu Fdsh

Wrzq/ Vrxwk Diulfd1 Wkh orqj wudqvplwwhg sxovh xvhg iru wklv gdwd vhw +:8 p udqjh

uhvroxwlrq, uhvxowhg lq ihdwxuhv ylvleoh dfurvv wkh zkroh 57 np udqjh vzdwk +rqo| 45

np vkrzq,1 Wkhuh duh d qxpehu ri ihdwxuhv ri lqwhuhvw lq wklv lpdjh1 Wkh qdglu uhwxuq

lv wkh euljkw krul}rqwdo olqh wrzdugv wkh erwwrp1 Vrph uhvlgxdo lqwhuihuhqfh +yhuwlfdo

olqhv, lv ylvleoh lq wkh gdun uhjlrq dw wkh yhu| erwwrp ehiruh dq| edfnvfdwwhuhg vljqdo

zdv uhfhlyhg1 Wkh krul}rqwdo vfdoorslqj h�hfw deryh wkh qdglu uhwxuq lv dq duwlidfw ri

wkh OPV lqwhuihuhqfh �owhu zkhq surfhvvlqj wkh euljkw qdglu uhwxuq1 Wkh euljkw uhjlrqv

wrzdugv wkh orzhu ohiw duh exloglqjv dqg wkh frdvwolqh lv ylvleoh1 Wkh �ljkw iru wklv gdwd

wdnh zdv odujho| ryhu wkh rfhdq zlwk d vpdoo sduw ryhu wkh odqg/ dv zlwqhvvhg e| wkh

vpdoo ghyldwlrq lq wkh vwduw ri wkh qdglu uhwxuq wrzdugv wkh ohiw ri wkh lpdjh1
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Iljxuh 916= Wkh Jdqveddl duhd qhdu Fdsh Wrzq1 Wkh lpdjh h{whqw lv 46 np lq d}lpxwk

+krul}rqwdo, e| 45 np lq vodqw udqjh +lqfuhdvlqj yhuwlfdo,1 KK srodul}dwlrq/ 55 p

qrplqdo d}lpxwk uhvroxwlrq/ 7 orrnv +518 lqghshqghqw,/ :8 p udqjh uhvroxwlrq/ OPV

dgdswlyh lqwhuihuhqfh �owhu/ �uvw rughu prwlrq frpshqvdwlrq/ udqjh frpsuhvvlrq1
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Iljxuh 917= VDVDU YKI KK lpdjh ri wkh Jdqveddl duhd1 Wkh lpdjh h{whqw lv 46

np lq d}lpxwk +krul}rqwdo, e| derxw 45 np lq vodqw udqjh +lqfuhdvlqj yhuwlfdo,1 55

p qrplqdo d}lpxwk uhvroxwlrq/ 7 orrnv +5=8 lqghshqghqw,/ :8 p udqjh uhvroxwlrq/ qr

lqwhuihuhqfh vxssuhvvlrq/ qr udqjh frpsuhvvlrq1

Iljxuh 917 vkrzv wkh vdph duhd dv Iljxuh 916/ exw wkh lpdjh lv vlqjoh orrn/ zlwkrxw

udqjh frpsuhvvlrq/ lqwhuihuhqfh vxssuhvvlrq dqg prwlrq frpshqvdwlrq1 Wkh vhyhuh

ghjudglqj h�hfw ri wkh lqwhuihuhqfh lv fohduo| ylvleoh dv wkh euljkw yhuwlfdo olqhv1 Wkh

euljkw olqhdu ihdwxuhv sdudooho wr wkh �ljkw wudfn duh glvfxvvhg lq Vhfwlrq 916181

Iljxuh 918 vkrzv wkh prvw vrxwkhuq sduw ri Diulfd/ Fdsh Djxokdv1 Wkh gdun uhjlrq

dw wkh erwwrp lv rfhdq1 Wkh euljkw uhjlrqv duh wkh wrzq duhdv zlwk dq lqwhuihuhqfh

vxssuhvvlrq �owhu duwlidfw ylvleoh dv wkh vphdulqj deryh wkh yhu| euljkw ihdwxuh dw plg

uljkw1

Dv d frpsdulvrq ehwzhhq wkh YY dqg KK fkdqqhov/ Iljxuhv 919 dqg 91: duh vlqjoh

orrn YY dqg KK lpdjhv/ uhvshfwlyho|/ zlwkrxw prwlrq frpshqvdwlrq ri wkh Fdsh
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Iljxuh 918= VDVDU YKI KK lpdjh ri wkh Fdsh Djxokdv duhd1 Wkh lpdjh h{whqw

lv 46 np rq d vlgh zlwk vodqw udqjh lqfuhdvlqj yhuwlfdoo|1 58 p udqjh uhvroxwlrq/

OPV dgdswlyh lqwhuhihuhqfh vxssuhvvlrq/ udqjh frpsuhvvlrq/ 55 p qrplqdo d}lpxwk

uhvroxwlrq/ 7 orrnv +518 lqghshqghqw,/ udqjh frpsuhvvlrq1
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Iljxuh 919= VDVDU YKI YY vlqjoh orrn lpdjh ri wkh Fdsh Djxokdv duhd1 D}lpxwk

dqg udqjh h{whqw lv 46 np zlwk vodqw udqjh lqfuhdvlqj yhuwlfdoo|1 Qrplqdo d}lpxwk

uhvroxwlrq 55 p/ 58 p udqjh uhvroxwlrq/ udqjh frpsuhvvlrq/ OPV dgdswlyh lqwhuihuhqfh

vxssuhvvlrq/ qr prwlrq frpshqvdwlrq1

Djxokdv duhd1 Dvlgh iurp wkh LT fkdqqho GF r�vhwv/ wkh vdph surfhvvlqj sdudphwhuv

kdyh ehhq xvhg iru wkhvh wzr lpdjhv1 Lq jhqhudo/ pruh lqwhuihuhqfh zdv revhuyhg lq wkh

YY lpdjhv wkdq wkh KK lpdjhv surfhvvhg1 Vfdoorslqj gxh wr wkh OPV lqwhuhihuhqfh

�owhu surfhvvlqj ri wkh euljkw qdglu uhwxuq lv ylvleoh1
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Iljxuh 91:= VDVDU YKI KK vlqjoh orrn lpdjh ri wkh Fdsh Djxokdv duhd1 D}lpxwk

dqg udqjh h{whqw lv 46 np zlwk vodqw udqjh lqfuhdvlqj yhuwlfdoo|1 Qrplqdo d}lpxwk

uhvroxwlrq 55 p/ 58 p udqjh uhvroxwlrq/ udqjh frpsuhvvlrq/ OPV dgdswlyh lqwhuihuhqfh

vxssuhvvlrq/ qr prwlrq frpshqvdwlrq1
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Iljxuh 91;= D prvldf ri ylghr iudphv ri wkh Fdsh Djxokdv duhd uhfrughg dw wkh vdph

wlph dv wkh udgdu gdwd1

Gxulqj wkh VDVDU �ljkwv/ d fruuhvsrqglqj ylghr lpdjh zdv rewdlqhg wkurxjk d

zlqgrz ri wkh dlufudiw1 Iru uhihuhqfh/ d ylghr prvdlf ri wkh Fdsh Djxokdv duhd lv

vkrzq lq Iljxuh 91;1

S�e 6�|�hi �U|���|�it

Wkh �uvw udgldwlqj �ljkwv kdyh |lhoghg hqfrxudjlqj uhvxowv/ exw wkhuh lv pxfk zrun wr

eh grqh wr lpsuryh wkh v|vwhp1 Wkh iroorzlqj duh vhhq dv ehlqj ri kljk sulrulw|=

� Lqfrusrudwlrq ri wkh sxovh h{sdqghu1 Wklv vkrxog eh frpsohwh e| Mxqh 4<<<1 D

olqhdu IP sxovh prgxodwlrq zloo eh xvhg zlwk d edqgzlgwk ri 45 PK} dqg d

sxovh ohqjwk ri wkh rughu ri 48 plfurvhfrqgv1 Wklv sxovh ohqjwk lv d idfwru ri

4;3 orqjhu wkdq wkh vkruwhvw sxovh fxuuhqwo| xvhg ri ;6=6 qdqrvhfrqgv +|lhoglqj

45 p uhvroxwlrq,1 Wkh xvh ri wkh sxovh h{sdqghu zloo uhtxluh wkdw wkh udqjh

frpsuhvvlrq lv shuiruphg lq vriwzduh1 Krzhyhu/ wklv zloo qrw d�hfw wkh surfhvvlqj

wlph vljql�fdqwo| dv wkh lqwhuihuhqfh vxssuhvvlrq douhdg| pdnhv xvh ri wkh udqjh

frpsuhvvlrq urxwlqh1

� Zrun wr lpsuryh wkh prwlrq frpshqvdwlrq e| uhprylqj orqj whup guliw h�hfwv1

Xvh lv sodqqhg ri gl�huhqwldo JSV iru wkh qh{w �ljkwv wr dvvlvw lq wklv uhjdug1 Lq

dgglwlrq/ wkh wlplqj odwhqflhv lq wkh prwlrq frpshqvdwlrq gdwd kdyh |hw wr eh

ghwhuplqhg1
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� Pruh zrun rq fkdudfwhul}lqj doo dvshfwv ri v|vwhp shuirupdqfh dqg v|vwhp fdo0

leudwlrq1 Wklv zrxog lqfoxgh �ljkwv ryhu d zhoo nqrzq vlwh htxlsshg zlwk fdol0

eudwlrq uh�hfwruv +ru wudqvsrqghuv,1

� Zrun rq hvwdeolvklqj jurxqg wuxwk iru wkh vfhqhv lpdjhg dqg YKI lpdjh lqwhu0

suhwdwlrq1
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Wklv wkhvlv kdv irfxvhg rq wkh dssolfdwlrq ri udqjh0Grssohu surfhvvlqj dw YKI iuh0

txhqflhv iru zlgh ehdp/ dlueruqh/ vwulspds VDU v|vwhpv zlwk }hur Grssohu fhqwurlg

dqg prghvw uhodwlyh sxovh edqgzlgwkv1 Wkh wkhru| ri vxfk VDU rshudwlrq kdv ehhq

dgguhvvhg/ sduwlfxoduo| dv shuwdlqlqj wr udqjh0Grssohu surfhvvlqj1

Wkh uhjlrqv ri dssolfdelolw| ri vwdqgdug udqjh0Grssohu surfhvvlqj/ zkhq dssolhg

zlwkrxw Grssohu iuhtxhqf| ghshqghqw VUF/ kdyh ehhq lqyhvwljdwhg iru d udqjh ri

surfhvvlqj sdudphwhuv lq wkh iuhtxhqf| udqjh ri 433 PK} wr 533 PK}/ exw zlwk hp0

skdvlv rq wkh VDVDU YKI iuhtxhqf| ri 474 PK}1 Xvlqj vlpxodwhg VDU vljqdov/ wkh

h�hfwv ri fhqwuh iuhtxhqf|/ wdujhw forvhvw dssurdfk udqjh dqg qrplqdo udqjh uhvrox0

wlrq kdyh ehhq lqyhvwljdwhg/ hdfk iru d udqjh ri surfhvvhg d}lpxwk uhvroxwlrqv1 Sorwv

kdyh ehhq surgxfhg vkrzlqj wkhvh ghshqghqflhv/ zlwk wkh lqwhqwlrq wkdw wkhvh pd|

vhuyh dv xvhixo uhihuhqfhv dv wr wkh olplwv ri vwdqgdug udqjh0Grssohu surfhvvruv dw wkhvh

iuhtxhqflhv1 Wkh dqdo|vlv ri surfhvvru shuirupdqfh lqfoxghv wkh d}lpxwk uhvroxwlrq/

exw kdv irfxvhg rq wkh ghjudgdwlrq ri wkh udqjh lpsxovh uhvsrqvh dqg txdqwl�hg lq

whupv ri uhvroxwlrq phdvxuhphqwv/ wkh shdn0 dqg lqwhjudwhg vlghoreh ohyhov/ dqg wkh

qrq0olqhdu skdvh huuru lq wkh Irxulhu grpdlq1

D h{whqvlrq wr udqjh0Grssohu surfhvvlqj/ zlwk edvlf lghd �uvw sxeolvkhg e| Udqh|

dqg Ydfkrq/ kdv ehhq ghprqvwudwhg wr fdwhu iru wkh vhyhuh udqjh fxuydwxuh fdvh1 Wkh

h{whqghg surfhvvru/ vxjjhvwhg lq wklv frqwh{w e| Mlq/ pdnhv xvh ri dq lqlwldo fruuhfwlrq
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wr d uhihuhqfh udqjh wkurxjk d pxowlsolfdwlrq zlwk d uhihuhqfh ixqfwlrq lq wkh 50G

iuhtxhqf| grpdlq1 Wklv lv iroorzhg e| d uhvlgxdo udqjh fxuydwxuh dqg d}lpxwk irfxvlqj

rshudwlrq lq wkh udqjh0Grssohu grpdlq1 Wkurxjk surfhvvlqj ri udqjh frpsuhvvhg

vlpxodwhg VDU vljqdov zlwk vhyhuh udqjh fxuydwxuh/ wkh h{whqghg surfhvvru kdv ehhq

vkrzq wr surylgh vljql�fdqwo| lpsuryhg shuirupdqfh ryhu wkh vwdqgdug udqjh0Grssohu

surfhvvru1 Wkh h{whqghg surfhvvru kdv ehhq ghprqvwudwhg iru wzr uhihuhqfh udqjhv=

rqh pdwfkhg wr rqh ri wkh vlpxodwhg wdujhwv dqg wkh rwkhu wr d udqjh rxwvlgh ri wkh

udqjh ri wkh vlpxodwhg gdwd vhw1 Dv zrxog eh h{shfwhg/ wkh surfhvvlqj shuirupdqfh

ghjudghv zlwk plvpdwfk ehwzhhq wdujhw udqjh dqg uhihuhqfh udqjh/ exw wkh uhvxowv

duh vwloo ydvwo| ehwwhu wkdq iru wkh vwdqgdug udqjh0Grssohu surfhvvru1 Rqfh djdlq/

wkh dqdo|vlv kdv irfxvhg rq wkh udqjh lpsxovh uhvsrqvh dqg txdqwl�hg lq whupv ri

uhvroxwlrq/ shdn0 dqg lqwhjudwhg vlghoreh ohyhov/ dqg qrq0olqhdu Irxulhu skdvh1

Dlueruqh prwlrq frpshqvdwlrq vwudwhjlhv dv fxuuhqwo| lpsohphqwhg iru wkh VDVDU

YKI vhqvru dqg wkh HVDU v|vwhp kdyh ehhq glvfxvvhg1 D whfkqltxh iru fdofxodwlrq

ri wkh �ljkw sdwk lq Fduwhvldq frruglqdwhv jlyhq odwlwxgh/ orqjlwxgh dqg hoolsvrlgdo

khljkw phdvxuhphqwv/ kdv ehhq suhvhqwhg1 Lq dgglwlrq/ dq HULP0ghyhorshg dssurdfk

iru lqfoxglqj dq d}lpxwk ghshqghqfh iru zlgh ehdp prwlrq frpshqvdwlrq kdv ehhq

glvfxvvhg lq wkh frqwh{w ri wkh VDVDU v|vwhp1

D eulhi ryhuylhz ri wkh VDVDU YKI surmhfw/ dv zhoo dv uhvxowv dqg h{shulhqfh

jdlqhg iurp wkh vljqdo surfhvvlqj ri wkh gdwd iurp wkh �uvw udgldwlqj �ljkwv/ kdv ehhq

suhvhqwhg1 Wkh uhvxowv iurp wkh �uvw �ljkwv duh hqfrxudjlqj/ zlwk pdq0pdgh remhfwv

ri wkh vfdoh ri wkh zdyhohqjwk vkrzlqj xs yhu| euljkwo| lq wkh lpdjhu|1 Wkh ixuwkhu

ghyhorsphqw dqg whvwlqj ri wklv vhqvru iru d udqjh ri dssolfdwlrqv vkrxog khos �oo d

vljql�fdqw jds lq wkh jhqhudo VDU nqrzohgjh derxw zkdw xvhixo lqirupdwlrq fdq eh

rewdlqhg iurp dq dlueruqh v|vwhp dw wkhvh iuhtxhqflhv1

.�2 6�|�hi L̀h!

Vfrsh iru ixwxuh zrun lqfoxghv=

� Dq h{sdqvlrq ri wkh zrun ri wkh lqyhvwljdwlrq lqwr wkh surfhvvlqj shuirupdqfh ri

wkh vwdqgdug udqjh0Grssohu dojrulwkp zkhq dssolhg wr vljqdov zlwk vhyhuh udqjh

fxuydwxuh1 Zkloh pxfk h�ruw zdv h{shqghg lq rewdlqlqj wkh uhvxowv ri Fkdswhu 6/

wkh YKI vlpxodwlrq sdudphwhuv xvhg rqo| vsdq d vpdoo vxevhw ri srvvleoh uhjlrqv

ri lqwhuhvw +kljkhu iuhtxhqflhv zlwk �qhu udqjh uhvroxwlrqv duh dq h{dpsoh,1 Vxfk
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dq lqyhvwljdwlrq zrxog eh dlghg e| d wkrurxjk pdwkhpdwlfdo dqdo|vlv/ li wklv

suryhv wudfwdeoh1

� D surfhvvru shuirupdqfh frpsdulvrq ehwzhhq wkh h{whqghg udqjh0Grssohu surfhv0

vru dqg rwkhu dssurdfkhv vxfk dv fklus vfdolqj dqg wkh udqjh pljudwlrq dojr0

ulwkpv1

� Dq lqyhvwljdwlrq lqwr wkh dssolfdwlrq dqg shuirupdqfh ehqh�wv ri xvlqj pxowlsoh

50G uhihuhqfh ixqfwlrqv zlwk wkh h{whqghg dojrulwkp1

� Wkh dssolfdwlrq ri wkh h{whqghg dojrulwkp wr uhdo gdwd vhwv zlwk vhyhuh udqjh

fxuydwxuh1 Iru h{dpsoh/ dssolfdwlrq wr wkh S6 VDU gdwd zrxog doorz iru d frp0

sdulvrq/ erwk lq h�flhqf| dqg shuirupdqfh zlwk wkh udqjh pljudwlrq dssurdfk

fxuuhqwo| lq xvh1

� Zrun rq lpsurylqj wkh prwlrq frpshqvdwlrq iru wkh VDVDU YKI vhqvru/ jlyhq

wkh lqdffxudflhv ri wkh lqhuwldo phdvxuhphqwv1 Wkh xvh ri gl�huhqwldo JSV lv

xqghu frqvlghudwlrq wr dvvlvw lq wklv uhjdug iru wkh qh{w �ljkwv1 Lq dgglwlrq/ jlyhq

wkh euljkw qdwxuh ri fhuwdlq vfdwwhuhuv uhodwlyh wr wkh edfnjurxqg/ lw pd| zhoo eh

srvvleoh wr pdnh xvh ri dxwrirfxv whfkqltxhv zlwk wkh VDVDU YKI lpdjhu|1

Wkh dssolfdwlrq ri vxfk whfkqltxhv dv surplqhqw srlqw surfhvvlqj +Fduudud hw do1

^4:` sj1 659, uhtxluhv lqyhvwljdwlrq iru VDVDU1

� Pxfk zrun lv uhtxluhg rq fkdudfwhul}dwlrq ri wkh shuirupdqfh ri wkh hohphqwv

pdnlqj xs wkh VDVDU YKI vhqvru1 Wklv lqfoxghv lqyhvwljdwlrq lqwr skdvh hu0

uruv/ fkdqqho lpedodqfhv/ dqg doo dvshfwv ri v|vwhp fdoleudwlrq1 Lq dgglwlrq/ wkh

rq0erdug txlfnorrn surfhvvru uhtxluhv dq xsjudgh li lw lv wr eh xvhixo iru wkh

YKI vhqvru1 Dq dfwlylw| lv sodqqhg dw wkh XFW UUVJ wr fuhdwh d sdudooho

yhuvlrq ri wkh fxuuhqw udqjh0Grssohu VDU surfhvvru zklfk zloo uxq rq d foxvwhu

ri SFv1 Rqfh rshudwlrqdo/ wklv zloo doorz iru d yhu| kljk vshhg/ exw orz frvw

jurxqg surfhvvru1 Lq dgglwlrq/ wkh vdph frgh pd| eh uxq +zlwk ohvv ghpdqglqj

sdudphwhuv, rq erdug wkh dlufudiw dv wkh txlfnorrn surfhvvru1

� Zlwk wkh �uvw lpdjhv iurp wkh VDVDU YKI vhqvru frphv wkh wdvn ri lpdjh

lqwhusuhwdwlrq dqg h{wudfwlrq ri ihdwxuhv ri lqwhuhvw1 Wklv wdvn kdv rqo| mxvw

ehjxq1
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^4` Sulydwh glvfxvvlrq zlwk Plfkdho Mlq dw MSO/ Sdvdghqd/ Fdoliruqld1 Dsulo 4<<;1

^5` Sulydwh h0pdlo fruuhvsrqgdqfh zlwk Ulfkdug Edpohu ri GOU2GIG/ Jhupdq|1

Dsulo 4<<<1

^6` Sulydwh glvfxvvlrq zlwk Ulfkdug Edpohu dw GOU2GIG/ Jhupdq|1 Dxjxvw 4<<:1

^7` Sulydwh h0pdlo fruuhvsrqgdqfh zlwk Urq Jrrgpdq ri HULP/ XVD1 Pdufk 4<<:1

^8` Gdoh D1 Dxvkhupdq/ Dgdp Nr}pd/ Mdfn O1 Zdonhu/ Kduulvrq P1 Mrqhv/ dqg Hq0

ulfr F1 Srjjlr1 Ghyhorsphqwv lq Udgdu Lpdjlqj1 LHHH Wudqvdfwlrqv rq Dhurvsdfh

dqg Hohfwurqlf V|vwhpv/ DHV053+7,=696~733/ Mxo| 4<;71

^9` Vxqh U1M1 D{hovvrq1 Iuhtxhqf| dqg D}lpxwkdo Yduldwlrqv ri Udgdu Furvv Vhfwlrq

dqg Wkhlu Lq�xhqfh Xsrq Orz0Iuhtxhqf| VDU Lpdjlqj1 LHHH Wudqvdfwlrqv rq

Jhrvflhqfh dqg Uhprwh Vhqvlqj/ 66+8,=458;~4598/ Vhswhpehu 4<<81

^:` Ulfkdug Edpohu1 D Frpsdulvrq ri Udqjh0Grssohu dqg Zdyhqxpehu Grpdlq VDU

Irfxvvlqj Dojrulwkpv1 LHHH Wudqvdfwlrqv rq Jhrvflhqfh dqg Uhprwh Vhqvlqj/

63+7,=:39~:46/ Mxo| 4<<51

^;` Ulfkdug Edpohu1 VDU Surfhvvlqj Wkhru| 0 Ohfwxuh Qrwhv1 Ghxwfkh

Iruvfkxqjvdqvwdow ixu Oxiw0 xq Udxpidkuw +GOU,/ 4<<91

^<` E1F1 Eduehu1 Wkhru| ri Gljlwdo Lpdjlqj iurp Ruelwdo V|qwkhwlf0Dshuwxuh Udgdu1

Lqwhuqdwlrqdo Mrxuqdo ri Uhprwh Vhqvlqj/ 9+:,=433<~438:/ 4<;81

^43` Jud|grq O1 Ehuolq/ Prkdpphg D1 Wdude}rxql/ Degxoodk K1 Do0Qdvhu/ Ndpho P1

Vkhlnkr/ dqg Ulfkdug Z1 Oduvrq1 VLU0E Vxevxuidfh Lpdjlqj ri d Vdqg0Exulhg

Odqgvfdsh= Do Odeedk Sodwhdx/ Vdxgl Dudeld1 LHHH Wudqvdfwlrqv rq Jhrvflhqfh

dqg Uhprwh Vhqvlqj/ JH057+7,=8<8~935/ Mxo| 4<;91
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^44` Em�ruq Oduvvrq/ Shu0Rory Iu�rolqg/ Dqghuv Jxvwdyvvrq/ Kdqv Khoovwhq/ Wrpp|

Mrqvvrq/ Jxqqdu Vwhqvwu�rp/ dqg Oduv Xodqghu1 Vrph Uhvxowv iurp wkh Qhz

FDUDEDV LL VDU V|vwhp1 Lq Surfhhglqjv ri Wklug Lqwhuqdwlrqdo Dlueruqh Uh0

prwh Vhqvlqj Frqihuhqfh dqg H{klelwlrq/ Frshqkdjhq/ Ghqpdun/ 4<<:1

^45` Urq Eudfhzhoo1 Wkh Irxulhu Wudqvirup dqg Lwv Dssolfdwlrqv1 PfJudz0Kloo/ Qhz

\run/ 4<981

^46` Zlooldp P1 Eurzq1 V|qwkhwlf Dshuwxuh Udgdu1 LHHH Wudqvdfwlrqv rq Dhurvsdfh

dqg Hohfwurqlf V|vwhpv/ DHV06+5,=54:~55</ Pdufk 4<9:1

^47` Vwhidq Exfnuhxvv1 Prwlrq Huuruv lq dq Dlueruqh V|qwkhwlf Dshuwxuh Udgdu V|v0

whp1 HWW Mrxuqdo/ 5+9,=988~997/ Qryhpehu 4<<41

^48` Vwhidq Exfnuhxvv1 Prwlrq Frpshqvdwlrq iru Dlueruqh VDU Edvhg rq Lqhuwldo

Gdwd/ UGP dqg JSV1 Lq Surfhhglqjv ri wkh 4<<7 Lqwhuqdwlrqdo Jhrvflhqfh dqg Uh0

prwh Vhqvlqj V|psrvlxp +LJDUVV *<7,/ yroxph 7/ sdjhv 4<:4 ~ 4<:6/ Sdvdghqd/

XVD/ Dxjxvw <71

^49` F1 Fd�rulr/ F1 Sudwl/ dqg H1 Urffd1 VDU Gdwd Irfxvlqj Xvlqj Vhlvplf Pljudwlrq

Whfkqltxhv1 LHHH Wudqvdfwlrqv rq Dhurvsdfh dqg Hohfwurqlf V|vwhpv/ 5:+5,=4<7~

53:/ Pdufk 4<<41

^4:` Zdow J1 Fduudud/ Urq V1 Jrrgpdq/ dqg Urqdog P1 Pdmhzvnl1 Vsrwoljkw V|qwkhwlf

Dshuwxuh Udgdu 0 Vljqdo Surfhvvlqj Dojrulwkpv1 Duwhfk Krxvh/ Ervwrq/ 4<<81

^4;` Zdowhu Fduudud/ Vuhhqlgkl Wxppdod/ dqg Urq Jrrgpdq1 Prwlrq Frpshqvdwlrq

Dojrulwkp iru Zlghehdp Vwulspds VDU1 Surfhhglqjv ri wkh VSLH/ 57;:=46~56/

4<<81

^4<` Fkduohv H1 Frrn dqg Pduylq Ehuqihog1 Udgdu Vljqdov 0 Dq Lqwurgxfwlrq wr Wkhru|

dqg Dssolfdwlrq1 Duwhfk Krxvh/ PD/ 4<<61

^53` Mrkq F1 Fxuodqghu dqg Urehuw Q1 PfGrqrxjk1 V|qwkhwlf Dshuwxuh Udgdu1 Zloh|/

Fdqdgd/ 4<<41

^54` Pdun U1 Gulqnzdwhu/ Urqdog Nzrn/ dqg Hulf Uljqrw1 V|qwkhwlf Dshuwxuh Udgdu

Srodulphwu| ri Vhd Lfh1 Lq Surfhhglqjv ri wkh 4<<3 Lqwhuqdwlrqdo Jhrvflhqfh dqg

Uhprwh Vhqvlqj V|psrvlxp +LJDUVV *<3,/ yroxph 5/ sdjhv 4858 ~ 485;/ Zdvk0

lqwrq G1F1/ XVD/ Pd| 4<<31
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^55` Fkduohv Hodfkl1 Lqwurgxfwlrq wr wkh Sk|vlfv dqg Whfkqltxhv ri Uhprwh Vhqvlqj1

Mrkq Zloh| dqg Vrqv/ Qhz \run/ 4<;:1

^56` Fkduohv Hodfkl1 Vsdfheruqh Udgdu= Uhprwh Vhqvlqj Dssolfdwlrqv dqg Whfkqltxhv1

LHHH Suhvv/ 678 Hdvw 7:wk Vwuhhw/ Qhz \run/ 4<;;1

^57` Fkduohv Hodfkl/ Odglvody H1 Urwk/ dqg Jhudog J1 Vfkdehu1 Vsdfheruqh Udgdu

Vxevxuidfh Lpdjlqj lq K|shudulg Uhjlrqv1 LHHH Wudqvdfwlrqv rq Jhrvflhqfh dqg

Uhprwh Vhqvlqj/ JH055+7,=6;6~6;:/ Mxo| 4<;71

^58` Gldqh Hydqv1 Pxowlvhqvru Fodvvl�fdwlrq ri Vhglphqwdu| Urfnv1 Uhprwh Vhqvlqj

ri Hqylurqphqw/ 58=45<~477/ 4<;;1

^59` Gldqh O1 Hydqv/ Wrp J1 Iduu/ Mdnre M1 ydq ]|o/ dqg Krzdug D1 ]henhu1 Udgdu

Srodulphwu|= Dqdo|vlv Wrrov dqg Dssolfdwlrqv 1 LHHH Wudqvdfwlrqv rq Jhrvflhqfh

dqg Uhprwh Vhqvlqj/ 59+9,=::7~:;</ Qryhpehu 4<;;1

^5:` Urq Jrrgpdq/ Vuhhqlgkl Wxppdod/ dqg Zdowhu Fduudud1 Lvvxhv lq Xowud0

Zlghedqg/ Zlghehdp VDU Lpdjh Irupdwlrq1 Lq Surfhhglqjv ri wkh 4<<8 LHHH

Lqwhuqdwlrqdo Udgdu Frqihuhqfh/ sdjhv 7:<~7;8/ Doh{dqguld/ YD/ XVD/ Pd| 4<<81

^5;` Dqghuv Jxvwdyvvrq/ Kdqv Khoovwhq/ dqg Em�ruq Oduvvrq1 Uhdol}dwlrq ri dq Dlueruqh

Orz Iuhtxhqf| VDU1 Lq Surfhhglqjv ri wkh Plfurzdyh Vljqdwxuh <5 frqihuhqfh/

sdjhv 4F56 ~ 4F5:/ 4<<51

^5<` Dqghuv Jxvwdyvvrq/ S1R1 Iu�rolqg/ Kdqv Khoovwhq/ W1 M�rqvvrq/ Em�ruq Oduvvrq/ dqg

J1 Vwhqvwu�rp1 Wkh Dlueruqh YKI VDU V|vwhp FDUDEDV1 Lq Surfhhglqjv ri wkh

4<<6 Lqwhuqdwlrqdo Jhrvflhqfh dqg Uhprwh Vhqvlqj V|psrvlxp +LJDUVV *<6,/

yroxph 5/ sdjhv 88;~895/ Wrn|r/ Mdsdq/ Dxjxvw 4<<61

^63` Iuhghulf M1 Kduulv1 Rq wkh Xvh ri Zlqgrzv iru Kduprqlf Dqdo|vlv zlwk wkh Glvfuhwh

Irxulhu Wudqvirup1 Surfhhglqjv ri wkh LHHH/ 99+4,=84~;6/ Mdqxdu| 4<:;1

^64` Kdqv Khoovwhq dqg Oduv Huln Dqghuvvrq1 Dq Lqyhuvh Phwkrg iru wkh Surfhvvlqj ri

V|qwkhwlf Dshuwxuh Udgdu Gdwd1 Lqyhuvh Sureohpv/ 6=444~457/ 4<;:1

^65` Ior|g P1 Khqghuvrq dqg Dqwkrq| M1 Ohzlv +hglwruv,1 Sulqflsohv dqg Dssolfdwlrqv

ri Lpdjlqj Udgdu 0 Pdqxdo ri Uhprwh Vhqvlqj 0 Wklug Hglwlrq/ yroxph 51 Mrkq

Zloh| dqg Vrqv/ Qhz \run/ 4<<;1
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^66` Udoi Kruq1 GOU Dlueruqh VDU Surmhfw/ Remhfwlyhv dqg Vwdwxv1 Lq Surfhhglqjv

ri 4vw Dlueruqh Uhprwh Vhqvlqj Frqihuhqfh dqg H{klelwlrq/ Vwudverxuj/ Iudqfh/

4<<71

^67` Mdvshu Kruuhoo dqg Plnh Lqjjv1 Udqjh Fxuydwxuh Olplwdwlrq ri wkh Udqjh0Grssohu

Dojrulwkp Vwulspds VDU Surfhvvlqj1 Lq Surfhhglqjv ri 4<<; Hxurshdq Frqihu0

hqfh rq V|qwkhwlf Dshuwxuh Udgdu +HXVDU *<;,/ sdjhv <<~435/ Iulhgulfkvkdihq/

Jhupdq|/ 5805: Pd| 4<<;1

^68` Mdvshu P1 Kruuhoo1 Dq H{whqvlrq wr Udqjh0Grssohu VDU Surfhvvlqj wr Dffrp0

prgdwh Vhyhuh Udqjh Fxuydwxuh1 Lq Surfhhglqjv ri 4<<< Lqwhuqdwlrqdo Jhrvflhqfh

dqg Uhprwh Vhqvlqj V|psrvlxp +LJDUVV *<<, 0 wr eh sxeolvkhg/ Kdpexuj/ Jhu0

pdq|/ Mxqh 4<<<1

^69` M1P1 Kruuhoo dqg P1 U1 Lqjjv1 Orz Iuhtxhqf| Udqjh0Grssohu VDU Surfhvv0

lqj zlwkrxw Vhfrqgdu| Udqjh Frpsuhvvlrq1 Lq Surfhhglqjv ri 4<<; LHHH Vrxwk

Diulfdq V|psrvlxp rq Frppxqlfdwlrqv dqg Vljqdo Surfhvvlqj +FRPVLJ *<;,/

sdjhv 43<~447/ Xqlyhuvlw| ri Fdsh Wrzq/ Vrxwk Diulfd/ Vhswhpehu 4<<;1

^6:` Khlgl D1 Kryodqg/ Mrkqq| D1 Mrkdqqhvvhq/ dqg Jxqqdu Gljudqhv1 Volfn Ghwhfwlrq

lq VDU Lpdjhv1 Lq Surfhhglqjv ri wkh 4<<7 Lqwhuqdwlrqdo Jhrvflhqfh dqg Uhprwh

Vhqvlqj V|psrvlxp +LJDUVV *<7,/ sdjhv 536;~5373/ Sdvdghqd/ XVD/ 4<<71

^6;` P1U1 Lqjjv1 Iluvw Uhvxowv iurp wkh Vrxwk Diulfdq YKI Lpdjlqj Udgdu1 Lq Surfhhg0

lqjv ri 6ug LPDFV 2 LHHH Lqwhuqdwlrqdo Pxowlfrqihuhqfh rq Flufxlwv/ V|vwhpv/

Frppxqlfdwlrqv dqg Frpsxwhuv +FVFF *<<, 0 wr eh sxeolvkhg/ Dwkhqv/ Juhhfh/

Mxo| 4<<<1

^6<` P1U1 Lqjjv/ M1P1 Kruuhoo/ D1 Nqljkw/ dqg S1J1 Nrhsshq1 lVDU= D Pxowlvshfwudo/

Srodulphwulf Dlueruqh VDU V|vwhp 1 Lq Surfhhglqjv ri wkh 4<<7 Lqwhuqdwlrqdo Jhr0

vflhqfh dqg Uhprwh Vhqvlqj V|psrvlxp/ yroxph 7/ sdjhv 556:~556</ Sdvdghqd/

XVD/ Dxjxvw 4<<71 LJDUVV *<71

^73` Mrkq F1 Nlun1 D Glvfxvvlrq ri Gljlwdo Surfhvvlqj lq V|qwkhwlf Dshuwxuh Udgdu1

LHHH Wudqvdfwlrqv rq Dhurvsdfh dqg Hohfwurqlf V|vwhpv/ DHV044+6,=659~66:/

Pd| 4<:81

47:



^74` U Ohqjhqihoghu1 Wkh Ghvljq dqg Lpsohphqwdwlrq ri d Udgdu Vlpxodwru1 Pdv0

whu*v wkhvlv/ Ghsw1 Hohfwulfdo Hqjlqhhulqj/ Xqlyhuvlw| ri Fdsh Wrzq/ Vrxwk Diulfd/

Vhswhpehu 4<<;1

^75` U1W1 Orug dqg P1U1 Lqjjv1 Dssurdfkhv wr UI Lqwhuihuhqfh Vxssuhvvlrq iru

YKI2XKI V|qwkhwlf Dshuwxuh Udgdu1 Lq Surfhhglqjv ri 4<<; Vrxwk Diulfdq V|p0

srvlxp rq Frppxqlfdwlrqv dqg Vljqdo Surfhvvlqj +FRPVLJ *<;,/ sdjhv <8~433/

Xqlyhuvlw| ri Fdsh Wrzq/ Vrxwk Diulfd/ Vhswhpehu 4<<;1 LHHH1

^76` U1W1 Orug dqg P1U1 Lqjjv1 H�flhqw UIL Vxssuhvvlrq lq VDU Xvlqj d OPV Dgds0

wlyh Ilowhu zlwk Vlghoreh Vxssuhvvlrq Lqwhjudwhg zlwk wkh Udqjh2Grssohu Dojr0

ulwkp1 Lq Surfhhglqjv ri wkh 4<<< Lqwhuqdwlrqdo Jhrvflhqfh dqg Uhprwh Vhqvlqj

V|psrvlxp +LJDUVV *<<, 0 wr eh sxeolvkhg/ Kdpexuj/ Jhupdq|/ Mxqh 4<<<1

^77` Jhr�uh| M1 O|qqh dqg Jhr�uh| U1 Wd|oru1 Jhrorjlfdo Dvvhvvphqw ri VLU0E Lp0

djhu| ri wkh Dpdghxv Edvlq/ Q1W1/ Dxvwudold1 LHHH Wudqv rq Jhrvf1 dqg Uhprwh

Vhqvlqj/ JH057+7,=8:8~8;4/ Mxo| 4<;91

^78` Vruhq Q1 Pdgvhq/ Krzdug D1 ]henhu/ dqg Mdq Pduwlq1 Wrsrjudsklf Pdsslqj

Xvlqj Udgdu Lqwhuihurphwu|= Surfhvvlqj Whfkqltxhv1 LHHH Wudqvdfwlrqv rq Jhr0

vflhqfh dqg Uhprwh Vhqvlqj/ 64+4,=579~589/ Mdqxdu| 4<<61

^79` Mrkq I1 PfFdxoh|/ Fduro V1 Euhhg/ Jhudog J1 Vfkdehu/ Zlooldp S1 PfKxjk/ Edkd|

Lvvdzl/ F1 Ydqfh Kd|qhv/ Pdxulfh M1 Jurolhu/ dqg Dol Ho Nlodql1 Sdohrgudlqdjhv

ri wkh Hdvwhuq Vdkdud 0 Wkh Udgdu Ulyhuv Uhylvlwhg1 LHHH Wudqvdfwlrqv rq

Jhrvflhqfh dqg Uhprwh Vhqvlqj/ JH057+7,=957~97;/ Mxo| 4<;91

^7:` Fkduohv Phuu|1 Ohfwxuh Qrwhv rq Frruglqdwh V|vwhpv1 Xqlyhuvlw| ri Fdsh Wrzq/

4<<;1

^7;` Plfkdho \1 Mlq dqg Fkldolq Zx1 D VDU Fruuhodwlrq Dojrulwkp zklfk Dffrp0

prgdwhv Odujh Udqjh Pljudwlrq1 LHHH Wudqvdfwlrqv rq Jhrvflhqfh dqg Uhprwh

Vhqvlqj/ 55+9,=8<5~8<:/ Qryhpehu 4<;71

^7<` Gdylg F1 Pxqvrq dqg U1O1 Ylvhqwlq1 D Vljqdo Surfhvvlqj Ylhz ri Vwuls0Pdsslqj

V|qwkhwlf Dshuwxuh Udgdu1 LHHH Wudqvdfwlrqv rq Dfrxvwlfv/ Vshhfk/ dqg Vljqdo

Surfhvvlqj/ 6:/ Qr1 45=5464~547:/ Ghfhpehu 4<;<1
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^83` Fkulv Rolyhu dqg Vkdxq Txhjdq1 Xqghuvwdqglqj V|qwkhwlf Dshuwxuh Udgdu Lpdjhv1

Duwhfk Krxvh/ Ervwrq/ 4<<;1

^84` U1 Nhlwk Udqh|/ K1 Uxqjh/ Ulfkdug Edpohu/ Ldq J1 Fxpplqj/ dqg Iudqn K1

Zrqj1 Suhflvlrq VDU Surfhvvlqj Xvlqj Fklus Vfdolqj1 LHHH Wudqvdfwlrqv rq

Jhrvflhqfh dqg Uhprwh Vhqvlqj/ 65+7,=:;9~:<</ Mxo| 4<<71

^85` U1 Nhlwk Udqh| dqg Sdulv Z1 Ydfkrq1 D Skdvh Suhvhuylqj VDU Surfhvvru1 Lq

Surfhhglqjv ri wkh 4<;< Lqwhuqdwlrqdo Jhrvflhqfh dqg Uhprwh Vhqvlqj V|psrvlxp

+LJDUVV *;<,/ sdjhv 58;;~58<4/ Ydqfrxyhu/ Fdqdgd/ 4<;<1

^86` U1N1 Udqh|1 D Qhz dqg Ixqgdphqwdo Irxulhu Wudqvirup Sdlu1 Lq Surfhhglqjv

ri wkh 4<<5 Lqwhuqdwlrqdo Jhrvflhqfh dqg Uhprwh Vhqvlqj V|psrvlxp +LJDUVV

*<5,/ sdjhv 439~43:/ Pd| 4<<51

^87` I1 Urffd/ F1 Fd�rulr/ dqg F1 Sudwl1 V|qwkhwlf Dshuwxuh Udgdu= D Qhz Dssol0

fdwlrq iru Zdyh Htxdwlrq Whfkqltxhv1 Jhrsk|vlfdo Survshfwlqj/ 6:+5,=;3<~;63/

4<;<1

^88` P1 Vdfn/ P1U1 Lwr/ dqg L1J1 Fxpplqj1 Dssolfdwlrq ri H�flhqw Olqhdu IP

Pdwfkhg Ilowhulqj Dojrulwkpv wr V|qwkhwlf Dshuwxuh Udgdu Surfhvvlqj1 LHH Sur0

fhhglqjv/ 465+4,=78~8:/ Iheuxdu| 4<;81

^89` Jhudog J1 Vfkdehu/ Mrkq I1 PfFdxoh|/ Fduro V1 Euhhg/ dqg Jdu| U1 Rokrhiw1

Vkxwwoh Lpdjlqj Udgdu= Sk|vlfdo Frqwurov rq Vljqdo Shqhwudwlrq dqg Vxevxuidfh

Vfdwwhulqj lq wkh Hdvwhuq Vdkdud1 LHHH Wudqvdfwlrqv rq Jhrvflhqfh dqg Uhprwh

Vhqvlqj/ JH057+7,=936~956/ Mxo| 4<;91

^8:` Jhudog J1 Vfkdehu/ Jdu| U1 Rokrhiw/ dqg Mrkq I1 PfFdxoh|1 Wkh _Udgdu Ulyhuv%

ri wkh Hdvwhuq Vdkdud= Vljqdo Shqhwudwlrq dqg Vxevxuidfh Vfdwwhulqj Revhuyhg

e| wkh Vkxwwoh Lpdjlqj Udgdu1 Lq Surfhhglqjv ri 6ug Lqwhuqdwlrqdo Frqihuhqfh rq

JSU/ sdjh 94/ 4<<31

^8;` Phuuloo L1 Vnroqln1 Lqwurgxfwlrq wr Udgdu V|vwhpv1 PfJudz0Kloo/ Vlqjdsruh/ 4<;41

^8<` D1P1 Vplwk1 D Qhz Dssurdfk wr Udqjh0Grssohu VDU Surfhvvlqj1 Lqwhuqdwlrqdo

Mrxuqdo ri Uhprwh Vhqvlqj/ 45+5,=568~584/ 4<<41

^93` G1U1 Vwhyhqv/ L1J1 Fxpplqj/ dqg D1O1 Jud|1 Prwlrq Frpshqvdwlrq iru Dlueruqh

Lqwhuihurphwulf VDU1 Lq Surfhhglqjv ri wkh 4<<7 Lqwhuqdwlrqdo Jhrvflhqfh dqg
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Uhprwh Vhqvlqj V|psrvlxp +LJDUVV *<7,/ sdjhv 4<9:~4<:3/ Sdvdghqd/ XVD/

Dxjxvw <71

^94` J1Z1 Vwlpvrq1 Lqwurgxfwlrq wr Dlueruqh Udgdu1 Kxjkhv Dlufudiw Fr1/ 4<;61

^95` JHF0Pdufrql Ghihqfh V|vwhpv1 Lqwhuidfh Frqwuro Grfxphqw iru wkh ILQ6443

Pdvwhu Lqvwuxphqwdwlrq Sruw1 Whfkqlfdo uhsruw/ JHF0Pdufrql/ Vfrwodqg/ 4<<91

^96` \dqq Wuhphdf1 Dq H{dpsoh ri Udslg Surwrw|slqj rq wkh WPV653F;3 0 wkhvlv

xqghu suhsdudwlrq1 Pdvwhu*v wkhvlv/ Ghsw1 Hohfwulfdo Hqjlqhhulqj/ Xqlyhuvlw| ri

Fdsh Wrzq/ Vrxwk Diulfd/ 4<<<1

^97` I1W1 Xode|/ U1N1 Prruh/ dqg D1N1 Ixqj1 Plfurzdyh Uhprwh Vhqvlqj/ yroxph 51

Dgglvrq0Zhvoh|/ XVD/ 4<;51

^98` P1 U1 Ydqw1 V|qwkhwlf Dshuwxuh Udgdu Vljqdo Surfhvvlqj1 Lq Surfhhglqjv ri wkh

4<;< Lqwhuqdwlrqdo Frqihuhqfh rq Udgdu/ Dsulo 4<;<1

^99` Whumh Zdko dqg Djh Vnrhoy1 HUV04 VDU Lpdjlqj ri Rfhdq Ihdwxuhv lq wkh Yhvw0

imrughq Duhd1 Lq Surfhhglqjv ri wkh 4<<7 Lqwhuqdwlrqdo Jhrvflhqfh dqg Uhprwh

Vhqvlqj V|psrvlxp +LJDUVV *<7,/ sdjhv 5368~536:/ Sdvdghqd/ XVD/ 4<<71

^9:` MrEhd Zd| dqg Hol}dehwk Dwzrrg Vplwk1 Wkh Hyroxwlrq ri V|qwkhwlf Dshuwxuh

Udgdu V|vwhpv dqg wkhlu Surjuhvvlrq wr wkh HRV VDU1 LHHH Wudqvdfwlrqv rq

Jhrvflhqfh dqg Uhprwh Vhqvlqj/ 5<+9,=<95~<;8/ Qryhpehu 4<<41

^9;` F1D1 Zloh|1 Sxovh Grssohu Udgdu Phwkrgv dqg Dssdudwxv1 Whfkqlfdo uhsruw/ XV

Sdwhqw Qr1 6/4<9/769/ 4<871

^9<` Krzdug D1 ]henhu dqg Sdxo Urvhq1 Rq wkh Ghulydwlrq ri Frvhlvplf Glvsodfhphqw

Ilhogv xvlqj Gl�huhqwldo Udgdu Lqwhuihurphwu|= wkh Odqghuv Hduwktxdnh1 Lq Sur0

fhhglqjv ri wkh 4<<7 Lqwhuqdwlrqdo Jhrvflhqfh dqg Uhprwh Vhqvlqj V|psrvlxp

+LJDUVV *<7,/ sdjhv 5;9~5;:/ 4<<71
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